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SYNTHESIS, CAPPING AND DISPERSION OF NANOCRYSTALS
TECHNICAL FIELD

Preparation of capped colloidal semiconductor nanocrystals and their dispersions in polymeric
solutions and films are described herein. The colloidal semiconductor nanocrystals are highly
monodisperse with nanocrystal size between 1-10 nm. Nanocomposites having a high loading density of
uniformly dispersed capped semiconductor nanocrystals incorporated therein may be formed with these
nanocrystals. Suspensions of nanocrystals may be formed in various solvents and nanocomposites made

of same may be made optically transparent with very little or no scattering.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This work was supported in part by Department of Commerce Cooperative Agreement Nos.
70NANB7H7014 and 70NANB10H012 and the National Science Foundation grant no. 0724417.

Nanocrystals are single crystals of a material in which at least one dimension of the crystal is less
than 1 micron in size. Nanocrystals may either retain the optical, mechanical, and physical properties of
their bulk counterparts or display properties which are quite different. Nanocrystals can be made by a
wide variety of methods, some of which include: liquid synthesis, solvothermal synthesis, vapor phase
synthesis, aerosol synthesis, pyrolysis, flame pyrolysis, laser pyrolysis, ball-milling, and laser ablation.

Nanocrystals can be dispersed into a variety of media or combination of media, including, but not
limited to: liquids, gels, glasses, polymers and solids. The dispersed nanocrystals may impart all or some
of the properties of the nanocrystals upon the dispersion or may give the dispersion properties which are
different from any of the individual components. The quality of the dispersion created between the
nanocrystals and the media can have a large effect on the properties of the final dispersion. The quality of
the dispersion of the nanocrystals in a medium can be described as being governed by complex
interactions between a set of parameters, which include, but are not limited to: the chemistry of the
nanocrystal surface (or the effective nanocrystal surface), the size and shape of the nanocrystals, the
physical properties of the nanocrystals, the chemistry of the dispersion media, and the physical properties
of the dispersion media. Well-dispersed nanocrystals can be defined as nanocrystals which are uniformly
distributed throughout the media with a minimal amount of nanocrystal aggregates present. If the
nanocrystals are not well-dispersed in the medium, the optical, mechanical, and physical properties of the
nanocrystals may be altered or the properties of the media may be adversely affected.

Nanocomposites are nanocrystal dispersions composed of nanocrystals dispersed in a matrix
including: polymers, ceramics and glasses. Nanocomposites can be made by the mixing of nanocrystals,
either in powder form or already dispersed in another media, with precursor components of the matrix. A
non-exhaustive list of potential matrix components for use in the formation of nanocomposites includes:
monomers, oligomers, polymers, pre-polymeric resins, ceramics, pre-ceramics and glasses.
Nanocomposites can be considered to be an extension of the well-known field of composites, where the
micron-sized, or larger, fillers used in composites have been replaced by nanocrystals. In both
composites and nanocomposites it may be possible to modify the optical, mechanical, and physical
properties of the nanocomposites with the filler materials, but the reduced size of the fillers used in

nanocomposites may result in relatively fewer, or less intense, detrimental effects due to the inclusion of a
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filler into the matrix. A list of these potentially detrimental effects which may happen to the composite
include: reduced structural integrity, reduced mechanical strength, reduced mechanical stability, reduced
flexibility, reduced optical transparency, and reduced thermal stability. To more fully realize the potential
of using nanocrystals as replacements for micron size, or larger, fillers, the nanocrystals need to be able
to be well-dispersed in the matrix. This is due to the fact that aggregated nanocrystals in the composite
act as detrimentally as, or worse than, fillers of the size of the aggregates. Thus a composite made of
heavily aggregated 5 nm particles, where the size of the aggregates are greater than 1 micron in all
dimensions may not behave as a nanocomposite.

Typical routes for the manufacture of nanocomposites often result in a distribution of nanocrystals
in the media that cannot be described as well-dispersed. The distribution of the nanocrystals is often non-
uniform and contains large amounts of aggregates. One key to producing well-dispersed nanocomposites
is to use nanocrystals which are not aggregated before the start of mixing with the matrix or media.

There are two main types of aggregates that are often discussed in literature. Hard aggregates are
clusters of nanocrystals, in which the nanocrystals are relatively strongly bound to each other. Hard
aggregates may be the result of particles that have come into contact during formation or after formation
but while the materials are still at elevated temperatures. The other type of aggregates, soft aggregates,
is usually formed after synthesis, or at lower temperatures. The conventional wisdom is that soft
aggregates can be broken apart easily during processing and can thus be made to be well-dispersed,
whereas hard aggregates cannot be broken apart without great difficulty and therefore are not suitable
sources of well-dispersed nanocrystals. In order to form dispersions in which the nanocrystals are well
dispersed, it is preferable to avoid both types of aggregation.

Nanocrystal aggregation is controlled by the surface chemistry (or chemistry of the effective
surface) of the nanocrystals. In a dispersion, the inter-particle forces (such as electrostatic forces, van der
Waals forces and entropic forces) between the surfaces of the nanocrystals result in a tendency to form
aggregates. These inter-particle forces are particularly important in nanocrystals because of the large
surface to volume ratio for these particles. In order to avoid aggregation in dispersion it is desirable for the
surfaces of the nanocrystals to be passivated (or stabilized). One method that may be used to passivate
the surface of the nanocrystal involves the introduction of ligand ions or molecules. These ligands, which
are also called capping agents or caps, are added to the surface of the nanocrystals and thus create a
new effective surface of the nanocrystals. This effective surface is the surface of the shell created by the
complete or partial surface coverage with ligands. The chemistry of this effective surface can be tailored
in order to create a chemical environment, distinct from the actual or initial surface of the nanocrystal,
which facilitates dispersion while preventing or reducing aggregation. These passivating ligands can help
prevent aggregation in a variety of ways. Electrostatic passivation, utilizing like charges to repulse the
nanocrystals, and steric passivation, using bulky molecules to physically keep the nanocrystal surfaces
apart, are two examples of surface passivation methods.

Most typical nanocrystal synthetic methods, such as aerosol synthesis, pyrolysis, flame pyrolysis,
laser pyrolysis, ball-milling, and laser ablation, produce nanocrystals which have no surface passivation of
the types described herein. In fact, many of these methods produce nanocrystals that are clustered
together as hard aggregates. Even if the synthesis does not result in aggregated nanocrystals, metal

oxide nanocrystals without surface passivation tend toward aggregation because of inter-particle forces.
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The liquid synthesis of metal oxide colloidal nanocrystals is a method of producing nanocrystals
which are, at least partially, surface passivated during the synthesis. The liquid synthesis is performed in
solvent with or without the presence of capping agents. The nanocrystals are protected against
aggregation, at least partially, during the synthesis and afterwards, by capping agents. In cases where the
synthesis is carried out in a coordinating solvent, the solvent molecules, or products thereof, may act as
the capping agent to passivate the surface. After liquid synthesis, the nanocrystals are protected from
forming aggregates by partial or total coverage of the nanocrystals with solvent(s), product(s) of the
solvent(s), added capping agent(s), and/or combination thereof.

After synthesis of nanocrystals by liquid synthesis, the as-made surface passivation can be
modified by a process known as a cap exchange or ligand exchange reaction in which one ligand or
capping agent is at least partially replaced by a different one. In this process the nanocrystals are usually
dispersed in a solvent along with the desired capping agent. In some instances the temperature of the
suspension may be elevated to further drive the exchange process. As a result of the cap exchange,
either the new capping agent is added to some fraction of the nanocrystal surface or a fraction of the
previous surface passivation agents are replaced by the new capping agent, or some combination
thereof. The new capping agent may be chosen in order to yield chemical compatibility between the
effective nanocrystal surface and the solvent, or other media, chosen for the final dispersion or
application.

As-synthesized nanocrystals, which have been produced by other methods and do not have
surface passivation, can also be exposed to capping agents. While this also may result in some fraction
of the surface of the nanocrystals being covered by the capping agents, this process may not be able to
break apart any aggregates which will have formed previously, including both hard and soft aggregates.
These aggregates of oxide nanocrystals are distinct from very weakly bound agglomerates of surface
passivated nanocrystals where the passivation agents may create a porous spacer between the
nanocrystals. In the weakly bound agglomerates, the inter-nanocrystal spacer layers provided by surface
passivation are important because many of the surface to surface forces which cause aggregation are
short range interactions, which can be reduced by the increased nanocrystal separation. However, in the
absence of surface passivation, once the nanocrystal surfaces have been brought together, such as in
the formation of hard aggregates, the short range forces dominate and it is difficult to separate the
nanocrystals again.

Agglomerates of surface passivated nanocrystals, which can be broken up, may form during
various points in the production of a dispersion, including during the washing of the particles, and the
drying of powders. One of the advantages of using liquid synthesis to produce colloidal nanocrystals is
that surface passivation of the as-synthesized nanocrystals can be used to prevent or reduce both hard
and soft aggregates from forming during all stages of nanocrystal processing from the synthesis, to post-
synthetic processing, to formation of the final high quality dispersion.

SUMMARY

In order to achieve higher quality nanocomposites, nanocrystal particle size should advantageously
be less than 10 nm in at least one dimension, with preferably a very narrow particle size distribution, and
further with specific particle shape (rod, spherical, etc). In addition, the surface chemistry of the

nanocrystal is advantageously well passivated, preventing or reducing aggregation, and increasing or
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enhancing compatibility with the solvent(s) and/or the matrix material, and thereby allowing or enhancing
dispersion of the nanocrystals into a nanocomposite or other substrate containing same.

Nanocrystals of the present disclosure will also be recognized in the art as including, for example,
nanoparticles, quantum dots and colloidal particles and can include particles that are crystalline and/or
amorphous with sizes ranging from a few hundred nanometers down to 1 nm or less. Due to their small
size, nanocrystals can possess dramatically different physical properties compared to bulk forms of
similar materials, due, for example, to the quantum effect and/or a greater area/volume ratio.
Nanocrystals of the present disclosure may be useful in, for example, applications ranging from
metallurgy to chemical sensors, and industries ranging from pharmaceuticals to paints and coatings to
cosmetics. Microelectronic and optical applications are also contemplated.

Colloidal semiconductor nanocrystals are chemically synthesized, on the nanometer scale with
ligands or capping agents on the surface of the nanocrystals to afford both dispersibility and stability in
solution. In a basic chemical synthetic route, the precursors of the semiconductor nanocrystals react or
decompose in the presence of a stabilizing organic capping agent or a solvent. Varying the size of the
nanocrystals can be achieved by changing the reaction time or temperature profile, or adjusting the
sequence of precursor addition, or varying the concentrations of chemical precursors, or varying the
ratios of concentrations of chemical precursors, and/or varying the capping agents.

The chemistry of the capping agent effects and/or controls several of the system parameters in the
manufacture of the nanocrystals and/or the nanocomposites, such as the growth rate, shape, and
dispersibility of the nanocrystals in a variety of solvents and solids, and even the excited state lifetimes of
charge carriers in the nanocrystals. The flexibility of the resulting effects of this chemical synthesis is
demonstrated by the fact that often one capping agent is chosen for its growth control properties and is
later substituted out, either partially or fully, after synthesis for a different capping agent. This substitution
may be carried out for a variety of reasons, including, but not limited to: in order to provide a
nanocrystal/media interface more suitable to the given application or to modify the optical properties of
the nanocrystal.

Synthetic methods for producing colloidal semiconductor nanocrystals of zinc oxide (ZnO), yttrium
oxide (Y,05), hafnium oxide (HfO,), and zirconium oxide (ZrO,), hafnium-zirconium oxide [HfO,:ZrO,] and
titanium-zirconium oxide [TiO.:ZrO,], as well as capping and cap-exchange of these nanocrystals and
dispersion of these materials in solvents and polymers and the creation of nanocomposites are described
herein.

Functionalized organosilanes are a common class of organic compounds used to populate the
surface of a nanocrystalline oxide material as capping agents. These organosilanes are typically
composed of head and tail components. The head of a functionalized organosilane is typically either a
trialkoxysilane group or a trichlorosilane group, although bi- and mono- substituted alkoxy and chloro
silane are possible. The head anchors to the surface of the oxide through a covalent bond with the
hydroxide groups (-OH) or —OR group wherein R is an alkyl or aryl group, present at the surface,
eliminating an alcohol, alkyl chloride, water or HCI as a by-product. The tails of a functionalized
organosilane can include one or more of an alkyl chains of varying lengths, aryl groups, or ether groups,

amines, thiols, or carboxylic acid.
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Figure 1 show an exemplary attachment of an organosilane to a nanocrystal surface through an
alcohol elimination reaction. In this reaction, the nanocrystals with a polar surface containing —OH groups
(101) react with an organosilane (102) to form the organosilane capped nanocrystals (103).

Other classes of organic compounds used as capping agents to passivate the surface of an oxide
material include organocarboxylic acids and organoalcohols. The head of organocarboxylic acids is a
carboxylic acid (-COOH) group and organoalcohols is an —OH group. The head anchors to the surface of
the oxide through a covalent bond with the hydroxide groups (-OH) or —OR (R= alkyl or aryl) group
present at the surface, eliminating an alcohol, or water as a by-product. The tails of a functionalized
organocarboxylic acids and organoalcohols can be composed of alkyl chains of a variety of lengths, aryl
groups, ether groups, amines, thiols, or carboxylic acids.

The use of a capping agent such as functionalized organosilanes, alcohols or carboxylic acids on
colloidal nanocrystals impart a number of desired characteristics, such as for example, controlling their
compatibility to various dispersing solvents, such as polar or non-polar media, which can thereby reduce
nanocrystal aggregation.

The present disclosure further includes methods for the surface modification of nanocrystals with
organosilanes, organoalcohols and/or organocarboxylic acids. The method includes depositing capping
agents during the synthesis of the nanocrystals or through ligand exchange of at least part of the capping
agent originally present on the nanocrystal with a second one after the synthesis. These reactions can be
performed under ambient, heated, and/or high temperature/high pressure conditions.

The present disclosure further includes a nanocomposite material containing a matrix and
nanocrystals, which have been, for example, mixed, stirred, or dispersed therein. Nanocomposites
according to the present disclosure may be fabricated by, for example, melt blending, in situ
polymerization, and/or solvent mixing of the nanocrystals and the matrix materials or precursors of the
matrix.

In melt blending, nanocrystals are mixed with a polymer in its molten state with the assistance of
mechanical forces. In situ polymerization involves mixing nanocrystals with monomer(s) which are then
polymerized to form a composite. Solvent mixing involves the use of solvent(s) to disperse both the
nanocrystals and the polymer whereby uniform dispersion of the polymer and nanocrystals is achieved by
removal of the solvent.

The present disclosure includes preparation methods for nanocomposite materials which include
solvent mixing of polymers, or polymer precursors, with nanocrystals capped with a functionalized
organosilanes, organoacids or organoalcohols; and in situ polymerization of capped nanocystals and
monomers of polymers.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the attachment of an organosilane to a nanocrystal surface through alcohol
elimination.

Figure 2 shows, in a block diagram, process steps of the present disclosure for the formation of a
nanocomposite material described herein.

Figure 3 exemplifies a silane capped colloidal semiconductor nanocrystals in a polymeric film.

Figure 4 shows the TEM image of nanocrystals synthesized from zirconium butoxide.

Figure 5 shows the XRD patterns of ZrO, nanocrystals synthesized from zirconium propoxide by

removing 1-propanol before, during or after the reaction.
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Figure 6 shows the TEM images of ZrO, nanocrystals synthesized from zirconium propoxide by
removing 1-propanol a) before, and b) after the reaction.

Figure 7 shows TEM images of ZrO, nanocrystals with different sizes.

Figure 8 shows the TEM image of the as-synthesized HfO, nanocrystals with rice-like morphology.

Figure 9 shows a TEM image of the 2-5 nm HfO, nanocrystal.

Figure 10 shows a TEM image of ZnO nanocrystals.

Figure 11 shows the UV-Vis spectra of a ZnO/SOG nanocomposite spin coated films.

Figure 12 shows the TEM images of a ZnO/PMMA nanocomposite.

Figure 13 shows the TEM images of a HfO,/SOG nanocomposite.

Figure 14 shows surface roughness of a ZrO, film as measured by AFM.

Figure 15 shows the XRD pattern of HfO, nanocrystals.

Figure 16 shows a TEM image of capped HfO, nanocrystals.

Figure 17 shows the DLS plot of capped HfO, nanocrystals dispersed in PGMEA.

Figure 18 shows the TGA of capped HfO, nanocrystals dispersed in PGMEA.

Figure 19 UV-Vis spectrum of 10 wt% capped HfO, nanocrystals dispersed in PGMEA.

Figure 20 shows the GC plot of capped HfO, nanocrystals dispersed in PGMEA.

Figure 21 shows the XRD pattern of ZrO, nanocrystals.

Figure 22 shows a TEM image of ZrO, nanocrystals.

Figure 23 shows the DLS plot of 5 wt% capped ZrO, nanocrystals dispersed in PGMEA.

Figure 24 shows the TGA plot capped ZrO, nanocrystals dispersed in PGMEA.

Figure 25 shows the UV-Vis spectrum of 52.4 wt% capped ZrO, nanocrystals dispersed in PGMEA.

Figure 26 shows the GC plot capped ZrO, nanocrystals dispersed in PGMEA.

Figure 27 shows a TEM image of approximately spherical capped ZrO, nanocrystals dispersed in

an actrylic polymer at 35 wt% loading.

DETAILED DESCRIPTION

The synthetic methods to prepare high quality semiconductor metal oxide nanocrystals described
herein include synthetic methods wherein a precursor of the metal oxide is mixed or dissolved in at least
one solvent and allowed to react for a certain period of time. The use of pressure or heating may be
necessary in some cases.

At least in the case of ZrO, and HfO, nanocrystal syntheses, addition of water into the solvent
surprisingly results in smaller particles than reactions carried out without addition of water, as described in
the examples. By controlling the amount of water added to the solvent the average particle size of the
nanocrystals can be controlled.

The precursors of the metal oxides may be one or more of alkoxides, such as: zirconium ethoxide
(Zr(OCH,CHa),), zirconium n-propoxide (Zr(OCH,CH-CHs),), zirconium isopropoxide (Zr(OCH(CHs),).),
zirconium n-butoxide (Zr(OCH,CH,CH,CHs),), zirconium t-butoxide (Zr(OC(CHs);),), hafnium ethoxide
(Hf(OCH,CHjs),), hafnium n-propoxide (Hf(OCH-CH,CHjs),), hafnium isopropoxide (Hf(OCH(CHs),),),
hafnium butoxide (Hf(OCH,CH>CH-CHj3),), hafnium t-butoxide (Hf(OC(CHs),),), titanium ethoxide
(Ti(OCH2CHj3),), titanium n-propoxide (Ti(OCH,CH,CHz3),), titanium isopropoxide (Ti(OCH(CHs)2)4),
titanium t-butoxide (Zr(OC(CHs)s)4), titanium n- butoxide (Ti(OCH,CH,CH,CHs),), zinc ethoxide
(Zn(OCH,CHa;)s,), zinc n-propoxide (Zn(OCH,CH,CHs),), zinc isopropoxide (Zr(OCH(CHs),),), zinc

butoxide (Zn(OCH,CH,CH,CHs),); acetates or acetylacetonates, such as, zirconium acetate

6
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(Zr(OOCCHj3),), zirconium acetylacetonate (Zr(CH;COCHCOCHS;),), zinc acetate (Zn(OOCCHs;),), zinc
acetylacetonate (Zn(CH;COCHCOCHs),), hafnium acetate (Hf(OOCCHs),); halides such as zirconium
chloride (ZrCly), zirconium fluoride (ZrF,), zirconium iodide (Zrl,), zirconium bromide (ZrBr,), hafnium
bromide (HfBr,), hafnium chloride (HfCl,), hafnium iodide (Hfl,), titanium chloride (TiCly), titanium bromide
(TiBry), titanium iodide (Tily), titanium fluoride (TiF,), zinc chloride (ZnCl,), zinc bromide (ZnBr,), zinc
iodide (Znl,), zinc fluoride (ZnF-) or other organometallic compounds.

Solvents useful in the present disclosure include benzyl alcohol, phenol, oleyl alcohol, toluene,
butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene
glycol methyl ether acetate (PGMEA), ethyl lactate (EL), and 2-propoxy-propanol (PnP), acetone,
tetrahydrofuran, cyclic ketones and mixtures thereof.

The surface of nanocrystals of the present disclosure are optionally capped with at least one
capping agent such as organosilane, organoalcohol or organocarboxylic acid. Examples of organosilanes
of the present disclosure include, n-propyltrimethoxysilane, n-propyltriethoxysilane, n-
octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane, methoxy(triethyleneoxy)propyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
mercaptopropyltrimethoxysilane, 3-(methacryloyloxy)propyl trimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-isocyanatopropyltrimethoxysilane, and
glycidoxypropyltrimethoxysilane.

Examples of organoalcohols of the present disclosure include, heptanol, hexanol, octanol, benzyl
alcohol, phenol, ethanol, propanol, butanol, oleylalcohol, dodecylalcohol, octadecanol and triethylene
glycol monomethyl ether.

Examples of organocarboxylic acids of the present disclosure include, octanoic acid, acetic acid,
propionic acid, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, oleic acid, benzoic acid.

Capped colloidal semiconductor nanocrystals of the present disclosure are, optionally, removed
from and re-dispersed into solvents, such as, water, tetrahydrofuran, ethanol, methanol, acetonitrile,
PGMEA, PGPE, PGME, cyclic ketones, ethyl lactate, acetone, naphtha, hexane, heptane, toluene or a
mixture thereof.

Semiconductor nanocrystals can be added into a matrix to form a nhanocomposite. The matrix
material of the present disclosure include, poly(acrylonitrile-butadiene-styrene) (ABS), poly(methyl
methacrylate) (PMMA), celluloid, cellulose acetate, poly(ethylene-vinyl acetate) (EVA), poly(ethylene vinyl
alcohol) (EVOH), fluoroplastics, polyacrylates (Acrylic), polyacrylonitrile (PAN), polyamide (PA or Nylon),
polyamide-imide (PAl), polyaryletherketone (PAEK), polybutadiene (PBD), polybutylene (PB),
polybutylene terephthalate (PBT), polycaprolactone (PCL), polychlorotrifluoroethylene (PCTFE),
polyethylene terephthalate (PET), polycyclohexylene dimethylene terephthalate (PCT), polycarbonate
(PC), polyhydroxyalkanoates (PHAs), polyketone (PK), polyester, polyethylene (PE),
polyetheretherketone (PEEK), polyetherketoneketone (PEKK), polyetherimide (PEI), polyethersulfone
(PES), polyethylenechlorinates (PEC), polyimide (Pl), polylactic acid (PLA), polymethylpentene (PMP),
polyphenylene oxide (PPO), polyphenylene sulfide (PPS), polyphthalamide (PPA), polypropylene (PP),
polystyrene (PS), polysulfone (PSU), polytrimethylene terephthalate (PTT), polyurethane (PU), polyvinyl
acetate (PVA), polyvinyl chloride (PVC), polyvinylidene chloride (PVDC), poly(styrene-acrylonitrile) (SAN);

a spin-on-glass (SOG) polymer, such as: Siloxane-spin-on polymers in Ethanol, Propylene Glycol Methyl
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Ether Acetate (PGMEA), isopropyl alcohol or mixture of these solvents, JSR Micro topcoat (NFC TCX 014
in 4-methyl-2-pentanol), JSR Micro photoresist (ARF 1682J-19),and silicones.

The present disclosure provides a method of making nanocrystals including dissolving precursors
of said nanocrystals in at least one solvent to produce a solution, optionally at least one of heating and
increasing pressure of said solution, and reacting the precursors or the precursors and the at least one
solvent of the solution to form the nanocrystals.

The nanocrystals may be capped with at least one capping agent to increase the solubility or
dispersibility of the nanocrystals in at least one solvent or other media, or some combination of solvent
and other media.

In the present disclosure capping molecules consist of solvent groups or precursor groups. In the
present disclosure, capping molecules are separate from capping agents. Nanocrystals are capped with
capping agents through a cap-exchange process where the capping agents may replace some of the
solvent and/or precursor groups with some of the solvent and/or precursor groups remaining on the
surface. These solvent and/or precursor groups may be attached to the surface of the nanocrystals during
the nanocrystal synthesis. In the method of the disclosure, nanocrystals may be capped with at least
one agent which may include at least one organosilane, organoalcohol or organocarboxylic acid. These
capping agents may impart uniform dispersion of the nanocrystals in different media such as hydrophobic
or hydrophilic media by creating an effective nanocrystal surface which is formed by the full or partial shell
of capping agents whose tail groups have a polarity compatible with the media.

The capping method of the present disclosure may including capping of the nanocrystals with the at
least one capping agent in the solution, prior to, during, or after said reacting the precursors. The
methods of the present disclosure further include purifying and/or separating the nanocrystals prior to, or
after, the capping method of the present disclosure.

The method of the disclosure includes capping the as-synthesized, purified, and/or separated
nanocrystals with at least one capping agent to produce at least partially capped nanocrystals. The at
least partially purified capped nanocrystals may be further purified and/or separated according to
methods of the present disclosure. Nanocrystals and capped nanocrystals may be dispersed in a
material, including solvent, polymer, or some combination thereof in methods of the present disclosure.
Figure 2 is a block diagram exemplifying formation of a colloidal suspension. In the exemplified method,
nanocrystals are synthesized (101), capped or cap exchanged with at least one capping agent (102),
purified (103) and mixed with solvents or polymer solutions (104).

The present disclosure further includes illustrative non-limiting examplary methods of exchanging,
fully or partially, the pre-existing organic moieties or other capping agents present on the nanocrystal
surface resulting from the synthesis of the nanocrystals or other previous cap exchange reactions with
functionalized organosilanes, organoalcohols and organocarboxylic acids in a cap exchange reaction.

Functionalized capping agents are covalently bonded to colloidal semiconductor nanocrystals
according to an aspect of the present disclosure during synthesis of the colloidal semiconductor
nanocrystal.

Functionalized capping agents are optionally covalently bonded to semiconductors in the present
disclosure by removing pre-existing organic moieties from the surface of semiconductor nanocrystals with
an acid and then covalently bonding the functionalized capping agents to the surface of the

semiconductor nanocrystals. Examples of acids to remove pre-existing organic moieties include, for
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example, strong acids (e.g., HCI, HNOj3, and/or H,SO,), weak acids (e.g., H;PO,), and/or organic acids
(e.g., acetic acid).

Alternatively, nanocrystals are functionalized with capping agents without forming covalent bonds.

The present disclosure includes nanocrystals and at least partially capped nanocrystals made by
methods described herein.

Methods of the present disclosure further includes methods of forming a film or coating including
dispersing the nanocrystals or at least partially capped nanocrystals of the present disclosure in a further
material to form a dispersion, and applying the dispersion to a surface. The applying methods may
include spin coating, spraying, dipping, screen printing, rolling, painting, printing, ink jet printing,
depositing by evaporation and/or vapor deposition.

Methods of the present disclosure include forming a nanocomposite which includes combining the
nanocrystals or the at least partially capped nanocrystals of the present disclosure with a further material
and forming the nanocomposite. Figure 3 is an exemplary picture of nanocrystals (102) capped with a
capping agent (101) dispersed in a polymer matrix (103).

Methods of the present disclosure include forming a nanocomposite by, for example, curing,
polymerization, laminating, extrusion, injection molding, mold casting, spin coating, dip coating, brushing,
spraying, and/or printing.

The present disclosure further includes methods of forming homogeneous mixtures of the
components of a nanocomposite with a variety of different methods, before assembling the components
into the final composite material suitable for desired applications.

The nanocrystals or at least partially capped nanocrystals of the present disclosure may be formed
from zinc oxide, hafnium oxide, zirconium oxide, titanium-zirconium oxide, hafnium-zirconium oxide,
yttrium oxide or other semiconductor material.

Nanocrystals and products of the present disclosure may be characterized and described by any
one of or a combination of Powder X-ray Diffraction Spectroscopy (XRD), Transmission Electron
Microscopy (TEM), Dynamic Light Scattering (DLS), UV-Vis Spectrophotometer (UV-Vis), Optical Density
(OD), Thermogravimetric Analysis (TGA), Gas Chromatography (GC), and FT/IR Spectroscopy (FTIR).

One common technique to characterize the crystal structure of nanocrystals is Powder X-ray
Diffraction Spectroscopy (XRD). The XRD techniques are based on collecting the scattered intensity of
an X-ray beam hitting a sample as a function of incident and scattered angle. A typical XRD pattern gives
the intensity of scattered X-Ray beam as a function of angle. Each peak in the XRD pattern corresponds
to a set of crystal planes, and every material has its own set of peaks. The relative height and the shape
of a peak often indicate the crystallinity of the corresponding crystal planes. For nanocrystals, peaks that
are located close together, may not be distinguishable due to the fact that the small nanocrystals have
broader diffraction lines when compared to bulk samples. There are a variety of XRD spectrometers
available, they are all based on the same principle and when operated properly, the results are
interchangeable. The model that was specifically used to acquire the data in this disclosure is a Rigaku
MiniFlex Il Tabletop XRD.

One common technique to characterize the crystal structure, size, size distribution and aspect ratio
of nanocrystals is Transmission Electron Microscopy (TEM). TEM works by passing an electron beam
through a thin sample to form an image of the area covered by the electron beam with magnification high

enough to observe the lattice structure of a crystal. For a nanocrystal dispersion, the measurement
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sample is prepared by drying up the dispersion with proper concentration on a specially made mesh grid;
while for nanocomposites, the sample is prepared by microtoming the nanocomposite to form an ultrathin
slice or by spin or dip coating a thin layer on a grid. The crystal quality of the nanocrystals can be
measured by the electron diffraction pattern and the size and shape of the nanocrystals can be observed.
By measuring the size of every nanocrystal in an image of wide field of view, or multiple images of a same
sample at different location, often with the help of image processing software, the histogram of the size
distribution of the nanocrystals can be obtained. There are a variety of TEM microscopes available, they
are all based on similar principles and when operated properly, the results are interchangeable. The
models that were specifically used to acquire the data in this disclosure are Jeol 2100F Field Emission
Transmission Electron Microscope (FE-TEM) and a JEM 2100 LaB6 TEM.

In this disclosure, the aspect ratio is defined as the ratio between the largest dimension and the
smallest dimension. For example, for a 6 nm by 5 nm by 2 nm rectangular solid, the aspect ratio is 3:1.

One common technique to characterize the size and size distribution of nanocrystals in dispersion
is Dynamic Light Scattering (DLS). DLS usually measures nanocrystals dispersed in a liquid transparent
to the measuring wavelength. In this technique, the liquid sample with proper concentration is kept in a
plastic, glass, or fused silica cuvette, a laser beam is scattered off the liquid sample, and the time
dependence of the scattered laser light, which is a result of the Brownian motion of the nanocrystals, is
measured and the size and size distribution of the nanocrystal can be calculated. The result is usually the
size distribution of the nanocrystals with equivalent diameter as the x-axis, the y-axis can represent
scattering intensity, the volume of the scattering nanocrystals, or the number of scattering nanocrystals.
The measured size often includes the size of the nanocrystals and the size of the capping agent and/or
solvent group and/or precursor group along with a thin layer of solvent (solvent shell), therefore the actual
nanocrystal size is often smaller than measured by DLS. In the present disclosure, except where noted,
all references to nanocrystal size and size distributions refer to the actual nanocrystal size and not the
nanocrystal size plus capping agent and/or solvent group and/or precursor group or nanocrystal plus
capping agent and/or solvent group and/or precursor group plus solvent shell. There are a variety of DLS
spectrometers available, each vendor often develops its own proprietary methodology and algorithm, the
results may not be interchangeable, the models that are specifically used to acquire the data in this
disclosure is a Malvern Zetasizer Nano S DLS.

The nanocrystals in this disclosure as measured by DLS or TEM have a histogram or distribution
function with a single peak, i.e., mode, and the variation of size can be characterized by the Full-Width at
the Half-Maximum (FWHM) or Half-Width at the Half-Maximum (HWHM).

Often nanocrystal size distributions can be described or resemble a normal, lognormal, or
Lorentzian distribution.

Normal Distribution:

GE u}

1
exp| —
o227 p{ 20°

where rq is the mean nanocrystal size, and o is the standard deviation.

Lognormal distribution:
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where ry is the geometric mean nanocrystal size, and o is the geometric standard deviation.

Lorentzian Distribution:

Ly
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where 1y is the median nanocrystal size and the mode of the distribution, and y is the Half-Width at
the Half-Maximum (HWHM) of the distribution.

One common technique to characterize optical transmittance and absorptance of nanocrystals
dispersion and in a polymer matrix is UV-Vis Spectrophotometer (UV-Vis). The UV-Vis technique
measures the transmitted light vs. the incident light of a sample in the 200 nm — 900 nm wavelength
range.

The transmittance of a sample at a given wavelength is defined as:

T=_
[0

where | is the transmitted light intensity and |, is the incident light intensity, both at the same

wavelength.

The absorptance of a sample at a given wavelength is defined as:

L1
[0
The absorbance of a sample, i.e., Optical Density (OD), at a given wavelength is defined as:
1
OD = -log,, 7

0

Often a reference sample is used to remove the effects from other materials in the sample.

For thin film samples, often there are multiple reflections involved, modeling and algorithm may be
applied to extract the actual transmittance, absorptance, and absorbance.

To measure nanocrystal in dispersion, the dispersion is usually kept in a plastic, glass, or fused-
silica cuvette with 10 mm optical path. The sample is measured against a reference, which comprises the
same solvent used in the dispersion kept in the same or same type of cuvette to remove the effects from
the cuvette and solvent. To measure nanocrystal polymer nanocomposite, the nanocomposite is
dispersed in a solvent or solvent mixtures and spin-cast on a glass or a fused-silica wafer to form a
uniform thin film, the sample may be measured against a reference, which comprises the same wafer
and/or the same polymer dissolved in the same solvent and spin-cast on said wafer with same thickness
to remove the effects from the wafer and polymer. Modeling and algorithms may be applied to extract the
exact transmittance, absorptance, and absorbance of the nanocomposite.

There are a variety of UV-Vis spectrometers available, they are all based on the same principle and
when operated properly, the results are interchangeable. The model that was specifically used to acquire
the data in this disclosure is a Perkin EImer Lambda 850.

One common technique to characterize the loading level of nanocrystal dispersions and

nanocomposites is Thermogravimetric Analysis (TGA). In this technique, the nanocrystals dispersion or
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nanocrystal polymer nanocomposite is kept in a crucible and heated up from room temperature up to
about 800°C, while the weight is monitored. The organic solvent, polymer, and, capping agent will
decompose at high, and usually different, temperatures, leaving only the inorganic nanocrystals behind.
The relative weight percentage of various ingredients in the original sample can be obtained. TGA results
usually generate plots with temperature as the x-axis and the relative weight percentange as the y-axis.
There are a variety of TGA instruments available, they are all based on similar principles and when
operated properly, the results are interchange. The model that was specifically used to acquire the data in
this disclosure is a TA Instrument TGA Q500.

One common method to analyze the chemical compounds in a nanocrystal dispersion or
nanocomposites is Gas Chromatography (GC). GC is a separation technique that can separate chemical
compounds that can be vaporized without decomposition. In GC, the nanocrystal dispersion or
nanocomposite solution (1-5 uL) are injected into a glass chamber that is kept at a higher temperature
(<150°C) which causes the compounds to expand. The analytes are then pushed through a 15—-30 m
capillary column with the aid of an inert gas (i.e. mobile phase). The inner wall of the column is coated
with a liquid polymer (i.e. stationary phase) which has a high boiling point. The analytes moving through
the column are separated based on their solubility or interaction with the polymer. The separated
analysts are then detected by a detector. The results are generated in the form of a chromatogram where
the y-axis represents the intensity of the signal or concentration of the analyst and the x-axis is the
retention time, which indicates how long the analyst was retained in the column. GC can be used to
obtain qualitative as well as quantitative information of chemicals contained in the nanocrystal dispersion
and nanocomposites with high sensitivity. There is a wide variety of GC and detector available, the
model that was specifically used to acquire the data in this disclosure is an Agilent 7890 A model GC
equipped with a Flame lonization Detector (FID).

One common technique to characterize the nanocrystals and capping is FT/IR Spectroscopy
(FTIR). This technique is based on a Michelson interferometer to perform Fourier Transform to obtain the
transmittance in the IR wavelength range, 400-4000 cm™. The absorption in the wavelength region
usually are the results of different vibration modes of the chemical bonds in the samples. It is particularly
useful to observe the chemical bonds between the capping agents and the surface of the nanocrystals. A
peak on the transmittance spectrum usually represents vibration mode of a particular type of chemical
bond. There are a variety of FTIR spectrometers available, they are all based on similar principles and
when operated properly, the results are interchange. The model that was used to acquire the data in this
disclosure is a Jasco FT/IR — 4100 IR.

The present disclosure includes dispersions of nanocrystals.

One exemplary illustrative non-limiting embodiment provides a nanocrystal dispersion comprising:
Nanocrystals in an amount from 1 to 85 percent by weight of the total dispersion in a solvent at least 90%
of the number of nanocrystals of the present disclosure are optionally individually capped by at least one
capping agent; At least 90% of the nanocrystals of the present disclosure optionally have all three
dimensions of less than 10 nm. Nanocrystals of the present disclosure optionally have a size
distribution, as measured by TEM and/or DLS-with a peak within the size range from 2 nm to 9 nm.
Nanocrystals of the present disclosure optionally have at least of an approximately spherical or rice shape
or mixtures thereof. Nanocrystals of the present disclosure optionally have aspect ratios smaller than
3:1.

12



WO 2012/058271 PCT/US2011/057822

Nanocrystals of the present disclosure optionally contain (such as, comprise, consist of or consist
essentially of) at least one of zinc oxide, hafnium oxide, zirconium oxide, zirconium-titanium oxide,
titanium oxide, yttrium oxide, or any mixtures, alloys, or allotropes thereof.

Nanocrystal dispersions of the present disclosure, when prepared to 10% by weight in the solvent
or solvent mixture of the dispersion and measured in a fused silica cuvette with 10 mm path length
against a fused silica cuvette with 10 mm path length filled with the same solvent, optionally have a
minimum transmittance larger than 15%, alternatively larger than 20%, or 25%, or 30%, or 40%, or 50%,
or 60%, or 70%, or 80%, or 90%, or 99%, in the wavelength region from 400 nm to 750 nm. Nanocrystal
dispersions of the present disclosure optionally have a free capping agent concentration below 5
micrograms/ml, alternatively below 10 micrograms/ml, below 20 micrograms/ml, below 50 micrograms/ml,
below 100 micrograms/ml, below 150 micrograms/ml, below 250 micrograms/ml, below 500
micrograms/ml, below 1,000 micrograms/ml, below 1,500 micrograms/ml, below 2,000 micrograms/ml,
below 4,000 micrograms/ml, below 6,000 micrograms/ml, below 8,000 micrograms/ml, below 10,000
micrograms/ml, below 25,000 micrograms/ml, below 50,000 micrograms/ml, or below 100,000
micrograms/ml, as measured by GC.

Solvents of the nanocrystals and nanocrystal dispersions of the present disclosure may include at
least one or a combination of benzyl alcohol, phenol, oleyl alcohol, toluene, xylene, heptane, mesitylene,
butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene
glycol methyl ether acetate (PGMEA), ethyl lactate (EL), and 2-propoxy-propanol (PnP), acetone,
tetrahydrofuran (THF), ketones, cyclic ketones, methylpentanol, or mixtures thereof.

Capping agents of the nanocrystals and nanocrystal dispersions of the present disclosure may
include at least one or a combination of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-
octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane, methoxytri(ethyleneoxy)propyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
mercaptopropyltrimethoxysilane, 3-(methacryloyloxy)propyl trimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-isocyanatopropyltrimethoxysilane, and/or
glycidoxypropyltrimethoxysilane, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol,
butanol, oleylalcohol, dodecylalcohol, octadecanol and triethylene glycol monomethyl ether, octanoic
acid, acetic acid, propionic acid, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, oleic acid, stearic acid,
benzoic acid or isomers and mixtures thereof.

Exemplary illustrative non-limiting embodiments of the present disclosure wherein nanocrystals of
the disclosure include capping agents, may also contain about 1 to 50% by weight of a solvent group or
precursor group as a capping molecule in addition to the functional capping agent wherein weight percent
is the weight percent of the solvent and/or precursor groups capping the nanocrystals based on the total
weight of capping agent molecules and solvent or precursor groups capping the nanocrystals. The
surface of nanocrystals of the present disclosure may include, alone or in addition to capping agents
described herein, solvents of the present disclosure such as, for example, acetic acid, benzyl alcohol,
butanol, ethanol, propanol, isopropanol, olylalcohol, dodecylalcohol, octanoic acid, oleic acid, stearic acid,
and combinations and mixtures thereof, and/or precursor groups such as alkoxy, butoxy, ethoxy,
iSOpropoxy, propoxy, n-butoxy, tert-butoxy, acetyl, carboxyl, nitryl, chloryl, bromyl and combinations and

mixtures thereof.
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The solvent and precursor groups may optionally be present on the surface of the nanocrystals of
the present disclosure in an amount of 1 to 50 weight percent, as described above and herein, such as in
an amount of 2 to 40 weight percent, such as in an amount of 3 to 30 weight percent, or such as in an
amount of 4 to 20 weight percent, or alternatively in an amount of 5 to 10 weight percent.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure may be optionally characterized as having a size distribution as
measured by DLS and/or TEM; wherein the nanocrystal size distribution has a peak located within the
size range of 2 nm — 13 nm, and optionally with a peak located between any of 2 nm —3 nm, or 3 nm —4
nm,or4dnm-5nmm,or5nm-6nm,or6 nm—-—7nm,or7nm—-8nm,or8nm-9nm, or 9nm-10 nm,
or10 nm—11nm, or 11 nm—12 nm, or 12 nm — 13 nm wherein the nanocrystal size distribution has a
Full Width at Half Maximum (FWHM) within the range from 1 nm to 5 nm, or optionally within a range of 1
nmto4nm,or1 nmto3mm,or1nmto2nm,or2nmto5nm,or2nmto4nm,or2nmto3nm,or3nm
to5 nm, or 3 nmto4 nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure may be optionally characterized as resembling a normal nanocrystal
size distribution as measured by DLS and/or TEM; the nanocrystal size distribution having a peak located
within the size range of 2 nm — 9 nm, and optionally with a peak located between any of 2 nm — 3 nm, or
3nm-4nnm,or4dnm-5nm,or5nm—-6nnm,or6 nm—7nm,or 7 nm-38nm, or 8 nm-9nm, wherein
the nanocrystal size distribution having a Full Width at Half Maximum (FWHM) within the range from 1 nm
to 5 nm, or optionally within a range of 1 nm to 4 nm, or 1 nmto 3 nm, or 1 nm to 2 nm, or 2 nm to 5 nm,
or2nmto4 nm,or2nmto 3 nm,or 3 nmto5nm,or3nmto4nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure may be optionally characterized as resembling a log-normal
nanocrystal size distribution as measured by DLS and/or TEM; the nanocrystal size distribution having a
peak located within the size range of 2 nm — 9 nm, and optionally with a peak located between any of 2
nm-=-3nm,or3nm-4nm,or4dnm-5nmnm,or5nm-6nm,or6 nm—7nm,or7 nm-8nm,or8nm-9
nm, wherein the log-normal nanocrystal size distribution having a Full Width at Half Maximum (FWHM)
within the range from 1 nm to 5 nm, or optionally within a range of 1 nm to 4 nm, or 1 nmto 3 nm, or 1 nm
to2nm,or2nmto5nm,or2nmto4 nm,or2nmto3 nm,or3nmto5nm, or3nmto4nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure may be optionally characterized as resembling a Lorentzian
nanocrystal size distribution as measured by DLS and/or TEM; the Lorentzian nanocrystal size
distribution having a peak located within the size range of 2 nm — 9 nm, and optionally with a peak located
between any of 2 nm -3 nm, or3nm -4 nm, or4 nm—-5nm,or 5 nm—-6nm, or6 nm—7 nm, or 7 nm—
8 nm, or 8 nm - 9 nm, wherein the Lorentzian nanocrystal size distribution having a Full Width at Half
Maximum (FWHM) within the range from 1 nm to 5 nm, or optionally within a range of 1 nm to 4 nm, or 1
nmto3nm,or1nmto2mm,or2mnmmto5nm,or2mnmto4 nm,or2nmto3nm,or3nmto5nm, or3nm
to4 nm.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure may contain
(such as may comprise, consist of or consist essentially of) nanocrystals of hafnium oxide, or hafnium
oxide containing at least one of a capping agent, a solvent group, and/or a precursor group, in an amount

from 1 to 85 percent by weight of the total dispersion in a solvent, such as optionally in an amount of 1 to
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80 weight percent, such as optionally in an amount of 1 to 70 weight percent, such as optionally in an
amount of 1 to 60 weight percent, such as optionally in an amount of 1 to 50 weight percent, such as
optionally in an amount of 1 to 40 weight percent, such as optionally in an amount of 1 to 30 weight
percent, such as optionally in an amount of 1 to 20 weight percent, such as optionally in an amount of 1 to
10 weight percent, such as optionally in an amount of 1 to 5 weight percent, such as optionally in an
amount of 1 to 2 weight percent, such as optionally in an amount of 2 to 85 weight percent, such as
optionally in an amount of 2 to 80 weight percent, such as optionally in an amount of 2 to 70 weight
percent, such as optionally in an amount of 2 to 60 weight percent, such as optionally in an amount of 2 to
50 weight percent, such as optionally in an amount of 2 to 40 weight percent, such as optionally in an
amount of 2 to 30 weight percent, such as optionally in an amount of 2 to 20 weight percent, such as
optionally in an amount of 2 to 10 weight percent, such as optionally in an amount of 2 to 5 weight
percent, such as optionally in an amount of 3 to 85 weight percent, such as optionally in an amount of 3 to
80 weight percent, such as optionally in an amount of 3 to 70 weight percent, such as optionally in an
amount of 3 to 60 weight percent, such as optionally in an amount of 3 to 50 weight percent, such as
optionally in an amount of 3 to 40 weight percent, such as optionally in an amount of 3 to 30 weight
percent, such as optionally in an amount of 3 to 20 weight percent, such as optionally in an amount of 3 to
10 weight percent, such as optionally in an amount of 3 to 5 weight percent. See Figure 18 as an example
TGA for Hafnium oxide nanocrystals. Figure 18 shows a TGA of capped HfO, nanocrystals that are
dispersed in PGMEA at a loading of 10.6 wt%. The weight percentage of HfO, is 8.6%. The difference is
the amount of organic groups from capping on the surface of the nanocrystals. Therefore the wt
percentage of the capping is 100%*(10.60-8.638)/10.60 = 18.51%.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting
essentially of), for example, hafnium oxide may be individually capped by at least one capping agent.

At least 90% by number, or alternatively such as at least 91%, such as at least 92%, such as at
least 93%, such as at least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such
as at least 98%, such as at least 99%, such as at least 99.9%, such as at least 99.99%, such as at least
99.999% of a collection of hafhium oxide nanocrystals of the present disclosure have at least one capping
agent.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting
essentially of), for example, hafnium oxide optionally have all three dimensions less than 10 nm, and
optionally all three dimensions are - while not necessarily the same or substantially the same — less than
10 nm, such as less than 9 nm, or optionally less than 8 nm, or less than 7 nm, or less than 6 nm or less
than 5 nm or less than 4 nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as comprising, consisting of or consisting
essentially of) hafnium oxide may be optionally characterized as having a size distribution, as measured
by TEM and/or DLS, having a peak within the size range of 2 nm —9 nm, and optionally with a peak
located between any of 2 nm — 3 nm, or 3 nm —4 nm, or4 nm —5 nm, or 5 nm—6 nm, or 6 nm—7 nm, or

7 nm —8 nm, or 8 nm - 9 nm. Nanocrystals of the present disclosure optionally have at least of an
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approximately spherical or rice shape or mixtures thereof. The nanocrystals of hafnium oxide of the
present disclosure may optionally have aspect ratios smaller than 3:1.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing hafnium oxide nanocrystals, when prepared to 10% by weight in the
solvent or solvent mixture of the dispersion and measured in a fused silica cuvette with 10 mm path
length against a fused silica cuvette with 10 mm path length filled with the same solvent, have a minimum
transmittance larger than 15%, alternatively larger than 20%, or 25%, or 30%, or 40%, or 50%, or 60%, or
70%, or 80%, or 90%, or 99%, in the wavelength region from 400 nm to 750 nm. See Figure 19 as an
example UV-vis spectrum for Hafhium oxide nanocrystals dispersed in PGMEA at 10 wt% loading.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, hafnium oxide,
with the transmittance characterization described herein may be produced in more than 5 g or
alternatively more than 10 g amounts with or without filtration wherein additional clarification and/or
separation techniques are optionally not required.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, hafnium oxide,
with the transmittance characterization described herein may be produced in more than 5 g or
alternatively more than 10 g amounts with or without filtration wherein additional clarification and/or
separation techniques are optionally not required and wherein the dispersions are stable, with no
substantial loss of clarity or transmittance characteristics over more than three weeks, alternatively more
than four weeks, or more than 6 weeks, or more than 8 weeks, or more than 10 weeks, or more than 12
weeks, or more than 14 weeks, or more than 18 weeks, or more than 24 week, or more than 28 weeks, or
more than one year, or more than two years, storage in solvent at room temperature (i.e., about 18 —
22C).

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing hafnium oxide nanocrystals optionally have free capping agent
concentration below 5 micrograms/ml, alternatively below 10 micrograms/ml, below 20 micrograms/ml,
below 50 micrograms/ml, below 100 micrograms/ml, below 150 micrograms/ml, below 250
micrograms/ml, below 500 micrograms/ml, below 1,000 micrograms/ml, below 1,500 micrograms/ml,
below 2,000 micrograms/ml, below 4,000 micrograms/ml, below 6,000 micrograms/ml, below 8,000
micrograms/ml, below 10,000 micrograms/ml, below 25,000 micrograms/ml, below 50,000
micrograms/ml, or below 100,000 micrograms/ml, as measured by GC (see Figure 20 as an example GC
for capped Hafnium oxide nanocrystals dispersed in PGMEA showing PGMEA as the only prominent
peak).

Exemplary illustrative non-limiting nanocrystals of the present disclosure, such as nanocrystals
containing hafnium oxide nanocrystals, may be characterized by, in the XRD pattern, peaks located within
ranges between 17° and 18°, between 24° to 25°, between 28° to 29°, between 31° to 32°, between 35°
to 36°, between 40° to 42°, between 50° to 52°. Depending on the size and crystallinity of the
nanocrystals peaks that are close together may not be individually distinguished. An example XRD
pattern for Hafnium oxide nanocrystals are shown in Figure 15. Exemplary illustrative non-limiting
nanocrystal dispersions of the present disclosure, such as nanocrystal dispersions containing hafnium

oxide nanocrystals, may contain (such as may be comprise, consist of or consist essentially of) a solvent
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or mixture of solvents containing at least one of benzyl alcohol, phenol, oleyl alcohol, toluene, xylene,
heptane, mesitylene, butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether
(PGME), propylene glycol methyl ether acetate (PGMEA), ethyl lactate (EL), and 2-propoxy-propanol
(PnP), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, methylpentanol, or mixtures thereof.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as comprising, consisting of or consisting
essentially of), for example hafnium oxide, may contain (such as comprise, consist of or consist
essentially of) at least one -capping agent of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-
octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane, methoxytri(ethyleneoxy)propyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
mercaptopropyltrimethoxysilane, 3-(methacryloyloxy)propyl trimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-isocyanatopropyltrimethoxysilane, and/or
glycidoxypropyltrimethoxysilane, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol,
butanol, oleylalcohol, dodecylalcohol, octadecanol and triethylene glycol monomethyl ether, octanoic
acid, acetic acid, propionic acid, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, oleic acid, benzoic acid or
isomers and mixtures thereof.

Another aspect of an exemplary illustrative non-limiting embodiment providing a hafnium oxide
nanocrystal dispersion comprises a hanocrystal size distribution, such as a normal nanocrystal size
distribution, lognormal nanocrystal size distribution, or Lorentzian nanocrystal size distribution, as
measured by DLS (see Figure 17 as an example DLS for capped hafnium oxide nanocrystals dispersed
in PGMEA showing a nanocrystals size distribution by volume with a peak at 5.21nm ) and/or TEM (see
Figure 16 as an example TEM image for hafnium oxide nanocrystals showing rice shaped nanocrystals);
nanocrystal size distribution having a peak located within the size range of 2 nm — 9 nm, and optionally
with a peak located between any of 2nm -3 nm, or3nm—4 nm,or4 nm—-5nm, or 5 nm—-6 nm, or 6
nm —7 nm, or 7 nm — 8 nm, or 8 nm - 9 nm, wherein the nanocrystal size distribution having a Full Width
at Half Maximum (FWHM) within the range from 1 nm to 5 nm, or optionally within a range of 1 nm to 4
nm,or1nmto3nm,or1nmto2nm,or2nmto5nmnm,or2nmto4 nm,or2mnmmto3 nm,or3nmmto5
nm, or 3 nmto 4 nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure contain (such as may comprise, consist of or consist essentially of)
zirconium oxide, or zirconium oxide containing at least one of a capping agent, a solvent group, and/or a
precursor group. Nanocrystal dispersions of the present disclosure may contain (such as may comprise,
consist of or consist essentially of) nanocrystals of zirconium oxide in an amount from 1 to 85 percent by
weight of the total dispersion in a solvent, such as optionally in an amount of 1 to 80 weight percent, such
as optionally in an amount of 1 to 70 weight percent, such as optionally in an amount of 1 to 60 weight
percent, such as optionally in an amount of 1 to 50 weight percent, such as optionally in an amount of 1 to
40 weight percent, such as optionally in an amount of 1 to 30 weight percent, such as optionally in an
amount of 1 to 20 weight percent, such as optionally in an amount of 1 to 10 weight percent, such as
optionally in an amount of 1 to 5 weight percent, such as optionally in an amount of 1 to 2 weight percent,
such as optionally in an amount of 2 to 85 weight percent, such as optionally in an amount of 2 to 80
weight percent, such as optionally in an amount of 2 to 70 weight percent, such as optionally in an

amount of 2 to 60 weight percent, such as optionally in an amount of 2 to 50 weight percent, such as
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optionally in an amount of 2 to 40 weight percent, such as optionally in an amount of 2 to 30 weight
percent, such as optionally in an amount of 2 to 20 weight percent, such as optionally in an amount of 2 to
10 weight percent, such as optionally in an amount of 2 to 5 weight percent, such as optionally in an
amount of 3 to 85 weight percent, such as optionally in an amount of 3 to 80 weight percent, such as
optionally in an amount of 3 to 70 weight percent, such as optionally in an amount of 3 to 60 weight
percent, such as optionally in an amount of 3 to 50 weight percent, such as optionally in an amount of 3 to
40 weight percent, such as optionally in an amount of 3 to 30 weight percent, such as optionally in an
amount of 3 to 20 weight percent, such as optionally in an amount of 3 to 10 weight percent, such as
optionally in an amount of 3 to 5 weight percent. See Figure 24 as an example TGA for zirconium oxide
nanocrystals. Figure 24 shows a TGA of capped ZrO, nanocrystals that are dispersed in PGMEA at a
loading of 52.4 wt%. The weight percentage of ZrO, is 43.6%. The difference is the amount of organic
groups from capping on the surface of the nanocrystals. Therefore the wt percentage of the capping is
100%*(52.4-43.6)/52.4 = 16.8%.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting
essentially of), for example, zirconium oxide may be individually capped by at least one capping agent.

At least 90% by number, or alternatively such as at least 91%, such as at least 92%, such as at
least 93%, such as at least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such
as at least 98%, such as at least 99%, such as at least 99.9%, such as at least 99.99%, such as at least
99.999% of a collection of zirconium oxide nanocrystals of the present disclosure have at least one
capping agent.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting
essentially of), for example, zirconium oxide optionally have all three dimensions less than 10 nm, and
optionally all three dimensions are - while not necessarily the same or substantially the same — less than
10 nm, such as less than 9 nm, or optionally less than 8 nm, or less than 7 nm, or less than 6 nm or less
than 5 nm or less than 4 nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as comprising, consisting of or consisting
essentially of) zirconium oxide may be optionally characterized as having a size distribution, as measured
by TEM and/or DLS, having a peak within the size range of 2 nm —9 nm, and optionally with a peak
located between any of 2 nm — 3 nm, or 3 nm —4 nm, or4 nm —5 nm, or 5 nm—6 nm, or 6 nm—7 nm, or
7 nm —8 nm, or 8 nm - 9 nm. The nanocrystals of zirconium oxide of the present disclosure optionally
have at least of an approximately spherical or rice shape or mixtures thereof. The nanocrystals of
zirconium oxide of the present disclosure may optionally have aspect ratios smaller than 3:1.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing zirconium oxide nanocrystals, when prepared to 10% by weight in the
solvent or solvent mixture of the dispersion and measured in a fused silica cuvette with 10 mm path
length against a fused silica cuvette with 10 mm path length filled with the same solvent, have a
minimum transmittance larger than 15%, alternatively larger than 20%, or 25%, or 30%, or 40%, or 50%,

or 60%, or 70%, or 80%, or 90%, or 99%, in the wavelength region from 400 nm to 750 nm. See Figure
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25 as an example UV-vis spectrum for zirconium oxide nanocrystals dispersed in PGMEA at 52.4 wt%
loading.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, zirconium oxide,
with the transmittance characterization described herein may be produced in more than 5 g or
alternatively more than 10 g amounts with or without filtration wherein additional clarification and/or
separation techniques are optionally not required.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, zirconium oxide,
with the transmittance characterization described herein may be surprisingly produced in more than 5 g or
alternatively more than 10 g amounts with or without filtration wherein additional clarification and/or
separation techniques are optionally not required and wherein the dispersions are stable, with no
substantial loss of clarity or transmittance characteristics over more than three weeks, alternatively more
than four weeks, or more than 6 weeks, or more than 8 weeks, or more than 10 weeks, or more than 12
weeks, or more than 14 weeks, or more than 18 weeks, or more than 24 week, or more than 28 weeks, or
more than one year, or more than two years, storage in solvent at room temperature (i.e., about 18 —
22°C).

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing zirconium oxide nanocrystals optionally have free capping agent
concentration 5 micrograms/ml, alternatively below 10 micrograms/ml, below 20 micrograms/ml, below 50
micrograms/ml, below 100 micrograms/ml, below 150 micrograms/ml, below 250 micrograms/ml, below
500 micrograms/ml, below 1,000 micrograms/ml, below 1,500 micrograms/ml, below 2,000
micrograms/ml, below 4,000 micrograms/ml, below 6,000 micrograms/ml, below 8,000 micrograms/ml,
below 10,000 micrograms/ml, below 25,000 micrograms/ml, below 50,000 micrograms/ml, or below
100,000 micrograms/ml, as measured by GC. (see Figure 26 as an example GC for capped zirconium
oxide nanocrystals dispersed in PGMEA showing PGMEA as the only prominent peak).

Exemplary illustrative non-limiting nanocrystals of the present disclosure, such as nanocrystals
containing zirconium oxide nanocrystals, may be characterized by or demonstrate, in the XRD pattern,
peaks located within ranges between 28° and 32°, between 32° to 36°, between 48° to 52°, between 58°
to 62°.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing zirconium oxide nanocrystals, may contain (such as may be comprise,
consist of or consist essentially of) a solvent or mixture of solvents containing at least one of benzyl
alcohol, phenol, oleyl alcohol, toluene, xylene, heptane, mesitylene, butanol, propanol, isopropanol,
ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate
(PGMEA), ethyl lactate (EL), and 2-propoxy-propanol (PnP), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, methylpentanol, or mixtures thereof.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as comprising, consisting of or consisting
essentially of), for example zirconium oxide, may contain (such as comprise, consist of or consist
essentially of) at least one capping agent of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-

octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-
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trimethoxysilane, methoxytri(ethyleneoxy)propyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
mercaptopropyltrimethoxysilane, 3-(methacryloyloxy)propyl trimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-isocyanatopropyltrimethoxysilane, and/or
glycidoxypropyltrimethoxysilane, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol,
butanol, oleylalcohol, dodecylalcohol, octadecanol and triethylene glycol monomethyl ether, octanoic
acid, acetic acid, propionic acid, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, oleic acid, benzoic acid or
isomers and mixtures thereof.

Another aspect of illustrative non-limiting exemplary embodiment providing a zirconium oxide
nanocrystal dispersion comprises a nanocrystal size distribution resembling a normal nanocrystal size
distribution, or a lognormal nanocrystal size distribution, or a Lorentzian nanocrystal size distribution, as
measured by DLS (see Figure 23 as an example DLS for capped zirconium oxide nanocrystals dispersed
in PGMEA showing a nanocrystals size distribution by volume with a peak at 6.27 nm ) and/or TEM (see
Figure 22 as an example TEM image for zirconium oxide nanocrystals showing approximately spherical
nanocrystals); said nanocrystal size distribution having a peak located within the size range of 2 nm — 9
nm, and optionally with a peak located between any of 2 nm —3 nm, or 3nm —4 nm, or4 nm—-5nm, or 5
nm —6 nm, or 6 nm —7 nm, or 7 nm—38 nm, or 8 nm - 9 nm, wherein the nanocrystal size distribution
having a Full Width at Half Maximum (FWHM) within the range from 1 nm to 5 nm, or optionally within a
range of 1 nmto4 nm,or1 nmto3 nm,or1 nmto2nm,or2nmto5nm,or2nmto4 nm,or2nmto3
nm, or 3nmto5nm, or 3 nmto4 nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure contain (such as may comprise, consist of or consist essentially of)
zinc oxide or zinc oxide containing at least one of a capping agent, a solvent group, and/or a precursor
group. Nanocrystal dispersions of the present disclosure may contain (such as may comprise, consist of
or consist essentially of) nanocrystals of zinc oxide in an amount from 1 to 85 percent by weight of the
total dispersion in a solvent, such as optionally in an amount of 1 to 80 weight percent, such as optionally
in an amount of 1 to 70 weight percent, such as optionally in an amount of 1 to 60 weight percent, such
as optionally in an amount of 1 to 50 weight percent, such as optionally in an amount of 1 to 40 weight
percent, such as optionally in an amount of 1 to 30 weight percent, such as optionally in an amount of 1 to
20 weight percent, such as optionally in an amount of 1 to 10 weight percent, such as optionally in an
amount of 1 to 5 weight percent, such as optionally in an amount of 1 to 2 weight percent, such as
optionally in an amount of 2 to 85 weight percent, such as optionally in an amount of 2 to 80 weight
percent, such as optionally in an amount of 2 to 70 weight percent, such as optionally in an amount of 2 to
60 weight percent, such as optionally in an amount of 2 to 50 weight percent, such as optionally in an
amount of 2 to 40 weight percent, such as optionally in an amount of 2 to 30 weight percent, such as
optionally in an amount of 2 to 20 weight percent, such as optionally in an amount of 2 to 10 weight
percent, such as optionally in an amount of 2 to 5 weight percent, such as optionally in an amount of 3 to
85 weight percent, such as optionally in an amount of 3 to 80 weight percent, such as optionally in an
amount of 3 to 70 weight percent, such as optionally in an amount of 3 to 60 weight percent, such as
optionally in an amount of 3 to 50 weight percent, such as optionally in an amount of 3 to 40 weight
percent, such as optionally in an amount of 3 to 30 weight percent, such as optionally in an amount of 3 to
20 weight percent, such as optionally in an amount of 3 to 10 weight percent, such as optionally in an

amount of 3 to 5 weight percent.
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Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting
essentially of), for example, zinc oxide may be individually capped by at least one capping agent.

At least 90% by number, or alternatively such as at least 91%, such as at least 92%, such as at
least 93%, such as at least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such
as at least 98%, such as at least 99%, such as at least 99.9%, such as at least 99.99%, such as at least
99.999% of a collection of zinc oxide nanocrystals of the present disclosure have at least one capping
agent.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting
essentially of), for example, zinc oxide optionally have all three dimensions less than 10 nm, and
optionally all three dimensions are - while not necessarily the same or substantially the same — less than
10 nm, such as less than 9 nm, or optionally less than 8 nm, or less than 7 nm, or less than 6 nm or less
than 5 nm or less than 4 nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as comprising, consisting of or consisting
essentially of) zinc oxide may be optionally characterized as having a size distribution, as measured by
TEM and/or DLS, having a peak within the size range of 2 nm —9 nm, and optionally with a peak located
between any of 2 nm -3 nm, or3nm—-4 nm,or4 nm—-5nm, or5 nm—-6 nm,or6 nm—-7nm, or 7 nm—
8 nm, or 8 nm - 9 nm. The nanocrystals of zinc oxide of the present disclosure optionally have at least of
an approximately spherical or rice shape or mixtures thereof. . The nanocrystals of zinc oxide of the
present disclosure may optionally have aspect ratios smaller than 3:1.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing zinc oxide nanoctrystals, when prepared to 10% by weight in the
solvent or solvent mixture of the dispersion and measured in a fused silica cuvette with 10 mm path
length against a fused silica cuvette with 10 mm path length filled with the same solvent, have a
minimum transmittance larger than 15%, alternatively larger than 20%, or 25%, or 30%, or 40%, or 50%,
or 60%, or 70%, or 80%, or 90%, or 99%,in the wavelength region from 400 nm to 750 nm.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, zinc oxide, with
the transmittance characterization described herein may be produced in more than 5 g or alternatively
more than 10 g amounts with or without filtration wherein additional clarification and/or separation
techniques are optionally not required.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, zinc oxide, with
the transmittance characterization described herein may be produced in more than 5 g or alternatively
more than 10 g amounts with or without filtration wherein additional clarification and/or separation
techniques are optionally not required and wherein the dispersions are stable, with no substantial loss of
clarity or transmittance characteristics over more than three weeks, alternatively more than four weeks, or
more than 6 weeks, or more than 8 weeks, or more than 10 weeks, or more than 12 weeks, or more than
14 weeks, or more than 18 weeks, or more than 24 week, or more than 28 weeks, or more than one year,

or more than two years, storage in solvent at room temperature (i.e., about 18 — 22°C) .
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Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing zinc oxide nanocrystals optionally have free capping agent
concentration below 5 micrograms/ml, alternatively below 10 micrograms/ml, below 20 micrograms/ml,
below 50 micrograms/ml, below 100 micrograms/ml, below 150 micrograms/ml, below 250
micrograms/ml, below 500 micrograms/ml, below 1,000 micrograms/ml, below 1,500 micrograms/ml,
below 2,000 micrograms/ml, below 4,000 micrograms/ml, below 6,000 micrograms/ml, below 8,000
micrograms/ml, below 10,000 micrograms/ml, below 25,000 micrograms/ml, below 50,000
micrograms/ml, or below 100,000 micrograms/ml, as measured by GC.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing zinc oxide nanocrystals, may contain (such as may be comprise,
consist of or consist essentially of) a solvent or mixture of solvents containing at least one of benzyl
alcohol, phenol, oleyl alcohol, toluene, xylene, heptane, mesitylene, butanol, propanol, isopropanol,
ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate
(PGMEA), ethyl lactate (EL), and 2-propoxy-propanol (PnP), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, methylpentanol, or mixtures thereof.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as comprising, consisting of or consisting
essentially of), for example zinc oxide, may contain (such as comprise, consist of or consist essentially of)
at least one capping agent of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-octyltrimethoxysilane,
n-octyltriethoxysilane, phenytrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane,
methoxytri(ethyleneoxy)propyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
mercaptopropyltrimethoxysilane, 3-(methacryloyloxy)propyl trimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-isocyanatopropyltrimethoxysilane, and/or
glycidoxypropyltrimethoxysilane, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol,
butanol, oleylalcohol, dodecylalcohol, octadecanol and triethylene glycol monomethyl ether, octanoic
acid, acetic acid, propionic acid, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, oleic acid, benzoic acid or
isomers and mixtures thereof.

Another aspect of non-limiting illustrative exemplary embodiment providing a zinc oxide nanocrystal
dispersion comprises a nanocrystal size distribution resembling a normal nanocrystal size distribution, or
a lognormal nanocrystal size distribution, or a Lorentzian nanocrystal size distribution, as measured by
DLS and/or TEM; said nanocrystal size distribution having a peak located within the size range of 2 nm —
9 nm, and optionally with a peak located between any of 2 nm —3 nm, or 3 nm —4 nm, or 4 nm —5 nm, or
5nm—6 nm, or6 nm—7 nm, or 7 nm—8 nm, or 8 nm - 9 nm, wherein the nanocrystal size distribution
having a Full Width at Half Maximum (FWHM) within the range from 1 nm to 5 nm, or optionally within a
range of 1 nmto4 nm,or1 nmto3 nm,or1 nmto2nm,or2nmto5nm,or2nmto4 nm,or2nmto3
nm, or 3nmto5nm, or 3 nmto4 nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure contain (such as may comprise, consist of or consist essentially of)
zirconium-titanium oxide or zirconium-titanium oxide containing at least one of a capping agent, a solvent
group, and/or a precursor group. Nanocrystal dispersions of the present disclosure may contain (such as
may comprise, consist of or consist essentially of) nanocrystals of zirconium-titanium oxide in an amount

from 1 to 85 percent by weight of the total dispersion in a solvent, such as optionally in an amount of 1 to
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80 weight percent, such as optionally in an amount of 1 to 70 weight percent, such as optionally in an
amount of 1 to 60 weight percent, such as optionally in an amount of 1 to 50 weight percent, such as
optionally in an amount of 1 to 40 weight percent, such as optionally in an amount of 1 to 30 weight
percent, such as optionally in an amount of 1 to 20 weight percent, such as optionally in an amount of 1 to
10 weight percent, such as optionally in an amount of 1 to 5 weight percent, such as optionally in an
amount of 1 to 2 weight percent, such as optionally in an amount of 2 to 85 weight percent, such as
optionally in an amount of 2 to 80 weight percent, such as optionally in an amount of 2 to 70 weight
percent, such as optionally in an amount of 2 to 60 weight percent, such as optionally in an amount of 2 to
50 weight percent, such as optionally in an amount of 2 to 40 weight percent, such as optionally in an
amount of 2 to 30 weight percent, such as optionally in an amount of 2 to 20 weight percent, such as
optionally in an amount of 2 to 10 weight percent, such as optionally in an amount of 2 to 5 weight
percent, such as optionally in an amount of 3 to 85 weight percent, such as optionally in an amount of 3 to
80 weight percent, such as optionally in an amount of 3 to 70 weight percent, such as optionally in an
amount of 3 to 60 weight percent, such as optionally in an amount of 3 to 50 weight percent, such as
optionally in an amount of 3 to 40 weight percent, such as optionally in an amount of 3 to 30 weight
percent, such as optionally in an amount of 3 to 20 weight percent, such as optionally in an amount of 3 to
10 weight percent, such as optionally in an amount of 3 to 5 weight percent

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting
essentially of), for example, zirconium-titanium oxide may be individually capped by at least one capping
agent.

At least 90% by number, or alternatively such as at least 91%, such as at least 92%, such as at
least 93%, such as at least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such
as at least 98%, such as at least 99%, such as at least 99.9%, such as at least 99.99%, such as at least
99.999% of a collection of zirconium-titanium oxide nanocrystals of the present disclosure have at least
one capping agent.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting
essentially of), for example, zirconium-titanium oxide optionally have all three dimensions less than 10
nm, and optionally all three dimensions are - while not necessarily the same or substantially the same —
less than 10 nm, such as less than 9 nm, or optionally less than 8 nm, or less than 7 nm, or less than 6
nm or less than 5 nm or less than 4 nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as comprising, consisting of or consisting
essentially of) zirconium-titanium oxide may be optionally characterized as having a size distribution, as
measured by TEM and/or DLS, having a peak within the size range of 2 nm — 9 nm, and optionally with a
peak located between any of 2nm -3 nm,or3nm—-4nm,or4 nm—-5nm,or5nm—-6 nm,or6 nm—-7
nm, or 7 nm—8 nm, or 8 nm - 9 nm. The nanocrystals of zirconium-titanium oxide of the present
disclosure optionally have at least of an approximately spherical or rice shape or mixtures thereof. The
nanocrystals of zirconium-titanium oxide of the present disclosure may optionally have aspect ratios

smaller than 3:1.
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Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing zirconium-titanium oxide nanocrystals, when prepared to 10% by
weight in the solvent or solvent mixture of the dispersion and measured in a fused silica cuvette with 10
mm path length against a fused silica cuvette with 10 mm path length filled with the same solvent, have a
minimum transmittance larger than 15%, alternatively larger than 20%, or 25%, or 30%, or 40%, or 50%,
or 60%, or 70%, or 80%, or 90%, or 99%, in the wavelength region from 400 nm to 750 nm.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, zirconium-
titanium oxide, with the transmittance characterization described herein may be produced in more than 5
g or alternatively more than 10 g amounts with or without filtration wherein additional clarification and/or
separation techniques are optionally not required.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, zirconium-
titanium oxide, with the transmittance characterization described herein may be surprisingly produced in
more than 5 g or alternatively more than 10 g amounts with or without filtration wherein additional
clarification and/or separation techniques are optionally not required and wherein the dispersions are
stable, with no substantial loss of clarity or transmittance characteristics over more than three weeks,
alternatively more than four weeks, or more than 6 weeks, or more than 8 weeks, or more than 10 weeks,
or more than 12 weeks, or more than 14 weeks, or more than 18 weeks, or more than 24 week, or more
than 28 weeks, or more than one year, or more than two years, storage in solvent at room temperature
(i.e., about 18 — 22°C) .

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing zirconium-titanium oxide nanocrystals optionally have free capping
agent concentration below 5 micrograms/ml, alternatively below 10 micrograms/ml, below 20
micrograms/ml, below 50 micrograms/ml, below 100 micrograms/ml, below 150 micrograms/ml, below
250 micrograms/ml, below 500 micrograms/ml, below 1,000 micrograms/ml, below 1,500 micrograms/ml,
below 2,000 micrograms/ml, below 4,000 micrograms/ml, below 6,000 micrograms/ml, below 8,000
micrograms/ml, below 10,000 micrograms/ml, below 25,000 micrograms/ml, below 50,000
micrograms/ml, or below 100,000 micrograms/ml, as measured by GC.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing zirconium-titanium oxide nanocrystals, may contain (such as may be
comprise, consist of or consist essentially of) a solvent or mixture of solvents containing at least one of
benzyl alcohol, phenol, oleyl alcohol, toluene, xylene, heptane, mesitylene, butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), ethyl lactate (EL), and 2-propoxy-propanol (PnP), acetone, tetrahydrofuran (THF),
ketones, cyclic ketones, methylpentanol, or mixtures thereof.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as comprising, consisting of or consisting
essentially of), for example zirconium-titanium oxide, may contain (such as comprise, consist of or consist
essentially of) at least one capping agent of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-
octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-

trimethoxysilane, methoxytri(ethyleneoxy)propyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
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mercaptopropyltrimethoxysilane, 3-(methacryloyloxy)propyl trimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-isocyanatopropyltrimethoxysilane, and/or
glycidoxypropyltrimethoxysilane, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol,
butanol, oleylalcohol, dodecylalcohol, octadecanol and triethylene glycol monomethyl ether, octanoic
acid, acetic acid, propionic acid, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, oleic acid, benzoic acid or
isomers and mixtures thereof.

Another aspect of illustrative non-limiting exemplary embodiment providing a zirconium-titanium
oxide nanocrystal dispersion comprises a nanocrystal size distribution resembling a normal nanocrystal
size distribution, or a lognormal nanocrystal size distribution, or a Lorentzian nanocrystal size distribution,
as measured by DLS and/or TEM; said nanocrystal size distribution having a peak located within the size
range of 2 nm — 9 nm, and optionally with a peak located between any of 2 nm —3 nm, or 3 nm —4 nm, or
4 nm-5nm,or5nm—6nm,or6 nm—7nm,or7nm-—38nm, or8 nm -9 nm, wherein the nanocrystal
size distribution having a Full Width at Half Maximum (FWHM) within the range from 1 nm to 5 nm, or
optionally within a range of 1 nmto4 nm, or 1 nmto 3 nm, or 1 nmto2 nm,or2nmto5nm, or2 nmto 4
nm, or 2nmto 3 nm,or 3 nmto5nm,or3nmto4nm.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure contain (such as may comprise, consist of or consist essentially of)
yttrium oxide. Nanocrystal dispersions of the present disclosure may contain (such as may comprise,
consist of or consist essentially of) nanocrystals of yttrium oxide, or yttrium oxide containing at least one
of a capping agent, a solvent group, and/or a precursor group, in an amount from 1 to 85 percent by
weight of the total dispersion in a solvent, such as optionally in an amount of 1 to 80 weight percent, such
as optionally in an amount of 1 to 70 weight percent, such as optionally in an amount of 1 to 60 weight
percent, such as optionally in an amount of 1 to 50 weight percent, such as optionally in an amount of 1 to
40 weight percent, such as optionally in an amount of 1 to 30 weight percent, such as optionally in an
amount of 1 to 20 weight percent, such as optionally in an amount of 1 to 10 weight percent, such as
optionally in an amount of 1 to 5 weight percent, such as optionally in an amount of 1 to 2 weight percent,
such as optionally in an amount of 2 to 85 weight percent, such as optionally in an amount of 2 to 80
weight percent, such as optionally in an amount of 2 to 70 weight percent, such as optionally in an
amount of 2 to 60 weight percent, such as optionally in an amount of 2 to 50 weight percent, such as
optionally in an amount of 2 to 40 weight percent, such as optionally in an amount of 2 to 30 weight
percent, such as optionally in an amount of 2 to 20 weight percent, such as optionally in an amount of 2 to
10 weight percent, such as optionally in an amount of 2 to 5 weight percent, such as optionally in an
amount of 3 to 85 weight percent, such as optionally in an amount of 3 to 80 weight percent, such as
optionally in an amount of 3 to 70 weight percent, such as optionally in an amount of 3 to 60 weight
percent, such as optionally in an amount of 3 to 50 weight percent, such as optionally in an amount of 3 to
40 weight percent, such as optionally in an amount of 3 to 30 weight percent, such as optionally in an
amount of 3 to 20 weight percent, such as optionally in an amount of 3 to 10 weight percent, such as
optionally in an amount of 3 to 5 weight percent.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting

essentially of), for example, yttrium oxide may be individually capped by at least one capping agent.
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At least 90% by number, or alternatively such as at least 91%, such as at least 92%, such as at
least 93%, such as at least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such
as at least 98%, such as at least 99%, such as at least 99.9%, such as at least 99.99%, such as at least
99.999% of a collection of yttrium oxide nanocrystals of the present disclosure have at least one capping
agent.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as may be comprising, consisting of or consisting
essentially of), for example, yttrium oxide optionally have at least one dimension less than 10 nm, and
optionally at least one dimension is - while not necessarily the same or substantially the same — less than
10 nm, such as less than 9 nm, or optionally less than 8 nm, or less than 7 nm, or less than 6 nm or less
than 5 nm or less than 4 nm, or less than 3 nm, or less than 2 nm, or less than 1 nm.

Exemplary illustrative non-limiting Yttrium Oxide nanocrystals of the present disclosure optionally
have at least of an approximately spherical shape, or rice shape, disk shape, or sheets, or mixtures
thereof.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing yttrium oxide nanocrystals, when prepared to 10% by weight in the
solvent or solvent mixture of the dispersion and measured in a fused silica cuvette with 10 mm path
length against a fused silica cuvette with 10 mm path length filled with the same solvent, have a
minimum transmittance larger than 15%, alternatively larger than 20%, or 25%, or 30%, or 40%, or 50%,
or 60%, or 70%, or 80%, or 90%, or 99%, in the wavelength region from 400 nm to 750 nm.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, yttrium oxide,
with the transmittance characterization described herein may be produced in more than 5 g or
alternatively more than 10 g amounts with or without filtration wherein additional clarification and/or
separation techniques are optionally not required.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure containing
(such as may comprise, consist of or consist essentially of) nanocrystals of, for example, yttrium oxide,
with the transmittance characterization described herein may be produced in more than 5 g or
alternatively more than 10 g amounts with or without filtration wherein additional clarification and/or
separation techniques are optionally not required and wherein the dispersions are stable, with no
substantial loss of clarity or transmittance characteristics over more than three weeks, alternatively more
than four weeks, or more than 6 weeks, or more than 8 weeks, or more than 10 weeks, or more than 12
weeks, or more than 14 weeks, or more than 18 weeks, or more than 24 week, or more than 28 weeks, or
more than one year, or more than two years, storage in solvent at room temperature (i.e., about 18 —
22°C).

Nanocrystal dispersions of the present disclosure, such as nanocrystal dispersions containing
yttrium oxide nanocrystals optionally have free capping agent concentration below 5 micrograms/ml,
alternatively below 10 micrograms/ml, below 20 micrograms/ml, below 50 micrograms/ml, below 100
micrograms/ml, below 150 micrograms/ml, below 250 micrograms/ml, below 500 micrograms/ml, below
1,000 micrograms/ml, below 1,500 micrograms/ml, below 2,000 micrograms/ml, below 4,000

micrograms/ml, below 6,000 micrograms/ml, below 8,000 micrograms/ml, below 10,000 micrograms/ml,
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below 25,000 micrograms/ml, below 50,000 micrograms/ml, or below 100,000 micrograms/ml, as
measured by GC.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, such as
nanocrystal dispersions containing yttrium oxide nanocrystals, may contain (such as may be comprise,
consist of or consist essentially of) a solvent or mixture of solvents containing at least one of benzyl
alcohol, phenol, oleyl alcohol, toluene, xylene, heptane, mesitylene, butanol, propanol, isopropanol,
ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate
(PGMEA), ethyl lactate (EL), and 2-propoxy-propanol (PnP), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, methylpentanol, or mixtures thereof.

Exemplary illustrative non-limiting nanocrystals of the present disclosure and/or nanocrystals of
dispersions of the present disclosure containing (such as comprising, consisting of or consisting
essentially of), for example yttrium oxide, may contain (such as comprise, consist of or consist essentially
of) at least one capping agent of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-
octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane, methoxytri(ethyleneoxy)propyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
mercaptopropyltrimethoxysilane, 3-(methacryloyloxy)propyl trimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-isocyanatopropyltrimethoxysilane, and/or
glycidoxypropyltrimethoxysilane, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol,
butanol, oleylalcohol, dodecylalcohol, octadecanol and triethylene glycol monomethyl ether, octanoic
acid, acetic acid, propionic acid, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, oleic acid, benzoic acid or
isomers and mixtures thereof.

Another illustrative non-limiting exemplary embodiment provides a hafnium oxide nanocrystals
dispersion containing (such as comprising, consisting of or consisting essentially of) nanocrystals
containing hafnium oxide wherein the dispersion contains the nanocrystals in an amount from 5 to 85
percent by weight of the total dispersion in a solvent containing toluene. The nanocrystals of the
dispersion of this embodiment are individually capped by at least one n-octyltrimethoxysilane molecule,
wherein at least 98% of the hafnium oxide nanocrystals have all three dimensions less than 10 nm
wherein the dimensions of each of the three dimensions may be substantially the same or substantially
different. The hafnium oxide nanocrystals of the dispersion of this embodiment having a size distribution,
as measured by TEM and/or DLS, with a peak within the size range from 3 nm to 8 nm wherein the
nanocrystal size distribution has a Full Width at Half Maximum (FWHM) within the range from 1 nmto 5
nm. The hafnium oxide nanocrystals of this embodiment have at least of an approximately spherical or
rice shape or mixtures thereof and aspect ratios smaller than 3:1. The hafnium oxide nanocrystals
dispersion of this embodiment of the disclosure, when prepared to 10% by weight in toluene and
measured in a fused silica cuvette with 10 mm path length against a fused silica cuvette with 10 mm path
length filled with the toluene, having a minimum transmittance larger than 50% in the wavelength region
from 400 nm to 750 nm. The hafnium oxide nanocrystals dispersion of this embodiment has a free
capping agent concentration below 150 micrograms/ml, as measured by GC.

Another illustrative non-limiting exemplary embodiment provides a hafnium oxide nanocrystals
dispersion containing (such as comprising, consisting of or consisting essentially of) nanocrystals
containing hafnium oxide wherein the dispersion contains the nanocrystals in an amount from 5 to 85

percent by weight of the total dispersion in a solvent containing PGMEA. The nanocrystals of the
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dispersion of this embodiment are individually capped by at least one
methoxytri(ethyleneoxy)propyltrimethoxysilane molecule, wherein at least 98% of the hafnium oxide
nanocrystals having all three dimensions less than 10 nm wherein the dimensions of each of the three
dimensions may be substantially the same or substantially different. The hafnium oxide nanocrystals of
the dispersion of this embodiment having a size distribution, as measured by TEM and/or DLS, with a
peak within the size range from 3 nm to 8 nm wherein the nanocrystal size distribution has a Full Width at
Half Maximum (FWHM) within the range from 1 nm to 5 nm. The hafnium oxide nanocrystals of this
embodiment have at least of an approximately spherical or rice shape or mixtures thereof and aspect
ratios smaller than 3:1. The hafnium oxide nanocrystals dispersion of this embodiment of the disclosure,
when prepared to 10% by weight in PGMEA and measured in a fused silica cuvette with 10 mm path
length against a fused silica cuvette with 10 mm path length filled with PGMEA, having a minimum
transmittance larger than 50% in the wavelength region from 400 nm to 750 nm. The hafnium oxide
nanocrystals dispersion of this embodiment has a free capping agent concentration below 150
micrograms/ml, as measured by GC.

Another illustrative non-limiting exemplary embodiment provides a zirconium oxide nanocrystals
dispersion containing (such as comprising, consisting of or consisting essentially of) nanocrystals
containing zirconium oxide wherein the dispersion contains the nanocrystals in an amount from 5 to 85
percent by weight of the total dispersion in a solvent containing toluene. The nanocrystals of the
dispersion of this embodiment are individually capped by at least one n-octyltrimethoxysilane molecule
wherein at least 98% of the zirconium oxide nanocrystals have all three dimensions less than 13 nm
wherein the dimensions of each of the three dimensions may be substantially the same or substantially
different. The zirconium oxide nanocrystals of the dispersion of this embodiment having a size
distribution, as measured by TEM and/or DLS, with a peak within the size range from 3 nm to 10 nm
wherein the nanocrystal size distribution has a Full Width at Half Maximum (FWHM) within the range from
1 nm to 5 nm. The zirconium oxide nanocrystals of this embodiment have aspect ratios smaller than 3:1.
The zirconium oxide nanocrystals dispersion of this embodiment of the disclosure, when prepared to 10%
by weight in toluene and measured in a fused silica cuvette with 10 mm path length against a fused silica
cuvette with 10 mm path length filled with the toluene, having a minimum transmittance larger than 60%
in the wavelength region from 400 nm to 750 nm. The zirconium oxide nanocrystals dispersion of this
embodiment has a free capping agent concentration below 150 micrograms/ml, as measured by GC.

Another illustrative non-limiting exemplary embodiment provides a zirconium oxide nanocrystals
dispersion containing (such as comprising, consisting of or consisting essentially of) nanocrystals
containing zirconium oxide wherein the dispersion contains the nanocrystals in an amount from 5 to 85
percent by weight of the total dispersion in a solvent containing PGMEA. The nanocrystals of the
dispersion of this embodiment are individually capped by at least one
methoxytri(ethyleneoxy)propyltrimethoxysilane molecule wherein at least 98% of the zirconium oxide
nanocrystals have all three dimensions less than 13 nm wherein the dimensions of each of the three
dimensions may be substantially the same or substantially different. The zirconium oxide nanocrystals of
the dispersion of this embodiment having a size distribution, as measured by TEM and/or DLS, with a
peak within the size range from 4 nm to 10 nm wherein the nanocrystal size distribution has a Full Width
at Half Maximum (FWHM) within the range from 2 nm to 6 nm. The zirconium oxide nanocrystals of this

embodiment have an aspect ratio smaller than 3:1. The zirconium oxide nanocrystals dispersion of this
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embodiment of the disclosure, when prepared to 10% by weight in PGMEA and measured in a fused
silica cuvette with 10 mm path length against a fused silica cuvette with 10 mm path length filled with the
PGMEA, having a minimum transmittance larger than 50% in the wavelength region from 400 nm to 750
nm. The zirconium oxide nanocrystals dispersion of this embodiment has a free capping agent
concentration below 150 micrograms/ml, as measured by GC.

The present disclosure further describes as further illustrative non-limiting exemplary embodiments,
nanocrystal polymer nanocomposites containing (such as comprising, consisting of or consisting
essentially of) nanocrystals or nanocrystals containing at least one of a capping agent, a solvent group,
and/or a precursor group, as described herein in an amount from 1 to 95% percent by weight of the total
nanocomposite, such as optionally in an amount of 1 to 90 weight percent of the total nanocomposite,
such as optionally in an amount of 1 to 80 weight percent of the total nanocomposite, such as optionally
in an amount of 1 to 70 weight percent of the total nanocomposite, such as optionally in an amount of 1 to
60 weight percent of the total nanocomposite, such as optionally in an amount of 1 to 50 weight percent
of the total nanocomposite, such as optionally in an amount of 1 to 40 weight percent of the total
nanocomposite, such as optionally in an amount of 1 to 30 weight percent of the total nanocomposite,
such as optionally in an amount of 1 to 20 weight percent of the total nanocomposite, such as optionally
in an amount of 1 to 10 weight percent of the total nanocomposite, such as optionally in an amount of 1 to
5 weight percent of the total nanocomposite, such as optionally in an amount of 1 to 2 weight percent of
the total nanocomposite, such as optionally in an amount of 2 to 95 weight percent of the total
nanocomposite, such as optionally in an amount of 2 to 90 weight percent of the total nanocomposite,
such as optionally in an amount of 2 to 80 weight percent of the total nanocomposite, such as optionally
in an amount of 2 to 70 weight percent of the total nanocomposite, such as optionally in an amount of 2 to
60 weight percent of the total nanocomposite, such as optionally in an amount of 2 to 50 weight percent
of the total nanocomposite, such as optionally in an amount of 2 to 40 weight percent of the total
nanocomposite, such as optionally in an amount of 2 to 30 weight percent of the total nanocomposite,
such as optionally in an amount of 2 to 20 weight percent of the total nanocomposite, such as optionally
in an amount of 2 to 10 weight percent of the total nanocomposite, such as optionally in an amount of 2 to
5 weight percent of the total nanocomposite, such as optionally in an amount of 3 to 95 weight percent of
the total nanocomposite, such as optionally in an amount of 3 to 90 weight percent of the total
nanocomposite, such as optionally in an amount of 3 to 80 weight percent of the total nanocomposite,
such as optionally in an amount of 3 to 70 weight percent, such as optionally in an amount of 3 to 60
weight percent of the total nanocomposite, such as optionally in an amount of 3 to 50 weight percent of
the total nanocomposite, such as optionally in an amount of 3 to 40 weight percent of the total
nanocomposite, such as optionally in an amount of 3 to 30 weight percent of the total nanocomposite,
such as optionally in an amount of 3 to 20 weight percent of the total nanocomposite, such as optionally
in an amount of 3 to 10 weight percent of the total nanocomposite, such as optionally in an amount of 3 to
5 weight percent of the total nanocomposite. Figure 27 shows a TEM image of approximately spherical
capped ZrO, nanocrystals dispersed in an actylic polymer at 35 wt% loading.

The exemplary illustrative non-limiting nanocrystals of the nanocomposite are optionally
individually capped as described herein such as by at least one capping agent wherein at least 95% of
the nanocrystals have all three dimensions less than 10 nm wherein the dimensions of each of the three

dimensions may be substantially the same or substantially different. The nanocrystals of the
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nanocomposite of the present disclosure have a size distribution as described herein, such as a size
distribution, as measured by TEM, having a peak within the size range from 2 nm to 10 nm, and optionally
with a peak located between any of 2nm -3 nm, or3nm—4 nm,or4 nm—-5nm, or 5 nm—-6 nm, or 6
nm —7 nm, or 7 nm -8 nm, or 8 nm - 9 nm, or 9 nm — 10 nm wherein the nanocrystals optionally have a
at least of an approximately spherical, or disc shaped, or sheet shaped, or rice shape or mixtures thereof.
The nanocrystals of the nanocomposite according to this embodiment have aspect ratios smaller than
3:1. The nanocrystals of the nanocomposite contain (such as may be comprise, consists or consists
essentially of) at least one of zinc oxide, hafnium oxide, zirconium oxide, zirconium-titanium oxide,
titanium oxide, yttrium oxide, or any mixtures, alloys, or allotropes thereof as described herein.

Exemplary illustrative non-limiting hanocrystal dispersions, when prepared with 10% by weight in
the same polymer as a nanocomposite of the present disclosure, and applied as a coating on a fused
silica wafer with 1 pm thickness, and measured against a fused silica wafer covered with a 1 um layer of
same polymer, having a minimum transmittance larger than 99%, alternatively larger than 98%, 99.5%,
99.9%, or 99.95% in the wavelength region from 400 nm to 750 nm. The nanocrystal dispersion of a
nanocomposite of the present disclosure has a free capping agent concentration below 150
micrograms/ml, as measured by GC.

The present disclosure further describes as further illustrative non-limiting exemplary
embodiments, nanocrystal oil dispersions containing (such as comprising, consisting of or consisting
essentially of) nanocrystals or nanocrystals containing at least one of a capping agent, a solvent group,
and/or a precursor group, as described herein in an amount from 0.05 to 95% percent by weight of the
total dispersion, such as optionally in an amount of 1 to 90 weight percent of the total dispersion, such as
optionally in an amount of 1 to 80 weight percent of the total dispersion, such as optionally in an amount
of 1 to 70 weight percent of the total dispersion, such as optionally in an amount of 1 to 60 weight percent
of the total dispersion, such as optionally in an amount of 1 to 50 weight percent of the total dispersion,
such as optionally in an amount of 1 to 40 weight percent of the total dispersion, such as optionally in an
amount of 1 to 30 weight percent of the total dispersion, such as optionally in an amount of 1 to 20 weight
percent of the total dispersion, such as optionally in an amount of 1 to 10 weight percent of the total
dispersion, such as optionally in an amount of 1 to 5 weight percent of the total dispersion, such as
optionally in an amount of 1 to 2 weight percent of the total dispersion, such as optionally in an amount of
2 to 95 weight percent of the total dispersion, such as optionally in an amount of 2 to 90 weight percent of
the total dispersion, such as optionally in an amount of 2 to 80 weight percent of the total dispersion, such
as optionally in an amount of 2 to 70 weight percent of the total dispersion, such as optionally in an
amount of 2 to 60 weight percent of the total dispersion, such as optionally in an amount of 2 to 50 weight
percent of the total dispersion, such as optionally in an amount of 2 to 40 weight percent of the total
dispersion, such as optionally in an amount of 2 to 30 weight percent of the total dispersion, such as
optionally in an amount of 2 to 20 weight percent of the total dispersion, such as optionally in an amount
of 2 to 10 weight percent of the total dispersion, such as optionally in an amount of 2 to 5 weight percent
of the total dispersion, such as optionally in an amount of 3 to 95 weight percent of the total dispersion,
such as optionally in an amount of 3 to 90 weight percent of the total dispersion, such as optionally in an
amount of 3 to 80 weight percent of the total dispersion, such as optionally in an amount of 3 to 70 weight
percent of the total dispersion, such as optionally in an amount of 3 to 60 weight percent of the total

dispersion, such as optionally in an amount of 3 to 50 weight percent of the total dispersion, such as
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optionally in an amount of 3 to 40 weight percent of the total dispersion, such as optionally in an amount
of 3 to 30 weight percent of the total dispersion, such as optionally in an amount of 3 to 20 weight percent
of the total dispersion, such as optionally in an amount of 3 to 10 weight percent of the total dispersion,
such as optionally in an amount of 3 to 5 weight percent of the total dispersion, such as optionally in an
amount of 0.05 to 0.1 weight percent of the total dispersion, such as optionally in an amount of 0.1 to 0.25
weight percent of the total dispersion, such as optionally in an amount of 0.25 to 0.5 weight percent of the
total dispersion, such as optionally in an amount of 0.5 to 1 weight percent of the total dispersion, such as
optionally in an amount of 1 to 1.25 weight percent of the total dispersion, such as optionally in an amount

of 1.25 to 2 weight percent of the total dispersion.

Exemplary illustrative non-limiting capping agents of nanocrystals of oil dispersions of the present
disclosure including at least one of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-
octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
(methacryloyloxy)propyl trimethoxysilane, and/or, heptanol, hexanol, octanol, benzyl alcohol, phenol,
ethanol, propanol, butanol, oleylalcohol, dodecylalcohol, octadecanol, octanoic acid, propionic acid, oleic

acid, benzoic acid, and/or isomers and/or mixtures thereof.

Exemplary illustrative non-limiting oils of nanocrystal oil dispersion of the present disclosure
including at least one of the Polyalphaolefins (PAO), including PAO4, PAO10, PAO6, PAOS8, PAO5,
PAO7, PAO9, PAO20, PAO30, mineral oils such as RLOP100, Yubase including Yubase 4, and/or

isomers and/or mixtures thereof.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
collection contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, or combinations or mixtures of
hafnium oxide, zirconium oxide, titanium-zirconium oxide, and zinc oxide, wherein any of the hafnium
oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, or combinations or mixtures of hafnium
oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, contain at least one capping agent selected
from any one of a combination of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-
octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
(methacryloyloxy)propyl trimethoxysilane, and/or, heptanol, hexanol, octanol, benzyl alcohol, phenol,
ethanol, propanol, butanol, oleylalcohol, dodecylalcohol, octadecanol and, octanoic acid, propionic acid,

oleic acid, benzoic acid, and/or isomers and/or mixtures thereof.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
oil dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, or combinations or mixtures of
hafnium oxide, zirconium oxide, titanium-zirconium oxide, and zinc oxide, wherein any of the hafnium
oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, or combinations or mixtures of hafnium
oxide, zirconium oxide, titanium-zirconium oxide, and zinc oxide, contain at least one capping agent
selected from any one of a combination of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-
octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-

(methacryloyloxy)propyl trimethoxysilane, and/or, heptanol, hexanol, octanol, benzyl alcohol, phenol,
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ethanol, propanol, butanol, oleylalcohol, dodecylalcohol, octadecanol and, octanoic acid, propionic acid,
oleic acid, benzoic acid and/or isomers and/or mixtures thereof; and the dispersion further contains an oil
or mixture of oils selected from Polyalphaolefins (PAO), including PAO4, PAO10, PAO6, PAOS, PAOS5,
PAO7, PAO9, PAO20, PAO30, mineral oils such as RLOP100, Yubase including Yubase 4, and/or

isomers and/or mixtures thereof.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure, when
prepared to 10% by weight in the oil or oil mixture of the dispersion and measured in a fused silica
cuvette with 10 mm path length against a fused silica cuvette with 10 mm path length filled with the same
oil, have a minimum transmittance larger than 15%, alternatively larger than 20%, or 25%, or 30%, or
40%, or 50%, or 60%, or 70%, or 80%, or 90%, or 99%, in the wavelength region from 400 nm to 750 nm.

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure wherein the
dispersions are stable, with no substantial loss of clarity or transmittance characteristics over more than
three weeks, alternatively more than four weeks, or more than 6 weeks, or more than 8 weeks, or more
than 10 weeks, or more than 12 weeks, or more than 14 weeks, or more than 18 weeks, or more than 24
week, or more than 28 weeks, or more than one year, or more than two years, storage in solvent at room

temperature (i.e., about 18 — 22 C) .

Exemplary illustrative non-limiting nanocrystal dispersions of the present disclosure optionally
have free capping agent concentration below 5 micrograms/ml, alternatively below 10 micrograms/ml,
below 20 micrograms/ml, below 50 micrograms/ml, below 100 micrograms/ml, below 150 micrograms/ml,
below 250 micrograms/ml, below 500 micrograms/ml, below 1,000 micrograms/ml, below 1,500
micrograms/ml, below 2,000 micrograms/ml, below 4,000 micrograms/ml, below 6,000 micrograms/ml,
below 8,000 micrograms/ml, below 10,000 micrograms/ml, below 25,000 micrograms/ml, below 50,000

micrograms/ml, or below 100,000 micrograms/ml, as measured by GC.

The present disclosure further describes as further illustrative non-limiting exemplary
embodiments, zirconium oxide nanocrystal oil dispersions containing (such as comprising, consisting of or
consisting essentially of) nanocrystals or nanocrystals containing at least one of a capping agent, a
solvent group, and/or a precursor group, as described herein in an amount from 0.05 to 95% percent by
weight of the total dispersion, such as optionally in an amount of 1 to 90 weight percent of the total
dispersion, such as optionally in an amount of 1 to 80 weight percent of the total dispersion, such as
optionally in an amount of 1 to 70 weight percent of the total dispersion, such as optionally in an amount
of 1 to 60 weight percent of the total dispersion, such as optionally in an amount of 1 to 50 weight percent
of the total dispersion, such as optionally in an amount of 1 to 40 weight percent of the total dispersion,
such as optionally in an amount of 1 to 30 weight percent of the total dispersion, such as optionally in an
amount of 1 to 20 weight percent of the total dispersion, such as optionally in an amount of 1 to 10 weight
percent of the total dispersion, such as optionally in an amount of 1 to 5 weight percent of the total
dispersion, such as optionally in an amount of 1 to 2 weight percent of the total dispersion, such as
optionally in an amount of 2 to 95 weight percent of the total dispersion, such as optionally in an amount
of 2 to 90 weight percent of the total dispersion, such as optionally in an amount of 2 to 80 weight percent

of the total dispersion, such as optionally in an amount of 2 to 70 weight percent of the total dispersion,
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such as optionally in an amount of 2 to 60 weight percent of the total dispersion, such as optionally in an
amount of 2 to 50 weight percent of the total dispersion, such as optionally in an amount of 2 to 40 weight
percent of the total dispersion, such as optionally in an amount of 2 to 30 weight percent of the total
dispersion, such as optionally in an amount of 2 to 20 weight percent of the total dispersion, such as
optionally in an amount of 2 to 10 weight percent of the total dispersion, such as optionally in an amount
of 2 to 5 weight percent of the total dispersion, such as optionally in an amount of 3 to 95 weight percent
of the total dispersion, such as optionally in an amount of 3 to 90 weight percent of the total dispersion,
such as optionally in an amount of 3 to 80 weight percent of the total dispersion, such as optionally in an
amount of 3 to 70 weight percent, such as optionally in an amount of 3 to 60 weight percent of the total
dispersion, such as optionally in an amount of 3 to 50 weight percent of the total dispersion, such as
optionally in an amount of 3 to 40 weight percent of the total dispersion, such as optionally in an amount
of 3 to 30 weight percent of the total dispersion, such as optionally in an amount of 3 to 20 weight percent
of the total dispersion, such as optionally in an amount of 3 to 10 weight percent of the total dispersion,
such as optionally in an amount of 3 to 5 weight percent of the total dispersion, such as optionally in an
amount of 0.05 to 0.1 weight percent of the total dispersion, such as optionally in an amount of 0.1 to 0.25
weight percent of the total dispersion, such as optionally in an amount of 0.25 to 0.5 weight percent of the
total dispersion, such as optionally in an amount of 0.5 to 1 weight percent of the total dispersion, such as
optionally in an amount of 1 to 1.25 weight percent of the total dispersion, such as optionally in an amount

of 1.25 to 2 weight percent of the total dispersion.

Exemplary illustrative non-limiting capping agents of zirconium oxide nanocrystals of oil
dispersions of the present disclosure including at least one of n-propyltrimethoxysilane, n-
propyltriethoxysilane, n-octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 3-
aminopropyltrimethoxysilane, 3-(methacryloyloxy)propy! trimethoxysilane, and/or, heptanol, hexanol,
octanol, benzyl alcohol, phenol, ethanol, propanol, butanol, oleylalcohol, dodecylalcohol, octadecanol

and, octanoic acid, propionic acid, oleic acid, benzoic acid, and/or isomers and/or mixtures thereof.

Exemplary illustrative non-limiting oils of zirconium oxide nanocrystal oil dispersion of the present
disclosure including at least one of the Polyalphaolefins (PAO), including PAO4, PAO10, PAO6, PAOS,
PAO5, PAO7, PAO9, PAO20, PAO30, mineral oils such as RLOP100, Yubase including Yubase 4, or

isomers and mixtures thereof.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
collection contains (such as comprises, consists of or consists essentially of), zirconium oxide
nanocrystals, wherein zirconium oxide nanocrystals contain at least one capping agent selected from any
one of a combination of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-octyltrimethoxysilane, n-
octyltriethoxysilane, phenytrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-(methacryloyloxy)propyl
trimethoxysilane, and/or, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol, butanal,
oleylalcohol, dodecylalcohol, octadecanol and, octanoic acid, propionic acid, oleic acid, benzoic acid,

and/or isomers and/or mixtures thereof.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal

oil dispersion contains (such as comprises, consists of or consists essentially of), zirconium oxide
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nanocrystals wherein zirconium oxide nanocrystals contain at least one capping agent selected from any
one of a combination of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-octyltrimethoxysilane, n-
octyltriethoxysilane, phenytrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-(methacryloyloxy)propyl
trimethoxysilane, and/or, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol, butanal,
oleylalcohol, dodecylalcohol, octadecanol and, octanoic acid, propionic acid, oleic acid, benzoic acid or
isomers and mixtures thereof; and the dispersion further contains an oil or mixture of oils selected from
Polyalphaolefins (PAO), including PAO4, PAO10, PAOS, PAOS, PAO5, PAO7, PAO9, PAO20, PAO30,

mineral oils such as RLOP100, Yubase including Yubase 4, and/or isomers and/or mixtures thereof.

Exemplary illustrative non-limiting zirconium oxide nanocrystal oil dispersions of the present
disclosure, when prepared to 10% by weight in the oil or oil mixture of the dispersion and measured in a
fused silica cuvette with 10 mm path length against a fused silica cuvette with 10 mm path length filled
with the same oil, have a minimum transmittance larger than 15%, alternatively larger than 20%, or 25%,
or 30%, or 40%, or 50%, or 60%, or 70%, or 80%, or 90%, or 99%, in the wavelength region from 400 nm
to 750 nm.

Exemplary illustrative non-limiting zirconium oxide nanocrystal oil dispersions of the present
disclosure wherein the dispersions are stable, with no substantial loss of clarity or transmittance
characteristics over more than three weeks, alternatively more than four weeks, or more than 6 weeks, or
more than 8 weeks, or more than 10 weeks, or more than 12 weeks, or more than 14 weeks, or more
than 18 weeks, or more than 24 week, or more than 28 weeks, or more than one year, or more than two

years, storage in oil dispersion at room temperature (i.e., about 18 — 22 C) .

Exemplary illustrative non-limiting zirconium oxide nanocrystal oil dispersions of the present
disclosure wherein free capping agent concentration is below 5 micrograms/ml, alternatively below 10
micrograms/ml, below 20 micrograms/ml, below 50 micrograms/ml, below 100 micrograms/ml, below 150
micrograms/ml, below 250 micrograms/ml, below 500 micrograms/ml, below 1,000 micrograms/ml, below
1,500 micrograms/ml, below 2,000 micrograms/ml, below 4,000 micrograms/ml, below 6,000
micrograms/ml, below 8,000 micrograms/ml, below 10,000 micrograms/ml, below 25,000 micrograms/ml,

below 50,000 micrograms/ml, or below 100,000 micrograms/ml, as measured by GC.

The present disclosure further describes as further illustrative non-limiting exemplary
embodiments, zinc oxide nanocrystal oil dispersions containing (such as comprising, consisting of or
consisting essentially of) nanocrystals or nanocrystals containing at least one of a capping agent, a
solvent group, and/or a precursor group, as described herein in an amount from 0.05 to 95% percent by
weight of the total dispersion, such as optionally in an amount of 1 to 90 weight percent of the total
dispersion, such as optionally in an amount of 1 to 80 weight percent of the total dispersion, such as
optionally in an amount of 1 to 70 weight percent of the total dispersion, such as optionally in an amount
of 1 to 60 weight percent of the total dispersion, such as optionally in an amount of 1 to 50 weight percent
of the total dispersion, such as optionally in an amount of 1 to 40 weight percent of the total dispersion,
such as optionally in an amount of 1 to 30 weight percent of the total dispersion, such as optionally in an
amount of 1 to 20 weight percent of the total dispersion, such as optionally in an amount of 1 to 10 weight

percent of the total dispersion, such as optionally in an amount of 1 to 5 weight percent of the total
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dispersion, such as optionally in an amount of 1 to 2 weight percent of the total dispersion, such as
optionally in an amount of 2 to 95 weight percent of the total dispersion, such as optionally in an amount
of 2 to 90 weight percent of the total dispersion, such as optionally in an amount of 2 to 80 weight percent
of the total dispersion, such as optionally in an amount of 2 to 70 weight percent of the total dispersion,
such as optionally in an amount of 2 to 60 weight percent of the total dispersion, such as optionally in an
amount of 2 to 50 weight percent of the total dispersion, such as optionally in an amount of 2 to 40 weight
percent of the total dispersion, such as optionally in an amount of 2 to 30 weight percent of the total
dispersion, such as optionally in an amount of 2 to 20 weight percent of the total dispersion, such as
optionally in an amount of 2 to 10 weight percent of the total dispersion, such as optionally in an amount
of 2 to 5 weight percent of the total dispersion, such as optionally in an amount of 3 to 95 weight percent
of the total dispersion, such as optionally in an amount of 3 to 90 weight percent of the total dispersion,
such as optionally in an amount of 3 to 80 weight percent of the total dispersion, such as optionally in an
amount of 3 to 70 weight percent, such as optionally in an amount of 3 to 60 weight percent of the total
dispersion, such as optionally in an amount of 3 to 50 weight percent of the total dispersion, such as
optionally in an amount of 3 to 40 weight percent of the total dispersion, such as optionally in an amount
of 3 to 30 weight percent of the total dispersion, such as optionally in an amount of 3 to 20 weight percent
of the total dispersion, such as optionally in an amount of 3 to 10 weight percent of the total dispersion,
such as optionally in an amount of 3 to 5 weight percent of the total dispersion, such as optionally in an
amount of 0.05 to 0.1 weight percent of the total dispersion, such as optionally in an amount of 0.1 to 0.25
weight percent of the total dispersion, such as optionally in an amount of 0.25 to 0.5 weight percent of the
total dispersion, such as optionally in an amount of 0.5 to 1 weight percent of the total dispersion, such as
optionally in an amount of 1 to 1.25 weight percent of the total dispersion, such as optionally in an amount

of 1.25 to 2 weight percent of the total dispersion.

Exemplary illustrative non-limiting capping agents of zinc oxide nanocrystals of oil dispersions of
the present disclosure including at least one of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-
octyltrimethoxysilane, n-octyltriethoxysilane, phenytrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
(methacryloyloxy)propyl trimethoxysilane, and/or, heptanol, hexanol, octanol, benzyl alcohol, phenol,
ethanol, propanol, butanol, oleylalcohol, dodecylalcohol, octadecanol and, octanoic acid, propionic acid,

oleic acid, benzoic acid, and/or isomers and/or mixtures thereof.

Exemplary illustrative non-limiting oils of zinc oxide nanocrystal oil dispersion of the present
disclosure including at least one of the Polyalphaolefins (PAQ), including PAO4, PAO10, PAOS6, PAOS,
PAO5, PAO7, PAO9, PAO20, PAO30, mineral oils such as RLOP100, Yubase including Yubase 4, and/or

isomers and/or mixtures thereof.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
collection contains (such as comprises, consists of or consists essentially of), zinc oxide nanocrystals,
wherein zinc oxide nanocrystals contain at least one capping agent selected from any one of a
combination of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-octyltrimethoxysilane, n-
octyltriethoxysilane, phenytrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-(methacryloyloxy)propyl

trimethoxysilane, and/or, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol, butanal,
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oleylalcohol, dodecylalcohol, octadecanol and, octanoic acid, propionic acid, oleic acid, benzoic acid, and/

or isomers and/or mixtures thereof.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
oil dispersion contains (such as comprises, consists of or consists essentially of), zinc oxide nanocrystals
wherein zinc oxide nanocrystals contain at least one capping agent selected from any one of a
combination of n-propyltrimethoxysilane, n-propyltriethoxysilane, n-octyltrimethoxysilane, n-
octyltriethoxysilane, phenytrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-(methacryloyloxy)propyl
trimethoxysilane, and/or, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol, butanal,
oleylalcohol, dodecylalcohol, octadecanol and, octanoic acid, propionic acid, oleic acid, benzoic acid or
isomers and mixtures thereof; and the dispersion further contains an oil or mixture of oils selected from
Polyalphaolefins (PAO), including PAO4, PAO10, PAOS, PAOS, PAO5, PAO7, PAO9, PAO20, PAO30,

mineral oils such as RLOP100, Yubase including Yubase 4, and/or isomers and/or mixtures thereof.

Exemplary illustrative non-limiting zinc oxide nanocrystal oil dispersions of the present disclosure,
when prepared to 10% by weight in the oil or oil mixture of the dispersion and measured in a fused silica
cuvette with 10 mm path length against a fused silica cuvette with 10 mm path length filled with the same
oil, have a minimum transmittance larger than 15%, alternatively larger than 20%, or 25%, or 30%, or
40%, or 50%, or 60%, or 70%, or 80%, or 90%, or 99%, in the wavelength region from 400 nm to 750 nm.

Exemplary illustrative non-limiting zinc oxide nanocrystal oil dispersions of the present disclosure
wherein the dispersions are stable, with no substantial loss of clarity or transmittance characteristics over
more than three weeks, alternatively more than four weeks, or more than 6 weeks, or more than 8 weeks,
or more than 10 weeks, or more than 12 weeks, or more than 14 weeks, or more than 18 weeks, or more
than 24 week, or more than 28 weeks, or more than one year, or more than two years, storage in oil

dispersion at room temperature (i.e., about 18 — 22 C) .

Exemplary illustrative non-limiting zinc oxide nanocrystal oil dispersions of the present disclosure
wherein free capping agent concentration is below 5 micrograms/ml, alternatively below 10
micrograms/ml, below 20 micrograms/ml, below 50 micrograms/ml, below 100 micrograms/ml, below 150
micrograms/ml, below 250 micrograms/ml, below 500 micrograms/ml, below 1,000 micrograms/ml, below
1,500 micrograms/ml, below 2,000 micrograms/ml, below 4,000 micrograms/ml, below 6,000
micrograms/ml, below 8,000 micrograms/ml, below 10,000 micrograms/ml, below 25,000 micrograms/ml,

below 50,000 micrograms/ml, or below 100,000 micrograms/ml, as measured by GC.

Exemplary illustrative non-limiting capping agents of nanocrystals of nanocomposites of the present
disclosure include capping agents described above and herein and include at least one of n-
propyltrimethoxysilane, n-propyltriethoxysilane, n-octyltrimethoxysilane, n-octyltriethoxysilane,
phenytrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane,
methoxytri(ethyleneoxy)propyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
mercaptopropyltrimethoxysilane, 3-(methacryloyloxy)propyl trimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 3-isocyanatopropyltrimethoxysilane, and/or
glycidoxypropyltrimethoxysilane, heptanol, hexanol, octanol, benzyl alcohol, phenol, ethanol, propanol,

butanol, oleylalcohol, dodecylalcohol, octadecanol and triethylene glycol monomethyl ether, octanoic
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acid, acetic acid, propionic acid, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, oleic acid, benzoic acid or
isomers and mixtures thereof.

Exemplary illustrative non-limiting polymers of nanocomposites of the present disclosure at least
one of the poly(acrylonitrile-butadiene-styrene) (ABS), poly(methyl methacrylate) (PMMA), celluloid,
cellulose acetate, poly(ethylene-vinyl acetate) (EVA), poly(ethylene vinyl alcohol) (EVOH), fluoroplastics,
polyacrylates (Acrylic), polyacrylonitrile (PAN), polyamide (PA or Nylon), polyamide-imide (PAI),
polyaryletherketone (PAEK), polybutadiene (PBD), polybutylene (PB), polybutylene terephthalate (PBT),
polycaprolactone (PCL), polychlorotrifluoroethylene (PCTFE), polyethylene terephthalate (PET),
polycyclohexylene dimethylene terephthalate (PCT), polycarbonate (PC), polyhydroxyalkanoates (PHAs),
polyketone (PK), polyester, polyethylene (PE), polyetheretherketone (PEEK), polyetherketoneketone
(PEKK), polyetherimide (PEI), polyethersulfone (PES), polyethylenechlorinates (PEC) , polyimide (PI),
polylactic acid (PLA), polymethylpentene (PMP), polyphenylene oxide (PPO), polyphenylene sulfide
(PPS), polyphthalamide (PPA), polypropylene (PP), polystyrene (PS), polysulfone (PSU),
polytrimethylene terephthalate (PTT), polyurethane (PU), polyvinyl acetate (PVA), polyvinyl chloride
(PVC), polyvinylidene chloride (PVDC), poly(styrene-acrylonitrile) (SAN), a spin-on-glass (SOG) polymer,
Siloxane-spin-on polymers in Ethanol, Propylene Glycol Methyl Ether Acetate (PGMEA), isopropy! alcohol
or mixture of these solvents, JSR Micro topcoat (NFC TCX 014 in 4-methyl-2-pentanol), JSR Micro
photoresist (ARF 1682J-19), silicones, or isomers and mixtures thereof.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contain (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, yttrium oxide, or combinations or
mixtures of hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, and yttrium oxide,
wherein any of the hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, yttrium oxide, or
combinations or mixtures of hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, and
yttrium oxide contain at least one capping agent selected from any one of a combination of
methoxytri(ethyleneoxy)propyltrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane, 3-
(methacryloyloxy)propy! trimethoxysilane, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, acetic acid, benzyl
alcohol, butanol, ethanol, propanol, n-octyltrimethoxysilane, n-octyltriethoxysilane, oleylalcohol,
dodecylalcohol, octanoic acid, oleic acid, stearic acid, and n-octadecyltrimethoxysilane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contain (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, yttrium oxide, or combinations or
mixtures of hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, and yttrium oxide,
wherein any of the hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, yttrium oxide, or
combinations or mixtures of hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, and
yttrium oxide contain at least one capping agent selected from any one of a combination of
methoxytri(ethyleneoxy)propyltrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane, 3-
(methacryloyloxy)propy! trimethoxysilane, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, acetic acid, benzyl
alcohol, butanol, ethanol, propanol, n-octyltrimethoxysilane, n-octyltriethoxysilane, oleylalcohol,
dodecylalcohol, octanoic acid, oleic acid, stearic acid, and n-octadecyltrimethoxysilane; and the
dispersion further contains a solvent or mixture of solvents selected from butanol, propanol, isopropanal,

ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate
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(PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol, toluene, xylene,
mesitylene and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, zirconium oxide, titanium-zirconium oxide, or combinations or mixtures of hafnium oxide,
zirconium oxide, titanium-zirconium oxide, wherein any of the hafnium oxide, zirconium oxide, titanium-
zirconium oxide, or combinations or mixtures of hafnium oxide, zirconium oxide, titanium-zirconium oxide,
contain at least one capping agent selected from any one of a combination of
methoxytri(ethyleneoxy)propyltrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane, 3-
(methacryloyloxy)propy! trimethoxysilane, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, acetic acid, benzyl
alcohol, butanol, ethanol, and propanol; and the dispersion further optionally contains a solvent or mixture
of solvents selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl
ether (PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains at least one capping agent selected from
any one of a combination of methoxytri(ethyleneoxy)propyltrimethoxysilane, 2-
[methoxy(polyethyleneoxy)propyl]-trimethoxysilane, 3-(methacryloyloxy)propy! trimethoxysilane, 2-[2-(2-
methoxyethoxy)ethoxy] acetic acid, acetic acid, benzyl alcohol, butanol, ethanol, and propanol; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains at least one capping agent selected from
any one of a combination of methoxytri(ethyleneoxy)propyltrimethoxysilane, 2-
[methoxy(polyethyleneoxy)propyl]-trimethoxysilane, 3-(methacryloyloxy)propy! trimethoxysilane, 2-[2-(2-
methoxyethoxy)ethoxy] acetic acid, acetic acid, benzyl alcohol, butanol, ethanol, and propanol; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide further optionally contains at least one
capping agent selected from any one of a combination of methoxytri(ethyleneoxy)propyltrimethoxysilane,
2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane, 3-(methacryloyloxy)propyl! trimethoxysilane, 2-[2-(2-
methoxyethoxy)ethoxy] acetic acid, acetic acid, benzyl alcohol, butanol, ethanol, and propanol; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether

acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents selected from butanol, propanol, isopropanol, ethanol,
water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate (PGMEA),
acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol
monomethyl ether (PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran
(THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether
(PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least
one capping agent,; and the dispersion further optionally contains a solvent or mixture of solvents
selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether
(PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains acetic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains benzyl alcohol as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal

dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
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hafnium oxide, wherein the hafnium oxide contains butanol as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains ethanol as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains propanol as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents selected from butanol, ethanol, propylene glycol
methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents containing propylene glycol methyl ether acetate
(PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing

hafnium oxide, wherein the hafnium oxide optionally contains
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methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents selected from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA),
ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane

as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
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solvents selected from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and
cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents selected from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and
cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing

hafnium oxide, wherein the hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid
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as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping

agent; and the dispersion further optionally contains a solvent or mixture of solvents containing ethanol.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing propylene
glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing cyclic
ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-timethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the

hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-timethoxysilane as at least one

44



WO 2012/058271 PCT/US2011/057822

capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-timethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-timethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-timethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-timethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass

polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
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nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing propylene
glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
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nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing cyclic

ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing propylene
glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a

nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
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mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing hafnium oxide, wherein the
hafnium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing cyclic
ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents selected from butanol, ethanol, propylene glycol
methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents containing propylene glycol methyl ether acetate
(PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further

optionally contains a solvent or mixture of solvents containing ketones.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents selected from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA),
ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 3-(methacryloyloxy)propy|
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents selected from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA),

ketones and cyclic ketones.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 3-(methacryloyloxy)propyl
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 3-(methacryloyloxy)propy|
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 3-(methacryloyloxy)propy|
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 3-(methacryloyloxy)propy|
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 3-(methacryloyloxy)propy|
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic
acid as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents selected from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and
cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic
acid as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic
acid as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of

solvents containing ethanol.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic
acid as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic
acid as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic
acid as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing

ethanol.

51



WO 2012/058271 PCT/US2011/057822

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as

comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
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the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a

mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
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polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 3-(methacryloyloxy)propyl! trimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 3-(methacryloyloxy)propyl! trimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 3-(methacryloyloxy)propyl! trimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 3-(methacryloyloxy)propyl! trimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing

ketones.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 3-(methacryloyloxy)propyl! trimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nhanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein

the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
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agent; and the dispersion further optionally contains a solvent or mixture of solvents containing propylene
glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a polymer containing at least one or a
mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, and poly(ethylene vinyl alcohol), and the nanocomposite contains a
nanocrystal product obtained from or obtainable from a nanocrystal dispersion containing (such as
comprises, consisting of or consisting essentially of) , nanocrystals containing zirconium oxide, wherein
the zirconium oxide optionally contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing cyclic
ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing

hafnium oxide, wherein the hafnium oxide optionally contains octanoic acid as at least one capping agent;
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and the dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene
and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains octanoic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains octanoic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains octanoic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains oleic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene
and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains oleic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains oleic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains oleic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing

toluene.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing toluene,
xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal

dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
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zirconium oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene
and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
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one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains octanoic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene and
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains octanoic acid as at least one capping agent; and the
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains octanoic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains octanoic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene and
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
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agent; and the dispersion further optionally contains a solvent or mixture of solvents containing toluene,
xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains n-octadecyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains n-octadecyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing hafnium
oxide, wherein the hafnium oxide optionally contains n-octadecyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
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nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene and
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene and
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
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oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing

mesitylene.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene and
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
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containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene and
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
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nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene and
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing toluene, xylene and
mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
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oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents containing mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
toluene, xylene and mesitylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing
xylene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a
nanocomposite is provided wherein the hanocomposite contains a silicone polymer, and the
nanocomposite contains a nanocrystal product obtained from or obtainable from a nanocrystal dispersion
containing (such as comprises, consists of or consists essentially of), nanocrystals containing zirconium
oxide, wherein the zirconium oxide optionally contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents containing

mesitylene.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents selected from butanol, propanol, isopropanol, ethanol,
water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate (PGMEA),
acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol
monomethyl ether (PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran
(THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains 3-(methacryloyloxy)propy|
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol
monomethyl ether (PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran
(THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains 2-[2-(2-methoxyethoxy)ethoxy] acetic acid as at
least one capping agent,; and the dispersion further optionally contains a solvent or mixture of solvents
selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether
(PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains acetic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains benzyl alcohol as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal

dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
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zirconium oxide, wherein the zirconium oxide contains butanol as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains ethanol as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains propanol as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from butanol, propanol,
isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether
acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide optionally contains
methoxytri(ethyleneoxy)propyltrimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents selected from butanol, propanol, isopropanol, ethanol,
water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate (PGMEA),
acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide optionally contains 2-
[methoxy(polyethyleneoxy)propyl]-trimethoxysilane as at least one capping agent; and the dispersion
further optionally contains a solvent or mixture of solvents selected from butanol, propanol, isopropanal,
ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate
(PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide optionally contains 3-
(methacryloyloxy)propyl trimethoxysilane as at least one capping agent; and the dispersion further
optionally contains a solvent or mixture of solvents selected from butanol, propanol, isopropanol, ethanol,
water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate (PGMEA),
acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains 2-[2-(2-methoxyethoxy)ethoxy]
acetic acid as at least one capping agent,; and the dispersion further optionally contains a solvent or

mixture of solvents selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol
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monomethyl ether (PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran
(THF), ketones, cyclic ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains acetic acid as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME),
propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic
ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains benzyl alcohol as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME),
propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic
ketones, 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains butanol as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene
glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-
butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains ethanol as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene
glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-
butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains propanol as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether (PGME), propylene
glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-
butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected

from toluene, xylene, mesitylene, and heptane.
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In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains n-octyltriethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide optionally contains oleylalcohol as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents selected from toluene,
xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains dodecylalcohol as at least one capping agent,; and
the dispersion further optionally contains a solvent or mixture of solvents selected from toluene, xylene,
mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains octanoic acid, as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from toluene, xylene,
mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from toluene, xylene,
mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains stearic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from toluene, xylene,
mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
hafnium oxide, wherein the hafnium oxide contains n-octadecyltrimethoxysilane as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains n-octyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
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zirconium oxide, wherein the zirconium oxide optionally contains n-octyltriethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide optionally contains oleylalcohol as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains dodecylalcohol as at least one capping agent,; and
the dispersion further optionally contains a solvent or mixture of solvents selected from toluene, xylene,
mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains octanoic acid, as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents selected from toluene, xylene,
mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from toluene, xylene,
mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains stearic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from toluene, xylene,
mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zirconium oxide, wherein the zirconium oxide contains n-octadecyltrimethoxysilane as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide optionally contains n-octyltrimethoxysilane
as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents selected from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing

titanium-zirconium oxide, wherein the titanium-zirconium oxide optionally contains n-octyltriethoxysilane
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as at least one capping agent; and the dispersion further optionally contains a solvent or mixture of
solvents selected from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide optionally contains oleylalcohol as at least
one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
selected from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains dodecylalcohol as at least one
capping agent,; and the dispersion further optionally contains a solvent or mixture of solvents selected
from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains octanoic acid, as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains oleic acid as at least one capping
agent; and the dispersion further optionally contains a solvent or mixture of solvents selected from
toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains stearic acid as at least one
capping agent; and the dispersion further optionally contains a solvent or mixture of solvents selected
from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
titanium-zirconium oxide, wherein the titanium-zirconium oxide contains n-octadecyltrimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
selected from toluene, xylene, mesitylene, and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether
(PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, and 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing

zinc oxide, wherein the zinc oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
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trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol
monomethyl ether (PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran
(THF), ketones, cyclic ketones, and 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether
(PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, and 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide contains acetic acid as at least one capping agent,; and the dispersion
further optionally contains a solvent or mixture of solvents selected from butanol, propanol, isopropanal,
ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate
(PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, and 2-butoxyethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide contains n-octadecyltrimethoxysilane, as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents selected from toluene and
heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
yttrium oxide, wherein the yttrium oxide contains octanoic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from toluene and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
yttrium oxide, wherein the yttrium oxide contains oleic acid as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from toluene and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
yttrium oxide, wherein the yttrium oxide contains stearic acid, as at least one capping agent; and the
dispersion further optionally contains a solvent or mixture of solvents selected from toluene and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
selected from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic
ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
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zinc oxide, wherein the zinc oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains methoxytri(ethyleneoxy)propyltrimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents selected from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA),
ketones and cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
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trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 2-[methoxy(polyethyleneoxy)propyl]-
trimethoxysilane as at least one capping agent; and the dispersion further optionally contains a solvent or
mixture of solvents containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
selected from butanol, ethanol, propylene glycol methyl ether acetate (PGMEA), ketones and cyclic
ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing butanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing ethanol.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing propylene glycol methyl ether acetate (PGMEA).

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
zinc oxide, wherein the zinc oxide optionally contains 3-(methacryloyloxy)propyl trimethoxysilane as at
least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
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least one capping agent; and the dispersion further optionally contains a solvent or mixture of solvents
containing cyclic ketones.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
yttrium oxide, wherein the yttrium oxide optionally contains octanoic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
oleic acid, wherein the yttrium oxide optionally contains octanoic acid as at least one capping agent; and
the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
dispersion contains (such as comprises, consists of or consists essentially of), nanocrystals containing
stearic acid, wherein the yttrium oxide optionally contains octanoic acid as at least one capping agent;
and the dispersion further optionally contains a solvent or mixture of solvents containing toluene.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocrystal
collection or nanocrystal containg product, as in the form of a powder, is provided wherein the
nanocrystals contain (such as comprises, consists of or consists essentially of), hafnium oxide, zirconium
oxide, titanium-zirconium oxide, zinc oxide, yttrium oxide, or combinations or mixtures of hafnium oxide,
zirconium oxide, titanium-zirconium oxide, zinc oxide, and yttrium oxide, wherein any of the hafnium
oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, yttrium oxide, or combinations or mixtures of
hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, and yttrium oxide contain at least
one capping agent selected from any one of a combination of
methoxytri(ethyleneoxy)propyltrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane, 3-
(methacryloyloxy)propy! trimethoxysilane, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, acetic acid, benzyl
alcohol, butanol, ethanol, propanol, n-octyltrimethoxysilane, n-octyltriethoxysilane, oleylalcohol,
dodecylalcohol, octanoic acid, oleic acid, stearic acid, and n-octadecyltrimethoxysilane; and optionally
and additionally at least one additional capping species selected from butanol, propanol, isopropanol,
ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate
(PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol, toluene, xylene,
mesitylene and heptane.

In further exemplary illustrative non-limiting embodiment of the present disclosure, a nanocompsite
is provided wherein the nanocomposite includes nanocrystals obtained or obtainable from a nanocrystal
dispersion containing (such as comprising, consisting of or consisting essentially of), nanocrystals
containing hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, yttrium oxide, or
combinations or mixtures of hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide, and
yttrium oxide, wherein any of the hafnium oxide, zirconium oxide, titanium-zirconium oxide, zinc oxide,
yttrium oxide, or combinations or mixtures of hafnium oxide, zirconium oxide, titanium-zirconium oxide,
zinc oxide, and yttrium oxide contain at least one capping agent selected from any one of a combination
of methoxytri(ethyleneoxy)propyltrimethoxysilane, 2-[methoxy(polyethyleneoxy)propyl]-trimethoxysilane,
3-(methacryloyloxy)propyl trimethoxysilane, 2-[2-(2-methoxyethoxy)ethoxy] acetic acid, acetic acid, benzyl
alcohol, butanol, ethanol, propanol, n-octyltrimethoxysilane, n-octyltriethoxysilane, oleylalcohol,

dodecylalcohol, octanoic acid, oleic acid, stearic acid, and n-octadecyltrimethoxysilane; and the
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dispersion further contains a solvent or mixture of solvents selected from butanol, propanol, isopropanal,
ethanol, water, propylene glycol monomethyl ether (PGME), propylene glycol methyl ether acetate
(PGMEA), acetone, tetrahydrofuran (THF), ketones, cyclic ketones, 2-butoxyethanol, toluene, xylene,
mesitylene and heptane; and the nanocomposite further contains a polymer selected from at least one or
a mixture of acrylic polymers including poly(methyl methacrylate), silicones, siloxane, spin on glass
polymers, epoxy polymers, poly(ethylene vinyl alcohol), and epoxy.

In another embodiment, the present disclosure provides a hanocomposite including nanocrystals
obtained or obtainable from a nanocrystal dispersion containing (such as comprising, consisting of or
consisting essentially of), nanocrystals containing hafnium oxide, zirconium oxide, titanium-zirconium
oxide, zinc oxide, yttrium oxide, or combinations or mixtures of hafnium oxide, zirconium oxide, titanium-
zirconium oxide, zinc oxide, and yttrium oxide, wherein any of the hafnium oxide, zirconium oxide,
titanium-zirconium oxide, zinc oxide, yttrium oxide, or combinations or mixtures of hafnium oxide,
zirconium oxide, titanium-zirconium oxide, zinc oxide, and yttrium oxide contain at least one capping
agent selected from any one of a combination of methoxytri(ethyleneoxy)propyltrimethoxysilane, 2-
[methoxy(polyethyleneoxy)propyl]-trimethoxysilane, 3-(methacryloyloxy)propy! trimethoxysilane, 2-[2-(2-
methoxyethoxy)ethoxy] acetic acid, acetic acid, benzyl alcohol, butanol, ethanol, propanol, n-
octyltrimethoxysilane, n-octyltriethoxysilane, oleylalcohol, dodecylalcohol, octanoic acid, oleic acid, stearic
acid, and n-octadecyltrimethoxysilane; and the dispersion further contains a solvent or mixture of solvents
selected from butanol, propanol, isopropanol, ethanol, water, propylene glycol monomethyl ether
(PGME), propylene glycol methyl ether acetate (PGMEA), acetone, tetrahydrofuran (THF), ketones,
cyclic ketones, 2-butoxyethanol, toluene, xylene, mesitylene and heptane; and the nanocomposite further
contains a polymer selected from at least one or a mixture of acrylic polymers including poly(methyl
methacrylate), silicones, siloxane, spin on glass polymers, epoxy polymers, poly(ethylene vinyl alcohol),
and epoxy, wherein the nanocrystals of the nanocomposite are dispersed in the polymer, such as for
example an epoxy, in the absence of solvent. The products and methods of the present disclosure are
exemplified by the following non-limiting examples.

EXAMPLE 1

SYNTHESIS AND CAPPING OF NANOCRYSTALS

Synthesis of Zirconium Oxide (ZrO,) Nanocrystals

Zirconium oxide nanocrystals having a size in the range of 1-10 nm can be prepared from
precursors such as Zirconium (IV) n-butoxide, zirconium n-propoxide, Zirconium isopropoxide isopropanol
or zirconium ethoxide. Zirconium n-butoxide or zirconium n-propoxide would be advantageously used as
precursors depending on final product desired.

In an exemplary method, a zirconium alkoxide precursor, such as, but not limited to, Zirconium n-
butoxide, zirconium n-propoxide, zirconium isopropoxide isopropanol or zirconium ethoxide, is mixed with
a solvent or mixture of solvents, including benzyl alcohol, phenol, oleyl alcohol, butanol, propanal,
isopropanol, water, tetrahydrofuran, ethanol, methanol, acetonitrile, toluene, PGMEA, PGPE, PGME, 2-
methyl-1-propanol, or triethylene glycol monomethyl ether and sealed within an autoclave. The reaction
mixture is heated to a temperature between 250-350°C. Once the reaction mixture reaches the set
temperature, the temperature is maintained for a length of time ranging from 20 minutes to 24 hours
depending in part on the solvent or solvent mixtures and/ or the temperature of the reaction. As-

synhthesized zirconium oxide nanocrystals are collected as a white milky suspension.
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In a further example, zirconium oxide nanocrystals were produced from a mixture of 30 millimoles
of zirconium isopropoxide isopropanol, or zirconium n-butoxide, or zirconium n-propoxide, or zirconium
tert-butoxide, or zirconium acetate, or zirconium acetyl acetonate, or zirconium ethoxide and 300 milliliters
of benzyl alcohol in an inert atmosphere which was sealed within an autoclave. The reaction mixture was
heated to 350°C at a heating rate is 10°C/min. Once the reaction mixture reached 350°C, the temperature
was maintained for 20-60 min. A white milky solution of as-synthesized ZrO, nanocrystals was collected
after the autoclave was cooled down to the room temperature.

In a further example, zirconium oxide nanocrystals were prepared from 45 millimoles of zirconium
isopropoxide isopropanol, or zirconium n-butoxide, or zirconium n-propoxide, or zirconium tert-butoxide,
or zirconium acetate, or zirconium acetyl acetonate, or zirconium ethoxide mixed with 300 milliliters of
benzyl alcohol in an inert atmosphere which was transferred to an autoclave. The reaction mixture was
heated to 300-350°C for 1-2 hours at a heating rate of 10°C/min. The pressure of the reaction reaches
100 to 500 psi. After the reaction was complete and the reactor was returned to room temperature, a
white milky solution of as-synthesized zirconium oxide nanocrystals was collected.

An exemplary synthetic method using zirconium n-butoxide as the precursor is as follows: 21.58 g
of 80% (w/w) Zirconium (IV) n-butoxide in 1-butanol solution (containing 17.26g or 45 mmol Zirconium
(IV) n-butoxide) was mixed with 300 ml of benzyl alcohol in a glove box and then transferred into an
autoclave with a glass liner. The setup was sealed under an argon atmosphere to prevent oxygen and
moisture contamination. The autoclave was then heated up to 325 °C, kept at this temperature for one
hour and then cooled down to room temperature. A white milky solution of as-synthesized zirconium
oxide nanocrystals was collected.

Zirconium n-butoxide is received as a solution in 1-butanol (80% w/w). 1-butanol can be removed
from the precursor before the synthesis under vacuum and/or heating (30-50°C), during the synthesis by
releasing the pressure of the autoclave when the temperature reaches around 100°C or after the reaction
is completed. Figure 4 is the TEM image of the nanocrystals obtained from the reaction without removing
1-butanol. The nanocrystals are spherical in shape and around 5 nm in diameter.

An exemplary synthetic method using zirconium n-propoxide as the precursor is as follows: 21.06 g
of 70% (w/w) Zirconium (IV) n-propoxide in 1-propanol solution (containing 14.74 g or 45 mmol Zirconium
(IV) n-propoxide) was mixed with 300 ml of benzyl alcohol in a glove box and then transferred into an
autoclave. The setup was sealed under Argon atmosphere to prevent oxygen and moisture
contamination. The autoclave was then heated up to 325 °C, kept at this temperature for one hour and
then cooled down to room temperature. A white milky solution of as-synthesized zirconium oxide
nanocrystals was collected.

Zirconium n-propoxide is received as a solution in 1-propanol (70% w/w). 1-propanol can be
removed from the precursor before the synthesis under vacuum and/or upon heating (30-60°C). It can
also be removed during the synthesis by releasing the pressure of the autoclave when the temperature
reaches around 100°C or it can be removed after the synthesis. The nanocrystals obtained from the
reactions where 1-propanol was removed from the precursor before, during or after the reaction result in
around 5 nm ZrO, nanocrystals. These nanocrystals have the same crystal structure as shown by the
respective XRD patterns of the nanocrystals shown in Figure 5.The nanocrystals obtained by removal of

1-propanol before or during the reaction are more spherical and monodisperse based on a comparison of
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the TEM images shown in Figure 6a for the nanocrystals obtained with removal before the reaction and
Figure 6b without removal of 1-propanol.

To increase the yield of the reaction without affecting the nanocrystal quality the concentration of
the precursor, such as zirconium isopropoxide isopropanol, zirconium etoxide, zirconium n-propoxide or
zirconium n-butoxide, can be increased 5 - 20 times without changing the amount of the solvent used.

ZrO, nanocrystals can be synthesized in a variety of solvents and solvent mixtures. A change in the
solvent used in the synthetic method can lead to a change in the surface properties of the nanocrystals
and, in some cases, can cap the nanocrystals well enough that further surface modification in order to
obtain dispersions with minimal scattering may be unnecessary. A list of alternative solvents includes, but
is not limited to: 1-hexanol, oleyl alcohol, oleylamine, trioctylamine, and methyl triethylene glycol. A list of
alternative solvent mixtures includes, but is not limited to: mixtures of benzyl alcohol with 1-hexanol, oleyl
alcohal, triethylene glycol monomethyl ether and trioctylamine.

ZrO, may also be synthesized in a different manner in order to prepare nanocrystals with a
hydrophobic surface chemistry. This may be useful for applications which benefit from the use of
hydrophobic solvents to create dispersions of nanocrystals. An example of the synthetic method to
produce ZrO, nanocrystals with hydrophobic surface is as follows: the solvent for the ZrO, nanocrystals
synthesis contains a mixture of oleyl alcohol and benzyl alcohol with different volume ratios. The volume
ratio of oleyl to benzyl alcohol in which the reaction is run may be chosen from the following non-limiting
list of ratios: 1:3, 1:1, or pure oleyl alcohol. In a typical reaction, 3 millimole of zirconium isopropoxide
isopropanol is added to a 20 ml mixture containing 10 ml anhydrous benzyl alcohol and 10 ml oleyl
alcohol in an inert atmosphere. The mixture is stirred for approximately one hour. The reaction mixture is
then added to an autoclave reactor under an inert atmosphere. Then the reactor is heated to 325 °C and
maintained at 325 °C for 1 hour with stirring. After cooling the nanocrystals are precipitated out of the
solution with ethanol.

The exemplary synthetic methods described herein are carried out in an autoclave at temperatures
which may be higher than the boiling point of some of the solvents used. This can generate pressures in
the 100-900 psi range, typically around 250psi. To eliminate the high pressures which may normally be
present in the ZrO, nanocrystals synthesis, a solvent or a mixture of solvents with higher boiling points
may be used. One, non-limiting, example of a higher boiling point solvent is Dowtherm MX, a mixture of
alkylated aromatics, from Dow Chemicals. Dowtherm MX can be used alone or in combination with other
solvents such as benzyl alcohol. When used alone for the ZrO, nanocrystal synthesis, the pressure in the
autoclave reactor is less than 100 psi, and typically less than 20 psi.

A typical example of a ZrO, nanocrystal synthesis carried out in a mixture of benzyl alcohol and
Dowtherm MX is as follows: 100 ml of Dowtherm MX, 8.13 millimoles of Zirconium Isopropoxide
isopropanol and 30 ml of Anhydrous Benzyl Alcohol are mixed in a 250 ml flask for 30 min with magnetic
stirrer at 500 rpm in a glove box. The mixture is then loaded in to a 600 ml glass-lined Parr autoclave
reactor. The reactor was then sealed in the glove box. The reaction mixture is heated to 325°C at heating
rate of 10 °C/ min while stirring and kept at this temperature for 1 hour with stirring. After that it was
cooled to room temperature and a milky white suspension of ZrO, nanocrystals is obtained.

A typical example of the procedure