
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
28 August 2014 (28.08.2014)

WO 2014/130051 Al
P O P C T

(51) International Patent Classification: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
C09K 11/06 (2006.01) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(21) International Application Number: NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

PCT/US20 13/027660 RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

(22) International Filing Date: TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

25 February 2013 (25.02.2013) ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(71) Applicant: EMPIRE TECHNOLOGY DEVELOP¬ UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

MENT LLC [US/US]; 271 1 Centerville Road, Suite 400, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

Wilmington, DE 19808 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(72) Inventor: HAYAMA, Hidekazu; G-32014-Dainichi-Hi- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
gashimachi, Moriguchi-shi, Osaka, 570-0016 (JP). ML, MR, NE, SN, TD, TG).

(74) Agent: ALTMAN, Daniel, E.; Knobbe, Martens, Olson & Declarations under Rule 4.17 :
Bear, LLP, 2040 Main Street, 14th Floor, Irvine, CA

— as to applicant's entitlement to apply for and be granted a
92614 (US).

patent (Rule 4.1 7(H))

(81) Designated States (unless otherwise indicated, for every
Published:

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, — with international search report (Art. 21(3))
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(54) Title: HYBRID NANOPARTICLES AND ILLUMINATION DEVICES USING THE HYBRID NANOPATICLES

FIG. 1

100-

©o

(57) Abstract: Hybrid nanoparticles and transparent light guides using the hybrid nanoparticles are disclosed. In some examples, a
hybrid nanoparticle may include an organic blue-light emitting material, and an inorganic material bonded to the organic blue-light
emitting material.



HYBRID NANOPARTICLES AND ILLUMINATION DEVICES

USING THE HYBRID NANOPARTICLES

BACKGROUND

[0001] Unless otherwise indicated herein, the materials described herein

are not prior art to the claims in the present application and are not admitted to be

prior art by inclusion in this section.

[0002] A liquid crystal display (LCD) is a flat panel display which uses

light modulating properties of liquid crystals. Since the liquid crystals do not emit

light themselves, the LCD generally employs backlight illumination. For the LCD

backlight, or for other planar illumination devices, a light emitting device, such as

a light emitting diode (LED), and a transparent light guide for guiding and

diffusing the light from the light emitting device can be used.

SUMMARY

[0003] Some embodiments disclosed herein include a hybrid nanoparticle

including an organic blue-light emitting material, and an inorganic material

bonded to the organic blue-light emitting material. In some embodiments, the

organic blue-light emitting material may include at least one of a blue fluorescent

material and a blue phosphorescent material. By way of example, but not

limitation, the blue fluorescent material may include at least one of 9,10-

dibromoanthracene, a bis-(triazinylamino)stilbenedisulfonic acid derivative, a bis-

stilbiphenyl derivative, and 2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene; and the

blue phosphorescent material may include an iridium(III) complex including at

least one of tris(2-(2,4-difluorophenyl)pyridinate) iridium(III), bis(2-(2,4-

difluorophenyl) pyridinate)picolinic acid iridium(III), tris(3,4,7,8-tetramethyl-

1,10-phenantrolinato) iridium(III), and tris(2,9-dimethyl-4,7-diphenyl-l,10-

phenanthrolinato) iridium(III). By way of example, but not limitation, the

inorganic material may include silica.

[0004] In some embodiments, the inorganic material may be physically

bonded to the organic blue-light emitting material. In some embodiments, the

inorganic material may be covalently bonded to the organic blue-light emitting

material. In some embodiments, the inorganic material may be hydrogen-bonded



to a resin containing the organic blue-light emitting material. By way of example,

but not limitation, the resin may include a polyvinylpyrrolidone (PVP) resin.

[0005] In some embodiments, the hybrid nanoparticle may further include

an inorganic shell encapsulating the organic blue-light emitting material and the

inorganic material bonded to each other. In some embodiments, the inorganic

shell may include a silica shell. In some embodiments, the inorganic shell may

have pores, and the pores may be sealed with at least one of a transition metal salt

(e.g., a salt of iron, cobalt, nickel, or copper, etc.), a transition metal complex salt

(e.g., a complex salt of iron, cobalt, nickel, or copper, etc.), and a transition metal

chloride (e.g., a chloride of iron, cobalt, nickel, or copper, etc.).

[0006] Alternative embodiments disclosed herein may include a

transparent light guide including a resin containing at least one red-light emitting

material, at least one green-light emitting material, and at least one organic blue-

light emitting material bonded with an inorganic material; and a reflecting sheet.

In some embodiments, the reflecting sheet may be disposed to cover one side of

surface of the resin.

[0007] By way of example, but not limitation, the resin may include an

acrylic resin. By way of example, but not limitation, the red-light emitting

material may include a Eu3+ tri-n-butyl complex. In some embodiments, the

green-light emitting material may include a Tb + tri-n-butyl complex. By way of

example, but not limitation, the organic blue-light emitting material may include

at least one of a blue fluorescent material including 9,10-dibromoanthracene, a

bis-(triazinylamino)stilbenedisulfonic acid derivative, a bis-stilbiphenyl derivative,

and 2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene; and a blue phosphorescent

material including tris(2-(2 ,4-difluorophenyl)pyridinate) iridium(III), bis(2-(2 ,4-

difluorophenyl) pyridinate)picolinic acid iridium(III), tris(3,4,7,8-tetramethyl-

1, 10-phenantrolinato) iridium(III), and tris(2,9-dimethyl -4,7-diphenyl-l , 10-

phenanthrolinato) iridium(III). By way of example, but not limitation, the

inorganic material may include silica.

[0008] In some embodiments, the organic blue-light emitting material

bonded with the inorganic material may be coated with silica. In some

embodiments, a surface of the organic blue-light emitting material bonded with



the inorganic material may be sealed with at least one of a transition metal salt, a

transition metal complex salt, and a transition metal chloride.

[0009] Also provided is a backlight for a liquid crystal display including

any of the transparent light guides provided herein.

[0010] Also provided is a planar illumination device including any of the

transparent light guides provided herein.

[0011] Yet alternative embodiments disclosed herein may include a

method of forming a hybrid nanoparticle. The method may include providing an

organic blue-light emitting material, and bonding an inorganic material to the

organic blue-light emitting material to form a hybrid nanoparticle.

[0012] In some embodiments, the bonding step may include bonding the

inorganic material to the organic blue-light emitting material physically.

[0013] In some embodiments, the bonding step may include preparing a

compound of the organic blue-light emitting material and an alkoxy group, and

hydrolysis-condensing the alkoxy group with an alkoxysilane. By way of

example, but not limitation, the alkoxy group may be an ethoxy group, and the

alkoxysilane may be tetraethoxysilane (TEOS).

[0014] In some embodiments, the bonding step may include pi-electron-

conjugating the organic blue-light emitting material and a silane coupling agent

containing an alkoxy group, and hydrolysis-condensing the alkoxy group with an

alkoxysilane. By way of example, but not limitation, the silane coupling agent

may include phenyltriethoxysilane, the alkoxy group may include an ethoxy group,

and the alkoxysilane may include tetraethoxysilane (TEOS).

[0015] In some embodiments, the bonding step may include mixing the

organic blue-light emitting material with a resin, and forming a hydrogen-bond

between the resin and the inorganic material. By way of example, but not

limitation, the resin may include a polyvinylpyrrolidone (PVP) resin.

[0016] In some embodiments, the method may further include coating the

hybrid nanoparticle with an inorganic shell. By way of example, but not

limitation, the inorganic shell may include a silica shell. In some embodiments,

the method may further include sealing pores of the inorganic shell with at least

one of a transition metal salt, a transition metal complex salt, and a transition

metal chloride. In some embodiments, the method may further include sealing



pores of the hybrid nanoparticle with at least one of a transition metal salt, a

transition metal complex salt, and a transition metal chloride.

[0017] The foregoing summary is illustrative only and is not intended to

be in any way limiting. In addition to the illustrative aspects, embodiments, and

features described above, further aspects, embodiments, and features will become

apparent by reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[0018] The foregoing and other features of this disclosure will become

more apparent from the following description and appended claims, taken in

conjunction with the accompanying drawings. Understanding that these drawings

depict only several embodiments in accordance with the disclosure and are,

therefore, not to be considered limiting of its scope, the disclosure will be

described with additional specificity and detail through use of the accompanying

drawings, in which:

[0019] Fig. 1 schematically shows an illustrative example of a transparent

light guide, arranged in accordance with at least some embodiments described

herein;

[0020] Figs. 2A-2D schematically show illustrative examples of hybrid

nanoparticles, arranged in accordance with at least some embodiments described

herein;

[0021] Fig. 3 illustrates an example flow diagram of a process for forming

a hybrid nanoparticle, arranged in accordance with at least some embodiments

described herein;

[0022] Figs. 4A-4C illustrate absorption spectra of illustrative examples of

hybrid nanoparticles, arranged in accordance with at least some embodiments

described herein;

[0023] Fig. 5A shows changes of persistence ratios of illustrative

examples of hybrid nanoparticles, arranged in accordance with at least some

embodiments described herein; and

[0024] Fig. 5B shows changes of chromaticity of illustrative examples of

transparent light guides, arranged in accordance with at least some embodiments

described herein.



DETAILED DESCRIPTION

[0025] In the following detailed description, reference is made to the

accompanying drawings, which form a part hereof. In the drawings, similar

symbols typically identify similar components, unless context dictates otherwise.

The illustrative embodiments described in the detailed description, drawings, and

claims are not meant to be limiting. Other embodiments may be utilized, and

other changes may be made, without departing from the spirit or scope of the

subject matter presented herein. It will be readily understood that the aspects of

the present disclosure, as generally described herein, and illustrated in the

drawings, can be arranged, substituted, combined, separated, and designed in a

wide variety of different configurations, all of which are explicitly contemplated

herein.

[0026] Technologies are herein generally described for hybrid

nanoparticles and transparent light guides using the hybrid nanoparticles.

[0027] In some examples, a transparent light guide may include a

transparent resin uniformly containing at least one red-light emitting material, at

least one green-light emitting material, and at least one blue-light emitting

material; and a reflecting sheet disposed to cover one side of surface of the resin.

A light source disposed adjacent to the transparent light guide may emit light, and

the light emitted by the light source may be incident on a side end face of the resin.

The light entered into the resin may excite the at least one red-light emitting

material, at least one green-light emitting material, and at least one blue-light

emitting material, thereby generating white-light. The transparent light guide may

emit the generated white-light from the other side of surface of the resin, i.e., the

surface where the reflecting sheet is not disposed.

[0028] In some examples, the light source may be an ultraviolet light

emitting diode (UV-LED) configured to generate and emit ultraviolet light; and

the red-light emitting material may include a Eu3+ tri-n-butyl complex configured

to emit red-light when excited by ultraviolet light, the green-light emitting

material may include a Tb3+ tri-n-butyl complex configured to emit green-light

when excited by ultraviolet light, and the blue-light emitting material may include

an organic blue-light emitting material such as a blue fluorescent material and/or a

blue phosphorescent material configured to emit blue-light when excited by



ultraviolet light. To improve durability of the organic blue-light emitting material

against the ultraviolet light, a hybrid nanoparticle including the organic blue-light

emitting material and an inorganic material may be used as the blue-light emitting

material. The organic blue-light emitting material and the inorganic material may

be bonded to each other, e.g., physically, covalently, or via hydrogen-bonding.

[0029] Fig. 1 schematically shows an illustrative example of a transparent

light guide 100, arranged in accordance with at least some embodiments described

herein.

[0030] As depicted, transparent light guide 100 may include a resin 110,

which may uniformly contain at least one red-light emitting material 120, at least

one green-light emitting material 130, and at least one blue-light emitting material

140. In some embodiments, blue-light emitting material 140 may be a hybrid

nanoparticle including at least one organic blue-light emitting material and at least

one inorganic material. In some embodiments, red-light emitting material 120,

green-light emitting material 130 and blue-light emitting material 140 may be

uniformly distributed in resin 110 by mixing and/or stirring red-light emitting

material 120, green-light emitting material 130, blue-light emitting material 140, a

monomer of resin 110 (e.g., methyl methacrylate, etc.), and at least one thermal

polymerization initiator (e.g., benzoyl peroxide, etc.); casting the mixture between

two plates that are not penetrated by the monomer (e.g., glass plates, metal plates,

teflon plates, etc.); and curing the mixture casted between the two plates.

[0031] In some embodiments, transparent light guide 100 may further

include a reflecting sheet 150, which may be disposed to cover one side of surface

of resin 110. In some embodiments, reflecting sheet 150 may be adhered to the

surface of resin 110 by an adhesive, or reflecting sheet 150 may be formed on the

surface of resin 110 by applying an ink with light scattering properties (e.g., an

ink containing titanium oxide fillers).

[0032] In some embodiments, light emitted from a light source (e.g., UV-

LED) (not shown) may be incident on a side end face 160 of resin 110, and may

excite red-light emitting material 120, green-light emitting material 130 and blue-

light emitting material 140 contained in resin 110. The excited red-light emitting

material 120, green-light emitting material 130 and blue-light emitting material

1 0 may respectively generate red-light, green-light and blue-light, and the



generated red-light, green-light and blue-light may be mixed to generate white-

light. Then, transparent light guide 100 may emit the generated white-light from a

surface 170 of resin 110.

[0033] By way of example, but not limitation, resin 110 may be a

transparent resin such as an acrylic resin. By way of example, but not limitation,

red-light emitting material 120 may include a Eu3+ tri-n-butyl complex. By way

of example, but not limitation, green-light emitting material 130 may include a

Tb tri-n-butyl complex. By way of example, but not limitation, the organic

blue-light emitting material in blue-light emitting material 140 may include a blue

fluorescent material including 9,10-dibromoanthracene, a bis-

(triazinylamino)stilbenedisulfonic acid derivative, a bis-stilbiphenyl derivative,

and 2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene, etc.; and/or a blue

phosphorescent material including tris(2-(2,4-difluorophenyl)pyridinate)

iridium(III), bis(2-(2,4-difluorophenyl) pyridinate)picolinic acid iridium(III),

tris(3,4,7,8-tetramethyl-l,10-phenantrolinato) iridium(III), and tris(2,9-dimethyl-

4,7-diphenyl-l,10-phenanthrolinato) iridium(III), etc. By way of example, but not

limitation, the inorganic material in blue-light emitting material 140 may include

silica.

[0034] In some embodiments, the inorganic material may be physically

bonded to the organic blue-light emitting material to form blue-light emitting

material 140. In alternative embodiments, the inorganic material may be

covalently bonded to the organic blue-light emitting material to form blue-light

emitting material 140. In yet alternative embodiments, the inorganic material may

be hydrogen-bonded to a resin (e.g., polyvinylpyrrolidone (PVP) resin) containing

the organic blue-light emitting material to form blue-light emitting material 140.

[0035] In some embodiments, blue-light emitting material 140 may further

include an inorganic shell (e.g., a silica shell) encapsulating the organic blue-light

emitting material and the inorganic material.

[0036] In some embodiments, blue-light emitting material 140 may have

pores on its surface, and the pores may be sealed with a sealant such as a

transition metal salt (e.g., a salt of iron, cobalt, nickel, or copper, etc.), a transition

metal complex salt (e.g., a complex salt of iron, cobalt, nickel, or copper, etc.),



and/or a transition metal chloride (e.g., a chloride of iron, cobalt, nickel, or copper,

etc.).

[0037] In some embodiments, an LCD backlight or a planar illumination

device may utilize transparent light guide 100, which may include a resin 110,

red-light emitting material 120, green-light emitting material 130 and blue-light

emitting material 140.

[0038] As such, by using the hybrid nanoparticle including the organic

blue-light emitting material and the inorganic material as blue-light emitting

material 140, applying the inorganic shell on the surface of blue-light emitting

material 140, and/or sealing the pores of blue-light emitting material 140, it may

be possible to reduce or prevent damage against blue-light emitting material 140,

which may be caused due to reactive oxygen species generated by excitation of

the organic blue-light emitting material. Thus, it may be possible to reduce or

prevent the light emitted from transparent light guide 100 from becoming

yellowish, thereby attaining uniform luminance and chromaticity in an LCD

backlight, or a planar illumination device using transparent light guide 100.

[0039] Figs. 2A-2D schematically show illustrative examples of hybrid

nanoparticles 200, 210, 220 and 230, arranged in accordance with at least some

embodiments described herein. Hybrid nanoparticles 200, 210, 220 and 230 may

be used as blue-light emitting material 140 as described with reference to Fig. 1.

[0040] In some embodiments, hybrid nanoparticle 200 as depicted in Fig.

2A may include an organic blue-light emitting material, and an inorganic material

bonded to the organic blue-light emitting material. In some embodiments, the

organic blue-light emitting material may include at least one of a blue fluorescent

material and a blue phosphorescent material. By way of example, but not

limitation, the blue fluorescent material may include at least one of 9,10-

dibromoanthracene, a bis-(triazinylamino)stilbenedisulfonic acid derivative, a bis-

stilbiphenyl derivative, and 2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene, etc.;

and the blue phosphorescent material may include an iridium(III) complex

including at least one of tris(2-(2,4-difluorophenyl)pyridinate) iridium(III), bis(2-

(2,4-difluorophenyl) pyridinate)picolinic acid iridium(III), tris(3,4,7,8-

tetramethyl-l,10-phenantrolinato) iridium(IH), and tris(2,9-dimethyl-4,7-



diphenyl-l,10-phenanthrolinato) iridium(III), or combination thereof, etc. By way

of example, but not limitation, the inorganic material may include silica.

[0041] In some embodiments, the inorganic material may be physically

bonded to the organic blue-light emitting material to form hybrid nanoparticle 200.

In alternative embodiments, the inorganic material may be covalently bonded to

the organic blue-light emitting material to form hybrid nanoparticle 200. In yet

alternative embodiments, the inorganic material may be hydrogen-bonded to a

resin (e.g., polyvinylpyrrolidone (PVP) resin, etc.) containing the organic blue-

light emitting material to form hybrid nanoparticle 200.

[0042] In some embodiments, in cases where the inorganic material

includes silica, hybrid nanoparticle 200 may be formed by dropping a methanol

solution of tetramethyl orthosilicate (TMOS) containing the organic blue-light

emitting material into a solvent mixture of methanol and water with ammonia

catalyst added. In some embodiments, a resin may be added to the methanol

solution of tetramethyl orthosilicate (TMOS) containing the organic blue-light

emitting material. By way of example, but not limitation, polyvinylpyrrolidone

(PVP) resin may be added to the methanol solution of the TMOS containing the

organic blue-light emitting material, and the amount of the PVP resin may be

about 5% to 20% of the TMOS.

[0043] In some embodiments, hybrid nanoparticle 210 as depicted in Fig.

2B may include an inorganic shell 205 encapsulating the organic blue-light

emitting material and the inorganic material bonded to each other. That is, hybrid

nanoparticle 210 may include inorganic shell 205 in addition to hybrid

nanoparticle 200 in Fig. 2A. In some embodiments, inorganic shell 205 may

include a silica shell, which may prevent damage due to reactive oxygen species

generated by excitation of the organic blue-light emitting material.

[0044] By way of example, but not limitation, the particle diameter of

hybrid nanoparticle 200 may be in the range between about 20 nm and about 60

nm. Specific examples of the particle diameter may include about 20 nm, about

25 nm, about 30 nm, about 35 nm, about 40 nm, about 45 nm, about 50 nm, about

55 nm, about 60 nm, and ranges between any two of these values (including

endpoints). By way of example, but not limitation, the thickness of inorganic

shell 205 may be in the range between about 5 nm and about 0 nm. Specific



examples of the thickness may include about 5 nm, about 6 nm, about 7 nm, about

8 nm, about 9 nm, about 10 nm, and ranges between any two of these values

(including endpoints). By way of example, but not limitation, the volume ratio of

hybrid nanoparticle 200 to inorganic shell 205 may be in the range between about

100:60 and about 100:250, depending on the particle diameter of hybrid

nanoparticle 200. Specific examples of the volume ratio may include about

100:60, about 100:70, about 100:80, about 100:90, about 100:100, about 100:110,

about 100:120, about 100:130, about 100:140, about 100:150, about 100:160,

about 100:170, about 100:180, about 100:190, about 100:200, about 100:210,

about 100:220, about 100:230, about 100:240, about 100:250, and ranges between

any two of these values (including endpoints).

[0045] In some embodiments, hybrid nanoparticle 220 as depicted in Fig.

2C may include a sealant 215, which may seal pores on a surface of the organic

blue-light emitting material and the inorganic material bonded to each other. That

is, hybrid nanoparticle 220 may include sealant 215 in addition to hybrid

nanoparticle 200 in Fig. 2A. In some embodiments, sealant 215 may include a

transition metal salt, a transition metal complex salt, a transition metal chloride, or

combination thereof, etc, and any other material that may prevent damage due to

reactive oxygen species generated by excitation of the organic blue-light emitting

material, for example, by quenching the reactive oxygen species.

[0046] In some embodiments, hybrid nanoparticle 230 as depicted in Fig.

2D may include a sealant 225, which may seal pores on a surface of inorganic

shell 205 encapsulating the organic blue-light emitting material and the inorganic

material bonded to each other. That is, hybrid nanoparticle 230 may include

sealant 225 in addition to hybrid nanoparticle 210 in Fig. 2B. In some

embodiments, sealant 225 may include a transition metal salt, a transition metal

complex salt, a transition metal chloride, or combination thereof, etc, and any

other material that may prevent damage due to reactive oxygen species generated

by excitation of the organic blue-light emitting material, for example, by

quenching the reactive oxygen species.

[0047] Fig. 3 illustrates an example flow diagram of a process 300 for

forming a hybrid nanoparticle, arranged in accordance with at least some

embodiments described herein.



[0048] An example process 300 may include one or more operations,

actions, or functions as illustrated by one or more blocks 310, 320, 330 and/or 340.

Although illustrated as discrete blocks, various blocks may be divided into

additional blocks, combined into fewer blocks, or eliminated, depending on the

desired implementation.

[0049] At block 310, an organic blue-light emitting material and an

inorganic material may be provided. By way of example, but not limitation, the

organic blue-light emitting material may include a blue fluorescent material

including 9,10-dibromoanthracene, abis-(triazinylamino)stilbenedisulfonic acid

derivative, a bis-stilbiphenyl derivative, and 2,5-bis(5-tert-butyl-2-

benzoxazolyl)thiophene, etc.; and/or a blue phosphorescent material including

tris(2-(2,4-difluorophenyl)pyridinate) iridium(III), bis(2-(2,4-difluorophenyl)

pyridinate)picolinic acid iridium(IH), tris(3,4,7,8-tetramethyl-l,10-

phenantrolinato) iridium(HI), and tris(2,9-dimethyl-4,7-diphenyl-l,10-

phenanthrolinato) iridium(III), or combination thereof, etc. By way of example,

but not limitation, the inorganic material may include silica.

[0050] At block 320, the organic blue-light emitting material and the

inorganic material may be bonded to each other. The bonded organic blue-light

emitting material and inorganic material may form hybrid nanoparticle 200 as

depicted in Fig. 2A.

[0051] In some embodiments, the organic blue-light emitting material and

the inorganic material may be bonded to each other physically.

[0052] In other embodiments, the organic blue-light emitting material and

the inorganic material may be covalently bonded to each other by preparing a

compound of the organic blue-light emitting material and an alkoxy group, and

hydrolysis-condensing the alkoxy group with an alkoxysilane. By way of

example, but not limitation, the alkoxy group may be an ethoxy group, and the

alkoxysilane may be tetraethoxysilane (TEOS).

[0053] In yet other embodiments, the organic blue-light emitting material

and the inorganic material may be covalently bonded to each other by pi-electron-

conjugating the organic blue-light emitting material and a silane coupling agent

containing an alkoxy group, and hydrolysis-condensing the alkoxy group with an

alkoxysilane. By way of example, but not limitation, the silane coupling agent



may include phenyltriethoxysilane, the alkoxy group may include an ethoxy group,

and the alkoxysilane may include tetraethoxysilane (TEOS).

[0054] In still yet other embodiments, the organic blue-light emitting

material and the inorganic material may be bonded to each other by mixing the

organic blue-light emitting material with a resin, and forming a hydrogen-bond

between the resin and the inorganic material. By way of example, but not

limitation, the resin may include a polyvinylpyrrolidone (PVP) resin.

[0055] At block 330, the bonded organic blue-light emitting material and

inorganic material may be coated with an inorganic shell. By way of example, but

not limitation, the inorganic shell may include a silica shell. The organic blue-

light emitting material and the inorganic material bonded with each other and

coated with the inorganic shell may form hybrid nanoparticle 210 as depicted in

Fig. 2B.

[0056] At block 340, pores of the inorganic shell may be sealed with a

sealant. By way of example, but not limitation, the sealant may include a

transition metal salt, a transition metal complex salt, and a transition metal

chloride, or combination thereof, etc. The organic blue-light emitting material and

the inorganic material bonded with each other, coated with the inorganic shell and

sealed with the sealant may form hybrid nanoparticle 230 as depicted in Fig. 2D.

[0057] One skilled in the art will appreciate that, this and other processes

and methods disclosed herein may be implemented in differing order.

Furthermore, the outlined steps and operations are only provided as examples, and

some of the steps and operations may be optional, combined into fewer steps and

operations, or expanded into additional steps and operations without detracting

from the essence of the disclosed embodiments. For example, between blocks 320

and 330, a step in which the bonded organic blue-light emitting material and

inorganic material may be sealed with a sealant (e.g., a transition metal salt, a

transition metal complex salt, and a transition metal chloride, etc.) may be added.

EXAMPLES

[0058] The present disclosure will be understood more readily by

reference to the following examples, which are provided by way of illustration

and are not intended to be limiting in any way.



Example 1: Fabrication of Hybrid Nanoparticles

[0059] A solvent mixture of 220 grams of methanol and 75 grams of water,

with 8 grams of 28% ammonia is prepared. A solution in which 35 grams of

tetramethyl orthosilicate (TMOS) and 0.035 grams of an organic blue-light

emitting material are dissolved in 45 grams of methanol is also prepared. Then,

hybrid nanoparticles with a diameter of 20 nm are provided by dropping the

solution into the solvent mixture. When the solvent mixture contains 16 grams of

28% ammonia, the hybrid nanoparticles with a diameter of 60 nm are provided.

[0060] 3 grams of the hybrid nanoparticles are dispersed in a mixture of

520 grams of water and 80 grams of 28% ammonia. Then, a liquid in which 260

grams of metasilicic acid with 2.0% of Si0 2 are dropped into the dispersion is

prepared. Then, the liquid is stirred at 80 °C for 3 hours. This provides silica-

coated hybrid nanoparticles.

[0061] A sealing liquid is prepared by adding 960 ml of water to 40 ml of

Top Seal H-298 (produced by Okuno Chemical Industries), which is a nickel

acetate-based sealant. The sealing liquid is heated to 90 °C. Then, 1 gram of the

hybrid nanoparticles are added to the sealing liquid. The mixture of the hybrid

nanoparticles and the sealing liquid are stirred for 2 minutes, cooled to room

temperature, and then centrifuged at 10,000 rpm for 30 minutes. This provides

sealed hybrid nanoparticles.

Example 2: Fabrication of Transparent Light Guides

[0062] 6.9 grams of a mixture of a red-light emitting material, a green-

light emitting material, and a blue-light emitting material, the mixture ratio of

which is 15:79:6, is prepared. The mixture of light emitting materials is further

mixed with 48 grams of methyl methacrylate and 0.05 grams of benzoyl peroxide.

The mixture is then heated to 80 °C to be prepolymerized, and then injected

between two glass plates. The edge of the two glass plates is 12 cm, and the

distance between the two glass plates is 5 mm. Then, the mixture is left as it is for

15 hours at room temperature, heated in an oven at 55 °C for 3 hours, and then

cured in the oven at 45 °C for 12 hours. This provides a transparent light guide

uniformly containing the red-light emitting material, the green-light emitting

material, and the blue-light emitting material.



[0063] JELCON FC-A5 (SSD) (produced by Jujo Chemical Co., Ltd.),

which contains titanium oxide fillers, is screen-printed on a surface of the

transparent light guide, and then dried. This provides a reflecting sheet covering

the surface of the transparent light guide.

Example 3: Performance Improvement Test for Hybrid Nanoparticles and

Transparent Light Guides Using Hybrid Nanoparticles

Example 3-1: Preparation of Pigment Solution and Treatment

Liquids

[0064] An acrylic solution colored with Rhodamine B ([9-(2-

carboxyphenyl)-6-diethylamino-3-xanthenylidene]-diethylammonium chloride) is

prepared as a pigment solution by mixing 0.2 grams of 0.55 wt% Rhodamine B-

ethylene glycol solution with 15 grams of 2.5 wt% polymethylmethacrylate

(PMMA)-chloroform solution. Rhodamine B is a fluorescent dye, whose

absorbance has a peak at approximately 553 nm.

[0065] A silica coating liquid having a solid content ratio of 2.5 wt% is

prepared by adding 1.18 grams of Methyl Silicate 5 1 (produced by Colcoat Co.,

Ltd.) and 0.81 grams of 0.1 N nitric acid to 1.77 grams of ethanol, stirring the

mixture for 30 minutes at room temperature, and then adding 20.3 grams of

ethanol. Methyl Silicate 51 is a tetramer-in-average composition obtained by

hydrolysis-condensing methyl silicate.

[0066] A sealing liquid is prepared by adding 96 ml of water to 4 ml of

Top Seal H-298 (produced by Okuno Chemical Industries). Top Seal H-298 is a

nickel acetate-based sealant that is used when sealing anodic oxide films grown on

aluminum or an aluminum alloy.

Example 3-2: Preparation of Samples

[0067] The acrylic solution colored with Rhodamine B is applied to a

glass substrate by spin coating, and dried in an oven at 80 °C for 30 minutes. This

provides an acrylic film colored with Rhodamine B. This acrylic film is used as

an untreated sample for comparison (hereinafter, Sample 1).

[0068] Further, the silica coating liquid is applied by spin coating to the

acrylic film colored with Rhodamine B, which is prepared as above, and dried in

an oven at 80 °C for 30 minutes. This provides a silica-coated sample (hereinafter,

Sample 2).



[0069] Furthermore, the silica-coated sample is immersed for two minutes

in the sealing liquid, which has been heated to 90 °C, washed with water, and

allowed to dry naturally. This provides a silica-coated and sealed sample

(hereinafter, Sample 3).

Example 3-3: Light-Resistance Test

[0070] The above three samples are irradiated for five hours using a

halogen lamp for the light-resistance test. To measure the light-resistance, initial

absorption spectra and post-irradiation absorption spectra of the respective

samples are compared. The absorption spectra are measured using a

spectrophotometer (UV-3600 manufactured by Shimadzu Corporation). Figs. 4A-

4C respectively show the initial absorption spectra and the post-irradiation

absorption spectra of Samples 1-3.

[0071] A persistence ratio representing the ratio between the absorbance

peak intensities at 553 nm in the post-irradiation absorption spectra and the

absorbance peak intensities at 553 nm in the initial absorption spectra is calculated

for each of Samples 1-3. The persistence ratio calculated for each of Samples 1-3

is as in Table 1 below.

Table 1

[0072] As such, improvements in the light-resistance are observed for

Sample 2 and Sample 3. That is, improvements in the light-resistance due to

silica-coating and sealing are observed.

Example 3-4: Luminance and Chromaticitv Test

[0073] Assuming that the above persistence ratios of three samples (21.9%

of Sample 1, 35.2% of Sample 2, and 37.2% of Sample 3) are obtained after

10,000 hours of operation, the persistence ratio of red and green light emitting

materials is 95.0% after 1,000 hours of operation, and the persistence ratios

exponentially decrease, the persistence ratios for each of Samples 1-3 and red and

green light emitting materials after 1,000 hours and after 5,000 hours of operation

are calculated as in Table 2 below. Fig. 5A shows the changes of the persistence



ratios for Samples 1-3 and red and green light emitting materials ("R&G") for

10,000 hours.

Table 2

[0074] In such cases, the change of luminance and chromaticity of a

transparent light guide containing each of Samples 1-3 is as in Table 3 below. Fig.

5B shows the change of chromaticity of the transparent light guide containing

each of Samples 1-3.

Table 3

[0075] As such, improvements in the luminance and chromaticity are

observed for Sample 2 and Sample 3. That is, improvements in the luminance and

chromaticity due to silica-coating and sealing are observed.

[0076] The present disclosure is not to be limited in terms of the particular

embodiments described in this application, which are intended as illustrations of

various aspects. Many modifications and variations can be made without

departing from its spirit and scope, as will be apparent to those skilled in the art.

Functionally equivalent methods and apparatuses within the scope of the

disclosure, in addition to those enumerated herein, will be apparent to those

skilled in the art from the foregoing descriptions. Such modifications and



variations are intended to fall within the scope of the appended claims. The

present disclosure is to be limited only by the terms of the appended claims, along

with the full scope of equivalents to which such claims are entitled. It is to be

understood that this disclosure is not limited to particular methods, reagents,

compounds, compositions or biological systems, which can, of course, vary. It is

also to be understood that the terminology used herein is for the purpose of

describing particular embodiments only, and is not intended to be limiting.

[0077] With respect to the use of substantially any plural and/or singular

terms herein, those having skill in the art can translate from the plural to the

singular and/or from the singular to the plural as is appropriate to the context

and/or application. The various singular/plural permutations may be expressly set

forth herein for sake of clarity.

[0078] It will be understood by those within the art that, in general, terms

used herein, and especially in the appended claims (e.g., bodies of the appended

claims) are generally intended as "open" terms (e.g., the term "including" should

be interpreted as "including but not limited to," the term "having" should be

interpreted as "having at least," the term "includes" should be interpreted as

"includes but is not limited to," etc.). It will be further understood by those within

the art that if a specific number of an introduced claim recitation is intended, such

an intent will be explicitly recited in the claim, and in the absence of such

recitation no such intent is present. For example, as an aid to understanding, the

following appended claims may contain usage of the introductory phrases "at least

one" and "one or more" to introduce claim recitations. However, the use of such

phrases should not be construed to imply that the introduction of a claim recitation

by the indefinite articles "a" or "an" limits any particular claim containing such

introduced claim recitation to embodiments containing only one such recitation,

even when the same claim includes the introductory phrases "one or more" or "at

least one" and indefinite articles such as "a" or "an" (e.g., "a" and/or "an" should

be interpreted to mean "at least one" or "one or more"); the same holds true for the

use of definite articles used to introduce claim recitations. In addition, even if a

specific number of an introduced claim recitation is explicitly recited, those

skilled in the art will recognize that such recitation should be interpreted to mean

at least the recited number (e.g., the bare recitation of "two recitations," without



other modifiers, means at least two recitations, or two or more recitations).

Furthermore, in those instances where a convention analogous to "at least one of

A, B, and C, etc." is used, in general such a construction is intended in the sense

one having skill in the art would understand the convention (e.g., "a system

having at least one of A, B, and C" would include but not be limited to systems

that have A alone, B alone, C alone, A and B together, A and C together, B and C

together, and/or A, B, and C together, etc.). In those instances where a convention

analogous to "at least one of A, B, or C, etc." is used, in general such a

construction is intended in the sense one having skill in the art would understand

the convention (e.g., "a system having at least one of A, B, or C" would include

but not be limited to systems that have A alone, B alone, C alone, A and B

together, A and C together, B and C together, and/or A, B, and C together, etc.).

It will be further understood by those within the art that virtually any disjunctive

word and/or phrase presenting two or more alternative terms, whether in the

description, claims, or drawings, should be understood to contemplate the

possibilities of including one of the terms, either of the terms, or both terms. For

example, the phrase "A or B" will be understood to include the possibilities of "A"

or "B" or "A and B."

[0079] In addition, where features or aspects of the disclosure are

described in terms of Markush groups, those skilled in the art will recognize that

the disclosure is also thereby described in terms of any individual member or

subgroup of members of the Markush group.

[0080] As will be understood by one skilled in the art, for any and all

purposes, such as in terms of providing a written description, all ranges disclosed

herein also encompass any and all possible subranges and combinations of

subranges thereof. Any listed range can be easily recognized as sufficiently

describing and enabling the same range being broken down into at least equal

halves, thirds, quarters, fifths, tenths, etc. As a non-limiting example, each range

discussed herein can be readily broken down into a lower third, middle third and

upper third, etc. As will also be understood by one skilled in the art all language

such as "up to," "at least," and the like include the number recited and refer to

ranges which can be subsequently broken down into subranges as discussed

above. Finally, as will be understood by one skilled in the art, a range includes



each individual member. Thus, for example, a group having 1-3 cells refers to

groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to groups

having 1, 2, 3, 4, or 5 cells, and so forth.

[0081] From the foregoing, it will be appreciated that various

embodiments of the present disclosure have been described herein for purposes of

illustration, and that various modifications may be made without departing from

the scope and spirit of the present disclosure. Accordingly, the various

embodiments disclosed herein are not intended to be limiting, with the true scope

and spirit being indicated by the following claims.



CLAIMS

What is claimed is:

1. A hybrid nanoparticle comprising:

an organic blue-light emitting material; and

an inorganic material bonded to the organic blue-light emitting material.

2. The hybrid nanoparticle of Claim 1, wherein the organic blue-light emitting

material comprises at least one of a blue fluorescent material and a blue

phosphorescent material.

3. The hybrid nanoparticle of Claim 2, wherein the blue fluorescent material

comprises at least one of 9,10-dibromoanthracene, a bis-

(triazinylamino)stilbenedisulfonic acid derivative, a bis-stilbiphenyl derivative, and

2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene.

4. The hybrid nanoparticle of Claim 2, wherein the blue phosphorescent material

comprises an iridium(III) complex including at least one of tris(2-(2,4-

difluorophenyl)pyridinate) iridium(III), bis(2-(2,4-difluorophenyl)

pyridinate)picolinic acid iridium( ), tris(3,4,7,8-tetramethyl-l,10-phenantrolinato)

iridium(ni), and tris(2,9-dimethyl-4,7-diphenyl-l,10-phenanthrolinato) iridium(IH).

5. The hybrid nanoparticle of Claim 1, wherein the inorganic material comprises

silica.

6. The hybrid nanoparticle of Claim 1, wherein the inorganic material is

physically bonded to the organic blue-light emitting material.

7. The hybrid nanoparticle of Claim 1, wherein the inorganic material is

covalently bonded to the organic blue-light emitting material.

8. The hybrid nanoparticle of Claim 1, wherein the inorganic material is

hydrogen-bonded to a resin containing the organic blue-light emitting material.



9. The hybrid nanoparticle of Claim 8, wherein the resin comprises a

polyvinylpyrrolidone (PVP) resin.

10. The hybrid nanoparticle of Claim 1, further comprising:

an inorganic shell encapsulating the organic blue-light emitting material and

the inorganic material bonded to each other.

11. The hybrid nanoparticle of Claim 10, wherein the inorganic shell comprises a

silica shell.

12. The hybrid nanoparticle of Claim 10, wherein the inorganic shell comprises a

silica shell whose pores are sealed with at least one of a transition metal salt, a

transition metal complex salt, and a transition metal chloride.

13. A transparent light guide comprising:

a resin containing at least one red-light emitting material, at least one green-

light emitting material, and at least one organic blue-light emitting material bonded

with an inorganic material; and

a reflecting sheet.

14. The transparent light guide of Claim 13, wherein the resin comprises a n

acrylic resin.

15. The transparent light guide of Claim 13, wherein the red-light emitting

material comprises a Eu + tri-n-butyl complex.

16. The transparent light guide of Claim 13, wherein the green-light emitting

material comprises a Tb + tri-n-butyl complex.

17. The transparent light guide of Claim 13, wherein the organic blue-light

emitting material comprises at least one of a blue fluorescent material including 9,10-

dibromoanthracene, a bis-(triazinylamino)stilbenedisulfonic acid derivative, a bis-



stilbiphenyl derivative, and 2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene; and a blue

phosphorescent material including tris(2-(2,4-difluorophenyl)pyridinate) iridium(III),

bis(2-(2,4-difluorophenyl) pyridinate)picolinic acid iridium(III), tris(3,4,7,8-

tetramethyl-l,10-phenantrolinato) iridium(III), and tris(2,9-dimethyl-4,7-diphenyl-

1,10-phenanthrolinato) iridium(III).

18. The transparent light guide of Claim 13, wherein the inorganic material

comprises silica.

19. The transparent light guide of Claim 13, wherein the organic blue-light

emitting material bonded with the inorganic material is coated with silica.

20. The transparent light guide of Claim 13, wherein a surface of the organic blue-

light emitting material bonded with the inorganic material is sealed with at least one

of a transition metal salt, a transition metal complex salt, and a transition metal

chloride.

21. The transparent light guide of Claim 13, wherein the reflecting sheet is

disposed to cover one side of surface of the resin.

22. A backlight for a liquid crystal display comprising the transparent light guide

of any of Claims 13-21.

23. A planar illumination device comprising the transparent light guide of any of

Claims 13-21.

24. A method of forming a hybrid nanoparticle, the method comprising:

providing an organic blue-light emitting material; and

bonding an inorganic material to the organic blue-light emitting material to

form a hybrid nanoparticle.

25. The method of Claim 24, wherein the organic blue-light emitting material

comprises at least one of a blue fluorescent material including at least one of 9,10-



dibromoanthracene, a bis-(triazinylamino)stilbenedisulfonic acid derivative, a bis-

stilbiphenyl derivative, and 2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene; and a blue

phosphorescent material including at least one of tris(2-(2,4-

difluorophenyl)pyridinate) iridium(III), bis(2-(2,4-difluorophenyl)

pyridinate)picolinic acid iridium(III), tris(3,4,7,8-tetramethyl-l,10-phenantrolinato)

iridium(III), and tris(2,9-dimethyl-4,7-diphenyl-l,10-phenanthrolinato) iridium(III).

26. The method of Claim 24, wherein the inorganic material comprises silica.

27. The method of Claim 24, wherein the bonding comprises bonding the

inorganic material to the organic blue-light emitting material physically.

28. The method of Claim 24, wherein the bonding step comprises:

preparing a compound of the organic blue-light emitting material and an

alkoxy group; and

hydrolysis-condensing the alkoxy group with an alkoxysilane.

29. The method of Claim 28, wherein the alkoxy group is an ethoxy group, and

the alkoxysilane is tetraethoxysilane (TEOS).

30. The method of Claim 24, wherein the bonding step comprises:

pi-electron-conjugating the organic blue-light emitting material and a silane

coupling agent containing an alkoxy group; and

hydrolysis-condensing the alkoxy group with an alkoxysilane.

31. The method of Claim 30, wherein the silane coupling agent comprises

phenyltriethoxysilane, the alkoxy group comprises an ethoxy group, and the

alkoxysilane comprises tetraethoxysilane (TEOS).

32. The method of Claim 24, wherein the bonding step comprises:

mixing the organic blue-light emitting material with a resin; and

forming a hydrogen-bond between the resin and the inorganic material.



33. The method of Claim 32, wherein the resin comprises a polyvinylpyrrolidone

(PVP) resin.

34. The method of Claim 24, further comprising:

coating the hybrid nanoparticle with an inorganic shell.

35. The method of Claim 34, wherein the inorganic shell comprises a silica shell.

36. The method of Claim 34, wherein the inorganic shell has pores, and

wherein the method further comprises:

sealing the pores of the inorganic shell with at least one of a transition metal

salt, a transition metal complex salt, and a transition metal chloride.

37. The method of Claim 24, wherein the hybrid nanoparticle has pores, and

wherein the method further comprises:

sealing the pores of the hybrid nanoparticle with at least one of a transition

metal salt, a transition metal complex salt, and a transition metal chloride.
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