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HIGH REFRACIIVE-INDEX

CERAMIC/POLYMER HYBRID MATERIAL

This is a continuation-in-part of US. Ser. No.

418,367, filed Oct. 6, 1989 and now abandoned.

BACKGROUND OF THE INVENTION

It is sometimes important for coatings and optical

systems to contain transparent, high refractive-index

materials. The use of high refractive-index materials, for

example, allows for the manufacture of thinner lenses

with substantially the same optical characteristics.

Certain disclosures exist in the prior art relating to

transparent, high refractive-index glass systems that do

not contain an organic polymeric component. For ex-

ample, Japanese Patent Publication No. 63/190,733

describes a high refractiveindex glass obtained by a

cation exchange procedure. Japanese Patent Publica-

tion No. 61/163,167 describes high refractive index and

good near-ultraviolet transmittance optical glass ob-

tained from a mixed oxide system. Japanese Patent Pub-

lication No. 61/163,168 describes cadmium-thorium

free optical glass obtained from mixed oxides.

Jurek and McGrath in Polym, Prep. 26(2), 283(1985)

describe amine-terminated poly(arylene ether) sulfone

and poly(arylene ether) ketone compositions. This ref-

erence, however, is limited to organic polymeric sys-

tems that contain no inorganic components.

SUMMARY OF THE INVENTION

A series of new hybrid materials has been formed by

combining (l) a metal alkoxide sol which, when hydro-

lyzed, forms a highly refractive metal oxide with (2) a

high refractive-index organic polymeric component

reactive with the metal alkoxide, followed by the step of

forming the hybrid materials by the sol-gel process. The

final products are transparent and have a high refractive

index (up: 1.60-1.76). The refractive index of the hy-

brid materials display a linear relationship with metal

’oxide content.

BRIEF DESCRIPTION OF THE DRAWINGS

The instant invention is further illustrated by the

Drawings described below which form a portion of the

instant Specification wherein:

FIG. 1 is a schematic which depicts the general struc-

ture of a poly(arylene ether) ketone (PEK) component

which can be used herein;

FIG. 2 is a schematic which depicts the general struc-

ture of a poly(arylene ether) sulfone (PSF) component

useful herein;

FIG. 3 is a schematic which depicts a suggested gen-

eral network model of either the Ti-PSF or Ti-PEK

network;

FIG. 4 is a refractive-index plot of various TioPEK

hybrid materials versus TiOz content;

FIG. 5 is a refractive-index plot of various Ti-PSF

hybrid materials versus TiOz content;

FIG. 6 is a plot of the dynamic mechanical results for

one of the Ti-PEK systems derived from 25 wt % tita-

nium isopropoxide and 6,000 molecular weight PEK

annealed at 220° C.; and

FIG. 7 is a plot of the dynamic mechanical results for

one of the Ti-PSF systems derived from a similar

weight amount of titanium isopropoxide and 7,200 mo-

lecular weight PSF annealed at 200° C.
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DETAILED DESCRIPTION OF THE PRESENT

INVENTION

The instant novel hybrid systems are formed by the

sol-gel synthesis of a metal alkoxide (e.g., a titanium or

zirconium alkoxide), which if hydrolyzed forms a high

refractive—index metal oxide, with a functionalized or-

ganic polymer component reactive with the alkoxide,

which organic polymer component also has a relatively

high refractive index. Functionalized (e.g., trialkoxysi-

lane-capped) poly(arylene ether) materials form a pre-

ferred class of organic component. The functionalized

poly(arylene ether) ketone and functionalized poly(ary-

lene ether) sulfone materials (abbreviated “PEK" and

“PSF”) are preferred types of poly(arylene ether) mate-

rials which can be selected for use. FIG. 1 shows a

representative amineterminated PEK material before

functionalization. The repeat unit “It” can vary from

about 5 to about 20. FIG. 2 shows an analogous PSF

material and “n” therein can vary from about 5 to about

20. The hybrid systems of this invention can contain

from about 10% to about 90%, by weight, inorganic

'component derived from the aforementioned type of

metal alkoxide and from about 90% to about 10%, by

weight, of the functionalized, highly refractive poly-

meric component. The refractive index (rip) of the poly-

meric component itself can range from about-1.60 to

about 1.64 whereas the index of refraction for the metal

oxide component itself can range from about 1.8 to

about 2.5.

The selected polymeric component (e.g., either PEK

or PSF) can be appropriately functionalized by reaction

of amine-terminated PEK or PSF with an isocyana-

toalkyltrialkoxysilane as shown in Examples 1 and 2

hereinbelow. The amine functionality on the PEK or

PSF materials reacts with the isocyanato moiety on the

alkoxysilane thereby bonding the latter to the former by

an intermediate urethane linkage. The resulting alkox-

ysilane-capped polymer material can then be bonded to

the selected metal alkoxide by sol-gel procedures, pref-

erably using the addition of acid to prevent precipita-

tion when the metal alkoxide chosen has a relatively

faster reaction rate than the high refractive-index or-

ganic component as described in more detail in US.

Ser. No. 418,367, filed Oct. 6, 1989, which is incorpo-

rated herein by reference. Examples 3 and 4 hereinbe-

low illustrate the synthesis procedure for making cer-

tain hybrid materials in accordance with this invention.

The present invention is further illustrated by the

Examples which follow.

EXAMPLE 1

This illustrates the preparation of triethoxysilane-

capped poly(arylene ether) ketone (PEK).

First, 10 g of poly(arylene ether) ketone with amine

end groups and a molecular weight of 6,000, was dis-

solved in 100 ml of THF under nitrogen and was

stirred. Next, 1.03 g (1.25 eq mole) of 3-isocyanato-

propyltriethoxysilane was slowly added to the solution

The solution was stirred under nitrogen at room tem-

perature for 3 hours, then 200 ml of absolute ethanol

was added to the solution to precipitate triethoxysilane-

capped poly(arylene ether) ketone. After filtering, the

final solid product was dried under vacuum at room

temperature.



5,109,080

3

EXAMPLE 2

This illustrates the preparation of triethoxysilane-

capped poly(arylene ether) sulfone (PSF).

First, 10 g of poly(arylene ether) sulfone with amine

end groups and a molecular weight of 7200, was dis-

solved in 100 ml of THF under nitrogen with stirring.

Next, 086 g (1.25 eq mole) of 3-isocyanatopropyltrie-

thoxysilane was slowly added to the solution. The solu-

tion was stirred under nitrogen at room temperature for

3 hours, then 200 ml of absolute ethanol was added to

the solution, and the triethoxysilane-capped poly(ary-

lene ether) sulfone precipitated from solution. After

filtering, the final solid product was dried under vac-

uum at room temperature.

EXAMPLE 3

This illustrates the preparation of a Ti-PEK hybrid

material in accordance with the present invention.

First, 0.1 ml of HCl (ION), and 5 g of THF were

mixed together in a flask. Then the solution was trans-

ferred to an addition funnel. Next, the HCl—containing

THF solution was slowly added to a polypropylene

flask, which contained 5 g of titanium isopropoxide. In

order to avoid local inhomogeneity, a slow addition

rate of the HCl-containing THF solution and a fast

stirring rate were utilized. After adding the HCl-con-

taining THF solution, a clear titania sol (pH :22) was

formed. The solution was kept at room temperature for

24 hours. Then a solution containing an appropriate

amount (e.g., 75 wt% based on the titanium content) of

triethoxysilane-capped poly(arylene ether) ketone in 10x

m1 of THF was mixed with the titania so] and was

stirred for 5 minutes to obtain a homogeneous system.

The final solution was cast into petri dishes and was

covered for further drying and curing at room tempera-

ture. Films could later be removed from the dishes after

12 hours and were annealed (e.g., at 220° C.) for 15

minutes to complete the curing.

EXAMPLE 4

This illustrates the preparation of Ti-PSF hybrid

materials.

First, 0.1 m1 of HCl (ION), and 5 g of THF were

mixed together in a flask. Then the solution was trans-

ferred to an addition funnel. Next, the HCl-containing

THF solution was slowly added to a polypropylene

flask, which contained 5 g of titanium isopropoxide. In

order to avoid local inhomogeneity, a slow addition

rate of the HCl-containing THF solution and a fast
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stirring rate were utilized After adding the HCl—con-

taining THF solution, a clear titania sol (pH=2.2) was

formed. The solution was kept at room temperature for

24 hours. Then a solution containing an appropriate

amount (e.g., as defined in Example 3) of triethoxysi-

lane-capped poly(arylene ether) sulfone in 10x ml of

THF was mixed with the titania sol and was stirred for

5 minutes to obtain a homogeneous system. The final

solution was then cast into petri dishes and was covered

for further drying and curing at room temperature.

Films could be removed from the dishes after 12 hour

and were annealed at 200° C. for 15 minutes to complete

the curing.

The foregoing Examples illustrate‘certain embodi-

ments of the instant invention and should not therefore

be construed in a limiting sense. The scope ofprotection

that is sought is set forth in the claims which follow.

We claim:

1. A high refractive-index ceramic/polymer hybrid

material, having a refractive index of from 1.60 to 1.76,

formed by the sol-gel synthesis of a metal alkoxide and

an alkoxysilane-capped poly(arylene ether) polymeric

component reactive therewith. '

2. A material as claimed in claim 1 wherein the metal

alkoxide is selected from the group consisting of a tita-

nium alkoxide and a zirconium alkoxide.

3. A material as claimed in claim 1 wherein the metal

alkoxide is a titanium alkoxide.

4. A material as claimed in claim 1 wherein the poly-

meric component is an alkoxysilane-capped poly(ary-

lene ether) ketone.

5. A material as claimed in claim 1 wherein the poly-

meric component is an alkoxysilane-capped (arylene

ether) sulfone.

6. A material as claimed in claim 4 wherein the metal

alkoxide is a titanium alkoxide.

7. A material as claimed in claim 5 wherein the metal

alkoxide is a titanium alkoxide.

8. Material as claimed in claim 1 which comprises

from about 10% to about 90%, by weight of a metal

oxide component derived from a metal alkoxide se-

lected from the group consisting of a titanium alkoxide

and a zirconium alkoxide and from about 90% to about

10%, by weight of a trialkoxysilane-capped poly(ary-

lene ether) polymeric component.

9. A material as claimed in claim 8 wherein the poly-

(arylene ether) is a poly(arylene ether) ketone.

10. A material as claimed in claim 8 wherein the

poly(arylene ether) is a poly(arylene ether) sulfone.
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