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[DESCRIPTION]

[TITLE OF INVENTION]

POLYMETALLOXANE,METHODFORPRODUCINGSAME,COMPO8DNTHEREOF,

CURED FILM AND METHOD FOR PRODUCING SAME, AND MEMBES AND

ELECTRONIC COMPONENTS PROVIDED WITH SAME
[Technical Field]
[0001]

Thepresentinventionrelatestoapolymetalloxane
for producing same, a composition thereof, a cured
methodforproducingsame,andmembersandelectron
provided with same.
[Background Art]
[0002]

A film made of a metal oxide has properties such a
heat resistance, high transparency, high refractive
the like and is expected to have properties useful
applications.
[0003]

There has been known, as a method for forming such
a method of forming a film of titanium oxide or zir
byavaporphase methodsuchaschemicalvapordepo
However, because of low film forming rate, it is di
thevaporphasemethodsuchasCVDtoobtainafilm
can be industrially used.

[0004]
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Meanwhile,therehasbeenproposedamethodinwhi
alkoxideishydrolyzedinasolvent,followedbypo
toformapolymetalloxane,andthe polymetalloxane
curedtoobtainahighrefractiveindexthinfilm.
themetalalkoxideishydrolyzed,thehydrolyzatea
becomes insoluble in the organic solvent. For this
polymetalloxane,whichstablyexistsinatranspare
state in a solution and can form a homogeneous cure
not been industrialized at present.

[0005]

Inthepastliteratures, therehasbeenreportedt
inwhich aggregation of a hydrolysate is prevented
carrying out the hydrolysis under special condition
example, Patent Literatures 1 and 2).

[Citation List]
[Patent Literature]
[0006]

[Patent Literature 1] JP 1-129032 A

[Patent Literature 2] JP 2015-3896 A
[Summary of Invention]

[Technical Problem]
[0007]

As a method of hydrolyzing a metal alkoxide ina s

technology mentionedinPatentLiterature lisame

thetemperatureofametalalkoxidesolutionismai

chametal
lycondensation
iscoatedand

However,when

ggregatesand
reason, a
ntanduniform

d film, has

echnology
by carefully
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thodinwhich
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and water for hydrolysis is added in the amount of
and 1.7-fold mols or less based on 1 mol of a titan

to obtain a ladder-like polytitanoxane which is sol
organic solvent. However, such a method had a prob
additionofwateratatemperaturelowerthan70°C
inamount of water leads to precipitation due to ag

the hydrolyzate. Because of low degree of the hydr
numerousalkoxygroupsremainintheresultingpoly
the alkoxy group is hydrolyzed by moisture in the a
formation of a coating film, thus failing to form a

film by crack generation due to the elimination,.
[0008]

Technology mentioned in Patent Literature 2 is tec
inwhich atitaniumcompound s reacted with water
solution in the presence of a special hydrochloride
a titanium compound oligomer. However, such a meth
a problem that an increase in amount of water leads
precipitationduetoaggregationofthehydrolysate
a high molecular weight polymetalloxane cannot be o
leading to crack generation during formation ofac
thus failing to form a homogeneous film.

[0009]

An object of the present invention is to provide a

polymetalloxanewhichstablyexistsinatransparen

state in a solution and can form a homogeneous cure

1 molormore
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[Solution to Problem]
[0010]
The present invention is directed to a polymetallo

includingaconstituentunitrepresentedbythefol
formula (1):
[0011]
[Chemical Formula 1]

(R"),
—H\:/I—Oa— (1)

(OR?)

m-a-2

[0012]

whereinR lisanorganicgroup, atleastone ofR

group, R 3is optionally selected from a hydroxy group, an al
grouphavingltol2carbonatoms,analicyclicalk
5tol2carbonatoms,analkoxygrouphavingltol

an aromatic group having 6 to 30 carbon atoms, agr
siloxane bond, or a group having a metalloxane bond
optionally selected from a hydrogen atom, an alkyl

1to 12 carbonatoms, or agroup having ametalloxa

Xane

lowinggeneral

lisan(R  3:3SiO-)
kyl
ylgrouphaving
2carbonatoms,
oup having a
,R %is
group having

ne bond, when

pluralR 1 R ?,andR 3exist, they may be the same or different,

M represents a metal atom selected from the group ¢
Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr,
Rh, Pd, Ag, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt,
Bi, mis an integer indicating a valence of a metal

ais aninteger of 1 to (m - 2).

onsisting of
Nb, Mo, Ru,
Au, Tl, and

atom M, and
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The present invention is directed to, in another a
amethodforproducingapolymetalloxane,whichinc
ofpolycondensingacompoundrepresentedbythefol
formula (2):

[0013]

[Chemical Formula 2]

spect,
ludingthestep

lowinggeneral

R*
( R4—s:i—o);M—é0R5)m_n (2

R4
[0014]
whereinR  “*isoptionally selected from a hydroxy group, anal kyl
grouphavingltol2carbonatoms,analicyclicalk ylgrouphaving
5tol12carbonatoms,analkoxygrouphavingltol 2carbonatoms,
oranaromaticgrouphaving6to30carbonatoms,R Sisoptionally
selected from a hydrogen atom or an alkyl group hav ing 1to 12
carbon atoms, when plural R “and R ° exist, they may be the same
or different, M represents a metal atom selected fr omthe group
consisting of Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn ,Ga, Ge, Zr,
Nb, Mo, Ru, Rh, Pd, Ag, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt,
Au, Tl, and Bi, mis an integer indicating a valenc e ofametal
atomM ,andnisanintegeroflto(m-1),orah ydrolysatethereof.
[Advantageous Effects of Invention]
[0015]

The polymetalloxane ofthe presentinvention stabl yexists

in a transparent and uniform state in a solution.

According to
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the polymetalloxane of the presentinvention, itis
provideacuredfilmhavinghightransparencyandh
index.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0016]

FIG. 1is a schematic view showing the production
of a transparent conductive film pattern, a transpa
insulating film, and a wiring.

FIG. 2 is a schematic view showing a cross section
substrate for evaluation of visibility of a transpa
conductive film.

[Description of Embodiments]
[0017]
(Polymetalloxane)

The present invention is directed to a polymetallo
includingaconstituentunitrepresentedbythefol
formula (1).

[0018]

[Chemical Formula 3]

(F|<1)a
—H\|/I—O§— (1
( OR2 ) m-a-2
[0019]
R!is an organic group, atleastone of R lisan(R

R® is optionally selected from a hydroxy group, an al

possible to

ighrefractive

process

rent

of a

rent

Xane

lowinggeneral

33Si0-) group.

kyl group
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having 1 to 12 carbon atoms, an alicyclic alkyl gro up having 5
to 12 carbonatoms, an alkoxy group having 1to 12 carbonatoms,
an aromatic group having 6 to 30 carbon atoms, a gr oup having a
siloxane bond, or a group having a metalloxane bond .R Zis

optionally selected from a hydrogen atom, an alkyl group having
1tol2carbonatoms,oragrouphavingametalloxa nebond. When

pluralR 1 R ?,andR 3 exist, they may be the same or different.

M represents a metal atom selected from the group ¢ onsisting of
Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ru,
Rh, Pd, Ag, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, Au, Tl, and
Bi. misanintegerindicating avalence ofameta latom M, and

ais aninteger of 1 to (m - 2).
[0020]

Theorganicgrouprepresentedby R lispreferably ahydroxy
group, an alkyl group having 1 to 12 carbon atoms, analicyclic
alkyl group having 5to 12 carbon atoms, an alkoxy group having
1tol2carbonatoms,anaromaticgrouphaving6to 30carbonatoms,
an (R 33SiO-) group, a group having a siloxane bond, or a g roup

having a metalloxane bond.

[0021]

Examples of the alkyl group having 1 to 12 carbon atoms
include a methyl group, an ethyl group, a propyl gr oup, an
isopropylgroup,abutylgroup,anisobutylgroup, as-butylgroup,
at-butyl group, a pentyl group, a hexyl group,ah eptyl group,

anoctylgroup,a2-ethylhexylgroup,anonylgroup ,adecylgroup,
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and the like.
[0022]

Examplesofthealicyclicalkylgroup having5to
atoms include a cyclopentyl group, a cyclohexyl gro
cycloheptyl group, a cyclooctyl group, a cyclononyl
cyclodecyl group, and the like.

[0023]

Examples of the alkoxy group having 1 to 12 carbon
include a methoxy group, an ethoxy group, a propoxy
isopropoxy group, abutoxygroup,anisobutoxygrou
group, a t-butoxy group, a pentoxy group, a hexylox
heptoxygroup,anoctoxygroup, a2-ethylhexyloxyg
group, a decyloxy group, and the like.

[0024]

Examples of the aromatic group having 6 to 30 carb
include a phenyl group, a phenoxy group, a benzyl g
phenylethyl group, a naphthyl group, and the like.
[0025]

The group having a siloxane bond means that it is
toanotherSi. Thegrouphavingametalloxanebond
it is bonded to the other M.

[0026]

These descriptions are also common to the metal co

represented by the general formulas (2) and (3) des

unless otherwise specified.

12carbon
up, a

group, a

atoms
group, an
p,as-butoxy

Yy group, a

roup,anonyl

onatoms

roup, a

bonded

indicatesthat

mpounds
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[0027]

The polymetalloxane of the present invention has a

constituent unit represented by the general formula (1) asa
repeatingunit. Thepolymetalloxanehavingthecon stituentunit
represented by the general formula (1) has an (R 3,Si0-) group,
leading to significantimprovement in compatibility with other
components. Therefore, the polymetalloxane stably existsinan

organic solvent.

[0028]

Thepolymetalloxanehavingtheconstituentunitre presented
bythegeneralformula(1)hasthe (R 3,Si0-)group, thusenabling
releaseofcondensationstressofthe polymetalloxa nebyheating
inthestepofformingthecuredfilmmentionedlat er. Therefore,
use of the polymetalloxane enables formation of a h omogeneous

cured film which hardly generates cracking.

[0029]

Examples ofthe (R 3;Si0-) group include a trihydroxysiloxy
group, a trimethylsiloxy group, a triethylsiloxy gr oup, a
tripropylsiloxy group, a triisopropylsiloxy group, a

tributylsiloxy group, a triisobutylsiloxy group, a

tri-s-butylsiloxy group, a tri-t-butylsiloxy group, a
tricyclohexylsiloxy group, a trimethoxysiloxy group , a
triethoxysiloxy group, a tripropoxysiloxy group, a

triisopropoxysiloxy group, a tributoxysiloxy group, a

triphenylsiloxy group, a hydroxydiphenylsiloxy grou p, a
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methyldiphenylsiloxy group, an ethyldiphenylsiloxy
propyldiphenylsiloxy group, a dihydroxy(phenyl)silo
dimethyl(phenyl)siloxy group, a diethyl(phenyl)silo
dipropyl(phenyl)siloxy group, a trinaphthylsiloxy g
hydroxydinaphthylsiloxy group, a methyldinaphthylsi
anethyldinaphthylsiloxygroup,apropyldinaphthyls

a dihydroxy(naphthyl)siloxy group, a dimethyl(napht
group, a diethyl(naphthyl)siloxy group, a
dipropyl(naphthyl)siloxy group, and the like.

[0030]

From the viewpoint of the heat resistance of the

group, a
Xy group, a
Xy group, a

roup, a
loxy group,

iloxygroup,

hyl)siloxy

polymetalloxane, R 3 is preferably an alkyl group having 1 to 4

carbon atoms or a phenyl group. Specific examples
grouphavinglto4carbonatomsincludeamethylg
group, a propyl group, an isopropyl group, a butyl
isobutyl group, and a t-butyl group. Examples of p
(R33Si0-)groupincludeatrimethylsiloxygroup,atrie
group, a tripropylsiloxy group, a triisopropylsilox
tributylsiloxy group, a triisobutylsiloxy group, a
tri-s-butylsiloxy group, a tri-t-butylsiloxy group,
methyldiphenylsiloxy group, an ethyldiphenylsiloxy
propyldiphenylsiloxy group, a dihydroxy(phenyl)silo
dimethyl(phenyl)siloxy group, a diethyl(phenyl)silo
dipropyl(phenyl)siloxy group, and the like.

[0031]

of the alkyl
roup,anethyl
group, an
referred
thylsiloxy

y group, a

a
group, a
Xy group, a

Xy group, a
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When the content of the (R
theratio ofthe number of mols of Siatomstothe
ofMatomsofthepolymetalloxane,itispreferably
and 250 mol% orless,andmore preferably 10mol%o
mol% or less. By setting the content of the (R
the above range, the compatibility of the polymetal
other components is further improved. Therefore, t
polymetalloxanestablyexistsparticularlyinanor

At least one of R
hydroxyl group. Inclusion of the hydroxyl group in
polymetalloxane having a structural unit represente
general formula (1) enables formation of a polymeta
excellentinstoragestabilitywithasmallincreas
even during long-term storage.

[0032]

When the polymetalloxane has the constituent unit
represented by the general formula (1), it is possi
a cured film mainly composed of a resin containing
having high electron density in the main chain. Th
density of metal atoms in the cured film can be inc
making it possible to easily achieve a high refract
Whenthe polymetalloxane hastheconstituentunitr
the general formula (1), a dielectric having no fre
isobtained,thusmakingitpossibletoachievehig

and heat resistance.

3;Si0-) group is represented by

number of mols
1mol%ormore

rmoreand200

3,Si0-) group in

loxane with
he

ganicsolvent.

Lin the polymetalloxane is preferably a

the
d by the
lloxane

einviscosity

ble to form
metal atoms
erefore, the
reased, thus
ive index.
epresentedby
e electrons

htransparency
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[0033]

In the general formula (1), M is preferably a meta
selected from the group consisting of Al, Ti, Zr, a
ofthesemetalatomsenablesformationofapolymet
a high refractive index. More preferably, it is Ti
[0034]

In the general formula (1), mis preferably 3 or m
5 or less.

The lower limit of the weight average molecular we
the polymetalloxane is preferably 500 or more, more
1,0000rmore,andstillmorepreferably10,0000r
limit is preferably 1,000,000 or less, more prefera
or less, and still more preferably 200,000 or less.
weight average molecular weight is in the above ran
properties are improved. When the weight average m
weightisthelowerlimitormore,physicalpropert
film mentioned later are improved, thus obtaining a
particularly excellent in crack resistance.

[0035]

Theweightaveragemolecularweightinthepresent
meansavalueintermsof polystyrene measuredbyg
chromatography (GPC).

[0036]
Theweightaverage molecularweightofthe polymet

can be determined, for example, by the following me

| atom
nd Sn. Use
alloxanehaving

or Zr.

ore and

ight of
preferably
more. Theupper
bly 500,000
When the
ge, coating
olecular
iesofthecured

cured film

invention

elpermeation

alloxane

thod. The
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polymetalloxane is dissolved in an eluent such that
concentrationbecame0.2%byweighttoprepareasa
Subsequently,the sample solutionispouredintoa
with a porous gel and an eluent. The column eluate
byadifferentialrefractiveindexdetectorandthe
is analyzed to determine the weight average molecul
N-methyl-2-pyrrolidone containing lithium chloride
therein is suitably used as the eluent.
[0037]
(Method for Producing Polymetalloxane)

There is no particular limitation on the synthesis
of the polymetalloxane having the constituent unit
by the general formula (1), and the synthesis metho
includesthestepofpolycondensingacompoundrepr
followinggeneralformula(2)orahydrolysatether
thepresentinventionisdirectedto,inanotheras
for producing a polymetalloxane, which including th
polycondensing a compound represented by the follow
formula (2).
[0038]

[Chemical Formula 4]

R4

( R4—%F—O}EM—€OR5%n4] (2)
R4

[0039]

the
mplesolution.
columnpacked
is detected
elutiontime
ar weight.

dissolved

method
represented
d preferably
esentedbythe
eof. Namely,
pect,amethod
e step of

ing general
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WhereinR “isoptionally selected from ahydroxy group, anal kyl

grouphavingltol2carbonatoms,analicyclicalk
5tol2carbonatoms,analkoxygrouphavingltol
oranaromaticgrouphaving6to30carbonatoms.
selected from a hydrogen atom or an alkyl group hav
carbon atoms. When plural R
ordifferent. Mrepresentsametalatomselectedf
consisting of Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn

Nb, Mo, Ru, Rh, Pd, Ag, In, Sn, Sh, Hf, Ta, W, Re,
Au, Tl,and Bi. misanintegerindicating avalen
atomM,andnisanintegeroflto(m-1),orah

[0040]

More specifically, it is preferable to synthesize
optionally hydrolyzing the compound represented by
formula(2),followedbypartialcondensationandp
Here,thepartialcondensationmeansnottocondens
ofthe hydrolyzate, butto leave apartof M-OHin
polymetalloxane. Under the general condensation co
mentioned later, generally, M-OH partially remains.
of remaining M-OH is not limited.

[0041]

Ingeneral, when water is added to the metal alkox

alkoxy group has high hydrolyzability, thus produci
hydroxidecompoundinwhichallthealkoxygroupsi

arehydrolyzed. Thismetalhydroxidecompoundaggr

ylgrouphaving
2carbonatoms,
Reisoptionally

ing1to 12

4andR ° exist, they may be the same

romthegroup

,Ga, Ge, Zr,
Os, Ir, Pt,

ceofametal

ydrolysatethereof.

by
the general
olymerization.
ealltheM-OH
theresultant
nditions as

Theamount

ide, the
ng a metal
nthemolecule

egatesinthe
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solution and becomes insoluble in the solvent, and
precipitation occurs.
[0042]

Meanwhile, because of low hydrolyzability of the s
grouprepresentedby(R
generalformula(2),itispossibletoselectively
alkoxy group by addition of water. It is possible
resulting hydrolyzate to obtain a transparent and h
solution without aggregating in the solution due to
hindrance of the siloxy group. For thisreason, it
toincreasethedegreeofhydrolysisascomparedwi
technology. Therefore,itispossibletoobtaina
weightpolymetalloxane, particularlyapolymetallox
weightaveragemolecularweightexceeding10,000,b
and polycondensing the compound represented by the
formula (2).

[0043]

As specific examples of the compound represented b
general formula (2), for example, when the metal at
examples of those in which n = 1 include:
trimethoxy(trimethylsiloxy)titanium,
triethoxy(trimethylsiloxy)titanium,
tripropoxy(trimethylsiloxy)titanium,
triisopropoxy(trimethylsiloxy)titanium,

tributoxy(trimethylsiloxy)titanium,

thus

iloxy

3,Si0-)inthecompoundrepresentedbythe

hydrolyzethe
for the
omogeneous
the steric
is possible
thconventional
highmolecular
anehavinga
yhydrolyzing

general

y the

omMis Ti,
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triisobutoxy(trimethylsiloxy)titanium,
tri-s-butoxy(trimethylsiloxy)titanium,
tri-t-butoxy(trimethylsiloxy)titanium,
tricyclohexoxy(trimethylsiloxy)titanium,
triphenoxy(trimethylsiloxy)titanium;
trimethoxy(triethylsiloxy)titanium,
triethoxy(triethylsiloxy)titanium,
tripropoxy(triethylsiloxy)titanium,
triisopropoxy(triethylsiloxy)titanium,
tributoxy(triethylsiloxy)titanium,
triisobutoxy(triethylsiloxy)titanium,
tri-s-butoxy(triethylsiloxy)titanium,
tri-t-butoxy(triethylsiloxy)titanium,
tricyclohexoxy(triethylsiloxy)titanium,
triphenoxy(triethylsiloxy)titanium;
trimethoxy(tripropylsiloxy)titanium,
triethoxy(tripropylsiloxy)titanium,
tripropoxy(tripropylsiloxy)titanium,
triisopropoxy(tripropylsiloxy)titanium,
tributoxy(tripropylsiloxy)titanium,
triisobutoxy(tripropylsiloxy)titanium,
tri-s-butoxy(tripropylsiloxy)titanium,
tri-t-butoxy(tripropylsiloxy)titanium,
tricyclohexoxy(tripropylsiloxy)titanium,

triphenoxy(tripropylsiloxy)titanium;
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trimethoxy(triisopropylsiloxy)titanium,
triethoxy(triisopropylsiloxy)titanium,
tripropoxy(triisopropylsiloxy)titanium,
triisopropoxy(triisopropylsiloxy)titanium,
tributoxy(triisopropylsiloxy)titanium,
triisobutoxy(triisopropylsiloxy)titanium,
tri-s-butoxy(triisopropylsiloxy)titanium,
tri-t-butoxy(triisopropylsiloxy)titanium,
tricyclohexoxy(triisopropylsiloxy)titanium,
triphenoxy(triisopropylsiloxy)titanium;

trimethoxy(tributylsiloxy)titanium,
triethoxy(tributylsiloxy)titanium,
tripropoxy(tributylsiloxy)titanium,
triisopropoxy(tributylsiloxy)titanium,
tributoxy(tributylsiloxy)titanium,
triisobutoxy(tributylsiloxy)titanium,
tri-s-butoxy(tributylsiloxy)titanium,
tri-t-butoxy(tributylsiloxy)titanium,
tricyclohexoxy(tributylsiloxy)titanium,
triphenoxy(tributylsiloxy)titanium;

trimethoxy(triisobutylsiloxy)titanium,
triethoxy(triisobutylsiloxy)titanium,
tripropoxy(triisobutylsiloxy)titanium,
triisopropoxy(triisobutylsiloxy)titanium,

tributoxy(triisobutylsiloxy)titanium,
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triisobutoxy(triisobutylsiloxy)titanium,
tri-s-butoxy(triisobutylsiloxy)titanium,
tri-t-butoxy(triisobutylsiloxy)titanium,
tricyclohexoxy(triisobutylsiloxy)titanium,
triphenoxy(triisobutylsiloxy)titanium;
trimethoxy(tri-s-butoxysiloxy)titanium,
triethoxy(tri-s-butoxysiloxy)titanium,
tripropoxy(tri-s-butoxysiloxy)titanium,
triisopropoxy(tri-s-butoxysiloxy)titanium,
tributoxy(tri-s-butoxysiloxy)titanium,
triisobutoxy(tri-s-butoxysiloxy)titanium,
tri-s-butoxy(tri-s-butoxysiloxy)titanium,
tri-t-butoxy(tri-s-butoxysiloxy)titanium,
tricyclohexoxy(tri-s-butoxysiloxy)titanium,
triphenoxy(tri-s-butoxysiloxy)titanium;
trimethoxy(tri-t-butoxysiloxy)titanium,
triethoxy(tri-t-butoxysiloxy)titanium,
tripropoxy(tri-t-butoxysiloxy)titanium,
triisopropoxy(tri-t-butoxysiloxy)titanium,
tributoxy(tri-t-butoxysiloxy)titanium,
triisobutoxy(tri-t-butoxysiloxy)titanium,
tri-s-butoxy(tri-t-butoxysiloxy)titanium,
tri-t-butoxy(tri-t-butoxysiloxy)titanium,
tricyclohexoxy(tri-t-butoxysiloxy)titanium,

triphenoxy(tri-t-butoxysiloxy)titanium;
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trimethoxy(tricyclohexylsiloxy)titanium,
triethoxy(tricyclohexylsiloxy)titanium,
tripropoxy(tricyclohexylsiloxy)titanium,
triisopropoxy(tricyclohexylsiloxy)titanium,
tributoxy(tricyclohexylsiloxy)titanium,
triisobutoxy(tricyclohexylsiloxy)titanium,
tri-s-butoxy(tricyclohexylsiloxy)titanium,
tri-t-butoxy(tricyclohexylsiloxy)titanium,
tricyclohexoxy(tricyclohexylsiloxy)titanium,
triphenoxy(tricyclohexylsiloxy)titanium;

trimethoxy(triphenylsiloxy)titanium,
triethoxy(triphenylsiloxy)titanium,
tripropoxy(triphenylsiloxy)titanium,
triisopropoxy(triphenylsiloxy)titanium,
tributoxy(triphenylsiloxy)titanium,
triisobutoxy(triphenylsiloxy)titanium,
tri-s-butoxy(triphenylsiloxy)titanium,
tri-t-butoxy(triphenylsiloxy)titanium,
tricyclohexoxy(triphenylsiloxy)titanium,
triphenoxy(triphenylsiloxy)titanium,andthelike;
of those in which n = 2 include:

dimethoxybis(trimethylsiloxy)titanium,
diethoxybis(trimethylsiloxy)titanium,
dipropoxybis(trimethylsiloxy)titanium,

diisopropoxybis(trimethylsiloxy)titanium,

andexamples
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dibutoxybis(trimethylsiloxy)titanium,
diisobutoxybis(trimethylsiloxy)titanium,
di-s-butoxybis(trimethylsiloxy)titanium,
di-t-butoxybis(trimethylsiloxy)titanium,
dicyclohexoxybis(trimethylsiloxy)titanium,
diphenoxybis(trimethylsiloxy)titanium;
dimethoxybis(triethylsiloxy)titanium,
diethoxybis(triethylsiloxy)titanium,
dipropoxybis(triethylsiloxy)titanium,
diisopropoxybis(triethylsiloxy)titanium,
dibutoxybis(triethylsiloxy)titanium,
diisobutoxybis(triethylsiloxy)titanium,
di-s-butoxybis(triethylsiloxy)titanium,
di-t-butoxybis(triethylsiloxy)titanium,
dicyclohexoxybis(triethylsiloxy)titanium,
diphenoxybis(triethylsiloxy)titanium;
dimethoxybis(tripropylsiloxy)titanium,
diethoxybis(tripropylsiloxy)titanium,
dipropoxybis(tripropylsiloxy)titanium,
diisopropoxybis(tripropylsiloxy)titanium,
dibutoxybis(tripropylsiloxy)titanium,
diisobutoxybis(tripropylsiloxy)titanium,
di-s-butoxybis(tripropylsiloxy)titanium,
di-t-butoxybis(tripropylsiloxy)titanium,

dicyclohexoxybis(tripropylsiloxy)titanium,
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diphenoxybis(tripropylsiloxy)titanium;

dimethoxybis(triisopropylsiloxy)titanium,

diethoxybis(triisopropylsiloxy)titanium,
dipropoxybis(triisopropylsiloxy)titanium,
diisopropoxybis(triisopropylsiloxy)titanium,
dibutoxybis(triisopropylsiloxy)titanium,
diisobutoxybis(triisopropylsiloxy)titanium,
di-s-butoxybis(triisopropylsiloxy)titanium,
di-t-butoxybis(triisopropylsiloxy)titanium,
dicyclohexoxybis(triisopropylsiloxy)titanium,
diphenoxybis(triisopropylsiloxy)titanium;
dimethoxybis(tributylsiloxy)titanium,
diethoxybis(tributylsiloxy)titanium,
dipropoxybis(tributylsiloxy)titanium,
diisopropoxybis(tributylsiloxy)titanium,
dibutoxybis(tributylsiloxy)titanium,
diisobutoxybis(tributylsiloxy)titanium,
di-s-butoxybis(tributylsiloxy)titanium,
di-t-butoxybis(tributylsiloxy)titanium,
dicyclohexoxybis(tributylsiloxy)titanium,
diphenoxybis(tributylsiloxy)titanium;
dimethoxybis(triisobutylsiloxy)titanium,
diethoxybis(triisobutylsiloxy)titanium,
dipropoxybis(triisobutylsiloxy)titanium,

diisopropoxybis(triisobutylsiloxy)titanium,
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dibutoxybis(triisobutylsiloxy)titanium,
diisobutoxybis(triisobutylsiloxy)titanium,
di-s-butoxybis(triisobutylsiloxy)titanium,
di-t-butoxybis(triisobutylsiloxy)titanium,
dicyclohexoxybis(triisobutylsiloxy)titanium,
diphenoxybis(triisobutylsiloxy)titanium;
dimethoxybis(tri-s-butoxysiloxy)titanium,
diethoxybis(tri-s-butoxysiloxy)titanium,
dipropoxybis(tri-s-butoxysiloxy)titanium,
diisopropoxybis(tri-s-butoxysiloxy)titanium,
dibutoxybis(tri-s-butoxysiloxy)titanium,
diisobutoxybis(tri-s-butoxysiloxy)titanium,
di-s-butoxybis(tri-s-butoxysiloxy)titanium,
di-t-butoxybis(tri-s-butoxysiloxy)titanium,
dicyclohexoxybis(tri-s-butoxysiloxy)titanium,
diphenoxybis(tri-s-butoxysiloxy)titanium;
dimethoxybis(tri-t-butoxysiloxy)titanium,
diethoxybis(tri-t-butoxysiloxy)titanium,
dipropoxybis(tri-t-butoxysiloxy)titanium,
diisopropoxybis(tri-t-butoxysiloxy)titanium,
dibutoxybis(tri-t-butoxysiloxy)titanium,
diisobutoxybis(tri-t-butoxysiloxy)titanium,
di-s-butoxybis(tri-t-butoxysiloxy)titanium,
di-t-butoxybis(tri-t-butoxysiloxy)titanium,

dicyclohexoxybis(tri-t-butoxysiloxy)titanium,
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diphenoxybis(tri-t-butoxysiloxy)titanium;

dimethoxybis(tricyclohexylsiloxy)titanium,
diethoxybis(tricyclohexylsiloxy)titanium,
dipropoxybis(tricyclohexylsiloxy)titanium,
diisopropoxybis(tricyclohexylsiloxy)titanium,
dibutoxybis(tricyclohexylsiloxy)titanium,
diisobutoxybis(tricyclohexylsiloxy)titanium,
di-s-butoxybis(tricyclohexylsiloxy)titanium,
di-t-butoxybis(tricyclohexylsiloxy)titanium,
dicyclohexoxybis(tricyclohexylsiloxy)titanium,
diphenoxybis(tricyclohexylsiloxy)titanium;

dimethoxybis(triphenylsiloxy)titanium,
diethoxybis(triphenylsiloxy)titanium,
dipropoxybis(triphenylsiloxy)titanium,
diisopropoxybis(triphenylsiloxy)titanium,
dibutoxybis(triphenylsiloxy)titanium,
diisobutoxybis(triphenylsiloxy)titanium,
di-s-butoxybis(triphenylsiloxy)titanium,
di-t-butoxybis(triphenylsiloxy)titanium,
dicyclohexoxybis(triphenylsiloxy)titanium,
diphenoxybis(triphenylsiloxy)titanium, and the like
[0044]

When the metal atom M is Zr, examples of those in
=1 include:

trimethoxy(trimethylsiloxy)zirconium,

which n
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triethoxy(trimethylsiloxy)zirconium,
tripropoxy(trimethylsiloxy)zirconium,
triisopropoxy(trimethylsiloxy)zirconium,
tributoxy(trimethylsiloxy)zirconium,
triisobutoxy(trimethylsiloxy)zirconium,
tri-s-butoxy(trimethylsiloxy)zirconium,
tri-t-butoxy(trimethylsiloxy)zirconium,
tricyclohexoxy(trimethylsiloxy)zirconium,
triphenoxy(trimethylsiloxy)zirconium;
trimethoxy(triethylsiloxy)zirconium,
triethoxy(triethylsiloxy)zirconium,
tripropoxy(triethylsiloxy)zirconium,
triisopropoxy(triethylsiloxy)zirconium,
tributoxy(triethylsiloxy)zirconium,
triisobutoxy(triethylsiloxy)zirconium,
tri-s-butoxy(triethylsiloxy)zirconium,
tri-t-butoxy(triethylsiloxy)zirconium,
tricyclohexoxy(triethylsiloxy)zirconium,
triphenoxy(triethylsiloxy)zirconium;
trimethoxy(tripropylsiloxy)zirconium,
triethoxy(tripropylsiloxy)zirconium,
tripropoxy(tripropylsiloxy)zirconium,
triisopropoxy(tripropylsiloxy)zirconium,
tributoxy(tripropylsiloxy)zirconium,

triisobutoxy(tripropylsiloxy)zirconium,
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tri-s-butoxy(tripropylsiloxy)zirconium,
tri-t-butoxy(tripropylsiloxy)zirconium,
tricyclohexoxy(tripropylsiloxy)zirconium,
triphenoxy(tripropylsiloxy)zirconium;
trimethoxy(triisopropylsiloxy)zirconium,
triethoxy(triisopropylsiloxy)zirconium,
tripropoxy(triisopropylsiloxy)zirconium,
triisopropoxy(triisopropylsiloxy)zirconium,
tributoxy(triisopropylsiloxy)zirconium,
triisobutoxy(triisopropylsiloxy)zirconium,
tri-s-butoxy(triisopropylsiloxy)zirconium,
tri-t-butoxy(triisopropylsiloxy)zirconium,
tricyclohexoxy(triisopropylsiloxy)zirconium,
triphenoxy(triisopropylsiloxy)zirconium;
trimethoxy(tributylsiloxy)zirconium,
triethoxy(tributylsiloxy)zirconium,
tripropoxy(tributylsiloxy)zirconium,
triisopropoxy(tributylsiloxy)zirconium,
tributoxy(tributylsiloxy)zirconium,
triisobutoxy(tributylsiloxy)zirconium,
tri-s-butoxy(tributylsiloxy)zirconium,
tri-t-butoxy(tributylsiloxy)zirconium,
tricyclohexoxy(tributylsiloxy)zirconium,
triphenoxy(tributylsiloxy)zirconium;

trimethoxy(triisobutylsiloxy)zirconium,
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triethoxy(triisobutylsiloxy)zirconium,
tripropoxy(triisobutylsiloxy)zirconium,
triisopropoxy(triisobutylsiloxy)zirconium,
tributoxy(triisobutylsiloxy)zirconium,
triisobutoxy(triisobutylsiloxy)zirconium,
tri-s-butoxy(triisobutylsiloxy)zirconium,
tri-t-butoxy(triisobutylsiloxy)zirconium,
tricyclohexoxy(triisobutylsiloxy)zirconium,
triphenoxy(triisobutylsiloxy)zirconium;
trimethoxy(tri-s-butoxysiloxy)zirconium,
triethoxy(tri-s-butoxysiloxy)zirconium,
tripropoxy(tri-s-butoxysiloxy)zirconium,
triisopropoxy(tri-s-butoxysiloxy)zirconium,
tri-n-butoxy(tri-s-butoxysiloxy)zirconium,
triisobutoxy(tri-s-butoxysiloxy)zirconium,
tri-s-butoxy(tri-s-butoxysiloxy)zirconium,
tri-t-butoxy(tri-s-butoxysiloxy)zirconium,
tricyclohexoxy(tri-s-butoxysiloxy)zirconium,
triphenoxy(tri-s-butoxysiloxy)zirconium;
trimethoxy(tri-t-butoxysiloxy)zirconium,
triethoxy(tri-t-butoxysiloxy)zirconium,
tripropoxy(tri-t-butoxysiloxy)zirconium,
triisopropoxy(tri-t-butoxysiloxy)zirconium,
tri-n-butoxy(tri-t-butoxysiloxy)zirconium,

triisobutoxy(tri-t-butoxysiloxy)zirconium,
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tri-s-butoxy(tri-t-butoxysiloxy)zirconium,
tri-t-butoxy(tri-t-butoxysiloxy)zirconium,
tricyclohexoxy(tri-t-butoxysiloxy)zirconium,
triphenoxy(tri-t-butoxysiloxy)zirconium;
trimethoxy(tricyclohexylsiloxy)zirconium,
triethoxy(tricyclohexylsiloxy)zirconium,
tripropoxy(tricyclohexylsiloxy)zirconium,
triisopropoxy(tricyclohexylsiloxy)zirconium,
tributoxy(tricyclohexylsiloxy)zirconium,
triisobutoxy(tricyclohexylsiloxy)zirconium,
tri-s-butoxy(tricyclohexylsiloxy)zirconium,
tri-t-butoxy(tricyclohexylsiloxy)zirconium,
tricyclohexoxy(tricyclohexylsiloxy)zirconium,
triphenoxy(tricyclohexylsiloxy)zirconium;
trimethoxy(triphenylsiloxy)zirconium,
triethoxy(triphenylsiloxy)zirconium,
tripropoxy(triphenylsiloxy)zirconium,
triisopropoxy(triphenylsiloxy)zirconium,
tributoxy(triphenylsiloxy)zirconium,
triisobutoxy(triphenylsiloxy)zirconium,
tri-s-butoxy(triphenylsiloxy)zirconium,
tri-t-butoxy(triphenylsiloxy)zirconium,
tricyclohexoxy(triphenylsiloxy)zirconium,
triphenoxy(triphenylsiloxy)zirconium, and the like;

examples of those in which n = 2 include:

and
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dimethoxybis(trimethylsiloxy)zirconium,
diethoxybis(trimethylsiloxy)zirconium,
dipropoxybis(trimethylsiloxy)zirconium,
diisopropoxybis(trimethylsiloxy)zirconium,
dibutoxybis(trimethylsiloxy)zirconium,
diisobutoxybis(trimethylsiloxy)zirconium,
di-s-butoxybis(trimethylsiloxy)zirconium,
di-t-butoxybis(trimethylsiloxy)zirconium,
dicyclohexoxybis(trimethylsiloxy)zirconium,
diphenoxybis(trimethylsiloxy)zirconium;

dimethoxybis(triethylsiloxy)zirconium,
diethoxybis(triethylsiloxy)zirconium,
dipropoxybis(triethylsiloxy)zirconium,
diisopropoxybis(triethylsiloxy)zirconium,
dibutoxybis(triethylsiloxy)zirconium,
diisobutoxybis(triethylsiloxy)zirconium,
di-s-butoxybis(triethylsiloxy)zirconium,
di-t-butoxybis(triethylsiloxy)zirconium,
dicyclohexoxybis(triethylsiloxy)zirconium,
diphenoxybis(triethylsiloxy)zirconium;

dimethoxybis(tripropylsiloxy)zirconium,
diethoxybis(tripropylsiloxy)zirconium,
dipropoxybis(tripropylsiloxy)zirconium,
diisopropoxybis(tripropylsiloxy)zirconium,

dibutoxybis(tripropylsiloxy)zirconium,



10

15

20

25

29

diisobutoxybis(tripropylsiloxy)zirconium,
di-s-butoxybis(tripropylsiloxy)zirconium,
di-t-butoxybis(tripropylsiloxy)zirconium,
dicyclohexoxybis(tripropylsiloxy)zirconium,

diphenoxybis(tripropylsiloxy)zirconium;

dimethoxybis(triisopropylsiloxy)zirconium,

diethoxybis(triisopropylsiloxy)zirconium,
dipropoxybis(triisopropylsiloxy)zirconium,
diisopropoxybis(triisopropylsiloxy)zirconium,
dibutoxybis(triisopropylsiloxy)zirconium,
diisobutoxybis(triisopropylsiloxy)zirconium,
di-s-butoxybis(triisopropylsiloxy)zirconium,
di-t-butoxybis(triisopropylsiloxy)zirconium,
dicyclohexoxybis(triisopropylsiloxy)zirconium,
diphenoxybis(triisopropylsiloxy)zirconium;
dimethoxybis(tributylsiloxy)zirconium,
diethoxybis(tributylsiloxy)zirconium,
dipropoxybis(tributylsiloxy)zirconium,
diisopropoxybis(tributylsiloxy)zirconium,
dibutoxybis(tributylsiloxy)zirconium,
diisobutoxybis(tributylsiloxy)zirconium,
di-s-butoxybis(tributylsiloxy)zirconium,
di-t-butoxybis(tributylsiloxy)zirconium,
dicyclohexoxybis(tributylsiloxy)zirconium,

diphenoxybis(tributylsiloxy)zirconium;
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dimethoxybis(triisobutylsiloxy)zirconium,
diethoxybis(triisobutylsiloxy)zirconium,
dipropoxybis(triisobutylsiloxy)zirconium,
diisopropoxybis(triisobutylsiloxy)zirconium,
dibutoxybis(triisobutylsiloxy)zirconium,
diisobutoxybis(triisobutylsiloxy)zirconium,
di-s-butoxybis(triisobutylsiloxy)zirconium,
di-t-butoxybis(triisobutylsiloxy)zirconium,
dicyclohexoxybis(triisobutylsiloxy)zirconium,
diphenoxybis(triisobutylsiloxy)zirconium;

dimethoxybis(tri-s-butoxysiloxy)zirconium,
diethoxybis(tri-s-butoxysiloxy)zirconium,
dipropoxybis(tri-s-butoxysiloxy)zirconium,
diisopropoxybis(tri-s-butoxysiloxy)zirconium,
dibutoxybis(tri-s-butoxysiloxy)zirconium,
diisobutoxybis(tri-s-butoxysiloxy)zirconium,
di-s-butoxybis(tri-s-butoxysiloxy)zirconium,
di-t-butoxybis(tri-s-butoxysiloxy)zirconium,
dicyclohexoxybis(tri-s-butoxysiloxy)zirconium,
diphenoxybis(tri-s-butoxysiloxy)zirconium;

dimethoxybis(tri-t-butoxysiloxy)zirconium,
diethoxybis(tri-t-butoxysiloxy)zirconium,
dipropoxybis(tri-t-butoxysiloxy)zirconium,
diisopropoxybis(tri-t-butoxysiloxy)zirconium,

dibutoxybis(tri-t-butoxysiloxy)zirconium,
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diisobutoxybis(tri-t-butoxysiloxy)zirconium,
di-s-butoxybis(tri-t-butoxysiloxy)zirconium,
di-t-butoxybis(tri-t-butoxysiloxy)zirconium,
dicyclohexoxybis(tri-t-butoxysiloxy)zirconium,
diphenoxybis(tri-t-butoxysiloxy)zirconium;
dimethoxybis(tricyclohexylsiloxy)zirconium,
diethoxybis(tricyclohexylsiloxy)zirconium,
dipropoxybis(tricyclohexylsiloxy)zirconium,
diisopropoxybis(tricyclohexylsiloxy)zirconium,
di-n-butoxybis(tricyclohexylsiloxy)zirconium,
diisobutoxybis(tricyclohexylsiloxy)zirconium,
di-s-butoxybis(tricyclohexylsiloxy)zirconium,
di-t-butoxybis(tricyclohexylsiloxy)zirconium,
dicyclohexoxybis(tricyclohexylsiloxy)zirconium,
diphenoxybis(tricyclohexylsiloxy)zirconium;
dimethoxybis(triphenylsiloxy)zirconium,
diethoxybis(triphenylsiloxy)zirconium,
dipropoxybis(triphenylsiloxy)zirconium,
diisopropoxybis(triphenylsiloxy)zirconium,
dibutoxybis(triphenylsiloxy)zirconium,
diisobutoxybis(triphenylsiloxy)zirconium,
di-s-butoxybis(triphenylsiloxy)zirconium,
di-t-butoxybis(triphenylsiloxy)zirconium,
dicyclohexoxybis(triphenylsiloxy)zirconium,

diphenoxybis(triphenylsiloxy)zirconium, and the lik
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[0045]

Itis particularly preferred toinclude, inthe me
synthesizing a polymetalloxane having a constituent
represented by the general formula (1), the step of
hydrolyzing and polycondensing a compound in which
of R % in the general formula (2) is a hydrogen atom. Th
thecompoundrepresentedbythegeneralformula(2)

a compound represented by the following general for
[0046]

[Chemical Formula 5]

6
i OH
( RO- s.—o)—lvl (3)
7
\COR )rxe ,
[0047]
R® is the same as R % in the general formula (1), R

group having 1 to 12 carbon atoms. mis an integer
avalence of a metal atom M, x is an integer of 1 t
is an integerof 1to (m-1),andx +y
[0048]
It is preferable that y is an integer of 2 to (m —
[0049]
Ingeneral,acompoundhavingahydroxygroupisa
by a hydrogen bond of a hydroxy group and becomes i
an organic solvent. However, since the metal compo

represented by the generalformula(3) hasasiloxy

thod for
unit
optionally
atleastone
atis,
ispreferably

mula (3).

"is an alkyl
indicating

o(m-1),y

1),

ggregated
nsoluble in
und

group, itis
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possible to obtain a transparent and uniform soluti on without
aggregatinginanorganic solventduetothe steric hindrance of
thesiloxygroup. Sincethehydroxygroupcancaus edehydration
condensation, it is possible to obtain a high molec ular weight
polymetalloxanebypolycondensingthemetalcompoun drepresented
by the general formula (3). Because of high heatr esistance of
thesiloxygroup,itispossibletoobtainahighm olecularweight

polymetalloxane excellent in transparency.
[0050]

When OR’ exists, hydrolysis is preferably performed prior

to polycondensation. As is likewise the case of th e compound
represented by the general formula (2), the hydroly zate of the
compound represented by the general formula (3) can give a
transparentand uniform solutionwithout causingag gregationin
the solution due to the steric hindrance of the sil OXy group.
Therefore, it is possible to increase the degree of hydrolysis

as compared with conventional technology.
[0051]

As the metal compound represented by the general f ormula
(3), forexample, whenthe metalatom Mis Ti, exam plesofthose
in which y = 2 include:
methoxydihydroxy(trimethylsiloxy)titanium,
ethoxydihydroxy(trimethylsiloxy)titanium,
propoxydihydroxy(trimethylsiloxy)titanium,

isopropoxydihydroxy(trimethylsiloxy)titanium,
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butoxydihydroxy(trimethylsiloxy)titanium,
isobutoxydihydroxy(trimethylsiloxy)titanium,
s-butoxydihydroxy(trimethylsiloxy)titanium,
t-butoxydihydroxy(trimethylsiloxy)titanium,
cyclohexoxydihydroxy(trimethylsiloxy)titanium,
phenoxydihydroxy(trimethylsiloxy)titanium;
methoxydihydroxy(triethylsiloxy)titanium,
ethoxydihydroxy(triethylsiloxy)titanium,
propoxydihydroxy(triethylsiloxy)titanium,
isopropoxydihydroxy(triethylsiloxy)titanium,
butoxydihydroxy(triethylsiloxy)titanium,
isobutoxydihydroxy(triethylsiloxy)titanium,
s-butoxydihydroxy(triethylsiloxy)titanium,
t-butoxydihydroxy(triethylsiloxy)titanium,
cyclohexoxydihydroxy(triethylsiloxy)titanium,
phenoxydihydroxy(triethylsiloxy)titanium;
methoxydihydroxy(tripropylsiloxy)titanium,
ethoxydihydroxy(tripropylsiloxy)titanium,
propoxydihydroxy(tripropylsiloxy)titanium,
isopropoxydihydroxy(tripropylsiloxy)titanium,
butoxydihydroxy(tripropylsiloxy)titanium,
isobutoxydihydroxy(tripropylsiloxy)titanium,
s-butoxydihydroxy(tripropylsiloxy)titanium,
t-butoxydihydroxy(tripropylsiloxy)titanium,

cyclohexoxydihydroxy(tripropylsiloxy)titanium,
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phenoxydihydroxy(tripropylsiloxy)titanium;
methoxydihydroxy(triisopropylsiloxy)titanium,
ethoxydihydroxy(triisopropylsiloxy)titanium,
propoxydihydroxy(triisopropylsiloxy)titanium,
isopropoxydihydroxy(triisopropylsiloxy)titanium,
butoxydihydroxy(triisopropylsiloxy)titanium,
isobutoxydihydroxy(triisopropylsiloxy)titanium,
s-butoxydihydroxy(triisopropylsiloxy)titanium,
t-butoxydihydroxy(triisopropylsiloxy)titanium,
cyclohexoxydihydroxy(triisopropylsiloxy)titanium,
phenoxydihydroxy(triisopropylsiloxy)titanium;
methoxydihydroxy(tributylsiloxy)titanium,
ethoxydihydroxy(tributylsiloxy)titanium,
propoxydihydroxy(tributylsiloxy)titanium,
isopropoxydihydroxy(tributylsiloxy)titanium,
butoxydihydroxy(tributylsiloxy)titanium,
isobutoxydihydroxy(tributylsiloxy)titanium,
butoxydihydroxy(tributylsiloxy)titanium,
t-butoxydihydroxy(tributylsiloxy)titanium,
cyclohexoxydihydroxy(tributylsiloxy)titanium,
phenoxydihydroxy(tributylsiloxy)titanium;
methoxydihydroxy(triisobutylsiloxy)titanium,
ethoxydihydroxy(triisobutylsiloxy)titanium,
propoxydihydroxy(triisobutylsiloxy)titanium,

isopropoxydihydroxy(triisobutylsiloxy)titanium,
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butoxydihydroxy(triisobutylsiloxy)titanium,
isobutoxydihydroxy(triisobutylsiloxy)titanium,
s-butoxydihydroxy(triisobutylsiloxy)titanium,
t-butoxydihydroxy(triisobutylsiloxy)titanium,
cyclohexoxydihydroxy(triisobutylsiloxy)titanium,
phenoxydihydroxy(triisobutylsiloxy)titanium;
methoxydihydroxy(tri-s-butoxysiloxy)titanium,
ethoxydihydroxy(tri-s-butoxysiloxy)titanium,
propoxydihydroxy(tri-s-butoxysiloxy)titanium,
isopropoxydihydroxy(tri-s-butoxysiloxy)titanium,
butoxydihydroxy(tri-s-butoxysiloxy)titanium,
isobutoxydihydroxy(tri-s-butoxysiloxy)titanium,
s-butoxydihydroxy(tri-s-butoxysiloxy)titanium,
t-butoxydihydroxy(tri-s-butoxysiloxy)titanium,
cyclohexoxydihydroxy(tri-s-butoxysiloxy)titanium,
phenoxydihydroxy(tri-s-butoxysiloxy)titanium;
methoxydihydroxy(tri-t-butoxysiloxy)titanium,
ethoxydihydroxy(tri-t-butoxysiloxy)titanium,
propoxydihydroxy(tri-t-butoxysiloxy)titanium,
isopropoxydihydroxy(tri-t-butoxysiloxy)titanium,
butoxydihydroxy(tri-t-butoxysiloxy)titanium,
isobutoxydihydroxy(tri-t-butoxysiloxy)titanium,
s-butoxydihydroxy(tri-t-butoxysiloxy)titanium,
t-butoxydihydroxy(tri-t-butoxysiloxy)titanium,

cyclohexoxydihydroxy(tri-t-butoxysiloxy)titanium,
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phenoxydihydroxy(tri-t-butoxysiloxy)titanium;
methoxydihydroxy(tricyclohexylsiloxy)titanium,
ethoxydihydroxy(tricyclohexylsiloxy)titanium,
propoxydihydroxy(tricyclohexylsiloxy)titanium,
isopropoxydihydroxy(tricyclohexylsiloxy)titanium,
butoxydihydroxy(tricyclohexylsiloxy)titanium,
isobutoxydihydroxy(tricyclohexylsiloxy)titanium,
s-butoxydihydroxy(tricyclohexylsiloxy)titanium,
t-butoxydihydroxy(tricyclohexylsiloxy)titanium,
cyclohexoxydihydroxy(tricyclohexylsiloxy)titanium,
phenoxydihydroxy(tricyclohexylsiloxy)titanium;
methoxydihydroxy(triphenylsiloxy)titanium,
ethoxydihydroxy(triphenylsiloxy)titanium,
propoxydihydroxy(triphenylsiloxy)titanium,
isopropoxydihydroxy(triphenylsiloxy)titanium,
butoxydihydroxy(triphenylsiloxy)titanium,
isobutoxydihydroxy(triphenylsiloxy)titanium,
s-butoxydihydroxy(triphenylsiloxy)titanium,
t-butoxydihydroxy(triphenylsiloxy)titanium,
cyclohexoxydihydroxy(triphenylsiloxy)titanium,
phenoxydihydroxy(triphenylsiloxy)titanium, and the
examples of those in which y = 3 include:
trinydroxy(trimethylsiloxy)titanium,
trinydroxy(triethylsiloxy)titanium,

trinydroxy(tripropylsiloxy)titanium,

like; and
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trinydroxy(triisopropylsiloxy)titanium,
trinydroxy(tributylsiloxy)titanium,
trinydroxy(triisobutylsiloxy)titanium,
trinydroxy(tri-s-butoxysiloxy)titanium,
trinydroxy(tri-t-butoxysiloxy)titanium,
trinydroxy(tricyclohexylsiloxy)titanium,
trinydroxy(triphenylsiloxy)titanium, and the like.
[0052]

When the metal atom M is Zr, examples of those in
= 2 include:

methoxydihydroxy(trimethylsiloxy)zirconium,
ethoxydihydroxy(trimethylsiloxy)zirconium,
propoxydihydroxy(trimethylsiloxy)zirconium,
isopropoxydihydroxy(trimethylsiloxy)zirconium,
butoxydihydroxy(trimethylsiloxy)zirconium,
isobutoxydihydroxy(trimethylsiloxy)zirconium,
s-butoxydihydroxy(trimethylsiloxy)zirconium,
t-butoxydihydroxy(trimethylsiloxy)zirconium,
cyclohexoxydihydroxy(trimethylsiloxy)zirconium,
phenoxydihydroxy(trimethylsiloxy)zirconium;

methoxydihydroxy(triethylsiloxy)zirconium,
ethoxydihydroxy(triethylsiloxy)zirconium,
propoxydihydroxy(triethylsiloxy)zirconium,
isopropoxydihydroxy(triethylsiloxy)zirconium,

butoxydihydroxy(triethylsiloxy)zirconium,

whichy
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isobutoxydihydroxy(triethylsiloxy)zirconium,
s-butoxydihydroxy(triethylsiloxy)zirconium,
t-butoxydihydroxy(triethylsiloxy)zirconium,
cyclohexoxydihydroxy(triethylsiloxy)zirconium,
phenoxydihydroxy(triethylsiloxy)zirconium;
methoxydihydroxy(tripropylsiloxy)zirconium,
ethoxydihydroxy(tripropylsiloxy)zirconium,
propoxydihydroxy(tripropylsiloxy)zirconium,
isopropoxydihydroxy(tripropylsiloxy)zirconium,
butoxydihydroxy(tripropylsiloxy)zirconium,
isobutoxydihydroxy(tripropylsiloxy)zirconium,
s-butoxydihydroxy(tripropylsiloxy)zirconium,
t-butoxydihydroxy(tripropylsiloxy)zirconium,
cyclohexoxydihydroxy(tripropylsiloxy)zirconium,

phenoxydihydroxy(tripropylsiloxy)zirconium;

methoxydihydroxy(triisopropylsiloxy)zirconium,

ethoxydihydroxy(triisopropylsiloxy)zirconium,
propoxydihydroxy(triisopropylsiloxy)zirconium,
isopropoxydihydroxy(triisopropylsiloxy)zirconium,
butoxydihydroxy(triisopropylsiloxy)zirconium,
isobutoxydihydroxy(triisopropylsiloxy)zirconium,
s-butoxydihydroxy(triisopropylsiloxy)zirconium,
t-butoxydihydroxy(triisopropylsiloxy)zirconium,
cyclohexoxydihydroxy(triisopropylsiloxy)zirconium,

phenoxydihydroxy(triisopropylsiloxy)zirconium;
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methoxydihydroxy(tributylsiloxy)zirconium,
ethoxydihydroxy(tributylsiloxy)zirconium,
propoxydihydroxy(tributylsiloxy)zirconium,
isopropoxydihydroxy(tributylsiloxy)zirconium,
butoxydihydroxy(tributylsiloxy)zirconium,
isobutoxydihydroxy(tributylsiloxy)zirconium,
butoxydihydroxy(tributylsiloxy)zirconium,
t-butoxydihydroxy(tributylsiloxy)zirconium,
cyclohexoxydihydroxy(tributylsiloxy)zirconium,
phenoxydihydroxy(tributylsiloxy)zirconium;

methoxydihydroxy(triisobutylsiloxy)zirconium,
ethoxydihydroxy(triisobutylsiloxy)zirconium,
propoxydihydroxy(triisobutylsiloxy)zirconium,
isopropoxydihydroxy(triisobutylsiloxy)zirconium,
butoxydihydroxy(triisobutylsiloxy)zirconium,
isobutoxydihydroxy(triisobutylsiloxy)zirconium,
s-butoxydihydroxy(triisobutylsiloxy)zirconium,
t-butoxydihydroxy(triisobutylsiloxy)zirconium,
cyclohexoxydihydroxy(triisobutylsiloxy)zirconium,
phenoxydihydroxy(triisobutylsiloxy)zirconium;

methoxydihydroxy(tri-s-butoxysiloxy)zirconium,
ethoxydihydroxy(tri-s-butoxysiloxy)zirconium,
propoxydihydroxy(tri-s-butoxysiloxy)zirconium,
isopropoxydihydroxy(tri-s-butoxysiloxy)zirconium,

butoxydihydroxy(tri-s-butoxysiloxy)zirconium,
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isobutoxydihydroxy(tri-s-butoxysiloxy)zirconium,
s-butoxydihydroxy(tri-s-butoxysiloxy)zirconium,
t-butoxydihydroxy(tri-s-butoxysiloxy)zirconium,
cyclohexoxydihydroxy(tri-s-butoxysiloxy)zirconium,
phenoxydihydroxy(tri-s-butoxysiloxy)zirconium;
methoxydihydroxy(tri-t-butoxysiloxy)zirconium,
ethoxydihydroxy(tri-t-butoxysiloxy)zirconium,
propoxydihydroxy(tri-t-butoxysiloxy)zirconium,
isopropoxydihydroxy(tri-t-butoxysiloxy)zirconium,
butoxydihydroxy(tri-t-butoxysiloxy)zirconium,
isobutoxydihydroxy(tri-t-butoxysiloxy)zirconium,
s-butoxydihydroxy(tri-t-butoxysiloxy)zirconium,
t-butoxydihydroxy(tri-t-butoxysiloxy)zirconium,
cyclohexoxydihydroxy(tri-t-butoxysiloxy)zirconium,
phenoxydihydroxy(tri-t-butoxysiloxy)zirconium;
methoxydihydroxy(tricyclohexylsiloxy)zirconium,
ethoxydihydroxy(tricyclohexylsiloxy)zirconium,
propoxydihydroxy(tricyclohexylsiloxy)zirconium,
isopropoxydihydroxy(tricyclohexylsiloxy)zirconium,
butoxydihydroxy(tricyclohexylsiloxy)zirconium,
isobutoxydihydroxy(tricyclohexylsiloxy)zirconium,
s-butoxydihydroxy(tricyclohexylsiloxy)zirconium,
t-butoxydihydroxy(tricyclohexylsiloxy)zirconium,
cyclohexoxydihydroxy(tricyclohexylsiloxy)zirconium,

phenoxydihydroxy(tricyclohexylsiloxy)zirconium;
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methoxydihydroxy(triphenylsiloxy)zirconium,

ethoxydihydroxy(triphenylsiloxy)zirconium,

propoxydihydroxy(triphenylsiloxy)zirconium,

isopro

poxydihydroxy(triphenylsiloxy)zirconium,

butoxydihydroxy(triphenylsiloxy)zirconium,

isobut

oxydihydroxy(triphenylsiloxy)zirconium,

s-butoxydihydroxy(triphenylsiloxy)zirconium,

t-butoxydihydroxy(triphenylsiloxy)zirconium,

cyclohexoxydihydroxy(triphenylsiloxy)zirconium,

phenoxydihydroxy(triphenylsiloxy)zirconium, and the

examples of those in which y = 3 include:

trinydroxy(trimethylsiloxy)zirconium,

trinydroxy(triethylsiloxy)zirconium,

trinydroxy(tripropylsiloxy)zirconium,

trinydroxy(triisopropylsiloxy)zirconium,

trinydroxy(tributylsiloxy)zirconium,

trinydroxy(triisobutylsiloxy)zirconium,

trinydroxy(tri-s-butoxysiloxy)zirconium,

trinydroxy(tri-t-butoxysiloxy)zirconium,

trinydroxy(tricyclohexylsiloxy)zirconium,

trinydroxy(triphenylsiloxy)zirconium, and the like.

[0053]

(Method for Producing Compound Represented by Gener

(2)

Thereisnoparticularlimitationonthemethodfo

like; and

al Formula

rproducing
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thecompoundrepresentedbythegeneralformula(2)
whenR ®isanalkylgrouphaving1tol2carbonatoms,the
can be obtained by reacting a metal alkoxide with a
represented by the following general formula (4) at
predetermined molar ratio so as to obtain acompoun
is1,2,or3.
[0054]
[Chemical Formula 6]

R8
RS—S:i—OH (4)

R®
[0055]

Inthegeneralformula(4),R 8isthesameasR
formula (2).
[0056]
Specificexamplesofthecompoundrepresentedbyt

formula (4) include trimethylsilanol, triethylsilan
tripropylsilanol, triisopropylsilanol, tributylsila
triisobutylsilanol, tri-s-butylsilanol, tri-t-butyl
tripentylsilanol, trihexylsilanol, triheptylsilanol
trioctylsilanol, tri-2-ethylhexylsilanol, trinonyls
tridecylsilanol, triphenylsilanol, (phenyl)(dimethy
(phenyl)(diethyl)silanol, (diphenyl)(methyl)silanol
(diphenyl)(ethyl)silanol, diphenylsilanediol,

dinaphthylsilanediol,tribenzylsilanol,triphenylet

. Forexample,
compound
compound
a

dinwhichn

4inthegeneral

hegeneral
ol,

nol,
silanol,
ilanol,

l)silanol,

hylsilanol,
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(trimethylsiloxy)(dimethyl)silanol,
(trimethylsiloxy)(dimethyl)silanol,
(triethylsiloxy)(dimethyl)silanol, and the like. A
trimethylsilanol and triethylsilanol are particular
preferable.

[0057]

The metal alkoxide is not particularly limited and
the metal atom M is Ti, examples thereof include
tetramethoxytitanium, tetraethoxytitanium,
tetrapropoxytitanium, tetraisopropoxytitanium,
tetrabutoxytitanium, tetra-s-butoxytitanium,
tetraisobutoxytitanium, tetra-t-butoxytitanium,
tetrapentoxytitanium, tetrahexoxytitanium,
tetraheptoxytitanium, tetraoctoxytitanium,
tetranonanoxytitanium, tetradecanoxytitanium, and t
When the metal atom M is Zr, examples thereof inclu
tetramethoxyzirconium, tetraethoxyzirconium,
tetrapropoxyzirconium, tetraisopropoxyzirconium,
tetrabutoxyzirconium, tetra-s-butoxyzirconium,
tetraisobutoxyzirconium, tetra-t-butoxyzirconium,
tetrapentoxyzirconium, tetrahexoxyzirconium,
tetraheptoxyzirconium, tetraoctoxyzirconium,
tetranonanoxyzirconium, tetradecanoxyzirconium, and
When the metal atom M is Al, examples thereof inclu

trimethoxyaluminum, triethoxyaluminum, tripropoxyal

mong them,
ly
, when

he like.

de

the like.

de

uminum,
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triisopropoxyaluminum,tributoxyaluminum,tri-s-but
s-butoxy(diisopropoxy)aluminum, triisobutoxyaluminu
t-butoxyaluminum, tripentoxyaluminum, trihexoxyalum
triheptoxyaluminum, trioctoxyaluminum, trinonanoxya
tridecanoxyaluminum, and the like.

[0058]

When the compound represented by the general formu
isacompoundrepresentedbythegeneralformula(3
the compound can be obtained by hydrolyzing the met
represented by the general formula (2) obtained by
mentioned above. A general method can be used for
The method includes, for example, a method in which
waterand,ifnecessary,acatalystareaddedtoth
represented by the general formula (2), followed by
-20to60°Cforabout0.1to100hours. Ifnecessa
by-products (alcohol such as methanol) may be disti
distillation under reduced pressure.

[0059]

The reaction solvent is not particularly limited,
compounds having an alcoholic hydroxyl group, ester
ketones are suitably used. Specific examples of th
solvent include methanol, ethanol, propanol, isopro
butanol, isobutanol, t-butanol, acetol,
3-hydroxy-3-methyl-2-butanone, 5-hydroxy-2-pentanon

4-hydroxy-4-methyl-2-pentanone (diacetone alcohol),

oxyaluminum,
m, tri
inum,

luminum,

la (2)
),forexample,
al alkoxide
the method
hydrolysis.
a solvent,
emetalalkoxide
stirring at
ry,hydrolysis

lled off by

but
s, ethers,
e alcohol

panol,

ethyl



10

15

20

25

46

lactate, butyl lactate, propylene glycol monomethyl
propylene glycol monoethyl ether, propylene glycol
ether, propylene glycol monobutyl ether, propylene
mono-t-butyl ether, diethylene glycol monomethyl et
diethyleneglycolmonoethylether,dipropyleneglyc
ether, 3-methoxy-1-butanol, 3-methyl-3-methoxy-1-bu
ethylene glycol, propylene glycol, and the like.

[0060]

Examples of esters include ethyl acetate, propyl a
isopropyl acetate, butyl acetate, isobutyl acetate,
glycol monomethyl ether acetate, 3-methoxy-1-butyl
3-methyl-3-methoxy-1-butyl acetate, ethyl acetoacet
cyclohexanol acetate, and the like.

[0061]

Examplesofethersincludediethylether,diisopro
dibutyl ether, diphenyl ether, diethylene glycol et
ether, diethylene glycol dimethyl ether, 1,2-dietho
dipropylene glycol dimethyl ether, and the like.

[0062]

Specific examples of the ketone solvent include me
isobutyl ketone, diisopropyl ketone, diisobutyl ket
acetylacetone, cyclopentanone, cyclohexanone, cyclo
and the like.

[0063]

Examples of other solvents that can be preferably

ether,

monopropyl

glycol

her,
olmonomethyl

tanol,

cetate,
propylene
acetate,

ate,

pylether,
hyl methyl

xyethane,

thyl
one,

heptanone,

used
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include propylene carbonate, N-methylpyrrolidone,a
[0064]

Byadjustingtheamountofwatertobeusedinthe
reaction, the amount of the hydroxy group of the me
represented by the general formula (3) can be adjus
example, inthe case ofametalcompoundinwhichy
ametalcompoundhavingonehydroxygroup,itispo
byaddinglmolofwatertolmolofthemetalalko
1 mol of water to 1 mol of alkoxy group whichis a
group,itispossibletoobtainametalcompoundin
groups are hydrolyzed. The amount of water added i
0.1 to 2 mols based on the alkoxy group.

[0065]

There is no particular limitation on the catalyst
optionally added, and an acidic catalyst or a basic
preferably used. Specific examples of the acidic c
include hydrochloric acid, nitric acid, sulfuric ac
hydrofluoricacid,phosphoricacid,aceticacid,tr
acid, formic acid, polyvalent carboxylic acid or an
thereof, and an ion exchange resin. Specific examp
basic catalyst include triethylamine, tripropylamin
tributylamine, tripentylamine, trihexylamine, trine
trioctylamine, diethylamine, dipropylamine, dibutyl
diisobutylamine, dipentylamine, dihexylamine, dihep

dioctylamine, triethanolamine, diethanolamine,

ndthelike.

hydrolysis
tal compound
ted. For
=1,thatis,
ssibletoobtain
xide. Byadding
hydrolyzable
whichallalkoxy

s preferably

to be
catalystis
atalyst
id,
ifluoroacetic
anhydride
les of the
e,
ptylamine,
amine,

tylamine,
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dicyclohexylamine, dicyclohexylmethylamine, sodium
potassiumhydroxide, alkoxysilanehavinganaminog
exchangeresin. The amount of the catalystadded i
0.01 to 30 parts by weight based on 100 parts by we
siloxy group-containing compound represented by the
formula (2).

[0066]

(Method for Producing Polymetalloxane)

A general method can be used for hydrolysis, parti
condensation, and polymerization ofthe compoundre
the general formula (2). For example, the reaction
forthehydrolysisarepreferablysuchthatwateri
compound represented by the general formula (2) ove
minutes in a solvent, and then a reaction is perfor
temperature to 110°C for 1 to 180 minutes. By perf
hydrolysisreactionundersuchconditions,rapidre
suppressed. Thereactiontemperatureispreferably
A catalyst may be optionally added.

[0067]

As the reaction condition for partial condensation
polymerization, a hydrolyzate is obtained by a hydr
reactionofthecompoundrepresentedbythegeneral
andthenthereactionsolutionisdirectlyheateda
for1to 100 hours. Toincreasethe degree of poly

the polymetalloxane, reheatingortheadditionofa

hydroxide,
roup,andion
s preferably
ight of the

general

al
presented by
conditions
saddedtothe
rito 180
med at room
orming the
actioncanbe

30to150°C.

and
olysis
formula(2),
t50°Cto180°C
merization of

catalystmay
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be performed. After the hydrolysis reaction, an ap
amount of the thus produced alcohol may be distille
removedbyheatingand/orevacuation, followedbya
optional solvent.

[0068]

The solvent is not particularly limited, but compo
having analcoholic hydroxyl group, esters, ethers,
arepreferablyused. Whenthesesolventsareused,
ofthe polymetalloxane can be improved, thus making
to improve the transparency of the resulting coatin
[0069]

Specific examples of the alcohol-based solvent inc
methanol, ethanol, n-propanol, isopropanol, n-butan
isobutanol, t-butanol, acetol, 3-hydroxy-3-methyl-2
5-hydroxy-2-pentanone, 4-hydroxy-4-methyl-2-pentano
(diacetone alcohol), ethyl lactate, butyl lactate,
glycol monomethyl ether, propylene glycol monoethyl
propylene glycol mono-n-propyl ether, propylene gly
mono-n-butyl ether, propylene glycol mono-t-butyl e
diethylene glycolmonomethylether, diethyleneglyc
ether,dipropyleneglycolmonomethylether,3-metho
3-methyl-3-methoxy-1-butanol,ethyleneglycol,prop
and the like.

[0070]

Examplesofestersincludeethylacetate,n-propyl

propriate
d off and

dditionofan

unds
and ketones
thestability
itpossible

g film.

lude

ol

-butanone,

ne

propylene

ether,

col

ther,
olmonoethyl
xy-1-butanol,

yleneglycol,

acetate,
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isopropylacetate, n-butylacetate, isobutylacetat
glycol monomethyl ether acetate, 3-methoxy-1-butyl
3-methyl-3-methoxy-1-butyl acetate, ethyl acetoacet
cyclohexanol acetate, and the like.
[0071]
Examplesofethersincludediethylether,diisopro
di-n-butylether,diphenylether,diethyleneglycol
ether, diethylene glycol dimethyl ether, 1,2-dimeth
1,2-diethoxyethane, dipropylene glycol dimethyl eth
like.
[0072]

Specific examples of the ketone solvent include me
isobutyl ketone, diisopropyl ketone, diisobutyl ket
acetylacetone, cyclopentanone, cyclohexanone, cyclo
and the like.

[0073]

Examples of other solvents, which can be preferabl
include propylene carbonate, N-methylpyrrolidone, a
[0074]

By adjusting the amount of water added in the hydr
reaction, it is possible to adjust the degree of hy
thecompoundrepresentedbythegeneralformula(2)
ofwaterispreferably 0.1to2molsbasedon1mol
group.

[0075]

e,propylene
acetate,

ate,

pylether,
ethylmethyl
oxyethane,

er, and the

thyl
one,

heptanone,

y used,

ndthelike.

olysis
drolysis of
. Theamount

ofthe alkoxy
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There is no particular limitation on the catalyst
optionally added, and an acidic catalyst or a basic
preferably used. Specific examples of the acidic ¢
include hydrochloric acid, nitric acid, sulfuric ac
hydrofluoricacid,phosphoricacid,aceticacid,tr
acid, formic acid, polyvalent carboxylic acid or an
thereof, and anion exchange resin. Specific examp
catalystsincludetriethylamine,tripropylamine,tr
tripentylamine, trinexylamine, trineptylamine, trio
diethylamine, dipropylamine, dibutylamine, diisobut
dipentylamine, dihexylamine, diheptylamine, dioctyl
triethanolamine, diethanolamine, dicyclohexylamine,
dicyclohexylmethylamine,sodiumhydroxide,potassiu
alkoxysilane having an amino group, and ion exchang
[0076]

More preferred catalyst is a basic catalyst. By u
basic catalyst, particularly a high molecular weigh
polymetalloxane can be obtained. Among basic catal
tripropylamine, triisobutylamine, tripentylamine,
triisopentylamine, trihexylamine, triheptylamine,
trioctylamine, dibutylamine, diisobutylamine, dipen
dihexylamine, diheptylamine, and dioctylamine are p
preferred.

[0077]

From the viewpoint of the storage stability of the

to be
catalystis
atalyst
id,
ifluoroacetic
anhydride
les of basic
ibutylamine,
ctylamine,
ylamine,

amine,

mhydroxide,

e resin.

sing a

ysts,

tylamine,

articularly
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composition, itis preferable thatthe above-mentio
isnotcontainedinthepolymetalloxanesolutionaf
partial condensation, and polymerization, and the ¢
beoptionallyremoved. Thereisnoparticularlimi
removalmethod and washingwithwaterand/oratrea
ion exchange resin is/are preferred from the viewpo
operation and removability. Washing with water is
which apolymetalloxane solutionis diluted withan
hydrophobicsolventandwashedseveraltimeswithw
theobtainedorganiclayerisconcentratedbyanev
treatment with an ion exchange resin is a method in
polysiloxanesolutionisbroughtintocontactwith

ion exchange resin.

[0078]

(Composition of Polymetalloxane)

The polymetalloxane of the present invention can b
with a solvent and other necessary components to fo
composition.

[0079]

The polymetalloxane ofthe presentinventionis pr
dilutedwithasolventtoadjustthesolidcomponen
Thesolventisnotparticularlylimitedandispref
solventasthatusedinthesynthesisofthepolyme
solid component concentration of the solution conta

polymetalloxaneis preferably setat0.1to50% by

ned catalyst
terhydrolysis,
atalyst can
tationonthe
tmentwithan
int of easy
amethod in
appropriate
ater,andthen
aporator. The
which a

anappropriate

e mixed

m a

eferably
tconcentration.
erablythesame
talloxane. The
ining the

weight. When
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the solidcomponentconcentrationis setintheabo
filmthicknessofthecoatingfilmissatisfactoril
[0080]

During the adjustment of the solid content of the
polymetalloxane solution, other components may be a
Examples of other components include inorganic part
surfactant, a silane coupling agent, a crosslinking
crosslinking accelerator, and the like.

[0081]

The inorganic particles are preferably used forim
a refractive index of the cured film. The inorgani
arepreferably (b1l)oneormoreparticlesselected
compound particles, tin compound particles, titaniu
particles, and zirconium compound patrticles, or (b2
particlesofoneormoremetalcompoundsselectedf
compound, a tin compound, a titanium compound, and
compound, andasiliconcompound. Hereinafter,the
arecollectivelyreferredtoas“metalcompoundpar
refractive index can be further improved by adding
particles.

[0082]

The average particle size of the metal compound pa

is preferably 1 nmto 400 nm. Whenthe average par
1 nm ormore, itis possible to further suppress th

of cracks during formation of a thick film, and the

verange, the

ycontrolled.

dded.
icles, a

agent, a

proving
C particles
fromaluminum
m compound
) composite
romanaluminum
a zirconium
se particles
ticles”. The

these

rticles
ticlesizeis
e occurrence

average
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particle sizeis more preferably 5nmormore. Whe
particle size is 400 nm or less, the refractive ind
improvedwithoutcausingdeteriorationofthetrans
curedfilmtovisiblelight,andtheaveragepartic
preferably 70 nm or less.

[0083]

Examplesofthe metalcompound particlesinclude
TR-502" and “Optolake TR-504" of tin oxide-titanium
composite particles, “Optolake TR-503", “Optolake T
“Optolake TR-520", “Optolake TR-527", “Optolake TR-
“Optolake TR-529”, “Optolake TR-543", “Optolake TR-
“Optolake TR-550" of silicon oxide-titanium oxide ¢
particles, and “Optolake TR-505" of titanium oxide
(trade names, all of which are manufactured by Cata
Chemicalsind.Co.,Ltd.);NOD-7771GTB(tradename,
by Nagase ChemteX Corporation); zirconium oxide par
(manufactured by Kojundo Chemical Laboratory Co., L
oxide-zirconium oxide composite particles (manufact
Catalysts & Chemicals Ind. Co., Ltd.); tin oxide pa
(manufacturedbyKojundoChemicalLaboratoryCo.,L
Zr-C20 (titanium oxide particles; average particle
20nm,manufacturedbyTakiChemicalCo.,Ltd.);ZS

oxide particles, average particle diameter of 60 to

manufacturedby DAIICHIKIGENSOKAGAKUKOGYOCO.,L

0Z-30M (titanium oxide particles, average particle

nthe average
ex can be
parencyofthe

lesizeismore

Optolake
oxide
R-513",
528",
544", and
omposite
particles
lysts &
manufactured
ticles
td.); tin
ured by
rticles
td.);"BIRAL”
diameter of
L-10A(titanium
100 nm,
TD.);NanoUse

diameter of
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7 nm, manufactured by Nissan chemical industries, L td.), SZR-M

or SZR-K (zirconium oxide particles, both of which are
manufactured by SAKAI CHEMICAL INDUSTRY CO., LTD.); HXU-120JC
(zirconiaoxideparticles,manufacturedbySUMITOMO OSAKACEMENT
Co., Ltd.), ZR-010 (zirconia oxide particles, manuf actured by
SOLARCO.,LTD.),orZRPMA (zirconia particles, man ufactured by

C.l. Kasei CO., LTD.).

[0084]

The surfactant is preferably used for improving th e flow
propertyduringcoating. Thesurfactantmayremain onthecured
film.

[0085]

There is no particular limitation on the type of t he
surfactant,anditispossibletouse,forexample, fluorine-based
surfactants such as “MEGAFAC (registered trademark) " F142D,

MEGAFACF172, MEGAFACF173, MEGAFACF183,MEGAFACF 444 MEGAFAC

F445, MEGAFACF470, MEGAFACF475,andMEGAFACF477 (allofwhich

are manufactured by DIC Corporation) and NBX-15, FT X-218, and
DFX-18(manufactured by Neos Corporation); silicone- based
surfactants such as BYK-333, BYK-301, BYK-331, BYK- 345, and
BYK-307 (manufactured by BYK-Chemie Japan); polyalk ylene
oxide-based surfactants; and poly(meth)acrylate-bas ed
surfactants. Twoormoretypesofthesesurfactant smaybeused.
[0086]

The amount of the surfactant added is preferably O .001to
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10partsbyweight,andmorepreferably0.01tolp
based on 100 parts by weight of the polymetalloxane
[0087]

The silane coupling agentis preferably usedfori
theadhesiontothe substrate. Thesilanecoupling
particularly limited, and it is possible to use, fo
vinyltrimethoxysilane, vinyltriethoxysilane, 2-(3,4
epoxycyclohexyl)ethyltrimethoxysilane,
3-glycidoxypropyltrimethoxysilane,
3-methacryloxypropylmethyldimethoxysilane,
3-methacryloxypropyltrimethoxysilane,
3-acryloxypropyltrimethoxysilane,
3-aminopropyltrimethoxysilane, 3-aminopropyltrietho
3-triethoxysilyl-N-(1,3-dimethyl-butylidene)propyla
3-mercaptopropylmethyldimethoxysilane,
3-mercaptopropyltrimethoxysilane,
3-isocyanatopropyltriethoxysilane, diphenyldimethox
trimethylsilanol, diphenylsilanediol, and the like.
[0088]

Theamountofthe silane couplingagentaddedisp
from0.1to50partsbyweight,morepreferablyfro
by weight, based on 100 parts by weight of the poly
[0089]

Thecrosslinkingagentandthecrosslinkingaccele

preferablyusedforimprovingthechemicalresistan

artsbyweight,

mproving
agentisnot

r example,

xysilane,

mine,

ysilane,

referably
mlto20parts

metalloxane.

ratorare

ceofthecured
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film. The type of the crosslinking agent and the ¢
accelerator is not particularly limited, and it is
use, for example, mono-s-butoxyaluminum diisopropyl
aluminum-s-butyrate, ethylacetoacetate aluminumdii
aluminumtris(ethylacetate),alkylacetoaluminumdi
aluminum monoacetylacetonatebis(ethylacetoacetate),
tris(acetylacetonate), zirconium tris(acetylacetate
zirconium tris(ethylacetoacetate), titanium
tris(acetylacetate), titaniumtris(ethylacetoacetat
like.
[0090]

The total content of the crosslinking agent and th
crosslinkingacceleratorispreferably0.1to50pa
and more preferably 1 to 20 parts by weight, based
byweightofthepolymetalloxane. Thecrosslinking
crosslinkingacceleratormaybeusedaloneorused
[0091]

Examplesofthesubstrateinclude,butarenotpar
limitedto,siliconwafer,sapphirewafer,glass,a
Examples of the glass include alkali glass, alkali-
thermally tempered glass, or chemically tempered gl
Examplesoftheopticalfilmincludeafiimmadeof
polyesterresin,polycarbonate, polyarylate, polyet
polypropylene,polyethylene,polyimide,orcycloole

[0092]

rosslinking
possible to
ate,
sopropylate,
isopropylate,
aluminum

),

e),andthe
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(Step of Forming Cured Film)

The polymetalloxane orthe composition containing

ofthepresentinventioncanbeheatedtoformacu
thusobtainedcuredfilmisacuredfilmmainlycom
having a metal atom having a high electron density
chain, so that the density of metal atoms in the cu
be increased, thus easily obtaining a high refracti
Sinceitbecomesadielectriccontainingnofreeel
transparency and heat resistance can be obtained.
[0093]
Knownmethodscanbeusedforcoatingthesolution
thepolymetalloxane. Examplesoftheapparatususe
include full-surface coating apparatuses such as sp
dipcoating,curtainflowcoating,spraycoating,o
orprintingapparatussuchasscreenprinting,roll
gravure coating, or ink jet.

[0094]

After coating, heating (pre-baking) may be optiona

performed using aheating device suchas ahotplat
Pre-baking is preferably performed at a temperature
of 50 to 150°C for 30 seconds to 30 minutes to form
film. By performing pre-baking, the film thickness
can be improved. The film thickness after pre-baki
preferably 0.1 to 15 um.

[0095]
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The coating film or the prebake film is heated (cu
a temperature in a range of 150°C to 450°C for 30 s
hoursusingaheatingdevice suchasahotplate or
making it possible to obtain a cured film containin
polymetalloxane. The thickness ofthe cured filmi
0.1to 15 um.

[0096]

Theresulting cured film preferably has arefracti
of 1.58 or more and 2.20 or less at a wavelength of
more preferably 1.65 or more and 2.10 or less.
[0097]

The refractive index of the cured film can be meas
the following method. Using a spectroscopic ellips
changeinthepolarizationstateofreflectedlight
film and the substrate is measured to obtain a phas
withincident light and a spectrum of an amplitude
By fitting the dielectric function of the calculati
that it approaches the obtained spectrum, a refract
spectrumis obtained. By readingthe refractive in
awavelengthof550nmfromtheobtainedrefractive
the refractive index of the cured film can be obtai

[0098]

The cured film thus obtained preferably has a ligh

transmittance of 90% or more per 1

wavelength of 400 nm. The light transmittance can

red) at
econds to 2
anoven,thus
ga
spreferably

veindex

550 nm, and

ured by
ometer,
fromthecured
e difference
reflectance.
on model so
ive index
dexvalue at
indexspectrum,
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by the following method aslong asitis formed on
substrate. First, ultraviolet-visible absorption s

the substrate is measured using a spectrophotometer
spectrumis used as areference. Next, the ultravi
absorption spectrum of the cured film formed on the
substrate is measured, and the ultraviolet-visible
spectrumofthecuredfilmiscalculatedfromthed

the reference. Using the thus obtained ultraviolet
absorptionspectrumandthefilmthicknessofthec
lighttransmittanceperl
of 400 nm of the micro lens is calculated.

[0099]

Thelighttransmittanceofthecuredfilmformedo
substratesuchasasiliconwafercanbemeasuredb
method. Using a spectroscopic ellipsometer, change
polarizationstateofreflectedlightfromthecure
substrateismeasuredtoobtainaphasedifference
light and a spectrum of the amplitude reflectance.
the dielectric function of the calculation model so
approaches the obtained spectrum, an extinction coe
spectrumisobtained. Theextinctioncoefficienta
of 400 nm is read from the obtained extinction coef
spectrum, and light transmittance for obtaining the
transmittance (%) in terms of a film thickness of 1

wavelength of 400 nm by using the following equatio

atransparent
pectrum of
, and the
olet-visible
transparent

absorption

ifferencefrom

-visible

uredfilm,the

umofthefilmthicknessatawavelength

nanopague
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Light transmittance = exp(-4 nkt/ 2)
where k is an extinction coefficient, t is a conver
thickness(
measurement, to obtainthe lighttransmittanceint

tis1( pm).

[0100]

(Applications)

Since the above-mentioned cured film is excellent
refractive index and transparency, it is suitably u
electronic components such as a solid state image s
optical filter, a display, and the like. More spec
examplesthereofincludeamicrolensforcondensing
optical waveguide formed in a solid state image sen
a back-illuminated CMOS image sensor, an antireflec
providedasanopticalfilter,aflatteningmateria
TFT substrate, a color filter such as a liquid crys
and a protective film thereof, a phase shifter, and
[0101]

Among them, since it is possible to achieve both h
transparency and high refractive index at the same
particularly suitably used as a microlens for conde
formed on a solid-state image pickup element or an
waveguide connecting a light collecting microlens a
photosensorsection. Itisalsopossibletouseas

aninterlayerinsulating film, and various protecti

ted film

um),and Aisameasurementwavelength(nm). Inthis

ermsofl  um,

in
sed for
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ifically,
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semiconductor devices.
[0102]
(Application for Touch Sensor)

The cured film obtained from the polymetalloxane o
presentinventionorthe compositionthereofissui
asatouchsensormemberusedinasmartphoneora
since itis possible to achieve both high transpare
refractive index atthe sametime. More specifical
thereofincludeaninsulatinglayerthinfilmforme
or lower portion of the transparent conductive film
forming a sensor.

[0103]

Oneoftheproblemsofthetouchsensorandthedi
itis deterioration of appearance of the terminal d
recognition of a transparent conductive film patter
indium tin oxide (hereinafter abbreviated to “ITO”)
been developed, as typical technology for suppressi
visibility of the transparent electrode pattern, te
whichaninsulatinglayerthinfilmisformedonth
portion of a transparent electrode thereby reducing
reflection,leadingtosuppressionofvisibilityof
electrode pattern (e.g., JP 1-205122 A, JP 6-033000
8-240800A). Inthisinsulatinglayerthinfilm,b
refractive index of the transparent electrode patte

refractive index and transparency are required.
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[0104]

There has been developed, as technology for reduci

visibility of the transparent electrode pattern, te
whichthinfilmsofNb
or a topcoat layer (for example, JP 2010-152809 A a
2010-086684A). Therehasalsobeendevelopedtech
an organic thin film and a silicon oxide thin film
a refractive index of 1.58 to 1.85 are formed (e.g.
2014/119372)forthepurposeofcostreductionand
According to this technology, using an organic comp
containingtitaniumoxideparticleshavinghighref
alone as asingle substance, titanium oxide fine pa
as bariumtitanate particles, or zirconium oxide pa
aszirconiumoxideparticles,therefractiveindex
in a desired value range. Alternatively, a substit
ahighrefractiveindexisintroducedintotheorga
to control the refractive index in a desired range.
[0105]

However, in the case of controlling the refractive
usingconventionalmetaloxideparticles,inadditi
such as expensive metal oxide particles, increasing
ratioofthemetaloxideparticlescausespoordisp
to a problem such as precipitation of particles. W
refractive index is controlled by a substituent hav

refractiveindex, thereisalimitationonachange

ng the

chnology in

20;andSiO  ,areformedasanundercoatlayer

nd JP
nologyinwhich
each having
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savingprocess.
osition
ractiveindex
rticles such
rticlessuch
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niccomponent
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the content
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therefractiveindex, andthusitis difficulttoa
refractive index exceeding 1.8.
[0106]

Therefore, itis possibletoeasily controlthere
index by using the cured film obtained from the pol
ofthe presentinventionorthe compositionthereof
itpossibletoprovideasubstrateinwhichthevis
transparent conductive film pattern is significantl
easily at low cost.

[0107]

Specifically, when a touch sensor has a member hav
portioninwhichatransparentconductivethinfilm
film (1) obtained from the polymetalloxane of the
inventionorthe compositionthereofarelaminated
fromtheuppersurfaceofatransparentunderlying
itispossibletoweakenthereflectedlightatthe
and the lower interface of the transparent conducti
(I) formed on the lower layer, thus reducing the pa
visibility of the transparent conductive thin film.
possibletoimprovethedurability ofthetouchsen
transparent conductive film is protected with a thi
[0108]

Detailed description will be made of the member ha
portioninwhichatransparentconductivethinfilm

film (1) obtained from the polymetalloxane of the

chieveahigh

fractive
ymetalloxane
,thusmaking
ibilityofthe
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(Dandacured
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inventionorthe compositionthereofarelaminated
[0109]

There is no particular limitation on the material
transparentunderlyingbasematerialaslongasit
oftransmittinglight,andpreferredisamaterial
linetransmittance per0.1 mmofathickness (inac
JISK 7361-1:1997) is 80%, and examples thereof in
and an optical film. From the viewpoint of the hea
and chemicalresistance, the materialis more prefe
Examples of the glass include alkali glass, alkali-
thermally tempered glass, or chemically temperedg|
glass is preferably thermally tempered glass or che
tempered glass which is widely used as a cover glas
panel. Examples of the optical film include a film
acrylicresin,apolyesterresin,apolycarbonate,
apolyethersulfone,apolypropylene,apolyethylen
or a cycloolefin polymer. Among them, an acrylic r
polyester resin, a polycarbonate, or a cycloolefin
preferable,fromtheviewpointofthetransparency.
resin is preferably polymethyl methacrylate. The p
resin is preferably polyethylene terephthalate, pol
naphthalate, or polybutylene terephthalate. The po
is preferably aresin obtained by polycondensation
Aand phosgene. The polyimide is preferably aresi

an aliphatic carboxylic acid dianhydride and/or an

intheorder.
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hasafunction

inwhichatotal
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diamineasamonomer,fromtheviewpointofthetra
cycloolefin polymer is preferably, for example, a p
obtained by addition polymerization or ring-opening
polymerization of cyclohexene or norbornene or deri
thereof.
[0110]

As the transparent conductive thin film (1), an IT
filmismostcommon. Inthepresentapplication,d
be made byway ofanITOthinfilmasanexample, b
invention is not limited thereto. A method of form
transparent conductive thin film is preferably a sp
methodsinceitiseasytoobtainathinfilmhavin
and precise film thickness control is possible. Th
thickness of the transparent conductive thin film (
preferably 1 to 200 nm.
[0111]

The film thickness and the refractive index of the
film (1) obtained from the polymetalloxane of the
inventionorthecompositionthereoflaminatedont

ofthe transparent conductive thin film (1) are pre

to3 umand1.58t01.95,respectively. Withinthe above

itispossibletocontrolthephaseandintensityo
lightatthe upperinterface andthe lowerinterfac
film (1) containing the composition. As mentioned

reflected light at the upper interface and the lowe

nsparency. The
olymer
metathesis

vatives

O thin
escriptionwill
utthe present
ing a
uttering
glowresistance
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of the transparent conductive thin film (1) is weak
making it possible to reduce the pattern visibility
transparentconductivethinfilm. Whenthefilmth
thinfilm(Il)containingthecompositionissetin

it is possible to control the phase, thus exerting
effect ofreducing the pattern visibility. Whenth
index ofthe thinfilm (I) containing the composit
the above range, itis possible to control the inte
reflectedlight,thusexertingsufficienteffectof

patternvisibility. Thefilmthicknessandtheref

ened, thus
of the
icknessofthe
theaboverange,
sufficient
erefractive
ionissetin
nsity of the
reducingthe

ractiveindex

aremorepreferably0.1t02.5 umandl1.65tol1.95,andparticularly
preferably 0.15 to 2 um and 1.80 to 1.95, respectively.
[0112]

Itis preferred to have a portion in which a silic
thinfilm(lll)and/oratransparentpressure-sensi
thin film (1V) having arefractive index of 1.46 to
laminated on the upper surface of the cured film (|
from the polymetalloxane of the present invention o
composition thereof.
[0113]

Byhavingthesiliconoxidethinfilm(lll), itis
to control the intensity of the reflected light of
interface (i.e., reflected light of the upper inter
cured film (1) obtained from the polymetalloxane o

composition thereof). At the same time, the underl

on oxide
tiveadhesive
1.53is/are
I) obtained

r the

possible
the lower
face of the
r the

ying metal
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including the transparent conductive thin film (1)
protected, thus enabling an improvement in reliabil
touch sensor in the touch sensor application.
[0114]

The film thickness of the silicon oxide thin film
preferably0.01to10
um, because of an influence of reflected light on th
interface, itis difficult to obtain the effect of
pattern visibility, thus failing to obtain a functi
protectingtheunderlyingmetal. Ifthethickness
cracks easily occur due to slight distortion, leadi
deterioration of the reliability and appearance of
panel.

[0115]

Examplesofthe method offorming asiliconoxide
(M) include adry process method such as a sputte
avacuumdepositionmethod(electronbeammethod),
method (IP method), orachemicalvapordeposition
orawetprocessmethodsuchasspinonglass(SOG)
the CVD method is preferable since it can form ath
relatively few defects at a relatively low temperat
[0116]

Thetransparentpressure-sensitiveadhesivethinf
referstoathinfilmformedwithatransparentpre

adhesive. Here, the transparent pressure-sensitive

can be

ity of the

DS

um. Ifthefilmthicknessislessthan0.01

e upper
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on of

exceedsl0 um,
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the touch
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meansamaterialthattransmitslightandhaspress
adhesion.
[0117]

The film thickness of the transparent pressure-sen
adhesivethinfilm(IV)ispreferably1to200
of the pressure-sensitive adhesion and transparency
[0118]

The pressure-sensitive adhesive force of the trans
pressure-sensitiveadhesiveispreferably3to 100
transmittance ofthetransparentpressure-sensitive
preferably 90% or more in view of the total line tr
(JISK7361-1:1997) fromthe viewpointofthe appe
touch sensor.

[0119]

Examples of the transparent pressure-sensitive adh
include a thermosetting pressure-sensitive adhesive
UV-curable pressure-sensitive adhesive. Examples o
thermosetting transparent pressure-sensitive adhesi
refractive index of 1.46 to 1.52 include a thermose
transparent pressure-sensitive adhesive containing
(meth) acrylate having 1 to 20 carbon atoms, a (met
havingahydroxylgroupand/oracopolymerhavinga
acidderivativehavingacarboxylgroupasaconsti
orapolyfunctionalisocyanate compound and/orapo

epoxy compound. Examples of the UV-curable transpa

ure-sensitive

sitive

pmfromtheviewpoint

parent
N/20mm. The
adhesiveis
ansmittance

arance ofthe

esive
ora
f the
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an alkyl
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pressure-sensitiveadhesivehavingarefractiveind

1.52 include a UV-curable transparent pressure-sens
adhesive containing a monofunctional or polyfunctio
acrylate monomer and/or an oligomer and a photopoly
initiator as a main component.

[0120]

It is possible to use, as such transparent
pressure-sensitive adhesives, an optical clear adhe
material (common name of thermosetting adhesive) or
clearadhesiveresin(OCR)material(commonnameof
pressure-sensitive adhesive) whichisusedto super
substrates one upon another. It is possible to use
transparentpressure-sensitiveadhesivefiim(IV)f
transparent pressure-sensitive adhesive as mentione
pressure-sensitive adhesive provided with a commerc
available multifunctional film such as an antiscatt
[0121]

Examples of commercially available OCA materials c
of forming a transparent pressure-sensitive adhesiv
include 8171CL, 8172CL, 8146-1, or 8146-2 (all of w
manufacturedbySumitomo3MLimited);CS9622T,CS96
(all of which are manufactured by Nitto Denko Corpo
TE-9000, TE-7000, TE-8500, or DA-5000H (all of whic
manufacturedbyHitachiChemicalCo.,Ltd.),orMO-

(allofwhicharemanufacturedbyLINTEC Corporatio

exofl.46to
itive
nal (meth)

merization

sive (OCA)
an optical
UVcuringtype
posevarious
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of commercially available OCR materials capable of
transparent pressure-sensitive adhesive film (IV) i
XV-SV-B1or XV-7811 (all of which are manufactured
Corporation) or UVP-1003, UVP-1100, UVP-7100, or UV
ofwhicharemanufacturedbyToagoseiChemicalindu
Examples of commercially available multifunctional
transparent pressure-sensitive adhesive capable of
transparentpressure-sensitiveadhesivefilm(IV)i
HA-115HA-116,HA-116,0rHA-203usedwidelyasan
film (all of which are manufactured by LINTEC Corpo
HC1100F-BP or HC2120F-BP (all of which are manufact
Corporation).
[0122]

Amemberhavingaportioninwhichathinfilmis
inthe order of the transparent conductive thinfil
curedfilm (Il) obtainedfromthe polymetalloxaneo
inventionorthecompositionthereofissuitablyus
applications. Examplesthereofincludearesistive
acapacitive touch panel,anda TFT substrate, and
preferablyusedforacapacitivetouchpanel,andm
a cover glass integrated electrostatic capacitive t
[0123]
(Lens Application)

Since the cured film obtained from the polymetallo

the present invention is excellent in refractive in
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nclude
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stryCo.,Ltd.).
filmswitha
forming a
ncludeHA-110,
antiscattering
ration), or

ured by DIC

laminated
m (I)andthe
fthepresent
edfordisplay
touchpanel,
the memberis
orepreferably

ouch panel.

xane of

dex and



10

15

20

25

72

transparencyandissuitablyusedforlenses. More specifically,

itcanbe suitably usedforlightcollecting microl ensformedin

a solid state image sensor such as back-illuminated CMOS image
sensors.

[0124]

The solid state image sensor includes a large numb er of
photoelectric conversion elements arranged in a mat rix on a
semiconductor substrate. In front of each photoele ctric
conversion element, microlenses for focusing incide nt light on
a photoelectric conversion element are arranged for each
photoelectric conversion element. Microlenses are required to
have high refractive index and transparency from th e viewpoint

of the light collection efficiency.

[0125]

Examples of a manufacturing method of such a micro lens
include a method using dry etching. This method is as follows.
Acuredfilmofthelensmaterialisformedonthe substrate. Next,
aphotoresistpatternisformedonthecuredfilmi nthesameshape
asthatofthemicrolens. Then,boththephotoresi standthecured
film are dry-etched, and the pattern of the photore sist is

transferred to the cured film to obtain a microlens
[0126]

Since the cured film obtained from the polymetallo xane of
the present invention becomes a dielectric containi ng no free

electrons,hightransparencyandheatresistanceca nbeobtained.
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Itis possible to form a cured film mainly composed
component, and the reactivity between the cured fil
gas during dry etching can be made substantially un
throughoutthefilm. Therefore,adifferenceindr
doesnotoccurlocally,andasmoothmicrolens havi
roughness can be obtained.

[0127]

There is no particular limitation on the method of
manufacturingalensmade ofacuredfilmofpolyme
it is preferred to include the steps of forming a ¢
containing the polymetalloxane of the present inven
substrate, forming a photoresist pattern on the cur
dry-etchingthephotoresistpatternandthecuredf
will be described in each step.

[0128]

Examplesofthe above-mentioned substrateinclude,
not particularly limited to, a silicon wafer, a sap
glass,andanopticalfilm. Example oftheglassi
glass,alkali-freeglass,thermallytemperedglass,
temperedglass. Examplesoftheopticalfiiminclu
of an acrylic resin, a polyester resin, a polycarbo
polyarylate,apolyethersulfone,apolypropylene,

a polyimide, or a cycloolefin polymer.
[0129]

The method for forming a cured film containing a
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polymetalloxane on a substrate is preferably a meth
a solution containing a polymetalloxaneis coated a
form a cured film.

[0130]

Thephotoresistpatternisobtainedbyformingap
layer on the cured film containing the polymetallox
patterning the photoresist layer by photolithograph
[0131]

The photoresist layer can be obtained by coating a
commerciallyavailablephotoresist. Asacoatingm
method can be used. Examples of the apparatus used
include full-surface coating apparatuses such as sp
dipcoating,curtainflowcoating,spraycoating,o
orprintingapparatussuchasscreenprinting,roll
gravure coating or ink jet.

[0132]

After coating, heating (pre-baking) may be optiona
performed using aheating device suchas ahotplat
Pre-baking is preferably performed at a temperature
of 50 to 150°C for 30 seconds to 30 minutes to form
film. By performing pre-baking, film thickness uni
be improved. Thefilmthickness after pre-bakingi
0.1to 15 um.

[0133]

The patterning method of the photoresist layer by

od in which

nd heated to

hotoresist

ane and

Y.

ethod,aknown
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photolithographyisnotparticularlylimited,andi tispreferred
that pattern exposure is performed via a desired ma sk using an
ultravioletvisible exposure machinesuchasastep per,amirror
projectionmaskaligner(MPA),aparallellightmas kaligner(PLA),
followed by development with a known developer for photoresist

to obtain a pattern.

[0134]

Asamaskusedforpatternexposure,amaskdesign edtoobtain
a dot-shaped or square-shaped photoresist pattern o f0.1 umto
10 um is preferably used. The photoresist pattern can be
thermally melted, ifnecessary. By performingther malmelting,
the photoresist pattern can be made convex. The co nditions for
thermalmeltingarenotparticularlylimited,andi tispreferred
to heat at a temperature in a range of 50°C to 300° C for about
30secondsto 2 hours using aheating device sucha sahotplate
or an oven.

[0135]

A microlens can be obtained by dry-etching a photo resist
patternandacuredfilmcontaining polymetalloxane onthewhole
surface. Thedryetchingispreferablyperformedu singareactive
ionetchingapparatus(RiEapparatus),andusingas aprocessgas
CHR(methanetrifluoride), CF s(methanetetrafluoride),oxygen,
or a mixed gas thereof. By performing such dry etc hing, the
photoresist pattern and the cured film containing t he

polymetalloxane can be simultaneously etched, thus making it
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possible to form the cured film containing the poly
into a microlens shape.
[0136]

When dry etching residues of the photoresist patte
generated after dry etching, the photoresist may be
removed if necessary. Examples of the removal meth
butare notlimitedto, ashing using oxygenasa pr
immersioninacommerciallyavailableresiststripp
[0137]

(Organic EL Application)

The cured film obtained from the polymetalloxane o
presentinvention is suitably used for organic EL e
organic EL lighting applications. More specificall
thereofincludeaninsulatinglayerthinfilmforme
portion or the lower portion of the transparent con
used for the organic EL element or the organic EL |
[0138]

Currently,theorganicELisanewlightsourceth
surface light emission and is expected to be applie
next-generation displays and lighting. The organic
structure including an organic layer such as a ligh
layer, alayer for controlling carrier injecting pr
transporting properties betweenelectrodes. Theor
a problem such as low light extraction efficiency,

efficiencywithwhichthegeneratedlightcomesout
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Because of large refractive index of the organic la
refractive index of the transparent electrode, in t
propagating to the substrate (n is about 1.5) havin
refractive index or the air (nis about 1.0), most

is totally reflected at the interface, leading to d
extraction efficiency.

[0139]

Therefore, by setting the cured film obtained from
polymetalloxaneofthepresentinventionontheupp
lowerpartofthetransparentelectrode,itisposs
the phase and intensity of the reflected light at t
interface and the lower interface of the cured film
suppressing reflection at the upper interface or th
interface leadingtosignificantimprovementinli
efficiency.

[0140]
(Building Material Use)

Themetalloxane ofthe presentinventioncanbefo
ametaloxidefilmbycoatingandcuring,sothatt
canbeusedasabuildingmaterial. More specifica
thereofinclude aflame retardant materialand ahy
imparting material. Since the polymetalloxane of t
invention serves as anonflammable layer, aflamer
impart flame retardancy by the effect of blocking c

Since afilm having high hydrophilicity canbe form

yer and the
he case of
g alow
of the light

ecrease in

the
erpartorthe
ibletocontrol
he upper
, thus
e lower

ghtextraction

rmedinto
hemetalloxane
lly,examples
drophilicity
he present
etardant can
ombustion.

edby coating
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the surface ofthe building materialwiththe polym etalloxane of
the present invention, so that an antifouling effec t can be
expected.

[0141]

(Radionuclide Generator Application)

The polymetalloxane of the present invention can b e used
forradionuclide generatorapplications. Specifica lly,itisa
radionuclide generator having a column packed with the

polymetalloxane of the present invention.

[0142]

Currently, inthe medicalfield, radionuclides are usedas
a radioactive diagnostic agent and a radiotherapeut ic agent.
9mT¢ (technetium-99m, half-life of 6.01 hours), which is a
radionuclide,ismostfrequentlyusedasaradioact ivediagnostic
agent.
[0143]

9M™T¢ is produced by B decay of the parent nuclide “Mo
(molybdenum-99, half-life of 65.9 hours). Thatis, MoO; pellet

containing %Mo produced by nuclearfission method or activation
methodisconvertedintoanaqueoussodiummolybdat esolutionand
the aqueous solution is passed through a column pac ked with an
adsorbent to trap Mo in the adsorbent. Among trapp ed Mo, only
%Mocauses pdecaytoproduce 9%mT¢. Bypassingwaterthroughthe
column in this state, 9%MT¢ can be selectively taken out.

[0144]
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The nuclear fission method in the method of produc
is a method in which

irradiated with neutrons to cause afission reactio

ing Mo

235 (uranium-235) in enriched uranium is

nand %°Mois

taken out through a complicated process. However, this method
has a disadvantage that a large amount of radioacti ve waste is
produced. Meanwhile, in the activation method, nat urally
occurring %Mo (molybdenum-98) is irradiated with neutrons to

produce *°Mo. This activation method has an advantage that n o]

radioactive waste is generated but has a problem th
generated has low specific radioactivity. Therefor

a demand for an adsorbent having high adsorption ab
column.

[0145]

An inorganic polymer zirconium chloride compound h
developed as an adsorbent having high adsorption pe
However, in this compound, when an agueous sodium m
solution is passed through a column, a chloro group
ofthecompoundishydrolyzedtoproducehydrogenc
hydrogenchlorideisacorrosivegasandhasaprob
Therefore, there has been required an adsorbent whi
generate hydrogen chloride and has high adsorption
[0146]

Thepolymetalloxaneofthepresentinventionhasa
group and/orahydroxylgroup atthe endandtheref

a Mo adsorption site. Therefore, like the inorgani

at Mo thus
e, thereis

ility and a

as been
rformance.
olybdate
at the end
hloride. This
leminsafety.
ch does not

performance.

(R 3;Si0-)
oreservesas

¢ polymer
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zirconium chloride, the polymetalloxane has high ad sorption
performance. However, the polymetalloxane does not produce
corrosive gas such as hydrogen chloride, so that th e
polymetalloxane canbesuitablyusedasanadsorben thavinghigh
adsorption performance and high safety.

[0147]

Byusingacolumnpackedwithpolymetalloxaneoft hepresent
invention as a radionuclide generator, %mT¢ can be efficiently
produced because of its high adsorption capability, sothatthe
apparatus can be reduced in size and weight.

[Examples]
[0148]

The present invention will be described more speci fically
by way of Synthesis Examples and Examples, but the present
invention is not limited to these Examples.

[0149]

In each Synthesis Example, analysis by Fourier tra nsform
infrared spectroscopy (hereinafter abbreviated to F T-IR) was
performed by the following method. First, using a Fourier

transforminfraredspectrometer(FT720,manufactur
Corporation),twosiliconwaferssuperposedoneupo
measured and used as a baseline. Next, one drop of
compoundorasolutionthereofwasdroppedonasil

the silicon wafer was sandwiched by another silicon

the thus obtained sample was used as a measurement

edbyShimadzu
nanotherwere
a metal
iconwaferand
wafer, and

sample. An
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absorbance of the compound or a solution thereof wa

from the difference between the absorbance of the m

sampleandtheabsorbanceofthebaselineandthea

was read.

[0150]

(Synthesis Example 1) Synthesis of Titanium Compoun
In a three-necked flask having a capacity of 500 m

g (0.1 mol) oftetrabutoxytitaniumwas chargedand

immersedinanoilbathat40°C followedbystirri

Thereafter, using a dropping funnel, 9.0 g (0.1 mol

trimethylsilanol was added over 1 hour and, aftert

the mixture was stirred for additional 1 hour. The

theflaskwastransferredtoa200mlrecoveryflas

s calculated
easurement

bsorptionpeak

d(T1)
l,34.0
the flaskwas
ngfor30minutes.
) of
he addition,
content of

k,andbutanol

thus formed was distilled off under reduced pressur e to obtain
a colorless liquid titanium compound (T1).
[0151]
Analysis of the titanium compound (T1) by FT-IR re vealed
thatanabsorptionpeakofTi-O-Si(958cm 1)wasformedandthere

was no absorption of silanol (883 cm

titanium compound (T1) is tributoxy(trimethylsiloxy

[0152]

(Synthesis Example 2) Synthesis of Titanium Compoun
In a three-necked flask having a capacity of 500 m

g(0.1mol)oftetraisopropoxytitaniumwascharged

was immersed inan oil bath at40°C, followed by st

1), and thus the obtained

)titanium.

d (T2)
[, 28.4
andtheflask

irring for 30
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minutes. Thereafter, using a dropping funnel, 9.0 g (0.1 mol)
oftrimethylsilanolwasaddedoverlhourand,afte rtheaddition,
the mixture was stirred for additional 1 hour. The content of
the flask was transferred to a 200 ml recovery flas k, and
isopropanolthusformedwasdistilledoffunderred ucedpressure
to obtain a colorless liquid titanium compound (T2)
[0153]

Analysis of the titanium compound (T2) by FT-IR re vealed
thatanabsorptionpeakofTi-O-Si(958cm 1)wasformedandthere

was no absorption of silanol (883 cm

titanium compound (T2) is

triisopropoxy(trimethylsiloxy)titanium.

[0154]

(Synthesis Example 3) Synthesis of Titanium Compoun
In a three-necked flask having a capacity of 500 m

g (0.1 mol) of tetra-t-butoxytitanium was charged a

was immersedin an oil bath at40°C, followed by st

minutes. Thereafter, using a dropping funnel, 9.0

oftrimethylsilanolwasaddedoverlhourand,afte

the mixture was stirred for additional 1 hour. The

theflaskwastransferredtoa200mlrecoveryflas

thus formed was distilled off under reduced pressur

a colorless liquid titanium compound (T3).

[0155]

Analysis of the titanium compound (T3) by FT-IR re

1), and thus the obtained

d (T3)
l,34.0
nd the flask
irring for 30
g (0.1 mol)
rtheaddition,

content of

k,andt-butanol

e to obtain

vealed
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thatanabsorptionpeakofTi-O-Si(958cm

was no absorption of silanol (883 cm

titanium compound (T3) is

tri-t-butoxy(trimethylsiloxy)titanium.

[0156]

(Synthesis Example 4) Synthesis of Titanium Compoun
In a three-necked flask having a capacity of 500 m

g (0.1 mol) oftetrabutoxytitaniumwas chargedand

immersedinanoilbathat40°C followedbystirri

Thereafter, using a dropping funnel, 13.3 g (0.1 mo

triethylsilanol was added over 1 hour and, after th

the mixture was stirred for additional 1 hour. The

theflaskwastransferredtoa200mlrecoveryflas

1)wasformedandthere

1), and thus the obtained

d (T4)
l,34.0
the flaskwas
ngfor30minutes.
) of
e addition,
content of

k,andbutanol

thus formed was distilled off under reduced pressur e to obtain
a colorless liquid titanium compound (T4).

Analysis of the titanium compound (T4) by FT-IR re vealed
thatanabsorptionpeakofTi-O-Si(958cm 1)wasformedandthere

was no absorption of silanol (883 cm

titanium compound (T4) is tributoxy(triethylsiloxy)

[0157]

(Synthesis Example 5) Synthesis of Titanium Compoun
In a three-necked flask having a capacity of 500 m

g(0.1mol) oftetrabutoxytitaniumwas charged and

immersedinanoilbathat40°C followedbystirri

Thereafter, using a dropping funnel, 18.0 g (0.2 mo

1), and thus the obtained

titanium.

d (T5)
l,34.0
theflaskwas
ngfor30minutes.

1) of
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trimethylsilanol was added over 1 hour and, aftert
the mixture was stirred for additional 1 hour. The

theflaskwastransferredtoa200mlrecoveryflas

thus formed was distilled off under reduced pressur e to obtain
a colorless liquid titanium compound (T5).
[0158]
Analysis of the titanium compound (T5) by FT-IR re vealed
thatanabsorptionpeakofTi-O-Si(958cm 1)wasformedandthere

was no absorption of silanol (883 cm

titanium compound (T5) is dibutoxybis(trimethylsilo

because the absorption peak intensity of Ti-O-Si do

compared with the titanium compound (T1).

[0159]

(Synthesis Example 6) Synthesis of Titanium Compoun
In a three-necked flask having a capacity of 500 m

g(0.1mol) oftetrabutoxytitaniumwas charged and

immersedinanoilbathat40°C followedbystirri

Thereafter, using a dropping funnel, 27.1 g (0.3 mo

trimethylsilanol was added over 1 hour and, after t

the mixture was stirred for additional 1 hour. The

theflaskwastransferredtoa200mlrecoveryflas

thus formed was distilled off under reduced pressur

a colorless liquid titanium compound (T6).

[0160]

Analysis of the titanium compound (T6) by FT-IR re

he addition,
content of

k,andbutanol

1), and that the obtained

Xy)titanium

ubled as

d (T6)
l,34.0
theflaskwas
ngfor30minutes.
) of
he addition,
content of
k,andbutanol

e to obtain

vealed
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thatanabsorptionpeakofTi-O-Si(958cm

was no absorption of silanol (883 cm

titanium compound (T6) is butoxytris(trimethylsilox

because the absorption peak intensity of Ti-O-Si tr

compared with the titanium compound (T1).

[0161]

(Synthesis Example 7) Synthesis of Zirconium Compou
In a three-necked flask having a capacity of 500 m

g(0.1mol)oftetrabutoxyzirconiumwaschargedand

immersedinanoilbathat40°C followedbystirri

Thereafter, using a dropping funnel, 9.0 g (0.1 mol

trimethylsilanol was added over 1 hour and, aftert

the mixture was stirred for additional 1 hour. The

theflaskwastransferredtoa200mlrecoveryflas

thus formed was distilled off under reduced pressur e to obtain
a colorless liquid zirconium compound (Z1).
[0162]
Analysis of the zirconium compound (Z1) by FT-IR r evealed
thatanabsorptionpeakofZr-O-Si(968cm 1)wasformedandthere

was no absorption of silanol (883 cm

zirconiumcompound(Z1)istributoxy(trimethylsilox

[0163]

(Synthesis Example 8) Synthesis of Zirconium Compou
In a three-necked flask having a capacity of 500 m

g (0.1 mol) of tetrapropoxyzirconium was charged an

1)wasformedandthere

1), and that the obtained

y)titanium)

ipled as

nd (Z1)
l,38.4
theflaskwas
ngfor30minutes.
) of
he addition,
content of

k,andbutanol

1), and thus the obtained

y)zirconium.

nd (22)
l,32.8

d the flask
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was immersedinan oil bath at40°C, followed by st
minutes. Thereafter, using a dropping funnel, 9.0
oftrimethylsilanolwasaddedoverlhourand,afte

the mixture was stirred for additional 1 hour. The

theflaskwastransferredtoa200mlrecoveryflas

irring for 30
g (0.1 mol)
rtheaddition,
content of

k,andpropanol

thus formed was distilled off under reduced pressur e to obtain
a colorless liquid zirconium compound (Z2).
[0164]

Analysis of the zirconium compound (Z2) by FT-IR r evealed
thatanabsorptionpeakofZr-O-Si(968cm 1)wasformedandthere
was no absorption of silanol (883 cm 1), and thus the obtained
zirconium compound (Z2) is
tripropoxy(trimethylsiloxy)zirconium.

[0165]
(Synthesis Example 9) Synthesis of Zirconium Compou nd (Z3)

In a three-necked flask having a capacity of 500 m l, 38.4
9(0.1mol)oftetrabutoxyzirconiumwaschargedand theflaskwas

immersedinanoilbathat40°C followedbystirri
Thereafter, using a dropping funnel, 18.0 g (0.1 mo
triethylsilanol was added over 1 hour and, after th
the mixture was stirred for additional 1 hour. The
theflaskwastransferredtoa200mlrecoveryflas

thus formed was distilled off under reduced pressur
a colorless liquid zirconium compound (Z3).

[0166]

ngfor30minutes.
) of
e addition,
content of
k,andbutanol

e to obtain
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Analysis of the zirconium compound (Z3) by FT-IR r
thatanabsorptionpeakofZr-O-Si(968cm
was no absorption of silanol (883 cm
zirconiumcompound (Z3) is tributoxy(triethylsiloxy
[0167]

(Synthesis Example 10) Synthesis of Zirconium Compo

In a three-necked flask having a capacity of 500 m
g(0.1mol)oftetrabutoxyzirconiumwaschargedand
immersedinanoilbathat40°C followedbystirri
Thereafter, using a dropping funnel, 18.0 g (0.2 mo
trimethylsilanol was added over 1 hour and, aftert
the mixture was stirred for additional 1 hour. The

theflaskwastransferredtoa200mlrecoveryflas

evealed

1)wasformedandthere

1), and thus the obtained

)zirconium.

und (Z4)
l,38.4
theflaskwas
ngfor30minutes.
) of
he addition,
content of

k,andbutanol

thus formed was distilled off under reduced pressur e to obtain
a colorless liquid zirconium compound (Z4).
[0168]
Analysis of the zirconium compound (Z4) by FT-IR r evealed
thatanabsorptionpeakofZr-O-Si(968cm 1)wasformedandthere

was no absorption of silanol (883 cm
zirconium compound (Z4) is
dibutoxybis(trimethylsiloxy)zirconium because the a
peakintensity of Zr-O-Sidoubledascomparedwith
compound (Z3).

[0169]

Synthesis Examples 1to 10 are collectively shown

1), and that the obtained

bsorption

thezirconium

in Table
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[Table 1]
Obtained metal compound R R® M m n
ganr::jzsl T“a”i”r?Tcl‘;mpOU”d Tributoxy(trimethylsiloxy)titanium | Methyl | Butyl | Ti | 4 | 1
gan:‘isz Titaniur?Tczc;mpound Triisopropoxy(trimethylsiloxy)titanium | Methyl |Isopropyl| Ti 4 1
ga":rii Tita”i”r?%mpo“”d Tri-t-butoxy(trimethylsiloxy)titanium | Methyl | tBuyl | Ti | 4 | 1
E&X’a":‘f;j T”a"i””(‘T‘j:;mp"“"d Tributoxy(triethylsiloxy)titanium | Ethyl | Buyl | Ti | 4 | 1
E&X’a":‘iz T”a"i””(‘T‘;c;mp"“"d Dibutoxybistrimethylsiloxy)titanium | Methyl | Butyl | Ti | 4 | 2
gan:;iz T“a”i”r?%mp"“”d Butoxytris(trimethylsiloxy)titanium | Methyl | Butyl | Ti | 4 | 3
gan:;i? Coriiggﬁ:i:g y | TrbuoyGrimethyisloxy)zirconium | Methyl | Buyl | Zr | 4 | 1
S(/an:[iz coriingﬁ:idlj?; 2) Tripropoxy(trimethylsiloxy)zirconium | Methyl | Propyl Zr 4 1
S(/an:[iz coriingﬁ:idlj?; 3) Tributoxy(triethylsiloxy)zirconium Ethyl Butyl Zr 4 1
Synthes's Zirconium Dibutoxybis(trimethylsiloxy)zirconium | Methyl Butyl Zr 4 2
Example 10 compound (Z4)

[0171]
(Synthesis Example 11) Titanium Compound (T1-H1) So lution

In a three-necked flask having a capacity of 500 m l, 35.6
g (0.1 mol) of atitanium compound (T1) and 50.0 g of propylene
glycol monomethyl ether acetate (hereinafter abbrev iated to
PGMEA) as a solvent were charged and the flask was immersed in
an oil bath at 40°C, followed by stirring for 30 mi nutes.
Thereafter, 1.8 g (0.1 mol) of water was charged in a dropping
funnelforthe purposeofhydrolysis,andthenadde dintheflask
overlhour. Duringtheadditionofwater,precipi tationdidnot
occurintheliquidinthe flask, and itwas a unif ormcolorless
and transparent solution. After the addition, the mixture was

stirred for additional 1 hour.
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[0172]
Thecontentoftheflaskwastransferredtoa200
flask and butanol thus formed was distilled off und
pressuretoobtainacolorlessandtransparenttita
(T1-H1) solution. Analysis of the obtained titaniu
(T1-H1)solutionby FT-IRrevealedanabsorptionpe
(958 cm 1) and an absorption peak of Ti-OH (1,645 cm
cm?l). Therefore, it was estimated that the titanium ¢
(T1-H1) is dibutoxy(hydroxy)(trimethylsiloxy)titani
[0173]
These results are shown in Table 2.
[0174]
(Synthesis Example 12 to Synthesis Example 25, Comp
Synthesis Example 1 to Comparative Synthesis Exampl
In a 500 ml three-necked flask, titanium compounds
solvents shown in Table 2 were charged, followed by
the same manner as in Synthesis Example 11. Therea
was added in the amount shown in Table 2 in the sam
in Synthesis Example 11, followed by hydrolysis. A
the flask content liquid during the addition of wat
inTable2. InthesamemannerasinSynthesisExa
as a by-product was distilled off under reduced pre
results of analysis by FT-IR are shown in Table 2.
[0175]

RegardingComparative SynthesisExamples1to3,w

mirecovery
er reduced
niumcompound
m compound
akofTi-O-Si
"1 and 3,380
ompound

um.

arative
e 3)
and
stirringin
fter, water
e manner as
ppearance of
eris shown
mplell,alcohol

ssure. The

henwater



91

was added, white precipitation occurred instantaneo
reason is considered that tetrahydroxy titanium was
becauseofhighhydrolysisrateoftitaniumalkoxid
itisestimatedthattetrahydroxytitaniumthusform

and became insoluble in the solvent.

[0176]

usly. The
formed
e. Therefore,

edaggregated
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[Table 2]
Charging
Synthesi — 1M etal compound Solven Amount
esis Example 11| Titanium compound | ey ype Amount | Type At of water A]E)pearance _
Synthes - (T1-H1) solution Titanium compound (T1) 35649 mount | added of solution Estimated structure
s Example 12 '(?2' l|J_|n21 compound | 1o 0.1 mol) | PGMEA | 509 01-8 9 | Tran
X . itan . o )
Synthesis Example 13 Ti(taniUm)cior:wupt:)md um compound (T (Og.)i"?ngl) PGMEA | 50¢g ( 316m ; ! sparent | Dibutoxy(hydroxy)(trimethylsiloxy)titanium
T1-H?3) soluti Titanium 0.2 mi Transparent .
Synthesis Example 14 Titanium)compé, %?1 . compound (T1) (Si’-ﬁqgn PGMEA | 50g ( 5 ;') Butoxy(dihydroxy)(trimethylsiloxy)titanium
: (T2-H1) solution | Titanium compound (T 314 (0.3 mol) | Transparent Trihyd i
Synthests Brample 15 Ti(t?gi l¢|nz1)(x’ml30und - (T2) | (01 moly | PMEA | 509 | 189 |1 Di(i ydroxy(trimethylsiloxy)titanium
- (T2-H2) solution itanium compo 314 0.1 mol ransparent isopropoxy)(hydro - - i
Synthesis Example 16 Tl(t?gn li'n?} compound | 7, pound (T2) | (57 mgl) PomE | 09 |, 360 ) - T Y nim(tnmethylgmxy)t,ta
) (T2-H3) soluti itanium c 3 0.2 mol ransparent propoxy)(dih : . '
Synthesis Example 17 Tl'[?nium)comp(l)%r:]d — ompound (12 (O-ifngn PGMEA | 50g | 249 ) T X ydrr?iﬁ%(m methylsiloxy)tita
Synthesis Example 18 Tl(ta%'u_' nll)csoonqu‘r)tg ?Jr:] ; Titanium compound (T3) ( 6"3?% gl) PoVEA | 509 (Of 8mgo|) ransparent Trihydroxy(trimethylsiloxy)titanium
Synthesis Example 19 TRy oo Titanium compound (T3) | (205, | PGMEA (O gl Transparent | D! (-butoxy)(hydroxy) (trimethylsiloxy)titaniu
ple compound | 1 .1 mol) 509 09 m
(T3-H3) solution | | tanium co 35 (0.2 mol) | Transparent T-butoxy(dihydroxy)(tri N
Synthesis Example20| T Haium Compound = mpound (T3) | 03 o)y | POMEA | 509 | 379 : T yaro) (timethylsloxy)titaniu
Synthesis Example 21 Ti(taﬁiﬂnf’cféﬁéﬂﬂd Thenium compound (T4 ((513 %ﬁqgl) PGMEA | 50g 8¢ 3 j | Transparent | Tritydroxy(trimethylsiloxy)titanium
(T4-H2) soluti Titani ' 0.1 Transparen :
Synthesis Example 22 Ti(t?Z‘Um)comuptémd um compound (T4) | (7 ey | POMEA | 50g TR T sparent | Dibutoxy(hydroxy)(triethylsiloxy)titanium
) -H3) soluti Titanium 0.2 ransparen :
Synthesis Example 23 Ti(?nium)comp:)%rr]]d compound (T4 ((fsla'ﬁqgl) PGMEA | 509 ( 5.4m§;)I) T sparent | Butoxy(dinydroxy)(triettyisiloxy)titanium
5-H1) soluti Titanium 0.3 ransparen ; )
Synthesis Example 24 T??E‘Um)compéﬂ'ﬁd compourd (T5) | 728, | PGMEA | 509 T 9 ’ T gk Trihydroxy(triethylsiloxy)titanium
-H2) soluti Titanium 0.1 ransparent )
Synthesis Example 25 Ti(t?E‘Um)comL&md tenium compound (1% NENECIIET 5t . sparent | Butaxy(ydroxy)bis(trimetnylllaxy)fitardum
Comparative -H1) solution Titanium compound (T6) 389¢ (0.2 mol) | Transparent Dihydroxybis(tri ;
Synthesis Exam Hydrolyzate of (0.1 mol) | PBMEA | 50 18g rimethylsiloxy)titanium
plel | tet o o 9
e La;/)éjrt&%;iné? m | Tembuoxttaiun | ') | PGMEA | 50 Cge C\r/:nsparem Hydroxytris{trimethylsiloxy)titani
esis Example 2 - . i - MO g - ite solid - um
$Aﬁwwm£ Kmﬁﬁﬁ%ﬁﬁWmW“meWWWHmm 249 Trovea | 50 (0.1.mol) | precipiation Mixture of teraftydrcxytitanium and
nthesis Exam e 0 .1 mol -0 g White soli - oxytitaniu
ple3 | tetra-t-butoxytitanium Tetra-t-butoxytitanium 3409 | pg 9 | (0.1mol) | precipi tit): Ioor|1 Mixture Of.tafahydroxytit?niUm i
305, [ Pomen | s0g | 580, | Whitesdlid [ M L
: precipitation rahydroxytitanium
tetra(t-butoxy)titanium and

[0177]
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(Synthesis Example 26) Zirconium Compound (Z1-H1) S
In a 500 ml three-necked flask, 40.0 g (0.1 mol) o
zirconium compound (Z1) and 50.0 g of PGMEA as a so
chargedandtheflaskwasimmersedinanoilbatha
bystirringfor30minutes. Thereafter,1.89(0.1
was charged in adropping funnel for the purpose of
andthenaddedinthe flask over 1 hour. Duringth
water, precipitation did not occur in the liquid in
and itwas a uniform colorless and transparent solu
the addition, the mixture was stirred for additiona
[0178]
Thecontentoftheflaskwastransferredtoa200
flask and butanol thus formed was distilled off und
pressuretoobtainacolorlessandtransparentzirc
(Z1-H1) solution. Analysis of the obtained zirconi
(Z1-H1)solutionby FT-IRrevealedanabsorptionpe
(968 cm ') and an absorption peak of Zr-OH (1,600 cm
cm!). Therefore, it was estimated that the zirconium
(Z1-H1) is dibutoxy(hydroxy)(trimethylsiloxy)zircon
[0179]
These results are shown in Table 3.
[0180]
(Synthesis Example 27 to Synthesis Example 36, Comp
Synthesis Example 4 to Comparative Synthesis Exampl

In a 500 ml three-necked flask, zirconium compound

93

olution
f the
lvent were
t40°C,followed
mol)ofwater
hydrolysis,
e addition of
the flask,
tion. After

| 1 hour.

mirecovery

er reduced
oniumcompound
um compound
akofZr-O-Si

1 and 3,410

compound

ium.

arative
e b5)

s and
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solvents shown in Table 3 were charged, followed by
the same manner as in Synthesis Example 26. Therea
was added in the amount shown in Table 3 in the sam
in Synthesis Example 26, followed by hydrolysis. A
the flask content liquid during the addition of wat
inTable3. InthesamemannerasinSynthesisExa
as a by-product was distilled off under reduced pre
results of analysis by FT-IR are shown in Table 3.
[0181]
RegardingComparativeSynthesisExamples4and5,
was added, white precipitation occurred instantaneo
reason is considered that tetrahydroxy zirconium wa
becauseofhighhydrolysisrateofzirconiumalkoxi
iisestimatedthattetrahydroxyzirconiumthusfor
and became insoluble in the solvent.

[0182]

94

stirringin
fter, water
€ manner as
ppearance of
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[Table 3] _

Metal compoucr::(]jar(‘:]I = Solvent An\:\?al;g't o Appsgle:rﬁr;%e of Estimated structure

Type Amount | Type |Amount| added
Synthesis Example 26 Zirconium compound Zirconium compound 4009 PGMEA| 509 189 Transparent | Di(butoxy)(hydroxy)(trimethylsiloxy)zirconium

(Z1-H1) solution (21) (0.1 mol) (0.1 mol)

Synthesis Example 27 Z r((;)ln"jg; Zg:zggl:]nd Zirconi ug(l:;) mpound ( (;1 clJ'gch)l) PGMEA| 509 ( 0.?;?13)0 Transparent | Butoxy(dihydroxy)(trimethylsiloxy)zirconium
Synthesis Example 28 z r(;olnlgg; gmggﬁm Zircon ug;;;) mpound ( 04 (1)'23') PGMEA| 509 ( Ogiil) Transparent Trihydroxy(trimethylsiloxy)zirconium
Synthesis Example 29 z r(;oznl: r;; gmggﬁm Zircon ug;;;) mpound ( (;3 ifngl) PGMEA| 509 ( 0.11'8m%|) Transparent | Di(propoxy)(hydroxy)(trimethylsiloxy)zirconium
Synthesis Example 30 z r(;c;nn:rzr; gmggﬁm Zircon ug;;;) mpound ( (;3 ifngl) PGMEA| 509 ( 0.?;?11%0 Transparent | (Propoxy)(dihydroxy)(trimethylsiloxy)zirconium
Synthesis Example 31 Z r((;)znl'jg; Zg:zggl:]nd Zirconi ug(z:;a mpound ( 03 i';‘ch)l) PGMEA| 509 ( Ozl:n?)l) Transparent Trihydroxy(trimethylsiloxy)zirconium
Synthesis Example 32| 2 r(;"&”':rl'; zgmgf;”d Zircon “?;gfmpound ( ;‘1"; gl) PGMEA| 509 | 0_11'?]%) Transparent | Di(butoxy)(hydroxy)(triethylsiloxy)zirconium
Synthesis Example 33 z r((;og-m:rzr; gmggﬁm Zircon ugg) mpound ( OA.leLilgl) PGMEA| 509 ( 0.?;?11%0 Transparent Butoxy/(dihydroxy)(triethylsiloxy)zirconium
Synthesis Example 34 z r(;og-m:g gmggﬁm Zircon ugg) mpound ( OA.leLilgl) PGMEA| 509 ( Ogiil) Transparent Trihydroxy(triethylsiloxy)zirconium
Synthesis Example 35 z r(;(;m: r;; gmggﬁm Zircon ugz;) mpound ( 04 i.?ngl) PGMEA| 509 ( 0.11'8m%|) Transparent | Butoxy(hydroxy)di(trimethylsiloxy)zirconium
Synthesis Example 36 Z r(;T:g; Zg:zggl:]nd Zirconi u?;;:;a mpound ( (;1 i'ﬁch)l) PGMEA| 509 ( 0.?;?13)0 Transparent Dihydroxybis(trimethylsiloxy)zirconium
s | e | Tabamoaranom | 849 ] sog | 189, | W | insed iiomiom
e | Tesoatcnun] Tergomoarnon| 230 pcwen] sog | 189, | Wk | insed koo zromnan

[0183]
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In each Example, the solid content concentration o
polymetalloxanesolutionwasdeterminedbyweighing
polymetalloxane solution in an aluminum cup, heatin
polymetalloxanesolutionat250°Cfor30minutesus
tovaporizetheliquidcomponent,andweighingthe
remaining in the aluminum cup after heating.

[0184]

Analysis by FT-IR was carried out by the following
First,onlyasiliconwaferwasmeasuredusingaFo
infrared spectrometer (FT720, manufactured by Shima
Corporation) and was used as a baseline. Subsequen
polymetalloxane solution was dropped onto a silicon
followed by spin coating at an arbitrary rotational
followedbyvacuumdryingtofabricateameasuremen
absorbance of the polymetalloxane was calculated fr
difference betweenthe absorbance of the measuremen
theabsorbance ofthe baseline,and anabsorptionp
[0185]

The weightaverage molecular weight (Mw) was deter
the following method. Lithium chloride was dissolv
N-methyl-2-pyrrolidone to prepare a 0.02 M lithium
chloride/N-methyl-2-pyrrolidone solution as an elue
polymetalloxanewasdissolvedintheeluentinthe
of 0.2% by weight, and the solution thus obtained w

sample solution. A porous gel column (each one of
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«-3000, manufactured by Tosoh Corporation) was packe
eluent at a flow rate of 0.5 mL/min, and 0.2 mL of
solution was injected into the column. The column
detected by a differential refractive index detecto
RI-201, manufactured by Showa Denko K.K.) and the e
was analyzed to determine the weight average molecu
(Mw).

[0186]

Example 1 Synthesis of Polymetalloxane (TP-1)

The titanium compound (T1) (35.6 g (0.1 mol)) and
of propylene glycol monomethyl ether acetate (herei
abbreviatedtoPGMEA)asasolventweremixedtoob
1. Water (1.8 g (0.1 mol)), 50.0 g of isopropyl al
(hereinafterabbreviatedtolPA)asadilutingsolv
and2.2g(0.01mol)oftributylamineasapolymeri
were mixed to obtain a solution 2.

[0187]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the

itwas a uniform colorless and transparent solution
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addition,themixturewasstirredforadditional1

a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was100to130°C). Duringthereaction,IPAandbu
as by-products were distilled. During heating with
precipitation did not occur in the liquid in the fl

was a uniform transparent solution.

[0188]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0189]

The solid component concentration of the obtained

polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-1) solution.

[0190]

Analysis of the polymetalloxane (TP-1) solution by

revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h

trimethylsiloxy group.
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[0191]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-1) was 6,000 in terms of polyst
[0192]

Example 2 Synthesis of Polymetalloxane (TP-2)

The titanium compound (T1) (35.6 g (0.1 mol)) and
of PGMEA as a solvent were mixed to obtain a soluti
(3.6g(0.2mol)),50.0gofIPAasadiluting solv
and2.2g(0.01mol)oftributylamineasapolymeri
were mixed to obtain a solution 2.

[0193]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the
itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1
a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10

mixturewasheatedwithstirringfor2hours(inter

99
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was100to130°C). Duringthereaction,IPAandbu
as by-products were distilled. During heating with
precipitation did not occur in the liquid in the fl
was a uniform transparent solution.

[0194]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0195]

The solid component concentration of the obtained
polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-2) solution.

[0196]

Analysis of the polymetalloxane (TP-2) solution by
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0197]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-2) was 21,000 in terms of polys
[0198]

Example 3 Synthesis of Polymetalloxane (TP-3)

The titanium compound (T1) (35.6 g (0.1 mol)) and
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of PGMEA as a solvent were mixed to obtain a soluti
(3.6g(0.2mol)),50.0gofIPAasadiluting solv

and 1.3 g (0.01 mol) of diisobutylamine as a polyme
catalyst were mixed to obtain a solution 2.

[0199]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the
itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1
a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was100to130°C). Duringthereaction,IPAandbu
as by-products were distilled. During heating with
precipitation did not occur in the liquid in the fl
was a uniform transparent solution.

[0200]

After completion of the heating, the liquid in the
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was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0201]

The solid component concentration of the obtained
polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-3) solution.

[0202]

Analysis of the polymetalloxane (TP-3) solution by
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0203]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-3) was 25,000 in terms of polys
[0204]

Example 4 Synthesis of Polymetalloxane (TP-4)

The titanium compound (T1) (35.6 g (0.1 mol)) and
of PGMEA as a solvent were mixed to obtain a soluti
(3.6g(0.2mol))and50.0goflIPAasadilutings
were mixed to obtain a solution 2.

[0205]
In a three-necked flask having a capacity of 500 m

entire amount of the solution 1 was charged and the
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immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t

2, precipitation did not occur in the liquid in the
itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1

a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was100to130°C). Duringthereaction,IPAandbu
as by-products were distilled. During heating with
precipitation did not occur in the liquid in the fl

was a uniform transparent solution.

[0206]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0207]

The solid component concentration of the obtained

polymetalloxanesolutionwasdetermined,andthenP

suchthatthe solidcomponentconcentrationbecame

103
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to obtain a polymetalloxane (TP-4) solution.
[0208]

Analysis of the polymetalloxane (TP-4) solution by
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0209]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-4) was 6,000 in terms of polyst
[0210]

Example 5 Synthesis of Polymetalloxane (TP-5)

The titanium compound (T1) (35.6 g (0.1 mol)) and
of PGMEA as a solvent were mixed to obtain a soluti
(5.49(0.3mol)),50.0gofIPAasadiluting solv
and2.2g(0.01mol)oftributylamineasapolymeri
were mixed to obtain a solution 2.

[0211]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the

itwas a uniform colorless and transparent solution

104
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addition,themixturewasstirredforadditional1

a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was100to130°C). Duringthereaction,IPAandbu
as by-products were distilled. During heating with
precipitation did not occur in the liquid in the fl

was a uniform transparent solution.

[0212]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0213]

The solid component concentration of the obtained

polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-5) solution.

[0214]

Analysis of the polymetalloxane (TP-5) solution by

revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h

trimethylsiloxy group.
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[0215]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-5) was 44,000 in terms of polys
[0216]

Example 6 Synthesis of Polymetalloxane (TP-6)

The titanium compound (T1) (35.6 g (0.1 mol)) and
of PGMEA as a solvent were mixed to obtain a soluti
(5.49(0.3mol)),50.0gofIPAasadiluting solv
and 1.3 g (0.01 mol) of diisobutylamine as a polyme
catalyst were mixed to obtain a solution 2.

[0217]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the
itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1
a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10

mixturewasheatedwithstirringfor2hours(inter
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was100to130°C). Duringthereaction,IPAandbu
as by-products were distilled. During heating with
precipitation did not occur in the liquid in the fl
was a uniform transparent solution.

[0218]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0219]

The solid component concentration of the obtained
polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-6) solution.

[0220]

Analysis of the polymetalloxane (TP-6) solution by
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0221]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-6) was 25,000 in terms of polys
[0222]

Example 7 Synthesis of Polymetalloxane (TP-7)

The titanium compound (T2) (31.4 g (0.1 mol)) and
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of PGMEA as a solvent were mixed to obtain a soluti
(5.49(0.3mol)),50.0gofIPAasadiluting solv
and2.2g(0.01mol)oftributylamineasapolymeri

were mixed to obtain a solution 2.

[0223]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the
itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1
a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was100to130°C). Duringthereaction,IPAandbu
as by-products were distilled. During heating with
precipitation did not occur in the liquid in the fl
was a uniform transparent solution.

[0224]

After completion of the heating, the liquid in the
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was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0225]

The solid component concentration of the obtained
polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-7) solution.

[0226]

Analysis of the polymetalloxane (TP-7) solution by
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0227]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-7) was 46,000 in terms of polys
[0228]

Example 8 Synthesis of Polymetalloxane (TP-8)

The titanium compound (T4) (39.8 g (0.1 mol)) and
of PGMEA as a solvent were mixed to obtain a soluti
(5.49(0.3mol)),50.0gofIPAasadiluting solv
and2.2g(0.01mol)oftributylamineasapolymeri
were mixed to obtain a solution 2.

[0229]

In a three-necked flask having a capacity of 500 m

109

lloxane

loxane

GMEAwasadded

20%byweight

FT-IR
1)wasobserved,

aving a

tyrene.

50.09
on 1. Water
entforwater,

zationcatalyst

[, the



10

15

20

25

110

entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an

in the flask over 1 hour. During the addition of t

2, precipitation did not occur in the liquid in the

itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1

a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was100to130°C). Duringthereaction,IPAandbu

as by-products were distilled. During heating with
precipitation did not occur in the liquid in the fl

was a uniform transparent solution.

[0230]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0231]

The solid component concentration of the obtained

polymetalloxanesolutionwasdetermined,andthenP
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suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-8) solution.
[0232]

Analysis of the polymetalloxane (TP-8) solution by
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0233]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-8) was 28,000 in terms of polys
[0234]

Example 9 Synthesis of Polymetalloxane (TP-9)

The titanium compound (T5) (37.2 g (0.1 mol)) and
of PGMEA as a solvent were mixed to obtain a soluti
(3.6g(0.2mol)),50.0gofIPAasadiluting solv
and2.2g(0.01mol)oftributylamineasapolymeri
were mixed to obtain a solution 2.

[0235]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t

2, precipitation did not occur in the liquid in the
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itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1

a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internaltemperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was100to130°C). Duringthereaction,IPAandbu
as by-products were distilled. During heating with
precipitation did not occur in the liquid in the fl

was a uniform transparent solution.

[0236]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0237]

The solid component concentration of the obtained

polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-9) solution.

[0238]

Analysis of the polymetalloxane (TP-9) solution by

revealedthatanabsorptionpeakofTi-O-Si(958cm

and thus the polymetalloxane is a polymetalloxane h
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trimethylsiloxy group.
[0239]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-9) was 18,000 in terms of polys
[0240]

Example 10 Synthesis of Polymetalloxane (TP-10)

A titanium compound (T2-H3) solution (68.81 g) (co
0f18.81g(0.1mol)oftrihydroxy(trimethylsiloxy)

50.0 g of PGMEA) was weighed and this solution was
solution1. IPA(50.0g)asadilutingsolventfor

g (0.01 mol) of tributylamine as a polymerization c
mixed to obtain a solution 2.

[0241]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the
itwas a uniform colorless and transparent solution
addition, the mixture was stirred for additional 1
Thereafter,forthepurposeofpolycondensation,th
heated to 140°C over 30 minutes. One hour after st

temperature rise, the internal temperature of the s

113
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reached100°C,andthemixturewasheatedwithstir
(internal temperature was 100 to 130°C). During th
IPAandwaterasaby-productweredistilled. Duri
stirring, precipitationdidnotoccurintheliquid

and it was a uniform transparent solution.

[0242]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0243]

The solid component concentration of the obtained

polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-10) solution.
[0244]

Analysis of the polymetalloxane (TP-10) solution b
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.
[0245]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-10) was 48,000 in terms of poly
[0246]

Example 11 Synthesis of Polymetalloxane (TP-11)
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A titanium compound (T2-H2) solution (73.02 g) (co
of 18.81 g (0.1 mol) of
(isopropoxy)(dihydroxy)(trimethylsiloxy)titanium)a
PGMEA) was weighed and this solution was used as a
Water (1.8 g (0.1 mol)), 50.0g of IPA as adilutin
water,and2.2g(0.01 mol) oftributylamineasap
catalyst were mixed to obtain a solution 2.

[0247]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the
itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1
a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internaltemperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was 100 to 130°C). During the reaction, IPA and wa
distilled. During heating with stirring, precipita

occurintheliquidintheflask,anditwasaunif

115
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solution.
[0248]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0249]

The solid component concentration of the obtained
polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-11) solution.

[0250]

Analysis of the polymetalloxane (TP-11) solution b
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0251]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-11) was 47,000 in terms of poly
[0252]

Example 12 Synthesis of Polymetalloxane (TP-12)

In the same manner as in Example 7, except that PG
the solvent of Example 7 was changed to 1,2-diethox
synthesis and adjustment of the solid component wer

toobtainapolymetalloxane (TP-12)solution. The

116
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the obtained polymetalloxane (TP-12) solution was p
transparent.
[0253]

Analysis of the polymetalloxane (TP-12) solution b
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0254]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-12) was 49,000 in terms of poly
[0255]

Example 13 Synthesis of Polymetalloxane (TP-13)

In the same manner as in Example 7, except that PG
thesolventofExample7waschangedto2,6-dimethy
synthesis and adjustment of the solid component wer
toobtainapolymetalloxane (TP-13)solution. The
the obtained polymetalloxane (TP-13) solution was p
transparent.

[0256]

Analysis of the polymetalloxane (TP-13) solution b
revealedthatanabsorptionpeakofTi-O-Si(958cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0257]

The weight average molecular weight (Mw) of the

117
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polymetalloxane (TP-13) was 46,000 in terms of poly
[0258]

Example 14 Synthesis of Polymetalloxane (ZP-1)

The zirconium compound (Z-1) (40.0 g (0.1 mol)) an

gof PGMEAasasolventwere mixedtoobtainasolu
(5.49(0.3mol)),50.0gofIPAasadiluting solv
and2.2g(0.01mol)oftributylamineasapolymeri
were mixed to obtain a solution 2.

[0259]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the
itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1
a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was100to130°C). Duringthereaction,IPAandbu

as by-products were distilled. During heating with

118
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precipitation did not occur in the liquid in the fl
was a uniform transparent solution.
[0260]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0261]

The solid component concentration of the obtained
polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (ZP-1) solution.

[0262]

Analysis of the polymetalloxane (ZP-1) solution by
revealedthatanabsorptionpeakofZr-O-Si(968cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0263]

The weight average molecular weight (Mw) of the
polymetalloxane (ZP-1) was 45,000 in terms of polys
[0264]

Example 15 Synthesis of Polymetalloxane (ZP-2)

The zirconium compound (Z-4) (41.6 g (0.1 mol)) an

gof PGMEAasasolventwere mixedtoobtainasolu

(3.69(0.2mol)),50.0gofIPAasadiluting solv
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and2.2g(0.01mol)oftributylamineasapolymeri
were mixed to obtain a solution 2.
[0265]

In a three-necked flask having a capacity of 500 m
entire amount of the solution 1 was charged and the
immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an
in the flask over 1 hour. During the addition of t
2, precipitation did not occur in the liquid in the
itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1
a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter
was 100 to 130°C). During the reaction, butanol an
by-products were distilled. During heating with st
precipitation did not occur in the liquid in the fl
was a uniform transparent solution.

[0266]

After completion of the heating, the liquid in the

was cooled to room temperature to obtain a polymeta

solution. The appearance of the obtained polymetal
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solution was pale yellow transparent.
[0267]

The solid component concentration of the obtained
polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (ZP-2) solution.

[0268]

Analysis of the polymetalloxane (ZP-2) solution by
revealedthatanabsorptionpeakofZr-O-Si(968cm
and thus the polymetalloxane is a polymetalloxane h
trimethylsiloxy group.

[0269]

The weight average molecular weight (Mw) of the
polymetalloxane (ZP-2) was 19,000 in terms of polys
[0270]

Example 16 Synthesis of Polymetalloxane (ZP-3)

A zirconium compound (Z1-H3) solution (73.1 g) (co

ofg(0.1mol)oftrihydroxy(trimethylsiloxy)zircon
g of PGMEA) was weighed and this solutionwas used
1. IPA(50.0 g) as adiluting solvent for water an
mol) oftributylamineasapolymerization catalyst
obtain a solution 2.
[0271]
In a three-necked flask having a capacity of 500 m

entire amount of the solution 1 was charged and the

121
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immersedinanoilbathat40°C followedbystirri
Thereafter, the entire amount of the solution 2 was
adropping funnel for the purpose of hydrolysis, an

in the flask over 1 hour. During the addition of t

2, precipitation did not occur in the liquid in the

itwas a uniform colorless and transparent solution
addition,themixturewasstirredforadditional1

a metal compound containing a hydroxyl group. Ther
thepurposeofpolycondensation,theoilbathwash
over 30 minutes. One hour after starting of temper
the internal temperature of the solution reached 10
mixturewasheatedwithstirringfor2hours(inter

was 100 to 130°C). During the reaction, IPA and wa
by-product were distilled. During heating with sti
precipitation did not occur in the liquid in the fl

was a uniform transparent solution.

[0272]

After completion of the heating, the liquid in the
was cooled to room temperature to obtain a polymeta
solution. The appearance of the obtained polymetal
solution was pale yellow transparent.

[0273]

The solid component concentration of the obtained

polymetalloxanesolutionwasdetermined,andthenP

suchthatthe solidcomponentconcentrationbecame

122
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to obtain a polymetalloxane (ZP-3) solution.

[0274]

Analysis of the polymetalloxane (ZP-3) solution by FT-IR
revealedthatanabsorptionpeakofZr-O-Si(968cm 1wasobserved,
and thus the polymetalloxane is a polymetalloxane h aving a

trimethylsiloxy group.
[0275]
The weight average molecular weight (Mw) of the
polymetalloxane (ZP-3) was 46,000 in terms of polys tyrene.
[0276]
Examples 1 to 16 are collectively shown in Table 4

[0277]

123
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[Table 4]
Solution 1 Solution 2 Weight results
Compound represente4d by genera f5c>rmula(2) Solvent o Water [gglld/tlerq’? Polymerization | Appearance W?ngcgtecal\jgrage
Type M R n R m - n| Amount Type amount for water catalyst of solution we
ght

Example| Polymetalloxane ! 3569 18¢g IPA Tributylamine | Pale yellow

1 (TP-1) solution Ti \Methyl) 1| Butyl 3 (0.1 mal) PGMEA 5009 (0.2 mol)] 50.0g |2.29(0.01 mal)| transparent 6,000
Example| Polymetalloxane . 3569 369 IPA Tributylamine | Paleyellow

2" | (TP-2) solution Ti |Methyl 1| Butyl | 3 |o1mopy PCMEA | 5009 |03 mol) 5009 |2.2g(0.01 mol)| transparent | 21:000
Example| Polymetall oxane ) 3569 369 IPA [ Diisobutylamine| Pale yellow

3" | (TP-3) solution | Titanium compound| "' [MetWI| 11 Buyl 3 |57 | POMEA | 5009 |55 mol)| 5009 |2.2g(0.01 mol)| transparent | 2>0%0
Example| Polymetalloxane . 3569 369 IPA Pale yellow

4 (TP-4) solution Ti [Methyl 1] Buyl 3 (0.1 mal) PGMEA 2004 (0.2mol)| 50.0g None transparent 6,000
Example| Polymetall oxane ) 3569 549 IPA Tributylamine | Pale yellow

5 (TP-5) solution Ti \Mehyl| 1| Butyl 3 (0.1 mal) PGMEA 5009 (0.3mol)] 50.0g |2.29(0.01 mal)| transparent 44,000
Example| Polymetalloxane . 3569 549 IPA [ Diisobutylamine| Pale yellow

6 | (TP-6) solution Ti Methyl) 1| Butyl | 3 |o1mopy PEMEA | 5009 |3 mol) 5009 |2.2.(0.01 mol)| transparent | 190000
Example| Polymetalloxane| Titanium compound| — 3l4g 549 IPA Tributylamine | Paleyellow

7 (TP-7) solution (T2 Ti |Methyl| 1] Isopropyl | 3 (0.1 mal) PGMEA 5009 (0.3mol)] 50.0g |2.29(0.01 mal)| transparent 46,000
Example| Polymetalloxane| Titanium compound| - 39.8¢g 549 IPA Tributylamine | Paleyellow

8 | (TP-8) solution (T4) Ti|Ethyl |11 Buyl | 3 |o1mo PCMEA | 5009 |03 mol) 5009 |2.29(0.01 mol)| transparent |  28:000
Example| Polymetalloxane| Titanium compound| —: 37.2g 369 IPA Tributylamine | Pale yellow

9 (TP-9) solution | (T5 Ti \Mehyl) 2| Butyl 2 (0.1 mal) PGMEA 5009 (0.2mol)| 50.0g |2.29(0.01 mol)| transparent 18,000
Example '(D%XT(% dloxane Tf“"‘”f;’{“z?ﬂg;p"“”d Ti |Methyl| 1 | Hydrogen| 3 (3.81'?%3) PGMEA | 500g | Og 5'(%*9 Z.Tzrfg‘zg:)a'lnr;qﬁ) 'fg%gr”gx{ 48,000
ST TP sittion] T2y o T Mety] 1| SRR 3 [@ima  POMEA | 5000 |6 ob) 5000 |220(301 mon| ranperent | 470
Eanple Py oare| Tanum oo 11 vty 1| 1spromt | 3 | 71408 | Dietonyenene] 5009 |49, JFD | Trbtiamne [Pdeydion | 000
Example| Polymetalloxane| Titanium compound| 3149 |2,6-Dimethyl-4,- 549 IPA Tributylamine | Paleyellow

13 |(TP-13) solution (T2) Ti [Methyl 1] 1sopropyl | 3 |5 1'mol)| " heptanone | %09 |(0:3mol)| 50.0g | 2.2 (0.01 mol)| transparent | 46:000
Ex |e| Polymetall Zi i 40.0 54 IPA Tributylami Paleydll

TP L] ooninsy | 20 [Men] 1] suogy | 3 | 998 pomen | s00g |(549, P | Trbdiamne [Pacyalon] 45000
P P(%nz]?:]oll%gﬁe coé'égﬁﬂh“&) Zr \Methyl] 2| Butoxy | 2 ((ﬁ'ﬁngl) PGMEA | 5009 (o%ingol) 500 9 2.T2”8lfgloa1mr:nﬁ) It:)rzltr?s)pl)?;r”gr\q 19,000
Example| Polymetalloxane Zirconium 231g 549 IPA Tributylamine | Paleyellow

16 | (zP-3) solution | compound (Z1-H3) | 2" [Methvi] 1 | Hydrogen| 3 o7 mo  POMEA | 5009 |(g3 moi) 50.0g | 2.2g(0.01 mol)| transparent | 46090

[0278]
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(Comparative Synthesis Example 6) Synthesis of Poly
(TP-14)

In a three-necked flask having a capacity of 500 m
g(0.1mol) oftetrabutoxytitaniumwas charged and
immersedinanoilbathat75°C followedbystirri
(internaltemperaturewas70°C). Thereafter,fort
hydrolysis, amixed solutionof3.1 g (0.17 mol) of
g of butanolwas added over 1 hour by adropping fu
theaddition,thetemperaturewasraisedto90°Can
was aged by holding with stirring for 1 hour.

[0279]

Thecontentoftheflaskwastransferredtoa200
flask, and butanol thus formed was distilled off un
pressure to obtain a white solid polymetalloxane (T
[0280]

Sincethepolymetalloxane(TP-14)wasnotdissolve
thepolymetalloxanewasdissolvedintetrahydrofura
suchthatthesolidcomponentconcentrationbecame
[0281]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-14) was 1,700 in terms of polys
[0282]

(Comparative Synthesis Example 7) Synthesis of Poly

(TP-15)

125
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In a three-necked flask having a capacity of 500 m
0(0.1mol)oftetrabutoxytitaniumand100gofeth
were charged and the flask was immersed in an oil b
followedbystirringfor30minutes. Thereafter,f
ofhydrolysis,amixedsolutionof2.7g(0.15mol)
g (0.002 mol) of t-butylhydrazine hydrochloride, an
ethanol was charged in a dropping funnel and then a
flask over 1 hour. Afterthe addition, 50 g of PGM
followedbystirringforadditionalLhour. Therea
purposeofpolycondensation,theoilbathwasheate
30 minutes. One hour after starting of temperature
internal temperature of the solution reached 100°C,
mixturewasheatedwithstirringfor2hours(inter
was 100 to 130°C). During the reaction, butanol an
by-products were distilled.

[0283]

The solid component concentration of the obtained

polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame
to obtain a polymetalloxane (TP-15) solution.
[0284]

The weight average molecular weight (Mw) of the
polymetalloxane (TP-15) was 8,000 in terms of polys

[0285]
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(Comparative Synthesis Example 8) Synthesis of Poly
(SP-1)

In a three-necked flask having a capacity of 500 m
g (0.07 mol) of 2-anthracenyltrimethoxysilane, 6.8
of 4-hydroxybenzyltrimethoxysilane, and 50.0 g of P
solventwerechargedand, whilestirring,amixeds
g (0.3 mol) of waterand 0.2 g of phosphoric acid w
1 hour by a dropping funnel for the purpose of hydr
Thereafter theflaskwasimmersedinanoilbatha
by stirring for 60 minutes and further heating of t
t0120°Cover30minutes. Onehourafterstarting
rise,theinternaltemperatureofthesolutionreac
the mixture was heated with stirring for 2 hours (i
temperaturewas100t0110°C). Duringthereaction
water as by-products were distilled.

[0286]

The solid component concentration of the obtained

polymetalloxanesolutionwasdetermined,andthenP
suchthatthe solidcomponentconcentrationbecame

to obtain a polysiloxane (SP-1) solution. The weig
molecular weight (Mw) of the polysiloxane (SP-01) w
terms of polystyrene.

[0287]

(Comparative Synthesis Example 9) Synthesis of Meta

Particle-Containing Polysiloxane (SP-2)

127
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Athree-neckedflaskhavingacapacityof500mlw
with4.1g(0.03mol)ofmethyltrimethoxysilane,13
ofphenyltrimethoxysilane,315gof‘Optolake TR-52
manufactured by Catalyst Chemical Industry Co., Ltd
composition: 20% by weight of titanium oxide partic
by weight of methanol) having a number average part
of 15nm,and50.0 g of PGMEA as a solvent,andam
of5.4g(0.3mol)ofwaterand0.2gofphosphoric
over 1 hour by a dropping funnel for the purpose of
whilestirring. Thereafter,theflaskwasimmersed
at40°C, followed by stirring for 60 minutesand fu
the oil bath to 120°C over 30 minutes. One hour af
of temperature rise, the internal temperature of th
reached100°C,andthemixturewasheatedwithstir
(internal temperature was 100 to 110°C). During th
methanol and water as by-products were distilled.
[0288]

The solid component concentration of the obtained
compound particle-containing polymetalloxane soluti
determined,andthenPGMEAwasaddedsuchthatthe
concentration became 20% by weight to obtain a meta
particle-containing polysiloxane (SP-2) solution.
[0289]

Example 17

(1) Preparation of Cured Film
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A polymetalloxane (TP-1) solution was spin-coated
4-inchsiliconwaferandaTempaxglassplateusing
(1H-360S,manufacturedbyMikasaCorporation)andh
for 3 minutes using a hot plate (SCW-636, manufactu
Dainippon Screen Mfg. Co., Ltd.) to form a prebakes
Thereatfter, the filmwas cured by using ahot plate

5minutesto prepare acuredfilm each having afil

ona
aspincoater
eatedat100°C
red by
film.
at300°Cfor

mthicknesses

of0.3 umand0.5 um. The film thickness was measured using a

spectroscopicreflectometer(LambdaAce STM602, man

Dainippon Screen Mfg. Co., Ltd.).

[0290]

(2) Evaluation of Crack Resistance of Cured Film
The crack resistance of the cured film obtained in

evaluated in the following 5 ranks. Ranks 4 or mor

“pass”.

5: Cracks are not observed by optical microscope ob

(magnification: 5 times)

4:Cracksareslightlyobservedbyopticalmicrosco

(magnification: 5 times)

3:Cracksareclearlyobservedbyopticalmicroscop

(magnification: 5 times)

2: Cracks are slightly observed by normal visual ob

1: Cracks are clearly observed by normal visual obs

[0291]

(3) Measurement of Refractive Index of Cured Film
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With respect to the cured film having a thickness
um formed on a silicon wafer in (1), the temperature
measurement was set at 22°C, and the polarization s
of the reflected light from the cured film was meas
spectroscopic ellipsometer (FE5000, manufactured by
Electronics Co., Ltd.) to obtain a phase difference
incident light and a spectrum of an amplitude refle
fittingthedielectricfunctionofthecalculation
itapproachestheobtainedspectrum,arefractivei
was obtained. By reading the refractive index valu
wavelengthof550nmfromtherefractiveindexspec
was regarded as the refractive index of the cured f
[0292]

(4) Measurement of Light Transmittance of Cured Fil

Usingaspectrophotometer(MultiSpec-1500,manufac

Shimadzu Corporation), an ultraviolet-visible absor
spectrumofaTempaxglassplatewas measured, and
wasusedasareference. Subsequently, the ultravi
absorption spectrum of the cured film having a thic
pmformedonthe Tempax glass plate in (1) was measu
ultraviolet-visible absorption spectrum of the cure
calculated from the difference from the reference.
obtained ultraviolet-visible absorption spectrum an
thickness,thelighttransmittanceperl

at a wavelength of 400 nm of the cured film was cal
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[0293]
These results are shown in Table 5.
[0294]
Examples 18 to 32, Comparative Examples 1 to 4
Withrespecttothe solutionsshowninTable5,in
manner as in Example 17, (1) formation of cured fil
resistance evaluation of cured film, (3) measuremen
refractive index of cured film, and (4) measurement
transmittance of cured film were performed. The ev
results are shown in Table 5.
[0295]
Regarding Comparative Example 1 and Comparative Ex
when a cured film was formed, cracks occurred and a
film could not be obtained. The reason is consider
because ofthe polymetalloxaneinwhichalargeamo
groups remain, an alkoxy group is hydrolyzed by moi
airduringformationofthecoatingfilm,thuscaus
andanincreaseinshrinkagestress,leadingtocra
[0296]
Example 33
A polymetalloxane (TP-5) solution (3.5 g (weight o
component: 0.7 g)) and 1.0 g (weight of solid compo
of “Optrake TR-513" (trade name, manufactured by Ca
Chemical Industry Co., Ltd.,

a solid component concentration of 30%) which is a
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thesame
m, (2) crack
t of
of

aluation

ample 2,
homogeneous
ed that,
untofalkoxy
stureinthe
ingelimination

ckgeneration.

fsolid
nent: 0.3 g)

talyst

y-butyrolactone dispersion having

silicon



132

oxide-titanium oxide composite particle were mixed topreparea
compositionl. InthesamemannerasinExamplel7 ,(1)formation
ofcuredfilm,(2)evaluationofcrackingresistanc eofcuredfilm,
(3) measurement of refractive index of cured film, and (4)
determinationoftransmittanceofcuredfilmwerep erformed. The

evaluation results are shown in Table 5.

[0297]

132
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[Table 5]
Evaluation of crack resistance Refractive Light transmittance
Film thickness | Film thickness index per 1 um of film
of 0.3 um of 0.5um thickness
Example17 | Folymetaloxane (TP-1) 4 3 1.65 9%
solution
Example1g | Folymetaloxane (TP-2) 5 4 175 94%
solution
Example19 | Folymetaloxane (TP-3) 5 4 178 95%
solution
Example2o | Folymetalioxane (TP-4) 4 3 168 94%
solution
Example21 | Folymetaloxane (TP-5) 5 5 192 97%
solution
Example2z | Folymetaloxane (TP-6) 5 5 192 98%
solution
Example2s | Folymetaloxane (TP-7) 5 5 1.89 98%
solution
Example2a | Folymetaloxane (TP-8) 5 5 188 97%
solution
Example2s | Folymetaloxane (TP-9) 5 5 175 97%
solution
Example 26 | Holymetalloxane (TP-10) 5 5 1.88 97%
solution
Example 27 | Polymetalloxane (TP-11) 5 5 1.89 98%
solution
Example2g | Molymetalloxane (TP-12) 5 5 1.89 98%
solution
Example2g | Polymetalloxane (TP-13) 5 5 187 97%
solution
Example3o | Folymetaloxane (ZP-1) 5 5 172 98%
solution
Example31 | Folymetaloxane (ZP-2) 5 5 1.68 98%
solution
Example3z | Folymetaloxane (ZP-3) 5 5 172 98%
solution
Comparative | Polymetall oxane (TP-14) 2 1 165 85%
Example 1 solution
Comparative | Polymetall oxane (TP-15) 2 1 185 85%
Example 2 solution
Comparative Polysiloxane 0
Example 3 (SP-1) solution 5 5 163 85%
Metal compound
Comparative particle-containing 0
Example 4 polysiloxane (SP-2) 5 5 175 9%
solution
Example 33 Composition 1 5 5 1.96 96%
[0298]
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Example 34
Amemberhavingaportioninwhichatransparentc

film(l),apolymetalloxanecuredfilm(ll),asili

film(lll)and/oratransparentpressure-sensitive

film (IV) were laminated on the upper surface of a

underlying base material was fabricated, and (5) vi

the transparent conductive film was evaluated.

[0299]

(5) Evaluation of Visibility of Transparent Conduct

(5a) Fabrication of Member

(5a-1) Formation of Transparent Conductive Film Pat
On a chemically strengthened glass substrate havin

thickness of 1.1 mm serving as a transparent underl

material, sputtering was performed using ITO servin

transparent conductive film (1) as atarget to form

having a film thickness of 50 nm. Subsequently, a

photoresist (OFPR-800, manufactured by Tokyo Ohka K

Ltd.)wasspin-coatedonthetransparentconductive

a spin coater (1H-360S, manufactured by Mikasa Co.,

heated at 100°C for 2 minutes using a hot plate (SC

manufactured by Dainippon Screen Mfg. Co., Ltd.) to

prebakedfilm. Theobtainedprebakedfilmofthep

exposed in a dose of 1,000 J/m 2 with a gap of 100

maskusing PLA and an ultrahigh pressure mercury la

source. Thereafter, using an automatic developing
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(AD-2000,manufacturedbyTakizawaCo.,Ltd.),show
with an aqueous 2.38 wt% solution of tetramethylamm
hydroxide (hereinafterabbreviatedto TMAH)wasper
seconds,followedbyrinsingwithwaterfor30seco
patterning of the photoresist. Thereafter, ITO was
anHCI-HNO 3-basedetchingsolutionandthephotoresistwasrem
withastrippingsolutiontofabricateasubstrate
(reference sign 2 in FIGS. 1 and 2) in which a firs
andapartofasecondelectrodeorthogonaltothe

are patterned (corresponding to a in FIG. 1).

[0300]

(5a-2) Formation of Transparent Insulating Film

erdevelopment
onium
formedfor90
ndsandfurther
etched with
oved
includingITO
t electrode

firstelectrode

A negative photosensitive resin composition NS-E20 00
(manufactured by Toray Industries, Inc.) was spin-c oatedonthe
substrate obtained in (5a-1) and then heated by a h ot plate at
90°Cfor2minutestoformaprebakefilm. Theobt ained prebake
filmwasexposedinadoseof2,000J/m “withagapof100 pmthrough

amask. Thereafter, shower developmentwith anaqu
TMAH solutionfor90seconds, followed by rinsingw
30 seconds. Next, curing was performed in the air

1 hour to form a transparent insulating film (refer
inFIGS.1and2)havingafilmthicknessof1.5

to bin FIG. 1).

[0301]

(5a-3) Fabrication of Molybdenum/Aluminum/Molybdenu

135
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(hereinafter abbreviated to MAM) Wiring

By the same procedure asin (5a-1), exceptthat mo
and aluminum were used as targets on the substrate
(5a-2)andamixedsolutionofH
(weight ratio) was used as the etching solution, MA
(referencesign4inFIGS.1land2)wasfabricated
to c of FIG. 1). The film thickness of MAM was adj
250 nm.
[0302]
(5a-4) Formation of Polymetalloxane Cured Film (II)

On the substrate obtained in (5a-3), a polymetallo
(TP-1)solutionwaspattern-coatedbyaninkjetcoa
and prebaked at 90°C for 2 minutes. Next, curingw
inthe air at 230°C for 1 hour to form a polymetall
cured film (1) (reference sign 5 in FIG. 2).
[0303]
(5a-5) Formation of Silicon Oxide Thin Film (lII)

Using a high-speed plasma CVD film forming apparat
(PD-270STL,manufacturedbySamcolnc.),asilicon
(1) (reference sign 6 in FIG. 2) was formed from
tetraethoxysilane as a raw material. In that case,
depositionwas performedsuchthatpatternsofthe
thin film (1) and the thin film (II) containing t
polymetalloxane-containing composition are superpos

another. Thefilmthicknessofthesiliconoxidet
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was 0.5 um.

[0304]
(5a-6) Sticking of Film with Transparent Pressure-S ensitive
Adhesive

A PET film (HA-116; manufactured by Lintec Corpora tion,
pressure-sensitive adhesive refractive index = 1.47 ) provided
withapressure-sensitiveadhesiveandahardcoat ontheopposite
surface was stuck on a part of the substrate obtain edin (5a-5)
So as to prevent air entrainment to form a transparent

pressure-sensitive adhesive layer (V).

[0305]

(5b) Evaluation of Visibility of Transparent Conduc tive Film
By observing from the back side of the substrate o btained

in (5a-6), visibility of the transparent conductive film was

evaluatedaccordingtothefollowinglOranks. Ran ksof6ormore

were rated as “pass”.

10:Nopatternisvisiblebystaringat3cmunder whitefluorescent
lamp.
9: Pattern is slightly visible by staring at 3 cmu nder white

fluorescent lamp.
8: Patternisvisiblealittle by staringat3cmu nderthewhite
fluorescent lamp.
7: Pattern is clearly visible by staring at 3 cm un der white
fluorescent lamp.

6: Pattern is slightly visible by usual visual conf irmation at

137
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3 cm under white fluorescent lamp.

5: Pattern is visible a little by usual visual conf

3 cm under white fluorescent lamp.

4: Patternis clearly visible by usual visual confi

cm under white fluorescent lamp.

3:Patternisslightlyvisiblebyusualvisualconf

indoor light.

2:Patternisvisiblealittlebyusualvisualconf

indoor light.

1:Patternisclearlyvisible by usualvisual confi

indoor light.

[0306]

(6) Evaluation of Corrosivity of Underlying Metal
Apolymetalloxanecuredfilm(ll)wasformedona

MAM as the underlying metal formed on the entire su

method mentioned in (5a-4), and then a silicon oxid

(111) was formed by the method mentioned in (5a-5).

performingatest(pressurecookercookertest,PCT

a sample is left to stand in an oven (HAST CHAMBERE

manufactured by Espec Corporation) at atemperature
humidityof100%,andanatmosphericpressureof2

an occupied area ratio of defects of discoloration
thecuredfilmduetocorrosionwasvisuallyevalua
tothefollowing1lranks. Ranksof7ormorewere

10:DiscoloredarearatioofMAMundercuredfilmi
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in appearance occurs in cured film itself.
9: Discolored area ratio of MAM under cured film is
change in appearance occurs in cured film itself.
8: Discolored area ratio of MAM under cured film is
change in appearance occurs in cured film itself.
7: Discolored area ratio of MAM under cured film is
change in appearance occurs in cured film itself.
6: Discolored area ratio of MAM under cured film is
no change in appearance occurs in cured film itself
5: Discolored area ratio of MAM under cured film is
no change in appearance occurs in cured film itself
4: Discolored area ratio of MAM under cured film is
no change in appearance occurs in cured film itself
3: Discolored area ratio of MAM under cured film is
no change in appearance occurs in cured film itself
2: Discolored area ratio of MAM under cured film is
no change in appearance occurs in cured film itself
1: Discolored area ratio of MAM under cured film is
no change in appearance occurs in cured film itself
0: Discolored area ratio of MAM under cured film is
discoloration and cracks occur in cured film itself
[0307]
Examples 35 to 49, Comparative Examples 5 to 8
(5) Evaluation of visibility of a transparent cond

film and (6) evaluation of a substrate metal were p
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thesamemannerasinExample34withthestructure
6. The evaluation results are shown in Table 6.
[0308]
Example 50

(5) Evaluation of visibility of a transparent cond
filmand (6) evaluationofanunderlyingmetalwere
the same manner as in Example 34, exceptthat the ¢
prepared in Example 33 was used in place of the pol
(TP-1)solutionin(5a-3)formationofthe polymeta
film (I). The evaluation results are shown in Tab
[0309]
Example 51

(5) Evaluation of visibility of a transparent con
film, and (6) evaluation of an underlying metal wer
inthe same mannerasin Example 40, exceptthat (5
offormingasiliconoxidethinfilm(lll)wasnot
evaluation results are shown in Table 6.
[0310]
Example 52

(5) Evaluation of visibility of a transparent cond
filmand (6) evaluationofanunderlyingmetalwere
the same manner as in Example 40, exceptthat (5a-6
sticking a film with a transparent pressure-sensiti
wasnotperformed. Theevaluationresultsare show

[0311]
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Example 53

(5) Evaluation of visibility of a transparent cond
film was performed in the same manner as in Example
that a polyethylene terephthalate (hereinafter abbr
PET)basematerialhavingathicknessof0.2mmwas
of the chemically tempered glass substrate in (5a-1
ofatransparentconductivefilmpattern. Theeval
are shown in Table 6.
[0312]
Comparative Example 9

(5) Evaluation of visibility of a transparent cond
filmand (6) evaluationofanunderlyingmetalwere
the same manner asin Example 40, exceptthat (5a-4
formingapolymetalloxanecuredfilm(ll)wasnotp
evaluation results are shown in Table 6.

[0313]
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[Table 6]
(5) Evaluation of visibility of transparent conductive film (6) Evaluation of underlying metal
5a-1) Formati f tl it ducti .
(5a1) Form e praa{t‘j:r entconductive 1 s 9) (5a:5) | (5a-6) Film Evélig)ﬁon (52.5)
Formation (5a-4) Polymetalloxane | Silicon with o (5a-4) Polymetalloxane | Silicon| Evauation
) Transparent (5a-3) ) . of visibility . A .
Transparent underlying . ; of cured film (11) oxide | transparent Underlying cured film (11) oxide of
) conductive thin MAM ) of ) .
base material : transparent - thin |pressure-sen metal thin | underlying
film (1) ] . wiring ’ " transparent .
insulating =T film sitive condudtive =T film metal
i i fil 11 adhesi ) 11
Type Thickness| Type|Thickness| ilm Type thickness (1) esive film Type thickness (1)
Chemically Polymetalloxane| Polymetalloxane|
Example 34 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-1) 0.10 um | 0.5 um| Presence 6 MAM (TP-1) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 35 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-2) 0.10 um | 0.5 um| Presence 7 MAM (TP-2) 0.10 um | 0.5 um 10
Chemically Polymetalloxane Polymetalloxane|
Example 36 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-3) 0.10 um | 0.5 um| Presence 8 MAM (TP-3) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 37 tempered glass 11mm | ITO| 50nm | Presence | Presence (TP-4) 0.10 um | 0.5 um| Presence 6 MAM (TP-4) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 38 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-5) 0.10 um | 0.5 um| Presence 10 MAM (TP-5) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 39 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-6) 0.10 um | 0.5 um| Presence 10 MAM (TP-6) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 40 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-7) 0.10 um | 0.5 um| Presence 10 MAM (TP-7) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 41 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-8) 0.10 um | 0.5 um| Presence 10 MAM (TP-8) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 42 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-9) 0.10 um | 0.5 um| Presence 8 MAM (TP-9) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 43 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-10) 0.10 um | 0.5 um| Presence 10 MAM (TP-10) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 44 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-11) 0.10 um | 0.5 um| Presence 10 MAM (TP-11) 0.10 um | 0.5 um 10
Chemically Polymetalloxane Polymetalloxane|
Example 45 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-12) 0.10 um | 0.5 um| Presence 10 MAM (TP-12) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 46 tempered glass 1.1mm | ITO| 50nm Presence | Presence (TP-13) 0.10 um | 0.5 um| Presence 10 MAM (TP-13) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 47 tempered glass 1.1mm | ITO| 50nm Presence | Presence (zP-1) 0.10 um | 0.5 um| Presence 7 MAM (zP-1) 0.10 um | 0.5 um 10
Chemically Polymetalloxane| Polymetalloxane|
Example 48 tempered glass 1.1mm | ITO| 50nm Presence | Presence P-2) 0.10 um | 0.5 um| Presence 7 MAM (P-2) 0.10 um | 0.5 um 10
Chemically Polymetalloxane Polymetall oxane|
Example 49 tempered glass 1.1mm | ITO| 50nm Presence | Presence (ZP-3) 0.10 um | 0.5 um| Presence 7 MAM (zP-3) 0.10 um | 0.5 um 10
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(5) Evaluation of visihility of transparent conductive film

(6) Evaluation of underlying metal

5a-1) Formati f tl it ducti .
(5a1) Form i pr opaem condievel (sa2) (52.5) | (5a:6) Film Evélig)ﬂ o (52.5)
Formation (5a-4) Polymetalloxane | Silicon with T (5a-4) Polymetalloxane | Silicon | Evaluation
) Transparent (5a-3) ) . of visibility . ) .
Transparent underlying i } of cured film (11) oxide | transparent Underlying cured film (11) oxide of
) conductive thin MAM ! of ] .
base material : transparent - thin |pressure-sen metal thin | underlying
film (1) . . wiring . - transparent ’
insulating =T film sitive condudtive = film metal
Type Thickness| Type|Thickness|  film Type thickness (1) | adhesive film Type thickness ()
Comparative | Chemically Polymetalloxane| Polymetalloxane|
Example5 |tempered glass 11mm | ITO| 50nm | Presence | Presence (TP-14) 0.10 um | 0.5um| Presence 6 MAM (TP-14) 0.10 um | 0.5 um 10
Comparative | Chemically Polymetalloxane| Polymetalloxane|
Example6 |tempered glass 11mm | ITO| 50nm Presence | Presence (TP-15) 0.10 um | 0.5 um| Presence 9 MAM (TP-15) 0.10 um | 0.5 um 10
Comparative | Chemically Polysiloxane Polysiloxane
Example7 |tempered glass 11mm [ ITO| 50nm Presence | Presence (SP-1) 0.10 um | 0.5 um| Presence 4 MAM (SP-1) 0.10 um | 0.5 um 10
Metgl compoqnq Metal compound
Comparative | Chemically particle-containi particle-containi
11mm [ ITO| 50nm Presence | Presence ng 0.10 um | 0.5 um| Presence 7 MAM : 0.10 um | 0.5 um 10
Example8 |tempered glass . ng polysiloxane
Polysiloxane (SP-2)
(SP-2)
Chemically " "
Example 50 tempered glass 11mm [ ITO| 50nm Presence | Presence | Composition1 | 0.10 um | 0.5 um| Presence 10 MAM Composition1 | 0.10 um | 0.5 um 10
Chemically Polymetalloxane| ) Polymetalloxane| )
Example 51 tempered glass 11mm [ ITO| 50nm Presence | Presence (TP-7) 0.10 um Presence 10 MAM (TP-7) 0.10 um 6
Chemically Polymetalloxane . Polymetalloxane
Example 52 tempered glass 11mm [ ITO| 50nm Presence | Presence (TP-7) 0.10 um | 0.5 um 8 MAM (TP-7) 0.10 um | 0.5 um 10
Example 53 PET 11mm |1TO| 50nm | Presence | Presence Po'y’?%"’_";;’xa”e 0.10pum | 0.5um| Presence 10 MAM Po'y’?%"’_";;’xa”e 0.10ym | 05 um -
Comparative | Chemically 11mm [ ITO| 50nm Presence | Presence - 0.5 um| Presence 1 MAM - 0.5 um 8
Example9 |tempered glass

[0314]
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Example 54

Dryetchingofthe polymetalloxane curedfilmform
substrate was performed, and the surface roughness
lighttransmittanceafterthedryetchingweremeas
are shown below. The measurement results are shown
[0315]
(6-1) Preparation of Cured Film

A polymetalloxane (TP-05) solution was spin-coated
6-inchsiliconwaferandaTempaxglassplateusing
(1H-360S, manufactured by Mikasa Co., Ltd.) and hea
for3minutesusingahotplate(SCW-636manufactur
Screen Mfg. Co., Ltd.) to prepare a prebake film.
the film was cured by using a hot plate at 300°C fo
toprepareacuredfiimeachhavingafilmthicknes
The film thickness was measured using a spectroscop
reflectometer (Lambda Ace STM602, manufactured by D
Screen Mfg. Co., Ltd.).
[0316]
(6-2) Measurement of Refractive Index

With respect to the cured film formed on a silicon
the temperature during measurement was set at 22°C,
polarization state change of the reflected light fr
film was measured using a spectroscopic ellipsomete
manufactured by Otsuka Electronics Co., Ltd.) to ob

differencewiththeincidentlightandaspectrumo
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reflectance. By fitting the dielectric function of
calculationmodelsuchthatitapproachestheobtai
a refractive index spectrum was obtained. By readi
refractive index value at a wavelength of 550 nm fr
refractive index spectrum, the value was regarded a
refractive index of the cured film.
[0317]
(6-3) Measurement of Light Transmittance of Cured F
Usingaspectrophotometer(MultiSpec-1500,manufac
Shimadzu Corporation), an ultraviolet-visible absor
spectrumofaTempaxglassplatewasmeasured, and
wasusedasareference. Subsequently, the ultravi
absorptionspectrumofthe curedfilmformedonthe
plate was measured, and the ultraviolet-visible abs
spectrumofthecuredfilmwascalculatedfromthe
the reference. Using the obtained ultraviolet-visi
absorptionspectrumandfilmthickness, the lightt
perl um ofthe film thickness at a wavelength of 400 nmo
cured film was calculated.
[0318]
(6-4) Dry Etching
Using a reactive ion etching apparatus (RIE-10N
manufactured by Samcolnc.), the curedfilmformed
glass plate was dry-etched with a mixed gas of CF

(tetrafluoromethane)andoxygenasaprocessgas.
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conditions are as follows: agas mixtureratio CF

20, agas flow rate of 50 sccm, an output of 199 W,

pressure of 10 Pa, and a treatment time of 2 minute

[0319]

(6-5) Measurement of Surface Roughness after Dry Et
Thesurfaceofthecuredfilmafterthedryetchin

was scanned by a scanning probe microscope (Dimensi

manufacturedbyBrukerCorporation)toobtainathr

stereoscopicimageofthecuredfilmsurface. The

was cutto obtainacontour curve ofacrosssectio

film. An arithmetic average roughness Ra was obtai

calculatingthe obtained contourcurvebasedonJIS

[0320]

(6-6) Measurement of Light Transmittance after Dry
Usingaspectrophotometer(MultiSpec-1500,manufac

Shimadzu Corporation), an ultraviolet-visible absor

spectrumoftheTempaxglassplatewasmeasured,an

wasusedasareference. Subsequently, the ultravi

absorptionspectrumofthe curedfilmformedonthe

plate after the dry etching treatment was measured

ultraviolet-visible absorption spectrumofthe cure

thedryetchingtreatmentwascalculatedfromthed

the reference. Using the obtained ultraviolet-visi

absorptionspectrumandfilmthickness, the lightt
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perl umofthefilmthicknessatthewavelengthof400nm
cured film after the dry etching treatment was calc
[0321]
These results are shown in Table 7.
[0322]
Examples 55 to 65, Comparative Examples 10 to 11
With respect to the solutions shown in Table 7, (6
formationofacuredfilm,(6-2)measurementofar
(6-3)measurementofalighttransmittanceofacur
dry etching, (6-5) measurement of surface roughness
etching,and(6-6)measurementofalighttransmitt
etchingwere performedinthe same mannerasin Exa
evaluation results are shown in Table 7.

[0323]
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[Table 7]
Cured film properties Surface Light
) ) roughness| transmittance|
Solution Fim | Refractive Light transmittance | Ra after | of cured film
thickness |  index per 1 um of film dry after dry
thickness etching etching

Example 54| Polymetalloxane (TP-5) solution 0.5um 1.92 97% 2nm 97%
Example 55| Polymetalloxane (TP-6) solution 0.5um 1.92 98% 2nm 98%
Example 56| Polymetalloxane (TP-7) solution 0.5um 1.89 98% 2nm 98%
Example 57| Polymetalloxane (TP-8) solution 0.5um 1.88 97% 3nm 97%
Example 58| Polymetalloxane (TP-9) solution 0.5um 175 97% 4 nm 97%
Example 59| Polymetalloxane (TP-10) solution 0.5um 1.88 97% 2nm 97%
Example 60| Polymetalloxane (TP-11) solution 0.5um 1.89 98% 2nm 98%
Example 61| Polymetalloxane (TP-12) solution 0.5um 1.89 98% 2nm 98%
Example 62| Polymetalloxane (TP-13) solution 0.5um 1.87 97% 2nm 97%
Example 63| Polymetalloxane (ZP-1) solution 0.5um 172 98% 2nm 98%
Example 64| Polymetalloxane (ZP-2) solution 0.5um 1.68 98% 3nm 98%
Example 65| Polymetalloxane (ZP-3) solution 0.5um 1.72 98% 2nm 98%
Comparative| o\ dloxane (SP-1) solution 05um | 163 85% 3nm 85%
Example 10 4 ~H ' ° °
Comparative| Metal compound particle-containing 0 0
Example 11 polysiloxane (SP-2) solution 0.5um L5 95% 50nm 80%
[0324]

In Comparative Example 10, a cured film was formed using
a polysiloxane (SP-1) solution. Since the polysilo xane (SP-1)
has an anthracenyl group with a high refractive ind ex, a high
refractive index of 1.63 could be realized. Howeve r,since the

anthracenylgrouphasanabsorptioninavisibleli

toitsorigin,thetransmittancebecame85%andhig
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required for the microlens could not be obtained.
[0325]

In Comparative Example 11, a cured film was formed
asolution ofametal compound particle-containing
(SP-2). Since titanium oxide particles with a high
index were used, a very high refractive index of 1.
realized. However, during dry etching, the reactiv
etchinggasvariesdependingonthetitaniumoxide
the polysiloxane component, so that adifference in
ratelocallyoccurred. Therefore,the surfaceoft
wasroughened,andthearithmeticaverageroughness
nm. When the surface of the cured film is roughene
scattered,sothatthetransmittanceafterthedry
80%, thus failing to obtain high transparency requi
microlens.

[0326]
Example 66

A polymetalloxane solution (TP-7) was spin-coated
6-inch silicon wafer using a spin coater (1H-360S m
by Mikasa Corporation) and heated at 100°C for 3 mi
ahotplate (SCW-636, manufacturedbyDainippon Scr
Ltd.)toformaprebakedfilm. Thereafter,thepre
curedbyusingahotplate at300°C for 5minutest
filmcontainingapolymetalloxane havingafilmthi

um.
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[0327]

Thereafter, a positive type photoresist (OFPR-800,

manufactured by Tokyo Ohka Kogyo Co., Ltd.) was spi n-coated on
the cured film containing a polymetalloxane and the n heated at
100°Cfor2minutesusingahotplatetoformapho toresistlayer.
Thereafter, pattern exposure was performed through amaskusing
ani-line stepper (NSR-i9C, manufactured by NikonC orporation).
Asamask,amaskdesignedtoobtaina?2 umdot patternwas used.
[0328]

Thereafter, using an automatic developing apparatu S
(AD-2000,manufacturedbyTakizawaCo.,Ltd.),show erdevelopment
with an aqueous 2.38 wt% solution of tetramethylamm onium
hydroxide as a developer was performed for 90 secon ds, followed
by rinsing with water for 30 seconds to obtaina 2 umdot-shaped
photoresist pattern. Thereafter, the photoresist p attern was
melted by heating at 120°C for 5 minutes using a ho t plate.
[0329]

The cured film containing a photoresist pattern an da
polymetalloxanewasetchedusingareactiveionetc hingapparatus
(RIE-10N,manufacturedbySamcolnc.)andthenthe entiresurface
was dry-etched with a mixed gas of CF 4 (tetrafluoromethane) and
oxygenasaprocessgastoobtainamicrolenspatte rncontaining
a polymetalloxane. The dry etching conditions are as follows:
a gas mixture ratio CF 4:0xygen of 80: 20, a gas flow rate of 50

150
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sccm, an output of 199 W, an internal pressure of 1
treatment time of 5 minutes.
[0330]

Observation of the obtained microlens pattern usin
scanning electron microscope (S-4800, manufactured
High-TechTechnologiesCorporation)revealedthati
microlens pattern without surface roughness.

[0331]

The arithmetic mean surface roughness of the micro
pattern was determined by the following method. Th
themicrolenspatternwasscannedbyascanningpro
(Dimension Icon, manufactured by Bruker Corporation
athree-dimensional stereoscopicimage. Theobtain
cuttoobtainacontour curve ofamicrolens cross
curvature of the microlens was removed from the con
and a surface roughness curve was obtained. From t
roughnesscurve,thearithmeticaverageroughnessR
by calculation based on JIS B 0601:2013. The arith
surfaceroughness Raofthe obtained microlens patt
[Reference Signs List]

[0332]

1: Transparent underlying substrate

2: Transparent conductive thin film (1)

3: Insulating film

4: MAM wiring
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5: Cured film (ll) obtained from polymetalloxane o r
composition thereof
6: Silicon oxide thin film (l11)

7: Transparent pressure-sensitive adhesive layer ( V)

152
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[CLAIMS]
1. Apolymetalloxanecomprisingaconstituentunit
by the following general formula (1):

[Chemical Formula 1]

(R")

—H\:/I—Oé— (1)
(OR?)

whereinR lisanorganicgroup,atleastoneofR

group, R 3is optionally selected from a hydroxy group, an al

grouphavingl1tol2carbonatoms,analicyclicalk

5tol2carbonatoms,analkoxygrouphavingltol

an aromatic group having 6 to 30 carbon atoms, agr

siloxane bond, or a group having a metalloxane bond

optionally selected from a hydrogen atom, an alkyl

1to 12 carbonatoms, oragroup having ametalloxa

represented

lisan(R  33SiO-)
kyl
ylgrouphaving
2carbonatoms,
oup having a
,R %is
group having

ne bond, when

pluralR ' R 2, andR 3 exist, they may be the same or different,

M represents a metal atom selected from the group ¢

Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr,

Rh, Pd, Ag, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt,

Bi, mis aninteger indicating a valence of a metal

ais an integer of 1 to (m - 2).

2.  The polymetalloxane according to claim 1, wherei
hydroxy group, an alkyl group having 1 to 12 carbon
alicyclicalkylgrouphaving5tol2carbonatoms,

havingltol2carbonatoms,anaromaticgrouphavi

153

onsisting of
Nb, Mo, Ru,
Au, Tl, and

atom M, and

nRlisa
atoms, an
analkoxygroup

ng6to30carbon
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atoms,an (R 33SiO-) group, a group having a siloxane bond, or a

group having a metalloxane bond, and at least one o
(R33SiO-) group.

3.  The polymetalloxane according to claim 1 or 2, w

least one of R ! in the polymetalloxane is a hydroxy group.

4.  The polymetalloxane accordingto any one of clai
whereinMincludesoneormoremetalatomsselected
consisting of Al, Ti, Zr, and Sn.

5. A method for producing a polymetalloxane compoun
comprises the step of polycondensing a compound rep

the following general formula (2):

[Chemical Formula 2]

fR lisan

herein at

ms1to3,

fromthegroup

d, which

resented by

R%
( R4—s:i—o);M—é0R5)m_n (2)

R4
whereinR  “*is optionally selected from a hydroxy group, anal kyl
grouphavingltol2carbonatoms,analicyclicalk ylgrouphaving
5tol2carbonatoms,analkoxygrouphavingltol 2carbonatoms,
oranaromaticgrouphaving6to30carbonatoms,R ®isoptionally
selected from a hydrogen atom or an alkyl group hav ing 1to 12
carbon atoms, when plural R 4and R ° exist, they may be the same
or different, M represents a metal atom selected fr omthe group
consisting of Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn ,Ga, Ge, Zr,
Nb, Mo, Ru, Rh, Pd, Ag, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt,
Au, Tl, and Bi, mis an integer indicating a valenc e of ametal
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atomM,andnisanintegeroflto(m-1),orah ydrolysatethereof.

6. The method for producing a polymetalloxane accor ding to
claim5,whereinthecompoundrepresentedbythege neralformula
(2) is the compound according to claim 1 which is a compound
representedbythefollowingcompoundrepresentedb ythegeneral
formula (3):

[Chemical Formula 3]

R6
( RG—Sli—o)—M oy 3)

we X \C0R7)m_x_y
whereinR ®isthesameasR *inthe generalformula (1), R "isan
alkylgrouphavingltol2carbonatoms,misanin tegerindicating
a valence of a metal atom M, x is an integer of 1 t o(m-1),y
isanintegerof 1to (m-1),andx +y <m.
7. The method for producing a polymetalloxane accor ding to
claim 6, wherein y in the general formula (3) is an integer of
2to(m-1).
8. Themethodforproducingapolymetalloxaneaccor dingtoany
oneofclaims5to7,whereinMinthegeneralform ula(2)includes
oneormoremetalatomsselectedfromthegroupcon sistingof Al
Ti, Zr, and Sn.
9.  Acomposition comprising the polymetalloxane acc ording to

any one of claims 1 to 4.
10. A composition comprising the polymetalloxane ac cordingto

any one of claims 1 to 4 and inorganic particles.

155
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11. Thecompositionaccordingtoclaim10,wherein
particles are metal compound particles.

12. A cured film of the polymetalloxane according t
of claims 1 to 5.

13. Acuredfilmofthecompositionaccordingtoan

theinorganic

0 any one

yoneofclaims

9to11.

14. Thecuredfilmaccordingtoclaim12or13,whe reinalight
transmittanceperl umofafilmthicknessatawavelengthof400

nm is 90% or more.

15. The cured film according to any one of claims 1 2 to 14,
wherein arefractive index at a wavelength of 550 n mis1.58to
2.20.

16. A method for producing a cured film, which comp rises the

stepofheatingthepolymetalloxaneaccordingtoan
1to4orthe compositionaccordingtoanyoneofc

17. Amembercomprisingthe cured film according to
claims 12 to 15.

18. The member according to claim 17, which has a p
which atransparent conductive thin film (1) and th
(INaccordingtoanyoneofclaims12tol5arela

order from the upper surface of a transparent under
material.

19. The member according to claim 18, which has a p
which a silicon oxide thin film (Ill) and/or a tran

pressure-sensitive adhesive thin film (IV) having a
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index of 1.46 to 1.53 are laminated on the upper su
cured film (1) according to any one of claims 12 t

20. The member according to claim 18 or 19, wherein
transparent underlying base materialis a glass sub
optical film.

21. The member according to claim 17, the member is
22. A method for producing a lens, which comprises
of forming the cured film according to any one of ¢
15o0nasubstrate,formingaphotoresistpatternon

and dry-etching the photoresist pattern and the cur
23. Anelectroniccomponentcomprisingthe membera
any one of claims 17 to 21.

24. The electronic component according to claim 23,
a touch sensor.

25. The electronic component according to claim 23,
an image sensor.

26. The electronic component according to claim 23,
an organic EL element.

27. The electronic component according to claim 23,
an organic EL lighting.

28. A building material comprising the polymetallox
according to any one of claims 1 to 5.

29. Acolumn packed with the polymetalloxane accord
one of claims 1 to 5.

30. A-radionuclide generator comprising the column
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to claim 28.
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