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[DESCRIPTION] 

[TITLE OF INVENTION] 

POLYMETALLOXANE, METHOD FOR PRODUCING SAME, COMPOSITION THEREOF, 

CURED FILM AND METHOD FOR PRODUCING SAME, AND MEMBERS AND 

ELECTRONIC COMPONENTS PROVIDED WITH SAME 5 

[Technical Field] 

[0001] 

 The present invention relates to a polymetalloxane , a method 

for producing same, a composition thereof, a cured film and a 

method for producing same, and members and electron ic components 10 

provided with same. 

[Background Art] 

[0002] 

 A film made of a metal oxide has properties such a s high 

heat resistance, high transparency, high refractive  index, and 15 

the like and is expected to have properties useful for various 

applications. 

[0003] 

 There has been known, as a method for forming such  a film, 

a method of forming a film of titanium oxide or zir conium oxide 20 

by a vapor phase method such as chemical vapor depo sition (CVD).  

However, because of low film forming rate, it is di fficult for 

the vapor phase method such as CVD to obtain a film  thickness that 

can be industrially used. 

[0004] 25 



2 

 

 Meanwhile, there has been proposed a method in whi ch a metal 

alkoxide is hydrolyzed in a solvent, followed by po lycondensation 

to form a polymetalloxane, and the polymetalloxane is coated and 

cured to obtain a high refractive index thin film.  However, when 

the metal alkoxide is hydrolyzed, the hydrolyzate a ggregates and 5 

becomes insoluble in the organic solvent.  For this  reason, a 

polymetalloxane, which stably exists in a transpare nt and uniform 

state in a solution and can form a homogeneous cure d film, has 

not been industrialized at present. 

[0005] 10 

 In the past literatures, there has been reported t echnology 

in which aggregation of a hydrolysate is prevented by carefully 

carrying out the hydrolysis under special condition s (see, for 

example, Patent Literatures 1 and 2). 

[Citation List] 15 

[Patent Literature] 

[0006] 

 [Patent Literature 1] JP 1-129032 A  

 [Patent Literature 2] JP 2015-3896 A 

[Summary of Invention] 20 

[Technical Problem] 

[0007] 

 As a method of hydrolyzing a metal alkoxide in a s olvent, 

technology mentioned in Patent Literature 1 is a me thod in which 

the temperature of a metal alkoxide solution is mai ntained at 70°C 25 
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and water for hydrolysis is added in the amount of 1 mol or more 

and 1.7-fold mols or less based on 1 mol of a titan ium alkoxide 

to obtain a ladder-like polytitanoxane which is sol uble in an 

organic solvent.  However, such a method had a prob lem that the 

addition of water at a temperature lower than 70°C or an increase 5 

in amount of water leads to precipitation due to ag gregation of 

the hydrolyzate.  Because of low degree of the hydr olysis, 

numerous alkoxy groups remain in the resulting poly titanoxane and 

the alkoxy group is hydrolyzed by moisture in the a ir during 

formation of a coating film, thus failing to form a  homogeneous 10 

film by crack generation due to the elimination,. 

[0008] 

 Technology mentioned in Patent Literature 2 is tec hnology 

in which a titanium compound is reacted with water in an alcohol 

solution in the presence of a special hydrochloride  to produce 15 

a titanium compound oligomer.  However, such a meth od also had 

a problem that an increase in amount of water leads  to 

precipitation due to aggregation of the hydrolysate .  Therefore, 

a high molecular weight polymetalloxane cannot be o btained, 

leading to crack generation during formation of a c oating film, 20 

thus failing to form a homogeneous film. 

[0009] 

 An object of the present invention is to provide a  

polymetalloxane which stably exists in a transparen t and uniform 

state in a solution and can form a homogeneous cure d film. 25 
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[Solution to Problem] 

[0010] 

 The present invention is directed to a polymetallo xane 

including a constituent unit represented by the fol lowing general 

formula (1): 5 

[0011] 

[Chemical Formula 1] 

 

[0012] 

wherein R 1 is an organic group, at least one of R 1 is an (R 3
3SiO-) 10 

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

group having 1 to 12 carbon atoms, an alicyclic alk yl group having 

5 to 12 carbon atoms, an alkoxy group having 1 to 1 2 carbon atoms, 

an aromatic group having 6 to 30 carbon atoms, a gr oup having a 

siloxane bond, or a group having a metalloxane bond , R 2 is 15 

optionally selected from a hydrogen atom, an alkyl group having 

1 to 12 carbon atoms, or a group having a metalloxa ne bond, when 

plural R 1, R 2, and R 3 exist, they may be the same or different, 

M represents a metal atom selected from the group c onsisting of 

Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ru, 20 

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

Bi, m is an integer indicating a valence of a metal  atom M, and 

a is an integer of 1 to (m - 2). 
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 The present invention is directed to, in another a spect, 

a method for producing a polymetalloxane, which inc luding the step 

of polycondensing a compound represented by the fol lowing general 

formula (2): 

[0013] 5 

[Chemical Formula 2] 

 

[0014] 

wherein R 4 is optionally selected from a hydroxy group, an al kyl 

group having 1 to 12 carbon atoms, an alicyclic alk yl group having 10 

5 to 12 carbon atoms, an alkoxy group having 1 to 1 2 carbon atoms, 

or an aromatic group having 6 to 30 carbon atoms, R 5 is optionally 

selected from a hydrogen atom or an alkyl group hav ing 1 to 12 

carbon atoms, when plural R 4 and R 5 exist, they may be the same 

or different, M represents a metal atom selected fr om the group 15 

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, m is an integer indicating a valenc e of a metal 

atom M, and n is an integer of 1 to (m - 1), or a h ydrolysate thereof. 

[Advantageous Effects of Invention] 20 

[0015] 

 The polymetalloxane of the present invention stabl y exists 

in a transparent and uniform state in a solution.  According to 
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the polymetalloxane of the present invention, it is  possible to 

provide a cured film having high transparency and h igh refractive 

index. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[0016] 5 

 FIG. 1 is a schematic view showing the production process 

of a transparent conductive film pattern, a transpa rent 

insulating film, and a wiring. 

 FIG. 2 is a schematic view showing a cross section  of a 

substrate for evaluation of visibility of a transpa rent 10 

conductive film. 

[Description of Embodiments] 

[0017] 

(Polymetalloxane) 

 The present invention is directed to a polymetallo xane 15 

including a constituent unit represented by the fol lowing general 

formula (1). 

[0018] 

[Chemical Formula 3] 

 20 

[0019] 

R1 is an organic group, at least one of R 1 is an (R 3
3SiO-) group.  

R3 is optionally selected from a hydroxy group, an al kyl group 
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having 1 to 12 carbon atoms, an alicyclic alkyl gro up having 5 

to 12 carbon atoms, an alkoxy group having 1 to 12 carbon atoms, 

an aromatic group having 6 to 30 carbon atoms, a gr oup having a 

siloxane bond, or a group having a metalloxane bond .  R 2 is 

optionally selected from a hydrogen atom, an alkyl group having 5 

1 to 12 carbon atoms, or a group having a metalloxa ne bond.  When 

plural R 1, R 2, and R 3 exist, they may be the same or different.  

M represents a metal atom selected from the group c 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 10 

Bi.  m is an integer indicating a valence of a meta l atom M, and 

a is an integer of 1 to (m - 2). 

[0020] 

 The organic group represented by R 1 is preferably a hydroxy 

group, an alkyl group having 1 to 12 carbon atoms, an alicyclic 15 

alkyl group having 5 to 12 carbon atoms, an alkoxy group having 

1 to 12 carbon atoms, an aromatic group having 6 to  30 carbon atoms, 

an (R 3
3SiO-) group, a group having a siloxane bond, or a g roup 

having a metalloxane bond. 

[0021] 20 

 Examples of the alkyl group having 1 to 12 carbon atoms 

include a methyl group, an ethyl group, a propyl gr oup, an 

isopropyl group, a butyl group, an isobutyl group, a s-butyl group, 

a t-butyl group, a pentyl group, a hexyl group, a h eptyl group, 

an octyl group, a 2-ethylhexyl group, a nonyl group , a decyl group, 25 
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and the like. 

[0022] 

 Examples of the alicyclic alkyl group having 5 to 12 carbon 

atoms include a cyclopentyl group, a cyclohexyl gro up, a 

cycloheptyl group, a cyclooctyl group, a cyclononyl  group, a 5 

cyclodecyl group, and the like. 

[0023] 

 Examples of the alkoxy group having 1 to 12 carbon  atoms 

include a methoxy group, an ethoxy group, a propoxy  group, an 

isopropoxy group, a butoxy group, an isobutoxy grou p, a s-butoxy 10 

group, a t-butoxy group, a pentoxy group, a hexylox y group, a 

heptoxy group, an octoxy group, a 2-ethylhexyloxy g roup, a nonyl 

group, a decyloxy group, and the like. 

[0024] 

 Examples of the aromatic group having 6 to 30 carb on atoms 15 

include a phenyl group, a phenoxy group, a benzyl g roup, a 

phenylethyl group, a naphthyl group, and the like. 

[0025] 

 The group having a siloxane bond means that it is bonded 

to another Si.  The group having a metalloxane bond  indicates that 20 

it is bonded to the other M. 

[0026] 

 These descriptions are also common to the metal co mpounds 

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

unless otherwise specified. 25 
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[0027] 

 The polymetalloxane of the present invention has a  

constituent unit represented by the general formula  (1) as a 

repeating unit.  The polymetalloxane having the con stituent unit 

represented by the general formula (1) has an (R 3
3SiO-) group, 5 

leading to significant improvement in compatibility  with other 

components.  Therefore, the polymetalloxane stably exists in an 

organic solvent. 

[0028] 

 The polymetalloxane having the constituent unit re presented 10 

by the general formula (1) has the (R 3
3SiO-) group, thus enabling 

release of condensation stress of the polymetalloxa ne by heating 

in the step of forming the cured film mentioned lat er.  Therefore, 

use of the polymetalloxane enables formation of a h omogeneous 

cured film which hardly generates cracking. 15 

[0029] 

 Examples of the (R 3
3SiO-) 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 20 

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 25 



10 

 

methyldiphenylsiloxy group, an ethyldiphenylsiloxy group, a 

propyldiphenylsiloxy group, a dihydroxy(phenyl)silo xy group, a 

dimethyl(phenyl)siloxy group, a diethyl(phenyl)silo xy group, a 

dipropyl(phenyl)siloxy group, a trinaphthylsiloxy g roup, a 

hydroxydinaphthylsiloxy group, a methyldinaphthylsi loxy group, 5 

an ethyldinaphthylsiloxy group, a propyldinaphthyls iloxy group, 

a dihydroxy(naphthyl)siloxy group, a dimethyl(napht hyl)siloxy 

group, a diethyl(naphthyl)siloxy group, a 

dipropyl(naphthyl)siloxy group, and the like. 

[0030] 10 

 From the viewpoint of the heat resistance of the 

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

carbon atoms or a phenyl group.  Specific examples of the alkyl 

group having 1 to 4 carbon atoms include a methyl g roup, an ethyl 

group, a propyl group, an isopropyl group, a butyl group, an 15 

isobutyl group, and a t-butyl group.  Examples of p referred 

(R 3
3SiO-) group include a trimethylsiloxy group, a trie thylsiloxy 

group, a tripropylsiloxy group, a triisopropylsilox y group, a 

tributylsiloxy group, a triisobutylsiloxy group, a 

tri-s-butylsiloxy group, a tri-t-butylsiloxy group,  a 20 

methyldiphenylsiloxy group, an ethyldiphenylsiloxy group, a 

propyldiphenylsiloxy group, a dihydroxy(phenyl)silo xy group, a 

dimethyl(phenyl)siloxy group, a diethyl(phenyl)silo xy group, a 

dipropyl(phenyl)siloxy group, and the like. 

[0031] 25 
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 When the content of the (R 3
3SiO-) group is represented by 

the ratio of the number of mols of Si atoms to the number of mols 

of M atoms of the polymetalloxane, it is preferably  1 mol% or more 

and 250 mol% or less, and more preferably 10 mol% o r more and 200 

mol% or less.  By setting the content of the (R 3
3SiO-) group in 5 

the above range, the compatibility of the polymetal loxane with 

other components is further improved.  Therefore, t he 

polymetalloxane stably exists particularly in an or ganic solvent. 

 At least one of R 1 in the polymetalloxane is preferably a 

hydroxyl group.  Inclusion of the hydroxyl group in  the 10 

polymetalloxane having a structural unit represente d by the 

general formula (1) enables formation of a polymeta lloxane 

excellent in storage stability with a small increas e in viscosity 

even during long-term storage. 

[0032] 15 

 When the polymetalloxane has the constituent unit 

represented by the general formula (1), it is possi ble to form 

a cured film mainly composed of a resin containing metal atoms 

having high electron density in the main chain.  Th erefore, the 

density of metal atoms in the cured film can be inc reased, thus 20 

making it possible to easily achieve a high refract ive index.  

When the polymetalloxane has the constituent unit r epresented by 

the general formula (1), a dielectric having no fre e electrons 

is obtained, thus making it possible to achieve hig h transparency 

and heat resistance. 25 
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[0033] 

 In the general formula (1), M is preferably a meta l atom 

selected from the group consisting of Al, Ti, Zr, a nd Sn.  Use 

of these metal atoms enables formation of a polymet alloxane having 

a high refractive index.  More preferably, it is Ti  or Zr. 5 

[0034] 

 In the general formula (1), m is preferably 3 or m ore and 

5 or less. 

 The lower limit of the weight average molecular we ight of 

the polymetalloxane is preferably 500 or more, more  preferably 10 

1,000 or more, and still more preferably 10,000 or more.  The upper 

limit is preferably 1,000,000 or less, more prefera bly 500,000 

or less, and still more preferably 200,000 or less.   When the 

weight average molecular weight is in the above ran ge, coating 

properties are improved.  When the weight average m olecular 15 

weight is the lower limit or more, physical propert ies of the cured 

film mentioned later are improved, thus obtaining a  cured film 

particularly excellent in crack resistance. 

[0035] 

 The weight average molecular weight in the present  invention 20 

means a value in terms of polystyrene measured by g el permeation 

chromatography (GPC). 

[0036] 

 The weight average molecular weight of the polymet alloxane 

can be determined, for example, by the following me thod.  The 25 
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polymetalloxane is dissolved in an eluent such that  the 

concentration became 0.2% by weight to prepare a sa mple solution.  

Subsequently, the sample solution is poured into a column packed 

with a porous gel and an eluent.  The column eluate  is detected 

by a differential refractive index detector and the  elution time 5 

is analyzed to determine the weight average molecul ar weight.  

N-methyl-2-pyrrolidone containing lithium chloride dissolved 

therein is suitably used as the eluent. 

[0037] 

(Method for Producing Polymetalloxane) 10 

 There is no particular limitation on the synthesis  method 

of the polymetalloxane having the constituent unit represented 

by the general formula (1), and the synthesis metho d preferably 

includes the step of polycondensing a compound repr esented by the 

following general formula (2) or a hydrolysate ther eof.  Namely, 15 

the present invention is directed to, in another as pect, a method 

for producing a polymetalloxane, which including th e step of 

polycondensing a compound represented by the follow ing general 

formula (2). 

[0038] 20 

[Chemical Formula 4] 

 

[0039] 
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Wherein R 4 is optionally selected from a hydroxy group, an al kyl 

group having 1 to 12 carbon atoms, an alicyclic alk yl group having 

5 to 12 carbon atoms, an alkoxy group having 1 to 1 2 carbon atoms, 

or an aromatic group having 6 to 30 carbon atoms.  R5 is optionally 

selected from a hydrogen atom or an alkyl group hav ing 1 to 12 5 

carbon atoms.  When plural R 4 and R 5 exist, they may be the same 

or different.  M represents a metal atom selected f rom the 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.  m is an integer indicating a valen ce of a metal 10 

atom M, and n is an integer of 1 to (m - 1), or a h ydrolysate thereof. 

[0040] 

 More specifically, it is preferable to synthesize by 

optionally hydrolyzing the compound represented by the general 

formula (2), followed by partial condensation and p olymerization.  15 

Here, the partial condensation means not to condens e all the M-OH 

of the hydrolyzate, but to leave a part of M-OH in the resultant 

polymetalloxane.  Under the general condensation co nditions as 

mentioned later, generally, M-OH partially remains.   The amount 

of remaining M-OH is not limited. 20 

[0041] 

 In general, when water is added to the metal alkox ide, the 

alkoxy group has high hydrolyzability, thus produci ng a metal 

hydroxide compound in which all the alkoxy groups i n the molecule 

are hydrolyzed.  This metal hydroxide compound aggr egates in the 25 
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solution and becomes insoluble in the solvent, and thus 

precipitation occurs. 

[0042] 

 Meanwhile, because of low hydrolyzability of the s iloxy 

group represented by (R 3
3SiO-) in the compound represented by the 5 

general formula (2), it is possible to selectively hydrolyze the 

alkoxy group by addition of water.  It is possible for the 

resulting hydrolyzate to obtain a transparent and h omogeneous 

solution without aggregating in the solution due to  the steric 

hindrance of the siloxy group.  For this reason, it  is possible 10 

to increase the degree of hydrolysis as compared wi th conventional 

technology.  Therefore, it is possible to obtain a high molecular 

weight polymetalloxane, particularly a polymetallox ane having a 

weight average molecular weight exceeding 10,000, b y hydrolyzing 

and polycondensing the compound represented by the general 15 

formula (2). 

[0043] 

 As specific examples of the compound represented b y the 

general formula (2), for example, when the metal at om M is Ti, 

examples of those in which n = 1 include: 20 

trimethoxy(trimethylsiloxy)titanium, 

triethoxy(trimethylsiloxy)titanium, 

tripropoxy(trimethylsiloxy)titanium, 

triisopropoxy(trimethylsiloxy)titanium, 

tributoxy(trimethylsiloxy)titanium, 25 
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triisobutoxy(trimethylsiloxy)titanium, 

tri-s-butoxy(trimethylsiloxy)titanium, 

tri-t-butoxy(trimethylsiloxy)titanium, 

tricyclohexoxy(trimethylsiloxy)titanium, 

triphenoxy(trimethylsiloxy)titanium; 5 

 trimethoxy(triethylsiloxy)titanium, 

triethoxy(triethylsiloxy)titanium, 

tripropoxy(triethylsiloxy)titanium, 

triisopropoxy(triethylsiloxy)titanium, 

tributoxy(triethylsiloxy)titanium, 10 

triisobutoxy(triethylsiloxy)titanium, 

tri-s-butoxy(triethylsiloxy)titanium, 

tri-t-butoxy(triethylsiloxy)titanium, 

tricyclohexoxy(triethylsiloxy)titanium, 

triphenoxy(triethylsiloxy)titanium; 15 

 trimethoxy(tripropylsiloxy)titanium, 

triethoxy(tripropylsiloxy)titanium, 

tripropoxy(tripropylsiloxy)titanium, 

triisopropoxy(tripropylsiloxy)titanium, 

tributoxy(tripropylsiloxy)titanium, 20 

triisobutoxy(tripropylsiloxy)titanium, 

tri-s-butoxy(tripropylsiloxy)titanium, 

tri-t-butoxy(tripropylsiloxy)titanium, 

tricyclohexoxy(tripropylsiloxy)titanium, 

triphenoxy(tripropylsiloxy)titanium; 25 
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 trimethoxy(triisopropylsiloxy)titanium, 

triethoxy(triisopropylsiloxy)titanium, 

tripropoxy(triisopropylsiloxy)titanium, 

triisopropoxy(triisopropylsiloxy)titanium, 

tributoxy(triisopropylsiloxy)titanium, 5 

triisobutoxy(triisopropylsiloxy)titanium, 

tri-s-butoxy(triisopropylsiloxy)titanium, 

tri-t-butoxy(triisopropylsiloxy)titanium, 

tricyclohexoxy(triisopropylsiloxy)titanium, 

triphenoxy(triisopropylsiloxy)titanium; 10 

 trimethoxy(tributylsiloxy)titanium, 

triethoxy(tributylsiloxy)titanium, 

tripropoxy(tributylsiloxy)titanium, 

triisopropoxy(tributylsiloxy)titanium, 

tributoxy(tributylsiloxy)titanium, 15 

triisobutoxy(tributylsiloxy)titanium, 

tri-s-butoxy(tributylsiloxy)titanium, 

tri-t-butoxy(tributylsiloxy)titanium, 

tricyclohexoxy(tributylsiloxy)titanium, 

triphenoxy(tributylsiloxy)titanium; 20 

 trimethoxy(triisobutylsiloxy)titanium, 

triethoxy(triisobutylsiloxy)titanium, 

tripropoxy(triisobutylsiloxy)titanium, 

triisopropoxy(triisobutylsiloxy)titanium, 

tributoxy(triisobutylsiloxy)titanium, 25 
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triisobutoxy(triisobutylsiloxy)titanium, 

tri-s-butoxy(triisobutylsiloxy)titanium, 

tri-t-butoxy(triisobutylsiloxy)titanium, 

tricyclohexoxy(triisobutylsiloxy)titanium, 

triphenoxy(triisobutylsiloxy)titanium; 5 

 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, 10 

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; 15 

 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, 20 

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; 25 
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 trimethoxy(tricyclohexylsiloxy)titanium, 

triethoxy(tricyclohexylsiloxy)titanium, 

tripropoxy(tricyclohexylsiloxy)titanium, 

triisopropoxy(tricyclohexylsiloxy)titanium, 

tributoxy(tricyclohexylsiloxy)titanium, 5 

triisobutoxy(tricyclohexylsiloxy)titanium, 

tri-s-butoxy(tricyclohexylsiloxy)titanium, 

tri-t-butoxy(tricyclohexylsiloxy)titanium, 

tricyclohexoxy(tricyclohexylsiloxy)titanium, 

triphenoxy(tricyclohexylsiloxy)titanium; 10 

 trimethoxy(triphenylsiloxy)titanium, 

triethoxy(triphenylsiloxy)titanium, 

tripropoxy(triphenylsiloxy)titanium, 

triisopropoxy(triphenylsiloxy)titanium, 

tributoxy(triphenylsiloxy)titanium, 15 

triisobutoxy(triphenylsiloxy)titanium, 

tri-s-butoxy(triphenylsiloxy)titanium, 

tri-t-butoxy(triphenylsiloxy)titanium, 

tricyclohexoxy(triphenylsiloxy)titanium, 

triphenoxy(triphenylsiloxy)titanium, and the like; and examples 20 

of those in which n = 2 include: 

 dimethoxybis(trimethylsiloxy)titanium, 

diethoxybis(trimethylsiloxy)titanium, 

dipropoxybis(trimethylsiloxy)titanium, 

diisopropoxybis(trimethylsiloxy)titanium, 25 
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dibutoxybis(trimethylsiloxy)titanium, 

diisobutoxybis(trimethylsiloxy)titanium, 

di-s-butoxybis(trimethylsiloxy)titanium, 

di-t-butoxybis(trimethylsiloxy)titanium, 

dicyclohexoxybis(trimethylsiloxy)titanium, 5 

diphenoxybis(trimethylsiloxy)titanium; 

 dimethoxybis(triethylsiloxy)titanium, 

diethoxybis(triethylsiloxy)titanium, 

dipropoxybis(triethylsiloxy)titanium, 

diisopropoxybis(triethylsiloxy)titanium, 10 

dibutoxybis(triethylsiloxy)titanium, 

diisobutoxybis(triethylsiloxy)titanium, 

di-s-butoxybis(triethylsiloxy)titanium, 

di-t-butoxybis(triethylsiloxy)titanium, 

dicyclohexoxybis(triethylsiloxy)titanium, 15 

diphenoxybis(triethylsiloxy)titanium; 

 dimethoxybis(tripropylsiloxy)titanium, 

diethoxybis(tripropylsiloxy)titanium, 

dipropoxybis(tripropylsiloxy)titanium, 

diisopropoxybis(tripropylsiloxy)titanium, 20 

dibutoxybis(tripropylsiloxy)titanium, 

diisobutoxybis(tripropylsiloxy)titanium, 

di-s-butoxybis(tripropylsiloxy)titanium, 

di-t-butoxybis(tripropylsiloxy)titanium, 

dicyclohexoxybis(tripropylsiloxy)titanium, 25 
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diphenoxybis(tripropylsiloxy)titanium; 

 dimethoxybis(triisopropylsiloxy)titanium, 

diethoxybis(triisopropylsiloxy)titanium, 

dipropoxybis(triisopropylsiloxy)titanium, 

diisopropoxybis(triisopropylsiloxy)titanium, 5 

dibutoxybis(triisopropylsiloxy)titanium, 

diisobutoxybis(triisopropylsiloxy)titanium, 

di-s-butoxybis(triisopropylsiloxy)titanium, 

di-t-butoxybis(triisopropylsiloxy)titanium, 

dicyclohexoxybis(triisopropylsiloxy)titanium, 10 

diphenoxybis(triisopropylsiloxy)titanium; 

 dimethoxybis(tributylsiloxy)titanium, 

diethoxybis(tributylsiloxy)titanium, 

dipropoxybis(tributylsiloxy)titanium, 

diisopropoxybis(tributylsiloxy)titanium, 15 

dibutoxybis(tributylsiloxy)titanium, 

diisobutoxybis(tributylsiloxy)titanium, 

di-s-butoxybis(tributylsiloxy)titanium, 

di-t-butoxybis(tributylsiloxy)titanium, 

dicyclohexoxybis(tributylsiloxy)titanium, 20 

diphenoxybis(tributylsiloxy)titanium; 

 dimethoxybis(triisobutylsiloxy)titanium, 

diethoxybis(triisobutylsiloxy)titanium, 

dipropoxybis(triisobutylsiloxy)titanium, 

diisopropoxybis(triisobutylsiloxy)titanium, 25 
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dibutoxybis(triisobutylsiloxy)titanium, 

diisobutoxybis(triisobutylsiloxy)titanium, 

di-s-butoxybis(triisobutylsiloxy)titanium, 

di-t-butoxybis(triisobutylsiloxy)titanium, 

dicyclohexoxybis(triisobutylsiloxy)titanium, 5 

diphenoxybis(triisobutylsiloxy)titanium; 

 dimethoxybis(tri-s-butoxysiloxy)titanium, 

diethoxybis(tri-s-butoxysiloxy)titanium, 

dipropoxybis(tri-s-butoxysiloxy)titanium, 

diisopropoxybis(tri-s-butoxysiloxy)titanium, 10 

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, 15 

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, 20 

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, 25 
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diphenoxybis(tri-t-butoxysiloxy)titanium; 

 dimethoxybis(tricyclohexylsiloxy)titanium, 

diethoxybis(tricyclohexylsiloxy)titanium, 

dipropoxybis(tricyclohexylsiloxy)titanium, 

diisopropoxybis(tricyclohexylsiloxy)titanium, 5 

dibutoxybis(tricyclohexylsiloxy)titanium, 

diisobutoxybis(tricyclohexylsiloxy)titanium, 

di-s-butoxybis(tricyclohexylsiloxy)titanium, 

di-t-butoxybis(tricyclohexylsiloxy)titanium, 

dicyclohexoxybis(tricyclohexylsiloxy)titanium, 10 

diphenoxybis(tricyclohexylsiloxy)titanium; 

 dimethoxybis(triphenylsiloxy)titanium, 

diethoxybis(triphenylsiloxy)titanium, 

dipropoxybis(triphenylsiloxy)titanium, 

diisopropoxybis(triphenylsiloxy)titanium, 15 

dibutoxybis(triphenylsiloxy)titanium, 

diisobutoxybis(triphenylsiloxy)titanium, 

di-s-butoxybis(triphenylsiloxy)titanium, 

di-t-butoxybis(triphenylsiloxy)titanium, 

dicyclohexoxybis(triphenylsiloxy)titanium, 20 

diphenoxybis(triphenylsiloxy)titanium, and the like . 

[0044] 

 When the metal atom M is Zr, examples of those in which n 

= 1 include: 

 trimethoxy(trimethylsiloxy)zirconium, 25 
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triethoxy(trimethylsiloxy)zirconium, 

tripropoxy(trimethylsiloxy)zirconium, 

triisopropoxy(trimethylsiloxy)zirconium, 

tributoxy(trimethylsiloxy)zirconium, 

triisobutoxy(trimethylsiloxy)zirconium, 5 

tri-s-butoxy(trimethylsiloxy)zirconium, 

tri-t-butoxy(trimethylsiloxy)zirconium, 

tricyclohexoxy(trimethylsiloxy)zirconium, 

triphenoxy(trimethylsiloxy)zirconium; 

 trimethoxy(triethylsiloxy)zirconium, 10 

triethoxy(triethylsiloxy)zirconium, 

tripropoxy(triethylsiloxy)zirconium, 

triisopropoxy(triethylsiloxy)zirconium, 

tributoxy(triethylsiloxy)zirconium, 

triisobutoxy(triethylsiloxy)zirconium, 15 

tri-s-butoxy(triethylsiloxy)zirconium, 

tri-t-butoxy(triethylsiloxy)zirconium, 

tricyclohexoxy(triethylsiloxy)zirconium, 

triphenoxy(triethylsiloxy)zirconium; 

 trimethoxy(tripropylsiloxy)zirconium, 20 

triethoxy(tripropylsiloxy)zirconium, 

tripropoxy(tripropylsiloxy)zirconium, 

triisopropoxy(tripropylsiloxy)zirconium, 

tributoxy(tripropylsiloxy)zirconium, 

triisobutoxy(tripropylsiloxy)zirconium, 25 
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tri-s-butoxy(tripropylsiloxy)zirconium, 

tri-t-butoxy(tripropylsiloxy)zirconium, 

tricyclohexoxy(tripropylsiloxy)zirconium, 

triphenoxy(tripropylsiloxy)zirconium; 

 trimethoxy(triisopropylsiloxy)zirconium, 5 

triethoxy(triisopropylsiloxy)zirconium, 

tripropoxy(triisopropylsiloxy)zirconium, 

triisopropoxy(triisopropylsiloxy)zirconium, 

tributoxy(triisopropylsiloxy)zirconium, 

triisobutoxy(triisopropylsiloxy)zirconium, 10 

tri-s-butoxy(triisopropylsiloxy)zirconium, 

tri-t-butoxy(triisopropylsiloxy)zirconium, 

tricyclohexoxy(triisopropylsiloxy)zirconium, 

triphenoxy(triisopropylsiloxy)zirconium; 

 trimethoxy(tributylsiloxy)zirconium, 15 

triethoxy(tributylsiloxy)zirconium, 

tripropoxy(tributylsiloxy)zirconium, 

triisopropoxy(tributylsiloxy)zirconium, 

tributoxy(tributylsiloxy)zirconium, 

triisobutoxy(tributylsiloxy)zirconium, 20 

tri-s-butoxy(tributylsiloxy)zirconium, 

tri-t-butoxy(tributylsiloxy)zirconium, 

tricyclohexoxy(tributylsiloxy)zirconium, 

triphenoxy(tributylsiloxy)zirconium; 

 trimethoxy(triisobutylsiloxy)zirconium, 25 
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triethoxy(triisobutylsiloxy)zirconium, 

tripropoxy(triisobutylsiloxy)zirconium, 

triisopropoxy(triisobutylsiloxy)zirconium, 

tributoxy(triisobutylsiloxy)zirconium, 

triisobutoxy(triisobutylsiloxy)zirconium, 5 

tri-s-butoxy(triisobutylsiloxy)zirconium, 

tri-t-butoxy(triisobutylsiloxy)zirconium, 

tricyclohexoxy(triisobutylsiloxy)zirconium, 

triphenoxy(triisobutylsiloxy)zirconium; 

 trimethoxy(tri-s-butoxysiloxy)zirconium, 10 

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, 15 

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, 20 

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, 25 
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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, 5 

triethoxy(tricyclohexylsiloxy)zirconium, 

tripropoxy(tricyclohexylsiloxy)zirconium, 

triisopropoxy(tricyclohexylsiloxy)zirconium, 

tributoxy(tricyclohexylsiloxy)zirconium, 

triisobutoxy(tricyclohexylsiloxy)zirconium, 10 

tri-s-butoxy(tricyclohexylsiloxy)zirconium, 

tri-t-butoxy(tricyclohexylsiloxy)zirconium, 

tricyclohexoxy(tricyclohexylsiloxy)zirconium, 

triphenoxy(tricyclohexylsiloxy)zirconium; 

 trimethoxy(triphenylsiloxy)zirconium, 15 

triethoxy(triphenylsiloxy)zirconium, 

tripropoxy(triphenylsiloxy)zirconium, 

triisopropoxy(triphenylsiloxy)zirconium, 

tributoxy(triphenylsiloxy)zirconium, 

triisobutoxy(triphenylsiloxy)zirconium, 20 

tri-s-butoxy(triphenylsiloxy)zirconium, 

tri-t-butoxy(triphenylsiloxy)zirconium, 

tricyclohexoxy(triphenylsiloxy)zirconium, 

triphenoxy(triphenylsiloxy)zirconium, and the like;  and 

examples of those in which n = 2 include: 25 
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 dimethoxybis(trimethylsiloxy)zirconium, 

diethoxybis(trimethylsiloxy)zirconium, 

dipropoxybis(trimethylsiloxy)zirconium, 

diisopropoxybis(trimethylsiloxy)zirconium, 

dibutoxybis(trimethylsiloxy)zirconium, 5 

diisobutoxybis(trimethylsiloxy)zirconium, 

di-s-butoxybis(trimethylsiloxy)zirconium, 

di-t-butoxybis(trimethylsiloxy)zirconium, 

dicyclohexoxybis(trimethylsiloxy)zirconium, 

diphenoxybis(trimethylsiloxy)zirconium; 10 

 dimethoxybis(triethylsiloxy)zirconium, 

diethoxybis(triethylsiloxy)zirconium, 

dipropoxybis(triethylsiloxy)zirconium, 

diisopropoxybis(triethylsiloxy)zirconium, 

dibutoxybis(triethylsiloxy)zirconium, 15 

diisobutoxybis(triethylsiloxy)zirconium, 

di-s-butoxybis(triethylsiloxy)zirconium, 

di-t-butoxybis(triethylsiloxy)zirconium, 

dicyclohexoxybis(triethylsiloxy)zirconium, 

diphenoxybis(triethylsiloxy)zirconium; 20 

 dimethoxybis(tripropylsiloxy)zirconium, 

diethoxybis(tripropylsiloxy)zirconium, 

dipropoxybis(tripropylsiloxy)zirconium, 

diisopropoxybis(tripropylsiloxy)zirconium, 

dibutoxybis(tripropylsiloxy)zirconium, 25 
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diisobutoxybis(tripropylsiloxy)zirconium, 

di-s-butoxybis(tripropylsiloxy)zirconium, 

di-t-butoxybis(tripropylsiloxy)zirconium, 

dicyclohexoxybis(tripropylsiloxy)zirconium, 

diphenoxybis(tripropylsiloxy)zirconium; 5 

 dimethoxybis(triisopropylsiloxy)zirconium, 

diethoxybis(triisopropylsiloxy)zirconium, 

dipropoxybis(triisopropylsiloxy)zirconium, 

diisopropoxybis(triisopropylsiloxy)zirconium, 

dibutoxybis(triisopropylsiloxy)zirconium, 10 

diisobutoxybis(triisopropylsiloxy)zirconium, 

di-s-butoxybis(triisopropylsiloxy)zirconium, 

di-t-butoxybis(triisopropylsiloxy)zirconium, 

dicyclohexoxybis(triisopropylsiloxy)zirconium, 

diphenoxybis(triisopropylsiloxy)zirconium; 15 

 dimethoxybis(tributylsiloxy)zirconium, 

diethoxybis(tributylsiloxy)zirconium, 

dipropoxybis(tributylsiloxy)zirconium, 

diisopropoxybis(tributylsiloxy)zirconium, 

dibutoxybis(tributylsiloxy)zirconium, 20 

diisobutoxybis(tributylsiloxy)zirconium, 

di-s-butoxybis(tributylsiloxy)zirconium, 

di-t-butoxybis(tributylsiloxy)zirconium, 

dicyclohexoxybis(tributylsiloxy)zirconium, 

diphenoxybis(tributylsiloxy)zirconium; 25 
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 dimethoxybis(triisobutylsiloxy)zirconium, 

diethoxybis(triisobutylsiloxy)zirconium, 

dipropoxybis(triisobutylsiloxy)zirconium, 

diisopropoxybis(triisobutylsiloxy)zirconium, 

dibutoxybis(triisobutylsiloxy)zirconium, 5 

diisobutoxybis(triisobutylsiloxy)zirconium, 

di-s-butoxybis(triisobutylsiloxy)zirconium, 

di-t-butoxybis(triisobutylsiloxy)zirconium, 

dicyclohexoxybis(triisobutylsiloxy)zirconium, 

diphenoxybis(triisobutylsiloxy)zirconium; 10 

 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, 15 

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; 20 

 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, 25 
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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; 5 

 dimethoxybis(tricyclohexylsiloxy)zirconium, 

diethoxybis(tricyclohexylsiloxy)zirconium, 

dipropoxybis(tricyclohexylsiloxy)zirconium, 

diisopropoxybis(tricyclohexylsiloxy)zirconium, 

di-n-butoxybis(tricyclohexylsiloxy)zirconium, 10 

diisobutoxybis(tricyclohexylsiloxy)zirconium, 

di-s-butoxybis(tricyclohexylsiloxy)zirconium, 

di-t-butoxybis(tricyclohexylsiloxy)zirconium, 

dicyclohexoxybis(tricyclohexylsiloxy)zirconium, 

diphenoxybis(tricyclohexylsiloxy)zirconium; 15 

 dimethoxybis(triphenylsiloxy)zirconium, 

diethoxybis(triphenylsiloxy)zirconium, 

dipropoxybis(triphenylsiloxy)zirconium, 

diisopropoxybis(triphenylsiloxy)zirconium, 

dibutoxybis(triphenylsiloxy)zirconium, 20 

diisobutoxybis(triphenylsiloxy)zirconium, 

di-s-butoxybis(triphenylsiloxy)zirconium, 

di-t-butoxybis(triphenylsiloxy)zirconium, 

dicyclohexoxybis(triphenylsiloxy)zirconium, 

diphenoxybis(triphenylsiloxy)zirconium, and the lik e. 25 
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[0045] 

 It is particularly preferred to include, in the me thod for 

synthesizing a polymetalloxane having a constituent  unit 

represented by the general formula (1), the step of  optionally 

hydrolyzing and polycondensing a compound in which at least one 5 

of R 5 in the general formula (2) is a hydrogen atom.  Th at is, 

the compound represented by the general formula (2)  is preferably 

a compound represented by the following general for mula (3). 

[0046] 

[Chemical Formula 5] 10 

 

[0047] 

R6 is the same as R 4 in the general formula (1), R 7 is an alkyl 

group having 1 to 12 carbon atoms.  m is an integer  indicating 

a valence of a metal atom M, x is an integer of 1 t o (m - 1), y 15 

is an integer of 1 to (m - 1), and x + y ≤ m. 

[0048] 

 It is preferable that y is an integer of 2 to (m –  1). 

[0049] 

 In general, a compound having a hydroxy group is a ggregated 20 

by a hydrogen bond of a hydroxy group and becomes i nsoluble in 

an organic solvent.  However, since the metal compo und 

represented by the general formula (3) has a siloxy  group, it is 
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possible to obtain a transparent and uniform soluti on without 

aggregating in an organic solvent due to the steric  hindrance of 

the siloxy group.  Since the hydroxy group can caus e dehydration 

condensation, it is possible to obtain a high molec ular weight 

polymetalloxane by polycondensing the metal compoun d represented 5 

by the general formula (3).  Because of high heat r esistance of 

the siloxy group, it is possible to obtain a high m olecular weight 

polymetalloxane excellent in transparency. 

[0050] 

 When OR 7 exists, hydrolysis is preferably performed prior 10 

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 

transparent and uniform solution without causing ag gregation in 

the solution due to the steric hindrance of the sil oxy group.  15 

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), for example, when the metal atom M is Ti, exam ples of those 20 

in which y = 2 include: 

methoxydihydroxy(trimethylsiloxy)titanium, 

ethoxydihydroxy(trimethylsiloxy)titanium, 

propoxydihydroxy(trimethylsiloxy)titanium, 

isopropoxydihydroxy(trimethylsiloxy)titanium, 25 



34 

 

butoxydihydroxy(trimethylsiloxy)titanium, 

isobutoxydihydroxy(trimethylsiloxy)titanium, 

s-butoxydihydroxy(trimethylsiloxy)titanium, 

t-butoxydihydroxy(trimethylsiloxy)titanium, 

cyclohexoxydihydroxy(trimethylsiloxy)titanium, 5 

phenoxydihydroxy(trimethylsiloxy)titanium; 

 methoxydihydroxy(triethylsiloxy)titanium, 

ethoxydihydroxy(triethylsiloxy)titanium, 

propoxydihydroxy(triethylsiloxy)titanium, 

isopropoxydihydroxy(triethylsiloxy)titanium, 10 

butoxydihydroxy(triethylsiloxy)titanium, 

isobutoxydihydroxy(triethylsiloxy)titanium, 

s-butoxydihydroxy(triethylsiloxy)titanium, 

t-butoxydihydroxy(triethylsiloxy)titanium, 

cyclohexoxydihydroxy(triethylsiloxy)titanium, 15 

phenoxydihydroxy(triethylsiloxy)titanium; 

 methoxydihydroxy(tripropylsiloxy)titanium, 

ethoxydihydroxy(tripropylsiloxy)titanium, 

propoxydihydroxy(tripropylsiloxy)titanium, 

isopropoxydihydroxy(tripropylsiloxy)titanium, 20 

butoxydihydroxy(tripropylsiloxy)titanium, 

isobutoxydihydroxy(tripropylsiloxy)titanium, 

s-butoxydihydroxy(tripropylsiloxy)titanium, 

t-butoxydihydroxy(tripropylsiloxy)titanium, 

cyclohexoxydihydroxy(tripropylsiloxy)titanium, 25 
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phenoxydihydroxy(tripropylsiloxy)titanium; 

 methoxydihydroxy(triisopropylsiloxy)titanium, 

ethoxydihydroxy(triisopropylsiloxy)titanium, 

propoxydihydroxy(triisopropylsiloxy)titanium, 

isopropoxydihydroxy(triisopropylsiloxy)titanium, 5 

butoxydihydroxy(triisopropylsiloxy)titanium, 

isobutoxydihydroxy(triisopropylsiloxy)titanium, 

s-butoxydihydroxy(triisopropylsiloxy)titanium, 

t-butoxydihydroxy(triisopropylsiloxy)titanium, 

cyclohexoxydihydroxy(triisopropylsiloxy)titanium, 10 

phenoxydihydroxy(triisopropylsiloxy)titanium; 

 methoxydihydroxy(tributylsiloxy)titanium, 

ethoxydihydroxy(tributylsiloxy)titanium, 

propoxydihydroxy(tributylsiloxy)titanium, 

isopropoxydihydroxy(tributylsiloxy)titanium, 15 

butoxydihydroxy(tributylsiloxy)titanium, 

isobutoxydihydroxy(tributylsiloxy)titanium, 

butoxydihydroxy(tributylsiloxy)titanium, 

t-butoxydihydroxy(tributylsiloxy)titanium, 

cyclohexoxydihydroxy(tributylsiloxy)titanium, 20 

phenoxydihydroxy(tributylsiloxy)titanium; 

 methoxydihydroxy(triisobutylsiloxy)titanium, 

ethoxydihydroxy(triisobutylsiloxy)titanium, 

propoxydihydroxy(triisobutylsiloxy)titanium, 

isopropoxydihydroxy(triisobutylsiloxy)titanium, 25 
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butoxydihydroxy(triisobutylsiloxy)titanium, 

isobutoxydihydroxy(triisobutylsiloxy)titanium, 

s-butoxydihydroxy(triisobutylsiloxy)titanium, 

t-butoxydihydroxy(triisobutylsiloxy)titanium, 

cyclohexoxydihydroxy(triisobutylsiloxy)titanium, 5 

phenoxydihydroxy(triisobutylsiloxy)titanium; 

 methoxydihydroxy(tri-s-butoxysiloxy)titanium, 

ethoxydihydroxy(tri-s-butoxysiloxy)titanium, 

propoxydihydroxy(tri-s-butoxysiloxy)titanium, 

isopropoxydihydroxy(tri-s-butoxysiloxy)titanium, 10 

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, 15 

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, 20 

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, 25 
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phenoxydihydroxy(tri-t-butoxysiloxy)titanium; 

 methoxydihydroxy(tricyclohexylsiloxy)titanium, 

ethoxydihydroxy(tricyclohexylsiloxy)titanium, 

propoxydihydroxy(tricyclohexylsiloxy)titanium, 

isopropoxydihydroxy(tricyclohexylsiloxy)titanium, 5 

butoxydihydroxy(tricyclohexylsiloxy)titanium, 

isobutoxydihydroxy(tricyclohexylsiloxy)titanium, 

s-butoxydihydroxy(tricyclohexylsiloxy)titanium, 

t-butoxydihydroxy(tricyclohexylsiloxy)titanium, 

cyclohexoxydihydroxy(tricyclohexylsiloxy)titanium, 10 

phenoxydihydroxy(tricyclohexylsiloxy)titanium; 

 methoxydihydroxy(triphenylsiloxy)titanium, 

ethoxydihydroxy(triphenylsiloxy)titanium, 

propoxydihydroxy(triphenylsiloxy)titanium, 

isopropoxydihydroxy(triphenylsiloxy)titanium, 15 

butoxydihydroxy(triphenylsiloxy)titanium, 

isobutoxydihydroxy(triphenylsiloxy)titanium, 

s-butoxydihydroxy(triphenylsiloxy)titanium, 

t-butoxydihydroxy(triphenylsiloxy)titanium, 

cyclohexoxydihydroxy(triphenylsiloxy)titanium, 20 

phenoxydihydroxy(triphenylsiloxy)titanium, and the like; and 

examples of those in which y = 3 include: 

 trihydroxy(trimethylsiloxy)titanium, 

trihydroxy(triethylsiloxy)titanium, 

trihydroxy(tripropylsiloxy)titanium, 25 
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trihydroxy(triisopropylsiloxy)titanium, 

trihydroxy(tributylsiloxy)titanium, 

trihydroxy(triisobutylsiloxy)titanium, 

trihydroxy(tri-s-butoxysiloxy)titanium, 

trihydroxy(tri-t-butoxysiloxy)titanium, 5 

trihydroxy(tricyclohexylsiloxy)titanium, 

trihydroxy(triphenylsiloxy)titanium, and the like. 

[0052] 

 When the metal atom M is Zr, examples of those in which y 

= 2 include: 10 

 methoxydihydroxy(trimethylsiloxy)zirconium, 

ethoxydihydroxy(trimethylsiloxy)zirconium, 

propoxydihydroxy(trimethylsiloxy)zirconium, 

isopropoxydihydroxy(trimethylsiloxy)zirconium, 

butoxydihydroxy(trimethylsiloxy)zirconium, 15 

isobutoxydihydroxy(trimethylsiloxy)zirconium, 

s-butoxydihydroxy(trimethylsiloxy)zirconium, 

t-butoxydihydroxy(trimethylsiloxy)zirconium, 

cyclohexoxydihydroxy(trimethylsiloxy)zirconium, 

phenoxydihydroxy(trimethylsiloxy)zirconium; 20 

 methoxydihydroxy(triethylsiloxy)zirconium, 

ethoxydihydroxy(triethylsiloxy)zirconium, 

propoxydihydroxy(triethylsiloxy)zirconium, 

isopropoxydihydroxy(triethylsiloxy)zirconium, 

butoxydihydroxy(triethylsiloxy)zirconium, 25 
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isobutoxydihydroxy(triethylsiloxy)zirconium, 

s-butoxydihydroxy(triethylsiloxy)zirconium, 

t-butoxydihydroxy(triethylsiloxy)zirconium, 

cyclohexoxydihydroxy(triethylsiloxy)zirconium, 

phenoxydihydroxy(triethylsiloxy)zirconium; 5 

 methoxydihydroxy(tripropylsiloxy)zirconium, 

ethoxydihydroxy(tripropylsiloxy)zirconium, 

propoxydihydroxy(tripropylsiloxy)zirconium, 

isopropoxydihydroxy(tripropylsiloxy)zirconium, 

butoxydihydroxy(tripropylsiloxy)zirconium, 10 

isobutoxydihydroxy(tripropylsiloxy)zirconium, 

s-butoxydihydroxy(tripropylsiloxy)zirconium, 

t-butoxydihydroxy(tripropylsiloxy)zirconium, 

cyclohexoxydihydroxy(tripropylsiloxy)zirconium, 

phenoxydihydroxy(tripropylsiloxy)zirconium; 15 

 methoxydihydroxy(triisopropylsiloxy)zirconium, 

ethoxydihydroxy(triisopropylsiloxy)zirconium, 

propoxydihydroxy(triisopropylsiloxy)zirconium, 

isopropoxydihydroxy(triisopropylsiloxy)zirconium, 

butoxydihydroxy(triisopropylsiloxy)zirconium, 20 

isobutoxydihydroxy(triisopropylsiloxy)zirconium, 

s-butoxydihydroxy(triisopropylsiloxy)zirconium, 

t-butoxydihydroxy(triisopropylsiloxy)zirconium, 

cyclohexoxydihydroxy(triisopropylsiloxy)zirconium, 

phenoxydihydroxy(triisopropylsiloxy)zirconium; 25 
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 methoxydihydroxy(tributylsiloxy)zirconium, 

ethoxydihydroxy(tributylsiloxy)zirconium, 

propoxydihydroxy(tributylsiloxy)zirconium, 

isopropoxydihydroxy(tributylsiloxy)zirconium, 

butoxydihydroxy(tributylsiloxy)zirconium, 5 

isobutoxydihydroxy(tributylsiloxy)zirconium, 

butoxydihydroxy(tributylsiloxy)zirconium, 

t-butoxydihydroxy(tributylsiloxy)zirconium, 

cyclohexoxydihydroxy(tributylsiloxy)zirconium, 

phenoxydihydroxy(tributylsiloxy)zirconium; 10 

 methoxydihydroxy(triisobutylsiloxy)zirconium, 

ethoxydihydroxy(triisobutylsiloxy)zirconium, 

propoxydihydroxy(triisobutylsiloxy)zirconium, 

isopropoxydihydroxy(triisobutylsiloxy)zirconium, 

butoxydihydroxy(triisobutylsiloxy)zirconium, 15 

isobutoxydihydroxy(triisobutylsiloxy)zirconium, 

s-butoxydihydroxy(triisobutylsiloxy)zirconium, 

t-butoxydihydroxy(triisobutylsiloxy)zirconium, 

cyclohexoxydihydroxy(triisobutylsiloxy)zirconium, 

phenoxydihydroxy(triisobutylsiloxy)zirconium; 20 

 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, 25 
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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; 5 

 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, 10 

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; 15 

 methoxydihydroxy(tricyclohexylsiloxy)zirconium, 

ethoxydihydroxy(tricyclohexylsiloxy)zirconium, 

propoxydihydroxy(tricyclohexylsiloxy)zirconium, 

isopropoxydihydroxy(tricyclohexylsiloxy)zirconium, 

butoxydihydroxy(tricyclohexylsiloxy)zirconium, 20 

isobutoxydihydroxy(tricyclohexylsiloxy)zirconium, 

s-butoxydihydroxy(tricyclohexylsiloxy)zirconium, 

t-butoxydihydroxy(tricyclohexylsiloxy)zirconium, 

cyclohexoxydihydroxy(tricyclohexylsiloxy)zirconium,  

phenoxydihydroxy(tricyclohexylsiloxy)zirconium; 25 
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 methoxydihydroxy(triphenylsiloxy)zirconium, 

ethoxydihydroxy(triphenylsiloxy)zirconium, 

propoxydihydroxy(triphenylsiloxy)zirconium, 

isopropoxydihydroxy(triphenylsiloxy)zirconium, 

butoxydihydroxy(triphenylsiloxy)zirconium, 5 

isobutoxydihydroxy(triphenylsiloxy)zirconium, 

s-butoxydihydroxy(triphenylsiloxy)zirconium, 

t-butoxydihydroxy(triphenylsiloxy)zirconium, 

cyclohexoxydihydroxy(triphenylsiloxy)zirconium, 

phenoxydihydroxy(triphenylsiloxy)zirconium, and the  like; and 10 

examples of those in which y = 3 include: 

 trihydroxy(trimethylsiloxy)zirconium, 

trihydroxy(triethylsiloxy)zirconium, 

trihydroxy(tripropylsiloxy)zirconium, 

trihydroxy(triisopropylsiloxy)zirconium, 15 

trihydroxy(tributylsiloxy)zirconium, 

trihydroxy(triisobutylsiloxy)zirconium, 

trihydroxy(tri-s-butoxysiloxy)zirconium, 

trihydroxy(tri-t-butoxysiloxy)zirconium, 

trihydroxy(tricyclohexylsiloxy)zirconium, 20 

trihydroxy(triphenylsiloxy)zirconium, and the like.  

[0053] 

(Method for Producing Compound Represented by Gener al Formula 

(2)) 

 There is no particular limitation on the method fo r producing 25 
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the compound represented by the general formula (2) .  For example, 

when R 5 is an alkyl group having 1 to 12 carbon atoms, the  compound 

can be obtained by reacting a metal alkoxide with a  compound 

represented by the following general formula (4) at  a 

predetermined molar ratio so as to obtain a compoun d in which n 5 

is 1, 2, or 3. 

[0054] 

[Chemical Formula 6] 

 

[0055] 10 

 In the general formula (4), R 8 is the same as R 4 in the general 

formula (2). 

[0056] 

 Specific examples of the compound represented by t he general 

formula (4) include trimethylsilanol, triethylsilan ol, 15 

tripropylsilanol, triisopropylsilanol, tributylsila nol, 

triisobutylsilanol, tri-s-butylsilanol, tri-t-butyl silanol, 

tripentylsilanol, trihexylsilanol, triheptylsilanol , 

trioctylsilanol, tri-2-ethylhexylsilanol, trinonyls ilanol, 

tridecylsilanol, triphenylsilanol, (phenyl)(dimethy l)silanol, 20 

(phenyl)(diethyl)silanol, (diphenyl)(methyl)silanol , 

(diphenyl)(ethyl)silanol, diphenylsilanediol, 

dinaphthylsilanediol, tribenzylsilanol, triphenylet hylsilanol, 
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(trimethylsiloxy)(dimethyl)silanol, 

(trimethylsiloxy)(dimethyl)silanol, 

(triethylsiloxy)(dimethyl)silanol, and the like.  A mong them, 

trimethylsilanol and triethylsilanol are particular ly 

preferable. 5 

[0057] 

 The metal alkoxide is not particularly limited and , when 

the metal atom M is Ti, examples thereof include 

tetramethoxytitanium, tetraethoxytitanium, 

tetrapropoxytitanium, tetraisopropoxytitanium, 10 

tetrabutoxytitanium, tetra-s-butoxytitanium, 

tetraisobutoxytitanium, tetra-t-butoxytitanium, 

tetrapentoxytitanium, tetrahexoxytitanium, 

tetraheptoxytitanium, tetraoctoxytitanium, 

tetranonanoxytitanium, tetradecanoxytitanium, and t he like.  15 

When the metal atom M is Zr, examples thereof inclu de 

tetramethoxyzirconium, tetraethoxyzirconium, 

tetrapropoxyzirconium, tetraisopropoxyzirconium, 

tetrabutoxyzirconium, tetra-s-butoxyzirconium, 

tetraisobutoxyzirconium, tetra-t-butoxyzirconium, 20 

tetrapentoxyzirconium, tetrahexoxyzirconium, 

tetraheptoxyzirconium, tetraoctoxyzirconium, 

tetranonanoxyzirconium, tetradecanoxyzirconium, and  the like.  

When the metal atom M is Al, examples thereof inclu de 

trimethoxyaluminum, triethoxyaluminum, tripropoxyal uminum, 25 
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triisopropoxyaluminum, tributoxyaluminum, tri-s-but oxyaluminum, 

s-butoxy(diisopropoxy)aluminum, triisobutoxyaluminu m, tri 

t-butoxyaluminum, tripentoxyaluminum, trihexoxyalum inum, 

triheptoxyaluminum, trioctoxyaluminum, trinonanoxya luminum, 

tridecanoxyaluminum, and the like. 5 

[0058] 

 When the compound represented by the general formu la (2) 

is a compound represented by the general formula (3 ), for example, 

the compound can be obtained by hydrolyzing the met al alkoxide 

represented by the general formula (2) obtained by the method 10 

mentioned above.  A general method can be used for hydrolysis.  

The method includes, for example, a method in which  a solvent, 

water and, if necessary, a catalyst are added to th e metal alkoxide 

represented by the general formula (2), followed by  stirring at 

-20 to 60°C for about 0.1 to 100 hours.  If necessa ry, hydrolysis 15 

by-products (alcohol such as methanol) may be disti lled off by 

distillation under reduced pressure. 

[0059] 

 The reaction solvent is not particularly limited, but 

compounds having an alcoholic hydroxyl group, ester s, ethers, 20 

ketones are suitably used.  Specific examples of th e alcohol 

solvent include methanol, ethanol, propanol, isopro panol, 

butanol, isobutanol, t-butanol, acetol, 

3-hydroxy-3-methyl-2-butanone, 5-hydroxy-2-pentanon e, 

4-hydroxy-4-methyl-2-pentanone (diacetone alcohol),  ethyl 25 
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lactate, butyl lactate, propylene glycol monomethyl  ether, 

propylene glycol monoethyl ether, propylene glycol monopropyl 

ether, propylene glycol monobutyl ether, propylene glycol 

mono-t-butyl ether, diethylene glycol monomethyl et her, 

diethylene glycol monoethyl ether, dipropylene glyc ol monomethyl 5 

ether, 3-methoxy-1-butanol, 3-methyl-3-methoxy-1-bu tanol, 

ethylene glycol, propylene glycol, and the like. 

[0060] 

 Examples of esters include ethyl acetate, propyl a cetate, 

isopropyl acetate, butyl acetate, isobutyl acetate,  propylene 10 

glycol monomethyl ether acetate, 3-methoxy-1-butyl acetate, 

3-methyl-3-methoxy-1-butyl acetate, ethyl acetoacet ate, 

cyclohexanol acetate, and the like. 

[0061] 

 Examples of ethers include diethyl ether, diisopro pyl ether, 15 

dibutyl ether, diphenyl ether, diethylene glycol et hyl methyl 

ether, diethylene glycol dimethyl ether, 1,2-dietho xyethane, 

dipropylene glycol dimethyl ether, and the like. 

[0062] 

 Specific examples of the ketone solvent include me thyl 20 

isobutyl ketone, diisopropyl ketone, diisobutyl ket one, 

acetylacetone, cyclopentanone, cyclohexanone, cyclo heptanone, 

and the like. 

[0063] 

 Examples of other solvents that can be preferably used 25 
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include propylene carbonate, N-methylpyrrolidone, a nd the like. 

[0064] 

 By adjusting the amount of water to be used in the  hydrolysis 

reaction, the amount of the hydroxy group of the me tal compound 

represented by the general formula (3) can be adjus ted.  For 5 

example, in the case of a metal compound in which y  = 1, that is, 

a metal compound having one hydroxy group, it is po ssible to obtain 

by adding 1 mol of water to 1 mol of the metal alko xide.  By adding 

1 mol of water to 1 mol of alkoxy group which is a hydrolyzable 

group, it is possible to obtain a metal compound in  which all alkoxy 10 

groups are hydrolyzed.  The amount of water added i s preferably 

0.1 to 2 mols based on the alkoxy group. 

[0065] 

 There is no particular limitation on the catalyst to be 

optionally added, and an acidic catalyst or a basic  catalyst is 15 

preferably used.  Specific examples of the acidic c atalyst 

include hydrochloric acid, nitric acid, sulfuric ac id, 

hydrofluoric acid, phosphoric acid, acetic acid, tr ifluoroacetic 

acid, formic acid, polyvalent carboxylic acid or an  anhydride 

thereof, and an ion exchange resin.  Specific examp les of the 20 

basic catalyst include triethylamine, tripropylamin e, 

tributylamine, tripentylamine, trihexylamine, trihe ptylamine, 

trioctylamine, diethylamine, dipropylamine, dibutyl amine, 

diisobutylamine, dipentylamine, dihexylamine, dihep tylamine, 

dioctylamine, triethanolamine, diethanolamine, 25 
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dicyclohexylamine, dicyclohexylmethylamine, sodium hydroxide, 

potassium hydroxide, alkoxysilane having an amino g roup, and ion 

exchange resin.  The amount of the catalyst added i s preferably 

0.01 to 30 parts by weight based on 100 parts by we ight of the 

siloxy group-containing compound represented by the  general 5 

formula (2). 

[0066] 

(Method for Producing Polymetalloxane) 

 A general method can be used for hydrolysis, parti al 

condensation, and polymerization of the compound re presented by 10 

the general formula (2).  For example, the reaction  conditions 

for the hydrolysis are preferably such that water i s added to the 

compound represented by the general formula (2) ove r 1 to 180 

minutes in a solvent, and then a reaction is perfor med at room 

temperature to 110°C for 1 to 180 minutes.  By perf orming the 15 

hydrolysis reaction under such conditions, rapid re action can be 

suppressed.  The reaction temperature is preferably  30 to 150°C.  

A catalyst may be optionally added. 

[0067] 

 As the reaction condition for partial condensation  and 20 

polymerization, a hydrolyzate is obtained by a hydr olysis 

reaction of the compound represented by the general  formula (2), 

and then the reaction solution is directly heated a t 50°C to 180°C 

for 1 to 100 hours.  To increase the degree of poly merization of 

the polymetalloxane, reheating or the addition of a  catalyst may 25 
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be performed.  After the hydrolysis reaction, an ap propriate 

amount of the thus produced alcohol may be distille d off and 

removed by heating and/or evacuation, followed by a ddition of an 

optional solvent. 

[0068] 5 

 The solvent is not particularly limited, but compo unds 

having an alcoholic hydroxyl group, esters, ethers,  and ketones 

are preferably used.  When these solvents are used,  the stability 

of the polymetalloxane can be improved, thus making  it possible 

to improve the transparency of the resulting coatin g film. 10 

[0069] 

 Specific examples of the alcohol-based solvent inc lude 

methanol, ethanol, n-propanol, isopropanol, n-butan ol, 

isobutanol, t-butanol, acetol, 3-hydroxy-3-methyl-2 -butanone, 

5-hydroxy-2-pentanone, 4-hydroxy-4-methyl-2-pentano ne 15 

(diacetone alcohol), ethyl lactate, butyl lactate, propylene 

glycol monomethyl ether, propylene glycol monoethyl  ether, 

propylene glycol mono-n-propyl ether, propylene gly col 

mono-n-butyl ether, propylene glycol mono-t-butyl e ther, 

diethylene glycol monomethyl ether, diethylene glyc ol monoethyl 20 

ether, dipropylene glycol monomethyl ether, 3-metho xy-1-butanol, 

3-methyl-3-methoxy-1-butanol, ethylene glycol, prop ylene glycol, 

and the like. 

[0070] 

 Examples of esters include ethyl acetate, n-propyl  acetate, 25 
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isopropyl acetate, n-butyl acetate, isobutyl acetat e, propylene 

glycol monomethyl ether acetate, 3-methoxy-1-butyl acetate, 

3-methyl-3-methoxy-1-butyl acetate, ethyl acetoacet ate, 

cyclohexanol acetate, and the like. 

[0071] 5 

 Examples of ethers include diethyl ether, diisopro pyl ether, 

di-n-butyl ether, diphenyl ether, diethylene glycol  ethyl methyl 

ether, diethylene glycol dimethyl ether, 1,2-dimeth oxyethane, 

1,2-diethoxyethane, dipropylene glycol dimethyl eth er, and the 

like. 10 

[0072] 

 Specific examples of the ketone solvent include me thyl 

isobutyl ketone, diisopropyl ketone, diisobutyl ket one, 

acetylacetone, cyclopentanone, cyclohexanone, cyclo heptanone, 

and the like. 15 

[0073] 

 Examples of other solvents, which can be preferabl y used, 

include propylene carbonate, N-methylpyrrolidone, a nd the like. 

[0074] 

 By adjusting the amount of water added in the hydr olysis 20 

reaction, it is possible to adjust the degree of hy drolysis of 

the compound represented by the general formula (2) .  The amount 

of water is preferably 0.1 to 2 mols based on 1 mol  of the alkoxy 

group. 

[0075] 25 
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 There is no particular limitation on the catalyst to be 

optionally added, and an acidic catalyst or a basic  catalyst is 

preferably used.  Specific examples of the acidic c atalyst 

include hydrochloric acid, nitric acid, sulfuric ac id, 

hydrofluoric acid, phosphoric acid, acetic acid, tr ifluoroacetic 5 

acid, formic acid, polyvalent carboxylic acid or an  anhydride 

thereof, and an ion exchange resin.  Specific examp les of basic 

catalysts include triethylamine, tripropylamine, tr ibutylamine, 

tripentylamine, trihexylamine, triheptylamine, trio ctylamine, 

diethylamine, dipropylamine, dibutylamine, diisobut ylamine, 10 

dipentylamine, dihexylamine, diheptylamine, dioctyl amine, 

triethanolamine, diethanolamine, dicyclohexylamine,  

dicyclohexylmethylamine, sodium hydroxide, potassiu m hydroxide, 

alkoxysilane having an amino group, and ion exchang e resin. 

[0076] 15 

 More preferred catalyst is a basic catalyst.  By u sing a 

basic catalyst, particularly a high molecular weigh t 

polymetalloxane can be obtained.  Among basic catal ysts, 

tripropylamine, triisobutylamine, tripentylamine, 

triisopentylamine, trihexylamine, triheptylamine, 20 

trioctylamine, dibutylamine, diisobutylamine, dipen tylamine, 

dihexylamine, diheptylamine, and dioctylamine are p articularly 

preferred. 

[0077] 

 From the viewpoint of the storage stability of the  25 
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composition, it is preferable that the above-mentio ned catalyst 

is not contained in the polymetalloxane solution af ter hydrolysis, 

partial condensation, and polymerization, and the c atalyst can 

be optionally removed.  There is no particular limi tation on the 

removal method and washing with water and/or a trea tment with an 5 

ion exchange resin is/are preferred from the viewpo int of easy 

operation and removability.  Washing with water is a method in 

which a polymetalloxane solution is diluted with an  appropriate 

hydrophobic solvent and washed several times with w ater, and then 

the obtained organic layer is concentrated by an ev aporator.  The 10 

treatment with an ion exchange resin is a method in  which a 

polysiloxane solution is brought into contact with an appropriate 

ion exchange resin. 

[0078] 

(Composition of Polymetalloxane) 15 

 The polymetalloxane of the present invention can b e mixed 

with a solvent and other necessary components to fo rm a 

composition. 

[0079] 

 The polymetalloxane of the present invention is pr eferably 20 

diluted with a solvent to adjust the solid componen t concentration.  

The solvent is not particularly limited and is pref erably the same 

solvent as that used in the synthesis of the polyme talloxane.  The 

solid component concentration of the solution conta ining the 

polymetalloxane is preferably set at 0.1 to 50% by weight.  When 25 
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the solid component concentration is set in the abo ve range, the 

film thickness of the coating film is satisfactoril y controlled. 

[0080] 

 During the adjustment of the solid content of the 

polymetalloxane solution, other components may be a dded.  5 

Examples of other components include inorganic part icles, a 

surfactant, a silane coupling agent, a crosslinking  agent, a 

crosslinking accelerator, and the like. 

[0081] 

 The inorganic particles are preferably used for im proving 10 

a refractive index of the cured film.  The inorgani c particles 

are preferably (b1) one or more particles selected from aluminum 

compound particles, tin compound particles, titaniu m compound 

particles, and zirconium compound particles, or (b2 ) composite 

particles of one or more metal compounds selected f rom an aluminum 15 

compound, a tin compound, a titanium compound, and a zirconium 

compound, and a silicon compound.  Hereinafter, the se particles 

are collectively referred to as “metal compound par ticles”.  The 

refractive index can be further improved by adding these 

particles. 20 

[0082] 

 The average particle size of the metal compound pa rticles 

is preferably 1 nm to 400 nm.  When the average par ticle size is 

1 nm or more, it is possible to further suppress th e occurrence 

of cracks during formation of a thick film, and the  average 25 
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particle size is more preferably 5 nm or more.  Whe n the average 

particle size is 400 nm or less, the refractive ind ex can be 

improved without causing deterioration of the trans parency of the 

cured film to visible light, and the average partic le size is more 

preferably 70 nm or less. 5 

[0083] 

 Examples of the metal compound particles include “ Optolake 

TR-502” and “Optolake TR-504” of tin oxide-titanium  oxide 

composite particles, “Optolake TR-503”, “Optolake T R-513”, 

“Optolake TR-520”, “Optolake TR-527”, “Optolake TR- 528”, 10 

“Optolake TR-529”, “Optolake TR-543”, “Optolake TR- 544”, and 

“Optolake TR-550” of silicon oxide-titanium oxide c omposite 

particles, and “Optolake TR-505” of titanium oxide particles 

(trade names, all of which are manufactured by Cata lysts & 

Chemicals Ind. Co., Ltd.); NOD-7771GTB (trade name,  manufactured 15 

by Nagase ChemteX Corporation); zirconium oxide par ticles 

(manufactured by Kojundo Chemical Laboratory Co., L td.); tin 

oxide-zirconium oxide composite particles (manufact ured by 

Catalysts & Chemicals Ind. Co., Ltd.); tin oxide pa rticles 

(manufactured by Kojundo Chemical Laboratory Co., L td.); “BIRAL” 20 

Zr-C20 (titanium oxide particles; average particle diameter of 

20 nm, manufactured by Taki Chemical Co., Ltd.); ZS L-10A (titanium 

oxide particles, average particle diameter of 60 to  100 nm, 

manufactured by DAIICHI KIGENSO KAGAKU KOGYO CO., L TD.); NanoUse 

OZ-30M (titanium oxide particles, average particle diameter of 25 
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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 

(zirconia oxide particles, manufactured by SUMITOMO  OSAKA CEMENT 

Co., Ltd.), ZR-010 (zirconia oxide particles, manuf actured by 5 

SOLAR CO., LTD.), or ZRPMA (zirconia particles, man ufactured by 

C.I. Kasei CO., LTD.). 

[0084] 

 The surfactant is preferably used for improving th e flow 

property during coating.  The surfactant may remain  on the cured 10 

film. 

[0085] 

 There is no particular limitation on the type of t he 

surfactant, and it is possible to use, for example,  fluorine-based 

surfactants such as “MEGAFAC (registered trademark) ” F142D, 15 

MEGAFAC F172, MEGAFAC F173, MEGAFAC F183, MEGAFAC F 444, MEGAFAC 

F445, MEGAFAC F470, MEGAFAC F475, and MEGAFAC F477 (all of which 

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 20 

BYK-307 (manufactured by BYK-Chemie Japan); polyalk ylene 

oxide-based surfactants; and poly(meth)acrylate-bas ed 

surfactants.  Two or more types of these surfactant s may be used. 

[0086] 

 The amount of the surfactant added is preferably 0 .001 to 25 
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10 parts by weight, and more preferably 0.01 to 1 p arts by weight, 

based on 100 parts by weight of the polymetalloxane . 

[0087] 

 The silane coupling agent is preferably used for i mproving 

the adhesion to the substrate.  The silane coupling  agent is not 5 

particularly limited, and it is possible to use, fo r example, 

vinyltrimethoxysilane, vinyltriethoxysilane, 2-(3,4  

epoxycyclohexyl)ethyltrimethoxysilane, 

3-glycidoxypropyltrimethoxysilane, 

3-methacryloxypropylmethyldimethoxysilane, 10 

3-methacryloxypropyltrimethoxysilane, 

3-acryloxypropyltrimethoxysilane, 

3-aminopropyltrimethoxysilane, 3-aminopropyltrietho xysilane, 

3-triethoxysilyl-N-(1,3-dimethyl-butylidene)propyla mine, 

3-mercaptopropylmethyldimethoxysilane, 15 

3-mercaptopropyltrimethoxysilane, 

3-isocyanatopropyltriethoxysilane, diphenyldimethox ysilane, 

trimethylsilanol, diphenylsilanediol, and the like.  

[0088] 

 The amount of the silane coupling agent added is p referably 20 

from 0.1 to 50 parts by weight, more preferably fro m 1 to 20 parts 

by weight, based on 100 parts by weight of the poly metalloxane. 

[0089] 

 The crosslinking agent and the crosslinking accele rator are 

preferably used for improving the chemical resistan ce of the cured 25 
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film.  The type of the crosslinking agent and the c rosslinking 

accelerator is not particularly limited, and it is possible to 

use, for example, mono-s-butoxyaluminum diisopropyl ate, 

aluminum-s-butyrate, ethylacetoacetate aluminum dii sopropylate, 

aluminum tris(ethyl acetate), alkylacetoaluminum di isopropylate, 5 

aluminum monoacetylacetonatebis(ethylacetoacetate),  aluminum 

tris(acetylacetonate), zirconium tris(acetylacetate ), 

zirconium tris(ethylacetoacetate), titanium 

tris(acetylacetate), titanium tris(ethylacetoacetat e), and the 

like. 10 

[0090] 

 The total content of the crosslinking agent and th e 

crosslinking accelerator is preferably 0.1 to 50 pa rts by weight, 

and more preferably 1 to 20 parts by weight, based on 100 parts 

by weight of the polymetalloxane.  The crosslinking  agent and the 15 

crosslinking accelerator may be used alone or used in combination. 

[0091] 

 Examples of the substrate include, but are not par ticularly 

limited to, silicon wafer, sapphire wafer, glass, a nd optical film.  

Examples of the glass include alkali glass, alkali- free glass, 20 

thermally tempered glass, or chemically tempered gl ass.  

Examples of the optical film include a film made of  acrylic resin, 

polyester resin, polycarbonate, polyarylate, polyet her sulfone, 

polypropylene, polyethylene, polyimide, or cycloole fin polymer. 

[0092] 25 
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(Step of Forming Cured Film) 

 The polymetalloxane or the composition containing the same 

of the present invention can be heated to form a cu red film.  The 

thus obtained cured film is a cured film mainly com posed of a resin 

having a metal atom having a high electron density in the main 5 

chain, so that the density of metal atoms in the cu red film can 

be increased, thus easily obtaining a high refracti ve index.  

Since it becomes a dielectric containing no free el ectrons, high 

transparency and heat resistance can be obtained. 

[0093] 10 

 Known methods can be used for coating the solution  containing 

the polymetalloxane.  Examples of the apparatus use d for coating 

include full-surface coating apparatuses such as sp in coating, 

dip coating, curtain flow coating, spray coating, o r slit coating, 

or printing apparatus such as screen printing, roll  coating, micro 15 

gravure coating, or ink jet. 

[0094] 

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

performed using a heating device such as a hot plat e or an oven.  

Pre-baking is preferably performed at a temperature  in a range 20 

of 50 to 150°C for 30 seconds to 30 minutes to form  a pre-bake 

film.  By performing pre-baking, the film thickness  uniformity 

can be improved.  The film thickness after pre-baki ng is 

preferably 0.1 to 15 µm. 

[0095] 25 
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 The coating film or the prebake film is heated (cu red) at 

a temperature in a range of 150°C to 450°C for 30 s econds to 2 

hours using a heating device such as a hot plate or  an oven, thus 

making it possible to obtain a cured film containin g a 

polymetalloxane.  The thickness of the cured film i s preferably 5 

0.1 to 15 µm. 

[0096] 

 The resulting cured film preferably has a refracti ve index 

of 1.58 or more and 2.20 or less at a wavelength of  550 nm, and 

more preferably 1.65 or more and 2.10 or less. 10 

[0097] 

 The refractive index of the cured film can be meas ured by 

the following method.  Using a spectroscopic ellips ometer, 

change in the polarization state of reflected light  from the cured 

film and the substrate is measured to obtain a phas e difference 15 

with incident light and a spectrum of an amplitude reflectance.  

By fitting the dielectric function of the calculati on model so 

that it approaches the obtained spectrum, a refract ive index 

spectrum is obtained.  By reading the refractive in dex value at 

a wavelength of 550 nm from the obtained refractive  index spectrum, 20 

the refractive index of the cured film can be obtai ned. 

[0098] 

 The cured film thus obtained preferably has a ligh t 

transmittance of 90% or more per 1 µm of a film thickness at a 

wavelength of 400 nm.  The light transmittance can be measured 25 
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by the following method as long as it is formed on a transparent 

substrate.  First, ultraviolet-visible absorption s pectrum of 

the substrate is measured using a spectrophotometer , and the 

spectrum is used as a reference.  Next, the ultravi olet-visible 

absorption spectrum of the cured film formed on the  transparent 5 

substrate is measured, and the ultraviolet-visible absorption 

spectrum of the cured film is calculated from the d ifference from 

the reference.  Using the thus obtained ultraviolet -visible 

absorption spectrum and the film thickness of the c ured film, the 

light transmittance per 1 µm of the film thickness at a wavelength 10 

of 400 nm of the micro lens is calculated. 

[0099] 

 The light transmittance of the cured film formed o n an opaque 

substrate such as a silicon wafer can be measured b y the following 

method.  Using a spectroscopic ellipsometer, change  in the 15 

polarization state of reflected light from the cure d film and the 

substrate is measured to obtain a phase difference with incident 

light and a spectrum of the amplitude reflectance.  By fitting 

the dielectric function of the calculation model so  that it 

approaches the obtained spectrum, an extinction coe fficient 20 

spectrum is obtained.  The extinction coefficient a t a wavelength 

of 400 nm is read from the obtained extinction coef ficient 

spectrum, and light transmittance for obtaining the  light 

transmittance (%) in terms of a film thickness of 1  µm at a 

wavelength of 400 nm by using the following equatio n: 25 



61 

 

 Light transmittance = exp(-4 πkt/ λ) 

where k is an extinction coefficient, t is a conver ted film 

thickness ( µm), and λ is a measurement wavelength (nm).  In this 

measurement, to obtain the light transmittance in t erms of 1 µm, 

t is 1 ( µm). 5 

[0100] 

(Applications) 

 Since the above-mentioned cured film is excellent in 

refractive index and transparency, it is suitably u sed for 

electronic components such as a solid state image s ensor, an 10 

optical filter, a display, and the like.  More spec ifically, 

examples thereof include a microlens for condensing  light and an 

optical waveguide formed in a solid state image sen sor such as 

a back-illuminated CMOS image sensor, an antireflec tion film 

provided as an optical filter, a flattening materia l of a display 15 

TFT substrate, a color filter such as a liquid crys tal display 

and a protective film thereof, a phase shifter, and  the like. 

[0101] 

 Among them, since it is possible to achieve both h igh 

transparency and high refractive index at the same time, it is 20 

particularly suitably used as a microlens for conde nsing light 

formed on a solid-state image pickup element or an optical 

waveguide connecting a light collecting microlens a nd a 

photosensor section.  It is also possible to use as  a buffer coat, 

an interlayer insulating film, and various protecti ve films for 25 
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semiconductor devices. 

[0102] 

(Application for Touch Sensor) 

 The cured film obtained from the polymetalloxane o f the 

present invention or the composition thereof is sui table for use 5 

as a touch sensor member used in a smartphone or a tablet terminal, 

since it is possible to achieve both high transpare ncy and high 

refractive index at the same time.  More specifical ly, examples 

thereof include an insulating layer thin film forme d on the upper 

or lower portion of the transparent conductive film  used for 10 

forming a sensor. 

[0103] 

 One of the problems of the touch sensor and the di splay using 

it is deterioration of appearance of the terminal d ue to visual 

recognition of a transparent conductive film patter n such as 15 

indium tin oxide (hereinafter abbreviated to “ITO”) .  There has 

been developed, as typical technology for suppressi ng the 

visibility of the transparent electrode pattern, te chnology in 

which an insulating layer thin film is formed on th e upper or lower 

portion of a transparent electrode thereby reducing  interface 20 

reflection, leading to suppression of visibility of  a transparent 

electrode pattern (e.g., JP 1-205122 A, JP 6-033000  A, and JP 

8-240800 A).  In this insulating layer thin film, b ecause of high 

refractive index of the transparent electrode patte rn, high 

refractive index and transparency are required. 25 
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[0104] 

 There has been developed, as technology for reduci ng the 

visibility of the transparent electrode pattern, te chnology in 

which thin films of Nb 2O3 and SiO 2 are formed as an undercoat layer 

or a topcoat layer (for example, JP 2010-152809 A a nd JP 5 

2010-086684 A).  There has also been developed tech nology in which 

an organic thin film and a silicon oxide thin film each having 

a refractive index of 1.58 to 1.85 are formed (e.g. , WO 

2014/119372) for the purpose of cost reduction and saving process.  

According to this technology, using an organic comp osition 10 

containing titanium oxide particles having high ref ractive index 

alone as a single substance, titanium oxide fine pa rticles such 

as barium titanate particles, or zirconium oxide pa rticles such 

as zirconium oxide particles, the refractive index is controlled 

in a desired value range.  Alternatively, a substit uent having 15 

a high refractive index is introduced into the orga nic component 

to control the refractive index in a desired range.  

[0105] 

 However, in the case of controlling the refractive  index 

using conventional metal oxide particles, in additi on to a problem 20 

such as expensive metal oxide particles, increasing  the content 

ratio of the metal oxide particles causes poor disp ersion, leading 

to a problem such as precipitation of particles.  W hen the 

refractive index is controlled by a substituent hav ing a high 

refractive index, there is a limitation on a change able range of 25 
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the refractive index, and thus it is difficult to a chieve a high 

refractive index exceeding 1.8. 

[0106] 

 Therefore, it is possible to easily control the re fractive 

index by using the cured film obtained from the pol ymetalloxane 5 

of the present invention or the composition thereof , thus making 

it possible to provide a substrate in which the vis ibility of the 

transparent conductive film pattern is significantl y reduced, 

easily at low cost. 

[0107] 10 

 Specifically, when a touch sensor has a member hav ing a 

portion in which a transparent conductive thin film  (I) and a cured 

film (II) obtained from the polymetalloxane of the present 

invention or the composition thereof are laminated in this order 

from the upper surface of a transparent underlying base material, 15 

it is possible to weaken the reflected light at the  upper interface 

and the lower interface of the transparent conducti ve thin film 

(I) formed on the lower layer, thus reducing the pa ttern 

visibility of the transparent conductive thin film.   It is also 

possible to improve the durability of the touch sen sor since the 20 

transparent conductive film is protected with a thi n film. 

[0108] 

 Detailed description will be made of the member ha ving a 

portion in which a transparent conductive thin film  (I) and a cured 

film (II) obtained from the polymetalloxane of the present 25 
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invention or the composition thereof are laminated in the order. 

[0109] 

 There is no particular limitation on the material of the 

transparent underlying base material as long as it has a function 

of transmitting light, and preferred is a material in which a total 5 

line transmittance per 0.1 mm of a thickness (in ac cordance with 

JIS K 7361-1: 1997) is 80%, and examples thereof in clude glass 

and an optical film.  From the viewpoint of the hea t resistance 

and chemical resistance, the material is more prefe rably glass.  

Examples of the glass include alkali glass, alkali- free glass, 10 

thermally tempered glass, or chemically tempered gl ass, and the 

glass is preferably thermally tempered glass or che mically 

tempered glass which is widely used as a cover glas s of a touch 

panel.  Examples of the optical film include a film  made of an 

acrylic resin, a polyester resin, a polycarbonate, a polyarylate, 15 

a polyether sulfone, a polypropylene, a polyethylen e, a polyimide, 

or a cycloolefin polymer.  Among them, an acrylic r esin, a 

polyester resin, a polycarbonate, or a cycloolefin polymer is 

preferable, from the viewpoint of the transparency.   The acrylic 

resin is preferably polymethyl methacrylate.  The p olyester 20 

resin is preferably polyethylene terephthalate, pol yethylene 

naphthalate, or polybutylene terephthalate.  The po lycarbonate 

is preferably a resin obtained by polycondensation of bisphenol 

A and phosgene.  The polyimide is preferably a resi n containing 

an aliphatic carboxylic acid dianhydride and/or an aliphatic 25 
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diamine as a monomer, from the viewpoint of the tra nsparency.  The 

cycloolefin polymer is preferably, for example, a p olymer 

obtained by addition polymerization or ring-opening  metathesis 

polymerization of cyclohexene or norbornene or deri vatives 

thereof. 5 

[0110] 

 As the transparent conductive thin film (I), an IT O thin 

film is most common.  In the present application, d escription will 

be made by way of an ITO thin film as an example, b ut the present 

invention is not limited thereto.  A method of form ing a 10 

transparent conductive thin film is preferably a sp uttering 

method since it is easy to obtain a thin film havin g low resistance 

and precise film thickness control is possible.  Th e film 

thickness of the transparent conductive thin film ( I) is 

preferably 1 to 200 nm. 15 

[0111] 

 The film thickness and the refractive index of the  cured 

film (II) obtained from the polymetalloxane of the present 

invention or the composition thereof laminated on t he top surface 

of the transparent conductive thin film (I) are pre ferably 0.01 20 

to 3 µm and 1.58 to 1.95, respectively.  Within the above  range, 

it is possible to control the phase and intensity o f the reflected 

light at the upper interface and the lower interfac e of the thin 

film (II) containing the composition.  As mentioned  above, the 

reflected light at the upper interface and the lowe r interface 25 
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of the transparent conductive thin film (I) is weak ened, thus 

making it possible to reduce the pattern visibility  of the 

transparent conductive thin film.  When the film th ickness of the 

thin film (II) containing the composition is set in  the above range, 

it is possible to control the phase, thus exerting sufficient 5 

effect of reducing the pattern visibility.  When th e refractive 

index of the thin film (II) containing the composit ion is set in 

the above range, it is possible to control the inte nsity of the 

reflected light, thus exerting sufficient effect of  reducing the 

pattern visibility.  The film thickness and the ref ractive index 10 

are more preferably 0.1 to 2.5 µm and 1.65 to 1.95, and particularly 

preferably 0.15 to 2 µm and 1.80 to 1.95, respectively. 

[0112] 

 It is preferred to have a portion in which a silic on oxide 

thin film (III) and/or a transparent pressure-sensi tive adhesive 15 

thin film (IV) having a refractive index of 1.46 to  1.53 is/are 

laminated on the upper surface of the cured film (I I) obtained 

from the polymetalloxane of the present invention o r the 

composition thereof. 

[0113] 20 

 By having the silicon oxide thin film (III), it is  possible 

to control the intensity of the reflected light of the lower 

interface (i.e., reflected light of the upper inter face of the 

cured film (II) obtained from the polymetalloxane o r the 

composition thereof).  At the same time, the underl ying metal 25 
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including the transparent conductive thin film (I) can be 

protected, thus enabling an improvement in reliabil ity of the 

touch sensor in the touch sensor application. 

[0114] 

 The film thickness of the silicon oxide thin film (III) is 5 

preferably 0.01 to 10 µm.  If the film thickness is less than 0.01 

µm, because of an influence of reflected light on th e upper 

interface, it is difficult to obtain the effect of reducing the 

pattern visibility, thus failing to obtain a functi on of 

protecting the underlying metal.  If the thickness exceeds 10 µm, 10 

cracks easily occur due to slight distortion, leadi ng to 

deterioration of the reliability and appearance of the touch 

panel. 

[0115] 

 Examples of the method of forming a silicon oxide thin film 15 

(III) include a dry process method such as a sputte ring method, 

a vacuum deposition method (electron beam method), an ion plating 

method (IP method), or a chemical vapor deposition (CVD) method, 

or a wet process method such as spin on glass (SOG) .  Among them, 

the CVD method is preferable since it can form a th in film with 20 

relatively few defects at a relatively low temperat ure. 

[0116] 

 The transparent pressure-sensitive adhesive thin f ilm (IV) 

refers to a thin film formed with a transparent pre ssure-sensitive 

adhesive.  Here, the transparent pressure-sensitive  adhesive 25 
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means a material that transmits light and has press ure-sensitive 

adhesion. 

[0117] 

 The film thickness of the transparent pressure-sen sitive 

adhesive thin film (IV) is preferably 1 to 200 µm from the viewpoint 5 

of the pressure-sensitive adhesion and transparency . 

[0118] 

 The pressure-sensitive adhesive force of the trans parent 

pressure-sensitive adhesive is preferably 3 to 100 N/20 mm.  The 

transmittance of the transparent pressure-sensitive  adhesive is 10 

preferably 90% or more in view of the total line tr ansmittance 

(JIS K 7361-1: 1997) from the viewpoint of the appe arance of the 

touch sensor. 

[0119] 

 Examples of the transparent pressure-sensitive adh esive 15 

include a thermosetting pressure-sensitive adhesive  or a 

UV-curable pressure-sensitive adhesive.  Examples o f the 

thermosetting transparent pressure-sensitive adhesi ve having a 

refractive index of 1.46 to 1.52 include a thermose tting 

transparent pressure-sensitive adhesive containing an alkyl 20 

(meth) acrylate having 1 to 20 carbon atoms, a (met h) acrylate 

having a hydroxyl group and/or a copolymer having a  (meth) acrylic 

acid derivative having a carboxyl group as a consti tuent monomer, 

or a polyfunctional isocyanate compound and/or a po lyfunctional 

epoxy compound.  Examples of the UV-curable transpa rent 25 



70 

 

pressure-sensitive adhesive having a refractive ind ex of 1.46 to 

1.52 include a UV-curable transparent pressure-sens itive 

adhesive containing a monofunctional or polyfunctio nal (meth) 

acrylate monomer and/or an oligomer and a photopoly merization 

initiator as a main component. 5 

[0120] 

 It is possible to use, as such transparent 

pressure-sensitive adhesives, an optical clear adhe sive (OCA) 

material (common name of thermosetting adhesive) or  an optical 

clear adhesive resin (OCR) material (common name of  UV curing type 10 

pressure-sensitive adhesive) which is used to super pose various 

substrates one upon another.  It is possible to use , as the 

transparent pressure-sensitive adhesive film (IV) f ormed from the 

transparent pressure-sensitive adhesive as mentione d above, a 

pressure-sensitive adhesive provided with a commerc ially 15 

available multifunctional film such as an antiscatt ering film. 

[0121] 

 Examples of commercially available OCA materials c apable 

of forming a transparent pressure-sensitive adhesiv e film (IV) 

include 8171CL, 8172CL, 8146-1, or 8146-2 (all of w hich are 20 

manufactured by Sumitomo 3M Limited); CS9622T, CS96 21T, or CS9070 

(all of which are manufactured by Nitto Denko Corpo ration); 

TE-9000, TE-7000, TE-8500, or DA-5000H (all of whic h are 

manufactured by Hitachi Chemical Co., Ltd.), or MO- 3010 or MO-T010 

(all of which are manufactured by LINTEC Corporatio n).  Examples 25 
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of commercially available OCR materials capable of forming the 

transparent pressure-sensitive adhesive film (IV) i nclude 

XV-SV-B1 or XV-7811 (all of which are manufactured by Panasonic 

Corporation) or UVP-1003, UVP-1100, UVP-7100, or UV P-7000 (all 

of which are manufactured by Toagosei Chemical Indu stry Co., Ltd.).  5 

Examples of commercially available multifunctional films with a 

transparent pressure-sensitive adhesive capable of forming a 

transparent pressure-sensitive adhesive film (IV) i nclude HA-110, 

HA-115, HA-116, HA-116, or HA-203 used widely as an  antiscattering 

film (all of which are manufactured by LINTEC Corpo ration), or 10 

HC1100F-BP or HC2120F-BP (all of which are manufact ured by DIC 

Corporation). 

[0122] 

 A member having a portion in which a thin film is laminated 

in the order of the transparent conductive thin fil m (I) and the 15 

cured film (II) obtained from the polymetalloxane o f the present 

invention or the composition thereof is suitably us ed for display 

applications.  Examples thereof include a resistive  touch panel, 

a capacitive touch panel, and a TFT substrate, and the member is 

preferably used for a capacitive touch panel, and m ore preferably 20 

a cover glass integrated electrostatic capacitive t ouch panel. 

[0123] 

(Lens Application) 

 Since the cured film obtained from the polymetallo xane of 

the present invention is excellent in refractive in dex and 25 
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transparency and is suitably used for lenses.  More  specifically, 

it can be suitably used for light collecting microl ens formed in 

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

sensors. 

[0124] 5 

 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 10 

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 15 

include a method using dry etching.  This method is  as follows.  

A cured film of the lens material is formed on the substrate.  Next, 

a photoresist pattern is formed on the cured film i n the same shape 

as that of the microlens.  Then, both the photoresi st and the cured 

film are dry-etched, and the pattern of the photore sist is 20 

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, high transparency and heat resistance ca n be obtained.  25 
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It is possible to form a cured film mainly composed  of a resin 

component, and the reactivity between the cured fil m an etching 

gas during dry etching can be made substantially un iform 

throughout the film.  Therefore, a difference in dr y etching rate 

does not occur locally, and a smooth microlens havi ng no surface 5 

roughness can be obtained. 

[0127] 

 There is no particular limitation on the method of  

manufacturing a lens made of a cured film of polyme talloxane, and 

it is preferred to include the steps of forming a c ured film 10 

containing the polymetalloxane of the present inven tion on a 

substrate, forming a photoresist pattern on the cur ed film, and 

dry-etching the photoresist pattern and the cured f ilm.  Details 

will be described in each step. 

[0128] 15 

 Examples of the above-mentioned substrate include,  but are 

not particularly limited to, a silicon wafer, a sap phire wafer, 

glass, and an optical film.  Example of the glass i nclude alkali 

glass, alkali-free glass, thermally tempered glass,  or chemically 

tempered glass.  Examples of the optical film inclu de a film made 20 

of an acrylic resin, a polyester resin, a polycarbo nate, a 

polyarylate, a polyether sulfone, a polypropylene, a polyethylene, 

a polyimide, or a cycloolefin polymer. 

[0129] 

 The method for forming a cured film containing a 25 
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polymetalloxane on a substrate is preferably a meth od in which 

a solution containing a polymetalloxane is coated a nd heated to 

form a cured film. 

[0130] 

 The photoresist pattern is obtained by forming a p hotoresist 5 

layer on the cured film containing the polymetallox ane and 

patterning the photoresist layer by photolithograph y. 

[0131] 

 The photoresist layer can be obtained by coating a  

commercially available photoresist.  As a coating m ethod, a known 10 

method can be used.  Examples of the apparatus used  for coating 

include full-surface coating apparatuses such as sp in coating, 

dip coating, curtain flow coating, spray coating, o r slit coating, 

or printing apparatus such as screen printing, roll  coating, micro 

gravure coating or ink jet. 15 

[0132] 

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

performed using a heating device such as a hot plat e or an oven.  

Pre-baking is preferably performed at a temperature  in a range 

of 50 to 150°C for 30 seconds to 30 minutes to form  a pre-bake 20 

film.  By performing pre-baking, film thickness uni formity can 

be improved.  The film thickness after pre-baking i s preferably 

0.1 to 15 µm. 

[0133] 

 The patterning method of the photoresist layer by 25 
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photolithography is not particularly limited, and i t is preferred 

that pattern exposure is performed via a desired ma sk using an 

ultraviolet visible exposure machine such as a step per, a mirror 

projection mask aligner (MPA), a parallel light mas k aligner (PLA), 

followed by development with a known developer for photoresist 5 

to obtain a pattern. 

[0134] 

 As a mask used for pattern exposure, a mask design ed to obtain 

a dot-shaped or square-shaped photoresist pattern o f 0.1 µm to 

10 µm is preferably used.  The photoresist pattern can be 10 

thermally melted, if necessary.  By performing ther mal melting, 

the photoresist pattern can be made convex.  The co nditions for 

thermal melting are not particularly limited, and i t is preferred 

to heat at a temperature in a range of 50°C to 300° C for about 

30 seconds to 2 hours using a heating device such a s a hot plate 15 

or an oven. 

[0135] 

 A microlens can be obtained by dry-etching a photo resist 

pattern and a cured film containing polymetalloxane  on the whole 

surface.  The dry etching is preferably performed u sing a reactive 20 

ion etching apparatus (RiE apparatus), and using as  a process gas 

CHF3 (methane trifluoride), CF 4 (methane tetrafluoride), 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 25 
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possible to form the cured film containing the poly metalloxane 

into a microlens shape. 

[0136] 

 When dry etching residues of the photoresist patte rn are 

generated after dry etching, the photoresist may be  optionally 5 

removed if necessary.  Examples of the removal meth od include, 

but are not limited to, ashing using oxygen as a pr ocess gas, or 

immersion in a commercially available resist stripp ing solution. 

[0137] 

(Organic EL Application) 10 

 The cured film obtained from the polymetalloxane o f the 

present invention is suitably used for organic EL e lements and 

organic EL lighting applications.  More specificall y, examples 

thereof include an insulating layer thin film forme d on the upper 

portion or the lower portion of the transparent con ductive film 15 

used for the organic EL element or the organic EL l ighting. 

[0138] 

 Currently, the organic EL is a new light source th at performs 

surface light emission and is expected to be applie d to 

next-generation displays and lighting.  The organic  EL has a 20 

structure including an organic layer such as a ligh t emitting 

layer, a layer for controlling carrier injecting pr operties and 

transporting properties between electrodes.  The or ganic EL has 

a problem such as low light extraction efficiency, i.e., low 

efficiency with which the generated light comes out  of the device.  25 
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Because of large refractive index of the organic la yer and the 

refractive index of the transparent electrode, in t he case of 

propagating to the substrate (n is about 1.5) havin g a low 

refractive index or the air (n is about 1.0), most of the light 

is totally reflected at the interface, leading to d ecrease in 5 

extraction efficiency. 

[0139] 

 Therefore, by setting the cured film obtained from  the 

polymetalloxane of the present invention on the upp er part or the 

lower part of the transparent electrode, it is poss ible to control 10 

the phase and intensity of the reflected light at t he upper 

interface and the lower interface of the cured film , thus 

suppressing reflection at the upper interface or th e lower 

interface, leading to significant improvement in li ght extraction 

efficiency. 15 

[0140] 

(Building Material Use) 

 The metalloxane of the present invention can be fo rmed into 

a metal oxide film by coating and curing, so that t he metalloxane 

can be used as a building material.  More specifica lly, examples 20 

thereof include a flame retardant material and a hy drophilicity 

imparting material.  Since the polymetalloxane of t he present 

invention serves as a nonflammable layer, a flame r etardant can 

impart flame retardancy by the effect of blocking c ombustion.  

Since a film having high hydrophilicity can be form ed by coating 25 
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the surface of the building material with the polym etalloxane of 

the present invention, so that an antifouling effec t can be 

expected. 

[0141] 

(Radionuclide Generator Application) 5 

 The polymetalloxane of the present invention can b e used 

for radionuclide generator applications.  Specifica lly, it is a 

radionuclide generator having a column packed with the 

polymetalloxane of the present invention. 

[0142] 10 

 Currently, in the medical field, radionuclides are  used as 

a radioactive diagnostic agent and a radiotherapeut ic agent.  

99mTc (technetium-99m, half-life of 6.01 hours), which  is a 

radionuclide, is most frequently used as a radioact ive diagnostic 

agent. 15 

[0143] 

 99mTc is produced by β decay of the parent nuclide 99Mo 

(molybdenum-99, half-life of 65.9 hours).  That is,  MoO3 pellet 

containing 99Mo produced by nuclear fission method or activation  

method is converted into an aqueous sodium molybdat e solution and 20 

the aqueous solution is passed through a column pac ked with an 

adsorbent to trap Mo in the adsorbent.  Among trapp ed Mo, only 

98Mo causes β decay to produce 98mTc.  By passing water through the 

column in this state, 98mTc can be selectively taken out. 

[0144] 25 
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 The nuclear fission method in the method of produc ing 99Mo 

is a method in which 235U (uranium-235) in enriched uranium is 

irradiated with neutrons to cause a fission reactio n and 99Mo is 

taken out through a complicated process.  However, this method 

has a disadvantage that a large amount of radioacti ve waste is 5 

produced.  Meanwhile, in the activation method, nat urally 

occurring 98Mo (molybdenum-98) is irradiated with neutrons to 

produce 99Mo.  This activation method has an advantage that n o 

radioactive waste is generated but has a problem th at 99Mo thus 

generated has low specific radioactivity.  Therefor e, there is 10 

a demand for an adsorbent having high adsorption ab ility and a 

column. 

[0145] 

 An inorganic polymer zirconium chloride compound h as been 

developed as an adsorbent having high adsorption pe rformance.  15 

However, in this compound, when an aqueous sodium m olybdate 

solution is passed through a column, a chloro group  at the end 

of the compound is hydrolyzed to produce hydrogen c hloride.  This 

hydrogen chloride is a corrosive gas and has a prob lem in safety.  

Therefore, there has been required an adsorbent whi ch does not 20 

generate hydrogen chloride and has high adsorption performance. 

[0146] 

 The polymetalloxane of the present invention has a  (R 3
3SiO-) 

group and/or a hydroxyl group at the end and theref ore serves as 

a Mo adsorption site.  Therefore, like the inorgani c polymer 25 
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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 can be suitably used as an adsorben t having high 

adsorption performance and high safety. 5 

[0147] 

 By using a column packed with polymetalloxane of t he present 

invention as a radionuclide generator, 98mTc can be efficiently 

produced because of its high adsorption capability,  so that the 

apparatus can be reduced in size and weight. 10 

[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. 15 

[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 

transform infrared spectrometer (FT 720, manufactur ed by Shimadzu 20 

Corporation), two silicon wafers superposed one upo n another were 

measured and used as a baseline.  Next, one drop of  a metal 

compound or a solution thereof was dropped on a sil icon wafer and 

the silicon wafer was sandwiched by another silicon  wafer, and 

the thus obtained sample was used as a measurement sample.  An 25 
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absorbance of the compound or a solution thereof wa s calculated 

from the difference between the absorbance of the m easurement 

sample and the absorbance of the baseline and the a bsorption peak 

was read. 

[0150] 5 

(Synthesis Example 1) Synthesis of Titanium Compoun d (T1) 

 In a three-necked flask having a capacity of 500 m l, 34.0 

g (0.1 mol) of tetrabutoxytitanium was charged and the flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, using a dropping funnel, 9.0 g (0.1 mol ) of 10 

trimethylsilanol was added over 1 hour and, after t he addition, 

the mixture was stirred for additional 1 hour.  The  content of 

the flask was transferred to a 200 ml recovery flas k, and butanol 

thus formed was distilled off under reduced pressur e to obtain 

a colorless liquid titanium compound (T1). 15 

[0151] 

 Analysis of the titanium compound (T1) by FT-IR re vealed 

that an absorption peak of Ti-O-Si (958 cm -1 ) was formed and there 

was no absorption of silanol (883 cm -1 ), and thus the obtained 

titanium compound (T1) is tributoxy(trimethylsiloxy )titanium. 20 

[0152] 

(Synthesis Example 2) Synthesis of Titanium Compoun d (T2) 

 In a three-necked flask having a capacity of 500 m l, 28.4 

g (0.1 mol) of tetraisopropoxytitanium was charged and the flask 

was immersed in an oil bath at 40°C, followed by st irring for 30 25 
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minutes.  Thereafter, using a dropping funnel, 9.0 g (0.1 mol) 

of trimethylsilanol was added over 1 hour and, afte r the addition, 

the mixture was stirred for additional 1 hour.  The  content of 

the flask was transferred to a 200 ml recovery flas k, and 

isopropanol thus formed was distilled off under red uced pressure 5 

to obtain a colorless liquid titanium compound (T2) . 

[0153] 

 Analysis of the titanium compound (T2) by FT-IR re vealed 

that an absorption peak of Ti-O-Si (958 cm -1 ) was formed and there 

was no absorption of silanol (883 cm -1 ), and thus the obtained 10 

titanium compound (T2) is 

triisopropoxy(trimethylsiloxy)titanium. 

[0154] 

(Synthesis Example 3) Synthesis of Titanium Compoun d (T3) 

 In a three-necked flask having a capacity of 500 m l, 34.0 15 

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

was immersed in an oil bath at 40°C, followed by st irring for 30 

minutes.  Thereafter, using a dropping funnel, 9.0 g (0.1 mol) 

of trimethylsilanol was added over 1 hour and, afte r the addition, 

the mixture was stirred for additional 1 hour.  The  content of 20 

the flask was transferred to a 200 ml recovery flas k, and t-butanol 

thus formed was distilled off under reduced pressur e to obtain 

a colorless liquid titanium compound (T3). 

[0155] 

 Analysis of the titanium compound (T3) by FT-IR re vealed 25 
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that an absorption peak of Ti-O-Si (958 cm -1 ) was formed and there 

was no absorption of silanol (883 cm -1 ), and thus the obtained 

titanium compound (T3) is 

tri-t-butoxy(trimethylsiloxy)titanium. 

[0156] 5 

(Synthesis Example 4) Synthesis of Titanium Compoun d (T4) 

 In a three-necked flask having a capacity of 500 m l, 34.0 

g (0.1 mol) of tetrabutoxytitanium was charged and the flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, using a dropping funnel, 13.3 g (0.1 mo l) of 10 

triethylsilanol was added over 1 hour and, after th e addition, 

the mixture was stirred for additional 1 hour.  The  content of 

the flask was transferred to a 200 ml recovery flas k, and butanol 

thus formed was distilled off under reduced pressur e to obtain 

a colorless liquid titanium compound (T4). 15 

 Analysis of the titanium compound (T4) by FT-IR re vealed 

that an absorption peak of Ti-O-Si (958 cm -1 ) was formed and there 

was no absorption of silanol (883 cm -1 ), and thus the obtained 

titanium compound (T4) is tributoxy(triethylsiloxy) titanium. 

[0157] 20 

(Synthesis Example 5) Synthesis of Titanium Compoun d (T5) 

 In a three-necked flask having a capacity of 500 m l, 34.0 

g (0.1 mol) of tetrabutoxytitanium was charged and the flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, using a dropping funnel, 18.0 g (0.2 mo l) of 25 
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trimethylsilanol was added over 1 hour and, after t he addition, 

the mixture was stirred for additional 1 hour.  The  content of 

the flask was transferred to a 200 ml recovery flas k, and butanol 

thus formed was distilled off under reduced pressur e to obtain 

a colorless liquid titanium compound (T5). 5 

[0158] 

 Analysis of the titanium compound (T5) by FT-IR re vealed 

that an absorption peak of Ti-O-Si (958 cm -1 ) was formed and there 

was no absorption of silanol (883 cm -1 ), and that the obtained 

titanium compound (T5) is dibutoxybis(trimethylsilo xy)titanium 10 

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

compared with the titanium compound (T1). 

[0159] 

(Synthesis Example 6) Synthesis of Titanium Compoun d (T6) 

 In a three-necked flask having a capacity of 500 m l, 34.0 15 

g (0.1 mol) of tetrabutoxytitanium was charged and the flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, using a dropping funnel, 27.1 g (0.3 mo l) of 

trimethylsilanol was added over 1 hour and, after t he addition, 

the mixture was stirred for additional 1 hour.  The  content of 20 

the flask was transferred to a 200 ml recovery flas k, and butanol 

thus formed was distilled off under reduced pressur e to obtain 

a colorless liquid titanium compound (T6). 

[0160] 

 Analysis of the titanium compound (T6) by FT-IR re vealed 25 
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that an absorption peak of Ti-O-Si (958 cm -1 ) was formed and there 

was no absorption of silanol (883 cm -1 ), and that the obtained 

titanium compound (T6) is butoxytris(trimethylsilox y)titanium) 

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

compared with the titanium compound (T1). 5 

[0161] 

(Synthesis Example 7) Synthesis of Zirconium Compou nd (Z1) 

 In a three-necked flask having a capacity of 500 m l, 38.4 

g (0.1 mol) of tetrabutoxyzirconium was charged and  the flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  10 

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

trimethylsilanol was added over 1 hour and, after t he addition, 

the mixture was stirred for additional 1 hour.  The  content of 

the flask was transferred to a 200 ml recovery flas k, and butanol 

thus formed was distilled off under reduced pressur e to obtain 15 

a colorless liquid zirconium compound (Z1). 

[0162] 

 Analysis of the zirconium compound (Z1) by FT-IR r evealed 

that an absorption peak of Zr-O-Si (968 cm -1 ) was formed and there 

was no absorption of silanol (883 cm -1 ), and thus the obtained 20 

zirconium compound (Z1) is tributoxy(trimethylsilox y)zirconium. 

[0163] 

(Synthesis Example 8) Synthesis of Zirconium Compou nd (Z2) 

 In a three-necked flask having a capacity of 500 m l, 32.8 

g (0.1 mol) of tetrapropoxyzirconium was charged an d the flask 25 
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was immersed in an oil bath at 40°C, followed by st irring for 30 

minutes.  Thereafter, using a dropping funnel, 9.0 g (0.1 mol) 

of trimethylsilanol was added over 1 hour and, afte r the addition, 

the mixture was stirred for additional 1 hour.  The  content of 

the flask was transferred to a 200 ml recovery flas k, and propanol 5 

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 

that an absorption peak of Zr-O-Si (968 cm -1 ) was formed and there 10 

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) 15 

 In a three-necked flask having a capacity of 500 m l, 38.4 

g (0.1 mol) of tetrabutoxyzirconium was charged and  the flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, using a dropping funnel, 18.0 g (0.1 mo l) of 

triethylsilanol was added over 1 hour and, after th e addition, 20 

the mixture was stirred for additional 1 hour.  The  content of 

the flask was transferred to a 200 ml recovery flas k, and butanol 

thus formed was distilled off under reduced pressur e to obtain 

a colorless liquid zirconium compound (Z3). 

[0166] 25 
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 Analysis of the zirconium compound (Z3) by FT-IR r evealed 

that an absorption peak of Zr-O-Si (968 cm -1 ) was formed and there 

was no absorption of silanol (883 cm -1 ), and thus the obtained 

zirconium compound (Z3) is tributoxy(triethylsiloxy )zirconium. 

[0167] 5 

(Synthesis Example 10) Synthesis of Zirconium Compo und (Z4) 

 In a three-necked flask having a capacity of 500 m l, 38.4 

g (0.1 mol) of tetrabutoxyzirconium was charged and  the flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, using a dropping funnel, 18.0 g (0.2 mo l) of 10 

trimethylsilanol was added over 1 hour and, after t he addition, 

the mixture was stirred for additional 1 hour.  The  content of 

the flask was transferred to a 200 ml recovery flas k, and butanol 

thus formed was distilled off under reduced pressur e to obtain 

a colorless liquid zirconium compound (Z4). 15 

[0168] 

 Analysis of the zirconium compound (Z4) by FT-IR r evealed 

that an absorption peak of Zr-O-Si (968 cm -1 ) was formed and there 

was no absorption of silanol (883 cm -1 ), and that the obtained 

zirconium compound (Z4) is 20 

dibutoxybis(trimethylsiloxy)zirconium because the a bsorption 

peak intensity of Zr-O-Si doubled as compared with the zirconium 

compound (Z3). 

[0169] 

 Synthesis Examples 1 to 10 are collectively shown in Table 25 
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1. 

[0170] 
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[Table 1] 

 Obtained metal compound R4 R5 M m n 

Synthesis 
Example 1 

Titanium compound 
(T1) 

Tributoxy(trimethylsiloxy)titanium Methyl Butyl Ti 4 1 

Synthesis 
Example 2 

Titanium compound 
(T2) 

Triisopropoxy(trimethylsiloxy)titanium Methyl Isopropyl Ti 4 1 

Synthesis 
Example 3 

Titanium compound 
(T3) 

Tri-t-butoxy(trimethylsiloxy)titanium Methyl t-Butyl Ti 4 1 

Synthesis 
Example 4 

Titanium compound 
(T4) 

Tributoxy(triethylsiloxy)titanium Ethyl Butyl Ti 4 1 

Synthesis 
Example 5 

Titanium compound 
(T5) 

Dibutoxybis(trimethylsiloxy)titanium Methyl Butyl Ti 4 2 

Synthesis 
Example 6 

Titanium compound 
(T6) 

Butoxytris(trimethylsiloxy)titanium Methyl Butyl Ti 4 3 

Synthesis 
Example 7 

Zirconium 
compound (Z1) 

Tributoxy(trimethylsiloxy)zirconium Methyl Butyl Zr 4 1 

Synthesis 
Example 8 

Zirconium 
compound (Z2) 

Tripropoxy(trimethylsiloxy)zirconium Methyl Propyl Zr 4 1 

Synthesis 
Example 9 

Zirconium 
compound (Z3) 

Tributoxy(triethylsiloxy)zirconium Ethyl Butyl Zr 4 1 

Synthesis 
Example 10 

Zirconium 
compound (Z4) 

Dibutoxybis(trimethylsiloxy)zirconium Methyl Butyl Zr 4 2 

 

[0171] 

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

 In a three-necked flask having a capacity of 500 m l, 35.6 5 

g (0.1 mol) of a titanium 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 10 

funnel for the purpose of hydrolysis, and then adde d in the flask 

over 1 hour.  During the addition of water, precipi tation did not 

occur in the liquid in the flask, and it was a unif orm colorless 

and transparent solution.  After the addition, the mixture was 

stirred for additional 1 hour. 15 
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[0172] 

 The content of the flask was transferred to a 200 ml recovery 

flask and butanol thus formed was distilled off und er reduced 

pressure to obtain a colorless and transparent tita nium compound 

(T1-H1) solution.  Analysis of the obtained titaniu m compound 5 

(T1-H1) solution by FT-IR revealed an absorption pe ak of Ti-O-Si 

(958 cm -1 ) and an absorption peak of Ti-OH (1,645 cm -1  and 3,380 

cm-1 ).  Therefore, it was estimated that the titanium c ompound 

(T1-H1) is dibutoxy(hydroxy)(trimethylsiloxy)titani um. 

[0173] 10 

 These results are shown in Table 2. 

[0174] 

(Synthesis Example 12 to Synthesis Example 25, Comp arative 

Synthesis Example 1 to Comparative Synthesis Exampl e 3) 

 In a 500 ml three-necked flask, titanium compounds  and 15 

solvents shown in Table 2 were charged, followed by  stirring in 

the same manner as in Synthesis Example 11.  Therea fter, water 

was added in the amount shown in Table 2 in the sam e manner as 

in Synthesis Example 11, followed by hydrolysis.  A ppearance of 

the flask content liquid during the addition of wat er is shown 20 

in Table 2.  In the same manner as in Synthesis Exa mple 11, alcohol 

as a by-product was distilled off under reduced pre ssure.  The 

results of analysis by FT-IR are shown in Table 2. 

[0175] 

 Regarding Comparative Synthesis Examples 1 to 3, w hen water 25 
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was added, white precipitation occurred instantaneo usly.  The 

reason is considered that tetrahydroxy titanium was  formed 

because of high hydrolysis rate of titanium alkoxid e.  Therefore, 

it is estimated that tetrahydroxytitanium thus form ed aggregated 

and became insoluble in the solvent. 5 

[0176] 
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[Table 2] 

 
Charging Amount 

of water 
added 

Appearance 
of solution Estimated structure Metal compound Solvent 

Type Amount Type Amount 

Synthesis Example 11 Titanium compound 
 (T1-H1) solution Titanium compound (T1) 35.6 g 

(0.1 mol) PGMEA 50 g 1.8 g 
(0.1 mol) Transparent Dibutoxy(hydroxy)(trimethylsiloxy)titanium 

Synthesis Example 12 Titanium compound 
(T1-H2) solution Titanium compound (T1) 35.6 g 

(0.1 mol) PGMEA 50 g 3.6 g 
(0.2 mol) Transparent Butoxy(dihydroxy)(trimethylsiloxy)titanium 

Synthesis Example 13 Titanium compound 
(T1-H3) solution Titanium compound (T1) 35.6 g 

(0.1 mol) PGMEA 50 g 5.4 g 
(0.3 mol) Transparent Trihydroxy(trimethylsiloxy)titanium 

Synthesis Example 14 Titanium compound 
(T2-H1) solution Titanium compound (T2) 31.4 g 

(0.1 mol) PGMEA 50 g 1.8 g 
(0.1 mol) Transparent Di(isopropoxy)(hydroxy)(trimethylsiloxy)tita

nium 

Synthesis Example 15 Titanium compound 
(T2-H2) solution Titanium compound (T2) 31.4 g 

(0.1 mol) PGMEA 50 g 3.6 g 
(0.2 mol) Transparent (Isopropoxy)(dihydroxy)(trimethylsiloxy)tita

nium 

Synthesis Example 16 Titanium compound 
(T2-H3) solution Titanium compound (T2) 31.4 g 

(0.1 mol) PGMEA 50 g 5.4 g 
(0.3 mol) Transparent Trihydroxy(trimethylsiloxy)titanium 

Synthesis Example 17 Titanium compound 
(T3-H1) solution Titanium compound (T3) 35.6 g 

(0.1 mol) PGMEA 50 g 1.8 g 
(0.1 mol) Transparent Di(t-butoxy)(hydroxy)(trimethylsiloxy)titaniu

m 

Synthesis Example 18 Titanium compound 
(T3-H2) solution Titanium compound (T3) 35.6 g 

(0.1 mol) PGMEA 50 g 3.6 g 
(0.2 mol) Transparent T-butoxy(dihydroxy)(trimethylsiloxy)titaniu

m 

Synthesis Example 19 Titanium compound 
(T3-H3) solution Titanium compound (T3) 35.6 g 

(0.1 mol) PGMEA 50 g 5.4 g 
(0.3 mol) Transparent Trihydroxy(trimethylsiloxy)titanium 

Synthesis Example 20 Titanium compound 
(T4-H1) solution Titanium compound (T4) 39.8 g 

(0.1 mol) PGMEA 50 g 1.8 g 
(0.1 mol) Transparent Dibutoxy(hydroxy)(triethylsiloxy)titanium 

Synthesis Example 21 Titanium compound 
(T4-H2) solution Titanium compound (T4) 39.8 g 

(0.1 mol) PGMEA 50 g 3.6 g 
(0.2 mol) Transparent Butoxy(dihydroxy)(triethylsiloxy)titanium 

Synthesis Example 22 Titanium compound 
(T4-H3) solution Titanium compound (T4) 39.8 g 

(0.1 mol) PGMEA 50 g 5.4 g 
(0.3 mol) Transparent Trihydroxy(triethylsiloxy)titanium 

Synthesis Example 23 Titanium compound 
(T5-H1) solution Titanium compound (T5) 37.2 g 

(0.1 mol) PGMEA 50 g 1.8 g 
(0.1 mol) Transparent Butoxy(hydroxy)bis(trimethylsiloxy)titanium 

Synthesis Example 24 Titanium compound 
(T5-H2) solution Titanium compound (T5) 37.2 g 

(0.1 mol) PGMEA 50 g 3.6 g 
(0.2 mol) Transparent Dihydroxybis(trimethylsiloxy)titanium 

Synthesis Example 25 Titanium compound 
(T6-H1) solution Titanium compound (T6) 38.9 g 

(0.1 mol) PGMEA 50 g 1.8 g 
(0.1 mol) Transparent Hydroxytris(trimethylsiloxy)titanium 

Comparative 
Synthesis Example 1 

Hydrolyzate of 
tetrabutoxytitanium Tetrabutoxytitanium 34.0 g 

(0.1 mol) PGMEA 50 g 1.8 g 
(0.1 mol) 

White solid 
precipitation 

Mixture of tetrahydroxytitanium and 
tetrabutoxytitanium 

Comparative 
Synthesis Example 2 

Hydrolyzate of 
tetraisopropoxytitanium Tetraisopropoxytitanium 28.4 g 

(0.1 mol) PGMEA 50 g 1.8 g 
(0.1 mol) 

White solid 
precipitation 

Mixture of tetrahydroxytitanium and 
tetraisopropoxytitanium 

Comparative 
Synthesis Example 3 

Hydrolyzate of 
tetra-t-butoxytitanium Tetra-t-butoxytitanium 34.0 g 

(0.1 mol) PGMEA 50 g 1.8 g 
(0.1 mol) 

White solid 
precipitation 

Mixture of tetrahydroxytitanium and 
tetra(t-butoxy)titanium 

 
[0177] 

9
2
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(Synthesis Example 26) Zirconium Compound (Z1-H1) S olution 

 In a 500 ml three-necked flask, 40.0 g (0.1 mol) o f the 

zirconium compound (Z1) and 50.0 g of PGMEA as a so lvent were 

charged and the flask was immersed in an oil bath a t 40°C, followed 

by stirring for 30 minutes.  Thereafter, 1.8 g (0.1  mol) of water 5 

was charged in a dropping funnel for the purpose of  hydrolysis, 

and then added in the flask over 1 hour.  During th e addition of 

water, precipitation did not occur in the liquid in  the flask, 

and it was a uniform colorless and transparent solu tion.  After 

the addition, the mixture was stirred for additiona l 1 hour. 10 

[0178] 

 The content of the flask was transferred to a 200 ml recovery 

flask and butanol thus formed was distilled off und er reduced 

pressure to obtain a colorless and transparent zirc onium compound 

(Z1-H1) solution.  Analysis of the obtained zirconi um compound 15 

(Z1-H1) solution by FT-IR revealed an absorption pe ak of Zr-O-Si 

(968 cm -1 ) and an absorption peak of Zr-OH (1,600 cm -1  and 3,410 

cm-1 ).  Therefore, it was estimated that the zirconium compound 

(Z1-H1) is dibutoxy(hydroxy)(trimethylsiloxy)zircon ium. 

[0179] 20 

 These results are shown in Table 3. 

[0180] 

(Synthesis Example 27 to Synthesis Example 36, Comp arative 

Synthesis Example 4 to Comparative Synthesis Exampl e 5) 

 In a 500 ml three-necked flask, zirconium compound s and 25 



94 

94 

solvents shown in Table 3 were charged, followed by  stirring in 

the same manner as in Synthesis Example 26.  Therea fter, water 

was added in the amount shown in Table 3 in the sam e manner as 

in Synthesis Example 26, followed by hydrolysis.  A ppearance of 

the flask content liquid during the addition of wat er is shown 5 

in Table 3.  In the same manner as in Synthesis Exa mple 26, alcohol 

as a by-product was distilled off under reduced pre ssure.  The 

results of analysis by FT-IR are shown in Table 3. 

[0181] 

 Regarding Comparative Synthesis Examples 4 and 5, when water 10 

was added, white precipitation occurred instantaneo usly.  The 

reason is considered that tetrahydroxy zirconium wa s formed 

because of high hydrolysis rate of zirconium alkoxi de.  Therefore, 

it is estimated that tetrahydroxyzirconium thus for med aggregated 

and became insoluble in the solvent. 15 

[0182] 
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[Table 3] 

 
Charging Amount of 

water 
added 

Appearance of 
solution Estimated structure Metal compound Solvent 

Type Amount Type Amount 

Synthesis Example 26 
Zirconium compound 

(Z1-H1) solution 
Zirconium compound 

(Z1) 
40.0 g 

(0.1 mol) 
PGMEA 50 g 

1.8 g 
(0.1 mol) 

Transparent Di(butoxy)(hydroxy)(trimethylsiloxy)zirconium 

Synthesis Example 27 
Zirconium compound 

(Z1-H2) solution 
Zirconium compound 

(Z1) 
40.0 g 

(0.1 mol) 
PGMEA 50 g 

3.6 g 
(0.2 mol) 

Transparent Butoxy(dihydroxy)(trimethylsiloxy)zirconium 

Synthesis Example 28 
Zirconium compound 

(Z1-H3) solution 
Zirconium compound 

(Z1) 
40.0 g 

(0.1 mol) 
PGMEA 50 g 

5.4 g 
(0.3 mol) 

Transparent Trihydroxy(trimethylsiloxy)zirconium 

Synthesis Example 29 
Zirconium compound 

(Z2-H1) solution 
Zirconium compound 

(Z2) 
31.4 g 

(0.1 mol) 
PGMEA 50 g 

1.8 g 
(0.1 mol) 

Transparent Di(propoxy)(hydroxy)(trimethylsiloxy)zirconium 

Synthesis Example 30 
Zirconium compound 

(Z2-H2) solution 
Zirconium compound 

(Z2) 
31.4 g 

(0.1 mol) 
PGMEA 50 g 

3.6 g 
(0.2 mol) 

Transparent (Propoxy)(dihydroxy)(trimethylsiloxy)zirconium 

Synthesis Example 31 
Zirconium compound 

(Z2-H3) solution 
Zirconium compound 

(Z2) 
31.4 g 

(0.1 mol) 
PGMEA 50 g 

5.4 g 
(0.3 mol) 

Transparent Trihydroxy(trimethylsiloxy)zirconium 

Synthesis Example 32 
Zirconium compound 

(Z3-H1) solution 
Zirconium compound 

(Z3) 
44.1 g 

(0.1 mol) 
PGMEA 50 g 

1.8 g 
(0.1 mol) 

Transparent Di(butoxy)(hydroxy)(triethylsiloxy)zirconium 

Synthesis Example 33 
Zirconium compound 

(Z3-H2) solution 
Zirconium compound 

(Z3) 
44.1 g 

(0.1 mol) 
PGMEA 50 g 

3.6 g 
(0.2 mol) 

Transparent Butoxy(dihydroxy)(triethylsiloxy)zirconium 

Synthesis Example 34 
Zirconium compound 

(Z3-H3) solution 
Zirconium compound 

(Z3) 
44.1 g 

(0.1 mol) 
PGMEA 50 g 

5.4 g 
(0.3 mol) 

Transparent Trihydroxy(triethylsiloxy)zirconium 

Synthesis Example 35 
Zirconium compound 

(Z4-H1) solution 
Zirconium compound 

(Z4) 
41.6 g 

(0.1 mol) 
PGMEA 50 g 

1.8 g 
(0.1 mol) 

Transparent Butoxy(hydroxy)di(trimethylsiloxy)zirconium 

Synthesis Example 36 
Zirconium compound 

(Z4-H2) solution 
Zirconium compound 

(Z4) 
41.6 g 

(0.1 mol) 
PGMEA 50 g 

3.6 g 
(0.2 mol) 

Transparent Dihydroxybis(trimethylsiloxy)zirconium 

Comparative 
Synthesis Example 4 

Hydrolyzate of 
tetrabutoxyzirconium 

Tetrabutoxyzirconium 
38.4 g 

(0.1 mol) 
PGMEA 50 g 

1.8 g 
(0.1 mol) 

White solid 
precipitation 

Mixture of tetrahydroxyzirconium and 
tetrabutoxyzirconium 

Comparative 
Synthesis Example 5 

Tetrapropoxyzirconium Tetrapropoxyzirconium 
32.8 g 

(0.1 mol) 
PGMEA 50 g 

1.8 g 
(0.1 mol) 

White solid 
precipitation 

Mixture of tetrahydroxyzirconium and 
tetrapropoxyzirconium 

 

[0183] 

9
5
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 In each Example, the solid content concentration o f a 

polymetalloxane solution was determined by weighing  1.0 g of the 

polymetalloxane solution in an aluminum cup, heatin g the 

polymetalloxane solution at 250°C for 30 minutes us ing a hot plate 

to vaporize the liquid component, and weighing the solid component 5 

remaining in the aluminum cup after heating. 

[0184] 

 Analysis by FT-IR was carried out by the following  method.  

First, only a silicon wafer was measured using a Fo urier transform 

infrared spectrometer (FT720, manufactured by Shima dzu 10 

Corporation) and was used as a baseline.  Subsequen tly, the 

polymetalloxane solution was dropped onto a silicon  wafer, 

followed by spin coating at an arbitrary rotational  speed, 

followed by vacuum drying to fabricate a measuremen t sample.  An 

absorbance of the polymetalloxane was calculated fr om the 15 

difference between the absorbance of the measuremen t sample and 

the absorbance of the baseline, and an absorption p eak was read. 

[0185] 

 The weight average molecular weight (Mw) was deter mined by 

the following method.  Lithium chloride was dissolv ed in 20 

N-methyl-2-pyrrolidone to prepare a 0.02 M lithium 

chloride/N-methyl-2-pyrrolidone solution as an elue nt.  A 

polymetalloxane was dissolved in the eluent in the concentration 

of 0.2% by weight, and the solution thus obtained w as used as a 

sample solution.  A porous gel column (each one of TSK gel α-M, 25 
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α-3000, manufactured by Tosoh Corporation) was packe d with the 

eluent at a flow rate of 0.5 mL/min, and 0.2 mL of the sample 

solution was injected into the column.  The column eluate was 

detected by a differential refractive index detecto r (Model 

RI-201, manufactured by Showa Denko K.K.) and the e lution time 5 

was analyzed to determine the weight average molecu lar weight 

(Mw). 

[0186] 

Example 1 Synthesis of Polymetalloxane (TP-1) 

 The titanium compound (T1) (35.6 g (0.1 mol)) and 50.0 g 10 

of propylene glycol monomethyl ether acetate (herei nafter 

abbreviated to PGMEA) as a solvent were mixed to ob tain a solution 

1.  Water (1.8 g (0.1 mol)), 50.0 g of isopropyl al cohol 

(hereinafter abbreviated to IPA) as a diluting solv ent for water, 

and 2.2 g (0.01 mol) of tributylamine as a polymeri zation catalyst 15 

were mixed to obtain a solution 2. 

[0187] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  20 

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 

it was a uniform colorless and transparent solution .  After the 25 
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addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 

the internal temperature of the solution reached 10 0°C, and the 5 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and bu tanol and water 

as by-products were distilled.  During heating with  stirring, 

precipitation did not occur in the liquid in the fl ask, and it 

was a uniform transparent solution. 10 

[0188] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 

solution was pale yellow transparent. 15 

[0189] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (TP-1) solution. 20 

[0190] 

 Analysis of the polymetalloxane (TP-1) solution by  FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 25 
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[0191] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-1) was 6,000 in terms of polyst yrene. 

[0192] 

Example 2 Synthesis of Polymetalloxane (TP-2) 5 

 The titanium compound (T1) (35.6 g (0.1 mol)) and 50.0 g 

of PGMEA as a solvent were mixed to obtain a soluti on 1.  Water 

(3.6 g (0.2 mol)), 50.0 g of IPA as a diluting solv ent for water, 

and 2.2 g (0.01 mol) of tributylamine as a polymeri zation catalyst 

were mixed to obtain a solution 2. 10 

[0193] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 15 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 20 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 25 



100 

100 

was 100 to 130°C).  During the reaction, IPA and bu tanol and water 

as by-products were distilled.  During heating with  stirring, 

precipitation did not occur in the liquid in the fl ask, and it 

was a uniform transparent solution. 

[0194] 5 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 

solution was pale yellow transparent. 

[0195] 10 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (TP-2) solution. 

[0196] 15 

 Analysis of the polymetalloxane (TP-2) solution by  FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 

[0197] 20 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-2) was 21,000 in terms of polys tyrene. 

[0198] 

Example 3 Synthesis of Polymetalloxane (TP-3) 

 The titanium compound (T1) (35.6 g (0.1 mol)) and 50.0 g 25 
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of PGMEA as a solvent were mixed to obtain a soluti on 1.  Water 

(3.6 g (0.2 mol)), 50.0 g of IPA as a diluting solv ent for water, 

and 1.3 g (0.01 mol) of diisobutylamine as a polyme rization 

catalyst were mixed to obtain a solution 2. 

[0199] 5 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 10 

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

2, precipitation did not occur in the liquid in the  flask, and 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 15 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and bu tanol and water 20 

as by-products were distilled.  During heating with  stirring, 

precipitation did not occur in the liquid in the fl ask, and it 

was a uniform transparent solution. 

[0200] 

 After completion of the heating, the liquid in the  flask 25 
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was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 

solution was pale yellow transparent. 

[0201] 

 The solid component concentration of the obtained 5 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (TP-3) solution. 

[0202] 

 Analysis of the polymetalloxane (TP-3) solution by  FT-IR 10 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 

[0203] 

 The weight average molecular weight (Mw) of the 15 

polymetalloxane (TP-3) was 25,000 in terms of polys tyrene. 

[0204] 

Example 4 Synthesis of Polymetalloxane (TP-4) 

 The titanium compound (T1) (35.6 g (0.1 mol)) and 50.0 g 

of PGMEA as a solvent were mixed to obtain a soluti on 1.  Water 20 

(3.6 g (0.2 mol)) and 50.0 g of IPA as a diluting s olvent for water 

were mixed to obtain a solution 2. 

[0205] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 25 
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immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 5 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 10 

the internal temperature of the solution reached 10 0°C,and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and bu tanol and water 

as by-products were distilled.  During heating with  stirring, 

precipitation did not occur in the liquid in the fl ask, and it 15 

was a uniform transparent solution. 

[0206] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 20 

solution was pale yellow transparent. 

[0207] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 25 
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to obtain a polymetalloxane (TP-4) solution. 

[0208] 

 Analysis of the polymetalloxane (TP-4) solution by  FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 5 

trimethylsiloxy group. 

[0209] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-4) was 6,000 in terms of polyst yrene. 

[0210] 10 

Example 5 Synthesis of Polymetalloxane (TP-5) 

 The titanium compound (T1) (35.6 g (0.1 mol)) and 50.0 g 

of PGMEA as a solvent were mixed to obtain a soluti on 1.  Water 

(5.4 g (0.3 mol)), 50.0 g of IPA as a diluting solv ent for water, 

and 2.2 g (0.01 mol) of tributylamine as a polymeri zation catalyst 15 

were mixed to obtain a solution 2. 

[0211] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  20 

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 

it was a uniform colorless and transparent solution .  After the 25 
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addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 

the internal temperature of the solution reached 10 0°C, and the 5 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and bu tanol and water 

as by-products were distilled.  During heating with  stirring, 

precipitation did not occur in the liquid in the fl ask, and it 

was a uniform transparent solution. 10 

[0212] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 

solution was pale yellow transparent. 15 

[0213] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (TP-5) solution. 20 

[0214] 

 Analysis of the polymetalloxane (TP-5) solution by  FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 25 
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[0215] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-5) was 44,000 in terms of polys tyrene. 

[0216] 

Example 6 Synthesis of Polymetalloxane (TP-6) 5 

 The titanium compound (T1) (35.6 g (0.1 mol)) and 50.0 g 

of PGMEA as a solvent were mixed to obtain a soluti on 1.  Water 

(5.4 g (0.3 mol)), 50.0 g of IPA as a diluting solv ent for water, 

and 1.3 g (0.01 mol) of diisobutylamine as a polyme rization 

catalyst were mixed to obtain a solution 2. 10 

[0217] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 15 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 20 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 25 
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was 100 to 130°C).  During the reaction, IPA and bu tanol and water 

as by-products were distilled.  During heating with  stirring, 

precipitation did not occur in the liquid in the fl ask, and it 

was a uniform transparent solution. 

[0218] 5 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 

solution was pale yellow transparent. 

[0219] 10 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (TP-6) solution. 

[0220] 15 

 Analysis of the polymetalloxane (TP-6) solution by  FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 

[0221] 20 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-6) was 25,000 in terms of polys tyrene. 

[0222] 

Example 7 Synthesis of Polymetalloxane (TP-7) 

 The titanium compound (T2) (31.4 g (0.1 mol)) and 50.0 g 25 
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of PGMEA as a solvent were mixed to obtain a soluti on 1.  Water 

(5.4 g (0.3 mol)), 50.0 g of IPA as a diluting solv ent for water, 

and 2.2 g (0.01 mol) of tributylamine as a polymeri zation catalyst 

were mixed to obtain a solution 2. 

[0223] 5 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 10 

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

2, precipitation did not occur in the liquid in the  flask, and 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 15 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and bu tanol and water 20 

as by-products were distilled.  During heating with  stirring, 

precipitation did not occur in the liquid in the fl ask, and it 

was a uniform transparent solution. 

[0224] 

 After completion of the heating, the liquid in the  flask 25 
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was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 

solution was pale yellow transparent. 

[0225] 

 The solid component concentration of the obtained 5 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (TP-7) solution. 

[0226] 

 Analysis of the polymetalloxane (TP-7) solution by  FT-IR 10 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 

[0227] 

 The weight average molecular weight (Mw) of the 15 

polymetalloxane (TP-7) was 46,000 in terms of polys tyrene. 

[0228] 

Example 8 Synthesis of Polymetalloxane (TP-8) 

 The titanium compound (T4) (39.8 g (0.1 mol)) and 50.0 g 

of PGMEA as a solvent were mixed to obtain a soluti on 1.  Water 20 

(5.4 g (0.3 mol)), 50.0 g of IPA as a diluting solv ent for water, 

and 2.2 g (0.01 mol) of tributylamine as a polymeri zation catalyst 

were mixed to obtain a solution 2. 

[0229] 

 In a three-necked flask having a capacity of 500 m l, the 25 
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entire amount of the solution 1 was charged and the  flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

in the flask over 1 hour.  During the addition of t he solution 5 

2, precipitation did not occur in the liquid in the  flask, and 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 10 

over 30 minutes.  One hour after starting of temper ature rise, 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and bu tanol and water 

as by-products were distilled.  During heating with  stirring, 15 

precipitation did not occur in the liquid in the fl ask, and it 

was a uniform transparent solution. 

[0230] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 20 

solution.  The appearance of the obtained polymetal loxane 

solution was pale yellow transparent. 

[0231] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 25 
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such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (TP-8) solution. 

[0232] 

 Analysis of the polymetalloxane (TP-8) solution by  FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 5 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 

[0233] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-8) was 28,000 in terms of polys tyrene. 10 

[0234] 

Example 9 Synthesis of Polymetalloxane (TP-9) 

 The titanium compound (T5) (37.2 g (0.1 mol)) and 50.0 g 

of PGMEA as a solvent were mixed to obtain a soluti on 1.  Water 

(3.6 g (0.2 mol)), 50.0 g of IPA as a diluting solv ent for water, 15 

and 2.2 g (0.01 mol) of tributylamine as a polymeri zation catalyst 

were mixed to obtain a solution 2. 

[0235] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 20 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 25 
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it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 5 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and bu tanol and water 

as by-products were distilled.  During heating with  stirring, 

precipitation did not occur in the liquid in the fl ask, and it 10 

was a uniform transparent solution. 

[0236] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 15 

solution was pale yellow transparent. 

[0237] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 20 

to obtain a polymetalloxane (TP-9) solution. 

[0238] 

 Analysis of the polymetalloxane (TP-9) solution by  FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 25 
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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 tyrene. 

[0240] 5 

Example 10 Synthesis of Polymetalloxane (TP-10) 

 A titanium compound (T2-H3) solution (68.81 g) (co mposed 

of 18.81 g (0.1 mol) of trihydroxy(trimethylsiloxy) titanium) and 

50.0 g of PGMEA) was weighed and this solution was used as a 

solution 1.  IPA (50.0 g) as a diluting solvent for  water and 2.2 10 

g (0.01 mol) of tributylamine as a polymerization c atalyst were 

mixed to obtain a solution 2. 

[0241] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 15 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 20 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour.  

Thereafter, for the purpose of polycondensation, th e oil bath was 

heated to 140°C over 30 minutes.  One hour after st arting of 

temperature rise, the internal temperature of the s olution 25 
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reached 100°C, and the mixture was heated with stir ring for 2 hours 

(internal temperature was 100 to 130°C).  During th e reaction, 

IPA and water as a by-product were distilled.  Duri ng heating with 

stirring, precipitation did not occur in the liquid  in the flask, 

and it was a uniform transparent solution. 5 

[0242] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 

solution was pale yellow transparent. 10 

[0243] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (TP-10) solution. 15 

[0244] 

 Analysis of the polymetalloxane (TP-10) solution b y FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 20 

[0245] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-10) was 48,000 in terms of poly styrene. 

[0246] 

Example 11 Synthesis of Polymetalloxane (TP-11) 25 
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 A titanium compound (T2-H2) solution (73.02 g) (co mposed 

of 18.81 g (0.1 mol) of 

(isopropoxy)(dihydroxy)(trimethylsiloxy)titanium) a nd 50.0 g of 

PGMEA) was weighed and this solution was used as a solution 1.  

Water (1.8 g (0.1 mol)), 50.0 g of IPA as a dilutin g solvent for 5 

water, and 2.2 g (0.01 mol) of tributylamine as a p olymerization 

catalyst were mixed to obtain a solution 2. 

[0247] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 10 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 15 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 20 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and wa ter were 

distilled.  During heating with stirring, precipita tion did not 

occur in the liquid in the flask, and it was a unif orm transparent 25 
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solution. 

[0248] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 5 

solution was pale yellow transparent. 

[0249] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 10 

to obtain a polymetalloxane (TP-11) solution. 

[0250] 

 Analysis of the polymetalloxane (TP-11) solution b y FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 15 

trimethylsiloxy group. 

[0251] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-11) was 47,000 in terms of poly styrene. 

[0252] 20 

Example 12 Synthesis of Polymetalloxane (TP-12) 

 In the same manner as in Example 7, except that PG MEA as 

the solvent of Example 7 was changed to 1,2-diethox yethane, 

synthesis and adjustment of the solid component wer e performed 

to obtain a polymetalloxane (TP-12) solution.  The appearance of 25 
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the obtained polymetalloxane (TP-12) solution was p ale yellow 

transparent. 

[0253] 

 Analysis of the polymetalloxane (TP-12) solution b y FT-IR 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 5 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 

[0254] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-12) was 49,000 in terms of poly styrene. 10 

[0255] 

Example 13 Synthesis of Polymetalloxane (TP-13) 

 In the same manner as in Example 7, except that PG MEA as 

the solvent of Example 7 was changed to 2,6-dimethy l-4-heptanone, 

synthesis and adjustment of the solid component wer e performed 15 

to obtain a polymetalloxane (TP-13) solution.  The appearance of 

the obtained polymetalloxane (TP-13) solution was p ale yellow 

transparent. 

[0256] 

 Analysis of the polymetalloxane (TP-13) solution b y FT-IR 20 

revealed that an absorption peak of Ti-O-Si (958 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 

[0257] 

 The weight average molecular weight (Mw) of the 25 
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polymetalloxane (TP-13) was 46,000 in terms of poly styrene. 

[0258] 

Example 14 Synthesis of Polymetalloxane (ZP-1) 

 The zirconium compound (Z-1) (40.0 g (0.1 mol)) an d 50.0 

g of PGMEA as a solvent were mixed to obtain a solu tion 1.  Water 5 

(5.4 g (0.3 mol)), 50.0 g of IPA as a diluting solv ent for water, 

and 2.2 g (0.01 mol) of tributylamine as a polymeri zation catalyst 

were mixed to obtain a solution 2. 

[0259] 

 In a three-necked flask having a capacity of 500 m l, the 10 

entire amount of the solution 1 was charged and the  flask was 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

in the flask over 1 hour.  During the addition of t he solution 15 

2, precipitation did not occur in the liquid in the  flask, and 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 20 

over 30 minutes.  One hour after starting of temper ature rise, 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and bu tanol and water 

as by-products were distilled.  During heating with  stirring, 25 
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precipitation did not occur in the liquid in the fl ask, and it 

was a uniform transparent solution. 

[0260] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 5 

solution.  The appearance of the obtained polymetal loxane 

solution was pale yellow transparent. 

[0261] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 10 

such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (ZP-1) solution. 

[0262] 

 Analysis of the polymetalloxane (ZP-1) solution by  FT-IR 

revealed that an absorption peak of Zr-O-Si (968 cm -1 ) was observed, 15 

and thus the polymetalloxane is a polymetalloxane h aving a 

trimethylsiloxy group. 

[0263] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (ZP-1) was 45,000 in terms of polys tyrene. 20 

[0264] 

Example 15 Synthesis of Polymetalloxane (ZP-2) 

 The zirconium compound (Z-4) (41.6 g (0.1 mol)) an d 50.0 

g of PGMEA as a solvent were mixed to obtain a solu tion 1.  Water 

(3.6 g (0.2 mol)), 50.0 g of IPA as a diluting solv ent for water, 25 
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and 2.2 g (0.01 mol) of tributylamine as a polymeri zation catalyst 

were mixed to obtain a solution 2. 

[0265] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 5 

immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 10 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 15 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, butanol an d water as 

by-products were distilled.  During heating with st irring, 

precipitation did not occur in the liquid in the fl ask, and it 20 

was a uniform transparent solution. 

[0266] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 25 



121 

121 

solution was pale yellow transparent. 

[0267] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 5 

to obtain a polymetalloxane (ZP-2) solution. 

[0268] 

 Analysis of the polymetalloxane (ZP-2) solution by  FT-IR 

revealed that an absorption peak of Zr-O-Si (968 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 10 

trimethylsiloxy group. 

[0269] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (ZP-2) was 19,000 in terms of polys tyrene. 

[0270] 15 

Example 16 Synthesis of Polymetalloxane (ZP-3) 

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

of g (0.1 mol) of trihydroxy(trimethylsiloxy)zircon ium) and 50.0 

g of PGMEA) was weighed and this solution was used as a solution 

1.  IPA (50.0 g) as a diluting solvent for water an d 2.2 g (0.01 20 

mol) of tributylamine as a polymerization catalyst were mixed to 

obtain a solution 2. 

[0271] 

 In a three-necked flask having a capacity of 500 m l, the 

entire amount of the solution 1 was charged and the  flask was 25 
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immersed in an oil bath at 40°C, followed by stirri ng for 30 minutes.  

Thereafter, the entire amount of the solution 2 was  charged in 

a dropping funnel for the purpose of hydrolysis, an d then added 

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

2, precipitation did not occur in the liquid in the  flask, and 5 

it was a uniform colorless and transparent solution .  After the 

addition, the mixture was stirred for additional 1 hour to obtain 

a metal compound containing a hydroxyl group.  Ther eafter, for 

the purpose of polycondensation, the oil bath was h eated to 140°C 

over 30 minutes.  One hour after starting of temper ature rise, 10 

the internal temperature of the solution reached 10 0°C, and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, IPA and wa ter as a 

by-product were distilled.  During heating with sti rring, 

precipitation did not occur in the liquid in the fl ask, and it 15 

was a uniform transparent solution. 

[0272] 

 After completion of the heating, the liquid in the  flask 

was cooled to room temperature to obtain a polymeta lloxane 

solution.  The appearance of the obtained polymetal loxane 20 

solution was pale yellow transparent. 

[0273] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 25 
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to obtain a polymetalloxane (ZP-3) solution. 

[0274] 

 Analysis of the polymetalloxane (ZP-3) solution by  FT-IR 

revealed that an absorption peak of Zr-O-Si (968 cm -1 ) was observed, 

and thus the polymetalloxane is a polymetalloxane h aving a 5 

trimethylsiloxy group. 

[0275] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (ZP-3) was 46,000 in terms of polys tyrene. 

[0276] 10 

 Examples 1 to 16 are collectively shown in Table 4 . 

[0277] 
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[Table 4] 

  

Solution 1 Solution 2 Weight results 
Compound represented by general formula (2) Solvent 

Water 
Diluting 
solvent 

for water 

Polymerization 
catalyst 

Appearance 
of solution 

Weight average 
molecular 

weight Type M R4 n R5 m - n Amount Type Addition 
amount 

Example 
1 

Polymetalloxane 
(TP-1) solution 

Titanium compound 
(T1) 

Ti Methyl 1 Butyl 3 35.6 g 
(0.1 mol) PGMEA 50.0 g 1.8 g 

(0.1 mol) 
IPA 

50.0 g 
Tributylamine 

2.2 g (0.01 mol) 
Pale yellow 
transparent 6,000 

Example 
2 

Polymetalloxane 
(TP-2) solution Ti Methyl 1 Butyl 3 35.6 g 

(0.1 mol) PGMEA 50.0 g 3.6 g 
(0.2 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 21,000 

Example 
3 

Polymetalloxane 
(TP-3) solution Ti Methyl 1 Butyl 3 35.6 g 

(0.1 mol) PGMEA 50.0 g 3.6 g 
(0.2 mol) 

IPA 
50.0 g 

Diisobutylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 25,000 

Example 
4 

Polymetalloxane 
(TP-4) solution Ti Methyl 1 Butyl 3 35.6 g 

(0.1 mol) PGMEA 50.0 g 3.6 g 
(0.2 mol) 

IPA 
50.0 g None Pale yellow 

transparent 6,000 

Example 
5 

Polymetalloxane 
(TP-5) solution Ti Methyl 1 Butyl 3 35.6 g 

(0.1 mol) PGMEA 50.0 g 5.4 g 
(0.3 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 44,000 

Example 
6 

Polymetalloxane 
(TP-6) solution Ti Methyl 1 Butyl 3 35.6 g 

(0.1 mol) PGMEA 50.0 g 5.4 g 
(0.3 mol) 

IPA 
50.0 g 

Diisobutylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 19,0000 

Example 
7 

Polymetalloxane 
(TP-7) solution 

Titanium compound 
(T2) Ti Methyl 1 Isopropyl 3 31.4 g 

(0.1 mol) PGMEA 50.0 g 5.4 g 
(0.3 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 46,000 

Example 
8 

Polymetalloxane 
(TP-8) solution 

Titanium compound 
(T4) Ti Ethyl 1 Butyl 3 39.8 g 

(0.1 mol) PGMEA 50.0 g 5.4 g 
(0.3 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 28,000 

Example 
9 

Polymetalloxane 
(TP-9) solution 

Titanium compound 
(T5) Ti Methyl 2 Butyl 2 37.2 g 

(0.1 mol) PGMEA 50.0 g 3.6 g 
(0.2 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 18,000 

Example 
10 

Polymetalloxane 
(TP-10) solution 

Titanium compound 
(T2-H3) Ti Methyl 1 Hydrogen 3 18.81 g 

(0.1 mol) PGMEA 50.0 g 0 g IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 48,000 

Example 
11 

Polymetalloxane 
(TP-11) solution 

Titanium compound 
(T2-H2) Ti Methyl 1 Isopropyl, 

Hydrogen 3 23.02 g 
(0.1 mol) PGMEA 50.0 g 1.8 g 

(0.1 mol) 
IPA 

50.0 g 
Tributylamine 

2.2 g (0.01 mol) 
Pale yellow 
transparent 47,000 

Example 
12 

Polymetalloxane 
(TP-12) solution 

Titanium compound 
(T2) Ti Methyl 1 Isopropyl 3 31.4 g 

(0.1 mol) Diethoxyethane 50.0 g 5.4 g 
(0.3 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 49,000 

Example 
13 

Polymetalloxane 
(TP-13) solution 

Titanium compound 
(T2) Ti Methyl 1 Isopropyl 3 31.4 g 

(0.1 mol) 
2,6-Dimethyl-4,-

heptanone 50.0 g 5.4 g 
(0.3 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 46,000 

Example 
14 

Polymetalloxane 
(ZP-1) solution 

Zirconium 
compound (Z1) Zr Methyl 1 Butoxy 3 40.0 g 

(0.1 mol) PGMEA 50.0 g 5.4 g 
(0.3 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 45,000 

Example 
15 

Polymetalloxane 
(ZP-2) solution 

Zirconium 
compound (Z4) Zr Methyl 2 Butoxy 2 41.6 g 

(0.1 mol) PGMEA 50.0 g 5.4 g 
(0.3 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 19,000 

Example 
16 

Polymetalloxane 
(ZP-3) solution 

Zirconium 
compound (Z1-H3) Zr Methyl 1 Hydrogen 3 23.1 g 

(0.1 mol) PGMEA 50.0 g 5.4 g 
(0.3 mol) 

IPA 
50.0 g 

Tributylamine 
2.2 g (0.01 mol) 

Pale yellow 
transparent 46,000 

 
[0278] 

1
2
4
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(Comparative Synthesis Example 6) Synthesis of Poly metalloxane 

(TP-14) 

 In a three-necked flask having a capacity of 500 m l, 34.0 

g (0.1 mol) of tetrabutoxytitanium was charged and the flask was 

immersed in an oil bath at 75°C, followed by stirri ng for 30 minutes 5 

(internal temperature was 70°C).  Thereafter, for t he purpose of 

hydrolysis, a mixed solution of 3.1 g (0.17 mol) of  water and 50 

g of butanol was added over 1 hour by a dropping fu nnel.  During 

the addition, the temperature was raised to 90°C an d the reaction 

was aged by holding with stirring for 1 hour. 10 

[0279] 

 The content of the flask was transferred to a 200 ml recovery 

flask, and butanol thus formed was distilled off un der reduced 

pressure to obtain a white solid polymetalloxane (T P-10). 

[0280] 15 

 Since the polymetalloxane (TP-14) was not dissolve d in PGMEA, 

the polymetalloxane was dissolved in tetrahydrofura n and adjusted 

such that the solid component concentration became 20% by weight. 

[0281] 

 The weight average molecular weight (Mw) of the 20 

polymetalloxane (TP-14) was 1,700 in terms of polys tyrene. 

[0282] 

(Comparative Synthesis Example 7) Synthesis of Poly metalloxane 

(TP-15) 
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 In a three-necked flask having a capacity of 500 m l, 34.0 

g (0.1 mol) of tetrabutoxytitanium and 100 g of eth anol as a solvent 

were charged and the flask was immersed in an oil b ath at 40°C, 

followed by stirring for 30 minutes.  Thereafter, f or the purpose 

of hydrolysis, a mixed solution of 2.7 g (0.15 mol)  of water, 0.25 5 

g (0.002 mol) of t-butylhydrazine hydrochloride, an d 50 g of 

ethanol was charged in a dropping funnel and then a dded in the 

flask over 1 hour.  After the addition, 50 g of PGM EA was added, 

followed by stirring for additional 1 hour.  Therea fter, for the 

purpose of polycondensation, the oil bath was heate d to 140°C over 10 

30 minutes.  One hour after starting of temperature  rise, the 

internal temperature of the solution reached 100°C,  and the 

mixture was heated with stirring for 2 hours (inter nal temperature 

was 100 to 130°C).  During the reaction, butanol an d water as 

by-products were distilled. 15 

[0283] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 

to obtain a polymetalloxane (TP-15) solution. 20 

[0284] 

 The weight average molecular weight (Mw) of the 

polymetalloxane (TP-15) was 8,000 in terms of polys tyrene. 

[0285] 
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(Comparative Synthesis Example 8) Synthesis of Poly metalloxane 

(SP-1) 

 In a three-necked flask having a capacity of 500 m l, 20.9 

g (0.07 mol) of 2-anthracenyltrimethoxysilane, 6.8 g (0.03 mol) 

of 4-hydroxybenzyltrimethoxysilane, and 50.0 g of P GMEA as a 5 

solvent were charged and, while stirring, a mixed s olution of 5.4 

g (0.3 mol) of water and 0.2 g of phosphoric acid w as added over 

1 hour by a dropping funnel for the purpose of hydr olysis.  

Thereafter, the flask was immersed in an oil bath a t 40°C, followed 

by stirring for 60 minutes and further heating of t he oil bath 10 

to 120°C over 30 minutes.  One hour after starting of temperature 

rise, the internal temperature of the solution reac hed 100°C, and 

the mixture was heated with stirring for 2 hours (i nternal 

temperature was 100 to 110°C).  During the reaction , methanol and 

water as by-products were distilled. 15 

[0286] 

 The solid component concentration of the obtained 

polymetalloxane solution was determined, and then P GMEA was added 

such that the solid component concentration became 20% by weight 

to obtain a polysiloxane (SP-1) solution.  The weig ht average 20 

molecular weight (Mw) of the polysiloxane (SP-01) w as 3,000 in 

terms of polystyrene. 

[0287] 

(Comparative Synthesis Example 9) Synthesis of Meta l Compound 

Particle-Containing Polysiloxane (SP-2) 25 
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 A three-necked flask having a capacity of 500 ml w as charged 

with 4.1 g (0.03 mol) of methyltrimethoxysilane, 13 .9 g (0.07 mol) 

of phenyltrimethoxysilane, 315 g of “Optolake TR-52 7” (trade name, 

manufactured by Catalyst Chemical Industry Co., Ltd ., 

composition: 20% by weight of titanium oxide partic les and 80% 5 

by weight of methanol) having a number average part icle system 

of 15 nm, and 50.0 g of PGMEA as a solvent, and a m ixed solution 

of 5.4 g (0.3 mol) of water and 0.2 g of phosphoric  acid was added 

over 1 hour by a dropping funnel for the purpose of  hydrolysis 

while stirring.  Thereafter, the flask was immersed  in an oil bath 10 

at 40°C, followed by stirring for 60 minutes and fu rther heating 

the oil bath to 120°C over 30 minutes.  One hour af ter starting 

of temperature rise, the internal temperature of th e solution 

reached 100°C, and the mixture was heated with stir ring for 2 hours 

(internal temperature was 100 to 110°C).  During th e reaction, 15 

methanol and water as by-products were distilled. 

[0288] 

 The solid component concentration of the obtained metal 

compound particle-containing polymetalloxane soluti on was 

determined, and then PGMEA was added such that the solid component 20 

concentration became 20% by weight to obtain a meta l compound 

particle-containing polysiloxane (SP-2) solution. 

[0289] 

Example 17 

(1) Preparation of Cured Film 25 
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 A polymetalloxane (TP-1) solution was spin-coated on a 

4-inch silicon wafer and a Tempax glass plate using  a spin coater 

(1H-360S, manufactured by Mikasa Corporation) and h eated at 100°C 

for 3 minutes using a hot plate (SCW-636, manufactu red by 

Dainippon Screen Mfg. Co., Ltd.) to form a prebakes  film.  5 

Thereafter, the film was cured by using a hot plate  at 300°C for 

5 minutes to prepare a cured film each having a fil m thicknesses 

of 0.3 µm and 0.5 µm.  The film thickness was measured using a 

spectroscopic reflectometer (Lambda Ace STM602, man ufactured by 

Dainippon Screen Mfg. Co., Ltd.). 10 

[0290] 

(2) Evaluation of Crack Resistance of Cured Film 

 The crack resistance of the cured film obtained in  (1) was 

evaluated in the following 5 ranks.  Ranks 4 or mor e were rated 

“pass”. 15 

5: Cracks are not observed by optical microscope ob servation 

(magnification: 5 times) 

4: Cracks are slightly observed by optical microsco pe observation 

(magnification: 5 times) 

3: Cracks are clearly observed by optical microscop e observation 20 

(magnification: 5 times) 

2: Cracks are slightly observed by normal visual ob servation 

1: Cracks are clearly observed by normal visual obs ervation. 

[0291] 

(3) Measurement of Refractive Index of Cured Film 25 
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 With respect to the cured film having a thickness of 0.3 

µm formed on a silicon wafer in (1), the temperature  during 

measurement was set at 22°C, and the polarization s tate change 

of the reflected light from the cured film was meas ured using a 

spectroscopic ellipsometer (FE5000, manufactured by  Otsuka 5 

Electronics Co., Ltd.) to obtain a phase difference  with the 

incident light and a spectrum of an amplitude refle ctance.  By 

fitting the dielectric function of the calculation model such that 

it approaches the obtained spectrum, a refractive i ndex spectrum 

was obtained.  By reading the refractive index valu e at a 10 

wavelength of 550 nm from the refractive index spec trum, the value 

was regarded as the refractive index of the cured f ilm. 

[0292] 

(4) Measurement of Light Transmittance of Cured Fil m 

 Using a spectrophotometer (MultiSpec-1500, manufac tured by 15 

Shimadzu Corporation), an ultraviolet-visible absor ption 

spectrum of a Tempax glass plate was measured, and this spectrum 

was used as a reference.  Subsequently, the ultravi olet-visible 

absorption spectrum of the cured film having a thic kness of 0.3 

µm formed on the Tempax glass plate in (1) was measu red, and the 20 

ultraviolet-visible absorption spectrum of the cure d film was 

calculated from the difference from the reference.  Using the 

obtained ultraviolet-visible absorption spectrum an d film 

thickness, the light transmittance per 1 µm of the film thickness 

at a wavelength of 400 nm of the cured film was cal culated. 25 
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[0293] 

 These results are shown in Table 5. 

[0294] 

Examples 18 to 32, Comparative Examples 1 to 4 

 With respect to the solutions shown in Table 5, in  the same 5 

manner as in Example 17, (1) formation of cured fil m, (2) crack 

resistance evaluation of cured film, (3) measuremen t of 

refractive index of cured film, and (4) measurement  of 

transmittance of cured film were performed.  The ev aluation 

results are shown in Table 5. 10 

[0295] 

 Regarding Comparative Example 1 and Comparative Ex ample 2, 

when a cured film was formed, cracks occurred and a  homogeneous 

film could not be obtained.  The reason is consider ed that, 

because of the polymetalloxane in which a large amo unt of alkoxy 15 

groups remain, an alkoxy group is hydrolyzed by moi sture in the 

air during formation of the coating film, thus caus ing elimination 

and an increase in shrinkage stress, leading to cra ck generation. 

[0296] 

Example 33 20 

 A polymetalloxane (TP-5) solution (3.5 g (weight o f solid 

component: 0.7 g)) and 1.0 g (weight of solid compo nent: 0.3 g) 

of “Optrake TR-513" (trade name, manufactured by Ca talyst 

Chemical Industry Co., Ltd., γ-butyrolactone dispersion having 

a solid component concentration of 30%) which is a silicon 25 
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oxide-titanium oxide composite particle were mixed to prepare a 

composition 1.  In the same manner as in Example 17 , (1) formation 

of cured film, (2) evaluation of cracking resistanc e of cured film, 

(3) measurement of refractive index of cured film, and (4) 

determination of transmittance of cured film were p erformed.  The 5 

evaluation results are shown in Table 5. 

[0297] 
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[Table 5] 

  
Evaluation of crack resistance 

Refractive 
index 

Light transmittance 
per 1 µm of film 

thickness 
Film thickness 

of 0.3 µm 
Film thickness 

of 0.5 µm 

Example 17 
Polymetalloxane (TP-1) 

solution 
4 3 1.65 92% 

Example 18 
Polymetalloxane (TP-2) 

solution 
5 4 1.75 94% 

Example 19 
Polymetalloxane (TP-3) 

solution 
5 4 1.78 95% 

Example 20 
Polymetalloxane (TP-4) 

solution 
4 3 1.68 94% 

Example 21 
Polymetalloxane (TP-5) 

solution 
5 5 1.92 97% 

Example 22 
Polymetalloxane (TP-6) 

solution 
5 5 1.92 98% 

Example 23 
Polymetalloxane (TP-7) 

solution 
5 5 1.89 98% 

Example 24 
Polymetalloxane (TP-8) 

solution 
5 5 1.88 97% 

Example 25 
Polymetalloxane (TP-9) 

solution 
5 5 1.75 97% 

Example 26 
Polymetalloxane (TP-10) 

solution 
5 5 1.88 97% 

Example 27 
Polymetalloxane (TP-11) 

solution 
5 5 1.89 98% 

Example 28 
Polymetalloxane (TP-12) 

solution 
5 5 1.89 98% 

Example 29 
Polymetalloxane (TP-13) 

solution 
5 5 1.87 97% 

Example 30 
Polymetalloxane (ZP-1) 

solution 
5 5 1.72 98% 

Example 31 
Polymetalloxane (ZP-2) 

solution 
5 5 1.68 98% 

Example 32 
Polymetalloxane (ZP-3) 

solution 
5 5 1.72 98% 

Comparative 
Example 1 

Polymetalloxane (TP-14) 
solution 

2 1 1.65 85% 

Comparative 
Example 2 

Polymetalloxane (TP-15) 
solution 

2 1 1.85 85% 

Comparative 
Example 3 

Polysiloxane 
(SP-1) solution 

5 5 1.63 85% 

Comparative 
Example 4 

Metal compound 
particle-containing 
polysiloxane (SP-2) 

solution 

5 5 1.75 95% 

Example 33 Composition 1 5 5 1.96 96% 

 

[0298] 
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Example 34 

 A member having a portion in which a transparent c onductive 

film (I), a polymetalloxane cured film (II), a sili con oxide thin 

film (III) and/or a transparent pressure-sensitive adhesive thin 

film (IV) were laminated on the upper surface of a transparent 5 

underlying base material was fabricated, and (5) vi sibility of 

the transparent conductive film was evaluated. 

[0299] 

(5) Evaluation of Visibility of Transparent Conduct ive Film 

(5a) Fabrication of Member 10 

(5a-1) Formation of Transparent Conductive Film Pat tern 

 On a chemically strengthened glass substrate havin g a 

thickness of 1.1 mm serving as a transparent underl ying base 

material, sputtering was performed using ITO servin g as a 

transparent conductive film (I) as a target to form  an ITO film 15 

having a film thickness of 50 nm.  Subsequently, a positive 

photoresist (OFPR-800, manufactured by Tokyo Ohka K ogyo Co., 

Ltd.) was spin-coated on the transparent conductive  film (I) using 

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

heated at 100°C for 2 minutes using a hot plate (SC W-636, 20 

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

prebaked film.  The obtained prebaked film of the p hotoresist was 

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

mask using PLA and an ultrahigh pressure mercury la mp as a light 

source.  Thereafter, using an automatic developing apparatus 25 
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(AD-2000, manufactured by Takizawa Co., Ltd.), show er development 

with an aqueous 2.38 wt% solution of tetramethylamm onium 

hydroxide (hereinafter abbreviated to TMAH) was per formed for 90 

seconds, followed by rinsing with water for 30 seco nds and further 

patterning of the photoresist.  Thereafter, ITO was  etched with 5 

an HCl-HNO 3-based etching solution and the photoresist was rem oved 

with a stripping solution to fabricate a substrate including ITO 

(reference sign 2 in FIGS. 1 and 2) in which a firs t electrode 

and a part of a second electrode orthogonal to the first electrode 

are patterned (corresponding to a in FIG. 1). 10 

[0300] 

(5a-2) Formation of Transparent Insulating Film 

 A negative photosensitive resin composition NS-E20 00 

(manufactured by Toray Industries, Inc.) was spin-c oated on the 

substrate obtained in (5a-1) and then heated by a h ot plate at 15 

90°C for 2 minutes to form a prebake film.  The obt ained prebake 

film was exposed in a dose of 2,000 J/m 2 with a gap of 100 µm through 

a mask.  Thereafter, shower development with an aqu eous 0.4 wt% 

TMAH solution for 90 seconds, followed by rinsing w ith water for 

30 seconds.  Next, curing was performed in the air at 230°C for 20 

1 hour to form a transparent insulating film (refer ence sign 3 

in FIGS. 1 and 2) having a film thickness of 1.5 µm (corresponding 

to b in FIG. 1). 

[0301] 

(5a-3) Fabrication of Molybdenum/Aluminum/Molybdenu m 25 
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(hereinafter abbreviated to MAM) Wiring 

 By the same procedure as in (5a-1), except that mo lybdenum 

and aluminum were used as targets on the substrate obtained in 

(5a-2) and a mixed solution of H 3PO4/HNO3/CH3COOH/H2O (= 65/3/5/27) 

(weight ratio) was used as the etching solution, MA M wiring 5 

(reference sign 4 in FIGS. 1 and 2) was fabricated (corresponding 

to c of FIG. 1).  The film thickness of MAM was adj usted to be 

250 nm. 

[0302] 

(5a-4) Formation of Polymetalloxane Cured Film (II)  10 

 On the substrate obtained in (5a-3), a polymetallo xane 

(TP-1) solution was pattern-coated by an inkjet coa ting apparatus 

and prebaked at 90°C for 2 minutes.  Next, curing w as performed 

in the air at 230°C for 1 hour to form a polymetall oxane (TP-1) 

cured film (II) (reference sign 5 in FIG. 2). 15 

[0303] 

(5a-5) Formation of Silicon Oxide Thin Film (III) 

 Using a high-speed plasma CVD film forming apparat us 

(PD-270STL, manufactured by Samco Inc.), a silicon oxide thin film 

(III) (reference sign 6 in FIG. 2) was formed from 20 

tetraethoxysilane as a raw material.  In that case,  mask 

deposition was performed such that patterns of the silicon oxide 

thin film (III) and the thin film (II) containing t he 

polymetalloxane-containing composition are superpos ed one upon 

another.  The film thickness of the silicon oxide t hin film (III) 25 
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was 0.5 µm. 

[0304] 

(5a-6) Sticking of Film with Transparent Pressure-S ensitive 

Adhesive 

 A PET film (HA-116; manufactured by Lintec Corpora tion, 5 

pressure-sensitive adhesive refractive index = 1.47 ) provided 

with a pressure-sensitive adhesive and a hard coat on the opposite 

surface was stuck on a part of the substrate obtain ed in (5a-5) 

so as to prevent air entrainment  to form a transparent 

pressure-sensitive adhesive layer (IV). 10 

[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 

evaluated according to the following 10 ranks.  Ran ks of 6 or more 15 

were rated as “pass”. 

10: No pattern is visible by staring at 3 cm under white fluorescent 

lamp. 

9: Pattern is slightly visible by staring at 3 cm u nder white 

fluorescent lamp. 20 

8: Pattern is visible a little by staring at 3 cm u nder the white 

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 25 
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3 cm under white fluorescent lamp. 

5: Pattern is visible a little by usual visual conf irmation at 

3 cm under white fluorescent lamp. 

4: Pattern is clearly visible by usual visual confi rmation at 3 

cm under white fluorescent lamp. 5 

3: Pattern is slightly visible by usual visual conf irmation under 

indoor light. 

2: Pattern is visible a little by usual visual conf irmation under 

indoor light. 

1: Pattern is clearly visible by usual visual confi rmation under 10 

indoor light. 

[0306] 

(6) Evaluation of Corrosivity of Underlying Metal 

 A polymetalloxane cured film (II) was formed on a glass with 

MAM as the underlying metal formed on the entire su rface by the 15 

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

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

performing a test (pressure cooker cooker test, PCT  test) in which 

a sample is left to stand in an oven (HAST CHAMBERE  EHS-221MD, 

manufactured by Espec Corporation) at a temperature  of 121°C, a 20 

humidity of 100%, and an atmospheric pressure of 2 atm for 20 hours, 

an occupied area ratio of defects of discoloration of MAM under 

the cured film due to corrosion was visually evalua ted according 

to the following 11 ranks.  Ranks of 7 or more were  rated “pass”. 

10: Discolored area ratio of MAM under cured film i s 0%, no change 25 
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in appearance occurs in cured film itself. 

9: Discolored area ratio of MAM under cured film is  1 to 3%, no 

change in appearance occurs in cured film itself. 

8: Discolored area ratio of MAM under cured film is  4 to 6%, no 

change in appearance occurs in cured film itself. 5 

7: Discolored area ratio of MAM under cured film is  7 to 9%, no 

change in appearance occurs in cured film itself. 

6: Discolored area ratio of MAM under cured film is  10 to 15%, 

no change in appearance occurs in cured film itself . 

5: Discolored area ratio of MAM under cured film is  16 to 20%, 10 

no change in appearance occurs in cured film itself . 

4: Discolored area ratio of MAM under cured film is  21 to 30%, 

no change in appearance occurs in cured film itself . 

3: Discolored area ratio of MAM under cured film is  31 to 50%, 

no change in appearance occurs in cured film itself . 15 

2: Discolored area ratio of MAM under cured film is  51 to 70%, 

no change in appearance occurs in cured film itself . 

1: Discolored area ratio of MAM under cured film is  71 to 100%, 

no change in appearance occurs in cured film itself . 

0: Discolored area ratio of MAM under cured film is  100%, and 20 

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 uctive 

film and (6) evaluation of a substrate metal were p erformed in 25 
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the same manner as in Example 34 with the structure  shown in Table 

6.  The evaluation results are shown in Table 6. 

[0308] 

Example 50 

 (5) Evaluation of visibility of a transparent cond uctive 5 

film and (6) evaluation of an underlying metal were  performed in 

the same manner as in Example 34, except that the c omposition 1 

prepared in Example 33 was used in place of the pol ymetalloxane 

(TP-1) solution in (5a-3) formation of the polymeta lloxane cured 

film (II).  The evaluation results are shown in Tab le 6. 10 

[0309] 

Example 51 

  (5) Evaluation of visibility of a transparent con ductive 

film, and (6) evaluation of an underlying metal wer e performed 

in the same manner as in Example 40, except that (5 a-5) the step 15 

of forming a silicon oxide thin film (III) was not performed.  The 

evaluation results are shown in Table 6. 

[0310] 

Example 52 

 (5) Evaluation of visibility of a transparent cond uctive 20 

film and (6) evaluation of an underlying metal were  performed in 

the same manner as in Example 40, except that (5a-6 ) the step of 

sticking a film with a transparent pressure-sensiti ve adhesive 

was not performed.  The evaluation results are show n in Table 6. 

[0311] 25 
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Example 53 

 (5) Evaluation of visibility of a transparent cond uctive 

film was performed in the same manner as in Example  40, except 

that a polyethylene terephthalate (hereinafter abbr eviated to 

PET) base material having a thickness of 0.2 mm was  used in place 5 

of the chemically tempered glass substrate in (5a-1 ) formation 

of a transparent conductive film pattern.  The eval uation results 

are shown in Table 6. 

[0312] 

Comparative Example 9 10 

 (5) Evaluation of visibility of a transparent cond uctive 

film and (6) evaluation of an underlying metal were  performed in 

the same manner as in Example 40, except that (5a-4 ) the step of 

forming a polymetalloxane cured film (II) was not p erformed.  The 

evaluation results are shown in Table 6. 15 

[0313] 
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[Table 6] 

 

(5) Evaluation of visibility of transparent conductive film (6) Evaluation of underlying metal 
(5a-1) Formation of transparent conductive 

film pattern (5a-2) 
Formation 

of 
transparent 
insulating 

film 

(5a-3) 
MAM 
wiring 

(5a-4) Polymetalloxane 
cured film (II) 

(5a-5) 
Silicon 
oxide 
thin 
film 
(III) 

(5a-6) Film 
with 

transparent 
pressure-sen

sitive 
adhesive 

(5b) 
Evaluation 
of visibility 

of 
transparent 
conductive 

film 

Underlying 
metal 

(5a-4) Polymetalloxane 
cured film (II) 

(5a-5) 
Silicon 
oxide 
thin 
film 
(III) 

Evaluation 
of 

underlying 
metal 

Transparent underlying 
base material 

Transparent 
conductive thin 

film (I) 

Type Thickness Type Thickness Type 
Film 

thickness 
Type 

Film 
thickness 

Example 34 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-1) 

0.10 µm 0.5 µm Presence 6 MAM 
Polymetalloxane 

(TP-1) 
0.10 µm 0.5 µm 10 

Example 35 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-2) 

0.10 µm 0.5 µm Presence 7 MAM 
Polymetalloxane 

(TP-2) 
0.10 µm 0.5 µm 10 

Example 36 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-3) 

0.10 µm 0.5 µm Presence 8 MAM 
Polymetalloxane 

(TP-3) 
0.10 µm 0.5 µm 10 

Example 37 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-4) 

0.10 µm 0.5 µm Presence 6 MAM 
Polymetalloxane 

(TP-4) 
0.10 µm 0.5 µm 10 

Example 38 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-5) 

0.10 µm 0.5 µm Presence 10 MAM 
Polymetalloxane 

(TP-5) 
0.10 µm 0.5 µm 10 

Example 39 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-6) 

0.10 µm 0.5 µm Presence 10 MAM 
Polymetalloxane 

(TP-6) 
0.10 µm 0.5 µm 10 

Example 40 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-7) 

0.10 µm 0.5 µm Presence 10 MAM 
Polymetalloxane 

(TP-7) 
0.10 µm 0.5 µm 10 

Example 41 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-8) 

0.10 µm 0.5 µm Presence 10 MAM 
Polymetalloxane 

(TP-8) 
0.10 µm 0.5 µm 10 

Example 42 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-9) 

0.10 µm 0.5 µm Presence 8 MAM 
Polymetalloxane 

(TP-9) 
0.10 µm 0.5 µm 10 

Example 43 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-10) 

0.10 µm 0.5 µm Presence 10 MAM 
Polymetalloxane 

(TP-10) 
0.10 µm 0.5 µm 10 

Example 44 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-11) 

0.10 µm 0.5 µm Presence 10 MAM 
Polymetalloxane 

(TP-11) 
0.10 µm 0.5 µm 10 

Example 45 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-12) 

0.10 µm 0.5 µm Presence 10 MAM 
Polymetalloxane 

(TP-12) 
0.10 µm 0.5 µm 10 

Example 46 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-13) 

0.10 µm 0.5 µm Presence 10 MAM 
Polymetalloxane 

(TP-13) 
0.10 µm 0.5 µm 10 

Example 47 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(ZP-1) 

0.10 µm 0.5 µm Presence 7 MAM 
Polymetalloxane 

(ZP-1) 
0.10 µm 0.5 µm 10 

Example 48 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(ZP-2) 

0.10 µm 0.5 µm Presence 7 MAM 
Polymetalloxane 

(ZP-2) 
0.10 µm 0.5 µm 10 

Example 49 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(ZP-3) 

0.10 µm 0.5 µm Presence 7 MAM 
Polymetalloxane 

(ZP-3) 
0.10 µm 0.5 µm 10 

  

1
4

2
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[Table 6](continued) 

 

(5) Evaluation of visibility of transparent conductive film (6) Evaluation of underlying metal 
(5a-1) Formation of transparent conductive 

film pattern (5a-2) 
Formation 

of 
transparent 
insulating 

film 

(5a-3) 
MAM 
wiring 

(5a-4) Polymetalloxane 
cured film (II) 

(5a-5) 
Silicon 
oxide 
thin 
film 
(III) 

(5a-6) Film 
with 

transparent 
pressure-sen

sitive 
adhesive 

(5b) 
Evaluation 
of visibility 

of 
transparent 
conductive 

film 

Underlying 
metal 

(5a-4) Polymetalloxane 
cured film (II) 

(5a-5) 
Silicon 
oxide 
thin 
film 
(III) 

Evaluation 
of 

underlying 
metal 

Transparent underlying 
base material 

Transparent 
conductive thin 

film (I) 

Type Thickness Type Thickness Type 
Film 

thickness 
Type 

Film 
thickness 

Comparative 
Example 5 

Chemically 
tempered glass 

1.1 mm ITO 50 nm Presence Presence 
Polymetalloxane 

(TP-14) 
0.10 µm 0.5 µm Presence 6 MAM 

Polymetalloxane 
(TP-14) 

0.10 µm 0.5 µm 10 

Comparative 
Example 6 

Chemically 
tempered glass 

1.1 mm ITO 50 nm Presence Presence 
Polymetalloxane 

(TP-15) 
0.10 µm 0.5 µm Presence 9 MAM 

Polymetalloxane 
(TP-15) 

0.10 µm 0.5 µm 10 

Comparative 
Example 7 

Chemically 
tempered glass 

1.1 mm ITO 50 nm Presence Presence 
Polysiloxane 

(SP-1) 
0.10 µm 0.5 µm Presence 4 MAM 

Polysiloxane 
(SP-1) 

0.10 µm 0.5 µm 10 

Comparative 
Example 8 

Chemically 
tempered glass 

1.1 mm ITO 50 nm Presence Presence 

Metal compound 
particle-containi

ng 
Polysiloxane 

(SP-2) 

0.10 µm 0.5 µm Presence 7 MAM 

Metal compound 
particle-containi
ng polysiloxane 

(SP-2) 

0.10 µm 0.5 µm 10 

Example 50 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence Composition 1 0.10 µm 0.5 µm Presence 10 MAM Composition 1 0.10 µm 0.5 µm 10 

Example 51 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-7) 

0.10 µm - Presence 10 MAM 
Polymetalloxane 

(TP-7) 
0.10 µm - 6 

Example 52 
Chemically 

tempered glass 
1.1 mm ITO 50 nm Presence Presence 

Polymetalloxane 
(TP-7) 

0.10 µm 0.5 µm - 8 MAM 
Polymetalloxane 

(TP-7) 
0.10 µm 0.5 µm 10 

Example 53 PET 1.1 mm ITO 50 nm Presence Presence 
Polymetalloxane 

(TP-7) 
0.10 µm 0.5 µm Presence 10 MAM 

Polymetalloxane 
(TP-7) 

0.10 µm 0.5 µm - 

Comparative 
Example 9 

Chemically 
tempered glass 

1.1 mm ITO 50 nm Presence Presence - 0.5 µm Presence 1 MAM - 0.5 µm 8 

 
[0314] 

1
4
3
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Example 54 

 Dry etching of the polymetalloxane cured film form ed on the 

substrate was performed, and the surface roughness Ra and the 

light transmittance after the dry etching were meas ured.  Details 

are shown below.  The measurement results are shown  in Table 6. 5 

[0315] 

(6-1) Preparation of Cured Film 

 A polymetalloxane (TP-05) solution was spin-coated  on a 

6-inch silicon wafer and a Tempax glass plate using  a spin coater 

(1H-360S, manufactured by Mikasa Co., Ltd.) and hea ted at 100°C 10 

for 3 minutes using a hot plate (SCW-636 manufactur ed by Dainippon 

Screen Mfg. Co., Ltd.) to prepare a prebake film.  Thereafter, 

the film was cured by using a hot plate at 300°C fo r 5 minutes 

to prepare a cured film each having a film thicknes ses of 0.5 µm.  

The film thickness was measured using a spectroscop ic 15 

reflectometer (Lambda Ace STM602, manufactured by D ainippon 

Screen Mfg. Co., Ltd.). 

[0316] 

(6-2) Measurement of Refractive Index 

 With respect to the cured film formed on a silicon  wafer, 20 

the temperature during measurement was set at 22°C,  and the 

polarization state change of the reflected light fr om the cured 

film was measured using a spectroscopic ellipsomete r (FE5000, 

manufactured by Otsuka Electronics Co., Ltd.) to ob tain a phase 

difference with the incident light and a spectrum o f an amplitude 25 
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reflectance.  By fitting the dielectric function of  the 

calculation model such that it approaches the obtai ned spectrum, 

a refractive index spectrum was obtained.  By readi ng the 

refractive index value at a wavelength of 550 nm fr om the 

refractive index spectrum, the value was regarded a s the 5 

refractive index of the cured film. 

[0317] 

(6-3) Measurement of Light Transmittance of Cured F ilm 

 Using a spectrophotometer (MultiSpec-1500, manufac tured by 

Shimadzu Corporation), an ultraviolet-visible absor ption 10 

spectrum of a Tempax glass plate was measured, and this spectrum 

was used as a reference.  Subsequently, the ultravi olet-visible 

absorption spectrum of the cured film formed on the  Tempax glass 

plate was measured, and the ultraviolet-visible abs orption 

spectrum of the cured film was calculated from the difference from 15 

the reference.  Using the obtained ultraviolet-visi ble 

absorption spectrum and film thickness, the light t ransmittance 

per 1 µm of the film thickness at a wavelength of 400 nm o f the 

cured film was calculated. 

[0318] 20 

(6-4) Dry Etching 

 Using a reactive ion etching apparatus (RIE-10N 

manufactured by Samco Inc.), the cured film formed on the Tempax 

glass plate was dry-etched with a mixed gas of CF 4 

(tetrafluoromethane) and oxygen as a process gas.  The dry etching 25 
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conditions are as follows: a gas mixture ratio CF 4:oxygen of 80: 

20, a gas flow rate of 50 sccm, an output of 199 W,  an internal 

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

[0319] 

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

 The surface of the cured film after the dry etchin g treatment 

was scanned by a scanning probe microscope (Dimensi on Icon, 

manufactured by Bruker Corporation) to obtain a thr ee-dimensional 

stereoscopic image of the cured film surface.  The obtained image 

was cut to obtain a contour curve of a cross sectio n of the cured 10 

film.  An arithmetic average roughness Ra was obtai ned by 

calculating the obtained contour curve based on JIS  B 0601:2013. 

[0320] 

(6-6) Measurement of Light Transmittance after Dry Etching 

 Using a spectrophotometer (MultiSpec-1500, manufac tured by 15 

Shimadzu Corporation), an ultraviolet-visible absor ption 

spectrum of the Tempax glass plate was measured, an d this spectrum 

was used as a reference.  Subsequently, the ultravi olet-visible 

absorption spectrum of the cured film formed on the  Tempax glass 

plate after the dry etching treatment was measured and the 20 

ultraviolet-visible absorption spectrum of the cure d film after 

the dry etching treatment was calculated from the d ifference from 

the reference.  Using the obtained ultraviolet-visi ble 

absorption spectrum and film thickness, the light t ransmittance 
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per 1 µm of the film thickness at the wavelength of 400 nm  of the 

cured film after the dry etching treatment was calc ulated. 

[0321] 

 These results are shown in Table 7. 

[0322] 5 

Examples 55 to 65, Comparative Examples 10 to 11 

 With respect to the solutions shown in Table 7, (6 -1) 

formation of a cured film, (6-2) measurement of a r efractive index, 

(6-3) measurement of a light transmittance of a cur ed film, (6-4) 

dry etching, (6-5) measurement of surface roughness  after dry 10 

etching, and (6-6) measurement of a light transmitt ance after dry 

etching were performed in the same manner as in Exa mple 54.  The 

evaluation results are shown in Table 7. 

[0323] 

  15 
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[Table 7] 

 Solution 

Cured film properties Surface 
roughness 
Ra after 

dry 
etching 

Light 
transmittance 
of cured film 

after dry 
etching 

Film 
thickness 

Refractive 
index 

Light transmittance 
per 1 µm of film 

thickness 

Example 54 Polymetalloxane (TP-5) solution 0.5 µm 1.92 97% 2 nm 97% 

Example 55 Polymetalloxane (TP-6) solution 0.5 µm 1.92 98% 2 nm 98% 

Example 56 Polymetalloxane (TP-7) solution 0.5 µm 1.89 98% 2 nm 98% 

Example 57 Polymetalloxane (TP-8) solution 0.5 µm 1.88 97% 3 nm 97% 

Example 58 Polymetalloxane (TP-9) solution 0.5 µm 1.75 97% 4 nm 97% 

Example 59 Polymetalloxane (TP-10) solution 0.5 µm 1.88 97% 2 nm 97% 

Example 60 Polymetalloxane (TP-11) solution 0.5 µm 1.89 98% 2 nm 98% 

Example 61 Polymetalloxane (TP-12) solution 0.5 µm 1.89 98% 2 nm 98% 

Example 62 Polymetalloxane (TP-13) solution 0.5 µm 1.87 97% 2 nm 97% 

Example 63 Polymetalloxane (ZP-1) solution 0.5 µm 1.72 98% 2 nm 98% 

Example 64 Polymetalloxane (ZP-2) solution 0.5 µm 1.68 98% 3 nm 98% 

Example 65 Polymetalloxane (ZP-3) solution 0.5 µm 1.72 98% 2 nm 98% 

Comparative 
Example 10 

Polysiloxane (SP-1) solution 0.5 µm 1.63 85% 3 nm 85% 

Comparative 
Example 11 

Metal compound particle-containing 
polysiloxane (SP-2) solution 

0.5 µm 1.75 95% 50 nm 80% 

 

[0324] 

 In Comparative Example 10, a cured film was formed  using 

a polysiloxane (SP-1) solution.  Since the polysilo xane (SP-1) 5 

has an anthracenyl group with a high refractive ind ex, a high 

refractive index of 1.63 could be realized.  Howeve r, since the 

anthracenyl group has an absorption in a visible li ght region due 

to its origin, the transmittance became 85% and hig h transparency 



149 

149 

required for the microlens could not be obtained. 

[0325] 

 In Comparative Example 11, a cured film was formed  using 

a solution of a metal compound particle-containing polysiloxane 

(SP-2).  Since titanium oxide particles with a high  refractive 5 

index were used, a very high refractive index of 1. 75 could be 

realized.  However, during dry etching, the reactiv ity with the 

etching gas varies depending on the titanium oxide particles and 

the polysiloxane component, so that a difference in  dry etching 

rate locally occurred.  Therefore, the surface of t he cured film 10 

was roughened, and the arithmetic average roughness  Ra became 50 

nm.  When the surface of the cured film is roughene d, light is 

scattered, so that the transmittance after the dry etching became 

80%, thus failing to obtain high transparency requi red for the 

microlens. 15 

[0326] 

Example 66 

 A polymetalloxane solution (TP-7) was spin-coated on a 

6-inch silicon wafer using a spin coater (1H-360S m anufactured 

by Mikasa Corporation) and heated at 100°C for 3 mi nutes using 20 

a hot plate (SCW-636, manufactured by Dainippon Scr een Mfg. Co., 

Ltd.) to form a prebaked film.  Thereafter, the pre baked film was 

cured by using a hot plate at 300°C for 5 minutes t o form a cured 

film containing a polymetalloxane having a film thi ckness of 0.5 

µm. 25 
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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°C for 2 minutes using a hot plate to form a pho toresist layer.  5 

Thereafter, pattern exposure was performed through a mask using 

an i-line stepper (NSR-i9C, manufactured by Nikon C orporation).  

As a mask, a mask designed to obtain a 2 µm dot pattern was used. 

[0328] 

 Thereafter, using an automatic developing apparatu s 10 

(AD-2000, manufactured by Takizawa Co., Ltd.), show er development 

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 obtain a 2 µm dot-shaped 

photoresist pattern.  Thereafter, the photoresist p attern was 15 

melted by heating at 120°C for 5 minutes using a ho t plate. 

[0329] 

 The cured film containing a photoresist pattern an d a 

polymetalloxane was etched using a reactive ion etc hing apparatus 

(RIE-10N, manufactured by Samco Inc.) and then the entire surface 20 

was dry-etched with a mixed gas of CF 4 (tetrafluoromethane) and 

oxygen as a process gas to obtain a microlens patte rn containing 

a polymetalloxane.  The dry etching conditions are as follows: 

a gas mixture ratio CF 4:oxygen of 80: 20, a gas flow rate of 50 
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sccm, an output of 199 W, an internal pressure of 1 0 Pa, and a 

treatment time of 5 minutes. 

[0330] 

 Observation of the obtained microlens pattern usin g a 

scanning electron microscope (S-4800, manufactured by Hitachi 5 

High-Tech Technologies Corporation) revealed that i t was a smooth 

microlens pattern without surface roughness. 

[0331] 

 The arithmetic mean surface roughness of the micro lens 

pattern was determined by the following method.  Th e surface of 10 

the microlens pattern was scanned by a scanning pro be microscope 

(Dimension Icon, manufactured by Bruker Corporation ) to obtain 

a three-dimensional stereoscopic image.  The obtain ed image was 

cut to obtain a contour curve of a microlens cross section.  The 

curvature of the microlens was removed from the con tour curve, 15 

and a surface roughness curve was obtained.  From t he surface 

roughness curve, the arithmetic average roughness R a was obtained 

by calculation based on JIS B 0601:2013.  The arith metic mean 

surface roughness Ra of the obtained microlens patt ern was 4 nm. 

[Reference Signs List] 20 

[0332] 

 1: Transparent underlying substrate 

 2: Transparent conductive thin film (I) 

 3: Insulating film 

 4: MAM wiring 25 



152 

152 

 5: Cured film (II) obtained from polymetalloxane o r 

composition thereof 

 6: Silicon oxide thin film (III) 

 7: Transparent pressure-sensitive adhesive layer ( IV) 
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[CLAIMS] 

1. A polymetalloxane comprising a constituent unit represented 

by the following general formula (1): 

[Chemical Formula 1] 

 

wherein R 1 is an organic group, at least one of R 1 is an (R 3
3SiO-) 

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

group having 1 to 12 carbon atoms, an alicyclic alk yl group having 

5 to 12 carbon atoms, an alkoxy group having 1 to 1 2 carbon atoms, 

an aromatic group having 6 to 30 carbon atoms, a gr oup having a 

siloxane bond, or a group having a metalloxane bond , R 2 is 

optionally selected from a hydrogen atom, an alkyl group having 

1 to 12 carbon atoms, or a group having a metalloxa ne bond, when 

plural R 1, R 2, and R 3 exist, they may be the same or different, 

M represents a metal atom selected from the group c 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, m is an integer indicating a valence of a metal  atom M, and 

a is an integer of 1 to (m - 2). 

2. The polymetalloxane according to claim 1, wherei n R 1 is a 

hydroxy group, an alkyl group having 1 to 12 carbon  atoms, an 

alicyclic alkyl group having 5 to 12 carbon atoms, an alkoxy group 

having 1 to 12 carbon atoms, an aromatic group havi ng 6 to 30 carbon 
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atoms, an (R 3
3SiO-) group, a group having a siloxane bond, or a 

group having a metalloxane bond, and at least one o f R 1 is an 

(R 3
3SiO-) group. 

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

least one of R 1 in the polymetalloxane is a hydroxy group. 

4. The polymetalloxane according to any one of clai ms 1 to 3, 

wherein M includes one or more metal atoms selected  from the group 

consisting of Al, Ti, Zr, and Sn. 

5. A method for producing a polymetalloxane compoun d, which 

comprises the step of polycondensing a compound rep resented by 

the following general formula (2): 

[Chemical Formula 2] 

 

wherein R 4 is optionally selected from a hydroxy group, an al kyl 

group having 1 to 12 carbon atoms, an alicyclic alk yl group having 

5 to 12 carbon atoms, an alkoxy group having 1 to 1 2 carbon atoms, 

or an aromatic group having 6 to 30 carbon atoms, R 5 is optionally 

selected from a hydrogen atom or an alkyl group hav ing 1 to 12 

carbon atoms, when plural R 4 and R 5 exist, they may be the same 

or different, M represents a metal atom selected fr om the 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, m is an integer indicating a valenc e of a metal 
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atom M, and n is an integer of 1 to (m - 1), or a h ydrolysate thereof. 

6. The method for producing a polymetalloxane accor ding to 

claim 5, wherein the compound represented by the ge neral formula 

(2) is the compound according to claim 1 which is a  compound 

represented by the following compound represented b y the general 

formula (3): 

[Chemical Formula 3] 

 

wherein R 6 is the same as R 4 in the general formula (1), R 7 is an 

alkyl group having 1 to 12 carbon atoms, m is an in teger indicating 

a valence of a metal atom M, x is an integer of 1 t o (m - 1), y 

is an integer of 1 to (m - 1), and x + 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 

2 to (m - 1). 

8. The method for producing a polymetalloxane accor ding to any 

one of claims 5 to 7, wherein M in the general form ula (2) includes 

one or more metal atoms selected from the group con sisting of Al, 

Ti, Zr, and Sn. 

9. A composition comprising the polymetalloxane acc ording to 

any one of claims 1 to 4. 

10. A composition comprising the polymetalloxane ac cording to 

any one of claims 1 to 4 and inorganic particles. 
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11. The composition according to claim 10, wherein the inorganic 

particles are metal compound particles. 

12. A cured film of the polymetalloxane according t o any one 

of claims 1 to 5. 

13. A cured film of the composition according to an y one of claims 

9 to 11. 

14. The cured film according to claim 12 or 13, whe rein a light 

transmittance per 1 µm of a film thickness at a wavelength of 400 

nm is 90% or more. 

15. The cured film according to any one of claims 1 2 to 14, 

wherein a refractive index at a wavelength of 550 n m is 1.58 to 

2.20. 

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

step of heating the polymetalloxane according to an y one of claims 

1 to 4 or the composition according to any one of c laims 9 to 11. 

17. A member comprising the cured film according to  any one of 

claims 12 to 15. 

18. The member according to claim 17, which has a p ortion in 

which a transparent conductive thin film (I) and th e cured film 

(II) according to any one of claims 12 to 15 are la minated in this 

order from the upper surface of a transparent under lying base 

material. 

19. The member according to claim 18, which has a p ortion in 

which a silicon oxide thin film (III) and/or a tran sparent 

pressure-sensitive adhesive thin film (IV) having a  refractive 
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index of 1.46 to 1.53 are laminated on the upper su rface of the 

cured film (II) according to any one of claims 12 t o 15. 

20. The member according to claim 18 or 19, wherein  the 

transparent underlying base material is a glass sub strate or an 

optical film. 

21. The member according to claim 17, the member is  a lens. 

22. A method for producing a lens, which comprises the steps 

of forming the cured film according to any one of c laims 12 to 

15 on a substrate, forming a photoresist pattern on  the cured film, 

and dry-etching the photoresist pattern and the cur ed film. 

23. An electronic component comprising the member a ccording to 

any one of claims 17 to 21. 

24. The electronic component according to claim 23,  which is 

a touch sensor. 

25. The electronic component according to claim 23,  which is 

an image sensor. 

26. The electronic component according to claim 23,  which is 

an organic EL element. 

27. The electronic component according to claim 23,  which is 

an organic EL lighting. 

28. A building material comprising the polymetallox ane 

according to any one of claims 1 to 5. 

29. A column packed with the polymetalloxane accord ing to any 

one of claims 1 to 5. 

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

  


