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DESCRIPTION 

Title of Invention: 

DISPERSION COMPOSITION, AND CURABLE COMPOSITION, TRANSPARENT FILM, 

MICROLENS AND SOLID-STATE IMAGING DEVICE USING SAME, AND POLYMER 

COMPOUND 

Technical Field 

[0001] 

The present invention reiates to a dispersion composition; a curable composition, a 

transparent film, a microlens and a solid-state imaging device each using the dispersion, 

composition; and a polymer compound. 

Background Art 

[0002] 

A transparent member-forming composition capable of forming, for example, a line 

transparent film with a high refractive index or a transparent wiring is required, aiming at its 

application, as a microlens for an optical image forming system of an on-chip color filter used, 

in an electronic copying machine, a solid-state imaging device, etc. or as an optical wiring to 

replace a copper wiring. 

Among others, with the progress in miniaturization of a solid-state imaging device, 

the microlens used in a solid-state imaging device is required to be finer and at the same time, 

to have a high refractive index so as to realize more efficient light collection. For example, a 

composition using a silica-coated titanium oxide particle for forming a high-refractive-index 

microlens or forming a solid-state imaging device has been disclosed (see, for example, Patent 

Documents 1 and 2). In particular, the recent increase in the number of pixels is associated 

with the requirement that the size of one pixel be very small and light be collected more 

efficiently. For this purpose, a microlens having a higher refractive index is demanded. 

Furthermore, in order to fabricate a larger number of devices by one production, the size of the 

wafer used is increasing, and in this case, the coated surface state tends to be deteriorated. 

On the other hand, Patent Document 3 discloses a dispersion resin having a specific 

structure for a color filter, which can enhance the dispersibility of an organic pigment, hi 

addition, Patent Document 4 discloses a composition for the formation of a high-refractive-
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index material, in which the above-described dispersion resin having a specific structure is 

contained together with an inorganic fine particle. 

Related Art 

Patent Document 

[0003] 

Patent Document 1: JP-A-2009-179678 (the term "JP-A" as used herein means an 

"unexamined published Japanese patent application") 

Patent Document 2: JP-A-2008-185683 

Patent Document 3: JP-A-2007-277514 

Patent Document 4: JP-A-2008-239923 

Summary 

Problems that the disclosure is to Solve 

[0004] 

However, the above-described composition for the formation of a high-refractive-

index material is required to contain an inorganic fine particle at a high content for achieving a 

high refractive index. In a composition containing an inorganic fine particle at a high content, 

dispersibility is bad due to aggregation, etc. of the inorganic fine particle, and the viscosity 

may be increased to obstruct the formation of a coated film. The problem to be solved is to 

develop a dispersant ensuring good dispersibility of an inorganic fine particle even at a high 

content and enabling decrease in the viscosity of a composition. 

[0005] 

The present disclosure has been made by taking into account the above-described 

problem, and an object of the present disclosure is to provide a dispersion composition having 

a high refractive index and a low viscosity, and a curable composition, a transparent film, a 

microlens and a solid-state imaging device each using the dispersion composition. 

Another object of the present disclosure is to provide a compound able to afford a 

dispersion composition having a high refractive index and giving an excellent surface state to 

a film after coating and drying and maintain the dispersion stability of particles. 
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In an aspect, there is provided a compound represented by the following formula 

(5): 

A3-R7-S-)—R6-(-S—R9-P3) m 

<4~R8-S n2 

in formula (5), 

R6 represents an (m+nl+n2)-valent linking group, 

each of R7 to R9 independently represents a single bond or a divalent linking group 

selected from the group consisting of a chain saturated hydrocarbon group, a cyclic saturated 

hydrocarbon group, an aromatic group, an ester bond, an amide bond, an ether bond, a 

nitrogen atom and a carbonyl group, or a group formed by combining two or more thereof, 

A3 represents a monovalent substituent having at least one group selected from the 

group consisting of a carboxyl group, a sulfonic acid group, a phosphoric acid group, a 

phosphonic acid group and a phosphinic acid group, 

A4 represents a monovalent substituent different from A3, and represents a 

monovalent substituent having at least one group selected from the group consisting of an 

acetylacetonate group, an amino group (-NH2), a substituted imino group represented by -

NHR8 or -NIl9R10 (wherein each of R8, R9 and R10 independently represents an alkyl group 

having a carbon number of 1 to 20, an aryl group having a carbon number of 6 or more, or an 

aralkyl group having a carbon number of 7 or more), a guanidyl group represented by the 

following formula (al), and an amidinyl group represented by the following formula (a2), a 

group having a phenol structure, a group represented by -NR15CGNR16R17 (wherein each of 

R15, R16 and R17 independently represents a hydrogen atom, an alkyl group having a carbon 

number of 1 to 20, an aryl group having a carbon number of 6 or more, or an aralkyl group 

having a carbon number of 7), a group represented by -NHCOOR18, -NR19COOR20, -

GCONHR21, or -OCONR22R23 (wherein each of R18, Ri9, R20, R21, R22 and R23 independently 

represents an alkyl group having a carbon number of 1 to 20, an aryl group having a carbon 

number of 6 or more, or an aralkyl group having a carbon number of 7 or more), an alkyl 

group, an aryl group, an alkyloxycarbonyl group, an alkylaminocarbonyl group, an 
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alkyleneoxy chain-containing group, a group having succinimide structure, phthalimide 

structure, or naphthalimide structure, a carboxyl group wherein a hydrogen atom is substituted 

with a counter ion, an aminosulfonyl group, a hydroxyl group, and a heterocyclic group, 

nl number of A3 or R7 may be the same or different from each other, n2 number of 

A4 or R8 may be the same or different from each other, 

m represents a positive number of 8 or less, 

nl represents from 1 to 8, 

n2 represents from 1 to 8, 

m+nl+n2 satisfies the range of 3 to 10, 

P3 represents a polymer chain derived from at least one member selected from a 

polymer or copolymer of a vinyl monomer, an ester-based polymer, an ether-based polymer, a 

urethane-based polymer, an amide-based polymer, an epoxy-based polymer, a silicone-based 

polymer, and a copolymer thereof, 

and m number of P3 or R9 may be the same or different from each other: 

R11—N R13—N 
J—N— ( a 1 ) y— (a 2) 

R12— NH H R14—NH 

in formula (al), each of R11 and R12 independently represents an alkyl group having 

a carbon number of 1 to 20, an aryl group having a carbon number of 6 or more, or an aralkyl 

group having a carbon number of 7 or more, 

in formula (a2), each of R13 and R14 independently represents an alkyl group having 

a carbon number of 1 to 20, an aryl group having a carbon number of 6 or more, or an aralkyl 

group having a carbon number of 7 or more. 

In another aspect, there is provided a dispersion composition containing: 

(A) a metal oxide particle having a primary particle diameter of 1 nm to 100 nm, 

(B) a dispersant, and 

(C) a solvent: 

wherein the dispersant is a compound as claimed in any one of claims 1 to 10. 

Means for Solving the Problems 

[0006] 
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Specific means for solving the above-described problem are as follows. 

[I] A dispersion composition containing: 

(A) a metal oxide particle having a primary particle diameter of 1 nm to 100 nm, 

(B) a polymer compound represented by the following formula (1) having a weight 

average molecular weight of 5,000 to 8,000 and an acid value of 70 to 90 mgKOH/g, and 

(C) a solvent: 

formula { 1 ) 

in formula (1), 

R1 represents an (m+n)-valent linking group represented by any one of the following 

formulae (1) to (17), 

R represents a single bond or a divalent linking group, 

A5 represents a monovalent substituent having at least one group selected from the 

group consisting of an acid group, a urea group, a urethane group, a coordinating oxygen 

atom-containing group, a basic nitrogen atom-containing group, a phenol group, an alkyl 

group, an aryl group, an alkyleneoxy chain-containing group, an imide group, an 

alkyioxycarbonyl group, an alkylaminocarbonyl group, a carboxyiate group, a sulfonamide 

group, a heterocyclic group, an alkoxysilyl group, an epoxy group, an isocyanate group and a 

hydroxy! group, n number of A1 or R2 may be the same or different from each other, 

m represents a positive number of 8 or less, 

n represents from 1 to 9, 

m-Ha satisfies the range of 3 to 10, 

P! represents a. polymer chain, and m number of P1 may be the same or different 

from each other: 
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0 0 op 
'i"Q—CHJ-CHJ— ^ ̂ —CHg-d—-G—CHB ^.CHj—Q-Clr-CH;— 

H3G—CF£ VCH2-0-G-CH2-CH2— HaC~CS^ ^CHg-O-e-CHj-

0 O 0 0 
•CHj—CBj-NH—6~0—CH2 ,CHrO-<^-NH~CH2-CHj— —CHJ-CHJ-O-Q-O—CH, .CHz-0-6-0~CH2-CH2-

VCT ""C 
HjO-CFf^VCHr-O-G-NH-CH?-0H3— H30—Cff N=H2-0-|-0-CHrCHr 

O 
CH2-CH2— CH2-CH2—N—C3—0—CHJ-CHJ-

(5, Oy^V0 (fil Oyk Q H (7) 

N •—CHj-CH^ Y ^CHg-CVir- —CH2-CH2-0—G—M-CHj-CH^ ^CH2-CH2-~N-G—0-CH2-CHJ— 
6 H 5 H 

^wO iW^O 
isi C 

6 o 6 6 

o o 
-CH2-CH2-4-0-CH2 ,CH2-0-(J—CH2-CH2~ 

HQ) 
-CHrCH2-C—0~CH2 XH2-a-C—CH2-CH2-

—CH2-CH,-NH~5~0-CH2 .CHI-O-G—NH—CH2—CH5. 

—-CHj-CHirWH"-O-O—C)^ NCH2~O-0-NH-CH2 CH5— 
A O 

a 0 
—CH2-&-O-CH2 X:H2-O-6-CHJ~ 

(til 
—CH2-G-0—CHZ XH,-0-C— CH2~ 

& 6 

{121 

w 0 

(13) 
-CHS*CH2-0"-' 'G—0-CH2—CHJ— 

O 
~GHS-CH2-0-C^..ON^-C~"0~C^"CH2_" ^ ̂  

—CH?_CHE_C)~9'^V',J' G-O-CHJ-CHK-

~CHfCH2-0~C 
0 

o o 
—CHg—CHj—G— 0~CHj ^^CHj-O-G—Cnj-CHj— 

0 .CHj"" NCH2-O-G-CHS-CH2-
-CHa-CHr^-O-CHa XH7—O 6 

^c: 
—CiVCHr&™0—CHS ^CHg-0-^-CH2-CHz™ 116) 

—CHr^z ,CH2-CH2-
(15} 

—CH2-CH2_f.X^A1^r-'CH2_CH2 
—CHj—CHj CH2-

-CH2-C—O—CH, ,CH2-0-S- CHJ-

o 
-GHrG-0—CH2 ,CHJ 0X 

-CH2-G-0-CH2 CH2-0-C—CH-r 
& 6 

.CH2 CH g—O-G—CH2-

[2] The dispersion composition as described in [1], 
wherein the metal oxide particle (A) is a particle surface-treated with an organic 

compound. 
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[3] The dispersion composition as described in [2], 
wherein the organic compound is a fatty acid. 

[4] The dispersion composition as described in any one of [I] to [3], 
wherein ths content of the metal oxide particle (A) is 65 mass% or more based on 

the total solid content of the dispersion composition. 
[5] The dispersion composition as described in any one of [1] to [4], 

wherein the polymer compound (B) is a polymer compound represented by the 
following formula (2): 

[ A2-R%VR3{S ft5~PZ)m formula. ( 2 ) 

in formula (2), 
R3 represents an (m+n)-valent linking group represented by any one of the following 

formulae (1) to (17), 
each of R4 and R5 independently represents a single bond or a divalent linking group, 
A2 represents a monovalent substituent having at least one group selected from the 

group consisting of an acid group, a urea group, a urethane group, a coordinating oxygen 
atom-containing group, a basic nitrogen atom-containing group, a phenol group, an alkyl 
group, an aryl group, an alkyleneoxy chain-containing group, an imide group, an 
alkyloxycarbonyl group, an alkylaminocarbonyl, group, a carboxylate group, a sulfonamide 
group, a heterocyclic group, an alkoxysilyl group, an epoxy group, an isocyanate group and a 
hydroxyl group, n number of A2 or R4 may be the same or different from each other, 

m represents a positive number of 8 or less, 
n represents from 1 to 9, 
m+n satisfies the range of 3 to 10, 
P2 represents a polymer chain, and m number of P2 or R5 may be the same or 

different from each other: 
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o o 
-CH?~CH,-6-O-CHZ CH2-O~G~-CH2-CH2~ 

0) 

0 9 
-CH2-6—O—CHZ -CH j—Q-fe—CHj— 

ic 
H3C—<^T"'XCH2~0--G~CH2-

0 

a o 
-CH2-CH2-NH~6-0-CH2 ,CHJ-0-G—NH~CH^—CH2-

H3c-ctff VCH2-O-C--MH-CH2-CH2-
6 

0 0 
-CH2-CH2-0~-&—0—CHj CH2--0-fe~0~CH2-CH2-

K.C-C^ XHrO-C-O —CH2—CHj-
o 

w 

CH2-CH2—N-4~a~CH3-CH2— 

<V^Y° H w 
—CHz-Cl-C" Y <CHz-CHr~ _<!HrCH2-0-4-N-CH2-CHf" vCHrCHj-N~C—O-CHj-CHs— 

6 H <j) H 

CH2-CH2-

I A 

^-CH, Ks> "CHj 

*V> 
-NH XH2 

CiHj ^ 

? 9 
-CH2-CH2-C-0-CH2 .CHJ-O-C—CH2-CHJ-;c no 
-CH2-CH2-C—Q—CH2 XH2-0-G-CH2-CH2-

4 o 

—CHrCHe-NH-~6-0-Cf-l2 

—CHaK:Hr-NH~p-0—CftT XCH-~0~0-NH—CHj CHS-

O 0 
"CH2~6-0-CH7 VCH2-0-6—CHJ— , 

(11) 
-CH2-G-0—CH2 CHJ—0-G~CHJ— 

o 6 

{121 

o 9 

-DHrCH?-0 

nsi 
G-0"^Hg—CH^~ 

-CHa~CH2~o-C. 

-CfirCH2-0~9'' 
o 

o 
,G-0—CHj-CHg-

G-0-CH2-CH2-
6 

-CHfCHj-O-C 
6 

—CH^-CH2 ,CH2-CH^— 
-N 

N^N 
—CHrCH^j^ XH: 

—c H2-CH2 

{15} 

-CHs-CHf— 

0 o 
1 Jk fK #>l i /"M_» . .f\ A-.. l-»l_3 _/M_l 

—v nj—'wrig-L>'—/wn $ KJ— WT—O S ig ur 

0 .CH^ 'CHr-O-C—CHs-CHs-
-CB2-CH2-6-O-CH2 ,CHS—cr 6 

-GH2-CH2-0-0~CH^ \JH2-Q~G-CH.rCH - (1 6) 

0 o 
—CH2-O-O-~CH2 ^CH2-O-6--CH2-

—CH* -4-0—CHy ^CHj-
,CH2 

i(r 
•CM2~C—O—CH^T XCH2-O-C—CH2-

& o 

'CHs-O-C—CH2-6 
(17) 

[6] The dispersion composition as described in any one of [1] to [5], 
wherein A1 in. formula (I) or A2 in formula (2) is a. monovalent substituent having at 

least one group selected from the group consisting of an acid group, a phenol group, an alkyl 
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group, an aryl group, an alkyleneoxy chain-containing group, a hydroxyi group, a urea group, 

a urethane group, a sulfonamide group, an imide group and a coordinating oxygen atom-

containing group. 

[7] The dispersion composition as described in any one of [1] to [5], 

wherein A' in formula (1) or A2 in formula (2) is a monovalent substituent having at 

least one functional group with a pKa of 5 or more. 

[8] The dispersion composition as described in [7], 

wherein the functional group with a pKa of 5 or more is a coordinating oxygen 

atom-containing group, a basic nitrogen atom-containing group, a phenol group, a urea group, 

a urethane group, an alkyl group, an aryl group, an alkyioxycarbonyl group, an 

alkylaminocarbonyl group, an alkyleneoxy chain-containing group, an imide group, a 

carboxylate group, a sulfonamide group, a hydroxyi group or a heterocyclic group. 

[9] The dispersion composition as described in any one of [1] to [8], 

wherein the polymer chain represented by P1 or P2 is a polymer chain derived from 

at least one member selected from a polymer or copolymer of a vinyl monomer, an ester-based 

polymer, an ether-based polymer, a urethane-based polymer, an amide-based polymer, an 

epoxy-based polymer, a silicone-based polymer, and a modification product or copolymer 

thereof. 

[10] The dispersion composition as described in any one of [1] to [9], 

wherein the polymer chain represented by P1 or P2 contains at least one repeating 

unit and the repetition number k of the at [east one repeating unit is from 3 to 50. 

[111 The dispersion composition as described in any one of [1] to [10], 

wherein the polymer compound (B) is a polymer compound represented by the 

following formula (5): 

(A3-R7-S-)^R6—(-S—R9-P3)m 

(A'-R4)n2 

in formula (5), 

R6 represents an (m+nl+n2)-valent linking group represented by any one of the 

following formulae (1) to (17), 

each of R7 to R9 independently represents a single bond or a divalent linking group, 

A3 represents a monovalent substituent having at least one acid, group, 



A4 represents a monovalent substituent different from A3, nl number of A3 or R7 

may be the same or different from each other, n2 number of A4 or R8 may be the same or 

different from each other, 

m represents a positive number of 8 or less, 

nl represents from. 1 to 8, 

n2 represents from 1 to 8, 

m+nl+n2 satisfies the range of 3 to 10, 

P3 represents a polymer chain., and m number of P3 or R9 may be the same or 

different from each other: 

0 L 
——CHj XHj-O-fe-CHg-CHsr 

-xr 0) 
Use-el^ VCM?—O-G—CBJ-CHJ— 

O O 
—GHj—fe—0—CHj CHJ-0-6-CH2~ 

H3O—Cf£j O-G—CHj— 
6 

O 0 

H3C— CFC ^CHJ-O-O-NH-CH^CHJ— 
6 

0 9 
-CHj~CtVO~-6—O—CHi _xCH2~0-6-0-CHs-CHr 

H3G—C&Z NSHJ-O-G-O -CKJ-CHJ— 
O u 

-Sr* 

. CH2-CH2— 
°YNY° (6i 

-CHr-CHrNVH^H^CH= 

CH N-^—O—i 
0^^ ,0 

H 
CH2-CH2 

(7) 
2 ? 

JHv-CH^-O—O—M—CH2~C fl ^CHrCHj-N-O-D-CHj-CH?— 
H A H 

-CH2 

V 

YVtk 
O 

CH2 NH. •cur y 6 
,-MH ^CH2 
C CHj V 
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0 9 
-CHJ-CH2-6—0—CHZ ,CHfO-6—CH2-CHS-

-CH;-CH2~C—D—CHj' X"CH2-0-G-CHZ-CH2" 
0 6 

(10! 

O 0 
-CH,-6-O~CH7 ,CH2-O-G-CH2-' on 
QHz-C5-0—CHj CHy~D-G~CHp— 

o 6 

O 0 
CH2-*CH?-NH—4-0—GH2 -GH2~0-6—NH—CHJ—CHJ— 

-cr da 
—CHa-CHj-NH-G-O-CH? CH2-0-G-NH-CH2 CHj— 

4 4 

-CHj-CH2-0-Ck 

—CHrCHj O-C 

(13) 

& 
G-0-CH2~€H2— 
6 

o ? 
-CHa-O-b-O-L .O^/G-O-'CHjf-CHj.-

-CHrCHj-O-C- V' G-O'CHj-CI^ 

-€HfCH2-0 
o 

0 0 
—CHJ-CHJ-^O—CHS ^/CHrO-6~CHa-CH2~ 

0 £.Hz ^CKJ-O-CJ-CHJ-CHJ— 
-CHgrCHj-6-O-CHa^ ^CHs—cT O 

—CHJ-CH2-G~0—CH^ "NCH2~O-G—CHZ—CHZ— !l 6) 
b 6 

—CHj-CH? CX2-CH2-V 
N^N 

—CH2-CH?„ Jv., ̂-CH j-C H2~ 
—CHj-QHr" '^CHr-CH2-

9 0 

(15) 
o 

• CHj-C—O-CHj .CHa-O-G-CHj-

,GHj' N:HS-0-C— CHg-
—CH2~6-O-CH3 ,CH2—o 6 

sx£ 
CHrC—0~CH2 CH2—O-G—CH2— (17) 

& 6 

[12] A curable composition containing: 
the dispersion composition described in any one of [1] to [11] and 
(D) a polymerizable compound, 

[13] The curable composition as described in [12], 
wherein the polymerizable compound (D) is at least one member selected from the 

group consisting of a compound having two or more epoxy groups or oxetanyl groups in the 
molecule and a compound having two or more terminal ethyiemcaHy unsaturated bonds. 
[14] The curable composition as described in [12] or [13], further containing at least one 
member selected from the group consisting of (E) a polymerization initiator and a binder 
polymer. 
[15] 'Hie curable composition as described in [14], 

wherein the polymerization initiator (E) is an oxime-based polymerization initiator. 
[16] The curable composition as described in any one of [12] to [15], which is used for 
the formation of a microlens or for the formati on of an undercoat film of a color filter. 
[17] A transparent film formed using the curable composition described in any one of 
[12] to [16]. 
[1.8] A microlens folined using a transparent film obtained from the curable composition 
described in [16]. 
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[19] A solid-state imaging device having the microlens described in [18], 

[20] A method for producing the dispersion composition described in any one of [1] to 

[11], 

• [21] A polymer compound represented by the following formula (5): 

A3-R7-S^R6-(-S-R9'P3) 

I A4-R8-S 
m 

r,2 

in formula (5), 

R6 represents an (m+nl+n2)-valent linking group represented by any one of the 

following formulae (1) to (17), 
"7 Q each of R to R independently represents a. single bond or a divalent linking group, 

A3 represents a monovalent substituent having at least one acid group with a pKa of 

less than 5, 

A4 represents a monovalent substituent different from A3 and having at least one 

functional group witii a pKa of 5 or more, nl number of A3 or R7 may be the same or different 

from each other, n2 number of A4 or R8 ma y be the same or di fferent from each other, 

m represents a positive number of 8 or less, 

nl represents from 1 to 8, 

n2 represents from 1 to 8, 

m+nl+n2 satisfies the range of 3 to 10, 

P3 represents a polymer chain, and m number of P3 or R9 may be the same or 

different from each other: 



11 

CO 0 0 
-CHa-CHr^-O-CHa ,CH2-O-0-CHrCHa- _CH XHa-O-fc-CH*-jxf W • (2) 

H3G-CF£ CHZ—O-G—CHJ-CHJ— H3C—CfC CH2-0-C-CHz-
6 6 

0 0 0 0 
•-CHj—CHj-NH—G—0~~CHj .CHz-0-6-NH-CH2-CHr- —CHrCH2-0-&-0-~CH2 ,CHr0-6~0-CHj~CH2— .XL pc 

HsC— CH2 Wj-O-G-NH-CKr-CHi— Ha0—Ctf2 CHJ-O-G-O-CHJ-CHJ— 
6 (3) 5 M 

o 
CH2-CH2— CH2-CHJ-N-4-0~CH2-CHJ— 

OY""Y° ret V^v° H {r 

s&JL ? AA 8 —CHZ-CKT T "CH2-CH2— — CHZ-CH2-0-G-N-CH?-C^ Y CH2-CH2—N—0—0—CH2-CH2 
6 H ' 0 H 

^HiU-CHj ^GHS-CHJ 
,^> i^hUo 

r . 181 rS ifll 

60 60 

0 o 
—CHJ-GHJ-G—O—CH2 XH2-0-6-CH2-CH2-XL 
-CHj-CH?-C—0—CHz ^CHz-O-C—CH2-CH2-

6 & 
(10) 

0 ? 
—CH;-CH£-NH-6-0-CH2 ^CH2-O-G-NH-CH ,-CH, 

—CHJ-CHJ-NH— G-0—Cf% XCH2-0-G-NH~CH2 CH2-
A 6 

o 0 

-CHy-G—O—CH? 
li 

(11) 

{121 

^CHj-O-G—CH7— 
6 

~CK2-CH2-0-C.^>0-CH2-CHr 
(13) 

-CHfOHj-O- V0~0""CH2 CHg 

-CHrCHa-O-O. > 

-CHrCHrO-

~CHfCH2-0-C 
o 

o 
.e-0-CH2~CH2-

-0-CH2-€H2-
{14} 

—CH2~CH2 /MrOHr-
""K 

N'^N 
its) 

-CHrCH^N 

—CHa-CH^ 

9 Q 
™CHrCHr&~0—CH,- ^xGHj-0-C—CHrCHj-

O XCH2-0-C—CHj-CHjr-
-CHa-CHj-S-O-CHa —O O 

—CHjrCH^-G-0 —CH^' ^CHg-O-G-CHy-CHi,- (H) 
& 6 

0 O 
CHj-G—O—CHj ,CH2-0-6-CH2 -X 

,CHj XCH2-D-G-CHr 

CHy(^—0—CH2 ,CH2-

CHj-Q—O—CH^ CHj-O-G—CH2-
& 6 

(1?) 

[22] A polymer compound represented by the following formula (5) having a weight 
average molecular weight of 5,000 to 8,000 and an acid value of 70 to 90 mgKOH/g: 
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A3-R7-S-)— R6—^-S-R9 

n1 

A4-R8-S 

P3)m 

n2 

in formula (5), 
R6 represents an (m+nl+n2)-valent linking group represented by any one of the 

following formulae (1) to (17), 
*7 Q each of R to R independently represents a single bond or a divalent linking group, 

A' represents a monovalent substituent having at least one acid group, 
A4 represents a monovalent substituent different from A3, nl number of A3 or R7 

may be the same or different from each other, n2 number of A4 or R8 may be the same or 
different from each other, 

m represents a positive number of 8 or less, 
nl represents from 1 to 8, 
n2 represents from 1 to 8, 
m+nl+n2 satisfies the range of 3 to 10, 
P3 represents a polymer chain, and m number of P3 or R9 may be the same or 

different from each other: 

0 9 
-CHj-CHrd~0-CH2 .CHz-O-C-CKj-CHa- (1) 

H3G~C!% CHJ—O-G—CHZ-CH2— 

O Q 
—CBj-Q—0—CHZ vCHg-0-6~CHji— 

H30-Cfi2 XCH2~0-&-CH2-

oo 90 
—CHJ-CH2-NH~G—O—CH2 CH2~CH2— —CH2-CH2-0-C—o—CHJ xc 

H3C-"CiC' ^CHj-O-G-^H-CHz-CHz— H3G—Cf?f XCH2-0-G~0-CH2-CHs~ 
0 ... O 

o 

N^N (51 

CH2-CHr 

A 
CH2-CH2- N-4-O~CH2-CH2-

^Hr-CHTNs'ir'NvGHrCHr- —OH2<)H2-0-feH^CH2"C(^^l[/WvCH2-CH2--N-C—0-CH2-CH2-
0 H £ H 

OyHY° 

^CH2-CHJ <v> CH2 

fec..o 
•A, 

o 6 
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o o 
-CH2-CH2-C—0--CH, XHg-O-d-CHg-CHj-XL -CHJ-CHJ-C— 0—CH2 CH2-G-C—CH2-CH2~ 

6 0 

(105 

0 9 
—CH2-CHrNH-4-0-CH2 -CH2-0-6-NH-GH2-CHJ-

—CHa-CHr-NH—G-0—Cl=f CH2~0-G-NH~CHJ- CH<r 
k 0 

O 0 
-CH?-&—o—CH2 .CH2—O-G—CH2-
-OHz-G- O—CUT XHa-O-O-CHr 

& 6 
an 

(12) 

o 
-CH2-CH2-0-6V 

-GHrCHj-o-r^-

9 ,G~O~CH2-CH2-
113! 

-Q-CHj—CH2— 

o o 
-CHs-CHr-o-a^O^^^-O-CHj-CHr 

-CHrCHji-O-C 
X 'G-0-CH2~CH2-

-CHfCHj-O-C 
O 

—CHV-CH? CH2-CM2-V 
N^N 

—CH2-CHf" '^CH2-CH2-

HB 

O 0 
~~CHE-CH2-G-0~CH2 ^CH5-0-G~-CH£-cHr 

0 XCH2~0-G—CHg-CHj-
-CI-I2-CH2-&-O-CH2 ,CH2—o 6 

r.c: 
-CH2-CH2-G-0~CH2 ^CHz-O-G-CHj-CH-r 

4 6 
[16} 

0 o 
CH2-G-0-CH2 ,CH2-0-d-CH2-

ic: 
0 £-Ha CHj-D-G—CH2-

CH2-&-O—CH2 ,CH2—o 6 
-CH2-G—0—CH2 CHJ—O-G—CH2-

K 6 
(17) 

[23] The polymer compound as desciibed in [22], 
A 

wherein the substituent A is a monovalent substituent having at least one acid 

group with a pKa of less than 5, and 

the substituent A4 is a monovalent substituent having at least one functional group 

with a pKa of 5 or more. 

[24] The polymer compound as described in any one of [21] to [23], 

wherein the substituent A3 is a monovalent substituent having at least one group 

selected from the group consisting of a carboxyiic acid group, a sulfonic acid group, a 

phosphoric acid group, a phosphonic acid group and. a phosphinic acid group, and 

the substituent A4 different from A3 is a monovalent substituent having at least one 

group selected from the group consisting of a coordinating oxygen atom-containing group, a 

basic nitrogen atom-containing group, a phenol group, a urea group, a urethane group, an alkyl 

group, an aryl group, an alkyloxycarbonyl group, an alkylaminocarbonyl group, an 

alkyleneoxy chain-containing group, an imide group, a carboxylate group, a sulfonamide 

group, a hydroxyi group and a heterocyclic group. 

[25] The polymer compound as described in any one of [21] to [24], 

wherein the substituent A3 is a carboxyiic acid group. 

[26] The polymer compound as described in any one of [21] to [25], 
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wherein the substituent A4 is an alkyl group, an aryl group, a coordinating oxygen 

atom-containing group, a. urea group or a urethane group. 

[27] The polymer compound as described in any one of [21] to [26], 

wherein the polymer chain represented by P3 is a polymer chain derived from at 

least one member selected from a polymer or copolymer of a vinyl monomer, an ester-based 

polymer, an ether-based polymer, a urethane-based polymer, an amide-based polymer, an 

epoxy-based polymer, a silicone-based polymer, and a modification product or copolymer 

thereof'. 

[28] The polymer compound as described in any one of [21] to [27], 

wherein the polymer chain represented by P3 contains at least one repeating unit and 

the repetition number k of said at least one repeating unit is from 3 to 50. 

[29] 'Hie polymer compound as described in [21], 

wherein the weight average molecular weight is 10,000 or less. 

The present invention refers to the above [1] to [29]. For a reference, other matters 

(for examples, the matters described in the following <1> to <32> and the like) are also 

described. 

< 1> A dispersion composition containing: 

(A) a metal oxide particle having a primary particle diameter of 1 to 100 nm. 

(B) a polymer compound represented by the following formula (1) having a weight 

average molecular weight of 10,000 or less, and 

(C) a solvent: 

[0007] 

[Chem. 1] 

[ AVR^X-RIZP^ formula ( 1 ) 
\ /n \ /m 

[0008] 

in formula (1), 

R1 represents an (m-hi)-vaient linking group, 

R2 represents a single bond or a divalent linking group, 

A1 represents a monovalent substituent having at least one group selected from the 

group consisting of an acid group, a urea group, a urethane group, a coordinating oxygen 
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atom-containing group, a basic nitrogen atom-containing group, a. phenol group, an alkyl 

group, an aryl group, an alkyleneoxy chain-containing group, an imide group, an 

alkyloxycathoiiyl group, an alkylaminocavbonyl group, a carboxylate group, a sulfonamide 

group, a heterocyclic group, an alkoxysilyl group, an epoxy group, an isocyanate group and a 

hydroxyi group, n number of A1 or R2 may be the same or different from each other, 

m represents a positive number of 8 or less, 

n represents from L to 9, 

m.+n satisfies the range of 3 to 10, 

P1 represents a polymer chain, and m number of P1 may be the same or different 

from each other. 

<2> The dispersion composition as described in <1>, 

wherein the weight average molecular weight of the polymer compound (B) is from 

5,000 to 8,000. 

<3> The dispersion composition as described in <1> or <2>, 

wherein the acid value of the polymer compound (B) is from 70 to 90 mgKOH/g. 

<4> The dispersion composition as described in any one of <1> to <3>, 

wherein the content of the metal oxide particle (A) is 65 ma.ss% or more based on 

the total solid content of the dispersion composition. 

<5> The dispersion composition as described ill any one of <\> to <4>, 

wherein the polymer compound (B) is a polymer compound represented by the 

following formula (2): 

[0009J 

[Chem, 2] 

(A-R4SVR3"(S-R-P2) formula (2) 
\ /n V cm 

[0010] 

in formula (2), 

R3 represents an (m+n)-valent linking group, 

each of R4 and R5 independently represents a single bond or a divalent linking group, 

A2 represents a monovalent substituent having at least one group selected from the 

group consisting of an acid group, a urea group, a urethane group, a coordinating oxygen 

atom-containing group, a basic nitrogen atom-containing group, a phenol group, an alkyl 

group, an aiyl group, an alkyleneoxy chain-containing group, an imide group, an 
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alkyloxycarbonyl group, an alltylaminocarbonyl group, a carboxylate group, a sulfonamide 

group, a heterocyclic group, an alkoxysilyl group, an epoxy group, an isocyanate group and a 

hydroxy! group, n number of A2 or R4 may be the same or different from each other, 

m represents a positive number of 8 or less, 

n represents from 1 to 9, 

m+n satisfies the range of 3 to 10, 

P2 represents a polymer chain, and m number of P2 or R.5 may be the same or 

different from each other. 

<6> The dispersion composition as described in any one of <1 > to <5>, 

wherein A1 in formula (1) or A2 in formula (2) is a monovalent substituent having at 

least one group selected from the group consisting of an acid group, a phenol group, an alkyl 

group, an aryl group, an alkyleneoxy chain-containing group, a hydroxyi group, a urea group, 

a urethane group, a sulfonamide group, an imide group and a coordinating oxygen atom-

containing group. 

<7> The dispersion composition as described in any one of <1> to <5>, 

wherein A5 in formula (1) or A2 in formula (2) is a monovalent substituent having at 

least one functional group with a pKa of 5 or more. 

<8> The dispersion composition as described in <7>, 

wherein the functional group with a pKa of 5 or more is a coordinating oxygen 

atom-containing group, a basic nitrogen atom-containing group, a phenol group, a urea group, 

a urethane group, an alkyl group, an aryl group, an alkyloxycarbonyl group, an 

alkylaminocarbonyl group, an alkyleneoxy chain-containing group, an imide group, a 

carboxylate group, a sulfonamide group, a hydroxyi group or a heterocyclic group. 

<9> The dispersion composition as described in any one of <1 > to <8>, 

wherein the polymer chain represented by P1 or P2 is a polymer chain derived from 

at least one member selected from a polymer or copolymer of a vinyl monomer, an ester-based 

polymer, an ether-based polymer, a urethane-based polymer, an amide-based polymer, an 

epoxy-based polymer, a silicone-based polymer, and a modification product or copolymer 

thereof. 

<10> The dispersion composition as described in any one of <1> to <9>, 

wherein the polymer chain represented by P1 or P2 contains at least one repeating 

unit and the repetition number k of the at least one repeating unit is from 3 to 50. 

<11> The dispersion composition a.s described in any one of <\> to <10>, 
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wherein R1 in fonnula (1) or R3 in formula (2) is a group represented by any one of 

the following formulae: 

[0011] 

[Chem. 3] 

T4 T5 

-T5-(L5-T5-
/-Ts T5^ 

T4"U"T4 or 

[0012] 
in these formulae, 

1_3 represents a trivalent group, T3 represents a single bond or a divalent linking 

group, and three T3 may be the same or different from each other; 

L4 represents a tetravalent group, T4 represents a single bond or a divalent linking 

group, and four T4 may be the same or different from each other; 

L5 represents a pentavalent group, T5 represents a single bond or a divalent linking 

group, and five T5 may be the same or different from each other; 

L6 represents a hexavalent group, Tg represents a single bond or a divalent linking 

group, and six Tg may be the same or different from each other. 

<12> The dispersion composition as described in any one of <1> to <11>, 

wherein the polymer compound (B) is a polymer compound represented by the 

following fonnula (5): 

[0013] 

[Chem,. 4] 

;ooi4] 
in formula (5), 

R6 represents an (m+nHii2)-valent linking group, each of R7 to R9 independently 

represents a single bond or a divalent linking group, 

A3 represents a monovalent substituent having at least one acid group, 

A4 represents a monovalent substituent different from A3, 

11I number of A3 or R7 may be the same or different from each other, 
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n2 number of A4 or R8 may be the same or different from each other, 

m represents a positive number of 8 or less, 

nl represents from 1 to 8, 

ii2 represents from 1 to 8, m+nl+n2 satisfies the range of 3 to 10, 

P3 represents a polymer chain, and 

m number of P3 or R9 may be the same or different from, each other. 

<13> A curable composition containing the dispersion composition described in any one 

of <1> to <12> and (D) a polymerizable compound. 

wherein the polymerizable compound (D) is at least one member selected from the 

group consisting of a compound having two or more epoxy groups or oxetanyl groups in the 

molecule and a compound having two or more terminal ethylemcally unsaturated bonds. 

<15> The curable composition as described in <13> or <14>, further containing at least 

one member selected, from the group consisting of (E) a polymerization initiator and a binder 

polymer. 

<16> The curable composition as described in <15>, 

wherein the polymerization initiator (E) is an oxime-based polymerization initiator. 

<17> The curable composition as described in any one of <13> to <16>, which is used for 

the formation of a microlens or for the formation of an undercoat film of a color filter. 

<18> A transparent film formed using the curable composition described in any one of 
<13> to <17>. 

<19> A microlens formed using a transparent film obtained from the curable composition 

described in <17>. 

<20> A solid-state imaging device having the microlens described in <19>. 

<2l> A method for producing the dispersion composition described in any one of <1> to 

<12>. 

<14> The curable composition as described in <13>, 

[0015] 

<22> A polymer compound represented by the following formula (5): 

[0016] 

[Chem. 5] 
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[0017] 

in fonnula (5), 

R6 represents an (m+nl+n2)~valent Jinking group, 

each of R7 to R9 independently represents a single bond or a divalent linking group, 
A 

A" represents a monovalent substituent having at least one acid group, 

A4 represents a monovalent substituent different from A3, 

nl number of A3 or R7 may be the same or different from each other. 

n2 number of A4 or R8 may be the same or different from each other, 

m represents a positive number of 8 or less, 

nl represents from 1 to 8, 

n2 represents from 1 to 8, 

m+ni+-n2 satisfies the range of 3 to 10, 

P3 represents a polymer chain, and 

m number of P3 or R9 may be the same or different from each other. 

<23> The polymer compound as described in <22>, 

wherein the substituent A3 is a monovalent substituent having at least one acid 

group with a pKa of less than 5, and 

the substituent A4 is a. monovalent substituent having at least one functional group 

with a pKa of 5 or more. 

<24> The polymer compound as described in <22> or <23>, 

wherein the substituent A is a monovalent substituent having at least one group 

selected from the group consisting of a carboxyiic acid group, a sulfonic acid group, a 

phosphoric acid group, a phosphonic acid group and a phosphinic acid group, and 

die substituent A4 different from A3 is a monovalent substituent having at least one 

group selected from the group consisting of a coordinating oxygen atom-containing group, a 

basic nitrogen atom-containing group, a phenol group, a urea group, a urethane group, an alkyl 

group, an aryl group, an alkyloxycarbonyl group, an alkylaminocarbonyl group, an 

alkyleneoxy chain-containing group, an imide group, a carboxylate group, a sulfonamide 

group, a hydroxyi group and a heterocyclic group. 

<25> The polymer compound as described in any one of <22> to <24>, 

wherein the substituent A is a carboxyiic acid group. 

<26> The polymer compound as described in any one of <22> to <25>, 

wherein the substituent A4 is an alkyl group, an aryl group, a coordinating oxygen 
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atom-containing group, a urea group or a urethane group. 

<27> The polymer compound as described in any one of <22> to <26>, 

wherein, the polymer chain represented by P is a polymer chain derived from at 

least one member selected from a polymer or copolymer of a vinyl monomer, an ester-based 

polymer, an ether-based polymer, a urethane-based polymer, an amide-based polymer, an 

epoxy-based polymer, a silicone-based polymer, and a modification product or copolymer 

thereof. 

<28> The polymer compound as described in any one of <22> to <27>, 

wherein the polymer chain represented by P3 contains at least one repeating unit and 

the repetition number k of the at least one repeating unit is from 3 to 50. 

<29> The polymer compound as described in any one of <22> to <28>, 

wherein the weight average molecular weight is 10,000 or less. 

[0018] 

The present invention preferably further includes the following configurations. 

<30> A method for producing a transparent film, comprising: 

a step of coating the curable composition described in any one of <13> to <17> on a 

wafer, 

subsequently, a. first heating step, and 

further subsequently, a second heating step at a temperature higher than the 

temperature in the first heating step. 

<31> A method for producing a microlens, comprising a step of post-baking and thereby 

shaping the transparent film described in <18>, and a dry etching step. 

<32> A method for manufacturing a solid-state imaging device, comprising: 

a step of forming a red pixel, a blue pixel and a green pixel on a solid-state imaging 

device substrate having thereon at least a photodiode, a light-shielding film and a device 

protective film, 

a step of coating and heating the curable composition described in any one of <13> 

to <17>, 

a step of forming a resist pattern, 

a step of applying a post-baking treatment, thereby shaping the formed resist pattern 

in a lens shape, and 

a dry etching step. 
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Advantage of the Invention 

[0019] 

According to the present invention, a dispersion composition having a high, 

refractive index and a low viscosity, and a curable composition, a transparent film, a microlens 

and a solid-state imaging device each using the dispersion composition cm be provided.' 

In addition, according to the present invention, a compound able to afford a 

dispersion composition having a high refractive index and giving an excellent surface state to 

a film after coating and drying and maintain the dispersion stability of particles can be 

provided. 

Brief Description of Drawings 

[0020] 

Fig. 1 is a conceptual cross-sectional view depicting one example of the liquid 

crystal display device of an active matrix system. 

Fig. 2 is a conceptual view of the configuration in one example of die organic EL 

display device. 

Fig. 3 is a cross-sectional view depicting the configuration of a capacitance-type 

input device. 

Fig. 4 is a schematic view depicting the configuration of a capacitance-type input 

device. 

Fig. 5 is an explanatory view depicting one example of the first transparent 

electrode pattern and the second transparent electrode pattern in the present invention. 

Mode for Carrying Out the Invention 

[0021] 

In this description, when a group (atomic group) is denoted without specifying 

whether substituted or unsubstituted, the group encompasses both a group having no 

substituent and a group having a substituent. For example, "an allcyl group" encompasses not 

only an alkyl group having no substituent (unsubstituted alkyl group) but also an. alkyl group 

having a substituent (substituted alkyl group). 

The constituent element is sometimes described below based on a representative 

embodiment of the present invention, but the present invention is not limited thereto. In this 

description, the numerical value range expressed by using "(numerical value) to (numerical 
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value)" means a range including the numerical values before and after "to" as a lower limit and 

an upper limit. 

In this description, the "(meth)acrylate" represents acrylate and methacrylate, the 

"(meth)aciyl" represents acryl and methacryl, and the "(meth)acryloyl,! represents acryloyl and 

methacryloyl. Also, in tins description, the "monomeric substance" and the "monomer" have 

the same meaning. The monomer in die present invention is distinguished from an oligomer 

and a polymer and indicates a compound having a mass average molecular weight of 2,000 or 

less. In the description of the present invention, the polymerizable compound indicates a 

compound having a polymerizable group and may be a monomer or a polymer. The 

polymerizable group indicates a group participating in a polymerization reaction. 

In the description of the present invention, unless otherwise indicated, the 

"refractive index" indicates a refractive index for light having a wavelength of 635 nm. 

[0022] 

<Dispersion Composition^* 

The dispersion composition of the present invention contains (A) a metal oxide 

particle having a primary particle diameter of 1 to 100 nm, (B) a polymer compound 

represented by the following fonnula (1) having a weight average molecular weight of 10,000 

or less, and (C) a solvent. 

[0023] 

[Chem. 6] 

(A1-R^™R1^P1)^ formula ( ] ) 

[0024] 

In fonnula (1), 

R1 represents an (m+n)-valent linking group, R2 represents a single bond or a 

divalent linking group, and A1 represents a monovalent substituent having at least one group 

selected from the group consisting of an acid group, a urea group, a urethane group, a 

coordinating oxygen atom-containing group, a basic nitrogen atom-containing group, a phenol 

group, an alkyl group, an aryl group, an alkyleneoxy chain-containing group, an imide group, 

an alkyloxycarbonyl group, an alkylaminocarbonyl group, a carboxylate group, a sulfonamide 

group, a heterocyclic group, an alkoxysilyl group, an epoxy group, an isocyanate group and a 

hydroxyi group. 

n number of A5 or R2 may be the same or different from each other. 
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m represents a positive number of 8 or less, n represents from 1 to 9, and m+n 

satisfies the range of 3 to 10. 

P1 represents a polymer chain, and m number of P1 may be the same or different 

from each other. 

[0025] 

In the dispersion composition of the present invention, the substituent A1 in the 

polymer compound (B) can interact with the metal oxide particle (A) and therefore, by virtue 

of having n (from 1 to 9) number of substituent A1, the polymer compound (B) can strongly 

interact with the metal oxide particle (A). In addition, m number of polymer chain P5 in the 

polymer compound (B) can function as a steric repulsive group and by virtue of having m 

number, a good steric repulsive force can be exerted to uniformly disperse metal oxide 

particles. Furthermore, the molecular structure of the polymer compound (B) infers that a 

problem such as aggregation of particles due to crosslinking between particles, which may be 

caused by a conventional dispersant having a graft or random structure, does not arise. 

[0026] 

<(A) Metal oxide particle having a primary particle diameter of 1 to 100 nm> 

The metal oxide particle (A) for use in the present invention is preferably a colorless, 

white or transparent inorganic particle having a high refractive index and includes an oxide 

particle of titanium (Ti), zirconium (Zr), aluminum (Al), silicon (Si), zinc (Zn) or magnesium 

(Mg). The metal oxide particle is preferably a titanium dioxide (TiC^) particle, a zirconium 

dioxide (ZrC^) particle or a silicon dioxide (S1O2) particle, more preferably a titanium dioxide 

particle (hereinafter, sometimes simply referred to as "titanium dioxide"). 

The titanium dioxide particle for use in the present invention can be represented by 

chemical formula of T1G2 and preferably has a purity of 70% or more, more preferably a 

purity of 80% or more, still more preferably a purity of 85% or more. Hie content of a low-

order titanium oxide represented by formula of TinO?n..i (n represents a number of 2 to 4), 

titanium oxynitride, etc., is preferably 30 mass% or less, more preferably 20 mass% or less, 

still more preferably 15 mass% or less. 

The metal oxide particle for use in the present invention is not particularly limited as 

long as the primary particle diameter is from 1 nm to 100 nm, and for example, the metal 

oxide particle used may be appropriately selected from commercially available metal oxide 

particles. 

The primary particle diameter of the metal oxide particle is from 1 nm to 100 11m 



24 

but is preferably from 1 nm to 80 nm, more preferably from 1 nm to 50 nm, still more 

preferably from 10 nm to 30 um. If the primary particle diameter of the metal oxide particle 

exceeds 100 nm, the refractive index and transmittance may decrease. If the primary particle 

diameter is less than 1 nm, the dispersibility may be reduced due to aggregation. 

In the present invention, an average particle diameter may also be used as an 

indicator of the primary particle diameter. The average particle diameter of the metal oxide 

particle for use in the present invention means a value obtained by 80-fold diluting a mixed 

solution or dispersion liquid containing the metal oxide particle with propylene glycol 

monomethyl ether acetate, and measuring the resulting diluted solution by a dynamic 

scattering method. 

This measurement is performed using MICROTRACK. UPA-EX150 manufactured 

by Nikkiso Co., Ltd. to obtain a number average particle diameter. 

[0027] 

In the present invention, the refractive index of the metal oxide particle is not 

particularly limited but from the standpoint of obtaining a high refractive index, is preferably 

from 1.75 to 2.70, more preferably from 1.90 to 2.70. 

The specific surface area of the metal oxide particle is preferably from 10 to 400 

m2/g, more preferably from 20 to 200 m2/g, still more preferably from 30 to 150 m2/g, and 

most preferably from 40 to 70 m /g. 

The metal oxide particle is not particularly limited in its shape and may have, for 

example, a rice grain shape, a spherical shape, a cubic shape, a spindle shape or an indefinite 

shape. 

The metal oxide particle of the present invention may be a metal oxide particle 

surface-treated with an organic compound. Examples of the organic compound used for the 

surface treatment include a polyol, an alkanolamine, a fatty acid (preferably stearic acid), a 

silane coupling agent, and a titanate coupling agent. Among these, a fatty acid (preferably 

stearic acid) or a silane coupling agent is preferred, and a fatty acid is more preferred. 

The surface treatment may be performed using one surface treating agent alone or 

using two or more kinds of surface treating agents in. combination. 

It is also preferred that the metal oxide particle surface is coated with an oxide such 

as aluminum, silicon, and zirconia. By this coating, the weather resistance is more enhanced. 

As the metal oxide particle for use in the present invention, a commercially 

available product may be preferably used. 
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The commercially available titanium dioxide particle includes TTQ series (e.g., 

TTO-51(A), TTO-51(Q), TTO-S and V series (e.g., TTO-S-l, TTO-S-2, TTO-V-3), produced 

by Ishihara Sangyo Kaislia, Ltd.; and MT series (e.g., MT-01, Ml-05) produced by Tayca 

Corporation). 

The commercially available zirconium dioxide particle includes, for example, UEP 

(produced by Daiichi Kigenso Kagaku Kogyo Co., Ltd.); PCS (produced by Nippon Denko 

Co-; Ltd.); JS-01, JS-03 and JS-Q4 (produced by Nippon Denko Co., Ltd.); and UEP-100 

(produced by Daiichi Kigenso Kagaku Kogyo Co., Ltd.). 

The commercially available silicon dioxide particle includes, for example, OG5D2-

31 produced by Clariant Co. 

In the present invention, one of these metai oxide particles may be used alone, or 

two or more thereof may be used in combination. 

[0028] 

The content of the metal oxide particle in the dispersion composition of the present 

invention is, from the standpoint of obtaining a high refractive index, preferably 65 mass% or 

more, more preferably 70 mass% or more, based on the total solid content of the dispersion 

composition. 

The upper limit of the content is not particularly limited but is preferably 90 mass% 

or less, more preferably 85 mass% or less, based on the total solid content of the dispersion 

composition. 

[0029] 

<(B) Polymer compound represented by formula (1) having a weight average molecular 

weight of 10,000 or less> 

In the present invention, the weight average molecular weight of the polymer 

compound (B) represented by formula (1) is 10,000 or less, preferably 8,000 or less. 

It is considered that if the weight average molecular weight is too large, the particle 

diameter of a metal oxide particle (A)-polymer compound (B) composite in the dispersion 

composition (curable composition) becomes large and particles are not closely packed in the 

obtained film, making it difficult to increase the refractive index. On the other hand, in the 

present invention,, the weight average molecular weight is set to the above-described range, 

and this is thought to allow for keeping the particle diameter of a metal oxide particle (A)-

polymer compound (B) composite small, closely packing the particles in the obtained film, 

and increasing the refractive index, hi addition, although the reason is not clearly known, it 
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is believed that by setting the weight average molecular weight to the range above, the 

dispersibility can also be enhanced and the viscosity can be reduced. 

The lower limit of the weight average molecular weight is not particularly limited 

but from the standpoint of bringing out the function as a dispersant and in turn, more reliably 

achieving the effects of the present invention, is preferably 1,000 or more, more preferably 

3,000 or more. 

Among others, the weight average molecular weight of the polymer compound (B) 

is preferably from 5,000 to 8,000, because, as described later, when a cured film is formed, the 
visible light transmittance of the cured film is excellent. 

[0030] 

Each group in formula (1) is described in detail below. 

A1 represents a monovalent substituent containing at least one functional group 

having adsorbabi.li.ty to the metai oxide particle (A), such as acid group, basic nitrogen atom-

containing group, urea group, urethane group, coordinating oxygen atom-containing group, 

phenol group, alkyl group, aryl group, alkyleneoxy chain-containing group, imide group, 

alkyloxycarbonyl group, alkylaminocarbonyl group, carboxylate group, sulfonamide group, 

alkoxysilyl group, epoxy group, isocyanate group and hydroxyi group, or at least one structure 

capable of having adsorbahility to the metal oxide particle (A), such as heterocyclic structure. 

hi the following description, the moieties (the above-described functional group and 

structure) having adsorbability to the metal oxide particle (A) are appropriately referred to by 

the generic term "adsorption moiety". 

[0031] 

It may be sufficient if one A1 contains at least one adsorption moiety, and two or 

more adsorption moieties may also be contained. 

The embodiment where two or more adsorption moieties are contained in one A3 

includes an embodiment where two or more adsorption moieties are bonded through a chain 

saturated hydrocarbon group (may be linear or branched, preferably having a carbon number 

of 1 to 10), a cyclic saturated hydrocarbon group (preferably having a carbon number of 3 to 

10), an aromatic group (preferably having a carbon number of 5 to 10, e.g., phenylene group), 

etc. to form a monovalent substituent A5, and an embodiment where two or more adsoiption 

moieties are connected through a chain saturated hydrocarbon group to form a monovalent 

substituent A5 is preferred. 

In the case where the adsorption moiety itself constitutes a monovalent substituent, 
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the adsorption moiety itself may be a monovalent substituent represented by A1. 

First, the adsorption moiety constituting A1 is described below. 

.Preferred examples of the "acid group" include a carboxyiic acid group, a sulfonic 

acid group, a monosulfuric acid ester group, a phosphoric acid group, a monophosphoric acid 

ester group, a phosphonic acid group, a phosphinic acid group, and. a boric acid group. Of 

these, a carboxyiic acid group, a sulfonic acid group, a monosulfuric acid ester group, a 

phosphoric acid group, a monophosphoric acid ester group, a phosphonic acid group and a 

phosphinic acid group are more preferred, a carboxyiic acid group, a sulfonic acid group, a 

phosphoric acid group, a phosphonic acid group and a phosphinic acid group are still more 

preferred, and a carboxyiic acid is yet still more preferred. 

Preferred examples of the "urea group" include -NR1SC0NR56R17 (wherein each of 

R15, R16 and R17 independently represents a hydrogen atom, an alkyl group having a carbon 

number of 1 to 20, an aryl group having a carbon number of 6 or more, or an aralkyl group 

having a carbon number of 7). Of these, -NRi5CGNHR'7 (wherein each of R55 and R17 

independently represents a hydrogen atom, an alkyl group having a carbon number of 1 to 10, 

an aryl group having a carbon number of 6 or more, or an aralkyl group having a carbon 
17 17 number of 7 or more) is more preferred, and -NHCONHR (wherein R represents a 

hydrogen atom, an alkyl group having a carbon number of 1 to 10, an aryl group having a 

carbon number of 6 or more, or an aralkyl group having a carbon number of 7 or more) is still 

more preferred. 

Preferred examples of the "urethane group" include -NHCOOR18, -NR19COOR20, -

GCONHR21". and -OCONE22R23 (wherein each of R18, R19, R20. R21, R22 and R23 independently 

represents an. alkyl group having a carbon number of 1 to 20, an aryl group having a carbon 

number of 6 or more, or an aralkyl group having a carbon number of 7 or more). Of these, -

NHCOOR18, -OCONHR21 (wherein each of R1S and R21 independently represents an alkyl 

group having a carbon, number of 1 to 20, an aryl group having a carbon number of 6 or more, 

or an aralkyl group having a carbon number of 7 or more), etc. are more preferred, and -

NHCOOR58, -OCONHR21 (wherein each of R18 and R21 independently represents an alkyl 

group having a carbon number of 1 to 10, an aryl group having a carbon number of 6 or more, 

or an aralkyl group having a carbon number of 7 or more), etc. are still more preferred, 

The "coordinating oxygen atom-containing group" includes, for example, an 

acetylacetonate group and a crown ether. 

Preferred examples of the "basic nitrogen atom-containing group" include an amino 
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group (-NH2), a substituted imino group (-NI4R8 and -NR9Ri0 wherein each of R8, R9 and R!0 

independently represents an alkyl group having a carbon number of 1 to 20, an aryl group 

having a carbon number of 6 or more, or an aralkyl group having a carbon number of 7 or 

more), a guanidyl group represented by the following formula (al), and an amidinyl group 

represented by the following fonnula (a2): 

[0032] 

[Chem. 7] 

R11— N R13-N 
V-N— (a 1 ) )— ( a 2) 

R12—NH H RU-NH 

[0033] 

In fonnula (al), each of Rn and R12 independently represents an alkyl group having 

a carbon number of 1 to 20, an aryl group having a carbon number of 6 or more, or an aralkyl 

group having a carbon number of 7 or more. 

In Formula (a2), each of R13 and R14 independently represents an alkyl group having 

a carbon number of 1 to 20, an aryl group having a carbon number of 6 or more, or an aralkyl 

group having a carbon number of 7 or more. 

Among these, an amino group (-NH2), a substituted imino group (-NHR8 and -

NR9R!0 wherein each of R?>, R9 and R10 independently represents an alkyl group having a 

carbon number of I to 10, a phenyl group or a benzyl group), a guanidyl group represented by 

fonnula (al) [in formula (al), each of R1! and Ri2 independently represents an alkyl group 

having a carbon number of 1 to 10, a phenyl group, or a benzyl group], an. amidinyl group 

represented by formula (a2) [in formula (a2), each of R13 and R14 independently represents an 

alkyl group having a carbon number of 1 to 10, a phenyl group, or a benzyl group], etc. are 

more prefened. 

In particular, an amino group (-NH2), a substituted imino group (-NHR8 and -

NR9R10 wherein each of R8> R9 and R10 independently represents an alkyl group having a 

carbon number of i to 5, a phenyl group or a benzyl group), a guanidyl group represented by 

formula (al) [in formula (al), each of R11 and R12 independently represents an alkyl group 

having a carbon number of 1 to 5, a phenyl group or a benzyl group], an amidinyl group 

represented by formula (a2) [in. formula (a2), each of R13 and R14 independently represents an 

alkyl group having a carbon number of 1 to 5, a phenyl group or a benzyl group], etc. are still 

more preferably used. 
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[0034] 

The alkyl group as the substituent A1 may be linear or branched and is preferably an 

alkyl group having a carbon number of 1 to 40, more preferably an alkyl group having a 

carbon number of 4 to 30, still more preferably an alkyl group having a carbon number of 10 

to 18. 

The aryl group as the substituent A1 is preferably an aryl group having a carbon 

number of 6 to 10. 

The "alkyleneoxy chain-containing group" preferably forms, at the terminal, an 

alkyloxy group, more preferably an alkyloxy group having a carbon number of 1 to 20. The 

alkyleneoxy chain is not particularly limited as long as the chain has at least one alkyleneoxy 

group, but the chain is preferably composed of an alkyleneoxy group having a carbon number 

of 1 to 6. The alkyleneoxy group includes, for example, -CH2CH2O- and -GH2GH2CH2O-. 

The alkyl group moiety in the "alkyloxycarbonyl group" is preferably an alkyl group 

having a carbon number of 1 to 20. 

The alkyl group moiety in the "alkylaminocarbonyl group" is preferably an alkyl 

group having a carbon number of 1 to 20. 

The "carboxylate group" includes, for example, a group composed of an ammonium 

salt of carboxyi ic acid. 

In the "sulfonamide group", the hydrogen atom bonded to nitrogen atom may be 

substituted by an alkyl group (e.g., methyl group), an acyl group (e.g., acetyl group, 

trifluoroacetyl group), etc. 

[0035] 

Preferred examples of the "heterocyclic structure" include thiophene, furan, 

xanthene, pyrrole, pyrroime, pyrrolidine, dioxolane, pyrazoie, pyrazoline, pyrazolidine, 

imidazole, oxazole, thiazole, oxadiazole, triazole, thiadiazole, pyran, pyridine, piperidme, 

dioxane, morpholine, pyridazine, pyrimidine, piperazine, triazine, trithiane, isoindoline, 

isoindolinone, benzimidazolone, benzothiazole, hydantoin, indole, quinoline, carbazole, 

acridine, acridone, and anthraquinone. 

The "imide group" includes succinimide, phthalimide, naphthalimide, etc. 

Each of the "heterocyclic structure" and die "imide group" may further have a 

substituent, and the substituent includes, for example, an alkyl group having a carbon number 

of 1 to 20, such as methyl group and ethyl group, an aryl group having a carbon number of 6 

to 16, such as phenyl group and naphthyl group, a hydroxyi. group, an amino group, a carboxyl 
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group, a sulfonamide group, an N-suifonyiamide group, an acyloxy group having a carbon 

number of 1 to 6, such as acetoxy group, an alkoxy group having a carbon number of 1 to 20, 

such as methoxy group and ethoxy group, a halogen, atom, such as chlorine and bromine, an 

alkoxycarbonyl group having a carbon number of 2 to 7, such as methoxycarbonyl group, 

ethoxycarbonyl group and. cyclohexyloxycarbonyl group, a cyano group, and a carbonic acid 

ester group such as tert-butyl carbonate. 

[0036] 

The "alkoxysilyl group" may be a. monoaikoxysilyl group, a dialkoxysiiyl group or a 

trialkoxysilyl group but is preferably a trialkoxysilyi group, and examples thereof include a 

trimethoxysilyl group and a triethoxysilyl group. 

The "epoxy group" includes a substituted or unsubstituted oxirane group (ethylene 

oxide group). 

[0037] 

Among others, from the standpoint of achieving good interaction with the metal 

oxide particle (A) and increasing the refractive index as well as decreasing the viscosity of the 

composition, A1 is preferably a monovalent substituent having at least one functional group 

with a pKa of 5 or more, more preferably a monovalent substituent having al least one 

functional group with a pKa of 5 to 14. 

The "pKa" as used herein is as defmed in Chemical Handbook (li) (4th Revised 

Edition, 1993, compiled by The Chemical Society of Japan., Maruzen). 

The functional group with a pKa of 5 or more includes a coordinating oxygen atom-

containing group, a basic nitrogen atom-containing group, a phenol group, a urea group, a 

urethane group, an alkyl group, an aryl group, an alkyloxycarbonyl group, an 

alkylaminocarbonyl group, an alkyleneoxy chain-containing group, an imide group, a 

carboxylate group, a sulfonamide group, a hydroxyi group, a heterocyclic group, etc. 

Specifically, the functional group with a pKa of 5 or more includes, for example, a 

phenol group (pKa: approximately from 8 to 10), an alkyl group (pKa: approximately from 46 

to 53), an aryl group (pKa: approximately from 40 to 33), a urea group (pKa: approximately 

from 12 to 14), a urethane group (pKa: approximately from 11 to 13), -COCH2CO as a 

coordinating oxygen atom (pKa: approximately from 8 to 10), a sulfonamide group (pKa: 

approximately from 9 to 11), a hydroxyi group (pKa: approximately from 15 to 17), and a 

heterocyclic group (pKa: approximately from 12 to 30). 

Among these, A1 is preferably a monovalent substituent having at least one group 
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selected from the group consisting of an acid group, a phenol group, an alkyl group, an aryl 

group, an alkyleneoxy chain-containing group, a hydroxyi group, a urea group, a urethane 

group, a sulfonamide group, an imide group and a coordinating oxygen atom-containing group. 

[0038] 

In fonnula (1), R2 represents a single bond or a divalent linking group, n number 

of R2 may be the same or different. 

The divalent linking group represented by R2 includes a group made up of from 1 to 

100 carbon atoms, from 0 to 10 nitrogen atoms, from 0 to 50 oxygen atoms, from 1 to 200 

hydrogen atoms, and from 0 to 20 sulfur atoms and may be unsubstituted or may further have 

a substituent. 

[0039] 

R2 is preferably a single bond or a divalent linking group made up of from 1 to 10 

carbon atoms, from 0 to 5 nitrogen atoms, from 0 to 10 oxygen atoms, from 1 to 30 hydrogen 

atoms, and from 0 to 5 sulfur atoms. 

R2 is more preferably a group selected from the group consisting of a chain 

saturated hydrocarbon group (may be linear or branched, preferably having a carbon number 

of 1 to 20), a cyclic saturated hydrocarbon group (preferably having a carbon number of 3 to 

20), an aromatic group (preferably having a carbon number of 5 to 20, e.g., phenylene group), 

a thioether bond, an ester bond, an amide bond, an ether bond, a nitrogen atom and a carbonyl 

group, or a group formed by combining two or more thereof; still more preferably a group 

selected from the group consisting of a chain saturated hydrocarbon group, a cyclic saturated 

hydrocarbon group, an aromatic group, a thioether bond, an ester bond, an ether bond and an 

amide bond, or a group formed by combining two or more thereof; and yet still more 

preferably a group selected from the group consisting of a chain saturated hydrocarbon group, 

a thioether bond, an ester bond, an ether bond and an amide bond, or a group formed by 

combining two or more thereof. 

[0040] 

Of these, in the case where the divalent linking group represented by R2 has a 

substituent, the substituent includes, for example, an alkyl group having a carbon number of 1 

to 20, such as methyl group and ethyl group, an aryl group having a carbon number of 6 to 1.6, 

such as phenyl group and naphthyl group, a hydroxyi group, an amino group, a carboxyl group, 

a sulfonamide group, an N-sulfonylamide group, an acyloxy group having a carbon number of 

1 to 6, such as acetoxy group, an alkoxy group having a carbon number of 1 to 6, such as 
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methoxy group and ethoxy group, a halogen atom such as chlorine and bromine, an 

alkoxycarbonyl group having a carbon number of 2 to 1, such as methoxycarbonyl group, 

ethoxycarbonyl group and cyclohexyloxycarbonyl group, a cyano group, and a caibonic acid 

ester group such as tert-butyl carbonate. 

[0041] 

In fonnula (I), R1 represents an (m+n)-valent linking group, and m+ti satisfies the 

range of 3 to 10. 

The (m-rii)-valent linking group represented by R5 includes a group made up of 

from 1 to 100 carbon atoms, from 0 to 10 nitrogen atoms, from 0 to 50 oxygen atoms, from 1 

to 200 hydrogen atoms, and from 0 to 20 sulfur atoms and may be unsubstituted or may 

further have a substituent. 

[0042] 

The (m+n)-valent linking group represented by R1 is preferably a group represented 

by any one of the following formulae: 

[0043] 

[Chem. 8] 

T3 T5 W 
L3~T3— T4-L4-T4 T5;L5"T5 O* —Tg'Lg-fe 

/i , ]4 . 

[0044] 

In these foiinulae, 

L3 represents a. trivalent group, T3 represents a single bond or a divalent linking 

group, and three T3 may be tlie same or different from each other; 

LA represents a tetravalent group, T4 represents a single bond or a divalent linking 

group, and four T4 may be the same or different from each other; 

L5 represents a pentavalent group, T5 represents a single bond or a divalent linking 

group, and five T5 may be the same or different from each other; and 

L& represents a hexavalent group, T6 represents a single bond or a divalent linking 

group, and six T6 maybe the same or different from each other. 

Specific examples of the (m+n)-valent linking group represented by R1 [Specific 

Examples (I) to (17)] are illustrated below. However, the present invention is not limited 

thereto. 
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[0045] 
[Chem. 9] 

o 9 
-CN2-CHJ4-Q-CH2 ,CHa-0-e-CH2-CH2- (1) 

H3G—Cfi2 CH2-0-G--CBr-CHjr 

6 

9 9 

HaO—Cfl^ CHj 
(2) 

o 9 

HjO-Cflf '•CHrO-G-NH-CHr-CHz— 
6 

9 9 
~CHJ~CH2-~0—G—O—CHj ^.CH£"0-Gm0-"CHs'-CHj— 

H3G—C&1 NC H^-O-C—0 —CH2—CHj— 
0 ,,, 

CHJ-CHJ-
w 

CHJ-CHJ—N—S—0—CHJ-CH2~-

re« UT"T « o °rV H O 171 
•i-~Q-h I CHrCHr- —CHj-CHrO-G-f-l-CHz-CH; f VCH2-CH£-N-C—0-CHJ-CHJ-

Q H 6 H 
-CH, 

/CH--CH2 

P^it 

-^CH2~CH? 

6 6 & o 

[0046] 
[Chem. 10] 

° 9 
-CNa-CHj-^-O-CHj ,CHz-0-6-CHa-CHr x; 
—CH?-CH2-G—0—ChC XH?—O-G—CH,-CHj-

& " & 

(10) 

0 9 
—CH24-0—CH7 ^CHJ-O-C—CHJ— 

—CH2-C—0-CHf xCHj-0-C—CH2— 
A d 

ill! 

0 Q 
—CM,-CH?-WH h 0--NH—CHj—CHj-— ^ 

—•CH5-GH2-NH—(3—0—CH2-0-G-NH-CH2 CHa— 
0 0 

v 

~CHj;-CHa-o-6. 
u 

,6-O-CHrCHr 

-CH 
1 " 

Is-CHj-O-C^ Vx^'^e-0-CHs-CH2 

It31 

9 ? 
-Chtj-CHj-o-C. .0. X6-Q-CB2-CH2 

-CHrCH2-0-C' •9-O-CH2-CH2-
o 

-CHj"CHj-0-C 
o 

—CHS-CH2 .CHJ-CHJ— 
V 

^H2-CH^N1 AN-CH^CH^ 
—CHj-CHf ^CH2-CH2-

(15) 

0 9 
—CHj—CH2~G—O—CHZ _CH2—O-G—CHIJ-CHJ-

0 ,CHj CHj—O-C—CHJ-CH2-
O 0 

-CHj-CH2-G~0-CHr (16) 
<h 6 

0 9 
CMjj-D—O—CHa ,CH2-0~0-CHJ-

iC 
O NCHJ-0-G-CHZ' 

CH;r&~0~-CH2 ,CHj-—O 

0-CH2 CH2-0-0~CH2-
o 0 

(17) 

[0047; 

Among these specific examples, in view of availability of the raw material and ease 
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of synthesis as well as solubility in various solvents, the following groups (1), (2), (10), (11), 

(16) and (17) are most preferred as the (m+n)-valent linking group. 

[0048] 

[Chem. 11 ] 

^ 0 0 
-CH2-CH^~0--CHK CHr-0"(WcKrGH2~- ^ CHj .CHj-O-6-CHJ— 

b ^ J 
O 0 09 

—CHj—CHj-G—O—CHj ^CHJ-0-6-CH2-CH2- . —CM;-&—O—CH2 .CHz-0-G—CH2— t 
•C. ^c: «>>> 

~CH2-CH2-C— 0-CH"2 "XCH2—O-G—CHJ-CHJ— —CHrC-O-CH'T' ^CHr-O-G-CK 6 w/i ' & 
00 0 

"•'CH3-CH2~G~0™CKJ, ^CH2-0-Q-CH2-CH,~ —CHJ-C—O~CH2^ 

O CHS X"CH2~0-G~*CHJ—C'Hj— Q ^,CH2 """CHj—0--G—CHj— 
--CH2-CH2-G-0-CH2 y.CHf~"0 6 -CHr&-0—CH2__ ^CHJ—o 0 

--CHJ-CHJ-G—O—CHJ'^^'CHJ-O-G—CHJ—CHj— (185 —CHJ-G-O-CH'T XCH2-0-G™CH2- 117) 
& <!> 6 

[0049] 

In formula (1), m represents a positive number of 8 or Jess, m is preferably from 

0.5 to 5, more preferably from 1 to 4, still more preferably from 1 to 3. 

In formula (1), n represents from 1 to 9. n is preferably from 2 to 8, more 

preferably from 2 to 7, still more preferably from 3 to 6. 

[0050] 

In formula (1), P1 represents a polymer chain and may be selected, for example, 

from known polymers according to the purpose, etc. m number of Pl may be same or 

different. 

Among polymers, the polymer for constituting the polymer chain is preferably at 

least one member selected from the group consisting of a polymer or copolymer of a vinyl 

monomer, an ester-based polymer, an ether-based polymer, a urethane-based polymer, an 

amide-based polymer, an epoxy-based polymer, a silicone-based polymer, and a modification 

product or copolymer thereof [including, for example, a polyether/polyurethane copolymer 

and a copolymer of a polymer of polyether/vinyl monomer (may be any of a random 

copolymer, a block copolymer and a graft copolymer)], more preferably at least one member 

selected from the group consisting of a polymer or a copolymer of a vinyl monomer, an ester-

based polymer, an ether-based polymer, a. urethane-based polymer, and a modification product 

or copolymer thereof, still more preferably a polymer or copolymer of a vinyl monomer. 
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The polymer or copolymer of a vinyl monomer, the ester-based polymer and the 

ether-based polymer, which may be contained in the polymer chain P1, preferably have 

structures represented by the following formulae (L), (M) and (N), respectively: 

[0051] 

[Chem. 12] 

io2Ri° Vo /k2 

(M) <N> 

[0052] 

In the formulae, 

X1 represents a hydrogen atom or a monovalent group and because of limitations in 

the synthesis, is preferably a hydrogen atom or an alkyl group having a carbon number of 1 to 

12, more preferably a hydrogen atom or a methyl group, still more preferably a methyl group. 

R10 presents a hydrogen atom or a monovalent organic group and is not 

particularly limited in terms of structure but is preferably a hydrogen atom, an alkyl group, an 

aryl group or a heteroaryl group, more preferably a hydrogen atom or an alkyl group. In the 

case where R10 is an alkyl group, the alkyl group is preferably a iinear alkyl group having a 

carbon number of 1 to 20, a branched alkyl group having a carbon number of 3 to 20, or a 

cyclic alkyl group having a carbon number of 5 to 20, more preferably a linear alkyl group 

having a carbon number of 1 to 20, still more preferably a linear alkyl group having a carbon 

number of 1 to 6. In formula (L), two or more R!0 differing in the structure may be contained. 

Each of R11 and R52 represents a branched or linear alkylene group (preferably 

having a carbon number of 1 to 10, more preferably from 2 to 8, still more preferably from 3 
11 1.2 to 6). In each formula, two or more R or R differing in the structure may be contained. 

Each of kl, k2 and k3 independently represents a number of 5 to 140. 

[0053] 
'The polymer chain P1 preferably contains at least one repeating unit. 

From the standpoint of bringing out a steric repulsive force to enhance the 

dispersibility and achieving a high refractive index and a low viscosity, the repetition number 

k of the above-described, at least one repeating unit in the polymer chain P1 is preferably 3 or 

more, more preferably 5 or more. 

In addition, from the standpoint of keeping the polymer compound (B) less bulky to 

achieve a low viscosity and allowing the metal oxide particle (A) to densely exist in the cured 
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film (transparent film) so as to acliieve a high refractive index, die repeating unit number k of 

the above-described at least one repeating unit is preferably 50 or less, more preferably 40 or 

less, stiU more preferably 30 or less. 

[0054] 

The polymer is preferably soluble in an organic solvent. If the affinity for an 

organic solvent is low, the affinity for a dispersion medium is weakened, and an adsorption 

layer sufficient for dispersion stabilization may not be ensured. 

The vinyl monomer is not particularly limited but is, for example, preferably 

(meth)acrylic acid esters, crotonic acid esters, vinyl esters, an acid group-containing vinyl 

monomer, maleic acid diesters, fumaric acid diesters, itaconie acid diesters, (rneth)acrylamides, 

styrenes, vinyl ethers, vinyl ketones, olefins, maleimides or a (meth)acrylonitrile, more 

preferably (meth)acryiic acid, esters, crotonic acid esters, vinyl esters or an acid group-

containing vinyl monomer, still more preferably (meth)acrylic acid esters or crotonic acid 

esters. 

Preferred examples of these vinyl monomers include the vinyl monomers described 

in JP-A-2007-277514, paragraphs 0089 to 0094, 0096 and 0097 (in the corresponding U.S. 

Patent Application Publication No. 2010/233595, paragraphs 0105 to 0117 and 0119 to 0120), 

the contents of which are incorporated in the description of the present invention. 

[0055] 

Other than the compounds described above, for example, a. vinyl monomer having a 

functional group such as urethane group, urea group, sulfonamide group, phenol group and 

imide group, may also be used. Such a monomer having a urethane group or a urea group 

may be appropriately synthesized, for example, by utilizing an addition reaction of an 

isocyanate group with a hydroxyi group or an amino group. Specifically, the monomer may 

be appropriately synthesized, for example, by an addition reaction of an isocyanate group-

containing monomer with a compound containing one hydroxyi group or a compound 

containing one primary or secondary amino group, or an addition reaction of a hydroxyi 

group-containing monomer or a primary or secondary amino group-containing monomer with 

monoisocyanate. 

Among polymer compounds (B) represented by formula (1), a poiymer compound 

represented by the following formula (2) is preferred: 
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[0056] 

[Chem. 13] 

(AZ~R~S^R3-^S~R5-P2jm formula (2) 

[0057] 

In formuia (2), A2 has the same meaning as A1 in formula (1), and the preferred 

embodiment is also the same. n. number of A may be the same or different. 

In formula (2), each of R4 and R5 independently represents a single bond or a 

divalent Uniting group, n number of R4 may be the same or different, and m number of R5 

may be the same or different. 

As for the divalent linking groups represented by II4 and R5, the same as those 

recited as the divalent linking group represented by R2 in formula (1) are used, and the 

preferred embodiment is also the same. 

Among others, the divalent linking group represented by R4 and R5 is preferably a 

group selected from the group consisting of a chain saturated hydrocarbon group (may be 

linear or branched, preferably having a carbon number of 1 to 20), a cyclic saturated 

hydrocarbon group (preferably having a carbon number of 3 to 20), an aromatic group 

(preferably having a carbon number of 5 to 20, e.g., phenylene group), an ester bond, an amide 

bond, an ether bond, a nitrogen atom and a carbonyl group, or a group formed by combining 

two or more thereof; more preferably a group selected from the group consisting of a chain 

saturated hydrocarbon group, a cyclic- saturated hydrocarbon group, an aromatic group, an 

ester bond, an ether bond and an amide bond, or a group formed by combining two or more 

thereof; and still more preferably a group selected from the group consisting of a chain 

saturated hydrocarbon group, an ester bond, an ether bond and an amide bond, or a group 

formed by combining two or more thereof. 

[0058] 

In fonnula (2), R3 represents an (m-Hi)-valenl: linking group, and m+n satisfies the 

range of 3 to 10. 

The (m+n)-valent linking group represented by R3 may be unsubstituted or may 

further have a substituent. The same as those recited as the (m+n)-valent linking group 

represented by Rl in formula (1) are used, and the preferred embodiment is also the same. 

In fonnula (2), m and n have the same meanings as m and n in formula (1), 

respectively, and the preferred embodiments are also the same. 
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In formula (2), P2 has the same meaning as P1 in formula (1), and the preferred 

embodiment is also the same, m number of P2 may be the same or different. 

Among the polymer compounds represented by formula (2), a compound satisfying 

all of die following R3, R4, R5, P2, m and n is most preferred. 

R3: Specific Example (1), (2), (10), (11), (16) or (17) 

R4: A single bond, a group selected from the group consisting of a chain saturated 

hydrocarbon group, a cyclic saturated hydrocarbon group, an aromatic group, an ester bond, an 

amide bond, an ether bond, a nitrogen atom and a carbonyl group, or a group fomied by 

combining two or more thereof 

R5: A single bond, an ethylene group, a propylene group, the following group (a) or 

the following group (b) 

In the following groups, R12 represents a hydrogen, atom or a methyl group, and 1 

represents 1 or 2. 

[0059] 

[Chem. 14] 

9 9 
-CH2-CH-e-0-CH2-CH-CH2-0-e-(cH2)- (a) 

R12 OH ' 

O 
-CHZ-CH~^0-CH2CH2- (b) 

R12 

[0060] 

P2: A polymer or copolymer of a vinyl monomer, an ester-based polymer, an ether-

based polymer, a urethane-based. polymer, or a modification product thereof 

m: From 1 to 3 

n: From 3 to 6 

Among the polymer compounds (B) represented by formula (1) or (2), in view of 

dispersion stability, coated surface state, etc. a polymer compound represented by the 

following formula (5) is more preferred: 
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[0061] 
[Chem. 15] 

( A3-R7-S4-R64S ~R9 - P3) * 'n1 | ^ / m 

A4-R8-S )n2 

[0062] 

In formula (5), 
R6 represents an (m+nl+n2)-vaient linking group, 
each of R7 to R9 independently represents a single bond or a divalent linking group, 
A3 represents a monovalent substituent having at least one acid group, 
A'1 represents a monovalent substituent different from A3, nl number of A3 or R7 

may be the same or different from each other, n2 number of A4 or R8 may be the same or 
different from each other, 

m has the same meaning as m in formula (1), the preferred embodiment is also the 
same, 

nl represents from 1 to 8, n2 represents from 1 to 8, m+nl+n2 satisfies the range of 
3 to 10s 

P3 has the same meaning as P2 in formula (2), the preferred embodiment is also the 
same, and m number of P3 or R9 may be the same or different from each other. 

As for the (m+nl+n2)-vaient linking group of R6, the same as those recited as the 
(m-Hi)-valent linking group represented by R1 in formula (1) or R* in formula (2) are used, and 
the preferred embodiment is also the same. 

1 Q As for the divalent linking group of R to R , the same as those recited as the 
divalent linking group represented by R4 and R5 in fonnula (2) are used, and the preferred 
embodiment is also the same. 

Specific examples and preferred examples of the acid group that may be contained 
in the substituent A3 are the same as specific examples and preferred examples described 
above with regard to the acid group in formula (1). 

The substituent A3 is preferably a monovalent substituent having at least one acid 
group with a pKa of less than 5, more preferably a monovalent substituent having at least one 
group selected from the group consisting of a carboxyiic acid group, a sulfonic acid group, a 
phosphoric acid group, a phosphonic acid group and a phosphinic acid group, and most 
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preferably a carboxyiic acid group. 

[0063] 

Specific examples and preferred examples of the monovalent substituent A4 

different from A3 include the same groups except for an acid group out of specific examples 

and preferred examples described above with regard to AL in fonnula (1). Among others, the 

substituent A4 is preferably a monovalent substituent having at least one functional group with 

a pKa of 5 or more, more preferably a monovalent substituent having at least one group 

selected from the group consisting of a coordinating oxygen atom-containing group, a basic 

nitrogen atom-containing group, a phenol group, a urea group, a urethane group, an alkyl 

group, an aryl group, an alkyloxycarbonyl group, an alkylaminocarbonyl group, an 

alkyleneoxy chain-containing group, an imide group, a carboxyiate group, a sulfonamide 

group, a hydroxyi group and a. heterocyclic group, still more preferably an alkyl group, an aryl 

group, a coordinating oxygen atom-containing group, a basic nitrogen atom-containing group, 

a urea group or a urethane group. 

With regard to the combination of the substituent A3 and the substituent A4, it is 

preferred that the substituent A is a monovalent substituent having at least one functional 

group with a pKa of less than 5 and the substituent A4 is a monovalent substituent having at 

least one functional group with a pKa of 5 or more. 

It is more preferred, that the substituent A3 is a monovalent substituent having at 

least one group selected from the group consisting of a carboxyiic acid group, a sulfonic acid 

group, a phosphoric acid group, a. phosphonic acid group and a phosphinic acid group and the 

substituent A4 is a monovalent substituent having at least one group selected from the group 

consisting of a coordinating oxygen atom-containing group, a basic nitrogen atom-containing 

group, a phenol group, a urea group, a urethane group, an alkyl group, an aryl group, an 

alkyloxycarbonyl group, an alkylaminocarbonyl group, an alkyleneoxy chain-containing group, 

an imide group, a carboxyiate group, a sulfonamide group, a hydroxyi group and a 

heterocyclic group. 

It is still more preferred that the substituent A3 is a monovalent substituent having a 

carboxyiic acid group and the substituent A4 is an alkyl group, an aryl group, a coordinating 

oxygen atom-containing group, a basic nitrogen atom-containing group, a urea group or a 

urethane group. 

From the standpoint that the adsorption between the later-described metal oxide 

particle (A) (among others, a titanium dioxide particle) and an alkyl group of the substituent 
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A3 is good, it is yet still more preferred that the substituent A3 is a carboxyiic acid group and 

the substituent A4 is an alkyl group. 

The adsorption between a titanium dioxide particle and an alkyl group of the 

substituent A4 is presumed to be good because, for example, in the case where the titanium 

dioxide particle is surface-treated with a steric acid, an alkyl group of the stearic acid interacts 

with an alkyl. group of the substituent A4. 

[0064] 

The acid value of the polymer compound (B) is not particularly limited, but in view 

of viscosity 01* dispersibility, the acid vaiue is preferably 400 mgKOH/g or less, more 

preferably 300 mgKOH/g or less, still more preferably 250 mgKOH/g or less. 

The lower limit of the acid value is not particularly limited but in view of dispersion 

stability of the metal oxide particle, is preferably 5 mgKOH/g or more, more preferably 10 

mgKOH/g or more. 

Above all, the acid value of the polymer compound (B) is preferably from 70 to 90 

mgKOH/g, because, as described later, when a cured film is formed, the visible light 

transmittance of the cured film is particularly excellent. 

Here, the acid value of the polymer compound (B) is a solid content acid value of 

the polymer compound (B). 

In the present invention, the acid, value of the polymer compound (B) can be 

calculated, for example, from the average acid group content in the polymer compound (B). 

The acid value of the polymer compound (B) can be adjusted by appropriately controlling the 

amount of an acid group in the polymer compound (B) and the amount of the above-described 

functional group with a pKa of 5 or more. For example, at the time of synthesis of the 

polymer compound (B), the charge amount of a compound having an acid group and a carbon-

carbon double bond, the charge amount of a compound having a functional group with a pKa 

of 5 or more and a carbon-carbon double bond, and the charge amount of a vinyl monomer 

having an acid group are appropriately controlled, whereby a polymer compound (B) having a 

desired acid value can be synthesized. 

[0065] 

(Synthesis Method of Polymer Compound (B)) 

Although not particularly limited, the polymer compound represented by fonnula 

(1) or (2) can be synthesized according to the synthesis method described in JP-A-2007-

277514, paragraphs 0114 to 0140 and 0266 to 0348 (in the corresponding U.S. Patent 
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Application Publication No. 2010/233595, paragraphs 0145 to 0173 and 0289 to 0429). 

Above all, the polymer compound (B) represented by formula (1) or (2) is 

preferably synthesized by a method of radical-polymerizing a vinyl monomer in the presence 

of a mercaptan compound having a plurality of the above-described adsorption moieties 

As for the vinyl monomer, only one monomer may be polymerized, or two or more 

monomers may be used in combination and copolymerized. 

Specific Examples (M-l) to (M-9) and (M-14) to (M-16) of the vinyl monomer are 

illustrated below, but the present invention is not limited thereto. 

[0066] 

[Chem. 16] 

[0067] 

More specifically, the synthesis method of the polymer compound (B) represented 

by formula (1) or (2) is preferably a method of radical-polymerizing a vinyl monomer in the 

presence of a compound represented by the following formula (3): 

[006B] 

[Chem. 17] 

( A3~#S)-R6-(SH) formula (3) 

[0069] 

In formula (3), R6, R7, A3, m and n have the same meanings as R3, R4, A2, m and n 

in formula (2), respectively, and their preferred embodiments are also the same. 

As the synthesis method of the polymer compound (B) represented by formula (1) 

or (2), a method of allowing the addition of a compound represented by fonnula (3) and a 

macromonoraer having a carbon-carbon double bond (thiol-ene reaction method) to proceed is 

also preferred.. A radical generator or a base is preferably used as the catalyst for the reaction. 

Specific examples of the macromonomer having a carbon-carbon double bond are 

illustrated below, but the present invention is not limited thereto. In the following specific 
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examples, the repeating unit number k is an integer of 3 to 50. 
[0070] 
[Chem. 18] 

G"- O' 

0 

OH 

O 

A 

S"[ 4+K 
O^OCH, 

-h 

'O V Me 

k 

OCH3 

[007i; 
In addition, as the synthesis method of the polymer compound (B) represented by 

formula (1) or (2), a method of forming a thioester group via a dehydration, condensation, 
reaction of a compound represented by formula (3) and a polymer compound having a 
carboxyiic acid group is also preferred. 

Specific examples of the polymer compound having a carboxyiic acid group are 
illustrated below, but the present invention is not limited thereto. In the following specific 
examples, the repeating unit number k is an. integer of 3 to 50. 
[0072] 
[Chem. 19] 

o oo 
X.1 ""CQH -I? 

C02CH3 

HO 
Me 

[0073] 
As the synthesis method of the polymer compound (B) represented by formula (1) 

or (2), a method of forming a thioether group via a nucleophilic substitution reaction of a 
compound represented by formula (3) and a polymer compound having a leaving group is also 
preferred. The leaving group is preferably a halogen such as iodine, bromine and chlorine, or 
a sulfonic acid ester such as tosylate, mesylate or trifluoromethanesulfonate. 

Specific examples of the polymer compound ha ving a leaving group are illustrated 
below, but the present invention is not limited thereto. In the following specific examples, 
the repeating unit number k is an integer of 3 to 50. 
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[0074] 
[Chem. 20] 

[0075] 
The compound represented by formula. (3) is preferably synthesized by the 

following method: 
a method of addition-reacting a compound having from. 3 to 10 mercapto groups per 

molecule and a compound having the above-described adsorption moiety and having a carbon-
carbon double bond capable of reacting with a mercapto group. 

In particular, the addition reaction is preferably a radical addition reaction. In view 
of reactivity with, a mercapto group, the carbon-carbon double bond is preferably a 
moaosubstituted or disubstituted vinyl group. 

Specific examples of the compound having from 3 to 10 mercapto groups per 
molecule include the following compounds [Specific Examples (18) to (34)]. 
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[0076] 
[Chem. 21 ̂ 

° o 
HS-CM2~CH2-4~0 CH2 ,CHJ-0-6—CHJ-CHJ-SH 

B3C—Ctf2 XH2-O-O-CH2-CH2-5H 
6 

0 0 
HS-CHS-4-O—CH2 VCH2-0-6—CH?—SH 

ft 9] 
HjC—CHj wHj-O'O—CHj—SH 

6 
O O 

HS-CHJ-CHJ-NH-G-O-CHJ .CH2-0-6-NH-CH2-CH2-SH 0 O 
;cC HS-CH2-CH2-0-6~0~CM2 X^r-O-O-O-CHa-CHj-SH 

HjC—crff uHj—0-0—NH—CHJ~CHJ—SH JSC 
{m 6 H^G Cfis ^H^0-C-0-CH,-CH2-SH 

SH 

N-S« (22) 

CH2-CH2-SH 

vVo <23) 
HS'~V"'-SH HS CHj-CH^N^NNCH2-CHa-"BH 

O 

? 
N—i—Q—CH2-CH;—SH 

O^'V3 rt (24) 

HS CHj 

l-!S-CH?-CH?-Q—6—N-CH2-~CI-C "V *'CH?-CHJ--N-4—O-CHj-CHi-SH 
H 0 H 

HS-CH2~CHE 

X, 
1251 

NSi>0 

HS' 
CHj ..Ny rCHj f} ,4 1^ 0. ,CHj My A. JL XH* 

CH^ | VgH HS^ ^Cl< V K SH 

[0077] 
[Chem. 22] 

0 o 
HS-CH2-CH5H^-0-CHJ CHj-Q-G-CHsr-CHz-SH 

HS-CHj-CHj-G-0~CH'r^j-0-C>-CHr-CHrSH 
0 

0 0 
HS—CH2-fe-0—CHj .CHs-O-fe—CHr-SH 

o 
HS-CH2-C—0-~CHa CHJ—O-O-CH2—SH 

6 6 
• o 0 

HS-CHf-CH2-NH-&-D-CH2 X?H2-0-e-NH~CHj-CH£-SH^ 

HS—CH2—-Ct^T CH2~0~0-«H-CBj-CH;rSH O ° 

• 9 
HS-CHj-d-V-O-fe. ,.O.^.^e-°-CHJ"GH^SH 

r 

HS-CH2-CHZ-O-' 

HS-CHj-CHj-O 

-0-CHa-CH2-SH 

5 

!-SS-CH="CH,—O- HS-CHrCiV-fe-O-'CH^ 

0 O 
HS-CHj—O—CH5 .CHJ—Q-G—CHJ-CHJ-SH 

,CH2 CHJ-0-©~CH2-CHJ-SH 

0 
-gHrCHj-O-C 

o 

,xc 
HS-CHa-CHj-G—O—CH? "CH2-0-C~CHrCHrSH 

8 6 
(331 

HS—CH2—CHj .CHJ-CHJ.—SH 
Y (3S 

W N 
HS~C H2~C -CH?-CH2 SH 
HS-CHj-CHj. "CHa—CHJ—SH 

?l $ 
HS-CHj-G—O—CHj ,CH;.-0-G-CH2-SH 

HS-CHJ- &~D-CH2 ^CHJ—Cf & 

HS-CH^-G—0—(34) 

[0078] 
Among these, in view of availability of the raw material and ease of synthesis as 

well as solubility in various solvents, preferable compounds are the following compounds. 
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[0079] 

[Chem, 23] 

o o oo 
HS-CHJ-CHJ-6—O—CH^^CHJ-0-<^H2-£IVSH ^ HB-CH2-&-0—CHj _^CH2-O-S-CH?-SH 

H3G—CfC XCH;-0-G-CH?-CH2-SH H-jO-OFff ',CHs-0*'G-CH2-SH ^ 
6 o 

9 9 o o 
HS-CHJ-CHJ-G—O—CHj J^H2-0-6-CH5-CH2-SH HS--CHa-e-0-CKj ^.CHj-O-t—GHrSH 

Mil (26) 
HS-CHJ-CH7-G-<1-CHS CHJ-C-G—CHj-CI-ij-SH HS-CHf-G-O-Ct-^ ^CHt-O-e-CHf-SI-l 
bo & & 

0 o 
HS-CH2-CHJ-4-0-CHS CH2-(>b-8H 0 o 

JXQ HS-CH2-(7-0-DHa vCH2—O-G—CHj-SH 
0 CHj CHJ—O-G—CHj-CHi-SH 

HS-OHJ-CHJ-^-O—CHZ XH2-0 6 0 y^'h CS^-O-G-CHj- SH 
^CT ..., HS-CH2-0-0-CHa —0 O 

HS-CHJ-CHJ-G—O—CHj XHj-O-G-CHj-CHrSH (33) 
5 6 KS—CHj-G-0—Chfe '•CH,-O-^--DH2-0H E34J 

[0080] 

The above-described compounds are available as a commercial product (for 

example, (33) is dipentaeiythritol hexakis(3-mercaptopropionate: produced by Sakai Chemical 

Industry Co., Ltd.). 

[0081] 

The compound having the above-described adsorption moiety and having a carbon-

carbon double bond (specifically, a compound having at least one member selected from the 

group consisting of an acid group, a urea group, a urethane group, a coordinating oxygen 

atom-containing group, a basic nitrogen atom-containing group, a phenol group, an alkyl 

group, an aryl group, an alkyleneoxy chain-containing group, an imide group, an 

alkyloxycarbonyl group, an alkylaminocarbonyl group, a carboxyiate group, a sulfonamide 

group, a heterocyclic group, an alkoxysilyl group, an epoxy group, an isocyanate group and a 

hydroxyi group, and having a carbon-carbon double bond) is not particularly limited but 

includes the followings: 

[0082] 

[Chem.. 24] 
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HO2C 

HCjC 

HO;C 
COjH 

mo rr ^rr 
0 CO2H 0 COoH 

CZM5 'H®C2H5 &Q?C -'y--
C2H6 COJH 

C?Hs 

L-k COsH 
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hOsS •"V 

H»W it HaC n UA F5C (3 '-==/ H 

0 o 

[0083] 
[Chem. 25] 

H H -w,. f o O 

/ \ 
o^xitA.n o 

a ,a 

ct 

/—\ r\ 
©*^>*0 

[0084] 
[Chem. 26} 

HO2C~' 

HOJC 

CO,!-' 

HGsS, 

r^"XX)2H 
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i 

MO,C^Y^ 
6O2H 

,• f^ 
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\ / H 
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[0085] 
[Chem. 27] 

H 

-WA-N' 
H H 

O \ 

a 
-M*^N 
H H 

CH. 

H3C6 N°CH= 

'—OH 

OCH3 

l\ 0CH3 : 

!)CHa i 

o 

OC 

OH 

•0._ 

NCO 

"OH 

[OOB6] 
[Chem. 28] 

l^A-C02H C02H 

0 0 

CToAf 

[00B7] 
The radical addition reaction product of "a compound having from 3 to 10 mercapto 

groups per molecule" and "a compound having the above-described adsorption moiety and 
having a carbon-carbon double bond" is obtained, for example, by utilizing a method of 
dissolving the "compound having from 3 to 10 mercapto groups per molecule" and the 
"compound having the above-described adsorption moiety and having a carbon-carbon double 
bond" in an appropriate solvent, adding a. radical generator thereto, and allowing the addition 
to proceed at about 50 to 100°C (thiol-ene reaction method). 
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The suitable solvent used in the thiol-ene reaction method may be arbitrarily 

selected, for example, according to the solubility of the "compound having from 3 to 10 

mercapto groups per molecule" and "compound having the above-described adsorption moiety 

and having a carbon-carbon double bond" used and the solubility of the "radical, addition 

reaction product produced". 

Examples thereof include methanol, ethanol, propanol, isopropanoi, l-methoxy-2-

propanol, 2-ethylhexanol, l-methoxy-2-propyl acetate, acetone, methyl ethyl ketone, methyl 

isobutyl ketone, methoxypropyl acetate, ethyl lactate, ethyl acetate, acetonitrile, 

tetrahydrofuran, dimethylformamide, chloroform, and toluene. Two or more of these 

solvents may be mixed and used. 

[0088] 

As the radical generator, for example, an azo compound such as 2,2-

azobis(isobittyronitrile) (AIBN). 2,2'-azobis-(2,4'-dimethylvaleronitrile) and dimethyl 2,2'-

azohisisobutyrate [V-601, produced by Wako Pure ChemicaJ. Industries, Ltd.], a peroxide such 

as benzoyl peroxide, and a persulfate such as potassium persulfate and ammonium persulfate., 

may be used. 

The polymer compound of the present invention is preferably a compound obtained 

using such & vinyl monomer and a compound represented by formula (3) by performing the 

polymerization by a known method in a conventional manner. I-lere, the compound, 

represented by formula (3) for use in the present invention functions as a chain transfer agent 

and, hereinafter, is sometimes simply referred to as "chain transfer agent". 

For example, the polymer compound is obtained by utilizing a method of dissolving 

such a vinyl monomer and the chain transfer agent in an appropriate solvent, adding a radical 

polymerization initiator thereto, and performing the polymerization at about 50 to 220°C in the 

solution (solution polymerization method). 

The suitable solvent used in the solution polymerization method may be arbitrarily 

selected, for example, according to the solubility of the monomer used and the copolymer 

produced. Examples thereof include methanol, ethanol, propanol, isopropanoi, l-methoxy-2-

propanol, 2-ethylhexanol, l-methoxy-2-propyl acetate, acetone, melhyi ethyl ketone, methyl 

isobutyl ketone, methoxypropyl acetate, ethyl lactate, ethyl acetate, acetonitrile, 

tetrahydrofuran, dimethylformamide, chloroform, and toluene. Two or more of these 

solvents may be mixed and used. 

As the radical polymerization initiator, for example, an azo compound such as 2,2'-
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azobis(isobutyronitrile) (AIBN), 2,2'-azobis-(2.4'-dimethylvaleronitrile) and dimethyl 2,2'-

azobisisobutyrate [V-601, produced by Wako Pure Chemical Industries, Ltd.], a peroxide such 

as benzoyl peroxide, and a persulfate such as potassium persulfate and ammonium persulfate, 

may be used. 

In the dispersion composition of the present invention, as the polymer compound. 

(B), one compound may be used alone, or two or more compounds may be used in 

combination. 

The content of the polymer compound (B) based on the total solid content of the 

dispersion composition (or the later-described curable composition) of the present invention .is, 

in view of dispersibility, high refractive index and coated surface state, preferably from 5 to 40 

mass%, more preferably from 10 to 35 mass%, still more preferably from 12 to 30 mass%. 

[0089] 

-Other Dispersion Resin-

The dispersion composition of the present invention may contain a dispersion resin 

(hereinafter, sometimes referred to as "other dispersion resin") other than the above-described 

specific resin, for the purpose of, for example, adjusting the dispersibility of the metal oxide 

particle. 

The other dispersion resin that can be used in the present invention includes a 

polymeric dispersant [for example, a polyamideamine or a salt thereof, a polycarboxylic acid 

or a salt thereof, a high-molecular-weight unsaturated acid ester, a modified polyurethane, a 

modified polyester, a modified poly(meth)acrylates a (meth)acrylic copolymer, and a 

naphthalenesulfonic acid-formalin condensate], a polyoxyethylene alkylphosphoric acid ester, 

a polyoxyethylene alkylamine, an alkanolamine, a pigment derivative, etc. 

The other dispersion resin may be further classified by its structure into a linear 

polymer, a terminal-modified polymer, a graft-type polymer, and a block-type polymer. 

[0090] 

The other dispersion resin adsorbs to the surface of the metal oxide particle and acts 

to prevent re-aggregation. Therefore, preferred structures include a terminal-modified 

polymer, a graft-type polymer and a block-type polymer, each having an anchoring site to the 

metal oxide particle surface. 

Meanwhile, the other dispersion resin has an effect of promoting the adsorption of 

the dispersion resin by modifying the metal oxide particle surface. 

[0091] 
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Specific examples of the other dispersion resin include "DISPERBYIC-101 

(polyamidoamine phosphate), 107 (carboxyiic acid ester), 110, 1.80 (acid group-containing 

copolymers), 130 (polyamide), 361, 162, 1.63, 164, 165, 166, 170 (high molecular 

copolymers)", "BYK-PI04, P105 (high-molecular-weight unsaturated polycarboxylic acids)" 

all produced by BYK Chemie; "EFKA 4047, 4050, 4010, 4165 (polyurethane type), EFKA 

4330, 4340 (block copolymers), 4400, 4402 (modified polyacrylates), 5010 (polyester amide), 

5765 (high-molecular-weight polycarboxylate), 6220 (fatty acid polyester), 6745 

(phthalocyanine derivative), 6750 (azo pigment derivative)" all produced by EFKA; 

"AJISPER PB821, PB822" produced by Ajinomoto Fine Techno Co., Inc.; "FLOWLEN TG-

710 (urethane oligomer)", "POLYFLQW No. 50E, No. 300 (acrylic copolymers)" all produced 

by Kyoeisha Chemical Co., Ltd.; "DISPARLON KS-860, 873SN, 874, #2150 (aliphatic 

polyvalent carboxyiic acids), #7004 (polyether ester), DA-703-5Q, DA-705, DA-725" all 

produced by Kusumoto Chemicals, Ltd.; "DEMOL RN, N (naphthalenesulfonic acid-formalin 

polycondensates), MS, C, SN-B (aromatic sulfonic acid-formalin polycondensates)", 

"HGMOGENOL L-18 (high molecular polycarboxylic acid)", "EMULGEN 920, 930, 935, 

985 (polyoxyethylene nonylphenyl ethers)", "ACETAMIN 86 (stearylamine acetate)" all 

produced by Kao Corporation; "SOLSPERSE 5000 (phthalocyanine derivative) 22000 (azo 

pigment derivative), 13240 (polyester amine), 3000, 17000, 27000 (polymers having a 

functional moiety at a terminal), 24000, 28000, 32000. 38500 (graft-type polymers)" all 

produced by Lubrizol Corporation; and "NIKKOL T106 (polyoxyethylene sorbitan 

monooleate), MYS-IEX (polyoxyethylene monostearate)" both produced by Nikko Chemicals 

Co., Ltd. 

In addition, the other dispersion resin includes polymers obtained by polymerization, 

using as an essential monomer component, a compound represented by formula (ED) 

(sometimes referred to as an ether dimer) in JP-A-2012-208494, paragraph 0562 (in the 

corresponding U.S. Patent Application Publication No. 2012/235099, [0692]) et seq.. the 

contents of which are incorporated in the description of the present invention. 

With regard to specific examples of the ether dimer, the description of the ether 

dimer in JP-A-2012-208494, paragraph 0565 (in. the corresponding U.S. Patent Application 

Publication No. 2012/235099, [0694]), may be taken into consideration, the contents of which 

are incorporated in the description of the present invention. 

Specific examples of the polymer obtained by polymerization using a compound 

represented by fonnula (ED) as an essential monomer component are the same as specific 
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examples of the polymer described later in the paragraph of binder polymer, which is obtained 

by polymerization using a compound represented by fonnula (ED) as an essential monomer 

component. 

One of these other resins may be used alone, or two or more thereof may be used in 

combination. 

The dispersion composition (or the later-described curable composition) of the 

present invention may or may not contain the other dispersion resin, but in the case of 

containing the other dispersion resin, the content thereof is preferably from 1 to 20 mass%, 

more preferably from 1 to 10 mass%, based on the total solid content of the dispersion 

composition (or the later-described curable composition) of the present invention.. 

[0092] 

<(C) Solvent> 

The dispersion composition of the present invention contains a solvent, and the 

solvent may be composed using various organic solvents. 

The organic solvent that can be used here includes acetone, methyl ethyl ketone, 

cyclohexane, ethyl acetate, ethylene dichloride, tetrahydrofuran, toluene, ethylene glycol 

monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol dimethyl ether, propylene 

glycol monomethyl ether, propylene glycol monoethyl ether, acetylacetone, cyclohexanone, 

diacetone alcohol, ethylene glycol monomethyl ether acetate, ethylene glycol ethyl ether 

acetate, ethylene glycol monoisopropyl ether, ethylene glycol monobutyl ether acetate, 3-

inethoxypropanol, methoxymethoxyethanol, diethylene glycol monomethyl ether, diethylene 

glycol monoethyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether, 

propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate, 3-

methoxypropyl acetate, N,N~dimethylformamide, dimethylsulfoxide. y-butyrolactone, methyl 

lactate, and ethyl lactate. 

These organic solvents may be used individually or as a mixture. The solid 

content concentration in the dispersion composition of the present invention is preferably from 

2 to 60 mass%. 

The production method of the dispersion composition of the present invention is not 

particularly limited, and a production method commonly employed for a dispersion 

composition may be applied. For example, the dispersion composition can be produced by 

mixing the metal oxide particle (A), the polymer compound (B) and the solvent (C) and 

subjecting the mixture to a dispersion treatment using a circulation-type disperser (bead mill), 
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etc. 

Incidentally, the present invention also relates to the production method of the 

dispersion composition above, as well as relates to the production method of the below-

descrihed curable composition. 

[0093] 

<Curabie Composition> 

The curable composition of the present invention is preferably a curable 

composition composed by containing the above-described dispersion composition of the 

present invention and (D) a polymerizable compound and, if desired, containing other 

components. 

A curable composition is made up of the above-described dispersion composition, 

whereby a cured film (transparent film) having a high refractive index can be formed. 

The present invention also relates to a transparent film formed using the curable 

composition, of the present invention. 

[0094] 

The refracti ve index of the cured film obtained from the curable composition (a film 

obtained by foiraing a film from the curable composition and subjecting the film to a curing 

reaction) is preferably from 1.85 to 2.60, more preferably from 1.90 to 2.60. 

The physical property that the refractive index of the cured film is from. 1.85 to 2.60 

may be suitably achieved by containing the polymer compound (B) in the curable composition 

of the present invention and may be achieved by further using any means but can be more 

unfailingly achieved as well, for example, by adjusting the kind and content of the 

polymerizable compound (D) or the binder polymer that may be further added, or by not only 

containing the metal oxide particle (A) in the curable composition but also adjusting the kind 

and content of the metal oxide particle. 

Above all, the physical property above can be preferably achieved by using the 

above-described preferred examples of the metal oxide particle. 

[0095] 

The composition of the present invention is preferably a transparent composition 

and more specifically, a composition ensuring that when a cured film having a thickness of 1.0 

fim is formed from the composition, the light transmittance in the thickness direction of the 

cured film is 90% or more over the entirety of the wavelength region of 400 to 700 nm. 

That is, the transparent film of the present invention indicates a film where with a 
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film thickness of 1.0 p.m5 the light transmittance in the thickness direction of the film is 90% 

or more over the entirety of the wavelength region of 400 to 700 nm. 

Such a light transmittance may he achieved by any means as long as the curable 

composition contains the dispersion composition of the present invention and (D) a 

polymerizable compound, but this physical property is suitably achieved, for example, by 

adjusting the kind and content of the polymerizable compound (D) or the binder polymer that 

may be further added. In addition, the above-described physical property regarding light 

transmittance may also be suitably achieved by adjusting the particle diameter of the metal 

oxide particle (A) and the kind and amount added of the polymer compound (B). 

Above all, it is preferred that tire weight average molecular weight of the polymer 

compound (B) is from 5,000 to 8,000 and the acid value thereof is from 70 to 90 mgKOH/g, 

because when a cured film is formed, the light transmittance of the cured film is particularly 

excellent. 

A large metal oxide particle content sometimes gives rise to a problem in the 

transparency of the cured, film, but in the present invention, a cured film with excellent 

transparency can be obtained by using such a polymer compound (B). 

As regards the curable composition and transparent film of the present invention, 

the property that the light transmittance is 90% or more over the entirety of the wavelength 

region of 400 to 700 nm is an important factor for, among others, a microlens or an undercoat 

film of a color filter to exert its required characteristics. 

The light transmittance is, over the entirety of the wavelength region of 400 to 700 

rim, preferably 95% or more, more preferably 99% or more, and most preferably 100%. 

From this aspect, die curable composition of the present invention contains 

substantially no coloring agent (the content of the coloring agent is preferably 0 mass% based 

on the total solid content of the composition). 

[0096] 

(D) Polymerizable Compound 

In the present invention, from the perspective of solvent resistance of the cured film 

(transparent film) at the time of production of a microlens or production of a solid-state 

imaging device, a "compound having two or more epoxy groups or oxetanyl groups in the 

molecule" is preferably used as the polymerizable compound (D). 
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-Compound having two or more epoxy groups (oxiranyi groups) or oxetanyl groups in the 

molecule-

Specific examples of the compound having two or more epoxy groups in the 

molecule, as the polymerizable compound (D), include a bisphenoi A-type epoxy resin., a 

bisphenol F-type epoxy resin, a phenol novolak-type epoxy resin, a cresol novoiak-type epoxy 

resin, and an aliphatic epoxy resin. 

[0097] 

These are available as a commercial product. For example, the bisphenol A-type 

epoxy resin includes JER-827, JE.R-82S, JER-834, JER-lOOi, JER-1002, JER-I003, JER-1055, 

JER-1007 JER-1009, JER-1010 (all produced by Mitsubishi Chemical Corp.), EP1CLON 860, 

EPICLON 1050, EPICLON 1051, EPICLON 1055 (all produced by DIC Corp.), etc.; the 

bisphenol F-type epoxy resin includes JER-806, JER-8Q7, JER-4004, JER-4005, JER-4007, 

JER-4010 (all produced by Mitsubishi Chemical Corp.), EPICLON 830, EPICLON 835 (both 

produced by DIC Corp.), LCE-21, RE-602S (both produced by Nippon Kayaku Co., Ltd.), 

etc.; the phenol novolak-type epoxy resin includes JER-152, JER-154, JER-157S70, JER-

157S65 (all produced by Mitsubishi Chemical Corp.), EPICLON N-740, EPICLON N-740, 

EPICLON N-770, EPICLON N-775 (all produced by DIC Corp.), etc.; the cresol novolak-type 

epoxy resin includes EPICLON N-660, EPICLON N-665, EPICLON N-670, EPICLON N-

673, EPICLON N-680, EPICLON N-690, EPICLON N-695 (all produced by DIC Corp.), 

EOCN-1020 (produced by Nippon Kayaku Co., Ltd.), etc.; and the aliphatic epoxy resin 

includes ADEKA RESIN EP-4080S, ADEKA RESIN EP-4085S, ADEKA RESIN EP-4088S 

(all produced by ADEKA Corp.), CELLOXIDE 2021P, CELLOXIDE 2081, CELLOXIDE 

2083, CELLOXIDE 2085, EHPE-3150, EPOLEAD PB 3600, EPOLEAD PB 4700 (all 

produced by Daicel Corp.), DENACOL EX-211L, EX-212L, EX-214L, EX-216L, EX-321L, 

EX-850L (all produced by Nagase ChemteX Corp.), etc. 111 addition, ADEKA RESIN EP-

4000S, ADEKA RESIN EP-4003S, ADEKA RESIN EP-4010S, ADEKA RESIN EP-4011S 

(all produced by ADEKA Corp.), NC-200G, NC-3000, NC-7300, XD-1000, EPPN-501, 

EPPN-502 (all produced by ADEKA Corp,), JER-1Q31S (produced by Mitsubishi Chemical 

Corp.), etc. are available. 

One of these may be used alone, or two or more (hereof may be used in combination. 

[0098] 

With regard to specific examples of the compound, having two or more oxetanyl 

groups in the molecule, ARON OXETANE OXT-121, OXT-221, OX-SQ and PNOX (ail 
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produced by Toagosei Co., Ltd.) may be used. 

The compound containing an oxetanyl. group is preferably used by itself or as a 

mixture with a compound containing an epoxy group. 

[0099] 

An addition-polymerizable compound having at least one ethylenically unsaturated 

double bond may also be used as the polymerizable compound (D), and a compound having at 

least one, preferably two or more, terminal ethylenically unsaturated bonds is preferably used. 

In the present invention, the polymerizable compound (D) is more preferably at 

least one member selected from the group consisting of the above-described compound having 

two or more epoxy groups or oxetanyl groups in the molecule and a compound having two or 

more terminal ethylenically unsaturated bonds. 

The addition-polymerizable compound having at least one ethylenically unsaturated 

double bond is widely known in this technical field, and these compounds may be used in the 

present invention without any particular limitation. 

In die case of using such a compound as the polymerizable compound (D), the 

curable composition of the present in vention preferably further contains (E) the later-described 

polymerization initiator. 

The addition-polymerizable compound having at least one ethylenically unsaturated 

double bond takes a chemical form of, for example, a monomer, a prepolymer (i.e., dimer, 

irimer or oligomer), or a mixture or copolymer thereof. Examples of the monomer and a 

copolymer thereof include an unsaturated carboxyiic acid (e.g., acrylic acid, methacrylic acid, 

itaconic acid, crotonic acid, isocrotonic acid, maieic acid), and esters and amides thereof. An 

ester of an unsaturated carboxyiic acid and an aliphatic polyhydric alcohol compound, and 

amides of an unsaturated carboxyiic acid and an aliphatic polyvalent amine compound are 

preferably used. In addition, for example, an addition reaction product of unsaturated 

carboxyiic acid esters or amides each having a nucleophllic substituent such as hydroxyi group, 

amino group and mercapto group, with monofunctional or polyfunctional isocyanates or 

epoxies, and a dehydration condensation reaction product with a monofunctional or 

polyfunctional carboxyiic acid, are also suitably used. 

Furthermore, an addition reaction product of an unsaturated carboxyiic acid ester or 

unsaturated carboxyiic acid amides, each having an electrophilic substituent such as 

isocyanate group and epoxy group, with monofunctional or polyfunctional alcohols, amines or 

thiols; and a substitution reaction product of an unsaturated carboxyiic acid ester or 
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unsaturated carboxyiic acid amides, each having a leaving substituent such as halogen group 

and tosyloxy group, with monofunctional or polyfunctional alcohols, amines or thiols, are also 

suitable. 

As another example, it is also possible to use compounds in which the unsaturated 

carboxyiic acid is replaced by an unsaturated phosphonic acid, styrene, vinyl ether, etc. 

With regard to specific compounds thereof, the compounds described in. JP-A-2009-

288705, paragraphs 0095 to 0108, may be suitably used also in the present invention. 

[0100] 

As the polymerizable compound (D) (hereinafter, sometimes simply referred to as 

"polymerizable monomer, etc." or "polymerizable monomer"), an ethylenically unsaturated 

group-containing compound having at least one addition-polymerizable ethylene group and 

having a boiling point of 100°C or more under ordinary pressure is also preferred. Examples 

thereof include a monofunctional acrylate or methacrylate such as polyethylene glycol 

mono(meth)acrylate, polypropylene glycol mono(meth)acrylate and phenoxyethyl 

(meih)acrylate; a polyfunctional acrylate or methacrylate, e.g., polyethylene glycol 

di(meth)acrylate, trimethylolethane tri(meth)acrylate, neopentyl glycol di(meth)acrylate5 

pentaerythritol tri(meth)acrylate, pentaerythritol tetra(meth) acrylate, dipentaerythritol 

penta(meth)acrylate, dipentaerythriiol hexa(meth)acrylate, hexanediol (metii)acrylate, 

trimethylolpropane tri(acryloyloxypropyl.)ether, tri(acyloyloxyethyl)isocyanurate, a compound 

obtained by adding ethylene oxide or propylene oxide to a polyfunctional alcohol such as 

glycerin or trimethylolethane and (meth)acrylating the adduct, urethane (meth)acrylates 

described in JP-B-48-41708 (the term "JP-B" as used herein means an "examined. Japanese 

patent publication"), JP-B-50-6034 and JP-A-51-37193, polyester acrylates described in JP-A-

48-64183. JP-B-49-43191 and JP-B-52-30490, and epoxy acrylates as a reaction product of an 

epoxy polymer and a (meth)acrylic acid; and a mixture thereof. 

Other examples include a polyfunctional (meth)acrylate obtained by reacting a 

polyfunctional carboxyiic acid with a compound having a cyclic ether group and an 

ethylenically unsaturated group, such as glycidyl (meth)acrylate. 

As other preferred polymerizable monomers, etc., compounds having a fluorene 

ring and a bi~ or higher functional ethylenically unsaturated group, described, for example, in 

JP-A-2010-160418, JP-A-2010-129825 and Japanese Patent No. 4364216, and a cardo 

polymer may also be used. 

[0101] 
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As the compound having a boiling point of 100°C or more under ordinary pressure 

and having at least one addition-polymerizable ethylenically unsaturated group, the 

compounds described in JP-A-2G08-292970, paragraphs [0254] to [0257] are also suitable. 

hi addition, a compound obtained by adding ethylene oxide or propylene oxide to 

the above-described polyfunctional alcohol and then (meth)acrylating the adduct, described as 

formulae (1) and (2) together with their specific examples in JP-A-10-62986, may also be used 

as die polymerizable monomer. 

Furthermore, it is also preferred that the polymerizable monomer for use in the 

present invention is a polymerizable monomer represented by formulae (MO-i) to (MO-6) 

described in JP-A-2012-215806, paragraphs 0297 to 0300, 

With regard to specific examples of the radical polymerizable monomers 

represented by formulae (MO-1) to (MO-6), the compounds described in JP-A-2007-269779, 

paragraphs 0248 to 0251, may be suitably used also in the present invention. 

[0102] 

Among others, dipentaerythritol triacrylate (as a commercial product, KAYARAD 

D-330, produced by Nippon Kayaku Co., Ltd.), dipentaerythritol tetraacrylate (as a 

commercial product, KAYARAD D-320, produced by Nippon Kayaku Co., Ltd.), 

dipentaerythritol; penta(meth)acrylate (as a commercial product, KAYARAD D-310, produced 

by Nippon Kayaku Co., Ltd.), dipentaerythritol hexa(meth)acryla.te (as a commercial product, 

KAYARAD DPHA, produced by Nippon Kayaku Co., Ltd.), a structure having such a 

(meth)acryloyi group through an ethylene glycol or propylene glycol residue, and a glycrin EO 

(ethylene oxide)-modified (meth)acrylate (as a commercial product, M-460, produced by 

Toagosei Co., Ltd.) are preferred, An oligomer type thereof may also be used. 

Examples thereof include RP-1040 (produced by Nippon Kayaku Co., Ltd.). 

[0103] 

The polymerizable monomer, etc. may be a polyfunctional monomer and may have 

an acid group such as carboxyl group, sulfonic acid group and phosphoric acid group. 

Accordingly, when an ethylenic compound has an unreacted carboxyl group as in the case of 

the above-described mixture, the compound may be used as it is, but, if desired, an acid group 

may be introduced by reacting a non-aromatic carboxyiic anhydride with a hydroxyi group of 

the ethylenic compound above. In this case, specific examples of the non-aromatic 

carboxyiic anhydride include tetrahydrophtlialic anhydride, an. alkylated tetrahydrophthalic 

anhydride, hexahydrophthalic anhydride, an alkylated hexahydrophthalic anhydride, succinic 
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anhydride, and maleic anhydride. 

[0104] 

In the present invention, the acid group-containing monomer is preferably a 

polyfunctional monomer which is an ester of an aliphatic polyhydroxy compound and an 

unsaturated carboxyiic acid and in which an acid group is introduced by reacting a non-

aromatic carboxyiic anhydride with an unreacted hydroxy! group of the aliphatic polyhydroxy 

compound; more preferably a monomer where in the ester above, the aliphatic polyhydroxy 

compound is pentaerythritol and/or dipentaerythritol. The commercial product thereof 

includes, for example, Aronix Series of M-305, M-510 and M-520, which are polybasic acid-

modified acryl oligomers, produced by Toagosei Co., Ltd. 

The acid value of the polyfunctional monomer having an acid group is preferably 

from 0.1 to 40 mg-KOH/g, more preferably from 5 to 30 mg-KOH/g. In the case where two 

or more polyfunctional monomers differing in the acid group are used in combination or 

where a polyfunctional monomer having no acid group is used in combination, the monomers 

must be prepared such that the acid value as the entire polyfunctional monomer falls in the 

range above. 

[0105] 

As the polymerizable monomer, etc., polyfunctional monomers having a 

caprolactone-modified structure described in JP-A-2012-215806, paragraphs 0306 to 0313, 

may also be used. 

The polyfunctional monomer having a caprolactone-modified structure is available 

on the market, for example, as KAYARAD DPCA series from Nippon Kayaku Co., Ltd. and 

includes DPCA-20, DPCA-30, DPCA-60, DPCA-120, etc. 

In the present invention, as for the polyfunctional monomer having a caprolactone-

modified structure, one monomer may be used alone, or two or more monomers may be mixed 

and used. 

[0106] 

As the polymerizable monomer, etc. for use in the present invention, the compounds 

represented by formula (Z-4) or (Z-5) described in JP-A-2012-215806, paragraphs 0314 to 

0324, may also be used. 

The commercial product of the polymerizable monomer, etc. represented by 

formulae (Z-4) and (Z-5) includes, for example, SR-494 as a tetrafunctional acrylate having 

four ethyleneOxy chains produced by Sartomer Company; and DPCA-60 as a hexafimctional 
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acrylate having six pentyleneoxy chains, and TPA-330 as a trifunctional acrylate having three 

isobutyleneoxy chains, both produced by Nippon Kayaku Co., Ltd. 

[0107] 

In addition, urethane acrylates described in JP-B-48-41708, JTP-A-51-37I93, JP-B-2-

32293 and JP-B-2-16765, and urethane compounds having an ethylene oxide-based skeleton 

described in JP-B-58-49860, JP-B-5647654, JP-B-62-39417 and .TP-B-62-39418 are also 

suitable as the polymerizable compound, etc. Furthermore, a curable composition very 

excellent in the photosensitive speed can be obtained by using, as the polymerizable 

compound, etc., addition-polymerizable monomers having an amino structure or sulfide 

structure in the molecule described in JP-A-63-277653, JP-A-63-260909 and JP-A-I-105238. 

The commercial product of the polymerizable monomer, etc. includes, for example, 

urethane oligomers UAS-10, UAB-140 (produced by Sanyo Kokusaku Pulp Co., Ltd.), UA-

7200 (produced by Shin-Nakamura Chemical Co., Ltd.), DPHA-40H (produced by Nippon 

Kayaku Co, Ltd.), UA-306H, UA-306T, UA-306I, AH-600, T-600 and AI-600 (produced by 

Kyoeisha Chemical Co., Ltd.). 

As the polymerizable monomer, etc., polyfunctional thiol compounds having two or 

more mercapto (SH) groups in the same molecule described in JP-A-2012-150468, paragraphs 

0216 to 0220, may also be used. 

[0108] 

Specific examples of the monomer of an amide of an aliphatic polyvalent amine 

compound and an unsaturated carboxyiic acid include methylene bis-acryiamide, methylene 

bis-methacryiamide, 1,6-hexamethylene his-acrylamide, 1,6-hexamethylene bis-

methacrylamide, diethylenetriamine tris-acrylamide, xylylene bis-acrylamide, and xylylene 

bis-methacryiamide. 

Other preferred examples of the amide-based monomer include those having a 

cyclohexylene structure described in JP-B-B-54-21726. 

A urethane-based addition-polymerizable compound produced using an addition 

reaction of an isocyanate and a hydroxyi group is also suitable, and specific examples thereof 

include a vinyl urethane compound having two or more polymerizable vinyl groups per 

molecule, which is obtained by adding a hydroxyi group-containing vinyl monomer 

represented by the following fonnula (V) to a. polyisocyanate compound having two or more 

isocyanate groups per molecule described in JP-B-48-41708. 

In the following formula (V), each of R7 and R8 each independently represents a 
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hydrogen atom or a methyl group. 
[01.09] 
[Chem, 29] 

H2C=C(R7)COOCH2CH(R8)OH fonnula (V) 

[0110] 
In addition, urethane acrylates described m JP-A-51-37193, JP-B-2-32293 and JP~ 

B-2-16765, and urethane compounds having an ethylene oxide skeleton described in JP-B-58-
49860, JP-B-56-17654, JP-B-62-39417 and JP-B-62-39418 are also suitable. Furthermore, a 
curable composition very excellent in the photosensitive speed can be obtained by using a 
polymerizable compound having an amino structure or sulfide structure in the molecule 
described in JP-A-63-277653, JP-A-63-260909 and JP-A-1-105238. 

Other examples include a polyfunctional acrylate or methacrylate such as polyester 
acrylates described in JP-A-48-64183, JP-B-49-43191 and JP-B-52-30490 and epoxy acrylates 
obtained by reacting an epoxy resin with a (meth)acrylic acid and also include specific 
unsaturated compounds described in JP-B-46-43946, JP-B-1-40337 and JP-B-1-40336, and a 
vinyl phosphonic acid-based compound described in JP-A-2-25493. In some cases, a 
perfluoroalkyl group-containing structure described in JP-A-61-22048 is suitably used. 
Furthermore, a pbotocurable monomer or oligomer described in Journal of the Adhesion. 
Society of Japan. Vol. 20, No. 7, pp. 300-308 (1984) may also be used. 
[0111] 

Details of the use method of these polymerizable compounds, for example, the 
structure, whether used individually or in combination, and the amount added, may be 
arbitrarily determined in accordance with the final design performance of the curable 
compound. For example, the use method is selected from the following viewpoints. 

In view of sensitivity, a structure having a large unsaturated group content per one 
molecule is preferred, and in many cases, a bi- or higher functional group is preferred. In 
order to increase the strength of a cured film, a tri~ or higher functional group is prefen'ed, and 
it is also an effective method to use different functional numbers/different polymerizable 
groups (e.g., acrylic acid ester, methacrylic acid ester, styrene-based compound, vinyl ether-
based compound) in combination to control both sensitivity and strength. 

The selection and usage of the polymerizable compound are important factors for 
compatibility with other components (e.g., a polymerization initiator, a metal oxide particle) 
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contained in the curable composition. For example, compatibility can be sometimes 

improved by using a low purity compound or two or more other components in combination. 

It is also possible to seiect a specific structure for the purpose of improving the adherence to a 

hard surface of a substrate, etc. 

The content of the polymerizable compound (D) is preferably from 1 to 40 mass%, 

more preferably from 3 to 35 mass%, still more preferably from 5 to 30 mass%, based on the 

total solid content of the curable composition. 

Within this range, good curability is advantageously obtained without reducing the 

refractive index. 

The curable composition of the present invention preferably further contains at least 

one member selected from (E) the below-described polymerization initiator and a binder 

polymer. 

(E) Polymerization initiator 

From the standpoint of more enhancing the curability, the curable composition of 

the present invention preferably further contains a polymerization initiator. 

As the polymerization initiator for use in the present invention, the following 

compounds known as a polymerization initiator may be used. 

The polymerization initiator is not particularly limited as long as it has an ability of 

initiating the polymerization of the polymerizable compound, and may be appropriately 

selected from known polymerization initiators. 

For example, in view of good curing in the exposure step by irradiation with 

radiation, such as step (ii) (b), a compound having radiation sensitivity to light in the range 

from ultraviolet to visible region is preferred. In addition, the initiator may be an activating 

agent capable of somehow acting with a photo-excited sensitizer to produce an active radical 

or may be an initiator capable of initiating cationic polymerization according to the kind of the 

monomer. 

The polymerization initiator preferably contains at least one compound having a 

molecular extinction coefficient of about 50 in the range of approximately from 300 to 800 nm 

(more preferably from 330 to 500 nm). 

[0112] 

The polymerization initiator includes, for example, a halogenated hydrocarbon 

derivative (e.g., those having a triazine skeleton, those having an oxadiazole skeleton); an 

acylphosphine compound such as acylphosphine oxide; hexaarylbiimidazole; an oxime 
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compound such as oxime derivative; an organic peroxide; a tliio compound; a ketone 

compound; an aromatic oniuin salt; a ketooxime ether; an aminoacetophenone compound; and 

hydroxyacetopiienone. 

[0113] 

The haiogenated hydrocarbon compound having a triazine skeleton includes, for 

example, compounds described in Wakabayashi et. al, Bull. Chem. Soc. Japan. 42, 2924 

(1969), compounds described in British Patent No. 1388492, compounds described in JP-A-

53-133428, compounds described in German Patent No. 3337024, compounds described in 

F.C. Schaefer et. al, J. Org. Chem.. 29, 1527 (1964), compounds described in JP-A-62-58241, 

compounds described in JP-A-5-281728, compounds described in JP-A-5-34920, and 

compounds described in U.S. Patent No. 4,212,976. 

[0114] 

The polymerization initiator other than those described above includes, for example, 

an acridine derivative (e.g., 9-phenylacridine, l,7-bis(9(9'-acridmyl)heptane), N-phenylglycine, 

a polyhalogen compound (e.g, carbon tetrabromide, phenyltribromomethylsulfone, and 

phenyl trichlorometbyl ketone), coumarins (e.g., 3-(2-benzofuranoyl)-7-diethylaminocoumarin, 

3-(2-benzofuroyl)-7-(l-pyrrolidmyl)coumarm, 3-benzoyl-7-diethylaminocoumarin, 3-(2-

metlioxybenzoyl)-7-diethylaminocoumarin, 3-(4-dimethylaminobenzoyi)-7-

diethylaminocoumarin, 3,3'-carbonylbis(5,7-di-n-propoxycoumarin), 3,3,-carbonylbi.s(7-

diethylaminocoumarm), 3-benzoyl-7-methoxycoumarin, 3-(2-furoyl)-7-diethylammocoumarin, 

3~(4~diethyiammocinnamoyl)-7~diethyiaminocoumarin, 7-methoxy-3-(3-

pyfidylcarbonyl)coumarin, 3-benzoyl-5,7-dipiopoxycoum.arin, 7-benzotriazol-2-ylcoumarin, 

coumatin compounds described in JP-A-5-19475, JP-A-7-271028, JP-A-2002-363206, JP-A-

2002-363207, JP-A-2002-363208 and JP-A-2002-363209, etc.), acylphosphine oxides (e.g, 

bis(2;4,6-trimethylbenzoyl)ph.eny.lphosphine oxide, bis(2?6-dimethoxybenzoyl)-2,4,4-

trimethyl-pentylphenylphosphine oxide, Lucirin TPO), metallocenes (e.g, bis(r]5-2,4-

cyclopentadien-l-yl)-bis(2,6-difluoro-3-(lH-pyiToi-l-yl)phenyl)titanium.J r\5-

cyclopentadienyl-rj6-cumenyl-iron(l+)-hexafluorophosphate(l-)), and compounds described 

in JP-A-53-133428, JP-B-57-1819, JP-B-57-6096 and U.S. Patent No. 3,615,455, etc. 

The ketone compound, includes, for example, compounds described in JP-A-2011-

252945, paragraph 0084, the contents of which are incorporated in the description of the 

present invention. 

[0115] 
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As the polymerization initiator, a hydroxyacetophenone compound, an 

aminoacetophenone compound, and an. acylphosphine compound may also be suitably used. 

More specifically, for example, an aminoacetophenone-based initiator described in JP-A-10-

291969, and an. acylphosphine oxide-based initiator described in Japanese Patent No. 4225898 

may also be used. 

As the hydr'oxya.cetophenone-based initiator, IRGACURE-184, DAROCUR-1173, 

IRGACURE-500, IRGACURE-2959, and IRGACURE-127 (trade names, all produced by 

BASF) may be used. As the aminoacetophenone-based initiator, commercial products 

IRGACURE-907, UlGACURE-369, and IRGACURE-379 (trade names, all produced by 

BASF) may be used. In addition, as the aminoacetophenone-based initiator, a compound 

whose absoiption wavelength is matched to a long wavelength light source of 365 nm, 405 nm, 

etc., described in JP-A-20G9-191179 may also be used. As the acylphosphine-based initiator, 

commercial products IRGACURE-819 and DAROCUR-TPO (trade names, both produced by 

BASF) may be used. 

[0116] 
An oxime-based compound may also be suitably used as the polymerization initiator. 

With regard to specific examples of the oxime-based initiator, compounds described in JP-A-

2001-233842, compounds described in JP-A-2000-80068, and compounds described in JP-A-

2006-342166. may be used. 

[0117] 

The oxime compound such as oxime derivative that is suitably used as the 

polymerization initiator in the present invention includes, for example, 3-

benzoyloxyimmohutan-2-one, 3-acetoxyimmobutan-2-one, 3-propionyloxyiminobutan-2-one, 

2-acetoxyiminopentan-3-one> 2-acetoxyim.inO'l-phenylpropan-l-one, 2-benzoyioxyimino-l-

phenylpropan-l-one, 3-(4-toluenesulfonyloxy)iminobutan-2-one, and 2-

ethoxycarbonyloxyimino-1 -phenylpropan-1 -one. 

[0118] 
As the oxime ester compound, commercial products such as TRONLY TR-PBG-

304, TRONLY TR-FBG-309, TRONLY TR-PBG-305 (CHANGZHOU TRONLY NEW 

ELECTRONIC MATERIALS CO.. LTD.) may be used. In addition, description of the 

polymerization initiator in JP-A-2012-113104, paragraphs 0092 to 0096, may be taken into 

consideration, the contents of which are incorporated in the description of the present 

invention. By using such an oxime compound, a curable composition having high curing 
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sensitivity and good developability can be provided. The above-described oxime compounds 

are the compounds described in JP-A-2012-113104, paragraph 0030 et seq. As for the 

formula, the compound is represented by fonnula (I) in claim 1, more preferably formula (1-A) 

in claim 3, of JP-A-2012-113104. These descriptions can be taken into consideration, the 

contents of which are incorporated in the description of the present invention. Other 

examples include compounds described in J.C.S. Perlcin II (1979). pp. 1653-1660, J.C.S. 

Ferkin II (1979), pp. 156-162, Journal of Photopolymer Science and Technology (1995). pp. 

202-232, Journal of Applied Polymer Science ("20121 pp. 725-731, and JP-A-2000-66385; and 

compounds described in JP-A-2000-80068, paragraphs 0218 to 0281, JP-T-2004-534797 (the 

term "JP-T" as used herein means a. published Japanese translation of a PCT patent 

application), paragraphs 0242 to 0251, and JP-A-2006-342166. 

With regard to the commercial product, IRGACURE-OXEO1 (produced by BASF) 

and IRGACURE-OXE02 (produced by BASF) may also suitably used. 

[0119] 

As the oxime ester compound other than those described above, for example, a 

compound in which oxime is linked to the N-position of carbazole, described in JP-T-2009-

519904; a compound in which a hetero substituent is introduced into a benzophenone moiety, 

described in U.S. Patent No. 7,626,957; a compound in which a nitro group is introduced into 

a dye moiety, described in JP-A-2010-15025 and U.S. Patent Application Publication No. 

2009-292039; a ketooxime-based compound described in International Publication No. 

2009/131189; a compound containing a. triazine skeleton and an oxime skeleton in the same 

molecule, described in U.S. Patent No. 7,556,910; and a compound having an absoiption 

maximum at 405 nm and having good sensitivity to a g-line light source, described in JP-A-

2009-221114, maybe used. 

[0120] 
Furthermore, cyclic oxime compounds described in JP-A-2007-231000 and JP-A-

2007-322744 may also be suitably used. Among the cyclic oxime compounds, a cyclic 

oxime compound condensed to a carbazole dye, described in JP-A-2010-32985 and JP-A-

2010-185072, has high light absorptivity and is prefen-ed from the standpoint of elevating the 

sensitivity. 
In. addition, a compound having an unsaturated bond at a specific moiety of an 

oxime compound, described in JP-A-2009-242469, can achieve high sensitivity by 

regenerating an active radical from a polymerization inactive radical and may also be suitably 
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used. 
[0121] 

Other examples include an oxime compound, having a specific substituent described 
in JP-A-2007-269779, and an oxime compound having a thioaryl group described in JP-A-
2009-191061. 

Specifically, a compound represented by the following formula (OX-1) is also 
preferred. The compound may be an oxime compound in which the N-0 bond of oxime is 
(E) form, an oxime compound in which the bond is (Z) form, or a compound in which the 
bond is a mixture of (E) form and (Z) form. 

[0122] 
[Chem. 30] 

.OR 
N 

,SAr 

[0123] 
(In formula (OX-1), each of R and B independently represents a monovalent 

substituent, A represents a divalent organic group, and Ar represents an aryl group.) 
In formula (OX-1), the monovalent substituent represented by R is preferably a 

monovalent nonmetallic atomic group. 
The monovalent nonmetallic atomic group includes an alkyl group, an aryl group, 

an acyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, a heterocyclic group, an 
alkylthiocarbonyl group, an aryithiocarbonyl group, etc. These groups may have one or more 
substituents. In. addition, the substituent may be further substituted with another substituent. 

The substituent includes a halogen atom, an aryloxy group, an alkoxycarbonyl 
group, an aryloxycarbonyl group, an acyloxy group, an acyl group, an alkyl group, and an aryl 

group. 
[0124] 

The alkyl group is preferably an alkyl group having a carbon number of 1 to 30. 
Specifically, the description in JP-A-2012-032556, paragraph 0026, etc., may be taken into 
consideration, the contents of which are incoiporated in the description of the present 

invention. 
The aryl group is preferably an aryl group having a carbon number of 6 to 30, 
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Specifically, the description in JP-A-2012-032556, paragraph 0027, etc., may be taken into 

consideration, the contents of which are incorporated in the description of the present 

invention. 

The acyl. group is preferably an acyl group having a carbon, number of 2 to 20. 

Specifically, the description in JP-A-2012-032556, paragraph 0028. etc., maybe taken into 

consideration, the contents of which are incorporated in the description of the present 

invention. 

The alkoxycarbonyl group is preferably an alkoxycarbonyl group having a. carbon 

number of 2 to 20. Specifically, the description in JP-A-2012-032556, paragraph 0029, etc., 

may be taken into consideration, the contents of which are incorporated in the description of 

the present invention. 

As for the aryloxycarbonyl group, specifically, the description in JP-A-2012-032556, 

paragraph 0030, etc., may be taken into consideration, the contents of which are incorporated 

in the description of the present invention. 

The heterocyclic group is preferably an aromatic or aliphatic heterocyclic ring 

containing a nitrogen atom, an oxygen atom, a sulfur atom or a phosphorus atom. 

Specifically, the description in JP-A-2012-032556, paragraph 0031, etc., maybe taken into 

consideration, the contents of which are incorporated in the description of the present 

invention. 

As for the alkylthiocarbonyl, specifically, the description in JP-A-2012-032556, 

paragraph 0032, etc., may be taken into consideration, the contents of which are incorporated 

in the description of the present invention. 

As for the arylthiocarbonyl, specifically, the description in JP-A-2012-032556, 

paragraph 0033, etc., may be taken into consideration, the contents of which are incorporated 

in the description of the present invention. 

[0125] 

In formula (OX-1), the monovalent substituent represented by B is an aryl group, a 

heterocyclic group, an arylcarbonyl group or a heterocyclic carbonyl group. These groups 

may have one or more substituents. Examples of the substituent include the above-described 

substituents. The above-described substituent may be further substituted with another 

substituent. 

[0126] 

Among others, structures shown below are preferred. 



In the following structures, Y, X and n have the same meanings as Y, X and n in 

formula (OX-2), respectively, and preferred examples are also the same. 

[0127] 

[Chem. 31] 

(%£- 1 

K 1 n 

a o o 
[0128] 

In formula (OX-1), the divalent organic group represented by A includes an 

alkylene group having a carbon number of 1 to 12, a cycloalkylene group, an alkynylene group, 

etc. These groups may have one or more substituents. Examples of the substituent include 

the above-described substituents. The above-described substituent may be further substituted 

with another substituent. 

Among others, from the standpoint of increasing the sensitivity and suppressing 

coloring due to heat-aging, A in formula (OX-1) is preferably an unsubstituted alkylene group, 

an alkylene group substituted with an alkyl group (e.g., methyl group, ethyl group, tert-butyl 

group, dodecyi group), an alkylene group substituted with an alkenyi group (e.g., vinyl group, 

allyl group), or an alkylene group substituted with an aryl group (e.g., phenyl group, p-toiyl 

group, xyiyl group, cumenyl group, naphthyl group, anthryl group, phenanthryi group, styryl 

group). 

[0129] 

In formula (OX-1), the aryl group represented by Ar is preferably an aryl group 

having a carbon number of 6 to 30 and may have a substituent. Examples of the substituent 

are the same as those of the substituent introduced into th.e substituted aryl group recited above 

as specific examples of the aryl group that may have a substituent. 

Among others, from the standpoint of increasing the sensitivity and suppressing 

coloring due to heat-aging, a substituted or unsubstituted. phenyl group is preferred. 

[0130] 

In formula (OX-1), the structure of "SAr" formed by Ar and adjacent S in formula 

(OX-1) is preferably a structure described, for example, in JP-A-2012-032556, paragraph 0040, 

the contents of which are incorporated in the description of the present invention. 

[0131] 

The oxime compound represented by fonnula (OX-1) is preferably a compound 
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represented by the following formula (GX-2); 

[0132] 

[Chem, 32] 
^ore 

CX)n-^ N' (0X-2) 

0. O 

[0133] 
(hi formula (OX-2), each of R and X independently represents a monovalent 

substituent, each of A and Y independently represents a divalent organic group, Ar represents 

an aryl group, n represents an integer of 0 to 5, and when a plurality of X are present, the 

plurality of X maybe the same or different.) 

R, A and Ar in formula (OX-2) have the same meanings as R, A and Ar in formula 

(OX-1), respectively, and preferred examples are also the same. 

[0134] 

In formula (OX-2), the monovalent substituent represented by X includes an alkyl 

group, an aryl group, an alkoxy group, an aryloxy group, an acyloxy group, an acyl group, an 

alkoxycarbonyl group, an amino group, a heterocyclic group, and a halogen atom. These 

groups may have one or more substituents. Examples of the substituents include the above-

described substituents. The above-described substituent may be further substituted with 

another substituent. 

Among these, in view of solubility in solvent and improvement of absorption 

efficiency in a long wavelength region, X in formula (OX-2) is preferably an alkyl group. 

hi addition, n in formula (2) represents an integer of 0 to 5 and is preferably an 

integer of 0 to 2. 

In fonnula (OX-2), the divalent organic group represented by Y includes the 

following structures Sub-1 to Sub-11. In the groups shown below, indicates a bonding 

site at which Y is bonded to the adjacent carbon atom in formula (OX-2). Among others, in 

view of high sensitivity, structures Sub-1 and Sub-2 are preferred. 

[0135] 

[Chem. 33] 
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Sub-1 Sub-2 Sub-3 Sub-4 Sub-5 

Sub-6 Sub-7 Sub-8 Sub-9 Sub-10 

Sub-11 

[0136] 

Furthermore, the oxime compound represented by fonnula (OX-2) is preferably a 

compound represented by the following formula (OX-3): 

[0137] 

[Chem. 34] 

[0138] 

(In formula (OX-3), each of R and X independently represents a monovalent 

substituent, A represents a divalent organic group, Ar represents an aryl group, n represents an 

integer of 0 to 5, and when a. plurality of X are present, the plurality of X may be the same or 

different.) 

R, X, A, AT and n in fonnula (OX-3) have the same meanings as R, X, A, Ar and n 

in fonnula. (OX-2). respectively, and preferred examples are also the same. 

[0139] 

Specific Examples (Plox-1) to (Plox-13) of the oxime compound that is suitably 

used are illustrated below, but the present invention is not limited thereto. 

[0140] 
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[Chem. 35] 

PlOK-2 

Pi ox-3 

^ "S 

N s 

Piox-4-

Ci 

Plox-5 Plox-6 

Plox-7 

^vt.X^rJ N.n 

Plox-13 0 

[03.41] 
The oxime compound is a compound having a maximum absorption wavelength in a 

. wavelength region of 350 to 500 nm. preferably a compound having an absorption wavelength 
in a wavelength region of 360 to 480 nm, still more preferably a compound having high 
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absorbance at 365 ran and 455 nm. 

The molar extinction coefficient of the oxime compound at 365 nm or 405 nm is, in 

view of sensitivity, preferably from 1,000 to 300,000, more preferably from 2,000 to 300,000, 

still more preferably from 5,000 to 200,000. 

The molar extinction coefficient of a compound may be measured by a known 

method and specifically, the measurement is preferably performed, for example, by means of 

an ultraviolet/visible light spectrophotometer (Carry-5 spectrophotometer, manufactured by 

Varian) at a concentration of 0.01 g/L by using an ethyl acetate solvent. 

In the present invention, two or more polymerization initiators may be used in 

combination, if desired. 

[0142] 

In view of curability, the polymerization initiator (E) used in the curabie 

composition of the present invention is preferably a compound selected from the group 

consisting of a trihalomethyi triazine compound, a benzyl dimethyl ketal compound, an a-

hydroxy ketone compound, an a-aminoketone compound, an acylphosphine compound, a 

phosphine oxide compound, a metallocene compound, an oxime compounds, a 

triallylimidazole dimer. an onium compound, a benzotliiazole compound, a benzophenone 

compound, an acetophenone compound and a derivative thereof, a cyclopentadiene-benzene-

iron complex and a salt thereof, a halomethyloxadiazole compound, and a 3-aryI-substituted 

coumarin compound. 

A trihalomethyi triazine compound, an a-aminoketone compound, an acylphosphine 

compound, a phosphine oxide compound, an oxime compound, a triallylimidazole dimer, an 

onium compound, a benzophenone compound and an acetophenone compound are more 

preferred, and at least one compound selected from the group consisting of a trihalomethyi 

triazine compound, an a-aminoketone compound, an oxime compound, a triallylimidazole 

dimer and a benzophenone compound is most preferred. 

Above all, in the case of fabricating a microlens by providing the curable 

composition of the present invention on a color filter of a solid-state imaging device, a fine 

pattern must be fonned in a sharp shape and therefore, as well as the curability, a property of 

being developed with no remaining of a residue in the unexposed area is important. From 

this viewpoint, an oxime compound is preferably used as the polymerization initiator. Above 

all, in. the case of forming a fine pattern in a solid-state imaging device, the exposure apparatus 

used for curing is a stepper exposure apparatus and since this exposure apparatus is sometimes 
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damaged by halogen, the amount of the polymerization initiator added must be kept low. 

Considering these points, it is most preferable to use an oxime compound as the 

polymerization initiator (E) to form a fine pattern as in a solid-state imaging device. 

[0143] 

The content of the polymerization initiator (E) contained in the curable composition 

of the present invention (in the case of containing two or more polymerization initiators, the 

total content) is preferably from 0.1 to 40 mass%, more preferably from 0.5 to 20 mass%, still 

more preferably from. I to 15 mass% based on the total solid content of the curable 

composition. Within this range, good curability as well as good sensitivity and pattern 

formability are obtained. 

[0144] 

The curable composition of the present invention may further contain, if desired, 

optional components described in. detail below. 

[Sensitizer] 

The curable composition of the present invention may contain a. sensitizer for the 

purpose of improving the radical generation efficiency of the photopolymerization initiator (E) 

and shifting the sensitive wavelength to a longer wavelength. 

The sensitizer that can be used in the present invention is preferably a sensitizer 

capable of sensitizing the polymerization initiator (E) by an. electron transfer mechanism or an 

energy transfer mechanism. 

The sensitizer includes those belonging to the compound groups recited below and 

having an absorption wavelength in the wavelength region of 300 to 450 nm. 

That is, die sensitizer includes, for example, polynuclear aromatics (e.g., 

phenanthrene, anthracene, pyrene, perylene, triphenylene, 9,10-dialkoxyanthracene), 

xanthenes (e.g., fluorescein, eosin, erythrosme, Rliodamine B, Rose Bengal), thioxanthones 

(isopropylthioxantlione, diethylthioxanthone, chlorothioxanthone), cyanines (e.g. s 

thiacarbocyanine, oxacarbocyanine), merocyanines (e.g., merocyanine, carbomerocyanine), 

phthalocyanines, thiazines (e.g., thionine, Methylene Blue, Toluidine Blue), acridines (e.g., 

Acridine Orange, chloroflavin, acriflavine), anthraquinones (e.g., anthraquinone), squaryliums 

(e.g., squaryiium), Acridine Orange, eoumarins (e.g., 7-diethylamino-4-methylcoumarin), 

ketocoumarin, pheno thiazines, phenazines, styry]benzenes, azo compounds, diphenylmetliane, 

tfiphenylmethane, distyrylbenzenes, carbazoles, porphyrin, spiro compounds, quinacridone, 

indigo, styryl, pyrylium compounds, pyrromethene compounds, pyrazolotriazole compounds, 
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beozothiazole compounds, barbituric acid derivatives, thiobarbituric acid derivatives, aromatic 

ketone compounds such as acetophenone, benzophenone, thioxanthone and Michler's ketone, 

and heterocyclic compounds such as N-aryloxazolidinone. 

The sensitizer further includes, for example, compounds described in European 

Patent No. 568,993, U.S. Patent Nos. 4,508,811 and 5,227,227, JP-A-2001-L25255, JP-A41~ 

271969, etc. 

[0145] 

From the viewpoint of light absorption efficiency in the deep part and 

decomposition efficiency of the initiator, the content of the sensitizer in the curable 

composition is, in terms of the solid content, preferably from 0.1 to 20 mass%, more 

preferably from 0.5 to 15 mass%. 

One sensitizer may be used alone, or two or more sensitizers may be used in 

combination. 

[0146] 

[Co-sensitizer] 

It is also preferred that the curable composition of the present invention further 

contains a co-sensitizer. 

Hie co-sensitizer for use in the present invention has actions of, for example, more 

improving the actinic radiation sensitivity of the polymerization initiator (E) or the sensitizer 

or preventing the polymerization of the polymerizable compound (D) from inhibition by 

oxygen. 

Examples of such a co-sensitizer include amines, e.g., compounds described in M.R. 

Sander et al., Journal of Polymer Society. Vol. 10, page 3173 (1972), JP-B-44-20189, JP-A-

51-82102, JP-A-52-134692, JP-A-59-138205, JP-A-60-84305, JP-A-62-18537, JP-A-64-

33104, and Research Disclosure No. 33825, specifically, triethanolamine, p-

dimethylaminobenzoic acid ethyl ester, p-formyldimethylaniline, p-methylthiodimethylaniline, 

etc. 

Other examples of the co-sensitizer include thiols and sulfides, e.g., thiol 

compounds described in JP-A-53-702, JP-B-55-500806 and JP-A-5-142772 and disulfide 

compounds described in JP-A-56-75643, specifically, 2-mercaptobenzothiazole, 2-

mercaptobenzoxazole, 2-mercaptobenzimidazole. 2-mercapto-4(3H)-quinazoline, (5-

mercaptonaphthalene, etc. 

hi addition, other examples of the co-sensitizer include an amino acid compound 
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(e.g., N-phenylglycine), an organomefcallic compound described in JP-B-48-42965 (e.g., 

tributyltin acetate), a hydrogen donor described in JP-B-55-34414, and a sulfur compound 

described in JP-A-6-308727 (e.g., trithiane). 

One co-sensitizer may be used alone, or two or more co-sensitizers may be used in 

combination. 

[0147] 

From the standpoint of enhancing the curing rate by balancing the polymer growth 

rate and the chain transfer, the content of the co-sensitizer is preferably from 0.1 to 30 mass%, 

more preferably from 1 to 25 ma.ss%, still more preferably from 1.5 to 20 mass%, based on the 

total solid content of the curable composition. 

[0148] 

[Polymerization Inhibitor] 

In the present invention, a polymerization inhibitor is preferably added for inhibiting 

a polymerizable compound having an ethylenically unsaturated double bond from undergoing 

unnecessary polymerization during the production or storage of the curable composition. 

The polymerization inhibitor that can be used in the present invention includes, for 

example, a phenolic hydroxyi group-containing compound, N-oxide compounds, piperidine 1-

oxyl free radical compounds, pyrrolidine 1-oxyl free radical compounds. N-

mtrosophenylhydroxylamines, diazonium compounds, cationic dyes, sulfide group-containing 

compounds, nitro group-containing compounds, and transition metal compounds such as FeCJ.3 

and CuCk 

More preferred embodiments are as follows. 

The phenolic hydroxyi group-containing compound is preferably a compound 

selected from the group consisting of hydroquinone, p-methoxyphenol, di-tert-butyl-p-cresol, 

pyrogallol, tert-butyl catechol, benzoquinone, 4,4-thiobis(3-methyl-6-tert-butylphenoi), 2,2'-

methylenebis(4-methyl-6-tert-butylpIienol), 2,6-di-tert-butyl-4-methyIphenol (BHT), phenol 

resins, and cresol resins. 

The N-oxide compounds are preferably a compound selected from the group 

consisting of 5,5-dimethyl-l-pyrroIine N-oxide, 4-methylmorpholine N-oxide, pyridine N-

oxide, 4-nitropyridine N-oxide, 3~hydroxypyridine N-oxide, picolinic acid N-oxide, nicotinic 

acid N-oxide, and. isonicotinic acid N-oxide, 

The piperidine 1-oxyl free radical compounds are preferably a compound selected 

from the group consisting of piperidine 1-oxyl free radical, 2,2,6,6-tetramethylpiperidine 1-
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oxyl free radical, 4-oxo-2,2,636-tetramethylpiperidine 1-oxyl free radical, 4-hydroxy-2,2,6,6-
tetramethylpiperidme 1-oxyl free radical, 4~acetamide-2,2,6,6-tetramethyIpiperidine 1-oxyl 
free radical, 4-maleimide-2,2,6,6~tetramethylpiperidme 1-oxyl free radical, and 4-
phosphonoxy-2,2,6,6~tetrametiiylpiperidine 1-oxyl free radical. 

The pyrrolidine 1-oxyl free radical compounds are preferably a 3-carboxyproxyl 
free radical (3<:arboxy-2,2,5,5-tetramethylpyrrolidine 1-oxyl free radical). 

The N-nitrosophenylhydroxylamines are preferably a compound selected from the 
group consisting of N-nitrosophenylhydroxylamine cerous salt and N-
nitrosophenylhydroxylamine aluminum salt. 
[0149] 

Tbe diazonium compounds are preferably a compound selected from the group 
consisting of 4-diazophenyldimethylamine hydrogensulfate, 4-diazodiphenylamiiie 
tetrafluoroborate and 3-methoxy~4-diazodiphenylamine hexafluorophosphate. 

Among others, a phenolic hydroxyi group-containing compound such as 
hydroquinone, p-methoxyphenol, di-tert-butyl-p-cresol, pyrogaliol, tert-butyl catechol, 
benzoquinone, 4.4-thiobis(3-methyl-6-tert-butylphenol) and 2,2,-methylene-bis(4-methyl-6-
tert-butylphenol), piperidine 1-oxyl free radical compounds?, a piperidine 1-oxyl free radical 
compound, such as 2,2,6,6-tetramethylpiperidine 1-oxyl free radical, 4-oxo-2,2,6,6-tetramethyl 
piperidine 1-oxyl free radical, 4-hydroxy-2,2,6,6-tetramethylpiperidine 1-oxyl free radical, 4-
acetamide-2^,6,6-tetramethylpiperidine 1-oxyl free radical, 4-maleimide-2,2,6,6-
tetramethylpiperidine 1-oxyl free radical and 4-pb.osphonoxy-2,2,6,6-tetramethylpiperidine 1-
oxyl free radical, and an N-nitrosophenylhydroxylamine compound such as N-
nitrosophenylhydroxylamine cerous salt and. N-ni.trosophenylhydroxylami.ne aluminum salt, 
are preferred; a piperidine 1-oxyl free radical compound such as 2,2.6,6-tetramethyJpiperidine 
1-oxyl free radical, 4-oxo-2,2,6,6-tetramethylpiperidine 1-oxyl free radical, 4-hydroxy-2,2,6,6-
tetrametliylpiperidine l.-oxyl free radical, 4-acetaraide-2,2,6,6-tetramethyipiperidine 1-oxyl 
free radical, 4-maleimide-2,2,6J6-tetram.ethylpiperidine 1-oxyl free radical and 4-
phosphonoxy-2,2,6,6-tetramethylpiperidine 1-oxyl free radical, and an N-
nitrosophenylhydroxylamine compound such as N-nitrosophenylhydroxylamine cerous salt 
and N-nitrosophenylhydroxylaniine aluminum salt, are more preferred; and an N-
nitrosophenylhydroxylamine compound such as -nitrosophenylhydroxylamine cerous salt and 
N-nitrosophenylhydroxylamine aluminum salt is still more preferred. 

One polymerization inhibitor may be used alone, or two or more polymerization 
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inhibitors may be used in combination. 

[0150] 

The amount of the polymerization inhibitor added is preferably from 0.01 to 10 

parts by mass, more preferably from 0.01 to 8 parts by mass, and most preferably from 0.05 to 

5 parts by mass, per 100 parts by mass of the polymerization initiator (E). 

Within this range, a curing reaction is sufficiently suppressed in the non-image area 

and sufficiently promoted in the image area, as a result, the image formability and sensitivity 

are improved. 

[0151] 

[Binder Polymer] 

From the standpoint of improving the film properties, the curable composition of the 

present invention preferably further contains a binder polymer. 

As the binder polymer, a linear organic polymer is preferably used. As for the 

lineai- organic polymer, a known polymer may be arbitrarily used. In order to enable water 

development or weakly alkaline water development, a linear organic polymer soluble or 

swellable in water or weakly alkaline water is preferably selected. The linear organic 

polymer is not only used as a film-forming agent but also is selected in accordance with the 

usage as a water, weakly alkaline water or organic solvent developer. For example, use of a 

water-soluble organic polymer enables water development. Such a linear organic polymer 

includes, for example, a radical polymer having a carboxyiic acid group in the side chain, e.g., 

those described in JP-A-59-44615, JP~B~54~34327, JP~B~58~12S77, JP-B-54-25957, JP-A-54-

92723, JP-A-59-53836 and JP-A-59-71048, more specifically, a resin obtained by 

homopolymerizing or copolymerizing a monomer having a carboxyl group, a resin obtained 

by hydrolyzing, half esterifying or half-amidating an acid anhydride unit resulting from 

homopolymerization or copolymerization of a monomer having an acid anhydride, an epoxy 

acrylate obtained by modifying an epoxy resin with an unsaturated monocarboxylic acid and 

an acid anhydride, etc. The monomer having a carboxyl group includes an acrylic acid, a 

methacrylic acid, an itaconic acid, a crotonic acid, a maleic acid, a fumade acid, a 4-

carboxylstyrene, etc., and the monomer having an acid anhydride includes a maleic anhydride, 

etc. 

in addition, the organic polymer includes an acidic cellulose derivative similarly 

having a. carboxyiic acid group in the side chain. Other than these, for example, a polymer 

obtained by adding a cyclic acid anhydride to a polymer having a hydroxyi group is also 



78 

useful. 

[0152] 

In the present invention, in the case of using a copolymer as the binder polymer, a 

monomer other than the monomers described above may also be used as a compound to be 

copolymerized. Examples of the other monomer include the compounds of (1) to (12) below: 

(1) aliphatic hydroxyi group-containing acrylic acid esters or methacrylic acid 

esters, such as 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 3-hydroxypropyl acrylate, 

4-hydroxybutyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate, 3-

hydroxypropyl methacrylate and 4-hydroxybutyl methacrylate; 

(2) an alkyl acrylate such as methyl acrylate, ethyl acrylate, propyl acrylate, 

butyl acrylate, isobutyl acrylate, amy! acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl 

acrylate, benzyl acrylate, 2-chloroethyl acrylate, glycidyl acrylate, 3,4-epoxycyclohexylmethyl 

acrylate, vinyl acrylate, 2-phenylvinyl acrylate, 1-propenyl acrylate, allyl acrylate, 2-

aliyloxyethyl acrylate, and propargyl acrylate; 

(3) an alkyl methacrylate such as methyl methacrylate, ethyl methacrylate, 

propyl methacrylate, butyl methacrylate, isobutyl methacrylate, amyl methacrylate, hexyl 

methacrylate, 2-ethylhexyl methacrylate, cyclohexyl methacrylate, benzyl methacrylate, 2-

ehloroethyl methacrylate, glycidyl methacrylate, 3,4-epoxycyclohexylmethyl methacrylate, 

vinyl methacrylate, 2-phenylvinyl methacrylate, 1-propenyl methacrylate, aliyl methacrylate, 

2-allyloxyethyl methacrylate and propargyl methacrylate; 

(4) an acrylamide or methacrylamide, such as acrylamide, methacrylami.de, N-

methylolacrylamide, N-ethyiaciylami.de., N-hexylmethacrylamide, N-cyclohexylacrylamide, 

N-hydroxyethylacrylamide, N-phenylacrylamide, N-nitrophenylacrylamide, N-ethyl-N-

phenylacrylamide, vinyl acrylamide, vinyl methacrylamide, N,N-diallylacrylamide; N,N-

diallylmethacrylamide, allylacrylamide and ailylmethacrylamide; 

(5) vinyl ethers such as ethyl vinyl ether, 2-chloroethyl. vinyl ether, hydroxyethyl 

vinyl ether, propyl vinyl ether, butyl vinyl ether, octyl vinyl ether and phenyl vinyl ether; 

(6) vinyl esters such as vinyl acetate, vinyl chloroacetate, vinyl butyrate and 

vinyl benzoate; 

(7) styrenes such as styrene, a-methylstyrene, methylstyrene, 

chloromethylstyrene and. p-acetoxystyrene; 

(8) vinyl ketones such as methyl vinyl ketone, ethyl vinyl ketone, propyl vinyl 

ketone and. phenyl vinyl ketone; 
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(9) olefins such as ethylene, propylene, isobutyiene, butadiene and isoprene; 

(10) N-vinyipyrrolidone, acrylonitrile, methacrylonitrile. etc.; 

(11) an unsaturated imide such as maieimide, N-aciyloylacryiamide, N-

acetylmethacryiamide, N-propionylmethacrylamide and N-(p-chlorobenzoyl.)methacrylamide; 

and 

(12) a methacrylic acid-based monomer in which a heteroatom is bonded to the 

a-position, for example, compounds described in JP-A-2002-309057, JP-A-2002-311569, etc. 

In the present invention, these monomers may be combined with no particular 

limitation within the scope of the present invention and thereby applied to the synthesis of a 

copolymer. One example of a copolymer obtained by polymerizing monomer components 

containing such a monomer is illustrated below, but the present invention is not limited thereto. 

The compositional ratio of the compound illustrated below is in mol%. 

[0153] 

[Chem. 36] 
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[0154] 

As for the binder polymer, the description of a polymer obtained by the 

polymerization using, as an essential monomer component, a compound represented by 

formula (ED) (sometimes referred to as an ether dimer) in JP-A-2012-208494, paragraph 0562 

(in the corresponding U.S. Patent Application Publication No. 2012/235099, [0692]) et seq. 

may be taken into consideration, the contents of which are incorporated in the description of 

the present invention. 

With regard to specific examples of the ether dimer, the description of an ether 

dimer in JP-A-2012-208494, paragraph 0565 (in the corresponding U.S. Patent Application 

Publication No. 2012/235099, [0694]) et seq. may be taken into consideration, the contents of 

which are incorporated in the description of the present invention. 

In addition, specific examples of the polymer obtained by the polymerization using, 

as an essential monomer component, a compound represented by formula (ED) are illustrated 

below, but the present invention is not limited thereto. The compositional ratio of the 

compound illustrated below is in mol%. 
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[0155] 
[Chem. 37] 
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[0156] 
[Chem. 38] 
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[0157] 
In the present invention, among others, a polymer obtained by copolymerizing 

dimethyl"2,2'-[oxybis(methylene)]bis-2-propenoate (hereinafter referred to as "DM"), benzyl 
methacrylate (hereinafter referred to as "BzMA"), methyl methacrylate (hereinafter referred to 



as "MMA"), methacrylic acid (hereinafter referred to as "MAA") and glycidyl methacrylate 

(hereinafter referred to as "GMA") is preferred. In particular, the molar ratio of 

DM:BzMA:MMA:MAA:GMA is preferably 5 to 15 : 40 to 50 : 5 to 15 ; 5 to 15 : 20 to 30. 

These components preferably account for 95 mass% or more in the components constituting 

the copolymer for use in the present invention. The weight average molecular weight of such 

a polymer is preferably from 9,000 to 20,000. 

The polymer for use in the present invention preferably has a weight average 

molecular weight (in terms of polystyrene as measured by GPC method) of 1,000 to 2x10s, 

more preferably from 2,000 to lxlO5, still more preferably from 5,000 to 5xi04. 

[0158] 

Among these, a (meth)acrylic resin containing, in the side chain, an ally! group or 

vinyl ester group and a carboxyl group, an alkali-soluble resin having a. double bond in the 

side chain described in JP-A-2000-187322 and JP-A-2002-62698, and an alkali-soluble resin 

having an amide group in the side chain described in JP-A-2001-242612 are excellent in tike 

balance of film strength, sensitivity and developability and are suitable. Examples of the 

polymer above include DIANAL NR series (produced by Mitsubishi Rayon Co., Ltd.), 

Photomer 6173 (a COOH-containing polyurethane acrylic oligomer, produced by Diamond 

Shamrock Co., Ltd.), Viscoat R-264, KS Resist-106 (both produced by Osaka Organic 

Chemical Industry Ltd.), CYCLOMER P series such as CYCLOMER P ACA230AA, 

PLACCEL CF200 series (all produced by Daicel Chemical Industries, Ltd.), and Ebecryl 3800 

(produced by Daicel-UCB Company Ltd.). 

[0159] 

In addition, an acid group-containing urethane-based binder polymer described in 

JP-B-7-12004, JP-B-7-120041, JP-B-7-120042, JP-B-8-12424, JP-A-63-287944, JP-A-63-

287947 and JP-A-1-271741, and a urethane-based binder polymer having, in the side chain, an 

acid group and a double bond described in JP-A-2002-107918 are very excellent in the 

strength and are advantageous in terms of film strength. 

An acid group-containing acetal-modified polyvinyl alcohol-based binder polymer 

described in European Patent Nos. 993966 and 1204000, JP-A-2001-318463, etc. is also 

excellent in the film strength and is suitable. 

Other than these, polyvinylpyrrolidone, polyethylene oxide, etc. are useful as the 

water-soluble linear organic polymer. Furthermore, for example, an alcohol-soluble nylon 

and a polyether of 2,2-bis(4-hydroxyphenyl)-propane and epichlorohydrin are also useful for 
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increasing the strength of the cmed film. 

[0160] 

The weight average molecular weight (in terms of polystyrene as measured by GPC 

method) of the binder polymer that can be used in the curable composition of the present 

invention is preferably 5,000 or more, more preferably from. 10,000 to 300,000, and the 

number average molecular weight is preferably 1,000 or more, more preferably from 2,000 to 

250,000, The polydispersity (weight average molecular weight/number average molecular-

weight) is preferably 1 or more, more preferably from 1.1 to 10. 

The binder polymer may be any of a random polymer, a block polymer, a graft 

polymer, etc. 

[0161] 

The binder polymer usable in the present invention can be synthesized by a 

conventionally known method. The solvent used at the time of synthesis includes, for 

example, tetrahydrofuran, ethylene dichloride, cyclohexanone, methyl ethyl ketone, acetone, 

methanol, ethanol, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 2-

methoxyethyl acetate, diethylene glycol dimethyl ether, l-methoxy-2-propanol, l-methoxy-2-

propyl acetate, N,N~dimethylformamide, N,N-dimethylacetamide, toluene, ethyl acetate, 

methyl lactate, ethyl lactate, dimethylsulfoxide, and water. One of these solvents is used alone, 

or two or more thereof are mixed and used. 

The radical polymerization initiator used at the time of synthesis of the binder 

polymer usable in the curable composition of the present invention includes conventionally 

known compounds such as azo-based initiator and peroxide initiator. 

hi the curable composition of the present invention, one binder polymer may be 

used alone, or two or more binder polymers may be used in combination. 

The curable composition of the present invention may or may not contain a binder 

polymer, but in the case of containing a binder polymer, the content thereof is preferably from 

\ to 40 mass%, more preferably from 3 to 30 mass%, still more preferably from 4 to 20 

mass%, based on the total solid content of the curable composition. 

[0162] 

[Surfactant] 

From the standpoint of more enhancing the coatability, various surfactants may be 

added to the curable composition of the present invention. As the surfactant, various 

surfactants such as fluorine-containing surfactant, nonionic surfactant, cationic surfactant, 
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anionic surfactant and silicone-containing surfactant may be used. 

Among others, when the curable composition of the present invention contains a 

fluorine-containing surfactant, the liquid characteristics (particularly fluidity) of a coating 

solution prepared are more enhanced, so that the coating thickness uniformity or the liquid 

saving can be more improved. 

That is, in the case of forming a film by using a coating solution to which a 

photosensitive transparent composition containing a fluorine-containing surfactant: is applied, 

the interface tension between the coating surface and the coating solution is reduced, whereby 

wettability to the coating surface is improved and the coatability on the coating surface is 

enhanced. This is effective in that even when a thin film of about several jxm is formed with 

a small liquid, volume, formation of a film having a uniform thickness with little thickness 

unevenness can be more suitably performed. 

The fluorine content percentage in the fluorine-containing surfactant is preferably 

from 3 to 40 mass%, more preferably from 5 to 30 mass%, still more preferably from 7 to 25 

mass%. A fluorine-containing surfactant having a fluorine content percentage in the range 

above is effective in terms of thickness uniformity of the coated film, and liquid saving and. 

also has good solubility in the curable composition. 

The fluorine-containing surfactant includes, for example, Megaface F171, Megaface 

F172, Megaface F173, Megaface f 176. Megaface F177, Megaface F141, Megaface F142, 

Megaface F143, Megaface F144, Megaface R30, Megaface F437, Megaface F475, Megaface 

F479, Megaface F482, Megaface F554, Megaface F780, Megaface F781 (all produced by DIC 

Corp.), Florad FC430, Florad FC431, Florad FC171 (all produced by Sumitomo 3M Ltd.), 

Surflon S-382, Surflon SC-101, Surflon SC-103, Surflon SC-104, Surflon SC-105, Surflon 

SC-1068, Surflon SC-381, Surflon SC-383, Surflon S393: Surflon KH-40 (all produced by 

Asahi Glass Co., Ltd.), PF636, PP656, PF6320, PF6520, and PF7002 (produced by 

OMNOVA). 

[0163] 

The nonionic surfactant specifically includes nonionic surfactants described, for 

example, in JP-A-2012-201643, paragraph 0252, the contents of which are incorporated in the 

description of the present invention. 

The cationic surfactant specifically includes cationic surfactants described, for 

example, in JP-A-2012-201643, paragraph 0253, the contents of which are incorporated in the 

description of the present invention. 
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The anionic surfactant specifically includes W004, W005, WO!7 (produced by 

Yusho Co., Ltd.), etc. 

The silicone-containing surfactant includes, for example, "Toray Silicone DC3PA", 

"Toray Silicone SH7PA", "Toray Silicone DC11PA", "Toray Silicone SH21PA", "Toray 

Silicone SH28PA", "Toray Silicone SH29PA", "Toray Silicone SH30PA", and "Toray 

Silicone SHS400", produced by Dow Coming Toray Silicone Co., Ltd.; "TSF-4440", "TSF-

4300", "TSF-4445", "TSF-4460", and "TSF-4452", produced by Momentive Performance 

Materials; "KJP341.", "KF600r', and "RF6002", produced by Shin-Etsu Silicone Co., Ltd.; and 

"BYK307\ "BYK323lVaiid BYK330, produced, by Byk Chemie. 

Only one surfactant may be used, or two or more kinds of surfactants may be 

combined. 

[0164] 

The curable composition may or may not contain a surfactant but in the case of 

containing a surfactant, the amount added thereof is preferably from 0.001 to 2.0 mass%, more 

preferably from 0.005 to 1.0 mass%, based on the total mass of the curable composition. 

[0165] 

[Other Additives] 

In the curable composition, known additives such as plasticizer and sensitizing 

agent may be further added so as to improve the physical properties of the cured film. 

As for other additives, only one additive may be used, or two or more kinds of 

additives may be combined.. 

The plasticizer includes, for example, dioctyl phthalate, didodecyl phthalate, 

triethylene glycol dieaprylate, dimethyl glycol phthalate, tricresyl phosphate, dioctyl adipate, 

dibutyi sebacate, and triacetyl glycerol, and when a binder polymer is used, the plasticizer may 

be added in an amount of 10 mass% or less based on the total mass of the polymerizable 

compound and the binder polymer. 

[0166] 

[Ultraviolet Absorber] 

The curable composition of the present invention may contain an ultraviolet 

absorber. The ultraviolet absorber is preferably, among others, a compound represented by 

the following general formula (I) that is a conjugated diene compound: 

[0167] 

[Chem. 39] 



85 

R1 R3 

i U formula (I) 
R K 

[0168] 

Iii formula (I), each of R1 and R2 independently represents a hydrogen atom, an 

alkyl group having from 1 to 20 carbon, atoms, or an aryl group having from 6 to 20 carbon 

atoms, and R1 and R2 may be the same as or different from each other but are not a hydrogen 

atom at the same time. 

In addition, R1 and R2 may form a cyclic amino group together with the nitrogen 

atom to which R1 and R2 are bonded. The cyclic amino group includes, for example, a 

piperidino group, a morpholino group, a pyrrolidine group, a hexahydroazepino group, and a 

piperazino group. 

hi formula (I), each of R3 and R4 represents an electron-withdrawing group. The 

electron-withdrawing group as used here is ail electron-withdrawing group having a 

Hammett's substituent constant crp value (hereinafter, simply referred to as "CTP value") of 0.20 

to 1.0, preferably an electron-withdrawing group having a op value of 0.30 to 0.8. 

The Hammett's rale is an empirical rule advocated by L.P. Hammett in 1935 so as to 

quantitatively discuss the effect of a substituent on the reaction or equilibrium of a benzene 

derivative and its propriety is widely admitted at present. The substituent constant 

determined by the Hammett's rule includes a value and a trm value, and these values can be 

found in a large number of general publications and are described in detail, for example, in J.A, 

Dean (compiler), Lanae's Handbook of Chemistry. 12th ed., McGraw-Hill (1979), Kagakuno 

Rvoiki (Chemistry Region), special number. No. 122, pp. 96-103, Nankodo (1979), and 

Chemical Reviews. Vol. 91, pp. 165-195 (1991). In the present invention, it is not meant that 

the substituent is limited only to those having a known value which can be found in the above-

described publications, and needless to say, the substituent includes a substituent whose value 

is not known in publications but when measured based on the Hammett's rule, falls in the 

range. 

Specific examples of the electron-withdrawing group having a ap value of 0.20 to 

1.0 include an acyl group, an acyloxy group, a carbamoyl group, an alkyloxycarbonyl group, 

an aryloxycarbonyl group, a cyano group, a nitro group, a dialkylphosphono group, a 

diarylphosphono group, a diarylphosphinyl group, an alkylsulfmyl group, an arylsulfmyl 
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group, an alkyisulfonyl group, an arylsulfcmyl group, a sulfonyloxy group, an acylthio group, a 

sulfamoy! group, a thiocyanate group, a thiocarbonyi group, an alkyl group substituted with at 

least two or more halogen atoms, an alkoxy group substituted with at least two or more 

halogen atoms, an aryioxy group substituted with at least two or more halogen atoms, an 

alkylamino group substituted with at least two or more halogen atoms, an alkylthio group 

substituted with at least two or more halogen atoms, an aryl group substituted with another 

electron-withdrawing group having a <TP value of 0.20 or more, a heterocyclic group, a 

chlorine atom, a bromine atom, an azo group and a selenocyanate group. 

R3 and R4 may combine with each other to form a ring. 

[0169] 

At least one of R1, R2, R3 and R4 may be in the form of a polymer derived from a 

monomer bonded to a vinyl group through a linking group or may be a copolymer with 

another monomer. In the case of a copolymer, the another monomer includes, for example, 

an acrylic acid, an a-chloroacrylic acid, a-alacrylic acid (for example, an ester derived from 

acrylic acids such as methacrylic acid, preferably a lower alkyl ester or amide, e.g., acrylamide, 

methacrylamide, teit-butylacrylamide, methyl acrylate, methyl methacrylate, ethyl acrylate, 

ethyl methacrylate, n-propyl acrylate, n-butyl acrylate, 2-ethylhexyl acrylate, n-hexyl acrylate, 

octyl methacrylate, lauryl methacrylate, methyienebisacrylamide), a vinyl ester (e.g., vinyl 

acetate, vinyl propionate, vinyl laurate), acrylonitrile, methacrylonitriie, an aromatic vinyl 

compound (for example, styrene and its derivative, e.g., vinyltoluene, divinylbenzene, 

vinylacetophenone, suifostyrene, styrenesulfmic acid), itaconic acid, citraconic acid, crotonic 

acid, vinylidene chloride, a vinyl alkyl ether (e.g., vinyl ethyl ether), a maleic acid ester, N~ 

vinyl-2-pyrrolidone, N-vinylpyridine, and 2- or 4-vinylpyridine. 

Two or more of these other monomer compounds may be used in combination. 

For example, n-butyl acrylate and divinylbenzene, styrene and methyl methacrylate, or methyl 

acrylate and methacrylate, can be used in combination. 

[0170] 

The ultraviolet absorber represented by formula (I) can be synthesized by the 

methods described in JP-B-44-29620, JP-A-53-128333, JP-A-61-16983I, JP-A-63-53543, JP-

A-63-53544, JP-A-63-56651, and W02009/1.23109, pamphlet. Specifically, Compound (1) 

illustrated above can be synthesized by the method, described in W02009/123109, pamphlet, 

paragraph 0040. 

[0171] 
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The curable composition of the present invention may or may not contain an 

ultraviolet absorber but in the case of containing an ultraviolet absorber, the content thereof is 

preferably from 0.1 to 10 mass%, more preferably from 0.1 to 5 mass%, still more preferably 

from 0.1 to 3 ma.ss%, based on the total solid content of the composition. 

In the present invention, one of these various ultraviolet absorbers may be used 

alone, or two or more thereof may be used in combination. 

The curable composition of the present invention is preferably filtered through a 

filter for the puipose of removing foreign substances or reducing defects. A filter 

conventionally used for filtration, etc. can be used without any particular limitation. The 

filter includes those made of, for example, a fluororesin such as PTFE 

(polytetrafluoroethylene), a polyamide-based resin such as nylon~6 and nylon 6,6, and a 

polyolefm resin (including a high-density polyolefm and an ultrahigh-molecular weight 

polyolefin) such as polyethylene and polypropylene (PP). Among these materials, 

polypropylene (including a high-density polypropylene) is preferred. 

The pore size of the Filter is suitably on the order of 0.01 to 7.0 jim, preferably 

approximately from 0.01 to 2.5 (im, more preferably approximately from 0.01 to 1.5 Jim. 

Within this range, it becomes possible to unfailingly remove fine foreign substances which are 

mixed in a dissolved pigment, etc. and inhibit the preparation of a uniform and smooth curable 

composition in a later step. 

At: the time of use of a filter, different filters may be combined. In this case, 

filtering through a first filter may be performed once or two or more times. In the case of 

performing filtering two or more times by combining different filters, the pore size in the 

second or later filtering is preferably larger than the pore size in the first filtering. It may be 

also possible to combine first filters having different pore sizes within die above-described 

range. The nominal values of the filter makers can be referred to for the pore size used 

herein. As to the commercially available filter, the filter may be selected from various filters 

offered, for example, by Japan Pall Co., Ltd., Advantec Toyo Co., Ltd., Nihon Entegris K.K. 

(the former Nihon Mykrolis Ltd.) or Kitz Micro Filter Coip. 

As the second, filter, a filter made of the same material, etc. as the first filter may be 

used. The pore size of the second filter is suitably on the order of 0.5 to 7.0 pm, preferably 

on the order of 2.5 to 7.0 pm, more preferably on the order of 4.5 to 6.0 jim. Within this 

range, foreign substances which are mixed in a. mixed solution and inhibit the preparation of a 

uniform and smooth curable composition in a later step can be removed while allowing for 
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remaining of the component particles contained in the mixed, solution. 

For example, it may be possible to perform the filtering through a first filter only for 

a dispersion liquid and after mixing other components, perform the second filtering. 

[0172] 

<Cured Fiim> 

The cured, film of the present invention is a cured film obtained by curing the above-

described curable composition. 

The cured film of the present invention can be suitably used as an interlayer 

insulating film. In addition, the cured film of the present invention is preferably a cured film 

obtained by the later-described production method of a cured film of the present invention. 

An interlayer insulating film having excellent insulating property and even when 

baked at a high temperature, ensuring high transparency is obtained from the curable 

composition of the present invention. The interlayer insulating film formed using the curable 

composition of the present invention has high transparency and excellent cured film properties 

and therefore, is useful for the usage in an organic EL display device or a liquid ciystal display 

device. 

The cured film of the present invention can be suitably used as an optical member 

such as microlens, optical waveguide, antirefiection film, LED encapsulant and LED chip coat 

material, or as a cured product for the reduction in visibility of wiring electrodes laid in a 

touch panel. 

In addition, the cured film of the present invention can be suitably used, for example, 

as a flattening film or interlayer insulating film in a liquid crystal display device, an organic 

EL device, etc., a protective film of a color filter, a spacer for keeping constant the thickness 

of a liquid crystal layer in a liquid crystal display device, or a structural member of an MEMS 

(Micro Electro Mechanical Systems) device, which are described later. 

[0173] 

[Production Method of Transparent Film (Cured Film)] 

The production method of a transparent film of the present invention includes: 

a step of coating the above-described curable composition on a wafer by a spray 

method, a roll coating method, a spin coating method, a bar coating method, etc., 

subsequently, a first heating step, and 

further subsequently, a second heating step at a higher temperature. 

The conditions in the first heating step are the same as the conditions described later 
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as the pre-baking conditions of the step (i) in the production method of a microlens. 

The conditions in the second heating step are the same as the conditions described 

later as the post-baking conditions of the step (iv) in the production method of a microlens. 

<Microlens> 

The curable composition of the present invention can form a transparent film with 

high refractive index and high transmittance and therefore, can be very suitably used for the 

formation, of, for example, a microlens or a microlens array. 

That is, the curable composition of the present invention is preferably a composition 

for the formation of a microlens. 

The present invention also relates to a microlens formed using a transparent film 

that is formed by using the curable composition of the present invention. 

[0174] 

[Production Method of Microlens] 

The method for producing a microlens by using the curable composition of the 

present invention is not particularly limited, and a commonly employed method can be applied. 

The method includes, for example, a method involving a step of post-baking and thereby 

shaping the above-described transparent film, and a dry etching step. 

The step of post-baking and thereby shaping the transparent film is the same as that 

described in detail later regarding the step (f). 

The dry etching step is the same as that described in detail later regarding the step 

(g). 

One preferred embodiment of the method for producing a microlens by using the 

curable composition of the present invention includes a production method involving at least 

the following steps (i) to (iv): 

(i) a step of forming a coating film of the curable composition of the present 

invention on a substrate, 

(ii) a step of irradiating at least a part of the coating film with radiation, 

(iii) a step of developing the coating film after the irradiation, and 

(iv) a step of heating the coating film after the development. 

[0175] 

These steps are described below. 

Step (i): 

hi this step, the curable composition is, preferably as a liquid composition, coated 
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on the surface of a substrate, and the solvent is removed by pre-baking to form a coating film 

on the substrate. 

The substrate includes, for example, a glass substrate, a silicon wafer, a substrate-

obtained by forming various metal layers on the surface of such a substrate, and a substrate 

coated with an on-chip color filter for image-sensors. 

The coating method is not particularly limited and, for example, an appropriate 

method such as spray method, roll coating method, spin coating method and bar coating 

method may be employed. 

The pre-baking conditions may vary depending on the kind, amount used, etc. of 

each component but are usually from 60 to 120°C and approximately from. 30 seconds to 15 

minutes. The thickness of the coating film formed is, as a value after pre-baking, preferably 

approximately from 0.5 to 20 jim. 

[0176] 

Step (ii): 

In this step, at least a part of the formed coating film is irradiated with radiation. 

At the time of irradiation of only a part of the coating film with radiation, the 

irradiation is performed through a mask having a predetermined pattern. 

The radiation that can be used for irradiation includes, for example, an ultraviolet 

ray such as g-line and i-line, a far ultraviolet ray such as KrF excimer laser and ArF excimer 

laser, an X ray such, as synchrotron radiation, and a charged particle beam such as electron 

beam. Among these, an ultraviolet ray is preferred. 

The exposure dose can be appropriately selected according to the configuration, etc. 

of the curable composition but is preferably on the order of 50 J/m2 to 2,000 J/m2. 

[0177] 

Step (iii): 

in this step, the coating film after exposure is developed with, a developer, 

preferably an alkaline developer, to remove the radiation-unirradiated portion and thereby 

form a pattern having a predetermined profile. 

The alkali developer includes, for example, an aqueous alkaline solution of 

inorganic alkalis such as sodium hydroxide, potassium hydroxide, sodium carbonate, sodium 

silicate, sodium metasilicate and ammonia water, primary amines such as ethylamine and n-

propylamine, secondary amines such as diethyiamine and di-n-butylamine, tertiary amines 

such as triethylamine and methyldiethylamine, alcohol amines such as dimethyiethanolamine 
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and triethanoiamine, tetraalkylammomum hydroxides such as tetramethylammomum 

hydroxide, tetraethylammonium hydroxide, tetrapropylammonium hydroxide, 

tetrabutylammonium hydroxide, tetrapentylammonium hydroxide, tetrahexylammonium 

hydroxide, tetraoctylammonium hydroxide, ethyltrimethylammonium hydroxide, 

butylfrimethylammomum hydroxide, methyltriamylammonram hydroxide and 

dibutyidipentylammonium hydroxide, quaternary ammonium salts such as 

trimetbylphenylammonium hydroxide, trimethylbenzylammonium hydroxide and 

triethyibenzylammonium hydroxide, and cyclic amines such as pyrrole and piperidine. 

One of these aqueous alkaline solutions may be used alone, or two or more thereof may be 

mixed and used. In addition, the alkali developer may be used after adding thereto a water-

soluble organic solvent such as methanol or ethanol, a surfactant, or various organic solvents. 

As the development method, an appropriate method, such as puddling, dipping, 

shaking immersion and showering, can be used. After the development with an alkaline 

developer, the coating film is usually washed, for example, with running water, etc. 

The development time may vary depending on the configuration of the curable 

composition and the configuration of the developer but is usually on the order of 30 to 120 

seconds at room temperature. 

[0178] 

Step (iv): 

In this step, the coating film after development is heated (post-baked) by means of a 

heating device such as hot plate or oven, whereby the coating film is cured. 

In the post-baking, the heating temperature is usually from 120 to 250°C, preferably 

from 160 to 230°C. The heating time may vary depending on the heating unit, but in the case 

of heating on a hot plate, the heating time is usually approximately from 5 to 30 minutes, and 

in the case of heating in an oven, the heating time is usually approximately from 30 to 90 

minutes. 

At the time of post-baking, for example, a step baking method of heating the coating 

film two or more times may also be employed. 

Another preferred embodiment of the method for producing a microlens by using 

the curable composition of the present invention includes a formation method involving at 

least the following steps (a) to (g): 

[0179] 

(a) a step of forming a coated film on a base material such as color filter by 
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using the curable composition of the present invention, 

(b) a. step of obtaining a high-refractive-index film (transparent film) by at ieast 

either heating the coated film to dry (or dry and cure) the coated film or exposing the coated 

film to a light source (e.g., g-line, i-line) having an appropriate wavelength to cure the coated 

film, 

(c) a step of forming a resist coating film on. the high-refractive-index film after 

the heating, 

(d) a step of exposing the resist coating film to a light source (e.g., g-line, i-line) 

having an appropriate wavelength., 

(e) a step of developing the resist coating film after the exposure to form a resist 

pattern, 

(f) a step of shaping the resist pattern in a lens shape by post-heating, 

(g) a step of applying dry etching to remove the resist pattern and a part of the 

high-refractive-index film, thereby shaping the high-refractive-index film in a iens shape. 

[0180] 

These steps are described below. 

-Step (a)™ 

hi this step, the curable composition of the present invention is coated on a base 

material such as color filter to form a coated film. 

As for the coating method, the same methods as in die step (i) above are recited. 

-Step (b)~ 

In this step, one preferred embodiment of the heating of the coated film includes a 

two-step heating treatment involving pre-baking and post-baking. 

The pre-baking conditions may vary depending on the kind., amount used, etc. of 

each component but are usually from 60 to 120°C and approximately from 30 seconds to 15 

minutes. The thickness of the coating film formed is, as a value after pre-baking, preferably 

approximately from 0.5 to 20 pin. This pre-baking step is sometimes omitted. 

Subsequently, the coated film is heated (post-baked) using a heating device such as 

hot plate or oven and is thereby cured. The post-baking conditions are usually from 120 to 

300°C and approximately from 30 seconds to 60 minutes. In this connection, the curing may 

be promoted by performing exposure before the post-baking step. 

In the case of curing the coated film by exposure to a light source (e.g., g-line, i~ 

line) having an appropriate wavelength, as for the radiation irradiated, the same radiation 



species and exposure dose as in the step (li) above are referred to. 

[0181] 

-Step (c)-

In this step, a resist coating film, is formed oil a. high-refractive-index film. As the 

resist here, a resist commercially available in general and capable of forming a pattern by 

ultraviolet exposure can be used. The resist coating film is pre-baked, similarly to the step 
(a). 

-Step (d)-

In this step, the coating film is patternwise exposed using a mask. As for the 

radiation irradiated, the same radiation species and exposure dose as in the step (ii) above are 

referred to. 

-Step (e)-

In this step, the resist coating film after exposure is developed with a developer, 

preferably an alkali developer, to remove the radiation-unirradiated portion or irradiated 

portion and thereby form a pattern having a predetermined profile. 

As for the alkali developer, the same alkali developers as in the step (iii) above are 

recited. 

As for the developing method, the same methods as the methods described above 

regarding the step (iii) are recited. 

The development time is the same as that described above regarding the step (iii). 

-Step (f)-

In this step, the resist after the pattern formation above is post-heated (post-baked) 

by means of a. heating device such as hot plate or oven and is thereby deformed into a lens 

shape. The post-baking conditions are usually from 120 to 300°C and approximately from 30 

seconds to 60 minutes. In addition, for the deformation into a lens shape, for example, a step 

baking method of heating the resist two or more times may also be employed. 

[0182] 

-Step (g )-

The dry etching can be carried out by a known method (for example, JP-A-2010-

204154), 

As the gas for dry etching, for example, the following etching gases are preferably 

used: CF4, CHF3, SF6, Cl2, C2F6, GIF6, C4Fg, C5F8, H2, N2, and NH3. One gas may be 

selected from these gases and used, or two or more gases may be used in combination. 
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Among others, from the standpoint of maintaining the rectangularity of the etched portion, the 

fluorine-based gas is preferably at least one or more members selected from the group 

consisting of CF4J C2F6, C4F8 and CHF3, more preferably CF4 or C4F6, and most 

preferably a mixed gas of CF4 and C4F6. 

In addition, from the standpoint of maintaining the partial pressure control stability 

of etching plasma and the perpendicularity of etched profile, the mixed gas used for dry 

etching preferably contains another gas, in addition to the above-described fluorine-based gas 

and oxygen gas. As the another gas, it is preferable to contain at least one gas selected from 

the group consisting of a rare gas such as helium (He), neon (Ne), argon (Ar), krypton (ICr) 

and xenon (Xe), a halogen-based gas containing a halogen atom such as chlorine atom, 

fluorine atom and bromine atom (e.g., CC14, CC1F3. A1F3, A1CI3), N2, CO and C02; it is more 

preferable to contain at least one gas selected from the group consisting of He, Ar, Kr, N2 and 

Xe; and it is still more preferable to contain at least one gas selected from the group consisting 

of He, Ar and Xe. 

In the case where the partial pressure control stability of etching plasma and the 

perpendicularity of etched profile can be maintained, the mixed gas used, for dry etching may 

be a mixed gas composed of only a fluorine-based gas and an oxygen gas. 

In this way, the desired microlens can be produced. 

According to the production mediod of a microlens of the present invention, a. high-

definition microlens and a microlens array each having excellent characteristics (for example, 

a high refractive index and a high transmittance) can be easily formed at a high product yield. 

[01 S3] 

<Undercoat Film of Color Filter> 

The curable composition of the present invention can also be used as an undercoat 

film of a color filter. The curable composition of the present invention can form a 

transparent and flat coating film and therefore, maybe suitably used as an undercoat film. 

That is, it is also preferred that the curable composition of the present invention is 

used for the formation of an undercoat film of a color filter. 

The undercoat film is preferably an undercoat film of a color filter formed through 

the following steps: 

(f) a step of forming a coated film 011 a substrate having formed thereon a 

device, by using the curable composition of the present invention, 

(if) a step of heating the coated film and thereby drying (or drying and curing) the 
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coated film to obtain a transparent film, and 

(iii') a step of forming a color filter on the transparent film by a known method. 

The formation of the coated film and transparent film can be performed according to 

the method described above in <Microlens>. 

Iii the present invention, the microlens and the undercoat film of a color filter are 

formed of the curable composition of the present invention and excellent in the balance of 

characteristics and therefore, can be very suitably used for, e.g., various OA devices, a liquid 

crystal display device such as liquid crystal television, cellular phone and projector, an 

imaging optical system of an on-chip color filter in facsimiles, electronic copiers, solid-state 

imaging devices, etc., and an optical fiber connector. 

[0184] 
<Solid-Stage Imaging Device> 

The solid-state imaging device of the present invention is characterized by having a 

microlens formed using the above-described curable composition of the present invention. 

The solid-state imaging device of the present invention is provided with a microlens 

having a high refractive index, and a high transmittance and therefore, can reduce the noise and 

exhibit excellent color reproducibility. 

The solid-state imaging device of the present invention has a configuration where a 

microlens formed using the curable composition of the present invention is provided, and the 

configuration is not particularly limited as long as it functions as a solid-stage imaging device. 

The configuration includes, for example, a configuration having, on a substrate, a plurality of 

photodiodes constituting the light-receiving area of a solid-state imaging device {e.g., a CCD 

image sensor, a CMOS image sensor) and a light-receiving element composed of polysilicon, 

etc., in which the above-described undercoat film is provided below a color filter; and a 

configuration in which the above-described microlens is provided 011 a color filter. 

The method for manufacturing the solid-state imaging device of the present 

invention is not particularly limited, but in one preferred embodiment, the method includes: 

a step of forming a red pixel, a blue pixel and a green pixel on a solid-state imaging 

device substrate having thereon at least a photodiode, a light-shielding film and a device 

protective film, 

a step of coating and heating the above-described curable composition, 

a step of forming a resist pattern, 

a step of applying a post-baking treatment, thereby shaping the formed resist pattern 
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in a lens shape, and 

a dry etching step. 

The step of coating and heating the curable composition is the same as the step of 

forming a coated film on a base material and the step of heating the coated film to dry (or dry 

and cure) the coated film in the step (a) and step (b) in the production method of a microlens. 

The step of forming a resist pattern is the same as the step (d) and step (e) in the 

production method of a microlens. 

The step of applying a post-baking treatment, thereby shaping the formed resist 

pattern in a lens shape, is the same as the step (f) in the production method of a microlens. 

The dry etching step is the same as the step (g) in the production method of a 

microlens. 

[0185] 

<Liquid Crystal Display Device> 

The liquid crystal display device of the present invention is characterized by having 

the above-described cured film of the present invention. 

The liquid crystal display device of the present invention is not particularly limited 

except for having a flattening film or interlayer insulating film formed using the curable 

composition of the present invention, and the liquid crystal display device includes known 

liquid crystal display devices taking various structures. 

Specific examples of TFT (Thin-Film Transistor) used for the liquid crystal display 

device of the present invention include amorphous silicon-TFT, low temperature polysilicon-

TFT. and oxide semiconductor TFT. The cured film of the present invention is excellent in 

the electrical characteristics and. therefore, can be suitably used in combination with such TFT. 

The liquid crystal drive mode that may be taken by the liquid crystal display device 

of the present invention includes TN (Twisted Nematic) mode, VA (Vertical Alignment) mode, 

IPS (In-Place-Switching) mode, FFS (Fringe Field Switching) mode, OCB (Optical 

Compensated Bend) mode, etc. 

In a panel configuration, the cured film of the present invention can be used even in 

a COA (Color Filter on Allay)-mode liquid crystal display device and may be used, for 

example, as an organic insulating film (115) described in JP-A-2005-284291 or an organic 

insulating film (21.2) described in JP-A-2005-346054. 

The alignment method for the liquid crystal orientation film that may be employed 

in the liquid crystal display device of the present invention specifically includes rubbing 
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alignment, photo-alignment, etc. Furthermore, a polymer alignment support may also be 

formed by the PSA (Polymer Sustained Alignment) technique described in JP-A-2003-149647 

or JP-A-2G11-257734. 

[0186] 

Fig. 1 is a conceptual cross-sectional view depicting one example of the liquid 

crystal display device 10 of an active matrix system. The color liquid crystal display device 

10 is a liquid crystal panel having a backlight unit 12 on the back surface, and the liquid 

ciystal panel has TFT 16 elements arranged to correspond to all pixels disposed between two 

glass substrates 14 and 15 to which a polarizing film is laminated. In each element formed 

on the glass substrate, an ITO transparent electrode 19 forming a pixel electrode is wired 

through a contact hole 18 formed in a cured film 17. An RGB color filter 22 having arranged 

therein a liquid crystal 20 layer and a black matrix is provided on the ITO transparent 

electrode 19. 

The light source for backlight is not particularly limited, and a known light source 

may be used. Examples thereof include a white LED, a multicolor LED such as blue, red and 

green, a fluorescent lamp (cold cathode tube), and an organic EL. 

The liquid crystal display device may also be of a 3D (stereovision) type or a touch 

panel type. Furthermore, the liquid crystal display device may be of a flexible type, and the 

cured film can be used as a second interphase insulating film (48) described in JP-A-2011-

145686 or an interphase insulating film (520) described m JP-A-2009-258758. 

[0187] 

<Organic EL Display Device> 

The organic EL, display device of the present invention is characterized by having 

the above-described cured film of the present invention. 

The organic EL display device of the present invention is not particularly limited 

except for having a flattening film or interlayer insulating film formed using the curable 

composition of the present invention, and the display device includes known various organic 

EL display devices or liquid crystal display devices taking various structures. 

Specific examples of TFT (Thin-Film Transistor) used for the organic EL display 

device of the present invention include amorphous silicon-TFT, low temperature polysilicon-

TFT, and oxide semiconductor TFT. The cured film of the present invention is excellent in 

the electrical characteristics and therefore, can be suitably used in combination with such TFT. 

Fig. 2 is a conceptual view of the configuration in one example of the organic EL 
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display device. A schematic cross-sectional view of the substrate in a bottom emission-type 

organic EL display device is depicted, and the substrate has a flattening film 4. 

A bottom gate-type TFT 1 is formed on a glass substrate 6, and an insulating film 3 

composed of Si3N4 is formed to cover the TFT 1. A contact hole not shown is formed in the 

insulating film 3 and thereafter, a wiring 2 (height: 1.0 j.im) to be connected to TFT 1 through 

the contact hole is formed on the insulating film 3. The wiring 2 is formed to connect 

between TFTs 1 or connect an organic EL element formed in the later step and TFT 1. 

Furthermore, for flattening the unevenness due to formation of the wiring 2, a 

flattening layer 4 is formed on the insulating film 3 to bury the unevenness caused by the 

wiring 2, 

A bottom emission-type organic EL element is formed on the flattening film 4. 

That is, on the flattening film 4, a first electrode 5 composed, of ITO is formed to connect with 

the wiring 2 though the contact hole 7. The first electrode 5 corresponds to the anode of an 

organic EL element. 

An insulating film 8 in the form of covering the marginal edge of the first electrode 

5 is formed, and by providing this insulating film 8, a short circuit between the first electrode 5 

and a second electrode formed in the following step can be prevented. 

Furthermore, although not depicted in Fig. 2, a hole transport layer, an organic light-

emitting layer, and an electron transport layer are sequentially provided by vapor deposition 

through a desired pattern mask, a second electrode composed of Al is formed throughout the 

surface above the substrate, and these are laminated with a sealing glass plate by using an 

ultraviolet-curable epoxy resin and thereby encapsulated to obtain an active matrix-type 

organic EL display device in which each organic EL element is connected with TFT 1 for 

driving the element. 

10188] 

The curable composition of the present invention is excellent in the curability and 

cured film properties and therefore, is used as a structural member of an MEMS device by 

allowing a. resist pattern formed using the curable composition of the present invention to be 

incorporated as a partition wall or a part of mechanical drive components. The MEMS 

device includes, for example, a SAW (surface acoustic wave) filter, a BAW (bulk acoustic 

wave) filter, and a part of gyrosensors, microshutters for display, image sensors, electronic 

papers, inkjet heads, biochips, sealants, etc. More specific examples are illustrated in JP-T-

2007-522531, JP-A-2008-250200, JP-A-2009-263544, etc. • 
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[0189] 

The curable composition of the present invention is excellent in the flatness and 

transparency and therefore, can also be used for the formation of a bank layer (16) and a 

flattening film (57) depicted in Fig. 2 of JP-A-2011-107476, a partition wall (12) and a 

flattening film. (102) depicted in Fig. 4(a) of JP-A-2010-9793, a bank layer (221) and a third 

interlayer insulating film (216b) depicted in Fig. 10 of JP-A-2010-27591, a second interlayer-

insulating layer (125) and a third interlayer insulating film (126) depicted in Fig. 4(a) of JP-A-

2009-128577, a flattening film (12) and a pixel separation insulating film (14) depicted in Fig. 

3 of JP-A-2010-18263S, etc. 

[0190] 
<Touch Panel Display Device> 

The touch panel display device of the present invention is equipped with a 

capacitance-type input device having the cured film of the present invention. Also, the 

capacitance-type input device of the present invention is characterized by having the cured, 

film of the present invention. 

The capacitance-type input device of the present invention of the present invention 

has a front plate and, on the non-contact side of the front plate, at least the following elements 

(1) to (5), where (4) is preferably the cured product of the present invention: 

(1) a mask layer 

(2) a plurality of first transparent electrode patterns having a plurality of pad 

portions that are formed to extend in a first direction through connecting portions, 

(3) a plurality of second transparent electrode patterns electrically insulated 

from the first transparent electrode pattern and composed of a plurality of pad portions that are 

formed to extend in a direction intersecting the first direction, 

(4) an insulating layer electrically insulating the first transparent electrode 

pattern and the second transparent electrode pattern, and 

(5) an electroconductive element that is electrically connected to at least either 

one of the first transparent electrode pattern and the second transparent electrode pattern and 

different from the first transparent electrode pattern and. the second transparent electrode 

pattern, 
hi the capacitance-type input, device of the present invention, it is preferred that a 

transparent protective film is further provided to cover all or a part of the elements (1) to (5), 

and it is more preferred that the transparent protective film is the cured film of the present 
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invention. 

[01913 

First, the configuration of the capacitance-type input device is described. Fig. 3 is 

a cross-sectioaal view depicting the configuration of a capacitance-type input device. In Fig. 

3, the capacitance-type input device 30 consists of a front plate 31, a mask layer 32, a first 

transparent electrode pattern 33, a second transparent electrode pattern 34, an insulating layer 

35, an electroconductive element 36, and a transparent protective layer 37. 

[0192] 

The .front plate 31 is composed of a light-transmitting substrate such as glass 

substrate, and, for example, toughened glass represented by Gorilla Glass of Corning Inc. may 

be used. In Fig. 3, the side of the front plate 31, where respective elements are provided, is 

referred to as a non-contact surface. In the capacitance-type input device 30 of the present 

invention, input is performed by touching the contact surface (the surface opposite the non-

contact surface) of the front plate 31 with a finger, etc. Hereinafter, the front plate is 

sometimes referred to as "base material". 

[0193] 

The mask layer 32 is provided on the non-contact surface of the front plate 31. 

The mask layer 32 is in a flame pattern surrounding the display region formed on the non-

contact surface of the front plate of the touch panel and is formed to hide a routed wiring, etc. 

In the capacitance-type input device of the present invention, as shown in Fig. 4, the 

mask layer 32 is formed to cover a partial region of the front plate 31 (in Fig. 4, the region 

other than the input surface). Furthermore, as shown in Fig. 4, an opening 38 may he 

provided in a part of die front plate 31. A mechanical push switch may be provided in the 

opening 38. 

[0194] 

As shown in Fig. 5, on the contact surface of the front plate 31, a plurality of first 

transparent electrode patterns 33 having a plurality of pad portions that are formed to extend in 

a first direction through connecting portions, a plurality of second transparent electrode 

patterns 34 electrically insulated from the first transparent electrode pattern 33 and composed 

of a plurality of pad portions that are formed to extend in a direction intersecting the first 

direction, and an insulating layer 35 electrically insulating the first transparent electrode 

pattern 33 and the second transparent electrode pattern 34, are formed. The first transparent 

electrode pattern 33, the second transparent electrode pattern 34 and the later-described 
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electroconductive element 36 may be produced using a light-transmitting electroconductive 

metal oxide film such as ITO (Indium. Tin Oxide) and IZO (Indium Zinc Oxide). Such a 

metal film includes, for example, an ITO film; a metal film such as Al, Zn, Cu, Fe, Ni, Cr and 

Mo; and a metal oxide film such as Si02. At this time, the film thickness of each element 

may be from 10 to 200 nm. hi addition, an amorphous ITO film is converted to a 

polycrystalliiie .ITO film by firing and therefore, it is also possible to reduce the electric 

resistance. The first transparent electrode pattern 33, the second transparent electrode pattern 

34, and the later-described electroconductive element 36 may also be produced using a 

photocurable transfer material having a photocurable composition, using the above-described 

electroconductive fiber. In the case of forming, for example, the first transparent electrode 

pattern from ITO, etc., reference may be made to paragraphs [0014] to [0016] of Japanese 

Patent No. 4,506,785. 

[0195] 

At least either one of the first transparent electrode pattern 33 and the second 

transparent electrode pattern 34 may be provided over both regions, i.e., the non-contact 

surface of the front plate 31 and the mask layer 32 surface opposite the front plate 31. In Fig. 

3, a configuration where the second transparent electrode pattern is provided over both regions, 

i.e., tiie non-contact surface of the front plate 31 and the mask layer 32 surface opposite the 

front plate 31, is depicted. 

[0196] 
The first transparent electrode pattern 33 and the second transparent electrode 

pattern 34 are described below by referring to Fig. 5. Fig. 5 is an explanatory view depicting 

one example of the first transparent electrode pattern and the second transparent electrode 

pattern in the present invention. As shown in Fig. 5, in the first transparent electrode pattern 

33, pad portions 33a are formed to extend in a first direction through connecting portions 33b. 

The second transparent electrode pattern 34 is electrically insulated from the first transparent 

electrode pattern 33 by an insulating layer 35 and composed of a plurality of pad portions that 

are formed to extend in a direction intersecting the first direction (a second direction in Fig. 5). 

In the case of forming the first transparent electrode pattern 33, the pad portion 33a and the 

connecting portion 33b may be integrally produced, or after producing only the connecting 

portion 33b, the pad portion 33a and the second transparent electrode pattern 34 may be 

integrally produced (patterned). In the case of integrally producing (patterning) the pad 

portion 33a and the second, transparent electrode pattern 34, respective layers are formed such 
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that, as shown in Fig. 5, a part of the connecting portion 33b and a part of the pad portion 33a 

are connected and at the same time, the first transparent electrode pattern 33 and the second 

transparent electrode pattern 34 are electrically insulated by the insulating layer 35. 

[0197] 

In Fig. 3, an electroconductive element 36 is provided on the mask layer 32 surface 

opposite the front plate 31. The electroconductive element 36 is an element electrically 

connected to at least either one of the first transparent electrode pattern 33 and the second 

transparent electrode pattern 34 and at the same time, different from the first transparent 

electrode pattern 33 and the second transparent electrode pattern 34. In Fig. 3, a 

configuration where die electroconductive element 36 is connected to the second transparent 

electrode pattern 34 is depicted. 

[0198] 

Furthermore, in Fig. 3, a transparent protective layer 37 is provided to cover all of 

the constituent elements. The transparent protective layer 37 may be configured to cover 

only a part of the constituent elements. The insulating layer 35 and the transparent protective 

layer 37 may be formed of the same material or different materials. 

[0199] 

<Capacitance-Type Input Device and Touch Panel Display Device Having Capacitance-Type 

Input Device> 

With regard to the capacitance-type input device obtained by the production method 

of the present invention and the touch panel display device having the capacitance-type input 

device as a constituent element, the configurations disclosed, for example, in Saishin Touch 

Panel Giiutsu (Newest Touch Panel Technology), published by Techno Times, July 6, 2009; 

Yuji Mitani (supervisor), Touch Panel no Giiutsu to Kaihatsu (Technology and Development 

of Touch Panels). CMC Publishing Co., Ltd., December 2004; and textbook for lecture in FPD 

International 2009 Forum T-ll, Cypress Semiconductor Corporation, Application Note 

AN2292, may be applied. 

Examples 

[0200] 

The present invention is described in greater detail below by referring to Examples, 

but the present invention is not limited to these Examples. Unless otherwise indicated, the 

"parts" and "%" are on the mass basis. 
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In Examples, the acid value was determined by a potentiometric method (solvent: 

tetrahydrofiiran/water = 54/6 (by volume), titrant: an aqueous 0.1 N sodium hydroxide 

solution (acid value)). 

In the following, the measurement of the weight average molecular weight was 

performed by directly connecting HPC-8220GPC (manufactured by Tosoh Corp.), guard 

column: TSKguardcolumn SuperHZ-L, column: TSKgel SuperHZM-M, TSKgel 

SuperHZ40G0, TSKgel SuperHZ3000, and TSKgel SuperHZ2000, injecting 10 j-U of a 

tetrahydrofuran solution with a sample concentration of 0.1 mass% at a column temperature of 

40°C, flowing tetrahydrofuran as the eluting solvent at a flow rate of 0.35 ml per minute, and 

detecting the sample peak by an RI detector. The weight average molecular weight was 

calculated using a calibration curve prepared by use of standard polystyrene. 

[0201] 

(Synthesis Example 1) 

Synthesis of Polymer Compound (C-l): 

Polymer Compound (C-l) was synthesized in accordance with the synthesis method 

described in JP-A-2007-277514, paragraphs 0266 to 0348 (in the corresponding U.S. Patent 

Application Publication No. 2010/233595, paragraphs 0289 to 0429). Specifically, the 

compound was synthesized as follows. 

100 Parts of dipentaerythritol hexakis(3-mercaptopropionate) [(33): produced by 

Sakai. Chemical Industry Co., Ltd.] and 91.38 parts of Compound (A-3) shown below having 

an adsoiption moiety and having a carbon-carbon double bond were dissolved in 446.6 parts 

of l-methoxy-2-propanol, and this solution was heated at 90°C in a nitrogen stream. The 

charge ratio here was 1.0:5.5 by mol. 

0.81 Parts of dimethyl 2,2'-azobis(2-methylpropionate) [V-601, produced by Wako 

Pure Chemical Industries, Ltd.] was added thereto, and this mixture was heated for 2 hours. 

Furthermore, 0.81 parts of V-601 was added, and the reaction was allowed to proceed at 90°C 

for 2 hours in a nitrogen stream. The reaction solution was cooled to room temperature 

(25°C), thereby obtaining a 30 mass% solution of Mercaptan Compound (B-l) where a part of 

sulfur atoms of Compound (33) were added to Compound (A-3). 

[0202] 

[Chem. 40] 
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0 

0 
HS-~CH2"CH2-C~0-CH2 

-CH2' 

o 
^CHs-O-C-CHs-CHa-SH 

NCH2"0-C-CH2-CH2-SH 
0 HS-CH2--CJVC-0~CH2^ /CH2—• O' 

HS~-CH?-CHO-C-0-CH2^ XCH2-0-C-CH2-CH2-SH 
2 2 „ 2 Q (33) 

HO2C 
CO2H 

(A-3) 

[0203] 
A mixed solution containing 499.57 parts of the 30 mass% solution of Mercaptan 

Compound (B-l) and 100.13 parts of Methyl Methacrylate (M-l) was heated at 90°C in a 
nitrogen stream. A solution prepared by dissolving 0.681 parts of dimethyl 2,2'-azobis(2-
methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 72.73 parts 
of propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, 
and the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.230 parts of V-601 

was added, followed by reaction at 90°C for 2 hours in a nitrogen steam, and 0.230 parts of V-

601 was again added, followed by reaction at 90°C for 2 hours in a nitrogen stream. 

Thereafter, 160.9 parts of propylene glycol 1-monomethyl ether 2-acetate was added, and the 
reaction solution was cooled to room temperature, thereby obtaining a 30 mass% solution of 
the polymer compound shown below (C-l: weight average molecular weight in terms of 
polystyrene: 3,300, acid value: 241 mgKOH/g). 
[0204] 
[Chem, 41] 

H02C'^Y^S" -R3 " 
HO2C n 

C02Chi3 

-CM2-CH2-C-0-CH2 .CH2-0-C-CH2-CH2' 

^CH{ "vCH2-0-*q-CH2-CH2-

J m 

(n=5.5. m=0.5,k=20) 

—CH2-CH2-C~O-CH2^ ^CH2-

\ CH2-CHrC -O -CH^ VCH2-G -C ~CH2-CH2-
\ O 0 

(C-1) 

[0205] 
(Synthesis Example 2) 
Synthesis of Polymer Compound (C-34): 

Polymer Compound (C-34) was synthesized in accordance with the synthesis 
method described in JP-A-2007-277514, paragraphs 0266 to 0348 (in the corresponding U.S. 
Patent Application Publication No. 2010/233595, paragraphs 0289 to 0429), Specifically, the 
compound was synthesized as follows. 

65.0 Parts of dipentaerythritol hexaki.s(3-mercaptopropionate) [(33): produced by 
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Sakai Chemical Industry Co., Ltd.], 44.5 parts of Compound (A-1.6) shown below, and 27.0 

parts of Compound (A-3) shown below, which are a compound having an adsorption moiety 

and having a carbon-carbon double bond, were dissolved in 318.4 parts of l-methoxy-2-

propanol, and this solution was heated at 90°C in a nitrogen stream. The charge ratio of (33), 

(A-16) and (A-3) here was 1.0:2.5:2.5 by mol. 

0.478 Parts of dimethyl 2,2'-azobis(2-methylpropionate) [V-601, produced by Wako 

Pure Chemical Industries, Ltd.] was added thereto, and this mixture was heated for 2 hours. 

Furthermore, 0.478 parts of V-601 was added, and the reaction was allowed to proceed at 

90°C for 2 hours in a nitrogen stream. The reaction solution was cooled to room temperature, 

thereby obtaining a 30 mass% solution of Mercaptan Compound (B-34) where a part of sulfur 

atoms of Compound (33) were added to Compounds (A-3) and (A-l 6). 

[0206] 

[Chem. 42] 
o o 

HS-CHrCHrt~0-CH, ,CRrO-£-CH2-CHrSH 
VC' 

9 ^CHf" XCH2-0-C-CH2-CHrSH 
HS-CB 2~CH2 -O - CHj _ XCH2— 

HS-CHrCH3'C-0-CHf xCH2-0-C-CHrCHrSH 
O O 

0 

(33) 

HQ,C 
:O^H 

(A-3) 

[0207] 

A mixed solution containing 150.3 parts of the 30 mass% solution of Mercaptan 

Compound (B-34) and. 54.9 parts of Methyl Methacrylate (M-l) was heated at 90°C in a 

nitrogen stream. A solution prepared by dissolving 0.379 parts of dimethyl 2,2'-azobis(2~ 

methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 39.9 parts of 

propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, and 

the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.126 parts of V-601 was 

added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0,126 parts of V-601 

was again added, followed by reaction at 90°C for 2 hours in a nitrogen stream. Thereafter, 

88.3 parts of propylene glycol 1-monomethyl ether 2-acetate was added, and the reaction 

solution was cooled to room temperature, thereby obtaining a 30 mass% solution of the 

polymer compound shown below (C-34: weight average molecular weight in terms of 

polystyrene: 4,400, acid value: 77 mgKOH/g). 
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[0208] 

[Chem. 43] 

o o 

HO 

0 

K 

HOjC 

V 

n2 

CO2CH3 

(nHn2=5, m=l, k=20,nVn2=1/1) 

0 0 
R3= —CH2-CHr6-0-CH2v ^CH2-0-C-CH2~CH2-

9 ,CHf vCH2-0-C-CHrCHj-
-CH3-CH2-C-O-CH2 _,CH3—0^ " 

\ 
-CHrCHrC-0-CHj CHrO~C-CHrCH2-

0 

(C-34) 

[0209] 

(Synthesis Example 3) 

Synthesis of Polymer Compound (C-35): 

Polymer Compound (C-35) was synthesized in accordance with the synthesis 

method described in JP~ A-2007-277514a paragraphs 0266 to 0348 (in the corresponding U.S. 

Patent Application Publication No. 2010/233595, paragraphs 0289 to 0429). Specifically, the 

compound was synthesized as follows. 

70.0 Parts of dipentaerythritol hexakis(3-mercaptopropionate) [(33): produced by 

Sakai Chemical Industry Co., Ltd.], 19.2 parts of Compound (A-16) shown below, and 46.5 

parts of Compound (A-3) shown below, which are a compound having an adsorption moiety 

and having a carbon-carbon double bond, were dissolved in 316.6 parts of l-methoxy-2-

propanoi, and this solution was heated at 90°C in a nitrogen stream. The charge ratio of (33), 

(A-16) and (A-3) here was 1.0:1.0:4.0 by mol. 

0.515 Parts of dimethyl 2,2'-azobis(2-methylpropionate) [V-601, produced by Wako 

Pure Chemical Industries, Ltd.] was added thereto, and this mixture was heated for 2 hours. 

Furthermore, 0.515 parts of V-601 was added, and the reaction was allowed to proceed at 

90°C for 2 hours in a nitrogen stream. The reaction solution was cooled to room temperature, 

thereby obtaining a 30 mass% solution of Mercaptan Compound (B-35) where a part of sulfur 

atoms of Compound (33) were added to Compounds (A-3) and (A-16). 

[0210] 

[Chem. 44] 
0 9 

HS-CH2-CH2-C-0-CB2^ ^CH2-0-6-CH2-CHJ-SH 

» •CH2 NCH2-0-C-CH2-CH2'SH 
HS-CHrCH2'fc-0-CH2^ ^CH2—O ft 

HS-CH2-CH2-C-0-CH^XCH2-0-C-CH2-aVSH 
o 6 

B-35 
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[0211] 

A mixed solution containing 143.7 parts of the 30 m.ass% solution of Mercaptan 

Compound (B-35) and 56.9 parts of Methyi Methacrylate (M-l) was heated at 90°C in a 

nitrogen stream. A solution prepared by dissolving 0.392 parts of dimethyl 2,2'-azobis(2-

methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 41.3 parts of 

propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, and 

the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.131 parts of V-601 was 

added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0.131 parts of V-601 

was again added, followed by reaction at 90°C for 2 hours in a nitrogen stream. Thereafter, 

91.4 parts of propylene glycol 1-monomethyl ether 2-acetate was added, and the reaction 

solution was cooled to room temperature, thereby obtaining a 30 mass% solution of the 

polymer compound shown below (C-35: weight average molecular weight in terms of 

polystyrene: 4,500, acid value: 128 mgKOH/g). 

[0212] 

[Chem. 45] 
u 

YV^V5-
d o 1 

H02C^V'=' 
H02C 

>3- -S'v y/k 
CO2CH3 

O 

0 0 
-CHrCHrC-0-CH2^xCH2-0-C-CHrCH2-

CH^vCHrO-C--CHrCH;r 

n2 

(n 1 * n 2=5, m=1, W2 0, n 1/n 2=1/4) 

—CHJ-CH2-£!-O-CH2 CH2—o 
m \ \<—CHrCHrC-0-CH2 CH2-0-C-CH2-CH: 

\ o 6 
(C-35) 

[0213] 

(Synthesis Example 4) 

Synthesis of Polymer Compound (C-36): 

Polymer Compound (C-36) was synthesized in accordance with the synthesis 

method described in JP-A-2007-277514, paragraphs 0266 to 0348 (in the corresponding U.S. 

Patent Application Publication No. 2010/233595, paragraphs 0289 to 0429). Specifically, the 

compound was synthesized as follows. 

65.0 Parts of dipentaerythritol hexakis(3-mercaptopropionate) [(33): produced by 

Sakai Chemical Industry Co., Ltd.], 44.5 parts of Compound (A-17) shown below, and 27.0 

parts of Compound (A-3) shown below, which are a compound having an adsorption moiety 

and having a carbon-carbon double bond, were dissolved in 318.4 parts of l-methoxy-2-

propanol, and this solution was heated at 90°C in a nitrogen stream. The charge ratio of (33), 
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(A-17) and (A-3) here was 1.0:2.5:2.5 by mol. 

0.478 Parts of dimethyl 2,2'~azobis(2-methylpropionate) [V-601, produced by Wako 

Pure Chemical Industries, Ltd.] was added thereto, and this mixture was heated for 2 hours. 

Furthermore, 0.478 parts of V-601 was added, and the reaction was allowed to proceed at 

90°C for 2 hours in a nitrogen stream. The reaction solution was cooled to room temperature, 

thereby obtaining a 30 mass% solution of Mercaptan Compound (B-36) where a part of sulfur 

atoms of Compound (33) were added to Compounds (A-3) and (A-17). 

A mixed solution containing 150.3 parts of the 30 mass% solution of Mercaptan 

Compound (B-36) and 54.9 parts of Methyl Methacrylate (M-l) was heated at 90°C in a 

nitrogen stream. A solution prepared by dissolving 0.379 parts of dimethyl 2,2'-azobis(2-

methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 39.9 parts of 

propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, and 

the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.126 parts of V-601 was 

added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0.126 parts of V-601 

was again added, followed by reaction at 90°C for 2 hours in a nitrogen stream. Thereafter, 

88.3 parts of propylene glycol 1-monomethyl ether 2-acetate was added., and the reaction 

solution was cooled to room temperature, thereby obtaining a 30 mass% solution of the 

polymer compound shown below (C-36: weight average molecular weight in terms of 

polystyrene: 4,300, acid value: 77 mgKOH/g). 

[0214] 

[Chem. 46] 

HS-CH2-CH2-C-O-
0 

o 
HS~CH2-CH2-£-0-

B-36 

[0215] 

[0216] 

[Chem. 47] 
o 
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[0217] 

(Synthesis Example 5) 

Synthesis of Polymer Compound (C-37): 

Polymer Compound (C-37) was synthesized in accordance with the synthesis 

method described in JP-A-2007-277514, paragraphs 0266 to 0348 (in the corresponding U.S. 

Patent Application Publication No. 2010/233595, paragraphs 0289 to 0429). Specifically, the 

compound was synthesized as follows. 

70.0 Parts of dipentaerythritol hexalds(3-mercaptopropionate) [(33): produced by 

Sakai Chemical Industry Co., Ltd.], 19.2 parts of Compound (A-17) shown below, and 46.5 

parts of Compound (A-3) shown below, which are a compound having an adsorption moiety 

and having a carbon-carbon double bond, were dissolved in 316.6 parts of l-methoxy-2-

propanol, and this solution was heated at 90°C in a nitrogen stream. The charge ratio of (33), 

(A-17) and (A-3) here was 1.0:1.0:4.0 by mol. 

0.515 Parts of dimethyl 2,2,-azobis(2-methylpropionate) [V-601, produced by Wako 

Pure Chemical Industries, Ltd.] was added thereto, and this mixture was heated for 2 hours. 

Furthermore, 0.515 parts of V-601 was added, and the reaction was allowed to proceed at 

90°C for 2 hours in a nitrogen stream. The reaction solution was cooled to room temperature, 

thereby obtaining a 30 mass% solution of Mercaptan Compound (B-37) where a part of sulfur 

atoms of Compound (33) were added to Compounds (A-3) and (A-17). 

[0218] 

[Chem. 48] 

HS-CHo-Cl-U-^-O-CH, 

O 
•-iS-CHrCH2-C~0~CH2 .CHS—O' 

.CHj' XCH2'0-C-CH2-CH2-SH 

HS-CH2-CH2-C-O-CH2 
0 

SCH2-0-C-CH3-CHJ-SH 
0 

0 

133} 

B-37 

CO,H 

[0219] 

A mixed, solution containing 143.7 pails of the 30 mass% solution of Mercaptan 

Compound (B-37) and 56.9 parts of Methyl Methacrylate (M-l) was heated at 90°C in a 

nitrogen stream. A solution prepared by dissolving 0.392 parts of dimethyl 2,2'-azobis(2-

methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 41.3 parts of 

propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, and 

the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.131 parts of V-601 was 
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added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0.131 parts of V-601 

was again added, followed by reaction at 90°C for 2 hours .in a nitrogen stream,. Thereafter, 

91.4 parts of propylene glycol 1-monomethyi ether 2-acetate was added, and the reaction 

solution was cooled to room temperature, thereby obtaining a 30 mass% solution of the 

polymer compound shown below (C-37: weight average molecular weight in terms of 

polystyrene: 5,500, acid value: 127 mgKOH/g). 

[0220] 

[Chem. 49] 
H H 
y N 
O 

0 

S' 
HO2C 

>3- -S"\ 
CO^H; 

(fl1*n2=5. m=1, k=2Q, n1/n2=V4) 

0 ° \ 
-CH2-CH2-£-0~CH2 ^CH2-0-C-CH2-CH2- \ 

0 
vc; 

.Cf-U—O' 
„CHf 

-CH2-CHJ-C-0-CH2^ ^11, 

-CHrCHr9-0-CH2^' VCHrO-C-CHr-CH3 

0 o 

fC-37) 

CH2-0-C-CHJ-CH2-

[0221] 

(Synthesis Example 6) 

Synthesis of Polymer Compound (C-62): 

Polymer Compound (C-62) was synthesized in accordance with the synthesis 

method described in JP~ A-2007-277514, paragraphs 0266 to 0348 (in the corresponding U.S. 

Patent Application Publication No, 2010/233595, paragraphs 0289 to 0429). Specifically, the 

compound was synthesized as follows. 

70.0 Parts of dipentaerythritol hexakis(3-mercaptopropionate) [(33): produced by 

Sakai Chemical Industry Co., Ltd.], 17.7 parts of Compound (A-23) shown below, and 46.5 

parts of Compound (A-3) shown below, which are a compound having an adsorption moiety 

and having a carbon-carbon double bond, were dissolved in 313.2 parts of l-methoxy-2-

propanol, and this solution was heated at 90°C in a nitrogen stream. The charge ratio of (33), 

(A-23) and (A-3) here was 1.0:1.0:4.0 by mol. 

0.515 Parts of dimethyl 2,2'-azobis(2-methylpropionate) [V-601, produced by Wako 

Pure Chemical Industries, Ltd.] was added thereto, and this mixture was heated for 2 hours. 

Furthermore, 0.515 parts of V-601 was added, and the reaction was allowed to proceed at 

90°C for 2 hours in a nitrogen stream. The reaction solution was cooled to room temperature, 

thereby obtaining a 30 mass% solution of Mercaptan Compound (B-62) where a part of sulfur 

atoms of Compound (33) were added to Compounds (A-3) and (A-23). 
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[0222] 

[Chem. 50] 
o 0 

HS-CH2-CH2-C-0-CH2V _s.CH2'lJ-^-<~nr^n2 

-CH^ VCH,~0-C-CHrCH2-SH 
HS-CH2-CH2-C-O-CH2N ^CH2—O"^ o 

XHrG~C~CHrCHrSH 
0 0 

B-62 

o 

HS-CH2-CH2-C-0-CHJ 

[0223] 

A mixed solution containing 200.0 parts of the 30 raa.ss% solution of Mercaptan 

Compound (B-62) and 80.0 parts of Methyi Methacrylate (M-l) was heated at 90°C in a 

nitrogen stream. A solution prepared by dissolving 0.552 parts of dimethyl 2,2'-azobis(2-

methyipropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 58.1 parts of 

propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, and 

the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.184 parts of V-601 was 

added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0.184 parts of V-601 

was again added, followed by reaction a.t 90°C for 2 hours in a nitrogen stream. Thereafter, 

128.6 parts of propylene glycol 1-monomethyl ether 2-acetate was added, and the reaction 

solution was cooled to room temperature, thereby obtaining a 30 mass% solution of the 

polymer compound shown below (C-62: weight average molecular weight in terms of 

polystyrene: 4,700, acid value; 128 mgKOH/g). 

[0224] 

[Chem. 51] 

HO 
HO 

>3- >x.l> 
CO2CH3 m 

0 

rf? 

(01+02=5, m= 1,k=20, n1Ai 2=1/4) 

R* = 

—CH2-CHr6-0-CH 

--CHra-l3'C-0-CHf 
\ o 
(C-62) 

O 0 
—aVCH2-d-0-CH2 ,CHrO-<5-CHrCHr-

„CH7 — 0' 
.CH ~CH3 -O -C-Cl-^-CH-

O 
s-CH2-0-C-CHrCHr 

[0225] 

(Syntliesis Example 7) 

Synthesis of Polymer Compound (C-63): 

A mixed solution containing 155.6 parts of the 30 mass% solution of Mercaptan 

Compound (B-62) and 93.3 parts of Methyl Methacrylate (M-l) was heated at 90°C in a 

nitrogen stream. A solution prepared by dissolving 0.644 parts of dimethyl 2,2'-azobis(2-
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methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 67.8 pails of 

propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, and. 

the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.215 parts of V-601 was 

added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0.215 parts of V-601 

was again added, followed by reaction at 90°C for 2 hours in a nitrogen stream. Thereafter, 

150.0 parts of propylene glycol 1-monomethyl ether 2-acetate was added, and the reaction 

solution was cooled to room temperature, thereby obtaining a 30 mass% solution of the 

polymer compound shown below (C-63: weight average molecular weight in terms of 

polystyrene: 6,400, acid value: 99 mgKOH/g). 

[0226] 

[Chem. 52] 

•o' 

HOjC^V^S-
HG,£ 

:R3-
COJCH3 

R3-

r\2 

0 ? 
CH2-CH2-6-0-CH2V ^CH2-0-C-CHrCHr 

^CfVO-C-CH2-CH2-
0 

{n1+n2=5t m=1, k=30. M*i2=1/4) 

1 —CH2~CH2-d-0-CHj ^CH2 —0 

CHrCHr^-G-CHf ^OVO-C-OVCH^ 
o 6 

(C-63) 

[0227] 

(Synthesis Example 8) 

Synthesis of Polymer Compound (C-68): 

Polymer Compound (C-68) was synthesized in accordance with the synthesis 

method described in JP-A-2007-277514, paragraphs 0266 to 0348 (in the corresponding U.S. 

Patent Application Publication No. 2010/233595, paragraphs 0289 to 0429), Specifically, the 

compound was synthesized as follows. 

31.0 Parts of dipentaerythritol hexakis(3-mercaptopropionate) [(33): produced by 

Sakai Chemical Industry Co., Ltd.], 8.88 parts of Compound (A-26) shown below, and 26.0 

parts of Compound (A-3) shown below, which are a compound having an adsorption moiety 

and having a carbon-carbon double bond, were dissolved in 141.1 parts of 1 -methoxy-2-

propanol, and this solution was heated at 90°C in a nitrogen stream. The charge ratio of (33), 

(A-26) and (A-3) here was 1.0:1.0:4.0 by mol. 

0.228 Parts of dimethyl 2,2'-azobis(2-methylpropionate) [V-601, produced by Wako 

Pure Chemical Industries, Ltd.] was added thereto, and this mixture was heated for 2 hours. 

Furthermore, 0.228 parts of V-601 was added, and the reaction was allowed, to proceed at 

90°C for 2 hours in a nitrogen stream. The reaction solution was cooled to room temperature, 
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thereby obtaining a 30 mass% solution of Mercaptan Compound (B-68) where a part of sulfur 

atoms of Compound (33) were added to Compounds (A-3) and (A-26). 

[0228] 

[Chem. 53] 
o o 

HS-CH2-CH2-C-0-CH2^ ^H2~0-C-aH2'CH2'SH 

9 "^CH2-0--C-CHj-C H2-SH 
HS-CH2-CH2'C-0-CHJ ^,CH2—0"^ $ 

H5-a-trCH2-C-0-CH2X SsCH2-0-C~CH2-CHrSH 
o o (33) 

CO2H 
(A-3) 

[0229] 

A mixed solution containing 202.0 parts of the 30 mass% solution of Mercaptan 

Compound (B-68) and 79.4 parts of Methyl Methacrylate (M-l) was heated at 90°C in a 

nitrogen stream. A solution prepared by dissolving 0.548 parts of dimethyl 2,2s-azobis(2-

methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 57.7 parts of 

propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, and. 

the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.183 parts of V-601 was 

added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0.183 parts of V-601 

was again added, followed by reaction at 90°C for 2 hours in a nitrogen stream. Thereafter, 

127.6 parts of propylene glycol 1-monomethy! ether 2-acetate was added, and the reaction 

solution was cooled to room temperature, thereby obtaining a 30 mass% solution of the 

polymer compound shown below (C-68: weight average molecular weight in terms of 

polystyrene: 4,900, acid value: 127 mgKOH/g). 

[0230] 

[Chem. 54] 

-s-H-k k 
C02CHa 

O 0 \ 
-CH2-CH2'C-0-CH2^ _,CH2-0-C-CH2-CH2~ \ 

— CH2-CH2-C-O-CB2.. O' 

•*c 
XCH2-0-C-CHrCH2-

0 
:H2-CH2-C-O-CH2' CH2-0-C-CH2-CH2" 

0 0 
(nl+n2=5, m-1. k=20, n1/n2=1/4) 

(C-6S) 

[0231] 

(Synthesis Example 9) 

Synthesis of Polymer Compound (C-69): 

A mixed solution containing 157.4 parts of the 30 mass% solution of Mercaptan 
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Compound (B-68) and 92.8 parts of Methyl Methacrylate (M-l) was heated at 90°C in a 

nitrogen stream. A solution prepared by dissolving 0.640 parts of dimethyl 2,2'-azobis(2-

methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 67.40 parts 

of propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, 

and the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.213 parts of V-601 

was added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0.213 parts of 

V-601 was again added., followed by reaction at 90°C for 2 hours in a nitrogen stream. 

Thereafter, 149.1 parts of propylene glycol 1-monomethyl ether 2-acetate was added, and the 

reaction solution was cooled to room temperature, thereby obtaining a 30 mass% solution of 

the polymer compound shown below (C-69: weight average molecular weight in terms of 

polystyrene: 6,600, acid value: 99 mgKOH/g). 

[0232] 

[Chem. 55] 

o o 

HO2C 
HO,C rt2 

CO3CH3 

R = 

O 
-CH2-CH2-C-0-CH2S ^CH2-0-C-CH2'CH2-

„ „CH;f ^CH2-G-C-CH2-CHr CH2-CH2-C-O-CH3^ ^CH2—cr" 

CH2'CH2'C-0-CH2/ ^CH2'0-C~CH5'CH2-
0 

(n1 + n2=5, rn—1, k=30, n'i/n2=1/4) 
\ O 

(C-69) 

o 

[0233] 

(Synthesis Example 10) 

Synthesis of Polymer Compound (C-72): 

Polymer Compound (C-72) was synthesized in accordance with the synthesis 

method described in JP-A-2007-277514, paragraphs 0266 to 0348 (in the corresponding U.S. 

Patent Application Publication No, 2010/233595, paragraphs 0289 to 0429). Specifically, the 

compound was synthesized as follows. 

70.0 Parts of dipentaerythritol hexakis(3-mercaptopropionate) [(33): produced by 

Sakai Chemical Industry Co., Ltd.], 11.6 parts of Compound (A-28) shown below, and 46.5 

parts of Compound (A-3) shown below, which are a compound having an adsorption moiety 

and having a carbon-carbon double bond, were dissolved in 299.0 parts of l-methoxy-2-

propanol, and this solution was heated at 90°C in a nitrogen stream. The charge ratio of (33), 

(A-28) and (A-3) here was 1.0:1.0:4.0 by mol. 

0.515 Parts of dimethyl 2,2!-azobis(2-methylpropionate) [V-601, produced by Wako 

Pure Chemical Industries, Ltd.] was added thereto, and this mixture was heated for 2 hours. 
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Furthermore, 0.515 parts of V-601 was added, and the reaction was allowed to proceed at 

90°C for 2 hours in a nitrogen stream. The reaction solution was cooled to room temperature, 

thereby obtaining a 30 mass% solution of Mercaptan Compound (B-72) where a part of sulfur 

atoms of Compound (33) were added, to Compounds (A-3) and (A-28). 

[0234] 

[Chem. 56] 

o 

o 
HS-CH2-CH2-C-O-CH2. 

0 
,CHa*0-C-CH2-CH2"SH 

HS-CH2-CH2-C-O-CH2V ^CH2—0 

HS-CH2'CH2-C -o -CHf" ^CH2-0 -c -CH2'CH2"SH 
O 0 

CH2-O-C-CH2-CH2-SH 
0 

(33) 

B-72 

HO2C 
CO2H 

(A-3) 

[0235] 

A mixed solution containing 194.7 parts of the 30 mass% solution of Mercaptan 

Compound (B-72) and 81.6 parts of Methyl Methacrylate (M-l) was heated at 90°C in a 

nitrogen stream. A solution prepared by dissolving 0.563 parts of dimethyl 2,2'-azobis(2-

methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in 59.3 parts of 

propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, and 

the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.188 parts of V-601 was 

added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0.188 parts of V-601 

was again added, followed by reaction at 90°C for 2 hours in a nitrogen stream. Thereafter, 

131.1 parts of propylene glycol 1-monomethyl ether 2-acetate was added, and the reaction 

solution was cooled to room temperature, thereby obtaining a 30 mass% solution of the 

polymer compound shown below (C-72: weight average molecular weight in terms of 

polystyrene: 4,800, acid value: 131 mgKOH/g). 

[0236] 

[Chem. 57] 

HO 
o 

HO2C 

nl 

n2 

-s-v^Hk 
CO2CH3 m 

O O 
R3 

O 
-CH?-CH7-C-0-CH2 XH2-O-C-CH2-CH2 

.CH2 CH2-O-C~CH2-CH2-
CHrCH2-C-Q-CH2 ^CH2—O " 

c 
CH2-CH2-C-O-CH2'" VCH2-O-C-CH2-CH2-

0 

0 
{n1+n2=5, m=1, i<=20, n1/n2=i/4) 

(C-72) 
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[0237] 
(Synthesis Example 11) 
Synthesis of Polymer Compound (C-73): 
[0238] 

A mixed solution containing 150.8 parts of the 30 mass% solution of Mercaptan 
Compound (B-72) and 94.8 parts of Methyl Methacrylate (M-l) was heated at 90°C in a 
nitrogen stream. A solution prepared by dissolving 0.654 parts of dimethyl 2,2'-azobis(2-
methylpropionate) [V-601, produced by Wako Pure Chemical Industries, Ltd.] in. 6B.8 parts of 
propylene glycol 1-monomethyl ether 2-acetate was added dropwise thereto over 2 hours, and 
the resulting solution was heated at 90°C for 2 hours. Furthermore, 0.218 parts of V-601 was 

added, followed by reaction at 90°C for 2 hours in a nitrogen stream, and 0.218 parts of V-601 

was again added, followed by reaction at 90°C for 2 hours in a nitrogen stream. Thereafter, 
152.3 parts of propylene glycol I-monomethyl ether 2-acetate was added, and the reaction 
solution was cooled to room temperature, thereby obtaining a 30 mass% solution of the 
polymer compound shown below (C-73: weight average molecular weight in terms of 
polystyrene: 6,400, acid value: 99 mgKOH/g). 
[0239] 
[Chem. 58] 

HO. 

H02C' 
KO->c 

Sv 

:R3- -s-f 
C02CH3 

R3S -CH2-CH2-£-O -CH2. 
0 \ 

XCH2-O~C-CH2-CH2-
0 

nl 

•CH2-CH2-ci-0-CH2^ ^CH2-~O' 

-CH2-CH2-C~0-CHa^ XCH2-0-C 

c 
"V"CH2-0-C-CH2-CH2 

0 
-CH2'CH2-

0 0 
?rrt+n2=5. m=1,k=30. n1/n2=1/4] 

[0240] 

(C-73) 

Polymer Compounds (C-2) to (C-33), (C-38) to (C-61), (C-64) to (C-67), (C-70), 
(C-71) and (C-74) to (C-99) were also synthesized in accordance with the synthesis method 
described in JP-A-2007-277514, paragraphs 0266 to 0348 (in the corresponding U.S. Patent 
Application Publication No. 2010/233595, paragraphs 0289 to 0429). Specifically, Polymer 
Compounds (C-2) to (C-33), (C-38) to (C-61), (C-64) to (C-67), (C-70), (C-71), (C-74) to (C-
99) were synthesized in the same maimer as in Synthesis Examples 1 to 11 except for 
appropriately changing the land and charge amount of the "compound having an (m-+ii)-valent 
linking group R! and a mercapto group" (corresponding to the above-described "compound 
having from 3 to 10 mercapto groups per molecule"), the kind and charge amount of the 



117 

"compound having a substituent A1 and a carbon-carbon double bond" (corresponding to the 

above-described "compound having an adsorption moiety and having a carbon-carbon double 

bond"), and the kind and charge amount of the "monomer for forming P1 or P2" 

(corresponding to the above-described "vinyl monomer"), which are raw materials. 

With regard to these Polymer Compounds (C-l) to (C-99) synthesized, the 

"compound having an (m+n)-valent linking group R1 and a mercapto group" as a raw material, 

the "compound having a substituent A1 and a carbon-carbon double bond" as a raw material 

(in the case of using compounds in combination, the molar ratio of respective charge amounts), 

the "monomer for forming P1 or P2" (in the case of using monomers in combination, the mol ar 

ratio of respective charge amounts) as a raw material, m and n in formula (I.) or (2), the 

repetition number k of the repeating unit in P1 of formula (1) or P2 of formula (2), the acid 

value, and the weight average molecular weight are shown together in Tables 1 and 2 below. 
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[0243] 

In Tables 1 and 2, numeral m and. numeral n represent m and n in formula (1) or (2). 

For example, in the case of using a mixture of Compounds (A-7) and (A-3) as in (C-2I) 

(molar ratio of charge amounts: 1:4), 3 of numeral n indicates the total number of structures 

derived from. Compound (A-7) and structures derived from Compound (A-3). 

Numeral k represents the repetition number k of the repeatin g unit in P1 of formula. 

(1) or P2 of formula (2). For example, in the case of using a mixture of Monomers (M-l) and 

(M-2) as in (C-44) (molar ratio of charge amounts: 1:1), 13 of numeral k indicates the total 

repetition number of the repeating unit derived from Monomer (M-l) and the repeating unit 

derived from Monomer (M-2). 

As the "compound having (m+n)-valent linking group R1 and mercapto group" 

(corresponding to the above-described "compound having from 3 to 10 mercapto groups per 

molecule") in Tables 1 and 2, the following compounds (18), (27) and (33) were used. 

[0244] 

[Chem. 59] 
o 

HS-CH2-CH2-C-0-CH2 /CH2-CH3 
(18) 

HS-CH2-CH2-9-0-CH2 CH2-O-C-CH2-CH2-SH 
o o 

0 ?, HS-CH2-CH2-C-O-CH2 .CH2-O~C-CH2-CH,-SH 
;< (27) 

HS-CHrCH2-C-0-CH2 CH2-0-C-CH2~CH2-SH 
O O 

o o 
HS-CHrCHrC~0~CH2^ /CH2-0-C-CH2-CH2-SH 

? XCH2-O-C-CH2-CH2-SH 
HS-CH2-CH2-0-O-CH2 CH2—g (33) 

HS-CH2~CH2-C~0-~CH/' VCHrO-C-CH2-CH3-SH 
o o 

[0245] 

As the "compound having substituent A1 and carbon-carbon double bond" 

(corresponding to the above-described "compound having an adsorption moiety and having a 

carbon-carbon double bond") in Table 1, the following compounds (A-l) to (A-32) were used. 

[0246] 

[Chem. 60] 
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HCfcC^ H 

"^'X, Meor^ -"ry HOaC COzH HQjC 

(A-4) 

O COjH O CO2H 
W ^ <A-3) /AJn °°2H IA-5) (A-6J 

1» © ^ / °2H« 0 S 
C2H5-W—C2H5 O5C / C2H5-N-C2H5 ®02C"^Y^ H03S"^% 

CJH5 C02H C2HS CO2H OH HO' OH 1 

(A-7) (A-B) (A-g) (A-10) 
V11) 

HO3S^XNX^ 
H 

(A-12) 

O 
H2M-$ 

u ll o w H 
(A-13) 

0 u 9 H « S \ -M-RW \V 
H3C O 

(A-14) 

F3O o N1=="^ 

(A-16) 

0 

W 
o 0 

(A-16) 

[0247] 

[Chem. 61] 

H H % 
J*. T 

O 
(A-5 7} 

3^V^Q 
H 

(A-13; (A-1! 

a CO2H 

(A-20) 

,0v 

"COjH 

(A-21) 

HO?C—^ 

(A-22) 

(A-23) 

D 

(A-24) (A-25) (A- 26) (A-27) 

HO. "0 

(A-28) 

HO w 
(A-30) 

HO Y 0 

OH 

(A-31) 

O 

(A-32) 

[0248] 
1 2 As the "monomer for forming P or P " (corresponding to the above-described 

"vinyl monomer") in Table 1, those appropriately selected from Monomers (M-l) to (M-9) and 

(M-l4) to (M-l6) were used. 

Structures of Polymer Compounds (C-l) to (C-99) synthesized are illustrated below. 

[0249] 

[Chem. 62] 
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HO^C Y S" 
HOjC 

-R3-

0 
6OJCH3 

(n=5.5. m=0.S. k=20) 

R»» 

0 
-CH2-CH2-C-0-CH2 ,CHS—0 

O 0 
CHJ-CH2-£-0-CH2-_ _,CH2 -O -C-CH2-CH2-

CH2 ^CtVa-C-CHz'CHj-
0 

CHJ-CHS-C-O-CHJ" 
\ 6 

<C-1) 

CHa-O-q-CHj-CHj-
0 

HOjC 
-R3- -S^ 

r. 
C02CH3 m 

(n«5.5, m«Q.S, K«3fl) 

fir » 
O 0 

-CH2-CH3-i)-0-CH2^ ^CH2-0-C-ai2-CH3-

,c»{ „ CH2-0-C-CH2-CH2-
CHJ-CHJ-C-O-CHJ CH2—G 'A 

vc u 

\—avcHj-q-o-CH^ ""~CH2-O-C-CH2-CH2-
\ o o / 

(C-2) 

HOjC „ [ «3?CH3 

(r-5, m<=i, (c=2D) 

o o 

,-'Ws-CH2-O-C-CHS-CH;2-
o 

—CH2-CH2-C-O~CH2 ^CH2-0-C-CHJ-CH5' 

o CH ^ 
-CKrCH2-fi-0-CH2, 

o 6 

(C-3) 

jn L 

(n=3, m«3, K«7) 

O 0 s 

R' = — CH2-CH2-C-O-CH2 .CKj-O-fi-CHj-CHj-
,-C-. 

.CHj CHJ-O-O-CHJ-CHJ— 
6 -CH2-CH2-C-0- CH2 CH2—0 

\ — CHJ-CHJ-C-O-CHJ CHj-O-C -OI2-CHJ 
0 o 

(C-4) . 

S- -R3-

n CQjCHs HC-jC 

(rTS.S, iri-2.ij, J.-14} 

Q 0 
Rs= — CHj-CHj-fi-O-CHj X.HJ-0-C-CH2-CH2-Nc 

9 ^-2 ^CH?-0-C-CH2-CHJ-
-CH2'CH}"C-0-CH2, ,XH2—0 J 

-CHJ-CHJ-C -O- CHj'" ""CHJ-O-C - CK2-CH2~ 
0 0 / 

(G-5) 

HOJC^Y^"®' 
HO2C I CCjCH; 

(n=2, ra=4, fs=7S 

0 

0 o \ 
-CH2»CH2-C-O-CH2_ ^CH2-O-C-CH2-CH5- ^ 

*CH2-CH2-C-0-CH2, 

-CHrCH2-C-0-CH2' 
0 

(C-6) 

"CHa-O-C-CH3-CH2-
o 

HO2CX^Y"^S-
U02C 

_..R3„ -s^-yfk 
. n COjCHs 

(n»6,m=1,k'6D) 

0 

0 0 *•. 
-CH}-CH2'C-0-CMJS XCH2'0-£~CH2-CH2-\ 

-CHJ-CHJ-6-O-CH}^ _^CH2—0" 

-CH2-CHJ^-0-CH3^ %CHs-0-C-CHrCH,.-

o o 
(C-7) 

HO-C 

R3_ -s-H^k 9 
Jn 

CO2CH3 m 
—CH2-CH2-C-O 

(rpi. rn«2, k«B3) 

o 0 
-CH2-CH2-fl-0-CT2N ^CH2-0-C-CHJ'CH2-

S-CH2-CH2-Q-0-CHJ 
\ o 

<C-8) 

-CHj 

:H2-O-C-CHJ-CH2 

,CH2—o 
CHJ-O-C:-CH3-CHS 

0 

[0250] 

[Chem. 63] 
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HO2C r^s-no^c iri 
-^"^2 

CO2CH3 CO2H 

(n»5.5, m»0.5,k1-t-W=1SQ.K5;k2=1Q/3) 

0 O 
R3 = — CI-b-CN2"C-0-CH3 XCHS'0~C-CH2-CHS 

-CH2-ai2-C-0-CH, .CH O " >c 
-CH2'CHa-C-0-CH5 Na-l2-0-C-CH2'CHj-

\ o 
o 

o 

<C-9) 

HOjCT Y^S-
HO2C 

-R3--s-Kpii 
n 

CO2CH3 

(n-3, m=1 ,k=3Q! 

o o 
-CH2-OH3-C-O-CH3 .CH,-O-C~CH2-CH2-

-CH2"CH2-C:-0-CH2' SVCH2-0-C-CH2-CH2-
o o 

(C-10) 

HO2C N 

HOjC 
-t?3- -S'Kj^fe 
n C02CH3 

(n=2, m=i,k«20) 

i3_ -C^H»-^-0-CHa \ 

—CH2-CH2'C:'-0-CH2'' XCH;J-0-C ~CH2'CH2-- j 

0 o J 
R3 = 

(C-11) 

HO,G - -R5--B-Kpt 
. n 

CO2CH3 

(n=i,m=2.k=B) 

/ o 
' 1! 

CHJCHJ-C-O-CHJ ,CH2'-CH3 

-CHj-CH2-C-0-CHr 

\ 
(C-12) 

^CH2~0~C -CHj-CI-

8 7 

HOjC 
H02 

.R34S.rs^ 
UOJCH-J 

(n«1,m»2.ksi5) 

O "s 
-CH2-CH2-<!5-0-CMS ^CH2-CH3 

-CH2-CH3-C-0-CH2 CH2-O-C -cvi, -CH7-
o 8 

(C-13) 

I HO2C 
HOJC CO2CH2CH3 

(n=2, m=t, t<*20) 

—CHj-CHj-i-O-CHj^ /CH2-CH3 

^ " —CH2-CH2-C-0-CH2 CH2-0-C-CHJ-CHJ-
\ 6 & \ 
(C-14) 

Ns4-P3-Hn Yk 
CO2CH3 

(n=5.5,m=0 

R»-
G 0 

/CH2-O-C-CH2-CH2-

9 JZHi ^CH3'0-C-CH2-CH2-
•CH2-CH2-C-O-CH2 ,CH2—0 

•CH2-CHj-C-0—CHj' VCH2-O-C-CH2-CH2-
& & 

(C-15) 

-R34-5"\ "YVk 
j_ CO2CH3]I 

(na4, m-2, k=iO) 

0 9 x 
•?3 » ~CH,-CH5-ll!-0-0H2 XHJ-O—C—CHJ-CHJ—\ 

9 J^-7 ^CH2-0-C-CH2'CH5-
-CH2-CKrfi-0-CHs^>CHa—<3 Q 

-CH2-CH2-G-O-CH^X-CH?-O-C-CH2-CH2-
0 6 

(C-16) 

[0251] 

[Chem. 64] 



126 

•HO2C^. 

-R3-

n foxCH,_ 

(n=4, m=2. k=1CI) 

R3 = 
0 OS. 

-CHj-CH^-C-O-CHj .CH2'0-i-CHj-CK5- \ 

0 1 „ ,CH, CH,-0-C-CH,-CH, 

\-CH2-CHS-C-0-CH^ "'"•CH2-0-C-CH;-C!-I2-
\ o o 

(0-17) 

HCjC • 
HOjC-^V^S- -Ra- -s-H)w 

HO2C 
n 

COJCHJ 

[n=i,m=2.k=20) 

f R3 = 

! o 
—CH2-CH2-£!-o-CH: 

p 0 \ 
—CH2-CHrS-0'CH2^^CH2-0-S~CH2-CH!'\ 

,C-"CH2--O g 

CtVCH,-£-0-CHf' SCH2-0-C-CH2-CH2-
0 0 

(018) 

K3CO. 
0 CO-H 

-R3-

r COjCHg 

(n=5£. ni=Q.5, k=30) 

0 0 
Rs- -CH2-CHJ-C-0-CHJ^ 

9 "^CHj-0••• C-CHJ-CHJ-
-CHj-CHJ-C-Q-CHJS 6 

-CHJ-CHJ-^-Q-C"XHJ-O-C-CKJ-CHJ-
\ 0 0 

(O J9) 

y~~y^s_ -fts-
0 C02H 

n 
C02CHs m 

(n=5.5,m=05,k=30) 

R®» -CHJ-CH2-6'-0-CH2I ^CH2-0-0-CHJ-CHS-

"^CHj-O-C-CHj-CHj' 

\ 
0 

-CH2'CH2-C-0-CH2^ /CH-—0 

\—CHj- CHj-C-O-CHjf vCHa-0-C-CHj-CHj-
\ o 6 

(C-20) 

CJI^-M^C^IB OaC-^N-n°^ h-

[ HQ2d 

k 
COJCHJ 

ra 
(n!-tti2=3, k=7,n"/fi2=}tf> 

0 0 
f>*= —CH3-CH:-6'-O-CH5_ ^CHJ-O-6'-CH2-CH2-

9 NCHr0-C-CH2-CH? 
CHJ-CHJ-S-O-CKS^ ^CH2—0'^ Q 

CH5-CH2-q-0-C!< ""CHJ-O-C-CH^-GHJ-
0 

vr 
0 

(£>21) 

CJHJ 
C2K5-4^C^5°02C'^Y^'SN 

<U, HC2C (if-. 

HOJC 

•R9-
C02CH3 

(n1 •*-r,2=3, m~3, k=7. nl /n2=1 /«) 

/ 0 0 
Rs= — CHS-CH5-C-0-CHJ 

9 ,CH2^ ^CH2-O-C-CH,-CH, 
—0HJ-CH2-C*O-CH2^ ^.CH2—-0 ,3 

;HJ-CHJ-C-0-C Hf ~'CH2-0-C-CHJ-CH2-
0 c 

(C-22) 

0 1 
HO4-^-S4-RS-

OH 
in 

(n»2, m**4, k=1 BJ 

s-N^ 
6OJCH3 

0 0 
P5 = ~CH2-CHj-C-C-CH2,c^CH3-0-i!:-airCH2-

B XK^ ""CHj-O-C-CHj-CHy-
CH4-CH2-C-0-CHJ ,CH2—0 £ 

JTC^ u 

•CH2-CHrC-0-CHJ •CH2-0"C-CH2-CHS-
0 0 

(C-23) 

HO4-^S. 
OH 

HOsC^Y*^"s' 
HOjC 

V- •s-b-j4 
COJCHJ 

(nl->fl2»3.5,m=25,k=U. nVn2«1 IS) 

' 0 0 \ 
RS^_ —CH}-CHrfi-0-CH2^ ^.CHJ-0-i-CH2-CHj- ^ 

9 \Hr0-C-Ch2-CH2-
—CH2-CH2-C-0-CHJ^ _,.OH2—0 3 

—CHJ-CKJ-CVCH2-0-C-CH2-CHJ-
\ o o / 

(C-24) 

[0252] 
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HO' OH 

(0=2, rrM. It=1 8) 

127 

n CC2CH3 

v v ^ 
R>= -OHJ-CKZ-S-O-CHJ^ _,EX2-0-d-CH3-CSJ;-

9 ,CHf" \HrO-C-CHj-CHv-
-CHj-Wj-i-O-CHs ,CH2—o-^ ^ 1 

(0-25) 

t.\ 
H0}c y~~s-

HO2C 

R3-
COJCHJ 

(m-n2=3.S,m=2.5,k:=14,riyn2-U8) 

0 0 \ 
-CHj-CH^-O-CH^ J-,CHJ-0-6-CHJ-CHJ-\ 

0 
-CHrGHj-ci-O-CH; X'H2—0 

JC. 
••CH2-CH2-C-0-CHJ CHJ-C-C-CHJ-CHJ-

i 0 

<0-26) 

..CHf CHj-O-C-CHi-CHj' 
0 

H03S 
\ ; 0 

HOjC 
> 

COJCHJ 

(;t1*n3=3.5. m=2.5, lt=H, ntfn2=1JE) 

0 O 
32= —^Cr,-0-i-CH2-CH5-

9 -CHj' ""CKJ-O-C-CHJ-CH,-
CHJ-O^-C-O-CHJ, _,CH;—O-^ g 

o 6 
(C-2?) 

i-0~tr 
HOZC-^Y"~S 

HOjC 

dOjCN; 

(nl »tt2»5.imi, fc*20,M/n2i*1Jt) 

R» = 
0 0 

-CHj-CHj-fi-O-CI-tj^ .CH2-0~C-0Hi-
0 

•CHj-CHj-C-O-Ctt ,CHj—0' 
,CH f CHJ-O-C-CHJ-

JH) - CHj- C -0 -CHJ ""C Hj-0 - C -CH; -CH; -
6 o 

(t>28) 

0 
HjN~& 

HOjC' 

R3-
CO,CH5 

HOJC 

;m -K2=5, 111=1, k=2B, n1/n2='i/',) 

/ 0 0 
R>= — _,CH3-0-C-CH2-CHJ-

9 V*CH? -O - C -CH--CH5-
-CHJ-CBJ-C-O-CH,^ —0 ^ 

-CHJ-CHJ-C-O-CHJ 
0 

(C-28) 

0 

0^ 

l-i,c 

HO-.C 

V- sH^ 
COJCHS 

(n1<-n2=5, m=1, k=2G, n1in2=1,'1) 

' 0 0 
Ra= — CH2-CH2-£-0-CH,_ ^CHJ-O-C-

2 "-CHJ-O-C-

\~Clb-C!-i2 ^-C>-CHr ""CHJ-O-CJ-CHJ-CHJ— 
\ 0 0 

(C-30) 

CHj-CHj- \ 

-CHJ-CHJ-

VH-S 
HJC L' 

n2 

6O,CH, 

{nt+n2sS, m=i,t<=20, n1fl-i2=1MS 

0 0 \ 
R3= — CH3-CHI-C!-O-CHSV _,a-!j-o-c-cH2-a-)2-

9 "~-CHj'0-c-a-i2-CH,-
-CHj'CHj-t-O-CH,^ /CH,— 0' $ 

\—CHj-CHj-C-O-GHj 
0 

(0-31) 

"•OHi -Q-C-CH-j-CH)--

0 H 0 

>J3-i 
F»C 0 -OnV 

HOjC-^Y^S' 
HOjC 

3-H& 
C02CHJ 

<n»*n2=5. ro»l.K=20. nlfi2=I(i) 

rt 0 \ 
-CHj-avS-O-CHj^ ^CHj-O-S-CH^CHj-

M—v' 3 -CHJ-CHJ-6-O-CHJ, 

\—CHj-CKrjf-O-CHj'* ^CHJ-O-C-CHJ-CHJ-
\ 0 0 

CC-32) 

[0253] 
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F,C 

HOjC' Y^~ 3' 
HOiC n2 

co5cri3 

<J\1 »tvk>c, m-A/V-l", rriiriMU) 

P. 
® 0 

-CHj-CHri-0-CH,_ ^CHJ-O-C-CHJ-CKJ-

CH;'' NCH,-0-C-OHrCH,-
( —Ckj-CHj-lJ-C -CHj „ —0 

\ — CHj - CH; - £ ~ 0 - C HJ' V~CHS-0-C-CH.-(5HI-
\ 0 0 

(C- 33) 

YY 
0 0 

HO,C 

8^4^ 
CO,CH, 

<fH-n2*S, irpi. Ie2£,r>1/<12=1/1) 

CHf ""CHj-O-Q-CHi-Wj-
CHrCW2-}J-0-CH2 CH?—C 

CHJ-CHJ-C-O-CHJ TBj-O-C-CHj-CHj-
\ 0 0 

(C-34) 

HOJC-^Y^S 
HO,C 

(trf^ rNfc 
60JCHJ 

rrat, K-2Q, n!;n!-1MS 

0 0 
R3 -O^'CHj-fi-O-O^ .CHj-O-fl-

""C' 2 ^CHT" '-CHJ-O-C-
-CHJ-CKJ-C-C-CHJ ^CJ-12—0 0 

•CHj-CHj-

V — CHrCHj-C-O-CB \ (' 
(C-3S) 

"•Chv-O-C-CHj-aJ-j-
6 

H03C^'^-S 
HOJC 

/- C02CHj 

Jina2=5,fts=1, le.JB,n1l(i2a(11) 

0 0 

0 ,CHf" ""CH,-0-C-CH,-CH,-
-CH,-CH,-C-0-CH2V ^CHJ—-0^ 0 

-CHi-CHj-g-O-CHj' VCHrO-C-CHj-CH}- / 
0 0 / 

(0-36) 

X. 
w.ijC'"y'^s' 

HOjC 

(n!»n2=!i, rn=!, k=30, nl/rt 2=1/4) 

-S^k 1 
COjCHjj^ 

n2 

1-1 f*H 
-Clt-CHj-fi-O-Ct-lj ^.CH,—-0 X ' 1 

CH,-0 -C-CHj-CH," 
6 

-•eHi-cHr9"0-CH2'" 
0 

(0-37) 

6 

HO2C-^Y^S-
HOJC 

sH>* ] 
dOjCHj j 

(nt'-n^S. ir=!.k=20,n1/ri^liT; 

V V 

R3= -CHJ-CHJ-6-O-CHJ, 

1 .cnr* '""CH2-O-C-CM2-CHJ-
•CHJ-CHJ'C-0 /CHj—0 0 

• CHj - CHj • J- O-OH/" SCHI-0-C-CHJ-CHJ-
0 0 

(0-38) 

"V^j 
0 

R3 .. 

[HCC~Y~SK t «<*** 
[ H0*C Jn2 

{nl*ifl=5,m=1, k=20.n1//i2=>1M) 

0 

0 C \ 
—CHj-CHri-O-CH^ _,C^-0-6-CHa-CH2-

„CHf SCIVO-C-CHJ-CH2-
— CVVCHj-C-O-CH,^ /CH]—0 

— CH2-CHJ-C-O-CH,'' "'CH:-0-C-CHr CHj-
6 d 

(C-38) 

3-f-j^ 
COjCHs 

(r.1»n 2-5, m-l, teJD. »1 

[0254] 

R3 » -ai,-CH,-6-0-1 'l-C-O-CHj CHj 

-CHj-CHj-fi-O-CH^ /CHj—0' 

1—CHJ-CHJ-^-O-CWJ'* ""CHJ-O-C 

(C-40) 

-CHf SCH, 

-CH?-CH2-

-O-fi-CHj-OH,-

-o-c'-ct-b-civ 

[Chem. 67] 
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Y^ 
0 

HQ2C-~Y'^ 
HO2C 

3-^)4 
COjCHa 

0)1 *rt2=5, rr«1, k=2Q, n1/a2=t/4) 

0 0 
-CH2-CH2-£-O-CH^ _,CH2-O-C-

sCHrO-C-

CH2-CH2-£-0-CH2'"' ^CHJ-O-C-CHJ-CHJ-
0 0 

t R3 = 
o 

•CHJ-CHJ-

•CH2-CHr 

(C-415 

HCjC^Y^"S- -R5-
HOjC n C02CM4CH3 m 

(n=5, m=1, k=20) 

0 0 
R®= —CH2-CHs-fi-0-CHz_____^CHj-0-C:-CH2-CH2' 

2 .C K{'V'"CH?-0 -C-CH-.-CHv 
-CH2-CH2-C-0-CH2V ^CHJ—0^ 0 " 

^Bj-ChVC-O-Chj'' ^CH2-0-C-CH2-CHJ-
0 0 

(0-42) 

HOJC^Y^3' 
HOjC COzCHsCHg 

(n=3,m=3,t(=8S) 

Rs = 
0 0 

-CHj-CHj-i'j-0-CHJK ^CHsrO-^-CHj-CHz-
0 „ .CH, "CHy-O-C-Clfc-CHj-

-C H2-CK2-C-0-CH2 ^.CHJ—o >5 

-CH2-CHJ-C"0-CH|'' ^CH2-0-C-CHJ,'CHJ-
6 o 

{0-43) 

HOJC^Y^-S-
HOiC COJCHJ COjCHjCHa 

(n=3 5, m=2.5, M -H2=13, k1 (k>1 /I) 

R-= = -i 
0 

-CH2-CH2-';-O-CH2 

o g 
:H2-CH2-C-0-CH2_ ^CHJ-O-C-CHJ-CHJ-

^CH2-0-C-CHJ-CH2-
0 ,CH5—0-

-CH2-CHJ-C-0-CH?'" CH2-0-C-CH2-CHS-
0 c 

(C-44) 

HO2C-"^Y'^S4"R:' 
. H0*C Jn 

ft"" 
0 0 \ 

CH2-CH2-C-0-CH2_ ^CHJ-0-C-CHJ-CHJ-'^ 

U ^.CH/ ~'CH2-0-C-CH2-CHJ- I 
CHi-CH2-d-0-CH2i ^.CHj—0 " 

0 

—CHj-CH2-C-0-CHf 
\ 6 

(C-45) 

0 
;H2-0-C-CH2-CHJ-

0 

HO2C^ Y s_ 

HO,C 
-R3 

n 
(n=5.5,m=a5^=20) 

S'N4 
0^0' 

0 0 
R3= —CH2-CH2-6'-0-CH2,_ ^CH2-0-C-CSH2-CHJ 

o CH2" """CHj-O-C-C H2 -CHJ-
ctvcHj-c-o-cHj CHZ—cr £ 
CH2-CHJ-C-0-CHJ' TH2-0-C~CK2-CH2~ 

6 o 
(C-46) 

H02C^Y^S"fR3 

H02c Jn 
(n=3. m=3,l(=5) 

0 0 
—CH2'CH2-S-0-OH2 

u ,CH:f ^"CHj-O-C-CHJ-CHJ-CH2-CH2-C-O-CH2 CH?—cr H 
-CHj-CHyC-O-CHf^ ^CH2-0-C-CH2-CH2-

\ 0 0 

! C- 47) 

iHOzC' ~y S-
I KGjC 

[rp3,m=3,k=5) 

[0255} 

[Chem. 68] 

0 o 
CH2-CH2-£-0-CH2 CH2-0-C-CHJ-CHJ-

cur CH2-0-C-CH,2'CH2-
6 

CH2-CHrC-0-CH^vCH2-0-C--CHrCH2-
6 o . 

{C-48) 

j 0 
I — CHJ'CHJ'6-O-CHJ ^CHJ—0' \ y*-. 
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HOjC^Y^"8' 
HO,C 

-R3-

O^O 

(rp3,rn=3,k=5) 

^CHj-0 -C -CHj - C°H3-
0 _CH2 —0 

"*C 
-CHJ-CHJ-C-O-CHj"* "^CHrO-C-CHj-CBj 

0 0 

(0-49) 

[HOjC Y s-
HO,C 

/Id \ pk2 
COJCHJ C02H 

01=3.6, m=2.5, k1 *k2=1 4, M/k2=1 3/1) 

0 0 
-CHf-CHj-fi-O-CS-lj ^CfVO-^-CHj'CH;-

-CWj-CNj-ft-O-CHj CH2—0 
-.a-h"" CHrO-C-CH2-CH2-

:c; 
-CHj-CHj-p-O-CH, CHj-O-C-Chij-CHj-

0 0 

(050) 

H02C jn [ COJCHJ COiH 

(n=3.5, m=2.5, l<l *k2=14, !i1/k2=11/3) 

R3 = 9 0 ^ 
-CHi-CH2-fi-0-CH2^ .CHi-O-fi-CHa-CHj-

0 .CHj , .... CHJ-O-C-CHJ-CHJ-
JHj-CHj-e-O-CH^ ^CHj—~0 0 

CHJ-CHJ-C^-O^CHJ-0-9-CH2-CH2-
0 0 

(051) 

H0ZC 
HOJC COjCH 

•R9~)~E'I. T>*I '\ ysk2 

0*"-0' 

51=5.5, ITPO.5, kl >1(2=27.6,Ic1/k2=7f3) 

„QH 

R3 = 
0 0 

;H2-CH2-6-O-CHV .CHJ-O-C-CH2-CH3 

-CHj-CHr6--0-CH2v _,CHj—-0 Q 

\~CH3-CH2-^-0-Ct<' "^CHJ-O-C-CHJ-CHJ-
\ 0 6 
CO 52) 

H02C'/^Y^'B 

HOJC , [ C°*CH,0*L0^OH)B 

<n=4.5, m=1.5, k1*k2=18.3, k1/k2=71% 

0 

0 0 

-CH2 CH2-0-C-CH2-CH2-
-CHJ-CHJ-C-O-CHJ^ ^CHj — ST g 

-CH2-CH2-9-0-CMJ' NCHJ-0 -C-C^-CHJ-
0 0 

(C-53) 

HO2C' "S-
HOjC CO2CH, Qjk0^-^,oc^ 

(n=5.5, rrpG.5, M*te2=2y.5. kWk2=7/3) 

0 

0 0 
-CHJ~CHI-6-0-CHIS CHj-O-i'-CHj-CJ'fe-

„ ^CHf" ^CHy-0 -C-CH2-CH5-
-CH2-CHrC-0~CH2-> ^CHZ—0 £ 

\ 0 0 

(C-54) 

HC^C 
-Hka 

[ CO2CH?0^L.0^^OCH3 

(rp4.5, rr^1.5, k1 *k2*18.3, k1Jk2=7/3) 

0 

0 0 
^,CH2'0-C-CH2'CM. 

,^CN .CHf 
—CHi-CHj-C-0-CH2ii 0 

-CHj-CHj-ljj-O-CHf ^'C'rHj-O-C-OHJ-CHJ 
0 0 

(0-55) 

C-HJ-O-C-CHJ-CHJ-
0 
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aO^^yA. 
CO,H 

•S-j-R3 

Jn 

(n=5.5, m=0.5, k=4) 

K 
COjCHg 

R3 
0 0 \ 

-CK2--CH2-C-0-CH2 ^CHJ-0-6-CH2~CH;>-X 

0 
-o -CH2"CH2~C-0-CH2 CH2 

-CH2'CH2-C-0-CH2 CH2-O-C-CH2-CH?-

CH^"N'CH2-O-C-CH2-CH2-

0 o 

(C-56) 

•0^x0 

CO2H 
'-S- -R3-

(n=5, tri=i, k=!2) 

k 
OjCHg 

R3 = -CH2-CH?-6-O-CH2 .CH2-O-

.CH2 TH2-0-
-CM2-CH2-C-O-CH2 _CH2~ 

-CH2-CH2 "C-O- CHf XCH2 -O-C - CH2-CH 2-
0 o 

(C-57) 

o \ 
-C-CH2-CH2-' 

-c-ovar­ii 1 * o 

vCO,H 

-R3- •S'\ -p< 
CQ2CH3 

[n=55, rn=0.5, t?=4) 

0 0 

0 -C-CH2-CH2-II 
0 

-CH2-CH2-C-0-CH2 VCH2-0-C-CH>-CH?-

u -CHT CH,-0-
CH2-CHj-fc-0-CH2^ _^CH2—O 

CH..'CHj-C-0-CH^ ^CH2-0-C-CH2-CH2-
! I * ll \ 0 o 

(C-58) 

a0^ "COjH 

(n=5, m=1, k=12l 

COsCHs 

O O 
R3= —CH2-CH2"C-0-CH2^ ^CH2-O-C-CH2-CH2-

9 jzwf ^CH2-0-C-CH2-CH2-
-CH2-CH2-C-0-CH2^ ^CH2—O Q 

-CH2-CH2-C-O-CH^ V"CH2--O-C-CH2-CH2-
o o 

(C-59) 

HO2C—^ 
N 

HO,C-/ -R3- -sH""4)K 
CC^QH-

(n=5, m=i,k=i5) 

o 0 

0 

R3 = —CH2-CH2'C-0-CH2 _ ^CH2-O-C-CH2-CH2-

? ^CH2X V~CH2-O-C-CH2-CH2--OVCH2-C-O-CH2 XH2—O^ 
-CHj-CH j-C-O-CH^ CH2-0-C~CH2-CH2-

o o 

(C-BO) 

H OjC--^ 

HOjC _/ s- -Rs- -s-\ y/k 
COjCHs 

(n=35,m=2.5, k=12) 

0 0 
R3= —CH2-CHJ'C-0-CH2^ __,CH2-0-C-CH2-CH2-

9 .CH2*" N"CH2-O-C-CH2-CH2-
-CH2-CH2-C-O-CH2 XH2—cr A 

—CHrCH2-C-0-CH2 CH2-0-C-CH2-CH2-
0 0 

(C-B1) 
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[0257] 

[Chem. 70] 

HOsC^Y"^-
BO2C 

^R3-

n2 

-s-K^k 
CO,CH-

(n 1+r2=5, m= 1. k?20, p,1/n2=1M) 

0 0 
R5 = —Cn2-CHrC-0-CH3^ ^CHrO'-£-~CH2-CH2-

9 .cnf XCHZ-O-C-CH2-CH2-
-CH2-CH2-C--0-CH2V y.CH2—-0 g 

~CH2-CHJ-C-0~CH^ sCH2-0-C-CH2-CH2-
0 0 

(C-62) 

SN 

HOjC Y "S-
HO2C 

ni* 
JR3-

6O2CH3 

o 
R -

O \ 
CH2-0-C-CH2-CHJ— 

n2 ' 

<n1+-n2=5, m=1, k=30,n1/n2=1M) 

2x 
9 yCHf ^ai 2-o -C-CH2-CHj-

CH2-CHrC-0-CH^ ^CH2—0' 

\-CH2-CHrC-0-CH^ VCH2-0-C--CH2-CH2-
\ 6 6 

o 

(C-63) 

HOjC' 
HO^ 

nK , 
^R2-

n2 

•S"\ 
CO2CH3 

!n1+n2=5. m=1, k=20.n1ta2=1M) 

RJ = -CH2-CHr6-0-CH2s ^CH2-0-6-CH2-CH2' 
O „ ,CH2 ^CH2'0-C-CH2-CH2-

-CH2-CH2-C-O-CH^ ^CH2—5 
-CH2-CH2-C-0-a-ir N,CH2-O-C-CH2-CH2~ 

0 0 

(C-64) 

,^•0 Ou 

nf 

HO2C^~-|^S'S" 
HOJC 

•S'K ^ptc 
C02CH3 

. n2 

(n1+n2=5, m=1, k=3Q. n 1/n2=1/4) 

R' = —CH2-CHr6-0-CH2 CH2-0-6-CH3-CHJ-
0 

-CHJ-CHJ-C-O-CH2%. ^.CH2~~0 
-CK 

-CH2-CH2-C~O-CH2 
6 

(C- 65) 

c: 
:H2-O -C-CH2-CH2-

o 
sChyO-C-CH2-CHr 

0 

H02C' S' 
H02C 

nf 

n2 

:R3- •S^ 
C02CH2 

(nl+n2«5. m-1, k=20.n1/n2=1«) 

[0258] 

[Chem. 71] 

-CH2-CH3-6-0-CHJ^ ^CH2-C-C-CH2-CH3-
o 

—CH3-CH2-C-0-CH2V /CH2— 0' 

CH2-CH2-C-0-CH^ XCH2-0-C-CH2-CH2' 
\ o 6 
(C-66) 



133 

HO-iC 
H02C 

>3-
CO2CN3 

rt2 

(n1 +n2=5, m=1, k=30, m/n2=1/4J 

RJ = 

0 

O 0 
CH2~CHrfi-0-CH3 CHJ-O-C-CHJ-CJH 2 

XHj CHa'0-C-CM,-CH5 
.CHJ—^ -CHJ-CH2-6-0-CH, 

-CHJ-CHJ-C-O-CHJ'' ^CS-VO-C-CHj-CHr-
C 0 

(C- 87) 

BOX 
HO2C 

>3- A^u -S v -p* 
CO2CH3 

n2 

(ni +n2=5, m=1, k=20, nUn2=V4) 

COjCHs 

(n 1+n2=S, m= 1, k=3D. ni /n2= 1 )4) 

0 0 
j F? = — CH2-CH2-C-0-CH2^ ^CH2-0-C-CHrCH2-

9 VCH2-O~C-CH-2-CIV 
CH2-CH2-C-0-CH2S ^CHJ—O- £ 

—OVCHj-C-O-CHf" VCH2-0-C~CH2-CH2' 
o o 

(C-68) 

0 0 
R"J = —CH3-CH2-^-0~CH2V ^CH2-0-C-CHrCH2-

9 ^yOcXi VCH2-0~C-CH7-CH2-
—CH2-CH2-C-O-CH2 CHO—o 
-CH2-CHrC-0-CH2 CH2-0-C-CH2-CHr-

\ 6 6 
(C-69) 

R34-5"V y; k 
C02CH3 

o o 
-CH2'"CH2"C-0-CHJ .CH J-0-C-CH2-CH2-

(n1 +n2=6, m-~1. k=20. n1M2=1«) 

-CH2-CH2-£-0-CH2 ,CHr-0 
""C 

CHa-CHj-ft-O-CHa" XCH2"D-C~CH2-CH2 

\ 6 o 
(c- 70) 

CHf ^CHj-O -C_CH2-CH-

HO-, s' 
HO2C 

~R3. 

n2 

.•N*, •S'v -p* 
COJCH3 

(nl+n2=5, m=1,k=3(3.n\M2=\f4) 

-CH2-CH2-C-O-CH2% ^CH2—0 

0 g 
—CH2-CH2-C-O-CH2^ ^CH2-O-C-CH2-CH2 

c 
I) 
0 

CH2" XCH2-0-C-CH2-CH2-

y—CB2-CH2-C-0-CH;f CH2-0™C-CH2'CHJ-
o 0 

(C-71) 
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[0259] 

[Chem. 72] 

HOv^X ^S. 

HOyj Y s" 
H02C 

>3-*-s K 
CO2CH3 

(n1*ri2=5. nv=1,k=20,n1/n2=1M) 

*3 = 

O 

0 
CH2-CH2-C-Q-CH2^ ^cwro 

-CH2-CHa-C-0-CH2 XH2—0 
NQ * 

-CH2-CH2-C-O-CH2' vCH2-0-C-CH2-CH2 

-C-CH2-CHr 

-C-CH2-CH2-
o 

0 

(C-72) 

0 ] 
HQ^QX^J 

n2 
H02C 

VR3- -SI yi< 
CO2CH3 

(nHn2=5, rn=1 ,k=30, n1fn2=1M) 

O 0 

O 
R3= — CH2-CH2-C-O-CH^ ^CH2-O-C-CH2-CH2-

VCH2-O-
CHrCH2-C-0-CH2H ^CH2—O 

CH2'CHrC-0-CH2X S"CH2-0-C-CH2-CH2" 

-£-CH2-CB 2-
o 

(C-73) 

0 0 

MeO' 

HO S' 
HOjC 

>2- •SA --j-7k 
CO-CH3 

(n}-m2"5, m=!.k=2G,n1/h2=1M) 

0 

O O 
-CHrCH2-C-0-CH2^ ^CHrO-C-CHj-CHr 

CH^' '^CHJ-0-C-CH2-CH2-
-CH,-CH2-C-0-CHJ CH2—O-

"X 
-CHJ-CHJ-C-O-CHJ^ VXCH2-0-C-CH2-CH2-

0 o 

(C- 74) 

MeQ' 

HO-iC 

•3" k 
CO2CH3 

HO2C 

(n1 tfl2=5, m=1, 1<=30, nUn 2=1/4) 

O 0 \ 
*3= —CH2-CH2-C-O-CH^CH2-0-C-CH2-CH2-

9 ^CHI-O-C-CHJ-CHJ-
-CHrCH2-C-0-CH2^ ^CH3—CT £ 

-CH 2-CH2-C-0-CH2 VCHr O -C-CH2-CH2-

(C-7B) 

0 0 

HO tl 
HOjC' 

HOjC 

-S"\ -r-., 
CO2CH3 

(f>1 -HI2=6. m=1,k=20,nVri2=l'4) 

R3 = 
O 0 \ 

-a42-CHrC-0-CH,^_,C«2-0-C-CHrCH3-^ 

••• CHr C H r6 -0 - CB2 CH2- -c 
/CN ,CH2 CH3-0-C-CHrCHr 

0 

-CH2-CH2-C-O-CH2 TH2-O-C-CH2-CH2-
\ 0 6 

(C-76) 
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[0260] 

[Chem. 73] 

R3 = 
0 

-CH5-CH5-6-O-CH 
0 .CH 

3 CHj-o-c-CHrav 

-0' 

(n1+n2=5, m=1. k=30,n1/r2=1M) 

CHJ-CHJ-C-O-OIJ ,CH2 ;cC CHJ-CHJ-C-O-CHJ CH2'0~C-CHS-CH3-

"CHJ-0-C-CH2-CH2-
o 

0 0 

(0-77) 

HO 

0 
OH 

HOjC 

s. 

S' 
-R3- •S'H4 

C02CH3 

ra. 

OH 

HO,C 

n1 

n2 

R3 = 
0 

QH2-CH5'C-O-CHJV XCH2-O-C-CH2-OI3-

•CH f ^CH2-0"-C-CH2-CH2-

HO2C 

(nl^-n2=5, m=1,k=20,n1/n2=1M) 

0 

\ —OHj-CHa-ci-O-CHj^ ^CH2—0 

\—CHJ-CHJ-C-O-CHJ'" ^CHj-O-C-CH^-CH^ 
\ O 6 

(C-78) 

k 
COJCHJ 

R3 = 
0 

CH,-CH,-6-O-CH, 

(n1+n2=5, m=1,l<=30. n1Jn2=1/4) 

0 O S 
CHJ-CH2-£-0-CH2__ xCH2-0-C-CH2-C>i2--

^CHf' VSCH2'0-C-CH2-CH2-

—CHJ-CHJ-C-O-CHI' '^CH2-0-C-CH2-CH2-
\ 0 0 

(C-79) 

0 

SN 

Ho2c^y'"s 
HO-^C 

:R2- •s'Sk 
COpH3 

R3 = 
0 0 

-CHj'CHj-C-O-CKj ,CH2-0-C-CH2-CH2 
VC 

VCH3-O-C-CH2-CH3 

n2 

(n1+n2=5, m=1,k=20,nl/02=114} 

0 

HO,C 

RJ- k 
COJCH3 

n2 

{U1+H2-5, m=l,k=20, ni/ri2=1/1) 

-CHa-CHa-C-O-CHj^ ^CH,—0 

~CHr CH J-C- 0 -CH^ XCH2 -0 -C-CH2-CH 2-
o o 

(C-80) 

0 0 
R3= —CHa-CH3-fi-0-CH2 CHj'O-il-CHj-CHi-

-CH2-CH2-e-0-CH2^ ^CH2—0^ 1 Q 

-CHJ-CHJ-C-O-CHJ^ VCH2-0-C-CH2-CH2-

CH^ SVCH2-O-C-CH2-CH2-

0 o 

(C-&1) 
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[0261] 

[Chem. 74] 

RO­
OM 

nl 

n2 

>3- -S k 
CO7CH3 

(n1+n2=5, m=1, I<=20,n1/n2=1 IA) 

R3 = 
0 0 

-CH2-CHr£~0~CH2 /CHrO-C-CHrCH3 

-0' -CH3-CH2-C-0-CH2^ ,,CH_ 

-CHS-CHJ-C-O-CH^ \H2-0-C-CH2-CH3-
0 6 

(0-82) 

CH3^WS~CHJ-0-C-CH2-CH2-

-K 
HO OH 

S' 

,R --S k 
CO2CH3 

I2 

(n1+n2=3,m=3. k=10, n1/n2-1/1) 

R3 = 

~CH2-CH2-£-O-CB 
-CH2-a-i2-C-0-CH2 

0 

0 0 
CH2'CH2-6-0-CH3V ^CH2-0-C~a-i2"CHz-

s-cxf XCH2-O-C-CH2-CH-.-2:C"CH3"~°' 6 

"•CHrO-C-CHj-CH,-
6 

(C-83) 

C02CH3 Jm 

(n 1+n2=5.5, m=0.5, k=15, r 1/n 2=1/9) 

R2 = 

0 

0 O 
-CH2-CHJ-6-0-CH2 ,CH 2 * 0 ~ t - C r 12' C ri-i 

'X 

ava-b-d-o-CH^ ^CH2-i2'^n2 

-CH2-C?VC-O-CH3 
0 

-0' 
.CHf 'N-CH2-0-C-CH;-CH2-

0 
'CB2-0-C-CH2-CH2-

0 

(C-84) 

CO2CH3 

(n1+n2=3, m=3, k=10, n1/n2=1/4) 

R3 = —CH,-CH,-£-0-CH 
0 

0 
-CH,-av6-0-CH, •<2 ,CH2—0 

2C. 
-CH2-CH2-C-O-CH2 CHrO-C-OVCHj-

Crif XCH2-0-C-CH2-CH2-

0 0 

(C-85) 
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[02623 
[Chem. 75] 

HOjCr "y ^s-
HO2C 

_R 3 — 

n CO2CH3 

(n=5,m=1.k=20) 

0 0 
R3= — CH2'CH2-C-0-Oi2 XH2-0~C-CH2-CH2-

n „ MH3 CH2-O-C-CH2-CH2-
-CHrCH2-<b-O-CHj ^H2—0^ £ 

-C^XH^-O-CHr' ^CH2"0-C-CH2'CH2-
o 6 

(C-86) 

H02C' 
HO3C 

(n=3.5, m=2.5. k=14) 

0 0 

C02CH3 m 

R3= —CH2-Chi2-C'0--CH2V ^CH2-0-C-CH2-CH2-

9, ,cnf VCH2-0 -C-CH2-CH2• 
-CH2-CH2-C-O-CH2^ ^CH2—0 j 

—CHj• Crl2-1^-0~CHf" ^CH2-0-C-CH2-CH2~ 
>, 0 0 

(C-S7) 

HO^C 
-si 

CO2CH2CH3 

{n=5, rn=1, k=20} 

o 0 \ 
-CH2-CH2-C-O-CH2V ^OVO~C-CH2~CH2-

.CH2" VCH2-0-C-CH2-CH2-
0~CH2-.C^-CH2—O 

\-~CH2-a-t2<:"0-CKf V"CH2-0-C-CH2-CH2 

\ 0 0 

HO^C 
-R3- -S"\ Y'k 

C02Q-i2CH3 

(n=3.5. m=2.5,k=M) 

0 9, 
~CH2-CH2-C-0-CH2v ^a-)2-0-C-CH2-CH2 

0 "C 

-CH2-CH2-6-0-CH2v ^CH2-—0' 

'--CH2-CH2-C-0-CH2' "VCH2-0-C-CHQ-CH^-
o 0 

(C-89) 

CH2" VCH2-O-C-CH2-CH2-
o 

HOC 
HO2C 

O 0' 

|n=5, m=1, k=20) 

R3=: 

-CH2-CH2-fi-0-CH2 

\ CH2-CH2'C-0-CH£ 
\ 0 

(C-90) 

o 0 
-CH2-CH2-<I:-O-CH2 .CH2-O-C-CH2-CH2-

XHf ^CH2-0-C-CH2-a42-
CH2 -0 • £ 

V ^CH2-O-C-CH2-CH2-
0 

HO2C 
-R3---s-NA 

lrr=3,m=3,k=7,3\ 

0 0 
CH2-CH2-C-0-CH2N_ ^CH2-O~C-CH2-CH2-

,cnf VCH2-0-C-CH2-CH2-

0-CHf xaH2-0-C-CH2-CH2-
O 

[0263] 
[Chem. 76] 



138 

CO2CH3 

(n1+n2=3.5, m=0.5, k=30. n1/n2=1/9} 
(C-S2) 

o o 
-CH2-CH2-C-O-CH2^ XCH2-O-C-CH2-CH2 

-CH2-CH2-C-0-CH2^ N"CH2"0-C-CH2"CH2 

O 0 

o 

HO2C^ y' s' 
HO2C 

R3- -s'\ y>k 
C02CH3 

n2 

{n1+r?2=3.m=l, k=30. M/n2=lM) 

R3 

(C-93) 

0 0 
-CH2-CH2-C-O-CH2^ ^CH2-O-C-CH2-CH2 

-CH2'CH2-C-0-CH2'^ XCH2-O-C-CH2-CH2 

0 0 

H02C^"Y~^S' 
RO2C 

RJ-i-s > yk 
CO2CH3 

n2 

(nl +n2=2.5, m=0.5. k=25. n1^2=1/9) 

; R 3 _ 

0 \ 
—CH,-CH2-C-O~CH2 ,CH2-CH3 

X. 
—CH2-C.H2-C-O-CH2 CB2-O -C-CH2-CH2-

o 0 

(C-94) 

Jnf 

i HO2C y "s 
I HO2C 

-SA y?k 
C02CH3jm 

n2 

0 
-CH2-CH2-C-O-CH2 XH2-CH3 

"C' 
-CH2-CH2-C~0-CH^ Ss"CH2-0-C-CH2-C!i2 

0 0 

(n1+n2=5, m=1, k=20, n1/n2=1/4) 
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[0264] 

[Chem. 77] 

H02C 

|n1+n2=6, m=l, 

S*\ ^ 
C03CHJCH3 

R3 = 
0 

O 0 \ 
-CH2-CH2-^-a-ai3^ XCHJ-0-C-CH2-CH2-\ 

.CH,' 

n2 

k=15, n1/n2=l«) 

i -OVCH2-£-O~CH2 „CH,—a m \ ;c. 
CH2-CI-t2'C-0-CH2^ CH2'0-C-CH2-CH2-

\ O 6 

(C-9S) 

•CH2-0~C-CH2-CH2-
o 

=1. k=30, n1/n2=t/4) 

0 O 
-CH2-CHJ-6~0~CH2^ ^CHJ-O-S-CHJ-CHJ 

-0" CH2^CH2-
•CHJ-CHJ-C-O-OI^ XCH2-0-C-CH2-CH2-

0 

(C-97) 

Or--
HOjC 

:RS. -S'1 yt<2 
C02CH3 CO2H 

02 

i R3 = -CHj-CH2-fi-0-CH2 CH2-0-6-CHrCH2-

-CH,-CHJ-£-0-CH, .CH, 
:c^ 

-o-,CHj' XCH2-0-C-CH2-CH2-

(n1+n2=5,m-',k1+^-SD, n!/n2-M. k1/k2=8/1] 
(C-98) 

HOjC 

R3- -s-Kk 
Q^O^-

n2 

(nf+d2=5.10=1, k=20, n1/r?2=t/4) 

RJ = -CHs-CH2-J-0-CHa CH2-0-6-"CHJ-CH2-

O 
-CHJ-CH2-6-0-CH2N_ ^CHJ—O" 

-CHs-CHs-C-O-CH^" ^CH2-0-C-CH2-CH;-
o o 

(C-99) 

[0265] 

(Synthesis Example 12) 

Synthesis of Macromonomer A5: 

I11 a nitrogen atmosphere, 35.0 parts of 2-ethylhexanol, 215.0 parts of e-

caproiactone and 0.20 parts of dibutyltin laurate were heated at 90°C for 5 hours and then at 

110°C for 1 hour to obtain a monohydroxy form of polyester. The termination of reaction 

was confirmed by measuring the disappearance of s~caprolactone by NMR. After changing 

the atmosphere to air, 0.071 parts of 2,6-di-tert-butyl-4-methylphenol (BHT) and 37.7 parts of 

allylsuccinic anhydride were added, and the reaction was performed at 110°C for 8 hours to 
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obtain. Macromonomer A5 shown below. The termination of reaction was confirmed by 
measuring the disappearance of 95% or more of allylsuccinic anhydride by NMR. In 
Macromonomer A5, the weight average molecular weight in terms of polystyrene was 1,400, 
and the acid value was 54 mgKOH/g. 
[0266] 
[Chem. 78] 

O 

Macromonomer A5 

[0267] 
(Synthesis Example 13) 
Synthesis of Macromonom er E5: 

200 Parts of propylene glycol monomethyl ether acetate was charged into a reaction 

vessel and heated at 80°C while injecting a nitrogen gas into the vessel. 40.1 Parts of 
thioethanol, 360 parts of methyl methacrylate, 200 parts of propylene glycol monomethyl 
ether acetate, and 35.5 parts of V-601 were added to a separate vessel, stirred and then added 
dropwise to the reaction vessel under heating and Stirling at 80°C over 2 hours. The reaction 
was further allowed to proceed at the same temperature for 2 hours, and 35.5 parts of V-601 

was added. The reaction was further continued at 90°C for 1 hour to obtain a monohydroxy 
form of polymethyl methacrylate. The termination of reaction was confirmed by measuring 
the disappearance of 99% or more of the double bond moiety of methyl, methacrylate by NMR. 
After changing the atmosphere to air, 0.134 g of 2,6-di-tertiary-butyl-4-methylphenol and 71.2 
g of allylsuccinic anhydride were added, and the reaction was performed at 110°C for 8 hours 

to obtain Macromonomer E5 shown below (solid content concentration - 28.9 mass%). The 
termination of reaction was confirmed by measuring the disappearance of 95% or more of 
allylsuccinic anhydride by NMR. In Macromonomer E5, the weight average molecular 
weight in terms of polystyrene was 1,600, and the acid value was 64 mgKOH/g. 
[0268] 
[Chem. 79] 
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O^OCH3 

Macromonomer E5 

[0269] 
Macromonomers Al to A4 were synthesized in the same maimer as in Synthesis 

Example 12, and Macromonomers El to E4 were synthesized in the same manner as in 
Synthesis Example 13. The structural formula and physical values of each, macromonomer 
are shown below. 
[0270] 
[Chem. 80] 

O 

k/o 

Macromonomer Al 
Macromonomer A2 
Macromonomer A3 
Macromonomer A4 
Macromonomer A5 

a—60 
a=30 
a = 20 
a = 14 
a=7 

O^SDCH-
Macromonomer El 
Macromonomer E2 
Macromonomer E3 
Macromonomer E4 
Macromonomer E5 

a = 60 
a = 30 
a = 20 
a = 14 
a = 7 

Table 3 

Macromonomer Repeating 
Unit a 

Weight Average Molecular 
Weight (Mw) 

Acid Value 
(mgKOH/g) 

Al 60 7300 7 
A2 30 3900 16 
A3 20 2800 22 
A4 14 2200 31 
A5 7 1400 54 
El 60 6B00 9 
E2 30 3800 18 
E3 20 2900 27 
E4 14 2300 37 
E5 7 1600 64 
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[0272] 
(Synthesis Example 14) 
Synthesis of Polymer Compound (C-106) 

20 Parts of dipentaerythritol hexakis(3-mercaptopropionatc) [(33): produced by Sakai 
Chemical Industry Co., Ltd,]. 81.9 parts of Macromonomer A5, 7.67 parts of Compound (A-l) 
having an adsorption moiety and having a carbon-carbon double bond, and 255 parts of 
propylene glycol monomethyl ether acetate were charged into a reaction vessel and heated at 

90°C while injecting a nitrogen gas into the vessel. After stirring at the same temperature for 

15 minutes, 0.71 parts of V-601 was added to initiate the reaction. The reaction was allowed 
to proceed at the same temperature for 2 hours, and 0.71 parts of V-601 was added. The 
reaction was further continued at 90°C for 2 hours to obtain a 30 mass% solution of the 
polymer compound shown below (C-106: weight average molecular weight: 4,600, acid value: 
108 mgKOH/g). The termination of reaction was confirmed by measuring the disappearance 
of 95% or more of the double bond moiety of Macromonomer A5 and pentenoic acid by NMR. 
[0273] 
[Chem. 81] 

HOjC 

o G 
R3 = 

O 

[n«3,m=3,3=7) 

CHJ-CH2-C-0-CH^ ^CHZ-G-C-CHZ-CHZ-

a .cnr ^CH2-O-C-CH2-CH2 —CHJCCHJ-C-O-CHZ CHS—0* 2-22 

\— CH2-CH2-C-0-CHS' NCH2-0-C-CHJ-CH2-
\ 0 0 

fc-li 

[0274] 
Polymer Compounds (CM 01) to (C-105) and (C-107) to (C-136) were also 

synthesized in the same manner as in "Synthesis of Polymer Compound (C-l 06)" of Synthesis 
Example 14 except for appropriately changing the kind and charge amount of the "compound 
having an (m-i-n)-vaient linking group R1 and a mercapto group" (corresponding to the above-
described "compound having from 3 to 10 mercapto groups per molecule"), the kind and 
charge amount of the "compound having a substituent A1 and a carbon-carbon double bond" 
(corresponding to the above-described "compound having an adsorption moiety and having a 
carbon-carbon double bond"), and the kind and charge amount of the "macromonomer" (the 
compound corresponding to die polymer chain represented by P1, P2 or P3), which are raw 
materials. The macromonomers used in the synthesis of (C-l 18) to (C-136) are as follows. 
[0275] 

[Chem. 82] 
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0 H / 0 
•0^N (o^, ^ ̂  

0 20 
(M-11) 

[0276] 
[Chem. 83] 

C02CH3 /7 
(N-1) (N-2) 

0'\ ^ ̂Me 

-17) 

cK Y S 
o 

(N-3) 

! L 
14 

CO2CH3 O 

o\ 

(N-4) 

a- -V0^o^e 

O " ^23 
(N-5) 

[0277] 
With regard to these Polymer Compounds (C-101) to (C-136) synthesized, the 

"compound having an (m+n)-valent linking group R1 and a mercapto group" as a raw material, 
the "compound having a substituent A1 and a carbon-carbon double bond" as a raw material 
(in die case of using compounds in combination, the molar ratio of respective charge amounts), 
the "macromonomer" as a raw material, the acid value, and the weight average moiecular 
weight are shown together in Table 4 below. 
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[0279] 

Structures of Polymer Compounds (C-101) to (C-136) synthesized are illustrated 

below. 

[0280] 

[Chem. 84] 

[ HO5C 

HO,C^'Y^'S"'RS"S 

HOJC 

<n=S, m=i, a*20) 

[rt*5, rrpl, a^3SS 
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CHT ^CHa-O-Cj-CHj-CHs-

-CH2-CHJ-C-0-CHJ 
0 0 

(c m) 

{ 0 0 
Ff' = —CHj-CHj-S-O-Ct-^ ^CHJ-O-C-CHJ'CHJ-

-CHt-CHsrS-O-CH^ XCH,—S 

-CHj-CHi-J-O-CHj' "•'OH2-0-C:-CH2-CHJ-
\ 0 6 

(O-102) 

YV^V 
n n i 

HQ2C 
(ffi nu-i, !TF2, EF-50, MfrQ-1 J2> 

© 0 
-CHJ-CHZ-C-O-CHJ CKJ-O-E-CHJ-CHJ 

*5 ,CH,' 
.CHj—0 

^CHrO-C-CHj-CH2-
6 

m \— G H 3 - CHj - 0 - 0 - C Bf' "X'HrO-C-CHi-CH2-
\ 0 O 

(C-503) 

HOJC^Y^G-'R3 

HOJC 

H0JC-"^V'V"S 
HOjC 

. ,R3... 

OH 

S(-
{rw-'i, m=3, 8=7) 

OH 
'O 

0 
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R = 
0 0 \ 

^ CHj -0 - 4 - CHj-CHj 
0 

-CHj-CHj-i5--0-CHj ,CH2 

-CHj-CHj-C-O-CWf '•C*Hr0-C-CHrCH2 
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CHf CHj-0-C-CHj-Or 

(O-104) 

0 

0 o 

JCVf vCHj-0-C- CHJ-CHJ-
»CHj-CHi-C-0-CHl% —0 $ 

-CHI-0HrC-0-CHfCsC;Hl-0-C-CHj-CHi-
O O 

(0-1Q5). 

0 0 
R». •CH2 -CH? -C-0 -CHj CHS'O-C-CHJ-CWJ" 

^•C-v 
CHs'Q-C -CHi'CHj-
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(oioei 

[0281] 

[Chem, 85] 
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H0-$—*^"S. 
OH 

HOsC'^Y'^S' 
HOsC 

Ra. 

(r 1 -Hi 2=3, /TF3 , a=14, n 1 /n 2=1 /1) 
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0 0 
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„C)S 
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HOjC 
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S-j-R^ 

Jn 
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HOaC 

HO2C 
HOJC 

(n=3, m=3, a=7) 

(n=3, m=3,8=14) 
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-CH,-CH,-£-0-CH, 
O 

r-S e -0-
j;c-

.CHj CHrQ 
-C H2 - CHj - C-0 -CH2 Ct-I2— O' 

-CH2<• CHj - C™ O -CH^ CH2-0-C-CHJ-CH2 

O 6 
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6-CH2-CH2-
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6 
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o 
C-CH,-CH, 

O ^CH^~XCH?-C-C-CH2'CH2-
-C H2 - CHj C-O —Cl-S^ x ' 5 

• CM2 - CHj - C-O-CHj' "CH2-0-C~CH2-CH2-
o o 
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o 

(0-117) 

[Chem. 87] 

HOjC^-^S 
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0 

£0284] 

[Chem. 88] 
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HO-
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[0285] 
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f 0-136) 

<Example 1> 

[Preparation of Titanium Dioxide Dispersion Liquid (Dispersion Composition)] 

A mixed solution according to the following formulation was subjected to a 

dispersion, treatment by using a circulation-type disperser (bead mill), ULTRA APEX MILL, 

manufactured by Kotobuki Industries Co., Ltd. to obtain a titanium dioxide dispersion liquid 

as the dispersion composition. 

-Fonnulation-

Titanium dioxide (TT0-51(C), produced by Ishihara 

Sangyo) (purity: 75% or more): 

Dispersant (polymer compound (B)) C-l (30 mass% 

solution): 

Propylene glycol monomethyl ether acetate (PGMEA): 

181.8 parts 

133.3 parts 

[0289] 

284.9 parts 

hi addition, the disperser was operated under the following conditions: 
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Bead diameter: <j>0.05 mm 

Bead filling volume: 75 voi% 

Peripheral speed: lOm/sec 

Pump feed rate: 10 kg/hour 

Cooling water: tap water 

Inner volume of annular passage of bead mill: 0.15 L 

Amount of mixed solution, dispersed: 0.44 kg 

[0290] 

After the start of dispersion, the average particle diameter was measured at an 

interval of 30 minutes (run time of one pass). 

The average particle diameter was reduced with an increase in the dispersion time 

(the number of passes), but the amount of change in the average particle diameter was 

gradually decreased. Dispersion was terminated when the dispersion time was extended by 

30 minutes and the change in primary particle diameter became 5 nm or less. The primary 

particle diameter of titan ium dioxide particles in the dispersion liquid here was 40 nm. 

Incidentally, the primary particle diameter of titanium dioxide in this Example 

indicates the value obtained by 80-fold diluting a titanium dioxide-containing mixed solution 

or dispersion liquid with propylene glycol monomethyl ether acetate and then measuring the 

obtained diluted solution by use of a dynamic light scatteri ng method. 

This measurement is measurement performed on the number average particle 

diameter by using MICROTRACK UPA-EX150 manufactured by Nikkiso Co., Ltd. 

[0291] 

[Measurement of Viscosity of Titanium Dioxide Dispersion Liquid] 

The titanium dioxide dispersion liquid obtained above was evaluated for the 

dispersibility by measuring its viscosity by means of "RE-85L" manufactured by Toki Sangyo 

Co., Ltd.)-

In addition, dispersion compositions corresponding to Examples 2 to 141 and 

Comparative Examples 1 to 7 prepared in accordance with the dispersion composition of 

Example I except that the titanium dioxide content and the kind of the dispersant (polymer 

compound (B)) were changed as shown in Tables 5 and 6 below so as to correspond to 

Examples 2 to 141 and Comparative Examples 1 to 7, were also evaluated for the 

dispersibility by measuring the viscosity. The results are shown in Tables 5 and 6. 

[0292] 
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[Preparation I of Curable Composition] 

A curable composition was obtained by using the titanium dioxide dispersion liquid 

(dispersion composition) obtained above and mixing respective components to satisfy the 

following formulation. 

-Formulation of Curable Composition 

Titanium dioxide dispersion liquid prepared above 81.98 parts 

(dispersion composition): 

JER-157S65 shown below (produced by Mitsubishi 3.72 parts 

Chemical Corp.) (polymerizable compound; T-4 in the 

Table below) 

Binder polymer (M-1 shown below; weight average 0.44 parts 

molecular weight (Mw) and copolymerization ratio 

(weight ratio) are as shown below) 

Surfactant: Megaface F-781 (produced by DIC): 0.03 parts 

p-Methoxyphenol 0.01 parts 

Propylene glycol monomethyl ether acetate: 13.82 parts 

[0293] 

[Chem, 92] 

O o 

d-CH2" 

o. .0 

.* 

JER-157SS5 

[0294] 

[Chem. 93] 

Binder Polymer M-l: 

•(^1*30 *(""*-^58 

cAo 
•Mo 

0AQH 0AQ 

Mw: 10,000 



154 

[0295] 

(Production of Cured Film (Transparent Film) 

The curable composition obtained above was coated on a 12-inch silicon wafer by a 

spin coating method and then heated on a hot plate at 100°C for 2 minutes to obtain a coated 

film having a tiiickness of 1.05 pm. This coated film was further heated on a hot plate at 

200°C for 5 minutes to obtain a cured film (thickness: 1.0 jam) as the transparent film. 

[0296] 

[Measurement of Refractive Index of Transparent Film] 

With regard to the substrate above, the refractive index of the transparent film for 

light at a wavelength of 635 nm was measured using an ellipsometry manufactured by J. A. 

Woollam Japan. 

The results are shown in Tables 5 and 6 below. 

[0297] 

[Evaluation of Solvent Solubility of Cured Film] 

The cured film formed above was immersed in PGMEA. for 5 minutes, and the 

refractive index of the transparent film (cured film) after immersion was measured according 

to the method described above. The value of change in the refractive index after treatment 

was calculated from [refractive index after immersion in solvent] - [refractive index before 

immersion in solvent] and used as an indicator of solvent resistance. 

The results are shown in Tables 5 and 6 below. 

[0298] 

<Examples 2 to 135 and Comparative Examples 1 to 7> 

Curable compositions of Examples 2 to 135 and. Comparative Examples 1 to 7 were 

prepared in accordance with Example 1 except that the titanium dioxide content relative to the 

total solid content of the curable composition and the kinds of the dispersant (polymer 

compound (B)) and polymerizable compound were changed as shown in Tables 5 and 6 below. 

That is, in Examples where the dispersant (polymer compound (B)) was changed 

from C-l used in Example 1, a titanium dioxide dispersion liquid obtained using the dispersant 
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(polymer compound (B)) shown in Table 5 or 6 in place of C-l in the preparation of the 

titanium dioxide dispersion liquid of Example 1 was used. 

in Comparative Examples 1 and 2, SOLPERSE 5000 produced by The Lubrizol 

Corporation and DISPERBYK 180 produced by BYK Chemie were used, respectively, as a 

dispersant different from the polymer compound (B) of th e present invention. 

In addition, in Examples (Examples 134 and 135) where the polymerizable 

compound was changed from T-4 used in Example 1, the following polymerizable compound 

(T-2, T-3) was used in place of T-4 in the preparation of the curable composition of Example 1. 

T-2: JER-1031S shown below (produced by Mitsubishi Chemical Corp.) 

T-3: EHPE-3150 shown below (produced by Daicel Corp.; l,2-epoxy-4~(2-

oxiranyl)cyclohexane adduct of 2,2-bis(hydroxymethyl)-1 -butanol) 

[0299] 

[Chem. 94] 

JER-1 031S 
[0300] 

[Chem. 95] 

o 
EHPE-3150 

[0301] 

The change in the titanium dioxide content (concentration) relative to the total solid 

content of the curable composition was performed by preparing a titanium dioxide dispersion 

liquid in such a manner that while the total amount of titanium dioxide and dispersant relative 

to the total solid content of the curable composition was kept the same as in "Preparation of 

Titanium Dioxide Dispersion Liquid (dispersion Composition)] of Example 1, the increase or 
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decrease ill die titanium, dioxide content was compensated for by increasing or decreasing the 

dispersant content. 

In addition, transparent films were produced in the same manner as in Example 1 by 

using the curable compositions obtained, and evaluated in the same manner as in Example 1. 

The results are shown in Tables 5 and 6. 

[0302] 

<Example 136> 

[Preparation 2 of Curable Composition] 

A curable composition was obtained by using a titanium dioxide dispersion liquid 

(dispersion composition) obtained in the same manner as above except for using C-6 as the 

dispersant (polymer compound (B)), and mixing respective components to satisfy the 

following formulation. 

-Formulation of Curable Composition 

Titanium dioxide dispersion liquid above (dispersion 81.98 parts 

composition): 

Dipentaerythritol hexaacrylate (KAYARAD DPHA, 3.48 parts 

produced by Nippon Kayaku Co., Ltd.) (polymerizable 

compound; T-l in the Table below) 

Oxime-based photopolymerization initiator 0.24 parts 

(polymerization initiator, K-l shown below) 

Binder polymer (M-l; weight average molecular weight 0.44 parts 

(Mw) and copolymerization ratio (weight ratio) are as 

shown above) 

Surfactant: Megaface F-781 (produced by DIC): 0.03 parts 

p-Methoxyphenol 0.01 parts 

Propylene glycol monomethyl ether acetate: 13.82 parts 
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[0303] 
[Chem. 96] 

(produced by BASF) (produced by BASF) 

[0304] 
A transparent film was produced in the same manner as in Example 1 by using the 

curable compositions obtained, and evaluated in the same manner as in Example 1. The 
results are shown in Table 6. 

<Examples 137 to 141> 
Curable compositions of Examples 137 to 141 were prepared in accordance with 

Example 136 except that the kinds of the dispersant (polymer compound (B)) and 
polymerizable compound were changed as shown in Table 6 below. 

That is, in Examples where the dispersant (polymer compound (B)) was changed 
from C-6 used in Example 136, a titanium dioxide dispersion liquid obtained using the 
dispersant (polymer compound (B)) shown in Table 6 in place of C-6 in the preparation of the 
titanium dioxide dispersion liquid of Example 136 was used. 

In Examples where the polymerization initiator was changed from K-l used in 
Example 136, the polymerization initiator shown in Table 6 was used in place of K-l in the 
preparation of the curable composition of Example 136. 

In addition, transparent films were produced in the same manner as in Example 1 by 
using the curable compositions obtained, and evaluated in the same manner as in Example 1. 

The results are shown in Table 6. 



158 

<D 
5? u, 9 w 

Ja a o s p 
w « JZ o u o Q T3 a ac g 
C8 ""-< .3 
« J> r. • t-» > s 
to .Sj o u « •-< 
JOB K m H 

!|j 
•Q .55 "* 
00 

•o o o 
o 

o o 
© 

o"i o 
© 
© 

•o 
© 
©: 
© 

tn ° « & 
>V.S .-a £ g 
ft « ^ 

t-J 

r-
o © © 

CN 
CN cN © 

vo' 

£ 
a <5 
^ "B ON o 

Ch 
© 
ON 

CN 
ON a\ ON 

as oo 

H H 
"1" 
{—t t-( 5 t 

H h, H r—' s 
!D 

-a 2? so ca 13 S oa 

£ <S 2 £ rt- •<t 
© 
© 
cn 
•sf •*t •f 

© 
© 
VI 
E> rt* 

o a< cn 
Q 

U U u 
© 

* u u 
<N 

6 o 
© 

u 
fN 
CN 
I u 

1" CN 
U 

vj» 

U 
t--

u 

rs 
o 
t/i 

"3 o 
f-
.3 

^.1 
<u o 
"3 & 
O K CJ ° 
U U 

N? 0s-
O o 

'vO 

© r- © 
r-

N® 

© r~-

H 

•8 03 

CN m ""t 
a> JE JJ 

"a "a. "s-B S E3 ca 03 E3 * * ?< 
W W W 

J2 "H. 
K3 

w 
s1 

I w 

a-
ON 
0 

cM 
1 
fS 

o 

r 
X w 
! 

X 
W 

ro •'t 

& P< 

x 
W 

ctf 

w 

a 
S 
C3 
X 

W 

© 
fN 
u 

"Hj 
B 
$ m 

CM 

I « 
&S 

fN 
CN 

M % 

•^f 
fN 

O. 

m 
CN 
a 

I 
& 
! 
K w 



159 

<u 
£ * 5 o 
J C S3 "u « S> 
0 O o 

1 .a o 
.2 > 

£ £ i 
it i -5 d -=3 
O *a 

OO 

r- os o o 
9 

SO 
o o 

•3* o o 
o 

^ « O 9 
V3 

>>.§ t2 
" 6S 

8T2 
5 a" 

3 

cn o 
« 
> 

q t> 
oo 

CO 
oo 

"3* 
© 

O 
CN 

t> 
sd 

Q) > 
•G X 
O <D 
to T2 

OJ ^* 
Pi 

© 
Ol <J\ —< 

CN 
0\ 

8 
"S * .a £ E « 
« V3 
5 '3 >>s 

"o a, 
4) 
3 -g c« cs 
N 3 •r o 
o cx 
S S >% o 
O u 
0-

"3* i" 
f-H 

"St* 

H 
1* 

H H 
t 
{—4 

"$• t 
H 

», D cs „ 
jd op "g ja 
,5fg o ,gp 
£ § ^ £ £ -5 5 > 

© o <n •<t 

o o o o no s© 

o 
o 
•sf r-

<0 
&, 
co 

5 
o 

r4 
m 

i 
U L) 

m 
i 

U 

so 
m > 
U 

fN 

O 

o 
V"> 

6 U 

(N 
"? o a 

o 
00 

3 O 
P "S ^ § Q 

Be 

"C5 

1 
o o w 

IT) 

O 
_Q <a 
H 

o 
U 

©••-o r- O r~ o r-
ox 
o 0s-

O r-

v° 
0s-
© r-

t> 
<N 
0 
o. 
1 
X w 

OS 
CN 

0« 
I 
w 
! 
k w 

m m 
<u 

"clj 

1 
a* 

•*3* 
CO 

! 
X • w a 

so cn 

I 
.K 

co 
ro 
4) 

P-

! 
& 

0 
"EL 
1 
JS 

r}-
•«t 

ITS 
X w 

a 
I 
P3 

D. 

I 
w 

JJ 
c-
S r3 
W 



160 

& 
o c Si 
>.•2 o-& '•—' 

T3 
Cii I M rw# >ol 

-4 

s 
o 
o 

r-o o 
•O 
o o 
o 

o o o 
ON 
o o 
o o 

00 o o 
d 

o 
© 
© 

°) 
Tfr <ri so 

(1) > 
w -o a ifi 

-o a 
<y 

© 
ON 

fO 
ON 

© 
ON 

CTN 
OO ON 

© 
ON 

H H 
T 
H H H H 

o> c9 
•& 2P "3 ^ .£P 2 3 U 
U O u 4) 

© 
© 
OO 
-3-

<u 
D-

ON 

u O 

CN 
© 

a u 

xt-
© 

6 

•o 
© 

6 u 
© 

u o 

<N 
«—H 

I o U 

•3*8 

*0 
§ 

o o 
ir, 
<u 

X! ca 
H 

3 
-8 ^ 
o 

g.s | 
."S -a H § 

a 

© 
t-

SO 
STl 
a) •""M 
& I 

uS 

© 
M2 

a, 
I 
W 

fN 

<L> 
n. 

tS W 
<s * W 

s? N® ev 
© © 
t> f-

VO 
~>C 
4) 

t-*-< 

| 
X w 
I 

Ctf 
X, w 



161 

o 
o 
9 

<n 
o 
o 
d 

s 
o 
d 

ON 
O o 
d 

s o 
d 

r--
CN O 

<N r-; 
d *n 

co 
-3* 
•o 

D > 
O <D <a *o 
•S-3 

CN os O as 
CN os CN 

ON OS Os 
tN 
Os ON 

ro 
Os OS 

ro 
OS 

& 

S a ?»•> >—* 
o 

C-. 
*—•* 
x> 13 
C3 C3 N 3 
'C £ 
1 s -£p r° 
"o CJ a< 

H H H H 
"t 
H H H H H H H 

•" Srt,^ *-•§)« gf« 
"8 o5 "S 
£ 5 a & 

o 
ro 

O 
o 
V~) 
so 

o 
o 
OS 
"I" 

<D 
O. 
V5 

rj-

u u U 

SO 
vo 

i 

U 

t~->n 
I 

U 

oo 
V, ! a 

Os >r> 
I 

U 

(N 
SO 

6 
ri­se ( 
U 

© r-
t 

U o 
rJ r-

I 

U 

© 
© oo 

73, 
^ '"3 3 w s<J — w .2 3 ° 
Q£ a 
r- ^ « I .a "S .3^0 
§ §u 
•a -a H g 

U 

© r-
0s 

© r- © 
C" 

•~o 
0s 

© 

SO 
&> 
1 

os 
sO 
0) 

*9 
3 
& 

a 
1 
tS 

r-
ju 
a 
1 
m 

m r-
J2 

I cu 
& 

00 
r~ 

<U 

H 
KS 

w: 

© 
GO 
<U 

"H. 
I CO 

!><l w 

Tf 
00 

f 
X. w 
I 
& 

so 
CO 
_u 
OJ 

00 
00 

J8 
P. 

OS 
00 

JU 1 
I* m 

Os 
fN 
Os 

! 
X 

M 

Ou I 
U} 

ro 
OS 
U 

"EL 



162 

£?• 

> 

> 
•& >< o c3 -a & >H 
OS 

vo o o 
o 

vo •— 
o 
d 

V) 
© 
© 

oo 
© 
'© 
© 

© 
© 
d 

•*5}" 
© 
© 

9 

<N 
in 

fN 
© 

oo 
d 

r-» 
r-4 

© 
ro 

ON 
ON 
00 

C-l o fN 
ON 

CN 
ON 

<N 
CN 

© 
ON 

H 2 H H 
t 
H 

t t 
H H 

t 
H 

„ O Ctf _ 

!"§> 2* o H* 
'5 u *5 
£ 5 3^ t> 

OJ 
D-

Q 

CM 
OO • 
U 

"5f 
OO 
I o U 

<o 
00 
I 

O 

f-
00 
I 

U 

© 

U U u o u u u o u u 

<N ro 

o 
<N 
ON 

U 

"O 
s> 
.2 *4-> s o 
NO 
a> 

•s 
H 

"0 

£ ̂  rs oo 
x ~-j O ra 

O r® 
fl H |.s 

•S3 -w S « J s 
H § 

U 

« S5 « O 
d S* o « C ) o u 0 

c-~ 
N? 0s 

© 

c~~ 
CN 
ID »'"•'< 
Q4 
I a 
K 
W 

a 

w 

© 
© 

t « 
ES 
1 
;S 

ro 
© 

I 

a? 

1 
X 

W 

v> 
© 

4J 

f 
w 

© 

VP 0s-
© 
C"-

ON 
© 

a I a 
£ 

© 

<D 

O, 
S 
tq 

OJ 
*5. 

C3 X w 
I 

S3 

t3 

l/"> SO 

\P «s 
© 
E~~ 

r-

_o 
Q. 

I 
fS 

_o 
"a 



163 

o 
43 

«S "S 
X > 

g $ O a-s a 
T2 I-*" d o VT »*•< O 

^ t§ J. g u S V *"< g 
a 

© 

<5 u v 

Itl >Q-I 

(N 

W 
•X3 X 
O O 
S "3 ^ J u -* 

Pi 

Os o 

I I . ^ 
*4 W 

c 
0-< 
ID 

,.o T3 
m « 

3 
U G 
4) a, 
£. n 
O U 

H H H H H H H r-1 [..•( 

CL, 

4_. » J5 *-_rt op "3 J3 ^00 g g 60 
53 U O 53 

£ 
o 

"3- •y 

03 
d, a> s u u 

w oo 
Pi 

—' [r5 O ^ S 2 I k-M 

o &o 

o 
oo 

*a 
3l 
§ J§ 
Q ^ 

^ o o .a 

„I H g 
O 

s IS § f <-
U o 

p-

UJ 

43 

8 P a, g 
2 $ 
£ ffl 

> fS 

*3 § & 1 
o W 



4> 
W i « & B ,J3 « 

J3 ® fl (3 « y 
^ ft ~ S'S 8 9-S a 
•2 £ 

© 

c2 8 gf 
e ^ fi I 8 1 •—> c •-< 
O -rH 

00 

O « ?3 
x,2 o-J_- U3 a 

Q o> •*—• 
(\ O. T3 M •-1 c 

L-) 
o 

| | nS ID & £ O >~< 
aj 

4) 
3 "a cs rt N 3 
'B o 
2 9* S S P>~. o 
o u 

Cu 

M c« 
.CI fcT •d o r>n •d ftf O 

ft ii t-

£ o s £ —' 

o 

E o a, 
CO • «—! 
Q 

O U u 

/-—s -a a> 
3 

S 
w 
vo 
jy 
•S 

(U 
> 'tf-

*i§ -S 
b & 
a S 
SK5 

X 

6 W 

> 
"5 « 
fa a. «i a ii 
O w 

<D 
> O 
~ 0 « a. 

C3 

CO 
Cu 

^ -o W 



165 

[0307] 

As apparent from Tables 5 and 6, in Comparative Examples 1 and 2 where the 

polymer compound (B) is not used, the refractive index is slightly low and the viscosity is high. 

On the other hand, in Examples 1 to 141 where the polymer compound (B) is used, 

the viscosity is low. 

hi Comparative Examples 3 to 7 where the dispersant satisfies formula (1) but. the 

weight average molecular weight exceeds 10,000, the refractive index is high and the viscosity 

is also high. 

Particularly, it is seen that in Examples 1 to 135 where an epoxy-hased compound is 

used as the polymerizable compound and in Examples 136 to 139 where an oxime-based 

compound is used as the polymerization initiator, the solvent resistance is excellent, and 

among others, in Examples 1 to 135 where an epoxy-based compound, is used as the 

polymerizable compound, the solvent resistance is high. 

Furthermore, in the curable compositions of Examples 5, 7, 21, 23, 24, 40~42, 54, 

55, 62, 63, 65, 76, 96, 104, 106, 108, 110, 112, 114, 116, 118, 124, 128 and 130 using 

dispersauts C-5, C-I0, C-24, C-26, C-27, C-43-C-45, C-6L C-81, C-89, C-91, C-97, C-107, 

C-108, C-lll, C-l 19, C-120, C-l22, C-124, C-l 26, C-128, C-I30, C-I32, C-134 and C-136 

having a weight average molecular weight of 5,000 to 8,000 and an acid value of 70 to 90 

mgKOH/g, the transmittance of the cured film at a wavelength of 400 nm is 90% or more, and 

it can be confirmed that, among others, the transmittance of the cured film for visible light is 

excellent. 

[0308] 

In Examples above, an example of forming a transparent film on a silicon wafer is 

described and in the case of producing a solid-state imaging device, the silicon wafer has to be 

replaced by a solid-state imaging device substrate having formed thereon a photodiode, a 

light-shielding film, a device protective film, etc. 

A light-shielding film composed of tungsten and opened only at the light-receiving 

part of a photodiode is formed on a silicon wafer having formed thereon a photodiode and a 

transfer electrode, and a device protective layer composed of silicon nitride is formed to cover 

the entire surface of the light-shielding film formed and the light-receiving part of a 

photodiode (the opening in the light-shielding film). 

[0309] 

On die device protective layer formed, the curable composition of Examples 
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prepared as above was coated as an undercoat layer to have a film thickness of 0.50 jim and 

then heated on a hot plate at 100°C for 2 minutes. Subsequently, the coating was heated on a 

hot plate at 230°C for 10 minutes and thereby cured. A red pixel, a blue pixel and a green 

pixel each having a one-side length of 1.4 jim were formed thereon by the method described in 

Example 16 of JP-A-2010-210702 to produce a color filter. 

The curable composition of Examples prepared as above was coated thereon to have 

a film thickness of 1.5 jim, heated on a hot plate at 100°C for 2 minutes, then heated on a hot 

plate at 230°C for 10 minutes, and thereby cured. 

Furthermore, HPR-204ESZ-9-5mPa*S (resist solution produced by Fujifilm 

Electronics Materials Corp.) was coated thereon and heated on a hot plate at 90°C for 1 minute. 

This coated film was exposed by means of an i-line stepper (product name: FPA-3000i5+s 

manufactured by Canon Inc.) at 100 mJ/cm2 through a mask having a large number of square 

patterns with one side of 1.4 |im. The mask was arranged such that the large number of 

square patterns in the mask are located at positions corresponding to red pixel, blue pixel and 

green pixel in the color filter, respectively. 

[0310] 

The exposed film was puddle-developed at room temperature for 60 seconds by 

using an alkaline developer HPRD-429E (produced by Fujifilm Electronics Materials Corp.) 

and then rinsed with pure water for 20 seconds by spin shower. Washing was further 

preformed with pure water, and the substrate was dried by high-speed spinning to form, a resist 

pattern. The resist was subjected to a post-baking treatment on a hot plate at 200°C for 300 

seconds and thereby shaped in a lens shape. 

[0311] 

The thus-obtained substrate was subjected to a dry etching treatment under the 

following conditions by using a dry etching apparatus (U-621, manufactured by Hitachi High-

Technologies Corp.) and thereby processed so that the transparent film with a high refractive 

index of the present invention can be used as a microlens. 

RF Power: 800 W 

Antenna bias; 100 W 

Wafer bias: 500 W 

In-chamber pressure: 0.5 Pa 

Substrate temperature: 50°C 
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Species and flow rate of mixed gas: CF4/C4F6/02/Ar - 175/25/50/200 mi/miti 

Photoresist etching rate: 140 nm/min 

[0312] 

An image was photographed using the obtained device, as a result, a good image 
could be obtained. 

Industrial Applicability 

[0313] 

According to the present invention, a dispersion composition having a high 

refractive index and a low viscosity, and a curable composition, a transparent film, a microlens 

and a solid-state imaging device each using the dispersion composition, can be provided. 

In addition, according to the present invention, a compound able to afford a 

dispersion composition having a high refractive index and giving an excellent surface state to 

a film after coating and drying and maintain the dispersion stability of particles can be 

provided. 

[0314] 

While the invention has been, described in detail and with reference to specific 

embodiments thereof, it will be apparent to one skilled in the art that various changes and 

modifications can be made therein without departing from the spirit and scope of the invention. 

This application is based on Japanese Patent Application (Patent Application No. 

2012-192557) filed on August 31, 2012, Japanese Patent Application (Patent Application No. 

2012-221610) filed on October 3, 2012, Japanese Patent Application (Patent Application No. 

2013-026066) filed on February 13, 2013, and Japanese Patent Application (Patent 

Application No. 2013-026069) filed on February 13, 2013, the contents of which are 

incorporated herein by way of reference. 

Description of Reference Numerals and Signs 

[0315] 

1: TFT (Thin-film transistor), 2: wiring, 3: insulating film, 4: flattening film, 5: first 

electrode, 6: glass substrate, 7: contact hole, 8: insulating film, 10: liquid crystal display 

device, 12: backlight unit, 14,15: glass substrate, 16: TFT, 17: cured film, 18: contact hole, 19: 

ITO transparent electrode, 20: iiquid crystal, 22: color filter, 30: capacitance-type input device, 

31: front plate, 32: mask layer, 33: first transparent electrode pattern, 33a: pad portion, 33b: 
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connecting portion, 34: second transparent electrode pattern, 35: insulating Layer, 36: 
electroconductive element, 37: transparent protective layer, and 38: opening. 
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Claims 

1. A compound represented by the following formula (5): 

(A3-R7.S^-R6—fS-R9-p3)m 

A4-R8-S 

in formula (5), 

R6 represents an (mH-nl+n2)~valent linking group, 

each of R7 to R9 independently represents a single bond or a divalent linking group 

selected from the group consisting of a chain saturated hydrocarbon group, a cyclic saturated 

hydrocarbon group, an aromatic group, an ester bond, an amide bond, an ether bond, a 

nitrogen atom and a carbonyl group, or a group formed by combining two or more thereof, 

A3 represents a monovalent substituent having at least one group selected from the 

group consisting of a carboxyl group, a sulfonic acid group, a phosphoric acid group, a 

phosphonic acid group and a phosphinic acid group, 

A4 represents a monovalent substituent different from A3, and represents a 

monovalent substituent having at least one group selected from the group consisting of an 

acetylacetonate group, an amino group (-Nth), a substituted imino group represented by -

NHR8 or -NR9R10 (wherein each of R8, R9 and Ri0 independently represents an alkyl group 

having a carbon number of 1 to 20, an aryl group having a carbon number of 6 or more, or an 

aralkyl group having a carbon number of 7 or more), a guanidyl group represented by the 

following formula (al), and an amidinyl group represented by the following formula (a2), a 

group having a phenol structure, a group represented by -NRi5CONR16Rn (wherein each of 

R15, R16 and R17 independently represents a hydrogen atom, an alkyl group having a carbon 

number of j to 20, an aryl group having a carbon number of 6 or more, or an aralkyl group 

having a carbon number of 7), a group represented by -NBCOOR18, -NRi9COOR2<), -

OCONHR2', or -OCONR22R23 (wherein each of RIS, R19, R20, R2\ R22 and R23 independently 

represents an alkyl group having a carbon number of 1 to 20, an aryl group having a carbon 

number of 6 or more, or an aralkyl group having a carbon number of 7 or more), an alkyl 

group, an aryl group, an alkyloxycarbonyl group, an alkylaminocarbonyl group, an 



170 

alkyleneoxy chain-containing group, a group having succinimide structure, phthalimide 

structure, or naphthaiimide structure, a carboxyl. group wherein a hydrogen atom is substituted 

with a counter ion, an aminosulfonyl group, a hydroxyi group, and a heterocyclic group, 

ni number of A3 or R.7 may be the same or different from each other, n2 number of 

A4 or R8 may be the same or different from each other, 

m represents a positive number of 8 or less, 

nl represents from 1 to 8, 

n2 represents from 1 to 8, 

m+nl+n2 satisfies the range of 3 to 10, 

P3 represents a polymer chain derived, from at least one member selected, from a 

polymer or copolymer of a vinyl monomer, an ester-based polymer, an ether-based polymer, a 

urethane-based polymer, an amide-based polymer, an epoxy-based polymer, a silicone-based 

polymer, and a copolymer thereof, 

and m number of P3 or R9 may be the same or different from each other: 

R11—N R13—N 
y-N- (a 1 ) y~ (a 2) 

R12—NH H R14—NH 

in formula (al), each of Rn and R12 independently represents an alkyl group having 

a carbon number of 1 to 20, an aryl group having a carbon number of 6 or more, or an aralkyl 

group having a carbon number of 7 or more, 

in formula (a2), each of R13 and R14 independently represents an alkyl group having 

a carbon number of 1 to 20, an aryl group having a carbon number of 6 or more, or an aralkyl 

group having a carbon number of 7 or more. 

2. The compound as claimed in claim 1, 

wherein the substituent A3 is a monovalent substituent having at least one acid 

group with a pKa of less than 5, and 

the substituent A4 is a monovalent substituent having at least one functional group 

with a pKa of 5 or more. 

3. The polymer compound as claimed in claim 1 or 2, 

wherein the substituent A3 is a carboxyl group, a sulfonic acid group, a phosphoric 

acid group, or a phosphonic acid group, 
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and the substituent A4 is a monovalent substituent having at least one group selected 

from the group consisting of an acetylacetonate group, a group having a phenol structure, a 

group represented by ~NRl5CONR,6R'7 (wherein each of R15, R16 and Ri7 independently 

represents a hydrogen atom, an alkyl group having a carbon number of 1 to 20, an aryl group 

having a carbon number of 6 or more, or an aralkyl group having a carbon number of 7), a 

group represented by -NHCOOR1*, -NRi9COOR20, -OCONHR21, or ~OCONR22R23 (wherein 

each of R18, R19, R20, R2i, R22 and R23 independently represents an alkyl group having a carbon 

number of ) to 20, an aryl group having a carbon number of 6 or more, or an aralkyl group 

having a carbon number of 7 or more), an alkyl group, an aryl group, an alkyloxycarbonyl 

group, an alkylaminocarbonyl group, an alkyleneoxy chain-containing group, a group having 

succinimide structure, phthalimide structure, or naphthalimide structure, a carboxyl group 

wherein a hydrogen atom is substituted with a counter ion, an aminosulfonyl group, and a 

hydroxyi group. 

4. The compound as claimed in any one of claims 1 to 3, 

wherein the substituent A is a carboxyl group. 

5. . The compound as claimed in any one of claims 1 to 4, 

wherein the substituent A4 is an alkyl group, an aryl group, an acetylacetonate group, 

a group represented by -NRi5CONRl6R!7 (wherein each of Ri5, R16 and R17 independently 

represents a hydrogen atom, an alkyl group having a carbon number of 1 to 20, an aryl group 

having a carbon number of 6 or more, or an aralkyl group having a carbon number of 7), a 

group represented by -NHCQOR18, -NRi9COOR2(), -OCONHR21, or -GCONR22R23 (wherein 
I g | A '»A ^ 1 

each of R ,R , R ,R ,R and R independently represents an alkyl group having a carbon 

number of 1 to 20, an aryl group having a carbon number of 6 or more, or an aralkyl group 

having a carbon number of 7 or more). 

6. The compound as claimed in claim 5, 

wherein the substituent A4 is an alkyl group. 

7. The compound as claimed in any one of claims 1 to 6, 

wherein the polymer chain represented by P3 contains at least one repeating unit and 

the repetition number k of the at least one repeating unit is from 3 to 50. 
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8. The compound as claimed in any one of claims 1 to 7, 

wherein R6 in formula (5) is a group represented by any one of the -following 

formulae (1) to (17). 
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9. The compound as claimed in claim 8, 

wherein R6 in formula (5) is a group represented by any one of the following 

formulae (1), (2), (10), (11), (16) and (17). 
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10. The compound as claimed in any one of claims 1 lo 9, 

wherein the weight average molecular weight is 10,000 or less. 

11. A dispersion composition containing: 

(A) a metal oxide particle having a primary particle diameter of 1 nm to 100 nm, 

(B) a dispersant, and 

(C) a solvent: 

wherein the dispersant is a compound as claimed, in any one of claims 1 to 10. 

12. The dispersion composition as claimed in claim 11, 

wherein the metal oxide particle is a colorless, white or transparent inorganic 

particle. 

13. The dispersion composition as claimed in claim 11, 

wherein the metal oxide particle is a titanium dioxide particle, a zirconium dioxide 

particle or a silicon dioxide particle. 

14. The dispersion composition as claimed in any one of claims 11 to 13, 

wherein the content of the compound represented by the formula (5) is from 5 to 40 
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mass% based on tlie total solid content of the dispersion composition. 
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DISPERSION COMPOSITION, AND CURABLE COMPOSITION, TRANSPARENT FILM, 

MICROLENS AND SOLID-STATE IMAGING DEVICE USING SAME, AND POLYMER 

COMPOUND 

ABSTRACT 

To provide a dispersion composition having a high refractive index and giving an 

excellent surface state to a film after coating, and a curable composition, a transparent film, a 

microlens and a solid-state imaging device each using the dispersion composition; and provide 

a compound able to afford a dispersion composition having a high refractive index and giving 

an excellent surface state to a film after coating and drying and maintain the dispersion 

stability of particles. 

A dispersion composition containing (A) a metal oxide particle having a primary 

particle diameter of 1 to 100 nm, (B) a polymer compound represented by the following 

formula (1) having a weight average molecular weight of 10,000 or less, and (C) a solvent: 

(A1-R^)-R1-(P1) formula ( 1 ) 
\ Jn \ Jm 

in formula (1), 
1 2 R represents an (m+n)-valent linking group, R represents a single bond or a 

divalent linking group, A1 represents a monovalent substituent having at least one group 

selected from the group consisting of an acid group, a urea group, a urethane group, a 

coordinating oxygen atom-containing group, a basic nitrogen atom-containing group, a phenol 

group, an alkyl group, an aryl group, an alkyleneoxy chain-containing group, an imide group, 

an alkyloxycarbonyl group, an alkylaminocarbonyl group, a carboxyiate group, a sulfonamide 

group, a heterocyclic group, an alkoxysilyl group, an epoxy group, an isocyanate group and a 

hydroxyi group, n number of A1 or R2 may be the same or different from each other, 

m represents a positive number of 8 or less, n represents from 1 to 9, m+n satisfies 

the range of 3 to 10, 

P1 represents a polymer chain, and m number of Pl may be the same or different 

from each other. 

(FIG. 1) 


