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(57) ABSTRACT 

A chemical mechanical polishing stopper ?lm comprising at 
least one organic polymer, said ?lm having a dielectric 
constant of 4 or loWer, and a chemical mechanical polishing 
method. The chemical mechanical polishing method com 
prises forming a chemical mechanical polishing stopper ?lm 
comprising at least one organic polymer on an insulating 
?lm so that the stopper ?lm is interposed betWeen the 
insulating ?lm and a metal ?lm to be removed by chemical 
mechanical polishing, and then removing the metal ?lm With 
a chemical mechanical polishing slurry. 
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CHEMICAL MECHANICAL POLISHING STOPPER 
FILM, PROCESS FOR PRODUCING THE SAME, 
AND METHOD OF CHEMICAL MECHANICAL 

POLISHING 

FIELD OF THE INVENTION 

[0001] The present invention relates to a chemical 
mechanical polishing stopper ?lm. More particularly, the 
invention relates to a stopper ?lm for use in semiconductor 
device production for preventing interlayer dielectrics made 
of SiO2, a ?uorine-doped SiO2, an organic/inorganic SOG 
(spin-on-glass) material, or the like from being damaged by 
the chemical mechanical polishing (hereinafter often 
referred to as “CMP”) of Wafers on Which a Wiring pattern 
has been formed. 
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[0008] Examples of the organic polymer include aromatic 
polymers having a dielectric constant of 4 or loWer, prefer 
ably 3.5 or loWer, and a carbon content of 60% by Weight or 
higher, preferably 70% by Weight or higher. 

[0009] 
combination of an aromatic polyarylene and an aromatic 

poly(arylene ether) or is either of these. Preferred eXamples 
of these polymers include a polymer having repeating struc 
tural units represented by the folloWing general formula (1) 
(polymer (1)), a polymer having repeating structural units 
represented by the folloWing general formula (2) (polymer 
(2)), and a polymer having repeating structural units repre 
sented by general formula (36) (polymer 

In particular, this organic polymer preferably is a 

(1) 
(Rlok (RUM 

F8 
0 K/ 

DESCRIPTION OF THE RELATED ART 

[0002] Aqueous dispersions of inorganic particles, such as 
colloidal silica and colloidal alumina, have conventionally 
been used frequently as abrasive materials for the CMP of 
metal Wirings, barrier ?lms, and the like in semiconductor 
device production. HoWever, the CMP treatment With these 
aqueous dispersions has a problem that interlayer dielectrics 
are apt to be scratched or peel off. 

SUMMARY OF THE INVENTION 

[0003] An object of the invention, Which eliminates the 
above-described problem of the conventional technique, is 
to diminish the damage of an interlayer dielectrics by CMP 
by forming a speci?c coating ?lm as a layer overlying the 
interlayer dielectric. 

[0004] The invention provides a chemical mechanical 
polishing stopper ?lm Which comprises at least one organic 
polymer and has a dielectric constant of 4 or loWer. 

BRIEF DESCRIPTION OF THE DRAWING 

[0005] The FIGURE shoWs an embodiment of an appli 
cation of the invention, in Which a metal ?lm has been 
formed (a), and the structure shoWn by (b) is obtained by 
removing unnecessary part of metals. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0006] (A) Organic Polymer 
[0007] The chemical mechanical polishing stopper ?lm of 
the invention comprises at least one organic polymer having 
a dielectric constant of 4 or loWer. 

(Rlok 

a r'\ 
K/ . 

] 
K/ V”) K/K/K/k 

[0010] In general formulae (1) and (2), R7 to R11 each 
independently represent a hydrocarbon group having 1 to 20 
carbon atoms, a cyano group, a nitro group, an alkoXyl group 
having 1 to 20 carbon atoms, an aryl group, or a halogen 
atom; X is at least one member selected from the group 

consisting of groups represented by —CQQ‘— (Wherein Q 
and Q‘ may be the same or different and each represent a 
halogenoalkyl group, an alkyl group, a hydrogen atom, a 
halogen atom, or an aryl group) and a ?uorenylene group; Y 
is at least one member selected from the group consisting of 

—O—, —CO—, —COO—, —CONH—, —S—, —SO2—, 
and a phenylene group; a is 0 or 1; b to f each are an integer 
of0to4;gis5to100mol%;his0to95mol%;iis0to 
95 mol % (provided that g+h+i=100 mol %); j is 0 to 100 
mol %; and k is 0 to 100 mol % (provided that j+k=100 mol 

%). 
[0011] The polymer (1) and polymer (2) Which may be 
contained in or constitute ingredient (A) preferably contain 
hydrocarbon groups having 1 to 20 carbon atoms from the 
standpoint of obtaining a coating ?lm having improved heat 
resistance. 

[0012] In the polymer (1) and polymer (2), repeating 
structural units are preferably linked in the para-positions to 
X, from the standpoint of obtaining a polymer having a high 
molecular Weight. 

[0013] Wherein Y1 represents a bivalent organic group 
represented by the folloWing formula (37) or (38); Ar 
represents a bivalent organic group; and n represents 0 or 1; 
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R25 R26 

[0014] wherein R25 and R26 may be the same or different, 
are located in the cis positions, and each represents a 
hydrogen atom, an alkyl group, or an aryl group; 

(38) 

R27 R30 

R28 R29 

[0015] Wherein R27 to R30 maybe the same or different and 
each represents a hydrogen atom, a ?uorine atom, an alkyl 
group, a halogenated alkyl group or an aryl group. 

[0016] Polymer (1): 
[0017] The polymer represented by formula (1) can be 
produced, for example, by polymeriZing one or more mono 
mers comprising a compound represented by the folloWing 
formula (3) in the presence of a catalyst system containing 
a transition metal compound. 

(3) 
(R7), (Rsk 

We r\\ 
K/K/ 

[0018] In formula (3), R7 and R8 each independently 
represent a hydrocarbon group having 1 to 20 carbon atoms, 
a cyano group, a nitro group, an alkoxyl group having 1 to 
20 carbon atoms, an aryl group, or a halogen atom; X is at 
least one member selected from the group consisting of 
groups represented by —CQQ‘— (Wherein Q and Q‘ may be 
the same or different and each represent a halogenoalkyl 
group, an alkyl group, a hydrogen atom, a halogen atom, or 
an aryl group) and a ?uorenylene group; b and c each are an 
integer of 0 to 4; and Z represents an alkyl group, a 
halogenoalkyl group, or an aryl group. 

[0019] Speci?c examples of Q and Q‘ Which may be 
contained in X in general formula (3) are as folloWs. 
Examples of the alkyl group include methyl, ethyl, isopro 
pyl, n-propyl, butyl, pentyl, and hexyl; examples of the 
halogenoalkyl group include tri?uoromethyl and penta?uo 
roethyl; examples of the arylalkyl group include benZyl and 
diphenylmethyl; and examples of the aryl group include 
phenyl, biphenyl, tolyl, and penta?uorophenyl. 
[0020] Speci?c examples of Z contained in —OSO2Z in 
formula (3) are as folloWs. Examples of the alkyl group 
include methyl and ethyl; examples of the halogenoalkyl 
group include tri?uoromethyl and penta?uoroethyl; and 
examples of the aryl group include phenyl, biphenyl, p-tolyl, 
and p-penta?uorophenyl. 
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[0021] Preferred examples of X in general formula (3) 
include the bivalent groups represented by the folloWing 
formulae (4) to 

[0022] More preferred of these is the ?uorenylene group 
represented by formula 

(4) 
CH3 

CH3 
(5) 

C113 

c113 
(6) 

C113 

(7) 

CH3 
(8) 

(9) % CHO 
[0023] Speci?c examples of the compound (monomer) 
represented by general formula (3) include 

[0024] 2,2-bis(4-methylsulfonyloxyphenyl) hexa?uo 
ropropane, 

[0025] bis(4-methylsulfonyloxyphenyl)methane, 
[0026] bis(4-methylsulfonyloxyphenyl)diphe 

nylmethane, 
[0027] 2,2-bis(4-methylsulfonyloxy-3-methylphenyl) 

hexa?uoropropane, 
[0028] 2,2-bis(4-methylsulfonyloxy-3-propenylphenyl) 

hexa?uoropropane, 

[0029] 2,2-bis(4-methylsulfonyloxy-3,S-dimethylphe 
nyl)hexa?uoropropane, 

[0030] 2,2-bis(4-methylsulfonyloxyphenyl)propane, 
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[0142] The compounds represented by general formula (3) 
can be synthesized, for example, by the following processes. 

[0143] First, a bisphenol compound (e.g., 2,2-bis(4-hy 
droxyphenyl)hexa?uoropropane) and a base are dissolved in 
a solvent, the amount of the base being at least tWo equiva 
lents to the bisphenol compound. Pyridine or the like may be 
used as this solvent so as to function as both a solvent and 

a base. A catalyst such as, e.g., 4-dimethylaminopyridine 
may be added according to need. 

[0144] Subsequently, a sulfonyl chloride (anhydride) (e.g., 
methanesulfonyl chloride) is dropped into the solution in a 
dry nitrogen stream over 5 to 60 minutes, While keeping the 
solution at 15° C. or loWer. The resultant mixture is stirred 
at that temperature for from 0 to 60 minutes and then at room 
temperature for from 0 to 24 hours to prepare a suspension. 
The suspension obtained is poured into a 3- to 20-fold 
amount of ice Water to cause reprecipitation, and the pre 
cipitate is recovered. This precipitate is repeatedly subjected 
to an operation such as recrystalliZation. Thus, a bissulfonate 
compound can be obtained as crystals. 

[0145] Alternatively, a bisphenol compound (e.g., 2,2 
bis(4-hydroxyphenyl)hexa?uoropropane) is ?rst dissolved 
in an aqueous solution of tWo equivalents of an alkali, e.g., 
sodiumhydroxide. On the other hand, a sulfonyl chloride 
(anhydride) (e.g., methanesulfonyl chloride) is dissolved in 
an organic solvent such as toluene or chloroform. Subse 
quently, a phase-transfer catalyst such as acetyltrimethylam 
monium chloride is added to these solutions according to 
need, and a mixture of the solutions is vigorously agitated. 
Therefore, the organic layer obtained through the reaction is 
puri?ed. By this method also, the target bissulfonate com 
pound can be obtained. 

[0146] In the invention, at least one compound represented 
by general formula (3) may be copolymeriZed With at least 
one member selected from the group consisting of com 
pounds represented by the folloWing general formulae (10) 
and (11). 

9 10 (10) 
(R )1 (R >. 

[0147] In general formula (10), R9 and R10 each indepen 
dently represent an alkyl group having 1 to 20 carbon atoms, 
an halogenated alkyl group, a cyano group, a nitro group, an 
alkoxyl group having 1 to 20 carbon atoms, an allyl group, 
an aryl group, a halogen atom or —OSOZZ; R12 and R13 
each represent —OSO2Z (Wherein Z represents an alkyl 
group, a halogenoalkyl group, or an aryl group), a chlorine 
atom, a bromine atom, or an iodine atom; Y represents at 
least one member selected from the group consisting of 
—O—, —CO—, —COO—, —CONH—, —S—, —SO2—, 
and a phenylene group; a Is 0 or 1; and d and e each are an 
integer of 0 to 4. 

[0148] Speci?c examples of R9 and R10 are as folloWs. 
Examples of the halogen atom include ?uorine. Examples of 
the monovalent organic groups include alkyl groups such as 
methyl and ethyl, halogenoalkyl groups such as tri?uorom 
ethyl and penta?uoroethyl, allyl groups such as propenyl, 

R12 
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and aryl groups such as phenyl and penta?uorophenyl. 
Examples of Z contained in —OSO2Z include alkyl groups 
such as methyl and ethyl, halogenoalkyl groups such as 
tri?uoromethyl, and aryl groups such as phenyl, p-tolyl, and 
p-?uorophenyl. 
[0149] Examples of the compounds represented by gen 
eral formula (10) include 

[0150] 4,4‘-dimethylsulfonyloxybiphenyl, 

[0151] 4,4‘-dimethylsulfonyloxy-3,3‘-dipropenylbiphe 
nyl, 

[0152] 4,4‘-dibromobiphenyl, 4,4‘-diiodobiphenyl, 

[0153] 4,4‘-dimethylsulfonyloxy-3,3‘-dimethylbiphy 
nyl, 

[0154] 4,4‘-dimethylsulfonyloxy-3,3‘-di?uorobiphenyl, 

[0155] 4,4‘-dimethylsulfonyloxy-3,3‘,5,5‘-tetra?uorobi 
phenyl, 

[0156] 4,4‘-dibromoocta?uorobiphenyl, 

[0157] 4,4-methylsulfonyloxyocta?uorobiphenyl, 

[0158] 3,3‘-diallyl-4,4‘-bis(4-?uorobenZenesulfony 
loxy)biphenyl, 

[0159] 

[0160] 

[0161] 

[0162] 

[0163] 

[0164] 

4,4‘-dichloro-2,2‘-tri?uoromethylbiphenyl, 

4,4‘-dibromo—2,2‘-tri?uoromethylbiphenyl, 

4,4‘-diiodo-2,2‘-tri?uoromethylbiphenyl, 

bis(4-chlorophenyl) sulfone, 

4,4‘-dichlorobenZophenone, and 

2,4,-dichlorobenZophenone. 

[0165] The compounds represented by general formula 
(10) can be used alone or in combination of tWo or more 
thereof. 

(1 1) 
(RUM 

[0166] In general formula (11), R11 represents an alkyl 
group having 1 to 20 carbon atoms, a halogenated alkyl 
group, a cyano group, a nitro group, an alkoxyl group having 
1 to 20 carbon atoms, an allyl group, an aryl group, a 
halogen atom or —OSOZZ; R14 and R15 each represent 
—OSO2Z (Wherein Z represents an alkyl group, a halo 
genoalkyl group, or an aryl group), a chlorine atom, a 
bromine atom, or an iodine atom; and f is an integer of 0 to 
4. 

[0167] Speci?c examples of R11 are as folloWs. Examples 
of the halogen atom include ?uorine. Examples of the 
monovalent organic groups include alkyl groups such as 
methyl and ethyl, halogenoalkyl groups such as tri?uorom 
ethyl and penta?uoroethyl, allyl groups such as propenyl, 
and aryl groups such as phenyl and penta?uorophenyl. 
Examples of Z contained in —OSO2Z include alkyl groups 
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such as methyl and ethyl, halogenoalkyl groups such as 
tri?uoromethyl, and aryl groups such as phenyl, p-tolyl, and 
p-?uorophenyl. 
[0168] Examples of the compounds represented by gen 
eral formula (11) include o-dichlorobenZene, o-dibromoben 
Zene, o-diiodobenZene, o-dimethylsulfonyloxybenZene, 2,3 
dichlorotoluene, 2,3-dibromotoluene, 2,3-diiodotoluene, 
3,4-dichlorotoluene, 3,4-dibromotoluene, 3,4-diiodotolu 
ene, 2,3-dimethylsulfonyloxybenZene, 3,4-dimethylsulfony 
loxybenZene, m-dichlorobenZene, m-dibromobenZene, 
m-diiodobenZene, m-dimethylsulfonyloxybenZene, 2,4 
dichlorotoluene, 2,4-dibromotoluene, 2,4-diiodotoluene, 
3,5-dichlorotoluene, 3,5-dibromotoluene, 3,5-diiodotolu 
ene, 2,6-dichlorotoluene, 2,6-dibromotoluene, 2,6-diiodot 
oluene, 3,5-dimethylsulfonyloxytoluene, 2,6-dimethylsulfo 
nyloxytoluene, 2,4-dichlorobenZotri?uoride, 2,4 
dibromobenZotri?uoride, 2,4-diiodobenZotri?uoride, 3,5 
dichlorobenZotri?uoride, 3,5-dibromotri?uoride, 3,5 
diiodobenZotri?uoride, 1,3-dibromo-2,4,5,6 
tetra?uorobenZene, 2,4-dichlorobenZyl alcohol, 3,5 
dichlorobenZyl alcohol, 2,4-dibromobenZyl alcohol, 3,5 
dibromobenZyl alcohol, 3,5-dichlorophenol, 3,5 
dibromophenol, 3,5-dichloro-t-butoxycarbonyloxyphenyl, 
3,5-dibromo-t-butoxycarbonyloxyphenyl, 2,4-dichloroben 
Zoic acid, 3,5-dichlorobenZoic acid, 2,4-dibromobenZoic 
acid, 3,5-dibromobenZoic acid, methyl 2,4-dichloroben 
Zoate, methyl 3,5-dichlorobenZoate, methyl 3,5-dibro 
mobenZoate, methyl 2,4-dibromobenZoate, t-butyl 2,4 
dichlorobenZoate, t-butyl 3,5-dichlorobenZoate, t-butyl 2,4 
dibromobenZoate, and t-butyl 3,5-dibromobenZoate. 
Preferred of these are m-dichlorobenZene, 2,4-dichlorotolu 
ene, 3,5-dimethylsulfonyloxytoluene, 2,4-dichlorobenZotri 
?uoride, 2,4-dichlorobenZophenone, 2,4-dichlorophenoxy 
benZene, and the like. 

[0169] The compounds represented by general formula 
(11) can be used alone or in combination of tWo or more 
thereof. 

[0170] In the polymer (1), the repeating structural units are 
contained in such a proportion that in general formula (1), g 
is from 5 to 100% by mole, preferably from 5 to 95% by 
mole, h is from 0 to 95% by mole, preferably from 0 to 90% 
by mole, and i is from 0 to 95% by mole, preferably from 0 
to 90% by mole (provided that g+h+i=100% by mole). 
[0171] If g is beloW 5% by mole (h or i exceeds 95% by 
mole), there are cases Where the polymer has poor solubility 
in organic solvents. 
[0172] The catalyst to be used in producing the polymer 
(1) is preferably a catalyst system containing a transition 
metal compound. This catalyst system comprises as essen 
tial ingredients either a combination of a transition metal 
salt and one or more ligands or a transition metal (salt) 
having one or more ligands coordinated thereto and (ii) a 
reducing agent. A salt may be added to the catalyst system 
in order to heighten the rate of polymeriZation. 

[0173] Examples of the transition metal salt include nickel 
compounds such as nickel chloride, nickel bromide, nickel 
iodide, and nickel acetylacetonate, palladium compounds 
such as palladium chloride, palladium bromide, and palla 
dium iodide, iron compounds such as iron chloride, iron 
bromide, and iron iodide, and cobalt compounds such as 
cobalt chloride, cobalt bromide, and cobalt iodide. Espe 
cially preferred of these are nickel chloride and nickel 
bromide. 
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[0174] Examples of the ligands include triphenylphos 
phine, 2,2‘-bipyridine, 1,5-cyclooctadiene, and 1,3-bis 
(diphenylphosphino)propane. Preferred of these are triph 
enylphosphine and 2,2‘-bipyridine. These ligands may be 
used alone or in combination of tWo or more thereof. 

[0175] Examples of the transition metal (salt) having one 
or more ligands coordinated thereto include nickel chloride 
bis(triphenylphosphine), nickel bromide bis(triphenylphos 
phine), nickel iodide bis(triphenylphosphine), nickel nitrate 
bis(triphenylphosphine), nickel chloride 2,2‘-bipyridine, 
nickel bromide 2,2‘-bipyridine, nickel iodide 2,2‘-bipyridine, 
nickel nitrate 2,2‘-bipyridine, bis(1,5-cyclooctadiene)nickel, 
tetrakis(triphenylphosphine)nickel, tetrakis(triphenylphos 
phite)nickel, and tetrakis(triphenylphosphine)palladium. 
Preferred of these are nickel chloride bis(triphenylphos 
phine) and nickel chloride 2,2‘-bipyridine. 

[0176] Examples of the reducing agent Which can be used 
in the catalyst system include iron, Zinc, manganese, alumi 
num, magnesium, sodium, and calcium. Preferred of these 
are Zinc and manganese. These reducing agents can be used 
after having been further activated by contact With an acid 
or an organic acid. 

[0177] Examples of the salt Which can be optionally used 
in the catalyst system include sodium compounds such as 
sodium ?uoride, sodium chloride, sodium bromide, sodium 
iodide, and sodium sulfate, potassium compounds such as 
potassium ?uoride, potassium chloride, potassium bromide, 
potassium iodide, and potassium sulfate, and ammonium 
compounds such as tetraethylammonium ?uoride, tetraethy 
lammonium chloride, tetraethylammonium bromide, tetra 
ethylammonium iodide, and tetraethylammonium sulfate. 
Preferred of these are sodium bromide, sodium iodide, 
potassiumbromide, tetraethylammonium bromide, and tet 
raethylammonium iodide. 

[0178] In the catalyst system, the proportions of the ingre 
dients to be used therein are as folloWs. The proportion of 
either the transition metal salt or the transition metal (salt) 
having one or more ligands coordinated thereto is generally 
from 0.0001 to 10 mol, preferably from 0.01 to 0.5 mol, per 
mol of all the compounds represented by general formulae 
(3), (10), and (11). If the proportion thereof is smaller than 
0.0001 mol, the polymeriZation reaction does not proceed 
su?iciently. On the other hand, if the proportion thereof 
exceeds 10 mol, there are cases Where the polymeriZation 
yields a polymer having a loW molecular Weight. 

[0179] In the case Where the catalyst system comprises a 
transition metal salt and one or more ligands, the proportion 
of the ligands is generally from 0.1 to 100 mol, preferably 
from 1 to 10 mol, per mol of the transition metal salt. If the 
proportion thereof is smaller than 0.1 mol, the result is 
insufficient catalytic activity. On the other hand, proportions 
thereof exceeding 100 mol pose a problem that the poly 
meriZation yields a polymer having a loW molecular Weight. 

[0180] The proportion of the reducing agent to be used in 
the catalyst system is generally from 0.1 to 100 mol, 
preferably from 1 to 10 mol, per mol of all the compounds 
represented by general formulae (3), (10), and (11). If the 
proportion thereof is smaller than 0.1 mol, the polymeriZa 
tion does not proceed su?iciently. On the other hand, if the 
proportion thereof exceeds 100 mol, there are cases Where 
the polymer obtained is di?icult to purify. 
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[0181] In the case Where the salt as an optional ingredient 
is used in the catalyst system, the proportion thereof is 
generally from 0.001 to 100 mol, preferably from 0.01 to 1 
mol, per mol of all the compounds represented by general 
formulae (3), (10), and (11). If the proportion thereof is 
smaller than 0.001 mol, the effect of heightening the rate of 
polymeriZation is insufficient. On the other hand, if the 
proportion thereof exceeds 100 mol, there are cases Where 
the polymer obtained is difficult to purify. 

[0182] Examples of polymeriZation solvents Which can be 
used in the invention include tetrahydrofuran, cyclohex 
anone, dimethyl sulfoxide, N,N-dimethylformamide, N,N 
dimethylacetamide, 1-methyl-2-pyrrolidone, y-butyrolac 
tone, and y-butyrolactam. Preferred of these are 
tetrahydrofuran, N,N-dimethylformamide, N,N-dimethylac 
etamide, and 1-methyl-2-pyrrolidone. It is preferred to suf 
?ciently dry these polymeriZation solvents before use. 

[0183] The concentration of all the compounds repre 
sented by general formulae (3), (10), and (11) in the poly 
meriZation solvent is generally from 1 to 100% by Weight, 
preferably from 5 to 40% by Weight. 

[0184] The polymeriZation for yielding the polymer is 
conducted at a temperature of generally from 0 to 200° C., 
preferably from 50 to 80° C., for a period of usually from 0.5 
to 100 hours, preferably from 1 to 40 hours. 

[0185] The polymer (1) described above has a Weight 
average molecular Weight, calculated for standard polysty 
rene, of generally from 1,000 to 1,000,000. 

[0186] Polymer (2): 
[0187] The polymer represented by general formula (2) 
can be produced, for example, by polymeriZing monomers 
comprising compounds represented by the folloWing general 
formulae (12) to (14) in the presence of a catalyst system. 

7 8 (12) 
(R )b (R )0 

K/_X_K/ R 

[0188] In general formula (12), R7 and R8 each indepen 
dently represent a hydrocarbon group having 1 to 20 carbon 
atoms, a cyano group, a nitro group, an alkoxyl group having 
1 to 20 carbon atoms, an aryl group, or a halogen atom; X 
is at least one member selected from the group consisting of 
groups represented by —CQQ‘— (Wherein Q and Q‘ may be 
the same or different and each represent a halogenoalkyl 
group, an alkyl group, a hydrogen atom, a halogen atom, or 
an aryl group) and a ?uorenylene group; b and c each are an 
integer of 0 to 4; and R16 and R17 each represent at least one 
member selected from the group consisting of a hydroxyl 
group, a halogen atom, and an —OM group (Wherein M is 
an alkali metal). 

[0189] Examples of the compound (monomer) represented 
by general formula (12) include 

[0190] 2,2-bis(4-hydroxyphenyl)hexa?uoropropane, 

[0191] bis(4-hydroxyphenyl)methane, 

[0192] bis(4-hydroxyphenyl)diphenylmethane, 
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[0193] 2,2-bis(4-hydroxy-3-methylphenyl)hexa?uoro 
propane, 

[0194] 2,2-bis(4-hydroxy-3-propenylphenyl)hexa?uo 
ropropane, 

[0195] 2,2-bis(4-hydroxy-3,5-dimethylphenyl) 
hexa?uoropropane, 

[0196] 2,2-bis(4-hydroxyphenyl)propane, 
[0197] 2,2-bis(4-hydroxy-3-methylphenyl)propane, 
[0198] 2,2-bis(4-hydroxy-3-propenylphenyl)propane, 
[0199] 2,2-bis(4-hydroxy-3,5-dimethylphenyl)propane, 
[0200] 2,2-bis(4-hydroxy-3-?uorophenyl)propane, 
[0201] 2,2-bis(4-hydroxy-3,5-di?uorophenyl)propane, 
[0202] 2,2-bis(4-chlorophenyl)hexa?uoropropane, 
[0203] bis (4-chlorophenyl)methane, 

[0204] bis(4-chlorophenyl)diphenylmethane, 
[0205] 2,2-bis (4-chloro-3-methylphenyl) hexa?uoro 

propane, 

[0206] 2,2-bis (4-chloro—3-propenylphenyl) hexa?uoro 
propane, 

[0207] 2,2-bis (4-chloro-3, 
hexa?uoropropane, 

[0208] 2,2-bis(4-chlorophenyl) propane, 

[0209] 2,2-bis(4-chloro—3-methylphenyl) propane, 

S-dimethylphenyl) 

[0210] 2,2-bis(4-chloro—3-propenylphenyl) propane, 

[0211] 2,2-bis(4-chloro-3,5-dimethylphenyl) propane, 

[0212] 2,2-bis(4-chloro-3-?uorophenyl)propane, 
[0213] 2,2-bis(4-chloro—3,5-di?uorophenyl)propane, 
[0214] 2,2-bis(4-chlorophenyl)hexa?uoropropane, 
[0215] bis(4-bromophenyl) methane, 
[0216] bis(4-bromophenyl) diphenylmethane, 
[0217] 2,2-bis(4-bromo—3-methylphenyl)hexa?uoro 

propane, 

[0218] 2,2-bis(4-bromo—3-propenylphenyl)hexa?uoro 
propane, 

[0219] 2,2-bis(4-bromo—3,5-dimethylphenyl)hexa?uo 
ropropane, 

[0220] 2,2-bis(4-bromophenyl)propane, 
[0221] 2,2-bis(4-bromo-3-methylphenyl)propane, 
[0222] 2,2-bis(4-bromo—3-propenylphenyl)propane, 
[0223] 2,2-bis(4-bromo -3,5 -dimethylphenyl)propane, 
[0224] 2,2-bis(4-bromo-3-?uorophenyl)propane, 

[0225] 2,2-bis(4-bromo -3,5 -di?uorophenyl)prop ane, 

[0226] bis(4-?uorophenyl)methane, 
[0227] bis(4-?uorophenyl)diphenylmethane, 
[0228] 2,2-bis(4-?uoro-3-methylphenyl)hexa?uoro 

propane, 
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[0229] 2,2-bis(4-?uoro-3-propenylphenyl)heXa?uoro 
propane, 

[0230] 2,2-bis(4-?uoro-3,5-dimethylphenyl)heXa?uo 
ropropane, 

[0231] 
[0232] 
[0233] 
[0234] 
[0235] 
[0236] 

[0237] The bisphenol compounds enumerated above may 
be used after having been reacted With a basic compound 
containing sodium, potassium, or the like to convert the 
hydroXyl groups into —OM groups (Wherein M is an alkali 
metal). 
[0238] In the invention, tWo or more compounds repre 
sented by general formula (12) may be copolymeriZed. 

2,2-bis(4-?uorophenyl)propane, 
2,2-bis(4-?uoro —3 -methylphenyl)prop ane, 

2,2-bis(4-?uoro —3 -propenylphenyl)prop ane, 

2,2-bis(4-?uoro -3,5 -dimethylphenyl)propane, 
2,2-bis(4-?uoro —3 -?uorophenyl)prop ane, and 

2,2-bis(4-?uoro -3,5 -di?uorophenyl)prop ane. 

9 10 (13) 
(R )d (R )e 

[0239] In general formula (13), R9 and R10 each indepen 
dently represent a hydrocarbon group having 1 to 20 carbon 
atoms, a cyano group, a nitro group, an alkoXyl group having 
1 to 20 carbon atoms, an aryl group, or a halogen atom; R18 
and R19 each represent at least one member selected from the 
group consisting of a hydroXyl group, a halogen atom, and 
an —OM group (Wherein M is an alkali meal); Y is at least 
one member selected from the group consisting of —O—, 
—CO—, —COO—, —CONH—, —S—, —SO2—, and a 
phenylene group; a is 0 or 1; and d and e each are an integer 
of 0 to 4. 

R18 

[0240] Examples of the compound represented by general 
formula (13) include 

[0241] 4,4‘-dichlorobiphenyl, 4,4‘-dibromobiphenyl, 

[0242] 4,4‘-di?uorobiphenyl, 4,4‘-diiodobiphenyl, 
[0243] 4,4‘-dihydroXybiphenyl, 
[0244] 4,4‘-dihydroXy-3,3‘-dipropenylbiphenyl, 

[0245] 4,4‘-dihydroXy-3,3‘-dimethylbiphenyl, 

[0246] 4,4‘-dihydroXy-3,3‘-diethylbiphenyl, 

[024]] 4,4‘-dimethylhydroXy-3,3‘,5,5‘-tetra?uorobiphe 
ny , 

[0248] 

[0249] 

[0250] 

[0251] 

[0252] 

4,4‘-dibromoocta?uorobiphenyl , 

4,4‘-dihydroXyocta?uorobiphenyl, 

3,3‘-diallyl-4,4‘-bis (4-hydroXy) biphenyl, 

4,4‘-dichloro-2,2‘-tri?uoromethylbiphenyl, 

4,4‘-dibromo—2,2‘-tri?uoromethylbiphenyl, 
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[0253] 4,4‘-diiodo-2,2‘-tri?uoromethylbiphenyl, 
[0254] bis(4-chlorophenyl) sulfone, bis(4-hydroXyphe 

nyl) sulfone, 
[0255] bis(4-chlorophenyl) ether, bis(4-hydroXyphenyl) 

ether, 
[0256] 4‘-dichlorobenZophenone, 4,4‘-dihydroXyben 

Zophen one, 

[0257] 2,4-dichlorobenZophene, and 2,4-dihydroXyben 
Zophenone. 

[0258] The bisphenol compounds enumerated above may 
be used after having been reacted With a basic compound 
containing sodium, potassium, or the like to convert the 
hydroXyl groups into —OM groups (Wherein M is an alkali 
metal). 
[0259] The compounds represented by general formula 
(13) may be used alone or in combination of tWo or more 
thereof. 

R20 R21 

[0260] In general formula (14), R11 represents a hydrocar 
bon group having 1 to 20 carbon atoms, a cyano group, a 
nitro group, an alkoXyl group having 1 to 20 carbon atoms, 
an aryl group, or a halogen atom; R14 and R15 each represent 
—OSO2Z (Wherein Z represents an alkyl group, a halo 
genoalkyl group, or an aryl group), a chlorine atom, a 
bromine atom, or an iodine atom; and f is an integer of 0 to 
4. 

[0261] Examples of the compound represented by general 
formula (14) include 

[0262] 1,2-dihydroXybenZen, 1,3-dihydroXybenZene, 
1,4-dihydroXybenZene, 2,3-dihydroXytoluene, 2,5-di 
hydroXytoluene, 2,6-dihydroXytoluene, 3,4-dihydroXy 
toluene, 3,5-dihydroXytoluene, o-dichlorobenZene, 
o-dibromobenZene, o-diiodobenZene, o-dimethylsulfo 
nyloXybenZene, 2,3-dichlorotoluene, 2,3-dibromotolu 
ene, 2,3-diiodotoluene, 3,4-dichlorotoluene, 3,4-dibro 
motoluene, 3,4-diiodotoluene, 2,3 
dimethylsulfonyloXybenZene, 3,4 
dimethylsulfonyloXybenZene, m-dichlorobenZene, 
m-dibromobenZene, m-diiodobenZene, m-dimethylsul 
fonyloXybenZene, 2,4-dichlorotoluene, 2,4-dibromo 
toluene, 2,4-diiodotoluene, 3,5-dichlorotoluene, 3,5 
dibromotoluene, 3,5 -diiodotoluene, 2,6 
dichlorotoluene, 2,6-dibromotoluene, 2,6 
diiodotoluene, 3,5 -dimethylsulfonyloXytoluene, 2,6 
dimethylsulfonyloXytoluene, 2,4 
dichlorobenZotri?uoride, 2,4-dibromobenZotri?uoride, 
2,4-diiodobenZotri?uoride, 3,5-dichlorobenZotri?uo 
ride, 3,5-dibromotri?uoride, 3,5-diiodobenZotri?uo 
ride, 1, 3-dibromo-2,4,5,6-tetra?uorobenZene, 2,4 
dichlorobenZyl alcohol, 3,5-dichlorobenZyl alcohol, 
2,4-dibromobenZyl alcohol, 3,5-dibromobenZyl alco 
hol, 3,5-dichlorophenol, 3,5-bibromophenol, 3,5 
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dichloro-t-butoxycarbonyloxyphenyl, 3,5-dibromo-t 
butoxycarbonyloxyphenyl, 2,4-dichlorobenZoic acid, 
3,5-dichlorobenZoic acid, 2,4-dibromobenZoic acid, 
3,5-dibromobenZoic acid, methyl 2,4-dichloroben 
Zoate, methyl 3,5-dichlorobenZoate, methyl 3,5-dibro 
mobenZoate, methyl 2,4-dibromobenZoate, t-butyl 2,4 
dichlorobenZoate, t-butyl 3,5-dichlorobenZoate, t-butyl 
2,4-dibromobenZoate, and t-butyl 3,5-dibromoben 
Zoate. 

[0263] The bisphenol compounds enumerated above may 
be used after having been reacted With a basic compound 
containing sodium, potassium, or the like to convert the 
hydroxyl groups into —OM groups (Wherein M is an alkali 
metal). 
[0264] The compounds represented by general formula 
(14) may be used alone or in combination of tWo or more 
thereof. 

[0265] In the polymer represented by general formula (2), 
the repeating structural units are contained in such a pro 
portion that in general formula (2), j is from 0 to 100% by 
mole and k is from 0 to 100% by mole (provided that 
j+k=100% by mole). 
[0266] The polymer represented by general formula (2) 
can by synthesiZed by heating the bisphenol compounds and 
the dihalogen compound in a solvent in the presence of an 
alkali metal compound. 

[0267] The compounds of formulae (2) and (3) and the 
compound of formula (4) are used in such amounts that the 
proportion of the compounds of formulae (2) and (3) is 
generally from 45 to 55% by mole, preferably from 48 to 
52% by mole, and that of the compound of formula (4) is 
generally from 55 to 45% by mole, preferably from 52 to 
48% by mole. If the proportion of the compounds of 
formulae (2) and (3) is loWer than 45% or exceeds 55%, 
there are cases Where the polymer thus yielded is less apt to 
have a high molecular Weight and shoWs poor applicability 
in coating ?lm formation. 

[0268] Examples of the alkali metal compound for use in 
this synthesis include sodium hydroxide, potassium hydrox 
ide, lithium hydroxide, sodium carbonate, potassium car 
bonate, lithium carbonate, sodium hydrogen carbonate, 
potassium hydrogen carbonate, lithium hydrogen carbonate, 
sodium hydride, potassium hydride, lithium hydride, sodium 
metal, potassium metal, and lithium metal. 

[0269] Those alkali metal compounds may be used alone 
or in combination of tWo or more thereof. 

[0270] The amount of the alkali metal compound to be 
used is generally from 100 to 400% by mole, preferably 
from 100 to 250% by mole, based on the bisphenol com 
pounds. 

[0271] A promoter may be used for accelerating the reac 
tion. Examples thereof include copper metal, cuprous chlo 
ride, cupric chloride, cuprous bromide, cupric bromide, 
cuprous iodide, cupric iodide, cuprous sulfate, cupric sul 
fate, cuprous acetate, cupric acetate, cuprous formate, and 
cupric formate. 

[0272] The amount of the promoter to be used is generally 
from 1 to 50% by mole, preferably from 1 to 30% by mole, 
based on the bisphenol compounds. 
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[0273] Examples of the solvent for use in the reaction 
include pyridine, quinoline, benZophenone, diphenyl ether, 
dialkoxybenZenes (the alkoxyl groups each have 1 to 4 
carbon atoms), trialkoxybenZenes (the alkoxyl groups each 
have 1 to 4 carbon atoms), diphenyl sulfone, dimethyl 
sulfoxide, dimethyl sulfone, diethyl sulfoxide, diethyl sul 
fone, diisopropyl sulfone, tetrahydrofuran, tetrahy 
drothiophene, sulfolane, N-methyl-2-pyrrolidone, N-ethyl 
2-pyrrolidone, dimethylimidaZolidinone, y-butyrolactone, 
dimethylformamide, and dimethylacetamide. 

[0274] Those solvents may be used alone or in combina 
tion of tWo or more thereof. 

[0275] In synthesiZing the polymer represented by general 
formula (2), the concentration of solution for reaction is 
generally from 2 to 50% by Weight on monomer Weight 
basis, and the reaction temperature is generally from 50 to 
250° C. 

[0276] For removing the metal salt generated in the poly 
mer synthesis and the unreacted monomers, the resultant 
reaction mixture is preferably subjected to ?ltration, repre 
cipitation from a poor solvent for the polymer, and Washing 
With an acid or alkaline aqueous solution. 

[0277] The polymer represented by general formula (2) 
thus obtained has a Weight-average molecular Weight as 
determined by GPC of generally from 500 to 500,000, 
preferably from 800 to 100,000. 

[0278] I. Diyne-containing (Co)polymer 

[0279] The diyne-containing (co)polymer of the invention 
is characteriZed by containing repeating units represented by 
formula (1) in an amount of 10 mol % or larger and having 
a Weight-average molecular Weight of from 500 to 1,000, 
000. 

[0280] The diyne-containing (co) polymer of the invention 
Will be described beloW in greater detail With respect to each 
constituent. 

[0281] 1. Repeating Units Represented by Formula (36) 

[0282] The diyne-containing (co)polymer of the invention 
has repeating units represented by formula (37) in an amount 
of 10 mol % or larger. For convenience of explanation, 
formula (36) is again shoWn beloW. 

[0283] Wherein Y1 represents a bivalent organic group 
represented by the folloWing formula (37) or (38); Ar 
represents a bivalent organic group; and n represents 0 or 1; 

R25 R26 

[0284] Wherein R25 and R26 may be the same or different, 
are located in the cis positions, and each represents a 
hydrogen atom, an alkyl group, or an aryl group; 
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(38) 

R27 R30 

R28 R29 

[0285] wherein R27 to R30 may be the same or different 
and each represents a hydrogen atom, a ?uorine atom, an 
alkyl group, a halogenated alkyl group or an aryl group. 

[0286] In formula (37), examples of the alkyl group rep 
resented by R25 or R26 include methyl, ethyl, isopropyl, and 
n-propyl; and examples of the aryl group include phenyl. 

[0287] In formula (38), examples of the alkyl group rep 
resented by each of R27 to R30 include methyl, ethyl, 
isopropyl, and n-propyl; examples of the halogenated alkyl 
group include tri?uoromethyl and penta?uoroethyl; and 
examples of the aryl group include phenyl and penta?uo 
rophenyl. 

[0288] Examples of the bivalent organic group repre 
sented by Y1 in formula (36) include cis-vinylene and 
1,2-phenylene. 

[0289] Examples of the bivalent organic group repre 
sented by Ar in formula (36) include 1,2-phenylene, 1,3 
phenylene, 1,4-phenylene, and the folloWing groups (a) to 

000 

do 
00b 
0 0 
one 

cF3 

{EHO 
C113 

(11) 

(b) 

(d) 

(e) 

10 
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-continued 

@c@ 

m 
CH3 

@H@ 
CH3 

co 

Klso 
[0290] Preferred of these are aromatic groups such as 
1,3-phenylene, 1,4-phenylene, and the groups (a) and 

(f) 

(g) 

(h) 

(i) 

[0291] The diyne-containing (co)polymer of the invention 
has repeating units represented by formula (36) in an amount 
of 10 mol % or larger, preferably 20 mol % or larger, more 
preferably 30 mol % or larger, most preferably 50 mol % or 
larger. If the content of the repeating units is loWer than 10 
mol %, the (co)polymer gives a cured ?lm having insuf? 
cient solvent resistance. 

[0292] 2. Weight-average Molecular Weight 

[0293] The Weight-average molecular Weight of the diyne 
containing (co)polymer of the invention is from 500 to 
1,000,000, preferably from 1,000 to 200,000. If the Weight 
average molecular Weight thereof is loWer than 500, the 
(co)polymer gives a coating ?lm having insuf?cient prop 
erties. If the Weight-average molecular Weight thereof 
exceeds 1,000,000, the (co)polymer has insufficient solubil 
ity in organic solvents, resulting in an increased viscosity 
and a coating ?lm (cured ?lm) having poor smoothness. 

[0294] II. 
(Co)polymer 

Processes for Producing Diyne-containing 

[0295] One process of the invention for producing a 

diyne-containing (co)polymer comprises polymeriZing at least one member selected from the group consisting of 

compounds represented by formula (39) given after and 
compounds represented by formula (40) given after With 
(B1) at least one compound represented by formula (41) 
given after (hereinafter, this process is often referred to as 
“?rst process”). 
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[0296] Another process of the invention for producing a 

diyne-containing (co)polymer comprises polymerizing at least one member selected from the group consisting of 

compounds represented by formula (42) given after and 
compounds represented by formula (43) given after With 
(B2) at least one compound represented by formula (44) 
given after (hereinafter, this process is often referred to as 
“second process”). 

[0297] 1. First Process 

[0298] In the ?rst process, polymeriZable ingredient (A1) 
is polymeriZed With polymeriZable ingredient (B1). 

[0299] (1) PolymeriZable Ingredient (A1) 
[0300] PolymeriZable ingredient (A1) is at least one mem 
ber selected from the group consisting of compounds rep 
resented by formula (39) and compounds represented by 
formula (40). 

[0301] Compounds Represented by Formula (39) 

[0302] Formula (39) is shoWn beloW. 

R29 R30 

[0303] [In formula (39), X1 and X2 may be the same or 
different, are located in the cis positions, and each represents 
a halogen atom; and R29 and R30 may be the same or 
different and each represents a hydrogen atom, an alkyl 
group, or an aryl group.] 

[0304] Examples of the halogen atoms represented by X1 
and X2, Which are located in the cis positions, in formula 
(39) include chlorine, bromine, and iodine atoms. 

[0305] Examples of the alkyl group represented by R29 or 
R30 in formula (39) include methyl, ethyl, isopropyl, and 
n-propyl. Examples of the aryl group in formula (39) include 
phenyl. 

[0306] Examples of the compounds represented by for 
mula (39) include cis-1,2-dichloroethylene, cis-1,2-dibro 
moethylene, and cis-1,2-diiodoethylene. 

[0307] (ii) Compounds Represented by Formula (40) 

[0308] Formula (40) is shoWn beloW. 

(40) 
x3 x4 

R32 R35 

R33 R34 

[0309] [In formula (40), X3 and X4 may be the same or 
different and each represents a halogen atom or —SO3R31 
Wherein R31 represents an alkyl group, a ?uoroalkyl group, 
or an aryl group; and R32 to R35 may be the same or different 
and each represents a hydrogen atom, a ?uorine atom, an 
alkyl group, a halogenated alkyl group, or an aryl group.] 
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[0310] Examples of the halogen atom represented by X3 or 
X4 in formula (40) include bromine and iodine atoms. In the 
group represented by —SO3R31 examples of the alkyl group 
represented by R31 include methyl, ethyl, isopropyl, and 
n-propyl; examples of the ?uoroalkyl group represented by 
R31 include tri?uoromethyl and penta?uoroethyl; and 
examples of the aryl group represented by R31 include 
phenyl, penta?uorophenyl, p-tolyl, and p-?uorophenyl. 
Examples of the group represented by —SO3R31 include 
methylsulfonyloxy, tri?uoromethylsulfonyloxy, phenylsul 
fonyloxy, tri?uoromethylsulfonyloxy, phenylsulfonyloxy, 
p-tolylsulfonyloxy, and p-?uorophenylsulfonyloxy. 

[0311] Examples of the compounds represented by for 
mula (40) include 1,2-dibromobenZene, 1,2-diiodobenZene, 
and 1,2-di(tri?uoromethylsulfonyloxy)benZene. 

[0312] The compounds represented by formulae (39) and 
(40) enumerated above as examples of polymeriZable ingre 
dient (A1) can be used alone or in combination of tWo or 
more thereof. 

[0313] (2) PolymeriZable Ingredient (B1) 
[0314] PolymeriZable ingredient (B1) is at least one com 
pound represented by formula (41). 

[0315] Formula (41) is shoWn beloW. 

HCEC—A':cECH (41) 

[0316] [In formula (41), Ar‘ represents a bivalent organic 
group.] 

[0317] Examples of the bivalent organic group repre 
sented by Ar‘ in formula (41) include 1,2-phenylene, 1,3 
phenylene, 1,4-phenylene, and the groups (a) to shoWn 
above. 

[0318] Preferred of these are 1,3-phenylene, 1,4-phe 
nylene, and the groups (a) and (d) shoWn above. 

[0319] Examples of the compound represented by formula 
(41) include 1,2-diethynylbenZene, 1,3-diethynylbenZene, 
1,4-diethynylbenZene, 1,2,4-triethynylbenZene, 1,3,5-tri 
ethynylbenZene, 2,5-diethynyltoluene, 3,4-diethynyltolu 
ene, 4,4‘-diethynylbiphenyl, 3,3‘-diethynylbiphenyl, 3,4‘-di 
ethynylbiphenyl, 4,4‘-diethynyldiphenyl ether, 3,3‘ 
diethynyldiphenyl ether, 3,4‘-diethynyldiphenyl ether, 4,4‘ 
diethynylbenZophenone, 3,3‘-diethynylbenZophenone, 3,4‘ 
diethynylbenZophenone, 4,4‘-diethynyldiphenylmethane, 
3,3‘-diethynyldiphenylmethane, 3,4‘-diethynyldiphenyl 
methane, 4,4‘-diethynylbenZoic acid phenyl ester, 3,3‘-di 
ethynylbenZoic acid phenyl ester, 3,4‘-diethynylbenZoic acid 
phenyl ester, 4,4‘-diethynylbenZanilide, 3,3‘-diethynylben 
Zanilide, 3,4‘-diethynylbenZanilide, 4,4‘-diethynyldiphenyl 
sul?de, 3,3‘-diethynyldiphenyl sul?de, 3,4‘-diethynyldiphe 
nyl sul?de, 4,4‘-diethynyldiphenyl sulfone, 3,3‘-diethynyl 
diphenyl sulfone, 3,4‘-diethynyldiphenyl sulfone, 2,4,4‘-tri 
ethynyldiphenyl ether, 9,9-bis(4-ethynylphenyl)?uorene, 
4,4‘-diethynyl-p-terphenyl, 4,4‘-diethynyl-m-terphenyl, 4,4‘ 
diethynyl-o-terphenyl, 2,2-bis(4-ethynylphenyl)propane, 
2,2-bis(4-ethynylphenyl)hexa?uoropropane, bis(4-ethy 
nylphenyl)diphenylmethane, 9,9-bis[4-(4-ethynylphenox 
y)phenyl]?uorene, 9,9-bis[4-(3-ethynylphenoxy)phenyl] 
?uorene, 4,4‘-diethynylbibenZyl, 1,4-diethynylnaphthalene, 
9,10-diethynylanthracene, 2,6-diethynylpyridine, 2,3-di 
ethynylthiophene, 2,5-diethynylthiophene, 3,4-diethynylth 
iophene, 2,5-diethynylfuran, and 4,4‘-diethynyldibenZofu 
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ran. Especially preferred from the standpoint of heat 
resistance are 1,2-diethynylbenZene, 1,3-diethynylbenZene, 
1,4-diethynylbenZene, 1,2,4-triethynylbenZene, 1,3,5-tri 
ethynylbenZene, 2,5-diethynyltoluene, 3,4-diethynyltolu 
ene, 4,4‘-diethynylbiphenyl, 3,3‘-diethynylbiphenyl, 3,4‘-di 
ethynylbiphenyl, 4,4‘-diethynyldiphenyl ether, 3,3‘ 
diethynyldiphenyl ether, 3,4‘-diethynyldiphenyl ether, and 
9,9-bis(4-ethynylphenyl)?uorene. 
[0320] The compounds represented by formula (6) enu 
merated above as examples of polymeriZable ingredient 
(B1) can be used alone or in combination of tWo or more 
thereof. 

[0321] In the ?rst process, the molar ratio of polymeriZ 
able ingredient (A1) to polymeriZable ingredient (B1), (A1)/ 
(B1), is preferably from 0.1 to 2.0, more preferably from 0.5 
to 1.5, most preferably from 0.9 to 1.1. 

[0322] The polymeriZation of polymeriZable ingredient 
(A1) With polymeriZable ingredient (B1) in the ?rst process 
is preferably conducted in the presence of a catalyst system 
containing a transition metal compound (preferably the 
catalyst system described beloW Which comprises a combi 
nation of a palladium catalyst comprising a palladium com 
pound With a basic compound). 

[0323] The catalyst for use in the ?rst process is preferably 
a catalyst system comprising a transition metal compound 
and a basic compound. This catalyst system is preferably 
constituted of the folloWing components: 

[0324] 1) one or more compounds comprising a palla 
dium salt and ligands or comprising palladium (salt) 
having ligands coordinated thereto (ligands may be 
added according to need); 

[0325] 2) a compound of univalent copper. 

[0326] Examples of the palladium salt include palladium 
chloride, palladium bromide, and palladium iodide. 
Examples of the ligands include triphenylphosphine, tri-o 
tolylphosphine, tricyanophenylphosphine, and tricyanom 
ethylphosphine. Preferred of these is triphenylphosphine. 

[0327] Examples of the palladium (salt) having ligands 
coordinated thereto beforehand include dichlorobis(triph 
enylphosphine)palladium, dibromobis(triphenylphosphine) 
palladium, diiodobis(triphenylphosphine)palladium, dichlo 
robis(tri-o-tolylphosphine)palladium, dichlorobis(tricy 
anophenylphosphine)palladium, dichlorobis(tricyanometh 
ylphosphine)palladium, dibromobis (tri-o 
tolylphosphine)palladium, 
dibromobis(tricyanophenylphosphine)palladium, dibromo 
bis(tricyanomethylphosphine)palladium, diiodobis(tri-o 
tolylphosphine)palladium, diiodobis(tricyanophenylphos 
phine)palladium, 
diiodobis(tricyanomethylphosphine)palladium, tetrakis 
(triphenylphosphine)palladium, tetrakis(tri-o-tolylphos 
phine)palladium, tetrakis(tricyanophenylphos 
phine)palladium, and tetrakis(tricyanomethylphos 
phine)palladium. Preferred of these are 
dichlorobis(triphenylphosphine)palladium and tetrakis 
(triphenylphosphine)palladium. 

[0328] Examples of the compound of univalent copper 
include copper (I) chloride, copper (I) bromide, and copper 
(I) iodide. 
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[0329] The catalyst components described above are used 
in the folloWing proportions. 

[0330] The palladium salt is used in an amount of prefer 
ably from 0.0001 to 10 mol, more preferably from 0.001 to 
1 mol, per mol of the sum of all the polymeriZable ingre 
dients. If the amount thereof is smaller than 0.0001 mol, 
there are cases Where the polymeriZation does not proceed 
suf?ciently. On the other hand, if the amount thereof exceeds 
10 mol, there are cases Where puri?cation is dif?cult. 

[0331] The ligands are used in an amount of preferably 
from 0.0004 to 50 mol, more preferably from 0.004 to 5 mol, 
per mol of the sum of all the polymeriZable ingredients. If 
the amount thereof is smaller than 0.0004 mol, there are 
cases Where the polymeriZation does not proceed suf? 
ciently. On the other hand, if the amount thereof exceeds 50 
mol, there are cases Where puri?cation is dif?cult. 

[0332] The palladium (salt) having ligands coordinated 
thereto beforehand is used in an amount of preferably from 
0.0001 to 10 mol, more preferably from 0.001 to 1 mol, per 
mol of the sum of all the polymeriZable ingredients. If the 
amount thereof is smaller than 0.0001 mol, there are cases 
Where the polymeriZation does not proceed sufficiently. On 
the other hand, if the amount thereof exceeds 10 mol, there 
are cases Where puri?cation is dif?cult. 

[0333] The compound of univalent copper is used in an 
amount of preferably from 0.0001 to 10 mol, more prefer 
ably from 0.001 to 1 mol, per mol of the sum of all the 
polymeriZable ingredients. If the amount thereof is smaller 
than 0.0001 mol, there are cases Where the polymeriZation 
does not proceed suf?ciently. On the other hand, if the 
amount thereof exceeds 10 mol, there are cases Where 
puri?cation is difficult. 

[0334] On the other hand, examples of the basic com 
pound include pyridine, pyrrole, piperaZine, pyrrolidine, 
piperidine, picoline, trimethylamine, triethylamine, mono 
ethanolamine, diethanolamine, dimethylmonoethanolamine, 
monomethyldiethanolamine, triethanolamine, diaZabicy 
clooctane, diaZabicyclononane, diaZabicycloundecene, tet 
ramethylammonium hydroxide, diethylamine, ammonia, 
n-butylamine, and imidaZole. Preferred of these are diethy 
lamine, piperidine, and n-butylamine. 

[0335] The base is used in an amount of preferably from 
1 to 1,000 mol, more preferably from 1 to 100 mol, per mol 
of the sum of all the polymeriZable ingredients. If the 
amount thereof is smaller than 1 mol, there are cases Where 
the polymeriZation does not proceed suf?ciently. On the 
other hand, amounts thereof exceeding 100 mol are uneco 
nomical. 

[0336] A solvent can be used according to need in this 
process of the invention. The polymeriZation solvent is not 
particularly limited. Examples thereof include halogenated 
solvents such as chloroform, dichloromethane, 1,2-dichlo 
roethane, chlorobenZene, and dichlorobenZene; aromatic 
hydrocarbon solvents such as benZene, toluene, xylene, 
mesitylene, and diethylbenZene; ether solvents such as 
diethyl ether, tetrahydrofuran (THF), dioxane, diglyme, and 
anisole; ketone solvents such as acetone, methyl ethyl 
ketone, 2-heptanone, and cyclohexanone; ester solvents 
such as ethyl acetate, ethyl lactate, and y-butyrolactone; and 
amide solvents such as N,N-dimethylformamide, N,N-dim 
ethylacetamide, and N-methyl-2-pyrrolidone. It is preferred 
to suf?ciently dry and deoxidiZe these solvents before use. 
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[0337] The concentration of the monomers (polymeriZable 
ingredients) in the polymerization solvent is preferably from 
1 to 80% by Weight, more preferably from 5 to 60% by 
Weight. 

[0338] The polymeriZation temperature in the ?rst process 
is preferably from 0 to 150° C., more preferably from 10 to 
100° C. The polymeriZation period is preferably from 0.5 to 
100 hours, more preferably from 1 to 40 hours. 

[0339] 2. Second Process 

[0340] In the second process, polymeriZable ingredient 
(A2) is polymeriZed With polymeriZable ingredient (B2). 

[0341] (1) PolymeriZable Ingredient 
[0342] PolymeriZable ingredient is at least one mem 
ber selected from the group consisting of compounds rep 
resented by formula (42) and compounds represented by 
formula (43). 

[0343] Compounds Represented by Formula (42) 

[0344] Formula (42) is shoWn beloW. 

R36 R37 

[0345] [In formula (7), R36 and R37 may be the same or 
different, are located in the cis positions, and each represents 
a hydrogen atom, an alkyl group, or an aryl group.] 

[0346] Examples of the alkyl group represented by R36 or 
R37 in formula (42) includemethyl, ethyl, isopropyl, and 
n-propyl. Examples of the aryl group in formula (42) include 
phenyl. 

[0347] Examples of the compounds represented by for 
mula (42) include (Z)-hex-3-ene-1,5-diyne. 

[0348] (ii) Compounds Represented by Formula (43) 

[0349] Formula (43) is shoWn beloW. 

(43) 
CHE C CE CH 

R38 R41 

R39 R40 

[0350] [In formula (43), R38 to R41 may be the same or 
different and each represents a hydrogen atom, a ?uorine 
atom, an alkyl group, a halogenated alkyl group, or an aryl 
group.] 

[0351] In formula (43), examples of the alkyl group rep 
resented by each of R16 to R19 include methyl, ethyl, 
isopropyl, and n-propyl; examples of the halogenated alkyl 
group include tri?uoromethyl and penta?uoroethyl; and 
examples of the aryl group include phenyl and penta?uo 
rophenyl. 
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[0352] Examples of the compounds represented by for 
mula (43) include 1, 2-diethynylbenZene. 

[0353] The compounds represented by formulae (42) and 
(43) enumerated above as examples of polymeriZable ingre 
dient can be used alone or in combination of tWo or 
more thereof. 

[0354] (2) PolymeriZable Ingredient (B2) 
[0355] PolymeriZable ingredient (B2) is at least one com 
pound represented by formula (44). 

[0356] Formula (44) is shoWn beloW. 

x5—Ar"—x6 (44) 

[0357] [In formula (44), X5 and X6 may be the same or 
different and each represents a halogen atom or —SO3R42, 
Wherein R43 represents an alkyl group, a ?uoroalkyl group, 
or an aryl group; and Ar“ represents a bivalent organic 
group.] 
[0358] Examples of the halogen atom represented by X5 or 
X6 in formula (44) include bromine and iodine atoms. In the 
group represented by —SO3R42, examples of the alkyl 
group represented by R42 include methyl, ethyl, isopropyl, 
and n-propyl; examples of the ?uoroalkyl group represented 
by R42 include tri?uoromethyl and penta?uoroethyl; and 
examples of the aryl group represented by R42 include 
phenyl, penta?uorophenyl, p-tolyl, and p-?uorophenyl. 
Examples of the group represented by —SO3R42 include 
methylsulfonyloxy, tri?uoromethylsulfonyloxy, phenylsul 
fonyloxy, p-tolylsulfonyloxy, and p-?uorophenylsulfony 
loxy. 

[0359] Examples of the bivalent organic group repre 
sented by Ar“ in formula (44) include 1,2-phenylene, 1,3 
phenylene, 1,4-phenylene, and the groups (a) to shoWn 
above. 

[0360] Preferred of these are 1,3-phenylene, 1,4-phe 
nylene, and the groups (a) and (d) shoWn above. 

[0361] Examples of the compound represented by formula 
(44) include 1,2-dibromobenZene, 1,3-dibromobenZene, 1,4 
dibromobenZene, 1,2-diiodobenZene, 1,3-diiodobenZene, 
1,4-diiodobenZene, 1,2-di(tri?uoromethylsulfonyloxy) ben 
Zene, 1,3-di(tri?uoromethylsulfonyloxy)benZene, 1,4-di(tri 
?uoromethylsulfonyloxy)benZene, 9,9-bis(4-bromophe 

iodophenoxy)phenyl]?uorene, 3,3‘-dibromodiphenyl ether, 
3,3‘-diiododiphenyl ether, 3,3‘-di(tri?uoromethylsulfony 
loxy)diphenyl ether, 3,4‘-dibromodiphenyl ether, 3,4‘-di 
iododiphenyl ether, 3,4‘-di(tri?uoromethylsulfonyloxy) 
diphenyl ether, 4,4‘-dibromodiphenyl ether, 4,4‘-diiodo 
diphenyl ether, 4,4‘-di(tri?uoromethylsulfonyloxy)diphenyl 
ether, 2,2-bis(4-bromophenyl)hexa?uoropropane, 2,2-bis(4 
iodophenyl)hexa?uoropropane, 2,2-bis(4-tri?uoromethyl 
sulfonyloxyphenyl)hexa?uoropropane, 2,5-dibromobenZot 
ri?uoride, 1,2-dibromotetra?uorobenZene, 1,3 
dibromotetra?uorobenZene, and 1,4 
dibromotetra?uorobenZene. 

[0362] The compounds represented by formula (44) enu 
merated above as examples of polymeriZable ingredient 
(B2) can be used alone or in combination of tWo or more 
thereof. 
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[0363] In the second process, the molar ratio of polymer 
iZable ingredient to polymeriZable ingredient (B2), 
(A2)/(B2), is preferably from 0.5 to 2.0, more preferably 
from 0.7 to 1.5. 

[0364] (3) PolymeriZation Method 
[0365] In the second process, the same polymeriZation 
method as in the ?rst process can be used. 

[0366] 3. Third Process 

[0367] In the third process, at least one compound repre 
sented by formula (41) given above is oxidatively polymer 
iZed in the presence of a catalyst. 

[0368] The catalyst used for oxidatively polymeriZing the 
compound represented by formula (41) is preferably one 
comprising copper. Examples of this catalyst include copper 
metal, cuprous chloride, cupric chloride, cuprous bromide, 
cupric bromide, cuprous iodide, cupric iodide, cuprous 
sulfate, cupric sulfate, cuprous acetate, cupric acetate, 
cuprous formate, cupricformate, cuprousoxide, cupricoxide, 
copper(I) tri?ate, copper(I) methoxide, copper(II) tri?ate, 
copper(II) methoxide, copper(II) acetylacetonate, and cop 
per(II) dipivaloylmethane. Preferred of these are the com 
pounds of univalent copper. Especially preferred examples 
thereof include cuprous chloride, cuprous bromide, cuprous 
iodide, cuprous acetate, and cuprous formate. 

[0369] A catalyst comprising silica or alumina and, sup 
ported thereon, any of the copper compounds enumerated 
above can also be used. 

[0370] In polymeriZing the compound represented by for 
mula (41) in the presence of a catalyst, a promoter can be 
used in order to increase the molecular Weight of the 
polymer Which is being produced. Examples of the promoter 
include pyridine, quinoline, pyrrole, piperaZine, pyrrolidine, 
piperidine, picoline, trimethylamine, triethylamine, tripro 
pylamine, tributylamine, monoethanolamine, diethanola 
mine, dimethylmonoethanolamine, monomethyldiethanola 
mine, triethanolamine, bipyridine, N,N,N‘,N‘ 
tetramethylethylenediamine, diaZabicyclooctane, 
diaZabicyclononane, diaZabicycloundecene, tetramethylam 
monium hydroxide, diethylamine, ammonia, methylamine, 
ethylamine, propylamine, butylamine, and imidaZole. Espe 
cially preferred are pyridine, bipyridine, quinoline, and 
N,N,N‘,N‘-tetramethylethylenediamine. 
[0371] In this process, the catalyst is used in an amount of 
generally from 0.0001 to 10 mol, preferably from 0.001 to 
1 mol, per mol of all the compounds represented by formula 
(41). If the amount thereof is smaller than 0.0001 mol, there 
are cases Where the polymeriZation does not proceed suf? 
ciently. On the other hand, if the amount thereof exceeds 10 
mol, there are cases Where puri?cation is dif?cult. The 
promoter is used in an amount of generally from 0.0004 to 
50 mol, preferably from 0.004 to S mol, per mol of all the 
compounds represented by formula (41). If the amount of 
the promoter is smaller than 0.0004 mol, there are cases 
Where the polymeriZation does not proceed suf?ciently. On 
the other hand, if the promoter amount exceeds 50 mol, there 
are cases Where polymer precipitation occurs. 

[0372] A polymeriZation solvent can be used in this pro 
cess. Examples thereof include halogenated solvents such as 
chloroform, dichloromethane, 1,2-dichloroethane, chlo 
robenZene, dichlorobenZene, and trichlorobenZene; aromatic 
hydrocarbon solvents such as benZene, toluene, xylene, 
mesitylene, and diethylbenZene; ether solvents such as 
diethyl ether, tetrahydrofuran, dioxane, diglyme, and ani 
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sole; ketone solvents such as acetone, methyl ethyl ketone, 
methyl isobutyl ketone, 2-heptanone, cyclohexanone, and 
cyclopentanone; ester solvents such as methyl acetate, ethyl 
acetate, methyl lactate, ethyl lactate, 7-butyrolactone, and 
y-butyrolactam; amide solvents such as N,N-dimethylfor 
mamide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone, 
and N-methylimidaZolidinone; and polar solvents such as 
nitrobenZene, carbon disul?de, nitromethane, and dimethyl 
sulfoxide. Preferred of these are nitrobenZene, chloroform, 
dichloromethane, and 1,2-dichloroethane, Which are excel 
lent in the ability to dissolve the target polymer therein. 

[0373] The concentration of the compound represented by 
formula (41) in the polymeriZation solvent is preferably 
from 1 to 80% by Weight, more preferably from 5 to 60% by 
Weight. If the concentration of the compound represented by 
formula (41) is loWer than 1% by Weight, it is difficult to 
increase the molecular Weight of the polymer being pro 
duced. If the concentration thereof exceeds 80% by Weight, 
there is the possibility of polymer precipitation. 

[0374] The temperature for this polymeriZation is gener 
ally from 0 to 150° C., preferably from 10 to 100° C. The 
polymeriZation period is generally from 0.5 to 100 hours, 
preferably from 1 to 80 hours. 

[0375] The polymer has a Weight-average molecular 
Weight, calculated for standard polystyrene, of generally 
from 500 to 200,000. 

[0376] For enabling the oxidative polymeriZation of the 
compound represented by formula (41) to proceed in the 
invention, it is necessary to cause oxygen to be present in the 
reactant solution. It is therefore necessary to use a method 
comprising agitating the solution in air to thereby incorpo 
rate oxygen present in the air into the reaction mixture, or to 
bubble air and/or oxygen into the reaction mixture. 

[0377] (B) Organic Solvent 

[0378] Acomposition for forming the ?lm of the invention 
is prepared by dissolving or dispersing ingredient (A) in an 
organic solvent 

[0379] Examples of the organic solvent (B) for use in the 
invention include aliphatic hydrocarbon solvents such as 
n-pentane, isopentane, n-hexane, isohexane, n-heptane, iso 
heptane, 2,2,4-trimethylpentane, n-octane, isooctane, cyclo 
hexane, and methylcyclohexane; aromatic hydrocarbon sol 
vents such as benZene, toluene, xylene, ethylbenZene, 
trimethylbenZene, methylethylbenZene, n-propylbenZene, 
isopropylbenZene, diethylbenZene, isobutylbenZene, trieth 
ylbenZene, diisopropylbenZene, n-amylnaphthalene, and tri 
methylbenZene; monohydric alcohols such as methanol, 
ethanol, n-propanol, isopropanol, n-butanol, isobutanol, sec 
butanol, t-butanol, n-pentanol, isopentanol, 2-methylbu 
tanol, sec-pentanol, t-pentanol, 3-methoxybutanol, n-hex 
anol, 2-methylpentanol, sec-hexanol, 2-ethylbutanol, sec 
heptanol, heptanol-3, n-octanol, 2-ethylhexanol, sec 
octanol, n-nonyl alcohol, 2,6-dimethylheptanol-4, 
n-decanol, sec-undecyl alcohol, trimethylnonyl alcohol, sec 
tetradecyl alcohol, sec-heptadecyl alcohol, phenol, cyclo 
hexanol, methylcyclohexanol, 3,3,5-trimethylcyclohexanol, 
benZyl alcohol, phenylmethylcarbinol, diacetone alcohol, 
and cresol; polyhydric alcohols such as ethylene glycol, 
1,2-propylene glycol, 1,3-butylene glycol, pentanediol-2,4, 
2-methylpentanediol-2,4, hexanediol-2,5, heptanediol-2,4, 
2-ethylhexanediol-1,3, diethylene glycol, dipropylene gly 
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col, triethylene glycol, tripropylene glycol, and glycerol; 
ketone solvents such as acetone, methyl ethyl ketone, methyl 
n-propyl ketone, methyl n-butyl ketone, diethyl ketone, 
methyl isobutyl ketone, methyl n-pentyl ketone, ethyl n-bu 
tyl ketone, methyl n-hexyl ketone, diisobutyl ketone, trim 
ethylnonanone, cyclohexanone, 2-hexanone, methylcyclo 
hexanone, 2,4-pentanedione, acetonylacetone, diacetone 
alcohol, acetophenone, and fenchone; ether solvents such as 
ethyl ether, isopropyl ether, n-butyl ether, n-hexyl ether, 
2-ethylhexyl ether, ethylene oxide, 1,2-propylene oxide, 
dioxolane, 4-methyldioxolane, dioxane, dimethyldioxane, 
ethylene glycol monomethyl ether, ethylene glycol mono 
ethyl ether, ethylene glycol diethyl ether, ethylene glycol 
mono-n-butyl ether, ethylene glycol mono-n-hexyl ether, 
ethylene glycol monophenyl ether, ethylene glycol mono 
2-ethylbutyl ether, ethylene glycol dibutyl ether, diethylene 
glycol monomethyl ether, diethylene glycol monoethyl 
ether, diethylene glycol diethyl ether, diethylene glycol 
mono-n-butyl ether, diethylene glycol di-n-butyl ether, 
diethylene glycol mono-n-hexyl ether, ethoxytriglycol, tet 
raethylene glycol di-n-butyl ether, propylene glycol monom 
ethyl ether, propylene glycol monoethyl ether, propylene 
glycol monopropyl ether, propylene glycol monobutyl ether, 
dipropylene glycol monomethyl ether, dipropylene glycol 
monoethyl ether, tripropylene glycol monomethyl ether, 
tetrahydrofuran, and 2-methyltetrahydrofuran; ester solvents 
such as diethyl carbonate, methyl acetate, ethyl acetate, 
y-butyrolactone, y-valerolactone, n-propyl acetate, isopropyl 
acetate, n-butyl acetate, isobutylacetate, sec-butylacetate, 
n-pentylacetate, sec-pentyl acetate, 3-methoxybutyl acetate, 
methylpentyl acetate, 2-ethylbutyl acetate, 2-ethylhexyl 
acetate, benZyl acetate, cyclohexyl acetate, methylcyclo 
hexyl acetate, n-nonyl acetate, methyl acetoacetate, ethyl 
acetoacetate, ethylene glycol monomethyl ether acetate, 
ethylene glycol monoethyl ether acetate, diethylene glycol 
monomethyl ether acetate, diethylene glycol monoethyl 
ether acetate, diethylene glycol mono-n-butyl ether acetate, 
propylene glycol monomethyl ether acetate, propylene gly 
col monoethyl ether acetate, propylene glycol monopropyl 
ether acetate, propylene glycol monobutyl ether acetate, 
dipropylene glycol monomethyl ether acetate, dipropylene 
glycol monoethyl ether acetate, glycol diacetate, methox 
ytriglycol acetate, ethyl propionate, n-butyl propionate, 
isoamyl propionate, diethyl oxalate, di-n-butyl oxalate, 
methyl lactate, ethyl lactate, n-butyl lactate, n-amyl lactate, 
diethyl malonate, dimethyl phthalate, and diethyl phthalate; 
nitrogen-containing solvents such as N-methylformamide, 
N,N-dimethylformamide, N,N-diethylformamide, aceta 
mide, N-methylacetamide, N,N-dimethylacetamide, N-me 
thylpropionamide, and N-methylpyrrolidone; and sulfur 
containing solvents such as dimethyl sul?de, diethyl sul?de, 
thiophene, tetrahydrothiophene, dimethyl sulfoxide, sul 
folane, and 1,3-propanesultone. 

[0380] Those solvents may be used alone or in combina 
tion of tWo or more thereof. 

[0381] Other Additives 

[0382] Ingredients such as colloidal silica, colloidal alu 
mina, organic polymers other than ingredient (A), surfac 
tants, silane coupling agents, triaZene compounds, radical 
generators, compounds having one or more polymeriZable 
double bonds, and compounds having one or more poly 
meriZable triple bonds may be added to the composition for 
forming the ?lm of the invention. 
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[0383] Examples of the organic polymers include poly 
mers having a sugar chain structure, vinyl amide polymers, 
(meth)acrylic polymers, aromatic vinyl compound poly 
mers, dendrimers, polyimides, poly(amic acid)s, polya 
mides, polyquinoxaline, polyoxadiaZole, ?uoropolymers, 
andpolymers having a poly(alkylene oxide) structure. 

[0384] Examples of the polymers having a poly(alkylene 
oxide) structure include polymers having a poly(methylene 
oxide) structure, poly(ethylene oxide) structure, poly(pro 
pylene oxide) structure, poly(tetramethylene oxide) struc 
ture, poly(butylene oxide) structure, or the like. 

[0385] Speci?c examples thereof include ether type com 
pounds such as polyoxymethylene alkyl ethers, polyoxyeth 
ylene alkyl ethers, polyoxyethylene alkylphenyl ethers, 
polyoxyethylene sterol ethers, polyoxyethylene lanolin 
derivatives, ethylene oxide derivatives of alkylphenol for 
malin condensates, polyoxyethylene/polyoxypropylene 
block copolymers, and polyoxyethylene/polyoxypropylene 
alkyl ethers; ether-ester type compounds such as polyoxy 
ethylene glycerol fatty acid esters, polyoxyethylene sorbitan 
fatty acid esters, polyoxyethylene sorbitol fatty acid esters, 
and polyoxyethylene fatty acid alkanolamide sulfuric acid 
salts; and ether-ester type compounds such as polyethylene 
glycol fatty acid esters, ethylene glycol fatty acid esters, 
fatty acid monoglycerides, polyglycerol fatty acid esters, 
sorbitan fatty acid esters, propylene glycol fatty acid esters, 
and sucrose fatty acid esters. 

[0386] Examples of the polyoxyethylene/polyoxypropy 
lene block copolymers include compounds having either of 
the folloWing block structures: 

—(X')p—(Y')q—(X')I— 
[0387] Wherein X‘ represents —CH2CH2O—; Y‘ repre 
sents —CH2CH(CH3)O—; p is a number of 1 to 90; q is a 
number of 10 to 99; and r is a number of 0 to 90. 

[0388] More preferred of those compounds enumerated 
above are ether type compounds such as polyoxyethylene 
alkyl ethers, polyoxyethylene/polyoxypropylene block 
copolymers, polyoxyethylene/polyoxypropylene alkyl 
ethers, polyoxyethylene glycerol fatty acid esters, polyoxy 
ethylene sorbitan fatty acid esters, and polyoxyethylene 
sorbitol fatty acid esters. 

[0389] Those compounds may be used alone or in com 
bination of tWo or more thereof. 

[0390] Examples of the surfactants include nonionic sur 
factants, anionic surfactants, cationic surfactants, and 
amphoteric surfactants, and further include ?uorochemical 
surfactants, silicone surfactants, poly(alkylene oxide) sur 
factants, and poly(meth)acrylate surfactants. Preferred of 
these are ?uorochemical surfactants and silicone surfactants. 

[0391] Examples of the silane coupling agents include 
3-glycidyloxypropyltrimethoxysilane, 3-aminoglycidylox 
ypropyltriethoxysilane, 3-methacryloxypropyltrimethoxy 
silane, 3-glycidyloxypropylmethyldimethoxysilane, 
1-methacryloxypropylmethyldimethoxysilane, 3-aminopro 
pyltrimethoxysilane, 3-aminopropyltriethoxysilane, 2-ami 
nopropyltrimethoxysilane, 2-aminopropyltriethoxysilane, 
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane, N-(2 
aminoethyl)-3-aminopropylmethyldimethoxysilane, 3-ure 
idopropyltrimethoxysilane, 3-ureidopropyltriethoxysilane, 
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N-ethoxycarbonyl-3-aminopropyltrimethoxysilane, 
N-ethoxycarbonyl-3-aminopropyltriethoxysilane, N-tri 
methoxysilylpropyltriethylenetriamine, N-triethoxysilylpro 
pyltriethylenetriamine, 10-trimethoxysilyl-1,4,7-triaZade 
cane, 10-triethoxysilyl-1,4,7-triaZadecane, 
9-trimethoxysilyl-3,6-diaZanonyl acetate, 9-triethoxysilyl-3, 
6-diaZanonyl acetate, N-benZyl-3-aminopropyltrimethox 
ysilane, N-benZyl-3-aminopropyltriethoxysilane, N-phenyl 
3-aminopropyltrimethoxysilane, N-phenyl-3 
aminopropyltriethoxysilane, N-bis(oxyethylene)-3 
aminopropyltrimethoxysilane, N-bis(oxyethylene)-3 
aminopropyltriethoxysilane, poly(vinylmethoxysiloxane), 
and poly(vinylethoxysiloxane). 

[0392] Those silane coupling agents may be used alone or 
in combination of tWo or more thereof. 

[0393] Examples of the triaZene compounds include 1,2 
bis(3,3-dimethyltriaZenyl)benZene, 1,3-bis(3,3-dimethyl 
triaZenyl)benZene, 1,4-bis(3,3-dimethyltriaZenyl)benZene, 
bis(3,3-dimethyltriaZenylphenyl) ether, bis(3,3-dimethyl 
triaZenylphenyl)methane, bis(3,3-dimethyltriaZenylphenyl) 
sulfone, bis(3,3-dimethyltriaZenylphenyl) sul?de, 2,2-bis[4 
(3,3-dimethyltriaZenylphenoxy)phenyl]-1,1,1,3,3,3 
hexa?uoropropane, 2,2-bis[4-(3,3-dimethyltriaZenylphe 
noxy)phenyl]propane, 1,3,5-tris(3,3 
dimethyltriaZenyl)benZene, 2,7-bis(3,3-dimethyltriaZenyl) 
9,9-bis[4-(3,3-dimethyltria Zenyl)phenyl]?uorene, 2,7 
bis(3,3-dimethyltriaZenyl)-9,9-bis[3-methyl-4-(3,3-dim 
ethyltriaZenyl)phenyl]?uorene, 2,7-bis(3,3-dimethyltriaZ 
enyl)-9,9-bis[3-phenyl-4-(3,3-dim ethyltriaZenyl)phenyl] 
?uorene, 2,7-bis(3,3-dimethyltriaZenyl)-9,9-bis[3-propenyl 
4-(3,3-d imethyltriaZenyl)phenyl]?uorene, 2,7-bis(3,3 
dimethyltriaZenyl)-9,9-bis[3-?uoro-4-(3,3-dim 
ethyltriaZenyl)phenyl]?uorene, 2,7-bis(3,3-dimethyltriaZ 
enyl)-9,9-bis[3,5-di?uoro-4-(3,3 -dimethyltriaZenyl)phenyl] 
?uorene, and 2,7-bis(3,3-dimethyltriaZenyl)-9,9-bis[3-trif 
luoromethyl-4 -(3,3-dimethyltriaZenyl)phenyl]?uorene. 

[0394] Those triaZene compounds may be used alone or in 
combination of tWo or more thereof. 

[0395] Examples of the radical generators include organic 
peroxides such as isobutyryl peroxide, ot,ot‘-bis(neode 
canoylperoxy)diisopropylbenZene, cumyl peroxyneode 
canoate, di-n-propyl peroxydicarbonate, diisopropyl per 
oxydicarbonate, 1,1,3,3-tetramethylbutyl 
peroxyneodecanoate, bis(4-t-butylcyclohexyl) peroxydicar 
bonate, 1-cyclohexyl-1-methylethyl peroxyneodecanoate, 
di-2-ethoxyethyl peroxydicarbonate, di-2-ethylhexyl per 
oxydicarbonate, t-hexyl peroxyneodecanoate, dimethoxybu 
tyl peroxydicarbonate, di(3-methyl-3-methoxybutyl) per 
oxydicarbonate, t-butyl peroxyneodecanoate, 2, 
4-dichlorobenZoyl peroxide, t-hexyl peroxypivalate, t-butyl 
peroxypivalate, 3,5,5-trimethylhexanoyl peroxide, octanoyl 
peroxide, lauroyl peroxide, stearoyl peroxide, 1,1,3,3-tet 
ramethylbutyl peroxy-2-ethylhexanoate, succinic peroxide, 
2,5-dimethyl-2,5-di(2-ethylhexanoylperoxy)hexane, 1-cy 
clohexyl-l-methylethyl peroxy-2-ethylhexanoate, t-hexyl 
peroxy-2-ethylhexanoate, t-butyl peroxy-2-ethylhexanoate, 
m-toluoyl benZoyl peroxide, benZoyl peroxide, t-butyl per 
oxyisobutyrate, di-t-butylperoxy-2-methylcyclohexane, 1,1 
bis(t-hexylperoxy)-3,3,S-trimethylcyclohexane, 1,1-bis(t 
hexylperoxy)cyclohexane, 1,1-bis(t-butylperoxy)-3,3,5 
trimethylcyclohexane, 1,1-bis(t-butylperoxy)cyclohexane, 
2,2-bis(4,4-di-t-butylperoxycyclohexyl)propane, 1,1-bis(t 
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butylperoxy)cyclodecane, t-hexyl peroxyisopropylmonocar 
bonate, t-butyl peroxymaleate, t-butyl peroxy-3,3,5-trimeth 
ylhexanoate, t-butyl peroxylaurate, 2,5-dimethyl-2,5-di(m 
toluoylperoxy)hexane, t-butyl 
peroxyisopropylmonocarbonate, t-butyl peroxy-2-ethyl 
hexylmonocarbonate, t-hexyl peroxybenZoate, 2,5-dim 
ethyl-2,5-di(benZoylperoxy)hexane, t-butyl peroxyacetate, 
2,2-bis(t-butylperoxy)butane, t-butyl peroxybenZoate, n-bu 
tyl 4,4-bis(t-butylperoxy)valerate, di-t-butyl peroxyisoph 
thalate, ot,ot‘-bis (t-butylperoxy)diisopropylbenZene, 
dicumyl peroxide, 2,5-dimethyl-2,5-di(t-butylperoxy)hex 
ane, t-butylcumyl peroxide, di-t-butyl peroxide, p-menthane 
hydroperoxide, 2,5-dimethyl-2,5-di(t-butylperoxy)hexyne 
3, diisopropylbenZene hydroperoxide, t-butyl trimethylsilyl 
peroxide, 1,1,3,3-tetramethylbutyl hydroperoxide, cumene 
hydroperoxide, t-hexyl hydroperoxide, and t-butyl hydrop 
eroxide; and bibenZyl compounds such as dibenZyl, 2,3 
dimethyl-2,3-diphenylbutane, ot,ot‘-dimethoxy-ot,ot‘-diphe 
nylbibenZyl, 0t,ot‘-diphenyl-ot-methoxybibenZyl, ot,ot‘ 
diphenyl-ot,ot‘-dimethoxybibenZyl, ot,ot‘-dimethoxy-ot,ot‘ 
dimethylbibenZyl, ot,ot‘-dimethoxybibenZyl, 3,4-dimethyl-3, 
4-diphenyl-n-hexane, and 2,2,3,3-tetraphenylsuccinonitrile. 

[0396] Those radical generators may be used alone or in 
combination of tWo or more thereof. 

[0397] Examples of the compounds having one or more 
polymeriZable double bonds include allyl compounds such 
as allylbenZene, diallylbenZene, triallylbenZene, allyloxy 
benZene, diallyloxybenZene, triallyloxybenZene, ot,u)-dially 
loxyalkanes, ot,u)-diallylalkenes, ot,u)-diallylalkynes, ally 
lamine, diallylamine, triallylamine, N-allylphthalimide, 
N-allylpyromellitimide, N,N‘-diallylurea, triallyl isocyanu 
rate, and 2,2‘-diallylbisphenol A; vinyl compounds such as 
styrene, divinylbenZene, trivinylbenZene, stilbene, prope 
nylbenZene, dipropenylbenZene, tripropenylbenZene, phenyl 
vinyl ketone, methyl styryl ketone, ot,u)-divinylalkanes, 
ot,u)-divinylalkenes, ot,u)-divinylalkynes, ot,u)-divinyloxyal 
kanes, ot,u)-divinyloxyalkenes, ot,u)-divinyloxyalkynes, 
(x,u)-diacryloyloxyalkanes, (x,u)-diacryloylalkenes, ot,u)-dia 
cryloylalkynes, 0t,u)-dimethacryloyloxyalkanes, ot,u) 
dimethacryloylalkenes, 0t,uu-dimethacryloylalkynes, 
bisacryloyloxybenZene, trisacryloyloxybenZene, bis 
methacryloyloxybenZene, trismethacryloyloxybenZene, 
N-vinylphthalimide, and N-vinylpyromellitimide; and pol 
y(arylene ether)s containing 2,2‘-diallyl-4,4‘-biphenol and 
polyarylenes containing 2,2‘-diallyl-4,4‘-biphenol. 

[0398] Those compounds having one or more polymeriZ 
able double bonds may be used alone or in combination of 
tWo or more thereof. 

[0399] Examples of the compounds having one or more 
polymeriZable triple bonds include compounds represented 
by the folloWing general formula (15) and compounds 
represented by the folloWing general formula (16). 

(15) 

/ \ : R23 
<R22>1/— 

(1 6) 
[ EITR23 
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[0400] In general formulae (15) and (16), R23 represents 
an aromatic group having a valence of from 2 to m; R24 
represents an aromatic group having a valence of from 2 to 

n; R22 represents an alkyl group having 1 to 3 carbon atoms; 
1 is an integer of 0 to 5; and m and n each independently 
represent an integer of 2 to 6. 

[0401] Examples of R22 in general formula (15), Which 
represents an alkyl group having 1 to 3 carbon atoms, 
include methyl, ethyl, n-propyl, and isopropyl. Examples of 
R23 in general formula (15) and R24 in general formula (16), 
Which represent aromatic groups respectively having 
valences of from 2 to m and from 2 to n, include groups 

represented by the folloWing general formulae (17). 

-continued 

111i 

M X 
: : [0402] In general formulae (17), M represents at least one 

[0403] Speci?c eXamples of the compounds represented 
by general formula (15) include the compounds shoWn by 

member selected from the group consisting of —O—, 
—S—, —CH2—, —C(CH3)2—, and ?uorenyl. 

be 
@M@ 
W1 
W1 

the folloWing formulae (18) to (29). 
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-continued -continued 
(25) (21) 

CH3 

(26) 

CH3 
(27) 

CH3 (22) 

/ 

// 

O 
(29) 

CH3 0 O : 0 CH3 

// 

CH3 

[0404] Speci?c examples of the compounds represented 
CH3 by general formula (16) include the compounds shoWn by 

the following formulae (30) to (35). 

(30) 
(24) 

(31) 












