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ORGANIC POLYMERPOROUS BODY 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to an organic polymer 
porous body, more specifically, an organic polymer porous 
body having a structure in which nitrogen-containing 5-mem 
bered rings or 6-membered rings are covalently bound via a 
carbon-carbon triple bond. 
0002 The term “metal organic framework (MOP) means 
a porous material equipped with a structure in which an 
organic matter and a metal ion are linked alternately to each 
other. This MOF exhibits various functions (for example, ion 
conductivity), depending on its molecular structure or a kind 
of a guest molecule incorporated in the space. Many propos 
als have conventionally been made on such MOF. 
0003 For example, Non-Patent Document 1 discloses an 
MOF equipped with a two-dimensional layered structure 
composed of Zinc and Oxalic acid. 
0004. This document describes that the MOF having adi 
pic acid incorporated between layers thereof through a hydro 
gen bond shows proton conductivity of 6x10 Scm (25° 
C.) 
0005. Non-Patent document 2 discloses an MOF having a 
two-dimensional layered structure composed of chromium, 
iron, manganese, or cobalt and Oxalic acid. 
0006. This document describes that the MOF having tris 
(3-hydroxypropyl)ammonium incorporated between layers 
thereof shows proton conductivity of 1x10 Scm (25° C.) 
0007 Some of MOFs having ion conductivity are known 
to show conductivity higher than that of perfluorocarbonsul 
fonic acid typified by Nafion (trademark). MOFs, however, 
lack chemical stability (acid resistance) because they utilize a 
coordinate bond between a metalion and an organic ligand. In 
addition to this problem, they cannot keep their crystallinity 
because they are crystalline compounds and cannot protect 
their long-distance atomic or ionic arrangement from dehy 
dration caused by heat. This leads to a problem of low thermal 
stability. Further, they have toxicity due to the metal ion 
contained in them. 

NON-PATENT DOCUMENTS 

0008. Non-Patent Document 1 J. Am. Chem. Soc. 2009, 
131,9906 

0009. Non-Patent Document 2.J. Am. Chem. Soc. 2009, 
131, 13516 

SUMMARY OF THE INVENTION 

0010. An object of the present invention is to provide an 
organic polymer porous body having high chemical stability 
and high thermal stability and at the same time, having less 
toxicity. 
0011. Another object of the present invention is to provide 
a novel organic polymer porous body having a high specific 
Surface area and at the same time, functioning as an ion 
conductor. 
0012. With a view to achieving the abovementioned 
objects, the organic polymer porous body of the present 
invention has the following constitution: 
0013 (1) the organic polymer porous body has: 
0014 a first cyclic structure having a 6-membered ring (A) 
or a 5-membered ring having three bonds, 
00.15 a second cyclic structure having a 6-membered ring 
(B) having two or three bonds, and 
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0016 a carbon-carbon triple bond that links the first cyclic 
structure to the second cyclic structure, and 
0017 (2) at least one of the first cyclic structure and the 
second cyclic structure contains at least one nitrogen atom. 
0018. The organic polymer porous body according to the 
present invention contains only a covalent bond and does not 
contain a coordinate bond between a metalion and an organic 
ligand so that it has high chemical stability and high thermal 
stability and at the same time, has less toxicity. 
0019. In addition, since the first cyclic structure and the 
second cyclic structure are covalently bound to each other via 
a carbon-carbon triple bond so that it has a high specific 
Surface area. 
0020. Further, the organic polymer porous body according 
to the present invention contains, in the first cyclic structure 
and/or second cyclic structure thereof, at least one nitrogen 
atom so that it functions as a proton conductor, which is 
presumed to occur because of proton conduction via a lone 
pair on the nitrogen atom. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 shows conductivity of various organic poly 
mer porous bodies; 
0022 FIG. 2 is an IR spectrum of various organic polymer 
porous bodies; 
0023 FIG. 3 is a nitrogen adsorption isotherm of various 
organic polymer porous bodies; and 
0024 FIG. 4 is an XRD pattern of various organic polymer 
porous bodies. 

DETAILED DESCRIPTION 

0025. One embodiment of the present invention will next 
be described in detail. 

1. Organic Polymer Porous Body 
0026. The organic polymer porous body according to the 
present invention has the following constitution: 
0027 (1) the organic polymer porous body has: 
0028 a first cyclic structure having a 6-membered ring (A) 
or a 5-membered ring having three bonds, 
0029 a second cyclic structure having a 6-membered ring 
(B) having two or three bonds, and 
0030 a carbon-carbon triple bond that links the first cyclic 
structure to the second cyclic structure, and 
0031 (2) at least one of the first cyclic structure and the 
second cyclic structure contains at least one nitrogen atom. 

1.1. First Cyclic Structure 
0032. The first cyclic structure has a 6-membered ring (A) 
or a 5-membered ring having three bonds. 
0033. When the first structure has a 6-membered ring (A), 
the 6-membered ring (A) has a carbonatom at the 1-position, 
3-position, and 5-position and it is covalently bound to a 
carbon-carbon triple bond via these carbon atoms. The 
6-membered ring (A) may have, at another position thereof, a 
carbon atom or a nitrogen atom. This means that the 6-mem 
bered ring (A) can contain at most three nitrogen atoms. 
0034. When the first cyclic structure is a 5-membered ring, 
the 5-membered ring has, at the 1-position, 3-position and 
4-position thereof, a carbonatom and it is covalently bound to 
a carbon-carbon triple bond via these carbon atoms. The 
5-membered ring has, at another position thereof, a nitrogen 
atOm. 
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1.2. Second Cyclic Structure 
0035. The second cyclic structure has a 6-membered ring 
(B) having two or three bonds. 
0036 When the second cyclic structure has two bonds, the 
6-membered ring (B) has, at the 1-position and 4-position 
thereof, a carbon atom and is covalently bound to a carbon 
carbon triple bond via these carbon atoms. The 6-membered 
ring (B) may have, at another position thereof, a carbonatom 
or a nitrogenatom. This means that the 6-membered ring (B) 
having two bonds can contain at most four nitrogen atoms. 
0037. When the second cyclic structure has three bonds, 
the 6-membered ring (B) has, at the 1-position, 3-position, 
and 5-position thereof, a carbonatom and is covalently bound 
to a carbon-carbon triple bond via these carbon atoms. The 
6-membered ring (B) may have, at another position thereof, a 
carbon atom or a nitrogen atom. This means that the 6-mem 
bered ring (B) having three bonds can contain at most three 
nitrogen atoms. 

1.3. Nitrogen Atom 
0038. In the present invention, at least one of the first 
cyclic structure and the second cyclic structure contains at 
least one nitrogenatom. This means that one of the first cyclic 
structure and the second cyclic structure may contain only a 
carbon atom and the other one may contain a nitrogen atom; 
or both of the first cyclic structure and the second cyclic 
structure may contain a nitrogen atom. 

1.4. Carbon-Carbon Triple Bond 
0039. The first cyclic structure and the second cyclic struc 
ture are linked to each other via a carbon-carbon triple bond 
(—C=C ). 

Chemical formula 1 

2 Šs 2 Šs 
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0040. An organic polymer porous body having a structure 
in which 6-membered rings or 5-membered rings are linked to 
each other in a closed ring form via a carbon-carbon-triple 
bond is obtained by copolymerizing a first monomer and a 
second monomer which will be described later. 

0041. In the present invention, an organic polymer porous 
body equipped with such a structure may hereinafter be called 
“covalent organic framework (COF). 
0042. The COF is ideally in a hexagonal network form and 
has, at the vertex of the hexagon thereof, a 6-membered ring 
(A), a 6-membered ring (B), or a 5-membered ring each 
having three bonds. Depending on the kind of the monomer 
used, it has, on the side of the hexagon thereof, one or more 
6-membered rings (B) having two bonds. 
0043 
0044 (a) the 6-membered ring (A), the 6-membered ring 
(B) or the 5-membered ring, each present at the vertex of the 
hexagon, to each other, 
0045 (b) the 6-membered ring (A), the 6-membered ring 
(B), or the 5-membered ring present at the vertex of the 
hexagon and the 6-membered ring (B) present on the side of 
the vertex to each other; or 
0046 (c) two of the six-membered rings (B) present on the 
side of the hexagon. 

The carbon-carbon triple bond links: 

1.5. Specific Examples of Organic Polymer Porous Body 

0047. Some examples of the organic polymer porous body 
according to the present invention are shown in the following 
formulas (3.1) to (3.3). 

(3.1) 
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-continued 

(3.2) 
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-continued 

0048 The organic polymer porous body represented by 
the formula (3.1) has: 
0049 
atoms and having three bonds, 
0050 
atoms and having three bonds, and 

(a) a 6-membered ring (A) composed only of carbon 

(b) a 6-membered ring (B) containing three nitrogen 

0051 (c) a carbon-carbon triple bond that links between 
the 6-membered ring (A) and the 6-membered ring (B). 
0052. The 6-membered ring (A) and the 6-membered ring 
(B) are located alternately at the vertexes of the hexagon, 
respectively. 
0053. The organic polymer porous body represented by 
the formula (3.2) has: 
0054 (a) a 6-membered ring (A) composed only of carbon 
atoms and having three bonds, 
0055 (b) a 6-membered ring (B) containing one nitrogen 
atom and having two bonds, and 
0056 (c) a carbon-carbon triple bond that links between 
the 6-membered ring (A) and the 6-membered ring (B). 
0057 The 6-membered ring (A) is located at the vertex of 
the hexagon. The 6-membered ring (B) is located on the side 
of the hexagon. 
0058. The organic polymer porous body represented by 
the formula (3.3) has: 
0059 (a) a 5-membered ring containing two nitrogen 
atoms and having three bonds, 
0060 (b) a 6-membered ring (B) composed only of carbon 
atoms and having three bonds, and 
0061 (c) a carbon-carbon triple bond that links between 
the 5-membered ring and the 6-membered ring (B). 
0062. The 5-membered ring and the 6-membered ring (B) 
are located at the vertexes of the hexagon, respectively. 

(3.3) 

1.6. Specific Surface Area 

0063. The organic polymer porous body according to the 
present invention has a structure in which 6-membered rings 
or a 5-membered ring are linked to each other in a network 
form via a carbon-carbon triple bond so that it has a large 
specific Surface area. Optimizing the preparation conditions 
of it increases the specific surface area to 100 m/g or greater, 
300 m/g or greater, or 600 m/g or greater. 

1.7. Use 

0064. The organic polymer porous body according to the 
present invention functions as a proton conductor because at 
least one of the 6-membered ring and the 5-membered ring of 
the porous body contains at least one nitrogen atom. The 
organic polymer porous body according to the present inven 
tion can therefore be used for electrolytes, ion conductors, ion 
exchange membranes, and the like to be used in various 
electrochemical devices such as fuel cells and oxygen sen 
SOS. 

2. Preparation Process of Organic Polymer Porous Body 

0065. The organic polymer porous body according to the 
present invention can be prepared by copolymerizing: 
0.066 one or more first monomers having the 6-membered 
ring (A) or the 5-membered ring and three first functional 
groups bound to the 6-membered ring (A) or the 5-membered 
ring; and 
0067 one or more second monomers having the 6-mem 
bered ring (B) and two or three second functional groups 
bound to the 6-membered ring (B). 
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2.1. First Monomer 

0068. The first monomer has a 6-membered ring (A) or a 
5-membered ring and three first functional groups bound to 
the 6-membered ring (A) or the 5-membered ring. The num 
ber of the kinds of the first monomer to be used as the starting 
material may be one or two or more. 
0069. When the first monomer has a 6-membered ring (A), 
the 6-membered ring (A) has a carbonatom at the 1-position, 
3-position, and 5-position thereof and the first functional 
group is bound to these carbon atoms. The 6-membered ring 
(A) may have, at another position thereof, a carbon atom or a 
nitrogen atom. This means that the 6-membered ring (A) can 
contain at most three nitrogen atoms. 
0070. When the first monomer has a 5-membered ring, the 
5-membered ring has a carbon atom at the 1-position, 3-po 
sition, and 4-position thereof and a first functional group is 
bound to these carbon atoms. The 5-membered ring has, at 
another position thereof, a nitrogen atom. 

2.2. Second Monomer 

0071. The second monomer has a 6-membered ring (B) 
and two or three second functional groups bound to the 
6-membered ring (B). The number of the kinds of the second 
monomerto be used as the starting material may be one or two 
O. O. 

0072. When the second monomer has two second func 
tional groups, the 6-membered ring (B) has a carbon atom at 
the 1-position and 4-position thereof and the second func 
tional group is bound to these carbonatoms. The 6-membered 
ring (B) may have, at another position thereof, a carbonatom 
or a nitrogenatom. This means that the 6-membered ring (B) 
having two second functional groups can contain at most four 
nitrogen atoms. 
0073. When the second monomer has three second func 
tional groups, the 6-membered ring (B) has a carbon atom at 
the 1-position, 3-position, and 5-position thereof and the sec 
ond functional group is bound to these carbon atoms. The 
6-membered ring (B) may have, at another position thereof, a 
carbon atom or a nitrogen atom. This means that the 6-mem 
bered ring (B) having three second functional groups can 
contain at most three nitrogen atoms. 

2.3. First Functional Group and Second Functional Group 

0074. No particular limitation is imposed on the first func 
tional group and the second functional group insofar as they 
can react to each other to form a carbon-carbon triple bond 
that links the first cyclic structure to the second cyclic struc 
ture (in other words, that can form the abovementioned COF). 
0075 For relatively easy formation of the COF, it is pre 
ferred that one of the first functional group and the second 
functional group is a —C=C-H group and the other one is 
F, Cl, Br, or I. 

2.4. Specific Examples of Monomer 

0076 Specific examples of the first monomer and the sec 
ond monomer will next be shown in the following formulas 
(1), (2.1), (2.2), and (2.3). 
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Chemical formula 2) 

(1) 
H 

x1 Nx 
2 --> 

H H 

(X1,X2, X) = (N, N, N), (N, N, C), 
(N, C, C), or (C, C, C) 

(2.1) 
R 

es 
als 

R X R 

(X1, X2, X) = 
(N, N,N), (N, N, C), 
(N, C, C), or (C, C, C) 

R, R2, R3 = F, Cl, Br, or I 

- R-( \ R - 
(X1,X2, X3, X4) = 

(N, N, N,N), (N, N, C, C), 
(N, C, C, N), or (C, C, C, C) 
R1, R2, R3 = F, Cl, Br, or I 

(2.2) 

(2.3) 
R 

0077. The monomer represented by the formula (1) has a 
6-membered ring and three functional groups (-C=C-H 
groups). X to X may each represent either C or N. 
0078. The monomer represented by the formula (1) can be 
prepared by: 
0079 (a) reacting a monomer. (for example, 1,3,5-tribro 
mobenzene) having a 6-membered ring that has three halo 
gens bound thereto with trimethylsilylacetylene, and 
0080 (b) converting the C=C-TMS group into a 
—C=C-H group. 
I0081. The monomer represented by the formula (2.1) has 
a 6-membered ring and three functional groups (—R group 
to —R group). X, to X may each represent either C or N. 



US 2014/0242366 A1 

0082. The monomer represented by the formula (2.1) is 
commercially available or can be prepared by a known 
method while using a monomer having a molecular structure 
analogous thereto as a starting material. 
0083. The monomer represented by the formula (2.2) has 
a 6-membered ring and two functional groups (—R group, 
—R group). X to X may each represent either C or N. 
0084. The monomer represented by the formula (2.2) is 
commercially available or can be prepared by a known 
method while using a monomer having a molecular structure 
analogous thereto as a starting material. 
0085. The monomer represented by the formula (2.3) has 
a 5-membered ring and three functional groups (—R group 
to —R group). K and K represent NH and N, respectively. 
I0086. The monomer represented by the formula (2.3) is 
commercially available or can be prepared by a known 
method while using a monomer having a molecular structure 
analogous thereto as a starting material. 
0087. The monomer represented by the formula (2.2) cor 
responds to the abovementioned second monomer and the 
monomer represented by the formula (2.3) corresponds to the 
abovementioned first monomer. 

0088. The monomers represented by the formula (1) and 
the formula (2.1) may each become either the first monomer 
or the second monomer, depending on the kind of a monomer 
to be used in combination with them. 
0089 For example, when the monomer represented by the 
formula (1) (or the monomer represented by the formula 
(2.1)) is used as the first monomer and the monomer repre 
sented by the formula (2.1) (or the monomer represented by 
the formula (1)) is used as the second monomer, an organic 
polymer porous body having the structure represented by the 
formula (3.1) is obtained. 
0090. When the monomer represented by the formula (1) 

is used as the first monomer and the monomer represented by 
the formula (2.2) is used as the second monomer, an organic 
polymer porous body having the structure represented by the 
formula (3.2) is obtained. 
0091. When the monomer represented by the formula 
(2.3) is used as the first monomer and the monomer repre 
sented by the formula (1) is used as the second monomer, an 
organic polymer porous body having the structure repre 
sented by the formula (3.3) is obtained. 

2.5. Ratio of First Monomer to Second Monomer 

0092. When the number of moles of the first functional 
group contained in the first monomer is equal to the number of 
moles of the second functional group contained in the second 
monomer, all the first functional groups and the second func 
tional groups are ideally consumed for the formation of a 
COF. 

0093. The number of moles of the first functional group is 
not necessarily equal to the number of moles of the second 
functional group, and they may be a little different from each 
other. When the number of moles of one of the first functional 
group and the second functional group is excessively large or 
Small, however, a large amount of either one of these mono 
mers remains unreacted. 

0094. Accordingly, a molar ratio of the first monomer to 
the second monomer is preferably a ratio at which the molar 
ratio of the functional groups (the number of moles of the first 
functional group/the number of moles of the second func 
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tional group) falls within a range of from 0.9 to 1.5. The molar 
ratio of the functional groups is more preferably from 0.9 to 
1.1. 

2.6. Copolymerization 

0.095 The organic polymer porous body according to the 
present invention can be obtained by copolymerizing under 
predetermined conditions the first monomer and the second 
monomer mixed at a predetermined ratio. The copolymeriza 
tion conditions such as reaction temperature and reaction 
time are not particularly limited, and it is preferred to select 
optimum conditions, depending on the combination of the 
first monomer and the second monomer. 

0096 Copolymerization of the first monomer and the sec 
ond monomer is usually conducted in the presence of a cata 
lyst. It is preferred to select the most suitable catalyst, depend 
ing on the combination of the first functional group and the 
second functional group. 
0097. For example, when one of the first functional group 
and the second functional group is a —C=C-H group and 
the other is F, Cl, Br, or I, it is preferred to use PdCl2(PPh3), 
CuI, Pd(PPh) or the like as a catalyst. 

3. Effect of Organic Polymer Porous Body 

0098. The organic polymer porous body according to the 
present invention contains only a covalent bond and does not 
contain a coordinate bond between a metalion and an organic 
ligand so that it has high chemical stability and high thermal 
stability, and has less toxicity. 
0099. In addition, it has a structure in which the first cyclic 
structure and the second cyclic structure are covalently bound 
to each other via a carbon-carbon triple bond so that it has a 
large specific Surface area. 
0100 Further, the organic polymer porous body according 
to the present invention contains at least one nitrogenatom in 
the first cyclic structure and/or the second cyclic structure 
thereof so that it functions as a proton conductor, which is 
presumed to occur because of proton conduction via a lone 
pair on the nitrogen atom. 

EXAMPLES 

Examples 1 to 3 

1. Preparation of Sample 

1.1. Synthesis of Monomers 

0101 (1.1.1. Synthesis of 1,3,5-tris(trimethylsilylethy 
nyl)benzene (synthesis conditions 1) 
0102. After a 100-mL, two-necked recovery flask was 
purged with argon, 1,3,5-tribromobenzene (3.2 mmol), PdCl 
(PPh), (0.16 mmol), CuI (0.08 mmol), iPr-NH (15 ml), and 
THF (15 mL) were added to the flask to obtain a uniform 
Solution. To the resulting uniform solution was added trim 
ethylsilylacetylene (11 mmol). The resulting mixture was 
stirred at 80° C. for 14 hours. Then, the amine salt thus 
precipitated was filtered off and the filtrate was concentrated 
using an evaporator. The residue thus obtained was purified 
using column chromatography (developing solvent: hexane: 
dichloromethane-8:1). The intended product was obtained in 
an amount of 1.2 g in a yield of 99%.- 
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1.1.2. Synthesis of 1,3,5-triethynylbenzene (Synthesis Con 
ditions 2) 
0103) 1,3,5-tris(trimethylsilylethynyl)benzene (3.2 
mmol), THE (24 mL), and HO (5 drops) were added to a 
200-mL recovery flask. After the resulting mixture was 
cooled to 0°C., tetrabutylammonium fluoride (TBAF) (1.0M 
in THF, 9.5 mmol, 9.5 mL) was added. The resulting solution 
was stirred at room temperature for one hour, followed by 
concentration by using an evaporator. The residue was puri 
fied by column chromatography (developing solvent: hexane: 
dichloromethane-8:1). The intended product was obtained in 
an amount of 0.4 g in a yield of 85%. 

1.2. Synthesis of Polymer 

1.2.1. Synthesis of Organic Polymer Porous Body (Sample 
1) (Synthesis Conditions 3) 

0104. After a 50-mL, two-necked recovery flask was 
purged with argon, 1,3,5-triethynylbenzene (0.67 mmol), 2.4. 
6-trichlorotriazine (0.67 mmol), Pd(PPh) (0.053 mmol, 62 
mg), CuI (0.11 mmol. 20 mg), iPr-NH (2 mL), and DMF (2 
mL) were added to the flask to obtain a uniform solution. The 
resulting uniform solution was heated to 80°C., followed by 
stirring for 72 hours. Suction filtration was conducted and the 

Chemcial formula 3 

TMS 

Br | 
Synthesis 

Condition 1 Condition 2 
-e- -es 

Br Br 2 Šs 
TMS TMS 
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solid thus obtained was washed with chloroform, water, and 
ethanol. The intended product was obtained in an amount of 
0.27 g. This sample will hereinafter be abbreviated as “COF 
(tri). 

1.2.2. Synthesis of Organic Polymer Porous Body (Sample 
2) (Synthesis Conditions 4) 
0105 Synthesis of a polymer was conducted in a manner 
similar to that of the synthesis of COF(tri) except for the use 
of 2,5-dibromopyridine (0.67 mmol) instead of 2,4,6-trichlo 
rotriazine. The intended product was obtained in an amount 
of 0.35g. The sample thus obtained will hereinafter be abbre 
viated as “COF(py). 

1.2.3. Synthesis of Organic Polymer Porous Body (Sample 
3) (Synthesis Conditions 5) 
0106 Synthesis of a polymer was conducted in a manner 
similar to that of the synthesis of COF(tri) except for the use 
of 2,4,5-tribromoimidazole (0.67 mmol) instead of 2.4.6- 
trichlorotriazine. The intended product was obtained in an 
amount of 0.30 g. The sample thus obtained will hereinafter 
be abbreviated as “COF(im)”. 
0107 A synthesis scheme of the monomers and the 
organic polymer porous bodies will next be shown. 

Synthesis 

1,3,5-tris(trimethylsilylethynyl)benzene 

Synthesis 
Condition 3 
-e- 

1,3,5-triethynylbenzene 

2 Šs ñs N. af Šs N. a. 
H H s n 

Naa N 

2 NN-6 & 
u 

Synthesis 
Condition 4 
-e- 

N eN 
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-continued 

Synthesis 
Condition 5 
-e- 

2. Test Method maker having a diameter of 1 cm and retaining it for one 
minute at a pressure of 200 k fem' (19.6 MPa) by using a 
hydraulic press. The green compact thus obtained was placed 

0108. A green compact having a thickness of about 200 in a conductivity test cell and the conductivity of it in a film 
um was obtained by putting 30 mg of powders in a tablet thickness direction was measured. The measurement was 

2.1. Conductivity 
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conducted by using a two-terminal AC method at a frequency 
of from 50 Hz to 50 MHz, temperature of 25°C., and relative 
humidity of 100%. 

2.2. IR Spectrum 
0109 The IR spectrum of the organic polymer porous 
body was measured. 

2.3. Nitrogen Adsorption Isotherm 
0110. The nitrogen adsorption isotherm of the organic 
polymer porous body was measured. The measurement was 
conducted after deaeration treatment at 100° C. 

2.4. XRD Pattern 
0111. The XRD pattern of the organic polymer porous 
body was measured. It was measured using Cu-K ray. 

3. Results 

3.1. Conductivity 
0112 FIG. 1 shows the conductivity of various organic 
polymer porous bodies. It is apparent from the graph that 
Sample 1, Sample 2, and Sample 3 had conductivity of 1.03x 
10, 1.2x107, and 4.7x107 S/cm, respectively. The syn 
thesized organic polymer porous bodies show predetermined 
conductivity in spite of having no acid group, presumably 
because of proton conduction via a lone pair on the nitrogen 
atom contained in their cyclic structure. 

3.2. IR Spectrum 

0113 FIG. 2 shows the IR spectrum of various organic 
polymer porous bodies. It is apparent from FIG. 2 that strong 
and sharp absorption (near 3000 cm) of CH, which is char 
acteristic of —C=C H in the raw material, has disap 
peared, suggesting that a large portion of the raw material has 
completed its reaction and polymerization, and a polymer has 
been formed. 

3.3. Nitrogen Adsorption Isotherm 
0114 FIG. 3 shows the nitrogen adsorption isotherm of 
various organic polymer porous bodies. It is apparent from 
FIG. 3 that they are materials of a high specific surface area 
with pores. 

3.4. XRD Pattern 
0115 FIG. 4 shows the XRD pattern of various organic 
polymer porous bodies. It is apparent from FIG. 4 that each 
sample has a weak peak at a position of 20=about 20 degrees, 
which is presumed to Suggest: 
0116 (a) that a polymer material in which 6-membered 
rings or a 5-membered ring are covalently bound to each other 
via a carbon-carbon triple bond has been formed; and 
0117 (b) 6-membered rings or 5-membered rings have 
been stacked at predetermined intervals. 
0118 Embodiments of the present invention have been 
described above in detail. It should, however, be borne in 
mind that the present invention is not limited by these 
embodiments and can be modified in various ways without 
departing from the scope of the present invention. 
0119 The organic polymer porous body according to the 
present invention can be used for electrolytes, ion conductors, 
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ion exchange membranes, and the like to be used for various 
electrochemical devices such as fuel cells and oxygen sen 
SOS. 

What is claimed is: 

1. An organic polymer porous body comprising the follow 
ing constitution, wherein: 

(1) the organic polymer porous body includes: 
a first cyclic structure having a 6-membered ring (A) or a 

5-membered ring having three bonds, 
a second cyclic structure having a 6-membered ring (B) 

having two or three bonds, and 
a carbon-carbon triple bond that links the first cyclic struc 

ture to the second cyclic structure; and 
(2) at least one of the first cyclic structure and the second 

cyclic structure contains at least one nitrogen atom. 
2. The organic polymer porous body according to claim 1, 

further comprising the following constitution, wherein: 
(3) the organic polymer porous body is obtained by copo 

lymerizing: 
one or more first monomers having the 6-membered ring 

(A) or the 5-membered ring and three first functional 
groups bound to the 6-membered ring (A) or the 5-mem 
bered ring, and 

one or more second monomers having the 6-membered 
ring (B) and two or three second functional groups 
bound to the 6-membered ring (B): 

(4) each of the first functional groups and each of the 
second functional groups are capable of reacting and 
thereby forming the carbon-carbon triple bond that links 
the first cyclic structure to the second cyclic structure; 
and 

(5) one of the first functional group and the second func 
tional group is a —C=C-H group and the other one is 
F, Cl, Br, or I. 

3. The organic polymer porous body according to claim 2, 
obtained by copolymerizing: 

a monomer represented by the following formula (1), and 
a monomer represented by the following formula (2.1), 

(2.2), or (2.3). 

Chemical formula 1 

(1) 

H H 

(X1,X2, X) = (N, N, N), (N, N, C), 
(N, C, C), or (C, C, C) 
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-continued 

(3.2) 

(3.3) 
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5. The organic polymer porous body according to claim 1, 
to be used as a proton conductor. 

6. The organic polymer porous body according to claim 1, 
having a specific surface area of 100 m/g or greater. 

k k k k k 


