2 ¥4 94 b (22)

(8 &%)

SRR E AW~ A 20K -9 2B 0HREFB L O
F DFRIXKHT AWM DI H

B8 A
KE A ARkt BASSRFERR

B, FHFLOSIEMBORRBICBN BRI EEINTBY, ZHMEREET 58
i, FEROREMTHAERRBIUEFS 4 MCHRTHTF (HHFL) HE O HlE AT
BTHY, il SHBIUTAREEOCHE BTSN L, KRITE, ThETK
R LCE2BEO U7 IVE VBRI OV T FOAREE, B, WEICET 2B L0
VRS ) — v BRI RAVF—L LTEHENTOARRTADERSTH D X ¥ v DRELERICD
WOHEEST 5, SR LSERIINTO X ) RESER L T, FlEE DA NKVBORG
LY BB ENT - RTCEEERIIE— % 3 7 UL L UH ARESRER A L TB Y, Thbossk
OBEBIOBHR Y AINVRUVBOBEICKEL, Tho2Ez 52128 ) BERICHETLEEZ
FT 22 LA TEL, EHICINDOTRILEFOZERED L RERRLZHET 572018,
EERSEARICEIERAL T A OIS &5 Z 21T X D AR SN ZRIGEMAE, MIFUERE X FERRICHIE )
TEETH Y, ZBRED X OREMREE b RTERICHTRIBICEE SN, 25 VIRERILE

HROBEREFEL RETE 2TREZET 5o

1. BU®IC

KK 21, RO EOEBENRATNRT
BY, BAEITITBILREOREE DS L
L, BAENALEORES SEBICEY BRI 57
o, 21 EE) 7)) — VR ANVF— L LTER
ENTW5, BfE, RAFT A, M (CNG) 5
Wiz (LNG) 352 L THE, B%ShTnb,
CNGIZZIRT, ENBL TSRO T AR TE
LEETHY B ITI0ORETIHBERRICBIT S
HARY ) OB ABHE (FRE) 30), —4,
LNG X, &R (—162 C) T 2 L8N H 5
bDD, FADEESHEL L VA&, LVEED
FEAFTES (FEZX600) RETHLLVIKE
2HELTWA, L L, CNG DB IIEEE 2 HER
FIETBEBREIEMRZ AR APPEELLRY, F
72LNG DEAEY v 7 1T Ao TL BEIC X BHER
HA (BOG) OMBEINEL LB EDFELH S,

T554-0051 KBRATIHAER B & 6-19-9
KA AR R

IhODBERBRT L2012, Dalsh, LK
ETEET Q005F) TOHCNGIEDEEBTIET
HOEEFELE LT, RRTALREN CETET
WERR S & 5 HEIREN TSI, Bk
RF V¥ VE BT HBUNAILAICB T, N
PRI TRBILLEWRRTADEESTHERAY ¥
APEARIRRB IR WEE THHERE SN ABREEFIH
LT, RECHBSEL) LTE2EMTHL, 20
£ RN - xRS, ERLEh
iE, AR U CBERTREMOB A RRT AT
BOSTREIC 2 B L LEHD, ZOFBHEIE
BN TR WERROERIZ, x5 Y OBERIEE
A190 K L2 nAAKL, 20 &) BERA S
FEFIMEINIZL VEVIEFEOYREZELTE
D, &61Z, A% VORBEENLHILEEE A
LTCWAEEMITFEL T ido /=2 LTS
i,

—7, ¥R, MEFLHERE ORI AT BE 2 SR AR
ELT, ZINBHREETILBEROBREB LTV
ZDHABEMANDILAIER SN TW5H838), &
Bk EMEST) 13, SEEATNOLEE R



23) Vol.19, No.1 (2002) 23

B0 EOEBA A VICENBEAELT, —»b=
RECDHEELZIDOEDTH S, DL =
1% BV 7S AR OMIFLIER B & CHIFLR DL
BRI, HREWETHLEREA T v ORMEED
LUEBENTFOSTHEEICLYIZa LV TO
REMYTRE T D B0 BIZIEH AREMEELH T 584
L LTRETIORT &9 b 0 ®REI TS,
@ {CuSiF4(4,4-bipyridine), },!9

YEY Vv EEA VI Y BRSNS TFEET
HE 2 BB 7T B SiF -1 X VG E hz=k
THEEEALTBY, HEEHE, MILEELIUM
FUEDSFNEN1337 mg, 0.56 ml/g, 8 X8 AT
Bb, T2, BRTAY VEEEREELTBEY,
ZOMREIZ6.5 mmol/g(at 3.5 MPa)Td 1), BEFH
BOEFTA FSARZBEEL TV A,

@ {Zny(p -(OOC-Ph-CO0)),},'9

InDEBEL T L7 IV ) SR ENI$EKT
by, EBRAFT VEERLLERLET LI IVERE
LB TRICETEBELRR L, FRSHANEL <
BEBTHLZLIZEY, —RITLAFNIT v ¥ A VEE]
VHLTWE, SOF YV RAUETL70R7T—L
LCHRETEICE DN S, $EROILERERE, MILE
BIUI 7 ufifLARIE, 270 m¥g, 6X6 A, 0.10
ml/gfBETH 5,
® {Zny(0O)(p -(OOC-Ph-CO0))3},1¥

mMoDZn A 4+ v L —DoDOBEEFIZL VBHRE
NATEBEED I SR —% DI NVKRVBIZED
BB EANTZRTCEERET 5, 8X8 ADH—17%
SRTHLHTL (BT 225 R Ol EERE
12.94 A), Langmuir [LEEE 2900 m¥g, HfLAE
#1 mig LIEFICBORD YT 4 2HT 5,

@ {Cuy(pzdc),(L)}, (pzdc =pyrazine-2,3-dicarbo-
xylate; L =a pilar ligand)!?

FAF L LESTUUANEVERICE VBB SN
7z RjcLayer ¥ ®iEAF (L) [CX DEB{ENL
BIMEEZET S, COBMAILL 21, B
FORBEICE VHIFLEZHIET 5 2 LT TH 5,
MFLERIHEHEMN TICL DEETE, 4X6 A, 9X6
ABIU10X6 ADSEPERENTEY, Wih
BERTAY VIREEEEZAL TW5, £OMEER
BEEMEDET I A b EERETH b,
® {Cus(1,3,5-C¢H3(COOH);3),},14

GAF VR M)AV VEBOINREFILEIZLD

1§
CB & B B }

(aa] [as]

6® - —

Metal salt  Dicarboxylic acid (B B L

[ss] [aa]

_ ) U

@ :(HCOO)™, Metal complex

‘HCOO-R-COOH

M1 ZRTEBEEOERIES L UHEE

G SN REER BT AZRTE R TH B,
FRICHIX9 ADY 4 XO=RTTHRMILZAE L
THY, £OBETLEREHS L UCHIILAEIL, 692
m2/g, 0.333 ml/g Td 5,

—%, FEELZ, THECEEL VR VEER
SABR LB ER B TORETHZRTI ANV
RV — LML TR L, BA DT R EZRE
THIELERHLA8LID, FZ &K, /RS
RICTANER B _BEM L P T L
73V (TEDA) T44EL7-CubicHEZH T 5
EXRTYANE VBN E TOERICHRTIE
BPIEZEREE AT H T LR R L 710212,

AT, DX ITRERNTARFBOERLIC
BWIDF—F27 /0T —ThrhAY VFEMEL
T, WILE% HHICHMTE, »o—2MILaHm
IZHiZ A Z LD THLINTTLIIEL{RLS
¥ 4 TOEBEEKIC OV TLH ORISR L -8R0 E
iz, BiEB & OF AREERE T NN T 5,

2. 2EHEHS

2.1 2REEEOERE, BESIUEE

211 TRFTET HIVEK L BEEREE
H1IREND LI, £RELAERBZ BRI

B, E2HET 72005 MFZMm:, &
HEBE S 5L, HRLENT-EREEFHELN
Ao B LgEEOREL, ¢BEFEESLLE

BEERBRL L D T RTUETREEEEEL, £h

FHRAELLEBT A2 LD, —KTHANCF



24 ¥t 354 ¢ (24)

YARNVERIDHL TV, COF YRS T
R7 & LTREFEICEDILS,
2.1.2 =ZRuIHIVER CBEEREAG
ERRTRICEEED Layer A+ % H /- R B FTH
LEEM T (pillar ligand) 12X BEMETAZ &I
&0 X DRE L ZRITCITHERESHIH S gkt &
WTAZ L TE&L, LEELFAMICLT, &FIEL
BADTHANEVEE (7<VEE, TL 79 VEE, R
FLYIVANEBBITE T2 VT NKRY
) Ly Rk EARL, S5ICTEDA%D
BEMTRZEMNTERCSE5Z LICL ) BHO
SRTLTHNVEVBRIELN S, XRPD, TES
B ITRALROER LY, Bon7AbEWiTs~
TOINRBERDPS 5 - HBED KTy —
MR AEERAN FTdH A TEDAIC X YW EEI N3
R4y bT—2HE (K2) 2FT5LBbhs,
INLOERERI, UTOLX ) RREEELT
Wa,
O BEFEHOEHBREELAZLICLY, HHEIK

R
\Cu| - Cu~
-~ =1Cu. ! b
PN g—-RT R0
1 Cu” 1.
! — (J)’CIU\:" T /Dicarboxylic
! b
! 0 : R acid
: i 'L
i ~o 0
Cuy -~
| R Py
] it R el (o] o
~ : 4”’ ' ®\I /CI g
~C,“Jf" o~ Aol
N R/ 6 I a
1 - |/8_/ C
-
|- I~
Pillar ligand b
(TEDA)

M2 ZRTEBSEEOHEERE

Fr UV ARNVORELIHIHETE 5,
@ BH—LMFLEE AL TV 5,
@ BRBLMILEICHAAZ LI, K2R
EEGHRWEHICTELD, KBS ) ORERE
RAESELIENTES,
@ ARICE, BRCEERLELST, HREWE
DEMTH A0, KT A NEEMTH B,

BRI EFBEPO DL R LI, A5 UK
EE LCRELBESHIITE 2720, Btk
Ay UEME LTHIETE S,

2.2 FiEWt L irRiiteE
2.21 ZRFETHIVE BESHEE

IhHOgEFEOYEIE, (k) BEREMERTRE
ASAP2000M % I C, RIRTTO 7V IV IRELE
XD EHEEAT o7z (R, $MEDLEERE, ML
BBIUVHILEEIZ, BROKESTPETLER
BRICE o TRR B, ERWHICEIEE~T (m¥g),
5~8 A, 02~0.5(cm¥g) BETH Y, FERIK
EL LB TREL LHERICH S, T2, M
IESHFITOTROEEIIBNT I —TH ) BhL
FICL O FIHETEE TS 5,

33, RENLZSREETHS 7 IVEIAD X
¥ VREENERLTWA, FOEERIE, FLM
TOCNGEEELIERD L, ZEEMERNRE
OB VED T A3~ 10EBEB L,
LV EETFT IR 2 ICERTHL, $72, 20
FEt R BE M B O TR DRSSV L Ebh
T2 EREBEEROBAERE ICITET 5, K&K
EEEFNIEREL RWVIZO DO T REL R
¥ VIREREET L0, BUMILA-h0x s v
WEED, WEROTBEHRICHRTIFERERE VD
S5THY, BREIHILIX 7V OEEICHES LT

£1 TNVITVEEIC L) BN RIS ROYEE

Surface area Micropore volume?2 .

Dicarboxylic acid (Ligand) BET / m2 g-! Langmuir / m2 g-! /cm3 g1 Pore size /A
Cyclohexanedicarboxylic acid 347 456 0.15 49
Fumaric acid 416 557 0.17 54
Terephthalic acid - 545 708 0.22 6.0
Biphenyl dicarboxylic acid 999 1322 0.42 7.8

a Estimated from the obtained value at P/Py=0.11, which is associated with a pore size of 20 A using the HK method.
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Metal complex SA. /m? g M':;f ore volume / c;‘;;g*l Po’fiftz‘c" A Porosity / %
3D Fumalate (1) 606 0.23 0.24 7.0(8.9)° 33
3D Terephtahlate (2) 1891 0.71 0.70 7.4(11.1) 58
3D Styrene carboxylate (3) 3129 1.07 1.11 9.5(13.2) 65
3D Bipheny! carboxylate (4) 3265 1.18 1.26 10.8(15.9) 68
2D Terephthalate 545 0.22 021 6.0(11.4) 30

2 Estimated from the obtained value at P/Py=0.11 which is associated with the value of 20 A pore size.

b Cu-Cu distance obtained from XRPD pattern.
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Design of Microporous Materials using Metal Complexes

and its Application to Natural Gas Adsorbents

Kenji Seki
Research & Development Department, Osaka Gas Co., Ltd.

A great deal of attention has been directed toward the use of coordination polymers in the
design and syntheses of new porous materials. These coordination polymers with open
frameworks are widely regarded as attractive materials for applications in catalysis, separation,
gas adsorption and molecular recognition. Compared with conventional porous materials
such as zeolites or activated carbons, these coordination polymers have the higher potential
because of designable framework, high microporosity and flexible framework based on a
variety of coordination geometries of metal centers and multifunctionality of bridging

organic parts.

In this paper, the gas adsorption properties of two-dimensional metal coordination
polymer complexes synthesized by the reaction between copper salts and dicarboxylic acids,
and three-dimensional metal complexes synthesized from the two-dimensional polymers and
pillar ligands were characterized. The characterization by gas adsorption indicated that these
coordination polymers have uniform micropores, high porosities and gas adsorption
capacities. These properties depend on the kind of dicarboxylate and by changing it, the
porosity and the pore size of polymer can be controlled. The measurements of methane
adsorption isotherms revealed that all coordination polymers have methane adsorption capacities
and especially three-dimensional polymers synthesized from copper styrene dicarboxylate
and copper 4,4-biphenyl dicarboxylate, which have a ideal pore size and distribution for
methane adsorption, have higher methane adsorption capacities than that of the theoretical

maximum for activated carbon.

Keywords: microporous material, metal complex, coordination polymer, copper dicarboxylate,

methane adsorbent



