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Synthesis of Polythiophen Cluster in Lattice Space
of Hexagonal Faujasite

Michihiro MIYAKE*, Motohide MATSUDA#*, Katsuhito YAGI*¥*,
Hirofumi UEHARA** and Mitsuo SATQ**

(Received November 18, 1996)

Encapsulations of thiophen and bithiophen in two kinds of hexagonal faujasites
(Na-EMT and H-EMT) with various concentration of Cu® ions have been investigated
and characterized by means of thermoanalytic and spectroscopic methods. From the
results, it was found that the progress of polymerization of thiophen and bithiophen in
the lattice space depended on Cu® contents, and the encapsulation of thiophen in
Na-EMT and H-EMT with Cu® ions yielded polythiophen clusters with electron states
of bipolaron. On the other hand, polythiophen clusters synthesized by the
encapsulation of bithiophen in H-EMT were found to be mostly polaron states.

Key-words: encapsulation, cluster, host-guest reaction, hexagonal faujasite, polythiophen

1. #&8

EE, €454 VoBTFZREXRSHEE LTRAB LT, SV EKRE 3R 2 2 BEYEL B (Wb
WHETFHAZAHR) s RTI7I5A5—%BHT 5 FEPEH STV 5, BENKI—2F2A5—-D
SERiEBeins i & 50 6 o W5 i EABEHIICCuT R e 1 4 v 2 Hv, €454 VYR ELTF
A MOBFEETREYEO -V, KYFF 72y, RYZ-AFNVFAT7 2 F2EGK L [1-4] o L

* [ I KZEREH TR R TFER. 700 BILHRBP2-1-1
* *x B/ KFETFERCMLER. 376 MAETRME1-5-1
% Department of Enviromental Chemistry and Materials, Faculty of Enviromental Science and Technology,
Okayama University, Tsushima-Naka, Okayama 700
% % Department of Chemistry, Faculty of Engineering, Gunma University, Tenjin, Kirya 376

137



138

BIRF R T mE. 2 ()19974

LINoDsr I A —DBREERRETFHEZE L OVWTOFER T+ 5 iThhTniv, —HFEELE
NaB & CUHE €4 54 bY (NaY. USY) #AwT, Qo4 v BEEAER SR Y-y 5 A~
DREEHBLUVBFRELOBBEC O VTR L (5] o $2=E613C4 AV 2EH L
AIPO -5 T—KRTNRY ¥a— Vs 5 A5 — %Gl sHEL [6] o

FAMBELTRISFRED 7+ —JxFH 4 P THHEFTTA MY b LCHAAShTWEA, BE
FCKAHGN 7+ —TvH4 4+ (EMT) BElFIHEL T2\, EMTiDelpratob it &y 7 » 7L —
Fi218-crown-6% v b 2 & Bl s [7] o EMTENA =4 =¥ (1.3 x 1.3 x 1.4 nm)
ENAELF—Y (1.3x1.3x0.69 nm) O2EFOr— V% FED, NA2N—4— Jidcic o THEEZE
074 nmDORBIZ L D D% dh) —RITGH % ZREFE L. 1 Er —T130.74 x 0.69 nm D FHEO BT
LB ERE LTV 5,

RNV -2 FRA5—D—RTHELTEET 5 ICREMTOZERZERATH A LEL LN D, $/-E4 T4
FEFIA L2 5 AY —HRICBWTIE, BFEBMOKE SRBRY 2 IR 5 —ARIC R LB Y
FTHILREETH L, AWTHE, Cu™1 Y BEOR%Z 5Nap L CHEEMTOMFZER THF4 7 = ¥,
EFA72DoDR)VFA T2 VOERBLUTBON TR —DFHEII2WTHR S,

2. £8

NaBHEMT (Na-EMT) BLUToOFMHEICL h G En’z, SiO, : ALO, : Na,0: 18-crown-6 : HO =
10:1:2.4:0.7 : 1400 T, aua 4 5y ) A, Al K, NaOH. 18-crown-6. HO* H#ESL
2y vk BB TR MEE. 110CTTHRKBLE L 72, LB % o, Rl ARo7 Y 7L -
My BET 5720 500CTSHEA L. Na-EMT%45 7, %1280°C»2 mol - dm”® oNHNO K #i %
HwT, 44 /&85 s ) Na-EMT% NH EMTIZE#HB L, 2612500C, 5o »HEic & hNH, %
B3k L CH-EMT% 4572, B850 7:Na-EMTEH-EMT% 54 7 = v 8L FEF 4 7 = VDR AAD*
AR E LT,

EARBEHIE %2 5Cu™ 4 4 Vi3, 50C»0.1, 0.01, 0.001 mol - dm™> DCu(NO,) A Hx Hvs, 4
+ ¥ ZBER & ) Na-EMT & H-EEMTO# 722 BRI 54 72, Cu™ 1 4 vi8#38 (0.1CuNa-,
0.01CuNa-, 0.001CuNa-. 0.1CuH-, 0.01CuH-. 0.001CuH-EMT) #%n-~¥# v & F4 72 0%
AZVIEEFA 7 = VESEHICERTUBEEMIEL 2 L12L ), EMTOBTFZHTEYF 472V
IR — BB LT, Bk, £ ) — VERICEL Y EMTHERICMHSE Lin-~XH v, 7472,
EF47xviBRELI,

BRLIZEMTIBLURY F47 =025 25—, 1) BRXKEOHE (XRD) | 2) X#i~vA rua7
+ 7 44— (EPMA) | 3) #5441 (TG-DTA) . 4) 77—V =&lmFna K%k (FTIR) L 5) %44
HgHE (UV-VIS) | 6) EBFAY 3tk (ESR) AL WiHis L,

3. BRBIUEE
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Table 1 Chemical compositions of CuNa-EMT and CuH-EMT, and
Number of guests in an unit cell

Host Number of guests
Cu Na H Al Si 0] Thiophen Bithiophen
- 20,4 75,6 192

5.4
1.8 — .4 756 192
0.1 — Wy 7 192

Specimen

0.1CuNa-EMT 5.8
0.01CuNa-EMT 43
0.001CuNa-EMT 0.4
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0.1CuH-EMT 4,1
0.01CuH-EMT 11
0.001CuH-EMT 0.3
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3. 1K FOFHE

A#EC LD AR E N3, XRDIEICE WEMTTH A Z epAESh, 14 v RBBLUVFF 7=
V. EFF 7 2 vAEBES R PIREMTIEE 2R LT 2, EPMAEIC L 9947 L7zCuNa-B L UF
CuH-EMT b4 % Table 11S/R ¥ o 1 4 ¥ RIS IV 72Cu(NO,) JKEH O @EE DA & 1T,
EMTHOCu™ 1 4~ &b ¥4 L1zo CuNa-3 L UCuH-EMT®Si / Alltid # n #hEHT3.7L3.9L %
D, BEOHVELLEHOEVELR LIz ShidA 4 ofmic s b, CuH-EMTOB RN CHFEL
TOEAP L+ v BRE SR e EX LN D,

3. 2RUFAT I ISR —DRAE

F47 xvEOEMICLYCuNa-8 & CCuH-EMTREEZ * 2 L. Culf 8 0EL & I IEREH
LHREE RRERENEEL L, EF ATy EEMICBVW T, 47 2 v OHA L h B,
0.1CuNa-# & °0.1CuH-EMTHR 210 vwEt 2 L1,

AEWOFTIRARZ PV (Fig. 1, 28R T, FA7x v 2B L2 BT, BEBLTELL
##4 7z v /0.1CuNa-, 0.01CuNa-. 0.ICuH-EMTT, &Y F4 7 = ¥ &[E S h 5RKILAH1365,
1405, 1490 cm™ 3 B S 17 [89] o KF AT x VOB ARE~BRO LB LA EF 4T 2V )
0.1CuNa-, 0.01CuNa-, 0.1CuH-. 0.01CuH-EMT TR % WA BRI S 1 720 L LI BT
RYVFA7 2y EAESNARIAFBEH I NS, ¥F 47 x> /0.001CuH-EMTIc BV Tid 4 Y o< —
D& B EEZ SN BRINA 1400, 1505 cm™ A8 BRI & 1tz [10-11] o B OSSR E W XY F 47 2
VHERENA DI, FA T2 R HBWE L Lt A TREAIAICHA molll EoCu® 4 4 v o
EENLETHD, EFF7 2 v OBA THHLS molA LA ETHS S EHH L5124 -7 (Table 1
£H) ,

3. 3RUFFT7 27542 ~DfHl

FAT 2V BLUPEF 47 2 VEEDRAABDOBRGITEIT o 72458, 100CHETEA T 4 PARDOFLHE
& AWEE, 250~500 COEHE T/ A P OBRBICL AR - BLUTFRLORIBICHIE T HEER
LB S N/, Table 1i2CuNa-8 & FCuH-EMTo e icasnizFt 72, €EF4 72>
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Fig. 1 FTIR spectra of differences between thiophen Fig. 2 FTIR spectra of differences between bithiophen
/ hosts and hosts. Hosts= (a) 0.1CuNa-, (b) 0.01Cu / hosts and hosts. Hosts= (a) 0.1CuNa-, (b) 0.01Cu
Na-, (¢) 0.001CuNa-, (d) 0.1CuH-, (e¢) 0.01CuH-, and Na-, (¢) 0.001CuNa-, (d) 0.1CuH-, (¢) 0.01CuH-, and
(f) 0.001CuH-EMT (£) 0.001CuH-EMT

DE%*RT, CuNa-EMT Tl F47 x4 h EF {
A7z v0hBE AR s h, CoBEFEORD &
R oOEERIEAS L7z LA LCUH-EMTT 254 @
EFRAEBRONhh o fee THEBH A 4 v DB, {
FIECY A AV RERBVTIRE VR B
WDERREINE, RVFZF 7207525 —HERK ©
Sh-RBODTAMS % Fig. 3173, A sn }
FFA 727 BIUTEF 7 2 v OBREEH R, 2
CuH-EMTiL G I -BE0 g <. CugdH
BOBA L LB ICSLIIEL ZAEMER L, [
BEBRIVAR 7 +— Vv 44 MAEL-Ya— 0 {
VCBWTHEBRE N [5] , BREEHOM LD
HAt o8 rrbneErons,
KKV FET2v s TR —DEFHEIZOW e —
TR L7, Fig. 4KV F AT 2 V259 —D Temperature /°C
UV-VISBRIXA R Z M VEFET, F4 7 = v 5% Fig. 3 DTA curves of thiophen / (a) 0.1CuNa-, (b)

) 0.01CuNa-, (c) 0.1CuH-, bithiophen / (d) 0.1CuNa-,
WAL L3R Ti, 420~450, 650~700 nmiZ  (e) 0.01CuNa-, (f) 0.1CuH-, and (g) 0.01CuH-EMT
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2Bk, FTIRTRETE 2 VWEED L) Tv—253t
FLTWwabDEtEZLND, EF 4+ 72 v 2ARE LT
AE TR, FA 72 VOBEORINICIE . RKRIEDE
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Fig. 5 ESR spectra of thiophen / (a) 0.1Cu
Na-, (b) 0.01CuNa-, (c) 0.1CuH-, bit-
hiophen / (d) 0.1CuNa-, (e) 0.01CuNa-, (f) 0.
1CuH-, and (g) 0.01CuH-EMT

(c)bipolaron

Fig. 6 Illustrations of electron states in
polythiophen
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AY—s 3B LED» o7 F47 2~ /0.1CuH-EMT, €5+ 7 =~ /0.1CuNa- & 0.01CuNa-EMT
Tidg= 1.98MERHMPICT VAN E B - B L . —h, €547 2> /0.1CuH-¢&

0.01CuH-EMTTidg= 198125 Y AN L BV E— 2 MBI L 7o BIBOHIH Y 7 FIVHEF DI,

R—ga RBO—BBEERL, N H—FaVRBIIELL L MIRENnD, BLEDOFHR, EF 4
72~ [/0.1CuH-& 0.01CuH-EMTCA SNz R YV F 47200 7 29 —DBFRBEIEIR -1
YIREETH Y, oRBCAREINbDRINM E-T O KB THL LM N D,

4. KR

Cu* 1+ v *EABEA L LTHY., Na-BLUH-EMTOKTFLEMTRYFF 720055 -4
Bk f7ve, EBRWE FHEL 72, FOMER, FAT7 2 VEQABLAE AR, BAMT 4 molll ko
Cu* 1 # v ###4£ ¥+ 50.1CuNa-, 0.01CuNa-, 0.1CuH-EMT T/ 4 #—F u v D EFHFiEL b2+ Y
FAT2V IR —DEEENI PP L, $AEFF 72 R A LB, BRI
2 COOICUH-EMTCHYY #4722 5 R —PBAF a3, 216 0EF H#HE130.1CuNa-,
0.01CuNa-EMTH Tiz /54 #— S vk T, 0.1CuH-. 0.01CuH-EMTH TixEIIR —F u / RKE
ThHT EHHBE L1,

B I3
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