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S Y N T H E S I S O F O L I G O - A N D P O L Y T H I O P H E N E S IN Z E O L I T E H O S T S 

Patr ic ia E N Z E L # and T h o m a s B E I N 

D e p a r t m e n t of Chemis t ry , P u r d u e Univers i ty , W e s t La faye t te , IN 4 7 9 0 7 , U S A 
# P r e s e n t A d d r e s s : L a s h Mi l le r C h e m i c a l L a b o r a t o r i e s , Un ivers i t y of T o r o n t o , 8 0 St . G e o r g e 
S t ree t , T o r o n t o , Ontar io , M 5 S 1 A 1 , C a n a d a 

A B S T R A C T 

O l i g o m e r s a n d p o l y m e r s of t h i o p h e n e de r i va t i ves w e r e s y n t h e s i z e d in t h e c h a n n e l s of 
z e o l i t e Y a n d m o r d e n i t e . I n t r a z e o l i t e o x i d a t i o n of m o n o m e r s s u c h a s t h i o p h e n e , 3 -
m e t h y l t h i o p h e n e , a n d b i t h i o p h e n e b y Fe ( l l l ) o r C u ( l l ) i ons resu l t s in f o r m a t i o n of i nso lub le 
p o l y m e r s tha t have s p e c t r o s c o p i c p rope r t i es s im i la r to t h e c o r r e s p o n d i n g bulk p o l y m e r s . T h e 
z e o l i t e s c o n t a i n i n g the p o l y m e r s a re n o n c o n d u c t i n g , but w h e n e x t r a c t e d f r o m t h e hos t , t h e 
p o l y m e r s s h o w d.c. conduct iv i t ies typ ica l for t h e bu lk mater ia ls . O l i go th iophene spec ies w i th we l l -
d e f i n e d e lec t ron ic t rans i t ions c o u l d be p r o d u c e d in ac id ic zeol i te Y . 

I N T R O D U C T I O N 

T h e synthes is of m o l e c u l e - b a s e d c o n d u c t i n g mater ia ls h a s a t t rac ted g r o w i n g interest d u e 

to the i r po tent ia l for app l ica t ions in mic roe lec t ron ics a n d electr ical c o m p o n e n t s s u c h as ba t te r i es . 1 

W o r k in th is laboratory has recent ly d e m o n s t r a t e d the encapsu la t i on of c o n j u g a t e d p o l y m e r s s u c h 

a s p o l y p y r r o l e , po lyan i l ine a n d p o l y t h i o p h e n e in t h e c rys ta l l ine c h a n n e l s y s t e m s of l a rge -pore 

z e o l i t e s . 2 P r e c u r s o r m o n o m e r s a re i n t r o d u c e d into t h e zeo l i t e hos t a n d a r e s u b s e q u e n t l y 

p o l y m e r i z e d by appropr ia te ox idan ts in the pore s y s t e m . 

O t h e r i n c l u s i o n t e c h n i q u e s , e . g . , g r o w t h o f p o l y m e r f i b e r s in m e m b r a n e s , 3 a n d 

i n t e r c a l a t i o n of p y r r o l e in l a y e r e d v a n a d i u m o x i d e 4 h a v e r e c e n t l y b e e n e x p l o r e d . 

M e t h y l a c e t y l e n e gas w a s f o u n d to react w i t h the ac id s i tes in zeo l i tes L, Y , b e t a , Z S M - 5 , o m e g a , 

m o r d e n i t e , a n d S A P O - 5 to f o r m reac t i ve , c o n j u g a t e d o l i g o m e r s ^ . S h o r t - c h a i n o l i g o m e r s of 

p o l y t h i o p h e n e w e r e p r e p a r e d in N a - p e n t a s i l z e o l i t e s 6 . In the lat ter s tudy it w a s f o u n d tha t the 

p r e s e n c e of a l u m i n u m in the zeo l i te f r a m e w o r k is essen t ia l fo r o x i d a t i o n , but the c a u s e for the 

f o r m a t i o n of the cat ion ic spec ies r e m a i n e d u n r e s o l v e d . 

T h e p r e s e n t ar t ic le a d d r e s s e s t h e p o l y m e r i z a t i o n of d i f f e r e n t t h i o p h e n e s a n d t h e 

q u e s t i o n of t he act ive si te in t h e f o r m a t i o n of o l i g o t h i o p h e n e s p e c i e s in l a r g e - p o r e zeo l i t es . 

S p e c t r o s c o p i c m e a s u r e m e n t s s h o w tha t t h e p r e s e n c e of B r o n s t e d s i tes is essen t i a l f o r the 

f o r m a t i o n of the s a m e o l igo th iophene spec ies as o b s e r v e d by C a s p a r et a l . in Z S M - 5 . 6 

In t h e c h e m i c a l s y n t h e s i s of p o l y t h i o p h e n e ( P T h ) 7 - 8 , t h e d i rec t o x i d a t i o n of t h e 

m o n o m e r s w i t h Fe(CI04>3 or C u ( C I 0 4 ) 2 , p r o d u c e s t h e c o r r e s p o n d i n g d o p e d p o l y m e r s . T h e 

p o l y m e r i z a t i o n reac t ion i nvo lves r e m o v a l of 2 .25 to 2 .50 e lec t rons pe r m o l e c u l e of t h i o p h e n e . 

T h e resu l t i ng p o l y m e r is p r o d u c e d in t h e o x i d i z e d s ta te w i t h 0 .25 to 0 .50 pos i t i ve c h a r g e s per 

t h i o p h e n e uni t , d e p e n d i n g o n the syn thes is c o n d i t i o n s . 
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E X P E R I M E N T A L 

N a Y ( L Z Y - 5 2 ) , N H 4 Y ( L Z Y - 6 2 ) , a n d N a - m o r d e n i t e (LZ -M5) w e r e g e n e r o u s l y d o n a t e d b y 

t h e U n i o n C a r b i d e C o r p o r a t i o n . Z e o l i t e A (5A) w a s o b t a i n e d f r o m A l f a . T h e z e o l i t e s w e r e 

d e h y d r a t e d in a f l ow of o x y g e n (1 ° C / m i n t o 100 ° C , 10 h at 100 ° C , a n d 8 h at 4 0 0 ° C (4 h u n d e r 

v a c u u m ) . F e 1 1 1 a n d C u , ! zeo l i t es w e r e p r e p a r e d a c c o r d i n g to c o n v e n t i o n a l i o n - e x c h a n g e a n d 

o x i d a t i o n t e c h n i q u e s 9 . T h e r e s u l t i n g z e o l i t e u n i t c e l l c o m p o s i t i o n s a r e : C u ^ Y : 

C u i 5 N a 2 6 ( A I 0 2 ) 5 6 ( S i 0 2 ) i 3 6 , F e m Y : F e i 2 N a 3 2 ( A I 0 2 ) 5 6 ( S i 0 2 ) i 3 6 , C u M M : 

CU2.5Na3(AIO2)8(SiO2)40. C u n A : C u 8 N a e o ( A I 0 2 ) 9 6 ( S i 0 2 ) l 9 2 -

2 ,2 ' -B i th iophene (BTh) a n d t e r t h i o p h e n e (TTh) w e r e i n t r o d u c e d into t h e zeo l i tes f r o m a 

h e x a n e so lu t ion . T h e zeol i tes u s e d w e r e N a Y , H2Y, ΗβΥ (2 a n d 6 p ro tons pe r s u p e r c a g e / ß - c a g e ) , 

a n d F e m Y . Typ ica l l y , 0.5 g of zeo l i te w a s m i x e d w i th 2 0 ml of h e x a n e c o n t a i n i n g 0.01 g of t h e 

o l i g o m e r (0 .06 m m o l 2 ,2 ' -b i th iophene , o r 0 .04 m m o l t e r t h i o p h e n e ) , s t i r red f o r 12 h o u r s , w a s h e d 

w i t h an e x c e s s of h e x a n e , a n d d r i ed u n d e r n i t rogen . T h e o t h e r m o n o m e r s w e r e i n t r o d u c e d into 

t h e zeo l i tes f r o m so lu t ions in w a t e r , c h l o r o f o r m , aceton i t r i le , h e x a n e , t o l u e n e , o r f r o m t h e v a p o r -

p h a s e . Bulk- l ike p o l y m e r s c o u l d be r e c o v e r e d f r o m the zeo l i tes af ter d i sso lu t ion of t h e f r a m e w o r k 

w i t h a 2 5 % a q u e o u s s o l u t i o n of H F . P o l y t h i o p h e n e a n d p o l y ( 3 - m e t h y l t h i o p h e n e ) a r e no t 

a t t a c k e d in ac id ic m e d i a 1 4 . Add i t i ona l l y , a b lank e x p e r i m e n t s h o w s tha t t h e m o n o m e r s d o not 

p o l y m e r i z e a f te r e x p o s u r e to ac ids fo r 2 4 h o u r s . Bu lk p o l y m e r s w e r e p r e p a r e d c h e m i c a l l y b y 

ox idat ive po lymer iza t ion w i th F e ( C I 0 4 ) 3 in M e C N . 

R E S U L T S A N D D I S C U S S I O N 

I n t r a z e o l i t e p o l y m e r i z a t i o n . If t h i o p h e n e m o n o m e r s are a d m i t t e d into t h e F e m o r C u " f o r m s 

of zeo l i tes Y o r m o r d e n i t e f r o m the v a p o r p h a s e o r f r o m h e x a n e a n d t o l u e n e so lu t ions (Tab le 1) , 

t h e co lo rs of t h e resu l tan t a d d u c t s c h a n g e s low ly (w i th in 3 0 - 1 2 0 m in ) f r o m w h i t e to d i f fe ren t 

s h a d e s of b lue o r d a r k g r e e n . T h e s e c o l o r c h a n g e s c o r r e s p o n d to t h o s e o b s e r v e d in bu lk 

po lymer i za t ion . T h i o p h e n e m o n o m e r s in zeo l i te con ta in ing on ly s o d i u m ions d o not react to f o r m 

p o l y m e r s , d u e to t h e a b s e n c e of ox ida t ion cen te rs . 

No p o l y m e r f o rma t ion is o b s e r v e d w i th C u M A , w i t h a pore s ize of 4 .1 Ä , w h i c h is t o o sma l l 

fo r the t h i o p h e n e m o n o m e r s . T h e m o n o m e r s have a k inet ic d i a m e t e r of a p p r o x i m a t e l y 6 Ä a n d 

c a n not d i f fuse in to the zeo l i te cav i t i es , w h e r e t h e major i t y of t h e o x i d a n t ions a re l o c a t e d . In 

con t ras t to t r e n d s o b s e r v e d in t h e bu lk p o l y m e r i z a t i o n reac t ions , po la r s o l v e n t s s u c h a s wa te r , 

ace ton i t r i l e , a n d c h l o r o f o r m d o not f a v o r t h e in t razeo l i te p o l y m e r i z a t i o n of t h i o p h e n e a n d 3-

m e t h y l t h i o p h e n e . T h e in t razeo l i t e m e t a l i ons a re p r o b a b l y s c r e e n e d b y t h e p o l a r s o l v e n t 

mo lecu les . F r o m the es t ima ted sur face capac i t y of the zeol i te c rys ta ls , 0.2 m o l e c u l e s pe r unit ce l l 

of zeol i te Y ( b a s e d o n 1 μητι c rys ta ls ) , a n d the o b s e r v e d m o n o m e r l oad ings (Tab le 1) , it c a n b e 

c o n c l u d e d that m o s t of the m o n o m e r mo lecu les are in t roduced into the po re s y s t e m of t h e zeol i te 
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hos t . S c a n n i n g e lec t ron m i c r o g r a p h s ind icate no ev idence of p o l y m e r c o v e r i n g t h e s u r f a c e s of 

z e o l i t e / p o l y m e r c r y s t a l s . P y r o l y s i s m a s s s p e c t r o m e t r y d e t e c t s c o n s i d e r a b l y l e s s m o n o m e r 

evo lu t i on f r o m t h e z e o l i t e / p o l y m e r s a m p l e s t h a n f r o m t h o s e c o n t a i n i n g u n r e a c t e d m o n o m e r s in 

t h e N a - f o r m s , a s e x p e c t e d if p o l y m e r i z a t i o n h a s t a k e n p l a c e . T h e a b o v e o b s e r v a t i o n s 

d e m o n s t r a t e tha t t h e po ly th iophene c h a i n s f o r m wi th in the zeol i te p o r e s y s t e m s . 

Af ter d isso lu t ion of the f r a m e w o r k ( C u " Y - 3 M T h - V ) w i th a n a q u e o u s so lu t ion of H F , a b lack 

p o w d e r is o b t a i n e d w i th a 16 % y ie ld , b a s e d o n the amoun t of m o n o m e r l oaded into the zeo l i te . In 

the c a s e of C u ^ Y - S M T h - V , th is va lue c o r r e s p o n d s to 5 m o l e c u l e s of 3 - m e t h y l t h i o p h e n e r e a c t e d 

p e r un i t ce l l o f zeo l i t e , w h i c h c o r r e s p o n d s w e l l to the 2.3 to 1 ra t io of o x i d a n t to m o n o m e r 

n e c e s s a r y fo r ox ida t i ve po lymer iza t ion . 

T a b l e 1 : Z e o l i t e / t h i o p h e n e a n d 3 - m e t h y l t h i o p h e n e s a m p l e s 

Sample Monomer b a d e d per unit cell P r o d u c t co lo r 

T h a 3 M T h a 

3 7 3 0 . 5 w h i t e 
5.6 (6 .5) * 5.6 (6.5)* w h i t e 

3 5 3 2 da rk b lue 
5.6 (6 .5 ) * 5.6 (6 .5)* w h i t e 
5.4 (6 .5)* 5.7 (6.5)* d a r k b lue 

2 9 2 5 da rk g r e e n 
2 2 w h i t e 
1 ( 1 ) * 1 ( 1 ) * w h i t e 

1.5 1 b l u e - g r e y 
1 ( 1 ) * 1 ( 1 ) * w h i t e 
1 ( 1 ) * 1 ( 1 ) * b l u e 
1 1 g r e y - g r e e n 

0 .2 l ight b l u e 

N a Y - V 
N a Y - H 
C u H Y - V 
C u n Y - - W 
C u u Y - H 
F e m Y » V 
N a M « V 
N a M ~ H 
CUNm-V 
C U I ! M ~ W 
C u " M ~ H 
F e n M - - V 
C u n A - - V 

a A b b r e v i a t i o n s : Y , zeo l i te Υ ; M, m o r d e n i t e ; T h , t h i o p h e n e ; 3 M T h , 3 - m e t h y l t h i o p h e n e ; V , v a p o r ; 
H, h e x a n e (similar w i th to luene) ; a n d W, w a t e r (similar w i th acetonitr i le, ch lo ro fo rm) . 
* T h e n u m b e r s in p a r e n t h e s e s c o r r e s p o n d to t h e a m o u n t of m o n o m e r s d o s e d f r o m s o l u t i o n t o 
a c h i e v e 2.3:1 ox idan t to m o n o m e r s to ich iomet ry . 

S p e c t r o s c o p i c c h a r a c t e r i z a t i o n . T h e IR s p e c t r a of F e m Y - 3 M T h - V a n d of C u n Y - 3 M T h - V 2 b 

s h o w typ ica l v ib ra t ions of p o l y ( 3 - m e t h y l t h i o p h e n e ) 1 0 « 1 1 . T h e w e a k b a n d at 1506 c m " 1 is a s s i g n e d 

to a r o m a t i c C = C s t re t ch ing v ib ra t ions , a n d t w o s t rong b a n d s a r o u n d 1 4 0 0 , a n d 1331 c m " 1 a r e 

re la ted to the he te rocyc le C-N s t re tch ing v ibra t ions (Figure 1). T h e p r e s e n c e of the in tense , fa i r ly 

b r o a d b a n d s at 1400 a n d 1331 c m " 1 ind icates that the po lymer cha ins a re in the ox id ized f o r m . At 

h ighe r e n e r g y (not s h o w n ) , the spec t ra a lso exhibi t a character is t ic ta i l of t he e lec t ron ic t rans i t i on 

c o r r e l a t e d w i t h t h e p r e s e n c e of f r e e ca r r ie rs in h igh ly c o n d u c t i n g p o l y t h i o p h e n e s 1 2 . T h e IR 

s p e c t r a of t h e b l a c k a g g l o m e r a t e d p r o d u c t s e x t r a c t e d f r o m t h e z e o l i t e s a n d t h o s e o f t h e 
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zeo l i t e /po l y th iophene s a m p l e s a re c o m p a r a b l e to the IR spec t ra of c h e m i c a l l y s y n t h e s i z e d bu lk 

mater ia ls . 

N e u t r a l p o l y ( 3 - m e t h y l t h i o p h e n e ) ( a n d p o l y t h i o p h e n e ) f i l m s f o r m e d e l e c t r o c h e m i c a l l y 

s h o w abso rp t i on in the v is ib le reg ion at about 2.5 eV , assoc ia ted w i th t h e π -> π* t rans i t ion of long 

c o n j u g a t e d p o l y m e r c h a i n s 1 3 - 1 4 . W h e n t h e bulk p o l y m e r is o x i d i z e d , t w o in t ra -gap a b s o r p t i o n s 

a s s o c i a t e d w i t h b ipo la rons d e v e l o p at abou t 0.65 a n d 1.6 eV. Wi th p rog ress ive ox ida t ion , t he 2.5 

e V a b s o r p t i o n d e c r e a s e s in in tens i ty . A r e p r e s e n t a t i v e zeo l i te s a m p l e , C u ^ Y - T h - V , s h o w s 

c o r r e s p o n d i n g f e a t u r e s at abou t 4 4 0 n m (ca . 2.8 e V ) , 6 7 0 n m (1 .9 e V ) , a n d a b r o a d a b s o r p t i o n 

b e t w e e n c a . 1.4 a n d 0 .25 e V (see a lso F igure 2 C ) . S imi la r f ea tu res a re o b s e r v e d w i t h t h e F e 1 1 1 -

c o n t a i n i n g h o s t s a n d w i t h 3 M P T h - l o a d e d zeo l i tes . If t h e N I R a b s o r p t i o n of t h e s e s a m p l e s is 

c o m p a r e d w i t h d a t a f o r t h i o p h e n e n o n a m e r s ( 9 2 + ) 6 , it c a n b e c o n c l u d e d tha t t h e in t razeo l i te 

p o l y m e r c h a i n s s h o u l d be m u c h longer t h a n 10 uni ts . 

Wove1ongth(um) 

J I I I I I I I I I I I I 

1800 1600 1400 1200 1000 800 600 
Wavonumbore 

F i g u r e 1 . FT IR spec t ra of po ly (3 -methy l th iophene) s a m p l e s . (A) N a Y , (B) F e m Y - 3 M T h - V , (C) 

Ο υ ' Ύ ^ Μ Τ η - ν , a n d (D) bu lk po ly (3 -methy l th iophene) . 
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T h e E S R s p e c t r a of t he C u ^ - P T h s a m p l e s p resen t s igna ls at g = 2 . 0 0 2 7 . Th is v a l u e is 

t yp i ca l o f a d e l o c a l i z e d c a r b o n - b a s e d r a d i c a l 1 5 . T h e s ignals are ra ther b r o a d , w i t h b a n d w i d t h s 

g rea te r t h a n 6 G a u s s , character is t ic of local ized radical sp ins a n d a n ind icat ion of in teract ion of t he 

e n c a p s u l a t e d p o l y m e r w i t h the zeo l i te hos ts . T h e p r e s e n c e of on ly a b o u t 2 .0 χ 1 0 " 3 sp ins p e r 

m o n o m e r is c o n s i s t e n t w i t h t h e e x i s t e n c e of b i p o l a r o n s a s c h a r g e c a r r i e r s . P r e s s e d 

z e o l i t e / p o l y m e r pe l le ts s h o w no s ign i f icant 'bulk ' conduc t iv i t y , w i t h σ < 1 0 " 8 S e m " 1 . T h e r e f o r e , 

t h e r e is n o s ign i f i can t d e p o s i t i o n of p o l y m e r o n the ex te rna l c rys ta l s u r f a c e s . A g g l o m e r a t e d 

P 3 M T h r e c o v e r e d f r o m C u ^ Y - S M T h - V af ter d isso lu t ion of the host s h o w s a conduc t i v i t y of abou t 

0.01 S e r n " 1 . T h i s v a l u e is c l o s e to tha t o b t a i n e d fo r p o l y ( 3 - m e t h y l t h i o p h e n e ) s y n t h e s i z e d by 

c h e m i c a l m e t h o d s . 

S t a b i l i z a t i o n o f t h i o p h e n e o l i g o m e r s w i t h i n z e o l i t e s . In a r e c e n t s t u d y , t h i o p h e n e 

o l i g o m e r s w e r e f o r m e d w i th in the c h a n n e l s of zeol i te be ta a n d N a - Z S M - 5 6 . C h a r g e d shor t - cha in 

o l i g o m e r s a re inheren t ly reac t ive s p e c i e s , a n d in t h e par t icu lar c a s e of p o l y t h i o p h e n e , o x i d i z e d 

o l i g o m e r s are uns tab le w i t h respect to fu r ther o l igomer iza t ion in so lu t ion . T h u s , t h e zeol i te is a n 

exce l l en t mat r ix to s tab i l i ze t h e m . O n e of t h e ques t i ons that the a b o v e s t u d y d i d not a d d r e s s 

re la tes to t h e n a t u r e of t h e reac t ive s i tes a n d the react ion m e c h a n i s m in t h e zeo l i te , s i nce t h e 

o l i g o m e r s w e r e f o r m e d wi thout any t radi t ional ox idant , such as ferr ic o r cupr ic ions . 

A r e l a t e d p o l y h e t e r o c y c l e , p o l y p y r r o l e , is k n o w n to f o r m in t h e p r e s e n c e of p r o t o n i c 

a c i d s 1 6 . A c c o r d i n g l y , o n e m igh t a s s u m e tha t the f o r m a t i o n of p o l y t h i o p h e n e c o u l d p r o c e e d 

t h r o u g h t h e s a m e m e c h a n i s m as in po lypyr ro le . W e p ropose that t h e p r e s e n c e of ac id g r o u p s in 

t h e zeo l i t e is respons ib le for the f o r m a t i o n of the t h iophene o l i g o m e r s . T o tes t th is a s s u m p t i o n , 

shor t o l i g o m e r s of t h i o p h e n e (Th ) , b i th iophene (BTh) a n d te r th iophene ( T T h ) , w e r e l o a d e d f r o m 

h e x a n e into t h e ac id a n d F e m f o r m s of zeol i te Y. Dif ferent concen t ra t i ons o f p r o t o n s pe r uni t cel l 

of z e o l i t e Y , H - | 6 N a 4 o Y (H2Y) a n d F U s N a e Y (ΗβΥ) w e r e u s e d t o s t u d y t h e e f fec t of p r o t o n 

s to i ch iomet ry o n the p roduc ts f o r m e d . Af ter a f e w minutes a c h a n g e in co lo r w a s not iceab le in the 

z e o l i t e s , but to d r i ve the reac t ion to c o m p l e t i o n , it w a s c o n t i n u e d f o r 12 h o u r s . N a Y - m o n o m e r 

a d d u c t s p r o d u c e d on ly minor but de tec tab le spect ra l c h a n g e s . 

H 2 Y a n d H e Y zeol i tes l oaded w i t h b i th iophene y ie ld a y e l l o w - g r e e n c o m p l e x . T h e s a m e 

z e o l i t e s l o a d e d w i t h t e r t h i o p h e n e p r o d u c e a n in tense purp le c o m p l e x . T h e s e c o l o r s a re ve ry 

d i f f e r e n t f r o m t h e g r e e n - b l a c k c o l o r o b t a i n e d w h e n t h i o p h e n e , b i t h i o p h e n e , o r t e r t h i o p h e n e 

w e r e l o a d e d in F e ' ^ Y , w h e r e po lymer i za t ion to po ly th iophene takes p l a c e . T h e m a i n f e a t u r e s of 

t h e U V / V I S / N I R re f lec tance spec t ra (F igure 2) a n d their a s s i g n m e n t s to d i f fe rent o l i gomer ca t ions 

a c c o r d i n g to ref. [6] are s u m m a r i z e d in T a b l e 3. It is not qui te c l ea r if t he s p e c i e s o b s e r v e d here 

a re rad ica l ca t ions , d ica t ions , o r rather p r o t o n a t e d heterocyc les . R e l a t e d s t u d i e s 1 7 o n t h e s e a n d 

o t h e r m o n o m e r s sugges t the fo rmat ion of p ro tona ted spec ies . 
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C 

π 1 1 1 1 1 — 
400 600 800 1000 1200 1400 nm 

F i g u r e 2. UV/VIS/NIR ref lectance spect ra of th iophene ol igomers in acid zeoli tes. 
(A) H6Y-TTh-H, (B) H6Y-BTh-H, and (C) Fe( l l l )Y-BTh-H. 
T h e feature at 850 nm is an artifact due to change of detectors. 
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T a b l e 3: U V / V I S / N I R b a n d s for t h i o p h e n e o l i gomers in zeol i te Y a 

S a m p l e B a n d P o s i t i o n s ( n m ) a n d A s s i g n m e n t s (a f te r r e f e r e n c e 6, in p a r e n t h e s e s ) 

F e m Y - T h - H 4 7 0 s h b road N IR b a n d 
π - π * i n n e u t r a l P T h o x i d i z e d P T h 

N a Y - B T h - H 3 0 8 s 4 0 2 s h 6 7 8 w 

2 ( 3 0 0 ) 2 o + ( 4 0 7 ) 8 2 + ( 6 6 1 ) 
H 2 Y - B T h - H 3 0 8 s 4 0 8 s 668S 1 2 7 4 b r o a d 

2 2°+ 8 2 + 8 2 + . . . ( 1 3 8 3 ) 
H 6 Y - B T h - H 3 0 8 s 4 0 8 s 6 6 8 s 1 3 0 0 b r o a d 

2 2°+ 82 + 8 2 + . . . 

F e m Y - B T h - H b road N IR b a n d 
o x i d i z e d P T h 

NaY-TTh-H 3 7 0 s 
3 (354) 

5 2 8 s h 
3 ° + ( 5 2 2 ) 

H 2 Y - T T h - H 3 6 0 s 5 3 2 s 7 8 8 s b road NIR b a n d 

3 30+ 6 ° + ( 7 7 5 ) o x i d i z e d P T h 
H 6 Y - T T h - H 3 6 0 s 528S 8 0 4 s 1024 + b r o a d NIR 

3 3°+ 6 °+ o r 3 2 + ( 8 3 3 ) 6 2 + + o x . P T h 

F e ^ Y - T T h - H b road NIR b a n d 
o x i d i z e d P T h 

a 2, neu t ra l b i t h i o p h e n e ; 2 + , b i t h iophene radica l c a t i o n ; 3, neut ra l t e r t h i o p h e n e ; 3 + , t e r t h i o p h e n e 
rad ica l c a t i o n ; 6 + , h e x a t h i o p h e n e rad ica l ca t ion ; 6 2 + , h e x a t h i o p h e n e d i ca t i on ; 8 2 + , o c t a t h i o p h e n e 
d ica t ion . H, h e x a n e ; s h , shou lder ; s, s t rong ; a n d w , w e a k . 

T h e s t rong b a n d s at abou t 3 0 8 n m for t h e b i th iophene l o a d e d zeo l i tes a n d at 3 6 0 n m fo r 

the t e r t h i o p h e n e l o a d e d zeo l i tes c o r r e s p o n d to the b a n d g a p t rans i t i on in the neut ra l o l i g o m e r 6 . 

In t h e s p e c t r a of N a Y zeo l i t es l o a d e d w i t h t h e s e m o n o m e r s , t h e a b o v e b a n d s a re d o m i n a n t . 

D is t inc t ive b a n d s at l ower e n e r g i e s , on ly p resent in the ac id zeo l i tes , a re tenta t ive ly a s s i g n e d to 

rad ica l c a t i o n s a n d d ica t ions t yp ica l of the t h i o p h e n e o l i g o m e r s . B i th iophene c a n f o r m a s t a b l e 

radical ca t i on , 2 , + , in ac id zeol i tes as s h o w n by the b a n d at 4 0 8 n m . Addi t ional ly , t w o bands at 6 6 8 

n m a n d at about 1300 n m , a s s i g n e d to the o c t a m e r d icat ion 8 2 + , are present in the spec t ra (F igure 

2, B ) . For t e r t h i o p h e n e , a b a n d at 5 2 8 n m ass igned to the rad ica l c a t i o n 3 * + , a n d a b a n d a r o u n d 

8 0 0 n m re la ted to the h e x a m e r 6 * + a re o b s e r v e d (F igure 2 , A ) . T h e s p e c t r a of F e m Y - B T h a n d 

F e ^ Y - T T h are ve ry s imi lar to the s p e c t r u m of F e ^ Y - T h , in w h i c h the ma in spect ra l character is t ic is 

a b r o a d a b s o r p t i o n b a n d e x t e n d i n g into t h e n e a r - I R , a s s i g n e d to t h e o x i d i z e d f o r m of 

p o l y t h i o p h e n e (F igure 2 , C ) . It is impor tant to no te that the s p e c t r a of t he a d d u c t s in ac id zeo l i te 

s h o w a lso the b r o a d near IR abso rp t i on typ ica l fo r the po l yme r , w h i c h ind ica tes t h e c o n c o m i t a n t 

f o r m a t i o n of o l i gomers a n d p o l y m e r s in the zeo l i tes . 

T h e d is t inc t i ve b a n d s re la ted to rad ica l c a t i o n s a n d d i c a t i o n s of sho r t o l i g o m e r s of 

t h i o p h e n e in zeo l i t es are o n l y o b s e r v e d in t h e p r e s e n c e of p r o t o n s . T h e s e resu l ts c a n a l s o 

exp la in t h e f o r m a t i o n of t he s a m e s p e c i e s in N a - Z S M - 5 s ince th is zeo l i te c a n c o n t a i n a s m a l l 
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a m o u n t of p ro tons as w e l l . H o w e v e r , t h e react iv i ty of t h e t h i o p h e n e s p e c i e s in p r o t o n vs . F e m 

zeol i te f o r m s is sti l l not c o m p l e t e l y u n d e r s t o o d . If a s t rong ox idan t ion is p resen t in the zeo l i t e , 

s u c h as F e 1 " , t h e o x i d a t i o n is d r i v e n to c o m p l e t i o n f o r m i n g o x i d i z e d p o l y m e r s . T h e r e a c t i o n 

p a t h w a y is apparent ly a f u n c t i o n of the ox idat ion potent ia l of t he ox idant . 

C O N C L U S I O N S 

In s u m m a r y , th is s t u d y d e m o n s t r a t e s that it is poss ib le to p o l y m e r i z e t h i o p h e n e , 3 -

me thy l th iophene , a n d s m a l l o l i g o m e r s w i th in the c h a n n e l s y s t e m s of zeo l i tes , a n a l o g o u s to t h e 

ox ida t i ve c o u p l i n g of t h i o p h e n e a n d 3 - m e t h y l t h i o p h e n e in so lu t ion in the p r e s e n c e of C u " a n d 

F e ' " o x i d a n t s . O l i g o m e r i z a t i o n a n d po l ymer i za t i on reac t i ons p r o c e e d to d i f fe ren t d e g r e e s in 

acidic and ox idan t -con ta in ing zeo l i tes . 

A C K N O W L E D G E M E N T S 

T h e au tho rs thank Dr. F ranco is B e u n e u (Ecole Po ly techn ique , Par is) fo r tak ing the E S R 

spect ra . Partial fund ing for th is w o r k f r o m Sprague Electr ic C o m p a n y is apprec ia ted . 

R E F E R E N C E S 

1 Proceed ings of t he In ternat iona l Con fe rence o n Sc ience a n d T e c h n o l o g y of Synthet ic 
Meta ls , I C S M '88 a n d '90 ; S y n t h . Meta ls , 28 (1-3) a n d 29 (1) (1988) , a n d S y n t h . Meta ls , 
4 1 - 4 3 ( 1 9 9 1 ) . 

2 (a) P. Enze l , T. B e i n , J . Phys . C h e m . , 93 , 6 2 7 0 (1989) . (b) P. Enze l , T . Be in , J . C h e m . 
S o c , C h e m . C o m m u n . , 1326 (1989) . (c) T. Be in , P. Enze l , A n g e w . C h e m . , Int. Ed . Eng l . , 
2 8 , 1 6 9 2 (1989) . (e) T . Be in , P. Enze l , F. B e u n e u , L. Zupp i ro l i , A C S Adv . C h e m . Ser. , 
N o . 2 2 6 , p. 4 3 3 ( 1 9 9 0 ) . 

3 Z. C a i , a n d C. R. Mar t i n , J . A m . C h e m . S o c , 1 1 1 , 4 1 3 8 (1989) . 
4 M. G. Kanatz id is , C . -G. W u , H. O. Marcy, and C. R. Kannewur f , J . A m . C h e m . S o c , 

1 1 1 , 4 1 3 9 ( 1 9 8 9 ) . 
5 S. D. C o x , a n d G . D. S tucky , J . Phys . C h e m . , 9 5 , 710 (1991) . 
6 J . V . Caspar , V. R a m a m u r t h y , a n d D. R. Corb in , J . A m . C h e m . S o c , 113, 600 (1991) . 
7 N. Mermi l l i od -Theven in , a n d G . B idan , Mol . Cryst . L iq . Cryst . , 118 , 2 2 7 (1985) . 
8 Μ. B. Inoue , E. F. V e l a z q u e z , a n d M. Inoue, S y n t h . Meta ls , 2 4 , 2 2 3 (1988) . 
9 J . R. Pearce , W. J . Mort ier , J . B. Uy t te rhoeven, a n d J . H. Luns fo rd , J . C h e m . S o c , 

Faraday T rans . 1 , 7 7 , 9 3 7 (1981) . 
1 0 H. Neugebauer , G. Nauer , A. Necke l , G. Tour i l lon, F. Gamie r , a n d P. Lang , J . Phys. 

C h e m . , 8 8 , 6 5 2 ( 1 9 8 4 ) . 
1 1 J . E. O s t e r h o l m , P. Sun i la , a n d T . Hjer tberg, S y n t h . Meta ls , 1 8 , 1 6 9 (1987) . 
1 2 S. Ho t ta , W . S h i m o t s u m a , a n d M. Take tan i , S y n t h . Meta ls , 10, 8 5 (1984 /5 ) . 
1 3 G. D ian , G . Barbey , a n d B. Decro ix , Syn th . Meta ls , 24 , 223 (1988) . 
1 4 N. Co laner i , Μ. N o w a k , D. Sp iege l , S . Hot ta , A. J . Heeger , Phys . Rev. B, 3 6 , 7 9 6 4 

( 1 9 8 7 ) . 
1 5 D. P. Mur ray , L. D. K isper t , a n d S.Petrovic, S y n t h . Meta ls , 28 , C 2 6 9 (1989) . 
1 6 M. S a l m o n , Κ. K. K a n a z a w a , A. F. Diaz, and M. Krounb i , J . Po lym. Sei. , Po lym. Lett. Ed . , 

2 0 , 187 ( 1 9 8 2 ) . 
1 7 R. J . G o r t e , pe rsona l c o m m u n i c a t i o n . 


