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re-Conjugated polymers are the subject of 
recent interest. 1 On the other hand, macro
cyclic ligands such as crown ethers and cyclams 
have received strong attentions2 and elec
trochemical behaviors of their metal complexes 
have been reported. However, re-conjugated 
electrically conducting polymers having macro
cyclic ligand unit(s) have been paid much less 
attention. 

We now report synthesis of a new type of 
poly(thiophene-2,5-diyl) having a crown ethe
real subunit as well as its unique doping
undoping behavior presumably due to a strong 
interaction of cationic dopants with the sub
unit. 
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The above polymer, poly(3,6,9,12,15-pen
taoxa-19-thiabicyclo[l5.3.0]-eicosa-l (20), l 7-
diene-18,20-diyl) (abbreviated as PCT5, cf eq 
1) was prepared according to dehalogenation 
polycondensation of the corresponding mono
mer, 18,20-dichloro-3,6,9, 12, l 5-pentaoxa-19-

thiabicyclo[l 5.3.0]-eicosa-1(20), 17-diene (ab
breviated as 2,5-Cli-CT5) 3 using nickel(0) 
complex.4 Stirring 1.11 g (3.00 mmol) of 
2,5-Cl2-CT5 with a mixture of 1.10 g (4.00 
mmol) of bis( 1,5-cyclooctadiene )nickel (Ni
( cod)i), 0.3 cm3 of 1,5-cyclooctadiene and 
0.624 g (4.00 mmol) of 2,2'-bipyridine (bpy) in 
30cm3 of N,N-dimethylformamide for 48 hat 
about 60°C afforded a dark-brown solution. 
The reaction mixture was poured into methanol 
(500cm3) and stirred for 1 h. The solvent was 
evaporated to dryness, and the residual mass 
was dissolved in chloroform. The solution was 
washed with dilute HCl, aqueous solution of 
ethylenediaminetetraaceticacid, aqueous am
monia, dilute HCl, and distilled water, suc
cessively. After removal of the solvent, the 
residue was dried under vacuum. Light brown 
powder of PCT5 was obtained in good yield 
(86%). 

The polymer was characterized by micro
analysis and spectroscopic data: Found: C, 
55.43%; H, 6.79%; Cl, 0.00%. Calcd for 
PCT5 (C14H 200 5S). (300.4).: C, 56.00%; H, 
6.67%; Cl, 0.00%. 

1H NMR (CDC1 3): b=3.67 (8H; OCH 2-
-----------·------------------------ - ------

t To whom all correspondences should be addressed. 
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CH2O), 3.74 (8H; OCH2CH2O) and 4.63 (4H; 
CH2 attached to thiophene ring). The 1 H NMR 
pattern of PCT5 is essentially the same as that 
of the monomer (2,5-Cli-CT5). 3 IR (KBr): 
2860 (vc-H); 1460 (skeletal) and IIO0cm- 1 

(vc-o-c)-
The obtained PCT5 is readily soluble in most 

of the organic solvents such as chloroform, 
benzene, and acetonitrile. PCT5 has large Mw 
(weight-average molecular weight) value of 
7.4 x 105 ( degree of polymerization= 2460) as 
determined by the light scattering method in 
benzene. 

The Amax value of the n-n* absorption band 
of PCT5 (Amax= 332 nm) is comparable to 
that of poly(3,4-dimethylthiophene) (),max= 
340 nm), 5 however, it is considerably different 
from those of polythiophene (abbreviated as 
PTh) (},max= ca. 450 nm), poly(3-alkylthio
phene) (PRTh) (Amax=380---400nm), 1 · 3 •4 and 
poly(3,4-dimethoxythiophene) (PDMeOTh) 
(Amax=470nm), 6 indicating that PCT5 has a 
shorter effective n-conjugation system than 
PTh, PRTh, and PDMeOTh due to the steric 
hindrance of the bulky crown ethereal subunit. 
The n-n* absorption peak of PCT5 lies 
between those of bithiophene o.:-2T (),max= 
302 nm) and terthiophene o.:-3T (Amax= 355 
nm), 7 suggesting PCT5 has an effective con
jugation length comparable to that of o.:-2T 
and o.:-3T. PCT5 takes a random-coil structure 
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Figure 1. Cyclic voltammograms of PCT5 in 0.1 M 
NaCIO4 /CH 3CN: (a) sweep range= -2.4 V + l.0V; (b) 
sweep range= - 1.0 V + 1.0 V. PCT5, 0.05 M of mono
mer units; scan rate, 50mV · s- 1; WE (working electrode), 
Pt wire; CE ( counter electrode), Pt plate. 
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in benzene as revealed by its degree of 
depolarization, 8 Pv = 0. 

Figure I shows cyclic voltammogram (CV 
curve) of PCT5 in an acetonitrile solution of 
NaC1O4 . 9 As shown in Figure la, then-doping 
of PCT5 occurs at reducing potential compar
able to that (ca. -2.45V vs. Ag/Ag+) of 
PRTh. 10 In the case of PRTh, its n-undoping 
takes place near the doping potential (undop
ing potential=ca. -2.05V vs. Ag/Ag+). 10 

However, in contrast to PRTh, the undoping 
of PCT5 requires much higher potential as 
about 0.3 V vs. Ag/Ag+ due to a strong in
teraction of Na+ dopant with the crown 
ethereal subunit. 

or -2.2 V -+0.3 V 

0°0 f Na• I 

... R .. 
s 

(2) 

A-: anion 

In the course of undoping, the Na+ dopant 
may come out from the polymer (the upper 
undoped state) or anion A - may come into the 
polymer (the lower undoped state) due to the 
strong interaction of Na+ with the crown 
ethereal unit. These two types of n-doping 
processes are presumably overlapped to give 
the undoping electric current shown in Figure 
la. Although some polythiophenes with 
ethereal alkoxy substituents also exhibit large 
difference (I doping potential - undoping po
tential I= ca. 1.6 V) between the n-doping 
potential and n-undoping potential, which is 
also accounted for by the interaction of cati
onic dopant with the etheral oxygen, 11 such a 
large potential difference as 2.5 V has no 
precedent. Such high stability of the n-doped 
state up to 0.3 V vs. Ag/Ag+ (or about 0.65 V 
vs. SCE and about 0.9 V vs. NHE) has no 
precedent, either. When CV measurement of 
PCT5 is carried out only in an oxidation range 
(Figure lb), the CV shows p-doping peak(s) 
usually observed for PTh's though the p-
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Figure 2. Cyclic voltammograms of PCT5 in 0.1 M 
Et4 NCI04 /CH 3 CN: (a) sweep range= -2.7V- +O.SV; 
(b) sweep range=-l.5V-+0.5V. PCT5, 0.05M of 
monomer units; scan rate, 50 m V · s - 1; WE, Pt wire; CE, 
Pt plate. 

undoping process is obscured. However, after 
the electrochemical n-doping is carried out, no 
clear p-doping peak is observed presumably 
due to overlapping with the n-undoping peak 
or great change of the electrochemical property 
of PCT5 afrer the n-doping. 

Use of [Et4N][Cl04 ] as the electrolyte also 
gives the large difference between the n-doping 
and n-undoping potentials as shown in Figure 
2a. However, the n-doping and n-undoping 
potentials are somewhat shifted from those 
observed for the system using NaC104 , and the 
p-doping and p-undoping peaks are obviously 
observed in this case, suggesting a somewhat 
different mode of interaction of the Et4 N+ 
cation with the crown ethereal subunit. 

Chemical Na-doping of PCT5 with metallic 
sodium in tetrahydrofuran by vigorous stir
ring affords brown Na-doped powdery PCT5, 
which has electrical conductivity of 2 x 10- 4 

S · cm - 1 . The IR spectrum of the Na-doped 
PCT5 indicates weakening of the C-0-C 
vibration band at 1100 cm - 1 and appearance 
of a strong new band at about 1450 cm - 1 which 
is considered to originate from the Na+ -
coordinated crown ethereal subunit and/or 
skeletal vibration of n-doped thiophene ring. 4 r 

Treatment of the Na-doped PCT5 with dil. HCI 
gives undoped light brown PCT5, whose IR is 
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identical to that of original PCT5 indicating 
that Na-doping does not cause chemical change 
involving cleavage of covalent bond. 

Due to the high stability of the Na-doped 
PCT5 as shown in Figure la, the chemical 
Na-doped PCT5 has good chemical stability 
under dry air at room temperature. No obvi
ous color change of the brown chemically 
Na-doped PCT5 to light brown original PCT5 
was observed even after 1 month, and further
more, the electrical conductivity as well as IR 
spectrum of the Na-doped sample did not 
vary after 1 month. This is in sharp con
trast to general high instability of Na-doped or 
n-doped n-conjugated polymers under air, 1 •3 

usual n-doped polymers are undoped in few 
seconds when exposed to air although the 
polythiophenes with ethereal alkoxy sub
stituents 11 also show some stability for several 
minutes under air. Iodine doping of PCT5 
(saturation doping) at room temperature gives 
a semiconducting material with conductivity of 
1.5x 10- 3s-cm- 1 . 

As described above, the new type of 
polythiophene having crown ethereal subunit 
has unique doping-undoping behavior and 
stable n-doped state, and these types of con
ducting polymers with such a crown ethereal 
subunit will show interesting electrochemical 
behaviors related to ion recognition by the 
subunit. 
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