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Pyrrole can be easily polymerized to produce
polypyrrole by using an AlCl3—Cu01—02 cayalytic system.
The yield of polypyrrole was very high and more than 600%
based on the amount of CuCl used. The conductivity of the
pressed polypyrrole was 1072 s em™ 1.

Polypyrrole (PPY) is one of the most attractive functional polymers
from the viewpoint of its electronical conductivity and stability.l) The
preparation methods of PPY from pyrrole can be devided into two,

electrichemical and chemical polymerization.l)

Most of the investigations
on PPY have been carried out about that prepared by the electrochemical
method. Recently highly electroconductive PPY was prepared chemically by
using a Fe(III) or Cu(II) metal salt such as FeClg, Fe(ClO4)3, CuCl, and
Cu(ClO4)22_4) or using halogen such as Iz, Brz, and 012.5_7) These
chemicals are called "catalysts" in the reports. However, they are
consumed stoichiometrically. Thus, these methods require a large amount of
chemicals for the mass production which should be an advantage for a
chemical method compared with the electrochemical method.

Recently we have reported that poly-1,4-phenylene can be prepared from
benzene at high yield by using only a small amount of AlCl3 and CuCl under
02.8) Toluene can also be polymerized by the same catalytic system with or
without an appropriate solvent.g) In the present letter, we would like to
report that PPY can be prepared from pyrrole at high yield by using only a
small amount of A1013 and CuCl in an appropriate solvent under oxygen
(Scheme 1).

N AlCL
n@ +§Oz ﬁ)—@ﬁ + nHQO Scheme 1.

Typical experimental procedure was as follows: 1.5 g (1.1 mmol) of

AlCl3, 1.1 g (1.1 mmol) of CuCl and 30 cm3 of acetonitrile (as a solvent)
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Table 1. Polymerization of pyrrole catalyzed by an A1C13-CuC1-O2 systema)
Run Solvent Yi§§d /% o) Elemental Analysisd)
CuCl Py
1 p-Xylene 1300 130 Cg.25M9.85N1.,00%%0.02%1.76
2 MeNO, 1200 120 Cs.17M3.84N1.00%%0.04%1.35
5 PhNO, 1300 130 Co.35M4.92N1.00%%0.02%.84
4 MeCN 700 70 Cy.54M3.86N1.00%00.22%0.36

a) Charged molar ratio of AlClz : CuCl : pyrrole : solvent was 1 :1 :5 : 50.
Reactions were carried out at room temperature for 24 h.

b) Based on the amount of CuCl used.

c) Based on the amount of pyrrole used.

d) Based on nitrogen.

were placed in a 200 cm3 Kjeldahl flask and the mixture was stirred at room

temperature under No for 1 h. Then 3.9 cm3 (5.5 mmol) of pyrrole was added

and the mixture was further stirred for 2h. The polymerization reaction

was carried out by replacing the atmosphere of the reaction mixture with

oxygen and stirring the mixtures at room temperature for 24 h. Then the

reaction mixture was filtrated and the remaining solid was repeatedly

washed with a HCl solution, pure water and methanol. The black solid

obtained was dried overnight under vaccum at 80 °C.

The yields and elemental analyses of PPYs prepared in various solvents
are summerized in Table 1. The yields are based on the amount of CuCl and
pyrrole used, respectively. The former yield corresponds to the turn over
number of CuCl as a catalyst. In each run the yields based on CuCl are
more than 100%, which suggests that CuCl works effectively as a real
catalyst. When p-xylene, nitromethane and nitrobenzene are used as a
solvent (run 1, 2,and 3, respectively), the yields based on pyrrole can be
calculated to be higher than 100% and the results of elemental analyses are
far from the value calculated for PPY (C4HgN). These results suggest that
these solvents react with pyrrole to some extent in the presence of AlCl3
and CuCl, and are involved in the polymeric products. The conductivities
of PPYs prepared in these solvents are lower than 10710 5 cp~1.10)  on the
contrary, when acetonitrile is used as a solvent, the elemental analysis of
the polymeric product is close to the value calculated for PPY. By using
acetonitrile as a solvent the conductivity of PPY increases up to the order
of 1072 s cm'z.lo) Moreover, the IR spectrum of this product (Fig. 1(b))
is also close to that of PPY prepared by the reaction with FeCl3 in water
(Fig. l(a)).z) These results indicate that acetonitrile is the best among
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these solvents for the pyrrole polymerization by using an AlClg-CuCl-0,
system and that the polymer obtained in acetonitrile mainly consists of the
pyrrole unit.

The elemental analysis in Table 1 shows the contamination of a small
amount of Cl1 and O in the PPY obtained in acetonitrile. Electron
spectroscopy for chemical analysis
(ESCA) spectrum of Cl1 2p shown in
Fig. 2(a) clearly indicates the
presence of Cl, at least two kinds

of Cl, in the product. If the

product is treated with an aqueous -/////\f/AJt;;£C;

(a)

NH3 solution (undoping treatment), _\///”/
the Cl1 peak at the lower energy /////\/F\W

disappears (Fig. 2(b)). These (b)
results demonstrate that the
product contains both a chloride

anion as a dopant and a chlorine _ #jii// \v”“\
atom covalently bound to the

pyrrole ring carbon. As shown in 4000 2000 1600 1200 800 400
the IR spectrum of the product Wavenumber / cm_

treated with an aqueous NHg Fig. 1. IR spectra of polypyrrole

solution (Fig.1(c)), the broad prepared (a) by FeCl; in H,0, (b)
by an A1C13—CuC1-O2 System“in CH,CN,

absorption from 4000 to 1600 cm™ 1, and (c) by treatmefit of the sample
which is generally obsesrved in PPY (b) with aq. NH3-

prepared by chemical methods,

Cl —
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Fig. 2. ESCA Cl 2p spectrum of polypyrrole prepared in acetonitrile.
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decreases as the result of the treatment with NH3 and the shoulder peak
appears at 1600 cm™l. This shoulder peak can be assigned as a carbonyl or
carboxyl group. ESCA spectrum of C 1ls (Fig. 3) also shows the presence of
both a carbonyl(286,6 eV) and a carboxyl group (288.4 eV). Therfore, the
product obtained in acetonitrile mainly consists of the pyrrole unit and
containes a small amount of C-Cl, carbonyl and carboxyl groups not only at
the 2,5-position of the terminal ring but also at the 3,4-position of the

pyrrole in polymer chain. It can
be reasonably proposed that the <?f—%
\N/

former groups are the result of
chlorination of the pyrrole ring by
AlClg and the latter oxidation of )
the primary product by oxygen. ($=O)N/
Thermogravimetric analysis of the

product was carried out at a E;—O__é
heating rate of 10 °C min~! under 0
nitrogen. The weight loss of the

product was about 50% at 1200 °C,  |lef=s —
which indicates the high thermo- 290

Binding energy / eV

Fig. 3. ESCA C 1ls spectrum of
polypyrrole prepared in CHSCN.

stability of the polymeric product.
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