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The electrochemical polymerization of quinoline has been studied in
acetonitrile medium using tetra-n-butyl ammonium perchlorate (TBAPC),
tetraethylammonium perchlorate (TEAPC), tetraethylammonium fluoro-
borate (TEAFB) electrolytes. The polymer produced showed conductivity
in the range of 10-¢ to 10-' Q-! cm-! using the four probe technique.
Polyquinoline was obtained in moderate yields with the highest Rp of
5.1354% per hr and polymerization efficiency of 51.698 mol/Faraday.
The observations and experimental results suggested a free radical
mechanism.

INTRODUCTION

The spin density and conductivity measurements show polyquinoline
behave as a conducting polymer. In the electrochemical method of its
preparation no blocking of electrodes occurs as the polyquinoline is a
conducting polymer and obtained as a deposit on the anode surface.

EXPERIMENTAL

Acetonitrile (E. Merck), quinoline (E. Merck), tetrabutylammonium
perchlorate (TBAPC) (Fluka), tetraethylammonium perchlorate (TEAPC)
(Fluka) and tetraethyl ammonium fluoroborate (TEAFB) (Fluka) were used
as received without any further purification.

The electro polymerization was carried out in a single compartment-
cell without any separation between cathode and anode compartment with
an arrangement for bubbling pure and dried N, gas in it. Platinum sheets
working area (1.0 cm?) were used as cathode and anode.

Electrolysis and Work up

The electrolysis was carried out by varying (i) current (ii) concentra-
tion of the monomer and concentration of the electrolytes. The electro-
lytic process was controlled by a regulated power supply (MPI Model
MP 1016A). Nitrogen gas was bubbled for 30 minutes after filling the cell
with reactants prior to electrolysis. Metallic depositions, which were found
at the cathode during electrolysis, were reduced to a minimum by chang-
ing the polarity of electrodes every hour. The electrolysis was stopped at



368 . ; SYNTHESIS AND STUDIES OF CONDUCTING POLYQUINOLINE

arbitrariiy chosen times and the deposited polymers were separated from
the electrode and dried in vacuum.

RESULTS AND DISCUSSION

Experiments show that absolutely no polymerization takes place when
no current passes through the cell. The yield of the polymer depends on
various factors such as current strength, concentration of electrolyte, time
of electrolysis, temperature and monomer concentration. The electro-
chemical polymerization was carried out in the presence of nitrogen
because air and oxygen have some effect on the course of polymerization.
Addition of electrolyte helped in initiation of polymerization reaction in
addition to considerable increase in the conductance of electrolytic medium.
At 25°C the reaction was slow so that we decided to work at somewhat

"higher temperature at 30°C.
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Fig. 1 Rate of polymerization against the concentration of electrolyte
(30 + 1°C quinoline 1.00 jmol/litre, electrolysis time = 3 hrs,
volume of acetonitrile 50 ml)

Asian J. Chem.



T. KUNJU, K. KUMAR, G. A. MUNAFF, SHAU’A OMER, RAJNI AND K. ZUTSHI 369

. 20 EFFECT OF CURRENT

o

§ a f20 mA

u>.| 15 © =15 mA

Z * =10 mA

o

Q

S 10}

&

[

P 4

8 Sk

]

[« %
0 | | 1 | 1
0 45 90 132 180 225

TIME OF ELECTROLYSIS (Mts)

Fig. 2 Percentage of conversion of monomer with time of electrolysis
at 3 different currents (30 4+ 1°C quinoline 1.00 mol/litre)
electrolyte 0.1 mol/litre volume of acetonitrile 50 ml) '

TABLE 1

ELECTROPOLYMERIZATION OF QUINOLINE AT 30 + 1°C WITH
DIFFERENT ELECTROLYTES; CURRENT 20 mA; CONCENTRATION
OF QUINOLINE 1.00 MOL/LITRE; TIME 3 HOURS; ACETONITRILE 50

ML, ELECTROLYTES CONCENTRATION = 0.1 MOL/LITRE

Polymerization

S. No. Electrolyte Conversion Rp efficiency
mol/faraday

1. TEAPC 15.40 5.13 51.69
TBAPC 15.29 5.09 51.26
TEAFB 14.96 4.98 50.16

TEAPC was found to be most suitable in producing polymers of higher
yield. The course of reaction was studied by changing the concentrations
of electrolyte at two different current strengths; 10 mA, 20 mA. In both
cases, the rate of polymerization increased with increase in concentration
of electrolyte but finally attained a constant value (Fig. 1).

The percentage of conversion as a function of time of electrolysis was
plotted (Fig. 2), the conversion varied lipearly with time as shown in the
figure. The yields were low at initial stages. Fig. 3 shows the polymer
formation as a function of monomer concentration. Examining the figure,
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POLYQUINOLINE

POLYVINYL ALCOHOL

M:W-14000
(ALDRICH)

POLYVINYL ALCOHOL
M:W -16000 (ALDRICH)

STACLYOSE
i GENTAPENTOSE

-6LUGOSE
ANILLYL ALCOHOL , ,
0 5 10 15
TIME OF ELUTION (h)

Fig. 4 Comparison of elution time for polyquinoline and other molecules

of known molecular weight on the same column in DMF to
compute the molecular weight
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it it evident that the polymer formation is insensitive beyond a certain
monomer concentration and at lower concentrations, the yield is propor-
tional to the monomer concentration.

Polyquinoline was soluble in dimethyl formamide (DMF). The gel
permeation chromatography of polyquinoline in DMF + sephadex column
and the comparison of elution time for polyquinoline and some other
molecules showed that the soluble part of polyquinoline had an average
molecular weight of 50,000 (Fig. 4).

After, the electrolysis was stopped, solvent was evaporated under
vaccum as the yield of polymerization was affected by presence of air or
oxygen. As no polymerization took place in the absence of electrolytes
and current the following free radical mechanism suggested.

In the bulk of the solvent

(C2H5)4N(ClO4) 2= (CoHs)4N*+ + CIO,~
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The monomer acts as e~ acceptor. The electron given by (ClO4™) is
taken by the monomer to give radical anion. The polymerization step may
be written as shown below.

This mechanism is fairly convincing because the reaction goes till all
the quinoline is consumed.

POLYQUINOLINE

Vol. 3, No. 4 (1991)



372 SYNTHESIS AND STUDIES OF CONDUCTING POLYQUINOLINE

ACKNOWLEDGEMENT

One of the authors (TKKK) gratefully acknowledges the financial help
rendered by UGC, New Delhi and Head, Chemistry Department for pro-
viding facilities for research work.

REFERENCES
G. Tourillon and F. Gavnier, J. Phys. Chem., 87, 2289 (1983).
1. M. Kolthoff and L. L. Ferstanding, J. Polym. Sci., 5, 563 (1951).
K. Zutshi, G. Dixit and Ravi Rastogi, Electrochem. Acta, 27, 561 (1982).

A

A. G. McDiarmid and A.J. Heager, in Molecular Metals W. E. Hetfield Ed.,
Plenum Press, N. Y. p. 161 (1979).

5. P. A. K. Nedungadi, Anil Gupta, S. K. Mukerji and K. Zutshi, International
Workshop on Polymers Layers, Duisberg FRG, (Sept. 15-17, 1986).

6. P. A. K. Nedurngadi, Anil Gupta, Poonam Taneja and K. Zutshi, J. Elec. Chem.,
3, 327 (1987).

[Received: 14 September 1989; Accepted: 5 July 1990] AJC-200

Asian J. Chem.



