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ELECTROCHEMICAL POLYMERIZATION OF NAPHTHOLS
IN AQUEOUS MEDIUM

M. Y. Abdelaal
Chemistry Department, Faculty of Science, Mansoura University,
Mansoura, Egypt

In this work poly(1-naphthol) and poly(2-naphthol), designated as poly(NAP-1)
and poly(NAP-2), respectively, have been electrochemically synthesized. The elec-
trochemical synthesis was achieved by using aqueous solution of sodium hydroxide
as an electrolyte. The chemical structure of the formed polymers was proved by
means of ex-situ FT-IR spectroscopy and compared with those previously prepared
in non-aqueous solutions. The electrochemical polymerization mechanism was
discussed.
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INTRODUCTION

Conducting polymers have attract much interest during the previous
few decades. Polymer-coated electrodes have several attractive fea-
tures in biosensor production, one of which is the convenience of
immobilizing reagents near the electrode surface in high concentra-
tion while preventing interface creation and electrode fouling. An
electrochemically generated layer of poly(o-aminophenol) has been
used as polymeric coating for the construction of an amperometric
hydrogen peroxide biosensor [1].

The ability of 1-naphthol (1) to form conducting polymers by anodic
polymerization in non-aqueous media is unique [2�5]. In spite of their
interesting properties, poly(naphthol)s have received attention less
than other conducting polymers such as polyanilines [6�9], poly-
pyrroles [10�13], and polythiophenes [14�17]. Copolymerization
is effective for modification and control of the physico-chemical
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properties of the conducting polymers [18�26]. Polymerization of
phenols yields usually thin insulating films [27�32].

It has been reported that electrochemical oxidation of (1) in aceto-
nitrile leads to the formation of a conducting and an electroactive
polymer film of poly(1-naphthol) containing alternating naphthalene
and furan rings [4,5]. From the previously reported results, it could be
concluded that the conductivity of such a polymer film [5] may be due
to the alternating naphthalene and furan rings, instead of the poly-
(naphthalene oxide) obtained in the alkaline methanolic solution,
which has no furan rings along the polymeric backbone [33]. On the
other hand, the electrochemical oxidation of 2-naphthol (17) in acet-
onitrile leads to the formation of a less conducting polymer film of
poly(2-naphthol) [32]. In the present work, poly(1-naphthol) (P2) and
poly(2-naphthol) (P4) denoted as Poly(NAP-1) and Poly(NAP-2), res-
pectively, were prepared by electrochemical oxidation of (1) and (17),
respectively, from a bath containing an aqueous solution of sodium
hydroxide.

RESULTS AND DISCUSSION

The use of sodium hydroxide is more advantageous than the non-
aqueous medium used in the reported work [5]. It facilitates dissolu-
tion of naphthols and acts as an electrolyte, instead of perchlorate or
hexafluoroarsinate salts, without any precautions against humidity, in
addition to its feasibility from an economic point of view. The obtained
polymeric material was initially deposited on the electrode, and then
with continued electrolysis it fell off into the solution. The polymer
structure and the electropolymerization mechanism were confirmed
by using the ex-situ FT-IR-spectroscopic analysis and elemental
analysis.

Structure of Poly(1-naphthol) (P2)

The ex-situ FT-IR spectroscopic analysis in Figure 1 showed all the
bands related to the polymer structure [34]. For furan rings, the
corresponding absorption of C¼C stretching at 1570 cm�1 was
observed in addition to other two absorptions at 1080 cm�1 with
shoulder at 1060 cm�1 for symmetric vibrations and at 1290 cm�1

for the asymmetric vibrations of C�O�C bond. For naphthalene
rings, C¼Car stretching band is observed at 1590 cm�1 and C�C
stretching between monomeric moieties at 1124 cm�1 is also
detected. It also showed the presence of naphthol groups at the
chain ends of the polymer as indicated by OH stretching at
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�3500 cm�1 as well as the absorption at 1665 cm�1 for the quinone
groups. The C�H vibrations of the four adjacent H-atoms are
situated at 765 cm�1. Also, there is no absorption neither at
815 cm�1 for 2-adjacent H-atoms nor at 750 cm�1 and=or 800 cm�1

for 3-adjacent H-atoms. This means that the second nucleous of
naphthalene is not participating in the polymerization mechanism.
Also, elemental analysis proves the empirical formula of the
obtained polymer as (C10O)n. The presence of electronic conducting
layers is expected and indicated by increasing the absorption in
the domain of 2000�4000 cm�1 as concluded and reported before
[35].

Polymerization Mechanism of 1-naphthol(1)

A polymerization mechanism for (1) in an aqueous medium can be
suggested in parallel to that previously reported for the non-aqueous
medium and in presence of perchlorate or hexafluoroarsinate salts as
electrolyte [5]. Scheme 1 represents the suggested mechanism for the
electropolymerization of (1).

The use of aqueous sodium hydroxide solution lead to dissociation
of (1) into its conjugate base (2). This facilitates the formation of the
radical-cation (3) and stabilizes it through resonance with the radi-
cal-cation (4). The propagation reaction can be achieved through the
most probable o�p0 coupling for dimer radical (13) while it may
involve either p�o0 or o�p0 coupling for dimer radicals (12) and
(14), respectively. Both of them are expected to produce similar
products. This means that, in all cases, the propagation reaction is
expected to take place through the reaction at the o-position of the
attacking monomer radical and will be continued from the p-position
or vice versa leading to the same polymer structure except in the
beginning of the polymer chains. On the other hand, the radical
ketones (7) & (8) are not involved in the electrochemical oxidation as
the ex-situ FT-IR spectrum is free from absorption either at
n¼ 815 cm�1 for C�H out-of-plane vibrations of 2-adjacent hydrogen
atoms or at n¼ 750 and=or 800 cm�1 for C�H out-of-plane vibrations
of 3-adjacent hydrogen atoms. Concurrently with these reactions, the
nucleophilic reaction of the phenoxide oxygen leads to cyclization and
formation of polymer chains containing furan rings in an alternating
manner with the naphthalene rings (P1). Cyclization reaction may
be facilitated by the presence of aqueous sodium hydroxide. Acid-
ification renders the obtained polymer (P1) into the associated form
(P2).
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SCHEME 1 The mechanism of the electrochemical polymerization of
1-naphthol(1).
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SCHEME 2 The mechanism of the electrochemical polymerization of
2-naphthol(17).
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Structure and Polymerization Mechanism of Poly(2-naphthol)
(P4)

The Ex-situ FT-IR spectroscopic analysis of poly(2-naphthol) (P4) in
Figure 2 showed absorbencies similar to those obtained by poly(1-
naphthol) (P2) synthesized under the same conditions. This indicates
that the obtained polymer consists also of alternating naphthalene
and furan rings. Moreover, a new band at 815 cm�1 related to two
aromatic adjacent hydrogen atoms [34] is detected as intense as the
759 cm�1 band. This indicates that the second nucleus intervenes in
the electrochemical polymerization mechanism of (17) represented in
Scheme 2, parallel to that previously proposed and verified one [32].

SCHEME 2 Continued.

FIGURE 2 FT-IR spectrum of poly(2-naphthol) (P4) in the solid state using
KBr wafer.
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The radical-cations (22a,b,d, and c) are excludes on the bases of
steric hindrance and on the basis of FT-IR spectrum of the obtained
polymer. FT-IR spectrum confirms the intervening of the second
nucleus in the electrochemical polymerization and only the radical-
cation (22c) is expected to complete the polymerization of (17). The
absorption increases also in the 2000�4000 cm�1 domain indicating
the presence of electronic conducting layers as concluded and reported
before [35].

Moreover, the spectra of both polymers (P2) and (P4) have an
intense band at 1660 cm�1 corresponding to the carbonyl group
formed by oxidation of the chain ends into the quinonoid form (P5).

EXPERIMENTAL

All materials were supplied by Aldrich, Milwaukee, WI, USA and were
used without further purification. Poly(1-naphthol) (P2) and poly(2-
naphthol) (P4) have been prepared by using a single compartment
electropolymerization bath containing 1 g (7 mmol) of 1-naphthol (1)
or 2-naphthol (17) dissolved in 100 ml aqueous solution of 0.1 M
NaOH.

Electrolysis was carried out using a constant power dc source (VIZ,
model WP-704AX). A electric voltage of 4.0 V was applied under stir-
ring conditions between two platinum sheets of 3.0 cm2 surface area
for 4 h. The obtained polymers were initially deposited on the electrode
and with continued electrolysis, they fell off into the solution. They
were filtered off, washed thoroughly with distilled water and con-
verted into the H-form by neutralization with the aid of HCL. Ex-situ
FT-IR spectra were recorded on a Mattson 5000 FT-IR spectrometer.

Elemental analysis has been performed by using Perkin Elmer 2400
Series II CHNS=O analyzer. Elemental analysis (C10H4O): Found
(Calcd.): C, 85.50 (85.71); H, 3.11 (2.88); O, 11.39(11.42).
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