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Abstract The electrochemical activity of poly(B-hydroxy-
quinoline) (PHQ) in acid and alkaline media has been in-
vestigated by use of differentinl pulse’ polarography
(DPP). The reduction psak height (1) of PHQ in universal
buffer solurions is not useful as an analytical signal, be-
<ause it is highly affected by hydrogen evolution in acid
media and appears as & small peak locaied at more nega-
tive potential values in alkaline media. A new and highly
sensitive reduction peak (E=-0.45, pH 9.25) appears,
however, afier addition of tracc amounts of PHQ w0
Cufll), or vice versa. This reduction peak is a result of the
reduction of Cu{ITy chelates in the PHQ-Cu(It) complex
and is highly promising for the trace datermination of
PHQ a1 nanomolar and submicremolar levels. The re-
sponse current ([/MA) for the reduction peak of Cu(ll)
chelates in 8 PHQ-Cu(ll) matrix results in sensitivity to
the concentration of PHQ at least three orders of magni-
tude higher than that for the reduction peak of PHQ alone
under the same conditions. The limit of deection is as low
a5 5.264 ppb (g L-1). The effect of a variety of arions
and cations and of an insulating poly{vinyl alechol) (PVA)
mainix has been investigated. Electroactive PHO-Cu(Il)
at 2 leve! of 0L685% could induce a curmen; of approxi-
mately 240 aA in an insulating PVA matrix, sugpesting
possible application for the preparation of a PHQ-Cu{IT}—
PYA clectroactive composite.

Keywords Differential pulse polarography -
Paly(8-hydraxyquinaline) « Copper(Il) determinatica -
Poly(viny! alcohol) “

Introduction

Poiymer chelates provide a unigue stuctura envisenment
for complexation by multideniate lipands. The complexa-

-~

MM, Kamal (2} $.M, Ahmed - M.M. Shahata - Y.M. Temerk
Chemiswy Depariment, Faculty of Science, Assiut University,
Assiui, Egypl

¢-mail; mostafak@aun.cun.cg

tion of such a ligand is determined by 2 variety of factors
including the nature of the polymer backbone and the na-
tre of the complexing media, Metal-containing polymers
are important, becouse these systems have advaniages over
non-polymeric metal salts in a variety of chemical reac-
tions [1. 2. 3, 4, 5, 6, 7). Polymeric metals are, morecver,
of great significance in different fields of chemistry, e.g.
catalytic reactions, geochemical separations, biochemistry,
medicine, environmental chemisiry, ete. [8, §, 10, 11].

Polarographic studics have been performed on 8-hy-
droxyquineline {oxine) and $-hydroxyquinoline-5-sul-
fonic acid (OSA) [12, 13). These studies revealed that the
reduction process feads to the formation of the di- or
letrahydro compound via single- or double reduction steps.
Derivatives of quinoline containing polarographically ac-
tive or inaciive stbstituents lave also been the subject of
many investigations [14, 15, 16, 17]. Several extraction-
polarographic methods have been applied for determina-
tion of metal jons as complexes, with B-quinolinal (oxine}
as the complexing agent [18, 19, 20). Song et al. {21]
have determined PVA by an adsorptive stripping voltam-
metric {(ASV) technique based on its Cu(Il) complexes at
pH L0 in carbonate buffer solution, The adsorptive peak
of PVA-Cu(II) had a potential of ~0.125 V.

We have previously investigated the complexation of
$-hydroxyquinoline-5-sulfonyl hydrazide with metal jons
(22, 23, 24] and recently found that elecirical conductjv-
ity. clectroactivity, and spectroelectroactivity could be jn-
duced in poly(o-toluidine) andfor polypyrrole emeraldine
base form afier doping [25, 26, 77, 28, 29).

to this study we investigated the electrochemical re-
duction of PHQ, Cu(ll), and PHQ-Cu(ll) systems in
aqueons soltions containing 10% DMF, at different pH,
by use of differential pulse polarographic (DPP) tech-
niques. The applicability of the reduction peak of Culf)
chelates in the PHQ-Cu(lt) complex for the determinatian
of PHQ has been studied. The calibration constants and
the limil of detection were caleulated, The peocedure was
successfully used 1o determine PHQ in the presence of
a variety of anicns and cations and of an insulating
poly(viny! atcohql) (PVA) matrix.
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Experimental
Chemicals and solutions

8-Hydroxyquinoline (8-HQ) was oblained from Aldrich (Milwau-
kee, W1, USA). Poly(vinyl alcohol} (PVA; Mwt=2.2x10% degree
of hydrolysis, 88%} was purchased from Wako (Osaka, Japan), All
other chemicals were of analytical rengent grade quality. A solu-
tion of copper(Il) was prepared by dissolving a known amount of
chemically pure Cu(NQ,), (Merck) in twice-distilled deionized
water and was standardized complexometrically [30). Solutions
(1 mmol L-1) of the metal ions K(I}, Na(l), Ca(li). Ba(ll}, Sr(ll),
Mg(l1), Cd(1l), Po{l1), Mn(il}, Co(Il}, Ni([l}, and Zntil}, were pre-
pared from their Analar grade nitrate salis (BDH); solutions of the
anions CO%, NOy-, 5O,*, B,0,~ PO, CH,CO0-. were pre-
pared from their Analar grade sodium salts.

- Poly(8-hydroxyquinoline) (PHQ) was synthesized by follow-
ing a previously described procedure [31]. Oxidation of the 8-hy-
droxyquinolate anion produces o radical cation which can react
further with phenol (8-HQ) to give o predominantly para-linked
dimeric radical. Subsequent reactions then produce oligomers and,
finally, a polymeric materisl (polyphenylene oxide), The purity of
this compound was checked by FTIR and 'H NMR spectroscopy.
The disappearance of the absorption band a1 3158 em-! (WO-H))
in the R spectrn of PHQ indicates the absence of a free OH
group. The presence of peaks at ~1055, 1160, and 1285 em~! in the
FTIR spectrum of PHQ reveals the presence of ether (C-0-C) 132)
linksges. The absence of the signal (3=9.8514 ppm) from the pro-
tan of the hydrexyl group of 8-HQ in the 'H NMR specira of PHQ
(Fig.1 1, b) confirmed the polymerization of 8-HQ. Molecuiar
modeling calculations (MM+) substantiote this polymerization;
they showed the geometrical energy of the PHQ dimer (smallest
palymer unit) 10 be 1.460,397 keal mol™!, with o gradient of
0.097,576. This means that the geometric configuration of this
dimer is highly stable.

A fresh 1 mmol L solution of PHQ was prepared by dissolv-
ing an accurticly weighed amount of the chemically pure product
in dimethylformamide (DMF). .

Fig.1 'H NMR spectra of (a)
8-hydroxyquinoline (8-HQ)
and {(5) pely(8-hydroxygquino-
line {PHQ)

Intensity (a. u.) —»

Instrumentation

Differentia) pulse polarograms (DPP) were recorded by means of a
polarographic analyzer model PAR 174 equipped with ¢ model
172 A drop timer and electrode assembly. The DP-peaks were
recorded at 2 s drop time, 2 mV s scan rate. pH was measured
with o Fisher Scientific Accument, Digital pH meter model 810.
FTIR speciroscopy (KBr pellets) was performed with o Shimadzu
(Type 470) spectrometer. 'H NMR specira were recorded by use of
a JNM-LA 400 MHz FT-NMR spectromerer. Molecular modeling
calculations (MM+) were performed by use of Hyper Chem Pro-
gram Version § (Polak-Ribere PMS),

Procedure

Universal buffer solution (pH 3.25-11.25, 1 mL) diluted 10 10 mL
with deionized water containing 10% DMF was placed in the
voltammetric cell. The solution was purged with oxygen-free ni-
trogen for 20 min and the background DP-polarogram was
recorded. A known concentration of the analyte (PHQ andfor
Cu(ll}) was added to the same cell by means of a micropipette
(Voaco, UK) and the mixture was purged for 2 min, In other ex-
periments foreign ions or insutating polymers were injected indi-
vidunlly or as a mixwure into the cell in the presence of the analyte,

Results and discussion
Electroaciivity of PHQ

The DPP behavior of PHQ in universal buffer solution
containing 10% DMEF, in absence and presence of Cu(ll),
was investigated as shown in Fig,2a, The reduction be-
havior of PHQ is highly dependent on the pH of the solu-
tion. In acidic medium (pH 3.25) the reduction peak po-

9.6514
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Fig.2 DPF-polarograms

(55 pmol L} of () PEQ,

¢b) Cufil), and {c) 2+ & ¢if-
fesent pil in universal bulfer
solubions containing 10%

DMF. The pH wre: 1, 3.25;
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tential (E,} and peak height (I,) (Fig.2a, 1) were -0.95 V
snd 8.1 WA respectively, whereas In alkaiine medium
(PH $1.29) E, shitud 1o & more megative potential (E
~1.55 V and 1=1.54 pA) (Fig.2a, 6). According to the
proposed reduction mechanism (Scheme [a, b the redue-
tion center is [N(1)=C(2)]. In acidic and alkaline media
this recduction center undergoes a totally imeversible elec-
trode reaction according to the mechanism.of reducrion of
qunalinic azomethine (Scheme la. b). The reduction
peak heighi of PHQ in acid medium was highly affected
oy the background discharge (Fig.2a, 1) whereas in alka-
tine medium the reduction peak potential of PHQ was
shifted to 8 much more negative potential and decreased
with increasing pH (Fig. 2a). These results indicate that
the reduction pezk heigh (1) of PHQ at the dropping
mereury electrode is not usefu! for the determination of
wace amount of PHQ in dilute solutions.
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Seltrme 1 Mechanism of reduction of PHQ in (2 acid and {b} al-
keting media

1.8 "5. g0 03 bé 0B
Applied Potentlal (-E)

DP-polarograms of Cu(ll) in the absence of PHQ were
recorded in universal buffer solutions containing 10%
DMF (pH 3,25-11.25). Figure 2b shows the single reduc-
tion peak of Cu(fl} with a peak polentiat (Ep) lying in the
potential range of ~0.04 10 -0.12 V, The peak half-wiclh of
this reduction is approximately 130 mV, indicating a
highly imeversible Cu(ll) reduction process. [n the pres-

-ence of PHQ, however, a new peak was observed in (he
range 0.1 16 045 V (pH-dependent) over the pH range
siudied, as shown in Fig, 2¢. This shifl in the peak poten-
tial of Cu(Ei) (~350 mV) reflecis the strong interaction be-
wween Cu(ll) and the PHQ matrix via the complexation
mechanism shown in Scheme 2, The maximum redection
peak height of Cu{fT} chelates :was observed at pH 9.25

(Fig. 2c, 5) and this peak was at least (hree orders of mag. -

nitude larger for addition of PHQ to Cu(ll} than the re-
duction peck for PHQ slone under the seme conditions
(Fig.2a, 5; c, 5). A medium pH of 9.25 was therefore se.
lecied for determination of PHQ,
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