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Abstract
Electrochemically polymerized luminol film on a glassy carbon electrode (GCE) surface has been used as a sensor for
selective detection of uric acid (UA) in the presence of ascorbic acid (AA) and dopamine (DA). Cyclic voltammetry
was used to evaluate the electrochemical properties of the poly(luminol) film modified electrode. Scanning electron
microscopy (SEM) and atomic force microscopy (AFM) have been used for surface characterizations. The bare GCE
failed to distinguish the oxidation peaks of AA, DA and UA in phosphate buffer solution (pH 7.0), while the
poly(luminol) modified electrode could separate them efficiently. In differential pulse voltammetric (DPV)
measurements, the modified GCE could separate AA and DA signals from UA, allowing the selective determination
of UA. Using DPV, the linear range (3.0� 10�5 to 1.0� 10�3 M) and the detection limit (2.0� 10�6 M) were estimated
for measurement of UA in physiological condition. The applicability of the prepared electrode was demonstrated by
measuring UA in human urine samples.
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Uric acid (UA) is the ultimate catabolite of purine
metabolism in humans and higher primates. It is a weak
organic acid that under physiologic conditions exists mainly
as a monosodium salt. At a pH less than 5.75, as may occur in
the urine, the predominant form is nonionized UA. The
solubility of monosodium urate is about 18 times greater
than UA in aqueous solutions. This solubility difference
provides the therapeutic rationale for alkalinization of the
urine pH to greater than 6.0 in patients forming UA stones.
UA levels are influenced by age and sex. Many additional
factors, including exercise, diet, drugs, and state of hydra-
tion, may result in transient fluctuations of UA levels.
Extreme, abnormal levels of UA in body fluids will lead to
some diseases. It is for this reason, that simple and rapid
detection methods are required [1 – 3].

Detection of biological molecules using chemically modi-
fied electrodes is more attractive strategy since electro-
chemical sensors combines the specificity of biological or
chemical recognition layers with the inherent advantages
(sensitivity, speed, miniaturization, linearity) of electro-
chemical transduction [4 – 6]. Polymer modified electrodes
(PMEs) are received considerable attention among the
researchers for sensing applications. Electropolymerization
is a good approach to prepare PMEs as adjusting electro-
chemical parameters can control film thickness, permeation
and charge transport characteristics [6 – 8].

Dopamine (DA), UA and ascorbic acid (AA) usually
coexist in physiological samples and these molecules have a
same oxidation potential on the unmodified solid electro-
des. Therefore it is essential to develop a simple and rapid
method for their determination in routine analysis. Among
many methods for determination of UA in biological
samples, voltammetric method has shown to be a powerful
tool [9, 10]. Recently, edge plane pyrolytic graphite electro-
des [11], Ir-modified carbon working electrode with immo-
bilizing uricase [12], hexacyanoferrate lanthanum film
modified electrode [13], composite film of polyaniline
nanonetworks/p-aminobenzene sulfonic acid modified
GCE [14] and mesoporous SiO2-modified carbon paste
electrodes [15] have been applied for the determination of
UA. However, a new method for selective detection of UA
in the presence of DA and AA is still required. Electro-
chemical sensors for UA determination with the advantages
of lower detection limit, wide linear range, and negligible
interferences, re-useable and cheaper electrode materials
are still under demand in the sensor industry for commerci-
alization purpose [16]. Here, we attempted to develop a new
electrochemical sensor for UA using polymerized luminol
film as a sensing material.

Luminol (5-amino-2,3-dihydro-phthalazine-1,4-dione), is
a typical strong chemiluminescence reagent, has been
extensively studied in analytical chemistry and biochemistry

2281

� 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Electroanalysis 2009, 21, No. 20, 2281 – 2286

www.sp
m.co

m.cn



[17, 18]. Electrogenerated chemiluminescences properties
of luminol have been studied on various electrodes [19, 20].
Recently, polymerized luminol film modified electrodes
have been used for detection of several analytes using
electroanalytical methods [21 – 25].

The main objective of this study was to develop a rapid,
selective, sensitive and convenient electrochemical method
for the determination of UA utilizing the unique properties
of poly(luminol) modified electrode. The electrochemical
behaviors of UA at the unmodified and poly(luminol)
modified GCE were investigated. It was found that the
poly(luminol)-modified GCE remarkably increases the
determining selectivity and sensitivity of UA due to its
unique properties. To the best of our knowledge, for the first
time here we report poly(luminol) modified electrode for
selective and sensitive determination of UA in the presence
of AA and DA. The practical application of the electrode is
successfully demonstrated for the determination of UA in
urine samples without any preliminary treatment.

Figure 1a shows the SEM image of poly(luminol) modi-
fied electrode as observed in this image, an adherent thin
films and sheets-like polymer particles were observed in the
range from 0.1 to 100 mm. Inset of Figure 1a shows SEM
image of unmodified electrode which clearly revealed that
polymer film has been formed on the modified electrode
surface. Figure 1b depicts 3-dimensional image
(20 000 nm� 20000 nm) of poly(luminol) film modified

electrode which was recorded in AFM tapping mode. This
AFM image clearly represented the existence of poly(lu-
minol) films on the electrode surface and the polymer
particles (0.1 to 100 mm) were observed. Using AFM image
analyzer, some of the important parameters of poly(lumi-
nol) modified electrode were evaluated such as film thick-
ness (296.18 nm) and surface roughness (23.4 nm). A highly
porous films were obtained for poly(luminol) grown using
cyclic voltammetry (CV). The obtained roughness and the
porosity of poly(luminol) films are similar to that obtained
for polyaniline electropolymerized from an aqueous media
[26, 27].

There was a pair of reversible redox peaks in the cyclic
voltammograms (CVs) of the poly(luminol) modified GCE
in phosphate buffer solution (PBS, pH 7.0), Epa¼ 0.2989 V,
Epc¼ 0.1518 V, as shown in inset of Figure 2A. The surface
coverage of poly(luminol) could be calculated from ip¼
n2F2vAG/4RT , where ip, v, A, and G represent the peak
current (in A), scan rate (in V s�1), the electrode area (in
cm2), and the surface coverage of the redox species (mol
cm�2), respectively. Therefore, we calculated that the sur-
face coverage for poly(luminol) film was 2.5214� 10�10 mol
cm�2 which indicated that polymer film attachment had
occurred [28]. A GCE was cycled in 0.1 M H2SO4 for 10
cycles (between 0.0 and 1.0 Vat 50 mVs�1) and then, CVs of
a treated GCE was recorded in pH 7.0 PBS and its response
was featureless and the redox peak of quinine/hydroqui-
none groups are not generated in the potential range used
for polymerization. High oxidation potentials (>2.0 V) are
required for generation of surface active quinine/hydro-
quinone groups on carbon electrodes [29].

The electrocatalytic behavior of the poly(luminol) modi-
fied electrode was evaluated via the oxidation of UA.
Figure 2A shows the CVs of the modified electrode in 0.1 M
PBS (pH 7.0) spiked with UA (curve b). It also includes a
voltammogram obtained for the poly(luminol) modified
electrode when placed in PBS without UA (curve a). After
the addition of UA to the PBS, the anodic peak current (ipa)
of poly(luminol) increased, while the corresponding catho-
dic wave was substantially depressed on the reverse scan
(Fig. 2A curve b). This behavior suggests that the electro-
oxidation of UA may be catalyzed by the polymer redox
couple, which acts as a mediator. The CVs for UA on the
poly(luminol) modified electrode and on the pretreated
GCE show that UA oxidation occurs at the surface of the
former electrode at a potential that is 0.140 V less positive
than the potential required for oxidation on the latter
electrode (curve c). At the same time, compared with the
pretreated GCE, the oxidation current for UA was much
higher at the modified electrode (Fig. 2A curve b). All of
these factors indicate that the poly(luminol) modified
electrode catalyzes the oxidation of UA. The effect of scan
rate on the anodic peak current of UA was studied. As the
scan rate increased, the oxidation peak current (Ipa)
increased (Fig. 2B). The Ipa was directly proportional to
the root of scan rate (n1/2) over the range of 10 – 200 mVs�1

(Fig. 2B curves a – j), which suggested a diffusion-controlled
process on the modified electrode surface [30].

Fig. 1. SEM (a) and AFM (3-dimensional image recorded in
tapping mode) (b) images of poly(luminol) film modified
electrode.
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The electrochemical polymerization mechanism of lumi-
nol was reported elsewhere and the redox reaction of
poly(luminol) was involved with same number of electrons
and protons as similar to polyaniline [24 – 26]. UA exists as
anions (pKa¼ 5.75) in physiological pH (pH 7.0) and it is
more hydrophobic than AA [31]. It was experimentally
proved that conducting polymer films (e.g., polypyrrole,
poly-3,4-ethylenedioxythiophene) contains a distribution of
reduced and oxidized regions and reduced regions are more
hydrophobic in nature [32, 33]. The same behavior is
expected for poly(luminol) and accumulation of UA at the
reduced region of polymer surface through hydrophobic
interaction resulting in the enhancement of oxidation
current. The electrochemical oxidation of UA proceeds in
a 2e�, 2Hþ process to lead to an unstable uric acid-4,5-diol
[33, 34].

One of the main objectives of this study was to develop a
modified electrode capable of selective determination of
UA in the presence of AA and DA. Since differential pulse
voltammetry, DPV, has a much higher current sensitivity
and a better resolution than CV, it was used to estimate the
lower limits of detection for UA, and to simultaneously
determine AA, DA and UA. In addition, the contribution
from the charging current to the background current, which
was a limiting factor during the analytical determination, is
negligible in DPV mode. The applicability of the poly-
(luminol) modified electrode to the selective determination
of UA in the presence of AA was demonstrated by
simultaneously changing the concentrations of AA at fixed
concentration of UA (1 mM). The DPV results showed that
there were two well-distinguished anodic peaks at potentials
of 29 and 295 mV, corresponding to the oxidation of AA and
UA, respectively (Fig. 3A, Curves b – i). Gradual increase of
anodic currents was observed at AA oxidation potential
with respect to the added concentrations of AA. This made
it possible to determine UA in the presence of AA at the
poly(luminol) modified electrode (Fig. 3A curves a – i).

The applicability of the poly(luminol) modified electrode
to the selective determination of UA in the presence of DA
was also demonstrated by simultaneously changing the
concentrations of DA at fixed concentration of UA
(0.5 mM). The DPV results showed that there were two
well-distinguished anodic peaks at potentials of 167 and
295 mV, corresponding to the oxidation of DA and UA,
respectively (Fig. 3B). Gradual increase of anodic currents
was observed at DA oxidation potential with respect to
added concentrations of DA (Fig. 3B curves a – g). This
made it�s also possible to determine UA in the presence of
DA at the poly(luminol) modified electrode.

As shown in Figure 3C, various concentrations of UA in
the presence of 1.0 mM AA and 1 mM DA exhibit excellent
DPV responses, while keeping the responses to AA and DA
almost constant, indicating that the responses to AA, DA
and UA at poly(luminol)/GCE are relatively concentration-
independent. In the presence of AA and DA, the Ipa of UA
was measured in pH 7.0 PBS, employing DPV as well. The
dependence of the peak current on the concentration of UA
is in a linear relationship in the range of 3.0� 10�5 to 1.0�
10�3 M (Fig. 3C, curves a – q). The linear regression equa-
tion is expressed as Ipa (mA)¼�0.06 x� 20, r2¼0.9912. The
detection limit (S/N¼ 3) was 2.0� 10�6 M. This suggests
that the oxidations of UA occur independently at poly-
(luminol) modified electrode. Thus, the prepared electrode
allowed both selective and sensitive determinations of UA.

In order to characterize the reproducibility of this sensor,
a series of repetitive measurements were carried out in 5.0�
10�5 M UA solutions. The electrode can be renewed easily
by dipping the electrode in 0.1 M PBS (pH 7.0) for potential
cycling from �0.2 to 0.5 V for 10 cycles after each
determination. Relative standard deviation of 2.8% was
observed for 10 determinations of UA, indicating that the
modified electrode had excellent reproducibility and ability
to prevent the electrode from fouling by the oxidation
product. The stability of the sensor was also determined. The

Fig. 2. (A) CVs of poly(luminol)/GCE in the absences (curve a)
and presences of 5 mM UA (curve b) in pH 7.0 PBS. Unmodified
GCE in pH7.0 PBSþ 5 mM UA (curve c). Scan rate: 40 mV s�1.
Inset shows the CVs of poly(luminol)/GCE in pH 7.0 PBS. (B)
CVs of poly(luminol)/GCE in PBSþ 5 mM UA (pH 7.0) at
different scan rates. The scan rates from inner to outer are (a to
j) 0.02, 0.04, 0.06, 0.08, 0.10, 0.12, 0.14, 0.16, 0.18, and 0.20 V s�1,
respectively. Inset: plot of Ipa vs. (scan rate)1/2.
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current response to UAwas no apparent decrease in the first
continuous 3 weeks by every day use and only about 10%
decrease in response current occurred after 6 weeks. This
level of stability is acceptable for most practical applications.

The real applicability of the poly(luminol) modified
electrode was tested by measuring the concentrations of
UA in human urine samples collected from a normal man in
our laboratory and were diluted by a factor of 100 with PBS
(pH 7.0) without any further treatment. The CVs obtained
for the urine sample in PBS are shown in Figure 3D, curves
a – c. This shows an oxidation peak at 0.366 V, which was
assigned to the oxidation of UA. To check out the observed
oxidation peak at 0.366 V was UA, the sample was spiked
with a specific amounts of standard UA solution and the
corresponding CVs are shown in Figure 3D, curves b and c.
The obvious increase in the peak current of UA after the

addition of UA to the urine sample clearly shows that the
observed peak in the human urine sample corresponded to
the oxidation of UA. We also obtained CVs for urine sample
using unmodified electrode, (see Fig. 3D, curve d), the
oxidation peak observed at 0.564 and very low current was
observed compared to the modified electrode. This depicts
the real advantage of modified electrode for detection of
UA in real samples. In addition, we determined UA in
human urine samples after known amount of UA spiked in it
(Table 1). The recoveries from spiked samples were deter-
mined and these ranged between 102.44% and 97.44% for
UA.

This study has shown that the poly(luminol) modified
GCE exhibits strong electrocatalytic activity towards the
oxidation of UA, and that it can separate out the oxidation
peaks from AA and DA sufficiently to be able to determine

Fig. 3. (A) DPVs obtained for the determination of AA at fixed concentration of UA at poly(luminol)/GCE in 0.1 M PBS (pH 7.0).
Concentration of AA: (a) 0.0, (b – i) 2.0� 10�4, 4.0� 10�4, 6.0� 10�4, 8.0� 10�4, 1.0� 10�3, 1.2� 10�3, 1.4� 10�3, and 1.6� 10�3 M.
Concentration of UA: (a) 0.0 M and (b – i) 1.0� 10�3 M. (B) DPVs obtained for the determination of DA at fixed concentration of UA at
poly(luminol)/GCE in 0.1 M PBS (pH 7.0). Concentration of DA: (a and b) 0.0, (c) 1.0� 10�4, (d) 2.0� 10�4, (e) 3.0� 10�4, (f) 4.0� 10�4,
and (g) 1.0� 10�3 M. Concentration of UA: (a) 0.0 M and (b) 0.5� 10�3 M. (C) DPVs obtained for the determination of UA at fixed
concentration of 1� 10�3 M AA and 1� 10�3 M DA using a poly(luminol)/GCE in 0.1 M PBS (pH 7.0). Concentration of UA: (a – q) 0.0,
3.0� 10�5, 1.3� 10�4, 2.0� 10�4, 2.7� 10�4, 3.3� 10�4, 4.0� 10�4, 4.7� 10�4, 5.3� 10�3, 6.0� 10�3, 6.7� 10�3, 7.30� 10�3, 8.0� 10�3, 8.7�
10�3, 9.0� 10�3, 9.3� 10�3, and 1.0� 10�2 M. Amplitude: 0.05 V; pulse width: 0.05 s; pulse period: 0.2 s. (D) CVs recorded using a
poly(luminol)/GCE in PBS (pH 7.0) with (a) urine sample, (b) urine sample þ100 mM UA, and (c) urine sample þ300 mM UA. CVs of a
pretreated GCE in urine sample þ300 mM UA (curve d). Scan rate: 40 mV s�1.
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them selectively. The modified electrode was sensitive and
stable, quick to respond, and good at resisting interferences
from potentially interfering compounds in the simultaneous
determination of DA, AA and UA. Simple fabrication
procedure and low cost are the advantages of the proposed
electrochemical sensor and these properties make the
poly(luminol) modified electrode as an excellent option
for determination of UA in real samples.

Experimental

All chemicals were of analytical reagent grade unless
otherwise specified. Luminol was purchased from Aldrich
(Milwaukee, WI, USA) and used as received. Dopamine
hydrochloride and UA were purchased from Sigma – Al-
drich (St. Louis, MO, USA). AAwas received from E-Merck
(Darmstadt, Germany) and used without further purifica-
tion. Water was obtained from a Millipore Alpha-Q Lotun
ultrapure water system. Solutions and buffers were pre-
pared employing standard laboratory procedures. Before
each experiment the solutions were deoxygenated by
purging with pre-purified nitrogen gas.

Electrochemical measurements were performed with CH
Instruments (TX, USA) Model-400 potentiostat with con-
ventional three-electrode cell. GCE (Purchased from Bio-
analytical systems) or GCE coated with poly(luminol) and
platinum wire are used as the working electrode and
auxiliary electrode, respectively. All the cell potentials
were measured with respect to an Ag/AgCl [KCl (sat)]
reference electrode. Hitachi scientific instruments (London,
UK) Model S-3000H SEM was used for surface image
measurements. The AFM images were recorded with a
multimode scanning probe microscope system (CSPM4000
Instruments, Ben Yuan Ltd, China).

Prior to use, the working electrode was mechanically
polished with alumina powder (Al2O3, 0.05 micron) up to a
mirror finish. Then the electrode was cycled in 0.1 M sulfuric
acid in a potential range from�0.1 to 1.0 Vat a sweep rate of
100 mVs�1 until a stable voltammogram obtained (Elec-
trode pretreatment). The electrochemical deposition of
poly(luminol) film was carried out by CV (between 0.0 and
1.0 Vat 50 mVs�1) for 10 cycles. The electrolyte consisted of
5� 10�4 M luminol monomer in aqueous solution of 0.1 M
H2SO4. The resulting polymer film was washed with doubly
distilled deionized water before proceed electrochemical
measurements. A pretreated GCE was used for compara-
tive studies.
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