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A differential pulse voltammetric sensor for the determination of tamsulosin hydrochloride (TAM) using multiwalled carbon nanotubes
(MWNTs)–Naﬁon-modiﬁed glassy carbon electrode (GCE) has been developed. MWNTs were dispersed in water with the help of Naﬁon
and were used to modify the surface of GCE via solvent evaporation. At MWNT-modiﬁed electrode, TAM gave a well-deﬁned oxidation
peak at a potential of 1084 mV in 0.1 M acetate buffer solution of pH 5. Compared to the bare electrode, the peak current of TAM
showed a marked increase and the peak potential showed a negative deviation. The determination conditions, such as the amount of
MWNT– Naﬁon suspension, pH of the supporting electrolyte and scan rate, were optimised. Under optimum conditions, the oxidation
peak current was proportional to the concentration of TAM in the range 1 × 1023 M–3 × 1027 M with a detection limit of
9.8 × 1028 M. The developed sensor showed good stability, selectivity and was successfully used for the determination of TAM in pharmaceutical formulations and urine samples.

1. Introduction: Recent years have witnessed signiﬁcant interest in
nanomaterials, such as nanocrystals, nanowires and nanotubes for
their wide applications. Carbon nanotubes (CNTs) have been at
the forefront of novel nano-scale investigations owing to their
unique structure-dependent electronic and mechanical properties.
Their small dimensions, closed topology and lattice helicity have
enabled nanotubes to inﬂuence broad areas of science and technology, ranging from super strong nanocomposites to nanoelectronics
[1]. Certainly, in the studies of electrochemical properties of
biologically relevant molecules such as hydrogen peroxide [2],
nicotinamide adenine dinucleotide [3], dopamine [4] and so on,
multiwalled carbon nanotube (MWNT)-modiﬁed electrodes have
shown superior performances compared to other carbon electrodes.
Also, their subtle electronic properties suggest that MWNTs
have the stability to promote the direct electron transfer reaction
of some important biomolecules, such as microperoxidase [5],
horseradish peroxidase [6], haemoglobin [7], glucose oxidase [8]
and so on.
Tamsulosin hydrochloride (TAM) is a potent and selective a1adrenoceptor antagonist. This drug is used as an oral medication
to ameliorate the bladder-outlet obstruction associated with prostatichypertrophy. Prostatic and urethral smooth muscle tone is maintained by stimulation of postjunctional a1-adrenoceptors through
the release of noradrenaline from the adrenergic nerves in both
animals and humans [9]. Benign prostatic hyperplasia is associated
with a bladder-outlet obstruction that has been postulated to occur
via both mechanical compression exerted by the increased bulk of
the prostate and alterations in the neural control of the prostatic
smooth muscle. In recent years, a1-adrenoceptor antagonists have
been increasingly used for the symptomatic treatment of lower
urinary tract symptoms, suggestive of benign prostatic obstruction
[10].
Several analytical methods have been reported for the analysis of
TAM. These include liquid chromatography-mass spectrometry
[11], liquid chromatography with ﬂuorescence detection [12] and
radio receptor assay [13]. The major drawbacks of these reported
methods include potential loss of drug in the re-extraction procedure, lengthy, tedious and time-consuming plasma sample preparation and extraction processes and interference of endogenous
substances. Above all, these methods also require sophisticated
and expensive instrumentation. In this context electrochemical
detection methods are often advantageous as they offer high
sensitivity, ease of use, portability and relatively inexpensive
equipment.

2.2. Preparation of MWNT-modiﬁed GCE: Prior to modiﬁcation,
the GCE was mechanically polished with alumina slurry down to
0.05 mm on a polishing cloth. Then the electrode was sonicated
in methanol, water, HNO3 solution and acetone, respectively.
Acid treatment of MWNT was carried out as described in the literature [18]. As a result of this treatment, length of MWNT got shortened and they gained functional groups which made them
hydrophilic. The peaks at 1703 and 1564 cm21 of the FTIR spectrum demonstrated that carboxy groups and carboxylate groups
are present on the surface of treated MWNTs.
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The main electrochemical methods involve reaction at different
solid electrodes such as glassy carbon electrode (GCE), platinum,
diamond, gold and transition metal-oxide electrode. However, the
application of these electrodes is limited, because several species
can poison the electrode surface and decrease the sensitivity and
accuracy. The performance characteristics of these electrodes can
be enhanced by using chemically modiﬁed electrodes.
In continuation to our work on electroanalysis [14 –17], an
attempt has been made to study the electrochemical oxidation of
TAM at an MWNT-modiﬁed GCE and to develop a convenient
and sensitive method for the determination of TAM by differential
pulse voltammetry (DPV) using the developed sensor.
2. Experimental
2.1. Apparatus: Voltammetric measurements were performed with a
PC-controlled BAS Epsilon electrochemical analyser (Bio-analytical System, USA). A three-electrode cell system consisting of
MWNT –Naﬁon-modiﬁed GCE as working electrode, an Ag/
AgCl reference electrode and a platinum wire auxiliary electrode
were used. Fourier transform infrared (FTIR) spectra of the
MWNT were recorded on JASCO-4100 FTIR spectrometer using
KBr discs. Scanning electron microscopic (SEM) images were
obtained on a JOEL 6390 LV.
Pure TAM was obtained as a gift sample and was used as
received. Tablets of TAM, Veltam capsules (Intas
Pharmaceuticals, India) were purchased from local drug stores.
MWNTs (6–20 nm diameter and 1–5 mm length) and Naﬁon
were purchased from Aldrich. MWNT was reﬂuxed in concentrated
HNO3 for 48 h to cause segmentation and carboxylation [18]. All
the chemicals used were of analytical reagent grade quality
(Merck or Sigma) and they were employed without further puriﬁcation and all solutions were prepared with Millipore water.
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MWNTs are generally insoluble in common solvents; therefore
the key step is to disperse insoluble MWNTs in suitable solvents
to perform the electrochemical measurements by using MWNTmodiﬁed electrodes. However, Naﬁon, a sulfonated tetraﬂuoroethylene copolymer was found to effectively disperse MWNTs. Naﬁon
possesses several advantages such as excellent ion-exchange
characteristics, thermal stability, chemical inertness, mechanical
strength and has been widely used for the MWNT modiﬁcation
of electrodes [19]. Hence Naﬁon was selected as the suitable
solvent for this study.
5 mg of acid-treated MWNT was dispersed in 2 mL of 0.5%
Naﬁon –water solution with the aid of ultrasonic agitation to form
a black homogenous suspension. 4 mL of dark suspension was
dropped onto the surface of cleaned GCE. The electrode was then
allowed to dry in air to obtain the MWNT-modiﬁed GCE. The
SEM images of the bare and MWNT-modiﬁed electrodes clearly
showed that the electrode surface was effectively modiﬁed with
MWNT.
2.3. Differential pulse voltammetric determination of TAM: A
10 mL acetate buffer solution (0.1 M, pH 5) containing speciﬁc
amount of sample solution was transferred to a voltammetric cell
and then purged with puriﬁed nitrogen for 3 min to remove
oxygen. DPV was recorded from 800 to 1300 mV, at a scan rate
of 100 mV/s. All the voltammetric experiments were carried out
at room temperature. After each measurement the modiﬁed electrode was subjected to successive sweeping at pH 5 to give reproducible electrode surface.

MWNT-modiﬁed GCE were almost the same. However, the peak
was sharper and the peak current increased signiﬁcantly, for the
latter.
DPV was also applied to investigate the electrochemical behaviour of TAM at the bare and modiﬁed GCEs. Fig. 1 shows the
differential pulse voltammograms obtained for 1 × 1023 M TAM
at bare and MWNT-modiﬁed GCEs. As can be seen, the oxidation
peak of TAM at bare GCE was broad due to slow electron transfer
[20], whereas at MWNT-modiﬁed electrode, an improved response
was observed. In the case of bare GCE, TAM gave an oxidation
peak at 1232 mV and the peak current was about 1.87 mA,
whereas at the MWNT-modiﬁed GCE, the oxidation peak was at
1084 mV with a peak current of 36.7 mA. Compared with that of
bare GCE, the oxidation potential of TAM showed a negative
shift of about 148 mV and also a 36-fold increase in peak current.
These results undoubtedly proved the electrocatalytic activity of
MWNT –Naﬁon GCE towards the oxidation of TAM. Since DPV
showed a better response, this was selected for further studies.
The surface area of both bare and MWNT –Naﬁon GCE were
determined by recording the cyclic voltammograms at different
scan rates. 2 mM K3Fe (CN)6 was taken as a probe to measure
the microscopic areas. For a reversible system the relationship
between the current and scan rate is given by the Randles Sevick
equation [21]
Ip = 2.69 × 105 An3/2 DR1/2 C y1/2

Figure 1 Differential pulse voltammograms of 1 × 1023 M TAM
a At bare GCE
b MWNT-modiﬁed GCE
Inset is the cyclic voltammograms of 1 × 1023 M TAM at a bare GCE
b MWNT modiﬁed

where Ip refers to the peak current, n the number of electron transferred, A the surface area of the electrode, DR the diffusion coefﬁcient, C the concentration of K3Fe(CN)6 and y the scan rate. For
K3Fe(CN)6 , n ¼ 1 and DR ¼ 7.6 × 1026 cm s21. The surface
area can be calculated from the slope of Ip against y 1/2. Surface
area for bare electrode was found to be 0.129 cm2. On modiﬁcation
with MWNT, the effective surface area was increased to 0.287 cm2.
This enhancement in surface area resulted in the remarkable catalytic activity of the modiﬁed electrode.
The electrochemical behaviour of TAM in various media such as
0.1 M solutions of phosphate buffer, acetate buffer, H2SO4 , NaOH
and tetra-n-butyl ammonium chloride were studied by DPV. The
best oxidation response was obtained in acetate buffer solution as
the peak current is the highest. So 0.1 M acetate buffer was taken
as the experimental medium for the determination of TAM.
The electrochemical studies of 1 × 1023 M TAM in acetate
buffer were carried out in the pH range of 3–9 using DPV. Peak
current showed a gradual increase with maxima at pH 5. An increase
of pH beyond this value caused a marked decrease in the peak
current. Hence the optimum pH for buffer medium was selected
to be 5.
The relationship between the amount of MWNT –Naﬁon and the
oxidation peak current of TAM was studied. When 4 mL of suspension was used to cast on the electrode surface, the anodic peak
current reached its maximum value. This enhancement of current
indicates that the speciﬁc surface area and the number of catalytic
sites increase with an increasing amount of MWNT. Further
increase in the amount of MWNT –Naﬁon suspension caused a
decrease in the anodic peak current. This is because Naﬁon is an
insulator and this along with excess of MWNT blocks electron
transfer. As a result, the peak current decreases when the
MWNT –Naﬁon ﬁlm is too thick. So the amount of MWNT –
Naﬁon dispersion was ﬁxed to be 4 mL.
Scan rate studies were carried out using square wave voltammetry
to assess whether the process at the MWNT –Naﬁon-modiﬁed GCE
was under diffusion or adsorption control. When the scan rate was
varied from 20 to 200 mV/s in 1 × 1023 M solutions of TAM,
(Fig. 2) a linear dependence of the peak current upon the square
root of the scan rate was found, demonstrating a diffusional
behaviour.
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3. Results and discussion: To study the electrochemical behaviour
of TAM, we tried different modiﬁcation techniques for various electrodes. It was ﬁrst studied on bare gold electrode but no response
was obtained. MWNT-modiﬁed gold electrode was then tried and
that also gave no response for TAM. However TAM gave an oxidation peak on bare GCE at 1232 mV. To reduce the overpotential,
we tried various chemical modiﬁcations on GCE. At Prussian blueMWNT colloid-modiﬁed GCE, an oxidation peak was obtained at
1164 mV with a peak current of 10 mA. However, at MWNT–
Naﬁon-modiﬁed GCE, TAM gave a well-deﬁned oxidation peak
at 1084 mV with a peak current of 36.7 mA. For all these studies,
a 1 × 1023 M solution of TAM was used. Since a better sensitivity
for TAM was obtained with MWNT –Naﬁon-modiﬁed GCE, the
choice is justiﬁed.
The cyclic voltammograms of TAM at the bare GCE and
MWNT –Naﬁon-modiﬁed GCE are shown in Fig. 1. It can be
seen that the oxidation peak at the bare GCE was weak while the
response was considerably improved at the MWNT-modiﬁed
GCE. The peak potentials of TAM at the bare electrode and the

Figure 2 Overlay of square wave voltammograms of 1 × 1023 M TAM at
MWNT-modiﬁed GCE in 0.1 M acetate buffer (pH 5) at different scan rates
a 20 mV s21
b 40 mV s21
c 60 mV s21
d 80 mV s21
e 100 mV s21
f 120 mV s21
g 140 mV s21
h 160 mV s21
i 180 mV s21
j 200 mV s21
Inset is the plot of peak currents as a function of the square root of scan rates

The effect of scan rate on peak current was also examined under
the above conditions with a plot of log I against log y , giving a
straight line within the same scan rate range. The slope (0.61) of
the curve was close to the theoretically expected value (0.5) for
an ideal reaction of solution species (diffusion controlled electrodic
process) [22]. The number of electrons involved in the reaction (na)
can be calculated from the scan rate study using the Laviron’s
equation [23]. It was found that E varies linearly with the ln y .
The slope of this plot (b) is equal to RT/anaF, where a of the
totally irreversible electrode process is assumed to be 0.5. For
the irreversible oxidation of TAM, na value was calculated to be
around 2. It indicates that two electrons are involved in the oxidation
process of TAM.
The anodic oxidative behaviour of TAM may be due to oxidation
of alkoxybenzene [24, 25]. The alkoxybenzene is converted into
quinone by undergoing a 2e2, 2 H+ oxidation as explained in
Fig. 3. After optimising the conditions for effective electro-oxidation, an electrochemical sensor was developed based on the

electrode reaction of TAM. The anodic peak current of TAM
increased linearly with its concentration. The experimental results
showed that the peak current was linear with the concentration of
TAM in the range 2 × 1026 – 3 × 1027 M (Fig. 4). The detection
limit was found to be 2 × 1028 M. The determination of TAM at
a concentration level of 1 × 1023 M was analysed repeatedly at a
MWNT –Naﬁon ﬁlm coated GCE for ﬁve times. The relative standard deviation of peak potential was obtained as 2%. This result
demonstrated the good reproducibility of the developed sensor.
To evaluate the interference of foreign materials on the determination of TAM, a systematic study was carried out. It was found that
+
2
glucose, urea, K+, SO22
4 , Na and Cl almost did not interfere with
the performance of the sensor (signal change below 5%); however,
ascorbic acid interfered severely.
The developed sensor was successfully applied for the determination of TAM in a commercially available pharmaceutical formulation (Veltam (Intas Pharmaceuticals, India)). The determination
was performed as follows: Ten tablets were weighed and ﬁnely
powdered. Then, required amount of the sample to prepare a
1 × 1024 M solution of TAM was weighed and transferred to a
beaker. Powder was dissolved in methanol and solutions of different
concentrations were prepared by serial dilution of the stock with
acetate buffer. DPV was recorded for each of these concentrations.
The obtained oxidation current in each case was plotted against the
previously obtained calibration graph shown in Fig. 3. The results
are shown in Table 1. The results obtained are in good agreement
with the declared TAM content and showed a high degree of
precision.
The developed sensor was also applied for the determination of
TAM in urine samples. An adequate amount of TAM corresponding

Figure 4 Differential pulse voltammograms of TAM at different concentrations at MWNT-modiﬁed GCE
a 3 × 1027 M
b 8 × 1027 M
c 2 × 1026 M
d 6 × 1026 M
e 3 × 1025 M
f 9 × 1025 M
g 4 × 1024 M
h 1 × 1023 M
Inset is the plot of peak currents as a function of concentration of TAM

Table 1 Determination of TAM in tablets
Sample

Declared amount
(mg/tablet)

Founda
(mg/tablet)

S.D.a

C.V.a

0.20

0.19

1.4

0.71

Veltam (Intas
Pharmaceuticals, India)
Figure 3 Reaction mechanism
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Average of six replicates
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Table 2 Determination of TAM in urine sample
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TAM added, M
2.00 × 1023
4.00 × 1023
6.00 × 1023
a

TAM found, M

Recovery, %

S.D.a

1.95 × 1023
4.08 × 1023
5.99 × 1023

98
102
100

0.43
0.98
0.67

Average of three replicates

to 1 × 1022 M was added to the urine sample. This solution was
quantitatively diluted using acetate buffer solution to obtain
various concentrations. DPV was recorded and the unknown concentrations were determined from the calibration graph. The
results are shown in Table 2, which showed that the developed
sensor can determine the drug in urine samples with high percentage recovery.
4. Conclusions: Electrochemical oxidation of TAM was studied on
a MWNT-modiﬁed GCE. TAM gave a well-deﬁned oxidation peak
due to a 2e2 oxidation of the alkoxybenzene. The oxidation reaction
was found to be diffusion controlled. Based on the electrochemical
behaviour, a sensor is developed for the determination of TAM
using DPV. The developed sensor has been successfully applied
for the determination of TAM in dosage forms and also that
present in urine samples. The developed method is a good alternative for the determination of TAM because it is simple, fast, cost
effective and also has sufﬁcient precision, accuracy and sensitivity.
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