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Fourier transform cyclic voltammetric technique for monitoring ultratrace
amounts of salbutamol at gold ultra microelectrode in flowing solutions
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Abstract

This work introduce an easy and fast continuous cyclic voltammetric technique for the propose monitoring of ultra trace amounts of
salbutamol in a flow–injection system. The potential waveform, which consisted of the potential steps for cleaning, stripping and potential
ramp, was continuously applied on an Au disk microelectrode (with a radius of 12.5�m). The detection method we propose has some
advantages, the greatest of which are: (1) removing oxygen from the analyte solution is no longer necessary, and (2) it is a very fast and
appropriate technique for the determination of the drug compound in a wide variety of chromatographic analysis methods. The detection limit
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or salbutamol was 2.0× 10−9 M. The relative standard deviation (R.S.D.) of the proposed technique at 10 ng/mL was 3.5% for 10 ru
ffects of pH of eluent, accumulation potential, sweep rate, and accumulation time on the sensitivity of the method for the determ

he salbutamol were investigated. The proposed method was applied to the determination of salbutamol in pharmaceutical prep
iological samples.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Salbutamol {2-(tert-butylamino)-1-(4-hydroxy-3-(hydr-
xymethyl)phenylethanol}, was also known as albuterol, is
linically the most widely used B2-adrenoceptor agonist in
he treatment of bronchial asthma (Fig. 1). Depending on their
oute of administration, B2-agonists produce a certain amount
f anabolic-like effect. The use of salbutamol is therefore re-
tricted by the International Olympic Committee (IOC). It is
nly permitted by inhalation and, even then, must be declared

n writing to the relevant medical authority prior to the com-
etition [1]. Salbutamol is also applied as a tocolytic agent

n humans as well as in veterinary medicine (this drug may
isplay lipolytic effect in higher doses) and residues of these
ompounds, which are most abundant in liver and meat, can
e toxic to humans[2,3].

∗ Corresponding author. Tel.: +98 21 6112294; fax: +98 21 6495291.
E-mail address:ganjali@khayam.ut.ac.ir (M.R. Ganjali).

Literature survey revealed that several techniques
been adopted for the determination of salbutamol. T
include, high-performance liquid chromatography (HPL
HPLC–mass spectrometry (MS), gas chromatography–
electrokinetic chromatography, MS, LC, immunoassay,
illary electrophoresis, spectrophotometry, polarography
tentiometry using ion-selective electrodes, and voltamm
[4–15].

Stripping voltammetric techniques have the advantag
being both rapid and economical in the determination of m
organic and inorganic compounds in aqueous systems
a sensitivity range of parts-per-billion[16]. In fact, becaus
of the movement of analyte zone in an electrochemical
cell, application of such techniques in the flowing soluti
requires fast accumulation of the analyte and fast pote
sweeping, which is not appropriate in the case of large
trodes[17,18]. Electrochemical measurements, which ar
netically controlled (or in other words, irreversible), are
generally well-suited to such processes, if performed at
electrodes. This resulted from the fact that the surface o
039-9140/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2005.01.045
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Fig. 1. Structure of salbutamol sulfate.

solid electrodes can be easily poisoned (or deactivated) by
the products of the red/ox reactions of the desired species or
impurities present in the test solution. However, application
of ultra microelectrodes (UMEs) solves most of the problems
of these detection methods. In fact, use of voltammetric tech-
niques„ has been further stimulated by the advent of UMEs,
due to their steady state currents, higher sensitivity, increased
mass transport, and their ability to be used in electroanalysis
in solutions with a very high resistance.

Another problem is caused by the changes in the properties
of the electrode surface during the potential scan. If the sur-
face of the solid electrode is repeatedly oxidized and reduced
during voltammetric measurement, is associated with high
levels of noise due to the structural changes of the electrode
surface (the electrode signal will have a large background cur-
rent)[19]. Since such currents, can interfere with the desired
electrode processes, and may adversely affect the detection
limits of the method[20]. Application of a potential sweep-
ing technique, such as cyclic voltammetry or square wave
voltammetry, associated with a potential waveform for elec-
trode cleaning, can be of great help[21]. Electrochemical
conditioning (EC) permits the maintenance of a clean and
active electrode surface for long periods of time.

The background current in voltammetric measurements,
as we will discuss, can provide useful information about the
adsorption processes and changes occurring in the double
l etric
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used in the determination of a variety of compounds in a
choice of chromatographic analysis methods (e.g., capillary
electrophoresis). Moreover, the sensitivity of the method was
improved significantly depending on the mode of data pro-
cessing used in the calculation of the detector response.

2. Experimental

2.1. Reagents

All solutions were prepared in double-distilled deionized
water, using analytical grade reagents. The reagents used to
prepare the stock eluent solution for flow injection analysis
(0.05 M H3PO4 and 1.0 M NaOH used for adjusting the pH
of the eluent) were obtained from Merck Chemicals. Salbuta-
mol sulfate was a gift from center of quality control (Tehran,
Iran). In all experiments, solutions were made up in the back-
ground electrolyte solution, and were used without removal
of dissolved oxygen.

2.2. Procedure for the preparation of standard
salbutamol solutions

Stock solution (1.0 mg mL−1) of salbutamol sulfate pre-
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ayer at the electrode surface. In square wave voltamm
easurements, for instance, the change in the double lay
acitance occurs due to adsorption of species on gold U
as used for the determination of medicines[22]. In addi-

ion, a low adsorption of species existing in the solution
n the electrode surface can strongly affect the cathodi
nodic currents of red/ox reaction that occur at the elect

Recently, a number of electrochemical methods
s electrochemical impedance spectroscopy, mathem
odeling of the ac voltammetry, and modulated linear-r

oltammetry have been combined with FFT methods
he increasing of sensitivity and simplicity of data anal
23–26].

In this work we wish to introduce a simple and very
oltammetric detection method in a flow–injection sys
or the monitoring ultra trace amounts of salbutamol. A s
ial computer based numerical method is also introduce
alculating the analyte signal and noise reduction. The
ulation of the signal was based on the net partial an
al charge exchanges at electrode surface by integratin
ents at whole potential range at the cyclic voltammog
CV). Depending on applied conditions, the detector ca
-

l

ared by dissolving 100 mg of the drug sample in 100 m
istilled water. This solution was further diluted daily w
ater to give the appropriate concentration for the wor
olution.

.3. Procedure for the determination of salbutamol in
ablet

Weigh and thoroughly grind ten tablets. Extract an a
ately weighed portion of the obtained powder equivale
.0 mg of salbutamol with 25 mL of 0.05 M phosphoric a
hake for about 10 min, filter the mixture into 100 mL m
uring flask and wash the residues several times and d
o the mark with phosphoric acid. 10�L of the final solution
as diluted with 0.05 M phosphoric acid to a 100 mL fl
nd the method described for the determination of salbut
ulfate was applied to the commercial prepared tablet.

.4. Procedure for spiked urine and serum samples

An aliquot of a standard aqueous solution of salb
ol sulfate containing (1.0–5.0�g) was added to 0.5 mL
rine or serum sample in a centrifuge tube and vortex
0 s. Fifty microliter of 0.1 M NaOH solution was add
haken for few seconds, followed by the addition of 2.5
ichloromethane. The mixture was vortex mixed at h
peed for 2 min, and then centrifuged at 3000 rpm for 10
he resulting supernatant was transferred to a small co
ask. The extract was evaporated to dryness at 60◦C and the
esidue was dissolved in 0.5 mL water, diluted with 0.0
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Fig. 2. Diagram of the electrochemical cell.

phosphoric acid to a 100 mL flask and then analyzed accord-
ing to the recommended procedure.

2.5. Flow injection setup

The equipment for flow injection analysis included a 10
roller peristaltic pump (LKB Co. 2115 Miltiperpex) and a
four-way injection valve (Supelco Rheodyne Model 5020)
with a 50�L sample injection loop. Solutions were intro-
duced into the sample loop by means of a plastic syringe.
The electrochemical cell used in flow–injection analysis is
shown inFig. 2. In all experiments described in this paper,
the flow rate of eluent solution was 100�L/min.

2.6. Electrode preparation

Gold UMEs (12.5�m, in diameter) were prepared by seal-
ing metal micro-wires (Good fellow Metals Ltd., UK) into a
soft glass capillary. The capillary was then cut perpendicu-
lar to its length to expose the wire. Electrical contacts were
made using silver epoxy (Johnson Matthey Ltd., UK). Before
each experiment the electrode surface was polished for 1 min
using extra fine carborundum paper and then for 10 min with
0.3�m alumina. Prior to being placed in the cell the elec-
trode was washed with water. In all measurements, an Ag
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trode surface is electrochemically cleaned by applying two
potential steps. The first step includes strong oxidation of
the electrode surface by applying a very positive potential
(EEc1= 1800 mV, for 100 ms). During this time, all the ad-
sorbed analyte molecules are removed from the surface, and
in the second step, the electrode surface is recovered(or re-
newed) by applying a negative potential (EEc2=−400 mV, for
100 ms). One reason for having a clean electrode surface is
that after each injection the base line of the response curve re-
turns to its original value (seeFig. 6). This part is followed by
potential stepEs, where stripping of the analyte takes place.
Finally the current measurements take place during the poten-
tial ramp. All data acquisition and data processing programs
were developed in Delphi 6® program environment.

2.8. Signal calculation

As mentioned above, the current passing through the elec-
trode was sampled only during the potential ramp. In this
detection method the integration of net current changes is
applied all over the scanned potential range. It must be noted
that in this case, the current changes at the voltammograms
(as a result of the injected analyte) can be caused by vari-
s)| AgCl (s)| KCl (aq, 1.0 M) reference electrode was us
he auxiliary electrode was made of a Pt wire, 1cm in le
nd 0.5 mm in diameter.

.7. Data acquisition and processing

All electrochemical experiments were carried out usi
etup comprised of a PC PIII Pentium 300 MHz microc
uter equipped with a data acquisition board (PCL-818
dvantech Co.) and a custom made potentiostate[27]. The
iagram of applied potential waveform during cyclic volta
etric measurements is shown inFig. 3. The potential wave

orm consists of two sections. In the first section, the e
 Fig. 3. Diagram of the applied potential waveform.
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ous processes that can occur at the electrode surface. These
processes include: (a) oxidation and reduction of adsorbed
analyte and (b) inhibition of oxidation and reduction of the
electrode surface by the adsorbed analyte molecules. Indeed,
in order to see the influence of the adsorbed analyte on the ox-
idation and reduction peaks of the gold surface, the scan rate
must be set very high (e.g., > 20 V/s). However, during the
scan, some of the adsorbed analyte molecules are desorbed.
Depending on the rate of these processes and the scan rate,
the amount of the desorpted analyte molecules can change
during the scan. The important point here is that part of the
adsorbed analyte still remaining on the electrode surface can
inhibit the redox process on the electrode surface.

In this method, which was used for nonselective mea-
surement,�Q is calculated based on the all of the current
changes at the CV. A total absolute difference function (�Q)
can be calculated using the following equation:Where, s is
the sweep number,τ is the time period between subsequent
sweeps,�t is the time difference between two subsequent
sampling points on the CV curves,i(s, E) represents the cur-
rent of the CV curve recorded during thesth sweep andi(sr,
E) is the reference current of the CV curve.Ei andEv are the
initial and vertex potential, respectively. The reference CV
curve was obtained by averaging a few CV curves recorded
at the beginning of the experiment (i.e. before injection of the
analyte). Typically, the averaging of CVs included the 5–10
c njec-
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Fig. 4. Typical cyclic voltammogram of Au disk ultra-microelectrode in
0.05 M H3PO4 (eluent). The rate was 100�L/min, and the sweep rate was
0.5 V/s. (a) without any filtration, (b) FFT diagram of the voltammogram,
and (c) after applying filtration and removing (the cut off frequency was
40 Hz).

3. Results and discussion

The main problem was the stability of the background
signal in this detection method. This was mainly due to the
changes which occurred in the surface crystal structure dur-
ing oxidation and reduction of the electrode in each potential
cycle. Since the crystal structure of a polycrystalline gold
electrode is strongly dependent on the condition of the ap-
plied potential waveform[28], therefore, various potential
waveforms were examined in order to obtain a reproducible
electrode surface (or a stable background signal). As a result,
the best potential waveform that could produce a stable back-
ground and unchanged surface structure was the waveform
shown inFig. 3. An example of the application of that wave-
form is shown inFig. 5. This figure shows a sequence of CVs
recorded during the flow injection of 50�L of 1.0× 10–8 M
salbutamol (in 0.05 M H3PO4) into the eluent solution con-
taining 0.05 M H3PO4. The potential axis on this graph rep-
resents the potential applied to the working electrode during
urves. These equations show that for the same flow i
ion experiment the analyte response can be obtained
ifferent integration limits. However, the selectivity and s
itivity of the analyte response expressed in terms of�Q
trongly depends on the selection of the integration limi

It should be noted that in this method, all studied proce
nvolve the adsorption of analyte; hence both charging
aradic currents may potentially carry useful analytical
ormation. Also, in order to remove noise from the da
econd order low pass filters with a 0.5–50 kHz cutoff
uency were placed between the current output of the p

iostate and the data acquisition board. If the main cont
ion to the baseline noise is from the “white” noise ge
ted by the potentiostate, the integration procedure us
rovides a 3–20-fold improvement in signal-to-noise(S
atio compared to the simple monitoring of the current
xed potential. However, in the case of severe environm
oise (e.g. power line noise) the improvement may be m

arger.
One of the important aspects of this method is the a

ation of a special analog filtration, which is applied du
he measurement. In this method, a CV of the electrode
ecorded at first (seeFig. 4a) and then the existing high f
uency noises were indicated (by applying FFT on the

ected data) (seeFig. 4b). Finally, using this information, th
utoff frequencies of the analog and digital filters were
t a certain value (where the noises were removed from
V). The resulted CV inFig. 4c shows the successfulnes

he filtering procedure. The FFT procedure for filtering n
s well established in electrochemistry.
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Fig. 5. (a) Cyclic voltammograms at a 12.5�m Au ultra-microelectrode
recorded during a flow–injection experiment. The eluent was 0.05 M H3PO4,
the flow rate was100�L/min, and the sweep rate was 125 V/s. Each scan was
preceded by 100 ms (at 1600 mV) and 200 ms (at−400 mV) conditioning
and accumulation period, respectively. The accumulation time was 700 ms at
−300 mV. The injected solution (50�L) contained 1.0× 10−8 M salbutamol
Sulfate in 0.05 M H3PO4. (b) Curves result of subtraction of an average CVs
(in absent of the analyte) from test of the CVs in (a), (c) overlapping curves
in (b).

each sweep. The time axis represents the time passing be-
tween the beginning of the flow injection experiment and the
beginning of a particular sweep (i.e. it represents a quantity
proportional to the sweep number). As can be seen, in the
absence of salbutamol the shape of the CV curves is typi-

cal for a polycrystalline Au electrode in acidic media. The
characteristic element of the CVs at the gold electrode is a
set of peaks associated with the formation and dissolution
of a surface oxide layer at about 1600 and 400 mV (when
potential sweep rate is 125 V/s), respectively. The process
is also initiated by the electro-sorption of the hydroxyl ion,
which at more positive potentials undergoes deprotonation
and structural rearrangement[29]. The surface oxidation can
be initiated by adsorption of water molecule and then at more
positive potential AuOH forms leading to the formation of a
two-dimensional phase of gold oxide;

Au(H2O) → AuOH + e+ H+ (1)

At more positive potentials AuO is made according to the
following reaction:

AuOH → AuO + e+ H+ (2)

Fig. 4b and c show the absolute current changes in the
CVs curves after subtracting the average background five
CVs (in the absence of the analyte). As can be seen, this way
of presenting the electrode response gives more details about
the effect of the adsorbed the ions on currents of the CV.
The curves show that current changes mainly take place at
the potential regions of the oxidation and reduction of gold.
When the electrode-solution interface is exposed to salbu-
t xide
f
h ge in
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amol, which can be adsorbed on the electrode, the o
ormation process is strongly inhibited[30]. In fact, the in-
ibition of the surface process causes significant chan

he currents at the potential region, and as a consequen
rofound changes in the shape of CVs take place. Un
ality of the detector in this mode is very advantageou
hromatographic analysis, where a mixture of compou
re present in sample.

Fig. 6 illustrates the flow injection response-time
he detector due to the injection of 50�L of solutions of
.0× 10−8 M salbutamol in H3PO40.05 M. Each curve i
iven using Eq. (1).

A few points must be taken into consideration in this
ection method. Theoretically, the analyte response ca

ig. 6. Response of Au ultra-microelectrode to 5 consecutive injectio
.0× 10−8 M salbutamol sulfate. All experimental conditions as inFig. 3.
urve represent [Qfunction calculated according to Eq. (1).
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Fig. 7. Cyclic voltammograms of Au electrode in various pHs at the sweep
rate 125 V/s.

affected by the thermodynamic and kinetic parameters of ad-
sorption, the rate of mass transport, and the electrochemical
behavior of the adsorbed species. The free energy and the rate
of adsorption depend on the electrode potential, the electrode
material, and to some extent, on the choice of concentration
and the type of supporting electrolyte. In order to achieve
maximum performance of the detector, the effect of experi-
mental parameters were tested and optimized. These param-
eters were the pH of the supporting electrolyte, the potential
and the time of the cleaning steps, the potential and the time
of the accumulation and the potential sweep rate.

3.1. Effect of the pH of the eluent

The cyclic voltammograms of Au electrode in various pH
of the eluent (H3PO4) were tested and the results are depicted
in Fig. 7. As can be seen fromFig. 7, the pH of the eluent
changes the potentials of oxidation and reduction of the gold
electrode. The best S/N ratio was obtained between pH 2–3.
In addition, the results show that at pH higher than 9, the
noise level in the baseline (�Qversus Time) is higher up to
11.5% compared to acidic solution (pH 2).

3.2. Effect of sweep rate

A concentration of 2.0× 10−8 M salbutamol was studied
a p rate
w 0 to
4 ts the
m s of
t nsid-
e , and
s lso,
t sep-
a uires
t iew,
i d is
a rbed
a st be
e rison
w de-

tection method, especially, when the stripping of salbutamol
occurs at a potential, which is very larger or smaller thanEi .
The main reason for the application of a high sweep rate is the
prevention of desorption of the adsorbed salbutamol during
the potential scanning. In addition, under this condition, the
inhibition effect of the adsorbed salbutamol on the oxidation
process can take place. However, sensitivity of the detection
system mostly depends on the potential sweep rate mainly
due to kinetic factors in adsorption, and instrumental limita-
tions. The results obtained for the examined salbutamol on
the Au electrode show that the height of the electrode re-
sponse is constant within experimental error for sweep rates
between 40 and 180 V/s. This is not surprising since in this
case the main contribution to the signal arises from the elec-
trical charge needed to remove adsorbed salbutamol from the
electrode surface. This charge depends on the accumulation
conditions but should be independent of the sweep rate.

3.3. The effect of the accumulation potential

The effect of the accumulation potential on the gold elec-
trode response to the injection of a solution of 2.0× 10−8 M
salbutamol, in 0.05 M H3PO4 was also evaluated over the po-
tential range−600 to +400 mV and the results showed that
the adsorption process exhibits a strong dependence upon
the applied potential. Thus, a−300 mV accumulation poten-
t n be
e ac-
c pos-
i nfa-
v ntials
i dro-
n

3

s on
t of
s ping
s ). As
m and
t time.
F ation
t M
p omes
s ow.
I ous
c their
k

3

ro-
e sults
s with-
o t test
nd the responses of the detector to the potential swee
ere recorded at different sweep rates ranging from 5
00 V/s, and the results showed that the detector exhibi
aximum sensitivity at 125 V/s of scan rate. The effect

he sweep rate on the detection performance can be co
red from two aspects: first, speed in data acquisition
econd, kinetic factors of adsorption of the salbutamol. A
he use of this detection method in conjunction with fast
ration techniques such as capillary electrophoresis req

he employment of high sweep rates. From this point of v
t is important to check how the sensitivity of the metho
ffected by the sweep rate. In fact to detect the adso
nalyte on the electrode surface, high sweep rates mu
mployed so that the sweeping step is short in compa
ith the stripping period. This is very significant in this
ial was chosen. The relation observed for salbutamol ca
asily explained: at positive potentials, the efficiency of
umulation drops, because adsorption of cations on the
tively charged electrode becomes thermodynamically u
orable. The observed drop of response at negative pote
s most probably due to the competitive adsorption of hy
ium ions.

.4. Influence of the accumulation time

The sensitivity of the measurement strongly depend
ime and potential of stripping. Mainly, accumulation
albutamol on the electrode takes place during the strip
tep (assuming that an appropriate potential is selected
entioned above, the surface of UMEs is very small

he electrode surface can be saturated in a very short
ig. 8shows the plot of peak charge versus pre-concentr

ime for 2.0× 10−8 M salbutamol in the presence of 0.05
hosphoric acid. As it is seen, the electrode surface bec
aturated with the salbutamol within a 700 ms time wind
n fact, the difference in the time of saturation of vari
ompounds can be related to the existing differences in
inetics of the electron transfer and mass transport.

.5. Response stability of the detector signal

The stability of the response of the gold ultra mic
lectrode was evaluated for several hours and the re
howed that the electrode exhibits a stable response
ut any chemical or mechanical treatment. The longes
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Fig. 8. Effect of the accumulation time on the electrode response to injections
of 2.0× 10−8 M salbutamol sulfate in 0.05 M H3PO4.

(24 h) involved replicate measurements of the response for
1.0× 10−6 M salbutamol on a gold electrode in a continu-
ously flowing 0.05 M of phosphoric acid. The scan rate of
125 V/s, the accumulation potential of−0.3 V, and accumu-
lationtime of 0.7 s were applied for all experiments. The rel-
ative standard deviation of the results was 3.6%.

3.6. Calibration curve and detection limit

The experimental conditions were set at the optimum val-
ues in order to obtain the best detection limit and wide lin-
ear range for the detection of salbutamol in 0.05 M H3PO4.
It should be noted that like classical stripping voltammet-
ric method, in the calculation method, the analyte response
is proportional to the electrode coverage. This assumption,
however, may be less obvious when the inhibition of oxide
formation by adsorbates is considered, but it is not unlikely.
For example, it has been shown that a decrease of charge in
the oxide formation region on gold caused by adsorption of
species is proportional to the surface coverage[31]. There-
fore, if the electrode coverage is controlled by the rate of mass
transport, a linear calibration curve is expected up to the point
when full electrode coverage is reached during the stripping
time. But when thermodynamics of adsorption or kinetics of
the interfacial step controls the electrode coverage, then a
linear calibration curve can be expected for only very small

coverage. Under typical experimental conditions used in this
work and for strongly adsorbing salbutamol, the linear por-
tion of the calibration curve extends from about 10× 10−9

to about 1.0×10−7 M. Measurements carried out for small
analyte concentrations allow the estimation of the detection
limit CDL:

CDL = 3sb

m
(3)

Wheresb is the standard deviation (or noise) of the base-
line around the flow injection peak andm is the sensitivity
of the method (a change in the peak height divided by the
change in concentration) near the detection limit. To insure
the best S/N ratio, the measurements were carried out at high
sweep rates. In all case the stripping time was 700 ms. The de-
tection limit that obtained for salbutamol was 2.0× 10−9 M
(∼700 pg/mL).

3.7. Analytical applications

3.7.1. Determination of salbutamol in tablets
The proposed system was applied for the determination

of salbutamol sulfate in the commercially available tablets
of salbutamol (declared content is 2 mg of salbutamol in one
tablet). It was found that each tablet contained 2.04± 0.02 mg
of salbutamol (average value of three independent analy-
s icular
b ina-
t
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.4
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.4
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able 1
etermination of salbutamol in spiked human urine and plasma

ample Added (�g L−1) ± S.D.%a Found (

rine

2.0 ± 1.4 1.9 ± 1
3.0 ± 1.2 3.1 ± 1
5.0 ± 1.0 4.9 ± 1

10.0± 1.0 10.2± 0

lasma

2.0 ± 1.3 2.1 ± 1
3.0 ± 1.4 2.9 ± 1
5.0 ± 1.0 5.1 ± 1

10.0± 0.8 10.1± 0
a Mean of five measurements.
es), whereas the reported average value for this part
atch, and also the results of the standard HPLC determ

ion method were 2.00 mg and 2.05± 0.04, respectively.

.7.2. Determination of salbutamol in urine and serum
The proposed sensitive method was also applied for th

ection of salbutamol in spiked human urine and serum
les. The recommended procedure was used for the det
f salbutamol and the results of the recoveries of salbut

rom spiked human urine and plasma samples are giv
able 1. As can be seen fromTable 1, the recoveries are
he range of 95.0–105.0%.

.8. The effect of interferences

Interferences by some alkali metal ions, common
ons and some molecules were examined for 1.0× 10−7

± S.D.%a Recovery (%) R.S.D± % (n= 3)

95.0 1.4
103.3 2.4
98.0 1.9
102.0 1.8

105.0 1.5
96.6 1.1
98.0 1.6
101.0 2.2
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Table 2
Interferences examined for 1.0× 10−4 and 1.0× 10−5 M salbutamol in the presence of 0.05 Ms H3PO4, on addition of 1.0× 10−3 and 1.0× 10−4 M of any
interference, under optimized conditions for salbutamol

Interference concentration (M) Salbutamol concentration (M) Salbutamol recovery (%) Error percentage

Acetate
1.0× 10−3 1.0× 10−4 101.2 1.2
1.0× 10−4 1.0× 10−5 100.0 0.0

Ascorbic acid
1.0× 10−3 1.0× 10−4 98.5 −1.5
1.0× 10−4 1.0× 10−5 98.8 −1.2

Glucose
1.0× 10−3 1.0× 10−4 100.7 0.7
1.0× 10−4 1.0× 10−5 101.8 1.8

Tartarate
1.0× 10−3 1.0× 10−4 101.3 1.3
1.0× 10−4 1.0× 10−5 100.1 0.1

Iodide
1.0× 10−3 1.0× 10−4 101.3 1.3
1.0× 10−4 1.0× 10−5 102.6 2.6

Chloride
1.0× 10−3 1.0× 10−4 101.2 1.2
1.0× 10−4 1.0× 10−5 102.6 2.6

Potassium ion
1.0× 10−3 1.0× 10−4 98.6 −1.4
1.0× 10−4 1.0× 10−5 98.2 −1.8

Sodium ion
1.0× 10−3 1.0× 10−4 98.8 −1.2
1.0× 10−4 1.0× 10−5 97.7 −2.3

and 1.0× 10−8 M salbutamol in the presence of 0.05 M
H3PO4. On addition of 1.0× 10−6 and 1.0× 10−7 M of
these interferences, the responses of the detector were
recorded. The results are given inTable 2. As it is seen,
no significant error in the determination of salbutamol was
observed.

3.9. Comparison of the sensitivity of the method and
other previously reported methods

Table 2 compares the detection limit of the proposed
method with the other reported methods[32–39]. As it is
immediately obvious, the sensitivity of the method is supe-
rior to all previously reported methods. The data inTable 3
revealed that except for one method[32] the detection limit
of which is three time higher than the present work, in the
case of the other method the detection limit of this method is
at least 160 times less[33–39].

Table 3
Comparison between the detection limits of the proposed method with the
other previously reported methods

Reference Detection limit (ng/mL)

[32] 2
[33] 200
[
[
[
[
[
[
T

4. Conclusion

The presented results in this paper indicate that adsorp-
tion voltammetry associated with the selective or nonselec-
tive detection of various compounds at UME can serve as
a fast and reliable technique for the trace analysis of chem-
icals in flowing solution. Indeed, the electrochemical pre-
conditioning of the electrode, which takes place before the
potential sweeping has an important influence on the stability
of the electrode and the sensitivity of the method. The detec-
tion limit can be further improved by increasing the strip-
ping time, in cases where the adsorption process is limited
by mass transport or a surface kinetics; however, this may
lead to a deterioration of the zone resolution in same appli-
cations (e.g. CE or HPLC detection). An improvement in the
detection limit can also be achieved by lowering the base-
line noise. The noise level in such measurements depends,
to a large extent, on the quality of the electronic equipment
used. The gold UME provides a stable response for several
hours without any mechanical or chemical treatment. For ex-
ample, a 24 h test involved replicate measurements of the
response for 1.0× 10−6 M salbutamol on a gold electrode
in a continuously flowing 0.05 M H3PO4, the relative stan-
dard deviation of the results was 3.6% and there was not
any definite drift in the electrode sensitivity. The detector re-
sponse, however, can be reliably expressed in terms of the
t all
( a sit-
u eri-
m t, and
t o ef-
f of
34] 10000
35] 1000
36] 1000
37] 23000
38] 100
39] 5000
his work 0.67
otal absolute difference only if the baseline drift is sm
say, less than 1% during the entire experiment) such
ation is commonly encountered in flow–injection exp
ents. It should be stressed that both the baseline drif

he choice of the reference CV curve have practically n
ect on the detector response peaks expressed in terms�Q
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based on Eq. (1). Studies of the functional relation between
the electrode response and the stripping time may provide
some information about the kinetics of the adsorption pro-
cess; here, however, only a brief discussion of this topic was
provided.
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