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Antimony film electrode formed by ex situ electro deposition on glassy carbon electrode substrate has been
investigated by optimizing the suitable condition of voltammetric instrument and plating solution as well as char-
acterizing metals. The electrochemical behavior of the film was studied by cyclic and differential pulse anodic
stripping voltammetry using model samples of Pb2+ and Cd2+ ions. It was found that −500 mV depositions
potential and 45 sec deposition time are optimized conditions for sensitive film fabrication. The detection limit
for the characterizing metals was found to be 1.51 and 2.922 nM on antimony modified glassy carbon elec-
trode for cadmium and lead with the linear range of 0.99523 and 0.995 respectively. The highest sensitivity
with nano-molar detection limits were achieved on antimony film formed at constant potential for two model
analytes. The concentration in real sample of water was recorded as 0.20097 �M and 0.016 �M for lead and
cadmium respectively on modified surface. The modified electrode shows an excellent catalytic activity for the
reduction of characterizing metals (Pb2+ and Cd2+ ions).
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1. INTRODUCTION

The electrochemical sensors are very promising analytical
instruments because of their high degree of selectivity and
sensitivity. They are more useful and easy to determine the
concentrations of various analytes in samples such as fluids
and dissolved solid materials. They are frequently used in
clinical diagnostics, occupational safety, medical engineer-
ing, process and environmental analysis.1�2 Voltammogram
is one class of electrochemical sensor in which voltam-
metric measurement is made when the potential difference
across an electrochemical cell is scanned from one pre-
set value to another and the cell current is recorded as a
function of the applied potential.3–5

Stripping voltammetry is one of the most sensitive elec-
trochemical methods for the determination of trace met-
als. The method is based on the preconcentration/stripping
of an analyte in the sample solution.6 Especially differ-
ential pulse anode stripping technique is simple, fast and
sensitive method for trace metal analysis in environmen-
tal sample.7 Stripping methods using chemically modified
electrode (CME) has higher selectivity due to the ability of
the modifier to capture the specific species ion via chemi-
cal reactions.8 For the analysis of trace metals, CME have
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shown some advantages over other analytical methods and
have been employed as powerful tools for concentration
determination.9

One of the strategies for surface modification is to
employ metals/semi-metals which deposited onto the elec-
trode surface. Thin metal-film electrodes have become
widespread in electrochemical stripping analysis due to
their relatively simple fabrication and surface regener-
ation.10 When combined with advanced electrochemical
stripping protocols, they offer almost unsurpassed analyt-
ical tools in terms of reliability, simplicity and flexibil-
ity. In the last six decades, mercury electrodes were the
most extensively used for electrochemical stripping analy-
sis of several metal ions and some selected organic species.
Many other electrode materials have been suggested as
substitutes for mercury, e.g., different modifications of car-
bon, gold, platinum, silver, iridium, several alloys and
amalgams,11 etc. But none of them approached mercury
having an excellent electro analytical performance.
A decade ago, the bismuth film electrode was introduced

and has proved to be a convenient alternative to its mer-
cury counterpart. However, due to strict regulations and
provisions concerning the use of mercury, there are still
considerable efforts focused on new mercury free electrode
materials which can be satisfactorily applied in modern
stripping electro analysis.12

Recently, the in situ prepared antimony film elec-
trode (SbFE) was suggested as another alternative that
approaches the electro analytical performance of mercury
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and bismuth-based electrodes featuring some interesting
characteristics, such as favorably negative overvoltage of
hydrogen evolution, wide operational potential window,
convenient operation in relatively strong acidic medium
(pH ≤ 2) and interestingly low stripping signal for anti-
mony itself. Concerning antimony film electrodes (SbFEs)
and their comparison with the bismuth analogues, they
offer some specifics with effective use. At first, it has a bet-
ter performance in more acidic solutions,13�14 which can be
appreciated in situations, when a wet acid-assisted diges-
tion of the sample is required. In these cases, the residual
of mineral acids remaining present after the decomposi-
tion process do not need to be extensively buffered or
even removed by additional, usually complicated proce-
dures and the proper specimen for analysis can be obtained
by sole diluting the post-digestion solutions.15�22 Second,
the base-lines of SbFEs practically do not suffer from the
large dissolution (stripping) signal of the Sb-film,16 which
is quite advantageous for simultaneous co-deposition and
the subsequent detection of some nobler metal ions, such
as Cu(II), Hg(II), or even Bi(III).17 On the other hand, the
individual variants of antimony-modified electrodes seem
to be more sensitive towards the experimental conditions
chosen especially, the actual pH has to be adjusted care-
fully and the use of antimony as such means the step
backwards with respect to its less favorable toxicological
classification.
The SbFE was prepared also in situ on a boron-doped

diamond electrode exhibiting favorable electro analytical
performance in even more acidic measurement solution
of pH. However, in certain cases the application of the
in situ prepared metal film electrodes is not convenient,
undesired or even impossible, e.g., when performing mea-
surements in environments where the antimony ions can
not be added to the medium (natural waters), during
in-vivo measurements, remote controlled measurements,
and in solutions where the antimony ions are not sta-
ble. Thus, the possibility of simple electrochemical ex situ
preparation of the SbFE on a suitable substrate electrode
in a separate plating solution significantly extends the
scope and applicability of the antimony film electrode to
the abovementioned measurement conditions and to other
more challenging environments. In particular, the ex situ
preparation of the metal film paved the way towards mea-
suring those metal ions and other selected compounds
which are usually detected by anode stripping voltamme-
try. In addition, the metal film thickness and its related
characteristics can be readily controlled via deposition
time, concentration of metal ions,18 etc.
Anodic stripping voltammetry (ASV) is a powerful tech-

nique used for rapid determination of trace levels of metal
ions.19 A bare glassy carbon (GC) electrode surface rec-
ommended for the analytical application of differential
pulse anodic stripping voltammetry for the determination
of heavy metal but is not much sensitive and selective for
most elemental analysis.20�21

In this research work, we report the fabrication of SbFE
which was prepared ex situ on the surface of a glassy
carbon electrode for measuring trace heavy metals, i.e.,
Cd(II) and Pb(II).

2. MATERIALS AND METHODS

2.1. Reagents

All analytical grade chemicals were used. A stock solu-
tion of chloride, acetate and citrate buffer were made
using equimolar mixture of 0.01 M HCl (RIEDEL
DEHAEN, 37% PURE) and NaCl (NICE, 99% pure),
0.1 M CH3COOH (LOBA CHEMIE, 99.5 PURE) and
0.1 M CH3COONa (FINE, 99% PURE) and 0.1 M citric
acid (WARDEL CHEMICAL LID., 99.5%) and sodium
citrate (FENIKEM, 99%). Standard solutions of Sb3+,
Cd2+ and Pb2+ ion were prepared from their available salt.

2.2. Apparatus

Voltammetric technique was performed with a CV-50 W
in connection with personal computer. Antimony coated
glassy carbon electrode served as working electrode, with
the Ag/AgCl (3 mol l−1 NaCl) and platinum wire act-
ing as reference electrode and counter electrode, respec-
tively. All electrochemical experiments were carried out
in one-compartment voltammetric cells (10–20 mL) sam-
ple at room temperature. Stirring was carried out using a
magnetic stirrer. All glassware were carefully cleaned by
soaking in 0.1 mol l−1 HNO3 over 48 h, followed by thor-
ough rinsing with distilled water.

2.3. Preparation of Antimony Film Electrode (SbFE)

Glassy carbon electrode (GCE) surfaces was polished thor-
oughly with Al2O3 powder slurry on a polishing pad
and then rinsed with double distilled water to remove
alumina particles and other possible contaminants. After
being dried, the GCE was immersed in a plating solu-
tion consisting of plating solution. This ex situ deposi-
tion of antimony was performed in optimized deposition
potential, pH, concentration and deposition time. Deposi-
tion potential, deposition time, pH of plating solution and
concentration were optimized. Similar parameters were be
optimized for model samples of Cd2+ and Pb2+ ion on
antimony modified glassy carbon electrode except poten-
tial window instead of deposition potential and limiting
concentration in the place of concentration of antimony.

2.4. Real Sample Determination

A 100 ml of tap water was digested with 5 ml concen-
trated nitric acid by boiling on a hot plate until its vol-
ume reduced to 50 ml. Then the volume of the sample
adjusted to optimum pH and filled with acetate buffer until
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its volume reached to 100 ml. Differential pulse anode
stripping voltammetric (DPASV) measurements were per-
formed in a solution of 0.01 M chloride and 0.1 acetate
buffer containing lead and cadmium ions at various concen-
trations of these metals respectively at optimum conditions.
After equilibration period, an anodic stripping voltammo-
gram was recorded by applying a differential pulse poten-
tial scan. Before each measurement, a cleaning step was
carried out by applying an optimized potential for stripping
of each metal for 20 sec.

3. RESULT AND DISCUSSION

3.1. Cyclic Voltammogram of Antimony,
Lead and Cadmium

In order to determine the redox electrochemical sig-
nal, cyclic voltammogram of cadmium, lead, and anti-
mony were examined on glassy carbon electrode surface.
As shown in Figure 1 the reduction potential of antimony,
lead and cadmium gives maximum cathodic peak current
at −350, −550 and −960 mV respectively. This is very
important to determine the optimum deposition potential
required for thin film fabrication as well as metal deposi-
tion for the determination. Antimony film can be prepared
on glassy carbon electrode by adjusting the reduction
potential around the maximum reduction peak. Addition-
ally cyclic voltammogram confirms antimony film is stable
in negative potential window while its stability decreases
towards the positive potential window.

3.2. Effect of Hydrogen Evolution

A greater challenge is inability to measure metal ions in
which their reduction occurs at more negative potentials
due to the evolution of hydrogen at most electrode mate-
rials. This evolution of hydrogen causes the decrease in
peak height of analyte of interest. So in characterization
of antimony modified glassy carbon electrode, it is very

Fig. 1. Cyclic voltammogram of cadmium, lead and antimony on glassy
carbon electrode.
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Fig. 2. Cyclic voltammogram of (A) supporting electrolyte, (B) lead at
pH 2.5 on antimony modified glassy carbon electrode.

important, whether it has catalytic activity towards hydro-
gen absorption or not.
As shown in Figure 2(A) the reduction peak of the sup-

porting electrolyte towards the negative potential window
shows a slight increase on the antimony modified glassy
carbon electrode at optimum pH for reduction of lead,
when scanned from positive to negative direction. Simi-
lar property was observed for supporting electrolyte in the
presence of analytes as shown in Figure 2(B). The effect of
hydrogen evolution on the determination of lead increase
when over potential becomes more negative. As the over
potential become large, the hydrogen ion competition with
metal ion increase on the same electrode surface and may
cause the decrease in reduction of analytes. This implies
that hydrogen evolution can reduce the surface activities
of the electrode. Therefore the modified surface has cat-
alytic activity for hydrogen gas evolution at higher nega-
tive potential.
In a similar way acetate buffer supporting electrolyte at

pH 5.5 which is the optimum point for cadmium determi-
nation was run on antimony modified glassy carbon. Rel-
atively the increase in hydrogen evolution was observed
since the potential window is larger than the potential
used for lead determination as indicated in Figure 3(A).
A reduction peak was observed in the cyclic Voltammo-
gram of cadmium at the same condition of the supporting
electrolyte except the presence of the analytes as shown
Figure 3(B). It is obvious that the reduction peak is due to
the reduction of cadmium analytes.
Finally, it is possible to say antimony film modified

glassy carbon electrode has higher catalytic activity for
hydrogen evolution at larger negative potential and the
reduction potential for lead and cadmium relatively low.
So effect of hydrogen evolution on the determination of
the two metals is minimal since the reduction potential for
the two metals is less negative than hydrogen reduction
potential.23
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Fig. 3. Cyclic voltammogram of (A) supporting electrolyte, (B) cad-
mium at pH 5.5 on antimony modified glassy carbon electrode.

3.3. Optimization of Parameters for
Antimony Film Deposition

3.3.1. pH of Plating Solution �Antimony�

It is well known that many metallic compounds are solu-
ble in an acidic environment. However, in alkaline envi-
ronment cannot assure the complete solubility of heavy
metals. This confirms that the electrolytic solution for
antimony film fabrication is pH dependent. So evaluation
of pH of the plating solution for thin film fabrication is
an important parameter since free movement of ions is
required for electrodeposition in electrolytic solution.
In order to determine the optimum condition at which

the most sensitive thin film is fabricated, the effect of pH
on differential pulse anode stripping voltammetric response
of SbMGCE was studied by taking lead as thin film char-
acterizer. By using a randomly selected reduction poten-
tial of −450 mV and 60 s deposition time, antimony was
deposited by varying the pH using time base technique. The
dependence of the peak current for 5 mg/L of antimony
solution at various pH values is shown in Figure 4. As can
be seen, the SbMGCE shows an optimum fabrication at
pH ≤ 1�0. But a slight decrease in peak current of lead
above pH = 1�0 was observed. Most glassy carbon modi-
fied electrode studied previously like mercury and bismuth
modified electrode have less stable if it is at lower pH.24

But ex situ deposited antimony film is stable even at lower
pH. It can be used for the determination of heavy metals
at lower pH (≤ 2). Finally, the film fabrication was studied
at pH of one. This is because the result at this pH shows
a large peak current of analyte and increasing pH above
this value causes precipitation formation due to hydrolysis
reaction of antimony ion as shown below:

Sb3++H2O−→ Sb�O�++2H+
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Fig. 4. pH dependent behavior of antimony film fabrication on glassy
carbon electrode, keeping all variables constant (deposition potential of
Sb=−450 mV, deposition time of Sb= 60 s, [Sb3+�= 0�66 mmol/L).

3.3.2. Deposition Time of Antimony Film

The deposition time is an important measurement param-
eter, which should be precisely controlled during the
experiment. This is because large deposition time causes
thick film production which has less sensitivity for ana-
lyte determination. In this study with a constant poten-
tial of (−450 mV), antimony was deposited by ex situ
technique with different time. In each fabrication of the
antimony film on GCE, lead was deposited and stripped
by DPAS technique to determine the time required for
the sensitive thin film formation. As shown in Figure 5
the peak current of lead during stripping increases which
was deposited up to 45 s. But after this time it starts to
decrease. This indicates that film thickness increases with
time. As the film of antimony become thick its sensitiv-
ity becomes low. An attenuation of the electroanalytical
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Fig. 5. Time dependent behavior of antimony film fabrication, keep-
ing all variables constant (pH of Sb = 1�0 deposition potential of
Sb=−450 mV, [Sb3+�= 0�005 g/L).
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performance of antimony film occurred at deposition times
longer than 45 s, possibly as a consequence of thicker and
less stable antimony film. This may be due to constituent
atoms that have been deposited on glassy carbon substrate
begin to wear out in to the composition bath (electrolytic
cell) as the deposition time increases since the surface
become saturated and the ions are unable to bind to the
GCE surface. Thus, the adhesive force between the con-
stituent atoms and the glassy carbon substrate weakens as
the deposition time increases, which later resulted in low
sensitivity and stability. In addition to this as the duration
increases the size of crystal film increases and the sensi-
tivity decreases. So from Figure 5 the most sensitive film
was obtained at 45 s.

3.3.3. Deposition Potential of Antimony Film

The fabrication of thin film by electrochemical deposition
for analysis of various analytes is usually done by forced
chemical reaction. The deposition proceeds by applying an
external potential. So applied potential (deposition poten-
tial) has superposition to control the thickness of the film
during its fabrication. For this study, the effect of applied
potential on the fabrication of antimony film on glassy car-
bon electrode by ex situ techniques from its nitrate salt
solution was investigated using the range from −700 mV
to −250 mV. This potential range was selected on the basis
of the reduction potential which was obtained from cyclic
voltamogram shown in Figure 1.
As shown in Figure 6, electrochemical peaks of lead

were observed on the antimony thin film, which was
recorded with various depositions potential, and constant
times (45 s). The peak current of lead increases with
increasing reduction potential of antimony up to −500 mV.
But it decreases with more negative reduction potential
below −500 mV. As the potential increases the amount of
atoms that can be deposited increased and the size of the
crystal increases. As the size of the film increases surface
area to volume ratio become small and that the interaction
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Fig. 6. Potential dependent behavior of antimony film fabrication, keep-
ing all variables constant (pH of Sb= 1�0, deposition time of Sb= 45 s,
[Sb3+�= 5 mg/L).

between the film and the analytes decrease.25 So from the
graph shown in Figure 6, the optimum reduction poten-
tial for thin and sensitive antimony film fabrication was
selected to be −500 mV.

3.3.4. Effect of Antimony Concentration on
Film Formation

Cadmium and lead were deposited on the antimony sur-
face fabricated at different concentration as shown in
Figures 7(A) and (B) below, using the optimized deposi-
tion time and potential. The increase in concentration of
antimony solution increases the sensitivity of metal to be
determined. Further increase in the concentration of anti-
mony plating solution causes decrease in response of the
characterizing metal. This is due the increasing in film
thickness of antimony. From Figure 7(A), the sensitiv-
ity of cadmium using differential pulse anode stripping
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Fig. 7. Concentration dependent behavior of antimony film fabrication
using (A) cadmium (B) lead characterizing metals, keeping all variables
constant (pH of Sb= 1�0, deposition time of Sb= 45 s, deposition poten-
tial of Sb=−500 mV).
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analysis increases up to 4 mg/L of Sb+3 and starting to
decline above this concentration. Similarly, the concen-
tration of lead increases up to 8 mg/L of Sb+3 and then
starts to decline as shown in Figure 7(B). This is may be
because lead is neither complete nor half-field. So it is
active to capture electron from electron rich electrode and
form amalgam with antimony surface, while cadmium ion
is complete field so the activity towards antimony surface
is less relative to lead ion during the reduction process.
This means inter metallic bond on lead is stronger than
cadmium due to the presence of unfilled d′ electrons.26

3.3.5. Determination of Film Thickness

The electric current flowing through the working electrode
has two components. These are the first, the faradic cur-
rent, which obeys the Faradays law and is due to the dis-
charge of the electro active compound on the electrode
surface and the second, the capacitive current (non faradaic
current), which is produced by the growth of the double
electric layer on the interface between the electrode and
the solution. The non faradic current is due to the sup-
porting electrolyte in the solution (as shown in Fig. 8).
The total current flowing through the electrode is finally
the sum of non faradic and the faradic current. The charge
used for film formation on the GCE is only due to faradic
charge which can be obtained by subtracting the non
faradic charge from the total charge. The amount of mass
deposited on glassy carbon is calculated. Finally, the thin
sensitive antimony film fabricated on the glassy carbon
electrode for lead and cadmium is calculated.
The thickness of the electrodeposited antimony film

on the glassy carbon electrode is calculated by applying
Faraday’s equation for electrolysis.

Sb3++3e− −→ Sb
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Fig. 8. Current versus time graph of (A) supporting electrolyte,
(B) 4 mg/L antimony solution, (c) 8 mg/L antimony solution at optimum
conditions.

The thickness of the deposited film required for lead
and cadmium determination was calculated to be 4.58 �m
and 0.826 �m respectively. So the film thickness required
for metal determination varies with the characteristics of
metals to be determined. It is clear that as film thickness
increases signal of analyte decreases due to the increase in
grain size of the film.

3.4. Optimization of Parameters for the
Characterizing Metal on SbMGCE

In order to study the characteristics of the antimony mod-
ified glassy carbon electrode, optimizing the parameters
for the deposition of characterizing metal on the modified
surface is important.

3.4.1. pH of the Characterizing Metal

The solution pH was varied to determine its effect on the
redox reaction of Pb2+ and Cd2+ at the antimony modified
glassy carbon electrode in a separate electrochemical cell.
As shown in Figure 9, in acidic solution at pH 1.5 to 2.5,
it was observed that the oxidation current of Pb2+ increases
linearly, while in the media more basic than pH 2.5, the
peak current for the lead stripping peaks decrease in mag-
nitude. The decrease in the current response of the elec-
trode at higher pH is due to the formation of the lead
hydroxide which causes a decrease in the concentration
of lead in the solution used for accumulation on the elec-
trode surface. On the other hand, the increase peak current
towards lower pH values because of lead ions free from
any precipitate formation and so the ions easily moves
towards the active surface for reduction.27�28 Similarly as
shown in Figure 10, the peak current of cadmium varies
with change in pH. With increasing pH the peak cur-
rent also increases, after pH 5.5, peak current decreases.
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Fig. 9. pH dependent behavior of lead on an optimized antimony film,
keeping all variables constant (deposition time of Pb= 60 s, scan rate of
Pb = 50 mV/s, stripping potential of Pb = −900 to −30 mV, [Pb2+� =
1 �M).
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Fig. 10. pH dependent behavior of cadmium on an optimized antimony
film, keeping all variables constant (deposition time of Cd = 60 s, scan
rate of Cd = 50 mV/s, stripping potential of Cd = −1200 to −500 mV,
[Cd2+�= 1 �M).

This is because at higher pH above 5.5 cadmium starts
to form cadmium hydroxide precipitate and thus the con-
centration of free cadmium ion decreased. As a result
the amount of cadmium metal deposited at the specified
condition become low. Finally the oxidation peak current
decreased.29 So the pH for deposition of lead and cadmium
on the antimony thin film was adjusted to be 2.5 and 5.5
respectively for this study.

3.4.2. Scan Rate of Lead and Cadmium on the
Antimony Surface

In the determination of any analyte from a given sam-
ple by DPAS techniques, the concentration of analyte in
the sample directly related to the peak current. The influ-
ence of potential scan rate on the peak current of lead and
cadmium were studied in the range of 10–100 mV s−1.
As shown in Figure 11, the electrochemical signals vary.
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Fig. 11. Scan rate dependent behavior of lead and cadmium on an opti-
mized antimony film, keeping all variables constant.

With increasing the scan rate from 10 to 40 mV s−1, the
peak currents increase linearly, whereas for a higher scan
rate, the peak sizes of the signals becomes constant, due
to the limitation of kinetics.30

As shown in Figure 11, the peak current of cadmium at
scan rate 40 mV/s is slightly larger than all electrochemi-
cal signals measured at various scan rates. Therefore, the
optimum scan rate for cadmium determination selected to
be 40 mV/s.

3.4.3. Deposition Time of Characterizing Metal

The result in Figures 12 and 13 shows the electrochemical
signals obtained by varying the deposition time for DPASV
analysis of a 1 �M Pb2+ and Cd2+ solution. Increasing the
deposition time results in the increased signal intensities
(electrochemical signals) for both lead and cadmium, due
to the increased amount of metals deposited at the elec-
trode surface. From, Figure 13(a) deposition time of 140 s
is sufficient to obtain a well-defined stripping current pro-
file of lead at this concentration. The longer the time for
the reduction, the more cations reduced onto the sensor sur-
face. Since more metal cation is reduced onto the surface
of the sensor, an enhanced peak current was obtained due
to an increased amount of metal cations that was stripped
from the sensor surface. Ensuring that more metal cations
were reduced would subsequently give an improved peak
current until the surface is saturated and after saturation it
becomes level.31 In addition to this an excessive deposi-
tion time would result in interference due to formation of
intermetallic compounds and causes decrease in sensitivity.
Obviously, the amount of metals plated into the SbMGCE
film is directly proportional to the deposition time.
Similarly the effect of deposition time on the peak cur-

rent of Cd+2 on antimony thin film fabricated on glassy
carbon electrode was studied in the range of 30–180 s
by fixing the differential pulse anode stripping potential
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Fig. 12. Time dependent behavior of lead on an optimized antimony
film, keeping all variables constant (pH of Pb2+ = 2�5, scan rate of Pb=
40 mV/s, stripping potential of Pb=−900 to −30 mV, [Pb2+�= 1 �M).
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Fig. 13. Time dependent behavior of cadmium on an optimized anti-
mony film, keeping all variables constant (pH of Cd2+ = 5�5, Scan rate of
Cd= 40 mV/s, stripping potential of Cd=−1200 to −500 mV, [Cd2+�=
1 �M).

window in the range −1200 to −500 mV. The peak cur-
rent increases with the deposition time. For accumulation
time higher than 130 s, the peak current becomes constant
as shown in Figure 13. This is due to surface occupation
of the active thin film of antimony and saturation.

3.5. Interference Studies

In order to evaluate the selectivity of the fabricated elec-
trode, the influence of various interferences were exam-
ined. Under this study Hg2+, Zn2+, Cr3+, Cu2+, Co2+

and Cd2+ and Pb2+ were examined. Considerable inter-
ference can be caused by co-existing surface-active com-
pounds capable of competing with the analyte of interest
for the deposition site on the electrode surface, resulting
in decreased peak height. The competitive co-deposition
interference was evaluated in the presence of various sub-
stances. For these investigations, the interfering species
were added at the same concentrations of the characteriz-
ing metal at optimized condition of lead and cadmium met-
als. The addition of 50 �M interfering metals like Hg2+,
Cr3+, Cu2+, Co2+ and Cd2+ caused to decrease the peak
current of lead by about 12.2%, 2.5%, 21.82%, 0.8%, and
2.8%, respectively of its original peak current. Similarly,
Zn2+, Cr3+, Cu2+, Co2+ and Pb2+ decrease the original
peak current of cadmium by 29.42%, 12.31%, and 23.02%,
3.82% and 21.57% respectively. This inhibition or sur-
face competition could be caused by the working electrode
surface blockage of the interferences or due to special
interaction of the interferent to the analyte. Even if the
concentration is the same for the analyte and the interfer-
ent, the fabricated electrode is highly selective for analyte
since the decrease in peak current is low percent as the
result indicated.

3.6. Calibration Curve and Detection Limit

To determine the sensitivity of the modified electrode in
relative to the bare electrode from the calibration curve,
knowing the relationship between the standard of the ana-
lyte and the voltammetric signal measurement is impor-
tant. This is helpful to minimize error in addition to the
quality of the reagent and glassware used to prepare the
standards. For this investigation, differential pulse anode
stripping measurement was carried out on bare and anti-
mony modified glassy carbon electrode at various concen-
trations of lead and cadmium.
The detection limit of lead on bare and Antimony modi-

fied GCE was determined from the calibration curve using
0.1 M acetate buffer supporting electrolyte at pH 2.5.
In this case the pre-concentration was carried out by
holding the deposition potential at −900 mV and 140 s
deposition time. Figure 14 display the plot for DPAS anal-
ysis of lead at the concentrations of 0.011, 0.081, 0.135,
0.27, 0.54, 1.08, 1.62, 2.16 and 2.70 �M Pb2+ ion on
bare and Antimony modified glassy carbon. The linearity
of the curve was found to be 0.9991 and 0.9996 on the
two respective electrode surfaces. At the end the detection
limit of Pb ion was determined by taking the minimum
point from the calibration curve using five replicate mea-
surements of the standard solution. The limit of detection
of Pb ion was recorded as 8.06 and 2.992 nM on bare and
modified GCE surface.
Similarly, the detection limit of cadmium on bare and

modified GCE surface by DPAS Voltammetry was investi-
gated using 0.1 M acetate buffer as supporting electrolyte
at pH 5.5. Figure 15 shown are plots for the concentra-
tions of 0.059, 0.074, 0.148, 0.295, 0.59, 1.18, 1.77, 2.36
and 2.95 �M Cd ion on bare and modified GCE orderly
from DPAS response in −1200 mV deposition potential
and 130 s deposition time. The linearity was found to be
0.9979 and 0.9981 on the bare and modified electrode sur-
face. Finally, the detection limit of Cd was determined
using five trials of the standard solution by taking the min-
imum point from the calibration curve under optimized
experimental conditions. Then the limit of detection was

R² = 0.9991

R² = 0.9996

–5

0

5

10

15

20

25

30

35

40

45

0 0.5 1 1.5 2 2.5 3

C
ur

re
nt

/µ
A

Concentration/µM

Bare GCE
Antimony modified GCE

Fig. 14. Concentration dependent behavior of lead on bare and anti-
mony modified GCE, keeping all variables constant (pH of Pb2+ = 2�5,
scan rate of Pb = 40 mV/s, deposition time of Pb = 140 s, stripping
potential of Pb=−900 to −30 mV).
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Fig. 15. Concentration dependent behavior of cadmium on bare
and antimony modified GCE, keeping all variables constant (pH of
Cd2+ = 5�5, scan rate of Cd = 40 mV/sec, stripping potential of Cd =
−1200 to −500 mV).

determined to be 7.624 and 1.51 nM for the respective two
electrodes.
We can summarize that it is possible to expect lower

detection limit on deposition time longer 140 s and
130 s; and deposition potential more than −900 mV and
−1200 mV for Pb and Cd respectively.

3.7. Determination of Lead and
Cadmium in Real Sample

Different substances in the sample have their own effect on
the determination of analyte from real sample. The method
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Fig. 16. Calibration curve (A), lead and (B) cadmium for real sample
analysis at optimum conditions.

used for the determination should minimize effects caused
by interference of electroactive species. Standard addition
is an effective method to minimize the matrix effect during
voltammetric determination of analyte of interest.
In this case, a series of Pb and Cd standard concentra-

tions were added to equal volume of samples. In one of
the samples, only 10 ml supporting electrolyte was added.
This helps to balance the effect of supporting electrolyte
in the determination of the analyte. Figures 16(A) and (B)
show the voltammetric response of 10 ml spick with series
concentrations of 0.081, 0.135, 0.27, 0.54, 1.08, 1.62,
2.16 and 2.75 �M Pb ion and 0.074, 0.148, 0.295, 0.59,
1.18, 1.77, 2.36 and 2.95 �M Cd ion. Then the analytes
were determined from real sample based on the calibra-
tion equation set by the standard addition method. Finally,
0.20097 �M Pb and 0.016 �M Cd was obtained.20 Ex situ
fabricated Antimony modified glassy carbon electrode is
interesting for the determination of heavy metals if all con-
ditions are optimized according to the properties of the
metal to be determined.

4. CONCLUSIONS

Antimony film modified glassy carbon electrode was pre-
pared by ex situ electrode deposition on glassy carbon
electrode at −500 mV applied potential and 45 second
deposition time. The concentration of antimony ion
required for film formation varies with type of analyte
of interest. The fabricated film was studied voltammetri-
cally using cyclic and differential pulse anode stripping
techniques. Deposition time, pH and deposition potential
have significant effect on sensitive film production. The
detection limit of Pb and Cd is 8.06 and 7.624 nM on
bare glassy carbon electrode respectively. While the detec-
tion limits of the two metals on modified electrode surface
were 2.922 and 1.51 nM. The electro chemical responses
of Pb and Cd were improved in comparison with bare
glassy carbon electrode. The modified electrode is fast,
selective, sensitive and can determine metals with high
accuracy when connected with electro chemical stripping
Voltammetry. It is also advantageous due to its suitable
operation in acidic solution in the presence of dissolved
oxygen. Low signal for hydrogen evolution also makes it
better in electro chemical analysis.
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