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Abstract: In this study graphene oxide was functionalized by 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol 
(5-Br-PADAP) and incorporated into a carbon paste electrode. This modified electrode was applied for 
determination of trace amount of cadmium (II). The analysis procedure is consist of three steps, firstly, an open 
circuit accumulation in stirred sample solution was occurred for 7 min. Cd2+ was accumulated on the surface of a 
modified Carbon paste electrode via forming Cd-5-Br-PADAP complex. This step was followed by medium 
exchange to a 0.1 mol L-1 HCl solution, where the accumulated cadmium was reduced for 15 s at −1.10 V  
(vs. Ag/AgCl). Finally, cadmium was oxidized, and voltammograms were recorded by scanning the potential in 
a positive direction. The calibration plot was linear over the cadmium concentration range from 0.25-210 µg L-1. 
The detection limit was 9.7 × 10-2 µg L-1. Using this new modified carbon paste electrode, trace level of Cd2+ in 
water samples was determined. 
 
Keywords: Carbon paste electrode, Cadmium, 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol, Graphene oxide, 
Water samples. 
 
 
 

1. Introduction 
 

The presence of elements like lead, cadmium, 
arsenic, mercury and chromium, even at low 
concentrations (<2 ppb) is highly undesirable due to 
their toxicity [1]. Cadmium is highly toxic to certain 
organs of both humans and animals, including 
nervous, immune, reproductive, and gastrointestinal 
systems [1–3]. Ingestion of any significant amount of 
Cd2+ causes immediate poisoning as well as damage to 
the liver and the kidneys because of their tendency to 
accumulate in the body, toxicity, and low clearance 
rate [4]. So, determination of trace level of Cd2+ in 
water samples plays an important role in the 
environmental pollution monitoring due to the 
cumulative toxicity of Cd2+. 

Several analytical approaches have been applied 
for the determination of trace amounts of cadmium in 
biochemical and environmental resources, such as, 
spectrophotometry [5], flame atomic absorption 
spectrometry (FAAS) [6], graphite furnace atomic 
absorption spectrometry (GFAAS) [7], inductively 
coupled plasma atomic emission spectrometry (ICP-
AES) [8] and electrochemical methods [9-10]. 
However, owing to the ponderous and sophisticated 
instrumentation the spectroscopy methods are  
fairly cumbersome and not suitable for the in  
situ measurements. 

On the contrary, the electrochemical techniques 
are interesting methods for trace analysis of heavy 
metals. These methods are characterized by high 
sensitivity, good selectivity, simplicity, low cost and 
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easy data read-out [11-13]. Thus, various 
electrochemical methods, equipped with different 
modified electrodes have been reported for the 
determination of Cd(II). Among all the 
electrochemical methods, voltammetric methods 
provide more powerful tools for the determination of 
cadmium ions [14-15]. 

A simple way to confine electronically insulating 
materials on an electrode surface, and to further 
exploit their properties in electrochemistry, was 
achieved by dispersing them into a conductive carbon-
based composite, like carbon paste. 
Carbon pastes are well known as useful materials for 
the fabrication of various electrometric sensors for 
analytical purposes [16-18]. The operation mechanism 
of modified carbon paste electrodes depends on the 
properties of the modifier materials used to import 
selectivity towards the target species. Because of the 
advantages such as stable response and easy renewal 
of surface, considerable attention has been given to the 
preparation of modified carbon paste electrodes. 

Graphene which is a single layer of carbon atoms 
closely packed into honeycomb two-dimensional (2D) 
lattice, has recently received a lot of attention. The 
fascinating properties of graphene such as high 
mechanical stiffness [19], extraordinary electronic 
transport [20] and excellent antibacterial activity [21] 
would pave the way for future carbon-based device 
architectures. Graphene can be produced via different 
approaches such as mechanical exfoliation of bulk 
graphite, epitaxial chemical vapor deposition on 
substrates and chemical vapor deposition which starts 
from carbon precursors. 

Recently, Graphenes have aroused extensive 
interests in electrochemistry field due to its super 
conductivity, high surface area, and wide potential 
window [22]. 

The aim of this work is to develop a simple, 
selective and sensitive method for determination of 
Cd2+ by using functionalized graphene oxide modified 
carbon paste electrode. Graphene oxide can be easily 
functionalized with a modifier in order to change its 
selectivity toward a specific ion. In the present study, 
graphene oxide was functionalized by 5-Br-PADAP 
which led to the development of a stripping 
voltammetric method for the determination of Cd2+ 
with a wide linear range, good reproducibility and low 
detection limit. So, the procedure was applied for 
determination of Cd2+ in water Samples. 
 
 
2. Experimental 
 
2.1. Reagents and Solutions 

 
Graphene oxide was synthesized by Modified 

Hammer method [23]. The stock solution of  
1000.0 mg L-1 Cd2+ was prepared by dissolving  
2.744 g Cd(NO3)2 4H2O in doubly distilled water. The 
accumulation solution for cadmium was bicarbonate 
buffer (pH 9.5). High purity nitrogen was used for 
deaeration. The other chemicals such as 5-Br-PADAP 

(Fig. 1) were purchased from Merck Company. A 
0.05 % solution of 2-(5-bromo-2-pyridylazo)-5- 
diethylaminophenol was prepared in ethanol. Doubly 
distilled water was used for all experiments. Graphite 
powder, Paraffin oil and all other reagents were of 
analytical grade from Merck or Sigma without further 
purification. 

 
 

 
 

Fig. 1. The structure of 5-Br-PADAP as an anion/chelator. 
 
 

2.2. Instrumentation 
 

Voltammetric experiments were performed using a 
Metrohm electroanalyzer (Model 757 VA 
computrace). The measurements were recorded using 
VA computrace version 2.0 on windows 98 functional 
system. All voltammograms were recorded with a 
three-electrode system consisting of an Ag/AgCl 
reference electrode, a platinum wire as the counter 
electrode, and modified carbon paste electrode as the 
working electrode. A Metrohm 710 pH meter was 
used for pH adjustments.  

 
 

2.3. Preparation of Graphene Oxide 
 

Modified Hummers’ method was used to prepare 
Graphene oxide (GO) sheets. In the current synthesis, 
5.0 g of graphite powder and 2.5 g sodium nitrate were 
mixed with 80 mL sulfuric acid in an ice bath for 2 h. 
Then, 12.0 g of potassium manganate was added under 
stirring. The mixture was kept at 36 °C for 1 h, then 
diluted with 160 mL distilled water, and further 560 
mL warm water was added and the temperature was 
kept at 98 °C for another 2 h. After that, for reducing 
the residual potassium manganate 10 mL of hydrogen 
peroxide was added to the mixture. The mixture was 
stirred for 2 h until turned yellow. Finally, graphite 
oxide powders were obtained by centrifuging the 
mixture. The powders were washed with diluted HCl 
to clean out any remains of salt, and then re-dispersed 
in ultra pure water and centrifuged. The obtained 
powder was finally dried under vacuum. The graphite 
oxide powder was exfoliated into GO monolayer 
sheets by sonication for 2 h after dispersion in distilled  
water [23]. 
 
 

2.4. Preparation of 5-Br-PADAP  
Functionalized GO 

 

For synthesis of 5-Br-PADAP functionalized GO, 
1.0 g of GO was suspended in 50 mL of an aqueous 
solution containing 1.0×10-3 mol L-1 5-Br PADAP. 
The solid was shaken until the supernatant solution 
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became practically colorless. The modified solid was 
carefully washed with doubly distilled water several 
times to remove the occluded materials. Then the 
solid was oven dried at 350 K for 12 h. 
 
 
2.5. Preparation of Modified Carbon Paste 

Electrode 
 
By thoroughly mixing an accurate amount of 65 % 

graphite powder, 23 % paraffin and 12 % modified 
GO (W/W) the carbon paste electrode was prepared. 
Then, the paste was inserted and compressed firmly in 
the cavity of the bottom of the glass tube with internal 
diameter 5 mm and a height of 3 cm. The surface of all 
electrodes was renewed by replacing the old surface 
with the new carbon paste. The surface of modified 
carbon past electrode was smoothed on a piece of soft 
paper. A copper wire which was inserted into a glass 
tube from the other side, established an electrical 
connection.  
 
 
2.6. General Procedure 

 
For differential pulse anodic stripping 

voltammetric experiments, the modified carbon paste 
electrode was immersed in a 20 ml of bicarbonate 
buffer solution (pH 9.5) containing a known amount 
of Cd2+ and the solution was stirred for 7 min. This 
was followed by medium exchange to a 0.1 mol L-1 
HCl solution, where the accumulated cadmium was 
reduced for 15 s at −1.1 V. Finally the differential 
pulse voltammograms were recorded from -1 to  
-0.5 V (with 25 mVs−1 scan rate, 100 mV pulse 
amplitude, and 4 ms pulse period. The cadmium peak 
was absorbed at -0.78.  
 
 
2.7. Principle of Method 

 
Based on the above observations and under the 

optimum conditions of the experiments, the possible 
pathways for the analysis cycle, from the modification 
of GO to the stripping voltammetry, are postulated 
below: 
Modification of GO with 5-Br-PADAP: 
 

GO+5-Br-PADAP(sol) → [5-Br-PADAP/ GO] (1) 
 
Accumulation step via complex formation: 
 

Cd2+
(sol) + 5-Br-PADAP/ GO (sur) → 
[Cd/5-Br-PADAP/ GO](sur) 

(2) 

 
Reduction step at -1.1 V: 
 

[Cd/5-Br-PADAP/ GO] (sur) + 2e- →  
Cd0

(sur) + [5-Br-PADAP/ GO] (sur) 
(3) 

 
Stripping step via positive scan (from -1 to -0.5 V): 
 

Cd0
(sur) → Cd2+

(sol) + 2e (4) 

3. Results and Discussion 
 
3.1. Physicochemical Characterization 

of Graphene Oxide 
 
In this study, SEM was used to investigate the 

structure and morphology of GO nanosheets.  
As it can be seen in SEM image (Fig. 2), GO 
nanosheets are formed by the exfoliation and 
restacking processes.  

 
 

 
 

Fig. 2. Scanning electron microscopy micrographs 
for graphene oxide. 

 
 

Also FTIR was used to represent the functionalized 
groups on GO surface that were formed by oxidation 
process. The bands related to C-O (ν (epoxy or 
alkoxy)), O– H (ν (carboxyl)) and O–H (broad 
coupling ν (hydroxyl)) were seen in their proper places 
(Fig. 3). 

 
 

 
 

Fig. 3. FTIR spectra of graphene oxide. 
 
 

3.2. Voltammetric Behavior of Cadmium 
on the Modified Electrode 

 
The behavior of the Cd2+ at 5-Br-PADAP-GO/CPE 

was studied by differential pulse voltammetry between 
-1 to -0.5 V versus an Ag/AgCl reference electrode. 
Fig. 4(a) shows a typical differential pulse 
voltammogram obtained for the 5-Br-PADAP-
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GO/CPE in bicarbonate buffer solution (pH 9.5). In 
the absence of Cd2+ in the solution, no well-defined 
voltammetric wave attributable to the oxidation of 
bicarbonate buffer or 5-Br-PADAP was observed 
within the applied potential window.  

Fig. 4(b) indicates a differential pulse 
voltammogram obtained for the unmodified CPE in 
bicarbonate buffer solution containing 15 µg L-1 
cadmium ions. Also, this figure shows a very small 
anodic peak which is related to oxidation  
of cadmium.  

The differential pulse voltammogram for the Cd2+ 
at GO modified CPE is shown in Fig. 4(c); one small 
anodic peak at -0.78 was observed that can be related 
to oxidation of Cd0 to Cd2+. When 5-Br-PADAP-
GO/CPE was immersed into the solution including 
cadmium ions, a high increase in the peak current of 
the oxidation of cadmium was seen (Fig.  4(d). 
Comparing these figures demonstrated that the 
modified CPE has the ability to determine cadmium at 
low concentrations with high sensitivity. 

 
 

 
 

Fig. 4. DP voltammograms of: (a) Unmodified CPE 
electrode in 15.0 µg L-1 Cd2+ in medium (b) 5-Br-
PADAP/CPE whit no Cd2+ in the medium,  
(c) GO/CPE in 15.0 µg L-1 Cd2+ in medium (d) 5-Br-
PADAP-GO/CPE, with 15.0 µg L-1 Cd2+ in the 
medium. Conditions: stripping medium: 0.1 mol L-1 
HCl solution, accumulation solution: bicarbonate 
buffer (pH 9.5), reduction potential = -1.10 V, 
reduction time = 15 s, scan rate = 25 mV s-1. 

 
 

3.3. Optimization of Analytical Parameters 
 
Four accumulation media, namely phosphate 

buffer, acetate buffer, Britton-Robinson buffer and 
bicarbonate buffer were tested as accumulation media. 
The results showed that bicarbonate buffer was 
significant in terms of peak shape and sensitivity.  

The effect of accumulation media pH on Cd2+-5-
Br-PADAP complex formation was studied as shown 
in Fig. 5. The obtained results showed that, the best 
choice which had ability to give the best shape and 
highest current was pH=9.5. When the pH is lowered, 
5-Br-PADAP will be protonated at the nitrogen and 
oxygen atoms which cause a reduction in the 
complexing ability of the 5-Br-PADAP. Therefore, we 

can expect that the most favorable conditions for 
complexation were those at higher pH. Therefore 
bicarbonate buffer (pH=9.5) was selected in the 
further experiments as accumulation media. 

 
 

 
 

Fig. 5. DP voltammograms of 5-Br-PADAP-GO/CPE 
in cadmium solutions at different pH. Cadmium(II) 

concentration: 50 µgL-1 Cd2+. Other conditions  
were the same as Fig. 4. 

 
 

0.1 mol L-1 of HNO3, H2SO4 and HCl solutions 
were tested as stripping medium. The best choice that 
has ability to give the best shape and highest current 
was HCl. The effect of HCl concentration on the shape 
of voltammograms was investigated, a small current 
was observed at 0.001 mol L-1 HCl solution which 
increased gradually up to 0.1 mol L-1 HCl solution and 
then decreased at higher concentrations. So, this 
concentration was used in all of the measurements. 

The dependence of anodic peak current with the 
accumulation time for 15 µgL−1 Cd2+ was also 
investigated. The anodic peak current increased as the 
accumulation time increased between 0 and 7 min and 
after that, it became nearly constant due to the surface 
saturation. Hence, for all subsequent measurements 
accumulation time of 7 min was employed. 

The influence of reduction potential on the anodic 
peak current of cadmium was investigated by varying 
the reduction potential from -0.1 to -1.9 V. Maximum 
peak currents were obtained when the reduction 
potential was set on -1.1 V. Hence, -1.1 V was 
employed as an optimum reduction potential for 
further studies. Also, the effect of reduction time was 
examined. The peak current of cadmium increased 
linearly with increasing reduction time up to 10 s and 
then became nearly constant. Therefore, a 10 s time 
was used for all measurements. 
 
 
3.4. Calibration Curve, Detection Limit 

and Reproducibility 
 

Standard solutions containing different 
concentrations of Cd2+ were prepared in bicarbonate 
buffer solutions (pH=9.5) and subjected to the 
optimized stripping voltammetric procedure. 
Voltammograms at these different concentrations are 
shown in Fig. 6. A linear calibration graph was 
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obtained in the concentration range 0.25-210 µg L-1 
and the detection limit was found to be  
9.7 × 10-2 µg L-1 Cd (II) and for five successive 
determinations of 10 and 150 µg L-1 Cd2+ relative 
standard deviations were 1.2 and 1.6 %, respectively. 

 
 

 
 

Fig. 6. Differential pulse voltammograms of Cadmium(II) 
at 5-Br-PADAP-GO/CPE, Cadmium(II) concentration  

(a–w): 0.25, 15, 30, 50, 100, 150, 210 µg L-1. 
Other conditions were the same as Fig. 4. 

 
 

3.5. Interference Study 
 

To check the selectivity of the proposed stripping 
voltammetric method for the Cd2+ ions, various metal 
ions as potential interferences, were tested. When the 
developed procedure was exploded for the 
determination of 10 µg L-1 Cd(II) with optimum 
conditions, additions of 1.0 µg L-1 each of Na(I), K(I), 
Zn(II), Ni(II), Hg (II), Mn(II), Fe(III), Bi(III), Ag(I), 
and Ca(II) had not an effect more than ±5 % on the 
cadmium currents. However, the presence of 1.0 µg L-

1 Pb(II) and Cu(II) was caused 12 and 9 % depressions 
of the Cd(II) peak current, respectively. These 
depressions can be due to compete these ions with 
Cd(II) to complex with 5-Br-PADAP at the electrode 
surface. 

 
 

3.6. Real Sample Analysis 
 
The developed method was applied to the 

determination of Cd2+ in drinking, tap and waste water 
samples. For water samples, this water was exchanged 

with distillated water used for preparation of 
bicarbonate buffer (pH=9.5) and the resultant solution 
was analyzed as Section 2.6.  

The concentration of Cd2+ content in samples was 
determined by calibration method using the modified 
CPE. The standard addition of cadmium was carried 
out to test the validity of the data. These results are 
shown in Table 1. The results showed that the  
5-Br-PADAP-GO/CPE could be used for the 
determination of cadmium in real samples, with 
satisfactory recovery results of 98.0–101.7 %. 
 
 
4. Conclusions 

 
This paper showed that the 5-Br-PADAP is a 

useful ligand for the highly sensitive and selective 
determination of Cd2+. Using GO in the composition 
of the carbon paste improves the conductivity of the 
modified electrode. By using both GO and 5-Br-
PADAP, the selectivity and sensitivity of the modified 
electrode increased remarkably. 

The DP voltammetry was used for determination 
of cadmium at 5-Br-PADAP-GO/CPE. In the present 
procedure by medium exchange the selectivity of the 
proposed voltammetric method increased. The 
calibration graph of Cd2+ was linear from  
0.25-210 µg L-1 with a slope factor of  
0.1545 µA(µg L-1)-1 and correlation factor of 0.9996. 
The detection limit was 9.7 × 10-2 µg L-1 which was 
lower than the concentration of Cd2+ in the real 
samples. The procedure presented in this study could 
be used for the determination of cadmium in water 
samples with good accuracy and precision.  

 
 

Table 1. Determination of Cd(II) in various waters (n=4). 
 

Sample 
Present 
method 
(µg L-1) a

Spiked 
Cd2+ 

(µg L-1) 

Founded 
Cd2+ 

(µg L-1) a 

Recovery
(%) 

Tap 
water 

N.Dc 100.0 100.2±1.03 100.2 

Drinking 
water 

N.Dc 100.0 101.1±1.20 101.1 

Waste 
waterb 

24.9±0.9
5 

100.0 125.8±2.1 100.7 

 
a Mean of three determinations ± standard deviation. 
b After dilution by 500 times. 
c Not detected.  
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