
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2021.23121

INTRODUCTION

Chromium metal is commonly found in two oxidation
states, Cr(III) and Cr(VI) in aquatic systems. These two oxida-
tion states of chromium exhibit differently in natures. At trace
levels, chromium(III) is a supplement essential to the human
body and when combines with different enzymes to transform
proteins, sugars and fats. Depending on pH, chromium(VI) is
available as HCrO4

−, CrO4
2−, Cr2O7

2− or H2CrO4 and is toxic,
mutagenic as well as carcinogenic. The various oxidation states
of chromium considerably influence the bioavailability and
toxicity of chromium [1]. The determination of Cr(VI) is more
essential than Cr(III) since Cr(VI) has higher solubility and
thus bio-availability is more toxic at lower concentrations than
Cr(III), which appears to form stable complexes in the soil [2].
Thus, the design of an analytical method which is capable of
selective measurement of chromium(VI) is of great importance.
According to El-Shahawi et al. [3,4], the chemical speciation
of chromium in environmental samples is necessary for the
accurate determination of the pollution source and levels.
Chromium(VI) is usually determined by UV-VIS spectrophoto-
metry by means of diphenylcarbazide in acidic solutions [5].
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The voltammetric methods are advantageous in speciation
of chromium because they offer a low detection limit and the
determinations can be carried out without any additional
separation step. In particular, adsorptive stripping voltammetry
(AdSV) is of interest due to its high sensitivity and selectivity
[6]. Welch et al. [7] studied the reduction mechanism of Cr(VI)
at solid electrodes in acidic media and its analytical application.
Dai et al. [8] reported that the metal nanoparticles have shown
superior or advantageous properties for a wide range of technol-
ogical applications and provide three important functions for
electroanalysis: like improved mass transport, high effective
surface area and catalytic properties. In this work, a gold thin
film modified glassy carbon electrode Aufilm/GCE was prep-
ared by electrochemical method, in order to improve analytical
performance of glassy carbon electrode (GCE) for quantitative
determination of chromium(VI) in water. The influence of
several physico-chemical parameters such as pH, type of supp-
orting electrolyte) and instrumental parameters like deposition
time, scan rate, modulation amplitude on the DP-ASV response
has been evaluated. From the estimated results, this sensor could
be an alternative method for a sensitive detection of Cr(VI) in
water sample with differential pulse anodic stripping voltammetry.
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EXPERIMENTAL

Differential pulse anodic stripping voltammetric mode
(DP-ASV) were conducted using electrochemical analyzer
(MEC-12B). The glassy carbon electrode modified with Au-
nanofilm was used as working electrode. Ag/AgCl electrode
(saturated KCl) was used as reference electrode and a platinum
wire as auxiliary electrode. A gold nanofilm onto the surface
of the working GCE was prepared by electrodeposition before
each electrochemical measurement.

Standard solutions of Cr(VI) (100 mg/L), 0.1 M HCl, 0.1
M HNO3, 0.1 M H2SO4 and all other solutions were prepared
from the respective AR grade chemicals purchased from Sigma
Group Chemical Reagents Co. Ltd. and used without any
further purification. A solution of chloroauric acid (HAuCl4)
(0.108 g Au in 100 mL HAuCl4) in 0.1 M HCl was used in
electrochemical cell to deposit Au nanofilm at the GCE surface.

Preparation of Aufilm/GCE: The Aufilm/GCE sensor was pre-
pared by electrodeposition. Initially, the glassy carbon electrode
was rinsed with water to remove any residual polishing material.
Then, the surface of the electrode was polished gently with the
Al2O3 powder with particle sizes 0.01; 0.5; 1.0 µm, purified with
distilled water and ethanol (98%). The procedure for the electro-
deposition of gold nanofilm at GCE was adapted from published
method [6]. The GCE was immersed into solution containing 15 mL
of 0.1 M HCl and 140 µL of HAuCl4 (0.108 g of Au in 100 mL
of HAuCl4 solution) and deposition was conducted at the potential
of -0.4 V (vs. Ag/AgCl) for 10 min. Thereafter, the stripping step
was performed till +0.6 V in stirring condition for 25 s.

Electrochemical measurements: The electrochemical
measurements were performed using modified Aufilm/GCE and
unmodified GCE electrode applying differential pulse anodic
stripping voltammetry (DP-ASV) technique. In the electro-
chemical cell containing 15 mL of 0.1 M HCl (pH = 1) as a
supporting electrolyte anodic stripping voltammograms were
recorded between -0.2 to +0.8 V, by applying differential pulse
mode with the deposition time 120 s, scan rate 100 m V/s, step
potential 4 mV, amplitude 20 mV and modulation time 5 m/s.
During the deposition step, the potential was kept at -0.2 V for
120 s. After recording background voltammogram successive
standard solution of chromium(VI) was added into the electro-
chemical cell and the voltammograms were recorded after each
addition. The same electrochemical conditions were used to
determine Cr(VI) in the sewage water samples.

Sewage water analysis and recovery: The sewage water
samples were collected from a nearby an industrial factory of
leather processing and cleaning. The water sample taken was
purified by a vacuum filtration process as the sample contained
numerous solid suspensions. Filtered sewage water (2 mL) were
introduced into electrochemical cell containing 15 mL HCl
(0.1 M). Recovery experiments were performed by spiking
standard Cr(VI) stock solution to the water sample following
by the determining the analyte using DP-ASV experiments.

RESULTS AND DISCUSSION

Electrochemical response of Cr(VI) on Aufilm/GCE
sensor: The effect of gold film in the electrochemical detection

of chromium(VI) was studded using the differential pulse
anodic stripping voltammetry in a solution 0.1 M HCl (pH = 1)
containing Cr(VI). The successive voltammograms were reco-
rded between -0.2 to +0.8 V using a scan rate 100 mV/s, step
potential 4 mV, amplitude 20 mV and modulation time 5 ms.
Although the anodic peaks of Cr(VI) using modified and bare
electrode in the electrochemical cell contained 100 µg L-1 of
Cr(VI) appeared at potential +0.3 V, the highest peak was
obtained with modified electrode. This can be attributed to the
strong affinity between gold and chromium(IV).

Optimization of experimental parameters: The optimi-
zation of DP-ASV instrumental parameters influencing in the
current response of analyte is very important step in the devel-
opment of electroanalytical methodology. The effect of different
parameters such as pH, type of supporting electrolyte and the
accumulation time was investigated in order to optimize analy-
tical performance of Aufilm/GCE sensor for the determination
Cr(VI) in water solution. All experiments were performed at
50 µg L–1 Cr(VI) and step potential of 4 mV.

Response time: The response obtained using modified
sensor, Aufilm/GCE in Cr(VI) solution applying the different
accumulation time (30, 60, 120 and 180 s) is shown in Fig. 1.
It can be seen that the response increases linearly up to 120 s
accumulated time and thereafter decreases, reflecting the
electrode surface saturation. Therefore, an accumulation time
of 120 s was used for all further measurements.
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Fig. 1. Effect of the accumulation time (30 s; 60 s; 120 s; 180 s) at Aufilm/
GCE, in 0.1 M HCl for concentration 50 µg L-1 Cr(VI)

Selection of electrolyte: Selection of suitable supporting
electrolyte is important on sensor response since it has effect
on the kinetics of the charge transfer processes. The effect of
supporting electrolyte type and the pH on the electrochemical
signal of Cr(VI) on Aufilm-GCE was investigated also in a
solution containing 50 µg L–1 Cr(VI).

Various inorganic acids viz. hydrochloric acid, nitric acid
and sulfuric acid (0.1 M) were applied to investigate their impact
on the electroanalytical signal of Cr(VI). The best (position
shift to negative potential, height and width) anodic peak for
Cr(VI) using Aufilm/GCE was obtained when HCl used as the
supporting electrolyte (Fig. 2a). The difference between the
sensitivity of Cr(VI) in different media viz. HNO3, HCl and
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H2SO4 was probably due to the difference in the diffusion rate
of species to the electrode surface [9]. It may also reflect that
adsorption on the electrode and the variation between acids
suggests that the adsorption of anions plays a significant role
in the reduction.

Effect of pH: The effect of pH on peak current using modi-
fied sensor is shown in Fig. 2b by varying the  concentration
of HCl from 0.001 to 0.1 M, which correspond pH 3 to 1,
respectively. The highest signal in solution of Cr(VI) 50 µg L–1

using Aufilm/GCE sensor was obtained at 0.1 M HCl (pH = 1).
A lower signal of anodic peak current indicated proton depen-
dent process [10]. For this reason, lower analytical signal was
obtained in the case of lower concentration of electrolyte (0.001
M HCl), possibly because of the low availability of protons.
Therefore, 0.1 M hydrochloric acid solution was used as the
optimum concentration of supporting electrolyte for the rest
of this study.

Scan rate: The scan rate and modulation magnitude were
optimized in order to obtained the best signal with high sensi-
tivity toward analyte Cr(VI). With increasing of modulation
amplitude was observed that the peak current increases gradually
up to 50 mV and then remained constant but the peak becomes
wider. The most suitable amplitude was chosen at 20 mV to
get the highest and sharper peak. Also by increasing the scan
rate from 50 to 150 mV/s, peak current increased proport-
ionally up to 100 mV/s. However, increasing the scan rate
more than 100 mV/s, no effect to the peak was observed. To
obtain the highest signal of Cr(VI) scan rate at 100 mV/s was
chosen in further experiments. Table-1 summarizes the operating
conditions optimized for the DP-ASV analysis of Cr(VI) using
a Aufilm-GCE.

TABLE-1 
SUMMARIZES THE OPERATING CONDITIONS  

OPTIMIZED FOR Cr(VI) DETERMINATION WITH  
DP-ASV USING A Aufilm-GCE SENSOR 

Experimental conditions: (DP-ASV) Optimized value 
Supporting electrolyte HCl 0.1 M 
pH 1.0 
Deposition time 120 s 
Deposition potential -0.2 V 
Detection potentiala +0.3 V 
Scan rate 100 mV/s 
Potential scan -0.2 to 0.8 V 
Modulation amplitude 20 mV 
Modulation time 5 ms 
avs. Ag/AgCl, saturated KCl 

 
Analytical parameters: The analytical performance of

modified sensor Aufilm/GCE for the determination of Cr(VI)
were estimated by DP-ASV technique under optimal conditions.
The differential pulse anodic striping voltammograms for diff-
erent concentrations of Cr(VI) are illustrated in Fig. 3a. The
calibration plot is linear over the range from 10 to 120 µg L–1.
Limits of detection calculated based on three times the standard
deviation was averaged to 5.5 µg L–1. The relative standard
deviation for Cr(VI) determination at the concentration 120
µg L–1 was 4.7% (n = 4). The results obtained in this work
demonstrate the improvement of the reproducibility and sensi-
tivity for determination of Cr(VI) using Aufilm/GCE sensor and
DP-ASV.

The sensitivity of the present method studied in this work
shows advantages in terms of sensitivity and low detection
limit when compared with reported electroanalytical methods
(Table-2).
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Fig. 2. (a) Anodic stripping voltammograms of 50 µg L–1 Cr(VI) at various electrolyte. (b) Effect of pH on the peak current for the determination
of Cr(VI) on Aufilm-GCE
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TABLE-2 
PERFORMANCE OF DIFFERENT MODIFIED ELECTRODES FOR Cr(VI) DETERMINATION 

Modified electrode Method LOD (µg/L) LDR (µg/L) Reference 
Electrochemically activated GCE DPV 6.25 20.8-13000 [11] 
Gold screen printed macro electrode LSV 228 520-84240 [12] 
AuNP-ITO electroded CVc 104 260-5200 [13] 
 Amperometry 5.2 26-2600  
Ag NPsa - carbon SPEe DPV 44.2 26-1976 [14] 
Au NPs - carbon SPE DPV 20.8 20.8-1664  
Agplated-GCE DP-ASV 5.2 18.2-2080 [15] 
Graphite screen printed electrode LSV 18.7 99.8-998.4 [16] 
Au film-GCE DP-ASV 5.5 10-120 This work 
aNPs = nanoparticles, bLSV = Linear sweep voltammetry, cCV = Cyclic voltammetry, dAuNP-ITO electrode = Gold nanoparticle-electrodeposited 
indium-tin oxide electrode, eSPE = screen printed electrode 
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Fig. 3. (a) DP-AS voltammograms registered with Aufilm/GCE electrode in
HCl 0.1 M, tdep = 120 s, poteciacial from -0.2 to 0.8 V in different
concetration of Cr(VI). (b) Calibration curve of various Cr(VI)
concentrations

Real sample analysis: The modified glassy carbon elec-
trode was successfully applied for the Cr(VI) determination
in the sewage water sample. A sample solution was acidified
with nitric acid and then 2 mL portion was pipetted out was
diluted in 15 mL of 0.1 HCl HCl for the analysis. The content
of chromium was determined using standard addition methods
and the recoveries of added Cr(VI) were studied. The recoveries
results were used as the quality control for the analytical deter-
mination of Cr(VI) in real samples taken from the nearby
industrial leather processing and cleaning factory. The signal
of the sample solution before spiking Cr(VI) was recorded
(Fig. 4) and then addition of Cr(VI) were done to the solution
and the voltammogrames are recorded.

The voltammetric signals after the additions of Cr(VI),
from 30 to 88 µg L–1 are shown in Fig. 4. An increase in the
anodic signals was obtained with increasing the concentration
of Cr(VI). The recovery results of analyses are given in Table-
3, together with the total chromium found by Aufilm/GCE in
sewage samples. The concentration of chromium(VI) in the
analyzed samples was found to be 150 ± 0.6 µg L-1, which is
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Fig. 4. DP-AS Voltammograms for standard additions of Cr(VI) in a sewage
water sample, (0) sample signal before spiking and in concentrations
(1) 30, (2) 60, (3) 88 µg/L Cr(VI)

much higher than the allowance level of Cr(VI) in surface water
[17]. Cr(VI) recovered from the concentrations of 176 and 88
µg L-1 was 100.3% and 97.3%, respectively, with an RSD of
4.8-5.4%. The results indicated that the proposed method can
be easily employed for the regular analysis of chromium(VI)
and be used for the Cr(VI) determination even in the presence
of an excess Cr(III) ions.

TABLE-3 
RECOVERY TEST WITH SEWAGE WATER SAMPLES 

Cr(VI) (µg L-1) Sample (sewage 
water) (µg L-1) Added Found 

Spike 
recovery (%) 

Chromium conc. 88 86.1 ± 0.8 97.8 
150 ± 0.6 176 176.5 ± 0.5 100.3 

 
Conclusion

A gold thin film glassy carbon electrode (Aufilm/GCE) was
studied using DP-ASV for the determination of chromium(VI)

[11]
[12]
[13]

[14]

[15]
[16]
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in liquid discharges of the leather processing industry. This
method has advantages regarding the low cost for the fabri-
cation of modified sensor, simple preparation, wide linear
calibration zone, sensitivity and lowest limit of detection. It
has been shown that after proper optimization of the experi-
mental conditions, the electrode prepared was suitable for the
determination of Cr(VI) with high sensitivity and good reprod-
ucibility. The method developed gave satisfactory results and
recovery of 97.8% obtained for a concentration of 88 µg L-1,
when applied to real samples. Thus, the proposed sensor can
be easily applied for analysis of chromium(VI) in industrial
and environmental polluted water samples.
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