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A B S T R A C T   

Curcumin, a β-diketone natural ligand is capable of coordinating and forming a stable complex with a variety of 
metal ions. In this study, we have reported electropolymerization that can convert macromolecules (curcumin) 
into nanosphere-shaped polycurcumin film (PCR-NS). The PCR-NS modified electrode was utilized for the 
detection of Hg2+ ions at a nanoscale concentration by the differential pulse anodic stripping voltammetry 
(DPASV) technique. Surface morphology and electrochemical behavior of the PCR-NS electrode and its metal 
complex were characterized. Parameters such as the effect of electrolyte, pH, preconcentration time were 
optimized for selective determination of Hg2+ ions with the linear concentration range from 0.21 to 21.72 μgL-1, 
with LOD 70.49 ngL-1.   

1. Introduction 

The alarming increase in heavy metal-related toxicity has become a 
major environmental crisis [1]. Heavy metals such as lead, mercury, and 
cadmium pose threat to several life forms in both land and water bodies 
[2]. Several analytical methods such as Atomic Absorption Spectroscopy 
(AAS) [3], Inductively Coupled Plasma Mass Spectrometry (ICP-MS) [4], 
have been employed for the determination of trace levels of metal 
contaminations in environmental samples but these methods suffer from 
many disadvantages such as poor time efficiency, skilled technicians, 
sophisticated facilities and tedious sample preparation, which make 
them unsuitable for continuous assessment. Nanomaterials such as gold 
micro shells [5], ZnO/Ag nanoarray [6], and gold-coated TiO2 nanotube 
array [7] were employed for removal and sensing of organic and inor-
ganic pollutants using Surface Enhanced Raman Spectroscopy (SERS) 
technique. Electroanalytical techniques can be considered as an alter-
native for the conventional methods [8,9] where stripping voltammetry 
has been commonly employed for the determination of metal ions and 
toxins in food samples [10]. In conventional voltammetric techniques, 
mercury-based electrodes have been extensively used as working elec-
trodes for the determination of heavy metals due to their amalgam 
forming property [11], but they have a disadvantage as mercury is toxic 

[12]. To overcome this demerit, over the past two decades mercury-free 
electrodes have been emerging for metal ion sensing [13]. In our pre-
vious work, we have reported mercury-free electrode using metal-
lochromic indicators namely poly xylenol orange [14], poly O- 
cresophthalein [15], and poly zincon [16] for the determination of metal 
(II) ions. The utilization of biological compounds as chelating agents has 
also become a suitable option for heavy metal detection as they are 
inexpensive, non-toxic, and eco-friendly [17]. Curcumin (CR), (1,7-bis 
(4-hydroxy-3-methoxyphenyl)-1,6-heptadinene-3,5-dione) is the prin-
cipal compound of curcuminoids which is extracted from the rhizome of 
the Indian perennial herb Curcuma longa[18]. The β-diketo functionality 
and unsaturated phenolic group of curcumin structure form homoleptic 
complexation with most of the metal ions [19]. Several studies have 
been conducted using Ni (II)-curcumin complexes as a chemical sensor 
for the determination of analytes such methanol [20], amino acids [21], 
fructose [22], and amoxicillin [23]. Curcumin functionalized gold 
nanoparticles have enhanced the electrocatalytic property of curcumin 
towards the determination of dopamine [24]. A chemosensor method 
for the determination of mercury was developed using curcumin nano-
particles for the microscale sensing of Hg2+ ions [25]. Curcumin (CR) 
was first applied for the electrochemical determination of anions and 
cations using a curcumin-MnO2-Graphene nanosheet modified glassy 
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carbon electrode [26]. But due to the unstable nature of curcumin on the 
electrode surface, electropolymerization fabrication was found to be an 
alternative to develop a stable curcumin-based electrode. A recent study 
has developed a dual electrochemical and fluorescent assay using elec-
tropolymerized curcumin-graphene quantum dots modified indium tin 
oxide electrode for determination of Apo e4 allele gene [27]. K.M. 
Mohibul Kabir, et al, reported nanosphere-shaped gold nanoparticles for 
microscale detection of elemental mercury using a quartz crystal mi-
crobalance device [28]. 

Among all other heavy metals, mercury was more prevalent in water 
contamination from industrial effluents such as mining plants, energy, 
etc. [6]. In the present study, curcumin was electropolymerized on the 
electrode material as polycurcumin film and applied to preconcentration 
and differential pulse anodic stripping voltammetry (DPASV) sensing of 
Hg2+ ions. The electrochemically fabricated polycurcumin molecules 
appeared as a nanosphere (approximately 250 nm in size) and decorated 
on the electrode surface. Polycurcumin in general has the property of 
electrocatalysis. Polycurcumin (PCR) based electrodes have been 
developed and used as chemical sensors [29]. Herein for the first time, 
we have developed an analytical method using polycurucmin nano-
sphere (PCR-NS) modified electrode for trace level determination of 
Hg2+ ions. Parameters and experimental conditions for the detection of 
individual Hg2+ ions using PCR-NS modified electrodes were optimized 
and applied for real sample analysis. 

2. Experimental methodology 

2.1. Chemicals and reagents 

A graphite rod (Length- 150 mm, Diameter- 3 mm) was purchased 
from Sigma-Aldrich. Curcumin and AAS standard solutions of cadmium 
(Cd), lead (Pb), mercury (Hg), zinc (Zn), and copper (Cu) were obtained 
from SRL, India. All other chemicals used in this study were from Merck. 
All aqueous reagents used in this experiment were prepared using 
double distilled water (conductivity- 0.8–1.2 μS/cm). 

2.2. Instrumentation 

The distilled water was prepared using a double stage distillation 
unit horizontal model (Rivera Glass private limited, India). Electro-
chemical experiments such as cyclic voltammetry (CV), chro-
noamperometry, differential pulse stripping voltammetry (DPASV) were 

carried out in an electrochemical workstation, (CH Instruments, USA, 
Model- 660B) using a conventional three-electrode cell with standard 
calomel electrode (SCE) as reference electrode, platinum electrode as an 
auxiliary electrode and PCR-NS modified electrode as the working 
electrode. Attenuated total reflectance- Fourier transform infrared 
(ATR-FTIR) spectra for PCR-NS modified electrode and metal pre-
concentrated PCR-NS modified electrode was recorded using FTIR 
spectrometer (PerkinElmer, USA, Model- Spectrum 2 UATR). Surface 
morphology of PCR-NS and metal preconcentrated PCR-NS modified 
electrode was performed using a scanning electron microscope (SEM) 
(TESCAN, USA, Model- VEGA3) with an accelerating voltage of 30 kV. 
The elemental analysis and color mapping were carried out using energy 
dispersive X-ray analysis (Bruker Nano, Germany). The results obtained 
by the developed method for the trace level determination of metal ions 
in seawater were compared with AAS (PerkinElmer, USA, Model- AA- 
800). All the experiments were carried out under ambient conditions. 

2.3. Preparation of polycurcumin nanosphere film electrode 

The paraffin wax impregnated graphite rods used as a bare electrode 
for modification were subjected to pretreatment before electro-
polymerization of curcumin. To remove the impurities present, graphite 
electrodes were washed with acetone, ethanol, and water followed by 
impregnation with paraffin wax [30]. The paraffin wax impregnated 
graphite (PIG) electrodes were polished using 350 µm and then with 
1000 µm SiC coated abrasive papers. The electrode surface was then 
smoothened to mirror finish by polishing with alumina slurry of 
different micron sizes (1, 0.3, and 0.05) and then washed with double 
distilled water. Modification of the bare electrode with curcumin was 
carried out as reported earlier [21]. Briefly, 10 µL of ethanolic solution 
of curcumin (25 mM) was drop casted on the surface of the bare elec-
trode followed by drying under vacuum. After drying, curcumin was 
electropolymerized in 0.1 M phosphate buffer (pH 7) with 20 continuous 
cycles from − 0.3 V to 0.8 V at the scan rate of 50 mV s− 1 to obtain PCR- 
NS modified electrode. 

2.4. Determination of Hg2+ with PCR-NS modified electrode using 
DPASV 

Several steps are involved for the DPASV determination of Hg2+

using PCR-NS modified electrode. Following are the pre-concentration 
time, reduction potential, stripping analysis, and surface regeneration 
procedures described the same was portrayed in the graphical abstract. 

Step-1: The PCR-NS modified electrode was dipped in 0.1 M 
NH4NO3 containing Hg2+ ions and preconcentrated for 300 sec under 
stirring condition 

Hg2+
(aq) +PCR - NS(s) ̅̅̅̅̅ →

300 rpm

300 sec

[
Hg2+

− PCR - NS
]

(s)

Step-2: Hg2+ preconcentrated PCR-NS modified electrode was 
transferred to a fresh 0.1 M NH4NO3 of pH 5.5 and potential of − 0.1 V 
was applied for 60 sec to reduce Hg2+ to Hg0. 

Hg2+
- PCR - NS(s) ̅̅̅̅̅̅̅̅̅̅→

− 0.10 V,60 sec
+2e

[
Hg0

- PCR - NS
]

(s)

Step-3: DPASV was carried out by scanning the potential from − 0.3 
V to 0.8 V with a pulse amplitude of 50 mV and a pulse width of 5 sec. 
The stripping current for the Hg2+ was measured at a potential of +0.2 
V. 

Hg0
- PCR - NS(s) ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ →

DPASV− 0.3 to + 0.8 V

− 2e

[
Hg2+

- PCR - NS
]

(s)

Step-4: After completing the experiment, the electrode surface was 
renewed by applying the potential from 0 to +1.2 V followed by dipping 
the electrode in 50 mM EDTA solution for 300 sec. 

Hg2+
- PCR - NS(s) ̅̅̅̅̅̅̅̅̅→

50 mM EDTA

300 sec
EDTA - Hg2+

(aq) + PCR - NS(s)

Fig. 1. CVs obtained during electropolymerization of curcumin on bare elec-
trode in 0.1 M phosphate buffer solution of pH 7 at 50 mVs− 1. (Inset) CVs of 
first two cycles of electropolymerization. 
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2.5. Preparation of sea water sample 

For the real sample analysis, the sea water was collected from Marina 
Beach, Chennai, India and filtered using Whatman filter paper Grade 1. 
The sea water was spiked with three replication of AAS grade Hg2+ ions 
solution to obtain 0.101 μgL− 1 concentration and the PCR-NS modified 
electrode was preconcentrated for 300 sec. The Hg2+-PCR-NS electrode 
was transferred into the 0.1 M NH4NO3 of pH 5.5 and − 0.1 V reduction 
potential was applied for 60 sec and DPASV analysis was performed 
under optimized condition. 

3. Results and discussion 

3.1. Electro polymerization mechanism 

The cyclic voltammograms during the electropolymerization of 
curcumin were shown in Fig. 1. Curcumin was electropolymerized on 
the working electrode surface by scanning the potential from − 0.3 to +
0.6 V at a scan rate of 50 mVs− 1 for 20 cycles in 0.1 M phosphate buffer 

solution (pH 7). The CVs for the first two cycles of electropolymerization 
were shown in inset Fig. 1, where the initial oxidation of curcumin 
begins at the potential of + 0.15 V and extended to the potential to + 0.4 
V. The phenolic group of curcumin contributed to the initial oxidation, 
where the phenolic group was converted into phenolate ion. During the 
reverse scan, a cathodic peak corresponding to the reduction of curcu-
min (Epc) appeared at + 0.09 V. In this process the methoxy group of 
curcumin was eliminated as methanol by hydrolysis, giving away the 
anion leading to the formation of highly reactive O-quinone [29]. 
Following further segments of the CV scan showed stable oxidation and 
reduction peak for polycurcumin at + 0.18 V and + 0.09 V, respectively. 
As the potential scan from − 0.3 to 0.6 V was continued for 20 cycles, the 
anodic (ipa) and cathodic (ipc) peak currents gradually increased, then 
the peak current reached saturation indicating that the formation of 
electropolymerized polycurcumin film on the electrode surface. After 
electropolymerization, the PCR-NS film modified electrode was rinsed 
with double distilled water, dried, and employed for metal ion deter-
mination. Replicates of PCR-NS modified electrodes were prepared with 
a similar procedure for characterization. Scheme. 1 represents the 
structural elucidation for the formation of polycurcumin film and its 
redox behavior. 

3.2. Electrochemical characterization of bare and PCR-NS modified 
electrode 

CV study was carried out to compare the electrochemical behavior of 
bare and PCR-NS modified electrode. Cyclic voltammetry was employed 
by applying the potential from − 0.3 to + 0.8 V in 0.1 M phosphate buffer 
solution (pH 7) at a scan rate of 50 mVs− 1. Fig. 2 (i) shows the CVs of (a) 
bare electrode and (b) PCR-NS modified electrode. The unmodified 
electrode (curve a) shows a low background current for both forward 
and reverse scans without any significant redox peaks. But the PCR-NS 
modified electrode, (curve b) exhibited well-defined redox peaks at 
the potentials (Epa) + 0.26 V, and (Epc) + 0.16 V at a ΔEp of 100 mV. The 
redox process in PCR-NS modified electrodes was said to be quasi- 
reversible as the cathodic and anodic potential difference (ΔEp = | 
Epa - Epc|) for this electrode was around 100 mV/n, which was expected 
to be greater than 56.5 mV/n for a standard reversible system [31]. In 
Fig. 2, the background current of the PCR-NS modified electrode (curve 
b) was higher compared to an unmodified electrode (curve a). 

The electrochemical property of (a) bare PIG electrode and (b) PCR- 
NS film-coated PIG electrode in the presence of standard redox probe Fe 
(CN)6

3-/4- (5.0 × 10-3 M of Fe (CN)6
3-/4- in 0.1 M of KCl solution) which 

was characterized using CV (Fig. 2 (ii)) and electrochemical impedance 
spectroscopy (EIS) techniques (Fig. 2 (iii)). The CV results showed that 
when compared with a bare electrode, the PCR-NS modified electrode is 
electrochemically active and could facilitate a reversible electron 
transfer process. At the higher-frequency region, the Nyquist plot of EIS 
also showed a bigger semi-circle for bare electrode compared with PCR- 
NS modified electrode. This is due to the existence of impedance because 
of the higher potential charge rate for a bare electrode. Thus PCR-NS 
electrode was used for developing an electrochemical sensor for the 
determination of Hg2+ ions. 

3.3. Surface morphological studies of PCR-NS modified electrode 

The changes that occurred in the surface of the working electrode 
during electropolymerization of curcumin were analyzed using FE-SEM. 
Curcumin was drop casted on the working surface of the graphite elec-
trode and an FE-SEM image was recorded. Fig. 3 shows the FE-SEM 
image of curcumin drop casted on an electrode (i) before electro-
polymerization and (ii) after electropolymerization. The presence of 
evenly distributed monomers of curcumin molecules was found on the 
electrode surface (Fig. 3. (a)). The appearance of less number of micron 
size, sphere-shaped CR was due to physical adsorption of monomers at 
the surface-active sites of the bare electrode. However, after performing 

Scheme 1. Electropolymerization and redox mechanism of polycurcumin film 
modified electrode. 
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20 cycles of CV measurement, the micron size CR molecules conjugated 
and formed as elongated structures with branched chains resulting in the 
formation of several nanospheres shaped polymeric film coating with an 
average particle size of 250 nm in diameter over the electrode surface 
(Fig. 3.(b)). As the potential applied during electropolymerization 
increased the number of radicals, in turn, increased the monomer con-
centration and exhibited multiple nanospheres on the electrode surface. 
B. Devadas et al [24] reported the rod-shaped morphology for poly-
curcumin on electrochemically activated glassy carbon (GC) electrodes. 
In this report [24], the electropolymerization of curcumin present in 0.1 
M phosphate buffer pH 8 solutions was performed using the cyclic vol-
tammetry technique. Electro polymerization in alkali pH may lead to a 
change in the morphology of PCR into a rod shape. Also, at this condi-
tion polycurcumin exhibit enol-form which is not suitable for metal 
complexation. The present work reported the formation of nanosphere- 
shaped morphology for polycurcumin on the PIG electrode surface. 
Since curcumin is insoluble in water or buffer with pH ≤ 7.5, in the 
present work; ethanolic solution of curcumin was drop casted on the PIG 
electrode surface. The electropolymerization was performed using the 
CV technique by dipping curcumin drop casted PIG electrode in 0.1 M 
phosphate buffer, pH 7 solution. At this condition polycurcumin exhibits 
β-diketo-form which is suitable for metal complexation. 

The elemental survey spectrum and color mapping for the PCR-NS 
modified electrode to calculate the atomic percentage and binding 

energy were recorded using EDS analysis. Fig. 3 represents (i) the carbon 
atoms in brown color, (ii) the oxygen atoms in green color, and (iii) the 
merged image of both (i) and (ii). The EDS spectra (Figure 4 (iv)) 
confirmed the presence of both the atoms with the atomic percentage of 
carbon at 95.54% and oxygen at 4.46% (inset table) which proves that 
the PCR-NS modified electrode surface was free from contaminations. 

3.4. Characterization of metal preconcentrated PCR-NS modified 
electrode 

The Physico-chemical properties of the PCR-NS modified electrode 
changed during their interaction with metal ions. Comparison of the 
bare and modified electrode before and after preconcentration with 
Hg2+ ions were characterized to understand the surface behavior of both 
the electrodes. The following section illustrates the chemical, morpho-
logical and electrochemical behavior of modified electrode and its metal 
complex 

3.4.1. ATR-FTIR characterization 
The functional groups present at the surface of PCR-NS modified 

electrodes were measured using IR spectroscopy. The ATR-FTIR spec-
trum for PCR-NS modified electrodes was acquired from 3600 to 400 
cm− 1. The IR spectrum (Figure 4 (a)) shows well-defined peaks at 2360 
cm− 1, 2845 cm− 1, 2915 cm− 1, 3511 cm− 1 corresponding to the hydroxyl 

Fig. 2. Cyclic voltammograms for (a) bare and (b) PCR-NS modified electrode (i) in 0.1 M phosphate buffer solution at pH 7. (ii) in 0.1 M of KCl containing 0.005 M 
containing Fe(CN)6

3-/4- ; scan rate at 50 mVs− 1. (iii) corresponding EIS spectra. 
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and methoxy groups of a phenyl ring of polycurcumin [32]. The peaks at 
1027, 844 cm− 1 corresponds to the C–O–C stretching vibrations, 1263 
cm− 1 was for aromatic C–O stretching vibrations, and 1427 cm− 1 was 
for olefinic C-H bending vibrations. For the bending vibrations of 
aliphatic groups (δ CC-C, δ CC = O) peak appeared at 1507 cm− 1 and the 
stretching vibration for the aromatic ring appeared at 1568 cm− 1. The 
stretching vibrations for alkenes (C = C) and carbonyl (C = O) groups 
appeared at 1630 cm− 1 [33]. The ATR-FTIR results of the PCR-NS 
modified electrode confirmed that all the functional groups obtained 
corresponds to the electropolymerized film of curcumin. 

For IR spectrum of Hg2+ preconcentrated PCR-NS modified electrode 
showed variation in the intensity of major peaks and shift in the minor 
peaks (Figure 4 (b)). At the region 1507 cm− 1 a peak corresponding to 
the δ CC-C, δ CC = O of PCR–NS was found to have less intensity after 
Hg2+ preconcentration. Additionally, the intense peak at 2845 cm− 1 and 
2915 cm− 1 corresponding to the hydroxyl and methoxy groups of the 
phenyl ring of PCR also increased. Also the peaks at 1027 and 844 cm− 1 

for C–O–C stretching vibrations shifted as a single peak to the region 
1046 cm− 1. A peak at 1263 cm− 1 corresponding to aromatic C–O 
stretching vibrations, and 1427 cm-1for olefinic C-H bending vibrations 

exhibited a slight shift in the peak towards 1284 cm− 1 and 1466 cm− 1, 
respectively. From the FTIR analysis, it was attributed that major 
changes in C–O bonds were due to PCR-NS by donating the ion pair 
electron of oxygen atom and form complex with Hg2+ ions [32]. 

3.4.2. SEM-EDS studies 
The SEM morphology shown in Fig. 5 was obtained for Hg2+ pre-

concentrated PCR-NS modified electrode which was recorded in 
different magnifications, and scale bar at [a] 4 kX, 10 µm [b, c], 6 kX, 
5 µm, and [d, c, f], 11 kX, 2 µm. For SEM analysis, the Hg2+ pre-
concentrated PCR-NS modified electrode was prepared under the opti-
mized condition as discussed in section 2.4 and the samples were 
examined at 30 kV acceleration voltage. From the SEM results it can be 
observed that after preconcentration of 3.9 × 10-6 gL-1 of Hg2+ ions over 
PCR-NS electrode, the surface appeared as clusters of aggregated Hg2+

particles conjugated with polycurcumin. The change in the morphology 
was due to a change in a polymorph of polycurcumin after complexing 
with Hg2+ ions. Supporting the SEM results the EDS analysis also 
confirmed the presence of Hg2+. The elemental composition of the Hg2+

preconcentrated PCR-NS modified electrode was evaluated by color 

Fig. 3. SEM image of CR drop casted electrode (a) before electropolymerization and (b) after 20 cycles Elemental color mapping image of PCR-NS modified electrode 
(i) C, (ii) O, (iii) C,O and (iv) respective EDS spectra (inset) SEM image of PCR modified electrode and elemental table with atomic percentage. 
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mapping. The major element present on the surface of the electrode is 
carbon which is depicted in brown-green color (i) with an atomic per-
centage of 75.52% (inset table). After carbon, oxygen was the next 
major component which is represented in pink color (ii) with an atomic 
percentage of 20.21%. Trace amounts of mercury were represented in 
blue color with an atomic percentage of 0.33%. Additional elements 

present in the EDS spectra are due to the interference of anions present 
in the background electrolyte. 

3.4.3. Electrochemical characterization of Hg2+-PCR-NS modified 
electrode 

Fig. 6 shows the CV curves recorded for (i) bare and (ii) PCR-NS 
modified electrodes in the (a) absence and (b) presence of Hg2+ ions. 
The CV measurement was carried out starting from the potential − 0.3 to 
0.8 V. The CV curve recorded for the bare electrode without pre-
concentration of Hg2+ ions (curve a in Fig. 6(i))) does not show any 
significant peaks corresponding to mercury. But the bare electrode 
subjected to preconcentration with 3.9 × 10-6 gL-1 of Hg2+ ions present 
in 0.1 M NH4NO3 electrolyte solution (curve b in Fig. 6(i)) showed a 
well-defined oxidation peak for Hg2+ at + 0.22 V. The presence of Hg2+

ions at the surface of the bare electrode is due to physisorption phe-
nomena. Graphitic carbon tends to adsorb metal to its active surface, 
whereas the PCR-NS modified electrode forms chemical coordination 
with Hg2+ ions. The CV was performed for PCR-NS modified electrodes 
without Hg2+ ions (curve a in Fig. 6(ii)) which showed redox peak Epa 
at þ 0.42 V and Epc at + 0.32 V. The PCR-NS modified electrode pre-
concentrated with Hg2+ ions (curve b in Fig. 6.(ii)) showed two 
oxidation peaks at + 0.20 V corresponding to the oxidation of Hg0 and 
at + 0.52 V corresponding to the oxidation of Hg2+-PCR-NS. The 
cathodic scan showed a single reduction peak at + 0.45 V corresponding 
to the Hg0-PCR-NS complex. Compared with the PCR-NS modified 
electrode, the Hg2+ ion preconcentrated PCR-NS modified electrode 
showed significant changes such as a shift in redox peak of PCR-NS and 
increase in peak current intensity after preconcentration with Hg2+ ions. 
The shift in the redox peak was due to metal complex formation. A 

Fig. 4. ATR-IR spectra for PCR-NS modified electrode (a) and. PCR-NS-Hg (II) 
modified electrode (b). 

Fig. 5. FESEM image of Hg (II)-PCR–NS modified electrode at different scale bar magnification [a] 10 µm [b, c] 5 µm, and [d, c, f] 2 µM size magnified images. 
Elemental colour mapping of Hg (II)-PCR-NS electrode, (i) carbon, (ii) oxygen, (iii) Mercury, (iv) overall elements (C, O, Hg), and (v) EDS spectra (inset) SEM image 
with table of elements present and its atomic percentage. 
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Fig. 6. CV carried out at the scan rate 50 mVs− 1 for (i) bare electrode, and (ii) PC-NS modified electrode, (a) without and (b) with Hg (II) ions pre-concentration. 
(iii) DPASV response of bare electrode (a) without and (b) with Hg (II) ions pre-concentration, PCR-NS modified electrode (c) without and (d) with Hg (II) ions pre- 
concentration. Background electrolyte (0.1 M) NH4NO3 containing 3.9 × 10-6 gL-1of Hg (II), anodic striping scan between − 0.3 to 0.8 V. 

Fig. 7. (i) DPASV response of PCR-NS 
modified electrode at different background 
electrolyte (0.1 M) containing Hg (II), anodic 
striping scan between − 0.3 to 0.8 V. (ii) 
corresponding bar chart for peak current 
versus different background electrolyte. (iii) 
A graph plot corresponding to the stripping 
signal recorded for Hg (0)- PCR-NS modified 
electrode versus different electrolyte pH and 
(iv) graph plot corresponding to the strup-
ping signal recorded for Hg(0)- PCR-NS 
modified electrode versus preconcentration 
time.   
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similar observation was reported by Mejri et al, [26] for the CR-Hg0 

complex, where a shift in the oxidation peak for PCR-NS was due to 
delocalization of electronic charge from the metal complexing site of 
PCR-NS towards to metal center. This is the evidence for confirming that 
PCR-NS modified electrode has been highly favored for the preconcen-
tration and complexation with mercury ions present in the electrolyte. 

Further study using stripping voltammetry showed the DPASV 
curves (Fig. 6 (iii)) for (a) bare electrode, (b) Hg(II)-bare electrode, (c) 
PCR-NS modified electrode and (d) Hg(II)-PCR-NS modified electrode. 
All the electrodes were scanned by applying differential pulse potential 
starting from − 0.3 to + 0.6 V in 0.1 M NH4NO3 electrolyte. A straight 
line curve with less background current was observed for the bare 
electrode (curve (a)). On preconcentrating the bare electrode with 
Hg2+, curve b showed a peak at potential + 0.2 V corresponding to 
oxidation of Hg0. For PCR-NS modified electrode, the DPASV curve c 
exhibited an oxidation peak for PCR-NS at + 0.35 V. Further pre-
concentrating the PCR-NS electrode with Hg2+, two peaks correspond-
ing to oxidation of Hg0 and Hg0-PCR-NS complex were observed at +
0.2 V and + 0.45 V, respectively. A shift in the oxidation peak at + 0.35 
V to + 0.45 V was observed due to complex formation between Hg2+ and 
PCR-NS. From the obtained results (Fig. 6 (i) (ii) & (iii)) it was evident 
that there is a 10 fold increase in the peak current between unmodified 
and modified electrodes corresponding to the oxidation of mercury ions. 
This is due to preconcentration of Hg2+ over unmodified electrode 
occurred due to physisorption, where there is only less concentration of 
Hg2+ accumulated on the unmodified electrode. In the case of PCR-NS 
modified electrode, the accumulation of Hg2+was due to chelation, 
therefore the concentration of Hg2+ is much higher on PCR-NS modified 
electrode when compared to unmodified electrode resulting in higher 
oxidation current. 

3.5. Parameter optimization 

Factors influencing the analytical performance of the PCR-NS 
modified electrode during stripping analysis of Hg2+ were studied. 

Fig. 8. (i) Higher concentration and (iii) lower concentration (0.21 to 21.72 μgL-1), DPASV response for Hg(0)-PCR-NS modified electrode in 0.1 M, stripping scan 
between − 0.1 to 0.8 V. (ii) and (iv) corresponding linear graph. 

Fig. 9. DPASV curve for PCR-NS electrode after preconcentrated in seawater 
spiked with (0.1 μgL-1) Hg2+ of AAS standard solution. 

Table.1 
Comparison of Real sample analysis of Hg2+ content between present method 
and atomic absorption spectroscopy.  

Real 
Sample 

Hg2+ AAS 
standard 
solution 

DPASV at + 0.1 V 
(Present Method) 

Atomic Absorption 
Spectroscopy at 253.7 
(nm) 

Sea 
water 

Added (mg/L) Found 
(mg/L) 

Recovery 
(%) 

Found 
(mg/L) 

Recovery 
(%) 

R1  0.101  0.101 100  0.100 99.00 
R2  0.102  0.101 99.01  0.100 98.03 
R3  0.105  0.104 99.04  0.105 100  
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The effect of background electrolyte, electrolyte pH, and pre- 
concentration time, were optimized in the presence of Hg2+. 

3.5.1. Effect of background electrolyte 
The basic parameter to be optimized for effective pre-concentration 

and stripping of Hg2+ ions using PCR-NS modified electrode was the 
selection of suitable background electrolyte solution. The anions and 
cations present in the background electrolyte may influence the pre- 
concentration and stripping of Hg2+ ions [34]. About 0.1 M concen-
tration of different background electrolyte such as (a) BaCl2, (b) K2SO4, 
(c) KNO3, (d) NaCl, (e) NaNO3, (f) NH4Cl, and (g) NH4NO3 containing 
3.9 × 10-6 gL-1 of Hg2+ ions were taken. The surface of PCR-NS modified 
electrodes were brought in contact with the metal ion-containing elec-
trolyte solutions and stirred at 500 rpm. The Hg2+ pre-concentrated 
PCR-NS modified electrodes were rinsed in double distilled water and 
placed in fresh electrolytes for DPASV analysis. The DPASV analysis was 
carried out at the potential starting from − 0.3 to + 0.6 V (Fig. 7.(i)). 
Two peaks corresponding to the oxidation of Hg0 and oxidation of Hg0- 
PCR-NS were found at potential + 0.2 V and + 0.45 V, respectively. 
During DPASV measurement in different electrolyte mediums, the peak 
appearing for PCR-NS at potential + 0.45 V remained stable with slight 
changes in the current intensity. The peak at + 0.2 V corresponding to 
the oxidation of Hg2+ was observed in nitrate and sulphate based elec-
trolyte medium. The magnitude of current was higher in nitrate-based 
electrolytes when compared with sulphate-based electrolytes. In some 
chloride-based electrolytes, the oxidation potential of mercury was 
found to be shifted from + 0.2 V to + 0.1 V with a difference in current 
intensity. Anions such as chloride, hydroxide, can form complex with 
Hg0 [41] and could dissociate the preconcentrated Hg0 from the modi-
fied electrode surface to electrolyte which will significantly interfere 
with the stripping signal. Therefore complexing anion was avoided and 
nitrate-based electrolytes were chosen as a suitable medium for pre-
concentration and stripping of mercury. Among all the nitrate-based 
electrolytes, 0.1 M NH4NO3 solution was chosen as the background 
electrolyte for the pre-concentration and stripping of Hg2+ ions using 
PCR-NS modified electrode, as the peak, the current intensity was much 
higher in this electrolyte (Fig. 7.(ii)). 

3.5.2. Effect of pH 
The composition of the electrolyte medium and pH of the solution 

equally contributes to Hg2+ ion sensing. Concerning pH, the maximum 
solubility of mercury occurred in all the pH from 1 to 12. By varying the 
pH of the background electrolyte, preconcentration and stripping con-
ditions of Hg2+ ions were optimized. The DPASV analysis was recorded 
for the Hg2+ ion preconcentrated PCR-NS modified electrode by varying 
the pH of 0.1 M NH4NO3 solution from 3.5 to 8.5 using 0.1 M HNO3 and 
0.1 M ammonia water. A graph plot for stripping current versus different 
pH was plotted and the results are depicted in Fig. 7.(iii). It was 
observed that the decrease in the stripping current at lower pH range 3.5 
to 5 was due to electrostatic repulsion between the positively charged 
Hg2+ and PCR-NS modified [42] electrode. At lower pH, the oxidation 
rate of Hg0 to Hg+ and Hg2+ was increased, which significantly affect the 
stripping signal[43]. In pH 5.5, the Hg2+ ion competes with the H + ions 
and is adsorbed on the active sites of the modified electrode. Therefore a 

maximum stripping current was observed at pH 5.5 which has been fixed 
as an optimal pH condition for the present experiment. Further increase 
in the pH range from 6 to 8.5, the adsorption of Hg2+ was reduced due to 
more water-soluble Hg(OH)3- and Hg(OH)4- complex formation [42]. 

3.5.3. Effect of pre-concentration time 
The time duration required for the deposition of Hg2+ ions over PCR- 

NS modified electrode is an important parameter to be optimized. The 
PCR-NS modified electrodes were exposed to Hg2+ ions containing 0.1 M 
NH4NO3 solution. The uptake of Hg2+ ions by each electrode was 
measured using DPASV analysis at different time intervals. Fig. 7.(iv) 
shows the dependence of peak current of Hg2+ ions on different time 
intervals. As the exposure time of PCR-NS modified electrodes to Hg2+

ion solution increases from 30 to 600 sec, the anodic peak current cor-
responding to the oxidation of Hg2+ also increased. Saturation in the 
peak current was observed when the exposure time of PCR-NS modified 
electrode was increased beyond 480 sec. Hence 480 sec was chosen to be 
the optimal preconcentration time taken by PCR-NS modified electrode 
for the deposition of Hg2+ ions. 

3.6. Determination of Hg2+ using DPASV technique 

The DPASV analysis was employed for the determination of Hg2+

ions using PCR-NS modified electrode. Under optimal conditions, in 0.1 
M NH4NO3 solution (pH 5.5), Hg2+ ions were added in the concentration 
range from 0.21 to 21.72 μgL-1. After 480 sec of pre-concentration of 
Hg2+ ions over PCR-NS modified electrode, the electrode underwent a 
reduction procedure by applying + 0.1 V for 60 sec which was carried 
out by chronoamperometry technique. During the reduction process, 
Hg2+ ions on the PCR-NS modified electrode were converted into Hg0. 
Later DPASV analysis was performed by applying the stripping potential 
from − 0.1 V to 0.8 V. The Hg0 present on the PCR-NS modified electrode 
was stripped as Hg2+ ions back into the electrolyte solution. During the 
electrochemical reaction, a peak corresponding to oxidation of Hg0 was 
found at + 0.2 V. The DPASV determination of mercury was carried out 
by increasing the concentration of Hg2+ ions, and an anodic shift in the 
oxidation potential of mercury towards + 0.1 V was found along with 
the linear increase in peak current. This may be because at a low con-
centration of Hg, the diffusion is random but at a high concentration, the 
diffusion process is disrupted which in turn affects the mass transfer. To 
overcome this issue and to re-establish the mass transfer, more potential 
was applied to the system [35]. In addition to this reducing current 
response and cathodic shift in peak, the potential was observed at peak 
+ 0.45 V corresponding to the oxidation of Hg0-PCR-NS complex. As the 
concentration of the Hg2+ ions increased from 0.21 to 21.72 μgL-1, the 
peak current for oxidation of PCR decreased with a shift in the potential 
towards higher voltage as shown in Fig. 8.(i). The linear graph was 
plotted with the concentration of Hg2+ ions vs peak current (Fig. 8.(ii)), 
and the regression equation for the calibration plot was found to be ipa 
0.35x + 0.550 and the correlation coefficient (r) was found to be 0.99 
with the slope value of 0.822nA μgL-1 (sensitivity). The developed 
method showed good linearity for a wide concentration range with the 
detection limit of 70.49 ngL-1. 

Table.2 
Comparison of previous report with the present work towards determination of Hg2+ using DPASV technique.  

S. 
No 

Working electrode Modifier Metal 
ion 

Concentration range LOD Ref 

1. Pencil graphite electrode 4-(4-methylphenyl aminoisonitrosoa- cetyl) 
biphenyl 

Hg2+ 1.0 × 10− 5 and 1.0 ×
10− 3 M 

5.85 × 10− 7 M 39 

2. Carbon paste electrode Zeolite Hg2+ 0.11 μg/ml–2.2 μg/ml – 40 
3. Carbon paste electrode Palladium oxide supported onto natural phosphate 

(PdO/NP-CPE) 
Hg2+ 2.5 × 10-7 to 1.0 × 10-4 

mol/L 
1.93 × 10-8 

mol/L 
41 

4. Paraffin wax impregnated pencil 
graphite electrode 

Polycurcumin-nanosphere (PCR-NS) Hg2+ 0.21 to 21.72 μ gL-1 70.49 ngL-1 Present 
work  
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3.7. Regeneration of the electrode 

After the DPASV measurement of Hg2+ ions, the surface of the PCR- 
NS modified electrode was renewed for the next analysis. But complete 
removal of Hg0 ions bound to the electrode surface was not performed 
during the stripping process. Traces of unstripped Hg0 was existing at 
the PCR-NS modified electrode surface. As the electrode was scanned at 
the potential from − 0.4 to + 0.8 V by DPASV, a peak corresponding to 
the oxidation of Hg0 was observed at the potential + 0.14 V. The elec-
trode was subjected to a high potential scan from 0 to + 1.2 V. When an 
increased stripping potential was applied, stable Hg0-PCR-NS complex 
gets converted into Hg2+-PCR-NS complex with reduced stability. Then 
the electrode was dipped in 0.05 M EDTA solution and stirred for 5 min. 
As EDTA possesses increased affinity towards metal complexation [36], 
complete dissociation of Hg2+ ions from the Hg2+-PCR-NS modified 
electrode occurred and a pristine PCR-NS modified electrode was ob-
tained for the next measurement. EDTA is a well know chelator and can 
chelate with most of the heavy metal ions. But due to its water-soluble 
property, EDTA cannot be directly coated on the electrode surface. 
There are previous reports where EDTA is bound to polymers, inorganic 
clays and formed as a composite [44,45]. These composite materials 
were modified on the electrode surface and used for pre-concentration 
and stripping analysis of metal ions. In the present study, we utilize 
EDTA solution for surface regeneration of PCR-NS modified electrode by 
removing metal ions after stripping procedure. 

3.8. Interference study 

The development of metal-specific ligand-based electrodes is 
considered to be promising for metal ion detection. In the previous 
sections, the analytical method has been developed with suitable 
optimal conditions for PCR-NS modified electrodes to quantify Hg2+

ions with appreciable sensitivity. Interference analysis was carried out 
to measure the ability of PCR-NS modified electrodes in detecting the 
stripping signal of Hg2+ ions efficiently even in the presence of other 
species. Under optimized conditions, pre-concentration and stripping 
procedures for Hg2+ ions were carried out in the solution containing K+, 
Na+, Ca2+, Mg2+, Co2+, Cu2+, Pb2+, Zn2+, Cd2+ as an interference. All 
other metal ions, except Cu2+, exhibited different stripping potential 
when compared with the stripping potential of Hg2+ ions. Although the 
Cu2+ ions exhibited stripping potential closer to the stripping potential 
of Hg2+, the presence of Cu2+ ions does not change the signal recorded 
for Hg2+. Even when the concentration of the other Cu2+ ions was 
increased 100 fold excess compared to the concentration of Hg2+ ions, 
they did not influence the stripping signal of Hg2+ ions. The optimized 
conditions such as electrolyte, pH, and pre-concentration time highly 
favor the PCR-NS modified electrode to quantify Hg2+ ions, specifically. 

3.9. Real sample analysis 

The analytical parameter optimization for the newly developed PCR- 
NS modified electrode was successfully applied for the real-time analysis 
of Hg2+ contamination in seawater samples. Fig. 9 showed the DPASV 
curves for PCR-NS modified electrodes recorded under optimised con-
dition after preconcentration of three replications of 0.1 μgL-1 of Hg2+

ions (AAS standard) spiked into the seawater samples. A standard pro-
tocol widely used for the determination of Hg2+ ions present in the water 
samples is the AAS technique. The most commonly employed absorption 
line for Hg2+ during AAS analysis is at 253.7 nm. Calibration of AAS for 
Hg2+ ions determination was carried out initially with the addition of 
mercury (0.1 μgL-1) Table. 1 summarizes the results obtained from the 
developed DPASV method and standard AAS technique. The results 
obtained from the AAS technique are similar to that of the DPASV 
technique with AAS showing a recovery percentage of 99.64 % and 
DPASV of 99.60%. 

3.10. Conclusion 

In this work, a mercury-free electrode was developed for stripping 
voltammetry analysis of Hg2+ ions using a natural chelating compound, 
curcumin. Electropolymerization procedure was adopted to prepare 
nanosphere-shaped polycurcumin film over the graphite electrode. The 
electrode showed good stability with a current difference of less than 5 
% of the base current for the 1st and 100th cycle [37]. Using PCR-NS 
modified electrode, an analytical method has been developed where 
the optimal condition is so specific to measure the Hg2+ concentration 
without the interference of other metals. The sensing performance of the 
modified electrode under optimized conditions was favorable for both 
high and low concentrations of Hg2+ ranging from 0.21 to 21.72 μgL-1. 
The previous study reported that the determination of Hg2+ ions using 
ligand based chemically modified electrode and the results are 
compared with the present work (Table 2). In comparison with other 
modified graphite electrodes [38-40], the developed P 

CR-NS modified electrode showed good linearity, high sensitivity 
(0.8221nA μgL-1), and LOD of 70.49 ngL-1. Amoung other reports, the 
nanostructure conformation of polycurcumin film boost the sensitivity 
of PCR-NS electrode towards nanoscale detection of Hg2+ ions. The PCR- 
NS modified electrode can be considered as an alternative to mercury 
electrodes, exhibiting high efficient and rapid analysis with less pre-
concentration time and quick renewable surface for multiple analysis of 
Hg2+ ions. The developed method was successfully applied for seawater 
analysis. The modified electrode was reused for limited times (20 
measurements) without any change in the sensitivity. A fixed concen-
tration of the Hg2+ ion was retained and the PCR-NS modified electrode 
showed 97% of initial current for all the measurements, thus the 
modified electrode was reproducible. Results obtained by the proposed 
method for mercury ion detection in the real sample were comparable 
with the AAS results. 
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