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Stripping analysis of Pb?* and Hg?* in deveined
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A novel synthesis was performed of asymmetrical carboxamide ligand N,N’-bis(2-pyridinecarboxamide)-
2-aminobenzylamine (H,bpabza) derived from 2-pyridinecarboxylic acid and 2-aminobenzylamine. The
N,N’-bis(2-pyridinecarboxamide)-2-aminobenzylamine (Hybpabza) ligand was confirmed by ultraviolet-
Visible (UV-Vis), Fourier transform infrared (FT-IR), and Raman spectroscopy. The fabrication of N,N’-
bis(2-pyridinecarboxamide)-2-aminobenzylamine (H,bpabza) embedded in a multi-walled carbon
nanotube (MWCNT)-modified graphite electrode (GE) for use as an electrochemical sensor of Pb%* and
Hg?* was demonstrated. The performance of the H,bpabza/MWCNT electrode and (Pb?* and Hg?*-
H,bpabza)/MWCNT was investigated by scanning electron microscopy (SEM) and square wave anodic
stripping voltammetry (SWASV). In comparison to the MWCNT electrode, the H,bpabza/MWCNT
electrode exhibited higher sensitivity and conductivity, as determined by cyclic voltammetry (CV) and
electrochemical impedance spectroscopy (EIS). Stripping analysis and detailed experiments were
conducted to establish the optimal parameters for deposition and stripping of metal ions, such as sup-
porting electrolytes, pH, and accumulation time. The linear range was 2 to 140 pg L% with a detection
limit of 0.1 pg L™t for Pb?* and 0.3 pg L™ for Hg?* (S/N = 3). The H,bpabza/MWCNT-modified GE
showed excellent sensitivity, selectivity, stability, and reproducibility for the determination of Pb?* and
Hg®*. Ultimately, the H,bpabza/MWCNT-modified GE was used to demonstrate the electrochemical
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1. Introduction

It is well known that heavy metal ions (HMIs) such as those
from lead and mercury are extremely hazardous environmental
pollutants with toxic effects on living organisms.'™ Trace
amounts of lead and mercury enter the body primarily through
inhalation and ingestion, and this damages many of the body’s
organ systems, e.g., the brain, lungs, and kidney."® Although
mercury is not an abundant chemical element in nature, it has
become widespread as a result of its presence in many industrial
and agricultural applications.®® Therefore, detection is important,
and sensor performance has previously been investigated in the
determination of lead and mercury in different food samples.”™*
Consequently, there has been considerable development of new
methods for the detection of lead and mercury and at low or
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sensing of Pb?" and Hg?" in deveined shrimp and eggshells.

innocuous levels because of the potential for widespread practical
applications for such technology.

Traditionally, the presence of lead and mercury ions has
been determined using spectroscopic methods such as induc-
tively coupled plasma mass spectrometry (ICP-MS),"*"* induc-
tively coupled plasma optical emission spectrometry (ICP-
OES),""* atomic absorption spectrometry (AAS),"®'” and atomic
fluorescence spectrometry (AFS)."**' Although these methods
have been developed for trace metal determination, unfortu-
nately, these techniques require expensive instruments with high
operating costs, and they are not suitable for on-site analysis.*?
Among the different analytical methods, electrochemical techni-
ques are an alternative to conventional spectroscopic techniques,
and have been recognized as promising methods for trace and
on-site analysis of toxic heavy metal ions due to their excellent
sensitivity, portability, low cost, and suitability.>*> Among all the
electrochemical methods, anodic stripping voltammetry (ASV) is
a powerful tool for detection of mercury and lead ions because it
possesses high sensitivity and has the ability to simultaneously
analyze several trace metal ions.>*>”

There has been considerable academic and industrial
research on multiwalled carbon nanotubes (MWCNTs) due to

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 N,N’-Bis(2-pyridinecarboxamide)-2-aminobenzylamine
(H,bpabza).

their excellent electrical properties, and when incorporated into
graphite, high-performance conductivity and stability results.
When graphite electrodes (GEs) are incorporated into sensor
applications, they enhance the contact with the metal and
improve the electron transfer charges to increase the sensitivity
and selectivity of the electrode.

The important aspect in chemically modified electrodes
(CMEs) is the choice of the modifier, which confers unique
characteristics to the electrode surface.”®**" Asymmetric Schiff
base ligand was chosen as the modifier in this work because it
readily complexes with transition metal ions such as mercury,
lead, and cadmium. Schiff base ligands play a key role as
chelating agents in main group and transition metal coordina-
tion chemistry, due to the ease of synthesis, their role in
biological systems, and diverse therapeutic activities.**> Car-
boxamide ligand was chosen as the modifier in this work
because it readily complexes with transition metal ions such
as lead and mercury. The structure of the ligand is given below
in Scheme 1.

In this work, a carboxamide ligand was synthesized according
to the protocol by Meghdadi et al,*® which described a reaction
between 2-pyridinecarboxylic acid and 2-aminobenzylamine, in
tetrabutylammonium bromide medium with triphenyl phosphite
as the activator. The MWCNT/ligand was coated on the electrode
by the drop-casting method to fabricate a mercury-free electrode
for the anodic stripping voltammetric determination of Pb*" and
Hg”". In this study, the ligand was used for the first time as a
sensing material on the surface of an electrode. This modified
electrode was applied for the simultaneous determination of Pb>*
and Hg”" in solution by square wave anodic stripping voltammetry
(SWASV). The modified electrode displayed higher peak current
responses for lead and cadmium as compared to the bare elec-
trode. The modified platform exhibits satisfactory electrochemical
stability and reusability.

2. Experimental
2.1. Materials and instruments

A solution of 0.1 M acetate buffer (ABS) was prepared
using sodium acetate and acetic acid with double-
distilled water (DDW). All reagents, 2-pyridinecarboxylic acid,
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2-aminobenzylamine, tetrabutylammonium bromide (TBAB),
and triphenyl phosphite (TPP) were purchased from Sigma-
Aldrich and used without further purification. Stock solutions
of lead acetate and cadmium acetate (1 mM) were prepared using
DDW in standard flasks. Raman spectroscopy was performed
using an inVia Raman microscope with a Raman-11i high-
resolution confocal Raman microscope (Nanophoton, Japan),
and UV-Visible spectroscopy was performed with a Cary 8453
UV-Vis diode array spectrophotometer. FTIR was carried out
using a Cary 630 FTIR spectrometer. All electrochemical mea-
surements were performed using a CHI 660B potentiostat, (CH
Instruments, USA). A conventional three-electrode system was
used that consisted of the Schiff base ligand/MWCNT-modified
electrode as the working electrode (3-mm diameter), a platinum
electrode as the auxiliary electrode, and an Ag/AgCl electrode
saturated by KCl as the reference electrode. Solutions were mixed
on a magnetic stirrer during purging with high-purity nitrogen,
and were preconcentrated with a rotating PTFE stir bar.

2.2. Synthesis of N,N'-bis(2-pyridinecarboxamide)-2-
aminobenzylamine (H,bpabza) ligand

The preparation of carboxamide ligand was carried out as
previously reported®® with slight modification. In brief, (10 mmol)
3.1 g triphenyl phosphite (TPP), (5 mmol) 1.61 g tetrabutylammo-
nium bromide (TBAB), (10 mmol) 1.231 g 2-pyridinecarboxylic
acid, and (5 mmol) 0.611 g 2-aminobenzylamine were placed in a
25-mL round bottom flask and heated in an oil bath. The reaction
mixture was vigorously stirred for 20 min at 120 °C and then
heated until a viscous and homogeneous solution was formed. The
resulting viscous solution was cooled to room temperature, and
then, 10 mL of methanol was added, and a clear solution was
obtained by stirring. The solution was dried under vacuum for 24 h
to obtain white crystals of the ligand.

2.3. Fabrication of H,bpabza/MWCNT/PGE

Paraffin-impregnated graphite electrodes (PGEs) 4 cm in length
with a diameter of 3 mm were used for modification. The PGEs
were prepared as previously reported®” by immersing graphite
rods into molten wax under vacuum until air bubbles ceased to
evolve from the rods. After re-establishing atmospheric pres-
sure, the graphite rods were removed before the solidification
of the paraffin. The PGEs were then polished to a mirror-like
finish by rubbing over the finest grade of emery paper, and the
polished surface was washed thoroughly with DDW. Next,
5 pL (0.1 mg) of MWCNTs dispersed in 1 mL of ethanol was
coated on the polished PGE surface and allowed to dry. Then,
carboxamide ligand, which was dissolved in acetonitrile and
5 uL (1 mM) of carboxamide ligand, was drop-cast onto the
MWCNT electrode surface, allowed to dry, and then washed
with distilled water.

2.4. Stripping voltammetry with the H,bpabza/
MWCNT-modified electrode for Pb>* and Hg”" determination

The anodic stripping voltammetric determination of Pb>* and
Hg>" was carried out in the following manner. The H,bpabza/
MWCNT-modified electrode was immersed in a known amount
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of solution containing Pb** and Hg”" present in 60 mL of 0.1 M
acetate buffer solution (pH 4.5), and stirred for 180 s. Then, the
modified electrode was removed, washed, and stored in fresh
acetate buffer solution. Applying the negative potential of
—0.8 V implies that the metal ions deposited on the electrode
surface were reduced. The reduction of metal ion (Pb*>" and
Hg>") to metal (Pb® and Hg®) on the electrode surface was
determined by scanning the potential range from —0.8 V to
0.6 V, and the amplitude and the potential steps were 25 mV
and 4 mV, respectively.

2.5. Preparation of deveined shrimp and eggshells

Deveined shrimp (sample A) and eggshells (sample B) were
collected from a fish market and egg shop in Chennai (India).
Both samples were repeatedly washed with DDW, and then
subsequently heated at 80 °C in an air oven for 1 hour. The
dried samples of deveined shrimp and eggshells were sepa-
rately powdered for further studies. 0.1 mM of Pb**and Hg*"
was added to a freshly prepared stock solution of deveined
shrimp and eggshell, and these samples were subsequently
used to detect Pb”>"and Hg>* by SWASV.

3. Results and discussion

3.1. Characterization of the H,bpabza ligand

3.1.1 UV-Visible spectroscopy. The UV-Visible absorption
spectrum of the ligand is shown in Fig. 1. Two absorption peaks
at 218 and 286 nm were seen for the ligand, and a shoulder at
330 nm was assigned to the m-n* transitions of the aromatic
rings in the UV range. No absorption peak was observed for the
ligand in the visible region.

3.1.2 FT-IR spectroscopy. The FT-IR spectrum of the asym-
metric ligand is shown in Fig. 2. The IR spectrum of the free
ligand exhibits the characteristic bands of two different imines
(s, C=N), which appear at 1616 cm ' and 1636 cm '. The
strong absorption peak at 3155 cm ™" is due to the imine NH
(bending) group, confirming the formation of asymmetric
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Fig. 1 UV-Visible absorption spectrum for H,bpabza.
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Fig. 2 FT-IR spectrum of Hybpabza.

ligand. These observations are consistent with those described
in an earlier report.>®

3.1.3 Raman spectroscopy. The Raman spectrum of asym-
metric ligand is shown in Fig. 3(A) and (B). The Raman spectrum
of asymmetric ligand shows absorption corresponding to the
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Fig. 3 Confocal Raman spectra of Hobpabza (A) and (B).
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Fig. 4 SEM with EDAX images of (A) and (E) PGE, (B) and (F) MWCNT, (C) and (G) H,bpabza/MWCNT, and (D) and (H) [Pb?* and Hg?*—H.bpabzal/
MWCNT electrodes.

presence of the free C-N group at 1587 cm™ " and the presence of 3.2. SEM with EDAX

the N-H group at 3056 cm ', confirming the formation of The surface morphologies of the PGEs (unmodified electrode), MWCNT,
asymmetric ligand. H,bpabza/MWCNT, and [Pb** and Hg**-H,bpabza]/MWCNT
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(modified PGEs) were confirmed with scanning electron micro-
scopy (SEM) and energy dispersive X-ray (EDAX) spectroscopy.
The results of SEM with EDAX for different electrodes are
shown in Fig. 4. The morphology of the PGE was observed as
a homogeneous dispersed surface in Fig. 4(A), and the EDAX
peak was noted as the presence of a carbon element in Fig. 4(E).
The MWCNTs appear as needle-like structures (Fig. 4(B)), and
the EDAX peak indicates the presence of carbon and oxygen
(Fig. 4(F)). In Fig. 4(C), H,bpabza/MWCNT exhibits a cloudy
fibre-like structure, and Fig. 4(G) shows that the EDAX of
H,bpabza/MWCNT contains carbon, oxygen, and nitrogen
peaks. The fibre-like structure of [Pb** and Hg>'-H,bpabza]/
MWCNT is shown in Fig. 4(D), and in Fig. 4(H), the EDAX peak
shows the presence of carbon, oxygen, nitrogen, lead, and
mercury. It changes due to the chemical reactions leading to
different SEM morphologies.

3.3. Cyclic voltammetry and electrochemical impedance
spectroscopy

The elaborated H,bpabza/MWCNT, PGE, and MWCNT electrodes
were electrochemically characterized using cyclic voltammetry (CV)
and electrochemical impedance spectroscopy (EIS) in 5 mM of
K,Fe[CNJ* "~ and 0.1 M acetate buffer solution (ABS) at a scan
rate of 50 mV s '. The cyclic voltammetry for the H,bpabza/
MWCNT, PGE, and MWCNT electrodes is depicted in Fig. 5(A).
The separation of the anodic and cathodic peak potential of AE,
and also the ratio of peak current densities (I,./I,) between the
anodic peak current (I,,) and cathodic peak current (I,) values are
evaluated in Table 2. After electrode modification, there was a clear
tendency towards a reversible redox probe when MWCNTs were
drop-cast with the H,bpabza ligand. Additionally, there was a poor
redox peak for the PGE and MWCNT electrode.

To increase our understanding regarding the information
acquired from CV curves, EIS was carried out. The electron
transfer capacity on the surface of the MWCNT electrode was
examined using EIS before and after its modification. The
Nyquist plot in Fig. 5(B) demonstrates a semicircle in the lower
frequency region for each electrode. The small semicircle of the
MWCNTs is equivalent to a charge transfer resistance (R.) equal
to 230 ohms. The addition of H,bpabza to the MWCNT electrode
reduced the semicircle diameter and decreased R, to 133 ohms.
In the case of the PGE, the R was estimated as 7250 ohms. This
can be justified by the change in the electrochemical character-
istics of the surface electrodes, which positively affected the
electron transfer process. These results prove that the charge
transfer of H,bpabza/MWCNT is faster than that of the MWCNT
electrode. Hence, CV and EIS support the successful fabrication
and excellent performance of H,bpabza/MWCNT.

3.4 Voltammetry analysis of Pb>*and Hg>"

Although a number of reports on the determination of Pb*>"and
Hg>" by anodic stripping voltammetry using different mercury-
based electrodes can be found in the literature, the toxicity and
associated health hazards surrounding mercury can be avoided
by developing mercury-free electrodes for anodic stripping ana-
lysis. Preliminary investigation with the H,bpabza/MWCNT-

7770 | Mater. Adv., 2024, 5, 7766-7777

View Article Online

Paper
=40 Hobpabza /IMWCNT|
=-Hobpabza
MWCNT A
A PGE
—~-40+
< —
=
£
@ 04 /
-
=
(&)
40 - A
0.8 0.4 0.0 -0.4
Potential(mV)
16 PGE
MWCNT B. .
12{ 4 H,bpabza/MWCNT .
—_— - L "
E -8. = [ "
S
s - w
04 A
0 50 100 150 200
Z'(Ohm)

Fig. 5 Electrochemical characterization for Hobpabza/MWCNT: (A) cyclic
voltammetry (CV) and (B) EIS for Fe(CN)g? />~ containing 0.1 M acetate
buffer, scan rate: 50 mV s,

modified electrode showed that the Schiff base ligand is a
potential complexing agent and can be used for the preconcen-
tration of Pb>* and Hg>". Hence, various parameters that can
influence the anodic stripping voltammetric determination of
Pb*>" and Hg** such as medium for complexation, pH, preconcen-
tration time, and reduction potential have been optimized.

3.4.1. Standard procedure for measurement. The determi-
nation of Pb®>" and Hg>" was performed as per the following
procedure (Scheme 2):

Step 1: Pb®>" and Hg>" ions were first preconcentrated by
immersing the modified electrode into 0.1 M acetate buffer (pH
4.5) containing Pb*>" and Hg>" under open circuit conditions
(OCC) for 180 s to form complexes with the H,bpabza ligand.

[M2+]solution + (szpabza/MWCNT)surface
— (M*" — H,bpabza/MWCNT)surface

Step 2: a potential of —0.8 V in 0.1 M acetate buffer was
applied for the reduction of (M** to M°).

(M>* — H,bpabza/MWCNT)rface + 26~
— (M°® — H,bpabza/MWCNT)gysface

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Mechanism of the H,bpabza/MWCNT electrode for detection of Pb®* and Hg?*.

Step 3: the metal present on the electrode surface was
anodically stripped by scanning the potential from —0.8 V to
0.6 V using square wave anodic stripping with optimized
parameters (frequency 25 Hz; amplitude 25 mV; increment
potential 4 mvV).

[MO — szpabza/MWCNT)surface
— H,bpabza/MWCNTtace + [M” Tsotution + 2

The metal ions on the electrode surface were removed by
dipping in 0.1 M EDTA solution for 60 s with stirring. The metal
ions from the electrode surface are introduced into solution via
EDTA, and then form a complex with EDTA-M>" at pH 4.5.
Then, the H,bpabza/MWCNT-modified electrode was comple-
tely washed with distilled water to regenerate it for further
experiments. The results obtained are shown in Fig. 6. The
above procedure was applied for the MWCNT and H,bpabza/
MWCNT electrodes.

3.5. Studies on experimental variables for the anodic
stripping voltammetry of Pb*>* and Hg>*

To increase the sensitivity for the determination of Pb*" and
Hg>" with the H,bpabza/MWCNT electrode, different experi-
mental conditions for SWASV were optimized such as the
supporting electrolyte, pH, and preconcentration time.

3.5.1. Medium for preconcentration. Experiments were
carried out with 0.1 M solutions of acetate buffer, KNO;,
H,SO,, NaNO;, and NH,NO; for the determination of
50 ug L~' Pb®>" and Hg>* by SWASV. The pH was adjusted to
4.5 for complexation. A maximum stripping peak current was
observed when 0.1 M acetate buffer solution was used as the
medium for preconcentration (Fig. 7(A)). Thus, for higher
sensitivity for Pb>" and Hg>" determination with the modified

© 2024 The Author(s). Published by the Royal Society of Chemistry
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electrode, acetate buffer medium was chosen as the electrolyte
for preconcentration.

3.5.2. Effect of pH. The effects of pH on the stripping
analysis of the modified electrode for the determination of
Pb>" and Hg?" were also investigated by SWASV in 0.1 M acetate
buffer solution containing 50 pg L™' of Pb** and Hg>" under
open-circuit conditions. The sensitivity of the anodic stripping
voltammetric (ASV) analysis of metal ions through complexation
with the chelating ligand is strongly dependent upon the pH
and the nature of the medium. The electrochemical response of
the modified electrode towards the detection of Pb** and Hg>*
was initially studied by SWASV at different pH values using
acetate buffer solution. The variations in the anodic stripping
current response to Pb>" and Hg** with respect to solution pH
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http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ma00335g

Open Access Article. Published on 30 August 2024. Downloaded on 6/10/2026 6:04:55 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Materials Advances

0.42-
—
<
-
g
o 0.21-
=
=
(&)
0.004___ i .
-0.7 0.0 0.7
Potential (mV)
— 60 sec
0.16 4 — 120 sec C
2 — 180 sec
= —— 240 sec
'E —— 300 sec
g
50.08 4
(&)
0.00 4

0.7 0.0
Potential (mV)

View Article Online

Paper
0.424 N B
<
=
§ 0.214
5
o
0.001___ : .
-0.7 0.0 0.7
Potential(mV)
0.4+
D
0.3-

Current(pA)
o
»

o
-

o.o-_ —\‘/L——/\/

-0.4 0.0
Potential (mV)

Fig. 7 Optimization of experimental conditions. Influence of (A) supporting electrolytes, (B) pH, (C) deposition time, and (D) deposition potential on the
voltammetric response of the H,bpabza/MWCNT-modified electrode for 50 pg L™ of Pb?* and Hg?*, deposition potential: —0.8 V, frequency 25 Hz;

amplitude, 25 mV; increment potential 4 mV.

are shown in Fig. 7(B). The stripping peak current increases with
increasing pH of the medium from 3.0 to 4.5, and then
decreases with further increasing of the pH. Therefore, pH 4.5
was chosen as the optimum pH for the preconcentration of
metal ion on the H,bpabza/MWCNT electrode.

3.5.3. Effect of preconcentration time. The effect of pre-
concentration time on the stripping analysis for the determina-
tion of Pb®>" and Hg”" with the modified electrode was also
investigated by SWASV in 0.1 M acetate buffer solution at pH
4.5 containing 50 pug L™' of Pb** and Hg>" under open-circuit
conditions. The variations in the anodic stripping peak current
of Pb>" and Hg>" with respect to the change in the preconcen-
tration time in the range from 60 to 360 s are shown
in Fig. 7(C). The stripping peak current sharply increases within
the first 180 s, and then a constant current is reached,
which suggests that the preconcentration of Pb>* and Hg>" at
the H,bpabza/MWCNT-modified electrode reaches saturation
after 180 s. After accounting for sensitivity and efficiency, a
preconcentration period of 180 s was chosen for the other
experiments.

3.5.4 Effect of deposition potential. SWASV evaluated the
effect of varied deposition potentials on Pb** and Hg>" stripping
using the H,bpabza/MWCNT-modified electrode in a 0.1 M acetate
buffer solution with a pH of 4.5 and 50 pg L™" of Pb®" and Hg>"
under open-circuit conditions. The deposition potential changes
from —1.2 Vto —1.1V, —1.0 V, 0.9 V, and 0.8 V in Fig. 7(D), which

7772 | Mater. Adv,, 2024, 5, 7766-7777

shows the different anodic stripping peak currents of Pb>" and Hg”".
As shown in Fig. 7(D), the stripping peak current quickly increases
at —0.8 V and then decreases from —0.9 V to —1.2 V, showing that
the deposition potential of Pb®" and Hg”" at the H,bpabza/MWCNT-
modified electrode decreases after —0.8 V. As a result, a deposition
potential of —0.8 V was used for subsequent steps.

3.6. Calibration data

Under optimal conditions, the H,bpabza/MWCNT-modified
electrode was applied for the determination of Pb** and Hg**
in 0.1 M acetate buffer solution. The SWASV response towards
Pb** and Hg>" at different concentrations was measured by
preconcentrating the metal ions for 180 s on the electrode
surface in 0.1 M acetate buffer at pH 4.5. The electrode was then
removed from the metal ion solution, washed, stored in fresh
background electrolyte of acetate buffer, subsequently reduced
at —0.8 V, and then, SWASV was recorded. The SWASV
responses of Pb®>" and Hg”" at different concentrations ranging
from 2 to 140 pg L™ are shown in Fig. 8(A). The stripping peak
current was linear with increasing concentration of the metal
ion. The correlation equations were defined as Y = 0.005x +
3.31 pug LY, R? = 0.98; Y = 0.005x + 3.221 ug L', R* = 0.99 for Pb**
and Hg*', respectively (Y: current/uA, x: concentration/ug L),
and the calibration curves are shown in Fig. 8(B). The limit of
detection (LOD) was found to be 0.1 and 0.3 pg L™ " for Pb*>* and
Hg>', respectively. The results indicate that the proposed

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 (A) SWASV responses and (B) the corresponding calibration plot of

the Hobpabza/MWCNT electrode in the detection of Pb?* and Hg?" over a
concentration range of 2, 10.3, 30, 50.3, 70.3, 90.4, and 140 pg L™ for Pb?*
and Hg®* by deposition for 180 s in 0.1 M acetate buffer (pH 4.5).
Deposition potential: —0.8 V; frequency 25 Hz; amplitude 25 mV; incre-
ment potential 4 mV.

method shows high sensitivity for the detection of heavy metals.
Furthermore, Table 1 shows that the H,bpabza/MWCNT-
modified electrode exceeded previously reported modified elec-
trodes in terms of linear range and detection limits. The table
clearly shows that the proposed technique performs at or is
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comparable to the previously described methods in terms of
detection limit and linearity range.

3.7. Reproducibility, stability, and reusability

The H,bpabza/MWCNT electrode exhibited long-term stability
with no systematic differences in performance between the
freshly prepared electrodes and electrodes stored for 3 weeks
after preparation, in SWASV experiments with 40 pg L™ for
Pb*>" and Hg™, as Fig. 9(A) shows no significant change in the
current response. Fig. 9(B) shows the reproducibility of five
H,bpabza/MWCNT electrodes produced in 0.1 M acetate buffer
with 40 pg L™" of Pb>* and Hg”'. There was satisfactory
reproducibility, with a relative standard deviation (RSD) of
3.1% and 2.8% for Pb®>" and Hg** ions, respectively. The
reusability of H,bpabza/MWCNT was analysed each day, up
to six days, to detect the stripping peak current of Pb** and
Hg”', as shown in Fig. 9(C). Excellent reusability of the
H,bpabza/MWCNT electrode was noted, with an RSD value of
1.5% for Pb*>" and 1.4% for Hg”" ions. Therefore, the prepared
electrode exhibits excellent stability, reproducibility, and reu-
sability for the determination of Pb®>" and Hg>" ions.

3.8. Anti-interference studies

Anti-interference was performed to analyze the selectivity and
feasible interference of the H,bpabza/MWCNT-modified elec-
trode for the detection of Pb** and Hg>" ions. The measurement
was examined using SWASV analysis in 0.1 M acetate buffer
solution (pH 4.5) containing 90 pg L~' Pb®>" and Hg>" with the
addition of 50 ug L™ of feasible interference ions of Cu*, Cd*",
Zn**, sn**, Fe**, Ni**, Mn**, and Co®" (Fig. 10). According to
eqn (1), the stripping peak currents of Pb®>" and Hg>" in the
absence (I,) and presence (I;) of interfering metal ions, and
the relative signal changes, were calculated in Table 3. Using
the equation, the RSD values were evaluated from Table 3.
The results obtained from Table 3 show that the peak currents
of Pb*" in the presence of interfering metals Cu**, Cd**, zn*",
sn**, Fe**, Ni**, Mn**, and Co*" endured a minimal decrease,
with RSD% values of 1.05% (Co**, Cu®*, Zn”"), 1.03% (Mn>"),
and 1.31% (Cd>*, Sn**, Fe**, Ni**). For the Hg”" ion, interfering
with Cu**, cd*", Zn?", sn**, Fe**, Ni*', Mn?*, and Co?" resulted

Table 1 Comparison by SWASV of various modified electrodes for Pb* and Hg?* detection

Linear range Linear range

Modified electrode LOD Pb*" pg 17! LOD Hg*" pg ™" of Pb*" pg L7* of Hg* pg L™ Ref.
Hg-Bi/PDAAQ/GC 3.8 — 10.0-120.0 — 38
3D printed graphene/poly(lactic acid) (PLA) 4.1 6.1 16-10 0-120 39
Hg/GCE, Au & dual-channel 0.05 — 0.10-80 — 40
Ca-MOF/3D printer — 0.6 — 2-40 41
MMT-Ca/CPE 105 540 3500-15000 1000-10 000 42
AuNP/0.75% APTES-ITO 0.9 — 5-120 — 43
Bi-BDC-NH, @NMCS 0.36 — 1.0-1500 — 44
rGO/MoS,/CS 1.6 5-50 — 45
Eus; doped NiO/CPE 0.1 — 0.8-165 — 46
Fe;0,@MPC-1 34.2 19.3 0.2-1.0 1.0-4.0 47
CuONPs/PANI-CPE 0.40 0.66 0.2-7.8 0.2-7.8 48
COFS-CH3-modified CPE 0.01 — 0.1-1.0 — 49
SNW,/GCE 7.2 1.2 10-300 50-300 50
H,bpabza/MWCNT 0.1 0.3 2-140 2-140 This work
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Table 2 Cyclic voltammetry and electrochemical impedance spectroscopy for MWCNT and Hybpabza/MWCNT
Modified electrode
Technique Term PGE MWCNT H,bpabza/MWCNT
cv Lo (RA) 13.8 38.5 51.5
AE, 90 mV 174 mV 253 mV
¢ 163 x 10 ° Scm™* 400 x 10> Scem™* 515 x 10 ° Scm ™’
A (cm?) 0.14 0.2 0.6
EIS Rs (Q) 18 25 40
Rer (Q) 7250 230 133
0.46 4 = Fresh electrode
o Stored over 3 weeks A n —wi(;lout interference|
e G2
Pb% 0.36 - A c:2+
A 202
— 2+
< .y Sn
=2 ! §_ 0.27 - _:e::
) L}
T 0.23- Hg** =1 [ oz
o i S —
5 H ’g 0.18 -
(&) (&)
0.09 -
0.00 T T T
-0.6 0.0 0.6 0.00
Potential(mV) -1.0 -0.5 0.0 0.5
Potential(mV)
0:46+ Fig. 10 SWASV of H,bpabza/MWCNT in 0.1 M acetate buffer containing
B = 1st Electrode 90 pg L' Pb?* and Hg?* with the addition of 50 ug L™ Cu?*, Cd?*, Zn?",
— ® ;Z;n::ecttm:e Sn2*, Fe?*, Ni%*, Mn?*, and Co?* at a scan rate of 50 mV s~
< A 3rd Electrode
= il v 4th Electrode
..‘E’ < 5th Electrode
g 0.23 4 Table 3 Selectivity interference of Cu?*, Cd?*, Zn?*, Sn?*, Fe®*on Pb?*&
S Hg?* detections
(&)
Peak current (pA) Relative signals changes (%)
Interference Pb>* Hg”* Pb** Hg*"
0.00 No interference 0.38 0.22 — —
d T T T T 2+
0.8 0.4 0.0 0.4 0.8 ggw 8;;‘ gig *1;’? *8?1
Potential(mV) Zn** 0.34 0.20 —-1.05 —-0.9
Sn** 0.33 0.187 —1.31 —0.81
Fe** 0.33 0.185 —1.31 —0.812
0.36 —;SL“:V C Ni2* 0.33 0.185 ~1.31 —0.81
nd day Mn** 0.35 0.21 -1.03 —-0.95
3rd day Co* 0.34 0.20 —~1.05 —0.9
— i 4 rd day
g_ 023 —— 5th day
= =— 6 th day
£ b th day|
£ 0.18+ in RSD% value decreases of 0.9% (Co>', Cu**, Zn>), 0.81%
3 (cd**, sn**, Ni*"), 0.81% (Fe*"), and 0.95% (Mn>"). This can be
0.09 4 explained by the presence of several metal ions between the
analytes Pb*" and Hg>", which interfered with Cu®*, Cd**, Zn*",
sn*", Fe®', Ni**, Mn?', and Co®' at the active sites on the
0.00 7 7 7 v H,bpabza/MWCNT electrode surface. This might be qualified
-0.8 -0.4 ] 0.0 0.4 0.8 as the result of different metals between the analytes Pb>* and
Potential(mV) Cd*", and these interfering Cu®*, Cd**, zn**, sn”', Fe**, Ni*",

Fig. 9 SWASV for H,bpabza/MWCNT: (A) stability of fresh electrodes and
electrodes stored for 3 weeks and (B) reproducibility for different electro-
des. (C) Reusability in 0.1 M acetate buffer for 90 pg L™ Pb?* and Hg?* at a
scan rate of 50 mV s%.
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Mn>*, and Co*' ions on the active sites are present on the
H,bpabza/MWCNT electrode surface *%,

RSD = (Ii/I,) — 1 1
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Fig. 11 Stripping analysis of Pb>* and Hg?" (70 and 90 pg L%, respec-
tively) in (A) deveined shrimp and (B) eggshell samples on the Hbpabza/
MWCNT electrode in 0.1 M acetate buffer. Scan rate: 50 mV s,

3.9. Real samples

The H,bpabza/MWCNT was evaluated by measuring Pb>" and
Hg>" in sample A (deveined shrimp) and sample B (eggshells)
by SWASV. First, 1 g each of deveined shrimp and eggshells was
diluted three times in 0.1 M acetate buffer at pH 4.5.
The samples were also diluted three times for analysis of
70 to 90 pg L~ " of Pb*>* and Hg>". The SWASV for determination
of Pb** and Hg>" in deveined shrimp (Fig. 11(A)) and eggshells
(Fig. 11(B)), and the recovery % of the diluted (deveined shrimp
and eggshell) samples are demonstrated in Table 4. The
samples showed a superior recovery value of 99% to 101% for
Pb>" and 101% to 103% for Hg”>*. The prepared H,bpabza/

Table 4 Recoveries of Pb?* and Hg?* in Devein Shrimp and Egg Shell

Added (pg L™')  Found (ug L) Recovery (%)

Sample  Pb**  Hg>  Pb* Hg>* Pb**  Hg™*
Blank 0 0 0.100 0.101 100 101
Deveined 70 70 70.1 £0.01 71.0 £0.04 100 101
shrimp 90 90 90.5+0.02 91 +0.01 101 101
Blank 0 0 0.100 0.101 100 101
Egg shell 70 70 69.8 = 0.03 71.8£0.01 100 103
90 90 89.5 £ 0.01 91.5 + 0.02 99 102

© 2024 The Author(s). Published by the Royal Society of Chemistry
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MWCNT electrode exhibited satisfactory accuracy (recovery) for
the detection of Pb*" and Hg>" in the samples of deveined
shrimp and eggshells.

4. Conclusions

In this work, a simple, reproducible, and sensitive procedure
was developed for the simultaneous determination of Pb*" and
Hg>" ions using an H,bpabza/MWCNT ligand-modified elec-
trode. The results suggest that Schiff base ligand is a promising
material that possesses advantages for stripping analysis in
comparison with other suggested electrodes for detecting Pb**
and Hg”" ions with detection limits in the range of 0.1 pg L™
and 0.6 ug L™, with high sensitivity and long-term usage. It was
found that operational parameters such as pH, deposition time,
and supporting electrolyte systematically affected the stripping
current. The H,bpabza/MWCNT-modified electrode showed
satisfactory selectivity, stability, and reproducibility.
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