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INTRODUCTION

One of the most important issues in our new world is the
pollution of the atmosphere by trace heavy metals. Very low
levels of trace heavy metal contamination are highly toxic to
humans and animals. A difficult analytical concern is the identi-
fication of trace toxic heavy metal ions in multiple environ-
mental samples. Lead(II) is considered one of the most harmful
environmental toxins and even in the presence of low concen-
trations, has a potent chemical toxicity effect. Lead(Il) is extre-
mely harmful to the nervous, immune, gastrointestinal and
reproductive systems in human and animal organs. In comp-
arison, cadmium is one of the most highly toxic human heavy
metals and carcinogenic compounds. It has been described as
the sixth most dangerous material that endangers human health
[1-3]. Human exposure to lower levels of cadmium can lead
to renal dysfunction, bone degeneration, pulmonary insuffi-
ciency, liver injury and high blood pressure [4,5].
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The ligand potassium hydrotris(N-(2,6-xylyl)-2-thioimidazolyl)borate (KTt¥*") was utilized to construct a carbon paste modified electrode |
(KTt/CPE), which was studied using electrochemical impedance spectroscopy, cyclic voltammetry and square wave voltammetry |
(SWV). Its electrochemical response was investigated, and it demonstrated a significant improvement in the detection of both lead(II) and
cadmium(II), allowing determination of lead(Il) at trace concentrations. The spectroscopic evidence includes FT-IR, Raman, 'H NMR |
and also DFT calculations using B3ALYP/LANL2DZ level of theory indicate the high affinities of these ions toward the ligand forming |
lead(IT) and cadmium complexes of the type [Tt**'MCI]. Negative electrostatic potential of the tri(thione) donors deriving their binding |
abilities toward both ions. The detection limits based on 3(SD/m) were; 0.112 uM and 0.204 uM for lead(Il) and cadmium(II), respectively. |
The simultaneous detection of these ions in several waste water samples was examined in order to verify the modified electrode. Data
from the ICP-AES instrument was compared to the results obtained. I
|

Keywords: Thioimidazolylborate, Modified CPE, Wastewater, Cyclic voltammetry, DFT calculations.

Therefore, considerable attention has been given to the
creation of a highly sensitive method for the determination of
trace quantities of heavy metals (especially Pb** and Cd*).
Various methods, such as inductively coupled plasma mass
spectroscopy (ICP-MS) [6-8]. X-ray florescence spectroscopy
[9-12] and atomic adsorption spectroscopy (AAS) [13-18],
have been used for the detection of Cd** and Pb**. These methods
have excellent sensitivity and good selectivity, but they have
various limitations, such as time-consuming analytical methods
and they require expensive and complex equipment. Electro-
chemical methods including stripping voltammetric techniques
such as anodic stripping voltammetry, cathodic stripping
voltammetry, square wave voltammetry and differential pulse
voltametry has been recognized as a powerful tool for meas-
uring trace analysis [19-24]. For electrochemical methods,
various advantages have been shown, such as fast analytical
speed, higher selectivity and sensitivity, low coast and easy to
operate. Due to various advantages such as easy processing,
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non-toxic, reusable, rapid reaction, high selectivity, low detection
limit, stability in different solvents, longer lifespan and low cost.

For the electrochemical detection of Cd** and Pb**, different
chemically modified electrodes have been developed [25-31].
CPE is a chemically modified electrode,which is commonly
used in voltammetric procedures. CPE is made by combining
graphite powder with the necessary binder and a chemical known
as a modifier to increase electrode selectivity. Some modifiers
were utilized with CPE for the electrochemical estimation of
Cd** and Pb** in the literature such as bismuth-modified zeolite
[32], zeolite [33], hydroxyapatite [34], 1-furoylthioureas [35],
organofunctionalized 2-benzothiazolethiol nanostructured
silica SBA-15 [36] spent coffee grounds [37], Eu**-doped NiO
[38], antimony oxide multiwall carbon nanotube electrode
(Sb,Os/MWCNTSs) [39], disodium ethylenediamine tetraacetic
acid (EDTA) [40] and bismuth nanosheets modified screen-
printed CE [41]. For the electrochemical detection of Cd** and
Pb*, a tri(thione) containing ligand, potassium hydrotris(N-
(2,6-xylyl)-2-thioimidazolyl)borate (KTt*"'") modified CPE
was utilized.

EXPERIMENTAL

All reagents were of commercial quality and did not
require further purification. Sigma-Aldrich provided graphite
powder and paraffin wax. H;BOs, H;PO,, NaH,PO,, Na,HPO,
CH;COOH, and NaOH were obtained from Merck. Cd(NO3),
and Pb(NQO;), were obtained from Riedel-de Haen AG Seelze-
Hannover, Germany. The tri-thion ligand, KTt*"' was synthe-
sized by our previously method [42].

Preparation of carbon paste electrode (CPE) and its
modified CPE-KTt""': The bare CPE was developed by force-
fully hand combining graphite powder (65%) and hot paraffin
wax (35%) into an uniform paste. The paste was then placed
into the end of an insulin syringe (ID: 2 mm). By pressing the
copper wire under the syringe, an external electrical connection
was created. KTt¥"'-modified CPE was made by combining
graphite powder (60%) with paraffin wax (30%) in the presence
of various ligand KTt*" ratios (1, 5 and 10%). Emery paper
was used to polish the electrode surface, which was then thoro-
ughly cleaned with deionized water.

Electrochemical studies: An Autolab potentiostat model
PGSTAT 302, Eco Chemie, Utrecht, Netherlands, was used for
the square wave and cyclic voltammetric experiments, which
was powered by GPES. Eco Chemie, a program version 4.9.
Electrochemical cells with three electrodes were employed.
The working electrode was either bare CPE or modified CPE-
KTt electrodes, the reference electrode was SCE, and the
counter electrode was platinum wire. Metrohom pH-meter with
acomposite glass electrode was used to measure the pH values.
Heavy metal ion concentrations were determined using a Perkin-
Elmer Optima 2100 Dual View ICP-AES apparatus linked to
an AS 93 Plus Auto-sampler.

Computational details: The construction of the tri-thion
KTt*" and its Cd** and Pb** complexes were optimized with
Gaussian 09. The optimized structures were envisioned using
Gaussian view 6.1 version. The DFT calculations were completed
using the B3LYP level of principle. The basis set 6-311++G-

(d,p) was handled for C, S, B, N, and H atoms where the lanl2dz
bases set was used for Cd and Pb atoms. In order to approve
the minimum structure optimization, the frequency calculations
were performed at the optimized structures where all frequ-
encies were positive. TD-DFT calculations were performed
to calculate the HOMO and LUMO boundary orbitals.

RESULTS AND DISCUSSION

Characterization of Tt based cadmium(II) and
lead(IT) complexes: The microcrystalline lead and cadmium
complexes were synthesized as reported earlier [42]. The Pb(II)
and Cd(II) ions are coordinated to three thioimidazolyl thione
sulfur atoms and one chloride atom in structurally pseudo-
tetrahedral arrangements.

Electrochemical characterization of electrochemical sensor

Cyclic voltammetry: The electrochemistry of the CPE
and the modified CPE-KT" electrodes was investigated
thorough a potential range: +1.5 to -1.5 V (vs. SCE) using 50
mV s’ scan rate in 5.0 mM Ks[Fe(CN)]/K4[Fe(CN)] in the
presence of 1.0 M KCl. Fig. 1 illustrated the obtained cyclic
voltammograms, the bare CPE showed one redox couple, in
which the oxidation and cathodic peaks appeared at 0.59 and
-0.30 'V, respectively with a potential difference (AEp) of 890
mV [43]. Whereas the modified CPE-KTt*™ electrode, illust-
rated a specified redox system observed with oxidation and
reduction peaks at +0.6 and 0.0 V, respectively, with a 600 mV
potential difference.

The peak current in the modified CPE-KTt*™ electrode
is markedly higher than in the bare CPE electrode as shown in
Fig. 1. This might arise from adding the ligand KTt""' as a
modifier to CPE that stimulated the redox reaction as well as
facilitated the rate of electron transfer [44]. This was evidenced
by a considerable rise in peak current and a lowering the differ-
ence between the peak potential (Ep).
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Fig. 1. Cyclic voltammetric response for (a) bare CPE and (b) CPE-KTt""!
modified electrodes in a solution containing 5.0 mM [Fe(CN)s]*"*
and 1.0 M KC1

Electrochemical impedance spectroscopic study: The
electrical equivalent circuits for the modified CPE-KT¢®"!
electrode in the absence and presence of [Fe(CN)s]*** and KCl
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(1 M) as an electrochemical redox system compatible with
the impedance spectra are illustrated in Nyquist diagrams to
obtain detailed information about the electrode solution inter-
faces. As shown in Fig. 2, the Nyquist diagrams, the bare CPE
electrode (Fig. 2a) is a semi-circle domain with R value of
~309.6 KQ cm?. Whereas in case of the modified CPE-KTt¥"'
electrode, the shape of Nyquist plot (Fig. 2b) is the same as
that of the CPE, but with a smaller semicircle diameter and
the value of R, is about 90.69 kQ cm? [45].
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Fig. 2. Nyquist plots of CPE (a) and CP-KTt¥" modified electrode (b) in
a solution containing 5 mM [Fe(CN)q]*’* and 1 M KClI, (inset
equivalent circuit for system). Inset: Ry (the solution/electrolyte
resistance), Q a constant phase element corresponding to the double
layer capacitance and R, is the charge transfer resistance associated
with the oxidation of low valence mediator pieces

By comparing the polarization resistance of two electrodes,
the results showed that the largest polarization resistance was
obtained in the case of bare CPE. The lower R on the surface
of the modified CPE-KTt*"' electrode indicates that the ligand
KTt¥™ can enhance the electron transfer [46], thus speeding
up the diffusion of the ferricyanide towards the electrode surface.
Therefore, the conductivity was improved by modifying the
CPE by KTt¥".

Analysis for Pb** and Cd** ions

Cyclic voltammetry: The electrochemical behaviour of
the CPE and CPE-KTt"" modified electrodes in the absence
and presence of 1 x 10° M Pb** and Cd** ions was investigated
in an acetate buffer at pH 4.5 utilizing a potential range of -1.0
to +1.5 V (vs. SCE). In the case of bare CPE, no signals were
appeared in the anode or cathode scan. Whereas, in the modified
CPE-KTt"™ electrode, the Pb*" ions showed a well defined
oxidation peak at about -0.4 V (vs. SCE) and Cd* ions dis-
played a broad peak at about -0.6 V. Peak currents for Pb** and
Cd* ions were considerably greater at the modified CPE-KTt™"'
electrode than at the bared CPE. The influence of some suppor-
ting electrolytes for example: phosphate, sodium borate, acetate
and Britton-Robinson buffers was further examined. Acetate
buffer was selected for further determination of Pb** and Cd**
ions using square wave voltammetry (SWV). The acetate buffer
produced the finest peak shape and greatest peak current.

Square wave voltammetric studies:

Effect of pH: The electrochemical behaviour of Pb* (1.0
x 10° M) and Cd** (1.0 x 10®M) ions at the modified CPE-
KTt¥™ electrode was investigated by using different pH values
(2.5 to 6.7) from acetate buffer at using square wave voltam-
metry (Fig. 3). The voltammograms showed a well separated
peaks at all pH values under study. By increasing the pH values
from 2.5 to 4.0, the oxidation peak currents for both Pb** and
Cd* ions increased [47]. Upon increasing the pH higher than
4.0, the oxidation peak currents decreased. Because of this,
the acetate buffer at pH 4.0 was selected.
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Fig. 3. Dependence of peak current height on pH for (a) 1 x 10° M Cd**
and Pb* ions and a CPE-KTt*" modified electrode

The SW anodic voltammograms for Pb* (1.0 x 10~ M) and
Cd* (1.0 x 10 M) ions at the modified CPE-KTt*™ electrode
are shown in Fig. 4. In the case of bare CPE, no signals was
observed. While in the modified CPE-KTtxylyl electrode, a
well-defined and separated oxidation peaks were appeared for
Pb** and Cd* ions at -0.44 and - 0.79 V (vs.SCE), respectively.
This suggests that the presence of KTt*" as a modifier plays
a significant role in the accumulation of both Pb* and Cd*
ions on the electrode surface and considerably improve the
sensitivity for both ions detection [48]. The presence of KTt™"!
on the surface of CPE improves the rate of metal pre-concen-
tration from aqueous solution to the electrode surface via
complex formation between Pb** or Cd** ions and the tri-thion
donors KTt¥»! (Scheme-I). The considerable difference in the
oxidation peaks potentials (approximately 350 mV) between
Pb** and Cd** ions implies that these ions might be determined
simultaneously in water samples using the built modified
electrode [49].

Influence of SWYV variables: The influence of various
SWYV parameters on the peak height of Pb** (1.0 x 10°M) and
Cd* (1.0 x 10°M) ions was studied. Fig. 5a displays the effect
of SW frequency using various values from 8 to 26 Hz on the
peak current of these ions. The results showed that the oxidation
peak current increased to 12 and 14 Hz for Pb** and Cd* ions,
respectively, after that the oxidation peak current decreased
by the increase in frequency of square wave. For Pb**ions, a
linear part was obtained from 8 to 12 Hz and for Cd** ions the
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8x10° Pb(l) peak current height increases linearly to 6 mV for Pb*" and
Cd* ions by increasing the step potential, after which the rise
7x107 in peak height is not pronounced (Fig. 5¢). As a result, a step
6x10™ potential of 6 mV was chosen for additional investigation [50].
. Influence of initial potential: The influence of the initial
< 510 potential on the current heights for both Pb* (1.0 x 10~ M)
S 4x10°° and Cd* (1.0 x 10 M) ions was tested using (i) a potential
3 310" range from -2.0 V to -0.1V, (ii) 12 Hz SW frequency, (iii) 50
cd( mV SW pulse amplitude, and (iv) 6 mV step potential. Fig. 6
2x10™ shows that when the initial potential increases, the peak current
1x10°] for these ions decreases. As a result, a -1.6 V initial potential
-Q“_(b) L was chosen for future investigation and a lower baseline was

01, : : : : . detected.
-1.0 -0.5 c 8/ ) 0.5 1.0 Calibration plot and limit of detection: In order to eval-

_ , N } uate the readability of the modified CPE-KTt*" electrode using
Fig. 4. g%lzlfﬁgivi g?ﬁﬁ?ﬁgﬁ ;iﬁg?:igfreia();:’ 4.8)'(;&1}?]5 I;fl)da(%(; the following optimal conditions for thg detection of both Pb**
and CPE-KTt*™ modified electrode and Cd**: acetate (pH 4.0) as a supporting electrolyte, square

wave parameters: 12 Hz frequency, 50 mV pulse amplitude

linear portion was obtained from 8 to 14 Hz. Fig. Sb indicates ~ and 6 mV step potential. The dependence of oxidation peak
the effect of the SW pulse amplitude on the peak current of ~ current on Pb*" and Cd*" ions concentration (1.0 x 10° M to
Pb* (1.0 x 10 M) and Cd* (1.0 x 10™* M) ions using the 12 1.0 x 10* M) was examined. The results showed that two linear
Hz SW frequency. The effect of SW pulse amplitude was exa- ranges were observed in the resulting calibration curve (i) from
mined from 1.0 to 100 mV. For Pb*the peak current increased 1 x 10 to 5 x 10 M with a correlation coefficient of 0.9921
with a linear from 1.0 to 50 mV and 60 mV for Cd**. Therefore, ~ and 0.9744 and a relative standard deviation (RSD) of 6.506
50 mV the SW pulse amplitude was chosen to be the optimal % 10® and 3.0410® (Fig. 7a); (i) from 1 x 10° to 1 x 10* M
height which be used for other investigations. The influence ~ With a correlation coefficient of 0.985and 0.8998 and a RSD
of step potential from 1.0-10 mV on the peak height of Pb*  of 4.525x107 and 1.1908” M for Pb** and Cd** ions, respec-
(1.0 x 10°M) and Cd* (1.0 x 10° M) ions is depicted. The tively (Fig. 7b). The lower limit of detection for Pb**and Cd**
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Fig. 5. (a) Dependence of square wave frequency on the peak current of 1 x 10° M Pb** and Cd** using different values from 8 to 18 Hz, (b)
Dependence of square wave pulse amplitude on the peak current of 1 x 10° M Pb* and Cd** using 12 Hz square wave frequency. The
pulse amplitude from 1.0 to 100 mV, (c) Influence of step potential (1-10 mV) on the peak height of Pb** (1.0 x 10°M) and Cd** (1.0
x 10° M) ions using 12 Hz square wave frequency and 50 mV square wave pulse amplitude
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ions were calculated and found to be 1.12 x 107 and 2.04 x
107 M for Pb* and Cd**ions, respectively. The obtained LOD
for Cd(Il) and Pb(Il) using modified CPE-KTt*"" electrode
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was compared with some different modified electrodes for the
simultaneous determination of Cd(II) and Pb(II) ions, the data
summarized in Table-1.

Reproducibility: To evaluate the repeatability of the prep-
ared electrode under consideration, ten successive measure-
ments were taken using the ideal circumstances specified above
to study the obtained peak current of Pb* (1.0 x 10* M) and
Cd* (1.0 x 10* M) ions. The RSD was also calculated and
determined to be 3.94 %. This indicates that the results obtained
are well reproducible by this method.

Interferences studies: The effect of different metal ions
on the simultaneous identification of Pb** (1.0 x 10° M) and
Cd* (1.0 x 10° M) ions has been studied. The metal ions under
investigation were Hg**, Zn**, Fe**, Mg**, Al**, Cu**, Ni** and
Mn?**. The added metal ion concentrations ranged from 1 x 10*
to 1 x 10° M. A minor error of around +7% was found at all
concentrations tested.

Analytical applications: The proposed approach for deter-
mining Pb(Il) and Cd(II) in water samples was used to inves-
tigate the validity of the produced CPE modified by KTt¥"',
The results obtained are summarized in Table-2 using the optimal
conditions and the calibration curve.
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Fig. 7. Calibration curve for Pb** and Cd** ions using a two different concentration ranges: a) from 1 x 10°M to 1 x 10°M and b) form 1 x

10°M to 1 x 10™* M using the optimal conditions mentioned before

TABLE-1

COMPARISON OF DIFFERENT MODIFIED ELECTRODES FOR THE SIMULTANEOUS DETERMINATION OF Pb(II) AND Cd(II)

Limit of detection (L)

Method Electrode Ref.
Cd(In) Pb(Il)
DPASV Mo,S,I, NWs/GCE 8.90 x 10™ 220 x 107 [51]
ASV G/PANI/PS fiber with nanoporous/SPCE 3.90%10° 1.60 x 10* [52]
DPASV Bi/G/MWCNTSs/GCE 8.90 x 10™° 9.60 x 10 [53]
SWASV Bi/HP-B-CD-rGO/Nafion/GCE 0.07 x 10” 0.09 x 10”° [54]
SWASV PPh,/MWCNTSs/1L/CPE 7.40 x 10™ 6.00 x 10™ [55]
SWASV Sn0,/rGO nanocomposite/GCE 1.02x 10" 1.84 x 10™° [56]
DPASW P(DPA-co-2ABN) 2.27x 10" 7.96 x 10" [57]
SWASV Bi/Nafion/PANI-thiol/GCE 3.55%10" 2.40%x10" [58]
SWASV PANI/GCEs 1.30 x 107 1.00 x 107 [59]
DPASV Bi/Nafion/PDMcT-MWCNTs/GCE 270% 10" 2.70%x 10" [60]
DPSV Bi/Nafion/PDMcT-MWCNTs/GCE 1.78 x 10” 4.80 % 10™ [61]
DPSV Bi/ABTS-MWCNTSs/GCE 1.60 x 10™ 4.80 % 10™ [62]
DPSV MWCNTs-NA/Bi 120% 10" 3.50% 10" [63]
SWAV Ti/CPE 2.83x 107 1.15%x 107 This work
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TABLE-2
Pb(II)/Cd(II) DETECTION IN WASTEWATER SAMPLES BY MEANS OF THE SUGGESTED
PROCEDURE (n = 5) AND THE REFERENCE METHOD, ICP-AES INSTRUMENT

Pb(II) and Cd(II) Pb(II) [M] found Cd(I) [M] found
[M] added Proposed method CP-AES Relative error (%) | Proposed method CP-AES Relative error (%)
1x10° 0.90 x 10° 0.93 x 10° -3.22 0.89 x 10° 0.93 x 10° -4.30
3x10° 2.92x10° 3.02 x 10° -331 251 % 10° 274 % 10° 8.39
5% 10° 5.60 x 10° 52x%x10° 7.14 5.27 x 10° 5.01 x 10° 5.19
7% 10° 733%x10° 7.12%x10° 2.8 7.26 x 10° 6.83 x 10° 6.29
9x10° 9.84 x 10° 9.25x 10° 6.38 1.00 x 10° 9.74 x 10° 2.66
1x10° 1.09 x 10 1.02 x 10” 6.86 1.35 % 10° 1.49 x 10 -9.39
3x10° 2.69 %107 2.86x 107 -5.9 3.15 % 10° 3.34 % 10° -5.68
5% 10° 5.35x 10° 5.13 x 10° 429 5.53 x 10° 5.22 x 10° 5.94
7% 107 7.68 x 10° 7.29 %107 5.34 7.90 x 10” 7.25%10° 8.96
9x10° 9.74x10° 9.17x10° 6.21 9.67 % 10° 9.14 x 10° 5.79
1x10* 1.11 x 10 1.03 x 10" 8.0 1.25x 10 1.14x 0" 9.65

To validate the improved electrode’s dependability, the
analyzed wastewater samples were also assessed using ICP-AES
as a reference technique. The outcomes obtained had been
introduced in Table-1. The measurements records confirmed
a properly settlement with these received by ICP-AES for
detection of wastewater samples [64]. Wastewater samples
were also assessed using ICP-AES, an independent standard
method, to test the dependability of the new electrode. Table-1
displays the results collected. For the analyzed wastewater
samples, the measurement values agreed well with those obtained
by normal ICP-AES.

@

(b

Computational studies: The structure of the complexes
further explored by the DFT calculations. The optimized struc-
ture of KTt*" by DFT calculations are shown in Fig. 8a. The
N-(2-methylphenyl)-2-thioimid-azol-1-yl is coordinated with
the boron (B) to form the hydrotris[N-(2-methylphenyl)-2-
thioimid-azol-1-yl)borate through three B-N bonds (d = 1.55
A and N-B-N = 117°). The calculated molecular electrostatic
surface potential (MESP) of KTti shows that the negative charge
is centered at the S core atoms (V = -3.4 kcal/mol), which is
the potential site for the coordination with metal ions (Fig.
8b). The metal ions binding site is confirmed by the HOMO

-3.4 kcal/mol

)

Fig. 8. (a) Optimized structure, (b) MESP, (¢) HOMO and (d) LUMO of KTt""' calculated at B3lyp/lanl2dz level of theory in the gas phase
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and LUMO calculations (Fig. 8c-d) [65]. The HOMO orbitals
(-2.01 eV) is situated on the C=S bond that participate in the
metal coordination.

Fig. 9a shows the optimized structure of 2, where Cd atom
was coordinated with three S atoms (-C=S(23,24,25)---Cd70,
2.70 A and 98.8°). The Cd atom was coordinated with Cl anion
and bond length Cd70-C179 was 2.46 A. The MESP of 2 shows
the presence of high electron density on the halogen atom Cl
(V =-31.2 kcal/mol). The calculations (DFT) showed that both
HOMO (-0.80 ¢V) and LUMO (-0.61 eV) of 2 situated on the
coordination site (Cd-Cl) position.

On the other hand, complex 1 show slightly elongated
C=S bond upon coordination with the Pb cation (1.78 10\) (Fig.
10). The coordinated Pb cation with thione group showed
different bond lengths. The C=S25---Pb70 bond length was
3.21 10\, however C=S24---Pb70 and C=S23---Pb70 showed 2.85
A and 2.79 A, respectively. The structure was distorted when
one Cl atom was coordinated. This was due to the presence of
vacant d-orbitals on Pb atom. Both HOMO (-5.22 eV) and LUMO
(-1.17) positioned on the coordination site (Pb---Cl). After
coordination of two Cl atoms with Pb atom, the C=S25---Pb70,
C=S24---Pb70 and C=S23---Pb70 was 3.45 A, 2.93 A and 3.35

Fig. 10. (a) Optimized structure, (b) MESP, (¢) HOMO and (d) LUMO of [Tt**'PbCl] complex in the gas phase
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A, respectively. The MESP of the complexes show the increase
negative charge on the two Cl atoms (V= -41.6 kcal/mol).

Conclusion

The tri-thion containing ligand namely, potassium hydro-
tris(N-(2,6-xylyl)-2-thioimidazolyl)borate (KTt*"") was used
for the improvement of bare CPE for the simultaneous deter-
mination of Pb** (1.0 x 10® M) and Cd** (1.0 x 10 M) ions
by SWYV. The electrochemistry of the modified KTt*¥' CPE
eelectrode was characterized by EIS and CV. For the detection
of Pb* and Cd** ions in wastewater using SWV, the influence
of various experimental parameters was evaluated to obtain a
maximum current peak. The affinity of the modified CPE
towards these ions has also been confirmed separately via the
synthesis of [Tt*»MCI] (M = Pb* and Cd**] complexes,which
were characterized by FI-IR, Raman and '"H NMR spectro-
scopies, as well as DFT calculation using B3ALYP/LANL2DZ
level of theory.
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