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In this study, a nanohybrid modified glassy carbon
electrode (GCE) was successfully fabricated with a
tri-component nanocomposite consisting of (1,1'-
(1,4-Butanediyl) dipyridinium) ionic liquid (bdpy),
PW11039Co(H20)  (PW11Co)  polyoxometalate
(POM), and carboxyl functionalized multi-walled
Carbon Nanotubes (MWCNTs-COOH) by drop-
casting, followed by electrodeposition technique.

The morphological, electrochemical, and
electrocatalytic properties of the
(bdpy)PW1:Co/MWCNTs-COOH/GCE were

investigated by field emission scanning electron
microscopy (FE-SEM) combined with energy-
dispersive X-ray spectroscopy, voltammetry, and

Modified GCE _— |

amperometry methods. The FE-SEM images well showed immobilization of (bdpy)PW11Co/MWCNTs-COOH on GCE through
deformation of the mirror surface to the rough surface. The electrochemical test results confirmed that modified electrode has high
stability and remarkable electrocatalytic behavior toward the reduction of iodate ion. The proposed sensor displayed two linear ranges of
10.0-200.0, and 200.0-1600.0 pmol L* with LOD of 27.6x10 umol L (S/N=3), and sensitivity of 41.0 ugA mmol L, and 20.0 pA
mmol L2, respectively, by amperometry method. Moreover, the results of the electrochemical experiments indicated that this sensor has
excellent selectivity, good reproducibility, repeatability, and analytical performance in real samples.
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1. INTRODUCTION

Polyoxometalates (POMs) are a large class of anionic
nanoclusters containing early transition metals and
oxygen atoms to form a closed three-dimensional (3D)
framework.2 POMs, especially Keggin-type POMs, have
different applications in the fields of catalysis,®®
medicine,”® and molecular materials'®!! due to their
excellent redox character, unique molecular structure,
electronic versatility, and easy preparation. One of the
attractive properties of POMs is that the anionic cluster
can undergo a fast, stepwise, reversible, and multi-
electron transfer reaction while keeping the structural
integrity.21214 The multiple redox properties make them
attractive candidates in surface modification,
electroanalysis, and electrocatalysis. 1121315

Different methods have been developed to achieve
chemically modified electrodes (CMEs) with POMs such
as electrodeposition at a very negative potential, %Y
adsorption,*® entrapment into conducting,**?® or non-
conducting polymers matrixes,?? layer-by-layer self-
assembly,?®?*  Langmuir-Blodgett (LB) technique,?>2
preparation of self-assembled monolayer and multilayer
thin-films,?” and bulk modification of carbon composites
and carbon paste matrices.?® However, the electrocatalytic
activity of POMs-modified electrodes is limited due to
their low stability in aqueous solutions®?"% and low
specific surface area.®

To achieve the enhanced stability of POMs, many studies
have been focused on the design and construction of
modifying and assemble POMs with suitable organic
matrices, which is one of the most exciting fields in
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materials chemistry.?”31-33 Recently, ionic liquids (ILs)
have concerned more attention,®%¢ due to owning
highlight properties such as good aqueous solubility, high
electrical conductivity, non-volatility, non-flammability,
low toxicity, high thermal and electrochemical stabilities,
and large electrochemical potential window.*’
Furthermore, immobilization or dispersion of POMs on
different supporting carbon materials has attracted
significant attention due to their small background
currents, wide potential windows, low-cost, excellent
chemical stability, and a strong affinity for POMs,38-43

In the past decade, carbon nanotubes (CNTs) had been
used for improving the electrocatalytic activity of the
modified electrodes due to their unique chemical and
physical properties.***¢ Also, CNTs are favorable support
for POM-based catalysts due to their outstanding
structural, mechanical, and electronic properties.*’-4
CNTs are included single-walled carbon nanotubes
(SWCNTs) and multi-walled carbon  nanotubes
(MWCNTs), which have attracted researchers’ attention
in the field of physics, chemistry, and material science
since their discovery by Sumio lijima in 1991.%0
MWCNTs are very promising candidates as an
electrocatalyst in analytical and material science, due to
their  large  specific  surface  area, excellent
chemical/physical  stability, wide electrochemical
windows, and ultra-high electrical conductivity.*4251-53
Lately, different POM-based electrocatalysts have
concerned much attention due to their unique physical and
chemical properties. Manivel et al. reported a silver
nanoparticle-embedded polybenzidine matrix containing
phosphomolybdic acid (Ag/PMo1./PBz) modified GCE
for the electrochemical detection of chlorate, bromate, and
iodate ions in aqueous solutions.>* Zhang et al. developed
a composite  modified electrode based on
attapulgite/polyaniline/phosphomolybdic acid
(attapulgite/PANI/PMo012/GCE) for the detection of
iodate.®® Zuo et al. reported a sensor for the iodate
determination based on  KgasLisH7[PsWasO184]92H20
(PsWag) and Cu@AgNPs composite film.% Sharifi et al.
fabricated a novel modified GCE based on tetra-
component nanocomposite consisting of (1,1'-(1,4-
Butanediyl)  dipyridinium) ionic  liquid  (bdpy),
SiW11039Ni(H20) (SIWllNI) Keggin-type
polyoxometalate  (POM), and  phosphorus-doped
electrochemically reduced graphene oxide (P-ERGO) by
electrodeposition technique. Then, they investigated
electrochemical and electrocatalytic behaviors, of the
proposed sensor for iodate (1037 determination.%’

In this study, K(1,1-(1,4-
Butanediyl)dipyridinium),[PW1,039Co(H20)]/carboxyl
functionalized multi-walled carbon nanotubes
((bdpy)PW1:Co/MWCNTs-COOH) organic-inorganic
nanocomposite has been processed on a glassy carbon
electrode (GCE) by electrodeposition method. Then,
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electrochemical and electrocatalytic behaviors, selectivity,
repeatability, reproducibility of the proposed sensor for
iodate (103" determination, and also the recovery in the
mineral water, and tap water were investigated. The
suggested strategy for the renovation of PW11Co by bdpy
ionic liqguid and MWCNTs-COOH displays notable
benefits, which should be essential for practical
application.

2. EXPERIMENTAL

Material and reagents

The (bdpy)PW11Co/MWCNTs-COOH was prepared according
to the previous literature.®®  Tungstophosphoric  acid
(H3sPW12040, abbreviated as HPW), cobalt(ll) acetate
tetrahydrate  ((CH3sCOO)2C0.4H20),  potassium  acetate
(CH3COOK), glacial acetic acid (CH3COOH), potassium
hydrogen carbonate (KHCO3), 1,1-(1,4-
Butanediyl)dipyridinium dibromide (bdpy) ionic liquid, sodium
perchlorate  (NaClOs), potassium hexacyanoferrate  (I11)
(Ks[Fe(CN)g]), and potassium iodate (KIOs) were of analytical
grade and obtained from Merck or Sigma companies. All
reagents were used as received without any more purification.
MWCNTs-COOH (>95% purity, length ~ 30 um, ID = 5-10 nm,
OD = 10-20 nm, COOH content = 2.00 wt%, and SSA = 200 m?
g1) were purchased from Tecnan company, (Spain). All
solutions were prepared with deionized water (DI, 18 MQ cm
(25 °C), Milli Q, Millipore Inc.).

Analytical measurements

ATR-FTIR spectra were collected on a PerkinElmer Spectrum
Two in a wavenumber range of 2400-400 cm?. UV-Vis
absorption spectra were monitored with a Unico SQ 4802 UV-
Vis spectrophotometer- double beam with a 1.0 cm path length
cell. The crystal structures of the PW11Co, bdpy, (bdpy)PW1:Co,
MWCNTs-COOH, and (bdpy)PW1:Co/MWCNTs-COOH were
studied by XRD (Panalytical X’ Pert Pro X-ray diffractometer,
The Netherlands) with Cu Ko radiation.

TGA/DTA measurements were done under airflow while
gradually increasing the temperature with a rate of 10 °C min-,
using a Rheometric Scientific STA 1500 for samples up to 800
°C. The percent of immobilized (bdpy)PW1:Co on the
MWCNTs-COOH was determined from inductively coupled
plasma-optical emission spectrometry (Optima 7300 V ICP-OES
spectrometer Brochure-PerkinElmer) by measuring tungsten
contents in (bdpy)PW1:Co/MWCNTs-COOH.

The structure and morphology of the (bdpy)PW11Co/MWCNTSs-
COOH were compared with MWCNTs-COOH by TEM
(EM10C-100 KV series, Zeiss Co., Germany). The morphology
of the bare GCE and (bdpy)PW1:Co/MWCNTs-COOH/GCE
were investigated using FE-SEM (SIGMA VP, Zeiss Co.,
Germany), equipped with energy-dispersive X-ray spectrometry
(EDS) and EDS-mapping.

Electrochemical measurements

The electrochemical tests were taken with an Autolab P/GSTAT
302N instrument (GPES 4.9, Eco-Chemie Utrecht, The
Netherlands) in a conventional three-electrode glass cell
containing bare or modified GCE (GR-2S/N, Iran, Tehran,
diameter 2.0 mm), a Pt rod (IV-EL/EB-2200, Ivium, Eindhoven,
The Netherlands) and an Ag/AgCl (3.0 mol Lt KCI) electrode
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(Metrohm, Switzerland) as working, counter and reference
electrodes, respectively. To eliminate the dissolved oxygen
influence on the iodate determination, pure argon gas (99.999%)
was bubbled into the electrolytic cell solutions for 15 minutes
prior to the electrochemical experiments and blanketed by the
argon atmosphere during the experiments. All of the
experiments were carried out at ambient temperature.

Pretreatment of GCE

The GCE was cleaned by polishing with a-Al203 slurries (0.30,
0.10, and 0.05 um) on a micro cloth pad to obtain a flat and
mirror surface followed by sonication in H20, CHsCI, and H20
bath respectively, each for 5-minute. Then the GCE was cleaned
electrochemically by repeated cycling in H2SO4 (0.5 mol L) in
the potential range of -1.0 to 1.0 V versus Ag/AgCI (3.0 mol L
KCI) until stable voltammograms were achieved. Finally, the
GCE was thoroughly rinsed with DI water and dried naturally at
ambient temperature.

Preparation of (bdpy)PW1:Co/MWCNTs-COOH/GCE

The electrode modification was performed in various steps
(Scheme 1) according to our previous literature.%® In summary,
First, 5.0 pL of the synthesized (bdpy)PW11Co/MWCNTSs-
COOH suspension was dropped onto the polished bare GCE
using a micropipette, dried under an infrared lamp (250 W) for
30 minutes, and washed with deionized water. Then, the
prepared GCE was exposed to twenty cycles of CV in the
potential range of 0 to -1.4 V at a scan rate of 0.025 V stin a
suspension of (bdpy)PW11Co/MWCNTs-COOH (1.0 mg mL?)
containing sodium perchlorate (24.5 mg mL?). The modified
electrode was signified as (bdpy)PW1:Co/MWCNTSs-
COOH/GCE through the text. For comparison, the same
procedure was operated to make PW11.Co/GCE, bdpy/GCE, and
(bdpy)PW1:Co/GCE.

"
N\

1

IR 20 Cycle
Droping - 0w-14V) | <——

Bare GCE Drying Modified GCE /

Scheme 1Stepwise procedure for the electrode modification.>®

3. RESULTS AND DISCUSSION
Characterization

The elemental analysis, ATR-FTIR spectra, UV-Vis
absorption spectroscopy, XRD, TGA/DTA, and TEM of
prepared nanocomposite material were investigated in the
previous study® and the results are shown in the
supporting information. The ATR-FTIR, UV-Vis, XRD,
TGAJ/DTA, and TEM analysis were shown in Figures 1S-
A, 1S-B, 2S, 3S, and 48, respectively.

Generally, the (bdpy)PW11Co, and
(bdpy)PW1:Co/MWCNTSs-COOH characterizations
showed that without a change in the basic Keggin
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structure of PW1,Co, the bdpy is functionalized on the
PW1:Co, and (bdpy)PW11Co is immobilized on the
MWCNTs-COOH.

Surface morphology andenergy dispersive analysis of
X-ray spectroscopy (EDS) measurement
(bdpy)PW11:Co/MWCNTs-COOH/GCE

The  morphologies of the bare GCE and
(bdpy)PW11Co/MWCNTs-COOH/GCE were investigated
by field emission scanning electron microscopy (FE-
SEM), according to our previous literature.® The FE-
SEM images of the bare GCE (Figure 1A, image (a, b))
have mirror and homogeneous surface which were
reformed to rudely and heterogeneously surface after the
immobilization of (bdpy)PW1:Co/MWCNTs-COOH on
GCE (Figure 1B, image (a, b)). Moreover, Figures 1A and
B (c) display the EDS of the bare GCE and
(bdpy)PW11Co/MWCNTs-COOH/GCE, respectively. The
EDS spectra and elemental mappings confirm the
elemental composition, which discloses the existence of
C, and O in the bare GCE (Figure 1A, images c-¢), and C,
W, O, P, N, Co, and K elements on the modified GCE
(Figure 1B, images (c-j)). These results confirmed the
immobilization of the (bdpy)PW1:Co/MWCNTs-COOH
on the GCE.

Element Wt%
C 9%.4
(o] 36

Figure 1. (A) FE-SEM images (a, b), EDS pattern (c), and EDS element
mapping (d, e) of the bare GCE and (B) FE-SEM images (a, b), EDS
pattern (©) and EDS element mapping (d-j) of
(bdpy)PW,;Co/MWCNTs-COOH/GCE.*®
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Electrochemical daracterization of
(bdpy)PW1:Co/MWCNTs-COOH/GCE

POMs can undergo a reversible multi-electron redox
process after immobilization on the electrode surface. So,
in our previous study, the different electrochemical
methods such as cyclic voltammetry (CV) in HCIO4 (0.1
mol L%, pH 1.5), and KsFe(CN)s (0.5 mmol L) aqueous
solutions were applied to confirm the development of the
prepared (bdpy)PW11Co/MWCNTs-COOH/GCE.® The
electrochemical study of this modified surface was
performed in an aqueous solution with acidic pH because
POMs decompose in neutral and basic conditions.
Moreover, the active surface area of the modified
electrode in KsFe(CN)s (0.5 mmol L?, pH 3) was also
measured. Results of these experiments are shown in the
supporting information section (Figures 5S, and 6S).

The results presented the evidence that the
(bdpy)PW11Co/MWCNTs-COOH/GCE has two pairs of
pseudo-reversible index redox peaks that were ascribed to
the two sequential one-electron processes relating to WV!
— WV — WIV.

Furthermore, the electrochemical measurements verify
that the (bdpy)PW1:,Co/MWCNTs-COOH/GCE displays
better redox behavior compared with the PW1:Co/GCE,
bdpy/GCE, and MWCNTs-COOH/GCE due to the
synergistic effect between these tri-blocks, which is very
advantageous for electrocatalytic applications.
Additionally, this phenomenon means that MWCNTSs-
COOH support can increase the effective surface area of
the modified electrode and facilitate the electron transfer
between the GCE and (bdpy)PW11Co in a most effective
path.

Electrocatalytic properties of
(bdpy)PW1:.Co/MWCNTs-COOH/GCE

The electrocatalytic activity of the
(bdpy)PW11Co/MWCNTs-COOH/GCE for 103 electro-
reduction was investigated by CV technique in 0.1 mol L*
HCIO, aqueous solution (pH = 1.5) containing different
concentrations of 103 (Figure 2). With the increasing
concentrations of 103, the cathodic peak current at about -
0.450 V (Peak I) of the nanocomposite modified electrode
gradually increased, whereas the corresponding oxidation
peak current decreased, suggesting that
(bdpy)PW1:.Co/MWCNTs-COOH/GCE would have a
potential ability in the detection of 105". However, the CV
method, due to essential defects such as low sensitivity
and a high limit of detection (LOD), is insufficient for
quantitative chemical analysis. Therefore, differential
pulse voltammetry (DPV) and amperometry techniques,
which benefit from low LOD and high sensitivity (small
influence of background in analytical signal), were used
for the sensitive measurement of 103 at
(bdpy)PW1,Co/MWCNTs-COOH/GCE.
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Figure 2. CVs of the (bdpy)PW;;Co/MWCNTs-COOH/GCE with
different concentrations of 105 in HCIO, aqueous solution (0.1 mol L7,
pH 1.5); scan rate 100 mV s,

Determination of 103 by DPV

The DPV responses to 105 of the
(bdpy)PW1:Co/MWCNTs-COOH/GCE in 0.1 mol L'
HCIO4 (pH = 1.5) were recorded in Figure 3. Calibration
curve for quantification of 103" was obtained by plotting
the dependence of peak | current vs concentration of 103"
([1037) under optimum experimental conditions (inset of
Figure 3). The proportional increase of the i, values with
increasing [1037] was observed in the two linear ranges of
1.0-4.0 pmol L?! and 4.0-20.0 pmol L with linear
regression equations of i, (LWA) = 11.7 x 10?[I037 (umol
L1 + 1.20 (R? = 0.996), and i, (LA) = 5.0 x 102 [103]
(umol L) + 1.65 (R% = 0.969), limit of detection (LOD,
S/N = 3) of 10.4 x 102 pumol L%, limit of quantitation
(LOQ, S/N = 10) of 34.7 x 102 pmol L. The LOD and
LOQ were estimated by using the following equations,
LOD = 3Sp/m, and LOQ = 10Sy/m, where Sy is the
standard deviation of twenty responses of the blank
solution and m is the slope of the regression line.

/40uM

#18 A i, = 5.0x107(10,] + 1.65
R20969 = &~ o0

1.7 a—o— 8

16 20.0 M

1.5

1(uA)

0.0

14

1(uA)
& &
\\

1 13 ipe = 11.7x107(10,] + 1.20

R = 0,996 4.0uM
54 V 124
20.0 yM - . . . )
! 0.0 5.0 10.0 15.0 20
(10,47 (uMm)
6 L L L h .
0.8 06 0.4 -0.2 0.0 0.2 04 06
E (V vs. Ag/AgCl)

Figure 3. DPV responses for the determination of 105 in the
concentration ranges of 0.0-20.0 umol L in HCIO, aqueous solution
(0.1 mol L, pH 1.5) at (bdpy)PW1,Co/MWCNTs-COOH/GCE. The
inset shows calibration plot for 105" determination (peak I). Parameters:
step potential = 6.0 mV, Amplitude potential = 50.0 mV.
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Determination of 103 by amperometry

Amperometry was also applied to examine the sensing
characteristics of the  (bdpy)PW1:Co/MWCNTSs-
COOH/GCE for determination of 105" (Figure 4A). As the
105" was added into the stirred 0.1 mol Lt HCIO, aqueous
solution at an optimum potential of -0.400 V, dynamic
stairs of the current with quick steady-state were obtained,
and the currents increased along with the continuous
addition of 105. This can be due to the rapid diffusion of
the 103" small molecules from the solution to the surface
of the modified electrode and the better electron transfer
rate of the modifier, which can play an important role.
The calibration curve presented in Figure 4B indicated
that 103 sensor based on (bdpy)PW1:Co/MWCNTS-
COOH/GCE displayed two linear response range from 0.0
to 200.0 pmol L and 200.0 to 1600.0 pmol L with
linear regression equations of ip (WA) = 4.1 x 102 [1057]
(umol L) + 0.097 (R? = 0.994), and ip (MA) = 2.0 x 10°
[105] (umol L) + 4.02 (R?=0.998), LOD of 27.6 x 102
umol L1, LOQ of 92.1 x 102 umol L%, and sensitivity of
41.0 pA mmol L%, and 20.0 pA mmol L. However, at
higher concentrations of 1600.0 pumol L™, the noise of the
amperometric  signal increases, and the current
stabilization takes longer and longer until no straight line
is achieved anymore.

The linear calibration range, LOD, and sensitivity of the
suggested sensor for 105 determination are compared
with those in previous literatures (Table 1).5+575967 The
results proved that (bdpy)PW1:Co/MWCNTSs-
COOH/GCE is an excellent platform for 103 detection.
The structure of PW11039Co(H20), due to its electron
transfer properties within the cluster can be in either form
H4PW4VW7VICO(H20)O395' or HGPWGVW5VICO(H20)O395".
Both of these structures can similarly reduce 103 to I'.
Therefore, the electrocatalytic behavior of the
nanocomposite modified GCE towards 10s can be
explained by the following mechanisms (1 or 2), that is
according to previous literature:57:59.60

3H4PW4VW7VICO(HQO)O395' + 1037 —
3H2PW2VW9VICO(HQO)O395' + 1"+ 3H,0 (1)

3H6PW5VW5V|CO(H20)O395' + 105 —
3H4PW4VW7VICO(H20)0395' + 1"+ 3H,0 (2)

Stability, repeatability, and reproducibility of the
(bdpy)PW1:.Co/MWCNTs-COOH/GCE

Achieving a sensor, biosensor, and/or bioreactor with high
stability is one of the most important goals of analytical
electrochemistry. POMs-modified electrodes are usually
unstable in aqueous solutions because POMs can easily
leach out from the electrode surface into the electrolyte.
The stability of the (bdpy)PW1:Co/MWCNTS-
COOH/GCE was investigated under potential cycling by
recording successive CVs in 0.1 mol L™ HCIO, solution
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(pH 1.5) at 100 mV s?, according to our previous
literature®®, and monitoring the changes in peak currents.
As is shown in Figure 5A, the cathodic and anodic peak
currents of the (bdpy)PW11Co/MWCNTs-COOH/GCE
display a slight change after 220 cycles of CV scan. The
peak | current value remains about 85.0% of the first
value after 220 cycles. The variations of peak | currents
with scan numbers have been plotted and shown in the
inset of Figure 5A. Additionally, the long-term stability
experiment was also performed by keeping the
(bdpy)PW1:.Co/MWCNTs-COOH/GCE in the air at
ambient conditions. The results showed that the peak |
current of the modified electrode stayed at 95.3 % of its
primary current after ten days, 94.6% after 20 days, and
90.7% after one month, indicating the excellent long-term
stability of the suggested sensor (Figure 5B). The
excellent stability of the (bdpy)PW1:Co/MWCNTSs-
COOH/GCE can be attributed to the presence of bdpy and
MWCNTs-COOH in the mentioned nanocomposite
structure, which reduces its solubility in aqueous
solutions.

45
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5
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35‘54 N 1200, 00.0
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30F 100.0 M 1600.0 M
2 \50 oaoh?um \mooo,\m
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< e ] e i \12000>:M
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Figure 4. (A) Current-time responses of (bdpy)PW;:Co/MWCNTSs-
COOH/GCE in HCIO, aqueous solution (0.1 mol L%, pH 1.5) at -0.400
V with an increasing of 105 concentration. (B) Corresponding
calibration plot of the absolute value of steady-state currents obtained
against concentrations of 105".
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Table 1 Comparative characteristics of the proposed sensor and some other electrodes for the determination of 105

Article

Modified Electrode

PMoz.-doped sol-gel film on GCE
CoW1:Co/PVP¥TiO2/GCE
Fe(I1I)P-MWCNTs-GCE
P2M01s/OMC/GC

PMoz. modified CILE? using [CsPy][PFe]
GCE/MWCNTS/[CsPy][PFs]-PMo12
Ag/PMo1./PBz°/GCE
Attapulgite/PANI7PMo12/GCE
[PEIY/PSS"-Cu@AgNPs/PE1/PgWag]s/ I TO!
Fe(I1)-NClini-CPEX

Carbon nanoparticles-poly(ortho-aminophenol)-modified electrode
PANF/TiONT™/Ti

(bdpy)SiW:Ni/P-ERGO/GCE

(bdpy)PW11Co/MWCNTs-COOH/GCE

Sweep mode
Amperometry
Amperometry
Amperometry
Amperometry
Amperometry
Amperometry
Amperometry
Amperometry
Amperometry
SWv
Amperometry
Amperometry

SWv

Amperometry
DPV

Amperometry

Linear range (UM) LOD (uM) Sensitivity (LA mM 1) Ref.
5-6000 1 8 [59]
2-280 0.8 N.R. [60]
10-4000 25 15 [61]
1.13-6250 0.377 151 [62]
10-1000 2.6 6.3 [63]
20-200 15 14 [64]
N.R. 1.45 0.57 [54]
2-520 0.53 300 [55]
0.1-300 0.04 5.52 [56]
4-100 0.64 67 [65]
500-6500 10 17.14 [66]
8.0-95.2 3.4 8.5 x 10° [67]
95.2-666.6 5.0 x 10?
666.6-2065.0 1.0 x 102
10-400 2.4 %103 5.50 [57]
400-1000 1.40
10-1600 4.7 x10* 28.10
0.0-4.0 10.4 x 10 109.0 This
4.0-20.0 51 work
10.0-200.0 27.6 x 10 41.0
200.0-1600.0 20.0

#Poly (4-vinylpyridine). °N.R. Not recorded. ‘Ordered mesoporous carbon. dCarbon ionic liquid electrode. ®Polybenzidine. 'Polyaniline. 9Poly (ethylenimine). "Poly (sodium-p-
styrenesulfonate). 'Indium tin oxide. IClinoptilolite nanoparticles. XCarbon paste electrode. 'Palladium nanoflowers. ™Titanium oxide nanotubes.

To

validate
(bdpy)PW11Co/MWCNTs-COOH/GCE,
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of the
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04 f
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5 10 15 20 25 30

Time (days)

experiments with one modified GCE surface were
repeated in the presence of 10s5 (50.0 umol L7).
Furthermore, five (bdpy)PW1:Co/MWCNTs-COOH/GCE
were prepared under the same conditions to compare the
response currents of 103" The values of relative standard
deviation (RSD) of the response currents for the
repeatability and reproducibility were 0.330% and
0.320%, respectively, which demonstrated that the
modified electrode has excellent repeatability and
reproducibility.

Interference study

The selective response is an essential characteristic for
sensors that probe the sensor-selective response to an
analyte in the presence of other species. For this purpose,
the potential interferences for the 105 detection on this
sensor were studied by adding various potential
interferents into HCIO4 (0.1 mol L?, pH 1.5) aqueous
solution using the differential pulse voltammetry (DPV)
technique. As displayed in Table 2, no significant
response was observed for each excessive addition of CI-,
I, and S,03> at 5.0 times, NO2, and PO,* at 2.0 times,
and NOgs™ at a concentration equal to the concentration of
|O3".

Table 2. Effect of interference ions on the detection of 105 (15.0 pmol
LY

Figure 5. (A) Stability investigation under potential cycling of
(bdpy)PW,;Co/MWCNTs-COOH/GCE in HCIO, (0.1 mol L%, pH 1.5)
over 220 scans at the scan rate of 100 mV s, The inset shows variations
of the cathodic peak I currents versus the potential scan numbers.% (B)
Long-term stability of (bdpy)PW;;Co/MWCNTs-COOH/GCE in HCIO,
(0.1 mol L, pH 1.5) during 30 days.
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Interference ions

[Interfererceion]

Relative signal

[10;1 change (%)
(ol 5.0 +5.7
I 5.0 +1.5
NO> 2.0 +3.5
NO3 1.0 +2.4
PO 2.0 +1.0
S,05% 5.0 +1.2
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Analytical applications for real sample

The analytical applicability of the prepared
(bdpy)PW1:Co/MWCNTs-COOH/GCE was validated
based on the determination of iodate concentration in
mineral water (Damavand Mineral Water Co., Iran), and
tap water. The real samples were directly prepared in the
HCIO, solution (0.1 mol L?, pH = 1.5) without further
treatment. The content of iodate in the solution was
determined by the iodometric titration method as a
standard method according to the procedure given in the
previous literature.%® The measurements were performed
using the standard addition method, by DPV response
method. The voltammetric measurements were performed
at the applied potential of about -0.370 V, equilibration
time, 5 s; step potential, 0.006 V; pulse amplitude, 0.050
V; initial potential, 0.550 V; and end potential, -0.750 V.
The standard solutions of iodate were injected into the
real samples to check the recovery percent of added iodate
(Found value/Intrinsic value). As shown in Table 3, the
obtained results are in good agreement with the results of
the standard method with high accuracy and precision
(recovery close to 100%). Therefore, the proposed
modified electrode can be efficiently applied in detecting
trace-level 103" in real samples.

Table 3. Recovery and reliability obtained by DPV using
(bdpy)PW;;Co/MWCNTs-COOH/GCE for the determination of 10zat
its various concentrations in the real samples

[103] (uM) Recow(ar:y:(og;) TS0

Sample Proposed Standard Proposed  Standard

Originally - Spiked method  method method method

Mineral 5.0 4.9 5.1 99.9+1.2 100.0+1.1
water® ND¢ 10.0 9.8 10.0 99.9+1.1 100.0+1.1
15.0 15.1 15.0 100.0+1.0  100.0+0.7
Tap 5.0 5.1 5.1 100.0#1.2 100.0+1.1
water ND 10.0 10.1 10.1 100.0#1.2 100.0+1.2
15.0 15.3 15.1 100.0#1.1  100.0+1.1

aStandard deviation. PFrom local market. °Not detected.

4. CONCLUSIONS

A novel organic-inorganic hybrid nanocomposite
modified GCE based on POM, IL, and MWCNTs-COOH
has been fabricated, characterized, and developed as a
capable electrocatalyst in the electrochemical detection of
the iodate ion. The modified electrode revealed a notable
electrocatalytic activity towards the electro-reduction of
I0s. The high stability, good repeatability, and
reproducibility, as well as simplicity of electrode
preparation, are the features of the proposed sensor.
Furthermore, the modified electrode has specific
characteristics such as low LOD (27.6 x 10 umol L1,
high sensitivity, wide linear range (10.0-1600.0 umol L?),
and good selectivity compared to other surfaces. Also,
this sensor has been effectively applied for the monitoring
of 103 in the real samples. The results of the proposed
method in real samples were in good agreement with
those of the standard method. All of these beneficial
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properties are favorable for high-performance iodate
Sensors.
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