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Abstract A Nickel Schiff base complex, insoluble in water, was synthesized and used as modifier.

A Nickel Schiff base modified carbon paste electrode MCPE was build. The electrodes were char-

acterized by scanning electron microscopy (SEM), energy dispersive X-Ray spectroscopy (EDXS),

cyclic voltammetry and chronoamperometry. The modifier is elctroactive, a well defined redox cou-

ple of NiIII/NiII in alkaline medium was made in evidence. It presents a quasi-reversible system with

electron transfer coefficient (0.38) and electron transfer rate of 4.5 s�1. The electrogenerated NiIII

species on the surface of the electrode act as an excellent catalyst toward thiosulfate oxidation reac-

tion with a chemical rate constant Kh equal to 23,6 M�1s�1. The different techniques involved in
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this study qualify our modified electrode as sensitive, reliable and very stable for thiosulfate anal-

ysis.

� 2020 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Thiosulfate is a prime pollutant resulting from photographic,

paper and textile industries. It is, therefore, necessary to
develop a sensitive, fast, low cost and analytical method for
its determination and decomposition (Wiberg et al., 2001).
Several methods such as iodometry are useful but take much

time and are not reliable (Sörbo, 1957; Miura and Koh,
1985). Electrochemical analytical methods present a good
choice due to the simplicity, time saving and low cost

(Nosuhi and Nezamzadeh-Ejhieh, 2017). The electro-catalytic
oxidation of thiosulfate (TS) was well investigated using noble
metal based electrodes such as platinum and gold. However

due to the high cost, oscillatory behavior and non linear phe-
nomenon observed during the electro-oxidation reaction of TS
on platinum surface (Du et al., 2006) and the leaching of gold
by TS anion (Aylmore and Muir, 2001), it is preferable to

develop more stable and low cost electrode materials. Chemi-
cally modified electrodes were pioneered by Lane, Hubbard,
Murray and Miller (Watkins et al., 1975; Lane and

Hubbard, 1973; Moses et al., 1975) and then extensively used
by several researchers as strong tools for synthesis, electro-
catalysis (Merz, 1990; El-Shafei, 1999; Ourari et al., 2017b)

Analysis and detection (Sharafzadeh and Nezamzadeh-
Ejhieh, 2015). Metal hexacyanoferrate films are examples of
well studied chemically modified electrodes (de Tacconi

et al., 2003), due to their simple preparation method (de
Mattos et al., 2000), low cost and excellent electro-catalytic
activity toward several chemical reactions (Ghaffarinejad
et al., 2012; Ghica et al., 2013), as hydrazine, ascorbic acid

and thiosulfate oxidation (Chen, 1996; Wang et al., 2001;
Zhou et al., 1993). Carbon is the material of choice as a con-
ductive (Yang et al., 2011), chemically inert support with very

rich crystalline and amorphous forms (Zhang et al., 2007); it
exhibits excellent chemical and physical properties (Mestl
et al., 2001), such as large surface area and excellent adsorp-

tion properties (Julkapli and Bagheri, 2015; Lam and Luong,
2014; Li et al., 2016).

Carbon paste electrodes were pioneered and described by

Adams since 1958 (Adams, 1958), among chemically modified
electrodes, they have practical advantages including; ease of
preparation and regeneration, strong tool to evaluate different
modifiers, excellent electric properties (Ahmadi and

Nezamzadeh-Ejhieh, 2017; Sharafzadeh and Nezamzadeh-
Ejhieh, 2015), which make them actively developed by several
researchers (Sheikh-Mohseni and Nezamzadeh-Ejhieh, 2014),

building a useful platform for many applications (Arduini
et al., 2012; Malha et al., 2016, 2013; Ourari et al., 2017a,
2017b, 2015).

We report in this work the use of carbon paste Nickel Schiff
base complex modified electrode as reliable and sensitive elec-
trode material for the analysis of thiosulfate. Our electrode
material was elaborated by mixing a water insoluble Nickel

Schiff base complex with powder, the (N,N’-bisalicylidenepro
pylenetriamine) NiII complex was previously synthesized
(Ourari et al., 2015) then characterized as single crystal by
X-ray diffraction (Charef et al., 2015). The modified carbon

paste electrode was characterized by scanning electron micro-
scopy (SEM), energy dispersive X-Ray spectroscopy (EDXS),
cyclic voltammetry and chronoamperometry. In alkaline med-

ium a well defined NiIII/NiII redox couple was recorded and a
linear dependency of catalytic current was observed after addi-
tion of thiosulfate in the solution. The electrode has excellent

sensitivity, good selectivity and remarkable stability.

2. Experimental

2.1. Chemicals

All chemicals were obtained from commercial sources and

were used as received without any further purification. All sol-
vents, absolute ethanol and dichloromethane are obtained
from Fluka while N, N’-bis (3-aminopropyl) amine and salicy-

laldehyde are purchased from Sigma Aldrich. Nickel acetate
tetrahydrated and NaOH were obtained from Fluka and Na2-
S2O3 in analytical grade from Merck.

2.2. Instrumentation

Electrochemical experiments were carried out using a 301/10

Potentiostat / Galvanostat type PGZ 301-Voltalab 10
Radiometer with PC work station and electrochemical inter-
face IMT 301 with Volta Master 4 software. An electrochem-
ical standard three-electrode cell of 10 ml was used. Potentials

are referred to a (Hg/Hg2Cl2) saturated with KCl reference
electrode. A Platinum wire was used as counter electrode.
The different electrodes were examined using a Hitachi SU

8000 cold field emission scanning electron microscope.

2.3. Preparation of Ni II-L Nickel Schiff base complex

The Nickel-(II) [N,N’-bis(Salicylidenepropylenetriamine)]
complex (NiII-L) was prepared according to the literature
(Ourari et al., 2015; Charef et al., 2015) A mixture of the Schiff

base (1 mmol) and the metal salt (1 mmol) [Ni (OAc) 2�4H2O],
in 25 ml of ethanol was refluxed for 1–2 h. After cooling the
mixture a greenish solid product was precipitated, collected
by filtration, washed several times with hot ethanol and dis-

tilled water, then dried in air. The obtained Ni complex NiII-
L is soluble in most organic solvents and insoluble in water.

2.4. Elaboration of the electrode

2.4.1. Carbon paste electrode

Carbon paste electrodes were prepared by mixing carbon pow-
der with solid paraffin wax in the ratio 70/ 30 (w/w) respec-
tively. Carbon powder was used as electric conductive

http://creativecommons.org/licenses/by-nc-nd/4.0/


Scheme 1 Carbon paste electrode used for electrochemical

studies and electrocatalysis applications.

Carbon + binder

Ni(II)L

Ni(II)L-CPE

S2O32-

S4O62-

Scheme 2 Ni (II)-Schiff base complex (Ni(II)L) mixed with

carbon black and paraffin wax modified electrode used in electro-

oxidation of thiosulfate.

Scheme 3 Proposed catalytic cycles of Ni (II)-Schiff base

complex (Ni(II)L) toward thiosulfate electro-oxidation reaction.
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support and paraffin wax as binder. These materials must be
carefully mixed in an Agate mortar, to obtain a carbon paste
sufficiently homogeneous for practical electrochemical uses.

In our case, the composite material was filled in a syringe body
of polyethylene (3 ml) in the side of needle (depth 3 mm, inner
diam. 2 mm) and the electric contact is ensured by introducing
a copper wire from the piston side as shown in Scheme1.

2.4.2. Modified carbon paste electrode (MCPE)

The modified carbon paste electrodes were prepared by the
same manner than previously, masses of the Nickel Schiff base
complex (NiII-L) equal to 2.5, 5, 7.5 and 10 mg were dissolved

separately in 10 ml of dichlomethane each, then carbon pow-
der was introduced to each solution as 97.5, 95, 92.5, and
90 mg respectively, the mixture was stirred for 1 h. After sol-
vent evaporation the obtained solid was over night dried under

vacuum to eliminate the residual solvent. In these formula-
tions, the obtained modified carbon powders have the percent-
ages of the modifier as 2.5, 5, 7.5, and 10% (w/w). For this, it

was revealed that the most appropriate percentage for the elec-
trochemical study was 5% of NiII-L. The MCPE was obtained
by mixing the modified carbon powder with paraffin wax as

binder in the ratio 70/ 30 (w/w) respectively for example we
mix 70 mg of modified carbon powder with 30 mg of paraffin
wax to obtain 100 mg of modified carbon paste ready for use

(as shown in scheme 2).

3. Results and discussion

3.1. Characterization of new composite material

Fig. 1A shows the SEM micrographs of the modified carbon

powder depicted at different magnitudes, presents a dark sur-
face coated with well distributed clear particles with different
shapes, having an average size less than 5 mm. Fig. 1 (B, C)

shows the mapping of the different existing elements with
EDX pattern, and confirms the presence of carbon with
(95% w) which indicate that the most of the past constituted

with carbon but it is less than expected, the presence of oxygen
is not only from Schiff base but probably adsorbed from air on
the carbon surface. Nickel presence is in good agreement with

calculated amount; it should be around (0.75%w) it is present
at (0.57% w) and well distributed on the surface. The elements
analysis confirm the purity of carbon used in the preparation
of the past, the small size of complex crystals and the good dis-

persion of nickel through carbon past, demonstrate the effi-
ciency of the preparation protocol using CH2Cl2 as solvent.

3.2. Electrochemical behavior of the MCPE

Fig. 2 (A curves a and b) shows typical cyclic voltammograms
(CV) of carbon paste electrode-CPE (without modifier) (curve



Fig. 1 (A) SEM image of modified carbon powder taken at different magnifications. (B) SEM image of modified carbon powder with at

medium magnification from left to right, SEM image without mapping, mapping of carbon element C first in right mapping of Nickel

element. (C) EDX pattern of modified carbon powder with element composition.
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a), and carbon paste electrode modified with Nickel Schiff base

complex NiII-CPE (curve b) recorded in 0.1 M NaOH,
between 0 and 650 mV/SCE at a scan rate of 15 mV.s�1. In
the absence of NiII complex no electrochemical signal is

recorded. In contrast, in the presence of NiII complex a pair
of redox peaks appears at 312 and 206 mV/SCE respectively,
in anodic and cathodic regions.

These two peaks correspond to the NiII/NiIII redox couple
(Di Girolamo et al., 2019).
The electrochemical reaction may be written according to

Eq. (1):

NiII-L $ NiIII-L + 1e� ð1Þ
During the forward scan, the anodic peak corresponds to

the oxidation reaction of [NiII-L(OH)]� (NiII) and leads [NiIII-
L(OH)] (NiIII) species. Whereas during the reverse scan the

cathodic peak is assigned to the reduction of [NiIII-L(OH)]
to [NiII-L(OH)]� according to Eqs. (2) and (3) respectively.
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Fig. 2 (A) Cyclic voltammograms of (a) CPE, (b) Ni(II)L-CPE recorded in 0.1 M NaOH at a scan rate of 15 mVs�1; (B) Cyclic

voltammograms of MCPE in 0.1 M NaOH, at different scan rates: (a) 5, (b) 15, (c) 30, (d) 50, (e) 70, (f) 100, (g) 150, (h) 200, (i) 250, and (j)

300 mVs�1; (C) Anodic and cathodic peak currents (Ipa/c) versus square root of the scan rate (m1/2); recorded in 0.1 M NaOH (D) Anodic

and cathodic potentials (Epa/c) versus Logm. recorded in 0.1 M NaOH. (F) The plot of anodic pic current Ipa in A vs square root of scan

rate in Vs�1 for the MCPE in 5 mM solution containing 1:1 ratio of K3Fe(CN)6/K4Fe(CN)6 + 0.1 M KCl, in the scan rate range from 15

to 100 mVs�1.
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NiII-L-CPE + OH–![NiII-L(OH)-CPE]� ð2Þ

[NiII-L(OH)-CPE]�$[NiIII-L(OH)-CPE] + e� ð3Þ
The current values associated to this redox process are 45
mA for the anodic peak IPa and �36 mA for the cathodic one
IPc, while the peak-to-peak separation DEP is equal to 92 mV
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Fig. 3 (A) Electrochemical responses for (a) CPE, in alkaline

solution 0.1 M NaOH and 15 mVs�1 as scan rate in presence of

10 mM of thiosulfate; (b) NiIIL-CPE in alkaline solution 0.1 M

NaOH and absence of thiosulfate; (c) NiIIL-CPE in alkaline

solution 0.1 M NaOH and in presence of 10 mM of thiosulfate.

(B): (I) Cyclovoltammograms obtained with modified electrode

MCPE for electrocatalytic oxidation of thiosulfate in 0.1 M

NaOH at scan rate 15 mVs�1 using various concentrations of

thiosulfate: (a) 0, (b) 5, (c) 15, (d) 20, (e) 40, and (f) 50 mM, (II)

Inset: the variation of anodic peak currents versus Thiosulfate

concentration.
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indicating that this redox system is not Nernstian but it is
rather quasi-reversible (Godwin and Lyons, 2013; Neiva
et al., 2016). By varying the scan rate in the range between 5

and 300 mV.s�1 (Fig. 2B), the recorded voltammograms show
a continuous increasing of both anodic and cathodic peak cur-
rents (ipa, ipc) accompanied with a shifting of anodic and catho-

dic peak potentials to a positive and negative values
respectively, enlarging the peak-to-peak difference DEP. The
ipa/ipc ratios are systematically higher than unity. From these

results, we can conclude that the redox couple NiII/NiIII is in
accordance with a slow electrochemical process. The linear
dependency of anodic and cathodic peak currents (ipa, ipc) with
the square root of the scan rate (v1/2) Fig. 2 (curve C) can be

attributed to an electrochemical activity of Nin+ active species
controlled by surface bound redox species (Abdel Hameed and
Medany, 2017; Amani-Beni and Nezamzadeh-Ejhieh, 2018).

Furthermore, the anodic and cathodic peak potentials (Epa,
Epc) are proportional to the logarithm of the scan rate (Logm)
as illustrated in Fig. 2 (curve D). These results are in accor-

dance with those reported in the (Nosuhi and Nezamzadeh-
Ejhieh, 2018; Tamiji and Nezamzadeh-Ejhieh, 2019) express-
ing probably an EC mechanism, due to the need of hydroxide

ions for a charge compensation inducing a limitation of the
charge transfer.

Our modified electrodes were fabricated from a composite
material as mentioned, loading of the surface by electro-

active species like NiII-L could not be homogeneous. The geo-
metric surface area of the electrode surface is equal to
0.0314 cm2 (Id = 1 mm) whereas the effective surface area

was 0.0436, for its estimation CVs of MCPE at different scan
rate were recorded in 5 mM solution containing 1:1 ratio of
K3Fe(CN)6/ K4Fe(CN)6 + 0.1 M KCl, the diffusion coeffi-

cient (D) value for K4Fe(CN)6 in similar conditions has been
reported about 6.56 10�6 cm2 s�1 (Konopka and McDuffie,
2002), based on the plot of anodic pic current versus square

root of scan rate and the reported (D) value (Fig. 2E), the
resulting line equation is y = 1.52 10�4 + 1.18 10�5,
r2 = 0.998, based on Randles-sevcik equation the effective sur-
face area was calculated equal to 0.0436 cm2. The surface cov-

erage can be estimated from the equation Eq. (4)

C ¼ Q = n FA ð4Þ
The integration of charge under the oxidation wave at slow

scan rate (15 mVs�1) gives a quantity of charge equal to 0.24 mC.

With Q the quantity of charge calculate previously, n the
number of exchanged electron equal to 1, F the Faraday con-
stant and A the effective surface area equal to 0.0436 cm2 after

calculation the surface loading was estimated to 5.7 10�8 mol.
cm�2. By plotting the EPa vs Logv a linear behavior was shown
for scan rate below 80 mVs�1 with line equation of y = 0.45

5 + 0.048x, R2 = 0.995. Basing on Laviron theory
(Laviron, 1979; Laviron and Roullier, 1980) the transfer coef-
ficient a was determined as given below:

The slope resulting from the line equation is presented in

Fig. 2D:, for a scan rate � 80 mV.s�1, the slope is b/2 where

b is 2;303RT
nFð1�aÞ leading to a value of 0,048 V decade�1.

ks can be determined from Eq. (5):

Ks ¼ nFamc
RT

: ð5Þ

where F is Faraday’s constant, a the transfer coefficient, n is
the exchanged electrons number with mc as scan rate. The the-
ory is usable for surface confined electrode reaction where DEp
is greater than 200 mV/n with (DEp is the separation between
anodic and cathodic pick potentials), from a scan rate superior
to 0, 3 V.s�1 DEp is greater than 200 mV/n and After calcula-

tion, the a value was found to be 0,385 with average value for
apparent electron transfer rate ks equal to 4,5 s�1.

3.3. Electro-catalytic oxidation of thiosulfate

The oxidation of thiosulfate was extensively studied in the lit-
erature using different modified electrodes. Formally, when
this oxidation is occurred in alkaline medium using our mod-

ified electrode may be summarized by Eq.7:
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2 (S2O3
2�) ads ! S4O6

2� + 2e� ð6Þ
However, the adsorbed intermediate species are not clearly

known. The formation of tetrathionate S4O6
2� is more favored

at low potential and high pH (Feng et al., 1995); Using CPE in

0,1M NaOH and in presence of 10 mM of thiosulfate Fig. 3
(A, curve a), the thiosulfate oxidation reaction takes place at
around 1 V/SCE. By using MCPE in presence of thiosulfate
its oxidation reaction was observed at 420 mV/SCE with a gain

in potential value around 600 mV compared to CPE only. In
addition, a significant current was recorded at slightly more
positive potential compared to that obtained in the absence

of TS Fig. 3 (A, curve band c), representing a strong catalytic
activity of the MCPE toward thiosulfate oxidation reaction
(Keivani et al., 2017). A full recovery of cathodic current ipc
was observed during the reverse scan. The effect of the concen-
tration of thiosulfate on MCPE response was investigated.
Fig. 3 (B, curve a) shows the voltammograms plotted at a scan
rate of 15 mV.s�1 at a concentration range varying from 0 to
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50 mM. The anodic peak current increases by increasing the
concentration of TS. The peak potential shifts slightly to pos-
itive directions, demonstrating the kinetic limitation of electro-

oxidation process. In the studied concentration range the
electro-catalytic peak current increases linearly with the con-
centration as shown in Fig. 3 (B, inset II). The cathodic current

was fully recovered, which can be justified by the poor adsorp-
tion affinity of thiosulfate to the active sites. The thiosulfate
radical anion S2O3

.– is probably formed on the electrode surface

as clarified by the equations below:
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Fig. 5 (A): Chronoamperogramm of MCPE in 0.1 M NaOH at 600 mV/SCE and different concentration of thiosulfate. (a) 0, (b) 2, (c) 5,

(d) 15, (e) 20, (f) 30, (g) 40, and (h) 50 mM. (B): Dependency of the net current on the minus square root of time in 0.1 M NaOH and

10 mM TS. (C): Dependency of the Ic/I on the square root of time. In 0.1 M NaOH and in absence and presence 10 mM TS. (D): (I)

Chronoamperogram of MCPE in 0.1 M NaOH at 600 mV/SCE and after successive addition of thiosulfate. (a) 0, (b) 2, (c) 5, (d) 15, (e) 20,

(f) 30, (g) 40, (h) 50 mM. (II) Inset: Dependency of transient current on the thiosulfate concentration. (F): Chronoamperogram of MCPE

in 0.1 M NaOH at 600 mV/SCE firstly in presence of 5 mM TS and after successive addition of 500 mM SCN–, SO3
2� and S2– interferon’s

respectively, followed by twice successive addition of 2.5 mM TS.
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Fig. 6 (A): 200 successive CVs cycles of modified electrode

MCPE obtained in presence of 10 mM thiosulfate and 0.1 M

NaOH at scan rate 15 mVs�1. Inset: the 1st and 200th cycles. (B):

Chronoamperogramm of MCPE in 0.1 M NaOH at 600 mV/SCE

and 10 mM TS for 90 min electrolysis. (C): 30 successive

chronoamperometric cycles of MCPE in 0.1 M NaOH and

15 mM TS by switching potential at 0 mV vs SCE for 10 s and at

600 mV vs SCE for 10 s.
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To understand the kinetic of the thiosulfate electro-
catalytic oxidation in 0.1 M NaOH at MCPE surface, the
effect of scan rate was investigated in the range between 15

and 100 mV.s�1 at relatively low concentration 10 mM as illus-
trated in (Fig. 4 A curve I). The recorded curves show an
increase of the peak current with a shifting of the peak poten-

tials to more anodic value, the catalytic peak current have a
linear dependency with the square root of scan rate which indi-
cates the diffusion controlled process (Fig. 4A inset II). At a

concentration of 50 mM as shown in (Fig. 4B) the shape of
the voltammogram was significantly changed, the plot of the
normalized anodic peak current versus scan rate shown in
(Fig. 4C), the normalized current was decreased to reach a

constant level at higher scan rates, indicating a kinetic con-
trolled process with a regenerative mechanism of the NiIII

active species. The adsorbed thiosulfate at the electrode surface

reacts chemically with NiIII and leads to NiII. The NiII species
obtained undergo further electro-oxidation at the applied
potential and regenerate NiIII active species again via an EC

process as illustrated in the catalytic cycle (given in scheme 3).
In order to study the mass transfer kinetics and estimate

the heterogeneous catalytic rate constant Kh, chronoamper-

ometry was used and chronoamperograms were recorded
by setting our MCPE potential at 600 mV/SCE in absence
(Fig. 5A curves a) and in presence of TS in the range of
2 to 50 mM in 0.1 M NaOH, (Fig. 5A, curves b-h). The

transient current increased upon increasing TS concentra-
tion. As shown in (Fig. 5B) by plotting net current with
respect to the minus square root of time a linear dependency

from line equation y = 182.6 x + 23.04, r2 = 0.999 was
observed, obeying Cottrell law By applying Cottrell’s equa-
tion. Eq. (10)

I ¼ n F A C D1=2p�1=2t�1=2 ð10Þ
where I is the current, n is the number of electrons, F is Fara-

day constant, C is the concentration of anolyte in (mol cm�3),
D is the diffusion coefficient in (cm2 s�1) the value of diffusion
coefficient D was found equal to 6.31 10�5cm2.s�1. Continu-
ously, based on the slope of IC/I vs t

1/2 plot (Fig. 5C) a linear

behavior was observed the line equation was y = 0.86x + 1.
04, r2 = 0.998. The heterogeneous catalytic rate constant Kh

was estimated using Galus method (Galus, 1976). Its average

value was estimated equal to 23.6 M�1.s�1 at a given concen-
tration of TS according to Eqs. (11) and (12)

Ic

I
¼ c1=2

ffiffiffi
p

p
erf

ffiffiffi
c

p þ expp
c

�c
� �

ð11Þ

Ic

I
¼ c1=2p1=2 ¼ p1=2 khCbtð Þ1=2 ð12Þ

To evaluate sensing capability of our MCPE, a typical
amperometric signals recorded during successive additions of
TS to 0.1 M NaOH solution at applied potential of 600 mV/

SCE as shown in (Fig. 5D curves I). Under slow stirring the
electrode responses were quite rapid and proportional to TS
concentration. (Fig. 5D inset II) shows the calibration curve

showing the amperometric current versus TS concentration,
from the slope in the line equation

y = 7.12x + 1.34, r2 = 0.999 our MCPE sensitivity equal
to 7.12 mA.mM�1 taking in account he geometric surface

0.0314 cm2 the sensitivity is 226.75 mA mM�1 cm�2.



Table 1 Comparison of the catalytic performances of various modified electrodes for electrocatalytic oxidation of thiosulfate reported

in the literature.

Electrode Modifier Epa Kh (cm3 mol�1 s�1) Sensitivity (mA mM�1) Ref.

CPE NiO/NPs/CPE 0,97V/SCE - - (Keivani et al., 2017)

CPE 2,4-DDMA-NiO/NPs/CPEa 0,49V/SCE 6.41 105 115,6 (Keivani et al., 2017)

CPE CuHCF-GNSb 0,75V/Ag-AgCl 5.02 102 1.21 (Chen, 1996)

CCE NiHCF-CCEc 0.513V/Ag-AgCl - 1.33 (Wang et al., 2001)

GCE CoPCNFd 0,8V/SCE 5.61 105 - (Sabzi, 2005)

CPE Ni(II)-L/CPEe 0,42V/SCE 2.36 104 7.12 This work

a 2,4-Dimethyl-N’-[1-(2,3-dihydroxyphenyl)methylidene]aniline-.
b Copper hexacyanoferrate-graphene nano sheet.
c Nickel hexacyanoferrate carbon ceramic electrode
d Cobalt pentacyanonitrosylferrate.
e (N,N’-bisalicylidenepropylenetriamine)Ni(II).
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The interference studies

Under optimal conditions, the interference of some com-
pounds such as NO3

–, Cl–, SO4
2�,S2–, SCN–, SO3

2�, K+ on the
oxidation of 5 mM TS in 0.1 M NaOH at 600 mV vs SCE has

been evaluated. It can be found that most ions such as NO3
–,

Cl–, SO4
2�, K+, did not show any interference effect during the

determination of TS by using MCPE. However, 10-fold SCN–

and 10-fold SO3
2� and S2– 10-fold were found to have noticeable

interference in TS determination on theMCPE, (Fig. 5E) shows
amperometric responses of MCPE in 0.1 M NaOH in the pres-
ence of 5 mM TS after successive addition of 500 mM SCN–,

SO3
2� and S2–. These results suggest that MCPE can be success-

fully used to measure TS concentration in the presence of a vari-
ety of possible interfering substances.

3.4. Electrode stability

The modified carbon paste electrode (MCPE) studied in this
work shows a good stability, after 7 month has been stored

in ambient conditions, the electrode responds still remained.
During cycling between 0 and 600 mV/SCE in 0.1 M NaOH,
10 mM TS at 15 mVs�1 for 200 cycles (Fig. 6A), the catalytic

pic current remain stable with slight decrease to 96.71% of its
initial value. As shown (Fig. 6B). The chronoamperogram of
TS at a concentration of 10 mM in the time span of 90 min

shows after an initial decrease a stabilization of the current
indicating a good stability toward TS oxidation, by switching
the potential between 0 mV vs SCE for 10 s and 600 mV vs

SCE for 30 s in 0.1 M NaOH and 15 mM TS the chronoam-
perometric response shows stable signal during 30 cycles
(Fig. 6C). The above results indicate no poisoning of the cata-
lyst by the oxidation product. This electrochemical behavior

may be explained by the stability of Nickel Schiff base complex
in the working conditions.

Our results compared to the literature seem to be very inter-

esting as illustrated by Table 1.

4. Conclusion

A new modified electrode fabricated from a pentadentate
Nickel (II)-Schiff base complex, incorporated in carbon paste,
showed a good electro-catalytic activity towards oxidation of
thiosulfate evidenced by higher peak current density.

The enhanced electro-catalytic performance is mainly due
to the electro-generated Nickel(III) mediator on the electrode
surface. The electrochemical study of its behavior in alkaline

medium shows a good stability and negligible poisoning effect.
An investigation about all probable oxidation products
requires more effort and long time electrolysis, but due to
the strength of S-S bend the main product of thiosulfate

electro-oxidation is tetrathionate anion S4O6
2�. The different

techniques involved in this study permit the calculation of
the diffusion coefficient D and rate constant Kh. According

to the obtained results, it is clear that the MCPE exhibits a
good stability and sensitivity around 226.75 mA.mM�1.cm2

which qualifies it as a good sensing platform for determination

of thiosulfate.
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2001. Carbon nanofilaments in heterogeneous catalysis: an indus-

trial application for new carbon materials?. Angew. Chem. Int. Ed.

40, 2066–2068. https://doi.org/10.1002/1521-3773(20010601)

40:11<2066::AID-ANIE2066>3.0.CO;2-I.

Miura, Y., Koh, T., 1985. Spectrophotometric determination of micro

amounts of thiosulfate by liberation of thiocyanate from mercury

(II) thiocyanate. Anal. Chim. Acta 173, 33–41. https://doi.org/

10.1016/S0003-2670(00)84941-7.

Moses, P.R., Wier, L., Murray, R.W., 1975. Chemically modified tin

oxide electrode. Anal. Chem. 47, 1882–1886. https://doi.org/

10.1021/ac60362a043.

Neiva, E.G.C., Oliveira, M.M., Marcolino, L.H., Zarbin, A.J.G.,

2016. Nickel nanoparticles with hcp structure: Preparation, depo-

sition as thin films and application as electrochemical sensor. J.

Colloid Interface Sci. 468, 34–41. https://doi.org/10.1016/j.

jcis.2016.01.036.

Nosuhi, M., Nezamzadeh-Ejhieh, A., 2018. A sensitive and simple

modified zeolitic carbon paste electrode for indirect voltammetric

determination of nitrate. Ionics 24, 2135–2145. https://doi.org/

10.1007/s11581-018-2456-z.

Nosuhi, M., Nezamzadeh-Ejhieh, A., 2017. High catalytic activity of

Fe(II)-clinoptilolite nanoparticales for indirect voltammetric deter-

mination of dichromate: Experimental design by response surface

methodology (RSM). Electrochim. Acta 223, 47–62. https://doi.

org/10.1016/j.electacta.2016.12.011.

Ourari, A., Ketfi, B., Malha, S.I.R., Amine, A., 2017a. Electrocatalytic

reduction of nitrite and bromate and their highly sensitive

determination on carbon paste electrode modified with new copper

Schiff base complex. J. Electroanal. Chem. 797, 31–36. https://doi.

org/10.1016/j.jelechem.2017.04.046.

Ourari, A., Ketfi, B., Zerroual, L., 2017b. Elaboration of modified

poly(NiII-DHS) films as electrodes by the electropolymerization of

https://doi.org/10.1002/elan.201100561
https://doi.org/10.1016/S0892-6875(00)00172-2
https://doi.org/10.1016/S0892-6875(00)00172-2
https://doi.org/10.1016/j.poly.2014.09.006
https://doi.org/10.1016/S0022-0728(96)04720-1
https://doi.org/10.1016/S0039-9140(00)00409-4
https://doi.org/10.1016/S0039-9140(00)00409-4
https://doi.org/10.1021/cm0341540
https://doi.org/10.1021/cm0341540
https://doi.org/10.1016/j.electacta.2019.06.170
https://doi.org/10.1016/j.electacta.2019.06.170
https://doi.org/10.1021/jp064312l
https://doi.org/10.1021/jp064312l
https://doi.org/10.1016/S0022-0728(99)00235-1
https://doi.org/10.1016/S0022-0728(99)00235-1
https://doi.org/10.1149/1.2050063
http://refhub.elsevier.com/S1878-5352(20)30154-4/h0075
http://refhub.elsevier.com/S1878-5352(20)30154-4/h0075
http://refhub.elsevier.com/S1878-5352(20)30154-4/h0075
https://doi.org/10.1016/j.jelechem.2012.08.022
https://doi.org/10.1016/j.snb.2012.12.113
https://doi.org/10.1016/j.snb.2012.12.113
https://doi.org/10.1016/j.elecom.2013.03.040
https://doi.org/10.1016/j.elecom.2013.03.040
https://doi.org/10.1016/j.ijhydene.2014.10.129
https://doi.org/10.1016/j.ijhydene.2014.10.129
https://doi.org/10.1016/j.jcis.2017.07.098
https://doi.org/10.1021/cs5008393
https://doi.org/10.1021/cs5008393
https://doi.org/10.1021/j100630a018
https://doi.org/10.1021/j100630a018
https://doi.org/10.1016/S0022-0728(79)80075-3
https://doi.org/10.1016/S0022-0728(79)80075-3
https://doi.org/10.1016/S0022-0728(80)80496-7
https://doi.org/10.1039/C6CY00544F
https://doi.org/10.1002/elan.201500637
https://doi.org/10.1002/elan.201300257
https://doi.org/10.1007/BFb0034364
https://doi.org/10.1007/BFb0034364
https://doi.org/10.1002/1521-3773(20010601)40:11&lt;2066::AID-ANIE2066&gt;3.0.CO;2-I
https://doi.org/10.1002/1521-3773(20010601)40:11&lt;2066::AID-ANIE2066&gt;3.0.CO;2-I
https://doi.org/10.1016/S0003-2670(00)84941-7
https://doi.org/10.1016/S0003-2670(00)84941-7
https://doi.org/10.1021/ac60362a043
https://doi.org/10.1021/ac60362a043
https://doi.org/10.1016/j.jcis.2016.01.036
https://doi.org/10.1016/j.jcis.2016.01.036
https://doi.org/10.1007/s11581-018-2456-z
https://doi.org/10.1007/s11581-018-2456-z
https://doi.org/10.1016/j.electacta.2016.12.011
https://doi.org/10.1016/j.electacta.2016.12.011
https://doi.org/10.1016/j.jelechem.2017.04.046
https://doi.org/10.1016/j.jelechem.2017.04.046


Elaboration of carbon paste electrode containing pentadentate Nickel-(II) 6083
Ni(II)-[5,50-dihydroxysalen] onto indium tin oxide surface and

study of their electrocatalytic behavior toward aliphatic alcohols.

Arab. J. Chem. 10, 914–921. https://doi.org/10.1016/j.

arabjc.2014.10.033.

Ourari, A., Nora, H., Noureddine, C., Djouhra, A., 2015. Elaboration

of new electrodes with carbon paste containing polystyrene

functionalized by pentadentate nickel(II)-Schiff base complex –

Application to the electrooxidation reaction of methanol and its

aliphatic analogs. Electrochim. Acta 170, 311–320. https://doi.org/

10.1016/j.electacta.2015.02.154.

Sharafzadeh, S., Nezamzadeh-Ejhieh, A., 2015. Using of anionic

adsorption property of a surfactant modified clinoptilolite nano-

particles in modification of carbon paste electrode as effective

ingredient for determination of anionic ascorbic acid species in

presence of cationic dopamine species. Electrochim. Acta 184, 371–

380. https://doi.org/10.1016/j.electacta.2015.09.164.

Sheikh-Mohseni, M.H., Nezamzadeh-Ejhieh, A., 2014. Modification

of carbon paste electrode with Ni-clinoptilolite nanoparticles for

electrocatalytic oxidation of methanol. Electrochim. Acta 147, 572–

581. https://doi.org/10.1016/j.electacta.2014.09.123.

Sörbo, B., 1957. A colorimetric method for the determination of

thiosulfate. Biochim. Biophys. Acta 23, 412–416. https://doi.org/

10.1016/0006-3002(57)90346-3.

Tamiji, T., Nezamzadeh-Ejhieh, A., 2019. Electrocatalytic behavior of

AgBr NPs as modifier of carbon past electrode in the presence of
methanol and ethanol in aqueous solution: A kinetic study. J.

Taiwan Inst. Chem. Eng. 104, 130–138. https://doi.org/10.1016/j.

jtice.2019.08.021.

Wang, P., Yuan, Y., Jing, X., Zhu, G., 2001. Amperometric

determination of thiosulfate at a surface-renewable nickel(II)

hexacyanoferrate-modified carbon ceramic electrode. Talanta 53,

863–869. https://doi.org/10.1016/S0039-9140(00)00574-9.

Watkins, B.F., Behling, J.R., Kariv, E., Miller, L.L., 1975. Chiral

electrode. J. Am. Chem. Soc. 97, 3549–3550. https://doi.org/

10.1021/ja00845a061.

Wiberg, E., Wiberg, N., Holleman, A.F., 2001. Inorganic chemistry,

1st English ed. ed. Academic Press ; De Gruyter, San Diego:

Berlin ; New York.

Yang, Y., Chiang, K., Burke, N., 2011. Porous carbon-supported

catalysts for energy and environmental applications: A short

review. Catal. Today, Catal. Energy Clean Environ. 178, 197–

205. https://doi.org/10.1016/j.cattod.2011.08.028.

Zhang, J., Su, D., Zhang, A., Wang, D., Schlögl, R., Hébert, C., 2007.
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