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Abstract
A thiol amine surfactant, poly-3-(dodecylthio)-N-hexadecylacrylamide (iphI) was prepared and characterized using spectral
methods of analyses. The proposed potentiometric method was based on the fabrication of iphI-modified carbon paste (iphIMCPE; electrode IV) sensor. Fast, highly sensitive and wide dynamic range potentiometric sensor was constructed using the
prepared ionophore to quantify Cr(III) ions in spiked water sample under optimum conditions. The electrode (IV) exhibited an
excellent Nernstian response to Cr(III) ion ranging from 4.8 × 10 -7 to 1.0 × 10-2 mol L-1 with a detection limit of 4.8 × 10-7
mol L-1 and a slope of 19.59±0.45 mV decade-1 over a wide pH range (2.0-8.0) with a fast response time (7 s) at 25 oC. The
proposed sensor showed fairly good discriminating ability towards Cr(III) ion in comparison with many hard and soft metal
ions. The developed electrode has been successfully applied for the Cr(III) ions potentiometric determination in different
water samples. The results obtained compared well with those obtained using atomic absorption spectrometry.
Keywords: Thiol amine ionophore; Modified carbon paste sensor; Cr(III) determination; real water samples.

1. Introduction
Heavy metals are more attractive in toxicological,
pharmaceutical, environmental and biomedical
analysis [1, 2]. Among those, the detection of
chromium had more attention due to the high toxicity
of Cr(VI), while Cr(III) is considered less toxic and
unexpectedly necessary to human health in trace
concentration. The reverse effects of higher
concentration of Cr(III) comes from its high
coordination ability with different organic
compounds, resulting in inhibiting some metallicenzyme systems [3, 4]. The allowed limit for aqueous
effluent discharged into inland waters is 1.0 mg L-1
for total chromium (Cr(III) and Cr(VI)) and 0.10 mg
L-1 for Cr(VI) [5, 6].
Generally, complicated analytical techniques like
high performance liquid chromategraphy (HPLC) [7],
atomic absorption spectroscopy (AAS) [8], X-ray
fluorescence (XRF) [9], and inductively coupled

plasma-atomic emission spectroscopy (ICP-AES)
[10, 11] are used for the trace level determination of
metals. The disadvantages of these techniques can
summarized as the cost of routine analysis, time
consuming and uninteresting procedure of sample
preparation. On the other side, the advantages of
chemical sensors comes from their simple
instrumentation, speed and easy preparation of the
sample, cheap instrument as well as analysis, online
monitoring, broad dynamic range, good selectivity
and nondestructive analysis [12-16]. Recently ionselective electrodes proved promising alternative as
these provide linear dynamic range, fast response
time, non-destructive analysis and online analysis. To
develop a good sensitive sensor for chromium ion
determination [17-24], many efforts were done using
various neutral ionophores. However, reported
sensors showed narrow working concentration range,
non-Nernstian response and high response time [2528] and significant interference from foreign ions
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were appeared [29-33]. To achieve wider
applicability, these limitations need to be removed.
To prepare the selective ion sensor, the electroactive
materials used in the membranes is the important
requirement where it should display high lipophilicity
and strong affinity for a particular metal ion to be
determined and poor affinity for others. Sensors
include Schiff bases as electroactive ingredient has
been reported to appear excellent selectivity for
specific metal ions [34-37]. Schiff base ligands were
widely studied mainly because their facile syntheses,
electronic properties, easily tunable steric and good
solubility in common solvents. They are stable under
a diversity of oxidative and reductive conditions, and
these imine ligands are border line between hard and
soft Lewis bases. They are more important as
biochemical, analytical and antimicrobial reagents.
The use of Schiff bases as neutral carriers have been
displayed as ion selective electrodes to determine
cations such as copper(II) [38-40], mercury(II) [41],
nickel(II) [42], silver(I) [43], lead(II) [44] and
cobalt(II) [13] .

2. Experimental
Materials and methods:
Analytical grade reagents were used. Throughout all
experiments bidistilled water was used. Chromium
chloride [CrCl3.6H2O] and graphite powder
(synthetic 1–2 μm) were supplied from Aldrich. oNitrophenyloctylether (o-NPOE) was supplied from
Fluka, poly-3-(dodecylthio)-N-hexadecylacrylamide
(iphI) was prepared according to the previous
reported method [45]. Interfering materials such as
chloride salts of copper, magnesium, potassium,
cobalt, sodium, ferric and aluminum, cadmium,
nickel, calcium, in addition to bromide, iodide,
chloride and sulphate anions were used. Potassium
chromate and potassium dichromate were used as
source for Cr(VI). 1-Dodecylamine (98%), nhexadecylmercaptan (90%) and 1-dodecanethiol
(98%) were purchased from (Acros, USA). Acrylic
acid, azoisobutyronitrile and tetrahydrofuran were
purchased from El-Gomhouria Company, Egypt.
Water Samples
Real water samples included formation water (sample
1; Qarun Petroleum Company, Agiba Petroleum
Company, Egypt), tab water (samples 2; Cairo
university, Giza, Egypt), river water (samples 3;
Cairo, Egypt) and cooling tower water (sample 4;
________________________________________________
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EMISAL, Egyptian Mineral and Salts Company,
Fayoum, Egypt).
Potentiometric measurements
Laboratory potential measurements were carried out
by using Jenway 3505 pH-meter. Reference electrode
Silver-silver chloride double-junction was used
(Metrohm 6.0726.100). Using Thermo-Orion, model
Orion 3 stars, USA for pH measurements. Prior to
analysis, all glassware used were washed very well
with bidistilled water and dried in the oven before
use.
Preparation of ionophore:
a- Condensation reaction between 1-dodecanethiol
with acrylic acid:
The condensation reaction was carried out in threeneck glass flask equipped with magnetic stirrer,
thermometer, nitrogen gas inlet and a reflux
condenser. The reaction was carried out using 100 ml
of tetrahydrofuran (THF) as a solvent; in which 1
mole of 1-dodecanethiol were dissolved. Using
azoisobutyronitrile [AIBN] as an initiator (0.1% from
the total weight of 1-dodecanethiol) was dissolved in
a suitable amount of THF. During the first two hours
of the reaction the AIBN was added into four
proportions. In the beginning of the reaction, the
reaction flask was swept with nitrogen gas, then the
temperature of the mixture was raised up to 80 C
and 1 mole of acrylic acid was continuously
introduced during the reaction progress. After six
hours the product poly-3-(dodecylthio) acrylic acid
(I) was precipitated. The precipitated product was
collected and washed with water and then dried in
vacuum oven at 60 C.
b- Amidation reaction between product I with
hexadecan-1-amine:
The reaction was carried out using 30 ml of THF as a
solvent; in which 1
mole of poly-3(dodecylthio)acrylic acid (I) was dissolved in threeneck glass flask equipped with reflux condenser. In
the beginning of the reaction, the reaction flask was
swept with nitrogen gas, then the temperature of the
mixture was raised up to 80 C and 4.5 mole of
hexadecan-1-amine was continuously introduced
during the reaction progress. After eight hours the
product poly-3-(dodecylthio)-N-hexadecylacrylamide
(iphI) was precipitated. The scheme of the prepared
compound was shown in scheme 1.
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Preparation of modified carbon paste electrode
A 500 mg pure graphite powder and 5-15 mg of
(iphI) ionophore were transferred to mortar and
mixed well with plasticizer (0.2 mL of o-NPOE). The
modified paste is filled in electrode and kept in
distillated water for 24 h before use [35, 41, 46]. A
fresh surface was formed by gently pushing the
stainless-steel screw forward and by filter paper
polishing the new carbon-paste surface to form a
shiny new surface.

The characterization of the prepared ionophore was
carried out using FTIR spectra as shown in Figure 1
and GPC analysis.
FTIR:
The FTIR spectrum for compound iphI (Figure 1)
showed NH peak at 3306 cm-1 and the presence of
CONH peak at 1661 cm-1. The absence of C=C peak
at 1620 cm-1, absence of SH peak at 2400 cm-1 and
absence of OH peak at 3200 cm-1 proved that the
amidation process took place.

Calibration of the new MCPEs
O
R

A calibration graphs were constructing by plotting
the recorded potentials of the MCPEs (against
Ag/AgCl reference electrode) as a function of -log
[Cr(III)] within the concentration range from 1×10 -6
to 1×10-2 mol L-1 at pH 6 (using acetate buffer). This
graph was used for determination of unknown Cr(III)
concentration [17].

+

SH

OH
O
(100 ml)

AIBN 0.05
Temp. 80 oC
N2 gas

R

H
S

n

R(I) = C12H25

COOH

+ C16H33NH2

Determination of Cr(III) in spiked real water
samples

O

Temp. 80 oC
N2 gas

(30 ml)

About 5 ml of spiked real water samples were carried
to a 25 ml beaker and pH 6 was adjusted then content
was estimated via potentiometric calibration using
MCPE as sensing electrodes. The method was
repeated many times to make sure about the accuracy
and reproducibility of the proposed method [17, 47].
Surface tension measurements (ᵞ)

R

H

n

S

C16H33
O

N
H

R(C12H25) = iPhI , where n = 3

Scheme 1: Synthesis of iphI (poly-3-(dodecylthio)N-hexadecylacrylamide) ionophore.

Surface tension was measured by using De-Noȕy
Tensiometer (Kruss-K6 type, Germany) and applying
a platinum ring technique. A freshly prepared
aqueous solution of the synthesized surfactants in
distillated water was formed with a different molar
concentration range from 1 × 10-2 to 1 × 10-6 mol L-1
at room temperature (25 C). The ring was washed
twice after each reading first by ethanol and then
distilled water. The surface tension was measured
five times for each sample within a 2 minute interval
between each reading.
Results and Discussion
Chemical Structure Confirmation
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Egypt. J. Chem. 64, No. 1 (2021)

Figure 1.
FTIR spectra of iphI (poly-3(dodecylthio)-N-hexadecylacrylamide) ionophores.
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Gel permeation chromatography (GPC)

the thiol amine surfactant had small CMCs. This

Gel permeation chromatography (GPC; model

suggests that the thiol amine surfactant easily form

waters 515/2410) was used to determine the

aggregates in solution.

molecular weight and poly dispersity (Mw, Mn and

Effectiveness of Surface Tension Reduction (πcmc) [48].

Mw/Mn) of iphI ionophore. The dissolved sample in

The effectiveness of surface tension reduction (πcmc)

THF is passed across filter paper (pore size of 0.45

was

μm) and column (stryragel) calibrated using standard

πcmc = γo - γcmc

(poly styrene; shodex) at constant temperature (40

Where γo is the surface tension measured for pure

C) and flow rate (1 ml min-1). The MW of iphI

water at the suitable temperature and γcmc is the

compound was 922 g/mol.

surface tension at CMC.

Surface active properties:

Surface Excess Concentration (ᴦmax)

Micelles of surfactants are prepared in the bulk

Applying

aqueous solution above a given concentration for

[dγ/dlnC]γ, the surface excess concentration can be

each surfactant and this concentration known as the

calculated where (ᴦ): surface excess concentration of

critical micelle concentration (CMC). The CMC of

surfactant (mol/cm3), R: gas constant (8.314 J/

the surfactants at room temperature (25 C) was

mol.K), T: temperature in K, γ: surface or interfacial

determined by plotting the surface tension (c) versus

tension (mN/m) and C: concentration of surfactant

-ln concentration of the surfactant, as shown in

(mol/L) [49].

Figure 2 for iphI as a representative example. The

Minimum Surface Area per Molecule (Amin)

CMC values of the iphI was calculated from the

The minimum surface area was calculated applying

abrupt change in the slope of (γ) against (-ln C). The

the equation: Amin = 1016 / [ᴦmax . NA]

surface tension of surfactant solutions decreased

Where Amin: surface area per molecule of solute in

with increasing concentration of the aqueous

square nanometers (nm2), ᴦ: surface excess in

solutions, reaching clear break points, which were

mol/m2 and NA is Avogadro’s number [49]

taken as the CMC. Table 1 lists the CMC, the

Gibbs Free Energy of Micellization (∆Gmic) [50]

surface tension at the CMC (γCMC), the maximum

The Gibbs free energy of micellization was

surface excess concentration (Γ), and the area

calculated from the relation:

occupied per molecule (Amin). It is noteworthy that

∆Gmic = R T (1+𝛼) ln CMC

calculated

the

according

equation

ᴦmax

to

the

=

equation:

-10-7 [1/RT]

Where R: gas constant, T: absolute temperature, 𝛼:
fraction of counter ions bound by the micelle
Gibbs Free Energy of Adsorption (∆Gads) [51]
According to the relation: ∆G ads = ∆Gmic - [0:6022 x
πCMC x Amin], the Gibbs free energy of adsorption
can be evaluated. The data of surface active
parameters and thermodynamic parameters of the
Figure 2. Surface tension versus -ln C of the
iphI ionophore at room temperature
________________________________________________
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clear that, the CMC values decrease in case of iphI
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Table 1: Surface active and thermodynamic parameters of iphI at room temperature.
CMC
Amin,
cmcm
GmicKj/mol max,

Surfactants
3
2
2
10
1
mole/dm
nm .100
mol/m .10
N/m
CMC
6.82 × 10-4

iphI

38

0.57

2.90

7

178

GadsKj/mol-1
-24.8

-23.6

compound. This may be explained based on
decreasing the internal alkyl chain and molecular

Calibration Curve

weight leads to an increase of the mobility of the
iphI that might be adsorbed on the water surface.
The values of ᴦmax and Amin are listed in Table 1. The
results

of

the

thermodynamic

parameters

of

micellization expressed by the standard Gibbs free
energy,

∆Gmic

(micellization)

and

∆Gads

(adsorption), of the surfactant are listed in Table 1.
Since (∆Gmic<0) which means that the micellization
is a spontaneous process, in addition, ∆G mic becomes
less negative with the decrease of the internal alkyl
chain, which leads to the steric inhibition of
micellization. The ∆Gads (negative values) is greater
than ∆Gmic, indicating that the surfactant preferred to
adsorb on the interface than to form micelles. Since
the adsorption on the interface is associated with a
decrease in the free energy of the system then there

Poly-3-(dodecylthio)-N-hexadecylacrylamide (iphI)
compound

was

used

as

ionophore

for

the

construction of Cr(III) selective modified carbon
paste electrodes. The effect of paste composition,
selectivity, working range, pH of the media and the
life time of electrodes were examined. The sensors
plasticized with o-NPOE were calibrated against a
double junction Ag/AgCl reference electrode, at
25±1°C, using the direct calibration technique.
The potential response of the electrodes was
determined and they found to have a linear response
over wide concentration range from 4.8 × 10 -7 to 1.0
× 10-2 mol L-1 of Cr(III) with a divalent cationic
slope of 19.59±0.45 mV decade-1 and exhibit
detection limit of 4.8 × 10-7 mol L-1 for electrode
(IV) (Table 2).

is a direct relationship between the efficiency of
surfactant and the values of ∆Gads. In this respect,
the maximum negative value of ∆Gads (-24.803
kJ/mol-1) was obtained by iphI compound which
exhibited the highest detection for the Cr(III) in the
samples (accuracy 99.95%, precision 0.194).
As shown in Table 1, the area occupied per molecule
for the prepared thiol amine surfactant increases by
increasing the alkyl chain length because the
surfactant molecules adsorb at the air/water interface
to orient themselves, so as the hydrophobes are
directed away from water. But it is obvious
that Amin decreases by increasing the hydrophilic
chain length within the group.

________________________________________________
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Table 2: Response characteristics of modified CPE sensor
(electrode IV) with poly-3-(dodecylthio)-NParameter
CPE
hexadecylacrylamide ionophore.
Slope (mV decade-1) ±SD
19.59±0.45
Concentration range (mol L-1)
4.8×10-7 - 1×10-2
Correlation coefficient, r
0.998
-1
Lower detection limit (mol L )
4.8×10-7
-1
Upper detection limit (mol L )
1×10-2
Working pH range
2.0 – 8.0
Intercept (mV)
245.34±0.82
Life time (days)
166
Response time (s)
7
Standard deviation (SD)*
0.078
Relative standard deviation
0.795
(RSD%)*
Accuracy (%)
Precision (%)

99.95
0.194
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DOS.

Composition and characteristics of the
sensors
Previous experiments showed that chemically
modified carbon paste sensors which do not contain
ionophores have no response or low response
towards Cr(III) ion. For this purpose, new ionophore
as (iphI) was investigated as modifier for the present
electrodes. It was known that obtaining the
sensitivity and linearity with a given electrode
depend on the amount of ionophore in the electrode

Figure 3. Calibration curve for Cr(III) ion using

composition. Thus, five modified carbon paste

modified carbon paste electrode (electrode IV).

electrodes (MCPEs) were prepared to determine the

The plasticizers not only improve the workability of

best electrode. The proportion of (iphI) ionophore

the sensor, but also participate in the improvement

was varied as 5, 7.5, 10, 12.5 and 15 mg (w/w) %.

of the working concentration range, life span and

The results (Table 3) showed that on using paste of

stability of the electrode. The electrodes were found

optimum compositions (electrodes IV), a slope of

to have slope values of 19.59±0.45, 18.19±0.36,

19.59±0.45 mV decade-1 over a relatively wide

14.37±1.45, 15.97±1.52 and 13.41±2.47 mV decade -

range of Cr(III) concentration from 4.8×10 -7 to -

1

-2

-1

for MCPEs plasticized with o-NPOE, TCP, DBP,

was obtained. In all subsequent

DOP and DOS, respectively (Figure 4). The

studies, electrode (IV) made of paste consisting of

obtained calibration graphs shown in Figure (4)

12.5 mg ionophore was used. A calibration plot for

clarified that the MCPE electrode plasticized with o-

the electrode is shown in Figure 3. The limit of

NPOE showed the highest slope over the other

detection, as determined from the intersection of the

studied plasticizers. This may be accounted to the

two extrapolated segments of the calibration graph,

fact that these plasticizers have different dielectric

1×10

mol L

was 4.8×10 mol L .

constant (ε = 24, 17.6, 3.8 and 4.7 for o-NPOE,

Effect of plasticizer

TCP, DOS and DOP plasticizers, respectively).

The impact of solvent mediator (plasticizer) type and

Dynamic response time

its concentration on the characteristics of the Cr(III)

The response time of MCPE is very important

modified carbon paste sensors (Cr(III)-MCPEs) were

parameter and the average response time is the time

investigated using five solvents with different

required for the electrodes to reach a cell potential of

polarities namely o-NPOE, TCP, DBP, DOP and

90% of the final equilibrium according to IUPAC

-7

-1

Table 3: Effect of ionophore content on the performance characteristics of modified CPE sensors.
No. of
Ionophore Content
Concentration rang (mol
electrodesa
(mg)
L-1)
I
5
1×10-6-1×10-2
II
7.5
1×10-6-1×10-2
III
10
1×10-6-1×10-2
IV
12.5
4.8×10-7-1×10-2
V
15
1×10-6-1×10-2
a
Poly-3-(dodecylthio)-N-hexadecylacrylamide ionophore (iphI
________________________________________________
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Slope
(mV decade-1) ±SD
14.83±2.16
15.69±2.03
17.08±1.46
19.59±0.45
18.27±0.92

Recovery %
97.06
97.36
99.88
99.99
99.92
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definition. A response time of 7s was obtained for
this electrode (Figure 5).

Figure 6. Effect of pH of the test solution on
the potential readings of modified CPE
sensor (electrode IV).
Fig. 4. Effect of plasticizer type on the performance characteristics
of electrode IV.

A change of electrode performance with temperature,
at different test solution temperatures (10-65 oC) for
the Cr(III) electrode was examined.
The electrode IV exhibits good Nernstian behavior
in the temperature range (20–60 ºC) as shown in
Figure 7. The standard cell potentials (Eº cell) which
used to determine the isothermal temperature
coefficient (dEº/dt) of the cell, were determined as
previously reported [52]. The isothermal coefficient

Figure 5. Dynamic response time of Cr(III) modified
CPE sensor (electrode IV).

of the electrode IV was found to be 0.000168 mV/ºC
which pointed out that it had high thermal stability

Effect of pH

within the investigated temperature range and its

The results showed the effect of the solution pH (pH
= 1-10) on the potential response of the paste sensor

ability to be usable up to 60 ºC without noticeable
deviation from the Nernstian behavior.

(electrode IV) were shown in Figure 6. The potential
does not change apparently at pH range 2.0–8.0,
which can be used as the working pH range of the
proposed electrode, as shown in Figure 6. While,
outside this range, the potential changed. The
increase of potential below pH 2.0 may be ascribed
to the competitive binding of protons to the ligand
on the electrode surface. The decrease of potential
above pH 8.0 can be attributed to the formation of
hydroxyl

complexes

of

Cr(III)

ions

which

diminished its ability to combine with the carrier
[17].

Effect of temperature
________________________________________________
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Figure 7. Variation of the cell e.m.f. with the
temperature for the modified CPE sensor
(electrode IV).
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Potentiometric selectivity

performance for determination of Cr(III) ions in the

The selectivity behavior was described in terms of

presence of other interfering ions.

selectivity coefficient which reflected the response
of the modified sensor for the primary ion over the
other ions present in the solution.
To examine the selectivity of Cr(III) selective

Table 4. Potentiometric selectivity coefficients of
some interfering ions using the modified CPE
sensor (electrode IV)
MPM
(a)
A, B

MPM
(a)
A, B

electrode (electrode IV), the potential response was

Interfering
ions (B)

-log K

Interfering
ions (B)

-log K

examined in the presence of different cations using

Na+

3.90

Fe3+

1.45

3+

the matched potential method (MPM) [37, 53]. The

3.68

Ti

4.25

MPM was followed and the selectivity coefficient

Sr

2+

2.06

NH4+

4.33

was calculated by:

Pb2+

3.28

Al3+

4.52

Ca2+

4.16

Cl-

3.14

-

3.42

K

a'A - aA

MPM

=

A, B

2+

Ni

aB

In the present study, aA and aA´were kept at 1.0× 10-3
and 5.0 × 10

-5

-1

mol L

K

+

Cr(III) and aB was

4.28

Br

2+

Mn

4.41

I

-

Mg2+

3.96

SO42-

2.47

Ba2+

3.69

Cu2+

4.07

2+

3.93

3.66

experimentally determined. Possible interferences

Fe

2+

1.99

Cd

from a number of cations were studied. Data listed

Co2+

3.70

-

of Cr(III)

(below the detection limit of the

-

in Table 4 reflected that most of the selectivity
coefﬁcients were very low, indicating that signiﬁcant
interference was not observed on the electrode IV

Potentiometric determination of Cr(III) ion in
different spiked water samples

electrode) were spiked by adding aliquots of
standard solution of Cr(III) ion to the samples. The

The Cr(III)-MCPEs were used for determination of

samples were acidified with HNO3 acid to dissociate

Cr(III) ions in various different water samples

the metal-complexes then adjusted to pH 4.0-6.0

including formation water, tap, river Nile and

using acetate buffers.

cooling water samples. Determination of Cr(III) in

The amount of chromium was measured by the

these samples was performed using the standard

chromium selective electrode (electrode IV) and by

addition method. The assay method for Cr(III) ions

atomic absorption spectrometry (AAS). It is clear

over the concentration range of 1 × 10 – 1 × 10

from the results, given in Table 5, that there is good

-6

-2

mol L-1 was accomplished using three batches (three

agreement between the results of the proposed

determinations each) for the statistical treatment of

sensor and those obtained from AAS method. The

the results. Water samples of very low concentration

recovery ranges are between 98.20 and 99.20%.

________________________________________________
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Table 5. Potentiometric determination of Cr(III) in spiked water samples using modified CPE sensor (electrode
IV).
[Cr(III)] mg mL-1

Sample No.
Taken
1

2.0

2
3
4
SD

2.0
2.5
2.5

Found
Sensor IV
1.97
1.99
2.46
2.48
0.095-0.263

RSD (%)
AAS
1.94

Sensor IV

AAS

1.427

1.952

1.98
0.954
1.006
2.44
1.673
1.895
2.45
1.083
1.702
0.152-0.371
(electrode IV) responds to Cr(III) ions in a Nernstian

Comparison study

behaviour with slope of 19.59±0.45 mV decade -1

In Table 6, very important characteristics of the

and low detection limit of 4.8×10-7 mol L-1. The

proposed electrode IV are compared with the

electrode IV was characterized by a rapid response,

corresponding values previously reported for Cr(III)

responsive potential stability and reasonable long-

selective electrodes based on various modifiers [17-

term stability. Most of metal ions do not affect the

24]. It is clear from this table that in many cases, the

selectivity of the chromium electrode. Table 6

performances of the proposed electrode (electrode

showed

IV) showed good behavior if compared with the

performance characteristics of the proposed sensor

previously reported Cr(III) sensors.

(electrode IV) with those of the previously prepared

the

comparison

study

between

the

Cr(III) sensors. From the interference study it is
CONCLUSION

obvious that the proposed sensor has no interference

The modified carbon paste electrode incorporating

from many ions. Wider working concentration range

poly-3-(dodecylthio)-N-hexadecylacrylamide (iphI)

and lower limit of detection were also offered by the

ionophore as electroactive phase can be used in the

proposed sensor (electrode IV) compared to some of

development of chromium ion-selective electrodes.

those previously suggested [17-24]. The response

The electrode having the composition of 50.0%

time of the present sensor is smaller than many of

graphite, 45.0% TCP and 5.0% iphI ionophore

the reported electrodes [17-24].

Table 6. Comparative study between the Cr(III)-MCPE (electrode IV).characteristics with some of the previously reported
Cr(III)-ISEs.
References
Slope
Response
pH
Life time
Linear range
DL (mol L-1)
Proposed
electrode (IV)
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

(mV decade-1)
19.59

time (s)
7

2.0 – 8.0

(months)
<6

(mol L-1)
4.8×10-7 - 1.0×10-2

4.8 × 10-7

19.90
19.60
20.00
19.7
19.50
19.88
19.00
29.7

9
10
15
5
10
< 13
10
10

2.0 – 7.0
3.2 - 6.3
4.5 - 6.5
3.5-8.0
3.0 – 5.5
3.0 - 10.0
3.5 – 6.5
3.0-5.0

4
2
5
>2
3
<3
5
2

1.0×10-6 – 1.0×10-1
1.0×10-6 –1.0×10-1
4.0×10-6 –1.0×10-1
8.0×10-6 – 1.0×10-1
1.66×10-6 –1.0×10-2
1.0×10-7 – 1.0×10-2
7.0×10-6
–1.0×10-1
7.0×10-6 –1.0×10-1

2.8 × 10-7
5.3 × 10−7
2.0×10-7
7.0×10-6
8.0× 10 -7
6.3×10-7
1.0×10-6
3.1×10-7

________________________________________________
Egypt. J. Chem. 64, No. 1 (2021)

183
SYNTHESIS OF THIOL AMINE SURFACTANT FOR SENSOR FABRICATION..
__________________________________________________________________________________________________________________

References
[1] K. Cheung, J.-D. Gu, Mechanism of hexavalent
chromium detoxification by microorganisms and
bioremediation application potential: a review,
International Biodeterioration & Biodegradation
59(1) (2007) 8-15.
[2] S. Emmanueul, I. Adamu, A. Ejila, M. Ja’afaru,
A. Yabaya, B. Habila, Characterization of chrome
buffing dust (CBD) generated from NILEST
tannery associated with pathogenic fungi, Journal
of Toxicology and Environmental Health
Sciences 6(3) (2014) 89-98.
[3] I. Villaescusa, S. Marti, C. Matas, M. Martine,
J.M. Ribó, Chromium (VI) toxicity to
luminescent bacteria, Environmental Toxicology
and Chemistry 16(5) (1997) 871-874.
[4] X.R. Xu, H.B. Li, J.D. Gu, X.Y. Li, Kinetics of
the reduction of chromium (VI) by vitamin C,
Environmental toxicology and chemistry 24(6)
(2005) 1310-1314.
[5] V.K. Gupta, M. Gupta, S. Sharma, Process
development for the removal of lead and
chromium from aqueous solutions using red
mud—an aluminium industry waste, Water
research 35(5) (2001) 1125-1134.
[6] J. Sahu, J. Acharya, B. Meikap, Response surface
modeling and optimization of chromium (VI)
removal from aqueous solution using Tamarind
wood activated carbon in batch process, Journal
of hazardous materials 172(2) (2009) 818-825.
[7] A.M. Elfadly, A.M. Badawi, F.Z. Yehia, Y.A.
Mohamed, M.A. Betiha, A.M. Rabie, Selective
nano alumina supported vanadium oxide catalysts
for oxidative dehydrogenation of ethylbenzene to
styrene using CO2 as soft oxidant, Egyptian
Journal of Petroleum 22(3) (2013) 373-380.
[8] M.S. Mostafa, A.-S.A. Bakr, A.M.A. El Naggar,
E.-S.A. Sultan, Water decontamination via the
removal of Pb (II) using a new generation of
highly
energetic
surface
nano-material:
Co+2Mo+6 LDH, Journal of Colloid and
Interface Science 461 (2016) 261-272.
[9] A.W. Morris, The simultaneous determination of
vanadium, chromium, manganese, iron, cobalt,
nickel, copper and zinc in sea water by x-ray
fluorescence sectrometry, Analytica Chimica
Acta 42 (1968) 397-406.
[10] E. Rossi, M.I. Errea, M.M.F. de Cortalezzi, J.
Stripeikis, Selective determination of Cr (VI) by
on-line solid phase extraction FI-SPE-FAAS
using an ion exchanger resin as sorbent: An
improvement treatment of the analytical signal,
Microchemical Journal 130 (2017) 88-92.
[11] S.-i. Yamasaki, A. Takeda, K. Kimura, N.
Tsuchiya, Underestimation of chromium and
zirconium in soils by hydrofluoric acid digestion
________________________________________________
Egypt. J. Chem. 64, No. 1 (2021)

and
inductively
coupled
plasma-mass
spectrometry, Soil Science and Plant Nutrition
62(2) (2016) 121-126.
[12] Z.F. Akl, T.A. Ali, Highly sensitive
potentiometric sensors for thorium ions detection
using morpholine derivative self-assembled on
silver nanoparticles, RSC Advances 6(81) (2016)
77854-77862.
[13] T.A. Ali, R.F. Aglan, G.G. Mohamed, M.A.
Mourad, New Chemically modified screenprinted electrode for co(II) determination in
different water samples, International Journal of
Electrochemical Science 9(4) (2014) 1812-1826.
[14] T.A. Ali, A.A. Farag, G.G. Mohamed,
Potentiometric determination of iron in polluted
water samples using new modified Fe(III)-screen
printed ion selective electrode, Journal of
Industrial and Engineering Chemistry 20(4)
(2014) 2394-2400.
[15] T.A. Ali, G.G. Mohamed, Potentiometric
determination of La(III) in polluted water samples
using modified screen-printed electrode by selfassembled mercapto compound on silver
nanoparticles, Sensors and Actuators, B:
Chemical 216 (2015) 542-550.
[16] T.A. Ali, G.G. Mohamed, Modified screenprinted ion selective electrodes for potentiometric
determination of sodium dodecylsulfate in
different samples, Journal of AOAC International
98(1) (2015) 116-123.
[17] T.A. Ali, A.L. Saber, G.G. Mohamed, T.M.
Bawazeer, Determination of Cr(III) ions in
different water samples using chromium(III)sensor
based
on
N-[4-(dimethylamino)
benzylidene]-6-nitro-1,3-benzothiazol-2-amine,
International Journal of Electrochemical Science
9(9) (2014) 4932-4943.
[18] H.A. Zamani, G. Rajabzadeh, M. Masrornia, A.
Dejbord, M.R. Ganjali, N. Seifi, Determination of
Cr3+ ions in biological and environmental
samples by a chromium(III) membrane sensor
based
on
5-amino-1-phenyl-1H-pyrazole-4carboxamide, Desalination 249(2) (2009) 560565.
[19] V. Gupta, A. Jain, P. Kumar, S. Agarwal, G.
Maheshwari, Chromium (III)-selective sensor
based on tri-o-thymotide in PVC matrix, Sensors
and Actuators B: Chemical 113(1) (2006) 182186.
[20] L. Hajiaghababaei, S. Takalou, F. Adhami,
High-Sensitive and Selective Liquid Membrane
Electrode for Direct Determination of Trace
Amounts of Chromium, Journal of Applied
Chemical Research 10(3) (2016) 73-84.
[21] A. Abbaspour, A. Izadyar, Chromium (III) ionselective
electrode
based
on
4-

184
T.A. Ali and A. Al-Sabagh.
_____________________________________________________________________________________________________________

dimethylaminoazobenzene, Talanta 53(5) (2001)
1009-1013.
[22] Z. Heidari, M. Masrournia, R.S. Khoshnood,
Fabrication a composite electrode based on
MWCNT/Zeolite
for
potentiometric
determination of Cr3+, Oriental Journal of
Chemistry 32(1) (2016) 627-635.
[23] R.K. Sharma, A. Goel, Development of a Cr
(III)-specific potentiometric sensor using Aurin
tricarboxylic acid modified silica, Analytica
Chimica Acta 534(1) (2005) 137-142.
[24] S. Hashemi, A. Nezamzadeh-Ejhieh, A novel
chromium selective electrode based on surfactantmodified Iranian clinoptilolite nanoparticles,
Desalination and Water Treatment 57(7) (2016)
3304-3314.
[25] G.G. Mohamed, T.A. Ali, M.F. El-Shahat, A.M.
Al-Sabagh, M.A. Migahed, New Screen-Printed
Ion-Selective Electrodes for Potentiometric
Titration of Cetyltrimethylammonium Bromide in
Different Civilic Media, Electroanalysis 22(21)
(2010) 2587-2599.
[26] G.G. Mohamed, T.A. Ali, M.F. El-Shahat, A.M.
Al-Sabagh, M.A. Migahed, E. Khaled,
Potentiometric determination of cetylpyridinium
chloride using a new type of screen-printed ion
selective electrodes, Analytica Chimica Acta
673(1) (2010) 79-87.
[27] G.G. Mohamed, T.A. Ali, M.F. El-Shahat, M.A.
Migahed, A.M. Al-Sabagh, Novel screen-printed
electrode
for
the
determination
of
dodecyltrimethylammonium bromide in water
samples, Drug Testing and Analysis 4(12) (2012)
1009-1013.
[28] G.G. Mohamed, M.F. El-Shahat, A.M. AlSabagh, M.A. Migahed, T.A. Ali, Septonextetraphenylborate screen-printed ion selective
electrode for the potentiometric determination of
Septonex in pharmaceutical preparations, Analyst
136(7) (2011) 1488-1495.
[29] T.A. Ali, G.G. Mohamed, M.M.I. El-Dessouky,
S.M. Abou El Ella, R.T.F. Mohamed, Modified
carbon paste ion selective electrodes for the
determination of iron (III) in water, soil and fish
tissue samples, International Journal of
Electrochemical Science 8(1) (2013) 1469-1486.
[30] Ö. Isildak, O. Özbek, Silver(I)-selective PVC
membrane potentiometric sensor based on
5,10,15,20-tetra(4-pyridyl)-21H,
23H-porphine
and potentiometric applications, Journal of
Chemical Sciences 132(1) (2020).
[31] T.A. Ali, G.G. Mohamed, A.H. Farag,
Electroanalytical studies on Fe(III) ion-selective
sensors
based
on
2-methyl-6-(4methylenecyclohex-2-en-1-yl)hept-2-en-4-one
ionophore,
International
Journal
of
Electrochemical Science 10(1) (2015) 564-578.
________________________________________________
Egypt. J. Chem. 64, No. 1 (2021)

[32] L. Wang, Z. Wang, C. Zhou, W. Song, C. Sun,
Potentiometric microsensor based on ionimprinted polymer for the trace determination of
cesium(I) ions, Journal of Dispersion Science and
Technology 41(7) (2020) 1095-1103.
[33] T.A. Ali, G.G. Mohamed, A.R. Othman, Design
and construction of new potentiometric sensors
for determination of copper(II) ion based on
copper oxide nanoparticles, International Journal
of Electrochemical Science 10(10) (2015) 80418057.
[34] E.Y.Z. Frag, T.A. Ali, G.G. Mohamed, Y.H.H.
Awad, Construction of different types of ionselective electrodes. characteristic performances
and validation for direct potentiometric
determination
of
orphenadrine
citrate,
International Journal of Electrochemical Science
7(5) (2012) 4443-4464.
[35] T.A. Ali, G.G. Mohamed, Determination of
Mn(II) ion by a modified carbon paste electrode
based on multi-walled carbon nanotubes
(MWCNTs) in different water samples, Sensors
and Actuators, B: Chemical 202 (2014) 699-707.
[36] Z. Bangaleh, H.B. Sadeghi, S.A. Ebrahimi, P.
Najafizadeh, A new potentiometric sensor for
determination and screening phenylalanine in
blood serum based on molecularly imprinted
polymer, Iranian Journal of Pharmaceutical
Research 18(1) (2019) 61-71.
[37] T.A. Ali, G.G. Mohamed, A.H. Said,
Construction and Performance Characteristics of
Modified Screen Printed and Modified Carbon
Paste Sensors for Selective Determination of
Cu(II) Ion in Different Polluted Water Samples,
Chemical Engineering Communications 203(6)
(2016) 724-735.
[38] T.A. Ali, A.M. Eldidamony, G.G. Mohamed,
D.M. Elatfy, Construction of chemically modified
electrode for the selective determination of
copper(II) ions in polluted water samples based
on new β-cyclodextrine and 1,4-bis(6bromohexyloxy)benzene
ionophores,
International Journal of Electrochemical Science
9(5) (2014) 2420-2434.
[39] T.A. Ali, G.G. Mohamed, M.M.I. El-Dessouky,
S.M. Abou El-Ella, R.T.F. Mohamed, Modified
screen-printed electrode for potentiometric
determination of copper(II) in water samples,
Journal of Solution Chemistry 42(6) (2013) 13361354.
[40] T.A. Ali, G.G. Mohamed, A.R. Othman, Design
and construction of new potentiometric sensors
for determination of copper(II) ion based on
copper oxide nanoparticles, International Journal
of Electrochemical Science 10(9) (2015) 72757291.

185
SYNTHESIS OF THIOL AMINE SURFACTANT FOR SENSOR FABRICATION..
__________________________________________________________________________________________________________________

[41] T.A. Ali, G.G. Mohamed, Multi-walled carbon
nanotube and nanosilica chemically modified
carbon paste electrodes for the determination of
mercury(II) in polluted water samples, Analytical
Methods 7(15) (2015) 6280-6289.
[42] Y. Wang, Y. Rui, F. Li, M. Li, Electrodeposition
of nickel hexacyanoferrate/layered double
hydroxide hybrid film on the gold electrode and
its application in the electroanalysis of ascorbic
acid, Electrochimica Acta 117 (2014) 398-404.
[43] H.M. Abu-Shawish, S.M. Saadeh, H.M. Dalloul,
B. Najri, H.A. Athamna, Modified carbon paste
electrode for potentiometric determination of
silver(I) ions in burning cream and radiological
films, Sensors and Actuators B: Chemical 182
(2013) 374-381.
[44] A. Jasiński, M. Guziński, G. Lisak, J. Bobacka,
M. Bocheńska, Solid-contact lead(II) ionselective
electrodes
for
potentiometric
determination of lead(II) in presence of high
concentrations of Na(I), Cu(II), Cd(II), Zn(II),
Ca(II) and Mg(II), Sensors and Actuators B:
Chemical 218 (2015) 25-30.
[45] T.A. Ali, G.G. Mohamed, M.M. Omar, N.M.
Hanafy,
Construction
and
performance
characteristics of chemically modified carbon
paste electrodes for the selective determination of
Co(II) ions in water samples, Journal of Industrial
and Engineering Chemistry 47 (2017) 102-111.
[46] T.A. Ali, G.G. Mohamed, M.M. El-Dessouky,
R.M. Ragheb, Highly selective potentiometric
determination
of
1-dodecyl-5-methyl-1Hbenzo[d][1,2,3]triazol-1-ium bromide surfactant
in polluted water samples using 1,4-bis-(8Mercaptooctyloxy)-benzene
ionophore,
International Journal of Electrochemical Science
10(6) (2015) 4820-4831.
[47] T.A. Ali, G.G. Mohamed, A.M. Al-Sabagh,
M.A. Migahed, A new screen-printed ion
selective electrode for determination of
citalopram hydrobromide in pharmaceutical
formulation, Fenxi Huaxue/ Chinese Journal of
Analytical Chemistry 42(4) (2014) 565-572.
[48] A. Al-Sabagh, M. Abdul-Raouf, R. AbdelRaheem, Surface activity and light scattering
investigation for some novel aromatic polyester
amine surfactants, Colloids and Surfaces A:
Physicochemical and Engineering Aspects 251(1)
(2004) 167-174.
[49] A. Al‐Sabagh, Surface activity and
thermodynamic properties of water‐soluble
polyester surfactants based on 1, 3‐
dicarboxymethoxybenzene used for enhanced oil
recovery, Polymers for Advanced Technologies
11(1) (2000) 48-56.
[50] J.W. Gibbs, H.A. Bumstead, W.R. Longley, The
collected works of J. Willard Gibbs, Longmans,
Green and Company1928.
________________________________________________
Egypt. J. Chem. 64, No. 1 (2021)

[51] Y.H. Kim, D.T. Wasan, Effect of demulsifier
partitioning on the destabilization of water-in-oil
emulsions, Industrial & engineering chemistry
research 35(4) (1996) 1141-1149.
[52] L. Antropov, Theoretical Electrochemistry(MIR
Pub, Moscow, 1972.
[53] T.A. Ali, M.H. Soliman, G.G. Mohamed,
Electrochemical Determination of N-(1,1,2,2tetrahydroperfluorooctyl)-N,
Ndimethylammonium Chloride Surfactant in
Different Water Samples Using Modified ScreenPrinted Electrode, International Journal of
Electrochemical Science 11(2) (2016) 1055-1069.

