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Abstract

A novel 8-aminoquinoline-functionalized bentonite was utilized as an electroactive sensing element in the construction
of a potentiometric carboxylated-PVC-based polymeric membrane electrode. The electrode exhibited a linear response
for copper(II) ions in the concentration range of 1.0 x 107°=1.0 x 10~ mol/dm® with a slope of 28.24 mV/decade. While
the response time of the electrode determined as about 20 s, its detection limit and long life time was determined as
5.0% 107® mol/dm?® and 5 months, respectively. The proposed electrode was applied for the potentiometric detection of Cu(II)
contents of some spiked water samples and satisfied results were attained.
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Introduction

Copper is considered the third most abundant heavy metal
on earth after Fe and Zn and is found at low levels in water,
rocks, and crust [1]. Copper is commonly used in many
industries such as wiring, electrodeposition, painting, metal
processing, fertilizers, wood, pigment industries, etc.,
because of its distinct properties which include high electri-
cal conductivity, flexibility, chemical stability, and the abil-
ity to alloy with a wide range of metals [2, 3]. As a result
of copper-based human activities on the world, the release
of this element into the environment increases day by day.
As a micronutrient, copper is essential for the normal
functioning of living organisms [4]. It participates in many
physiological processes and the synthesis of neuropep-
tides, has immune functions and serves as a cofactor for
many redox enzymes [5]. However, when its level is over
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the appropriate quantity in the living things, it shows toxic
and harmful impact on health. High levels of copper can
cause several illnesses such as Alzheimer's disease, Wil-
son's disease, depression, bipolar disorder, stomach con-
vulsions, hypothyroidism, Hashimoto's disease, infertility,
vomiting, memory loss, premenstrual syndrome, gastroin-
testinal disorders, liver and kidney damage, pelvic inflam-
matory disease [6, 7].

Managing the state of the natural environment such as
soil, sewage, and water samples has been recently one of
the momentous environmental issues due to its effects on
the human and other living organisms. The most harm-
ful aspect of copper as one of the most significant water
pollutant emerged from that the tolerance limit for cop-
per in drinking water is 1.3 mg/dm® according to World
Health Organization (WHO) guidelines [8]. Therefore, it
is extremely vital to monitor copper concentrations in dif-
ferent water samples and necessary to develop a simple,
reliable and inexpensive technique for the determinations.

Up to date, several methods, involving Atomic Absorp-
tion Spectrometry (AAS) [9], Graphite Furnace Atomic
Absorption Spectrophotometry (GF-AAS) [10], Flame
Atomic Absorption Spectrometry (FAAS) [11], Electro-
thermal Atomic Absorption Spectrometry (ET-AAS) [12],
neutron activation analysis [13], X-ray fluorescence [14],
fluorimetry [15], Inductively Coupled Plasma-Mass Spec-
trometry (ICP-MS) [16], Inductively Coupled Plasma-
Optical Emission Spectrometry (ICP-OES) [17], Lig-
uid—-Liquid Micro extraction-UV—-vis Spectrophotometry
(LLM-UVVS) [18], Capillary Electrophoresis (CE) [19],
chromatography [20], gravimetric detection [21], Adsorp-
tion Stripping Voltammetry (ASV) [22], and potentiom-
etry [23, 24] have been introduced for the determination of
copper(Il) ions. While most of these methods have many
advantages, such as reduced detection limits and enhanced
sensitivity, they also have some limitations including,
incorporation of expensive and sophisticated equipment,
need for skilled personnel and special pre-treatment pro-
cesses for the sample, complex measurement procedures
and long detection periods. Therefore, the development
of reliable, simple, and inexpensive methods for copper
measurement is of great interest.

Potentiometry is one of the most commonly used electro-
chemical methods for the quantitative measurement of vari-
ous metal ions. In recent years, ion-selective potentiometric
electrodes have been used in many fields for the identifica-
tion of different species as an alternative to the aforemen-
tioned costly detection methods due to their advantages,
such as high selectivity, wide dynamic range, low detection
limit, low cost, short analysis time, high accuracy and preci-
sion, simple design, no damage to the measuring material,
mostly no pre-treatment step, determination even in colored
and turbid solutions [25].

@ Springer

Although various types of ion-selective electrodes pre-
sented in the literature, ionophore-based PVC-membrane
electrodes have been the most broadly manufactured types
among the other ISE types in the field of potentiometry.
As well-known, the most important ingredient that imparts
selectivity and sensitivity to a PVC-membrane electrode is
the electroactive component, also known as ionophore. In
PVC-membrane electrodes, the ionophore material and other
membrane components are physically brought together and
the ionophore material is embedded in the matrix without
a chemical bonding (chemical interaction). The resulting
membrane is then coated on the surface of an ion to elec-
tron transducer as a thin film. However, one of the most
important problems encountered in this type of solvent poly-
meric PVC-membrane electrodes is the dissolution of the
membrane components and leakage into the measurement
solution over time [26]. Therefore, the deteriorations in the
potentiometric performance properties of the electrodes such
as detection limit, life-time selectivity, sensitivity, stability,
etc. are observed as the day passes [27, 28]. To overcome
this problem, a material either chemically modified with
ionophore or with functional groups displaying ionophore
properties can be included in the membrane structure, which
does not leach into the measuring solution [29, 30]. Alter-
natively, modified materials that have functional groups and
complexing sites in appropriate orientation and directions
complementary to the target species, thus creating selective
and sensitive interactions with the target species, can be used
directly as an electroactive sensing component in the PVC
matrix [31-33].

In the current research, we have executed the chemical
functionalization of a bentonite. The structural description
of the resulting material was achieved using powder X-ray
diffraction (XRD), Fourier-transform infrared spectros-
copy (FT-IR), and scanning electron microscopy-energy,
dispersive X-ray spectroscopy (SEM—-EDX) techniques.
The obtained material was implemented as an electroactive
substance in the fabrication of a solid-contact carboxylated-
PVC-membrane electrode selective to Cu(Il) ions. The ana-
lytical performance characteristics of the suggested electrode
were appointed. The analytical application of the electrode
were carried out using the electrode for the determinations
of Cu(Il) contents of spiked water samples.

Results and discussion

Characterization of the samples

The XRD patterns of Bent and Bent-8AQ composite are
displayed in Fig. 1a, b, respectively. (001), (020-110),

(130-200) and (060) diffractions of bentonite are observed
at 7.04°,20.31°, 36.89°, and 61.81° (26) with the distances
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Fig.1 XRD patterns of a Bent and b Bent-8AQ composite

of 13.44, 4.37, 2.43, and 1.50 10\, respectively, and signi-
fies that the main component of the Bent is montmorillonite
[34]. The peaks belonging to cristobalite (Cr) are also seen
at 22.16° and 27.17° (260). In addition, (060) diffraction has
1.50 A value showing that the bentonite contains a diocta-
hedral montmorillonite [34, 35]. After the grafting of 8AQ
onto bentonite by consecutive synthesis process, the inten-
sity of (001) peak is significantly decreased and widen due
to the delamination of bentonite layers by incorporation of
8AQ and/or used chemicals during synthesis [36, 37]. How-
ever, the positions of the other diffractions peaks belonging
to bentonite did not change after the grafting process. This
situation showed that 8AQ molecules are grafted on delami-
nated clay layers.

FT-IR spectroscopy was used to confirm the existence
of grafted 8 AQ species and the comparative FT-IR spectra
of Bent and Bent-8 AQ composite are shown in Fig. 2a, b.
The IR peaks at 3619 and 917 cm™! are attributed to the
stretching and bending vibrations of structural hydroxyls
in octahedral layers, respectively, while the IR band at
3406 and 1635 cm™! are ascribed to hydroxyl stretch-
ing and bending vibrations of adsorbed water species on
bentonite, respectively (Fig. 2a). The strong IR band at
1007 cm™! belongs to the Si—O-Si stretching and the IR
bands 524, 448, and 424 cm™! are correspond to Si-O,
Al-0-Si, and Si—O-Si bending, respectively [34-36].

a)

b)
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Fig.2 FT-IR spectra of a Bent and b Bent-8 AQ composite

Furthermore, a peak is seen at 790 cm™! which is related
to cristobalite as confirm by XRD. The grafting of 8AQ
on bentonite by consecutive synthesis process resulted in
appearance the novel IR vibration peaks for Bent-8AQ
composite. The IR bands in the region 2972-2885 cm™!
correspond to stretching vibration of CH, groups whereas
the weak peak at 3018 cm™! assigned to the aromatic C-H
stretching vibrations. The new IR bands 1712, 1557, and
698 cm™! originating from C = O stretching, N-H bending,
and aromatic C-H deformations, respectively, confirming
the chemical binging of 8AQ to Bent-COOH via amida-
tion reaction.

SEM images and EDX figures of Bent and Bent-8AQ
composite are presented in Fig. 3. The SEM images
showed that there are some differences morphologies of
Bent and Bent-8AQ composite as it presented in Fig. 3a, b,
respectively. The SEM image of Bent reveals curved plates
with fluffy appearance and porous structure whereas the
SEM image Bent-8 AQ composite has more smooth surface
and compact appearance by grafting of 8 AQ. In addition,
the EDX analysis of Bent indicates that bentonite con-
tains O (51.68 wt%), Si (33.33 wt%), Al (10.57 wt%), Fe
(1.36 wt%), Mg (2.49 wt%), Ca (0.54 wt%), and Na (0.03
wt%) which are characteristic constituents of clay miner-
als (Fig. 3c). However, the Bent-8 AQ composite contains
O (44.97 wt%), Si (20.10 wt%), Al (4.20 wt%), Fe (0.39
wt%), Mg (0.93 wt%), Ca (0.39 wt%), Cl (1.33 wt%), C
(22.90 wt%), and N (4.79 wt%) (Fig. 3d). Si, Al, Fe, O,
Mg, and Ca atoms were related to Bent clay whereas C and
N atoms were originated from production of Bent-8AQ
composite (Fig. 3d).
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Fig.3 SEM images of a Bent
and b Bent-8AQ composite,
EDX spectra of ¢ Bent and d
Bent-8AQ composite
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Potentiometric performance characteristics
of the proposed electrode

Preliminary measurements of the prepared electrode showed
that the electrode had a more selective potentiometric behav-
ior towards Cu(Il) ions. Therefore, potentiometric measure-
ments were taken in a series of Cu(II) whose concentrations
ranging from 107! to 10”7 mol/dm? to determine the linear
working range, detection limit and sensitivity (slope) of the
electrode. The observed measurements and the response
curve corresponding to these measurements are illustrated

in the Fig. 4. The suggested electrode exhibited a linear
response to Cu(II) ions in the concentration range of 1072
— 107 mol/dm? (R*=0.9991) with the slope of 28,24 mV
decade™! (Fig. 5). The detection limit of the electrode was
calculated from the intersection of the two extrapolated lin-
ear part of the response curve as 5 x 107 mol/dm? according
to IUPAC recommendations [38].

Response time refers to the time elapsed from the immer-
sion moment of the electrode into the measuring solution
until the equilibrium potential is reached. Response time of
an ion-selective electrode, as with other types of sensors, is

Fig.4 The potentiometric 2900 - 2675 -
response of the electrode to
Cu(II) solutions at various con- 2850 1 Ve
centrations and corresponding | o
response curve (inset) E 2825 - K 102 M
w
2800 - o} -1
2850 o o
2775 - s 103 M
> :
€ 2750 S ———
— 7 6 5, 4 3 2 -
w log([Cu®*]/ mol dm™)
2800 +
5x10“4 M
2750
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Fig.5 The calibration plot of the electrode constructed in the linear
response region

a significant task for analytical applications. Response time
of an ion-selective electrode alters depending on electrode
type, conditioning solution, measured concentration range,
degree of concentration change, the amount of interferences,
and measurement direction.

For the determination of average response time of the
current electrode, the responses of the electrode in Cu(II)
solutions in the concentration range of 10°—10~> mol/dm?®
were recorded from low to high concentration and vice-versa
depending on the time that elapsed while the measurement

solutions were continuously blended. The regarding records
were illustrated in Fig. 6. The time required for potential
stabilization following each concentration change was cal-
culated as 45 [38]. The average of the time periods for each
concentration change was denoted as response time of the
electrode. As can be seen, the response of the electrode to
Cu(Il) ions is satisfactorily rapid (=~ 20 s). This fact confirms
the presence of a rapid equilibrium between the aqueous
phase and membrane phase.

To conceive the repeatability of the proposed Cu(Il)-
selective electrode, successive measurements were carried
out in 107*, 1073, and 107 mol/dm’ Cu(II) solutions. The
acquired potential measurements are displayed in Fig. 7.
The average and standard deviation values of the measured
potentials for 1074, 1073, and 1072 mol/dm> Cu(II) solu-
tions were calculated as 2784.9+0.8, 2814.0+0.8, and
2843.2+0.6 mV, respectively.

The general potentiometric responses of the proposed
electrode in Cu(Il) solutions at various concentrations
(107'=1077 mol/dm?) and some foreign ion solutions at
1072 mol/dm? were displayed in Figs. 8 and 9. As can be seen
from Figs. 8 and 9, the response of the electrode to Cu(II)
ions differs significantly from the response to other species
and the electrode shows a selective behavior towards Cu(II)
ions. The degree of selectivity of an electrode is expressed
quantitatively by selectivity coefficients. The magnitude
of the potentiometric selectivity coefficient describes the
capability of an ISE to discriminate the primary ion from
the interfering ion present in the measured solution. In the
present research, separate solution method (E, = Eg) [39]
was operated for the calculation of selectivity coefficients

Fig.6 The real-time response
plot of the electrode depending
on various Cu(II) solutions at 102 M
. . 2880 -
different concentrations
2860
o]
S 2840 1
E 104 M 104M
w bmnn
2820 - )
10°°M 105 M
2800 1 )
2780 -
150 200 250 300 350 400 450
t/s
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for studied interferent species. In the calculation of the
selectivity coefficients, the potential values measured in
1.0x 1072 mol/dm? solutions of the interfering ions were
attained and these values were employed for the calculations
of regarding Cu(Il) concentrations from the linear equation
of the calibration plot constructed for Cu(Il) ions. The calcu-
lated Cu(II) ion concentration values and 1.0 x 102 mol/dm?
concentration values of the interferents were inserted into
the equation used to calculate selectivity coefficients, and
thus the electrode's selectivity coefficients were determined
for each interferent. The calculated selectivity coefficients
are represented in Table 1. The attained selectivity coeffi-
cients point out that the electrode has reasonable selectivity
for Cu(Il) ions compared to the studied interferents. It can
be said that this selective behavior of the membrane against
Cu(ID) ions is due to the formation of strong and selective
interaction between Cu(Il) ions and membrane structure,
as a result of the synergistic effect emerged from the func-
tionalized bentonite equipped with functional groups in
appropriate positions and orientations, and the components

Table 1 Selectivity coefficients (K, ) of the present Cu(II)-selective
electrode calculated according to SSM

of the membrane structure (plasticizer, carboxylated-PVC,
ionic additive). In addition the interference effects of the
Ag(I), Fe(Il), and Fe(III) ions were also studied. However,
the selectivity coefficients of the electrode against these
ions could not be determined properly due to the disruptive
effects of these ions on the electrode response.

The magnitude of the potential drift that occurred over
time depending on the immersion time of the electrode in the
solution was also investigated. For this purpose, the potential
change was monitored by immersing the electrode in 107
and 10" mol/dm® Cu(Il) solutions for about 2 h (Fig. 10).
The drift values of 0.63 and 3.66 mV h~! in the electrode
potential was observed in 10~ and 10 mol/dm? Cu(II) solu-
tions, respectively. In both solutions, the observed noises of
the signals were less than 1.0 mV. This results indicate that
the electrode response is highly stable.

The pH profile of the suggested Cu(Il)-selective electrode
was examined to determine the proper pH operating range
of the electrode. The influence of pH on the Cu(II)-selective
electrode response was studied by recording potential val-
ues of 1.0x 1073 and 1.0x 10™* mol/dm>® Cu(Il) solutions
at various pH values (2.0-12.0). Small amounts of hydro-
chloric acid (0.1 mol/dm®) or sodium hydroxide solution
(0.1 mol/dm?) was added drop wise to adjust the solution pH

Species Log Ky Species Log Ky to desired values between 2.0 and 12.0. Figure 11 illustrates
the attained pH profile for the electrode. From Fig. 11, it
Na* -2.92 Co** -331 . .
can be seen that the recorded potential values obtained as a
K* -3.06 Ni** -4.09 . . .
NH* a1 AP 334 function of pH altered very slightly in the presence of con-
y ;. B 3'52 oo B 3’06 stant 1.0x 107> and 1.0 x 10 mol/dm® Cu(II) solutions in
c ‘(’; - 3.88 Mr , - ‘;90 the pH range 4.2-7.7. In this pH range, the electrode is not
az T n2 T thrilled by the pH of the measurement medium, so the pH
Ba™* -3.84 Hg™*~ —-2.82 .
5 operating range of the electrode can be assumed to be 4.2
Pb*t -2,89 Fructose —3.,88 . .
- to 7.7. Above the pH="7.7, the electrode potential begins
Zn —-4.09 Maltose —-2.21 . ..
i a0 Alanine 50 to drop rapidly. This is presumably due to the complexa-
: . tion of Cu(Il) ions with the gradually increased OH™ ion
Fig. 10 The observed noise and | Ha ala] k] = »[ale
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Fig. 12 Investigation of the life time of the introduced Cu(II)-selec-
tive electrode

concentrations depending on pH. We think that the increase
in the potential values observed in pHs lower than 4.2 is on
account of the interference effect of increased H;O* ion con-
centrations. In the pHs lower than 4.2, the electrode begins
to respond H30Jr ions as well as Cu(II) ions.

The lifetime of the electrode was evaluated by taking
weekly measurements by the electrode in standard Cu(II)

solutions and monitoring the emerged changes in the elec-
trode slope. For this purpose, using a freshly prepared elec-
trode, three calibration lines were created with standard
calibration solutions after conditioning in 0.001 mol/dm?
Cu(II) solution for half an hour before each weekly study.
The obtained mean slope values of these lines for each week
with their error bars (as standard deviation type) were plot-
ted over time (Fig. 12). As can be seen from Fig. 12, after
a long period of time (22 weeks), no significant decrease
was observed in the slope of the electrode's calibration
line. However, at the end of this period, a slow decline in
the slope of the electrode was observed at first, and it was
observed that this slope decrease accelerated after the 25th
week. Similarly, as time progresses, the standard deviations
of the slope values also increase. According to these results,
it can be stated that the lifetime of the electrode is around
5 months. These findings show that the lifetime of the elec-
trode is much longer when compared to the classical neutral
ionophore-based PVC membrane ion-selective electrodes
available in the literature, which have an average lifetime
of 2-3 months.

Analytical application of the proposed electrode

To evaluate the analytical applicability of the presented
Cu(II) selective electrode, Cu(II) contents of some spiked
tap water samples was determined via potentiometric meas-
urements. Thus, water samples (pH=15) were prepared in
which known amounts of Cu(Il) were spiked to coincide
with the linear working range of the electrode, and each
water sample was analyzed in terms of Cu(Il) content by
standard addition method. The obtained results were given in
Table 2. As can be seen, the recovery of the suggested elec-
trode for spiked samples was in the range of 99.5-102.0%
with the RSDs below 3.92%. The two-tailed Student’s t test
indicated that the experimental ¢ values for all the studied
water samples at 95% confidence level were less than the
theoretical ¢ value (2.57) for 5 replicates. These calculated ¢
values indicate that the potentiometrically estimated Cu(Il)
levels are statistically well-matched with the known levels of
Cu(II) in the spiked water samples and there is no discern-
ible difference between them at the relevant confidence level.

Table 2 Potentiometric

o Water Expected Cu(Il) Found average Cu(Ill)con- RSD/%  ftest o cimenal. ~ RECOVErY/%
determlnatlon of Cu(lI) contents sample  content/mmol dm™  tent/mmol dm™ (N=5) g’
of spiked water samples
1 0.050 0.051 3.92 1.11 102.0
2 0.100 0.101 3.76 0.39 100.7
3 0.500 0.498 1.06 0.85 99.6
4 1.000 0.997 2.53 0.30 99.7
5 2.000 1.990 1.33 0.85 99.5
i’ 1=2.57 at 95.0% confidence interval for two-tailed Student’s 7 test

theoretical
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Consequently, we can express that the current ion-selective
electrode can be simply and satisfactorily applied for the
determination of Cu(II) contents of specimens.

Conclusion

In the current study, chemical modification of a bentonite
with 8-aminoquinoline was revealed for the first time and
its characterization was performed. The potentiometric
applicability of the resultant material as an electroactive
substance was investigated. On the basis of the presented
results, 8-aminoquinoline functionalized bentonite struc-
ture obtained by chemical modification can be regarded as
an electroactive sensing element for the construction of a
carboxylated-PVC membrane-based Cu(Il)-selective poten-
tiometric electrode. The proposed electrode has been shown
to have good operating characteristics (ease of preparation,
high life span, short response time, low detection limit,
wide linear range, long-term stability, low cost, Nernstian
behavior, and satisfied selectivity) and advantages over
the high-cost sophisticated alternative detection methods.
The developed Cu(Il)-selective electrode was success-
fully employed for the determination of Cu(II) contents of
spiked water samples. Some characteristic features of the
proposed sensor are summarized in the Table 3 in compari-
son with some copper(Il) selective potentiometric sensors
available in the literature [40—47]. The long life time of the
proposed electrode emerged from the chemical modifica-
tion, is quite remarkable when compared to conventional
neutral ionophore-based polymeric membrane electrodes.
This feature can provide significant advantages, especially,
for fluidic media measurements that necessitate sensor with
higher signal stability and longer life time. The present study
has shown that the approach applied here can be used in
the future to develop potentiometric polymeric membrane

electrodes exhibiting selective response to various species by
utilizing such materials chemically modified with different
appropriate chemical species.

Experimental

The bentonite utilized as starting material for the function-
alized bentonite material was Unye bentonite which is an
important mineral resource in Turkey. (3-Aminopropyl)-
triethoxysilane (APTES), triethylamine (TEA, Et3N), suc-
cinic anhydride, ethyl chloroformate (EtOCOCI), 8-ami-
noquinoline (8AQ), toluene, 1,4-dioxane, tetrahydrofuran
(THF), carboxylated poly(vinyl chloride) (PVC-COOH)
(5% carboxyl basis), o-nitrophenyloctylether (o-NPOE)
were obtained from Sigma-Aldrich (Germany). The epoxy
(TP3100) and hardener (Desmodur RFE) used in solid-
contact preparation were obtained from Denlaks (Turkey)
and Bayer (Germany) companies, respectively. All chemi-
cals used for the preparation of the solutions throughout this
study were at analytical grade obtained from Sigma-Aldrich
(Germany). Deionized water (18.3 MQ) employed in the
study was obtained from the Human Corporation Zeener
Power II (Korea) water purification system. XRD patterns
were obtained on a PANalytical Empyrean diffractometer
using Ni filtered CuKa radition (A= 1.54050 A; 45KV and
40 mA) at ambient temperatures. FT-IR spectra of samples
were recorded on Thermo Nicolet 6700 Fourier-transform
infrared (FT-IR) spectrometer in the region 4000400 cm™".
The SEM images and EDX data were taken using FEI
QUANTA 450 Field Emission Scanning Electron Micros-
copy. All potentiometric measurements were conducted
using a laboratory-made computer-controlled potentiomet-
ric measurement system. A Gamry (USA) brand saturated
Ag/AgCl electrode was used as reference electrode in all
potential measurements. All pH measurements were carried

Table 3 Comparison of the some potentiometric characteristics of the suggested Cu(I)-selective sensor with the reported electrodes

Sensor Linear range/mol dm > Detection limit/  Slope/mV Response time/s pH range Lifetime/ References
mol dm™> decade™! months

1 104-1072 4.4x%10° 37.5 0.25 2-6 3 [40]

2-a 5%104-5x1072 4% 107 29.9 5-10 2.5-5.0 1.5 [41]

2-b 5%1074-10"" 4% 107 29.7 5-10 3.2-4.7 1.5

2-c 1x10%-1x107 2% 107 30.0 5-10 4.0-5.0 1.5

3 1.78x107°-1.00% 107! 1.78x 107 50.0 30 3.0-6.0 - [42]

4 8.1x10°-1.0x1072 7.4%107° 34.2 20 4.5-6.0 2 [43]

5 5.0x107°-1.6x1072 2.0x107° 29.2 <10 4-6 2 [44]

6 1x10°5-1x107" 2.0x107° 28.1 22 3-8 2 [45]

7 9.8x107°-1.0x 107! - 30.3 20 3.1-7.6 2 [46]

8 5.0x10°-1.0x 107! 4.7%107° 29.6 30 1.9-5.2 >5 [47]

9 1.0x10°-1.0x 1072 5.0x107° 28.2 20 42-7.7 5 This work
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out by a Orion Star A211 (Thermo Scientific) Bench top
pH meter.

Functionalization of bentonite For the obtainment of ami-
nated bentonite (Bent-NH,) (Scheme 1-(A)), the synthesis
procedure described in the previous research was followed
[48]. For this, 6 cm® (25.6 mmol, 5.68 g) of APTES ((3-ami-
nopropyl)triethoxysilane)) was dissolved in 60 cm? of anhy-
drous toluene and then 5 g of bentonite was added into this
mixture. The resultant mixture was refluxed at 110 °C for
30 h under N, atmosphere. At the end of the period of 30 h,
when the reaction flask was cooled, the solid material in the
reaction flask was filtered off. After the solid material was
dried in an oven at 80 °C for 24 h, an off-white substance
was obtained.

For the preparation of Bent-COOH (Scheme 1-(B)) from
the starting material of Bent-NH,, the synthesis procedure
suggested in a previous study was pursued [30]. For this
purpose, 2 g of Bentonite-NH, were dispersed in 60 cm? of
1,4-dioxane and 2 g of succinic anhydride was incorporated
into the mixture. After the pH of the mixture was adjusted to
4.0, it was refluxed at 101 °C for 6 h. After the 6 h period has
elapsed, the reaction flask was cooled to room temperature,
and the solid in 1,4-dioxane was separated by filtration over
a Teflon membrane filter. After the filtrated solid material
was dried in an oven at 80 °C for 24 h, a white solid of 2.13 g
was obtained.

For the amidation reaction of the Bent-COOH (Scheme 1-
(C)), the similar procedure with a slight modification was
followed [30]. The mixture prepared by dispersing 1.5 g of
Bentonite-COOH in 50 cm® of THF in a 100 cm? reaction
balloon was cooled to 0 °C and 96 mg of NEt; (0.945 mmol)

@ Springer

Bent-COOH

was added dropwise into this mixture. In follow, 103 mg of
EtOCOCI (0.945 mmol) was added dropwise into the same
mixture and the resultant mixture was stirred at 0 °C for
30 min. After the time period of 30 min, 136 mg of 8-ami-
noquinoline (0.94 mmol) was annexed to this mixture, and
the mixture was stirred for more 1 h at O °C. Later, after the
temperature of the mixture was reached to room tempera-
ture, the mixture was stirred at room temperature for extra
24 h. Finally, the solid material in THF was filtered through
a Teflon membrane filter and left to dry in an oven at 80 °C
for 24 h. The resulting solid (Bent-8AQ) was obtained as
1.55¢g.

Fabrication of PVC-membrane electrode and measurement
procedure In the fabrication of the electrode the procedures
described in our previous studies were traced [29, 30]. The
electrode manufacturing process usually consisted of two
stages. In the first step, solid-contact preparation to obtain
conductive interfaces compatible with the PVC film coat-
ing is performed. Solid contacts are prepared by immersing
the bare end of a copper wire in a homogeneous mixture
of 50% (w/w) graphite, 35% (w/w) epoxy, and 15% (w/w)
hardener in THF and dried at room temperature overnight.
In the second step, a membrane cocktail of the appropriate
composition was prepared and applied to the solid-contact
surface obtained in the first step. PVC membranes covered
on solid-contact surfaces at miscellaneous compositions
were prepared by dissolving 100 mg of total membrane mass
in 2 cm® of THF. Solid contact surfaces were submerged
into the prepared PVC-membrane cocktails several times
and the resultant surfaces were dried at least 12 h at ambi-
ent temperature (Scheme 2). The manufactured electrodes
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Scheme2

Solid-contact

were conditioned by immersing into a 20 cm® 107> mol/dm?

Cu?

* solution for 12 h. The potentiometric cell assembly

utilized in the current study can be represented schemati-
cally as follows:

Conductive wire | solid-state contact | Cu**-selective

carboxylated-PVC membrane | test solution | saturated Hg/
Hg,Cl, reference electrode.
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