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ABSTRACT: The construction and performance of ion selective electrodes (ISEs) for the determination of chromium (VI)
based on PVC membranes modified with 1,5-diphenylcarbazide (DPC) and natural zeolite as ionophores are reported in
this study. ISE was fabricated in an optimum composition of chromium (VI)-selective membrane consisting of 29 mol%
DPC, 43.6 mol% natural zeolite, 25 mol% plasticizer, and 2.2 mol% PVC. The investigation of the performance of the
proposed ISE was evaluated in terms of the Nernstian response, range of concentration, limit of detection, response
time, and selectivity coefficient. The proposed ISE displayed a linear potential response over a concentration range
of 1071-107° M K,Cr,0, with a Nernstian response of —28.8 mV/decade. Adequate sensitivity for chromium (VI) was
offered by the proposed ISE with a limit of detection of 2.14x 10~ M and a response time of ~250 s. The fabricated ISE
has also been investigated in selectivity studies in the presence of Cu?>* and Fe®* and was found to be more selective in
the concentration range of 1071-107® M. Therefore, a novel membrane electrode using a composite of DPC and natural
zeolite as an ionophore has shown a satisfactory result for the direct potentiometric measurement of chromium(VI) in
the presence of Cu?" and Fe**, which may have the potential to be used in real sample analysis.
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INTRODUCTION

Ion selective electrodes (ISEs) are one of the classical
electrochemical sensors that have been extensively
used for analytical purposes due to their simplicity,
inexpensiveness, short response time, adequate pre-
cision, and accuracy [1]. This type of electrode is
commonly used for potentiometric ion sensors with
the ability to determine and differentiate metal species
in aqueous media, which offers attractive features to
be used for practical applications [2]. The response
of potentiometric ion sensors depends on the elec-
trode membrane as an electroactive material, testing
solution, and the interface of the membrane|solution,
which controls their composition, thermodynamics,
and kinetic properties [3]. It is also expected that
the performance of potentiometric ion sensors must
be stable and reliable when they are used for in situ
measurements. The intention to develop this kind of
potentiometric ion sensor is easily achieved when they
are based on solid membranes.

Potentiometric measurements based on ISEs
for metal ion sensing have been widely developed
due to their significant performance such as easy
preparation, wide linear operating range with
adequate sensitivity and selectivity, portability, quick
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response time, and cost-effective approach [4-8].
One of the ISEs that has attracted much attention
is ionophores for the detection of chromium(VI)
species. In previous studies, various ionophores
have been employed to be used for the fabrication
of ISEs based on PVC membranes for the sensing of
chromium(VI) species such as calix[4]arene [9], C-
thiophenecalix[4 ]resorcinarene [10], quinaldine red
[11], Cu(ID)-bis(N-4-methylphenyl-salicyldenaminato)
complex [12], europium p-diketone complex [13],
bis(acetylacetonato) Cd(II) [14], N,N bis(salicy-
lidene)ethylenediamino cobalt(I) hydrate [15],
N, N, N, N - tetrakis(3 -aminopropyl) -1, 4 -butadiamine
(DABAm4) [16], rhodamine-B [17], charged diaza
crown ethers [18], 2-nitrophenyl phenyl ether [19],
trioctylphosphine oxide [20], and tricaprylmethyl
ammonium [21]. These ionophores have been studied
by forming a complex with chromium(VI) within
a membrane, so they could be used to fabricate
ISEs. However, in addition to unstable responses
and short lifetimes, most of the electrodes are still
insensitive to chromium(VI) at low concentrations.
In addition, some electrodes still have a narrow pH
range or narrow working concentration range due to
the degradation of the substances (ionophores and
plasticizers) that can further diminish the electrode
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performance during chromium(VI) measurements.
Therefore, it is still interesting to explore another
type of ionophore to be used in the fabrication of
solid-state membranes for ISE construction. One
of the most common reagents for chromium(VI)
measurement in 1,5-diphenylcarbazide (DPC) is
a chelating agent with a significant affinity and
selectivity for Cr(VI) complexation [22,23]. Zeolite
as a porous material provides uniformity in terms of
shape and pore selectivity, which facilitates ions in
accessing its framework for sensing purposes during
electroanalytical studies [24,25]. The combination
of ionophore and zeolite material results in several
applications that have been investigated for analytical
purposes [26-28].

In this study, for the reason above, this work aimed
to develop a stable measurement of chromium(VI)
using the proposed ISEs modified with 3 different
ionophores e.g., zeolite, DPC, and DPC:zeolite, at a
ratio of 1:1. The performance of each fabricated ISE
was evaluated in terms of the Nernstian response,
range of measurement, limit of detection, effect of
pH, response time, and selectivity coefficient on the
interfering ions (Cu?>* and Fe®*"). The proposed sensor
exhibited high sensitivity and adequate selectivity for
use in a synthetic solution of chromium(VI) in the
presence of Cu?™ and Fe*" as interfering ions, which
may be possible for use in real applications.

MATERIALS AND METHODS
Reagents and apparatus

Powder of natural zeolite was obtained from Cikembar
Region (West Java, Indonesia), and 1,5 diphenylcar-
bazide (DPC), poly(vinyl chloride) (PVC), acetophe-
none, oleic acid, potassium dichromate (K,Cr,0,),
potassium chloride (KCl), tetrahydrofuran (THF),
sodium hydroxide (NaOH), sulfuric acid (H,SO 4), and
hydrochloric acid (HCI) were obtained from Merck
(Darmstadt, Germany) and used without further pu-
rification.

Electrochemical measurements were carried out
using a potentiometer (EUTECH Instrument pH 510),
silver/silver chloride (Ag/AgCl) wire obtained from
dipping Ag wire into saturated KCl solution, shaker
K Model VRN-360, PSA Nanoplus Delsa, SEM JEOL-
836, XRD Shimadzu-7000, infrared spectrophotometer
(Infrared Bruker Tensor 37), and mesh filter in sieving
sizes of 200 and 325 mesh. Standard apparatuses
in the laboratory such as glassware, centrifuges, and
analytical balances were also used in the experiments.

Preparation and characterization of natural zeolite

The natural zeolite used in the fabrication of the
electrode membrane originated from the Cikembar
Region, West Java, Indonesia. This zeolite was initially
ground using a mortar and sieved into a particle size
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Fig. 1 The potentiometric cell used for the determination
of chromium(VI) using the proposed ion selective electrode
method.

of 200 mesh. The zeolite powder was then activated
in HCI for 3 h. After 3 h, the zeolite powder was
neutralized and rinsed with distilled water until the
filtrate obtained was neutral pH and free of chloride
ions. Then, the zeolite powder was dried in an oven
at 300 °C for 3 h and subsequently sieved to a particle
size of 325 mesh. The cation exchange capacity (CEC)
of the activated zeolite was then determined using
the method published by the Indonesian Soil Research
Institute [29]. The obtained zeolite powder was also
characterized with PSA, SEM, and XRD.

Fabrication of electrode membrane-modified
ionophore

Membrane fabrication was performed using 3 types
of ionophores: DPC, natural zeolite powder, and a
mixture of DPC:natural zeolite powder at a ratio of 1:1.
The coating solution for the membrane was prepared
by mixing PVC (0.033 g), acetophenone (0.057 ml),
oleic acid (0.005 g), THF (6 ml), acetone (1 ml), and
each ionophore (0.005 g). The solution of the resulting
mixture was stirred for 15 min and then transferred
into a glass petri dish 2 cm in diameter. The glass
petri dish was then covered with filter paper, and the
mixture was evaporated slowly in open air for 3 days.
After 3 days, a thin film was obtained on the PVC-based
membrane and subsequently conditioned by soaking
them in 107> M K, Cr, 0O, solution.

Construction of ISE for chromium(VI) using a
membrane-modified ionophore

Before construction of ISE, a modified membrane was
prepared based on 3 types of ionophores: (1) DPC,
(2) natural zeolite, and (3) a mixture of DPC:natural
zeolite for chromium(VI) detection. Initially, a silver
wire was cleaned with fine filter paper and rinsed
with distilled water. Then, the part of silver wire was
coated into 0.1 M HCl and passed with 10 mA/cm?
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for 1 min using a Pt wire as a cathode. After the
electrolysis process, a black deposit (AgCl) was ob-
tained on the silver wire. The obtained silver wire
was then rinsed with pure water and inserted into
the glass tube compartment. The membrane-modified
ionophore was placed at the end of the glass tube com-
partment, and the glass tube was filled with 10~ M
K,Cr,0,. During the insertion of Ag/AgCl wire into
the body electrode, the wire was dipped into 107> M
K,Cr,0, without any bubble formation or leaking
solution out of the electrode. A schematic diagram
of the potentiometric cell used in this proposed ion
selective electrode method for chromium(VI) detection
was shown in Fig. 1. Characterization of membrane-
modified ionophores was performed using scanning
electron microscopy and infrared spectroscopy.

Determination of measurement range and limit of
detection from ISE

The observation of potential (E) in the ISE with differ-
ent ionophores was performed in the stock solution of
K,Cr,O, in the concentration range of 1071-107% M.
The potential measurement was conducted in the elec-
trochemical cell consisting of ISE for chromium(VI)
as the cathode, Ag/AgCl electrode as the anode, and
potentiometer (EUTECH Instrument pH 510) as the
potential readout. Each potential value obtained from
ISE for chromium(VI) was plotted in the curve of E
(mV) as y-axis and negative logarithmic of Crzog‘
concentration as x-axis and processed using regression
linear formula. The limit of detection was determined
by making an intersection point between linear and
nonlinear curves in the curve of potential measurement
of K,Cr,0, standard solution using ISE. The intersec-
tion point was then extrapolated into the x-abscissa to
obtain the value of the detection limit from each ISE.

Response time for ISE

The response time for ISE was evaluated by measuring
the potential (E) using K,Cr,0, in the concentration
range of 107'-107® M until a stable value was ob-
tained.

pH effect in ISE measurement

The pH dependence of the electrode potential was
examined by measuring 107> M K,Cr,0, in the pH
range of 2-14. Each solution was measured using 3
ISEs with different ionophores to obtain its potential
value (E) related to the stability readout in a certain
pH range. After obtaining the optimum pH range for
chromium(VI) measurement, the potential was mea-
sured using K,Cr,O, solution in the range of 1071
107° M.

Selectivity Coefficient for ISE

The value of the selectivity coefficient was determined
using a mixed solution with a fixed primary method
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(FPM). A solution containing primary ions, 107> M
K,Cr,0,, was initially used to determine its potential
value (E). Then, the potential value was measured us-
ing a mixed solution of 107 M K,Cr, 0, with a solution
containing interference ions (CuSO 4 and FeCl,) with a
volume ratio of 1:1. Both solutions containing these 2
interference ions were prepared in the concentration
range of 1071-107® M. The value of the selectivity
coefficient can be calculated using Eq. (1):

K = (10255 —1)([KT]/[xT™]Y™) (1)

where K is the selectivity coefficient, AE is the po-
tential difference between primary ions and mixed
ions in the solution, S is the Nernstian response, [K "]
is the concentration of primary ions, [X*™] is the
concentration of interference ions, and m is the charge
of interference ions.

RESULTS AND DISCUSSION
Membrane composition

The sensitivity and selectivity of ISE depend not only
on the ionophore but also on the percentage compo-
sition of the materials used in the membrane prepara-
tion. It has been reported that generally, the optimum
membrane composition consists of 1-7% ionophores,
28-33% PVCs, 60-69% plasticizers, and 0.03-2%
lipophilic anions [30]. PVC was used as the polymeric
matrix, THF as the membrane solvent, acetophenone
and oleic acid as the plasticizer, and acetone as the
ionophore solvent. In this study, ionophores such
as DPC, zeolite, and composites of DPC and zeolite
were used to modify the electrode membrane for ISE.
Acetophenone and oleic acid play a crucial role in
membrane fabrication due to their ability to form ion-
selective channels and expand ion mobility to the
ionophores inside the membrane [16]. In addition,
a thin film will be produced when these plasticizers
are mixed with PVC, resulting in an increased ion
diffusion ability towards the membrane. However, if
the composition percentage of PVC is increased, the
membrane would be thicker and stiffer, leading to a
smaller porosity. In the case of a higher ion density,
it would be difficult for these ions to diffuse to the
electrode membrane, leading to a lower Nernstian
response and linearity [31]. In general, the purpose of
adding these plasticizers into the composition was to
reduce the value of the glass transition (T,) to obtain
a flexible membrane with low viscosity.

Surface characterization of the modified
membrane using PSA, XRD, and SEM

Fig. 2 showed typical SEM images of natural zeolite,
membrane-modified DPC, zeolite, and a mixture of
DPC and zeolite. From the SEM image (Fig. 2A) in the
HCl-activated natural zeolite, there were some cavities
in the zeolite particles (indicated by circle lines) that
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Fig. 2 Scanning electron microscopy images showing the surface morphology of (a) natural zeolite after HCl treatment,
(b) membrane-modified DPC, (c) membrane-modified zeolite, and (d) membrane-modified composite of DPC and zeolite.

can be filled by ionophores in its framework structures.
In addition, the average particle size of natural zeolite
after the sieving process using a 325-mesh filter was
414.3 nm from PSA analysis. Further analysis of the
natural zeolite using XRD (figure not shown) also
confirmed that the mordenite-type zeolite is suitable
for the fabrication of electrode membranes. The XRD
analysis of natural zeolite showed 4 main peaks at 20
angles of 9.785, 19.647, 22.049, and 27.692, which
are similar in mordenite-type natural zeolite according
to the database of PCPDFWIN 29-1257 at 20 angles
of 9.754, 19.579, 22.205, and 27.680. After HCI
treatment, the obtained CEC value for natural zeo-
lite was 46.22 cmol,,/kg, which indicates that this
material has a greater ability to absorb anion species
than cationic species. Meanwhile, membrane-modified
DPC (Fig. 2B) showed an uneven surface with sev-
eral fine and wider lumps, while membrane-modified
zeolite (Fig. 2C) produced a flatter surface. Fig. 2C
also revealed the collection of zeolite particles on the
left part of the image, and other particles were un-
evenly spread on the membrane surface. Furthermore,
Fig. 2D showed the image of the membrane-modified
composite of DPC and zeolite, indicating some uneven
lumps on the surface that looked similar to membrane-

modified DPC (Fig. 2B). Hence, the lumps shown on
both membrane-modified DPC and the composite may
be associated with DPC deposits on the surface.

Surface characterization of the modified
membrane using infrared spectrophotometer (IR)

In general, Fig. 3 showed the number of character-
istic peaks, indicating several functional groups from
each ionophore in the modified membrane. Fig. 3A
displayed that the IR spectra of membrane-modified
DPC produce some absorption peaks at 3362.68 and
3277.09 cm™!, indicating N—H asymmetric stretch-
ing, which are close to what was reported by El-
Kabbany et al [32] at 3359 and 3276 cm™'. The
presence of absorption peaks in the infrared areas of
1654.32 and 1603.56 cm™! indicated absorption for
C=0 stretching and N—H bending, respectively. These
peaks are usually expressed as a band of amide I with
80% C=O stretching in its character and amide II,
which is a strong interaction between N—H bending
and C—N stretching. In addition, C=C stretching from
aromatic structures was indicated by an absorption
peak in the area of 1538.13 cm™!. The peak of N—N
stretching was also seen at 1493.87 cm™, which is
close to the area reported by El-Kabbany et al [32] at
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Fig. 3 Infrared spectrum of (A) membrane-modified DPC,
(B) membrane-modified natural zeolite, and (C) membrane-
modified composite of zeolite with DPC.

approximately 1486 cm™!, while the absorption peak

at 1254.85 cm ™ revealed the occurrence of aromatic
C—H bending. Furthermore, the peak for monosub-
stituted benzene was displayed in the 763.95 cm™
region, which also corresponds to previous report [32].
Based on the infrared spectrum results, it can be con-
cluded that the functional groups for DPC compounds
as ionophores are shown in the membrane-modified
DPC.

The IR spectrum from membrane-modified zeolite
(Fig. 3B) showed the characteristic peaks of functional
groups for zeolite. The presence of absorption peaks
at 1100 cm™! and 700 cm™, which are typical for
zeolite, indicated the vibration of Si—O and Al—O,
respectively. Meanwhile, the characteristic peak at
1057.69 cm~* showed the internal region of asymmet-
ric vibration of Si—O and Al—O [33]. Furthermore,
the symmetric vibration of Si—O and Al—O stretching
appeared in the absorption region at 669.53 cm™
and is in accordance with the range of regions re-
ported [34]. The appearance of an absorption peak at
615.52 cm™! suggests the formation of a double ring,
which is an external link between zeolite layers. The
absorption peak at 468.13 cm™ is attributed to the
bending vibration of Si—O and Al—O, which is close
to that previously reported [33]. The appearance of
an absorption peak at 3433 cm™! is attributed to O—H
stretching in the membrane-modified DPC, zeolite, and
composite of DPC with zeolite. In particular, the
membrane-modified zeolite was strengthened with an
absorption peak at 1635.36 cm™!, which is attributed
to O—H bending from H,O deformation. In addition,
the absorption peak at approximately 3000-2800 cm ™
reflects the presence of an aliphatic C—H group due
to the vibration of C—H stretching [35]. These func-
tional groups presumably come from the impurities
of organic compounds entrapped in the zeolite frame-
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Fig. 4 Pourbaix diagram for Cr(VI) species at 25°C [31].

work or are derived from solvent and hydrocarbon
compounds in the membrane.

ISE characterization of the Nernstian response and
range of measurement

In this study, each ISE was treated in a similar way
that was fabricated in 6 replicates, and its Nernstian
response and correlation coefficient were determined.
Initially, the electrolysis of Ag wire was performed in
saturated KCI solution to form a thin layer of AgCl on
its wire. Then, the Nernstian response of the Ag/AgCl
wire was determined by measuring the potential (E)
in KCl solution in the concentration range of 107!-
107> M. The value of the Nernstian response of the
Ag/AgCl wire should be close to the theoretical value
for monovalent ions because Ag has a +1 charge.
Fig. 4 showed the Pourbaix diagram [34] describing
the dependence of pH and ion concentration of chro-
mate species in K,Cr,O, solution. In the pH range of
0.75-6.45, there were 2 dominant species of chromate:
HCrO, (if the concentration of Cr(VI) was less than
0.01 g/1) and Crzog‘ (if the concentration of Cr(VI)
was high). In this study, K,Cr,0, solution was used
in the concentration range of 107'-107% M with a
pH range of 4-6. Therefore, the dominant species
in K,Cr,0, in this pH range is HCrO,, as previously
reported [21,37]. In ISE 1 using membrane-modified
zeolite, the best electrode showed the highest corre-
lation coefficient of 0.9954 with a Nernst factor of
—18.4 mV/decade. The value of the Nernstian re-
sponse for the transfer process of monovalent ions was
59.2 mV/decade. However, the curve slope in Fig. 5A
indicates the Nernstian response for trivalent ions.
This is due to ion exchange occurring from the aqueous
phase via complexation of DPC as an ionophore and
the predominant ion, HCrO,, into the organic phase
and spontaneously reduced to chromium(III).


http://www.scienceasia.org/
www.scienceasia.org

ScienceAsia 48 (2022)

600

(A) e ISEI e ISE2
® ISE3 «+seeees Linear (ISE 1)
Linear (ISE 2) Linear (ISE 3)

500

E (mV)
P
g

y =-30,086x + 480,8

300 % g
1

200

530 © /
—G—— 0=
480 i °
7 40 '/.//. —0—o—0—¢
= AN P
g o
380 ,
330 d —o-ISE | ISE2 —o-ISE 3
280

0 2 4 6 8 10 12 14
pH of 103 M K,Cr,0,

Time response (s)

E (mV)

439

300 (B)
BISE 1 ®#]SE2 ®BISE 3
150
0
1E-01 1E-02 1E-03 1E-04  1E-05 1E-06
[KyCr,0,]1 (M)
25 | (D) ] T
s # I —o-ISE | ISE2 —-ISE3
I | I
425 l i { I
375 l 1 I
I L
325 ‘\i
275
0 1 2 3 4 5 6 7

- log [K,Cr,0,] (M)

Fig. 5 (A) Relationship between K,Cr,0, in the concentration range of 107'~107% M and the potential response (mV), (B) time
response, (C) relationship between pH of 1073 M K,Cr,0, and potential response (mV), and (D) relationship between K, Cr,0,
in the concentration range of 107'~107% M and the potential response (mV) measured at pH 9 obtained from 3 different ISEs:
ISE 1 for membrane-modified DPC, ISE 2 for membrane-modified zeolite, and ISE 3 for membrane-modified composite of DPC

and zeolite.

Meanwhile, at ISE 2 using membrane-modified
zeolite, the best electrode exhibited the highest corre-
lation coefficient of 0.9938 with a Nernstian response
of —29.11 mV/decade, which indicates that the pre-
dominant ion during measurement was Crzog‘. This
value is in accordance with Welch et al [34] and
Hassan et al [15], who reported that HCrO, and Crzog‘
are the predominant ions and exist together in K, Cr, O,
solution in a pH range of 2-6. However, in this
study, the mechanism of Crzog‘ selectivity over HCrO,,
in membrane-modified zeolites was not investigated.
In addition, at ISE 3 using membrane modification,
the composite of DPC and zeolite showed the high-
est correlation coefficient of 0.9946 with a Nernstian
response of —28.8 mV/decade. This value is close
to the Nernstian response for divalent ions, which is
29.6 mV/decade. Thus, it can be concluded that the
predominant ion during the measurement of Cr(VI)
solution was Cr,03".

Limit of detection and response time at 3 different
ISEs during Cr(VI) measurements

The limit of detection for chromium (VI) measurements
using 3 different ISEs could be directly determined
by the extrapolation of an intersection point towards
the x-axis from the curve of the logarithmic concentra-

tion of K,Cr,O, against the potential of the solution
(E). Limit of detection obtained as 1.44 x 107® M
for membrane-modified DPC (ISE 1), 1.91 x 107° M
for membrane-modified zeolite (ISE 2), and 2.14 x
10~° M for membrane-modified composite of DPC and
zeolite (ISE 3) with ISE 1 showing the highest sen-
sitivity for chromium(VI) measurement. Meanwhile,
the response time for 3 different ISEs when measuring
K,Cr,0, was shown in Fig. 5B. The reference elec-
trode and the proposed electrode were immersed into
K,Cr,0, in the concentration range of 1071-107% M,
and their response times were recorded after reaching
a stable potential at a certain time. From Fig. 5B,
ISE 1 showed the shortest response time compared
to ISE 2 and ISE 3. In general, the electrodes took
a longer time to respond to chromium(VI) species in
diluted solutions (10™#-10"° M) and a faster time in
concentrated solutions (1071-1073 M).

Influence of pH in ISE measurement

The pH dependence of the ISE potential on the re-
sponse of the membrane electrode was investigated,
and a relationship curve between the pH of the
chromium(VI) solution (x-axis) and potential (y-axis)
was constructed. The dependence of the potential
response of the proposed electrode was studied over
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Table 1 Selectivity coefficient of 3 different ISEs ISE 1
for membrane-modified DPC, ISE 2 for membrane-modified
zeolite, and ISE 3 for membrane-modified composite of DPC
and zeolite) towards Cu?>* and Fe3* as interference ions.

B A K3y
Interference  Cr(VI) (M) ISE 1 ISE 2 ISE 3
Cu** 107! 0.1160 0.0717 0.0184
1072 0.0739  0.0203  0.0581
1073 0.0936  0.0381 0.1248
1074 0.1721 0.0268 0.0616
10~° 0.2749  0.0260  0.1192
107 0.6496 0.0822  0.1733
Fe3* 107! 1.4304 0.4994 0.1345
1072 6.6358 0.7342  0.0557
1073 2.7800 0.1766  0.1542
1074 0.0299  0.0607  0.0262
107° 0.0455 0.5676  0.0491

[A] = concentration of interference ion.

a wide range of pH values of 2-14 using a 1072 M
K,Cr,0, solution. The pH of the K,Cr,O,, solution was
adjusted by the addition of diluted HCI and/or NaOH
and was displayed in Fig. 5C. Based on Fig. 5B, the
electrode potential for 3 different ISEs was indepen-
dent of pH in the range of 8-12. This result is similar
to that previously reported [14], who found that the
potentiometric sensor for chromium (VI) species works
suitably in alkaline media (pH range of 8-12). At
pH values above 12, hydroxyl ions probably compete
chromium(VI) species for the binding process to the
electrode membrane, while at pH values lower than 8,
the lowered potential value may be due to the reduc-
tion of chromate into dichromate species or ionophore
instability.

Next, pH 9 was selected as the optimum pH for
measuring the potential of K,Cr,O,, solution in a con-
centration range of 107'-107® M to investigate the
Nernstian response and correlation coefficient. The
relationship curve between the negative logarithm of
K,Cr,0, concentration and the measured potential at
pH 9 was displayed in Fig. 5D. Based on the Pourbaix
diagram in Fig. 4, the predominant species in K,Cr, 0O,
solution at pH values above 7 are CrOi‘ species. These
species may be sensed by ISE 2 and ISE 3 due to their
Nernstian response close to the divalent ion. Mean-
while, the obtained Nernstian response for ISE 1 was
close to the trivalent ion with the predominant species
at the solution being CrOi‘. However, these species
might be allegedly extracted into the organic phase
and spontaneously reduced into Cr(III) and sensed by
ISE 1.

Influence of interfering ions

It is also necessary to evaluate the influence of interfer-
ing ions on chromium(VI) selectivity when measured
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using ISE with DPC, zeolite, and its composite as
ionophores. In this study, the effect of Cu?*" and
Fe®" as interfering ions on the proposed chromium (VI)
selective response was investigated. The selectivity
coefficient (KApf’I;) for chromium(VI) species over in-
terfering ions was determined by the fixed interfer-
ence method (FIM), which is recommended by IU-
PAC [38]. The concentration of K,Cr,O, solution
was fixed at 1.0 x 10~® M, while the concentration
of interfering ions (Cu?" and Fe®') was varied in the
concentration range of 107'~107® M. The values of
selectivity coefficients were summarized in Table 1.
From Table 1, it was clearly seen that Cu?" has small
effects on the chromium(VI) measurement using all
the proposed electrodes (ISEs 1, 2, and 3) due to
its coefficient selectivity being lower than 1. This
indicates that all the proposed electrodes are more
selective towards chromium(VI) than Cu?* as similarly
reported by Sanchez-Moreno et al [39], who explained
that the presence of Cu?* does not interfere with
the performance of electrode membranes modified
with DPC. Meanwhile, the existence of Fe*' gives a
small interference effect only at high concentrations of
chromium(VI) (above 1072 M) when measured with
ISE 1 but not with ISEs 2 and 3. Therefore, it can
be concluded from Table 1 that the selectivity coef-
ficients for the interfering ions (Cu®?" and Fe3") are
small enough and would not significantly affect the
functioning of the proposed sensor for chromium (VI)
detection.

CONCLUSION

We employed natural zeolite and DPC as ionophores,
resulting in a stable membrane for electrode fabrica-
tion and showing good analytical performance for po-
tentiometric chromium(VI) sensing. The Nernstian re-
sponse for membrane-modified DPC, zeolite, and com-
posite of DPC and zeolite (ISEs 1, 2, and 3) at K,Cr,0,
in the concentration range of 107'-107° M was de-
termined to be —18.4, —29.11, and 28.8 mV/decade,
respectively. The limit of detection for ISEs 1, 2,
and 3 also showed good sensitivity for chromium(VI)
measurement with values of 1.44 x 107°, 1.91 x 107,
and 2.14 x 107® M, respectively. The proposed sensor
also showed good selectivity towards Cu?>* and Fe3" as
interfering ions as indicated by a selectivity coefficient
lower than 1. Therefore, it can be concluded that this
potentiometric sensor for chromium(VI) based on DPC
and zeolite has the potential to be used in real sample
analysis.
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