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Abstract: In the present study, an electrochemical sensor for the determination of Cu(ll) ions in
aqueous solutions was introduced. This study proposes an electrochemical method using the calyx
[6]arene-TiO, nanocomposite modified carbon paste electrode (calyx[6]arene-TiO2/CPE) for the
determination of metal Cu?* jon. Calyx[6]arene-TiO were synthesized using the hydrolysis method as
the Cu-binding ionophore. The electrode surface was studied by scanning electron microscopy (SEM),
and the reduction and oxidation processes were studied by cyclic voltammetry (CV) techniques. The
effect of modifier composition, scan rate, variation concentration, repeatability, and type of supporting
electrolyte on the determination of metal ions was investigated. The best composition was 0.005 g
calyx[6]arene-TiO- in the carbon paste electrode with a scan rate of 0.5 V/s. The modified electrodes
showed good performance for Cu®* ion detection. Under optimum experimental conditions, a linear
range for metal Cu(ll) ions was from 0.1, 0.3, 0.5, 0.8, and 1.0 ppm with respective currents of 500,
550, 600, 700, and 800 HA. The limit of detection (LOD) for metal Cu?* ions is found to be 0.022 ppm
with a relative standard deviation (%RSD) of 0.011%.
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1. Introduction

Human activities always produce waste, especially waste originating from industrial
activities such as heavy metals [1-3]. One heavy metal material that can cause health problems
is copper (Cu), toxic to living things [4—6]. Various methods have been used for heavy metal
analysis, including using AAS [7], ICP-OES [8], AFS spectroscopy [9], and ICP-MS
techniques [10]. This method has the disadvantages of large equipment, high operating costs,
difficulty in applying in the field, and high detection limits, so it is difficult to detect a small
amount of metal content [11]. An easy alternative method for heavy metal analysis is needed
based on the problem, namely the voltammetry technique.

Recently, analysis of heavy metals using voltammetry techniques based on working
electrodes such as carbon paste electrodes (CPE) very interested. This electrode has several
advantages, namely having a wide potential range, does not produce background currents, has
a varied surface area, is inert, inexpensive, and is suitable for identifying various types of metals
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[12,13]. Chemical modifications were carried out to increase the rate of electron transfer to the
electrode surface. The selection of the right modifier is very important in making carbon paste
electrodes because it plays a role in the reactivity of these electrodes.

Titanium dioxide (TiOz2) is a semiconductor nanomaterial that can conduct electricity.
Metal properties are strong, lightweight, and have a low density [14-16]. TiO2 has various
advantages such as photocatalytic activity and high energy efficiency, chemically and
biologically stable, inexpensive, and non-toxic [17-20]. TiO2 can be used to improve electrode
stability because it can improve the performance of the electrode response [21-23]. Several
previous studies have also been carried out in modified CPE with TiO2 [24-27].

In this work, we introduced double modification on the CPE to improve the
performance of CPE by using organic compounds, namely calyx[n]arene. Calix[n]arene is a
cyclic oligomer compound composed of aromatic units connected by a methylene bridge so
that it can have different selectivity if the functional groups above and below the annulus ring
are modified [23]. In this study, we were using calyx[6]arene as a doped on CPE/TiO..
Calyx[6]arena compounds are able to form coordination bonds with transition metal ions. This
IS because the calyx[6]arene compound has three oxygen atoms, each with two pairs of free
electrons to function as a chelating agent. Based on the above background, this research will
examine the Cu?* ion metal test using the calyx[6]arene-CPE/TiO: electrode. The presence of
calyx[6]arene ionophores is expected to improve the electrode performance of Cu?* ion
analysis.

2. Experimental Methods

2.1. Apparatus and chemical.

Calyx[6]arene ionophore synthesized regarding the method reported by Dali et al. [28].
Graphite powder (Merck, Germany), TiO2 Degussa P25 powder (Merck, Germany), and
paraffin oil (d=0.88 g cm™®) were used as electrode components. Buffer citrate pH five was
used as a supporting NaNOs electrolyte solution. The CuSOs solid was used as test solutions,
and distilled water was used for all solvents. A potentiostat (DY2100B-Digi-lvy, Inc.) with the
three-electrode system (calyx[6]arene-CPE/TiOz) as the working electrode, a platinum wire as
the counter electrode, and an Ag/AgCl 3.0 M KCI as the reference electrode) was used for
electrochemical analysis. SEM (Hitachi SU3500) was used for the characterization of working
electrode components. Meanwhile, the phase and crystallinity properties were characterized
via X-ray diffraction spectroscopy (XRD) using a Philips X-ray diffraction spectrometer with
CuKa irradiation (A = 0.154 nm).

2.2. Synthesis of calyx[6]arene ionophore.

Calyx[6]arene was obtained by hydrolysis of calyx[n]arene. 2.0 g of material (0.0019
mol) was mixed with 0.5 g of potassium hydroxide (0.0089 mol), and dissolved in 100 mL of
96% ethanol. Subsequently, it was refluxed for 24 h at a temperature of 78 °C, refrigerated at
room temperature, and acidified using 1.0 M HCI. The white precipitate obtained was filtered
and washed using 1.0 M HCI, followed by distilled water. The precipitate obtained was dried
in a desiccator and recrystallized.
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2.3. Preparation of calyx[6]arene-CPE/TiO, composite.

Calyx[6]arene, graphite powder, and TiO2 powder were mechanically mashed and
sieved using 200 mesh. The powder was dissolved in paraffin oil while heated at a temperature
of 80 °C. The paste formed was inserted in a 3 mm diameter glass tube that connected with a
copper wire. The calyx[6]arene ionophore was mixed into graphite, and anatase TiO2 are 0.005
g, 0.010 g, and 0.015 g, respectively. The reference electrode was prepared by mixing anatase
TiOz, graphite, and paraffin oil with the mass ratio (w/w) 2:3:5. In the final step, composites
were homogenized at 80 °C.

2.4. Detection of Cu®*ion.

The detection of Cu?* ion using the calyx[6]arene-CPE/TiO2 composite electrode was
carried out using the three-electrode cyclic voltammetry (CV) method. In the process, the
detection of Cuz+ ion was performed in a 10 mL NaNOs electrolyte solution containing 10 mL
Cu? ion in a glass container as an electrochemical cell. The electrochemical performance was
investigated at a potential of +0.8 to — 0.8 V in a scan rate from 0.1 to 0.8 Vs™.

3. Results and Discussion
3.1. Characterized CPE/TiO, electrode.

The anatase CPE/TiO2 nanocomposites have been successfully prepared by using the
hydrolysis method. TiO2 Degussa P25 calcination obtained a polycrystalline plane with a
synthetic anatase structure, with diffraction patterns and magnitude of intensity. The
Diffactrogram of TiO2 pattern of the preparation results can be seen in Figure 1.
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Figure 1. (A) XRD diffractogram of anatase TiO, obtained from calcined Degussa P25; (B-C) scanning
electron microscopy image of CPE/TiO; electrode

The XRD results are shown in Figure 1A. Diffractogram data shows that there are nine
peaks observed in the spectrum, namely at 20 25°, 38°, 48°, 52°, 54°, 63°, 69°, 70°, and 76°.
The diffraction peak of the data corresponds to the standard diffraction peak of the TiO2 anatase
(JCPDS file no. 21-1272) with peaks that can be associated with (101), (004), (200), (105)
(211), (204) and (215) Bragg planes, respectively. According to previous research, this crystal
field is a characteristic of anatase TiOz nanoparticles [29-32]. Furthermore, the results of the
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preparation process of anatase TiOz are used in the process of making CPE/TiOz2 electrodes as
a modifier. The results CPE/TiO2 of the SEM characterization are shown in Figures 1B and
1C. The surface of CPE/TiO2 shows a nano-sized crystal structure shown with a smooth coating
surface.

3.2. Electrochemical properties of calyx[6]arene-CPE/TiO; electrode.

Electrode testing was carried out using the cyclic voltammetry method to determine
electrode reversibility with the formation of oxidation and reduction peaks. The calyx[6]arene
ionophore composition was made with a variation of 0.005; 0.010; and 0.015 g of the weight
of graphite used in making CPE/TiO2 electrodes. The measurement method used in
voltammetry instrumentation for this study is cyclic voltammetry. Measurement parameters of
the instrumentation in this research are init E(V) = -0,8; high E(V)=0,6; low E(V) =-0,8; scan
rate(v/sec) = 0,5; and sens (A/V):1 e, The voltammogram of optimum electrode composition
is presented in Figure 2A.
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Figure 2. (A) Voltammogram mass of calix[6]arene to CPE/TiO; (a) 0.0 gb) 0.010 g, and (c) 0.005 g, (B-C)
scanning electron microscopy image of calyx[6]arene-CPE/TiO, electrode

Figure 2A shows calyx[6]arene 0.005 g, which is the optimum composition with anodic
peak current (Ipa) = 700 A and cathodic peak (Ipc) = -622 HA. The existence of calyx[6]arene
ionophores as a modifier can also provide a more active place on the surface of CPE/TiO2, as
evidenced by having a greater Ipa and Ipc value than other composition electrodes. When the
composition of calyx[6]arene was increasing, it does not positively correlate with the peak
currents produced. The addition of a large number of calyx[6]arene ionophores also decreases
the intensity of the oxidation-reduction current. This is related to the reduced amount of
graphite contained in the paste mixture which acts as a maximum current conductor so that the
resulting current intensity is not optimal. According to [33,34], mineral oils such as paraffin
can reduce the electron transfer rate on the electrode's surface. The composition of
calyx[6]arene ionophores 0.010 g the resulting current is small even though the amount of
graphite added is the largest. Comparison of anodic and cathodic peak currents states that the
reactions that occur in the Fe(CN)s*/Fe(CN)e* system are reversible [35-37].

The results obtained on SEM characterization of CPE/TiO2 and calyx[6]arene-
CPE/TiOz2 electrode show that the two images are relatively different. SEM results from the
https://biointerfaceresearch.com/ 2846
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CPE/TIiO2 surface revealed a nanocrystal structure shown with a smoother surface layer, as
shown in Figures 1A and 1B. Whereas the calyx[6]arene-CPE/TiO2 showed the rough surface
coating, and the existence of calyx[6]arene ionophores grain particles covered the surface of
graphite on the electrode (Figures 2B and 2C). Based on SEM analysis, it can be seen that the
spread of calyx[6]arene constituent particles are evenly spread and indicated that calyx[6]arene
ionophores coated the surface of graphite particles.

3.3. Effect of scan rate.

The optimum scan rate testing was performed using a Cu?* one ppm solution with a 0.1
M NaNOs supporting solution. Calyx[6]arene-CPE/TiO2 was used with a weight composition
of 0.005 g. The optimum scan rate testing uses variations in the scan rate of 0.1 V/s, 0.3 V/s,
0.5V/s, and 0.8 V/s.
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Figure 3. Voltammogram of Cu?* under different scan rates, i.e. () 0.1 V/s, (b) 0.3 V/s, (c) 0.5 V/s, and (d) 0.8
V/s

Voltammogram in Figure 3 shows that the greater the scan rate, the higher value lpa and
Ipc produced. A high scan rate can produce high peak currents because the electron transfer
occurs quickly [34,38-40]. The best scan rate is shown at a scan rate of 0.8 V/s indicated by
the obtained Ipa, which is higher than the other scan rates of 701 pA and Ipc value of -522 pA.

3.4. Limit detection and stability of calyx[6]arene-CPE/TiO; electrode.

Peak current measurements were carried out at optimum conditions. The measurement
result data is made a calibration curve, namely the plot between concentration and standard
solution on the x-axis with the peak current on the y-axis. Voltamograms and plot calibration
curves of Cu?* standard solutions measured using calyx[6]arene-CPE/TiO: electrode were
shown in Figures 4A and 4B.

The plot between the concentration of Cu?* and the value of Ips, lies in concentrations
of 0.1 -0.8, value slope 65, intercept 425, and Rz = 0.965. The determination coefficient value
Cu?* gives good results because it approaches [41-43]. The detection limit can be determined
in the area of linearity at the lowest concentration value. This is based on the opinion of [44],
which states that the level of correlation R correlation values with a range of 0.1 to 0.8 has a
very strong linear relationship.
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Figure 4. (A) Voltammogram of Cu?* on various concentration variations; (B) Ipa ion value Cu?* on various
concentration variations; (C) current stability of calyx[6]arene-CPE/TiO, to Cu?* ion.

High performance on composite electrodes is due to the fast transfer of electrons on the
surface of the electrode, which is supported by compact structural properties and high
conductivity, and very active physics-chemical processes as a result of the incorporation of
anatase TiO2 and calyx[6]arene ionophore into the CPE matrix. Based on the calculation
results, the detection limit of Cu?* ion using calyx[6]arene-CPE/TiO2 electrode was 0.022.
ppm. Calyx[6]arene-CPE/TiOz is also stable in analyzing Cu?" ions with an RSDR value (%)
of 1.1%, shown in Figure 4C.

4. Conclusions

The use of calyx[6]arene-CPE/TiO: electrode as a working electrode significantly
increases the peak current oxidation (lpa) and reduction (Ipc) of Cu?* ions. The high performance
of electrodes was due to the fast transfer of electrons on the surface electrode, compact
structural properties and high conductivity support it, and very active physics-chemical
processes as a result of the incorporation of anatase TiO2 and calyx[6]arene ionophores. The
combination of calyx[6]arene-CPE/TiO2 composites shows excellent performance in
facilitating the electron transfer process on the working electrode surface. High stability has
shown calyx[6]arene-CPE/TiO2 with a value of R = 0.96; LOD value 0.022 ppm; and RSDR%
value of 1.1%. This is used to determine Cu?* ions by using the voltammetry method as an
initial step in obtaining new composite materials with high sensitivity and performance.
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