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Abstract
In
the
present
work
report,
2-methyl-6-((2-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2yl)hydrazono)methyl) phenol (MPTHP) has been newly synthesized and characterized. The new molecule
has been used to modify the glassy carbon (GC) electrode surface through the alcohol oxidation method due
to –OH group on its structure. MPTHP modified GC (MPTHP/GC) electrode has been used as a chemical
sensor electrode for the quantitative determination of Cu (II) ions. Following the modification process, the
surface characterization process of the modified electrode has been carried out by cyclic voltammetry (CV),
electrochemical impedance spectroscopy (EIS) and scanning electron microscopy (SEM). In this work, Cu
(II) ions have been quantitatively determined by using differential pulse voltammetry (DPV) technique. A
quite low detection limit (based on 3sbl/m) for Cu (II) using developed sensor electrode was found to be as
1.0x10-9 M. For the calibration curve, solutions of Cu (II) ions changing from 1.0x10-9 M to 1.0x10-3 M
have been prepared using Britton-Robinson (BR) buffer solution at pH 5. The developed sensor electrode
has been applied to tap water sample for the quantitation of Cu (II) ions and the amount of Cu (II) was
determined as 4.07 x 10-9 M in this sample.
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Contribution of this paper to the literature
In
the
present
work
report,
2-methyl-6-((2-(4-(3-methyl-3-phenylcyclobutyl)thiazol-2yl)hydrazono)methyl) phenol (MPTHP) has been newly synthesized and characterized.

1. Introduction
Variety of metal is present in nature. Some of them are called heavy metals due to high atomic weight and high
density at least 5 times than water [1]. Heavy metals may exist naturally almost in every created body. They have
a great importance due to their existence in the center of enzymes and hormones. Copper is a member of heavy
metals. So copper is indispensable for nutrition, it functions as a cofactor in at least 30 essential enzymes [2]. On
the other hand, the maximum tolerable daily intake is 0.5 mg kg-1 body weight for copper [3]. If maximum daily
intake amount is exceeded, enzymes structure is disrupted which may results in unwanted reactions that may cause
toxic effects in living metabolism [4-7]. The concentration of copper varies in soil and water [8]. Therefore
determination and monitoring of copper is vital for the good of all mankind.
To develop an easy, fast and more accurate method for the determination of copper at trace level is a great
importance in all kinds of samples. In spite of the fact that, many methods such as inductively coupled plasma mass
spectroscopy (ICP-MS), graphite furnace atomic absorption spectroscopy (GF-AAS) and neutron activation
analysis (NAA) are present for trace determination of copper, they either require pre-concentration step or are too
expensive for using in routine analysis [3, 9]. Thus, electroanalytical methods are quite promising among the
analytical methods due to being more accurate, easy and fast in measurements.
At the beginning of the nineteenth century Hugo Schiff has claimed that condensation between an amine
compound and an aldehyde compound resulting in a new compound that binds to or coordinates with metals [10].
After that Schiff bases have been worked on by many researchers. These works show that Schiff bases can be used
for many purposes [11] such as biosensors [12] optic sensors [13], electro-catalytic [14], antimicrobial [15]
inhibitors of corrosion [16]. Besides their sensitivity, metal can lead to electrochemical characterization of many
biometalomolecules and metalomolecules [17-19]. These type of compounds having metal atoms in their structure
can be easily characterized and determined by using electrochemical methods especially voltammetry techniques
[20, 21]. In these techniques, applied reduction and oxidation potential must be determined depending on the
metal atoms on the Schiff base structure especially when using GC electrode. From the obtained peak half-wave
potential and redox potential of the metal can be deduced.
The aim of this work is; 1) to determine the electrochemical properties of newly synthesized MPTHP Figure 1
on GC electrode, 2) to develop a simple, highly sensitive, accurate and environmentally friendly method for copper
determination in various matrices.

Figure-1. Molecular structure of 2-methyl-6-((2-(4-(3-methyl-3-phenylcyclobutyl) thiazol-2-yl)hydrazono)methyl)phenol (MPTHP).

2. Experimental
2.1. Chemicals
All chemicals which were used in experiments obtained from Merck, Fluka, Riedel and Sigma-Aldrich. All
chemicals were analytical grade and were used without further purification processes. MPTHP is an original
compound which was synthesized by our research group.
Ultrapure quality water with a resistivity of 18.2 MΩ cm (Millipore Milli-Q purification system, Millipore
Corp. Bedford, MA, USA) was used throughout the experiments in all steps. The solutions for the characterization,
analysis and the modification processes were prepared as follow: For non-aqueous medium studies; the solutions
were 1mM in 100 mM tetrabuthylammonium tetrafluoroborate (NBu4BF4) in acetonitrile (CH3CN) and
ferri/ferrocyanide (Fe(CN)63−/4−) redox probe mixture (1:1) in 100 mM KCl solution for aqueous medium. The used
BR buffer solutions were prepared with specific proportions of H3PO4, CH3COOH and H3BO3 compounds
according to the literature [22, 23] and then pH was adjusted by dropwise addition of 0.2 M or 1 M NaOH with a
digital Jenway 3010 pH meter (Staffordshire, UK).

2.2. Electrodes and Apparatus
All experiments were carried out with traditional three electrode systems for all electrochemical and
spectroelectrochemical studies. Electrochemical measurements were made using GAMRY Reference PCI4/750
series Potentiostat/Galvanostat/ZRA from GAMRY Instruments (PA, USA). The working GC electrode has
0.071 cm2 geometric area and was purchased from BAS (Bioanalytical Systems, West Lafayette, IN, USA) model
MF-2012. The reference electrodes were the Ag/Ag+ (10 mM AgNO3) (BAS Model MF-2042) for non-aqueous
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medium and the Ag/AgCl/3 M KCl (BAS Model MF-2063) for aqueous medium. Pt wire (BAS Model MW-1032)
was used as a counter electrode.
All electrochemical experiments were performed with using a BAS model C3 cell stand (IN, USA) at room
temperature and also the electrodes were kept in CH3CN when they were not in use.
The experiments with the CV technique were carried out PHE200 Physical Electrochemistry software (PA,
USA). EIS was employed with EIS300 Electrochemical Impedance Spectroscopy software (PA, USA). SWV and
DPV techniques were also used with PV220 Pulse Voltammetry Software (PA, USA). The morphology of the
electrode surfaces was studied using scanning electron microscope (SEM) (Carl Zeiss LS10 Series SEM, Missouri,
USA).

2.3. Cleaning and Polishing of Working Electrodes
The GC electrodes were polished to obtain a mirror-like appearance, first with fine wet emery paper (grain size
4000) and then with 1.0 μm and 0.3 μm alumina slurry on micro cloth pads (Buehler, USA) for all experiments.
After that; the GC electrodes were re-polished with 0.05 μm alumina slurry. The GC electrodes were orderly kept
in sonicator filled with water, in 1:1 (v/v) isopropyl alcohol (IPA) and CH3CN (IPA + CH3CN) mixture for 10 min
before each step [22-26].

2.4. Synthesis and Characterization of MPTHP
The compound was synthesized as shown in Figure 2 by the following procedure. To a solution of 2-hydroxy3-methylbenzaldehyde (1.3615 g, 10 mmol) in 50 mL of ethanol, thiosemicarbazide (0.9114 g, 10 mmol) was added
portions by monitoring the reaction course with IR spectroscopy. Subsequently, a solution of 1-methyl-1-phenyl-3(2-chloro-1-oxoethyl) cyclobutane (α-chloroketone) (2.2271 g, 10 mmol) in 20 mL of absolute ethanol was added.
After the addition of the -haloketone, the temperature was raised to 50-55 ºC and kept at this temperature for 2 h.
The solution was cooled to room temperature and then made alkaline with an aqueous solution of NH3 (5%), and
yellow precipitate separated by suction, washed with aqueous NH3 solution several times, filtered and crystallized
from ethanol. Yield: 81%, melting point: 440.5 K. Characteristic IR bands: –OH absorption of the compound could
not been identified. 3118 cm-1 (N-H), 2961-2781 cm-1 (aliphatics), 1613 (C=N azomethine), 1691 cm-1 (C=N
thiazole), 1563 (C=C), 1009 cm-1 (C-O), 704 cm-1 (C-S-C thiazole). Characteristic 1H NMR shifts (CDCl3, ,
ppm): 1.47 (s, 3H, -CH3 on cyclobutane), 2.33 (s, 3H, -CH3 on benzaldehyde ring), 2.49 (d, j = 8.8 Hz, 4H, -CH2- in
cyclobutane), 3.58 (q, j = 9.1 Hz, 1H, >C-H on cyclobutane), 6.07 (d, j = 1.1 Hz, 1H, =CH-S in thiazole ring), 6.81
(t, j = 7.3 Hz, 1H, aromatic), 7.00 (dd, j1= 1.1 Hz, j2= 7.9 Hz, 1H, aromatic), 7.11-7.19 (m, 5H, aromatics plus –NH), 7.26-7.32 (m, 2H, aromatics), 10.78 (s, 1H, –OH). Characteristic 13C NMR shifts (CDCl3, , ppm): 169.56, 156.24,
151.93, 151.52, 148.48, 132.48, 128.52, 128.35, 126.08, 125.75, 124.81, 119.34, 117.50, 99.79, 40.21, 39.19, 30.29,
29.95, 15.93.

Figure-2. Synthetic pathway for the synthesis of the target compound.

3. Results and Discussion
Due to the toxicity and excessive amounts of Cu (II) ions in nature; quantitative detection of Cu (II) is essential
and many techniques are available in the literature for this purpose. Especially; after the researchers have realized
that carbon electrode can be modified with a variety of organic compounds, intensive study has been going on in
this field. Most of these studies appear to be electrochemical investigation [27-29]. Whereas our aim is to detect
environmentally toxic metals firstly by synthesizing a compound that is sensitive to one of these metals and then,
graft this molecule onto the GC electrode surface [30]. Schiff bases play an important role about chelation of metal
ions. For this reason we have synthesized a Schiff base for the quantitation of Cu (II) ions.

3.1. Electrochemical Grafting of MPTHP on to the GC Electrode Surface
Electrochemical modification technique which has an important of increasing every day, is the first step in the
production of a sensor electrode for quantitative determination of different organic and inorganic species.
Electrochemical modifications can be made basically in three ways. The first one is the reduction of diazonium salts
which is the most stable and practical method [31-33]. The other two are alcohol [34, 35] and amine [22, 23]
oxidation methods. The current work proposes to develop a sensor electrode for the determination of Cu (II) ions
the natural sample. The GC electrode surface was modified with MPTHP via alcohol oxidation method using CV
technique in non-aqueous medium. The modification process was carried out between +300 mV and +2600 mV
potential range, under 100 mV s-1 scan rate with using 10 cycles. MPTHP solution used in modification process
was 1 mM and was prepared in 100 mM NBu4BF4 (in CH3CN) supporting electrolyte solution. The modification
voltammogram and binding mechanism of MPTHP molecule on the GC electrode surface were given in Figure 3
and Figure 4, respectively.
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Figure-3. Cyclic voltammogram of 1 mM MPTHP in CH3CN containing 100 mM NBu4BF4 vs. Ag/Ag+/(10 mM AgNO3) onto the GC
electrode. Potential range from +300 mV to +2600 mV, scan rate is 100 mV s -1.

Figure-4. Modification mechanism of MPTHP at GC electrode surface (in CH 3CN containing 100 mM NBu4BF4).

The first peak in Figure 3 is the oxidation peak of the molecule owing to the removing of one proton from the
molecule. The peak number 3 is the binding of the molecule on the GC electrode surface forming C-O-C bond on
the oxygen tail. As it can be seen from the peak in Figure 3; the MPTHP molecule binds after the second cycle but
modification processes was performed using 10 cycles. The reasons for that no pin holes remain on the GC surface
and thus, more stable and smooth surface was obtained with MPTHP.

3.2. Surface Characterization of MPTHP/GC Electrode
Surface characterization process is the second important step in the electrochemical studies. For this purpose
varying electrochemical, spectroscopic and microscopic techniques could be utilized. In the current study; the CV
technique was used for surface characterizations as an electrochemical characterization technique, EIS was used as
a spectroelectrochemical technique and SEM technique was employed for microscopic surface characterizations.

3.3. Characterization of MPTHP/GC Electrode Surface by CV and EIS
The surface characterization processes for both the bare GC and the modified GC electrodes were carried out
using CV, EIS and SEM techniques in both aqueous and non-aqueous media. The CV electrode characterization
technique was performed in the presence of hexacyanoferrate (III), Fe(CN)63−, in pH 2.0 BR buffer solution and 1.0
mM of ferrocene solution in CH3CN containing 100 mM NBu4BF4 as a supporting electrolyte. In non-aqueous
medium studies, ferrocene solution was used in the potential range from −200 mV to +400 mV Figure 5A and
Fe(CN)63− solution in pH 2 BR buffer solution was applied in the potential range from +600 mV to 0.00 mV in
aqueous medium experiments Figure 5B at a sweep rate of 100 mV s−1 in the characterization process with CV
technique. The cyclic voltammograms of modified and bare GC electrodes were compared with ferrocene and
Fe(CN)63− redox probes. For the characterization with EIS, the measurements were recorded in a wide frequency
range from 100.000 Hz to 0.05 Hz in 1 mM equiv. molar ratio of Fe(CN)63−/Fe(CN)64− in 100 mM KCl and the
Nyquist plots were drawn. The Nyquist plots of modified electrodes were overlaid EIS data of the bare GC
electrode Figure 5C. All potentials are referenced to Ag/AgCl/(3 M KCl) for aqueous medium and Ag/Ag+/(10
mM AgNO3) for non-aqueous medium.
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It is shown in Figure 5A, the standard anodic and cathodic peaks of ferrocene redox probe were obtained on
both the bare GC electrode surface Figure 5Aa and MPTHP modified GC electrode surface Figure 5Ab in
oxidation and reduction directions, respectively. This is the expected case for MPTHP/GC electrode surface.
In the second step of CV characterization process is the one held with Fe(CN) 63- redox probe in aqueous
medium. According to the characterization process is practiced using Fe(CN)63- redox probe, the obtained surface is
more electro-inactive than the bare GC electrode surface. This result could be easily deduced from the decrease of
anodic and cathodic peak currents. The obtained active MPTHP/GC electrode surface is shown in Figure 5Bb in
the order of the bare GC electrode surface given in Figure 5Ba.
It can be derived from the used characterization process using CV technique that MPTHP/GC electrode
surface can be used as a sensor electrode.
In the electrochemical studies; EIS is very suitable technique for the examination of surface properties. It is
capable of giving valuable data about defects/holes of the modified surface, the kinetics and the mechanism of the
surface developing processes, surface coverage, and so forth. The EIS graphs of bare GC and MPTHP/GC
electrode surfaces were displayed in Figure 5C.
The Figure 5Cb shows that MPTHP/GC electrode surface allows the electron transfer at nearly 80 kohm
resistance. On the other hand, the electron transfer concession is at about 2 kohm resistance for bare GC electrode
surface Figure 5Ca. The results of surface characterization studies done by EIS are consistent with the ones
obtained from the CV characterization process.
The solution resistance (Rs), the charge transfer resistance (Rct), constant value (Y0) and the constant phase
element (CPE) and exponent (α) are the basic elements of equivalent circuit. The experimental impedance values
are proved with the Randles equivalent circuit simulation using Gamry EIS300 electrochemical impedance
spectroscopy software.
According to the data obtained from the characterization processes, it can be concluded that MPTHP molecule
is grafted on the GC electrode surface in non-aqueous medium. EIS is a valuable method to observe the impedance
changes of the electrode surface during the modification process. The semicircle diameter of Nyquist plot reflects
the Rct is from the electron transfer of the redox probe Fe(CN)63-/Fe(CN)64- solution and Figure 5C put in the EIS
of bare GC Figure 5Ca and MPTHP/GC Figure 5Cb electrodes. Firstly; the value of Rct was recorded as 1.530x103
Ω on the bare GC electrode surface. Secondly bare GC electrode surface was modified with MPTHP-DAS
molecule, the value of Rct that is much smaller than that of bare GC reduced to 810 Ω. This low Rct value was
obtained because of the existence of high conductive MPTHP/GC electrode surface. A nearly straight line was
achieved with the Rct value close to zero, proving that MPTHP/GC electrode taken part the electro-active layer
for mass and electron transfer and also interfered the diffusion of ferricyanide toward the electrode surface. The
simulation was made for the result plot to recommend an equivalent circuit model (based CPE) thanks to the
calculated parameters Rct=810.0 Ω s, Rs=130.2 Ω s, Yo=3.6x10−6 S, α=0.820.

Figure-5. Overlaying cyclic voltammograms for A) 1mM ferrocene redox probe solution vs. Ag/Ag + (10 mM) in CH3CN
containing 100 mM NBu4BF4 using 100 mV s-1 scanning rate B) 1 mM Fe(CN)63- redox probe solution vs. Ag/AgCl/3 M
KCl reference electrode in BR buffer solution, pH= 2 using 100 mV s-1 scanning rate and C) Nyquist plot for electrochemical
impedance spectra of 1 mM Fe(CN)63−/4− redox couple solution in 100 mM KCl at the frequency range of 100.000–0.05 Hz at
10 mV wave amplitude.

Equation 1 was used to determine the electron transfer rate constant, k0, for Fe(CN)63−/Fe(CN)64− for bare GC
and MPTHP/GC electrode surfaces.
(1)
( )
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In this equation, A is the electrode area (cm2); n is number of electrons needed for ox/red of
Fe(CN)63−/Fe(CN)64− mixed solution system; C (mole cm-3) is the molar concentration of Fe(CN)63−/Fe(CN)64−; R
(8.314 J mol-1 K-1) is the ideal gas constant, T (K) is the temperature; F (96485 C mol-1) is the Faraday constant
[42]. Respectively, the values for k0 were computed as 2.45x10−6 cm s-1, 4.63x10−6 cm s-1 for bare GC and
MPTHP/GC electrodes.
In addition, to the covered electrode area was calculated according to Equation 2,
(

)

(2)

Here,
is the charge transfer resistance of the bare GC electrode while
is the charge transfer resistance
of the MPTHP/GC electrodes and θ is the modified area by MPTHP molecule. Surfaces are gained with
superimposing of the Nyquist plots of related electrode surfaces. From the results given in the Nyquist plot, it was
obtained that EIS signal is equivalent to 82.00% coverage of the GC surface.
Obtained of Rct values of the Nyquist plots Figure 5C for 1.0 mM Fe(CN)63−/Fe(CN)64− solution (in 100 mM
KCl) at the (a) bare GC and (b) MPTHP/GC electrodes.

3.4. Microscopic Characterizations of MPTHP/GC Electrode Surface
The morphology studies of MPTHP film on GC electrode were carried out with SEM technique. This
technique was employed to confirm the studies obtained using CV and EIS. The images of bare GC and
MPTHP/GC electrode surfaces were recorded and shown in Figure 6.

Figure-6. SEM images of A) bare GC and B) MPTHP/GC.

Here, Figure 6A and Figure 6B reveal smooth surfaces which owing to the bare GC Figure 6A and the
modified surface which owing to MPTHP/GC Figure 6B electrode surfaces. These obtained data of the
microscopic surface characterization are the proof of successive modification of the surfaces.

3.5. The use of MPTHP/GC Electrode as a Sensor Electrode
Making use of the chemical sensor electrode which is obtained using electrochemical methods is frequently
operated in the recent years for the quantitative determination of organic and inorganic species. The main reasons
of preference of these methods can be counted as getting rapid and reliable results, being relatively low cost,
providing less sample consumption and reaching low detection limit. In this study, the developed MPTHP/GC
electrode is used for the quantitative determination of Cu (II) ions in tap water. For this aim; firstly the response of
MPTHP/GC electrode against Cu (II) ions was examined using SWV and DPV techniques. The obtained
voltammograms are given in Figure 7.

Figure-7. SWVs (A) and DPVs (B) of 1×10−3 M Cu (II) solution onto the MPTHP/GC electrode surface.
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From the obtained voltammograms in Figure 7A (for SWV) and Figure 7B (for DPV), peak values are quite big
and thus both methods could be used for the quantitative determination of Cu (II) ions in natural sample.

3.6. Setting of Optimum Incubation Time
According to the literature, the quantitative analysis of Cu (II) ions is performed spectroscopically and
electrochemically around pH 5. Based on this information, 1 mM solution of Cu (II) ions was prepared in pH 5 BR
buffer solution. The modified electrode was immensely kept in Cu (II) solution for different time period (30, 60, 90,
120 minutes) to determine the optimum complexation time. After that, the voltammograms were obtained from the
scan between -400 mV to +400 mV potential range using DPV and SWV techniques Figure 8. The measured peak
currents from the Fig 5 were plotted against the incubation time. As seen in both voltammograms in Fig 5, the
most appropriate incubation time for quantitative determination of Cu (II) ions natural samples are defined as 90
minutes.

Figure-8. DPVs (A) and SWVs (B) of various incubation time periods of 1×10 −3 M Cu (II) solution onto the MPTHP/GC electrode surface
the measurements a) supporting electrolyte, b) 30, c) 60, d) 90 and e) 120 min were performed in BR buffer solution, pH 5.0, vs.
Ag/AgCl/(3 M KCl).

3.7. The Using of MPTHP/GC Sensor Electrode in Cu (II) Ions Determination by DPV
Although we were able to use both SWV (1x10-5 M) and DPV (1x10-9 M) techniques, we have chosen DPV
technique owing to the high sensitivity. After modification and characterization steps, the developed MPTHP/GC
sensor electrode has become available for the detection of Cu (II) ions under the optimum pH and incubation time.
A calibration curve was drawn using standard concentration and peak current values read from voltammograms.
For this purpose; 1000 ppm Cu (II) ion stock solution was used to prepare a series of standards in the range of
1.0x10-3 M to 1.0x10-9 M in BR buffer solution (pH 5). Following this step, the designed MPTHP/GC sensor
electrode was put in each standard solution of copper for 90 minutes. After completion of the complexation process,
the measured voltammograms were recorded and shown in Figure 9A. The sketched calibration curve is shown in
Figure 9B.

Figure-9. A. DPVs of different concentrations of standard Cu (II) solution onto the MPTHP/GC electrode surface a) 1×10−3, b) 1×10−4, c)
1×10−5, d) 1×10−6, e) 1×10−7, f) 1×10−8 and g) 1×10−9, the measurements were performed in BR buffer solution, pH 5.0, vs. Ag/AgCl/(3 M
KCl). B) Standard calibration curve for the Cu (II) ions.

Low level of Cu (II) ions in tap water were quantitatively determined using the calibration curve. 10 mL of tap
water sample was mixed with 10 mL pH 5 BR buffer solution. The mixture was then used for all measurements of
Cu (II) amounts in drinking water. The DPV voltammograms are shown in Figure 10. By using calibration curve,
the amount of Cu (II) was determined as 4.07 x 10-9 M in drinking water sample.
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Figure-10. Differential pulse voltammogram of Cu (II) ions in drinking water sample onto the MPTHP/GC electrode surfaces. The
measurement was performed in BR buffer, pH 5.0, potential is referred vs. Ag/AgCl/(3 M KCl).

After the analysis; the estimated reaction mechanism for MPTHP/GC-Cu (II) ion complex on the electrode
surface was given Figure 11. Mainly, Cu (II) ions provide a six coordination complex. The copper ions are
interacted with two points. The coordination is completed by four other water molecules.

Figure-11. A) Oxidation of MPTHP on GC electrode surface and B) the proposed structure of the complex formed between the
MPTHP/GC electrode with Cu (II) ion.

4. Conclusion
The results of this study were achieved with the developed MPTHP/GC sensor electrode in which MPTHP
molecule is originally synthesized by our research team. With this designed sensor electrode Cu (II) ions were
determined in tap water providing a low LOD. Under the optimum experimental conditions, LOD was found to be
as 1.0x10-9 M (D = 3sbl/m). With high stability and sensitivity, the new fabricated electrode was successfully
employed to detect Cu (II) ions in real sample.
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