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Electrochemical determination of the antipsychotic medication
clozapine by a carbon paste electrode modified with a nanostructure
prepared from titania nanoparticles and copper oxide
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Abstract
A nanostructure was prepared from titania nanoparticles and copper oxide (TiO2NP@CuO) and used to modify a carbon paste electrode
(CPE). The modified CPE is shown to enable sensitive voltammetric determination of the drug clozapine (CLZ). The sensor was
characterized by various techniques and some key parameters were optimized. Under the optimum conditions and at a working potential
of 0.6 V (vs. Ag/AgCl), the modified CPE has two linear response ranges, one from 30 pmol L−1 to 4 nmol L−1 of CLZ, the other from
4 nmol L−1 to 10 μmol L−1. The detection limit is as low as 9 pM. The transfer coefficient (α) and catalytic rate constant (kcat) were
calculated and the reliability of the sensor was estimated for CLZ sensing in real samples where it gave satisfactory results.
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Introduction

Clozapine (CLZ), C18H19ClN4, as a typical antipsychotic drug
is one of the most promising drugs in the treatment of refrac-

tory schizophrenia, controlling violent behaviors and risks of
suicidal behavior or similar disorders [1, 2]. The studies show
about 30–60% of all patients who are treatment-resistant
schizophrenia may respond to this drug. In spite of the wide-
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spread use of the CLZ due to unique therapeutic benefits, there
are also extensive adverse side effects that its dosage value
controlling is so important [3].

Various analytical methods such as chromatograph and
spectrophotometry have been commonly employed for the
analysis of this drug in various formulations and biological
samples [4–6]. But most of them, despite their accuracy and
reliability, suffer from some limitations. For example, spectro-
scopic methods have low sensitivity and high-performance
liquid chromatographic (HPLC) methods are time-
consuming and relatively expensive because of applying ex-
pensive grades of reagents, eluents and equipment. On the
other hand, in comparison with other techniques, strategies
based on the electroanalytical techniques are under consider-
ation. It may be because of their ease of operation, short anal-
ysis times, reasonable costs, relatively safe and non-toxic ma-
terials, high sensitivity and the possibility of miniaturization
as in vivo sensors [7–10]. Heretofore, some electrochemical
techniques such as voltammetry, amperometry, and polarog-
raphy are reported for the determination of the CLZ in some
samples [11, 12]. However, some of them suffer from low
sensitivity and selectivity, low linear concentration range or
high detection limit.

Since of a challenge of maintaining serum levels of the
CLZ in a safe therapeutic range (1–3 μM) [13], a sensitive
and reliable method for the measurement of this drug is
important.

A key factor in the fabrication of a sensitive electrochem-
ical sensor is preparing an efficient platform to achieve a sta-
ble electrochemical response. Among of various type of the
electrodes, the carbon paste electrode (CPE) has received con-
siderable interest owing to their low residual current, wide
potential range, low cost, ease of fabrication and simple sur-
face regeneration. The use of different nanostructures has
attracted huge interest in modifying the electrochemical activ-
ity of various type of the sensors especially electrochemical
sensors [14]. Nanostructures based on the TiO2 nanoparticles
(TiO2NPs) have opened a new window to the design of new
generation of the electrochemical sensor because of good elec-
trical properties, high surface area, strong adsorptive ability
and good biocompatibility [12, 15]. Combination of the
TiO2NP and copper(II) oxide with the graphite powder and
production of a desirable paste may be a suitable choice to
form an efficient platform in the generation of a CPE as a
sensitive sensor.

The objective of the study is to investigate of applicability
of a TiO2NP@CuO core-shell nanostructure to modify a car-
bon paste electrode (TiO2NP@CuO/CPE) for the reliable
CLZ determination. The TiO2NP@CuO nanostructure was
synthesized for the first time and investigated as an effective
electrocatalyst platform for oxidation of the CLZ. The prop-
erties and characterization of the CLZ sensor were studied
using some common techniques and practical application of

the sensor was evaluated in human blood serum and tablet
samples as the real sample.

Experimental

Chemicals and instruments

CLZ, copper(II) nitrate hexahydrate (Cu(NO3)2.6H2O), citric
acid monohydrate, ethanol, glacial acetic acid, Titanium
isopropoxide (TTIP) and all other materials with analytical
grade were purchased from Merck (http://www.merck.com),
Sigma-Aldrich (http:// www.sigmaaldrich.com) or Sinopharm
Chemical Reagent (http://en.reagent.com.cn/) Companies.
High-purity distilled water was prepared by an ultrapure water
system (Smart-2-Pure, TKACo, Germany).

Phosphate buffer (PB) and acetate buffer (AB) were used
as the supporting electrolyte. Electrochemical measurements
such as differential pulse voltammetry (DPV) and cyclic volt-
ammetry (CV) were carried out using a Palm Sens (Em state
3+, Netherlands) Potentiostat. Also, the electrochemical im-
pedance spectroscopy (EIS) measuring was recorded by
Ivium instrument (Compact stat, Netherlands). A solution
containing 5 mmol L−1 [Fe(CN)6]

3−/4- and 0.1 mol L−1 KCl
(1:1) was used as a redox probe. A three-electrode system
composed of an Ag/AgCl/KCl (3 M) reference electrode, a
Pt wire counter electrode (Azar Electrode, Iran) and a carbon
paste working electrode (unmodified or modified) were used
to perform the experiments. A pH/mV meter (Bel PHS3-BW,
Italy) was applied for pH measurements. All experiments
were performed at ambient temperature. Scanning electron
microscope (SEM) images and X-Ray Diffraction (XRD) pat-
terns of the synthesized nanostructure were taken by a JSM-
6700F (Japan) and Philips (X\'Pert Pro, Netherlands), respec-
tively. Perkin Elmer/RXIFT-IR (USA) instrument was applied
for recording of the Fourier transform infrared spectroscopy
(FT-IR) investigation of the nanostructures.

Preparation of the real samples

The human blood serum and CLZ tablets as the real sample
were obtained from the Blood Transfusion Organization
(http://www.tbtc.ir) and the pharmaceutical company of
Tehran Chemistry (http://www.tehrandarou.com) at Tehran
city. The blood samples were diluted with 0.1 mol L−1 PB
(with a ratio of 1:20) and some certain concentrations of the
CLZ were spiked to them. To measure the CLZ in the tablet,
ten tablets (containing 25 mg CLZ) were powdered and a
solution of 0.01 mmol L−1 CLZ in HNO3 (0.1 mol L−1) was
prepared. The solution was filtered and transferred to a 50 ml
volumetric flask to dilute with the HNO3 (0.1 mol L−1).
Finally, some certain volumes of the CLZ solution with
certain concentration were prepared by dilution with PB (0.
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1 mol L−1). The DPV signals for each prepared solution were
separately and independently measured by the sensor via the
standard method.

Synthesis of the TiO2NP@CuO nanostructure
consisting of titania nanoparticles and copper oxide

TiO2NP@CuO core-shell nanostructure plays a critical role in
the fabrication of the CLZ sensor. The nanostructure was syn-
thesized in two steps: (1) TiO2NP was prepared according to
the reported procedure of the sol-gel process with some mod-
ification [16]. Firstly, 4.7 mL of the TTIP was hydrolyzed by
9 mL of glacial acetic acid in an ice bath. Then, 98.8 mL of
deionized water was added dropwise to the mixture under
vigorous stirring for 60 min. After an hour of sonication, a
clear solution was achieved and stored for nucleation in a dark
place for overnight. Then, the solution was heated to 70 °C for
12 h. Eventually, the gel was dried and annealed at 110 °C and
500 °C for 2 h to form the TiO2NP. (2) In the next step, a CuO
shell was coated on the TiO2NP by a sol-gel process. To do so,
0.5 g of the synthesized TiO2NP in the previous step was
dispersed in a mixed solution of 5 mg CTAB in 50 mL H2O
(1:2) and citric acid (12.5 mmol L−1), deionized water (30 mL)
and ethanol (20 mL) by ultrasonication (15 min).
Subsequently, 1.86 g of Cu(NO3)2.6H2O in the deionized wa-
ter (60 mL) was dropwise added to the TiO2NP dispersion
under stirring. After 2 h, a homogeneous solution was obtain-
ed and dried at 130 °C for 24 h. Finally, the TiO2NP@CuO
core-shell nanostructure was synthesized by heating in a fur-
nace at 550 °C for 2 h.

Fabrication of the TiO2NP@CuO/CPE

To prepare a homogeneous paste, 61% graphite powder, 6%
synthesized TiO2NP@CuO nanostructures and 33% paraffin
oil was uniformly mixed in a mortar. Then, the end of a poly-
ethylene syringe (2.5 mm in diameter) was filled well with the
paste. For electrical contact between the polyethylene syringe
and instrument, a copper wire was used. Finally, the modified
electrode, which is denoted as the TiO2NP@CuO/CPE, was
polished on a clean paper and used as the sensor for quantita-
tive and qualitative measurements of the CLZ. The fabrication
process of the sensor is depicted in Scheme 1.

Results and discussion

Choice of materials

TiO2 as a non-toxic and cost-effective material has unique
optical and electronic characteristics. Combination of the
TiO2NP and metal oxides may have a synergy effect to guar-
antee the enhanced electrical performance [17]. Normally, a

composite of the metal oxides and TiO2NP shows a solid
structure with different shapes such as nanorod or nanocube
[18]. It seems that a clever combination of the TiO2NP and
metal oxides to synthesis of a core-shell nanostructure have a
potential to enhance electrochemical performance. The core-
shell nanoparticles due to their specific properties are very
considered in various field such as photoluminescence,
bioimaging, tissue engineering, drug delivery, and catalysis
and electronics applications [19] CuO is a semiconductor
and doping TiO2 with Cu

2+ ion enhance photocatalytic activ-
ity of the CuO-TiO2 nanocomposite [20]. Although there are
many studies on the applicability of the CuO/TiO2 nanocom-
posite for photocatalytic applications, there is none on the
CuO/TiO2 nanoparticles in the field of the electrochemical
sensor. So, applicability of this in the fabrication of an efficient
platform may be beneficial in electrochemical sensing.

Characterization of the nanostructure

This is clear that utilizing the TiO2NP@CuO nanostructures
as a specific platform has a key role in the construction of the
CLZ sensor. To confirm the synthesis of the TiO2NP@CuO
nanostructure and study the presence of the different function-
al groups, FT-IR spectra of the nanostructure was investigated.
According to Fig. 1a, the bands at 3422 cm−1 and 1633 cm−1

belong to stretching vibration of the OH groups and bending
mode of the interlayer water molecules, respectively [21, 22].
Absorption bands around 800–1500 cm−1 are related to the
oxygen stretching and bending frequency [23]. Furthermore,
the TiO2NP@CuO nanostructure displayed a strong absorp-
tion peak at around 573 and 535 cm−1, which can be attributed
to the Cu–O and Ti-O vibration, respectively [24].

The XRD patterns of the synthesized TiO2NP, CuO and
TiO2NP@CuO core-shell nanostructures are shown in Fig.
1b. The (110), (002), (111), (020), (202), (113), (311) and
(220) planes at 32.61, 35.55, 38.79, 53.73, 58.59, 61.95,
66.57 and 68.43 are assigned to the peaks of CuO phases
(JCPDS card NO.45–0937) [25] and the (110) plane belongs
to the peaks of Cu2O phases (JCPDS card NO.49–1830) [26].
The respective peaks at 2 values of 25.3, 37.8, 48.0, 53.9,
55.1, 62.7, 68.8, 70.3, and 75.01 were indexed to (101),
(004), (200), (105), (211), (204), (116), (220), and (215) crys-
tal planes of anatase TiO2NP phases (JCPDS card no. 21–
1217) [16]. To calculate the crystallite size, the Debye–
Scherer’s formula in Eq. (1) was used.

D ¼ kλ
βcosθ

ð1Þ

where D is the crystallite size, k is a constant value equal to 0.9,
λ is the used wavelength of the X-ray radiation (0.1541 nm), θ
is the Bragg angle and β is related to the corrected band broad-
ening (full-width at half-maximum) after subtraction of the
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equipment broadening [27]. As shown in Fig. 1b, the crystallite
sizes are in the range of 20–30, 23–32 and 25–44 nm for
TiO2NP, CuO and TiO2NP@CuO core-shell nanostructures,
respectively.

In order to investigate the morphology characterization of
the synthesized TiO2NP@CuO nanostructure, SEM images
were taken with different magnifications. Figure 1c, d reveal
that the nanostructure has a spherical-like feature with an av-
erage diameter range of about ~30–52 nm. This porously su-
perficial morphology composing of irregular lumps without
the appearance of tiny and agglomerated nanoparticles may be
an efficient platform with high surface area in electrochemical
sensing on the modified electrode surface.

Electrochemical characterization
of the TiO2NP@CuO-modified carbon paste electrode
(CPE)

For investigation of the electrochemical behavior of the
TiO2NP@CuO/CPE, the modified and unmodified CPE were
studied against [Fe(CN)6]

3−/4- couple using CV technique at a
scan rate of 100 mV s−1. As can be seen in Fig. 2a, the current
of the modified electrode by the TiO2NP@CuO nanostructure
is higher than the bare CPE indicating the ability of the nano-
structure in the production of an appropriate current signal of
the sensor. Furthermore, EIS an effective technique was used
to characterize the electron transfer properties of the

unmodified and modified electrodes. The charge transfer re-
sistance, Rct, is an important parameter in this technique to
evaluate the kinetic of the redox probe at the electrode inter-
face and reveal the substrate attachment onto the modified
electrode surface in each step of the modification process
[28, 29]. Figure 2b shows the Nyquist curves of the CPE
and TiO2NP@CuO/CPE. Comparing the curves related to
CPE (Rct = 1.4 kΩ) and TiO2NP@CuO/CPE (Rct = 0.5 kΩ)
reflect a smaller interface Rct was obtained at the modified
electrode. This reduction of the Rct value attributed to the
ability of high surface area ratio and good conductivity of
the TiO2NP@CuO nanostructure. The equivalent circuit mod-
el for impedance curves is shown in inset.

To study the ability of the synthesized nanostructure in catal-
ysis of the CLZ onto the sensor surface, the electrochemical
behavior of the modified and unmodified electrode in absent
and presence of the CLZ was investigated in the 0.1 mol L−1

AB (pH= 5.0) (Fig. 2c). In absent of the target, the bare CPE
showed a small current while pipetting of 20 μmol L−1 CLZ in
the solution was made a low catalytic effect of the CLZ in the
current signal. The TiO2NP@CuO/CPE without 20 μmol L−1

CZL just increased the capacitive current. The TiO2NP@CuO/
CPE in presence of 20μmol L−1 CLZ produced higher current in
comparison to the bare CPE which is attributed to the oxidation
reaction of the CLZ onto the modified electrode surface. Peak to
peak separation potential (ΔE) of the TiO2NP@CuO/CPE was
about 60 mv with an anodic peak at 0.58 V vs. Ag/AgCl.

Scheme 1 Schematic representation of the construction of CLZ sensor based on a carbon paste electrode modified with the TiO2NP@CuO
nanostructure
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These results reflect the TiO2NP@CuO nanostructures
increase the active surface area of the modified elec-
trode and amplify the current signal as well as create a cata-
lytic effect on the CLZ sensing.

To estimate the active surface area (A) of the modified
electrode (TiO2NP@CuO/CPE) or the bare CPE, the CVs
plots in the redox probe at different scan rates
(0.01 V s−1 to 0.10 V s−1) were recorded. According
to Randles–Sevcik Eq. (2), peak current (I/A), number
of transferred electrons (n = 1), diffusion coefficient
(D/cm2 s−1) and bulk concentration (Cs/mol cm−3) of the sub-
strate, A value (cm−2) was estimated.

Ip ¼ 2:69� 105 � n3=2 � A� D1=2 � Cs� v1=2 ð2Þ

Based on the results, the calculated A values for the
TiO2NP@CuO/CPE and the bare CPE were found to be
2.49 and 1.62 (cm−2), respectively. It seems that utilizing the
nanostructure with high porous structure lead to a notable
increase in the surface area of the modified electrode.

Optimization for the CLZ detection

To obtain a stable and satisfactory response, some important
parameters such as the amount of the used TiO2NP in the paste

preparation, accumulation time, scan rate and pH effect were
studied.

Effect of the nanostructure amount

Clearly, the composition of the paste affects the produced
signals. It was observed that by increasing the amount of the
TiO2NP@CuO nanostructure in the paste up to about 6%, CV
signal was rapidly increased. Subsequently, after 6%, the sig-
nal had a level off and then slightly decreases. This incremen-
tal and decreasing behavior may be attributed to the fact that
because of the creation enhancement of adsorption sites in the
paste, the better signal can be achieved and followed, higher
loadings lead to the augmentation of the electrode resistance,
respectively (Fig. 1s,a). Thus, the nanostructure amount of 6%
was used as an optimal amount in further experiments.

Effect of the accumulation time

Another important factor in the strategy is the optimization of
the accumulation time of the CLZ on the TiO2NP@CuO/CPE
surface. Figure 1s,b shows the adsorptive peak current vs.
preconcentration time at a concentration level of
0.1 mmol L−1 CLZ in the electrolyte solution (pH = 5.0). As
seen, by increase the accumulation time, an increase in the

Fig. 1 a the FT-IR spectra and (b) the XRD patterns and (A and B) SEM images of TiO2NP@CuO core-shell nanostructure
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anodic peak current (Ipa) is observed up to 400 s indicating an
enhancement of adsorption of the CLZ on the modified elec-
trode surface. The analytical signal intensity was stabilized for
longer accumulation times than 400 s, reflects saturation of the
electrode surface by the CLZ. Consequently, 400 s was selected
as optimum accumulation time.

Effect of pH

The effect of pH was investigated on the voltammetry behav-
ior of the CLZ by the TiO2@CuO/CPE over the pH range of
4.0–8.0 (Fig. 3). It was revealed that the maximum of the Ipa
was achieved in the pH = 5.0 (inset a). Because of more re-
producible results and higher current at pH = 5.0, this value
was selected as the optimum value for the CLZ determination.

In addition, by plotting of the Epa vs. pH, a linear relation
between oxidation peak potential and pH is estimated to be
y = − 0.0614 x + 0.9386 with R2 = 0.9955 by slope the of
−0.0614 (inset b). The slope value is the equal value of a slope
of the Nernst equation indicating two electron-two proton
electrochemical oxidation of the CLZ in the pH range of
2.0–8.0. The oxidation mechanism of the CLZ may be postu-
lated as shown in Scheme 2.

Effect of scan rate

To study the kinetic parameters and electrochemical behavior
of the TiO2NP@CuO/CPE, the related CVs were investigated
over scan rates range of 40–400 mV s−1 in the electrolyte
solution (pH = 5.0) in the presence of 0.1 μmol L−1 CLZ

(Fig. 2S). A linear relationship between the Ipa and ν over
the potential sweep rate range (y = 0.0489 x + 2.4371 with
R2 = 0.9962) shows the adsorptive nature of the electrochem-
ical oxidation of the CLZ (inset a). This linear behavior was
also observed for the log Ipa vs. log v with a slope of 0.7302
(data not shown) indicating the adsorption-controlled oxida-
tion of the CLZ on the modified CPE. In addition, by increas-
ing the potential sweep rate, the Epa value shifted to more
positive values indicating a limitation in the kinetic of the
CLZ oxidation reaction. According to the linear relation be-
tween the Epa and log v at low scan rates, y = 0.0202 x +
0.5435 with R2 = 0.9939 (inset c), the Tafel slope (b) can be
calculated from the slope using following Eq.3 [5].

Epa ¼ b
2
logvþ constant ð3Þ

Based on the two-electron oxidation of the CLZ on
TiO2NP@CuO/CPE surface and the calculated Tafel slope
of 0.04, transfer coefficient (α) value was obtained to be
0.57, according to the following Eq. 4 [7].

b ¼ 2:303=RT

1−αð ÞnF ð4Þ

Results of the plot of the potential vs. log ν and Laviron
equation (Eq. 5) were used for calculation of the catalytic rate
constant (kcat).

LogKs ¼ α log 1‐αð Þ þ 1−αð Þ logα‐log RT=nFvð Þ
‐α 1‐αð Þ nFΔEp=2:3RT

� �
ð5Þ

Fig. 2 a The recorded CVs and
(b) Nyquist curves of the
unmodified and modified
electrode in the solution
containing 5 mmol L−1

[Fe(CN)6]
3−/4- and 0.1 mol L−1

KCl (1:1), inset: the equivalent
circuit model for impedance
curves, and (c) the recorded CVs
of the unmodified and modified
electrode in 0.1 mol L−1 AB
(pH = 5.0) in the absence and
presence of 20 μmol L−1 CLZ
(scan rate: 100 mV s−1)
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where n, F, R and T have their conventional meanings. By
considering of the slope of the plot in inset c and transferred
electron number of 2 for oxidation of the CLZ under the
Laviron equation, the catalytic constant (kcat) value was calcu-
lated to be 2.089 s−1, respectively. This value of the kcat indi-
cates a relatively good ability of the nanostructure for promot-
ing electron transfer between the CLZ and electrode surface.

Voltammetric determination of the CLZ

For evaluation of the ability of the designed sensor to detect
the target, the DPV signals for different concentrations of the
CLZ ranging from 30 pmol L−1 to 10 μmol L−1 were studied.
As shown in Fig. 4, the currents show an obvious increase
with increasing the CLZ concentration. The plot of the Ipa
towards to CLZ concentration indicated two linear ranges
from 30 pmol L−1 to 4 nmol L−1 and 4 nmol L−1 to
10 μmol L−1 with the linear regression equations of the Ipa
(μA) = 2.1702 log C (nmol L−1) + 5.119 (R2 = 0.9940) and Ipa
(μA) = 4.5811 log C (nmol L−1) + 3.628 (R2 = 0.9964), re-
spectively. The detection limit was determined to be
9 pmol L−1 with a signal-to-noise ratio of 3. Comparison of
the results by the reported electrochemical methods indicates
the analytical performance of the strategy is comparable or

even better in terms of determination, limits of detection
and/or linear ranges for the CLZ concentration (Table 1).
Furthermore, the simplicity of the fabrication procedure with-
out using expensive or toxic reagents, signal response stability
and required time for CLZ analysis are comparable with other
CLZ sensors. These acceptable funding may be attributed to
four important reasons such as (1) utilizing the TiO2NP with
unique inherent properties in the nanostructure; (2) The pres-
ence of the CuO to synthesis of the core-shell nanostructure
with the ability of enhancement of the electrochemical perfor-
mance; (3) ability of the synthesized nanostructure as an effi-
cient platform in surface area enhancement; (4) preparation of
the active sites on the modified electrode surface which led to
proper puissance of the CLZ oxidation on the surface.

Stability and repeatability of the sensor

The stability parameter is a key factor in the investigation of
the efficiency of the sensor. To do so, the modified electrode
was investigated by the recording of related DPVs in
20.0 μmol L−1 CLZ every two days in an eight-day period.
Overall, the final results of the sensor indicate 89.0% of its
original peak current, which reflects a suitable long lifetime of
the sensor. The repeatability of the results was estimated by

Fig. 3 The recorded CVs of
0.1 μmol L−1 CLZ from pH 4.0 to
8.0 at a scan rate of 100 mV s−1 in
the electrolyte solution, (a)
Variation of the Ipa vs. pH and (b)
the Epa vs. pH

Scheme 2 The oxidation
mechanism of the CLZ
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recording four replicate DPVs in a 20.0 μmol L−1 CLZ in PB
(pH = 5.0). The relative standard deviation (RSD) was calcu-
lated to be 2.3%, indicating the repeatability and the reliability
of the TiO2NP@CuO/CPE for the CLZ analysis.

Interference studies

The selectivity is a key factor for evaluating the applicability
of the sensor in real sample analysis. Interference studies were
investigated to know how the results for the CLZ analysis are
affected by the presence of various inorganic ions and organic
compounds, which usually co-exist in pharmaceutical and bi-
ological samples. According to the used definition, the

tolerance limit was defined as the ratio of the concentration
of the interfering species to the CLZ which led to a relative
error of less than ±5.0%. To do so, DPV signals related to
some species such as fructose, glucose, valine, urea, cysteine,
ascorbic acid, dopamine, uric acid sulfate ion, calcium ion,
nitrate ion and cobalt ion as the probable interferences were
recorded. The funding indicated that various interfering spe-
cies did not interfere with measuring of 20 μmol L−1 CLZ
(Fig. 3SA,B). The i and i0 represent peak current responses
of the CLZ in presence and absence of interferences, respec-
tively. The changes in oxidation current as percentages with
their standard deviations for all interferences (ions and mole-
cules) are shown in Fig. 3SC. This result reflects the

Table 1 Comparison of analytical parameters of the sensor with those previously reported

Modified electrode Technique real samples pH Potential (mV) Linear range (nM) LOD (nM) Ref.

CIL and ISS-CIL Electrodesa DPV Blood serum 3.5 570 1.0–1.0 × 102 0.208 [30]

PVCb-PTc 1.0 × 104-1.0 × 107 3700 [31]

TiO2NP/CPE DPV Tablet 9.0 370 5 × 102–45 × 103 61.0 [12]

MWWTd/NCe/PPYf/GCE LSV Blood serum 5.44 500 1.0 × 10–5 × 103 3.0 [32]

MWWT/GCE SWV Urine/Blood serum 7.0 462 0.1–2.0 μM 30 [33]

Rug-TiO2/CPE SWV Tablet/ urine 10.4 210 9.0 × 102–4.0 × 104 0.43 [34]

RuTiO2/MWCNTs-CPE SWV Tablet/ urine 5.0 480 10.0–70.0 0.057 [35]

TiO2NP@CuO/CPE DPV Blood serum 5.0 500 1.0 × 10−3-1.0 × 104 0.015 This work

a Surfactant-modified carbon ionic liquid electrode (ISS-CILE)
b Poly (vinyl chloride) powder
c Phosphotungstic acid
dMulti-walled carbon nanotube
e New coccine
f Polypyrrole
g ruthenium

Fig. 4 The recorded DPVs of
theTiO2NP@CuO/CPE in
various concentrations of the CLZ
in the range of 30 pmol L−1 to
10 μmol L−1. Plots of the Ipa vs.
concentration of the CLZ (a) for
low concentrations from
30 pmol L−1 to 4 nmol L−1 and (b)
for high concentrations from
4 nmol L−1 to 10 μmol L−1
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TiO2NP@CuO/CPE as the CLZ sensor may have certifiable
applicability in the CLZ sensing in samples with a complex
matrix. These verifiable results are attributed to utilizing effi-
cient nanocomposite with unique properties.

Analysis of the CLZ in the real sample

To evaluate the practical application of the sensor, the CLZ
detection in blood serum and CLZ tablet samples were carried
out. The real samples were prepared according to the experi-
mental part. The analyses were performed using the standard
addition method and the DPV signals were recorded. The
recovery values were estimated by comparing the determined
concentrations with the added concentrations. The RSD and
recovery results were obtained based on five replicates at
some nominal concentrations. As listed in Table 2, the results
demonstrate the good accuracy of the method. It can be con-
cluded that the strategy has certifiable potential in real sample
analysis with satisfactory results.

Conclusions

A promising strategy was presented for the detection of the
CLZ by an electrochemical method. The TiO2NP@CuO core-
shell nanostructure was synthesized with an affordable meth-
od and efficiently utilized in the construction of the
TiO2NP@CuO/CPE as the CLZ sensor. The sensing platform
presented an appreciable ability to show many advantages
such as high surface area, efficient catalytic ability and subse-
quently, wide linear range, low LOD, high stability and repro-
ducibility in the CLZ detection. The sensor was successfully
evaluated in the real samples and identified as a promising
candidate for the electrochemical detection of the CLZ. This
is expected that the electrochemical approach for CLZ mea-
surements in real samples may provide clinicians with the
timely point-of-care information required to adjust the CLZ
dosages to personalize the management of schizophrenia.
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