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Abstract—This paper describes the development and utilization of a new nanocomposite consisting of amine-
functionalized TiO2/multi-walled carbon nanotubes and sodium dodecylsulfate for glassy carbon electrode
modification. The nanocomposite was characterized by Fourier transform infrared spectroscopy, transmis-
sion electron microscopy and scanning electron microscopy. The modified electrode was used for electro-
chemical characterization of olanzapine (OLZ). The efficiency of modified electrode for electrocatalytic oxi-
dation of OLZ was studied by cyclic voltammetry and square wave voltammetry in phosphate buffer solution
(pH 7.0). Using square wave voltammetry, the prepared sensor showed good sensitivity and selectivity with
low overpotential for the determination of OLZ in the ranges from 0.05 to 0.1 and 0.1 to 10 μM, with a detec-
tion limit of 8 nM. The proposed method was employed for the determination of OLZ in tablet and blood
serum samples without any pretreatment steps.
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Among analytical methods, electrochemical tech-
niques have been the most widely applied because of
high sensitivity, simplicity, reproducibility as well as
abilities to be miniaturized. Carbon electrodes are
widely applied in electroanalysis due to their low back-
ground current, broad potential window, chemical
inertness, low cost and compatibility for diverse sens-
ing and detection application [1].

Since surface modification is a significant area of
study in modern electrochemistry, different applica-
tion possibilities of the chemically modified electrodes
are of concern. Introduction of surface-active agents
(surfactants) in this zone of work adds a new and ben-
eficial dimension to the researches. Adsorption of sur-
factants at the electrode/solution interface as well as
solubilization of electrochemically active compounds
into micelle aggregates may significantly change and
control the attributes of electrode surfaces, heavily
affecting the electrochemical process of electroactive
species [2]. Analytically, surfactants have also been
widely used to improve the sensitivity and selectivity of
the voltammetric measurements of organic com-
pounds of environmental and clinical interest [3–9].

On the other hand, the usage of carbon nanotubes
(CNTs) modified electrodes is well known due to the
fundamental properties of CNTs to mediate electron

transfer reactions with electroactive species in solu-
tions [10, 11]. Recent studies have demonstrated that
CNTs can increase the electrochemical reactivity of
significant biomolecules and can promote the elec-
tron-transfer reactions of proteins [12, 13], as well
facilitate the determination of important biomolecules
[14, 15], pharmacological materials [16] and inorganic
ions [17] with the outstanding antifouling properties
[18]. To take advantages of the significant properties of
CNTs in electrochemical sensing applications, CNTs
need to be properly functionalized and immobilized
[11, 19]. TiO2 is an important material for electro-
chemical, photocatalytic, electronic, photovoltaic,
biomedical and cosmetic applications [20–28]. There
is a growing concern in the development of TiO2–car-
bon nanotube nanocomposites with improved elec-
tronic conductivity for solar cells, sensors and catalytic
devices [29, 30].

Olanzapine (Scheme 1) is an antipsychotic drug
recently offered in therapy. In fact, it appears to be
efficient against both positive (hallucinations, delu-
sions) and negative (poverty of speech, social with-
drawal) symptoms of schizophrenia [31, 32], whereas
‘traditional’ antipsychotic drugs (e.g., phenothi-
azines, butyrophenones) are alone effective in the
therapy of positive symptoms of this illness. Due to its
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far-reaching use, fast, effective and economical proce-
dures for the determination of OLZ in pharmaceutical
formulations and biological compounds are required.
Therefore, electrochemical techniques appear to be as
valuable as chromatographic ones and are a good
alternative to the latter.

A survey of literature revealed that no electrochem-
ical data were available concerning the voltammetric
behavior of OLZ in the presence of surfactants. Keep-
ing the above knowledge in mind, in this article, as a
continuation of our previous study [33], the electro-
chemical determination of OLZ by a sensitive elec-
trode composed of amine-functionalized TiO2, multi-
walled carbon nanotubes, surfactant, paraffin oil, as
binder, and glassy carbon electrode (GCE) was inves-
tigated. The main purpose was to give special attention
on the coupling of adsorptive transfer stripping vol-
tammetry with the unique properties of the in situ sur-
factant-modified amine-functionalized TiO2/multi-
walled carbon nanotubes (ISS-NH2-TiO2-
MWCNTs/GCE) for the development and optimiza-
tion of a sensitive and rapid method for the determina-
tion of OLZ in aqueous solutions utilizing the
enhancement effect of the anionic surfactant. The
practical use of the method was demonstrated by mea-
suring the concentration of OLZ in samples of spiked
human serum and tablets.

Scheme 1. Chemical structure of olanzapine.

EXPERIMENTAL
Reagents and solutions. The MWCNTs (>95%)

and 3-aminopropyl-(diethoxy)-methylsilane (97%)
were purchased from Nanostartech (Tehran, Iran) and
Aldrich (Milwaukee, WI), respectively. The com-
pound OLZ (C17H20N4S) was purchased from Sobhan
Darou (Rasht, Iran). Isopropyl alcohol and tita-
nium(IV) isopropoxide were from Fluka (Buchs,
Switzerland). The types of surfactants tested were
anionic (sodium dodecylsulfate, SDS), cationic (cet-
yltrimethylammonium bromide, CTAB) and non-
ionic (Triton X-100, TX-100). Surfactants, all
reagents and solvents were of the highest purity avail-
able from Merck (Darmstadt, Germany) and used
without further purification. Phosphate buffer solu-
tion (PBS, 0.1 M, pH 7.0) was prepared by mixing
solutions of 0.1 M Na2HPO4 ⋅ 12H2O and 0.1 M
NaH2PO4 ⋅ H2O. Aqueous solutions of OLZ were pre-
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pared fresh at the time of experiments in PBS (pH
7.0). All the solutions were prepared using double dis-
tilled water.

Apparatus. All voltammetric measurements were
carried out using a μAutolab electrochemical system
(Eco-Chemie, Utrecht, The Netherlands) equipped
with Nova software (Eco-Chemie, Utrecht, The
Netherlands). A conventional three-electrode system
was used, including a working modified electrode, a
saturated Ag/AgCl reference electrode, and a plati-
num wire counter electrode. All the pH values were
measured with a Metrohm pH meter (model 827,
Switzerland). The morphology and particle size of
NH2-TiO2-MWCNTs were characterized as described
previously in [33].

Electrode preparation. 10 mg of graphite powder
(~325 mesh, >99.99%, Sigma-Aldrich) was added to a
certain amount of NH2-TiO2-MWCNTs and then the
mixture was dispersed into 0.4 mL of dimethylforma-
mide with ultrasonic treatment for 20 min to get a
homogenous dispersion. Then 5 μL of the suspension
was dropped onto the surface of a clean GCE (2 mm
diameter, Metrohm) and let dry at room temperature
to obtain the modified electrode. In situ modification
of the electrode was done by dipping the NH2-TiO2-
MWCNTs/GCE in 0.1 mM SDS solution for 180 s.

RESULTS AND DISCUSSION
Cyclic voltammetric characterization of modified

electrodes. Cyclic voltammograms of OLZ at the bare
GCE, NH2-TiO2-MWCNTs/GCE and ISS-NH2-
TiO2-MWCNTs/GCE are given in Fig. 1. The anodic
and cathodic peak currents of OLZ at the NH2-TiO2-
MWCNTs/GCE are much greater than at the GCE.
On the other hand, oxidation of OLZ at the NH2-
TiO2-MWCNTs/GCE occurs at less positive poten-
tials. The ISS-NH2-TiO2-MWCNTs/GCE also
showed a remarkable sensitivity compared to the GCE
and NH2-TiO2-MWCNTs/GCE, which implies that
the redox reaction of OLZ molecules becomes more
facile on the ISS-NH2-TiO2-MWCNTs/GCE (Fig. 1,
curve 4 for TX-100, curve 5 for SDS). In addition, the
cyclic voltammogram of OLZ shows two anodic peaks
at the modified electrodes. The advent of a small peak
at more positive potentials is probably due to re-oxida-
tion of oxidized OLZ. The first peak was selected for
the rest of the experiments because of lower anodic
overpotential for the oxidation of OLZ and higher
anodic peak current.

Effect of surfactant. Surfactants have an influence
on the electrochemical processes of electroactive spe-
cies [34, 35] and thus are widely used in electroanalyt-
ical chemistry to improve the sensitivity and selectivity
[36–38]. Adsorption of surfactant aggregates on the
electrode surface through hydrophobic interplay
might significantly facilitate the electron transfer, shift
the redox potentials or charge transfer coefficients or
o. 11  2019
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Fig. 1. Cyclic voltammograms at the GCE (1); NH2-TiO2-
MWCNTs/GCE (2); ISS-NH2-TiO2-MWCNTs/GCE
with cetyltrimethylammonium bromide (3), Triton X-100
(4) and sodium dodecylsulfate (5) in 20 µM olanzapine
solution (phosphate buffer solution, pH 5.0).
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Fig. 2. Effect of the concentration of surfactant on the vol-
tammograms of the ISS-NH2-TiO2-MWCNTs/GCE: 1 ×
10–5 (1) and 1 × 10–4 M (2) sodium dodecylsulfate in
10 µM olanzapine solution (phosphate buffer solution
pH 5.0).
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diffusion factors by stabilizing radical ions and other
reaction intermediates and also by modifying the dou-
ble layer structure [39].

The effects on the peak currents of OLZ using two
ionic surfactants, such as CTAB and SDS, and a non-
ionic surfactant, such as TX-100 as an in situ modifier,
were investigated. Voltammograms obtained at pH 7.0
showed that CTAB decreased the redox peaks of OLZ,
whereas the sensitivity of the NH2-TiO2-
MWCNTs/GCE was increased using SDS and TX-
100 (Fig. 1).

Olanzapine exists as a positively charged form
under the studied pH condition (pKa = 7.4) [40].
Therefore, after employing the cationic surfactant, its
redox peaks decreased due to the repulsive coulombic
forces between the positively charged OLZ and posi-
tively charged ammonium group of CTAB that ban the
aggregation of the drug molecules at the electrode sur-
face. On the other hand, adsorption of the SDS
micelles onto electrode surface shapes a negatively
charged hydrophilic film oriented to the water bulk
phase. Based on this principle, positively charged
OLZ has a trend to accumulate in the negatively
charged crown of anionic SDS micelles, which may
lower the over potential of the electrode and increase
the electron transfer rate. The sensitivity of the SDS-
in situ modified electrode was about 5 times higher
than that of the NH2-TiO2-MWCNTs/GCE for
anodic current. The observed increment in peak cur-
rents in the attendance of TX-100 could be due to
organization of a thin layer on the electrode surface
into which the analyte molecules were preconcen-
trated. This phenomenon increased the possibility of
electron transfer between the electrode and OLZ mol-
ecules. However, in this case coulombic forces which
JOURNAL OF
lead to efficient aggregation of OLZ with the adsorbed
SDS were stronger than any other interactions. There-
fore, SDS was selected as the in situ modifier surfac-
tant for further studies (Fig. 1).

Optimization of surfactant solution parameters.
Effect of the surfactant amount. The peak currents of
OLZ were highly dependent on the concentration of
SDS and in situ modification time of the electrode.
While gradually enhancing the concentration of SDS
from 1 × 10–5 M, the peak currents increased favorably
up to the concentration of 1 × 10–4 M; above this con-
centration, the peak currents were decreased. There-
fore, SDS was employed at what was considered the
best concentration of 1 × 10–4 M (Fig. 2).

The in situ modification time was investigated in
the range of 30–210 s. The anodic peak current inten-
sity was found to increase with increasing in situ mod-
ification time up to 180 s. With further increase in the
in situ modification time, there was no significant
increase in the current response. This is probably due
to the saturation of the NH2-TiO2-MWCNTs/GCE
surface by adsorption of SDS. Hence, 180 s was chosen
as the optimum in situ modification time for the NH2-
TiO2-MWCNTs/GCE (data not shown).

The effect of surfactant on the surface area of the
modified electrode. The effective surface area of the
ISS-NH2-TiO2-MWCNTs/GCE can be determined
using the [Fe(CN)6]3–/4– redox system and applying
the Randles-Sevcik equation for a reversible process
[41]:

(1)

where Ip is the redox current peak, n is the total num-
ber of electron transferred (n = 1), c* is the bulk con-

( ) 3 2 1 2 1 25
p 2.69 10 * ,I n D c A= × ν
 ANALYTICAL CHEMISTRY  Vol. 74  No. 11  2019
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Fig. 3. Influence of solution pH on the voltammograms of the ISS-NH2-TiO2-MWCNTs/GCE; pH: 4.0, 5.0, 5.5, 6.0, 6.5, 7.0,
and 7.5. Inset is the plot of Ipa vs. pH.
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centration of the redox probe (5 mM [Fe(CN)6]3–/4–),
ν is the scan rate (V/s), D is the diffusion coefficient of
probe (7.6 × 10–6 cm2/s), A is the effective surface area
of the electrode (cm2). The electrochemically effective
surface areas of the GCE, NH2-TiO2-MWCNTs/
GCE and ISS-NH2-TiO2-MWCNTs/GCE were cal-
culated to be 0.02, 0.09 and 0.159 cm2 respectively.

Effect of solution pH. It is significant to examine
the effects of pH on electrochemical systems, because
pH is one of the variables which mainly and strongly
influences the current and shape of voltammograms.
The influence of the solution pH on the electrocata-
lytic oxidation of OLZ (20 µM) was investigated in the
pH range of 4–7.5 employing PBS (Fig. 3). As can be
seen, the anodic peak current (Ipa) reached its maxi-
mum value at two pHs, 6.5 and 7.0. Because pH 7.0
was the physiological pH value and the oxidation
potential was lower, it was employed in this study.

The anodic peak potential (Epa) shifts to less posi-
tive potentials when solution pH increases with the
equation of Epa(V) = 0.6782 – 0.0649 pH and regres-
sion coefficient (R2) of 0.990. The slope of the plot is
close to 0.0585 V/pH at the Nernst equation. There-
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 74  N
fore, the number of electrons and protons involved in
the reaction mechanism is equal. To find the number
of involved electrons, surface coverage formula and
Laviron equation were used [1]

(2)

where F is the Faraday number (C/mol), A is the
electrode surface area (cm2), R is the gases’ constant
(J/(K mol)), n is the number of involved electrons in
the oxidation process of OLZ, T is the system tem-
perature (K), and Γ is the surface coverage (mol/cm2)
and is calculated by the following formula:

(3)

where Q is the peak area (C) and other variables were
mentioned before. With the replacement of Eq. (3) in
Eq. (2), the electron transfer number was calculated to
be 1.92 (ca. 2). Therefore, the electrochemical oxida-
tion of OLZ is a two-proton and two electron transfer
process.

Effect of scan rate. The effect of scan rates on the
peak currents at the ISS-NH2-TiO2-MWCNTs/GCE
in PBS (pH 7.0) was investigated by cyclic voltamme-

2 2
pa 4 ,VI n F A RT= Γ

,Q nFAΓ =
o. 11  2019
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Fig. 4. Cyclic voltammograms of the ISS-NH2-TiO2-MWCNTs/GCE in a 0.1 M phosphate buffer solution (pH 7.0) containing
olanzapine (20 µM) at different scan rates. The scan rate is 0.01, 0.02, 0.04, 0.06, 0.08, 0.1, 0.15 and 0.2 V/s (from inner to outer).
Inset: plots of peak currents vs. V.
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try in the presence of 20 µM OLZ. As shown in Fig. 4,
at the scan rates in the range of 0.01 to 0.2 V/s, the
anodic peak currents of OLZ increase linearly with the
scan rates. The linear equation of OLZ is Ipa(μA) =
98.9(±1.3)V (V/s) – 0.2(±0.0); R2 = 0.991 (Fig. 4,
inset). This indicates that the oxidation of OLZ is con-
trolled by adsorption.

In addition, the anodic peak potential shifted to
positive potentials as the scan rate was increased. The
anodic potentials are found to be linearly dependent
on logν at the scan rates between 0.04 and 0.15 V/s.
The straight line was obtained with regression equa-
tion Epa(V) = 0.0447logV + 0.2781; R2 = 0.990.
According to Laviron’s model [42], plotting the Epa vs.
logV yields a straight line with the slope of 2.3RT/(1 −
α)nF. From the value of the slope, the electron transfer
coefficient (α) was estimated to be 0.34. According to
the Laviron equation:

(4)

the Ks was calculated to be 0.986 s−1. The results repre-
sent that the ISS-NH2-TiO2-MWCNTs as a modifier,
considerably facilitating the electron transfer kinetics
and assisting the electrochemical oxidation of OLZ.

Effect of accumulation potential and accumulation
time. Accumulation step is usually a simple and effec-

( ) ( )
( )

s

p

log log 1 1 log
1

log ,
2.3V

K
nF ERT

nF RT

= α − α + − α α
α − α Δ

− −
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tive way to raise the determination sensitivity. There-
fore, the accumulation time (tacc) and accumulation
potential (Eacc) of OLZ in the surface of modified
electrode were investigated. When the accumulation
time increased from 0 to 60 s, the oxidation peak cur-
rent of 30 µM OLZ increased gradually and reached
the maximum current response at 60 s. With further
increase in the accumulation time, there was no con-
siderable increase in the current response. This may be
caused by the fact that adsorption of OLZ on the ISS-
NH2-TiO2-MWCNTs/GCE surface becomes satu-
rated and the number of active sites on the electrode is
reduced. So, the accumulation time of 60 s was used
for each voltammetric measurement of OLZ. When
accumulation potential varied from –0.5 to 0.0 V, the
maximum voltammetric response was obtained at –
0.4 V. Herein, –0.4 V was selected as the optimum
accumulation potential.

Calibration curve, stability and reproducibility. The
electrochemical sensing performance of the ISS-
NH2-TiO2-MWCNTs/GCE toward OLZ was investi-
gated by square wave voltammetry (SWV) under the
optimized conditions. It can be seen in Fig. 5 that with
the increase in the OLZ concentration, the SWV oxi-
dation peak increased. When the concentration of
OLZ changes from 0.05 to 10 µM, the calibration
curve for OLZ shows two linear working ranges
(LWR): the first linear range is from 0.05 to 0.1 μM
with the regression equation of Ip(μA) = −0.1134 +
 ANALYTICAL CHEMISTRY  Vol. 74  No. 11  2019
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Fig. 5. Square wave voltammograms obtained for the oxidation of olanzapine at different concentrations of: 0.05, 0.07, 0.09, 0.1,
0.5, 2, 3, 4, 5, 7, 9, and 10 µM. Inset: The relation between the anodic peak currents and the concentrations of olanzapine. Scan
rate: 0.1 V/s; accumulation time: 60 s (–0.4 V); step potential height: 5 mV; modulation amplitude: 50 mV; frequency: 100 Hz.
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9.2373c (μM) (R2 = 0.984), and the second linear
range increases up to 10 μM with the linear regression
equation of Ip(μA) = 0.524 + 0.799c (μM) (R2 =
0.995). The limit of detection (LOD) of the proposed
modified electrode which is defined as the concentra-
tion of the sample yielding a signal identical to the
blank signal three times of its standard deviation was
estimated to be 0.008 μM. Also, the relative standard
deviation (RSD) of the ISS-NH2-TiO2-MWCNTs/
GCE for five measurements of 0.5 μM OLZ was
1.42%, indicating good reproducibility of the modi-
fied electrode. Stability of the sensors is an important
factor that is a proof of their performance. In order to
investigate this factor, when the modified electrode
was kept on air at a room temperature for two weeks,
no apparent change was found toward OLZ with sim-
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 74  N

Table 1. Comparison of different modified electrodes for the

a SWCNTsCOOH-CME: single walled carbon nanotubes COOH-c
b DPV: differential pulse voltammetry.

Electrode pH LWR, µM LOD,
µM

SWCNTsCOOH-CMEa 8.5 0.64–32 0.32

NH2-TiO2-MWCNTs/GCE 5.0 0.12–33 
and 33–124

0.09

ISS-NH2-TiO2-MWCNTs/GCE 7.0 0.05–0.1 
and 0.1–10

0.008
ilar concentration and retained more than 87.3% of
the initial response. It was suggested that the proposed
sensor possessed acceptable storage stability. A com-
parison between the analytical efficiency of the pres-
ent modified electrode and some prior literature elec-
trodes for the determination of OLZ is given in
Table 1. As can be seen, wide linear ranges with a very
low LOD observed for the proposed electrode are
remarkably better than those previously reported for
OLZ.

Method selectivity. Selectivity studies were carried
out because psychiatric patients are often subjected to
treatment with multiple CNS drugs which can poten-
tially interfere with the analytical determination of
olanzapine. The drugs tested for interference were
other antipsychotics, antidepressants and benzodiaze-
o. 11  2019

 determination of olanzapine

hemically modified electrode.

 Sensitivity, 
µA/µM Method Matrix Reference

0.896 DPVb Urine, tablet [43]

0.25 and 0.098 SWV Human blood 
serum, tablet

[33]

9.2373 and 0.7992 SWV Human blood 
serum, tablet

This work
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Table 2. Tolerance of interferences on determination of 10 μM olanzapine

Interference Tolerance limit Interference Tolerance limit

K+, Na+, Cu2+, Cl–, Br–, 500 Other antipsychotics: risperidone, clotiapine, 
clozapine, haloperidol

100

Cysteine, glucose 400 Benzodiazepines: clonazepam, flurazepam, 
lorazepam

80

Uric acid, folic acid, ascorbic acid 200 Antidepressants: imipramine, paroxetine 50

–
3NO

Table 3. Determination results of olanzapine in human blood serum and tablet

a  or n = 5, where  notes standard deviation.

Sample Amount labeled, mg OLZ added, μM Founda RSD, % Recovery, %

Human blood serum − 0.07 0.067 ± 0.001 μM 1.5 95.7
− 0.80 0.77 ± 0.02 μM 2.6 96.2

Olanzapine tablet 2.5 − 2.40 ± 0.02 mg 0.8 96.2
5.0 − 4.9 ± 0.1 mg 2.0 97.3

10 − 9.6 ± 0.2 mg 2.1 97.0

xx x s= ± xs
pines. Eventual interferences of these compounds and
some other species in a solution containing 6 µM OLZ
in PBS (pH 7.0) were tested by SWV. The tolerance
limit was taken as the concentration of the foreign sub-
stances that caused an approximately ±10% relative
error in the determination of OLZ. The results showed
that the presence of K+, Br−, Cu2+,  Na+, Cl−,
glucose, cysteine, uric acid, folic acid, ascorbic acid
and tested drugs had no significant influence on the
height of the peak current (Table 2).

Application. In order to represent the applicability
of the proposed method to the analysis of real samples,
determination of OLZ in human blood serum and
commercial tablets was demonstrated. The samples
were prepared as described in [33]. The oxidation peak
of OLZ at the proposed modified electrode was
observed at 0.22 V. The human blood sample was then
spiked with known concentrations of OLZ. The vol-
tammograms clearly depict that the peak currents
increase significantly for the peak at 0.22 V thereby
confirming that it corresponds to the oxidation of
OLZ. The analytical results are summarized in
Table 3. The recovery was from 95.7 to 96.2% and
RSD (n = 5) was 2.59% for human blood serum and
2.08% for OLZ tablet. The results show that there is a
satisfactory agreement between the declared analyte
content and the determined value. Therefore, the ISS-
NH2-TiO2-MWCNTs/GCE can be effectively used
for the determination of OLZ in commercial and
human blood serum samples.

CONCLUSIONS

The results obtained demonstrate the synergistic
effect of SDS and NH2-TiO2-MWCNTs modified

–
3NO ,
JOURNAL OF
GCE on the voltammetric determination of OLZ. The
modified electrode decreased anodic overpotential for
the oxidation of OLZ and increased the anodic peak
current. Due to the unique properties of the ISS-NH2-
TiO2-MWCNTs/GCE, such as large surface area,
numerous active sites and stable electronic properties,
the modified electrode showed significant surface
enhancement effects on the electrochemical behavior
of OLZ. The catalytic peak currents obtained using
SWV are linearly dependent on the OLZ concentra-
tions with two linear segments. This electrode presents
advantages of easy fabrication, low LOD and high sen-
sitivity. This method can be employed for the determi-
nation of OLZ in pharmaceutical formulations and
blood serum samples without the necessity for sam-
ples pretreatment or any time-consuming extraction
prior to the analysis. The lack of need for pretreatment
showed an improvement in application features of the
procedure to the determination of OLZ compared at
least to those reported in the literature using different
electrochemical techniques.
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