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ABSTRACT 
A modified carbon paste electrode with NiO nanoparticles showed an excellent electrocatalytic behavior towards loratadine in 
the voltammetric and chronoamperometric approaches. Typical plots of IC/IL vs. t1/2 were contracted, and an average rate constant 
of 185.5 ± 2.2 M−1 s−1 was obtained from the slope of the curve. The geometric surface area of the electrode was 0.0314 cm2, 
and an average D-value of (1.11×10−3 ± 1.16×10−4) m2 s−1 was obtained for the diffusion of loratadine (Lor) towards the electrode 
surface. When the effective surface area (0.245 cm2) was used in calculations, an average D-value of (1.83×10−5 ± 1.96×10−6) 
cm2 s−1 was obtained. ∆I response is the peak current difference of the electrode at a fixed time when Lor analyte was added, and 
it is in proportion to the loratadine concentration in the range of 20-1000 nM. The limit of detection (LOD) and the limit of 
quantification (LOQ) of the method were 1.4 and 4.7 nM Lor when the 3Sb/m and 10Sb/m criteria were used, respectively. 
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1. Introduction

Catalysis, in general, is a tremendously important field 
in chemistry that influences the kinetics of the proposed 
chemical reaction by a change in the mechanism 
pathway and the decrease in the activation energy of the 
original catalyst-free reaction [1-12]. So far, to oxidize 
various organic compounds, some strong inorganic 
oxidants such as Cr(VI) oxides, permanganate, 
hypervalent iodine reagents, etc., have been used 
[13-22]. The application of these oxidizing agents may 
be limited due to high cost, high toxicity, high 
corrosiveness, instability, needing a dangerous 
preparation procedure, and high amounts of residual 
waste and byproducts. Thus, the application of these 
oxidants may not be environmentally friendly, and some 
excess techniques may need to be applied to the 
recovery and disposal of the resulting waste [23-25]. 
Further, some halogenated organic solvents and 
N-chlorosuccinimide organic oxidants suffer from a
non-environmentally friendly drawback [26].
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Accordingly, great attention has been paid to 
electrocatalysts. Electrocatalysis is a unique field of 
electrochemistry that is important in industrial 
electrochemistry and electrochemical techniques. 
Electrocatalysis involves an electrochemical reaction by 
the adsorbed reactant and/or product species [27-30]. 
Commonly, this electrochemical reaction at the 
electrode-solution interface can drastically affect the 
reaction mechanism’s kinetics. In this process, the 
electrochemical reaction proceeds at the electrode 
surface, which is electrically conductive.  
Thus, the kinetics of the process can be controlled by the 
physicochemical properties of electrochemical 
interfaces. On the other hand, the nature of the electrode 
materials and the electrical double layer structure 
formed at the electrode-solution interface can control 
the overall kinetics of the electrode process. In 
electrocatalysis, the crystalline phase of the electrode 
modifier and the crystallographic orientations of the 
electrode surface drastically affect the electrode reaction 
kinetics. For example, for some amino acids, by a 
change in the electrode materials, the adsorbed 
configurations and the chiral property can be changed 
[31,32].  
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The catalytic activity of noble metal-based 
electrocatalysts depends on the metal type and the 
homogeneity and surface properties. On the other hand, 
high surface area results in high electrocatalytic activity 
[33-35]. The Pt and Pt-based alloys have been widely 
used in the electrocatalysis field, but their applications 
may be limited due to high cost and poisoning effects. 
For example, poisoning of Pt-based catalysts by CO 
species in the fuel cells occupies the active centers on 
the electrode surface and decreases the catalytic activity. 
Accordingly, the poisoning effect is well known as a 
significant drawback of the noble metal-based 
electrocatalysts for the electro-reduction or electro-
oxidation of various chemicals [36-46]. 
Thus, introduced novel electrocatalysts such as metal 
oxides [47-49], silver halides [50], etc., have been used 
as effective electrocatalysts. A metal oxide with high 
electrocatalytic activity is a p-type NiO semiconductor 
with a bandgap energy of about 3.6-4.0 eV. It has 
impressive electrical conductivity, high electrochromic 
efficiency, high electro-activity, high effective surface 
area, cheap and straightforward synthesis procedures, 
and a wide modulation range. Due to these great futures, 
NiO acts as a good electron mediator in many 
electrochemical sensors. It has been widely used in 
photocatalysis, supercapacitors, lithium-ion batteries, 
dye sensitizer in solar cells, transparent electrodes, 
biosensors, etc. [51-53]. The unusual electrocatalytic 
activity of NiO has been related to the Ni(II)/Ni(III) 
redox couple in the modified electrodes by NiO [54-59]. 
Accordingly, we used a modified carbon paste electrode 
(CPE) with NiO, and its electrocatalytic activity was 
evaluated towards the voltammetric determination of 
sulfasalazine [60]. The effects of the calcination 
temperature in the preparation of NiO nanoparticles 
(NPs) were studied on the electrocatalytic activity of the 
modified NiO-CPE electrode. The results showed that 
the modified electrode with NiO NPs calcined at 200 °C 
had the best photocatalytic activity.  
Further, the electrocatalytic activity of the modified 
NiO-CPE was tested towards loratadine (Lor) in a cyclic 
voltammetry approach, and the kinetic aspects of the 
process were evaluated [61]. Here, to complete the 
work, the electrocatalytic behavior of the modified NiO-
CPE electrode will illustrate towards Lor in a 
chronoamperometric approach.  
Histamine is the primary source of allergic disorders 
such as asthma, urticarial, and allergic rhinitis, and these 
are the most common human diseases [62,63]. 
Loratadine is a tricyclic antihistamine that has been 
widely used for treating seasonal allergic symptoms. It 
potentially locks the effects of the naturally formed 
histamine. It mitigates the symptoms of allergies such as 

hay fever and urticarial, including skin rash, itching, 
sneezing, hives, watery eyes, and runny nose, etc.  
[62-64]. Loratadine has some side effects such as 
headache, feeling tired or sleepy, dizziness, nervousness 
(in children), and GI distress (diarrhea, abdominal pain, 
nausea, and vomiting). These anticholinergic effects 
may cause sedation (rare side effects), mydriasis, and 
xerostomia for loratadine [65,66]. Based on this 
illustration, the monitoring and control of loratadine are 
essential to achieve successful treatment, increase the 
safety of the patients using this drug, and reduce its side 
effects. Thus, the modified NiO-CPE electrode was used 
for the chronoamperometric determination of Lor in 
work. 

2. Experimental 

2.1. Chemicals and solutions 

Loratadine (Lor) (99.9%), Ni(CH3COO)2.4H2O 
(99.9%), citric acid (99.9%), graphite powder (99.99%), 
Nujol oil (99.99%), and other required chemicals with 
analytical purity were obtained from the Flucka/Aldrich 
company. Triply distilled deionized water was used for 
preparing the solutions. In the voltammetric and 
chronoamperometric experiments, a 0.1 M NaOH 
supporting electrolyte was used. 
A 0.5 μM Lor stocks solution was prepared daily and 
used to prepare the diluter solution using the serial 
dilution approach [61]. A pharmaceutical tablet of 
loratadine (10 mg) was purchased from Poorsina 
Pharmacy Company (Tehran, Iran) to prepare a real 
sample solution. One pulverized tablet was accurately 
weighed (100 mg) and completely powdered by hand-
mixing in an agate mortar. Then, an aliquot of the 
powder (19.1 mg) was poured into a 50 mL volumetric 
flask and dissolved in 5 mL ethanol after 5 min 
sonication. The resulting solution reached the mark of 
0.1 M NaOH solution [62].  
For NiO synthesis, 2.5 g nickel (II) acetate was added in 
a 100 mL beaker and completely dissolved in 50 mL 
water. Then, 1.92 g citric acid (CA) was added to 
another beaker. After the dropwise addition of solution 
A to CA solution, the solution pH was adjusted to 3-3.5 
by HNO3 to achieve a clear solution. The solution 
temperature was adjusted to 65 ℃ and stirred to reach a 
highly viscous residual. It was then air-dried to produce 
a light green gel precursor. Finally, the gel was calcined 
at 200 ℃ for 6 h to achieve NiO NPs [60,61,67,68]. 
For preparing the raw and modified carbon paste (CP), 
Nujol oil was added to the aliquot amount of graphite 
powder to obtain a 10 w% Nujol oil. For example, for  
1 g carbon powder, 0.1 g of oil should be added. After 
hand-mixing in an agate mortar for 15 min, the paste 
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was the raw CP [69]. For modifying the paste by NiO 
NPs, a definite weight of NiO NPs was added to a 
definite amount of the raw CP to achieve 5-20 w% of 
NiO modifier in the paste. The mixtures were then hand-
mixed thoroughly in an agate mortar for another 15 min 
to achieve a homogeneous modified NiO-CP matrix 
[61].  
The modified carbon paste electrode (NiO NPs-CPE) 
was prepared in the following procedure, which is 
illustrated in the literature [61,69,70]. An aliquot of the 
modified NiO-CP was added to the end of an insulin 
syringe and fully compressed by mechanical force. A 
copper wire was pushed into the end of the syringe to 
achieve electrical contact. The modified NiO-CPE 
electrodes with different amounts of NiO-modifier have 
then been used in the cyclic voltammetry and 
chronoamperometry techniques. The raw CPE electrode 
was also prepared in the same method by using the raw 
CP. When the electrode response tended to diminish, the 
electrode surface was polished with a soft paper to 
achieve a renewed surface [61,69,70]. 

2.2. Apparatus and CV/CA procedures 

A Field Emission Scanning Electron Microscope 
(FESEM; Mira 3-XMU) was used to sample 
characterization. pH adjustments were done by a 
Jenway p-ion meter (model 3505) [61]. 
The cyclic voltammetric (CV) and chronoamperometric 
(CA) experiments were carried out by a potentiostat/ 
galvanostat (Autolab, PGSTAT-101, EcoChemie, 
Netherlands), with data acquisition NOVA 1.8 software. 
Here, a three-electrode voltammetric cell system was 
used, which contained an Ag/AgCl reference electrode 
(Azar Electrode Com, Iran), the modified NiO-CPE 
working electrode, and a platinum counter (auxiliary) 
electrode. Before each CV or CA run, the test solution 
was purged by high pure nitrogen gas for 5 min [61].  
All CV and CA runs were carried out in triplicate 
measurements. The CV and CA of the Lor test solutions 
were recorded by the raw CPE and the modified NiO-
CPE electrodes. The electrode response was the Δi 
value, which is the difference between the raw and the 
modified electrodes [61]. 

3. Result and Discussion 

3.1. A summary of the characterization results 

NiO NPs, raw and modified CPEs were identified by 
some characterization techniques, for which results 
have been illustrated in the first section of the work [61]. 
Here, brief results obtained in the characterization 
techniques are reported as follow. A hexagonal 
crystalline structure was observed for the carbon paste 

(JCPDS: 00-026-1076), while NiO calcined at 200 °C 
showed an amorphous phase. Applying the Scherrer 
equation on the XRD data showed an average crystallite 
size of 36 nm for the NiO-CP sample. In comparison, 
about 42 nm was obtained as an average crystallite size 
when the Williamson-Hall equation was applied to the 
XRD data [61].  
Some SEM pictures of the raw CPE and the modified 
NiO-CPE electrodes are shown in Fig. 1. Fig. 1 A and B 
show a plate-like morphology for the prepared carbon 
paste in the raw CPE, which remained unchanged after 
modifying the paste with NiO NPs (images C and D). 
These images have good agreement with the images 
reported in the first section of the work [61]. As shown 
in the images of the modified electrode, the plate-like 
CP was covered by semi-spherical NiO NPs. EDX 
analysis of the NiO-CPE showed the 10 w% Ni in the 
modified paste. The homogeneity of the modified paste 
was confirmed by the X-ray mapping images, as 
illustrated in the first part of the work [61]. 

3.2. Catalytic behavior of the modified electrode  

Typical cyclic voltammograms (CVs) of the raw CPE 
and the proposed NiO-CPE modified electrode were 
recorded in the potential range of -0.5 to 0.7 V (vs. 
Ag/AgCl), and the results are depicted in Fig. 2A-B. As 
shown, both acidic (0.1 M HCl) and neutral (0.1 M KCl) 
supporting electrolytes showed no significant peak 
current for the modified electrode in the absence and 
presence of Lor analyte (Fig. 2A). At the same time, 
strong alkaline pHs (0.1 M NaOH) caused a significant 
voltammetric current. Based on the results, increased 
pHs towards the strong alkaline values caused an 
increased voltammetric current for the modified 
electrode. The NiO modifier can be oxidized to Ni(III) 
as O=Ni-OH• species in the strong alkaline pHs at the 
anodic peak potential of about 480 mV. In the reverse 
scan, the Ni(III)/Ni(II) reduction process mainly occurs 
at about 345 mV. This electrode process needs high 
amounts of hydroxyl anions in the media. Thus, the 
neutral and acidic pHs are not suitable. In strong acidic 
pHs (0.1 M), partial dissolution of NiO at the electrode 
surface may occur. In KCl supporting electrolyte, 
chloride anions may attach to the NiO species and 
partially bonds the Ni(III) in the electrooxidized O=Ni-
OH• species. This relatively facilitates the electro-
oxidation of NiO to O=Ni-OH•, and thus, a partial 
voltammetric current has flowed for the modified 
electrode. 
A comparison of CVs in Fig. 2A,B shows a drastically 
enhanced peak current in 0.1 M NaOH supporting 
electrolyte, which was enhanced by adding loratadine 
into the solution.  
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Fig. 1. SEM images for the raw CPE (A,B) and the modified NiO-CPE (C,D) electrodes [61]. 

This catalytic current is due to the reaction of loratadine 
with the electrogenerated O=Ni-OH• species, which 
regenerates NiO species as the initial reactant for the 
forward electrode process [61, 71,72]. One mechanism 
for the oxidation of loratadine is the oxidation of the 
nitrogen atom of the pyridine ring by the 
electrogenerated O=Ni-OH• species [61]. 

3.3. Effective surface area for the CPE electrode 

Each electrode has two surface areas, including the 
geometric and effective area. As we know, the porosity 
of the electrode surface plays a drastic role in the 
electrochemical response of the electrode. In contrast, 
the effective surface area of the electrode drastically 
depends on the porosity of the surface. Thus, the 
electrochemical response of each electrochemical 
sensor depends on the effective surface area of the 
electrode. The raw CPE electrode had an internal 
diameter of 1 mm, resulting in a geometric surface area 

of 0.0314 cm2. To estimate the effective surface area, 
typical CVs for the CPE in 0.5 mM K3Fe(CN)6 solution 
containing 0.5 M KCl supporting electrolyte were 
recorded at different scan rates from 5 to 30 mV/s. The 
results are shown in Fig. 3. Based on the CV results, the 
I(p)c and Ip(a) versus the ν1/2 were constructed, and the 
results are shown in Fig. 3B. The linear relationship of 
the plots confirms a diffusion-controlled process for the 
electrode response by using the following reaction 
[73,74].  

Fe(CN)6 3−    Fe(CN)6 2− + e  (1) 

For calculating the effective surface area, we used the 
following equation in which A is the effective surface 
area (Aeff), C is the concentration of the proposed 
electroactive species in media (here 0.5 mM 
K3Fe(CN)6), υ is the scan rate, and D is the diffusion 
coefficient of the electroactive species participated in 
the electrode response [75].  
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Fig. 2. (A,B) CVs of the NiO-CPE in different supporting electrolytes towards loratadine: Conditions: 0.5 μM Lor, υ = 50 mV/s, 
20% modifier, and 0.1 M supporting electrolytes; (C) The effects of the nano and bulk NiO modifier on the CV response of the 
modified NiO-CPE electrode; (D) The effects of the pH of NaOH solution on the CV response of the modified electrode response 
in conditions mentioned in the case (A) [61]. 

 
Fig. 3. (A) CVs obtained for the raw CPE in various scan rates (5 to 30 mV/s) in 0.5 mM K3Fe(CN)6 + 0.5 M KCl supporting 
electrolyte; (B) The linear behavior for the plot of peak current versus scan rate square root. 
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In the applied conditions, the relative D-value of  
8.3×10−5 cm2 s−1 for the Fe(CN)6

3− electroactive species 
has been reported in the literature [76]. 

IP = 2.69×105 n3/2 A D1/2 C υ1/2   (2) 

The slopes of the curves in Fig. 3B were used for 
calculating the Aeff for the raw CPE electrode. By using 
the slope of the anodic curve, an effective surface  
area of 0.245 cm2 was estimated for the used CPE 
electrode, which is much higher than the geometric 
value (0.0314 cm2).   

3.4. Chronoamperometric results 

chronoamperometry is a proper electrochemical 
technique. The working electrode’s potential is fixed at 
a value that is suitable for initiating the faradaic 
processes at the electrode surface (caused by the 
potential step) to monitor the resulting current during 
the time. Both single and double potential step 
approaches can be applied to the working electrode to 
carry out the chronoamperometric measurements. Some 
information can be obtained about the identity of the 
electrolyzed species by the ratio of the anodic peak 
current to the cathodic peak current. Like all pulsed 
techniques, chronoamperometry has high charging 
currents exponential decay against time as any RC 
circuit. In this technique, the decay trend for the 
Faradaic current obeys the Cottrell equation. 
Commonly, the charging current decay is much faster 
than the decay for the Faradic current. Due to the 
integration of the current over relatively long-time 
intervals, a better S/N ratio can be achieved by 
chronoamperometry when comprised of other 
aerometric techniques [75,77].  
Like more electrochemical cells, a three-electrode 
system is used for chronoamperometric measurements. 
Two common types of chronoamperometry are 
controlled-potential chronoamperometry and 
controlled-current chronoamperometry. A CV run can 
be run before running controlled-potential 
chronoamperometry to determine the peak potential for 
the analytes. In general, a fixed area of the electrode will 
be used in chronoamperometry, which is suitable for 
evaluating the electrode processes of the coupled 
chemical reactions. This is especially useful for 
studying the reaction mechanism in organic 
electrochemistry [75, 78, 79].  
Chronoamperometric runs were performed using the 
modified NiO-CPE electrode in the absence and 
presence of Lor at a fixed potential value of 0.6 V 
obtained from CVs in a three-electrode system. The 
obtained chronoamperograms are shown in Fig. 4A. As 
the results show, no response was achieved by applying 

the raw CPE in 0.1 M NaOH supporting electrolyte. 
Further, the CPE showed no considerable response in 
the presence of Lor. When the modified electrode was 
immersed in the working solution (containing Lor 
analyte), the electrochemical current was increased, 
which agrees with the catalytic current confirmed by 
CVs in the sections above-mentioned. As shown, by an 
increase in the concentration of loratadine, the catalytic 
current was increased. 
Some chronoamperograms were selected for the study 
of the kinetics of the electrode process by using the 
following Galuse equation in which IC and IL are the 
catalytic and limiting currents of loratadine at the NiO-
CPE/CPE, respectively, k is the rate constant for the 
electrode process, and C is the concentration of Lor  
[80-82]. The IC is the current difference in the absence 
and presence of Lor. Typical plots of IC/IL vs. t1/2 were 
constructed, as shown in Fig. 4B. From the slopes of the 
curves, an average rate constant of 185.5 ± 2.2 M−1 s−1 
was calculated for the electrocatalytic reaction of Lor at 
the surface of the modified NiO-CPE electrode. 

IC/IL = [π (k.C.t)]1/2     (3) 

The Cottrell equation is defined by the following 
formula, in which ‘n’ is the number of electrons 
involved in the Faradic reaction, A is the electrode 
surface area, and D is the diffusion coefficient of the 
analyte towards the diffusion layer at the electrode 
surface [75]. Based on the Cottrell equation and the 
corresponding chronoamperogram, typical I versus t1/2 
were constructed and shown in Fig. 4C. An average  
D-value of (1.11×10−3 ± 1.16×10−4) m2 s−1 was obtained 
from the slopes of the curves and the geometric surface 
area of the electrode (0.0314 cm2), for the diffusion of 
Lor towards the electrode surface. An average D-value 
of (1.83×10−5 ± 1.96×10−6) cm2 s−1 was obtained, when 
the effective surface area (0.245 cm2) was used in 
calculations. The latter value is more reliable and real 
because the effective surface area is responsible for the 
electrode process and the created chronoamperometric 
or voltammetric current. Higher D-value based on the 
geometric area has a mathematical reason because we 
used the same (which was created by the effective 
surface area) slope in both calculations. But when we 
used a smaller D-value in the denominator of the used 
equation (D1/2 = (Slope)/(n.F.A.C.π-1/2.t-1/2)), a higher  
D-value would be expected.  

I = n.F.A.D1/2.C.π-1/2.t-1/2    (4) 

A loratadine D-value of 6.64 × 10−4 cm2 s−1 has been 
reported in a 0.50 M HClO4 solution by 
chronoamperometry using a boron-doped diamond 
electrode with a geometric area of 0.30 cm2 [83]. 
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Fig. 4. (A) Chronoamperograms of NiO/CPE in 0.1 M NaOH solution containing different concentrations of LOT (from down 
to up corresponds to 20 – 1000 nM); (B) variation of IC/IL versus t1/2 obtained from chronoamperograms; (C) variation of current 
versus t−1/2 obtained from chronoamperograms A); (D) Typical calibration curve obtained for the quantitative determination of 
LOT in chronoamperometric approach. 

Due to the proportional dependence of the 
chronoamperometric current on the Lor concentration, 
this method was used to quantitate loratadine. A typical 
calibration curve is shown in Fig. 4D, which shows the 
linear plot of ∆I = 0.064C+ 40.086 (R2=0.9969). ∆I is 
the current difference of the electrode at a t=13.09 s by 
adding Lor. As shown, a proportional relationship 
between the ∆I and Lor concentration is obtained in the 
range of 20-1000 nM. The limit of detection (LOD) and 
the limit of quantification (LOQ) of the method were 1.4 
and 4.7 nM Lor when the 3Sb/m and 10Sb/m criteria 
were used, respectively. Sb is the average of blank 
response (1 mL H2O + 24 mL NaOH (0.1 M)) based on 
10 replicate measurements about 2.19×10−4 ± 2.84×10−5 
nA. The results confirm that the proposed modified 
NiO-CPE electrode is beneficial for the quantitative 
determination of trace amounts of loratadine by 
chronoamperometry. 

4. Conclusions 

The CV peak current of the modified NiO-CPE 
electrode was increased by adding loratadine to the test 
solution. This confirms an electrocatalytic behavior for 
the modified electrode towards loratadine. This 
increased current drastically depends on the solution pH 
because the oxidation of NiO to NiOOH takes place in 
high alkaline pH about 12-13. Based on this 
electrocatalytic behavior, the modified electrode was 
used in the chronoamperometric study of the work, and 
an average rate constant of 185.5 ± 2.2 M−1 s−1 was 
obtained. Based on the geometric surface area (0.0314 
cm2), an average D-value of (1.11×10−3 ± 1.16×10−4)  
m2 s−1 was obtained for the diffusion of loratadine 
towards the electrode surface. This value was smaller 
than the D-value of 1.83×10−5 ± 1.96×10−6 cm2 s−1 
calculated by the effective surface area (0.245 cm2). 
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