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Abstract 

A promising electrochemical platform was fabricated for the quantification of a typical 

antipsychotic drug, Sulpiride (SUL), in different human fluids. The proposed electrochemical 

sensor was fabricated using β-Ni(OH)2, reduced graphene oxide (Gr) and ionic liquid (IL). The 

designed sensor (Ni(OH)2.Gr-IL/CPE) integrates the features of nanostructured β-Ni(OH)2, Gr, 

and IL to achieve a high response and best sensitivity. Square wave voltammetry (SWV) was 

used for the detection of SUL in different complex matrices, while different techniques were 

utilized to characterize the proposed sensor features. Applying the optimal conditions, the 

developed platform exhibited a wide linear range 1.0×10−9 to 2.0×10−4 mol L-1 with a calculated 

limit of detection 2.50×10-10 mol L-1. Furthermore, the designed sensor displayed good stability, 

selectivity and reproducibility, allowing the quantitative analysis of SUL in pharmaceutical 

preparation, human plasma and urine. The established electrochemical sensor is a potential 

prototype that can be applied in quality control work in the pharmaceutical industry.  

 

Keywords: β-Ni(OH)2 nanoflakes; Graphene; Modified electrochemical sensors; 

Antipsychotic drugs; Real samples analysis. 
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1. Introduction 

Schizophrenia is a serious mental illness accompanied by ‘positive symptoms’ like 

delusions and hallucinations [1]. Schizophrenia represents one of the most disabling psychiatric 

disorders: it is the 8th leading cause of disability in the age group of 15–44 years [2], with a 

worldwide prevalence around 1% [3]. Patients with schizophrenia are mainly treated with 

antipsychotic medications. Modern advanced antipsychotic drugs are considered more costly and 

thought to have less side effects than the older ones (first generation or typical). As the case in 

the developing countries, the medication cost is a major issue in the prescribing, which in turn 

makes the first generation drugs an easy alternative and more common to be used [1]. Sulpiride 

(SUL) is a type of benzamide first generation antipsychotic medication. SUL also may be more 

efficient than other older drugs like haloperidol and chlorpromazine for the remediation of 

negative symptoms and social withdrawal of schizophrenia [1]. Lately, schizophrenia 

experienced an important growth in many countries like China, consequently, sulpiride is widely 

used in medical applications and administrated in a large dose for typical acute treatment [4, 5]. 

Chemically, SUL is 5-(aminosulfonyl)-N-[(1-ethyl-2-pyrrolidi-nyl) methyl]-2-methoxy-

benzamide. It is commonly approved in psychiatric disorders which has the action of dopamine 

D2 antagonist with an elevating mood and antipsychotic effect [6].  

Antiepileptics are prescribed for the treatment of many psychiatric disorders and are 

commonly co-administered with other psychotropic drugs [6]. Sulpiride is among drugs used 

for augmentation of treatment with clozapine (CLO) and co-prescription was common [7], 

Scheme 1. So, due to the above mentioned importance of this drug, there is a great challenge in 

the determination and monitoring its concentration to avoid overdose that will be accompanied 

with dangerous side effects, especially in case of patients with mental diseases. 
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Scheme 1: Chemical structure of sulpiride (SUL) and clozapine (CLO). 

To this end, different analytical techniques have been investigated for the determination 

of SUL, like electrophoresis [8, 9], spectrophotometry [10], adsorptive stirring voltammetry [11], 

flow injection  chemiluminometry [12], fluorimetry [13], thin layer chromatography (TLC) [14], 

and high performance liquid chromatography [14-19]. 

Nowadays, much attention has been directed towards the use of nanomaterials as 

incorporated constituents in biosensing technology for the determination of many pharmaceutical 

drugs. Electrochemical sensing protocols have shown appropriate results for toxicity detection, 

environmental control, and food safety [20-26]. Since its discovery in 2004 [27], graphene and 

its derivatives have been widely investigated for their potential applications in various fields 

ranging from electronics, sensing to biomedicine [28-30]. Graphene exhibits interesting features 

such as outstanding conductivity, extraordinary electrocatalytic activity, high developed surface 

area, excellent charge transfer rate, and high mechanical strength [31, 32]. Reduced graphene 

oxide (Gr) is commonly produced through graphene oxide (GO) precursor reduction. 

Nevertheless, graphene is a hydrophobic material and tends to agglomerate due to van der Waals 

and strong π-π stacking interactions [33]. Through the integration of nanomaterials on the Gr 

surface, the  problem of aggregation could be reduced or banned [34].   

In this context, several materials including conducting polymers, transition metal oxides, 

and metal hydroxides, were examined vastly for a wide range of applications such as  

supercapacitors [35, 36] and electrochemical sensors [26]. Hitherto, Ni(OH)2 has been 

considered as an interesting choice in many electrochemical applications due to its high surface 

area, and good redox performance. Also, Ni(OH)2 is environmentally friendly and low-cost [37]. 
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It is well known that nickel hydroxide has two polymorphs: α- and β-Ni(OH)2 [38]. The β-phase 

displays greater stability in comparison to the α-Ni(OH)2 [39]. Moreover, Gr based  

nanocomposites have been designed with the aim to enhance the electrochemical performance of 

modified sensors [40]. Furthermore, literature survey revealed that Ni and Ni oxide based 

sensors (Ni, Ni(OH)2, NiO) exhibit superior sensing properties owing to the existence of 

Ni(OH)2/NiOOH redox couple on the electrode surface in a basic medium [41, 42]. 

Ionic liquids recently have received excessive consideration in several fields especially in 

electrochemistry due to their exceptional characteristics including high viscosity, non-volatility, 

high ionic conductivity, oxidative and thermal stability, large solvation power and non-

flammability [43, 44]. 

According to the previous published literature, there are no reports on the electrochemical 

determination of SUL using Ni(OH)2.Gr-IL/CPE. Accordingly, the present work takes advantage 

of the unique properties of Ni(OH)2, Gr, and ionic liquid for the construction of precise and 

selective platform for the determination of SUL in serum, urine and pharmaceutical products. 

The fabricated platform consists of 3D Ni(OH)2 supported on IL modified Gr deposited on a 

carbon paste sensor. The morphology and chemical composition of the fabricated 

electrochemical platform was assessed using various techniques. The resulting sensor was 

utilized for the sensitive and selective determination of SUL alone and in the presence of 

clozapine (CLO). 

2. Experimental  

2.1. Apparatus  

A Bio-logic SP 150 electrochemical workstation was used for analyzing the 

electrochemical properties of the samples. A one compartment cell with a three electrode set-up 

was connected to the electrochemical workstation through a C3-stand from BAS (USA). A 

platinum wire from BAS (USA) was employed as the auxiliary electrode. All the cell potentials 

were measured with respect to an Ag/AgCl (3.0 mol L-1 NaCl) reference electrode from BAS 

(USA). A Cyberscan 500 digital (EUTECH Instruments, USA) pH-meter with a glass 

combination electrode served to carry out pH measurements. All the electrochemical 

experiments were performed at an ambient temperature of 25oC.  Impedance spectra were 

recorded over a frequency range from 100 mHz to 100 kHz.  
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Scanning electron microscopy (SEM) and energy-dispersive X-ray (EDX) were 

performed using a JSM-6700F scanning electron microscope (Japan Electro Company). FT-IR 

spectra were recorded on an IR-Affinity-1 Fourier Transform Infrared Spectrophotometer 

(Shimadzu, Japan). The crystalline phases were detected and identified using an X-ray 

diffractometer (XRD) on an X'Pert PRO MRD with a copper source at a scan rate 2θ of 1os-1. 

Sigma Plot 10.0 was used for all statistical data. 

2.2. Reagents and solutions 

 All the chemicals were of analytical grade and used without further purification. A 

sulpiride (SUL) stock solution (1.0×10-3 mol L-1) was prepared in ultra-pure water and stored in 

the dark at 4 oC. Britton–Robinson (B–R; 0.04 mol L-1) supporting electrolyte buffer solutions of 

pH range (2.0–9.0) (CH3COOH, H3BO3 and H3PO4) were used and adjusted using 2.0 × 10-3 mol 

L-1 NaOH. Dogmatil Fort® tablet 200 mg/Tablet was supplied from Sanofi-Aventis Egypt. Fresh 

human plasma was obtained from the blood bank (VACSERA, Cairo, Egypt). 

2.3. Synthesis of Ni(OH)2.Gr nanocomposites 

Graphene oxide (GO) was synthesized from graphite powder using the Hummers’ 

method [45]. Ni(OH)2.Gr nanocomposites were prepared hydrothermally as follows. In short, 

0.092 g of GO were dispersed in 30 mL distilled water for 1 h with the aid of ultrasonication to 

obtain a homogeneous solution. Next, 2.90 g Ni(NO3)2·6H2O were dissolved in 20 mL distilled 

water and added to the GO solution. The temperature of the solution was raised to 60 oC and its 

pH was adjusted to 10.0 using 4.0 M NaOH. After stirring for 2 h, the resulting suspension was 

transferred into 80 mL Teflon-lined stainless steel auto-clave. The volume was completed to 70 

mL with ethanol. The autoclave was sealed and placed in an oven at 160 °C for 14 h for 

hydrothermal treatment. The autoclave was then allowed to cool at room temperature. The 

product was washed with deionized water several times and dried at 50 °C for 24 h. 

2.4. Preparation of different electrodes used in this study 

  Carbon Paste Electrodes (CPE) were prepared using the procedure reported in our 

previous works [20, 21, 46]. Accordingly, a few drops of paraffin oil were mixed with graphite 

powder (0.5 g) using a pestle and mortar. The resulting paste was packed into the cavity of the 

electrode body and smoothed on paper. For the preparation of Ni(OH)2.Gr-IL modified sensor 

(Ni(OH)2.Gr-IL/CPE), graphite powder (5.0 wt.%) was mixed with Ni(OH)2.Gr and 10 µL ionic 
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liquid (IL). Ni(OH)2.Gr/CPE and IL/CPE were prepared using the same procedure for 

comparison.  

The electroactive area of the electrode was obtained by the cyclic voltammetric method using 5.0 

mM K3Fe(CN)6 in  0.1 M KCl at different scan rates, using the Randles-Ševčík [47]. The 

calculated areas were 0.055, 0.077, 0.111, 0.122, 0.121 and 0.150 cm2 for CPE, GO/CPE, 

Ni(OH)2.Gr/CPE, IL/CPE, and Ni(OH)2.Gr-IL/CPE sensors, respectively. 

2.5. Recommended experimental procedure 

A stock solution of SUL (1.0×10-3 mol L-1) was prepared in double distilled water. The 

essential amount of any of this stock solution was transferred to a 5.0 mL standard volumetric 

flask, in which the solution volume was completed to the mark using 4.0×10−2 mol L-1 Britton–

Robinson buffer (B-R) solution (pH 7.0).   

Prior to voltammetric measurements, the modified electrode (Ni(OH)2.Gr-IL/CPE) was cycled 

several times between 0 to +1200 mV at a scan rate of 100 mV s-1 in B-R buffer of pH 7.0 till a 

reproducible behavior was obtained. Then, Ni(OH)2.Gr-IL/CPE electrode was placed into a 

different cell containing a proper amount of SUL in B-R buffer of pH 7.0. Cyclic 

voltammograms or SWV were recorded using the same parameters. 

For SWV measurements, aliquots with SUL concentrations from 1.0×10−9 to 2.0×10−4 

mol L-1 were placed in a series of 5.0 mL volumetric flasks using a micropipette. The volume 

was then made to the flask mark by adding B-R buffer (pH 7.0). By transferring 5 mL of the 

solution to the electrolytic cell, SWV was ready to record. A scan rate of 100 mVs-1 was used to 

record the current response of SWV measurements at the Ni(OH)2.Gr-IL/CPE working electrode. 

Also, the pulse period during chronoamperometry was 30 s vs. Ag/AgCl, while the impedance 

measurements were performed over a frequency range of 100 mHz − 100 kHz. 

2.6. Preparation of spiked plasma and urine samples  

Immediately prior to electrochemical measurements, plasma/urine samples were drawn 

from a healthy individual, in which 10 µL of the sample was injected into a 5-mL volumetric 

flask spiked with 2.0×10-4 mol L-1 of SUL standard solution of different volumes, containing B-R 

buffer (pH 7.0). Then, the solution was directly transferred to the voltammetric cell for analysis. 

The experimental measurements were all carried out in accordance with the institutional 
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guidelines and conventional laws, after having the approval of the institutional ethics 

committees.  

3. Results and discussion 

3.1. Characterization of the prepared nanocomposite  

The structure of the synthesized materials was investigated by X-ray diffraction pattern 

(XRD). The XRD pattern of graphite flakes displays a sharp strong peak at 26.26o, indicating a 

highly ordered structure [48]. After extensive oxidation and graphite exfoliation to yield 

graphene oxide (GO), the XRD data displayed a characteristic (002) GO peak at 2θ =10o, Figure 

1. Obviously, the XRD pattern of Ni(OH)2.Gr comprised seven diffraction peaks at 19.2°, 33.1°, 

38.7°, 59.2°, 62.8°, 70.5 and 72.6° that could be indexed as: (0 0 1), (1 0 0), (1 0 1), (1 1 0), (1 1 

1), (1 0 3) and (2 0 1) of β-phase Ni(OH)2 [49], in good agreement of the transformation of 

elemental nickel to hexagonal β-phase Ni(OH)2 after the hydrothermal treatment [50]. The 

diffraction peak generated from the reduction of graphene oxide (Gr) disappeared in the XRD 

chart of Ni(OH)2.Gr sample, most likely due to a higher disordered stacking in the as-prepared 

composites and fairly uniform dispersion of resulted graphene sheets [51]. 
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Figure 1. XRD patterns of graphite, GO, and Ni(OH)2.Gr. 

To confirm the XRD outputs, the chemical composition of Ni(OH)2.Gr was studied using 

FTIR in the 400–4000 cm-1 range and the outcomes were presented in Figure 2A. A band 

located at around 3639 cm-1 is attributed to the hydroxyl groups in the brucite-like form [39, 52]. 

The broad band at 3435 cm-1 is assigned to the inter-lamellar H2O and HO-bond vibrations of the 

hydrogen-bonded hydroxyl groups and interpolated H2O molecules present in the inter-lamellar 

area of Ni(OH)2 [39, 53]. The weak band at around 1585 cm−1 is due to the bending mode of the 

interlayer H2O molecules and the carbon ring vibration in the Gr sheets [27]. Moreover, the 

absorption band located at 1200 cm−1 is possibly due to the existence of carbonate ions derived 

from the adsorption of atmospheric CO2 [35]. Additionally, the band at 1375 cm−1 is assigned to 

the nitrate anion interlayer [35, 54], while the two bands at around 424 and 541 cm−1 are 

attributed to the vibrations of Ni-OH and OH groups [39, 55], respectively.  

 
 

Figure 2. (A) FTIR spectrum, (B) EDX spectrum, (C) EDX surface imaging of 
Ni(OH)2.Gr, (D) SEM of GO, and (E) SEM of Ni(OH)2.Gr. 

Surface morphology and EDX-mapping of Ni(OH)2.Gr revealed that carbon, oxygen, 

nickel are the main element (Fig. 2B and 2C) with uniform distribution of Ni(OH)2 on the Gr 
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nanosheets. Apparent signature peaks of C, O and Ni were observed, which indicates the 

successful integration of Ni(OH)2 with Gr.  

The microstructures of the as-prepared samples were analyzed by SEM. Figure 2D shows the 

flake-like shape and layer–layer structure of GO edges. While the difference in structure is clear 

in Figure 2E, the as-grown Ni(OH)2 nanoplates not only  exist on the surface but also are 

wrapped in the inner of the hole walls which contain of thin layers of stacked graphene sheets. 

Scheme 2 represents the preparation of Ni(OH)2.Gr through hydrothermal method. 

 

 
Scheme 2. Schematic representation for the preparation of Ni(OH)2.Gr nanocomposite. 

The prepared material studied exhibited an excellent catalytic activity, which makes it an ideal 
choice for the modification of electrochemical sensors. Additional study revealed that the 
performance enhancement can be associated with relatively well ordered assembly of graphene 
and β-Ni(OH)2 particles. Moreover, this material was prepared via a low-cost precursors and 
moderate conditions, which can be easily adaptable for large-scale synthesis. Importantly, this 
simple synthesis strategy can be easily extended to the preparation of other graphene-based 3D 
catalysts for a broad range of technological applications including metal–air batteries, 
photocatalysis and heterocatalysis. 

 
3.2.Electrochemical behavior of SUL at different sensors 

Square wave voltammetry (SWV) was applied to assess the performance of the different 

electrochemical platforms for SUL in B-R buffer (pH 7.0); all electrochemical measurements 

were recorded at a scan rate of 100 mV s−1 over the potential range 0.2 to -1.15 V using 2.0 × 10-
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4 mol L-1 of SUL, Figure 3A. In case of bare CPE, the anodic peak current, which represents the 

oxidation of SUL, was 20.19 µA at +0.77 V. Note that the value of the voltammetric signal of 

the electrochemical platform increases upon GO nanosheets integration where the peak of 

oxidation appears at +0.76 V with a value of 25.70 µA. Upon introducing Ni(OH)2.Gr 

nanocomposite, the current increased to 30.23 µA at +0.75 V. Next, the voltammetric signal is 

further enhanced through the incorporation of IL, as evidenced in Fig. 3A, as the Ip increased to 

a value of 30.19 µA at +0.74 V. More interestingly, the oxidation peak current further increased 

to 50.53 µA at +0.72 V using Ni(OH)2.Gr-IL/CPE. Thus, Ni(OH)2.Gr and IL potentially act as 

promoters/mediators to enhance the electron transfer rate as a result of their high surface area, 

catalytic capabilities, and the highest sensitivity among these modified electrodes as the higher 

signal refers to higher sensitivity for SUL. 
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Figure 3. (A) Square wave voltammograms of 2.0×10-4 mol L-1 SUL in B-R buffer (pH 7.0) 
recorded at a scan rate of 100 mV s−1 on bare CPE, GO/CPE, Ni(OH)2.Gr/CPE, IL/CPE, and 
Ni(OH)2.Gr-IL/CPE, (B) the corresponding impedance plots at a scan rate of 100 mV s−1 in 5.0 
mol L-1 K3Fe(CN)6 (1:1) solution in 0.1 mol L-1 KCl. 

 

 

 Electrochemical impedance spectroscopy (EIS) is considered as a valuable tool for 

accurate calculation of different parameters including mass transport and charge transfer 

coefficient. Figure 3B displays the EIS signals of the different studied sensors in 5.0 mM 
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K3Fe(CN)6 (1:1) solution in 0.1 M KCl. By fitting the EIS data, an equivalent circuit was chosen 

as the resistance was modeled for the charge transfer RCT, while the Warburg-type impedance 

(W) was chosen for the diffusion process. Both elements were in parallel with the interfacial 

capacitance (C).  

As depicted in Figure 3B, the bare CPE revealed a very large semicircle domain, 

attributed to a very high electron transfer resistance of the redox probe. Upon modification of 

CPE with GO, Ni(OH)2.Gr or IL, the Nyquist plots showed a small semicircle domain, 

suggesting enhanced conductivity. When the CPE electrode was coated with Ni(OH)2.Gr-IL, the 

RCT decreased, indicating an increased ability of the redox probe to electron transfer. RCT was 

determined to be 6294.0 Ω for CPE, whereas this value decreased to 2500.0, 420.0, 400.0 and 

186.0 Ω for GO/CPE, Ni(OH)2.Gr/CPE, IL/CPE, Ni(OH)2.Gr-IL/CPE, respectively, 

demonstrating that the Ni(OH)2.Gr-IL offers the greatest conduction of electrons as a result of 

the interactive properties of the electrode compositions. 

3.2. Influence of Ni(OH)2.Gr and IL content 

The influence of Ni(OH)2.Gr and IL content utilized in the construction of the Ni(OH)2.Gr-

IL/CPE on the sensor performance was assessed. The peak signal of SUL oxidation at 

Ni(OH)2.Gr-IL/CPE was investigated as a function of the amount of Ni(OH)2.Gr (2.0-30.0%). It 

was found that the highest current was detected when the CPE was composed of a quantity 

equivalent to 5% of Ni(OH)2.Gr nanocomposite, Figure S1. While, 10 µL of IL was sufficient to 

achieve the highest response, as further addition results in a distortion in peak sharpness. 

3.3. Effect of solution pH 

The selection of an appropriate electrolyte is essential in electroanalytical applications, since 

it affects the analyte signal in terms of peak potential and height. The influence of solution pH 

(2.0-9.0) of the B-R buffer on the electrochemical oxidation of 2.0×10-4 mol L-1 was studied 

using square wave voltammetry. Figure 4 reveals that the Ep shifts to more negative potentials 

upon increasing the pH from 2.0 to 9.0. Figure 4 displays the relationship of the Ip and Ep with 

buffer pH. The peak current increased with increasing the buffer pH. In neutral pH buffer 

solution, more protons can be provided, which are useful for the redox reaction of SUL. 

Consequently, pH 7.0 B-R buffer was chosen as the appropriate pH for further investigations.  
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Examination of the voltammetric response in terms of peak potential (Ep) reveals a straight 

relationship with the pH, which can be fitted as: Ep (V) = 1.068 V - 50.1 mVpH-1, (R2 = 0.9996). 

The suggested reaction mechanism of SUL is depicted in Scheme 3. 

 

Scheme 3. The suggested reaction mechanism of SUL. 
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Figure 4. Square wave voltammetric responses of 2.0 × 10-4 mol L-1 SUL at different pH values 

(2.0-9.0) using Ni(OH)2.Gr-IL/CPE sensing platforms at a scan rate of 0.1 V s-1. The inset 

displays the relation of IP versus pH. 

3.4. Scan rate optimization  

Next, the mechanism of the electrochemical reaction can be assessed through the 

investigation of the influence of scan rate (v) of the oxidation peak signal by CV at Ni(OH)2.Gr-

IL/CPE in 2.0×10-4 mol L-1 SUL in B-R buffer (pH 7.0). The result is illustrated in Figure S2. 

Upon increasing the potential scan rate in the 10-200 mV s-1 range, the current value increased 

and the peak potential shifted to more positive values with no noticeable reverse reduction peak, 

suggesting that the oxidation of SUL is an irreversible process. 
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By plotting the peak current (Ipa) against the square root of the scan rate (v1/2), a linear straight 

line was obtained (Fig. S2, inset A), indicating that the reaction is controlled by diffusion, 

according to:  

Ip (µA) = 6.8611√v -5.31; R2 =0.9995. 

 

Direct relation was acquired between log Ip and log v in the 10 - 200 mVs-1 range as the 

following: 

 

log I(µA) = 0.6530 + 0.5756 log v; R2=0.9999. 

 

The obtained slope value was 0.575 for Ni(OH)2.Gr-IL/CPE sensor, which supports that the 

predominant process is diffusion controlled [56]. 

Furthermore, kinetic parameters were calculated for the electrochemical process on Ni(OH)2.Gr-

IL/CPE using the theory of Laviron for irreversible reactions. Since for a totally irreversible 

reaction, α (electron transfer coefficient) was assumed as 0.5, then n (the number of electrons 

transferred) was determined to be 2.4, suggesting that two electrons were involved in the 

oxidation of SUL. The value of ko (the standard heterogeneous rate constant of the surface 

reaction) can be calculated from the intercept of Laviron equation and was determined to be 2.46 

s-1. 

 

3.5. Chronoamperometry measurements (CA) 

Chronoamperometry measurements were carried out for five different concentrations 

(2.40×10−7 mol L−1 to 1.11×10−4 mol L−1) at an applied potential of +0.72 V to determine the 

apparent diffusion coefficient (Dapp) of SUL in 0.04 mol L−1 at the selected pH, Fig. S3. Next, by 

rising the SUL content, a visible increase of Ip relative to the background could be distinguished. 

The increase of Ip is due to the influence of faradaic current from the oxidation of SUL taking 

place at +0.85 V. Cottrell's equation can explain the dependence of faradaic current 

chronoamperometrically measured versus time [57]. By plotting the Ip versus t−1/2 plot (I vs. 

t−1/2) for each individual SUL concentration and calculating the slopes which were then further 

plotted, inset (i) Fig. S3. The obtained slopes of each curve were then plotted vs. SUL 
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concentration. Finally, the Dapp was calculated and found to be 1.88 × 10−5 cm2 s−1 using 

Cottrell's equation [57]. 

3.6. Optimization of the developed analytical method 

Through applying the guidelines of International Conference on Harmonization (ICH) 

[58], the developed electrochemical platform Ni(OH)2.Gr-IL/CPE for the precise determination 

of SUL was validated. The superimposed SWV curves of variant SUL concentrations at pH 7.0 

indicate that the Ipa is proportional to the SUL concentration in a linear dynamic range 1.0×10−9 

to 2.0×10−4 mol L−1, Figure 4. The resultant regression equation is: Ipa (μA) = 0.240 C (µmol 

L−1) + 1.253 (R2 = 0.9990). The SWV results are displayed in Figure 6 along with the 

corresponding calibration plot (inset of Figure 4). The detection limit (LOD) and quantitation 

limit (LOQ) were determined to be 2.5 × 10-10 M and 8.33 × 10-10 M, respectively. The 

intermediate precisions and repeatability were investigated and found to be 1.23% and 1.17%, 

respectively. By comparing the suggested platform with the described electrochemical method in 

literature, Ni(OH)2.Gr-IL/CPE exhibits the lowest limit of detection [11].  
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Figure 4. SWVs using Ni(OH)2.Gr-IL/CPE sensing platform recorded in a B-R buffer (pH 7.0) 
corresponding to 1.0 × 10-9 to 2.0 × 10-4 M SUL at a scan rate: 100 mV s-1, PH= 0.25 V, PW=0.50 
V, SH=0.02 V. The inset shows the plot of the peak current as a function of SUL concentration in 
the concentration range 1.0 × 10-9 to 2.0 × 10-4 mol L-1. 

 

To check the specificity of Ni(OH)2.Gr-IL/CPE, its response was inspected for the 

analysis of SUL in the presence of co-administered medication Clozapine (CLO), Figure 5. CLO 

and SUL were determined simultaneously at the Ni(OH)2.Gr-IL/CPE surface. Figure 5 shows 

the SWVs curves of CLO and SUL. The obtained data displayed distinct sharp anodic peaks at 

+0.386 and +0.710 V corresponding to the oxidation of CLO and SUL, respectively, suggesting 

that the determination of these compounds is feasible even in presence of each other using the 

Ni(OH)2.Gr-IL/CPE sensor.  

Figure 5 displays the curve of the electroanalytical peak signal as a function of the SUL 

and CLO concentrations. The calibration plots were linearly related to CLO and SUL over the 

ranges of 4.0 × 10-6 - 2.0 × 10-4 mol L−1 and 4.0 × 10-6 -2.0 × 10-4 mol L−1, respectively. The 

regression equations are: Ip(μA) = 0.243C (µmol L−1) + 1.089, R2= 0.9992 and Ip(μA) = 0.224C 

(µmol L−1) + 0.988, R2 = 0.9994 for CLO and SUL, respectively. Ni(OH)2.Gr-IL/CPE oxidation 

sensitivity of SUL was found to be 0.240 μA/μM, which is close to the result calculated in the 

absence of CLO (0.224 μA/μM). Consequently, the determination of CLO and SUL at the 

Ni(OH)2.Gr-IL/CPE occurs independently and therefore, their simultaneous detection can be 

achieved without inconsistency. Further discussion about interference, reproducibility and 

stability are presented in supplementary information. 
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Figure 5. Square wave voltammograms using Ni(OH)2.Gr-IL/CPE sensing platform in a BR 
buffer (pH 7.0) containing different concentrations of CLO and SUL corresponding to 4.0×10-6 -
2.0×10-4 for each at a scan rate= 100 mV s-1, PH= 0.25 V, PW=0.50 V, SH=0.02 V. Insets: the 
corresponding analytical curves. Insets: the plots of Ip versus CLO and SUL concentrations. 

 

3.6. Real samples analysis 

To confirm the reliability of the suggested electrochemical platform for the sensitive 

determination of SUL, the concentration of the drug was detected in spiked blood plasma, urine 

and pharmaceutical sample Dogmatil Fort® at the Ni(OH)2.Gr-IL/CPE sensor, Table 1. 

Inspection of the obtained recovery values proved high accuracy and sensitivity of the proposed 

sensor. Also, the platform has outstanding importance for the analysis of trace amounts of SUL 
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in pharmaceutical formulations and biological fluids.Table 1. Determination of SUL in 

pharmaceutical formulation Dogmatil Fort® and human plasma samples. 

4.  

Sample Amount  

added (M) 

Amount  

founda (M) 

Apparent  

recovery (%) 

Plasma 5.00×10-6 4.90×10-6 98.00 

 4.00×10-5 3.93×10-5 98.30 

 3.00×10-4 2.97×10-4 99.01 

Urine 5.00×10-6 4.93×10-6 98.70 

 4.00×10-5 3.94×10-5 98.55 

 3.00×10-4 2.97×10-4 99.12 

Dogmatil 

Fort® 

5.00×10-6 5.05×10-6 101.00 

 4.00×10-5 4.01×10-5 100.32 

 3.00×10-4 2.98×10-4 99.45 

a Confidence interval with 95% probability calculated based on three replications.  

 

3.7. Interference studies 

  Many substances which can possibly interfere with the electro-analytical determination of 

SUL were investigated using recommended conditions. Several main interfering species were 

selected, which are usually in the pharmaceutical preparations and other interfering ions, namely 

potassium sorbate, stearic acid, talc powder, magnesium stearate, povidone, microcrystalline 

cellulose, starch, cellulose, colloidal silicon dioxide, croscarmellose sodium, Cu2+, Zn+2, Mn+2, 

Mg+2, uric acid, and ascorbic acid, Table S1. By adding these interference species to a fixed 

SUL concentration of 1.0 × 10-5 M in a B-R buffer (pH 7.0), the current of SUL was recorded. 

From the selected materials, there was no interference obtained that could affect the electro-

analytical sensing of SUL and the tolerance limit was less than ± 5 % for the selected 

interference substances, Table S1.  
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3.8. The reproducibility and stability of Ni(OH)2.Gr-IL/CPE  

The reproducibility of the proposed sensor was assessed by construction of eight electrodes 

in a similar way described in the experimental part. The relative standard deviation (RSD) for the 

Ip between electrodes is 2.55% for a SUL concentration of 1.0×10-5 M, which demonstrates an 

acceptable reproducibility for the fabrication procedure. The repeatability was examined by 

performing 6 times determination of a same standard solution (1.0 × 10−5 M of SUL). The RSD 

of the peak signals was determined to be 1.39%, indicating an excellent repeatability for 

Ni(OH)2.Gr-IL/CPE. When the sensor was stored in air for three weeks, the peak current 

remained up to 98 % of its initial response. Therefore, the suggested sensor is appropriate for the 

routine analysis of SUL in biological fluids and pharmaceutical dosage form. 

4. Conclusion  

This work demonstrates the fabrication of a chemically modified carbon paste electrode 

(CPE) by the incorporation of β-Ni(OH)2, ionic liquid (IL) and reduced graphene oxide (Gr). 

Through the synergy of the suggested modifiers, excellent electrocatalytic activity and 

voltammetric performances are achieved for sensing of sulpiride (SUL). The sensitivity for the 

determination of SUL by Ni(OH)2.Gr-IL/CPE was more than two times higher than that of 

unmodified CPE. The electrochemical oxidation behavior of SUL on the new sensor was studied 

and established. The developed sensor exhibited high reproducibility, selectivity, and sensitivity 

with other advantages like time saving, simplicity and cost-effectiveness. Additionally, the 

proposed electrochemical sensor was utilized for the quantitative detection of SUL in tablets, 

urine and plasma.  
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