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      A novel glassy carbon electrode (GCE) modified with 1-(E)-4-((2-(2,4-dinitrophenyl)hydrazono)methyl)benzene-1,2-diol 
(DDH) and reduced graphene oxide-ytterbium nanoparticles (rGO-Yb2O3 NP) for the determination of metoclopramide (MC) was 
successfully fabricated. The electrochemical behavior of the modified electrode (rGO-Yb2O3-DDH/GCE) was investigated by 
common and practical methods including differential pulse voltammetry, chronoamperometry and cyclic voltammetry. It was found 
that the rGO-Yb2O3-DDH composite has a coherent electrocatalytic role in the oxidation of metoclopramide with relatively high 
stability, lifetime and sensitivity. The characterization of the nanocomposite was done by X-ray diffraction, Fourier transform 
infrared spectroscopy and field emission scanning electron microscopy. The MC oxidation took place at the optimum pH of 7.0 and 
a potential that was about 810 mV more negative than that at unmodified GCE. Under optimized conditions, the corresponding 
linear calibration curves were found to be in the linear dynamic range of 25.0-3000.0 µM with the detection limit of 7.14 µM. 
Finally, the proposed electrode was successfully used to measure MC in blood serum samples. 
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INTRODUCTION 
 

Metoclopramide (MC), (4-amino-5-chloro-N-[2-
(diethylamino)ethyl]-2 methoxybenzamide) is a benzamide 
derivative. Although it belongs to the class of neuroleptics, 
it has no substantial antipsychotic or sedative properties. It 
is a type of gastrointestinal medicine that speeds up gastric 
and intestinal during the digestion process. MC has been 
confirmed to be an effective drug for treating and 
preventing various types of vomiting and as a useful agent 
in oesophageal reflux disease, gastroparesis, dyspepsia, and 
in a variety of functional gastrointestinal disorders. It is also 
used to treat diabetic stomach cramps, or the slow 
movement of food from the stomach to the intestine, which 
can cause  such  symptoms  as nausea,  heartburn or  return       
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of stomach acid to the esophagus, vomiting due to 
gastrointestinal dysfunction or cancer and chemotherapy, 
loss of appetite or feeling full when eating [1-3]. 
Furthermore, it facilitates X-ray tests of the stomach and 
intestines. 

 
Scheme 1. Chemical structure of MC 

 

The wide therapeutic application of metoclopramide calls 
for appropriate methods to measure it in different biological 
media. The methods already reported in this regard include 
spectrophotometry and reflectometry [4], potentiometry 
[5,6],     spectrofluorimetry      [7],     LCMS      [8],     liquid 
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chromatography [9] and electrochemistry [10]. Of them, the 
electrochemical method is of special importance owing to 
its simplicity, high sensitivity, fast response time and low 
cost [11,12]. Modification of electrodes with certain  
materials  can  improve  their quality  to  detect and measure 
drugs with high sensitivity [13]. In recent years, great 
attention has been paid to the use of carbon electrodes, but 
those electrodes have limited reproducibility, relatively slow 
electron transfer and low sensitivity. This problem      has 
been solved by the modification of electrodes with 
nanoparticles to increase the electron transfer rate and 
decrease the voltage of drug oxidation [14,15]. In this case, 
graphene oxide (GO) can increase the bonding capacity of 
analyte molecules to the electrode surface, which, in turn, 
improves the sensitivity of the electrode. This is due to the 
special physical and chemical properties of GO such as high 
electrical conductivity, fast charge mobility, sample surface 
area and high biocompatibility. Nanoscale GO-modified 
materials maximize the access to the electrode surface for 
electron transfer [16]. The most important advantages of 
electrodes prepared with GO nanocomposite are increased 
mass transfer, catalytic activity and charge transfer as well 
as large active surface area. Numerous studies have been 
conducted on the electrochemical identification of species 
such as hydrazine, organic molecules and pharmaceutical 
compounds using with graphene oxide nanocomposite 
[17,18]. 
      Nanostructured Yb2O3 is one of the most remarkable 
metal oxides which have excellent catalytic activity, high 
surface-to-volume ratio and low cost. Among lanthanides, 
only ytterbium (Yb) has both +3 and +2 oxidation states 
[19]. 

In this study, (E)-4-((2-(2,4-dinitrophenyl) hydrazono) 
methyl) benzene-1,2-diol (DDH) was used as a suitable 
mediator for the oxidation of MC at the electrode surface. 
An attempt was made to provide a method of determining 
this drug in human blood plasma. The nanocomposite of 
DDH, Yb2O3 and GO was used to modify a GCE on the 
purpose of increasing the sensitivity of electrochemical 
measurement. The electrochemical sensor proved to have 
very efficient electrochemical performance in the 
voltammetric oxidation of MC. The main purpose of the 
study was to develop a sensitive electrochemical sensor for 
detection of MC. 

 
 
EXPERIMENTAL 
 
Apparatus and Chemicals 
      All the electrochemical measurements were carried out 
with a potentiostat/galvanostat (SAMA 500, electro 
analyzer system, Iran) in ambient conditions. A three-
electrode system was also applied. It consisted of a platinum 
wire as the counter electrode, saturated calomel as the 
reference electrode, and DDH/rGO/Yb2O3/GCE as the 
working electrode. For the pH measurements, a Metrohm 
691 pH/ion meter was used. In order to characterize the 
materials, FE-SEM (VEGA\\TESCAN-XMU) images were 
recorded for morphological investigation. FT-IR spectra 
were examined with a BRUKER EQUINOX 55 single beam 
spectrometer. Analysis of XRD (X-ray diffraction) was also 
performed by means of a Philips X'Pert PRO X-ray 
diffraction instrument using Cu Kα radiation. 
      Materials of HCl, H2SO4, H2O2, KMnO4, K3FeCN6, 
KCl, FeCl3.6H2O, K4Fe(CN)6.3H2O, H3PO4, NaOH, 
Na3C6H5O7, KSCN, KI, Pb(NO3)2, NaF, uric acid and 
graphite powder (< 20 µm) were purchased from              
Merck company. Yb(NO3)3.5H2O (ytterbium(III) nitrate 
pentahydrate) was provided by Sigma Aldrich. 
Metoclopramide (C14H22ClN3O2) was obtained from Tehran 
Shimi Pharmaceutical Company. Doubly distilled water was 
used for the fresh supply of all the solutions. Also, various 
phosphate buffer solutions (PBS) were prepared from 
H3PO4/NaH2PO4, and the pH was adjusted with sodium 
hydroxide (NaOH, 0.2 M). MC aqueous solutions were 
made and used on a daily basis. 
 
Synthesis of (E)-4-((2-(2,4-Dinitrophenyl) 
hydrazono)methyl)benzene-1,2-diol (DDH)     
      First of all, 3,4-dihydroxybenzaldehyde (1 mmol) was 
dissolved in 50 ml of methanol which contained two drops 
of glacial acetic acid as a catalyst. Then, the solution was 
mixed with 1 mmol 2,4-dinitrophenyl hydrazine. The 
obtained product was stirred vigorously using a magnetic 
stirrer for about 30 min at room temperature. The progress 
of the reaction was monitored by TLC (n-hexane:ethyl 
acetate 1:2). After the completion of the reaction, the 
precipitate was filtered and washed with cold ethanol, and 
the crude product was recrystallized from ethanol to obtain 
a pure product with a 98% yield. The structure of the 
synthesized organic compound is shown in Scheme S1. 
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Characteristics of DDH 
      FT-IR (ATR) ῡ (cm-1): 3334, 1708, 1645, 1591, 1413, 
1313, 1261, 1208, 1159, 1062, 1019, 864, 526. As shown in 
Fig. S1, the tensile vibrations for N-H and O-H bonds are in 
the absorption range of 3200 to 3500 cm-1. In the spectrum 
of tensile vibrations, C=N is in the region of 1708, and the 
olefin C=C tensile vibration peak is located at 1645. In this 
line, the HNMR results (500 MHz, DMSO, ppm) of the 
DDH composition are given in Fig. S2. 

 
Preparation of Graphene Aerogel/Ytterbium Oxide 
Composite (rGO-Yb2O3) 

At the first step, GO was prepared according to our 
previous study [20]. Briefly, a mixture of H3PO4/H2SO4 
with the ratio of 1:9 was added to a combination of graphite 
and KMnO4 with the ratio of 1:6. The product was stirred at 
60 °C for 24 h. Then, 3.0 ml of H2O2 (30%) was added to 
the cooled solution. The obtained product was centrifuged 
and washed with distilled water, 30% hydrochloric acid 
(HCl), and eventually with ethanol. It was dried for 12 h in a 
vacuum oven at 60 °C. 

In order to prepare rGO-Yb2O3, 0.5 g of GO was 
dispersed in water for 2 h. The pH value was set at 10 with 
an NH3 solution. Then, Yb(NO3)3.5H2O solution (0.5 g in 
10 ml of water) was added, and the suspension was placed 
in a teflon-lined stainless-steel autoclave and kept there at 
180 °C for 12 h. The final product was filtered, washed with 
water, and freeze-dried at -80 °C for 24 h. 

 
Fabrication of the Modified Electrode 

To fabricate a nanocomposite-modified electrode, a bare 
GCE was polished with alumina powder and washed with 
double distilled water for several times. To make an rGO-
Yb2O3-DDH/GCE, the rGO-Yb2O3 solution and 6.0 mg of 
nano powder was mixed with 1.0 ml of water. The mixture 
was dispersed for 60 min, and 1.5 μl of it was put on the 
surface of the GCE. Then, the electrode was dried in 
ambient conditions. Finally, 0.75 μl of the organic modifier 
solution (5 mM, dispersed for 60 min) was placed on the 
rGO-Yb2O3/GCE, and it was dried in ambient conditions to 
obtain an rGO-Yb2O3-DDH/GCE. 

 
RESULT AND DISCUSSION 
 
Characteristics of GO, Yb2O3-GO 
      Figure 1a  demonstrates  the  SEM  image  of   graphene 

 
 

 

 

 
Fig. 1. The Fe-SEM image of (a) GO. FT-IR spectrum of  
           GO and rGO-Yb2O3 (c), XRD patterns of GO and  

               rGO-Yb2O3 (d). 
 
 
oxide plates. The flat plates with folds can clearly be seen in 
this image. As the electrode surface was modified with 
graphene oxide plates, the conductivity and the surface area 
of the electrode increased.  The  presence  of  yttrium  oxide  
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(Yb2O3) nanoparticles among the plates showed in our 
previous work [20]. Using the image j software, the particle 
size of yttrium oxide was found to be 63.8 nm. 

Figure 1b demonstrates the FT-IR spectra of the 
graphene oxide plates. As it can be seen, the peak of         
3450 cm-1 is related to the tensile vibrations of O-H.              
The tensile vibration C=O with the absorption peak of              
1735 cm-1 and the peak of 1225 cm-1 belong to epoxy 
groups. The peak is absorbed in the 1622 cm-1 region related 
to water molecules. Figure 1b shows the FT-IR spectrum of 
the rGO-Yb2O3 nanocomposite. The lack of an absorption 
peak at 1735 cm-1 indicates the successful reduction of GO 
[21]. The absorption band of about 620 cm-1 can be 
attributed to the Yb-O vibration, which resulted from the 
strong interaction between yttrium oxide nanoparticles and 
reduced graphene oxide. This accounts for the presence of 
nanoparticles on reduced graphene oxide. Also, the peak at 
1384 cm-1 belongs to the adsorbed nitrosyl (N-O) [22]. 

The XRD pattern of GO (Fig. 1c) demonstrates a 
diffraction peak at 2θ = 12.2○, which is the most obvious 
diffraction peak assigned to the (001) reflection of graphite 
oxide. The absence of this peak in the graphene oxide-
yttrium composite indicates the reduction of GO to reduced 
graphene oxide (rGO) [23]. The XRD pattern of the as-
prepared Yb2O3 GO is in good agreement with the findings 
of the earlier investigations of Yb2O3. The peaks at 29.7° 
and 57° are the evidence for the existence of yttrium oxide 
in the composite [24-26]. 

 
Electrochemical Properties of the rGO-Yb2O3-
DDH/GCE 

To investigate the electrochemical behavior of the rGO-
Yb2O3-DDH/GCE, three common electrochemical methods 
including differential pulse voltammetry (DPV), 
chronoamperometry (CHA) and cyclic voltammetry (CV) 
were used at potentials in the range of -0.1 to +0.5 V. For 
this purpose, a phosphate buffer solution (0.1 M) was 
applied with the optimized pH value of 7.0.  
      The effect of pH on modified electrode was examined 
by CV using 0.1 M buffer solutions at different pH values. 
According to Fig. S3, pH 7.0 provided the maximum current 
signal. The inset in Fig. S3 indicates the plot of E0' (V) 
versus the pH values with a straight line and a slope around  
57.0 mV/pH.  

 
 

This value proves the two-electron two-proton nature of the 
process [27]. 

As another part of this research, the effective surface 
areas of the modified electrode (rGO-Yb2O3-DDH/GCE) 
and the bare electrode were estimated by CV using 5.0 mM 
[Fe(CN)6]3-/4- redox probe made in 0.1 M KCl. Figure S4 
demonstrates the cyclic voltammograms of those electrodes 
in the range of 50-700 mV s-1. The CV experiments were 
conducted at different scan rates to estimate the interfacial 
kinetics on the electrode surface. In order to investigate the 
effect of nanoparticles on the increase of the electrode 
surface, the active surface of the electrode was calculated. 
The migration of reactive ions stopped due to the high 
concentration of the KCl electrolyte. The species could 
reach the electrode surface only through diffusion. A linear 
correlation of Ip and ν1/2 showed that process was under 
diffusion control. As the slope of the resulting line was 
placed in the Randles-Sevcik equation, the surface areas of 
the unmodified electrode (Fig. S4.A) and the modified 
electrode (Fig. S4.B) turned out to be 0.023 and            
0.035 cm2 respectively. As the results showed, the rGO-
Yb2O3 nanocomposite could improve the electron transfer 
kinetics, increase the active sites of the electrode and 
amplify the current. 

In order to better understand the electrochemical 
behavior of the rGO-Yb2O3-DDH/GCE, the effect of the 
scan rate on the electrocatalytic oxidation of MC was 
examined on the basis of the voltammograms of the 
electrode in the buffer solution at different scan rates.   
Figure 2 shows a shift in the anodic potential peaks toward a 
positive potential at higher scan rates, suggesting the kinetic 
control of the electrochemical reactions. 
      Also, as shown in Fig. 2, the cathodic and anodic peak 
currents (Ipc and Ipa) increased linearly with the scan rate 
(ѵ).  
      The surface coverage of the GCE (Г (mol cm-2)) was 
estimated by using the Sharp equation [28]. In this equation 
Eq. (1), the peak current (Ip) is correlated to the surface 
concentration of electroactive materials as follows: 
 
      

RT
AFnI

4

22 
                                                                   (1) 

 
Where  Г  is   the   surface   coverage   (mol cm-2)  and  A  is          
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Fig. 2. CVs of  the rGO-Yb2O3-DDH/GCE in PBS  (pH 7.0,  
           0.1 M) at different scan  rates,  from  down  up at 25  
          (1) to 2200 (18)  mV s-1, a) plot of Ip versus the scan  
           rate (ν), b) Ep against the logarithm of the scan rates,  
           c) Ep vs. logν for scan rates  greater  than 400 mV s-1       
            (inset b). 
 
 
the electrode surface (cm2). The amount of Г = 1.06 ×         
10-10 mol cm-2 for n = 2 was obtained from the slope of the 
Ipa vs. ѵ (Fig. 2A). 
      Figure 2B presents the potential peaks (Ep) versus the 
log(ѵ). A linear correlation with ѵ in the range of 400-       
2200 mV s-1 (Fig. 2C) proves that the redox process was 
controlled with a diffusion-independent behavior. The slope 
of the linear section was applied to estimate the kinetic 
parameters, the transfer coefficient (α) and the electron 
transfer rate constant (ks) of DDH. The value of this slope 
was 2.303RT/(1 - α) nαF) for the anodic peak and                   
(-2.303RT/αnα F) for the cathodic peak. The coefficients of 
the anodic and cathodic transfer were also found to be        
αa = 0.45 and αc = 0.55. The ks value was obtained through         
Eq. (2) as follows: 
 
      logks= α log(1 - α) + (1 - α) logα-log(RT/nFѵ) - α (1 - α)  
                 nf ∆Ep/2.3RT                                                     (2) 
 
Where  n  is   the  number  of  electrons, ѵ  is  the  scan  rate  

 
 
involved in the redox reaction of the organic modifier 
(DDH), and the other parameters have their common 
meanings [29]. According to this equation, the ks value was 
3.96 s-1. 
 
Electrocatalytic Oxidation of MC at the rGO-
Yb2O3-DDH/GCE 

As it can be seen in Fig. 3, to investigate the 
electrocatalytic performance of the rGO-Yb2O3-DDH/GCE 
versus MC, the cyclic voltammograms of MC were 
recorded at a bare GCE (curve a), at a DDH/GCE (curve b), 
in the presence of MC where a weak CV signal was 
observed (curve c), and at a glassy carbon electrode 
modified with rGO-Yb2O3 nanocomposite in a 1.0 mM MC 
solution (curve d). Curve (e) as (b) +1.0 mM of MC and      
the modified electrode rGO-Yb2O3-DDH/GCE (f) were 
recorded. It is evident that the electrocatalytic activity was 
enhanced from the bare GCE (a) to the rGO-Yb2O3-
DDH/GCE (f). A comparison of the anodic peak currents 
(Ipa)  of  MC  at  the  rGO-Yb2O3-DDH/GCE  and  the  bare  

 
 

 
Fig. 3. CVs of (a) the bare GCE in PBS (pH 7.0, 0.1 M) at   
           ʋ = 25 mV s-1  and  (b) the  DDH/GCE in PBS (pH  
          7.0); (c) as (a) with  1.0 mM   metoclopramide; (d)  
           the  rGO-Yb2O3/GCE  in  the  presence of 1.0 mM  
          metoclopramide; (e)  the DDH/GCE in 1.0 mM of  
         MC; (f) as (c) at  the surface  of  the  rGO-Yb2O3- 

             DDH/GCE. 
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GCE indicated that the Ipa increased while the over-
potential decreased for 810 mV in the case of rGO-Yb2O3-
DDH/GCE. 

Figure 4 uses CVs to demonstrate the effect of (ѵ) on the  
electrocatalytic oxidation responses of MC at the rGO-
Yb2O3-DDH/GCE. As the figure suggests, the anodic peak 
moved to larger potentials at higher (ѵ) values. It implies a 
kinetic limitation for the electrochemical reaction [27]. 
Figure 4A illustrates a linear response for the Ip against the 
square root of the scan rate (υ1/2), implying that the process 
was diffusion-controlled. A plot of the scan-rate-normalized 
current (Ip/υ1/2) vs. ѵ (Fig. 4B) reveals an EC' process. 
Figure 4C presents a Tafel plot based on the data about the 
ascending segment of the current-potential curve at the scan 
rate of 9 mV s-1. Using the slope of the Tafel plot, the 
charge transfer coefficient was calculated and found to be 
about 0.7. Scheme 2 exhibits the characteristic shape of an 
EC' procsess.The electrocatalytic performance of the rGO-
Yb2O3-DDH/GCE versus MC with detail is reported in 
Scheme S2. 
 
DPV Recordings and Calibration Curve 

Quantitative determination of metoclopramide was 
performed using DPV technique in phosphate buffer 
solution (pH 7.0) with an accumulation time of 110 ms and 
accumulation of potential 0.0 V. The DPV parameters were 
optimized and selected as 65 ms, 0.15 V and 50 mV s-1 for 
the pulse time pulse amplitude and scan rate, respectively. 
Figure 5 demonstrates the DPV responses obtained on the 
rGO-Yb2O3-DDH/GCE at different concentrations of MC at 
50 mV s-1. As it can be seen, the current signals increase 
linearly with the increment in the concentration of MC. The 
inset of the figure also reports a linear concentration range 
from 25.0 to 250.0 μM for MC at the rGO-Yb2O3-
DDH/GCE. The linear equation is Ip (μA) = (0.015) C 
Metoclopramide + (2.42) with the correlation co-efficient 
(R2) of 0.994. By the DPV method, as the most sensitive 
electrochemical method, the detection limit (LOD) was 
estimated through the equation LOD = 3Sb/m, where (m) is 
the slope of the calibration curve and (Sb) is the standard 
deviation achieved from some measurements of the blank 
signal. The detection limit of the developed sensor was              
7.14 μM. The results obtained obviously indicate that the 
rGO-Yb2O3-DDH/GCE  can  serve  as  an  effective  sensing 

 
 

 

Fig. 4. CVs of  the rGO-Yb2O3-DDH/GCE  in PBS (pH 7.0,  
           0.1 M) in  the presence of metoclopramide (1.0 mM)  
          at the scan rates of 3-15 mV s-1. Insets: (A) plot of Ip       
          vs. ʋ1/2, (B) variations in the  normalized  current (Ip/   
         ʋ1/2) vs. ʋ   and  (C) Tafel   plot  obtained  from   the  
         increasing  part  of  the  voltammogram  recorded at              

            ʋ = 9 mV s-1. 

 

 
Scheme 2. Electrocatalytic    reaction     mechanism     for  
                  metoclopramide at surface of the rGO-Yb2O3- 

                    DDH/GCE 
 
electrode. 
 
Chronoamperometric Measurements 
      The CHA method is often applied to better understand 
the processes at chemically modified electrodes. In the CHA 
investigations   conducted  in  this   research,  the   diffusion 
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Fig. 5. DPVs   of    the     rGO-Yb2O3-DDH/GCE    in   MC  
            solutions  of different  concentrations: 25.0 (1), 50.0  
            (2), 100.0 (3), 250.0 (4), 500.0 (5), 750.0 (6), 1000.0  
            (7), 2000.0 (8) and 3000.0 (9) µM. Inset:  plot  of  Ip  
             vs. concentration of metoclopramide. 
 
 
coefficient of MC was calculated through the Cottrell 
equation [27]. Figure 6 shows the chronoamperograms          
for different concentrations of MC at the rGO-Yb2O3-
DDH/GCE. Inset (A) plots the current against t-1/2 for 
various concentrations of MC. The slopes of the 
corresponding straight lines were also plotted against the 
MC concentrations (inset B). The obtained slope and the 
Cottrell equation were used to estimate the diffusion 
coefficient of MC D = 7.62  10-7 cm2 s-1). The Gallus 
method was also applied to calculate the catalytic rate 
constant between MC and the modifier (k'h) [27]. Using the 
slope of IC/IL vs. t1/2 value k'h was calculated (Fig. 6C). 
Based on the results, the mean value of k'h for MC was 
obtained 458.4 M-1 s-1. Also, the heterogeneous rate          
constant of the catalytic reaction was obtained to be 4.6  
10-5 cm s-1.  
 
Interference Study 
      In order to investigate the effects of possible interfering 
species on the detection of MC, different compounds were 
separately added to 1.0 mM MC, and the performance of the 
modified  electrode  was  evaluated. The molar ratio  of  the 

 
 

 
Fig. 6. Chronoamperograms obtained  at the rGO-Yb2O3-   

      DDH/GCE  in PBS (0.1 M,  pH 7.0)  for  the  MC  
      concentrations of  0.0-0.05-0.1-0.25  and 1.0 mM  
     and the potential step adjusted at 300 mV. Insets:  
     a) plots of the current vs. t-1/2, b) plot of the slope  
    of    the    straight    lines  vs.   concentration   of  

            metoclopramide, c) plots of IC/IL vs. t1/2. 
 
 
interfering species to the MC, below which no relative error 
over ±5% could be seen in the MC signal, was considered as 
the tolerance limit for the samples. The potential 
interference in the determination of MC on the sensor was 
investigated by the addition of different ions to the aqueous 
solution. They included Na+, K+, Ca+2, Mg2+ as alkaline 
earth ions. The tolerated concentration of the ions was        
0.7 M, and that of the other species was 1.0 M. The results, 
as presented in Table S1, denote the good selectivity of the 
rGO-Yb2O3-DDH/GCE to determine of MC in intricate 
media. 
 
Stability, Reproducibility and Repeatability 
      The stability of the rGO-Yb2O3-DDH/GCE was studied 
in the solution of 1.0 mM MC through the CV method.  The 
current response decreased for about 6.4% from its initial 
value after 30 consecutive cycles were recorded at             
50 mV s-1. 

The repeatability of the proposed sensor was also 
investigated by the CV method in the presence of 1.0 mM of  
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MC at 50 mV s-1. The RSD was found to be 3.6%, which 
indicated that the surface repeatability was proper. 
Moreover, the reproducibility was investigated by the 
recording of the DPV of the rGO-Yb2O3-DDH/GCE on 
different days. As the results showed, the RSD value of MC 
was around 2.5% (Fig. 5S). 
 
Application of the rGO-Yb2O3-DDH/GCE in the 
Analysis of Real Samples 
      To investigate the performance of the developed sensor, 
it was used to determine MC in a spiked blood serum 
sample by DPV method. The sample was spiked with 
certain concentrations of MC, and the recovery values were 
calculated by the standard addition method. The results are 
presented in Table 1. The obtained RSD values denoted the 
acceptable accuracy of the proposed sensor (n = 3). Thus, 
rGO-Yb2O3-DDH/GCE as a sensor is liable enough to 
measure MC in real samples. 

 
CONCLUSIONS 
 
      In this research, a novel composite was used for          
the electrocatalytic determination of metoclopramide             
(MC). This work demonstrates the construction of a              
GCE   chemically    modified    by    DDH    and    ytterbium 
nanocomposite. The designed electrochemical sensor could 
determine MC by the electrocatalytic reaction of the 
compound DDH with MC as an analyte. The rGO-Yb2O3 
nanocomposite proved to have higher capacitance            
than Yb2O3,  which  is  due  to  the  special  structure  of  the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table 1. The  Application of the rGO-Yb2O3-DDH/GCE for       
               the Detection of Metoclopramide in Real Samples 
                (Blood Serum for n = 3) 

 
MC added 
(µM) 

Found 
(µM) 

Recovery 
(%) 

RSD 
(%) 

0 - - - 

500.0 508 101.6 3.3 

700.0 691 98.7 1.08 

1000.0 1053 105.3 1.50 

1600.0 1677 104.8 2.77 

2000.0 1905 95.2 1.9 
 

 
nanocomposite and the excellent contact between its active 
material (i.e., DDH organic compound) and rGO. The 
oxidation of MC occurred successfully at the surface of the 
rGO-Yb2O3-DDH/GCE. Furthermore, the experiments on 
real samples indicated that the modified electrode can 
acceptably detect metoclopramide in blood plasma. Result 
value is comparable to these reported by other research 
groups (Table 2). 
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Table 2. Comparison of the Proposed Sensor and some Modified Electrodes for the Determination of MC 
 

Electrode Modifier 
LDR 
(µM) 

LOD 
(µM) 

E 
(V) 

Ref. 

GCE MWCNT-PAAb 0.1-10.0 0.05 0.69 [30] 

GCE            Boron-doped diamond film               0.01-10.0 0.15 1.0 [3] 

GCE            PVCa Matrix membrane               60.0-1000.0 40.0 0.53 [31] 

GCE PVCa membrane sensor 10.0-1000.0 10.0 - [6] 

GCE rGO-Yb2O3-DDH    25.0-3000.0 7.4 0.27 This study 
GCE: glassy  carbon  electrode; MWCNTs:  multi-walled  carbon   nano  tubes;  LDR:  Linear  Dynamic  Range 
aPoly (vinyl chloride), bPoly (acrylic acid). 
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