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Abstract: An electrochemical oxidation of dopamine (DA) and tyrosine (Tyr) by metal oxide (MO) 

modified electrode where M=Cu and Ni in phosphate buffer solution (PBS), pH 7.0 has been studied 

by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) techniques. CuO and NiO 

nanoparticles were prepared by sol-gel process and co-precipitation method respectively and their 

structure, composition and surface morphology were examined by SEM, XRD, FTIR, UV and Raman 

techniques. A simple drop cast method is employed for the surface modification of graphite electrode 

to prepare MO modified electrode and it exhibited good electrocatalytic activity towards detection of 

DA and Tyr. The present investigation on CV studies of DA at CuO modified electrode showed a 

reversible oxidation process with an anodic peak potential at +0.249V vs. SCE. However, no specific 

anodic oxidation peak identified with NiO modified electrode. Subsequent CV studies with Tyr at MO 

modified electrode (M=Cu, Ni) shows an irreversible oxidation process and both modified electrodes 

exhibited an anodic peak at a potential of +0.80V against very low or no anodic peak currents obtained 

at bare graphite electrode. Moreover, the CuO modified electrode (CMG) successfully separated the 

anodic signals of dopamine (DA), Ascorbic acid (AA) and Tyrosine in their ternary mixture whereas 

on bare graphite a single, overlapped oxidative peak was observed. In CV studies, the peak potential 

difference between AA-DA, DA-Tyr and AA-Tyr is 166 mV, 323 mV and 489 mV respectively and 

the corresponding peak potential separations are 209 mV, 400 mV and 609 mV respectively in 

differential pulse voltammetry (DPV). Owing to good stability, selectivity and simple low cost 

fabrication method, CuO modified electrode is found to be well suited for simultaneous determination 

of DA, AA and Tyr in their ternary mixture. Additionally, NiO modified electrode also shows good 

sensitivity towards the detection of tyrosine, so it acts as a good electrochemical sensor to assay tyrosine 

in the biological sample. 
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1. Introduction 

A noteworthy technological change has been noticed over the years in the sensing of 

neurotransmitters owing to their predominant role as a diagnostic tool in medicine to forecast 

specific metabolic diseases [1-2]. In mammalian brain tissues, the occurrence of 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC105.64606473
mailto:hanumanjunath80@gmail.com
https://www.scopus.com/authid/detail.uri?authorId=57188956297
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-6165-6834
http://orcid.org/0000-0002-0580-6383


https://doi.org/10.33263/BRIAC105.64606473  

https://biointerfaceresearch.com/ 6461 

neurotransmitters not only meant for a specific metabolic activity but also as biological 

indicators to identify the state of a disorder or disease [3-4]. It is very clear that a disharmony 

in the release of neurotransmitters like dopamine and tyrosine always engender for metabolic 

and neurological disorders [5]. In the family of catecholamine-neuro transmitters, dopamine 

(DA) has occupied pinnacle position in stating physiological functions belonging to hormonal, 

renal, neural and cardiovascular systems in the human body. So its role is pivotal and its 

abnormal levels in the blood are a cause of concern for diseases like Huntington’s disease, 

Schizophrenia and Parkinson’s disease etc [6-8]. In addition, tyrosine (Tyr), a precursor of 

dopamine plays an essential role in causing inborn disorders like Alkpatonuria (AKU), 

Tyrosinaemia (I, II and III type) and Hawkinsinuria. To envisage type-2 diabetes, liver cancer 

and obesity the concentration level of tyrosine play a decisive role [9-10]. 

On contemplating the method of estimation of dopamine and tyrosine, electrochemical 

methods were phenomenal in spite of a plethora of other analytical techniques available. 

Portability, accuracy and fast response in sensing, electrochemical methods are better than any 

other analytical methods which have their own setbacks [11-13].At present, the augment of 

new materials still continue to be of interest to apply on the surface of graphite electrode with 

better sensing properties, including conductive polymers, nanoparticles and carbon based 

materials. More recently, the sensors based on various metal oxide nanoparticles have evinced 

to be more efficient due to high selectivity, sensitivity, low cost, easy to synthesize in various 

nanostructures and excellent electro-active nature [14-17]. Such chemically modified 

electrodes are well suitable in resolving the homogenous structures like dopamine and tyrosine 

at different electrode potentials though both coexist at low concentrations [18]. So the 

challenges prevailed even in electrochemical methods like maintaining stability sensitivity and 

selectivity in the detection of target molecules like dopamine and tyrosine in the presence of 

other interference molecules [19-23]. 

In the search of metal oxide nanoparticles, copper (II) oxide (CuO), a p-type of 

semiconductor with a band gap of 1.2 to 2.2 e V has been showing countless applications 

including electrochemical sensors, gas sensors, life aspects, solar energy,  batteries and green 

catalysts [24-27]. The copper oxide nanoparticles can be prepared in various morphological 

shapes such as nanowires, platelets and spindles [28-29]. In the detection of glucose [30-31] 

and other biomolecules [32-37], copper oxide nanoparticles were of extremely useful. On the 

other hand, nickel (II) oxide (NiO) nanoparticles exhibits a band gap of around 3.7eV and is a 

p-type semiconductor. Because of low toxicity, good stability and high electrocatalytic 

property, NiO nanoparticles attracted the attention of many researchers in the field of 

electrochemical sensing and lured electrochemists a lot [38-41]. Despite its own limitations, 

NiO nanoparticles have been used to sense certain electro-active bio-molecules like dopamine  

and others, which  support  the research reports [38-40]. 

In this study, CuO and NiO nanoparticles were prepared by sol-gel process and co-

precipitation method respectively and characterized by XRD, UV, IR, Raman and SEM 

techniques. From the available literature and to the best of the authors knowledge, 

electrochemical studies on dopamine and tyrosine using CuO and NiO nanoparticles are scanty 

and a comparative study on the electrochemical performance of CuO and NiO nanoparticles 

modified graphite electrode towards oxidation of dopamine and tyrosine is not reported. 
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2. Materials and Methods 

2.1. Reagent and materials. 

Dopamine, ascorbic acid, copper (II) nitrate, nickel (II) chloride, NaOH, ethanol and 

liquid paraffin were purchased from Sigma-Aldrich. Potassium chloride, potassium dihydrogen 

phosphate, dipotassium hydrogen phosphate, tyrosine were purchased from Fischer Scientific 

Ltd. and used as received. Stock solutions of 0.01M dopamine, 0.01M ascorbic acid and 

0.002M tyrosine were prepared freshly using double distilled water. Phosphate buffer solutions 

(PBS) were prepared from stock solutions of 0.1M K2HPO4, 0.1M KH2PO4. All other 

chemicals were of analytical grade and used without further purification. 

2.2. Equipment. 

The prepared CuO and NiO nanoparticles were physically characterised by Powder X-

Ray Diffraction (XRD) using X’Pert PRO Diffractometer with Cu Kα radiation of wave length 

0.15406 nm. The surface morphology of the synthesised particles of NiO and CuO  were 

observed using a scanning electron microscope (SEM) HITACHI S4160. Fourier transforms 

infrared (FT-IR) spectra and UV-Vis spectra of the material were recorded using Thermo 

model, Instrument model λ 35, to determine the functional groups. Raman spectra of the 

material at room temperature (RT) were obtained using 3D scanning confocal microscope with 

spectrometer nanofinder-S (SOLAR TII, Ltd.). 

2.3. Electrochemical measurements. 

The electrochemical measurements such as cyclic voltammetry (CV) and differential 

pulse voltammetry (DPV) were carried out using a potentiostat/galvanostat, VSP, Biologic’s 

instruments, France. A three electrode electrochemical cell consisting of MO (M=Cu or Ni) 

modified graphite electrode  as a working electrode ,  a platinum wire as auxiliary and a 

saturated calomel electrode as reference electrode was used for all electrochemical 

measurements with 0.1 M phosphate buffer solutions (PBS) with  0.1M KCl as supporting 

electrolyte.   

2.4. Synthesis of MO (M=Ni and Cu) nanoparticles (NPs). 

2.4.1. Copper oxide NPs. 

CuO nanoparticles were prepared by  sol-gel method which involves reacting two 

aqueous solutions of 100ml  0.1M of Cu (NO3)2 .3 H2Oand NaOH 0.9 Msolution (pH=13 at 25° 

C). 0.9 M NaOH solution was added to 0.1 M of Cu (NO3)2.3 H2O solution drop by drop until 

a blue gel was produced. The obtained gel was washed several times with distilled water until 

it is free from nitrate ions. It was then centrifuged and dried in air at 60 °C for 12 hrs. This dried 

gel was separated in several portions and annealed in air for 3 hrs at 250 °C. 

Cu(NO)2 +2NaOH                            Cu(OH)2 + 2NaNO3 

Cu(OH)2                           CuO  +  H2O 
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2.4.2.Nickel oxide NPS. 

Nickel oxide nanoparticles were prepared by co-precipitation method. In atypical 

procedure, 2.6 g of nickel(II)chloride was dissolved in 100 ml of de-ionized water. To this, 

sodium hydroxide (4 g in 100 ml of deionized water ) solution was added drop by drop under 

constant stirring up to 4 hrs.The resultant solution was kept under refluxed at room temperature 

for 24 hrs. The obtained green precipitate was washed with double distilled water and ethanol 

5-6 times to remove any possible ionic remnants if formed. The sample was dried by heating 

at 90°C. The same is then calcinated at 250°C when the greenish sample turned into black color 

powder. 

NiCl2.6H2O + H2O +2NaOH                                       NiO +8H2O +2NaCl 

2.5. Preparation of MO (M=Ni or Cu) modified graphite electrode. 

A Teflon bar with 6mm internal diameter was fitted with a spectroscopic grade pure 

graphite (6mm diameter) purchased from Sigma-Aldrich. The surface of graphite electrode was 

activated before modification by polishing with emery papers of different grades like 1000 and 

800 to get a mirror shining surface.  Further, it was cleaned by sonication with double distilled 

water for 2 minutes. A MO suspension was prepared by mixing  5 mg of MO nanoparticles in 

0.1 ml of liquid paraffin and 0.9 ml of water by sonicating the mixture for 30 minutes. The 

obtained homogenous black suspension of about 10µL was dropped on cleaned surface of 

graphite electrode and allowed to dry for about 3 hrs at room temperature [41]. The resulting 

modified electrode acts as a working electrode and from here onwards referred to as MO/Gr 

(M=Ni or Cu) modified electrode. 

 

3. Results and Discussion 

 3.1. Characterization of MO (M=Cu and Ni) nanoparticles. 

3.1.1. XRD Studies. 

The XRD pattern of the prepared CuO and NiO nanoparticles are shown in Fig.1 (A) 

and Fig.1 (B). In Fig.1 (A) the appeared diffraction peaks at 2θ= 32.83, 35.53, 38.68, 48.93, 

53.46, 58.18, 61.72, 66.26, 68.23, 72.56 and 75.12 correspond to the lattice planes, (110), (11-

1, 111), (20-2), (202), (11-3), (022, 31-1), (220),(311)  and (004,22-2) respectively . All peaks 

can be well indexed to monoclinic symmetry with a space group of C6
2h and are in consistent 

with standard (JCPDS file no. 45-0937) data. In Fig. 1(B), XRD of NiO nanoparticles has three 

distinct peaks at 2θ = 36.50, 43.50 and 630 with peak line broadening indicating nano particle 

size of NiO material. The prominent peaks are indexed as (111), (200), (220), (311) and (222) 

which correlate to face-centered cubic (FCC) structure of NiO phase and are in good agreement 

with standard (JCPDS -file: 78-0429, Fm3m space group) data. The particle size of metal oxide 

(MO, M=Cu and Ni) nanoparticles were calculated using Debye-Scherer’s formula shown 

below with k-0.9, Scherrer’s constant, λ- wavelength of the Cu-Kα radiation (1.5406 Å), 

d = Kλ/ (β cos θ)             (1) 

The average particle size of CuO nanoparticles was found to be 17.3 nm calculated 

from β- full width at half maximum (FWHM) intensity of 0.5021 from the peak at θ-35.60. 

Further, the crystallite size of NiO nanoparticles was found to be between 3-4 nm using the 

https://doi.org/10.33263/BRIAC105.64606473
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC105.64606473  

https://biointerfaceresearch.com/ 6464 

values of β- full width at half maximum (FWHM) intensity, 2.783 from the peak located at θ-

43.30.  

 

 

 

 

Figure 1. XRD of , A) CuO nano particles&B) NiO nano particlesand SEM images of,  C) CuO nano particles 

&  D) NiO nano particles 

3.1.2. SEM morphological characterisation. 

Fig 1(C) shows the SEM image of CuO nanoparticles and the surface morphology of 

the particles show irregular size, agglomerated nanoparticles appearing in sheet or rod like 

shapes. Such morphology imparts high surface area to the nanomaterial which intern will have 

high catalytic activity. The average particle size of CuOfrom SEM image is found to be 200 to 

500 nm length and 20-30 nm width. Fig. 1(D) shows the SEM image of NiO nanoparticles 

having a spherical shape with an average particle size around 19 nm. The formation of ultrafine 

NiO nanoparticles reveals that high agglomeration of nanoparticles induces good catalytic 

activity.  

3.1.3. IR and Raman studies. 

Fig.2 (A) shows the FTIR spectrum of CuO nanoparticles which exhibit characteristic 

IR peaks at 523 cm-1and 1011cm-1 indicating different modes of bending vibrations of the Cu–

O bond. The peak at 1639 cm-1 is assigned to stretching vibration of the Cu–O bond of copper 

(II) oxide nanoparticles. The additional IR peaks at 2933 cm-1and 3432 cm-1 belongs to the 

symmetric and asymmetric stretching vibration of the O–H bond respectively suggesting the 

presence of traces of water molecules. The FTIR spectrum of NiO nanoparticles is as shown in 

Fig. 2(B). The prominent peaks at 590 cm-1 and 610 cm-1 belongs to vibrations of Ni-O bond 

and other additional peaks at 1651 cm-1 and 3635 cm-1 are attributed to H-O-H stretching 

indicating trace amounts of moisture in the sample. The Raman spectrum of CuO nanoparticles 
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in Fig. 2(C) shows a characteristic peak around 981 cm-1 belonging to stretching mode of CuO 

while NiO nanoparticles in Fig. 2(D) exhibits a distinct peak at around 500 cm-1 related to 

stretching mode of NiO. 

 
 

 
Figure 2. FTIR  spectra of,  A) CuO nanoparticles &  B) NiO nanoparticlesand Raman spectra of C) CuO 

nanoparticles &  D) NiO nanoparticles 

3.2. Electrochemical behavior of DA and Tyr at CuO modified graphite electrode(CMG). 

The metal oxide modified electrode was used to study the electrochemical oxidation of 

DA and Tyr using cyclic voltammetry. The experiments were performed in the presence of 

500μM DA and 500μM Tyr individually at the modified electrode in PBS solution, pH 7.0 and 

results are compared with that on bare graphite electrode. 

3.2.1. Electrochemical studies of DA at the CuO modified graphite electrode. 

Fig. 3 (A) shows the cyclic voltammogram of 500μM DA at bare graphite electrode (a) 

and at CMG electrode (b) in PBS (pH=7.0) electrolyte. In PBS solution, pH 7.0 (in the absence 

of any analyte), the bare graphite electrode exhibits no obvious oxidation and reduction peaks 

(a) and the CuO modified electrode shows an anodic peak at -0.163 V and a cathodic peak at -

0.355 V corresponding to oxidation (Cu0/Cu+2) and reduction (Cu+2/Cu0) of CuO nanoparticles 

respectively in PBS pH 7.0 solution. On the other hand, in the presence of  500 μM DA,  DA 

undergoes reversible oxidation and reduction at bare graphite electrode with the oxidation peak 

located at about +0.257 V (c) and at the modified electrode, its oxidation peak is observed at 

+0.249 V. In addition, there is significant enhanced of oxidation peak current on the modified 

electrode indicating better electro catalytic behavior of  CuO nanoparticles towards DA 

oxidation.  The oxidation peak at +0.249 V on the CV curve of DA at the modified electrode 

is assigned to the formation of dopaminoquinone (DA+) (product of dopamine oxidation) and 

the cathodic peak at +0.125 V is assigned to the reduction of DA+ to leucodopanoquinone [42-

43]. Fig 3(B) shows the CV profiles of DA at different concentrations and it is clear from the 

figure that the oxidation current of DA increases linearly with an increase in concentration at 

the CuO modified electrode.  
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3.2.1.1. Effect of scan rate. 

In order to understand the reversibility of electrocatalytic oxidation reaction of DA at 

CuO modified electrode, cyclic voltametric experiments were conducted by varying scan rate 

from 20 to 200 mV s-1 as shown in Fig 3(C). A plot of Ipa vs. V shows a good linear relationship 

with zero intercept (inset in the figure) and another plot of anodic peak current (Ipa) varies 

linearly with square root of scan rate (υ1/2) (inset in the figure) with zero intercept. From both 

the plots,  it is confirmed that  the oxidation of DA at the CMG electrode is a diffusion 

controlled process. In order to calculate the kinetic parameters, a plot of Epa vs. logV (Figure 

not shown) gives an anodic charge transfer coefficient (α) of 0.73 with slope equal to 

2.303RT/(1-α)naF.  The calculated Tafel slope, b for the modified electrode is found to be 0.034 

V dec-1 whichwas less than theoretical value 0.118 V dec-1  for a one electron transfer process 

suggesting no adsorption of dopamine occurs on the electrode surface. From Laviron’s 

equation (1) [44-45], electron transfer rate constant (ks) for this CMG electrode was found to 

be 0.43 s-1 at 0.05 V s-1.  

log ks =  α log (1-α) + (1-α) log α - log (RT/nFn) - α(1-α) nFE/2.3RT  (1) 

According to the electron transfer kinetics, for any electron transfer process, higher the 

rate constant than 0.01 s-1, then the reaction is fast and reversible. Hence the oxidation of DA 

at CMG electrode is fast, reversible and diffusion controlled with two proton coupled, two 

electron processes as shown in Fig 4.  

 

Figure 3. A) Cyclic voltammograms of: A) Bare graphite B) Bare graphite with 250 µM DA and 500 µM Tyr  

C) CMG WITH 250 µM DA: Electrolyte solution 0.1M Phosphate buffer solution (pH 7.0) + 0.1M KCl B) 

Cyclic voltammograms of DA of various concentrations at CMG electrode: a) 62.5 µM  b)125 µM  c)250 µM 

d)500 µM Scan rate: 50 mV s-1C) Cyclic voltammograms of 500 µM DA at CMG electrode at different scan 

rates a) 20 b) 50 c)100 c)150 d)200 mV s-1 Inset: plots  of  Ipa vs  υ and Ipa vs. υ 1/2 . 

 
Figure 4. Oxidation of Dopamine (two electron process) 

3.3. Electrochemical studies of L-Tyrosine at CuO modified electrode. 

Fig.5(A) shows the electrochemical behavior of Tyr at the CMG modified electrode. 

Tyr undergoes irreversible oxidation at the modified electrode with an anodic peak at 0.812 V 

with an enhanced peak current compared to that at the bare graphite electrode. The 

enhancement in the anodic peak current suggests that the CuO modified electrode shows good 
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electro catalytic activity towards Try oxidation. Fig 5(B) shows the CV profile of Tyr at the 

CuO modified electrode and it observed that the oxidation current of DA increases linearly 

with increase in concentration.  To understand the effect of scan rate, cyclic voltammetry 

profiles were recorded at CMG in PBS 7.0 solution containing 250 μM tyrosine and are as 

shown in Fig.5(C).  Using Randels- Sevcik equation, a plot of  Ipavs. υ1/2 (20 to 200 mV s-1)  

shows good a linear relationship with zero intercept, Ipa = 0.0205 υ1/2 (Inset in the figure). Thus 

electrochemical oxidation of Tyr at CMG electrode is diffusion controlled process and exhibits 

irreversibility which was also confirmed from shifting of anodic peak potential towards a more 

positive potential. 

 

Figure 5. A) Cyclic voltammograms of: A) Bare graphite B) Bare graphite with 500 µM  Tyr  C) CMG with 

500 µM Tyr: Electrolyte solution 0.1M Phosphate buffer solution (pH 7.0) + 0.1M KCl B) Cyclic 

voltammograms of Tyr of various concentrations at CMG electrode: a) 250 µM  b)500 µM  c)750 µM d)1000 

µM Scan rate: 50 mV s-1C) Cyclic voltammograms of 250 µM Tyr at CMG electrode at different scan rates a) 

20 b) 50 c)100 c)150 d)200 mV s-1 Inset: plot of  Ipa vs. υ 1/2 . 

3.4.  Simultaneous determination of DA, AA and Tyr using CuO modified graphite electrode. 

Since DA and AA coexist in the biological fluids, interference of one in the 

determination of others and also in the presence of a very low concentration of tyrosine during 

their selective determination cannot be ruled out. It is understood that high concentrations of 

DA and AA may interfere with the detection of Tyr. Further, the poor response of tyrosine and 

combined response of DA and AA at very close potentials are generally observed on bare 

electrodes. The CV studies were conducted for ternary mixture of 500 μM DA, 2 mM AA and 

500 μM Tyr in PBS buffer solution at bare graphite electrode and CuO modified graphite 

electrode and results are as shown in Fig. 6. On bare graphite, there was convergence of 

oxidation peaks of AA, DA and Tyr was noticed which cannot provide any information about 

concentration of individual analytes. Conversely, oxidation peaks of AA, DA and Tyr are very 

well separated from one another and appear at different potentials, 193 mV, 359 mV and 682 

mV respectively. In addition, an additional peak was observed at -131 mV which corresponds 

to Cu0/Cu+2 redox couple of copper oxide nanoparticles. CV studies from Fig. 6(A) shows that 

all the analytes in the ternary mixture are clearly distinguishable and the anodic peak potential 

differences between AA-DA, DA-Tyr and AA- Tyr were 166 mV, 323 mV and 489 mV 

respectively. On the other hand, DPV studies of the same ternary mixture of 500 μM DA, 2 

mM AA and 500 μM Tyr in PBS buffer solution at bare graphite electrode are as shown in Fig. 

6(B). From the figure, it is clear that anodic peaks corresponding to AA, DA and Tyr is 

submerged and appears as broad single peak with a low anodic current at bare graphite (a). On 

contrary, on CuO modified graphite electrode(c), the anodic peaks corresponding to AA, DA 

and Tyr are clearly separated and three distinguishable anodic peaks are observed. The peak 

potential separations between, AA-DA, DA-Tyr and AA-Tyr in DPV are found to be 209 mV, 
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400 mV and 609 mV respectively. From the above discussion, it is clearly proved that the CuO 

modified graphite electrode was able to separate the anodic oxidation current signals of DA, 

AA and Try and exhibits good electro-catalytic activity compared to that of the bare graphite 

electrode.  

 

Figure  6. A) Cyclic voltammograms of a) Bare graphite with DA 500 µM, 500 µM Tyr and 2 mM AA b) CMG 

graphite with 500 µM DA, 500 µM Tyr and 2 mM AA; Scan rate 50 mV s-1 B) Differential pulse 

voltammogram of  a) Bare graphite with 500 µM DA, 500 µM Tyr and 2 mM AA   b) CMG electrode with  no 

analyte     c)  CMG graphite with 500 µM DA, 500 µM Tyr and 2mM AA 

3.4. Electrochemical behavior of Tyr at NiO modified graphite electrode (NMG). 

Due to the high electrocatalytic activity of NiO nanoparticles, electrochemical studies 

were conducted for the detection of tyrosine using NiO modified graphite electrode in PBS 

solution, pH 7.0. The CV profiles were recorded at NiO modified graphite electrode at different 

concentrations of Tyr in the range of 5 to 400 μM in PBS pH 7.0 and are as shown in Fig 7(A). 

From the figure, it can be seen that the oxidation peak of Tyr appears at +0.80 V and the peak 

current increases with an increase of concentration of tyrosine confirming an excellent 

electrocatalytic activity of NiO modified electrode towards oxidation of DA. In order, to 

understand electron transfer kinetics of oxidation reaction of Tyr at NMG, CV studies were 

performed with varying scan rate in the range 20 to 200 mVs-1 and the results are shown in Fig. 

7(B). A plot Ipa vs. square root of scan rate, (from Randels-Sevcik equation) shows a good linear 

relationship with zero intercept, (inset in the figure) indicating the reaction goes through 

diffusion controlled process rather than charge controlled process.  

 

Figure.7.  A) Cyclic voltammograms of Tyr of various concentrations at NMG electrode  a) 0 b) 5 c) 25 d) 50 e) 

100 f) 200 g)300 h) 400 µM  50 mV s-1 B) Cyclic voltammograms of 100 µM Tyr at NMG electrode at different 

scan rates a)20 b)50 c)100 d)150  e) 200 mVs-1 Inset: plots  of  Ipa vs  υ and Ipa vs. υ 1/2. 
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From Fig 7(B) it is found that anodic peak of Try shifts towards the positive side of 

potential suggesting  irreversibility of electrochemical reaction. The slope of Epa vs. logV is 

equal to 2.303RT/(1-α)naF (from inset in the Fig 7(B)) is used to calculate the charge transfer 

coefficient, α and was found to be 0.140 for NiO modified electrode. The calculated Tafel 

slope, b, for the irreversible diffusion controlled process was 0.112 Vdec-1 and it is close to the 

theoretical Tafel value of 0.118 Vdec-1 for one electron reaction. Thus the electrochemical 

oxidation of tyrosine at NMG is a one electron transfer process in accordance with the  equation 

in Fig. 8. 

 
Figure 8. Oxidation of tyrosine (one electron transfer) 

3.5. A comparative electrochemical study of MO (M=Cu and Ni) modified graphite  

electrode on dopamine and tyrosine. 

A comparative account of the electrochemical performance of NiO  and CuO  modified 

graphite electrodes towards the electrochemical oxidation of 500 µg dopamine and Tyrosine -

250 µg are as shown in  Fig. 9(A) and Fig 9(B) respectively. The evaluated electrochemical 

parameters from the study are provided in table 1.Taking into consideration of aforementioned 

electrochemical parameters in table 1 for CuO and NiO modified graphite electrodes towards 

oxidation of dopamine and tyrosine, CMG shows high catalytic activity and sensing 

performance than NMG. Despite having a high surface area to volume ratio, NiO exhibits sheet 

and charge transfer resistance which decreases the electrical conductivity which leads to poor 

catalytic or sensing activity [46]. On the other side, due to the high redox potential and low 

over potential, CuO oxidize dopamine and tyrosine with high anodic potential and at lower 

potentials compared to NiO.  

 

Figure 9.  A) Cyclic voltammogram of 500 µM DA  at a) NMG electrode b) CMG electrode 

B) Cyclic voltammogram of 250 µM Tyr at a) NMG electrode b) CMG electrode  50 mV s-1. 

3.6. Stability and Reproducibility. 

The stability and reproducibility of NiO and CuO modified graphite electrodes were 

evaluated in separate experiments by measuring their cyclic voltammetry response upon storing 

for 1-4 weeks.. The modified electrodes were used for the selective detection of 500 μM DA 

in presence of 500 μM Tyr and 2 mM AA in PBS pH 7.0. The CuO modified graphite electrode 

could distinguish the (Figures not shown) oxidation peaks of  DA, AA and Tyr in their ternary 
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mixture and shows good response to the selective determination of  DA retaining  93, 90, 86 

and 82% of its initial current response when stored for 1,2,3 and 4 weeks respectively. To 

ensure the reproducibility of the results, experiments were performed with the same CuO 

modified electrode for repeated measurement of 100 μM DA using chronoamperommetry. 

After each measurement the modified electrode was washed in PBS pH 7.0 and transferred into 

another standard solution of 100 μM DA to record its oxidation peak current. It is found that 

the modified electrode lost 8.9 % of initial amperometric response after 15 repeated 

measurements at a constant dopamine concentration of 100 μM and the step potential applied 

was 500 mV. Another experiment was conducted with a single modified electrode and the 

standard deviation for 10 successive scans was less than 5% in PBS pH 7.0 solution containing 

20 mM DA. This indicates the excellent reproducibility of the CuO modified electrode. On the 

other hand, under similar experimental conditions, NiO modified graphite electrode retained 

92, 89, 85 and 80% of its initial current response when stored for 1,2,3 and 4 weeks respectively 

for the oxidation of  100 μM DA. NiO modified electrode lost 10.1 % of initial amperometric 

response after 15 repeated measurements at a constant dopamine concentration of 100 μM and 

standard deviation for successive scan at a constant concentration of 20 mM DA was less than 

7%.  

Table 1. Electrochemical parameters on MO (M=Cu and Ni) modified graphite electrode on detection of DA and Tyr. 

   Analyte                                 

Electrode  

Dopamine-500 µM Tyrosine -250 µM 

IPa (mA) Epa (V) IPa (mA) Epa (V) 

CMG +0.07019 +0.229 +0.0416 +0.80 

NMG 
No specific anodic peaks were 

identified 

+0.0094 +0.80 

4. Conclusions 

Copper oxide nanoparticles  prepared by sol-gel method were sucecesfully used for the 

fabrication of CuO modified graphite electrode which exhibitedgood electrocatalytic activity 

towards oxidation of  AA, DA and Tyr. Cyclic voltammetry and differential pulse voltammetry 

studies revealed that oxidation peaks of DA, AA and Tyr are very well separated with high 

current sensitivity and good stability, particularly for DA. On the other hand, NiO modified 

electrode displays poor activity towards dopamine but shows good sensitivity towards the 

determination of tyrosine. Among, the two metal oxides used for the determination of DA, 

the CuO modified electrode shows high catalytic activity. For Tyr, NiO modified graphite 

electrode is found to be having good electrocatalytic activity. No electrode fouling was 

observed upon electro-oxidation of DA in the presence of Tyr or high concentration of AA at 

the CuO modified graphite electrode.Finally, CuO modified electrode demonstrated 

remarkarable sensing activity towards multianalyte mixture of DA, AA and Tyr. 
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