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Abstract

Copper oxide nanoparticles (CuO) were electro-generated and electro-deposited simultaneously on the glassy carbon 
electrode (GCE) using cyclic voltammetry at a reduction potential of − 1.4 V to − 0.2 V in 0.1 M NaOH and 1.67 mM CuCl 
solution. The electrodeposited CuO nanoparticles show an excellent electro-catalytic activity towards the detection of 
potassium ferricyanide. The scan rate, concentration of the analyte and pH of the solution were varied accordingly to 
study the stability of the copper oxide deposited glassy carbon electrode (CuO/GCE). The CuO/GCE electrode shows 
amazing stability, charge transfer and reproducibility even at low concentration of the analyte. The cyclic voltammetry 
is proved to be one of the convenient methods to reduce the precursors into metal oxide nanoparticles just by apply-
ing suitable current. The main advantage of this method is uniform deposition of CuO nanoparticles on GCE and thus 
increases the number of active sites, surface area and electro-catalytic properties. Scanning electron microscopy (SEM) 
was used to study the morphology of the electro-generated CuO nanoparticles. The zeta-potential analysis was carried 
out to study the surface potential of charged CuO nanoparticles and it was found to be + 58.29 mV. Further, CuO nano-
particles were characterized by X-ray di�raction to study the phases. UV–visible spectroscopy depicts the absorption 
peak at 288 nm con�rms the formation of CuO nanoparticles. This absorption is attributed by the electronic transition 
from valence band to conduction band due to the quantum size of the particles.
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the fabrication of corrosion resistant coatings, electro-
catalysts and thin �lms.

In the present paper we reported a successful electro-
generation of CuO nanoparticles and their simultaneous 
deposition on the glassy carbon electrode using cyclic vol-
tammetry. We investigated the electro-catalytic proper-
ties of fabricated CuO/GCE against potassium ferricyanide. 
Generally, nanoparticles exhibit high energy, surface area 
and therefore most of them are used as electro-catalysts. 
Usually the catalytic performance of nanoparticles mainly 
depends upon their size and shapes [15–18]. Designing of 
a structurally and dimensionally stable nanoparticle is a 
di�cult job. But this can be achieved by depositing nano-
particles on a suitable support by direct electrochemi-
cal method. Cyclic voltammetry is common and popular 
electro chemical method used to deposit nanoparticles 
on working electrode [19–25]. In this method, nanopar-
ticles were reduced on electrode in a relatively conveni-
ent way by applying suitable current. Compared to other 

1 Introduction

Nanotechnology has become a hot research area for 
many researchers working in chemistry, physics, materi-
als science, biomaterials �eld etc. due to the excellent and 
unique properties of nanomaterials [1]. In recent past, the 
researchers showing a substantial interest in metal oxide 
nanoparticles due to their unusual, unique and remarkable 
properties due to very �ne size [2–5]. It has been reported 
that as the particle size of the nanomaterials decreases; 
then most of their properties like catalytic properties [6, 
7], mechanical reinforcement [8], electrical conductivity 
[9], photo catalytic activity [10], hardness, strength of met-
als and alloys [11, 12] and super paramagnetic properties 
of magnetic oxides [13] will change signi�cantly. Due to 
quantum con�nement; the nanoparticles show strange 
optical and electrical properties [14]. Dispersion of these 
nanoparticles in lesser quantity in various �uids allows 
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traditional methods cyclic voltammetry proved to be one 
of the suitable method to deposit nanoparticles uniformly 
on the electrode which closely integrate with electrode 
[26–37]. This increases the number of active sites, sur-
face area and thus increases the catalytic property of the 
deposited nanoparticles.

Potassium ferricyanide is a bright red colour octahedral 
coordination compound soluble in water and its solution 
shows green yellow �uorescence [38]. It is used in a dot 
etching process as an oxidizing agent to remove silver 
from negatives and positives; and in colour photograph to 
reduce the size of colour dots without reducing their num-
bers. It is also used to increase the solution redox potential 
(E° ≈ 436 mV at pH 7) in physiological experiments [39]. 
Potassium ferricyanide is the commonly present in the 
bleaching powder, and it is toxic to the environment. The 
fabricated electrode can be used to determine the potas-
sium ferricyanide present in the real samples.

S.D. Bukkitgar et al. fabricated graphene oxide (ErGO) 
and ruthenium doped  TiO2 nanoparticles based electrode 
to detect ambroxol drug using cyclic voltammetry. They 
reported the sensor activity at di�erent scan rates, pH and 
concentration; and also used this method to determine 
the ambroxol content in pharmaceutical dosage forms and 
in human urine samples [40].

Manasa et al. prepared zinc oxide reduced graphene 
nanocomposite and cetyltrimethylammonium bromide to 
detect Bisphenol F. They reported that, the fabricated elec-
trode shows excellent sensitivity, rapid and easy renewal of 
the electrode surface, short accumulation time and good 
reproducibility [41].

Rahbar et al. prepared CuO nanoparticles modi�ed car-
bon paste electrode for the detection of Atrazine using 
cyclic voltammetry. They reported that, decrease in peak 
current is proportional to Atrazine concentration in the 
range of 5-75 ng/mL and the limit of detection and quan-
ti�cation were found to be 2 and 5.6 ng/mL respectively 
[42].

Amra et  al. fabricated CuO modified carbon paste 
electrode for the detection of detection of Isoprotu-
ron in water. Their experimental results proved that, the 
fabricated electrode showed signi�cant analytical per-
formances over a large quantification range from 1 to 
200 μg/L with a detection limit of 0.1 μg/ L [43].

Therefore, we reported the fabrication of stable elec-
trode by electrodepositing the electro-generated cop-
per oxide nanoparticles simultaneously on the surface 
of glassy carbon electrode and also to study the electro-
chemical behaviour of potassium ferricyanide in di�erent 
concentrations, pH and scan rates.

2  Experimental

2.1  Reagents required

Analytical grade CuCl, KCl, NaOH and potassium ferricya-
nide were purchased from Himedia. All the stock, stand-
ard and working solutions were prepared using double 
distilled water. KCl and NaOH solutions were used as 
electrolytes.

2.2  Instrumentation

The electrochemical work station CHI-660c model was 
used to carry out all the electrochemical measurements. 
It is a three electrode electrochemical cell system con-
taining a working electrode (glassy carbon electrode) 
of 3 mm diameter, a platinum wire as counter electrode 
and a reference electrode containing Ag/AgCl saturated 
KCl. Scanning electron microscopy (SEM) was carried out 
using a Hitachi JSM 1500 (Hitachi, Japan). X-ray di�rac-
tion study was performed in PANalytical Xpert Pro XRD. 
UV–Visible spectral analysis was performed using Perkin 
Elmer UV–Visible spectrophotometer and zeta potential 
was measured in Zeta trac-microtrac (Malvern, USA).

3  Results and discussion

3.1  Preparation of copper oxide nanoparticles 
modi�ed glassy carbon electrode

The electrode surface was carefully cleaned and polished 
with aluminium (0.05 mm diameter) powder on polishing 

Fig. 1  Cyclic voltammogram of Bare GC and Nano CuO modi�ed 
GC in 25 Mm Potassium ferricyanide and 1 M KCl at sweep rate of 
0.1 V/s
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cloth followed by sonication in ethanol, dilute nitric acid 
(1:1, v/v) and double distilled water individually for 5 min. 
Finally, the electrode surface was dried by purging high 
purity N2 (99.99%). Initially the current sensitivity for bare 
glassy carbon electrode (BGCE) has been determined 
using 2 mM Potassium ferricyanide as analyte and 1 M 
KCl as supporting electrolyte by maintaining the poten-
tial of − 0.2 V to 0.6 V. Then CuO nanoparticles are elec-
tro-generated and deposited simultaneously on glassy 
carbon electrode by applying the reduction potential of 
− 1.4 V to − 0.2 V in 0.1 M NaOH containing 1.67 mM CuCl 
solution at 100 mV/s. The current sensitivity of CuO/GCE 
is determined by analyzing the analyte potassium ferri-
cyanide in 1 M KCl with a potential of − 0.2 V to 0.6 V. The 

cyclic voltammogram obtained for BGCE and CuO/GCE are 
shown in Fig. 1. From the �gure it is con�rm that, CuO/GCE 
show higher sensitivity than BGCE in analyzing potassium 
ferricyanide in the same experimental conditions. This 
con�rms the deposition of CuO nanoparticles on glassy 
carbon electrode shows good sensitivity in detecting 
potassium ferricyanide. We also calculated the exposed 
surface area of the electrode using Randles–Sevcik equa-
tion and the value was found to be 2.9 mm.

The potential cycles plays an important role in depos-
iting uniform, optimum thickness of CuO nanoparticles 
on the electrode. Hence we deposited CuO nanoparticles 
on glassy carbon electrode at 0, 5, 10, 15 and 20 cycles to 
get better, uniform, optimum thickness of CuO nano film 

Fig. 2  a Cyclic voltammograms for the e�ect of variation in the number of cycles from 0, 5, 10, 15 and 20 cycles at 0.1 V/s b Graph of Num-
ber of cycles versus cathodic peak

Fig. 3  a Cyclic voltammograms obtained for di�erent concentration of potassium ferricyanide (1 to 3 mM) in 1 M KCl solution at scan rate 
100 mV/s b Graph of concentraion of the potassium ferricyanide vs Cathodic peak current
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on electrode to increase the sensitivity of CuO/GCE. After 
each number of potential cycles, the current sensitivity 
of CuO/GCE is measured and after each measurement 
the electrode surface is cleaned carefully with distilled 
water and polished with aluminium (0.05  mm diam-
eter) slurry on polishing cloth followed by sonicating in 
ethanol and doubly distilled water (1:1, v/v) for 5 min. 
Again deposited CuO nanoparticles on the electrode and 
studied the current sensitivity phenomenon by the same 
procedure but at different potential cycles. Figure 2a and 
b show cyclic voltammograms at different number of 
potential cycles and a graph of cathodic peak current 
versus number of cycles. We obtained the maximum 
cathodic peak current of 19.46 μA after 15 cycles and 
19.14 μA after 20 cycles. Here, the cathodic peak current 
increases up to 15 cycles and then suddenly decreases at 
20 cycles due to decrease in the active sites and surface 
area of deposited CuO nanoparticles at 20 cycles. Hence 
CuO/GCE shows greater stability and sensitivity after 15 
potential cycles and therefore we used this electrode for 
further experimental studies.

3.2  E�ect of concentration variation of potassium 
ferricyanide

B. N. Chandrashekar et al. reported the increase of redox 
peak current with increase in the concentration of most 
of the analytes [44]. Therefore we studied the e�ect of 
di�erent concentration of potassium ferricyanide on the 
cathodic peak current of CuO/GCE by using cyclic vol-
tammetry. Concentration of only potassium ferricyanide 
is increased from 1 to 3 mM by keeping the supporting 

electrolyte concentration constant (1 M KCl). Figure 3a 
shows cyclic voltammogram of 1 to 3 mM concentration 
of potassium ferricyanide in 1 M KCl solution at scan rate 
100 mV/s. From the �gure it is con�rmed that, cathodic 
peak current increases with increase in the concentration 
of potassium ferricyanide. The graph of cathodic peak cur-
rent against di�erent concentrations of potassium ferricya-
nide shows a linear relationship as shown in the Fig. 3b. 
Cathodic peak current increases from 45.6 to 86.5 μA with 
increase in the concentration of potassium ferricyanide 
from 1 to 3 mM.

3.3  E�ect of pH

The pH of the supporting electrolyte is one of the main 
experimental parameters that can a�ect the voltammetric 
response of the potassium ferricyanide at CuO/GCE. There-
fore, an optimum pH is required to maximize the inten-
sity of redox peak currents. The electrochemical response 
of potassium ferricyanide at CuO/GCE is found to be pH 
dependent. Figure 4a shows the graph of cathodic peak 
current versus di�erent pH of the acetate bu�er solution 
(3.2 to 6.3) at a scan rate of 100 mV/s. From the graph it is 
clear that CuO/GCE show maximum anodic peak current 
at pH 5 due to the increased rate of reduction at this pH. 
The maximum cathodic peak current of CuO/GCE at pH 5 
is found to be 47μA. Therefore, for the further analysis, pH 
5 was selected. Figure 4b show a Plot of E˚ v/s pH curve 
and it show linear relation of reduction potential and pH 
of the solution.

Fig. 4  a Graph obtained for di�erent pH values (3.2 to 6.3) in Acetate bu�er solution at scan rate 100 mV/s. pH vs cathodic peak current b 
Plot of  E0 v/s pH
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3.4  E�ect of scan rate

The scan rate increases with increase in peak current 
according to Randles-Sevick’s equation [45–48]. Figure 5a 
depicts the e�ect of scan rate on the cathodic peak cur-
rent of 2 mM potassium ferricyanide in 1 M KCl solution. 
Increase in scan rate from 50 to 300 mV/s increases the 
cathodic peak current as shown in the voltammogram. 
The cathodic peak current increases from 17.4 to 57.7 μA 
with the increase in scan rate from 50 to 300 mV/s. Fig-
ure 5b show the plot of square root of scan rate  (v1/2) ver-
sus cathodic peak current. The plot show a straight line 
�tted linearly to calculate correlation coe�cient for CuO/
GCE and it is found to be 0.9843. This indicates that, the 
electron transfer reaction is adsorption controlled [26].

3.5  Preparation of dispersed copper oxide 
nanoparticles by a novel electrochemical 
method

It is very difficult to collect the deposited CuO nanopar-
ticles as powder for further characterizations like XRD, 
SEM, UV–Visible spectroscopy and zeta potential analy-
sis. We need to scratch the electrode surface to collect 
deposited CuO nanoparticles in powder form, but this 
may damage the electrode surface. Hence we establish 
a new instrumental setup to prepare CuO nanoparti-
cles in powder form. The experimental setup requires a 
simple DC voltage source, beaker, magnetic stirrer and 
all the same chemicals used to deposit CuO nanoparti-
cles on electrode. The 1.67 mM CuCl solution is added 
to 500  ml of 0.1  M NaOH solution taken in a beaker 

containing magnetic bead. Then beaker is placed on a 
magnetic stirrer and all the three electrodes are dipped 
into the beaker containing the above electrolyte and 
switch on the magnetic stirrer to maintain uniform agi-
tation. Make sure that glassy carbon working electrode, 
platinum wire counter electrode and Ag/AgCl reference 
electrode are in good contact with the electrolyte. All 
the three electrodes are connected to DC voltage source 
and apply a reduction potential of + 0.34 V. After few 
seconds CuCl present in 0.1 M NaOH come in contact 
with the surface of glassy carbon electrode and gets 

Fig. 5  a Cyclic voltammograms for the e�ect of variation in the Scan rates from 0.1 to 1.0 V/s in Glassy carbon electrode b Graph of square 
root of scan rate vs cathodic peak current

Fig. 6  UV-Visible absorption spectra of prepared CuO nanoparticles
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reduced to CuO nanoparticles. While reduction pro-
cess, bubbles will form at the end surface of the glassy 
carbon electrode. These bubbles are due to the reduc-
tion reaction of CuO nanoparticles. After few minutes 
of reaction small black coloured CuO nanoparticles will 
generate inside a beaker dispersed in electrolyte. The 
electro generated CuO nanoparticles are filtered by 
whatman filter paper 5. The obtained CuO nanoparti-
cles are washed with double distilled water 4–5 times 
to remove unconverted chlorides, hydroxides etc. Then 
powder is dried at room temperature and used for fur-
ther characterizations to confirm the formation of CuO 
nanoparticles.

3.6  UV–visible absorption spectroscopy

The absorption peak is probably related to the elec-
tronic transition from valence band to conduction band 
due to the quantum size of the particle [49]. Peak at 
288 nm is attributed by the formation of CuO nanopar-
ticles as shown in Fig. 6. This band suggests the higher 
structural organization in the particle that takes place 
due to the donor–acceptor nature of metal ion, which 
leads to size-quantization effect due to band transition 
[50]. The broad absorbance peak is due to the nano 
structure of prepared CuO nanoparticles.

3.7  X-ray di�raction study

An XRD spectrum of electro-generated CuO nanoparti-
cles is depicted in Fig. 7. It gives a single-phase with a 
monoclinic structure with lattice parameters a = 4.84 Å, 
b = 3.47 Å, c = 5.33 Å [49, 51]. Most of the structural or cell 
parameters, positions of peaks are in good agreement 

Fig. 7  XRD of as prepared CuO nanoparticles

Fig. 8  SEM image of electrogenerated CuO nanoparticles

Fig. 9  Zeta potential of as prepared CuO nanoparticles



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:956 | https://doi.org/10.1007/s42452-020-2785-1

with the reported values. The peaks are broad due to 
the nano crystallinity, instrumental errors, strain etc. The 
average crystallite size of CuO nanoparticles is measured 
to be 2 nm using Scherrer formula [52].

3.8  Scanning electron microscope

The powder morphology of electro-generated CuO nan-
oparticles was investigated by using SEM. Figure 8 show 
a typical image of an electro generated copper oxide 
nanoparticles. The prepared CuO nanoparticles exhibit 
flake shapes with high degree of porosity and enhanced 
surface area. Therefore, due to the high surface area, the 
prepared CuO nanoparticles show excellent catalytic 
activities. Along with that, the prepared CuO nanopar-
ticles also possess unusual properties due to their nano 
size, high reaction activity and efficient transmission 
channel for analyte molecules to reach the active sites, 
which will help to improve their stability and sensitivity 
in a significant way [53–57].

3.9  Zeta-potential and particle size analysis

Zeta-potential is the electrical potential developed at 
the solid–liquid interface in response to the relative 
movement of the nanoparticles and the solvent. The 
zeta-potential of CuO nanoparticles are studied by dis-
persing them in double distilled water. The zeta-poten-
tial of particles is a good indicator of their electrical 
potentials. Higher the zeta potential, the greater will be 
the surface potential of charged Particles [2]. The zeta 
potential of prepared CuO nanoparticles is found to be 
+ 58.29 mV. Detailed output of the zeta-potential and 
the particle size distribution is shown Fig. 9. According to 
Zeta-potential analysis the prepared CuO nanoparticles 
have the average crystallite size of 1 nm which is in good 
agreement with crystallite size calculated using Scherrer 
formula by XRD spectrum.

4  Conclusion

We prepared CuO nanoparticles by electro-deposition 
and electro-generation at the same time using glassy 
carbon electrode by cyclic voltammetry method. The 
fabricated CuO/GCE proved to be a highly sensitive and 
stable electrode in determining the potassium ferricya-
nide. We also studied the effect of potential cycles, scan 
rate, concentration of analyte and pH on the cathodic 
peak current of ferricyanide. In the later part of the 
experiment we also electro-generated CuO nanopar-
ticles for further characterization. The prepared CuO 

nanoparticles exhibit excellent electro-catalytic prop-
erties due their high surface area and availability of 
large number of reaction sites in CuO/GCE. In future, 
the fabricated electrode can be a potential candidate in 
detecting environmentally toxic potassium ferricyanide 
in bleaching powder. We strongly believe that the fabri-
cated modified CuO/GCE can also be the potential elec-
trode for the determination of various bioactive organic 
molecules. Due to its low cost and ease of preparation 
the modified electrode seems to be an excellent candi-
date for further sensor development.
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