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A B S T R A C T   

-Nitrophenol (4-nitrophenol or 4-NP) is an industrial hazardous organic compound and leave an adverse effect on 
human beings. Due to their high toxicity rate it’s required to detect their efficiency at low cost and useful 
methods. To keep this view, the present study was designed and uses the cobalt oxide nanoparticles (CoONPs, 
~9 nm) prepared via solution approach and characterized. The NPs were applied for the electrode preparation on 
to the glassy carbon electrode (GCE) via drop casted process. The modified CoONPs based GC electrode 
(CoONPs/GCE) was used to investigate their electrochemical sensing characteristics against 4-NP with param-
eters such as effect of concentration (1 to 31 μL of 4-NP/100 mL phosphate buffer solution (PBS)), effect of 
potential (1–100 mV/s) with fix concentration of 4-NP, effect of time response (0–1500 s), chronoamperometry 
etc. The reproducibility, sustainability were also tested through cycle response and a possible mechanism was 
also presented.   

1. Introduction 

The environment is directly or indirectly affected with various in-
dustrial compounds such as benzene, toluene, chloroform, heavy metals, 
carbon monoxide, particulate matter (PM) smoke etc [1]. Among 
various compounds, 4-nitrophenol (4-NP) is widely used in industries as 
an intermediate product for the manufacture of numerous pharmaceu-
ticals, pesticides, dyestuffs etc [1]. 4-NP is the product, which released 
into the environment as an industrial effluent and contributes to dete-
rioration of the environment [1]. This decline is not only happens in the 
industrial wastes but also in the marine and fresh water samples, also 
acts as mutagenic, teratogenic and carcinogenic [2]. With the direct 
inhalation or ingestion by human causes several symptoms such as 
headache, nausea, drowsiness and cyanosis [3]. The Environmental 
Protection Agency (EPA, U.S.A.) termed the 4-nitrophenol (4-NP) in 
their list of superiority pollutants, which is due to their tenacity, toxicity 
and carcinogen property [4]. So, it is required to monitor and find out 
the solution and remediation against 4-NP. It’s well known that 4-NP, 
which is a phenolic derivative compound and has been widely used in 
industrial manufacture of products from pesticides to fungicides and 
dyes [5]. It is also considered as a major water pollutant with serious 
health implications for both humans and animals [6]. Due to their 

toxicity, the trustworthy and sensitive detection of 4-NP in liquid sam-
ples, and it is essential for the treatment of safe water supplies. Till to 
date, various analytical methods such as mass spectrometry [7], high 
performance liquid chromatography (HPLC) [8], spectrophotometry 
[9], flow injection analysis [10], all have been applied for the sensitive 
determination of 4-NP concentrations in water samples [11–16]. How-
ever, the fortitude of 4-NP levels by electrochemical techniques is 
demonstrated to be less complex and less expensive than other reported 
methods [12,13]. Owing to their increased surface area, high conduc-
tivity, and unique physical and chemical properties chemically amended 
electrodes have widely been used for the electrochemical determination 
of 4-NP in recent years. 

The nanostructures have property to influence and possible to handle 
environmental issues and exhibit various applications [17,18]. Among 
numerous types of materials from basic to applied sciences such as 
inorganic, organic, polymeric, composite etc, the metal oxides (MOs) 
nanostructures plays an important role in optoelectronic, biomedical 
and various others [19–21]. The MOs, which exhibit the lowest energy 
state in the periodic table and facilitates a series of applications in 
different fields such as clean energy storage, power output for electronic 
devices, machines, vehicles, renewable energy systems operated on 
spasmodic sources (eg. sun and wind) [22–27]. The MOs nano 
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structured materials are very valuable material for various applications 
due to their unique shape and size, cost effective, easy to process and 
utilized [28–30]. The highest surface area, larger volume and enhance 
thermal reactivity opens abundant doors for the applicability in various 
directions such as catalysis, energy storage, electronics, chemical,bio-
logical and gas sensors etc [20,22,23,31]. The MOs, which paid a special 
attention for the environment [31], therefore, it is required to prepare 
cost effective oxide nanomaterials (NMs) for wide applications such as 
the porous silicon was utilized as an electrode material for the electro-
chemical sensing of para-nitrophenol [32]. Also the iron oxide 
(α-Fe2O3), which is an efficient catalyst was utilized for the reduction of 
p-nitrophenol [33]. Including the single metal oxide, the nanocomposite 
such as CdO:ZnO and NiGa2O4 were employed as for to evaluate their 
gas sensing abilities [34,35]. Among various NMs, the cobalt oxide 
nanomaterials (CoONMs), which have unique properties in opto- 
electronic, industrial, sensing, solar cells, energy storage, imaging, an-
odes of lithium ion batteries, magnetic, catalytic [36–44] etc. The crystal 
of cobalt endorses the effects of size, shape, structure, surface anisotropy 
to their macroscopic magnetic response [45–48]. For to control and 
clean the environment from the hazardous chemicals compounds, the 
electrochemical methods is the best way to examine the hazardous 
chemicals from the industries through electrode preparation with use of 
NMs [49]. The cobaltous oxide formally known as cobalt oxide or cobalt 
monoxide (CoO), a p-type semiconductor, exhibit high photosensitivity 
with 2.4 eV energy band gap with enormous quantum efficiency [50]. 
The material also exhibits high photocatalyst activity and it expedites 
the deactivation of bigger organic chain/dyes decomposes via degra-
dation process under UV–visible light [17,51,52]. To form healthy 
populations it’s required to maintain the clean and healthy environ-
ment. For this it is very important to understand the study of toxic 
substances and their relations between biological species [53]. Various 
physicochemical parameters were applied such as quantity, concentra-
tion of dyes, toxic effects, optimization and evaluation of dyes etc; 
therefore, it is required to test analytically at the level of detection, 
quantification of toxic dyes, organic substances [54] etc. Over other 
methods, the electrochemical techniques provides very fast, simple, 
cheap and satisfactory result data’s for the larger detection of the sam-
ples [17]. Due to the larger surface properties and enhance volume in 
the NMs, provides the ability to solve the environmental issues with a 
very cost effective manner [55]. Towards this direction, several works 
had conducted such as Zeng et al. prepared the reduced graphene oxide 
and molecular imprinted polymer was prepared for the detection of 4- 
NP through electrochemically [56]. In other report, the 
polycarbazole/nitrogen-dopedgraphene (N-GE) composite was pre-
pared from electropolymerization of carbazole for the fabrication of 
electrochemical sensor to detect the level of 4-NP in acetate buffer so-
lution [57]. The Pd-gum Arabic reduced graphene oxide (Pd-GA/RGO) 
was synthesized and employed for to catalytic and electrochemical 
exposure of 4-NP correspondingly [58]. Among various types of work, 
the present work demonstrates the simple and easy synthesis procedure 
for cobalt oxide nanoparticles (referred to as CoO NPs) via solution 
process with using cobalt acetate tetrahydrate (Co(CH3COO)₂⋅4H₂O), 
sodium hydroxide (NaOH) under solution process in a very short 
refluxing temperature (~80 ◦C) in 60 min at a very low cost, without 
using additive, template, or any expensive and hazardous chemicals. 
The administered nanostructures diameter was controlled via reaction 
temperature. The structure of the formed powder was examined through 
via FESEM and TEM. The crystallinity, phase and particle size of the 
material was examined via XRD. The FTIR was used utalized to know the 
functional characteristic of the prepared material. With the character-
ization of the prepared material, it was employed as a sensing material. 
For this the NPs was coated as a layer on glassy carbon electrode (GCE) 
and this NPs coated electrode was used as a working electrode for to 
check the efficiency against 4-NP in phosphate buffer solution (PBS) 
solution. Including this, the processed GCE electrode with CoONPs po-
tential was measured in terms of oxidation and reduction by CV at 

different ranges of 4-NP concentration in PBS. 

2. Materials and methods 

2.1. Experimental 

2.1.1. Synthesis of cobalt oxide (CoONPs) 
The required chemicals for the synthesis of CoONPs were purchased 

from Sigma Aldrich chemical corporation, U.S.A such as cobalt acetate 
tetrahydrate (Co(CH3COO)₂⋅4H₂O) and sodium hydroxide (NaOH) and 
used without any further modification/purification. Initially the red 
colored compound of Co(CH3COO)₂⋅4H₂O (17.7 mM, ~0.44087 g) were 
dissolved in 100 mL double deionized distilled water (DDDW). The so-
dium hydroxide (NaOH, 0.3 M, ~1.2 g) was dissolved in 100 mL DDDW 
separately under constant stirring for 20–30 min. Once the cobalt ace-
tate tetra hydrate was completely dissolved, the NaOH was added to the 
solution gently. The pH (cole-parmer, U.S.A) of the mixture was checked 
and it reached to 12.68. Then after, the solution was transferred to a 
three necked arrangement 250 mL capacity refluxing pot and heated/ 
refluxed at 80 ◦C for 60 min. In this work, it was observed that as the 
heating increases, the color of the solution turns from red to black. When 
the set reaction process was completed, the precipitate was settled at the 
bottom of refluxing pot [61–64]. The precipitate was cooled at room 
temperature, washed with alcohol and acetone to eliminate the reaction 
by products and ionic impurities. The acquired product was dried at 
room temperature in glass petridish and utilized for further chemical, 
morphological and electrochemical studies as described in Fig. 1. 

2.2. Characterization 

The particle size, crystallinity and phases of the synthesized powder 
was examined with the X-ray diffraction pattern (XRD, PANalytical 
XPert Pro, U.S.A.) with CuKα radiation λ = 1.54178 Å within the range of 
20–80◦ with 6◦/min scanning speed. The morphological elucidations of 
the prepared powder were investigated via field emission scanning 
electron microscopy (FESEM) (Hitachi, Japan). For to detect the struc-
tural detail from FESEM, powder was homogeneously sprinkled on a 
carbon tape pasted on sample holder. The coated sample holder was 
placed in a sputtering chamber for ~3 s and a thin conducting layer of 
osmium tetraoxide (OsO4) sputtered to enhance the conductivity of the 
material. The sample holder was fixed and examined with the use of 
FESEM at room temperature. To know the further detail of grown 
product, powder structure was analyzed again with transmission elec-
tron microscopic measurement (TEM, JEOL Japan). The sample was 

Fig. 1. Flow chart for the chemical Synthesis of CoONPs.  
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sonicated in an ethanol (EtOH) for ~10–15 min and to this suspension 
solution a carbon-coated copper grid (Sigma Aldrich, Chemical Corpo-
ration, USA) was inserted for 2–3 s and removed from the solution. The 
grid was heated gently on hot plate at low temperature. Once the grid 
was completely dried, fixed it in a sample holder and analyzed structural 
morphology. The chemical characteristic was scrutinized by using 
Fourier transform infrared (FTIR; Perkin Elmer-FTIR Spectrum-100, U.S. 
A.) in the range of 400–4000 cm− 1. 

2.3. Sensor based with CoONPs on glassy carbon electrode (CoONPs/ 
GCE) 

The CoONPs was employed as an electron mediator/working elec-
trode to sense the 4-NP in PBS buffer solution. For to make a sensor 
electrode preparation, the CoONPs were coated as film form on GCE 
electrode with an active surface area (SA = 0.071 cm2). Very small 
amount of CoONPs was mixed with butyl carbitol acetate (BCA) in a 
specified ratio (75:25) and the prepared slurry was coated on GCE 
electrode, dried at 60 ± 5 ◦C for 30–45 min to get a uniform layer over 
entire surface of electrode. The electrochemical enactment of electrode 
was studies through autolab potentiostat/galvanostat, PGSTAT 204- 
FRA32 control with NOVA software (Metrohom Autolab B.V. Kanaal-
weg 29-G, 3526 KM Utrecht, Netherlands) in three electrode system 
[59,60]. The CoONPs/GCE electrode was used as a working electrode 
and to this a platinum (pt) wire was used as a counter electrode whereas 
Ag/AgCl (sat.KCl) was engaged as a reference electrode. The PBS (0.1 M; 
pH 7.2) with 4-NP was used as an electrolyte solution for all the elec-
trochemical measurements. To sense the 4-NP concentration with 
CoONPs/GCE, an inclusive range of 4-NP (1 µL to 31 μL/100 mL in PBS) 
with − 0.1 to +1.0 V current was approved to determine the sensing 
characteristics. The sensitivity and amperometric response with current- 
time (i-t) curves were measured at a potential at 6 μM in PBS solution. 

3. Result and discussion 

3.1. X-ray diffraction pattern (XRD) 

The X-ray diffraction pattern (XRD), which is the tool to know the 
size, phase and crystallinity of the prepared power as according to the 
based procedure stated in an experimental Section 2.2. From the ob-
tained spectrum (Fig. 2), it seems that the well-assign peaks are seen in 
the XRD spectrum, which is related to the face centered cubic (FCC) 
structures and matched with the JCPDS card No. 071-1178 for cobalt 
oxide. The major peaks were found at 37.46◦, 43.68◦, 64.02◦ and 77.02◦, 

which show the lattice scattering plane 111, 200, 220 and 222 for CoO 
crystal (Fig. 2), which justified and well agreement with earlier available 
literature of pure cobalt oxide [61,62]. The crystal geometry of CoO was 
FCC with CoO with lattice parameter a = 0.4263 nm and F33m space 
group. . The crystallite size was estimated be ~9 nm, calculated from the 
well-known scherrer’s equation as described previously [61,62]. In this 
spectrum the sharp and intense peak defines that the grown powder 
particles exhibit good crystallinity with with small particles size. The 
spectrum shows only CoO peaks without any organic and additive im-
purities, which further confirms that the prepared powder of CoO is pure 
and nanosized material [61,62]. 

In this case, the X-ray diffraction patterns show the appearance of 
peaks and matches well with the standard spherical and triangular 
shaped CoO nanostructures without any impurities. It’s evident from the 
X-ray diffraction and expressed that the  (111) facet of the material is 
being preferentially exposed while others are under go with a normal 
characteristics and a slight increase in the crystallinity of the material. In 
solution/precipitation process at a low concentration, the material form 
a layer at the bottom of the refluxing pot and was conducted to form 
CoO-NPs [62]. The intense peak (111), which have an amazing effect in 
the deposition of CoO-NPs and exhibit an electrocatalytic behavior [65]. 
It’s well documented in the previous published literature [65] and 
similar result also described by the Ling et al. [66] and others re-
searchers [67] have shown that for CoO, the surface energy of  (111) 
facet is quite higher than that of other low indexed facets. A higher 
percentage of these high-energy facets are difficult to achieve. The low 
concentration approach form the circular & triangle shaped structures of 
nanostructures, which resulted in a significant enhancement of these  
(111) facets. The intense peak  (111) shows the high surface energy with 

Fig. 2. X-ray diffraction of the prepared CoONPs.  

Fig. 3. FESEM images of CoONPs: (a) apprehended at high magnification with 
size distribution of the prepared CoONPs (~8.37 nm (Fig. 3a) with ImageJ 
software, whereas (b) took at low magnified scale of CoONPs. 
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higher number of defects or oxygen vacancies and supports for the 
preferred condition for sensing due to good electron transportation and 
catalysis [64,68]. 

3.2. Morphological investigation of CoONPs (FESEM results) 

The grown powder morphology was investigated by FESEM at room 
temperature as described procedure and obtained results are illustrated 
as Fig. 3(a-b). As per the obtained images of powder, it’s perceived that 
very fine particles are seen, which are very small in size and jointed with 
other particles. The size of each particle is clear from the high magni-
fication image (Fig. 3(a)) and exhibit an average particle diameter is ~9 
nm, spherical and triangular shaped with clear morphology. The 
average size of particle was estimated through the size distribution 
measured with the use of the ImageJ software, which showed that the 
size of NP is ~8.37 nm (Fig. 3a, Inset). The low magnification image also 
shows a similar observation presented as Fig. 3(b). 

3.3. Morphological investigation of CoONPs (TEM results) 

To know the further identification of the prepared powder 
morphology, TEM was utilized at room temperatures and obtained 
result in the form of image is presented as Fig. 4. The obtained TEM 
image shows very small spherical shaped CoO nanoparticles are ar-
ranged on the whole surface. The size of individual particle diameter is 
~9 nm, which is well clarify and visualized. It’s also inveterate that the 
particles physical characteristic such as spherical and triangular in 
shape, smooth surfaces and this is clearly contained with observed data 
of FESEM images. The particles diameters, their shapes investigated and 
observed from TEM analysis (Fig. 4) and are in consistent with the X-ray 
diffraction (Fig. 2) pattern and SEM images (Fig. 3) [17–19]. 

3.4. Chemical functional characteristics of CoONPs (FTIR results) 

To determine the chemical functional detail of CoONPs, the finger 
prints/signals were analyses from FTIR performed in the range of 
400–4000 cm− 1. For the FTIR measurements, a certain amount of 
CoONPs powder was mixed well with potassium bromide (KBr) conse-
quently, the obtained mixture was compressed in the form of pellet 
under high-pressure (~4 t). The pellet was used for the FTIR 

measurement. In a obtained FTIR spectra (Fig. 5) the strong absorption 
at ~1792 cm− 1 is recognized to the typical absorption of C––O stretch 
vibration of acetate ions. The peak at 1053 cm− 1 can be indexed to the 
C–O–C symmetric stretch vibration, while the broad strong peak 
observed at 1381 cm− 1 is of C–O–C asymmetric stretch vibration. The 
small absorption band at 1634 cm− 1 is related to the bending vibration 
of absorbed water molecule and surface hydroxyl group while the peak 
appeared at 3200–3500 cm− 1 is related to the O–H stretching mode 
[69]. The band at 559 cm− 1 attributed the presence of metal–oxygen 
bond (MO), and confirms the formation of oxide with metal (CoO) [70]. 

3.5. Cyclic voltammetry (CV) studies of bare electrode and effect of 4-NP 
concentration on modified electrode (CoONPs/GCE) 

The prepared powder sample of CoONPs was used in the form of with 
and without coating of NPs material on GCE (area = 0.071 cm2) and 
their electrochemical characteristic was accessed with CV. Initially, the 
bare electrode (without CoONPs) was checked in presence of 4-NP (6 
μM) in 100 mL of PBS (0.1 M, pH 7.2) solution with scan rate of 100 mV/ 
s. The obtained spectra shows that there is no any peak was detected in 
the spectrum, which defines no oxidation/reduction peak was observed 
in the spectrum, depicts that there is no potential was exist on bare 

Fig. 4. Illustrates the TEM image at low magnification of prepared CoO NPs.  

Fig. 5. FTIR spectrum which shows the functional characteristic of CoONPs.  

Fig. 6. Cyclic voltammograms (CV) of bare GCE (inset) and concentration re-
sponses of the modified electrode (CoONPs/GCE) with 4-NP (1 µL to 31 µL) into 
0.1 M PBS solution (pH 7.2). Scan rate: 100 mVs− 1. 
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electrode (Fig. 6 inset) [71,72]. For to know the current and potential (I- 
V) on prepared modified CoONPs/GCE, a series of concentration ranges 
were opted from 1 μL to 31 μL of 4-NP in 100 mL of PBS and the acquired 
data is illustrated as Fig. 6. It seems from the obtained data, which shows 
a sequential change in the oxidation and reduction peaks from a low to 
high range of 4-NP concentration solution. This was examined at 100 
mV with current potential ranges from − 1.0 to 1.0 V. As can be seen 
from the obtained data and illustrated as Fig. 6 that the current in terms 
of anodic peak increases with the enhancement of concentration of 4-NP 
and this is directly with the anodic peak and consistent with 4-NP 
concentration. It also postulates that as the current in the form of ions 
increases with the increase of 4-NP concentration, which resembles to 
the fast electrons transfer at the conduction band. The high potential at 
anodic peak was also observed from other experiments, when 4-NP was 
used at high concentration level. The electron was displaced due to the 
increased amount of ions in the solution (Fig. 6). From the experiments, 
it elucidates that the current generates with the movement of ions with 
the increases in concentration of electrolyte (4-NP) and also approaches 
the fast transmission of electrons at the surface of conduction band. A 
high potential seems at the anodic peak in the experiment when 4-NP 
was utilized at higher concentration levels (Fig. 7). 

3.6. Effect of potential at CoONPs/GCE electrode 

For the reproducibility and reliability of the modified CoONPs/GCE 
electrode, a number of different potential such as 1, 5, 10, 20, 50 and 
100 mV/s were selected for the sensing of 4-NP in PBS solution and 
obtained result was displayed as Fig. 8. A chorological responses were 
examined at different cycles at fixed concentration of 4-NP in 0.1 M PBS 
solution at pH 7.2. The obtained graph depicts the relation between the 
current and potential enhancement of fabricated sensor for 4-NP 
detection. At low potential (1 mV/s), very less response was observed 
in terms of anodic peak and cathodic peak in the spectrum. This 
observation indicates that at low potential very less current signals were 
observed whereas when the applied potential increase the current in 
terms of cathodic and anodic response were clearly seen in the spectrum. 
The change in the potential and their corresponding current attributes 
that the processed CoO NPs/GCE electrode is functional and the material 
easily sense 4-NP in PBS solution. The CoONPs/GCE is more sensitive for 
the detection of 4-NP and it increases with the enhancement of voltage 
applied. On the basis of obtained results, the linear plots were also 
constructed for the ionization potential of anode (IPa) and ionization 
potential of cathode (IPc) for the evaluation of correlation coefficient 
(R2). It’s observed that the correlation coefficient (R2) for IPa was 0.999 
whereas R2 for IPc was evaluated to 0.997 (Fig. 8) respectively. Addi-
tionally, the detection limit (DL) for CoONPs/GCE (IPa) and CoONPs/ 
GCE (IPc) were examined, which were 0.0219 and 0.423 (μM) respec-
tively. The quantitation limit (QL) for CoONPs/GCE (IPa) and CoONPs/ 
GCE (IPc) were evaluated which were 0.064 & 1.28 (μM) correspond-
ingly [73]. 

3.7. Chronoamperometry of CoONPs/GCE electrode without 4-NP 

The chronoamperometry is an electrochemical technique through 
which the potential working electrode is carried out in stages with 
pauses rather than continuously and this resulted current from faradaic 
processes occurred at the electrode, caused by the potential step is 
monitored as a function of time. The present graph shows that the po-
tential stepped to a set voltage and held constant for a period of time. For 
the detailed observation of prepared modified sensor selectivity and 
reproducibility, the stepped time response vs potential was measured 
from 0 to 100 s (Fig. 9). A consecutive time response was evaluated with 
dissimilar time period for the prepared CoONPs/GCE based 4-NP sensor. 
The chronoamperometry curves of modified electrode (CoONPs/GCE) in 
absence of 4-NP at different voltage stages (+0.05 to +1.2 V) are 

Fig. 7. Cyclic voltammetric responses of modified electrode (CoONPs/GCE) in 
presence of 4-NP (6 μM) as a function of at different scan rates from 1, 5, 10, 20, 
50, 100 mVs− 1. 

Fig. 8. Liner calibration graph for anode and cathode potentials of 
CoONPs/GCE. 

Fig. 9. Chronoamperometric curves of modified electrode (CoONPs/GCE) in 
absence of 4-NP (6 μM) as a function of at different applied potentials in 0.1 M 
PBS buffer (pH 7.2). 
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presented as Fig. 9. A sequential response at +0.1 V was observed in 
terms of current response at increasing time at 0 s, 20 s, 40 s, 60 s, 80 s 
and 100 s current enhances to 1.991 × 10− 4, 1.726 × 10− 5, 1.59 6 ×
10− 5, 1.554 × 10− 5, 1.527 × 10− 5 and 1.500 × 10− 5 consequently for 
the prepared electrode. Similar observation was also seen at +0.4 V, a 
sequential change observed from 0 s response to 100 s. At 0 s at +0.4 V 
was very minute current (6.906 × 10− 4) and increases when the time 
span increases at 20 s, 40 s, 60 s, and 100 s current enhances to 2.976 ×
10− 5, 2.693 × 10− 5, 2.599 × 10− 5, 2.527 × 10− 5, and 2.460 × 10− 5 

consequently for the prepared electrode. The curves of CoONPs/GCE 
electrode at voltage stage (+0.8 V). In 0 s response and at +0.8 V was 
current increase to 0.00126 and increases when the time increases at 20 
s, 40 s, 60 s, 80 s and 100 s current enhances to 4.690 × 10− 5, 4.205 ×
10− 5, 3.997 × 10− 5, 3.856 × 10− 5, 3.725 × 10− 5 consequently for the 
prepared electrode. The curves of CoONPs/GCE electrode at voltage 
stage (+1.0 V). In 0 s response and at +1.0 V current was increases to 
0.00154 and when the time increases at 20 s, 40 s, 60 s, 80 s and 100 s it 
enhances to 5.764 × 10− 5, 5.322 × 10− 5, 5.062 × 10− 5, 4.921 × 10− 5 

and 4.779 × 10− 5 consequently for the prepared electrode. The curves of 
CoONPs/GCE electrode at voltage stage (+1.2 V). In 0 s response and at 
+1.2 V current was increases to 0.00178 and when the time increases at 
20 s, 40 s, 60 s, 80 s and 100 s it enhances to 8.26 × 10− 5, 7.543 × 10− 5, 
7.1 38 × 10− 5, 6.861 × 10− 5 and 6.591 × 10− 5 consequently for the 
prepared electrode [74,75]. 

3.8. Chronoamperometry of CoONPs/GCE electrode with 4-NP 

The chronoamperometry was also observed in presence of 4-NP at 
specific voltage ranges (+0.1 to 1.2 V) in 0 to 100 s and observed an 
ordered change in the current at set voltage in different time span 
(Fig. 10). In 0 s response and at +0.1 V was very minute current (6.024 
× 10− 5) and increases when the time span increases at 20 s, 40 s, 60 s, 80 
s and 100 s current enhances to 5.862 × 10− 6, 4.182 × 10− 6, 3.619 ×
10− 6, 3.363 × 10− 6 and 3. 239 × 10− 6 consequently for the prepared 
electrode. Likewise scrutiny was also seen at +0.1 V, a sequential change 
was observed from 0 s response to 100 s. At 0 s and at +0.4 V was very 
minute current (1.589 × 10− 4) and it increases when the time span in-
creases at 20 s, 40 s, 60 s, and 100 s and current enhances to 1.432 ×
10− 5, 1.127 × 10− 5, 1.000 × 10− 5, 9.283 × 10− 6 and 8.810 × 10− 6 

consequently . The curves of CoONPs/GCE electrode at voltage stage 
(+0.8 V). In 0 s response and at +8.0 V was current increase to 2.123 ×
10− 4 and increases when the time increases at 20 s, 40 s, 60 s, 80 s and 
100 s and current enhances to 1.863 × 10− 5, 1.628 × 10− 5, 1.504 ×
10− 5, 1.421 × 10− 5, and 1.354 × 10− 5 consequently . The curves of 

CoONPs/GCE electrode at voltage stage (+1.0 V). In 0 s response and at 
+1.0 V was current increase to 2.039 × 10− 4 and increases when the 
time increases at 20 s, 40 s, 60 s, 80 s and 100 s and current enhances to 
2.35 2 × 10− 5, 2.074 × 10− 5, 1.923 × 10− 5, 1.817 × 10− 5, 1.733 × 10− 5 

consequently . The curves of CoONPs/GCE electrode at voltage stage 
(+1.2 V). 0 s response and at +1.2 V was current increase to 2.786 ×
10− 4 and increases when the time increases at 20 s, 40 s, 60 s, 80 s and 
100 s current enhances to 3.800 × 10− 5, 3.395 × 10− 5, 3. 176 × 10− 5, 
3.020 × 10− 5, 2.897 × 10− 5 accordingly (Fig. 10) [74,75]. 

3.9. Effect of time response of CoONPs/GCE electrode with 4-NP 

The effect of time response was also observed in the range from 0 to 
1500 s in 4-NP for modified electrode CoONPs/GCE electrode to eval-
uate the sensor selectivity and reproducibility (Fig. 11). A sequential 
time response was observed at different time span for the prepared 
CoONPs/GCE based 4-NP sensor. At 0 s response was very minute 
(1.723 × 10− 4) in the current but when the time span increases at 100 s, 
200 s, 300 s, 400 s, 500 s, 600 s, 700 s, 800 s, 900 s, 1000 s, 1100 s, 1200 
s, 1300 s, 1400 s and 1500 s current increases to 2.860 × 10− 6, 1.596 ×
10− 6, 1.212 × 10− 6, 9.533 × 10− 7, 8.172 × 10− 7, 6.781 × 10− 7, 6.091 
× 10− 7, 5.590 × 10− 7, 5.026 × 10− 7, 4.687 × 10− 7, 4.376 × 10− 7, 

Fig. 10. Chronoamperometric curves of modified electrode (CoONPs/GCE) in 
presence of 4-NP (6 μM) as a function of at different applied potentials in 0.1 M 
PBS buffer (pH 7.2). 

Fig. 11. Chronoamperometric current–time response of modified electrode 
(CoO NPs/GCE) with successive addition of different concentrations of 4-NP to 
in 0.1 M PBS buffer (pH 7.2) at an applied potential of + 0.6 V (vs. Ag/AgCl). 

Fig. 12. Six consecutive cycles for the sample in presence of 6 μM (4-NP) in 0.1 
M PBS of modified electrode (CoONPs/GCE) at scan rate of 100 mV/s. 
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4.058 × 10− 7, 3.8 20 × 10− 7, 3.622 × 10− 7 and 3.372 × 10− 7 respec-
tively for CoO/GCE electrode. The consecutive and systematic obtained 
data reveals that the sensor is specific, selective and reproducible. The 
produced sensor exhibits enough sustainability and reliability for period 
of time [76]. 

4. Consecutive cycle’s response of modified electrode (CoONPs/ 
GCE) 

The prepared CoONPs/GCE sensors reproducibility and stability was 
analyzed in terms of their cycle response and the obtained data is shown 
in Fig. 12. The graph represent the six consecutive cycles of CoONPs/ 
GCE electrode in presence of 4-NP (6 µM) in 0.1 M PBS. The cycle re-
sponses show the excellent reproducibility in presence of 4-NP and the 
data were acquired from the first day to six days. In this period the 
prepared sensor was kept in an ambient atmosphere, which only showed 
a very little change in shape of the voltammetric cycle again confirming 
a good long-term stability. The experimental relative standard deviation 
(RSD) was found to be 4.490%, authorizes that the electrode possessed 
satisfying reproducibility. The acquired data sanction that the CoONPs/ 
GCE electrode has enhanced stability along with good reproducibility, 
sustainable for longer periods and applicable for practical use [71]. 

4.1. Possible mechanism and discussion 

The cobalt oxide (CoO), which exhibits a unique property and 
enhance band gap of the processed nano structure which enables the 
enhances the electrical conductivity. In this work, the cobalt oxide 
(CoO) nanostructure in the form of NPs, processed via solution process 
with the use of cobalt acetate tetra hydrate (Co(CH3COO)2⋅4H2O) and 
NaOH at a very low heating temperature. The NPs were well charac-
terized with XRD, SEM, TEM and FTIR spectroscopy and were applied as 
a working electrode material for to check their electrical and sensing 
property. As we know that the 4-NP is a toxic material and used in in-
dustries, it required and urgent demand to check their sensing charac-
teristic via cost effective process. To keep this view, in this experiment, 
we have opted a long range of 4-NP concentrations (1 µL to 31 μL/100 
mL in PBS (0.1 M)) and to analyse the electrochemical examination with 
the prepared working electrode (CoONPs/GCE) .. The working electrode 
(CoONPs/GCE) plays an important role in electron transportation pro-
cess. Due to higher and longer period stability and reproducibility, the 
CoONPs/GCE electrode can be utilize for the large scale industrial and 
environmental samples detection of 4-NP as evident from the cell cycles 

and reproducibility data. The basic principle for the developed CoONPs/ 
GCE electrode works on the varied concentration of analyte (4-NP) and 
their adsorption and conductance on CoONPs/GCE. When the prepared 
CoO nanostructures in the form of slurry was pasted and deposited on 
GCE and this electrode was immersed in PBS with varied concentration 
of analyte (4-NP) and tested, a change in current was observed. The 
atmospheric oxygen, which has an ability to physisoadsorb on prepared 
electrode (CoONPs/GCE) and have possibility to interchange from 
various spots and ionized (O−

ads) through the elimination of electron 
from the conduction band and then convert into their oxidized from (O−

or O2− ) on surface layer of CoONPs, which form a charge layer between 
surface layer of nano structures and analyte [77]. The film of surface 
adsorb oxygen has capability to amplifies the potential of prepared 
electrode, which improved the resistance in the processed assembly. The 
experiment leads a reduction in conductance and increase in potential in 
(CoONPs/GEC) electrode. To this experiment, its hypothesized that at a 
crucial change in concentration (from low to high) of analyte (4-NP) 
provides higher efficiency and greater resistivity. The acquired sensor 
data influences on the basis of used nanostructures with different ge-
ometry, pH, electrolyte, chemical properties, electrode preparation 
processes etc. over other nanostructures, the NPs exhibit high surface to 
volume ratio and increased band gap, creates high electron trans-
portation passages and also facilitates higher sensing aptitude. The MOs 
nanostructures, which exhibit high surface area, good conductivity, high 
affinity and to produce a fruitful environment on their surfaces, also 
allows to access the role of analyte via adsorption process. The higher 
sensitivity, stability of the material with improved reproducible prop-
erties validated the higher rate of electron transportation between the 
electrode film and analyte (4-NP). Additionally, the surface immobili-
zation of nanostructures, provides full feasibility with analyte and it 
directly affects the reaction/response time also it reflects in the form of 
their electrical signals/enactment of the produced sensor. The process 
improved with utilization of suitable catalyst, which slick over the 
CoONPs/GEC electrode surface (Fig. 13). The used 4-NP catalyst plays a 
significant character to accelerate the reaction with initially adsorbed 
surface oxygen of the material, also upsurge the conductance and 
response of the formed electrode [57,60,76–78]. 

5. Conclusions 

The present work summarizes that solution process was opted to 
synthesize the CoO via solution process with use of cobalt acetate tet-
rahydrate (Co(CH3COO)2⋅4H2O) and NaOH in a very fewer time (60 

Fig. 13. Schematic illustration of experimental setup, sensing and data analysis.  
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min) at 80 ◦C refluxing/heating temperature. The formed powder was 
well characterized with diffraction instruments such as X-ray diffraction 
pattern (XRD) was opted to examine the crystalline properties, phase 
and particles size and it reveals that the size of each NP is about 9 nm, 
crystalline and well assigned phases were observed. The morphology 
was investigated via SEM and also estimated the diameter of particles 
with size distribution, which revealed that the individual particles size is 
in the range of about 9 nm with spherical and triangular in shape. The 
structural evaluation was further confirmed via TEM and it was analo-
gous with SEM observations. The functional characteristics of the 
CoONPs were also examined via FTIR spectroscopy. The formed CoO 
NPs/GCE electrode was applied as well-organized nanosensors against 
4-NP. The CV was applied to know the catholic and anodic signal in a 
liquid medium with PBS from a very range of electrolyte (1 μL 4-NP/100 
mL to 31 μL 4-NP/100 in PBS) solution. A chronological alternation in 
the oxidation and reduction peaks were examined, which indicates that 
the obtained sensor is specific and can be useful for the large scale 
detection. The obtained sensors selectivity and reproducibility were 
observed from zero to 1500 s deals that the sensors exhibit enough 
sustainability for longer period. 
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