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Silky Coz04 nanostructures for the selective and

sensitive enzyme free sensing of uric acid
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In this study, simple, new and functional silky nanostructures of CozO4 are prepared by hydrothermal
method. These nanostructures are successfully used for the enzyme free sensing of uric acid in 0.1 M
phosphate buffer solution of pH 7.3. Physical characterization experiments were carried out to explore
the morphology, composition and crystalline phase of the newly prepared CozO4 nanostructures.
Scanning electron microscopy (SEM) shows a silk like morphology and energy dispersive spectroscopy
(EDS) revealed the presence of Co and O as the main elements. Powder X-ray diffraction (XRD)
demonstrates a cubic crystallography with well resolved diffraction patterns. The electrochemical activity
of these silky CozO4 nanostructures was evaluated by cyclic voltammetry (CV) in a 0.1 M phosphate
buffer solution at pH 7.3. The high purity and unique morphology of CozO,4 shows a highly sensitive and
selective response towards the non-enzymatic sensing of uric acid. This uric acid sensor exhibits a linear
range of 0.5 mM to 3.5 mM uric acid and a 0.1 mM limit of detection. The anti-interference capability of
this uric acid sensor was monitored in the presence of common interfering species. Furthermore,
electrochemical impedance spectroscopy confirms a low charge transfer resistance value of 5.11 K Q
cm? for silky Coz04 nanostructures which significantly supported the CV results. The proposed modified
electrode is stable, selective and reproducible which confirms its possible practical use. Silky CozOy4
nanostructures can be of great importance for diverse electrochemical applications due to their

rsc.li/rsc-advances

1. Introduction

Uric acid (UA) is an important biological molecule present in
the blood and urine. UA is an antioxidant which is a final
product of purine metabolism in the human body."* The
normal physiological level of UA in the human blood is 0.13 to
0.46 mM.* However, a high level of UA in the blood serum leads
to several pathological diseases such as hyper-uricemia, gout,
pneumonia,* chronic nephritis, chronic pneumonia, podagra,
cancer, hyperuricemia arthritis, and nephropathy.> Abnormal
level of UA in the blood causes kidney disease, obesity, high
blood pressure etc.°®. Many studies have suggested that the
high level of UA in serum is also a risk factor for heart diseases.®
Due to the significant importance of these pathologies, it is very
important to develop an effective analytical methodology for the
accurate measurement of UA. So far, different analytical
methods such as high performance liquid chromatography,*®
fluorescence spectroscopy,'* colorimetry," capillary
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excellent electrochemical activity and large surface area.

electrophoresis,* chemiluminescence etc. have been used for
the determination of UA. These techniques are expensive,
complicated, time consuming, involve sophisticated tools that
make them unsuitable for the quantitative determination of UA.
In order to overcome these problems, electrochemical tech-
niques have received significant interest for the detection of
analytes because of their simplicity, low cost, rapid response
and high sensitivity."*** Due to high electroactive nature of UA,
its determination by electrochemical methods has been estab-
lished.**** Electrochemical determination of UA is carried out
by both enzymatic*® and non-enzymatic'” approaches. Enzyme
based UA biosensors use uricase as an enzyme for the oxidation
of uric acid.”® There are so many drawbacks associated with
enzyme based electrochemical biosensors like complicated
immobilization of enzymes, lack of reproducibility, high cost
and their environment dependent activity.”” Non-enzymatic
approach involves the oxidation of UA on the surface of suit-
able electrode’” material. Various electrochemical modes such
as cyclic voltammetry,”® amperometry,**>* differential pulse
voltammetry (DPV)," square wave voltammetry** etc. have been
used for the sensing of UA from different samples. To prepare
a potential catalytic active material is the main requirement for
the enzyme free sensing of uric acid, but it is still a big chal-
lenge. In last few decades, transition metal oxides such as

© 2021 The Author(s). Published by the Royal Society of Chemistry
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C0504, ZnO, Fe;04, MnO,, and NiO show attractive applications
in electrochemical sensing.*** Among them, cobalt oxide
(Co30,) is best choice because of its special properties such as
low cost, non-toxic, and excellent chemical durability etc.®®
Moreover, Co;0,4 is composed of mixed Co®>" and Co*" ions
located on tetrahedral and octahedral site respectively which
play a significant role in the electrochemical activity of C030,.*
Furtherer more, Co;0, material has been hybridized with
different materials such as graphene, graphene oxide, quantum
dots, carbon nanotube to improve the electron transfer
tendency of Co;0, modified electrode.**** Also, Co3;0,-based
nanocomposites have been reported in the literature for the
electrochemical determination of UA.**** Despite the superior
performance of composite materials, however they involve
complicated steps during their synthesis and require highly
sensitive analytical techniques to characterize them. Therefore,
both high cost during the synthesis and characterization again
allow the researchers to think and design new pristine materials
with outperform functionalities. For this purpose, we used an
equal volume ratio of organic (ethylene glycol) and inorganic
(water) as a solvent for the growth of Co3;04 by hydrothermal
method and we obtained a silky morphology with an excellent
electrochemical activity. The synthetic strategy is simple and
low cost, thus it can be considered as the front line for the mass
production of functional Co;0, materials. In this study, we have
prepared a silky morphology of Co;0, by hydrothermal method
using equal volumes of organic and inorganic solvents. The
SEM, EDS and XRD have well characterized the physical features
of C0;0,. These silky nanostructures of Co;0, were used for the
enzyme free sensing of uric acid and sensor exhibits a linear
range of 0.5 mM to 3.5 mM uric acid and a 0.1 mM limit of
detection. The newly developed uric acid sensor is also highly
selective and stable.

2. Materials and methods

2.1 Chemical reagents

All the chemicals like cobalt chloride hexahydrate (99%), urea
(99%), ethylene glycol (60%), uric acid (99%), glucose (99%),
lactic acid (85%), sodium chloride (99%), potassium chloride
(99%) and 5% Nafion (E.W. 1100) were of analytical grades and
used as received without any further purification. These
chemicals were supplied by the Sigma Aldrich Karachi Pakistan.
All the solutions were prepared in the deionized water having
a resistivity of 18.2 (megohm). An electrolyte of 0.1 M phosphate
buffer solution of pH 7.3 was prepared by mixing potassium
dihydrogen phosphate (KH,PO,;) (0.1 M) (99%), sodium
hydrogen phosphate (Na,HPO,) (0.1 M) (99%), and sodium
chloride (NaCl) (0.135 M) (99%). The pH of buffer solution was
maintained by adding 0.1 M NaOH (99%) and HCI (37%).

2.2 Synthesis of silky Co;04 nanostructures

Hydrothermal method was used to prepare silky Co;04 nano-
structures. The precursor solution of 0.1 M cobalt chloride
hexahydrate and 0.1 M urea was prepared in the equal volume
of organic (ethylene glycol) and inorganic (water) solvents with
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volume ratio of 1 : 1. Then reaction for the synthesis of Co;0,
was carried out under hydrothermal conditions at 150 °C for
12 h in stainless autoclave. Then the autoclave was naturally
cooled at room temperature and nanostructured product was
obtained on the ordinary filter paper. After the drying of metal
hydroxide material for overnight then a thermal annealing was
carried out in the crucible at 500 °C in air for 4 h in muffle
furnace to obtain the Co;0, nanostructures. The structural,
compositional and crystallographic studies were carried out at
low resolution SEM, EDS and powder XRD analytical techniques
respectively. The SEM and EDS measurements were performed
using a field emission scanning electron microscope (Quattro S
from Thermo Fisher) at an accelerating voltage of 20 kV. The
powder XRD measurement was done at CuKa radiation (4 =
1.5418 A), 45 kv and 45 mA.

2.3 Electrochemical sensing of uric acid using silky Co;0,
nanostructures

The prepared Co;0, sample (8 mg) was dispersed in 2.5 mL of
de-ionized water and 0.5 mL of Nafion (5%) and sonicated for
the 25 minutes to ensure the proper dispersion of nanomaterial.
Before modification, bare glassy carbon electrode (BGCE) was
polished with alumina paste and cleaned with ethanol and
water for 2 minutes respectively. After that, glassy carbon elec-
trode was modified with approximately 10 puL of prepared Co;0,
by drop casting method. A three electrode system was used in
which Ag/AgCl (saturated with 3 M KCI) acts as a reference
electrode, modified glassy carbon electrode (MGCE) with Co;0,
as working electrode and platinum wire was used as a counter
electrode. All the electrochemical measurements were per-
formed by cyclic voltammetry in the potential window of —0.4 V
to 8.0 V at a scan rate of 50 mV s~ ' except scan rate study.
Electrochemical impedance spectroscopy study carried out at
frequency range from 100 kHz to 1 Hz, sinusoidal potential of
5 mV and biasing potential of 0.35 V in 1 mM uric acid solution.
A 0.1 M phosphate buffer solution of pH 7.3 was used as elec-
trolyte and 5 mM stock solution of uric acid was prepared in it.
The low concentrate solutions of uric acid were prepared in the
phosphate buffer solution and all electrochemical experiments
were performed at room temperature.

3. Results and discussion

3.1 Morphology and crystalline structure studies of newly
prepared Coz;0O, nanostructures

The distinctive morphology of as prepared Co;O, nano-
structures in the organic and inorganic solvent media was
investigated by scanning electron microscopy as shown in
Fig. 1. Fig. 1(a and b) shows the typical SEM image at low and
high magnifications and it can be seen that the Co;O, material
exhibits a silky morphology. The thickness of silky sheets is
few nm and they also have large surface area which can easily
allow the uric acid molecule to adsorb and oxidize efficiently.
The chemical elements like Co and O were identified by EDS
indicating the high purity of as prepared Co;O, material as
shown in Fig. 1(c). Furthermore, to understand the chemical
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Fig. 1
C0304.

composition and crystallography of Co;O, nanostructures,
powder XRD was used to measure the diffraction patterns as
enclosed in Fig. 1(d). The diffraction patterns are well resolved
and supported by the reference (card no: 01-080-1533). The XRD
study confirms the cubic phase of Co;0, and its high purity. The
chemical composition results of Co;0, by XRD and ED's anal-
ysis are in good agreement.

3.2 Electrochemical sensing toward oxidation of uric acid
using silky Co30, nanostructures

Cyclic voltammetry was used to explore the electrochemical
activity of silky Co30, nanostructures in 0.1 M phosphate buffer
solution of pH 7.3. Fig. 2 shows the cyclic voltammogram of
bare glassy carbon electrode (BGCE) in the electrolyte aqueous
solution and uric acid, and Coz;O, modified glassy carbon

e BGCE-Buffer-UA "
— MGCE-Co304-Buffer

s MGCE-C0304-Buffer-UA

1.0x10°

8.0x10°4
6.0x10°~

4.0x10°4

-6

Current (A)
»
<

e
o
L

-2.0x10°

02 00 02 04 06 08
Potential vs Ag/AgCI (V)
Fig. 2 Cyclic voltammogram of MGCE with CozO4 in the 0.1 M

phosphate buffer solution of pH 7.3, and BGCE and MGCE with CozO4
in the presence of 1 mM uric acid at a scan rate of 50 mV s .
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(a and b) Typical SEM images of CozO, at different magnifications, (c) EDS spectrum of CozO,, (d) powder XRD diffraction patterns of

electrode (MGCE) in the presence of aqueous solution of uric
acid and electrolyte. The Co3;0, MGCE has shown the well-
shaped oxidation peak for the uric acid at 0.35 V in 1 mM uric
acid. The BGCE has shown no electrochemical activity for the
uric acid. These improved electrochemical activity results of
silky Co;0, are attributed due to fascinating morphology of
Co030, which could be compatible with the uric acid molecules
towards the catalytic oxidation. The working principle of
enzyme free uric acid sensor based on the nanostructured
materials is not well described in the literature, however we
propose it on the basis of molecular structure of uric acid which
involves the two electron and two proton transfer process**** as
shown in Scheme 1. The silky features of Co;0, are providing
the large surface area and exposure of abundant catalytic sites
for the oxidation of uric acid. Another, the possible reason for
the enzyme free detection on the surface of Co;0, could be its p-
type (excess of hole concentration) semiconducting features
which facilitated the easily capture of electrons from the
oxidation of uric acid. From CV curve as shown in Fig. 2, an
irreversible and highly resolved peak at 0.35 V was noticed with
the use of silky Co;0, nanostructures. It suggests the swift
electron transfer kinetics by the silky Co;O, nanostructures
with enhanced the oxidation peak current and high density of
catalytic sites for the uric acid oxidation. Further to add, the uric
acid follows the Nernst equation which suggests that the
oxidation of uric acid is governed by the two proton and two
electron transfer as enclosed in the Scheme 1. This leads to
instability of uric acid and possible formation of uric acid
derivatives.*® The presence of silky Co;0, nanostructures might
enhance the density of catalytic sites on its surface. The uric
acid and its derivatives, enable the variation in the electron
transfer and a rise in the oxidation peak current is
significant.*”**

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4
oxidation peak current versus various uric acid concentrations.

The electrode kinetics towards the oxidation of uric acid was
explored at different scan rates. Fig. 3(a) shows the scan rate
study of Co;0, from 20 mV s~ " to 140 mV s~ in 1 mM uric acid.
It is obvious that the oxidation peak current was increased
linearly with increasing value of scan rate. Fig. 3(b) shows the
linear fit of the peak current versus square root of the scan rate.
The linear plot between the peak current and square root of
scan rate suggests the kinetically controlled chemical reaction
on the surface of MGCE using silky nanostructures of Co30,.

© 2021 The Author(s). Published by the Royal Society of Chemistry

(a) Cyclic voltammograms of CozQO,4 for different 0.5 mM to 3.5 mM uric acid concentrations at a scan rate of 50 mV's
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The linear range of proposed uric acid sensor was obtained
at different concentrations of uric acid in phosphate buffer
solution of pH of 7.3. Fig. 4(a) shows the calibration study of
Co030, in the range of 0.5 mM to 3.5 mM of uric acid. Cyclic
voltammograms show that there is regular increase in the
oxidation peak current with the increasing concentration of uric
acid which indicates an excellent quantitative response of the
proposed Coz;0, material for the determination of uric acid.
Fig. 4(b) indicates the linear fitting of oxidation peak current
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different interfering substances using silky nanostructures of CozO4 in
1 mM uric acid.
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Fig. 6 Cyclic voltammetry curves at a scan rate of 50 mV s~ for
measuring the stability of CozO4 in the presence of 1 mM uric acid.

versus various uric acid concentrations with regression coeffi-
cient of 0.99. The limit of detection was measured according to
the reported work.* The limit of detection of silky Co;0,
nanostructures was found to be 0.1 mM.

It is notable that the selectivity is significant parameter in the
evaluation of performance of electrochemical method. Various
electrochemically active substances present in the biological
samples may interfere during the determination of uric acid.
For this reason, interference study of Co;0, was carried out in
the presence and absence of possible interfering substances
such as glucose, lactic acid, urea, sodium ions and potassium
ions using same concentration of each of them. Fig. 5 shows the
cyclic voltammogram of MGCE with Co;0, in 1 mM uric acid.
Different interfering substances slightly lead to a maximum of
5% change in the current intensity. Hence, the sensor showed
a good selectivity towards the detection of uric acid.

The stability of MGCE with Co30, was checked through
several CV curves in 1 mM of uric acid. Fig. 6 shows the CV
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Fig. 7 Nyquist plots of BGCE and MGCE with Co304 material in 1 mM
uric acid solution, inset shows the equivalent circuit model with circuit
elements.

curves after 15 successive runs at a scan rate of 50 mV s '. The
CV curves shown in Fig. 6 clearly demonstrates the excellent
stability of proposed Co;0, material; thus it can be used for the
determination of uric acid without a signal drop.

Further to validate the CV results enclosed in Fig. 2, an
electrochemical impedance spectroscopy was performed to get
a deep sight about the electron transfer kinetics of BGCE and
MGCE with Co;0,. Fig. 7 shows the Nyquist plots of BGCE and
MGCE and inset is indicating the fitted equivalent circuit model
with circuit elements such as solution resistance (R), charge
transfer resistance (R.), Warburg diffusion element (Z,), and
constant phase elements (CPE). The charge transfer resistance
values were estimated from the simulated data by zview soft-
ware. The calculated charge transfer resistance values were
obtained 385.88 K Q cm?” and 15.11 K Q cm® for BGCE and
MGCE with Coz0, respectively. The low charge transfer resis-
tance of MGCE compared to BGCE has revealed the superior
conductivity of Co30, and improved electrochemical properties
and these obtained results have strongly supported the CV
results.

The performance of proposed uric acid sensor was compared
with the reported works as given in Table 1. It is obvious that,
the prepared Co;O, material has shown a superior or equal
electrochemical activity in the wide range from 500 uM to 3500
uM of uric acid concentrations as compared to the previous
works. There is no report on the silky Co;0, material which
gives of electrochemical signal above 600 uM of uric acid. The
limit of detection is bit high, but still in the range of physio-
logical conditions. Hence the proposed silky nanostructures of
Co30, may be used for the determination of uric acid at higher
concentrations.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 1 The comparison of performance of proposed enzyme free uric acid sensor with reported works

Modified electrodes Electrochemical mode Linear range, pM LOD, uM Reference
PCNY/MWCNT? CV and DPV 0.2-20 uM 0.139 pM 44
B-MWCNTS® Cv, EIs? 62-250 UM 0.65 uM 45

Pd/RGO*® CV, DPV 6-469.5 pM 1.6 uM 17

Au/RGO° cv 8.8-53 uM 1.8 uM 2
PtNi@MoS;" CV, DPV 0.5-600 pM 0.1 pM 50

Cysteic acid DPV 1.0-19 pyM 0.36 uM 51

Co30, Ccv 500-3500 pM 100 uM Current work

¢ Porous g-C;Ny. b Multi-walled carbon nanotubes. ¢ Boron-doped multiwalled carbon nanotubes. ¢ Electrochemical impedance spectroscopy.
¢ Reduced graphene oxide.” PtNi bimetallic nanoparticles loaded MoS, nanosheets.

4. Conclusions

In summary, we have prepared new silky nanostructures of
Co3;0, by hydrothermal method under the equal volume of
organic and inorganic solvents. The physical characterization
has shown a silk like morphology and cubic crystallography.
The chemical composition of Co;0, was mainly governed by the
presence of Co and O elements. The electrochemical activity of
Co3;0, material was studied in 0.1 M phosphate buffer solution
of pH 7.3 for the determination of uric acid. The silky Coz;0,
nanostructures exhibited an excellent catalytic activity due to
large surface area which easily allow the uric acid molecules to
oxidize successfully. The enzyme free sensor based on silky
Co3;0,4 nanostructures possessed a linear range from 0.5 mM to
3.5 mM of uric acid. The limit of detection was estimated
around 0.1 mM. The modified electrode is highly selective and
stable. The obtained results from CV and the electrochemical
impedance spectroscopy are in good agreement. Based on the
electrochemical activity, we are confident that the silky Coz;0,
nanostructures could be of great worth to be investigated in the
wide range of electrochemical applications.
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