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Abstract
The gout is mainly found due to accumulation of uric acid crystals into the joints which produces the
in�ammatory symptoms. Thus, it is highly demanded to detect uric acid from our body. Herein, we used
wet chemical method for the preparation of composite material of cobalt oxide (Co3O4) with hydroxide
functionalized multi-walled carbon nanotubes (MWCNTs). The analytical techniques such as scanning
electron microscopy (SEM), powder X-ray diffraction (XRD), energy dispersive spectroscopy (EDS) and
Infra-red spectroscopy (FTIR) were used to characterize the composite material. The Co3O4 exhibits a
dendrite morphology and very well chemically coupled with MWCNTs. The elemental analysis con�rmed
the presence of Co, O and C as main constituent of the composite material. The Co3O4 exhibits a cubic
unit cell crystallography in the composite system. The FTIR study has revealed the characteristic bands
of Co-O bands in the composite material. The cyclic voltammetry was used to study the electrochemical
properties of prepared materials. The composite sample with highest percentage of MWCNTs showed an
excellent electrochemical activity towards the oxidation of uric acid in phosphate buffer solution pH 7.3.
The enzyme free uric acid sensor possessed a linear range of 0.1 mM to 3 mM with a quanti�ed limit of
detection of 0.005 mM. The modi�ed electrode is stable, selective, and very sensitive towards uric acid,
therefore it may be used for the monitoring of uric acid from clinical samples. The proposed composite
material is low cost, and earth abundant, thus it can be of great interest for energy and biomedical �elds.

1. Introduction
The human �uids such as urine and blood contain uric acid (UA). The uric acid is bioorganic compoundin
nature and produced in our body as a byproduct during the metabolism. It is also heavily present in some
of the food products. The presence of uric acid is highly notorious and harmful for the human body as
our body does not have enzyme to decompose uric acid into non-toxic products. The large deposition of
uric acid in our body may give birth to disease like gout or storage of stones in kidney. The gout is mainly
found due to accumulation of uric acid crystals into the joints which produces the in�ammatory
symptoms [1]. Thus, it is highly demanded to detect uric acid from our body which could be associated to
the other diseases like metabolic syndrome, anxiety/hypertension, kidney failures and cardiovascular [2,
3]. The standard methods used for the determination of uric acid are enzymatic techniques [4], reduction
of phosphotungstic acid [5], and chromatography/mass spectrometry [6, 7]. The phosphotungstic
reduction approach has superiority over other methods because of easiness in operation. However, it is
limited by the interference effect. But the enzyme-based methods are very speci�c but not suitable due to
high cost of enzyme, complicated enzyme immobilization process and sensitive to environmental
conditions, therefore they cannot be used at large scale. The chromatography/ mass spectrometry is a
good choice due to high sensitivity and reliability, but the used instruments are very costly. The
electrochemical methodology is recently evolved which applies the cyclic voltammetry [8], pulse
voltammetry [9] and chronoamperometry [10, 11]. The use of nanostructured materials for the
modi�cation of working electrode is of great interest to produce simple, low cost, stable and selective
analytical devices for the detection of uric acid. For this purpose, metal oxides of 3-d series are of great
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interest and they have excited the researchers in the �elds of electrochemical sensing [12],
supercapacitors [13], and energy conversion and storage applications [14] because of their good catalytic
properties, fast electron communication, and excellent compatibility with biomaterials [15]. Among the
metal oxides, cobalt oxide (Co3O4) is largely investigated and produced into variety of morphologies such
as nanowires, nanoparticles, and nano spindles [16, 17]. The attractive properties of Co3O4 are signi�cant
stability in basic electrolyte, mixed valence states and narrow optical band gap [18]. However, pristine
nanostructured Co3O4has tendency to agglomerate and poor electrical conductivity consequently weak
electrochemical activity.

On other hand, the carbon nanotubes are used as supportive stuff during the development of sensor
devices because of their attractive, and unique mechanical, physical, and electrical properties [19, 20, 2,
22, 23]. The superfast conductivity, internal structure and mechanical stability enables them to act as
e�cient substrate. The carbon nanotubes exhibit high electrical conductivity of 104 S cm− 1, speci�c
surface area of 200–900 m2 g− 1, and show a large porosity for the deposition of other nanostructured
materials and highly improve their dispersion in a solvent [24–37]. The hypothesis of the present study is
to produce a composite of Co3O4 with multi-walled carbon nanotubes in such a way that agglomeration
of Co3O4 is minimized and further its conductivity should be increased. We functionalized the MWCNTs
with highly alkaline solution of sodium hydroxide enabling them with rich hydroxide surface which further
could act as nucleates for the bonding of cobalt ions, consequently well-controlled morphology of Co3O4

is obtained. Thus, we exploited the high electrical conductivity and speci�c surface area of MWCNTs and
chemically anchored dendrites nanostructures of Co3O4. Importantly, there is no report on the
Co3O4/MWCNTs composite material used for the non-enzymatic sensing of uric acid.

In this study, we report a facile non-enzymatic analytical electrode consisting Co3O4/MWCNTs composite
for the sensing of uric acid in PBS of pH 7.3. The composite material was prepared via wet chemical
method and physically studied with different analytical SEM, EDS, XRD and FTIR. The non-enzymatic
sensor is selective and stable and shows a linear range of 0.1 mM to 3 mM. The material characterization
and sensor performance show that the composite material could be applied in other medical and energy
related �elds.

2. Materials And Methods

2.1. Chemicals
The analytical grade cobalt nitrate hexahydrate Co (NO3)2.6H2O, urea (CH4N2O), 99.5% ethanol, MWCNT,
were received from Sigma-Aldrich Karachi (Pakistan). The washing of glassware was done with 3 M
HNO3 and deionized water. They were dried at 95 oC. An aqueous chemical growth was used for the
synthesis of various Co3O4-MWCNTs composites. The MWCNTs were rinsed with 2M sulphuric acid and
washed several times with deionized water. Then bare MWCNTs were functionalized with 3M NaOH for
30 minutes. The purpose of hydroxide functionalization was to accelerate the growth kinetics of Co3O4
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and to control on the morphology. Then different amounts of hydroxide functionalized MWCNTs such as
25, 50, 75 mg were taken in three beakers and weighed amount of 2.92 g of cobalt nitrate hexahydrate
and 0.6 g of urea was added in each beaker. The volume of each beaker was made up to 100 mL with
deionized water. Each beaker was labelled as sample 1, sample 2 and sample 3. Then the beakers were
kept at 95 oC for 6 h in electric oven. After the hydrothermal treatment and cooling of beakers, the grown
product was collected on ordinary �ler paper and washed with deionized water. Then material was dried
and kept in mu�e furnace at 500 oC for 5 h in air for the complete conversion of hydroxide phase into
oxide. Finally, a black product of Co3O4was obtained and used for physical and electrochemical
investigations. A pristine sample of Co3O4 was also prepared by the same process without the addition of
MWCNTs. The structure and composition of each sample was investigated with XRD, SEM and EDS. The
SEM was done at 15 kV and experimental conditions for XRD were CuKα radiation (λ = 1.54050 Å), 45
mA, 45 kV and (2θ) scale range from 10 to 85°. The electrochemical characterization of prepared
samples was done with electrochemical workstation CHI 760D from USA and associated with software
CHI 9.22. The electrochemistry was studied with three electrode cell setup, where silver-silver chloride as
reference electrode, platinum wire as counter electrode and modi�ed glassy carbon electrode (GCE) as
working electrode. The uric acid determination was performed in 0.1M PBS of pH 7.3. The GCE with a
diameter of 3 mm was pasted with alumina powder of size 1 µm and 0.05µm. Then it was rubbed with
silica paper and cleaned by deionized water. For a better cleaning, GCE was kept in ethanol in ultrasonic
bath for 20 mints. Each material with an amount of 5 mg was suspended in 1 mL of ethanol and 50 µL of
5% Na�on and coated on the GCE using drop casting technique. Then modi�ed GCE was dried naturally
and ready for electrochemical studies. The 5 mM uric acid solution was prepared in 0.1M PBS of pH 7.3.
Then fresh solutions of uric acid with low concentrations were also prepared in phosphate buffer solution
using dilution formula

3. Results And Discussion

3.1. Structural and compositional analysis of prepared
Co3O4 nanostructures
The prepared materials were studied structurally through scanning electron microscope as enclosed in
Fig. 1. The pristine sample of Co3O4 carries a dendrite like morphology as shown in Fig. 1a. The
deposition of same dendrite Co3O4 nanostructure on hydroxide functionalized MWCNTs were obtained as
shown in Fig. 1b-d. The use of different quantities of MWCNTs did not greatly effect on the morphology
of Co3O4, but they have minimized the space between each dendrite structure and giving out a compact
dendrite morphology of Co3O4. The hydroxide functionalized MWCNTs facilitated the signi�cant electrical
communication among the dendrite nanostructures of Co3O4, therefore an improved electrical signal is
achieved. The chemical composition of composite samples was studied by EDS and it con�rmed the
quanti�ed amount of C, Co and O and no other impurity or product was identi�ed Fig. 2. The EDS showed
the successive amount of MWCNTs in the composite samples. The crystalline phase of pristine Co3O4
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and its composites with MWCNTs is depicted in Fig. 3a. All the diffraction patterns are evolved from the
cubic phase of Co3O4 and they are fully authenticated by reference card no = 96-900-5889. The growth
orientation of all samples is favorable along the 113-crystal plane. The XRD study could not �nd any
diffraction for the MWCNTs due to use to their very amount in the composite samples and only Co3O4

crystal features are detected. The presence of Co3O4 on MWCNTs was studied by FTIR study Fig. 3b. The
spectra for the pristine Co3O4 and its composite samples with MWCNTs were measured. The bands

related metal-oxygen connectivity was seen at 545 to 576 cm− 1 [38, 39]. The band at 665 cm− 1 is linked
to Co3+ in the octahedral vicinity and the stretching band of Co2+ in the tetrahedral vicinity [40] and it
provides a clear indication of single crystalline Co3O4 and well in agreement with XRD results.
Furthermore, the shift in the composite samples revealed the strong interaction of Co3O4 with MWCNTs
[41].

3.2. Electrochemical uric acid oxidation
Figure 4a shows the in�uence of different electrolytes on the electrochemical signal of the uric acid using
modi�ed GCE with sample 3 in 0.1mM uric acid and the electrolytes were Britton–Robinson buffer (BRB)
buffer of pH 5, NaOH with pH 13 and Phosphate buffer solution of pH 7.3. It can be visualized that a
prominent oxidation peak with enhanced peak current is revealed in the phosphate buffer solution
Fig. 4a. The electrolyte study was carried to bring the analytical device performance close to the
physiological conditions. However, the electrochemical signal of sensor in NaOH and BRB buffer is also
good but less intense compared to the phosphate buffer solution. For the better understanding, the
electrochemical signal of sample 3 modi�ed GCE was also measured in the phosphate buffer solution
without uric acid and with 0.1mM uric acid. From Fig. 4b, it is obvious that no oxidation peak was seen in
the electrolyte, however a visible and well resolved oxidation peak for the sampl3 3 was observed in uric
acid. To see the activity of sensor electrode for the various uric acid concentrations and the CV curves
were measured Fig. 4c. The increase in the uric acid concentration brought linear enhancement in the
oxidation peak current and it revealed a signi�cant sensitivity towards uric acid. The linear range of
analytical electrode for the uric acid was from 0.1mM to 3 mM. A calibration pilot was built by plotting
oxidation peak current versus different concentrations of uric acid Fig. 4d. The linear �tting demonstrated
robust analytical device features with a regression coe�cient of 0.99. The quanti�ed limit of detection of
modi�ed electrode was 0.005 mM. The prepared samples of Co3O4, and its composites with MWCNTs
were further analyzed in 0.1mM uric acid and their performance is compared Fig. 5a. The most active
composite was sample 3 which introduced an excellent oxidation peak current during the oxidation of
uric acid, and it is more prominent than the other materials such as pristine Co3O4, sample 1 and sample
2.The interference study was also carried on sample 3 to monitor the sensing capability of sensor under
the environment of competing species during the uric acid detection Fig. 5b. The interfering substances
such as urea, lactic acid, ethanol, and mixture of them were used and their concentration was 0.1mM. An
equal volume of these interfering species was used along with uric acid and it suggests that sensor did
not show any electrochemical response to these substances, but a only a uric acid oxidation peak is
demonstrated Fig. 5b. The electrode kinetics of sample 3 was also studied at different sweeping scans in



Page 6/13

0.1mM uric acid Fig. 5c and there was seen a continuous increase in peak current with increasing scan
rate which is another indication of diffusion controlled kinetics of the electrode. The scan rates were
ranged from 10 mV/s-90 mV/s Fig. 5c. The stability is another factor for the sample 3 modi�ed electrode
it was investigated in 0.1mM uric acid solution Fig. 5d. The CV curves were recorded at 50 mV/s and
there was no �uctuation of current and the potential and the electrode has ability to retain the oxidation
features.

4. Conclusions
In summary, the Co3O4 composite with MWCNTs were fabricated via solution process and used for the
sensing of uric acid in PBS of pH 7.3. The MWCNTs offered the high porosity, inter-particle interaction
and conductivity for the Co3O4. The composite materials are well characterized by SEM, EDS, XRD and
FTIR. The dendrite morphology of Co3O4 composites are evolved on the hydroxide functionalized
MWCNTs and they contain cobalt, oxygen and carbon as the main atoms in the composition. The sample
3 of Co3O3 composite with highest percentage of MWCNTs modi�ed GCE exhibits a good selectivity,
stability, and well-de�ned oxidation peak for the uric acid. The sensor possesses a linear range from
0.1mM to 3 mM uric acid with quanti�ed limit of detection 0.005 mM. The proposed composite material
is, low cost, and has signi�cant electrochemical activity which could be used for wide range of
biomedical applications.
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Figure 1

SEM images a. pure Co3O4, b. sample 1, c. sample 2, d. sample 3
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Figure 2

EDS spectra a. sample 1, b. sample 2, c. sample 3
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Figure 3

a. XRD diffraction patterns for pure Co3O4, sample 1, sample 2 and sample 3, b. The corresponding FTIR
spectra

Figure 4
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a. CV curves of sample 3 in 0.1M BRB buffer, 0.1M NaOH, 0.1M phosphate buffer, at 50 mV/s b. CV
curves of sample 3 (red) in uric acid and (pink) in buffer and bare glassy carbon electrode (black) in
buffer, (green) in uric acid at 50 mV/s, c. CV curves in different concentrations of uric acid phosphate
buffer solution pH 7.3 at at 50 mV/s, d. linear �tting of oxidation peak current versus various
concentration of uric acid

Figure 5
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a. CV curves of pure Co3O4, sample 1, sample 2 and sample 3 in 0.1mM uric acid at 50 mV/s, b. CV
curves of sample 3 in 0.1 mM uric acid and different interfering species at 50 mV/s, c. scan rate study of
sample 3 in 0.1mM uric acid, d. CV curve for the monitoring of stability of sample 3 in 0.1mM uric acid at
50 mV/s.


