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Sponge-like porous cerium oxide particles were prepared through the self-propagating 
high-temperature synthesis process. Then, the synthesized powder was used to modify 
the carbon paste electrode (CPE/porous CeO2) for voltammetric determination of uric 
acid (UA) in biological fluids. Under optimal conditions, the linear concentration-
response relationship was in the range of 0.25-10 and 10-300 µM, and a detection limit 
of 60 nM (S/N=3) was obtained. In addition, the proposed sensor showed excellent 
selectivity towards UA over common co-existing species such as ascorbic acid, 
ibuprofen, dopamine, and acetaminophen. Good repeatability of sensor responses 
(Relative standard deviation (RSD) < 3.2%), superior reproducibility (RSD < 2.8%), 
and excellent storage stability (error < 5% after 1 month storage at room temperature) 
along with appropriate recovery values (in the range of 99.2 -102.7%) demonstrate the 
applicability of CPE/porous CeO2 for the determination of UA levels in biological fluids. 



Z. Hashemzaei et al. / Journal of Particle Science and Technology 7 (2) (2021) 73-8274

1. Introduction

Uric acid (UA), chemically designated as 
2,6,8-tryhydroxypurine as a purine degradation product, 
is an antioxidant that exists in biological fluids like urine 
and blood serum. People with diseases such as gout, 
xanthinuria, toxemia during pregnancy, leukemia, and 
renal failure have abnormal levels of UA in their bodies 
[1]. The normal concentration levels of UA in humans 
are 130-460 µM in serum and 1.49-4.46 mM in urine [2]. 

Detection of UA (Fig. 1) is of great significance in 
physiological and pathological diagnosis because of 
its electrochemically active nature. UA is generally 
determined by electrochemical methods, but 
various methods such as chemiluminescence [3], 
high-performance liquid chromatography [4], and 
ultraviolet–visible spectroscopy have been reported 
for selective detection of UA. However, the above 
methods are generally costly and time-consuming [5]. 
Hence, electrochemical techniques have attracted a 
great deal of interest due to their simplicity, low cost, 
good sensitivity, high selectivity, and how rapid the 
detection can be carried out  [6]. Unfortunately, UA 
determination using a bare graphite paste electrode 
(BCPE) shows high over-potential, irreversibility, and 
fouling effects. Enzymatic sensors based on uricase are 
commonly utilized for the selective determination of 
uric acid, but they also suffer from non-idealities such 
as high cost, the need for enzyme immobilization at 
the surface of an electrode, and control of operational 
conditions such as pH and temperature [7]. Therefore, 
chemically modifying electrodes (CME) with nano-
materials and porous materials with high surface 
areas can help in overcoming these deficiencies. 
Different materials like metal oxide, fullerene, carbon 
nanotubes, polymers, nanocomposites, and graphene 
have been used as modifiers in the past decades. In 
recent years, uric acid has attracted the widespread 
attention of many researchers. For example, Chunran 
Ma et al. investigated a novel ratiometric fluorescence 

nanoprobe based on CD@ZIF-CuNC nanocomposites 
[8], Xiu Qin et al. studied enzyme-free colorimetric 
based on inhibition of gold nanorods [9], and Dan Cao 
et al. reported enzyme-free fluorescence in serum using 
Si/N doped carbon dots [10].

Semiconductor materials like cerium (IV) oxide are 
used in various applications such as electronics, super 
capacitors, sensors, fuel cells, photo electronics, solar 
cells, and electro catalysis [11,12]. Rapid transition 
of the oxidation state of cerium between Ce(III) and 
Ce(IV) leads to its interesting electro catalytic activity 
[13]. This property depends on the oxygen vacancy 
concentration in the structure of CeO2, which may be 
controlled by doping [13,14]. Various elements can be 
doped in CeO2 using methods such as microwaves [15], 
sol-gel [16], hydrothermal [17], solvothermal [14], and 
solution combustion processes [18]. Alternatively, the 
concentration of vacancy in the crystalline structures can 
be increased by rapid cooling from high temperatures 
[19]. Therefore, the catalytic activity of CeO2 may be 
improved by rapidly cooling heated elements. In addition, 
the formation of a porous microstructure will increase the 
contact surface between the catalysis and the electrolyte. 

Self-propagating high-temperature synthesis is 
a fast, facile, easy-echo, and promising route to 
obtain different types of materials, including oxides, 
borides, carbides, etc. During this process, the raw 
materials of an exothermic reaction are mixed and 
pressed into a compact. Then, the reaction is initiated 
locally. The liberated heat will result in self-sustaining 
propagation of the reaction along the compact [20]. 

In a previous study, the authors synthesized Mg-
doped porous CeO2 through a novel combustion 
synthesis route [18]. Other researchers have reported 
the application of CeO2 for the electrochemical 
determination of many biomolecules, including ascorbic 
acid (AA), urea, and dopamine [21]. Accordingly, in 
this study, a novel electrochemical sensor based on the 
combustion synthesized porous CeO2 modified graphite 
paste electrode (CPE/porous CeO2) was prepared and 
subsequently used to determine  UA in biological fluids.    

2. Experimental procedure

2.1. Materials

Mg powders (purity 99%), CeO2 (purity 99.9%), 
sodium hydroxide (purity 99.8%), phosphoric acid 

 

Fig. 1. The chemical structure of uric acid (UA).
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(99.6%), graphite powder (as conductive material), and 
paraffin oil (DC 350, density = 0.88 g.cm-3 as binding 
agents) were purchased from the Merck Company. In 
addition, oxygen gas with purity > 99% was used. UA 
was obtained from Sigma-Aldrich, and urine and blood 
samples were taken from the Mehran Clinical Laboratory 
(Zahedan, Iran) without any sample pretreatment.

2.2. Methods

2.2.1. Synthesis of porous CeO2

Porous CeO2 was obtained by the self-propagating 
high-temperature synthesis method [22]. Briefly, a 
mixture containing 0.05 mol CeO2 and 1 mol Mg 
powders was prepared by hand-mixing for 20 min. 
Then, the powder mixture was pressed in a cylindrical 
steel die (12 mm diameter) using 160 MPa compaction 
pressure. Next, the self-propagating high-temperature 
reaction was initiated by passing a direct electrical 
current (150 A) through a 1.6 mm diameter tungsten 
electrode located at the top of the compact. Once 
initiated, a wave of exothermic reaction propagated in 
the remaining reactants. Reactions have were completed 
in a closed chamber containing 99% pure oxygen gas  
at a pressure slightly higher than 1 atm as follows:

CeO2 + 2Mg + O2   →   CeO2 + 2MgO                            (1)

After the reaction was terminated, the combustion 
products were leached out with a 6 M HCl solution to 
remove the unwanted MgO phase. Finally, the product 
was washed several times with distilled water and dried 
at 100 ºC for 1 h in an electric oven. The final product 
was denoted as porous CeO2.

2.2.2. Fabrication of the CPE/porous CeO2 sensor

First, 5 mg of porous CeO2 and 195 mg graphite 
were mixed. Next, a few droplets of paraffin oil were 
added (5 mg). The mixing operation was conducted by 
a mortar and pestle for 10-15 min. Then, the prepared 
carbon paste was well packed into a glass tube with an 
internal diameter of 0.24 cm. Finally, electrical contact 
was made by inserting a copper wire into the paste. 
The new surface was obtained by pushing the graphite 
paste out of the glass tube and polishing it on weighing 
paper.

2.2.3. Characterization of the CPE/porous CeO2 sensor 

All measurements were performed by an 
electroanalyzer system (SAMA 500, I.R. Iran) coupled 
with a personal computer. The electrochemical 
measurements were carried by a typical three-electrode 
cell at 25 ± 1 °C. A saturated silver/silver chloride 
electrode (Ag/AgCl) and a platinum electrode (Pt) 
were employed as the reference and counterparts, 
respectively. A field emission scanning electron 
microscope (FESEM MIRA3 TESCAN) and energy 
dispersive X-ray analysis (EDX SAMX) were employed 
for microstructural and chemical analyses, respectively. 
Electrochemical impedance spectroscopy (EIS) was 
performed via a potentiostat/galvanostat (Autolab 
PGStAT 128N, EcoChemie, Netherlands) controlled 
with NOVA 1.11 software. Electrochemical impedance 
spectroscopy was carried out in 5 mM [Fe(CN)6]

3-/4- as 
a redox probe and performed in 0.1 M KCl. A pH meter 
(Model 744, Metrohm) was used for pH measurements.

3. Results and discussion

3.1. Characterization of porous CeO2   

The FE-SEM micrograph of the primary CeO2 with 
spherical morphology is shown in Fig. 2(a). The mean 
particle size of cerium oxide measured by the dynamic 
light scattering method was 1.5 µm. Fig. 2(b) shows 
that the melting of CeO2 and MgO, the distribution of 
the melts between each other at high temperatures, and 
the subsequent removal of MgO from the combustion 
products by acid leaching leads to the formation of 
porous CeO2. The volume percent of pores calculated 
by image processing software was 50%. In addition, the 
pore sizes mostly varied between 1 to 5 µm. The BET 
surface area of the primary powder was measured as 2.8 
m2.g-1 but decreased to 0.5 m2.g-1 in the porous CeO2 
after combustion synthesis and the subsequent leaching 
process [18]. Although the formation of the melted 
structure slightly reduced the surface area of the primary 
powders, it is expected that the continuous network of 
porous CeO2 can facilitate the electron transfer rate in 
this compound.     

The EDS map distribution of elements in the porous 
microstructure is shown in Fig. 3 (a)-(d). The uniform 
distribution of Ce and O certified the formation of CeO2 
structure (Figs. 3(b) and 3(c)). In addition, the presence 



Z. Hashemzaei et al. / Journal of Particle Science and Technology 7 (2) (2021) 73-8276

of Mg in the structure of CeO2 showed that this element 
doped into the structure of CeO2 at high temperatures 
(Fig. 3 (d)). The doping of Mg in the structure of CeO2 
was proven in our previous study [18]. Therefore, it is 
concluded that a porous Mg-doped CeO2 powder was 
tuned through the combustion synthesis route. 

Cyclic voltammetry is a powerful technique for 
investigating electrochemical behaviors of modifiers 
and electroactive analytes on the surface of electrodes. 
Therefore, the presence of electroactive species on 
the surface of CPE/porous CeO2 was further confirmed 
using cyclic voltammetry analysis. Fig. 4(a) shows 
cyclic voltammograms of CPE/porous CeO2 in 0.1 M 
PBS (pH = 3) that are attributed to the redox peaks 
of metal oxide (Ce3+/Ce4+) at 0.241 and 0.213 V [23]. 
The stepwise modification of BCPE was monitored by 
CV and EIS containing a solution of 5 mM Fe(CN)6

3-/4- 

in a 0.1 M KCl solution. The CV graph of the bare 
CPE (BCPE) shows redox peaks at 0.43 and -0.04 V 
with peak currents of 245 and 236 µA, as seen in Fig. 
4(b). On the other hand, the CV graph of CPE/porous 
CeO2 shows redox peaks at 0.32 and 0.09 V with peak 
currents of 400 and 397 µA, respectively. Compared 
to BCPE, the increase in peak currents and decrease 
in peak potentials for CPE/porous CeO2 are due to the 
electro-catalytic activity of porous CeO2.Fig. 2. FE-SEM micrographs of the (a) primary CeO2 and (b) Porous 

CeO2 obtained by the combustion synthesis route.

Fig. 3. The EDS elemental map analysis of the synthesized porous 
CeO2. (a) FE-SEM image, (b) mapping image of Ce elements, (c) 
mapping image of O elements, (d) mapping image of Mg elements.

Fig. 4. (a) the CVs graph of CPE/porous CeO2 in 0.1M PBS (pH = 
3) and (b) the CVs graph of 0.1 M KCl containing 5 mM Fe(CN)6

3-/4- 
for BCPE and CPE/porous CeO2 with Scan rate of 100 mV.s-1.

(a)

(b)
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Fig. 5 shows the Nyquist plot of BCPE and CPE/
porous CeO2. Fitting and simulation of electrochemical 
impedance spectroscopy (EIS) data were done using 
NOVA software. Randle’s equivalent circuit, shown in 
Fig. 5(c), was selected as an equivalent circuit for fitting/
simulation of EIS data. The Rct (± RSD) for CPE/porous 
CeO2 and BCPE were 430 (±2.8) and 2500 (±3.5) Ω, 
respectively. The considerable decrease in Rct of CPE/
porous CeO2 compared to BCPE is attributed to the 
higher electrical conductivity and continuous network 
of porous CeO2. Moreover, the lower Rct value for CPE/
porous CeO2 compared to BCPE indicates the facility of 
the electron transfer kinetics.

3.2. Electrochemical characterization of BCPE and 
CPE/porous CeO2  for determination of UA

Cyclic voltammetry was used to compare the 
electrodes’ responses toward UA. Fig. 6 shows the CVs 
of BCPE and CPE/porous CeO2. The BCPE shows broad 
and weak oxidation peaks for UA at 0.60 V. While the 
electrochemical performance of a bare CPE (BCPE) 
is not suitable for the stable determination of UA, the 
CPE/porous CeO2 shows a strong oxidation peak for 
UA at 0.57 V. As shown in this figure, the CVs of the 

oxidation peak potential of UA at the CPE/porous CeO2 

shifted in the positive direction compared to BCPE. 
The results show the electro-catalytic activity for the 
CPE/porous CeO2. Therefore, this electrode can be 
used for sensitive determination of UA. This excellent 
electro-catalytic activity is attributed to the presence 
of cerium ions with inter-convertible oxidation states, 
good electrical conductivity, and the high surface area 
of porous CeO2 [14].

3.3. The effect of scan rates

Cyclic voltammetry was performed at various scan 
rates to determine if the electrochemical reaction of 

Fig. 5. (a) Nyquist plot of BCPE in 0.1M KCl containing 5 mM 
Fe(CN)6

3-/4-, (b) Nyqyist plot of CPE/porous CeO2 in 0.1 M KCl 
containing 5 mM Fe(CN)6

3-/4-, (c) Rct values for BCPE and CPE/
porous CeO2 (the error bars represent the standard deviation of three 
parallel tests), (d) Equivalent circuit.
Rs: solution resistance, Rct: charge transfer resistance, W: Warburg 
element. CPE: Constant Phase Element. EIS was performed on a 
range of frequencies from 10 kHz to 0.1 Hz at an amplitude of 10 
mV, and it was superimposed on the formal potential of the redox 
probe (E0´= E1/2 = (Epa+Epc)/2, when Dox=Dred), which was calculated 
from cyclic voltammograms.

 

 Fig. 6. The CVs graphs of BCPE and CPE/porous CeO2 in 0.1M 
PBS (pH = 3) containing UA (100 µM). Inset shows peak currents 
for BCPE and CPE/porous CeO2.

 

 

Fig. 7. The CVs graph of CPE/porous CeO2 in 0.1 PBS (pH = 3) 
containing UA (10 µM at various scan rates (25 to 500 mV.s-1). Inset 
shows plots of anodic peak currents vs. square root of scan rate.
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value after 15 and 30 days, respectively. Therefore, the 
CPE/porous CeO2 presents excellent storage stability, 
superior reproducibility, and good repeatability, 
indicating its promising utility for precise analysis of 
UA. 

3.5. pH effect

pH is an important parameter in the electro-oxidation 
of bio-molecules as well as the electro-catalytic activity 
of electro-catalysts. Therefore, the effect of pH on the 
electro-chemical response of CPE/porous CeO2 to UA 
was investigated. The effect of pH on the CPE/CeO2 
electro-chemical response in 0.1 M PBS containing UA 
(70 µM) at various pH values is shown in Fig. 9. 

Contributing protons in the electro-chemical reaction 
causes the peak potential for UA to shift to negative 
potentials via an increase in solution pH. Moreover, 
Fig. 9 shows that UA’s highest peak currents were 
obtained at pH = 3. The linear relationship between the 
peak current and pH is illustrated in the Fig. 9 inset. The 
linear regression equations (Eq. (1)) is as follows;

E (pa,UA) (V) = 0.6904 (±0.01) – 0.0597 (±0.002) pH 
                         (r2 = 0.9955)                                                    (1)           

where, the slopes of the regression equations are close 
to the theoretical value of 0.0585 V/pH for a process 
that involves two electrons and two protons [24,25]. 
The likely electrochemical reaction of UA at the 

uric acid at the CPE/porous CeO2 is diffusion-controlled 
or surface-confined. In the former, the peak currents 
are directly proportional to the square root of the scan 
rate, and in the latter, the peak currents are directly 
proportional to the scan rate [24]. As shown in Fig. 7, for 
the UA peak, the currents are proportional to the square 
root of the scan rate, and the plot of peak currents (Ip) 
vs. the square root of scan rate (v1/2) is linear in the range 
of 25 to 500 mV.s-1, indicating diffusion-controlled 
processes for UA at sufficient over-potentials.

3.4. Repeatability, reproducibility, and storage stability

The relative standard deviation (%RSD) for ten 
replicate measurements of 0.5 and 50 µM UA were 2.4% 
and 2.8%, respectively, indicating good repeatability 
of the analytical signals of the CPE/ porous CeO2. 
In addition, Fig. 8 shows that the  %RSD of all UA 
concentrations is lower than 4% (n=3). 

Furthermore, to prove the reproducibility of the 
electrode preparation, five different modified electrodes 
were prepared and applied to measure two different 
concentrations of UA. The values of %RSD were 
2.8% for 0.5 µM and 3.2% for 25 µM, which proves 
the excellent reproducibility of signals of CPE/porous 
CeO2 toward UA. Furthermore, as shown in Fig. 8, the 
storage stability of the modified electrode was examined 
by analyzing a solution containing 140 µM in 0.1 M 
PBS after 0, 15, and 30 days. The results show that 
the response decreased to 97.0 and 95.5% of its initial 

Fig. 8. The differential-pulse voltammetry (DPV) graphs of CPE/
porous CeO2 in 0.1M PBS (pH = 3) containing UA (140 µM) after 
0, 15 and 30 storage days.

 
 

Fig. 9. The differential-pulse voltammetry (DPV) graphs of a 
solution containing UA (60 µM at CPE/porous CeO2 in 0.1M PBS) 
at various pH values (2-7). Inset (a) plots of peak potentials versus 
pH. Inset (b) peak currents versus pH.

 

 

a b 
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Fig. 11. The DPVs graphs of CPE/porous CeO2 in 0.1 M PBS (pH = 
3) containing increasing concentrations of UA. [UA]:0.25 - 300 µM. 
The inset shows the plot of anodic peak currents vs. concentration of 
UA. The error bars represent the standard deviation of three parallel 
tests (relative standard deviation (%RSD) was found to be < 4% for 
n = 3).

Table 1. Interference effect of foreign species in the electrochemical 
determination of UA (10 µM).
Foreign species 5% tolerable

 molar ratio*

Mg2+, Cr3+, Na+, K+, Ca2+,  NO3
-, Cl-, PO4

3-, SO4
2- >500

Glucose,  NO2
- >100

Ascorbic Acid, dopamine >15

Ibuprofen >12

Acetaminophen >10
*In a certain range of concentrations, an analyte has no interference if it 
causes a relative error less than or equal to ± 5 (%).

3.6. Voltammetric determination of UA

DPV is a more sensitive technique than CV because 
of the minimal contribution of the capacitive current. 
Therefore, voltammetric determination of UA was 
carried out using the DPV technique. Fig. 11 shows 
the calibration curves obtained by measuring the DPV 
peak currents for increasing concentrations of UA at the 
surface of CPE/porous CeO2. 

The observed linear concentration–response 
relationship was based on the linear relationships of ΔI 
= 0.41 (±0.01) [UA (µM)] + 0.33 (±0.11), (R² =0.9976) 
and ΔI = 0.063 (±0.002) ([UA (µM)] + 4.75 (±0.26), and 
(R² =0.9949) in the concentration ranges of 0.25 - 10 

surface of the CPE/porous CeO2 electrode should be 
a two-electron and two-proton process (Fig. 10) [26]. 
Eventually, pH 3.0 PBS was selected as the optimum 
pH for electro-catalysis of UA oxidation on the surface 
of the CPE/porous CeO2 electrode. 

Fig. 10. The electrochemical reaction of UA at the surface of the 
CeO2 electrode.
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and 10 - 300 µM, respectively. The smaller slope in the 
second linear segment is likely due to kinetic limitations 
[27]. The detection limit was calculated as 60 nM based 
on the relationship limit of detection (LOD = 3Sblank /m), 
in which Sblank demonstrates the standard deviation of 
blank signals (n = 10) and m is the slope of the calibration 
curve. Moreover, to investigate the selectivity of the 
CPE/porous CeO2 for UA, its electrochemical response 
toward UA in the presence of other coexisting species 
like ascorbic acid, ibuprofen, acetaminophen, and other 
interfering species was investigated. Results revealed 
that these species show no interfering effect in the 
voltammetric determination of UA. The outcomes are 
illustrated in Table 1. 

In addition, the electro-chemical response of CPE/
porous CeO2 toward UA was compared with recently 
published works [28-35]. As depicted in Table 2, 
in most cases, the proposed sensor shows a lower 
detection limit and broader linear concentration range, 
or in other cases, it shows comparable ones. It is worth 
mentioning that the proposed sensor was prepared by a 
simple, inexpensive, and fast method compared to other 
sensors that use expensive polymers, composites, and 
nanomaterials. Therefore, our sensor can be introduced 
as a promising alternative for determining UA. Like 
many solid electrodes, electrode fouling was a problem 
due to the accumulation of UA oxidation products. 
The advantage of the graphite paste electrode is when 
necessary, the electrode surface can be regenerated by 
pushing the graphite paste out of the glass tube and 
polishing it with weighing paper.

3.7. Analysis of real samples

To examine CPE/porous CeO2 for actual samples, its 
DPVs were taken in human urine and serum samples. 

Uric acid
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Table 3. Electrochemical determination of UA in diluted urine and 
serum samples with the proposed modified electrode and standard 
HPLC method (n = 3).
Sample Proposed method Standard method

Spiked

)µM(

Found*

)µM(

Recovery

)%(

Found*

)µM(

Recovery

)%(

Urine 0.0 8.2±0.3 - 8.4±0.4 -

5.0 12.9±0.5 97.7 13.3±0.6 99.2

50.0 59.1±1.3 101.5 59.2±1.5 101.4

Serum 0.0 2.5±0.1 - 2.4±0.1 -

5.0 7.2±0.3 96 7.6±0.3 102.7

50.0 53.1±1.5 101.1 52.1±1.8 99.4

*Mean ± standard deviation.

results obtained with the proposed method and those 
of the standard method, pointing out the validity of the 
results [37].

4. Conclusions 

Micro porous CeO2 can be prepared using the self-
propagation high-temperature method. Porous CeO2 
is a promising candidate for modifying a carbon paste 
electrode for  voltammetric determination of UA. 
Because of its high surface area and good electrical 
conductivity, porous CeO2 shows electrocatalytic 
activity towards the electro-oxidation of UA. In 
conclusion, CPE/porous CeO2 exhibits great potential as 
an electrocatalyst for sensing trace amounts of UA in real 
samples with satisfactory results. Moreover, modified 
electrodes with micro porous CeO2 can be tested for 
electrochemical detection of other pharmaceuticals in 
blood serum and urine samples and for monitoring the 
concentration of electroactive pollutants in waste water 
and river water samples.
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For this purpose, urine and serum samples were diluted 
200 and 60 fold with PBS (0.1M, pH = 3) without 
further pretreatment. As can be seen in Table 3, the 
concentration of UA in real samples was determined 
using the standard addition method. Moreover, a 
relative standard deviation (RSD) of less than 5% and 
appropriate recovery values (in the range of 99.2 -102.7) 
for spiked samples indicate that the modified electrode 
is suitable for the determination of UA. Additionally, 
the spiked and non-spiked samples were analyzed 
utilizing the standard HPLC method. As tabulated in 
Table 3, a good consistency was observed between the 

Table 2. Comparison of the proposed method with other electroanalytical methods for the simultaneous determination of UA.
Electrode Modifier Method pH Analyte Linear range

)µM(

Detection Limit

)µM(

Ref.

GCE a MWCNT@FC-2 DPV 6 UA 0.5-500 0.3 [28]

GCE b PEDOT-GO DPV 7.4 UA 40-240 10 [29]

GCE c PEDOT/PANI DPV 7 UA 3-100 0.41 [30]

CPE d CuO-rGR/1M3OIDTFB/CPE SWV 7.4 UA 0.4-400 0.08 [36]

GCE ZrO2/ZnO NPs DPV 7 UA 10-2400 0.29 [32]

GCE               e HMT-PMBI DPV 7 UA 5-200 7.7 [33]

GCE rGO/CS/Cr2O3 DPV 7 UA 10-500 0.8 [34]

GCE Ni-ZIF-8/N S-CNTs/ CS DPV 5.5 UA 1-600 0.41 [35]

CPE Porous CeO2 DPV 3 UA 0.25-10, 10-300 0.06 Present 
work

(a) multi-walled carbon nanotubes ferric ceria nanofibers (MWCNT@FC-2)
(b) Poly(3,4-ethylenedioxythiophene) graphene oxide (PEDOT-GO)
(c) poly(3,4-ethylenedioxythiophene) (PEDOT) / polyaniline (PANI)
(d) copper oxide decorated reduced graphene/1-methyl-3-octylimidazolium tetrafluoroborate (CuO-rGR/1M3OIDTFB/CPE)
(e) hexamethyl-pterphenyl poly (benzimidazolium) (HMI-PMBI).
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