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Abstract. A simple and selective electrochemical sensor for the determination of epinephrine (EP) was developed using
chemically reduced graphene oxide nanosheets (CRGO). The CRGO nanosheets were prepared using modified Hummer’s
method and the material was characterized using transmission electron microscope (TEM), X-ray diffraction (XRD), Fourier
transform infrared (FTIR) and UV–visible spectroscopy, respectively. The CRGO modified glassy carbon electrode (GCE)
was employed for the electrochemical studies on EP using cyclic voltammetry (CV). The modified electrode showed
significant catalytic activity compared to GO/GCE and bare GCE. The electron transfer kinetics revealed a two electron
transfer for all the electrodes with CRGO/GCE exhibiting a high heterogeneous rate constant (0.127 s−1 ). The detection
was carried out using differential pulse voltammetry (DPV) through reduction of epinephrine chrome to leucoepinephrine
chrome. The detection through the electrochemical reduction avoids the interference of similar analytes and improves the
selectivity of the sensor. The detection limit was found to be 1.6 µM with two different linear ranges viz. 10–300 and
400–1300 µM. Further, the electrode was subjected to stability, reproducibility and interference studies. The reliability of
the proposed sensor was tested in the presence of biological serum samples.
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1. Introduction
Epinephrine (1-(3,4-dihyroxyphenyl)-2-methylaminoethanol)
(EP) commonly known as adrenaline is an important
catecholamine and a neurotransmitter that plays a major role
in the human central nervous and hormone system. It is
released by the adrenal glands during physical or mental
stress conditions and initiates a series of chemical reactions
to counter the situation called ‘flight or fright’ response [1,2].
It causes an increase in heart rate and blood pressure. Also
it elevates the sugar metabolism by catalysing the process of
glycogenolysis, when released into the blood stream [3]. EP
has an umpteen number of clinical applications. For instance,
topical application of EP can be used to control skin and
mucous membrane haemorrhages [4]. EP injections can act
as either vasoconstrictors or dilators depending on the site
of administration [5]. Also, EP can be used to treat cardiac
arrest, croup, asthma, superficial bleeding, sepsis and anaphylaxis [6]. Abnormal concentration of EP in nervous tissue
and body fluids can lead to several diseases like hypertension,
multiple sclerosis and Parkinson’s disease [7]. Hence, it is

vital to develop a sensor and monitor the level of EP. EP, being
an electroactive molecule can be easily detected electrochemically. Electrochemical methods offer unique characteristics,
such as simplicity, high sensitivity, selectivity and cost
efficiency [8] compared to conventional methods like spectrophotometry [9], fluorimetry [10], electroluminescene [11]
or high performance liquid chromatography (HPLC) [12].
However, EP often co-exists with ascorbic acid (AA) and
uric acid (UA), which share similar oxidizing potential at the
bare electrode. Moreover, the bare electrode is usually passivated/fouled owing to the accumulation of oxidized products
on the electrode surface. Hence, the practice of modifying the
bare electrode came into existence to prevent the electrode
from fouling and to enhance the selectivity of the sensor. Normally, nanomaterials like metals [13], metal oxides [14] and
nanocomposites [15,16] are used as modifiers to enhance the
electron transfer kinetics and thereby, improving the performance of the sensor.
The two-dimensional nanomaterials have gained much
interest due to their uniformly exposed crystal lattice compared to other materials, such as nanoporous materials, nanotubes or nanowires. Also, the number of active sites increases
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with catalyst mass loading [17,18]. Graphene, one of the
recently explored two-dimensional nanomaterials is a single
atomic layer of graphite with sp2 -hybridized carbon atom. It
has typically a zero band gap and hence called a semi-metal. It
has been given greater importance compared to other carbonbased materials, because of its unique properties like high
theoretical surface area (2630 m2 g−1 ) and electrical conductivity (106 S cm−1 ) [19]. Graphene along with other materials
has been increasingly employed as nanocomposites to detect
EP [20–22]. Till date, numerous nanocomposite-modified
electrodes have been developed for the simultaneous detection
of EP along with dopamine, UA, AA, acetaminophen (AP),
tryptophan (Trp), etc. To name a few, Taleb et al [23] recently
developed an alumina/graphene/Cu hybrid structure to simultaneously determine EP, AP and Trp. Distinct oxidation peaks
at 0.244, 0.444 and 0.709 V corresponding to oxidation of EP,
AP and Trp, respectively, were observed. Also, Lavanya et al
[24] developed a SnO2 /Gr electrode for the detection of EP in
the presence of AA and UA. The electrode was able to detect
low concentrations of EP (0.017 µM) and UA (0.28 µM). In
addition, several other graphene-based sensors were developed for the detection by studying their oxidation reaction
of EP. However, detection of EP through reduction process
is also feasible, which can possibly eliminate all the above
mentioned interferrants.
As the most important precursor to graphene, graphene
oxide (GO) has developed interest due to its good solubility owing to the presence of multiple functional groups. It
is the product of exfoliation of graphite flakes and displays
useful properties like mechanical stability, water dispersibility and surface modification [25]. GO naturally possesses low
electron conductivity and also retain graphene-like behaviour.
Chemical reduction of GO is an efficient method to remove
epoxy/hydroxyl functional groups. Theoretically, this in turn
should enhance the sheet conductivity as the C/O ratio
increases [26]. Although various graphene-based nanocomposites were employed earlier for the sensing of EP, the basic
kinetics of chemically reduced graphene oxide (CRGO) and
its precursors towards EP have not been explored much. Furthermore, the reduction peak was used to quantify the analyte,
which not only decreases the EP adsorption on to the electrode, but also avoids the interference from UA and AA.
In this work, a glassy carbon electrode modified with
CRGO was used for the electrochemical detection of EP.
The electrocatalytic activity and the kinetics exhibited by the
modified electrode towards EP detection was investigated in
detail, which showed superior performance over GO and bare
electrode.

2. Experimental
2.1 Reagents and apparatus
Graphite powder (Alfa Aesar), potassium permanganate
(KMnO4 ) (Sigma, Aldrich), HCl (Sigma, Aldrich), H2 O2
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(AR, Ranbaxy), EP (Alfa Aesar,) KNO3 (Loba Chemie),
KCl (Loba Chemie). Chemicals such as K2 HPO4 (≥98%),
KH2 PO4 (≥98%), sodium nitrate, hydrazine hydrate, glucose, lactate, urea, UA, AA and ethanol were purchased from
Merck. Phosphate buffer solution of 0.1 M (PBS, pH 7.4) was
prepared by mixing stock standard solutions of KH2 PO4 and
K2 HPO4 . All the solutions were prepared with distilled water
and used for the studies.
2.2

Preparation of CRGO

Graphene oxide was prepared by the oxidation of graphite
flakes using modified Hummer’s method illustrated elsewhere
[27]. Briefly, 1 g of graphite powder was added to a pre-cooled
mixture of 20 ml sulphuric acid and 1 g of NaNO3 mixture.
To this, 5 g of KMnO4 was slowly added under vigorous
stirring in ice-cold condition to avoid rapid release of heat.
The mixture was then continuously stirred for 2 h at 35◦ C so
as to oxidize graphite completely. To this, 40 ml of deionized
water was added to quench the reaction and the temperature
was raised to 95◦ C and maintained for 15 min. Further, the
mixture was diluted with water, brought to room temperature
and 5% of H2 O2 was added slowly to it. The resulting solution
was washed with 5% dil. HCl to remove metal impurities
and distilled water to raise the pH to 7. Finally, purified GO
powders were obtained after drying in a hot air oven at 90◦ C.
For the preparation of CRGO, 0.5 g of GO was dispersed in
100 ml of water followed by the addition of 100 µl of 8.5%
hydrazine hydrate. The resulting mixture was heated at 80◦ C
and maintained at the same temperature for 6 h. The solution
was then filtered, washed with water and ethanol and dried
under vacuum in room temperature.
2.3 Material characterization
The morphologies of GO and CRGO were characterized using
transmission electron microscope (TEM) from JEOL JEM
2100, Japan. The absorption spectrum was recorded using
UV-visible spectrophotometer from Schimadzu, Japan. The
X-ray diffraction (XRD) pattern was recorded from Bruker
DS Advance with CuKα as radiation source with a wavelength
of 1.54 Å. The FTIR spectrum was recorded from Schimadzu
IR affinity 1s, Japan.
2.4 Electrochemical studies
The electrochemical studies, such as cyclic voltammetry (CV)
and differential pulse voltammetry (DPV) were made from a
three-electrode cell configuration using Biologic Potentiostat,
Multichannel VSP 400. The glassy carbon electrode (GCE)
was used as working electrode and the Pt wire and Ag/AgCl
(3 M KCl) were used as counter and reference electrodes,
respectively. For the modification of GCE, 10 µl of GO/CRGO
(1 mg in 1 ml of ethanol) was drop-casted on the surface
of GCE and allowed to dry at room temperature. The electrochemical behaviour of GO and CRGO was carried out
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using CV from 0.1 M KNO3 and 5 mM K4 (Fe(CN)6 ) in
the potential range of −0.2 to 0.8 V at a scan rate of 50
mV s−1 . The electrocatalytic property of the electrodes was
analysed using CV from a solution of 0.1 M PBS and 0.1
mM EP between − 0.4 to 0.6 V at a scan rate of 50 mV
s−1 . The detection of EP was performed using DPV at a
potential range of 0 to −0.4 V and the parameters like pulse
width, pulse amplitude and pulse period were optimized at
0.05 s, 0.05 V and 0.5 s, respectively. The performance of
the sensor in the presence of interfering agents such as UA,
AA, glucose, urea, lactate and KCl was also studied using
DPV.
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3. Results and discussion
3.1 Morphology and structural characterization
TEM images of GO, CRGO and its corresponding selected
area electron diffraction (SAED) pattern are shown in figure 1.
The figure 1a displays a transparent sheet-like morphology
indicating the presence of few layers of GO. The SAED
pattern in figure 1b shows clear diffraction spots that are
characteristic of crystalline order in GO; the 6-fold pattern
is consistent with a hexagonal lattice. Figure 1c exhibits
the graphitic nature of CRGO manifested by wrinkles and

Figure 1. TEM images of (a) GO, (c) CRGO and (b & d) their corresponding SAED patterns.
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Figure 2. UV–vis spectrum of (a) GO and (b) CRGO, respectively.

Figure 3. XRD patterns of (a) GO and (b) CRGO, respectively.

folds due to the removal of oxygen functional groups. The
corresponding SAED pattern (figure 1d) shows a diffused
diffraction pattern suggesting the disordered structure of
CRGO. Further, the reduction process of GO was also confirmed using UV–Vis spectroscopy shown in figure 2. The
spectral band of GO shows two maxima: a band at 239.1 nm
can be assigned to the  → * transition of the aromatic
C=C bonds and the shoulder peak at 303.4 nm corresponds
to the n → * transition of C=O bonds. The absorption
peak of CRGO corresponding to  → * transition of aromatic C=C showed a red shift to 284.7 nm indicating the
reduction of GO and the restoration of C=C bonds. Also, the

colour change from brownish yellow to black after chemical
reduction is also an indication for the formation of CRGO.
Figure 3 shows the XRD patterns of GO and CRGO. As can
be seen in figure 3a, the (001) crystal plane of GO at 10◦
was evident, which is typical characteristic of GO. The different d-spacings of GO depend on its degree of oxidation.
The peaks at 26.0 and 42.0◦ are due to incompletely oxidized graphite sheets and figure 3b portrays peaks at 25.8 and
42.8◦ corresponding to (002) graphitic lattice planes indicating the formation of network of sp2 -like carbon structure. The
FTIR spectrum of GO and CRGO is shown in figure 4. For
GO (figure 4a), a strong band appears at 3364 cm−1 , which
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Figure 4. FTIR spectrum of (a) GO and (b) CRGO, respectively.

corresponds to the stretching vibration of –OH bond and the
peak at 1717 cm−1 arise due to the C=O stretching. So, it
can be inferred that the FTIR spectrum indicates the functionalization of the GO nanosheets. Similarly, the peaks at
1603, 1220 and 1054 cm−1 correspond to the C=C, C–OH and
C–O groups, respectively. Figure 4b shows the FTIR spectrum of CRGO obtained from the reduction of GO. Herein,
the hydroxyl and carbonyl peaks are absent, which indicates
the reduction of GO to CRGO. The peak at 1522 cm−1 belongs
to the C=C group and the peak at 1145 cm−1 corresponds to
the C–OH group, which shows the presence of residual functional groups on the CRGO plane. These results were found
to be consistent with the earlier report by Pan et al [28].
3.2 Electrochemical characterization of the modified
electrodes
To evaluate the electrochemical properties of CRGO- and
GO-modified GCE, CV was employed. The CV response to
GO/GCE and CRGO/GCE was recorded from a solution of
0.1 M KNO3 and 5 mM K4 (Fe(CN)6 ) as shown in figure 5. The
current response of CRGO/GCE was twice that of GO/GCE,
which can be attributed to the high electron conductivity and
the larger surface area. The electrochemical active surface
area of the modified electrodes was estimated using Randles–
Sevcik equation [29]:
Ip = 2.65 × 105 n 3/2 ACD1/2 ν 1/2 ,

(1)

whereIp is the peak current (mA), n the number of electrons,
A the electrochemical effective surface area of the electrode
(cm2 ), C the concentration of K4 (Fe(CN)6 ) (mol cm−3 ), D the
diffusion coefficient (7.6 × 10−6 cm2 s−1 ) and ν the scan rate

Figure 5. Cyclic voltammetric response on GO/GCE and
CRGO/GCE from a solution of 0.1 M KNO3 and 5 mM K4 (Fe(CN)6 )
at scan rate 100 mV s−1 .

(V s−1 ). The active surface area for GO/GCE and CRGO/GCE
was found to be 0.139 and 0.238 cm2 , respectively.
3.3 Electrochemical studies of EP on CRGO/GCE
The electrochemical studies on CRGO/GCE were studied
using CV in 0.1 M PBS (pH 7.4) as shown in figure 6. In
the absence of EP, the modified electrode shows only the
capacitive current. With the addition of 100 µM EP, the first
forward CV scan yielded an anodic peak at 0.168 V (provided
in figure S1 of the supporting information) which corresponds
to the oxidation of EP to epinephrine quinone. During the
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Figure 6. Cyclic voltammetric response on GO/GCE and
CRGO/GCE from a solution of 0.1 M PBS and 0.1 mM EP at a
scan rate of 100 mV s−1 .

reverse scan, a cathodic peak at −0.224 V appeared, which
corresponds to the reduction of leucoepinephrine chrome to
epinephrine chrome via a cyclization process. During the
second cycle, another anodic peak at −0.188 V appears,
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which corresponds to the oxidation of epinephrine chrome.
Similar behaviour was observed by Goyal et al [30] on
MWCNTs/EPPG. It was observed that the leucoepinephrine
chrome/epinephrine chrome redox couple is a pH-dependent
phenomenon. At pH 7.2, the quinone undergoes cyclization
by deprotonation forming leucoepinephrine chrome, which is
not favourable in acidic pH [30]. The redox reaction of EP is
shown in scheme 1. Compared to GO/GCE, the CRGO/GCE
attained high peak current and the peak potentials shifted
negatively suggesting excellent performance of CRGO/GCE
towards EP. The high catalytic activity can be attributed to
high surface area of CRGO nanosheets (as inferred from section 3.2). From figure 6, it can be noted that CRGO exhibits
high background current compared to GO and bare GCE.
Recent studies suggest that GO due to the presence of oxygenated functional groups exhibit high resistance/insulating
characteristics that hinder the electrochemical activity [31].
On the other hand, CRGO has negligible oxygen-based
functional groups retaining significant hydrophilicity, which
further increases the penetration of aqueous electrolyte. This
leads to the increase in utilization of active surface area of
CRGO resulting in high catalytic activity. Since the oxidation
of EP at CRGO/GCE takes place at a potential that is shared
by many other electroactive compounds like dopamine, UA
and AA, the kinetic studies and the detection thereafter were
studied based on the reduction of epinephrine chrome to
leucoepinephrine chrome.

Scheme 1. The mechanism of oxidation of epinephrine to epinephrine chrome.
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Figure 7. (a) Cyclic voltammetric response on CRGO/GCE from a solution of 0.1 M PBS and 0.1 mM EP at different scan rates.
(b) The corresponding calibration plot. (c and d) Plot between E pc vs. ln(ν) and E p vs. ln(ν).

3.4 Kinetic studies
The influence of scan rate on the oxidation of EP on
CRGO/GCE was studied using CV in the range of 100–1000
mV s−1 from a solution of 0.1 M PBS containing 100 µM
EP as shown in figure 7a. The reduction peak current varied
linearly with the scan rate as seen in figure 7b, suggesting
an adsorption-controlled process. Similar studies were made
for GO/GCE and bare GCE (provided in figures S2 and S3
of supporting information), which also displayed an adsorption controlled reaction. To determine the number of electrons
involved during the redox process and also to deduce the
kinetic parameters, such as electron transfer coefficient and
the heterogeneous electron transfer rate, Laviron’s equation
was employed. The number of electrons (n) was calculated
using the equation (2) [32]:
Ip = nFQυ/4RT,

(2)

where Ip is the reduction peak current (μA), F the Faraday’s
constant (96500 C mol−1 ), Q the charge (C), R the gas constant (8.314 J K−1 mol−1 ) and T the temperature (K). The
electron-transfer coefficient (α) was calculated from the slope
obtained from the plot of E pc vs. ln (ν) shown in figure 7c. The
underlying equations are as follows:

RT
(1 − α)n F
RT
In
+
In ν
(1 − α)n F
RT ks
(1 − α)n F
(3)
αn
F
RT
RT

In
In ν,
(4)
= Eo −
−
αn F RT ks
αn F


E pa = E o +

E pc

Subsequently, the electron transfer rate constant (ks ) was
deduced from the plot of E p vs. ln(ν) (figure 7d) using
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Table 1. Electrokinetic parameters for reduction of EP on
different electrodes.
Kinetic parameters
n

α

ks (s−1 )

1.91
1.92
1.88

0.8815
0.7852
0.7021

0.097
0.112
0.127

Electrode
GCE
GO/GCE
CRGO/GCE

the following equation:
E p =


RT
RT
α ln (1 − α) + (1 − α) ln α −
(1 − α)αn F
nF

RT
− ln ks +
ln ν,
(5)
(1 − α) αn F

where E p is the oxidation and reduction potential differ
ence, E o the formal reduction potential (V) and ks is the
standard heterogeneous rate constant (s−1 ), respectively. The
parameters pertaining to the kinetics of the redox reaction
at three different electrodes, namely bare GCE, GO/GCE
and CRGO/GCE were estimated and given in table 1. From
table 1, it can been realized that all the electrodes generate
~2 electrons, which is the theoretical number of electrons
transferred during the redox process of EP. Also, CRGO/GCE
offered a higher electron transfer rate constant compared to
bare and GO/GCE. This can be attributed to the presence of
high surface area, edge planes and structural defects in CRGO,
which operate as active sites for rapid electron transfer.
3.5 DPV analysis
DPV is a highly sensitive technique and was used for the
detection of EP. From the CV studies, it is inferred that the
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oxidation of EP occurs at a potential, which is shared by many
other electroactive interference molecules. Also, the reduction
of EP portrays a single peak, unlike the double oxidation peak.
Considering the above two facts, the reduction process of EP
was chosen for sensing. The DPV curves pertaining to the
increasing concentration of EP is shown in figure 8a. From the
plots, it is evident that with the increase in concentration, the
reduction current also increased. Also, from the calibration
plots (figure 8b), two linear ranges were observed (10–300
and 400–1300 µM). The limit of detection (LOD) was found
to be 1.6 µM by using the equation LOD = 3S/m, where S is
the standard deviation of the blank response and m is the slope
of the calibration plot (0.0011). The LOD and the linear range,
thus obtained was comparable to various other reported values
in the literature as shown in table 2. The superior performance
of the sensor can be inferred with respect to other reported
literature. Although the LOD was found to be low compared
to other CRGO-based nanocomposites [20,34], they exhibit
good linear range.
3.6 Interference study
The effect of interference of biomolecules in the detection of
EP was studied using DPV. In principle, interfering agents
for any particular analyte are chosen by realizing their real
time applications. In the present case, EP, a neurotransmitter
is present along with other molecules such as DA, UA, AA
and glucose in human body fluids. Hence, the effects of the
abovementioned interfering agents in the detection of EP were
found. Among them, the most common interfering agent for
EP is DA, another electroactive neurotransmitter. To exhibit
the selectivity of CRGO/GCE towards EP, a binary mixture
containing equimolar concentrations of EP and DA was analysed using DPV and the resulting voltammogram is shown

Figure 8. (a) DPV response on CRGO/GCE from a solution of 0.1 M PBS and different concentrations of EP. (b) The corresponding
calibration plot.
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Comparison of CRGO/GCE with other nanocomposites reported in the literature.

Electrode
ERGO–CB/SPCE
Cdots/GCE
CTAB–SnO2 /GCE
AgNPs–SiO2 –GO/GCE
SnO2 /graphene/GCE
OMC/GCE
Au nanotube
Au–Ag
CRGO/GCE

Type of detection

Limit of detection (µM)

Linear range (µM)

Ref.

Reduction
Reduction
Reduction
Reduction
Oxidation
Oxidation
Oxidation
Oxidation
Reduction

1.8
0.006
0.01
0.27
0.017
0.94
2.81
5.05
1.6

9.9–95
0.05–2
0.1–250
2–80
0.2–200
4–100
10–150
25–700
10–300; 400–1300

[33]
[34]
[35]
[36]
[20]
[37]
[38]
[39]
This work

ERGO, electrochemically reduced graphene oxide; Cdots, carbon quantum dots; CTAB, cetyltrimethyl ammonium bromide; GO, graphene oxide;
OMC, ordered mesoporous carbon.

Figure 9. (a) DPV response on CRGO/GCE for EP and DA from a solution of 0.1 M PBS and (b) the bar plots depicting the interference
behaviour of various compounds in the detection of EP.

in figure 9a. Two distinct reduction peaks were observed
pertaining to the reduction of DA at 0.15 V and reduction
of EP at −0.22 V. A peak separation of ~370 mV was witnessed in the DPV curve, which clearly depicts the selectivity
of CRGO/GCE. Other potential interfering agents like AA,
UA, lactate, glucose, urea and ions like K+ and Cl− were
mixed with 100 µM EP and the detection was carried out
using DPV. From figure 9b, it can be realized that there was
no significant change in current for 100 µM EP even with the
addition of five times of the concentration of interferrents. The
analysis of EP in the negative potential region is an advantage
as it eliminates the effect of interfering agents.

for 100 cycles (figure S4 of the supporting information). There
is no marked change in the response between the first and
the 100th cycle, which proves that the electrode displays a
good repeatability for the sensing of EP. The reproducibility
studies were carried out on CRGO/GCE by storing at room
temperature and the peak current for 100 µM EP was measured for a period of 1 week. The electrode was able to retain
around 80% of the initial current after the end of the week. The
above results revealed excellent reproducibility and stability
of CRGO/GCE towards EP detection.

3.7 Repeatability and reproducibility

To evaluate the feasibility of the proposed sensor, the determination of EP was carried out in serum samples. The serum
samples were diluted (ratio of 1:50) in 0.1 M PBS and the estimation of EP was carried out using standard addition method.
Different concentrations of EP were added and the obtained
peak current was compared with the calibration plot obtained

Two major characteristics that determine the sensor performance are the repeatability and reproducibility. The repeatability of the CRGO/GCE was assessed by measuring the redox
current generated by the electrode for 200 µM EP using CV

3.8 Determination of EP in serum samples
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Determination of EP in human serum samples.

Sample

Amount of EP
added (µM)

Serum

50
100
150

Amount of EP
recovered (µM)

Recovery
(%)

56.1
94.15
106.35

112.2
94.15
70.9

in figure 8b. The estimated amount and the corresponding
recovery values are shown in table 3. The recovery values
varied from 112.2 to 70.9%, indicating satisfactory performance of the sensor. It is seen that as the concentration of EP
increases from 50 to 150 µM, the recovery decreases to 70%.
It is well known that serum sample contains proteins, electrolytes, antibodies, etc. that has the tendency to be adsorbed
on the electrode surface. As the concentration is increased,
two competing adsorption processes may occur such as:
(i) adsorption of serum constituents and (ii) adsorption of
oxidized products of EP. This may result in possible decrease
in the recovery value with increase in the concentration of EP.

4. Conclusion
The CRGO was prepared by the modified Hummer’s method
and was employed for the detection of EP. CRGO exhibited enhanced electro-catalytic properties compared to bare
GCE and GO/GCE, which is attributed to the increased surface area, presence of more number of edge/plane sites and
structural defects. Also, the existence of residual oxygen functional groups on CRGO facilitates the adsorption of EP on the
electrode surface, thereby increasing the electron conductivity/sensitivity of the sensor. The kinetic study revealed a two
electron transfer reaction with high catalytic rate constant for
CRGO. The CRGO/GCE showed a detection limit of 1.6 µM
and linear ranges of 10–300 and 400–1300 µM. The sensor
showed a good selectivity for EP in the presence dopamine
and other interfering agents. Also, the validity of the sensor
was tested in presence of serum samples.
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