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ABSTRACT

In this work, a novel electrochemical sensor based on graphene nanoplatelets (GNPs) film was designed
and prepared to detect rifampicin. GNPs were dispersed in deionized-distilled water, and the suspen-
sion was modified onto the surface of glassy carbon electrode (GCE) by a drop-coating process. Cyclic
voltammetry (CV) and differential pulse voltammetry (DPV) were used to investigate the electrochemi-
cal behaviors of rifampicin on modified electrode with GNPs (GNPs/GCE). Several factors affecting the
current response of rifampicin, including the types and concentration of support electrolyte solutions,
the volume of GNPs solutions were investigated. Under the optimized conditions, the proposed GNPs/
GCE showed a good response and recognition effect for rifampicin in sulfuric acid electrolytes. In the
range of 10°uM to 100 uM, the modified electrode could achieve a good linear effect with a good coeffi-
cient of determination (R?=0.996), and the limit of detection reached 0.5 nM. It could be used as a simple,
fast and sensitive electrochemical sensor system for the detection and quantification of rifampicin.

Keywords: Electrochemical sensor; Graphene nanoplatelets; Rifampicin; Differential pulse

voltammetry

1. Introduction

The widespread use of antibiotics has caused seri-
ous problems of bacterial resistance, which has gradually
threatened the health of humans and other organisms [1,2].
On the other hand, the abuse of antibiotics can even induce
antibiotic resistant bacteria [3]. Drug monitoring plays
an important role in drug quality control and has a great
impact on public health [4]. Rifampicin (RIF), 3-[(4-meth-
yl-1-piperazinyl) imino] methyl rifamycin (Fig. 1) belongs
to the class of macrocyclic antibiotics, and it is one of the
most effective tuberculostatic agents against mycobacte-
rium strains. RIF has been used for the treatment of several
serious infectious such as tuberculosis, leprosy and HIV [5].
RIF has also been widely used in the treatment of a variety
of bacterial infections, although it can cause some adverse
effects such as nausea, liver poisoning, and allergic rash.
The mechanism of drug function is related to RIF’s ability
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of inhibiting bacterial DNA-dependent RNA polymerase
[6]. Due to the essential effect on numerous pathological
processes of RIF, various methods have been developed
to detect and quantify RIF, such as enzyme-linked immu-
nosorbent assay (ELISA) [7], capillary electrophoresis (CE)
[8], ultraviolet visible spectrophotometry (UV) [9,10], lig-
uid chromatography (LC) [11,12], wireless magnetoelas-
tic-sensing device [13], flow-injection chemiluminescence
[14] and voltammetry [15], electrochemical sensing [16],
and other integrated methods. For ELISA, it is difficult to
prepare antibody, detect small or unstable compounds and
realize high selectivity. CE and UV were not highly sensi-
tive and reproducible, therefore, they should be equipped
with highly sensitive detectors and the samples need to be
pretreated. LC was susceptible to matrix interference, base-
line drift, and multiple interference peaks, especially in the
detection of complex systems. The wireless magnetoelas-
tic-sensing device was greatly affected by magnetic fields
and a strict detection environment was usually required
[13]. It is very difficult to select a suitable chemilumines-
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Fig. 1. Chemical structure of RIF.

cent reagent for flow-injection chemiluminescence method
although it seems more sensitive [14]. The voltammetry is
not a very accurate method and the systematic error was
relatively large. For many of the reported technologies,
extensive pre-purification, time-consuming and complex
equipment are the main realistic limitations. Obviously,
highly operational, fast, effective, and selective analytical
techniques for determining RIF are expected.

Due to their high sensitivity, low cost, simplicity, sta-
bility, miniaturization, less time-consuming and environ-
ment-friendly, electrochemical methods have aroused
considerable interest [17]. With the increasing development
of modified electrodes, the reactivity, sensitivity and selec-
tivity of the electrochemical methods have been greatly
improved. Recently, a variety of materials such as surfac-
tant , metal nanoparticles [18,19], carbon materials, and
conducting polymers [20] have been used to modify elec-
trodes and applied to detect RIF.

In recent years, the application of carbon nanomateri-
als in the electrochemical sensor has attracted great atten-
tion [21-28]. As the basis of carbon-based nanomaterials,
graphene is a one-atom-thick carbon nanomaterial which is
composed of sp>-bonded carbon atoms arranged in a two-di-
mensional (2D) honeycomb lattice [29-32]. Due to the high
specific surface area (theoretical monolayer graphene 2630
m? g™'), unique morphology [31,33-36], a large number of
edges and defects in the planar, high electron transfer rate
(15,000 cm? V' s71), high structural stability, strong mechan-
ical strength, excellent thermal conductivity and electrical
conductivity, graphene is an ideal material for electrochem-
ical sensing and biosensing [37-39]. Graphene oxide (GO)
possesses abundant oxygen-containing functional groups
such as hydroxyl, epoxy, carboxyl and carbonyl due to the
chemical exfoliation of layered flake graphite using potas-
sium permanganate (KMnO,) and strong acids including
sulfuric acid (H,5SO,) and phosphoric acid (H,PO,) [40-42].
The damaged extended sp? conjugate network can be seen
on the surface of GO. Graphene nanoplatelets (GNPs) can
be manufactured in large scale and less structural damages
are generated to their graphitic structures [43,44]. Com-
pared with GO, GNPs possess better electrical conductiv-
ity and higher temperature corrosion resistance. And the
combination of GNPs with other materials would obtain
composites with some novel properties such as high con-
ductivity, good dispersibility, and prominent thermal
stability [16]. For example, Rastgar et al. have fabricated
nickel hydroxide nanoparticles-reduced graphene oxide

[Ni(OH),~rGO] modified GCE by a layer-by-layer electro-
chemical deposition method for highly sensitive sensing
of RIF in aqueous solution [45]. However, the procedure
for the preparation of the modified electrode was relatively
complex, costly and time consuming. As a consequence, it
is still necessary to develop simple, sensitive and accurate
methods for fabricating novel modified electrodes. The
fabrication of modified GCE by the drop-coating process
was relatively more facile, faster, more time-saving and sta-
ble, which has attracted more and more attention in recent
years [46,47].

In the present work, we developed a simple and ver-
satile electrochemical sensor for sensitive detection of RIF.
GNPs were dispersed in deionized-distilled water, and
the suspension was modified onto the surface of GCE
by a drop-coating process to obtain GNPs modified GCE
(GNPs/GCE) (Fig. 2). The GNPs and GO were both charac-
terized by Fourier transform infrared (FTIR) spectroscopy,
Raman spectroscopy, scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and X-ray photo-
electron spectroscopy (XPS). Cyclic voltammetry (CV) and
differential pulse voltammetry (DPV) were used to investi-
gate the electrochemical behaviors of RIF on GNPs/GCE.
Impressively, GNPs/GCE exhibits good electrochemical
performance and superior stability in sulfuric acid electro-
lytes. The experimental conditions are optimized, and the
response of RIF on GNPs/GCE is also studied in detail. The
fabricated GNPs/GCE could be used for detection of RIF in
capsule with very low relative standard deviation.

2. Experimental
2.1. Chemicals and reagents

Graphene Nanoplatelets (GNPs) with purity of 99.5
wt.%, thickness of 4-20 nm, and diameters of 5-10 pm, were
purchased from Chinese Academy of Sciences Chengdu
Organic Chemistry Co., Ltd. (Chengdu, China). RIF (95%
purity) was provided by Shanghai Chemical Reagent Co.,
Ltd. (Shanghai, China). Phosphoric acid (H,PO,), concen-
trated sulfuricacid (H,SO,), concentrated nitricacid (HNO,),
acetic acid (CH,COOH), sodium dihydrogen phosphate
dehydrate (NaH,PO, 2H,O), disodium hydrogen phos-
phate dodecahydrate (Na,HPO, 12H,0), Boric acid (H,BO,)
and methanol were obtained from Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China). Alumina polishing
powder was bought from Lab Testing Technology Co., Ltd.
(Shanghai, China). Potassium ferricyanide (K ,Fe(CN),) was
supplied by Tianjin Broadcom Chemical Co., Ltd. (Tianjin,
China). Sodium hydroxide (NaOH) was purchased from
Beijing Chemical Works. (Beijing, China) All reagents were
of analytical grade and used without further purification.
The aqueous solutions were freshly prepared using double
distilled water. Stock solution of RIF (1.0 mM) by adding a
small amount of methanol dissolved with ultra-pure water
constant volume. The working solutions were prepared
by diluting the stock solution with 0.1 M sulfuric acid. In
these experiments, RIF capsules (0.15 g per capsule) were
acquired from China Pharmaceutical Group Wuhan Zoom-
lionSiyao Pharmaceutical Co., Ltd. (Wuhan, China). Each
sample was measured three times in parallel and the rela-
tive standard deviation (RSD) was calculated. Electrochem-
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Fig. 2. The preparation of GNPs/GCE and the electrochemical behaviors of RIF on the GNPs/GCE.

ical experiments were performed in sulfuric acid solution
(H,SO,, 0.1 M) as the supporting electrolyte. GO was pre-
pared according to the previously reported method by our
group [48-50].

2.2. Characterization

The morphologies of GO and GNPs were observed on
a field emission scanning electron microscopy (FE-SEM,
TESCAN MIRA3 LMH/LMU, Czech) and high resolution
transmission electron microscopy (HR-TEM, JEM-2100F,
JEOL Ltd., Tokyo, Japan). Fourier transform infrared
(FT-IR) spectra were collected on a Bruker Model 12 IFS
66v /s spectrophotometer. The functional groups of GO
and GNPs were analyzed by FT-IR spectroscopy (Thermo
Electron Inc., San Jose, USA), and the powder samples
were homogenized with the potassium bromide (KBr) and
then pressed into a transparent sheet and scanned in the
wavenumber range of 400-4000 cm™. Raman spectra was
collected at room temperature with a LabRAM HR high
resolution Raman spectrometer (Horiba—Jobin Yvon) using
a He-Ne laser (A = 632.8 nm). The analyses of the chemi-
cal components on the sample surfaces were performed
on an X-ray photoelectron spectrometer (model 5300, Per-
kin-Elmer Corp, Instruments Div, Norwalk, Connecticut),
and the X-ray photoelectron spectra (XPS) were recorded
with Mg or Al X-ray source at the energies of 1486.6 eV
or 1253.6 eV, respectively. Electrochemical measurements
were performed using a CHI660E Electrochemical Work-
station (Chenhua Instrument Co., Ltd. Shanghai, China)
with a classical three-electrode system. A glassy carbon
electrode (GCE, diameter: 3.0 mm), a saturated Ag/AgCl
electrode and a platinum wire were used as the working
electrode, the reference electrode, and the counter elec-
trode, respectively.

2.3 Fabrication of GNPs/GCE and GO/GCE

The as-received GNPs were dispersed in water under
ultrasonic treatment to form a uniform suspension with the
concentration of 2 mg mL™. Prior to modification, a bare
glassy carbon electrode (3 mm of diameter) was carefully
polished to form a mirror-like surface with 0.05 pm alumina
slurry on micro-cloth pads, and then ultrasonically cleaned
in distilled water for 2 min. After the electrode was allowed
to dry under a stream of nitrogen (N,), it was then immersed
in 1 mM of K,Fe(CN), (containing 0.1 M KCI) and scanned in
the potential range from 0 to +0.6 V (vs. Ag/AgCl) until the
peak potential separation (E ) of CV profiles less than 80 mV.
And then the GCE was dried again under a N, flow. GNPs/
GCE modified electrode was prepared by dropping 9 uL of
GNPs suspension onto the GCE surface using a micropipette
followed by air-drying. And the GO modified glassy carbon
electrode (GO/GCE) was prepared in the same manner.

3. Results and discussions
3.1. Characterizations of GNPs
3.1.1. FT-IR spectroscopy

GO and GNPs were characterized with FT-IR spec-
tra (Fig. 3). As we can see in Fig. 3A, the spectrum of GO
shows absorption bands at 3402 cm™, 1734 cm™, 1620 cm™
and 1114 cm™, which are ascribed to stretching vibrations
of -OH, C=0 bond of carboxyl groups, C=C of the benzene
ring, and C-O-C bond of the epoxy groups, respectively.
The absorption peak at 1394 cm™ corresponds to the dis-
torting vibration of the -OH functional group. These char-
acteristic peaks indicate that the surface of the GO contains
abundant oxygen-containing functional groups. As shown
in Fig. 3B, the spectrum of GNPs shows stretching vibration
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Fig. 3. FT-IR spectra of the materials: (A) GO; (B) GNPs.

of -OH (broad peak at 3430 cm™), stretching vibration of
C=C bond of the benzene ring (at 1630 cm™), and asymmet-
rical stretching of C-O-C (at 1016 cm™). In comparison with
GO, the relative intensities of the characteristic absorption
peaks of oxygen-containing groups of GNPs decreased dra-
matically or even disappeared.

3.1.2. Raman spectroscopy

Raman spectroscopy can be used for characterization of
surface defects on the carbon nanocomposites. As shown
in Fig. 4, GO and GNPs contain two characteristic peaks:
the G-band at 1588.2 cm™ represents sp? hybrid C=C bonds,
and the D-band at 1359.2 cm™ corresponds to the defects
or bonded functional groups on the lattice that contain sp®
hybrid atoms. The intensity ratio (I, /I ) of the D-band and
G-band was usually used to evaluate the degree of disorder
or damage which is a prominent feature in graphene suffer-
ing from chemical functionalization. As shown in Fig. 4A,
the I /. of GNPs (0.174) is abruptly decreased compared
with that (0.776) of GO, indicating that chemical exfoliation
of flake graphite for preparation of GO would generate a
mass of defects on the materials.
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Fig. 4. Raman spectra of the samples: (A) GO; (B) GNPs.

3.1.3. Morphology analysis

The morphological structures of GO and GNPs were
investigated by FE-SEM. It can be seen from Fig. 5A that
GO possesses a relative smooth planar structure and thin
layers, while GNPs consist of multilayers which comprised
of many graphite nanosheets (Fig. 5B).

The HR-TEM characterization for GO and GNPs was also
carried out. The samples were routinely prepared by pipet-
ting a few milliliters of GO or GNPs dispersion onto holey
carbon mesh grids, respectively. The typical HR-TEM images
of GO and GNPs are shown in Fig. 5C and 4D, respectively.
The stacking sheet structure of GO could be found in the
TEM cross-sections, and the individual layer of GO is clearly
observed (Fig. 5C). Besides the ordered graphite lattices the
disordered regions are also clearly visible, indicating that the
GO sheets were partially damaged due to the strong oxida-
tion exfoliation. As for GNPs (Fig. 5D), the ordered graph-
ite lattices are more obvious in the TEM cross-sections, and
almost no disordered regions could be found, indicating
GNPs possess highly ordered crystal structure.

3.1.4 .XPS analysis

X-ray photoelectron spectroscopy (XPS) can be used
to qualitatively and quantitatively analyze the surface ele-
ments of the materials. The chemical compositions of GO
and GNPs were characterized via XPS. As shown in Figs. 6A
and 6B, it is clear to discern that the relative intensities of
the characteristic absorption peaks of oxygen-containing
groups of GNPs decreased dramatically or even disap-
peared (at 533.3 eV), indicating that GNPs appear to contain
alow oxygen content (2.5 wt.%) due to the possible removal
of oxygen-containing functional groups in the reduction
steps of their production process.

3.2 Electrochemical properties of the modified electrodes

To investigate the electrochemical properties of the bare
GCE, GNPs/GCE and GO/GCE, cyclic voltammetry (CV)
was carried out in K,Fe(CN), solution (1 mM, containing
0.1 M of KCl) with a scan rate of 50 mV s in the potential
range of 0-0.6 V (vs. Ag/AgCl). As shown in Fig. 7A, a cou-
ple of oxidation and reduction peaks could be observed at
the GNPs/GCE (curve a) with the AEp = 80 mV, and bare
GCE (curve b) with the AEp = 65 mV, but no redox peak
is observed in the CV curve on the GO/GCE. In addition,
the peak current on the GNPs/GCE was increased a little
in contrast with that on bare GCE. This could be attributed
to the excellent electrochemical activity of GNPs, which
played an important role in accelerating the electron trans-
port rate of the modified electrodes.

The electrochemical properties of the modified elec-
trodes were determined by electrochemical impedance
spectroscopy (EIS). As shown in Fig. 7B, the charge-transfer
resistance (Rct, the high frequency intercept of the semi-cir-
cle) of bare GCE, GNPs/GCE and GO/GCE are 366.9 Q,
197.4 Q, 320 Q, respectively. The Rct of GNPs/GCE was the
lowest, which can be attributed to the excellent electrocat-
alytic activity, high conductivity and large specific surface
area of GNPs. The GNPs exhibited excellent effects on the
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Fig. 6. XPS images of the samples: (A) GO; (B) GNPs.

facilitated electron-transfer reactions in the K [Fe(CN)]-
K,[Fe(CN),] system which are consistent with CVs.

In order to evaluate the electrochemical properties of
GNPs/GCE, CVs of the GNPs/GCE in 1 mM K Fe(CN),
solution (containing 0.1 M KCI) at various scan rates
(10-200 mV s7') was carried out. As shown in Fig. 7C, the
redox peak currents were linearly related to the square
root of the scan rate, indicating that the mass transfer
onto the electrode surface may be a diffusion control pro-
cess [51].

As shown in Fig. 7D, differential pulse voltammograms
(DPV) of different electrodes were obtained in RIF solu-
tion (0.1 mM, containing 0.1 M of H,SO,) with the potential
range from -0.2 to +0.8 V (vs. Ag/AgCl). Compared with
the current response of the bare GCE (curve b) in 0.1 mM
RIF solution, GNPs/GCE (curve a) showed a higher cur-
rent response in RIF solution with a peak current of 3.9 x
10 A. The current response of GNPs/GCE was enhanced
significantly by about 23 times in contrast with that of bare
GCE. In contrast, the GO/GCE showed no electrochemical
response to RIF probably due to the lower conductivity of
GO. We can predict that the GNPs/GCE electrode might
have a better detection capability toward RIF.

3.3. Optimization of experimental conditions
3.3.1. The effects of supporting electrolyte

Supporting electrolytes generally play an important
role in improving the conductivity of the solutions. It was
reported that RIF had higher electrochemical response
under the acidic conditions, and the DPV curves of RIF in
different acidic electrolytes were investigated experimen-
tally. Electrochemical determination of 0.1 mM of RIF on
GNPs/GCE in 0.1 M H,SO,, H,PO,, HNO,, CH,COOH, PBS
(pH 4.0), HAc-NaAc (pH 4.0), BR (0.04 M, pH 4.0) and with-
out support electrolyte solutions was investigated, respec-
tively. As we can see in Fig. 8, the peak current of RIF in
deionized water was very low (curve h). In the presence of
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Fig. 8. DPV for RIF (0.1 mM) on GNPs/GCE electrode in various
supporting electrolyte solutions: (a) H,SO,; (b) H,PO,; (c) HNO,;
(d) CH,COOH; (e) PBS; (f) HAc-NaAc; (g) BR; (h) without sup-
port electrolyte.

supporting electrolyte solutions (curve a ~ g), indicating
that supporting electrolyte accelerated the ion transport
rate and enhanced the conductivity of the solution, which

had a significant effect on the detection of RIF. The exper-
imental results showed that the peak shape of DPV curve
in 0.1 M sulfuric acid solution was the best and the peak
current response is the largest. Consequently, 0.1 M H,SO,
was selected as the optimum supporting electrolyte for the
determination of RIF. RIF on GNPs/GCE showed an oxida-
tion response of 0.332 V (vs. Ag/AgCl) at 0.1 M H,SO, due
to the electroactivity of the hydroquinone group.

3.3.2. The effects of pH

Since the transport of protons and anions was involved
in the electrochemical oxidation of RIF, pH value of solu-
tion would have great impact on the electrochemical
responses of RIF. The effects of the electrolyte concentration
varying over the range of 0.01-0.25 M which corresponds
to the pH value (1.90-0.56) of the solution on the electro-
chemical response of 0.1 mM RIF on the GNPs/GCE were
investigated. As shown in Fig. 9A and B, the peak current
and potential both changed at different pH. The maximum
peak current was obtained at H,SO, concentration of 0.1 M
(pH 1.04), and then decreased when the H,SO, concentra-
tion continued to increase. RIF was protonated and posi-
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tively charged when the acid dissociation constant (K ) of
H,SO, is less than the ionization equilibrium constant (Z*)
of RIE, whereas at the higher H,SO, concentration (>0.15 M)
RIF was deprotonated and negatively charged [16]. On the
other hand, GNPs were negatively charged due to the great
electronic delocalization of the conjugated aromatic rings.
The strong electrostatic interactions between GNPs and RIF
increased the adsorbed amounts of RIF on the electrode
surface, leading to an increasing oxidation peak current.
Therefore, 0.1 M H,SO, was used as the optimal electrolyte
and used in the following experiments. Furthermore, as we
can see in Fig. 9C, oxidation peak potentials of RIF shifted
negatively with an increase in pH. The linear regression
equations was Epa (V) = -0.038 pH - 0.3742 (R? = 0.97247),
indicating that the proton was directly involved in the elec-
trochemical redox process of RIE.

3.3.3. The effects of the amount of coated GNPs

The effects of the amount of coated GNPs on the electro-
chemical response of RIF were investigated. As shown in Fig.
10, the peak current gradually increased to the 10 maximum
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Fig. 10. (A) DPV behaviors of 0.1 mM RIF on the GNPs/GCE
with different amounts of coated GNPs: 2, 3,4,5,6,7,8,8.5,9,9.2,
9.6 and 10 pL (along with the arrow); (B) The effects of amount
of coated GNPs for 0.1 mM RIFon the GNPs/GCE.

with the amount of coated GNPs gradually increased from
2 pL to 9 puL. While the amount of GNPs was higher than
9 pL,the peak current abruptly decreased. The thickness of
the coated GNPs increased remarkably due to the excessive
coating GNPs on the GCE, thus deteriorating the conductiv-
ity of the GNPs/GCE. Moreover, the modified electrode sur-
face slightly overflowed and an uneven coated surface was
formed when the amount of the coated GNPs was more than
9 pL. In addition, the electrode surface drying time would
also be largely prolonged due to a corresponding increase in
the coating amount of GNPs. Therefore, the optimal amount
of coated GNPs was set to 9 pL.

3.3.4. Linear range and limit of detection

Under the optimized conditions, DPV analysis of RIF
with different concentrations on the GNPs/GCE at a scan
rate of 50 mV s in 0.1 M H,SO, was carried out (Fig. 11A)
The peak current was linearly increased with the increase
in the RIF concentration, indicating the electrode was
extremely sensitivity to detect RIF. Calibration curve (Fig.
11B) for RIF measurement showed a linear relationship to
the RIF concentration (0.001-100 pM) with a regression
equation of i (nA) = 04193 Cp + 1.1412 (R?=0.996).As can
be seen in Fig. 10C, the peak currents were linear in RIF in
concentration range of 0.001-0.5 uM. The detection limit of
the sensor for RIF was 0.5 nM. Therefore, GNPs/GCE can
be used for quantitative analysis of RIF.

To evaluate the selectivity of the proposed sensor, analysis
of the influence of some potential interfering species includ-
ing pharmaceutical formulations and biological fluids that
usually coexisted with RIF was performed. It can be seen in
Fig. 11D that the peak currents of 2 mM of uric acid, glucose,
dopamine, ascorbic acid, L-threonine, D/L-Alanine, D/L-Me-
thionine, L-Tryptophan, L-Glutamine acid and L-Isoleucine
would not affect the response signals of RIF (0.04 mM). The
low deviations (less than 5.04%) indicated that the proposed
GNPs/GCE possesses good anti-interference ability.

The stability of GNPs/GCE was also tested using the
DPV of 0.1 mM RIF in 0.1 M H,SO,.The intra-day precision
of GNPs/GCE was studied by analyzing RIF for 6 consecu-
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Fig. 11. (A) DPV behaviors of blank and 0.001-100 uM RIF on
the GNPs/GCE in 0.1 M H,SO,. (B) Plot of peak current versus
RIF concentration. (C) Plot of peak current with the range of
0.001-0.5 pM RIF. (D) The amperometric response current ra-
tios for 0.04 mM RIF with 2 mM of various potential interfering
agents (uric acid, glucose, dopamine, ascorbic acid, L-threonine,
D/L-Alanine, D/L-Methionine, L-Tryptophan, L-Glutamine
acid and L-Isoleucine, respectively) in H,SO, on GNPs/GCE.

tive times at the same electrode within one day, the relative
standard deviation (RSD) of intra-day precise was found to
be 0.73%. In addition, the inter-day precision of GNPs/GCE
was investigated by determining RIF for 6 times with the
same electrode in five successive working days, the RSD of
inter-day precise was 3.30%. To evaluate the between-run
precision, six different batches of electrodes were coated in
the same way, and the RSD of between-run precision was
2.51%. Therefore, the proposed electrode exhibited good
stability and reproducibility for the determination of RIF.

3.3.5. Analytical application to real samples

To investigate the application feasibility of the GNPs/
GCE in the determination of RIF, the commercially available
RIF capsules were used as the real samples and analyzed.
Before analysis, the medicine in a capsule containing 0.1692 g
of RIF was transferred into a 250.0 mL volumetric flask, then
a small amount of methanol was added for sufficient disso-
lution, and finally ultra-pure water was gradually added to
volume. Precise removal of 1.0 mL of RIF actually ina 10.0 mL
volumetric flask, and the solution was then diluted with 0.1 M
H,SO,, finally moved into an electrolytic cup. The DPV (Fig.
12) results showed that capsule matrix had no interference
effects on the electrochemical analysis of RIE. The quantitative
analysis of RIF was repeated three times to determine the DPV
peak current, which was calculated by the standard curve
equation: iP = 04194 C; . + 1.1412. The calculated amount of
RIF in the capsule was 0.1318 mg with RSD of 0.152% (1 = 3),
indicating the fabricated electrode has adequate precision and
accuracy, which can meet the needs in practice.

As listed in Table 1, the linearity range, sensitivity,
and detection limit of the GNPs/GCE were compared
with those previously reported electrodes. Obviously, the
detection limit of the GNPs/GCE was almost the lowest
except for CoFe,0,@CdSe-GCE. However, the fabrication
of CoFe,0,@CdSe-GCE was relatively more complicated,
time-consuming and costly. Therefore, the GNPs fabricated
electrodes can be used as potential electrochemical sensors
for RIF in practical sample.

In addition, the use of H,SO, rather than phosphate
buffered solutions (PBS) as the supporting electrolyte could
accelerate the ion transport rate and enhance the conduc-
tivity of the solution, which had a significant effect on the
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Fig. 12. DPV behaviors of RIF actual sample on the GNPs/GCE.
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Table 1

A comparison of the presently reported sensors with the GNPs/GCE
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Electrode Method Linear range (1M) LOD (nM) Ref.
CoFe,0,@CdSe-GCE SWASV- 10™°-0.1 4.55 x 10-° [16]
Mn,0,@Si02-CPE SWv? 0.03-3 10.8 [18]
CPE* SWV 0.1-6 17.2 [52]
Ni(OH),-RGO-GCE LSv¢ 0.006-10 416 [45]
GNPs/GCE DPV 0.001-100 0.5 This work
*Square-wave adsorptive anodic stripping voltammetry
"Square-wave voltammetry
“Carbon paste electrode
9Linear sweep voltammetry

quantitative detection of RIF. To increase the electrochemi-  References

cal recognition sensitivity and resolution, the adopted DPV
could also provide more chemical information about the
analyte such as its states in complex molecules. Under opti-
mized conditions, the GNPs/GCE gave significantly better
peak shape for RIF than that obtained by the Ni(OH),-
rGO/GCE. In short, the obtained results indicated that the
modified electrode had an excellent capacity for detection
of RIF. And the developed GNPs/GCE exhibited many out-
standing properties for the electrochemical determination
of RIF including lower detection limit, higher sensitivity
and wider linearity range. That is to say, GNPs/GCE could
be used as a better electrochemical sensor for the quantita-
tive detection and quantification of RIE.

4. Conclusion

In summary, a novel and facile electrochemical sensor
based on graphene nanoplatelets film was designed and
prepared by a drop coating method, which was successfully
used in the quantitative analysis of common antibiotics RIF.
CV and DPV were used to investigate the electrochemical
behaviors of RIF on the GNPs/GCE. From the DPV curves
it can be concluded that the GNPs modified electrode had
a good response and recognition performance for RIF in
sulfuric acid solution. The modified electrode exhibited
high sensitivity and good linear correlation for RIF with a
good coefficient of determination (0.996) in the concentra-
tion range of 0.001 to 100 pM. The limit of detection reached
0.5 nM. The experimental data were reproducible and the
relative standard deviation for RIF in capsule sample was
0.152% under the best experimental conditions. The rela-
tively good properties of the GNPs/GCE foreshadow its
broad application for the accurate determination of RIF in
pharmaceutical and clinical preparations.
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