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CoFe,04@CdSe core-shell nanoparticles modified electrode for ultra-
trace level determination of rifampicin by square wave adsorptive

stripping voltammetry

Karim Asadpour-Zeynali*, Fariba Mollarasouli
Department of Analytical Chemistry, Faculty of Chemistry, University of Tabriz,
Tabriz 51666-16471, Iran

Abstract

This work introduces a new electrochemical sensor based on polyvinyl pyrrolidone
capped CoFe,Os@CdSe core-shell modified electrode for a rapid detection and highly
sensitive determination of rifampicin (RIF) by square wave adsorptive stripping voltammetry.
The new PVP capped CoFe,O4@CdSe with core-shell nanostructure was synthesized by a
facile synthesis method for the first time. PVP as a capping and etching agent for protection
of the outer surface nanoparticles and formation of a mesoporous shell, respectively. Another
important feature of this work is the choice of the ligand (1,10-phenanthroline) for precursor

cadmium complex that works as a chelating agent in order to increases optical and electrical
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properties and stability of prepared nanomaterial. The nanoparticles has been characterized
by field emission scanning electron microscopy (FESEM), transmission electron microscope
(TEM), energy dispersive X-ray spectroscopy (EDX), X-ray diffraction (XRD), UV-vis,
photoluminescence (PL) spectroscopy, FT-IR, and cyclic voltammetry techniques. The PL
spectroscopy study of CoFe,O4@CdSe has shown significant PL quenching by the formation
of CoFe,04 core inside CdSe, this shows that CoFe,O4 NPs are efficient electron acceptors
with the CdSe. It is clearly observed that the biosensor can significantly enhance
electrocatalytic activity towards the oxidation of RIF, under the optimal conditions. The
novelty of this work arises from the new synthesis method for the core-shell of
CoFe,04@CdSe. Then, the novel electrochemical biosensor was fabricated for ultra-trace
level determination of rifampicin with very low detection limit (4.55 x 10~'"M) and a wide
linear range from 1.0x107'® to 1.0x10"'M. The fabricated biosensor showed high sensitivity
and selectivity, good reproducibility and stability. Therefore, it was successfully applied for
the determination of ultra-trace amounts RIF in biological and pharmaceutical samples with

satisfactory recovery data.

Keywords: Rifampicin, Electrochemical biosensor, PVP capped CoFe,O4@CdSe
magnetic nanoparticles, Glassy carbon electrode, Square wave adsorptive stripping

voltammetry (SWASV)

1. Introduction

Rifampicin (RIF), 3-([(4-Methyl-1-piperazinyl) imino] methyl) rifamycin is an
important antibiotic drug which is used in the treatment of several serious infectious such as
tuberculosis, leprosy and HIV (Ramaswamy and Musser 1998). The mechanism of drug
function is related to RIF binding to the RNA polymerase near its active center and prevents
the initiation of RNA transcription by blocking formation of phosphodiester bond. Despite
the some adverse effects such as nausea, hepatotoxicity, and allergic rashes, RIF has been
widely used for the treatment many kinds of bacterial infection because it is more effective

antibiotic than other antibiotics like isoniazid. Due to its toxicity in high concentration, it is



necessary to determine the drug levels in biological samples. Therefore, various analytical
techniques have been used for determination of RIF in biological fluids and pharmaceutical
formulations including high-performance liquid chromatography (HPLC) (Chellini et al.
2015; Goutal et al. 2016; Prasanthi et al. 2015), high performance thin layer chromatography
(HPTLC) (Shewiyo et al. 2012; Védaste et al. 2014), liquid chromatography/tandem mass
spectrometry (Vu et al. 2014), spectrophotometry (Mansuri et al. 2014), fluorescence (Liu et
al. 2012), capillary zone electrophoresis (Faria et al. 2010), flow-injection
chemiluminescence and voltammetry (Ajayi et al. 2014; Daneshgar et al. 2009; Gan et al.
2015; Gutiérrez-Fernandez et al. 2004; Hammam et al. 2004; Kawde et al. 2014; Leandro et
al. 2009; Lomillo et al. 2003; Lomillo et al. 2005; Rastgar and Shahrokhian 2014). Among
these techniques, voltammetric methods based on electrochemical sensors have been
extensively applied over the other because of advantages such as simplicity of sample
preparation, low cost of instrumentation, miniaturization, high sensitivity, and selectivity.
With increasing development of nanotechnology, nanoparticles have attracted special
attention during recent decades due to their unique electrical, large surface-to volume ratio,
optical and catalytic feature, and so their applications in electrochemical sensors have

increased greatly.

Recently, quantum dots (0D) are one of the most attractive areas of nanotechnology
because their size is very small about 2-10 nm in diameter due to quantum confinement. A
specific type of fluorophores semiconductor that is composed of II-VI or III-V periodic
elements and its radius is.smaller than the bulk exciton Bohr radius is known as quantum dots
(Azadbakht and Gholivand 2014). Quantum dots have broad applications including data
storage (Kroutvar et al. 2003), drug delivery (Misra 2008; Probst et al. 2013), imaging (Misra
2008), light-emitting diode (Song et al. 2015), and most recently in fabrication of sensor and
biosensor (Asadpour-Zeynali and Mollarasouli 2016). Although cadmium-based quantum
dots may be toxic due to heavy metal, they can be easily bound to (bio) molecules by
formation of complex. This problem can be resolved by using capping agents such as
thioglycolic acid (TGA), penicillamine and polymeric layers, e.g., polyvinyl pyrrolidone
(PVP) to reduce the toxicity of Cd-based QDs, increase the optical properties and stability.
Capping agents also control the shape and size of nanoparticles by decreasing their growth
rate to prevent aggregation. The use of an outer layer on the core of QDs and formation a
core—shell structure is another approach in this case (Asadpour-Zeynali and Mollarasouli

2016).



The core—shell structure, consisted of a core (the central component) and a shell (the
outer component), protects the core of QDs from adverse reactions such as oxidation and ion
release that thereby improve the surface defects and increase of photostability. A core—shell
structure is preferred with quantum dots as the shell and magnetic nanoparticles as the core in
fabrication of (bio) sensor because of the ability of drug conjugation, superparamagnetic

behavior, and biocompatibility.

Another important material in the nanotechnology is magnetic nanoparticles (MNPs)
owing to their praise worthy magnetic properties. They have various applications including
cell separation (Xu et al. 2011), drug delivery (Wu et al. 2011), enzyme immobilization (Ren
et al. 2011), and protein purification, due to their ability to be detected and manipulated by an
external magnetic field and redispersed rapidly in the absence of it. Among these, CoFe,O4
NPs as a type of excellent spinel ferrite can be good candidates for biomedical applications
including cell labelling, magnetic resonance imaging (MRI) (Wu et al. 2011), tumor
hyperthermia (Kashevsky et al. 2008), immunosensors (Tang et al. 2007) and magnetic fluids
recording due to resistance to oxidation, chemical stability, mechanical hardness, high
effective anisotropy, extremely low solubility, and moderate saturation magnetization (Varma
et al. 2008). Sevral methods have been developed to synthesize this material such as sol—gel
(Xu et al. 2008), citrate precursor method (Rashad et al. 2008), precipitation, micro-emulsion
(Kahn and Zhang 2001), polymer complex (Montemayor et al. 2005) and hydrothermal
process (Zhang et al. 2011).

In the present article, we offer initially a useful summary of the successful method for
the synthesis of high quality PVP capped CoFe,O4@CdSe, which a layer of CdSe quantum
dots was grown in situ around the CoFe,O4 magnetic nanoparticles to form a core—shell
structure. We used poly (vinyl pyrrolidone) (PVP) as a capping agent and 1, 10-
phenanthroline as a chelating ligand to form precursor cadmium complex. The use of PVP
not only causes to protect the outer surface of CoFe,O4@CdSe but also makes the formation
of a mesoporous shell because PVP can react with sodium hydroxide to form porous gels. In
addition, both PVP and 1, 10-phenanthroline (phen) play a significant role in controlling the
particle size and shape. The polymer coating of quantum dots has been considered a powerful
instrument for detecting and sensing applications. Our research work reports the development
of core-shell nanomaterials based on the use of biocompatible polymers (PVP) and
combining organic ligands (1, 10-phenanthroline) for a novel biosensor applications. For this

purpose, the synthesized PVP capped CoFe,O4@CdSe was cast on the surface of glassy
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carbon electrode to fabricate the novel -electrochemical biosensor (PVP capped
CoFe,04@CdSe/GCE) for the determination of RIF. The electrochemical oxidation of RIF at
the PVP capped CoFe,04@CdSe shows higher signals than those at the bare GCE and the
CoFe,04/GCE, revealing the excellent electrocatalytic activity of this film due to large
surface area, abundant active sites and adsorptive capacity of PVP capped CoFe,O4@CdSe.
Additionally, the developed sensor was applied to determine ultra-trace amounts of RIF in
pharmaceutical and human blood serum samples using square wave adsorptive stripping

voltammetry (SWASV).
2. Experimental

2.1 Apparatus and software

Voltammetric experiments were performed on a Metrohm 757 VA processor
computerized electrochemistry instrument equipped with a three-electrode cell. Three—
electrode system was employed for the electrochemical experiment, containing a saturated
calomel electrode (SCE) as a reference electrode, a PVP-capped CoFe,O4@CdSe modified
glassy carbon electrode as a working electrode (2.0 mm diameter for unmodified glassy
carbon electrode), and a platinum counter electrode. A digital pH/mV/ion meter (Metrohm
827 pH Meter, Utrecht, The Netherlands) with a combined glass electrode was used for pH
adjustment. Morphological images of PVP-capped CoFe,Os@CdSe-phen were characterized
using a LEO 906 transmission election microscope (TEM, Zeiss, Germany) with an
acceleration voltage of 100 kV. The field emission scanning electron microscopy (FESEM)
and energy dispersive X-ray spectroscopy (EDX) were studied by a Tescan Mira3 FESEM
with gold coating equipped with an EDX system. The X-ray powder diffraction (XRD) was
carried out by a Rigaku D/max-2200X-Ray Diffractometer (Bruker AXS) using a Cu Ka
source (A=0.154056nm). Fourier transform infrared (FTIR) analysis was done by a Bruker
FTIR spectrometer at room temperature (26 °C + 1° C). The photoluminescence (PL) spectra
were carried out on a Perkin-Elmer LS45 fluorescence spectrometer. UV—visible studies were

recorded with an Avantes diode array spectrophotometer.
2.2 Synthesis of PVP-capped CoFe,04@CdSe-phen

A solution of CdCl,. H,O (4 mmol, 0.0805 g dissolved in dry ethanol) was added drop
by drop to the solution of 1,10-phenanthroline (phen, 4mmol 0.08g dissolved in dry ethanol)

as a complexing agent in a three-neck round-bottom flask under stirring and nitrogen



atmosphere conditions. After this solution was stirred for 30 min at room temperature in
nitrogen atmosphere, the white complex (Cd(phen)Cl,) was produced. Then, 10 mL of PVP
(3%, dissolved in dry ethanol) was added drop by drop to the above complex solution. After
several minutes, 10 mL of 6.0 molL™" NaOH solution was injected into this mixture and kept
for 1 h under stirring. At that moment, 10 mL of Fe’"/Co®" mixture (prepared from 0.108 g
FeCl;-6H,0 and 0.0485 g CoCl,. 6H,0 in 10 ml deionized water) was added dropwise and
pH adjusted in 12.0. Finally, 20 mL of 10x10™ molL"' NaHSe (prepared from the reaction of
Se powder with NaBH,4 in deionized water and nitrogen atmosphere) was quickly added to
this mixture to obtain CdSe guantum dots. Subsequently, the obtained solution was refluxed
at 95°C for 8h to form PVP-capped CoFe,O4@CdSe-phen. The final molar. ratios of
Cd*'/Se* /Fe/Co/phen for the preparation of optimum MNPs@QDs were 2:1:2:1:2. After the
end of the synthesis time, the obtained product was cooled. Subsequently, the dark magnetic
precipitate was washed three times with water-ethanol mixture (l:1 v/v) to remove the
unreacted reactants and collected by centrifugation at 4000 rpm for 10 min. Finally, it was

dried in an oven at 40°C and stored in a dark place before use.
2.3 Preparation of modified GCE

Before modification, the surface of the eclectrode was first polished with 0.3 pm
alumina slurry on a polishing cloth to mirror-like, and then rinsed with deionized water. After
polishing, the GCE was ultrasonicated in ethanol and deionized water (1:1, v: v) for 10 min,
to remove the remaining of alumina particles from the electrode surface. A certain amount of
PVP-capped CoFe,O4@CdSe-phen (5 mg/ml) was dispersed in deionized water by
ultrasonication for 1 h. Modified GCE was prepared by drop coating 10 uL. of the above
suspension on the surface of the cleaned GCE and allowed to evaporate water overnight at
room temperature, to obtain a uniform film on the GCE surface. After modification, the
obtained sensor is thoroughly rinsed with water and is ready for use. The sensor was

immersed in a deoxygenated electrolyte solution.
3 Results and Discussion

3.1. Characterizations of the structure and morphology

The morphology of the synthesized PVP capped CoFe,O4@CdSe NPs was studied by
FESEM, TEM, and EDX (Fig. 1A-K). Fig. 1A-D demonstrate the detailed structures of

needle-like CoFe,O4 magnetic NPs without PVP at different magnification level. The size



distribution of the CoFe,O4 nanoparticles is almost homogeneous and their diameter is about
1820 nm. Fig. 1E, F and G show the FESEM images of CdSe and CoFe,O4@CdSe
nanocrystals, respectively. It is observed that CdSe QDs are embedded in PVP matrix and
have uniform spherical colloidal crystallites with an average size of 134 2. The nanocrystals
are clearly well identified and no aggregation or agglomeration is observed, indicating
effective capping of PVP on the surface of PVP capped CdSe NPs. Also from compare Fig.
1A and G, it is clear that PVP as a capping agent plays an important role in controlling the

shape and size of the nanoparticles by decreasing the particle growth rate.

To further confirmation of the core@shell nanostructure, the morphology of PVP-
CoFe,04@CdSe core@shell nanoparticles dispersed in water was also investigated by TEM
(shown in Fig. 1H-J). The existence of the dark areas (inner layer, core) and bright areas
(outer layer, shell) in TEM images indicates the core@shell nanostructure of
CoFe,O4@CdSe. A slightly agglomeration phenomenon observed in the TEM images may be
due to magnetic properties of the synthesized particles and swelling of PVP in aqueous
solution. In addition, the TEM images reveal that the as prepared nanoparticles are almost

uniform and the mean size of the nanoparticles is approximately 12 nm.

Furthermore, the elemental composition of the PVP capped CoFe,O4@CdSe
nanostructures was investigated by using an energy dispersive X-ray (EDX) attached to the
scanning electron microscope presented in Fig. 1K. In EDX spectrum of PVP capped
CoFe,04@CdSe, only Cd, Se, Co, Fe, O and N elements were detected indicating that the
PVP capped CoFe,O4@CdSe were successfully synthesized. Moreover, the relative areas of
the peaks of Se and Cd are obtained to be about 0.28:0.49, so the atomic ratio of Se:Cd is
about 1:2. Other characterizations of the PVP-capped CoFe,O4@CdSe such as XRD, IR and

optical analysis are given in the Electronic Supplementary Material File.
3.2. Electrochemical behavior of rifampicin at the PVP-capped CoFe,O4@CdSe

To investigation the electrochemical behaviour of RIF on the CoFe,O4@CdSe/GCE,
the voltammetric response was compared with the bare and modified glassy carbon electrode
with CoFe,O4 magnetic nanoparticles (Fig. 2A). The cyclic voltammetric behavior of 10.0
uM RIF in 0.1IM PBS pH 2.0 in the positive scan direction shows a quasi-reversible pair
corresponding to redox peaks of hydroquinone group and an irreversible peak at higher
potential related to oxidation of phenolic hydroxy group of RIF at both CoFe,O4/GC and
CoFe,04@CdSe/GC electrodes (curves b and c). At the bare GC electrode (curve a), a very
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poor oxidation peak was observed at +416 mV, while after the modification of GCE surface
with CoFe,0y4, the anodic peak potential negatively shifted to +340 mV accompanied by an
increase in peak current. In addition, the redox peak of RIF at the CoFe,O4@CdSe/GCE
becomes reversible and appears at +219 mV and +200 mV for oxidation and reduction peaks,
respectively, with a remarkable increase in peak current compared to CoFe,O4/GCE (about
60%). The enhanced signals and low peak separation potential (+19 mV) indicate that the
CoFe,04@CdSe/GCE improves electrochemical reactivity towards the redox reaction of RIF
as compared with two other electrodes, probably due to facilitated the electron transfer rate

and large effective surface area.

On the other hand, the CoFe,O4@CdSe/GCE has high electro-catalytic ability for the
redox reaction of RIF owing to the high electron transfer rate (ks) obtained for RIF due to the
decreased charge transfer resistance, and specific mesoporous structure that provides more
active sites for further accumulation of RIF (see supplementary material file). In addition,
interaction between RIF and PVP via formation of hydrogen bonds between carbonyl group
of PVP and hydroxyl and amino groups of RIF can lead to strong adsorption of analyte on the
electrode surface. Therefore, the sensitivity of RIF determination increases (Gan et al. 2015;

Rastgar and Shahrokhian 2014; Roushani and Abdi 2014).

Fig. 2B describes the SWASV responses of 1.0 x 107> mol L™' RIF on the above-
mentioned electrodes at the ‘same conditions. As can be seen, the response of
CoFe,04@CdSe/GCE was sharp, well defined and much higher than that of CoFe,O4/GCE
and bare GCE.

3.3. Effect of type and pH of the supporting electrolyte

Rifampicin is an amphoteric drug with two pK, values including pK,; =1.7 and pK,; =
7.9 related to the 4 hydroxyl group and the 3-piperazine nitrogen, respectively. The influence
of the pH on the response of the CdSe@CoFe,O4s NPs/GCE towards 10uM RIF was
investigated by cyclic voltammetry over the range from pH 1.0 to 7.0 in 0.04 M B—R buffer
solutions. As can be seen in Fig. 3, the peak current and potential were changed with
increasing pH value, indicating that the electrooxidation of RIF was pH-dependent. The
maximum peak current was observed at pH 2.0 and then decreased when the pH values
higher than 2.0. This behavior may be explained by this fact that the rifampicin molecule was
protonated at pH < pKa (approximately at pH < 2.0), whereas at pH higher than 3 it is

deprotonated and negatively charged. On the other hand, the electrode surface has negative
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charge because of the carbonyl group which can interact with RIF at pH=2.0. Therefore,
pH=2.0 was selected as an optimum pH for RIF in all voltammetric determinations.

The relationship between the formal potential (E*) and pH was also investigated. A
linear shift of E* towards less positive potential with the increasing pH from 1.0 to 7.0 was
observed and it was shown as the following equation: E* (V) = 0.33 - 0.0514 pH (R* =
0.9963). According to the Nernst equation (Eq. 1),

2.303 RTmpH

E'= E® -
nF

(D

m and n are the transference numbers of proton and electron, respectively; the EOV—pH slope of
RIF was obtained 51.4 mVpH ' which is close to the theoretical value of 59.2 mVpH'. This
slope indicates that the numbers of electron and proton transferred were equal.in the redox

reaction of RIF (reaction I).

Rifampicin (RIF) Rifampicin quinone (RIF-Q)

3.4. Optimization of analytical conditions

In order to obtain the best stripping signal, the effective parameters for optimization
including the solution pH, supporting electrolyte, the accumulation potential and time were

studied before the voltammetric determination of RIF
3.4.1 The Effect of Accumulation pH

The effect of pH (1.0-8.0) on the adsorptive stripping current of 1.0 x 10® M RIF at
CoFe,04@CdSe/GCE was investigated. It was found that the maximum response of
adsorptive stripping peak current appeared at pH 3.0. The effect of supporting electrolyte was
also studied. Therefore, PBS (pH 3.0) was used as the supporting electrolyte in the
preconcentration step (Fig. 4A).



3.4.2 The Effect of Accumulation Potential

The influence of the accumulation potentials (E,.) on stripping peak currents of RIF
was investigated using SWV in the range of 0 to -0.9 V for 1.0 x 10 M RIF in 0.1 M PBS at
pH 3.0. As can be seen from Fig. 4B, for an accumulation time of 600s, the anodic peak
current increased sharply with increase accumulation potentials from 0 to -0.7 V vs. SCE
which reached a maximum at -0.7 V. When the accumulation potential becomes more
negative than -0.7 V, the peak currents decreased due to evolution of hydrogen or the
reduction of other compounds at more negative potential. They may interfere in the detection
of RIF by the hydrogen bubble, which lead to decrease in peak current. Therefore, the

potential -0.7 V was selected as an optimum accumulation potential for RIF.
3.4.3 Effect of the Accumulation Time

The effect of the accumulation time at —0.7V on the stripping peak current was also
studied by recording square wave voltammograms at different accumulation times for

1.0x10"® mol L™ of RIF using a scan rate of 50mVs '

. Fig. 4C shows that the oxidation peak
current increased gradually with increasing the accumulation time from 30 to 600 s and then
becomes constant at period longer than 600 s, presumably due to the saturated adsorption of
RIF at the electrode surface. Considering both sensitivity and work efficiency, the
accumulation time of 10 min is selected for the determination of RIF in the following

experiments.
3.4.4 Effect of square wave parameters

Square wave voltammetry was used as powerful and simple electrochemical technique
for low concentration determination of RIF. The peak current obtained in SWV is dependent
on various instrumental parameters, such as the SW amplitude (AEa), scan increment (DEs)
and SW frequency (f). By increasing the frequency from 10 to 100 Hz, the peak current
increases, and shifts towards the positive potentials with a distortion in peak shape and an
increase in the background current. The sensor exhibits the higher current response with
increasing the pulse amplitude from 25 to 100mV but the background signal also increases.
The best conditions for determination of RIF were then selected at 25 Hz frequency, 5 mV s™

step potential with 50 mV pulse amplitude.
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3.5. Calibration plot and limit of detection

Determination of RIF was performed using square wave anodic stripping voltammetry
(SWASV) technique at different concentrations ranging from 0.1 fM to 0.1 uM in PBS
(pH=2.0). Fig. 5 shows the square wave stripping voltammograms of the different
concentrations at the CdSe@CoFe,O4/GCE. It is found that the peak current increased with
the RIF concentration in the range of 107'® to 10”7 mol/L and the calibration equation was
logl,s (mA) = 0.0028 + 0.2185 logC (mmol/L) with a correlation coefficient of 0.9975. The
limits of detection (LOD) and quantification (LOQ) were estimated to be 4.55 x 10" and
1.52 x 107, respectively using the relation ks/m, where s is the standard deviation of the
peak currents for the blank (n = 11), m is the slope of the calibration curve, k =3 for LOD
and 10 for LOQ (Miller and Miller 1993). Furthermore, a relative standard deviation of
1.72% (n=6) was obtained at the 1.0x107"° mol L™ rifampicin concentration level. The
comparison of our sensor with other reported sensors in determining RIF is summarized in

Table S1,
3.6. The reproducibility and stability of PVP-capped CoFe,O4@CdSe

The reproducibility of the developed sensor was evaluated by fabrication six electrodes
in a completely same procedure described in the Electronic Supplementary Material File. The
relative standard deviation (RSD) for the peak current of between electrodes is 2.62% of RIF
that demonstrates an acceptable reproducibility for the fabrication procedure. The
repeatability was examined by performing 6 times determination of same standard solutions
(1.0 x 107" mol L™" of RIF). The RSD of the peak signals was obtained to be 1.72%,
indicating an excellent repeatability for PVP-capped CoFe,04@CdSe/GCE. When the sensor
was stored in air for two weeks, the peak current of it remained up to 97.2% of its initial
response. Therefore, the developed sensor is suitable for the routine analysis of RIF in

biological fluids and pharmaceutical dosage.
3.7. Interference studies

To evaluate the selectivity of the proposed sensor, the effect of the major potentially
interferents frequently found with rifampicin in pharmaceutical formulations and in the

biological fluids such as isonizide, pyrazinamide, uric acid, ascorbic acid, L-Threonine, and
glucose on the SWV response of RIF at 1 x 10~ mol/l level was performed under the
optimum conditions. The results indicate that 2000-fold of glucose and L-Threonine, 1000-
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fold of isoniazid and pyrazinamide, 500-fold of uric acid and ascorbic acid have no change in
the stripping signal of RIF. This implies that the developed sensor exhibits excellent
selectivity for the determination of RIF may be due to the specific mesoporous structure of
PVP-capped CoFe,O4@CdSe and abundant active sites for adsorption of RIF by forming
hydrogen bonds between carbonyl group of PVP and hydroxyl and amino groups of RIF,

which it can match on the surface sensor.
3.8 . Sample analysis

The PVP-capped CoFe,O4@CdSe sensor was used to determine rifampicin in the tablet
and human serum samples using the proposed SWASYV and the standard addition method. As
shown in Table 1, the recovery data of the sensor are in the range of 98.68-99.73% (RSD <
1.94%) and 97.36-101.45% (RSD < 3.32%) for analysis of tablet and serum samples,
respectively, indicating the good precision and repeatability of the SW voltammetric
determination of RIF using the PVP-capped CoFe,04@CdSe/GCE. The obtained results for
the average value of RIF are very close to the expected value, indicating the matrix does not
lead any interfering effect on the voltammetric response of PVP-capped
CoFe,04@CdSe/GCE toward RIF. Therefore, the proposed sensor can be applicable in the

determination of ultra-trace amounts RIF in real samples with different matrices.
4 Conclusion

In this work, a facile, novel, and versatile approach for synthesis of PVP-capped
CoFe,04@CdSe was introduced to fabricate an electrochemical sensor. CoFe,O4@CdSe/PVP
was successfully applied to modify the surface of glassy carbon electrode for sensing of RIF
via its electrochemical oxidation. Owing to the specific mesoporous structure of shell using
PVP, the sensor achieves highly efficient accumulation ability and large effective surface
area. The results show that after electrode modification, the oxidation signal of RIF was
remarkably improved. Moreover, the prepared sensor has long time stability, simple and easy
preparation of the sensor, high sensitivity, reproducibility of the voltammetric signals, and
relatively low cost compared with other previous works. Therefore, such a sensor was
proposed for the determination of ultra-trace amounts RIF, which was successfully confirmed
with the determination of pharmaceutical and biological samples. In addition, the use of a
sensitive technique (SWASV) can be an alternative to other techniques such as spectroscopy

and HPLC, which determination of the analyte in complex matrices with these techniques,
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require too expensive and complex equipment and or spending a long time. The wide linear
range, biocompatibility, very low detection limit, good selectivity, and high electrochemical
performance of the PVP-capped CoFe,04@CdSe make it a promising candidate as a novel
platform for fabrication of electrochemical biosensors and further sensor applications.
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Figure Captions:

Fig. 1. Characterization of CoFe,O4 by FESEM with different magnification (from A to
D), PVP-capped CdSe by FESEM (E and F), and PVP-capped CoFe,O4@CdSe core-shell
nanoparticles by FESEM (G), TEM (from H to J) and EDX (K).

Fig. 2. Cyclic voltammograms of: (A) 10x10® molL™ of RIF solution in 0.1molL"
PBS (pH=2), and (B) square-wave voltammograms of 1.0 x 10> mol L™ RIF in 0.1 mol L™
PBS (pH=2) on the surface of various electrodes. Curves (a) bare GCE (b) CoFe,04/GCE (c)
PVP-capped CoFe,04@CdSe/GCE and (d) PVP-capped CoFe,04@CdSe/GCE in absence of
analyte. Accumulation potential: —0.7 V; accumulation time: 600 s; SW frequency 25 Hz;

pulse amplitude: 50 mV; step potential: 5 mV and scan rate: 50 mV s .

Fig. 3. Cyclic voltammetric response of PVP-capped CoFe,04@CdSe/GCE at different
pH of Britton-Robinson buffer (from right to left), 1, 2, 3, 4, 5, 6 and 7; scan rate 50mVs™.
Inset: (A) and (B) are the variation of the anodic peak current and formal potentials versus pH

values, respectively.

Fig. 4. Effect of the accumulation pH (A), accumulation potential (B) and accumulation
time (C) on the peak currents in 0.1 mol L™' PBS (pH=2) containing 1.0 x 10~* mol L' RIF;
SW frequency 25 Hz, pulse amplitude: 50 mV and step potential: 5 mV.

Fig. 5. SW voltammograms of RIF at different concentrations (from inner to outer):
1.0x107'°, 1.0x107", 1.0x107", 1.0x107"2, 1.0x107", 5.0x107", 1.0x107'°, 1.0x107°,
1.0x10"® and 1.0x10 7 molL™" under the optimum conditions at the surface of PVP-capped
CoFe;04@CdSe/GCE. Inset (A) log peak currents vs. log RIF concentrations and (B) part of

enlarged view of the SW plot from concentration 1.0x10™'® to 1.0x10™"" molL™".

Table 1 Determination of RIF in drug and serum samples (n=3)

Added Expected Founded o o o

Sample (nmolL") (nmolL ) (nmolL ) texp tiab (95%) Recovery% RSD%
Tablet® - 10.0 9.71£0.19 - 43 - 1.94
5.0 15.0 14.96+0.16 0.34 43 99.73 1.09
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5.0
Serum1 5.0
1.0
1.0
Serum?2 10.0
1.0
1.0

20.0
5.0
6.0
7.0
10.0
11.0
12.0

19.73+0.10
4.8940.16
5.84+0.16
7.10£0.18
10.08+0.17
10.94+0.20
12.11£0.32

3.62
1.34
0.77
0.35
0.49

43
43
43
43
43
43
43

98.68

97.36
101.45

99.53
100.94

0.52
332
2.84
2.62
1.71
1.86
2.70

+Shows the standard deviation

texp: calculated value of Student t test, t,: t value obtained from the table of Student t test.

#300 mg capsule produced by Hakim Drug Company

Highlights

e A novel electrochemical biosensor (PVP capped CoFe,O4@CdSe/GCE) was prepared by a

novel synthesis method using CoFe,O; magnetic nanoparticles (MNPs) as a core and

CdSe quantum dots (QDs) as a shell.

e The fabricated biosensor can significantly enhance electrocatalytic activity towards the

oxidation of rifampicin.

e The main advantage of this sensor is a wide range from 1.0x10 ' to 1.0x10 "M and very

low detection limit 4.5x10™'"M compared with previously reported voltammetric methods.

e The wide linear range, biocompatibility, very low detection limit, good selectivity, and

high electrochemical performance of the PVP-capped CoFe,Os@CdSe make it a

promising candidate as a novel platform for fabrication of electrochemical biosensors and

further sensor applications.
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Figure 3
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