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Abstract
Highly crystalline Poly-Vinyl Pyrrolidone (PVP) capped Sn (Tin) Nanoparticles (NP) with good size and shape uniformity 

was synthesized by a hydrothermal process. A highly sensitive amperometric biosensor for the detection of bisphenol A (BPA) 
was developed by immobilizing tyrosinase on to Glassy Carbon Electrode (GCE) modified with Sn nanoparticles. The fabricated 
amperometric biosensor exhibited excellent electroactivity towards BPA oxidation catalysed by enzymatic reaction of tyrosinase 
together with good conductivity of Sn nanoparticles. The developed biosensor displayed linear range from 0.01 to 0.10 µmol L-1 
and a Detection Limit (DL) of 1.8 nmol L-1 with a correlation coefficient of 0.989. Electrochemical Impedance Spectroscopy 
(EIS) obtained in buffer solution for tyrosinase/SnNP/ GCE had the lowest charge transfer resistance (Rct) value of 219 Ω, which 
indicated low charge transfer. There was an increase in Rct for tyrosinase/GCE, SnNP/GCE and Bare GCE which was 316 Ω, 
638 Ω and 598 Ω respectively. This indicated a strong resistance to charge transfer. The bode plot showed a phase angle values 
for tyrosinase/SnNP/GCE, tyrosinase/GCE, SnNP/GCE and Bare GCE was 81º, 61º, 74º and 59º respectively, showed semicon-
ductor behavior due to the presence of Sn nanoparticles and tyrosinase catalytic abilities. It is reported for the first time the use 
of Sn nanoparticles modified on GCE and tyrosinase for detection of BPA.

Keywords: Biosensor; Bisphenol A; Electrochemistry; 
Nanoparticles, Tyrosinase

Introduction
Recently, environmental pollution by endocrine disrupting 

compounds has attracted increased attention [1]. Phenols, bisphenol 
A, dyes, pharmaceuticals, parabens, are endocrine disrupting 
compounds and are all severe environmental pollutants that are 
introduced into the environment from chemical and pharmaceutical 
industries [2,3]. Bisphenol A (BPA, 2, 2-bis (4-hydroxyphenyl) 
propane) is widely used as a monomer in the production of epoxy 
resins and polycarbonate plastics. These plastics are used in 

much food and drink packaging applications, whilst the resins are 
commonly used as lacquers to coat metal products such as food 
cans, bottle tops and water supply pipes [4-6]. Endocrine disrupting 
compounds do not degrade easily in the environment [4,7]. It can 
accumulate in living tissue which act as an estrogens and may lead 
to negative health effects, thereby, disrupting the normal function 
of the endocrine system [7].

Prolonged exposure and absorption of bisphenol A can 
also lead to death [6]. To date, internationally standardized 
methods to detect these substances have not been agreed upon 
[6-7]. In addition, the most common analytical technique for 
endocrine disrupting compounds detection is Mass Spectrometric 
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(MS) analysis, High Performance Liquid Chromatography 
(HPLC), Liquid Chromatography Tandem Mass Spectrometry 
(LC-MS-MS) and Gas Chromatography Coupled with Mass 
Spectrometry (GC-MS) [3,8,9]. However, it is well known that 
the instrumentation is expensive and requires time consuming 
extraction or pre concentration steps in addition to skilled operators 
[10,11]. Electrochemical methods have shown great potential for 
environmental monitoring because of its advantages such as easy to 
handle due to small size, fast response speed, low cost, timesaving, 
high sensitivity, excellent selectivity, and in vivo real-time 
determination [8,10,12]. However, a major obstacle encountered 
in the detection of BPA by electrochemical method is the relatively 
high over potential together with poor reproducibility although 
BPA can be oxidized at electrode surface due to containing phenol 
hydroxyl group [13].

Bare electrode often suffers from a fouling effect, which 
causes rather poor selectivity and sensitivity. An effective way to 
overcome electrode fouling is by electrode modification, of which 
is capable of improving electrochemical activity by overcoming the 
slow kinetics of many electrode processes [12-14]. The electrode is 
usually modified with enzymes, polymers, and nanoparticles [13]. 
Sn nanoparticles are synthesized and modified on glassy carbon 
electrode, owning to their high electrical catalytic properties, 
high chemical stability and extremely high mechanical strength 
[15]. Due to the potential application in diverse fields, metal 
nanoparticles have attracted great attention in recent years [16,17]. 
These ultra-fine particles often exhibit unusual physical and 
chemical properties that are distinct from either simple molecules 
or bulk materials. Current research in this area is motivated by the 
possible application of these unique properties [15,18,19].

Here we described a new tyrosinase biosensor based on the 
immobilization of tyrosinase with Bovine Serum Albumin (BSA) 
which prevents adhesion of enzyme to the electrode surface on to 
the Sn nanoparticles on the glassy carbon electrode. The modified 
glassy carbon electrode was used for the detection of BPA in 0.1 
M phosphate buffer solution (pH 7), glutaraldehyde was used as a 
cross linker for detection of BPA. Components of Sn nanoparticles 
before modification were characterized by High Resolution 
Scanning Electrode Microscopy (HRSEM), High Resolution 
Transmission Electron Microscopy (HRTEM), X-ray Diffraction 
(XRD) and Fourier Transmission Infrared Spectroscopy (FTIR). 
The response dependences and amperometric characteristics of 
the prepared enzyme electrode in the detection of BPA compounds 
was investigated. The results showed that the developed biosensor 
exhibited good stability and high sensitivity for the detection of 
BPA compounds.

Experimental Details
Reagents and Materials

Phosphate Buffer Solution (PBS) at pH 7.0 was prepared 
by mixing NaH2PO4 and Na2HPO4 then adjusted pH with NaOH. 
Glutaraldehyde solution (50 wt. % in H2O, OHC(CH2)3CHO), Bovine 
Serum Albumin (BSA), Tyrosinase from mushroom, Bisphenol A 
(2,2-Bis(4-hydroxyphenyl) propane, (CH3)2C(C6H4OH)2), Poly-
vinyl pyrrolidone (PVP, MW = 55000), Sodium borohydride 
(NaBH4), Tin (II) chloride dehydrate (SnCl2.2H2O), Potassium 
chloride (KCl), Potassium ferrocyanide (K4[Fe (CN)6]3H2O) and 
absolute ethanol (CH3CH2OH) were all purchased from Sigma-
Aldrich. Alumina micro powder and polishing pads were obtained 
from Buehler, IL, USA and were used for polishing the Glassy 
Carbon Electrode (GCE) electrodes. Ultra-pure water (Millipore) 
was used in the preparation of the aqueous solutions.

Instrumentation
All voltammetric measurements were performed on a BAS 

100W electrochemical workstation from BioAnalytical Systems 
Incorporation (Lafayette, USA) using a 20 mL electrochemical 
cell with a conventional three-electrode system consisting of GCE 
(0.071 cm2 diameter) working electrode, Ag/AgCl (saturated NaCl) 
reference electrode and platinum wire as counter electrode. Cyclic 
voltammetry (CV) were recorded with a computer interfaced 
to the machine. All experimental solutions were purged and 
blanketed with a highly purified argon gas. The experiments were 
carried out at controlled room temperature (25ºC). Electrochemical 
Impedance Spectroscopy (EIS) was recorded with Zahner IM6ex 
Germany at perturbation amplitude of 10 mV within the frequency 
range of 100 kHz and 100 MHz. X-ray Diffraction (XRD) analysis 
of Sn nanoparticles solid catalytic samples were mounted upon 
in plastic sample holders and the surface was flattened to allow 
maximum X-ray exposure. The measurements were done in 
X-ray Diffractometer: Bruker AXS D8 Advance. High resolution 
transmission electron microscopy (HRTEM), images of Selected 
Area Electron Diffraction Pattern (SEAD) and Energy-Dispersive 
X-Rays (EDX) spectra were acquired using a Tecnai G2 F2O X-Twin 
MAT. The HRTEM characterizations were performed by placing a 
drop of the solution on a carbon coated copper and nickel grid and 
dried under electric bulb for 15 min. High Resolution Scanning 
Electron Microscopy (HRSEM), Specimens had to be coated with 
carbon in order to be used in an HRSEM. Hitachi X-650 SEM.

Preparation of Tyrosinase on Glassy Carbon Electrode
0.1 % tyrosinase solution and 2 % bovine serum albumin 

solution was prepared in buffer solution (0.1 M, PBS pH 7). 
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Tyrosinase and BSA solutions were mixed together, prepared 2.5 
% Glutaraldehyde solution in ultra-pure water. 2:1 solution mixture 
of tyrosinase + BSA: Glutaraldehyde solution was prepared and 
drop coated 10 µL of the solution on glassy carbon electrode.

Chemical Synthesis of Sn Nanoparticles
Typical synthesis consists of dissolving SnCl2. 2H2O and PVP 

in 30 mL deionised water distilled under constant stirring, a slurry 
white precipitate was formed in solution. NaBH4 solution was 
prepared in 10 mL distilled water kept in ice and it was introduced 
to the reaction mixture drop wise over 30 minutes. After stirring, 
the solution was then transferred to a Teflon lined stainless steel 
autoclave, which was maintained at 160ºC for 24 hours and cooled 
at room temperature. The product was centrifuged and washed 
several times with deionised water and absolute ethanol to remove 
impurities, the final product was dried at 90ºC for 120 min.

Electrochemistry
Voltammetric and amperometric measurements were carried 

out with a potentiostat / galvanostat in 20 mL electrochemical cell 
with a conventional three-electrode system consisting of GCE 
(0.071 cm2 diameter) working electrode, Ag/AgCl (saturated NaCl) 
reference electrode and platinum wire as counter electrode. The 
prepared tyrosinase was drop coated on glassy carbon electrode 
and was used as a working electrode to study its electrochemical 
activity. Cyclic Voltammetry (CV) was typically performed at a 
scan rate of 50 mV s−1 over a potential window of 0.3 to 0.8 V 
unless otherwise stated; all experiments were carried out at room 
temperature in Phosphate Buffer Solution (PBS) (0.1 M, pH 7). 
The schematic representation on how the biosensor is constructed 
is shown in Figure 1. 

Figure 1: Schematic illustration of functionalizing procedure and 
Tyrosinase/Sn nanoparticles attachment on the GCE surface.

Results and Discussion
Characterization

The XRD patterns for the dried Sn NPs are shown in Figure 2. 
the diffraction peaks at 30.4˚, 31.9˚, 43.7˚, 44.8˚, 51.5˚, 55.3˚, 62.5˚, 
64.8˚, 72.4˚, 79.5˚ and 84.3˚ positions can be well-assigned to (200), 
(101), (220), (211), (301), (112), (400), (321), (420), (411) and 
(312) planes of Sn with tetragonal structure. While the diffraction 
peaks were broadened because the powders were nanosized, many 
peaks, including the main peak corresponding to (211) reflections, 
can be clearly observed. The average size of the Sn NPs was 
estimated from the average full width at half maximum of the 
(211) peak, according to Scherrer’s equation [20,21]. The value 
obtained was ~3.29 nm, PVP coating on Sn NPs prevented the 
aggregation of Sn NPs, and the synergistic effect between core Sn 
NPs and PVP shell effectively alleviates the crystal grain growth, 
leading to smaller crystal size Sn NPs [22].

Figure 2: XRD pattern of hydrothermal Sn nanoparticles capped with 
PVP.

Figure 3(a) shows the HRTEM images of the synthesized Sn 
NPs capped with PVP. The nanoparticles were agglomerated and 
exhibited spherical and slightly elongated morphologies. The size 
of Sn NPs is about 5 to 13 nm; most of the particles have a diameter 
of 2 to 5 nm indicating a narrow size distribution. PVP coating on 
the surface of Sn NPs can effectively confine the Sn NPs within the 
PVP shell preventing aggregation. Figure 3(b) shows d-spacing 
of 0.28 Å corresponding well to (211) plane of tetragonal Sn 
nanoparticles, which further confirms the presence of crystalline 
Sn nanoparticles [19]. In Figure 3(c) shows polycrystalline rings 
in the Selected Area Electron Diffraction (SAED) pattern. This 
further confirmed the presence of β-Sn. The clear ring fringes 
indicated that crystallization occurred along different growth 
planes in a group of NPs or in an individual NP. The interplanar 
distance was measured corresponded to the interplanar distance 
between the (211) planes of β-Sn of the narrow size distribution of 
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the NPs. To investigate the elemental composition of the prepared Sn NPs, EDX was used in Figure 3(d). The elemental signals were 
oxygen, nickel, copper and tin. The presence of oxygen is due to the presence of PVP in the NPs while nickel and copper is as a result 
of the grid used to drop coat NPs for HRTEM analysis. 

Figures 3(a-d): TEM images Sn NPs capped with PVP (a) Low-magnification TEM image. (b) High resolution TEM image. (c) Selected Area Electron 
Diffraction Pattern (SAED). (d) Energy Dispersive X ray (EDX) spectrum.

The High Resolution Scanning Electron Microscope (HRSEM) provided further insight into the morphology and size details of the 
Sn NPs capped with PVP. The HRSEM images of prepared sample are shown in given Figure 4(a). It can be seen that Sn nanoparticles 
possess uniform grains and is almost homogeneously distributed, which indicates the high packing density of these particles. In Figure 
4(b) insert shows highly packed density of these nanoparticles, it can be understood easily that the as prepared Sn particles are fine and 
some agglomeration of finer particulates to form bigger clusters existed. Particle size and distribution of nanoparticles mainly depend 
upon the relative rates of nucleation and growth processes, as well as the extent of agglomeration [23].

Figures 4 (a, b): (a) HRSEM images of Sn nanoparticles capped with PVP. (b) The insert shows packed density of nanoparticles.
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In order to further describe the chemical composition component 
of the Sn NPs capped with PVP Fourier Transform Infrared 
Spectroscopy (FTIR) characterization was carried out in Figure 5. 
The FTIR spectrum of PVP capped Sn NPs presents the O-H group 
(3016 cm-1), methylene asymmetric and symmetric C-H stretching 
(2412 cm-1 and 2258cm-1), C=O stretching vibration (1666 cm-1), 
CH2 bending vibration (1306 cm-1), C-N stretching vibration band 
(1094 cm-1) and Sn-OH stretching vibration band (541 cm-1) [24].

Figure 5: The FT-IR spectra of PVP capped Sn nanoparticles.

Electrochemical Application
Electrochemical response was investigated by using cyclic 

voltammograms of the bare GCE and modified GCEs in PBS (pH 
7.0) with 25 µM BPA are shown in Figure 6. a single oxidation 
peak was observed for all electrodes tested in the potential window 
0.3 to 0.8 V. This indicated that the oxidation reaction of BPA is a 
typical irreversible electrode process as reported by other authors 
[25]. The oxidation reaction took place on a bare GCE at +0.540 V 
with anodic peak current of 2.67 µA. For modified GCE the peak 
potential and peak current were, respectively +0.607 V and 2.35 µA 
for SnNP/GCE, +0.589 V and 3.87 µA for tyrosinase/GCE, +0.517 
V and 3.47 µA for tyrosinase/SnNP/GCE. The oxidation peaks of 
tyrosinase/GCE and tyrosinase/SnNP/GCE increased significantly 
as compared to other electrodes. It demonstrated that tyrosinase 
enzyme could retain its bioactivity to a large extent when been 
immobilized on Sn nanoparticles by covalent binding. The oxidation 
current increase and the oxidation potential shift more negatively 
when tyrosinase and Sn nanoparticles were immobilized onto the 
surface of GCE [26]. This result can be attributed to the synergetic 
activity of tyrosinase and Sn nanoparticles, in which the negative 
potential shift indicates the significant electrocatalytic activity of 

Sn nanoparticles and tyrosinase. The mechanism of reaction of 
tyrosinase is due to the role of BSA acting as a stabilizing agent 
for the enzyme, glutaraldehyde act as a cross-linker between the 
GCE and the nanoparticles for the detection of BPA.

Figure 6: Cyclic voltammograms of Bare GCE, SnNP/GCE, Tyrosinase/
GCE and Tyrosinase/SnNP/GCE in 0.1 M PBS (pH 7.0) containing 25 
µM BPA. Scan rate: 50 mV s−1. The arrow indicates scanning direction.

A typical current versus concentration plot of tyrosinase/
SnNP/GCE is shown in Figure 7. Under optimum experimental 
conditions after successive addition of BPA, with different 
concentration in 0.1 M PBS (pH 7.0) under magnetic stirring. 
The calibration curve was linear from 0.01 to 0.10 µmol L-1 
with a correlation coefficient of 0.989. The linear regression 
equation was expressed according to the function: i = 2.45 [BPA] 
+ 1.505, where i is the resulting peak current in µA and [BPA] 
is the concentration of BPA in µmol L-1. The Detection Limit 

(DL) was calculated according to the equation; , where SD 
is the standard deviation and slope of calibration curve. The DL 
value obtained was 1.8 nmol L-1 which is one of the lowest values 
provided by nanomaterials based on modified electrodes reported 
in published articles [12-14, 26]. These data verify the ability of 
tyrosinase/SnNP/GCE to detect BPA at nano molar levels. To 
verify the stability of the proposed biosensor, the response for 25 
μM BPA was investigated every 6 days. Meanwhile the biosensor 
was stored at 4ºC in PBS (pH 7.0). The electrochemical response of 
the biosensor was stable, retaining more than 94 % of its original 
response for 2 weeks and 3 days. After that, a decrease to 87 % of its 
original response was observed after 18 days. This good stability can 
be attributed to the strong binding of Sn nanoparticles and tyrosinase 
film with GCE.
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Figure 7: (a) Cyclic voltammetry for Tyrosinase/SnNP/GCE in 0.1 M PBS (pH 7.0) containing BPA (0.00, 0.02, 0.04, 0.06, 0.08, 0.10, µmol L−1), Scan 
rate = 50.0 mV s−1. (b) Calibration curve for BPA.

The bare and modified electrodes of tyrosinase/SnNP/
GCE, tyrosinase/GCE and SnNP/GCE were characterized by 
Electrochemical Impedance Spectroscopy (EIS) using [Fe(CN)6]

3-

/4- as the electrochemical redox probes. Generally, the linear part in 
the EIS represents the diffusion limited process while semicircle 
corresponds to the electron transfer limited process [25,27-
29]. Figure 8 Shows Nyquist diagram of different electrodes in 
0.005 M [Fe(CN)6]

3-/4- solution containing 0.1 M KCl. It can be 
observed that a large well defined semicircle was obtained at 
lower frequencies, corresponding to Rct = 654 Ω Bare GCE and 
Rct = 728 Ω SnNP/GCE, indicating strong resistance to charge 
transfer. When tyrosinase was deposited on the surface of GCE 
the impedance values obtained decreased to Rct = 516 Ω which 
could be attributed by enzyme electrocatalytic activity which leads 
to better conductivity of the electrode leading to lower interface 
electrical resistance. Finally, when Sn nanoparticles were drop 
coated together with tyrosinase on GCE [tyrosinase/SnNP/GCE] 
the impedance that was obtained was even more lower at Rct = 
258 Ω, indicating a low charge transfer resistance. This experiment 
indicated a successful chemically modified GCE with Sn 
nanoparticles and enzyme for application for detection of BPA.

Figure 8: Nyquist plots of different electrodes in 0.1 M KCl containing 
0.005 M Fe (CN)6]

3-/4-solution for different electrodes: Bare GCE, SnNP/
GCE, Tyrosinase/GCE and Tyrosinase/SnNP/GCE.
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Electrochemical Impedance Spectroscopy (EIS) is a widely 
employed technique for the electrochemical behavior investigation 
of a modified electrode interface during the stepwise process [25,30]. 
Figure 9 shows Nyquist plots of Bare GCE, SnNP/GCE, tyrosinase/
GCE and tyrosinase/SnNP/GCE in 0.1 M PBS (pH 7.0) with 25 
µM BPA in a frequency range of 100 mHz -100 kHz. Impedance 
spectra were modelled according to the Randles equivalent circuit 
using analysis program with fitting error less than 2 % where Rs 
is the ohm resistance for the bulk electrolyte, Rct is the charge 
transfer resistance, Cdl is double layer capacitance and Zw is the 
Warburg impedance. It is obvious from the figure that modified 
electrode with tyrosinase/SnNP/ GCE has the lowest Rct value 
219 Ω, which indicated low charge transfer. There was an increase 
in Rct for tyrosinase/GCE, SnNP/GCE and Bare GCE which was 
316 Ω, 638 Ω and 598 Ω respectively. This indicated a strong 
resistance to charge transfer. The blocking of electron transfers Rct 
638 Ω for SnNP/GCE is due to the excessive fouling which was 
improved when tyrosinase was drop coated for detection of BSA. 
This confirms that the enzyme was successfully immobilized on 
the electrode and the detection of BSA was possible. 

Figure 9: Nyquist plots of different electrodes in 0.1 M PBS (pH 7.0) 
containing 25 µM BPA solution for different electrodes: Bare GCE, SnNP/
GCE, Tyrosinase/GCE and Tyrosinase/SnNP/GCE.

In Figure 10, from the bode plot it is observed at low frequency 
tyrosinase/SnNP/GCE have a higher total impedance as compared 
to tyrosinase/GCE, SnNP/GCE and Bare GCE, at higher frequencies 
the total impedance is more or less the same but with tyrosinase/
SnNP/GCE is slightly high.

Figure 10: Bode plot for (a)Tyrosinase/GCE, (b) Tyrosinase/SnNP/GCE, 
(c) SnNP/GCE and (d) Bare GCE in 0.1 M PBS (pH 7.0) + 25 µM BPA and 
different over potentials.

Phase angle values for tyrosinase/SnNP/GCE, tyrosinase/
GCE, SnNP/GCE and Bare GCE is 81º, 61º, 74º and 59º respectively, 
showed semiconductor behavior due to the presence of Sn 
nanoparticles acting as a catalyst [31-33]. It shows the presence 
of enzymatic reaction of tyrosinase in the system has improved 
conductivity significantly. 

Conclusion
In this study, a novel highly sensitive and simple 

electrochemical detection method has been proposed for the 
detection of BPA in water. The present BPA sensor based on 
tyrosinase/SnNP/GCE gave a linear range from 0.01 to 0.10 
µmol L-1 with a correlation coefficient of 0.989. The Detection 
Limit (DL) value obtained was 1.8 nmol L-1, which is lowest 
compared to others reported in literature. Cyclic voltammetry 
and electrochemical impedance spectroscopy studies were very 
reproducible, selective and stable. The successful application of 
this sensor in PBS proves its effectiveness for BPA determination 
in water samples.
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