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As a chemical compound with low toxicity, bisphenol A (BPA) mimics oestrogen activity, which can 

induce precocious puberty. Herein, a sensitive electrochemical sensor is constructed for BPA detection 

based on flower-like bimetallic PtPd nanoparticles, which are synthesized by a microwave-assisted 

hydrothermal method. After characterization by transmission electron microscopy (TEM), the 

electrochemical behaviour of BPA on a PtPd nanoparticle-modified glassy carbon electrode (PtPd/GCE) 

is studied by electrochemical tests, including cyclic voltammetry (CV), electrochemical impedance 

spectroscopy (EIS) and differential pulse voltammetry (DPV). Under optimal conditions, the 

electrochemical response of BPA on PtPd/GCE is linear, with BPA concentrations ranging from 0.75 

μM to 600 μM and a detection limit of 132 nM. Due to the high sensitivity and stability of this sensor, 

it is used to detect BPA in both food and beverage containers with satisfactory recoveries and acceptable 

relative standard deviations. 

 

 

Keywords: electrochemistry; bimetallic nanoparticle; bisphenol A 

 

 

1. INTRODUCTION 

Bisphenol A (BPA, 2,2-bis(4-hydroxyphenyl) propane) is a worldwide chemical compound that 

has been extensively used in the packaging of canned food and beverages, milk bottles, water bottles, 

eyeglass lenses and hundreds of other daily necessities. Unfortunately, BPA is considered an endocrine 

disrupting chemical (EDC) that may alter hormonal function [1-4]. Further studies have proven that BPA 

mimics oestrogen activity, which can induce precocious puberty at very low concentrations. Thus, it is 

very important to develop sensitive analytical methods for the determination of BPA in plastic containers 

to ensure food safety. 

Many novel analytical techniques have been employed to determine BPA in recent years [5-7], 

such as gas chromatography coupled with mass spectrometry (GC-MS) [8, 9], high-performance liquid 

chromatography (HPLC) [10], electrochemistry [11, 12] and chemiluminescence (CL) [13]. Among 

these techniques, electrochemical sensors exhibit superior advantages, namely, their short response time, 
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high sensitivity, easy operation and low cost; thus, the use of electrochemical sensors are considered an 

ideal method for BPA detection. With the development of nanotechnology, nanomaterials have been 

introduced in the construction of electrochemical sensors [14, 15], improving the analytical performance 

of electrochemical sensors for BPA detection due to their large surface area, excellent conductivity and 

high catalytic ability. For example, graphene oxide [16, 17], multiwalled carbon nanotubes [18], gold 

nanoparticles [19, 20], silver nanoparticles [21] and titanium dioxide nanoparticles [22] have been used 

to construct electrochemical sensors for the determination of bisphenol A. 

In this study, bimetallic PtPd nanoparticles are synthetized to electrochemically determine BPA 

with high sensitivity. Noble metal nanoparticles possess excellent chemical and physical properties and 

are extensively employed to construct electrochemical sensors for BPA detection. Compared to single 

noble metal nanoparticles, dual noble metal nanoparticles have been increasingly studied due to the 

synergistic effect between the two noble metals, which can greatly enhance the analytical performance 

of electrochemical sensors [23-25]. On the basis of this concept, a sensitive electrochemical sensor is 

designed for the detection of BPA based on bimetallic PtPd nanoparticles (Scheme 1). The analytical 

performance of this sensor is evaluated in an ideal buffer and in real samples, proving that the designed 

sensor is a useful tool for BPA determination. 

 

Scheme 1. Schematic illustration showing the determination of BPA with PtPd/GCE. 

 

 

2. EXPERIMENTAL 

2.1. Chemicals and reagents 

Potassium platinochloride (K2PtCl4), potassium chloropalladite (K2PdCl4), sodium dihydrogen 

phosphate (NaH2PO4), disodium hydrogen phosphate (Na2HPO4), N,N-dimethylformamide (DMF), 

ethanol and potassium iodide (KI) were purchased from Sinopharm Chemical Reagent Co., Ltd. (China). 

2,2-Bis(4-hydroxyphenyl) propane (bisphenol A), polyvinylpyrrolidone (PVP), potassium 
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hexacyanoferrate(II) trihydrate, and potassium ferricyanide(III) were purchased from Sigma-Aldrich 

Ltd. All aqueous solutions were prepared with twice-deionized water. 

 

2.2. Apparatus 

All electrochemical measurements were carried out on a PGSTAT302 Autolab instrument 

(Metrohm China, Ltd.). A conventional three-electrode system was employed, consisting of a glassy 

carbon electrode (GCE) as the working electrode, an Ag/AgCl (3 M KCl) electrode as the reference 

electrode and a platinum wire electrode as the counter electrode. TEM was performed with a Hitachi H-

7500 electron microscope (120 kV). 

 

2.3. Synthesis of the bimetallic PtPd nanoparticles 

PtPd nanoparticles were synthesized according to published works with some modifications [26, 

27]. Briefly, 0.2 g of KI and 0.25 g of PVP were added to 1 mL of twice-deionized water and stirred for 

15 min. The above solution was mixed with a 240 μL (100 mM) potassium platinochloride solution, 240 

μL (100 mM) potassium chloropalladite solution and 4 mL DMF solution and then magnetically stirred 

well. The mixture was heated in a microwave reactor at 130 °C for 30 min. Subsequently, the bimetallic 

PtPd nanoparticles were centrifuged and washed twice at room temperature. Finally, the bimetallic PtPd 

nanoparticles were dissolved in 1 mL of water and kept at 4 °C. Pt nanoparticles were synthesized by 

the same method without the addition of potassium chloropalladite. 

 

2.4. Preparation of the modified electrode 

Prior to modification, the bimetallic PtPd nanoparticles were diluted to a concentration of 100 

μg/mL. All working electrodes were polished with 0.3 μm and 0.05 μm alumina and then sequentially 

sonicated in ethanol and deionized water. After cleaning, the bimetallic PtPd nanoparticles were added 

dropwise onto the glassy carbon electrode surface to form a bimetallic PtPd nanoparticle-modified 

electrode, which was labelled as PtPd/GCE. Electrolyte solutions were deoxygenated with dry nitrogen 

by bubbling for at least 30 min, and a nitrogen atmosphere was kept over the solution for electrochemical 

measurements. 

 

2.5. Determination of BPA in real samples 

Plastic was cut into small pieces and then washed twice with distilled water. Then, the small 

plastic pieces and ethanol were added into a conical bottle. The mixture was ultrasonicated for 30 min 

and kept at 50 °C for 4 hours. After the small plastic pieces were completely dissolved, the solution was 

transferred to a 100 mL volumetric flask and diluted to a certain concentration. 
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3. RESULTS AND DISCUSSION 

3.1. Characterization of the bimetallic PtPd nanoparticles 

TEM was applied to prove the successful synthesis of the bimetallic PtPd nanoparticles. As 

shown in Fig. 1, the morphology of the PtPd nanoparticles was compared with that of the Pt 

nanoparticles. The diameter of the PtPd nanoparticles was approximately 16.1±1.4 nm (Fig. 1A), which 

was smaller than that of the pure Pt nanoparticles (19.0±1.6 nm, Fig. 1B). Moreover, a typical flower-

like structure was observed with the bimetallic PtPd nanoparticles, while the Pt nanoparticles had an 

irregular structure. The uniform nanocrystals indicated the high-yield synthesis of the bimetallic PtPd 

nanoparticles. The catalytic activity of the bimetallic PtPd nanoparticles was shape-dependent [27]. 

Compared to the Pt nanoparticles, the shape of the bimetallic PtPd nanoparticles resulted in a larger 

surface area, suggesting that the bimetallic PtPd nanoparticles had a larger electroactive area than the 

pure Pt nanoparticles. 

 

 

 
 

Figure 1. TEM images of the (A) Pt nanoparticles and (B) PtPd nanoparticles. 

 

3.2. Electrochemical behaviour of BPA on PtPd/GCE 

The electrochemical properties of PtPd/GCE were investigated by electrochemical tests. As 

shown in Fig. S1, cyclic voltammetry (CV) curves were recorded in a 0.1 M KCl solution with K 

3[Fe(CN)6]/K4[Fe(CN)6] as the redox probe. A pair of redox peaks was observed with a bare GCE. A 

larger peak current was obtained with PtPd/GCE, which was ascribed to the high conductivity of the 

bimetallic PtPd nanoparticles [28]. Electrochemical impedance spectroscopy (EIS) was used to further 

investigate the electrochemical properties of PtPd/GCE, and the results are shown in Fig. 2A. It is well 

known that the diameter of the semicircle is equal to the charge transfer resistance (Ret) at high frequency. 

The Ret values of Pt/GCE and PtPd/GCE were approximately 36.2 Ω and 15.6 Ω, respectively, which 

were smaller than that with a bare GCE (224.6 Ω), suggesting that the conductivity of the electrode was 

improved by the functionalization of both Pt and PtPd on the GCE surface. 
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Figure 2. (A) EIS curves of the bare GCE, Pt/GCE and PtPd/GCE in 0.1 mM [Fe(CN)6]
4- and [Fe(CN)6]

3- 

solutions containing 0.1 M KCl. (B) CV curves of the bare GCE, Pt/GCE and PtPd/GCE in a 0.2 

mM PB solution containing 50 μM BPA. 
 

 

The analytical performance of Pt/GCE and PtPd/GCE was tested by CV. An obvious oxidation 

peak located at 0.64 V was observed with the bare GCE in the presence of 50 μM BPA. After decorating 

a GCE with Pt nanoparticles and bimetallic PtPd nanoparticles, the peak currents when Pt/GCE and 

PtPd/GCE were used showed significant increases. Moreover, the peak potential of PtPd/GCE (0.60 V) 

shifted negatively compared to that of the bare GCE, proving that the bimetallic PtPd nanoparticles could 

efficiently improve the electrocatalytic oxidation of BPA and decrease the overpotential of BPA 

oxidation. It is noted that the bimetallic PtPd nanoparticles had better electrocatalytic ability towards 

BPA oxidation, providing a higher peak current and more negative potential. All experimental results 

suggested that PtPd/GCE could be used to determine BPA. 

 

3.3. Effect of pH 

The effect of pH on the analytical performance of PtPd/GCE was investigated. As shown in Fig. 

3, the oxidation peak of BPA shifted negatively when the pH ranged from 3.5 to 8.0. A linear relationship 

between the peak potential and pH was obtained, and the linear regression equation was expressed as 

𝐸pa(V) = −0.0643pH + 1.017  (R2=0.995, Fig. 3B). The slope of -64.3 mV pH-1 was near to the 

theoretical value (-59.2 mV pH-1), indicating that the number of transferred electrons and protons in the 

electrochemical oxidation of BPA were the same. Furthermore, the largest peak current of BPA was 

obtained when the pH was 6.0 (Fig. S2). Therefore, pH 6.0 was chosen as the optimal detection condition. 

The optimal pH was lower than the pKa of BPA (9.73), indicating that non-dissociated BPA was 

involved in the electrocatalysis process [29]. 
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Figure 3. (A) CV curves of 50 μM BPA on PtPd/GCE with the pH ranging from 3.5 to 8.0. (B) Effects 

of pH on the oxidation peak potential. 

 

3.4. Effect of scan rates 

The effect of the scan rate on the oxidation peak current was also studied (Fig. S3, Fig. 4a). The 

peak current (Ipa) increased with scan rates ranging from 10 mV s-1 to 300 mV s-1. Clearly, the peak 

current was linear with the square root of the scan rate (ν1/2), and the equation, Ipa (μA) =0.448ν1/2 (mV 

s−1)-0.119 (R2=0.989), indicates that the electrochemical behaviour of BPA on PtPd/GCE was a typical 

diffusion-controlled process. The oxidation peak potential (Epa) shifted negatively with an increasing 

scan rate (Fig. 4b). There was a linear relationship between the peak potential and Napierian logarithm 

of scan rates ( ln 𝜈 ). The linear regression equation was 𝐸pa(V) = −0.0364 ln 𝜈 (mV s−1) + 0.861 

(R2=0.987). For irreversible electrochemical processes, the relationship between Epa and ln ν can be 

described as 𝐸pa(V) = 𝐸0 + (𝑅𝑇/𝛼𝑛𝐹) ln(𝑅𝑇𝑘0/𝛼𝑛𝐹) + (𝑅𝑇/𝛼𝑛𝐹) ln 𝜈 [30]. According to the above 

equation, αn was calculated to be 1.15. Generally, α is assumed to be 0.5 in a totally irreversible electrode 

process, and in this case, n was calculated to be 2.3 (approximately equal to 2). Therefore, two protons 

and two electrons were involved in the oxidation process of BPA (Scheme 1). This conclusion was in 

accordance with a previous report; thus, the observed electrochemical redox mechanism was similar to 

that in the literature [7, 29]. 

 

Figure 4. (A) Linear relationship between the peak current (Ipa) and the square root of the scan rate (10, 

50, 100, 150, 200, 300 mV s-1). (B) Linear relationship between the peak potential (Epa) and the 

Napierian logarithm of the scan rate. 
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3.5. Analytical performance of PtPd/GCE for BPA detection 

Differential pulse voltammetry (DPV) was applied for the determination of BPA under optimal 

conditions (Fig. 5). The peak currents of PtPd/GCE increased with the addition of BPA in the range of 

0.75-600 μM. A linear relationship was observed between the peak current and BPA concentration with 

a linear regression equation of 𝐼pa(μA) = 0.0122𝐶BPA(μM) + 0.0713  (R2=0.994). The limit of 

detection (LOD) was calculated as 132 nM. 

 

 

 
 

Figure 5. (A) DPV curves of PtPd/GCE for the determination of BPA in the range from 0.75 μM to 600 

μM. (B) Corresponding BPA peak current versus BPA concentration. 

 

 

Table 1. Comparison of the performances of sensors for BPA detection based on their different matrices. 

 

 

Electrode Linear range 

(μmol L-1) 

Detection limit 

(μmol L-1) 

References 

Molecularly imprinted polymer-coupled 

graphitic carbon nitride photoanode 

5-100 1.3 12 

AuNP/MWCNT/GCE 0.01-0.7 0.004 18 

Gr-AgCu/Au electrode 1.31 0.1-100 31 

Exfoliated graphite electrode 1.56-50 0.76 32 

Thionine-modified carbon paste electrode 0.15-0.45 0.15 33 

Magnetic molecularly imprinted 

nanoparticles on a surfactant-modified 

magnetic electrode 

0.5-150 

5-1000 

0.17 

0.98 

34 

Copper oxide nanoparticles/ionic 

liquid/carbon paste electrode 

0.2-175 0.1 35 

PtPd/GCE 0.75-600 0.132 This work 

 

The performance of PtPd/GCE was comparable to or better than that of previously reported 

modified electrodes (Table 1). The reproducibility and stability of PtPd/GCE were investigated in the 
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presence of 50 μM BPA. Five independent PtPd/GCEs were constructed to study their electrochemical 

responses. The relative standard deviation (RSD) of the corresponding electrochemical responses was 

6.1%, suggesting that the designed PtPd/GCE had excellent reproducibility. After storage for two weeks 

at 4 °C, the peak current of PtPd/GCE for 50 μM BPA detection decreased by 17.4%, proving that the 

PtPd/GCE showed good long-term stability for the detection of BPA. 

 

3.6. Determination of BPA in real samples 

The practical application of PtPd/GCE for the analysis of BPA was investigated in both food and 

beverage containers by using a standard addition method. Accepted relative standard deviations (RSDs, 

<5%) and recoveries (~99%) were obtained and are listed in Table 2. These results proved that the 

prepared bimetallic PtPd nanoparticles were a potential nanomaterial that could be used to construct 

electrochemical sensors for BPA detection in buffer and real samples. 

 

Table 2. Analytical performance of this sensor for BPA detection in plastic samples (n=3). 

 

Sampl

e 

Detected 

(μM) 

Added 

(μM) 

Found 

(μM) 

RSD 

(%) 

Recovery 

(%) 

1a 1.63 4.00 5.58 3.74 98.7 

2b 0.95  4.00 4.93  4.49 99.5 
a Extract from plastic food packaging materials 
b Extract from mineral water bottle 

 

4. CONCLUSIONS 

In summary, flower-like bimetallic PtPd nanoparticles with high electrocatalytic activity were 

successfully fabricated via a microwave-assisted synthesis method. The prepared PtPd/GCE exhibited 

excellent electrocatalytic ability towards BPA oxidation. Under optimal conditions, the electrochemical 

sensor exhibited a wide linear range (0.75 μM-600 μM), low detection limit (132 nM) and high stability. 

A real sample analysis further proved that the designed bimetallic PtPd nanoparticles were a promising 

candidate for constructing electrochemical sensors to detect target molecules. 
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