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The influence of cetyltrimethylammonium bromide (CTAB) on the electrochemical behavior of bisphenol A

at the carbon paste electrode (CPE) was investigated. CTAB, with a hydrophobic C-H chain, can adsorb at the

CPE surface via hydrophobic interaction and then change the electrode/solution interface, and finally affects

the electrochemical response of bisphenol A, confirming from the remarkable oxidation peak current

enhancement. The electrode process of bisphenol A was examined, and then all the experimental parameters

which affects the electrochemical response of bisphenol A, such as pH value of the supporting electrolyte,

accumulation potential and time, potential scan rate and the concentration of CTAB, were examined. Finally,

a sensitive and simple voltammetric method was developed for the determination of bisphenol A. Under the

optimum conditions, the oxidation peak current of bisphenol A varied linearly with its concentration over the

range from 2.5 × 10−8 to 1 × 10−6 mol/L, and the detection limit was found to be 7.5 × 10−9 mol/L. This method

was successfully employed to determine bisphenol A in some waste plastic samples. 
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Introduction

Surfactant is a linear molecule with a hydrophilic

(attracted to water) head and a hydrophobic (repelled by

water) end. Due to its unique molecular structure, surfactant

was extensively used in the fields of electrochemistry and

electroanalytical chemistry for various purposes.1-6 Surfac-

tants, containing hydrophobic and hydrophilic groups, can

change the properties of the electrode/solution interface and

subsequently influence the electrochemical processes of

other substances.7 Adsorption of surfactant aggregates on

the electrode surface might significantly facilitate the

electron transfer, greatly enhance the peak current, change

the redox potentials or charge transfer coefficients or

diffusion coefficients, as well as alter the stability of electro-

generated intermediates or electrochemical products.

Bisphenol A, with the molecular structure as shown in

Figure 1, is a major industrial chemical used primarily to

make polycarbonate plastic and epoxy resins – both of

which are used in countless applications that make our lives

easier, healthier and safer.8 Otherwise, there are several

reports concerning the estrogenic activity of bisphenol A.9,10

Recently, in-vivo studies show that bisphenol A has the

potential health effects on reproduction and generation.11-13

From its molecular structure, it is well-known that bisphenol

A should possess electrochemical activity since it contains

two electrochemical-active phenolic hydroxyl groups. So

far, the electrochemical behaviors of bisphenol A at various

electrodes such as carbon fiber electrode,14,15 Pt/Ti

Electrode,16 have been examined, and then a variety of

electrochemical methods for the detection of bisphenol A

have also been reported. For example, high performance

liquid chromatography with electrochemical detection17-19

and LCED with a chemically modified electrode20 were

successfully employed to detect bisphenol A. However, to

the best of my knowledge, electrochemical determination of

bisphenol A. using a carbon paste electrode in the presence

of CTAB has not been reported. 

CTAB, a widely-used surfactant, has been extensively

employed to modify electrode. For instance, CTAB-covered

carbon paste electrode was successfully used to immobilize

DNA,21 to determine trace level of thyroxine.22 Otherwise,

the influence of CTAB on the electrochemical properties of

estrogens,23,24 thiopurines,25 and vanadium(v)26 has been

reported. 

The aim of the work is to establish a simple and sensitive

electrochemical method for the determination of bisphenol

A based on the CTAB enhancement effect. In the presence

of CTAB, the oxidation peak current of bisphenol A

remarkably increases at the CPE suggesting significant

improvement of determining sensitivity. The newly-pro-

posed method possesses some obvious advantages including

high sensitivity, extreme simplicity, rapid response and low

cost.

Experimental Section

Reagents. The 1.0 × 10−3 mol/L stock solution of bis-

phenol A was prepared by dissolving bisphenol A (Shanghai

Reagent Corporation, China) into ethanol. Cetyltrimethyl-

ammonium bromide (CTAB), graphite powder (spectral

reagent) and paraffin oil were purchased from Shanghai

Figure 1. The molecular structure of bisphenol A.
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Reagent Corporation, China. Other chemicals used were of

analytical reagents. All the reagents were used as received

without any further purification, and redistilled water was

used.

Apparatus. All the electrochemical measurements were

performed with a CHI 610A Electrochemical Workstation

(CH instruments). A conventional three-electrode system,

including carbon pasteworking electrode (3 mm in

diameter), a platinum wire counter electrode and a saturated

calomel reference electrode (SCE), was employed.

Preparation of the carbon paste electrode.  The carbon

paste electrode was prepared by mixing 50 mg graphite

powder and 20 μL paraffin oil in a small mortar, and this

mixture was then homogenized. After that, the paste was

pressed manually into the cavity of the electrode body, and

the surface was smoothed against a clean paper. Unless

otherwise stated, the paste was carefully removed prior to

pressing a new portion into the electrode after every

measurement. 

Preparation of bisphenol A samples. The waste plastic

samples were collected at a local disposal landfill site in

Enshi. Plastic materials (ca. 100 g) were cut into small

pieces and transferred into a 500 mL glassy beaker

containing 300 mL of water and sealed with aluminum foil.

The samples were left in dark at room temperature for two

weeks. Bisphenol A was determined in the leachate water

samples by the standard addition method, i.e. by adding a

very small volume of relatively concentrated bisphenol A

standard solution, so that the dilution effect could be

neglected in calculations.

Experimental procedure. Prior to each measurement, the

carbon paste electrode was activated in an electrochemical

cell containing 0.1 mol/L phosphate buffer (pH 6.5, 10 mL)

by cyclic voltammetric sweeps between 0.00 and 1.20 V

until the cyclic voltammograms were stable. After that, a

certain concentration of bisphenol A and 6.0 × 10−5 mol/L

CTAB were added into, then the voltammograms were

recorded for bisphenol A.

Results and Discussion

The voltammetric behavior of bisphenol A at a carbon

paste electrode. The electrochemical behavior of bisphenol

A in pH 6.5 phosphate buffer was examined using cyclic

voltammetry (CV), and the cyclic voltammograms shown in

Figure 2. In the absence of CTAB, 1 × 10−6 mol/L bisphenol

A yields an oxidation peak at the carbon paste electrode

(curve a). The peak potential is at 0.92 V and the peak height

is very low (just about 0.15 μA). However, the electro-

chemical response of bisphenol A shows great difference in

the presence of 6.0 × 10−5 mol/L CTAB under the identical

conditions (curve b). The main differences are as follows: (i)

the oxidation peak current increases greatly (from 0.15 μA

to 3.42 μA); (ii) the peak potential shifts negatively to 0.87

V. In curves (a) and (b), no corresponding reduction peak is

observed on the reverse sweep, indicating that the electrode

reaction of bisphenol A is an irreversible process. 

Otherwise, the cyclic voltammogram of a carbon paste

electrode in pH 6.5 phosphate buffer and in the presence of

6.0 × 10−5 mol/L CTAB was recorded to compare (curve c).

No redox peak is observed, suggesting that the oxidation

peak at 0.87 V in curve (b) is undoubtedly assigned to

bisphenol A. The comparison of curves (a) and (b) tells that

CTAB can influence the electrochemical process of

bisphenol A and facilitate its electron transfer.

Influences of pH. The effect of pH value on the oxidation

peak potential (Epa) and peak currernt (ipa) of bisphenol A in

the presence of CTAB was investigated using linear sweep

voltammetry (LSV) from 0.20 to 1.20 V. As illustrated in

Figure 3, during pH value improving from 5.0 to 8.0, ipa

gradually increases as pH value increasing from 5.0 to 6.5,

and then shows decline as further improving pH value. 

As far as peak potential is concerned, it gradually shifts

towards negative potential with increasing pH value from

Figure 2. The cyclic voltammetry of 1.0 × 10−6 mol/L bisphenol A
at a caron paste electrode in the absence of CTAB (curve a) and in
the presence of 6.0 × 10−5 mol/L CTAB (curve b). Curve c: cyclic
voltammetry of a carbon paste electrode in the presence of 6.0 ×
10−5 mol/L CTAB but without bisphenol A. Scan rate: 100 mV/s.

Figure 3. Plots of the oxidation peak current of 1.0 × 10−6 mol/L
bisphenol A versus the pH value. CTAB concentration: 6.0 × 10−5

mol/L; scan rate: 100 mV/s.
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5.0 to 8.0. Further studies indicate that the slopes of Epa/pH

in the presence and absence of CTAB are about –58.5 mV/

pH and −58.1 mV/pH, respectively. The slopes reveals that

equal number of protons and electrons are involved in the

oxidation of bisphenol A. Moreover, the slopes of Epa/pH in

the presence and absence of CTAB are very close,

suggesting that CTAB does not alter the mechanism of

electrochemical oxidation of bisphenol A at all. In this work,

a pH of 6.5 phosphate buffer was selected as supporting

electrolyte.

The concentration of CTAB. Figure 2 clearly tells that

CTAB exhibits remarkable enhancement effect on the

oxidation peak current of bisphenol A. However, the

oxidation peak current of bisphenol A is closely related to

the concentration of CTAB. Figure 4 depicts the relationship

between the oxidation peak current of bisphenol A and the

concentration of CTAB. The oxidation peak current

increases greatly as CTAB concentration improving from 0

to 4 × 10−5 mol/L, and then increases slightly over the range

from 4 × 10−5 to 1 × 10−4 mol/L, and finally decreases when

CTAB concentration is higher than 1 × 10−4 mol/L. Mean-

while, the background current gradually increases while

improving the CTAB concentration. It is known that CTAB

bulk concentration determines its existing form in aqueous

solution as well as its arrangement at the carbon paste

electrode/solution interface, which certainly influence the

electrochemical response of bisphenol A. In this work, the

concentration of CTAB was chosen to be 6 × 10−5 mol/L for

a higher peak current and a lower background current.

Electrode process of bisphenol A. The effect of varying

the potential scan rate on the oxidation peak current of

bisphenol A was examined by LSV. The oxidation peak

currents in the presence and absence of CTAB increased

linearly with scan rate over the range from 25 mV/s to 300

mV/s, suggesting that the oxidation of bisphenol A at the

carbon paste electrode is adsorption-controlled.

As for an adsorption-controlled and irreversibly electrode

process, according to Laviron, the oxidation peak potential

(Epa) is described by the following equation:27 

Epa = E0’ + (2.303RT/nF) lg (RTk
0/nF) + (2.303RT/nF) lgυ

(1)

Where α is the transfer coefficient, k
0
 the standard rate

constant of the reaction, n the electron transfer number, υ the

scan rate, and E0’ the formal redox potential. Other symbols

have their usual meaning. The relationship between Epa and

υ in the presence of CTAB was examined using LSV and Epa

depends linearly on the logarithm of υ according to

equation: Epa (V) = 0.9316 + 0.0621 log υ, R = 0.996. The

value of αn, calculated from the slope of the plot of 0.0621,

is 0.961. Generally, α is assumed to be 0.5 in a totally

irreversible electrode process. Thus, two electrons are

involved in electro-oxidation of bispehnol A. The pH effect

on Epa indicates the number of electrons and protons

involved in the oxidation process of bisphenol A is equal.

Therefore, the electro-oxidation of bisphenol A in the

presence of CTAB is a two-electron and two-proton process.

Otherwise, the oxidation peak potential (Epa) of bisphenol

A in the absence of CTAB was also measured under

different potential scan rate using linear sweep voltammetry,

and the similar result was obtained, i.e. the electrode process

of bisphenol A in the absence of CTAB is also a two-

electron and two-proton process 

Effects of the accumulation potential and time. The

influence of accumulation potential on the oxidation peak

current of bisphenol A in the presence and absence of CTAB

was studied. The peak current almost remained stable when

the accumulation potential shifted from –0.50 V to 0.50 V,

revealing that the accumulation potential has no obvious

effect on the oxidation peak current. Thus, the accumulation

of bisphenol A was performed under the open-circuit

condition.

Unlike accumulation potential, accumulation time heavily

influences the oxidation peak current of bisphenol A. The

influences of the accumulation time on the peak current in

the presence and absence of CTAB have been examined by

linear sweep voltammetry, and the results shown in Figure 5.

Figure 4. The influence of CTAB concentration on the oxidation
peak current of 1.0 × 10−6 mol/L bisphenol A.

Figure 5. Effects of accumulation time on the the oxidation peak
current of 1.0 × 10−7 mol/L bisphenol A in the absence of CTAB
(curve a) and in the presence of 6.0 × 10−5 mol/L CTAB (curve b).
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The peak current increased linearly with the accumulation

time over the range of 0.1-3 min. However, with further

increasing the accumulation time, the plot became curved.

The curvature presumably indicates that a limiting value of

the amount of bisphenol A on the surface of the electrode

had been achieved under the adopted conditions. A further

accumulation time increase did not improve the amount of

bisphenol A at the electrode surface owing to surface

saturation. So the peak current almost remained constant.

The sensitivity for lower concentrations was improved by

increasing the accumulation time, but the linear range was

then diminished. Otherwise, it is very clear that the peak

current increases greatly in the presence of CTAB (curve b)

compared with that in the absence of CTAB (curve a).

Response to bisphenol A. Differential pulse voltammetry

(DPV) is an effective and common-used electroanalytical

technique when the content of analyte is very low since it

possesses high sensitivity. The relationship between the

oxidation peak current of bisphenol A and its concentration

was investigated using DPV. The best parameters on the

carbon paste electrode are accumulation time = 3 min, pulse

amplitude = 50 mV, scan rate = 20 mV/s, pulse width = 50

ms, concentration of CTAB = 6 × 10−5 mol/L. Figure 6

shows the calibration curve of bisphenol A under the

optimum conditions. It is found that the oxidation peak

current (ipa) varies linearly with the concentration over the

range from 2.5 × 10−8-1 × 10−6 mol/L, obeying the following

equation: ipa = 0.018 + 0.165 × 108 C (r = 0.9989, C in

mol/L, ipa in μA). Under the optimized conditions, the

detection limit of the method is as low as 7.5 × 10−9 mol/L.

The relative standard deviation (RSD) of 5.6% for 5 × 10−7

mol/L bisphenol A (n = 7) shows good reproducibility.

Interferences and Sample Analysis. The effect of vari-

ous possible interferents was examined on the determination

of bisphenol A. The results are listed in Table 1. It is found

that lots of species do not interfere with the determination of

bisphenol A up to a 2-to-20-fold excess (signal change

< 5%). 

Bisphenol A was determined in four types of plastic waste

samples (Table 2). The results were in good agreement with

the reference values obtained by GC/MS. The recoveries

obtained using our procedure were also good enough for

practical use, suggesting that this newly-proposed method

has great potential in practical sample analysis. From the

Table 2, we can see that concentration of bisphenol A that

leached from the pure water container (sample A) and the

compact disk (sample B), both polycarbonate products, is

relatively low. On other hand, however, bisphenol A that

leached from the poly(vinyl chloride) product (sample C)

and synthetic leather (sample D) was high.

Conclusion

Well below the critical micelle concentration (CMC),

surfactants may adsorb individually and have little inter-

action with each another.28 For ionic surfactants adsorption

Figure 6. The calibration curve of bisphenol A from 2.5 × 10−8 to
1.0 × 10−6 mol/L. 

Table 1. Interferences of other speicies on 5.0 × 10−7 mol/L
bisphenol A

Interferents Concentration (mol/L) ipa change (%)

Fe2+ 1.0 × 10−5 −2.6

Pb2+ 1.0 × 10−5 2.5

Zn2+ 1.0 × 10−5 −1.7

Cu2+ 1.0 × 10−5 −2.2

Al3+ 1.0 × 10–5 2.8

Hg2+ 1.0 × 10−5 2.8

CO3
2− 1.0 × 10−5 −2.1

Cl− 1.0 × 10−5 −1.3

NO3
− 1.0 × 10−5 1.5

2,4-Dinitrophenol 5.0 × 10−6 5.4

2(4)-Nitrophenol 5.0 × 10−6 −4.6

Phenol 1.0 × 10−6 4.1

2-Aminophenol 5.0 × 10−6 2.3

Ethanol 1.0 × 10−5 −2.4

Table 2. Determination of bisphenol A in plastic waste samples

No. Samples
Detected by GC/MS

(μg dm−3)

Detected by this method 

(μg dm−3)

Recovery of this method

(%)

A Pure water container, (Polycarbonate) 13.4 12.6 102.6

B Compact disk (Polycarbonate) 18.3 18.9 99.4

C Electrical cord, [Poly(vinyl chloride)] 495 493 101.8

D Synthetic leather 2116 2117 101.4
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on the hydrophobic surface, there is a general agreement that

the lower-density adsorbed layer (below the CMC) is

orientated with surfactants tails parallel to the substrate

plane, driven by a strong hydrophobic interaction between

the alkane tails and the substrate, which have been verified

by atomic force microscope (AFM).29 In this work, the

concentration of CTAB is as low as 6.0 × 10−5 mol/L (well

below CMC = 9.0 × 10−4 mol/L). According to references

[21], [28] and [29], the orientation of CTAB on the CPE/

solution interface in this work can be illustrates as Figure 7.

CTAB molecules adsorb on the CPE surface individually via

hydrophobic interaction, then alters the structure of CPE/

solution interface, and finally affects the electrochemical

activity of bisphenol A. Therefore, the electron transfer

between bisphenol A and the carbon paste electrode

becomes easily since the oxidation peak current increased

remarkably accompanied by a lowering of the oxidation

overpotential. 
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Figure 7. Schematic representation of low concentration of CTAB
(well about CMC) adsorbs at CPE/aqueous solution interface.
CTAB molecules adsorb with their alkane chains extended on the
substrate plane.


