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ABSTRACT 
 
A novel method of SDS (sodium dodecyl sulfate) and IL (1-ethyl-3-
methylimidazolium ethyl sulfate) synergistic sensitized fluorescence analysis to 
determine Bisphenol A (BPA) was developed. The results showed that the 
fluorescence intensity of BPA increased a lot in the system of SDS-IL medium. 
Under the conditions of λex/em=282/318 nm and pH 7.0, the linear range and the 
detection limit for BPA were found to be 0.020 to 9.0 μg/ml and 7.2 ng/ml, 
respectively. The mechanism of sensitized fluorescence method was discussed by 
the formation of new ordered molecular assembly and the fluorescence quantum 
yield. The proposed method was applied for the determination of BPA in plastic 
products with satisfactory recovery.  
 
Keywords: Bisphenol A, surfactant; ionic liquid, sensitized, fluorescence 
spectrometry. 

 
 
INTRODUCTION  
 
Bisphenol A (BPA, Figure 1) is an acidic endocrine 
disruptor, which may cause adverse effects on human and 
environment. BPA is a common monomer for the 
production of polycarbonate plastics and resins. Now, it has 
been detected in baby feeding bottles, food packaging, 
plastic beverage bottles and other products (Zhang et al., 
2014). BPA can migrate from the container into a variety of 
food and beverages; it is considered to be a potential toxic 
food pollutant (Wu et al., 2014). Thus, it is important to 
develop a selective and sensitive analytical method to 
determine BPA in food packaging material. Until now, 
extensive efforts have been devoted for the detection of BPA 
including high-performance liquid chromatography (HPLC) 
(Zhou and Gao, 2011; Chen et al., 2016), gas 
chromatography coupled with mass spectroscopy (GC-MS) 
(Santhi et al., 2012), capillary electrophoresis (CE) (Mei et 
al., 2011), electrochemical method (Zhou et al., 2014) and 
fluorescence method (Liu and Zhu, 2016) etc.  

The sensitivity of spectral analysis could be improved in 
suitable medium, such as β-cyclodextrin (β-CD) (Zhang et 
al., 2009; García et al., 1987; Zhu et al., 2006; Qian et al., 
2008; Fakayode et al., 2005; Pola et al., 2008), surfactant 

(Guo and Zhu, 1987; Zhu et al., 2004; Zhu and Ma, 2011; 
Feng and Zhu, 2007; Zhu and Hu, 2007) and room 
temperature ionic liquid (Hou and Zhu, 2012; Liu and Zhao, 
2008; Berton and Martinis, 2009; Martinis and Olsina, 
2008). In our previous publications, the sensitizing effects 
of β-CD and its derivatives (Zhu et al., 2006), surfactant 
(Guo and Zhu, 1987; Zhu et al., 2004; Zhu and Ma, 2011; 
Feng and Zhu, 2007; Zhu and Hu, 2007) and ionic liquids 
(ILs) (Hou and Zhu, 2012) on the ultraviolet spectrometry 
and spectrofluorimetry were developed. Further research 
showed that mixed medium (such as surfactant/ILs, β-
CD/surfactant) could synergistically sensitize fluorescence 
method, which has a better sensitization effect than that 
single medium (Zhu et al., 2006; Zhu and Jiang, 2011; Ren 
and Zhu, 2016). 

Based on the fact that SDS (sodium dodecyl sulfate)/IL 
(1-ethyl-3-methylimidazolium ethyl sulfate) have a stronger 
synergistic sensitized effect on fluorescence intensity of 
BPA and a new method of synergistic sensitized 
fluorescence for the analysis of BPA is proposed. The 
synergistic sensitizing mechanism was also investigated by 
the formation of new ordered molecular assembly and the 
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Figure 1: Chemical structure of BPA. 

 
 
fluorescence quantum yield. The proposed method was 
applied for the determination of BPA in plastic products 
with satisfactory recovery. 
 
 
MATERIALS AND METHODS  
 
Reagents and apparatus 
 
100.0 μg/ml BPA standard solution was prepared by 
dissolving 0.010 g of BPA in 100 ml with ethanol and kept in 
the dark. 1.0% SDS (sodium dodecyl sulfate) solution was 
prepared by dissolving 1.00 g of SDS in 100.0 ml with 
distilled water. 5.0% IL (1-ethyl-3-methylimidazolium ethyl 
sulfate) solution was prepared by dissolving 5.00 g of IL in 
100.0 ml with distilled water. pH 7.0 Britton-Robinson(B-R) 
buffer solution was prepared by 0.04 mol/L boric acid, 
acetic and phosphoric acid and 0.02 mol/L NaOH. 
All the fluorescence measurements were performed on a 
Hitachi F-7500 spectrofluorimeter (Japan) with excitation 
and emission slits at 5.0 and 5.0 nm, respectively and 
λex=282 nm. The pH was measured on a pH FE20 pH meter 
(Mettler Toledo). A UV 2501 spectrophotometer (Shimadzu, 
Japan) was used for all absorption spectral recordings and 
absorbance measurements. 
 
 
Experiment method  
 
Fluorescence measurements 
 
In volumetric flask (5.0 ml), 0.50 ml 1.0% SDS solution, 
5.0% IL solution, 1.0 ml of B-R buffer solution (pH=7.0) and 
adequate BPA standard solution or sample solution were 
added; the solution was diluted to the mark with distilled 
water. Thereafter, fluorescence spectra were recorded in the 
range of 250 to 550 nm upon excitation at 282 nm. 
 
 
Determination of critical micelle concentration (cmc) 
 
In this work, cmc values of the medium were measured by 

conductivity measurements. The cmc was obtained from 
the inflection point of the straight lines of before and after 
micellar concentration range (Kumaraguru et al., 2010; 
Zhao and Wei, 2006). 
 
 
Determination of fluorescence quantum yield 
 
Fluorescence quantum yields of BPA were measured using 
1.0 × 10−6 g/ml quinine sulfate as reference substance. 
Under the same apparatus conditions, the quantum yield of 
the SAX was calculated (Zhao and Wei, 2006; Zhu and Gong, 
2008). 
 
 
Sample preparation 
 
Five grams each of plastic cup and plastic meal box were cut 
into small pieces (0.5 cm × 0.5 cm) after cleaned with 
distilled water twice and naturally dried. 
 
Extracted by water: 5.00 g samples were immersed into 
50.0 ml distilled water by sonication for 60 min and then 
soaked at 80°C for 48 h. The sample solution was filtered 
through 0.45 µm membrane before analysis. 
 
Extracted by methanol: 5.00 g samples were immersed into 
50.0 ml methanol by sonication for 60 min and the 
supernatant evaporated to dryness. Thereafter, the residue 
was re-dissolved in 10.0 ml of methanol and collected in a 
volumetric flask (Ballesteros-Gomez et al., 2014). 
 
 
RESULTS AND DISCUSSION 
 
Fluorescence spectra of BPA 
 
Figure 2 shows the fluorescence spectra of BPA (F) in water 
(curve 1), IL(curve 2), SDS (curve 3) and SDS-IL medium 
(curve 4). The order of the fluorescence intensity (F) in 
different medium was as follows: FSDS-IL > FSDS > FIL > FH2O. 

The fluorescence intensity of BPA had the strongest 
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Figure 2: Emission spectra of BPA. (CBPA=2.0μg/ml 1.BPA-H2O 2.BPA- IL 3.BPA- SDS 4.BPA-SDS-IL). 

 
 
sensitization effect in the SDS-IL medium, which indicated 
that SDS and IL have a stronger synergistic sensitized effect 
on fluorescence intensity of BPA. 
 
 
Effect of pH  
 
Figure 3 shows the effect of pH on fluorescence intensity 
(F). Different pH values were adjusted by adding different 
pH B-R buffer solutions. It could be seen from Figure 3 that 
F of BPA in the SDS-IL medium was increased with pH 
increasing before pH 7.0, and reached a maximum value at 
pH 7.0. After pH 7.0, F was decreased. The reasons may be 
that the hydrophobicity of BPA molecular form (pH=7.0) 
was stronger than its ionic form and it was favorable for 
BPA to react with the hydrophilic group of ordered 
molecular assembly SDS-IL, thus, enhancing the 
solubilization of BPA (The pKa value of BPA was 9.5). The 
solution pH is approximately three units lower than the pKa 
value which could make the analyte (BPA) existing in a 
molecular form (Yu et al., 2006). Thus, 1.0 ml B-R buffer 
solution of pH 7.0 was chosen for the determination. 
 
 
Effect of SDS amount 
 
The effect of 1.0% SDS amount on fluorescence intensity (F) 

was studied in the range of 0.10 to 0.80 ml (Figure 4). With 
the increase in the volume of SDS, the fluorescence intensity 
F increased gradually and achieved maximum value when 
the volume approached 0.50 ml. Thus, 0.50 ml of SDS was 
chosen for this work.  
 
 
Effect of IL amount 
 
Effect of 5.0% IL amount was studied. As is shown in Figure 
5, F gradually rose up with the increase of IL amount and up 
to the maximum when the IL amount was 0.30 ml, then F 
decreased when IL amount was greater than 0.30 ml. Thus, 
0.30 ml of IL was chosen for this experiment. 

In conclusion, F was biggest when the mass ratio or molar 
ratio of SDS and IL are 1:3 and 1:3.6, respectively, which 
illustrated that SDS and IL showed the synergistic 
sensitized effect on F. Either excess SDS or IL will weaken 
the synergistic sensitized effect, resulting the decrease of F.  
 
 
Effect of reaction time 
 
Figure 6 shows the effect of reaction time on F. It was 
observed that F increased gradually before 30 min and then 
got stabilized and remained stable at least for about 1 h. 
Therefore, 30 min was chosen. 
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Figure 3: Effect of pH on BPA fluorescence intensity (CBPA=2.0 μg/ml). 

 
 
 

 
 

Figure 4: Effect of SDS amount on BPA fluorescence intensity (CBPA=2.0 μg/ml). 
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Figure 5: Effect of IL amount on BPA fluorescence intensity (CBPA=2.0 μg/ml). 

 
 
 

 
 

Figure 6: Effect of reaction time on BPA fluorescence intensity (CBPA=2.0 μg/ml). 
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Table 1: Effect of interfering substances. 
 

Foreign 
substances 

Foreign substances / 
BPA(w/w) 

Foreign 
substances 

Foreign substances / 
BPA(w/w) 

K+ 200 Al3+ 8 

Na+ 1000 Mn2+ 4 

Cu2+ 6 Cl- 1000 

Mg2+ 300 SO42- 300 

Cd2+ 20 Glucose 1000 

Zn2+ 4 Sucrose 1000 

Fe3+ 6 phenol 10 

Cr3+ 700 m-nitrophenol 5 

 

 
Table 2: Determination results of BPA. 

 

Extraction 
solvent 

Added (μg/ml) 

Plastic cups 

 

 

Plastic meal boxes 

Found 

(μg/ml) 

Recovery 

(%) 

Found 

(μg/ml) 

Recovery 

(%) 

Cold water 

0 0.0490 — 0.0380 — 

0.50 0.513 93.4 0.502 93.3 

1.0 1.03 98.1 1.02 98.5 

2.0 1.90 92.7 1.88 92.3 

 

Hot water 

0 0.287 — 

 

0.137 — 

0.50 0.756 96.1 0.648 101.7 

1.0 1.26 97.8 1.13 99.7 

2.0 2.21 96.7 2.12 99.1 

 

Methanol  

0 0.378 — 

 

0.261 — 

0.50 0.796 90.7 0.759 99.8 

1.0 1.43 104.0 1.28 101.8 

2.0 2.16 90.8 2.14 94.6 

 
 
Effect of temperature 
 
The effects of temperature on F were tested. It was found 
that F was increasing ranging from 5 to 20°C and decreased 
gradually after 20°C. Therefore, the suitable temperature of 
20°C was chosen for this work. 
 
 
Effect of foreign substances 
 
The effect of foreign substrates was discussed for the 
determination of 2 μg/ml BPA. With a relative error of less 
than ±5%, the majority of these substances showed no 
remarkable interference in the determination of BPA (Table 
1). 
 
 
Analytical performance 
 
Under the optimum conditions, the linear regression 

equations were determined by water and methanol 
extracted respectively. When extracted by water, the linear 
regression equations was F=1093.4+933.35c (μg/ml) in the 
range of 0.020 to 9.0 μg/ml, R=0.9970; when extracted by 
methanol, F=2147.1+1379.7c (μg/ml) in the range of 0.020 
to 9.0 μg/ml, R=0.9986. The detection limit estimated (S/N 
= 3) was 7.2 ng/ml. 
 
 
Sample analysis 
 
The proposed method was successfully applied for the 
determination the amount of BPA in plastic cups and plastic 
meal boxes (Table 2).  

The recovery ratio ranged from 90.7 to 104.0% which 
was satisfactory. As is shown in Table 2, BPA can be 
detected both in plastic cups and plastic meal boxes 
extracted by cold water, hot water and methanol and 
maximum amount of BPA was detected when samples were 
extracted by methanol. 
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Table 3: Comparison with previously reported methods. 
 

Methods  Linearity range LOD Recovery (%) References  

SPE–HPLC 0-68.2 nmol/kg - 72.2- 89.9 (Wu et al., 2014) 

DLLME–HPLC-FL 1.5-150 µg/L 0.23 µg/L 82.8–117 (Zhou and Gao, 2011) 

SPE-FL 0.01–10.0 μg/ml 0.3 ng/ml 96-105 (Liu and Zhu, 2016) 

FL 1-10 µg/L 0.2 µg/L 98-102  

synergistic sensitized 
fluorescence methods 

0.020-9.0 µg/ml 7.2 ng/ml 90.7-104 This method 

 
 
 

 
 

Figure 7: Effect of temperature on BPA fluorescence intensity (CBPA=2.0 μg/ml). 

 
 
Comparison of different methods 
 
The results obtained from this experiment were compared 
with those previously reported methods for BPA 
determination (Table 3). The advantages of the proposed 
method are: easy operation, higher sensitivity, lower 
detection limit and satisfactory recovery rate. 
 
 
Discussion of mechanism 
 
In this paper, the discussion of mechanism was included the 
formation of the ordered molecular assembly and 
fluorescence quantum yield. 

 
 
The formation of the ordered molecular assembly 
 
The synergistic sensitized effect of SDS/IL may be from the 
formation of the ordered molecular assembly. The 
interaction of SDS and  IL can change the critical micelle 
concentration (cmc). By measuring the cmc of a single and 
mixed medium, it can be determined whether the SDS/IL 
formed a new ordered molecular assembly (Zhu and Jiang, 
2011). The value of cmc can be obtained from the inflection 
point of the straight lines of before and after micellar 
concentration range (Mehta, 2010). Figure 7 and Table 4 
shows the summarized results.  

 

0 10 20 30 40 50

500

1000

1500

2000

2500

3000

3500

 

 

T/℃

F

T (°C) 



Academia Journal of Scientific Research; Chang et al.         304 
 
 
 

Table 4: cmc of the different medium. 
 

Medium 
cmc (mmoL/L) 

Determination value Clint model value 

SDS 8.4a - 
IL 25.0-29.0 - 
SDS/IL (1：3.6) 26.0-31.0 16.7-18.0b 

 

a: the literature (Zhao and Wei, 2006) and b: calculate by Clint model (Zhao and Wei, 2006). 

 
 
 

 
 

Figure 8: Electrical conductivity vs. the concentration of IL (a: Electrical conductivity vs. the concentration of IL and 
b: Electrical conductivity vs. the concentration of SDS/IL). 

 
 
As is shown in Figure 8, the cmc of IL and SDS/IL were 25.0 
to 29.0 mmol/L and 26.0 to 31.0 mmol/L, respectively. The 
cmc of the mixed medium model could be calculatede by 
the clint model based on the assumption of ideal mixture 
behavior. As is shown in Table 4, the cmc of SDS is 8.4 
mmol/L (Mehta, 2010) while the molar ratio of SDS and IL 
was 1: 3.6. Thus, the cmc of the mixed solution should 
between 16.7 to 18.0 mmol/L. There was a difference 
between the cmc of the mixed medium (SDS/IL) in 
determined value and the clint model calculated value. This 
result illustrated that the SDS/IL mixed medium formed a 
new ordered molecular assembly. The sensitivity of the 

determination could be enhanced by the new ordered 
molecular assembly. 
 
 
Fluorescence quantum yield 
 
The fluorescence quantum yield represents the ability of 
translation of absorption energy to fluorescence. It is one of 
the basic and significant parameters for fluorescence 
substances. Table 5 shows the fluorescence quantum yield 
of BPA (Y) in the medium of H2O, IL, SDS and SDS-IL listed. 
As is shown in Table 5, the sequence of fluorescence 
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Table 5: The fluorescence quantum yield of BPA. 
 

Medium  Y 

H2O 0.205 
IL 0.347 
SDS 0.361 
SDS-IL 0.575 

 
 
quantum yield in the different medium is YSDS-IL > YSDS > YIL 
> YH2O. The fluorescence quantum yield of BPA in the 
medium of SDS-IL was obviously increased.  

The changes could be considered in internal and external 
environment. Compared with the single medium (SDS or 
IL), the external environment provided by the mixed media 
(SDS/IL) is more favorable on solubilization. Moreover, the 
microenvironment which was formed by SDS and IL could 
offer the protective environment to the excited single state 
and reduce the non-radiative of the fluorescent agent 
(Catena and Bright, 1989). The mixed medium can form the 
most suitable environment to improve system sensitivity. 

In summary, SDS and IL have obviously synergistic 
sensitized fluorescence effect on BPA, reasons were as 
follows: (1) SDS/β-CD medium could form a new ordered 
molecular assembly, which could enhance the sensitivity of 
analysis; (2) The mix medium of SDS/IL can change the 
micro environment of the system, resulting in the increase 
of fluorescence quantum yield such that the fluorescence 
intensity of the BPA is enhanced. 
 
 

Conclusion 
 

In this paper, a new fluorescence method was developed for 
the determination of BPA, which based on the fact that 
fluorescence intensity of BPA could be enhanced 
dramatically by SDS and IL. The results show that under 
certain conditions, SDS and IL can form a new ordered 
molecular assembly, which increase the fluorescence 
quantum yield of BPA, so the fluorescence intensity of BPA 
increases. The present method was applied for the 
determination of BPA in real samples with satisfactory 
recovery. Therefore, it is concluded that the proposed 
method is simple, sensitive and rapid for the determination 
of BPA. 
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