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Abstract.An ionic liquid/aqueous two-phase system (ATPS) formed by the hydroxyl-functionalized 
ionic liquid 3-(2,3-dihydroxypropyl)-1-methylimidazolium chloride ([2,3-dhpmim]Cl) and salt has 
been developed for extraction of parathion. The experimental parameters affecting the extraction 
efficiency including the kind of salts, the amounts of the salt, the amount of ionic liquid, extraction 
times were investigated and optimized. The conclusion shows that the ionic liquid-ATPS can be 
used for extraction of parathion successfully from environmental water samples. Under optimized 
conditions, ionic liquid-ATPS has the highest extraction efficiency for parathion (83%). 

Introduction 
Organic phosphorus pesticides[1] are insecticides widely used in agricultural activities because of 

their effective ability to control pests and acarid. They are very difficult to degrade and metabolize. 
They can be traced in the water, in the soil, in the food and so on. So they not only cause some 
serious pollution to the environment, but also are harmful to human body. Parathion is one of the 
most important organic phosphorus. So in this paper, our aim is to detect the amount of parathion in 
water sample. 

The presence of organic phosphorus residues in complicated samples has encouraged the 
development of various sample preparation techniques[2]. Sample preparation has been identified 
as the bottleneck of analytical methodologies for the determination of contaminants in complicated 
samples. Prior sample preparation before instrumental analysis can help to extract, isolate, and 
concentrate the analytes of interest from complicated matrices including other interfering high 
molecular mass compounds. Therefore, the current trend of sample preparation techniques is 
focused on the simplifications, miniaturization, and combination of different steps, such as 
extraction, concentration, isolation of analytes, clean-up, and instrumental analysis in one single 
step[3].  

Room temperature ionic liquids (RTILs) are entirely composed of organic cations and various 
anions. Ionic liquids are a class of non-molecular ionic solvents with low melting points. In recent 
years, ionic liquid have attracted much attention. Compared with water and organic solvents, ILs 
have many special properties, such as wide liquid range, thermal stability, high ionic conductivity, 
enhanced solubility with many organic compounds, attractive recyclability, very low flammability, 
and negligible vapor pressure. Therefore, ILs are considered as environmentally friendly substitutes 
to conventional organic solvents[4-6].  

In this work, we show that organic phosphorus in water sample can be effectively extracted by 
the ionic liquid two-phase system. 

Experimental 
Reagents and solutions. 
O,O-diethyl-O-(p-nitrophenyl) thionophosphate (parathion) standard sample was purchased from 

Beijing Zhen Xiang Industry & Trade Co., Ltd.. (Beijing, China). N-methylimidazolium was 
purchased from Linhai kaile chemical company (Zhejiang Province, China). 
1,2-dihydroxy-3-chloropropane was bought from Darui fine chemical company (Shanghai, China). 
The ionic liquid ([2,3-dhpmim]Cl) was prepared according to the reference[7]. K2CO3, K3PO4 and 
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K2HPO4 were bought from Guangzhou chemical company (Guangdong Province, China). Other 
chemicals used were of commercial grade. All reagents were used without further purification. 
Deionized water was used throughout.  

The stock standard solution of parathion (100 mg/L) was prepared and stored in a refrigerator. 
The working solution was prepared daily by diluting the mixed standard solution in different 
concentration using deionized water. 

Preparation of LI/salt aqueous two-phase system. 
The phase diagram was prepared according to the turbidimetric titration method. Briefly, a few 

grams of concentrated IL ([2,3-dhpmim]Cl) solution were weighed into a test tube. Then a solution 
of known concentration of a salt was added drop-by-drop and mixed. The solution was clear at first. 
But after a certain amount of the salt was added, one further drop made the mixture turbid and 
separated into two phases. The mass of the mixture was noted and the composition of the two-phase 
system was determined at T=298.15 K and ambient pressure. Keep adding a few drops of water to 
the two-phase system, the mixture became clear once again. In order to get sufficient data on the 
two-phase system, the above procedure was repeated.  

Extraction of parathion. 
A proper amount of IL, K3PO4 and the solution of parathion were added into a graduated glass 

tube. The volume of the glass tube was calibrated. The mixture was diluted to the mark with 
deionized water and gently stirred by magnetic stirrer for 30 min which was sufficient to separate 
the mixture into two liquid phases. The temperature of the systems was controlled at T=298.15K in 
a thermostated water bath. The phase separation quickly happened after cessation of the stirring 
process. The volume of top and bottom phases was recorded. Then the sample was collected from 
the IL-rich upper phase and diluted for analysis. A mass balance check was made between the 
initial mass of parathion and the amounts in the upper and lower phases on the basis of equilibrium 
compositions. The relative error in the mass balance was within 2%. To avoid interference from 
phase components, samples were diluted and analyzed against blanks containing the same phase 
compositions but without parathion.  

High performance liquid chromatography (HPLC) determination. 
HPLC determination was carried out on a LC-10AT liquid chromatographic instrument 

(Shimadzu, Japan) consists of two LC-10ATvp pumps and an SPD-10Avp UV-vis detector set at 
254 nm. Data acquisition and process were accomplished with a Chromato-solution Light 
Workstation (Shimadzu, Japan). The analytical column was a 250 mm×4.6 mm i.d. C18 column. 
The mobile phase was a mixture of acetonitrile and 0.1% acetic acid (85:15, v/v) delivered at a flow 
rate of 0.8 mL/min. 

Results and disscussion 
Phase diagram. 
Three kinds of salts, such as K2HPO4, K2CO3 and K3PO4, had been studied their ability for the 

formation of ionic liquid aqueous two-phase system. From the figure 1, it was easy to draw the 
conclusion that the effect of salts for ionic liquid aqueous two-phase system follows the order: 
K3PO4 > K2HPO4 > K2CO3. At the same time, it indicated that the less salt (K3PO4) was needed to 
form the ionic liquid-ATPS. So, in this study, K3PO4 was finally selected for further investigations.  

Effect of the amount of K3PO4 on the extraction efficiency. 
In this section, the amount of K3PO4 on the extraction efficiency of parathion was studied. 2.0 

mL K3PO4 solution with different concentrations (5% to 35%) was added to system while the 
amounts of ionic liquid and parathion were fixed. The results were showed in the figure 2. From the 
figure 2, the extraction efficiency of parathion increased with the increase of K3PO4 concentration 
from 5% to 25%. When the concentration exceeded 25%, the extraction efficiency did not increase 
obviously. So, the optimal concentration of K3PO4 solution was 25%. 
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Figure 1 Phase diagram of IL/Salts aqueous two-phase system 

 
Figure 2 Effect of K3PO4 concentration on the extraction efficiency 

Effect of the amount of ionic liquid. 
The amount of ionic liquid has an important effect on the extraction efficiency too. Different 

amounts of ionic liquid were added to systems while the amounts of Na3PO4 and parathion were 
fixed respectively. The influence of the amount of ionic liquid on the extraction efficiency was 
demonstrated in the figure 3. The extraction efficiency increased obviously at the beginning. When 
the amount of ionic liquid was higher than 2.0 mL, the extraction efficiency increased very slightly. 
So, the optimal amount of ionic liquid was 2.0 mL. 

 
Figure 3 Effect of ionic liquid amount on the extraction efficiency 

Effect of extraction time. 
Extraction time is one of the essential factors on extraction efficiency. In the work, experiments 

were performed with extraction time from 5 to 30 min to obtain the optimum condition. The results 
were shown in figure 4. According to results, the enrichment factor of parathion was raised as the 
extraction time increased. When the time was greater than 20 min, the enrichment factor didn’t 
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change almost. So, 20 min was used as the optimal condition for the procedure. 

 
Figure 4 Effect of extraction time on the enrichment factor 

 

Conclusion 
In this work, a simple, fast and sensitive analytical method using hydroxyl-functionalized ionic 

liquid aqueous two-phase system extraction followed by high performance liquid chromatography 
has been studied for parathion in water samples. With the concentration of K3PO4 25% (mass 
fraction), ionic liquid 2.0 mL and extraction time 20 min, ionic liquid-ATPS had the highest 
extraction efficiency for parathion in water sample (87%). 
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