
INTRODUCTION

In the environment, chromium occurs mainly in the

oxidation states (III) and (VI). The Cr(III) is essential for plants

and animals at trace concentrations, whereas Cr(VI) is consi-

dered to be a more toxic form because of its high oxidizing

potential. Recently, extensive use of chromium in industrial

processes has led to discharged large quantities of chromium

into the environment, leading to serious problems and hazar-

dous risks for the human health.

The separation/preconcentration methods for determi-

nation of chromium reported in literature include: coprecipi-

tation1, solvent extraction and solid phase extraction2,3, ion

exchange separation1,4, electrochemical methods5, high

performance liquid chromatography6, ion chromatography7

and capillary electrophoresis8. However, most of the methods

mentioned above are often complicated and time consuming

or have high operation costs. Thus, a simple and efficient

separation technique for chromium species is essential.

Cloud point extraction has attracted a lot of attention as

an alternative to traditional liquid-liquid extraction. The cloud

point extraction was first introduced by watanabe and others

in 19769. Cloud point of the aqueous solutions of surfactant

micellar systems is a temperature at which the solution becomes

turbid before separating into two phases, a surfactant-rich phase

and an aqueous phase. The surfactant rich phase is able to
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extract and preconcentrate analytes. The cloud point extraction

methodology is based on surfactant-mediated phase separation.

During the cloud point extraction procedure, targets can be

successfully extracted and preconcentrated by changing the

conditions affecting phase separation in a single step; the

preconcentration factor can reach more than 10. Importantly,

in cloud point extraction, the surfactants are less toxic, cheaper

and more environment friendly than the organic solvents. For

the aforementioned advantages, cloud point extraction has been

successfully used for the preconcentration of species of widely

differing characteristics as a previous step to their later determi-

nation by HPLC10,11, gas chromatography (GC)12-15 and atomic

absorption spectrometry16-18.

TMN-6 is polyethylene glycol trimethylnonyl ether, a non-

ionic surfactant, with no aromatic group, which excellent

biodegradability and environment-friendly and its cloud point

(CP) is about 55 °C.

In this research, TMN-6 was studied as the cloud point

extractant in the preconcentration and treatment of the Cr(III)

ions by FAAS. Compared with Triton X-114, a much higher

enrichment factor was obtained by the cloud point extraction

system with TMN-6 under the condition of the same total

surfactant concentration. Different experimental conditions

were studied to determine the optimal condition for the analysis

of the real samples.
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EXPERIMENTAL

A vortex instrument was employed for the cloud point

experiments (Shanghai, China) and flame atomic absorption

spectrometer (AA-6300C, Shimadzu, Japan) was used for the

determination of the concentration of metal. A centrifuge

(Shanghai, China) was used to completed the phase separation

process.

All the reagents used were of analytical reagent grade

and all solutions were prepared in deionized water. A stock

standard solution of chromium at a concentration of 1000 µg

mL-1 was obtained from the National Institute of Standards

(Beijing, China), Tergitol TMN-6 and 8-hydroxyquinoline

(Aladdin, China) were used.

Cloud point extraction procedure: For the cloud point

extraction experiments, aliquots of working standard solution

of Cr (pH = 9), 0.5 µg L-1 oxine (200 µL), 100 µL TMN-6 and

0.2 g (NH4)2SO4 were placed in a 10 mL screw cap glass centri-

fuge tube with conical bottom. Then, the glass centrifuge tube

was vortex-mixed for 2min. The mixtures were diluted to 5 mL

with deionized water. Then, the glass centrifuge tube was put

in the water-bath at 55 °C for 15 min. The cloudy solution

was separated by centrifugation at 3000 rpm for 10 min. After

phase separation, the aqueous phase was then removed from

the centrifuge tube by a syringe. The surfactant rich phase

was diluted with deionized water to 1 mL and then the analyte

contents were determined by flame atomic absorption spectro-

scopy.

RESULTS AND DISCUSSION

Effect of pH on cloud point extraction: pH Plays a

unique role on metal-chelate formation and subsequent extrac-

tion. In order to evaluate the effect of pH on the extraction

efficiency of Cr(III), the pH values of sample solutions was

studied in the range of 5-13 and the results are shown in Fig. 1.

According to the results, the absorbance was nearly constant

in the pH range of 8-13 for Cr(III) and hence, pH 9 was chosen

as the optimum value.
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Fig. 1. Effect of pH on the cloud point extraction

Effect of oxine concentration: The extraction efficiency

depends on the hydrophobicity of the ligand that influence

the hydrophobicity of the complex, the kinetics of the chelate

formation, the apparent equilibrium constants in the TMN-6

medium and the partition coefficients. In this work, 8-hydroxy-

quinoline (oxine) was used as the chelating agent due to the

highly hydrophobic nature of its metal chelates. Concentration

of chelating agent is a critical variable and, it is highly impor-

tant to establish the minimal reagent concentration that leads

to total complex formation while achieving the highest extrac-

tion. The effect of concentration of oxine was investigated in

the range of 0.1 to 2 µg L-1. The results are given in Fig. 2 and

show that the absorbance increased by increasing the oxine

concentration up to 0.5 µg L-1 and then remained constant

afterwards. A concentration of 0.5 µg L-1 of oxine was chosen

for subsequent determinations.
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Fig. 2. Effect of oxine concentration on the cloud point extraction

Effect of temperature and time on cloud point extrac-

tion: When the cloud point extraction procedure was processed

at the equilibration temperature of the surfactant, the best

extraction efficiency was achieved. A temperature range of

35-60 °C was studied. Maximum extraction efficiency was

observed in the range of 50-60 °C; beyond 60 °C, a little decrease

of the efficiency was obtained. Accordingly, 55 °C was used

in the cloud point extraction procedure. The equilibration time

was also investigated in the range of 5-60 min. It was found

that the maximum extraction efficiency was presented between

15 and 20 min. Therefore, 15 min was chosen as the optimum

equilibration time.

Effects of foreign ions: In order to demonstrate the

selectivity of the developed cloud point extraction system, the

effect of other ions on Cr ions determination was evaluated.

The interferences were studied by analyzing 5 mL solution

containing 2 µg mL-1 Cr(III). An ion was considered to interfere

when its presence produced a variation of more than 5 % in

the absorbance of the sample. The results are shown in Table-1.

As it is shown, the recovery is quantitative and satisfactory in

the presence of most foreign cations and the major cations in

the real samples have no obvious influence on cloud point

extraction of Cr(III) ion under the selected conditions.

Comparison with Triton X-114 cloud point extraction

and LLME (Using ionic liquid): Different surfactants

and extracting agents demonstrate different efficiencies of
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TABLE-1 
EFFECT OF DIVERSE IONS ON THE 

DETERMINATION OF CHROMIUM(III) 

Coexisting ions 
Molar ratio 

(ion/chromium) 
Recovery (%) 

Cl– 3000 99 

PO4
3–, NO3

– 1800 98.4 

SO4
2– 1000 97.5 

Na+ 4000 101.8 

K+ 3000 97.3 

Co2+ 2000 98 

Cd2+, Mn2+ 1800 96 

Ca2+ 1500 97.2 

Pb2+ 50 98.3 

Fe2+ 20 96 

Zn2+ 10 96 

Cu2+ 10 96.8 

Ni2+ 10 97 

 
extraction for certain targets based on various factors. Thus,

the most commonly used surfactant, Triton X-11410, in cloud

point extraction and extracting agent, ionic liquid, were

selected to compare with TMN-6 cloud point extraction method

performance. The remaining results are shown in Fig. 3. TMN-

6 had an advantage over Triton X-114-CPE and ionic liquid-

LLME in terms of recovery.
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Fig. 3. Comparison of TMN-6 cloud point extraction with TritonX-114

cloud point extraction and LLME- Ionic liquid in terms of recovery

Analytical characteristics: The analytical characteristics

of the method were evaluated under the optimum experimental

conditions. The enrichment factor (EF), relative standard devia-

tions and limits of detection are effective factors to evaluate a

developed analytical method. With the optimized system, the

calibration graph of Cr was linear in the range of 10-500 µg L-1.

The calibration equation is A = 1.0 × 10-3 C-0.0061 with a

correlation coefficient of 0.9981, where A is the absorbance

and C is the Cr concentration in µg L-1. The detection limits,

defined as the concentration equivalent to three times the

standard deviation (n = 11) of the reagent blank was 2.9 µg L-1.

The relative standard deviation for Cr was 4.2 %. The

enhancement factor, defined as the ratio of slope of precon-

centrated samples to that obtained without preconcentration,

was 20.

Analysis of real samples: The recommended procedure

was examined to determine Cr(III) ion in real samples inclu-

ding tap water, spring water and seawater, which were all from

Luolong river, Kunming. And all the water samples are spiked

with Cr(III) standard solution at different concentration levels

to assess the matrix effects. The results are shown in Table-2.

It shows that the developed method applied to the determi-

nation of Cr(III) in real samples.

TABLE-2  
RESULTS OF DETERMINATION 

OF CHROMIUM IN REAL SAMPLES 

Sample Spiked (µg L-1) Found (µg L-1) Recovery (%) 

0 Not detected - 

20 20.7 ± 0.4 103.5 Tap water 

50 54.4 ± 0.9 108.8 

0 Not detected - 

20 19.9 ± 0.5 99.5 Spring water 

50 51.2 ± 0.9 102.4 

0 Not detected - 

20 18.7 ± 0.4 93.5 Sea water 

50 50.0 ± 1.0 100 

 
Comparison of Tergitol TMN-6 with other reported

reagents: Table-3 compares the characteristic data of the

tergitol TMN-6 with other reported reagents for the determi-

nation of Cr(III) in literature. As it can be seen, the proposed

method possesses lower limit of detection and preconcentration

time than most reported reagentas with only 5 mL of the sample

solution and is suitable for determination of trace amounts of

Cr(III) in real samples. The type of samples and matrix doesn't

affect the determination of Cr(III).

TABLE-3 
COMPARISON OF TERGITOL TMN-6 

WITH OTHER REPORTED REAGENTS 

Reagent 
Sample 
volume 
(mL) 

Precon-
centration 
time (min) 

RSD (%) 
(n=9) 

Injection 
volume 
(mL) 

LOD 

(µg/L) 
Ref. 

TritonX-114 10 >15 2.7 0.5 7.5 19 

CTAB 10 12 2.2 0.5 12 20 

TritonX-100 10 >15 2.1 5 6.5 21 

Tergitol 
TMN-6 

5 10 4.2 0.1 2.9 This 
paper 

 

Conclusion

A simple, sensitive and reliable cloud point extraction

methodology has been established in the present work. Tergitol

TMN-6 as a non-ionic surfactant was used in the process of

cloud point extraction with a good enrichment factor and low

LOD. The proposed method was successfully applied for the

determination of trace Cr(III) in real samples.
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