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ABSTRACT

2-(3- indolyl) - 4,5 di phynyl imidazole(IDPI), was used as a complexing agent in cloud point
extraction for the first time and applied for selective pre-concentration of trace amounts of
Aluminium. The method is based on the extraction of Aluminium at pH 3.5 by using non-
ionic surfactant T-X114 and 2-(3- indolyl) - 4,5 di phenyl imidazole.(IDPI) as a chelating
agent. The adopted concentrations for IDPI, Triton X-114 and HNOs, bath temperature,
centrifuge rate and time were optimized. Linearity for Al was obeyed in the range of AP+
ion 0.2-20.0 ng mL™". The Detection Limit (n=10) 0.013(ug.mL™") for Aluminium ion, and
along with enrichment factor of 37 for Aluminium ion, RSD % (n=5) 1.3(ug.mL") for
Aluminium ion was achieved. The high efficiency of cloud point extraction to carry out the
determination of analytes in complex matrices was demonstrated. The proposed method
was successfully applied to the ultra-trace determination of aluminium in real samples.

Keywords: 2-(3- indolyl) - 4,5 di phenyl imidazole (IDPI), aluminium ion, cloud point
extraction, flame atomic absorption spectrometry

INTRODUCTION

Aluminium(Al) is widespread throughout nature, air, water, plants and consequently in all
the food chain [1]. Nevertheless, the excessive ingestion of aluminum can influence negatively
the human organism disturbing calcium and phosphate metabolisms and thus damaging the
bone system. Moreover, the accumulation of high amounts of aluminum in the brain is
associated to Alzheimer disease, senescence symptoms and amnesia of young people [2].
Human beings are exposed to aluminum from several sources such as atmospheric air,

© Authors. Terms and conditions of Creative Commons Attribution 4.0 International (CC BY 4.0) apply.
Correspondence: Rakhshan Hakimelahi, ' Chemistry Department, Jahrom Branch, Islamic Azad university, Jahrom
74135355, Fars Province, Iran. 2 Chemistry Department, Shiraz Branch, Islamic Azad university, Shiraz 7473171987,

Fars Province, Iran.

B<] r.hakimelahi2002@gmail.com



mailto:r.hakimelahi2002@gmail.com

R. Hakimelahi & K. Niknam / Cloud Point Extraction of Aluminum

cosmetics, foods, drinking water and medicines. A lot of papers devoted to the determination
of aluminum in environmental samples, food, drugs, human body have appeared in the
literature for years [3-5].

Several analytical techniques such as flame atomic absorption spectrometry (FAAS) [6],
electrothermal atomic absorption spectrometry (ETAAS)[7], and inductively coupled plasma-
optical emission spectrometry (ICP-OES)[8,9], and kinetic- Spectrophotometry [10] devoted to
low-level metals determination, however, their present very high acquisition and operational
costs. Spectrophotometry is a well-established analytical technique that provides low cost,
simplicity and wide range of applications for aluminium determination in some food samples
[11-13].

Cloud point extraction (CPE) is a separation and preconcentration method [14]. Cloud
point extraction (CPE), employed in analytical chemistry to separate and preconcentrate
organic compounds and metal ions, has been well reviewed [15], Cloud point extraction is the
process in which the surfactant is added to the aqueous solution which containing the
component or components that must be extracted [16].

Surfactants are usually organic compounds that are amphiphilic, meaning they contain
both hydrophobic groups (their tails) and hydrophilic groups (their heads). Therefore, a
surfactant contains either a water insoluble (or oil soluble) component and a water soluble
component. The tail of most surfactants is consisting of a hydrocarbon chain which can be
linear, branch or aromatic [17, 18]. Suitable amount of surfactant shall be added to provide the
micelles in the solution. It means that the final concentration of the surfactant shall be
exceeding from its CMC (Critical Micelle Concentration). Then for micelle or cloud solution
formation, conditions (such as increase or decrease in temperature, increase in salt or other
surfactants) are changed and with applying the suitable conditions, surfactant molecules form
micelles. In order to speed up the separation of two phases, centrifugation can be used. Finally

phase separation is done and a surfactant-rich phase and an aqueous phase will observe [19,
20].

In this work, a cloud-point preconcentration procedure was introduced for
determination of Al** ion, after the formation of complex with 2-(3- indolyl) - 4,5 di phenyl
imidazole (IDPI). The lipophilic IDPI-AI3* complexe, completely extracted from aqueous
solution to the concentrated micellar medium, and the analytes was ultimately analyzed by
flame atomic absorption spectrometry.

EXPERIMENTAL
Instrumentation

A Shimadzu AA-680 atomic absorption spectrometer equipped with deuterium
background correction, Al hollow-cathode lamps as the radiation source, was used for
absorbance measurements respectively. Shimadzu double beam UV-Vis spectrophotometer
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UV-1700 (Japan). A centrifuge (Shimifan) was used to accelerate the phase separation process.
A Jenway model 3510 pH-meter was used for pH measurements.

Reagents

All solutions were prepared with deionized water. Analytical-grade methanol, acids,
and other chemicals used in this study were obtained from Merck. All surfactants including.
A 1.0% (w/v) Merck (Darmstadt, Germany) was prepared by dissolving 1.0 g of sodium
dodecyl sulphate (SDS), Triton X-100, Triton X-114 cetyltrimethyl ammonium bromide
(CTAB), were prepared by dissolving appropriate amount of each surfactant in DI water and
make a final volume of 100 mL in volumetric flask. All chemicals obtained from commercial
sources were of analytical grade unless otherwise stated. All aqueous solutions were prepared
using doubly distilled water. The aluminum stock solution, 1000 pg L was prepared from
Al(NO3)3.9H20 in 103M. The 2-(3- indolyl) - 4,5 di phynyl imidazole.(IDPI) was synthesized,
purified and characterized according to the literature [20].

Synthesis of Ligand 2-(3- indolyl) - 4,5 di phynyl imidazole.(IDPI).

A mixture of benzil (Immol), ammonium acetate (3mmol) and substituted
benzaldehydes (Immol), was added silica-bonded N-propylsulfamic acid (0.1 g) in solvent
free condition at 80°C for the appropriate time, and heated at 80°C in an oil bath. After
completion of the reaction, as indicated by TLC, the reaction mixture was filtered and
remaining washed with warm ethanol (2-5 mL). After cooling, the corresponding 2,3-
dihydroquinazolinone products were obtained which purified by recrystallization from hot
ethanol. The recovered catalyst was dried and reused for subsequent runs. The product was
purified by column chromatography on silica gel [eluent: EEOAc/n-hexane (1:3)] to give pure

2-(3-indolyl)-4,5 di phenyl imidazole.(IDPI) in 90% yield. (Scheme 1) was synthesized
according to literature [21].

Ph
phI %QQ

Scheme 1: 2-(3- indolyl) - 4,5 di phynyl imidazole.(IDPI)
Mp: 302-305 °C

TH-NMR (DMSO-ds,400 Hz) 6: 7.05-7.16 (m, 3H), 7.23-7.28 (m, 3H), 7.37 (d, 3H, ]=7.8 Hz),
7.44 (d, 2H, J=7.3 Hz), 7.56 (d, 2H, J=7.1 Hz), 7.93 (d, 1H, ]=2.5 Hz), 8.40 (d, 1H, J=8.6 Hz), 11.29
(s, 1h), 12.20 (brs, 1H).

BC-NMR (DMSO-ds, 100 MHz) &: 106.8, 111.6, 119.7, 121.5, 121.8, 123.7, 125.1, 126.8,
128.1,128.7,136.2, 143.7,145.3, 171.7.
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IR(KBr) (cm?): 3412, 3055, 1621, 1598, 1491, 1451, 1336, 1208, 1182, 1049, 940, 854, 761,
749, 696.

Elemental analysis: C, 82.36; H, 5.11; N, 12.53.
Found: C, 82.17; H, 5.17; N, 12.29.
Procedure

Proposed procedure of cloud point extraction was tested by using model solution [Z].
For CPE, an aliquot of 15 mL of a solution containing Aluminium ion (0.05 pg mL1), 0.1 %
Triton X-114 and 0.27 mM of IDPI was adjusted to pH 3.5 with HCl. The mixture was kept for
20 min in the thermostatic bath maintained at 50°C. The phase separation is accelerated by
centrifuging at 4000 rpm for 15 min. The whole system was cooled in an ice-bath so for 15 min
that the surfactant rich phase would regain its viscosity. In this way, the bulk aqueous phase
was easily decanted. The remaining micellar phase was dissolved in 500 pL of 1.0 M HNOs in
methanol and then the Aluminium ion content was readily evaluated by FAAS.

Preparation of Real Samples
Water samples

River water, natural mineral, Waste water (Hospital) and Spring water samples were
collected in acid-leached polyethylene bottles. Al water samples was collected from (Bushehr,
Iran), filtered through 0.45 um Millipore cellulose acetate membrane filters to remove particles
and diluted with distilled water to the ratio of 1:1. The samples were then adjusted to pH3.5
and immediately analyzed [22].

Baking powder sample

A sample of 100 g was dissolved in a mixture of 5 mL concentrated HNO; and 250 mL
of distilled water. The solution was neutralized to pH 3.5 using 8.0 mol L-* NaOH and then
separation/preconcentration procedures given above were separately applied. The metal
contents of the final solution were determined by flame AAS [23].

Soil samples

Accurately weighed 1.0 g of soil samples from near Bushehr petrochemical center (less
than 200 meshes), dried at 110 °C were poured into a 250 mL beaker and 10 mL concentrated
nitric acid was added to it. The mixture was gently heated under a hood until drying. After
complete drying, the mixture was cooled to room temperature. A second 10 mL portion of
concentrated nitric acid was added and the procedure. Then 10 mL concentrated hydrochloric
acid was added to the beaker and the mixture was gently heated until complete drying. After
cooling, the residue was dissolved in 10 mL of 1 M HCI and the solution was then filtered into
a 100 mL calibrated flask, using a syringe filter (0.45 pm pore sized). The sample was
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Figure 1. Absorption spectra of IDPI - Al complex. Conditions: 0.1% (w/v) Triton X-114, 0.27mM IDPI and
0.05 ug mL" Aluminium ion

neutralized by proper amounts of a 1 M NaOH solution and finally diluted to the mark with
water [24].

RESULTS AND DISCUSSION

The aim of this work was to develop a simple, sensitive and available method for the
preconcentration and determination of trace amounts of Al3*ion in various real samples using
flame atomic absorption spectrometry coupled with CPE. In this regard, the influence of
various effective parameters including, pH, surfactant and IDPI concentrations, heating time
and temperature, centrifuge time and rate, as well as the effect of electrolyte on absorbance,
were optimized. The complexation study yields important information about the interaction
between the ligand and metal ions. Recently, we have used the spectrophotometric method
for this purpose [25, 26], before using IDPI for the CPE of the metal ions.

Spectrophotometric Titrations

Atypical Cloud point experiment required the following steps: 25mL solution contain
analyte ions, 0.1 % Triton X-114 for Al** ion and 0.27 mM IDPI was adjusted to related pH 3.5,
was adjusted to related pH 3.5, the mixture shaken for 15 min and left to stand in a
thermostated bath at 50°C for 20 min to AI3* ion, high viscosity Cloud point formed ,the bulk
aqueous phase was easily decanted .The remaining micellar phase was dissolved in ethanol
and then the ion content was readily evaluated by UV-Vis spectrophotometry at Amax for
complex A=539nm for Al* ion, as well as calculated distribution ratio values by
spectrophotometric method[27]. With dependance on Calibration Curve Figure 1.

Effect of pH

A complex with sufficient hydrophobicity is required for separation of metal ions. The
mentioned complex can be extracted in a small volume of surfactant-rich phase. The extraction
efficiency is dependent on the pH at which complex formation occurs. Therefore, pH is the
most important parameter affecting the extraction efficiency and it is necessary to choose the
optimum pH at first [28-31]. The effects of pH on to extract metal complexes are given in Figure
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Figure 2. Effect of pH on the extraction recovery of Aluminium ion. Conditions: 0.05 pg mL™", 0.27 mM
IDPI, 0.1% (w/v) Triton X-114. Other experimental conditions are described in Procedures

2. In the pH range of 1.0-8.5, extraction was quantitative. The decrease in recoveries at pH >3.5
is probably due to the precipitation of metal ions in the form of hydroxide, and at pH < 3.0
may be due to competition from hydronium ion toward ions for complexation with IDPI or
decomposition of complex at pH <3.5, which led to the decrease in recoveries. In later
experiments a pH of 3.5 was selected.

Effect of Ligand IDPI Concentration

In order to select the optimal concentration of ligand (at the fixed values of the other
experimental parameters), the effect of the concentration of the chelating reagent on the
extraction efficiency was evaluated over the range of 0.1-0.45 mM. The extraction recovery as
a function of the IDPIconcentration is shown in Figure 3. At 0.27 mM IDPI, the recoveries of
the ions were quantitative. Thus, 0.27 mM IDPI was chosen for subsequent experiments. The
high concentration of IDPI with respect to the concentrations of the Aluminium ion makes it
superior for analysis of real samples.

Effect of Surfactant on Sensitivity

The formation of Al-IDPI complexes are time consuming, requires rigid control of pH
and temperature, and its sensitivity is not suitable for aluminium determination at trace levels.
However, these disadvantages can be reduced by applying the cationic surfactant micelles to
AI-IDPI complex [32]. Therefore, the effect of type of surfactant such as cationic(CTAB),
anionic(SDS), nonionic(Triton X-100) and nonionic (Triton X-114) surfactants on spectra and
sensitivity of the complexation of Al and IDPI reagent in acetate buffer pH 3.5 were
investigated. It was found that the absorption spectrum of Al-IDPI in the presence of nonionic
(Triton X-114) gave highest sensitivity Table 1. Therefore, nonionic (Triton X-114) was chosen
as suitable surfactant for enhances the sensitivity of Al-IDPL
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Figure 3. Effect of IDPI concentration on the extraction recovery of Aluminium ion. 0.05pg mL™", 0.1%
Triton X-114, pH 3.5. Other experimental conditions are described in Procedures

Table 1. Effect of type of surfactant on sensitivity for 0.05 ug mL™" of interest ion, pH 3.5, IDPI (0.27 mM)
and 0.1 % (w/v) of each surfactant

Surfactant Cd %
Triton X-100 48.7
Triton X-114 98.6
SDS 32.0
CTAB 274
No surfactant 15.9

Triton X-114 was used as extractant and the concentration of this surfactant affects both
the extraction efficiency and the volume of the surfactant-rich phase. In order to obtain easy
phase separation and maximum extraction efficiency the optimum amount of Triton X-114
should be determined [33]. The variation in absorbance of extracted Al3* ion within the Triton
X-114 concentration range of 0.01 - 0.15% (w/v) was examined and results shown in Figure 3.
The results show that quantitative extraction was obtained with an optimum Triton X-114
concentration of 0.1% (w/v), at which the highest absorbance for extracted Al** ion was
obtained. For concentrations lower than 0.1% (w/v), the preconcentration efficiency of the
formed complexes was very low, since the assemblies at low concentration were probably
inadequate to preconcentrate trace amounts of Al3*ion. The decreasing of absorbance at a
concentration higher than 0.1% (w/v) is due to the remaining of some part of Triton X-114 and
IDPI in aqueous solution as this phase can compete with surfactant-rich phase to draw analyte
ions.

Effect of Viscosity on the Analytical Signal and Centrifugation Time

As reported, the organic solvent increases the atomization temperature, whereas both
the organic solvent and the surfactant can promote generation of small droplets during
mobilization and lead to positive surface effects. The signal enhancement in the presence of
organic solvents has been widely applied to increase sensitivity during the analysis of a variety
of metallic ions [35, 35]. Solvents tested include acetone, ethanol, and methanol, and the best
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Figure 4. Effect of Triton X-114 on Aluminium ion Recovery, Condition: 15 mL 0.05 pg mL™" Aluminium
ion at various Triton X-114, 0.27 mM IDPI, pH=3.5, 0.2 % (w/v)KI, eluting solution 0.5ml of 1.0 M HNO3
in methanol

- oo 20 ) - = -
_ﬁ' L -__.I'-'
20 0 40 50 &0 70

Temperature{ =C)

Figure 5. Effect of temperature on Aluminium ion recovery, Condition: 15 mL 0.05 ug mL" Aluminium
ion at various temperature, 0.1% (w/v) Triton X-114, 0.27mM IDPI, pH=3.5, 0.2 % (w/v) KI, eluting solution
0.5mL of 1.0 M HNO3 in methanol

results were obtained by using methanol; 0.5 mL 1.0 M nitric acid in methanol was used as the
diluent. Under these conditions, maximum analytical signals were obtained.

Effect of Temperature and Equilibrium Time on CPE

It was desirable to employ the shortest equilibration time and the lowest possible
equilibration temperature as a compromise between completion of extraction and separation
of phases. The dependence of extraction efficiency upon equilibration temperature and time
above the cloud point in the range 30-70 °C and 5-30 min were thoroughly optimized,
respectively [36]. Holding the sample solutions for 25 min at 50 °C was found to be satisfactory
to achieve a small volume of the surfactant-rich phase, quantitative extraction and
experimental convenience.
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Table 2. Optimum Conditions for the Presented CPE Method

Parameter Optimum Value for ions
pH 35
IDPI concentration (mM) 0.27 mM
Triton X-114(w/v) 0.1 % (w/v)
Eluting agent 0.5 mL 1.0 mol L' HNOj3 in methanol
Bath temperature 50°C
Temperature time 20 min
Centrifuge time 15 min
Centrifuge rates 4000 rpm

Effect of KI Concentration

Addition of salt can cause cationic surfactant solutions to separate into immiscible
surfactant-rich and surfactant-poor phases. Therefore, iodide was added to induce micelle
growth and extraction of complex [2]. The effect of iodide concentration was studied in the
range 0.05-0.8% (w/v). The absorbance for the sample increased by increasing in iodide
concentration up to 0.2% (w/v) and remained constant at higher concentrations. Therefore,
0.2% (w/v) Kl iodide was chosen as the optimum.

Effect of Centrifuge Time and Rates

Trace amounts of the Aluminium ion must be concentrated with high efficiency in a
short time. Therefore, CPE was performed in a set of experiments with a 15 mL sample at pH
3.5,0.27 mM IDPI, Al3*ion (0.05 pg mL1), and 0. 2% (w/v) % KI by heating at 50°C, centrifuging
at various rates, and further cooling for different times. The results indicate that the
experiment with the optimized reagent concentration after heating for 20 min at 50°C,
centrifuging for 20 min at 4000 rpm, and cooling for 15 min in an ice bath lead to high
sensitivity of the metal ions in a short time.

Characteristics of the Method

Calibration curves were obtained by preconcentration of standard solutions under
optimized extraction conditions. Because of very narrow of the linear calibration range for the
elements, two different calibration curves were obtained. The dynamic range of calibration
curves for studied element was in Table 3, [14]. Calibration graphs were obtained by
preconcentrating 2.0 mL of standard solution in the presence of pH 3.5, 0.1% (w/v) Triton X-
114, pH 3.5, 0.27 mM IDPI with 0.2% (w/v) KI, under the experimental conditions specified in
the optimized procedure section. The solutions were introduced into the flame by
conventional aspiration. The characteristics of the proposed method are shown in Table 2.

Table 3 gives the characteristic performance of the proposed method of standard
solutions subjected to the entire procedure. Limits of detection and quantification according
to IUPAC are also included [29, 37]. The limit of detection and the linear range of the proposed
method are comparable to other methods that also employed FAAS.

971



R. Hakimelahi & K. Niknam / Cloud Point Extraction of Aluminum

y= 0. 387 4x- 0.0007
R® = 059988

Abs

0 02 04 g 08 10 12 14
Conc. of Al (pg mL)

Figure 6. Calibration Curve by dithizone method for AI** ion

Table 3. Specification of Method at Optimum Conditions for Al** ion

Parameters lon
Al
Linear Range (ug mLY) 0/1-064/27
Correlation Coefficient 0/9985
Detection Limit (pg.mL?) (n =10) 0/013
Enrichment factor 37
Preconcentration factor 39
RSD % (n =5) 13
Recovery % 99

Effect of Diverse Ions on the Determinations

The extent of interferences from major anions and cations of natural waters and some
metal ions were examined by measuring the absorbance of the solution preconcentration step
[38]. Cations that may react with IDPI, and anions that may form complexes with the metal
ions were studied [39]. The results were shown in Table 4. It was proved that Aluminium
recoveries were almost quantitative in the presence of foreign cations.

Determination of Metal Ions in Real Samples

To validate the proposed method, the developed procedure was applied to the
determination Aluminium ion in real samples. For this purpose, 15 mL of each of the samples
were pre-concentrated with 0.1% (w/v) Triton X-114 and IDPI concentration of 0.27mM,
following the proposed procedure. The results are shown in Table 5 and 6. In all cases the
spike recoveries confirmed the reliability of the proposed method. Table 5 and 6 compares
LODs and linear range for proposed method with other methods for determination of
aluminum [22, 40].
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Table 4. Effects of the matrix ions on the recoveries of the examined AP* ion (N=3)

lons Added As Tolerance Limit, mg L'
Cl, K*, Na*, KCl, NaCl, MgCl,, 800
Zn%*, Ba?* Nitrate salts 300
PO43’ N33PO4 800
Cu?*, Ni?*, Cr3*, Hg?* Nitrate salts 200
Ca®*, Mg?* Nitrate salts 50
Fe3* Nitrate salts 100
HCO3 - NaHCO3 800

Table 5. Determination of A** ion in Soil,Soda and Baking Powder

lon Soil Soda Baking Powder
Added Found RSD Recovery Found RSD% Recovery Found RSD Recovery
(ugmL") (gmLh) % % (pg mLT) % (pgmlh % %
Al 0 0.90 14 - 1.23 0.9 - 0.04 1.2 -
0.15 2.00 1.1 96 2.51 1.0 94 0. 11 13 101

Table 6. Determination of AI** ion in Waste water(Hospital), River water and Tap water

lon Waste water (Hospital) River water Spring water
Added Found RSD Recovery Found RSD Recovery Found RSD Recovery
(pgmth  (ugmlh % % (pgmLlh % % (pgmLlh) % %
Al 0 2.38 1.1 - 0.95 1.2 - 4.5 1.3 -
0.15 7.60 1.5 100.7 2.38 1.6 95.3 20.1 1.5 103
CONCLUSIONS

The combined advantages of the cloud point methodology and the use of 2-(3- indolyl)
- 4,5 di phyeyl imidazole(IDPI), as a ligand for Aluminium were utilized for determination of
Aluminium in real samples. The method is fairly selective, leading to an effective separation,
and constitutes an inexpensive alternative to other pre-concentration methods. The method
gives a low limit of detection, good R.S.D. and solvent-free extraction of the element from its
initial matrix following a single step extraction procedure without interferences.
Preconcentration factor of developed method is generally more than small the other study.
The detection limits of method are comparable level with the works in literature including
cloud point extraction, solid-phase extraction and coprecipitation [41-44]. Simultaneous
separation and preconcentration of Aluminium is one of the important advantages. The
proposed method has been applied different matrices.

ACKNOWLEDGEMENTS

The authors express their appreciation to the Graduate School and Research Council of
the Jahrom Azad University for the financial support of this work.

973



R. Hakimelahi & K. Niknam / Cloud Point Extraction of Aluminum

974

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Lopez, F. F, Cabrera, C., Lorenzo, M. L., & Lopez, M. C. (2002). Aluminum content of
drinking waters, fruit juices and soft drinks contributions to dietary intake. Science of the total
environment, 292, 205.

Huseyinli, A. A, Alieva, R., Haciyeva, S., & Guray, T. (2009). Spectrophotometric determination
of aluminium and indium with 2,2',3,4-tetrahydroxy-3',5'-disulphoazobenzene. Journal of
Hazardous Materials, 163, 1001.

Walton, J. R. (2011). Bioavailable Aluminum: Its Effects on Human Health. Environmental Health,
10, 331.

Komarek, J., Ervenka, R., Rika, T., & Kub4, V. (2007). ET-AAS determination of aluminium in
dialysis concentrates after continuous flow solvent extraction. Journal of Pharmaceutical and
Biomedical Analysis, 45, 504.

Bulut, V. N., Arslan, D., Ozdes, D., Soylak, M., & Tufekci, M. (2010). Preconcentration,
separation and spectrophotometric determination of aluminium(lll) in water samples and
dialysis concentrates at trace levels with 8-hydroxyquinoline-cobalt(II) coprecipitation system.
Journal of Hazardous Materials, 182, 331.

Siriang Khawut, W., Tontrong, S., & Chantiratikul, P. (2013). Quantitation of Aluminium
Content in Waters and Soft Drinks by Spectrophotometry Using Eriochrome Cyanine R.
Research Journal of Pharmaceutical, Biological and Chemical Sciences, 4, 1154.

Jalbani, N., Kazi, T. G., Arain, B. M., Jamali, M. K., Afridi, H. 1., & Sarfraz, R. A. (2006)
Application of factorial design in optimization of ultrasonic assisted extraction of aluminum in
juices and soft drinks. Talanta, 70, 307.

Malik, J., Frankova, A., Drabek, O., Szakova, J., Ash, C., & Kokoska, L. (2013). Aluminum and
other elements in selected herbal tea plant species and their infusions. Food Chemistry, 139, 728.
Chen, B., Zeng, Y., & Hu, B. (2010). Study on speciation of aluminum in human serum using
zwitterionic bile acid derivative dynamically coated C18 column HPLC separation with UV and
on-line ICP-MS detection. Talanta, 81, 180.

Okoye, 1. P., & Obi, C. (2012). Thermodynamic and Kinetic Evaluations of Some Heavy Metal
Ions on Aluminum-Pillared and Unpillared Bentonite Clays. International Archive of Applied
Sciences and Technology, 3, 58.

Francisco, B. B. A, Caldas, L. F. S, Brum, D. M., & Cassella, R. J. (2010). Novel
spectrophotometric method for the determination of aluminum in soda drinks packed in cans
and plastic bottles. Journal of Hazardous Materials, 181, 485.

Abbasi, S. H., Farmany, A., Gholivand, M. B., Naghipour, A., Abbasi, F., & Khani, H. (2009).
Kinetic-Spectrophotometry Method for Determination of Ultra Trace Amounts of Aluminum in
Food Samples. Food Chemistry, 116, 1019.

Tontrong, S., Khonyoung, S., & Jakmunee. (2012). Flow injection spectrophotometry using
natural reagent from Morinda citrifolia root for determination of aluminium in tea. Food
Chemistry, 132, 624.

Candir, S., Narin, I., & Soylak, M. (2008). Ligandless cloud point extraction of Cr(Ill), Pb(Il),
Cu(II), Ni(Il), Bi(II), and Cd(II) ions in environmental samples with Tween 80 and flame atomic
absorption spectrometric determination. Talanta, 77, 289.

Helen, C., Clesia, R.,, Nascentes, C., & Nivia, M. M. (2011). Cloud point extraction for
determination of cadmium in soft drinks by thermospray flame furnace atomic absorption
spectrometry. Microchemical Journal, 97, 118.

Bezerra, M. A., Arruda, M. A. Z., & Ferreira, S. L. C. (2005). Cloud Point Extraction as a
Procedure of Separation and Pre-Concentration for Metal Determination Using
Spectroanalytical Techniques. Applied Spectroscopy Reviews, 40, 269.



Eurasian | Anal Chem

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Jamali, M. R., Gholinezhad, M., Balarostaghi, S., Rahnama, R., & Rahimi, S. H. A. (2013).
Development of a Cloud-Point Extraction Method for Cobalt Determination in Natural Water
Samples. Journal of Chemistry, Article ID 615175.

Laurier, L., Schramm Elaine, N., & Stasiuk, D. (2003). Surfactants and their applications. Annual
Reports Section "C" Physical Chemistry, 99, 3.

Meyers, D. (2006). Surfactant science and technology, Third Edition, John Wiley and sons, Inc.
Yuan, C. G, Jiang, G. B, Cai, Y. Q., He, B., & Liu, J. F. (2004). Determination of cadmium at the
nanogram per liter level in seawater by graphite furnace AAS using cloud point extraction.
Atomic Spectroscopy, 25, 170.

Niknam, K., & Saberi, D. (2010). Silica-bonded S-sulfonic acid as a recyclable Catalyst for the
silylation of hydroxyl groups with hexamethyldisilazane (HMDS). Canadian Journal of
Chemistry, 88, 164.

Rezaee, M., Yaminia, Y., Khanchi, A. R, Faraji, M., & Saleha, A. (2010). A simple and rapid new
dispersive liquid-liquid microextraction based on solidification of floating organic drop
combined with inductively coupled plasma-optical emission spectrometry for preconcentration
and determination of aluminium in water samples. Journal of Hazardous Materials, 178, 766.
Saracoglu, S., Divrikli, U., Soylak, M., & Elci, L. (2002). Determination of copper, iron, lead,
cadmium, cobalt and nickel by atomic absorption spectrometry in baking powder and baking
soda samples after preconcentration and separation. Journal of Food and Drug Analysis, 10, 188.
Mrvic, V., Jakovljevic, M., Stevanovic, D., Cakmak, D., & Zdravkovic, M. (2008). Methods of the
determination of the form of aluminum pseudogley. Journal of the Serbian Chemical Society, 73(6),
673.

Mortaz Hejri, O., Bzorgzadeh, E., Soleimani, M., & Mazaheri, R. (2011). Determination of Trace
Aluminum with Eriochrome Cyanine R after Cloud Point Extraction. World Applied Sciences
Journal, 15, 218.

Shokrolahi, A., Ghaedi, M., Shabani, R., Montazerozohori, M., Chehreh, F., Soylak, M., &
Alipour, S. (2010). A preconcentration procedure for copper, nickel and chromium ions in some
food and environmental samples on modified Diaion SP-850. Food and Chemical Toxicology, 48,
482.

Silva, E. L., Roldan, P., Dos, S., & Gin, M. F. (2009). Simultaneous preconcentration of copper,
zinc, cadmium, and nickel in water samples by cloud point extraction using 4-(2-pyridylazo)-
resorcinol and their determination by inductively coupled plasma optic emission spectrometry.
Journal of Hazardous Materials, 171, 1133.

Bahram, M., Khezri, S., & Khezri, S. (2013). Cloud point extraction, preconcentration and
spectrophotometric determination of nickel in water samples using dimethylglyoxime. Current
Chemistry Letters, 2, 49.

Willie, H. (1992). Loud point extraction and preconcemtration procedures for organic and
related pollutants of state concern. Water Resources Research Institute of the UNC System, 92, 269.
Shokrollahi, A., Ghaedi, M., Niband, M. S., & Rajabi, H. R. (2008). Selective and sensitive
spectrophotometric method for determination of sub-micro-molar amounts of aluminium ion
Journal of Hazardous Materials, 151, 642.

Duran, C.,, Ozdes, D., Celenk Kaya, E., & Kantekin, H. (2012) Optimization of a new cloud point
extraction procedure for the selective determination of trace amounts of total iron in some
environmental samples. Turkish Journal Chemistry, 36, 445.

Rodrigues J. L., Magalhaes C. S., & Luccas P. O. (2005). Flow injection spectrophotometric
determination of Al in hemodialysis solutions. Journal of Pharmaceutical and Biomedical Analysis,
36, 1119.

Luo, M., & Bi, S. (2003). Solid phase extraction-spectrophotometric determination of dissolved
aluminum in soil extracts and ground waters. Journal of Inorganic biochemistry, 97, 173.

975



R. Hakimelahi & K. Niknam / Cloud Point Extraction of Aluminum

976

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Honorato, R. S., Carneiro, J. M. T., & Zagatto, E. A. G. (2001). Spectrophotometric flow-batch
determination of aluminum in plant tissues exploiting a feedback mechanism. Analytical
Chimica Acta, 441, 309.

Paleologos, E. K., Giokas, D. L., Tzouwara-Karayanni, S. M., & Karayannis, M. I. (2002). Micelle
mediated methodology for the determination of free and bound iron in wines by flame atomic
absorption spectrometry. Analytical Chimica Acta, 458, 241.

Ghaedi, M., Shokrollahi, A., Niknam, K., Niknam, E., Derki, S., & Soylak, M. (2009). A cloud
point extraction procedure for preconcentration/flame atomic absorption spectrometric
determination of silver, zinc, and lead at subtrace levels in environmental samples. AOAC Int.,
92, 35.

Ntuli, F., Falayi, T., & Mabasa, C. (2014). Adsorption, kinetic and thermodynamic study of Al,
Mn and Fe adsorption with natural attapulgite. Advances in Environmental and Agricultural
Science, 270, 229.

Soylak, M., Sahin, U., Ulgen, A., Elci, L., & Dogan, M. (1997). Determination of Aluminum at
Trace Level in Water Samples by Visible Absorption Spectroscopy with a Laser Diode.
Analytical Science, 13, 287.

Jalbani, N., Kazi, T. G., Jamali, M. K., Arain, B. M., Afridi, H. L., & Baloch, A.]. (2007). Evaluation
of Aluminum contents in different bakery food by electrothermal atomic absorption
spectrometer. Food Compos Anal, 20, 226.

Sang, H., Liang, P., & Du, D. (2008) Determination of trace aluminum in biological and water
samples by cloud point extraction preconcentration and graphite furnace atomic absorption
spectrometry detection. Journal of Hazardous Materials, 154, 1127.

Tang, A.N.,, Jiang, D. Q., & Yan, X. P. (2004). Cloud point extraction reconcentration for capillary
electrophoresis of metal ions. Analytica Chimica Acta, 507, 199.

Moghimi, A., & Mossalayi, H. (2008). Preconcentration and Determination of Copper(II) Using
Octadecyl Silica Membrain Disks Modified by 2-Propylpiperidine-1-carbodithionate Flame
Atomic Absorption Spectrometry . Journal of the Korean Chemical Society, 52, 144.

Sahin, U., Kartal, S., & Ulgen, A. (2008). Determination of Heavy Metals at Sub-ppm Levels in
Seawater and Dialysis Solutions by FAAS after Tetrakis(pyridine)- nickel(II)bis(thiocyanate)
Coprecipitation. Analytical sciences, 24(6), 751.

Surme, Y., Narin, 1., Soylak, M., Yuruk, H., & Dogan, M. (2007). Cloud point extraction
procedure for flame atomic absorption spectrometric determination of lead (II) in sediment and
water samples. Microchimica Acta, 157(3), 193.

http://www.eurasianjournals.com/



	INTRODUCTION
	EXPERIMENTAL
	Instrumentation
	Reagents
	Synthesis of Ligand 2-(3- indolyl) - 4,5 di phynyl imidazole.(IDPI).
	Procedure
	Preparation of Real Samples
	Water samples
	Baking powder sample
	Soil samples


	RESULTS AND DISCUSSION
	Spectrophotometric Titrations
	Effect of pH
	Effect of Ligand IDPI Concentration
	Effect of Surfactant on Sensitivity
	Effect of Viscosity on the Analytical Signal and Centrifugation Time
	Effect of Temperature and Equilibrium Time on CPE
	Effect of KI Concentration
	Effect of Centrifuge Time and Rates
	Characteristics of the Method
	Effect of Diverse Ions on the Determinations
	Determination of Metal Ions in Real Samples

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

