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Supramolecular dispersive liquid–liquid microextraction
based solidification of floating organic drops for
speciation and spectrophotometric determination of
chromium in real samples

Malihe Dehghani Mohammad Abadi,*a Mahmoud Chamsaz,a

Mohammad Hossein Arbab-Zavara and Farzaneh Shemiranib

A novel, sensitive and inexpensive supramolecular dispersive liquid–liquid microextraction method based

on the solidification of floating organic drops (SM-DLLME-SFO) has been proposed for the speciation

and preconcentration of trace quantities of chromium as a precursor to its determination by UV-Vis

spectrophotometery for the first time. The chromium ions are micro-extracted with coacervates

composed of reverse micelles formed using decanoic acid and dispersed in tetrahydrofuran–water

mixtures. THF plays a double role, as a dispersing solvent and also in the self-assembly of decanoic acid.

The method involves the partitioning of the metal chelates, produced from the reaction of Cr(VI) with

diphenylcarbazide and sodium dodecyl sulfate in an acidic medium and a combination of SM-DLLME

with the solidification of floating organic drops. It combines the advantages of dispersive liquid–liquid

microextraction with those based on coacervation and reverse micelles and solidification. All the critical

parameters affecting the analytical performance were studied. Under the optimum conditions, the

enhancement factor was 50. The detection limit and precision (RSD) were 0.23 mg L�1 and 3.8% (n ¼ 6),

respectively. The accuracy of the developed method was evaluated by analyzing a certified reference

material and applied successfully to the analysis of several water samples.
Introduction

Speciation analysis of toxic heavy metals is of great importance
due to its impact on environmental chemistry, food, medicine
and clinical toxicology.1 Cr(VI) is highly toxic and shows carci-
nogenic effects as a result of its reaction with protein compo-
nents and nucleic acids inside the cell.2 Cr(III) is normally an
essential element for biological mechanisms, controlling
glucose, lipid, and protein metabolism. Due to the difference in
toxicities of Cr(III) and Cr(VI), the use of an accurate and reliable
method for the speciation of chromium is highly required.3

Water and soil are the main sources of chromium pollution,
therefore a fast, simple, environmentally friendly and sensitive
preconcentration technique for Cr determination is in demand.
One of the traditional extraction methods is the liquid–liquid
extraction (LLE) technique.4–6 Despite the wide use, LLE is
tedious and suffers from large consumption of toxic organic
solvents. To overcome these drawbacks, different types of
liquid phase microextraction (LPME) such as single drop
nces, Ferdowsi University of Mashhad,
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College of Science, University of Tehran,
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microextraction (SDME),7,8 hollow ber-protected micro-
extraction (HF-LPME)9,10 and dispersive liquid–liquid micro-
extraction (DLLME)11,12 have been developed. However, there
are some shortcomings in these techniques e.g. long extraction
times and high stirring rates causing the suspended organic
drop to become unstable in SDME; the long pretreatment time
and creation of air bubbles on the surface of the HF decreases
the transport rate and also manual cutting of the membrane
results in poor reproducibility in HF-LPME; hazardous organic
solvents with densities greater than water are also employed in
the DLLME method. The use of toxic, ammable and environ-
mentally damaging solvents is one of the major drawbacks of
recent analytical techniques and much attention has been paid
towards the use of green solvents such as ionic liquids.13

However, they are very expensive and their handling poses some
difficulties because of their high viscosities. In this respect the
use of other organic solvents friendly to environment, easy to
handle and inexpensive are of great importance. Recently, Ruiz
and coworkers,14 and others have developed a novel strategy
based on the coacervation of decanoic acid reverse micelles for
the extraction of organic compounds with wide polarity
ranges.15–17 Coacervates are water immiscible liquids that are
separated out from the bulk of colloidal solutions with the aid
of dehydrating agents. Based on studies of the coacervation
Anal. Methods, 2013, 5, 2971–2977 | 2971
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process on various dissolved alkanoic acids in miscible binary
mixtures of water and a variety of solvents, decanoic acid in
tetrahydrofuran (THF) has been chosen as the most suitable
system for analytical applications.14 However, this technique is
tedious, labor-intensive and a time-consuming procedure. The
SM-DLLME method is a combination of DLLME with a coacer-
vation-based microextraction technique which has been intro-
duced by our group for the rst time. This technique provides
enhanced sensitivity and a high preconcentration factor for the
extraction of inorganic metals and dyes.18–20 Themethod, beside
the advantages of DLLME (simplicity of operation, high
recovery, very short extraction time due to the very large surface
area between the organic and aqueous phases), benets from
other useful factors such as employing nontoxic, inammable
and less expensive decanoic acid as an extraction solvent
whereby it is handled when dissolved and does not have the
limitations associated with applying solvents with densities
higher than water. The removal of the extracted phase on the
top of the solution can be also performed without taking out
the aqueous phase which is time consuming. Considering the
characteristics of decanoic acid such as lower density than
water and a melting point near room temperature, a novel
combination of SM-DLLME with the solidication of a oating
organic drop microextraction technique as a sensitive and
powerful preconcentration technique, termed supramolecular
dispersive liquid–liquid microextraction based on the solidi-
cation of oating organic drops (SM-DLLME-SFO), has been
introduced for the rst time. The main advantage of this
method compared to SM-DLLME is the elimination of the
handmade narrow neck centrifuge tube for removing the
extracting phase due to the solidication of this extracting
phase. In the present study, the applicability of SM-DLLME-SFO
was examined for the speciation and preconcentration of trace
amounts of chromium in real samples and was determined by
UV-Vis spectrophotometry for the rst time. Cr(VI) reacts with
1,5-diphenylcarbazide (DPC) in an acidic medium to form a
cationic complex which is extracted into the coacervative phase
as an ion pair using sodium dodecyl sulfate (SDS).
Experimental
Instrumentation

A UV-Vis spectrophotometer (Agilent 8453) with a 250 mL quartz
microcell was used for measuring the absorbance of the
complex at 540 nm. A Metrohm pH meter model 632 (Herisau,
Switzerland) with a combined glass electrode was used for pH
measurements. A centrifuge (Hettich, Germany) was used to
accelerate the phase separation process.
Reagents and solutions

All solutions were prepared with analytical grade chemicals and
deionized water. DPC, SDS, THF, decanoic acid, H2SO4 and
metal salts were obtained from Merck (U. S. A.). A 4 � 10�3 mol
L�1 DPC solution was prepared daily by dissolving appropriate
amounts of DPC in a mixture of ethanol and deionized water
(1 : 4, v/v). The SDS and H2SO4 solutions were prepared in
2972 | Anal. Methods, 2013, 5, 2971–2977
deionized water without further purication. Stock solutions of
Cr(VI) and Cr(III) (1000 mg L�1) were prepared by dissolving
appropriate amounts of K2Cr2O7 and Cr(NO3)3 in 100 mL
deionized water and working standard solutions were prepared
by appropriate dilutions of the stock standard solutions daily.
Decanoic acid working solutions were prepared by dissolving
90 mg of this reagent in 0.6 mL of tetrahydrofuran for each
extraction step.

Recommended SM-DLLME-SFO procedure

For SM-DLLME-SFO, 10 mL of a standard solution containing
Cr(VI) at concentrations in the linear range of the calibration
curve, 0.05 mL of a 4 � 10�3 mol L�1 DPC solution, 0.2 mL of a
0.5% (w/v) SDS solution and 0.5 mL of 1 mol L�1 H2SO4 was
delivered into a centrifuge tube. A solution of 90 mg decanoic
acid (microextraction solvent) in 0.6 mL THF (self-assembly
agent and disperser solvent) was then rapidly injected by a long
needle syringe causing a cloudy state to appear in the whole
solution resulting in increased sensitivity and reproducibility of
the method. As a result, the water immiscible decanoic acid rich
coacervate was immediately produced in the solution. The Cr–
DPC–SDS complex was extracted into ne coacervative and the
mixture was centrifuged at 4000 rpm for 5 min to accelerate the
separation of the coacervate from the bulk of the solution. Aer
centrifugation, the ne droplets of the extraction phase con-
taining dispersed ne droplets of the coacervate phase were
oating at the top of the test tube. The test tube was then
transferred into a beaker containing crushed ice for cooling.
Aer 1.5 min, the extraction phase solidied and was then
transferred into a conical vial, where it melted immediately at
room temperature. It was then diluted with pure acetonitrile up
to 150 mL, and transferred to a microcell by the aid of a micro
syringe. Absorbance of the complex was measured at 540 nm. A
diagrammatic sketch of SM-DLLME-SFO is shown in Fig. 1.

Determination of total chromium content

The total chromium content was determined as Cr(VI) by the
method described above aer oxidizing Cr(III) to Cr(VI) by the
addition of KMnO4 in an acidic medium. For this purpose, 3 or
4 drops of 0.02 mol L�1 KMnO4 solution and 0.5 mL of
concentrated H2SO4 were added into a 25 mL beaker containing
the spiked solution of Cr(VI) and Cr(III). The beaker was covered
with a watch glass and heated gently (50 �C) for about 15 min to
complete the oxidation. The solution was cooled and it was
followed by the dropwise addition of sodium azide solution
[2.5% (w/v)] to remove the excess KMnO4 by decolorizing the
pink solution.21

Sample preparation

In order to establish the accuracy of the recommended SM-
DLLME-SFO procedure, a standard rock reference material,
JSD3 was analyzed. The rock sample (0.5 g) was transferred into
a Teon beaker and then a mixture of concentrated HF (7 mL),
HNO3 (0.5 mL) and H2SO4 (2.5 mL) was added. The solution was
heated until 2 mL of the solution remained. It was followed by
adding 6 mL of concentrated nitric acid and, aer heating,
This journal is ª The Royal Society of Chemistry 2013
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Fig. 1 Schematic diagram of the proposed SM-DLLME-SFO procedure.

Fig. 2 Effect of DPC concentration on the absorbance of Cr(VI). Extraction
conditions: sample volume, 10 mL; amount of decanoic acid, 50 mg; volume of
THF, 0.8 mL; volume of 1 M H2SO4, 0.5 mL; SDS concentration 0.005% (w/v);
concentration Cr(VI), 25 mg L�1.

Paper Analytical Methods

Pu
bl

is
he

d 
on

 2
1 

M
ay

 2
01

3.
 D

ow
nl

oa
de

d 
on

 1
9/

06
/2

01
3 

12
:1

5:
22

. 
View Article Online
treatment with water to give a clear solution and was nally
made to 100 mL by the further addition of deionized water.

The method was also employed for determination of chro-
mium species in several water samples including tap water
(Ferdowsi University of Mashhad, Iran), spring water
(Dehsorkh, Neyshaboor, Iran) and two different well waters
(Ghasemabad and Now chah, Mashhah, Iran). All aqueous
samples were ltered using a 0.45 mm pore size membrane lter
to remove suspended particulate matter and were collected in
cleaned polyethylene bottles.

Results and discussion

For the formation of a hydrophobic complex, Cr(VI) reacts with
DPC(H4L) in an acidic medium as a cationic complex which is
made as an ion pair using SDS as follows:22

2CrO4
2� + 3H4L + 8H+/Cr(III)(HL)2

+ + Cr3+ + H2L + 8H2SO4

Cr(III)(HL)2
+ + SDS / [Cr(III) (HL)2

+][SDS]

In order to evaluate the optimized experimental conditions
for achieving a high enrichment factor and quantitative
extraction for the determination of the chromium species, the
effects of different parameters on the performance of the
method were investigated.

Volume of sulfuric acid

The complex formation between Cr(VI) and DPC occurs in an
acidic medium. On the other hand, the coacervation phenom-
enon should be performed with protonated decanoic acid
(pKa ¼ 4.8 � 0.2), which is already provided at a pH below 4.14

Therefore, the volume of 1 mol L�1 sulfuric acid as a unique
parameter was studied. A series of experiments were performed
using 0–1.5 mL of 1 mol L�1 sulfuric acid. The results show that
the absorbance increased up to 0.5 mL and then decreased, and
This journal is ª The Royal Society of Chemistry 2013
hence 0.5 mL of 1 mol L�1 sulfuric acid was chosen as the
optimum value.

DPC and SDS concentrations

In this work, DPC was selected as a complexing agent for the
extraction of Cr(VI) in an acidic medium. In order to study the
inuence of DPC concentration on the analytical response for
Cr(VI), different concentrations of DPC in the range 4 � 10�6 to
3.6 � 10�5 mol L�1 were prepared and followed the present
procedure. As the results show (Fig. 2), the absorbance
increased rapidly as the concentration of DPC increased from
4 � 10�6 to 1.4 � 10�5 mol L�1, and then nearly leveled off at
higher concentrations. Therefore, a DPC concentration of 2 �
10�5 mol L�1 was chosen for subsequent experiments.

The effect of SDS concentration on the recovery of the
method was studied in the range 0 to 0.025% (w/v). Absorbance
was increased up to 0.005% (w/v) and was gradually decreased
Anal. Methods, 2013, 5, 2971–2977 | 2973
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aerwards and hence 0.01% (w/v) was chosen as the optimum
value.

Types of extraction and disperser solvents

The choice of extraction and disperser solvents is very impor-
tant in SM-DLLME-SFO. The extraction solvent must have
several characteristics such as low volatility, low toxicity, low
melting point near room temperature, good solubility in
disperser solvent and a density less than water. In the previous
study14 decanoic acid in THF was chosen as the most suitable
system for analytical applications in reversed micelles.
Decanoic acid is an extraction solvent having all the above-
mentioned requirements. THF plays a double role, it not only
acts as a disperser solvent but also causes self-assembly of
decanoic acid. As a result, decanoic acid and THF were selected
as extraction and disperser solvents, respectively.

Amount of extraction solvent

In order to examine the effect of the extraction solvent amount,
solutions containing different amounts of decanoic acid were
examined with the recommended SM-DLLME-SFO procedure.
The results show that the absorbance increases with the
increase of decanoic acid up to 90 mg and then started to
diminish (Fig. 3). This is due to the enhancement of the
extracted phase volume, and as a result the extraction efficiency
was decreased. To obtain reasonable precision and higher
enrichment factor, 90 mg of decanoic acid was chosen as the
optimal amount for further experiments.

Volume of disperser solvent

The volume of the disperser solvent is one of the important
factors to be evaluated. Thus, under the same experimental
conditions, a series of sample solutions were prepared using
Fig. 3 Effect of the amount of extraction solvent (decanoic acid) on the absor-
bance of Cr(VI). Extraction conditions: sample volume, 10 mL; volume of THF,
0.8 mL; volume of 1 M H2SO4, 0.5 mL; DPC concentration, 2 � 10�5 mol L�1; SDS
concentration, 0.01% (w/v), concentration Cr(VI), 25 mg L�1.

2974 | Anal. Methods, 2013, 5, 2971–2977
different volumes of THF containing 90 mg of decanoic acid
and the experimental procedure was followed. The results
indicate (Fig. 4) that the maximal absorbance signal was
obtained for 0.6 mL of THF. At lower volumes, the coacervation
process was not complete due to the deciency of the disperser
solvent. It is probable that at higher volumes of THF, the
solubility of the coacervate phase in water–THF would increase
causing the decrease of absorbance.23

Type of diluent solvent

To select the best diluting solvent, pure ethanol, methanol,
acetone and acetonitrile were studied individually. The results
showed that when ethanol and acetonitrile were used as a
diluent, the analytical signals were at their maximum. However,
the turbid solution in the case of ethanol hinders its use.
Thereby, acetonitrile was selected to dilute the extraction phase
up to 150 mL.

Ionic strength

To investigate the inuence of ionic strength on the micro-
extraction efficiency, various experiments were performed by
adding different amounts of NaNO3 (0–10%w/v) to the standard
solution (25 mg L�1 of Cr(VI)), while other experimental condi-
tions were kept constant. The results show (Fig. 5) that the
absorbance decreased by increasing the NaNO3 concentration
in the studied range followed by a decrease in extraction effi-
ciency. This suppression may be due to the disruption of orig-
inal charge distribution with the addition of an electrolyte
which hinders the coacervation formation at high ionic
strengths. Hence, all the extraction experiments were per-
formed without salt addition.24

Extraction time

The extraction time is dened as the interval time between the
injection of disperser and extraction solvent mixtures, and
Fig. 4 Effect of the volume of disperser solvent (THF) on the absorbance of Cr(VI).
Extraction conditions: sample volume, 10 mL; amount of decanoic acid, 90 mg;
volume of 1 M H2SO4, 0.5 mL; DPC concentration, 2 � 10�5 mol L�1; SDS
concentration 0.01% (w/v), concentration Cr(VI), 25 mg L�1.

This journal is ª The Royal Society of Chemistry 2013

http://dx.doi.org/10.1039/c3ay00036b


Fig. 5 Effect of ionic strength on the absorbance of Cr(VI). Extraction conditions:
sample volume, 10 mL; amount of decanoic acid, 90 mg; volume of THF, 0.6 mL;
volume of 1 M H2SO4, 0.5 mL; DPC concentration, 2 � 10�5 mol L�1; SDS
concentration 0.01% (w/v), concentration Cr(VI), 25 mg L�1.

Table 1 Effect of interference on determination of 20 mg L�1 Cr(VI) in optimum
conditions

Coexisting
ions

Interference/Cu(II)
ratio

Recovery
(%)

K+ 1000 105
Ca2+ 1000 105
Na+ 500 96
Mg2+ 500 97
SO4

2� 500 95
Br� 250 97
NO3

� 250 97
Cu2+ 250 96
Cd2+ 100 97.4
Ni2+ 100 103
Co2+ 100 103
Mn2+ 100 95
Zn2+ 100 96
Cl� 100 95
CO3

2� 50 98
Fe3+ 10 96
Hg2+ 10 98
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before the start of centrifuge. The effect of this parameter was
investigated on the extraction efficiency of chromium from
aqueous phase to coacervate phase. As the data show, extraction
time has no effect on the extraction efficiency, because attaining
the equilibrium in SM-DLLME-SFO is very fast.
Centrifuge time

The effect of centrifuge time upon the analytical signal was also
studied in the range of 2–10 min. A centrifugation time of 5 min
at 4000 rpm was selected for the entire procedure, since
complete separation occurred at this time and no appreciable
improvements were observed at longer times.
Table 2 Analysis of species chromium in water samples using proposed
methods

Samples

Spiked
(mg L�1) Founda (mg L�1) Recovery (%)

Cr(III) Cr(VI) Cr(III) Cr(VI) Cr(III) Cr(VI)

Tap waterb 0.0 0.0 5.5 � 0.3 1.7 � 0.3 — —
5.0 5.0 10.3 � 0.4 6.5 � 0.4 98.0 97.0

10.0 10.0 15.0 � 0.6 11.4 � 0.4 97.0 97.0
Well waterc 0.0 0.0 4.2 � 0.3 1.5 � 0.2 — —
Interference studies

The effect of diver ions on determination of Cr(VI) was investi-
gated under the optimized conditions. This study was per-
formed by analyzing 10 mL of 20 mg L�1 Cr(VI) solution
containing concomitant ions at different concentrations. The
tolerance limit is dened as the concentration of added ion that
causes less than �5% relative error in the determination of
Cr(VI). The results are summarized in Table 1. The data show
that chromium(VI) recoveries would be almost quantitative in
the presence of all interfering cations and anions studied. The
interferences of Fe3+ and Hg2+ could be completely removed by
using EDTA and KCl respectively.
3.0 3.0 7.3 � 0.4 4.4 � 0.3 101.10 97.0
6.0 6.0 10.5 � 0.5 6.2 � 0.4 102.0 104.0

Well waterd 0.0 0.0 3.0 � 0.2 0.23 � 0.02 — —
3.0 3.0 6.1 � 0.3 3.2 � 0.2 102.0 98.0
6.0 6.0 8.8 � 0.4 6.1 � 0.3 97.0 97.50

Spring watere 0.0 0.0 4.5 � 0.3 0.7 � 0.02 — —
3.0 3.0 7.5 � 0.4 3.7 � 0.3 101.0 98.0
6.0 6.0 10.6 � 0.5 6.5 � 0.3 101.0 96.0

a Mean� standard deviation (n¼ 3). b Ferdowsi University of Mashhad,
Iran. c Ghasemabad, Mashhad, Iran. d Nowshad, Mashhad, Iran.
e Dehsorkh, Neyshaboor, Iran.
Figures of merit

Under the optimum conditions, the calibration graph was
linear in the range of 1–40 mg L�1 of Cr(VI). The detection limit,
based on 3Sb was 0.23 mg L�1. The relative standard deviation
(RSD) for six replicate analyses of 20 mg L�1 Cr(VI) was 3.8%. The
enrichment factor, calculated as the ratio of the slopes of the
calibration graphs aer and before the preconcentration step
was 50.
This journal is ª The Royal Society of Chemistry 2013
Analysis of standard reference material and water samples

The accuracy of the proposed method was evaluated by the
spike method using a certied reference material JSD3. The
chromium content was determined to be 32.4 � 4.3 mg g�1

which is in good agreement with its certied value (35.3 mg g�1)
with a recovery of 92%. In addition, this procedure was used for
determination of chromium species in different water samples.
The results are given in Table 2.
Comparison to other methods

A comparison of the proposed method with other reported
preconcentration methods for determination of chromium is
presented in Table 3. In the recommended method, better LOD
Anal. Methods, 2013, 5, 2971–2977 | 2975
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Table 3 Comparison of the proposed method with other reported procedures

System
Analysis
method Extraction solvent

Extraction time
(min)

Enrichment
factor

Linear range
(mg L�1)

LOD
(mg L�1) Ref.

LLEa UV-Vis n-Pentanol 10 5 7.5–350 7.5 25
UACPEb UV-Vis I3

� + CTAB 30 20 20–400 20 26
DLLME FAASe CCL4 2 275 0.3–20 0.07 11
DLLME ICP-OESf CCL4 2 8 1–1000 0.27 12
LLE HPLC [C4MIM][PF6] 4 — 25–200 1 27
SPEc FAAS — 70 25 — 45 28
CPEd FAAS Triton X-114 17 75 Up to 85 0.65 29
CPE FAAS Triton X-114 11 48 2.5–80 0.7 30
CPE HPLC Triton X-114 11 19 50–2000 5.2 31
SPEg FAAS — 20 24.9 25–250 2.3 32
SPE FAAS — 35 100 10–100 0.47 1
SM-DLLME-SFO UV-Vis Decanoic acid <2 50 1–40 0.23 This work

a Liquid–liquid extraction. b Ultrasonic-assisted cloud point extraction. c Solid phase extraction. d Cloud point extraction. e Flame atomic
absorption spectrometry. f Inductively coupled plasma optical emission spectrometry. g Solid phase extraction.
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were obtained for Cr(VI) ions in comparison with othermethods.
Also, the enrichment factor and linear range are comparable to
those reported techniques. Although the extraction equilibrium
is achieved very quickly the same as DLLME but apart from
using friendly extraction solvent, the present SM-DLLME-SFO is
inexpensive and requires basic equipment which is available in
almost every analytical laboratory. In comparison with CPE this
method requires no heating step, and the extraction time would
be greatly decreased. As compared to SPE procedures eliminates
the use of any column and, also the sorbent preparation step is
omitted. Moreover, this procedure uses an extracting solvent
which is nontoxic and the whole extraction procedure is per-
formed at a shorter period.
Conclusions

The combination of SM-DLLME with a solidication of oating
organic drop microextraction technique and UV-Vis spectro-
photometry was used for the determination of trace amounts of
chromium species in real samples with a low detection limit,
high accuracy and good reproducibility for the rst time. The
DLLME method cannot be usually used in a complex sample,
however, as the DPC reagent is highly selective for Cr(VI), this
technique could be successfully employed for matrix samples
such as soil. Reverse micelle coacervates are produced in situ
through self-assembly processes in which reversed micelles of
decanoic acid are dispersed in tetrahydrofuran–water. This
technique involves all the advantages of conventional DLLME
such as the simplicity of operation, high recovery and speed.
Moreover, it uses decanoic acid as an extraction solvent which is
not expensive and no report has been yet published with respect
to its toxicity. Also, the limitation of using solvents of higher
densities than water has been avoided.
Acknowledgements

The authors wish to thank the Ferdowsi University of Mashhad
for the nancial support of this work (code: 15604/3 dated:
February 2011).
2976 | Anal. Methods, 2013, 5, 2971–2977
Notes and references

1 H. Abdolmohammad-Zadeh and G. H. Sadeghi, Talanta,
2012, 94, 201–208.

2 Z. Sun and P. Liang, Microchim. Acta, 2008, 162, 121–125.
3 L. L. Wang, J. Q. Wang, Z. X. Zheng and P. Xiao, J. Hazard.
Mater., 2010, 177, 114–118.

4 S. Kalidhasan, S. Sricharan, M. Ganesh and N. Rajesh,
J. Chem. Eng. Data, 2010, 55, 5627–5633.

5 E. Kaale, A. Van Schepdael, E. Roets and J. Hoogmartens,
J. Pharm. Biomed. Anal., 2002, 30, 1331–1337.

6 J.-F. Liu, J.-B. Chao and G.-B. Jiang, Anal. Chim. Acta, 2002,
455, 93–101.

7 D. Verma, S. K. Verma and M. K. Deb, Talanta, 2009, 78, 270–
277.

8 A. Jain and K. K. Verma, Anal. Chim. Acta, 2011, 706, 37–65.
9 M. Saraji and M. Boroujeni, Microchim. Acta, 2011, 174, 159–
166.

10 M. Saraji, T. Khayamian, S. Mirmahdieh and A. A. Bidgoli,
J. Chromatogr., B: Anal. Technol. Biomed. Life Sci., 2011, 879,
3065–3070.

11 P. Hemmatkhah, A. Bidari, S. Jafarvand, M. Milani Hosseini
and Y. Assadi, Microchim. Acta, 2009, 166, 69–75.

12 H. Sereshti, V. Khojeh and S. Samadi, Talanta, 2011, 83, 885–
890.

13 E. Molaakbari, A. Mostafavi and D. Afzali, J. Hazard. Mater.,
2011, 185, 647–652.

14 F. J. Ruiz, S. Rubio and D. Perez-Bendito, Anal. Chem., 2007,
79, 7473–7484.

15 A. Garcia-Prieto, L. Lunar, S. Rubio and D. Perez-Bendito,
Anal. Chim. Acta, 2008, 617, 51–58.

16 N. Luque, S. Rubio and D. Perez-Bendito, Anal. Chim. Acta,
2007, 584, 181–188.

17 M. D. Bendito, S. R. Bravo, M. L. Reyes and A. G. Prieto, Food
Addit. Contam., Part A, 2009, 26, 265–274.

18 S. Jafarvand and F. Shemirani, J. Sep. Sci., 2011, 34, 455–
461.

19 S. Jafarvand and F. Shemirani, Microchim. Acta, 2011, 173,
353–359.
This journal is ª The Royal Society of Chemistry 2013

http://dx.doi.org/10.1039/c3ay00036b


Paper Analytical Methods

Pu
bl

is
he

d 
on

 2
1 

M
ay

 2
01

3.
 D

ow
nl

oa
de

d 
on

 1
9/

06
/2

01
3 

12
:1

5:
22

. 
View Article Online
20 S. Jafarvand and F. Shemirani, Anal. Methods, 2011, 3, 1552–
1559.

21 Z. Marczenko, Separation and spectrophotometric
determination of elements, E. Horwood, 1986.

22 CRC handbook of organic analytical reagents, CRC Press, Boco
Raton, Fla, 1982.

23 S. Garcia-Fonseca, A. Ballesteros-Gomez, S. Rubio and
D. Perez-Bendito, Anal. Chim. Acta, 2008, 617, 3–10.

24 P. Mukherjee, S. K. Padhan, S. Dash, S. Patel and
B. K. Mishra, Adv. Colloid Interface Sci., 2011, 162,
59–79.

25 W. Chen, G. Zhong, Z. Zhou, P. Wu and X. Hou, Anal. Sci.,
2005, 21, 1189–1193.
This journal is ª The Royal Society of Chemistry 2013
26 M. Hashemi and S. M. Daryanavard, Spectrochim. Acta, Part
A, 2012, 92, 189–193.

27 L.-Y. Ying, H.-L. Jiang, S.-c. Zhou and Y. Zhou,Microchem. J.,
2011, 98, 200–203.

28 A. Tunçeli and A. R. Türker, Talanta, 2002, 57, 1199–1204.
29 E. K. Paleologos, C. D. Stalikas, S. M. Tzouwara-Karayanni,

G. A. Pilidis and M. I. Karayannis, J. Anal. At. Spectrom.,
2000, 15, 287–291.

30 G. D. Matos, E. B. dos Reis, A. C. S. Costa and
S. L. C. Ferreira, Microchem. J., 2009, 92, 135–139.

31 A. N. Tang, D. Q. Jiang, Y. Jiang, S. W. Wang and X. P. Yan,
J. Chromatogr., A, 2004, 1036, 183–188.

32 H. F. Maltez and E. Carasek, Talanta, 2005, 65, 537–542.
Anal. Methods, 2013, 5, 2971–2977 | 2977

http://dx.doi.org/10.1039/c3ay00036b

	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples

	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples

	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples
	Supramolecular dispersive liquidtnqh_x2013liquid microextraction based solidification of floating organic drops for speciation and spectrophotometric determination of chromium in real samples


