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Abstract We describe a simple and rapid method for the
ultrasound-assisted microextraction of antimony using the
solidified floating organic drop method. The effects of pH,
type and volume of the extractant, time of sonication, amount
of chelating agent, type and amount of surfactant were
investigated and optimized. Bromopyrogollol red is acting as
the chelating agent. Antimony(III) ion was extracted into
finely dispersed droplets of undecanol after ion-pair formation
with the water soluble chelator and the cationic detergent
benzyldimethyltetradecylammonium chloride. Flame atomic
absorption spectrometry was used for the detection. The
resulting calibration is linear in the concentration range from
4.0 to 900 ng mL-1 of Sb(III) with a correlation coefficient of
0.9981. The enrichment factor is 67, the detection limit is
0.62 ng mL-1, and the relative standard deviation is±3.6% (at
100 ng mL-1; for n=10). The method was successfully
applied to the determination of antimony in water samples.

Keywords Sb (III) determination . Solidified
microextraction .Water analysis . Ultrasound- assisted extraction

Introduction

Sampling and sample pretreatment typically account for
most of the time required for analysis and the quality of
these steps largely determines the success of an analysis
from a complex matrix. Since most analytical instruments
cannot directly handle complex matrices, we need a new
method for extracting, isolating and concentrating the
analytes of interest [1, 2]. Traditional methods for sample
preparations, including liquid-liquid extraction (LLE),
solvent extraction, distillation, precipitation, and absorption
are tedious and time-consuming. They are also multistage
operations, and to some extent difficult to automate [3].
Furthermore, they usually require large amounts of high
purity organic solvents, which are potentially toxic and
expensive [4]. Consequently, the current trend is towards
simplification and miniaturization of the sample-preparation
steps which decrease the use of such solvents [5]. A simple,
inexpensive liquid-phase microextraction (LPME) was
introduced recently [6]. Three new methodologies have
arisen based on this method: single-drop microextraction
(SDME), hollow fibre liquid-phase microextraction (HF-
LPME) and dispersive liquid–liquid microextraction
(DLLME) [7–9]. Pedersen-Bjergaard and Rasmussen [10],
introduced an alternative concept for LPME based on the use of
single, low cost, disposable, porous, hollow fibers, typically
made of polypropylene [11]. In 2006, Assadi et al. [12]
developed a dispersive liquid-liquid microextraction
(DLLME) technique. This method is based on the use of an
appropriate extractant, it uses microlitres of an organic solvent
with high density and a disperser organic solvent with high
miscibility in both extractant and aqueous phase. The
extraction procedure begins when the mixture of extractant
and disperser solvent is rapidly injected into the sample
solution and a cloudy solution is formed [13, 14]. In 2007,
Khalili-Zanjani et al. introduced a simple and inexpensive
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liquid-phase microextraction method based on the solidification
of a floating organic droplet (LPME-SFO) [15] in which an
extractant with a lower density than that of water, low toxicity,
and melting point near room temperature (in the range of 10–
30 °C) was used. In 2008, Leong and Huang [16] reported a
novel variation of SFODME. Instead of maintaining one
droplet of extractant in the sample, a dispersion of fine droplets
was formed by injecting a mixed solution of the extractant and
dispersive solvent. This produces a vast contact area between
the extractant and the sample, leading to faster mass transfer
and better extraction times. A new method using solidified
floating organic drop microextraction, based on ultrasound-
dispersion was developed [17]. Hence, ultrasonic waves, play
the role of the stirrer bar and dispersive solvent in conventional
SFODME and DLLME, respectively. Some researchers prefer
to use ultrasonic waves not only to accelerate the formation of a
cloudy dispersive extraction mixture but also for transfer of the
analyte between two immiscible phases, thus resulting in a
lower extraction time [18–22]. Antimony and many of its
compounds are toxic. The effects of antimony poisoning are
similar to arsenic poisoning [1, 23], inhalation of antimony dust
is harmful and in certain cases may be fatal. In small doses,
antimony causes headaches, dizziness, and depression and
larger doses such as prolonged skin contact, may cause
dermatitis. It can also damage the kidneys and the liver,
causing violent and frequent vomiting, and death in a few days
[24]. Antimony and its compounds are considered to be priority
interest pollutants by the Environmental Protection Agency of
the United States [25], with a maximum allowable contaminant
level of 6 μg L−1 in drinking water. This metal occurs mainly
in two oxidation states. The toxicity of Sb (III) is 10–20 times
higher than that of Sb (V), and their oxides can cause several
types of cancer [26, 27]. Since the concentrations of this
element in water are very low, sensitive analytical techniques
are required. Inductively coupled plasma mass spectrometry
(ICP-MS) [28, 29], inductively coupled plasma atomic
emission spectrometry (ICP-AES) [29, 30], hydride generation
atomic absorption spectrometry (HG-AAS) [31] and electro-
thermal atomic absorption spectrometry (ETAAS) [32, 33]
have been recommended for this purpose. A number of
separation and determination procedures involving hydride
generation [34], liquid–liquid extraction [35], solid phase
extraction (SPE) [36, 37], coprecipitation [38], dispersive
liquid–liquid microextraction (DLLME) [39], Headspace
single-drop microextraction [40], hydride generation fluores-
cence spectrometry [41] and cloud point extraction (CPE) [42]
have been proposed. In this study, the possibility of Sb (III)
enrichment by ultrasound- assisted emulsification microextrac-
tion (USAEME) is considered. Bromopyrogollol red is selected
as the chelating reagent and a new microextraction method
combined with flame atomic absorption spectrometry (FAAS)
is developed for separation, enrichment and determination of
Sb(III) in aqueous samples.

Experimental

Apparatus

A Varian SpectrAA 220 atomic absorption spectrometer
(Varian, Australia, http://www.varianinc.com) equipped
with deuterium background correction was employed with
an antimony hollow-cathode lamp operating at 10 mA, as a
source of radiation. Measurements were carried out in the
integrated absorbance mode at 217.6 nm, using a spectral
bandwidth of 0.2 nm. The acetylene and air flows were 1.0
and 3.5 Lmin–1, respectively. A Metrohm 827 pH meter
(Herisau, Switzerland, http://www.metrohm.com) was used
for pH measurements. An IEC HN-S centrifuge (New York,
USA, http://www.medwow.com) was used to accelerate the
phase separation. Fine droplets of the organic solvent were
produced by a Sonorex RK255 ultrasonic water bath
(Bandelin, Germany, http://www.ultraschall-anlagen.de).

Chemicals and reagents

A stock standard solution of Sb (ΙΙΙ) at a concentration of
1000.0 μg mL−1 was purchased from Merck (Darmstadt,
Germany, http://www.merck.de). Working standard solu-
tions were prepared daily by serial dilutions of the stock
solution with double distilled water immediately prior to
analysis. A 0.01% w/v solution of the chelating agent
bromopyrogollol red (BPR) (Geel, Belgium http://www.
acros.com) was prepared by dissolving an appropriate
amount of BPR in double distilled water. 1-Undecanol, 1-
hexadecanethiol, 2-undecanone were obtained from Merck.
Methanol, acetone, ethanol and DMF as diluents solvents
were purchased from Merck. Benzyldimethyltetradecyl-
ammonium chloride-dihydrate (BDTA) (Merck) was used
as a surfactant for ion pair formation. Buffer solutions were
prepared from acetic acid and sodium acetate for pH 3.1-6,
sodium dihydrogen phosphate and disodium hydrogen
phosphate for pH 6–8. The solutions of alkali metal salts
and various metal salts were used to study the interference
of anions and cations, respectively. The laboratory glass-
ware was kept in a 1.0 mol L−1 HCl solution overnight and
rinsed thoroughly with double distilled water.

USAEME procedure

The schematic procedure of the USAEME is shown in Fig. 1.
20.0 mL of the aqueous solution containing 100.0 ng mL−1

of antimony (III), 1.0 mL BDTA 1% (w/v) and 1.0 mL BPR
0.01% (w/v) was placed in a screw cap glass tube after the
pH of the sample was adjusted to 6.2 by using 0.1 mol L−1

sodium dihydrogen phosphate and disodium hydrogen
phosphate buffer. In this step, after reaction of Sb (III) ions
with BPR, 45 μL of 1-undecanol were added and the sample
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was sonicated for 2 min. A cloudy solution resulting from
the dispersion of fine 1-undecanol droplets in the aqueous
solution was formed in the test tube. This cloudy solution
was centrifuged for 8 min at 1250 rpm leading to the
aggregation of 1-undecanol as a floating drop on the surface
of the solution. In this step the Sb (III) complex was
extracted into 1-undecanol and then the sample vial was
transferred into an ice bath where the organic solvent was
solidified after 10 min. The solidified solvent was then
transferred into a conical vial where it immediately melted
and was diluted to 300 μL with ethanol. It was then
transferred to the FAAS for determination of Sb (III).

Results and discussion

In order to demonstrate the capability of USAEME for
separation and preconcentration of Sb (III) ion, BPR (which
is widely used for determination of metal ions) was selected
as the chelating agent. 1-Undecanol was also used as
extracting solvent because of its low volatility, low water
solubility and melting point (13–15 °C) near room
temperature. Furthermore, to obtain a high enrichment
factor, different parameters affecting the complex forma-
tion, extraction and analysis processes were optimized in a
one-at-a-time approach. Also, the extraction recovery (ER)
and enrichment factor were calculated according to Eqs. 1
and 2

ER% ¼ ðC»

oVo=C
»

aqVaqÞ»100 ð1Þ

EF ¼ Co=Caq ð2Þ
where V and C are the volume and concentration and the
suffixes o and aq indicate organic and aqueous phase,
respectively [17].

Effect of pH

It is obvious that the pH of the solution plays a unique role on
metal-chelate formation. In the present work, the effect of pH
on the extraction recovery of Sb (III) ion was studied within
the pH range of 3.5–8.5. The results illustrated in Fig. 2 reveal
that the recovery is nearly constant in the pH range of 5.7–
6.5. The progressive decrease in extraction of Sb (III) ion at
low pHs is due to the competition of hydrogen ion with other
analytes for reaction with BPR. For pHs greater than 6.5,
decrease in extraction is due to the precipitation of antimony
as antimony hydroxide. In subsequent studies, the pH of the
solution was adjusted to~6.2 using sodium dihydrogen
phosphate and disodium hydrogen phosphate buffer.

Effect of BPR amount

The effects of 0.01% (w/v) BPR volume on the extraction
recovery of analytes were evaluated in the range of 0.2–1.600mL.

Fig. 1 Schematic procedure of
UA-SFODME. a Injection of
extractant into aqueous sample;
b ultrasound-assisted formation
of emulsion; c collection of
solidified extractant after centri-
fugation and cooling the
sample; d dilution

Fig. 2 Effect of pH on the extraction recovery of antimony.
Conditions: Sb (III), 100.0 ng mL-1; BDTA 1% (w/v), 1 mL; BPR
0.01% (w/v), 1 mL; sonication time, 2 min; extraction solvent, 1-
undecanol, 45.0 μL; centrifugation time, 8 min

Emulsification microextraction trace amonts of Sb(III) 187



The recovery reaches a maximum at 1.0 mL and is then
independent of further increase in the volume of BPR at
a concentration greater than 1.0 mL. A volume of
1.0 mL was selected as optimum for further studies.

Selection of extracting solvent

The extraction solvent must satisfy certain conditions (low
volatility, lower density than water and low water solubility) in
order to be stable during the extraction period, extract analytes
well, easily separate from watery phase and have a melting
point near room temperature (in the range of 10–30 °C).
Several extracting solvents, including 1-undecanol (mp 13–
15 °C), 1-hexadecanethiol (mp 18–20 °C) and 2-undecanone
(mp 11–13 °C) were investigated. 1-Undecanol was found to
give the best extraction efficiency. In addition, it has sensitivity,
stability, lower price, low water solubility and low vapor
pressure. Thus, 1-undecanol was selected as the extracting
solvent. In fact, with 2-undecanone as the extraction solvent,
the dispersed drop could not be aggregated completely after
centrifugation. This maybe because of its solubility in water
(0.00179 g/100 mL at 25 °C)

Effect of the volume of extracting solvent

The volume of extraction solvent is a crucial parameter and
has an important effect on the extraction efficiency and also
determines enrichment performance to study the effect of
extraction solvents. Different volumes of 1-undecanol (35,
40, 45, 50, 55, 60 and 75 μL) were used as extraction
solvents in identical USAEME procedures. As can be seen,
in Fig 3, the recovery of extraction stays constant with the
increase of 1-undecanol volume in the range of 35–45 μL,
and then decreases with further increases in volume.
Therefore, 45 μL of 1-undecanol was selected for subse-
quent experiments.

Effect of sonication time

Sonication time plays an important role in the USAEME
procedure. Enough time will make the extracting solvent
disperse finely into the aqueous solution and result in
an excellent cloudy solution and hence a high enrich-
ment factor. The effect of ultrasonic agitation time was
evaluated in the range of 1–7 min. Extraction recoveries
were 95%, 99%, 95%, 93%, 87%, 85%, and 80% as the
sonication time increased from 1 min to 7 min
respectively. The corresponding results show that recov-
ery increased up to 2 min and then decreased. The
extracting solvent disperses more finely into the aque-
ous solution and the two phases cannot be distinguished
after centrifuging. Hence, 2 min was used for the
dispersive procedure.

Effect of centrifugation time

Centrifugation was necessary to separate phases in the
extraction tubes. The effect of centrifugation time on
the extraction efficiency was evaluated in the range of
4–12 min at 1250 rpm. It was found that the
extraction recovery was best when the solution was
centrifuged at 1250 rpm for 8 min and remained constant after
that.

Effect of surfactant

Three kinds of surfactant, Triton X-100, sodium dido-
decyl sulfate and BDTA, were tested for extraction of
antimony complex. The best recovery was obtained
using BDTA. The volume of BDTA was investigated in
the range of (0.1–1.3 mL). Figure 4 shows that when the
volume of BDTA was 1.0 mL, the antimony complex
extracts completely.

Fig. 4 Effect of surfactant amount on the extraction recovery of
antimony. Conditions were the same as Fig. 2 except BDTA amount

Fig. 3 Effect of extraction solvent volume on the extraction recovery
of antimony. Conditions were the same as Fig. 2 except extraction
solvent volume
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Effect of extraction time

The effect of extraction time was examined in the range of
10 s to 30 min. The results showed that the extraction time
had no notable effect on the enrichment factor.

Effect of potentially interfering ions

In order to demonstrate the selectivity of the presented
method for the separation of antimony ions, the effect of
common potentially interfering ions in water samples was
investigated and the potential interference was evaluated.
Interference ions, in different interference-to-analyte ratios,
were added to a solution containing fixed amount of
antimony (100.0 ng mL−1) and were subjected to the
USAEME procedure. The results of this investigation are
given in Table 1. An ion that causes a variation of more
than ±5% in absorbance of antimony was consider as
potentially interfering ion. As is shown in the table, at the
given levels, most ions show no significant interference in

the determination of antimony. However, metal ions
including Cu2+ and V5+ may interfere in the extraction
recovery of antimony.

Figures of merit

The analysis of the USAEME method, including the
quantification, reproducibility, limit of detection, enrich-
ment factor, linear range, calibration curve and precision
were determined to evaluate method performance. The
calibration graph was obtained after the standard series
were subjected to the USAEME and then determined by
FAAS. The linear regression equation was A=0.237 C +0.020
(where A is absorbance and C is the concentration (ng mL-1

of antimony), linearity was obtained with antimony concen-
tration in the range of 4.0–900 ng mL-1. The enrichment
factor for the presented method was obtained as 66.6 and the
limit of detection based on three times the standard deviation
of the blank solution measurements (n=10) divided by the
slope of the calibration curve was 0.63 ng mL−1. The relative
standard deviation for ten replicate determination of
100.0 ng mL−1 of Sb (III) was ±3.6%.

Table 3 Analysis of antimony in synthetic sample

Composition of Synthetic
Sample (ng mL-1)

Founda

(ng mL-1)
Recovery
(%)

Ca2+, Mg2+, Be2+ 200000.0, Ni2+ 35000.0;
Se4+ 30000.0, Zn2+, Co2+, Cr3+, Mn2+,
Fe3+,Zr2+ 10000.0; Pb2+ 5000.0; Bi3+,
Cu2+ 1000.0; Sb3+ 100.0

101.1±0.1 101.1

aMean±Standard deviation (n=3)

Table 2 Determination of antimony in water samples

Sample Antimony
amounta

(ng mL–1)

Recovery (%)

Added Found

Tap water (Kerman) 0.0 N.Db –

20.0 18.8±0.4 94.0100.4

50.0 50.2±1.1

Well water
(University of Kerman)

0.0 N.D –

20.0 20.2±0.8 101.0

50.0 51.2±1.8 102.4

Mineral water 0.0 N.D –

20.0 19.1±0.3 95.5

50.0 49.9±0.9 99.8

aMean±standard deviation (n=3)
bND Not detected

Table 1 Tolerance limit of potentially interfering ions

Foreign ions Interference/antimony (III) ratio Recovery (%)

Ca2+ 2000 103.5

Mg2+ 2000 97.1

Be2+ 2000 100.5

Ni2+ 400 98.4

Mn2+ 400 98.7

Se4+ 350 103.1

As3+ 300 106.3

Co2+ 200 99.3

Zn2+ 200 104.5

Cr3+ 200 95.8

Zr4+ 150 97.6

Fe3+ 150 95

Pb2+ 100 95.4

Bi3+ 15 96.1

Cu2+ 12.5 100.9

V5+ 10 100.6

Cl- 3000 100.6

EDTA 2000 99.6

HPO4
2- 2000 98.2

S2O3
2- 2000 96.5

H2PO4
- 1600 100.7

PO 4
3- 1500 96.5

CO 3
2- 1500 95.6

C2O4
2- 1500 96.1

NO3
- 1500 103.5

SCN- 1200 102

Conditions were the same as Fig 1
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Application to real and synthetic samples

To demonstrate the performance of the proposed method, it
was used to extract and determine antimony concentration
in different water samples including tap water (Kerman
drinking water), well water (University of Kerman) and
mineral water. The antimony concentration in water
samples was out of the calibration range. So, for reliability
of antimony determination from water samples, specified
amounts of antimony were added to the sample and
measurements were taken. As may be seen in Table 2, the
recoveries of the spiked samples are satisfactory. We also
used this method to separate, recover and determine the
amount of antimony in synthetic samples. The results,
given in Table 3, are in agreement with the certified values.
Therefore, the method is quite accurate.

Analysis of antimony in standard alloys

The method was applied to the determination of antimony
in Nippon Keikinzoku Kogyo (NKK CRM 916 aluminum
alloy). A 0.1 g sample of standard aluminum alloy was first
dissolved completely in 6–14 mL of hydrochloric acid by
heating on a water-bath at 85 °C and then 1 mL of 30% (v/v)
hydrogen peroxide and 5 mL of hydrofluoric acid (to remove
interference of aluminum) were added to it. The excess of
peroxide was decomposed by heating in the water bath and the
solution was cooled, filtered and diluted to 100 mL with
distilled water in a standard flask. An aliquot (1–2 mL) of this

sample was taken and analyzed by the general procedure. The
results are given in Table 4.

Comparison of USAEME with other methods

The results for a comparison of USAEME combined
with flame atomic absorption spectrometry with other
techniques for separation of antimony is given in
Table 5. In comparison with other reported methods, the
USAEME- FAAS method shows a comparatively low
detection limit (0.63 ng mL-1), a high enrichment factor
(66.6), good dynamic range (4.0–900 ng mL-1) in a short
extraction time. In addition, because only very small
amounts of volatile organic materials were used, our
method is safe. The relative standard deviation was ±3.6%.
All these results indicate that USAEME- FAAS is a
reproducible, sensitive, simple, green and low cost technique
that can be used for determination of metal ions like antimony
from water samples. Therefore, the method is of interest,
especially for laboratories doing routine trace metal ion
analysis

Conclusion

An ultrasonic instrument was used to accelerate the
formation of a cloudy dispersed extraction mixture in the
short time of 2 min. In this study, ultrasound- assisted
emulsification microextraction coupled with flame atomic

Table 5 Comparison of the USAEME with other methods for preconcentration and determination of Sb(III)

Preconcentration/
determination method

Detection
Method

Aqueous sample
volume (mL)

Enrichment
Factor

Detection limit
(ng mL-1)

Linear range
(ng mL-1)

Relative
standard deviation

Ref

SPEa ETAASd 10 25 0.18 – 4.6% 36

DLLMEc ETAAS 5 115 0.05 0.05–5 2.9–4.5% 39

SPE FAFSe 40 24.6 2.1 0.01–2.0 4.8% 41

CPEb ETAAS 6 – 0.02 0.1–3.0 7.8% 42

USAEME FAAS 20 66.6 0.63 4.0–900 3.6% Present work

a Solid phase extraction
b Cloud point extraction
c Dispersive liquid-liquid microextraction
d Electrothermal atomic absorption spectrometry
e Flame atomic absorption fluorescence spectrometry

Table 4 Analysis of antimony in the standard alloy

Sample Composition (%) Founda (%) Recovery (%)

NKK NO, 916 Si, 0.41; Fe, 0.54; Mg, 0.10; Cr, 0.05; Zn, 0.30; Ti, 0.10; Sn, 0.05; P, 0.040; Sb, 0.01;
B, 0.0006; Zr, 0.05; Bi, 0.03; Co, 0.03; Mn, 0.11; Ni, 0.06; V, 0.02; Cu, 0.27

0.0098±0.0004 98.0

aMean±Standard deviation (n=3)
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absorption spectrometry, has been developed for separation
and sensitive determination of antimony in aqueous
samples. It has also been shown that the SbBPR--BDTA+

can be extracted into 1-undecanol. This technique, which
has no need for a dispersive solvent as in the conventional
DLLME, minimizes the sample preparation time and the
consumption of organic solvents. The results also indicate
that this extraction procedure has outstanding advantages
such as simplicity, low cost, high enrichment factor, and
rejection of matrix constituents. Future work will be
directed at extraction of other metal ions using various
ligands and the assessment of the multi-element enrichment
capability of the method for ultra trace determination in
different matrices.
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