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ABSTRACT

In this article, we consider ionic liquid based ultrasound-assisted dispersive liquid-liquid microextraction
of trace amounts of rhodium from aqueous samples and show that this is a fast and reliable sample pre-
treatment for the determination of rhodium ions by flame atomic absorption spectrometry. The Rh(III)
was transferred into its complex with 2-(5-bromo-2-pyridylazo)-5-diethylamino phenol as a chelating
agent, and an ultrasonic bath with the ionic liquid, 1-octyl-3-methylimidazolium bis (trifluoromethyl-
sulfonyl) imide at room temperature was used to extract the analyte. The centrifuged rhodium complex
was then enriched in the form of ionic liquid droplets and prior to its analysis by flame atomic absorp-
tion spectrometry, 300 wL ethanol was added to the ionic liquid-rich phase. Finally, the influence of
various parameters on the recovery of Rh(Ill) was optimized. Under optimum conditions, the calibra-
tion graph was linear in the range of 4.0-500.0ngmL-?, the detection limit was 0.37 ngmL~! (3Sy/m,
n=7)and the relative standard deviation was +1.63% (n=7, C=200 ng mL~1). The results show that ionic
liquid based ultrasound assisted dispersive liquid-liquid microextraction, combined with flame atomic
absorption spectrometry, is a rapid, simple, sensitive and efficient analytical method for the separation

and determination of trace amounts of Rh(III) ions with minimum organic solvent consumption.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Rhodium, together with platinum and palladium, plays a deci-
sive role in the performance of exhaust systems, and is used
worldwide to reduce the emission of gaseous pollutants by vehi-
cles[1,2]. The monitoring of rhodium originating from the emission
of the automotive catalytic [3] converter attrition into the envi-
ronment is of paramount importance for the estimation of the
future risk on human health and the ecosystem. However, the con-
centration of this element is still relatively low in environmental
compartments and thus the analysis requires very sensitive and
selective methods and control of interference effects [4]. lonic lig-
uids (ILs) have been accepted as the new green chemicals by both
the academia and the chemical industries. Because of their unique
characteristics [5], this new chemical group can reduce the use of
hazardous and polluting organic solvents. Their volatility is neg-
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ligible and this is the basic property which characterizes them as
green solvents [6-8]. Recently the ultrasound-assisted extraction
of trace elements from a variety of matrices, using both bath and
probe ultrasonic processors, has emerged as an efficient approach
for sample preparation in trace element analysis [9,10]. Several
applications have been reported for the determination of rhodium
[11-13], and ultrasonic baths, i.e., the most extended ultrasonic
processors, have been used for metal extraction from fish and
water samples [14-16]. Classical extraction methods require large
amounts of high purity solvents, which may also result in envi-
ronmental and safety problems because of volatilization [17] and
different methods of microextraction such as cloud point developed
in [18,19]. A microextraction technique, dispersive liquid-liquid
microextraction (DLLME), developed in 2007, is a type of sol-
vent microextraction (SME). DLLME has been widely used for the
extraction, preconcentration and determination of organic com-
pounds [20,21] and metal ions [22]. This method is simple, fast
and inexpensive, but the amount of disperser solvent used is
relatively high, so it is possible that recoveries decrease propor-
tionately for less hydrophobic species [23] and a third component
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is necessary, which usually decreases the partition coefficient of
the analytes into the extractant solvent. In this work, a green
separation and preconcentration of rhodium based ultrasound-
assisted dispersive liquid-liquid microextraction (USA-DLLME)
method, combined with flame atomic absorption spectroscopy, is
developed and its feasibility systematically investigated. Precon-
centration and extraction of Rh(Ill) ions with complexation was
carried out using 2-(5-bromo-2-pyridylazo)-5-diethylamino phe-
nol (5-Br-PADAP), and an ion liquid based on ultrasonic assisted
dispersive liquid-liquid microextraction (IL-USA-DLLME). This was
followed by flame atomic absorption spectroscopy (FAAS). IL-USA-
DLLME is a technique by which ultrasonic mass transfer between
substances located in different phases is brought about or acceler-
ated [24].

2. Experimental
2.1. Instrumentation

A Varian model Spectra AA 220 (Murglave, Australia) atomic
absorption spectrometer, equipped with deuterium background
correction and rhodium hollow-cathode lamps as the radiation
source, was used for absorbance measurements at a wave-
length of 343.5nm. All measurements were carried out in an
air/acetylene flame. The instrumental parameters were adjusted
according to the manufacturer’s recommendations. The ionic
liquid, 1-octyl-3-methylimidazolium bis (trifluoromethylsulfonyl)
imide [Omim][TF,N], was homogenized using Sonorex ultrasonic
baths (Bandelin, Germany) at 35kHz for 2 min. A centrifuge (6-
place, 2500 rpm) model IEC HN-S was used for phase separation
and a water bath from Memmert (Buchenbach, Germany) was used.
A digital pH meter 827 (Zofingen, Sewitzerland) equipped with a
combined glass calomel electrode was used for the pH adjustment.

2.2. Reagents and sample solutions

All reagents used were of analytical grade. Distilled water was
used throughout the experiment. 2-(5-bromo-2-pyridylazo)-5-
diethylamino phenol and all salts and materials used were obtained
from Merck (Darmstadt, Germany). 1-octyl-3-methylimidazolium
bis (trifluoromethylsulfonyl) imide [Omim][TF,N] were synthe-
sized. Triton X-100 and Triton X-114 were purchased from Fluka
(Busch, Switzerland). A stock solution of Rh(Ill) 1000.0 mgL-!
was prepared by dissolving the appropriate amount of RhCls in
1molL-1 HCl and working standard solutions were obtained by
appropriate stepwise dilution of the stock standard solutions.
Platinum-iridium alloy was purchased from the Fine Wire Com-
pany (CA, USA). 12mL Conical bottom centrifuge tubes were
cleaned before use by soaking in 10% nitric acid solution for at
least 24h and then rinsing thoroughly with distilled water. A
0.01%molL~! 5-Br-PADAP solution was prepared by dissolving
the appropriate amount in ethanol. A buffer solution (pH 3.7)
was prepared from 0.5 mol L1 acetic acid and 0.5molL~! sodium
acetate.

2.3. RTIL synthesis

1-octyl-3-methylimidazolium bis (trifluoromethylsulfonyl)
imide [Omim][TF,N] was synthesized as described in [25-27].
Briefly, [Omim][Cl] was prepared by adding equal amounts of
1-methylimidazole and 1-chlorooctane to a round-bottomed flask
fitted with a reflux condenser and, after reacting for 72 h at 70°C,
was washed with ethylacetate. [Omim][TF,N]| was prepared by
adding lithium bis (trifluoromethylsulfonyl) imide salt (1.1 equal
1-methylimidazole) to [Omim]Cl in water. After stirring for 3h
to remove chloride ions and protonic impurities, the prepared

RTIL was washed with deionized water, (the control of chloride
ions was performed by an AgNOs test) and dried under vacuum
at 70°C for 24 h. Then a 0.6 mg wL~! RTILs solution was prepared
with acetone were stored in the dark at 25-30°C. (The amount of
chloride ions was checked by an AgNOj5 test)

2.4. Extraction procedure

The 10.0mL sample and standard solutions containing
Rh(Il) in the range of 4.0-500.0ngmL-! and 5-Br-PADAP
(1.7 x 10-> mol L-1) were adjusted to pH 3.7 by an acetate/acetic
acid buffer in a 12 mL conical-bottom glass centrifuge tube and
heated for 40 min at 95°C to form the complex of rhodium, as
reported in [28]. Complexation is usually necessary for the LPME of
elements to facilitate the transfer of the target species to the organic
phase. The chelating reagent, 5-Br-PADAP, played dual roles. It first
forms complexes with the target Rh(III), thus promoting the LPME
process and then facilitate this process. Since 5-Br-PADAP forms
complexes with Rh(III), selective extraction of the later could be
achieved. Then Triton X-114(0.03% w/v), sodium nitrate (0.6%, w/v)
and [Omim][TF,;N] (30 mg) were added and the tube was kept in
an ultrasonic bath until a cloudy solution (resulting from the dis-
persion of the fine droplets of [Omim]|[TF,N] by ultrasonic bath
in the aqueous sample) was formed in the test tube (2 min), and
the complex of Rh(IIl) ions extracted in the form of fine droplets
of [Omim][TF,N]. The mixture was then centrifuged at 2500 rpm
for 4min so that, the dispersed fine droplets of [Omim][TF,N] by
ultrasonic bath were sedimented at the bottom of the conical test
tube. The bulk aqueous phase was removed simply by decanting
the tubes. Now, the IL-phase was dissolved in 300 L of 96% ethanol
and the final solution was aspirated directly into the FAAS.

2.5. Sampling

2.5.1. Determination of metal ions in water sample

Water samples were collected from four regions in Kerman
province, Iran (Kerman tap and well water, waste water of Cop-
per factory, Sarcheshmeh and Zahra rose water Co., Bardsir). Before
the analysis, the organic content of the water samples was oxi-
dized in the presence of 1% H,0, and then concentrated nitric acid
was added. These water samples were filtered through a cellulose
membrane filter (Millipore) of pore size 0.45 m to remove partic-
ulate matter. The pH of the filtered water samples were adjusted to
approximately 3.7 using sodium acetate/acetic acid buffer solution.

2.5.2. Digestion of leaves of rose flower

Leaves of rose flower were purchased from Lalehzar of Bardsir
in Kerman, Iran. Then, they were dried and sieved through a small
mesh size. A 20.0 g leaves of rose flower was burned for 30 min and
the charred material was transferred to furnace for 3 h at 600°C.
The residue was cooled, treated with 10 mL concentrated chloridric
acid and evaporated by hot plates, so that all the metals changed to
respective ions. The solid residue was dissolved in water, filtered
and diluted. The volume of the filtrate was made up to 100.0 mL
with distilled water in a calibrated flask. 10.0 mL from the dissolved
solution of metals concentration was determined after suitable pre-
concentration using FAAS.

3. Results and discussion

In order to reach optimum experimental conditions for quanti-
tative extraction of rhodium ions via IL-USA-DLLME, the influence
of different parameters such as concentration of NaNO3 and 5-
Br-PADAP, pH, ionic liquid amounts, centrifugation and sonication
times, were investigated. In the IL-USA-DLLME/FAAS method,
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Fig. 1. Effect of amount of RTIL on the recovery of rhodium. Utilized conditions:
Rhodium 20.0ng mL-!, pH 3.7, 5-Br-PADAP, 1.7 x 10~>, NaNOs 0.6% (w/v), Triton
X-114 0.03% (w/v), and diluting agent 300 L ethanol.

enrichment factor and percentage of extraction are calculated as
follows:

CoVo 100 (1)

Percentage of extraction =
aanq

Enrichment factor = Co 2)

Caq
where V and C are the volume and concentration and the suffixes
o and aq indicate organic and aqueous phases, respectively. C, was
calculated from the calibration graph of a standard solution of the
relevant metal in ethanol.

3.1. Selection of ionic liquid

The solvent properties of ILs are mainly determined by the abil-
ity of the salt to act as a hydrogen bond donor and/or acceptor
and the degree of localization of the charges on the anions [5,29].
Charge distribution on the anions, H-bonding ability, polarity and
dispersive interactions are the main factors that influence the phys-
ical properties of ILs [30]. Imidazolium-based ILs are highly ordered
hydrogen-bonded solvents and have a significant effect on chemical
reactions and processes. Due to their immiscibility with water, ILs
based on [TF;N] anions are preferred as solvents for forming bipha-
sic systems. The green character of ILs has been usually related to
their vapor pressure which is exceedingly small. Although, in gen-
eral, ILs will not evaporate and thus will not cause air pollution,
it does not mean that they will not harm the environment. TF,N~
is much more stable in the presence of water and also has other
advantages because of its hydrophobicity [5,31].

3.2. Effect of ionic liquid amount

The viscosity of ILs is high and handling is difficult, so working
solutions ([Omim][TF,N], (0.6 mg wL~1)) were prepared in acetone.
The amount of [Omim][TF,N] IL used in this preconcentration pro-
cedure is a critical factor for obtaining high recovery of the analyte
and, at the same time, obtaining a high volume ratio of the phases.
Therefore the extraction system was carefully studied in order to
define the lowest IL-phase mass necessary for achieving the highest
preconcentration factor possible. The variation in the recovery as a
function of the amount of IL, added to 10.0 mL sample, was investi-
gated in the range of 18-54 mg. It was observed that the extraction
efficiency of the proposed system was affected significantly by the
IL amount. Fig. 1 shows that the efficiency of extraction reaches a
maximum for an IL amount of 24 mg and no significant changes
were observed on the extraction efficiency for higher IL amounts.
Therefore, in order to achieve a good enrichment factor, low vis-
cosity and relatively high hydrophobicity, 30 mg IL was chosen as
optimum.

90
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Fig. 2. Effect of pH on the recovery of rhodium. Conditions are same as in Fig. 1
except for pH.

3.3. Effect of PH

In the IL-USA-DLLME method, the pH of the sample solution is a
very important factor which affects the formation of a complex with
sufficient hydrophobicity and the subsequent extraction. The effect
of pH on the complex formation was investigated in the pH range
of 2-9 while maintaining the other parameters constant. For the
pH <3 nitrogens of 5-BrPADAP are protonated and sites of bonding
to Rh are limited, for the pH in the range 3.5-4.5 hydroxyl group of
5-Br-PADAP is protonated and Rh bonded to amide nitrogens and
complex was formed. The transformation of Rh(IIl) to Rh(OH)3 is
responsible for a decrease in the efficiency of Rh(III) separation and
preconcentration at alkali pHs. The results (Fig. 2) reveal that the
recovery is nearly constant in the pH range of 3.5-4.5. Accordingly,
a pH approximately of 3.7 was selected for further experiments.

3.4. Effect of 5-Br-PADAP concentration

The influence of the 5-Br-PADAP concentration on the IL-USA-
DLLME extraction efficiency of Rh(IIl) ion was evaluated in the
concentration range of 0.3-2.3 x 10~> mol L. The results (Fig. 3)
show that the signal of Rh(IIl) increases with increase of 5-
Br-PADAP concentration upto 1.7 x 10~> molL~!, and then stays
constant. Therefore, a concentration of 1.7 x 10~ molL~! 5-Br-
PADAP was chosen.

3.5. Effect of salt concentration

Previous research shows that by increasing the salt concentra-
tion in single drop microextraction (SDME), DLLME [32,33] and
hollow fiber liquid phase microextraction (HF-LPME) [34,35], the
volume of extractant phase changes due to a salting in or salt-
ing out effect [36]. However, it is an interesting property of ILs
that in the presence of a high content of salt, the solubility of
[Omim][TF,N] does not vary and, because of the high density of ILs,
the fine droplets of extractant phase can settle even in the saturated
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Fig. 3. Effect of 5-Br-PADAP concentration on the recovery of rhodium. Conditions
are same as in Fig. 1 except for concentration of 5-Br-PADAP.
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Table 1
Effect of foreign ions on the recovery of rhodium ion?.

Table 2

Determination of rhodium in the real and spiked samples.

Diverse ion Tolerance limit (ug) Recovery (%) Sample Spiked (ngmL-')  Found? (ngmL-')  Recovery (%)
Fe 3* 20 102.8 Tap water 0.0 N.D. —
Aud* 20 99.3 (Kerman)
cr3t 25 98.3 8.0 7.8+0.1 97.5
Co?*” 30 96.5 80.0 76.0+0.7 95.0
N 0 7.4 Well 0.0 N.D
I3+ 50 985 (‘fl(e‘;"rflge;) - -D. -
Cu” 50 100.4
B3 100 972 8.0 7.6+0.1 95.0
Ag' 130 96'2 80.0 77.0+£0.5 96.2
Hg? 150 96.8 Wastewater 0.0 N.D. -
A132++ 150 98.1 (Copper factory,
Zn 350 103.6 Sarchashmeh,
cd* 370 97.6 Rafsanjan)
Pb?* 1000 101.1 8.0 7.7+0.4 96.2
Ca* 2000 101.4 80.0 76.1+0.6 95.1
5042~ 500 95.7
CH5CO0~ 1000 101.5 Rose water (Zahra 0.0 N.D.
SCN- 2000 992 factory, Bardsir)
C032— 2000 975 8.0 8.0+0.0 100.7
EDTA 30 98.6 80.0 81.2+0.7 101.5
" For masking interferences of these ions, EDTA was used. Rose flower bud 0.0 N.D.
2 Initial samples contained 2.0 pg Rh(IIl) and different amounts of diverse ions in (Laleh;ar,
10 mL water. Bardsir)
8.0 7.6+0.5 95.8
) o ) 80.0 76.8+0.5 96.0
solutions [37,38], hence avoiding the adsorption of analytes on the Rose fl 00 ND
surface of sample containers. Also, due to the very low solubility in O(S]_Zle(;l"z":rr ' s
water of hydrophobic ILs, residual salinity from the matrix is negli- Bardsir)
gible [36]. It is therefore expected that in our method the volume of 8.0 7.8+0.1 97.8
80.0 81.7+1.1 102.1

the extraction phase will not be significantly influenced by increas-
ing salt content. NaNO3 was chosen in order to study the salt effect
in the range of 0-9% (w/v). Recovery of rhodium slightly increased
upto 0.4% (w/v) as a result of salting out effect and then did not
vary from 0.6% to 9% (w/v). Hence the IL-USA-DLLME method can
be employed for the separation and preconcentration of Rh(III)
ion from salty samples with a concentration of upto 9% (w/v). A
concentration of 0.6% (w/v) NaNO3 was selected for subsequent
experiments for increasing recovery.

3.6. Type and volume of anti-sticking agent

It was observed that after centrifugation, some of the IL-phase
sticks to the wall of the centrifuge tube. In order to overcome this
problem, non-ionic surfactants were added to the sample solutions
[39]. In the presence of non-ionic surfactants, molecules of the
surfactant surrounded the fine droplets of IL, during phase sepa-
ration. Hence, interactions of IL with the wall of the centrifuge tube
decreased and consequently, the IL-phase did not stick to the wall
of the centrifuge tube. The effects of two non-ionic surfactants (Tri-
ton X-114 and Triton X-100) were investigated and compared. In
the presence of Triton X-100, recovery decreased while, using Tri-
ton X-114, recovery increased, and so, Triton X-114 was selected as
the anti-sticking agent. A concentration of 0.03% (w/v) was chosen
as the optimum concentration in the IL-USA-DLLME method.

3.7. Effect of sonication time

The high viscosity of extraction solvent decelerates the mass
transfer of the analyte from the aqueous solution. In the IL-USA-
DLLME procedure, the interface between the extraction solvent and
the bulk aqueous sample was enormously enlarged by forming a
cloudy solution [24]. Consequently dispersion is the key step to
determining whether extraction is successfully carried out or not.
Hence, sonication time plays an important role in this new proce-
dure. Time will make the extracting solvent disperse more in the
aqueous solution and result in an excellent cloudy solution. The
effect of sonication time was evaluated in the range of 1-5min

Conditions and instrumental settings were the same as in Fig. 1.
2 Mean + standard deviation (n=3).
b N.D.: Not detected.

and it was seen that sonication for at least 2 min was necessary to
form a complete cloudy solution. Hence 2 min was chosen for the
dispersive procedure.

3.8. Effect of centrifugation time

Centrifugation time is also an important parameter that influ-
ences the separation of ionic liquid from the water phase. A
centrifugation time in the range of 1-10 min at the rate of 2500 rpm
was investigated. A very short centrifugation time can not insure
satisfactory phase separation, and a longer centrifugation time
causes the ionic liquid to again dissolve in water phase. Therefore,
4 min was chosen as optimum.

3.9. Effect of coexisting ion

In order to demonstrate the selectivity of the developed
microextraction method for the determination of rhodium, the
effect of common coexistence in water samples was investigated
and the potential interference in the IL-USA-DLLME method due
to the competition of other metal ions for the chelating agent and
their subsequent co-extraction with Rh(III) was evaluated. A given
species was considered to interfere if it resulted in a £5% variation

Table 3
Determination of rhodium in a platinum-iridium alloy.

Composition (%) Certified Found ? (%) Recovery (%)
value (%)
Pt, 55; Ir, 28; Cu, Rh, 7.0 6.65+0.06 95.0
3.0; Fe, 3.5; Pd,
3.5

2 Mean + standard deviation (n=3).
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Table 4

Comparison of our method with other methods for preconcentration and determination of rhodium.
Determination technique Preconcentration method Enrichment factor Detection limit (ngmL-") RSD (%) Linear range (ngmL-") Ref.
LI-TLS 2/ETAAS P CPE¢ 450 0.06 - 0.5-50 [40]
(ICP-AES)d ETV ¢ - 0.8 24 - [41]
ETAAS Mg-W cell-electrodeposition - 13 41 - [42]
ETAAS IEM f 20 0.3 1.8 0.9-50 [43]
DPP & SPEM - 60 0.72 250-7500 [44]
FIA-FAAS SPE - 3 - - [45]
FAAS IL-USA-DLLME 29.1 0.37 1.63 4.0-500 This work

a LI-TLS: Laser induced-thermal lens spectrometry.

b ETAAS: Electrothermal atomic absorption spectrometry

¢ CPE: Cloud point extraction.

d ICP-AES: Inductively coupled plasma atomic emission spectrometry
¢ ETV: Electrothermal vaporization

IEM: Ion exchange microcolumn.

& DPP: Differential pulse polarography.

h SPE: Solid phase extraction.

f

of the FAAS signal, the results are shown in Table 1. Most of cations
and anions examined, did not interference with the microextrac-
tion and determination of Rh(Ill). However, some of the species
tested, such as Cu?*and Co?* did interfere. Such interferences were
eliminated in the presence of a proper masking agent, such as EDTA.
The results indicate that the method is applicable to the analysis of
Rh(III) in different water samples.

3.10. Analytical performance

The analytical characteristics of the IL-USA-DLLME method,
including quantification, reproducibility, limit of detection, cor-
relation coefficient, enrichment factor, linear range, calibration
graph and precision were determined to evaluate method per-
formance. The calibration curve was obtained after the standard
series were subjected to the IL-USA-DLLME and then determined
by flame atomic absorption spectrometry. Linearity was obtained
with rhodium concentration in the range of 4.0-500.0ngmL!,
for 10.0mL of solution. The linear regression equation is
A=1.9167C+0.002 (where A is the absorbance and Cis the concen-
tration of Rh(Ill) (g mL~1) in the final solution with a correlation
coefficient of 0.9988. The enrichment factor, calculated by Eq. (2),
was 29.3 and the limit of detection and quantification were deter-
mined by 3S,/m and 10S,,/m respectively. The standard deviation
of the blank, S;, was equal to 2.3 x 10~ and the slope of the cal-
ibration curve after extraction, m=1.8737 ngmL~!. The detection
limit (n=7) was found to be 0.37ngmL~!. The relative standard
deviation (RSD) for seven replicates of 200 ng mL~! of Rh (III) was
+1.63%.

3.11. Validity of the method

For evaluating the accuracy of the IL-USA-DLLME method on
rhodium, it was applied to determine Rh(III) in various samples
with different concentration and in platinum-iridium alloy.

3.11.1. Analysis of water samples

The optimized method was used for the determination of Rh in
well, tap and wastewater samples. Reliability was checked by spik-
ing experiments and independent analysis. The results of this study
for three different water samples are presented in Table 2. Recovery,
using spiked samples, shows the capability of our method for the
determination of Rh (III). In fact, the recovery values calculated for
added standard solutions were always higher than 95%, thus con-
firming the accuracy of the procedure and its independence from
matrix effects.

3.11.2. Analysis of a platinum-iridium alloy

In order to test the applicability of the proposed method for the
analysis of real samples, a platinum-iridium alloy was analyzed.
Seven mL of aqua regia was added to 5.0 mg of the alloy with known
composition and the solution was evaporated. Then five milliliters
of concentrated hydrochloric acid was added and the solution was
warmed, transferred to a 100.0 mL volumetric flask, and made up to
mark with distilled water. An aliquot of this solution was taken and
rhodium was determined by the general procedure. Three determi-
nations were made. The results (Table 3) indicate the effectiveness
and accuracy of the IL-USA-DLLME method.

3.12. Comparison of IL-USA-DLLME with other methods

A comparison of IL-USA-DLLME combined with FAAS with other
techniques for separation and determination of Rh(III) is given in
Table 4. In comparison with the other reported methods [40-45],
the IL-USA-DLLME/FAAS shows a comparatively low detection limit
(0.37ngmL-1), a high enrichment factor (29.3) and better dynamic
range (4.0-500.0) for Rh(III) in a short extraction time (2 min). In
fact, the IL-USA-DLLME has higher enrichment factor and lower
detection limit (0.37 ng mL~1) than all the other methods except LI-
TLS/CPE/ETAAS [40]. This could be the result of the determination
system. Also, because our method has low toxicity we may say that
itis green. The relative standard deviation (1.63%) is also better than
that obtained using FAAS determination alone. Moreover, since
this method uses only 300 wL ethanol, it is free of volatile organic
compounds. All these results indicate that IL-USA-DLLME is a repro-
ducible, rapid, environmentally friendly and simple technique that
can be used for preconcentration of metal ions like rhodium from
water and alloy samples.

4. Conclusion

It is well known that ultrasound is a powerful aid in the accel-
eration of various steps in the process of separation and extraction
such as homogenizing, emulsion forming, and mass transferring
between immiscible phases. Ultrasound-assisted LLE and emulsi-
fication extraction have been successfully used as alternatives to
LLE, and can attain extraction equilibrium in a short time. Hence
an ultrasonic bath was used to accelerate the formation of a cloudy
dispersive extraction mixture in the short time of 2 min. The sample
preparation time and the consumption of volatile organic solvents
were minimized using the IL-USA-DLLME technique, which does
not use volatile organic compounds, is solvent-free and has no need
of adispersive solvent compared with the conventional DLLME. The
use of 1-octyl-3-methylimidazolium bis (trifluoromethylsulfonyl)
imide as an extraction solvent, removes the need of an ice bath
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for the creation of a cloudy solution. The Rh(IIl) complex showed
excellent performance in IL-USA-DLLME. This method is safe, rapid,
simple, and reproducible. It is applicable to the qualitative and
quantitative analysis of Rh and uses small volumes of sample and
p-scale size of [Omim][TF,N]. The high enrichment factor along
with easy operation is another advantage. Also, the method has a
low detection limit that is comparable with, or better than in other
methodologies developed for Rh species determination (Table 4),
and has a good calibration range with a reduced amount of sample.
Therefore, the method is of interest, especially for routine analyti-
cal work. The solution is cooled during centrifuging, fine droplets of
extractant phase are continuously formed and analytes extracted
are transferred to the bottom of the centrifuge tube the method
can be operated continuously, and may be automated. Of course,
individual projects require testing the capability of this property.
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