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A halogen-free ionic liquid, tetraoctylammonium dodecylbenzene sulfonate was used to extract Cu2+, Pb2+, Cd2+, and Hg2+ from their 

aqueous solutions by using dithizone as chelating agent. Inductively coupled plasma-mass spectrometry (ICP-MS) was applied, at different 

pH-values, to simultaneously measure the metal content in the aqueous phase, both before and after extraction. At the optimum pH value, 

extraction of the four metal cations from pure solution and marine water samples was successfully accomplished and their concentrations 

were simultaneously determined.  
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Introduction 

Liquid-liquid extraction has been extensively employed 
for recovery and separation of metal ions. The extraction is 
normally achieved by contacting the aqueous phase with a 
lipophilic organic liquid containing a metal-selective 
chelating agent. The organic liquids used in this extraction 
are generally volatile organic compounds (VOCs). The use 
of VOCs always faces environmental and safety problems 
such as emission loss and fire hazard. Therefore, finding 
alternative materials to replace these solvents has always 
been of particular interest in providing potential solutions to 
reduce these problems. Room-temperature ionic liquids 
(ILs) are a novel class of salts that have engaged exponential 
attention in recent years due to their negligible vapour 
pressure. So they have been proposed as environmentally 
friendly alternatives for the ordinary VOCs. Ionic liquids of 
imidazolium [C4MIM]+ cation with tetrafluoroborate [BF4]- 
and hexafluorophosphate [PF6]-  anions have, so far, been 
the focus of numerous publications dealing with extraction 
of metal ions from aqueous samples.1-10 Nevertheless,  
classification of such ILs as green solvents has not taken 
into account the entire life cycle of these solvents, especially 
those containing [BF4]-  and [PF6]- anions. These fluorine-
based anions have been the subject of extensive debates 
about the possible eventual decomposition, under certain 
circumstances, into toxic hydrofluoric acid.11-16 Further, 
single-crystal X-ray diffraction studies17 proved the 
formation of 1-butyl-3-methylimidazolium fluoride 
monohydrate complex, [C4MIM]F.H2O, during  preparation 
and drying of [C4MIM][PF6]. It has also been reported18 that 
in drastic acid medium, [PF6]- may be converted to [PO4]3-. 
This has raised the need for investigating metal-solvent 
extraction with halogen-free ionic liquids. In the present 
application, Cu2+, Pb2+, Cd2+, and Hg2+ cations are extracted 
as their lipophilic neutral chelates with dithizone  into  the  
halogen- 

free room temperarure ionic liquid, tetraoctylammonium- 
dodecylbenzene sulfonate ([TOA][DBS]).19  This ionic 
liquid is very easy to prepare and, besides being non-
expensive; it is also highly lipophilic in nature because of its 
chemical structure which contains long chains of carbons. 
The proposed method involves use of a broad spectrum 
chelating agent and inductively coupled plasma 
spectroscopy which allow for simultaneous determination of 
several metals without interference. The method has been 
applied to determination of Cu2+, Pb2, Cd2+, and Hg2+ in pure 
solution and in marine water samples taken from Kuwait 
coastal area that is exposed to high anthropogenic activity.   

Experimental 

Reagents 

Chloroform, acetonitril (ACN, Merck); dithizone (DT) 
(Fluka); nitrate salts of Cu(II), Pb(II), Cd(II) and Hg(II) 
(Merck); tetraoctylammonium bromide (TOABr) (Aldrich); 
and sodium dodecylbenzenesulfonate (NaDBS) (Aldrich) 
were used. The chemical composition of the ionic liquid was 
checked by using proton NMR. [1H-NMR (CDCl3, 
C42H97NO3S), 7.76(d, 2H, J 8.0 Hz), 7.09(d, 2H, H 8.0), 
2.91(m, 8H),  1.63 - 0.79 (m, 85 H)].  

Borate, phosphate and ammoniacal buffers were used to 
adjust the PH-value of the solutions.  

Preparation of the ionic liquid 

The synthesis of the ionic liquid, tetraoctylammonium-
dodecylbenzene-sulfonate [TOA][DBS] was similar to that 
described elsewhere.19 Briefly, equimolar (0.1 M) TOABr 
and NaDBS were mixed in 1:1 (water + acetone) solvent. 
The mixture was stirred on hot until acetone evaporated 
completely. The mixture was transferred to a separating 
funnel and the aqueous phase was removed. The resultant 
crude [TOA][DBS] oil was purified by shaking with water 
several times. The ionic liquid was then dried with 
anhydrous sodium sulfate. 
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2.3. Sampling and sample preparation of seawater 

 A mechanized boat with a towing speed maintained 
at 0.3 m s-1 was employed to collect samples from Doha 
coastal area (Fig. 1). The samples were collected in sterile (5 
L) plastic bottle from 5-m depth using Vandorn water 
sampler. The water was filtered in a 0.45 µm membrane 
filter and eluted. To about one liter of the filtrate, 25 mL 
ammonium pyrrolidinedithiocarbamate, 10 mL 3M HCl, and 
25-mL methyl isobutyl ketone, were added in a separating 
funnel. The mixture was shaken for 2 minutes, and then left 
undisturbed for 20 minutes. Two separate phases, namely, 
upper and lower solutions (A, and B, respectively) were 
built. Solution (A) was added with one liter seawater and the 
above chemicals, and then the process was repeated. 
Likewise, the lower solution (B) was treated in another 
separating funnel and eluted. The resultant upper solutions 
from both (A) and (B) were collected in a 50-mL volumetric 
flask and the lower solutions were discarded. The resultant 
upper solution was analyzed by inductively coupled plasma-
mass spectrometry (ICP-MS) to obtain the extract content of 
the concerned metals, both before and after extraction with 
the halogen-free ionic liquid.  

Figure 1. Map of Kuwait with sampling station (Doha village) 
indicated. 

Apparatus 

Inductively coupled plasma-mass spectrometric 
measurements were performed with a Varian 820-MS 
spectrophotometer. UV-visible spectra were measured with 
a Cary-5 spectrophotometer. The pH value of the extraction 
systems was measured with an Orion, Model 420A pH/mV 
meter. 

Liquid-liquid extraction of metal-dithizone complex 

Acurately weighed amount of dithizone (DT) was 
dissolved in a 100 mLof ACN : water mixture (10:90, v/v) 
to form a 3.4 x 10-4 M dithizone solution. In two separating 
funnels, 10 mL each, the following mixtures were prepared: 

1) 0.50 mL of the DT solution 8.4x10-4 M + 2.25 mL 
bidistilled water + 4.5 mL of the buffer solution + 1.0 mL of 
[TOA][DBS]. 

2) 0.50 mL of the DT solution 8.4x10-4 M + 2.25 mL metal 
ion solution (25 ppm) or metal ion solution mixture + 4.5 
mL of the buffer solution + 1.0 ml of [TOA][DBS].   

Each of the two mixtures was shaken for 15 minutes and 
then left to stand for 10 minutes. Visible spectra were run 
for each of the two ionic liquid layers. Different volumes of 
acid solution were then added to the ionic liquid to strip the 
metal ion(s) from it. The acid solution was then removed, 
diluted (if necessary), and measured with ICP-MS to 
determine the metal ion(s) content. The recovery factor was 
calculated after correcting for dilution. 

2.6. Effect of pH- value on the Extraction efficiencies of metal 

ions with [TOA][DBS] 

The efficiency rates of the extraction of each of Cu(II)-, 
Pb(II)-, Cd(II)- and Hg(II)-dithizone chelates using the 
halogen-free ionic liquid were determined at different pH-
values of the aqueous layer. This was done by mixing 0.50 
mL of 8.4x10-4 M  DT solution + 2.25 mL metal ion 
solution (25 ppm) or metal ion solution mixture + 4.5 mL of 
the buffer solution + 1.0 ml of [TOA][DBS].  The biphasic 
system was shaken to ensure complete mixing and then 
centrifuged to separate the two phases after extraction. The 
upper aqueous phase was taken out and measured with 
inductively coupled plasma spectrometry to determine the 
concentration of metal ions that were left in the aqueous 
phase. Extraction coefficients (E) were calculated by: 

 

                           (1) 

 

where (Ci)aq and (Cf)aq   are the concentration of metal ions 
in aqueous phase before and after extraction, respectively. 

For each of the metal cations, a parallel experiment was 
performed by using the traditional solvent, chloroform. 

Results and discussion 

Spectrophotometric investigation of the extraction process 

Dithizone was chosen as  organic extractant because of its 
known efficiency in the field of quantitative chemical 
analysis.20-23 Moreover it has been used previously for 
solvent extraction with imidazolium-based ionic liquid.24 
Spectra of dithizone and the complexes of dithizone with 
Hg(II), Pb(II), Cd(II), and Cu(II) in the ionic liquid 
[TOA][DBS] are shown in Fig. 2. The results indicate that 
the characteristic absorption peak of dithizone in 
[TOA][DBS] (Fig.2a) suffers hyperchromicity associated 
with a shift of  bands to shorter wavelengths (hypsochromic 
shift) (Fig. 2 b-e). This clearly reveals the efficiency of the 
employed halogen-free ionic liquid as extracting agent for 
the concerned metals.  
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Figure 2. Absorption spectra of dithizone (a) and its chelates with 
divalent Cu (b), Cd (c), Pb (d), and Hg (e) in [TOA][DBS] ionic 
liquid after extraction from aqueous solutions buffered at pH 7.0. 

Figure 3. Effect of pH value of the aqueous layer on the extraction 
percentage of Pb(II). 

Extraction of metal ion with [TOA][DBS] in comparison to 

chloroform 

The extraction percentage of Pb(II), at different pH values 
was calculated by inductively coupled plasma spectrometric 
analysis of the aqueous phase before and after extraction. 
Fig. 3 shows the variations of this percentage for Pb(II) as a 
function of pH on using the ionic liquid (Fig. 3a) and on 
using the traditional solvent, chloroform (Fig. 3b). The 
results indicate that the extraction of lead was better using 
ionic liquid than chloroform. Similar trend was shown in 
case of Cu(II), Cd(II) and Hg(II).   

From Fig. 3, it is evident that the extraction is most 
efficient at pH 7-9 on using either chloroform or the ionic 
liquid. Moreover the extraction of Pb(II) with the ionic 
liquid [TOA][DBS] is distinctly more efficient than with the 
traditional solvent, chloroform. Figures with similar trends 
were obtained for extraction of Hg(II), Cu(II) and Cd(II) 
with extraction exceeding 95% within the pH range 7 to 9. 
This is due to formation of dithizonate at these pH values 
which are fairly above the pKa of dithizone (5.77 ± 0.25).25 

The various equilibrium reactions that govern the 
extraction of M(II)-dithizonates are shown in the following: 

H2Dzorg   ↔   H2Dzaq                       (2) 

H2Dzaq   ↔  H+
aq +  HDz-

aq           (3) 

M2+
aq + 2HDz-

aq   ↔  M(HDz)2aq       (4) 

M(HDz)2aq ↔ M(HDz)2org                        (5) 

The overall extraction equilibrium is the sum of the above 
four reactions: 

2H2Dzorg + M2+
aq ↔ M(HDz)2org + 2H+

aq  (6) 

The equilibrium constant for this reaction is: 

 

 

 

 

 

 

It is evident from equation (8) that the ratio of concentration 
of the metal species in the two layers is directly proportional 
to K and [H2Dz]2

org  and inversely proportional to [H+]2
aq. 

The equilibrium constant K varies widely from one metal 
ion to another; these differences often make it possible to 
selectively extract one cation from another by buffering the 
aqueous phase at a level where one of them is extracted 
nearly completely and the second remains largely in the 
aqueous phase. In the present work sufficiently high pH 
value buffering was applied so that all metals can be 
determined simultaneously by using the ICP-MS technique 
(Table 1). This offers a rapid and highly precise method for 
analysis of metal ions matrix. 

Extraction of the metals from their mixtures and from marine 

water sample  

The feasibility for the simultaneous determination of 
cations in binary, ternary, and quaternary mixtures by ICP-
MS spectrometry following liquid/liquid extraction with 
halogen-free IL was examined.  For this purpose  binary, 
tertiary, and quaternary mixtures of Cu2+, Pb2+, Cd2+, and 
Hg2+ have been prepared in which concentration of each of 
the cations in the mixture was 20 ppm.  The results shown in 
Table 1 reveal high reovery rates for individual metal 
cations; this efficiency of the method does not decrease for 
the analysis of the metals in their binary, ternary or 
quaternary mixture. The method was then applied to marine 
water sampled from El-Doha coastal area (Fig. 1) which  is 
an industrial area  where desalination and power plants are 
located.  The results revealed extraction percentages of  99.3, 
97.8, 97.5,  and 99.6 % of Cu(II), Pb(II), Cd(II), and Hg(II), 
respectively,  from the sample. 
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Table 1. ICP determination of Cu(II), Pb(II), Cd(II), and Hg(II) single and in mixtures after extraction with the halogen-free ionic liquid. 

Single Cation Binary Mixture Ternary Mixture Quaternary Mixture 

Cation (%)* Mixture Cation (%)* Mixture Cation (%)

* 

Mixture Cation (%)* 

Cu 93.1 Cu,Pb Cu 98.3 Cu, Pb, 

Cd 

Cu 98.7 Cu, Pb, Cd, 

Hg 

Cu 98.1 

Pb 98.0 Pb 99.8 

Cu,Cd 

 

Cu 97.8 Cd 99.6 

Pb 98.8 Cd 99.8 Cu, Pb, 

Hg 

Cu 97.9 Pb 99.8 

Cu,Hg Cu 99.4 Pb 99.4 

Hg 97.5 Hg 97.6 

Cd 99.4 Pb,Cd Pb 99.1 Cu, Cd, 

Hg 

Cu 98.2 Cd 99.8 

Cd 99.6 Cd 99.9 

Pb,Hg Pb 99.6 Hg 99.3 

Hg 90.4 Hg 98.5 Pb, Cd, 

Hg 

Pb 99.9 Hg 99.3 

Cd,Hg Cd 99.6 Cd 99.9 

Hg 97.8 Hg 97.1 

*Percent extraction 

Conclusion 

The use of inductively coupled plasma-mass spectrometry 
technique enables simultaneous determination of Cu(II), 
Pb(II), Cd(II), and Hg(II) cations both in their aqueous 
solution and in marine water. The application requires 
extraction of the concerned metals with the halogen-free 
room temperature ionic liquid [TOA][DBS] in presence of 
dithizone as chelating agent. 
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