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ÖZ

Alev atomik absorpsiyon spektrometrisine dayanan etkin bir flotasyon yöntemiyle ayrım ve ön deriştirme 
adımları toplayıcı olarak ligand 3-((1H-indol-3-il) (4-Siyano fenil) metil) lH-indol (ICPMI) ile çeşitli gerçek 

örneklerde Cd2+ iyonlarının tayini incelenmiştir. pH, ICPMI miktarı, numune matrisi, elüsyon maddesinin türü 
ve miktarı, yüzey aktif maddenin türü ve miktarı, iyonik kuvvet, hava akış oranı, yani ekstraksiyon sisteminin 
verimliliğini etkileyen değişkenler değerlendirildi. Kadmiyum iyonunun 0.012 mM ligandı, %0.025 (w/v) sodyum 
dodesil sülfat (SDS) ve pH 9.0±0.1 varlığında eşzamanlı olarak matristen ayrıldığı kesin olarak belirlendi. Bu 
iyonlar, metanolde 1M HNO3’ün 0.5 mL si ile nicel olarak, Cd2+ için 0.02-2.2 µgmL-1 arasında ve Cd2+ için saptama 
limiti 1.9 µgmL-1 olan doğrusal aralıklarla ayrılabilir. Yöntem, radyoloji atık suyu, amalgam, doğal su ve kan 
numuneleri örneklerinde az miktarda kadmiyum iyonu tayini için başarıyla uygulanmıştır.

Anahtar Kelimeler
İz, iyon flotasyonu, sodyum dodesilsülfat, alev atomik absorpsiyon spektrometresi.

A B S T R AC T

An efficient flotation method based on the combination of flame atomic absorption spectrometry (FAAS) 
and separation and preconcentration step for determination of Cd2+ ions in various real samples by the 

possibility of applying Ligand 3-((1H indole-3-yle) (4-cyano phenyl) methyl) 1H indole (ICPMI), as a new collec-
tor was studied. The influence of pH, amount of ICPMI as collector, sample matrix, type and amount of eluting 
agent, type and amount of surfactant as floating agent, ionic strength and air flow rates i.e. variables affecting 
the efficiency of the extraction system was evaluated. It is as certained that cadmium ion separated simulta-
neously from matrix in the presence of 0.012 mM ligand, 0.025% (w/v) of sodium dodecyl sulfate (SDS) and 
pH 9.0±0.1. These ions can be eluted quantitatively with 0.5 mL of 1M HNO3 in methanol linear range of the 
determination is between 0.02-2.2 µgmL-1 for Cd2+  with a detection limit for Cd2+ was1.9 µg mL-1 respectively. 
The method has been successfully applied for determination of trace amounts of cadmium ion in in radiology 
wastewater, amalgam, natural water and blood samples samples.
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INTRODUCTION

Study of water and food pollution by heavy 
metals has been of great interest. Heavy 

metals such as cadmium (Cd) can be harmful to 
human health even in very low concentrations, 
as well as being highly toxic and non-degradable. 
International agency for research on cancer (IARC) 
has classified cadmium and cadmium compounds 
as carcinogenic to humans [1,2]. Cadmium is 
efficiently retained in the kidney (half-time of 10–
30 years) and the concentration is proportional to 
that in urine [3]. Recent data indicate that adverse 
health effects of cadmium exposure may occur at 
lower exposure level than previously anticipated 
[4]. Due to high toxicity of cadmium, a sensitive 
and accurate analytical method is required for 
measuring and determination of trace amount of 
cadmium in the samples. 

Flame atomic absorption spectrometry 
(FAAS) [5,6], is frequently employed as an 
analytical technique due to its simplicity and 
low cost. Additionally, it is fast, accurate, and 
precise. On the other hand, insufficient sensitivity 
or matrix interferences limit the applications of  
FAAS. These difficulties have been eliminated 
by various separation and preconcentration 
techniques. Solvent extraction [7], precipitation/
coprecipitation [8]. cloud point extraction [9], 
solid phase extraction (SPE) [10], electroanalytical 
technique [11] and flotation [12], Some of the 
extraction methods suffer from inconveniences 
such as, lengthy separation, limitation of the 
volume of sample solution investigated, time 
consuming, multi stage, lower enrichment factor 
and consumption of organic harmful solvents 
which can be overcome by replacement of 
filtration or centrifuga tion by flotation [13-15]. 
Flotation as a preconcentration methods include 
flotation, macro flotation, colloidal flotation, ion 
flotation and precipitate flotation. Precipitate 
and adsorbing colloid flotation are processes 
that, together with ion flotation, possess 
some advantages for treating large volumes 
of wastewater solutions. Precipitate flotation 
requires precipitation of the metal species in 
preparation for subsequent flotation [16,17]. 

The small amount of a surfactant and the 
tiny air bubbles require to perform the proper 

flotation prevent serious contamination risks, 
which could be manifested by the high blank 
value. Many factors influence to perform a proper 
flotation, but an important role has the collector 
with its colloid nature [18-22]. According to our 
knowledge there is still not reported any method 
in the literature, based on the simultaneous 
flotation of transition and heavy metal ions using 
Schiff’s bases ligand. Therefore, in detail it was 
decided to develop an efficient method for the 
extraction and preconcen tration of trace amounts 
of cadmium ion from aqueous media using ligand 
3-((1H indole-3-yle) (4-cyano phenyl) methyl) 1H 
indole (ICPMI) [23]  and determination by FAAS.

EXPERIMENTAL

Instruments
A Shimadzu atomic absorption spectrophotometer 
(model 680) was used for determining 
concentration of Cd2+  at 228.8  nm. The UV/Vis 
spectra were obtained from a Perkin-Elmer, 
model Lambda 2 spectrophotometer. The pH was 
adjusted and measured using pH/Ion meter model 
691(Metrohm, Switzerland, Swiss). 

Reagents
Acids, bases and nitrate salt of all metal ions 
under study were of the highest purity available 
from Merck Darmstadt (Germany) and were 
used as received. Double-distilled deionized 
water was used throughout. The pH adjustment 
was done by the addition of dilute HNO3 or/and 
NaCl to sample to obtain the desired pH sample 
solution. The Ligand 3-((1H indole-3-yle) (4-cyano 
phenyl) methyl) 1H indole (ICPMI) was synthesized 
according to literature [23].

Synthesis of 3-((1H indole-3-yle) (4-cyano 
phenyl) methyl) 1H indole (ICPMI)
ICPMI was synthesized according to a procedure in 
the literature [39]. A mixture of indole 1 (2 mmol), 
3-cyanobenzaldehyde (1 mmol), and aluminum 
hydrogen sulfate (1mmol) in ethanol (4 ml) was 
magnetically stirred at room temperature. After 
4 h the reaction mixture was filtered. The residue 
was washed with EtOH (2×4 ml). Water (25ml) 
was then added to the filtrate and the precipitate 
was filtered. The product was purified by column 
chromatography on silica gel [eluent: EtOAc/n-
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hexane (10:90)] to give pure 3-((1H indole-3-yle) 
(4-cyano phenyl) methyl) 1H indole (ICPMI) in 90% 
yield.

Flotation-Separation Procedure
A separation funnel with sidelong tube was used 
for flotation-separation. The separation funnels 
a sample solution containing 0.2 µg mL-1 of each 
ion, 0.5 mL 1.0 M of HNO3 solution. 1.0 mL of 
0.06% (w/w) solution of SDS and 0.35mL of 10-3 
M of ICPMI and 6 mL of saturated KNO3 were 
added, the pH of medium was carefully adjusted 
to 9.0±0.1 with nitric acid or sodium hydroxide 
solution. The mixture was diluted to 25 mL and 
after stirring for 20 min. then an air stream (25 
mL min-1) was kept flowing for 2-4 min to raise the 
foam layer to the water surface. A foamy layer 
was thus obtained and the aqueous solution in the 
cell became clear. Then the aqueous solution in 
the cell became clear was ousted of separation 
funnel and the foam layer was dissolved in 0.5 
ml1.0 M HNO3 in methanol and then the metal ions 
content was readily evaluated by FAAS. 

Application to Real Samples
Real samples including blood samples were 
treated as described previously [24]. Then the Test 
Procedure described above was applied. For the 
application of the present procedure to amalgam 
alloy, an accurately weighed 0.4 g portion of each 
amalgam alloy sample was digested as described 
previously [25,26]. and dissolved in the smallest 
volume of water, and the solution was transferred 
to a 100 mL volumetric flask by adjustment of the 
pH of the solution to the desired value; then the 
Test Procedure described above was carried out. 
The waste radiographic samples were prepared 
for the measurement of their cadmium content 
as follows. To 20 mL sample were added about 10 
mL 3M nitric acid and 10 mL water. The solution 
was boiled until its volume was reduced to20 mL. 
The resulting solution was neutralized with NaOH 

solution to the desired pH value and filtered. The 
filtrate and washings were diluted to 50 mL in 
a volumetric flask, and then the Test Procedure 
described above was applied.

RESULTS and DISCUSSION 

The aim of this work was to develop a simple, 
sensitive and available method for the pre-
concentration and determination of trace amounts 
of Cd2+ ion in various real samples using flame 
atomic absorption spectrometry coupled with 
flotation. In this regard, the influence of various 
effective parameters including, pH, surfactant 
and ICPMI concentrations, as well as the effect 
of electrolyte on absorbance, were optimized. 
The complexation study yields important 
information about the interaction between the 
ligand and metal ions. Recently, we have used 
the spectrophotometric method for this purpose 
[27,28], before using ICPMI for the flotation of the 
metal ions.

Spectrophotometric Titrations
Standard stock solutions of ligands (1.0x10-3 mol 
L-1) and metal ion (1.0x10-3 mol L-1) were prepared 
by dissolving ap propriate and exactly weighed 
in pre-calibrated 25.0 mL volumetric flasks and 
diluted to the mark with acetonitrile. Working 
solutions were prepared by appropriate dilution of 
the stock solutions. Titration of the ligand solution 
(7.41×10−5 mol L−1) was carried out by the addition 
of microliter amounts of a concentrated standard 
solution of the metal ion in acetonitrile (1.0×10-3 mol 
L-1) using a pre-calibrated micropipette, followed 
by absorbance intensity reading at 25.0oC at the 
related maximum wavelength. Since the volume 
of titrant added during titration was negligible 
(at the most 0.05 mL) as compared with the 
initial volume of the ligands (2.6 mL), no volume 
correction was carried out [29,30]. 

Figure 1. Ligand 3-((1H indole-3-yle) (4-cyano phenyl) methyl) 1H indole (ICPMI). 
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Influence of pH
The formation of the metal–chelate and its 
chemical stability are two important factors 
influencing flotation. The pH plays a unique 
role in metal–chelate formation and subsequent 
extraction, proving to be the main parameter for 
flotation. The extraction efficiency is dependent on 
the pH at which complex formation occurs [31-33]. 
Thus, a set of similar experiments in the pH range 
6.0-11.0 was conducted according to the described 
procedure described in the experimental section 
with respective results illustrated in Figure 4. The 
maximum sensitivity by flotation was obtained at 
pH 9.0±0.1, In more acidic solutions, deterioration 
of the signal occurs due to protonation of ICPMI, 
while at pH > 9.0±0.1, the signal decreases and 

recovery is reduced due to precipitation of Cd2 + 
ion in the form of hydroxides or ternary complexes. 
Consequently, pH = 9.0±0.1, was selected for the 
subsequent studies.

Influence of ICPMI Concentration
The evaluation of the concentration of complexing 
agent on the recoveries of the analytes in the 
floated layer was performed in the range of 1.0x10-4 
to 3.5x10-3 mol/L of ICPMI. At pH = 9.0±0.1, 25 mL of 
a sample solution containing 3.5x10-4 mol/L of each 
of the metal ions and 4 mL the perfect flotation 
separation of the metal ions was achieved at ICPMI 
concentration greater than 3.5x10-4 mol/L Figure5. 
Thus, the solution of ICPMI with concentration 
of 3.5x10-4 mol/L was used for subsequent 

Figure 2. Absorption spectra of ICPMI-Cd complex. Conditions: 0.06% (w/v) SDS, 0.35 mM ICPMI and 0.2 µg mL-1 cadmium 
ion.

Figure 3. UV–visible spectra for titration of L (7.41×10−5 mol L−1) with Cd2+ (1.00×10−3 mol L−1) in MeOH (T=25◦C and I = 0.05 
mol L−1). (a) The molar ratio plot in λmax=263 (b) The corresponding computer fitted curve of absorbance vs. [Cd2+/L].
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Figure 4. Effect of pH on ions recoveries.
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experiments. Since the separation efficiency 
remained constant in the presence of excess 
amounts of ICPMI, this ligand could easily be 
used for investigation of the samples containing 
unknown amounts of the analytes.

Selection of Surfactant
To select the most effective tenside among 
several cationic, anionic and non-ionic surfactants, 
a number of tests under previously optimized 
conditions were carried out and respective results 
are presented in Table1. The flotation by use of 
TX-100 and TX-114 was also ineffective [34]. The 
anionic surfactants were more effective. The ions 
flotation recoveries obtained by SDS within the 
optimal pH range 9.0±0.1, were greater than 98.5–
99.0%. The anionic surfactant SDS was chosen 

because of its commercial availability in a high 
purified homogeneous form, low toxicological 
properties and cost.

The flotation efficiency was evaluated using 
SDS concentrations ranging from 0.02% to 0.1% 
(w/v). The highest cadmium ion recovery was 
obtained with 0.06% (w/v) SDS. By decreasing 
the surfactant concentration to 0.06% (w/v) 
the recovery was reduced. The cadmium ion 
recovery also decreased for a higher SDS 
concentration (0.06% w/v). This result might 
be related to the presence of the high amount 
of surfactant, resulting in an increase in the 
volume of the surfactant-rich phase. In addition, 
the viscosity of the surfactant-rich phase 
increases, leading to poor sensitivity [35-37]. At 
lower SDS concentrations (below 0.06% w/v), 
the pre-concentration efficiency of the complex 
was very low, probably due to assemblies that 
were inadequate to quantitatively entrap the 
hydrophobic complex and float the complex [38]. 
Since, 0.06% (w/v) of SDS showed the highest 
cadmium ion recovery; a surfactant concentration 
of 0.06% (w/v) was selected as a compromise 
between the results obtained (in terms of 
sensitivity) and the surfactant concentration.

Figure 5. Effect of ICPMI on ions recoveries.

Figure 6. Effect of SDS on ions recoveries.

Table1. Effect of type of surfactant on sensitivity for 0.2 µg 
mL-1 of interest ion, pH 9.0±0.1, ICPMI (3.5x10-4mol/L)  and 
0.06 % (w/v)  of each surfactant. 

Surfactant                        Cd %

Triton X-114        48.7

SDS        98.6

Triton X-100        32.0

No surfactant        25.9
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Effect of Ionic Strength
It is known that ionic strength of the solution is 
one of the effective factors in flotation. In this 
work, the effect of KNO3 salt as an electrolyte 
in the range 0.01-0.5 mol L–1 on the process was 
investigated [39]. It is observed that increasing 
concentration of salt to 0.1 M exerts no effect on 
the process, but higher concentrations caused a 
decrease in absorbance of extracted surfactant-
rich phase. This effect might be explained by 
the additional surface charge when the salt 
concentration is very high.

Calibration, Precision and Detection Limits
Calibration graphs were obtained by pre-
concentration of 25 mL of several solutions 
under optimum conditions, containing various 
concentrations of each analyte, with the 
process performed according to the General 
procedure section where the absorbance of the 
final solution was measured by AAS. A linear 
relationship between the measured absorbance 
and concentration of Cd2+ ion in the Linear Range 
0.02-2.0µg mL-1 was obtained [40,41]. Figure 7. 
and Table 2. shows the calibration parameters 
for the proposed flotation method including the 
linear ranges, the relative standard deviation 
obtained for two analyte samples subjected to 
the complete procedure, volume ratio and the 
limit of detection. Also, a calibration graph was 
obtained without pre-concentration in order to 
calculate the enrichment factor. The enrichment 
factor was calculated as the ratio of the slopes 
of the calibration curve with and without pre-
concentration, and Detection limit for Cd2+ ion was 
1.9 (ng mL-1), respectively.

Table 2. Specification of presented method at optimum 
conditions for each element.

Parameters Cd

Linear Range (µg mL-1) 0/2-02/0     

Correlation Coefficient 9985/0

Detection Limit (µg.mL-1) (n =10) 9/1

Preconcentration factor 37

RSD % (n =5) 3/1

Recovery % 99

Flotation Mechanism
There are in fact two main types of interactions 
involved in the process of flotation, namely 
physical and electrostatic interactions [42-44]. 
The predominance of the electrostatic mechanism 
is mainly governed by such important factors as 
the size and charge of ionic species involved, the 
presence of electronegative atoms capable of 
forming hydrogen bonds in the ligand structure, 
and charged sites on the precipitates. Based on the 
existence and observation of some experimental 
factors in the present work, it seems reasonable 
to assume the redominance of an electrostatic 
mechanism for the proposed flotation system. 
Which possess high tendencies for forming 
H-bonds with the surfactant; the inability of Triton 
SDS as a ionic surfactant for flotation of the metal 
ions complexes involved.

Interference Study
The accuracy and reliability of this method was 
evaluated by comparing the results obtained for 
the same samples by an FAAS method. The results 
estimated by FAAS and spectrophotometry 
are shown in Table 3. The results estimated by 
spectrophotometry are much less as compare to 
results obtain by FAAS. It may be attributed to the 
interference of foreign ions in the determination 
of cadmium. The interfering ions. These ions may 
interfere with cadmium(II). The tolerated limits 
for the ions assayed are shown in Table 4, (was 
relative errors less than 5%). As can be seen, the 
proposed method is highly selective. 
 
Real Samples–Evaluation of Method
The proposed method was applied for the 
determination of Cd2+ ion by the standard addition 
technique in wastewater and tap water samples. 

y = 0.3874x - 0.0007
R2 = 0.9985
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Figure 7. Calibration Curve by dithizone method for Cd2+ ion.
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including well wastewater and tap water samples 
(Tables 4 and 5). The results of in natural water and 
blood samples. as mentioned in the Experimental 
section are summarized in Tables 4 and 5. 
Notably, the determination of Cd2+ in radiology 
wastewater, amalgam, natural water and blood 
samples. is remarkably accurate by the proposed 
method. The results of the determination of Cd2+ 
in the in radiology wastewater, amalgam, natural 
water and blood samples. as mentioned in the 
experimental section are listed in Tables 4 and 5.

CONCLUSION 

The flotation of Cd2+ ion with ICPMI into the phase 
of cationic surfactant SDS has been investigated. 
The sensitivity, metrological characteristics, 
ecological safety, simplicity and convenience 
of the suggested procedure are superior with 
respect to the methods based on the extraction 
with organic solvents. The present method has 
follo wing advantages over reported methods: (a) 
synthesized organic reagent could be synthesized 
in our laboratory with high efficiency and low cost. 
This reagent is distinct in terms of sensitivity, se-
lectivity towards metal ions. (b) Optimum volume 
of the eluting solution and low consumption of 
chemical reagents obtained by using the present 
methodology permitted to design an extraction 
strategy that posses one of the following 
advantages presenting robustness, low cost, low 
RSD and LOD good extraction efficiency and 
lower toxicity than those previously reported 
in literature the pre-concentration factor is 
relatively.  
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Table 3. Effects of the matrix ions on the recoveries of the 
examined metal ions (N=5).

Ions Added As
Tolerance Limit, 

mg L-1

Cl-, K+, Na+,
KCl, NaCl, 

MgCl2,

800

Zn2+, Ba2+ Nitrate salts 200

PO4
3- Na3PO4 800

Cu2+, Ni2+, Cr3+, Hg2+ Nitrate salts 500

Ca2+, Mg2+ Nitrate salts 50

Ti+, Al3+, Nitrate salts 150

HCO3
 - NaHCO3 700

Table 4. Recovery of trace elements from radiology wastewater and natural water samples after application of presented 
flotation procedure (N=3).

Ion Added, µg L-1 Found,  µg L-1 RSD % Recovery %

radiology wastewater 

Cd
0

25
9.7

25.0
1.4
1.1

---
100.4

natural water

Cd
0

25
0.87

1.1
1.4
1.0

---
102.3

Table 5. Recovery of trace elements from amalgam and blood samples after application of presented flotation procedure 
(N=3).

Ion Added, µg L-1 Found,  µg L-1 RSD % Recovery %

amalgam

Cd
0

25
4.5

20.0
1.3
1.5

---
103.0

blood

Cd
0

25
2.3
17.1

1.4
1.6

---
98.0
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