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A facile, highly sensitive and selective spectrophotometric procedure

was developed for the determination of copper(II) in thermal boiler

water using a newly synthesized reagent, N,N'-bis(salicylidene)ethylene-

diamine (Salen). It is based on the reaction at pH 4-9 between the synthe-

sized Salen and Cu(II) forming a deep green complex, Cu(II) Salen

(1:1), that floats quantitatively with oleic acid surfactant. It exhibits a

constant and maximum absorbance at 550 nm in both aqueous and sur-

factant layers. Beer's law is obeyed over the concentration range 0.25-

6.35 mg L-1 with a detection limit of 0.005 mg L-1 for a standard aqueous

solution of Cu(II) with a concentration of 3.82 mg L-1, molar absorp-

tivities of 5.5 × 103 and 1.3 × 104 mol L-1 cm-1 in aqueous and surfactant

layers, respectively. Sandell's sensitivity was calculated to be 0.244 µg

cm-2 and the relative standard deviation (n = 9) was 0.19 %. The different

analytical parameters affecting the flotation and determination processes

were examined. The proposed procedure has been successfully applied

to the analysis of Cu(II) in natural waters and high purity thermal water

samples. The results obtained agree well with those samples analyzed

by atomic absorption spectrometry.
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INTRODUCTION

Many industrial wastewater streams contain heavy metals, which are of great

environmental concern and must be removed prior to water discharge or water

recycling1,2. Copper is utilized in electrical industries and in industrially useful

alloys. Biologically copper is essential in small amounts for the synthesis of haemo-

globin. A deficiency of copper causes diseases such as anemia, while an excess of

it causes Jaundice and Wilson disease. As a pollutant, copper is of particular concern

because of its high degree of toxicity to aquatic organisms. Several analytical techni-

ques have been monitored for the determination of copper(II), which include atomic

absorption spectrometry3-5, voltammetry6-8, spectrophotometry9-11, inductive coupled

plasma-atomic emission spectrometry12-14 and inductive coupled plasma-mass spectro-

metry15. A few reagents16 are available for the spectrophotometric determination of

copper(II). These reported reagent suffer from several disadvantages, such as poor

sensitivity, selectivity and a few require special conditions for the formation of the

complexes with the reagents and a few are commercial.



The reported list of toxic Cu species17 often includes Cu(OH)+, Cu2(OH)2
2+ and

CuCO3. However, Cu2+ ions present in various aqueous solutions (their presence is

a function of pH) are considered to be the most toxic of dissolved copper species.

Excess copper in water is not only harmful to human beings, but also interferes

with the self-purification of bulk water18 and exerts an adverse effect on the micro-

biological treatment of wastewater19. Therefore, from the viewpoints of pollution,

environmental chemistry, geochemistry, marine biology and analytical control in

industrial, food, agricultural, pharmaceutical and clinical areas, it is necessary to

establish a rapid, simple, sensitive and accurate procedure for the selective concen-

tration of Cu2+ prior to its determination. Numerous techniques for the separation

and concentration of metal ions including evaporation of solvents, electro deposition,

liquid-liquid extraction, surface adsorption, precipitation, ion exchange, ion exchange

impregnated materials, immobilized reagents, electro-osmosis and flotation have

been reported20. Although some of these techniques may be tedious, having limited

concentration factors, lengthy and rigid conditions for the separation of solid

adsorbents21, the flotation technique has many advantages that overcome these draw-

backs. It has recently received considerable interest owing to its simplicity, rapidity,

economy, good separation yields (R > 95 %) for small impurity agent concentrations

(10-6-10-2 M), a good prospect for application for species having different nature

and structure, flexibility and friability of equipment and processing for recovery

purpose22. It is believed that this process will soon be incorporated as a clean tech-

nology to treat water and wastewater23. Moreover, flotation is suggested as a method

for elimination of interferences24.

Spectrophotometry still represents an attractive technique for the determina-

tion of metal ions in aqueous media because of its simplicity, being inexpensive

and is readily available25. Therefore, spectrophotometry after selective flotation

was chosen for this investigation.

Copper has been removed and analyzed in simulated waste solutions, human

hair and natural waters by flotation26. Although a vast number of reagents are avail-

able for the spectrophotometric determination of copper27, less work has been done

using N,N'-bis(salicylidene)ethylenediamine (Salen) and perhaps no trial has been

made to float and analyze the analyte with this reagent. Therefore, this work aims

to develop a simple and rapid procedure for the selective separation and determination

of Cu(II) in natural waters, oleic acid as a surfactant and Salen as a chelating agent.

The procedure involves the spectrophotometric determination of copper in the surfac-

tant layer directly after separation by flotation and thus overcoming the problems

of elution.

EXPERIMENTAL

All chemicals used were of analytical-reagent grade. Doubly distilled water

was used for preparing aqueous solutions by dissolving the requisite amount of

CuCl2.2H2O in doubly distilled water.
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Synthesis of salen ligand: The ligand salen was prepared by the condensation

reaction of equimolar amounts of salicylaldehyde and ethylenediamine in ethanol

media. The resulting yellow coloured solution was refluxed for 1 h. Slow evapora-

tion of the filtrate lead to the formation of yellow crystals. The precipitated crystals

were filtered and dried in air.

The purity was checked by TLC. The product is crystalline (m.p. 192 ºC), sparingly

soluble in ethanol but easily soluble in acetone, DMF and DMSO. hence its stock

solution (1.0 × 10-3 M) was prepared in acetone. Oleic acid stock solution (6.36 ×

10-2 M) was prepared by dispersing 20 mL of oleic acid in 1 mL of kerosene. Copper

stock solution was prepared by dissolving the requisite amount of CuCl2.2H2O in

doubly distilled water.

N N

OH OH

O

OH

NH2 NH2+

Reflux 

1-2 hours

Ethanol

Synthesis of complex from thermal plant boiler water: For the preparation

of monomeric Cu(II) complex, to a hot methanolic solution (25 mL) of the ligand

to a hot solution of (100 mL) thermal plant boiler water was added drop-wise. The

mixture was stirred, refluxed for 0.5 h and then cooled to give a green precipitate

which was collected by suction filtration and washed with cold methanol and finally

dried in air.

N N

OH OH

+

Thermal boiler water

(Cu2+ )     

Cu

N N

O O

Sample collection and pretreatment: 1 L of tap, Cauvery river, sea water

samples and thermal plant boiler water were filtered, the pH adjusted to 1 with

concentrated HCl to prevent losses by sorption or co-precipitation and preserved in

high quality clean plastic containers.

1 h

Ethanol
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The flotation cell (a cylindrical tube with a 15 mm inner diameter and 290 mm

length, a stop cock at the bottom and a stopper at the top) was the same type as

previously described28.

Procedure

Separation: All samples used in this investigation were in the form of aqueous

solutions after suitable treatment. Therefore, the following procedure was applied

to all samples.

A suitable aliquot containing a known amount of Cu(II), specified for each

investigation, was mixed with a suitable amount of Salen followed by the addition

of 3 mL of double distilled water. After adjusting with HCl and/or NaOH to the

required pH, the solution was transferred to the flotation cell and the total volume

was made up to 10 mL with an acetone-water mixture to ensure a final acetone

volume fraction of 30 %. The cell was shaken well for a few seconds to ensure

complexation. To this, 3 mL of oleic acid (of known concentration) was added. The

cell was then inverted upside down 20 times by hand. Bubbles were created inside

the cell. Meanwhile, the stopper of the cell was removed to permit air movement.

After allowing it to stand for 5 min for complete flotation of the coloured complex,

the concentration of Cu(II) in the surfactant layer was determined spectrophoto-

metrically.

Determination: The concentration of Cu(II) in the floated layer was deter-

mined spectrophotometrically by transferring a suitable volume to the quartz cell

and measuring the absorbance at 550 nm against the reagent blank Salen. The analyte

concentration was calculated from a calibration curve constructed by taking different

concentrations of Cu(II). The flotation efficiency (% F) was calculated from the

relation % F = Cs/Ci × 100.

RESULTS AND DISCUSSION

In order to obtain the optimum conditions for the maximum flotation efficiency

of Cu(II) with the oleic acid surfactant, the different factors affecting this process

have been studied. It should be noted that the maximum absorbance of the complex

Cu-salen corresponds to its maximum flotation efficiency. So, the maximum absorbance

can be expressed by the maximum floatability of the analyte and the inverse is true,

as well29.

Absorption spectra: The absorption spectra of Cu(II), salen reagent and of

Cu-salen complex formed in aqueous acetone solution (30 % v/v) and that floated

into the oleic acid layer are given in Fig. 1. It is noticed that the absorption spectra

of the complex and the ligand (curves a and b) have no absorption bands in the

region that corresponds to that of the complexes Cu and salen, curves (c) and (d),

having their maximum absorbance at 550 nm. Moreover, it is interesting to note

that the floated complex has a higher maximum absorbance value in comparison

with that formed in the aqueous solution resulting in an enhancement in the sensitivity

of the spectrophotometric determination of Cu(II) after flotation. Hence, subsequent

analysis of the coloured complex was carried out at 550 nm after flotation.
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Fig. 1. Absorption spectra of (a) 4 × 10-4 M Cu(II), (b) 8 × 10-4 M Salen, (c) Cu-Salen- H2O

complex and (d) Cu-Salen-oleic acid complex. Where Ci and Cs denote the initial

Cu(II) concentration and its concentration in the surfactant layer, respectively. All

the experiments were carried out at room temperature, ca. 25 ºC

Composition of the complex: The composition of the copper complex was

studied by the continuous variation method. A typical graph obtained (Fig. 2) by

the former method showed that 1:2 and 1:1 (Cu-salen) complexes are formed in the

surfactant and aqueous solutions, respectively (curves a and b). However, the differ-

ence in molar ratio between the floated complex and that formed in the aqueous

solution may be attributed to the floatability of a small quantity of free reagent in

addition to the complex30. Moreover, it must be noted from the data in Fig. 2 that

the oleic acid surfactant intensifies the colour of the complex (higher absorbance

than in the aqueous solution) which confirms the determination of Cu(II) after

floatation of its complex31.

Fig. 2. Composition of Cu(II) complex by the continuous variation methods. (a) Cu(II)

complex floated by oleic acid surfactant. (b) Cu(II) complex in aqueous solution.

The measurements were carried out at 550 nm and pH~7, using 1 × 10-4 M Salen as

a blank
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Effect of pH: Since the pH of the medium is a highly significant factor in

flotation processes, pH was the first variable to be optimized. A series of experiments

was carried out to study the effect of pH on the flotation efficiency of 1.0 × 10-4 M

Cu(II) with 1.0 × 10-3 M oleic acid in the presence of 2.0 × 10-4 M Salen. The results

presented in Fig. 3 show range that the floatability of the Cu-salen complex increases

with increasing pH, reaching its maximum value (maximum and nearly constant

absorbance) in the pH range 5-9. The pH~7 was attained by direct addition of

reagents and unless otherwise stated, adjustment of the solution pH was not required.

Therefore, pH~7 was used as the optimal pH for other experiments.
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Fig. 3. Floatability of 1.0 × 10-4 M Cu(II) vs. pH using 2.0 × 10-4 M Salen

and 1.0 × 10-3 M oleic acid

Effect of ligand concentration: Initial experiments were performed to float

Cu(II) with oleic acid surfactant alone. However, the flotation efficiency did not

exceed 40 %. Therefore, a trial was made to improve this process using different

reagents. The floatability of a series of solutions containing 1.0 × 10-4 M Cu2+, 1.0

× 10-3 M oleic acid and various amounts of Salen at pH~7 was investigated. The

results are shown in Fig. 4. As can be seen, the flotation efficiency (equivalent to

the maximum absorbance) increases with increasing concentration of the ligands,

reaching its maximum value (ca. 100 %) at a 1:2 (Cu:Salen) ratio. These results

agree well with those obtained in Fig. 2. Moreover, the excess of ligand has no

adverse effect on the flotation process and so the procedure be applied to real samples

containing Cu(II). Accordingly, a concentration of Salen equal to twice that of

Cu(II) was used in the recommended procedure.

Effect of copper concentration: To confirm the data obtained in Fig. 4, another

series of experiments were carried out to float various amounts of Cu2+ ions in the

presence of 2.0 × 10-4 M Salen using 1.0 × 10-3 M oleic acid at pH~7. As can be seen,

the floatability reaches 100 % at a Cu(II) concentration of 1.0 × 10-4 M, corres-

ponding to 1:2 molar ratio (Cu:Salen), which agrees well with the data obtained in

Fig. 4. At higher concentrations of the analyte, the flotation efficiency decreases.
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This may be attributed to the fact that the amount of Salen is insufficient to bind all

Cu2+ ions that exist in the solution. Consequently, in the analysis of copper in its

natural unknown samples, excess ligand can be safely used.
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Fig. 4. Floatability of 1.0 × 10-4 M Cu(II) vs salen concentration at pH~7

using 1.0 × 10-3 M oleic acid

Effect of ionic strength: Table-1 summarizes the effect of varying the ionic

strength of different salts on the flotation efficiency of 1.0 × 10-4 M Cu(II) ions with

1.0 × 10-3 M oleic acid in the presence of 2.0 × 10-4 M Salen at pH~7. The salts used

in adjusting the ionic strength generally resemble those present in natural water samples.

As can be seen, the ionic strength of the medium has not markedly affected the

flotation process nor the determination of Cu(II).

TABLE-1 
EFFECT OF IONIC STRENGTH ON THE FLOATABILITY OF Cu(II)* 

Salt Concentration (M) F (%) 

NaCl 

0.02 

0.10 

0.50 

100.0 

099.7 

099.0 

KCl 

0.02 

0.10 

0.50 

100.0 

099.8 

098.8 

CaCl2 

0.02 

0.10 

0.50 

100.0 

099.0 

098.3 

MgSO4 

0.02 

0.10 

0.50 

100.0 

098.5 

095.0 

*1.0 × 10-4 M Cu(II), 2.0 × 10-4 M Salen, 1.0 × 10-3 M Oleic acid, pH~7. 

Applications: To investigate the applicability of the recommended procedure

to natural water samples (taken from different locations), the recoveries of known

amounts of Cu(II) added to these samples were examined (Table-2). To 10 mL
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TABLE-2 
DETERMINATION OF Cu(II) SPIKED IN NATURAL WATER AND  

THERMAL BOILER WATER SAMPLES 

Spectrophotometric procedure AAS Procedure Type of water 
procedure 
(location) 

Cu(II) added 
(mg L-1) Found (mg L-1) Recovery (%) Found (mg L-1) Recovery (%) 

Distilled water 

- 

0.5 

1.5 

2.5 

ND 

0.495 

1.498 

2.495 

- 

99.0 

99.8 

99.8 

ND 

0.494 

1.498 

2.496 

- 

98.8 

99.9 

99.8 

Tap water  
(Our laboratory) 

- 

0.5 

1.5 

2.5 

ND 

0.497 

1.492 

2.497 

- 

99.8 

99.4 

99.9 

ND 

0.496 

1.491 

2.498 

- 

99.2 

99.4 

99.9 

Cauvery water 
(Mettur dam) 

- 

0.5 

1.5 

2.5 

ND 

0.494 

1.496 

2.496 

- 

99.3 

99.7 

99.8 

ND 

0.493 

1.495 

2.496 

- 

98.6 

99.6 

99.7 

Sea water 
(Chennai) 

- 

0.5 

1.5 

2.5 

ND 

0.497 

1.497 

2.495 

- 

99.5 

99.8 

99.8 

ND 

0.498 

1.497 

2.495 

- 

99.6 

99.8 

99.8 

Lake water 
(Salem Yercaud) 

- 

0.5 

1.5 

2.5 

ND 

0.496 

1.494 

2.493 

- 

99.2 

99.6 

99.7 

ND 

0.496 

1.494 

2.494 

- 

99.2 

99.6 

99.8 

Thermal plant 
boiler water 

- 

0.5 

1.5 

2.5 

ND 

0.496 

1.494 

2.493 

- 

99.2 

99.6 

99.7 

ND 

0.493 

1.495 

2.496 

- 

98.6 

99.6 

99.7 

 

aliquots of clear uncontaminated, filtered water samples, 0.5 or 1.5 mg L-1 of Cu(II)

were added and the pH was adjusted to ca. 7. After flotation, the concentration of

Cu(II) was determined either spectrophotometrically in the surfactant layer at 600 nm

or by atomic absorption spectrometry (Table-2) in the mother liquor at 324 nm.

Spectrophotometric determination of Cu(II) after flotation gives satisfactory results

compared to those obtained by AAS. Thus the spectrophotometric determination

of Cu(II) after flotation makes the procedure highly selective and sensitive.

Conclusion

The proposed spectrophotometric method is simple, highly sensitive and sele-

ctive for the determination of Cu(II) in water samples and high purity boiler water.

The limit of detection of the proposed method is superior when compared to reported

methods32-36. The method has additional advantages over the reported methods due

to easy preparation of complexation agent (salen), high sensitivity of the stable

complex, low consumption of the reagent and minimal interferences.
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