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 The aim of this work was to develop a new and simple coacervative extraction method for the preconcentration and spectrophotometric 
determination of Cu(II) in water samples. Dithizone was used as the chelating agent while an anionic surfactant, namely sodium dodecyl 
sulfate (SDS), was used as extracting agent at room temperature. Central composite design (CCD) based on response surface methodology 
(RSM) was employed to optimize main experimental parameters such as pH values of solutions, concentration of the surfactant and volume 
of the saturated salt. Analytical characteristics of the method such as limit of detection, linear range, relative standard deviation (R.S.D.) 
and relative standard error (R.S.E.) were calculated under the optimum conditions. The calibration graph was linear in the range of 10-100 
ng ml-1 with the detection limit of 3.8 ng ml-1. The interference effects of some anions and cations were also studied. The method was 
successfully applied for the determination of Cu(II) in water samples. 
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INTRODUCTION 
 
 Copper is a vital nutrient mineral, essential for the 
health, growth and reproduction of all higher plants and 
animals. It is widely released into the environment by both 
natural sources and human activities [1]. Copper has been 
more considered by its applications in metallurgical and 
chemical industries; however, it is one of the essential 
microelements for human body [2,3], so that copper 
deficiency can cause impaired growth in children while it 
helps detecting a number of metabolic problems in adults. 
Nevertheless, once copper level exceeds a certain value, 
immune mechanism will be activated protecting the body 
against excess copper [4]. At high concentrations, copper 
can be toxic to human organisms with the risk of death in 
some cases. Considering the importance of copper content 
in drinking water in terms of health issues, it is very 
important to develop simple, fast and reliable methods to 
determine Cu(II) content of water samples [5,6]. Although 
flame    atomic    absorption    spectrometry     (FAAS)   and 
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inductively coupled plasma mass spectrometry (ICP-MS) 
are the most commonly used techniques for detecting traces 
of Cu(II), spectrophotometry continues to enjoy wide 
popularity [7]. Availability of instrumentation, method 
simplicity, speed and precision has made spectro-
photometric methods still attractive for the determination of 
Cu(II) [8]. However, due to the trace amounts of Cu(II) in 
natural water samples, a preconcentration step is essential 
prior to its spectrophotometric determination. 
 Micellar extraction with relatively non-
flammable, nonvolatile and environment-friendly 
surfactants at cloud point is a highly effective method for 
preconcentration of microcomponents [9-17]. The use of 
cloud point extraction (CPE) has gained considerable 
attention in the last few years, as it has a considerable 
potential to concentrate a wide variety of toxic elements 
while providing good recycling characteristics and high 
preconcentration yield in water samples [4]. 
 Nonionic surfactants, such as Triton X-100 and Triton 
X-114, have been widely used as the extracting agents for 
various compounds [18-23]. However, CPE has to be 
carried out  at  high  temperatures  (sometimes > 70 °C)  and 
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this may affect stability of the compounds of interest.  
 It should be pointed out that CPE involves the phase 
separation of neutrally charged (nonionic or zwitterionic) 
surfactants induced by the temperature while coacervative 
extraction involves phase separation of ionic amphiphiles 
induced by other parameters (e.g., addition of electrolytes, 
pH change, addition of organic co-solvents, or simple 
mixing of oppositely charged amphiphiles) [24]. 
Coacervative extraction can be performed at a low 
temperature while providing a higher rate of recovery and 
lower limit of detection compared to the previous methods 
[25-31]. 
 In the present work, an anionic surfactant, namely 
sodium dodecyl sulfate (SDS), is used as an extracting agent 
at room temperature. The method is based on the reaction of 
Cu(II) with dithizone and extraction of the produced 
complex. In the preconcentration step, an appropriate 
amount of SDS, saturated solution of KCl and aqueous 
sample were mixed and then kept in an ice bath. Once cloud 
point or turbidity was observed, the mixture was centrifuged 
to separate the surfactant-rich phase containing the analyte 
of interest. The sedimented surfactant-rich phase was 
diluted with acetonitrile before being detected by 
spectrophotometric method. Central composite design 
(CCD) and response surface method (RSM) were applied to 
design the experiments and optimize the experimental 
parameters. 

 
EXPERIMENTAL 
 
Apparatus 
 A diode array spectrophotometer (Agilent 8453) with a 
1 ml quartz cell was used for absorbance measurements. A 
Metrohm model 713 pH-meter equipped by a combined 
glass electrode was employed for measuring pH values in 
the aqueous phase. Ice-water bath was used to establish 
nebulosity. Phase separation of the solutions was performed 
with a centrifuge (UromAzma Co., 4000 rpm, Urmia, Iran). 

 
Reagents 
 All chemicals used in the experiments were of analytical 
reagent-grade, purchased from Merck and used without 
further purification. All dilutions were prepared with 
deionized water. A stock  solution  of  copper  (100 µg ml-1) 

 
 
was prepared by dissolving an appropriate amount of 
Cu(NO3)2.3H2O in water. Working solutions were prepared 
by diluting the stock solution adequately. A 1 × 10-3 M 
dithizone solution was prepared by first dissolving 25.6 mg 
of dithizon in 2 ml of NaOH (4 M), and then diluting the 
solution to 100 ml in a volumetric flask. Dithizon solution 
should be prepared daily. A 5% (w/v) aqueous solution of 
SDS was prepared by dissolving 5 g of SDS in 100 ml of 
double distilled water. A phosphate buffer with a pH value 
of 2 was prepared by using phosphoric acid (85%) and 
sodium hydroxide at appropriate concentrations. A saturated 
solution of potassium chloride was prepared by dissolving 
KCl in double distilled water. 
 
Statistical Software   
 Essential Regression and Experimental Design for 
chemists and Engineers (EREGRESS), as an add-in script 
for MS Excel software [32,33], was used to design the 
experiments and also to model and analyze the results. 
 
Central Composite Design 
 CCD was used to optimize effective experimental 
parameters on preconcentration and determination of Cu(II). 
Three independent factors, namely pH (F1), SDS 
concentration (F2) and added volume of saturated KCl (F3) 
were studied at five levels with four repeats at the central 
point, using a circumscribed central composite design. For 
each of the three studied variables, high (coded value: +1) 
and low (coded value: -1) set points were selected as shown 
in Table 1. Also, Table 2 shows the coded values of 
designed experiments based on CCD methodology achieved 
using EREGRESS software. 
 For a particular response, polynomial equations and 
response surface were produced using EREGRESS. For an 
experimental design with three factors, the model (including 
linear, quadratic and cross-terms) can be expressed as Eq. 
(1). 
 
 Response = b0 + b1 × F1 + b2 × F2 + b3 × F3 + b4 × F1 
× F1 + b5 × F2 × F2 + b6 × F3 × F3 + b7 × F1 × F2 + b8 × 
F1 × F3 + b9 × F2 × F3                                                  (1)  
 
where F1-F3 are the variable parameters, and b0-b9 are the 
coefficient    values     obtained    through    multiple    linear 
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 Table 1. Variables Used for Central Composite Design along with their Values 
 

Coded factor levels 
 Variable name                             -1 (low)         -0.59                  0               +0.59            +1 (high) 

 F1   pH                                              1               1.81                1.00               4.20                 5.00 

 F2   SDS (5% w/v) (ml)                    0            0.10                0.25               0.40                 0. 50  

 F3   Saturated KCl (ml)                     0               0.24                0.60               0.96                 1.20 

 
 
 
             Table 2. List of Experiments Planned in CCD for Model Optimization (Coded Values) 
 

  Factor levels   

Design points    Response 

1 0.00 0.00 -1.00 0.00 

2 -0.59 -0.59 0.59 0.20 

3 0.59 -0.59 -0.59 0.09 

4 0.00 -1.00 0.00 0.03 

5 -0.59 0.59 0.59 0.14 

6 -0.59 0.59 -0.59 0.09 

7 0.00 0.00 1.00 0.15 

8(cp) 0.00 0.00 0.00 0.18 

9 -1.00 0.00 0.00 0.20 

10(cp) 0.00 0.00 0.00 0.16 

11 0.59 0.59 -0.59 0.02 

12(cp) 0.00 0.00 0.00 0.17 

13(cp) 0.00 0.00 0.00 0.18 

14 1.00 0.00 0.00 0.09 

15 0.59 -0.59 0.59 0.06 

16 -0.59 -0.59 -0.59 0.12 

17 0.00 1.00 0.00 0.00 

18 0.59 0.59 0.59 0.03 
                    (cp)Indicates 4 repeats at the center points. 
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regression (MLR) using EREGRESS. The response surface 
plots were obtained through a statistical process describing 
the design and the modelled CCD data. Response surface 
methodologies graphically illustrate relationships between 
parameters and responses and are the way to obtain an exact 
optimum [32-37]. 
 Statistical significances of the predicted models were 
evaluated by the analysis of variance (ANOVA) and least 
squares techniques. The ANOVA employs Fisher’s 
statistical test (F-test) to determine which factors 
significantly affect the studied response variables. Statistical 
significance and the magnitude of the estimated coefficients 
of each variable and all their possible interactions with the 
response variables were determined. Such coefficients 
represent the improvement in the response for each variable, 
that is, the expected responses as the variables are changed 
from low to high. Effects with less than 95% of significance 
(effects with a p-value higher than 0.05) were discarded and 
pooled into the error term before a new analysis of variance 
was performed on the reduced model. Note that the p-value 
represents a decreasing index of the reliability of a result. 
Replicates (n = 4) of the central points were performed to 
have an estimation of experimental error. 
 
Extraction Procedure 
 An appropriate amount of Cu(II) (so that its final 
concentration would be in the range of 10-90 ng), 0.06 ml of 
10-3 M dithizon, 0.25 ml of 5% (w/v) SDS solution and 1 ml 
of phosphate buffer solution (pH = 2) were placed in a 15 
ml centrifuge tube. Using distilled water, the solution was 
diluted to more than 9 ml. 0.6 ml of saturated KCl solution 
was introduced into the solution. After homogeneous 
mixing for several seconds, the sample left to stand in an ice 
bath for 10 min before centrifugation, thereby a cloudy 
solution was formed. Separation of two phases was 
completed by centrifuging the mixture at 2600 rpm for 7 
min. The aqueous phase was easily decanted by gently 
inverting the test tube. The main advantage of the 
application of anionic surfactant is that the extraction can be 
carried out at room temperature and no more heating is 
necessary. On the other hand, using ice-bath is not 
necessary; it can be used arbitrarily for better phase 
separation before centrifugation. The surfactant-rich phase 
sedimented in the bottom  of  the  sample  tube  was  diluted  

 
 
with 1 ml acetonitrile and transferred into a 1 ml quartz cell 
to measure the absorbance of the solution at 510 nm against 
a reagent blank. The blank solution was obtained under the 
same conditions, but without Cu(II), and its spectrum was 
recorded. 
 
RESULTS AND DISCUSSION 
 
Experimental Design 
 In order to optimize three independent factors, namely 
pH value (F1), SDS concentration (F2) and volume of 
saturated KCl (F3), samples’ absorbance at the maximum 
wavelength (510 nm) was recorded as the response. As 
previously mentioned, Tables 1 and 2 show the levels of 
coded and real tested experimental variables. The purposes 
of this CCD strategy were: (i) to study the impact of pH 
value, volume of saturated KCl and SDS concentration on 
the coacervative extraction of Cu(II), (ii) to identify the 
variables with the maximum effect on the extraction 
process, and (iii) to eventually show the interactions among 
the variables. In order to find essential factors contributing 
to the performance of this method thus creating a model to 
optimize them, we started with a full quadratic model 
containing all terms expressed in Eq. (1). To obtain a simple 
yet realistic model, the insignificant terms (p > 0.05) were 
eliminated from the model through ‘backward elimination’ 
process. The constructed model using all 10 terms of Eq. (1) 
showed a relatively good fit. For this model, a good 
regression coefficient (R2) (close to 1) was achieved. Some 
of these 10 regression variables are insignificant or of low 
significance, so that they should be eliminated from the 
model. Since (R2) always decreases when a regression 
variable is eliminated from a regression model, in statistical 
modeling the (R2adj), which take the number of regression 
variables into account, is usually selected [32-37]. Also 
(R2pred), indicating the predictive power of the model, was 
chosen for the same reason. This parameter was 
approximated using prediction residual error sum of squares 
or PRESS which was calculated from the residuals based on 
a regression model with one data point removed. So, the 
combination of R2, adjusted R2 (R2adj), and prediction R2 
(R2pred) is a very convenient mean to get a quick 
impression of the overall fit of the model and its predictive 
power   based  on  one  data   point   removed   before  being  
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predicted by modeling other points. In a good model, these 
parameters may not be too different from each other. 
However, for small datasets, it is very likely for every data 
point to be influential, in which case a high value of 
prediction R2 (R2pred) may not be expected [32]. 
Eliminating insignificant parameters from Eq. (1), 
calibration R2 eventually decreased to 0.920; however, 
adjusted R2 (R2adj), and prediction R2 (R2pred) increased to 
about 0.886 and 0.731, respectively. The properties of the 
obtained reduced model using significant linear, quadratic 
and interaction parameters are shown in Table 3. It is worth 
mentioning that the regression equation was obtained using 
un-coded values of parameters. For this case, the adjusted 
R2 values were well within the acceptable limits and there 
were not large differences between R2 values, indicating a 
good fit of the experimental data to the third-order 
polynomial equations. 
 
Response Surface and Selection of Optimum 
Conditions 
 Response surface methodology (RSM) is useful for 
modeling  while  the  response  of  interes t is  influenced by 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
several variables and the objective is to optimize this 
response. Three-dimensional (3D) graphs provide insight 
into the effect of each variable to achieve peak performance. 
Plots for the predicted responses were prepared based on the 
model function to analyze the change in response surface. 
Some of the response surface plots are represented in Fig. 1, 
which illustrates the relationship between two variables and 
the absorbance (510 nm) of samples, while two other 
variables were fixed at the central point.  
 The surface plots reveal a non-linear relation between 
the response and the variables, F1-F3, because the surface 
plots of the response are curvature. As seen, all of the 
investigated experimental variables have a pronounced 
effect on the extraction and preconcentration procedure of 
Cu(II). The significance, shown in Table 3, shows the 
significance of linear, quadratic and cross terms.  
 From the constructed models, using real factors for 
optimization of the variables to extract and determine Cu(II) 
(Fig. 1 and Table 3), and the following results were 
concluded: pH (F1) has a significant impact on the response 
by linear term. SDS (F2) affects significantly the proposed 
preconcentration method both by linear and quadratic terms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                Table 3. Several Characteristics of the Constructed Models 
 

Regression equation Coefficient Value 

Abs =  b0 + b1*pH + b2*SDS + 
b3*pH*KCl + b4*SDS*SDS + 
b5*KCl*KCl 
 
 

|R| 0.959 
R2 0.920 
R2 adjusted 0.886 
R2 for prediction 0.731 
Standard Error 0.02357 
No. points 18.000 
PRESSa 0.020  

b0 

b1 

b2 

b3 

b4 

b5 

 
 

0.01597 
2.46942 
7.33281 
2.73084 
5.56568 
0.00068 

 

                aPrediction error sum of squares. 
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Fig. 1. Response surface plots. 
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In addition, response surface plots reveal that KCl is one of 
the effective parameters and has an interaction with pH. 
Finally, using the response surfaces, the optimum conditions 
are obtained and described in Table 4. 
 
Analytical Characteristics of the Proposed Method 
 After optimization of all parameters effective on the 
extraction procedure of Cu(II), a linear relationship between 
the absorbance and concentration was obtained in the range 
of 10-100 ng ml-1. Table 5 summarizes the analytical 
characteristics of the optimized method, including 
regression equation, linear range, and limit of detection, 
reproducibility, and preconcentration factor. The limit of 
detection, defined as CL = 3 SB/m (where CL, SB and m are 
the limit of detection, standard deviation of the blank, and 
slope of the calibration graph, respectively), was 3.8 ng ml-

1. The proposed method showed an excellent repeatability 
(RSD < 5%  for  7  replicate  determinations  of  40  ng  ml-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Cu(II)) using the optimum values obtained through CCD. 
Because the amount of Cu(II) in 10 ml sample solution after 
preconcentration by CPE was measured at 1 ml, the solution 
is concentrated by a factor of 10.  

 
Interference Study 
 Effects of various cations and anions on the 
preconcentration and determination of 40 ng ml-1 Cu(II) 
were studied under the optimum conditions. As seen in 
Table 6, most of the cations and anions did not interfere 
even when they were present in 1000-fold excess over the 
analyte. An ion was considered to interfere when its 
presence produced a greater than ±5% variation in the 
absorbance of the sample. This variation of absorbance was 
evaluated at the wavelength of 510 nm (corresponding to 
the maximum absorption of Cu(II) complex). Results 
showed that, Hg, Ag, Cd and Ni (at 40 ng ml-1) can interfere 
seriously  within  the course of extraction and determination 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                    Table 4. Optimum Conditions Obtained by the Response Surface Modeling 
                      

Variable name                                     Optimum values                        Selected values 

 F1     pH                                                     1.0-3.0                                        2.00 

 F2    SDS (5% w/v) (ml)                            0.2-.03                                        0.25 

 F3    Saturated KCl  (ml)                           0.5-0.8                                        0.60 

  
 
                    Table 5. Analytical Characteristics of the Proposed Method 
 

Regression equationa 

R2b 

Linear  range (ng ml-1) 

LOD (ng ml-1)c 

Repeatability (RSD)d 

Concentration factor 

Abs = 0.0041 × C + 0.001 

0.993 

10-100 

3.80 

4.43 

10.00 
                               aConcentration  of  Cu(II)  in  ng  ml-1.  bSquared   regression   coefficient.  cLimit of 
                    detection for S/N = 3. dRelative standard deviation for 7  replicate  determination  of  
                    40 ng ml-1 Cu(II). 
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of Cu(II) ions. 
 
Application of the Proposed Method 
 To test the reliability of the proposed procedure, it was 
applied to determine Cu(II) in tap water samples. The 
samples were spiked with Cu(II) to validate the procedure. 
The results are presented in Table 7. The recoveries were 
close to 100% indicating successful applicability of the 
proposed methods for determination of Cu(II) by analyzing 
real samples. 
 
CONCLUSIONS 
 
 In this work, SDS as an anionic surfactant was 
successfully employed in a coacervative extraction method 
for determination of Cu(II) in water samples. The proposed 
method  gives a simple, safe, rapid,  easy  to  use,  selective, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
sensitive, and low cost spectrophotometric procedure for the 
preconcentration and separation of Cu(II) from water 
samples. By using anionic surfactant, toxic solvent 
extraction has been avoided. Also, compared to nonionic 
micellar extraction, the use of anionic surfactant in the 
proposed procedure has brought some considerable 
advantages for the extraction of Cu(II) such as: i) this 
method can be performed at low temperatures, so it can be 
carried out for extraction and preconcentration of thermally 
instable analytes, ii) this method provides high rate of 
recovery while establishing low detection limit, and iii) 
using saturated salt in the proposed coacervative extraction 
method leads to avoid using large volumes of concentrated 
acid for extraction. Furthermore, this research showed that 
the use of experimental design gives rise to subsequent 
advantages in terms of required labor time and the number 
of experiments to optimize the condition of experiments  for 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                     Table 6. Tolerance Limits of Foreign Ions when Determining 40 ng ml-1 of Cu(II) 
 

Foreign ions Tolerance ratio 

Pb2+, NH
4

+, Cr3+, SCN-, PO4
3-, SO

4
2-, Fe2+, Fe3+  

Cl-, Mn2+, As3+, Al3+ 

Zn2+, Co2+, EDTA 

Ag+, Cd2+, Ni2+, Hg2+ 

>1000  

    500       

      10 

        1   
 
 
 
                    Table 7. Preconcentration and  Spectrophotometric  Determination  of Cu(II)  in the  
                                  Spiked Water Samples by the proposed method 
 

Recovery Found Spiked 

- 0.0120 0.00 

98.0% 0.0198 0.01 

99.0% 0.0299 0.02 

98.5%  Mean recovery 
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coacervative extraction and determination of Cu(II).  
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