
Liquid-liquid extraction-chromogenic systems for vanadium(V), nickel(II) and 

copper(II) containing azo dye {4-(2-thiazolylazo)orcinol, ТАО}, quaternary 

ammonium salt (Aliquat 336) and  low-toxic organic solvent (isobutanol) were 

studied. The optimum conditions for extraction of the mentioned metal ions 

were found. The following extraction and spectrophotometric characteristics 

were determined: absorption maxima, molar absorptivities, Sandell’s 

sensitivities, constants of extraction, constants of distribution, fractions 

extracted, and Beer's law limits. The stoichiometry of the extracted binary and 

ternary complexes was established by different methods.  
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Abstract  

1. Experimental Procedure 

1.1. Reagents and apparatus 

Vanadium(V) solution (2×10–4 mol dm–3) was prepared by dissolving NH4VO3 

(puriss. p.a., VEB Laborchemie Apolda, Germany) in water. Nicel(II) solution 

(2×10–4 mol dm–3) was prepared by dissolving NiSO4•6H2O (puriss. p.a., Sigma-

Aldrich Chemie GmbH, Germany) in water. Copper(II) solution (2×10–4 mol dm–3) 

was prepared by dissolving CuSO4•5H2O  (puriss. p.a., Sigma-Aldrich Chemie 

GmbH, Germany) in water. 

TAO (95%, Sigma-Aldrich Chemie GmbH) was dissolved in the presence of KOH 

(1–2 pellets per 100 cm3); the obtained slightly alkaline aqueous solution (pH 8–

9) was at concentration of 5.3×10–3 mol dm–3. Aliquat 336 was purchased from 

Sigma-Aldrich Chemie and dissolved in isobitanol (p. a. Merck).  
 

 2. Results and Discussion 

3. Conclusions 

1.V(V) is extracted in isobutanol as complex which can be represented by the 

formula (R4N
+)[VO2(TAO2)] with λmax = 547 nm.  

2. Nickel(II) is extracted as a ternary 1:2:2 ion-association complex, which can be 

represented by the formula (R4N +)2[Ni(TAO2)2]  with λmax = 547 nm.  

3. Cu(II) is extracted as a 1:2:1 ion-association complex, represented by the 

formula (R4N
+)[Cu(TAO)(HTAO)] with λmax = 530 nm.  
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Figure 1. Spectra of the complexes  

(1 - 3) and blanks (1' -3') at the 

optimum conditions.  

cM = 2 ´10-5 mol L-1 

Table 1. Optimum extraction-

spectrophotometric 

conditions* 
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Parameter 
Value 

VV NiII CuII 
Wavelength, nm 547 545 535 
  pH 5.0 8.5 5.5 

Concentration of TAO, mol L–

1 

1.6 × 10–3 2.7 × 10–4 1.6 × 10–4 

Concentration of Aliquat 
336, mol L–1 

1.3 × 10–2 5.6 × 10–3 6.0 × 10–2 

Extraction time, s 30  60 60 
* The volumes of the aqueous phase and organic phase were 10 mL and 5 mL, 

respectively 

Figure 2. Effect of pH on the 

absorbance 

Extraction system 

Determined 

composition 

 (M : TAO : A336) 

Suggested formula 

V(V) – TAO – A336 – H2O – isobutanol 1 : 1 : 1 (A336+)[VO2(TAO)] 

Ni(II) – TAO – A336 – H2O – isobutanol 1 : 2 : 2 (A336+)2[Ni(TAO)2] 

Cu(II) – TAO – A336 – H2O – isobutanol 1 : 2 : 1 (A336+)[Cu(TAO)(HTAO)] 

 Analytical characteristics Value 

VV NiII CuII 

Adherence to Beer’s law, μg cm–3  0.084 – 2.0 0.054 – 3.1 0.19 – 2.3 

Linear regression equation A = 0.615γ – 

0.0067 
A = 0.845γ + 

0.0064 

A = 0.632γ – 

0.0093 

Squared correlation coefficient (R2) 0.9994 (N = 9) 0.9993 (N = 9) 0.9976 (N = 11) 

Molar absorptivity, L mol–1 cm–1 3.1 × 104 5.0 × 104 4.0 × 104 

Sandell’s sensitivity, μg cm–2 1.6 × 10–3  1.2 × 10–3 1.6 × 10–3 

Limit of detection (LOD), μg cm–3  0.025 0.016 0.056 

Limit of quantification (LOQ), μg cm–3  0.084 0.054 0.187 

Fraction extracted, % 90.2 99.0  –  

Coefficient of distribution (Log D) 0.97 2.0 – 

Constant of extraction (Log K) 2.8 – – 

Table 2. Analytical characteristics  

Table 3. Ternary complexes extracted under the optimum conditions  


