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ABSTRACT 
The cobalt(II) - 4-(2- thiazolylazo)resorcinol (TAR) - 2,3,5-

triphenyl-2H-tetrazolium chloride (TTC) - water - chloroform 

system was examined for complex formation and liquid-liquid 

extraction. Spectrophotometric measurements of the extraction 

yielded the best results. The interacting species' molar ratio was 

found to be 1:2:1. (Co:TAR:TTC). This study quantified three 

different equilibrium processes, including how [Co3+(TAR)]– 

and the tetrazoliumcation interact (Log =4.7), how the ternary 

complex is distributed across aqueous and organic phases (LogK 

=0.88), and how chloroform is extracted from water 

(LogK=LogD+LogK =5.6). The extraction was tested to see how 

extraneous ions and reagents affected it. A simple and sensitive 

extraction-spectrophotometric technique for the measurement of 

cobalt (525 ex=4.26104 l mol–1 cm–1) was devised. 

Keywords include azo compound, tetrazolium salt, ternary 

complex, solvent extraction for cobalt (III). 

INTRODUCTION 
4-(2-pyridylazo)-resorcinol (PAR) and 4-(2-

thiazolylazo)-resorcinol (TAR) are two examples of 

metal ions that create coloured binary species with 

azodyes [1-7]. With the addition of auxiliary 

chemicals [7, 8], these species may increase their 

colour and extraction characteristics. Reagents for 

liquid-phase ion-association were employed as 

follows: liquid extraction of [Co(TAR) ]
z–

 or 

[Co(PAR) ]
z–

 (z =1 or 2): zephiramine [9-12], 

xylometazoline hydrochlo- [13, 14], potassium-

dicyclohex- yl-18-crown-6 [15], nitrogen [16], 

cetylpyridinium chloride [18], tetra-n-

heptylammonium salts [18], tetrazolium [19] are 

some of the other compounds that have been used in 

the study. Complex generation and extraction in a 

Co(II), PAR, and 2,3,5-triphenyl-2H-tetrazolium 

chloride (TTC) system were previously reported [19]. 

The findings of a long-term study on a chromogenic 

extraction technique that uses TAR rather than PAR 

are reported here. 

EXPERIMENTAL 

Reagents and apparatus 

Cobalt standard solution (1000 mg l−1; Co(NO3)2) 

was purchased from Merck Darmstadt (Germany). 

Working solutions (CCo = 1.7x10–4 mol l−1) were 

prepared by diluting appropriate volumes of the stock 

solution. TAR (97 %, Sigma-Aldrich), dissolved in 

slightly alkalized distilled water, 2x10–3 mol l−1. 

TTC (LobaFeinchemie GMBH), 3.0x10–3mol l−1 

aqueous solution.  

Acetate buffer solution, prepared from 2 mol l−1 

aqueous solutions of CH3COOH and NH4OH. The 

resulting pH was checked by HI 83140 pH meter 

(Romania). Chloroform (additionally distilled). A 

Camspec M508 spectrophotometer (United 

Kingdom), equipped with 10 mm path-length cells. 

Procedure for determining the optimum 

extraction- spectrophotometric conditions 

Separatory funnels were used to introduce aliquots of 

Co(II) solution, TAR solution, TTC solution, and 

buffer solution (5 ml; pH varying from 3.5 to 7.0). 

Dissolved oxygen in distilled water to make a final 

volume of 10 ml. To this solution, 10 ml of 

chloroform was added, followed by a period of 

shaking the funnels (up to 5.0 min). Excessively high 

absorbance readings were observed in a cell using an 

organic extract filter paper. 

Procedure for extraction-

spectrophotometric deter- mination of 

cobalt 

In a separatory funnel, an aliquot of cobalt solution 

(0.19 - 1.5 g ml1) was put. Once all three solutions 

had been introduced, 5 cc of an acidic buffer solution 

with pH 5.5 was added. Chloroform and 10 ml of 

distilled water were combined with the resultant 

solution, and the funnel was agitated for one minute. 

The light absorbance of the organic extract was 

measured after it was filtered through a filter paper 

and placed in a cell. 525 nm was recorded 

against a blank sample. 
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Procedure for determining the distribution 

constant 

The distribution constant KD was found from the 

ratio KD = A1/(A3-A1) where A1 is the light 

absorbance measured after a single extraction at the 

optimum oper- ating conditions (Table 1, 25 ml final 

volume) and A3 is the absorbance measured after a 

triple extraction under the same conditions [20]. 

RESULTS AND DISCUSSION 
Spectral characteristics and effect of Ph 

Cobalt(II)-TAR species, which is readily generated in 

slightly acidic aqueous solution, may be effectively 

extracted in chloroform in the presence of TTC. [21] 

The maximum absorption wavelength shifts from 510 

to 525 nm [21]. (Fig. 1). Fig. 2 shows that the highest 

and consistent extraction of the ternary compound is 

attained in the pH range of 5.2 to 5.8. As a result, pH 

5.5 acetate buffer solution was utilised in all 

subsequent studies. 

Effect of the shaking time 

The extraction equilibrium is achieved lasting 

approx. 0.5 min. A prolonged shaking period (up to 5 

min) did not impact the absorbance results. In order 

to minimize inadvertent mistakes, produced by the 

combination of short shaking durations and varied 

shaking rates, the subsequent studies were carried out 

with time of shaking 1 min. 

Effect of reagents concentration 

In Fig. 3, the absorbance of TAR and TTC 

concentrations is exhibited. Co extraction may be 

maximised with 10-fold TAR and 13-fold TTC 

excess, respectively. Table 1 shows the optimal 

reagent concentrations derived from the figure above. 

 

 

 



Dogo Rangsang Research Journal                                               UGC Care Group I Journal 
ISSN: 2347-7180                                                                               Vol-9 Issue-02 2019 
 

Copyright @ 2019 Authors 
 

 

 

 

Composition of the complex and 

suggested formula 

The mobile equilibrium technique [22] (Fig. 4) and 

the Asmus straight-line method [23] were used to 

calculate the ternary compound's TAR:Co = 2:1 and 

TTC:Co = 1:1 molar ratios (Figs. 5 and 6). As a 

consequence of the findings [17, 24–26] and our prior 

experience with comparable systems [16, 19, 27], we 

may conclude that oxygen in the atmosphere oxidises 

cobalt(II) to cobalt(III) during the development of the 

complex. There are three atoms of Co3+ in the 

ternary combination, and the deprotonated form of 

(TAR)2– appears in this formula. 

 

Fig. 6. Determination of the TAR-to-Co molar ratio 

by the method of Asmus. CCo(II) = 1.7×10–5mol l–

1, CTTC = 3.0×10–4 mol l–1, l=525 nm and l = 1 

cm. 

Equilibria and equilibrium 

constants 
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Effect of foreign ions and reagents 

Data on the extraction-spectrophotometric 

determination of cobalt(II) from 5 g cobalt are 

summarised in Table 3 (as shown). Large levels of 

alkaline ions, alkaline-earth ions, NH4+, W(VI), 

Mo(VI), Cl–, S O 2–, F–, NO –, SO 2–, PO 3–, 

tartrate, citrate, oxalate, and tiron might be presumed 

to be tolerated, as can moderate amounts of Cr(VI), 

Cr(III), Zn(II), and Cd(II), as well as modest amounts 

of Mn(I With regard to Co, there is a 1:1 ratio of 

interference from the following elements: Ni (II), Fe 

(II, III), Va (IV), Gd (III), In (III), and Tl (III) (II). It 

is possible to lessen the interference of some of these 

ions with the use of oxalate, citrate, or EDTA 

masking (see Table 3). 

Beer’s law and analytical characteristics 

The adherence to Beer’s law was studied under the 

optimum extraction-spectrophotometric conditions 

(Table 1). The following straight line equation was 

ob- tained for the concentration interval 0.2 – 

ml
–1

 Co(II): 

 

According to our calculations, the apparent molar 

absorptivity was a whopping 104 l mol-1 cm–1 = 

(4.260.07). Komar-technique Tolmachev's is 

statistically indistinguishable from this value [31]. A 

number of similar Co-containing chromogenic 

systems have shown promising results [32]. Table 1 

provides further information on the Co-TAR-TTC-

water-chloroform system's analytical applications. An 

artificial mixture comprising 0.5% Co(II), 10% 

Mg2+, 10% Ca2+, 10% K+, 10% Na+, 10% Sr2+, 

10% Ba2+, 10% W(VI) and 10% Mo was used to 

compute the relative standard deviation (RSD = 1.9 

percent) (VI). 

CONCLUSIONS 
The findings of an ex-traction-spectrophotmetric 

investigation on the ion-association for the synthesis 

and extraction of ternary complexes are presented in 

this paper. The equilibrium constants for ion-

association, distribution, and extraction were 

determined. The researched system is well-suited for 

analytical use due to the colour reaction's high 

sensitivity and selectivity. 
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