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Abstract 

The complex formation and a liquid-liquid extraction in the cobalt (II) - 4-Nitro-2-hydroxythiophenol (HNTP) - diphenylguanidine 

(DPG) - water - chloroform system was studied. The optimum extraction-spectrophotometric conditions were found. The molar 

ratio of the reacting species was determined to be 1:2:2 (Co: HNTP: DPG). The following equilibrium processes were 

quantitatively examined: the association between the anionic chelate, [Co2+(HNTP)2]2–, and the diphenylguanidine (lgβ =4.8); the 

distribution of the ternary complex between the aqueous and organic phases (lg KD=0.88); and the extraction from water to 

chloroform (lgKex=lgβ +lgKD=5.6). The effect of foreign ions and reagents on the extraction was studied. A sensitive (ε560=4.3×104 

L mol–1 cm–1) and simple extraction-spectrophotometric procedure for cobalt determination was developed. 
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Introduction 

Many metal ions form coloured binary species with azodyes, 

such as dithiolphenol (DP) {2, 6-dithiolphenol (DTP) and its 

derivatives (2, 6-dithiol-4-methylphenol (DTMP), 2, 6-dithiol-

4-propylphenol (DTPP), 2, 6-dithiol-4-tert-buthylphenol 

(DTBP)}[1, 6] and o-hydroxythiophenol (HP) (HTPD) {2-

hydroxythiophenol (HTP) and its derivatives (2-hydroxy-5-

chlorothiophenol (HCTP), 4-hydroxy-3-thiolsulfonic acid 

(HTSA), 4-hydroxy-3-thiolbenzoic acid (HTBA)}[7, 13]. The 

following ion-association reagents were used for liquid-liquid 

extraction of [Co (DP)2]2– or [Co(HP)2]2–: aniline and N-

methylaniline [2, 13], diphenylguanidine and triphenylguanidine 
[9], diphenylguanidine [12], and aminophenol [10]. In a previous 

paper the complex formation and extraction in a system con-

taining Co (II), HTBA and diphenylguanidine (DPG) has been 

described [12]. Here, results of systematic investigations on a 

similar extraction-chromogenic system, which 4-Nitro-2-

hydroxythiophenol (HNTP) involve instead of HTBA, are 

presented. 

 

Experimental  

Reagents and Apparatus 

A stock solution (1mg/mL) of cobalt (II) was prepared by 

dissolving in water an exact linkage CoSO4 ×7H2O in water 

containing 2 ml conc. H2SO4, and diluted with water to 1 liter 
[14]. The concentration of the cobalt solution was adjusted 

gravimetrically [15]. Solutions of HNTP and DPG in 

chloroform (0.01M) were used. HNTP were synthesized 

according to the procedure [16]. To create the optimal acidity, 

0.1M solutions of KOH and HCl or ammonium acetate buffers 

were applied. The extractant was purified chloroform. The 

absorbance of the extracts was measured using a SF 26 

spectrophotometer (USSR) and KFK 2 photocolorimeter 

(USSR). Glass cells with optical path of 5 or 10 mm were 

used. pH of aqueous phase was measured using an I-120.2 

potentiometer with a glass electrode.  

 

General Procedure 

General Procedure for the Determination of Cobalt (II) 

Portions of stock solutions of Cobalt (II) varying from 0.1 to 

1.0 mL with a 0.1-mL step, a 2.2 mL portion of a 0.01 M 

solution of HNTP, and a 2.5 mL portion of a 0.01M solution 

of Am were placed in to calibrated test tubes with ground-

glass stoppers (the volume of the organic phase was 5 mL). 

The required value of pH was adjusted by adding 1M HCl. 

The volume of the aqueous phase was increased to 20 mL 

using distilled water. In 15 minnute after the complete 

separation of the phases, the organic phase was separated from 

the aqueous phase and the absorbance of the extracts was 

measured on KFK-2 at room temperature and 560 nm 

(l=0.5cm).  

 

Determination of Cobalt (II) in Steel 

A weighed sample of 0.2 g was dissolved in 20 ml of H2SO4 

(1: 1) was oxidized with a few drops of concentrated nitric 

acid and evaporated twice lo vapor SO3. The precipitated salt 

was dissolved in 20 ml of 15% tartaric acid under heating, the 

solution was cooled, adjusted with water to 100 ml in a 

volumetric flask, stirred and filtered. An aliquot of 5 ml was 

put into a separatory funnel, was added 1 ml of 10% 

hydroxylamine solution, 1 ml of 3% ascorbic acid and was 

determined cobaltusing the proposed procedures. 

 

3. Results and Discussion 

Spectral characteristics and effect of pH 

The coloured cobalt (II) - HNTP species which is readily 
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formed in slightly acidic aqueous medium can be efficiently 

extracted in chloroform in the presence of the cationic ion-pair 

reagent DPG. The absorption maximum is shifted from 550 

nm to 560 nm (Fig. 1). It could be seen on Fig. 2 that the 

maximum and constant extraction of the ternary compound is 

achieved in the pH range from 5.2 to 7.0. The molar 

absorptivity of the complex was calculated with Komar 

method [17] to be ε=4.3×104  

 

 
 

Fig 1: Absorption spectra of the complexes 1– Co(II)-HTBA-DPG 

and 2 – Co-HTBA CCo=2.035×10-5 M, CHNTP = CDPG=1.0·10-3 M, pH 

5.5, SF-26, ℓ= 1.0 cm. 

 

 
 

Fig 2: Absorbance of 1 – Co- HNTP-DPG and 2 – Co- HNTP 

extracts function of the pH of the aqueous phase. CCo(II) = 2.035×10–

5mol L–1, CHITP = 2.0×10–3mol L–1, CDPG = 2.5×10–3 mol L–1, KFK-2, 

ℓ=0.5 cm. 

 
Effect of the shaking time  
The extraction equilibrium is reached for ca. 0.5 min. A longer 

shaking time (up to 5 min) did not affect the absorbance 

values. In order to avoid accidental errors, caused by the 

combination   of   short  shaking  times  and  different  shaking  

 

 

rates, the further experiments were carried out with time of 

shaking 1 min. 

 

Effect of reagents concentration  
The effect of HNTP and DPG concentrations on the 

absorbance is shown in Fig. 3. It could be accepted that 98-

fold HNTP excess and 122-fold DPG excess are sufficient for 

maximum Co extraction. The optimum reagents 

concentrations deduced from the mentioned figure are shown 

in Table 1.  

 
Table 1: Optimum conditions and analytical characteristics of the Co 

(II)- HNTP - DPG -water-chloroform system. 
 

Optimum conditions Analytical characteristics 

Wavelength: 560 nm Apparent molar absorptivity: ε=4.3×104 

pH: 5.5 (acetate buffer) Adherence to Beer’s law: up to 1.5 mg ml–1 

CHNTP: 2.0×10–3mol L–1 Limit of detection: 0.05 mg ml–1 

CDPG: 2.5×10–3 mol L–1 Limit of quantification: 0.18 mg ml–1 

Shaking time: 1 min Sandell’s sensitivity: 1.38 ng cm–2 

 Relative standard deviation: 1.9 % 

 

 
 

Fig 3: Absorbance of the extracted ternary complex vs. concentration 

of the HNTP (curve 1) and DPG (curve 2) plots. 1 – CCo(II) = 

2.035×10–5mol L–1, CDPG = 2.5×10–3 mol L–1, KFK-2, ℓ=0.5 cm; 2 – 

CCo(II) = 2.035×10–5mol L–1, CHITP = 2.0×10–3mol L–1, KFK-2, ℓ=0.5 

cm. 
 

Stoichiometry of the Complexes and the Mechanism of 

Complexation 
Composition of the complex and suggested formula The molar 

ratios in the ternary compound, HNTP:Co = 2:1 and DPG:Co 

= 2:1, were determined by the mobile equilibrium method [17] 

(Fig. 4) and the straight-line method of Asmus [17] (Figs. 5). 

We propose the following formula of the ternary compound: 

[Co2+(HNTP)2](DPGH)2. 

 



International Journal of Chemistry Studies 

10 

 
 

Fig 4: Determination of the HNTP -to-Co (straight line 1) and the DPG-to-Co (straight line 2) molar ratios by the mobile equilibrium method. 1- 

CCo(II) = 1.7×10–5mol L–1, CHNTP = 2.0×10–3 mol L–1, CDPG = 2.5×10–3 mol L-1,λ=560 nm, SF-62 ℓ=1.0 cm. 

 

 
 

Fig 5: Determination of the a) HNTP -to-Co and b) molar ratio by the method of Asmus. CCo(II) = 1.7×10–5 mol L–1, CHITP = 2.0×10–3mol L–1, 

CDPG = 2.5×10–3mol L–1, λ=560 nm, KFK-2, ℓ = 0.5 cm. 

 

It was found using the Nazarenko method that Co (II) in the 

complexes was present in the form of Co2+. The number of 

protons replaced by cobalt in one HNTP molecule appeared to 

be one [18]. 

The disappearance of the pronounced absorption bands in the 

3200-3600 cm-1 with a maximum at 3452 cm-1 observed in the 

spectrum of HNTP, says that the -OH group is involved in the 

formation of the complex. The observed decrease in the 

intensity, absorption bands in the area 2585cm-1 shows that 

the -SH groups involved in the formation of coordination bond 

in the ionized state. Detection of the absorption bands at 1387 

cm-1 indicates the presence of a protonated diphenylguanidine 

(Fig. 6) [19]. 

 

 
  

Fig 6: IR spectrums of HNTP (a) and the Co(II)- HNTP-DPG(b). 
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Structure extractable complexes can be represented as in Figure 7. 

 

 
  

Fig 7: Structure of complex 

 

Equilibria and equilibrium constants 
Several equilibrium processes are important when we describe 

quantitatively the formation and subsequent extraction of 

[Co(HNTP)2](AmH)2. 

Formation in the aqueous phase: 
 
[Co(HNTP)2]

2-
(aq) +2DPGH+ 

(aq) ↔ [Co(HNTP)2](DPGH)2 (aq)  (1)  

 

Distribution: 
[Co(HNTP)2](DPGH)2 (aq) ↔ [Co(HNTP)2](DPGH)2 (org)  (2) 

 

Extraction from water into chloroform: 
[Co(HNTP)2]

2-
(aq) +2DPGH+ 

(aq) ↔ [Co(HNTP)2](DPGH)2 (org)  (3) 

 

The equilibrium constants describing these processes are 

shown in Table 2. The association constant β was determined 

according to a strategy [20] by several independent methods. 

The constant of distribution KD was calculated from the 

absorption values obtained after single and triple extraction as 

described above. The constant of extraction Kex was calculated 

by the formula Kex = KD×β. All experiments were performed 

at room temperature of ~ 22°C and the calculations were 

carried out at a probability of 95 %. 

 

Table 2: Calculated values of lg β, lg KD and lg Kex. 
 

Equilibrium Equilibrium constant Value 

1 
β=[[Co(HNTP)2](DPGH)2] / 

[[Co(HNTP)2]2-]× [DPGH+]2 
lgβ =4.8±0.1 

2 
KD=[[Co(HNTP)2](DPGH)2 ]org / 

[[Co(HNTP)2](DPGH)2 ]aq 

lg 

KD=0.88±0.01 

3 
Kex=[[Co(HNTP)2](DPGH)2]org 

/[Co(HNTP)2]2-]aq× [DPGH+ ]2
aq 

lg 

Kex=5.6±0.1 

 

Influence of Interfering Ions  

The effect of various ions and reagents on the extraction-

spectrophotometric determination of 5 mg cobalt (II) is 

summarised in Table 3. It can be assumed that large amounts 

of alkaline ions, alkaline-earth ions, NH4
+, Cl–, S2O3

2–, F–, 

NO3
–, SO4

2–, ClO4
-, PO4

3–, tartrate, citrate, oxalate and tiron; 

moderate amounts of Cr(VI), Cr(III), Zn(II) and Cd(II); and 

small amounts of Mn(II), Sn(II), Cu(II), Al(III), ascorbic acid 

and SCN– are tolerable. Ni(II), Fe(II,III), V(IV,V), W(VI), 

Mo(VI), Ti(IV) and Nb(V) interfere determination of Co(II). 

However, the interfering effect of some of these ions can be 

reduced by masking with oxalate, citrate or EDTA (see Table 

3).  

 

Table 3: Influence of interfering ions on the determination of cobalt (II) as MLC with HNTP and DPG (30,0 μg Co added) 
 

Foreign ions and reagents (FI) mg FI-to-Co ratio Co found R,% 

Citrate3- 5 250 20.03 100.5 

Oxalate2- 10 200 20.13 102.6 

Tartrate2- 2.5 250 5.05 101.0 

Ascorbic acid 0.5 25 5.15 103.1 

EDTA 0.5 25 5.10 102.0 

CDTA .005 0.25 19.73 94.6 

Tiron 2.5 125 20.11 102.5 

SCN- 0.025 10 20.13 102.6 

NH4
+ 20 500 20.02 100.3 

Na+ 30 1500 20.13 100.4 

K+ 30 1500 20.11 102.2 

Ca2+ 15 500 20.01 100.2 

Ba2+ 5 250 20.15 103.1 

Sr2+ 20 100 20.11 102.2 

Mg2+ 30 1500 20.18 103.5 

Mo(VI) 5 250 19.85 97.0 

W(VI) 5 250 19.88 97.7 

Cr(VI) 2.5 125 19.91 98.2 

Fe(II) 0.5 2.5 19.25 85.0 

Fe(III) 0.5 2.5 20.90 118.0 

V(IV) 0.05 2.5 20.55 111.0     

V(V) 0.05 2.5 19.25 85.0     

Cd2+ 0.2 10 19.86 97.2     
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Cu2+ 0.06 3 20.17 103.4 

Al3+ 5 250 20.08 101.6 

Zn2+ 0.5 25 20.04 100.8 

Zr(IV) 3.0 150 20.18 103.5 

Nb(V) 0.5 2.5 19.25 85.0 

Ti(IV) 2.5 125 20.17 103.4 

Ni2+ 2.5 125 19.91 98.2 

 

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 obtained for the 

concentration interval 0.2 – 1.5 mg ml–1 Co (II):  

Y=0.7059X+0.0087 (R2=0.9988).  

Some additional characteristics concerning the analytical 

application of the Co- HNTP- DPG -water-chloroform system 

are given in Table 1.The proposed method compares 

favourably with the existing ones (Table 4) and offers the 

advantages of better simplicity, rapidity, sensitivity and 

selectivity. 

 
Table 4: Comparative characteristics of the procedures for determining of cobalt 

  

Reagent pH (solvent) λ, nm ε×10-4 Beer’s law range (μg×ml-1) Ref. 

2,3,5-triphenyl-2H-tetrazolium chloride 5.2-5.8 525 4.26 0.2 - 1.5 [20] 

1-nitroso-2-naphtol ≥3 415 2.9  [14] 

2-nitroso-1-naphtol ≥4 365 3.7  [14] 

Nitroso-R-salt weakly acidic medium 415 3.5  [14] 

DTPP- Аn 4.3-5.2(CHCl3) 555 3.02 0.05-3.0 [3] 

DTBP -Аn 4.5-5.6(CHCl3) 560 3.15 0.05-3.2 [3] 

HNTP- DPG 5.2-7.0 (acetate buffer) (CHCl3) 560 4.3 0.2-1.5  

 

Analytical Applications 

The proposed method under the already established optimum 

conditions was applied for the determination of Co (II) in in 

Steel. The results presented in Table 5. 

 
Table 5: Determination of Cobalt in steel (n=5, P=0.95) 

 

Reagent X Sx 𝜀 Sr μ 

Steel:М 441 (0.012% Со) 

1-nitroso-

2-naphtol 
0.0125 0.000312 0.0003281 0.025 0,0125±0.00033 

Co - 

HNTP - 

DPG 

0.0122 0.00030268 0.0003028 0.022 0,0122±0,00028 

Steel: 156(0.56% Со) 

1-nitroso-

2-naphtol 
0.574 0.022 0.023 0.038 0.574±0.023 

Co - 

HNTP - 

DPG 

0.558 0.025 0.0263 0.045 0.558±0.0263 

 
Conclusions 

This work represents the results of a detailed extraction-

spectrophotmetric study on the ion-association system of 

cobalt- HNTP and DPG. The optimum conditions for ternary 

complex formation and extraction were found. The constants 

characterizing the equilibria of ion-association, distribution 

and extraction were determined. The relatively high sensitivity 

and selectivity of the colour reaction make the studied system 

appropriate for analytical applications. 
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