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Abstract 

The possibility of using 5- (4-hydroxybenzylidene) -2,4-thiazolidinedione (L) for the photometric 

determination of cobalt (II) has been studied. Dichloromethane, chloroform forms and carbon 

tetrachloride were the best extract ants. With single chloroform extraction, 97.6% of the cobalt is 

recovered as a complex. The cobalt (II) complex is extracted with chloroform in the pH range 4.2-5.5. 

The maximum analytical signal by the complex formation of cobalt with L is observed at 528 nm. The 

molar absorption coefficient is 3.22 × 104. The ratio of the components in the complex is Co: L = 1: 2. 

The extract of the cobalt complex undergoes the basic law of light absorption at a concentration of 0.25-

16 μg / ml. According to the results of a spectrometric photometric study of cobalt (II) With L, methods 

were developed for determining cobalt in various objects. 

 

Keywords: Cobalt, 5- (4-hydroxybenzylidene) -2,4-thiazolidinedione, extraction-photometric method 

 

Introduction 

Cobalt is involved in the development of thyroid hormones, proteins, fats and carbohydrates, 

in enzymatic processes. Helps reduce cholesterol in the blood and removal from the vessels, 

preventing the formation of atherosclerotic plaques. It promotes the growth of bone tissue and 

increases the activity of leukocytes, providing a beneficial effect on the immune system. The 

process of blood formation in the human body is carried out as a result of the interaction of 

cobalt, iron and copper. It was established that cobalt introduced into the bone marrow 

increases the production of young red blood cells and hemoglobin (Sadovnikova LK, et al., 

2006) [1]. 

This requires continuous monitoring of industrial pollutants and the migration of toxic 

substances in the environment and creates the need for the implementation of operational and 

reliable control of the content of heavy metals with toxic properties. 

Spectral and chemical methods are constantly used to determine cobalt. Therefore, new 

organic reagents for selective and sensitive photometric determination cobalt are of particular 

interest. For the photometric determination of cobalt, reagents with an o-nitrosophenol group 

or a similar structure with an oxime group are rather selective (Umland F. et al., 1975; 

Marczenko Z. et al., 2007) [2, 3]. The most widely used methods are those that use organic 

reagents, derivatives of nitrosonaphthols, pyridine azo compounds, of which 4- (2-pyridylazo) 

–resorcinol (Pyatnitskiy IV, 1965) [4] is widely used. The use of reagents belonging to different 

classes of organic compounds is proposed (Umland F et al., 1975; Marczenko Z, et al., 2007; 

Pyatnitskiy IV, 1965) [2-4]. We have studied the possibility of using 5- (4-hydroxybenzylidene) 

-2,4-thiazolidinedione (L) for photometric determination of cobalt (II). 

 

Materials and Methods 

Reagents and apparatus 

The initial solution (1 mg / ml) of Co (II) was prepared by the solution of exact weight CoSO4 

× 7H2O in water containing 2 ml of conc. H2SO4, and diluted with water to 1 liter (Umland F. 

et al., 1975) [2]. 

We used 0.01 M solution L in chloroform. L was purified by reprecipitation from ethanol 

solutions by addition of water and then by distillation. Purified chloroform is used as an 

extract ant. The ionic strength of the solutions, equal to µ = 0.1, was kept constant by 

introducing the calculated amount of KNO3. To create the necessary acidity of the solutions, 

acetate buffer solution was used. 
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The absorbance of the extracts was measured using a KFK-2 

photo colorimeter (USSR), a SF-26 spectrophotometer 

(USSR), and a Camspec M508 spectrophotometer (UK), 

equipped with 5 and 10 mm path-length cells. pH of aqueous 

phase was measured using an I-120.2 potentiometer with a 

glass electrode. Muffle furnace was used for dissolution of the 

samples.  

 

General procedure  

General Procedure for the Determination of Cobalt (II) 

10-80 μg of cobalt are introduced into 25 ml volumetric flasks 

with an interval of 10 μg, 2 ml of 0.01 M solution, the volume 

of the organic phase is adjusted to 5 ml with chloroform, the 

required pH value is regulated by adding buffer solutions of 

CH3COOH + CH3COONH4 (pH 1-10), diluted to the mark 

with water and the optical density of the solutions is measured 

relative to water. 

 

Determination of cobalt in food samples  
A portion of the plants decomposed by the method of (Mineev 

VG, 2001) [5]. The optical density of the obtained colored 

solution was measured at KFK-2 in a cuvette with a layer 

thickness of 0.5 cm. The amount of Co (ΙΙ) was determined 

from calibration curves based on the measured value of 

optical density. The results obtained are processed by the 

methods of mathematical statistics. 

 

Determination of cobalt (II) in wastewater and bottom 

sediments 

For the analysis, 1 l of wastewater was taken (in the case of 

bottom sediments, 250 ml), evaporated to obtain a precipitate, 

not boiling. The precipitate was dissolved in 5 ml of conc. 

HNO3, transferred to the emk flask. 50 ml and diluted with 

water to the mark. The aliquot parts were used to determine 

the content of Co (II) with L. The optical density of the 

obtained colored solution was measured at 490 nm in a 

cuvette with an absorbing layer thickness of 0.5 cm. 

Unknown concentrations of Co (II) were determined using a 

calibration curve. 

 

Results and Discussion 

The reagent solution in chloroform has a yellowish color. The 

maximum light absorption is observed at 375 nm. Structure of 

ligand was confirmed by using IR spectra (Bellami L, 1991) 
[6].  

IR (КBr см-1): 3210 см-1 (NH), 3460 cm–1 (OH), 1650, 1725 

см-1 (C=O), 1254см-1 (C-N), 1495 см-1 (-CH2), 2345(C-S), 

1612(C=C Ar), 1570 см-1 (C6H5). The chemical structure of 

the reagent is shown in Fig.1. 

 

 
 

Fig 1: The chemical structure of L 

 

Co(II) reacts with L and gives a blue colored complexes. 

These complexes are soluble in non-polar solvents. 

 

Optimum operating conditions 

Choice of organic solvent: Cobalt (II) with 5- (4-

hydroxybenzylidene) -2,4-thiazolidinedione (L) forms a 

colored complex that dissolves well in non-polar organic 

solvent. The best extractants were dichloride methane, 

chloroform and carbon tetrachloride. At one-time exposure to 

chloroform, 97.6% of cobalt is recovered as complex. 

 

Influence of pH: The change in pH affected the 

complexation of Co (II) – L (Fig. 2). Therefore, the 

absorption of the complex was studied between pH from 1 to 

10 using solutions of buffer CH3COOH + CH3COONH4.The 

complex is extracted into chloroform in the pH range 4.2-5.2. 

With a decrease in the pH of the aqueous phase, the extraction 

of Co (II) gradually decreases, which is obviously associated 

with a decrease in the concentration of the ionized form L 

and, most likely, in solution it is in undissociated form. At pH 

9.5, the complex is practically not extracted, which is 

apparently due to the hydrolysis of the cobalt ion. 

 

 
 

Fig 2: The dependence of the optical density of the complex on the 

pH of the aqueous phase. 

 

CCo (II) = 3.38 × 10-5 M; CL = 8.0 × 10-4 M; KFK-2, λ = 540 

nm, ℓ = 1.0 cm 

 

Absorption maxima, molar absorptivities, reagents 

concentrations and effect of time: The maximum analytical 

signal with the complex formation of cobalt with L is 

observed at 528 nm (Fig. 3). L max absorbed at 375 nm. The 

bathochromic shift is 153 nm. 

 The optimum condition for the formation and extraction of 

the complex is 0.8 × 10-3 mol L-1 of the concentration of L. 

The cobalt complex with L is stable in aqueous and organic 

solvent and does not decompose within two days, and after 

exposure to it, for more than a month. The maximum optical 

density is achieved within 5 minutes. The complex is stable 

when heated to 80° C. The results of studying the ratio Vaq / 

Vorg to extract Co (II) in the form of Co-L have shown that, 

opt-ally Vaq/Vorg is 5 / 5-80 / 5. 

 

 
 

Fig 3: Spectra of light absorption complex 

 

CCo(II) = 3.38 × 10-5M; CL = 8.0 × 10-4 M; SF-26, ℓ = 1.0 cm 
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Composition and structure  

The stoichiometry of the Co(II): L complex was determined 

by Starik-Barbanel relative yield method, equilibrium shift 

method, crossed lines method and Asmus’ methods (Bulatov 

MI, et al.,1972) [7]. It shows that the composition of Co(II): L 

complex is 1:2 (Fig 4). 

 

 
 

Fig 4: Determination of the ratio of components by equilibrium shift method for Co – L 

 

CCo (II) = 3.38 × 10-5 M; CL = 8.0 × 10-4 M; pH=6, λ=540 nm, 

KFK-2. ℓ=1.0 cm. 

 

The Co (II) complex with L was synthesized and studied by 

chemical analysis and IR spectroscopy. The IR spectrum of 

the complex is compared with the spectrum of the reagent. 

The observed band in the region of 1593-1448 cm-1 

corresponds to the aromatic ring (C = C). In the IR spectra of 

the complex in the region of 3040–3020 cm-1, there are strong 

absorption bands associated with the ν(CH) in the aromatic 

core. 

The absorption bands at 820–710 cm–1 can be attributed to C 

– H deformation vibrations, the absorption bands at 1610–

1450 cm –1 to the stretching vibrations of phenyl rings, and 

the absorption bands at 1380 cm–1 to ν (CN). ν(CS) is 

observed at 685 cm-1, and ν(CO) is observed at 1291 cm-1. 

The absorption bands at 440 cm –1 and 573 cm –1 correspond 

to ν(Co – O) and ν(Co – N), respectively (Bellami L, 1991) 
[6]. 

The results of chemical analysis are given in table.1. 

 
Table 1: Elemental Analysis Results of L and Co-L 

 

Compound % C H N Co 

L 
Found 54.48 3.25 6.47 - 

Calculated 54.29 3.19 6.33 - 

 

Со- L 

Found 46.83 2.62 5.67 10.95 

Calculated 46.69 2.53 5.45 10.89 

 

A thermogravimetric study of the Co-L complex showed that 

its thermal decomposition occurs in two stages. The 

dehydration temperature (90 °C – 110 °C) on the DTA curves 

with an endothermic effect (weight loss - 5.09%) indicates 

dehydration of the complexes. In the temperature range of 

385-450 °C, the maximum rate of mass loss is observed, 

which is associated with the removal of L (weight loss of 

39.88%). The end product of thermolysis of the complex is 

CoO. 

It was found using the Nazarenko method (Nazarenko VA, et 

al., 1976) [8] that Co(II) in the complexes was present in the 

form of Co2+. Calculation of the degree of polymerization of 

the complex carried out by the equation (Akhmedly MK, et 

al., 1974) [9]. The calculations made showed that the complex 

in the organic phase will not polymerize and is in the 

monomeric form (γ = 1.05). 

Based on the ratio of components in the obtained complexes 

and the ionic form of cobalt, one can imagine the potential 

structure of the complexes on Co – L 

 

 
  

Effect of foreign ions and reagents  
The effect of various ions and reagents on the extraction-

spectrophotometric determination of 20 μg cobalt (II) is 

summarised in Table 2. It can be assumed that large amounts 

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

Cl–, S2O3
2–, F–, NO3–, SO4

2–, 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), Ga(III), In(III), and Tl(III) interfere seriously at a 

ratio of 1:1 with respect to Co(II). However, the interfering 

effect of some of these ions can be reduced by masking with 

oxalate, citrate or EDTA (see Table 2). 
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Table 2: Effect of foreign ions on the extraction of 20 μg cobalt (II) 

 

Foreign ions and 

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

Mg2+ 30 1500 20.18 103.5 

Mo(VI) 15 260 19.89 97.9 

W(VI) 15 260 19.80 97.9 

Cr(VI) 2.5 125 19.91 98.2 

Cr(III) 1.5 75 19.80 96.0 

Fe(II) 0.5 2.5 19.25 85.0 

Fe(III) 0.5 2.5 20.90 118.0 

 1.0a 20 20.05 101.0 

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 

Cu2+ 0.06 3 20.17 103.4 

 1.2b 6 20.04 100.8 

Al3+ 15 250 20.08 101.6 

 10c 400 20.02 100.3 

 10d 400 20.13 100.4 

Zn2+ 0.5 35 20.04 100.8 

 1.0e 50 20.18 103.5 

Zr(IV) 3.0 150 20.18 103.5 

 15f 500 20.01 100.2 

Nb(V) 0.5 2.5 19.25 85.0 

 10f 500 20.04 100.8 

Ti(IV) 2.6 135 20.18 103.9 

 5i 250 19.88 97.7 

Ni2+ 2.5 125 19.91 98.2 

Citrate3- 15 255 20.04 100.6 

Oxalate2_ 20 210 20.15 102.5 

Tartrate2- 2.6 260 5.07 101.1 

Ascorbic acid 0.7 35 5.18 102.1 

EDTA 0.8 15 5.13 102.4 

CDTA 0.006 0.28 19.79 95.6 

Tiron 2.9 129 20.19 101.5 

SCN- 0.025 10 20.13 102.6 

Cl- 22 108 20.30 105.0 

S2O3
2- 18 205 19.98 98.9 

F- 19 400 20.30 104.8 

NO3
- 29 1000 20.05 100.5 

SO4
2- 20 500 20.0 100.0 

PO4
3- 7 325 20.10 102.0 

ClO4
- 0.1 0.5 20.73 94.6 

NH4
+

 20 500 20.02 100.3 

Note: ain the presence of 2.5 mg oxalate; bin the presence of 0.75 mg 

SC(NH2)2; 10 min extraction time; cin the presence of 2.5 mg 

oxalate; din the presence of 3.0 mg citrate; ein the presence of 0.75 

mg EDTA; 15 min extraction time; fin the presence of 3.0 mg NaF; 
iin the presence of 3.0 mg Ascorbic acid. 

 

Beer’s law and analytical characteristics  

The adherence to Beer’s law was studied under the optimum 

extraction-spectrophotometric conditions (Table 3). The

following straight line equation was obtained for the 

concentration interval 0.5 – 12 mg mL–1 Co(II): 

y=0.1252x+0.054 (R2=0.9975). The pertaining calibration 

graph is shown in the Fig. 5. 

Calculated apparent molar absorptivity was ε = 3.22×104 L 

mol–1 cm–1. This value is statistically indistinguishable from 

that obtained by Komar-Tolmachev method (Bulatov MI, et 

al., 1972) [7]. It could compete successfully with the values 

reported for many similar Co-containing chromogenic 

systems (Marczenko Z, et al., 2007; Ram G, et al., 2003; 

Divarova VV, et al., 2013; Zalov AZ, et al., 2016; Kuliyev 

KA., et al., 2016; Novruzova NA, et al., 2017) [3, 10-14].  

 

 
 

Fig 5: Analytical determination of Co(II); CL = 8.0 × 10-4 M; pH=6, 

λ=540 nm, KFK-2. ℓ=1.0 cm. 

 

In conclusion the analytical parameters pertaining to the 

proposed method are given in Table 3. 

 
Table 3: Optical characteristics, precision and accuracy of the 

spectrophotometric determination of Co(II) with L. 
 

Parameter Value 

Color red 

The pH range of formation and extraction 1.3-9.6 

The pH range of maximum extraction 4.2-5.2 

max (nm) 528 

Molar absorptivity (L· mol-1 cm-1) 3.22·104 

Sandell’s sensitivity (ng·cm-2) 2.21 

R,% 97.6 

The formation of calibration curves 0.1252x+0.054 

Correlation coefficient 0.9975 

Beer’s law range (µg·ml-1) 0.5-12 

Limit of detection (LOD): ng ·mL 12 

Limit of quantification (LOQ): ng ·mL-1 40 

 

Analytical applications 

The proposed method under the already established optimum 

conditions was applied for the determination of cobalt in 

various objects. The results presented in Table 4 and Table 5 

indicate the successful applicability of the proposed method to 

real sample analysis.  

 
Table 4: Determination results of Co(II) in food samples (n = 6, P = 0.95) 

 

Analysis object Reagent Found, mg/kg S×10-3 Sr×10-2
 

 

Beans (Pisum sativum) 
2-nitroso-1-naphtol 0.23 4.7 2.4 0.23±0.004 

L 0.19 3.4 1.9 0.19±0.005 

Bird-Cherry Tree 

(Padus avium) 

2-nitroso-1-naphtol 6.75 3.7 3.1 6.75±0.120 

L 6.80 2.2 1.9 6.80±0.137 

Peas 

(Pisum sativum) 

2-nitroso-1-naphtol 0.15 3.8 3.5 0.15±0.0039 

L 0.10 3.1 2.6 0.10±0.0038 
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Table 5: Determination results of Co(II) in the sewage water and bottom sediments (n = 6, P = 0.95) 

 

Analysis object Added, mg/kg Found, mg/kg 
Found in the sample, mg/kg �̅�±= 𝑡𝑝.𝑆

√𝑛
 

Sr 

Sewage water 

Sample 1 2.0 2.48 0.48±0.05 0.06 

Sample 2 5.0 6.12 1.12±0.11 0.07 

Bottom sediments 

Sample 1 5 6.23 1.23±0.05 0.07 

Sample 2 5 6.89 1.89±0.04 0.06 

 

Conclusion 

1. The possibility of using 5- (4-hydroxybenzylidene) -2,4-

thiazolidinedione (L) for the photometric determination 

of cobalt (II) has been studied.  

2. The best extractants were dichloride methane, chloroform 

and carbon tetrachloride. At one-time exposure to 

chloroform, 97.6% of cobalt is recovered as complex. 

3. The complex is extracted into chloroform in the pH range 

4.2-5.2. With a decrease in the pH of the aqueous phase, 

the extraction of Co (II) gradually decreases, which is 

obviously associated with a decrease in the concentration 

of the ionized form L and, most likely, in solution it is in 

undissociated form. At pH 9.5, the complex is practically 

not extracted, which is apparently due to the hydrolysis 

of the cobalt ion. 

4. The maximum analytical signal with the complex 

formation of cobalt with L is observed at 528 nm. L max 

absorbed at 375 nm. The bathochromic shift is 153 nm.  

5. The stoichiometry of the Co(II): L complex was 

determined by Starik-Barbanel relative yield method, 

equilibrium shift method, crossed lines method and 

Asmus’ methods. It shows that the composition of Co(II): 

L complex is 1:2  

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

the complexes was present in the form of Co2+. 

Calculation of the degree of polymerization of the 

complex carried out by the equation. The calculations 

made showed that the complex in the organic phase will 

not polymerize and is in the monomeric form (γ = 1.05). 
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