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Abstract 

Simple, selective and highly sensitive extraction-photometric methods for determining Cu, Hg, V, Mn, Fe, Co, Ni 
have been developed. As  the complexing reagent  were used 2,6-dimercaptophenol, 2,6-dimercapto-4-methylphenol, 2,6-
dimercapto-4-ethylphenol, 2,6-dimercapto-4-propylphenol and 2,6-dimercapto-4-tertbutylphenol. The optimum pH at which 
the optical density is maximum and constant is at pH = 3.0-8.1. As an extractant, chloroform was used (extraction ratio: 
98.4-99.6%). The optimal condition for the formation and extraction of MLC is (0.6-0.8) × 10 P

-3
P mol / l and (0.8-1.2) × 10P

-3
P 

mol / L concentration of DP and Am, respectively. MLC are stable in aqueous and organic solvents and do not decompose 
for three days, and after extraction - more than a month. The maximum analytical signal for the complexation of M(II) with 
dimercaptophenols and Am is observed at 464-630 nm (εRkR = 1.82-4.40 × 10P

4
P). The influence of various ions was studied in 

detail, and the results of the experiment were statistically estimated. The interfering effect of ions is eliminated by changing 
the pH of the medium, using masking substances and using extraction. Based on the equations of the calibration graphs, the 
limit of photometric detection and the limit of quantitative determination of M(II) in the form of MLC were calculated. The 
proposed methods have been successfully applied to determine the trace amounts of Cu, Hg, V, Mn, Fe, Co, Ni in soils. Sod-
podzolic sandy and sandy-loamy, sod-podzolic loamy and clayey, gray forest, chernozems, chestnut and river (soil of river 
floodplains) soils were chosen as the object of investigation. 
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1.INTRODUCTION 

In connection with the development of chemical production, metallurgical and other types of 
industry, as well as an increase in the amount of industrial wastes, control over the content of heavy 
metals in the environment, and especially in the soils, is becoming increasingly important. Due to 
imperfect purification systems, heavy metals enter the environment, including the soil, contaminating 
and poisoning it. Heavy metals are special pollutants that must be monitored in all environments. Much 
attention is paid to the development of standards for the content in the soil of heavy metals that 
adversely affect soil processes, soil fertility and the quality of agricultural products. Restoration of the 
biological productivity of soils contaminated with heavy metals is one of the most difficult problems in 
the protection of biocenoses. 

The soil is the main medium in which heavy metals fall, including from the atmosphere and the 
aquatic environment. It also serves as a source of secondary pollution of surface air and waters falling 
from it into the oceans. The length of stay of pollutants in the soil is much higher than in other parts of 
the biosphere, which leads to changes in the composition and properties of the soil as a dynamic system 
and ultimately causes an imbalance of ecological processes. From the soil, heavy metals are absorbed by 
plants, which are then ingested [1-3]. In this regard, constant systematic monitoring of the level of 
heavy metals in environmental objects is necessary in order to control and regulate the process of ac-
cumulation of migration and accumulation of heavy metals in food products [1,3,4]. 

Compounds of heavy metals affect the vital activity of plant and animal organisms; therefore, it 
is necessary to control that in environmental objects the content of heavy metal ions is within the allo-
wable concentration [5]. 

For the determination of heavy metals in various natural objects, photometric and spectropho-to-
metric, extraction-photometric, and other methods have been proposed [6-36]. Data on the concentration 
of trace elements in the soils of Azerbaijan is very limited. 
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The purpose of our work: to develop extraction-photometric methods for the determination of 
some heavy metals (Cu, Hg, V, Mn, Fe, Co, Ni) in soils. For this purpose, mixed-ligand complexes 
(MLC) with dimercapthophenol (DP) {2,6-dimercaptophenol (DMP), 2,6-dimercapto-4-methylphenol 
(DMMP), 2,6-dimercapto-4-ethylphenol (DMEP), 2,6-dimercapto-4-propylphenol (DMPP) and 2,6-di-
mercapto-4-tert-butylphenol (DMBP)} and hydrophobic amines (Am). Of the hydrophobic amines used 
aromatic (aniline (An), N-methylaniline (mAn), N, N-dimethylaniline (dAn), diphenylguanidine (DFG), 
heterocyclic (phenanthroline (Phen), butophenanthroline (BPhen), dipyridyl (Dip), o-aminopyridine (o-
AmPy) and o-phenylenediamine (o-PDA)) and hydroxyl-containing amines (2 (N,N-dimethylamino-
methyl)-4-methylphenol (APR1R), 2 (N,N-dimethylaminomethyl)-4-chlorophenol (APR2R), 2(N,N-dimethy-
laminomethyl)-4-bromophenol (APR3R), 2,6-bis (N,N-dimethylaminomethyl)-4-methylphenol (APR4R) and 
2,6-bis (N,N-dimethylaminomethyl)-4-chlorophenol (APR5R)). In all objects, M(II) is determined without 
preliminary separation from the associated elements, which reduces the analysis time and makes it 
express. This is possible due to the selectivity of the developed extraction-photometric methods. 

2. Materials and Methods 

2.1. Reagents and Solutions 

Sod-podzolic sandy and sandy loamy, soddy-podzolic loamy and clayey, gray forest, chernozem, 
chestnut and river (river soils) soils of the Ismayilli region of Azerbaijan were chosen as the object of 
research. Hg and V are also identified in the marine soils of a light chestnut color taken from the Cas-
pian zone and industrial soils. 

To prepare the initial solution (1 mg/ml) of copper(II), 3.9296 g of freshly recrystallized 
CuSOR4R⸱5HR2RO was dissolved in water, 2 drops of conc. sulfuric acid and diluted in a volumetric flask 
with water to 1 l [37]. The concentration of the solution was determined iodometrically.  

A standard solution (1 mg / ml) of Hg(II) sulfate was prepared by dissolving a portion of HgSOR4R 
in 1 mol / l HR2RSOR4R. The titer was determined by the method of [37]. 

The initial solution (1.96 × 10P

–2
P M) V(IV) was prepared from a chemically pure salt VOSOR4R • 

3HR2RO. The concentration of solution V(IV) was determined by titration with a solution of potassium 
permanganate [12]. Solutions with a lower concentration were obtained by diluting the initial solution 
with distilled water immediately before the experiment. 

A standard solution (1 mg / l) of Mn(II) was prepared by dissolving anhydrous MnSOR4R in water 
containing 1 ml of conc. HR2RSOR4R, and diluted with water to 1 l. Anhydrous salt was obtained from man-
ganese (II) sulfate crystallohydrate by drying at 150 ° C and then calcining at 400 ° C [12]. 

A standard solution of iron(III), 1 mg / ml was prepared by the solution of an exact weight of 
FeNHR4R (SOR4R)R2R • 12HR2RO in water containing 5 ml of conc. HR2RSOR4R. 

A standard solution of Fe(II), 1 mg / ml, was prepared by dissolving the Mora salt in water and 
acidifying with 10 ml of conc. HR2RSOR4R. The iron content in the solution was determined titrimetrically 
[37]. 

The initial solution (1 mg / ml) of Co(II) was prepared by dissolving in water an exact sample of 
CoSOR4R ·7HR2RO in water containing 2 ml of conc. HR2RSOR4R, and diluted with water to 1 l [37]. 

A standard solution (1 mg / ml) of Ni (II) was prepared by dissolving in water an exact sample of 
(NHR4R) 2Ni (SOR4R) 2 • 6HR2RO in water containing 2 ml of conc. HR2RSOR4R [37]. 

Solutions of Cu, Hg, V, Mn, Fe, Co, Ni with a lower concentration were obtained by diluting the 
starting materials with the corresponding acid immediately before the experiment. 

We used 0.01 M solutions of DP and Am in chloroform. DP was purified by reprecipitation from 
ethanol solutions by adding water and then distillation. Purified chloroform is used as an extractant. 

The ionic strength of the solutions, equal to µ = 0.1, was kept constant by introducing the 
calculated amount of KCl. To create the necessary acidity of the solutions, 1 M solutions of KOH and 
HCl were used, as well as acetate buffer solution. All reagents used were qualified for analysis or 
chemically pure. 
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2.2. Instruments  

The optical density of the organic phase was measured at KФК-2 photocolorimeter.. Spectro-
photometric studies of the colored reagents were performed on a Shimadzu 1240 spectrophotometer. 
The pH of the solutions was controlled with an I-130 ionomer with a glass electrode. IR spectra were ta-
ken on a Bruker spectrophotometer. The process of thermolysis of compounds was studied using a 
Shimadzu TGA-50H system derivatograph in air in the range of 20–1000 ° C, the heating rate was 10 K 
/ min. 

 

2.3. General procedure for the determination of metal ions 
To an aliquot containing 50 µg of metal ion (Cu, Hg, V, Mn, Fe, Co, Ni), add 1.8-2.2  mL 0.01 

M DP, and a 1.3-1.6 mL 0.01M 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 0.1 M 
HCl. The volume of the aqueous phase was increased to 20 mL using distilled water. After the complete 
separation of the phases, the organic phase was separated from the aqueous phase in 10 minutes and the 
absorbance of the extracts was measured on KФК-2  photocolorimeter (l=0.5 cm) at room temperature.   

2.4. Determination of copper (II) in soils 
To extract the available (acid soluble) forms of copper from non-carbonate, sod-podzolic soils, 1 

M HCl or 1 M HNOR3R is used. The ratio between the soil and the solution is 1:10, the extraction time is 1 
hour when agitating on a rotator or infusing for 24 hours. The resulting suspension is filtered through a 
folded filter, the first portions of the filtrate are discarded. If the extract under investigation is initially 
strongly colored (peaty or other soils with a high content of organic substances), then organic material is 
previously destroyed in it. To do this, 20-50 ml of the investigated soil extract is placed in a glass of he-
at-resistant glass, add 2 ml of nitric acid (1:1) and 2 ml of concentrated hydrogen peroxide. The contents 
evaporated in a water bath to obtain wet salts. The residue treatment is repeated until the color turns 
light yellow. The resulting residue is dissolved by heating in 10 ml of dilute hydrochloric acid, the solu-
tion is transferred to a separatory funnel and the copper content is determined in aliquot parts according 
to the proposed methods. EDTA, tartaric, citric and ascorbic acids cannot be used as a masking agent, as 
they also mask copper. Fluoride ions do not affect the extraction of copper at the highest permissible 
concentrations themselves. In this regard, in experiments on the extraction-photometric determination of 
copper, 5 ml of a 1M  KF solution was introduced into the aqueous phase. 

 
2.5.Determination of mercury(II) in soils  
A portion of the soil 20 g decomposed in a conical flask equipped with a reflux condenser 5-7 ml 

conc. HR2RSOR4R and an excess of fine-crystalline KMnOR4R, which is added in small portions with stirring. 
The flask is heated until the SOR3R vapor is released. Cooled, poured through the refrigerator 25 ml of wa-
ter. Excess KMnOR4R and manganese oxides are removed by adding 3% HR2ROR2R. Transfer the solution to a 
50 ml volumetric flask, bring to the mark with water. An aliquot portion (1 ml) was placed in a separa-
tory funnel and the mercury was determined according to the developed methods.  

 
2.6. Determination of vanadium in soils.  
A weighed portion (0.5 g), finely ground in an agate mortar, is calcined in a muffle furnace for 3 

hours. After cooling, the melt is dissolved in a graphite cup at a temperature of 50-60 ° C with a mixture 
of 16 ml of conc. HF, 5 ml conc. HNOR3R and 15 ml conc. HCl. In order to remove excess hydrogen flu-
oride 3 times added to the solution of 8 ml of conc. HNOR3R and evaporated each time to 5- 6 ml. After 
that, the solution is transferred to a volumetric flask. 100 ml and diluted to the mark with distilled water. 
In aliquot parts of the solution, vanadium is determined by the developed techniques. Aluminum mask 
5% solution of malonic acid. The interfering effects of copper, iron, lead, cobalt, nickel and some other 
heavy metals are eliminated by the addition of thiosulfate. 
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The use of diluted solutions of mineral acids as reagents does not ensure complete decompo-
sition of the sample, but it does allow to transfer into solution the main part of the compounds of chemi-
cal elements of anthropogenic origin.  

 
  2.7.Determination of manganese in soils 
 To extract the available (acid soluble) forms of manganese from non-carbonate sod-podzolic soils, 
1 M HCl or 1 M HNOR3R is used. The ratio between the soil and the solution is 1:10, the extraction time is 
1 hour when agitating on a rotator or infusing for 24 hours. The resulting suspension is filtered through 
a folded filter, the first portions of the filtrate are discarded. If the extract under investigation is initially 
strongly colored (peaty or other soils with a high content of organic substances), then organic material is 
previously destroyed in it. To do this, 20-50 ml of the investigated soil extract is placed in a glass of 
heat-resistant glass, add 2 ml of nitric acid (1: 1) and 2 ml of concentrated hydrogen peroxide. The con-
tents evaporated in a water bath to obtain wet salts. The residue treatment is repeated until the color 
turns light yellow. The resulting residue is dissolved by heating in 10 ml of dilute hydrochloric acid, the 
solution is transferred to a separatory funnel. Add 2 ml of orthophosphoric acid (with a density of 1.7) 
to bind painted iron ions, as well as to prevent the hydrolysis of salts formed by higher valence man-
ganese ions. An aliquot portion of the resulting solution is taken, transferred to a separatory funnel, and 
the manganese content is determined by the developed techniques (Table 5). 
 
 2.8.Determination of iron in soils  

A portion of the soil finely ground in an agate mortar (0.5 g) is calcined in a muffle furnace for 3 
hours. After cooling, the sample is processed and dissolved in a graphite dish at a temperature of 50-60 
° C with a mixture of 16 ml of conc HF, 5 ml of conc HNOR3R and 15 ml of conc. HCl. In order to remove 
excess hydrogen fluoride 3 times added to the solution of 8 ml of conc. HNOR3R and evaporated each time 
to 5-6 ml. After that, the solution was transferred to a 100 ml volumetric flask and the volume was made 
up to the mark with distilled water. An aliquot of the resulting solution is taken, transferred to a 
separatory funnel, 1 M HCI is added to obtain a pH of 5 and 2.0 ml of 0.01 M DMBP. After thorough 
mixing, add 2.2 ml of 0.01 M Am. The volume of the organic phase is adjusted to 5 ml with chloroform, 
and the total volume to 25 ml with distilled water. Shake the mixture for 5 min. After separation of the 
phases, the light absorption of the extracts is measured on KФК-2 at 490 nm in a cuvette with a thick-
ness of 0.5 cm. The iron content is found from the calibration curve. The developed methods for 
determining the iron content in soils were controlled by widely used photometric methods [12]. The 
results are presented in Table. 6 

 
2.9. Determination of nickel in soils 
 Preparation of soil extraction. To determine the mobile nickel compounds, ammonium acetate 

buffer solution with a pH of 4.8 is used. The ratio of the soil to the solution is 1:10, the interaction time 
is 1 hour when agitating on the rotator or infusing for 24 hours. The method is suitable for non-carbona-
te and carbonate soils. The resulting suspension is filtered through a folded filter, the first portions of the 
filtrate are discarded. To extract the available (acid-soluble) forms of nickel from non-carbonate, sod-
podzolic soils, 1 M HCl or 1 M HNOR3R is used. The resulting suspension is filtered through a folded fil-
ter, the first portions of the filtrate are discarded. An aliquot portion of the resulting solution is taken, 
transferred to a separatory funnel, and the nickel content is determined by the developed techniques 
(Table 8). 

3. RESULTS AND DISCUSSION 

Complexing reagents (DMP, DMMP, DMEP, DMPP and DMBP) are a tribasic weak acid (HR3RR) 
and, depending on the pH of the medium, can exist in molecular and two anionic forms. Reagents were 
synthesized by the well-known method [38] and characterized by physicochemical methods: IR and 
NMR spectroscopy [39, 40]. 
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 Like other sulfur-containing reagents, DP have reducing properties and are involved in redox 
reactions with metal ions. In the interaction of vanadium (+5) and iron (+3), redox reactions proceed 
with the reduction of these elements to the oxidation state (+4) and (+2), respectively. 

The most effective for the extraction of Cu, Hg, V, Mn, Fe, Co and Ni in the form of MLC and 
the speed of achieving equilibrium is chloroform, dichloroethane and carbon tetrachloride. Chloroform 
was used as the extractant (extraction degree - 98.4-99.6%). 
            The optimum pH at which the optical density is maximum and constant is at pH=3.0-8.1. At pH 
9, extraction of mixed-ligand complexes (MLC) is practically not observed, which is probably due to an 
increase in the concentration in the aqueous solution of non-extractable complexes [МRR2R]P

4-
P and [МRR3R]P

7-

P, since the dissociation of HR3RR in the second sulfhydryl group continues increase. 
The optimal condition for the formation and extraction of MLC is (0.6-0.8) × 10P

-3
P mol / l and 

(0.8-1.2)×10P

-3
P mol / l, the concentration of DP and Am, respectively. MLC are stable in aqueous and 

organic solvents and do not decompose within three days, and after extraction - more than a month. 
Maximum optical density is achieved within 5-10 minutes. The maximum analytical signal in the comp-
lexation of M(II) with dimercaptophenols and Am is observed at 464-630 nm (εRкR = (1.82-4.40) × 10P

4
P). 

The stoichiometry of the studied complexes was established by the methods of equilibrium shift 
and relative yield [41]. The ratio of components in the MLC as M(II): DP: Am = 1:2:2. The formation 
of the MLC can be represented as follows. When interacting with two molecules, the M(II) ions form a 
doubly charged anionic complex, which is extracted with two molecules of protonated amine. In the 
case of APR4R and APR5R, the ratio M(II): DP: Am = 1:2:1. These AP form part of the complex in a double-
protonated form. In the case of Phen, BPhen, Dip, AmPy and o-PDA, mixed ligand complexes are for-
med with the ratio of the reacting components M(II): DP: Am=1:1:2 or 1:1:1, and in the rest cases are 
formed outer-sphere MLC. 

The Nazarenko method has been established that the complex-forming form of copper, manga-
nese, iron, cobalt, nickel and mercury is M P

2 +
P, and vanadium-VOP

2+
P [42]. The number of protons displa-

ced by him from one DP molecule turned out to be 1. The disappearance of a pronounced band at 2580-
2560 cm P

-1
P, observed in the DP spectrum and the appearance in the spectra of a complex of two absorp-

tion bands, one of which is shifted towards smaller This means that one of –SH groups is involved in 
the formation of a complex. The disappearance of the absorption band at 3460-3445 cm P

-1
P indicates that 

the hydroxyl group is involved in the formation of a bond with the metal. The detection of absorption 
bands at 1370 cm P

-1
P indicates the presence of a coordinated amine. In the case of outer-sphere MLC, the 

absorption band at 2340 cm P

–1
P corresponds to the protonated amine [38, 39]. 

The thermogravimetric study of MLC showed that the thermal decomposition of the complexes 
proceeds in three stages: at 60–120 ° C water evaporates, at 440–520 ° C Am decomposes, and at 490–
580 °C - DP. The end product of thermolysis of the complexes is a metal oxide. The calculations perfor-
med [43] showed that MLC in the organic phase under the reaction conditions are not polymerized and 
are in monomeric form (γ= 1.04-1.15). 

Some of the chemical and analytical characteristics of the M-DP-Am complex are presented in 
Table 1. 

To assess the possibility of using extracts of MLC for the separation and determination of cobalt, 
the interfering influence of extraneous ions has been studied. The definition of Cu, Hg, V, Mn, Fe, Co, 
Ni with DP and Am does not interfere with ions of alkaline, alkaline-earth elements and REE. The 
disturbing influence of ions is eliminated by changing the pH of the medium, using masking agents and 
using extraction. Sulfosalicylic, tartaric, citric, oxalic and ascorbic acids, EDTA, hydroxylamine, hydro-
gen peroxide (up to 0.2 g in 25 ml of photometric solution) and thiourea (up to 2 g in 25 ml) were in-
vestigated as masking agents to reduce the effect of interfering elements. 

Based on the equations of the calibration graphs, the limit of photometric detection and the limit 
of quantitative determination of M(II) in the form of a MLC were calculated [44]. Comparison of the 
analytical capabilities of the studied reagents and hydrophobic amines shows that the contrast and 
sensitivity of the reaction decreases in the series DMBP - DMPP - DMEP-DMMP-DMP (Table 1). 
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Table 1. Some chemical and analytical characteristics of the M-DP-Am. 
Compound 

pH Ropt 
λ, 
nm 

Δλ, 
nm ε·10P

-4 
 

lgβ  
Linear range of 
calibration 
curves, µg / ml 

The equation 
graduation 
graphs 

[Cu(DMMP)(Phen)] 6.7-7.9 630 356 3.45 11.62 0.5-16 0.019+0.0502x 
[Cu(DMMP)(BPhen)] 6.6-8.1 635 361 4.37 11.94 0.5-19 0.042+0.0596x 
[Cu(DMMP)(Dip)] 6.5-7.9 629 355 3.28 11.47 0.5-16 0.046+0.0440х 
[Cu(DMEP)(Phen)] 6.3-7.5 635 359 3.70 10.82 0.6-17 0.011+0.0565х 
[Hg(DMP)R2R](dAn)R2 3.0-4.0 465 195 3.20 7.05 0.5-13 0.023+0.0138x 
[Hg(DMMP)R2R](mAn)R2 3.2-4.2 464 190 3,20 10.21 0.5-14 0.039+0.0121x 
[Hg(DMBP)R2R](mAn)R2 3.4-4.3 466 186 3.75 10.55 0.3-17 0.043+0.0144x 
[VО(DMEP)(Phen)] 6.7-7.5 625 349 3.71 8.49 0.2-18 0.056+0.0674x 
[VО(DMEP)(Bphen)] 6.9-7.6 615 339 3.84 8.62 0.4-16 0.053+0.0717x 
[VО(DMEP)(Dip)] 6.6-7.4 620 342 3.62 8.54 0.2-16 0.059+0.0651x 
[VО(DMBP)(Phen)] 7.0-7.9 630 354 3.85 8.50 0.3-18 0.053+0.0715x 
[Mn(DMPP)R2R](APR1RН)R2 5.6-6.5 474 196 3.65 11.5 0.4-19 0.014+0.065x 
[Mn(DMPP)R2R](АPR2RН)R2 5.6-6.6 474 196 3.69 11.6 0.4-18 0.082+0.059x 
[Mn(DMPP)R2R](АPR3RН)R2 5.7-6.7 475 197 3.72 11.8 0.2-20 0.083+0.061x 
[Fe(DMBP)(Phen)R2R] 6.0-7.5 580 300 3.91 18.95 0.4-22 0.045+0.0652x 
[Fe(DMBP)(BPhen)R2 5.9-7.4 586 306 4.40 19.28 0.4-22 0.059+0.0726x 
[Fe(DMBP)(Dip)R2R] 5.8-7.2 578 298 3.55 17.92 0.5-20 0.065+0.057x 
[Со(DMP)R2R](АPR4RHR2R) 4.5-5.7 528 258 2.88 6.95 0.5-18 0.039+0.0254x 
[Со(DMP)R2R](АPR5RHR2R) 4.6-5.8 530 260 2.97 7.12 0.5-18 0.062+0.0143x 
[Со(DMBP)R2R](DPGH)R2 5.0-6.6 570 290 3.23 9.84 0.5-16 0.054+0.0274x 
[Ni(DMMP)R2R](APR2RH)R2 5.5-6.3 530 256 3.35 9.96 0.5-16 0.063+0.0279x 
[Ni(DMMP)R2R](АPR3RH)R2 4.6-5.8 525 251 3.53 10.12 0.4-18 0.054+0.0306x 
Ni(DMEP)(о-АmРу)R2R] 5.4-6.7 470 194 1.82 15.42 0.4-16 0.034+0.0158x 
[Ni(DMBP)(о-PDA)R2R] 5.5-6.8 478 198 2.16 14.89 0.5-15 0.032+0.0190x 

 
4.Analytical Applications 

 
The results of studies of the formation and extraction of M-DP-Am, the physic-chemical and 

analytical characteristics of these compounds formed the basis for the development of new methods for 
the extraction-photometric determination of M(II) in soils. 

Dimercaptophenols form colored complexes with a number of elements, therefore, in order for 
the determination to be selective, strict observance of pH is necessary. The developed methods for the 
determination of heavy metal ions were controlled by widespread methods [12]. The results of the 
determination are presented in table 2-8. 
Table 2. Results of determination of copper in soils. n = 6, P = 0.95 

The soil Methods 𝑋 , mg/кg 
 

S (10P

-3
P) RSD (%) Х ±

𝑡𝑃 ∙ 𝑆
√𝑛

 

20TSod 20T-20Tpodzolic sandy Rubeic acid 8.14 0.317 3.9 8.14±0.33 
DMMP-Phen 8.20 0.311 3.8 8.20±0.34 
DMMP-BPhen 8.25 0.290 3.5 8.25±0.30 
DMMP-Dip 8.24 0.231 2.8 8.24±0.25 

Sod-podzolic loamy 
and clayey 

Rubeic acid 15.45 0.540 3.5 15.45±0.56 
DMMP-Phen 15.48 0.650 4.2 15.48±0.68 

Gray forest Rubeic acid 18.89 0.566 3.0 18.89±0.59 
DMEP+Phen 18.96 0.549 2.9 18.96±0.58 

Black earth Rubeic acid 25.12 0.830 3.3 25.12±0.87 
DMP+Phen 25.08 0.802 3.2 25.08±0.84 
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Chestnut Rubeic acid 19.34 0.831 4.3 19.34±0.87 
DMMP-BPhen 19.42 0.796 4.1 19.42±0.84 
DMEP+Phen 19.45 0.814 4.2 19.45±0.85 

 
Table 3. Results of determination of mercury in soils. n = 6, P = 0.95 

The soil Methods 
𝑋 , 

mg/kg 
 

S(10P

-3
P) RSD (%) Х ±

𝑡𝑃 ∙ 𝑆
√𝑛

 

20TSod 20T-20Tpodzolic sandy Dithizone 0.065 0.00273 4.2 0.065±0.003 
DMP+dAn 0.063 0.00220 3.5 0.063±0.002 
DMBP+mAn 0.066 0,00244 3.7 0.066±0.003 

Sod-podzolic loamy and 
clayey 

Dithizone 0.132 0.00462 3.5 0.132±0.005 
DMMP+mAn 0.135 0.00535 4.0 0.135±0.006 

Gray forest Dithizone 0.172 0.00516 3.0 0.172±0.005 
DMBP+mAn 0.167 0.00467 2.8 0.167±0.005 

Black earth Dithizone 0.225 0.00742 3.3 0.225±0.008 
DMP+dAn 0.221 0.00685 3.1 0.221±0.007 

Chestnut Dithizone 0.172 0.00653 3.8 0.172±0.007 
DMMP+mAn 0.164 0.00607 3.7 0.164±0.006 
DMBP+mAn 0.171 0.00615 3.6 0.171±0.006 

Table 4. Results of determination of vanadium in soils (depth of cut 10–20 cm) (n = 6, p = 0.95) 

The soil Methods −

X ,% 
S SRr 𝑋 ±

𝑡𝑃 ∙ 𝑆
√𝑛

 

Marine soil 8-hydroxyquinoline 1.12·10P

-2 0.000448 0.042 (1.12±0.05)·10P

-2 

Formaldexime 1.14 ·10P

-2 0.000581 0.051 (1.14±0.06) ·10P

-2 

[VО(DMEP)(BPhen)] 1.15·10P

-2 0.000391 0.034 (1.15±0.04) ·10P

-2 
[VО(DMEP)(Dip)] 1.12 ·10P

-2 0.000358 0.032 (1.12±0.04) ·10P

-2 
[VО(DMBP)(Phen)] 1.13 ·10P

-2 0.000429 0.038 (1.12±0.04) ·10P

-2 
Black earth 8-hydroxyquinoline 1.59·10P

-2 0.000715 0.045 (1.59±0.08)·10P

-2 

[VО(DMEP)(BPhen)] 1.64 ·10P

-2 0.000787 0.048 (1.64±0.09) ·10P

-2 

[VО(DMBP)(Phen)] 1.63·10P

-2 0.000717 0.044 (1.63±0.08)·10P

-2 
Industrial soil 8-hydroxyquinoline 2.39·10P

-2 0.000884 0.037 (2.39±0.09)·10P

-2 

[VО(DMEP)(BPhen)] 2.42·10P

-2 0.000847 0.035 (2.42±0.09)·10P

-2 

[VО(DMBP)(Phen)] 2.38·10P

-2 0.000998 0.042 (2.38±0.10)·10P

-2 
River soil (river 
floodplain soil) 

8-hydroxyquinoline 1.43·10P

-2 0.000758 0.053 (1.43±0.08)·10P

-2 

[VО(DMEP)(BPhen)] 1.45 ·10P

-2 0.000565 0.039 (1.45±0.06) ·10P

-2 

[VО(DMBP)(Phen)] 1.39·10P

-2 0.000583 0.042 (1.39±0.06)·10P

-2 
Table 5. Results of determination of manganese in soils. n =6, Р=0,95 

The soil Methods 𝑋 , mg/кg 
 

S RSD (%) Х ±
𝑡𝑃 ∙ 𝑆
√𝑛

 

Marine soil 8-mercaptoquinoline 275 12.92 4.7 275±14 
Mn-DMPP-АPR1 269 11.30 4.2 269±12 
Mn- DMPP -АPR2 278 10.84 3.9 278±11 
Mn- DMPP -АPR3 276 10.21 3.7 276±11 

Black earth 8-mercaptoquinoline 393 13.75 3.5 393±14 
Mn- DMPP -АPR2 398 15.92 4.0 398±17 

Industrial soil 8-mercaptoquinoline 528 21.12 4.0 528±22 
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Mn- DMPP -АPR3 525 19.95 3.8 525±21 
River soil (river 
floodplain soil) 

8-mercaptoquinoline 332 10.97 3.3 332±12 
Mn- DMPP -АPR3 328 11.48 3.5 328±12 

 

Table 6. The results of the determination of iron in the soil.  n =6, Р=0.95 

The soil Methods 
𝑋 , 

%(10P

-3
P) 

 
S(10P

-3
P) RSD (%) Х ±

𝑡𝑃 ∙ 𝑆
√𝑛

 

Marine soil Sulfosalicylate 2.72 0.106 3.9 (2.72±0.11) ·10P

-3 
Rodanide 2.70 0.113 4.2 (2.70±0.12) ·10P

-3 
Fe-DMBP-Phen 2.68 0,094 3.5 (2.68±0.10) ·10P

-3 
Fe-DMBP-Dip 2.69 0,073 2.7 (2.69±0.08) ·10P

-3 
Black earth Sulfosalicylate 3.68 0.128 3.5 (3.68±0.13) ·10P

-3 
DMBP+Phen 3.64 0.146 4.0 (3.64±0.15) ·10P

-3 
Industrial soil Sulfosalicylate 5.10 0.153 3.0 (5.10±0.16) ·10P

-3 
DMBP+Dip 5.12 0.143 2.8 (5.12±0.15) ·10P

-3 
River soil (river 
floodplain soil) 

Sulfosalicylate 3.25 0.107 3.3 (3.25±0.13) ·10P

-3 
DMBP+BPhen 3.30 0.102 3.1 (3.30±0.10) ·10P

-3 
 
Table 7. The results of the determination of cobalt in the soil. n = 6, P = 0.95 

The soil Methods 𝑋 , % 
 

S RSD (%) Х ±
𝑡𝑃 ∙ 𝑆
√𝑛

 

20TSod20T-20Tpodzolic sandy 1-Nitroso-2-naphthol 3.20 0.157 4.9 3.20±0.16 
DMP-АPR4 3.33 0.140 4.2 3.33±0.15 
DMP-АPR5 3.20 0.118 3.7 3.20±0.12 
DMBP-DPG 3.15 0.110 3.5 3.15±0.12 

Sod-podzolic loamy and 
clayey 

1-Nitroso-2-naphthol 9.89 0.445 4.5 9.89±0.47 
DMP-АPR5 9.95 0.418 4.2 9.95±0.44 

Gray forest 1-Nitroso-2-naphthol 13.15 0.394 3.0 13.15±0.41 
DMP-АPR5 12.96 0.375 2.9 12.96±0.39 

Black earth 1-Nitroso-2-naphthol 15.75 0.583 3.7 15.75±0.61 
DMBP-DPG 15.68 0.548 3.5 15.68±0.57 

Chestnut 1-Nitroso-2-naphthol 11.60 0.545 4.7 11.60±0.57 
DMP-АPR5 11.58 0.521 4.5 11.58±0.55 
DMBP-DPG 12.61 0.529 4.2 12.61±0.55 

 
Table 8. The results of the determination of nickel in the soil.  n =6, Р=0,95 

 

The soil Methods 𝑋 , mg/кg 
 

S RSD (%) Х ±
𝑡𝑃 ∙ 𝑆
√𝑛

 

20TSod20T-20Tpodzolic sandy Dimethylglyoxime 5.87 0.26 4.5 5.87±0.27 
8-mercaptoquinoline 5.92 0.25 4.2 5.92±0.26 

Ni-DMMP-АPR2 5.94 0.25 4.3 5.94±0.26 
Ni-DMMP-АPR3 5.95 0.16 2.8 5.95±0.17 

Sod-podzolic loamy 
and clayey 

Dimethylglyoxime 31.15 1.46 4.7 31.15±1.55 
Ni-DMEP-о-АmРу 31.20 1.31 4.2 31.20±1.40 
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Gray forest Dimethylglyoxime 33.14 1.32 4.0 33.14±1.41 
Ni-DMEP-о-АmРу 32.96 1.25 3.8 32.96±1.35 

Black earth Dimethylglyoxime  43.23 1.51 3.5 43.23±1.65 
Ni-DMBP-о-PDA 43.28 1.68 3.9 43.28±1.79 

Chestnut Dimethylglyoxime 33.76 1.48 4.4 33.76±1.58 
Ni-DMBP-о-PDA 33.81 1.38 4.1 33.81±1.47 

Ni-DMEP-о-АmРу 33.80 1.31 3.9 33.80±1.38 
  

5.Conclusion 

1. The complex formation of Cu (II), Hg (II), V (IV), Mn (II), Fe (II, III), Co (II) and Ni (II) 
with dimercaptophenols (2,6-dimercaptophenol, 2,6-dimercapto-4-methylphenol, 2,6-dimercap-
to-4-ethylphenol, 2,6-dimercapto-4-propylphenol and 2,6-dimercapto-4-tert-butylphenol) and 
hydrophobic amines. Aromatic, heterocyclic and hydroxyl-containing amines are used as the 
hydrophobic amine. 
2. The interaction of M (II) with DP and amines and their extraction (output of the MLC) into 
the organic phase is maximum at pH 3.0-8.1. During one extraction, M(II) is extracted with 
98.4-99.6% chloroform in the form of a MLC. The optimum condition for the formation and 
extraction of these compounds is (0.6–0.8) • 10 P

–3
P mol / l; DP concentration and (0.8–1.2) • 10 P

–3
P 

mol / l - Am. 
3. The maximum analytical signal in the complexation of MLC M (II) is observed at 464 - 630 
nm. 
4. The results of studies on the formation and extraction of MLC M (II) with DP and heterocyc-
lic diamines, the physic-chemical and analytical characteristics of these compounds served as the 
basis for the development of new methods for the extraction and photometric determination of 
M (II) in various soil samples. 
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