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Abstract 

The present work is devoted to the study of the conditions for the interaction of 
chromium (VI) with 2-hydroxy-5-bromothiophenol. In the presence of 
hydrophobic amines, these compounds are extracted into the organic phase in the 
form of a mixed-ligand complexes. Of the hydrophobic amines, diphenylguanidine  
and triphenylguanidine  were used. 2-hydroxy-5-bromothiophenol (HBTP) are 
determined by physicochemical methods: IR spectroscopy and NMR spectroscopy: 
IR (КBr, ν, см−1): 3458 (OH), 2568 (SH), 1550 (C6H5); 1H NMR (300.18 MHz, 
C6D6, δ, ppm):  5.60 (s, 1H- OH),  3.35(s, 1H- 1SH),  6.85 (s, 1H Ar-H),  7.15 (s, 
2H Ar-H). It was found that the spectrophotometric characteristics of the MLC of 
Cr (VI) and Cr (III) were identical i.e. in the interaction with 2-hydroxy-5-
bromothiophenol, Cr (VI) was reduced to Cr (III). The best extractants were 
chloroform, dichloroethane and carbon tetrachloride. With a single extraction with 
chloroform, 97.6-98.0% chromium is recovered in the form of mixed-ligand 
complexes. Studying of dependence of a complex formation from рН showed that, 
the exit of complexes of  chromium  is maximum at рН 3.2 – 5.4. The maximum 
analytical signal for the complexation of chromium with HBTP and Am is 
observed at 470-485 nm. The molar absorption coefficients are (3.56 ÷ 3.96) × 104 
L · mol-1 · cm-1. The results show a complex composition of 1:3:3 (Cr(III): HBTP: 
Am). Using Nazarenko's method, we found that the form of chromium formation is 
Cr3+. Therefore, the complexes can be considered as ionic associations between the 
triple-charged anionic chelates [Cr(III)(HBTP)3] 3- and the three protonated Am: 
(AmH +)3[Cr(HBTP)3]. The made calculations showed that mixed-ligand 
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complexes in an organic phase won't be polymerized and are in a monomeric form 
(γ =1.02-1.08). 
 

Keywords: 2-hydroxy-5-bromothiophenol, diphenylguanidine, triphenylguanidine, 
mixed-ligand complexes, chloroform, analytical signal 

1. Introduction 

Among environmental problems, the quality of food is a special place. Chromium 
is a necessary microelement, which participates in carbohydrate metabolism as an 
insulin cofactor. However, in increased amounts of especially chromium (VI), it is 
toxic [1]. The literature data on the determination of the microquantities of 
chromium in the products are not numerous. Thus, to determine the total 
chromium, the atomic absorption method is used [2], and for chromium (VI) - the 
photometric method with diphenylcarbazide [3]. However, the method is not very 
sensitive and selective. 
Extraction-photometric methods with the use of basic dyes are distinguished by 
sensitivity and selectivity. To determine chromium in soils and plants, the main 
dyes of triphenylmethane, rhodamine and other series were used. 
The importance of organic reagents in analytical practice is very high. One of the 
vast areas of application of organic reagents is extraction. Analytical organic 
reagents are also important for physicochemical methods, including for photometry 
and spectrophotometry. 
A large number of photometric methods for the determination of chrom based on 
the reactions of formation of complexes with organic reagents are known, as well 
as on oxidation-voicing reactions. Most of the methods used are not distinguished 
by high sensibility [4]. 
It is known from the literature that complexes of some metals with 2-hydroxy-5-
halogenthiophenols and 2,6-dithiol-4-tert-butylphenol are insoluble in chloroform, 
and mixsendligand complexes with hydrophobic amines are readily soluble in 
various organic solvents [5- 12]. 
The present work is devoted to the study of the conditions for the interaction of 
chromium (VI) with 2-hydroxy-5-bromothiophenol (HBTP)]. In the presence of 
hydrophobic amines, these compounds are extracted into the organic phase in the 
form of a Mixed-ligand complexes (MLC). Of the hydrophobic amines, 
diphenylguanidine (DPG) and triphenylguanidine (TPG) were used. 
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Based on the data, it can be assumed that the use of the spectrophotometric 
characteristics of these complexes significantly increases the sensitivity of the 
determination. 
 
 
2. Materials and Methods 
2.1. Reagents and solutions 
 
A solution of Chromium (VI) (1 mg ml-1 was made by dissolving (0.1935) gm of 
K2Cr2O7 p. f. a. (pure for analysis) in 1000 ml of water. Concentration of solution 
of Chromium was established gravimetric [13]. Working solution with 
concentration of 0.1 mg mL-l was prepared by dilution of stock with deionized 
water. 

HBTP were synthesized according to the procedure [14]. HBTP their purity 
was verified by paper chromatography and melting point determination. Solutions 
of HBTP and Am in chloroform (0.01M) were used.  As an ekstragent the cleared 
chloroform was applied. The ionic force of solutions was supported a constant (μ = 
0.1) introduction of the calculated quantity of KCl. To create the optimal acidity, 
1M solutions of KOH and HCl were used.  
 
2.2. Instruments 
 
The absorbance of the extracts was measured using a KFK-2 Model 
photocolorimeter and an SF-26 spectrophotometer; the equilibrium value of the pH 
of aqueous phase was measured using a I-120.2 potentiometer with a glass 
electrode. IR spectra were recorded on a Bruker spectrophotometer. All specified 
devices passed state check. All measurements were carried out at 20±1ºС. 
Muffle furnace was used for dissolution of the samples. 
 
2.3. General procedure for the determination of Chromium 
 
Portions of stock solutions of Chromium (VI) varying from 0.1 to 1.0 mL with a 
0.1-mL step, a 2.5 mL portion of a 0.01 M solution of HBTP, and a 2.0 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 0.1M HCl. The volume of the aqueous phase was 
increased to 20 mL using distilled water. In 10 minnute after the complete 
separation of the phases, the organic phase was separated from the aqueous phase 
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and the absorbance of the extracts was measured on KFK-2 at room temperature 
and 490 nm (ℓ=0.5cm). 
 
2.4. Studies on the oxidation state of Chromium 
 
It is known that o-hydroxythiophenols have reducing properties in acidic medium. 
To elucidate the oxidation state of chromium in MLC, we conducted two series of 
experiments. In the first series we had used Cr (VI), while in the second series we 
had used Cr (III) obtained by addition of a supplementary reducing agent (SnCI2 
or KI). It was found that the spectrophotometric characteristics of the MLC of Cr 
(VI) and Cr (III) were identical i.e. in the interaction with HBTP, Cr (VI) was 
reduced to Cr (III). 
 

2.5. Determination of chromium in milk 

A sample of milk (10 ml) is evaporated in a water bath in a porcelain dish to 
dryness, charred, and 1 ml of conc. HNO3, evaporated, then calcined in a muffle 
furnace at 450-500 ° C. To a dry residue add 5-7 ml of a 1 M solution of KOH, 
0.4-0.5 ml of a 3% solution of H2O2, the solution is heated to 70-80 ° C for 5-10 
minutes, evaporated to dryness, 5-7 ml of a pod is poured, again it is evaporated to 
dryness. Then 1 M HCl is added, heated to 60-70° C, filtered and in a 25 ml high 
capacity flask with a capacity of 1 M HCl. Select portions of an aliquot of the 
resulting solution, transfer to a in a separatory funnel, the desired pH value is 
adjusted by adding 0.1 M HCl. 2.2 ml of 0.01 M HBTP and 0.01 M Am were 
added. The volume of the organic phase was adjusted to 5 ml of chloroform and 
the total amount to 25 ml of distilled water. After 10 minutes of shaking, a portion 
of the organic extract was transferred through a filter paper to a well, and the 
absorbance was read at ℓ = 480 nm against chloroform. The chromium content was 
found on the calibration graph. 

2.6. Determination of chromium in sour cream and cottage cheese 

A portion of sour cream (10 g) or cottage cheese (10 g) in a porcelain crucible is 
charred on a plate, 1 ml of conc. HNO3, evaporated, then calcined in a muffle 
furnace at 450-500 ° C. The determination of chromium is continued according to 
the above-described procedure for the determination of chromium in milk. 

3. Results and its discussion 

HBTP with color complexes of chromium, insoluble in nonpolar organic solvents. 
The charge of the complex was established by the method of electromigration of 
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ions and by the method of electrophoresis on paper. In studying the 
electromigration of this complex in a U-shaped tube with two cranes, an orange-
colored ion was observed to move to the poles. On the basis of which it was 
concluded that the color complex is an anion. When hydrophobic amines are 
introduced into the system, the transition of anionic complexes to the organic phase 
is observed in the form of MLC. HBTP are determined by physicochemical 
methods: IR spectroscopy and NMR spectroscopy: 
IR (КBr, ν, см−1):  [16] 3458 (OH), 2568 (SH), 1550 (C6H5). 
1H NMR (300.18 MHz, C6D6, δ, ppm):  5.60 (s, 1H- OH),  3.35(s, 1H- 1SH),  6.85 
(s, 1H Ar-H),  7.15 (s, 2H Ar-H) 
3.1. Selection of extractant 

Non-aqueous solvents were used to extract MLC: chloroform, 1,2-dichloroethane, 
carbon tetrachloride, benzene, chlorobenzene, toluene, xylene, isobutanol, 
isopentanol and diethyl ether. The best extractants were chloroform, 
dichloroethane and carbon tetrachloride. With a single extraction with chloroform, 
97.6-98.0% chromium is recovered in the form of MLC. Further studies were 
carried out with chloroform. 

3.4. Influence of the pH of the aqueous phase  
 
Studying of dependence of a complex formation from рН showed that, the exit of 
complexes of  chromium  is maximum at рН 3.2 – 5.4. Extraction of  Cr (III) 
enhanced with the increase in the acidity of the initial solution; the further increase 
in acidity lead to the gradual decrase of recovery, which was obviously associated 
with a decrease in the concentration of the ionized form of HBTP. Probably, it is 
present in the solution in the non-dissociated state.  At pH≥7.3, the complexes 
were hardly extracted, obviously because of the decrease in the degree of Am 
protonation. The effect of pH on the intensity of the color reaction is shown in the 
Fig. 1. Existence of one maximum of absorbance in the specified limits рН 
confirms the assumption of formation of one complex connection.  
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Fig.1. Absorbance of mixed-ligand complexes as a function of the pH of the aqueous phase. 
CCr=3.84×10-5 M. CHTPD =1.0×10-3 M, CAm=1.12×10-3 M, KFK-2, λ = 490nm, ℓ=0.5 cm. 
 

3.5. Effect of ligand concentration and aging time 

 MLC chromium is formed in the presence of an excess of complexing reagents. 
The optimal condition for the formation and extraction of these compounds is (1.0-
1.5) × 10-3 mol  L-1 concentration HBTP and (0.8-1.2)×10-3 mol L-1 - Am. The 
adherence to Beer’s law was studied by measuring the absorbance value of the 
series of solutions containing different concentrations of the metal ion. A linear 
calibration graph drawn between absorbance and the metal ion concentration 
indicates that Cr(III) may be determined in the range 0.5-18.0 𝜇𝜇g/ml. 
MLC chromium with HBTP and Am are stable in aqueous and organic solvents 
and not decompose for three days, and after extraction - more than a month. 
Maximum the optical density is reached within 5-8 minutes. 
3.6. Absorption spectra 

The maximum analytical signal for the complexation of chromium with HBTP and 
Am is observed at 470-485 nm (Fig. 2). HBTP absorbs as much as possible at 280 
nm. When complexation occurs, the bathochromic shift of the light absorption 
maximum is observed at 190-205 nm. The close values of the light absorption 
maxima of the complexes make it possible to conclude that the compounds formed 
are ionic associates in which the outer-sphere ligand affects the properties of the 
intrasphere complex due to electrostatic interaction, the possibility of hydrogen 
bonding. The molar absorption coefficients are (3.56 ÷ 3.96) × 104 L · mol-1 · cm-1. 

 
Fig. 2. Absorption of mixed-ligand complexes  
CCr=3.84×10-5 M, CHTPD =1.0×10-3 M, CAm=1.12×10-3 M, SF-26,  ℓ=1.0 cm. 
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3.7.  Stoichiometry of the Complexes and the Mechanism of Complexation 
 
The molar ratios of the MLC components were determined by the equilibrium shift 
method  and the Asmus method [15]. The results show a complex composition of 
1:3:3 (Cr(III): HBTP: Am). Using Nazarenko's method [16], we found that the 
form of chromium formation is Cr3+. Therefore, the complexes can be considered 
as ionic associations between the triple-charged anionic chelates [Cr(III)(HBTP)3] 
3- and the three protonated Am: (AmH +)3[Cr(HBTP)3]. Structure extractable 
complexes can be represented as in Figure 3. 

 
 

 

 

 

 

 

  

Fig. 3. Structure of complex (DPGH+)3[Cr(HBTP)3]. 
 

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 HBTP, 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 group 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. 3) [27]. 
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Fig. 3. IR spectrums of HBTP (a) and the Cr (III)- HBTP – DPG (b). 

 

 

Several equilibrium processes should be taken into account for the system of       
[Cr(HBTP)3]3- – DPGH+ – H2O – CHCl3. Formation of ion-association copmplex 
in the aqueous phase: 
[Cr(HTBP)3]3- + 3DPGH+ ↔ (DPGH+)3[Cr(HBTP)3]                                 (1) 
Distribution of the complex between the aqueous and the organic phase: 
(DPGH+)3[Cr(HBTP)3](aq) ↔ (DPGH+)3[Cr(HBTP)3](org)                             (2) 
Extraction from water into chloroform: 
[Cr(HTBP)3]3-

(aq) + 3(DPGH+) ↔ (DPGH+)3[Cr(HBTP)3](org)                                   (3) 
Based on the equation: 

33
3

33

][])([
})]()({[

+−
=

DPGHHBTPCr
DPGHHBTPCr

β                                                                                 (4) 

aq

org

DPGHHBTPCr
DPGHHBTPCr

K
})]()({[
})]()({[

33

33=                                                                                       (5) 

aqaq

org
Dex DPGHHBTPCr

DPGHHBTPCr
KK

}){(]})({[

})]()({[

3
3

3

33

+−
=×= β                                                  (6) 

The association constants β was determined by several independent methods: 
Mobile equilibrium method [17], Holme-Langmyhr method [18], and Harvey-
Manning method [19]. The distribution constants KD was calculated from the 
absorption values obtained after single  and determined by  double extraction as 
described above. The extraction constants  Kex was calculated by the formula Kex = 
β × KD [20].  The recovery factor R was estimated by the dependence 
R%=100KD/(KD+1) and the following value was obtained R=97.6-98.0%.  
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Calculation of extent of polymerization of complexes was carried out on the 
equation [21]. The made calculations showed that MLC in an organic phase won't 
be polymerized and are in a monomeric form (γ =1.02-1.08). 

3.8. Influence of foreign ions 

To assess the applicability of ionic associates for separation and determination of 
chromium, the interfering influence of extraneous ions is studied. Selectivity of 
spectrophotometric determination of chromium in the form of studied complexes 
is shown in Table. 1. It was found that large amounts of alkali metal, alkaline earth 
elements, REE, F-, CI-, Br-, SO3

2-, SO4
2-, NO2

-, NO3
-and C2O4

2- do not interfere 
with the definition of chromium. The interfering effect of Fe (III), Nb (V), and Ta 
(V) eliminates whether oxalic acid; Ti (IV) - sodium fluoride or a thyrone; Hg (II) 
– sulfite ion; and Mo (VI) and W (VI) - sodium fluoride and oxalic acid. When 
using 1% solution of ascorbic acid does not interfere with the determination of Mn 
(VII), V (IV), Nb (V), Mo (VI), and Fe (III). Using 0.01 M oxalic acid solution Nb 
(V), Ta (V), Cr (III), Mo (VI), W (VI) and Fe (III) do not interfere with the 
determination. 
Table1. Influence of interfering ions on the determination of chromium (III) as 
MLC with HBTP and Am (30.0 μg Cr added) 

Ion Molar excess 
of the ion 

Masking 
agent 

Found Cr,μg;  RSD,% 

Cr-HBTP-DPG Cr-HBTP-TPG 

Zr(IV) 60 NaF 30.4; 3 30.0; 4 
Cu(II) 35 SC(NH2)2 29.9; 5 31.0; 3 
Ti(IV) 50 A. a.* 29.0; 3 29.9; 3 
Mn(II) 50  29.8; 2 29.3; 5 
W(VI) 80  29.3; 6 31.2; 6 
Mo(VI) 15  29.4; 4 30.5; 4 
Cd(II) 150  30.0; 2 29.2; 6 
Nb(V) 30  30.5; 5 29.8; 3 
V(IV) 10  30.0; 6 29.3; 2 
Ta(V) 50 Na₂C₄H₄O₆ 30.0; 4 29.2; 4 
Pt(II) 40  29.3; 2 29.4; 3 
Pd(II) 40  30.4; 4 30.6; 5 
Co(II) 100  29.9; 4 29.3; 4 
Ni(II) 100  30.2; 5 30.5; 6 
Al(III) 190  29.8; 6 30.6; 5 
Fe(II) 80  29.9; 3 31.2; 3 
Fe(III) 80  30.3; 3 31.0; 5 
A. a.* 20  31.0; 4 29.3; 4 
T. a.* 20  29.2; 3 29.4; 3 
Ox.* 80  30.5; 2 30.5; 5 
F.* 45  30.6; 2 29.4; 6 
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Ph. a.* 45  30.3; 2 30.6; 3 
T.* 60  31.2; 5 31.2; 6 

*Note: A. a. - Ascorbic acid, T. a. - Tartaric acid, Ox - Oxalate, F. -  Fluoride,  
Ph. a. - Phosphoric acid, T. - Thiourea 
 
3.9. Analytical Characteristics 
 
In conclusion the analytical parameters pertaining to the proposed method are 
given in Table 2. 
 
 
Table 2. Analytical and optical characteristics of mixed-ligand complexes of Cr 
with HBTP and Am 

Parameter Extraction system 
Cr-HBTP-DPG Cr-HBTP-TPG 

Color Orange color Orange color 
The pH range of education and 
complexation 

2.2 – 7.3 2.5 – 7.2 

The pH range of maximum extraction 3.2 – 5.4 3.5 – 5.0 
Degree of extraction (R,%) 97.6 98.0 
The distribution constants (KD) 40.67 49 
Concentration of HBTP (mol × L-1) 1.0 × 10-3 1.5 × 10-3 
Concentration of Am (mol × L-1) 0.8 ×10-3 1.2 ×10-3 
Organic solvent chloroform chloroform 
Extraction time (min) 5 8 
λmax (nm)  470 480 
Δλ max (nm)  190 205 
Coefficient polymerization (γ) 1.02 1.08 
Molar absorptivity; mol × L-1  3.56 × 104   3.96 × 104  
Equilibrium constant (lgKe) 8.83 9.31 
The extraction constant (lgKex) 12.5 12.7 
Stability constant (β) 9.74 9.89 
 Beers law  range (µg ×mL-1) 0.5-16 0.5-18 
Correlation coefficient (r) 0.9973 0.9985 
Limit of detection (LOD) (ng×mL-1) 9 9 
Limit of quantification (LOQ) (ng×mL-1) 28 29 
  
Table 3 demonstrates the data which allow a comparison of the analytical 
parameters of the procedures for the determination of cromium with the earlier 
known procedures [22-25]. 
 
Table 3. Comparative characteristics of the procedures for determining chromium 
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Reagent pH ( solvent) λ, nм ε⋅10-4 Beer’s law range, µg [Ref.] 
5-Br-DMPAP 0.1–10 М HCl (CHCl3) 546 7.8 0.02 – 0.56 [22] 
PAR 4-5 540 4.7 3.2-13.0 [23] 

PAN 0.2–0.8 M HCl 
(aseton) 390-400 1.28 0.3 – 2.0 [24] 

Br-PADAP 4.7 600 7.93 0.6 – 15.0 [25] 
Proposed method   

Cr-HBTP-DPG 3.2-5.4 (CHCl3) 470 3.56 0.5-18  
Cr-HBTP-TPG 3.5-5.2 (CHCl3) 480 3.96 0.5-20  

  
4. Analytical Applications 
 
The proposed method, within the established optimal conditions, was used to 
determine Cr (III) in milk, sour cream and cottage cheese. The results presented in 
Table 4 show successful applicability of the proposed method to real analysis of 
samples. The correctness of the results of the analysis is verified by the method of 
additives. 
 
 
Table 4. Determination of chromium in milk, sour cream and cottage cheese. The 
correctness of the results is proved by the method of additives (n=6, P=0,95). 
An object Chromium, μg 210−×rS

 
g

n
StG µα ,×±∆

−

 
introduced found 

Milk   - - - - 
5.0 5.10 0.37 5.10±0.040 
10.0 9.88 0.36 9.88±0.038 

Sour 
Cream 

- - - - 
5.0 5.13 0.50 5.13±0.030 
10.0 10.10 0.90 10.10±0.015 

Cottage  
Cheese 

- - - - 
5.0 4.42 0.81 4.92±0.042 
10.0 9.94 0.41 9.94±0.043 

 
CONCOLIUNS 
 
1. The present work is devoted to the study of the conditions for the interaction 
of chromium (VI) with 2-hydroxy-5-bromothiophenol (HBTP)]. In the presence of 
hydrophobic amines, these compounds are extracted into the organic phase in the 
form of a Mixed-ligand complexes (MLC). Of the hydrophobic amines, 
diphenylguanidine (DPG) and triphenylguanidine (TPG) were used. 
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2. HBTP are determined by physicochemical methods: IR spectroscopy and 
NMR spectroscopy:IR (КBr, ν, см−1):  3458 (OH), 2568 (SH), 1550 (C6H5);1H 
NMR (300.18 MHz, C6D6, δ, ppm):  5.60 (s, 1H- OH),  3.35(s, 1H- 1SH),  6.85 (s, 
1H Ar-H),  7.15 (s, 2H Ar-H). 

3. Studying of dependence of a complex formation from рН showed that, the 
exit of complexes of  chromium  is maximum at рН 3.2 – 5.4. MLC chromium is 
formed in the presence of an excess of complexing reagents. The optimal condition 
for the formation and extraction of these compounds is (1.0-1.5) × 10-3 mol  L-1 
concentration HBTP and (0.8-1.2)×10-3 mol L-1 - Am. A linear calibration graph 
drawn between absorbance and the metal ion concentration indicates that Cr(III) 
may be determined in the range 0.5-18.0 𝜇𝜇g/ml. 

4. The maximum analytical signal for the complexation of chromium with 
HBTP and Am is observed at 470-485 nm. HBTP absorbs as much as possible at 
280 nm. When complexation occurs, the bathochromic shift of the light absorption 
maximum is observed at 190-205 nm. The molar absorption coefficients are (3.56 
÷ 3.96) × 104 L · mol-1 · cm-1.  

5. The molar ratios of the MLC components were determined by the 
equilibrium shift method  and the Asmus method. The results show a complex 
composition of 1:3:3 (Cr(III): HBTP: Am). Using Nazarenko's method, we found 
that the form of chromium formation is Cr3+. Therefore, the complexes can be 
considered as ionic associations between the triple-charged anionic chelates 
[Cr(III)(HBTP)3] 3- and the three protonated Am: (AmH +)3[Cr(HBTP)3].  

6. The made calculations showed that MLC in an organic phase won't be 
polymerized and are in a monomeric form (γ =1.02-1.08). 

7. The proposed method, within the established optimal conditions, was used to 
determine Cr (III) in milk, sour cream and cottage cheese. 
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