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ABSTRACT 

The present work is devoted to the spectrophotometric study of Ni (II) mixed-ligand complex 
(MLC) with 2-hydroxy-5-nitrothiophenol (HNTPh) and hydroxyl-containing hydrophobic 
amines. Of the aminophenols (APh), 2 (N,N-dimethylaminomethyl)-4-methylphenol (APh1), 2 
(N,N-dimethylaminomethyl)-4-chlorophenol (APh2), 2(N,N-dimethylaminomethyl)-4-bromo-
phenol (APh3). The maximum yield of complexes is observed at pH 1.2-8.4. Hence further 
analytical investigations were carried out in media of pH 3.5-5.4 To extract the complexes, 
CHCl3, CCl4, C6H5Cl, C6H6, C6H5–CH3, C6H4(CH3)2,  iso-C4H9OH, C4H9OH, iso- 
C5H11OH, C2H4Cl2 were used. The best extractants were CHCl3, C2H4Cl2 and C6H5Cl. All 
further studies were carried out with CHCl3 (extraction ratio (R,%) R=98.3-98.6%).  The molar 
absorptivity of the complex was calculated with Komar method to be ε= (3.29-3.59)×104 L mol-1 
cm-1 (λmax =460-470 nm). From the experimental data obtained, it can be seen that the maximum 
optical density is observed at the order of the discharge of the components: nickel (II)  + HNTPh 
+ APh + CHCl3 + CH3COOH + CH3COONH4 + H2O. For the formation and extraction of 
MLC, a 20-25-fold excess of complexing reagents is required; for example, the optimal 
conditions for formation and extraction of these compounds are provided by (1.13-1.26) ×10-3 M 
HNTPh and (0.91-1.35) × 10-3 M APh. Тhe optical density of the complex does not change for 
240 minutes, which is enough to obtain reproducible results. The degree of extraction of Ni (II) 
in the form of MLC does not depend on the ratio of volumes of aqueous and organic phases in a 
wide range (from 5: 5 to 90: 5), which allows simultaneous concentration and photometric 
determination of Ni (II). For all the systems studied, the value of γ is close to 1 (γ = 1.02-1.08), 
ie, the reagents under investigation form mononuclear complexes with Ni (II) ions. The mole 
ratio of nickel : reagent is determined by two methods; the equilibrium shift method and the 
Asmus straight line method, and in both cases the Ni: HNTPh: APh = 1: 2: 2 composition. 
KEYWORDS: nickel, 2-hydroxy-5-nitrothiophenol, extraction-photometric method, mixed-
ligand complex  
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1. INTRODUCTION 

Nickel (II) is a biologically active metal. It has been established that excessive 
"technogenic" intake of nickel compounds in the body has a toxic effect on metabolism. The 
excess of nickel salts causes morphological changes in the cell and thus has a carcinogenic effect 
on it [1]. Nickel plays a big role in the biological processes occurring in the body, and is an 
indicator of some diseases. At the same time, transition metals are toxic elements and their 
presence in air and natural waters is regulated at the MPC level. 

For the photometric determination of nickel, many chelating-forming reagents suitable 
for different classes of compounds and containing N, O or S as donor atoms are suitable. 
Dioximes, oxycompounds, and thiocarboxylic acids are most often used [2]. 

Nickel (II) has chromoform properties and gives color reactions with many reagents. 
According to the complexing properties of Ni (II), mainly Fe (II), Co (II), Cu (II) and platinum 
metals are similar. Many chelating reagents containing donor N, O or S atoms are suitable for the 
photometric determination of it. Dioxymes, oxyazo compounds, and thiocarboxylic acids are 
most often used [2, 3]. The most important photometric methods for the determination of nickel 
(II) are reactions with dioxins and dithizones [4]. Complexation of Ni (II) with α-ketoglutaric 
acid [5], 2-[(2-mercaptophenylimino)methyl]phenol [6], 1-azobenzene-3-(3-hydroxyl-2-pyridyl) 
triazene [7], azo derivatives of chromotropic acid -2- (2-hydroxy-3-sulfo-5-nitrophenyllazo) 
naphthalene 1,8-dihydroxy-3,6-disulfonatriya and 2- (2-hydroxy-3,5-disulfophenyllazo) naphtha-
lene-1,8-dihydroxy-3,6-disulfonatriya [8], di-2-pyridyl ketone with benzoylhyddisulfide [9], 1-
nitroso-2-naphthol-3,6-disulfonic acid [10], with 1,3-bis (3,5-dimethylpyrazol1yl) propane [11], 
an extraction-spectrophotometric technique is proposed eniya with pyridoxal-4-phenyl-3-
thiosemicarbazone [12]. Three-component complexes of nickel (II) with 1,10-phenanthroline and 
thi-palsyllic acid [13], with 2,2-dipyridyl and dinitrobenzenazosalicylic acid [14], with 2-phenyl-
4,6-diamino-1, 3,5-triazine and 8-hydroxyquinoline [15], with the complexes of a number of 
carboxymethyleneeamines: iminodiacetic, 2-hydroxyethyliminodi-acetic, nitrilotiacetic acid and 
malonic acid [16]. The interaction of nickel (II) with 2,2,1,3,4-tetrahydroxy-3,1-sulfo-5-
nitrobenzene in the presence of cationic surfactantscetyl pyridinium chloride, cetylpyridinium 
bromide and cetyltrimethylammonium bromide [17]. An extraction-spectrophotometric method 
for the determination of nickel (II) in various samples was developed [18-20]. According to the 
hypothesis of analogies, reactions with reagents of the R-SH type are possible for ions of 
elements forming soluble in water sulfides [21]. Ni (II) with 2-hydroxy-5-iodothiophenol and 
diphenylguanidine takes a ternary complex extractable with chloroform, which has a 1: 2: 2 com-
position. A selective, sensitive and reliable extraction-spectrophotometric method for the 
determination of nickel in metallic magnesium and carnallite has been developed [22]. Com-
plexation of nickel (II) with 2,6-dithiol-4-ethylphenol and heterocyclic diamines was studied. 
Among the heterocyclic diamines, phenanthroline and batofenanthroline were used. The 
formation of mixed ligand complexes proceeds at pH 5.5-6.5. The maximum light absorption is 
observed at 465-475 nm [23]. 

The present work is devoted to the spectrophotometric study of Ni (II) mixed-ligand 
complex (MLC)  with 2-hydroxy-5-nitrothiophenol (HNTPh) and hydroxyl-containing hydro-
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phobic amines. Of the aminophenols (APh), 2(N,N-dimethylaminomethyl)-4-methylphenol 
(APh1), 2(N,N-dimethylaminomethyl)-4-chlorophenol (APh2), 2(N,N-dimethylaminomethyl)-4-
bromophenol (APh3). 

 
2. EXPERIMENTAL 
2.1. Reagents and Apparatus 
 

The standard solution (1mg / ml) Ni (II) was prepared by dissolving in water an exact 
linkage (NH4)2Ni(SO4)2 × 6H2O in water containing 2 ml conc. H2SO4 [15]. Solutions of 
HNTP and APh in chloroform (0.01M) were used. HNTPh were synthesized according to the 
procedure [24]. HNTPh was recrystallised using aqueous ethanol. Its solution was prepared in 
chloroform. Their purity was verified by melting point determination and paper chromatography. 
To create the optimal acidity, 0.1M solutions of KOH and HCl or ammonium acetate buffers 
were applied. Acetate buffer solution, prepared by mixing of 2 molL−1 aqueous solutions of 
CH3COOH and NH4OH. The extractant was purified chloroform. 

The absorbance of the extracts was measured using a Shimadzu UV1240. 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. The process of thermolysis of the compounds was studied 
using derivatograph system «Shimadzu TGA-50H». The test substances and standard were 
heated in platinum crucibles. IR spectra were recorded on a spectrophotometer "Bruker" 
(Germany). 1H-NMR spectra were recorded on "Bruker" Fourier Transform (300.18 MHz) in 
C6D6. Muffle furnace was used for dissolution of the samples. 

 
2.2. General Procedure 
2.2.1 General Procedure for the Determination of nickel (II) 
 
Portions of stock solutions of nickel(II) varying from 0.1 to 1.0 mL with a 0.1 mL step, a 

2.2 – 2.5 mL portion of a 0.01 M solution of HNTPh, and a 2.5 – 3.0 mL portion of a 0.01M 
solution of Am were placed in to calibrated test tubes with groundglass stoppers (the volume of 
the organic phase was 5 mL). The required value of pH was adjusted by adding CH3COOH + 
CH3COONH4 buffer solutions (pH 4-12). The volume of the aqueous phase was increased to 20 
mL using distilled water. In 6 - 12 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 480 nm (ℓ=0.5cm). 

 
2.2.2. Determination of Nikel (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 
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Structure of ligand was confirmed by using NMR and IR spectra {NMR: [1Н NMR 
(300,18 MHz, C6D6); 5.24 (s, 1H- OH), δ 3.32(s, 1H - 1SH), δ 7.11 (s, 3H Ar-H), IR: [IR (КBr); 
3451 см-1 ν (OH), 3050 см-1 ν(CH), 2587 см-1 ν(SH), 1580 см-1 ν(C6H5)]}. 

Ni(II) reacts with HNTPh and gives a yellow colored complexes. These complexes are 
insoluble in non-polar solvents. Experiments on electromigration in a U-shaped tube and on 
sorption on EDE-10P (EDE- ethylenediamine, epichlorohydrin; 10- serial number of the brand: 
P- means that the matrix has a macroporous structure) anion exchangers have demonstratedthe 
anionic nature of single-ligand complexes, in the electromigration study of the complexes, it was 
found that the yellow thiophenolate complexes of  Nikel (II) moved to the cathode. When the 
sign of the charge of the single-ligand complexes was determined by ion chromatography, the 
EDE-10P anion exchanger completely absorbed the colored component of the solution. The 
anion complex is extracted in the presence of a hydrophobic amine, wherein the complex 
stability increases, and the color becomes more saturated. To neutralize the charge of the anion 
complex, aminophenol is used as a hydrophobic amine, which transforms into a aminophenol ion 
in acidic medium that is (scheme 1):  

 
3.1. Effect of the pH of the aqueous phase and selection of extractant 

 
Light absorption spectra of nickel complexes (ΙΙ) with HNTPh and APh were studied in a 

wide range of pH of the medium. The maximum yield of complexes is observed at pH 1.2-8.4. 
Hence further analytical investigations were carried out in media of pH 3.5-5.4 (Fig. 1). 
Extraction of Ni(II) 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 HNTPh. pH ≥ 8.4 complexes are not 
practically extracted, which, apparently, is associated with a decrease in the Am protonation 
degree.  

Fig. 1.  Absorbance of Ni- HNTPh -Am extracts function of the pH of the aqueous phase.  

Scheme 1 
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CNi(II) = 2.035×10–5 mol L–1, CHNTPh = (1.12-1.25)×10-3 mol L–1, CAm = (0.90-1.30)× 10-3 mol L–

1, λ = 490 nm,  Shimadzu UV1240, ℓ=0.5 cm  
 
To extract the complexes, CHCl3, CCl4, C6H5Cl, C6H6, C6H5–CH3, C6H4(CH3)2,  iso-

C4H9OH, C4H9OH, iso- C5H11OH, C2H4Cl2 were used. The extractability of the complexes 
was evaluated by the distribution coefficient and the degree of extraction. The best extractants 
were CHCl3, C2H4Cl2 and C6H5Cl. All further studies were carried out with CHCl3 (extraction 
ratio (R,%) R=98.3-98.6%). The content of cobalt in the organic phase was determined photo-
metrically by dimethylglyoxime [2,3] after stripping, and in the aqueous phase by the difference.   

 
3.2. Spectral characteristics. The study of the ordering of the components of the 

reaction. Reagents Concentrations and Effect of Time. Influence of the ratio of the volumes 
of phases. 

 
 The spectra of HNTPh and its complex with nickel (II) are shown in Fig. 2. It can be 

seen from the figure that in the light absorption spectrum of the nickel (II) complex there is one 
expressed maximum at 460-470 nm. The molar absorptivity of the complex was calculated with 
Komar method [24] to be ε= (3.29-3.59)× 104 L mol-1 cm-1. 

From the experimental data obtained, it can be seen that the maximum optical density is 
observed at the order of the discharge of the components: nickel (II)  + HNTPh + APh + CHCl3 
+ CH3COOH + CH3COONH4 + water. In further studies, this order of draining the components 
was used as the optimal one. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Absorption of mixed-ligand complexes.  CNi(II) = 2.035×10–5 mol L–1, CHNTPh = (1.12-
1.25)×10-3 mol L–1, CAm = (0.90-1.30)× 10-3 mol L–1,  pH 3.6-5.2, Shimadzu UV1240, ℓ=1.0  

 
For the formation and extraction of MLC, a 20-25-fold excess of complexing reagents is 

required; for example, the optimal conditions for formation and extraction of these compounds 
are provided by (1.13-1.26) ×10-3 M HNTPh and (0.91-1.35) × 10-3 M APh.   

To determine the stability of the color of the nickel complex in time, the optical density 
of the solutions was measured at definite intervals of time.Тhe optical density of the complex 
does not change for 240 minutes, which is enough to obtain reproducible results. The degree of 
extraction of Ni (II) in the form of MLC does not depend on the ratio of volumes of aqueous and 
organic phases in a wide range (from 5:5 to 90:5), which allows simultaneous concentration and 
photometric determination of Ni (II). Thus, an increase in the water phase by 18 times with 
respect to the organic phase does not affect the completeness of the extraction. 

 
3.3.Composition of the complexes and Ni (II) with HNTPh and APh 
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The stoichiometry of the complexes was established by the method of a straight line and 

confirmed by the methods of equilibrium shift and relative yield [24]. The data shown in Fig. 3 
and 4. show that the composition of the MLC is the ratio of Ni (II): HNTPh: APh = 1: 2: 2. 

 
3.4. IR spectroscopic examination of MLC 
  
The pH of the start of precipitation of Ni(OH)2 is 8.0, and the pH of the total precipitation 

is -10.0 [17]. HNTPh is a sufficiently strong reducing agent, so oxidation of Ni (II) is not 
possible. Thus, Ni(II) in the complexes is in the unhydrolyzed state.  

The character of the bond in the Ni (II) complexes was refined by IR spectroscopic analysis 
of the isolated complex, HNTPh and APh1. The disappearance of the pronounced absorption 
bands in the 3200-3600 cm-1 with a maximum at 3451 cm-1 observed in the spectrum of HNTPh, 
says that the -OH group is involved in the formation of the complex. The observed decrease in 
the intensity, absorption bands in the area 2587 cm-1 shows that the -SH groups involved in the 
formation of coordination bond in the ionized state. Detection of the absorption bands at 1385 
cm-1 indicates the presence of a protonated diphenylamine (Fig. 5) [25,26]. 

 
3.5.Thermogravimetric study of the complex 
 

 The data from DTA and TGA (Fig. 6) proved the established ratios and showed that the 
complex obtained is stable up to 190°C and can be used for analytical purposes. On the DTA 

 

Fig. 3. Determination of the ratio of components by the method of Asmus. 
a ) Determination of the HNTPh -to-Co molar ratio by the method of Asmus.  
 b) Determination of the APh1-to-Co molar ratio by the method of Asmus. CNi(II) = 2.035×10–5  
mol L–1, λ=490 nm, Shimadzu UV1240, ℓ = 0.5 cm. 
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 Fig.4. Determination of the HNTPh -to-Ni (straight line 1) and the APh1-to-Ni (straight line 2) 
molar ratios by the mobile equilibrium method. CNi(II) = 2.035×10–5 mol L–1, λ=490 nm, 
Shimadzu UV1240, ℓ=0.5 cm. 

 Fig. 5. IR spectrums of HNTPh (a) and the Ni  (II)- HNTPh-APh1 (b). 
 

curve three exothermal effects are observed. The first one is very fast and is connected with heat 
liberation. The next steps of oxidation and mass loss are associated with maxima at 380°C and 
450°C. The total mass loss is 75.2 % at 1000°C.  
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Fig. 6. DTA, TGA and DTG curves of the MLC Ni  (II)- HNTPh-APh1. 

 
3.6.Chemistry of the formation of MLC of Ni (II) with HNTPh and APh 
 
 To clarify the chemistry of the complexation process, information is needed on the number 

of protons being  displaced from the HNTPh reagent, as well as the establishment of the shape of 
the cation Ni (II), which enters into interaction with the reagent. The method of Nazarenko was 
used to determine the reaction form of Ni (II) and the number of displaced protons [27]. The 
dependence -lgB on the pH with an integer value of the tangent of the slope is constructed for 
Ni2+ ions. Thus, when the MLC is formed, the Ni2+ ion is coordinating. Since the tangent of the 
angle in this case is 2, complexation proceeds with the displacement of one proton from one 
molecule of HNTPh. To determine the actual composition of the complexes, the polymerization 
coefficients of complexes were previously estimated by the procedure [22]. For all the systems 
studied, the value of γ is close to 1 (γ = 1.02-1.08), ie, the reagents under investigation form 
mononuclear complexes with Ni (II) ions. When using an ammoniacal solution of Ni (II) and 
HNTPh, they pass quantitatively into the aqueous phase, while the APh remain on the bottom of 
the dishes as a precipitate. When Ni (II) acids are used in a significant amount, it passes into the 
aqueous phase. The best reextracting properties are also provided by solutions of mineral acids in 
a mixture with hydrogen peroxide. The degree of reextraction is 97-98%. 

 Based on the establishment of the ratio of the reacting components, the state of the 
complexes formed in the organic phase, the IR spectroscopic and thermogravimetric studies, and 
 the literature data, it is possible to assume the following probable formula for generating 
extractable outer-sphere MLCs at(APhH+)2[Ni(HNTPh)2]2-. Given the found component ratio in 
the complex and an ionic state of nickel, it was assumed that upon complexation, the following 
reactions proceed (scheme 2): 
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Scheme 2. Chemical mechanism of the process. 
 
 
From equations (1) and (2), one can judge the mechanism of the reaction: the nickel ion 

interacts with excess HNTPh. The resulting anionic complex [Ni(HNTPh)2]2-. reacts with APh, 
which in acidic solutions is in the protonated state (APhH+). 

It can be assumed that when complexing with the formation of MLC, processes occur: 
                           Ni2++ H2R ↔ [NiR)2]2- +2H+ 

[NiR2]2- +2АPhН+    ↔ [NiR2](АPhН)2                                   (1) 
        The equilibrium constant of the reaction is 
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Prologarithmirovav the last expression, we get 
lgKeq = lgD – 2lg[APhH+]                                                          (6) 

The values calculated by formula (6) are 6.4-6.8. 
The equation of the extraction reaction of compounds can be written 

Ni2+ + 2R2- + 2APhH+ ↔ [NiR2](APhH)2                                      (7) 
The expression for the extraction constant is: 

lgKext = lgD– 2lg [HR2-] – 2lg[APhH+]                                            (8) 
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The extraction constants of the MLC calculated by formula (8) are 11.2-11.6. 
 

 
 
3.7. Influence of interfering ions 
 
To evaluate the complex applicability for photometric determination of nickel, we 

examined the influence of foreign ions and reagents. The results showed that great excesses of 
alkali, alkali earth, and rare earth elements, as well as NO3

-, ClO4
-, SO4

2- and CH3COO – do not 
interfere determination of nickel  with HNTPh  and APh. Interference of most cations masked by 
the addition of complexone III. Tartrate mask the milligram quantities of Ta, Ti, W and Mo. Zr 
fluorides should mask, and copper-thiourea. The results are summarized in Table 1. 
 
Table1 1. Influence of interfering ions on the determination of nikel(II) as MLC with HNTPh 
and APh (30.0 μg Ni added) 

Foreign 
ions (FI) 

Molar exsess 
of the ion 

Masking agent Ni found (Sr) 
APh1 APh2 APh3 

Mo6+ 52 EDTA 29.04 (6) 29.04 (6) 30.17 (7) 
W6+ 52  29.80 (5) 92.77 (6) 29.82 (4) 
Cr6+ 175  29.91 (4) 30.04 (6) 29.08 (4) 
Cr3+ 64  29.80 (3) 29.08 (4) 30.06 (6) 
Co2+ 70  29.82 (4) 30.07 (6) 31.45 (2) 
Fe2+ 80  29.25 (6) 31.01 (2) 30.17 (7) 
Fe3+ 50 Ascorbic acid 30.04 (6) 31.04 (5) 31.45 (2) 
V4+ 95  30.55 (5) 31.02 (3) 29.04 (6) 
V5+ 70  29.25 (3) 30.06 (6) 29.91 (5) 
Cd2+ 125  29.86 (6) 30.22 (6) 30.08 (4) 
Cu2+ 50 Thiourea 30.17 (7) 31.45 (2) 30.04 (6) 
Al3+ 115  29.08 (4) 30.06 (6) 30.04 (6) 
Zn2+ 60  30.04 (6) 30.82 (3) 31.45 (2) 
Zr4+ 49  30.18 (5) 30.51 (5) 29.85 (7) 
Nb5+ 87  29.04 (6) 30.04 (6) 92.77 (6) 
Ti4+ 86 Ascorbic acid 30.17 (7) 31.34 (4) 29.80 (3) 
Nb5+ 75  29.91 (5) 29.27 (7) 29.86 (6) 

 
In Table 2. The main spectrophotometric characteristics of the method for determination of 

Ni (II) are given. 
 

Table 2. Optimal formation conditions and analytical characteristics of MLC Ni-HNTPh- APh. 
Parameter Ni-HNTPh-APh1 Ni-HNTPh-APh2 Ni-HNTPh-APh3 
The pH range of education and 
extraction 

1.2-7.2 1.4-8.2 1.3-8.4 

The pH range of maximum extraction 3.6-5.0 3.7-5.2 3.5-5.4 
λmax (nm) 460 465 470 
Molar absorptivity (L mol-1cm-1) 3.29× 104 3.53× 104 3.59× 104 
R,% 98.3 98.4 98.6 
lgKeq 6.4 6.6 6.8 
lgKext 11.2 11.4 11.6 
polymerization coefficients (γ) 1.02  1.05 1.08 
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The equation of calibration curves 0.020+0.091x 0.026+0.110x 0.028+0.112x 
Correlation coefficient 0.9986 0.9989 0.9993 
Beer’s law range (μg ml-1) 0.06-16 0.06-17 0.06-18 
Sandell’s sensitivity (μg cm-2) 0.0172 0.0109 0.0108 

 
 
3.8. Effect of nickel (II) concentration 
 
 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 Ni(II) may be 
determined in the range 0.06-18 𝜇𝜇𝜇𝜇g/ml (table 2). The pertaining calibration graph is shown in 
the Fig. 7. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 7. Analytical determination of Ni(II); CHITP = 1.25×10-3 mol L–1; CAPh = 1.3×10–3 mol L-1; 
pH = 3; λ =490 nm; pH 3.6-5.2; Shimadzu UV1240; ℓ=1.0 cm. 

 
The proposed method compares favourably with the existing ones (Table 4) and offers 

the advantages of better simplicity, rapidity, sensitivity and selectivity [28-34]. 
 

 Table 3. Comparative characteristics of the procedures for determining of nickel  
*Reagent pH (solvent) λ, nm ε⋅10-4 Beer’s law range (μg·mL-1) Ref. 

DMG 12 (CHCl3) 470 2.18 0.26 - 2.1 [ 28] 
ECCATC 6 (C6H5CH3) 400 1.11  [29] 
MCQCATC 6 (CHCl3) 410 1.67  [30] 
TCQH 8.7-9.5 522 7.17 0.4-0.7 [31] 
PPTSC 4-6 (C6H5Cl) 430 1.92 0.5-5 [32] 
GBABG 4 497 1.2 0.01-0.1 [33] 
DMP+DPG 6.5-7.5 (CHCl3) 527 3.24 0.05-3.2 [34] 

Ni(II)- HNTPh-AP3 
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HNTPh – АPh1 3.6-5.0 (CHCl3) 460 3.29 0.06-16 

Pr
op

os
ed

 
m

et
ho

d HNTPh –APh2 3.7-5.2 (CHCl3) 465 3.53 0.06-17 
HNTPh –APh3 3.5-5.4 (CHCl3) 470 3.59 0.06-18 

 
*Note: DMG - Dimethylglyoxime; ECCATC - N-ethyl-3-carbazolecarboxaldehyde-3-thiosemicarbazone;  MCQCATC - 7-Methl 
-2-chloroquinoline-3-carbaldehyde thiosemicarbazone; TCQH - Thiazole-2-carbaldehyde 2-Quinolylhydrazone;  PPTSC- pyrid-
oxal-4-phenyl-3-thiosemicarbazone; GBABG - 4-gidroksibenzal'degid-4-bromfenilgidrazin; DMP+DPG - 2,6-Ditiol-4-metylphe-
nol + Diphenilguanidine. 
 
 
3.8. Analytical Applications 
 
The proposed method under the already established optimum conditions was applied for the 
determination of Ni(II) in steel. The results presented in Table 4 indicate the successful 
applicability of the proposed method to real sample analysis. 
 
Table 4. Determination of Nikel in steel (n=5, P=0.95) 
Method steel grade* 

,%
−

X  
Sx  
 

ε  Sr  μ 

 
 
 
Ni – HNTPh – АPh1 

35XH1M2F 1.68 0.00634 0.0072 0.023 1.68±0.0072 
45XHMF 1.84 0.01091 0.0142 0.045 1.84±0.0145 
18X2H4BA 4.37 0.02442 0.0275 0.010 4.37±0.0275 
38XH3BA 3.78 0.01346 0.0072 0.039 3.78±0.0072 
15XHQ2BA 1.35 0.01093 0.0069 0.029 1.35±0.0069 
15X2Q2CBA 0.26 0.00144 0.0095 0.042 0.26±0.0095 

 
 
 
Ni – HNTPh – АPh2 

35XH1M2F 1.73 0.00237 0.0156 0.026 1.73±0.0156 
45XHMF 1.82 0.01009 0.0231 0.028 1.82±0.0231 
18X2H4BA 4.37 0.02405 0.0078 0.013 4.37±0.0078 
38XH3BA 3.74 0.00751 0.0307 0.015 3.74±0.0307 
15XHQ2BA 1.32 0.00909 0.0086 0.021 1.32±0.0086 
15X2Q2CBA 0.29 0.00647 0.0047 0.019 0.29±0.0047 

 
 
 
Ni – HNTPh – АPh3 

35XH1M2F 1.68 0.00634 0.0089 0.039 1.68±0.0089 
45XHMF 1.83 0.01230 0.0378 0.041 1.83±0.0378 
18X2H4BA 4.44 0.02740 0.0095 0.034 4.44±0.0095 
38XH3BA 3.71 0.00634 0.0086 0.045 3.71±0.0086 
15XHQ2BA 1.32 0.00809 0.0257 0.027 1.32±0.0257 
15X2Q2CBA 0.31 0.02447 0.0195 0.025 0.31±0.0195 

 
*Note: The chemical composition has become [35XH1M2F – (0.40 C; 0.37 Si; 0.80 Mn; 0.03 S; 0.03 P; 1.70 Cr; 
1.70 Ni; 0.50 Mo; 0.20 V; 0.20 % Cu; other Fe), 45XHMF – (0.50 C; 0.37 Si; 0.80 Mn;  0.03 S; 0.03 P; 1.10 Cr; 
1.80 Ni; 0.30 Mo; 0.20 V; 0.25 % Cu;  other Fe), 18X2H4BA – (0.20 C; 0.37 Si; 0.55 Mn; 0.02 S; 0.02 P; 1.65 Cr; 
4.40 Ni; 1.20 W; 0.20 % Cu; other Fe), 38XH3BA – (0.42 C; 0.37 Si; 0.55 Mn; 0.03 S; 0.03 P; 1.20 Cr; 3.75 Ni; 
0.80 W; 0.20 %Cu; other Fe), 15XHQ2BA – (0.18 C; 0.37 Si; 2.20 Mn; 0.03 S; 0.03 P; 1.45 Cr; 1.30 Ni; 1.20 W;  
0.25 % Cu; other Fe), 15X2Q2CBA – (0.17 C; 1.10 Si; 2.20 Mn; 0.03 S; 0.03 P; 2.20 Cr; 0.30 Ni; 1.20 W; 0.25 
%Cu; other Fe)]. 
 
4. CONCLUSIONS 
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1. The present work is devoted to the spectrophotometric study of Ni (II) mixed-ligand 

complex with 2-hydroxy-5-nitrothiophenol (HNTPh) and hydroxyl-containing hydrophobic 
amines. From aminophenols (APh) 2 (N, N-dimethylaminomethyl) -4-methylphenol (APh1), 
2(N,N-dimethylaminomethyl)-4-chlorophenol (APh2), 2(N,N-dimethylaminomethyl) -4-
bromophenol APh3 ). 

2. Ni (II) reacts with HNTPh and gives complexes of yellow color. These complexes are 
insoluble in nonpolar solvents. Experiments on electromigration in a U-shaped tube and 
sorption on EDE-10P anion exchangers demonstrated the anion character of complexes with 
one ligand. 

3. The light absorption spectra of nickel (ΙΙ) complexes with HNTPh and APh are studied in a 
wide range of medium pH. The maximum yield of complexes is observed at pH 1.2-8.4. 
Therefore, further analytical studies were carried out in media with a pH of 3.5-5.4.  

4. The best extractants were CHCl3, C2H4Cl2 and C6H5Cl. All further studies were carried out 
with CHCl3 (extraction factor (R,%) R = 98.3-98.6%). 

5. In the light absorption spectrum of the cobalt (II) complex, there is one pronounced 
maximum at 460-470 nm. The molar absorptivity of the complex was calculated using the 
Komar method at ε = (3.29-3.59) × 104 L mol-1 cm-1. 

6. From the experimental data obtained, it can be seen that the maximum optical density is 
observed in the order of discharge of the components: nickel (II) + HNTPh + APh + CHCl3 
+ CH3COOH + CH3COONH4 + water.For the formation and extraction of MLC, a 20-25-
fold excess of complexing reagents is required; 

7. The stoichiometry of the complexes was established by a direct method and confirmed by 
the methods of equilibrium shift and relative yield. the MLC composition is the ratio of Ni 
(II): HNTPh: APh = 1: 2: 2. 
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