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Abstract. This article presents the study of the complexation behavior of (E)-3-(((1-methyl-3-oxo-2-phenyl-
5λ³-pyrazolidin-4-yl)diazenyl)methyl)pentane-2,4-dione (R1) with Fe(III) ions using the extractive 
spectrophotometric method. Different organic solvents were evaluated as extractants, among which 1-
butanol provided the highest extraction efficiency. Optimal conditions for complex formation and extraction 
were established, revealing that Fe(III) predominantly exists as Fe(OH)₂⁺ under the experimental conditions 
at pH=5. The absorption spectrum of the Fe(III)-R1 complex was recorded across a pH range of 1–6, showing 
maximum absorbance at pH 5 and λmax = 540 nm. The method obeyed Beer’s law over the concentration 
range of 0.112–3.36 μg/mL. The Sandell sensitivity was calculated as 0.0049 mg/cm², and the extraction 
efficiency reached 99.4%. The detection limit was determined to be 0.032 μg/mL. The method was 
successfully applied to the determination of Fe(III) in environmental water samples from the Zira district of 
Baku. Results were consistent with those obtained by atomic absorption spectroscopy (AAS), confirming the 
accuracy and reliability of the proposed technique. 
Keywords: Extraction, spectrophotometry, 1-butanol, Fe(III), azoreagent. 
DOI: 10.65382/2221-8688-2026-4-582-590 

1. Introduction 
 

Heavy metal ions released into soil and 
water pose major ecological and health risks [1-
5]. They can be absorbed by humans and have 
been associated with oncological, 
cardiovascular, and neurological disorders [6]. 
Consequently, effective treatment of mine 
waters and industrial effluents is critical for 
minimizing environmental and public health 
hazards [7-10]. 

Iron is one of the most common 
contaminants. Even at low levels it affects the 
sensory properties of water, and higher 
concentrations contribute to pollution and 
physicochemical degradation of water bodies 
[11-13]. Reliable Fe(III) determination is 
therefore essential, and spectrophotometric 

methods remain widely used due to their 
sensitivity, selectivity, and operational 
simplicity [14-16]. Numerous chelating agents 
have been explored for Fe(III) analysis, offering 
high precision by transferring the analyte into an 
organic phase [17-23]. 

In this study, a newly synthesized bis-
azopyrazolone reagent (R1) was introduced, 
forming a stable, strongly colored complex with 
Fe(III) under mild conditions. Its extractive-
spectrophotometric performance was validated 
using environmental water samples from the 
Zira district of Baku, demonstrating a selective, 
cost-effective, and practical method for 
monitoring iron contamination. 

 
2. Experimental Part 

 
2.1. Solutions and Reagents. All reagents 

were of analytical grade. FeCl₃ (10-3 M) and R1 
(2×10⁻³ M) solutions were prepared, with R1 

dissolved in ethanol. Buffer solutions (pH 1–6) 
were made using 0.1 M HCl, CH₃COOH, and 
NH₄OH. Extraction experiments employed 
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benzene, chloroform, carbon tetrachloride, and 
1-butanol. Synthesis of the reagent is given in 
[24]. 

2.2. Extraction Procedure. A standard 
liquid–liquid extraction was performed by 
mixing 1.0 mL of Fe(III) solution with 2.0 mL 
of R₁ in a 25 mL flask and diluting to pH 5. The 
solution was extracted with 10 mL of organic 
solvent, shaken for 3 minutes, and allowed to 
separate for 1 minute. The organic layer 
containing the Fe(III)–R₁ complex was 
measured at 540 nm using a matching blank. All 
measurements were carried out in triplicate. 

2.3. Application of the Proposed 
Method for the Determination of Fe(III) in 
Drinking Water Samples. A real water sample 
from the Zira district of Baku was analyzed to 
assess the method’s practical applicability. After 
standing for 24 hours, 1 liter of the clarified 
water was acidified with nitric acid (1:1), 
evaporated to 70–80 mL, filtered, and diluted to 

100 mL. Aliquots (1–3 mL) were treated with 
R₁, adjusted to pH 5, and extracted with 10 mL 
of 1-butanol, after which absorbance was 
measured at 540 nm. Fe(III) concentrations were 
obtained from the calibration graph. The results 
closely matched those from AAS, confirming 
the method’s accuracy for trace Fe(III) 
determination in environmental samples. 

2.4. Instrumentation. All UV-Vis 
measurements were carried out on Lambda-40 
spectrophotometer (PerkinElmer, USA) using 1 
cm quartz cuvettes. Solution pH was controlled 
with a PHS-25 ion-selective pH meter (Shaanxi, 
China). Quantitative analysis of Fe(III) in 
aqueous, extracted, and environmental samples 
was verified using an AAS-1N atomic 
absorption spectrometer (Carl Zeiss, Germany). 
Dielectric constants of the extraction media 
were determined with a Mettler-Toledo 
conductometer. 

 
3. Results and Discussions 

 
3.1. Effect of Extractants. The extraction 

performance of each solvent was assessed using 
two key parameters: the distribution coefficient 

(D) and the extraction factor (α). The 
distribution coefficient is defined: 

D ൌ
C୭୰୥
C୵ୟ୲ୣ୰

 

 
The extraction factor (α), representing the 

fraction of the total analyte transferred to the 
organic phase, was calculated using the 
following expression: 

 

α ൌ
1

ଵା୚౭౗౪౛౨

ୈ൉୚౥౨ౝ

 

 
Based on experimental data, the extraction 

factor was found to be α = 50, indicating highly 
efficient partitioning of the complex into the 
organic layer. 

Among the solvents tested, 1-butanol  

provided the highest extraction efficiency 
(99.4%), remaining effective over wide phase 
ratios (10:1 to 200:10) and producing a complex 
stable for at least 2 hours and up to 50 °C, 
confirming good operational stability (Table 1).  

 
Table 1. Effect of organic solvent on extraction efficiency of the Fe(III)-R1 complex 

Organic solvent Dielectric constant R,%  
1-butanol 17.8 99.4  

Chloroform 4.8 64.6  
Benzene 2.28 62.3  

Carbon tetrachloride 2.24 55.7  
 
3.2. Absorption Spectra of the Complex. 

Fe(III) formed a stable colored complex with R₁ 
at pH 5, enabling sensitive spectrophotometric 
detection [25]. The UV-Vis spectrum of the 
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extracted complex showed a distinct absorption 
maximum at 540 nm (Fig. 1). 

 
Fig. 1. Absorption spectra of Fe(III)-R1 complex, CMe=10-3 M, CR=2×10-3 M, l=1 cm 

 
3.3. Effect of pH on the Extraction 

Efficiency of Fe(III)-R₁ Complex. The 
influence of pH on the formation and extraction 
of the Fe(III)–R₁ complex was studied to 
establish optimal conditions. Absorbance 
increased with rising pH and reached a 
maximum at pH 5, indicating the most efficient 
complex formation and extraction. At pH<4, 
protonation of the ligand’s donor groups 

reduced its coordinating ability and lowered 
extraction efficiency [26, 27], whereas at pH>6, 
Fe(III) hydrolysis and the formation of Fe(OH)₃ 
decreased the amount of extractable complex. 
Therefore, pH 5 was identified as the optimum, 
providing maximal complexation while 
avoiding both protonation and hydrolysis, 
resulting in the characteristic bell-shaped profile 
shown in Fig. 2. 

 

 
Fig. 2. Absorbance of Fe(III)-R1 complex as a function of pH.  

CMe=10-3 M, CR=2×10-3 M, max=540 nm, l=1 cm 
 

3.4. Effect of Initial Fe(III) Ion 
Concentration on Extraction and Calibration 
Curve Construction. To evaluate the effect of 
initial Fe(III) concentration and construct a 
calibration curve, solutions containing 
0.004×10⁻³ to 0.4×10⁻³ mol/L Fe(III) were 
prepared. Each was mixed with 2 mL of R₁ in 25 
mL flasks and diluted to volume with pH=5 

buffer to ensure optimal complexation and 
extraction. Absorbance was measured at 
λmax=540 nm, and a calibration graph was 
constructed (Fig. 3).  

The calibration plot exhibited excellent 
linearity over the range 0.112–3.36 μg/mL Fe³⁺, 
confirming compliance with the Beer–Lambert 
law. A high correlation coefficient (R² = 0.983) 
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indicated strong analytical reliability. The 
calibration equation was y = 0.172x – 0.097, 
with all parameters summarized in Table 2. The 
calibration graph was evaluated with statistical 
treatments, including 95% confidence intervals 
for the slope (0.165–0.179) and intercept (-
0.105–-0.089), ensuring precise calibration [28]. 
Standard deviations for each point ranged from 

0.005 to 0.015, reflecting measurement 
variability. The standard error of estimate (S 
y/x) was 0.013, indicating minimal deviation 
from the fitted line, while the correlation 
coefficient (R² = 0.983) confirmed a strong 
linear relationship. These metrics validate the 
method’s accuracy and reliability for Fe(III) 
determination. 

 

 
Fig. 3. Calibration graph showing adherence Fe(III)-R1 complex to Beer–Lambert’s law, CMe=10-3 

M, CR=2×10-3 M, max=540 nm, l=1 cm 
 

Table 2. Optimal Analytical Characteristics of the Extraction–Spectrophotometric Method for 
Fe(III) Determination 

Parameter Extractive spectrophotometric technique 
Color of extracted complex Reddish brown 
Investigated pH range for extraction 1-6 
Optimum pH for maximum extraction 5 
Organic solvent used 1-butanol 
Extraction time, (min) 3 
max (nm) 540  
Molar absorptivity, ԑ (L/molꞏ cm) 6.1×104 

Sandell`s sensitivity (mg/cm2) 0.0049 
Recovery (R, %) 99.4 
Beer’s law linear range (μg/mL) 0.112-3.36 
Correlation coefficient (R²) 0.983 
Distribution coefficient (D) 124 
Extraction factor 50 
Detection limit (3σ) (μg/mL1) 0.032 

 
Table 3 provides detailed comparison of 

detection limits, molar absorptivities, extraction  
efficiencies, and selectivity for various methods. 

 
Table 3. Comparative evaluation with other techniques. 

Reference Detection 
limit, 
μg/mL 

Molar 
absorptivity, 
Lꞏmol-1ꞏcm-1 

Extraction 
efficiency, 

% 

Tolerance to interfering ions 

y = 0.1723x + 0,0974
R² = 0,9832

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0 0,448 0,896 1,344 1,792 2,24 2,688 3,136

A
bs

or
bn

ac
e

Concentration, μg/ml
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Current 
method R1 

0.032 6.1x104 99.4 Excellent tolerance to Na(I), K(I), 
Ca(II), Ba(II), Cu(II), Cr(III) and 
others 

[9] 0.2 3.2x104 95 Moderate tolerance 
[3] 0.05 5.0x104 97 High selectivity, but moderate 

tolerance to multivalent ions 
[25] 0.08 6.5x104 99 Good tolerance to alkali and 

alkaline earth metals 
[19] 0.1 5.5x104 96 Moderate tolerance to Cu(II) and 

Cr(III) 
[4] 0.15 2.8x104 92 Moderate tolerance to Na(I) and 

Ca(II) 
 

3.5. Complex Formation and 
Stoichiometry Determination. The 
composition of the Fe(III)–R₁ complex was 
examined using the isomolar series method, 
Starik–Barbanel’s relative yield method, and the 
equilibrium shift method. Astakhov’s method 
[29] further confirmed that two protons are 
released during complex formation. A linear 

plot of lg ቀ ∆୅

∆୅ౢ౟ౣି∆୅ሻ
ቁ versus pH (4–5) yielded a 

slope of 2, consistent with the participation of 
Fe(OH)²⁺ species and supporting the proposed 
complexation mechanism. The complexation of 
Fe(III) with the ligand (R1) leads to a 1:2 Fe(III)-
R1 ratio, with Fe(III) predominantly existing as 

Fe(OH)₂⁺ under the experimental conditions at 
pH 5. This coordination involves the azo group 
(-N=N-) and the pyrazolone ring acting as donor 
sites for the Fe(III) ion. The formation of the 
Fe(III)-R1 complex is accompanied by a metal-
to-ligand charge transfer transition, which is 
responsible for the characteristic absorption at 
540 nm. The chromophore in this complex is 
likely the azo group, which is known to interact 
strongly with metal ions, imparting a stable, 
colored complex. 

A structural diagram of the complex (Fig. 
4) illustrates the coordination of the Fe(III) ion 
with two ligand molecules, each donating two 
donor atoms (e.g., nitrogen and oxygen).  

 

 
Fig. 4. The proposed structural diagram of the Fe(III)-R1 complex 

 
This 1:2 stoichiometry is consistent with 

other azo-pyrazolone complexes used for Fe(III) 
detection. Similar complexes, such as those 
reported by [9], also exhibit charge-transfer 
bands associated with the azo group. However, 
the R1 ligand in this study differs by 

incorporating a pyrazolone ring, which may 
enhance the stability and selectivity for Fe(III) 
over other ions. Compared to other reagents, the 
Fe(III)-R1 complex displays higher extraction 
efficiency and selectivity due to its unique 
structural properties. 
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3.6. Effect of Foreign Ions on Extraction 
of Fe(III) ions. The selectivity of the extraction 
method [30] was assessed by introducing 
various monovalent and multivalent cations at 
known excess levels and evaluating their effect 

on Fe(III) recovery using 1-butanol. The 
influence of these potentially interfering ions on 
extraction efficiency was then determined, with 
the results summarized in Table 4. 

 
Table 4. Influence of Interfering ions on the extraction of Fe(III) 

 
The results (Table 4) show that the method 

exhibits excellent selectivity, with Fe(III) 
extraction remaining largely unaffected by a 
wide range of foreign ions. Alkali and alkaline 
earth metals, as well as transition and 
multivalent ions, caused no significant 
interference even at several thousand-fold 
excess. This high tolerance likely reflects the 
stability of Fe(OH)⁺ species under the 
experimental conditions. The substantial 
differences in tolerance limits for various ions, 
such as the high tolerance for Ba(II) compared 
to Cu(II) and Cr(III), can be attributed to 
differences in their chemical properties. Ba(II) 
has a larger ionic radius and forms weaker 
complexes with the reagent, reducing its 
interference with Fe(III) extraction. In contrast, 
Cu(II) and Cr(III) have higher charge densities, 
leading to stronger complex formation and 
potential hydrolysis at pH 5, which interferes 
with Fe(III) extraction. The low tolerance for 

Cu(II) and Cr(III) may also be due to 
competitive complexation and the formation of 
insoluble hydroxides like Cr(OH)₃, which affect 
the extraction efficiency. Overall, the method is 
robust and well suited for Fe(III) determination 
in complex matrices containing multiple 
competing ions. 

3.7. Determination of Fe(III) in Water 
Samples. The developed extractive 
spectrophotometric method was applied to 
environmental water samples and compared 
with standard AAS results (Table 5). The 
procedure involved forming the Fe(III)–R₁ 
complex, extracting it into 1-butanol under 
optimized conditions, and quantifying Fe(III) 
using a calibration curve. Five parallel 
measurements (n = 5) were evaluated at a 95% 
confidence level (P = 0.95), with mean values 
and confidence intervals calculated using 
Student’s t-distribution. 

 
Table 5. Results of Fe(III) determination in real water sample (comparison of proposed method 

with AAS, n=5, P=0.95) 
     Sample Fe(III) content, 

mg/L 
  Sr Comparative AAS 

result, mg/L 

   Sr 

Water  1.29 ± 0.04 0.029 1.32± 0.01 0.045 
 

4. Conclusion 
 

In this study, a new pyrazolidinyl-based 
reagent (R1) was synthesized and applied for the 
extractive spectrophotometric determination of 
trace Fe(III) in water. The reagent formed a 
stable Fe(III) complex that was efficiently 

extracted into 1-butanol, which provided the 
highest extraction efficiency (99.4%), with an 
extraction factor of 50 and a distribution 
coefficient of 124. Optimal complex formation 
occurred at pH 5, with maximum absorbance at 

Ions Tolerated 
Amount  

Ions Tolerated 
Amount  

Ions Tolerated 
Amount  

Na(I) 2040 Cd(II) 5000 Sr(II) 750 
K(I) 3010 Mn(II) 2590 Al(III) 650 
Mg(II) 1500 Ni(II) 2700 Cr(III) 300 
Ca(II) 250 Co(II) 2250 Ti(IV) 460 
Ba(II) 8700 Cu(II) 480 Mo(VI) 810 
Zn(II) 3000 Pb(II) 2000 W(VI) 450 
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540 nm. The method obeyed Beer’s law over 
0.112–3.36 μg/mL and exhibited high molar 
absorptivity (6.1×10⁴ Lꞏmol⁻¹ꞏcm⁻¹), Sandell 
sensitivity (0.0049 mg/cm²), and a low detection 
limit of 0.011 μg/mL. Stoichiometric analysis 
confirmed a 1:2 Fe(III)–R1 complex, with Fe(III) 
mainly present as Fe(OH)₂⁺. The method 
showed excellent selectivity toward common 

interfering ions and performed well in real water 
samples from the Zira district, giving results 
consistent with AAS. Overall, the study 
demonstrates that rational ligand design coupled 
with extraction techniques can yield highly 
sensitive and practical methods for 
environmental Fe(III) analysis. 

 
References 

 
1. Ali N. Application of solvent extraction. 

Department of Chemical Engineering, UTM. 
2010. 

2. Nouioua A., Barkat D. Liquid–liquid 
extraction of iron (III) from Ouénza iron ore 
leach liquor by tributyl phosphate. Journal of 
Fundamental and Applied Sciences, 2017, 
Vol. 9(3), p. 1473–1484. 
DOI:10.4314/jfas.v9i3.14 

3. Opara I.J., Ukoha P.O., Ekere N.R. Liquid–
liquid solvent extraction of Fe(III) using 1,5-
dimethyl-2-phenyl-4[(E)-(2,3,4-trihydroxy 
phenyl) diazenyl]-1,2-dihydro-3H-pyrazole-
3-one. Journal of the Chemical Society of 
Nigeria, 2016, Vol. 41(2), p. 118–122. 
https://journals.chemsociety.org.ng/index.ph
p/jcsn/article/view/83 

4. Opara I. J., Ukoha P.O., Emmanuel O.O. 
Extractive spectrophotometric determination 
of Fe(III) and Co(II) from steel samples using 
azo ligand 1,5-dimethyl-2-phenyl-4-[(E)-
(2,3,4-trihydroxyl phenyl) diazenyl]-1,2-
dihydro-3H-pyrazole-3-one. International 
Journal of Chemical, Material and 
Environmental Research, 2018, Vol. 5(1), p. 
148–154. 

5. Rydberg J., Cox M., Musikas C., Chopping 
G.R. Solvent extraction: Principles and 
practice. Taylor & Francis. 2004. 

6. Zhang J., Li X., Wang Y. Magnetic 
nanoparticles for efficient heavy metal 
removal: Synthesis and applications. Reviews 
in Environmental Chemistry, 2014, Vol. 8(2), 
p. 450–478. 

7. Aliyev S.G., Zalov A.Z., Verdizadeh N.A., 
Geysar S.S., Shahla I.A. Extraction-
photometric determination of cobalt (II) with 
o-hydroxythiophenol derivatives and 
hydrophobic amines. International Journal 
of Chemical Studies, 2017, Vol. 5(3), p. 382–
386. 

8. Chen D., Awut T., Liu B., Yali M., Wang T., 
Nurulla I. Functionalized magnetic Fe₃O₄ 
nanoparticles for removal of heavy metal ions 
from aqueous solutions. E-Polymers, 2016, 
Vol. 16(4), p. 313–322. DOI: 10.1515/epoly-
2016-0036 

9. Kuliev K.A., Verdizade N.A., Mamedova 
S.A. Development of extractive 
spectrophotometric methods for the 
determination of iron(III) with 
dimercaptophenol and heterocyclic diamines. 
Journal of the Chemical Society of Pakistan, 
2019, Vol. 41(6), p. 993–1003. 

10. Miranda J.L.A., Mesquita R.B. R., Nunes A., 
Rangel M., Rangel A.O.S.S. Iron speciation 
in natural waters by sequential injection 
analysis using a hexadentate 3-hydroxy-4-
pyridinone chelator as chromogenic agent. 
Talanta, 2016, Vol. 148, p. 633–640. DOI: 
10.1016/j.talanta.2015.05.062 

11. Dehghani Z., Dadfarnia S., Shabani A.M.H., 
Ehrampoush M.H. Determination of iron 
species by solvent assisted-dispersive solid 
phase extraction and spectrophotometry. 
Analytical & Bioanalytical Chemistry 
Research, 2015, Vol. 2(1), p. 13–21. DOI: 
10.22036/abcr.2015.9229 

12. Didukh S., Losev V., Borodina E., Maksimov 
N., Trofimchuk A., Zaporogets O. Separation 
and determination of Fe(III) and Fe(II) in 
natural and waste waters using silica gel 
sequentially modified with 
polyhexamethylene guanidine and tiron. 
Journal of Analytical Methods in Chemistry, 
2017, Vol. 11, p. 1–9. DOI: 
10.1155/2017/3241345 

13. Ibrahim Z.T., Khammas Z.A., Khadhim 
Kh.J. Determination of micro amounts of 
Fe(II) and Fe(III) in tea and rice samples by 
cloud point extraction–spectrophotometry 
using a new chelating agent. International 



                                                            E.J. EYYUBOVA et al.                                                      589 

                                                                                       CHEMICAL PROBLEMS 2026 no. 4 (24) 

Journal of Chemical Sciences, 2014, Vol. 
12(4), p. 1189–1207. 

14. Mandhare D.B., Barhate V.D. Development 
of extractive spectrophotometric method for 
the determination of iron (III) with Schiff 
base 2-[(2-hydroxyphenylimino)methyl]-4-
nitrophenol. International Journal of Current 
Pharmaceutical Research, 2020, Vol. 8(4), p. 
89–91. 
https://doi.org/10.22159/ijcpr.2016v8i4.159
24 

15. Nworie F., Nwabue F.I., John J. Extractive–
spectrophotometric determination of Fe(II), 
Fe(III), Mn(II) and Cr(III). Research Journal 
of Chemical Sciences, 2015, Vol. 5(5), p. 46–
51. 

16. Zalov A.Z. 2-hydroxy-5-halothiophenols as 
analytical reagents for extraction-
photometric determination of iron (III). 
Azerbaijan Chemical Journal, 2014, Vol. 4, 
p. 65–71. DOI: 10.32737/0005-2531-2023-3-
126-133 

17. Alieva R.A., Espandi F., Chiragov F.M., 
Babaev A.K. Spectrophotometric study of the 
complexation of iron (III) with bis-
acetylacetonethylenediimine within the 
framework of Triton X-114, antipyrine and 
cordiamine. News of BSU, Natural Science 
Series, 2013, Vol. 1, p. 30–35. 

18. Asadollahi T., Shabani A.M.H., Dadfarnia S. 
Simultaneous spectrophotometric 
determination of iron (III) and vanadium (V) 
in water samples using partial least squares 
regression and solid phase extraction with 
modified octadecyl silica membrane disks. 
Current Neuropharmacology, 2014, Vol. 
10(4), p. 590–599. DOI: 10.1016/S0039-
9140(03)00025-0 

19. Racheva P.V., Saravanska A.D., Toncheva 
G.K., Kiradzhiyska D.D., Milcheva N.P., 
Divarova V.V., Pencheva I.P., Stojnova K.T., 
Delchev V.B., Gavazov K.B. A semi-micro 
extraction spectrophotometric determination 
of iron using 4-nitrocatechol and 
xylometazoline hydrochloride. Molecules, 
2025, Vol. 30(4), 899.  DOI: 
10.3390/molecules30040899 

20. Ravichandran C., Ramachandraiah C., 
Chandrasekhar K.B. Spectrophotometric 
determination of Fe(III) in real samples by 
complexation. International Journal of Bio-
Pharma Research, 2014, Vol. 3(3), p. 207– 

211. 
21. Sunday N.F. Chemometrics of solvent 

extraction of Mn(II) and Fe(III) 
bis(salicylidene)ethylenediamine complexes 
in acid medium. Journal of Human, Earth, 
and Future, 2020, Vol. 1(2), p. 71–77. DOI: 
10.28991/HEF-2020-01-02-03 

22. Yadav D.K., Janwadkar S.P., Rana P.K. 
Solvent extraction coupled with 
spectrophotometry for determination of iron 
in tablet, ore and alloy. International Journal 
of Multidisciplinary Educational Research, 
2019, Vol. 8(6), p. 12–19. https://ijmer.s3-ap-
southeast-
1.amazonaws.com/pdf/volume8/volume8-
issue8(6)-2019/3.pdf 

23. Patil S., Kondalkar M., Fegade U., Attarde S., 
Ingle S. (2020). Extraction and 
spectrophotometric estimation of Fe³⁺, Cd²⁺, 
Pb²⁺ and Zn²⁺ from industrial effluents using 
synthetic supramolecular ligand. Nature 
Environment and Pollution Technology, 
2020, Vol. 19(1), p. 269–275. 
https://neptjournal.com/upload-
images/(27)B-3621.pdf 

24. Eyyubova E., Chyragov F., Musayev F., 
Nagiyev Kh., Shikhaliyev N., Farzaliyev V., 
Sujayev A. Synthesis, X-ray analysis, 
specific electric conductivity study and 
antioxidant activity of novel compound based 
on 3-(1-phenyl-2,3-dimethylpyrazolone-
5)azopentadione-2,4. Journal of the Indian 
Chemical Society, 2024, Vol. 101, 101473. 
DOI: 10.1007/s13635-024-00294-w 

25. Bulatov M.I., Kalikin I.P. Practical book on 
photometric and spectrometric methods of 
analysis. Chemistry. 1972. 

26. Mohamed S.S., Mortada W., Weam A., 
Khalifa M. Preconcentration and 
spectrophotometric determination of Fe(III) 
by cloud point extraction using Zincon as 
complexing agent. Egyptian Journal of 
Chemistry, 2021, Vol. 64(7), p. 3547–3553. 
DOI: 10.21608/EJCHEM.2021.68424.3496 

27. Nazarenko V.A., Antonovich V.P., Nevskaya 
E.M. The hydrolysis of metal ions in dilute 
solutions. Atomizdat. 1979. 

28. Mahmudov K.T., Kopylovich  M.N., 
Kuznetsov M.L., Maharramov A.M. 
Thermodynamics of dissociation of ortho-
hydroxyphenylhydrazo β-diketones and of 
their complexation with copper(II) in 



590                                   EXTRACTIVE SPECTROPHOTOMETRIC                            

CHEMICAL PROBLEMS 2026 no. 4 (24)                                                                                                            

aqueous ethanol solutions. Journal of 
Solution Chemistry, 2012, Vol. 41, p. 491–
502. https://doi.org/10.1007/s10953-012-
9816-5 

29. Li H., He H., Liu Z. Speciation and 
determination of iron in environmental 
samples: Challenges and trends. Trends in 
Analytical Chemistry, 2021, Vol. 140,  

116271. 
30. Kuliev K.A., Plotnikova S.E., Gorbunova 

E.M. Extractive spectrophotometric 
determination of iron (III) using 2,6-dithiol-
4-methylphenol and aminophenols. Journal 
of Advanced Applied Science Research, 
2017, Vol. 1(10), p. 1–15. 

 
 


