MOCA Volume 21, No 1, 2026 p. 38-47

INDIRECT SPECTROPHOTOMETRIC DETERMINATION OF PHOSPHORUS CONTENT
IN STEELS AND ALLOYS BASED ON SEPARATION OF 12-TUNGSTOPHOSPHATE WITH
BUTYL ACETATE AND ABSORPTION OF TUNGSTEN PHENYLFLUORONATE

MOHAMMED E. A. AL-SHWAIYAT, ANNA A. GRES, ANDRIY B. VISHNIKIN

References:

1. Pope, M. T. Heteropoly and Isopoly Oxometalates. Springer, Berlin, 1983.

2. Williams, W. J. Handbook of Anion Determination. Butterworth-Heinemann, London, 2013.

3. Vishnikin, A.; Hedjazi, M.; Al-Shwaiyat, M.; Skok, A.; & Bazel, Y. Consecutive spectrophotometric de-
termination of phosphate and silicate in a sequential injection lab-at-valve flow system. Anal. Chim. Acta.
2023, 1273, 341464. https://doi.org/10.1016/j.aca.2023.341464

4. Petrova, A.; Ishimatsu, R.; Nakano, K.; Imato, T.; Vishnikin, A. B.; Moskvin, L. N.; & Bulatov, A. V.
Flow-injection spectrophotometric determination of cysteine in biologically active dietary supplements. J.
Anal. Chem. 2016, 71(2), 172—-178. https://doi.org/10.1134/S1061934816020118

5.  Thorburn Burns, D.; Townshend, A. Review: Amplification Reactions; Origins and Definitions-Progress
and Present Status. Talanta, 1992, 39, 715-735. https://doi.org/10.1016/0039-9140(92)80087-T

6. Vishnikin, A. B. Novel indirect spectrophotometric methods for determination of phosphate and arse-
nate using polyoxometalates and micellar medium. J. Molec. Liquids. 2005, 118(1-3), 51-55. https://doi.
org/10.1016/j.molliq.2004.07.012

7. Tsiganok, L. P,; Vishnikin, A. B.; & Maksimovskaya, R. |. UV, IR, ""Ga and O NMR spectroscopic
studies of 12-molybdogallate. Polyhedron. 1989, 8(23), 2739-2742. https://doi.org/10.1016/S0277-
5387(00)80529-X

8. Mogashane, T. M.; Mapazi, O.; Motlatle, M. A.; & Mokoena, L. A review of recent developments in an-
alytical methods for determination of phosphorus from environmental samples. Molecules. 2025, 30, 1001.
https://doi.org/10.3390/molecules30051001

9. Zhu, X.; & Ma, J. Recent advances in the determination of phosphate in environmental water samples:
Insights from practical perspectives. TrAC Trends Anal. Chem. 2020, 127, 115908. https://doi.org/10.1016/j].
trac.2020.115908

10. Hatta, M.; Rizicka, J.; Measures, C.; & Davis, M. Automated calibration by a single standard solution
prepared in deionized water by flow programming eliminates the schlieren and salinity effects and is ap-
plied to the determination of phosphate in sea water of different salinities. Talanta. 2023, 253, 124041.
https://doi.org/10.1016/j.talanta.2022.124041

11. Vishnikin, A. B.; Al-Shwaiyat, M. E. A.; Bazel, Ya. R.; & Andruch, V. Rapid, sensitive and selective
spectrophotometric determination of phosphate as an ion associate of 12-molybdophosphate with Astra
Phloxine. Microchim. Acta. 2007, 159, 371-378. https://doi.org/10.1007/s00604-007-0754-7

12. Zaporozhets, O. A.; Zinko, L. S.; & Sumarokova, G. S. Trends in phosphorus determination in biolog-
ical and environmental objects (Review). Methods Objects Chem. Anal. 2019, 14(4), 175-191. https://doi.
org/10.17721/moca.2019.175-191

13. Nagul, E. A.; McKelvie, I. D.; Worsfold, P.; & Kolev, S. D. The molybdenum blue reaction for the deter-
mination of orthophosphate revisited: opening the black box. Anal. Chim Acta. 2015, 890, 60—82. https://
doi.org/10.1016/j.aca.2015.07.030

14. Tsiganok, L.P.; Vakulich, A. N.; Vishnikin, A. B., & Koltsova, E. G. Spectrophotometric determination of
tungsten based on molybdotungsten isopolyanions in presence of non-ionic surfactant. Talanta. 2005, 65,
267-270. https://doi.org/10.1016/j.talanta.2004.05.012

15. Liu, W,; Cao, J.-X.; & Zhang, Y. Determination of silicon, manganese, phosphorus, copper, tungsten in
ferrotungsten alloy by X-ray fluorescence spectrometry with fusion sample preparation. Yejin Fenxi/Metal-
lurgical Analysis. 2019, 39(2), 46-50. https://doi.org/10.13228/j.boyuan.issn1000-7571.010525

16. Phedorov, A. A. Analytical Chemistry of Elements. Phosphorus. Nauka, Moscow, 1974.

17. GOST 11884.4-78. Tungsten concentrate. Method for determining phosphorus.

18. Chkanikova, O. K.; Krivtsova, V. Yu.; & Dorokhova, E. N. Extraction-photometric determination of
phosphorus in tungsten trioxide in the form of tungstophosphoric acid without base separation. Zh. Anal.
Khimii. 1979, 34(6), 1207-1208.

19. Chkanikova, O. K.; Ilvanov, V. M.; & Dorokhova, E. N. Indirect photometric determination of phos-
phorus in tungsten-containing materials. Zh. Anal. Khimii. 1980, 35(3), 521-524.

20. Golubtsova, Z. G.; Lebedeva, L. |.; & Dudko, L. M. Determination of low phosphorus contents in tung-
stic acid. Zh. Anal. Khimii. 1983, 38(5), 841-844.



MOCA Volume 21, No 1, 2026 p. 38-47

21. Dorokhova, E. N.; Kazmin, P. G.; & Kubysheva, N. N. Floating-photometric determination of phos-
phorus in tungsten-containing materials in the form of tungsten phosphates of antipyrine dyes. Zh. Anal.
Khimii. 1983, 38(8), 1439—-1445.

22. Vishnikina, E. V.; Vishnikin, A. B.; & Chmilenko, F. A. Extraction-photometric determination of phos-
phate in waters by means of 12-molybdophosphate. Khimiya | Tekhnologiya Vody. 2003, 25(6), 541-548.
23. Kel'ina, S. Y.; & Nevinsky, O. G. Indirectly determination of phosphate-ions in waters with the re-
agent sulfonitrazo DAF. Methods Objects Chem. Anal. 2021, 16(3), 137-152. https://doi.org/10.17721/
moca.2021.147-152

24. Kaz'min, P. G.; Dorokhova, E. N.; & Alimarin, I. P. Flotation-photometric determination of silicon in
the form of chromopyrazole Il molybdosilicate. Talanta. 1981, 28, 7—10. https://doi.org/10.1016/0039-
9140(81)80130-0

25. Nazarenko, V. A.; Ibragimoyv, G. |.; Poluektova, E. N.; & Shitareva, G. P. Trioxofluorones with different
arrangements of hydroxyl groups as photometric reagents for tungsten in presence of surfactants. Zh.
Anal. Khimii. 1978, 33(5), 938—945.

26. Nazarenko, V. A.; Veshchikova, N. A.; Novoselova, M. M.; Antonovich, V. P.; & Antonovich, V. P. Inter-
action of tungsten(VI) with 2,3,7-trioxyfluorones in presence of surfactants. Zh. Anal. Khimii. 1984, 39(12),
2151-2157.

27. Babko, A. K.; Shkaravskii, Yu. P.; & lvashkovich, E. M. Extraction-photometric determination of micro-
quantities of phosphate in presence of silicate and arsenate. Zh. Anal. Khimii. 1971, 26(5), 854—858.

28. Dorokhova, E. N.; & Alimarin, |. P. Extraction of heteropolycompounds and its application in inorganic
analysis. Russ. Chem. Rev. 1979, 48, 502-516. https://doi.org/10.1070/rc1979v048n05abeh002342

29. Simon, S. J.; & Boltz, D. F. Atomic absorption spectrometric study of the extractability of selected mo-
lybdoheteropoly acids. Anal. Chem. 1975, 47, 1758-1762. https://doi.org/10.1021/ac60361a010

30. Zaruba, A.; Vishnikin, A. B.; & Andruch, V. Application of solidification of floating organic drop micro-
extraction for inorganic anions: Determination of phosphate in water samples. Microchem. J. 2015, 122,
10-15. https://doi.org/10.1016/j.microc.2015.04.003

31. Lakshmanan, V. I.; & Haldar, B. C. Extractive behavior of 12-heteropoly acids. |. Extraction of 12-tungsto-
phosphoric acid. J. Indian Chem. Soc. 1969, 46, 512-524. https://doi.org/10.5281/zenodo.6467285

32. Himeno, S.; Takamoto, M.; & Ueda, T. Formation of a- and B-Keggin-type [PW,,0, ]* complexes in
aqueous media. Bull. Chem. Soc. Jpn. 2005, 78, 1463—1468. https://doi.org/10.1246/bcsj.78.1463

33. Brown, G. M.; Noe-Spirlet, M. R.; Busing, W. R.; & Levy, H. A. Dodecatungstophosphoric acid hexa-
hydrate, (H,0,"),(PW,,0,,). The true structure of keggin's “pentahydrate” from single-crystal x-ray and
neutron-diffraction data. Acta Crystallogr. Sect. B-Struct. Commun. 1977, 33, 1038-1046. https://doi.
org/10.1107/S0567740877005330

34. 34. Antonio, M. R.; Chiarizia, R.; & Jaffrenou, F. Third-phase formation in the extraction of phospho-
tungstic acid by TBP in n-octane. Separation Sci. Technol. 2010, 45, 1689—-1698. https://doi.org/10.1080/
01496395.2010.493793

35. Yatirajam, V.; & Dhamija, S. Extractive separation of tungsten as phosphotungstate. Talanta. 1977, 24,
52-55. https://doi.org/10.1016/0039-9140(77)80187-2

36. Li, Y.; & Zhao, Z. Preparation of phosphor-tungstic acids (H,PW,,0, ) by solvent extraction with 2-oc-
tanol. Hydrometallurgy. 2019, 185, 291-296. https://doi.org/10.1016/j.hydromet.2019.03.005

37. Worsfold, P.; McKelvie, I.; & Monbet, P. Determination of phosphorus in natural waters: A historical
review. Anal. Chim. Acta. 2016, 918, 8-20. https://doi.org/10.1016/j.aca.2016.02.047

38. Lunk, H.-J.; & Lietzke, B. Untersuchungen im system PO* - WO,> - H,0 — H,O*. Z. Anorg. Allg.
Chem. 1977, 437, 135-145. https://doi.org/10.1002/zaac.19774370117

39. Zhao, J.; Yang, Z.; Tang, D.; Qin, M.; Zhou, W.; Liu, C.; Xu, Z.; Cheng, Y.; Zhang, X.; & Li, C. A mi-
crofluidic analyzer based on liquid waveguide capillary cells for the high-sensitivity determination of phos-
phate in seawater and its applications. Anal. Chim. Acta. 2024, 1329, 343155. https://doi.org/10.1016/j.
aca.2024.343155

40. Zaruba, S.; Oltmanova, V.; & Andruch, V. Microextraction by packed sorbent for determination of in-
organic analytes: Phosphates determination. Microchem. J. 2025, 210, 112976. https://doi.org/10.1016/j.
microc.2025.112976

41. Andruch, V.; Vojtekova, V.; Kalyniukova, A.; Zengin, G.; Hagarova, |.; & Yordanova, T. Application of
deep eutectic solvents for the determination of inorganic analytes. Adv. Sample. Prep. 2025, 13, 100158.
https://doi.org/10.1016/j.sampre.2025.100158



