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The article is devoted to the synthesis and study of the structure and luminescence 

properties of coordination compounds of lanthanide with 3-methyl-1-phenyl-4-

formylpyrazole-5-one. It has been established that the ligand belonging to 

aldehydoketones, when complexed, exhibits the basic properties inherent in -diketones 

and 4-acylpyrazolones, introducing new features in the coordination-chemical behavior of 

ligands of this class. Neutral and multiligand complexes of lanthanides with 

phenanthroline, as well as anionic tetrakis complexes, were investigated. The composition 

and structure of the complexes are determined from the data of elemental and 

thermogravimetric analysis, IR and luminescence spectroscopy, thermogravimetry, X-ray 

phase and X-ray diffraction analysis. 

As a result of undertaken studies it was established that 3-methyl-1-phenyl-4-

formylpyrazole-5-one forms stable coordination compounds with lanthanides in 

deprotonated enol form. Relieving of steric strains in coordination polyhedron due to 

small size of hydrogen atom of formyl group allows for realization in coordination 

compounds of 3-methyl-1-phenyl-4-formylpyrazole-5-one with cations of lanthanum(III), 

cerium(III), prazeodium(III) and neodimium(III) of rare for this class dimeric structure 

with bridging pyrazolone anions. It is shown that the formation of binuclear complexes in 

which metal cations are bound by three oxygen bridges is rather characteristic for 

lanthanides. However, only one binuclear structure with three oxygen bridges is registered 

for lanthanide -diketonates. 

The study of complexes’ luminescence spectrum showed that displacement of OH-

oscillators from coordination sphere by means of appending of phenantroline in 

complexes and of four chelated ligands in tetrakis-complexes significantly increases the 

intensity of luminescence of cations of europium(III) and terbium(III), but almost not 

affects the intensity of luminescence of other lanthanides. 

A feature of the tris complexes is the coordination unsaturation of the lanthanide 

cation, which is compensated for by the addition of solvent molecules (water, methanol, 

ethanol). When attempts are made to excite ion luminescence in complexes with low-

molecular-weight additional ligands, a considerable part of the excitation energy is 

transferred to vibrational levels of OH bonds, which effectively extinguishes the radiation 

processes. Anomalously high intensity of luminescence was detected for molecular and 
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anionic complexes of samarium (III) with 3-methyl-1-phenyl-4-formylpyrazole-5-one 

compared to similar complexes of europium (III). The singularity of the samarium (III) 

complexes is the transfer of energy from the resonant level to the highly located sublevels 

of the ground state. This process is realized due to nonradiative transitions and leads to 

dissipation of excitation energy and a decrease in the quantum yield of luminescence. As 

for the europium (III) cation this process is suppressed due to the absence of high-lying 

sublevels of the ground state, the luminescence intensity of its complexes is 1-2 orders of 

magnitude higher than the luminescence intensity of similar samarium (III) complexes.  

Among the ways of practical application of the complexes studied the most promising 

is their use as materials for the creation of highly efficient electroluminescent devices. 

Keywords: 3-methyl-1-phenyl-4-formylpyrazole-5-one, lanthanide, complexes, 

luminescence. 
 

References 
 

1. Binnemans K. Lanthanide-Based Luminescent Hybrid Materials, Chemical Reviews, 109, 4238 (2009).  

2. Kuz’mina N. P., Eliseeva S. V., Photo and Electroluminescence of Lanthanide(III) Complexes, Russian 

Journal of Inorganic Chemistry, 51, 73 (2006).  

3. Eliseeva S. V. and Bunzli J.-C. G. Lanthanide luminescence for functional materials and bio-sciences, 

Chem. Soc. Rev., 39, 189 (2010).  

4. Crosby G. A., Whan R. E., Freeman I. I. Spectroscopic studies of rare earth chelates, J. Chemical 

Physics, 66, 2493 (1962).  

5. Katkova M. A., Vitukhnovskii A. G., Bochkarev M. N., Coordination compounds of rare-earth metals 

with organic ligands for electroluminescent diodes, Russ Chem Rev., 74, 1089 (2005). 

6. Bhaumic M. L., Nugent L. I., Time-resolved spectroscopy of europium chelates, J. Chem. Phys., 43, 

1680 (1965). 

7. Whan R. E., Crosby G. A., Luminescence studies of rare earth complexes: benzoylacetonate and 

dibenzoylmethanate chelates, Journal of Molecular Spectroscopy, 8, 315 (1962). 

8. Amarasecara A. M., Owereh O. S., Lyssenko K. L. [et al.] Structural, tautomerism of 4-acylpyrasolone 

Schiff bases and crystal structure of 5-methyl-2-fenyl-4-{1-[(pyridin-2-ylmethyl)-amino]-ethylidene}-

2,4-dihydro-pyrasol-3-one, Journal of Structural Chemistry, 50, 1159 (2009). 

9. Katritzky A. R., Maine F. W. The tautomerism of heteroaromatic compounds with five-membered rings: 

1-Substituted 3-hydroxypyrazoles, Tetrahedron, 20, 315 (1964).  

10. Katritzky A. R., Karelson M., Harri P. A. Prototropic Tautomerism of Heteroaromatic Compounds, 

Heterocycles, 32, 329 (1991).  

11. Kuznetsov M. L., Dement'ev A. I., Zhornik V. V., Ab initio study of structure, protonation and complex 

formation of novel pyrazolone-5 derivatives, Theochem., 571, 45 (2001).  

12. Binnemans K., Bünzli J.-C. G., Pecharsky V. K., Rare-earth beta-diketonanes, Elsevier, 35, 107 (2005).  

13. Chmutova G. A., Kataeva O. N., Ahlbrecht H. [et al.] Derivatives of 1-phenyl-3-methylpyrazol-2-in-5-

thione and their oxygen analogues in the crystalline phase and their tautomeric transformations in 

solutions and in the gas phase, Journal of Molecular Structure, 570, 215 (2001).  

14. Pettinari C., Marchetti F., Drozdov A., 1,6-β-Diketones and Related Ligands, Comprehensive 

Coordination Chemistry II, 1, 97 (2003).  

15. Uzoukwu A. B., Al-Juaid S. S., Hitchcock P. B. [et al.] The synthesis and crystal structures of 1-phenyl-

3-methyl-4-butanolypyrazol-5-one and of two pyrazolonato complexes of iron, Polyhedron, 12, 2719 

(1993).  

16. Cingolani A., Marchetti A., Pettinari C. [et al.] First Structurally Characterized Silver(I) Derivatives with 

Nonfluorinated β-Diketones, Inorg. Chem., 41, 1151 (2002).  

17. Marchetti F., Pettinari C., Pettinari R., [et al.] Influence of sterically demandig groups on the structure 

and stability in the solid and solution state of (acylpyrazolonate)bis(phosphine)copper(I) derivatives, 

Inorg. Chim. Acta, 299, 65 (2000).  



КООРДИНАЦИОННЫЕ СОЕДИНЕНИЯ ЛАНТАНИДОВ С … 

 
 
 

 

77 

18. Uzoukwu A. B., Adiukwu P. U., Al-Juaid S. S., [et al.] Pyrazolonato complexes of lead. Crystal 

structures of bis(1-phenyl-3-methyl-4-acetyl pyrazolonato)lead(II) and bis(1-phenyl-3-methyl-4-

butanoylpyrazolonato)lead(II), Inorganic Chimica Acta, 250, 173 (1996).  

19. Latva M., Takalo H., Mukkala V. M. [et al.] Correlation between the lowest triplet state energy level of 

the ligand and lanthanide(III) luminescence quantum yield, J. Luminescence, 75, 149 (1997). 

20. Marchetti F., Pettinari C., Riccardo P. [et al.] Synthesis, structure and luminescence properties of new 

rare earth metal complexes with 1-phenyl-3-methyl-4-acylpyrazol-5-ones, J. Chem. Soc. Dalton Trans, 7, 

1409 (2002). 

21. Marchetti F., Pettinari C., Pettinari R. Acylpyrazolone ligands: Synthesis, structures, metal coordination 

chemistry and applications, Coord. Chem. Rev., 249, 2909 (2005). 

22. Shulgin V. F., Abkhairova S. V., Konnic O. V., Kiskin V. F., Eremenko I. L., Molecular and crystal 

structure of the binuclear lanthanum complex with 5-hydroxy-3- methyl-1-phenyl-4-formylpirazole, 

Scientific Notes of Taurida V.Vernadsky National University, 22, 332 (2009).  

23. Meshkova S. B., Topylova Z. M., Shul'gin V. F., Abchairova S. V. [et al.] The lanthanide complexes with 

4-formylpyrazolone-5, First International Conference on Luminescence of Lanthanides, Book of 

Abstracts, 92 (Odessa, 5-9 Sept. 2010). 

24. Shulgin V. F., Konnic O. V., Abkhairova S. V Coordination compounds of lanthanides with 4-

formylpyrazole-5, XVIII Ukrainian Conference on Inorganic Chemistry, Book of Abstracts, Book of 

Abstracts, 14 (Kharkov, 2011). 

25. Shulgin V. F., Konnic O. V., Abkhairova S. V. Anionic complexes of lanthanides with 4-

formylpyrazolone-5, International Conferense "Applied Physico-inorganic chemistry", Book of 

Abstracts, 128 (Sevastopol, 2011). 

26. Shulgin V. F., Abkhairova S. V., Konnic O. V. [et. al.] The crystal structure of anionic complexes of 

europium and terbium with 3-methyl-1-phenyl-4-formylpyrazolone-5, Scientific Notes of Taurida 

V.Vernadsky National University, 24, 402 (2011).  

27. Shul’gin V. F., Abhairova S. V., Konnic O. V. [et al.] Synthesis, structure and luminescence of 

lanthanide complexes with 3-methyl-4-formyl-1-phenylpirazol-5-on, Zhurnal Neorganicheskoi Khimii, 

57, 476 (2012). 

28. Shul’gin V. F., Konnik O. V., Abchairova S. V. [et al.] The lanthanide anionic complexes with 3-methyl- 

1-phenyl- 4-formylpirazol-5-one and hydroxonium cation as a counter ion, Inorg. Chim. Acta, 402, 33 

(2013).  

29. Shul’gin V. F., Abhairova S. V., Konnic O. V. [et al.], Anionic lanthanide complexes with 3-methyl-4- 

formyl-1-phenylpirazol-5-on, Zhurnal Neorganicheskoi Khimii, 58, 769 (2013).  

30. Shul'gin V. F., Konnik O. V., Abchairova S. V. [et al.] Anionic Lanthanides Complexes with 3-methyl-1-

phenyl-4-formylpyrazole-5-one as a new luminescent materials, Functional materials, 2013: Abstracts of 

International Conference "Functional Materials" ICFM'2013, 363. (Partenit, Ukraine, 29.09.–05.10. 2013). 

31. Konnik O. V., Shul’gin V. F., Abkhairova S. V., Meshkova S. B., Rusanov E. B., Minin V. V. 

Heteroleptic Complexes of Lanthanides with 4-Formyl-3-Methyl-1-Phenylpyrazol-5-one and 1,10-

Phenanthroline, Russian Journal of Coordination Chemistry, 40, 28 (2014). 

 

 


