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Abstract 
Since the classic study by Slater (1930), the atomic and cohesive characteristics of 

metals have been studied in relation to electronic properties, such as the effective charge 

of the atomic nucleus. The latter is relatively poorly defined in reference sources, where 

its significant scatter is observed. In this work, we do not use it. 

The article analyzes the features that distinguish a relatively poorly studied chemical 

element – francium – from other alkali metals (AM). The presented approach makes it 

possible to take account examples of violation of the periodicity of the properties of the 87Fr 

in a set of a AM depending on serial number of this element. Effective parameter of a 

forming electron with a core normalized by the ionization potential of the alkali metal atom 

has used as a descriptor for the purpose of the indicated properties (atomic and assumed 

compact substance) and for obtaining reliable estimates of their values. In contrast to the 

well-known receptions of the first ionization energies, the proposed calculation procedure, in 

its essence, does not rely on the traditional simplified concept of the hydrogen-like nature of 

the Coulomb component of the potential energy. 

It is shown that all the considered characteristics can be expressed by an empirically 

simple power function of this parameter, which is immanent for a chemical element. These 

characteristics include the amplitude of the solution to the wave equation, static dipole 

polarizability, electron affinity, and gap width in the atomic spectrum. Values of 

electronegativity and effective atomic radius are refined on the basis of the developed 

approach as applied to Fr, and also estimates of the electron work function and sublimation 

heat, bond energy and radius of the spherical Wigner-Seitz cell are given. Arguments which 

allow us to consider the results of determining the radius of the francium neutral atom to be 

optimal are presented. 

 



For citation: Victor M. Yakovlev, Alexander V. Burchakov. Properties of francium in 

atomic and condensed states in interpretation and estimates. Butlerov Communications 

B. 2021. Vol.1. No.1. Id.9. DOI: 10.37952/ROI-jbc-B/21-1-1-9 
 

References 
[1] V.V. Lunin, M.A. Leenson, A.A. Drozdov and other. Chemical elements. Encyclopedic 

Dictionary. Moscow: Publishing house" Encyclopedia Ltd. 2019. P.382. (Russian) 
[2] S.S. Batsanov. Experimental foundations of structural chemistry (reference manual). 

Moscow: Publishing house of Standards. 1986. P.240. (Russian) 
[3] V.S. Fomenko. Emission properties of materials. Directory. Kiev: Nauk. Dumka. 1981. 

P.339. 
[4] Thermodynamic constants of substances. Iss.10, Part 2. Ed. V.P. Glushko. Moscow: 

VINITI. 1981. P.441. (Russian) 
[5] I.K. Garkushin, O.V. Lavrenteva, Y.A. Andreeva, and V.M. Yakovlev. Analytical 

description of thermodynamic properties of alkaline metals and calculation them for 
francium. Butlerov Communications. 2018. Vol.54. No.4. P.34-39. DOI: 10.37952/ROI-
jbc-01/18-54-4-34 (Russian) 

[6] V.B. Koltsov, A.Ya. Potemkin, N.A. Konoplin and others. Physicochemical modeling of 
technological processes – a modern way of creating new resource-saving technologies. 
Technologies and Means of Mechanization. 2010. No.3. P.98-102. (Russian) 

[7] V.G. Tsirelson. Quantum chemistry. Molecules, molecular systems and solids. Moscow: 
BINOM. Knowledge laboratory. 2010. P.495. (Russian) 

[8] J.T. Waber, D.T. Cromer. Orbital radii of atoms and ions. J. Chem. Phys. 1965. Vol.42. 
No.12. P.4116- 4123. 

[9] N.L. Glinka. General chemistry. Ed. A.I. Ermakova. 30th ed. Moscow: Integral-Press. 
2004. P.728. (Russian) 

[10] D.K. Ershov. Anti-shielding of the nuclear charge and the effects of relativism of 
electrons in the inner shells of atoms of heavy elements. Proceedings of Universities. 
Physics. 2018. Vol.61. No.8. P.162-163. (Russian) 

[11] S.A. Shchukarev. Inorganic chemistry. Vol.I. Moscow: Higher. School. 1970. P.353. 
(Russian) 

[12] G.V. Samsonov, N.F. Pryadko, L.F. Pryadko. Electronic localization in a solid. 
Moscow: Science. 1976. P.339. (Russian) 

[13] A.A. Radtsig, B.M. Smirnov. Parameters of atoms and atomic ions. Moscow: 
Energoatomizdat. 1986. P.344. (Russian) 

[14] E. Arnold, W. Borchers, H.T. Duong et al. Optical laser spectroscopy and hyberfine 
structure investigation of the 10 2S, 11 2S, 8 2D, and 9 2D excited levels in francium.    
J. Phys. B. 1990. Vol.23. No.20. P.3511-3520. 

[15] J.K. Nagle. Atomic polarizability and electronegativity. J. Amer. Chem. Soc. 1990. 
Vol.112. No.12. P.4741-4747. 

[16] A.M. Dyugaev, E.V. Lebedeva. Correspondence rules in atomic physics. Letters to 
JETP. 2016. Vol.103. Iss.1. P.62-66. (Russian) 

[17] A.M. Dyugaev, E.V. Lebedeva. New qualitative results in the theory of the atom. 
Letters to ZhETF. 2016. Vol.104. Iss.9. P.629-634. (Russian) 

[18] V.M. Yakovlev, I.K. Garkushin, and A.V. Burchakov. Refinement of the relationship 
between effective radii and ionization energies of alkali metal atoms. Butlerov 
Communications. 2020. Vol.64. No.10. P.7-13. DOI: 10.37952/ROI-jbc-01/20-64-10-7 
(Russian) 

[19] S.S. Batsanov. Structural chemistry. Facts and dependencies. Moscow: Dialogue-MSU. 
2000. P.292. (Russian) 

[20] A.A. Potapov. Electronic structure of alkali metal atoms. Int. scientific-research. 
Journal. 2017. Part 3. No.6(60). P.81-85. (Russian) 

[21] J. Emsley. Elements. Trans. from English ed. O.A. Reutov. Moscow: Mir. 1993. P.256. 
(Russian) 



 
[22] S.S. Bastanov. Experimental foundations of structural chemistry. Moscow: Moscow 

Univ. Press. 2008. (Russian) 
[23] A.V. Konovalov, A.N. Ipatov. The role of polarization interaction in the 

photoionization of negative ions of alkali metals. JETP. 2017. Vol.152. Iss.3(9). P.465-
474. (Russian) 

[24] J.C. Slater. Atomic radii in crystals. J. Chem. Phys. 1964. Vol.41. No.10. P.3199-3204.  
[25] I.V. Martynov. Electronegativity as a function of the inverse radii of the atoms. RAS 

reports. 2001. Vol.378. No.5. P.647-649. (Russian) 
[26] I.F. Selyanin. Calculation of the energy of the ground state of two-electron atoms and 

ions. Journal Physical Chemistry. 1977. Vol.51. No.12. P.3013-3016. (Russian) 
[27] V. Haberditzl. The structure of matter and chemical communication. Per. from German. 

Under. ed. N.S. Zefirova. Moscow: Mir. 1974. P.124. (Russian) 
[28] B.V. Nekrasov. General equation of electro affinity. Reports of the USSR Academy of 

Sciences. 1969. Vol.185. No.5. P.1062-1064. (Russian) 
[29] S.S. Batsanov. Thermochemical electronegativity of metals. Journal Physical 

Chemistry. 2000. Vol.74. No.2. P.331-334. (Russian) 
[30] L.R. Murphy, T.L. Meek, A.L. Allred, L.C. Allen. Evaluation and test of Pauling`s 

electronegativity scale. J. Phys. Chem. A. 2000. Vol.104. No.24. P.5867-5871. 
[31] V.M. Yakovlev, B.B. Alchagirov. Relationship between the heat of evaporation and the 

work function of an electron from a metal. Proceedings of the Academy of Sciences. 
Ser. Physical. 1994. Vol.58. No.10. P.146-149. (Russian) 

[32] V.G. Vaks, A.V. Trefilov. Towards the theory of atomic properties of alkali metals. 
Physics is Solid. Body. 1977. Vol.19. No.1. P.244-258. (Russian) 

[33] A.A. Godovikov. The use of electronegativities in the taxonomy of minerals and 
inorganic substances. Journal Inorgan. Chemistry. 1993. Vol.38. No.9. P.1468-1482. 
(Russian) 

[34] R.O. Sirotkin, O.S. Sirotkin. Metallicity of chemical bonds, its role in their 
systematization and influence on the structure and properties of substances. Journal 
Physical Chemistry. 2020. Vol.94. No.6. P.866-872. (Russian) 

[35] V.G. Vaks. Interatomic interactions in solids: Monograph. Moscow: Atomic 
Technology. 2002. (Russian) 

[36] O.S. Sirotkin, D.V. Glukhov, R.R. Nazmutdinov. Quantum-chemical evaluation of the 
metallic component of homonuclear chemical interaction. Proceedings of Universities. 
Chemistry and Chem. Technology. 2004. Vol.47. Iss.8. P.149-154. (Russian) 

[37] Tal Y. Can. J. Chem. 1996. Vol.74. P.870 (цит. по [7, с. 135-36]). 
[38] D. Pines. Electronic interaction in metals. Sol. St. Phys. 1955. Vol.1. P.367 (quote on 

[12, P.49]). 
[39] V.M. Yakovlev, V.A. Terent'ev. Determination of the degree of ionicity and energy of a 

heteropolar chemical bond in terms of electronegativity. Bulletin of the Samara State. 
Univ. 2001. No.4(22). P.152-174. (Russian) 

[40] V.M. Yakovlev, B.A. Anfilofiev, I.N. Korneev. Taking into account the "saturation" 
effect when describing heteropolar covalent bonds within the framework of the 
thermochemical method. Journal of General Chemistry. 2004. Vol.74. Iss.4. P.546-549. 
(Russian) 

[41] V.M. Yakovlev, D.V. Ovchinnikov, I.G. Fokeeva. Taking into account the effect of an 
unpaired electron in the thermochemical description of the dissociation energies of 
heteronuclear diatomic compounds. Journal App. Chemistry. 2005. Vol.78. Iss.2. 
P.341-343. (Russian) 

[42] D.R. Papulova. On the methods of calculating the energies of chemical bonds. Journal 
Physical Chemistry. 2011. Vol.85. No.1. P.151-157. (Russian) 

[43] I.V. Martynov. On the possibility of creating a unified formula describing the position 
of elements in the Periodic Table of D.I. Mendeleev. Chem. Physics. 2012. Vol.31. 
No.11. P.75-78. (Russian) 



[44] I.V. Martynov. Periodic law of D.I. Mendeleev is universal. Chem. Physics. 2017. 
Vol.36. No.4. P.88-94. (Russian) 

[45] Victor M. Yakovlev, Alexander V. Burchakov. Properties of francium in atomic and 
condensed states in interpretation and estimates. Butlerov Communications. 2021. 
Vol.65. No.2. P.50-57. DOI: 10.37952/ROI-jbc-01/21-65-2-50 (Russian) 


