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Abstract 
In the present paper a review of methods to describe the chemical bond within classical ideas in terms 

of covalent, metallic and ionic components was made. Special attention is paid to the bond metallic character; 
the need to take it into account to characterize correctly chemical bond was shown. It was shown that among 
chemists there is a strong demand for characterizing chemical bonds in terms of their covalent, metallic and 
ionic characters. It was also shown that attempts to assess quantitatively the chemical bond components 
(covalent, metallic and ionic character) made by different authors using various methods are not systematic. 
They cover limited number of chemical compounds and do not assess comprehensively the effects of chemical 
composition and the ratio of chemical bonds components on structure of chemical compounds (e.g., molecular 
or nonmolecular, etc.), which in turn determines properties of a substance.  

The authors and their colleagues developed the method to determine two or three components of homo- 
and heteronuclear chemical bond, respectively, using electronegativity. The effects of chemical bond 
components’ ratio on specific properties of substances and materials was shown. The quantitative assessment 
of metallic character in homo- and heteronuclear bonds using quantum-mechanical calculations showed 
certain agreement with the results obtained by using electronegativity. It was also shown that traditional 
chemical approaches are not only not inferior to the quantum-mechanical methods, but often describe more 
adequately the magnitude and transformation of a number of bonds’ metallic character. 

Examples of practical interest to characterizing chemical bonds in terms of their covalent, metallic and 
ionic character by using various methods, as a rule, are due to the need to quantitatively describe different 
chemical bonds. This is due to the need to assess the effects of chemical bond type on structure and specific 
properties of substances and often the impossibility to do this by using quantum-mechanical methods only.  

 
 

References 
[1] N.F. Stepanov. Quantum mechanics and quantum chemistry. Мoscow: Mir. 2001. 519p. (russian) 
[2] R.M. Santilli. Basics of adronic chemistry. Applications to new clean energies and fuels. 2002. 554p. 

(russian) 
[3] A.J. Veinik. Thermodynamics. Minsk: Vysheishaya shkola. 1968. 464p.  
[4] L. Pauling, The nature of the chemical bond. Мoscow: Goskhimizdat. 1947. 440p. (russian) 
[5] G.D. Sproul. Electronegativity and Bond Type: Predicting Bond Type. J. Chem. Educ. 2001. Vol.78. 

P.386-390. 
[6] G.N. Lewis. Valence and Tautomerism. J. Am. Chem. Soc. 1913. Vol.35. P.1148-1455. 
[7] W. Harrison. Electronic structure and properties of solids: physics of chemical bond. Мoscow: Mir. 1983. 

Vol.1. 381p., Vol.2. 332p. (russian) 
[8] Ye.V. Polyakov. The ratio of periodic and monotonic character within the system of chemical elements. 

Yekaterinburg: UrD RAS. 1997. 234p. (russian) 
[9] A.A. Godovikov. On the effect of elements on structure and properties of minerals. Мoscow: Nauka. 

1989. 118p. (russian) 
[10] B.F. Ormont. Introduction to physical chemistry and crystal chemistry of semiconductors. Мoscow: 

Vysshaya shkola. 1982. 528p. (russian) 



Analytical Review ___________________________________________ R.O. Sirotkin, and O.S. Sirotkin 

 96 ______________ http://butlerov.com/ ______________ ©Butlerov Communications. 2018. Vol.53. No.1. P.95-101.  

[11] J.A. Duffy. Chemical Bonding in the Oxides of the Elements: A New Appraisal. J. Sol. State Chem. 
1986. Vol.62. P.145-157. 

[12] J. Torrance, Ph. Lacorro, Ch. Asavaroengchai, R.M. Metzger. Simple and perovskite oxides of 
transition-metals: Why some are metallic, while most are insulating. J. Sol. State Chem. 1991. Vol.90. 
P.168-172. 

[13] E. Mooser, W.B. Pearson. The Chemical Bond in Semiconductors. J. Electronics. 1956. No.1. P.629-645. 
[14] S.S. Batsanov. On quantitative characterization of a bond metallic character in crystals. Journal of 

structural chemistry. 1971. Vol.12. No.5. P.883-888. (russian)  
[15] S.S. Batsanov. Journal of inorganic chemistry. 1979. Vol.24. P.282. (russian) 
[16] S.S. Batsanov. Molecular refractions of crystal inorganic compounds. Journal of inorganic chemistry. 

2004. Vol.49. No.4. P.617-625. (russian) 
[17] E.I. Yur’eva, R.N. Pletnev. On phase transition in cubic ZrH2. Electronic scientific journal “Studied in 

Russia”. 2005. No.8. P.1156-1159. (russian) 
[18] Z. Dawei, F. Shuhai, Z. Yuanan et al. High laser-induced damage threshold HfO2 films prepared by ion-

assisted electron beam evaporation. Appl. Surface Sci. 2005. Vol.243. No.1-4. P.232-237. 
[19] V.A. Zhilyaev, A.P. Shtin. Interaction of titanium carbonitrides, oxycarbides and oxynitrides with 

concentrated mineral acids. Journal of inorganic chemistry. 2003. Vol.48. No.8. P.1402-1408. (russian) 
[20] Q. Zhang, S. Guo, B. Ge et al. A new ferroelectric phase of YMnO3 induced by oxygen-vacancy 

ordering. J. Amer. Ceram. Soc. 2014. Vol.97. No.4. P.1264-1268. 
[21] A.A. Khokhryakov. A.S. Paivin, S.I. Noritsin et al. Electronic spectra of reflection Се3+ in BeF2 and 

Be2O3 melts. Physics and chemistry of glass. 2014. Vol.40. No.3. P.407-412. (russian) 
[22] J. Lundell, J. Panek, Z. Latajka. Quantum chemical calculations on FXSiF. Chem. Phys. Lett. 2001. 

Vol.348. No.1-2. P.147-154. 
[23] Yu.N. Zhuravlev, O.S. Obolonskaya. Structure, mechanical stability and chemical bond in alkali 

metals’ oxides. Journal of structural chemistry. 2010. Vol.51. No.6. P.1043-1051. (russian) 
[24] J. Du, X. Sun, J. Chen, G. Jiang. Understanding the stability, bonding nature and chemical reactivity of 

3d-substituted heterofullerenes C58TM (TM = Sc – Zn) from DFT studies. An International Journal to 
Further the Chemical Sciences. 2014. Vol.4. No.84. P.44786-44794. 

[25] S. Lebernegg, M. Schmitt, A.A. Tsirlin et al. Magnetism of CuX2 frustrated chains (X = F, Cl, Br): role 
of covalency. Phys. Rev. B. 2013. Vol.87. No.15. P.155111. 

[26] O.S. Sirotkin, R.O. Sirotkin. On possibility of assessing covalent (metallic) character in metal-covalent 
mono- and polymeric homocompunds. Materials of 43 Republican scientific conference. Kazan: KECI. 
1991. P.12-13. (russian) 

[27] R.O. Sirotkin. The nature of chemical bond in homocompounds and their ability to form homochain 
polymers. Abstracts of VI scientific conference “Synthesis, investigation of properties, modification and 
processing of highmolecular compounds”. Kazan: KCTI. 1991. P.11. (russian) 

[28] O.S. Sirotkin, D.V. Glukhov, R.R. Nazmutdinov. Quantum-mechanical assessment of metallic 
component of homonuclear chemical interaction. Herald of universities. Chemistry and chemical 
technology. 2004. Vol.47. Iss.8. P.149-157. (russian) 

[29] O.S. Sirotkin, R.O. Sirotkin, A.M. Trubacheva. On the necessity and procedure of taking into account 
the metallic component of a heteronuclear bond. Russian Journal of Inorganic Chemistry. 2005. Vol.50. 
No.1. P.67-71. (russian) 

[30] O.S. Sirotkin, A.M. Trubacheva, D.V. Glukhov, R.O. Sirotkin. On possibility of developing a universal 
method of assessment of ratio of basic components of homo- and heteronuclear chemical interaction. 
Materials of IX all-Russia conference «Structure and dynamics of molecular systems». Ufa: USC RAS. 
2002. Vol.2. P.132-136. (russian) 

[31] O.S. Sirotkin, R.O. Sirotkin, A.M. Trubacheva. Classical and quantum approaches to developing a 
unified model of chemical bond. ХVII Mendeleev congress on general and applied chemistry. Казань.  
2003. Vol.2(А). P.328. (russian) 

[32] O.S. Sirotkin, D. Yu. Pavlov, A.M. Trubacheva, R.O. Sirotkin. Type of chemical bond and electrical 
conducting properties of homo- and heteronuclear (oxide) inorganic substances. Herald of Kazan 
Technological University. 2010. No.10. P.22-29. (russian) 

[33] D.Yu. Pavlov, O.S. Sirotkin, A.M. Trubacheva, R.O. Sirotkin. Chemical nature of homonuclear 
inorganic substances, their redox properties and the effect on Gibbs energy of oxides formation. Herald 
of Kazan Technological University. 2012. No.9. P.35-38. (russian) 

[34] O.S. Sirotkin, A.E. Buntin, R.O. Sirotkin, P.B. Shibaev. Ratio of components of bonds element – 
oxygen (E – O) as a basis for predicting their ability to form chains in polymer oxides and assessment 
of some of their properties. Herald of Kazan Technological University. 2012. No.13. P.31-35. (russian) 



ON METHODS OF ASSESSMENT OF THE COMPONENTS OF CHEMICAL BOND AND THE NEED… _____ 95-101 

©Бутлеровские сообщения. 2018. Т.53. №1. _____________ E-mail:  journal.bc@gmail.com ________________ 97  

[35] O.S. Sirotkin, R.O. Sirotkin, A.E. Buntin, Specifics of chemical structure of inorganic polymer 
substances with element – oxygen, element – carbon and carbon – carbon bonds depending on bond 
components of chain-forming elements. Herald of Kazan Technological University. 2013. No.2. P.10-
14. (russian) 

[36] R.O. Sirotkin, O.S. Sirotkin, R.Ya. Deberdeev. Effectiveness of using the unified model of chemical 
bond for describing the transformation of structure and properties of chemical substances upon their 
composition change. Herald of Technological University. 2016. No.8. P.24-30. (russian) 

[37] R.O. Sirotkin, O.S. Sirotkin, I.V. Ivshin et al. Titanium chemical nature features, which determine its 
most important performance properties in linear engine-generator. ARPN Journal of Engineering and 
Applied Sciences. 2016. Vol.11. No.16. P.9664-9666. (russian) 

[38] O.S. Sirotkin, R.O. Sirotkin. Multilevel structure and properties of metals and polymers within the 
unified model of chemical bond. Journal of Materials Science and Engineering A. 2016. Vol.6. No.2. 
Р.71-74. (russian) 

 


