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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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BINDING D-ELEMENTS OF GROUP VIII 
OF THE 4TH PERIOD OF THE PERIODIC SYSTEM 

 
Abstract. This article briefly reviews the connecting d-elements of the fourth period I-VIII groups of 

theperiodic system. Also compares the main elements of the group VIIIA and VIIIB transition group, their properties 
and electronic formulas. 

If we collate the VIIIB subgroup of iron elements with the valence states of argon, krypton VIIIA of the main 
subgroup, then argon in oxidation rates of 0, +2, +6 is an analog of krypton, and in the oxidation +8 Ar will not be a 
krypton’s analog. On the contrary, in low oxidation rates, iron differs from argon, and in the oxidation of +8, iron is 
an incomplete analog of argon. Iron is a binder between subgroup VIIIA and subgroup VIIIB by electron 
configurations with a valence corresponding to the group number of the periodic table. 

Gas XeO4 under ordinary conditions, has not been studied sufficiently, but electron diffraction data and IR 
spectroscopy indicate that its molecule is tetrahedral. Its structure, based on isomorphism, is similar to the tetrahedral 
structure of FeO4, OsO4, RuO4. 

Key words: transition metals, degree of oxidation, binding element, the terms Klechkovskii, characteristic 
elements, isomorphism. 

 
In the study of d-elements of the periodic table, it is necessary to focus on their relationship with cp- 

and s- elements. They are called transient and are located in large periods between p- and s- elements, and 
the ions of which are characterized by one of the ndx(0≤ x ≤10) states (for example, Sc3+- d0, Zn2+- d10) 

The highest oxidation state of most d-elements corresponds to the group number of the periodic 
system in which they are located, for example, manifested in oxides: 

 
 +3  +4  +5  +6  +7  +8 
 Sc2O3 TiO2 V2O5 CrO3 Mn2O7 FeO4 

 
Scandium and its analogues in the corresponding periods are the first d-elements. They begin to fill 

the pre-surface layer. Unlike other d-elements, scandium and its analogues are characterized by the 
oxidation state +3. In its chemical behavior scandium is similar to aluminum at the same time. The 
formula of higher scandium oxide- Sc2O3 shows the basic properties-Sc(OH)3. Electronic structure of the 
outer energy layer of scandium is fully consistent with the second rule Kleczkowska. Consequently, its 
valence electrons are at 4s - and 3d- sublevels. Therefore, the highest degree of oxidation is equal to +3, 
which corresponds to the group number. And the electronic structure of the atom ends with s-electrons, so 
this element exhibits metallic properties. The remaining 9 d-elements from IV period are a continuation of 
the electronic layer. These d-elements in their period are the first d-elements, that is, they begin to fill the 
d-orbitals, ends at the atom Zn. 

The so-called long version of the periodic system proposed by B. V. Nekrasov is often used [1]. In 
this version, the periods are not divided into parts, but written completely in one line. Similar elements are 
connected by straight lines. Here it is necessary to compare the oxidation state of the elements 
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corresponding to the group number of the periodic system. The main achievement of B. V. Nekrasov is 
that he established Sc, Ti, V, Cr, Mn, Cu, Zn at maximum valence by characteristic elements, but it 
remains uncertain which elements of the triad are analogs for inert gases at their maximum oxidation state. 

However, this cannot be considered a mistake, as the experimental facts at the time was not enough. 
In the periodic system, a number of elements are combined into triads (triads of iron, ruthenium and 

osmium). Inside the triad, the properties of the elements are close. This group includes three of the triad of 
metals (nine d-elements) 

 
                                                Period   4                         5             6 

Elements Fe, Co, Ni Ru,Ph,Pd Os, Ir, Pt 
 
and the noble gases that complete each age. As in any other group, the members of the VIII group can 

be divided into the main VIIIA - and the side VIIIB – subgroups.  
The subgroup of iron includes ruthenium and osmium-each in its period are d-elements, which begins 

filling the d-orbitals of the previous layer by electron. The maximum oxidation state (+8) is equal to the 
group number of the periodic table. For iron, the most characteristic oxidation States are +2 and +3, iron 
derivatives are also known, in which the oxidation state is +4, +6 and +8. There is information about the 
preparation of iron oxide- FeO4(+8). This is not a stable volatile compound of pink color[2]. Tetraoxide 
osmium and ruthenium toxic. Thanks to the acid properties OsO4 during the interaction with basic 
compounds: 

 
OsO4 + 2KOH = К2 [OsO4 (OH)2] 

complexes are formed. 
Elements  Fe  Ru  Os 
Oxidation  2, 3, 4,  2, 3, 4,  2, 3, 4, 
Degree  6, 8  5, 6, 7, 8  6, 8 
 
 Vertically, the first d–element of the VIIIB group is iron (IV–th period), followed by ruthenium (V-

th period) and osmium (VI-th period). Their electronic configurations of the outer shell of Fe [Ar]3d64s2, 
Ru[Kr] 4d75s1 and Os[Xe] 4f145d66s2 atoms. 

 Between elements in the vertical columns show some of the features and a closer resemblance. For 
example,members of the Fe, Ru and Os series are particularly active catalysts in the synthesis of ammonia 
from hydrogen and nitrogen elements. 

 If we compare the VIIIB subgroup of iron elements with the  valent States of argon, krypton VIIIA 
of the main subgroup, then argon in the oxidation States 0, +2, +6 is an analogue of krypton, and in the 
oxidation state +8 Ar will not be an analogue of krypton. In contrast, in the low oxidation States of the 
iron differs from that of argon, and in the oxidation state +8 iron is incomplete analogue of ar (see tab.1). 
Electronic configurations of Fe, Ar and Kr in atomic state and oxidation States +2, +6 and +8 (tab.1). Iron 
is a connecting element between the subgroup VIIIA and the subgroup VIIIBby electronic configurations 
with valence, corresponding to the group number of the periodic system. 

 
Table 1 - Comparison of electronic configurations of iron, argon and krypton as VIII–group elements 

 
Oxidation degree Fe (VIIIB) Ar (VIIIA) Kr (VIIIA) 
0 
 
 
+2 
 
 
+6 
 
 
+8 

[1s22s22p63s23p6] 
3d64s2 
 
[1s22s22p63s23p6] 
3d6 
 
[1s22s22p63s23p6] 
3d2 
 
1s22s22p63s23p6 
 

[1s22s22p6] 3s23p6 
 
 
[1s22s22p6] 3s23p4 
 
 
[1s22s22p6] 3s2 

 

 

1s22s22p6 

[1s22s22p63s23p6] 
3d104s24p6 
 
[1s22s22p63s23p6] 
3d104s24p4 
 
[1s22s22p63s23p6] 
3d104s2 

 

[1s22s22p63s23p6] 
3d10 
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Until recently, it was believed that noble gases were not at all capable of entering into chemical 
reactions, and placed them in the "zero" group of the periodic table of D.I. Mendeleyev, where the 
elements with "zero" valency were supposed to be. In 1962 the Canadian chemist N. Bertlett succeeded in 
obtaining compounds of inert gases with fluorine [3]: 

 
Хе + PtF6Хе

+[PtF6]
- 

 
Here, PtF6 takes one electron away from xenon. Investigating the chemical properties of the PtF6 

compounds of the VIIIB group, N. Bertlett observed that with prolonged exposure to air it changes color, 
resulting in the formation of O2 + [PtF6] -. The reason for this is that the first ionization energy of xenon 
is comparable in magnitude to the ionization energy of molecular oxygen (1175 kJ / mol for O2 O2 ++ e-). 
Therefore, in this case, xenon hexafluoroplatinate is formed similarly to oxohexafluoroplatinate. 

A few months later, XeF4 and XeF2 were synthesized in other laboratories [4]. 
As is known, the degree of oxidation of xenon is (+8) [5]. 

 
ХеО4 + ХеF6XeO3F2 + ХеОF4 

 
xenon belongs to the VIIIA group. 

Tetraoxide is obtained by the action of anhydrous H2SO4 on barox oxoxenate (+8) at room 
temperature: 

 
Ba2XeO6+2H2SO4                 2BaSO4+XeO4+2H 

 
HeO4 under ordinary gas conditions, has not been studied sufficiently, but the data of electron 

diffraction and IR spectroscopy indicate that its molecule is tetrahedral. Its structure is similar on the basis 
of isomorphism, the tetrahedral structure of OsO4, RuO4. The derivatives of xenon (+6) are strong 
oxidants. However, when even more powerful oxidants are applied to them, compounds with a degree of 
oxidation (+8) can be obtained. Of these compounds, xenon-x-fluoride XeF8, xenonetetraoxide XeO4, and 
xenonoxodifluoride XeO3F2 are known. These compounds are similar to the acidic compounds OsO4 and 
RuO4. 

 The elements of the krypton subgroup-kryptonKr, xenon Xe, radon Rn, are characterized by a lower 
ionization energy of atoms than the typical elements of neon and argon VIIIB of the group. Therefore, the 
elements of the krypton subgroup give compounds of the usual type. And in this direction, the elements of 
the krypton subgroup differ from other noble gases by the large dimensions of the atoms (molecules) and 
the high polarizability in the series of He-Ne-Ar-Kr-Xe atoms. Due to the high stability of the electronic 
structure of the atom (ionization energy 15.76 eV), the valence-type compounds for argon have not been 
obtained. 

 For He, Ne and Ar, stable compounds are not known [6]. And the next noble gas - krypton has 
chemical compounds, but their 

less than xenon. In addition to KrF2, KrF4, the formation of the first compounds containing Kr-O 
bonds was detected [7] by NMR spectroscopy (19F, 17O) to monitor the synthesis of the stable compound 
[Kr (OTeF5) 2]: 

 
3КrF2+ 2В(ОТеF5)3                 3Кr(ОТеF5)2 + 2ВF3 
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Figure 1 - Addition to the long version of the periodic system proposed by B.V. Nekrasov 
 
Having a relatively larger atomic size, argon is more inclined to form intermolecular bonds than 

helium and neon. Therefore, the most common clathrates formed by Ar, Kr and Xe with hydroquinone 
1,4-C6H4 (OH) 2 and water. Clathrates can serve to store noble gas reserves. 

It can be assumed that iron is a link between subgroup VIIIB and subgroup VIIIA at maximum 
valence (+8). Fe and Ar at maximum valence (+8) are connected by a small dotted line (Fig. 1). For the 
remaining III, IV, V, VI, VII, I and II groups of the fourth period, the connecting elements are Sc, Ti, V, 
Cr, Mn, Cu, Zn [1, 8, 9]. 

Substances formed by elements of the main and secondary subgroups, in some cases, differ in their 
properties. However, in the highest degree of oxidation, their properties are close. For example, VIIA-
subgroup-halogen-oxidizers, VIIB-subgroup-reduction metals, where they exhibit low valence (Cl2O-
acidic oxide, MnO-base), the differences were sharply expressed. However, in their highest degree of 
oxidation, these elements in the composition of the corresponding compounds are similar in properties [9]. 
Thus, halogens and metals of the VII group oxidize strongly with strong acids: tetraoxochlorate (+7) 
hydrogen HClO4 and tetraoxomanganate (+7) hydrogen HMnO4, which are also the strongest oxidants. 
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Аннотация. В статье вкратце рассматривается связывающие d-элементы четвертого периода I-VIII 

группы периодической системы Д .И. Менделеева. Сравниваются элементы VIIIА главной группы и VIIIB 
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главной подгруппы, то аргон в степенях окисления 0, +2, +6 является аналогом криптона, а в степени 
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спектроскопии указывают на то, что его молекула тетраэдрическая. Его строение аналогично на основе 
изоморфизма, тетраэдрическому строению FeO4, OsO4, RuO4. 
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