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NAS RKis 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.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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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 XeO, 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 FeQ,4, OsO,4, RuOy,.

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 nd*(0< x <10) states (for example, S¢**- d°, Zn**- d'%)

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
SC203 T102 V205 CI'O3 Ml’l207 FCO4

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- Sc,0; shows the basic properties-Sc(OH);. 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 OsO, during the interaction with basic
compounds:

0Os0; + 2KOH = K, [0OsO4 (OH),]
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]3d®4s,
Ru[Kr] 4d’5s' and Os[Xe] 4f'*5d°6s” 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 [1s72572p°3s%3p°] [1s%2572p°] 3s%3p° [1s%2572p°3s%3p°]
3d%s? 3d'%45%4p"

+2 [15%25%2p®35%3p9] [15*2s%2p%] 3s%3p* [15%25%2p®3s%3p°]
3d° 3d"%4s%4p*

+6 [15%25%2p®3s%3p°] [15%25%2p%] 352 [15%25%2p®3s%3p°]
3d? 3d"%4s?

+8 1572s%2p®3s%3p® 1s28%2p° [1s%2572p®3s%3p°]

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]:

Xe + PtF¢Xe'[PtFs] —»

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].

XeO4 + XeF6XCO3F2 + XCOF4 —>

xenon belongs to the VIIIA group.
Tetraoxide is obtained by the action of anhydrous H2SO4 on barox oxoxenate (+8) at room
temperature:

B32X606+2H2804 —> 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 XeF§, 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, 170) to monitor the synthesis of the stable compound
[Kr (OTeF5) 2]:

3KrF,+ 2B(OTeFs); —»  3Kr(OTeFs), + 2BF;

— g2 ——
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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 (CI20-
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 HC1O4 and tetraoxomanganate (+7) hydrogen HMnO4, which are also the strongest oxidants.
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X.JlocMyxameioB aTbIHIaFbl ATBIpay MEMJICKETTIK YHUBEPCHTETI

JAMEHJEJEEBTIH TEPUOATHIK ) KYWUECIHJEI'TIV ITEPAO/IBIHBIH,
BAWJIAHBICTBIPYIIBI d -JIEMEHTTEPI

Annoranusi. Makanana J[.VI. MeHneneeBTiH nepuonTelK xyieciniy [V-nepuonsianarel [-VII TonrapabH
HETI3Ti J)KOHEe KOCBIMIIIA TONTAPBIHAAFBI 3JeMeHTTep KapacThipsuiabl. Mynna VIII A werisri sxone VIII B xockimma
TOIIIIA 3JIEMEHTTEPIHIH 3JIEKTPOH/IBIK KYPBUIBIMBI )KOHE KACHETTEPi CaIbICTBIPBUIIBI.

An, erep VIIIA Heri3ri TOOBI »rmeMeHTTEpi aproHnsl, KpunToHAB! VIIIB TOOBIHBIH 3JIeMEHTI TeMipMeH
CaANBICTHIPCAK, OHMIA OJAPIBIH SJEKTPOHIBIK KYPIBIMBIH CANBICTBIpY HoTexkeciHme 0, +2, +6 TOTBIFYy mopexenepi
YIIiH KPHUIITOH apTOHHBIH aHAJIOTHI, aJl +8 TOTBIFY A9perKeci YIIiH onap aHalor eMmecTiri oenrini. OraH kepiciaae Oy
MaKCHUMaJl BAJICHTTLTIKTE TEeMip aproHHbIH aHayiorsl. Mine, 0y Gisre temip meransl VIII A sxone VIIIB tomrapbid
0aiiaHbICTHIPYILIBI DJIEMEHT €KeH IIrHe KYMOH KenTipMeiii (+8 TOTBIFy JopeKeciHie).

XeO, TONBIFBIMEH 3EPTTENTeH XKOK, Oipak 3nexTpoHorpadus xoHe MK-cnekTpoCKOMUsUIBIK 3epTTeyiep OHBIH
MoJiekynacel u3omopdusm Herizinne FeOy OsO; RuO4 cHAKTBL TETpasApiiK KypbUIBIMFA K€ OOJIATBIHIBIFBIH
KOPCETTI.

Tyiiin ce3mep: aysicnansl MeTannap, TOTBIFY Jopexeci,0aillaHbICTBIPYIIBl  3JIeMeHT, KiieukoBCKuiinig
epexenepi,CUnaTTaMajIbIK 3JIEMEHTTEP, H30MOPPH3M.

VJIK 546.6.

A.C. bykanosa, ®.b.Kaiipamesa, JI.b.Cakunona,
O.10.ITanuyenko, H.A.Kapabacosa, P.H. Hacupos

ATpIpaycKuil rocy1apcTBEHHBIN yHIBEpcHTET NM. X.JJocMyxamenoBa

CBSI3bIBAIOIIUE d-3JIEMEHTBI I-VIII I'PYIIIbI 4-I'0O HEPUOJIA
NEPUOJUYECKOHU CUCTEMBI J.U.MEHJIEJIEEBA

AnHoTtanusi. B craree Bkparie paccMmaTpuBaercsl cBsi3biBaromue d-sjieMeHTHl derBeproro nepuoaa [-VIII
rpynnsl nepuoanueckoit cucremsl 1 .M. Menneneesa. CpaBHuBarorcs anemenTsl VIIIA rnasHo#t rpynnst u VIIIB
MOOOYHOMN TPYMITBI, UX IEKTPOHHBIE (JOPMYJIIBI M CBOHCTBA.

Ecmu comocraButs VIIIB moarpyrmiry 3:1eMeHTOB jkeJie3a ¢ BaJICHTHBIMU COCTOSHUSAMHE aproHa, kpuntoHa VIIIA
TJIaBHOM TOATPYIBI, TO aproH B CTEHEHsAX okucieHus 0, +2, +6 sBiseTcs aHaAIOroM KpPUITOHA, a B CTENECHU
oxucieHus +8 Ar He OyAeT aHaJIoroM KpunroHa. HanmpoTus, B HU3KHX CTEMEHSIX OKHCIICHUS JKEJIe30 OTINYAETCs OT
aproHa, a B CTENEHU OKHCIIEHHMs 18 jKesie30 sSBISIETCS HEMONHBIM aHaloroMm aproHa. JKemes3o sBiseTcs Kak Obl
CBSI3YIOLIMM 3JieMeHTOM Mexay noarpynmnoi VIIIA u moarpynmoi VIIIB 1o aneKTpOHHBIM KOHGUTYpalusM Mpu
BaJICHTHOCTH, OTBEYAIOIIEl HOMEPY I'PYIIIbl HEPHOJUUECKON CHCTEMBI.

XeO, B OOBIUHBIX YCIOBHSIX ra3, M3Y4eH IIOKa HEJIOCTaTOYHO, HO JaHHble fyekTpoHorpadun u HK-
CHEKTPOCKOIUM YKa3bIBAlOT Ha TO, YTO €r0 MOJIEKyJla TeTpa’dapudeckas. Ero cTpoeHue aHajlOrMyHO Ha OCHOBE
n3zoMopdusma, rerpadapudeckomy crpoenuo FeOy, OsOy, RuO,.

KioueBble c10Ba: MepexoJHbIE METAJUIBL, CTEIEHb OKUCIIEHHE, CBA3BIBAIOIIMI 2JIeMeHT, npaBuna Kieukos-
CKOTO, XapaKTEPUCTHIECKUE HIEMEHTBI, H30MOPPH3M.

Caeenns 06 aBTopax:

BykanoBa Ajiryns CokeeBHa — K.T.H., JOLICHT, 3aB.Kadepoi « XUMHs 1 XUMHUYECKask TEXHOIOTHD,
KatipnueBadaszunarbacapoBHa — K.T.H., CT. IpenogaBaTeb Kapeapsl « XUMHS 1 XUMUIECKasi TEXHOJIOT U,
Caxwurosa JIuaus barumxaHoBHa — MarucTp, CT. MpenoaaBaTenb Kadeapsl « XUMHS 1 XUMUYECKask TEXHOJIOTHS;
IMTangenko Onbra FOpreBHa - MarucTp, CT. MpenoaaBarTeb Kadeapsl « XUMHS 1 XUMUYECKast TEXHOJIOTHSY;
Kapabacosa Harnma AcbkuibexoBHa - MarucTp, CT. IpenoaaBaTens Kadeapsl «XuUMUs U XUMHIECKast TEXHOJIOTHS»;
Hacupos Paxmeryimia — a.X.H., mpodeccop kapenpbl «XUMUsS U XUMAICCKAsT TEXHOIOTHSD».
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