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Values and change laws of atoms and ions radii

In the chemical technology industry many products are produced by aqueous-salt systems. In such systems
the charged particles of mineral substances used as raw materials are in the form of ions and play a decisive
role in the formation of the target products. Today research results in the theoretical chemistry show that there
is no high level scientifically substantiated data on the radii of atoms that are the material basis of such ion
particles. The atomic and ion radius values of chemical elements give rise to several values for a single ele-
ment in known literary data. These data are different from each other. Within the periodic table per each atom
and each ion about 30 scaling values are determined by the calculation or physico-chemical methods. Accord-
ing to the results obtained, the values have been found that are close to the known data and preserve their own
numerical values within the periodic system. At this point two different equations are used to calculate radii
of the atoms and ions of the elements. Version 1 is for elements in the periodic table moving from period to
another, while the other is for elements in the 1st and 8th groups in each period of the periodic table. All
chemical elements in the periodic table allow calculating the radius values of atoms and ions.
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Introduction

In many areas of chemical technology the processes occurring in aqueous-salt systems are used. In this
case the mineral substances used as primary raw materials in the process are the elementary charge particles,
ions, and play a decisive role in the formation of target products. Nowadays the research results [1-5] in sci-
entific chemistry have shown that there is no high level scientifically substantiated data on the radii of such
ion particles and their material basis. In general within the Periodic Table of Chemical Elements of
D. Mendeleyev the data of radii determined by calculation and physico-chemical methods show about 30
scale values for each atom and each ion [6—11]. As examples we can include the research results on the radii
of the ionic and atom particles [12] of Melvin-Hughes (MH), Goldschmidt (G), Poling (P), Ingold (In) and
Boki (B) that are widely used in educational and scientific practice today (Table 1).

Table 1
Radii of atoms and ions
Elements Radius of atom, 7, +10, nm Ton charge Radius of ion, ; 10, nm
M.H G P B M.H G P In B
1 2 3 4 5 6 7 8 9 10 11
Ag 1.445 1.44 1.53 1.44 +1 1.014 1.13 1.26 1.26 1.13
Al 1.432 1.43 1.26 1.43 +3 0.55 0.57 0.50 0.72 0.57
As 1.248 1.22 1.18 1.48 +5 - 0.46 - 0.71 (0.47)
Au 1.442 1.44 1.50 1.44 +1 - 1.37 - 1.37 (1.37)
B (0.795) 0.91 0.89 0.91 +3 (0.20) 0.23 0.20 0.35 (0.20)
Ba 2.174 2.17 — 2.21 +2 1.395 1.34 1.35 1.53 1.38
Be 1.113 1.11 1.07 1.13 +2 0.314 0.35 0.31 0.44 0.34
Bi 1.548 1.55 1.46 1.82 +5 — 0.74 — 0.98 (0.74)
Br 1.1415 1.14 1.14 - +7 — — — 0.62 (0.39)
C 0.771 0.77 0.77 0.77 +4 0.195 0.16 0.15 0.29 0.2
Ca 1.974 1.37 — 1.97 +2 1.051 0.99 0.99 0.99 1.04
Cd 1.490 1.48 1.48 1.56 +2 0.99 0.97 — 1.14 0.99
Cl 0.994 0.99 0.99 - +7 — — — 0.49 (0.26)
Co 1.253 1.25 1.25 1.25 +3 0.65 0.63 — — 0.64
Cr 1.249 1.25 1.25 1.27 +6 — 0.52 — 0.81 0.35
Cs 2.655 2.62 — 2.68 +1 1.678 1.67 1.69 1.69 1.65
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Continuation of Table 1

1 2 3 4 5 6 7 8 9 10 11
Cu 1.278 1.27 1.35 1.28 +2 0.47 0.72 - 0.96 0.80
F 0.709 0.64 0.64 — +7 — - - 0.10 -
Fe 1.241 1.26 - 1.26 +3 0.67 0.64 - - 0.07
H 0.3707 0.36 0.30 0.46 -1 - 1.53 - 2.08 1.36
Hg 1.503 1.50 1.48 1.60 +2 0.66 1.10 - 1.25 1.12
I 1.333 2.20 1.28 — +7 - 0.50 - 0.77 (0.50)
K 2.272 2.36 - 2.36 +1 1.341 1.33 1.33 1.33 1.33
La 1.870 1.86 - 1.87 +3 1.14 1.14 1.15 1.39 1.04
Li 1.520 1.55 1.34 1.55 +1 0.758 0.68 0.60 0.60 0.68

Results and discussions

As can be seen form Table 1, there are large quantitative differences that can not be ignored for any
element in their atomic and ionic radius values. The research findings show the results of recent research
aimed at eliminating such shortcomings. The research has revealed that some of the latest scientific findings
about the definite patterns of traction and drainage and the atomic structure, which arise between charged
particles, have been used [13—17]. At this point two different equations are used to calculate the atoms and
ions of the elements. For elements in version 1 (1-3) elements according to their formula that move from
period to period in the periodic table. They are lithium, sodium, potassium, rubidium, cesium, and francium.

Zne’ _ K-m-V? )
41E£0 (R atom of previous element +X )2 (R atom of previous element +X ) .
From the 1* formula we find X.
_ Zne’ - K 4TESOWZV2 : Ratom of previous element (2)
- K4ne,mv’ '
Next, we find the atomic or ion radius of the element as follows:
Riom = Riom of previous clement T X. (3)

In version 2 (4-6) formulas are for the elements of 1 and 8 groups in each period in the Periodic Table.
The laws are known that by an increase in the line number the atoms and ions radius of elements is de-
creased. Therefore, we deduce X from the radius of the element and ion radius of the element, and we formu-
late the formula as follows.

Zne’ . K-m-v? )
2 - .
4TCSO (R atom of previous element _X) < atom of previous element _X>
From the 4" formula we find X.
2 2
— [(47.c£0n1V Ratom of previous element _Zne (5)
K4ne mv? ’

here €, — dielectric permeability of vacuum, F/m; e — electron charge, C; m — electron mass, kg; z —

number of protons; R — distance between the charged particles, A; v — velocity of rotating electrons in
radius orbitals, m/sec.; K — constant value determining by the arrangement of elements electrons in the
cells.
Next, we find the atomic or ion radius of the element as follows:
R, =R X. (6)

The new calculation results obtained for the elements described in Table 1 above are relative to the data
given in Table 2, Figure 1.2.

atom atom of previous element
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Table 2
Radii of atoms and ions
Atom radius, 7,10, nm ITon radius r;10, nm
Ele- Ion Aver-
ments | MH | G | p | B |AVeraee |Caleu-loharge | i | G | P | In | B | age | CHO™
literary | lation . lation
literary
Al 1432143 ]1.26]1.43 1.388 1.383 3 0.55 1057 ] 0.5 |0.72]0.57 | 0.582 | 0.575
As 1248|122 1.18 | 148 | 1.282 1.256 5 - 046 | — [0.71] 047 | 0.546 | 0.482
Au [1.442|1.44| 1.5 | 144 ] 1455 1.503 1 - 1.37| - | 137]137] 137 1.377
B ]0.795/091]0.89|091 | 0.876 | 0.888 3 02 1023] 02 [035] 0.2 | 0.236 | 0.333
Ba [2.174(2.17| - [221] 2.184 |2.171 2 1395|134 | 135 1.53 | 1.38 | 1.399 | 1.357
Be |[1.113]1.11]1.07 ] 1.13 1.105 1.063 2 0.314 |1 0.35] 0.31 | 044 | 034 | 0.350 | 0.472
Bi |[1.548|1.55|1.46|1.82| 1594 | 1453 5 - 074 — 1098074 | 0.82 | 0.681
Br |1.141]|1.14]1.14| - 1.140 1.166 7 - - - 10.62]0.39 | 0.505 | 0.383
C 10.77110.7710.7710.77 | 0.770 | 0.799 4 0.195]10.16 | 0.15 1029 | 0.2 | 0.199 | 0.213
Ca [1974|137| - [197] 1.771 1.777 2 1.051 1 0991099 1099|104 ] 1.012 | 1.119
Cd | 149 | 148|148 |1.56| 1.502 1.505 2 099 1097 — |1.14]099 | 1.022 | 1.989
Cl 10.994|0.990.99| - 0.991 1.007 7 — — - 10491026 | 0375 | 0.372
Co |1.253]1.25]|1.25|1.25 1.250 | 1.251 3 0.65 | 063 | - - 1064 | 064 | 0333
Cr [1.249]1.25|1.25]1.27| 1254 |1.278 6 - 052 - |[081]035] 056 | 0.514
Cs |2.655|2.62| — |268]| 2.651 |2.665 1 1.678 | 1.67 | 1.69 | 1.69 | 1.65 | 1.675 | 1.675
Cu |[1.278]1.27 135|128 1294 | 1405 2 047 1072 - |096| 0.8 | 0.737 | 0.985
F 10.709]0.64|0.64| — 0.663 | 0.684 7 - - - 0.1 - 0.1 0.099
Fe |1241]126] — |126| 1.253 1.259 3 0.67 {064 | - — 10.07 ] 0.439 | 0.404
Hg [1.503| 1.5 | 148 1.6 1.520 | 1.488 2 0.66 | 1.1 - [ 1.25]1.12 | 1.032 | 1.097
I 1333 22 | 1.28] - 1.203 1.283 7 - 0.5 - 10771 0.5 0.59 | 0.426
3
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Figure 1. The laws of changes in average literary and calculation values of atomic radii
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Figure 2. The laws of changes in average literary and calculation values of ion radii
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Conclusions

As shown in Table 2 and Figures 1, 2, the results of the study were close to the known data, and the
values of the latter were changed within the periodic system, but their numerical values were obtained. In
order to verify their superior sequence and authenticity, calculations were made using the atomic and ion
radii of any element in the periodic system group before and after of that element, upper and under the
certain periods, under certain elements. At the same time, in all four different calculations, the same values
of the atom and ion radii of the element under consideration were obtained. This result can be a proof of the
novelty of the findings, as well as the high scientific value and significance of it.

Thus, the results of the research can be considered as a new solution for calculating the high values of
ion particles and their radicals’ radii, which are their material basis in the field of chemistry. The
methodology used in the work allow calculation of the radius values of atoms and ions all the chemical
elements in the periodic system of D. Mendeleyev.
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V. becrepekos, C.P. Epmekos, 1.A. [lerponaBioBckuii

ATOM)Iap MEH HOHAAPABIH paanyCTaphbl MGH}Iepi MEH 03repy 3aHAbIIBIKTAapPhbI

XUMHAIBIK TEXHOJOTHS CalajlapblHAA CYJbI-TY3[bl JKyHelnep apKbUIbl KeNTereH eHIMIep eHAipinyne.
MyHpaii sxyiienepie MIHKi3aTTap peTiHe maifanaHbUIaThIH MUHEPAIIbl 3aTTapablH 3apsAThIK OeniiexTepi
HOHIAp TYpiHAe OOMbIN, KEPeKTi OHIMAEpl KaJbINTACThIpyAa LICIIYIIi poi aTKapaibl. T bUIbIMU-UTIMIIK
XHUMUSI cajlachlH/ia Ka3ipri Ke3/ie KOJDKETKEH HOTIKENEP i Talaay HOTHKECI KOpPCeTKeHAeH, OCBIHIAN HOHIBIK
OeILICKTEePAiH JKOHE OJIap/blH MaTEpHAIABIK Heri3i 0O0JbIN TaObUIATBIH aTOMIAP/BIH PaJUyCTapbl Typaibl
LIBIHARBUIBUIBIFBI JKOFAPbI, TOJBIKTAMA FHUIBIMH IOHEKTEIIeH MAJIMETTEp JKOK. XHMHSUIIBIK JIEMEHTTEpIIH
aTOMBI MEH HOHBI PagWyCTapbl MoHJIEpi Oenrini onebm Mariymarrapiaa Oip »JIeMEHT YIIiH OipHeme MoH
6epeni. Onap Gip-OipiHeH eTe anmmIakThl MoHAEp. XHUMHUSUIBIK JJIEMEHTTEPIiH HMEePUOATHIK XKyiieci kecreci
HIeHOepiHAe paguycTapbl eCenTik HeMmece CaH alyaH (U3UKa-XUMUSIBIK JKOJJIAPMEH aHBIKTAIFaH

Cepusa «Xumuns». Ne 1(93)/2019 69



U. Besterekov, S.R. Yermekov, I.A. Petropavlovskiy

MOJIMETTep/Ie 9p aTOM dp HOH yuIiH 30 XybIK HIKaJalblK MOHAEP KenTipineni. [3aenic HaTmxkeaepi OoibIHIIA
OeJrrisli MasTiMeTTEpre JKaKbIH XKOHE JIe COHFbIIAPABIH MEPUOATHIK XKyle HeHOepiHe e3repy 3aHIbUIIKTapbIH
CaKTaiThIH, OipaK ©31HIIK CaHIBIK HOTHXeNepi 6ap MoHAep anbiHabl. OChl Ke3/1e IEMEHTTep/AiH aTOMIaphl
MEH HOHIapbl PajMyCTapblH €CeNnTeylde €Ki Typii TeHAeyldep KOJIaHbUIaAbl. 1-IIi HYCKa BIEMEHTTEp
MEPUOATHIK XKYylee epHOATaH HePUOIKA KOIIKCHCT] AIEMEHTTTEP YILIH, al eKiHIIiCi IePUOATHIK Kyheaeri
op mepuoxaTarbl l-mi JkoHe 8-mii TONTAarbl OJMEMEHTTTEp yuriH. JKYMBICTa KOJNJAHBUFAH oficTeMe
. MeHesneeBTiH NEPUOATHIK KYHeCiHAeri OapiblK XUMUSUIBIK JJIEMEHTTEPIiH aToMIaphbl )KOHE HOHIApPHI
paanycTapbIHBIH MOHICPIH €CenTel aHbIKTayFa MyMKIHIIK Oepei.

Kinm co30ep: noH, aToM, paauyc, MEPHOATHIK XYie, OeIIeKTep, 3apsarap, IEeKTPOH, (Gru3nuKa-XUMHUSIIBIK
KacHeTi.

V. becrepekos, C.P. Epmekos, U.A. [leTponiaBnoBckuii

3HavyeHusa U 3AaKOHOMEPHOCTHU USMEHECHHUS PaJnyCOB aTOMOB 1 HOHOB

B orpacisix xumMuueckoi IpOMBIIIIICHHOCTH MHOTUE MPOJYKTHI MPOU3BOJISATCS C TOMOIIBIO BOJHO-COJIEBBIX
cucteM. B Takux cucremax 3apspKEHHbBIE YaCTHIIbI MUHEpAIbHBIX BELIECTB, UCIOJIb3YEMBIX B KaUe€CTBE Chl-
Pbsl, HAXOIATCS B (pOpME HOHOB M HIPAIOT PEIIAIOIIYIO POJIb B HOPMHUPOBAHUH IENICBBIX MMPOAYKTOB. Pe3yib-
TaThI TEKYIIHX HCCIICOBAaHUI B 00JIACTH TEOPETHICCKON XHMHUH ITOKA3aId, YTO HE CYIIECTBYET BEICOKOYPOB-
HEBBIX HAyYHO 0OOCHOBAHHBIX JAHHBIX O PAaAMyCcaX HOHOB U aTOMOB. ATOMHBIE U HOHHBIE PanyChl XUMHUYeE-
CKHUX 3JIEMEHTOB UMEIOT HECKOJIBbKO 3HAYEHHUH U1l OHOTO 3JIEMEHTA 110 HEKOTOPBIM JINTEPATYPHBIM JaHHBIM.
B nmaHHBIX 0 pagMycax XHMHYECKHX OJJIEMEHTOB IEPUOANYECKOH TabIHIbI, ONpenessieMblX (QH3MUKO-
XHUMUYECKUM M PaCUETHBIM METOAOM, KaX/IbIii aTOM U HOH UMeIoT okono 30 3naueHuil. Ilo pesynpraTram mc-
CJIC/IOBaHUS 3HAYCHUS OBUTM OJM3KU K M3BECTHBIM JaHHBIM. J[IS BBIYHCIICHHS PAJNyCOB aTOMOB U MOHOB
9JIEMEHTOB HUCHOJB3YIOTCS J1Ba pa3HbIX ypaBHeHUs. Bepcusi 1 npeanasHadyeHa ajist 3JIEMEHTOB B MEpHOAUYE-
CKOM TaOnuIle, MepeMeIaroIInuXCs U3 MEPUoa B IIEPHOJI, a APYyras — JUIs JJIEMEHTOB 1-i u 8-if Tpymnm B Ka-
JKJIOM TIEpUOJIC IEPUOAMICCKOM TabmuIpl. MeToI0NIor s, UCTIoNb3yeMast B paboTe, TaeT BO3MOXKHOCTh pac-
CUMTaTh AaTOMHBIE W MOHHBIE pPAJAWYChl BCEX XHMHMYECKHE DJIEMEHTOB B NEPUOJNYECKOH CHUCTEMe
JI.. Menpaeneena.

Kniouesvie cnosa: woH, aToM, paanmyc, NEpUOAMYECKas CHUCTEMa, YACTHIIBI, 3apsil, IEKTPOH, (U3HKO-
XUMHYECKHE CBOWCTRA.
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