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IIpupoaa xXiMi4YHOTO 3B’ A3KY
3 TOYKH 30PY CTENEHsI IEPEKPUTTSI €IEKTPOHHHUX
000JIOHOK 10HIB, ATOMIB i MOJIEKY T

(Ilpedcmasaeno urenom-xopecnondenmom HAH Yxpainu FO.JI. 3a6yronosum)

Tlo6ydosano Qisuunuii Kpumepii KOBAICHMHUX, T0HHUX MA B00HEBUX 36°A3Ki6. Ananidyiomvcs ée-
JUMUHU CIYNEHst NePekpummsi A eaekmpoHHux 000J0HOK Y KOMNIEKCAX 3 KOBANCHMHUMU Ul IOHHUMU
sudamu 36’si3xy. Iloxasano, wo eycmuna e, enepeii 63aemodii Ha 00unuuHULl 610PI30K 0115 IOHHUX CNO-
NYK Ha nopaAOoK Oinbuua, Hige 015 Kosarenmuux cnonyx. Lle osnauae, wo e, mosice cuyorcumu Kpumepiem
Ons onucy muny 36 a3Kie. AHANi3YyI04U 6AACMUEOCMI OUMEPA 600U, NOKASAHO, W0 SHAUCHHS €, 3G NO-
PaoKom seauuun 3612a6MbCs 3 MAKOI0 JC 6EAUUUNOI0 O 207102eHI0i6 AyxcHux memanie. Pasom 3 mum,
CMYNinG nepexpumms 080X MOACKYL 600U y poapioxcenii napi A = 0,01 sbizaemvcs 3i cmynenem ne-
pexpumms 6 necmabinonit wmyuniti “monexyni” Ne,. I[i paxmu ceiduamv npo erexmpocmamuumnuii
MYALMUNOLGHUT XaAPaKmep 63a€M00i MOLEKYL 800U 3 20I06HUM BHECKOM Y 6U2IS01 OUNOIb-0UNOJb-
10i 83aeMO0ii.

Kntouosi cnosa: isuunuil kpumepiil K08aieHmHozo i i0HH020 36’°513KY, CMeniHb nepexpummsi eyex-
mMponHUx 00010HOK, B0OHEBUTL 36 SI30K, 2YCMUNA enepzii 63aemMo0il Ha 00unuunuil GI0PI30K.

[Tpupoa BOAHEBOTO 3B’SI3KY 10 ChOTO/IHI 3aJIUIIAETHCS CYNEPEUIUBOI MPOOIEMOIO i 00’ €KTOM
nocTiitHuX auckyciit [1, 2]. Bona BukamKkae miaBuIneHnii iHTepec, TMepIr 3a Bce, 3aBASKN THUPO-
KOMY BUKOPHUCTAHHIO ITOHATTS BOJIHEBOTO 3B’A3KY y (Di3UIli BOAM Ta BOJHUX PO3UMHIB [2], a Ta-
KoK y Giodisuti [3]. IIpod. E. Apynan, uieH MisKHapoAHOTO COI03Y TEOPETUYHOI 1 TIPUKJIAIHO]
ximii (IUPAC) i crBopeHnoi nipu HboMy MiKHAPOIHOT KOHCYJIBTATUBHOI pajin ' TopusoHT A0CIiI-
’KeHb BoHeBOro 38's13Ky” Ha KoHdepentiii [UPAC B 2011 p., 3BepHyB Haly yBary Ha myOJrikarii
[4, 5] 3a pe3yabraTamu quckyciii Ha 1iii kondepentiii. Mizknaposana koncyasraTusHa paga [UPAC
BiJICTTIZIKOBYE BCi JieTasli PO3BUTKY YSIBJIEHD I0/I0 BUBHAYEHHS i BJIACTUBOCTEH BOJIHEBOTO 3B SI3KY.
Bunuknenns Takoi cutyailii € HacJIi/IKOM BiJTHOCHO HU3bKOI BEJIMYNHN €HEPTii BOJHEBOTO 3B SI3KY
y HOPIiBHSIHHI 3 TUMH, 110 BJIACTHUBI €HEePrisiM KOBaJIEHTHOTO Ta i0HHOTO 3B’s13KiB [4, 5]. Tak, enep-
rig BOAHEBOTO 3B'A3Ky y BOZli cTanoBuTh 6:113bK0 10 k5T, e ky — crana Bombnmana, a T, — Tem-
neparypa noTpiitHoi Touku Bojau. [l BesmunHa € Maiike Ha /1Ba IOPSI/IKM MEHIIIOIO 32 XapaKTepHi
3HAUEHHS eHePTil IOHHOI Ta KOBAJIEHTHOI B3aEMO/III.
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KopoTko 3ynuHUMOCH Ha Cy4acHOMY O3HAY€HHI BOJHEBOTO 3B’SI3KY, SIK€ BUXOAUTH 3 OLJIbII
3araJibHOTO TIOHSITTSI XiMiYHOTO 3B’sI3KY. ¥ 3rojii 3 [4, 5] Bo{iHEBUIT 3B’SI30K YTBOPIOETHCS Y BUTJISI-
Il MiCTKa 3a y4acTIO TPhOX aTOMiB, PO3TAIlIOBAaHUX Ha OIHIN npsmiil. CKIaI0BUMH MiCTKA € OKCH-
TeHU, JKi pO3TalllOBYIOThCS HA KIHIIX MICTKA, Ta TIJIPOTEH, PO3TANIOBAHUN MiK HUMU. 3aMiCTh
KOKHOTO 3 OKCUTEHIB MOKYTh OyTH HiTpOTeHH, KapOoHU uu (uryopu. BHacmigok exekrpoHera-
TUBHOCTI OJIMH 3 KiHIIEBUX aTOMIB IIPUTSITYE /10 cebe 1S eleKTPOH TiiporeHa, SMEHIIYI0UN eKpa-
HYBaHH4 HOT0 g/ipa — MPOTOHY. B CBOIO 4epry eJIeKTPOHETaTUBHUM aTOM 3 JIPYTOro KiHIg MicTKa
MIOYMHAE CUJIbHIIIIE B3AEMO/IISATH 3 Malizke HeeKPAHOBAHUM ITPOTOHOM.

Taxum unHOM, H-3B’930K yTBOPIOETHCS BHACJIZIOK MEPEPOIIOIINY 3apsjy MixK JOHOPOM i
aKIeNTOPOM Ta €JIEKTPOCTATUYHOI B3a€EMO/III MisK HUMU. BBaska€Tbhcs, MO MIIHICTh BOAHEBOTO
3B'SI3KYy 3aJIEKUTh Bijl TOJISIPU30BHOCTI €JIEKTPOHHUX OOOJIOHOK TIiJI JII€I0 TIOJIB eeKTPOHera-
TUBHUX aTOMiB. 3BepTAETHCS yBara Ha Te, 1110 HallBaKJIMBIIIMMU O3HAKAMU BOJHEBOTO 3B’SI3KY €
1) cremninb foro JiHiITHOCTI Ta 2) BeJMYNHA €HePTil 3B’s13Ky 0OMeKeHa CBOIM MiHIMAaJIbHUM i MaK-
CUMaJIbHUM 3HAYEHHSMM.

Pazom 3 TiM, y poboTax [6—8] 1mokasaHo, 1110 mepeposno/Iij 3apsiiiB Y ABOX B3aEMOJIIOUNX
MOJIEKYJIaX BO/IU, Mail:Ke He 3MIHIOE BEJTMYMHU MYJIBTUIIOJIBHUX MOMEHTIB 130JIbOBAHUX MOJIEKYJI
Boau. To6TO, XapakTep MiKMOJIEKYJISIPHOI B3a€MOIii, (PaKTHUHO, 3BOAUTHCS 10 MYJIBTUIIOIBHOT
B3aEMOIII MizK MOJIEKyIaMi, aO0 B3aEMOJIIT Mi X MozeissMu 3 e(heKTUBHUX 3apsiis [9].

AJle KoM BiZICTaHI MiXK MOJIEKYJTaMU BOJAM CTAIOTh MEHIIUMU BiJl THX, 1[0 BiJITIOBIAIOTH 1X
GesocepesIHbOMY KOHTAKTY, €JIEKTPOHHI 000JIOHKYM MOYMHAIOTH Je(hOPMYyBaTUCh Ta CJIa0KO Tie-
PEKpUBAIOThCsL. BHACIIOK 11bOTO BUHMKAE HE3BIHA CKJIA/0Ba B3aEMO/IL, IKa HEe 3BOJAMTHCS Oe3-
MOCEPETHBO 10 eJIEKTPOCTATHYHOI, 1 sIKY cJ1i1 0yJ10 O HA3MBATHU BJIACHE BOJHEBUM 3B’SI3KOM. AHa-
JIi3 1€l cKkIa10BO1 B [9] mOKa3ye, 110 eHepris He3BiIHOBOTO BOAHEBOTO 3B’SI3KY HE IEPEBUIILYE
20 % emeprii eJleKTPOCTATUIHOI B3AEMOIIT MisK MOJIeKyiamMu. Buxozstun 3 mogibHuX MipKyBamb,
M./I. CokosioB 1ie 60 pokiB TOMY MiIKPECTIOBAB €JEKTPOCTATUUHY MTPUPOIY BOTHEBUX 3B’ A3KiB.
BaxuBi apryMeHTH Ha KOPUCTb [1€PEeBaKHO €JIeKTPOCTATUYHOI IIPUPOIN BOJHEBUX 3B’3KiB Ha-
BezieHo B poborax [1, 6,7, 9, 10].

[IpencraBiena HaMu poboTa MPUCBSYEHA TIOAANBITOMY JTOCTIIZKEHHIO HE3BIHOT CKIAI0BOI
BOJIHEBOTO 3B 513KY. BUXO/15791 3 TeOMETPUYHUX MipPKyBaHb, B Hilf aHATI3Y€EThCS CTEITiHb TIEPEKPUT-
T$1 €JIEKTPOHHUX 000JIOHOK MOJIEKYJT BOJIH, sIKi YTBOPIOIOTD [IIMEP, @ Ha OCHOBI IIbOTO POOJISITHCS
MIeBHI BUCHOBKH ITPO SIKICHY NPUPOJLY Ta BiJIHOCHY BEJIMUNHY BJIACHE BOJHEBOTO 3B’43KY.

Ha ocHoBI aHasizy crereHst nepeKpUTTs eJIEeKTPOHHUX 000JOHOK 10HIB Ta aTOMIB B MOJIEKY-
JIax i KoMILIeKcax 3po6JIeHO BUCHOBOK PO iCHYBaHHSI YUCJIOBOI TPaHi MiK I0HHUM i KOBAJIEHTHUM
THUIIOM 3B’$I3KYy B IIMX 3’ €/THAHHSIX.

Mipa nepekpurTsi €JeKTPOHHUX 00OJIOHOK aTOMiB Ta MOJEKYJIL Mipy TepeKpUTTS eJIeKT-
POHHMX 000JIOHOK aTOMIB, SIKi BXOJSATH JI0 TAHTEJICHOAI0HIX MOJIEKYJI TUITY N,, OyeMo BU3HaYa-
T 32 GOPMYJIOIO:

A=1-l/c. (D

SIKIIIO MTEepPeKPUTTST eIEKTPOHHUX 000JIOHOK € BificyTHIM, TO A = 0, sIK 11€ i MOBUHHO OYTH.
YucenbHi 3HaYEHHS BCIX HABEEHUX TTAPAMETPIB /IS KiJTbKOX IBOATOMHUX TAHTEIEMOIOHIX MO-
JIeKyJ1 HaBejieHi B Tabu. 11 2.

JlomamMo TaKkosK KijTbKa CJTiB BiIHOCHO BU3HAYEHHST e(heKTUBHOTO iaMeTpa TaHTENeToAiOHIX
MoJtekyJs. OCKiIbKY BOHM 3HAXOSATHCS B HETIEPEPBHOMY OGEPTaHHi K y MapomoAiOHOMY, TaK i
piIKOMY CTaHaX, TO IX PIBHSAHHS CTaHYy BU3HAYAIOThCS ycepeiHeHUME noTteHItianamu [9]. Ocranni
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MaloTh CTPYKTYpY noTentianis Jlenapga—/[xxonca [10], mapamerpn SKkuX € i 6 BU3HAUAIOTHCA 32
JIOTIOMOTOT0 PiBHSIHHSI CTaHy crcTeMu. BusHaueHi y Takuii criocib 3HaUYeHHS €, G HaBeJeHi y J10-
BigHMKYy [12]. 3a3HaunMo, 1110 3HAYHI 3HAYEHHS A TaKOK HAOIMKYIOTh (OPMU MOJIEKYJIH 10 cde-
puunoi. [Tapamerp deff = o + [ Mae cMucs e(heKTUBHOTO JliaMeTpa MOJIEKYJ, TOOTO € pajiycoMm
cepu, sika MOBHICTIO OXOIIIIIOE TAHTEENO[IOHY MOJIEKYITy TTpu Oy/Ib-sIKiii 11 opieHTartil.

Ockinbku Monekym N,, O, Ta F, yTBOPIOIOTHCA KOBaJEHTHUMMU 3B’SI3KaMH, TO BiJIIOBIHI
3HAYEHHST Mip MEPEKPUTTSI €TeKTPOHHNX 000JIOHOK aTOMIB A CJIi/l BBAJKATH XapaKTEPHUMU JIJIsT
KOBAJIEHTHUX 3B’SI3KiB. ¥ BUIIAJIKy aTOMiB cyJbypy Ta (yiyopy TaKoXK 1OB’A3aHi KOBaJeHTHUMU
3B’sI3KaMU, SIKi € TIOMITHO CJIa0IMMu Yepe3 icToTHy 1epebynoBy atoma cyabhypy. Curyaitist mo-
MiTHO 3MIHIOETBCS MTPU TTEPEXO/Ii 10 IBOATOMHUX TAJIOTEHI/IIB JIYKHUX METAJIB, Ki YTBOPIOIOTHCS
ionHnMH 3B’ s13kamu (Tabir. 3).

CrertiHb MepeKpUTTs JEKTPOHHUX 0OOJOHOK JJIS CIIOJTYK 3 IOHHIM TUIIOM 3B’I3KY € TIOMiTHO
menmM. [TopiBHSIHHS 3HAaUeHb TapameTpa A 3 Tabu1. 1—3 ToKasye, 1o Horo po3MesKyBaibHa Ipa-
HUIIS A MiK KOBAJIEHTHUM Ta I0HHUM THIIAMHU 3B'sI3KY JIE)KUTh HaOIMKeHo Ha To3Hauti A, = 0,28.

Tabnuys 1. TeoMeTpUuHi TapaMeTpH Ta eHeprii 3B’ SI3Ky
Mi’Kk aTOMaMH TepInoi rpynu 3a podoramu [8, 11]

ITapamerp H, Li, Na, R, Rb, Cs,
LA 0,74 2,67 3,079 3,92 4,17 4,66
c, A 1,84 4,4 4,8 5,6 5,8 6,1
A 0,59 0,39 0,36 0,30 0,28 0,24
E/kyT,, 175,92 41,16 29,49 19,57 18,56 17,83
e, 2,982 1,0554 0,8192 0,6523 0,6628 0,7429

Tabnuys 2. TeoMeTpuuHi mapaMeTpu Ta eHepril 3B’ I3Ky
Mi’K aTOMaMH JPyroro mepioay sa podoramu [8, 11]

[Tapametp B, C, N, 0, F, Ne,
LA 1,59 1,24 1,10 1,21 1,41 3,09
c, A 3,60 3,4 3,3 3,1 3,1 3,16
A 0,56 0,64 0,67 0,61 0,54 0,02
E/kgT,, 117,01 241,69 199,33 62,54 64,07 0,12
e, 2,089 3,776 2,975 1,058 1,186 0,06

Tabnuys 3. BinmcTanb Misk EHTPAMH Mac aToMiB [, liaMeTp MOJIEKYISIPHOTO KOMILTEKCA G,
CTeneHb ePEeKPUTTS A Ta eHeprii 3B’ A3Ky MiK i0HaMH Y 3’ €THAHHSX JIy;KHUX MeTaJiB 3 raioreHamu [6]

ITapamerp LiF LiCl Lil NaF NaCl KF KCl CsF CsCl
LA 1,56 2,02 2,39 1,93 2,36 2,17 2,67 2,35 2,91
c, A 1,96 2,41 2,76 2,31 2,76 2,69 3,14 3,05 3,50
A 0,20 0,16 0,13 0,16 0,14 0,19 0,15 0,23 0,17
E/kBTtr 242,2 176,9 118,5 192,7 151,7 194,8 159,0 195,2 161,1
N 12,11 11,056 9,115 12,043 10,836 10,253 10,6 8,487 9,476
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TakuMm ynHOM, HapaMeTp A 3MIHIOEThCs Oe31epepBHO MIPH MEePEXO/i BiJ CIIOIYK 3 KOBAJIEHT-
HUM THUIIOM 3B’43KY /10 CIIOJIYK 3 IOHHUM THUIIOM 3B’13KY. O3HallOMUBIINCH 3 IIUM PE3YJIBTaTOM,
ximik C.O. 3aiines Baso miBis migcymok: “B 6isbiiocti 3’eiHalb 3 KOBAJIEHTHUM TUIIOM 3B’513-
Ky € 4aCTHHA iOHHOTO, i B OIJIBINOCTI 3’€/[HAHD 3 IOHHUM THUIIOM 3B’SI3Ky MICTUTBCSI YaCTHUHA KO-
BAJIEHTHOTO 3B’SI3KY .

B po6ori [8] sanpononoBano mosnayenHs: ,;  1a . .. — HOPMOBaHi XBUIBbOBI (DyHKITIi
10HHOI Ta KOBaJIEHTHOI CTPYKTYP. KoyJicoH mpononye MOBHY XBUIBOBY (DYyHKITITO TIPEJICTABISATH Y
BUTJISA/IL CYMU:

V=VWim + 7\‘wcoz;alen, (2)

Jle L — KOHCTaHTa, 3HaYeHHS K01 XapaKTepu3y€e acCuMeTpiio 3apsiioBoro posnoiay. [1io koncran-
Ty KoyJsicon B Monorpadii [8] HazuBae crernieHeM i0HHOCTI. Baru KOBaJIeHTHOI 1 iI0HHOI CTPYKTYP
BiiHOCATBCA Mixk coboro: 1/A%. HaBnaku, ionHa yacTuHa 383Ky, SIK BKazaHo B pobori [8], Bu-
3HauaeThCA CIiBBigHOIIeHHAM: A2/(1 + A 2).

Koyicon Bizmivae, 1110 OIliHKa KOHCTaHTH A aCUMeTPil PO3IOALITY 3apsiy HeMOKI1Ba 6e3 3a-
CTOCYBaHHS €KCIIePUMEHTAIbHO BU3HAYEHUX BeJIUYNH MYJBTUIIOJIBHUX MOMEHTIB MoJieKyJ1. Ha-
BeJieHi B po6oTi [8] A [uist TipuAiB raJoreHiB po3paxoBaHi i3 eKCHepruMeHTaIbHUX JaHUX PO
JIUIIOJIbHI MOMEHTH 1IUX MOJIEKYJI.

O1iHKa cTeneHs MePeKPUTTS eJIEKTPOHHUX 000J0HOK ABOX MOJIEKY.I Boau B Aumepi. Cre-
iHb TIEPEKPUTTS €JIEKTPOHHUX 0GOJOHOK IBOX MOJIEKYJI BOJIH B IUMEPI BOAU BU3HAYNMO 3 THM
CaMUM CITBBifiHONIEHHAM (2), 0 BUKOPHUCTOBYBAJIOCH JIJISI OI[IHKW CTENeHs TIePEKPUTTS B MO-
JIeKyJ1aX Pi3HUX CIIOJIYK.

Bymemo BBaskaTH, 10 BiJICTAaHb MiXK IIEHTPaMU OKCHUTEHIB [ 30ira€ThCs 3 Bi/ICTAHHIO MisK OKCH-
reHaMu y PiBHOBaKHOMY CTaHi i3osiboBaHoro aumepy: [ = 2,98 A. 3navenns [, gx i sume, Oyne
ineHTrdiKyBaTUCh 3 TUM, IO Bi/ITOBI/Ia€ PIBHAHHIO CTAHY PO3Pi/IKEHOI BOJHOI TIApH.

3nauenns 6 BisbMeMo 3 pobiT Criminaxepa i Paxmana, Moprencena ta Bepenjicena, ae Bonu
PO3IJISIAI0THCS SIK JliaMeTPU MOJIEKYJI BO/IM 1 3HA/IEH] IIJISIXOM MOJIeJIIOBAaHHSI METO/laMU MOJIe-
KYJIIPHO1 IMHAMIKHW JPYTOro BipiaJibHOTO KoedillienTa BOAHOI Tapu i Bi/ITBOPEHHS IEPIIOoro i
JIPYTOTO MAaKCUMYMIB pajiiabHO1 (hyHKILIT po3moiny Mosekyst Bogau. Ilotentianu Criginmkepa i
Paxmana ta SSD mpusBozsATh 0 3HAYeHb JiaMeTpa MoJiekyau Bojgu o = 3,016 + 3,100. Ilix-
KPECJIUMO, IO 11i MOTeH ianu Gy moOyI0BaHi sl MOJIETIOBAHHS i30JIbOBAHIX MOJIEKYJI Ta JIJIst
MOJIEKYJI BOJIU B PO3Pi/IKeHii mapi. 3Hadenns jiaMeTpiB MoJIeKy. I B/, oTpuMani Moprenconom
i bepenacenom 3a mornomoroio notentianis TIP3P, TIP4P/2005, SPC/E, siki cTBOpIOBAIMCD 1715t
MOJIEJIIOBaHHSI BJIACTUBOCTEN PiMHHOI BOAM, € moMiTHO Oimbmmmu: 3,150 i Hasith 3,166. Take
301/IbIIIEHHST BEJIMUMHMI J[iaMeTPa ¢ MOJIEKYJIU BOIU MIPUPOIHO MOSICHIOETHCS BIUIUBOM ii CyCi/iiB.

Ipu /=298 Aic=3,016 crenens nepekpuUTTs €JIEKTPOHHUX 0O0JOHOK JBOX CYCiIHIX MOJIe-
Kya A=0,01.

3 HaBeJIEHNX Pe3yJIBTATIB CHIIYE, 1110 B3AEMOJIiS MiXK IBOMA MOJIEKYJIAMY BOJIU B PO3PI/IZKEHI
napi Ma€ eJeKTPOCTAaTHYHUN XapaKTep i MOAETIOETHCS TTOAIOHO B3aEMOJIii MixK ioHAMU B MOJIEKY-
JIaxX 3 IOHHUM THUIIOM 3B’SI3KY. AJie BeJIMUnHA eHePTii MiXKMOJEKYJISIPHOI B3AEMO/IIT € HA TIOPSI0K
HIZKYOI0 Biji BEIMYMHU €HEprii BHYTPIITHbOMOJIEKYISIPHOTO 10HHOTO 3B’s13Ky. Lle 00yMOBJIeHO
THM, 1110 MOJIEKYJIa BOJIU B I[IJIOMY eJIeKTPOHeHTpasbHa i B3aEMO/1isl MiK J[BOMA MOJIEKYJIaMU BOJIU
BiITBOPIOETHCS BIIPI3KOM MYJILTUIIOJBHOTO eJIEKTPOCTATUYHOTO PO3KJIATY.

Oo0roBopenHst orpuMaHux peayJsratiB. Koyscon i ITosiHr HarosomyBaiu Ha HEOOXiAHOCTI
PO3PI3HSTH i0HHI Ta KOBaJIEHTHI BHECKH B €HEPTiI0 XiMiuHNX 3B’513KiB. Y ¢Boix poborax [10] [Tosinr
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Puc. 1. Tonnnii eJIeKTpOCTATAYHMIA Ta KOBAJIEHTHHIT XapaKTep 3B’s13-
KiB Bi3epKaJeHUi 3aJ1e;KHICTIO Cepeilboi IyCTUHU €, PO3IOALITY
€Heprii 3B’sI3KY Bi/l CTETEHsT TEPEKPUTTST €TEKTPOHHUX 000TOHOK
i0HIB, aTOMIB Ta MOJIEKYJI

i KoyJsicon Bkazasm Ha eJIeKTpOCTaTUUHUI XapaKTep BOJHEBOTO 3B’13Ky. O3HAUMMO 4acTKy eHeprii
3B’3KY MK aTOMaM¥ Ta i0HAMH, 1110 YTBOPIOIOTH MOJIEKYJTY, STKa TIPUTIAJIAE HA TIeBHUT iHTEpBaJI 3HA-
4eHb MapaMeTpa MePEKPUTTS IX eJIeKTPOHHIX 0O0JIOHOK. Dbl TOUHO, BBEIEMO BEJTMIUHY

ex :0,01(%0) (3)

ne E, — enepria aucomnianii mosexynn. OueBUIHO, IO TaKy K caMy XapaKTePUCTUKY MOKHA BH-
KOPUCTOBYBATH JIJIS1 XapaKTePU3yBaHHA 3B’I3KY MiK MOJIEKYJIaMHU, 1110 YTBOPIOIOTh HA/IMOJIEKY-
JISIPHI KOMILJIEKCH TUITY IUMePA BOJIU.

3pO3yMiJIO, 10 Cepeits TYCTUHA ¢, PO3IO/LITY eHepril Ha iHTepBaJli 3Ha4eHb IapamMeTpa Ie-
PEKPUTTS iX €JIEKTPOHHUX 000JIOHOK Oy/1e MOMITHO Pi3HOIO SIK Y TPYITi MOJIEKYJI 3 iIOHHUM Xapak-
TEPOM 3B’43KY, TaK i B TPYI MOJIEKYJ, YTBOPEHUX 32 PAXyHOK KOBAJEHTHUX 3B’SA3KiB. Ayie TyT
Ba)K/IMBO 1HINE: CEPeIHi 3HaYeHHS €, B IIUX JBOX IPyIIaX 3HAYHO BIAPI3HAIOTHCA OJHE Bl OLHOTO.
Tobro, e, € pisnyno 3HAUMMOIO XapaKTePUCTUKOIO TUITY 3B’A3KY. LIpn 11poMy, unm 6imbImm € 1ie
BiJTHOIIIEHHSI, TUM OLJIBIINM € €JIEKTPOCTaTUYHII BHECOK B €HEPTII0 B3AEMO/ii MiK aTOMaMM, ioHa-
Mu abo Mosekynamu. Hapmaku, BiZIHOCHO HeBesVKe 3HAYEHHs e, BKasyBaTHMe Ha KOBAJIEHTHY
MIPUPOJLY 3B’I3KY 3aB/SIKU BHECKY, 00yMOBIEHOMY 00’ €/IHAHHSM i 1Iepe0yI0BOI0 CITIIbHUX €JIeK-
TPOHHUX 0OOJIOHOK.

Beanuunm e A JUIST JIBOATOMHUX MOJIEKYJI PO3PaXOBaHO B 1iii po6oTi i BMIIllEHO B OCTAaHHIX
psizikax taba. 1—3.

B po6ori Xosanma A. [11] HaBeseHi 3HaueHHsT eHeprii B3aeMo/ii Mik JBoMa atroMamu Ne B
MOJIEKY/JIi, 1[0 YTBOPIOETHCS MTPU HATHU3bKUX TeMiiepaTypax. CTemiHb mepeKpuTTd aTOMiB B Ta-
Kilt ek3oTnuHiil MosiekyJti A = 0,02, a eHepris B3aemoyiii He iepeButtye 0,12 kBTtr.

JlBoaToMHa MOJIeKyJ1a 61aropogHoro rasy Ne € HeCTiiKOIO 1 pO3IaJacThCs IPU 3BUYATHIX
TeMIiepaTypax Ha aToMu. Besimuuna cepeinbol IyCTUHM €, PO3TIO/ITY €Hepril MisK HelTpaJIbHUMU

40 ISSN 1025-6415. Dopov. Nac. acad. nauk Ukr. 2016. Ne 12



aTroMaMu B MOJIeKyJ1i Ne, € HU3bKOIO BHAC/Ii-
noK 6su3bKuX 10 0 3HAUEHb MOJIYJIEi MYJib-
TUIIOJIBHUX MOMEHTIB 1ux atoMmis. Creminb
MEPEKPUTTSI €JIEKTPOHHUX OOOJIOHOK Y MOJIE-
Kyni Ne, Ha 4OTHPHM MOPAAKM HUKYA, HIXK
CTETHb MEPEKPUTTSI eJIEKTPOHHUX 0OOJOHOK
raJIOTeHi/IiB JTyKHIX MeTastiB (auB. Tabur. 21 3).

3HavyeHHs e, Mg Pi3HUX MOJIEKYJ 1

KOMILJIEKCiB TToka3ani Ha puc. 1. Bucoxi 3na-
YEHHsI CePEeIHbOI I'YCTUHU €, PO3TIO/ILILY eHep-
il ucortianii XapakTepHi /yid 10HHUX 3'€]l-
HaHb TAJIOTEHI[IB JY)KHUX METaJiB 1 HU3b-
KnuMn SHaquHfIMH eA BU3HATAETHCA O6HaCTb3 Puc. 2. [[iaMeTp obaacri €KpaHyBaHHA G B [[I/IMepi 3
MOJIEKYJIaMH, 3 €ETHAHNMN KOBAJICHTHHUM 3B A3~ mosekyn Bomu 3a norentmiasamu: 1 — SD, 2 —GSD,
koM. Ocob6mBO HEOOXIHO HigKpecauTH, o 3 — MPM
JIBOATOMHI KOMIIJIEKCH JIY;KHUX METaJliB, MO-
JIEKYJIU TQJIOTeHIB Ta MOJIEKYJIM, YTBOPEHI1 aTOMaMU eJIeMEeHTIB JPYTOro 1epiony, yTBOPIOIOThH
koMmmnakTHi Tpynu Ha puc. 1. Ili ABi rpynu 3 AOMIHYIOYNM €JE€KTPOCTATUYHUM 3B’SI3KOM 1 JI0-
MiHYIOYMM KOBAJEHTHUM 3B’I3KOM BiIPI3HAIOTHCA 1 BEJIMYMHAMM €, 1 CTENEHSAMU MEPEKPUTTS
eJIEKTPOHHIX 0O0JIOHOK.

Ha puc. 1 Biamiveno snayenss e, 1ysl JMMepa MOJIEKYJI BOJIU, SKE 3a MOPSAKOM BEJIMYMHI
36iraeThbes i3 BeIMUNHAMY €, 1JIs1 3'€IHAHD FaJloreHiiB ysKHuX MeTasiB. CTeliHb IepeKpuT-
TSI €JIEKTPOHHUX 0OOJIOHOK JIBOX MOJIEKYJI BOJU B IUMEPi 30iTa€ThCsI 13 CTeleHeM TIEPEKPUTTS B
mye HecTabimbHiil mTyuniit “momexysi” Ne,. Ili dhakti cBifuaTh IpO €NEKTPOCTATUIHY My.Ib-
TUTIOJIBHY TIPUPO/LY 3B’A3KY MiK MOJIEKYJIaMH BOJIW B JIMMEPI.

Ha puc. 2 mokasaHo, 110 BesimyrHa 06J1acTi eKpaHyBaHHS eHeprii B3a€MOIii IBOX MOJIEKY.T
BOJIU, AKY MOKHA iHTEpIIPeTYBaTH K JiaMeTp MOJIEKYJIU y Po3piskeHill mapi, o ~ 3,0 A.

Ipul=298 A tac=3,0A cryninp nepekpurTs eJeKTPOHHUX 000JOHOK JBOX CYCiZIHIX MO-
gekyn A =0,007.

Taxuii pe3yIsTaT MOKHA TIOSICHUTH TUIBKHU BiZICY THICTIO IEPEKPUTTSI €JIEKTPOHHIX 0O0JOHOK
JIBOX MOJIEKYJI BOJIA B TUMEPI.

OsHayeHHs BOJHEBOTO 3B’13Ky MikHapoJHUM c01030M (byHaMEHTaJbHOI Ta MPUKJIAHOT
ximii (ITOITAK) akienTye yBary Ha IpsIMOJIiHIFTHOMY XapakTepi BojiHeBoro 3B’ 13Ky, OjiHaK BU-
3HAUeHi eKCIepUMEHTAIbHO KOH(DIrypallili AuMepa MOJIEKYJ BOJAM TOPYNIYIOTH II0 BUMOTY
"HHIMHOCTI” 3B’ 3Ky MiK MoJieKyJ1aMu uMepa. [[yist BusHaueHHs KOHGIrypailtii AuMepa 10cTat-
HBO €JIEKTPOCTATUYHUX TOYKOBUX MOJIEJIEil MOJIEKYJI BOJIM 1 IOJJATKOBUX TIPHUITYIIEHb, a60 BU-
3Ha4YeHb He MOTPiOHO. 3HAYEHHS €Heprii [uMepa MOJIEKYJI BOJIHU, OTPUMAaHI 3a JOMOMOTOI0 Haii-
OL/IBIII IOIIMPEHKX TIOTEHIaliB ﬁopreHceHa, bepencnena, Manenkosa — [lonrtesa, Crinminmke-
pa i /lesiga Ta ysaraaptnenoro norenriany Criginmkepa i [lesina, BiapisHsAOThCS MiK c00010
ne Oispire ok na 1,5 kBTtr. BiamiaHOCTI MijK 3HAUEHHSMU €HEPTiil B3aEMO/Ii1 MOJIEKYJT BOJIA B
arMepi 06yMOBJIEH] PI3HUIIEIO Y B3AEMHOMY PO3TAIlyBaHHI TOUKOBUX MOJIETBHIX 3aPsI/IiB B IIMX
noTeHIiasax. Yum TouHinme KoHDITyparlis TOUKOBUX MOJIETBHUX 3aPSA/IiB BiITBOPIOE PO3TOILI
3apsiiB B MOJIEKYJII BOJAHU, THM OiJIbIII TOYHO BiATBOPIOIOTHCS BiAMOBIAHI MYJIBTUIIONbHI MO-
MEHTHU I TUM MEHIIIA PI3HUII B OTPUMAHUX 3HAYEHHSIX €Heprii B3aeMOJIii MiXK MOJIeKyJIaMu B
JIUMepi.
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Ominka mapaMeTrpa A TPUBOAMUTD /10 BUCHOBKY, 110 B 3arajbHOBU3HAHIN iHTepIpeTatii
BOJIHEBUH 3B’430K HE MOKHA BiJIHECTH Hi JI0 KOBAJIEHTHOTO, Hi 10 I0HHOTO TUITy 3B’43KY. [Ipupo-
Jla BOJTHEBOTO 3B’I3KY — €JIEKTPOCTAaTUYHA.

I0es uici pobomu 6yna cpopmyrvosana npogd. M.II. Maromyorcem. A6mop 6ucioenioe 2iuboxy
g0stunicmv npogh. MLI1. Manomyorcy 3a nponosuyito eeecmu ma 00CAiOUMU Napamemp nepexpummsi
eNeKMPOHHUX 000JIOHOK AMOMI6 Ma MOLEKYL ma NAiOHi mpusani 062080penst 6Cix npobiem i nu-
Mamn, AKUX MOPKAEMbC Ust POOOMA.

Cohopmynvosani 6 pobomi idei 6yau niompumani akad. HAH Yxpainu JI.A. Byaasinum. Mu iiomy
Maxoxc 80sumi 3a HAOAHY MONCAUBICIL 002080PEHHS YUX NPOOIEeM HA CeMinapi Kagedpu MOLEKY-
aspnoi pisuxu Kuiscvkozo nayionanviozo ynisepcumemy. A6mop Ucio610€ 2iuboKy noosKy u.-
xop. HAH Yxpainu FO.JI. 3abyronosy sa nocmiini 062060penis npooiem ymeopenus XiMiunux
36°513Ki6 1 diesy niompumxy pobomi.
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MPUPOJA XUMNYECKON CBSA3U C TOYKU 3PEHUS
CTEIIEHU ITEPEKPBITUA SJIEKTPOHHbBIX OBOJIOYEK
MNOHOB, ATOMOB 11 MOJIEKYJI

Ilocmpoen usuueckuii Kpumepuii KOBATCHMHOHIX, UOHHLIX U B000POOHBIX C8A3€U. AHATUSUPYIOMCSL 6EAUUUNHDL
cmenenu nepexkpoimust A 31eKkmpoHHbIX 000L0UEK 8 KOMNIEKCAX ¢ KOBALEHIMHBIMU U UOHHbIMU sudamu cesa3u. Ilo-
KA3AHO, MO NIOMHOCTb € SHEPZUU 63AUMO0CHCMEUs Ha eOUHUMHBLIL OMPEe30K 015 UOHHBIX COCOUHEHUTL HA NOPAJOK
bovuwie, uem 015 KOBALEHMHBIX COCOUHEHUTL. IMO 03HAUAECM, YMO €, MONCEM CIYICUMb Kpumepuem 0ns OnuUcaHus
muna ces3u. Ananusupys ceoticmsa oumepa 600bl, NOKA3AHO, MO SHAUCHUE €, NO NOPAOKY 6eIUNUHDL COBnadaem ¢
Maxoil ye 6eTUUHOU 015 247102eHU008 WELOUHLIY Memanios. Buecme ¢ mem, cmenens nepexpoimust 08yx MOLeKyL
600vt ¢ paspsiicentom nape A = 0,01 cognadaem co cmenenvio nepexpuimus 6 HeCMabuIbHOU UCKYCCMEEHHOT
“‘monexyne” Ne,. Imu paxmol ceudemenbcmeyiom o6 d1eKmpocmamuiecKom My bmunoivHoOM XapaKxmepe 63aumo-
Oeticmaust MOLEKYJL 800bL C 2AABHBIM BKAAVOM 6 8UOe OUNOLb-0UNOIBHOZ0 B3AUMOOCTICMEUS.

Kntoueevte cnosa: pusuveckuii Kpumepuii KOBAICHMHOU U UOHHOU CBA3U, CMENEeHb NePeKPbIMUsL NCKIMPOHHDIX
o6onouex, 8000POOHAS CE5A3b, NIOMHOCTLL SHEP2UL B3AUMOOCTICMEUSL HA COUHUNBLTL OMPE3OK.

LV. Zhyganiuk

Institute of Environmental Geochemistry of the NAS of Ukraine, Kiev
E-mail: zhyganiuk@gmail.com

NATURE OF THE CHEMICAL BOND FROM THE POINT
OF VIEW OF THE DEGREE OF OVERLAPPING OF ELECTRON SHELLS
FOR IONS, ATOMS, AND MOLECULES

A physical criterion for covalent, ionic, and hydrogen bonds is constructed. The overlapping degree A for electron
shells in compounds and complexes with covalent and ionic bonds is analyzed. It is shown that the density e, of
the interaction energy per unit interoal for ionic compounds is approximately more by the order of magnitude in
comparison with that for covalent ones. This means that e, can serve as an adequate criterion for the description of
the bond type. Analyzing the water dimer properties, it is shown that the value of e, for them takes the same order
of magnitude as for halogenides of alkaline metals. At the same time, the overlapping degree for electron shells of
water molecules forming a dimer in rarefied water vapor, A = 0.01, is close to that for an artificial unstable mo-
lecule Ne,. These facts testify to the electrostatic character of the intermolecular interaction between water molecules
belonging to a dimer with the main contribution given by the dipole-dipole forces.

Keywords: physical criterion for covalent and ionic bonds, overlapping degree for electron shells, hydrogen bonds,
density of the interaction energy per unit interval.
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