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YV mexax HexopcTKol Mmomesai somu CF1 mnsi BBemeHol B

[M. @®. TosoBko, 0. B. Kamtox-

uuit, M. 1O. HOpyuok, ?Kypu. dbis. moca. 4, 100 (2000)] momesni BomHOTo posunHy ifoHis pisHoi
BaJICHTHOCTU METOIOM MOJIEKYJIAPHOI AMHAMIKY TOCJIIKEHO BILIUB 3apdAy KaTioHa Ha CTPYKTYPY
fioro rimpatHoi obogonku. [lokasaHo, 1o 31 3pocTaHHAM 3apAdy KaTlOHa 3MEHIIYIOTHCI PO3MIPH
fioro rimpaTHol 060JIOHKH 1 cTablai3yeThCd OKTACIPUYHICTE ii CTpYKTypH. asi BUCOKOBaJIEHTHUX
KaTIOHIB OTPUMAHO e(peKT yTpaTh MeBHOl KIJIBKOCTH aTOMIB BOIHIO MOJIEKYJI BOIM TiAPaTHOK 0060-
JIOHKOIO, AKHI IHTEpIPeTy€EeThCAa KaTIOHHUM TigpoJaizoMm. [Tokasamo, 1o BpaxyBaHHA IIEPEPO3IOILITY
3apAay MK HPOAYKTaMM TIAPOJI3y CYTTEBO 3MIHIOE CTPYKTYPY TlapaTHOl o00JIOHKM KaTloHa 1 €
NPUHITUTIOBO BaXKJIMBUM [1JI4 11 TIPABUJILHOTO OITUCY .

KuamouoBsi ciaoBa: kaTioHHMIT TiOpoJIis, BOOHWI pO3YMH €JIEKTPOJIITY, TiapaTalisa, MONeIb IIeHT-

PaJIbHUX CHJI, METO MOJIEKYIAPHOI TMHAMIKH.

PACS number(s): 61.20.Ja, 31.15.Qg, 61.20.Qg

I. BCTVYII

IlepBuHHIM eTamoM HaraThoX MPOIECIB, IO BlOOYBa-
I0ThCA Y BOAHUX PO3YMHAX MPU HAABHOCTI KaTIOHIB Me-
ramy M7TZ | ¢ fionna rigpaTamig, gKa HoJdrae B yTBO-
pemmi xkommrexcis [M (H50),]t2, ne n — 4ucio mode-
KyJI BOOM B TiApaTHIi 0OOJIOHIN, TaK 3BaHe UHCJIO TiM-
paramii, / — 6e3po3MipHa BeJHINHA 3apAmy KaTioHa,
o BiAmoBiga€ #ioro BasieHTHOCTI. IIpm mepexomi ommo-
BAJIEHTHUX 110 6araToBaJIEHTHUX HOHIB 301IbIIEHHA 3a-
PALY TOCHITIOE eJIEKTPOCTATHIHY B3aEMOII0 KaTioHa 3
MOJIEKYJTaMH BOIM, IO IPHBOINTEL OO CTablalsalil Tid-
paTHOI 0DOJIOHKT KaTIOHA. 3 APYTOTo OOKY, CIIIBHE eJIEK-
TPOCTATUYIHE BIAIITOBXYBaHHA MIK KaTlOHOM 1 IIPOTO-
HaMH MOJIEKYJ BOIM TIEPIIol T1IApaTHOl 0OOJOHKH CIIPH-
qUHAE 3HAYHY MoAn(IKaIliio BHYTPIMOJIEKYJIAPHOl Teo-
MeTpil IMUX MOJIEKYJI, HMIO 3PENITO MPUBOAUTH IO BlI-
pHBY MeBHOI KIJABKOCTH TPOTOHIB 3 IEPIIOl TiapaTHol
obosionku. lle aBuie gobpe BimoMe B XeMIUHINE JiTepa-
Typi [2,3] 4K dABuUllle KATIOHHOTO TiAPOJI3Y, ¥ pe3ysb-
Tati axoro rimparosamuii fion [M (H20),]1# nepersopio-
eThed B rigpaTHo-Tizposisay dopmy [M O, Ha, ;] 1",
ne h — Tak 3BaHe MOJIFIpHE BIAHOMIEHHS TIAPOJII3Y, IO
XapakKTepHu3ye KIJIBKICTh MPOTOHIB, BIAIPBAHUX BlH MO-
JIEKYJT BOOM TIEPIIOl TIAPaTHOL OOOJTOHKH BHACIIIOK Ka-
TIOHHOTO T1IPOJII3Y.

ligpomia € mepmuM eTamoM Ha HLAAXY YTBOPEHHHA
baraTodaepHux HOHHUX CTPYKTYD V BOZHUX PO3UUHAX
enexTpositie [4]. BusgcHeHHd IpUPOAM KATIOHHOIO Tifl-
pOJII3Y CTaHOBHTL dpYHIAMEHTAJLHUN 1HTEpec mid ¢di-
3UYHOI XeMll PO3UMHIB 1 € BaXKIUBUM 1A PO3YMIHHA Oa-
raThboX XeMITHUX, 1IHAYCTPIAABHIX Ta €KOJOTTIHHX TIPO-
meci. Cepen HIX, 30KpeMa, aKTyaJIbHl €KOJOTIUHI TPob-
JIEMH, 3YMOBJIEHI TOMIMPEHHAM pPadlOHYKJIIAIB y BOI-
HUX CEepeflOBUIIAX YHACJIIOK aBapili Ha aTOMHHUX eJIeK-
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TpocTaniigx [2—4]. Bix wacy miomepchKoi poboTu rpyiiu
K. Taifiminrepa [5] i3 3acTocyBaHHA METOILY MOJIEKYJIAp-
Hol mmuamikm (MJI) B Teopii BOAHHX PO3YMHIB eJeK-
TPOJITIB MPOTATOM KIJIBKOX OCTAHHIX HECATHJITH HO-
CATHYTO 3HAYHWX YCIIXIB ¥ KOMIT IOTEPHOMY MOIEJTIO-
BaHHI rizparHol cTpykTypu Kariouis [6-8]. Tpasurniiino
Takl JOCAIIKEHHA 6a3y0ThCA Ha BUKOPHCTAHHL JKOPCT-
KuX abo HEZKOPCTKUX MOJesieli Boou Ta MOmapHO aJIuTHBR-
HUX Mojeseil HOHHO-MOJIEKYTAPHO] B3a€MOMIIl. 30KpeMa
KopceTKa Mofenb Bogu ST2 [9] BuABMIACH YCIINIHOIO
IpH OMMCI TIAPATHOl CTPYKTYPH OTHOBAJIEHTHHX KaTlo-
ui myxanx meramis (LiT, Nat, Kt Rb*, Cst), oc-
KLIBKH BIIUB EJIEKTPOCTATHIHOTO MO IIUX KATIOHIB HA
MOJIEKYJTH BOAM 1X T1ApaTHOl OOOJIOHKH € HECYTTEBWM.
[Tpore Bxke Mg ABOBAJIEHTHUX KATIOHIB JIyZKHO3EME b
nux meraais (Bet?, Mgt? Cat? Srt?) ueit eexr crae
BaxIUBUM. ToMy A 1X OnMmcy BUHEWKae moTpeba B 3a-
CTOCYBaHHI HEKOPCTKHUX MOZEJIEe BOIM, HARTPOCTIIIOIO 3
AKUX € Mofeb neHTpaabaux cui (CF) [10,11]. Y mekax
i€l MoIes Il MOJIEKYJIa BOOW PO3TIATAETHCA AK CYMIII
aTOMIB KICHIO Ta BOIHIO 3 BLATOBIIHIMN e€(pDEeKTUBHIMMI
3apAgaMi i TOTEHIIATaME MIZKIacTHHKOBOI B3a€MOIl,
AK1 TAKOXK 3a0e3MeTIyI0Th KOPEKTHE BIITBOPEHHA PEATIb-
HOl TeoMeTpil MoJsieKyan Bomu. HemxopcTkmili xapakTep
momeai CF gae 3Mory mOCTIAATH BIINB BHCOKOBAJICH-
THUX KaTIOHIB Ha BHYTPIMOJIEKYJIAPHI BJIACTHBOCTI MO-
JIEKYJT BOIW T1ApaTHOI OOOJIOHKHN. 30KpeMa BHKOHAHI B
rpymi Laifmurepa KoM loTepHl MOIETIOBAHHA METOIOM
M/ n71g BOOHHX PO3YHMHIB KATIOHIB JIYKHO3EMEILHUX
MeTaJiB 3 BUKOPUCTAHHAM Jjijid Boau mozeai BJH [12],
dKa € melmo MommddikopaHoo Bepcieio mogem CF, mo-
KasaJil, Mo CHIbHA eJEKTPOCTATHYHA B3aEMOJIA JBO-
BAJIEHTHUX KATIOHIB 3 MOJIEKYJIAMH BOIHU BeIE IO 3POC-
TaHHA BHYTpiMoJdeKyagapHoi BiacTani O—H masa mosexyt
BOAOM B HOHHI rigpaTHiii 060A0HIT MOPIBHAHO 3 YHCTOIO
BOIOM0.



MOJIEJIFOBAHHA ITPOLHECIB KATIOHHOT'O I'IIPOJII3Y. ..

Brup esleRTpUYHOTO TOJs KaTioHa Ha BHYTPIMOJIE-
KYJSApHY CTPYKTYPY MOJIEKYJI BoIu foro TimpaTHol 0b6o-
JIOHKH CTa€ e BaKJIUBIIINM TIPH PO3LVIAAL TPH- 1 BHIIME
BaJICHTHUX KaTIOHIB, HAIPUKJIAI HOHIB aJTIOMIHIIO, Tepe-
XIIHUX MeTaJIiB, JJaHTAHOLAIB Ta aKTHUHIIIB. 301ILIIEHHT
sapdaiy KarioHa i/afo 3MeHIIeHHd HOro po3MipiB mocu-
JIIO€  eJIEKTPOCTATUYIHY B3a€MOJII0 KaTiOHA 3 MOJIEKY-
JIaMU BOJIH, KA MPU MEBHIN BeJTUYHHI CTa€ TOCTATHBOIO,
mobN COPUINHATH AUCOINIAIII0 MOJIEKYJ BOIM B Iep-
it rizpaTHiil oOOJOHII 3 BUXOIOM IIPOTOHA 3a 11 MeXKIl
it yTBOpeHHA KoMILIeKciB Tumy rimpokconio (HzO)T,
OPUBOAAYN, TaKMM YHHOM, 10 KaTIOHHOTO TIAPOII3Y.
Ha dynmamenTadbHy poJb €JEKTPOCTATHIHOI B3a€MO-
i1 MIZK KaTlOHOM Ta MOJIEKYJIaMH BOOW IJIS PO3YMIHHA
SABUIIA KATIOHHOTO TiIPOI3Y BKa3yE€ TAKOK €JEKTPOCTa-
TUIHANE XapaKTep JIHITHOL Kopesdlil MK KOHCTAHTOIO
KHCJIOTHOCTH (IepIIof0 KOHCTAHTOI Timpomisy) pK, i
CcTabLIBLHICTIO TIAPATOBAHUX KaTIOHIB Yy BOIHUX PO3UN-
Hax [2]

pK, = A—11.0(2/d), (1)

ne 7 — 6e3po3MipHa BeJIMUNHA 3apsaay KaTioHa, o Bl-
moBiJa€ #ioro BaJIeHTHOCT1; d — BiAOa b MK KaTlOHOM
1 KHCHEM MOJIEKYJI BOIM B TEPINii TiapaTHiii 0oOOJIOHII
(B A), A — KoHcTaHTa, BeJWYWHA AKOl € HEHIO Pi3-
HOIO [IjIs1 KaTIOHIB 3 PI3HOIO eJIEKTPOHHOIO KOHMITYypa-
€0 KaTioHIB. 30KpeMa IJId KaTIOHIB 3 eJIEKTPOHHOIO
000TOHKOO THITY 1HEpTHEX Ta3iB A = 22.0, a mmd xaTio-
HIB mepexiganx MetaaiB A = 19.8. IcuyBanna JsiHIfiHOrO
criBBigHomenHA Ty (1) 6yno HemaBHO WATBEPIKEHO
KBAHTOBO-MEXAHIYHUME PO3PaXYHKAMHU, BUKOHAHUME B
MeKax MeToiy byHKIoHAMa eJIeKTPOHHOI rycTunu [13].

Onmak, HE3BAKAKYN HAa aKTYaJbHICTh, KOMIT IOTEPHI
MOJEJTIOBAHHA TIAPATHOl CTPYKTYPH BUCOKOBAJEHTHHUX
KaTIOHIB Ta OB d3aHl 3 HAMH IOCJILIKEHHS MpodJIeMn
KaTIOHHOTO TIIPOJI3Y 3aJUIMAITHCH MAJIOUUCETbHUMA
i MafoTh HecucTeMaTuyHuH xapaktep [14]. CrragHicTs
KOMII'IOTEPHOTO MOIEJIIOBAHHSA T1APAaTHOl CTPYKTYpH Ha-
raTOBAJIEHTHUX KATIOHIB, MOPIBHAHO 3 OMHO- Ta IBOBa-
JIEHTHUME HOHAMU BIATOBIIHO JYKHUX Ta JIYKHO3EME-
JBHUX MeTaJlB, OB’ d3aHa MepeayciM 3 moTpeboio Bpa-
XyBaHHA HU3KM JOAATKOBHX YMHHHKIB y B3aeMoiil Ha-
raTOBAJIEHTHUX KAaTIOHIB 3 MoJekyaamu Bomm. Cepen
HUX HacaMmIiepen edeKT HeaIuTUBHOCTH INEl B3aeMOMll,
pPOJIb AKOTO 3pocTae 31 30LAbIIEHHAM 3apAmy KaTloHa
i/abo 3MeHIIEHHAM HOro poaMipisB, TOOTO mpu 3611b-
NIEHH] eJIEKTPOCTATHIHOTO BHECKY V B3a€MOIII0 KAaTIOHA
3 MOJIEKYJIaMU BOAU. BaxTHMBICTH BHECKY TPUYACTUHKO-
Bol B3a€Moil KaTloHa 3 MOJEKYJIaMi BOAN HacaMIIepe
JId TPaBUJIBHOTO BIATBOPEHHA KOODAWHAIRHUX UHCEST
6y.s1a mponeMoHcTpoBaHa nia ftona Bet? [15], maiimen-
HIOTO 3 JBOBAJIEHTHUX KATIOHIB, Ta JJid TPUBAJIEHTHOTO
fiona A113 [16,17].

HeamguTupHIiCTE B3aeMomll KaTioHA 3 MOJIEKYJIaMI
BOAW, B OCHOBHOMY, 3YMOBJEHA MNOJAPHU3AIIAHIMI
ederTaME, CHPUIMHEHUMHU EJIEKTPOHHOK MOJIAPH30-
BAHICTIO MOJIEKYJI BOAM, HEOOXITHICTh ypaxyBaHHA
AKOl CTHMYJTIOBAJIA POSBUTOK TOJAPUIAMINHIX MOIeTel
Bonu [18,19]. TTo3uTUBHOIO PUCOIO OCTAHHIX € T€, IO B Me-

JKax moJigpusaniiinol Monesi nporon HT Ta flon Kuenio
0~2 matorb edbekTrBHI 3apanu +1 1 —2 Bignosigmo, 1o
HE CIPUYMHSAE KOTHUX HPobJIeM HPU ONKUCI KATIOHHOLO
rigposIisy, ocKiJIbKE HoBoyTBopeHi ifonn OH~ ta H3OT
MaioTh 3apann —1 1 +1 BignosigHo. Bomgrodac y Mexax
mopeni CF | manpugman, Taka npobiaemMa ICHy e, OCKLIBKH
fioHaM BOAHIO I KUCHIO IPHIUCYIOTHCA eEKTUBHI 3a-
PAIM, 3HAYHO MEHIII 338 CBOCK BEJIMYMHO0, HIK Y IIOJIfA-
pusamiieit MomeJi.

Hopi momatkoBi mpobJsieMn ommcy B3aeMOMll KaTioHa
3 MOJIEKYJaMU BOIM BHHUKAIOTH TIPH KOMII IOTEPHOMY
MOIEIOBaHHI T1APATHOl CTPYKTYPH WOHIB 3 eJeKTPOH-
HOIO 00OJIOHKOIO, BIIMIHHOIO Bl 0OOOJIOHKH 1HEPTHUX Ta-
3iB. Tak, IpH MOHEJIIOBAHHI TIApPaTHOlI CTPYKTYPH Ka-
TiOHIB HepeximHmx Merasis, Takux, ak Znt?, Nit?
Cot?, Fet? Fet? Crt?® ta immmx, BamampuM Ipn
ommcl 1X B3a€MOMll 3 MOJIEKYJIaMH BOOHM CTa€ Bpaxy-
BanHg crenudiku d-eaekTporHol cTpykTypH [20-22], a
IpH MOIEJIIOBAHHI KaTIOHIB JIAHTAHIIIB 1 aKTHHIIIB —
Bignosinnux f-enekrponis [23]. YpaxyBaHHd IUX ac-
MEKTIB € JOCUTh CKJIAIHOI 3aladelo 1 BUMArae€ MOEM-
HaHHS KBAHTOBO-MEXaHIYHUX PO3PAXYHKIB 3 MeTOAAMEI
KOMII'IOTEPHOTO MoAe  ioBanHA. CKJIAIHICTh TaKol 3a-
Jadl 9acTo CIOHYKAa€ MOCTIAHUKIB IO CIPOLIEHDb, AKI
HE B3aBXKIH € JOCTATHBO KOHTPOJIhOBaHUME. [Ipuk.ia-
JIOM TaKuxX JOCJIKEHb € HeIaBHO MPOBEIeHI po3pa-
XYHKH BLJIBbHOI eHeprll T1LHPaTHO-TIIPOTISHIX KOMILIEK-
cib [Fe(Hz0)s_, (OH),]TG=7) 5 n = 0,1,2, mo 6asysa-
JINCS Ha TMOEIHAHHI TeXHIKH (PYHKIIOHAJIA eJeKTPOHHOIL
TYCTHHU JIJIF KOMILJIEKCY i MOJIeJTl TieJIeK TPUIHOTO KOH-
TUHYYMY [ Bonu [24].

CkJIagHICTh Ta KOMILIEKCHICTDH MpoOJIeM, IO BHHU-
KaloTh TIPH MIKPOCKOMIYHOMY MOIETIOBAHHI T1ApaTHO-
T1APOJTIZHOl CTPYKTYPH BECOKOBAJIEHTHIX KATIOHIB, BKa-
3ye, Ha Hally OyMKY, Ha HEOOXIAHICTH (PopMy TIOBAHHS
Ta PO3IVIAAY CIPOLIEHOl MOIEJl, AKa B MEepCIEeKTHBI
Moria 61 6yTH BUXIIHOIO IPH PO3TJALl OLIBII peaJsiic-
TuaHX Momedeii. OCKIIBKH OCHOBHUM YHHHUKOM IIPH
dbopMyBaHHI T1IpaTHO-TLAPOI3HOI CTPYKTYPH KaTloOHaA €
#OTO eJTEKTPOCTATUYIHA B3A€MOMIA 3 MOJEKYIaMU BOJIH,
TO, BUOMPAKOYN TaKy CIPOIIEHY MOIEJb, TOIMIIBHO 30Ce-
penuTHCh HacaMIepen Ha BHBYEHHI BIUIABY 3apdAly Ka-
TI0HA, BIAILAAIONA THM caMuM edeKT HoTo eeKTpocTa-
THUYIHOI B3a€MOIIl 3 MOJIEKYJIaMHi BOAM Bl 1HIITX edek-
TIB, 3YMOBJIEHUX BIIMBOM KaTIOHHUX PO3MIpIB, HEaIn-
TUBHICTIO B3a€MOJl, BIIHBOM €JIEKTPOHHOI CTPYKTYpPH
KaTioOHa TOIIO. 3 INE METOI0 3YMMHUMOCH Ha MOMAEI
BOJIHOIO PO3UNHY MOAECIBHUX KaTIOHIB M*Z sminnol Ba-
genTHocTi [1,25], 4Ky MU HENIONABHO 3aIPOIOHYBAJIH.
Y Mexkax miel ModeJsl MOTEHINA] B3aeMoll KaTloHa 3
MOJIEKYJIOI0 BOAW € MOMIOHWUM OO MOTEHINAAY B3aEMO-
mii ffoma Nat 3 Bomoro, ycmimHo BHKOPHCTOBYBAHOTO B
rpyui Taiininrepa [26] npu ZoC/HiIzKeHH] BOIHOIO DPO3-
9UHY KYXOHHOI coJii. €aMHOI0 BIAMIHHICTIO € Te, 10 HOH
M*Z yae sapan Ze iy sunaaky Z = 1 toumno 36iraeTbea
3 BubpanuM B [26] moTeHuigg0oM B3aeMoIil oHa Nat 3
Bogoo. OcKiJILKH rigpaTHa cTpyKTypa iioma Nat 6sm-
3bKa 10 OKTACAPHTIHOL, MOXKHA CIOAIBATHCD, MO 30171hb-
NIEHHA 3apAay KaTloHa TILIBKHA MOCHIAUTH OKTAEHAPHY-
HicTB fioro crpykrypu. Hum 1 modcHIOeTHCA Takmii Bu-
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61p MomeJIl, OCKLIBKI OLABIIICTL BUCOKOBAJEHTHHX i0-
HIB, IJd AKUX XapaKTepHUM € KaTIOHHUI T1ApOoJIl3, Ma-
I0Th OKTACIpUYHY TipaTHy cTpyKTypy [2,13]. 3 mMetoro
JTTIIOTO ONMKUCY BJIACTHBOCTEN BOAM TMOPIBHAHO 3 OPHUIi-
HaabHO Momestio CF, omme Bomm B posrasmaniit mo-
neni saificaioemo B Mexkax moneni CF1 [27], aka e merno
Moan(IKOBAHOIO BEPCIEI0 MOIE] TEHTPAJIbLHIX CHJIL.

Bigmocua mpoctora mMomesi 1 cdepuuHnii XapakKTep
MIZKYACTUHKOBUX B3aeMoill nossosus HaM y [1,25] cko-
PHUCTATUCD IJI4 11 OMHACY TEXHIKOIO 1HTEI PAJIbHIX PIBHIHD
Vv HabJAMKEHH] TUIY TIIEepJIaHIoKKOBOTO HaOIMKEHHT
(HNC). TIpu 1mpoMy A/ KOPEKTHOTO OMWCY BOIW Ha-
6aumxenna HNC 6ysio momoBHeHe BHECKOM eJleMeHTap-
HUX HigrpaM, OIUC AKHX OyJIo 3mificHeHo Ha OCHOBI Ha-
HUX KOMII'IOTEPHOTO MOJe IOBaHHdA YucTol Bomu [28,29].
Orpumani B Takuii cmoci® pe3yabTaTw BUABIIN MOK-
JIMBICTh BIAPUBY MEBHOI KIIBKOCTH IIPOTOHIB BII Tim-
paTHOl OOOJIOHKH KaTiOHa 31 3pOCTaHHAM 3apsamay, Mo
Oy/I0 HMpOIHTEPIpPEeTOBAHO AK e(deKT KaTIOHHOTO T1Apo-
m3y. OmHak OCKWIBKE TPH 3POCTaHHI 3apdAny KaTlOHa
MOBUHHA TOCHIIOBATHCH POJIb €JIEMEHTAPHUX idArpaM
TAKOXK 1 IJId HOHHO-MOJIEKY/IApHIX PYHKINHE pO3TOMIY,
BHecKOM #KuX y HabmmkenHl HNC mexTyemo, orpumani
pesyabTarTh MoTpeOyBain YTOYHEHHA HAa OCHOBI METOIIB
KOMIT FOTEPHOTO MOJIEJTIOBAHH.

IpoBemeni mocimKenus rigpaTaol cTpykTypun M12-
mombHOro KaTloHa B MeKaxX METOLY MOJIEKYAAPHOl I1-
HaMIKH MIATBEPININ ICHYBaHHA edpeKTy KaTIOHHOTO T11-
poJII3y, X04a KIJIbKICHO pesyabratu M/ 3HadHo0 MIpoto
BIAPISHAIOTHCA Bl pe3yAbTaTiB, OTPUMAHUX paHille Ha
OCHOBI TEXHIKH 1HTerpajbHuX piBHAHBL. OmepKaHl B Me-
xax Metomy M/JI rigpaTHO-TIAPOI3HI HOHHI KOMILIEKCH
MakOTh OKTAEIPUIHY CTPYKTYPY, CTabLIBHICTD AKUX MO-
CHUTIOETHCA 31 3POCTAHHAM 3apALy KATIOHA.

Buknany pesysabTaTiB KOMIT IOTEPHOTO MOIEJIOBAHHA
TApaTHO-TIAPOJII3HOL CTPYKTYPH MOIEIbHUX KaTlOHIB
M7*% i npucsauena mama upang. leaki 3 posriaamy-
BAHUX PE3YJIBTATIB MU BXK€E MOMEPETHBO OOTOBOPIOBAIN
B crarti [30]. OnHak 14 BpaxyBaHHA JAJEKOCIKHOIO
XapakTepy eJIeKTPOCTaTHIHOl B3a€MOIll KaTioHa 3 MO-
Jekynamu Boau B mpari [30] BUKOpHCTAHO Npolenypy
MeToay 3cyHyTux cua [28,32.33]) dka, X094 € ZOCTATHBO
KOPEKTHOO JIJIsi CaMOl BOIU, HEZOOIIHIOE POJTh JAaIEK0-
CAKHOl YACTUHE €JEKTPOCTATHIHOI B3a€MO/I1 KaTIOHA 3
BOOIO, IO MOCIJIIOETHCA 31 3POCTAHHAM 3aPAIY KaTIOHA.

Y miit cTaTTl BpaxyBaHHA JAJEKOCAKHUX €JTeKTPOCTa-
TUIHUX B3aeMOI1il 3miiicHeHO Ha OCHOBI mponenypu EBa-
abna [31,32], nosbaBsieHol BKazaHOro BUIIE HEAOJIKY.

OrpuMmaHi TaKUM YHHOM PE3YJIBTATH KIJIBKICHO, a B
JedKNX BUMAAKaX 1 AKICHO, BIAPISHAIOTHCA Bl PE3YIb-
TariB monepentboi poboru [30]. Bokpema, Ha BiAMIHY
Bin [30], ne amg crabinmizanii oKTaeApUIHOI CTPYKTYpPU
TiapaTHOl 000JOHKN KaTioHa OyJIO JOCTATHBO €JIeKTPO-
CTATHIHUX B3a€MOMIi iforo 3 MoJeKyJIaMu BOIM, B I
poboT1 6yae moKa3aHo, Mo B MeXax PO3TJIAIaH01 MOAEI
M2 _noni6buux KartioHis mida 7 = 3,4 nopan 3 foHaMu
3 OKTaeApUIHOIO CTPYKTYPOIO T1LAPATHOI ODOJIOHKH ICHYE
TaKOXK 3HAYHA MO KaTIOHIB 3 CKJIAIHIIIOK TlIpaTHOO
cTpyKTypoto. Bognouac xarionm 13 3apamoMm Z = 2 Ta
Z = b MaloTb, BIAMOBIIHO 10 TOMEPENHIX Pe3yabTaTa-
tie [30], cTpory okraeapuuny cTpykTypy. Ilpu nbomy y
BUMAAKY 7 = b crmocTepiraeThes eekT Tapoaisy, BHAC-
JIIOK AKOTO, IEPINY TIAPaTHY 000JIOHKY, 3aMICTh IIECTH
MOJIEKYJT BOOM YTBOPIOIOTH IMCTh WOHHUX TPYI T1IpO-
xcemwry OH™. Y mit crarTti Mu Takox OOBroOBOPUMO POJIb
3MiHE epEeKTHUBHOTO 3apdAly ITPOTOHA TPH KATIOHHOMY
rigpomisi. OCKIIBKE MPH MBOMY OZHOYACHO 3DOCTAE Be-
JUYNHA HEraTHBHOTO 3apAmy Ha KUCHI BIOIOBIIHOI MO-
JIEKYJTH BOMM, TO Tieil epeKT IPUBOAUTE 10 HECHUMETPHY-
HOCTH T1APaTHO-TIAPOJII3HOL CTPYKTYPH KaTloHa, 3MIHIO-
0YM OKTAEIPUIHICTh HA CTPYKTYPY 3 KOOPAWHAINHHUM
9HUCJIOM IT'ATh, IO BKJAYAE TpH HOHN TIAPOKCUIIY 1 OBl
MOJIEKYJIH BOJIH.

I1I. MOOEJIb TA NTETAJII KOMII'IOTEPHOT'O
MOIEJIIOBAHHZI

IIposeneni B Hammiii poboTl DOCTIMKEHHA BIJIIBY 3a-
pAmy KaTioHa Ha #oro ripaTHO-TIAPOJIZHY CTPYKTYPY
Oy BUKOHaHI B paMKax yBeneHol B [1] MogeJii KaTioHiB
M*% 3minnoi BasenTHOCTH. MU OIIICYE€MO BOIY B MeZKax
mozesi CF1 [27], aka e meuo MoaudikoBaHOW Bepci€io
opurinaJbHol Mofesti CF, 3abesnedyoun, TaKuUM 9HHOM,
OLIBII peaTICTHIHI 3HAUEHHA PO3PAX0OBaHUX 3 11 JOIMTOMO-
TOf0 THCKIB. Y MeXKax Il MOIel BOLY PO3TJISIAEMO IK
OG1HApHY CYMIII aTOMIB KUCHIO 1 BOIHIO, IO MaloTh ehek-
TuBHI GesposmipHl 3apamn Zi = 0.329831 Zo = =271 1
B3aEMOIIIOTH Yepes3 MapHl MOTEHIT AT

331.67123  26758.2C 2 2
Uoo(r) — - o ST 1_ 0.95e—4(r=3.4)" _ (j 95,—15(r—4.5) ’
3316712%1 18 —7.62177(r—1.45251)*
Unn(r) = r 1+ ¢40(r—2.05C5) 17e ( ",
_331.671 707 | 6.23403 10 4
Uon(r) = - pO10912 T ] 4 c40(r—1.05) | 4 ¢5.49305(r—2.2)’ (2)
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ae Cp = 0.9, Cy = 1/1.025, npu oMy BicTaHb BUMI-
proeMo B A, a exepriio — B KKa.H/MO.HI)

Bsaemomnito MomesbHOTO Kationa M 12 3 MosexyaMu
BOJM OINUCYEMO HMOTEHIIAJIaMMU:

331.671ZyZ0  36.677

Usio(r) = S T 1168626
331.671%y 20 | 7.479

Up(r) = MR + 99545 =707 (3)

r r2
ne Zpr — BeJImanHa 6e3po3MIPHOTO 3apsaay KaTioHa, aKy
MU HAJIAJl /4 3PYIHOCTH MO3HAYEHD BKIUBATHMEMO 3a-
MICTh BEJIMIUHE /.

K yxKe sasHavaoCd, Y BUNAAKY Zar — 1 11l TIOTEHITI-
AJIN 301TafOThCA 3 BLANOBIAHUMHA MOTEHIIAJIaMHA B3a€MO-
Aii fiona Nat | yenimno sukopucranumu B [26] npu koMm-
T IOTEPHOMY MOZETIOBAHHI BOIHOTO PO3YWHY KYXOHHOL
couti. B mift ctaTTl MU 3yIMHEMOCH Ha BUBYEHHI BILIUBY
3apAny Za; Ha TIOAPaTHO-TIAPOJII3HY CTPYKTYPY KaTioHa.

Cu1ia 3ayBakKUTH, 10 B JOCTIIKEHHAX KATIOHHOTO T1/I-
pouizy, 4kl Mu mpoBesim B Mexkax momem CF1, purmka-
IOTh MEBHI MPOoOJIEMH, TIOB A3aH1 3 MEPEPO3TOMIIOM ehek-
TUBHOTO 3apAAy MIXK HoHAME KHCHIO Ta BOIHIO B IIPOIEC]
IICOMiATi MoIexkysT Boan Ha mpoToH Ht Ta ifowm rimpo-
kemay OH™ srigmo 3 peakimiero:

H,0 — Ht?" 4+ (OH)=%". (4)

[Ipobsiema moB’da3ana 3 THM, o B Mexkax Momeal CF1
BOIIEHDB 1 KHCEHBb MalOTh epeKTUBHI 3apann 21 = 0.32983
1 Zo = —273, a IPOTOH 1 TIAPOKCIJI — BIAMOBIIHO 3a-
pamu +1 1 —1. ¥V nonepeanix mammx npangax [1,25,30]
ML CIOPOIIEHHHA TOMYCKAJOCH, MO MICJd T1IPOJI3y MO-
JIEKYJIN BOIM Ha MPOTOHAX 1 KUCHAX 30epiraioThed edek-
TUBHI 3apann 2y 1 Zo, nepenbadeni momestio CF1. Y
MPUHIAT KOPEKTHY aCUMIITOTHKY [IJd 3apaly MPOTOHA
(H)"’Z* YTBOPEHOTO B pe3yAbTaTl KATIOHHOTO T1APOJII3Y,
MOXKHA 3aJaTH MTEBHOIO (byHKLueIo axka Oum TMepeHopMO-
ByBaJIa 3apdAaM Ha KICHI Ta BOIHI 3aJI€XKHO Bl BIACTaHI
OH;, ne ¢ = 1, 2. Jlnna mopga b po3paxyHKIB Mu 00-
paJsm Taky PpYHKINO y dopmi:

"+ (L+ th ((rom, — ro)/w)) - (1= Z5")/2,
(5)

*
Zn, =

dKa MICTHTL IBa mapamMeTpu rg 1 w. llepmmmit 3 Hux,
ro, JOKAJII3y€e OIIAHKY TMepeHOPMYBAaHHA 3apsamy IMOI0
BIICTAHI 0 aToMa KHCHIO, a APYTHil, w, XapaKTepn3ye
IIUPUHY OIAAHKH, B AKIH BIZOYBaeThCA I TEPEHOPMY-
BaHHA. ZgF = (0.32983 — zapsa Ha aTOMl BOIHIO MOJIE-
Kysm Boan B Mexkax Mogesi CF1. Binnosinxo no (5) npu
TUCOTIA MOJIEKYJT BOAN (1PN BEJNKUX BIICTAHAX rof)
BIIIpBAH] Bl MOJIEKYJIN IIPOTOHN MAaTHMYTh 3apam +1,
BIIMOBIAHO 3MIHUTHCA i 3apdAd KUCHIO. 3TLIHO 3 YMOBOIO
eJeKTPOHETpaTbHOCTH:

75 = —(Zn, + 7). (6)

IIposeneHi B 1l pobOTI TOCIIIZKEHH BUKOHAHO Ha, OC-
HOB1 METOIY MOJIEKYJIAPHOl TWHAMIKK I cucTeMn 1727
MOJIEKYJT BOOW #i OTHOTO KAaTiOHA JJid PISHUX 3HAYEHB
itoro sapany Zyr = 1,2,3,4, 5, mOMIIIEHOTO B TEHTD eJie-
MeHTapHOl KOMIPKH 31 CIIBBLIHOIIEHHAME CTOPIH L
Ly L, =1:1:1.375 3 neplonnIANME TPAHWIHAME
ymoBamu. TpuBasicTh KOKHOTO MOIETIOBAHHSA CTAaHO-
BuIa 2 - 10° xpokis. PiBHAHEA pyXy iHTerpyBasm Ha oc-
HoBi anropurmy Verlet Leapfrog [31] i3 uacoBum Kpokom
1071¢ cex. Hopmasbhi ymosu (rycruny 1 r/cm3,
Tick 1 arMm i remmeparypy 298 K) KoHTpoOBaSm 3a
nmonomorom 6apoctara it rTepmoctara Hose—I'yBepa B 130-
rporromy NPT ancam€uai [31]. duid KopekTHOro Bpaxy-
BaHHHA JAJEKOCAKHIX B3a€MOJI1il BUKOPUCTOBYBAJIN TEX-
HIKY MACYMOBYBaHHA 3a EBaJsbaoM 3 mapaMeTpoM 301K-
HocTm 1 = 0.372 A~ 7a MaRCHMATBHIMA TapaMeTpaMi
CYMyBaHHZA 3a 3BOPOTHOK IDaTKOK |ng| = |ny| = 11 1a

In.| = 15 [31].

T =

III. PEBVJILTATH TA IX OBTOBOPEHHSI

lNaparHo-TiApOJI3HA CTPYKTYpa KaTioHa XapaKTepH-
3yeThCsd pamianbHIMN DYHKIIAMA PO3HOILTY ¢aro(r),
gym(r) 1 BIANOBIAHEME OUKYIHMH KOODAMHAIHHIME
TUCTIAME

r

nara(r) = 4ﬂpa/gMa(r')r/2dr/. (7)
0

ne a = O,H, p, — rycruna atomiB copry «. Huxkde mMu
mpoaHa l3yeMo Il (byHKI A1 3apaaiB KaTloHa Jyr =
1,2,3,5. OkpeMo 3yIWHHMOCH Ha AaHAJI31 3MIHEA IUX
bYHKING 1719 BUMAAKIB, KOJIH IPH KATIOHHOMY T1APO.Ii31
MOJIEKYJTa BOOM HQUCOINIOE Ha 10HH HTZ" (OH)_Z* 3
edeKTUBHUME 3apAgaMi TaKuMU XK, K 1 B Momesi CF1
(7Z7* = 0.32983), Ta B Mozel, MO BPAXOBYE MEPEPO3IIO-
I 3apsAay BIANOBIIHO 10 CHIBBITHOIIEHD (5) 3 MeTOMO
PEATICTHIHINIOTO ONMKUCY MPOAYKTIB T1LAPOJII3Y.

A. BrnuuB 3apsajiy kKarioHa Ha ¢cTpyKTypy Horo
rigparHol 060J0HKHU

[Mounnatoum BUBYEHHA BIJIMBY 3apdaly KaTlOHa Ha
#foTO TIAPaTHO-TIAPOMISHY CTPYKTYDPY, SYMHHIMOCE CTIO-
YaTKy Ha BHMAIKY, KOJH ePEKT MEPEPOIIOILITY 3apALy
MK KHCHEM 1 BOZHEM MOJIEKYJHM BOIM B IIPOIEC] KaTi-
OHHOTO TIAPOJI3Y He BepeThcd IO yBaru. Xoda TaKky CH-
Tyaliio BKe HolepeqHbo MU posrisgnanu B [1,25 30], pe-
3yJIbTATH, OTPUMaHl B Iiii poboTi, € HamIWHIIIIMI, OC-
KIJIbKN HaOJIMKEHHs, IO BHKOPHCTOBYIOTHCA B TEXHIII
IHTer'paJIbHAX PIBHAHD ¥ Teopil PIAKOTO CTaHy, Ha AKHX
IpyHTYBaBcd onuc y npangx [1,25], 6yau HegocTaTHBO
KOHTPOJILOBAHUMME, a TaKOXK VHACJIIOK KOPEKTHINIOTO
BpaxyBaHHA BHECKY HAJIEKOCAKHUX €TEKTPOCTATHIHUX
B3aemomiit y metom M/JI, ma ocHoBl Texmikm EBaJibaa,
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MOPIBHAHO 3 TIPONEIYPOIO 3CYHYTHX CHJI, IO BUKOPHUC-
taHa B crarTi [30].

Ivo(

Puc. 1. Pamianepmi ¢yHKII posmomiyly KaTiOH-KHCEHb
gno(r) npu pisHUX 3HaYeHHAX 3apsAly KaTioHa.

OcHOBHI Pe3yJIbTaTu MPOBEIEHNUX Y IIiii pobOTI HOCTI-
JIZKEHBb BILIUBY 3apdly KaTioHa Ha HOro TiapaTHy CTPYK-
TYpy 300paxkeHl Ha pHcyHKax 1—4 Ta tabaum 1. Hami
HaBEIEHO [JId YOTHUPHOX PISHUX 3HAYEHb 3apAly KaTi-
oHa Zyr = 1,2,3,5. fdx BunHO 3 puc. 1, Ha AKOMY MOKa-
3aHa QYHKINA POMOMIITY THUIY KaTiOH-KUCEHB ¢aro (7)),
31 30LIBITEHHAM 3apALy Ha KaTIiOHl MepImuii MakKCHMyM
dYHKINI cTae TITKIMHAM 1 3CyBa€ThCA B OLAAHKY MEH-
mmx Bigcraneil. Taka moseminka dbyHKII ¢pro(r) BKa-
3ye Ha cTablalsaliio TiApaTHOl CTPYKTYPH KaTioHa Ta
3MEHIIEHHA PO3MIPIB MEPHIOl T1ApaTHOl OOOJJIOHKH IPH
3POCTaHHI 3apddy HoHa 3a PaXyHOK MOCHIEHHHA EJIEK-
TPOCTATUIHO] B3aeMoil iforo 3 Monekysamu Bogm. Ce-
penHdA BIACTAHD MIZK KaTIOHOM 1 HA#O/IIKINMI aTOMaMK
KHCHIO, IO BIAMOBLIAE BIACTAHI MLIZK KaTIOHOM 1 MOJIe-
KyJaMH BOJM, 3MeHIyeThcd 3 2.33 A oadg Ay = 1 no
1.78 A mna Zyr = 5. Tlpn mboMy 9HCITIO MOJIEKYJT Y Tep-
unit rizpaTtHiii 00oJOHII, 38 BUHATKOM 23y = 3,4, 3aJ1m-
A€ThCs PIBHUM IIECTH (IUB. PUC. 2), MO CBITYUTH PO
OKTaeIpUYIHICTD T1ApaTHOl CTPYKTYpH KaTioHa. [cHyBaH-
HAM OKTAeApPHIHOl CTPYKTYPH MepIiol TiapaTHol 060-
JIOHKH OJEpKaHWii Pe3yJIbTaT TPUHIIMIIOBO BlAPI3HAE-
ThCA Bl Pe3yJIbTaTIB MOMEPEIHIX JOCIIZKEHb Ha OCHOBI
MeTOy IHTer paJbHuX piBHgAHb [1,25]. Bigznauumo, mo 3i

301TBIIEHHAM 3apAay KaTloHa A OKTAeApHIHICTE cTabi-
JBYETHCA, TOMAL 4K 3 MOMEPeIHIX JOCIKEeHDb Ha OCHOBI
METOLY IHTerpaJbHUX PIBHAHD BHILINBAJIO, IO 31 30171b-
HIEHHAM 3apA1y KaTioHa TigpaTariiite 9ncao naro (Pmin)
3POCTAJIO.

Nmo(r)

Puc. 2.

qucaa KaTlOH—KHUCEHb

Bixyul koopmuHariitm
nao(r) npy pisHUX 3HadYeHHAX 3apANy KaTioHa.

Ilia kaTioHIB 13 3apagamMu Zy = 3,4 MU He OTpH-
MaJIi 9ITKOTO PO3ALIECHHA OCHOBHOTO MAKCHMYMY III1JTH-
HOO, I #KOl gpo(r) = 0, 4K me crocTepiraeThes y
BUNAIKY Zpy = 21 Zpy = b. Ilpm mboMy 11 KaTloHa
13 3apaIoM Zy; = 3 IJIOIIA T[] OCHOBHIM MaKCHMYMOM
BlamoBigae 3HadeHHIO 6.649. BimHocHo Bucokwmit 3apsam
KaTioHa € JOCTaTHIM, IoOM MPUTATHYTH CHOMY MOJIE-
KyJIy, O dKol, MpoTe, HeMae€ MOCTATHHO MICId, mob
YTBOPUTH CHMETPHUHY TiapaTHy oboJioHKy. Tomy rim-
paTHa ODOJIOHKA HABKOJIO KaTIOHA 13 3apdaloM Zy = 3
Ma€ CTPYKTYpY 13 1ecTu abo ceMu Ha#b/IImKInX MoJIe-
KYJI 3 MOXKJIUBAM OOMIHOM MICIISAMHE 3 OIHIEIO 3 MOJIEKYJT
JIPYTOl T1APATHOl OOOJIOHKH. ¥ Pe3yIbTaTl D1y 4l KOOp-
OUHAMifHL ducaa nyro(r) He MaloTh ABHOTO IIATO, AK
LA KaTIOHIB 3 Zar = 2 abo Zyr = b. Anasoriuny kap-
TUHY, 9K 1 AJd Zar = 3, CIHOCTEPITAEMO TAKOK 1 IJid
Zyr = 4. MoxHa TPUIYyCTHTH, 1O AJd cTablaizalil oK-
TaeAPUIHOl CTPYKTYPH KaTIOHIB 3 Zyr = 3,4 HeobXximHe
sdBHE BpaxyBaHHs HEAJUTUBHOTO XapaKTepy B3aeMoil
HOHIB 3 MOJIEKyJIaM¥ BOIH, IO BUXOAUTH 3a MEXKI PO3-
TIATaHOl MOIEJIl.

‘ ‘rmaxla A‘g(rmaxl) ‘ Tmin; » A ‘n(rminl ) ‘rminza A‘n(rming) ‘

M*O| 2.328 8.114 3.029 6.076 | 5.282 | 22.731
M*H| 2.979 3.303 3.630 14.694 | 6.234 | 69.454
M*20| 2.078 | 16.751 |2.479-2.829| 6.052 | 5.232 | 24.450
M*2H| 2.879 5.731 3.280 12.121 | 5.833 | 58.974
M*30| 2.028 | 18.523 2.679 6.649 | 4.982 | 23.519
M*3H| 2.779 6.971 3.380 13.342 | 5.783 | 55.083
M*50| 1.778 | 44.144 {1.978-2.979| 6.000 | 5.082 | 27.431
M*H| 2.729 8.125 (2.979-3.380| 6.000 | 5.733 | 56.604

Tabauia 1. Brums 3apsany KaTioHa Ha apaMeTpu Horo rigpaTHol 060JTOHKH.
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MMupura mwrato, B DUIAHIN AKOTO Naro(r) 6, Bid-
MOBia¢ MUPHHI MIJIHHA MiX TEpIIoo 1 IpyToto riapaT-
HuMEI obostoHKamMu. BoHa cyTTeBO 301/IBITYETHC 31 3POCc-
TaHHAM 3apday KaTioHa. SKINO A KaTioHa 3 3apaaoM
Zy = 1 Take miIaTo BIACYTHE, MO BLANOBIIAE MOKJIN-
BOCT1 OOMIHY MOJIEKYAaMI MIK TIEPIIOIO Ta APYToo Ti-
paTHEMHI 00OJTOHKAMM, TO BXKe IJId KaTIOHIB 13 3apaIoM
Zy = 2 mnaro Mae mmpuny 6amssko 0.4 A, mo Bra-
3y€ Ha CTabLABHEUI MOMLT MOJEKYJI Ha IEPITY Ta APYTy
rigpatai obononkn. Iyida KaTioHIB 13 3apdamoM Zyr = b
wHpnHa miaTo € mopanky 1 A. B ocTaHHBOMY BUMAIKY
MH Ma€MO B TIePIiii TiapaTHii 0O0JIOHII He TLIBKH MOJIe-
KyJIi BoIH, a if forni rpymm OH™Z" | yTBopeHi BHACTIIOK
KaTIOHHOTO TIAPOIIZY.

EdekT xaTioHHOrO0 riaposIisy MoKHa JOCAIIATH Ha OC-
HOBl aHaJ i3y hpYHKIIH po3MOmlay THIY KaTlOH—BOIEHD
gym(r) 1 BIATOBIIHEX GIKYYINX KOOPIMHAIIRHIX THCE
nyrm(r), nokasannx Ha puc. 31 4 Bignosigwo. Ipu mpomy
KLJIBKICTH aTOMIB BOIHIO, Kl MepebyBaiOTh 3a MeKaMI
mepiol TiApaTHol 0OOJIOHKH, BH3HATAETHCA CIIBBLIHO-
HIEHHAM:

h = 20370 (Pmin) — Pari(Pmin ) (8)
IO TMEeBHOIO MIPOI0 MOKe OYTH OB d3aHe 3 MOJAPHIM
BIIHOIIEHHAM T1APOJII3Y h.

Ak iy Bumagky 3 GYHKIAME po3mominy garo(r), 3i
3pPOCTAHHAM 3apdAly KaTloHa TOJOBHUH MakcuMyM dbyH-
KITl1 gMH( ) SMIILYETHCA B I[i.HSIHKy MEHIINX BlIcTaHel
i crae wiTkimum. HagBHICTb T0BOJI POSMUTOTO MEPIIOTO
MaKCHMyMy B garp(7) 474 KarioHa 3 3apamoMm Zy = 1
BKa3ye Ha JOCUTH BLILHUH pyX Ta obepTaHHA MOJIEKY.JI
BOAM B TiApaTHii obostontl. [1pu nmboMy BIACYTHICTD dB-
HOTO TIJIATO Ha 3aJIeRKHOCTI Narr(r) CBITINTE 1O MOILT
Ha Meplly Ta APYTY TiApaTHl 0O0JOHKH € JOCHTH BlAHOC-
HEM. MoJslekyim BoAM MOXKYThH JIETKO TOKUHYTH TEPIILY
rigpatay 0bosioHKy. OqHaK yiKe IJd KaTIoHIB 3 Zyy = 2
Takl MITpaliiil MpoIecH CYTTEBO 3MEHIIYIOTHCA, XOUa
He sHHKaoTh. Ha sanexuocti nyp(r) muda Zy = 2 e
XapakTepHe I1aTo 31 3HAYEHHAM N a1, OJIUIBKAM 10 12,
X049 1 memo poamutuM. Ilpm Zjr = 3, BIANOBIZHO 10
HaBeIeHOTO BHINEe aHaMI3y (DYHKITI gMo( ), KLIBKICTE
BOAHIB y Tepiiii rigparHiii obosonHml Oiiablia HIK 12,
IO CBIAYUTH PO HAABHICTE OlbIIE HIZK IHICTH MOJIEKYJT
BOIM HABKOJIO KaTloHa 6e3 TITKOTO MOMLIY Ha IEPITY Ta
ApyTy TigpaThi oboaoHKH. [Ipr mogaabiroMy 3pocTaHHI
3apsAay KaTioHa, M BIIUBOM CHJIBHOTO €JEKTPHUIHOTO
moJIsA fioHa MOJIEKYJIN BOMH IEPIIOl TApaTHOlI 0OOJTOHKN
MOXKYTh BTpadaTH YacTHHY CBoiX mpoToHiB. lle mobpe
BHUIHO 13 31CTaBJEeHHA OLKYUNX KOOPIMHAIMWHIX THCET
y mingami mnato g nago(r) 1 mnd narm(r).

Ax BumnO 3 puc. 4, g KaTioHIB 13 Zyy = b y mep-
it rigparHiit 060IOHII HadABHI Jikile 6 aTOMIB BOIHIO,
TOAl AK KIJIBKICTh aTOMIB KHCHIO 3aJHNIAETHCA TaKOK
6 (puc. 2). BinnosimHa MuTTeBa KOHMITryparia rigpar-
HOl OOOJIOHKH KaTloHA 13 3apsaaoM Zar 5 mokasaHa
Ha puc. b. Ak Gaummo, mepiy rigpaTHy oDOJOHKY 3a-
MICTh MOJIEKYJ BOAM (POPMYIOTH HICTH HOHHUX TPYI
OH~ %" , OPIEHTOBAHUX BOIAHAMIE Bl KaTioHa. [Ipu misomy
1HIIT TICTH MPOTOHIB MEPEXOIATH ¥ APYTY TiApaTHY 000-

JIOHKY, YTPUMYIOUUCH Y Hilf eJIeKTPOCTATHIHUME CH-
aamu. [Ipo dakT mepexoay MpoOTOHIB Y APYTY TlOpaTHY
O0BOJIOHKY MJ1A KaTIOHIB Zjf = D CBIOYNTH MOABaA TIT-
KOTO JIPyroro MakCHMyMy Ha (byHKuu gymu(r) Ha Bi-
crami 4.2 A. 3posymino, mo, Ak i paHile, Ipn AATBIIOMY
3pOCTaHHI 3apdaly KaTioHa, dK BigzHadanocd B [30], rim-
pOJII30BAH] TMPOTOHN BIAOAJIAIOTHCA Bl KaTliOHA, YTBO-
profoun HOHM TIAPOKCOHIIO U1 CKAATHINN KOMILIEKCH.

9
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Puc. 3. Pamisabei yHKINI posmomiyly KaTioH—BOIEHD

guH(r) Opu pisHUX 3HaYeHHAX 3apAly KaTioHA.
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nau(r) OIpu pisHUX 3HaYEHHAX 3apsANy KaTioHa.

Bikyul koopmuHariiiai 4mMciaa KaTioOH-BOOEHb
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Puc. 5. MurreBa xoudirypariis riaparHol 060JIOHKH KaTi-
OHa 13 3apAOoM ~+5 ICJIA TiIposTisy.
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Bigsmagmmo Takox, 1o, AK 1 B HAIIUX MOIEPEIHIX
nocaimkentax [1,25,30], upu 36iiblienni 3apsiLy Kari-
OHa YITKINMM cTae OpyTHit MakcuMyM byHKIIH ¢aro(r)
i gamu(r), fioro BucoTa 3pocTae, 1 BiH 3M1H_[y€TI>C$I B -
JIAHKY MeHImX Bifctaneil. [Ipu nmbomy y apyriit rigpar-
Hiit obosoHTIl, 3riaHO 3 Tabmaureio 1 mepebyBae B 2-3 pasu
6171bIlIe MOJIEKYJT, HIXK y meprmiit. OaHak KOTHOTO TLIATO
Ha GYHKIAX nyro(r) 1 nym(r) B giigHmi 3a apyrum
MaKCHMYMOM He CIIOCTEPITA€ThCd, IO CBIAYUTE PO He-
CcTabLIBLHICTD Ta PO3IMUTICTE APYTol T1LApAaTHOI 0O0JIOHKH
MOPIBHAHO 3 MEPIIO.

Hnsa 3’dcyBaHHA MeXaHI3My KaTIOHHOTO TIAPOJdI3y B
Mexkax Momeni CF1 mpocmiakyemMo 3a 3MIHOIO TeoMeTpil
MOJIEKYJT BOIM B €JIEKTPHIHOMY TIOJI KATIOHA 3aJIEKHO
Bix fioro 3apany. Momesns Bogun CF1 gomyckae BHYyTpiMO-
JIEKYJTAPHI KOJIMBaHHA (HOPMaJIbHI MOZIH ), Cepell AKX €
it Taxi, Koau nBa pisHl 3B a3ku O—H B Mosekysi 3MiHIO-
OTh CBOIO NOBXKHHY B mpoTudasi. TobTo MUTTEBI KOH-
dirypamii moaekyna Boau B Momesi CF1 8 M matoTh, ax
IpaBIJIO, CJAabKYy acHMeTplio, TOMl AK yCepeTHeH] 3a da-
coM KoH(pIryparliil gafoTh TeBHY CEPeIHIO NOBKHUHY 7O .
Iia Toro, o6 oxapaKTepU3yBaTH aCHMETPIIO MOJEKY T
BOAM, B TOMY UHCJI 1 B Hepnii riapaTHiii obodoHII, MI
OOYHMCITHIN Cepe/iHl 3HAUeHHs JIOBKUH MEHIIOro Ta 6i/b-
LIOTO 3B A3K1B roﬁ Ta rglﬁx BLANOBLIHO. Beamunnn rgﬂﬁl,
rOf, Ton Ta kyTa HOH min BnimBoM mond KaTioHa, AK1
MM OIIHIJIN Ha OCHOBI IPOBEIEHUX PO3PAXYHKIB, BKa3aH1
B Tabaum 2. HaBemenl maHl cBIZYATh MPO IMEBHE BUIOB-
JKEHHA MOJIEKYJIHM T1J BILIUBOM IOJIs KaTlOHA, IO TO-
CHIIOETBCA 31 30LIBIIEHHAM 3apaay ona. MoxHa mpu-
OYCTUTH, IO ICHYE TEeBHA MeKa 30LIbITeHHS BlACTaHI
TOH, MOYAHAIOYHN 3 AKOl aTOM BOIHIO MOXKE MOKUHYTH
moustekysty HoO, 1obTo BiabymeTbca edeKT Tiapomsy.
Taxoxk, 3a HagBHOCTH CYTTEBOl acHMeETpil, ABHILE Tim-
poJtisy MoxHa OyJio 6 3006pasuTH 4K BHIOBKEHHS OJ-
Horo 3 ABox 3B’a3K1B O—H mo meBHOTO KpUTHUIHOTO 3Ha-
9eHHsI, TOAl IK MPH BIACYTHOCTI aCHMeTpil MpoIec T1apo-
JTI3Y TMPEACTABIACTHCA AK MPOIEC Y 30BHINHBOMY €JIEK-
TPUIHOMY TIOJI KaTioHa. 3 JaHUX TabJIHIl 2 BHIHO, MO
He3HaYHa acUMETPId MOJIEKYJIAPHUX 3B A3KIB Y MepIlit
rigpaTHiit 060 0HIN ICHY€, OAHAK, OUEBUIHO, 11 HETOCTAT-
HBO [IJId ONMHCY TIAPOJI3Y JIMIIe 9epe3 BUIOBKEHHA OI-
HOTO 3 BHYTPIMOJEKYJIAPHUX 3B a3KiB. IlpoTe 1ma TeH-
JIEHIIA MOXK€e 3HAYHO MOCHJINTHCEH 33 PaXYHOK IEPepO3-
MOy 3apaay MiK KHCHEM 1 BOTHEM MOJIEKYJIM TPHU Ca-
MOMY T1IPOJII3I.

rin A lpmax A \ron, A|HOH, grad
soma CF1| 0.962 | 0.986 | 0.974 | 99.83
Zy = +1] 0.963 | 0.987 | 0.975 | 99.46
Zy = +2] 0.973 | 0.996 |0.9845| 95.86
Zy = +3] 0.980 | 1.003 [0.9915| 93.69

Tabauira 2. Brimus 3apany KaTioHa Ha BHY TPIMOJIEKY TAPHI
HapaMeTpy MOJIEKYJIN BOOY B IMepInii rigpaTHiii 060 10HII.
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B. Brius nepeposnofiiiy 3apsagy Mix KucHeMm
i BogHeM MoOJIeKYJI BOOM Ha TiapaTHO-Tiapodaizny
CTPYKTYPY KarioHa

SyMUHEMOCH Temep Ha aHaJ31 TAPaTHO-TIAPOJISHOL
CTPYKTYPH KaTiOHA 13 3apaioM Zp = b, HAdABHICTH
edeKTy TIApOoJII3Y AJId AKOTO MU BKe BlI3HAYAIN BHIIE.
3 MeTOI0 KOPEKTHIIIOTO OMKUCY MPOAYKTIB TIAPOJI3Y HO-
noBHIEMO Momaeab CF1 mepeposnomiioM 3apamy MiK BOI-
HeM 1 KHCHEM MOJIEKYJIM BOOM B Meplnii rimpaTHiii obo-
JIoHTIL 3TiaHO 31 crisBinHOmeHHAMT (5)—(6). Takuit me-
PEepO3IUOAL NPUBOAUTEL 10 HEEKBIBAJIEHTHOCTH aTOMIB
kucHio B rpynax OH™Z" i aromis Bomaio HZ™ ax mpo-
JYKTIB TIOAPOJII3Y Ta aTOMIB KHCHIO 1 BOTHIO 3BHYARHNX
MOJIEKYJI BOLM, IO He 3a3HaJ I riapoJisy. [IpogykTu rijg-
POJII3Y MAOTh 3HATHO OLIBIINI 3ap4/1, HIZK AaTOME KICHIO
it Bommio B Mozesi CF1, 1o mpuBoguTh A0 CYTTEBOI MO-
amikaril TiapaTHoOl 060JOHKN KaTioHa TOPIBHIHO 3 00-
FOBOPEHUMH BHIIE PE3YJIBTATAMUA.

0.7 [ o

0.3 i i i

Puc. 6. Beanmunna edekTmBHOrO 3apsamy Ha BOOHI MOJIe-
KyJH Booy AK (PyHKINdA #oro BifcTaHl BiI aToMa KHUCHIO.

HapameTpu ¢yHKull IepeHOPMYBaHHA 3ap2A1y MOK/Ia-
meHo pipauME 7o = 1.7 A, w = 0.25 A. ®yukia 3 pis-
HAHHA D MPH TAKOMY BI/I60p1 mapaMeTpiB HaBeleHa Ha
puc. 6. Takuii Bubip mapaMeTpiB 3abesmedye IJid 3a-
pAdYy aTOMIB BOIHIO MOJIEKYJ BOMHW TEPIINOl TiapaTHOl
O0BOJIOHKY BIATOBIAHO TaKe X 3HAUEHHA, K 1 B MOMAEJI
CF1, axuio aToM BOIHIO € B IepIiiii riapaTHiil 060 I0HII,
1 3HaYeHHd Z = 1, gKIIO BIH — 103a 11 MeZKaMM.

Pesynbrarn Halnx TOCILIZKEHD T1APaTHO-TAPOJIIZHOL
CTPYKTYPH KaTiOHA 13 3apaloM Za; = Db 3 ypaxyBaHHAM
MEePEPO3NOALIY 3apAay MK TPOAYKTaMH T1IPOJI3Y Io-
Kasanl Ha puc. 7-10 (cyminpni mimii) Ta y tabaumi 3.

s MOPIBHAHHA HAa MUX PUCYHKAX MITPUXOBUME Ji-
HIAMHE 300parkeH]l aHAJOTIYIHI Pe3yIbTAaTH, AK1 MH OTPH-
MaJIu BHUIIE B Mexkax cranmapTHol Momesal CF1 6es mepe-
HOPMYBAHHS 3apAdy MIK MPOAYKTAME T1IPOJIIZY.

Ax BugsO 3 puc. 7 Ta 8, Ha AKAX 300payKeHl pami-
sAbHL GYHKIN posnominy garo(r) Ta Biamosigmi im 6i-
Kydl KoopauHaIi it aucaa nyro (), 361IbIeHEA 3ap ATy
Ha KHACHI TPYIH (OH)_Z*, YTBOPEHOI B PE3YJIBTATI KATi-
OHHOTO TIAPOJII3y, HPUBOIUTL IO PO3ABOEHHS MEPIIOTO
MaKCHMyMy Ha IBa BIAMOBIIHO Ha BiAcTaHax 1.476 A 1a

2.025 A.
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mo(n)

Puc. 7. Pamisabei yHKINI posmomity KaTiOH-KHCEHb
gmo(r) nnda xkariona i3 3sapanoM +5 npu BpaxyBaHHI edbeKTy
[epepo3noAiny 3apsAmy MiXK HpomyKTaMy rifposisy (cyii-
JibHa JiiHi") Ta y 3BuvaiiHiil Monesi CF1 (wrpuxosa simis).

9 T T T T
8
7
6
€ 5
: 4
<
3
2
1
0
1.5 2 2.5 3 3.5
r, A
Puc. 8. bBixkydi koopmuHaijiimi wmnciia KaTiOH-KHCEHD

nao(r) nns kationa i3 sapsinoM +5 npu BpaxyBaHH| edekTy
[epepo3noAiny 3apsAmy MiXK HpomyKTaMy rifposisy (cyii-
JibHa JiiHi") Ta y 3BuvaiiHiil Monesi CF1 (wrpuxosa simis).

Ak BumIEBae 3 aHaM3y GYHKIIHR gprm(r) Ta narn(r),
300pazkeHux BIANOBIAHO Ha puc. 9 ta 10, mepurmit mak-
cumMyM DYHKI ¢pro(r) BiamoBizae TphoM KHCHAM TDYI
(OH)_Z*. Hpyruit MakcuMyM — JIBOM KHUCHAM HETiI-
poJIiBoBaHNX MOJIeKYJT Bomu. Taka riapaTHO-TIApOJII3HA
CTPYKTYPa 3yMOBJIEHA TUM, 1[0 KUCHI B TPYIIl (OH)_Z*
1 ¥ BOAl MAaloTh PI3HY BEJUYUHHY 3apdAny, BIIMOBLIHO
—1.32983 1 —0.65966. YHacaigoK MbOro MEPIIAil 3 HUX
MPUTATYETHCH 10 KaTioHA CUJIbHINIE, HIXK apyruii. Obu-
IBa MaKCHMYME PO3IIJIEH] IIITHOIO, 10 CBLAYATDL PO
CTIKICTD TaKol cTPYKTYpH. [IprHIIIOBOIO BIAMIHHICTIO
O0OTOBOPIOBAHOTO KaTIOHHOTO KOMILJIEKCY BiJl OTpUMY-
BaHUX BHWIIE CTPYKTYDP € BIACYTHICTH #oro okTaeapud-
HOCTH.
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Puc. 9. Pamisabei GyHKINI posmomiyly KaTioH—BOIEHb

guu(r) nndg karioHa i3 3apanoM +5 npu BpaxyBaHHI edekTy
Hepepo3noAiny 3apAny MK HpoayKTaMu rigpossy (cyui-
JibHa JiiHig) Ta y 3Buvaiiniit Monesi CF1 (wrpuxosa siniz).
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Puc. 10. Bixkyul koopmuHamiini umciaa KaTiOH-BOIEHD

nau(r) nns KatioHa i3 sapsinoM +5 npu BpaxyBatai edekTy
Hepepo3noAiny 3apAny MK HpoayKTaMu rigpossy (cyui-
JibHa JiiHig) Ta y 3Buvaiiniit Monesi CF1 (wrpuxosa siniz).

Ax Bumgro 3 puc. 8, yHKIA naro(r) Mae Bl mo-
JINIT, TIEepIia 3 AKX BIAMOBLIAE TPHOM KHUCHAM TpPYIH
(OH)_Z*, a Ipyra — IBOM JOJATKOBHM aTOMaM KHUCHIO
HET1IPOII30BaHUX MOJEKY BOAM. ¥ TIICYMKY KIJIBKICTh
HalOJMKYINX CYCIAIB OOPIBHIOE IT'ATH 3aMICTh INECTH,
4K Te OyJio paHilie, KOJAU Mepepos3MonlI 3apaay MK
TPOAYKTaMHK TIOPOJII3y He Opajanm 10 yBarn. AHaJIOTITHO
mepimii MakcHMyM bYHKI garrr(r) TaKoX pPO3IBOIOE-
ThCdA Ha ABa, MEepUInii 3 AKX, 3T1IHO 3 MOBEIIHKOIO PyH-
KITl1 nM*H(r), BIAMOBIZAE TPHOM aToOMaM BOIHIO TPYIH
(OH)=%" | mo mepebypaiors 6mkde g0 Karioma. [Ipy-
rufi Makcumy™ byHKI garp(r) Biamoimae woTupbom
aToMaM BOMHIO JIBOX MOJIEKYJ BOJH, IO 3HAXOMATHCHA
Ha Aemo OLAbImi BlacTaHl Bia KaTioHa. TakmMm IHHOM,
y mepliiit TiApaTHi# 0OOJIOHII € CIM aTOMIB BOTHIO.
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M. 0. IPYYOK, T. M. BPHUK, M. ®. TOJIOBKO

Fmaxys A|9(Fmaxy) | Tmings A |2(Pminy ) |Fmines A7 (Fmin, )
M7T50| 1.476% |36.092% |1.575-1.824% 3.001¢ | 4.923 | 20.434
2.025% | 7.099° |2.376-2.475°| 5.003°
MTPH| 2.375% | 6.742¢ 2.526% 3.004% | 5.571 | 52.626
2.777% | 2.461° 3.125° 7.007°

Tabauia 3. [TapameTpu rigmparHoi 060JIOHKH KaTioOHa 13 3apdadoM —+5 y Moesl 3 ypaXyBaHHAM IIEPEPO3IOIILY 3apsaly MixK

npoayKTaMu Tigpomisy. lagekc ¢

rizparHoi 060JTOHKH.

Bigmosimma mMuTTeBa KOHMITYpallis TiOpaTHOI 000-
JIOHKH KaTIOHA 13 3apAioM Zjr = Db 3 ypaxyBaHHAM Iie-
PEPOBIOMIILY 3apAay MK MPOAYKTaMU T1APOJII3y 300pa-
KeHa Ha puc. 11. Ak BumAHO 3 pHCyHKa, TPpHU TAPOKCH-
ael rpynm OH™ poswiieHi B mI0HHI, eKBATOPIATBHIH
JI0 OCl, 10 TMPOXOOUTH Yepe3 KaTioH 1 Bl HETLIPOJIi30-
BaHl MoJIeKyan Boau. Ha BIAMIHY Bl BHIAIKY, KOJIH TTe-
PEPO3IOMII 3apsAay MUK MPOLYKTAMH TIIPOJI3y He Bpa-
XOBYBAJIM, TPU TMPOTOHU, YTBOPEHI B PE3YJIBTATI T1IpPO-
3y, He 3aTPpUMYIOThCA B HPYTiit rimpaTHiit 0oboJIOHTII.
IIpo 1e cBiAINTH BIACYTHICTE TITKOTO MAaKCHMYMY (hDyH-
Kuil gy (r) Ha Bigcramax Glabmmx 3a 4 A. Takum un-
HOM, TPOTOHH TTOKHAAIOTH MeXK1 i1 KaTioHa, Yy TBOPIOIOYN
KOMIIJTeKCH THTY Tigpokconio HzOT Ta crmamgminm KoMm-
IJIEKCH 33 Yy9acTi0 MOJIEKYJT BoAu. BiMmoBIIHA MITTEBA
KOHMITYpalld KOMILIEKCIB 3 MPOTOHAME, YTBOPEHUX ¥
pe3yJIbTaTi KaTiOHHOTO T1ApOJII3y, 3006pakeHa Ha puc. 12.

Sk BUZHO 3 PHUCYHKA, ABAa 3 TPbOX MPOTOHIB YTBO-
punn guvepn (H502)T | cTpykTypa aKMX AKICHO y3ro-
ZKYETHCA 3 BIAMOBIAHUMHE PO3paxyHKaMm Ha OCHOBI ab
initio MIT [34]. Ak i y Bumagky ab initio pospaxyH-
KiB, YTBOPEHU y pe3yabTaTl TIAPOdI3y MPOTOH IMepe-
OyBae Ha BIACTaHl BiJ KHCHIO 1.34 A (3rimHO 3 pesyJib-
raramu [34] 1.23 A), dKa € 3Ha9HO OLJIBLIOK BlH IOB-
i O-H 3p’asky momexysmn somm (0.98 A). Tperiit
TIPOTOH, 3TIAHO 3 pHC. 12, YTBOPIOE CBOEPIIHY KOHMITY-
pariiio H7O§', y AKiil BIACTAHB MiXK JBOMAa KUCHAMH 1 TPO-
ToHOM GmsbKa 10 1.34 A, mpore Tpertiii KuceHb 3HAXO-
JUThCA Ha JAelo 61BN BiAcTaH], aKa gJopiBHIOE 1.56 A.

¢ .
%

v

Puc. 11. MurreBa xoudirypariisa rigpaTHol o60JIOHKH Ka-
TIOHA 3 3apaaoM —+5 MICId TIIpoJI3y B MOAEJI 13 BpaXyBaH-
HAM epeKTy Hepepo3oHiy 3apAnay MiXK MPOIyKTaMU TiIpo-
J3y.

Ha saxinuenna cJiig BLA3HAYUTH, IO YTBOPEHUH y pe-
3yJILTATI TLAPOJII3Y MPOTOH, MAIOYH JOCHTEH MaJIl pO3MIipH
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* . . . .
crocyersea rpyn (OH) 2" nmepwoi rigparHol 060JIOHKH, 1HIEKC

b .
— MOJIEKYJI BOOW MEPIIO]

1 3apan +1, Moxke caMm BYTH IKePeJIOM TIIPOJIEY MOJIe-
KyJid Bomy. BBazkarouu, 110 IpK IHOMY BUXIIHUN IPOTOH
aMIHIOE CBIit 3apanm Ha Z = 0.32983 1 cTae 3BUIaiiHIM
(y mezkax mozmesti CF1) aTroMoM BOIHIO B MOJIEKYJTI BOIH,
npuxoauMo 1o nobpe Bimomoro [8] ecraderHoro mexa-
HI3MY IEpPEHOCY IPOTOHA B3I0BXK BOIHEBUX 3B A3KIB MIK
Mosekystamu Bogu. OmHak Ie € caMocTiiiHa 3amada, dKa
BHMAara€ JOHATKOBUX HOCJIIKEHD.

. 9
L’O

L
»
e

Puc. 12. MurreBa xoudirypalisa BOOTHUX KOMILJIEKCIB TilI-
POJII30BaHUX MPOTOHIB ¥ MOIEJl 3 ypaXyBaHHAM edeKTy Ie-
PEPO3HOIIY 3apAny MK HPOAYKTAMU TiIPOJII3Y.

IV. BUCHOBKHA

Y miii poboTi Ha TpUKAAMl MPOCTOl MOIEIl BOTHOTO
PO3YMHY KaTIOHIB 3MIHHOI BaJeHTHOCTH IMPOBEIEH] KOM-
TIOTEpHl MOIeTIOBaHHA BIIMBY 3apsdAay KaTioHa Ha
CTPYKTYPY foro rimpaTHol 06OJIOHKHA. ¥ JOCHIIKYBaHI#
MozIeJl Bofla onmcyeTbes B Mexax mozesai CF1 [27]; a
B3aemomia kariona MTZ 3 Bomoro — TapHAM TOTEHIIIA-
JIOM, AKHI y BHIAIKY Zpr — 1 30iraeThbCs 3 MOTEHIIIA-
JIOM, BUKOPHCTOBYBAHUM MPU KOMII TOTEPHOMY MOIEJTIO-
BanHi Hora Nat [26]. Ockinbkn fion Na® mae rigpatHy
CTPYKTYPY OJU3BKY 10 OKTAeAPHIHOI, TO MU CIOAIBa-
JINCH, 1O 301/IbIIEHHA 3apaay KaTioHa Zj; cTablaisyBa-
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TUME HOTO OKTaeapuyny cTpyKTypyY. Llfo Momens Buepiie
Mu BBesin B pobori [1] 1 mocainunu B MeKax TeXHIKU
IHTEerpaJIbHUX PIBHAHBL y Teopil pigkoro crany. OmHak,
YHACTIIOK HEKOHTPOJIBOBAHOCTH BHKODPHUCTAHUX HaOJIH-
JKEHb, OTPUMaHl TPHU [BOMY PE3YJIBTATH TOTPeOyBa N
MepPEBIPKN METOIAME KOMIT IOTEPHOTO MOIEJIOBAHHA. Y
il poboTl BUBYEHHSA TIAPaTHOI CTPYKTYPH KaTIOHIB BU-
KOHAH1 Ha OCHOBI METOLY MOJIEKYIAPHOI THHAMIKH 3 KO-
PEKTHUM ypaXyBaHHAM TAJIEKOCAKHUX €TEKTPOCTATHY-
HUX B3aeMoiil y Mexax TexHikn EBasabma.

Y pesyabTaTi MPOBENEHUX TOCIIIKEHD TTOKA3AHO, 10
IIPH 3pOCTAHH] 3apAay KaTloHa 30LIbITEHH POJIl €JIEKT-
POCTATHYHOI B3a€MO/II1 HOTO 3 MOJIEKYJTaMHU BOIH TIPUBO-
JUTh OO0 3HATHOTO 3MEHIICHHA PO3MIPIB HEpINol TIapaT-
HOl OOOJIOHKH KaTioHa 1 3HATIHOIO MIPOIO cTablII3y€e OK-
TaeAPUIHICTD HOTO T1APATHOl CTPYKTYPHU. 30KpeMa Iasd
KaTIOHIB 13 3apanoM Zy; = 2 3adI1KCoOBaHO JOCUTH TITKY
OKTaeApu4Hy KOHMITYpaIiio TiapaTHOl 0OOJIOHKH HoHa
3 XapaKTEePHUMH IIJaTO Ha 3aJEKHOCTAX OLKYINX KO-
opOMHAIIRHUK ducesn 3 N0 (min) = 6 1 nam(Fmin) =
12, mo po3AIAIOTH MepIny 1 APYTY TiApaTHl 0OOJIOHKH.
Ilna KaTloHIB 3 3apamamMu Zpr = 3,4 mopdam 3 okTa-
eIPUIHOIO KOHMITYPAIIEo TEepIiol TiapaTHol oDOJTOHKK
ffona 3a(iKCOBAHO TaKOXK 3HATHY TOJI0 KOHMITYpaliit
3 KOOPAWMHAIIHHIM Iuc/IoM OLABIINM Bif mmecTtu. [IpoTe
MPU JAJBITOMY 3POCTAHHI 3apaay KaTiOHA OKTaeApUIHA
CTPYKTypa ¥oro rimpaTHol 0OOJIOHKH 3HOBY CTabLII3y-
€ThCA, IO MPOLTIOCTPOBAHO HAABHICTIO UITKOI OKTAEI-
pHUYHOL CTPYKTYPH TiApaTHOI 0OOJIOHKH /1A KaTIOHIB 13
3apanoM Zar = 5.

SadikcoBaHo, 10 OAHOYACHO 31 cTablIl3alllelo OKTa-
eIPUIHOl CTPYKTYPH T1ApaTHOl OOOJIOHKH KaTioHa 13 3a-
pamoM Za; = b iforo mepiry TiapaTHY OOOJIOHKY MOKH-
Jlae MICTh MPOTOHIB. ¥ Pe3yJIbTaTl eIy TApaTHy 060-
JIOHKY, 3aMICTh IIECTH MOJEKYJ BOMHM, YTBOPIOTH BiJI-
MOBIIHO MNCTHh HOHHUX TPYI TAPOKCHITY (OH)_Z*, opi-
€HTOBAHMX BOAHAMIE BiI KaTioHa. [Ipu miboMy 1HIII ITCTH
MPOTOHIB MEPEXOHATH CIIOYATKY Y JAPYTY TiApaTHY 000-
JIOHKY, a TIPHU JaJIbIIOMY 3POCTaHHI 3apdAly KaTloHa Iie-
pexondaTh Ha 61k BiacTarl. Ogepkannii edekT moB’ a-
3YEThCA 3 ABUINEM KaTIOHHOTO T1APOJII3Y.

Hns 617abII peaslicTHIHOrO OINCY IMPOIECY KaTlOH-

HOTO TIAPOII3Y po3mvidmaHa Moae b MoandIKoBaHa Bpa-
XyBaHHAM MEPEPO3NMOMIIY 3apALy MIZK aToOMaM§ KHUCHIO
Ta BOIHIO T1APOJII30BAHUX MOJIEKYJT Boan. Beenena dyn-
KIIigl 3MIHE 3aps1y TPOTOHA NpH riaposisi y dopmi (5) 3
BIAMOBLIHIM BHOOPOM TapaMeTpiB 3abesmedye IJd 3a-
pAOYy aTOMIB BOIHIO MOJIEKYJ BOMHW TEPIINOl TiapaTHOl
0BOJIOHKH TaKe K 3HadeHHdA, aK 1 B Moaesl CF1, akmio
JOBXKWHA BIAMOBIAHOTO BHYTPIMOJIEKYJISAPHOTO 3B A3KY
O-H signosimae takiit y mogesi CF1 1 moctymnoso 36116~
NIYETHCA 10 3HAYEHHdA Jy = |, AKIO B PE3yAbTATI Ti-
pouizy noexkuHa 38 a3ky O—H 3poctae 1 Bogens nokumae
MoJtekyJ Ty Boau. [Ipu 1mboMy, 3TIIHO 3 YMOBOIO €1€KTPO-
HeliTpasbHOCTH (6), 3MIHIOETBCA i 3aps1 KUCHIO BIAIO-
BIIHOI TIAPOII30BAHOl MOJIEKY TN BOIM.

Y cTarTi MOKa3aHo, 1O BpaxyBaHHA e(EKTY IMepepos-
MO 3apALy MIZK KHCHEM 1 BOJIHEM MOJIEKYJT BOIH CYT-
TEBO 3MIHIOE TIAPATHO-TIAPOJIZHY CTPYKTYPY KaTioHA.
IIpu BpaxyBanHl Iboro edeKkTy IMepina TiapaTHa 0060-
JIOHKa MICTHTDH OBl MOJIEKYJIM BOOHM 1 TPHW TPYIH T1APO-
xcmry OH™ | posmiliieHi B JIOIMIKHI, €KBATOPIAJIBHIR H0
ocl, IO TPOXOANTh Yepes KaTioH 1 HETlAPOoJII30BaH] MOJIe-
kyau Bomu. Ilpw mpomy ockinbku Kucenb y rpym OH™
Ma€ 3HAYHO OLIABINN 3apdAmd, HIZK KHCEeHb HETlapoai30Ba-
HOl MOJIEKYJIM BOAM, TO B Tepliii rimpaTHiii 0oboJIOHII
TPy TiIPOKCHIY 3HAXomaTheA mpubmsao Ha 0.5 A
OJIIKYe 10 KaTioHa, HIZK MOJIEKYJIH Bomau. T pu IpoToHH,
YTBOPEHI B pe3yAbTaTl KaTIOHHOTO T1APOJIi3Y, Ha BLAMIHY
BiJI TOTIEPEIHBO PO3TVIAHYTOTO BUMAIKY, TEMED HE 3aTPH-
MYIOThCA y OpYyTiii TigpaTHiii 0OOJOHIN, YTBOPIOIOTH 3
BOJIOKO JTUMEPH (H5Oz)+ Ta CKJIAIHINI KOMILJIEKCH.

Cutia mogaTu, o peaJICTHIHINTY KapTHHY T1ApaIlil io-
HIB Ta 3MIHH T€OMETpll MOJIEKYJT BOOHM TiApaTHol 060-
JIOHKM MOXKHA CIIOCTepiraTh B Mexax ab initio mMoste-
KyJagpHol auHamiku. Takl JOC/IIIKEHHsS MPOBOINJINCD,
HANpPUKJIaJ, JJsd BOAHUX posduHip Kariowis KT [35]
Lit [36], Cat? [37], onnak /14 BUCOKOBAJEHTHUX KOTIO-
HIB HaJ3BHYAlHO BaXKKO MOOYMyBaTH eJeKTPOH-HOHHUI
ncepgomnoTenmiaga. ToMy Ha ChbOTOmHI JIMIE MOMEJIBHI
PO3paxyHKH METOHOM KJIACHIHOl MOJIEKYJIADHOl JTHHA-
MIKH MOXKYTh JaTH AKICHIIINHE OMNC MOBEIIHKH BHCOKO-
BaJIEHTHUX KaTIOHIB Y BOIl Ta ABUINA KATIOHHOTO T1APO-
J3y.
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E. Spohr,

MOLECULAR DYNAMICS MODELING OF CATIONIC HYDROLYSIS EFFECTS

M. Yu. Druchok!, T. M. Bryk®, M. F. Holovko!"?
Y Institute for Condensed Matter Physics, National Academy of Sciences of Ukraine,
1 Svientsitskei Str., 79011, Lviv, Ukraine
2 Jvan Franko National University of Lviv, Department for Theoretical Physics,
12 Drahomanov Str., 79005, Lviv, Ukraine

The influence of the charge of cation has been studied with molecular dynamics simulations using the non-
rigid CF1 model and ion—water pair potentials introduced in [M. F. Holovko, Yu. V. Kalyuzhnyi, M. Yu. Druchok,
J. Phys. Stud. 4, 100 (2000)]. It is shown that a strong ion—water electrostatic interaction leads to a stabilization

of the octahedral geometry of the first hydration shell decreasing its size. An increase of cation valency makes the

water molecules in a hydration shell stretch and even lose protons. This phenomenon is interpreted as a cationic

hydrolysis. The effect of charge redistribution on the hydrolysis reaction products is investigated and hydration

shell modification is noticed.
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