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IIpoBemeno moctimKeHHs BILTMBY BaJeHTHOCTH KaTiOHa Ha CTPYKTYPY HOro rizparHol 060JIOHKH.
HocmimKeHHsT BUKOHaHI B paMKaxX TeXHIKM 1HTerPaJibHUX PIBHAHB 13 BUKOPUCTAHHAM MOIesl IeH-
TpaJIbHUX CHUJI JJId OMKUCY BOoAW. BusaBieHa 3HadyHa MoAupiKalld BHYTPIMOJIEKYTIAPHOl CTPYKTYPHU
BOMIM B TigpaTHIil 060JI0HII BHCOKOBAJIEHTHHUX KaTIOHIB, a TaKOXK edeKT yTpaTh IIeBHOI KIJIbKOCTH
aTOMIB BOHHIO TiIpaTHOIO 0060g0HKOK. OTpuMaHuii pe3yabTaT IHTEPIpeTyeThCA TIIpPOJIi30M BOMU

BHUCOKOBAJIEHTHUME KaTIOHAMIU.
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I. BCTVYII

IIpu obroBopeHHi poJsil BOAKW ¥ BOAHIX PO3UHHAX €JIEK-
TPOJIITIB YBaXKAOTh, 10 BOAA, AK PO3UYNHHUK 3 BH-
COKOTO [TIeJIEKTPUYHOI TPOHUKHICTIO, CIPHUIE THCOIL -
mi eJIeKTPOJITY Ha WOHM Ta 1X TigpaTaiiio. Bommo-
qac MOJIEKYJIU BOAM MOXKYTb BUCTYTIATH O—ITOHOPaMH,
pearyioun 4K HYKJIeOMLIbHI JITAHIN 3 BHCOKOBAJIEHT-
HAMHE MeTaJidHumMu fornamu. Taka HoH—BOIHA peakIlid
BigoMa dK gBuie rigponisy [1,2], y pesyabrari woro
rigpaTHy 000JMOHKY fioHa MoKmmae h TPOTOHIB, mepe-
TBOpIotoun rigparopanmil o [M(H20),]14t v comyxy
THILY [MOnHzn_h](Z_h)‘l'. Yucso h € omHOI 3 OCHOB-
HUX XapaKTEePHUCTUK TLAPOJII3Y, BLIOME AK MOJIpHE BlI-
HOITeHHA Timposisy. Ilpm mboMy Timpodi3sHO-TIApaTHI
crpykrypu [MO,Ha,_p] ¢ =M+ y xemiunomy acmexti
MOXKYTH OyTH TiApoKcoaKBalioHamMu mpHu h < n, TIAPO-
Kcolfonamu pu h = n, oKcoTipoKcolioramMu mpu A > n
abo okcumaMu mpu h = 2n.

ligpomia € mepmuM eTamoM Ha HLAAXY YTBOPEHHHA
baraTodaaepHux HOHHUX CTPYKTYP y BOAHUX PpO3YH-
Hax eJieKTpoJiTis [2]. BudcHenus npupoau rigposizno—
rigpaTHUX Ta HaraTosdIepHUX WOHHUX CTPYKTYD TPE-
cTapJd€ pyHIaMEeHTaJbHUE 1HTepec y PI3mKo—xeMil
PO3YHHIB 1 € BaXKJIMBUM I PO3YMIHHSA PALY HTPUPOI-
HUX Ta 1HAYCTPIATBHUX MPOIECIB, IO BHHUKAIOTH, TOYH-
HaIOYH BT AIePHUX TEXHOJIOTIH 1 3aKIHIYIOUN eKOJIOTIE0
[3]. Cepen HUX, 30KpeMa, aKTYaJIbHI €KOJIOIYHI ACeK TH,
3yMOBJIEH] TOMIMPEHHAM PAJTiOaK THBHUX TPAHCYPAHOBUX
eJIEMEHTIB ¥ BOJHUX CEpeIOBHIAX, YHACTIIOK aBapiii Ha
ATOMHEUX €JIEKTPOCTAHIIIAX.

OcTaHHIM 9YacoM IJId MOIEJIIOBAHHA PISHOMAHITHIX
BJIACTHBOCTER BOIM 1 BOIHUX PO3TMHIB €JIEKTPOIITIB 1K~
POKO 3aCTOCOBYIOTH METOIM KOMII' IOTEPHOTO MOIEJTIO-
Bantg [4,5]. TIpu boMy A4 OMUCY MOJIEKYJ BOIM BUKO-
PHCTOBYIOTH PISHOMAaHITHI 4K KOPCTKI, TaK 1 HEZKOPCTKI
Momesri. ¥ paMKax KOPCTKUX MoeJsiell BOAY pO3TJIsdia-
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OThb 4K CYKYIIHICTE JKOPCTKO 3B’ A3aHNX MIK coDOI0 TOU-
KOBHX 3apsAaiB. BomHodac eJIeKTpocTaTHTHA B3aEMOIIA 3
yYIacTiO MOJIEKYJT BOAN JOMOBHIOETHCS MEBHOIO HEEJIEKT-
pocTaTraHO B3aeMoaieo. [IpukaagaMu Takmx Moaeaei
e Mozents ST2 [6], MCY [7], SPC [8],TTP4P [9] Ta imuii.
11 Mome/  BUABHANCA TPOAYKTUBHUMHE TIPH OMKCI TIAPa-
TamiiHol CTPYKTYpH WOHIB, 1X BIJIMBY Ha CITKY BOJIHE-
BUX 3B’A3KIB Ta 1HMUX XapakTepucTnk. OmHAK YHACITI-
JIOK CBOE1 ZKOPCTKOCTH BOHH € TOBHICTIO HEIPHIATHUMHE
JJIF ONKCY BILIABY HOHIB Ha BHYTPIMOJEKYJIAPHI Bjac-
THUBOCT] BOAM, 3 AKHMHE 1 TTOB SA3aHIi TIAPOIL3.

[IpugaTHimmMy A4 M€l MEeTH € Moaesdl MeHTpaJIb-
Hux cuii [10-12], y paMKax gKMX MOJIEKYJIY BOIH DO3-
TIAMAIOTH IK CYMIII aTOMIB KHCHIO 1 BOTHIO 3 TIEBHUMMT
eeKTUBHUME 3apagaMu. ¥ MeKaX Iel MoaesIl MK Iac-
THHKOBI B3a€MOJIl OMUCYIOTHCA CHEPUIHIME TapHUMI
TMOTEHINAAAMHI, TPUIOMY peajabHa TeoMeTpld MOJIEKY TN
BOAM 3abe3nevdyeThcda BIAMOBIAHEM BHOOPOM IOTEHIIIA-
JIIB B3a€MOJIll aTOMIB BOITHIO MiK cob0I0, a TaKOK 3 aTo-
MaMu KucHo. KoM oTepHl JOCTIIKEeHHA 3 BHKOPHCTAH-
HAM MOIEJl NeHTpaiabhHux cui [12], nposeneni B rpyimi
K. Taituuinrepa [5,13,14] nuig paay 1BoBaJeHTHUX KaTi-
OHIB, TTOKa3aJIM, 10 BpaxyBaHHA B3a€MOIll HOHIB 3 Mo-
JIEKyJIaMH BOIH Befe o 301bIIeHHs BHY TPIMOJIEKYJIAP-
mol OH BigcrTam mjid MoJeKyJl BoOW B WOHHINA TigpaTa-
I 060 I0HIN TOPIBHAHHO 3 9HCTOIO Bomoio. Tak, Ha-
OpUKJIal, y Tigparaniitniit obosonmni fiona Bet? BryTpi-
moutekysiapaa OH Bimcrams mopisaioe 1.0059A, mopis-
aaro 3 0.976A g umctoi Bogn. MoxKHa cromiBaTHCA,
o HaJblie 301IbHIEHH HOH—MOJIEKYIAPHOl B3a&€MO/Ili
BHACJIIOK 301IBIIEHHA BAJIEHTHOCTH KaTIOHIB IpHBEIE
0 BIAPHBY IMEBHOI KIIBKOCTH aTOMIB BOIHIO 3 TiApaT-
HOl 000JIOHKM, ToOTO Ho Timpossy. OmHak MomibHI Ho-
CAIZKEHH, Ha KaJb, He TPOBOMIIACE.

BaxmBoio ocobuBICTIO MOZel MEHTPAJIbHAX CHJI €
il BLAHOCHA TpocTOTa 1 chepuaHmit XapakTep MiKdac-
THHKOBOI B3aEMOJIll, MO TO3BOJIMJIO BHKOPHUCTATH L5
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il BUBYEHHSA MMOPAL 3 TEXHIKOIO KOMII' IOTEPHOIO MOJE-
JTIOBAHHSA METONWKY 1HTETDAJIbHIX PIBHAHB y TIepJIaH-
mokKoBOMy Habamkennl HNC, momoBHeHOMY pisHUMEI
cxeMaM¥l BpaxyBaHHs eJleMeHTapHux miarpam [15-19]. Y
MPOBEIEHNX JIOCJIZKEHHAX, B OCHOBHOMY, DO3TJIAHYTO
9HUCTY BOMY, a CIPOOH MOIIHPHUTH TeOpiio Ha BOIHI PO3-
YUHI €JIEKTPOJITIB CTOCYBAJJINCH TLIBKHA BOIHOTO PO3-
9UHY KYXOHHOI CoJl, e edpeKTH TIAPOII3y € HecyTTe-
BUMU.

Buscuenno MexaHI3sMy KaTIOHHOTO TIIPOJII3Y YV BOI-
HUX PO3YMHAX €JEKTPOJIITIB 1 TPUCBAYEHA HAIA MPAIld.
Jlyia ommcy BOAM BUKOPUCTAHO MOIEJb IMEHTPAJTBHUX
cun. lle mosBosmiiO TMpHM BUKOHAHHI JOCJIIIZKEHB CKO-
PHCTATUCh TEXHIKOIO IHTEI PAJIbHIUX PIBHAHB, MPOCTIIIOIO
MOPIBHAHO 3 TEXHIKOK KOMII IOTEPHOTO MOIETIOBAHHS.
AHaJl3 TMpOBEIEHO B MekKaX MOIEJbHOI CHCTEMH, SKY
y BUIAJKY OIHOBAJEHTHUX WOHIB BUKOPHUCTAHO B KOM-
T IOTEPHUX MOIETIOBAHHAX BOMHOTO PO3YUHY KYXOHHOL
comi [20]. OcHoBHa yBara B Tpalll 30cepelKeHa Ha
JOCHIIZKEHH] CTPYKTYPH TlApaTHOI 0DOJOHKH KaTioHa,
IO OMUCYETHCA BIAMOBLIHUME HOH—BOTHUME (DYHKITIAMI
PO3IOALTY PN H6e3MERXHOMY PO3BEIeHH] HOHIB.

IIpu 36iablIeHH] BaJeHTHOCTH KAaTiOHA BHABJIEHO
edeKT yTpaThH MeBHOI KIJIBKOCTH aTOMIB BOJHIO TiapaT-
HOTO 060JIOHKOW ffoHa. OTpuMaHuii pe3yabTaT IHTepIpe-
TyeMO 9K eeKT TIIpPOoi3y BOIN BHCOKOBAJIEHTHUME Ka-

tTionamu. [lokazamno, mo meit edekT, HecyTTeBUH 4
OJTHO— Ta JABOBAJIEHTHUX HOHIB, MOYWHAE TPOABIATUCH ¥
riapaTHiii cTpYKTYpl TpUBAaJICHTHUX HOHIB 1 IPH TaJIh-
IIOMY 3POCTaHHI BAJIEHTHOCTH KAaTiOHA CTa€ OCODJHBO
cytrepuM. [Ipn mboMy B1OOyBaeThCs MeBHA MOIHMIKAITIA
MOJIEKYJT BOAW B T1ApaTHI 0O0JIOHIIL, IO TPOABAAETHCA
y 30LIBIIEHH] PI3HAUIN MOJIOKEHHA MTEPIIOTO MAaKCHMYMY
dYHKINHE po3moalIy KaTioHa 3 KHCHEM 1 BOIHEM 31 3poc-
TaHHAM BaJIEHTHOCTH HOHA.

II. MOIEJIb BOJAHOI'O POSHYHNHY
EJIEKTPOJIITY

Onwucanl B mmiii Tpaiml TOCTIIKEHHS BUKOHAHO B paM-
Kax MOJIeJI, 4Ky B 9aCTKOBOMY BUIAIKY OJHOBAJIEHTHUX
fioniB BukopucToByBasau B [20] mig Yac KOMII IOTEPHOIO
MOJIEJTIOBAHHS BOJHOTO PO3YHHY KyXOoHHOI couti. [lpu
IHOMY, MaIOYUH Ha METI 3’ ACYBaHHs MIKPOCKOIIITHOTO Mée-
XaHI3MY TAPOJII3Y BOIH, IJIA OMUCY BOIU CKOPUCTAEMOCH
MOJIEJLITIO TMEHTPAJTBHUX CHJI, N0 MOAUMIKOBAHOI [0
mozesi CF1 B [21]. ¥V wii Mogeni aroMu BOAHIO i KUCHIO
MaTh edbekTrBHI 3apann qg = 0.32983¢, g0 = —2qmu, e
e — eJIeMEHTapHUH eJIeKTPUIHUH 3apa, 1 B3a€MOIIIOTh
depes MapHl MOTEHIT AT

144.538  26758.2C" d(r_35.4)2 1 5(r_45)2
Uoo(r) = — T — 0.25e (r=34)" _ (.95~ 15(r=45)"
36.1345 18 —7.62177(r—1.45251)*
Unn(r) = , 1+ e40(r—2.05C5) 17e ( "
72.269  6.23403 10 4
Uon(r) = — " PO10912 T4 o40(r—1.05) | 4 .5.49305(r—2.2)’ (1)
[
Akl BubOpaHl Tak, 110 BOHHM BLITBOPIOIOTH IE€OMETPIIO U(Ky‘n)(r) — 331.67 - 9aqp (3)
Ta JUOOJBHUH MOMEHT MOJIEKYJIH, a TaKOXK TeTpael- of r ’
pHUYHY KOHMITypaliio Boanm, cPpOPMOBAHY BOTHEBHUMMI
sp’askamu. B CF1 Cp = 0.9, Cs = 1/1.025. [lpu npomy ~ B€ ImM+ = €.

BiJICTaHb BUMIDIOETLCA B A a eHeprid B KKaJl/MOJIb.

Bsaemonito itona M+ =Nat 3 Bomoro ommcyemo win-
noBigao norennigaamu [20]:

ey 36.677 .
Unrso(r) = USYD(r) = 250 4116862 =452,
T

kyr 7.479 _
Unpen(r) = Uil (n) + =5 +09545¢770%, (2

Ie AK 1 jra noTeHniamis (1), BiacTaHb BUMIDIOETHCA B
A a eHepria B kkas/mMonb. B (2) okpeMo BumisiieHO Ky-
JIOHIBCBKY CKJIAIOBY:

3 MeTor BUBUYEHHH TIAPOJISY B Iifi Mpaml MU 3YIIH-
HUMOCH Ha MOIEJBHIA cucTeMl, dKa BIAPISHACTHCI Bl
BogHOro posunny comal NaCl sMiHOO BaJIeHTHOCTH Z Me-
TAJIIIHOTO foHa.

Pospaxymok Kopenamiianx ¢yHKINE OasyeTbcda Ha
METOMINI PO3B 3Ky 1HTEIpaJbHUX piBHAHL Tuiny OpH-
mrafina-epnike (OZ):

hap(ria) = cap(ri2) + Y py / Can(r13) * hyp(rsz) drs,
(4)

ae hap(r) = gap(r) — 1 — napra Kopendaniitaa GyHKIiA
B3a€MOIil MIZK JacTWHKaMM COPTiB a1 3, p, — TycTmHa
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JACTHHOK COPTY 7).
Y HaANIOMY BUOAJKY MOMIENb BKJOYAE YOTHPH COPTH
ffonis: knenio O?~, Bogmio HY Ta fiomis MZ+ 1a Cl™.
IIpu GesMmexxHOMY pO3BEmeHHI WOHIB CHCTEMa 1HTe-
I'PAJIbHUX PIBHAHD PO3MATAETHCA Ha MIACUCTEMY iHTe-
I'DAJIBHUX PIBHSIHb, IO OMUCYIOTH BIAMOBIIHO YHCTY BOIY

hoo(r12) = coo(r12) + po /600(7“13) ~hoo(raz) drs
+ pH/COH(ﬁs) - hio(rs2) drs,

homu(ri2) = con(riz) + po /600(7“13) -hown(rs2) drs
+ pH/COH(ﬁs) - hun(rs2) drs,

hi(ri2) = emm(ri2) + po /CHo(ﬁs) - hou(rsz) drs

+ pH/cHH(ms) - hun(rs2) drs, (5)

Ta TiApaTHY 0DOJIOHKY KaTioHa
haro(r12) = emo(r2) + po /CMO(rl?)) ~hoo(rs2) drs
+ pH/CMH(Tw) ~hro(rss) drs,
harer(r12) = e (r12) + po /CMO(rl?)) - hou(rsz) drs

+ pH/cMH(ms) - ham(rs2) drs, (6)

Jle pH, pO — BIAMOBIIHO I'YCTUHHU ATOMIB BOIHIO I KHCHIO
B CHCTEMI,

pu = 2po. (7)

Maroun Ha MeTl BUBYEHHA KATIOHHOTO TIAPOII3Y, PO3-
TVIAM, aHIOH—BOTHUX Ta HOH-MOHHNX PYHKIIH po3mOmITy
omycTuMO. SIK BuiHO 3 piBHAHHA (6), omuc rigparHol 06o-
JIOHKH KaTlOHa BHPAXKAETHCA depe3 KOpeaAniii pyHK-
il 9UCTOl BOAM, AKl 3HAXOAUMO 3 PO3B’A3KY CHCTEMH
piBu#nb (5).

Hnsa poss’da3aHHA 1HTErpajbHUX PIBHAHDL TOBWHHA
6yTH BHKOPHCTAHA yMOBa 3aMUKAHHH, dKa B TOYHOMY
BUDJIAIL Mae pOpMY TIIepJIaHITIoKKOBOTO HADIMKEHHA:

Cap(r) = expi=FUap (1) +tap (r) + Bas(r)} —tas(r) =1,
(8)

ne tap(r) = hap(r) = cap(r).
®yukuil B,g(r) ypaxoByOTh Ge3MEXHY CyMy eJIeMEH-
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TApHUX MICTKOBHX IidTpaM, 1, BJacHe, 13 crmocoboMm ix
3aJaHHs i OB d3aHl pi3HI HaOJIMKEHHS B Teopll 1HTe-
IpaJIbHUX PIBHAHB. g Boaw B paMKax MoAesl IeH-
TpaJbHUX CHJI ypaxXyBaHHdA MuX (DyHKIH € CyTTeBUM
IpH 3acTOCYBaHHI Teopll 1HTErpabHHX PIBHAHL. Hex-
TYBaHHA IUME JigrpaMaMi Bele IO 3BUIaifHOTO Timep-
JIAHITIOXKKOBOTO HaBJIMKEHHA, AKe € 30BCIM HEKOPEKT-
HUM TIOPIBHAHO 3 TaHUME KOMIT IOTEPHOTO MOIETIOBAHHA
[22]. ¥V mpami [15] gna onucy BHecKy Bim dyHKIIR Bag(7)
1A Boau 6yJI0 BUKOPUCTAHO BIATOBLIHI (DYHKIT MOAEI
rtBepaux cdep. Iisuiue B [16] i pesyabraru 6yau mo-
JIIIIEH] 3 METOI0 KOPEKTHIIIOTO OMUCY BHYTPIMOJIEKY-
sgpHol yactuan dyHKI posnominy gmm(r). OnHax, He-
3BaXKAIOYN Ha YCIIX MO0 MAXOMY TPU OTKCI BOAH, PO3-
paxyHOK pyHKIil Bog(r) Ha OCHOBI ZaHHX KOMII IOTED-
HOTO MOAEJTIOBAHHA 14 KOPEJIAMRHIX dpyHKIT’T ga@(r)
nokasas, 1o GYHKIH Bag(r) MaoTh pisHI 3HAKH II4
pisHux copriB [23]. Bokpema, dyHki Boo (r) i Bun(r),
4K 1 B Momesi cymimi tBepaux cdep [15], € HeraTus-
HUMH, ToAl AK (YHKINA Bop Mae TPOTHICKHMNE 3HAK.
Heranbuime i dysrnii 6yau mocsimkeni B mpami [18].
OrpumaHi npr MpOMY pesy/abTaTi Aad GYHKIIR Bag(r)
ang momgeni CF1 mamas mam [MajiMer, BoHn 300paxkeni Ha
puc. 1 ana temmneparypu 25°C i ryctunu omu 1r/cm>,
3 IXHBOIO JOTOMOTOK HIHAPHI PYHKITI POSMTOAIY YHCTOL
BOIN PO3PaXOBYEMO Ha OCHOBI €KCITOHEHTIITHOI hpopMyIn

9o (r) = exp{=FUap(r) +tap(r) + Bas(r)}.  (9)

Puc. 1. MicrgoBi migrpaMu njid BOOM IIpHM HOPMAaJbHUAX
YMOBaXx.

Posp’a30k cuctemu piasauas OZ+HNC nposommmo mMe-
TomoM mpamux iTepariit [likapaa, mo nepenbadae yHUK-
HEHHA PO3PaxyHKy IHTErpasiiB 3TOPTKH B (4) mepexomoM
y k—mipoctip. Taka mpotenypa moBHHHA CYIPOBOIKYBa-
THCA “BKOPOYEHHAM KYJIOHIBCHKOI B3a€MOMIl I yC-
MIITHOTO 1HTEIPYBAHHI, a caMe:

Uiy (r) = Uap (r) = Upp(r). (10)

HameKocaKHy YacTHHY DepeMo y BUTJIAL:
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1.67 - qqqgs - erf(A
Uéﬁ(r): 331.67 - qaqg - erf( r)’ (11)

r

AK1i BiamoRigae dpyp e—obpas

71_331.67 “quqp - exp(—k?/4X?)
k2 ’

Ulg(k) =4 (12)
ne erf(z) = % fe_xde — byHKIIA TOMEIIIOK.
0

Po36UTTA MOTEHILIANY Ha KOPOTKOCHAKHY Ta JaJIeKO-
CAXKHY YaCTUHU Belle O BLANOBIOHOIO pO30UTTA KOpe-
JAAMAHTX PYHKII:

caup (1) = cap(r) + BUG4(r), (13)

t5l5(r) = tap(r) — BULs (7). (14)
BinnosinHo samukann# (8) Habepe BULIIALY:

caup (1) = exp{=BUL (r) 135 (r)+ Bap ()} =13l (r) = 1.
(15)

Orminky 361KHOCTH 1TEPATHBHOTO TPOIECY TPOBOINMO
OIIIHKOIO TapaMeTpa po3OIKHOCTH pe3yJIbTaTiB Po3-
B’43KY 3 JBOX TMOCJIIOBHEX iTepariii (n i n+ 1):

S = Z/ 05D () — 47 () 2. (16)

o,p 0

OrpumaHi TaKUM 9UHOM PYHKITI POSTOILIAY IS BOIH
00pe y3rOMKYIOThCA 3 JAHUME KOMII IOTEPHOTO MOJIe-
miopanng. 11 dyHKIii ha@(r) IJId YUCTOl BOAW 3TIIHO 3

(6) ¢ BUXITHUMU IIA PO3PaXyHKY KaTIOH-BOTHUX yH-
KIiil posmomiiy mpu 6e3MeRHOMY po3BemeHHl ionis. Ha
KaJib, OyAb—aKl JaHl Ipo eJIeMeHTapHl MATpAMH IJId
toH—BOTHUX (DYHKIINHA PO3MOILAY BIACYTHI, TOMY MU, AK 1
B [17] noia Boptoro posunny cosi NaCl, npu pospaxyHKy
toH—BOomHUX (DYHKINHA PO3MOIIIY BHECKOM eJeMeHTap-
HUX JigArpaM 3HEXTYeMO, oKaamaodn Byrq(r) = 0.

Y pesyabTaTi HOH-BOIHI (DYHKIN1 POIMOILITY TIpH Oes-
MEXKHOMY PO3BeIeHHI HOHIB TMOJaeMO B EKCIIOHEHTHIM
dopwmi

garalr) = eV Ha0a(0) (1)

i pospaxoByeMo 3rinHO 3 piBHAHEAMET (6), (8).

III. PEBVJILTATH TA IX OBTOBOPEHHSI

Ha ocHoBI ommcamol BHIlle METOAUKH OYJIH pO3paxo-
BaHl GiHapHI PYHKINI PO3MOAIIY KaTioHa 3 KHCHEM Ta
BOJHEM MOJIEKYMH Boau gpro(r) 1 garm(r) mpw pisHuX
3Ha4YeHHAX BaJIeHTHOCTH KaTloHa /- Blg 1 no 6. Ha no-
JATOK OYJIM po3paxoBaHl TaKoK OIKYYl KOOpAWHAIRHI
qucsIa Nag(r):

r

nara(r) = 4ﬂpa/R2gMa(R) dR. (18)

Boun ommncytoTh KiJBKICTH aTOMIB copTy a (KHCHIO abo
BOJHIO B IBOMY BHNAIKY), IO 3HAXONATHCA B MeKaX
cdepn pamiyca r, y meHTpl gkol € kation M. Tyt a —
abo xucenb (a=0), abo Bogens (a=H).

Orpumani pesyabTaru 306paxeni Ha puc. 2. Bimmo-
BIIHI pe3yAbTaTH IJId OLKYINX KOOPAMHAIINHAX drcesT
MOIAHO Ha PUC. 3.

OcHoBHI pesysbTaTh pPHC. 2 Ta PUC. 3 MPEICTaBJIEH]
Takox y Tabammi 1.

| | Tmazx, A | g(rmax) | Tmin, A | n(rmzn) |
MTO 2.29 5.005 3.095 5.557
MtH 2.857 2.311 3.49 14.438
MO 2.11 12.619 2.85 5.856
M?TH 2.857 3.074 3.287 12.135
M310 1.954 26.121 2.745 7.005
M3tH 2.801 4.417 3.22 12.19
MO 1.878 43.612 2.638 8.367
M*TH 2.74 6.519 3.158 13.19
M>TO 1.804 64.388 2.586 9.815
M3TH 2.69 9.273 3.158 14.75
M®TO 1.733 98.006 2.534 11.319
MSTH 2.586 12.807 3.095 16.21

Tabania 1. OcHOBHI XapaKTEepUCTHKH CTPYKTYPH TiIpaTHOI 0O0JOHKH KaTiOHA.
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Puc. 2. Binapni dyskujl nias posnoniity a) aromis KucHto b) aTroMis BonHio B rinparsili 060JIoHI} KaTioHa 3as1exKHO Bif foro

BaJICHTHOCTH.

0,

e/

X7/
' ? ]
7Y

Puc. 3. Bixkyul xoopmuHamnjitai uucsa s posmoainy a) aroMiB KuCHIO b) aroMis BomHio B riparsifi oGoJioHIl KaTioHa

3aJICZKHO Bi,H iforo BaJIeHTHOCTH.

Ceperl HUX: MOJIOKEHHs Ta BEJWYHHA MEPIIOTO Mak-
cUMyMy OlHapHUX QYHKIH, TOJ0KEHHS 1XHBOTO IMep-
IIOTO MIHIMYMY Ta 3HAYEHHSA KOOPAUHAIIAHIX THCET, IO
ifoMy BiAMOBIAAOTL. fAK 6adnmMo, a4 fioHna Na"’(Z =1)
KOOpAMHATIIIHE IHCTIO NNao (Fmin) A 5.6, 1m0 Bigmosi-
Jla€ JaHUM KOMII'oTepHoro MmofemtoBantgd [13]. Iz 36iib-
HIeHHAM BAJIEHTHOCTHU KaTioHa mepiiuii MakcumMym dbyH-
KIil gpro(r) 3cyBaeThesa B obJ1acTh MEHIINX BiacTaHel,
HabyBaloun IpH ObOMY Bce Olablie d—1omibaol dopMmu,
IO CBIOAYHATH PO UITKINIY CTPYKTYPY TiApaTHOl 060-
JoHKH fiona. Ilpm mboMmy B 061acTl HMEPHIOTO MIHIMYMY
gm0 (Pmin) = 0, y pesyabrari 9oro OyHKIIA naro(r)
TyT Ma€ HopMy IJIATO, MO POIMUPIOETHCA 3 POCTOM
BaJIEHTHOCTH KaTioHa. #IK 1 moBHHHO 6yTH, BeIHYHHA
N30 (Pmin) 3 POCTOM BaJIEHTHOCTH 301/BIIYETBCA. 3a-
YBaXKUMO TaKOXK, IO 31 30LJIBIIEHHAM BaJEHTHOCTH BCE
TITKINIIM CTa€ APYTHil MAKCIMYM, IO BIAMOBLIAE APy Tiit
rigpaTHiit oboJIoHII oHa, dKa, Ha BIAMIHY Bl MEPIIol, €
CHJTBHO PO3SMUTOW0. 31 361IBIIEHHAM BAJEHTHOCTH POP-
MYETbCA TaKOK CJAOKUil TpeTiit MakcuMyM.

HocraTHbo MHPOKWHA MakcHMyM bYHKIN gNarr(r), 9K
Bigznadyerno [17], noB’dazaHuil i3 CYIEPIO3UIIEID IBOX
MaKCHMyMIB, IO BIAMOBIIAIOTH IBOM PISHAM aTOMaM
BOIHIO B MOJIEKYJI BOAM. 31 301JIbHIEHHAM BaJIeHTHOCTH
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fiona mepmmii MakcumMyM GyHKII gppp(r) crae giT-
Killle BUpaKeHUM, HOTo MOJOKEHHd OJIM3bKe 0 MOJ0-
JKEHH#A TepIIoro MiHiMymy byHKI garo(r) 1 sHaxomm-
TheA B obmacti, ne gupo(r) = 0. Ipore mupnna mep-
HMIOTO MAaKCHUMyMy ¢pi(r) TpH HBOMY 3pOCTa€, OCKi-
JIBKW TIOJIOKEHHSA MEPIIOTO MaKCHMYMYy ¢garm(r) 3cyBae-
Thed B 061aCTh MEHIINX BlACTaHElR, a MOJTOKEHHS 11 mep-
1IOro MIHIMYMY — B 0bJacTh Olibmnx Bimcrarelt. Or-
pHUMaHl pe3yJIbTAaTH 3yMOBJEHI 3MIHOIO BHYTPIMOJIEKY-
JIAPHOl CTPYKTYPH BOAM B T1ApaTHI# 0OOJIOHIN KaTioHa,
sokpeMa 361mbmenHaM OH Bigcrani B Mosekym Boaw,
10 BIIOMO JIJId IBOBAJICHTHUX HOHIB 3 PE3yAbLTATIB KOM-
n’roreproro Mofemoanng [13,14]. Haouniue i 3minu
MOXKYTh OyTH 0XapaKTepU30BaHI DISHUIEBUME BEJIHYIH-
HaMU

. _ . M?%*H MZ4to

Arm”l = "min ~Tmin >

_ MZtH MZ+o
Armal? = T"maxw ~ Tmazr > (19)

1o HaBemeHl Ha puc. 4 Ta B Tabsnml 2. 3 HIX BHIHO, MO
31 30LIbLUICHHAM BaJICHTHOCTH KaTioHa AVpar 1 APmin
3pOCTA0OTh, 3acBimuyoun 30Labientsa Beaumunau OH
3B 43Ky IJId MOJIEKYJI BOAM B TiApaTHIiil oboJIoHI ifoHa.
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| | ATpin, A | ATz, A | h | E, kxasa/mMonb | 1, KKaJ1/MOJIb |
MT 0.395 0.567 |-3.324 -1609 -1532
M 0.437 0.747 -0.423 -2025 -1741
M3t 0.475 0.847 1.82 -2739 -2101
M1 0.504 0.862 3.544 -3769 -2623
M>T | 0.556 0.886 4.88 -5136 -3316
M®T ] 0.561 0.853 6.428 -6860 -4188

Tabauia 2. Brums BajieHTHOCTH KaTioHa Ha MapaMeTpPH TiIpaTHOl 06O0JIOHKH.

HaiiBa:K AMBIIIEMEI 3 TOYKH 30py PO3YMIHHA KaTIOH-
HOTO TLAPOJI3Y € CHIBBLIHOWIEHHA MIZK KOOpIMHAIIM-
HUME 9UCTAMA N30 (Pmin) 1 nari(Pmin), AKI BHpasuMo
yepes BeJIMYHHY

il = 277,Mo(7“mm) — nMH(rmin)a (20)

[0 B MEBHOMY CEHCI 3B d3aHa 3 MOJAPHUM BlIHOIICHHAM
rigposmsy h.

SaJieKHICTD YucIa b Bl BAJICHTHOCTH KaTIOHA IIOIaHa
B TabJIAIN 2 Ta Ha puc. 5.

E Ar
A ﬂA/A\ A
08
A
0,7 -
Ar/A
0,6 -
A m|
AI-min / =
0,5 /D
a
_— D/
04 L ! ! ! ! !
1 2 3 4 5 6
Z+

Puc. 4. BasexHicTb pisHUANEBAX BeJIMIMH Ar Bl BaJIeHT-
HOCTH KaTioHa.

Puc. 5. Brme BasienTHOCTHM KaTioHa Ha KUIBKICTH yTpa-
YeHUX aTOMIB BOIHIO TIIPATHOIO OOOJIOHKOIO BHACIIOK Ti-
poJisy.

IIpun BiacyTHOCTI TiApOJI3y BeJWYMHa h TOBHHHA
nmopisaoBaTH HyseBl. OmHaK, 3TAHO 3 HAIIUME PO3pa-
XYHKaMM, OJIS OJHO— Ta JTBOBAJIEHTHHX KaTIOHIB h < 0,
IO 3YMOBJIEHO BHECKOM Y 7pf1I(7msn ) ATOMIB BOIHIO He
TUIBKH TIepiiol, a # apyrol rigpatHol obosonkn. [IpoTe,
BXKe IJId TPUBAJEHTHHX KaTlOHIB h > 0, mo 3acBiOoaye
[IEeBHY BTPaTy aTOMIB BOIHIO TIIPATHUME OOOJIOHKAMHU
KaTloHa. 31 301/bIIeHHAM BaJICHTHOCTH BCe OlJblIe aTo-
MIB BOOHIO MOKHIAE TLApaTHY OOOJIOHKY KaTioHa. Tak
A TATHBAJCHTHIX h A~ 4.9, nJid NIeCTUBAJIEHTHUX
h = 6.4. Takum 9UHOM, 301LIBIIEHHA BAJEHTHOCTH KaTi-
OHA IPUBOAUTEL N0 30L/ILIUIEHHSA €JIEKTPOCTATUYHOL B3a-
eMofil fioro 3 MoJeKyJaMH BOIHW, YV Pe3yJabTaTl €boro
aTOMH BOIHIO MOJIEKYJI BOAM B T1ApaTHIA 0OOJIOHIT MO-
KYTh 11 TOKUIATH.

E“"', Tt
kkal/mol
-2000 - *ﬁ\A\,ﬁx
-3000 '\A\
-4000 E‘°'NA
-5000
-6000 -
-7000 - m
1 2 3 4 5 8

Z+

Puc. 6. 3amexnocTi eHeprii cosbBaTallii Ta 3MIHM XeMid-
HOTO TMOTEHINAIY KaTioHa BiI Horo 3apsmy.

Bigsmagmmo, mo HacmpaBAl TiApaTHY 0OOJOHKY KaTi-
OHa TOKHUJAE Aelllo OlbIIe 3a h amesio IIPOTOHIB, OCKI-
JIbKH B h BKJIIOYEHA TAKOK IEAKAa TaCTKA ATOMIB BOIHIO
3 Ipyrol TiapaTHOl 0OOJIOHKK KaTioHa.

3ayBaKMMO TAKOXK, IO 31 361ABIIEHHAM BAJEHTHOCTH
KaTioHa QYHKINA gprp(r) Mae Bee TTKINMR IpyTruit Mak-
CUMYM, TIOJIOKEHHA KOTO 3HAXOIUTHCA B 0DJIACTI ApY-
roro MiHiMyMy bYHKI garo(r).

Ha ocwoBl orpumanux foH—BOmHUX (MYHKINHE po3Io-
Ty 6yAM po3paxoBaHl eHepris coJbBaTalill foHa
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Ef\;lv = / r gMa UMQ( )d?“ (21)
0]

Ta 3MIHA XeMITHOTO MOTEHIIIATY TIPH PO3TMHEHHI KaTIOHa
M axy B mexkax HNC-rabmimkeHHs BU3SHAYAEMO 3T1IHO
3 popMy.I0TO:

S = 2mkT Z pa/ [hag. (7

— gma(P)erra(r) — cara(r)] dr. (22)

Otpumani pesyibtatn aaa F32Y i pS% naseneni B Tab-
Jguil 2 Ta Ha puc. 6, 3 AKMX BUIHO, IO OOUIBI I BEJH-
YUHN € BlJ €éMHUMN 3a 3HAKOM 1 31 30LJIbIIeHHAM BaJIeH-
THOCTH KaTiOHa 3a aDCOJTIOTHOIO BEJTMIIHOIO 3POCTAIOTh.
IIpn mpomy u§y > Es‘)l”, OCKIJIBKH {19} BKJIIOYAE TaKOXK
MO3UTHUBHUY BHECOK, 3YMOBJEHUN YTBOPEHHAM IIOPOK-
HUHU JJTA KaTIOHA ¥ BOTHOMY CEPETOBMIIL.

IV. BUCHOBKHA

[Momani pe3yabTaT € HEPIIUM CHCTEMATHIHIM JOCJTi-
JIKEHHAM BILIMBY BaJIEHTHOCTH KaTiOHA HAa CTPYKTYPY
fforo rigpaTHOi 0BOJIOHKH, BUKOHAHUM 3 JOITOMOTOIO TeX-
HIKW 1HTET DAJIbHUX PIBHAHD B Teopil piana. Omuc BIIUBY
CTPYKTYPH BOJIM BUKOHAHO B PAMKax MOZIE] MeHTPA b
HUX CHJI 3 BUKOPUCTAHHAM TIEpPJIaHITIOKKOBOTO HADIIH-
JKEHHS ITOMOBHEHOTO BHECKOM eJleMEeHTapHUX JidrpaM,
mapaMeTpU30BaHWX Tak, IO BOHU KOPEKTHO OMHCYIOThH

CTPYKTYPY umcToi Bomau. OrpuMano edeKT yTpaTu MeB-
HOI KIJIBKOCTH aTOMIB BOIHIO T1APATHOIO 0O0JOHKOIO Ka-
TI0HA, AKHI MOMITHO TPOABAAETHCA I TPU— 1 OLIbIIE
BaJIeHTHUX HoHIB. OBroBOPIOETHCA 3B A30K OTPUMAHOTO
pesyJsbTary 3 edeKTOM TIAPOJIi3y BOIU BHCOKOBAJIEHT-
HEMHU fionavu. BugpieHa Takox 3HadHa MOIHMIKAIIA
BHYTPIMOJIEKYAAPHOl CTPYKTYPH MOJIEKYJ ¥ TiApaTHIM
0BOJIOHIII fOHA, AKa TPOABIAECTHCA y 3OLIBIIEHH] pi3-
HHT TOJIOKEHD TEPIIOro MakKCHMyMy (BYHKINA posio-
oy garo(r) 1 gym(r) mpu mepexomi g0 GBI BaJIeHT-
HuX #oHiB. Ha 3akiHueHHA 3ayBakKmMO, 110 OTPUMAHI pe-
3yJABTATH CTOCYIOTHCA MOAETBHOI CUCTEMHU, AKa TLIBKH
JIJId OMHOBAJIEHTHUX HOHIB BIAMOBIIAE BOJHOMY pPO3YH-
HOBI KyXOHHOI coutl. Omuc 617bI peabHUX KATIOHIB MO-
Tpebye BLANMOBIAHOI MoamdiKalll HEeKYJIOHIBCHKOL Fac-
THUHN KOH—BOTHUX MOTEHINATIB B3aeMomil. [Ipnm mpomy,
HaIpUKJIad, 3MEHIIeHHA PO3MIpIB HoHa Beme 10 30611b-
IIIEHHS 1HTEHCHBHOCTH €JIeKTPOCTATHIHOl B3aEMOII1 MK
HOHOM 1 MOJIEKYJIaMU BOMIH, 1O MOXKEe 3HATHO MOCHIIIO-
BaTH BUABJIECHUN BHUIile Timposmsunii edexT. BimmosimgHo
301/TbIIEHHA HOHHIX po3MIpIB Oyae Teit edekT mocaab-
JTIOBATH.
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ON THE THEORY OF CATION HYDROLYSIS IN AQUEOUS
ELECTROLYTE SOLUTIONS

M. F. Holovko™?, Yu. V. Kalyuzhnyi!, M. Yu. Druchok!
! Institute for Condensed Matter Physics of the National Academy of Sciences of Ukraine,
1 Svientsitskii Str., 79011, Lviv, Ukraine
2 Jvan Franko National University of Lviv, Department of Theoretical Physics
12 Drahomanov Str., UA-79005, Lviv, Ukraine

The investigation of the cation valency influence on cation hydration shell structure was made up. The reliable
analysis was made in the framework of the OZ-like integral equations technique and a HNC closure condition.
The central force model was used for describing water. The cation MZ* of high valency is modelled as sodium ion
with the charge from 1 to 6. The quantitive changes in its hydration shell can be estimated in terms of the running
coordination numbers n Mo(r) and n MH(T) A significant modification of water intramolecular structure in the
hydration shell of ions of high valency was found. An effect of some hydrogen atoms loss from the hydration shell
was discovered by means of running coordination numbers. The received results are interpreted as the hydrolysis
of water caused by ions of high valency.
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