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YTO rajlbBAHHYECKHE MHKPONOPOUIKH OJHOPOAHBbIe MO pasmepy H (opme. Taxike BbIfABICH
BbIPa’KEHHBIIl 0aKTepUUMAHBIH M OakTepuocTaTHdyeckuii 3¢@dekT aeilicTBHA raabBaHUYECKUX
MHKPOIOPOIIKOB.

Kniouesvie cnosa: MHUKpOTUCHEPCHBIA TralbBaHUYECKUH OCafOK, MeJAb, aKpUIOBas KHUCIOTA,
aKpUIaMUJ.

Based on the results of X-ray diffraction analysis it has been ascertained that cathodic copper
deposit precipitated from sulfate electrolyte with acrylic acid or acrylamide consist of copper crystals
with considerable quantity of imperfections and crystal deformations. It has been revealed that
microstress and dislocation density in the deposits increase with enhancement of organic component
concentration in the solution according to symbasis dependences. Decreasing of crystallite size and
increasing of structuring degree for the deposits has been observed. Peaks of any phases except copper
have not been identified on X-ray diffraction pattern of the deposits. In earlier investigation it has been
shown that nonmetallic component (copper m-complexes) makes up 20% of the deposits. So based on
the results of X-ray diffraction investigations we can conclude that the deposit consist of copper micro
crystals separated by nonmetallic component.

Owing to special physical-mechanical properties of the deposits it became possible to transform
them to superfine powder by means of mechanical fragmentation. Using sedimentation and
microscopic analysis it has been shown that cathodic micro powders precipitated from solutions with
organic compounds are homogeneous by form and dimension. Significant bactericidal and
bacteriostatic effects of cathodic micro powders influence have been detected.

Key words: micro particulates cathodic deposit, copper, acrylic acid, acrylamide.
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OIIHKA MEXAHI3MY OBMIHY MOJIEKYJ BOJIHU Y
AKBAKOMIUIEKCAX 3D-KATIOHIB

IBuakicTs o0MiHy JirangiB € KJIHOYOBHM eJeMEHTOM B KiHeTHHi peakuiid 3 yuacrTio
KOMILJIEKCHUX CHOJIYK. B po0GoTi po3riasiHyTa MOK/IMBICTH 32CTOCYBAHHS KBAHTOBO-XiMiYHMX MeTOAIB
AJIsi BU3HAYEHHSI THIY iHTepMeniaTy Ta MexaHi3my o0MiHy JiraniaiB B akBakomiuiekcax 3d-meraJiB
yepe3 KOpeJsililo BiToMUX 3HAYeHb MIBHAKOCTI 00MiHY MOJIeKYJ BOIM Y BHYTPilIHiil KoopauHaUidHii
chepi B aKkBaKOMILIEKCAX 3 PO3PAXOBAHHMMH €HEPriAMU YTBOpPeHHs BilnmoBigHux iHTepmeniaTis.
Ilokazano, mo misi OGlIbIIOCTI JBOXBAJEHTHHX AaKBAKOMILIEKCIB peasi3yeTbesl aucoliaTHBHMIA
MeXaHi3M 00MiHY MoJIeKyJ BOAM, NPHYOMY WIBHMAKICTH OOMiHY JIiraHaiB 3BOPOTHO mNponopuiliHa
JorapudMy emeprii yTBOpeHHs nm’STHIiramaHoro imtepmeniaty. TiibKu a1 akBakommiexcis Tic'
MOKJIMBA peaji3anisi 000X MexaHi3MmiB, acouiatuBHoro i aucoumiaruHoro. /lasi Tpbox3apsiaHuUX
akBakoMiuiexciB Tutany, Bananio, Manrany ta ®@epymy peasizyerbcs acouiaTUBHMII MexaHi3M, Toai
Kk 1 BignoBigHux cmoiayk Xpomy Ta KoOaabTy acomiaTuBHMiIl MexaHi3M 3a0opoHeHMii i o0MiH
MOJIEKYJI BOIH peasli3yeThes Yepe3 CKIATHUMN ISl JaHUX KATiOHIB JHCONiaTUBHMIA MexXaHi3M.

Kniouosi cnoea: axBakomiuiekcd, 30-Merand, IIBHIKICTE OOMiHY JIraHmiB, KBaHTOBO-XiMiuHE
MOJIETIOBaHHS.

Beryn. Sk BigomMo, KOOpJHMHAIIHI CHOIYKH Y PO3YMHAX MPUHMAIOTh y4acTh Y
peakiisx oOMiHy JIIraH[iB, K1 y 3aralbHOMY BUIJISIII OMTUCYIOTHCS CXEMOIO
ML, + L* «——— ML L*+L @
Llefi mpoiec Moxe peaai30ByBaTHUCh JBOMa IIIsSXaMu: a00 3a acoOLiaTUBHUM
MeXaHi3MOM

MelL, + L* «—— MeL,L* «— MeL,,L*+L 2
a00 3a AUCOLIaTUBHUM MEXAHI3MOM
ML, «—— ML,; +L, ML, +L* «— ML,,L* 3

Y BUMagKy aKBaKOMIUIEKCIB METaliB, II0 3HAXOJITbCA y BOJHOMY PpO3UHHI,

peaxiiii (2) Ta (3) aemo crpomyoThes
[Me”*(H20)e](H20)m «—> [Me*"(H20)7](H20)m1 (4)
[MeZ+(H20)6](H20)m “—> [Mez+(H20)5](HZO)m+1 (5)

Jist 3niCHEHHS acoI[iaTHBHOTO MEXaHi3My IEHTPAILHOMY aToMy KOMILICKCHOT
CIOJIYKH HEOOXiTHO MaTu TaKy eJleKTPOHY KOH(Irypalito BaleHTHOI 000JIOHKH, sKa Oyia
0 31aTHA yTPUMYBaTH 7 MOHOJAEHTATHUX JIITAHAIB.

OueBuAHO, 10 NPU HEMOXKJIMBOCTI YTBOPEHHSI TeNTANiraHIHUX CTPYKTYpP MPOLEC
oOMiHy JliranaaMu nepediraTuMe BUKIIOYHO 32 JUCOL[IaTUBHUM MEXaHi3MOM.

Y mpuHIMmi BipOTiAHICTH peanizamii TOro 4u iHmOro mexanismy peakiii (1)
3aJIeKUTh BiJI CIiBBIIHOIIEHHS eHepriit aktuBanii (AE,) craiiil yrBoOpeHHs iHTepMeTiaTiB
[Me**(H,0)7] a6o [Me*"(H,O)s] 3 BuXigHMX TekcaakBakoMILIEKCiB. € yci TijcTaBu
BBakatu, mo AE, npsmomponopuiliHa pi3HHLI €HEprid YTBOPEHHS OKTacapUYHUX
AKBAaKOMIUICKCIB 1 BiAMOBIZHUX CTPYKTYp 3 OinbpiMM a00 MEHIIMM KOOPIMHALIHHUM
guciioM, T00TO — BennuuHi AE peakiii (4) abo (5).
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IIpencrasiena pobota € crpo000 BUKOPUCTATH KOPEIIIHHY 3aJIeKHICTh MK AE
Ta eKCIIEPUMEHTAIbHUMHU 3HAYeHHSMH KOHCTAHT MIBHAKOCTI JITAaHAHOTO OOMIHY IUIS
ineHTH(diKarii MexaHi3My IILOTO MPOLECY.

VY skocTi 00’€kTa mOCTiKeHHS Oyau oOpaHi akBakoMIulekcd 3d-meramiB, ajs
SIKUX € MUPOKUH CIIEKTP HAIHHUX EKCIICPUMEHTAILHUX JaHHX.

Metoauka po6oTu. JlOCHiDKCHHS BUKOHYBAJIOCh IUISXOM KOMIT FOTSPHOTO
MOJIENIIOBaHHS 3 BUKOpHcTaHHAM nporpamu GAMESS [1]. Cuctema [Me**(H,0),](H20)m
PO3paxoByBaIach 3a JOMOMOT 00 HEOOMEKEHOTO TI0 CITiHy MeToaa XapTpi-Doka.

UenTtpansauii atom Metany onmcyBanu 6azucom CRENBL ECP, aromu nmiranmiB —
6azucom 6-311G. B po3paxyHKax TaKoK 3aCTOCOBYBAJIHM TEOPit0 PYHKIIOHANIA MIITBHOCTI
DFT 3 riopuaaum Metonom B3LYP. BrmiuB po3urHHHKa BpaxoBYBalH 3a JOIIOMOTOO
MOJETl TOJSAPU3AMIMHOTO KOHTHHYYMY. AJEKBaTHICTH oOOpaHorOo MeTony Oyna
POJICMOHCTPOBaHa B poboTi [2].

PesynbTaTH excnepuMeHTIB Ta o00roBopeHHsi. Pe3ynbraTH po3paxyHKIB
MIPEJICTABJICHI y BUIJISIAI TAOJUII Ta BIAMOBIAHMX KOPENSIMIHHUX 3ayiexHOCTed (puc. 1 1
puc. 2).

Tabnuys

Enepreruunuii edgexr peakuiii (4) i (5), k/lx/Moab (mpouepk Bignosinae curyauii, KoJim cTilika

cucreMa He (ikcyeThes).

Ientpa PospaxoBani PospaxoBani
nLHE;‘/'I AE, peaxmis AE, peakuis ExcnepumMenTanbHi BEJIMYHMHU 3 BEJIUMYMHH 3
atom 4 (5) Bennunau K [3] KOpeIsIIiHHIX KOpeIsIIiHHIX

sanexHocreit Ky | 3anexnocreit Kg

Ti* -20 121 1.8:10° 4-10* 4-107
Ti?t 7 64 - 3102 7-10°
v 9 133 5.0-10? 5-10° 3-10°°
v - 71 87.0 - 9-10?
cr¥* - 174 2.410° - 8107
cr* - 9 - - 2-108
Fe¥* 14 124 1.6:10? 80 2:1072
Fe?* - 22 4.4-10° - 2:10°
Co®* - 118 - - 7-102
Co? - 30 3.2:10° - 4-10°
Mn®* 2 95 - 7102 7

Mn?2* 23 33 2.1-107 14 2-10°
Ni%* - 46 3.2:10* - 1-10°
cu® - 6 5.0-10° - 5-108

Sk 1 MmoxHa Oyno Oo4iKyBaTH, HE BCi HOHM MAlOTh 3[aTHICTb aKLENTyBaTH CbOMUI
jiranf. 1{g BIacTUBICTh XapaKTepHa JJIs IT'ATH MPEICTABHUKIB JTOCIIIHKEHOTO Py — 1ie
iorn Ti%, Ti%*, V¥, Fe*, Mn®". Ilpu 1poMy TepMOAMHAMIYHO BHIiZHOW peakiist (4) €
e y aBox ionis: Ti*ti V¥,

HucoritoBatd MOXYTh yCi TEKCAaKBAaKOMILIEKCH, aji¢ 3 Pi3HUM EHEPreTUYHUM
e(peKTOM, KOTpHii 3MiHIOETBCS Bif 6 KJ[K/MOb y foniB Cu®* 10 174 kJIk/Monb y HoHiB
Cr®*. 3MeHIICHHS 3apsily LEHTPAILHOrO aToMa 3 3+ 10 2+ IPHBOIUTH 10 3aKOHOMIpPHOTO
3MEHIIEHHS eHepril Jaucormiamnii TekcaakBakoMIuiekciB. IurencuBHicTs 3miam AE(D)
3alleKHTh BiJ NPUPOIM eIeMEHTa-KOMILIeKcayTBoproBada. Tak, y mapi Ti°/Ti*
3menieHHs AE(S) cknanae 67 k/[x/Monb, a 'y napi Cr¥*/Cr** csrae 165 kJIx/Monb.

3 puc. 1 BUAHO, IO 3aJEKHICTh MiXK JOrapu()MOM KOHCTAHTH MIBHUIKOCTI
JraHAHOTO OOMiHYy 1 eHepreTnyHOro edekty peakmii (5) mificHO mpsMoiHifiHA 1 Mae
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Hermorani xapakrepuctukn (2 =9.2+0.5, b=-0.088+0.007, xoedimieHT KOpesMii
0.964), gxmo BIIIYYNUTH 3 KOPETAIiHOI cepii Ti HOHH, AKi Pi3KO BHUITAJAIOTh: Ti¥*, v¥,
Fe".

. . , 1 . ,
0 40 80 120 160
AE(S) , kx/mone

Puc. 1. log k, AE(5) — kopeasiniiiHa 3a/1eXKHiCTh JJ151 aKBaKOMILIeKciB 3d-meTanis

IV
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L !\-In:+

[ ]

Ti*

0 T T T X T ' T v J
-20 -10 0 10 20
AE(4), xI:x/Moae

Puc. 2. log k, AE(4) — xopeasiniiiHa 3aJeKHICTh ISl aKBAKOMILIEKCiB 30-MeTaJiB, 1JIsl SIKHX
MOKJIMBHIA aconiaTUBHUI 00MiH MoJIeKyJ BOAU Yy BHYTpillHii koopauHaniiiniii cdepi

Criscrasnenns BennuuH AE(4) 1 AE(S) y nux #oHIB BKa3ye Ha TepMOJUHAMIUHY
HEBUTiIHICTh aucouiatuBHoro mnpouecy (AE(5) > 100 x/x/monp) mpu HasBHIA
MOJXJIMBOCTI ~ YTBOPIOBATH  IENTAJIraHAHI  AKBaKOMIUIEKCM 3  MIiHIMaJbHUMH

3+ o . -3+
eHepreTuuHuMH 3atpatamu: AE(4) y Fe™ cranoButh Bcboro 14 xJx/mMonb, a y oHiB Ti
i V¥ we Bzarani Big’emHa BenumumHa. 3Bicu CIiTy€e, IO 32 BUKJIFOYCHHSIM HOHIB Ti%,
V¥ Fe** B ycix iHIINX JOCTIUKEHNX CHCTEMAX Peati3yeThCsi QMCOLaTHBHHMI MEXaHi3M
JITaHIHOTO OOMIHY.
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Ockinbku B akBakommiekcax Tio\, V¥, Fe** niramgmuit o6MmiH 3miifcHIOETBCS
aThTEPHATHBHO 32 ACOI[IaTHBHUM MEXaHI3MOM, BOHHU 1 CKJIAJalOTh KOPENSIiiHY Cepiro
puc. 2. OOMeEXeHICTh KiNBKOCTI WIEHIB [aHOi TpyNu MOTIpUIye KOpeNsLiiHi
xapaktepuctuku Ig Kk, AE(4) — 3ane:xxHOCTI, ae BCe-TaKH YiTKO BKa3ye Ha ii iCHyBaHHS.

Sk BUAHO 3 pHC. 2, JiraHHMil 0OMiH B akBakoMmiUiekcax Mn?* mepebirae He 3a
acoIliaTUBHUM MEXaHi3MOM, a 3a IUCOIIaTUBHUM 1 TOMY BiH NMPHUCYTHIN B KOpesIiiHii
cepii puc. 1.

BucHoBku. TakuM 4MHOM, 3 HAIIOl TOYKH 30py BUKOpUCTaHHs oTpuMmanux log K,
AE — xopensniiHuX 3ale)KHOCTEH JO3BOIISIE YITKO 1IeHTH(IKYBATH MEXaHI3M JITaHIHOTO
00OMiHy, TpUHANMHI B IOCIIIKEHUX HAMH CUCTEMaX.

OKpiM IIBOTO MOXHA TAKOXK KUTBKICHO OI[IHUTH IIBUAKICTH JIIraHAHOTO OOMIHY 1y
IHIIMX aKBaKOMILIEKCIB 3d-KaTioHiB, IS SKUX BiZOMOCTI PO KOHCTAHTH INBHAKOCTI B
JiTeparypi BiACyTHi.

Tak, y BUNagKy TPhOX3apsAHOTO KOMIUIEKCY MaHTaHy MOBHHEH pealli3oBYBaTHChH
30BHIMTHROC(HEPHMI aCOLIaTUBHUM MEXaHi3M 3 HH3BKOIO EHEPTi€l0 TEepeTBOPEHHS, 1
Bi/ITOBI/IHO 31 3HAYHOIO MBH/KICTIO 06MiHy. Toxi SIK JUTS HU3BKOCIIHOBOTO Kationy Co%*
acoIaTHBHHIT MEXaHi3M 3a00pOHEHH I [0 CXOXKil mpudmHi, mo i 11 kationy Cr’*, Tomy
MOJKJIMBA peali3amisi TiTbKH [HCOIIaTHBHOTO MeXaHi3My. B Toll ke dwac eHepris
Tepexo/ly y I’ SITHKOOPAMHAIINHIX cTaH y KaTiony CO®* BimayTHO mermmmii, BiamoBigHo
TPHOX3apsIHUI KaTiOH KOOAIBTY TIOBUHEH 3aliMaTh CepellHE MOJIOKEHHS 110 MIBUIKOCTI
o6MiHy sirasais Mix Cr** Ta iHIIMME TPHOX3aPSIHUME KATIOHAM.

Cepen nBoX3apsTHUX KaTiOHIB OOMiH MOJEKYJ BOAM BiOyBAa€THCS B OCHOBHOMY
Yyepe3 AMUCOLIATHBHUN MeXaHi3M, acOUiaTUBHUH MEXaHI3M MOXKE peai3yeThcs TiIIbKH Y
Kationy TuTany. Tak, y Ti’* po3paxoBaHa MO KOpensuiiiHii mpsMili KOHCTaHTa
IIBHKOCTI 0OMiHy MOJIEKYJT BOM depe3 acoliaTHBHHMIT MexaHi3M nopisHioe k(4) = 3-10%
X0ua I1€ 1 Je1I0 HUKYe, HK Yepe3 qucoriaTuBHuid Mexanizm K(5) = 7- 103,

Jlnst kationy Cr** peamizyeTbcst TUIBKH AMCOLIATHBHHIT MEXaHi3M, IPHUIOMY Yepes
edext fAna-Tennepa aucoliallis MPOXOJAUTh 3 HEBEJIMKUMH CHEPreTUYHUMH BUTPaTaMU
(9 x/x/monp). BiamosigHo, oOMIH JiraHmamMu y Cr* i Ti* nmosunen BiOyBaTuCs 3
BEJIMKOIO HIBHJKICTIO, OCOOJIMBO Yy KaTIOHY XpOMY, SIKUI TIOBUHEH HAONIKATHCS 32 Ii€0
XapaKTePUCTUKOIO J10 KaTIOHY MiJIl.
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CxopocTs 0O0MeHa JMraHAOB SIBJSIeTCS KJIOYEBBIM 3J1eMEHTOM B KHHeTHKe peakuuii ¢
y4yacTHeM KOMILJIEKCHBIX coelMHeHUil. B padoTre paccMoTpeHa BO3MOKHOCTH MPUMeEHEHHUSI KBAHTOBO-
XHMHYeCKOr0 MeTOo/a ompejAejieHHs] THNA HHTePMeAHMATOB M MeXaHH3Ma o0MeHa JHTaHI0B 4epe3
KOPPeJSINUI0O  PACCYUTAHHBIX JHepruii 00pa3oBaHHs COOTBETCTBYIOIIMX HHTEPMEIHATOB C
HM3BECTHBLIMH 3HAYEHHUSAMHU CKOPOCTH 00MeHa MOJIeKYJ BObl BO BHYTPeHHell KOOpAMHALMOHHOI cdepe
B akBakomiuiekcax 3d-katuoHoB. Iloka3aHo, 4YTO s OOJBIIMHCTBA JIBYXBAJEHTHBIX
AKBAKOMIUIEKCOB  peaju3yeTcsi JUCCOUMATHUBHBI MeXaHH3M O0MeHa MOJIeKYJ BOAbI, IpUYeM
CKOpPOCTh 00MeHa JIMTaHAOB OOPAaTHO NPONOPHHOHA/ILHA JorapumMy 3Heprum o0pa3oBaHUs
NATHIMrangHoro MaTepMexuara. Toabko Ans akBakoMmiiexcoB Ti°' B03MOKHO peajmsanusi 060mx
MEXaHHU3MOB, AMCCOLMATHBHOIO M ACCOLMATUBHOrO. /ISl TpexBajeHTHBIX aKBaKOMILIeKcOB TuTaHa,
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Banagua, Mapranna u JKesesa peajausyercsi acCOHMATHBHBIX MEXaHHM3M, TOrJa Kak [JJs
COOTBEeTCTBYIOIIUX coequHeHnii Xpoma u KoGanbTa acconmaTHBHBII MeXaHH3M 3ampelieH ¥ 00MeH
BHYTpHCGEpHBIX MOJIeKYJ BOAbLI peajlm3yeTcsi 4Yepe3 CJIOKHBbIH 151 JaHHBIX KaTHOHOB
AMCCOLHMATHBHBIA MeXaHU3M.

Knrouegvie cnosa: akBakOMIUIEKCHI, 30-KaTHOHBI, CKOPOCTh OOMEHA JINTaHI0B, KBAHTOBO-XUMHUYECKOE
MOJIEIIMPOBaHHUE.

The ligand exchange rate is the significant part of complex compound kinetic. The mechanism
of this process may be different. In the article the ability to apply the quantum-chemical method for
determination of intermediates type and ligand exchange mechanism have been estimated. Our
calculations have shown that the dissociative mechanism of water molecules exchange dominates for
the majority of divalent 3d-cations aquacomplexes. It was found that rate of ligand exchange is
inversely proportional to the energy logarithm of five intermediate ligand formative as associative
mechanisms possible only for Ti?* aquacomplexes. The associative mechanism is to be place for
trivalent cations Ti*", V¥, Mn*" and Fe®" aquacomplexes. Associative compounds of Cr®* and Co®* is
forbidden and exchange of inner water molecules implement through the complex for such cations
dissociative mechanism. This method allow to determine the ligand exchange rate in the complexes
which haven’t these values and to estimate the labilite of the short-lived intermediate complexes.

Keywords: aquacomplexes, 3d-cations, exchange rate of ligand, quantum-chemical calculation.
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