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PACUET KOHCTAHT HECTOMKOCTH KOMILIEKCHBIX
MOHOB B ITOYBEHHBIX PACTBOPAX

BrigBiieHBI q)OpMBI MHUT'PpAllU CBUHIIA C HCOPIraHUYCCKUMM JIMT'aHAaMU. 3HauYeHUS
KOHCTAHT HECTOMKOCTH KOMIUIEKCHBIX HOHOB MOYKHO HHTCPHIPCTUPOBATL KakK
HanbOosee I/IH(l)OpMaTI/IBHLII‘/JI HCTOYHHK O MUKPOKOMIIOHCHTHOM COCTAaBC IIOYBLI U
HCII0JIb30BATh ITOJYYCHHBIC JIJAHHBIC IJI aHAJIM3a HAKOIIJICHUS CBHUHIIA.

Possible forms of complex ions, determined with the help of the calculation-method
have been considered in the work. Soil extracts in ammonium acetatebuffered
salines of lead (II) ions along with inorganic ligands have been researched. The
calculations have been made considering the literary value constants of stability.
Knioueswie cnosa: nonsl cBuHa (I1), KOMIUIEKCHI, KOHCTAaHTBI HECTOWKOCTH, JOJIS
3aKOMIUIEKCOBAHHOCTH, ITI0YBA, IOYBEHHBIA PACTBOP.

DU3NKO-XUMUYECKOE COCTOSTHUE TSDKEIIBIX METAJUIOB{M3MEHSETCS B IIOYBEHHBIX
pacTBopax B pe3yibTaTre IIPOTEKAHUS MPOLIECCOB: TUAPATALNH,
KOMIUIEKCO00pa3oBaHusi, aAcopOLuu, ocaxacHus U coocaxiaeHus. CoueraHue
YKa3aHHBIX MPOLECCOB ONPENEIAET MUTPALMOHHYIO TOJABMKHOCTD METAJUIOB MX
HepepacIpeieNiCeHHe MEXJy OCHOBHBIMM, KOMIIOHEHTaMH B CHCTEME II0YBa —
pacteHus. [JoMuHUpOBaHKHE TEX WM MHBIX (OPM TSKEIBIX METAJUIOB 3aBUCUT OT
pH DNOYBEHHON BBITSKKH, OKHCAUTEIBHOBOCCTAHOBUTEIBHBIX IIPOLIECCOB €€,
KHCJIOTHO-OCHOBHBIX IIOKA3aTEJIEU.

Onpenenenue GopM CyIIECTBYIOIINX JIEMEHTOB SIBIISIETCS aKTyaJIbHBIM BOIIPOCOM
MOCKOJIbKY, Ka4€CTBO MOYBEHHBIX PACTBOPOB OMpEIEISIETCS HE TOJIBKO OOLIUM
COJIEP)KaHUEM TOKCHUKAHTOB, "HO M COOTHOIIEHHEM COCYLIECTBYIOIIUX (HOpM.
DopMBbI TKEIBIX METAIIOB ONPEACIAIOTCA AHATUTUIECKUM CIIOCOOOM (ITPUMEHSISI
paznuyHble (PU3MKO-XUMUYECKHE METOJIbl) M PACUYEeTHBIA METOJ, KOTOpPbIH
BKJIIOYAET B CEOS XUMUYECKOE MOJICIMPOBaHNE KOHKYPUPYIOIIUX paBHOBecuil. B
pacyeTr 4acrPO ‘HE . BKIIOYAIOTCA MAapaMeTphl, BIUSIONIME Ha (HOPMBI CIEIOBBIX
AJIEMEHTOB, OICYTCTBYIOIIMX JJii OOJBIIMHCTBA W3 HUX KAuye€CTBEHHBIX U
KOJIMYECTBEHHBIX JAHHBIX: PEJOKCIOTEHIMANA, pPa3HOOOpa3he OpraHuYecKUx
JUTaHAoB, HE YUYUTHIBACTCS SIBICHHUE aJICOPOIMM HAa MOBEPXHOCTU MeK(pa3HOH
pEaKkuny OCaKIEHUs, PacTBOPEHHH M copOuuu. OTcyTcTBYyeT HHGpOpMAIUs O
HEpPaBHOBECHBIX YCJIOBMSX, CYLIECTBYIOUIMX B IOYBEHHBIX pacTBopax. MMeHHO
3TU (HaKTOpbl YBEIMUYMBAIOT IMOTPEUIHOCTh BBIMOJHIEMBIX pacdyeToB B (opme
MUTPAIUH 3JIEMEHTOB, U JIeaeT UX JOCTaTOYHO MPUOIIKEHHBIMU. TeM He MeHee,
pacyeTsl CyIIEeCTBYIOIUX (OPM METAIIOB IMO3BOJIIIOT MHTEPIPETHUPOBATH Kak
HaubOosnee WH(MOPMATUBHBI HMCTOYHUK O KOMIIOHEHTHOM COCTaBE€ IIOYBBI H
MCIIOJIb30BaTh UX JJIA IPOrHO3a YCIOBUM HAKOIUIEHUS TSYKEIbIX METAJIOB.

B npouecce kommiekcooOpa3oBaHusl CBUHIA B TOYUBEHHOM PAacTBOPE PEILIAIOLIYIO
pOJIb UTPAKOT KaK OpPraHWYECKUE, TaK M HEOPraHWUYECKHUE JIMTAHIbl, OIHAKO,
3HAUWTEIbHBIE BAapUaLU{, NPHUBOJMMBIE B JIMTEPAaType 3HAYEHUS KOHCTAHT
YCTOMYMBOCTA OPTaHUYECKUX KOMIUIEKCOB, 3aTPyAHSET PACyYET COACPIKAHUS



nofo0HBIX (QOpM TMepeHoca MeTaula M YacTO BBIHYXKIAET HCKIIYaTh
OpraHNYeCKUEe KOMIUIEKChI METAJIJIOB U3 MPE/IO0JIaraeMbIX 00IIHX 0agaHcoB GopM.
W3BecTHO, 9TO B TIpolieccax KOMIUIEKCOOOpa3oBaHWs CBHHIIA B (Da3e pacTBopa,
UTPAIOT PELIAIOIIYI0 POJIb HEOPraHUYECKUE JIUTau bl [ 1].

[enbro HACTOALIEH paboThI SABUIIOCH W3y4YCHHE IIPOLIECCOB
KoMIuieKkcooOpa3oBanuss uoHOB Pb(Il) ¢ Heopranmyeckumu JuTraHgaMd B
MOYBEHHBIX pPACTBOpaX B YCIOBUSX TEXHOTEHHOM Harpy3ku. MeTobl
UCCJIEIOBAHUM: TeOopeTHUeCcKui pacueT (opM CyIEeCTBOBaHUS (OPM HOHOB
CBHUHI[a TPOU3BEICH HA OCHOBE JAHHBIX MO COACPKAHUIO HEOPraHUYECKUX
KOMIIOHEHTOB B IIOYBEHHBIX pACTBOpaxX MU IO KOHCTAaHTaM HECTOMKOCTH
00pa3yronuxcsi KOMIUIEKCHBIX COSTMHEHUH [2].

st pacueTroB COCYIECTBOBAHMSI KOMIUIEKCHBIX (OpPM CBHUHIIA( B KauecTBE
MOJEIBHBIX CHCTEM OBUIM B3SAThl TOYBCHHBIE OOpa3Ilibl, / OTOOpaHHBIE Ha
TeppUTOPUHU [ OMETBCKOrO paroHa.

ATpOXMMHUYECKHE TOKa3aTeM HCCIEAYEeMOW MOYBbi+, XapaKTEPU30BAIHCH
cienyronuMu BenuunHamu: 3Hadyenue pH(H20) uccnenyemoil mouBbl cOCTaBHUIIO
5,68 eguHuUIll, coaep)aHUE rymyca B cpenHeM coctaBwio 2,1 %, comepxanue
noaBmwkHOro (ochopa cocrasuio 27,8 mr/100 r, cyMMa OOMEHHBIX OCHOBaHMMA
cocramina 12,80 mr — »5kB/100 r. IlomydeHHBIE IaHHBIE XapaKTEPU3YIOT
MPUHAICKHOCTH JAHHOTO THUIIa MOYBHI K Haubosiee paclpOCTPaHEHHBIM THUIIAM
nouBsl benapycu.

ConepkaHue aHHOHOB OMPEIEISIIOCHITOTEHIIMOMETPUUECKIUM METO0M, TKEIbIX
METaJJIOB — aTOMHO-a/ICOPOIIMOHHBIM. METO/I0M. 3HAYEHUSI KOHCTAHT HECTOMKOCTH
KOMILUIEKCHBIX HOHOB CBUHIIA UCMOIB30BaHbI U3 CITPABOYHBIX JJAHHBIX (Tabnumna 1)

3; 4].
"[Fa6n]1/1ua 1 KoHCTaHTBI HECTOWKOCTH KOMIUIEKCHBIX HOHOB Pb?
[MeCI]* 2,40x1072 [Me(S04)2]* 3,39x10
[MeCl;]° 3,63x1073 [MeOH]* 3,02x1078
[MeCI3] 9,12x1073 [Me(OH).]° 2,88x10
[MeCl4]% 1,40x104 [Me(OH)3] 8,91x1013
[MeSO4]° 2,40%x103 [MeNOs] * 6,61x107?

PacueThi MPOBOAMINCE 1O cieayomuM Gopmynam: KoHueHTpamms
xomriiexca [PbCls]?:
_ e x g™

[PICLT- -

Jlosst oOpazoBaHusI KOMILIEKCA:
a= T 100%
Cpaes

Bce pacuetsr opM Murpanuu CBUHIIA BBITIOJIHEHBI HAaMH IIPH COBMECTHOM
pEIIeHNH YpaBHEHUN MaTepuaabHOTO OajaHca U 3aKOHa JEHCTBYIONUX Macc [5].
Bo Bcex ciydasx aHaIM3UPOBAIKMCH BCE PEAKIIMKA B3aUMOJICHCTBUS HOHOB CBHHIIA
(I1) ¢ xmopua- w HUTpAT-aHUOHAMH, JUISI KOTOPHIX JIOCTOBEPHO W3BECTHBI
KOHCTaHThl HECTOMKOCTH KOMILIEKCOB.

Tabmnuma 2




P€3y.HI>TaTI>I KOJIMYCCTBCHHOI'O HMCCICAOBAHUA COACPIKAHUSA KOMILICKCOB CBHHIA

(I

pH Cl ,Monp/n Pb?*, MKMOJIB/MII CKOMIUI, MOJIB/JT o, %

5,46 0,90 9,70x10* 8,71x10® 0,90
5,40 0,90 1,93x1073 1,74x107° 0,90
5,30 0,90 8,70x107 7,83x107° 0,90
5,16 0,90 1,90x1072 1,74x10* 0,90
4,85 1,32 5,43x1072 7,17x1074 1,32
4,61 1,32 8,12x107 1,07x10°3 1,32
4,42 1,32 1,15x10t 1,52x103 1,32
3,97 1,40 1,66x10%1 2,32x107° 1,40
3,45 1,40 2,42x10t 3,38x10°3 1,40
3,21 1,40 3,71x10%1 5,20x1073 1,40
3,15 1,40 4,53x10% 6,34x10°3 1,40
3,04 1,40 9,03x10! 1,27x107? 1,40

Konnenrpanus noHoB Pb?" yBennumBaeTcs ¢ yBelIMSEHHEM KHCIOTHOCTH MOYBBI
ConeprkaHue XJIOpHUI-HOHOB B MHTepBanax 3HadcHmit pH 3,04 — 3,97; 4,42 — 4,85;
5,16 — 5,46 cocraBuno 1,4; 1,32; 0,9 moabs/n coorBeTcTBeHHO. ClIe10BaTEIBLHO, YEM
BEIIIC 3Ha4YeHWEe pH MOYBEHHOTO pacTBOPA; TEM HIDKE 3HAYCHUE COJCPKAHUS
XJIOPUI-MOHOB B KoMIuiekce. Cpe/iHeé 3HadeHue CoJIep KaHie aHHOHOB COCTABUIIO
1,21 wmonw/n. Ilpu 3nauennn pH 3,04 conmepkaHue KOMIUIEKCA COCTaBUIIO
0,013moms/1, ipu pH 5,46 — 8,70%10,

Taxkum oOpa3om, yem BbINIe 3HAYeHUE pH, TeM HmKke 3HaYeCHWE KOHIICHTPAINH
KoMIuiekca B mouse. . C yBenmnueHueMm 3HadeHWd pH 3HadeHwe monum
3aKOMIUICKCOBAHHOCTH 'yMeHbIaeTcs. YeM BoIlie 3HaueHue pH, TeM Hrpke mouis
3aKOMITJICKCOBAaHHOCTH, . BBISBICHHAs 3aKOHOMEPHOCTh YMEHBIICHHUS  JOJIU
3aKOMIUICKCOBAHHOCTH JI0JTM KATHOHOB, TTO-BUAMMOMY, CBSI3aHA C 00pa30BaHUEM B
JTAHHOM CJTy4a€ CIIQKHOTO ruapokcokatuona ceunna (PbOH)™.

Hamu 6b1mi uccneiopansl komriekcHbie noHbl Pb(Il) ¢ HuTpaT-annonamu, coctan
npeamnonaraeMoro  komrmiekca [PbNOs]".  KoHmeHTpamuss  HUTpaT-HOHOB
M3MeHsAIIach B mpesenax 5,65x104 —8,71x10* mons/n, conepkanue HOHOB CBHHIIA
konebanocey 1,0x10° — 5,4x10° mons/n. Pe3ynbTaThl pacueToB NMpeaCTaBICHBI B
Tabnwue 3.

Tabnuua 3 PacueTsl KOHIEHTPALMU KOMILIEKCOB Pb 2* ¢ nuTpar-annonamu

pH NO3 Moab/n Pb?* , MKMOJIB/MIT CKOMILI, MOJIB/TT o, %

5,46 8.7x107* 1,0x10°® 8,71x10° 0,87
5,40 8.7x10* 2,0x10® 1,74x108 0,87
5,30 8.7x10% 9,0x10 7,84x108 0,87
5,16 8.7x107* 1,90x107° 1,66x1077 0,87
4,85 5.7x10* 5,40x10° 3,05x107 0,57
4,61 5.7x10* 8,10x10° 4,58x1077 0,57




4,42 5.7x10* 1,15x10™ 6,50x1077 0,57
3,97 1.9x10* 1,66x10™ 3,22x1077 0,19
3,45 1.9x10* 2,42x10™ 4,71x107 0,19
3,21 1.9x10* 3,71x10™ 7,21x10°7 0,19
3,15 1.9x10* 4,53x10™* 8,79x1077 0,19
3,04 1.9x10* 9,03x10™* 1,75%107° 0,19

Conepxanue HUTpaT-uoHOB B mHTepBasax pH 3,04-3,97; 4,42-4,85; 5,16-5,46
coctaBmwio 1,94x10%; 5,65x10%; 8,71x10* Moub/1 cOOTBETCTBEHHO. JlaHHbIC
CBUJICTEIILCTBYIOT O TOM, YTO 4YeM Bblillle pH MOYBEHHOTO pacTBOpa, TEM “HIDKE
3HAUYCHHUE COJEpXKAHUS HUTPAT-HOHOB B KoMmiuiekce. CpemHee.. 3HAUCHUE
KOHIICHTPAIIMM  AHWOHOB  COCTaBHJIO 5,43x10%  Mmomp/m. Konuentparuu
KOMILIEKCOB B IIOYBEHHOM pacTBope cocTasuiu 1,75x104; 8, 71X10 upu pH 3,04;
5,46 COOTBETCTBEHHO.

C yBenuueHweMm 3HaueHUH pH, 3HaYeHHWE NOJIM 3aKOMINTEKCOBAHHOCTH HMOHOB
yBenumanBaeTcs. YeM Boiie 3HadeHne pH, TeM HrKe 10715%.3aKOMILIEKCOBAHHOCTH.
[Ipu pasmumuneix pH gons komiwiekcHoro coemunehus [PbCly]* pasmuuna m
HaxoauTcs B Takux npuuenax: pH 3,04-3,97;:4,42-4,85; 5,16-5,46 nons
KOMILIEKCHOTr0 coenuHeHus coctapuiaa 1,4; 1,32:0,9 % coOTBETCTBEHHO.

Jons xomiiekcHoro coeauneHust [PbNO;z]* 'pasnuuna u HaXOOUTCS B TaKHX
npuaenax: npu pH 3,04-3,97; 4,42-4,85; 5,16-5,46 nmomsi KOMIUIEKCHOTO
coenuHenms cocrasmia 0,19; 0,57; 0,87 % cOOTBETCTBEHHO.

JIOMUHUPYIONIUMHA HEOPTAHWUYCCKIME KOMITJICKCHBIMU  (hopMaMu  SIBIIFOTCS
xommiekcel [PbCly] %, cpendee, 3HaueHMe n0MM 0Opa3OBaHUS KOMILIEKCA B
npenenax pH 3,04-5,46 cocraBuio 1,21 %.

Pacderpl 1O3BOJIIIOT TPOTHO3UPOBATh JIWHAMHKY HW3MEHEHUS KOHIICHTPAIIMH
MOIBMXKHBIX (POPM DIIEMEHTOB TPH BapHAIMK PA3IMIHBIX TIOYBEHHBIX (PaKkTOpax.
BrisiBiaenue dhopMm . murpanuyd CBHHIIA C HECOPraHWYECKUMHU JUTaHAAMH MOYKHO
WHTEPIPETUPOBATh,/ Kak  HauOoysiee  MHPOPMATHUBHBIA  HCTOYHHK O
MHUKPOKOMITOHEHTHOM COCTaBe€ ITOYBHI M HCIIOJIb30BaTh MOJIYUCHHBIC TAHHBIC IS
aHaJIM3a HaKOILIEHNs CBUHIIA.
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