
OT3bIB o$uqua.nbHoro orrrroHeHTa
Ha Ar,rcceprarlr{oHHylo pa6ory Xapnarvronofi Bnxropuu lOprennu

(BbICOKOYCTOI4III4BbIE KOMTIJIEKCbI 3OIOTA(I) C
CEPOCOAEPXAIIII{MI4 II{TAHAAMI4 B BOAHOM PACTBOPE),

rlpeAcraBneunofi Ha coracKa.Hr.re yrenofr crerreHr{ KaHArIAara xrIMrIqecKI4x Ha)rK rlo

c[eqrrilJrbnocrr{ 02 . 00. 0 1 - HeopraHl{tlecKa.fl xlIMHJ{.

,{lrccepraryroHHalr pa6ora Xapnauosofi B.IO. HanpaBJIeHa Ha H3) reHue

BbrcoKoycrofiqrasrrx KoMrr[eKcoB :onora(I) c cepocoAep)KarrlrdMr4 JrI{raHAah{I{ B

Bo.{HoM pacrBope H Ha rroJryrreHue KoHcraHT paBHoBecuit u xapaxTeplacrllK srl{x

KoMrrJreKcoB. Arryannnocrb Aannofi TeMbr HecoMHeHI{a n o6ycnonnena

pasnoo6pa3preM KoMrureKcoB 3oJrora c cepofi, rpyAHocrbro oqpeAeneHr.tn ax

cocraBoB H ealxnofi poJlbro, Koropbre oHlr r{rparor B TexHoJrorIiFIecKrIX ,r

rrpr4poAHbrx py4oo6pa3yrounx [poqeccax. Kporue roro, AaIrHbIe o cocraBax u

KoHcTaHTax ycrofrumocrlr KoMrrJreKcoB sonora(I) c cepocoAepx(arrll{Mr4

JruraHAulMr{ H HccJreAoBaHr{e upoqeccoB c ax } {acrr.reM L 3To HoBbIe

$yu4arvrenTaJrbHbre 3narrurl B xlrMrirn rd reoxrrMr,rra dnaropoAHoro MeraJrJIa H ocuoBa

AJrfl BO3MO)KHOTO IIpaKTI,IqeCKOrO [pI{MeHeHI4rI.

{uccepraqr{rr rr3Jrox(eua Ha 101 crpaunrle lr cocror4T rns BBeAeHut,3 rrraB I{

3aKrrrorreulr.fl, coAep)KHT 103 6u6m,rorpa$nuecrux ccbrJrKr,r, 4 ra6nlu{sr H 25
pHcyHKoB.

Bo BneAeHrm colrcKareJrb AoKa3brBaer arffyiurbHocrb nu6paunofi TeMbI

Auccepraur{rd, Haysnyro HoBr{3Hy, qparcrurrecKyro 3HaqllMocrb pa6orrr,

$opuynupyer rleJrb, 3aAaqu uccneAoBanws. u rroJrox(enrdr, BbIHocuMbIe Ha 3alrlrrry.

Ha rvroff B3rJUrA perleH3eHTa-reoxr/rMr4Kaz Koropufi 3aHrrMaerct I/tccJreAoBaHriIeM

rroBe,qeHrrrr 6naropo4uux MerzlirJroB B pygoo6pasyroqpx qpoqeccax, B gToM

BBOAHOM pa3AeJre aKTyUUTbHOCTb TeMbr AlrCCepTarIPrr4 H ee 4paKTll[tlecKa-fl

3Harrr.rMocTb MorJra 6rrTb 4peAcTaBJreHa ropa3Ao rur4pe. BeAr KoMfIJreKcbr

sonora(I) c cepocoAep)KarquMr4 JrrranAarvru ulparor Ba)Krryro poJlb B rpoqeccax
pacTBopeEufl) nepeHoca, [epeoTJro]r(eHr{fl H KoHrleHTpr,rpoBarrHtt 3oJroTa B 3oHax

oKrrcJreHurr 3oirorocynr$n4nux Mecropo)KAeuufi, KorAa $oprvrupyrorcx
loA3eMHbre u rroBepxHocrHble BoAbr, 3oJroroHocHbre Kopbr BbrBerpr{BaEufl. LI

poccbrrrn. Honue AaHHbre o cocraBax rr Koncr€rrrrax ycrofi-uuBocrl/t KoMruIeKcoB
' eonom(I) c cepofi Moryr 6um ucrroJrbsoBarrbr AJrs odrscHeHrrr MexaHrI3MoB

o6pa"sonannx rroBbrmeHHbrx KorrqeHTpawria 3oJrora B pygoo6pa3yroqux

uporleccax u qpu uccneAoBalIlllu reoxr{Mr{r4 3oJroTa B 3oHax rl{rrepfeHe3a.

[epnan rJraBa Al,Iccepral1au coAep)Kar o6mrpnnrfi anaJftr3

rrpeArrrecrByroqr4x r{ccJreAoBavnit rro KoMrrJreKcaM 3oJrora r4 cocrorlT I{3 Tpex

pa3AenoB. Oqenr qpaBuJrbrro, rrro uepenrfi pa3,qeJr groft nraBbl HawrHaerct c
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nn$opruauupr, xapaKTepH3ylouefi upuueHeHl{e KOMIIJIeKOOB 3OJIOTa Ha npaKTUKe'

B rreu [pI{BeAeHbI IIp[MepbI I{c[oIIb3oBawAg, 3JIeKTpOJII{T0B' coAepxalqux

oruroBpeMeHHo KaK Tl/tocynl$ar, TaK I{ cynn$rar 3OJIOTa'? IIpu gnel{tpoxl4Ml4ltecKoM

3oJroqeH'Iu MeraJrJroB rr crrJraBoB. BosMoxtHoe [oJIrreHLIe KoMIrJreKcoB 3oJrora c

JrnraHAaMr'l, o6naAarouurvtll rlporllBoony<oneeofi aKTrIBHocrbIo 14

r4ruMyrroMo[yJrrlpyloulllMll es$ercrarulr, flBJIfleTcf BaNCFIbIM HaIIpaBJIeHI{eM

coBpeMeHHbIx IIccneAoB anvfi' B Me,ruilIIIHe. I,lssne.IeHI,Ie 3oJIoTa II3 pyA y'

Tex'oreH'brx orBa'roB c rrc[oJrb3oBaHrreM T'rocyrrn$arnoro MeroAa B Hacro'suloo

BpeMr paccMaTplIBaeTcfl B KatIecTBe ocHOBHOft Unoro6sslqalouefi alrrepHaTllBbl

*u""|:"ffi, 
pa3.{ene uepnoft rrraBbr paccMorpeHbr MeroAbr rrccneAoBa'rrr

lrpoqeccoB c y{acTI4eM KOMIIIeKc0B 3OJIOTa B pacTBope u o6ocnoeaH nrr6Op

ocHoB'brx r{ Bc[oMorarerlbHbrx MeroAoB rrccneAoBaH]Lfl AJI' perfieHut aKryaJrbHbIX

3aEaq,[ocTaBJIeHHbIXnpa6ore'BrpemeMpa3AeneIIepBoftrrrasrr[ppIBeAeHbI

AaHHbre o KoHcraHrax ycrofiuranocrr{ KoMrrJreKcoB sonora(Ill) u sonora(I)

(cyrm$rarrroMI{naocyrrrsaTHoM'ca]\{IilIoKI{cJIoTaMIII{T}IoMaJIaroru).

AsropaHaJII{3I{pyeTpe3ynbTaTbl,IIonyIeHHbIepaHee,uapfyMeHTl{pyeT

neo6xoAluvrocrn rrpoBeAe'u-fl Ao[oJr'r{TeJrb'brx SKcrIeprrMeHTaJIbHbrx

uccne,qoB awfir ra o6offroBblBaer nu6op o6lerron [n5' 213Ytiy - KoMIIJIeKcbI

ronora(I) c cymsur-noHoM (so:2), t"o,y"u$ar-?IoHoM (szo:2)' KI',I'JI.TH'IMII

ocrarKaMu N{erproHana (-ooc cH(NHr)-cH2-cHr-S-cHr) 
pr qucrer{Ha (-ooc-

cH(NHt-cH2-s-),rroMarlar-uoHoM(rvrepraurocyKlll4Har'-ooc-cH(s-)-cH2-
COO-)' A ^mrdwrtrcoRaHHbrMl{

Braxropux lOplenua XOpOIro o3HaKOMJIeHa c ony6nraxoBaHHblMl

Marepr{aJraMr,r ,'o xlrMprrrt 3oJrora, Kprrr*,u'ecKfi olreHrrBaer Al.cKycc'orrHbre

MoMeHTbr kr o6o:ua.raer HeollpeAeuennocm B paHee ycraHoBJreHHbrx

3aKOHOMepHocTflx. oAnaro' u o6:op n,e 6'rul BKJIIOII.HbI HeKoTopble pa6or'no

I4ccJIeAoBaHI/trocepocoAepxafi$IxKoMIIIIeKcoBsorrora(I),ouy6rrmcoBaHHbleB

N(ypHaJIax reoxuMr{rlecKoro npo$rua:
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ts cBfl3rr c 3Tr{M, B Ta6n[qe I orcyrcrByror AaHHbre Anr cyJrb$r{THoro kr
nrocY$$arHoro KoMrrJreKcoB 3onora(I) cocrara AuSOr- ra AuSzOr-. a raK)Ke
Herioropbrx Apyrux KoMrrJreKcoB (AuHS, HAu(HS)2, AuS-).

Brruonneunrrfi B rrepBofi rJIaBe o6runpHrrfi o6sop Ir rrrrareJrrurrfi aHaIrH3
.TrrepaTypbr rro3BonaJr aBTopy
cepocoAeplKarq[x KoMrrrreKcoB

oOocuoearn nu6op BbrcoKoycrofrquBbrx
solora(I) Anfl rrrccJreAoBalnfl, o6osHa.rr4rn

lrpo6neMbl H 3KcrIepLIMeHTuLrIbHbIe rpyAnocTr.r, c$opuynupoBarb rleJrr4 n 3a12"q1pr pr
OIIPEACNHTb OIITI{MAJIbHbIC MCTOAbI, HCO6XOAI,IMbIE .{N'I KTX VCICIIIHOTO
BbITIOJIHCHU'.

fnana 2 coAep)Klrr AaHHbIe o qucrore Hcrronb3yeMbrx peaKTr4BoB? o
cuoco6ax IlpuroroBJleHu.fl pacrBopon u upu6opax, Ha Koropbrx npou3BoArirJrr4cb
H3MepeHrr{. B uefr AaHo orrrlcaHue ocHoBnbrx MeroAoB rdccJreAoB aqufl - yO-
cuerrpo$oroMeTpl'Lr Ia pH-*rerpvlfl, ararcKe AorronHr{TeJrbHbrx - rroreHrluoMerprrrr
c 3onoThIM r{ [naTr{HoBbIM 3neKTpOAaMrI, MCTOA paCTBOprlrMOCTr{ U Xarrunnrpurrfi
goHuufi :lerrrpo$ope: (K33). OnlrcaH aJrropurM MareMarnr{ecxofi o6pa6orxra
3KcrrepnMeHTaJrbHbrx AajrHbrx r4 pacqeTa K0HCTaHT.

3ra ruaea [peAcraBJulercfl KJIIoqeBofi , nocxonbKy KaqecrB o 3KcrreprrMeHTo B
H aAeKBaTHOCTb MeroAoB I4ccneAOBA}I.Vrfl frocraBneHHbrM 3aAaqaM orrpeAeJurror
AocroBepHocTb $arryprr pr ypoBenb pa6ornr B rlenoM. fraria 2 rroKa3hrBaer
BblcoKr4fi ypoBeHb rxo cro BepHocrl{ oKcrreprdN{enTaJrbnbrx AaHHbrx. llo erofi eaxHofi
MCTOALITTCCKOfr IJIABE 3AMEqAHI4fi NET, KPOME HCCKOJIbKHX MCJIKHX:
1) Eonee yAaaIHbIM .qn-fl n:ropofi uraBbr 6ruo 6rr Ha3BaHHe <Meroxrr
rrccneAoBanprfl>> (a ne <3xcueplrMenTaJrbuarr qacTb>), uro n5nrme orpaxaer ee
coAepx(aHr4e.

2) Ha crp. 32 gacceprallul4 HarIHcaHo, qro <,{nx ilprdroToBJrenlrr pacrBopoB
LtcrIonb3oBaJII{ MepHbIe xol6nr (10.00 MJI H rrrure)>>. Pe.{n NAer o6 o6leue u
rrpprBoAr4Tc-A O6r€U, r{3MepfeMrrfi e MJr, I{ rroqeMy oH Bbrrle, a He 6olrue?
3) Yrrnecruo 6nrno 6rr ro 2-oin rJIaBe npr{BecTa 3HaqeHrarr raounofi cr4Jrhr, Koropbre
3aAaBaJIH B 3KC[epuMeHTax, Ho OHrr [oqeMy-To orcyrcTByer B Ar4cceprawvr, xorf
uMerorc.r n anrope$epare.

Tperra rJraBa, o3auraBJreHHa-fl <Pelylrraru H o6cyxAenr,re>>, nau6olee
o6leMHas H -flBJl-flerc-fl ocHoBofi ans $opuynupoBKri pe3ynbraroB r{ BbrBoAor. OHa
cocrorrr nz 6 pa3AenoB. Tencr roruqecKu BbrcrpoeH r{ rpaMoTHo nanlrcan. llo
Kax(AoN{y rll3 pa3Aenoe c$opnayJrr{p oBaH co oTB ercrnyroqufi BbrB oA.

Buxropuefi lOpreeuofi ilpoAenaHa KporroTnprr.lafl pa6ora no olpeAeneHr{ro
ycnonufi, B Koropblx cynn$nrnrrfi KoMrureKc Au(SOl)23-naoxer cyrrJecTBosarr 6es



paxoxer{Hll He MeHee HecKoJrbKr{x qacoB B KprcJrbrx xJropr{AHbrx pacrBopax. B
pe3].rbrare BbIrroJIHeHHbrx HccJreAoBannfr B pacrBopax c KoHrlenTpar{uefi NaCl I
lro-Ib J rrpn 25"C BbI.flBJreHo cyrqecrBoBaHr{e eu1e oAHoro KoMrrJreKca
cvemauHoro, xJroprrAHo-cynrSrarnoro cocraBa Au(SO:)C12- u oqeneHa KoHcraHTa
3a\relueHlrrl cyrr$ur-rloHa Ha xJIopnA-HoH r cylr$rarHoM KoMrurexce Au(SO:)23-:
Au(SO:)Cl2- + SOr2-: Au(SO:)23- + Cl-, pannaxlg Kt:6.4 + 0.1.

Bneprrre rrcfreHo paBHoBecue 3aMerrleHr{rr cylr$ur-HoHa Ha rrrocynr$ar-uoH
n cym$urHoM KoMrrJrexce Au(SOs)23- c o6pasoeaHr4eM Au(SOIXSzO:)3- u
Au(SzOl)r'-. OnpeAeneHbr KoHcraHTbr 3rlrx pannoeecrafi :

Au(SO:)23- + SzOs2- : Au(SO3)(SzO:)3- + SO:2-, lg F, : -0.35 + 0.15,
Au(SOr)23- + 2SzOr2-: Au(SzOt)23- + 2SOi2-, lg F, : -0.98 + 0.10.
Anropou HccJreAoBaHbI paBHoBecrarr rro 3aMerrlenr{ro xJroprrA-HonoB B KoMrrJreKce
AuClz- Ha KacJrorHrrfi ocraroK MerrloHuna (HMet), cyx{ecrByroqero B Br{,{e
qBlrrrep-proga -OOC-CH(|{H:*)-CII2-CII2-S-CH:, 

u onpeAeneHbr Koncraurbr
cooTBeTcTByroqux peaKrlutr :

AuClz- + I Met- : AuClz-Moti - * i Cl-, Ft, (i : 1, 2),lg Fr : 3.8 + 0.12 lg Fz : 5.4
+ 0.2.
AnrrepnaruBHar MoAeJrb c o6pasonaurneu Sopu AuCl2;{HMet);(Me#-1
oKa3arracb He cocTorrenruofi ra 6nrna orBeprHyra aBTopoM.

I{ryreHu paBnoBecvr' c )ruracrrleM rlrircre}rHarrrbrx KoMrrJreKcoB sonora(I) r.r

Sy*rl"f.

BrrepBble oqpeAeneHbl KoHcraHTbr oOpasonanur 6ucqracrerrHarHbrx

AerrpoToHr.rpoB aHHoIo H rrporonnpoBauHbrx KoMrrJreKcoB sonora(I) .
Au(HCys;* + HCys-: Au(HCys)r-, Ks : 3.3 + 0.6.
Au(HCys)z- + SO:2-:Au(HCys)(SOr;z- + HCys-, lgKrru:-1.3 +A.2
Oupe4eneH craHAaprnrrfi roreHrlrrarr KoMrrJreKca Au(Cys)23- (d1ro : -0.172 +
0.011 B). BuxnrleHo, tITo KoHcTaHTbI rlporoHr,rpoBaHr{rr KoMrrrreKcoB Blrme, rreM
aHaJrorI{tIHbIe BeJrI{tII/tHbI .qJl-fl CrO6OIfrOro rIHcTeI,IHa, qTO cBfl3aHO c 6Ofree
BbrcoKr{M o6ll1urrn oTprrrlaTeJrbHbrM 3aprAoM KoMrrJreKcoB.

Oupe4e.nenrr rarcKe KoHcraHTbr pannonecnfi c fracrpreM rrom{MepHbrx
TrIoMaJrarHhIX III{KJrrrqecKHX KoMrrJreKcoB 3oJrora(I) n craHAapTnbre rroreurlueurbr
KoMrrrreKca AuTMzt- (flt,r: -0.255 * 0.030 B) 

" 
Apyrprx Sopr. llpe4noxeH

clloco0 )rurera BnrlflHpl-fl MHoforrr{cJrelrHbrx [poqeccoB rrporoHr,rpoBaHrrrr
nonrIMepHbIX KoMrIneKcoB 4pll rroMorqn BcrroMorarenbnbrx s$$enruBHbrx

3alre.{aunfl rro rperteft (rnaeuofi) rJraBe Ar{cceprarlr4lr :
1) B sxcnepl{MeHTax c cynr$urHblM rI Tr{ocynr$arHruvr KoMrrneKcaMr{ 3onora He
)n{I4TbIBaJI}Icb B uar6anance KoM[JreKcbr 3onora cocraBa AuSOI- u AuSzO:-.
Kaxon 6rt 6rIrt rIX BKJIa.q? flpu o6cyx,4ernau pe3yrrbraroB He paccMarpr4Baercr
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Bo3MoxHoe qpucyrcrBr,re raKrlrx KoMrrrreKcoB, KaK Au(HSOt)z-, AuHS(SOz)O,
Au(HSzO:)z- Sokrovski et a1., 2A09).
2) Ypanue*."n AByx pearqnfi na crp.44 rpe6yror KoppeKTrrpoBKH:

AuCla- + SOr2- + II2O : AuClz- + SO+2- + 2W,
AuCla- + 3SOr2- + lI2O : Au(SOr)rt- + SO+2- + 2H+.

flo-nuguuony, rporyruelg'st ZCr- s l-oM ypaBHeHnu u zrif. + 4Cl- - so 2-on,r:
AuCl+- + SO32- + H2O : AuClz- + SOqz- + 2H+ + 2Cl',
AuCl+- + 3SOr2- + H2O : Au(SO3)23- a SOoz- + 2H* + 4Cl-.

3) Irpu HcrroJrb3oBaustr ycJroBubrx corcpauleuufi, TaKr{x rarc cso:, c0so:, c'so:,
cfso:, cao, c0ao, cfcyr, ccy, H ApyrlIX, )KeJrareJrbno 6rrno Aarb rro.flcHeHurl, qro

o6osHaqaror Ha,qcrporrHbre uHAeKcbr. B no4pucynounofi noArmcu r pr,rc.4, uo-
BltArrMoMy, {polyrqeH rraAcrpoqnrrfi rIHAeKc 0 r ycnonnotvr ofios*arrennr4 Cso:. B

PsAe cirfraeB B pasAene uo cynlSrarnrru KoMrrJreKcaM 3oJrora 6olee npaBr4Jrbno
6rrno ucrroJrb3orarr Cso32-, rrocKoJrrxy sra $opnna AoMr/rH4pyrouras.

Curntaro, rITo Bce BbIBoAbI B Ar,rcceprarlulr o6ocnosanbr, apryMeHT4poBarrbr
s 6asnpylorcx Ha qpeAcraBJreHHbrx Mareprrrilrax. Eq€ oAr{H saxfl{brfi BbrBoA
MoxHo 6uno cAenarb B orHorrreHl{u BpeMeHr.r cyqecrBoBaHrlt r cytnsururrx,
rraocynnQarnbrx H ApyrEX KoMrrJIeKcoB 3oJrora c cepocoAepx(arqr,rMr.r JruraHAaMH.
B npunoxeHrrl{ K reoxltMltqecKrirM rrpoqecc€rM gTa xapaxrepncrrrKa oqeHb Bax(Ha
AJUI HHTeprIpeTaqI,IrI IOABTDKHOCTT4 r{ IlepeHoca 3Tr{x KoMrrrreKcoB 3oJrora B Kopax
BhrBerpprBaEm[fl, pa3BnBaroq[xc.fl B oKI{cJr[TeJrEHbrx yciroBr.rrrx c rracTrreM
noBepxHocrrrbrx Bo,q E Au-co4ep)Karru{x cynr$ugHbrx pyA.

O6qee 3aMeqanlre rro reKcry Ar.rccepTaqr,u,r. Anrop rpu qr.rrqpoBarruu pa6or
IpI'IBOAI'{T HoMepa ccbrJroK, Ho He Ha3brBaer aBTopoB. B nenoropbrx cJr}rurarx
yMecrHo yuoMr4Harb ra $arrlrurwr aBTopoB ldLapfl,Ay c HoMepHofi ccunxofi.

B qe.lroM padora B.Io.Xap.nauosofi rpeAcraBJrfler 3aKoHqennrrfi
uayunnrft TplAr B rcoropoM Ha ocHoBaHr{r{ 3KcneprrMeHTaJrbnbrx
HcslreAoBannfi orpeAelreHbr xapar$eprrcrrrKu KoMrrJreKcoB :o"rrora(I) c
cepocoAepil€qrrMrr JrHraHAaMu H KoHcranTbr pearrrufi c ux Jrqacrr.reM.
{raccepraqr,rx qpon3BoArr xoporuee Brrerrarnenne 4o6pornocTbro
SKcrreplrMelrrarlbHoro MareplraJra H npolgrnaanuofi noruxofi nocrpoeHrdlr.

fiocronepuocTb BbrBoAoB rI 3arqrurlaeMbrx rroJrox(eHr{fi ne Bbr3brBaer couneuufi.
HecouueHHbrM rurrocoM grofi padorrr rBJurerc.fl e€ uparnruecKafl 3narrlrMocTb,
rrocKoJrbKy rroJr)rueHlrble pe3yJrrTarbr Moryr 6rrrn rm,IpoKo rrcnoJrb3oB€Irrbr B
pa3HbIX HaIIpaBneHIltlIX - AJrfl OIITIIMI{3aI{I.pI COCTaBOB 6eCqnanuAHbrx
9JrerqpoJrr4ToB 3orOrreHrrfl, qpu paspa6orxe MeAr.ilIr,rHcKux [pelaparoB H
ycOBepueHCTBOBaHIitlI M8TOAOB lI3BJIeqeHI{.fl 3OJIoTa I,I3 pyA, a TZIK)K0 upu peureHr,rr{
pf,Aa npo6nenr reoxrIMI,II4 3oJrora. Cne4yer orMerr4Tb, qro reKcr Arrcceprar[irr{ }r
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aBTopesepara Bbrrrrrrarr, KarrecrBo o$oprvrnenr,rrl xopomee. Ocnosubre uIletr kt

BbrBoAbr anrope$epara coorBercrBylor coAepxfttHr.ilo Al{cceprar[rl4.
fnasHme pe3yJrbrarbr Arrcceprar$onnofi pa6oru orry6rurxoB€tHbl B ceMll

cTaTb-nx: ruecTb - B pelleH3rlpyeMblx poccuficrrax )KypHuilIax, oAHa - B

Mex.{ynapo4rroM )KypHaire. Bce craru{ BXoAflT B Mex(AyrrapoArrylo 6asy uayruoro

rlr{rqpoBaHr,rrr Web of Science.

,{uccepralgEoHniur pa6ora coorBercrByer Iracrropry clerlr4alrbHocrr{
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