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PospobnieHi Memoduku eoribmamrepomMempudHo20 susHadyeHHs podito(lll) 3a doriomozoto azobapeHuKa ca-
niyuIo8o2o xoemoeo 8 cepedosuwyi ayemamHoeo (pH 4,0) ma amiayHozo (pH 8,5) bygbepHux po34yuHie
npu nocmidHid ioHHIG cuni po3quHy p=0,32 M. IHmepean susHa4vysaHUX KOHUeHmpauiti Rh(IIQ 8 cepedosu-

Wi ayemammdo20 ma amia4Ho20 6yhepHUX pO34UHI8 crmaHo8umb 8idrnogiOHO 1,5:10°-1,0-10

M ma 1,0-10

"-4,0-10° M. JocnidxeHo cenekmusHicmb 8U3HaYeHHS! podito(lll) 3 caniyunogum xoemum CMOCOBHO iOHI8
Pi3HUX Memanig, 8 MoMy Yucsi, nnamuHosux. Po3pobrieHi MemoOduku anpobogaHi Ha ModesibHUX PO3YUHax

ma ripu aHari3i npomMucio8020 ob’ekma.

Rydchuk P.V., Tymoshuk O.S.. Voltammetric determination of rhodium(lll) using salicylic yellow —

The methods of voltammetric determination of rhodium(lll) by means of azo dye salicylic yellow in the media
of acetate (pH 4.0) and ammoniac (pH 8.5) buffer solutions at constant ionic force of solution y=0.32 M have
been elaborated. The range of the determined concentrations of Rh(Ill) in the media of acetate and
ammoniac buffer solutions is 1.5:10°-1.0-10° M and 1.0-107-4.0-10° M correspondingly. The selectivity of
Rh(lll) determination with salicylic yellow relative to different metals ions, including platinum group elements,
has been investigated. The elaborated methods have been approved during the analysis of model solutions

and the industrial sample.

Knro4doei cnoea: poditi(lll), sonbmamnepomMempuyHe 8U3Ha4YeHHs, caniyunosuli xoemud.

Keywords: rhodium(lll), voltammetric determination, salicylic yellow.

BnpogoeX OCTaHHLOrO AECATMMITTS CYTTEBO 3pO-
cna notpeba NPoMMCNOBOCTI B 3aCTOCYBaHHI nnatu-
HOIgiB i pogdito 3okpema. 3aBOsKM PO3LUMPEHHIO 3a-
CTOCYBaHHS pOAit0 B TOYHOMY NpunagobyayBaHHi Ta
pagioTexHili 3anuwaeTbCcs  akTyanbHMM 3aBAaHHS
HaiMHOro Ta TOYHOrO KOHTPOSO MOro BMICTY y Mpo-
MUCNOBKX 06’EKTaX Pi3HOro Xapakrepy.

HanvacTtiwe 3acobamu po3p’dA3aHHA LbOro 3a-
BOAHHS € METOOM aTOMHOI CNeKTpocKonii, rigHy KOH-
KYPEHLil0 SKMM CKragalTb BOSMbTaMNepoMeTpia Ta
cnektpodoTomeTpis. [NpoTe ogHOYaCHO 3 HaMKpaLym-
MW  METPOSIONYHMMM  XapakTepUCTUKaMM  MeToaun
aTOMHOI CMEKTPOCKONIi BiA3Ha4aTbCs i HAWbINbLUOK
BapTICTIO aHanisy, YMM MNOCTynaTbCA BONbTaMrepo-
MeTpii Ta cnektpodoTomeTpii. OQHIED 3 OCHOBHMX
npobnem, sika BMHUKAE NPU CNEeKTPOOTOMETPUYHO-
MY BU3HaYeHHi pofito, € HEBUCOKA CENEKTUBHICTb Me-
TOAMK.

3rigHO niTepaTypHUX AaHux, nepeBaxHa OGinb-
LWICTb METOOMK BU3HAYEHHS Pogito, Lo 6a3yoTbecs Ha
oflepXaHHi aHaniTUYHOro curHany Bif MOro KOMMmek-
CHUX CMONYyK 3 Pi3HMMU Krnacamu opraHiyHuUX peareH-
TiB, BOSOAIE€ HM3bKOK cenekTusHicTio [2, 8, 9, 11]. B
TOW Yac K MeToAMKM, Lo 6a3ytoTbCA Ha YTBOPEHHI UM
NiACUNEHHI KaTaniTUMHUX CTPYMIB BWUAINEHHA BOOHIO
(KCB), € 3Ha4HO cenektuBHiwmnmu [6-9]. Lie nos’a3aHo
3 npupogoto KCB, ski BMHMKalOTb BHACNigOK 3MeEH-
LWEHHS MepeHanpyrv BUAINEHHS BOAHIO Ha PTYTHOMY
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€enekTpodi B NMpoueci BifHOBMNEHHS iOHIB MAaTUHOBUX
MeTarniB B MPUCYTHOCTI OPraHiyHUX peareHTiB pi3HOI
NPUPOAN i € NPONOPLIMHUMM 4O KOHUEHTpaUii nnatu-
HOigiB, WO Aae 3MOry BOSbTaMMNeEPOMETPUYHUM Me-
TOOaM KOHKypyBaTW 3a YYTIIMBICTIO BW3HAYEHHS
(C,~10° — 10™ M, a B oKpemMux BUNaAKax HIBKYE) He
nuwe 3 iHWnMKn isnKo-XiMiYHUMK, a 1 3 Halcy4acHi-
wnmn disndyHuMK metogamu. Li metoamkm xapakre-
PU3YHTLCA XOPOLLOK BUOIPKOBICTO, OCKIfIbKM OCHOB-
HUA  3aBa)kawuur BB B LUMX  MeToguKax
NposiBNSATL NWWe MeTanu, 3gaTHi 40 YTBOPEHHS
KCB (nnatuHoign Ta geski nepexigHi) [1-5]. Kpim To-
ro, ansa Garatbox po3pobrieHMX METOAUK MOXITMBE
OfHOYaCHEe BM3HAYEHHSI KiNIbKOX MIaTUHOILIB Yy CyMmic-
Hil NpucyTHOCTI [5-7].

LWnpoke 3actocyBaHHA a306apBHMKIB B aHaniTyy-
HiM XiMii NnaTMHOBMX MeTarniB BigoMe BXe BMPOOOBX
TpuBarnoro nepiogy [8-9]. lNpoTe y 3B’s13Ky 3 BENUKMMM
nepcrnekTMBaMmy B po3pobkax HOBMX Ta BLOCKOHArEH-
Hi BiZIOMWX METOAMK LieW HanpsaM pOo3BUTKY 3anuiua-
€Tbcs akTyaneHum [10-12], a ocTaHHiM Yacom a3oba-
PBHUKM BMKOPMCTOBYIKOTLCS | ANS BONbTaMnepoMeT-
PUYHOrO BU3HAYEHHs MnaTtuHoidiB (3okpema 3a KCB)
[13-186].

3 uUMX NPUYMH Ta 3BaXKako4M Ha MOLUMPEHICTb B Xi-
Mi4YHUX nabopaTtopisx Hamu OyB BUOpaHMIA caniummno-
BUIA XOBTMIM (anisapuHoBun xoBTun XK, HaTpieBa
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CaniumnoBuin XoBTUI NpefcTaBnsie cobor oB-
TUN aMOPHUI NOPOLLUOK, Marnopo34YUHHUI Y BOAi Ta
eTaHoni (po3dnHHicTb ~ 0,1%). B aHaniTMyHin npak-
TULi Len a306apBHUK 3aCTOCOBYETLCSA SIK KMCNOTHO-
OCHOBHUI iHgmkaTop [18].

OB’€EKTU TA METOOU OOCHIAXEHHA

[nsa npurotyBaHHSA BCiX BOAHWMX PO3YMHIB BUKOPU-
CTOBYBanu gucTuneoBaHy Boay. BuxigHui ctangapT-
HUA posunH Rh(lI) ([RhCI6]3') rotyBanu cCrikaHHAM
TOYHOI HaBaXXKWU METaniyHOro POAild 3 OKMCHHOBAsb-
Hoto cymiwwio NaNO; + NaOH ("4.4.a.") 3 noganb-
WMM PO3YMHEHHSAM OTpuMaHoro nnasy B 3 M HCI
("y.p.a.") [19]. ®opmy icHyBaHHA Rh(lll) B ogepxaHo-
My PO34YMHI BCTaAHOBMNIOBaNu CnekTpoOTOMETPUYHO:
MOPIBHSAHHAM  E€MEeKTPOHHMUX CMEeKTPiB  MOrMMHAHHS
opepxaHoro posudnHy pogito(lll) 3i cnekrpamu, onuca-
HuMK B niTepatypi [20-22]. Y 3B’A3KYy 3 MOXITMBUMMU
BTpaTamMu POAi0 Mpu ChikaHHi 3 OKUCHIOBANbHOK CY-
MILLLLIO MOro pO3YMHM OOAATKOBO CTaHAapTU3yBanu
3a meToaukoro Cupokomcebkoro Ta MNpolueHkoBoi [23].

3rigHO 3 pe3ynbTaTiB CTaHAapTM3aUii, KOHLEHTpa-
uis pogito(lll) B posumHi, ogepxxaHomMy nicnsa po3yu-
HeHHss nnaBy B 3 M xnopugHi kucnoTi, cknagana
3,3-10° M. Po6oui po3umnHu roTyBanu noeTanHuM po-
3BEOEHHAM anikBoTU BUXiAHOro po3ymHy B 1 M xno-
PUOHINA KUCTOTI.

Po34mHM caniumnoBoro XOBTOro 3 KOHLEHTpaLi€to
1,0:10° M roTyBanu PO3YMHEHHSIM TOYHOI HAaBaXKM
peakTuBy kBanidikauii "4.g.a." y 80% etaHoni, ocki-
NbKN 3 PEKOMEHO0BAHNX PO3YMHHUKIB (OMCTUNBbOBaHA
Boga abo 80% BogHUn po3uunH etaHony) [18] nuwe y
BOAHO-CMMPTOBOMY PO34uHi BigbyBanochb KiflbKicHe
PO34YMHEHHST MOTPIOHOI TOYHOI HaBaXkkM LbOro asoba-
pBHUKa. Bci peaktusy, LLO BUKOPUCTOBYBaNuUChL B po-
60Ti Ana npurotyBaHHs GydepHux po3uyumHiB Ta JOC-

Nig>KEeHHS CENeKTUBHOCTI MEeTOOMKN, Oynu
kBanidikauii "4.g.a."
KuncnoTtHicTb cepeposuLla KOHTpoOntoBanu

pH-metpom pH-150 M (PYT "TomenbCbkuin 3aBog
namepuTenbHbIX npubopos”, bBinopyck) 3a gonomo-
roro KOMGIHOBaAHOro CKNSAHOro enektpoga. BonbTam-
NepoMeTpPUYHi AOCMiIgXKEHHA NPOBOAMIN B TPUENEKT-
POAHIN syenui (IHOMKATOPHWA €enekTpod — PTYTHWUM
Kpanawoudnin, enekTpod MOPIBHAHHA — HaCUYEeHWn Ka-
fioMeneBun, AOMOMIXHUA enekTpod — MNaTUHOBUIA)
Ha ocuunorpadgiyHomy nonsporpadi LWIA-03 Ta
KOMM'IOTEPU30BaHi  nonsiporpadidHin  ycTaHoBUi 3
NiHINHOIO PO3ropTKOK NOTeHLiany.
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PE3YJNIbTATU OOCHIMKEHb TA IX
OBIrOBOPEHHA

Mpu pocnigxeHHi BonbTamMnepoMeTpUYHOI MoBe-
AiHku caniumnosoro xoetoro (PKXK) Hamu BcTaHoBnME-
HO, LWO MOro ernekTpoxiMiyHe nepeTBOPEHHSA Cynpo-
BOXKYETBHCH MOSIBOKO Ha nonsporpamMi ABOX KaTOAHUX
Ta ofHOro aHogHoro nikie (puc. 1(a)), noteHuianu
AKUX 3i 3MIHOK KMCIOTHOCTI cepefoBuLLa 3MillyOTb-
ca B KatogHy obnactb 3 KyTOBMMM koediuieHTamu
~60 MB/pH, w0 Bkasye Ha y4acTb iOHIB rigporeHy B
€reKkTPoXiMiYHOMY NepeTBOPEHHI.

HocnigmBlwin BonbTamnepHi XapakTepUCTUKU Ka-
TOAHUX NiKiB Ta TX 3aNeXHiCTb Big KUCMOTHOCTI cepe-
0OBMLA, MM BU3HAYUNK, LLIO BOHW BiAMOBigalOTh Bi-
OOMOMY  [BOCTafiiHOMY  BiAHOBMEHHIO  asorpynu
opraHiyHoro peareHTta [24]. B npucyTHOCTI iOHiB po-
aito(ll) B cepenoBuLLi aueTaTHOro 6ygepHoOro po3yn-
Hy (pH 3,5-6,0) cnocTepiraeTbcsl 3pocTaHHsi 060X Ka-
ToOHUX nikie asorpynu (puc. 1(6)).

JocniopkeHHa KOHUEeHTpaUilHOro BNAMBY MOKa3a-
nu, Wo nNpsaAMONPONOPLIMHO A0 KOHUEHTpaUil ioHIB
Rh(lll) BinbyBaeTbcsa 3pocTaHHs nuvwe niky 1, B TON
yac sik BenuumMHa Apyroro KatogHOro niky npakTu4Ho
He 3MIHIOETLCS.

Taknm YMHOM, Ha OCHOBI BUSIBNEHOIO €EKTY Ha-
MU po3pobrneHa MeToauka BOSbTaMMNepPoOMETPUYHOIo
Bu3HayeHHs pogito(lll) 3a 3poctaHHaM niky 1 npu on-
TMmanbHomMmy pH posunHy 4,0 [17].

B cBot yepry, 3a npUCyTHOCTI caniLMoBOro >oB-
Toro B po3udmHax pogito(lll) B cepemoBuLli amiayHoro
OydepHoro posunHy (pH 6,5-10,0) BinbyBaeTbca 3po-
CTaHHA MiKy KaTaniTM4HUX CTPYMIB BUAINIEHHS BOLHIO
(KCB), cnpuv4ynMHeHnx BiOHOBMEHHAM aMmiadyHUX KOM-
nnekciB Rh(lll) ao Rh(0) Ha pTyTHIn kpanni (puc. 2,nik
3) [8, 9, 18]. daHnn edekT ByB TaKOXX BUKOPUCTAHWUMN
HaMu AN po3pobkM MEeToAMKU BONbTaMnepoMeTpuy-
Horo Bu3HayeHHs ioHiB Rh(lll). Edekt nigcmneHHs
KaTO4HOro CTpymy crnocrepiraetbcs npu pH 6,5 i Gi-
nblwe. BennuuHa niky 3poctae B mexax pH 6,5 - 7,5 i
pani 3anuwaetbca nocTimHum go pH 9,5. Tomy sk
ontTumanbHe pH Hamn 0BpaHO 3HAYeHHs cepenuHu
nnato (pH 8,5) [17]. BapTo 3a3HaumTK, WO 3anpono-
HOBaHi HAMW METOOMKWN BOSOAiOTL XOPOLLOK BiATBO-
PIOBAHICTIO, a JIerkiCTb BUKOHaHHA BU3HA4YEeHHA Ta
OOCTYMHICTb JOMOMIKHMX peakTuBiB HagalTb iM JO-
[aTKoBUX nepeBar y npakTM4HoOMy 3acTtocyBaHHi. Me-
TOAWMKN XapaKTepusyrTbCA A0BOSi BUCOKOK YyTNUBI-
CTIO BW3HAYEHHS,iX METPONOrivHi  XapaKkTepUCTUKU
npegcTtaeneHi B Tabn. 1.

Hamu pocnig)xeHa CenekTUBHICTb BOfbTamMnepo-
METPUYHOIOo BU3HAYEHHSA POZIil0 3a 3POCTaHHAM CTpy-
My BiOHOBMEHHS asorpynu (nepLuunn KaTogHWM NiK B
cepefoBuLi  aueTatHoro  OydepHOro  pO3yumHy,
Tabn.2) Ta 3a NigCUNEHHSAM CaniuunoBMM >KOBTUM
niKy KataniTMyHux CTPyMiB BOAHIO, CMPUYUHEHUX MPU-
cyTHicTio ioHiB pogito(lll) (TpeTin kaTtogHMM nik B ce-
penoBuLLi amiaqHoro BydepHoro po3umHy, Tabn.3).

© IN.B. Pnauyk, O.C Tumoruyk
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Puc. 1 BonbTamneporpamu po34dumHiB carniumnoBoro XXOBTOro B cepeaoBuLi auetaTtHoro 6ydepy npu pH 4,0:
a — po3uMH as3obapBHMKA;, © — po3uMH asobapBHuka B npucyTHocTti  Rh(lI) (CRh(...)=4,0-10'6 M,
Cyox=4,8-10" M; p=0,32 M; v=0,5 BIc).
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Puc. 2 BonbTamneporpamm po3dvHiB caniuunoBOro X0BTOro B cepefoBuLli amiadHoro 6ydepy npu pH 8,5:
a — po3uvMH asobapBHUMKa; 6 — po3umH asobapBHuka B npucyTHocTti  Rh(II) (C|qh(...)=4,0-‘IO'6 M,
Crox=4,8-10"° M; p=0,32 M; v=0,5 B/c).

Tabnuusa 1. MeTponoriyHi xapakTepuUCTMKM BONTbTaMNEPOMETPUYHOIO Bu3HaveHHs pogito(lll) 3 BukopuctaHHaM

caniynMnoBoro »OBTOrO.

Mexi niHinHoiI 3anex- . N -
XapakrepucTuka Bu- HoCTi PiBHAHHS rpagynoBa- KoegiujieHT C. M
3HaYEeHHS 1, MKA Bii Crnun, M Horo rpadika Kopensuii R
3pocTaHHsi cTpymy 4064 (1105 1=0,3769+ P
niky 1 1,5-10°-1,0-10 0,0224XCRh(”|)_106 0,9956 1,510
3pocTaHHsi cTpymy 07 A A0S ln'=-0,5439+ AT
niky 3 1,0-10"-4,0-10 4,5154XCRh(”|)_106 0,9988 1,0-10
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Tabnuua 2. CenekTMBHICTb BOfbTamMrnepoMeTpuyHOro BmaHadveHHst pogito(lll) B npucyTHOCTI caniunnoBoro
)KOBTOrO 3a MNeplum KaTtogHUm nikom (aueTaTHuin  OydbepHuii posumH, pH 4,0; CRh(...)=4,O-1O'6 M,

Crox=4,8-10"° M; p=0,32 M; v=0,5 B/c)

3aBaxatounii ion | C(M™)/C(Rh’") | 3aBaxatoumit ioH | C(M™)/C(Rh’")
Ir(1V) 10 Mn(1l) 200
Ru(1V) 5 Fe(lll) 50
Pd(Il) 10 Pb(I1) 50
Pt(ll) 5 cd(ll) 100
Au(lll) 100 Zn(Il) 200
Ag(l) 10 Cu(ll) 30
Co(ll) 200 Ba(ll) 200
Ni(ll) 200 Al(I11) 50

Tabnuua 3. CenekTVMBHICTb BONMbTaMNEPOMETPUYHOIO Bu3HauveHHs pogito(lll) B npucyTHOCTI caniuunoBoro
)KOBTOrO 3a TPETIM KaToAHMM NikoMm (amMia4yHui 6ydepHmin posymH, pH 8,5; CRh(...):2,0-10’6 M, Cyox=4,8:10" M;

u=0,32 M; v=0,5 B/c)

3aBaxatoumit ion | C(M™)/C(Rh”) | 3aBaxatounit ion | C(M™)/C(Rh*)

Ir(1V) 5 Mn(ll) 100
Ru(IV) 5 Pb(ll) 50
Pd(I1) 10 cd(l 200
Pt(l) 10 Zn(l) 50
Au(lll) 50 Cu(ll) 50
Ag(l) 50 Ba(ll) 200
Co(ll) 50 Al(ll) 50
Ni(I) 100

HocnigxeHHs BNAMBY iOHIB MeTanisa NpoBogunun
Ha MOAENbHMX PO34YMHAX POAID 3 KOHLUEHTpaUi€lo,
O BignoBigana cepeawHi iHTepBany niHiMHOCTI Me-
ToauK. KOoHUEeHTpaLilo CTOPOHHBLOro ioHa B MOAerb-
HUX pO34YMHaXx 30inbLUyBan 40 MOMEHTY BiOXWUMNEHHS
aHaniTM4Horo curHany Ginbw Hixx Ha 5% (n = 3, P =
0,95). Ak BunaHo 3 Tabn. 2 i 3, po3pobneHi MeToankm
XapaKTepU3yrTbCA LOCUTb BUCOKOK CEIEKTUBHICTIO
o0 ioHIB MeTani..

BapTo okpemMo 3a3Ha4MTK XOpOLLY CENEKTUBHICTb
CTOCOBHO AesiKMX iOHIB MNaTUHOIOIB, OCKiNbKM came
BOHM HanuyacTille € CynyTHIMW KOMMOHEHTaMu Mpu
BM3HAYEHHI poaito B pisHOMaHiTHUX ob6’ekTax. lNMpoTe
noAaibHicTb X BMacTUBOCTEN He O03Bonuna JOCArtU
Takol BWMCOKOI CEreKTMBHOCTI, sika CrnocTepiraeTbcs
AN BaXXKUX MeTani..

Cepea nowMpeHux BOSbTAMNEPOMETPUYHUX Me-
TOAUK BU3HAYEHHS POAI0, Ti METOOUKW, OTPUMAaHHS
aHaniTMYHOro curHany SiKUx nonsrae y BUMipHOBaHHI
KaToOHOro Miky KOMMIEKCHOI CMOMyKW, 3ararnom noc-
TYNaKTbCA 3a CEMNEKTUBHICTIO 3arnpornoHOBaHIn Hamu
mMeToauui (HamyacTiwe ©6e3nocepegHe BM3HAYEHHS
moxnumee 3a 0,1-1,0-kpaTHux kinbkocTen Ir, Pd, Ru Tta
Mpy 3HAYHUX HaanuKax HebraropogHux MeTanis).
Kpawoto cenektuBHicTio wogo nnatuHu (50-kpatHun
HaANWULLIOK) BOMOAi€ METOAMKA BU3HAYEHHS POAito 3a
0OOpOTHIM BiAHOBIEHHAM reKcariapOKCOpPO4aTHOro
KOMMIIEKCY, NPOTE BU3HAYEHHS MOXIIMBE 32 PiBHUX
KinbKOCTEeN iHWUX nnatuHoigie. besnocepedHe Bu-
3HayeHHs pogito 3a KCB (3 S, = 0,1) moxnuee 3a 0,1-
KpaTHuX KinbkocTten ioHiB Pt, Ru, Ir Ta Os. Bucokoto
cenekTusHicTio wono Pt i Pd xapakTepusyetbca me-
TOOVKA BW3HAYEHHsI poditlo 3 TioceMikapbasmaoom,
npoTe He gocnigkeHo BnauBy Ir, a Ru HeobxigHO
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BigraHaTn y surnsaai RuO,4. BucokocenekTMBHUMK €
METOAMKW, Y SKMX BU3HAYEHHIO Nepeaye po3aifeHHs:
eKCTpakKUis Yn copbuia nanagito, BiAroHka PyTEHI0 um
OCMIl0, CernekTMBHA EeKCTpakLis nnaTtvHoigis TBepau-
MW eKCTpareHTamMmy apoMaTU4HOro psdy npu niaBu-
LLEHi TemMmnepaTtypi 3 HACTYNHUM PO3YMHEHHSM EKCT-
pakTy B aumeTundopmamigi Ta gumeTtuncynbgokeuai
[8, 9]. MNpoTe po3pobrneHa HamMu MeToAUKa 3a paxy-
HOK MPOCTOTM BMKOHAHHSA Ta AOCTYMHOCTI peareHTiB
nepeBaXkae BkasaHi riopuaHi Ta kombiHOBaHI MmeToau-
KW 3@ EKCMPECHICTIO.

Ockinbkn Metoamka Bu3HadeHHst pogito(lll) 3a
TPETIM KaToAHUM nikoM 6a3yeTbCAa Ha NiACUNEHHI
a306apBHMKOM KaTamniTUYHMX CTPYMIB BUAiNIEHHS BO-
OHio (Tabn. 3), TO 0MEBMOHO, O OCHOBHMIN 3aBaxa-
HUYUA BMAMB MOXYTb CMPUYMHATK iOHWM MeTanis, SKi
Takox MoxyTb Buknukatn KCB 3a gaHnx ymos (Pt(ll),
Ru(lV), Ir(IV)). Takum 4YMHOM, BM3HAYEHHSI POAIl0 B
NPWUCYTHOCTI CcaniLMnoBOro >XOBTOro 3a TpeTiM KaToa-
HUM MiKOM, Ha Haly AYMKY, € BinbLl NepcnekTUBHMM,
HiX 332 3pOCTaHHAM MepLLOro niky, KU 3HaXO4UTbLCA
B [dianas3oHi NoTeHLUianiB BiAHOBNEHHSA BaXXKUX MeTa-
niB. Ocob6nmMBICTIO 3aCTOCYBaHHS CaniuuIoBOrO >KOB-
TOro K peareHTa ANS BOMbTaMNePOMETPUYHOIO BU-
3HayeHHa pogito(lll) € moxnueicTe BuBOpy ymoB
€eKCMepUMEHTY 3anexHo Big OocnigxXyBaHoro ob’ekra
3 METOK 3MEHLLUEHHS YN YCYHEHHS 3aBaXKalto4yoro Ma-
TpUYHOro BNnvBY. Hanpuknapg, SKWo B cepefoBULLI
amiayHoro Oydepy oauH 3 KOMMOHEHTIB MaTpuui 3a-
BaXXa€, YTBOPHOKOYM HEPO3YUHHY CMOJSTYKY, TO MOXHa
NPOBOAMUTM BU3HAYEHHS B CepefoBMLLi aueTaTHOro
Oydepy. 3 iHworo 60Ky, sKLLO B cepeoBULLI aueTaT-
Horo Bydhepy 4yepes BUCOKUIA BMICT KOMIMOHEHTa MaT-
puLi Oro nik HakNagaeTbCa Ha NepLUMI Nik asorpynu,
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TO MOXHa NPOBOOMTM BU3HAYEHHS B CEpPedoBULLI
amiayHoro Oychepy 3a nigCWUIEHHsIM TPETLOro MiKy,
AKWIA 3HaxoauTbes B obnacTi OinblU Big’€MHUX noTe-

HuianiB, NOPIBHAHO 3 BINbLUICTIO MiKiB Ba)XXKUX MeTa-
ni..

Tabnuusa 4. Anpobauis MeToauK BoNbTaMNepoMeTPUYHOro BusHadveHHs pogito(lll) 3 gonomoroto caniymnoBoro
)KOBTOTO Ha MOAENbHUX PO3YMHax (3a MepliMM KaTo4HWM MikoM: auetaTHun OydepHuin posumH, pH 4,0;
CRh(|..)=4,O-1O'6 M, Cyox=4,810" M; p=0,32 M; v=0,5 B/c; 3a TpeTiMm kaTOgHMM MiKOM: amia4yHuin 6ydepHUn pos-
umH, pH 8,5; Crauy=2,0-10° M, Cyox=4,8-10"° M; u=0,32 M; v=0,5 B/c; n =3, P =0,95)

MeToauka CTOpOHHI ioHU BBeﬂS:ro Rh, 3naitgeHo Rh, mkr | x S\/’rt]a | S
MKF
106,4 MKr Pd(”), 10.3 19692 10.2 0.6 0.03
1098,8 mkr Mn(ll) ’ 104 ’ ’ ’
3poctaHhs cTpymy | 192,2 mkr Ir(1V) 103 182 102! 06 |003
niky 1 1124,1 mkr Cd(1l) ’ 105 ’ ’ ’
10,2
13078 ma 7ny | 103 05 1105 06 002
53,2 mkr Pd(ll), 51 3’2 47 | 03 |0,03
274,7 mkr Mn(1l) ’ 4.8 ’ ’ ’
3pocTakHs cTpymy | 48,0 mkr Ir(IV) 51 2(7) 50| 06 |005
niky 3 1124,1 mkr Cd(1l) ’ 5.2 ’ ’ ’
5,0

AMPOBAUIA METOOUK

MeToaukm BONbTAMNEPOMETPUYHOIO BU3HAYEHHS
pogito(lll) B npucyTHOCTI caniunnoBoro »OBTOro an-
poboBaHi HamMn Ha MoOAEenbHMX po3unHax (Tabn. 4),
sIKi 6ynv NpMroToBaHi BUXo4s4m i3 OCNiMKEHOI cene-
KTMBHOCTI. OCKINbKM 3HaMAEHUA B MOOEITbHUX PO34u-
Hax BMICT pofit0 B Mexax OOMyCTUMOI MOXMOKM Bifg-
noeBijaB BBEAEHOMY, TO BW3HAYEHHsI podild B
NPUCYTHOCTI CaniuMrnoBOro XXOBTOrO MOXHa BBaXaTu
NpaBUITbHUM.

[looaTKoOBO METOAMKM BU3HAYEHHSI pogito 3a Jo-
MOMOrol0 CaniuMnoBoro oBToro Oynu anpoboBaHi
Hamu npu aHanisi pesuctopa Cl15-356. [detani pesu-
CcTopa, AKi MiCTUIM OOPOroLUiHHI MeTanu, NoOMICTUNK B
TEPMOCTINKUIA XiMiYHMIA cTakaH o6’emom 150 mn, nic-
NS UbOro B cTakaH BHecnu 20 MmN CyMillli KOHLLEHTPO-
BaHUX XIOpPWAHOI Ta HiTpaTHOiI kmucnoT (3:1). Poauu-
HEeHHs JeTanen B CyMilli KUCMOT MpoBOAUNM NpU
HarpiBaHHi Ha nilaHin 6aHi, HaKpMBLUM XiMiYHUIA CTa-
KaH roguMHHMKOBUM ckroM [25]. OgepxaHum po3yuH
BMNapwnu 4o Bororux conen Ta nepesenu pogin(lll) B
XnopugHy opmy, NPOAOBXYOUM HarpiBaHHA Ha ni-
WwaHin 6aHi B npucyTHocTi 10 M KOHUEHTPOBAHOI
XJTOPUAHOI KACNOTN A0 MPUNUHEHHST BUAINEHHST OKCU-
AiB HiTporeHy. icng UbOro BMICT CcTakaHa KinbKiCHO
nepeHecnu B MipHy konby o6’emom 50,0 mn Ta gose-
nu 00 MITKM ANCTUIbOBAHOK BOAOMO.
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Taknm YMHOM, MM ofepKanu AOCNiAXyBaHWUN PO3-
unH pogito(lll) B cepemoBuwii 1 M HCI. lNpn aHanisi
BMICTy pogito pobounin po3unmH ob’ekta rotyBanum 3
BULLE3A3HAYEHOIO AECATUKPATHUM pPO3BEAEHHSIM B
ONCTUNbOBAHIN BOf,.

3 niTepatypHux gaHux [26] 6yno Bigomo, Wwo cnie-
BiAHOLWIEHHS nanagio Ta poAito B pe3ncTopi cknagae
30 : 1, Wo B CBOI 4Yepry, He JaBano HaMm MOXJTMBOCTI
npoBoanTn 6esnocepeHe BU3HAYEHHS.

[ns BM3HAYEHHA poaild MU BUKOPUCTaNM Takuin
MarteMaTudHUA NpunoM: B ABi KOG 3 O0gHAKOBUMMU
anikBotTamu OOCriJKyBaHOro pO34YMHYy BHECNU [OBi
pi3Hi JobaBku cTaHgapTHoOro po34vuHy pogito(lll) B Ta-
KMX KiNbKOCTSIX, siki © cTaHoBMIIM gonyctume 3 nana-
JieM CniBBiQHOLWIEHHS OJ1A CEeNIeKTUBHOroO BOMbTamme-
POMETPUYHOIO BU3HAYEHHS.

PesynbTatv BM3Ha4yeHHs MoxHa ob’egHaTv B no-
KasaHy HWK4Ye CUCTEMY piBHSHb, 3 SIKOI BUMBELEHA
dopmMyna Ans po3paxyHKy BMICTY poAito B Nonspo-
rpacpoBaHOMY PO3UUHI:

Ix+d1 = k(mx + md1); . I
Ix+d2 = k(mx + de )
Ix+d1mx + |><+d1 de

Ix+d1 md2 - Ix+d2 md1 .
T !

|
Smg+m, mo+m,

X+d; X+d,

=1 x+d, mx +1 X+d, md1 ;

x+d, — Tx+d;
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ne | .~ CTPYM MKy pO34iHy 3 MEHLLOK A06aBKoo

x+d

pogaito(lll), MKA; Ix+d2— CTPYM MiKy pPO34uHy 3 Ginb-

woto gobaskoto pogito(lll), mkA; M, — smicT Rh(lll) B
anikBoTi ob6’ekTa, T; mdl - BMicT Rh(lll) B MeHwin go-

OaBUi, r; mdz - BmicT Rh(lll) B GinbLwin gobasui, T.

MonepeaHLO NpaBUNLHICTL 3arnponNoHOBaHOro Ma-
TeMaTU4YHOro NpunoMy nigTBepaKeHa HaMu Npu aHa-
nisi MogenbHUX PO3YNHIB.

Yepes Bucokui BMICT cpibna B gocnigxyBaHomy
06’ekTi MeToamKy Bu3HadeHHs pogito(lll) 3a 3poctaH-
HsIM Miky as3orpynu (NepLuoro niky) He MoxHa 6yno
3acTocyBaTh, OCKINbKU 3i 3MEHLUEHHSAM KMCIOTHOCTI
cepefoBulla pynHyBanucsa komnnekcHi ioHn [AgCl,]
Ta yTBOPIOBaBCS 0ocaj Xropuay apreHtymy. Tomy ans
aHanisy pesucTopa HaMu 3acTocoBaHa MeToauka 3a
3pOCTaHHAM TPEeTLOro nNiky. [Ans KOHTPOIo npasBusib-
HOCTi BOMbTaMnepoMeTPUYHOrO BU3HAYEHHS Pogito 3a
AO0MOMOro CcaniLnnoBOro XOBTOr0 HaMu NpoBegeHo
MOro BU3HAYEHHS 3a KaTaniTMY4HUMKM CTpymamu BuAi-
NEeHHA BOAHIO B XIopuaHokucriomy cepegosuwi [9].
Pesynbtat aHanisy pesuctopa, npeacTtasreHi B
Tabn. 5, ceigyaTb NPO MNpaBWIbHICTL BOMbTaAMNEpPo-
METPUYHOIO BU3HAYEHHA POAI0 3a LOMOMOrow cani-
LIMNOBOrO XOBTOrO.

Memoduka eonbmamnepomMempuyHo20 Bu3Ha-
yerHs podiro(lll) 3 caniyumnosum xoemum 3a 3pPOC-
MaHHSAM nepuio2o KamoOHO20 MiKy

B MipHuin ctakaH o6’emom 50 Mn BHOCATb anik-
BOTY  AOCNIAXYyBaHOro  pPO3YMHY, WO  MICTUTb
4,0 — 26 mkr pogito, 1,0 mn poboyoro po3udnHy anisa-

PUHOBOTO OBTOr0 XX (Cyox = 1,2x10° M), 2,0 mn
doHoBoro enektponity (4 M CH;COONa), gopatotb
OUCTUNBOBaHY BOAy A0 3aranbHoro ob’emy 15-20 mn
Ta niaoasaTtb pH posumHy go 4,0 3a gponomoroto 6 M
CH3;COOH. Micng uboro po34yuvH NepeHocaTb B MipHY
konby i JoBoAATb AWUCTMITbLOBAHOK BOAOK OO0 MITKW.
MoBTOPHO KOHTPOMIOTL PH pO34mMHy, W06 BiaXUNeH-
HS B 3Ha4YeHHi cTaHoBuno He Ginbwe 0,01. Ansg Buaa-
NEHHS KUCHIO po34uH BapboTytoTb Bnpogosx 10 xBu-
NUH  OYULLEHWM  aproHoM. MonsiporpacpytoTb
JocnigKyBaHUM po3yvmH B AianasoHi noteHujanis 0 — -
2,0 B. WBunakictb posropTky noteHuiany pisHa 0,5
B/c.

MemolOuka eonbmamnepoMempuyHo20 8U3Ha-
yeHHs1 podito(lll) 3 caniyunosum xoemum 3a 3poc-
MmaHHAM mpembo20 KamoOHO20 iKYy

B MipHuiA ctakaH o6’emom 50 MmN BHOCATb anik-
BOTY  AOCNIQKYBaHOrO  PO3YMHYy, WO  MIiCTUTb
0,6 — 10 mkr pogito, 1,0 mn pobo4oro po3ymHy anisa-
PUHOBOTO XOBTOr0 XX (Cyox = 1,2x10° M), 2,0 mn
doHoBoro enektponity (4 M NH,CI), gogaote anc-
TMNbOBaHy BoAy A0 3aranbHoro ob’emy 15-20 mn Ta
nigogate pH po3unHy o 8,5 3a gonomorowo 6 M
NH,OH. Micns uboro po34MH MNEpPeHOCHATb B MipHY
Konby i AoBOAATb AUCTUMNBOBAHOK BOOOK OO0 MITKW.
[MoBTOPHO KOHTPONIOTL PH po3unHy, Wo6 BiAXMNEH-
HS1 B 3HAYeHHi cTaHoBuIo He Ginbwe 0,1. nsa Buaa-
NEHHS1 KNCHI0 po34nH BapboTytoTh Bnpogosx 10 xBu-
NIMH  OYULLEHMM  aproHOM. MonsiporpacdytoTb
[OocCnioKyBaHUIM po34vMH B AianasoHi noTteHujanis 0 — -
2,0 B. WBungkicte posropTkn noTeHuiany pieHa 0,5
B/c.

Tabnuua 5. Pe3ynbtatn BofnbTaMmnepomeTpnyHoro BusHadeHHs pogito(lll) B peanctopi Cr15-356 (n = 3,

P =0,95)

MeToanka BU3HaYEHHS BwmicTt Rh, mr S-t,, M S,
N
BuaHauyeHHa 3a KCB [9] 1,10 0,08 0,04
BusHaveHHs 3 caniunnoBuM KOBTUM 1,09 0,07 0,03

BUCHOBKU

MNpencraBneHi MeTOAUKN BOMbTaMNepPoOMeETPUYHO-
ro BusHadeHHsa pogito(lll) 3 azobapBHuKOM caniumno-
BWM >KOBTUM B CepefoBULLi aueTaTHOro Ta amia4yHoro
OydepHMx po3umHiB. MeToamkn BOMOAIOTbL XOpPOLUU-
MW METPOMONYHNUMM XapaKTepucTuKamu, Big3Hava-
IOTbCA AOCTYMHICTIO Ta MPOCTOTO BUKOHAHHA. Joaa-
TKOBOIO nepesaroto BU3HAYEHHS pogito 3
caniunnoBUM XXOBTUM € MOXIUBICTb YCYHEHHSA Hera-
TMBHOIO MaTpUYHOrO BMMMBY 3a paxyHOK BMOOpY
OinbW ONTUManbHUX ANsi KOHKPETHOro ob’ekta ymoB
BM3HAYEHHS: B CrabKOKUCIIOMY 4K CriabKomyXHOMy
cepenoBuLli. Po3pobneHi MeTooukn OO3BONATL Ce-
nekTnBHO BM3Ha4atu pogin(lll) 3a cniBmipHux Ta ge-
CATUKPATHMX HagnuwkiB nnatuHoigie ta 50-100-
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KpaTHUX HaONUWKIB iHWKX cynyTHiX MeTaniB. MeTo-
Ovkn anpoboBaHi Ha MOAENbHMX PO3YMHax Ta npwu
aHanisi peanctopa Cl15-356.
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