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N3Boa

[TorenmromeTpHjckl ceH3op 3a oapehuBame Ag™ joHa je mpumpemibeH
jeJIHOCTABHHM ypamameM mraniha cTakIacTor yIUbeHHKa MPeByYeHOr MEMOPaHOM 0]
PVCAc moauMepa, ruiactudukaropa ¥ aauTHBa at 0e3 joHodope, y pacTBop cpedpo

HHTpaTa.

[IukIMYHa BONTaMETpHja je ToKasana Ja Cy 3a ON3MB npeMa Ag joHMMa
K/by4HHM TIpouiecH u3Melly Ag joHa W NMPOBOAHOI MOJMMeEpa, MPH YeMy Ce MOJHMEp
CHOHTaHO Moau(pHKyje cpeOpoM Koje ce TalIOXKH y eleMEeHTApHOM OOJIHKY,

JEIHOCTaBHMM ypamamkeM y PacTBOp cpedpo HUTpara.

Oxrosop enektpoae je auHeapaH, ca Nernst-oBum Harubom ox 60,25
mV/aeKanu y KoHIeHTpamuoHoM omncery oz 1,0x10™ 1o 1,0x10’5 mol/dm’ u rpanumoM
nereximje oa 4,25x10° mol/dm’. Enexkrtpona uma pameu pH omcer ox u3y3eTHO
kucenor a0 weyrpansor (pH < 1 mo 7,0), mro joj naje oapelieHy npeaHocT y ogHOCy Ha

TMIO3HATE €NIEKTPO/E 3a oApehuBame joHa cpebpa.

HOTBHL[PIOMeTijCKH CEH30p C€ IM0Ka3ao Kao BEOMa CEJIEKTHBaH Ha Ag+ jOHe ¥
. 2+ 3+ . -
OJHOCY Ha OCTajle JOHE, Ca U3Y3ETKOM Hg u Fe''. Enek'rpo,ua J€ YIIOTpEO/bHBA TYIKE

0]1 IBa Mecela H uMa Op30 BpeMe 013HBa.




[IpeanoxeHa enekTpoja je YCMemHo ynoTpedbeHa Kao HHIMKATOPCKa el1EKTpoaa KoJ
ozxpehuBama joHa cpebpa MOTEHLIMOMETPH]CKOM THTPALIM]OM Ca HATPH]yM XJIOPHIOM H

3a oapehuBame cpebpa U XJI0pHaa Y pa3IuauTUM aMOMjeHTATHHM Y30pIHMa BoJa.




Abstract

Potentiometric sensor for the determination of Ag™ ions was prepared by simple
immersion a glassy carbon rod coated with membrane of PVCAc polymer, plasticizer

and additive but without ionophore, in silver nitrate solution.

Cyclic voltammetry showed that for Ag™ ions response, key processes were
between Ag’ ion and conductive polymer, where polymer is spontaneously modified by
silver which is deposited in its elemental state simply by immersion in silver nitrate

solution.

The response of the electrode was linear with a Nernstian slope of 60.25
mV/decade with in the concentration range from 1.0x10™ to _1.0}1:10'S mol/dm’ and with
a detection limit of 4.25x10°® mol/dm’®. The electrode has working pH range from
remarkable acidic media to neutral (pH < 1 to 7.0), which gives it certain advantage in

comparison with known electrodes for determination of silver ions.

Potentiometric sensor proved to be very selective for Ag” ions, in comparison
with other ions, with exception of Hg”" and Fe’”. The lifetime of this electrode is longer

than two months and it has fast response time.




The proposed electrode was successfully applied as indicator electrode in the
determination of silver ions by potentiometric titration with sodium chloride and for the

determination of silver and chloride ions in different ambient water samples.
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1. VYBoa

300r mupoke ynotpede cpedpa y e1eKTPOTEXHULH, eTeKTPOHHIM, HHAYCTPH]jH,
Gororpadguju, OpPraHcKo] CHHTETHYKO] XEMHUjH, MEIMUMHH M MHOTHM JpyIHM
nojpy4juma, noctoju norpeda 3a 6p3um 1 TayHUM OpeljHBameM joHa cpebpa.

Cpebpo je MeTan MpakTHYHO HETOKCHYAH, &TH HErOBO MPHCYCTBO Y KOXKH,
JIECHHMA, POXKMadH, jeTpd M OyOpesuma je mTeTHO. 360r Tora je CTANHO MPHUCYTHA
notpeba 3a Op3oM, OCET/BHBOM M jeJIHOCTABHOM MeETOAOM OfpehHBama Matux

KOJIMUMHA JOHA cpedpa Y pasiMuuTHM y30pLUMMa.

3a oapehHBame MaTHX KOMHYMHA joHA cpebpa pasBHjeHe CY pas/IHYHUTe METO/E
Kao ITO Cy: CHeKTpodOTOMETpHja, AaTOMCKa alCOopILMOHA CHEKTPOMETpPH]a,
MHIYKOBaHO CIIPErHyTa IUla3Ma-MaceHa CleKTpoMeTpHja, hiyopuMerprja u apyre. Cee
OBE METOJe Cy pelaTHBHO CKymne W IOpeJ Tora 3axTeBajy NPeTXOAHY IIPUIIpeMy

y30paka, IITO 3HATHO MPOAy’KaBa Ieo MpOolec aHaTH3e.

Ca npyre crpaHe, NOTeHLIMOMETPH|]CKH CEH30DPH, OJHOCHO jOH-CEJIEKTHBHE
eeKTpOoJe CV Hallle CBOjY MNpHMEHY Kao AalTepHaTHBHE AaHATMTHYKE MeTOIe.
Kapakrepume MX NpeLU3HOCT, OCETJbMBOCT, CEIEKTHBHOCT, jeIHOCTABHA H3paga W
HHCKAa LICHAa.

Ox cBHX BpCTa jOH-CENEKTHBHHX E/EKTPOAd, y MOCHedlme BpeMe HajOpixu
pa3Boj MOKa3yjy OHe KOje Cy HanpaB/beHe 0] OpraHckKe IMoauMepHe MeMOpaHe y Kojy je

MHKOPITOPHPaH CEH30PCKH MaTeprjal Ha 6a3u pasnu4MTHX joHOdOpa.

(8]




Hajeehu 6poj joH-CeNeKTHBHMX €/1eKTpoJa OBOI THIA KOPUCTH IMOJIH(BUHII
xaopua) (PVC) u oarosapajyhu riactudukartop Kao OpraHcKy MaTpully, H joHOdOpY
Kao aKTHBHH JIE0 CEH30pa.

HenmurusameM yTHLaja pa3nuauTrX kaTjoHa Ha PVC marpuily youeHo je ja je
OHa OCeT/bMBA HA NPOMEHE KOHIIEHTpalWje HeKHX joHa a Mel)y mUMa M joHa cpedpa.
Cwmarpanu cMo 1a Taj deHomen Tpeba na Oyae pasjammen. M3 oBor pasiora, UCIUTaHa
je moryhHocT npuMeHe jenHocTaBHe cpebpo(l) cenekTHBHE elekTpoje ca MeMOpaHoM
CacTaB/bEHOM CaMO O] MOJIMMEpHEe MaTpulile ca IUIaCTU(GHKATOPOM H THIODHIHUM

I01aTKoM, 6e3 joHOpOpe Kao aKTHBHE KOMIIOHEHTE.

OcHOBHM WHB OBOI paja je KOHCTPYKIMja M KapaKTepHu3allija HOBOT,
jed)THHOT, jeJHOCTABHOT CEH30pa CEJIEKTHBHOI Ha jOoHe cpedpa, Kao H HMCIHTHBAMHE
MOryhHOCTH IpHMEHE 0BaKO NpHIIpeMibeHe cpedpo joH-CeNeKTHBHE eIeKTpoe IpBO Y

MOJell paCTBOpHMA a 3aTUM H Y p€allHUM CHCTEMHMA.




2. Teopwujcku geo

2.1. Hcropuja, pu3HuKa cBOjcTBA H ynoTpeda cpedpa

Jlaruncku HasuB 3a cpebpo je argentum a Xemujcku cumbGoa je Ag. Ha
eHrzieckoM cpebpo je silver, HemaukoM silber, a pyckom cepedpo. Cpebpo je modpo
MO3HATH METAl M YOBEK C€ Ca EKMM YNO3HA0 PAHO jep ce OHO HalazW CI000THO H Y
npupoau. Jlenu cjaj cpebpa u meroBa KOBHOCT Op30 cy NPUBYKIH YoBeka u Beh crapu
HapoIH Cy ra ynorpedpaBaiy 3a yKpace, HOBAll, Kao | 3a nocyhe y kpajeBuMa rje ra je
Omo ako aobury. Hajeume cy mume TproBann OeHHdaHu KOjH ¢y cpeGpo 10BO3HIH
u3 [llnanuje koja je y To Bpeme Omia mo cpebpy Hajboratuja semupa. Jlo IMyHckmx
patoBa cpebpo je Omi0 perko y crapom Pumy. Kachuje, 3axsabyjyhu ImaHcKuM
pYIHHUIIMMA, a 10 cBenoYeny [lnuauja Crapujer MoHeTe 01 cpebpa, JeHapHjH, TOYeH
Cy da ce Kyjy 267. rommne m.H.e. O cpeauHe NpBOr BeKa M.H.e., HA PHMCKHM
J€HapujUMa YTHCKMBAHH Cy IIMKOBM HMreparopa. [IpBo je ypahen cpebpemak ca
nukoM Jynuja Llesapa, a notoM je To mocrtano npasuiao. Yak je u umnepartop Keuxtu,
KOjH je Blagao cBera 17 nana TokoMm 270. rogune H.e., ycrieo Aa ypaau cpebpemak ca
CBOjJHM JIHKOM.

Y Pycuju cy ce npsu cpebpemaru nojasuwu y IX Beky, a y XIII cy ce nojasuie
cpeOpHe rpuBHe Temke oko 200 rpama, koje cy cmykune kao Mosera. Kako je
BPEIHOCT IPUBHHM OHJla BeIHMKa NOYENIH Cy 1a UX ceKy (Ha pyckoM pyOuT), ma je oa Tora

HacTao HasuB pyospa. ¥ CpeameM BeKy, alXeMHUYapH cy MOKYMIABAIH 1a O MPOCTHX




MeTana MpaBe OCHM 37ara M cpedpo; 3a cpebpo Cy TPaKWIM MamH KaMeH Myapaua
“mali magisterium”.

Otkpuhem Amepuke OTKpHBEHH Cy M Py/JIHHMIM ca OrPOMHHM KOJHYMHAMA
cpedpa. Kommko je 6umo GoraTcTBo Hekmx ApikaBa AMepHKEe y BpeMe [LIMAHCKHX
ocBajaya rosopu u cneaeha mpuua. [lpwmkom nocete Bunekpama lllmamuje, y
MpecTOHHIM jom noctojehe apxase Muka y XVI Beky, n1omahunu cy usnmwim cpebphe
[104€ TEKMHE N0 46 KHIorpamMa i lMMa MOTUIoYalTH €0 MyTa KOJUM Ce KPeTao BHCOKH
roct. [Tocne mocete kanapma je moBaljeHa ¥ NMOKIOMbEHA BHIIEKPABY.

Kpajem XV u mouetkom XVI Beka, moumme ca AMEPHYKOr KOHTHHEHTA,
nocedHO ca npoctopa canammer Mekcuka, Cjennmenux Amepuuxux Jlpxasa, [Tepya u
boruBHje, 10npeMarme BeTHKUX KOIYHHA cpebpa i y EBporicke 3emibe.

EnementapHo cpebpo, y Npupom Halasu ce y 0O6IMKY TeCepaTHMX KpHCTana
WIH y OONMKY JKHIla, IUTOYHLA M HETNPaBWIHHX IPyMEHOBA TEXKHHE M 10 HEKOJIHKO
CTOTHHA Ku1orpama. OHO HUje XeMHjCKH YHCTO U Caipku Hajuemhe 371aTo, Here U 10
28%, 3atum Gakap, xuBy, rBoxle, nnatuny, apces u aHTuMoH. CpeBpo ce HAmash y
JenumBenbEMa ca CyMIIOpOM, apceHOM, aHTHMOHOM HTA. HajnosHatuju cy My MuHepatyn
apreHTHT, MPYCHT U IIHPAPrUpHT.

Pyna cpebpa uma y Amepuim 1ok je EBpona y suma Beh cupomarsa, 3atiu y
Pycuju Ha Ypaiy u y Asuju. Cpebpa uma u y MOpCcKHM OHIbKama, jep ra MMa J0CTa i v
Mopy. Hcrntusamem je yrBpheno na Ha 100 muTapa Mopcke BoAe J0Ma3sH Y HEKHM
MOpHMa H 10 1 muiurpam cpedpa.

Hucto cpebpo je 6eo, Bpnio cjajan MeTan, TBphu ox 3nara. Jlo6po ce kyje. Ox 1

rpama cpedpa moxke ce W3BYhM jkmua ayra mpeko mona KUJIOMeTpa, WIH HCKOBAaTH



mucTrh KOJH je TOIMKO TaHak Ja MpOIYITa CBETJIOCT Miase Goje. Haj6ossm je
MPOBOJHMK TOIUIOTE M €JeKTPHLMTETa. Y TaHKOM CJI0jy BeoMma A00po MpomyIiTa
yaTpasbyOudacte 3pake. He Mema ce Ha CyBOM WM BI&KHOM BasmyXy, alH BPEMEHOM
TaMHH MO]1 YTHIA]eM CYMIIOPBOJIOHHKA, jep ca CyMITIOpOM Ipajiy LpHH cyadua cpedpa,
Ag>S. Taj L[pHH NOBPIIMHCKH CII0] HE 103B0JbaBA Jasby KOpo3Hjy. Cpebpo ce pacTBapa
y a30THO] 4 Bpyhoj CyMIIOpHO] KHCETUHH.

[Ipsimena cpebpa ce BpeMeHOM HOCTa MpOMeHWIa. Mame ce Hero paHuje
KOPHCTH 3a MpuOOp 3a jeno, 3a MOHeTe, Kao W 3a nocpebpusame. McTHcHye cy ra
JeType pasHuX jeTHHHjHX MeTana Koje Cy JaKile M NpakTHYHHje. YToTpedbaBa ce y
JIeKTPOTeXHHLH, Y HHIYCTPH]H 3a 60jere cTakia U nopueiana, y Gotorpaduju, a kao
KOJIOMIHO cpedpo CITyXH y MEIHIIMHHE H OPraHCKOj CHHTETHYKOj XemHjH. McTo Tako ce
KOPHCTH 3a M3pany HaKHTa U ykpaca. MehyTum, ako ce ko1 Hac oz cpebpa He uspahyje
BHILE TIPHOOP 32 jesI0 W HAKMT OHOIMKO K0 HeKal, HMa 3eMaba I/Ie Ce OHO jOII yBeK
MHOTO LIeHH, N2 Here, Kao y HEKMM KpajeBrMMa A3Hje YakK u BHILE O] 371aTa.

Hajseha komwumHa cpebpa y BHCOKOpa3BHjeHHM 3eM/baMa TPOINIM Ce Ha
toromarepujarte. [Tpema HekuM nporesama yak 57% cpeGpa ce TpomH y 0Boj chepr 1
HeMa M3r7esa aa osje cpedpo Oy/ae 3aMemeHO IpyrHM MaTepHjaiuMa.

Ox 1974. roaune jauma ce y CAJ] HoBa obnacT motpoumme cpebpa vy
enekTporexHui. Hamme, Tajga je nouena npoM3BoJma M CTAIHO pacTe, cpedpo-
UMHKOBMX OaTepHja Koje ce KOpHCTe y caToBuMa, (OTO M BHIEO Kamepama H
KasKkynaTopuma. Pesepse cpebpa y pyaama y cBery npouemyjy ce Ha oko 500 000 ToHa
MeTana. AKO ce UMa Yy BHIY FOJHMIIBbH HUBO MPOU3BOIME TO 3HAYH /1a Y OBOM TPEHYTKY

uma cpedpa 3a OKO TpujeceTak roausa. To je MpuOIMKHO HA HUBOY M MHOTHX JPYTHX




metana. Kao u koa ApyrMX pyaa, cTalHa IeoiOIKA MCTPaKMBAMKA JOBOJE 110
OTKpHBAaMKk3a HOBHX PE3EPBH, ald Cy TO Hajyemhe cBe cHpoMmallHHje pyae. Hanpenak
TeXHOJIOTHje oMOoryhasa Ja ce KOpHCTe PeHTaOHIHO CBe CHPOMAIIHH]e py/Ie, 11a ce TaKo
noMepajy rpaHHle PacroNI0KHBHX PE3EpPBH.

bynyhuoct ynotpeGe cpeGpa Hanasu ce y eleKTPOHHIIM U €1eKTPOTEXHUIH, Y
MPOW3BOABM  PA3MYMTHX BpPCTa MaTepHjata 3a KOHTAaKTe, MaJaldjyMCKHX
KOH/JEH3aTOpa M JeMOBa pasnHuuTuUX HameHa. [loehana je w ynorpeGa cpeGpa vy
XEMH]CKO] MHIYCTPHjH, TIOCEGHO y MPOM3BOAH MOIHCTHPOIA B GOPMATIEXHIA.

3axBa/byjyhu cTporuM npomucHMMa o 3aINTHTH XKHBOTHE CpeIdHE M MOTpedH
O4yBama NPHPOIHHX pecypca MOTPeOHO jeé CTATHO pa3BHjaTH HOBE TEXHOJIOLIKH
eKOHOMHYHE Mpolece Koju Ou obe3behmBamm TpeTMaH peLMKIa)e HHIYCTPUjCKUX
otnagHux Boda. [IpucycTBo pacTBOp/EMBOr cpebpa y OTHAaZHMM BOJama je mpobiem
KOJH je 3ajeHMYKH 3a MHOTe HHIYCTPHjcKe mpouece. 360r Tora IMOCTOjH CTATHA

noTpeda 3a pa3BHjameM HOBHX MeToza 3a oapehusame cpebpa.

2.2. Merope onpehuBama cpedpa

Metone onpehusama cpebpa y pa3iHuuTHM MaTPUKCHMA MOTY ce TI0JeIUTH Ha
OHe Kazma ce cpebpo Hanasu y Behium KonM4YMHAMA M Ha OHE METOJE Kaja ce cpebpo
HaTasM y TparoBuMa.

Cpebpo je eneMeHT Koju ce HanasH y BeoMa IUMPOKO] YIOTpeOH M MOke ce
pelid 1a je KOpHCTaH eleMEHT y cBakoMm norneny. Hberosa yrora y dusuonomxnm

MpoLecHMa jolll HUje CacBHM carjielaHa, ajld BeroBO NPUCYCTBO YV JbYACKOM Tely, Kao




WTO je JbyAcKa Koca je mo6po mosmato [1]. Cpebpo Takole uma 3HauajHy y7ory y
€JIeKTPHYHO] ¥ €leKTPOHCKO] TpHMeHW, u3paau ¢ororpadpckux ¢uivopa ®
npousBomH ¢yHruuuaa [2]. Baxkau je joH y HeKHM IleKOBMMa Kao IITO je Kpema
cpedpo cyndanuasis Koja ce KOPUCTH Kao CTAH/IApA Y JIeUerY ONeKOTHHA MOC/Ie ImhHX
MEeTHACCTAK IOIHHA, 8 HATATIOKEHO cpebpo je mpoHaleHo y KOKH, JECHHMA, POKE-AUH,
Jetpu u OyOpesnmma Kox HekMX nammjeHara [3, 4]. 3Gor csera Tora moTpeba 3a
oapehuBameM joHa cpebpa y BeoMa MaluM KOJIHYMHAMA Y PA3TMYHTHM CYIICTaHL@Ma
Ccé NoKasaia HeOIXO0IHOM.

MHOro pasnMYMTHX MeTOXa je NpeTokKeHO 3a oapehusame cpebpa y
tparoeuma. Ty je mpe ceera cnektpodoTomerpuja [5, 6], aToMcka ancopriHoHa
criekTpoMerprja [7-11], HHIyKOBaHO CHIperHyTa IUTa3Ma-MaceHa crekTpomerpuja [12,
13], ¢myopumerpuja [14], cTpummur Bonramerpuja [15], mpotouna asammsa [16] u
eJlekTpoaHamm3a [17, 18].

[Ipeanoxkeno je BuIle pasTHUMTHX peaKTaHaTa 3a CIEKTPODOTOMETPH]CKO

onpehuBame cpebpa y pasnTMUHTHM MaTPHKCHMA.

El-Zawawy w capagauuu [6] cy CHHTETH30BaIM M TecTHpatH J5-(2,4-
dihydroxybenzylidene)rhodanine (2,4-DHBR) xao moryhu pearenc 3a oxpeljuame
cpebpa(l) u 3aara(Ill). Oxpehena je mpoTonHTHYKA KOHCTAHTA peareHca. Mcmurany cy
M e]eKkTH HeKHX MOBPIIHHCKH AKTHBHHX KOMIIOHEHTH M 3alUTHTHHX KONOMAA Ha
CTEKTpalHe KapakTepucTHKe cpeOpo-2,4-DHBR xemara. MakcumanHo nosehame
arncopruuje je J100MjeHo Y NPUCYCTBY KaTjOHCKHX MOBPLIMHCKH aKTHBHHX CYTICTAHLINA

cetyltrimethylammonium bromide (CTAB), 3a Ag™. Jou cpepa rpaay 1aBa TepHapHa




KOMIUIEKCa Y 3aBHCHOCTH on KoHueHTpauuje 2,4-DHBR. Crexmomerpujcki oaHocH
Komriexca cy 6mma: 1:1:1m1:2:3 (Ag-2,4-DHBR- CTAB).

Komrieke ca Behum omHocom pearenc/metan je kopumheH 3a
criekTpodoTomeTpHjcko oapehusame cpebpa. ¥V pH oncery ox 9,2 10 10,6 momapHa
ancopnTHsHocT je Guma 7,11x10* dm® mol” cm™ MIPH TATAaCHO] AYXHHH on 547 nm.
Metozna ce crnake ca Beer-oum 3akoHoM 3a 0,13-1,83 pg/em’ u KOpecrnoHIupa ca
ocetssuBomhy ox 0,0015 pug cm™ (Sandell-oBa oceTbHBOCT) [19]. ITpeanosxkena meTona
je ymopeheHa ca HekMM [0 Taja MO3HATHM MeETOJaMa 3a CHEKTPO(OTOMETPHjCKO
oxpehuBame cpebpa ynmotpeGom cnenehux pearenaca: dithizone [20], 4-(2-
quinolylazo)phenol [21], 2-[4-amino-3-(1,2,4-triazolylazo)]naphthol-4-sulfonate [22],
4,4 -bis(dimethylamino)thiobenzophenone [23] u npyrux.

AKO ce ymopene OCET/BMBOCT, pAacTBOP/BHBOCT M JIpyre peleBaHTHE
KapaKTEPUCTHKE TPEIOKEHE METO/E Ca OCTATMM MEeTOoJaMa MOXKE Ce 3aK/by4YMTH Ja
crieKTpooToMeTpHjcka MeToa ca peareHcoM 2,4-DHBR-oM je y npeaHOCTH Y oqHOCY
Ha JIpyre peareHce y jeIHOCTABHOCTH, PENPOJYKTHBHOCTH, CEJEKTHBHOCTH M MHOTO
Behoj OCET/BHBOCTH 01 ApyruX MeToaa (peareHaca). |

Ca npyre cTpaHe HEKM O] MpeATOKEHHX peareHaca 3a CreKTpo(oTOMETPH]CcKO
oapehusame cpebpa [21, 22] cy nokaszamu Behy ocets/buBOCT 01 2,4-DHBR-a, Mana um
J& CeeKTUBHOCT OHIIa 3HATHO Makba.

CnektpodoTomerpujcka Metoma ca pearencom 2,4-DHBR-om je Hama
aHAMUTHYKY MpHMeHY 3a oapehuBame cpebpa y cynpuanum pyaama. Cam ysopak je
610 moaBprHyT oArosapajyhoj mpouexypH 3a IEKOMIIO3HIM]Y Y30pKa, 3aTUM 0/1Bajamby

cpebpa jakum jOHCKMM W3MemnBauuma. J[oOujeHu pesynratu cy yrnopehuBanu ca




OHMMA JOOHjEHNM aTOMCKO-alcOpPMLMOHOM CTIeKTPOMETPHjOM M TOKa3altH ¢y A06po
ciarame. Ha ocHOBy m3noxeHor BMABMBO je ga ce jomM cpeGpa
CeKTpoOTOMETPHjCKH MOTY YCIEWHO oapehHBaTH, ami TeK HAKOH HHXO0BE
eKCTPaKIlMje M3 MaTphKca y KOjeM Cy TPHUCYTHH INTO HHje YBEK jeJHOCTABHO. Taj
mpobieM cenapauuje, KOHIEHTPOBama, Tj. A0BOhema HA KOHUEHTpAalHjy Koja je

I0BOJBbHA 3a ofpehuBase je no3Har.

[loctoje MHOre mMeToze koje cy ce eTabiaHpaie Kao KOMEpIHMjalHe MeToje 3a
H3/Bajae cpedpa W3 OTNAaIHMX BOZA, a TO Cy: mpeudmmTanyja [24], enexTpoamza [25-
27], joncka u3mena [28] u peBepcHa ocMo3a [29]. KopueTr o THX MeTos1a ¢y 3HagajHo
JTHMHTHPaHEe eKOHOMCKHM MOMEHTOM.

IlpekoHleHTpaNKja je ¥ MHAa4Ye 4ecTO NpHMEHmHBAHA NIpH oApeluBamy Mamux
KOJTMYHHA HEKHX aHAMTA y KOMIUIEKCHHM Y30pIMMa, MPHMEHOM HHCTPYMEHTATHHX
TeXHHKA. AJCOpmuMja, Xpomartorpaduja, KOMPEUWIHMTALMjA, eJeKTPOTHTHYKA
JeTIO3MILIMja, yrapaBame, eKCTpakuuja ¥ ¢uotanmja cy A00po IMO3HaTe MeToxe
[PEKOHLEHTPalHje y aHATHTHYKO] XeMHuju [30, 31]. MHore oa mHX Cy KOMIUTHKOBaHe
M 3aXTeBajy J0CTa BpeMeHa.

On cBHX TmpealOKeHHX MeToza, ajCOpPIIMOHA MeToja ce [oKasana
JeNHOCTaBHOM M TOTOZHOM M HamUta je Hajsehy npumeny. OmnmcaHo je BHIme
Pa3IMYUTHX ajcopOeHaTa, Kao INTO Cy AKTUBHH YIVbEHHMK, MOPO3HH TOIMMEDH,

MNOIHYpETaHCKa [I€Ha, CHJIHKare., CTaKJIeHE Tepre, BOII(bp&MOBa JKHlla U OpYyIu.
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Hoshino w capaguuim [32] cy onucanu onpehusame Ag, Cd, Co, Cr, Cu, Mn,
Ni, Pb, Zn y BoJeHHM pacTBOpHMa MPUMEHOM aTOMCKO arcopIIHOHE CTIeKTPOMETPH]e
ca rpaUTHOM KHMBETOM Y3 MPETXOAHO KOHLEHTPHCAHE HCIMTHBAHMX €TeMEHATA Ha
BOT(ppamoBoj xuim. Mehytim, ynorpe6a Bondpamose kuue Kao aJCOPIILIHOHOT
CpeacTea 3a oxpehusame cpeGpa mnpumeHoMm rpaduTHe KiBeTe 3a aTOMCKY
ANCOPILMOHY CHEKTPOMETPHjy, HHje MOria Ja ce NpUMeHH 3a onpehuBame y

aMOHjeHTaTHIM y30pIHMa.

Sramkova W capamuuuM [8] cy MCIMTHBATH NpHMEHY rpaduTHEe KHBETE Y
aTOMCKO allCOPMIHOHO] CIIEKTPOMETPH)H KA0 TOT0HO] METOIH 32 0JpehuBambe HUCKHX
canpikaja Ag y MHJIMIPAMCKHM Y30PIIHMAa CJI0j€BUTHX MOHOKPHCTANA M [0 noTtpedu cy

HCIUTUBATH TUCTPUOYIM]y cpedpa y KpucTamy.

JeanocraBHa, Gp3a u edukacHa merona npexomiem‘pamaje je ommcana 3a
olpehuBame Tparosa 3mata (Au), cpebpa (Ag) u nanaavjyma (Pd) y reonomxum
Y30pLHMa, TUTAMEHOM AaTOMCKO amCOpILMOHOM crekTpoMmetpujom [9]. Merona je
Oasupana Ha ancopmimju ananura (Au, Ag, Pd) Ha akTHBHOM YIUbeHHKY (Tpax) npu pH
oko 1 y xmopoBomonuunoj kucermmm (HCI). Jlo6ujena je ckopo KBaHTHTATHBHA
ancopmumja (Bume oa 92%) aHanMTa Ha AKTHBHOM YIVheHMKY. HOBHHA Ko OBHX
HCIIHTHBAakA je OMla y TOMe WITO je MCIMTHBAHM AHATMT KBAaHTHTATHBHO MOHOBO
BpaheH M3 AKTHBHOT YIUbGHHWKA OKCHIALHMjOM M TOTIYHHM pacTBapameM aKTHBHOT
YI/bCHUKA ca ancopOoBaHMM aHamuTOM, KopumhemeMm asorHe kucenmne (HNO;) u

nepxyopHe kucennte (HCIO4) y T38. Mokpom noctynky. OBa MeTo1a MOKpOT MOCTYTIKA
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uMa o7peheHNX NPEIHOCTH Y 0IHOCY Ha T3B. CYBHM TOCTYNAK (TIe Ce AKTHBHH YITbeHHK
Crajbyje, a 3aTHM Ce TPETHPAHEeM KHUCEIHHOM H3BIAud aHAIHUT), a TO Je npe cBera y
HeyrnopeaMBo Kpahem Tpajamy mocTynka. MeToga je npuMermeHa Ha OpojHUM
Te€0I0MKHM Y30pLMMa 33 oapehuBame Au, Ag u Pd y konuenTpanmjama Hikim o 0, 1

ppm €a pelaTHBHOM CTaHIapAHOM JAeBHjaunjoM o1 = 10% (6poj moHasbama = 5).

2-mercaptobenzothiazole-womA)HKOBAaHH CcHITMKareil je ymotpeG/beH Kao
ancopOeHT 3a KOHTHHY&THY HCTOBPEMEHY IIPeKOHUEHTPAlMjy-Cenapamujy w
oxpehuBame cpebpa IUIaMEHOM ATOMCKO-ArCOPILIMOHOM cnektpoMetpujom  [10].
Kopuihene cy nsoctpyke konoHe mpu deMy je Ag CeleKTHBHO azcopOoOBaH M3
pacTBopa asoTHe kucenune (HNO;) u oamax necopboBan pacTBopom THOypee. JIpyru
NMPHCYTHH jOHH He yTHuy Ha oxpehusame Ag ocum Cl joHa. Konuenrpanuja Ag” jona
Hwka ox 1 ppb Moxe GuTH moy3naHo oxpeljeHa MOJ yCIOBOM /a je YIOTpeGIbeHo
BpeMe 3a [PEeKOHLEHTPalH]y G110 J0BOJBHO Ayro. Bpeme o 40 MuHyTa, Hako Beoma
AYTO 3a MpAKTHYHE aHATM3e, MIAK J0Ka3yje Na Ipe/UloKeHH aacopOeHT aacopbyje
BEOMa HHMCKe KOHUeHTpaumuje Ag  jona. HemocTauu mNpHMeHe ILUTaMeHe aTOMCKO
arcopMUMOHe CMeKTPOMETPHje Mpema JMTepaTypHHM mojammma [33], mmak nexe y
HHELEHULM 114 Ce pai O He[JOBOJBHO] OCET/bHBOCTH NpH 0ApeluBamy Tparosa cpebpa a

3aTHM M OCTATHX oJpeHBaHUX eleMeHaTa.
Y omHocy Ha TIaMeHy ~aTOMCKO — alCOPMUHMOHY — CIEKTPOMETPH]Y,

C7IGKTPOTEPMATIHA aTOMCKa alcopriiioHa cnektpomerpHja (ET-AAS) je y mHoro sehoj

yrotpedu mmpom ceeta. OBo ce oaHocH Hajsume Ha ET-AAS ca MeTanTHOM KHBETOM

12



Ka0 aTOMM3epOM KOja MMa BEIMKY OCET/BMBOCT W HHjE MHOTO CKYIa [34].
[TpexonuenTpamyja cpebpa W3 amOMjeHTATHMX OTNAZHMX BOJA je MCIMTHBAHA
azcoprimjoM Ha BondpaMoBOj KHMIM M oxpehuBama npumeHom ET-AAS y3
Kopuihere MeTanHe (Boappamose) kuBeTe kao aromumsepa [11]. Onrumanso BpeEMe
ypamamwa ancopdenra y soay je 6umo 90 s. Hajbossu pH 3a agcopmumjy cpebpa je 3,0.
[lox TuM ycnoBuma, Koju ce cMaTpajy ONTHMAIHHM, [PaHHMIA JeTeKIje 3a
onpehuBate cpebpa ca NpeKOHLEHTPALMjoM Ha BOJI(PamMoBoj ku je 5,0 ng/dm’, ca
PENaTHBHOM CTaHIapAHOM JeBHjaumjom ona 8,2%. Ilopexn Tora mpucycTBO Apyrux
e/leMeHaTa KOjH Ce Hanase y MCIMTHBAHO] BOAM HHje OHTHO yTHUato Ha oapehuBame

cpedpa.

Omucana je u Metoma onpehueama cpeGpa y y3opuuMa MOpcke BOZe
npumeroM ET-AAS y3 ynorpeby pasmuuntix moaudukaropa [7]. Edekar camuxurera
je Takohe MCIMTaH Mpu YeMy ¢y KopHiheHH MO/IeN PacTBOPH MOPCKE BOZE Ca BHCOKHM
camiuuTeToM (72,8%) W HHCKMM canunuTeToM (34,2%), a n00HjeHH pe3yiaTaTH
ynopehuBaHH ca pesylTaTHMa CTaHZApAHMX pacTBopa. OJ CBHX HCIHTAHUX
Moan¢ukaropa yTBpheHo je ma ce kao Hajo/bM MOKa3ala cMeIla nanaimjyma
aCcKOpOMHCKE KHCenHHe (NpH d4eMy ce MamadjyM peayKyje acKopGMHCKOM

KHCEJTHHOM).

HMHaykoBaHO criperHyTa IU1a3Ma-ONTHYKA e€MHCHOHA criektpomeTpuja (ICP-

OES), uHaykoBaHo crperdyTa riasma-maceHa crnektpomerpuja (ICP-MS) cy meroze

BHCOKE OCET/BMBOCTH M HEKM paJOBHM [0Ka3yjy Ja HeMa M3pakeHOr omerajyher
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npoGiema 3a oxpehuBame y MPHPOIHMM BOAAMA M MOJET PACTBOPHMA IITO HapaBHO
HHJe CIy4aj ca peaitHuM y3opumma (YBpeTHM). Ysumajyhu y 003up 71a ce pagH o
MeToJama Koje IMoJpasymeBajy BeoMa CKyNy TeXHHMKY, Tpeba y3etn y 003up
npobiemMe KOjH ce jaBibajy Kaja je y MUTamy OCeT/bHBOCT U CEJIEKTHBHOCT, W 3axXTeBe
0BE METOZe Ja C€ NPETXOAHO OABOjU AHATHUT O] MATPUKCA Y KOjeM Ce HalasH Ipe Hero
IUTO ce mpHCTynH ozxpehuBamy. To 3HauM 1a je HeomxoaHo w3abpaTH BHCOKO
CEJIEKTHBHE €KCTpakLHOHe pacTBapaye. M3 Tora ce Moke 3ak/by4WTH 13 ce Leo
AHATTMTHYKH 3a/1aTaK MOKE CBECTH HA METOIy O/1Bajara (eKCTpakiuje).

Taxo je mpumenom ICP-AES oxpeheno cpebpo mocie xemujcke cernapaumje u3
ypaHose pyzne [13]. IlperxoaHo je cBeoOyXBATHO HCTPaKeH KOMIUIEKCAH HAYHH
eKCTpakimje cpebpa M3 y3opka ypaHa, AOK je camo oapelhuBame [IPEI0KEHOM

METOJO0M PYTHHCKO.

[Toctoje u npyre merone onpehusama cpeGpa, Mame WIH BHIIE yCIEIIHe, K0
mro je Hnp. ofpehuBame cpebpa y ¢ororpadekuM emymHjaMa pEMeHOM
AUCKOHTHHYyanHe nporo4He aHamise (DFA) [16]. ITocTynak ykibydyje KOMIIEKCHpame
comu cpedpa (XanoreHuaH) THOCYA(AaTOM, a 3aTHM Cledd THTpAlMja pacTBOPOM
THoaneramuaa. Cama MeToaa uMa Beoma c1aby perpoXyKTHBHOCT, a K20 alTepHATHBHA
MeToaa y3 kopumheme DFA je nmonyheno kommiekcupame cpebpo 6pomuna (AgBr)
udjaHuaEuM  jonom (CN) M TuTpamuja pacTBOPOM HATPHjyM cynpuaa (NapS).
Pesyatatu no0ujeHn oBOM MeTOZOM Cy yropehuBaHu ca oHMMa nobujerum AAS-om H

TMOKa3alii Cy crarame ca rpewkom o 2%.
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8-mercaptoquinoline je morogar 3a KkaTtomHy €/IEKTPONOIMMEPH3AIH|Y Ha
€ICKTPOH OX cTaknacTor yribexnka [15]. Ha Taj Hauun momudukoBana e/IeKTpoa je
TOCTYKH1A 33 CENCKTHBHY NMpeKoHUeHTpaunjy Ag(l), a aHOAHOM CTPUITHHT aHATH3O0M
je oapehero cpebpo. Ucnuran je u yTuuaj omeTajyhiux jona u o u3abpanux 44 camo je
Au(III) ctBapro omerano oapehusame cpedpa.

Ha octosy npukasanor npersiesa metoaa 3a oapehusame cpebpa, kaza ce paau
Mpe CBEra O HHCKHUM KOHIEHTpAalMjaMa, y pasIMYHTHM MaTpPUKCHMa M IPHMEHOM
PAsIHYUTHX HMHCTPYMEHTATHMX TeXHHKA, YOWBHBO je 1a CBe MeTOJde 3aXTeBajy
MPETXOMHO W31Bajake cpedpa (y MHOrMM ciydajeBHMa W OPEKOHLIEHTpaIH]y) M3
MaTpHKca y kojeM ce Hanas. To ayTomaTcku 3Ha4H ja je notpebHO 10cTa BpeMeHa 3a
u3Boheme aHaTM3a, a M ynoTped/beHH peareHCH HUCY Jjedrunn. Cama MHCTpYMeHTaIHA
TEXHHKA YIIPKOC A00pOj OCET/HHBOCTH j€ CKyIa.

Y omHOocy Ha H3/0OKEHO, NpHUMeHa NOTEHIHOMETPHJCKMX CeH30pa HWMa
OYMITIEHY [PEeIHOCT IpH oapeljuBamy HHUCKHX KOHueHTpanuja cpebpa, npe cBera y
100poj ceNeKTMBHOCTH, Jakohu u3Bohema aHamuza u jedtunohn. Ty ceoje Mmecto

Haase ¥ HCTHYY Ce JOH-CENEKTHBHE e/IEKTPOIE PA3IMIHTOT THIIA.

2.3. OapehuBame cpedpa npumMenom NOTEeHUHOMETPHJCKHX CeH30pa

2.3.1. JoH-ce/leKTHBHE eJIeKTpo/e

[ToTeHUMOMETpHjCKE CEH30PH, OIHOCHO jOH-CeleKTHBHE enektpone (JCE)

cnajgajy y jeaHy O] HAjBKHHjHX TIPyna XeMHjCKHX CeH30pa H TMpeaMeT cCy
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