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Abstract. Silica based adsorbent sequentially modified with polyhexamethylene guanidine and
7-iodine-8-hydroxyquinoline-5-sulfonic acid (Ferron) was proposed for adsorption-photometric and
test-determination of Fe(III) in natural water. During adsorption of Fe(Ill) from solutions with pH
2.0-3.5 adsorbent became green colored. Formation of green-colored surface complex of Fe(IIl) with
Ferron with the maximum in diffuse reflectance spectrum at 600 nm was used for developing the
procedure of its adsorption-photometric determination. Detection limit calculated by 3s-criterion was
0.03 pg/0.1 g of adsorbent (3 pg/L if the adsorption was carried out from 10 mL of solution); the
analytical range was 10 — 220 pg/L. Test-method was proposed for quick visual determination of
Fe(III) in natural water in the variant of test-scale. Developed procedures were tested for determination

of iron in natural river water of Krasnoyarskii kray and mineral water “Zagorie”.
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Copounonno-goromerpuueckoe u tect-onpenenenne Fe(Ill)
B IPUPOAHBIX BOAAX C MCIOJIH30BAHHEM KpeMHe3emMa,
MOCJIOHO MOAU(PUIMPOBAHHOIO

NOJIMTreKCAMETHJIEHTYAHUAUHOM U ¢eppoHOM

C.JIL. Iunyx-lllaxpuna, O.B. byiiko, B.H. JloceB
Hayuno-uccneoosamenvckuti unscenepuwiti yenmp «Kpucmanny
Cubupcrkozo ghedepanvroco ynueepcumema

Poccuiickaa ®edepayus, Kpacnospck

Annomayus. CopOGHT Ha OCHOBE KpeMHe3eMa, IO0CIIeOBATENIbHO MOAMMDUIIMPOBAHHBIN TOJIUIEK-
CAMETWJICHTYaHUJIWMHOM H 7-HOJ-8-OKCUXHHONHH-5-CyTb()OKUCIOTON ((PEeppOH), MPEMIOKEH IS
copburoHHo-(poToMeTprueckoro u tecr-onpeaenacaus Fe(Ill) B mpupomnsix Bomax. B mporecce
copOuuu Fe(I11) u3 pactBopos ¢ pH 2.0-3.5 mponcxonuT okpainBanue copOeHTa B 3e1eHbli nset. 00-
pazoBaHMe OKpalIeHHOro noBepxHoctHoro komiuiekca Fe(1ll) ¢ peppoHoM ¢ MakCUMyMOM B CIIEKTpe
muddysHoro orpaxkenus npu 600 HM MMOJI0KEHO B OCHOBY pa3padOTKH METOAUKHU €ro COpOIIMOHHO-
(doromerpuueckoro onpezneieHus. [Ipenen oOHapyKeHUsI, pACCYMTAHHBIN 110 3S-KPUTEPHUIO, COCTAB-
nset 0.03 mkr/0.1 T copbenTa (3 MKr/i, mpu copbunu u3 10 M pacTBOpa), AMATA30H OMPEACTIIEMbIX
cozxeprkanuii cocrasisier 10 — 220 mxr/in. [Ipensioxkena TecT-MeTOAMKA J1JIsl BU3YaIbHOI'O IKCIIPECCHO-
ro onpenenenus Fe(I1l) B mpuponHbIX Boax B BapuaHTe IBETOBBIX IIKaJI. Pa3paboTaHHbBIE METOAUKHI
OIpOOOBaHBI ITPH OIPE/CICHUH Kejle3a B IPUPOIHBIX Bojiax pek KpacHospcKoro Kpasi U B MUHEpasib-

HOH BoJie «3aropbey.

Kurwouesvie cnosa: copOIMOHHO-(POTOMETPUYECKOE OINpeneseHne, TecT-cucreMsl, sxene3o(I1l),

MOH(DUIIMPOBAHHBIE KPEMHE3EMbI, (PEeppPOH.

Hurtuposanne: Aunyx-llanpuna C.JI. CopbunonHo-poromerpuueckoe u Tect-onpeneneuue Fe(Ill) B mpupomHsix
BOJIaX C HCIIOJIB30BAHHEM KpEeMHe3eMa, MOCIOHHO MOAH(UIIMPOBAHHOIO ITOJUTCKCAMETHIICHTYaHHINHOM U (heppoHOM /
CJIL. Qunyx-Iagpuna, O.B. byiiko, B.H.Jloces / XKypn. Cu6. ¢enmep. yn-ta. Xumms, 2020. 13(3). C. 349-362.
DOI: 10.17516/1998-2836-0188

BBenenne

JKene3o oTHOCHTCS K OMOaKTUBHBIM METAJUIAM M UTPACT BAKHYIO POJIb B )KM3HM PACTCHHMH, JKH1-
BOTHBIX W uejoBeka. LIIupoko pacmpocTpaHEHO B OKPY’KAIOIIEH Cpelle B CTENEHSIX OKUCICHHS +2
1 +3, mpuYeM B IPUPOAHBIX Ha3eMHBIX Bomax coxepkanue Fe(Ill) 3HaunrensHO mpeBbIIIaeT coaep-
xanue Fe(Il) [1]. [IpucyrcTBue MOHOB jkeye3a B MPUPOJHBIX M OBITOBBIX BOJAX OOYCJIOBJIEHO Kak
MIPUPOIHBIM, TaK M aHTPOIOTCHHBIM ITPOUCXOXKJICHUEM, B PE3yJIbTaTe HCIIOIb30BAHMS B CEILCKOM
U IOMAIITHEM X031 CTBE, TPOMBIIIJICHHOCTH, CTPOUTEIHCTBE, MEAHIIIHE.

[oBeIIEeHHOE COzlepKaHKE JKelle3a B TUTHEBOM BOJIE HE TOJIBKO yXY/IIIAET €€ OpraHoJIeITHYe-
CKHe TTapaMeTpBl, HO U MOXET HEeTaTHBHO CKa3bIBaThCS HAa COCTOSTHUE 3/10pOBbs [2]. B HacTosmIee

Bpems B Poccun [T/IK xenesa cocraBnsier 0.1 u 0.3 Mr/n st ppiO0X03sHCTBEHHBIX U KYJIBTYPHO-
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OBITOBBIX BOJI COOTBETCTBEHHO, a coriiacHO BecemupHoii opranusaiiuu 3apasooxpanerus (BO3)
U eBPONCHCKIM HOpMATHBaM JJIs MUTheBo# Boabl — 0.3 u 0.2 mr/i 3, 4].

VYike TpaauIMOHHBIMH IS OIPEACICHHS JKene3a CTadld aTOMHO-CIEKTPOCKOMHYECKHe 1 Macc-
CIEKTPOMETPHYECKHE METOMBI [5], KOTOphIe OTIMYA0TCS HU3KUMU MpeieIaMu 00HApyKESHUS U XO-
poliieii BOCIpOM3BOJUMOCTBIO PE3YJIBTATOB, HO TPEOYIOT KBANH(UIMPOBAHHOTO IIEpCOHAA, TOPOro-
CTOSIIETO 000PYAOBAHUS, X 3aTPYAHUTEIBHO UCTIOIH30BATh B TIOJIEBHIX YCIOBUAX, a TAKIKE JUIST HUX
MOYKET ITOHAI00UTHCS ClieIHaIbHas MPOOOIOAr0TOBKAa 00pas3IoB.

B cBsI3M ¢ MOCTOSSHHO BO3pPAcTAIONIMM HHTEPECOM OOIMIECTBAa K JKOJIOTHYESCKOW OOCTaHOB-
K€ aKTyaJibHa pa3padoTKa MPOCTBIX HKCIPECCHBIX HEJOPOrUX METOAMK C AOCTATOYHO HU3KUMH
npenenamu oOHapyxeHus Fe(Ill), mocTymHBIX W mIs JTIOAEH, HE WMEKOIIUX CIEIHAIBHOTO 00-
pa3zoBaHUsl B 00JacTH aHAJIUTHYECKOW XUMHUHU. K TaknuM MeTonamM MOXXHO OTHECTH COpPOLIMOHHO-
CHEKTPOCKOMUYEeCKHe [6-9] U BU3yalbHBIC METOIBI C HCIIOJNIF30BAHHEM XEMOCEHCOPOB FIH TECT-
cuctem [10-16].

CoderaHre COpPOIMOHHOTO KOHIIGHTPHUPOBAHUS C MOCICIYIONINM IIBETOMETPUYCCKUM FLIH
MOJIEKYJISIPHO-CIIEKTPOCKOIIMUECKUM OIPEEIICHUEM HEMOCPEICTBEHHO B (pa3e COpOeHTa MO3BOJISET
IONTy4aTh MpeneTbl 00HApYKEHUS Kele3a, COMOCTABUMBIC ¢ aTOMHO-CIIEKTPOCKOITMYSCKUMH METO-
Jnamu. B kauecTBe COpOCHTOB B TAKUX CIIy4asiX IPUMEHSIOT MOAU(UIIMPOBAHHbBIE TOJUMETAKPUIIAT-
Hble MaTpuUpl [7], neHononuypetansl [9, 15], oprannyeckue matpuusl (8, 10, 14] u Heopranuueckue
OKCHBI [6].

Tecr-onpenencHue He TPEOYET CIEITUATBHOTO 000PYIOBAHU S, KOHIIEHTPAIUS MUKPOKOMITOHCH-
Ta ONpEAeAeTCS BU3yaIbHO CPABHEHHEM MHTEHCHUBHOCTH OKPACKH MM JIFOMUHECIICHIINH C 3apaHee
pa3pabOTaHHOW TECT-IIKAIOH, IPH STOM MOTYT HCIIOIb30BaThCS KaK TBEPABIC HOCHTEINH, TaK H XKUJI-
KM€ XEMOCEHCOPHI.

B nmanHOW paboTe B KadecTBe COpOCHTA NI KOHICHTpHUpOBaHUS U ompeneneHus xemeza(lll)
UCIIOJIb30BAH KPEMHE3eM, IMOCJICA0BATEeIbHO MOAM(DUIIMPOBAHHBIN IOJUT€KCAMETHIICHTyaH!/ U~
HOM | 7-HOJI-8-O0KCUXHHOIHH-5-CynbhoKkucioToi (peppoH). B kadecTBe peareHTa mpemyioxkeH gep-
POH, MOCKOJIBKY W3BECTHO, YTO OH 00pa3yeT MHTEHCHBHO OKPAIICHHBIH B 3€JICHBIH [[BET KOMILIEKC
¢ xxemezom(111) [17-19].

MarepuaJjibl U METOANKA

Peaxmueni

Ucxonnerii pactBop 100 mkr/mn Fe(Ill) roroBunm paszbaBnenmem I'CO (7835-2000 MCO
0294:2002 (1 r/nm?)) 8 0.1 M HCL.

PactBop momurekcamermienryanunua ruapoxiopuna (IITMI') HWecTUTyTa 3KOIOTO-
TexHoJoruueckux npodiem (MockBa, Poccuiickas ®Denepanus) ¢ koHeHTpanueit 7.5% mnomy4dniau
pacTBOpeHHEM TIperapara B JCHOHH30BaHHOW Boze. PactBop deppona (7-iioa-8-0KCHXUHOIUH-S-
CyJb()OKUCIIOTHI HaTpHeBas coiib) hupmbl Sigma-Aldrich ¢ kounenTpanueii 0.1% roToBuIu pacTBo-
peHMEM Ipenapara B IEMOHU30BAHHON BOJIE, PACTBOPHI peareHTa ¢ MeHbIIeH KOHLICHTpAueld — pac-
TBOPEHHUEM HCXOIHOTO B ICHOHU30BaHHOH BOJIE.

Cunoxpom C-120 (pasmep vactuit 0.1-0.2 MM, yaenbHas noBepxHocTh ~ 120 M2/, cpeauuii qua-
MeTp mop ~ 45 um) pupmel «JIromurOGOp» (CTaBporos, Poccust) HCHOIb30BaH B KAYSCTBE MATPHIIBI

JJIA TIOJTYYCHU S COp6eHTOB.
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B pa6ote ncnosnpzosaau HCI, HNO; «oc.4.», TOMOJHUTEIRHO OYHUIIEHHBIC IEPErOHKON Ha yCTa-
Hoske distillacid™ BSB-939-IR (Berghof). PacTBOpbI KUCIOT ¢ MEHBIIMMHI KOHIIEHTPALUSIMHU TOTO-
BUJIM Pa30aBJICHUEM UCXO/HBIX PACTBOPOB JICHOHM30BAHHOI BOJIOH.

JleMOHM30BaHHYIO BOAY C yIEIbHBIM CONpOTHBIeHHEM 18.3 MQcm™! nonyyanu Ha ycTaHOBKE
E-pure D4642-33 (Barnstead International).

Obopyoosanue

CriekTpbl IOTIoNEeHHst pacTBOpoB (deppoHa u komruiekca Fe(I1l) ¢ dpepponom peructpuposanu
Ha cnekTpodoromerpe Lambda 35 (Perkin-Elmer, CIIIA). Criektpsl audy3HOro oTpaykeHus Ha 1o-
BEPXHOCTH COpOeHTa perucTpupoBaiu B quanazone 380 — 720 M Ha cnekTpodoromerpe «Ilymb-
cap» (HITO «XumaBromarukay, Poccus). Criektpbl Audhy3HOro oTpaskeHus CTpOUIIN B KOOPAMHATAX
F(R) — A, Tne A — nuinHA BONHEL, HM, a F(R) — ¢pyrknus ['ypeBuua-Kyoenku-MyHka.

Konmentparuto Fe(Ill) B pacTBopax 10 U mociie cOpOIUU ONpeaeisiiidi aTOMHO-3MUACCHOHHBIM
C MHAYKTHBHO CBSI3aHHOI 1u1a3mMoit MmetogoM Ha criekrpometpe iCAP 6500 (Thermo scientific, CIIIA)
10 TpajiyupoBOYHbIM rpadukam. [TocTpoeHue rpayupoBOUHBIX rpaQMKOB U BCE pacyeThl POBO/IH-
JIY ¢ TIOMOIIBIO POTPAMMHOT0 oOecedeHns mpuoopa.

pH pactBopoB 110 1 nocie copOiuu KoHTpoaupoBaiu nonomepom Seven Multi (Mettler-Toledo,
[Beiimapus).

[Mepucransruueckuii Hacoc MasterFlex L/S (Thermo Scientific, CLIIA) nucronb30BaH aJis mpo-

KaqMBaHMs PACTBOPOB IIPH OJIyYEHUHN COPOCHTA.

Hocnotinoe moouguyuposanue kpemnezema

NONULEKCAMUMENEHEYAHUOUHOM U (PePPOHOM

J11s1 akTUBMPOBAHMUSI IOBEPXHOCTH KpEMHe3eM Maccoi 5 r obpabarsiBanu pactBopoM NaOH
npu pH 8-9 B Teuenue 2 4. 3aTeM NpOMBIBAJIH IEMOHU30BaHHOM Bojoi 10 pH 7. Jlanee k copOeHTy
C TIOMOIIBIO MepHCTANBTHYEeCKOT0 Hacoca pobasisun 100 ma pacteopa III'MIT (7.5%) co ckopo-
CTBIO NIOTOKA pacTBopa 2 Mii/MuH. [lonyuennsiii copoent SiQ,-III'MI" npombiBaiy 1eMOHU30BaH-
HOH BOJIOHM 10 HCYE3HOBEHU S MMOJOKUTENBHON peakuuu npomMbiBHON Boabl Ha III'MI. [IpucyrcrBue
[II'MTI" B npoMBIBHOM BOJIe ONpeEAeIsiin BU3yalbHO [0 CHHEMY OKpAIIMBaHUIO ¢ OpoM(EeHOI0BBIM
CHHUM.

K nonyuennomy cop6enty mobasnsiau 100 mi pactBopa deppoHa ¢ KonuenTpanuei 2.5-10°—
2.2:10 M, nepemeinusanu B redenue 30 muH. [Tocie pacTBOp JEKAHTUPOBAJIHM, IOy YEHHBINA COPOEHT
SiO,-III'MI-¢heppoH npoMbIBaJIM BOAOW M CYIINJIM Ha BO3AYXE B TEYEHHUE CYTOK. DTOT COpPOEHT
HE TepsIeT CBOMX COPOIIMOHHBIX CBOICTB B TEUEHHE MECSIIA.

KonTposns 3a pacnpenencaueM GeppoHa OCyIIECTBIISLIN 10 aHAIU3y BOAHOM (a3bl criekTpodo-

TOMCTPHUYCCKUM MCTOHAOM I10 XapaKTepHCTH‘IeCKOﬁ IOJIOCE pearcHTa npu 430 M.

Copbyuonnoe Konyenmpupogarue u copoyuoHHo-gomomempuyeckoe

onpedenenue Fe(Ill) ¢ ucnonvsoseanuem SiO,-I1I'MI-geppon

Cop6uuto Fe(Ill) usyuanu B cratnyeckoM pexxume. i1t 3Toro B rpaaynpoBaHHbIC TPOOHPKH
¢ nputepToil mpoOkoi BHOcHIM 1 Mu pacTBopa, coaepxaniero 0.05-25 mxr/ma Fe(I1l), noGasisinu

HNO; nnmu NaOH nns co3ganms Heo0XoauMoro 3HadeHus pH, THCTHITMPOBaHHYIO BOIY 10 0ObeMa
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10 mut. Baocuinu 0,1 t cop6enra SiO,-I1T'MTI-deppon, mpoOupku 3aKpbiBalid POOKAMHU U IIEPEMEIIH-
Basy B TeueHue 1-30 MuH.

CopOeHT OTAeNSIIN OT pacTBOPA JeKaHTALlMeH, MOMeNain BO pTOPOIIACTOBYIO KIOBETY, HU3Me-
psnu ko3 dunueHt auddysnoro orpakenus. Korrpoins 3a pacupenenenuem Fe(111) ocymectBisum

ATOMHO-O3MUCCUOHHBIM C HHAYKTUBHO CBSI3aHHOU MJ1a3MOM METOAOM.

Ombop u npobono02comosKa peaibHvlx 06paA3y08

u copbyuonHo-tomunecyenmuoe onpedenerue Fe(Ill)

B kauecTBe peasibHbIX 00BEKTOB HCIOJIb30BaIN 00pa3ibl BoAbl pek bazanxa, Kaua, Yyneim
1 MUHEPaJIbHOH BOIBI «3aropne». Peanyto Bony (200 mi) orOupanu ¢ riayounsr 0.5 M, punsrpoBamn
yepes LesuToo3Hy Memopany (Millipore, 0.45 MKM), OAKHCISUIIH a30THOM KuciaoTod g0 pH 1
u xunstany B tedenue 30 muH. [locnme oxnmaxkneHus orbupanu anuksoty (10 M), mepeHOCHIN
B CTEKJISIHHY10 IPOOMPKY € MPUTEPTOHN KpbiiKoii, noBoauiu pH 1o 3,0 nodasnenuem HCI, BHOCHIH
0.1 r copbenTta SiO,-III'MI-dpeppon u nepememnBanu 10 mun. PacTBOp 1ekaHTHPOBAIH, COPOCHT
HEePEHOCUIIN BO ()TOPOIIIACTOBYIO KIOBETY U U3MEpsIu K03 duuneHT 1uddpy3Horo orpakeHus npu
600 HM™.

Pacuemur

Crenenb usBneuenus (R, %) Fe(11l) copoentom SiO,-III'MI-heppoHn paccunTsiBanu mo popmy-

JIC
R=2"C%100%, (1
Co

rne Cy— ucxonnas kouuentpanus Fe(I11), mmouns/i; C — konuentpauus Fe(I111), Mmonb/i.
CopOunoHHyI0 eMKOCTh (¢, MMOIIB/T) copbenTa SiO,-III'MI" no orHomenuto k (heppoHy pac-

CUUTBIBAJIU 110 YPAaBHCHUIO

Co—C)XV
q =02 @

m
rae V' — o0beM HcclielyeMoro pacTBopa, Ji;, m — Macca COpOeHTa, T.
[penen oouapyxenus Fe(I1l) c ucnonbizoannem copoenta SiO,-I1I'MI-¢peppoH paccunTbiBaiu

10 35-KPUTEPHUIO.

Pe3yabTaThl M 00CyKAEHUE

3axpennenue gpeppona na nosepxnocmu SiO-11I'MT"

HenocpencTenHoe 3aKperuieHne peppoHa Ha MOBEPXHOCTH KpeMHe3eMa HeBO3MOXKHO M3-32 B3a-
MMHOT'0 OTTaJIKUBAHUSI OTPULIATENILHO 3apsKEHHBIX CYJIb(OrpyII peareHra u AenpoTOHUPOBAHHBIX
CIJIAHOJIBHEIX TpyII KpemHe3ema. [IpenBapurenbHas o0paboTka KpeMHE3eMa BOIHBIM PacTBOPOM
TII'MI, B cocTaBe KOTOPOro UMEIOTCS MOJOKUTENBHO 3aps>KEHHbIE I'YaHUJUHOBBIC I'PYIIIbI, TPUAAET
MTOBEPXHOCTH IOJIOKUTEIBHBIN 3apsiI. 3aKpEIUICHHE CAMOT0 PeareHTa OCYIIECTBISICTCS 3a CUET DIICK-
TPOCTATHUYECKOTO B3aUMOJICHCTBUS MEXTY MOJOKUTEIBHO 3apsKEHHBIMU I'yaHUIMHOBBIMHU TPyIITa-
Mu SiO,-III'MI" 1 oTpunaTenbHO 3apsHKEHHOM Cynb(orpymnmnoi ¢peppona (puc. 1).

Bpems ycTaHOBJICHHS COPOIIMOHHOIO PaBHOBECHS MPH M3BJICYeHUU PeppoHa copoeHToM SiO,-

III'MT ne npesbimaet 10 MuH.
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Puc. 1. Cxema copoenta SiO,-III'MTI-¢peppon
Fig. 1. Scheme of the adsorbent SiO,-PHMG-Ferron

Deppon 3dpdextuBHO (97-99%) 3akpemnsercs Ha nmoBepxHoctu SiO,-III'MIT B nuamazone pH
2.0-7.0.

Copornonnas eMkocTh SiO,-ITI'MTI" o deppony cocrasiser 100 mkmoss/T. B mporecce copo-
UM peareHTa COpOCHT OKPALIMBACTCS B KEITHIH LBET (Ayar=430 HM), 4TO IPH BBICOKUX MIOBEPXHOCT-
HBIX KOHIICHTPALMSX PeareHTa 3aTpyIHseT CIEKTPOPOTOMETPUYECKOE U BU3YaJIbHOE OIpe/ieieHUe
Huskux koHueHTpanuii Fe(I1). [Tostomy B pabore ncnonbzoBanu copoent SiO,-I1T'MI-deppon ¢ no-

BEPXHOCTHOH KOHIIeHTpanuei peareaTa 2.9 u 5.8 mxmons Ha 0.1 T copOenTa.

Copbyuonnoe KoHyenmpupoganue

u copbyuonrno-pomomempuuecxoe onpedenerue Fe(Ill) na SiO,-I1I'MI -¢eppon

B nponecce copounn Fe(I11) Ha moBepxHOCTH cOpOeHTa 00pa3yeTcsi KOMIIJIEKCHOE COeIMHEHNE,
OKparIeHHoe B 3eneHbli uet. Cnextp nuddysnoro orpaxenus Fe(I1l) na moBepxuoctu SiO,-ITI'MI-
(beppoH mpeacTaBiaseT co00i MUPOKYIO MOJI0CY ¢ MakcuMyMamu rpu 450 u 600 HM COOTBETCTBEHHO
(puc. 2). Kommuekc Fe(II1) ¢ ¢pepporom B pactBope nipu pH 2.0-5.0 nmeeT aHaIOTHYHBIE CIIEKTPO-
CKOITMYECKUE XapaKTEePUCTHKH (PHUC. 2), YTO CBUACTEIHCTBYET O COXPaHEHUH XPOMO(DOPHBIX CBOICTB
¢deppona Ha oBepxHOCTH SiO,-ITT'MT.

KonnuectBennoe uspiedenue (95-99%) Fe(I11) copdentom SiO,-III'MI-deppon mocturaercs
B auana3one pH 2.0-5.0 u He 3aBUCUT OT NOBEPXHOCTHOM KOHLIEHTPALIMU peareHTa. MakcumanbHas
WHTEHCUBHOCTh OKpacKu moBepxHocTHOro komruiekca Fe(I1l) nabnronaercst mpu pH 2.0-3.5 (puc. 3).
AHanorn4HsIi y3kuid nuanasol pH (1.6-2.9) odpazoBanus okpamienroro komruiekca Fe(I11) ¢ gpeppo-
HOM HaOJIFOAJICS IIPH €ro IKCTPAKIUU XJ1opodopmom [19].

Bpems pazBuTHs MakcHMaIbHOW HHTEHCUBHOCTH OKpacky Ha moBepxHocTH SiO,-III'MTI-deppon
COBIIAJIa€T C BPEMEHEM YCTaHOBJICHHUSI COpOIIOHHOT0 paBHOBecHs npu n3snedennn Fe(I1l) u coctas-

nset 10 muH (puc. 4).
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Puc. 2. Cnexrpsl norsomenus (/) komrutekca Fe(Ill) ¢ ¢pepporom B pactBope u auddysHoro orpaxeHus (2)
Ha moBepXxHOCTH SiO,-III'MI (0.1 t SiO,-III'MI-deppon, Cr.=1.1 mxr/ma, V=10 mu, pH 2.5, t=10 mun)

Fig. 2. UV-Vis () and diffuse reflectance (2) spectra of Fe(I1I) complex with ferron in solution and on the surface
of Si0,-PHMG (0.1 g of SiO,-PHMG-Ferron, Cg.=1.1 pg/mL, V=10 mL, pH 2.5, t=10 min)
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Puc. 3. 3aBucumocTh cteneHu usBiacueHus (/) u uaTeHcuBHocTH okpacku (2) Fe(Ill) na mosepxHoctu SiO,-
[I'MI-deppon ot pH (0.1 r SiO,-IITMTI-deppon, Cp.=0.4 mxr/mi, V=10 mi, =10 Mmun)

Fig. 3. Dependence of extraction degree (/) and color intensity (2) of Fe(III) on the surface of SiO,-PHMG-Ferron
vs. pH (0.1 g of SiO,-PHMG-Ferron, Cr.=0.4 pg/mL, V=10 mL, =10 min)

100 - 0.9

1 . 0.8

80 A — 0.7

2 06
s B0 L 05 ;E
& 40 - 04 =

- 0.3

20 - - 0.2

- 0.1

O T T T T T 0
0 5 10 15 20 25 30
t, MUH

Puc. 4. 3aBucumocTs cteneHu usBneueHus (/) u uaTeHcuBHocTH okpacku (2) Fe(Ill) na mosepxHoctu SiO,-
IIT'MTI-¢peppon ot Bpemenu kontakta a3 (0.1 r SiO,-III'MTI-beppoH, Cr=0.4 mr/n, V=10 ma, pH 2.5)

Fig. 4. Dependence of extraction degree (/) and color intensity (2) of Fe(III) on the surface of SiO,-PHMG-Ferron
vs. phase contact time (0.1 g of SiO,-PHMG-Ferron, Cg.=0.4 pg/mL, V=10 mL, pH 2.5)
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Puc. 5. 3aBUCHMOCTh HHTEHCUBHOCTH OKpacku roBepxHoctHOro komruiekca Fe(I1T) ot xoHueHTpanuu heppoHa
Ha nnoBepxHOCTH copOeHTa (0.1 T SiO,-III'MI-deppon, Cr=1.0 mxr/mi, V=10 mu, pH 2.5, = 10 muH, 4 = 600 HM)

Fig. 5. Dependence of the surface complex of Fe(IlI) color intensity vs. Ferron concentration on the surface of
adsorbent (0.1 g of SiO,-PHMG-Ferron, Cr.=1.0 pg/mL, V=10 mL, pH 2.5, =10 min, 1 = 600 nm)

CopOeHT uMeeT XOpolIne KHHETUYECKHe XapakTepucTHKu. Tak, pu yBeJaud4eHuH o0bema pac-
TBOpa, 13 KoToporo mposoawmtn copouuro Fe(I1l), ¢ 10 mo 20 M Bpems yCTaHOBJICHHS COPOIIOHHOTO
paBHoBecus He npebiaet 10 mun. [Ipu ucnonszoBanun 10 mi pactBopa u 0.1 r copbenTa Koaphu-
nueHT KoHIeHTpupoBanus paBeH 100. [Tpu yBennuennn o6vema pactBopa 10 20 mir ko3 dunmeHT
KOHIIEHTpupoBaHus paseH 200.

W3 xpuBoil HaceimieHus (puc. 5) ompenesieHa CTEXHOMETPUs IOBEPXHOCTHOT'O KOMILIEKCA
Fe(IlI):peppon, paBuas 1:3. Kommuekcol Fe(Ill) ¢ ¢peppoHoM aHamoruuHoro cocraBa odOpasyroTcs
B pactBopax [20], 4TO MoOATBEPXkKAAET COXpaHEHHE KOMIIJIEKCOOOPA3yIOMNX CBOICTB (heppoHa IpHu

ero 3axkperuieHuu Ha nosepxHoctu SiO,-I1'MI.

Cenexmuenocmo onpedenenus Fe(lll) ¢ npupooroil 6ode

¢ ucnonvzogaruem SiO,-I1I'MT -peppon

Jl1s ycTaHOBIEHUS CENEKTUBHOCTH OIPEICNICHUs CO3AaBajll OWHApHBIE CHCTEMBI, COJepKa-
mue Fe(Ill) Ha ¢one Bo3pacTaromiell KOHIIEHTPALMK COIYTCTBYIOIIEro siemeHTta. CopOIuoHHO-
¢doromerpuueckomy onpezenenuto Fe(I11) ¢ konnentpanneit 0.4 mr/n (0,1 v SiO,-III'MI-deppon, pH
2.5) e memaroT B kpatHbIX kommaectBax Na(I), K(I), Ca(Il) (1000), Mg(II), Sr(IT) (500), Cr(III) (20),
AI(IIT) (10), Ni(II), Cd(11), Zn(1I) (5), Cu(Il), Mn(II) (2.5) u coneBoii pon 10 2 /1 o Na,SO4, NaCl,
Na,CO;.

Copoyuonno-gpomomempuueckoe onpedenenue Fe(Ill)

¢ ucnoavzosanuem SiOr-I1I'MT-peppon

Ob6pa3zoBanne oxpameHHbIX kKoMiiekcoB Fe(Il1) na nosepxuoctu SiO,-III'MI-¢eppona u yse-
JINYEHUE MHTEHCHBHOCTHU OKpacku 1pu 600 HM ¢ yBeIMueHHEM KOHIEHTPAIK METallla Ha TOBEPXHO-
CTH copOeHTa (pHC. 6) MOJIOKEHO B OCHOBY pa3pabOTKU METOAMKH COPOIMOHHO-(OTOMETPHUIECKOTO
onpenenenus Fe(Ill).

[penen oonapyxernus Fe(Ill), paccuntanHbIi 10 3s-KPUTEPHUIO, TP UCIIOIB30BAHUU COPOCHTA
SiO,-III'MI-deppoH ¢ HOBEPXHOCTHOMN KOHIICHTpauel peareuta 2.9 MkMoub/T coctanisieT 0.03 MKr

Ha 0.1 r copOenTa, uTo ipu copbunu u3 10 ma pactBopa coorBercTByeT 3 MKr/11 Fe(Ill). YBennuenne
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Puc. 6. 3aBHCHUMOCTh MHTCHCHUBHOCTH OKpacku copOenTta oT koHueHtpamuu Fe(IIl) ma mosepxnoctu SiO,-
MI'MTI-deppon (0.1 r SiO,-IIT'MI-deppon, V=10 ma, pH 2.5, Cg. Mxr/0,1 r copbenTa: 0 (1), 1 (2),2 (3), 6 (4), 11
(5); n=3)

Fig. 6. Dependence of color intensity of the adsorbent vs. Fe(III) concentration on the surface of SiO,-PHMG-
Ferron (0.1 g of SiO,-PHMG-Ferron, V=10 mL, pH 2.5, Cg. ng/0,1 g of adsorbent: 0 (1), 1 (2), 2 (3), 6 (4), 11 (5);
n=3)

Tabmuma 1. MeTposnorndeckue XapakTEpUCTUKH cOpOnuoHHO-poToMeTprueckoro omnpeneneHus Fe(I1l)
¢ ucnoibzoBanueM copdenta SiO,-I[II'MTI-dpeppon (0.1 r copbenTa, V=10 mi, pH 2.5, n=3, P=0.95)

Table 1. Analytical performance of adsorption-photometric determination of Fe(IIl) using SiO,-PHMG-Ferron
adsorbent (0.1 g of adsorbent, V=10 mu, pH 2.5, n=3, P=0.95)

Konnenrpauus Aunanason IIpenen obHapyxeHwus, 5
oTpeaeIsieMBbIX YpaBHeHHE R S,
¢beppona, mxmons/0.1 T . Mkr/0.1 T
conepxanuii, MKr/0.1 r

0.1-11 0.03 Ao,
29 10-110* 3 AF(R)=0.19-Cr. 099  0.05

0.1-22 0.04 _ )
5.8 10-220* 4 AF(R)=0.19-Cg. 099  0.05

*[IpuBe/ieHbl 3HAYCHHsI B MKI/JI I ycsioBuu copounu u3 10 mut pactBopa Ha 0.1 r copbenra.

MTOBEPXHOCTHOH KOHIIEHTPAIMK peareHTa A0 5.8 MKMOJIB/T IPUBOJAUT K YBEIMUCHHIO ITpejiesia oOHa-
pyxenus 10 0.04 mkr Ha 0.1 T copOenTa (Tad. 1).

B Tabn. 2 conocrasiensr mpenensl ooHapyxkernus Fe(I111), momyuernsie mo pazpaboTaHHOi MeTO-
JIUKE, C OIyOJMKOBaHHBIMU B JIUTEPATYPE.

Kak BumHO M3 nmaHHBIX TaOs. 2, NMpeUIOKeHHAs METOAMKA COPOIMOHHO-(POTOMETPUYECKOTO
onpenenenus Fe(Ill) xapakTepuzyeTcs npeaeaoM oOHapy>KeHU s HUYKE HIIM COTIOCTAaBUMBIM C IIpeie-

JJaMun O6Hapy)KeHI/ISI HU3BECTHBIX COp6HI/IOHHO—CHeKTpOCKOHI/I‘IGCKI/IX METOJMK.

Tecm-onpedenenue Fe(Ill) ¢ ucnonvzosanuem SiO,-11I'MI -geppon

Uzmenenue 1seta copoenta SiO,-I1I'MI-¢deppoH c xentoro (=430 M) Ha 3enenblit (A=600 HM)
[IPU KOHTAKTEe C pactBopamu, conepxarinmu xene3o(1Il), u yBennueHnne HHTEHCHBHOCTU €r0 OKpa-
CKH C BO3PAaCTaHHEM KOHILIEHTPAIMH METaJljla Ha MOBEPXHOCTH COPOCHTA MCIIOJIB30BAHO MPU pa3pa-

6otke meToauku Tect-onpenencaus Fe(I1l) B mpupomxHoit 1 MUHEpaIBHOW BOJIE.
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Ta6numna 2. CpaBHUTEIBHBIE JaHHBIC 110 onpeaeacuuto Fe(111) B Bome

Table 2. Comparative data of Fe(III) determination in water

[Ipenen
Meton CopOeHTt e Ccplka
00OHapyKEHUST, MKT/J
COpOIMOHHO-1{BETOMETPHUIECKHUI NMCP* 15 [10]
COpOLMOHHO-(OTOMETPUYECKUI AKPUJIOBBIN TOIHMED,
MOIUGHUITIPOBAHHBIN KOMEBOM 2000 [11]
KHUCIIOTOH
COpOLMOHHO-()OTOMETPHUESCK U AKPHJIOBBIN ITOJIUMEP 73 [12]
C TEPIUPUITHOBBIMY (parMeHTaMU '
IMTAAC c nmpenBapuTEeIbHBIM CHJTMKATelb, MOIU(MUITUPOBAHHBIH L1 [21]
COpOLIMOHHBIM KOHLIEHTPUPOBAHUEM  §-THIPOKCUXMTHOITHMHOM '
COpOIMOHHO-1{BETOMETPUUECKHU It MEHOTIOINY PeTaH, 300
UMIIPETHUPOBAHHBIH ramioBoi 500 [9]
U Cynb(HOCATUIUIOBOH KHCIOTaMH
(doTomeTpruIecKUit cmoa Dowex 2X4,
C IPEABAPUTEIBHBIM COPOIIMOHHBIM ~ MOIUHUITPOBAHHAS (PeppOHOM 10 [22]
KOHIIGHTPHPOBAHHUEM
COpOIOHHO-(POTOMETPHUCSCK U Si0,-III'MTI-deppon 30 JaHHas
' paboTa

*®unbsTpoBatbHas Oymara, MogupuuupoBanHas N-1onuposanHbM MoOs.

ITockonbky copoeHt SiO,-III'MI-eppoH nMeeT COOCTBEHHYIO OKPACKY, TO Ha BU3yaJIbHO MU-
HUMaJIbHO ompezaensieMyto koHneHtpanuio Fe(Ill) okaspiBaeT BIIMSHHWE KOHLEHTPAIUS pearcHTa
Ha MOBEepXHOCTH copbenTa. Ha puc. 7 npuBeneHa gpororpadus copOeHTOB, CoAepKAIIUX HA TOBEPX-
HoctH 0.5 Mkt Fe(I1l) u pa3Hbie KOHIIGHTpAIIUU (eppoHa.

YMeHblIeHHe KOHLEHTpaluu (eppoHa Ha MOBEPXHOCTH COPOCHTA YBEJIMUMBACT KOHTPACT-
HOCTB BH3yasbHOro onpexnenenus Fe(Ill) u, kak ciencrsue, CHUKEHHE BU3yalbHO MHHHUMAJIBHO
ompenesieMoii KoHeHTpauu. [Ipu pa3padoTke TeCT-IIKa bl HCIOIb30BaH copoeHT Si0,-IIT'MTI-
(dheppoH C MOBEePXHOCTHON KOHIIEHTpanuei peareata 2.9 mxmoins/0.1 r copbenTa, BU3yaabHO MU-

HUMaJbHO ompenensiemas konuentpauus Fe(Ill) cocrarisier 50 mkr/n npu copouuu u3 10 ma

BOJIBI.
Cre. MKT/0.1 T
0 0.5 0 0.5 0 0.5
Ciepposs MKMONBO.1 1
58 58 2.9 2.9 14 1.4

o000

Puc. 7. Biusinue xoHueHTpauuu gpeppona Ha nosepxHoctu SiO,-III'MI-¢peppon Ha BuyalibHOE ONpEACICHUE
0.5 mxr Fe(IIT)

Fig. 7. The effect of Ferron concentration on the surface of SiO,-PHMG-Ferron on the visual determination of
0.5 pg of Fe (I1I)
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Puc. 8. ®ortorpadus nBeToBoii mkansl 1iist rect-onpenencaus Fe(11l) B pacTBopax ¢ ucmoinb30BaHUEM COpOSHTa
u SiO,-IIT'MI-¢eppon

Fig. 8. Photo of the color scale for the test-determination of Fe(III) in solutions using adsorbent SiO,-PHMG-
Ferron

W3meHeHne o0bemMa pacTBOpa, U3 KOTOPOTO OCyIIecTBisieTcss kKoHueHTpupoBanue Fe(Ill), ¢ 5
70 20 MJT He BIIUSIET Ha OKPAacKy copOeHTa M BU3yaJlbHOE ONpe/eieHHe jKele3a. YBeInueHue oobema
pacTBOpa a0 30 ma NPUBOAUT K CHUKCHHUIO HHTCHCUBHOCTU OKPACKU MOBEPXHOCTHBIX KOMIIJIEKCOB
JKejesa M K 3aHWIKCHHBIM 3HAYCHHSIM BH3YaJIbHO ONpeesIsieMbIX KOHICHTPALH.

Jlnst co3nanms ueroBoi mkaisl 0.1 T copdenta SiO,-III'MI-dpeppon oOpadareiBatoT pacTBo-
pamu, copepskamumu sxene3o(11l), oovemom 10 mur u kormenTparnueit 0—2.2 mr/a (pH 2.5, t=10 mun),
COpOEHT OTIEINSIOT OT PAacTBOpa JIeKaHTAlMEHl U NEPEHOCAT B sSTYeHKH (hTOPOILIACTOBOM IMJIACTHHBI

B TIOPSAJIKE BO3PACTAHUS KOHLIEHTPAIMH MeTaJljla Ha TOBEPXHOCTH (pHC. 8).

Onpeoenenue Fe(Ill) 6 npupoonoii 6ode copbyuonHo-pomomempuieckum

u mecm-memooom ¢ ucnonvzosanuem SiO,-I1I'MT-geppon

PaspaboTanHble copOIMOHHO-(pOTOMETpHUYECKAss M TECT-METOJUKH HCIOJIB30BAHBI TIPH OIIpe-
nenennn Fe(Ill) B mpuponubeix Bogax pek Enuceid m Kaya u B OyTHIMpOBaHHON MHHEPaJbHON
Boze (tabis. 3). [IpaBUIBHOCTH IMOJTYUYCHHBIX PE3YJIBTATOB IOATBEPIKJCHA HE3aBHCHMBIM aTOMHO-

smuccruoHHbIM ¢ MUCIT MmeTomoM.

Tabmuua 3. Pe3ynbrarel copOunoHHO-(hoTOMeTprudeckoro u tect-onpenenenus Fe(Ill) B mpupomHsix Bomax
¢ ucnonb3oBanueM SiO,-III'MI-deppon (0,1 r SiO,-III'MTI-dpeppon, V=10 ma, pH 2.5, n=5, P=0.95)

Table 3. Results of adsorption-photometric and test-determination of Fe(III) in natural water using SiO,-PHMG-
Ferron (0.1 g of SiO,-PHMG-Ferron, V=10 mL, pH 2.5, n=5, P=0.95)

Haiineno, Mxr/n

O6pasen COpOIIMOHHO-(OTOMETPUYCCKU I TecT-MeTON ADC-UCTT
METOJ
p.- bazauxa 15.1+£0.2 - 15.2+0.1
p. Kaua 1064 100425 108+2
p. Yyasim 94+3 100425 95+1
MHUHepasbHas BoJa «3aropbe» 18+2%* 20+£5% 19+1*

*TIpuBeICHBI 3HAYCHUS B MI/J1.
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3akJaueHue

B pabore ommcaH mpocToil croco0 MONy4YeHus: cCOpOCHTa Ha OCHOBE KpeMHe3eMa, MOIM(UIIU-
POBaHHOIO MOJHMIeKCAMETHUIICHIYaHUJMHOM U (heppoHOM. COpOIHMOHHO-(OTOMETPHUECKOE U TECT-
onpenenenne Fe(Ill) ¢ ncronp3oBanmnem copdenta SiO,-I1I'MI-deppoH 1mo3BoISAET MPOBOAUTH OIIpe-
JeJICHHE HermocpeacTBeHHo B (ase copOenTa. I[lo mocturaemomy mpeaeiny oOHapyxkeHus (3 MKI/n)
paspaboTaHHas1 COpPOIMOHHO-(POTOMETpHUYIECKAass METOIUKA IIPEBOCXOIUT WIIH COIIOCTABHMA C U3BECT-
HBIMH paHee METOAMKaMu. Bu3yaibHO MUHHMAIIBHO onpenensieMas koruenTpanus Fe(111) mo pa3pado-
TaHHOH TECT-METOANKE B BapUAHTE I[BETOBBIX IIKaJ cocTaBiseT S0 MK/ ipu copOumu u3 10 MIT BOZEL.

MeTonnka MOXKET UCTIONIb30BaThes A onpenenenns Fe(I11) B mpupoaHbIX 1 MUHEpaIbHBIX BOJAX.

Baaropapnoctn / Acknowledgements

HccrienoBanue BBITIONHEHO MpU pUHAHCOBOH moaaepxkke PODU u npasurenscTBa KpacHosip-
CKOT0 Kpas B paMKax Hay4dHOro mpoexta Ne 18-43-243004.
The reported research was funded by Russian Foundation for Basic Research and the government

of Krasnoyarsk region of the Russian Federation, grant no. 18-43-243004.

Cnucok autepartypsl / References

1. Liu F-J., Huang B.-Q., Li Sh.-X., Zheng F.-Y., Huang Xu-G. Effect of nitrate enrichment and
diatoms on the bioavailability of Fe(III) oxyhydroxide colloids in seawater. Chemosphere 2016. Vol.
147, P. 105-113. doi:10.1016/j.chemosphere.2015.12.098

2. Ponka P., Tenenbein M., Eaton J.W. Iron. Handbook on the Toxicology of Metals, 3rd edition.:
G.F. Nordberg, B.A. Fowler, M. Nordberg, L.T. Friberg. Amsterdam, Elsevier. 2007. P. 577-598.
doi:10.1016/B978-012369413-3/50085-9

3. Ground Water and Drinking Water, EPA (2019) [DnexTponnslit pecypc]. http:/www.epa.gov/
ground-water-and-drinking-water.

4. Drinking-water quality guidelines, World Health Organization (2019) [OnexTponHBI pecypc].
https://www.who.int/water sanitation health/water-quality/guidelines/en/

5. Pohl P, Sergiel I. Direct determination of the total concentrations of copper, iron and
manganese and their fractionation forms in freshly ripened honeys by means of flame atomic absorption
spectrometry. Microchimica Acta 2010. Vol. 168, P. 9-15.

6. Iunyx C.JI., Myxuna A.H., Jloces B.H. CopburonHO-(hOTOMETPHIECKOE U TECT-OMPEACICHHE
00IIero coepKaHus jxelie3a B IPUPOAHBIX BOAAX C UCIOIb30BAaHHEM COPOCHTOB Ha OCHOBE OKCHIA
LUPKOHUSI, MOJU(PHUITUPOBAHHOTO MOJUTCKCAMETHIICHTyaHH AMHOM, (pepposunom u deperom C. Ana-
aumuxa u koumpons 2014. T. 18(4), C. 430-437. [Didukh S.L., Mukhina A.N., Losev V.N. Sorption-
photometric and test-determination of total iron in natural waters using zirconium oxide based
sorbents, modified with polyhexamethylene guanidine Ferrozine and Ferene S. Analytics and control
2014. Vol. 18(4), P. 430-437 (in Russ.)]|

7. Gavrilenko N.A., Mokhova O.V. Sorption-spectrophotometric determination of iron(Il, III)
with the use of organic reagents immobilized in a polymethacrylate matrix. Journal of Analytical
Chemistry 2008. Vol. 63(11), P. 1038-1043. doi: 10.1134/S106193480811004X

8. Shvoeva O.P., Dedkova V.P., Savvin S.B. Sorption-spectroscopy and test determination of

uranium(VI) and iron(IIT) from a single sample on the solid phase of fiber materials filled with an

— 360 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 349-362

AB-17 ion exchanger. Journal of Analytical Chemistry 2013. Vol. 68(10), P. 880-884. doi:10.1134/
S106193481308011X

9. CyxanoBILT., Kanuuxkuna CII.,, Cepmtokoa K.C., Wueuan A.H.  CopbumnonHo-
BeTOMeTpHUYecKoe onpezeieHue xenesa(lll) B Bomax rajapBaHHYECKOrO IPOU3BOACTBA. BecmHux
Br'yur 2017. T. 79(1), C. 215-221. [Sukhanov P.T., Kalinkina S.P., Serdiukova K.S., Ilin A.N. The
sorption-chromaticity determination of Fe(IIl) in the waters of the galvanic production. Proceeding
VSVET 2017. Vol. 79(1), P. 215-221 (in Russ.)]. d0i:10.20914/2310-1202-2017-1-215-221

10. Lin F,, Cai J., Li Yu., Yu Hu., Li Sh. Constituting fully integrated colorimetric analysis system
for Fe(I1I) on multifunctional nitrogen-doped MoO;/cellulose paper. Talanta 2018. Vol. 180, P. 352-357.
doi:10.1016/j.talanta.2017.12.069

11. Vallejos S.,Muiioz A., Garcia F.C.,Colleoni R.,Biesuz R., Alberti G., Garcia J.M. Colorimetric
detection, quantification and extraction of Fe(III) in water by acrylic polymers with pendant Kojic acid
motifs. Sensors and Actuators B: Chemical 2016. Vol. 233, P. 120-126. do0i:10.1016/j.snb.2016.04.040

12. Trigo-Lopez M., Muiioz A., Ibeas S., Serna F., Garcia F.C., Garcia J.M. Colorimetric detection
and determination of Fe(IIl), Co(II), Cu(Il)and Sn(II) in aqueous media by acrylic polymers with
pendant terpyridine motifs. Sensors and Actuators B: Chemical 2016. Vol. 226, P. 118-126. doi:10.1016/].
snb.2015.11.116

13. Heo J., Manivannan R., Kim H., Kim M.J., Min K.S., Son Y. Developing an RGB - Arduino
device for the multi-color recognition, detection and determination of Fe(Ill), Co(II), Hg(Il) and
Sn(II) in aqueous media by a terpyridine moiety. Sensors and Actuators B: Chemical 2019. Vol. 297,
P. 126793. doi:10.1016/j.snb.2019.126723

14. Fan K., Wang Xi., Yu Sh., Han G., Xu D., Zhou L., Song J. A chitosan-based fluorescent
hydrogel for selective detection of Fe?* ions in gel-to-sol mode and turn-off fluorescence mode. Polymer
Chemistry 2019. Vol. 10, P. 5037-5043. doi:10.1039/C9PY01179]

15. Ivkova T.I. The indicator system based on bathophenanthroline for rapid determination
of Fe(Il, III) in water. Journal of Water Chemistry and Technology 2008. Vol. 30(6), P. 368-374.
doi:10.3103/S1063455X08060064

16. Tsay H.-T., Bhorge Y.R., Pape A.J. Janaki S.N., Yen Y.-P. A Selective Colorimetric and
Fluorescent Chemodosimeter for Fe(IIT) Ion Based on Hydrolysis of Schiff Base. Journal of Chinese
Chemical Society 2015. Vol. 62(4), P. 316-320. do0i:10.1002/jccs.201400394

17. Swank H.W., Mellon M.G. Determination of iron: with 7-iodo-8-hydroxyquinoline-5-sulfonic
acid. Industrial and Engineering Chemistry 1937. Vol. 9(9), P. 406-409. do0i:10.1021/ac50113a002

18. Storm A.R., Langmyhr F.J. Complex formation of ferric iron with 7-iodo-8-hydroxy-quinoline-
5-sulfonic acid (Ferron). Acta Chemica Scandinavica 1961. Vol. 15, P. 1765-1771. doi:10.3891/acta.
chem.scand.15-1765

19. Przeszlakowski S., Habrat E. Extraction of Iron(IIl) from Aqueous Solution with Mixtures
of Aliquat 336 and Ferron in Chloroform. Analyst 1982. Vol. 107, P. 1320-1329. doi:10.1039/
AN9820701320

20. Zaky M., Hanna W.G., Nour E.M., Killa H.M. Complexation of Ferron with some Metal Ions
of Biological Interest. Analytical Letters 1985. Vol. 18, P. 803-814. doi:10.1080/00032718508066178

21. Goswami A., Singh A.K., Venkataramani B. 8-Hydroxyquinoline anchored to silica gel via

new moderate size linker: synthesis and applications as a metal ion collector for their flame atomic

— 361 —



Journal of Siberian Federal University. Chemistry 2020 13(3): 349-362

absorption spectrometric determination. Talanta 2003. Vol. 60, P. 1141-1154. doi:10.1016/S0039-
9140(03)00218-2
22. Moldovan Z., Neagu E.-A. Spectrophotometric determination of trace iron(IIl) in natural

water after its preconcentration with chelating resin. Journal of Serbian Chemical Society 2002. Vol.
67(10), P. 669-676. doi:10.2298/JSC0210669M



