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The titanium dioxide based sorbents were prepared by modifying polyhexamethylene guanidine,
Ferrozine or Ferene S. Optimal conditions were found for concentration of iron(Il). The sorbents
quantitatively extract the iron(Il) from solutions of pH 2.0-5.0 during 10 min. Intensely colored
iron(ll) complexes are formed on the sorbents surface during sorption from solutions of pH 3.0-5.0
on TiO-PHMG-Ferrozine and pH 2.5-5.0 on TiO,-PHMG-Ferene S. The diffuse reflectance spectra
have maxima at 560 and 600 nm for the sorbents with the functional groups of Ferrozine and Ferene
S, respectively. This effect was suggested for development of procedures of sorption-photometric
determination of iron(Il). The calibration curves are linear in the range of 0.1-3.5 ug/0.1 g TiO,-
PHMG-Ferrozine and 0.1-4.0 ug/0.1 g TiO,-PHMG-Ferene S. The detection limits of Fe (II) equal
to 0.05 ug/0.1g on the sorbent TiO,-PHMG-Ferrozine and 0.04 ug/0.1g on the sorbent TiO,-PHMG-

Ferene S. Technique is used for the determination of iron in drinking waters.
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Onpenenenue coaep:xkanus xese3a(Il) B nurbeBbIX BOgax
COPOLMOHHO-(OTOMETPHUYECKUM METOI0M

€ HCMOJIb30BAHUEM COPOEHTOB HA OCHOBE IMOKCH/IA TUTAHA,
NocJIe0BaTeIbHO MOAU(PUIMPOBAHHOIO
MOJIUTeKCAMETUJICHTYAHUIUHOM,

Ferrozine u Ferene S

C.JIL. Iunyx, A.H. Myxuna, B.H. Jloces
Cubupckuti pedepanvbHblil yHUBepcUumem
Poccus, 660041, Kpacnosipck, np. Ceoboonuiii, 79

Tonyuenvt copbenmvi Ha O0CHO8e OUOKCUOA MUMAHA, NOCAEO0BAMENbHO MOOUPUYUPOBAHHO2O0
noauzexcamemuneneyanuounom, Ferrozine u Ferene S. Onpeoenenvi ycnosusi copOYUOHHO20
KoHyenmpuposanus oceneza(ll) moouduyuposannvimu copbenmamu. Konuuecmeennoe (98—
99 %) useneuenue xcenesza(ll) copbenmamu docmuecaemcs npu pH 2,0-5,0. Bpems ycmanosnenus
copbyuonnozo paenosecusi He npesviuwwaem 10 mun. Ilpu copbyuu na nogepxnocmu copbenma
00paszyomMcs UHMeHCUsHO OKpaweHnble Komniexcol scenesa(ll) c Ferrozine cupene6o2o (2,,., = 560 Hm),
a c Ferene S-cuneeo (1,,,, = 600 nm) yeema. MaxcumanoHas uHmMeHCUBHOCMb OKPACKU PA36UBAENCS
6 meuernue 20 mun npu pH 3,0-5,0 na TiO,-III' MI -Ferrozine u pH 2,5-5,0 na TiO,-III'MT -Ferene S.
Paspabomanvr memoouxu copdyuonto-gpomomempuiecko2o onpeoenenus xcenesa(ll) ¢ npederamu
obnapyscenus 0,05 mxe na 0,1 2 TiO-III'MI-Ferrozine u 0,04 mxe na 0,1 2 TiO,-III'MT -Ferene S.
Jlunetinocms epadyupogoynuvlx epagurxos coxpansiemcs 00 3,5 u 4,0 mxe scenesa(ll) na 0,1 2 copbenmos
ons TiOy-III'MI -Ferrozine u TiO,-III' MI-Ferene S coomgemcmaenno. Memoouxa ucnoib308ana npu

onpedeneHul Jxcene3d 8 6000NPOBOOHOU U NUMbEBbIX OYIMUTUPOBAHHBIX 800AX.

Knrouesvie crnosa: moouguyuposarnnwiii ouokcuo mumana, Ferrozine, Ferene S, oiceneso(Il), copoyus,

copbyuonHo-ghomomempuyeckoe onpedeieHue.

JIysl KOHLIEHTPUPOBAHKSI HOHOB METaJUIOB HIMPOKO HCIIOJIB3YIOT COPOCHTHI HA OCHOBE HEopra-
HUYECKUX OKCUAOB U JUOKCUIA TUTAHA, B 4aCTHOCTH [1]. IMOKCHA TUTaHA KaK MaTpULA IJIs CHHTE3a
COpOEHTOB XapaKTepu3yeTcsi JOCTYIMHOCThIO, MEXaHMYECKOW MPOYHOCTHI0 U XMMUUYECKOH CTONKO-
CTBIO B KHCJIBIX W LIETOYHBIX Cpeaax, 00JafaeT JOCTaTOYHO BBICOKOH Y/AEIbHON MOBEPXHOCTHIO [2].
Jvokcu 1 TUTaHa IPUMEHSIIH B KauecTBe copOeHTa Jyuist n3Bneuenust Mpimbsika(lll, V) us rpyHTOBBIX
BOx [3], I KOHIEHTPUPOBAHUS PacTBOPUMEBIX (popm dochopa u3 mpuponHbix Box [4], ypaHa u3
IPECHON M MOPCKOH BOJBI [S] M uX ompeneneHuss MeToaoM AU((Y3HOHHOTO rpajueHTa B TOHKUX
ieHkax [4, 5].

s yBenmdeHust COpOLMOHHOM CIIOCOOHOCTH JUOKCHA TUTaHA MO OTHOLICHWIO K M3BJIEKae-
MBIM KOMITOHEHTaM CYIIECTBYIOT Pa3JInIHbIE CIOCOOB aKTUBUPOBAHMS HITM MOJU(GHUINPOBAHUS €TO
HOBEPXHOCTH. M3BeCTHBI criocoObl aKTHBHPOBaHUs moBepxHocTu TiO, myTem ero oOpabOTKH IO-

CTOSTHHBIM 2JICKTPHUYSCKUM II0JIEM [6] B yIBTpa3BYKOBOH 00pabOTKH [7] B KUCIBIX, MEIOYHEIX Cpe-
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Jax, B ANCTHJUTHPOBAHHON BOJIE M PACTBOPE XJIOpHaa HATpus. s KOHIIEHTpHpOoBaHus Mo B BHIE
MonubaaT-uoHa u **"Tc B BUAE NEPTEXHAT-HOHA aBTOPHI paboTHI [8] IpUMEHSIIN THAPAaTHPOBAHHBIH
TiO,, copbunoHHas eMKOCTh KOTOpOro mo MoO,> B HECKOJIBKO pa3 BBIIIE COPOIIMOHHON eMKOCTH He-
THUAPATHPOBAHHOTO TNOKCUAA TUTAHA.

CopOuKOHHBIE CBOMCTBA MOAU(UIIMPOBAHHOTO IMOKCUA TUTAHA 3aBUCST OT NPUPOABI MOAH(DU-
KaTopoB. /IMOKCH]I THTaHa C a30TCOAECPKAIMMHY (YHKIIMOHAIBHBIMHU TPYIIIIAMH U3y4YajIi B KAUeCTBE
copOeHTa 115 a3okpacutenei [9]. deppormanuaabie COpOSHTHI HA OCHOBE THAPATUPOBAHHOTO JTHUOK-
CUJa TUTaHA IPUMEHSIN 1151 KOHUEHTpupoBaHus uesus [10] u crponuus [11].

Jliist ony4eHust COpOCHTOB Ha OCHOBE JIMOKCUJA TUTAHA JJIsi KOHIIEHTPUPOBAHUS U OIpelelie-
Hus xene3a(ll) B kadyecTBe MoaAM(UKATOPOB IEECOOOPA3HO HUCIOJIB30BaTh N-T€TEPOLUKINIECKUE
opranuveckue ocHoBaHus: 2,2 -munupuimi, 1,10-peHaHTpoIuH, MUPUINITPUA3UH U MX MPOU3BO-
IHBIE, 00pasyromue ¢ xene3oM(I]) HHTEeHCHBHO OKpaleHHBIE KOMITIEKCHI [12—-15].

3-Q2-nupununn)-S5,6-nudpennn-1,2,4-rpuazun-4'4"-nucynsoxucinora (Ferrozine) u 3-(2-
nupuanN)-5,6-mu(2-dypun)-1,2,4-rpuaszun-5',5"-mucynsdokuciora (Ferene S) mmeror B cBoeM cocra-
BE TaKylo ke (pyHKIHOHAIbHO-aHAIMTHYECKYIO rpymiy, kak 1,10-gpenanTposus u 2,2'-1unupuiui.
[lo mamasiM AMP [16], 3-Q2-tupugnn)-5,6-mudenr-1,2,4-Tpua3ud ca3siBaetcs ¢ xemezom(1l) 6u-
JEHTAaHTHO Yepe3 aTOMBI a30Ta TPUA3MHOBOT'O KOJIbIIA U MUPUIUII-paguKaia ¢ 00pa3oBaHUEM HHU3KO-
cnHOBOTO KoMIniekca xxkene3a(ll). Hanmune cynsdorpynm B cocTaBe peareHToB AeIaeT UX Bogopac-
TBOPUMBIMHU H MO3BOJISET HCIIOIB30BaTh A KOJIWYECTBEHHOro omnpenenenus xene3a(ll) B BogHbIX
pactBopax. Ferrozine n Ferene S 00pa3yroT B BOZHBIX pacTBOPax YCTOHUYMBBIE TPUC-KOMILJIEKCHI —
[Fe(Ferrozine);]** (IgB = 17,46+0,37) u [Fe(Ferene S);]** (Igp = 16,45+0,25) [17].

Hanuune Ha mMoBepXHOCTH JMOKCHJIA TUTaHAa TEPMUHAIBHBIX MU MOCTHKOBBIX THIPOKCOTPYIII
3HAYUTENBHO 3aTPyJHSET HEIIOCPEICTBEHHOE 3aKPEIIJICHNE Ha ero MOBepXHOCTH peareHToB Ferrozine
n Ferene S m3-3a B3aMMHOTO OTTAJKUBAHMS CYJb(OrpyII PEareHTOB M JCTPOTOHHPOBAHHBIX II0-
BEPXHOCTHBIX THIPOKCUIBHBIX Ipymm. s 3akperieHus cyIb(pOonpon3BOaHOro 0aTodeHaTpoanHa
KaK OJHOTO U3 CEIIEKTHBHBIX pearcHToB Ha jkene30(1l) namu [18] mpenmoxker crocod mpenBapuTeb-
HOTro MOAM(UIMPOBAHMS TOBEPXHOCTH HEOPraHMYECKUX OKCHJIOB MOJIUIE€KCAMETUJICHTyaHUIIHOM,
HMMEIOIIUM B CBOEM COCTABE NEPBUYHBIC U BTOPUIHBIE AMUHOT PYTIIIBI, CIIOCOOHBIE K MEXXMOJICKYJIsIp-
HOMY B3aHMOJICHCTBHUIO KaK C CyJIb(OrpyIaMyu peareHToB, TaK U C IIOBEPXHOCTHBIMH TUAPOKCHIIb-
HBIMH TPYTITIaMHU.

Hacrosimasi paboTa moCBsillieHa HCCIIEI0BAHUIO COPOIIMOHHBIX M aHAJMTUYECKUX XapaKTepH-
CTHK COpOEHTOB Ha OCHOBE AMOKCHJA THTAaHA, MOAW(GHUIIMPOBAHHOIO IMOJIUTE€KCAMETHIICHTyaH! U~
HoM, Ferrozine u Ferene S mo otHomenuo k sxene3y(Il) u pa3paboTke METOAUK €ro COpOIHMOHHO-

q)OTOMeTpI/I‘IGCKOFO omnpeacjiCeHusd B BO,I[OHpOBOZ[HOﬁ BOJ€ U IIMTHCBBIX 6yTI/IJ'II/IpOBaHHBIX BOJax.

JKCcHepuMeHTAIbHAS YaCTh

Peazenmut u pacmeoput. JlucriepcHblil THOKCU TUTaHA KBanupukanuu x.4. (ppakius 0,1-0,5
MKM, yJelbHas MoBepXHOCTh 10 M*T). 5%-HbIl pacTBOP MOJUTEKCAMETHIICHTyaHUANHA THIPOXJIOPH-
na (IITMT). 1-10°* M pactBops! Ferrozine u Ferene S.

Ucxonnsrii pacteop sxene3a(ll) ¢ xormenTpamueidr 100 MI/1 TOTOBIIIM pacTBOPEHHEM TOYHOU
HaBecku FeSO,7H,0 B 0,1 M pactBope H,SO,. Paboune pacTBOpsl TOTOBHJIM B JCHBH IIPOBEIEHUS

OKCIICPUMCHTA p336aBHCHI/IGM HCXOAHOI'0 pacTBOpa ,IlePIOHPISOBaHHOI)‘I BOﬂOﬁ. ﬂﬂﬂ npeaoTBpalicHUs
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okucnenus xenesa(Il) no xenesa(Ill) ucnonszoBanu 0,1 M pacTBOp CONSTHOKHUCIOTO THAPOKCHIIA-
MuHa. [t co3gannus HeoOXOAMMON KHCIOTHOCTH pacTBOpoB mpuMeHsun pactBopsl HNO; NaOH
KBaJIN(UKALUH OCH.

Annapamypa. OnTHYECKYI0 IUIOTHOCTh PACTBOPOB M3MepsUIH Ha criekTpodoTtomerpe Cary 100
(Varian, Ascrpanus). Monomep Seveneasy (Mettler-Toledo, Mcnianust) HCOIb30BaIH TSI H3MEPCHHS
pH-pacTBopoB. KoHIleHTpaluio kene3a B pacTBOPE OIPEeIsiiId aTOMHO-3MUCCHOHHBIM C HHITyKTHB-
HO CBSI3aHHOI 11a3Moit MeTozioM Ha cnekrpoMerpe Optima 5300 (Perkin-Elmer, CILA). Koaddunu-
eHT Au((Hy3HOro OTpakeHUs! COPOEHTOB PErHCTPUPOBAIIN HA clieKTpodoTokonopumerpe «Ilymscapy
(HITO «XumaBTomatuka», Poccus).

Jlist pac4eToB ONTHUMAaJIBHONH I'€OMETPHUH MOJIEKYJ HCHOIb30BAIU MOTYIMIHPUIECKUNA METOI
PM3, peanuzoBanubiii B mporpamme GAMESS [19]. Tlnomane Monekysn paccCuuThIBaIu A HAanOO-
Jiee CTa0MIIBHBIX KOH(QOPMAIMOHHBIX (hOpM, MCXO/IS U3 OITYUYEHHBIX T€OMETPUIECKHUX [TapaMeTPOB U
Ban-nep-BaanscoBbIX pagnycoB aTOMOB.

Cunmes copoenmos. HaBecky nuoxcua tutana mMaccoi 10 r BeriepkuBanu B pactsope npu pH 9 B
TeUYeHHUE Yaca JJIsl aKTHBAIMH IIOBEPXHOCTHU. 3aTeM CO CKOpOocThio 1 Mii/mMuH nodasiisiin 100 mit 5%-Horo
pactBopa [1II'MI, pactBop ciuBanm, copdeHT mpomsiBaiu 100 mut 1,5 M pactBopa XJiopuaa HaTpus U
JIEMOHM30BaHHOM BO/IOM /10 HCUE3HOBEHUS KauecTBEeHHOM peakuuu Ha [II'MI" B mpoMBbIBHOM pacTBope
o meronuke [20]. ITomyuennsiit copoent (TiO,-III'MT') BeicymuBanu npu 60 °C.

B rpagyupoBanHbie poOupku ¢ nputepThiMu npodkamu BHocuiu 0,1 r TiO,-III'MI, nobas-
nsin 1-10°-1-10" M pactBopsl Ferrozine unu Ferene S, HNO; unu NaOH 1151 co3nanust HeoO0xoau-
Moro 3HaueHus pH B nuamazone 2-9, nepememuBanu B TeueHue 10 muH. [lonydeHnHble cOpOESHTHI
(TiO,-ITMTI-Ferrozine u TiO,-IIT'MI-Ferene S) aABa)X1bI IIPOMBIBAIA JEHOHU30BAHHOW BOIOH.
CreneHb M3BJICUCHHSI PEATCHTOB OMpENeIsyid (POTOMETPUYECKUM METOIOM IO aHAIM3y BOJHOW
($a3sl M0 XapaKTePUCTUUECKUM T0J0caM moriomenus peareHToB — 283 M (Ferrozine) u 303 aM
(Ferene S).

Copouyusn nceneza(ll) copoenmamu TiO,-III'MT-Ferrozine u TiO,-III'MI-Ferene S ¢ cmamu-
yeckom pexcume. B rpanyupoBannbie mpooupku Beoauiau ot 0,1 1o 5 mxr xxene3a(Il) B Buge pactBo-
pa B 0,1 M H,SO,, 1 mxn 0,1 M pactBopa constHokucioro ruapokcuinamuia, HNO; unun NaOH s
co3aHus Heooxonumoro 3HaueHust pH u genoHu3oBannyo Boxy 1o 10 mut. Brocunu 0,1 T copbenTa
TiO,-IITMTI-Ferrozine nnu TiO,-III'MI-Ferene S n nepememmuBanu B TeueHue 120 mun. CopOeHT
OTJIEJSIIM OT PAacTBOpa JAEKaHTAIMel, MEPEHOCHIIM BO (PTOPOIIACTOBYIO KIOBETY, M3JUIIKH BOJBI
youpanu QUIBTPOBANBHON OyMaroil u peructpuposanu kodpdunueHT auddysnoro orpaxenus (R)
B nuamna3zoHe 380—720 um. Crextpsl nuddysnoro orpaxenus (CHAO) nmpuBeaeHb B KOOPAMHATAX:
¢byukuus 'ypepnua-KyGenku-Myuska (F(R)=(I-R)’/2R) — ninuHa BonHBEL, HM. KOHTpONb 3a pacmpe-
JICTICHUEM KeJie3a OCYIIECTBIISUIN 110 aHAJIU3y BOAHOW (ha3bl aTOMHO-IMHUCCHOHHBIM C UHAYKTHBHO

CBSI3aHHOM IJ1a3MOM METOJIOM.

Pe3yabTaThl M 00CYKIEHHE

3axpennenue Ferrozine u Ferene S na nosepxnocmu TiO,-III'MI. JIlnokcun tTutaHa, MOJU-
¢unuposannbiit [1I'MI, nzpnekaet Ferrozine u Ferene S u3 pactBopoB B nquamasone pH 2,0-8,0, a
MaKCHMaJbHas CTETEeHb U3BIeUeHUs pearenTta gocturaercs npu pH 3,5-7,0. CHmkeHne cTeneHu u3-

BieueHust npu pH < 3,5 cBsi3aHO ¢ IpOTOHU3AIMEH CyIb(OrpyII pearcHTOB.
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Copb6uunonHnas emkocth TiO,-III'MI" no pearenram, onpezeneHHas U3 FOPU30HTAIBHBIX y4acT-
KOB M30TepM copOiuu, cocrasnseT 15 MkM/r nns Ferrozine u 7,8 MkM/r muist Ferene S. Ilpu npak-
TUYECKH UACHTUYHOM CTPpyKType Mosekyn Ferrozine u Ferene S pa3Huiia B COpOIHOHHBIX EMKOCTSIX
CBSI3aHA C MPOCTPAHCTBEHHBIM PACIIOJIOKEHUEM 3aKPEIIEHHBIX PEareéHTOB OTHOCHTEIBHO MOBEPX-
vocTH TiO,-III'MI.

SOB- O
=
\ N
. NN 8Os N
SO;

Ferrozine Ferene S

Z

CornacHo NpOBEIEHHBIM KBAaHTOBO-XMMUYECKUM pacuyeTraMm MoJiekyia Ferrozine sakpemis-
€TCs 32 CYET DJIEKTPOCTATHYECKOI0 B3aMMOACHCTBUS MKy CyJlb(OrpynmnamMmu peareura u npo-
TOHUpOBaHHBIMHM aMuHOTrpynnamu I[1I'MI, 3akpennennoro Ha nmoBepxHoctu TiO,, u pacnonara-
eTcs MepIeHIUKYIAPHO MOBepXHOCTH copOeHTa. Monekyna Ferene S 3akpeniseTcs Kak 3a c4eT
3JIEKTPOCTATUIECKOTO B3aNMOACHCTBHS, TaK M 3a CUET 00Pa30BaHUS BOAOPOJHON CBSA3H MEXIY
KucioponoM (ypuioBoro kojisia u amuuHorpynnamu [II'MIT u pacnosaraercs napaiieiabHO
MOBEpPXHOCTU copOeHTa. [Ipu 3TUX ycrnoBHAX IJOLIaAb, 3aHUMaeMas 3aKPEIUIEHOW MOJEeKYJIoH
Ferrozine na moBepxHocTH copOenTa, cocrasiser 0,668 um?, a mosekyJioii Ferene S — 1,023 um?.
Ucxonst u3z copbumonnoit emxkoctu copbenra TiO,-IITMIT (n) mo pearentam: 15 MkM/r mus
Ferrozine u 7,8 MxM/r ans Ferene S u momanu Monexy (S,,;), M0 ypaBaeHuto S = n'N,S,,,;, TIe
N, — 9ucino ABOrajJpo, pacCYMTaHbl IUIOIAM, 3aHUMaeMble pearecHTaMu Ha IMOBEPXHOCTH COp-
OeHTa TIPU YCIOBHHU €€ MaKCHMAaJIbHOTO 3alOJIHEHUS peareHTaMH, KOTOpbie cocTaBuiau 6,0 mM2/T
s Ferrozine u 4,8 m*/r mnst Ferene S. [onyuyeHHbIe pacueTHbIE IMJIOMIAIU MOBEPXHOCTH, 3a-
HUMaeMble peareHTaMu, MeHblle y/enbHol nmoBepxHocTu TiO,; 3TO MOXKET OBITh CBSI3aHO KaK C
PacIoIOKEHNEM aKTUBHBIX IeHTpOoB — amuHorpynn I[II'MI, Tak u ¢ B3aHMHBIM OTTaJIKHBaHUEM
MOJIEKYJI pEareHTOB.

YCTOIHYMBOCTD 3aKpEIUIEHHUS! OpraHndecKuX peareHToB Ha moBepxHocTH TiO,-III'MI" usyuanu
obpadotkoii copoertoB TiO,-III'MI-Ferrozine u TiO,-III'MI-Ferene S 0,1-2 M pacTBOpamu azoT-
Holt kucnotsl. Ferene S u Ferrozine, 3akperiennsie Ha noBepxHocTH TiO,-III'MI, ycToitunBbI K BO3-
JEUCTBUIO cIabOKKCIBIX PAaCTBOPOB, a MX KOJIMYECTBEHHAs! JeCOpOLMs JOCTUTraeTcs oO0paboTKoii
2 M HNO:;.

IMocne copbuum Ferrozine copbent TiO,-II'MI' ocraercs OecuBeTHbIM, a Iocjie copo-
nuu Ferene S okpammBaetcs B cBemio-xkenteiii nBet. CJIO copberntor TiO,-III'MI-Ferrozine u
TiO,-III'MTI-Ferene S npenctaBiasOT cOO00 HUCIATAIONINE KPUBbBIC 0€3 BEIPAKECHHBIX MAKCHMYMOB,
pacmoyoXeHHBIe Ha TpaHuIle BUIUMON u YD-o6macTu.

Copoyuonnoe ronyenmpupoeanue dyceneza(ll) copoenmamu TiO,-III'MI-Ferrozine u
TiO,-II'MTI -Ferene S. Cop6ents TiO,-III'MI-Ferrozine u TiO,-II'MI-Ferene S kommdecTBEeHHO
(98-99 %) uzpnekarot xene3o(1l) uz pacrsopos B quanazone pH 2,5-5,0 (puc. la, 6, kpussle 1) ¢ Bpe-

MCHEM YCTAHOBJICHUA COp6I_[I/IOHH01"0 paBHOBECHUS, HE MTPCBLIIIAOIIEM 10 MuH.
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ITpu copobunu xeneszo(ll) B3aumoaeiicTByeT ¢ aToMaMu a30Ta peareHToB ¢ 00pa3oBaHHEM
Ha noepxHocTH TiO,-III'MI-Ferrozine komIiekcoB cupeHeBoro, a Ha nmosepxaoctu TiO,-IIT'M-
Ferene S — cunero usera. B C/IO noBepxHocTHBIX KomIiuiekcoB Fe(Il) HaGmiogatoTcss Makcumy-
™Mbl ipu 560 HM Ha TiO,-III'MI-Ferrozine u 600 am Ha TiO,-II'MI-Ferene S (puc. 2). Bpems
KOHTakTa (a3, He0OXOqUMOE ISl PA3BUTHSI MAKCUMAaIbHOH HHTEHCUBHOCTU OKPACKH, COCTABIIS-
et 20 MuH. MakcuManbHasi HHTEHCUBHOCTh OKPAacKH ITOBEPXHOCTHOro KoMmruiekca xenesza(ll) ¢
Ferrozine coxpansiercs B quamna3one pH 3,0-5,0, ¢ Ferene S — B quama3one pH 2,5-5,0 (puc. la, 6,
KPUBEIC 2).

[Moepxuoctubie komiuiekesl Fe(11)-Ferrozine u Fe(Il)-Ferene S ycToitunBel k Bo3AeHCTBHIO Clia-
6okucnbix cpen. Ilpu odpaboTke copdertoB 1 M HNO; ¢ moBepxHOCTH copOeHTa aecopoupyeTcs
10 % sxene3a, a 2 M HNO; — ne 6oitee 55 %.

R, % _'I.Fiﬁ:l R.% _'I.FI:R:I
100 : — v 0,16 100 o 0,2
P R e
1._." - ] 2 g | M 2
75+ W {oiz ¥ Tw 0,15
¢ AN 6o [+ »
50 | Y™ o0s 0,1
\ 40
25 | V1 oos 0.05
0 o 1] 1]
2 4 o 6 s 1 3 pH S 7
a 0

Puc. 1. Crenenp n3Bneuenus xeinesza(ll) (/) u 3aBucumoctu AF(R) (2) moBepxHocTHOrO KOoMIuiekca xese3a(ll)
ot pH na TiO,-III'MI-Ferrozine (a) u TiO,-III'MI-Ferene S (0) (Cg= 1 Mmkr/0,1 T copbenta; V = 10 mi; 0,01 M
NH,OH)

FiR}
0.5

0.4

0.3

R0 ARD

Puc. 2. Cnektpsl nuddysHoro orpaxxenus komiuiekca xeiuesa(ll) va mosepxuoctu TiO,-III'MI-Ferrozine (a) u
TiO,-II'MI-Ferene S (6) (C., Mx1/0,1 T copbenra: 0 (1), 0,6 (2), 1 (3), 2 (4), 3,5 (5); pH 3; 0,01 M NH,OH)
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Copouuonno-gpomomempuueckoe onpeoenenue xcenesa(ll). O6pa3oBaHue OKpaIIeHHBIX KOM-
nexcos xene3a(Il) ¢ Ferrozine u Ferene S, 3akpenieHHbBIME Ha TOBEPXHOCTH TMOKCUIA TUTAHA, HC-
HOJIB30BaHO TIPU Pa3paboTKe METOJMK cOpOLHOHHO-(hoTOMEeTpHUecKoro onpexaeneHus xenesa(ll) B
BOJIOIIPOBOJHOM U MUTHEBBIX Oy THIIMPOBAHHBIX BO/IAX C IPHMEHEHHEM CIEKTPOCKONHNH AU (HY3HOTo
orpaxkenus. C yBennuenueMm konueHtpauuu Fe(Il) na mosepxnoctu TiO,-III'MI-Ferrozine u TiO,-
[II'MI-Ferene S nponopunoHaabHO BO3PACTaeT MHTEHCUBHOCTH OKPACKH COPOSHTOB (pHC. 2).

Ilocmpoenue zpadyuposounvix 2pagpuxoe. B psa rpagyupoBaHHBIX MpoOHpPoK BBOasT oT 0,1
1o 5 mkr xene3a(Il) B Bune pacteopa B 0,1 M H,SO,, 1 ma 0,1 M pacTBopa COISTHOKHCIIOTO T'HIPOK-
cunamuHa, NaOH 1o pH 3 u nernonnzoBannyto Bony a0 10 mi. Baocsr 0,1 r copoenra TiO,-ITT'MI-
Ferrozine win TiO,-II'MI-Ferene S n nepememuBaroT 20 MuH. COpOCHT OTAENSAIOT OT PacTBOpa
JICKaHTALMEH, IEPEHOCAT BO (PTOPOIJIACTOBYIO KIOBETY, M3JIMLIKK BOJBI YOUPAIOT QPUIBTPOBAIIBHOI
Oymaroii n namepsitot koaddurnuent nuddysHoro orpaxenus npu 560 um 1 TiO,-III'MI-Ferrozine
u ipu 600 uM j1s1 TiO,-TII'MI -Ferene S. [Tony4eHHble rpay POBOYHbIE 3aBUCMOCTH OIHCHIBAIOT-

Cs1 YpaBHCHUSAMMU:

AF(R) = (0,131 + 0,007)-C
AF(R) = (0,152 + 0,008)-C

(r>=0,994) st TiO,-III'MI - Ferrozine;
(1*=0,991) anst TiO,-III'MI - Ferene S,

rine C — korueHTpanus xxeneza(ll), mxr Ha 0,1 T copbenta; AF(R) — pasnnna mexny 3HaueHueM F(R)
oOpasia, coneprkariero xeine3a(ll) u F(R) xomocroro obpasma.

MeTposornyeckue XapakTepHCTHKH pa3padoTaHHBIX COPOLIMOHHO-(OTOMETPHUECKUX METOIUK
npuBeAeHBI B Ta0. 1.

JI1st u3ydeHus CeIeKTUBHOCTH COPOIMOHHO-(oTOMeTpHUYecKoro omnpenenenus xenesa(ll) cos-
JaBanuch OMHapHbIe cucTeMbl, conepxanue 0,05 mxr/mi xeneza(ll) u ot 0,05 no 50 MKr/mMi Apyrux
MOHOB MeTaJuI0B 1 aHnoHOB. Onpenenenuto 0,5 mMkr/0,1 T copbenta xeneza(ll) npu pH 3 He MematoT
(8 kparubix komuuectBax): Na(l), K(I), Ca(Il), Mg(II), Sr(II), Pb(1T), Cd(II), Mn(IT) (10%), Zn(II) (10%),
AI(IIT) (10), Ni(IT) (5); coneroit pon o NaCl unu Na,SO, no 50 /1. Haubonbiee BIusHAE HA OTIpee-
nenue xene3a(Il) okaseiBaeT Cu(l), oOpa3syromiast KoMIUIeKChl ceporo 1BeTa ¢ Ferrozine u Ferene S.
Memaromiee Bnusinue Meau(l) MackupoBanu pacTBOPOM THOMOYEBHHBL. B ipucytcrBun 2%-Hoit THO-
MoOu4eBUHBI onpezaesenuto xenesa(ll) ne memaror 10-kparubie n30bTkH Menu(1).

Pa3paboTanHble cOpOLMOHHO-()OTOMETPHYECKHE METOJUKN HCIIOIb30BaHbl IIPH OINPECIICHUH
obiero comepxanus xenesa B Buje xene3a(ll) B BoqonpoBogHON U MUTHEBBIX OYTHIMPOBAHHBIX
Bonax (radiu. 2). [IpaBuiIbHOCTH pe3yNbTaTOB IOATBEPKIEHA ATOMHO-3MUCCHOHHBIM METOJIOM C HH-

JNYKTHUBHO CBA3aHHOM IJIa3MOM.

Tabnuna 1. MeTpoJoruyeckue XapakTepHCTHKH METOIUK COPOLHOHHO-()OTOMETPUYECKOTO ONPEICICHHS
xkenesa(ll) ¢ ucnonszoBanuem copdbenTos TiO,-I[II'MI-Ferrozine u TiO,-III'MI-Ferene S

Jlnana3oH TUHEHHOCTH
[Ipenen obHapyxeHus,
CopbeHT rpalyupoOBOYHOrO rpaduka, wixr Fe(I1)/0,1 S,
mkr Fe(11)/0,1 r ’
TiO,-IIT'MTI-Ferrozine 0,1-3,5 0,05 0,06
TiO,-III'MI-Ferene S 0,1-4,0 0,04 0,05
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Tecm-memoouxu onpeoenenus ncenesza(ll). Obpa3oBaHre UHTCHCHBHO OKPANICHHBIX KOMILICK-
cos sxene3a(Il) ¢ Ferrozine u Ferene S Ha moBepXHOCTH COPOEHTOB MCHOIB30BAHO MPHU pa3padoTKe
TECT-METOANK BH3yaJIBHOT0 onpezencHus sxene3a(ll) B BapuaHTe IBETOBBIX IIKAJI.

Memoouxa mecm — onpedenenusa. B 1Ba psia rpagyupoBaHHBIX poOUpok BBOmAT oT 0,1 10 4 MKr
skenes3a(ll) B Buge pacteopa B 0,1 M H,SO,, 1 ma 0,1 M pacTBopa CONSHOKHUCIOTO THAPOKCHIAMHUHA,
NaOH no pH 3,0, nenonnzoBanuyio Boxy no 10 mu. B nepssiit psaa npodupok BHocsT 0,1 r TiO,-
[II'MI-Ferrozine, Bo Bropoii — TiO,-III'MI-Ferene S u untencusHo nepemernuatot 20 muH. Pac-
TBOPBI OTZENSIOT OT COPOCHTOB JIEKAHTAIMEH, COPOCHTHI IIEPEHOCAT B SIMEHKM (hTOPOIIIACTOBOH IIACTHHBI
HOCTIEZIOBATENIbHO C YBEJIMYECHHEM KOHIICHTpALMKM MeTajUla (IIBETOBasl INKana), W3JHIIKK BOIBI YOHUpAroT
(rnBTpOoBaNBEHON OyMaroil. B sraeifky oTmebHON IUTACTHHBI BHOCAT COPOCHT C HEM3BECTHOM KOHIICHTpaIei
xerne3a(Il), koTopyro repeMeIatoT B0 LIBETOBOH IIKAJIbL, IO0Npast COOTBETCTBUE OKPACKH COPOEHTA.

Ha puc. 3 npuBenens! pororpadun BETOBBIX MIKas Ha ocHOBe copOeHToB TiO,-III'MI-Ferrozine

u TiO,-III'MTI-Ferene S. Kak BUAHO U3 PUCYHKA, THANa30H KOHIIGHTPAI[MH BU3YaJbHOI'O OIpe/eIie-

Ta6nuua 2. Pesynbrater onpenenenus xkene3a(ll) B BononpoBoaHOM 1 MUTHEBBIX Oy THIIMPOBAHHBIX BOAAX (N =15,
P =0,95)

Haiigeno xenesa, Mr/i
O6pasern Copbenr copGuuonHo- aTOMHO-DMHUCCHOHHBIM
(doToMeTpruIeCKUM wetorom ¢ UCIT
METOIOM
BononpoBoanas Bona TiO,-III'MI-Ferrozine 0,15+0,02
: 0,14 + 0,01
TiO,-IIT'MTI - Ferene S 0,13 +£0,02
ITutbeBas Boma «Jlenb» TiO,-IIT'MTI-Ferrozine 0,059 £ 0,005
- 0,060 + 0,002
TiO,-III'MI- Ferene S 0,062 + 0,004
IIuteeBas Bona TiO,-III'MI-Ferrozine 0,13 +£0,02 0.12 £ 0.01
«BoHAKBa» TiO,-[ITMI- Ferene S 0,12 + 0,02 T

Cre, MKr/0,1 1:

0

Cre, Mkr/0,1 12

0

TiO,-IIT'MTI -Ferrozine

S

0,25 0,5

B

1 2

TiO,-IIIT'MTI - Ferene S

0,25 0,5

S o

1 2

D

35

&)

4

Puc. 3. Tect-ukasnsl 1is BusyanbHoro onpeaenenus Fe(Il) c ucnons3oanuem TiO,-III'MI-Ferrozine u TiO,-

III'MI- Ferene S
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Hus xene3a(Il) cocransier 0,25-3,5 mkr Fe(Il) Ha 0,1 r TiO,-III' MI-Ferrozine u 0,25—4,0 mxr Fe(II)
Ha 0,1 r TiO,-III'MI-Ferene S. IIpn copbunn n3 10 M1 pacTBOpa 1nana3oH BU3YyaJbHO OIpeesie-
MBIX KOHI[EHTpaluii sxene3a coorserctByeT 0,025-0,35 mr/n u 0,025—0,4 Mr/m COOTBETCTBEHHO 15
copbeHTOB ¢ (hyHKIIMOHANBHEIMU Tpynmamu Ferrozine u Ferene S (ITJIK >xene3a B muTheBOH Boze
cocrapisiet 0,3 mr/im).

[TonyueHHbIe LIBETOBBIE LIKAJIBI YCTOMYMBBI, 10 KpaiHEH Mepe, B TeUeHUE 6 MECSLIEB.

Pa3pabotanHbiec COPOLIMOHHO-(DOTOMETPHUECKHUE U TECT-METOAUKH XapaKTePU3YIOTCS BHICOKOM
MPaBUIBHOCTHIO U BOCIIPOM3BOIUMOCTHIO U TIO3BOJISIOT OMPEACIATh COACPIKaHHE Kelle3a B IPUPO-

HBIX ¥ MIUTHEBBIX Bosax Ha yporHe [1JIK u Huxe.
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