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SPECTROPHOTOMETRIC AND LUMINESCENT PROPERTIES
OF CATIONIC POLYMETHINE DYES ON THE SURFACE OF HYBRID FILMS

Hybrid silica films contained cation exchange polyelectrolytes were examined as optical sensor elements for sorption-luminescent detection of
oxidants. The adsorption of polymethine cationic dyes (indopolycarbocyanines) 1-3 with different length of polymethine chain onto hybrid silica
films was studied for this purpose. The sol-gel synthesis of hybrid silica films performed in the presence of structure directed compounds, non-
ionic surfactans Tween 20 and Pluronic F127, and a mixture of poly sulfonates: polyvinyl and polystyrenesulfonic acids.The adsorption capacity of
hybrid films was a function of the length of polymethine chain of the dyes and the surfactants content in silica sol. The highest adsorption capacity
(5.0 umol/g) was observed for the dye with the shortest methine chain onto the films obtained in the presence of mixture of non-ionic surfactants
(Tween20 : Pluronic F127= 14 : 1, molar ratio). The obtained results correlate with the highest pore diameter of the studied films. The luminescent
properties of the polymethine dye on the surface of the films are a function of surfactant content in silica sol. The luminescent intensity of the dye
on the surface of hybrid film obtained in the presence of mixture of surfactants increases 30 times compare to the films without surfactant. That
makes such dyes perspective luminescent probes for the testing of the surface hydrophobicity and porosity.

The absorption and luminescent intensities the hybrid films modified with polymethine dye decreased after their contact with the solution of
oxidants. The highest discoloration (50-55%) was observed for chlorine solution, time of contact 10 minutes at pH 2.5-3.0. The calibration graph for
sorption-spectrophotometric determination of chlorine using hybrid silica films modified with polymethine dye was obtained. The range of linearity
is 0.1-1.0 mg/l, the LOD = 0,1 mg/l, which allow to determine chlorine in the tap water.

Keywords: sol-gel synthesis, hybrid films, silica, polymethine dyes.

YOK 543.05

l. 3axapkiB, acn., M. 3y#, kaHA. XiM. Hayk
KHY imeHi Tapaca LLleBuyeHka, Kui

KANINAPHA PIOUHHA MIKPOEKCTPAKLUIA ANA KOHUEHTPYBAHHSA ®TAJNATIB

3anponoHoeaHo MemoOduKy eusly4eHHs1 gpmanamie 3 600HUX 3pa3kie, Wo 6a3yembCcsi Ha NonepeoHbOMY KOHUEeHMpYe8aHHI Uinbo-
8uX pe4oeUH 3a OOMOMOR20F0 KaninsipHoi piOuHHOI MiKkpoekcmpakuii, 3 nodanbwum ix 2azoxpomamozpagiYHUM 8U3HaAYEHHSIM 3 110J1y-
MeHeeo-ioHi3ayiliHum demekmopoM. OnmumizoeaHo yMoeu npoeedeHHs1 MiKpoeKkcmpakuii ma po3paxoeaHo Ii KinbkicHi xapakmepuc-
muku. Memoduka xapakmepu3yembCsi XOpowor mo4yHicmro ma eidmeoprogaHicmio.

Knro4doei cnoea: kaninsipHa piQuHHa Mikpoekcmpakyisi, ¢pmanamu, 2azoea xpomamozpadgisi.

Bctyn. ®Tanatu (giectepu o-TanesBoi KMCMOTK) LUK-
POKO 3aCTOCOBYHOTb SK MracTudikatopu Npyv BUPOOHULITBI
noniMepHnx MaTepianis nepeBaXHO Ha OCHOBI MOMIBiHIN-
Xnopvay Ta nonicTuporny, a TakoX CUHTETUYHUX i HaTypa-
NbHUX KaydyKiB Ansi MpOMMUCNOBOro, NobyToBoro, Xxap4oBo-
ro i MeAUYHOro BMKOPUCTaHHs. dTanatu He YTBOPIOWTb
XiMiYHUX 3B'A3KIB 3 MoniMepoM, TOMy 34aTHi NOCTYynoBoO
MirpyBaTu 3 roToBMX BMPOOIB B HaBKOMULLHE CEPeaOBULLE.
Mpu 3acTocyBaHHi Ta yTunisadii nonimepHux BMpoGiB dTa-
natun MOXyTb NOTPaNnsTU y BOAY, I'PYHT, NOBITPS, Xap4oBi
NpoayKTu i opraHisam nognHn. BHacnigok BUCOKOT TepMO- i
doTocTabinbHOCTI, CTINKOCTI A0 rigponidy B HeWTpanbHuUX
cepefoBuIax Ui CMNOMYKM MOXYTb HakonuyyBaTucs B
06'ekTax HaBKONMLWHLOTO cepeposuwa [1, 2].

dTanatm € TOKCUYHUMU peYOBUMHAMMU, siIKi 30aTHI akymy-
MNOBATUCA B XUPOBUX TKAHUHAX >KMBMX OPraHiaMiB i npu
BMAMBI NPOTArOM TPMBANOro 4acy NpOosiBMSiHOTb MyTareHHy,
KaHUeporeHHy i TepaTtoreHHy gito [2, 3]. Ana HanbinbL Tok-
cnyHuX bTanaTie 3HaveHHa [OK ona nutHOI Bogwn cTaHoB-
NSATb Kinbka MKr/am® [1]. Ona BU3Ha4YeHHNA Takux KinbKocTen
aHanity HeobxigHO 3acTOCOBYBaTU BUMCOKOE(EKTUBHI METO-
0N BUIYYEHHS | KOHUEHTPYyBaHHA. B gaHun yac Bigomi Hop-
MaTUBHO 3aTBEPOKEHI METOAUKU BUIyYeHHs pTanaTtiB 3
BOAM pianHHO [4] abo TBepaodasHo ekcTpakLieto [5, 6] 3
noganbsLmMm ix razoxpomMatorpadiyHum (NX) BUHAUYEHHSAM.

B ocTaHHi pokn crnocTepiraetbCca TeHAeHUia OO0 MiHia-
TIOpU3aLii Ta CnpoLeHHa TpaauuinHux meToAis npobonia-
roTOBKW, TOMY 3HAa4YHOro pPO3BUTKY HabyBalTb HOBI MeToaU
BUOINEHHS | KOHUEHTPYBaHHS, Hanpuknag, Taki, K Mikpo-
ekcTpakuia (ME). PigunHa ME mae psg nepesar B nopie-
HSAHHI 3 TPagULINHOK €eKCTPaKUi€, OCHOBHUMU 3 SKUX €
3MEHLUEHHS KiNbKOCTi OpraHiYHMX PO34YMHHMKIB i 30inbLUeH-
HA edEeKTUBHOCTI KOHLEeHTpyBaHHA aHanitie [7, 8, 9]. 3a-
NPOMNOHOBAHO METOAUKM BU3HAYEHHS hTanatis 3a 4OMNOMO-
rotlo kpaneneHoi [10, 11] i TBepgodasHoi ME [12, 13]
3 noganbwum MNX BU3HaYEeHHAM.

OgHum 3 TuniB piguHHoi ME € kaningpHa piguHHa ME.
MpuHUMN iT nondrae y ekcTpakuii aHaniTiB 3 BOAHWUX pO34un-
HiB Yepes3 TOHKWI Lap OPraHiyHOro Po3yMHHKKA, iIMMOBIni-
30BaHOro B Nopax MeMbpaHHOro Kaninspa B PO34nH akue-
nTopa, Lo 3HaxoauTbCs BCepeauHi kaninapa. OTpumanui
€KCTPaKT (PO34MH aKLuenTopa) BUKOPUCTOBYIOTb As aHani-
3y xpomarorpadiyHnmmn Metogamu. [insa niaBuLLeHHS ede-
kTMBHOCTI ME BOAHWIA pO3UuH aHaniTy nepemiwyoTs [14].

MeTolo AaHOi po60OTU € JOCHIAKEHHS YMOB BUAINEHHS
N KOHUEHTpYBaHHSA pTanaTiB 3 BOOHWX 3pas3KiB y akuenTo-
pHY hasy MeToaoMm KaninspHoi piguHHoi ME 3 noganblumm
X BU3HAYEeHHsIM mMeToaoM X 3 mMonymMeHeBO-iOHI3auinHUM
netektopom (MIA).

O6'ekTn i meTopm gocnigXeHHA. Y poboTi BMKOpUC-
ToByBanu aumeTtundrtanat (QM®) , gietundranat (QE®P) ,
piisobytundpranar (Oib®) , aubytundranart (A5P) BMpob-
HuuTBa Sigma Aldrich, opraHiyHi pO34MHHUKN Ta peakTUBMK:
TONyon, rekcaH, rentaH, okTaH, 1-oKTaHom, X1opug HaTpito
kBanidpikauii "x.4.". BukopuctoyBanu membpaHHi noninpo-
nineHosi kaninapu odipmn ,Membrana GmbH" (Wuppertal,
HimeuunHa), xapakTepucTvku KaminspiB HacTyMHi: BHYTpI-
WHin giametp — 1,175 MMm; ToBWMHA CTiHOK — 0,3 MM; ce-
pegHiv po3mip nop — 0,2 MKM.

BuaHaueHHs BMiCTY chTanatiB npoBoAUNN Ha rasoBoMy
xpomartorpadi Agilent Technologies 6890N npu HacTynHuUx
yMoBax: KaninspHa konoHka HP-5 posxwuHoto 30 M, BHyT-
piwHiM giametpom 0,32 MM, TOBLUMHOK Hepyxomoi ¢asun
0,25 mkMm. [a3-Hoci — renin, WBKnakicTe NoToky 3,1 Mn/xB.
TemnepaTypHa nporpama nedi — 120-300°C (20°C/xB),
300°C (3 xB), Temnepartypa BunapHuka — 300°C, pexum
6e3 [ineHHs MOTOKYy, OETEKTOP NOMyMEHEBO-iOHI3aLiiHUNA,
350°C, 006'eM iHxeKLii 1 MK.

CraHgapTHi  po3unHM pTanaTiB 3  KOHUEHTpauieto
100 r/,EI,M3 rotysanv po3unHeHHsm AM®, OEO®, Oibd, IED B
aueToHiTpuni. PobBodi po3uMHM 3  KOHUeHTpauiamu  5-
100 mr/gm® rotTysanu po3BefdeHHAM CTaHO4apTHUX PO3YMHIB
aueToHiTpunom. Poboui BogHi po3unHM ¢pTanatiB 3 KOHLEH-
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Tpauismu 40-200 MKr/,CI.M3 rotysanu po3BefeHHsIM aLeTOoHIT-
pUNbHMX Po3dnHiB Bogoto. OnTumisadito kaninsapHoi ME npo-
BOAMNN NPY KOHLEHTpaUii koxxHoro cdtanaty 0,2 MI'/,D,MS.

Mepen npoeegeHHsM ME Mem6paHHWIA Kaninap OOBXu-
HOl 28 MM 3aHyploBanu B aueToH Ta obpobnsanu ynbTpa-
3BykOM BnpogoBx 15 xB. [icns 4oro ounweHun kaninsp
BMCYLLYBanu Ha nosiTpi Ta 3bepirany y 3aKputomy CKIstHOMy
nocyai. ME npoBoaunu HaCTynmHUM YYMHOM: Kaninsp BUTPU-
MyBanu B OpraHi4YHOMYy PO34MHHUKY Bnpogdosx 10 c, micns
Yoro Kaninsp npogysanu nosiTpsaM 1 xB, 3analBann oauH
KiHeLb, 3aKpinntoBanu B KpULLL Bianu i 3anoBHIOBanu opra-
HIYHUM PO34MHHMKOM (06'em 40 mkn). Kaninsp 3aHyptoBanu
y BOAHWUIA po34ymH (06'em 10 mn) i chikcyBanm MOro NonoxeH-
Hs. BogHui po3ymH nepemillyBany 3a 4OMOMOIoK MarHiTHOI
miwanku. Tpusanicte ME crtaHoBuna 15 xB. EkcTpakT BCe-
peauHi kaninapy sBukopuctoByBanu Ans X aHanisy.

Pe3synbtati Ta ixHe obroBopeHHs. MoxnuBicTb 3acTo-
CyBaHHs KaninsapHoi ME Ans BunyYeHHs i KOHLEHTPYBaHHS
hbTanaTis BYBYaIM Ha MOAENBHUX BOOHWX PO34MHAX, LLO Mic-
TATb N'ATb pisHMX dranaTtis: AM®, OE®, OiBd, OB®. MNpu
npoBefeHHi kaninspHoi ME 6ynu onTumi3oBaHi HacTynHi na-
pameTpu: OpraHivyHUA PO3YMHHWK, LIBMAKICTb NEpeMillyBaHHS,
BMICT CUIMBLHOIO enekTponiTy, Yac nposeaeHHs ME.
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Tonyon rekcaH rentaH OKTaH
Puc. 1. 3anexHicTb aHaniTu4Horo curHany cgranaris
BiA NPMpPOAN OpraHiyHOro po34ymHHuka, C=0,2 mrigm®

0,0+

Ona BunydeHHa dtanatis Oynu pgocnimkeHi HanbinbL
TMNOBI ansa ABodasHoi kaninspHoi ME opraHivHi po3ynMHHM-
KW: TONyor, rekcaH, renTtaH, okTtaH. 3 giarpamu (puc. 1) Bua-
HO, IO HaWKpawiMm 3 OOCNIAKEHUX PO3YMHHUKIB BUSIBUBCS
Tonyon. Lle MoxHa nosicHUTM TuM, WO BiH Mae nogibHy no
dTanaTtiB npupogy — MiCTUTb apoMaTuyHe kinbue. Mpu Bu-
KOpWCTaHHi Tornyony 6ynu oTpumaHi Hambinblii xpomaTor-
padiyHi nikK, WO 3yMOBMEHO HaMMEHLLOK WOro BTpaTolo
npu ME Ta 3gatHicTio nerko immobinisyBatucs B nopax
MembpaHHOro noninponineHosoro kaninspy. [MopiBHAHO 3
HaCM4YeHUMM BYIMEBOAHAMM NPU  BUMKOPWUCTAHHI TOnyorny
cnocTepiraetbcs  Habarato Kpaile BWUIyYeHHs HawbinbL
nonspHux cpranatie (AM® i AED), wo nosicHeTbCA X Big-
HOCHO HM3bKOI PO3YMHHICTIO B HEMONSAPHMX PO3YMHHMKAX.

Baxnueum napametpom y kaninsgpHin ME € wBuakictb
nepemMilllyBaHHs, OCKiNbKW NpY LbOMY NMOCUMKETLCA ANdY-
3i9 gocnigXXyBaHUX PeYOBMH Y BOOHOMY PO34uHi. 3a paxy-
HOK LIbOro MOKPAaLLyeETbCA MaconepeHoC MOMEeKyn aHanity
00 NoBepxHi MeMb6paHHoro kaninapy. OntumaneHo 6yno
obpaHo wBMAkicTb nepemiwyBaHHA 850-950 06./xB, npwu
noganblioMy 36inbLUEHHI LWBMAKOCTI NepeMillyBaHHs aHa-
NITUYHUIA cUrHan He 3MiHIETbCS.

BigomMo, Wo gopgaBaHHA CUNBbHUX ENEeKTPOnITiB MoXe
NnokpalLlyBaTh eKCTpakLilo opraHiyHMX pevyoBuH, Tomy Gyno
pocnigxeHo Bnnue cuneHoro enektponity NaCl Ha edek-
TUBHICTb BUITy4eHHS hTanaris ToONnyoroM MeToaoM Kanins-
pHoi ME (pwuc. 2). BctaHoBReHO, WO npu 36inbLUeHHi KOH-
ueHTpauii NaCl aHaniTMyHun curHan Aewo 3MeHLIYETbCS

(3a BUHATKOM [OM®), WO MOXHA MOSCHUTU 3MEHLUEHHAM
PO34YMHHOCTI OpraHiYHOro Po3yYMHHMKA Yy BOAi, BHacMigoK
4YOro 3MEHLLUYETLCS BTpaTa po34MHHMKA BCepeauHi kanins-
py npu nposegeHHi ME.
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Puc. 2. 3anexHicTb aHaniTM4HOro curHany dTanartis
BiA BMiCTy cunbHoro enekrponirty, C=0,2 mr/am®
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Puc. 3. 3anexHicTb aHaniTM4yHoro curHany ¢gpranaris
BiA Yacy npoBeaeHHs ME, C=0,2 mrigm®, C(NaCl)=1%.

HocnigpxeHa 3anexHicTb aHaniTM4Horo curHany dTa-
naTie Big Yacy npu nposefeHHi ME. Ak BugHo 3 puc. 3,
nnowa xpomaTorpadiyHmx MikiB pocTe 3i 36inbLeHHAM
Yyacy npoBeAeHHs piauHHOI ME, npn uboMy ekcTpakuinHa
piBHoBara BnpofoBx 35 xB He pocsraeTbcd. Ha OCHOBI
OTPUMaHMX OaHWUX ONTUManbHUM 4Yacom 6yno obpaHo 20
XB, OCKiMNbKM NpW NoAanbLuii MikpoeKkcTpakLii noripLyeTbca
BiATBOPIOBAHICTb pe3ynbTaTiB aHanidy y 3B'S3Ky 3 4acTko-
BMM BMNApOBYBaHHSAM PO3YMHHKKA BCEPEOUHI Kaninsapy.

Bynu nobynoBaHi rpagytoBanbHi rpadiky Ta po3paxo-
BaHi MexXi BMABNEHHA 3a 3s-KpUTepieM NS KOXHoro dta-
narty, siki HaBefieHo y Tabn. 1. Takox B ONTUMarbHUX YMO-
Bax Oynu nopaxoBaHi KoediuieHTN KOHLEHTPyBaHHA Ta
MeXi BUSIBMEHHs Ans AocnigkyBaHux ¢Tanaris, WO CTa-
HoBNATb 69—107 Ta 8—11 MKF/,E[,M3 BiANoBIAHO.

Ta6bnuys 1
XapaKkTepucTUKM rpaayroBanbHUX rpadikis
ANs BU3Ha4YeHHsA pTanaTiB nicna kaninApHoi MikpoeKcTpakuii
Ta i KiNnbKiCHi XapaKTepUCTUKK

PiBHAHHA MB,
®dranar . 3 K
rpagytoBanbHoro rpadgiky MKr/gm
OMo S=(-445)+(439+7)*C 11 69
OE® S=(-3+7)+(822+9)*C 8 104
0P S=(416)+(724+9)*C 9 86
0bo S=(3+7)+(845+8)*C 8 107
MpumiTkn: MB — wMexa BUSABNEHHHA, po3paxoBaHa 3a

3s-kputepiem, Mkr/n; K — koediLieHT KOHLEeHTPyBaHHs dTanary.
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TOYHICTb METOAMKUN NepeBipeHo 3a METOAOM BBEAEHO-
3HangeHo. [ina gocnigkyBaHux dpTanaTiB B AianasoHi KOH-
ueHTpauin 40-200 MKF/,D,M3 BiJHOCHEe CcTaHOapTHe Biaxu-
NeHHs1 He nepeBuLlyBano 7-9 %.

BucHoBok. [lokazaHa MOXNMBICTb 3aCTOCYBaHHA Karli-
NSAPHOI piaMHHOT MikpoekcTpakuii gna FX/MIL BM3HAYeHHs
¢pranartis. ONTUMi30BaHi YMOBM MPOBEAEHHSI Ta pO3paxo-
BaHi KiNbKIiCHi XapakTepuCTUKM MiKpOeKCTpakKLii dpTanartis.
Po3pobrneHa meToanka MikpOeKCTpaKLii XxapakTepuayeTbest
XOPOLLIOK TOYHICTIO Ta BiATBOPHBAHICTIO.
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KAMUNNAPHAA XWAKOCTHAA MUKPOJKCTPAKLUMA OANA KOHUEHTPUPOBAHUA ®TAJIATOB

lMpednoxeHa memoduka u3esieyeHuUs1 gpmanamoe u3 e00HbIX o6pa3yoe, ocHoeaHHasl Ha npedeapumeslbHOM KOHUeHMpupoeaHuU Ueseebix
KOMIMOHEHMO8 C NMOMOWbIO KanusiisipHoU XUOKOCMHOU MUKPO3KCMpakyuu, ¢ rnocrnedyrowum ux 2azoxpomamozpaguyeckum onpedesieHueM ¢
n/aMeHHO-UOHU3aUUOHHbIM demekmopoM. Onmumu3uposaHbl yc/i08usi MPOS8eOdEHUsI MUKPO3KCMPAaKyuu U paccqYumaHbl ee Ko/lu4ecmeeHHble
Xxapakmepucmuku. Memoduka xapakmepu3upyemcsi xopouwleli MOYHOCMbIO U 80CMPOU3800UMOCMbLIO.

Knrodeebie cniosa: kanunnsipHasi XUOKOCMHasi MUKPO3IKCMpaKyusi, pmanamel, 2a3osasi Xxpomamozpacgbusi.

I. Zakharkiv, PhD-student, M. Zui, PhD
Taras Shevchenko National University of Kyiv, Kyiv

HOLLOW FIBER LIQUID-PHASE MICROEXTRACTION FOR PRECONCENTRATION OF PHTHALATES

A method of extraction of phthalates from water samples, based on the preconcentration of target compounds using hollow fiber liquid-phase
microextraction, has been developed for gas chromatographic determination with flame ionization detector. Using this technique, target analytes are
extracted from aqueous samples, through a supported liquid membrane of a porous polypropylene hollow fiber, into acceptor solution placed inside the
lumen of the hollow fiber. After extraction, the acceptor solution is directly subjected to chromatographic analysis. The parameters of this
microextraction procedure such as extraction solvent, agitation of the sample, salt addition and extraction time have been optimized. The results
showed, that toluene was the most suitable extraction solvent because the highest analytical responses were obtained. In addition, toluene combined
low loss of solvent during the extraction process and, compared to other tested organic solvents, it had the ability to be easily immobilized in the pores
of the membrane. An agitation of the sample enhanced the extraction, and the analytical responses reached maximum at agitation speed 850-950
rev./min. Addition of inorganic salt leads to decrease of the analytical responses of phthalates, except in the case of the most polar dimethylphthalate.
The extraction was more effective with increasing of exposure time, and optimal time was used 20 min. This time was chosen because of solvent loss
was higher with growth of the extraction time. Using the optimum microextraction conditions the enrichment factors for phthalates were 69-107 and
limits of detection reached 8-11 ug/l. During the concentration range from 40 to 200 ug/l the repeatability of the method was below 7-9%.

Key words: hollow fiber liquid-phase microextraction, phthalates, gas chromatography.
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MOOAOMETPUYHE TBEPAO®A3HO-CNNEKTPO®OTOMETPUYHE BU3HAUEHHSA
TIOCYNb®ATY OKUCHEHHAM MOro MoAoM A0 TETPATIOHATY

Po3po6neHo memoduky tiodoMmempu4Ho20 meepdogha3HO-CrIeKmMpoghomomMmempu4yHO20 8U3Ha4Y€HHs1 miocynibghamy y 00HUX pO3-
YUHaX OKUCHEHHSIM lio2o liodom do mempamioHamy. JliHiliHicmb epadyroeanbHo2o epadgpika 36epizacmbcsi 00 KOHYeHmpauii miocy-
Jibghamy 4,5 m2/OM’, Mexa susienieHHsi cmaHosums 0,04 M2/OM° npu 06'emi npo6u 10 cm’.

Knroyoei cnoea: miocynsgham, liodomempisi, niHononiypemad, meepdoghasHa criekmpoghomomempisi.

TiocynbgaTtn HecCTinki, TOMy B NpupoAai NpakTU4HO He
3yCTpivaloTbCA, 3a BUHATKOM AEesKMX NiA3eMHUX BOA CipKo-
BogHeBux mxepen [1]. TiocynbdaTtn HaTpilo i aMoHilo 3a-
CTOCOBYIOTb Yy dhoTorpadii sk dikcax; B TEKCTUNbHIA Ta
LLeNI0NI03HO-NanepoBii NPOMUCIIOBOCTI Npu  BiabintoBaHHi
TKaHVH i nanepy sk BiGHOBHUKM; B TipHN40400YBHI NpoMu-
CNOBOCTI SIK anbTepHaTMBa LiaHiOHOMY BUNYroByBaHHi Cpi-
6na i 30noTa; B Xap4yoBili NPOMMWCIOBOCTI K perynsirop
KMCMNOTHOCTI (xapyoBa fobaeka E539); B MeanumHi sik aH-
TMOOT NPU OTPYEHHSX arnkoronem, BaXKMMW MeTanamu,
uiaHigamun, conamu logy i Bpomy, a Takox npu nikyBaHHi

anepriyHMX 3axBoploBaHb, apTPUTY, HeBpanrii, AesKuX 3a-
XBOPIOBaHb LWKipn. Cnig nigkpecnutu, WO ioH TiocynbdaTty
Bidirpae BaxnuBy ponb B aHaniTMyHii Ximii. He3saxarouu
Ha BMPOBa[XXEHHsI B aHaniTU4HY NPaKTUKy HOBITHIX peare-
HTiB, TUTPYBaHHSA loay TiocynbgaTom 3anuLiaeTbCa OgHIeE
3 HanNOLMPEHILWMX aHaniTU4YHMUX onepaLin.

Ona Bu3HayeHHs TiocynbdaTy BiOOMI rpaBiMETPUYHI,
TUTPUMETPUYHI, CMEKTPOCKONIYHI, €MNeKTPOXiMiYHi Ta Xpo-
MaTorpadivHi metoaum [2, 3]. ina bOTOMETPUYHOrO BU3Ha-
YeHHs TiocynbdaTy 34IMCHIOTL MOro UiaHOMi3 y npucyT-
HocTi kynpymy(ll) abo nanTany(lll), sk katanizaTtopis [4, 5]:
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