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Cexyus 4. Xumuxo-ananumuieckuii KOHmMpOoIb U MOHUMOPUHS BeleCms, MAmepuaios u 06vexmos okpyicaioweti cpeosl

I'enucrenn B ycnoBusix BOXKX paszgenenusi, mpuBEACHHBIX BBIINIE, OOHAPYKUBAET MUK CO
BpeMeHeM yaepxkuBanus 10,73 muH. B pe3ynpraTe OKMCIEHUS 3TOT UK YIIUPSAETCS C IEPEIHETO
(GbpoHTa, U3 Yero MOKHO CJeNaTh BBIBOJ 00 oOpa3oBaHHM 0oJjiee MOJIAPHOTO COCTUHEHUS, BpEeMs
yIIeP)KUBAHMSI KOTOPOTO HE3HAYUTEITFHO COKPAIIAETCS B YCIOBUAX oOpamieHo-(pazooit BOXKX.

B ycnoBusix MS ¢ unrepdeticom ES|I Ha oTpunarenbHbIX HMOHAX HATHBHBIA TC€HUCTCHH
dbopmupyeT curHaia ¢ M/z =269, COOTBETCTBYIOIIMI ASPOTOHUPOBaHHON Mojekyiae [M-H] . B
pekume MS/MS  poauTenbCKuil MOJCKYISAPHBIM HOH M/Z =269 reHepupyer (GparMeHThl ¢
m/z = 241, 151, 135, 133,107, 105, 91. Ha puc. 1 npuBencHa cxemMa U HMPOAYKTHI (parMeHTAI[HH
MOJIEKYJISIPHOTO HOHA IO CBA3SIM MPOMaHOBOIO IUKJIA.

[TpoxyKT OKMCICHUS TeHUCTEHMHA ¢ M/Z = 285 Obu1 aHanu3upoBaH B pexxume MS/MS, criektp
KOTOPOT'O IOKa3ajl HaJlM4ke OCKOJIOYHBIX HOHOB ¢ M/z = 257, 229, 151, 149, 133, 121 (puc.2).

ComnocraBneHue MPOJYKTOB (PparMEHTAIMA MOJICKYJISIPHBIX MOHOB MCXOJHOW U OKUCIICHHOM
(GOpMBbI TeHHCTEHHA MO3BOJIIET YCTAHOBUTH MECTOIOJIOKEHUE JOMOJHUTEIbHON TUAPOKCUIBHON
rpynmsl B MoJiekylie (Koibllo B), a mpuBen€HHBI TpUMEp HIUTFOCTPUPYET CaMy BO3MOXKHOCTh
npumenenuss BOXX-MC/MC g npeiBapuTeIbHOTO YCTAaHOBIICHUS CTPYKTYPBI COSTUHEHUS.
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The paper describes a new colorimetric sensor for determination of heavy metals ions. The colorimetric sensors were
made of optically transparent polymethacrylate matrix (PMM) with physically immobilized analytical reagent which is
responsible for the extraction of the analyte into the sensing material and changing its color. The developed colorimetric
sensor can be used in determination of various heavy metals ions using both solid-phase spectrophotometer and naked
eye.
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Optical chemical sensors play an important role in industrial, environmental and clinical
monitoring as a result of their low cost, possibility for miniaturization and great flexibility [1].
Among different types of optical sensor, colorimetric sensors are especially attractive because they
recognize analytes through color change that allows obtaining the visually observed and easily
measurable analytical signal [2, 3]. The measurement of the analytical signal can be carried out
using not only standard spectrophotometric equipment, but some modern engineering solutions like
portable fiber optic spectrometer connected to a laptop or cell phone and also the naked eye without
the use of expensive equipment. Colorimetric sensors usually utilize reagents immobilized in a solid
matrix usually in the form of a monolith or a thin film. The immobilized into the matrix reagents are
responsible for the extraction of the analyte into the sensing material and generating an optical
signal proportional to change in the analyte concentration. Choice of a support matrix depends on
various parameters like permeability for the analyte, mechanical stability and suitability for reagent
immobilization. In the work presented here, we propose to use transparent PMM with physical
immobilized analytical reagents as the sensing phase in an colorimetric sensor for heavy metal ions.
This allows to combine both the solid phase capability to immobilize reagents without losing the
matrix transparence and the reagents capability to participate in the analytical reaction with analytes
accompanied by an optical effect [4].

Methods. The PMM is a specially created material containing functional groups which
provide ability to extract both the reagent and determined substance. PMM in the form of
transparent plate with surface 0,5 cm?, thickness of (0,06-0,08) cm and mass of 0,05 g was
synthesized under laboratory conditions by radical block polymerization [4]. All reagents were of
analytical grade and used as purchased without further purification. Deionized and distilled water
was used in all experiments. The required pH was adjusted using acid (sulfuric acid, nitric acid,
phosphoric acid) and sodium hydroxide. Reagents were immobilized into PMM by adsorption from
a solution in the batch mode. The interactions of analytes with the immobilized in PMM reagents
were studied by solid-phase spectrophotometry under batch conditions. For this purpose, PMM with
an immobilized reagent was put into 50,0 mL of an analyte solution of different concentrations and
pH and stirred for 5-30 min. After that absorption spectra or absorbance of PMM was measured.
Absorption spectra and absorbance of PMM matrix were recorded on UNICO 2800 against a
polymer plate prepared under the same conditions, without reagents. The pH values were measured
by 1-160 ion meter with a glass pH-selective electrode.

Results. The reagents keep the analytical properties after immobilization into PMM. PMM
does not influence upon optical and analytical properties of reagents. The absorption spectra of
immobilized reagents and products of analytical reaction in PMM after contact with determined
substance coincide both in the solution and in the matrix. For example, the complexing reagents
keep the analytical properties after immobilization into PMM. PMM with immobilized complexing
reagents changes color in water solutions after contact with determined metal owing to formation of
complexes into polymeric matrix. Spectrophotometric characteristics of immobilized reagents and
their complexes with metals ions are investigated. The absorption spectra of complexes inside PMM
are similar to obtained in solutions that confirm the formation of complexes with identical structure
both into a polymeric matrix and solutions. Formation of metals complexes with reagents into PMM
depends on pH of aqueous solution. The optimal values pH (pHop) Of metals solutions for
complexing with immobilized into PMM reagents and characteristics of formed into PMM
complexes are resulted in tabl. 1. These characteristics are practically similar to those of compounds
formed in solutions. This leads us to the conclusion that the properties of the reagents in the
solution and in the polymer matrix are similar. Thus, the well-known conditions of the
corresponding reactions in the solution can be used for the reaction in the polymer.
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Table 1
Characteristics of metal complexes in PMM
Color of . )
Reagent Metal complex into Amax, nm R_atlo Mel. R pHopt
PMM in complex
Cu(ll) Violet 555 5-6
Zn(I1) Red 515, 545 5-8
Cd(Il) Red 520, 545 5-7
. Pb(Il) Red 540 1:2 5-8
1-(2-pyridylazo)-2-naphtol Mn(Il) Crimson 515, 540 6-7
Ni(1l) Crimson 525, 565 4-7
Co(ll, 111) Green 580, 620 4-11
Pd(1l) Green 615, 665 1:1 0-4
Hg(Il) Orange 485 1:2 0-3
dithizone Ag(l) Red-violet 520 251 5-11
Pd(1) Brown 450 1:2 2-6
Violet 530 1:1 0-1
2,2’—dipyridyl Fe(Il) Red 520 1-3 4,555
1,10—phenanthroline Orange 510 ' 4555
diethyldithiocarbamate Cu(ll) Yellow—brown 430 1:2 4-8
1:1
diphenylcarbazide Cr(VI) Red-violet 545 diphenylcarba-zonate 0-1
Cr(l1)
Table 2
Optical sensitive membranes on the base of PMM with immobilized reagents
Analyte Immobilized reagent RDC* mg-L* Obijects of analysis
cu(ll) diethyldithiocarbamate — Pb(11) 0,02-1,00
complex
TR 1-(2-pvridvlazo)-2-naphtol o pharmaceutical
Co(ll, 1) (2-pyridylazo)-2-naphto 0,03-0,50 oreparations, water
Ag(l) 0,04-0,80
dithizone
Se(l1V) 0,09-0,50
1-(2-pyridylazo)-2-naphtol
Pd(Il) — 0,1-1,0
dithizone environmental, waste and
2,2°-dipyridyl drinking water
Fe(ll, 111) 1,10-phenanthroline 0,250
Cr(VI) diphenylcarbazide 0,01-0,50

We investigated the raise of selectivity of reagents by the example of DThZ and DDTC at
their use in the form of complexes with metals. This way is based on exchange reaction of one
metal ion on another. The metals ions capable to an exchange were chose accordantly by literature
data so that the determined metal ion formed stronger complex than the expelled from this complex
metal ion. The Pb(ll)—diethyldithiocarbamate (Pb(Ddtc),) is chosen as reagent for determination of
Cu(ll) and Cu(Il)—dithizonate (CuDz) is chosen for determination of Hg (11). The exchange reaction
interacting Hg(Il) with immobilized into PMM the CuDz is carried out with formation of keto-
complex Hg(Dz), at pH of solution Hg(Il) equal 1-2. Replacement Pb(ll) in Pb(Ddtc), on Cu(ll)
into PMM occurs in the pH interval 4,5-6,5. The immobilization of Pb(Ddtc), and CuDz into PMM
was proceeded in two stages. First, the initial sample was exposed to the solution of reagent (Ddtc
or DThZ); then, the plate modified by the reagent was kept in solution of metal ions (Pb(ll) or

cu(ln)).
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Furthermore, immobilized reagents and their complexes with metals do not affect the
transparency of PMM. That allows spending the direct measurement of optical characteristics of a
sensing phase with high accuracy. The sensing phase in the proposed colorimetric sensor for the
determination of heavy metals in various objects using spectrophotometry are presented in tabl. 2.
The relative standard deviation for these determinations was in the range of 3-20 % depending on
analyte concentration.

The aim of this paper is to present an easy-to-use optical-sensing material. The proposed
colorimetric sensor on the base of PMM can be used for determination of heavy metals without the
use of expensive equipment. The analysis with application of the presented sensors is simplicity,
rapid, sensitive and inexpensive.
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OmHUM U3 YCIIOBHI HOPMAaIBHOTO (PYHKIMOHHUPOBAHHS OpPTaHU3MA SIBIICTCS CTA0MIBHOCTh €r0 XHMHUYECKOTO COCTaBa.
W3MeHeHHs conepKaHusl XUMUIECKHX JIEMEHTOB, O0YCIIOBICHHBIC YKOJIOTHUECKUMH, KIMMATOTEOTpadUIESCKAMH H Jp.
(akTopamu, MOTYT MPHBOJAUTH K MATOJOTMYECKAM OTKJIOHEHHSM 3JI0pPOBbs ueinoBeka [1]. B coBpeMeHHOU MpakTHKe
JAAArHOCTUKHW MAakKpo- U MHUKPOIJIEMCHTOB B OPraHMU3ME€ 4Y€JIOBCKA CYHICCTBYIOT MCETOJbI UX ONPEACICHUA B HeJ’lBHOﬁ
KpOBH, MOYe, BOJOCaX, CIIOHE, 3yOHOM JEHTHMHE M KOCTHOH TKaHM. Cpeau yKa3aHHBIX OMOJIOTHYECKHX CyOCTpaTroB
BOJIOCHI, Kak OOBEKT HCCIeoBaHUs, Oojiee MPeANOUYTHUTENbHB. WX OTIWYaeT JOBOJILHO MOCTOSIHHBIM XUMHYECKHMA
coctaB (Omarogaps KepaTHHOBOW HApyKHOH 000J0YKe), BBICOKAS KOHIICHTPAIUS MHKPOAJIEMEHTOB BCIEACTBHE
CBA3BIBAHUA C THOJIOBBIMH TIpyHnIiaMd HUCTECUHA W HAKOIUICHHWA, Majlagd 3aBUCHUMOCTb OT CHUCTEM, PEryJIUupYyrOIUX
romeocrta3s (BOCCTaHOBJICHHE YTPAau€HHOTO PABHOBECHSI), BOSMOXXHOCTh HEOTPAaHUIEHHOTO XpaHEeHHE Oe3 CIeHaIbHOTo
000pyioBaHusI, HEMHBa3UBHOCTH ITPU 0TOOPE NMPOO 1 JIETKOCTh Y/AAJIeHHs BHELIHNX 3arps3HEHHH.

AxXTyansHOCTE paboThl 00ycioOBiIeHa ASUIMTOM IKCIPECCHBIX, METPOJIOTHUECKH aTTECTOBAHHBIX METOJMK aHaln3a
6rocyOCTpaTOB YEI0BEKa, B TOM YHCIIE BOJIOC.

Llens paboTsl 3ariovanach B pa3pabOTKe METOAMKH KOJMYECTBEHHOTO OIpPEENICHUS] MaKpo- U MHUKPOIJIEMEHTOB B
BOJIOCAX MAlMEHTOB C LENbI0 JUAarHOCTHKHM pa3JIMUHBIX 3a00JI€BaHWH W BBIABICHUS KJIMHHUKO-J1a00paTOPHBIX
KOppesiui.
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