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bapoanam J]. O. CuHTe3 1 XIMIKO-aHAJIITUYHI XapaKTePUCTUKN HOBUX MOX1THUX
6,7-mUrigpoKCUOCH30MIpIWIIIF0  Ta  iX  3aCTOCYBaHHS B  KOMOIHOBaHHX
CIIEKTPOPOTOMETPUUHUX METOJaxX aHami3dy. — KBamidikaliiiHa HaykoBa Mpailsl Ha
npaBax PyKOIUCY.

Huceprairist Ha 3100yTTS HAYKOBOTO CTYIIEHS JTOKTOpa dimocodii y ramysi 10 —
[Ipuponnuui Hayku 3a crnemiaibHicTIO 102 — Ximig. Onecbkuil HalliOHAJIBHUI
yHiBepcureT imeHi [.I. Meunukosa, MOH VYkpainu, Oneca, 2021.

Jucepraiito TPUCBAYEHO CHHTE3y Ta BHUBYEHHIO BIIACTUBOCTEH HOBUX
aQHAJITUYHUX OPTraHIYHUX pEareHTIB — MOXIAHUX 6,7-IUr1IpoKCUOCH30MIpUIIiio, a
TaKOXX JIOCTIKEHHIO 1X B3aemoii 3 MmomioaeHoM(VI), BCTaHOBICHHIO ONTUMAIbHHUX
YMOB KOMIUIEKCOYTBOPEHHSI Ta po3poOlll METOAIB MIUEISIPHO-EKCTPAKIIHOTO
BUJIYYEHHS HOBUX AaHAJNITUUYHUX (POpPM y MO€AHAHHI 31 CHEKTPOPOTOMETPUUHUM
JETEKTYBAaHHSM JIJIs1 KUTbKicHOTO Bu3HadueHHs Mo(VI).

VY Berymi OOIpYHTOBAaHO akTyalbHICTh OOpaHOi TeMH, BCTAHOBIEHO METY Ta
3aBJIaHHS JIOCINIIJKEHHSI, BIJ3HAYEHO HAyKOBY HOBH3HY 1 NMPAKTUYHY 3HAUMMICTb
OTPUMAaHUX PE3YJIbTATIB.

VY nepmomy po3aijii mpeACcTaBiICHO OTJIs JIITepaTypH, CUCTEMaTHU30BaH1 JaHi
JITEpATypHUX JHKEPEeT 100 CUHTE3Y, 0COOIUBOCTEN XIMIYHOI CTPYKTYPH, XIMIYHUX
Ta  (QI3UKO-XIMIYHUX  BJIACTUBOCTEH, a TaKOX  3aCTOCYBaHHSA  MOXIJHUX
oenso[b]mipwriro. OnucaHo CreKTpaabHI XapakKTepUCTUKU B Y D-BuauMiN (CIEKTpU
NorJIMHaHHS Ta ¢uryopectienirii), [Y-06macTi cBiTia Ta 0COOIMBOCTI XIMIYHUX 3CYBIB Y
crnekrpax AMP.

PosrnsnyTo  (hi3uKo-XiMiuHI BJIACTHUBOCTI Ta CTaH y PO3YMHAX CIOIYK
MouiOJieHy, 010JI0TiYHY posib Ta TokcuuHicTh Mo(VI). Y3arampHeHo naHi 1010
METO/I1B BUBHAYEHHS MOTIOIEHY, cepel AKX HalO1IbII OIIUPEHUMH € IOJyM siHa Ta
CJIEKTPOTEPMIYHA ATOMHO-a0COpOIlIiHA CIIEKTPOMETPis, METOAM 3 10HI3aIlI€I0
IHIYKTUBHO-3B’SI3aHOI0  IUIa3MOIO:  MAac-CIIEKTPOMETpisi ¥ aTOMHO-eMiciiiHa
CHEKTpOCKomiss Ta iHmi. Bin3HaueHo, MmO Taki METOAM aHali3y BHUMAararTh

3aCTOCYBaHHS CKJIAQIHUX 1 JOpPOTrOBapTICHUX MNPUIIAAiB, BHUCOKOKBaTI(IKOBAHUIMA



nepcoHasns, II0 OOMEXy€e 1X BHUKOpPUCTaHHSA. AHami3 myOdikamiid J03BOJIsE
CTBEpP/KYBaTH, IO 3apa3 CHEKTpodOTOMETpis B TMOEJHAHHI 3 TMOMNEPEaAHIM
PO3AUIEHHSIM Ta KOHIEHTPYBaHHSM, JI03BOJIIE YCYHYTH IepepaxoBaHl HEIONIKH 1
PO3pOOJISATH METOJUKH, 1110 HE IOCTYIAOTHCS YyTJIHUBICTIO MIEPEPAXOBAHUM METOJaM
aHam3y. IlokazaHo, m0 ocoOmuBe MICIIE Ccepell METOIIB pO3IUJICHHS Ta
KOHIIGHTPYBaHHSI 3aiiMa€e MIIeJsIpHa EKCTPAKIlis, IO MOXKE TO€THYBAaTUCh 31
CIIEKTPOPOTOMETPIEIO JISI PO3POOKH BUCOKOUYTIUBUX METOIUK Bu3HaueHHs Mo(V]).

Y napyromy po3aii OnMcaHoO XapaKTepUCTHUKUA BUKOPHUCTAHUX TPUIIAJIiB,
00JialHaHHS Ta peakTHBiB. HaBeeHO YMOBH Ta OCHOBHI €TalM €KCIEPUMEHTATbHUX
JIOCHIJDKEHb: CHHTE3 BHUXIIHHUX 1,3-IMKETOHIB Ta BIANOBIIHUX 2,4-3aMIIIEHAX
MOX1THUX 6,7-auriapokcrnOeH3o0[b|mipmiiro. Po3ristHyTo Xia JOCHIIKEHHS KUCIOTHO-
OCHOBHUX BIACTHMBOCTEH CHHTE30BaHUX CIOJYK, METOIM BHU3HAYCHHS KOHCTAHT
IPOTOJITUYHUX PIBHOBAr, HABEJACHO CIIOCOOM ONTHUMI3allli KOMIUIEKCOYTBOPEHHS 3
Mo(VI) Tta dakropiB, 1m0 BIUIMBAIOTh HA MIMEIAPHY EKCTPAKIIID OJCpPKAHUX
aHamiTHaHuX hopm y minesnsipay ¢azy Tpurony X-100.

Y  TperboMy po3aiii  pO3TIASHYTO OCOOJWUBOCTI CHUHTE3Y  MOXIJTHUX
6,7-nurigpokcuden3o[b|nipuiito, CTPYKTYpy SKHX BCTAaHOBJIEHO 3a CYKYHHICTIO
¢isuko-ximiunmx meroxis: IY-KP-cnexrpockomis, *H i 3C SIMP-cnekrpockomnis Ta
mac-criektpometpia. Ctpykrypy 6,7-murinpokcu-4-metui-2-peninden3o[b|nipuiito
nepxJjopary MIATBEPKEHO 3a JOMOMOTOI0 PEHTIEHOCTPYKTYPHOIO — aHAIli3y
MOHOKpHUCTally. BusiBieHO Kopemslii MK paJilycamMH aHiOHIB 1 PO3YHMHHICTIO B
NOJIIPHUX ~ NPOTOHHUX  PO3YMHHUKAX  cosed  6,7-murigpokcu-4-meTun-2-
dbenunoen3o[b]mipuito, a TaKOX XapaKTePUCTUKAMH CMYT y KOJMBAJIBHUX CIIEKTpaXx:
31 3pOCTaHHIM TEPMOXIMIYHOTO PajlyCcy aHIOHY PO3UMHHICTH COJiell y MPOTOHHUX
MOJISIPHUX PO3YMHHUKAX JIHIAHO 3MEHIIYEThCS, TAKOX JIHIMHO 3MEHIIYEThCS
CHiBBIAHOIIEHHS BUCOTH cMYT KoiuBaHb C-O-C ta C-C 6en3o[b]mipumieBoro muKiy.

JlocmimxeHo KHUCJIOTHO-OCHOBHI BJIACTHBOCTI pany MOX1THUX
6, 7-muriapokcuOeH30[ b Jmipuiito MeTojaMu KOJIbOpOMETpii Ta criekTpodoTomeTpii. 13
3aJydyeHHSIM KBaHTOBO-XIMIYHUX DFT-po3paxyHkiB BH3HaueHI TepMOIUHAMIUHI

napameTpu JJi HU3KU CTPYKTYp Ta Ha iX OCHOBI 3alpOMOHOBAHO YTOYHEHY CXEMY



KHCIIOTHO-OCHOBHHX TI€pEeTBOpeHb. BcraHoBieHi BenmunHu pKa 1uisi BiAMOBITHUX
(GyYHKIIIOHATBHUX TPYIT CHHTE30BaHUX PEareHTIB.

YerBepTHii PpO3Aia NPUCBAYEHO ONTHUMIZAIl YMOB KOMIUIEKCOYTBOPEHHS
Mo(VI) 3 mnoxigaumu 6,7-aurigpokcuOenso[b]mipunito y po3zunHax. Ha ocHOBI
MOETHAHHS  CHEKTPOPOTOMETPUYHMX  Ta  Mac-CIEKTPOMETPUYHHUX  JIAHUX
3allpOIIOHOBaHA MMOBIpHA CXE€Ma KOMIUIEKCOYTBOPEHHSI Ta MOKa3aHO, L0 KaTIOH
Mo0O,?* BuCTyNae KOMILUIEKCOYTBOPIOBAYEM, a JIraHj BCTYIAE B PEaKIil0 y BUIIISI
aHT1iIpOOCHOBU. BH3HaueHO oONTUManbHI YMOBU YTBOPEHHS Ta OCHOBHI XiMIKO-
aHAIII THYHI XapaKTePUCTUKH KOMIIIEKCHUX CTIOTTYK MOX1THUX
6,7-murigpokcuden3o[b|oipuiirto 3 Mo(VI), Taki sk onTuMalibHe 3HaYeHHs pH,
CTEXIOMETpisl KOMIUIEKCY, KOHCTaHTa CTIHKOCTI Ta MOJSIpHHM KOEQIIieHT
CBITJIONOTJIMHAHHS, & TAKOXX MeEXKa KIUIbKICHOTO BHU3HAYEHHS Ta MeXa BHSIBICHHS
Mo(VI) y Bomnux posunmHax. CkiaJg KOMIUIEKCIB BCTaHOBJIEHO 3a JOMOMOIOIO
CHEKTPO(YOTOMETPUYHUX METOJIB MOJISIPHUX BIAHOLIEHb, 3CYBY pIBHOBarM Ta Ha
OCHOBI Mac-CIIEKTPOMETPUIHUX TIaHHX, a MOJILHE CHIBBIIHOIIECHHS
Mo(V1):L cranoBuTts 1:2.

BusiBiieHo, 1m0 HalO11bI1 IHTEHCUBHO 3a0apBiieH] Ta cTikK1 komiiekcu Mo(VI)
YTBOPIOIOTbCS 3 MOXIAHMUMH  6,7-AurigpokcuOeH3o[blmipumito, MO MICTATh Y
MOJIOKEHHSAX 2 Ta 4 enexkTpoHoakuenTopHi (eHuTpHl 3amicHukH. Hanpukian,
6, 7-nurigpokcu-4-metmn-2-heHinoen3o[b]mipuiiiro mepxjaopar yTBOPHOE KOMILIEKC
Mo(VI) mpu pHorr = 2,5, logP = 11,23, Ayaxe = 485 HM, a € = 1,3-10% 6,7-murigpokcu-
4-metnn-2-(4’-xnopdenin)oenso[b]mipmiiro nmepxiaopat — pHom = 1,0, logP = 9,98,
Avaxe = 490 HM, €=1,9-10* 6,7-nuriapoxkcu-4-mMeTui-2-
(4’-6pomdenin)oen3o[bmipmtito nepxnopat — pHom = 1,5, logP = 10,18, Ayaxe = 495
HM, € = 2,3-10% 6,7-nurigpokcu-2,4-nudenindenso[b]mipuniro xmopux — pHonr = 2,5,
Mvae = 540 HM, € = 2,9-10%, log/IP = 19,1 (mepo3uunnmii B Boxi). OcTanHi Oy10 06paHo
JUISL PO3POOKHU EKCTPAKIIHHO-CIEKTPO(HOTOMETPUUHUX MEeTOAUK BU3HaueHHI Mo(V]).

Y  m’aromMy  po3aisli  BUCBITJIEHO  HOBI  pO3pOOJICHI  METOIu
cnexktpodoroMerpuyHoro BuzHadeHHs: Mo(VI) 3 monepeaHiM XiMidHO-1HITIIHOBAaHUM

MILIETISIPHO-EKCTPAKIIHHUM KOHIIEHTPYBAHHSIM 32 KIMHATHOT TEMIIEpaTypu y BUTJISII



KOMIUIEKCIB 3 TOX1THUMU 6,7-AUT1APOKCHOEH30[ b |mipuitito y 3pa3kax BOJIOMPOBITHOT
Ta MOPCHKOI BOJIH, MOJIOKA, TJI0/[aX IIUTIIIHHA Ta 6i0100aBKax. 32 ONTUMATBHIX YMOB
KaniOpyBanbHi rpadiku € miniiaumu — R? = 0,992-0,997. He 3aBa)aroTh BU3HAYEHHIO
Mo(VI) 1 He BIIMBaIOTh HAa MPABWIBHICTh OTPUMAHHMX PE3yJIbTATIB 10HU JTY>KHHX,

JTy’KHO3eMENBHUX MeTaliB, Mg?*, Zn?* Cd?*, a Tako iHIIi i0HK y CIiBBiTHONIEHHSX:

1:3400 (Co?*, Ni?*, CI-, Br-, H,PO,4-, HPO4*); 1:350 (17, COs*); 1:30 (Cu?*, AI®Y).

e?* ta Fe** MoxHa yCcyHyTH, MacKyro4u iX HatTpiro GTOpHIOM,

3aBakarounii BIumB F
acKOpOIHOBOIO Ta MAaJIOHOBOIO KHCJOTaMHu. [IpaBMIIBHICTD TMEPEBIPSIIM METOAOM
BBEJIHO-3HANJICHO.

3anpornoHoBaHi METOIWKH MAalOTh psjl TepeBar: 3acTOCYBaHHS HEBEIUKOI
kimbkocTi IIAP Ta opraHiuHuX pO3YMHHMKIB 3HAYHO 3MEHIIyE 3a0pyAHEHHS
HABKOJIMIIIHBOTO CEPEIOBUINA, HE TMOTPeOyIOTh CHEI[ialbHOTO OOJaJHAHHA Ta
JOJJATKOBUX TPYJIOMICTKUX €TaIliB: TPUBAJIOTO HArpiBaHHS JJI1 YTBOPEHHS MillEIpHOT
da3u Ta OXONOKEHHA A pPO3IUIeHHS (a3, oJKe 3amponoHOBaHI METOIU €
[IBUJIKUMU, Yy TIMBUMHU Ta BIJAMOBIIAIOTH IPUHIIUIIAM «3EJIEHOT XIMID».

B uninomy, po3poOiieHi METOAMKH CHEKTPO(GOTOMETPUYHOTO BH3HAUYEHHS
Mo(VI) 3 nomepegHiM  XIMIYHO-IHIIIHOBAaHUM  MILEISAPHO-EKTPCAKIIHHUM
KOHIICHTPYBaHHSIM MalOTh BUCOKI TTOKA3HUKHU BiITBOPIOBAHOCTI Ta € MPUIATHUMU JJIS
BH3HAYCHHS CJIIIOBUX KiabkocTert Mo(VI).

Oxkpemi MaTepiayid IUCepTaIiiHOT pOOOTH BIPOBAKEHI B HABUAJILHUM ITPOIIEC
Kadeapu aHATITUYHOT Ta TOKCUKOJIOTTYHOT XiMii (akynbreTy XiMmii Ta Gapmarii OHY
imeHi [.I. Meunukoga.

KawuwoBi ciaoBa: mnoxigHi  6,7-auriapokcuOen3o[b|mipumio,  CUHTE3,

CHEKTPOPOTOMETPist, MOJIIOIEH, KOMIUIEKCHI CIIOJIYKH, MILIeJIIPHA €KCTPaKIIisl.
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SUMMARY

Barbalat D.O. Synthesis and chemical-analytical characteristics of new
6,7-dihydroxybenzopyrylium derivatives and their application in combined
spectrophotometric methods of analysis. - Qualifying scientific work on the rights of
the manuscript.

Thesis for obtaining a scientific degree of the Doctor of Philosophy in
specialty 102 Chemistry, field of studies 10 Natural Science. — Odesa I.I. Mechnikov
National University, Odesa, 2021.

In the introduction, the relevance of the chosen topic is grounded, goals and
objectives of the study are established, scientific novelty and practical significance of
the obtained results are noted.

The first chapter presents a review of the literature; data on the synthesis,
chemical structure, chemical and physicochemical properties, and the use of
benzo[b]pyrylium derivatives are systematized. Spectral characteristics in UV-visible
(absorption and fluorescence spectra), IR region of light and features of chemical shifts

in NMR spectra are described.



Physicochemical characteristics of molybdenum compounds, their state in
solutions their biological role and toxicity are considered. Data on methods for
determining molybdenum are summarized, most used are flame and electrothermal
AAS, ICP-OES, ICP-MS and others. It is noted that such methods of analysis require
complex and expensive instruments, highly qualified personnel, which is why they are
used less often. Analysis of publications suggests that now spectrophotometry with
separation and preconcentration allows eliminating these shortcomings and developing
techniques that are not inferior to the sensitivity of these methods of analysis. Cloud
point extraction (CPE) occupies a special place among the separation and concentration
methods. It has been shown that it can be combined with spectrophotometry to develop
highly sensitive methods for Mo(VI) determination.

The second chapter describes the characteristics of the instruments, equipment
and reagents. Conditions and main stages of experimental studies: synthesis of 1,3-
diketones precursors and the corresponding 2,4-substituted derivatives of 6,7-
dihydroxybenzo[b]pyrylium are given. The procedure for studying the acid-base
properties of synthesized compounds, methods for determining acid-base equilibrium
constants, methods of Mo(VI) complexation optimization and factors influenced on
CPE of the analytical forms into the Triton X-100 micellar phase are considered.

The third chapter considers the features of the 6,7-dihydroxybenzo[b]pyrylium
derivatives synthesis, the structure of which was defined by numerous physicochemical
methods: IR-Raman spectroscopy, H and ¥C NMR spectroscopy and mass
spectrometry. The structure of 6,7-dihydroxy-4-methyl-2-phenylbenzo[b]pyrylium
perchlorate was confirmed by X-ray diffraction analysis. Correlations between the radii
of the anions and the solubility in polar protic solvents of 6,7-dihydroxy-4-methyl-2-
phenylbenzo[b]pyrylium salts and vibrational bands characteristics are described. with
increasing thermochemical radii of the anions, the solubility of salts in proton polar
solvents decreases linearly, and the ratio of the height of the oscillation bands C-O-C
and C-C of the benzo[b]pyrylium cycle also decreases linearly. The acid-base
properties of a number of derivatives of 6,7-dihydroxybenzo[b]pyrylium were studied

by colorimetry and spectrophotometry. With the involvement of quantum-chemical



DFT-calculations, the thermodynamic parameters for a series of structures are
determined and on their basis a refined scheme of acid-base transformations is
proposed. The pK, values for the corresponding functional groups of the synthesized
reagents are established.

The fourth chapter is devoted to the optimization of the complexation
conditions of Mo(VI1) with 6,7-dihydroxybenzo[b]pyrylium derivatives in solutions.
Based on a combination of spectrophotometric and mass spectrometric data, a probable
scheme of complexation is proposed and it is shown that the cation MoO,%* acts as a
complexing agent and the ligand reacts as an anhydrous base. Optimal formation
conditions and main chemical-analytical characteristics of complex compounds of 6,7-
dihydroxybenzo[b]pyrylium derivatives with Mo(VI) were determined, such as
optimal pH value, complex stoichiometry, stability constants and molar absorption
coefficients, LOQ and LOD for Mo(VI) in aqueous solutions. The complexes
composition was determined using spectrophotometric methods: molar ratios,
equilibrium shift and mass spectrometric data; the molar ratio Mo : L in complexes are
1: 2.

It was found that the most intensely colored and stable Mo(V1) complexes are
formed from 6,7-dihydroxybenzo[b]pyrylium derivatives containing electron-
accepting phenyl substituents at positions 2 and 4. For example, 6,7-dihydroxy-4-
methyl-2-phenylbenzo[b]pyrylium perchlorate forms a complex of Mo(V1) with a high
yield at pH = 2,5, logB = 11,23, Amax = 485 nm and ¢ = 1,3-10% 6,7-dihydroxy-4-
methyl-2-(4'-chlorophenyl)benzo[b]pyrylium perchlorate — pH = 1.0, logPy = 9.98, Amax
=490 nm, £ = 1,9-10% 6,7-dihydroxy-4-methyl-2-(4'-bromophenyl)benzo[b]pyrylium
perchlorate — pH = 1,5, logB = 10,18, Amax = 495 nm, € = 2,3-10% 6,7 dihydroxy-2,4-
diphenylbenzo[b]pyrylium chloride — pH = 2,5, Amax = 540 nm, & = 2,9-10%, Kg, = 19,1
(insoluble in water). Last one were selected for the development of extraction-
spectrophotometric methods for Mo(VI) determination.

The fifth chapter highlights the newly developed methods of
spectrophotometric  determination of Mo(VI) with cloud point extraction

preconcentration at room temperature in the form of complexes with 6,7-



dihydroxybenzo[b]pyrylium derivatives in samples of tap and seawater, milk, rose

hips and supplements. Under optimal conditions, the calibration curves are linear — R?

=0,992-0,997. lons of alkali, alkaline earth metals, Mg?*, Zn?*, Cd?*, also other ions in

the ratio: 1:3400 (Co?*, Ni?*, CI~, Br-, H,PO,~, HPO4*"); 1:350 (I-, CO3?*); 1:30 (Cu?",

AP*) — do not affect to determination of Mo(VI), and correctness of the results

obtained. Interfering effects of Fe?* and Fe®* can be eliminated by masking them with

sodium fluoride, ascorbic and malonic acids. The correctness was checked by the
method of standard additives, as well as by comparison with the results of literature
sources.

The proposed methods have several advantages: the use of small amounts of
surfactants and organic solvents significantly reduces environmental pollution, does
not require special equipment and additional time-consuming steps, such as long-term
heating to reach the cloud point and cooling to separate phases, so the proposed
methods are quite fast, sensitive and comply with the principles of "green chemistry".

The developed methods of pre-concentration and spectrophotometric
determination of Mo(VI) have high reproducibility, are accurate, reliable and suitable
for determining trace amounts of Mo(V1).

Some materials of the dissertation are introduced into the educational process of
the Department of Analytical and Toxicological Chemistry, Faculty of Chemistry and
Pharmacy Odesa I.l1. Mechnikov National University.

Key  words: 6,7-dihydroxybenzopyrylium  derivatives,  synthesis,
spectrophotometry, molybdenum, complex compounds, micellar extraction.
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