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Jlyboeuti B.I1. HoBi ananmitiani ¢popmu Ha ocHoB1 komruiekciB Cu(Il) 3 neskumu
HOXITHUMH  6,7-AUT1APOKCUOCH30MIPUIIII0O Ta iX 3acTOCyBaHHS B aHaji3l —
Kgamidikaiiitna HaykoBa mparlsl Ha IpaBax PyKOIHUCY.

Huceprairist Ha 3M100yTTS HAYKOBOTO CTYIIEHS TOKTOpa dimocodii y ramysi 10 —
[Ipupoguuui Hayku 3a cnemianpHicTIO 102 — Ximiga., Opechbkuil HaIliOHATBHHMA
yHiBepcuTeT iMeHi [.I. Meunukoa, MOH VYkpainu, Oneca, 2021.

Huceprailiiiny po60Ty MpHUCBSYEHO nociikeHHio ymoB B3aemoxii Cu(ll) 3
JNESAKUMU MOXITHUMH 6,7-TUT1APOKCUOSH3OMPHIIIIO Ta iX eKCTPAKIIMHOTO BUITyYCHHS
JUISL PO3POOKH EKCTPaKIIMHO-(DOTOMETPUYHUX, 30KpeMa MIKPOEKCTPaKIIMHUX Ta
MILIEeTSAPHO-eKCTpaKIinHuX MeTouk Bu3HaueHHs Cu(ll) B 06’exTax pi3HOI pUpOIH.

VY BeTyni 0OrpyHTOBAHO aKTYallbHICTh TEMH, CPOPMYIILOBAHO METY 1 3aBAaHHS
JOCTIPKEHHS, BIJI3HAYEHO HAyKOBY HOBHM3HY 1 MPAKTUYHY 3HAUYHUMICTh OTPHUMAaHUX
pE3yIIbTaTIB.

VY nepmomy po3aijii npencTaBiaeHO OIS JITEPaTypH, B SIKOMY PO3TJISHYTO
¢opmu icHyBaHHS 10HIB KynpyMmy y BOIHUX pO3UMHaX, iX peakliiiHy 31aTHICTh Ta
0COOJIMBOCTI B3a€MO/IIi 3 HEOPraHIYHUMH Ta OPraHIYHUMU JirasaaMu. Bigmiueno, 1o
HE3BAXKAIOYM HA YUCIICHHICTH JIraHAIB, 3AaTHUX 10 B3aeMonii 3 ioHamu Kynpymy(I,
IT), Ta 3amponoHOBaHMX Ha iX OCHOBI aHATITUYHUX (OPM, OJHHUM 13 HAMPSMKIB, IO
MPOJIOBXKY€E PO3BUBATHUCH, 3AJMIIAETHCS TMOIIYK HOBUX, OUIBII e(PEKTUBHUX
OpraHIYHUX PEAreHTIB 13 MOKPAIIEHUMHU XIMIKO-aHATITAYHUMH XapaKTePUCTUKAMH.

Bigznaueno, mo Ha naHuil yac cnekTpodoTOMETpis Ta aTOMHO-a0copOliitHa
CIIEKTPOCKOMIS 3aJUIIAIOThCS OJHUMU 3 HAWOUIbII JOCTYMHUX 1 MPOCTUX METO/IIB
BU3HAauUeHHS ciigoBux Kunbkocredt Kynpymy(1l), a uyTnuBicTs BU3HAU€HHS MOXKe OyTH
CYTT€BO 301TBIIIEHA 32 paxXyHOK TOIEPEIHbOTO KOHIIEHTpYBaHHA. [Ipudomy B sKoCTI
MeTomy st ePEeKTMBHOTO KOHIEHTpyBaHHS MikpokiuibkocTedl  Kympymy(I)
paIioHAIBHO PO3TIISAIATH MILIETSIPHY €KCTPAKITIIO.

Kopotrko y3arambHeHO 1H(oOpMalil0 [MOA0 MOXKJIMBOCTEH  MILEISPHO-
EKCTPaKIIMHOTO KOHIICHTPYBaHHs (pa3aMH Ha OCHOBI HEIOHOT€HHHX IOBEPXHEBO-

aKTUBHUX peuoBHH. [lokazaHo, 1m0 A 1HTeHCcHdIKaIli MILEIIPHO-EKCTPAKIIMHOTO



BUJIYYEHHSI MIKPOKOMIIOHEHTIB 3allpOIIOHOBAHO YJIHTPA3BYKOBE Ta MIKPOXBUIHOBE
OTNIPOMIHEHHS, MPOTE MOMJIMBOCTI XIMIYHOTO I1HII[IFOBAaHHS YTBOPEHHSI MIIEISPHOT
a3z Mayio TOCTIIKEHI.

VY npyromy po3aijii OonMcaHO YMOBHM Ta OCHOBHI €Talu €KCHePUMEHTATbHUX
JOCTIKEHb, OXapaKTepHU30BaHO OOJaJHAHHS Ta amaparypa, SKi BHUKOPUCTaHI Y
po0OTi, HaBeIeH1 BUX1JHI PEYOBUHU Ta METOJUKU MPUTOTYBAHHS X PO3UMHIB.

Y TperboMy PpoO3aLI JIOCHIIPKEHO KOMIUIEKCOYTBOPEHHSI B CHUCTEMax
«Kympym(I1)-IOX» Ta BCTAaHOBJICHO, IO B3aEMO/Iisl KOMIIOHEHTIB CyIPOBOKYETHCS
0aTOXPOMHHUM 3CYBOM CMYTH CBITJonOrIuHAaHH 10 A=480 uHM, A=540 HM Ta A=560 HM
s JIMIOX, M®JIOX ta APAOX BignmosigHo. BeTaHoBIEH! XiIMIKO-aHATITHYHI
XapaKTepUCTUKHU NPoaAyKTiB B3aemoii y po3unnax: Cu(Il): AMAOX = 1:2, (pHom 4,1;
€ag0 = 0,5-10%); Cu(Ill):MDJ0X = 1:2, (pHou 4,5; €540 = 3,0-10%); Cu(Il):APJOX =
1:2, (pHomr 5,0; €560 = 3,5-10%). 3anmpomoHoBaHO cXeMy peakiii, 3rigHO 3 SKOKO
KOMILIEKCOYTBOpIoBadeM BucTymnae kation Cu?*, a moxigmi JOX BeTymamoTsh y
peakiito y popMi BiMOBIIHOT aHT1IPOOCHOBH.

[lokazano, mo BBeAeHHS (EHUIBHUX 3aMICHUKIB y TMOJOXeHHS 2 Ta 4
OCH30MIpUIIIEBOTO IMKIY peareHTiB mnpu mnepexoxi Bigx JAMIAOX nmo JAD0X
OPU3BOJAUTH 0 MIABHUILEHHS onTHUMalbHOro pH B3aeMomii, 301IbIICHHS MOJIIPHOTO
KoedilieHTa CBITJIOMOITIMHAHHS Ta KOHTPACTHOCTI PEaKIIiil, a TAKOXK MPU3BOJUTH 10
YTBOPEHHS O1IbII MIIIHUX KOMIUIEKCIB: 1gf cknanae 9,0; 9,4 Tta 10,1 11 KOMIUIEKCIB 3
JIMJIOX, M®JIOX Ta JIPJIOX BiamoBigHO.

Ha npuxnani kommiekcy Kynpymy(Il) 3 M®OJOX nokazaHo MOXKJIUBICTh Ta
ONTHUMI30BaHl YMOBH €KCTpakIiiiHOTO BuUiydeHHs. [loka3aHo, 110 HaHOIIBII TMOBHO
KOMIUIEKC ~eKCTparyerbcsl 130aMIJIOBUM  CHMPTOM, a piBHOBara eKCTpaKIii
BCTAHOBIIOEThCSI MpoTIroM 45-60 c, a po3paxoBaHi koediiieHT posnoaury (D) i
CTYIIHb €KCTpakiiiiHoro BuiydeHHs (R) BiamoBigHo ckiagaroTh 61 1 92%. 3arasom
HaWOUIBII 1HTeHCHBHO 3a0apBieHUMHU € Komruiekcu Kympymy (II) 3 MOJOX Tta
JADONO0X, a BiAMOBIAHI HOBI aHaNITUYHI (GOPMHU Ha iX OCHOBI MPEACTABISIOTHCS
e(eKTUBHUMU JIJI1 PO3POOKH KOMOTHOBAaHUX CIIEKTPOCKOTIIYHUX METOUK BU3HAUCHHS

cimigoBux kimpkocteit Cu(ll).



YerBepTuii po3aisi. ONTUMI30BAaHO YMOBU E€KCTPAKIIMHOTO BWIyYEHHS
komruiekcy Kynpymy(Il) 3 xsmopugom 6,7-nuriapokcu-4-meTui-2-QpeH1a0eH30mpuiliio
ckiany 1:2, mo yTBoproeThesi B posuuHi npu pH 4,5. Tlokazano, mo Haikparmm
EKCTPareHTOM € 130aMIJIOBUM CIHUPT, a EeKCTpakiliiiHa piBHOBara JOCATA€TbCS
OpoTATOM | XBUIIMHU MpU CIIBBIAHOIICHHI OpraHiyHoi 1 BOAHOI (a3 1:5. Po3pobieno
eKCTpakiiiHo-criekTpodoToMeTpuuHy MeTtonuky BuszHaueHHs Cu(ll) B iHTepBai
0,02-0,96 wMkr/mii 3 BUKOPUCTAHHSM  XJOpUAY  6,7-AUTIAPOKCU-4-METHII-2-
deninOeH3zonipuiito, sika XapakTepusyeTbesi BUCOKOI uymiuBicTio (LOD = 0,007
MKI/MJI) 1 BIIHOCHOIO MPOCTOTOI Ta Oyia ampoOoBaHa IPH aHali31 BOJ PI3HUX
KaTeropiu.

OnTUMI30BaHO YMOBHM JAMCIEPCIMHOI PIAMHHOT HAMiBMIKPOEKCTPAKIUl is
nonepenuboro kouuentpyBanus Cu(ll) 3 BukopucTanusm xyopuay 6,7-IUr1IpOKCH-
2,4-nmudenindensonipuiiio: pH 5, makcumym cmyru nornuHanHs 570 HM Ta 3MIIIaHUN
eKCTpareHT, 1o MIcTUTh | mu xiopodopmy Ta 1 Ma meranony. B ontumanbHuX
yMOBax KaliOpyBasbHMI Tpadik JiHIMHUM y aiana3oni koHuentpariii Cu(Il) 4,32-65
MKTI/J, @ M€Xa BUSIBJICHHS CTaHOBUTH 1,29 Mkr/i. Meroauky OyJio anpoOoBaHO MpH
aHaJi31 3pa3KiB TPChbKUX MOPiJ Ta BOJONPOBIIHOI BOJIH.

3anponoHOBAaHO HOBI IHIIIATOPYU MIMEIAPHOT EKCTpakiii 3a KIMHATHOI
temriepatypu. [lokazano, mo HaTpieBl (aMOHINHI) COJMI apOMAaTUYHUX KapOOHOBUX
kucnot (OeH30iHOI, 0-, M- Ta N-TOJYIJOBHX KHCJIOT) CIPUYHHSIOTH CIIOHTaHHE
yTBOpeHHsI MitessipHoi ¢a3u Tputony X-100, sika mpuaaTHa 171 IIIEH aHATITUYHOTO
KOHIICHTPYBaHHSI. [TIpononoBauwmit crocio MILIEJIIPHO-EKCTPAKIIHOTO
koHueHTpyBaHHsi Kynpymy(Il) y BUIIIsiIi KOMILIEKCIB 3 XJIOpUAaMu (IepxJiopaTamu)
6, 7-muriapokcu-4-meTun-2-heHinoeH30mIPUIIiio Ta 6,7-nurigpokcu-2,4-
IU(GEHUTOCH30MIPIIIII0 BUKOPUCTAHO I MOAAJIBIIOTO CHEKTPOGHOTOMETPUYHOTO
nerexktyBanHa Kynpymy(Il), a po3pobneni metoauku Oyino anmpoOOBaHO MpU aHami31
3pa3KiB BOJIU.

Y m’saromy po3aiji Broepiie MokazaHo MPUHIUIIOBY MOXKJIUBICTh MOEIHAHHS
XIMIYHO-1HIIIOBaHOT MIEISPHOI €KCTPAKIlli 3 TMOJIYMHEBOIO Ta €IEKTPOTEPMITHOIO

aTOMHO-a0copOILiiiHOIO cniekTpockoniero. [Toka3aHo, 1o HOBI aHaNITUYHI (GOPMH Ha



ocHoBl komruiekciB  Kymnpymy(Il) 3 mnoxiganumm xjopuay (mepxmaopary) 6,7-
JIUT1IPOKCUOCH3O0MIPIITIIO € 3PYUYHUMHU JUIsl PO3pOOKH Ha 1X OCHOBI KOMOIHOBaHMX
aTOMHO-a0COpOIIHIX METOIMK BU3HaYeHHs MikpokiibkocTed Kympymy(Il) micns ix
MITEISIPHO-EKCTPAKIIIHHOTO KOHIICHTPYBAHHSI 32 KIMHATHOI TEMIIEPATyPH.

BuBueHO 1 ONTHMI30BaHO YMOBHU MILIENISIPHO-EKCTPAKIIITHOTO KOHLIEHTPYBaHHS
Cu(Il) y Burmagl KoOMIUIEKCY 3  XJOPUAOM  6,7-IUTIAPOKCU-4-METHII-2-
dbeHuI0eH30mIpuIIii0 B XIMIYHO-1HIYKOBaHy MileisapHy (a3zy HeioHoreHHoro ITAP
Tpurony X-100. I'papyroBansHuil rpadik 1is aTOMHO-a0COpOIIHHOTO BHU3HAYEHHS
Cu(Il) 3 mosymMHEBOIO aToOMi3alli€l0 JIHIMHUN B 1HTEepBal KOHIEHTpauik 5,0-213
MKI/J, a MeX1 BHUSABJIECHHS 1 BH3HAUE€HHS BIANOBIAHO cKiagaroTh 1,5 1 5,0 MKI/i.
Po3pobneny MeToanKy anpoO0BaHO MpyY aHaTI31 TPUPOJTHUX 1 MUTHUX BOJI, @ BITHOCHE
CTaHJapTHE BIIXUJICHHS He nepeBuiye 4%.

JlocmipkeHo 1 ONTHMMI30BAHO  yYMOBH  aTOMHO-aOcopOuiiHOTO 3
eJIEKTPOTEPMIYHOIO aTOMI3alli€l0 BHU3HAuUEHHS ciioBux Kinbkoctedt Kympymy(Il)
MICJIA MOro XiMIYHO-1HIIIMOBAHOTO MIIEISPHO-EKCTPAKIIIHHOTO BHIIYUYEHHS Y (opmi
KOMILIEKCY 3 XJIOPUJIOM 6,7-muriapokcu-4-meTui-2-GheHuTOSH30 PIITIFO.
['panyroBanpHuit Tpadik TpSAMOIIHINHUEN B 1HTepBami KoHueHTpariii 0,3-110 Mxr/mn, a
MEX1 BUSBJICHHS 1 BuU3Ha4yeHHS BiAgnosigHo piBHi 0,1 1 0,3 mkr/m. Po3poGrieny
METOJMKY anpoOOBaHO MPHU aHami3l OyTUILOBAaHMX MIHEpPAIbHHUX BOJ, a BITHOCHE
CTaHJapTHE BIIXUJICHHS HE nepeBuIye 5%.

Oxpemi MaTepiany AUcepTaliiftHOi poOOTH BIPOBAIKEH1 B HABUAIBHHI MPOILIEC
KadeIpu aHAIITUYHOI Ta TOKCUKOJIOTTYHOT XiMii (hakynbTeTy Ximii Ta dpapmariii OHY
imeH1 [.I. Meunukoga.

KuarwuoBi caoBa: cnektpodoromerpis, Kympym(Il), aTtomnro-aGcopOrriiina
criekTpodoromerpis, MiLeJIsIpHa EKCTPAaKIIis, piIuHHA EKCTPAaKIIIs,
KOMIUIEKCOYTBOPEHHS, TOBEPXHEBO-aKTUBHI PEUOBUHH, aHATI3 BOJIU.
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SUMMARY

Dubovy V.P. New analytical forms based on Cu(ll) complexes with some
derivatives of 6,7-dihydroxybenzopyrylium and their application in the analysis -
Quialification 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.

The dissertation is devoted to the study of the conditions of the interaction of
Cu(ll) with some derivatives of 6,7-dihydroxybenzopyrylium and their extraction for
the development of extraction-photometric, in particular microextraction and micellar-
extraction methods for the determination of Cu(ll) in objects of different nature.

In the introduction the relevance of the topic is substantiated, the goal and
objectives of the research are formulated, the scientific novelty and practical
significance of the obtained results are noted.

The first section presents a literature review in which the forms of existence of
copper ions in aqueous solutions, their reactivity and features of interaction with
inorganic and organic ligands are considered. It is noted that despite the numerous
ligands capable of interacting with Copper(l, 1) ions and the analytical forms
presented on their basis, the search for new, more efficient organic reagents with
improved chemical-analytical characteristics remains one of the directions that
continues to develop.

It is noted that currently spectrophotometry and atomic absorption spectroscopy
remain one of the most accessible and simple methods of the determination of trace
quantities of Copper(ll), and the sensitivity of the determination can be significantly
increased by pre-concentration. Moreover, it is rational to consider micellar extraction
as a method for efficient concentration of trace amounts of copper(ll).

The nformation about the possibilities of micellar extraction concentration by
phases based on non-ionic surfactants is summarized briefly. It is shown that ultrasonic
and microwave irradiation have been proposed to intensify micellar extraction of

microcomponents, but insufficient attention has been paid to the possibilities of



chemical initiation of micellar phase formation.

The second section describes the conditions and the main stages of the
experimental studies, describes the equipment and apparatus used in the work, gives
the initial materials and methods for preparing of their solutions.

The third section investigates the complexation in the systems "Copper (1) -
DOC" and it was found that the interaction of components is accompanied by the
batochromic shift of the light absorption band A = 480 nm, A = 540 nm and A = 560
nm for DMDOC, MPhDOC and DPhDOC, respectively. The chemical-analytical
characteristics of the interaction products in solutions: Cu(l1):DMDOC = 1:2, (pHopt
4.1; e = 0.5-10%; Cu(ll):MPhDOC = 1:2, (pHopt 4.5; &0 = 3.0-10%);
Cu(l1):DPhDOC = 1:2, (pHopt 5.0; €560 = 3.5-:10%). The probable chemistry of the
interaction has been proposed according to which Cu?* cation acts as a the complexing
agent, and DOC derivatives react in the form of the corresponding anhydrobase.

It was shown that the introduction of phenyl substituents at positions 2 and 4 of
the benzopyrylium cycle of reagents in the transition from DMDOC to DPhDOC leads
to an increase in the optimal pH of the interaction, an increase of molar absorption
coefficient and reactions contrast, and also leads to the formation of stronger
complexes: 1gB are 9.0; 9.4 and 10.1 for complexes with DMDOC, MPhDOC and
DPhDOC respectively.

The possibility and optimized conditions of extraction are shown by the example
of the Copper(Il) complex with MPhDOC. It is shown that the complex is most fully
extracted with isoamyl alcohol, and the extraction equilibrium is established within
45-60 s, and the calculated distribution coefficient (D) and the degree of extraction (R)
are 61 and 92% respectively. In general, Copper(ll) complexes with MPhDOC and
DPhDOC are the most intensely colored, and the corresponding new analytical forms
on their basis seem to be effective for the development of combined spectroscopic
methods for determination of trace amounts of Cu(ll).

The fourth section. The conditions of extraction of the Copper(ll) complex with
6,7-dihydroxy-4-methyl-2-phenylbenzopyrylium chloride of 1:2 composition formed

in solution at pH 4.5 are optimized. It is shown that the best extractant is isoamyl



alcohol, and the extraction equilibrium is reached within 1 minute at a ratio of organic
and aqueous phases 1:5. The extraction-spectrophotometric method for the
determination of Cu(ll) in the range of 0.02-0.96 ug/mL using 6,7-dihydroxy-4-
methyl-2-phenylbenzopyrylium chloride, which is characterized by high sensitivity
(LOD = 0.007 ug/mL) and relative simplicity and has been tested in the analysis of
waters of various categories.

The conditions of dispersion liquid semi-microextraction for pre-concentration
of Cu(ll) using 6,7-dihydroxy-2,4-diphenylbenzopyrylium chloride were optimized:
pH 5, maximum absorption band 570 nm and mixed extractant containing 1 ml of
chloroform and 1 ml of methanol. Under optimal conditions, the calibration graph is
linear in the range of Cu(ll) concentrations of 4.32—-65 ug/L, and the detection limit is
1.29 pg/L. The technique was tested in the analysis of rock samples and tap water.

New initiators of micellar extraction at room temperature are proposed. It is
shown that sodium (ammonium) salts of aromatic carboxylic acids (benzoic, o-, m-
and p-toluic acids) cause the spontaneous formation of the micellar phase of Triton X-
100, which is suitable for analytical concentration. The proposed method of micellar
extraction concentration of Copper(ll) as complexes with chlorides (perchlorates) of
6,7-dihydroxy-4-methyl-2-phenylbenzopyrylium and 6,7-dihydroxy-2,4-
diphenylbenzopyrylium was used for further spectrophotometric detection of
Copper(Il), and the developed techniques were tested in the analysis of water samples.

The fifth section shows the fundamental possibility of combining chemically-
initiated micellar extraction with flame and electrothermal atomic absorption
spectroscopy for the first time. It is shown that new analytical forms based on
complexes of Copper(ll) with derivatives of chloride (perchlorate) of 6,7-
dihydroxybenzopyrylium are convenient for development on their basis of combined
atomic absorption methods for the determination of microquantities of copper(Il) after
their micellar extraction concentration at the room temperature.

The conditions of micellar extraction concentration of Cu(ll) as a complex with
6,7-dihydroxy-4-methyl-2-phenylbenzopyrilium chloride in the chemically induced

micellar phase of nonionic surfactant Triton X-100 were studied and optimized. The



calibration graph is linear in the concentration range of 5.0-213 ug/L, and the limits of
detection and determination are 1.5 and 5.0 ug/L, respectively. The developed
technique was tested in the analysis of natural and drinking water, and the relative
standard deviation does not exceed 4%.

The conditions of atomic absorption with electrothermal atomization of
determination of trace amounts of Copper(ll) after its chemically initiated micellar
extraction in the form of complex with 6,7-dihydroxy-4-methyl-2-
phenylbenzopyrylium chloride were investigated and optimized. The calibration graph
iIs linear in the range of concentrations of 0.3-110 ug/L, and the limits of detection and
determination are respectively 0.1 and 0.3 pg/L. The developed technique was tested
in the analysis of bottled mineral water, and the relative standard deviation does not
exceed 5%.

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

Key words: spectrophotometry, Copper (Il), atomic absorption
spectrophotometry, micellar extraction, liquid extraction, complexation, surfactants,
water analysis.
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