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1. Yepnsikosa M. 1O. (I1160K0)eBTEKTUYHI pO3UMHHUKY Ha OCHOBI MEHTOJIY SIK €KCTPaKLilHi cepeloBUINA IJ1s
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XapyoBUX NPOMYKTIB, MaTepiasiB i 06'eKTiB JOBKissA. He3Barkaiouu Ha pO3BUTOK iHCTPYMEHTAJIbHUX METO/IIB,
npo6saeMa MaTpuYHUX e(eKTiB Ipy BU3HAUYEHH] eJIeMEeHTHOT0 CKJIaZly Y CKJIaIHUX 00’€KTax 3aIMIIAEThCS
aKkTyanbHO0. OgHUM i3 NifXoxiB 1o ii BUPilleHHs € eKCTPaKllis, sIKa 3HWKy€e BIUIMB MaTpULii Ta 3abe3nedye
[onepeHe KOHLEHTPYBAaHHS aHaiTiB. ([71160Ko)eBTeKTUYHI po34yMHHUKY ('EP) cbOronHi po3risgaioTs K «3€JIeHi»
eKcTpakuiini cucreMu. I'igpodo6Hi 'EP Ha OCHOBI MEHTOJIy € NEPCIEKTUBHUMU /17151 3aCTOCYBaHHS Y BOZHOMY
cepenosulii. [Ipore, ix BUKOPHCTaHHS [IEPEBAKHO 30CEPEIPKEHE HA OPTaHIYHUX CIIOJIYKaX, a JaHi 00 BUJIYYEHHS
ioHiB MeTaiB oOMeskeHi. MeTolo poOOTH CTasio CTBOPEHHS Ta AOCiI)KeHHs eKCTPaKLiliHUX CUCTeM Ha OCHOBI
MeHTosIoBMicHUX ['EP 17151 aHasisy eJleMeHTHUX JOMILIOK. Bysi0 OTpruMaHO HOBi KOMOiHALLil MEHTOJTY 3 BaHIJIIHOM, O-
BaHUJIIIHOM, II-AUMETUJIaMiHOOEH3aJIbIETiIOM, aHTUITIPUHOM, 8-TiTPOKCUXiHOJIHOM, CaMINIAIbIOKCUMOM,
TIOKTOBOIO KM CJIOTOI0, HOBOKAiHOM, PE30PLIMHOM, a TAKOX BiloMi cucTemu 3 ioynnpodpeHOoM i 071€iIHOBOIO KUCJIOTOIO.
dazoBy NoBeiHKY JOCIIIPKEHO METOJ0M OudepeHLiaabHOI CKaHyBalIbHOI KajJlopuMeTpii. BuU3Haue€HO TemIepatypu
€BTEKTHKH Ta CKJIIyBaHHS, BCTAHOBJIEHO THUII BiIXUJIEHb Bif ineanpHOCTI pifKoi ¢asy, mo [103Boanso ki1acudikyBaTu
cucremu Ha minkiacu ['EP. BogHesi 3B'13ku nigTBepaskeHo [Y-cnekTpockorieio Ta HIMP niist cuctem i3 HU3bKOIO
TeMIIepaTypolo nepexony. s cymiliel MeHTosL:caninunaanbaokeum (1:1 Ta 2:1) oTpumaHo TemnepaTypHi
3aJ1€KHOCTI I'YCTUHM 1 B'SI3KOCTI. [TOKa3aHO BiICYyTHICTb TUKCOTPOIIii Ta YaCTKOBY PO3YMHHICTb CaiLAIaIbI0KCUMY
y BOZi, sIKa 3HAYHO HI>KYA B rifpodobHOMY cepenoBulli. MoJieKyIsipHO-IUHAMIYHE MOJeJIIOBaHHS
IIPOJIEMOHCTPYBAJIO PiBHOMIPHMI pPO3M0[1ij1 KOMIIOHEHTIB i 3MEHIIIEHHS BOJHEBOIO 3B’13yBaHHS B CyMillli, 1110
MOSICHIOETHCS TiipoPOOHMMU B3aeMoAismu. OTpUMaHO JIaHi 00 PO3Noainy 24 eneMeHTiB y cucremi oga-TEP.
Hocnigxeno epexrusHicTb BunmydenHs Cd(Il) i Pb(Il) y cuctemax 3 aHTUANIPUHOM, [1-AUMMETUIAaMiHOOEH3aIbIETiIOM,
pesopuunom; Cd(II), Pb(Il), Hg(II) - 3 BaHiniHOM, O0-BaHiniHOM, osieiHOBOIO KucyioTow; Hg(Il), Cd(Il), Pb(1I), Co(1I),
Ni(1I), Cu(Il) - 3 ibynpoeHoM, 8-TiIPpOKCUXiIHOIIHOM, casiluIanbIOKCUMOM. HallnepCcreKTUBHIIIMMU CUCTEMaMU
BM3HA4YE€HO MEHTOJ:caliuunanbgokecuMm (1:1) Ta meHTom:8-rinpokcuxinodin (6:1). [lepia 3abe3nedye CeleKTUBHY
exctpakuio Cu(Il) mpu pH 2-3 3a gBomMa MexaHizmamu. [TokazaHO MO>KJIMBICTb TPYIIOBOrO BUJIyYEHHS iOHIB 32
paxyHoK 3minu pH a6o nopaBaHHs niposiguHauTiokKap6amMaTy amoHi. Jlpyra cuctema epeKkTuBHa JiJ1s1 TPYIIOBO]
ekcrpakuii npu pH 4-9. ExcTpakuiiiHi B1JaCTUBOCTI IMX CUCTEM 3YMOBJIEH] HasIBHICTIO X€JIaTyIOUMX areHTIB.
BpaxoByioun 1ie, 3aIIpOIIOHOBAHO HOBUH MifXi[l 10 pO3pOOKYU AN3aliHEPCHKUX (TJIMO0KO)EeBTEKTUYHUX PO3YNHHUKIB

I €KCTPaKIii iOHiB MeTauliB, 10 MOJISITae y BUKOPUCTAHHI XeJIaTyIOuMX areHTiB y iX CKIafi.

2. Cherniakova M. Yu. Menthol-based (deep) eutectic solvents as extraction media for the analytical concentration
of elemental impurities. — Qualifying scientific work, the manuscript. Dissertation for the degree of Doctor of
Philosophy in the specialty 102 Chemistry. — State Scientific Institution “Institute for Single Crystals” National
Academy of Sciences of Ukraine, Kharkiv, 2025. The analysis of elemental impurities is essential for quality control
in pharmaceuticals, food, materials, and environmental monitoring. Despite advances in analytical
instrumentation, matrix effects still complicate elemental analysis in complex samples. Extraction methods help
minimize these effects and allow for preconcentration of analytes, thus increasing analytical sensitivity. Currently,
(deep) eutectic solvents (DESs) are considered “green” extraction media. Among them, hydrophobic menthol-
based DESs show promise for use in aqueous systems. However, their application has been largely limited to
organic compounds, with little data on metal ion extraction. This study aimed to develop extraction systems based
on menthol-containing DESs for elemental impurity analysis. New combinations of menthol with vanillin, o-
vanillin, p-dimethylaminobenzaldehyde, antipyrine, 8-hydroxyquinoline, salicylaldoxime, thioctic acid, novocaine,
resorcinol, as well as known menthol-based systems with ibuprofen and oleic acid, were prepared. Phase behavior
was investigated by differential scanning calorimetry, revealing eutectic and glass transition temperatures, and
deviations from ideal liquid behavior allowed classification into DES subclasses. Infrared and NMR spectroscopy
confirmed hydrogen bonding in some systems. The temperature dependence of density and viscosity for
menthol:salicylaldoxime (1:1, 2:1) mixtures was studied, showing no thixotropy. Limited solubility of salicylaldoxime
in water confirmed the hydrophobic nature of the mixture. Molecular dynamics simulations of
menthol:salicylaldoxime (1:1) showed uniform distribution and weakened hydrogen bonding in the mixture
compared to pure components. Increased self-diffusion coefficients were attributed to hydrophobic interactions.
Experimental data were obtained on the distribution of 24 elements in water-DES systems. Extraction efficiencies



of Cd(II) and Pb(II) were studied in mixtures with antipyrine, p-dimethylaminobenzaldehyde, resorcinol; Cd(II),
Pb(II), and Hg(Il) with vanillin, o-vanillin, oleic acid; Hg(II), Cd(II), Pb(I), Co(Il), Ni(II), and Cu(II) with ibuprofen, 8-
hydroxyquinoline, and salicylaldoxime. Menthol:salicylaldoxime (1:1) and menthol:8-hydroxyquinoline (6:1) were
identified as the most promising systems. The former selectively extracts Cu(Il) at pH 2-3 via two mechanisms
depending on pH. Group extraction is also possible by adjusting pH or adding ligands such as ammonium
pyrrolidine dithiocarbamate. The menthol:8-hydroxyquinoline (6:1) system enables efficient group extraction at pH
4-9. These results support a new approach to designing DESs for metal ion extraction based on the use of
chelating agents within their composition.
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Micue3Haxoa>KeHHs: npocnekt Hayku, 6yz1. 60, Xapkis, XapkiBcbkuii p-H., 61072, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHSA: HaujoHasbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHmi1

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. Tatapey AnaTtoniit JleoHinoBn4

2. Anatoliy L. Tatarets

KBasigikanis: k. x. u., c.z., 02.00.03
InenTudirkarop ORCHID ID: He 3actocoyerbcs
JopaTrkoBa inpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHa HayKoBa ycTaHOBa HayKoBO-TeXHOJIOTIYHM#

KOMILIEKC "[HCTUTYT MOHOKpHcTasiB" HalioHanbHOI akagemii Hayk YKpainu

Kopg 3a € IPIIOY: 23759880

Micuesnaxo,zm(eﬂna: npocnekt Hayku, 6ya. 60, XapkiB, XapkiBcbkuii p-H., 61072, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemis HayK YKpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

VIII. 3aKkJII04Hi BiZoOMOCTi
BﬂaCHe Hpi3BHme IM'ﬂ Ho_GaTbKOBi YebaHoB BasmeHTUH AHATOJIHIOBUY

TOJIOBH pajgu

Biacue IpizBume Im's Ilo-6aThKOBI Ye6aHOB BajleHTHH AHATOIOBIY

TOJIOBYIOYOrO Ha 3acCiiaHHi

BiamoBigaibHHUH 32 MiZTOTOBKY Illnpo6okosa Mapis I'eopriisHa

00JIiKOBUX JOKYMEHTIB

PeecTparop VkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




