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Xapuenko /]. B. KiHeTuka rijipoi3y ecTepiB CIOIyK (PIyopecIieiHOBOro psIy B

opraHizoBaHHMX po3unHax. — KBamidikariiina HayKkoBa mparls Ha mpaBax PYKOIIHCY.

Huceprariiss Ha 3400yTTs cTyneHs JokTopa ¢inocodii 3a cremianbHicTio 102
Ximiss» (lamy3s 3nHanp 10 Ilpupomuuui Hayku). — XapKIBCbKUW HaIllOHAJIbLHUN
yHiBepcuTeT iMeH1 B. H. Kapasina MinicTepcTBa OCBITH 1 HayKu YKpaiHu, XapKiB,

2025.

OcTaHHIM YacoM 3pOCTa€ IHTEPEC A0 BUBUYEHHS PI3HUX (PI3UKO-XIMIYHUX
OpOLECIB Yy OpraHi3oBaHUX pO3YMHAX, TaKUX SK MILEIApHI CHUCTEMH Ta
CYyNpaMOJIEKyJISIpHI KOMIUIEKCH. BOHM BIJITparOTh BaXKIIMBY POJIb Y PI3HUX Taly3sX
HAyKHW 1 TEXHIKU — BiJl (hapMaleBTUKH JI0 CTBOPEHHS HOBUX MaTepiaiiB. OcoOnuBy
yBary INpUBEPTAIOTh JOCHIDKEHHS peaklid y TaKUX CEepeJOBUINAX, OCKUIbKU
OpraHi3oBaHi PO3YMHHU MOXYTh ICTOTHO 3MIHIOBATH MEXaHI3M Ta KIHETUKY XIMIYHHX

NIEPETBOPEHD.

OnHUM 13 BOXJIMBUX MPHUKIIAJIIB € TIIPOJII3 €CTEPIB CIOIYK (IyopecieiHOBOTro
psAy, 10 aKTUBHO BUKOPUCTOBYIOTHCA SIK (DIIyopecueHTHI 30HAM y Oloximii Ta
MEIUIIMHI. BUIbIIICTh HAsBHUX JOCHIPKEHb KIHETHUKHU TiIpOJIi3y MPOBOJUIACA Y
BOAHMX a0o0 IHIMBIAyaJbHUX OPraHIYHUX PO3YMHHUKAX, TOJl SK BIUIMB MILEN 1
KaJIIKCApeHIB Ha Mepedir 1UX peakiiil 1e moTpedye ACTalabHINIOTO BUBYEHHS. Y
IIbOMY HAMpPSMKY MOTpeda y MOraubIeHOMY aHai31 BIUTMBY OpraHi30BaHUX PO3YHHIB

Ha MIBUIKICTh 1 MEXaHI3M XIMIYHHUX PEAKI1N CTa€ aKTyaIbHOIO.

OTxe, MeTO aucepTauniiiHoi podoTH OyJlO BHSBJICHHS OCOOJIMBOCTEH
KIHETUKU T1JIPOJII3y €CTEPIB CHOIYK (IIyOpecleiHOBOIO psiy B OpraHi30BaHUX

PO34YMHAX MOBEPXHEBO-aKTUBHUX PEUOBHUH 1 KaJliKCApPEHIB.

VY po6OoTi AOCHIIKEHO T1APOII3 JlaleTHII- 1 AUIaypuiI(IIyopecleiny, a TaKox
ecTepiB HITPOMOX1AHUX (JIyopecleiHy Y BOJHUX Ta BOJHO-ETAHOJIBHUX CEPEIOBUIIIAX.
OkpeMy yBary TpUIIJICHO BHUBYCHHIO BIUIMBY  MINEISIPHUX  CHUCTEM 1
CynpaMoOJICKYJISIPHUX arperaTiB KajiKCcapeHiB Ha MIBUIKICTh 1 MEXaHI3M mepediry

peakuiii Tigponizy. Bu3HaueHO KIHETHYHI MapaMeTpu TIApOdi3y B  PI3HUX



CEpEeIOBUILAX Ta MEXaHI3MHU BIUTMBY MILEISPHUX 1 CYNIPaAMOJIEKYJISIPHUX CTPYKTYp Ha

IIBUIKICTh PEAKIIIi.

BuBueHo cmekTpalbHI BJIACTUBOCTI Ta KHCJIOTHO-OCHOBHI PIBHOBaru
HITPOMOXITHUX (PIIyopecleiHy y BOJAHHUX 1 BOJHO-€TAHOJBHUX PO3YMHAX, a TAKOX
IIPOAHATI30BaHO 3aJCKHICTh TMapamMeTpiB MOHHOI pIBHOBard Ta KIHETUYHHUX

XapaKTEPUCTHK TiIpOi3y BIAMOBITHUX €CTEPIB Y IIUX CEPEIOBUIIIAX.

JIoaTKOBO JOCIHIKEHO BIUIMB OPTaHI30BaHUX PO3YHMHIB HA TiPOII3 €CTepiB
napa-uiTpodeHoIy, 0 JO03BOJUIIO MOPIBHATH €(EeKTH OpPraHi30BaHUX CEPE/IOBHII, a

0CO0OJIMBO KaiKCapeHiB JIJIsl CyOCTpaTiB pi3HOI MPUPOIH.

JUist  pocimikeHHss Oyiau BUKOPHCTAaHI IOBEPXHEBO-aKTMBHI PEYOBHHH
KaTIOHHOTO, aHIOHHOTO, HEIOHHOTO Ta IBITEPIOHHOTO THUITIB, a TAKOX KaJlIKCapeHHU 3
PI3HUMH JOBXKHHAMH aJIKUTbHUX 3aMICHHKIB, IO JJO3BOJMJIO OIIIHUTH BHECOK

€JIEKTPOCTaTUYHUX Ta TiAPo(HOOHUX B3aEMOIIN y IepeOir JOCIIKYBaHUX MPOLIECIB.

I[JISI NMPOBCACHHA CKCIICEPUMEHTY Ta OﬁpOﬁKl/l pQSyJII)TaTiB BUKOPUCTAHO

HACTYIIHI METOM TA MiAX0AH:

1. CnektpodoToMeTpis: I8 BU3HAYCHHS KOHCTAHT IIBUIKOCTI peakIii 1

CHEKTPaJIbHUX XapaKTEPUCTUK HITPOMOXIAHUX (piryopecueiny.
2. IloTeHu1OMETpUYHUN METOA — JUIsl BU3HaUYeHHa pH po3uunHiB

3. Junamiune po3scitoBanHs cBitia (APC): nns BU3HAYEHHS pO3MIpy Ta 3apsiay

KOJIOIJHUX YaCTUHOK.
HoBu3Ha oep:xaHuX pe3yJbTaTiB:

1. Po3BuHYTO METOA CHEKTPOPOTOMETPUYHOIO BHU3HAUEHHS KOHCTAHT
MIBUAKOCTI 000X CTaflil  JBOCTYMIHYACTOIO TIAPOJI3Yy  €cTepiB
dayopecueiny y BOAHMX Ta MILEISIPHUX PpO3YMHAX MOBEPXHEBO-

AKTUBHHUX PCUYOBHUH.

3anponoHOBAHUI METOJT I03BOJISIE€ YITKO PO3IUTUTH MEePEOIT TBOX MOCTITOBHUX

CTaAii T1IpoJIi3y 3aBAsSKU aHAJI3y 3MIH CIEKTPAIbHUX XapaKTEePUCTUK Y Yacl.



Buxopuctanas 1poro miaxomny 3a0e3meuye MOMKIUBICTh BU3HAYCHHS
OKpEeMHUX KIHETUYHHX KOHCTAHT JJIS MEePIIOoi Ta APYTol CTajaii peakiii HaBiTh y
OpraHi30BaHMX CepenoBUIaX. MeToa 3aCTOCOBAHO JO aHami3y Tiapoiizy
TlaneTui- 1 auiaaypwiduyopeciieiny y BoJl Ta MinensapHux cuctemax [1AP,
JI03BOJISIIOYM KOPEKTHO OOYMCIIOBATH KIHETWYHI MapaMeTpu MiJ 4ac 3MiHU

IPUPOJIA CEPEIOBHUIILIA.

2. JIoCHi)KEHO BIUIMB OPraHi30BaHUX PO3YMHIB IOBEPXHEBO-aKTHBHUX
pEUOBUH pi3HOI MpUpoaAH (KAaTIOHHUX, AHIOHHUX Ta HEIOHHMX) Ha

IIBUIKICTH T1POJIi3Y eCcTepiB (IyopecIeiny.

ITokazano, mo kationHi MinenspHi cucremu IITAB ta IIIX, cyrTeBo
IPUCKOPIOIOTH TiJIPOJI3 €CTEPiB y MOPIBHSAHHI 3 BOJHUM cepenoBuieM. lle
MIPUCKOPEHHSI 0OYMOBJIEHE HAKOMHWYEHHSM TiJIpoKcuA-10HIB y mapi repHa
MO3UTUBHO 3aps/KeHuX Mined. [Ipore po3paxyHOK 1CTUHHOI KOHIIEHTpaIlii
TIAPOKCUJI-IOHIB Yy MIKPOOTOUEHHI CyOCTpary TMoka3ye, 10 e(eKTuBHA
IIBUJKICTh peakiii Moke OyTH 3HMKEHa uepe3 "BiABOJIIKarOUud edekr"' —
crienu(piuyHy B3a€EMOJIII0 MDK TIJPOKCHI-I0HAMH Ta KaTIOHHUMH TOJOBHHUMU
rpynaMy Milell, 00 oOMeXy€e NOCTYIHICTh peareHTIB s peakiii. AHIOHHI
ITAP, HaBmaku, NpPHU3BOAATH O 3HWKCHHS IIBHUIKOCTI peakiii uepes

BIJIIIITOBXYBAHHS T1JIPOKCHU/I-10HIB BiJ] IIOBEPXHI Mille.

3. Bnepmie  mpoIeMOHCTPOBAaHO  3HAYHUNA  KATAITUYHUKA  e(eKT
CyIpaMoJICKYJISIPHUX arperaTiB KaJIiKCapeHiB 13 XOJIIHOBUMU TPyIMaMHu Ha

000,11 Ha peakKIlito TiIpoIi3y ecTepiB (iryopecieiny.

JlocmKeHO BIUIMB KaJIIKCApEHIB 3 XOJIHOBMMH 3aMiCHUKAMH Ha IIBUAKICTh
rigponizy mianetuidayopecieiny. [Tokasano, Mo KajgikcapeHu 3 XOJIIHOBUMU
rpynaMyd 3HA4HO TMPHUCKOPIOIOTH Tiepelir peakiii 3aBasku  crienudiuHii
JoKamizamii TiaIpoKCUA-10HIB MOOIN3y ecTepHoi rpymu cybctpary. [lokazano
TaKOX, IO IMOJOBXKEHHs aJIKIJILHOTO JjaHItora kamikcapeHiB Big C; mo Ci
CIpusi€ 3pOCTaHHIO €(PEeKTUBHOCTI KaTami3y, IO CBIIYMTH MPO BAKIUBY POJIb

riapodoOHNX B3aEMOIN y cTpyKTypi arperatTiB. [lIBuakicTh peaxuii riapoizy



y TPUCYTHOCTI KaylikcapeHiB 3poctae g0 1800 pa3iB MOpIBHSHO 3 BOIHUM

CepeIOBUIIIEM.

4. TlinTBEepMKEHO YHIBEPCAIBHICTh KaTANITUYHOI [ii KaliKcapeHiB 13
XOJIHOBHMHM TpyHamMH Ha NPUKIAIl TMPUCKOPEHHS TiIpOJi3y ecTepiB

napa-HiTpoheHoy.

JlocmpKeHHsT TiApOJi3y napa-HITpodeHUT areraTty Ta napa-HiTpoQeHiT
nanabpMiTaty y mpucyTHocTi kaTioHHux I[IAP Ta arperartiB kajikcapeHiB i3
XOJIIHOBUMHU TpylaMu TOKa3alid, 110 OCTaHHI 3a0e3MedyroTh HaJ3BUYAITHO
BUCOKHMM KatamitTnaauii edext. g napa-HiTpodeHin areraTy KOHCTaHTa
IIBUJIKOCTI Peakilii y KaJiKcapeHOBUX arperarax 3poctae npuommsHo y 200
pa3iB MOPIBHSHO 3 BOAHUM pO34YMHOM. lle CBITUUTH MpO YHIBEPCAIbHICTh
KATATITUYHOTO MEXaHI3MYy KaJIIKCapeHiB 13 XOJIIHOBUMH TIpynamMu Ta iX
3IaTHICTh JIO CTBOPEHHS €(PEKTUBHUX MIKPOOTOUYEHb I PI3HUX THUIIIB

cyOcTpartis.

5. BusBneHo 3anexHICTb €()EKTUBHOCTI OpraHi30BaHHUX PO3YMHIB Bij
CTPYKTYpH CYyOCTpary: BIUIUB JOBXHHHU TiapodoOHOro aHIfora Ha

IIBUJIKICTD T1POJIi3Y.

[TopiBHSIHHS Tipodi3y napa-HITpoeHn amerary Ta napa-HITpodeHI
NajgbMITaTy TIOKa3ao, 10 JOBIHI BYTJIEBOJHEBUH JIAHIIOT TAIBMITATY CIIPHUSIE
IUOIIOMY 3aHYPEHHIO MOJIEKYJIU B T11po¢oOHE sIIPO arperaTis, 0 YCKIIAIHIOE
JOCTYII TJIPOKCUA-10HIB JI0 PEAKLIMHOTO HEHTPY 1 3HUKYE MIBUAKICTD PEaKIi y
5,6 paziB. lle neMOHCTpye BaXJHMBY POJIb IPOCTOPOBOI JTOCTYITHOCTI

GbyHKIIOHATBHOT TpynH ISl €EeKTUBHOCTI MCEeBA0(]A30BOT0 KaTamizy.

6. BcTaHOBIEHO  KpUTHYHY  pOJb  MAaKPOIMKIIYHOI  apXITEKTypH

KaJIIKCapeHiB y 3a0€3MeUYeHH1 BUCOKOT KaTaJlITUYHOI aKTUBHOCTI.

[TopiBHSAHHS KaTaTITUYHOI aKTUBHOCTI KaJIIKCAPEHY 3 XOJIIHOBUMH I'pylaMu
Ta BIANOBITHOI «YBEPT» CTPYKTypu — crnoiayku N, N-mumeTuii-N-
T1IPOKCUETUI-4-T0IeIUTIOKCUOCH3UIAMOHII0  XJIOpUJly — TIOKa3ajgo, 110

MaKpOIUKJIIYyHa Oy/1I0Ba KaJlIKCApEHY CYTTEBO MMIBUILY€E €(hEKTUBHICTh KaTali3y



riapoizy ectepiB. CrOCTEPIra€ThCsl CyTTEBE 3MEHIIICHHSI KOHCTAHTH IIBUAKOCTI
y pa3i BUKOpPUCTaHHS "4BepTi" KajikcapeHy, 10 BKa3y€ Ha BaXJIMBICTh CaMe

KaJliKcapeHOBOTO e(eKTy A ePEeKTUBHOTO KaTalizy.

7. JlocaimKeHO BILUTUB HOHHOI CHJIM CEPEIOBUINA HA IIBUKICTH TIAPOII3Y B

MILIEJISIPHUX 1 KaTIKCApEHOBUX CHUCTEMAaX.

[ToxazaHo, 1m0 30UIBIIEHHS WOHHOI CWJIM CEpENOBUINA IMPU3BOAMUTH [0
3HIDKEHHS IIBUAKOCTI peaklid TiApomizy SK y HPUCYTHOCTI KIACHYHUX
kaTioHHUX [TAP, Tak 1y arperatax kanikcapeHis. L{e moB’s13aH0 3 ekpaHyBaHHSIM
MOBEPXHEBOTO  €JIEKTPUYHOTO TMOTEHIally arperaTiB 1  BIAMNOBIIHUM
3MEHIIEHHSM JIOKAJIbHOI KOHIIEHTpaIlli TiAPOKCUA-HOHIB Ol cyOcTparty.
Taxkuit edekr MiATBEpAKYyE BaXIIMBICTh €IEKTPOCTATUYHUX B3a€EMOMIN 1Jis

e(heKTUBHOTO TIceB10(A30BOr0 KaTamizy.

8. Brmepiie BCTaHOBJIEHO BIUIMB IOJIOXKEHHS HITPO3aMICHUKA B 3QJIHMILKY
(TaseBoi KHUCIOTH MOJEKYJIu (ayopecleiny Ha KHUCIOTHO-OCHOBHI
BJIACTUBOCTI, CTaH TayTOMEPHOI PIBHOBArM Ta KIHETHUYHI MapamMeTpH

TIAPOIII3y €CTEPIB Y BOAHUX 1 BOJHO-ETAHOJIBHUX PO3YMHAX.

JlociiKeHo KUCIIOTHO-OCHOBHI piBHOBaru 3'-, 4'- ta 5'-HiTpodiyopeciieiniB
IIUISIXOM BU3HAYCHHS 1X KOHCTAHT gucorriamii y Boai ta y 50 mac.% BojHO-
€TaHOJIbHOMY pO3uYMHI. BUSABIEHO, O BBEAEHHS HITPOIPYNH Yy Pi3HI
MIOJIO)KEHHST 3MIHIOE CTaOUIbHICTh JIAKTOHHOI, I[BUTTEPIOHHOI Ta 10HI30BaHUX
dopm monekynu. CrnocTepiraerbcs 3MILIEHHS TayTOMEPHOI pIBHOBAaru y OiK
LIBUTTEPIOHHOI (POPMHU y BOJI1, & TAKOXK NEPEBAKAHHS JJAKTOHHOTO TAyTOMEPY Y
BOJIHO-CTaHOJIPHOMY pO34MHI. BcTaHOBIEHO, 10 MOJIOKEHHS HITPO3aMiCHUKA
TaKOXX BILJIMBA€ Ha CIIBBIIHOIICHHS KOHCTAHT IIBUJKOCTI CTald TiIpoJii3y,

Mo (iKYl MEXaH13M mepediry peaxiiii.

9. BcraHoBieHO 3alieKHICTh €(PEKTUBHOCTI KaTajidy B OpraHi30BaHUX
CepeloBHILAX Bl  MOJOXKEHHS  HITPO3aMICHHKAa Yy  MOJEKYJ

dbayopecueiny.



Hocmipkenns rigponizy 3'-, 4'- ta 5'-HITpodayopeclieiHOBUX €CTEpIB Yy
MPUCYTHOCTI MILIETIIPHUX CHUCTEM Ta KaJlIKCAPEHIB BUSIBUIIO, 110 €(PEKTUBHICTh
MPUCKOPEHHS peakilii ICTOTHO 3aleXHUTh BIJ TMOJOXKEHHS HITpOrpynu. Y
minenax I{TAB HaiOimpmui KaTamTHYHUN €(eKT crocTepiraerbes s 3'-
HiTpo(Iyopecleiny, TOAl SK y KallKCapeHOBHX CHCTEeMaX MaKCHUMaJlbHE
NPUCKOPEHHSI XapakTepHe mis S'-HiTpoduyopectieiny. lLle cBiquuth mpo
BaXJIMBICTB IMPOCTOPOBOI OpI€HTAIllT CyOCcTpaTy y riceB10(hazoBOMY CepeOBHIITI
Ta BIUIMB EJEKTPOHHOI MPUPOAM 3aMICHHKAa Ha JOCTYIHICTh PEaKIiiHOro

HEHTPY.

10.Bnepiie mpoanHaii3oBaHO €(PEKTH 3MIHM MPUPOAU OPraHi30BaHOTO
Cepe/IoBUIIla HAa CITIBBIJHOIIECHHS KOHCTAaHT UIBUJKOCTI JBOX CTaJlii

TiApOoIi3y.

BusiBneHo, 1mo B OpraHi3oBaHMX CEpPEOBHUIINAX 3MIHIOETHCS HE TUIBKU
3arajbHa IMIBUJKICTH TIIPOJI3y, ajie ¥ CIIBBIJHOIICHHS KOHCTAaHT MEpIIoi 1
Ipyroi craaiil. Y NOpUCYTHOCTI KaTIOHHUX MIIET peakilis Nepuioi crajli
IPUCKOPIOETHCS CUITBHIIIE, TO/L SIK y KaJIIKCAPEHOBUX CHCTEMAaX MPUCKOPECHHS
000x cTaziil B11OyBaeTbesa OUIbII piBHOMIPHO. Lle BKazye Ha pi3HUN MeXaHi3M

BILJIUBY OPraHi30BaHOTO CEPEIOBHIIA HA TIEPEeOIr KOKHOTO €TaIy TiApOoi3y.

11.Po3mupeHo ysBiAEHHS PO poJib TiAPOPOOHUX 1 EIEKTPOCTATUUYHUX

B3a€EMO/IIN y TPOIECaxX CyNpaMoJICKyJIIPHOTO KaTami3y.

[TopiBusinHa edekTiB I[TAP 1 kanmikcapeHiB mokazano, 10 €1eKTPOCTaTUYHI
B3a€EMOJIIi BIAITPalOTh MPOBIAHY POJIb Y MILEIAPHUX CUCTEMaX, TOAl SIK Y
KaJlIKCQpEHOBUX  arperatax  KJIOYOBUM  YHUHHUKOM €  KOMOiHaIs
€JEeKTPOCTaTUYHUX 1 TiaApo@oOHux edekTiB. CTpyKTypa KalllKCapeHOBHX
arperaTiB 3a0e31euye 0JTHOYaCHO BUCOKUM JIOKAJIbHUN €IEKTPUYHUN TTOTEHITI A
1 CTBOpEHHs TiApo(OOHOTO MIKPOOTOUEHHS [JIsi CyOCTpary, IO JJ03BOJISE
J0CSITaTh BUCOKOT €(DEKTUBHOCTI KaTanii3y HaBiTh JJI PI3HUX 3a MPUPOJIOIO

ecTepiB.

IIpakTHYHEe BUKOPUCTAHHS OJeP:KAHUX Pe3yJIbTAaTIB:



[IpakTHyHE 3HAUEHHS OTPUMAHUX y AUCEPTaIlliHIi poOOTI pe3ysIbTaTiB MOJIATae
Y MOXKJIMBOCTI 1X 3aCTOCYBaHHS JJI ONTUMI3aIl1 YMOB IIPOBEICHHS PEAKIIINA T1APOTI3y
ecTepiB  QuiyopecueiHy B aHANITHYHIA Ximii, OioxiMii Ta QapmareBTHIHNX
JTOCITIDKeHHAX. BUSABICHI 3aKOHOMIPHOCTI 1I0[0 BIUTMBY MIIEISPHUX CEPEIOBHII Ta
KaJlIKCapEHOBHX arperariB Ha KIHETHUKY TiIpOJi3y MOXYTb OyTH BHUKOPUCTaHI AJis
CTBOPEHHST HOBUX BUCOKOUYTIMBUX (IYyOPECIICHTHUX 30H/IIB, K1 37JaTHI CEJICKTUBHO

pearyBaTy y CKJIaJHUX O10JIOTIYHUX CEpeJTOBHIIAX.

OTpuMaHi J1aH1 IO0/I0 KaTATITHYHUX BIACTUBOCTEH KaJiKCapeHOBUX arperaris,
0CO0OJIMBO 3aJICKHICTh IIBUIKOCTI T1IPOJI3y BiJ JOBKWHU BYTJIEBOJHEBOIO JAHITIOTA,
BIAKPUBAIOTh  MEPCHEKTHUBU I LIUJIECOPSIMOBAHOTO  JM3aiiHy  HOBHX
CynpaMoOJICKYJISIPHUX KaTali3aTopiB 13 3alaHUMU BJIACTUBOCTAMU. Lle Moxke 3HailTH
3aCTOCYBaHHA B CHUHTETUYHIA XiMii IS TNPUCKOPEHHS pEaKIid TiApomizy Ta

ecTepudikaiii, Kl € BAXKJIUBUMHU 1)1 hapMaleBTUYHUX 1 010TEXHOJIOTTYHUX MIPOLIECIB.

Meronuka  po3AUIBHOTO  BU3HAUEHHS  KIHETMYHUX  THapameTpiB  JUid
JIBOCTYIIEHEBUX PEAKIIIH T1IpoJi3y MOXe OyTH BIPOBAKEHA B aHATITUUHY MTPAKTUKY
nmabopaTopiid, 10 3aMarOThCSl KOHTPOJIEM (ePMEHTATUBHUX MPOIIECIB, TOCIIKEHHIM
aKTUBHOCTI (PEPMEHTIB Ta MOHITOPUHIOM CTaHy HaBKOJHUIIHBOTO CEpeIOBUIIA.
3anponoHOBaHU METOJA JO03BOJISIE OTPUMYBATH OUIBII TOYHI Ta 1H(OpPMATUBHI
pe3yabTaTH MOPIBHIHO 3 TPAIUIIIHHUMU TIIX0IaMH, IO A€ 3MOTY OLIbII €(EeKTUBHO

KOHTPOJIIOBATH Ta ONTUMI3yBaTH YMOBH PEaKIIiil.

OTpuMaHi JaHl MO0 KHUCJIOTHO-OCHOBHMUX BJIACTUBOCTEHM HITPOMOXITHUX
dyopecieiny MOKyTh OyTH BUKOPUCTaHI 111 CTBOPEHHS HOBUX pH-4yTIMBUX 30H/I1B
JUII MEOUKO-010JIOTIYHUX IOCIIKEHb. BUABIEHI 0COOIMBOCTI KHUCIOTHO-OCHOBHOIL
PIBHOBAru Ta TayToMepii MOXyTh OyTH 3aCTOCOBaHI1 JIJIsl pO3POOKH CUCTEM CEHCOPIB,
SK1 pearyroTh Ha 3MIHM KUCJIOTHOCTI CE€PEIOBHUIIA, 30KpeMa B 010J0TIYHUX TKAaHWHAX,

7€ HeOOX1AHO TOYHE BUMIPIOBAHHS Ta KOHTPOJIb BHYTPIIIHBOKIITUHHUX MMapaMeTpiB.

OtpuMani pe3yibTaTH € KOPUCHUMH JUIsl CTBOPEHHS CYNPaMOJIEKYJSPHUX
CUCTEM, 37]aTHUX PETYJIIOBATH IIBUJIKICTh PEAKIIiH 3a JOIMOMOTOI0 KOHTPOJIBOBAHOTO
BUOOpPY cepenoBuIla (HaMpUKIaA, TUITY MIIE] YU KaJdiKCapeHOBUX arperatiB). Taki

CHUCTCEMHU HGpCHCKTI/IBHi AJIs1 BUKOPHUCTAHHA B CYyUYaCHUX HaHOTCXHOHOFiHX, 30KpEMa B



SIKOCTI HAHOKOHTEHWHEPIB ISl JOCTaBKH JIKIB UM KOHTPOJbOBAHOTO BHBIJILHECHHS

AKTHUBHUX PCYOBHH.

Huceprarris BukiaaeHa Ha 158 cropinkax i Mictuth 13 tabnuib, 33 pucyHku ta

94 mocwitaHHS Ha JITEPATYpHi JKepena.

KirodoBi cioBa: riaposi3, KineTrka, riipodooHicTh, hiyopecteid, pH-ayTauBi
OapBHUKH, OpraHiuHi OApBHUKH, MOJICKYJISIpHA CTPYKTypa, MOJICKYJISPHI arperarw,
CYyNpaMOJCKYJSIPHI  KOMIUICKCH, KOMIUIEKCH «TOCTHOJAp-TiCTh», KaJIIKCapeHH,

MOBEPXHEBO-aKTUBHI PEUOBHHH, MIILICJISIPHI CHCTEMH, OpTraHi30BaH1 PO3YHHH, CIICKTPH.



ABSTRACT

Kharchenko D. V. Kinetics of Hydrolysis of Esters of Fluorescein
Compounds in Organized Solutions. — Qualification scientific work as a

manuscript.

Dissertation for the degree of Doctor of Philosophy in Specialty 102
Chemistry (10 Natural Sciences). — V. N. Karazin Kharkiv National University,
Ministry of Education and Science of Ukraine, Kharkiv, 2025.

Recently, there has been a growing interest in the study of wvarious
physicochemical processes in organized solutions, such as micellar systems and
supramolecular complexes. These systems play an important role in different fields of
science and technology — from pharmaceuticals to the development of new materials.
Particular attention is paid to the study of reactions in such media, as organized
solutions can significantly alter the mechanism and kinetics of chemical

transformations.

One important example is the hydrolysis of esters of fluorescein compounds,
which are actively used as fluorescent probes in biochemistry and medicine. Most
existing studies on the kinetics of hydrolysis have been conducted in aqueous or
individual organic solvents, whereas the influence of micelles and calixarenes on the
course of these reactions still requires more detailed investigation. In this direction, the
need for an in-depth analysis of the influence of organized solutions on the rate and

mechanism of chemical reactions remains relevant.

Thus, the aim of this dissertation was to identify the peculiarities of the kinetics
of hydrolysis of esters of fluorescein compounds in organized solutions of surfactants

and calixarenes.

The study investigates the hydrolysis of diacetylfluorescein, dilaurylfluorescein,
and nitro-substituted fluorescein esters in aqueous and water-ethanol media. Special
attention was paid to studying the influence of micellar systems and supramolecular

aggregates of calixarenes on the rate and mechanism of hydrolysis reactions. Kinetic



parameters of hydrolysis in different media and mechanisms of the influence of

micellar and supramolecular structures on reaction rates were determined.

The spectral properties and acid-base equilibria of nitrofluorescein derivatives
in aqueous and water-ethanol solutions were studied, and the dependence of ionic
equilibrium parameters and kinetic characteristics of hydrolysis of the corresponding

esters in these media was analyzed.

Additionally, the influence of organized solutions on the hydrolysis of para-
nitrophenyl esters was investigated, allowing for the comparison of the effects of

organized media, especially calixarenes, for substrates of different nature.

For the study, surfactants of cationic, anionic, nonionic, and zwitterionic types
were used, as well as calixarenes with different alkyl chain lengths, which made it
possible to assess the contribution of electrostatic and hydrophobic interactions to the

course of the studied processes.

The following methods and approaches were used for conducting experiments and

processing the results:

1. Spectrophotometry: for determining the rate constants of reactions and the

spectral characteristics of nitrofluorescein derivatives.
2. Potentiometric method: for measuring the pH of solutions.
3. Dynamic Light Scattering (DLS): for determining the size of colloidal particles.
Novelty of the obtained results:

1. A method for the spectrophotometric determination of the rate constants of
both stages of the two-step hydrolysis of fluorescein esters in aqueous and

micellar solutions of surfactants has been developed.

The proposed method enables a clear separation of the two sequential
stages of hydrolysis by analyzing changes in spectral characteristics over
time.

The use of this approach allows for the determination of individual kinetic

constants for the first and second stages of the reaction even in organized



media. The method was applied to the analysis of the hydrolysis of diacetyl-
and dilaurylfluorescein in water and micellar systems of surfactants, enabling
the accurate calculation of kinetic parameters under varying medium

conditions.

. The influence of organized solutions of surfactants of different types
(cationic, anionic, and nonionic) on the hydrolysis rate of fluorescein esters

has been studied.

It was shown that cationic micellar systems such as [ITAb and CTAC
significantly accelerate the hydrolysis of esters compared to aqueous media.
This acceleration is due to the accumulation of hydroxide ions in the Stern
layer of positively charged micelles. However, the calculation of the true
concentration of hydroxide ions in the substrate’s microenvironment
indicates that the effective reaction rate may decrease due to the "distracting
effect" — the specific interaction between hydroxide ions and the cationic
headgroups of micelles, which limits the availability of reactants for the
reaction. In contrast, anionic surfactants lead to a decrease in reaction rate

due to the repulsion of hydroxide ions from the micelle surface.

. The catalytic effect of supramolecular aggregates of calixarenes with choline
groups on the hydrolysis of fluorescein esters has been demonstrated for the

first time.

The influence of calixarenes with choline substituents on the hydrolysis
rate of diacetylfluorescein was studied. It was shown that calixarenes with
choline groups significantly accelerate the reaction by specifically localizing
hydroxide 1ons near the ester group of the substrate. It was also demonstrated
that extending the alkyl chain length of calixarenes from C3 to C12 increases
catalytic efficiency, highlighting the important role of hydrophobic

interactions in the structure of the aggregates.

. The universality of the catalytic action of calixarenes with choline groups

was confirmed by the accelerated hydrolysis of para-nitrophenyl esters.



Studies on the hydrolysis of para-nitrophenyl acetate and para-nitrophenyl
palmitate in the presence of cationic surfactants and calixarene aggregates
with choline groups showed a significantly high catalytic effect. For para-
nitrophenyl acetate, the hydrolysis rate constant in calixarene aggregates
increases approximately 200 times compared to water. This indicates the
universality of the catalytic mechanism of choline-modified calixarenes and
their ability to create effective microenvironments for different types of

substrates.

. The dependence of the efficiency of organized solutions on the structure of
the substrate — specifically, the impact of hydrophobic chain length on the

hydrolysis rate — has been revealed.

Comparison of the hydrolysis of para-nitrophenyl acetate and para-
nitrophenyl palmitate showed that the long hydrocarbon chain of palmitate
promotes deeper insertion of the molecule into the hydrophobic core of
aggregates, which hinders hydroxide ion access to the reaction center and
reduces the reaction rate by a factor of 5.6. This demonstrates the importance
of the spatial accessibility of the functional group for the efficiency of

pseudo-phase catalysis.

. The critical role of the macrocyclic architecture of calixarenes in ensuring

high catalytic activity has been established.

A comparison of the catalytic activity of a calixarene with choline groups
and the corresponding "quarter-calixarene" structure — N,N-dimethyl-N-
hydroxyethyl-4-dodecyloxybenzylammonium chloride — showed that the
macrocyclic structure significantly enhances the catalytic efficiency of ester
hydrolysis. A significant decrease in the hydrolysis rate was observed when
using the quarter-calixarene, highlighting the importance of the full

calixarene structure for effective catalysis.

. The effect of 1onic strength on the hydrolysis rate in micellar and calixarene

systems has been studied.



It was shown that increasing the ionic strength of the medium leads to a
decrease in hydrolysis reaction rates both in the presence of classical cationic
surfactants and calixarene aggregates. This is due to the screening of the
surface electric potential of aggregates and the corresponding reduction in
the local concentration of hydroxide ions near the substrate. Such an effect
confirms the critical role of electrostatic interactions in efficient pseudo-

phase catalysis.

. For the first time, the influence of the position of the nitro substituent in the
phthalic acid residue of the fluorescein molecule on the acid-base properties,
tautomeric equilibrium state, and kinetic parameters of ester hydrolysis in

aqueous and water-ethanol solutions has been established.

The acid-base equilibria of 3'-, 4'-, and 5'-nitrofluoresceins were studied
by determining their dissociation constants in water and in 50 mass% water-
ethanol solution. It was revealed that the introduction of a nitro group at
different positions changes the stability of the lactone, zwitterionic, and
ionized forms of the molecule. A shift of the tautomeric equilibrium toward
the zwitterionic form in water and the predominance of the lactone tautomer
in water-ethanol solution were observed. It was also shown that the position
of the nitro substituent affects the ratio of rate constants for the hydrolysis

stages, thereby modifying the reaction mechanism.

. The dependence of catalytic efficiency in organized media on the position of
the nitro substituent in the fluorescein molecule has been established.
Studies of the hydrolysis of 3'-, 4'-, and 5'-nitrofluorescein esters in the
presence of micellar systems and calixarene aggregates revealed that the
efficiency of reaction acceleration depends significantly on the position of
the nitro group. In [ITAB micelles, the greatest catalytic effect was observed
for 3'-nitrofluorescein, while in calixarene systems, the maximum
acceleration was characteristic for 5'-nitrofluorescein. This highlights the

importance of the spatial orientation of the substrate in the pseudo-phase



medium and the electronic nature of the substituent in determining the

accessibility of the reaction center.

10.For the first time, the effects of the nature of organized media on the ratio of
the rate constants of the two stages of hydrolysis have been analyzed.
It was found that organized media not only change the overall hydrolysis rate
but also alter the ratio of the first and second stage rate constants. In the
presence of cationic micelles, the acceleration of the first hydrolysis stage is
more pronounced, while in calixarene aggregates, the acceleration of both
stages occurs more evenly. This indicates different mechanisms of the

influence of organized media on the reaction pathway at each step.

11.The understanding of the role of hydrophobic and electrostatic interactions in
supramolecular catalysis processes has been expanded.
Comparison of the effects of surfactants and calixarenes showed that
electrostatic interactions play the leading role in micellar systems, whereas
in calixarene aggregates, a combination of electrostatic and hydrophobic
effects is the determining factor. The structure of calixarene aggregates
provides a high local electric potential and a hydrophobic microenvironment
for the substrate, enabling high catalytic efficiency even for substrates of

different natures.
Practical application of the obtained results:

The practical significance of the results obtained in this dissertation lies in their
potential application for optimizing the conditions of hydrolysis reactions of

fluorescein esters in analytical chemistry, biochemistry, and pharmaceutical research.

The identified patterns regarding the influence of micellar media and calixarene
aggregates on the kinetics of hydrolysis can be used to create new highly sensitive

fluorescent probes capable of selective response in complex biological environments

The data obtained on the catalytic properties of calixarene aggregates, especially
the dependence of hydrolysis rates on the hydrocarbon chain length, open prospects for

the targeted design of new supramolecular catalysts with desired properties.



This can find application in synthetic chemistry for accelerating hydrolysis and
esterification reactions, which are important for pharmaceutical and biotechnological

Proccsses.

The method for separately determining the kinetic parameters of two-step
hydrolysis reactions can be implemented in the analytical practice of laboratories
involved in monitoring enzymatic processes, studying enzyme activity, and

environmental monitoring.

The proposed method allows for more accurate and informative results
compared to traditional approaches, enabling more effective control and optimization

of reaction conditions.

The data obtained on the acid-base properties of nitrofluorescein derivatives can

be used to create new pH-sensitive probes for biomedical research.

The revealed features of acid-base equilibrium and tautomerism can be applied
to develop sensor systems that respond to changes in medium acidity, particularly in
biological tissues where precise measurement and control of intracellular parameters

are required.

The obtained results are useful for the development of supramolecular systems
capable of regulating reaction rates through controlled selection of the environment

(e.g., the type of micelles or calixarene aggregates).

Such systems are promising for use in modern nanotechnologies, particularly as

nanocontainers for drug delivery or for the controlled release of active substances.

The dissertation comprises 158 pages and includes 13 tables, 33 figures, and 94

references.
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