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JOCAILIKEHHS KOIMOJIMEPU3AIIL METUWIMETAKPUJIATY
3 MOJITTIIKOJIBMAJIETIHAT®TAJIATAMMU,
MOANPIKOBAHUMU HOBUMHU KOMIIVIEKCAMUA
I'EPMAHIIOJV) 3 HITPUJIOTPUMETHJI®OCDPOHOBOIO
KHNCJIOTOIO

Po3pobneHo MeToaWKd, BHUIIIEHO Ta OXapaKTepH30BAaHO MIiCTh HOBUX KOOPIUHALIHHUX
cnonyk [Ge(H=Ntph)(H20).]-6H.O (1), (Hbipy)[Ge(HNtph)(H20):]-2H.O (2), (Hphen)
[Ge(HNtph)(H20).]-6H.0  (3), [Ge(H20):(u-Ntph)Co(H20)4]-2H.O  (4), [Ge(H20)2(p-
Ntph)Ni(H20)4]-2H0  (5), [Ge(H:20)2(u-Ntph)Cu(H20):]-2H-0  (6) (HeNtph —
HiTpuIoTpuMeTHIPochOoHOBA KHCIIOTa, bipy — 2,2-0imipuanH, phen — 1,10-penanTpomin).
[MpoBeneno Mmomudikamio MoJTiNTiKOIbMaNeTHATGTANATIB HHU3KOK HOBHX KOMIUICKCIB,
JOCTI/DKEHO X KOoIoiliMepH3alio 3 MeTmwiMeTakpwiatoM mpu 50 ta 60 °C, pospaxosa-
HO TemreparypHuil koedilieHT peaxuii pamukanbHOi Komomimepusarii. [lokaszano, 1m0
XiMigyHa MoampiKaIlis MOoNinNTiKOIbMaIeiHaTPTaTaTy HOBUM T'€TePOMETATIYHIM KOMILUIEKCOM
repmanito(1V) ta mikemo(Il) 3 HitpunorpumerTnihochoHOBOIO KHCIOTOO (5) iICTOTHO 3HIKYE
TeMIeparypHuil koeillieHT peakii Ta MmiABUIIye Oe3MeuHICTh MPOIeCy 3aTBEpAiHHS Ii/T 9ac
(opMyBaHHS BEJTMKHX OJIOKIB.

Kirwouosi cioBa: repMaiii, HiITpUIOTPpUMETHIPOCHOHOBA KUCIOTA, KOOPIMHAIIHHI CIIOJY-
KH, MO (IKaTOPH ONIroecTepiB, MOMIKOHACHCALlIS, KOTTOIIMEpH3aLlis.

JlocikeHHS TPOIeCiB MOIIKOH/IGHC AT Ta MOJaIbII0] KOToTiMepr3aIlii HeHa-
CHYCHHX OJITOECTEepPiB BUKIHMKAE ITOCTIHHO 3pOCTAIOUNN HAYKOBHI 1HTEpEC cepen
JIOCITITHUKIB, K TPaIIO0Th y Taiy3i moiiMepHoi Ximii [1-4]. OmgHiero 3 Kito4o-
BHX TEXHOJIOTIYHUX MPOOJIEM IIiJ] YaC BUTOTOBIICHHS BEIMKOTa0ApPUTHUX BUPOOIB
i3 KOMITO3UIIIHHUX TIOJIMEPHUX MaTepialiB € iHTCHCHBHE TEIUIOBUIUICHHS, IO
CYTIPOBOKY€E TIporiec momiMmepusanii. EpexTuBHUM minxomoM 1o ii po3B’s3aHHs
€ 3HIDKEHHS TeMIepaTypHOro Koe(illieHTa peakilii MIIsIXoM IIeCIIPIMOBaHOI MO-
mudikaiii BUXiTHUX OJIITOMEPIB CIIeNialbHUMU JT00aBKaMU. 3MEHIIICHHS 3HAYCHHS
TEeMIIEpaTypHOTO KoedillieHTa peakilii 3a0e3rmeuye MOXKIIUBICTh POPMYBaHHS ITOITi-
MepHHX OJIOKiB 0€3 pHU3HKY JIOKAIBHOTO TIEperpiBy Ta TEPMIYHOI IECTPYKIIil Mare-
piany, o € 0COOIIMBO BKIMBUM JUIS CYYaCHUX aJIMTUBHUX TEXHOIOTiH, 30KpeMa
3D-apyky. Y 3B’sI3Ky 3 MM aKTyaJIbHUM 3aBJaHHSIM € ITONIYK i pO3pO0JICHHS HOBUX
Monu(DikaTtopiB, 3MaTHUX €(PEKTHBHO 3HIDKYBATH TEMIIEpaTypHUN KOeQillieHT pe-
akIii Ta BOJHOYAC HAJaBaTH MOJIMEPHHM MaTepialiaM 3aJaHuX (pyHKIIOHAITEHUX
BJIACTHBOCTEH.

VY 1pOMy KOHTEKCTi OCOONMBY yBary HpUBEpTalOTh KoMIUiekcH repManiro(IV)
3 0araTOOCHOBHMMHM TiJpOKCHKapOOHOBHUMH KHCJIOTaMH, SIKi 3apeKOMEHIyBajl
cebe Ik BUCOKOE(EeKTHBHI KOMIOHEHTH MOMU(IKYIOUMX CHUCTEM IONITITiKOIbMa-
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neiHaTTanaTiB Ta MalOTh MO3UTHBHUHN BIUIMB HA XapaKTEPUCTHKH iX KOMIIOIiMe-
piB [5—7]. Koopnunauiiini cionyku repmanio(IV) 3 ¢docoHoBuMu Kucioramu B
SIKOCTI Mo (ikaTopiB He BUBUAIKCS. OHAK CIIiJ| 3a3HAYMTH, 110 IUTAN PSIJT TAKUX
KHMCIIOT, B ToMy uucii HiTpuiorpumeTuindocponosa (HNtph), N-okco-N,N,N-
tpu(meTunendochonosa), 1-rigpokcueran-1,1-mudochonosa, AieTUICHTPUAMIHIT
enta(MeTriIeHPOCHOHOBA), Pa30M 3 LEPii HITPATOM BUKOPUCTOBYIOTHCS IS 1HILII-
IOBaHHS peakuiil moniMepusanii akpuIOHITPUILY, BIHUIAIETaTy, aKPHUIIOBOI KUCIIO-
TH Ta akpwiaMigy [8]. Takok BCTAaHOBJIEHO BIUIMB HITPMIOTPUMETHI(POCHOHOBOT
KHCJIOTH Ha MIPOTOHHY MPOBiIHICTh MIKPONOPUCTUX OpTaHiYHUX mojimepis [9, 10].

Meroro naHoi pobOTH € po3poOKa METOIMKU OACP KaHHS, BU3HAYCHHS Oyl0BH
Ta BIACTUBOCTEW rOMO- Ta reTepoMeTalliuHuX KoMIlieKciB repmanito(IV) 3 HiTpu-
J0TpUMeTHII(POC(HOHOBOIO KUCIOTOK, BUBYCHHS 1X B SKOCTI MOU(IKATOPIB HEHA-
CHYCHUX OJIIr0eCTepiB.

MATEPIAJIN TA METOJAHU JOCJIIJXKXEHHHA

BuxigHumu peareHTamMu JUIsl CHHTE3Yy CHOJYK Oynmm oOpaHi peakTuBH ¢ip-
mu - Sigma-Aldrich:  GeO, (99,99%), nitpunorpumeTnnpochoHoBa KUCIOTA
(HNtph, = 95%, CAS 6419-19-68), 2,2"-6inipuaun (bipy, 99,5%, CAS 366-18-
7), 1,10"-¢penantpomin (phen, 99,0%, CAS 66-71-7), kobansr(Il) anerar Terpari-
apar Co(CH,CO0),4H,0 (= 98%, CAS 6147-53-1), nikenn(Il) auerar Terpari-
apar Ni(CH,COO),4H,0 (98%, CAS 6018-89-9), xkynpym(Il) anerar monoriapar
Cu(CH,COO0),H,0 (= 98%, CAS 6046-93-1); a Tako) PEUOBUHH JIJIsi CHHTE3Y M0-
nmiMepiB: ManeinoBuid anrinpun (MA, CAS 108-31-6), draneBmii anrigpun (DA,
CAS 85-44-10), erunenriikons (EI, CAS 107-21-1), metunmetakpunar (MMA,
CAS 80-62-6), nepokcuz 6enzoiny (I1b, CAS 94-36-0).

Cunmes xomnnexcnoi kucnromu. Hasaxku 0,299 r HNtph ta 0.104 v GeO, y
MonbHOMY criBBiHOMIEeHHI 1:1 (o 0.001 Momnb) nomgaanu mo 600 M Bomu Ta Ha-
rpiBaau poszunH (pu 80 °C) mpotsarom 2 rox (KiHmeBuit 06’em 200 Mi1) — podouuii
posuun. B TBepaoMy cTaHi (y BHII IPO30POTO CKJIA, B PO3TEPTOMY BHIVISAL Oio-
TO KOJIbOpY) HiTpuioTpuMeTuidochoHaTOTepMaHATHY KOMILUIEKCHY Kucioty (1)
OJIEPKyBaJIH 130TEPMIYHUM BHITAPOBYBAHHSM ii HACHYSHOTO PO3YUHY NMPHU KiMHAT-
Hill TeMmepaTypi.

Cunmes ouniegux cnonyk 3 2,2 -oinipuounom ma 1,10-¢penanmponinom. Pobounit
po3unH (200 M) po3ainsmy Ha ABi yacTuHH. J{o nepmioi gomasanu 0,78 T (0,0005
Moib) bipy (komriekc 2); mo apyroi — 0,9  (0.0005 monp) phen (komriexc 3).
HarpiBanu peakmiiiHi CyMili JeKiJibka XBHIIUH, HE TOBOASYM 10 KumiHHA. Ocamn
KOMITJIEKCIB (2 — POXKEBOTO0, 3 — CBITJIO MTOMapaH4YeBOTO KOJIIbOPY ) BUTIAIAIN Yepe3
no0Oy micist mogasanHs 100 MIT €THIIOBOTO CITHPTY.

Cunmes piznomemanvuux xomniexcie Co(ll), Ni(ll), Cu(ll). Ans oTpuMaHHS
HOBUX pi3HOMETaJbHUX KOMIUIEKCiB 10 50 mi pododoro poszuuny (0,0005 mons
komrutekcHoi kuciotn) monasanu ameraru Co(Il) ado Ni(Il) un Cu(Il) (komrexcu
4, 5 Ta 6, BiaNOBIIHO) Y MOIBHOMY criBBigHOMEHHI Ge : H6thh M =1:1 (me
M — d-meran). Cymimi 3minryBamu ripu 60 °C 10 TOBHOTO pO3UYMHEHHS! PEareHTiB.
[Ticist oxomomKkeHHs 10 BOMHUX PO34rHIB nogaBanmu 50 mi etumoBoro cimpty. Ocanwy,
o yTBOpviHcs, (inbTpyBanu Ha ¢insrpax LllorTa, mpoMuBaiy BOTHO-ETaHOIBHOIO
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CYMILIIIIO, CYIIMJIN A0 CTajol Macu Mpu KiMHaTHiIA Temmeparypi. OpepxkaHi mpo-
JIYKTH SIBISDIH COOOFO TIOPOIIKH PI3HOTO KOJILOPY: 4 — (ioJIeTOBOrO, 5 — 3€JIeHOr0,
6 — OnmaxutHOrO. BHXiA MPOAYKTIB Bifl TEOPETHUHOTO B YMOBAX CHHTE3Y CKJIa/IaB
70-80%.

Cunmes mooughikosanux nonienikonemaneinamgpmanamis. I[NI'MOD onepxyBam
MIUISIXOM TIOJTIKOH IEHCAITi1 aHT1IPHIIB 3 €THIICHTITIKOIEM (prc. 1) 3a METOAMKOTO, OTIH-
caHoro B [11]. JIst miiBUIIIEHHS] TOYHOCTI JOCII/DKEHHS MaCIIsIHy OaHIO MONEPEIHBO
rporpiaiu 1o 175 °C 3 MOPOXKHBOKO KOJIOOHO, JI0 cucTemu JofaBanu 10—15 mi era-
HOJTY JU1s1 PIBHOMIPHOTO NPOTPiBaHHsL, MICJIsl YOTO MPOBOJMIIM IIBUJIKY 3aMiHY KOJIO.

c” c”Z
HC” \ AN 175°C
é:l o * O * H)C—CH; ——»
H / / o) 6 20
NC C H OH
Yo Yo

— H O—CHZ—CHZ—O—C—CH:zﬁ—C)-(O—CHZ—CHZ—O— H

v N

Puc. 1. Cxema peaxiiii oTpuMaHHs MOTinTiKONbMaeinaTdranary

Fig. 1. Reaction scheme for obtaining polyglycol maleate phthalate

Kononimepuzayiio moougpixosanux [1I'MDP 3 MMA TpoBOAMIA B TIPUCYTHOCTI
iHiiaropy nepokcuy 6ensoiny (konuentpanis [16 0.01 monb/n) y BoassHOMY Tep-
mocrtati rpu temmeparypax 50 ta 60 °C. [TouyaTkoBy MIBUAKICTH KOIOJIMEpH3ariil
BH3HAYaJIM METOJIOM amiaTomeTpii [12] i3 3acTocyBaHHSIM PO30ipHUX JTUIATOME-
TpiB. AuimaroMeTp po3MillyBajid B TEPMOCTATi 3 MEBHOIO TeMIieparyporo 50 um
60 £ 0.1 °C. Iloka3aHHs 3HIMaJIM 3 MOMEHTY JIOCSITHEHHsI HEOOXiTHOI Temmepary-
pu. 3MeHIIeHHs 00’ eMy cyMilr (hiKCyBaIH KOXHI 5 XB 32 JIOIOMOTOI0 KaTETOMETPY
KM-6 3 tounictio 0,01 Mm.

[Ticns moOynoBH KiHETHYHOI KPWBOI 3alie)KHOCTI MMOMHM TodimMepun3amnii (%)
BiJ Hacy (C), 32 TAHT€HCOM KyTa HaxWIIy KPUBOI pO3PaXOBYBaJIN IIBHU/IKICTH KOITOJi-
Mepu3allii Ha nodatkoBux crafisx (W, . %/c). [TouaTkoBy MIBUAKICTb B MOJIb-II™'C”!
peaxuii KonojiMepH3alii Ha MOYaTKOBUX CTafisiX OyJ0 IepepaxoBaHO 3i 3HAYCHb
LIBUJIKOCTI, SIKY BU3HAYAIX TpadiuHuM METOIOM.

M]-wW &,
mo<|—
W =— ¢ 6]
mo 100%
W — moyarkoBa IMBUIKICTH KOMOJIMEpU3aIlii, MOJIb- T ¢!}

oy

[M] — 3araipHa KOHIIEHTpAIlisi HCHACHYCHUX TPYII IPH TIEBHIN TeMIieparypi, 110
JopiBHIOE 6,12 MONB/IT;
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W (%) — IIBMJAKICTH KOIOJIMEpH3allii Ha MOYATKOBHMX CTAJisAX MPOIECY, BU3HA-
4yeHa 3a rpadikom, %o/c.

Temmneparypuuii koeQilli€eHT KOIMOJIIMEpHU3allii pPo3paxoByBalld 32 HACTYITHOIO
(dhopmyIoro:

y = Yoo @)

Iie: Y — TeMIepaTypHUA Koe]iIieHT MBUAKOCTI peaKIlii;
W, W, — HIBUAKOCTI KOomojimMepu3arlii Ha rmouaTkoBux crafisx npu 50 °C Ta
60 °C, momp-a'c™.

Enemenmuuii ananiz. Bmict repmanito, pocdopy Ta iHIIUX MeTaiB BH3Hada-
JI METOJIOM aTOMHO-eMiCiiHOI CIIEKTPOMETPIii 3 IHAYKTUBHO 3B’S32HOIO TIJIA3MOIO
3 BUKOPUCTAHHIM OINTHYHOTO eMiciiiHoro criekrpomerpa Optima 8000 ICP-OES.
Konmnenrpariito Hirporeny BctanosmoBanu 3a MmetogoMm K’enpnans [ 13] i3 3acTocy-
BaHHsIM HamiBaBToMaTnyHoro auctuisatopy UDK 139 Velp Scientifica.

Pesynbraru (po3paxoBaHo/3HaiieHO, %) HaBEIEHO HIDKYE:

1—C,H,,GeNO P, — Ge 14.19/14.08; N 2.73/2.67; P 18.18/18.04.

2 —C,H,GeN,O P, — Ge 12.19/12.10; N 7.05/7.00; P 15.61/15.52.

3— C .H..GeN.O P, — Ge 10.50/10.38; N 6.07/6.01; P 13.45/13.54.

4 — CH,CoGeNO_P, — Ge 12.72/12.68; N 2.45/2.47; P 1630/16.24; Co
10.34/10.27.

5 — C,H,NiGeNO P, — Ge 12.72/12.63;:N 2.45/2.40; P 16.30/16.26; Ni
10.34/10.26.

5 — C,H,,CuGeNO P, — Ge 13.45/13.33; N 2.59/2.47; P 17.23/17.17; Cu
11.86/11.78.

Tepmoepasimempuunuii anaaiz npoBoavIK Ha aepuBatorpadi Q-1500/1 y mosit-
psHiit armocdepi B aianazoni Temneparyp 20—1000 °C npu mWBUAKOCTI HarpiBaHHS
10 °C/xs.

14-cnexmpu noenunanns 8 obnacti 4004000 cM™! peecTpyBasid Ha CIIEKTPOPO-
tometpi Frontier (PerkinElmer) i3 Bukopucranusm tadbnetok KBr. [aTeprperariro
CITeKTPiB IPOBOAMIIN BiAmoOBiaHO 10 [14, 15].

Mac-cnexmpu, OTpuMaHI METONOM ejekTpocmpei-ioHizanii (ESI), 3amucy-
BalM Ha TpuueTBepTHOMY Mac-crnekTpomerpi TSQ Fortis Triple Quadrupole
(ThermoFisher Scientific, CIIIA).

PE3YJbBTATH TA iX OBTOBOPEHHS

EnemenTtauii anamiz omepaHuX pedoBWH 1—6 IMokazaB, IO CITiBBITHOIICHHS
eneMeHTiB B HUX € pi3HUM: Ge : N:P=1:1:3 (cnonyka 1), Ge:N:P=1:3:3
(comykn 2, 3), Ge: N:P:Co (Ni, Cu)=1:1:3:1 (cnonyku 4-6), oT:xe peai-
3ytoThes criBBigHOmeHHS Ge : Ntph =1 : 1 (crmonmyka 1), Ge : Ntph : bipy=1:1:1
(cmonyka 2), Ge : Ntph : phen =1 :1 : 1 (conyka 3), Ge : Ntph : Co (Ni, Cu) =
1:1:1 (cnonyku 4-6).

Tepmiunamii po3knan (mo 350 °C) komruiekcoHarTiB repmaniio 1—6 ckiiagaeTbes
3 1BOX mportieciB: aeriaparaiii (o 200 °C) Ta aeaxsarariii (micys 200 °C), o cy-
MIPOBOKYETHCS BUJAIICHHAM Y Ta30BY (pa3y BiIMOBIAHOT KUTBKOCTI MOJIEKYI KpHC-
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TaJli3aliifHOT Ta KOOPAUHOBaHOI Boau (Tadu. 1). Sk npukian Ha puc. 2 HaBEICHO
TEpPMOTpaBirpaMmy KOMIUIEKCY 3 2,2 -OimipuanHOM.

[Ipu BUCOKHX TemIepaTypax Bil0yBa€ThCs ASCTPYKILisS OpraHiuHOi YaCTHHH MO-
JIEKYJIM, BUTOPAHHS BYIJICLEBUX 3aJIMIIKIB 1 ()OPMYBaHHsI KIHLEBUX MPOIYKTIB —
cymiwi repmanii(IV) nipodocdary ta docdop(V) okenay misa 1-3 ado mipodoc-
¢ary 3d-merany amns 4—6.

Taomums 1
Tepmopo3kan kommiexciB 1-6 Ha mepmomy erami
Table 1
Thermal decomposition of complexes 1-6 at the first stage
N At (ITA), °C Xapaxrep Brpara macu, %
npouecy 3HaiiIeHo pO3paxoBaHo
1 60-150 -6 H,0 21,00 21,11
150-270 -2H0 7,00 7,04
2 60-140 -2H,0 6,00 6,04
140-290 -2H0 6,00 6,04
3 60-200 -6 H,0 15,00 15,62
200-310 -2H0 5,00 5,21
4 60-140 -2H,0 6,30 6,31
140-300 -6 H,O 18,00 18,92
5 60-150 -2H,0 6,20 6,31
150-300 -6 H,0 18,20 18,92
6 60-150 -1H,0 4,00 3,33
150-320 -5H,0 16,00 16,68
014 """" | RbbbLAALhY LALLLLLLL | Aokl bbby hiohbhidebl! MLl bkl | ARAALAALAE RAARARLAR groveireey | ARAARAARA
: ; " : : 0
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Puc. 2. Tepmorpasirpama xomiuiekcy 2 3 bipy

Fig. 2. Thermogravigram of complex 2 with bipy
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B [Y-crektpi HiTpuiaoTpuMeTHapocPoHOBOT KHCIOTH CHOCTEPIraloTbes CMy-
TH, XapaKTepHi IJis aMiHOMOJIiKapOOHOBUX Ta (pochoHOBUX KUCIOT. Binznaueni
BaJIeHTHI konmBaHHs (ochonoBux rpyn v(P=0) npu 1200 cm™!, v(P-O) = 1060
ta 980 cm!, xapakrepuctuuna cmyra v(P—C) = 720 cm™!, a Takox psili KOJIMBaHb
v(C-H) B obnacrti 2850-2960 cm™' Ta 6(CH,) mpu 1350-1450 cm™' [15, 16].

[TpucyTHICTh B CHHTE30BaHUX CIIOIyKaxX MOJICKYJ] KpHCTaji3aliiHol Boau mif-
TBEP/UKYETHCS HASIBHICTIO CMYT BaJieHTHUX KonuBaHb V(OH) B ixnix [Y-criekrpax B
niana3oni 3435-3391 cm™! (Tabu. 2). V Beix [Y-cnekrpax CHHTE30BaHUX KOMILICKCIB
IPUCYTHs cMyTa Je(opMaliiHUX KOIMBaHb KOOPAMHOBaHMX MoJeKyn Boau &(H,0)
~ 1640 cM™!, 110 CBITYMTH PO KOOPMHALIKO BOAM SIK J0 repmaHito B 1-6, Tak 1 10
3d-merany B 4—6.

B xommiekcax 1-3 naseai cmyru v(P=0) npu 1200-1176 cm!, v(P-O) mpu
~ 1160 ta 990 cm™', B Toii uac sik B 4-6 cmyru v(P=0) ta v(P—O) BupiBHIOIOThCS,
CIOCTEPIraroThes Juine a8l cMyru B odmacti 1160 ta 1060 cM™!, 1110 CBiTIHUTE TIPO
JIETIPOTOHYBaHHS Ta 3B’513yBaHHA yCiX (POCPOHOBUX TPYIL.

Tabmuus 2
Haii6inbm xapakTepucTH4Hi cMyru KoJuBaHb B [U-cnexkTpax cnoayk 1-6
Table 2
The most characteristic vibration bands in the IR-spectra of compounds 1-6
Ne v(OH) 3(H,0) v(P=0), v(P-0) v(P-C) v(Ge-0)
1 3400 1638 1200, 1060, 980 720 620
2 3414 1638 1174, 1061, 998 730 611
3 3391 1636 1186, 1062, 999 745 613
4 3415 1640 1156, 1061 750 605
5 3413 1641 1159, 1063 746 617
6 3435 1647 1169, 1061 751 608

B kommuiekcax 1-3 nasiBai cmyru v(P=0) mpu 1200-1176 cm™!, v(P-O) mpu ~
1160 Ta 990 cm!, B Toit yac sik B 4-6 cmyru v(P=0) ta v(P—O) BHpiBHIOIOTHCH,
CIIOCTEPIraroThes Jiuine a8l cmyr B odmacti 1160 ta 1060 cm™, 1110 CBiTIHTE TIPO
JIETPOTOHYBaHHS Ta 3B’S13yBaHHA yCiX (POCPOHOBUX TPYIIL.

Ex3o0-niranau B 2, 3 NIpUETHYIOTHCS O KOMILIEKCHOTO aHiOHY IIUISIXOM MPOTO-
HyBaHHS aroMiB HiTporeny, yrBoprotoun kartioH. HasiBHicTh 1ux cmyr aedopma-
uiitaux konuBaub rpyn C—H npu 868 Ta 847 cm™!, BanentHux xonuBanb C—C apo-
MaTHYHOTO Kijblls moomusy 1318 cm™' ta nedopmaniitnux konuBanb C—C y ainsHIi
6113bK0 700 cM™! OTHO3HAYHO CBITUUTH MIPO MPUCYTHICTD Y CTPYKTYpaX KOMILIEKCIB
2 i 3 mpoToHOBaHUX 3a aroMoM HiTporeny rerepounkiniunux ¢parmentis 1,10-de-
HAHTPOJIHY Ta 2,2'-0inipuauHy.

Mac-CreKTpOMEeTpUYHO BHBYEHO IOBEAIHKY KATIOHIB Ta aHIOHIB y PO3YMHI.
Mac-cniexktpu ESI(-) B HeratuBHiil moyisipHOCTI KOMIUIEKCIB 1-3 cXOXki Ta MiCTATh
CUTHAJIM aHiOHiB HiTpuiIoTpuMeTUIpochonoBoi kuciaotn HNtph™ (m/z = 298)

10
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ta H)Ntph* (m/z = 148,5), a Takox xommekcnoi kucnoru [Ge(HNtph)(H,0),]
(m/z = 399,9) ta [Ge(Ntph)(H,0),]> (m/z = 199,5) (puc. 3a).

Mac-cnekrp cnonyku ESI(+) B MO3UTHBHIN NOJISPHOCTI KOMIUIEKCY 2 MICTHUTh
curnan Hbipy" (m/z = 157), a komruiekcy 3 mictuth curnan Hphen' (m/z = 181).
Mac-criekrpu ESI(-) B HeraruBHil NOJISIPHOCTI KOMIUICKCIB 4—6 TaKOX MICTSITh CUT-
Hanu asioniB HNtph~ (m/z = 298), H Ntph® (m/z = 148,5), [Ge(HNtph)(H,0),]
(m/z=399,9) ta [Ge(Ntph)(H,0),]*” (m/z=199,5). BirMiHHICTIO € HASBHICTH CUTHa-
nie [Ni(H,Ntph)]~ (m/z = 354), [Cu(H,Ntph)]" (m/z = 359), mo cBiguuth 1po yTBO-
pPEHHSI TeTepOMETANIYHUX KOMIUIeKCiB. Mac-criektp crionyk ESI(+) B mo3uTuBHii
MOJISIPHOCTI MICTATh CUTHAJIH (ParMEHTIB PO3KIAAy KOMILICKCIB, 1[0 BaXKKO i1eH-
TU(IKyBaTH.

BpaxoByroun pesynasTaTé pi3HHX METOJIB JIOCHIJDKCHHsI KOMILIEKCiB 1-6 Ta
XapaKTepHi JJIsi METalliB KOOPAHMHAIIMHI YUCIIa, MOXHA 3alpOIIOHYBaTH MOJIC-
kynsapui  [Ge(H,Ntph)(H,0),]-6H,0 (1), (Hbipy)[Ge(HNtph)(H,0),]2H,0 (2),
(Hphen)[Ge(HNtph)(H,0),]-6H,O (3), [Ge(H,0),(u-Ntph)Co(H,0),]-2H,0 (4),
[Ge(H,0),(u-Ntph)Ni(H,0),]-2H,0 (5), [Ge(H,0),(u-Ntph)Cu(H,0),]-2H,0 (6) Ta
CTPYKTYpHI (OPMYJIM CHHTE30BaHUX CIIONYK (0€3 ypaxyBaHHs KpUCTai3aIliiiHOL
Bonu) (puc. 3, 4).

O

A

O/ \ OH
H
ZO\CJe“‘\\\\\\\\\ N/\IL/OH
H,0— (J) o g
\

;

Puc. 3. Cxema OynoBH KOMITIEKCHOI KUCTIOTH 1

Fig. 3. Structural scheme of complex acid 1

[IpoBeneHo Moaudikauito mnomintikoabManeinardTanaTy HOBUMH KOMILICK-
camu  (Hphen)[Ge(HNtph)(H,0),]-6H,0 (3), [Ge(H,0),(u-Ntph)Ni(H,0),]-2H,0
(5), [Ge(H,0),(u-Ntph)Cu(H,0),]-2H,0 (6) (cmomyxm 1, 2 Ta 4 He PO3YMHSIMCH
B JOCHIKyBaHUX cHcTemax). KonueHTpamiss Moaudikyrouoro areHTy ckiagajia
0.01 monw/n. Moaugikosani [II'M® cymmmm npu 180 °C ta npoBogunu ix paau-
KaJbHY KonosiMepuzanito 3 MMA nipu temneparypax 50 ta 60 °C. CriiBBiAHOILICHHS
KOMOHOMEDiB ckiaaio 1:1, konuentpauis inigiaropy I1b nopisarosana 0,01 monb/m.

B T1abn. 3 HaBegeHO PO3paxyHKH IIBHAKOCTI KOMOJIMEpU3alii Ha TMOYaTKOBHX
cragisx npu 50 °C ta 60 °C 3 BUKOPUCTaHHSIM B SKOCTI MOAHM(]IKaTOPiB KOMILIECK-
cie  (Hphen)[Ge(HNtph)(H,0),]-6H,O (3), [Ge(H,0),(u-Ntph)Ni(H,0),]-2H,O (5),
[Ge(H,0),(u-Ntph)Cu(H,0),]-2H,0 (6) Ta 3Ha4eHHs TEMIIEPATyPHOTO KOEDILIEHTY .
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Fig. 4. Structural diagrams of complexes 2 (a), 3 (6), 4, 5 (), 6 (2)

Tabmumsa 3
IMouyaTkoBa mBUAKICTH KonoJiMepu3auii MmoaudikoBanux ICM® 3 MMA

Ta TeMIneparypHmii koediuienT peaxuii (C = 0,01 mosb/a, C . = 0,01 mosib/i)

KOMILIT

Table 3
Initial rate of copolymerization of modified PGMP with MMA
and temperature coefficient of reaction (C__ = 0.01 mol/L, C_, = 0.01 mol/L)
compl
W, -10° mosb-ar ¢!
Monudikarop TemnepatypHuii koedimienr y
50 °C 60 °C
be3 momudikaropy 10,64 18,22 1,71
Kommiekc 3 3,15 7,94 2,52
Kommuieke 5 1,85 2,87 1,55
Kommtekc 6 2,59 4,62 1,78

TakuM YMHOM, cepen CHONYK, L0 Oyau AOCHIKEHI K Monu(ikaTopu, JHLIe
xommiekc 3 Hikenem [Ge(H,0),(u-Ntph)Ni(H,0),]-2H,O (5) 3abe3neuye 3HaueHHs
TeMmIeparypHoro koe(ilieHTy HHMKYe, HIK 3a BincyTHoOcTi Moaudikaropy. Pemra
CHOJYK HiABHLIYIOTH Y.

3arajgoM MOXKHa BiJI3HAYUTH, 10 XiMiYHA MoOAMQIKaIls MOIiNTiKoIbMalIeiHAT-
¢TanaTy HOBUM rerepomMeTaaiunuM KomiiekcoMm repmanito(IV) ta nikemo(11) 3 Hi-
TPUIOTPUMETHII(HOCHOHOBOIO KUCIOTOIO ICTOTHO 3HUKYE TEMIIepaTypHHid Koediri-
€HT peakuii Horo KomojaiMepu3anii Ta migBUILy€e OE3MeUHICTh MPOLECY 3aTBEPAiHHS
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mig yac GopMyBaHHs BETUKUX OJIOKiB. B 1IbOMYy mjiaHi nmepcrieKTUBHUM HAaPSIMOM
MOJAJIBIINX JTOCIiIPKEHb € TIOUIYK HOBUX MOIU(IKaTOpiB cepes KOMIUIEKCHUX CIIO-
nyK (pochoHOBUX KUCIIOT.
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RESEARCH OF THE COPOLYMERIZATION OF METHYL METHACRYLATE
WITH POLYGLYCOL MALEINE PHTHALATES MODIFIED BY NEW
GERMANIUM(1V) COMPLEXES WITH NITRILOTRIMETHYLPHOSPHONIC
ACID

Methods were developed, and six new coordination compounds Ge(H2Ntph)
(H20)2]:6H-O (1), (Hbipy)[Ge(HNtph)(H20):]-2H-O (2), (Hphen)[Ge(HNtph)
(H20)2]-6H20 (3), [Ge(H20)2(u-Ntph)Co(H20)4]-2H-0 (4), [Ge(H20)2(pu-Ntph)
Ni(H20)4]-2H20 (5), [Ge(H20)2(p-Ntph)Cu(H20)3]-2H20 (6) (HsNtph — nitrilotri-
methylphosphonic acid, bipy — 2,2-bipyridine, phen — 1,10-phenanthroline) were
isolated. The composition and structure of the obtained compounds were deter-
mined by methods of elemental analysis, IR spectroscopy, mass spectrometry, and
thermogravimetry. Taking into account the results of various methods of studying
complexes and the coordination numbers characteristic of metals, molecular and
structural formulas of the synthesized compounds were proposed.

Polyglycol maleate phthalates were modified with several new complexes (the
concentration of the modifying agent was 0.01 mol/L), and their copolymerization
with methyl methacrylate was investigated at 50 °C and 60 °C, with the tempera-
ture coefficient of the radical copolymerization reactions calculated. The initial rate
of copolymerization was determined by dilatometry using collapsible dilatometers.
The dilatometer was placed in a thermostat at a temperature of 50 or 60 £ 0.1 °C.
Readings were taken from the moment the required temperature was reached. The
decrease in the volume of the mixture was recorded every 5 minutes using a KM-6
cathetometer with an accuracy of 0.01 mm. The ratio of comonomers was 1:1, and
the concentration of the initiator, benzoyl peroxide, was 0.01 mol/l.

It was found that among the compounds studied as modifiers, only the complex
of germanium(I'V) and nickel(II) with nitrilotrimethylphosphonic acid (5) provided
a temperature coefficient value lower than in the absence of the modifier. The re-
maining compounds increase y. It was demonstrated that the chemical modification
of polyglycol maleate phthalate with a new heterometallic complex (5) significantly
reduced the temperature coefficient of its copolymerization reaction and enhanced
the safety of the curing process during the formation of large blocks. In this regard,
a promising direction for further research is the search for new modifiers among
complex compounds of phosphonic acids.

Keywords: germanium, nitrilotrimethylphosphonic acid, coordination com-
pounds, oligoester modifiers, polycondensation, copolymerization.

14



Kononimepuzayiss memunmemaxpunamy 3 nonienikonvmaneinam@manamamu ISSN 2304-0947

12.

13.
14.

17.

REFERENCES

Fakirov S. Fundamentals of polymer science for engineers. New York: Wiley-VCH GmbH, 2017. 386 p. https://
doi.org/10.1002/9783527802180

Yokozawa T., Ohta Y. Control of polycondensation. Macromolecular Engineering: From precise synthesis to
macroscopic materials and applications. New York: Wiley-VCH GmbH, 2022. Polymer synthesis II. https://
doi.org/10.1002/9783527815562.mme0013

Kricheldorf H. R. The polycondensation processes of the chemical evolution. Life by chemical evolution. A
review and evaluation of experiments and hypotheses. Berlin, Heidelberg: Springer, 2025. P. 55-67. https://link.
springer.com/chapter/10.1007/978-3-662-70752-4 3

Chervakov D. O., Ved V. V., Fedan V. V., Sukhyy K. M., Chervakov O. V. The influence of solid-state polycon-
densation of polyethylene terephthalate on its rheological properties. Pitannd him. him. tehnol. [Issues of Chem-
istry and Chemical Technology]. 2024, (6), 144—149. https://doi.org/10.32434/0321-4095-2024-157-6-144-149
Kiose O. O., Savin S. M., Afanasenko E. V. Soli ta podviini tartratohermanaty/stannaty 3d-metaliv yak modyfi-
katory nenasychenykh olihoesteriv [Salts and double tartratogermanates/stannates of 3d-metals as modifiers of
unsaturated oligoesters]. Pitannd him. him. tehnol. [Issues of Chemistry and Chemical Technology]. 2023, (2),
67-74. https://doi.org/10.32434/0321-4095-2023-147-2-67-74 [in Ukrainian].

Kiose O. O., Savin S. M., Seifullina I. Y., Martsinko O. E., Chebanenko O. A. Vplyv bimetalichnykh komplek-
siv hermaniiu(IV) yak modyfikatoriv nenasychenoho olihoesteru na kinetyku yoho kopolimeryzatsii z metyl-
metakrylatom [Influence of bimetallic complexes germanium(IV) as modifiers of unsaturated oligoester on the
kinetics of its copolymerization with methylmethacrylate]. Visn. Odes. nac. univ., Him. [Odesa National Uni-
versity Herald. Chemistry]. 2021, 26(4(80)), 61-69. https://doi.org/10.18524/2304-0947.2021.4(80).250928 [in
Ukrainian].

Kiose O. O., Savin S. M. Kopolimeryzatsiia nenasychenykh olihoesteriv, shcho modyfikovani nitrohenvmis-
nymy spolukamy, z metylmetakrylatom [Copolymerization of unsaturated oligoesters modified with nitrogen-
containing compounds with methyl methacrylate]. Visn. Odes. nac. univ., Him. [Odesa National University
Herald. Chemistry]. 2023, 28(1(84)), 45-52. https://doi.org/10.18524/2304-0947.2023.1(84).277059 [in Ukrai-
nian].

Oz N., Akar A. Aminomethylene phosphonic acid-ceric ion redox systems for aqueous polymerization of vinyl
monomers. Eur. Polymer J. 2000, 36(1), 193—199. https://doi.org/10.1016/s0014-3057(99)00034-8

Du J., Zhang F., Liang X., Qu F. Influence of chemical composition on the proton conductivity of microporous
organic polymers entrapped in nitrilotrimethylphosphonic acid. New J. Chem. 2021, 45(36), 16461-16468.
https://doi.org/10.1039/d1nj02385¢

. Du ], Lin H., Guo W., Zhang F., Qu F., Wen C., Feng L., Liang X. Phosphonic acid loaded covalent im-

ine networks for proton-conducting membranes. Polymer. 2020, 201, 122632. https://doi.org/10.1016/j.poly-
mer.2020.122632

. Ivanov S. V., Trachevskyi V. V., Titova O. S., Stoliarova N. V., Yefymenko V. V. Tekhnolohiia vyrobnytstva

vysokomolekuliarnykh spoluk [High-molecular compound manufacturing technology]. Kyiv: NAU, 2008. 52
p. [in Ukrainian].

Savin S. N. Kinetika polimerizatsii oligomernykh sistem s povyshennoy vyazkost’yu [Kinetics of polymerisa-
tion of oligomerous systems with enhanced viscosity]. Visn. Odes. nac. univ., Him. [Odesa National University
Herald. Chemistry]. 2014, /8(1(45)), 71-81. https://doi.org/10.18524/2304-0947.2013.1(45).31710 [in Rus-
sian].

Hyrlia L. M., Kelina S. Yu. Analitychna khimiia. Mykolaiv: MDAU, 2012, 247 p. [in Ukrainian].

Bellamy L. J. The infra-red spectra of complex molecules. London: Chapman and Hall, 1975. 433 p. https://doi.
0rg/10.1007/978-94-011-6017-9

. Nakamoto K. Infrared and Raman spectra of inorganic and coordination compounds. Part B: applications in

coordination, organometallic, and bioinorganic chemistry. 6th ed. New York: Wiley-VCH GmbH, 2009. 403 p.

. Kotodynska D., Geca M., Siek M., Hubicki Z. Nitrilotris(methylenephosphonic) acid as a complexing agent

in sorption of heavy metal ions on ion exchangers. Chem. Eng. J. 2013, 215-216, 948-958. https://doi.
org/10.1016/j.cej.2012.10.054

Zenobi M. C., Luengo C. V., Avena M. J., Rueda E. H. An ATR-FTIR study of different phosphonic acids in
aqueous solution. Spectrochim. Acta Part 4. 2008, 70(2), 270-276. https://doi.org/10.1016/j.s2a.2007.07.043

ORCID iDs

JI. B. MapuuHko: https://orcid.org/0009-0008-7143-6094
C. M. Casin: https://orcid.org/0009-0001-0764-2618
O. E. MapmuHko: https://orcid.org/0000-0002-3374-5987
0. O. Kioce: https://orcid.org/0000-0002-0594-994X

15



ISSN 2304-0947 Bicnuxk OHY. Xivis. 2025. Tom 30, sun. 2(90)

UDC 54-386:547.497.1

T. V. Koksharova*, A. Yu. Kovalov

Odesa I. I. Mechnikov National University,

Department of Inorganic Chemistry and Chemical Education,
2 Zmiienka Vsevoloda St, Odesa, 65082, Ukraine;

* e-mail: tanya.koksharova@gmail.com

COORDINATION COMPOUNDS OF 3d METALS
CINNAMATES WITH THIOSEMICARBAZIDE:
SYNTHESIS, CHARACTERIZATION AND DFT STUDY

Synthesis methods were developed, five new coordination compounds were isolated and in-
vestigated: [CuLz](Cinn)z, [NiL,](Cinn)2 (n = 2, n = 4, [ZnL:](Cinn)z, [CoLs](Cinn)s, where
L — thiosemicarbazide, HCinn — cinnamic acid. The structures of the compounds were
determined by FTIR and Raman spectroscopy and confirmed by quantum chemical meth-
ods. IR spectra and molecular and electronic properties of compounds were calculated by
Density Functional Theory (DFT) method. Molecular orbital energies (HOMO and LUMO),
energy gaps (AE), and global reactivity descriptors (chemical potential p, chemical hardness
1, electrophilicity index @, and global softness S) values are determined. The reactivities and
electronic structures of compounds vary depending on the metal nature.

Keywords: Thiosemicarbazide, cinnamate, Density Functional Theory

Thiosemicarbazide is a well-known complexing agent that has various valuable
properties and is used in different areas [1-3]. The composition and coordination
polyhedra of thiosemicarbazide complexes are strongly influenced by the anions
of the salts taken for synthesis [2, 4, 5]. It is of interest to expand the range of
anions for the synthesis of thiosemicarbazide complexes. We have chosen cinnamate
anion. Cinnamic acid and its derivatives occur widely in nature [6, 7] and are
likely to interact with metal ions [8]. They are natural compounds with a variety of
biological actions [6, 9] that have a wide range of current and potential applications
[10, 11]. Coordination compounds involving the cinnamate anion have not been
sufficiently studied. They have been studied only with nitrogen-containing ligands.
In coordination compounds with nitrogen-containing ligands, cinnamate anions
can act as monodentate, bidentate, and bridging anions [12—-14]. We did not find
any information in the literature about coordination compounds of cinnamates with
sulfur-containing ligands. This study aims to synthesize coordination compounds of
3d-metal cinnamates with thiosemicarbazide and study their structure using spectral
and quantum-chemical methods.

EXPERIMENTAL SECTION

All reagents and solvents were of reagent grade quality and were obtained from
commercial suppliers. CuCl,2H,0, NiCl,6H,0, CoCl,6H,0, ZnSO, 7H,O, cinnamic
acid C.H~CH=CH-COOH, thiosemicarbazide NH,NHC(S)NH,,.

Nitrogen content was carried out on a LECO Tru Spec CHN automatic elemental
analyzer. The contents of the metal ions were determined by inductively coupled
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plasma atomic emission spectrometry (ICP-AES) on a Perkin-Elmer Optima 8000
analyzer, the sulfur content by the Schoeniger method.

IR spectra were recorded on a Perkin-Elmer SPECTRUM BX II FT-IR SYSTEM
spectrometer at the range of 4000-400 cm ™! at room temperature in KBr pellets.

Raman spectra were obtained on a DXR Raman Microscope, Thermo Scientific
using a laser with a wavelength of 532 nm, laser power of 10 mW, with a full-band
grating, in the Stokes region range of 3360-200 cm™'. The sample was placed on a
microscope glass slide, focused with a laser.

Synthesis of [CuL,](Cinn),. A portion of Cu(Cinn), (1.8 g, 5 mmol) was added
to a solution of L (0.91 g, 10 mmol). The solution turned dark blue, and a light
brown precipitate formed. After cooling, the light-brown precipitate was filtered off,
washed with a small amount of water and ethanol and dried in air to constant weight.

Synthesis of [NiL,](Cinn),, [NiL ](Cinn),, [ZnL,](Cinn),, [CoL,](Cinn),. A
solution of NaOH (0.4 g, 10 mmol) in 5 mL of water was added drop by drop to
5 mmol of corresponding metal salt in 5 mL of water. The precipitate of M(OH),
(M = Ni, Zn, Co) formed was filtered off, washed with a small amount of water
and 20 mL of ethanol and added to a warm solution of cinnamic acid (1.48 g, 10
mmol) in 50 mL of water until complete dissolution. Finely ground L in a ratio of 1:2
(INiL,](Cinn),, [ZnL,](Cinn),), 1:4 ([NiL,](Cinn),), 1:3 ([CoL,](Cinn),) was added
in portions to the mixture and left for 1 hour ([NiL,](Cinn),, [NiL,](Cinn),, [ZnL,]
(Cinn),) and for a day ([CoL,](Cinn),). Precipitates formed was filtered off, washed
with a small amount of water and ethanol and dried in air to constant weight.

RESULTS AND DISCUSSION

According to the data of the elemental analysis (Table 1) the products isolated
have molar ratio Metal : L : Cinnamate 1:2:2 for copper and zinc (compounds I and
IV), 1:3:3 for cobalt (compound V), whereas for nickel, depending on the ratio of
reagents, two compositions are realized: 1:2:2 (compound II) and 1:4:2 (compound
).

Table 1
The elemental analysis data and colors of complexes
M, % N, % S, %

N | Compound Color
Found | Calculated | Found | Calculated | Found | Calculated

I |[CuL](Cinn),| 11.88 | 11.85 | 1551 | 1556 | 11.80 | 11.85 |[Light- brown

2

IT | [NiL,](Cinn), | 11.04 11.03 15.56 15.70 11.95 11.96 Pink

2

[NiL,]
1T | [NiL,)(Cinn), | 8.26 823 | 2351 | 2343 | 1790 | 17.85 Green

4

IV | [ZnL,J(Cinn), | 12.11 | 12.01 | 1551 | 1553 | 11.88 | 11.83 | Light-pink

V | [CoL,](Cinn), | 7.64 7.63 16.21 16.30 12.46 12.42 Black

Analysis of the IR and Raman spectra of the obtained compounds compared to
initial substances (L, metal cinnamates) made it possible to obtain information the
nature of bonds in I-V.
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Experimental and calculated results of the most characteristic corresponding as-
signments of compounds are listed in Table 2, 3. Thiosemicarbazide (L) is ambiden-
tate ligand that can form five-membered metal cycles (with N,S or N,N coordination
cores) or can be bonded in monodentate type through S atom. The ligand contains
thioamide bands at the following frequencies (cm™'): thioamide I — 1530, thioamide
II — 1315, thioamide III — 1000, thioamide IV — 800. The analysis of IR spectra
of L and of the products of its reactions with 3d-metals cinnamates shows that the 111
spectrum differs from the spectra of all other compounds. In the I, I, IV, V spectra,
the band thioamide 1T shifts to the region of higher frequencies by 65-70 cm™' as
compared to L, while the frequency thioamide IV lowers down by 20-31 cm™!. The
intensity of the thioamide II band increases due to the fact that the vibrations of the
cinnamate-anions also contribute to it. The thioamide I band is shifted to the high-
frequency region by 47-48 cm™! with significant decreasing intensity. The thioamide
III band sharply lowers the intensity, so that for I and II, it turns into a shoulder,
and for IV completely disappears. Such a change in thioamide bands is known to
correspond to bidentate coordination of the ligands with participation of S and N
atoms [15].

For the compound III, the spectrum is significantly different. Tioamide IV band
lowers the frequency. Tioamide I shift is much smaller than in the spectra of all other
compounds. The thioamide II band almost does not change, and thioamide III sharply
lowers the intensity. Therefore, one can conclude that in III, L has monodentate
coordination through the S atom to give NiS, coordination core.

In the Raman spectra, the thioamide IV band lowers its frequency by 30-38
cm’!, thioamide II rises by 71-87 cm™!. The shifts of these bands in the Raman
spectrum are significantly smaller for a zinc complex. The thioamide III band in
the Raman spectrum of the ligand is observed at a lower frequency — 992 cm,
and for complexes in Raman spectra it is observed at the same frequencies as in
the IR spectra, and the zinc compound differs here too. In all cases, thioamide III
degenerates into the shoulder. Consequently, the shifts of thioamide bands are quite
close to the IR and the Raman spectra.

The area of low frequencies in the Raman Spectra is very useful for interpretation
of the metal-ligand bonds. For IIl in the Raman spectrum there are no bands v (M—
N) and 6(M—N-N) + v (M-S), that confirms the absence of nickel bond through
nitrogen. In the area of thioamide bands, the spectrum of III is characterized by a
smaller shift of the thioamide II band.

The value of the difference between frequencies v, (COO") and v (COO") can
be successfully used to determine the nature of binding carboxylate. The value of
AAV(COO") represents the difference in v(COO") values between a mixed-ligand
complex and an initial metal carboxylate. Greater AAv(COO") values are observed
for monodentate carboxylate anions and much lower, for bidentate and outer-sphere
anions. In all cases, the values of AAv(CO,) are insignificant, and for cobalt (III) this
value is even negative, which is consistent with the outer character of anion.

Computation details. Theoretical calculations were performed using the ORCA
6.00 software [16] package within the framework of density functional theory
(DFT), employing the hybrid B3LYP [17, 18] functional in combination with
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Table 3
Comparison of experimental and calculated FTIR results (in cm™)
for zinc(II) and cobalt(IIl) complexes
[Zn(TSC),](Cinn), [Co(TSC),](Cinn),
Calc. IR Exp. IR Raman Calc. IR Exp. IR Raman
3451, 3278
3448, 3184, s 221, 3258, 3406, 3283, 3195, 3088,
VINH) 1 5033 3018 | 3 1935623;)60’ 3180 3144 | 3#38.3139 1 3667 3036
Th"’?m‘de 1554 1578 1599 1577 1578 1602
Th‘“ﬁm‘de 1372 1380 1316 1362 1385 1373
Th“ﬁ;‘“de _ _ 989 1001 1001 1001
Th“’;{,‘“‘de 791 774 806 738 769 770
v(CH) | 3033,3018, 2970, 2609,
26532653 | 3060.2957 | 3060,2957 | 5 hp Y% | 3036,2985 | 3036, 2985
v(C=C,..) 1661 1640 1638 1638 1640 1627
V(C=C, ) | 1505, 1482 | 1496, 1450 - 1531 1494, 1442 | 1494, 1442
v,(CO,) 1661 1640 1638 1638 1627 1627
v(CO,) 1396 1395 - 1438 1420
3(CO,) 1271 1276 1265 1307 1287 1290

the def2-TZVP basis set and the def2/J auxiliary basis set for all elements [19].
Stationary points verification of the molecular structures as a global minimum are
performed by frequency calculation with no imaginary frequencies. Conductor like
Polarizable Continuum Model (CPCM) [20], an implicit solvent model, is used
with the intention of understanding solvent effect. Solvents are H,O, 50% water
solution of CH,OH with the dielectric constant values 78.5 and 51.22 respectively.
Lichtenecker’s Logarithmic Mixture Formula Eq. (1) [21] was used for calculation
of dielectric constants CH,OH water solution:

Emix = €XD ({)VJHEEJ (1)

Frequency calculation was performed in gas phase.

Chemcraft [22] and Avogadro [23] software were used for visualization of the
calculations.

Geometric optimization and calculation of vibration frequencies were performed
taking into account the effect of the solvent. Fig. 1-5 show the geometry and Table
4 shows the bond lengths and angles in cinnamate-thiosemicarbazide compounds.

I exhibits a square-planar coordination environment, Il has distorted square
structure, [I1 and I'V adopt a distorted tetrahedral geometry, while the Co(III) complex
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V assumes an octahedral geometry. The transition from a square to a tetrahedral
structure with a change in the nickel-ligand ratio from 1:2 to 1:4 is explained by the
larger radius of the sulfur atom compared to the nitrogen atom.

The convergence of experimental and theoretical spectroscopy results (Table 2,
3) confirms the reliability of the assumptions about the structures of the synthesized
compounds.
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Fig. 1. Optimized structure of [CuL,](Cinn), (I)
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Fig. 2. Optimized structure of [NiL,](Cinn), (IT)
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Fig. 3. Optimized structure of [NiL,](Cinn), (III)

Fig. 4. Optimized structure of [ZnL ](Cinn), (IV)
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Fig 5. Optimized structure of [CoL,](Cinn), (V)

Overall, the discrepancies between calculated and experimental values did not
exceed 57 cm™', which is acceptable for DFT-based methods. The largest deviations
were observed for [Cul:](Cinn)., particularly for thioamide II (57 cm™) and
thioamide IV (32 cm™). Significant shifts were also found in [NiL2](Cinn)., where
thioamide Il and IV differed by 21 cm™ and 26 cm ™, respectively. In contrast, [CoLs]
(Cinn)s exhibited the most accurate results, with all deviations under 12 cm™. These
findings suggest that the computational method better reproduces spectral features
for complexes with higher coordination numbers.

Table 4
Selected bond lengths d and angles ® in structures I-V
I
Bond d, A Bond d, A
Cul-S21 2.336 H56-032 1.631
Cul-S16 2.336 H45-011 1.631
Cul-N22 2.030 H57-012 1.804
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Table 4 (continuing)
Cul-N17 2.030 C31-032 1.272
N17-N15 1.414 C31-033 1.262
N15-C14 1.327 C31-C30 1.496
C14-N13 1.332 C30-C29 1.339
C14-S16 1.727 C29-C28 1.465
N22-N20 1.414 Angles o, deg
N20-C19 1.327 N17-Cul-S16 85.18
C19-N18 1.332 N17-Cul-S21 94.81
C19-S21 1.727 S21-Cul-N22 85.18
H55-033 1.805 N22—-Cul-S16 94.82
II

Bond d, A Bond d, A
Nil-S21 2.306 H56-032 1.631
Nil-S16 2.311 H45-011 1.644
Nil-N22 2.047 H57-012 1.810
Nil-N17 2.045 C31-032 1.272
N17-N15 1.417 C31-033 1.260
N15-C14 1.326 C31-C30 1.497
C14-N13 1.331 C30-C29 1.339
C14-S16 1.731 C29-C28 1.465
N22-N20 1.417 Angles o, deg
N20-C19 1.327 N17-Nil-S16 86.14
C19-N18 1.331 N17-Nil-S21 105.00
C19-S21 1.730 S21-Nil-N22 86.41
H55-033 1.819 N22-Nil-S16 103.97

I

Bond d, A Bond d, A
Ni21-S5 2.364 C1-N3 1.334
Ni21-S20 2.384 N3-N4 1.400
Ni21-S15 2.329 H59-031 1.758
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Table 4 (continuing)

Ni21-S10 2.350 H51-042 1.754
S20-C16 1.736 H54-043 1.705
Cl16-N17 1.327 C30-031 1.276
C16-N138 1.333 C30-032 1.249
N18-N19 1.406 C30-C29 1.505
S15-Cl11 1.754 C29-C28 1.338
C11-N12 1.313 C28-C22 1.466
C11-N13 1.336 C41-042 1.264
N13-N14 1.403 Angles , deg

S10-C6 1.753 S20-Ni21-S5 92.08

C6-N7 1.326 S20-Ni21-S15 115.28

C6-N8 1.324 S20-Ni21-S10 94.82

N8-N9 1.406 S5-Ni21-S10 136.87

S5-C1 1.735 S10-Ni21-S15 116.33

C1-N2 1.326 S15-Ni21-S5 98.55

v
Bond d, A Bond d A

Zn1-S21 2.359 H56-032 1.644
Zn1-S16 2.362 H45-011 1.652
Zn1-N22 2.095 H57-012 1.814
Znl-N17 2.091 C31-033 1.260
N17-N15 1.414 C31-032 1.272
N15-C14 1.332 C31-C30 1.498
Cl14-N13 1.333 C30-C29 1.339
Cl14-S16 1.728 C29-C28 1.465
N22-N20 1.414 Angles o, deg
N20-C19 1.331 N17-Zn1-S16 86.39
C19-N18 1.333 N17-Zn1-S21 123.75
C19-S21 1.729 S21-Zn1-N22 86.27
H55-033 1.823 N22-Zn1-S16 120.14
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Table 4 (continuing)

\Y

Bond d A Bond d, A
Co45-S33 2.288 H71-056 1.610
Co45-N34 2213 H76-010 1.602
Co45-S38 2.307 H77-011 1.849
Co45-N39 2.072 029-C27 1.261
Co45-543 2.328 028-C27 1.269
Co45-N44 2.218 C27-C26 1.497
S33-C31 1.743 C26-C25 1.339
C31-N30 1.322 C25-C24 1.465
C31-N32 1.326 Angles o, deg
N32-N34 1.411 S33 —Co45-N34 82.14
S38-C36 1.734 N34-Co45-S38 92.75
C36-N35 1.326 S33-Co45-S43 96.93
C36-N37 1.328 S43-Co45-S38 87.12
N37-N39 1.420 S33-Co45-N44 88.72
S43-C41 1.738 N44-Co45-S38 96.46
C41-N40 1.331 S33-C045-N39 93.56

C41-N42 1.319 N39-Co45-S38 83.1
N42-N44 1.413 N44-Co45-N39 91.33
H64-029 1.728 N39-Co45-N34 90.75

H66-028 1.632 N31-Co45-S43 98.4
H73-055 1.842 S43-Co45-N44 81.14

Orbital and global reactivity analysis. The global reactivity indices of molecules
are calculated using Koopman’s Theorem. According to this theorem, the ionization
potential and electron affinity are related to the negative values of the energies of the
Highest Occupied Molecular Orbital (E ) and the Lowest Unoccupied Molecular
Orbital (E_,,,) respectively. From these, the chemical potential (n) Eq.(2), hardness
(m) Eq.(3), electrophilicity index () Eq. (4), and softness (S) Eq.(5) are computed
using Eq. (2)—(5) [24].

B (Exomo + Erumo)
- 2 2
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The data presented in the Table 5 and Fig. 6 demonstrate and diagram significant
variations in the frontier molecular orbital energies (HOMO and LUMO), energy
gaps (AE), and global reactivity descriptors (chemical potential p, chemical hardness
1, electrophilicity index ®, and global softness S) among the ligand L and its metal
complexes.

The free ligand L exhibits a large energy gap (AE =9.44 - 107"?]), the HOMO is
primarily localized on the sulfur and hydrazinic nitrogen atoms, while the LUMO
resides at a much higher energy level, supporting its role as an electron donor with
limited acceptor ability.

Table 5
The global reactivity indices of molecules
Compound EHOM?I'IOIQ’ ELUM?I'IOW’ AE ‘.]1019’ n .‘1]019’ 1 .ﬁow, ® .}019’ S .J{?lo’ EHOMO.I(}”’
[CuL,](Cinn), | -10.89 -1.54 936 | -6.21 | 4.68 4.13 0.11 -10.89
[NiL,](Cinn), | -10.38 -6.53 385 | —846 | 193 18.57 0.26 -10.38
[NiL,](Cinn), -9.77 —6.75 3.02 | —826 | 1.51 22.6 0.33 -9.77
[ZnL,](Cinn), | —11.58 —-1.65 993 | -6.61 | 4.96 4.4 0.1 -11.58
[CoL,](Cinn), | —11.86 —11.63 023 |-11.75| 0.12 | 597.22 | 4.33 -11.86

The Cu(IT) and Zn(IT) complexes retain similarly large energy gaps (9.36 - 10717
and 9.93 - 10777, respectively), with frontier orbitals mainly localized on the ligand
framework. These values suggest that these complexes are electronically stable and
chemically inert under standard conditions. Their relatively low electrophilicity
indices (0 ~4.1-4.4 - 107'°J) and small global softness values support this assessment.

In contrast, the Ni(IT) complexes — [NiL2]** and [NiL4]**— exhibit intermediate
energy gaps of 3.82 - 107"J and 3.02 - 107"”J, respectively. This indicates moderate
reactivity, which is corroborated by higher electrophilicity indices (o = 18.57 -
107 J and 22.6 - 107" J) and greater softness (S = 0.26 - 107" J ! and 0.23 -
107J"). These complexes also show delocalization of the frontier orbitals across
both metal centers and ligand atoms, facilitating electron density redistribution and
thus enhancing reactivity.

The Co(III) complex is distinguished by an extremely narrow energy gap (AE =
0.23 - 107"]J), the lowest among all species examined. This narrow gap correlates
with a remarkably high electrophilicity index (o =597.22 - 107°J) and high softness
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Fig. 6. Frontier molecular orbitals and energy gaps of molecules
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(S=4.33 - 10T, clearly indicating pronounced chemical reactivity. The frontier
orbitals in this complex are strongly delocalized over both metal and ligand, further
supporting the interpretation of enhanced electronic communication and reactivity.

In summary, the trend in reactivity follows the inverse order of energy gap
magnitude: CoLs >> NiLa = Nil. > Cul: = ZnL.;, with CoLs standing out as a
highly reactive species, and Cu(II)/Zn(II) complexes exhibiting notable stability.

Thus, five new coordination compounds of 3d-metal cinnamates with
thiosemicarbazide were synthesized. Characterization of all compounds by
spectroscopic methods (FTIR, Raman) was examined and their electronic properties
were calculated by quantum chemical methods. The results of experimental and
quantum chemical calculations are in good agreement, that confirms the assumptions
about the structures of the synthesized compounds.

It has been found the significant variations in the frontier molecular orbital
energies (HOMO and LUMO), energy gaps (AE), and global reactivity descriptors
(chemical potential p, chemical hardness n, electrophilicity index ®, and global
softness S) between the ligand and its metal complexes.

The results obtained show that the nature of the metal is the deciding factor in the
formation of coordination compounds as well in their reactivity.

Energy - 107,11
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KOOPIUHAIIMHI CIIOJIYKA IMHHAMATIB 3d METAJIIB
3 TIOCEMIKAPBA3ZNJIOM: CUHTE3, XAPAKTEPUCTHUKA
TA JOCTIIKEHHA METOIOM DFT

Po3pobnerno meromm cuHTE3y, BHIUICHO Ta JOCIIIKEHO IT'SITh HOBUX KOOPAWHALIHHHUX
cronyk: [CuL:](Cinn), [NiL,;](Cinn)2 (n = 2, n = 4, [ZnL-](Cinn)2, [CoLs](Cinn)s, ne L —
tiocemikap6aszun, HCinn — xopudHa kuciora. CTpYKTYpH CIIOTYK BU3HAYSHO 32 JOTTOMOTOIO
®yp’e [Y-criekTpockorii Ta CHEKTPOCKOMiT KOMOIHAIIHHOTO PO3CIsIHHS. 3MiHa TioaMiTHUX
cmyr y cnomykax [CuLl:](Cinn)z, [NiL:](Cinn)2, [ZnL:](Cinn)., [CoLs](Cinn)s BiamoBinae
OineHTaTHIN KoopauHaLil JiranaiB 3a ydactio aromiB S Ta N. V cnomyni [NiL4](Cinn): L
Ma€ MOHOJIEHTaTHy KOOPJMHALII0 Yepe3 aToM S, YTBOPIOIOYH KOOpAMHALIHHUE By3071 NiS,.
BincyTHicTh y ciekTpi komOiHatiitHoro po3ciroBanus cMyr vV(M—N) ta 3(M—N-N) +v(M-S) B
0051acTi HU3BKUX YaCTOT TAKOXK MiATBEPKYE MOHOICHTATHY KOOPIMHAIIIFO TiOCeMiKapOasuIy
gepes3 atoM cipku. Xapakrep 3minu cmyr v, (COO7) ta (COO") y koopAuHAHHAX CHIOTyKax 3
TioceMikap0a3uI0M MOPIBHSAHO 3 BUX1IHUMH IUHHAMATAMH Bi/IIIOBia€ 30BHIITHEOC(HEPHOMY
xapakTepy aHioHy. MOIEKyJIsIpHI Ta eIeKTPOHHI BJIACTHBOCTI CIIOJIYK PO3pPaXxOBaHO METO-
oM Teopii ¢ynkuionamy rycturn (DFT). BusnadeHo eHeprii MoOJeKyJIspHHX opOiTaneit
(HOMO Ta LUMO), eHepretuyni 3abopoHeHi 30HH (AE) Ta 3HaueHHs MI00aIbHUX
NECKPUNITOPIB PEaKIiitHOT 3MaTHOCTI (XIMIUYHHMIA MOTEHIIANI |, XiMiYHa TBEPHICTH 1|, 1HIEKC
eJIEKTPO(IIIBHOCTI ® Ta 100anbHa M SIKICTh S). PeakiiiiHi 31aTHOCTI Ta €IeKTPOHHI CTPYKTY-
Y CTIOTYKH Pi3HATHCSA 3a1€XKHO Bif mpupoan MeTamty. [Cul:](Cinn): Mae KBaipaTHO-ILIOCKHIT
KoopauHauiitamii By3on, [NiL2](Cinn). Mae BUKpuBIIeHy KBaparHy cTpyKTypy, [NiL2](Cinn)2
ta [ZnL:](Cinn), — BUKpHUBIEHY TETpaeapUIHy reoMeTpiio, Tozi sk kommiekc [CoLs](Cinn)s
OKTaeApHYHUH. 301KHICTb PE3yJNIbTaTiB EKCIEPUMEHTAIBHUX CIEKTPIB Ta TEOPETUYHO PO3-
paxoBaHHX 4acToT B [Y crekTpax MmiITBEpIUKYE TOCTOBIPHICTh MPHITYIIEHb 00 CTPYKTYP
CHHTE30BaHHX CIIOJIYK.

TenmeHis peakuiifHOT 31aTHOCTI BiAMOBIIA€ 3BOPOTHOMY HOPSIKY BEIIMYNHH CHEPTETHIHO-
ro po3puBy: CoLs >> NiLs = NiL2 > Cul = ZnL., n1e CoLs BUAIISAETHCS K BHCOKOPEAKTUBHA
peuoBuHa, a kommuteken Cu(Il)/Zn(1l) neMoHCTPYIOTh 3HaYHY CTaOLTBHICTD.

KurouoBi ciioBa: Tiocemikap6a3uz, IHHAMAT, TEOPis QYHKIIOHATY T'yCTHHH.
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IMOPIBHSJIBHA XAPAKTEPUCTUKA MEXK ITPO3OPOCTI
TPUOPTOPUAIB I CECKBICYJIb®IAIB IAHTAHIAIB

TA ITPIIO B JAJIBHBOMY IHOPAUEPBOHOMY
CIIEKTPAJIBHOMY JATAITA30HI

Mertonom 4 crekTpockomii MpOIycKaHHsS BCTAHOBJIEHO HU3BKOYACTOTHI (JIOBIOXBHIIBOBI)
MeXi obmacteld onTW4HOI Tpo3opocTi (GTopHAiB NaHTaHIAIB Ta ITpifo y MOpiBHSAHHI 3
AQHAJIOTIYHUMH TapaMeTpaMHu CeCKBICYIb(iliB, 10 CTaHOBIATH 3HauyeHHs 450-350 Tta
420-330 cm !, BigmoBigHO. CriocTepiraeTbest iX cuMOaTHE 3pOCTaHHS y JIAHTAHITHOMY DSl
npy 30UIBIICHI MOPSIIKOBOrO HOMepa JIaHTaHiTy, a TakoX INpH 3aMiHi (Topuia-aHioHa Ha
Cynb(i-aHiOH Y CIIOMYI. 3apONOHOBAHO UTS OIIHKK BiTHOCHOTO TIOJIOXKEHHS MeKi 00sacTi
MPO30POCTi QYHKIIiIO, IO BKIIFOYAE B ceOe JOBKUHY 3B 513Ky KaTiOH-aHIOH Ta HaBEJICHY Macy.
3pocTaHHs MeX 00JacTei ONTHYHOT IMPO30POCTI CIIONYK JIAHTAHIIB Ta ITPit0 BUKINKAHO TO-
JIOBHUM YMHOM 3pOCTAHHSIM HaBE/ICHUX Mac 3B’sI3KiB MeTaJl-HEMETall y JaHTaHITHOMY Dsii.

Koarouogi cioBa: TpudTopuataHTaHi Ay, CECKBICYIb(I T TaHTaHI Ty, MEXa 001aCTi TPO30POCTI.

BCTVYII

®dTopuan JaHTaHiAIB Ta [Tpiro BONIOAIIOTH 3a0apBICHHSM, XapaKTepHUM JUIs 1H-
nuBinyansbHuX oHiB Ln** (Ln=La+Lu), 3aBasku 4f—4f BHyTpIIIHBOILICHTPOBHUM I1€-
pexonam [1]. s aestixux 3 Hux (Pr**, Nd**, Sm*, Dy**, Ho®") 3a3HaueHi nepexoau
MPOSIBIISIIOTECSL Y BUAMMOMY Jliana3oHi CIEKTpPi 1 BiANOBITHOMY 3a0apBiIeHHI; IS
peurtu GTopuiB BOHU BiOyBatoThes y OmmkHboMy 1Y mianasoni, a y Gd** — B YO
Jiarma3oHi CIeKTpy, 0 3yMOBIIIOE iX 0e30apBHICTb. Y TOH ke yac cyabdian ITpiro
Ta MPAaKTUYHO YCiX JIAHTAHIAiB BUPI3HIIOTHCS 3a0apBieHHAM [ 1], He XapaKTepHUM
JUTS IHOUBIAyaJIbHUX HOHIB Uepe3 pi3Ke 3MEHILIEHHsI 5KOPCTKOCTI 3B’ SI3KiB MeTajl-He-
MeTall MOPiBHSHO 13 pTopuaaMu. byno BUsSBIEHO HASBHICTH KOPEJSLIl MK LIMPH-
HOIO 3a00pOHEHOT 30HM Ta 3a0apBiIeHHAM CyNIb(ifiB JaHTaHIgiB [2—-5].

Crip 3a3HauuTH, WO Cyabdian ¥ GTOpUIM MeTalliB Hapa3i IIUPOKO 3aCTOCO-
BYIOTBCS SIK Marepiaiu aius intepdepenuiiinoi ontuku [Y gianazony cnexrpy [6].
VY 3B’A3KY 3 THM, 110 001aCTh BIaCHUX (PELIITKOBUX ) KOJIMBaHb CyNb()i/iB TaHTaHi-
JIB JIGKHUTB 11032 Jialia30HOM XBHJILOBUX dncel, MeHIHX 3a 400 cm™! (a00 1oBXKUH
XBHJIb 25 MKM), CHCTEMaTHYHUX AaHuX Ipo [Y-criekTpr monmHaHHS UX CIOIYK Yy
nanpHpoMy 1Y mianaszoni y riteparypu oomais. Ille 6ib1oro Miporo e CTOCY€eThCs
¢dbTOpUIiB TaHTaHIIB 1 TUM Olble — KOpesLii Mexi obnacTeil onTHYHOT IPO30-
pocrti y nansHbomy Y nianaszoni ciektpy Gropumis i cynbdinis [7].
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EKCIIEPUMEHTAJIBHA YACTHUHA

B po0oti BUKOpUCTAaHO 3a3AaeTiqb CHHTE30BaHl PTOpUAM Ta CylIb(inn JaHTa-
HigiB Ta ITpito. dTOpHIM MeTaliB OfEPKYBaIN B3a€MOAIEI0 OKCUAIB KBati(ikamii
0C. 4. 3 QTOPUIOM aMOHIIO Y PEaKTOpi 3 BUCOKOYHCTOTO IpadiTy 3 HACTYITHUM Tepe-
raBneHHsAM. CeckBicynb(]iau MeTaliB CHHTE30BaHO 3 €JIEMEHTHUX PEUYOBHH BHCO-
KOTO CTYTICHSI YUCTOTH B €BaKyHOBaHUX JBO30HHHX PEAKTOpax 3 KBapLOBOTO CKJa
y CcreniajbHO MiAiOpaHuX st KOKHOT 13 croiyk pexkuMax. CHHTE30BaHi CIIOMYKH
inenTudikoBano merogamu PMOA ta criekrpockomii audy3Horo BiaouTTs [7, §].

[Y-cniextpu 3anucyBanu B koopauHarax T = f(7), ne T o3Hauae nporyckanHs i
{ — XxBUIIBbOBE 4KcIo, BUKOpUCTOBYtoun Y cnexrpodotomerp 3 Dyp’e meperBo-
pennsim Frontier Perkin-Elmer (Perkin-Elmer Inc., Waltham, MA, USA) B niamna-
30Hi XxBUIboBHX uncen 4000-200 cm™ [7]. [Y-cnekTpu npoIryCKaHHS 3anucyBaiu
JUTSL 3pa3KiB HIMXTH Ta PO3TEPTUX Y MOPOIIOK TAaOJIETOK, 3alPECOBAHUX y MaTpH-
o nonepeaHbo 3HeBogHeHoro npu 180 °C Csl kBamigikauii oc. 4. (BUPOOHHUIITBO
Incrutyty Monokpucranie HAH Vkpainn, XapkiB) y MacoBoMy CHiBBiAHOIIEHHI
3pazok: Marpuis = 1:20. s [Y cnekrpockomnii mporrycKaHHs, CIIEKTpaIbHUH Jlia-
na3oH 4000-200 cm™!, a po3aiabHA 3AaTHICTH MpUJIALy cTaHoBmia Ot 0,4 cMm™';
BiZITBOPIOBAHICTh JIOBKHHHU XBIJIi cTaHOBMIIA puOin3Ho 0,008 cm™'; a BiiHOICHHS
curHain/mym nepesuutysaio 50 000:1 [7].

PE3YJBTATH TA iX OBITOBOPEHHSA

Pesynbraru cunTe3y (GTopuIiB Ta ceckBicyab(iiB JaHTaHIAIB Ta ITpito mpen-
CTaBJIeHO y Taom. 1.

Tabmuns 1
®@i3uko-ximiyHi BracTuBocTi gropuais i cecksicyabginis anraninis (P3E) [9]
Table 1
Physicochemical properties of lanthanide fluorides and sesquisulfides (REE) [9]
LnF, Crpykrypa Kouip Ln,S, CrpykTypa Kouip
YF, pomo. 6/6apBHnit Y,S, Ky0. CB.-JKOBTUH
LaF, TEKCaroH. 0/0apBHUI La,S, KyO. JKOBTUH
CeF, TeKCaroH. 0/6apBHUI Ce,S, KyO. TEMHO-PYOiHOBHUI
PrF, TEeKCaroH. 3eneHuit Pr,S, - -
NdF, IeKCaroH. (ionerouii Nd,S, KyO. pyOiHOBHIt
SmF, TeKCaroH. 6/6apBHuit Sm,S, Ky0. CB.-KOPHYHEBUH
EuF, pOMO./TeKcaroH. 6/6apBHnit Eu,S, Ky0. YOpHUH
GdF, pomo. 6/6apBHnit Gd,S, pomo. KOPUYHEBO-YEPBOHUH
TbF, pomo. 6/6apBHnit Tb,S, Ky0. TEMHO-KOPUYHEBUI
DyF, pomo. CBITJIO-3€JICHUI Dy,S, pomo. YepBOHO-KOPUIHEBHHA
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KOpPUYHEBATO-PO-
HoF, pomo. - Ho,S, - -
ErF, pomo. poxeBuUit Er,S, - -
TmF pomo. TG/ 3CICHKY= Tm S MOHOKIJI. CBITJIO->)KOBTHI
3 BaTHI 273
YbF, pomo. 0/0apBHMIA Yb,S, pomo. JKOBTHH
LuF, pomO. 0/0apBHMIA Lu,S, KyO. TEMHO-CIpuit

Y ciektpu nporrycKaHHs ASIKUX (TOPHIIB Ta CyIb(iIiB TaHTaHI{IB IPHUBEICHO
Ha Puc. 1 (a, 6). 3 HUX BHIUIHBAE, IO HAMOLIBIIA KITBKICTH MIKiB (6—7) MPOSIBIISETH-
cs y cynbQinax JaHTaHiliB 3 HU3BKOI CUMETPi€r0 KpucTaniynoi pemritku (Tm,S,,
Yb,S,), y To# 4ac K KiIbKiCTh CMyT y CNEKTpax Cy/b}iliB 3 BUCOKOK (KyOiqHOMO
cumMerpiero) uucno mikie gopiBaroe 1-2 (Y,S,, Eu S, ). Ananoriune sBume cro-
cTepiraeThbest i Aist GTOPHUIIB TAHTAHIIB: TaK, YHCIIO MiKiB TOMTMHAHHS Y CIIEKTPi
¢ropuzis 3 HU3bKOIO cUMeETpiero (pombiuna cunronis) — EuF,, GdF,, YbF, carae
8-10; y Toii e yac y cnekrpax (GTOpUIiB 3 reKCcaroHanbHo cTpykTyporo (LaF,,
CeF,, NdF,) uncro mikis He nepesuutye 5 (puc. 1a, 0).

SIckpaBUM MPUKIIAIOM Takol Kopesiiii € propuau Ta cynbdian Jantanigis, [4
CIIEKTPH SIKUX HaBEJEHO Ha puc. 1.

- !
|

40 T T T T T T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 300 400 4000 35I33 SJISS JSISS ZiISS ZSISS 1600 1200 300 _ 400
¥, omr v, em’

a b

Puc. 1. IY cnekrpu nporyckaHHs Tpu(TOpuAiB (a) Ta CECKBICYIb(IIIB IAaHTAHIAIB y Aiana30H1
4000-200 cm™': a) 1 — LaF,, 2 —YbF;6) 1 —La,S,,2 —Yb,S,

273

Fig. 1. IR transmission spectra of trifluorides (a) and sesquisulfides of lanthanides in the range
4000200 cm™: a) 1 — LaF,,2 —YbF;b) 1 —La,S,,2 —Yb,S,

273

IIpu 1bOMy 3a TOBrOXBHIILOBY MEXKY (A, ¥,,) 001aCTi ONTHYHOI IIPO30POCTI Yac-
TO NPUAMAIOTh TaKe 3HAYEHHsS XBHJILOBOTO 4McIa (¥ ), IpH AKOMY 3aJIekKHICTh
nporyckanss (T) nocsirae MakCHMaIbHOTO 3HaYEHHs. ICHy€e MeBHA KOPETSLis MixK
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‘l?max Ta "Fﬂi, TOOTO 3HAYEHHSIM XBHUJILOBOI'O YKCJIa IT1Ka HOITIMHAHHS, 110 BiAIOBIIAE
HaWKOPOTIIIOMY W HalXKOPCTKIIIIOMY 3 PEIIITKOBUX KOJUBaHb 3B’ s13kiB M—X. Sk mo-
kazaHo Hami [ 10] paniie, MoXHa 3anicaTd BUpa3 AJIsl HU3bKOYaCTOTHOI MEXH 00-
JIACTI TIPO30POCTi:

N N b
Vinax™Va, ™ ;
1 ® 1
mx/Bves i W
ne ¥, — XBHIBOBE YHCJIO, IO BIJINIOBiJ]a€ KOJIMBAHHSIM HaWOUIbII KOPOTKOTO
Ta )KOpCTKOFO 31 3B’s13kiB M—X, b — mieBHa crajia, XapakTepHa JUIs IaHOTO THITY
3B’a3kiB M—X, I, — noBkuHA 3B’s3KY, E,_. — €Hepris (MILHICTb) 3B’A3KY,

5 _, — HaBeJeHa Maca 3B 3Ky, 10 BU3HAYACThCS BUPA30M:

% " By
e =y &

3BiJICH BUILIMBAE, IO TTOJIOKEHHS TEPIIOi CMYTH PEIIITKOBUX KOJIHMBAaHb Mae
3CYBaTHCS y KOPOTKOXBWJIBOBHM Jlialla30H 31 CKOPOUCHHSIM JIOBXKHWHH 3B’SI3KYy Ta
Horo HaBeleHOT MacH i 3pOCTaHHAM HOro MIilHOCTI. 3a BEIMYMHY i Ta [ 3a3BH-
Yyaii mpuiiMaroTh MOJIIPHi (aTOMHi) Macu KaTioHa M Ta aHioHa X, a 3a JIOBKHHY
3B’SI3Ky — CyMy HOHHHX pajiiyciB karioHa M Ta aHioHa X.

Buxonsun 3 piBHsHHA (1), IpOBEIEHO NMPOTHO3YBaHHS MO0 CITiBBiAHOIICHHS
JIOBTOXBMJIBOBHX M€K ONTHYHOI ITPO30POCTi TPU(TOPUIIB Ta CECKBICYNIb(DiIiB JTaH-
TaHiiB Ta ITpifo (Tabn. 2) npu aHiOHHIN Ta KaTiOHHINA 3aMiHi. PiBHSHHS, 32 AKUM
OIIIHEHO PI3HUITI0 MiXK TIOJIOKEHHSIM MEX 00J1acTi Ipo30opocTi propuis i cynbdimis
JIaHTaHIiB, Ma€ HACTYITHUI BUTIIS:

Sk BUIHO 3 TaOJI. 2, Pi3HUIIS Y MOJOKEHHSAX MEX MPO30POCTI 3pOCTAE Bij| CIO-
nyk JlaHTaHy 1 cAra€e eKCTpeMaJIbHUX 3HAYEHb Y CIOJIYK €Bporrito Ta ITepoito.

BUCHOBKHU

OTxe, 3aMiHa (bTopy Ha cyl1b(yp Ma€e NPU3BOAUTH 10 IOMITHOTO OaTOXPOMHOTO
3CYBY MeX1 IPO30POCTi, Y TepIIy Yepry, 3aBIsAKH 3pOCTAHHIO HABEJICHOT MacH (Tou-
HillIe, KOPEHs KBajpaTHOro 3 i€t BeJ‘II/I‘lI/IHI/I) LpoMy mporLiecy Takox Mae CHIPUATH
1 3pocTanHs NOBKuHM 3B’13KiB Ln—S mopiensno 3 Ln—F. [lilicno 3nauenus ¥y, ,
BH3HAYCHI EKCTICPUMEHTAIBHIM ILISIXOM, JJIsl (PTOPUIIB JIAHTAHIAIB € CyTTEBO BU-
IIUMH TIOPiBHSHO 3 cynbdigamu. 1llo ctocyeThes eneprii 38 sa3kiB Ln—X, ixHi 3Ha-
YEHHS MarTh OyTH, CYISYd 3 TeMIIeparyp IUIaBICHHS Ta BUIIAPOBYBAHHSI, 3HAYHO
BULIMMU 7151 CyNb(iAiB TaHTaHIAiB NOPIBHIHO i3 dhTopuaamu nantadigis. [iiicHo,
AKOM HE eHEPreTU4HUN (HaKTop, Pi3HUISA 3HAYEHD TV, MK Takumu st GTopuis i
cynbdimiB Oyna O me cyTTeBinorw. BIIMB KaTiOHHOTO 3aMilllEHHS € He HACTLIBKH
BpakatounM. Tak, 3pocTanHs Vy, y JJaHTaHITHOMY Psili BUKIMKAHO MIEBHAM 3MEH-
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LICHHSM JOBXXHMHHU 3B’S3KiB (JIaHTaHiJHE CTHCHEHHs) W, TOJIOBHUM YUHOM, 3pOC-
TaHHSIM HaBEJCHHMX Mac OCLWIATOPIB 3B’s3KiB MeTan-HeMeTan. HaromicTs eHep-
FeTUYHUN (PAaKTOp BIUIMBY HE € BU3HAYAIBHUM, OCKIIBKM MILHICTH 3B’s3KiB M—X
X04a ¥ Ieno 3HWKYEThCA Y Pl JTaHTaHiAIB, aje BiAirpae MOMITHY POJIb JIHMIIE Ha
HOro moyarky.

11.
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COMPARATIVE CHARACTERISTICS OF THE TRANSPARENCY RANGES
LIMIT OF LANTHANIDE AND YTTRIUM TRIFLUORIDES
AND SESQUISULFIDES IN THE FAR INFRARED SPECTRAL INTERVAL

By the method of IR transmission spectroscopy, low-frequency (long-wave) limit of the opti-
cal transparency ranges of lanthanide and Yttrium fluorides were established in comparison
with similar parameters of sesquisulfides, which are 450-350 and 420-330 cm™!, respective-
ly. A function is proposed to estimate the relative position of the limits of the transparency
ranges. Their symbatic growth in the lanthanide series is observed with increasing lanthanide
ordinal number, as well as with the substitution of fluoride anion for sulfide one in the com-
pound. The highest number of peaks is observed in lanthanide sulfides with low crystal lattice
symmetry (Tm2Ss, Yb2S;), whereas the number of bands in the spectra of sulfides with high
(cubic) symmetry is limited to two (Yb:Ss, EuzSs—). A similar phenomenon is observed for
lanthanide fluorides: the number of absorption peaks in the spectra of fluorides with low sym-
metry (orthorhombic syngony) — EuFs, GdFs, YbFs — is notably higher. Therefore, the re-
placement of fluorine by sulfur should lead to a noticeable bathochromic shift of the transpar-
ency limit, primarily due to the increase in the reduced mass (more precisely, the square root
of this value). This process should also be facilitated by the increase in the length of the Ln—S

bonds compared to Ln—F. Indeed, the values of 1}!11 determined experimentally for lanthanide
fluorides are significantly higher compared to sulfides. As for the energy of the Ln—X bonds,
their values should be, judging by the melting and evaporation temperatures, significantly

higher for lanthanide sulfides compared to lanthanide fluorides. Thus, the increase in "Vgl in
the lanthanide series is caused by a certain decrease in the bond length (lanthanide compres-
sion) and, mainly, by an increase in the reduced masses of the oscillators of metal-nonmetal
bonds. The increase in the limits of the optical transparency ranges of lanthanide and yttrium
compounds is mainly caused by the increase in the reduced masses of metal-nonmetal bonds
in the lanthanide series. However, the energy factor of influence is not decisive, since the
strength of the M—X bonds, although somewhat reduced in the lanthanide series, plays a no-
ticeable role only at its beginning.

Keywords: lanthanide trifluoride, lanthanide sesquisulfide, limit of the transparency range.
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IMPOI'HO3YBAHHJ ITIOBEPXHI JIIKBIAYCY
Y CUCTEMI Al:Os-TiO:-La:0s

Briepie 3po6i1eHO TporHo3 noOy10BY MOBEPXHI JIIKBiycy Aiarpamu ctany cucteMu AlOs—
TiO>-La>0s Ha mIonMHy KOHIEHTpAIiHHOTrO TpUKyTHNKA. Ha moBepxHi TiKBigyCy iCHY€ TpH-
HaJIISATh TIOJIB TIEPBUHHOI KpHcTamizauiil ¢pa3 Ha ocHoBi TiO2, TBEPANX PO3UYMHIB HA OCHOBI
BHCOKOTEMITEpaTypHOi KyOiuHo1 popmu X, BUCOKOTEMTIEpaTypHOI rekcaroHansHoi popmu H,
Ta HU3bKOTEMIIEPATypHOI rekcaroHanbHoi popmu A kpucramiuaux moaudixaniii La:0, Ta
¢a3 B-ALTiOs (B-AT), a-ALTiOs (a-AT), a-AlOs (AL), La20s-11ALOs (B), LaAlOs (LA),
La:TiOs(LT), La:Ti2O7 (LT2), La:TisOs (LT3) Ta LasTisO24 (L2Ty). BecTaHOBNIEHO HasIBHICTH
II’STHOX YOTHPH(A3HUX HOHBAPIaHTHUX EBTEKTHYHHX PIBHOBAL, TPHOX UYOTHPU(PAZHUX
HOHBapiaHTHHUX PIBHOBAr MEPEXiTHOTO THITY, @ TAKOK YOTHUPHOX TPH(a3HUX HOHBAPIaHTHUX
eBTCKTHYHHUX pIBHOBAr 3a yd4acTiO pinuHH. MakcuMmalbHa TeMIlepaTypa Ha TOBEpXHi
nikBiaycy cucremu ctaHoBuTh 2310 °C i Biamosizae Touri miasieHHs La20s. MiniManbHa
TeMIIepaTypa JIikBigycy craHoBUTH 1420 °C 1 BimoBiiae TemMepaTypi IIaBIeHHS OTPiifHOT
eBTeKTHKH B-AT+TiO2+LTs.

Koarouosi caoBa: cucrema Al:Os-TiO»-La»0s, ¢a3oBi piBHOBaru, B3aeMoJis, MOBEPXHs
TKBIAYyCY, Aiarpama CTaHy.

OmHUM 3 OCHOBHHX HAaIIPSIMKIB PO3BUTKY CYyYacHOT'O MaTepialio3HABCTBA € pO3p0o0-
Ka HOBHX OKCHUIHHX KepaMiuHUX MaTepialiB Uil MAlIMHOOYAYBaHHS, €HEPreTHYHOI,
XIMIYHOI, aBIaKOCMIYHOT, €JIEKTPOHHOT Ta 1HIINX Tally3eil y 6araTOKOMIOHEHTHHX CHC-
Temax, B ToMy 4Hcli 3 ydactio TiO,, A12O3 Ta OKCHUIIB JIAHTAHOIIIB.

Jlist mocmiKeHHsT BAOPAHO CHCTEMY A1203—Ti02—LaZO3, 10 BMIIILy€ OKCHJI JIAHTA-
HOTJIIB MOYATKy psiay. BcTaHOBIIEHI 3aKOHOMIPHOCTI B3a€MOJIIT Y BKa3aHii cucTeMi J10-
3BOJIATH CIIPOTHO3YBaTH B3a€MOJIIO Ta TTOOYIyBaTH €JIEMEHTH JiarpaM CTaHy HEBUBUEC-
nux cucreM psay Al,O,~TiO,~Ln O, (Ln=Nd, Sm, Gd). Bkasani cuctemu BiIKpHBarOTh
PSLI IEPCIIEKTHBHUX MOXKIIMBOCTEH [UISI CTBOPCHHS PI3HUX 3a MPH3HAYCHHIM MaTepia-
niB. lle, mepir 3a Bce, BACOKOTEMIIEPATYPHI KOHCTPYKIIIHHI KOMIIO3HIIIHHI MaTepiaiu
Ha OCHOBI CIIPSIMOBAHO 3aKPHCTANI30BaHUX NBO(A3HUX Ta TpH(a3HUX EBTEKTUK, MaTe-
pianm s tBepaux enekrpouitiB (TOIIE), natunkn KUCHIO, TUTIBKH IS €MIEKTPOHHUX
MPHUCTPOIB, Ta iH., IMMOOUTI3YIOUHMIA MaTepiall s SASPHOT ramysi, B’si3ka Kepamika,
HOCIT KaTajii3aropiB, BUCOKOCTIiKa /10 3HONIYBaHHS Ta KOPO3iMHOCTIHKa Kepamika, a
TaKOXX CYIEPBOTHETPUBH.

B norpiiniii cucremi Al,O,~TiO,~La,0, iCHYrOTh NO/BiHHI CIIOMYKH 3 Ji€NEKTPHY-
HUMH, T’ €30€JIEKTPUYHUMH Ta CETHETOCICKTPUIYHUMHU BIacTUBOCTsIMU [1—-15].

IoepxHro nikeigycy morpiiinoi cucremn Al O,~TiO,~La,0, He nocmimkeHo.
[TonBiliHI OOMEXYHOUi CUCTEMH A1203—Ti02—La203 BHUBYCHI JIOCUTh jaeTaibHO [9, 11,
12, 15-27], 1 ix miarpaMu cTaHy oOyI0BaHO Ta HAaBEJACHO aBTOpaMu y poboTi [28].
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B poGori [28] aBTOpM TaKOK EKCIIEPUMEHTAILHO MOOYIyBaJIM 130TEpPMiuHI Tepe-
pisu jpiarpamu crany cuctemu Al,O~TiO,~La O, npu 1400 °C. Hosux (a3, a Takox
MTOMITHOT PO3YMHHOCTI TPETHOTO KOMIIOHEHTA B (pazax OOMEXYHOUHMX TMOABIHHUX CHC-
TeM He BusBieHO. Tpiaurynsiii cucremu BusHavaetbes azoro La,Ti O, sika 3naxo-
auThes B piBHOBA3i 31 cnomykamu Al TiO,, LaAlO, ta komnonentamu cucremu TiO, i
ALO,. Vreopenns a3 La,Ti0,,, La,Ti,O , ta La,TiO, y noasiiiuii 0OMexXyrOUii cuc-
temi TiO,~La,O, cnpuunnse nosBy 9acTkoBo Oinapuux mepepisis Al TiO~La Ti,O,,,
ALTiO~La,Ti,0,, Ta LaAlO~La TiO..

PobGouy Mozienb ipoexiii ToBepXHi JIIKBIAYCYy Ha IIONIMHY KOHIICHTPAIIHOTO TpH-
KyTHHKa fiarpamu crany cucremu Al,O,~TiO,~La,O, cTBopeHo Ha OCHOBI Jliarpam cra-
HY MOJBIMHUX OOMEKYIOUHX CHCTEM Ta HABEJICHO aBTOpaMu y poOoTi [29].

Meta pobGotu — crporHo3yBaru (ha3oBi piBHOBAard Mpu KpHcTajizalii B cUCTeMi
ALO,-TiO,~LaO,. Ha OQE{OBi MPOTHO3Y TOOYIyBaTH MPOCKIIKD MOBEPXHI JIIKBIAYCY
HA IUIONIMHY KOHIEHTPAIIHOTO TPUKYTHHUKA.

PE3VJIBTATHU TA iX OBTOBOPEHHS

OCHOBOIO METOJTY JIOCIIJKSHHS € 00pOOKa eKCIIePUMEHTAIbHUX JAHUX, MO0 TeM-
neparypu IUIaBIeHHs Ta (a3oBoro ckiauy miasieHux 3paskis cucremu Al,O,~TiO,—~
Y,0, [2] Ta niarpam crany noagifinux oomexyrounx cucrem Al O,~TiO,~La O,.

3a pesyabraTaMy JOCIIKEHb 3pOOJEHO MPOrHO3 OyI0BM MPOEKIii MOBEpXHi JIiK-
Bixycy miarpamu crany cuctemu Al,O,~TiO,~La,O, Ha niomuHy KOHIEHTPALiHHOTO
TpUKyTHUKA (puc. 1).

TiO,
(1855)

La,Ti,0,, (1455)
| e 1445

__p., 1455
_ La,Ti,0, (1660)
Ps» 1660

70
La,Ti,O., (1790)

01 4.Ti,0,,, (1600)

e, 1675

N30 La,TiO,
(1700)

40

e, 2045
0
€5, 2135
ALO, 2,0,
e, 2140
(2039) 10\ 20 \30 40 50 \ 60 70\ 80 90 (2310)
p. 1848 ¢, 1780 LAl e, 1840 ¢, 2050
La,0, e11ALO, S
T ’ mol.% (2110)
(1850)

Puc. 1. [Iporao3 mpoexiiii moBepxHi JiKBiAyCy IiarpaMu CTaHy CUCTEMH
AlLO,-TiO,-La,0,: 0 — ckanu cIuiaBis

Fig. 1. Tentative construction of the liquidus surface of the phase diagram of the
AlLO~TiO,-La O, system: o — alloy compositions
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®da3oBuii ckiIaa Ta Gasu, M0 KPUCTATIZYIOTHCS IEPBUHHO B JliarpaMi CTaHy CUCTEMH
AL O-TiO,-La,0,, naBeneno B Tabn. 1. KoopanHaTtn HOHBapiaHTHUX PiBHOBAr MOTPiM-
HOI CHCTEMH, HAaBEIEHO B Ta0OI. 2.

[Torpiiinux cnionyk B cuctemi AlL,O,~TiO,~La,O, ne 3naiineno (puc. 1). [ToBepxns
JIKBIAYCY JiarpaMu CTaHy CHCTEMH CKJIaIaeThCs 3 TPUHAIILITH MTOJIiB IEPBUHHOI KPUC-
Tamizanii ¢pas Ha ocHosi TiO,, TBEpAMX PO3YMHIB HA OCHOBI BUCOKOTEMIIEPATYPHOT KY-
0iuHOT popmu X, BUCOKOTEMIIEPATYPHOI TeKcaroHanbHOI opmu H, Ta HU3BKOTEMITE-
paTypHOi rekcaroHaibHOI opmu A kpucraniunux momudikanii La,O, Ta das B-AT,
a-AT, o-AL, B, LA, LT, LT,, LT, ta L,T,.

[Tone nepeuHHOi KpucTamizauii a3 Ha ocHoBi TiO, OOMek)eHe OrMHarO4OIO
e,E.U.e,,. 3anaranns KpuBoi BU3Ha4eHO KoopauHaramu To4ok E, €, (tabm. 2, puc. 1)
Ta ¢ .. Koopannaru norpiiinoi esrektanoi Touku E,, B AKif IPOXOAMTH HOHBapiaHTHA
KoHrpyentHa peakuis LSB-AT+TiO,+LT, 3a npornosom cranosuts 1420 °C (Tabm. 2,
puc. 1).

I[Tnonty Ha moBepxHi NikBixycy miarpamu crany cuctemu AL O,~TiO,-La,O, 3aiima-
YOTB T0J1s IEPBUHHOT KpucTamtizauii (a3 Ha ocHosi cniomyku Al TiO, (puc. 1), sixi oOmexe-
i orunarouoro € ,E.U e E e. Ile nBa noss neppunnoi kpucraizanii a3 a-AT ta B-AT,
PO3JIUIEH] JIIHIEI0 MOHOBApiaHTHOI piBHOBAry €.€.. B3nosx wiei ninii BinOyBaeThes Me-
pexin koHrpyeHTHOTro TpudaszHoro mnpoiecy LS o-AT+B-AT 10 iHKOHTPYEHTHOTO TPH-
(hasuoro npouecy a-ATSB-AT+L.

OGnacte nepuHHOT KpucTamisaii pasu AL oomesxena orunarouoro e E e E U p, i Bu-
TarHyTa B3/10BX cToponu Al,O,~TiO, xonnenTpaniiinoro tpukythuka ALO,~TiO ~La O,
Posranrysanns ninii ¢ B, mokasano na puc. 1. Jlinis p, U E, posainena nojgem nepBuHHOL
kpucTanizanii ¢asu B, miniero U e, Ta 3a1a€TbCsl KOOPIMHATAMH TOYKH €, MOJIBIHHOT €B-
TekTukH B+LA obmexyrouoi cucremu Al O, ~La,O, Ta KoopMHaTamMu TOUKH TpUDasHOi
eBTeKTukH E,, B siKilf IpoxoauTh HOHBapiaHTHA KOHrpyeHTHa peakilis LSAL+LT, +LA.
Bkazana peaxiis, mporaodyerbest ipu 1740 °C (tabm. 2, puc. 1). ®a3a AL 3HaX0nuThCs B
piBHOBa3i 3 paszamu a-AT, B-AT, LT,, B Ta LA (Tabn. 2, puc. 1).

®aza LA wmae mone mepBHHHOI KpHCTalizamii, sike OOMEXEHE OTrHHaIYOI
e,U Ee E.e Ee., mo cknanaerses 3 m°satu kpuBux. PosramryBanns nox 3 nux (e U))
ta (U E,) naBeneno na puc. 1. 3ansaranns kpusoi E.e E. BU3Ha4eHO KOOpAMHATaMU
touok E,, e Ta E, (Tabn. 2, puc. 1). Koopnunaru norpiiinoi eBrexkrnanoi touku E,, B
AKiIf NPOXOIUTH HOHBapiaHTHA KOHrpyeHTHa peakiis LSLA+LT +LT 3a npornosom
BinOyBsaeTbest ipu 1650 °C. (Tabn. 2, puc. 1). Posramysanns kpusoi E.e E,, mo Bin-
nosiae MoHoBapianTHiil piBHOBa3i LSLA+LT,, koTpa po3MekoBye TOIs MEPBHHHOT
kpucranizanii ¢pas LT, Ta LA, BU3Ha4YeHO BUXOJSAYH 3 KOOPJIMHAT NOTPIHHNUX €BTEKTHY-
HuX Touok E, (Tabn. 2, puc. 1), E, (LSLA+A+LT — 3a nporuosom Bi0yBaeThes Mpu
1610 °C) Ta nongiiinoi eprextuku e, (LSLA+LT) (tabn. 2). PosrairyBanHs KpuBoi
e,E, BU3HaueHO KOOpIMHATAMM TOYKM TOABIHHOI eBTekTHKM LA+A-La O, (TouKa €,)
nozsikinoi oomexyrouoi cucremu AlLO.~La O,. ®aza LA 3HaxomuThcs B piBHOBA3i 3
¢azamu AL, B, LT,, LT Ta A-La,O,.

Yactuny niomti mosepxHi JikBixycy miarpamu crany cucremu Al,O~TiO,~-La O,
3aliMarOTh MOJIs EPBUHHOI KpUCTaizanii moaudikanii pasn na ocHosi cnonyku La,O,
(puc. 1), sxi oomesxeni orunarouoro €.E e .. Ili Tpu mons nepBurHOi KpucTamizamii pas
A, H Ta X, po3nineHi JIiHiAMA MOHOBapiaHTHUX PIBHOBAr €.€, Ta €,¢ . B3nosx nanoi
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Taommus 1
®azoBuii ckiiaj 3paskis aiarpamu crany cucremu AL O ~TiO,~La,0,
Table 1
Phase composition of samples from the Al,0,-TiO,~La,0, system
Homep Cxaan, % (Moa.) da3zoBuii ckaan
(mepBHHO 3aKpucTalizoBaHi (pa3n
3paska ALO, TiO, La,0, BKA3aHI MIEPIIIMH)
1 45 45 10 AL+B-AT+LT,
2 37,5 37,5 25 LA+ALALT,
3 33,25 33,25 335 LA+AL+LT,
4 30 30 40 LA+AL+LT,
5 25 25 50 LA+LT
6 20 20 60 LA+LT+A-La,0,
7 15 15 70 A-La, O +LA+LT
8 75 20 5 AL+AT+LT,
9 60 20 20 ALA+LT +LA
10 50 20 30 LA+ALA+LT,
11 40 20 40 LA+AL+LT,
12 30 20 50 LA+LT
13 25 20 55 LA+LT+A-La,0,
14 10 20 70 A-La, 0 +LA+LT
15 10 80 10 LT +TiO,+p-AT
16 15 70 15 B-AT+LT,+LT,
17 20 60 20 B-AT+LT,
18 22 56 22 AL+B-AT+LT,
19 25 50 25 ALALT,
20 30 40 30 LA+AL+LT,
21 45 10 45 LA+AL+LT,

JiHIT Bi10yBa€eThCs Mepexig KOHrpyeHTHOro Tpudasnoro npouecy LS A+H y iHKOHTpY-
eHTHH Tpudazuwmii nporiec HS A+L Ta koHrpyeHtHOro TpHdasHoro npouecy LSH+X
y IHKOHTpYEHTHHH TpHudasHuii nporec X SH+L.

[Tone neppunHOI KpucTanizanii ¢pazu Ha ocHosi A-La,O, (Tabm. 2) oOMexeHe oru-

Harouoto €.E e . Ta MOIJIEHE JIHIEI0 e E, na JIBI YACTHHU: Ha IOJIC TIEPBUHHOT KpUCTa-

mizanii ¢aszu A-La,O, (orunaroua E e, E e E,) Ta none neppunnoi kpucranizanii gpasn

LT, (orunatoua E,e, E e .). Posrauysanus orunatouoi E e, E.e E, 3anaerbes koopau-

HaTaMH MOJBIHHUX EBTEKTHUK € Ta €, (Talmn. 2), Touka E, (BM3Ha4€HO BUILE) Ta TOYKA
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Tabmuus 2
Koopnunaru inBapianTHux To40K 11 ¢azosoi niarpamu AL O-TiO,-La,0,
Table 2
Coordinates of the invariant points for the Al,O ~HfO,-La,0O, phase diagram
Touku Temmnepartypa, Craaz, % moa. inBapianTHi
piBHOBaru °C ALO, TiO, La,0, piBHOBaru
U, 1765 72 10 18 L+BSAL+LA
e, 1760 15 50 55 LSALALT,
€ 1750 11 47 42 LSLA+LT,
€, 1745 15 62 23 LSAT+LT,
E, 1740 16 60 24 LSAT+AL+LT,
E, 1730 14 48 38 SALHLT +LA
e, 1660 10 40 50 LSLA+LT
E, 1650 9 45 46 LSLA+LT LT
U, 1630 11 75 14 LA+LT,SAT+LT,
E, 1610 8 32 60 LSLA+A+LT
U, 1440 5 85 10 L+L, T ST+LT,
E, 1420 10 80 10 LSAT+T+LT,

noTpiiiHoi eBrekTHKM E, (BusHaseno Bume). Posramysanns kpupoi ¢ E, BusHaueno
KOOPJIMHATAMH TOUKH NOABiHHOT eBTekTnKN LT+A-La O, (TouKa €, ;) moBiliHOi 00MeK-
ytouoi cucremu Al,O ~La O,.

[Tnony Ha mosepxHi JtikBigycy miarpamu crany cucremu AlO,~TiO -La O, 3aiimac
ToJIe NEPBUHHOT KpucTatizanii hazu Ha ocHosi crionyku La, Ti,O, (puc. 1), sxe oOmexeHo
orunarodoro U, E e E e E. Ta posaineno niniero p,U, Ha JBi 9aCTMHHU: Ha HOJIE TIEP-
BMHHOI KpucTamisanii pasu LT, (ormnaroua p,U,E.U,) Ta mone nepBuHHOi KpUCTaiza-
uii ¢asu LT, (orunaroua Ue, E e E e, E,).

HaliMenmry muronry Ha moBepxHi JIKBigycy aiarpamu crany cucrtemu Al O,~TiO,—
La,O, 3alimae mosne nepBuHHOI KpucTanizanii hazu Ha ocHosi comyku La, Ti,O,, (puc. 1),
ke obmexene ormnarodoro €, U.p.. Posramysanus xpusoi e U.p, BU3Ha4eHO KOOP-
JUHAaTaMK To4ku nonsiiinoi eprextuku TiO +L, T, (Touka € ) 0OMEKYrOUOi CHCTEMH
ALO,-LaO,.

Koopaunaru Touku norpiiinoi neperekruanoi peaxuii U, (L+L, TS TiO +LT,) Bu-
3Ha4EHO MEPETUHOM JIiHiH MOHOBapianTHOi piBHOBaru ¢ U, Ta p,U., siKa po3aiise nosus
nepBuHHOi KpucTanizanii ¢pa3z L T, Ta LT,.

TakuM 9MHOM, Ha OCHOBI €KCIEPHMEHTAIBFHUX TaHUX, IIOAO0 TEMIIEPATYpH ILIaB-
JeHHs Ta (pa3oBoro ckiaay miuasneHnx 3paskis cucremu ALO~TiO,~Y,0, [2] Ta Ha
OCHOBI Jiiarpam cTaHy noasikinux oomexyrounx cucteM Al,O~TiO,-LaO,, aBTopa-
MH CHPOTHO30BAaHO MPOEKIIiK0 MOBEPXHI JIKBidyCy Aiarpamu crany cuctemu AlO,—

TiO,~La,0, na TpukyTHMK KOHUEHTpauid. Ha moBepxHi JIKBiIyCy NpPOrHO3YEThCA
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TPMHAIUATH TIOJIIB MEPBUHHOI KpucTanizauii ¢gas Ha ocnosi TiO,, A-, H-, X- xpuc-
Taniuanx moaudikauii La, O, Ta ¢pas a-AT, B- AT, AL, B, LA, LT, L,T,, LT,, LT, Ta
L,T,. Cnporao3oBano HasBHICTb I’ AITbOX YOTHPH(a3HUX HOHBAPIAHTHUX eBTCKTI/I‘-IHI/IX
pIBHOBAI, TPhOX UYOTHPHU(PA3HUX HOHBAPIaHTHUX PIBHOBAr MNEPEXiJHOTO THITY, a Ta-
KOXX YOTHUPHOX TPHU(Pa3HUX HOHBAPIaHTHUX CBTEKTUYHHMX PIBHOBAr 3 YYaCTIO PiIVHH.
MakcumalibHa TeMIieparypa JIikBiaycy B cuctemi cranoBuTh 2310 °C 1 BiAmOBiae T04-
ui miasyienns La O,. MinimManbna Temneparypa Jiksinycy ctanosuth 1420 °C i Bigno-
BiJla€ TemIeparypi niasiaeHns Tpudasnoi esrektuku E.. HoBux ¢a3s y cucremi AL O~
TiO,~La,O, ne BusBneno0. OCKiNIbKK B3a€EMOIis B IOTPiliHil CHCTEMI Ma€, B OCHOBHOMY,
eBTEKTUYHHUI XapakTep, IIe JO3BOJISIE OTPUMATH BHCOKOTEMITEPaTypHi KOHCTPYKIIHHI
Ta (DYHKIIIOHAJIhHI KOMITO3HIIIHHI MaTepiaji Ha OCHOBI CIPSIMOBAHO 3aKpHCTaJi30Ba-
HUX J1BO(a3HUX Ta Tpu(a3HUX EBTEKTHK, TaK 1 BOTHETPHUBKI KEpaMiuHi Marepialiu.

BUCHOBKH

Brepuie 3po6neno nporuo3 Oy0BH MOBEPXHI JIIKBiIyCy AlarpaMu CTaHy CUCTEMHU
ALO,-TiO,~La,0O, Ha NIoMKMHY KOHIEHTPALIHHOTO TPUKYyTHUKA. HalBUIIOKO Temrie-
paryporo B cucteMi € 2310 °C — temneparypa riasnenns yucroro La,O,, a HaliHWK-
4ot — 1420 °C — remmneparypa norpiiinoi esrektuku B-AT+TiO,+LT,. Ha ocHosi
MIPOTHO3Y BCTAHOBJICHO HASIBHICTH II'ATHOX YOTHPH(PAZHUX HOHBAPIAHTHUX E€BTEKTHUY-
HUX PIBHOBAT, TPOX YOTHPHU(A3HIX HOHBAPIAaHTHUX PIBHOBAT NIEPEXiTHOTO TUILY, A Ta-
KOX YOTHPBHOX TPU(A3HUX HOHBAPIAHTHUX €BTCKTUYHUX PIBHOBAT 32 YJACTIO PiAMHU.

I[Ipornos Gymoeu nikBinycy cucremu Al O,~TiO,~La O, no3sosse 3po6uth BUCHO-
BKH TIPO T€, 1[0 IS CUCTEMa MEPCIEKTUBHA /Il CTBOPEHHS BUCOKOTEMIIEPATYPHUX KOH-
CTPYKIIMHUX KOMIIO3UI[IfHUX MarepiajiB Ha OCHOBI CHPSIMOBAHO 3aKPHCTATI30BAHUX
nBo(azHuX Ta Tpr(a3HUX EBTEKTUK, BOTHETPUBKUX KEPaMiUHUX MaTepiajiB Ta MIUPO-
KOTO CIIEKTpPY (PyHKIIOHAIBHUX MaTepiais.

OpnepxaHuid MPOTHO3 €, (PaKTHYHO, POOOUYOI0 MOACIUTIO iarpaMu CTaHy JIOCIiIKe-
HO{ CHCTEMH, 1110 T03BOJISIE HAYKOBO OOIPYHTOBAHO BUOPATH CKIIaIU AJISI EKCIIEPUMEH-
TalbHOI MepeBipKH OyIOBU MOBEPXHI JIKBiAYCY.
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TENTATIVE CONSTRUCTION OF THE LIQUIDUS SURFACE
IN THE AL:05-TIO:-LA:0; SYSTEM

For the first time, a prediction has been made for the construction of the liquidus surface of
the Al:Os—TiO2—La20s system state diagram on the plane of the concentration triangle. There
are thirteen fields of primary crystallization of TiO»-based phases, solid solutions based on the
high-temperature cubic form X, high-temperature hexagonal form H, and low-temperature
hexagonal form A of La>Os crystal modifications, and a-ALTiOs (a-AT), B-ALTiOs (B-AT),
0-ALO; (AL), La:0s-11ALO:; (B), LaAlO:; (LA), La:TiOs (LT), La:Ti.07 (LTz), La:Ti309
(LTs), and LasTisO24 (L2Ty). Five four-phase non-variant eutectic equilibria, three four-phase
non-variant equilibria of the transitional type, and four three-phase non-variant eutectic equi-
libria involving liquid were established. The maximum temperature on the surface of the
system’s liquidus is 2310 °C and corresponds to the melting point of La.Os. The minimum
temperature of the liquidus is 1420 °C and corresponds to the melting point of the triple eu-
tectic a-AlTiOs+TiO2+LazTisOo.

The Al20s-TiO2-La-Os system, which contains the lanthanum oxide from the beginning of the
lanthanides series, was chosen for the study. The obtained results make a significant contribu-
tion to the understanding of interactions between the components in the system studied. The
system includes binary compounds with high electro-optical, ferroelectric, piezoelectric, pho-
tocatalytic properties, microwave dielectric ceramic. The established interaction regularities
in the specified system will allow to predict the interaction and construct elements of phase
diagrams of unstudied of the series Al.O>—TiO>—Ln20s, (Ln=Nd, Sm, Gd) systems. These
systems open up a number of promising opportunities for the creation of materials with dif-
ferent purposes. These are, first of all, high-temperature structural composite materials based
on directionally solidified two-phase and three-phase eutectics, materials for solid electro-
lytes (TOPE, oxygen sensors, films for electronic devices, etc.), immobilizing material for
the nuclear industry, viscous ceramics, catalyst carriers, highly wear-resistant and corrosion-
resistant ceramics, as well as super refractories.

Keywords: Al:Os-TiO>—La20s system, phase equilibria, interaction, liquidus surface, phase
diagram.
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TEPMOJAUHAMIYHI BJIACTUBOCTI PO3IIJIABIB
CUCTEMM Bi-Ce

Mertonom i3omepuOOIiTHOi KalIOpUMETpii BIepIle BH3HAUCHO MapIianbHi Ta iHTErpaibHi
eHTanbii 3MiyBanHs posmiaBiB cuctemu Bi—Ce mpu temneparypi 1220 + 1 K y B mn-
pOKOMY iHTepBalli CKJIaiB. BcTaHOBIECHO, 0 MiHIMaTbHE 3HAYCHHS CHTAJIbBITII 3MIITyBaHHS
3 e et )
posmiagiB mmiel cuctemu —127 + 14 xJx/mMons mpumangae Ha CKiIaj 3 Xy = 0,5, AHp =

— —
-358 £70; A Hce=-205 + 19 xJI/Monb. Beranosieno, mo sei Binomi A Hee y3romkyiors-
Cs1 SIK 3 HAIlIMMH, TaK 1 MK 00010, He IMBIISTYNCH HA T, 1110 BOHH OyJIM BU3HAYEHI HE IIPSIMUM
metoznom EPC.

JUis  MiATBEp/DKEHHS  JOCTOBIPHOCTI  OTPUMAHMX JaHMX Ta IOMIYKYy —3arajbHHUX
3aKOHOMIPHOCTEH TEPMOJMHAMIUHMX XapaKTEPUCTUK CIUIaBOYTBOpeHHS cuctemu Bi—Ce,
i po3WIIHYTO SIK wWieH psity nonsiiiHux cucreM Bi(Sb)-Ln(Ln-manranoin). s mporo
npoanatizoBani entanpmii yreopenns i T intepmeraniaiB LnBi/LnSb, a Takox MiHiManbHi
3HAYCHHS CHTAIIBIIIH 3MillyBaHHs po3miasis (AH, ), pi3HUIE MONBHUX 00 €MIB i €IEKTpO-
HETaTHBHOCTEH KOMIOHEHTIB NoaBiiHUX cucteM Bi(Sb)-Ln 1 moOynoBani ix 3a/1eXHOCTI Big
MIOPSIAKOBOTO HOMepa JaHTaHoina. [loka3aHo, 110 BCi 3aI€KHOCTI, KPIM Pi3HHUIb €JIEKTPOHEe-
TaTUBHOCTEN KOMIIOHEHTIB, CUMOATHI MiXk co0oto. Lle cBimunTh mpo Te, 110 TepMOANHAMIYHI
BJIACTUBOCTI BCiX (a3 moasiitHux cucrem Bi(Sb)-Ln oGymoBieHi po3mMipHUM (akTOpoM.
Cnonyku LnSb yTBOproroTscs 3 OLMbIIMM 3 BUAUICHHSIM TeIuoTH, HiX LnBi. Beranosneno,
110 11e 00yMOBJICHO SIK MEHIIHM PO3MIpHUM (DaKTOpOM, TaK i OUIBIIOI Pi3HUILEIO SNIEKTPO-
HETaTHBHOCTEH KOMMOHEHTIB cucteM Ln—Sb. Lle xopemoe 3 Tum, mo Sb mposBise Oinbix
HEMETaIYHI BIIaCTHBOCTI, HiX Bi, TOMy 110 Sb CHJIBHIIINI aKIIENTOP CICKTPOHIB.

KorouoBi ciroBa: Meron kajmopuMeTpii, eHTaJbIII 3MilIyBaHHs, OiCMyT, Iepili, po3IUIaBH,
IHTepMeTaliH, IJAHTAHOIIH.

Crionryku 1 cruiaBu 0icMyTy 3 JaHTaHoigamu (Ln) NposiBISIOTE TEPMOEISKTPUYHI,
MAarHiTHI, HaIliB- Ta HAAMPOBIIHI BIACTHBOCTI. TaKOX cepel HHX € JIETKO- Ta TyTOIIaBKi
cruraBd. bicMyT Ta OT0 XJIOpUIN BUKOPUCTOBYIOTH JJIsI IEPEPOOKH BIJXOIIB SIIEPHOTO
manuBa. [ HaykoBO OOTPYHTOBAHOTO OTPUMAHHS TaKUX MaTepialliB, yIOCKOHATCHHS
TEXHOJIOTIYHHUX IPOIIECIB MepepOOKH BIAXOJIB SIEPHOTO TAIMBA Ta PO3POOKH METOIIB
MPOTHO3YBaHHS TEPMOJAMHAMIYHUX BIACTUBOCTEH PI3HUX (a3 BKa3aHUX CHCTEM, HEOO-
X1JIHO 3HATH TX SHTAJBIIIT 3MIITYBaHHSI PO3ILIABIB, SIKi JIO IIOTO Yacy JOCIiPKEH] B PO3-
BEJICHUX, BITHOCHO Ln po3muiaBax, ab0 He BU3HAYCHI B3arali.

[epiri mapimianbHi €HTABIIT Ta SHTPOITIT 3MIITYBaHHS LIEPII0 B TETEPO- Ta TOMO-
reHHux posmuasax cucremu Bi-Ce, piBHOBaxHuX i3 cromykoro CeBi, i Ge3 Hei, Bu-
3nadyeHi merogoMm EPC [1-6] (Tabn. 1, 2). B pobGori [7], 3a pe3yasraTaMu BUBYCHHS
MPOIIECIB PO3MOALTY Iepito MK (Gropuaamu cojieit i 0icMyTOM, OTPUMAHO 3HAYCHHS
KOeQIIIEHTIB aKTHBHOCTI IIEPIF0 B piIkoMy OicMyTi. ABTOpH poOoTH [8] BUMIpsITH Me-
Toiom EPC koedinienTn akTUBHOCTI Liepito B piakomy GicmyTi (mpu 773Ky = 3-107').
Ie crarTs Binkpurtoro nocryy 3a jinensieto Creative Commons Attribution 4.0 International (CC BY 4.0).
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BcraHoBIiIeHa TaKOX TEMIIEpaTypHa 3aJICKHICTh Koe(DillieHTa aKTHBHOCTI LIEPIt0 B PO3-
BeJIcHUX po3unHax cucrtemu Bi—Ce B [1]:

lgy,, = 2,03 - 114400/T (1)

Tabmuis 1
Hepwi napuianbui enrauabmnii, eneprii I'id60ca Ta enTpomnii 3MilnyBanHs
B FOMOT¢HHHX po3iuiaBax cucremu Bi-Ce

Table 1
First partial enthalpies, Gibbs energies and entropies
of mixing of cerium in homogeneous melts of the Bi-Ce system
T.K -AH &, -A Sce -AG &, (xa/monn) npu T, K Tluke-
kJlx/mos | (Lk/moan-K) 800 900 100 pesto
773-973 218+5 38+6 187 £0,5 184+ 1 178 £1,0 [1]
1149 215+5 - 203,5 - - [2]
- 209,8 23,4 - - = [3]
- 216,9 30,8 - - - [4]
735-937 212 15,6 - 195 - [5]
’ (873 K)
Tabmurs 2
Iepwi napuianbHi enTanbnii, eneprii I'i06¢a Ta enTpomnii 3milyBaHHs nepiro
B reTeporeHHux posmiasax cucremu Bi-Ce, piBHoBaxHuXx i3 cnosykoro CeBi,
Table 2

First partial enthalpies, Gibbs energies and entropies of mixing of cerium
in heterogeneous melts of the Bi-Ce system, in equilibrium with the compound CeBi,

AHZ AS % -AG &, (kJl/MOJTB)
K)lm/MOJ-") (ﬂm/MOJIL‘K) 800 e TeM“geg)oaTypax’ K 100 I[mepeﬂo
270,4+£2.3 62+3 221+3 214+0,6 | 216+0,8 [2]
271 104 187 177,4 167 [6]
2544 - - - - 8]

TepMoaHAMIUHI XapaKTEPUCTUKH po3unHiB cuctemu Bi—Ce B [1] BigHeceHi a0 ne-
pecuuenux. PozuuHHiCTS 1EpitO (X.) B pikoMy OicMmyTi, Bu3HaueHa B [1] enexrpoxi-
MIYHUM METOAOM, IPE/ICTaBICHA TAKOIO 3AJICXKHICTIO Bil TEMIIEpaTypu:

lgx,, = 1,290 - 2730/T )

s remmneparyp 800, 900 i 1000 K Bona mopisuioe 7,54 - 1073, 1,8 - 107 i
3,62 - 1072 MONBHMX YacTOK LEPif0 BiAMOBiAHO. JlOCIIHKEHI TaKOK TEMITEpaTypHO-
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KOHIICHTpAIIIMHI 3ale)KHOCTI KoedimieHTiB akTuBHOCTI Ce. CriocTepiraroTbcsi 3HaUHI
MiBUIICHHS KoedilieHTiB akTHBHOCTI Ce 13 3pOCTaHHSM TeMIlepaTypy i BHBYE-
HOTO Jiana3oHy KoHIeHTpamii. [lapmianeHi HajyumkoBi eHeprii [1060ca, eHTanmbmii
Ta EHTPOTIi 3MilllyBaHHS 1epito, sAKi Oymu BusHaueHi npu 873K B [5] Taki: AGe =
-195,5 kJx/MOnb, A He = -212,6 kIx/MOMb, AS .= 19,6 Jlsx/Monn-K. Beranosnena
TiHi}Ha 3a1€KHICTh LUX €KCIIEPUMEHTAIbHUX JaHMX BiJ KOHLUEHTpauii. 3Hauenns AH,
AHc. i AHp B IIMPOKOMY iHTEpBaIli KOHLIEHTpALLiil y po3miaBax cucremu Bi-Ce Takox
Oy oGuucreni 3a mopenmo Mienemu [9]. Beranosneno, mo AH . = -50 xJ[x/moib
MpU eKBiaTOMHOMY ckJjaji. B [5] 3a mieto x Mozmesuto BUBeIEHE Taka Gopmyna Jyis
AH = 0,058 - 203,55x , +202,65x . %, 3rigno axoi AH . = -50 x/lx/Monb.

Buxopucropyroun meton CALPHAD, cucremy Ce—Bi Oyio nmpoaHatizoBaHo i o11i-
HEHO Ha OCHOBI OIyOJIKOBaHWX TEPMOJMHAMIYHMX BIACTHBOCTEH (a3 Ta naHux da-
30BuX piBHOBar B [10]. EnTanbmii 3minryBaHHs pinkux cruiaBiB cuctemu Ce—Bi Takox
Oynu moropHo omineHi B [10] Sk mokazano Ha puc. 1, eHTaNbIIi 3MINTyBaHHS Pil-
KHX CIUIaBIB € HE3HAYHO OUIBIN €K30TCPMIYHUMH, HIXK OyJIO pO3paxoBaHO 3a MOJIEILITIO
Mienemu [5, 9]. -

B [11] si6pano i criBcrasneno lgy.,, A Hce, AS ¢ 3 Takumu %k ganumu i3 [12].
[TokazaHo, 1110 BOHU Y3TO/DKYIOTHCS B MEXKaX €KCIIEpUMEHTaIbHUX MOXHOOK. B pobori
[13] MeTomoM mpsiMoi 130MepruOOoIIIYHOT KaTOpUMETPii BU3HAYCHI CHTAIBITIT YTBOPSHHS
cnionyk cucremu Bi—Ce 3 TBep/inX KOMIOHEHTIB. EHTaIbIIIT yTBOPEHHS CIIONYK CHCTE-
mu Bi-Ce, ix remneparypu yreopenns / posmany (T, /T | )abo T, 3a mannmu po6ir
[10, 13], mpuBeneHi B TadI. 3.

Tabimus 3
Euranenii yreopenns cnonyk cucremu Bi-Ceiix T,
3a jaHumu podir [10, 13]
Table 3
The enthalpies of formation of compounds of the Bi—Ce system
and their T ., T, /T, according to the data of works [10, 13]
Cnoayka -AH (x/lzx/m011b) T K sru! Tpoan,
Ce,Bi 81,6 1516
Ce,Bi 91,6 1668
Ce,Bi, 101,2 2013
CeBi 114,6 1903
CeBi, 77,4 1183

BunHo, Mo 3 HaWOLIBIIUM BUAUICHHSM TEIUIOTH YTBOPIOIOThCS crionyku Ce 4Bi3 i
CeBi, sKi € caMUMU TYTOTIABKHMH.

Tomy MeTa poOOTH — METOIOM 130MepHUOOTIUHOT KAaJTOPUMETPIi BU3HAYUTH SHTAITb-
nii 3mimryBanHs posmnasis cuctemu Bi—-Ce nmpu 0<X ., <0,2 ta 0,9<X . <1,01 T = 1220
K; cniscraBuTy i npoanaiizyBatn eHTanbmii yrBopenns i T~ intepmeraninis LnBi i
LnSb, a takox AH . po3niasiB, pi3HULIL MOJILHUX 00’€MIB i €JI€KTPOHETaTHBHOCTEH
KOMIIOHEHTIB MoABIHHUX cucteM Bi(Sb)-Ln(rantanoin), mob nporHo3yBaTh i yTOUHH-
TH TEPMOJMHAMIUHI XapaKTePUCTHKK YTBOPEHHS I[IHX PO3ILIABIB.
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MeToanka npoBeieHHs €KCIIEPHMEHTIB Ta MOJeTI0BAHHSA

MeTonrKa BUKOHAHHSI €KCIICPUMEHTIB Ha JIAHOMY 130MIepHOOIIYHOMY KaJIOpUMETPi
onucana B po0oTi [14]. Ane nopiBHsHO 3 [14], y TaHOMY JOCIIHKEHH] KaTOPHUMETPHY-
HY KOMIpPKY HarpiBaiu (OXOJIOJKYBaJIK) 13 3aaHor0 mBuaKicTio (60 K/xB), a 11 TeM-
neparypy MiATPUMYyBaIH MOCTIHHOO MMiJ Yac J0CHiaiB 3 TouHicTio =1 K B iHTepBai
1100-1300 K 3a momomororo mpere3iifHO-IIporpaMoOBaHOTO TEPMOPETYIsITOpa. 3MIHY
TEMIIepaTypH KaJIOPUMETPUYHOI BaHHH, sIKa BiNOYBA€THCS MPH CKUAAHHI 3pa3KiB 110
Hel, ¢ikcyBanu audepeniansao 5/20 W/Re Tepmonaporw B HU(GPOBOMY BUIISAII B
mam’siTi KOMIT' FoTepa, a IIonli Giryp Teroo0MiHy, SKi 3alTUCYBaIkCh NPU IbOMY, 00-
YHCIIOBAIN 3 JoroMororo nporpamu Origin. [t mpoBeIeHHs AOCTIIIB BUKOPUCTAHO
Marepiaiau Takoi uuctotu: Bi (99,9999%), Ce (99,9%), W (99,96%).

Jociiny mpoBoauIIA B KOPYHAOBUX THIVISX, (PyTEpOBAHUX OKCHIIOM ITPIt0. 3aBIsSKA
TOMY, IIIO JOCTIIN IPOBOIUIN 32 SKOMOTA HU3BKOI TEMIIEPaTypH, BIAIOCS YHUKHYTH
3HAYHOI BTPATH MACH CILJIaBIiB, a TAKOX B3aEMOIIT CIUTABIB 3 MaTepiajioM THIIIB. Ha 1mo-
YaTKy JOCIIIB BUXIHI MaCH YUCTHX OICMYTy Ta JIaHTaHy y THUIII cTaHOBWIN 1—1,4 T
Macu 3pa3skiB Bi Ta Ce, 0 CKUIaOThCS B THUTeNb, 3MiHIOBaIK B Mexax 0,015-0,08 T,
a Boibppamy — 0,06-0,09 1. KasiopumeTp Ha modaTky JAOCTiAy KamiOpyBaiu 3pa3ka-
MH METally-pO3UuMHHHUKA:, @ BCEPEIMHI Ta HAIPUKIHII —BOJIb(ppaMoM. bararouucenbHi
KaJiOpyBaHHS JO3BOJIMIIN MPOCTEKUTH 3MIHY KOe(iIlieHTa TEIIO0OMIHY KaJlopUMeTpa
(ToOTO HIOTO CepenHBOI TEIIIOEMHOCTI), IKAI MPOTSATOM AOCTITYy IUTABHO 3pOCTaB MPH-
OJIM3HO BJIBiYi, 3aB/ISKH 30UIBIIICHHIO MAaCH CIUIaBy B TUII. JIJ1 pO3paxyHKy TEIJIOBHX
e(heKTIB, IKMMHU CYIPOBOIKYBAIOCH PO3UYMHEHHS 3pa3KiB, BHKOPHCTOBYBAJIH PiBHIHHS
TerutoBoro Oanancy TiaHa:

TCX)
K [ (T -Ty)dt = AHp + n;AHj 3)

. . O 9 .
JI€ n— KiIbKICTh METAJTy B 3pa3sKy, MOJIb; AH 1, — €HTaIIbIIis HAarpiBaHHs 1 MOJIb 3pa3-
ka Bix 298 K 710 TemnepaTypu TOCIiTy, po3paxoBaHa 3a piBHsIHHsIMHE 3 [15]; K — Kkoe-
iient Temnoo6miny KanopuMeTpa, 10 BU3HAYAETHCS 38 KaTiOpyBalbHUM ETEMEHTOM
A K K = AH e (A)n, [ (T -Ty)dr; T, — 4Yac 3MiHM TEMIIEPATYPH KaJlOPUMETPUIHOL
BaHHU TPH PO3YMHEHHD 3pa3Ka, 10 3alUCYeThCs Ha (Qirypi Temnooominy; AT = T -
T, — pi3HUIA MDK TEMIIEpaTypaMu THIVIA 3 PO3ILIABOM Ta i30TEPMIYHOT OOOJIOHKH Ka-
JOpUMETpa; { — dYac.

[Moxinuemy 0OMIBI YaCTUHK PIBHSHHS TEIUIOBOTO Oanaucy (3) Ha #;, onep-
KUMO (HOPMYITY JUTS PO3paxyHKY MapiiaJbHUX €HTAIbITINA 3MIlTyBaHHS KOMIIOHECHTIB

AH, = +K/n; [(T~T,)dt — AHLy @)
0

3a mapiiadbHUMH CHTAJBITISIMU 3MINIYBAaHHS OIHOTO KOMIIOHEHTa OOYHCITIOBAIIH
aHAJIOT1YHI TapaMeTPH JUIsl IPYTOTo MUIIXOM 1HTerpyBaHHsI piBHsHHS ['1060ca-/rorema.
[HTerpanpHi eHTabIil 3MINTyBaHHS PO3IUIABIB PO3PaXOBYBANId 32 PEKYPCHBHHUM PiB-
HSIHHSIM:

AH"™ = AH" +(AE?” - AH")(xi"” —x! )/(1 —x;’) (5)
n+l

sIKe BUKOHYETHCS y BUTIA/IKy HE3HAYHOT 3MiHM KOHIIEHTpaIlil KOMIIOHEHTA i BiJl X, /10 X,
MIpH JI0JIaBaHHi (n+1)-T0 3paska.
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PE3VJIBTATH EKCIIEPUMEHTIB TA MOJAEJIOBAHHA

Hamu Bnepiie MeTomoM KalopuMeTpii JOCHiaKeH] mapiiaibHi Ta iHTerpaibHi eH-
Tanbmii 3MmilnyBanHs posmiagis cuctemu Bi-Ce mpu 0<x. <0,2 1 0,9<x <1,0 1 T =
1220 K. Ha puc. | cuMmBoiIaMu npeacTaBieHO 3HaYCHHs MapliaJbHUX 17151 KOMIIOHEH-
TiB 1 iHTErpaNbHUX MOJBHUX eHTaibMil (AH, i AH), sKi OTpUMaHi eKCIIepUMEHTABHO.
Ha ocuoBi 1ux AH, i AH BUKOHAHO X EKCTPanoJIsLii0 Ha HE JOCTIPKeHU 1HTepBall
KOHIIEHTpAIliif, TOMy IO MPOBECTU JOCIIAN AJIsl LHOTO 1HTEpPBay HE BAAJIOCH Yepe3
BuCOKI T cruiasis i JIeTKiCTh Bi (puc. 1). Tomy B HE IOCIIPKEHOMY IHTEPBAIIT KOHIIEH-
Tpauii ui AH 1 AH BiIHOCSATBCS JUIs IEPEOXONIOKEHUX Pikux cruiasi Bi Ce, npu
1220 K. TToxnuOxu mapuianbHUX Ta iHTErpaJbHUX €HTANIbIINH 3MIilTyBaHHS KOMHOHéHTiB
po3muiaBiB cuctemu Bi—Ce BU3HaYaIu 3 MOJBOEHUX CEPEIHbOKBAAPATHUHUX BiIXUIICHD
EKCIEPUMEHTAIBHUX TOYOK BII[HOCHO 3raauKylounx kpusux. Ha puc. 1 HaBeneHo Ta-
KO BigoMi 3 J'[lTepaTypI/I A Hcg Bunno, 110 Bci Bigomi A Hcg, HE IUBJISTYUCH HA TE, 110
BOHM Oynu BcTaHoBiieHi MeToioM EPC, y3romkyroThest 3 BU3HaueHnMu Hamu. Le € mia-
TBEPIKEHHSM JOCTOBIPHOCTI HAIIMX Pe3yJbTaTiB sIK JUIs po3IUIaBiB, 30araueHux Bi,
Tak 1 Ha ocHOBI Ce.

Puc. 1. [TapuianbpHi Ta iHTErpabHI €HTAIBIIII 3MIITyBaHHS PO3ILIABIB 1 IIEPEOXOIOMKEHUX
pinkux cruiaBiB cuctemu Bi—Ce mpu 1220 K: m, ¢, € — Hamii eKcliepuMeHTaIbHI JaHi;
- - - — PO3paxoBaHi 3a HaIiBEMIIIPUYHOIO MoneiuTo Mienemu [5, 9] nawi;
+, O —, &-- — niteparypui aaui, Busnaueni merogom EPC; 1i1s1 po3BeieHUX po3ILIaBiB,
JiHi1 — Halli alpOKCMMOBaHi Jani; A — enTanbnii yropenns cnonyk Ce Bi [13]

Fig. 1. Partial and integral enthalpies of mixing of melts and supercooled liquid alloys
of the Bi—Ce system at 1220 K: m, ¢, ® — our experimental data; - - - — data calculated
using the semi-empirical Miedema model [5, 9]; +, O —, <-- — literature data determined
by the EMF method; for diluted melts; lines — our approximated data;

A — enthalpies of formation of Ce Bi, compounds [13]
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Ha puc. 1 Takox npuBezicHI NapiiiajibHI Ta IHTErpajbHI EHTANbITIT PO3ILIaBIB, PO3-
paxoBaHi [5, 9] 3a HamiBEeMITIpHYHOK MOACIUTIO MieneMH, a TaKoX OIIHEHI METOIOM
CALPHAD [10] i erransnii yrBopenns cnonyk cucremu Bi—Ce [13]. BunHo, mo nep-
112 napuiaabHa MOJbHA eHTanbiis nepito (A Hce) 1o0pe y3romkyeTses 3 ycima excrie-
PUMEHTAIILHUMU JIAaHUMU. AJle aHAJIOT14YHi JaHi Juisd Bi BUSBUIMCH OU3BKUMH JI0 THX,
siki obumncieno st Ce. e He y3roKyeThes 3 BU3HAYCHUMU HAMHU 3HAYEHHSIMH, TOMY
10 po3paxoBaHi [9] 3a HanmiBeMIIpUYHO MOZACIUTF0 MieJeMH 3HAa4HO MEHII eK30Tep-
MmigHi. [e Bka3ye Ha Te, 1110 MoJienb MieieMu He TIXOAUTD JIJIS PO3PaxyHKy SHTaIbITiN
3MIITyBaHHsI PO3IIABIB TAKOTO THUITY CUCTEM.

I3 puc. 1 Takox BUIHO, 11O SHTAJBITIT YTBOPSHHSI PO3IUIABIB 1 CIIONYK crcTeMu Bi—
Ce, ocobmuBo uist daszu CeBi, BusHavueHi Hamu 1 [13] BiAMOBIAHO, OJU3BKI MiX CO-
0oro. Taka momiOHiCTh Oynia paHilie BCTAHOBJICHA Il PO3IUIABIB 1 CIIONYK CHCTEMHU
Ce—Sb. Tak 3nauenns AH_. posmnasis cucremu Ce—Sb cknanae —120 + 3 x/Ix/mons,
3rigno[16], sxe mpaxktuuno cmisnagae 3 A H intepmeraniny CeSb (-126 x/lx/mons) ,
3rigHO [17]. BpaxyBaBmiu me akT, MH MOYKEMO TIPOTHO3YBAaTH SHTAJIBITIT 3MIIlTyBaHHS
posmnasiB cucteM Ln-Bi(Sb), Tomy mo Bonn OymyTts Gnmsbkumu 10 A H mpomikHIX
¢da3 LnBi(Sb). Ae nocmikeHHS TepMOJMHAMIYHUX BIIACTUBOCTEH PO3IIIABIB JIBOKOM-
MOHEeHTHUX cucteM Bi(Sb)-Ln B mmpokoMy iHTepBalli KOHIICHTpAIlill Ha JTaHWH 4yac €
JIy)KE€ aKTyaJIbHUMH.

OnepxaHi HAMU B €KCIIEPUMEHTAX NapIliajibHI Ta IHTerpalibHi CHTAJBIIIT 3MIITyBaH-
Hs1 po3IiaBiB cucremu Bi—Ce anpoKCHUMyBaiu MOJIIHOMAMU:

AH =-1108,5x,; +2146,7x3; - 770,24x 5, - 268,12x 5, +0,0487 (6)
AH,, =829,08x5, -2402,1x,, +1913,3x}, +17,273x,, -357,97 , (7
AH,, = -880,34x; +2439,9x}, -2006,7x 5, +247,44x , -3,9966 , (®)

3a AKMMH PO3paxyBalid MaplialibHi Ta IHTErpajbHI eHTabIIl 3MIlIyBaHHS PO3ILIaBiB
i€l cucremu nipu 1220 K nipu oKpymIIeHUX KOHIIEHTpaisx (tadm. 4).

OBI'OBOPEHHSA PE3VYJIBTATIB

bicmyT 1 ctubiit po3mimeni B oaHiit migrpyni [lepioguuHoi cucTeMH €IEMEHTIB,
TOMY JIOIIUTBHO OYyJIO TIOPIBHSATH €HTaJbIIl yTBOpeHHs cronyk LnBi i LnSb, a Takox
1 iHII1 BIAacTUBOCTI MoABiIHHUX cucteM Ln—Bi(Sb). Baxknupum € Takox BCTaHOBIICHHS
3aKOHOMIPHOCTEH B TEPMOJMHAMIYHUX BJIACTHBOCTSX PIIKUX CIUIABIB IMOJBIHHUX CHC-
tem Ln—-Bi(Sb). Ha ganuii yac BCTaHOBICHO EHTAJIBIII] YTBOPEHHS CIOMYK OUIBIIOCTI
noaBiHUX cucteM Ln—Bi(Sb) MmeTomom kanopumetpii, siki y3aranbHeHi [17]. Tak sk eH-
TaJIbIIil YTBOPEHHS MOHOOICMYTHUIIB i MOHOCTHO1IIB PAKTUYHO CriiBnanawTs 3 AH
BiJIITOBIHAX PO3IUIABIB IIUX CUCTEM, aJie OCTAHHI BU3HAYCHO JIUIIE IS IEKITBKOX CHC-
TEM, TOMY HEPILi MOKHA BUKOPUCTOBYBaTH 3amicTh AH . JloninbHO OyIio CriiBCTaBUTH
CHTAJIBIT{ YTBOPEHHS MOHOOICMYTH/IIB 1 MOHOCTHOIIB JJAHTAHOIMIB (a), TeMIIepaTypu
rianeHHs ¢az LnBi/LnSb (), pi3Huis MoiabHEX 00’€MIB (8) Ta eJIeKTpOHETaTHBHOC-
Tel kommnoHeHTIB (T) cucteM Ln—Bi(Sb) Bix mopsiikoBoro HoMepa JrantaHoina (puc. 2).
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Tabnus 4
[apuianpui Ta iHTerpaiabHi eHTaNBNIT 3MilIyBaHHSA PO3MIaBiB
cucremu Bi— Ce mpu 1220 K npu okpyriieHHX KOHIIEHTPaLisxX
Table 4
Partial and integral enthalpies of mixing of melts
of the Bi—Ce system at 1220 K at rounded concentrations

i -AH # 2¢* -AH % £26 -AH ¢, 20
0 0 358 =70
0,1 32+2 339+ 66
0.2 69 + 4 295 + 57 14
0,3 101 238 50
04 121 177 92
0,5 127 119 132
0,6 118 70 166
0,7 95 33 189
0,8 62 9,8 201
0,9 27 0,01 205 £20
1 0 0 205 £ 25

*2G — nmoBipuwmii iHTepBan QyHKIIH

Bunno, mo Bci 3ayIeKHOCTI, KpIM pI3HHUIb CIEKTPOHETATUBHOCTEH KOMIIOHEHTIB,
cumbaTHi Mixk co0010. Lle cBITYUTH PO Te, O TEPMOJUHAMIYHI BIACTHBOCTI BCiX (a3
nonBiHUX cucteM Bi(Sb)—Ln o6ymoBneHi po3mipaum akropom. Tomy BBaxkaemo, 1o
TEPMOXIMIYHI BIACTUBOCTI po3IriaBiB i (a3 cucreM Ln-Bi(Sb) oOymoBieHi, B 0CHO-
BHOMY, pO3MIipHUM (akTopoM. I3 puc. 2 a BugHO, 1m0 cioayku LnSb yTBopioioThes 3
BH/IIJICHHSIM O1JTBIIOT KIJTbKOCTI TeII0TH. L{e 00yMOBJICHO SIK MEHIIIMM PO3MIPHUM (haK-
TOpoM uis cucteM Ln—Sb, Tak i G1IBIIOI0 Pi3HUIICIO NCKTPOHETATHBHOCTEH X KOMITO-
HeHTIB. Lle kopentoe 3 TuM, 1o Sb mposBIIsie OiIbII HEMETATIYHI BIACTHBOCTI, HiXk Bi,
TOMY 110 Sb CHJIBHILINN aKIENTOp €ICKTPOHIB.

Ha nanuii yac qocuTh 100pe BU3HAYCHI MEPIII MapIiiaibHi eHTAIBIIIT 1 eHTPOIIIT 3Mi-
nryBaHHA Ln B posmrasax cucreM Bi-Ln sx meromom EPC mpu 800-1100 K [11, 12,
18], Tak i MmeTooM Kanopumetpii Hamu Ta [19-21]. Ix HaBeneno B Ta6n.5 i Ha puc. 3.
BunHo, o BoHM BU3Ha4YeHI Maiixke /uig ycix Ln, kpim Lu.

Bunno, mo pe3ynbTaté 1o MEpIIuM MapliadbHUM €HTaJbIIsIM 3MilTyBaHHS Ln B
po3miaBax cucteM Bi—Ln 3a mamumu ganumu npu 7' = 1220 + 1 K i BuUB4eHUMH Me-
togom EPC mpu 800-1100K [11, 12] myst roMOTeHHUX pO3IUIABIB 1 Kasopumerpii [14,
19-21, 6e3 nanux qs cucteM Bi—-Eu(Yb), MokHa IpeICTaBUTH OJHIEIO JIIHIEIO TPEHIY
B 3aJIGKHOCTI BiJl OPSIKOBOTO HOMepa Ln, sIKy HaBeZeHO Ha pHC. 3, 3 BpaXyBaHHIM
EKCIIEPUMEHTATBHHUX TTOXHOOK.
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Pue. 2. 3anexHocTi enTaibliil yTBOpEHHs MOHOOICMY TH/IiB/MOHOCTHOINiB TaHTaHoiAiB i AH
posmnaBiB (a), Temneparyp miasneHss ga3z LnBi/LnSb (6), pi3Huilb MOITBHEX 00’ €MiB KOMIIOHEHTIB
(6) Ta eneKTpOHEraTUBHOCTEH (€IeKTPOHEeraTHBHOCTI MeTasiB 3a mikaioro Onpena-Poxosa)

(2) cuctem Bi-Ln (M) ta Sb—Ln (4) Bix MopsiakoBOro HOMeEpa JIAHTAHOIAa; 0 — MPOTHO3

Fig. 2. Dependences of the enthalpies of formation of lanthanide monobismuthides/monostibides
and AHmin of melts (a), melting temperatures of the LnBi/LnSb phases (b), differences in molar
volumes of components (c) and electronegativities (d) of the Bi—Ln (M) and Sb-Ln (4) systems
on the ordinal number of the lanthanide; (electronegativities of metals according
to the Allred-Rokhov scale); o — forecast
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Tabumuus 5
Hepwi napuianbhi entansmnii (k1:x/Moab) i enrpomnii (I:x/mMoab:K)
3mimyBaHHs Ln B po3niiaBax cucreM Bi-Ln 3a Hamumu ganuvu npu 7=1220+1 K
i BuBueni meronom EPC npu 800-1100 K [11, 12, 18], a Tako:x [19-21]
Table 5
First partial enthalpies (kJ/mol) and entropies (J/mol-K) of mixing of Ln
in melts of Bi—Ln systems according to our data at T = 1200 + 1 K and studied
by the EMF method at 800-1100 K [11, 12, 18], as well as [19-21]

Ln -AH 7, -AH 2] | -AH T[] | -AST,[12] | -AS7,[11]
La 212[19] 220 22243 23 28+3
Ce 205 nami 225,77 222 +4 46 30+ 5
Pr 220 gam 237,45 224 + 1 63 37+1
Nd — 220,07 232+ 18 42 35+02
Sm - 215,1 - 53 —
184[20]
Eu 166.3118] 224 - 81 -
Gd — 201 202 +£2 31 37+2
Tb - — 200+ 1 — 38+0,6
Dy - 190 194 + 1 - 276 £ 1
Ho - — 193 +1 — 31+1
Er - 182,5 190+ 9 33 -
Tm 150[21] — — — —
Yb 140 [14] - - - -

La Ce Pr Nd Pm SmEu Gd Tb Ho Dy Er Tm Yb Lu
57 538 59 60 61 62 63 64 65 66 67 68 69 70 71
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-260

Puc. 3. Ilepuri napuiayibHi eHTaNbII 3MinTyBanHs Ln B po3maBax cucrem Bi—Ln 3a Hammmuy rannmu
npu 7= 1220 + 1 K, BuBaennmu metogom EPC mpu 800-1100 K [11, 12, 18] i xkanopumerpii [14,
19-21: m—[11]; @ — [12]; X — [18] (qu1st romor. ); ¢ — nami i [14, 18, 19-21]

Fig. 3. First partial enthalpies of mixing of Ln in melts of Bi—Ln systems according to our data at T =
1220 + 1 K, studied by EMF at 800-1100 K [11, 12, 18] and calorimetry [14, 19-21]: m —[11]; ® —
[12]; x —[18] (for homog.); ¢ — ours and [14, 19-21]
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el

Scno, mo A Heu= -224 £ 1,1 x]J[/Monb, BusHauene metogom EPC st nBodasnoi
obmacti (posmias + EuBi,) cuctemu Bi-Eu, € Ginbin ek30TepMiuHuM, HiX OfepKaHe
MeTozioM Kasopumerpii mpu 1220 K nuist posmnasis [20]i3a A He, =-166,3 xJIx/Moib,
BusHaueHe metogom EPC B [18] st romorennux posmiasis, Hai6inbur Tounumu € i,
10 BU3Ha4YeH1 MeToaoM Kanmopumetpii [20]. 3nadenns A Hr TeX HE YKIAAA€ThCSA Ha
JlaHy JIiHit0 TpeHay. ToMy HOro yTOYHMIIH 3TiAHO JiHil TpeHmy. [Ipu ekcrpanonsuii niHii
TPEHYy OAEPKMMO NPOTHO30BaHI MEpII NMapiiaibHi eHTaNbIIi 3MimyBaHHs Juig Lu i
Tmy 6icmyTi (=180 1 190 k/[x/MOJB), SIKi BAYKKO BU3HAYUTH €KCIIEPUMEHTAIBHO Yepe3
Bucoki T, Tm i Lu (1823 i 1933K).

BUCHOBKHA

1. I3 Briepiuie BUBHAYEHUX METOJIOM KaJIOPUMETPIi MapiiaJbHUX 1 IHTErpalbHUX €H-
TaJbIii 3MilyBaHHs po3miiaBiB cuctemu Bi—Ce B ycboMy iHTepBati ckiaais npu 1220
K BcTaHOBIIEHO, 1110 BOHH YTBOPIOIOTBCS 3 Jy’KE BEIMKHMH €K30TEPMIYHUMHU edeKTa-
mu. ITokazano, mo AH 5= -358 + 70; A Hee= =205 £ 19 xJIx/M0Ib, a MiHIMaIbHA CH-
TaJbIlisl 3MIITYBaHHS BHBYCHUX po3IuiaBiB (-127 + 14 k/[x/Moib) B Mexax eKCIepH-
MeHTanbHUX Moxubok crisnanae 3 A H cnonyku CeBi. Le cBim4uTh Npo ay’kKe CHIIbHY 1
ONMU3bKY €Heprito M>KaTOMHOI B3a€MO/Ii1 K B TBEPAUX, TaK 1 B PIAKUX CIJIaBaX CUCTEMU
Bi—Ce. —

2. Becranosieno, mo Bcranosueni merogom EPC A Hee ysromxyrorses 3 Bu3Haue-
HUMH B JiaHiii poOOTi, a iHTerpajibHi eHTaNbIii 3MilTyBaHHs po3iuiaBiB cuctemu Bi—Ce,
po3paxoBaHi 3a MOjeIUTI0O MieieMu, € 3HAYHO MEHII €K30TEPMIYHUMH, HIJK aHAJIOT14HI
13 1aHoi poOOTH.

3. Jns miaTBEpIKEHHS JOCTOBIPHOCTI OTPUMAaHHUX JAaHUX Ta MOUIYKY 3arajbHHUX
3aKOHOMIPHOCTEH TEpPMOIMHAMIYHHUX XapaKTEPUCTUK CIUIABOYTBOPEHHS B OiHapHHUX
cucremax Bi(Sb)-Ln Oynu nmoGynosani 3a1eKHOCTI eHTaNbIINH yTBOpeHHs 1 T~ Haii-
Ol TyromraBkux cnonyk LnBi(Sb), a Takoxk pi3HUIL MOJIBHUX 00’ €MIB i €IEKTPO-
HETaTHBHOCTEH KOMIIOHEHTIB MOnBidHUX cucteM Bi(Sb)-Ln Bix mopsakoBoro Homepa
Ln. IToka3zaHo, 110 BCi 3aJIe)KHOCTI, KPIM PI3HUIb €eKTPOHEraTUBHOCTEH KOMITOHEH-
TiB, cuMm0barHi Mk coboro. Ile Bkazye Ha Te, Mo (Hi3HKO-XiMiYHI BIACTUBOCTI CITONYK i
posmiasis cuctem Bi(Sb)-Ln oOymoBineHi po3mipaum paktopoM. KpiM Toro nokasaso,
o crnoiyku LnSb yTBOpIoloThCS 3 OUTBIIMM 3 BUIAUICHHAM TeIUIOTH, HDK LnBi. Le
00yMOBJICHO SIK MEHIIUM PO3MIpHUM (PAKTOPOM, TaK 1 OUIBLIOI0 PI3HHULICIO €JIEKTPO-
HETaTMBHOCTEH KOMITOHEHTIB cucteM Ln—Sb, Hixk Ln—Bi. Ile xopemntoe 3 tum, mo Sb
MPOSBIIsiE OUIBII HEMETAaIIYH1 BIACTUBOCTI, HIXk Bi, ToMy 110 Sb cuibHIIIMIA akenTop
€JIEKTPOHIB.

4. CriBcTaBieHHS 3aJIeKHOCTEH MepIInX MaplialbHUX €HTaNbIiN 3MilyBaHHs Ln
B po3iuiaBax cucteMm Bi—Ln 3a Hammmu ganumu npu 7' = 1220 = 1 K 1 BuB4eHuMHn
meronoMm EPC mpu 800-1100 K st roMoreHHUX pO3IUIaBiB, 0€3 JTaHUX JUIsl CUCTEM
Bi—Eu(Yb), MoxxHa npeacTaBUTH B 3aJIe)KHOCTI BiJ MOPSAKOBOrO HoMepa Ln oaHiero
JHIEIO TPEHAY 3 BpaxyBaHHAM €KCIIEPUMEHTaIbHUX MOXUOO0K. [Ipu excTpanomsmii miei
JiHIT TPEeHy OJepKaHO MepIli napuiaibHi eHTanbii 3minryBanHs At Lu i Tm (=180 i
=190k /I>x/MOnB), SIKI BAKKO BU3HAYUTH EKCIIEPUMEHTANIBHO Yepes Bucoki T , Tm i Lu
(182311933 K).
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THERMODYNAMICAL PROPERTIES OF MELTS OF THE Bi-Ce SYSTEM

The partial and integral enthalpies of mixing of melts of the Bi—Ce system at a temperature of
1220 + 1 K in a wide range of compositions were determined for the first time by the isoperibol-
ic calorimetry method. It was established that the minimum value of the enthalpy of mixing of

melts of this system is ~127 & 14 kJ/mol at a composition with x,, = 0.5; AH 5 =-358 £ 70;

A HZ, =-205 £ 19 kJ/mol. It was established that all known A agree both with ours and with
each other, despite the fact that they were not determined by the direct EMF method.

To confirm the reliability of the obtained data and search for general patterns of thermody-
namic characteristics of alloy formation of the Bi—Ce system, it was considered as a mem-
ber of a series of binary systems Bi(Sb)-Ln(Ln-lanthanide). For this purpose, the enthalpies
of formation and Tpl. of intermetallics LnBi/LnSb were analyzed, as well as the minimum
values of the enthalpies of mixing of melts (AH, , ), the differences in molar volumes and
electronegativities of the components of the binary systems Bi(Sb)-Ln and their dependences
on the ordinal number of the lanthanide were constructed. It was shown that all the depen-
dences, except for the differences in the electronegativities of the components, are symbiotic
with each other. This indicates that the thermodynamic properties of all phases of the Bi—Ln
systems are determined by the size factor.

LnSb compounds are formed with greater heat release than LnBi. It was established that this
is due to both a smaller size factor and a greater difference in the electronegativities of the
components of the Ln—Sb systems. This correlates with the fact that Bi exhibits more metallic
properties than Sb, because it is a stronger electron acceptor.

Keywords: calorimetry method, enthalpies of mixing, bismuth, cerium, melts, intermetallics,
lanthanides.
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XIMIYHA IJEHTU®DIKALIA 2-AMIHO-4,6-
AATTAPOKCUTITPUMIAUHIIO TEKCA®TOPOCUIIKATY
SAK MNOTEHHIMHOI'O KAPIECITPODPITAKTUYHOI'O ATEHTA

31ilCHEHO TOCITIPKEHHS MOXKIIMBOCTI BUKOPHCTAHHS METOIB XIMIYHOTO aHAIII3y JUIsl 11€HTH-
(ikamii 2-amino-4,6-AUT1 IPOKCUIIPUMITUHIIO TeKcaTOPOCUITIKaTy, SKild OyB CHHTE30BaHHIA
Ta OXapaKTepH30BaHHUI paHille SK MOTESHLIHUI KapiecnpodinakTnyHuii arenT. B excrepn-
MEHTaX BUKOPUCTOBYyBamH 1%-Bi BoxHMi Ta eTaHonbHUN (96%) pO3uMHN COMi, IPOLEAYPH
aHaI3y BKJIIOYAJH 11€HTU(]IKAII0 TPETHHHOTO aTOMy HITPOTEHY, I'iIPOKCHIBHUX TPyl (e-
HOJIBHOTO THITY, apOMaTHYHOI aMiHOTPYIIH 1 rekcadTopocutikaTHoro aHiony. [linTBepmkeno
MOXKJIMBICTh BUKOPHUCTAHHS PeaKilii yTBOPEHHs IOHHUX acowLiaTiB 3 a300apBHUKAMH TPOIICO-
JiHAMU Ui i1eHTHDIKAi] TeTepOLMKIIYHOTO KaTioHa.

KurouoBi cioBa: 2-amino-4,6-1UriaApoKCUIIpUMIANHIIO TekcapTopocuItikar, Kapiecnpodi-
JAKTUYHUI areHT, ineHTudikaris, XiMiYHUN aHai3

Sk BiIOMO, Ha CHOTOJHI (PTOPUIHI MPENapaTH TPAIOThH KIIOUOBY POJIb y CXeMax Ji-
KyBaHHS Ta Npo(inakTuKy Kapiecy [1, 2], mpudomy, sik 3a3Ha4MIN aBTopH [3], iHTEpec
(haxiBIIiB 10 I[LOTO KJIACY JIIKAPCHKUX 3ac00i1B, micis noHaa 100 pokiB 1X BiIKpUTTS, HE
3MeHIyeThesl. OCTaHHIMHU POKAaMH, SIK HOBI MOTEHILIHHI aHTUKApieCHI areHTH BUBYA-
10Thcsl aMoHieBi rekcadropocunikatu (AI'PC) [4—-6], AKi AeMOHCTPYIOTh IIEBHI IepeBa-
TH B IOPIBHSIHHI 3 BiToMUMH (PTOPBMICHUMHU Ipenapatamu. Paninie Hamu, Ha PUKJIAAi
rekcaTOpoCUITIKaTiB 3 KaTiOHaMU MIpUIAUHII0 OYyII0 MOKa3aHo, MO0 AJs i1eHTUdIKaIii
AT'®C, Hapany 3 (i3uko-XiIMIYHUMU METOAAMHU aHalli3y, MOXKYTb OyTH BUKOPUCTaHI
METOJU KJIACUYHOTO XiMIYHOTO aHaiizy [7], ki BiAPI3HAIOTHCS MPOCTOTOIO BiAMOBiA-
HUX €KCIEPUMEHTAIbHUX METOAMK Ta AOCTYIHICTIO BUXiHUX peareHris. MeTa naHoi
POOOTH — JEeMOHCTpallisd MOKIMBOCTEH METOAIB XIMIYHOTO aHaJi3y A iMeHTU(IKaIil
2-amiHO-4,6-IUT1IPOKCUNTIPUMIUHIIO TeKcadTOPOCHITIKaTy, sIKiii OyB CHHTE30BaHMH Ta
OXapaKTepU30BaHUN paHille.

EKCIIEPUMEHTAJIBHA YACTHUHA

2-AMiHO-4,6- 1T ApOKCUTTIpUMITuHI0 rekcapTopocuiikar (I) OyB cuHTe30BaHUH i
JIOCITI/DKCHUN paHillle K MOTCHIIIMHUN aHTHKapiecHUH areHT [8]. PeakTrBr — Tpore-
omi 0 («u.m.a.»), Tponeonin 000-I1 («u.m.a.»), peaktuB Jlrorons («4.1.a.»), peakTUB
Hparennopda («4.1.a.»), peaktuB Mapme («4.7.a.»), KUcIoTa GochopHOMOIiOIeHOBA
(«a.m.a.»), kuciora GochopHOBOIB(pPaMOBa («4.11.a.»), KHCIIOTA MKPUHOBA («U.71.2.%),
OcH3WIMH («4.1.a.»), aHUTH («4.»), PE30pUUH («X.4.»), CATIIMIOBHHI aJbJeria
(«u.1.a.»), n-muMeTHIaMiHoOeH3anbaeri (u.a.a.), 3amsa (II1) xmopuza («4.»), cpibia
HITpaT (4.1.a.) — BiJ YKpaiHCBKUX BUPOOHUKIB, Tporneonin 00 («4.») — «Chemapol»
(Yecwka PecryOmika).
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PoGoui po3unmHu Oynu TpUroTOBIEHI BimnoBimHO a0 [lepkaBHoi ¢dapmakorei
VYkpainu, crarti «Peaktusu» [9].

Po3unHHWKM — BOIa Oo4MINEHa Ta eTaHon 96% (KoMepliiHui peakTuB, HEe Tijaa-
BaBCsl I0JIATKOBOMY OYHII[CHHIO).

PE3VYJIBTATH TA iX OBTOBOPEHHSA

ExkcriepuMeHTH 11010 po3pOOKH XIMIYHMX METOJIB aHaii3y croiyku I Oymu moi-
JICHI Ha YOTHPH eTanu: ifeHTU(IKalisi TPETUHHOTO aTOMy HITPOTEHY, iICHTU(IKAIisT
(heHOMBHUX T1IPOKCHILHUX TPYII, 1ICHTH(DIKALISI apOMaTHYHOT aMIHOTPYIIH, 1IeHTH(I-
Kallisi TeKcaTOPOCHIIIKaTHOTO aHIOHY. Y 3B’SI3Ky 3 HU3BKOIO po3uHMHHICTIO I y Boam
[10] po3urHEHHS MPOBOIMIIU P KHIT ATIHHI, 1IEHTH(IKAIIF0 3IHCHIOBAIN TICJIS 0XO0-
JIOMKEHHS po3unHy. [Iporienypu aHasizy NpoBOIMIN TAKOXK 3 BUKOPUCTAHHSAM €TaHOIb-
HOTO po3unHy coii L.

InenTHdikamis TPeTHHHOrO aTOMY HITporeHy. 3a HAsSBHICTIO JBOX TPETHHHHX
aTOMIB HITPOTEHY B CTPYKTYpi KaTioOHy 2-aMiHO-4,6-IUT1APOKCUIIpUMIINHIIO OyIU BU-
KOPHCTaHi peakliii 3 3aralbHOAIKAIOITHUMH 0Ca)KyBAIbHUMH PEaKTUBAMHU.

VY TunoBoMy mpuKJIaai 10 5 M BogHOTOo po3unHy I momamu 1 mi peaktusy Jlroromus;
CTIOCTEPITaji YTBOPEHHS 0Cay KOPHYHEBOTO KOIBOPY:

OH OH
X X .
/@\ N p—— /@\ STk (6]
HO N NH, HO N NH,

B anayoriyHux ymoBax OyJau NPOBEJICHI peakilii 3 peakTuBamu Maiiepa, Mapme,
Hparenopda, KucinoTamu MmKpuHOBOI, hochopHOBOIBPpaMoBoi (2) Ta pochopHOMO-
nioeHoBoi (3). BiAmoBiaHi aHAITHYHI pe3yJIbTaTh HaBeACHI y Taou. 1.

OH OH
o N H3PW 1,0 @)
| )\ +HgPW ;0 ———————— | )\ « H3PW450,0
HO™ N7 NH HO™ N7 NH,
OH OH
XN XN (3)
| )\ *+H3PM0104g —— | )\ + H3PMo5049
P
HO N NH, HO N NH,

B pesynbrarti qocnimpkens [7] Oyiio BUSABIEHO clelU(piuHy peakiilo, Ky MOKHA BU-
KOpHCTOBYBATH 115 po3niieHHsI Al DC 3 TeTeponuKIIYHIMU KaTiOHaMU — YTBOPCHHS
I0HHHX acoIliaTiB 3 a300apBHUKAMH TPOIICOJIIHAMH, K1 EKCTPAryrThCs XJIOPOPOPMOM.
Hanpuxian, npu nonaBanHi 10 4 M BogHOTo po3unny I 4 My po3unny tponeosniny 0 i
5 M1 xsopoopMy, IpH CTPYIIyBaHHI POTSTOM 5 XBHJIMH, BOAHUI mIap 3a0apBIIIOETh-
Csl B OpaHKeBUH KOJIip, a XJIOPO(OPMHUI — YEPBOHUH 3 KiTbIIEM KPHBABO-YEPBOHOTO
KOJIbOPY Ha po3fini da3:
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Tabmuus 1
AHaJiTH4HI pe3y1bTaTi B3a€MOAil 2-aMiHo0-4,6-1urinpoxkcunipumigunio
rexcagropocuitikary 3 3arajibHOAJIKAJOIJHUMH 0CA’KYBAJIbHIUMHU PeaKTUBAMH

Table 1
Analytical results of the interaction of 2-amino-4,6-dihydroxypyrimidinium
hexafluorosilicate with general alkaloid precipitated reagents
AnajgiTnunuii egext
PeaxTnn
Boanuii po3unn EtaHonbHui po3unn
Toroxst YTBOpeHHS 0caxy KOPUIHEBOTO YTBOpEeHHS 0Ccaxy TeMHO-OpaHXkKe-
KOJILOPY BOT'O KOJILOPY
Maiiepa VY1BopeHHs 0inoro ocafy, 3a0apB- | YTBOpPEHHs KaJaMyTHO-Ciporo
p JICHHSI PO3YHMHY Y YepBOHMH KOMIip | ocanry
. [TosiBa n1e/1BE 3€JICHYBATO-)KOBTOIO
Mapwme VY1BOpeHHs 6inoro ocaay
3a0apBIICHHS PO3UUHY
YTBOpEeHHSI KOPUIHEBOTO OCATY,
Jparengopda VY1BOpeHHs Oyporo ocaay 3a0apBIICHHS PO3YNHY B OpaHKe-
BUH KOJIIp
YTBOpEeHHS KOBTOTO 0Cajy, 3a0apB- | Y TBOpEHHs O1JI0r0 ToI4acToro
Kucnora nixkpunosa JICHHS PO3YHMHY B SICKPAaBO-)KOBTUH | KPUCTATIYHOTO OCafy, 3a0apBieH-
KOJIip HS PO3UHMHY B JKOBTHH KOJip
Kucnora dpochoproBoib- | YTBOpeHHs ciporo ocany, 3a06aps- | [losiBa ciporo 3abapBieHHS po3-
(hpamoBa JICHHS PO3YHMHY B CipHil KOTIp YHHY
YTBOpPEHHS TNMOHHO-KOBTOTO
Kucnora [TostBa TMMOHHO-KOBTOTO 3a0apB-
. ocajy, 3a0apBIICHHS PO3UHHY B
(hochopHomomiOneHOBa 9 . JICHHS PO3UUHY
3eJIeHHH KOIip

OH

OH
XN W

| + HO N=N SONa ——>
>

HO™ N NH,

“4)

OH OH

H N .
— | )\ .« HoO N=N SO,
-
HO r\‘f NH,
H

B ananoriunnx ymoBax Oynu npoBejieHi peaxitii 3 Tporneorinom 00 (5) ta Tponeoi-
HoM 000-I1 (6). [Tpu BUKOpHCTaHHI €TaHOMY SIK CEPEIOBHINA EKCTPAKIIIFO XJIOPOHOPMOM
He 37iiCHIOBaIIA. 30KpeMa, TIpH JIoJaBaHHi Tporeoliny 0 10 eTaHOIBHOTO po3unHy I B
KHCIIOMY CEPEIOBHIIII CITIOCTEPITaeThCs M0sBa KPUBABOTO 3a0apBIICHHSI Ta 0CaJI TEMHO-
4YepBOHOTO KOJIhOPY. BiAMOBIIHI pe3ynbraTtu HaBeaeHi y Tabi. 2 Ta Ha puc. 1 (a-T).
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Tabuws 2

AHaniTH4YHI pe3yabTaTi B3aeMoAii 2-aMiHo-4,6-1urigpoxkcunipumiauHiro
rekca)TOPOCHIIIKATY 3 TPONeoTiHaMu

Table 2

Analytical results of the interaction of 2-amino-4,6-dihydroxypyrimidinium
hexafluorosilicate with tropeolines

PeakTus

AHaniTH4HHIT epekT

Bonnwuii po3unn

ETanouabHuil po3unH

Tpomneomnin 0

Boanuii map 3a0apBitO€eThCs B OpaHiKe-
BHH KOIIp, a XJIOPOPOPMHHI — Yep-
BOHHH 3 KiJIbLIEM KPUBABO-4EPBOHOTO
KOJIbOPY Ha po3aii das.

[losiBa kpuBaBOTO 320apBICHHS
Ta YTBOPEHHS 0Ca/ly TEMHO-4ep-
BOHOTO KOJILOPY

Tpomneomnin 00

Bonunii map 3a6apBIrO€THCS B CBITIIO-
OpaHKEeBHH, a XJTIOPOPOPMHHI — MOPK-
BSIHUIA, Ta Ha po3aiii (a3 crnocTepira-
€ThCS YTBOPEHHS KUIbIISI KOPHYHEBOTO
KOJIBOPY

[MosiBa uepBOHO-(ioIETOBOTO
3a0apBIICHHS.

Cam 1o co6i Tporeosnin 00 B
KHCJIOMY CEPEIOBHILI YTBOPIOE
(hioneToBy KalamMyTh

Tponeonin 000-11

BonHuit map 3a0apBIlOeThCs B 4EPBO-
HO-OpaHXEBUH KOJIip, a XJI0podopMHIi
1ap — KpHUBaBO-4YEPBOHHH 3 KiJIbLIEM
YEepBOHOTO KOJIBOPY Ha po3.iii ¢a3

TTosiBa MOPKBSIHO-OPaHKEBOTO
3a0apBIICHHS

OH
XN n
| + NH N=N SOsNa ——>
=
HO™ N7 NH,

" ‘ J\
> -
+

HO 0 N:N—@SO3N3

OH
. XN

HO” N NH,

)

OH
H XN .
—_— \ 7]\ . NH N=N SO,
HO r\‘f NH,
H

+

H
—_—

(6)

© O N7N4©7803-
‘ O
H
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a o 6 2

Puc. 1. Ananitnunuii edexT B3aemonii 2-amMino-4,6-IUT1IPOKCUTIIPUMITUHIFO
rekcaropocmitikaty 3 TpOIeoJIiHAMH y PO34YHHI eTaHoiry: a — Tporeoiin 0; 6 — tponeodin 00;
B — Tponeonin 000-2; T — Buxiguuit Tponeonin 00

Fig. 1. Analytical effect of the interaction of 2-amino-4,6-dihydroxypyrimidinium
hexafluorosilicate with tropeolins in ethanol solutions: a — tropeolin 0; b — tropeolin 00;
¢ — tropeolin 000-2; d — original tropeolin 00

InenTudikanis GpeHobHUX rifpoKCHIBHUX IPyN B N0J10KeHHAX 4, 6. B excre-
PHMEHTI Y BOJHOMY CEpelOBHIII IIPH BUKOpUCTaHHI po3unny 3amiza (11) ximopumy odi-
KyBaHOTO aHATITHYHOTO e()eKTy He criocTepiranoch. OIHaK IpH I0IaBaHH1 /10 BOJHOTO
pozunHy I pozunny cpibna HITpaTy YTBOPIOETHCS CiTb POXKEBO-CIPOTO KOJIBOPY:

OH OAg
| N +AgNO; ————> | N (7)
)\ ’ - HNO3 /)\
HO™ N7 NH, HO™ N7 NH,

ITpw 3nificHeHH] peakuii y CHUPTOBOMY CEpPEIOBHIII YTBOPIOETHCS CpidHA Cillb po-
JKEBOTO KOJIbODY.

InenTudikanis apomarnyHoi amiHorpynu B noJsioxeHHi 2. [lepiuoro rpymnoto Bu-
KOPHCTaHUX MPOLENYp € peakilii yrBopeHHs a300apBHUKIB. [Ipy 1oxaBanHi 10 MpogyK-
Ty peakmii Iia30TyBaHHS 2-aMiHO-4,0-IUTiIPOKCHITIPUMIAHHY TPH MiAKUCICHHI 2 MII
PO3UMHY PE30PLMHY YTBOPIOETHCS a300apPBHUK KOBTYBATOTO KOJIbOPY:

OH OH

HO
~N X HO
| N + GOH —_— | N (8)
/)\ . - /)\
HO N N=N CI 6] N N=—=N

H OH

AHaNITHYHI pe3ynbTaTH 3AIHCHEHHS AHAJIOTIYHUX NPOLEAYP a30CIOMyYCHHS
Ta KOHJCHCAIIl 32 ydJacTI0 aHUIiHY, CANIIIIOBOTO anbiaeriny (9), n-auMeTHiIaMiHO-
Oensanberiny (10) y BoqHOMY Ta CIMPTOBOMY CEpeIOBHINAX HABE/ICHI y Tadi. 3 Ta Ha
puc. 2.
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OH
NN

LA

HO N N

OH

XN

LA

+
HO™ N NH,

OH

OH
XN OH
Q
N | )\ 9)
+ C —_— =
/ HO N N=CH
H H
2
0 CH, SN
N\ / | CHs
/C N\ HO N/ N=CH N/
H CHy o \

(10)

CH3

Ta0mwms 3

AHAJITHYHI pe3yabTaTH B3aeMofii 2-amino-4,6-1urinpoxkcunipumiauHiio rekcagropocuiaikary

3 pe30pUHHOM, AHIJIIHOM, CAJIIMIOBUM AJIBAETiIOM Ta R-AUMETHIAMIHOOEH3AIbAerizoM

Table 3

Analytical results of the interaction of 2-amino-4,6-dihydroxypyrimidinium

hexafluorosilicate with resorcinol, aniline, salicylaldehyde and p-dimethylaminobenzaldehyde

AmnajiTuyHuii edpexr

PeakTns
Bonuwuii po3unn ETanoJabHuil po3unH
YTBOpeHHs a300apBHUKA
YTBOpeHHsI a300apBHHUKA JKOBTYBATO-
Pezopuun SICKPAaBO MOPKBSIHO-OPaHKEBOTO

TO KOJIBOPY

KOJIEOPY

Aninin

YTBOpeHH: a300apBHUKA TOIYy0O0T0
KOIIbOPY

YTBOpeHHs a300apBHUKA OpaH-
JKEBO-4EPBOHOTO KOJIbOPY

CaniIoBHi aabaerij

YTBOpEHHSI a30METHHOBOTO OapBHUKA

JKOBTYBATOTO KOJIbOPY

YTBOpEeHHS a30METHHOBOTO
GapBHUKA SICKPABO )KOBTOTO
KOJIBOPY

n-Jlumerunamino-
OeH3abaerin

YTBOpEHHSI a30METHHOBOTO OapBHHKA

MaJIHHOBOT'O KOJIbOPY

YTBOpEHHSI a30METUHOBOTO
0GapBHUKA JKOBTO-3€JICHOTO
KOJIbOPY

a

l r_
\ S g
o 8

2

Puc. 2. Ananitnananii eekt B3aemoii 2-amino-4,6-TUriIPOKCUITIPUMIJHHIIO rekcadTopoCuITiKaTy
(mpoayKTy peakiiii foro 1ia30TyBaHHs) 3 pe30pILHHOM (@), aHiTiHOM (0), CaTilUIOBUM alibJeTiIoM (B)
Ta n-AUMETHIaMiHOOCH3aIbAeTiIOM (T) B PO3UHHI €TaHOIY

Fig. 2. Analytical effect of the interaction of 2-amino-4,6-dihydroxypyrimidinium hexafluorosilicate
(the reaction product of its diazotization) with resorcinol (a), aniline (b), salicylaldehyde (c) and
p-dimethylaminobenzaldehyde (d) in ethanol solutions
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InenTudikanis rexcagropocuiikaruoro aniony. Inentudikanito aniony SiF >
MIPOBOJIMIIM 32 peaklieto 3HeOapBiIeHHs komiutiekey 3aiiza (I1I) Tiouianary iHTEHCUBHO-
o KpUBABO-YEPBOHOTO KOJILOPY BHACIIAOK yTBOpeHHs Oe30apBHOTO 3aumiza (I11) ¢ro-

puny [11]:
[Fe(SCN) " + 6F — [FeF >+ nSCN", (11)

TaKOX 3a PeakilissMHA YTBOPEHHS 01101 KajmaMyTi KalbIlito Gpropuay Ta mioMoymy (II)
bTopuy npu B3aeMOIii BOZHOTO po3urHy I 3 po3YMHAME KAIBIiI0 XJIOPUIY Ta ILIFOM-
oymy (1) amerary [11]:

Ca* +2F — CaF,|, (12)
Pb?" + 2F — PbF|. (13)

Sk Oyno 3a3HaueHo y [7], mopsAn 13 Kalblio (TOPUIOM € HMOBIPHICTh YTBOPCHHS
KaJIbI[i10 TeKca(TOpOCHITIKaTy 3a paXyHOK JIMILE YaCTKOBOTO T1pOi3y AOCIiIKyBaHOT
COJTi: caMe B pe3ysIbTaTi T1IpoIi3y aHIOHY 3a 3arajibHOr0 cxeMoro (14) [12] 3 BUBLIIBHEH-
HsM (PTOPUI-10HIB 320€3MeUy€eThCI MOKITUBICTh pearizarii peakiiii (12), (13):

SiF 2 +4H,0 2 Si(OH), + 6F + 4H". (14)

[Tpu HarpiBaHHI BOJHOTO Ta CIIUPTOBOTO PO3YHHIB I 3 JIy’)kKHUM PO3YHMHOM OCH3UITH-
HY CIIOCTEPIracThCs MOsBAa KOPHIHEBOTO 3a0apBICHHS PO3YHMHY 3 YOPHUMH JIyCTHHKA-
MH, SIKi 3HEOAPBIFOIOTHCS TIPH JI0/IaBaHHI KUCIOTH XJIOPHCTOBOIHEBOI.

BUCHOBKH

1. Meroau XxiMiuHOTO aHaJIi3y BUKOPUCTaHI s ineHTudikamii 2-amino-4,6-auriapo-
KCHTTIPUMIJIMHIO TeKcaPTOPOCHITIKATY SK MOTCHIIIHHOTO aHTUKAPIECHOTO arcHTa.

2. Ilpouenypu aHaiizy BKIIOYATH iJEHTU(IKAII0 TPETUHHOTO aTOMY HITPOTCHY,
TAPOKCHIIBHUX TPy (DEHOIBLHOTO THITY, ApOMATHUHOT aMIHOTPYITH Y CKJIali KaTiOHy Ta
rekcaTOpOCHIIIKaTHOTO aHi1OHY.

3. ITiaTBepIKEHO MOIIMBICTh BUKOPUCTAHHSI paHillle 3alpOIOHOBAHOI CICIM(id-
HOI peaklii yTBOPEHHs I0HHHUX acoILiaTiB 3 a300apBHUKAMHU TPOIMEONIHAMH, SIKI €KCTpa-
TYIOTBCS XJIOPOGOPMOM, JIJIs 1IeHTU(IKAITIT TeTePOIUKIIYHOTO KaTiOHA.
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CHEMICAL IDENTIFICATION OF 2-AMINO-4,6-DIHYDROXYPYRIMIDINIUM
HEXAFLUOROSILICATE AS POTENTIAL CARIES PREVENTIVE AGENT

Currently, fluoride preparations play a key role in the treatment and prevention of caries.
In recent years, ammonium hexafluorosilicates (AHFS) have been studied as new potential
fluorine-containing anti-caries agents, which demonstrate certain advantages in comparison
with known fluoride preparations. Earlier, we showed on the example of pyridinium
hexafluorosilicates that for the identification of AHFS, along with physicochemical methods
of analysis, classical chemical analysis methods can be used, which are distinguished by
the simplicity of the corresponding experimental techniques and the availability of starting
reagents.

The purpose of this work is to demonstrate the capabilities of chemical analysis methods for
the identification of 2-amino-4,6-dihydroxypyrimidinium hexafluorosilicate (I), which was
synthesized and characterized earlier.

Experiments on the chemical analysis of compound I included four stages: identification of
the tertiary nitrogen atom, identification of phenolic hydroxyl groups, identification of the
aromatic amino group, identification of the hexafluorosilicate anion. Due to the low solubility
of I in water, dissolution was carried out at boiling, identification was carried out after cooling
the solution. Analysis procedures were also carried out using an ethanolic solution of the
salt I.

To identify the tertiary nitrogen atom, reactions with general alkaloid precipitating reagents
were used, as well as a specific reaction of formation of ionic associates with azo dyes
tropeolins 0, 00, 000-II, which are extracted with chloroform. Identification of phenolic
hydroxyls in positions 4, 6 was carried out under the action of a silver nitrate solution, and
for the analysis of the aromatic amino group in position 2, reactions of formation of azo dyes
with resorcinol, aniline and condensation reactions with the participation of salicylaldehyde,
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p-dimethylaminobenzaldehyde with the formation of the corresponding azomethine dyes were
used. Identification of the SiF¢*~ anion was carried out by known reactions on the fluoride ion,
taking into account its hydrolysis in dilute aqueous solutions with the formation of fluoride
ions.

Keywords: 2-amino-4,6-dihydroxypyrimidinium hexafluorosilicate, caries preventive agent,
identification, chemical analysis.
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STUDY OF ADSORPTION MECHANISM OF CATIONIC
SURFACTANTS BY BENTONITE FROM ASKAN DEPOSIT

Adsorption of cationic surfactants — dodecylammonium chloride and hexadecylpyridinium
perchlorate from aqueous solutions by the natural bentonite from Askan deposit of Georgia
was studied. The microstructural parameters and surfactant loading and distribution, were
determined by X-ray diffraction and analysis of FT-IR spectra. The objective was to improve
the understanding of the behaviour of surfactants when adsorbed by bentonite for its possible
use as antimicrobial preparations. The adsorption constants from the Langmuir, Freundlich
and Dubinin-Radushkevich equations were used to compare the adsorption of surfactants by
bentonite. The obtained high values of the Gibbs free energy of adsorption indicate a high
affinity of cationic surfactants to bentonite. The kinetics of the adsorption process was ana-
lysed using the kinetic models of pseudo-first and pseudo-second order, intrafilm diffusion,
intraparticle diffusion of Boyd and Weber-Morris. It was found that the degree of adsorption
from the studied surfactants by bentonite reaches 70-80%.

Keywords: cationic surfactant, bentonite, adsorption, kinetics.

INTRODUCTION

The development of combined action pharmaceuticals is a pressing issue due to the
increasing risks of man-made impacts on humans and the environment. Such prepa-
rations include antibiotics, surfactants, natural and synthetic recipients. A number of
antimicrobial preparations containing alkylpyridinium salts, quaternary ammonium
salts and other cationic surfactants [1-3] have been developed. They have high sorp-
tion capacity, biological activity, antibacterial and disinfectant properties. Combining
cationic surfactants with bentonite, kaolin and other natural sorbents significantly en-
hances their effectiveness. The study of such systems expands the capabilities of phar-
maceutical technologies in the field of antimicrobial drug production. Bentonite clays
are promising materials [4, 5], the use of which makes adsorption especially attractive
from a medical and economic point of view. On the one hand, the presence of a cation
exchange capacity in them can be used for the adsorption of surfactants by minerals,
stabilization of colloids and nanoparticles, in chemical and pharmaceutical synthesis
etc. [6, 7] On the other hand, surface modification of minerals with organic cations
opens up the possibility of obtaining systems with certain controllable properties [8,
9]. The results of SEM systems cetyltrimethylammonium bromide-modified bentonite
(CTAB-MB) illustrated the few number particles in agglomerates of bentonite com-
pared to modified bentonite [10]. According these results, the CTAB-MB was obtained
efficient adsorbent to remove the Methylene Blue. Experience has shown [4, 11], that
adsorption surfactants by clays is the effectively. In many cases, the process depends
not only on the nature of the surfactant, but also on the structure of clay minerals and,

This is an open access article under the Creative Commons Attribution 4.0 International (CC BY 4.0) license.
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as a consequence, on their physicochemical properties [4, 12—15]. Today, many studies
have been carried out concerning the adsorption of surfactants on clay minerals in order
to clarify the mechanism of adsorption [4, 16-23]. The authors [18] established the de-
pendence adsorption of surfactants by clay minerals, which decreased in the following
order: cationic (octadecyltrimethylammonium bromide) > nonionic (Triton X-100) >
anionic (sodium dodecylsulfate). Almost all clay minerals showed a high adsorption
capacity with respect to the cationic surfactant.

The formation of organo-clays has been characterized by several additional meth-
ods (adsorption isotherms, XRD and IR spectroscopy). Guégan, R. et al. [22] studied
the adsorption of benzyldimethyltetradecylammonium chloride (BDTAC), a cationic
surfactant, and triethylene glycol monodecyl ether (C10E3), a nonionic surfactant by
Ca-smectite. They reported that BDTAC was ion exchanged in stoichiometric propor-
tions with the Ca?* counterions. For surfactants, expansion was limited to two adsorbed
monolayers parallel to the clay surface. The authors [23] showed that the adsorption of
cetylpyridinium chloride and cetyltrimethylammonium bromide on clays with a high
Na" content is well described by the Langmuir, Freundlich, and Langmuir-Freundlich
models. These results indicate a monolayer arrangement of both surfactants on the out-
er surface of montmorillonite. Authors [24] investigated the effect of the adsorption of
cationic surfactant, hexadecyltrimethylammonium bromide (HDTMA), on the structure
of bentonite. The organo-bentonites are applicator as sorbents were evaluated. It was
shown that the morphology of the sample after the modification with HDTMA did not
change significantly.

The mathematical processing of adsorption isotherms surfactants was carried out
according to the Langmuir equation and the constants of adsorption equilibrium, lim-
iting adsorption, and Gibbs free energy were found. Adsorption isotherms, kinetics,
thermodynamics, as well as additional interactions are compared and considered in de-
tail by the authors [24-26] In addition, the limitations, differences and directions of the
use of clay adsorbents are discussed. The adsorption equilibrium is explained by the
isotherms of Langmuir, Freundlich, Redlich-Peterson, Dubinin-Radushkevich, Temkin,
Thoth, Hill [26].

Kinetic studies are important to determine the optimal conditions for adsorption.
Usually, the experimentally obtained kinetic regularities of adsorption of organic sub-
stances are analysed by comparing them with theoretical kinetic models [4, 26]. To study
the adsorption of surfactants by montmorillonite, the typical Lagergren pseudo-first or-
der kinetic model and the McKay pseudo-second order kinetic model were applied [27]
It was shown that the distribution of the total adsorption capacity of surfactant in the
layers and on the surface of montmorillonite corresponds to the result of adsorption and
is modelled by a pseudo-second order kinetic model. Unfortunately, the information
available in literature on the application of different kinetic models to describe the ad-
sorption of surfactants on bentonites is scarce and contradictory [4, 8, 13, 26-29].

An analysis of scientific literature in the field of research into systems containing
surfactants together with natural sorbents has confirmed their abundance. However, the
need to study and develop effective broad-spectrum biomedical preparations including
surfactants find clays remains relevant. The aim of this work was to study the adsorption
of some cationic surfactants by the natural bentonite from Askan deposit and to eluci-
date the mechanism of the process.
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EXPERIMENTAL

Materials

In this study used natural bentonite (N-Bent) from Askan deposit (Georgia) with the
following chemical composition (wt%): SiO, — 51.0; AL,O, — 16.86; Fe,O, — 3.29;
MgO — 2.64; CaO — 2.07; Na,0 — 0.65; K,0 — 0.50; TiO, — 0.25. The cation ex-
change capacity (CEC) of the bentonite, which was determined by the methylene-blue
adsorption titration method, 35 meq/100 g. Prior to the experiments, the samples were
air-dried, sieved through a 2 mm sieve, and thoroughly crushed in the agate mortar. For
all experiments, only the fraction containing a grain size of <0.2 mm was used. The do-
decylammonium chloride, DDAC (C ,H,,CIN) and hexadecylpyridinium perchlorate,
HDPP (C, H,,NCIO,) was purchased from Sigma-Aldrich (Germany). They were ana-
lytical grade and used without further purification.

Methods

The X-ray diffraction powder analysis was carried out on a Siemens D500 diffrac-
tometer (CuKa radiation, A = 1.54178 A) with a secondary beam graphite monochro-
mator. Analysis of FT-IR spectra in the range from 400 to 4000 cm™' with resolution
of 4 cm™! was carried out using a Perkin Elmer FT-IR spectrometer. All spectra were
recorded using pellets consisting of 1 mg of the material under study and 200 mg of KBr
compressed under pressure of 7 t/cm? for 30 s.

The method of studying adsorption was as follows. The masses (0.03 g) of the ben-
tonite placed in Erlenmeyer flasks with a volume of 50 cm?, which contain 25 cm?® of
surfactants solutions by concentrations (2.0-40.0) x 10> mol/L, placed on a shaker for
stirring for 30 min (this time was sufficient to establish adsorption equilibrium in the
system) at a temperature of 293 K in a Julabo MC-4 thermostat, that allowed to maintain
the desired temperature with precision to 0.001K. After the adsorption is completed, the
adsorbent is separated from the equilibrium solution by centrifuged at 50 rpm using a
CLS-3 laboratory centrifuge. The solution separated from the adsorbent was analysed
for its surfactant content.

The analysis of solutions for residual content of dodecylammonium chloride and
hexadecylpyridinium perchlorate before and after adsorption was carried out photoco-
lorimetry by standard techniques [30] respectively. The samples after adsorption were
denoted as DDAC-N-Bent and HDPP-N-Bent.

Adsorption degree of surfactants (S, %) was determined as Eq.(1).

S:ﬁ.loo (D
C

0

where C, and C are concentrations of the solution before and after adsorption.

Adsorption capacity (4, mol/g) was calculated as Eq. (2).

_C,-C
m

where V' is the solution volume; m is the mass of weighted sample.

A v (2)
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Phase compositions

XRD patterns of natural bentonite and bentonites after adsorption of cationic sur-
factants are shown in Fig.1. X-ray spectral parameters for N-Bent, DDAX-N-Bent, and
HDPP-N-Bent are presented in Table 1. By identification of XRD patterns, it has been
found that this bentonite is polyphase mineral containing montmorillonite (M) (layered
aluminosilicate with 2:1 structure), a-quartz (Q), muscovite (Ms), kaolinite (K), albite
(A) and calcite (C). The main phase of montmorillonite was identified in the natural
bentonite samples at the following values of angles of reflection, 20, and inter-planar
spacing (d, A): 6.243° (14.146) — 19.719° (4.498) — 34.559° (2.593) — 54.900° (1.671).

The value of the first basal distance of the montmorillonite phase d,, (Fig. 1) in the
samples of the natural bentonite has low intensity and it is hard to notice. The reason
may be the low crystallinity of the montmorillonite phase in the investigated sample.
After treatment by DDAC and HDPP, the basal reflection of clay-Na shifted slightly
to higher values depending on nature of the surfactants. The value of the first basal
distance of the montmorillonite phase d , in the samples after adsorption of surfactants
(DDAC-N-Bent and HDPP-N-Bent) caused a slight expansion of the interlayer space
of montmorillonite (14.14-14.25 A). Also, after the adsorption of a surfactant by ben-
tonite, the formation of new phases due to surfactant molecules is not observed. This
could be due to the low concentration of the surfactant (c_ .= 15.0 - 10~ mol/L) and
that the molecule of DDAC and HDPP is too big to intercalate between the interlayer
space; therefore, expansion of the interlayer space was not significant, and the sorption
of cationic surfactants on bentonite was seen mostly on the surface. These findings align
with findings from other studies [8, 32] and, as a consequence, on the physical nature
of the adsorption process.

Intensity (a.u.)

] 10 20 30 40

Fig. 1. X-ray diffraction patterns for N-Bent (1), DDAC-N-Bent (2), HDPP-N-Bent (3)
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Table 1
X-ray spectral parameters for natural bentonite
and bentonites after adsorption of cationic surfactants
d, A
Phase 20, de 4.4 26, dg d A 20, dg d, A ref. data
N-Bent DDAC-N-Bent HDPP-N-Bent

6.243 14.146 6.230 14.253 6.233 14.248 15.540
Mont (M) 19.719 4.498 19.707 4.501 19.701 4.502 4.490
61.680 1.502 61.650 1.503 61.711 1.501 1.500
20.863 4.254 20.867 4.253 20.866 4.253 4.250
a-Si0, (Q) 26.651 3.342 26.653 3.341 26.653 3.341 3.350
50.165 1.817 50.167 1.817 50.168 1.817 1.820
18.804 4.715 18.794 4.717 18.805 4.715 4.720
30.983 2.884 30.813 2.899 30.884 2.893 2.860
12.504 7.073 12.498 7.076 12.505 7.072 7.140

Muscovite (Ms)

Kaolinite (K)
25.161 3.536 25.148 3.538 25.163 3.536 3.550
23.522 3.779 23.537 3.776 23.535 3.777 3.700
Albite (A)
27.900 3.195 27.936 3.191 27.927 3.192 3.210
29.518 3.023 29.528 3.022 29.563 3.019 3.030
Calcite (C)

47.572 1.909 47.579 1.909 47.576 1.909 1.912

FT-IR spectral investigations

Fig. 2 shows FT-IR spectra for N-Bent, DDAC-N-Bent, DDAC, HDPP-N-Bent and
HDPP. The polyphase composition of this natural bentonite was confirmed by IR spec-
tral data. This is evident from the bands characteristic of the main montmorillonite
phase in the region of stretching (v) and deformation (J) vibrations of its structural
groups as well as the bands assigned to impurities, i.e. kaolinite, a-quartz, and calcite.
Interpretation of FT-IR spectra for N-Bent (Table 2) was carried out by their comparison
with the data reported [12, 22].

Analysing the FT-IR spectra in the range of stretching and deformation vibrations
of OH groups bound with octahedral cations and OH groups in the associated water
molecules, we can notice that a band characteristic of AI-AI-OH is clearly defined; a
band at 915 cm™ is registered only as a bend. The presence of a characteristic the band
shows that N-Bent contains a kaolinite phase. The bands visible at the 3429 cm™ and
1630 cm™ region correspond with H-O—-H vibrations in water (stretching vibrations
and deformation vibrations, accordingly). Major bands in the 1034468 cm ™! region are
ascribed to bond vibrations in the structure of the examined mineral and are associated
with the vibration of Si—O-Si (1034 cm™' and 468 cm™) and Si—O-Al bridges (520
cm™). A band at 874 cm™! can be assigned to deformation vibrations of OH groups
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Fig. 2. FT-IR spectra N-Bent (1), DDAC-N-Bent (2), DDAC (3), HDPP-N-Bent (4) and HDPP (5)

Table 2
Wave numbers (cm™) for absorption maxima in FT-IR spectra
of N-Bent, DDAC-N-Bent, and HDPP-N-Bent
N-Bent DDAC-N-Bent HDPP-N-Bent
Structural group
v o v o v o
Al-Al-OH 3627 915 bend 3625 918 bend 3623 918 bend
Al-Fe*-OH - 874 v 875 875
H,0 3429 1630 3420 1628 3426 1621
Si—O-Si (tetrahedron) 1034 468 1033 470 1032 467
Si—O-Al - 520 - 519 - 517
Si-O-Mg - 425 - 425 - 426
a-SiO 797,778,
(ot-quazrtz) - 797,778, 695 - 693 - 798, 779, 693
Cco.» - 1431 - 1430 - 1428

in AI-Fe**~OH structural fragments. The presence of a characteristic doublet at 797
cm ' and 778 cm ! shows that N-Bent contain an a-quartz phase. Compared to N-Bent
spectrum, organoclays spectra the main peaks of clay with three supplementary peaks
around 2920, 2850, and 1470 cm™' that were referred to C—H stretching bands of —
CH,, aliphatic C-H stretch and aromatic C=C vibrations. These bands approved both
the conservation of starting clay structure and the loading of DDAC and HDPP into
clay. These bands are sensitive to the packing density of the methylene chain as well as
the surfactant loading [28].
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Protolytic properties

It is known that the amount of adsorption of cationic surfactants on polar adsorbents
depends on pH [12]. When studying the protolytic properties of natural bentonite, it was
established equilibrium pH, pH_, values are quickly attained and stay unchanged for
long period of time. Interaction between water molecules and a bentonite surface results
in the formation of alkaline medium (pH = 7.98).

Kinetics of adsorption

The studies carried out have shown (Fig. 3) that the time to achieve adsorption
equilibrium between an aqueous solution of HDPP, DDAC and bentonite have small
depends on the nature of the surfactant and is achieved in 14—15 minutes of joint
shaking. The adsorption degree (S, %) of DDAC is 80%, while in the case of HDPP this
figure is 68% (Fig. 3). This is due to the different structure of the surfactant.

80 ¢ 1
2
60
ES
@40
20
0 {.- 1 L I
0 10 20 30
t, min

Fig. 3. Adsorption degree of cationic surfactants by bentonite from aqueous solutions over time.
Sorbent dosage was 0.6 g/L: | — DDAC; 2 — HDPP.C_ =50 mg/L; V=0.05L; T=293 K

¢

It is known that the theoretical processing of kinetic curves using the models of
diffusion and chemical kinetics enables one to determine the adsorption mechanism
and the rate-limiting steps of the process. In this study, the kinetics of the adsorption
process was analysed using the pseudo-first [31], pseudo-second order [32], kinetic
models and intrafilm diffusion [33], intraparticle diffusion of Boyd and Weber-Morris.
To determine the values of the parameters of these models, a minimization procedure
was carried out using the Origin Lab Pro mathematical package [34]. To establish a
model that optimally describes the adsorption of surfactants on bentonite, we compared
the correlation coefficients R? for each surfactant. The results of processing the integral
kinetic curves of surfactant adsorption by bentonite using chemical kinetic models are
shown in Table 3.

The linear form of pseudo-first and pseudo-second order model equation can be
expressed, respectively, by Egs. (3, 4).

In(4, —A)=In4, -kt (3)
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11, 4)
A kA A

where 4, and 4 are the amounts of the surfactants on the adsorbent at equilibrium and
various time t, respectively; k, k, is the adsorption rate constant of pseudo-first and
pseudo-second order model.

Fig. 4 (a, b) shows the kinetics of cationic surfactants adsorption by natural ben-
tonite in the coordinates of the pseudo-first and pseudo-second order models. The cor-
relation coefficients calculated for the pseudo-second order kinetic model (R?= 0.99)
and also the good agreement of calculated values of 4°°and experimental values of
A indicate that the adsorption systems follow the pseudo-second order kinetic model
(Table 3).

Table 3

Kinetic parameters for the adsorption of surfactants by bentonite

Adsorbate solution

DDAC HDPP

Kinetic parameters

AT+ 10, mol/g 2.55 1.15

Pseudo-first order

A - 104, mol/g 1.91 0.95
k,, min™' 0.23 0.61
R? 0.92 0.95
NSD, % 30.30 30.26
Adsorbate solution

Kinetic parameters
DDAC HDPP

Pseudo-second order

AT - 104, mol/g 2.73 1.18
k, - 107, g/mol-min 2.06 14.1
R? 0.99 0.99
NSD, % 2.45 2.00
Intrafilm diffusion
k., min™' 0.41 0.63
R? 0.95 0.99
NSD, % 5.10 0.60
Intraparticle diffusion of Boyd
B, min™! 0.42 0.61
R? 0.89 0.99
NSD, % 2.70 0.60
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This equation makes it possible to take into account not only the adsorbent— adsorb-
ate interactions, but also the intermolecular interactions of adsorbed substances [29]
which determine the high adequacy of the use of the second-order kinetic model. On the
contrary, when the pseudo-first order model is used, the linear correlation coefficients
of the straight lines appear to be smaller and the experimental and calculated values of
equilibrium adsorption turn out to be significantly different.

t, min 30 r
-H T T 1 :
3 10 15 _
g
= 20 }
c
9 E
3 B
b < 1
= St
.11 f
1
- 0 1 L J
-13 L 0 10 20 30
t, min
a

b

Fig. 4. Application of the model of chemical reaction of pseudo-first (a)
and pseudo-second order (b): 1 — DDAC; 2 — HDPP

To determine the rate-limiting step of the adsorption process, the integral kinetic
curves were processed using equations for intrafilm and intraparticle diffusion kinetics
[35]. The linear form of intrafilm diffusion, intraparticle diffusion of Boyd and Weber-
Morris equation can be expressed, respectively, by Egs. (5-7).

A
In(l =) =~k -t 5)
A 6
ln(l—A—e)zln?—B-t (6)
A=k, -t">+1 (7)

where k,, is the rate constant of the intrafilm diffusion (s™); B is the rate constant of the
intraparticle diffusion of Boyd (s !); kW is the rate constant of the intraparticle diffusion
of Weber-Morris (mmol/g-min'?); [ is the Y-intercept (mmol/g).

Studies of the adsorption of cationic surfactants by bentonite using diffusion mod-
els have shown that the form of the dependence curves In (1 — 4/4)) = f () shown in

Fig. 5a and Fig. 5b indicates the effect of film diffusion on the adsorption process. In
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the initial part of the curve, a nonlinear dependence of the change in adsorption on time
is observed. The dependencies A—z'? in the coordinates of the Morris-Weber equation
(Fig. 5c) for the adsorption of surfactants on bentonite are not linear, which indicates a
mixed diffusion mechanism of adsorption kinetics, when the process cannot be unam-
biguously limited by external or internal diffusion.
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Fig. 5. Application of the model of intrafilm diffusion (a), intraparticle diffusion
of Boyd (b) and Weber-Morris (¢): 1 — DDAC; 2 — HDPP

As can be seen from Fig. 5¢, the kinetic curves for the adsorption of cationic sur-
factants by natural bentonite are described by straight lines in the 4 versus 72 coordi-
nates only at an initial stage of the adsorption. Therefore, within a period of 0—10 min,
the intrafilm diffusion (diffusion in the solution film) is the rate-limiting step, which
determines the total rate of the process. The subsequent deviation from the rectilinear
A = f(z'?) dependence indicates that the influence of the intrafilm diffusion weakens,
while the effect of the intraparticle diffusion become stronger.

The results of calculations and comparison of the numerical values of the rate con-
stants of external and internal diffusion confirm the mixed-diffuse nature of the kinetics
of the adsorption of surfactants by natural bentonite.
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Adsorption isotherms

To clarify the adsorption mechanism the experimentally obtained adsorption
isotherms are analysed. Fig. 6 shows the isotherms of adsorption of DDAC and HDPC
by natural bentonite. The adsorption isotherms of cationic surfactants compounds may
be attributed to L-type isotherms according to the Giles classification. In both cases,
in the initial section of the isotherms, adsorption increases linearly with an increase in
the surfactant concentration, which indicates the adsorption of the surfactant due to the
electrostatic interaction of the adsorbate with the adsorbent. A further increase in the
surfactant concentration leads to an increase in the mutual attraction of the surfactant
hydrocarbon radicals, to the start of association in the adsorption layer (association also
occurs in the total solution volume), and adsorption increases.

16
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Fig. 6. Adsorption isotherms of cationic surfactants by natural bentonite:
1 —DDAC;2 —HDPP.T=298K,q=0.6 g/L

For modelling of the adsorption isotherm models of Langmuir, Freundlich and
Dubinin-Radushkevich were used [35]. The linear form of isotherms is represented by
Egs. (8-10).

Langmuir isotherm: c__1 +LC (3
A KA, A,
Freundlich isotherm: InA=Ink, + lln C )
n
1 2
Dubinin-Radushkevich: In 4 =In 4, , - K, .R’T’ [ln(l +_)} (10)
- - C

where A is the equilibrium static capacity; C is the equilibrium concentration of sur-
factants in solution; 4_ is the amount of adsorbate at complete monolayer coverage; K,
is the Langmuir constant that relates to the energy of adsorption; K, is the measure of
adsorption capacity; 1/n is the adsorption intensity; 4 , is maximum adsorption capac-
ity of the adsorbent; K , is the Dubinin-Radushkevich constant.

Characteristic energy of adsorption (E) was calculated according with Eq. (11).
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E:(ZK;)M (11)

Standard free energy of the adsorption (4G”) was calculated according with Eq. (12).
AG’ =—-RTInK, (12)

For the modelling of the adsorption the corresponding coefficient of determination
R?, deviation percentage (NSD, %) were used Eq. (13).

N

z| Aicalc _ Aiexp
NSD =100-=——— (13)

exp
24
i=1

In a typical approach, the two-parameter Langmuir and Freundlich models are em-
ployed to fit adsorption isotherms. The Langmuir model suggests that adsorption occurs
on a homogeneous surface without any lateral interactions between adsorbed mole-
cules. The Freundlich model is widely used to describe adsorption on a surface with a
heterogeneous energy distribution, accompanied by possible interactions between ad-
sorbed molecules. It was found that the Langmuir equation describes the experimental
adsorption isotherms of DDAC with bentonite in the region of filling the monolayer
(Fig. 7). It was found that the value of the limiting adsorption of HDPP is less than
that of DDAC, which is associated with the hindered adsorption of HDPP due to steric
effects (Table 4). The K| values are significant ((1.01-3.85) - 10°, L/mol), that is typical
for systems with increased adsorption selectivity. The obtained high values of the Gibbs
free energy of adsorption 4G”indicate a high affinity of cationic surfactants to bentonite
and confirm the physical nature of adsorption, when weakly adsorbed water molecules
are displaced from the adsorption layer by strongly adsorbed surfactant molecules and
ions, and determines the advisability of using this natural bentonite for the extraction of
DDAC and HDPP from aqueous solutions.

Freundlich’s equation, according to an additional trend in the Excel program with
high accuracy (R?>= 0.98), has shown its suitability for describing the middle area of
concentration of isotherms of adsorbed HDPP (Table 4). The specific features of the
adsorption isotherms of the surfactants under study are reflected in the value of the pa-
rameter n, the value of which agrees with the ordering coefficient o (Hildebrand’s equa-
tion [36]) and indicates the ideal nature of adsorption (n > 1). As the surface is filled,
the binding energy of the adsorbent—adsorbate decreases. All obtained isotherms in the
entire range of equilibrium surfactant concentrations are described by the Dubinin-
Radushkevich equation (Fig. 7, Table 4) with high values of the linear correlation coef-
ficients. The values of the characteristic adsorption energy DDAC by bentonite indicate
the contribution of ion exchange to the adsorption mechanism. Contradicts the calcu-
lations made on the basis of the Langmuir and Freundlich models and the conclusions
drawn from the analysis of FT-IR spectra. This fact requires further confirmation using
higher concentrations of surfactants.
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Table 4
Constants of equations characterizing adsorption
of cationic surfactants by natural bentonite

Constants of adsorption Adsorbate solution
equations DDAC | HDPP
Langmuir equation
A, - 10%, mol/g 20.00 9.47
K, - 107, L/mol 3.85 1.01
—AG?, kJ/mol 31.32 28.08
R? 0.96 0.85
Freundlich equation
K, mol"""™ L /g 0.03 1.43
n 2.56 1.04
R? 0.93 0.98
Dubinin-Radushkevich equation
A, - 10, mol/g 84.1 193.0
K, 10°, mol¥/ J? 4.15 8.55
E, kJ/mol 10.98 7.65
R2 0.96 0.98
16 ‘
"a-l'i
.- ~
wll Lo
:é f Experimental
Eﬁ 8 r 5 g — - - Langmuir
- /, .
/ = = =Dubinin-
4r Radushkevich
— —Freundlich
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Ce 105, mol/L

Fig. 7. Comparison of experimental isotherms of DDAC adsorption by bentonite with those
calculated theoretically by the Langmuir, Freundlich and Dubinin-Radushkevich models

A graphical comparison of the experimental and theoretical adsorption isotherms
calculated using the constants of the Freundlich, Langmuir, and Dubinin-Radushkevich
models (using the example of Fig. 7) showed that the experimental adsorption isotherms
are described by the Langmuir and Dubinin-Radushkevich equations in a wider
concentration range than the Freundlich equation.
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CONCLUSION

The adsorption of cationic DDAC and HDPP from aqueous solutions by natural
bentonite of the Askan deposit was studied. The morphology and structure of interlayers
in the sample of bentonite adsorbed surfactants and the non-adsorbed sample were
investigated by X-ray diffraction and IR spectroscopy, respectively. The results showed
that after the adsorption of cationic surfactants by natural bentonite, no special changes
and formation of new phases due to surfactant molecules are observed, which is
due to the low content of these substances. The extent of adsorption depends on the
surfactant concentration. The highest value (80%) was achieved for DDAC at an initial
concentration of 50 mg/L. Surfactant uptake by organo-modified clays can be explained
by two processes: adsorption onto the clay surfaces and intercalation into the clay layers.
This was confirmed by X-ray diffraction and IR spectroscopy. On the basis of processing
the experimental data within the framework of chemical kinetics and diffusion models,
as well as the Langmuir, Freundlich and Dubinin-Radushkevich adsorption equations, a
mechanism of adsorption of the studied surfactants was proposed. Calculations showed
that the adsorption process corresponds to the kinetic model of pseudo-second order.
The adsorption process occurs in the region of mixed diffusion, controlled by both
internal and external diffusion, which is due to the layered structure of the adsorbent.
Analysis of the data using adsorption models showed that the Langmuir and Dubinin-
Radushkevich models interpret the experimental data better than the Freundlich model.
The adsorption process carried out under optimal conditions provides a high degree of
adsorption of DDAC and HDPP. Based on the obtained data, it can be concluded that
natural bentonite from Askan deposit is highly efficient and suitable for combined use
with cationic surfactants in compositions with antimicrobial properties.
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JOCJIKEHHS MEXAHI3MY AJICOPBIIIi KATIOHHUX TOBEPXHEBO-
AKTUBHHUX PEYOBHUH BEHTOHITOM ACKAHCBKOI'O POAOBHUIIIA

JlocmimkeHo ancopOIifo KaTiOHHUX IOBEPXHEBO-aKTUBHHUX PEYOBHH — JOACHIIAMOHIIO
XJIOpUY Ta FeKCaJelMITIPUANHIIO IepXJIOPaTy 3 BOOHUX PO3YMHIB IPUPOTHUM OGSHTOHITOM
Ackancpkoro poposuma [pysii. Meroro nociimkeHb Oyiao 3°siCyBaHHS 3aKOHOMIPHOCTEH
Ta MeXaHi3My Ipolecy aJcopOmii T0CTiPKYBaHUX KaTIOHHHX MOBEPXHEBO-aKTUBHUX PeYO-
BUH. [ NOPIBHAHHS a/1cOPOLIHOT 31aTHOCTI TOBEPXHEBO-aKTHBHUX PEUOBHH OCHTOHITOM
Oy/l0 BHKOPHCTAHO KOHCTAaHTH aacopOuii piBHsAHB JleHrmiopa, ®peitnpiixa ta [lyOiniHa-
PanymikeBuua. Pe3ymeraTn mokazanu, mIo Mmicys aacopOlii KaTiOHHMX HOBEPXHEBO-aKTHB-
HHUX PCYOBHMH MPUPOJHUM OCHTOHITOM HE CIIOCTEPIraeThcsi 0COOIMBHX 3MiH Ta YTBOPCHHS
HOBUX (a3 3a paXxyHOK MOJIEKYJ IIOBEPXHEBO-aKTHBHHX PEYOBHH, IO IIOB’S3aHO 3 HU3b-
KHM BMICTOM IMX pedoBHH. CTymiHb afcopOrii 3aje)HuTh BiJl KOHIEHTpAL] ITOBEPXHEBO-
akTHBHOI peuoBuHu. HailiBuine 3HaueHHs (80%) Oya0 TOCATHYTO AU JOMCIMIAMOHIIO XJIO-
pHy 3 MO4YaTKOBOIO KOHIEHTparieo 50 mr/n. OTpumaHi BUCOKI 3HAUYSHHS BIIbHOI eHepril
['i06ca amcopOuii cBig4aTh MPO BHCOKY CIIOPIAHEHICTh KAaTIOHHHX MOBEPXHEBO-AKTUBHHUX
peuoBuH 10 OenrtoHiTy. KiHeTrnky mpomecy ancopOiii Oyino mpoaHaTi30BaHO 3a IOTIOMOTOI0
KIHETHYHHX MOJIENICH IICEBIONEPIIOro Ta IICEBAOAPYrOro MOPS/KY, BHYTPIIIHBOILTIBKOBOT
nudy3ii, BHyTpilmHb09acTHHKOBOT andy3ii boiina Ta Bebepa-Moppica.

[ornuHaHHS MOBEPXHEBO-aKTHBHHUX PEUOBHH INIMHAMU MOYKHA MOSICHUTH JBOMA HPOLECAMH:
aIcopOIIi€r0 HA MOBEPXHI [IMHHU Ta IHTEPKAIAIIE B mapu riuHd. [le Oymo miaTBepmakeHo
PEHTTEHOCTPYKTYpHUM aHanizoMm Ta [Y-cnekrpockorieto. Ha ocHOBI 00poOKH eKcrepuMeH-
TaJbHUX JaHUX B paMKax MOJIeJiel XiMiYHOT KIHETHKH Ta Tudy3ii, a TAKOXK PiBHAHB afcopOIil
Jlearmiopa, Dpeitnmmixa Ta JlyOiHiHa-PagymkeBnda Oynmo 3amporOHOBaHO MEXaHi3M
azicopOuii TOCiKYBaHUX TOBEPXHEBO-aKTUBHAX PEUOBHH. PO3paxyHKH MOKa3aiH, M0 Mpo-
1ec afcopOIii BiIIOBIJae KIHETHYHIN MOJIeI IIceBoApyroro nopsiaky. IIporec BinOyBaeThes
B 00J1aCTi 3MilIaHoi Andys3ii, KOHTPOIBOBAHOT SIK BHYTPIIIHBOIO, TAK 1 30BHIIIHBOO TH(Y3i€r0,
1110 3yMOBJICHO LIAPYBATOIO CTPYKTYPOIO aICOPOCHTY. AHAIII3 JaHUX 32 IOTIOMOT'0I0 MOJENei
azcopOuii mokasas, mo Mozeni Jleurmiopa ta Jly6inina-PagymkeBuya Kpaiie iHTEpIpeTyoTh
eKCIIEpUMEHTaNbHI JaHi, HiX Monens Opetinanixa. [Ipouec agcopOumii, mpoBeaeHuii 3a on-
THMaJbHUX YMOB, 3a0e3ledye BUCOKUI CTYIiHb NMOIIMHAHHS IOBEPXHEBO-aKTUBHHX PEYO-
BuH. Ha OCHOBI OTpMMaHMX JaHMX MOXKHA 3pOOUTH BHCHOBOK, IO IPHPOTHMI OEHTOHIT
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ACKaHCBHKOTO poaoBuila € BI/ICOKOGq)eKTI/IBHI/IM Ta OPpUAATHUM IS CIIJIBHOTO BUKOPUCTAHHSA
3 KaTIOHHUMH TOBEPXHEBO-aKTUBHUMU PEYOBHMHAMU Y IIp€riaparax 3 aHTHMiKpO6HHMH BJ1a-
CTUBOCTSAMM.
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AJICOPBHIMHE BUJIYYEHHSA AHTOUIAHIB SOLANUM
MELONGUENA HA BOJIOKHUCTOMY KATIOHITI ®IGAH K-1

B poOoTti mpexncTaBieHO pe3yibTaTH JOCIIDKEHHS MPOLECY aacopOIiifHOr0 BHITydYEHHS
aHTOIIIaHiB 13 MIKipku OaxnaxaHa (Solanum melongena L.) TeMHOIITONOBOTO copTy «HopHUIT
KpaceHby i3 3acTocyBaHHsIM BosiokHHCTOrO KaTioHiTy ®IBAH K-1. AHTOIiaHN ekcTparyBaiu
3 BUCYIIEHOI 1 MOpiOHEHOT IKIPKH OaKIakaHy 3a JOMOMOTOI0 BOTHOTO PO3YMHY XJIOPUIHOT
KHCIIOTH. AJICOpOIiiiHe BHITyUeHHS aHTOLIaHiB 3 eKCTPAKTIB IPOBOIMIIN B CTATHYHHUX YMOBaX
3a pi3HHUX 3Ha4eHb pH, 703 amcopOeHTy, MOYaTKOBUX KOHIICHTpAIiil aHTOIiaHiB, TeMIlepa-
Typ i yacy agcop6uii. Haiikparui yMoBY acopOLiifHOTO BHITyUeHHs aHTOL[IaHiB BCTAHOBJIEHI
mpu pH = 1,2-2,0, Butparti ancopOenty 15 /1 i mouarkoBiii KoHneHTpamii anTomiaHiB 20—40
mr/n. KinetnuHi kpuBi agcopOuii antorianiB 6axnaxkany Ha karioHiti ®IBAH K-1 kpame
OTMUCYIOTHCS KIHETHIHOIO MOJIEIIIIO TICEBAOAPYTOro HopsiaAKy. OTpuMaHi pe3ynsTaTi Mmokasa-
i, o katioHit @IBAH K-1 edexruBHo Buitydae aHTOIiaHu OakiIaXaHy 3 BOJHUX PO3UYHHIB
XJIOPUIHOT KUCIIOTH.

KurouoBi ciioBa: anTomiany, mkipka 6axmaxany, ®IBAH K-1, axcopOuis

[Monynspuzaiis OakjgaxaHIB y CBITOBOMY XapuyBaHHI MPHU3BOIAWTH 10 301IbIICH-
HS1 00CATiB BUPOOHUYMX BiAXOMiB. 30KpeMa, IKipka Oaxmaxana (Solanum melongena
L.) crae MacoBUM MOOIYHMM MPOAYKTOM, IO MOTpeOye pamioHaibHOl yTHiizamii abo
BIIPOBA/DKEHHS METO/IIB THOOKOT mepepoOku. Bimomo [1], 1m0 mikipka TEMHOITIOAOBUX
COPTIB € HiHHUM JDKepesioM anTolianiB. OTkKe, po3poOKa TEXHOIOTIH 1i pamioHaTbHOTO
BHUKOPHUCTAHHS € JIOTIYHHM KPOKOM JI0 MiHIMi3allil pOCIMHHUX BiIXOMIB Ta OTPUMAaHHS
(DYHKIIOHATBHOT TPOYKITIi.

CygacHi HayKOBi po3poOKH y cepi 3eeHol XiMii MiAKPECTIOITh IEPCIIEKTHBHICT
BUJIYYCHHS aHTOIIIAHIB 3 POCIUHHMX BiIXO/iB. Taki BIaCTUBOCTI aHTOIIIAHIB, SIK aHTH-
OKCHJIaHTHA, MPOTH3alajbHa Ta (papMaKOIOTIYHA AKTUBHICTH (DOPMYIOTH IX IOIHT Y
XapyoBil, KOCMETHYHIH Ta (papMaleBTUIHIN TPOMHICIOBOCTI, CTUMYIIOIOUH PO3BHTOK
CKOJIOTIYHUX Ta ¢(EKTUBHHUX TEXHOJOTIH KOHIICHTPYBAHHS, BHIYYCHHS Ta OYHICHHS
aHTowiaHiB [14].

Oco0nuBy yBary npuepTae ancopOIiifHIIl METO BIITYYCHHS aHTOIIIaHIB 3 POCIHH-
HOT CHPOBHHH SIK BUCOKOC()EKTUBHUI, CEICKTUBHHIA Ta CKOHOMIYHO H0NIbHUNA. Ha cho-
TOIHI JIJIsl BIUTYYCHHS aHTOLIIAHIB 3 EKCTPAKTIB BiIOME 3aCTOCYBAHHS TaKUX aJCcOpOCH-
TiB, SIK ME30MOPHCTE aKTUBOBAHE BYTLILISI, MAKPOIIOPUCTI CMOJIM Ta INAPYBaTi CHTIKATH
[5, 6]. IIpoTe, Anst MPOMKCIOBOTO BIIPOBAKCHHSI BaXKIIMBHM 3aJHIIA€THCS MOIIYK Ta
po3poOka HOBUX 1 €(EKTUBHUX aJCOPOEHTIB, 10 MOEAHYIOTh CENEKTUBHICTb, BUCOKY
a7IcOpOLiiiHY EMHICTh Ta MOXJIMBICTH Oaratopa3oBoi pereHeparii.

BukopucTanHsT BOJOKHUCTUX HOHOOOMIHHHMX MaTepialliB, 30KpeMa BOJOKHHUCTOTO
karioHity ®IBAH K-1, BigkpuBae HOBI MOXKIIMBOCTI JiJIsl iHTeHCHDiKaIliil agcopOIiitHOro
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BUJIYYCHHS aHTOIIaHIB Ta MiHIMI3allil eKOJIOTTYHOTO HABAHTAKCHHS. Y HAIIMX TOIepe-
JHIX podortax [7, 8] Oyiio AeTanbHO JOCIIIPKEHO MpolecH ancopOIlii aHToIIaHIB 13 Tie-
JHOCTOK YEPBOHOT TPOSIHJIN, & TAKOXK SIT1J] apOHii Ta Oy3WHHM Ha BOJIOKHHCTOMY KaTiOHITi
®IBAH K-1. [Ipote citij BpaxoByBaTH, 110 Pi3HI POCIHMHHI JKEpelia XapaKTeprU3yTh-
csl crier(iuHUM CKIIaJIOM Ta CTPYKTYPOIO aHTOIlIaHIB, 10 0e3MocepeIHhO BILUTUBAE HA
iXHIO afcopOIiiiHy 31aTHICTE. 30KpeMa, y poboTtax [1, 4] BCTaHOBICHO, IO JIOMIHYFOUH-
MU aHTOIlIaHaMU B IIKIpIli OaKIIa)kKaHIB TEMHOIUIOJHUX COPTIB € ITFOKO3H/ 1 pyTHHO3HT
nenbdiHiTuHY. AJICOPOIIAHI TOCITIPKEHHS MO0 BHITyYEHHS caMe IUX CITOJYK 13 MIKip-
ku Oaxtaxxana Ha katioHiTi ®IBAH K-1 panimie He mpoBomuHcs.

Meta poOOTH: BCTAHOBUTH (hi3UKO-XIMIUHI 3aKOHOMIPHOCTI aJICOPOIIHHOTO BHITY-
YeHHsI aHTOIliaHIB OakiakaHy Ha BOJIOKHUCTOMY KarioHiTi ®IBAH K-1.

MATEPIAJIN I METOAUN JOCJIAKEHHS

Iliozomoeka wikipku daknax)cany

Jlist mocTiKeHHsT BUKOPUCTOBYBAIM LIKIPKY CBIKMX IUIOAIB Oaknaxany (Solanum
melongena L.) copty «HopHul KpaceHby, ki 0yio 310paHo miciis qo3piBaHHs B OnechKin
obnacti. O6panuii copt Mae (pioaeTOBI IIOAH, IO XaPAKTEPU3YIOThCSI BUCOKUM BMICTOM
AHTOLIAHIB y eMiAepMici.

kipky OaxiakaHy 3aBTOBIIKH ONMM3bKO 1 MM 00EpeXHO BiMOKPEMITIOBAIN BiJ
M’SIKOTI 3a JOIOMOTIo0 ckajbnemo. OTpumany Oiomacy BHCYLIyBaJIM y CYIIMJIbHIN
macgi npu temneparypi 40 °C. Taknii magHuit pexuM Oya0 0OpaHo ATt MAKCUMATIBHOTO
30epekeHHs TepMOabiIbHUX CHOMYK (30KpeMa aHTOLIaHIB) Ta 3amo0iraHHs Mikpoobio-
JIOT1YHOMY IICYBaHHIO cHpoBHHU. [Iponec cymrinHs TpuBaB 24 TOAMHU 10 JOCATHEHHS
3a7MIIKoBoi BostorocTi 3%. Bucymeny cupoBuHY MoApiOHIOBANINM MEXaHIYHHUM CIOCO-
60M (HOXHUIIMN) 70 pakiii posmipoM 3—5 MM. OTpuMaHy CHpOBHHY 30epiraim y rep-
METHYHO 3aKpHUTIH CKIISHIM €MHOCTI B 3aXMINEHOMY BiJ CBITJIa Micli 3a TeMIeparypu
20+ 2 °C.

Excmpaxuyis anmouyianis

ExcTpakuito aHTOLIaHIB 3 MONIEPEAHBO MiATOTOBICHOI MIKIPKK OakIaXkaHy 311 CHIO-
BaJIM METOJIOM Mareparii. SIk ekctpareHT BukopuctoBysaiau 0,1 M po3umnH XJI0pUIHOT
KHCJIOTH y CTIBBiHOIIEHHI CUPOBUHHU JI0 ekcTpareHTy 1:10 (r:mu). Ilponec excrpary-
BaHHs TpUBaB NpoTAroM 24 roaux 3a temuneparypu 20 + 2 °C. OtpumaHuii €KCTpaKT
aHTOLIAHIB (iNBTPYBaIN KpPi3b (GiNBTPYBIBHUN Mamip («CHHS CMYKKa»), HICIS 4OTO
nearpudyrysanu npotaroM 10 xsuuH npu 5000 06/xB. OTprUMaHHii eKCTPAKT 30epira-
JIM y XOJIOAWIBHUKY 3a Temneparypu 4 °C.

Di3uKO-XIMIYHI apaMeTpu OTPUMAHOTO E€KCTPAKTy BH3HAYAIM 3a 3arajbHONPHH-
HATUMH METOIuKaMu [9]: BHUXiJ eKCTpaKTHUBHHX PEYOBHH (F£) BCTaHOBIIOBAIN I'PaBi-
METPHUYHUM METOAOM; TYCTHUHY (p) €KCTPAKTy 3HAXOMIIHN MIKHOMETPHYHUM METOIOM;
JUHAMIYHY B’SI3KICTH 1| €KCTPAKTy BH3HAYAIN BiCKO3UMETPUIHUM METOIOM; BMICT pO3-
YMHHHMX CyXMX PEYOBHH 3a WIKasoko bpikca (°B ) BCTaHOBIIOBAIM pepaKTOMETPUIHIM
MmetofoM. 3HaueHHs pH excrpakty BumipioBanu Ha pH-meTpi. CymMapHy KOHIICHTpaLlilo
anrouianis (C ) B €KCTPAKTI BU3HAYAIM CIIEKTPOPOTOMETpUIHUM MeTonoM [10] y me-
pepaxyHKy Ha Aeib(iHiANH-3-TITI0KO3HU .

B Tabn. 1 mpeacTtaBieHi eKCIEPUMEHTANBHO BU3HA4YEH] (Pi3MKO-XIMI4HI MapaMeTpu
eKCTpaKTy aHTOLlIaHIB OaKyIakaHa.
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Tabmus 1
®Dizuko-xiMiuHi NapaMeTpH eKCTPaKTy AHTOLIaHIB 0aKJIaKaHA
Table 1
Physicochemical parameters of eggplant anthocyanin extract
IMapametp 3unavyeHHst
E, % 7,6
p, Ko/m3 1065,9
n, mlla-c 1,345
°B, 16,2
pH 1,2
C,,s MI/T 100

Aocopoenm

Sk anacopOCHT BHKOPHUCTAHO BOJOKHHUCTHH CHIBHOKHCIOTHHH CyTb()OKATIOHIT
®IBAH K-1, cuHTe30BaHMH NUISXOM CYJIb(yBaHHS INEIUIEHOTO COMOJIMEPY CTHPOITY
Ta JIMBIHIIOCH30Jy Ha IMOJIMPOIIEHOBOMY BOJOKHI [8]. KaTioHIT XapaKkTepH3yeThbcs
MMOBHOIO CTATWUYHOK OOMIHHOIO €MHICTIO 3,0 MI-eKB/T 3 JiaMeTpoM BOJIOKOH 40 MKM,
poOouwii fiamazoH cranoButhk: pH 0—14, remneparypa 0—100 °C.

Aocopouiiini 0ocnioyicenHs

ANCOpOIIHHI TOCIIIKEHHS TPOBOMIIN B CTATHYHOMY pekuMi. EkcriepuMeHTH BU-
KOHYBaJIH IIpH BapiroBaHHI Takux mapametpis: pH 1,2-4,0; mogaTtkoBa KOHIIEHTpAIis
anTorianiB 20—100 mr/n; Maca ancopoenty 3—14 r/im; temneparypa 20—60 °C. ExcTpakt
aHTOIlIaHiB 00’ €eMOM 25 MJI 3MIIIyBaJIX 3 aJCOPOCHTOM, CyMIIll ITEPEeMIllyBaIk Ha ara-
pari st cTpymryBaHHs (dactota 150 kon/xB) mpotsiroM 60 XBWIMH (711 KIHETHYHUX
JOCITIKEHD TPOTSIroM 240 XBHITHH).

Benmuunny agcopOii (4) Ta cTyImiHb aJIcOpOIIHHOTO BUITYYEHHS (0.) aHTOIIaHIB pO3-
paxoBYBaIH 32 PiBHIHHIMU

A=—"—.V, (1)

Co-C

(1]

ne C — novaTkoBa KOHIIEHTpAIlisl aHTOLIaHiB B €KCTPaKTi, Mr/i1; C — KOHLEHTpallis
AHTOIIIaHIB B €KCTPAKTI MICIs ajcopOiii, Mr/ia; m — maca ajcopOeHTy, T; V' — 00’em
EKCTPAKTy aHTOI[IaHiB, MIL.

[ecopouyiiini oocnioyicenns

Jlyis BUBYEHHS JiecopOIlii aHTOIlIaHIB MONEPEHBO MPOBOJININ HACUYCHHS KaTiOHi-
Ty ®IBAH K-1 3a Takux yMOB: KOHIIEHTpAIlisl aHTOIaHiB B ekcTpakTi 100 mr/i, gac
ancop6mii 180 xB, Temneparypa 20 °C, maca ajacopbenty 14 r/n. Hacudenuii kaTioHiT
BIJIOKPEMITFOBAITH B1JT PiJIKOi (ha3u, peTeIbHO MPOMHUBAIIN TUCTHILOBAHOK BOJIOKO T BH-
cymryBamu ripu 30 °C 1o cranoi macu.
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JecopOiro npoBoauiu 3 HaBaxok karioHity (0,7 r) y 20 M exctparenty. Excrpa-
TeHTaMH CIIyTyBalla JUCTHIIbOBaHA Bona, 95%-i eTaHon i 95% eraHon 3 J0oIaBaHHIM
xnopunHoi kucnotH (1, 3 ta 5% 3a 06’emom). IIpomec Tpusas 180 xB mpu 20 °C Ta
IHTEHCUBHOCTI cTpyIryBaHHs 150 kon/XB.

Crymisb aecop6ii (S) anTorianiB 3 moBepxHi karionity PIBAH K1 po3paxoByBanu
3a PIBHSHHSIM
Cq-V

S= -100% 3)

Agm

ne C, — KOHLEHTPallisl aHTOLIaHiB Micys aecopOuii, Mr/i; V' — 00’e€M eKCTpareHry, J;
A_— rpanuyHa aacopOuis, MI/r; m — Maca agcopOeHTy, I.

Cmamucmuunuil anaiiz

VYci ekCiepuMEeHTH TIPOBOIMIIN Y TPHOX MOBTOPHOCTSIX, JIJIS MOJATBIITHX PO3PaXyH-
KiB BUKOPHCTOBYBaJIM CEpEHI 3HAYCHHS. BiAMOBIAHICTh SKCIIEPUMEHTAIBHHUX JIAHHX
MOJIEJIPHUM OIIHIOBAJIM 3a IOMOMOror Koedimientie aerepminamii (R?) Ta cepemnix
BimHOCHUX MOXHOOK (ARE). KoedimieHTHn merepMiHaliii po3paxoByBajH 3a JIOTIOMOTOI0
nporpamuoro 3abesneueHds Microsoft Excel. CepenHi BiTHOCHI TOXMOKH BU3HAYAIH 32
PIBHSHHIM

100 wy

A Lexe -4 farod
N i=1

A

ARE = 4)

iEKEN

ne A, . — 3HaYEHHs ancopOuii, po3paxoBaHi 3a JOMOMOIOK aJCOoPOIIHHOT MOMET;

— eKCIepUMEHTAJIbHI 3HAYCHHS aJICOpPOIIil; N — YHCIIO TOCTIIB.

iexcn

PE3YJbBTATH TA iX OBTOBOPEHHS

Dizuko-ximiuni 3aKkonomipnocmi adcopoyii anmouianie

Bnaue pH

Bennunna pH BrumBae Ha piBHOBary Mix pi3HUMH ()OpPMaMH aHTOIIAHIB Y BOJHUX
poszumHax [11]. 3a yMOBHM KHCJIOTO cepeoBHUIla TiepeBaxkae (apinieBa hopma aHTOIII-
aHiB ((aBijieBi KaTiOHHW), TOAI K TepexiJ A0 HEUTPaJbHOIO CEpeOBHUIIA CYNpPOBO-
JOKYETBCS JISTIPOTOHYBaHHIM (DIIaBLIIEBOTO KAaTIOHY 3 YTBOPEHHSM 0e30apBHOI MICEBJIO-
OCHOBH Ta (pi0JIeTOBOI XiHOIAHOT popMmu. B my>kHOMY cepemoBHII 301IBITY€THCS YaCTKa
X1HOIJTHOT OCHOBH, a B CHJIBHO JY)KHOMY CEPEIOBHILI PO3PUBAETHCS LUK MIPiito, 110
TIPU3BOIMTS JI0 IECTPYKIIIT aHTOIIaHIB. PO3yMiHHS WX 3MiH € BAXKJIUBUM JIJISl CBIZIOMOTO
KepyBaHHS aJCOPOLIIHHIM IPOIIECOM.

OTtpuMaHi pe3yibTaTy B AaHiil poOoTi cBiguarh (puc. la), 10 MakcuManbHE BUITY-
YeHHsI aHTOIIaHIB OakiiaxkaHa crioctepiraerbes 3a ymoB pH = 1,2-3,0, Toxi sk y mia-
na3oHi pH = 3,5-4,0 edhekTuBHICTh aaCcOPOLIHHOTO BHIIYYCHHS TIOMITHO 3HH)KYETHCS.
Bucoxuii cryninp agcopOuiitHoro BuityueHHs npu pH = 1,2-3,0 Mo)xHa TOSICHUTH THM,
0 B TAKWX yMOBaX aHTOIIAaHU y (GopMi (aBiieBUX KaTIOHIB 37aTHI e(h)eKTHBHO B3a-
€MOJIISITH 3 HETATUBHO 3apsa/pKCHUME cynbdorpymamu agcopoenty @IBAH K-1 3 yTBo-
pPEHHSM MILHUX WOHHHUX 3aB’s3kiB [12]. B poOorti [13] BcTaHOBNEHO, 110 B Aiana3oHi
pH = 1,0-3,0 HaiibibIIe aicopOLiliHe BUITYYCHHS aHTOIIaHIB OaKTa)kaHa 3 BOIHUX PO3-
YHMHIB Ha CHHTCTUYHOMY IIapyBaTOMy CHITiKaTi gopiBHioBaso 90,7% mpu pH = 1.
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Bnnue macu adocopbenmy
Jts onTuMizanii ajcopOIIHOTO BWITyYEHHS aHTOIIaHIB BaKITUBO 3’sICYBaTH, 5K
3MiHa MacH aJCOpOCHTY BIUIMBAE Ha CTYIIHb iXHBOTO BHIIy4YeHHs. BU3HaueHHs Takol
3aJIe)KHOCTI J03BOJISIE OOTPYHTOBAHO BU3HAYATH ONTHUMANIbHY KUIBKICTH aJlcCOPOCHTY Ta
YHHKATH HOr0 HaJMIPHOTO BUKOPHCTAHHSI, 110,
y CBOIO 4epry, CIpHUs€ po3poOIi EKOHOMIUYHO o, 60

paIioHATBHAX TEXHOJIOT1i, BaXKJIMBUX JIJIS TIPO- “
MHCJIOBOI ITPAKTHKHU. 40
Bceranosneno (puc. 16), 1mo 30iIbIICHHS
Macu ajcopbenty ®IBAH K-1 Bix 3 no 8 r/n 20
MIPU3BOMTS JIO 3pOCTAHHS CTYIICHS aJcopOIiii-
HOTO BWIJIYYCHHS aHTOINIaHIB OakiaxaHy 3 13 0 ; : !
1 2 3 4

10 42%, a Tpu TOJANBIIOMY 301IbIIICHHI MacH
ajcopOeHTy J1o 15 /i1 el moka3HUK 301IbIy-

eTbes 710 85%. Lle cBimUUTH TIPO Te, M0 3pOC- %% 100 ¢ o
TaHHS KUTBKOCTI aJCOpOEHTY 301UIbIIYyE HOTO 80
JIOCTYITHY TIOBEPXHIO 1 KUIBKICTh aKTHBHHUX 60
[IEHTPIB, HEOOXITHHUX JJIsi B3a€EMOJIIT 3 aHTOIIi-
aHaMH, [0 CIpHs€e OUTBI e()EKTHUBHOMY BHITY- 40
YEHHIO aHTOLIaHIB Ta HAOJIMKEHHIO CHUCTEMH 20
JIO PIBHOBRYKHOTO CTaHy aJICOPOIIii. 0 . . . .
VY po6Goti [7] mokazaHo, MO 30iTBIICHHS 3 6 9 12 15
macu aacopoenty ®IBAH K-1 Bix 8 no 20 1/n % e =, T
MPU3BOJAMTE JI0 TIABHINEHHS CTYIEHs aacopo- 80
IHHOTO BHJIYYCHHSI aHTOIlIaHIB YePBOHOT TPO- 6
staau 3 77 no 86%.
Bnaue nouamrosoi konyenmpayii anmouyi- 40
amie
Bu3HayeHHS 3aJI€KHOCTI MK TIOYATKOBOIO 20 - - . ;

40 60 80 100

KOHIICHTPAIIIE0 aHTOIIaHIB Ta CTYIICHEM iX aj- Co. st/

COpOLIHHOTO BUITyUEHHS JI03BOJISIE BCTAHOBUTH
ONTHUMAJIBbHI MTapaMeTpH Mporecy s 3abe3mne- Puc. 1. Brums pH (@), macu ®IBAH K-1 (6)

YCHHS MAKCUMAJILHOTO BUXO/Y IIIBOBOTO MPO- i MOYaTKOBOI KOHUECHTpALii aHTOLIaHiB (6)
nykty. Ile cTBOproe MiArpyHTS IS CB1JIOMOTO Ha CTyTIiHb aﬂfJOp@HiﬁHOFO BHIIyICHHSA
KepyBaHHS aJCOPOLIHHIM IIPOLIECOM. aHTONiaHiB bataxkata

3 puc. 16 BHUAHO, MO CIOCTEPIra€ThCs Fig. 1. Influence of pH (a), mass of
3BOPOTHA 3aJIS)KHICTh MIDK TMOYATKOBOK KOH- FIBAN K-1 (6) and initial concentration
LEHTpaLiclo aHToliaHiB OakinaxkaHa Ta edex- of anthocyanins (s) on the adsorption
TUBHICTIO 1X aJCOPOIIHOIO BHJIYUYCHHS: IPH efficiency of eggplant anthocyanins

3pocTanHi KoHneHTpaii 3 40 1o 100 mr/n cty-

iHb aICOPOIIIHOTO BUITyUeHHS 3MEHINY€eThCs 3 76 10 36%. Taka 3aKOHOMIPHICTB I10-
SICHIOEThCSI 00OMexkeHO0 eMHicTIO ancopoenty PIBAH K-1. 3a Bucokoi KOHIIEHTpaIii
KaTIOHIB (pJIABLTIFO B PO3YHMHI BiZ0OYBAEThCS INBUKE HACHYCHHS aKTHMBHHUX IICHTPIB I10-
BEpXHI aJcOPOCHTY, BHACIIIOK YOr0 3HAUYHA YaCTHHA KAaTiOHIB 3aJMINAETHCS Y PiIKiH
(a3i, mo ¥ 3yMOBIIOE 3HIDKCHHS CTYIICHS aJICOPOLIIITHOTO BUITyYCHHSI.
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Kinemuxa aocopoyii anmouyianie

BuBYEHHST KIHETHKH a7copOIlii € BXKJIMBUM €TArloM MPH po3poO0Ili TEXHOJIOTIH BH-
JIyYeHHSI aHTOI[1aHiB, OCKUIBKH JI03BOJISIE€ BCTAHOBUTH MiHIMAJIbHO HEOOX1THHUI Yac KOH-
TakTy (a3 sl TOCATHEHH IMeBHOI KOHIICHTPAIIl aHTOIIaHiB, BU3HAYHTH PiBHOBAKHUIM
gac, a TAKOXK 3a0e3MEeYNTH KIJIbKICHY OLIHKY IIBUIKOCTI aJCcOPOIIIHOTO Mporecy.

AHali3 KiHSeTHYHHX 3aJISKHOCTEH (pUC. 2) CBIAUUTH MPO CTAMIMHUA XapakTep ai-
copOii aHToIiaHIB OaknaxaHna Ha karioHiti ®IBAH K-1. IIpotsrom moyarkoBoro iH-
tepBany (60 XBHINH) (DIKCYEThCS BUCOKA MIBUAKICTH MACOIEPEHOCY, KA 3HUKYEThCS
IPOTSATOM HAacTymHHX 60 XBHJIMH y Mipy 3allOBHEHHS aKTUBHHX IICHTPIB aJICOPOCHTY,
nocsiratoud piBHOBary uepes 180 xpminH. BeraHOBIIEHO, 110 3MiHa TeMITepaTypH y nia-
na3oHi 293-333 K He npU3BOANTH 10 3MILICHHS PIBHOBAXKHOTO Yacy. 3a CBOIMH Xapak-
TEPUCTHKAMH LIEH MPOIIeC BiIOBIIa€ TaK 3BaHOMY «IIPOMIDKHOMY THITY» aIcopOIii, ne
TIOBHE HACHYCHHS IIOBEPXHI aJICOPOCHTY CIIoCTepiraeThes Bia 2 10 3 roauH [6].

A wart 40

30

20

10

U L. 1 1 1 1 i
0 50 100 150 200 250
t. XB

Puc. 2. Kinetnuni kpusi agcopOuii aHToIiaHIB OakIaaHa MPH Pi3HUX TeMIepaTypax:
1—293,2—313,3 —333K

Fig. 2. Kinetic adsorption curves of eggplant anthocyanins at different temperatures:
1—293,2—313,3—333K

3 puc. 2 BuAHO, IO MiABHINEHHS Temmeparypu 3 293 mo 333 K mpusBomuTh a0
3pocTaHHs piBHOBaxHOI aacopOiii 3 30 mo 33 mr/r. Take 30inbiIeHHS ancopOuii mpu
301IBIICHH] TEMIIEpaTypHy BKa3ye Ha CHIOTCPMIUHHIN XapakTep MpoIiecy, o Moxe OyTH
MOB’5I3aHO 31 30UIBIICHHSIM PYXJIMBOCTI KaTioHIB (pIaBiiio Ta HOCTYHMHOCTI (pyHKIIiO-
HAJIBHUX CyNb(OrpyTl KaTiOHITY.

s anamizy oTpUMaHMX KiHeTHMYHHX KPHBHX aacopOriii aHToIiaHiB OakimaxaHa Ha
®IBAH K-1 3acTocoBano mMareMaTHYHUMN armapaTr Mojesied TICEBAOINEPIIOro 1 Mmceso-
JPYTOTO HMOPSAKY, a TAKOXK 30BHIMIHBOT Ta BHYTPiMIHBOI Audys3ii (Tadm. 2).
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Tabnuis 2
KoHcTaHTH B KiHETHYHHX MoJeJISX aacopouil
Table 2
Constants in Kinetic adsorption models
Monens Tapamerp 293K 3Hsal;e1lzﬂﬂ 333K
Excnepumenmanvhi 0ani Ap, MIT 30 32 33
P , XB 180 180 180
Mooenv ncesdonepuiozo Ay, g/IF/I‘ : 25.1 16,4 11,6
nOPAOKY k;-107, xB~ 1,53 1,48 1,87
ln(Ap o A) — Inﬂp o .Irt'lf AREZ, % 28,3 62,3 74,1
R 0,9641 | 0,9155 | 0,8855
Moodenv ncesdodpyzozo Ap, Mr/T 35,3 34,8 342
nOPAOKY k»10°, r/(mr-x) | 0,68 | 140 | 321
£ 1 +it ARE, % 4.6 4.5 2,1
A kpap Ap R’ 0,9929 | 0,9975 | 0,9996
102 1
Moodenv 306HiWHbOT Qughy3ii K s00 107, xB 1,7 2,1 2,7
0
In(1— Ai) = ko ARE, % 9,6 11,6 11,9
P R’ 0,9881 | 0,9561 | 0,9371
72
Mooenv enympiunvoi ougysii kg.pg, (Mr/(r-xB 7)) | 1,72 1,41 0,92
Bebepa-Moppuca 1, Mmr/t 5,6 12,9 20,7
A=k i+l ARE, % 49 10,2 6,3
= Kp-m"1* R 0,9640 | 0,7986 | 0,7303
B tabm.: A}) — PiBHOBaXHa ancopOuis, MI/r; k, i k, — KOHCTaHTH IBUAKOCTI aCOPOLT I TICEB-
JIOTIEPIIIOTO Ta MCEBIOAPYTOro MOPSIKY, XB™ ' 1 I/(Mr*XB), BiIIIOBIIHO; kwm— KOHCTAHTA IIBUIKOCTI
30BHIIIHBOT Au(y3ii, XB™'; kBM— KOHCTaHTAa MIBUJIKOCTI BHYTPIIIHBOT TUdy3ii B Moaerni Bebepa-Mop-

puca, mMr/(r-xs'?); I — koHcranTa B Mojiesi BeGepa-Moppuca, sika XapakTepH3ye TOBLUIUHY TIPUKOP-
JIOHHOTO IIapy, MI/T.

AHaJi3 eKCIIepUMEHTAIbHUX KIHETHYHUX KPUBUX aJICOpOIIii aHTOIIaHIB OaKaxaHa
Ha katioHiTi ®IBAH K-1 (prc.2) 3a 10moMoror KiHeTHYHUX MOJIENICH TICEBIOTIEePIIIOTO
1 MICEBAOAPYTOTo MOPSAKIB MoKa3aB (Tabi. 2), 110 3aCTOCYBaHHS PIBHAHHS MCEBAOMEP-
IIOTO TOPSIAKY Ma€ HU3bKY KOPEIISAINIO 3 EKCIIEPUMEHTAIBHUMH JaHUMH, OCOOJIHBO TIPH
BUCOKUX Temrieparypax (R?3umkyersest 10 0,8855 npu 333 K), po3paxoBani TeopeTd-
Hi 3HAYEHHS PIBHOBAXKHOT a/1cOPOIIii 3HAYHO BIIPI3HSIIOTHCS BiJ] EKCIIEPUMEHTAIILHUX, a
cepeani BimHOCHI ToXxuOKK (ARE) MaroTh BUCOKi 3HaueHHS. [le MOXXHA TOSCHUTH THM,
mo ajcopOuis anToniaHiB Oaxnmaxkana Ha GIBAH K-1 He KOHTPOIIOETHCS BUKIFOUHO
mudysiero. 3 Tabi. 2 BUAHO, 1110 EKCIIEPUMEHTAIbHI KIHETUYHI KPUB1 JOOpE OMHUCYIOThCA
PIBHSHHSIM TICEBIOIPYTOTO MOPSIIKY, PO IO CBiTYaTh: BUCOKI 3HAYCHHS KOC(IIIEHTIB
nerepminarii (R? > 0,99) mis BChbOro JOCHTIHKYBAHOTO Jialla30Hy TEMIIepaTyp; BHCOKA
301KHICTh PO3paxOBaHUX 3HAYEHb PIBHOBAXKHOI afcOpOLii 3 eKCIIEPUMEHTAIbHO OTPH-
MaHUMH BEJTMYWHAMMU;, MiHIMaJIbHI 3HAYCHHS CEPEIHBOT BIIHOCHOI MOXHUOKH arpOKCH-
Martii (ARE < 5%).
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VY po6ori [13] 3a3HaueHO, MO BIAMOBIAHICTE €KCIIEPHUMEHTAJIBHHUX TaHHX MOJIC-
i TICEBIOJIPYTOTO MOPSJIKY JO3BOJISE NMPUITYCTUTH, IO MBUIKICTh aJCOPOIT JTiMITY-
€THCSI CTAJIEI0 XeMOCOpOIIil 1 mepeadavyae yTBOPEHHS MIIIHUX 3B’SI3KIB Ha TOBEPXHIi
azcopOeHTy. B naniii poOOTI BCTAHOBJICHO, MO PO3PAaxOBaHI KOHCTAHTH IIBUIKOCTI
MICEBIOAPYTOTO MOPSAKY 3pOCTAIOTh 3i 30imbineHusM temmeparypu (Big 0,68-107° no
3,21-10° r/(Mr-xB), M0 MiATBEPIKY€E aKTHBAIIHNAN XapakTep aacopOIiiiHOT B3aEMO-
nii. Po3paxyHok eHeprii akTuBalii ancopOiii aHToIiaHiB OakiakaHa 3a 3HAYCHHIMH
KOHCTaHTH NIBUJIKOCTI TICEBIOIPYTOTO MOPSAKY MOKa3aB, 1110 BOHA gopiBHIOE 31,3 xJx/
MOJb. X0ua KiHETHKA OMHICY€ETHCSI MOJIEIIIIO TICEBIOAPYTOTO MOPSAKY, BiTHOCHO HEBH-
COKE 3HAYCHHS €Heprii akTHBallii BKa3ye Ha Te, N0 MpoIlec, KMOBIPHO, € HOHHIUM 00Mi-
HOM. e ¢i3uko-xiMiYHHI TIpoIIeC, SIKAN IMiIMTOPSIKOBYETHCS CTEXIOMETPUYHHUM 3aKO-
HaMm, 100pe OMUCYETHCSI MOJICILTIO TICEBIOPYTOTO MOPSJIKY 1 Mae CHEpreTU4Hi 0ap’epu
B miana3oHi 20—40 k/[/Mob.

Jlis 3’sicyBaHHST MEXaHI3My aJIcopOIlii JOIUIBHAM € 3ally4eHHsT MOJIeIIeH, 10 OITH-
CYIOTh K 30BHIIIHIO, TAaK 1 BHYTPIIIHIO TUQY3it0. AHATI3 EKCIICPUMEHTAIBHUX KiHEe-
THUYHHUX KPHBHX aJICOPOIIT aHTOIIaHIB OakiakaHa TmokaszaB (Tadi. 2), mo IS MOIei
30BHINTHBOT JUQPY3ii XapaKTepHi BUII KOS(IIIEHTH JTIHIHHOT KOPEISAIIiT, IKi 3MIHIOIOThCS
B Mekax 0,93—0,98. Pa3om i3 TUM, OLIBII TOYHHIA OITHAC €KCIIEPUMEHTAIBHUX JaHHX, 110
MiATBEPKYETHCSI MEHIIIMMHA CEPEIHIMH BITHOCHAUMH TIOXHOKaMH, 3a0e3Ieuye MoJelb
BHYTpINIHBO1 udy3ii Bebepa-Moppuca. Y Mexax Ii€i Mojeli BCTAHOBIICHO, IO 3HA-
YeHHsI KoedilieHTa /, OB’ I3aHOTO 3 TOBIIWHOKO ITIBOK Ha M1 KOHTAKTy MiX eKCTpa-
KTOM aHTOIIIaHIB 1 IOBEPXHEIO aJICOPOCHTY, BKa3yIOTh Ha OJHOYACHHIA KOHTPOJIb TIPOIIe-
Cy SIK BHYTPIITHBOIO, TaK 1 30BHINIHBOIO AUQYy3iero. Lle mo3Bosie BiHECTH aacopOIiito
aHToIliaHiB OaknaxaHa Ha katioHiTi ®IBAH K-1 mo mporecis 3minrano-audy3iiHoro
Tumy [14].

Jecopouitini 0ocnioicennsn

Pesynprati necopOiHHUX JOCTIKEHb MPOJAEMOHCTPYBAIH CYTTEBY 3aJIC)KHICTD
e(heKTUBHOCTI BHJIYYCHHS aHTOIIAHIB Oakyia)kaHa BiJl IPUPOAU eKCTpareHty (puc. 3).
Bceranosneno, mo 95%-it po3unH eranony 3 qoaaBaHHSIM 5% XJIOPUAHOI KHCIOTH (32
00’eMoM) 3a0e3redye MaKCHMaJIBHUH CTYIIHbB JIecOpOIIil aHTOIlIaHiB 3 TOBEPXHI KaTio-
HiTy ®IBAH K-1, o cranoButhk Onm3bko 75%. BojgHovac MUCTHIILOBaHA BOJIA HE Je-
copOye aHTOIIaH! OaKyia)kaHa 3 TOBEPXHi KaTiOHITY, a 95%-it eraHo 3a0e3euye BUXin
mumie Ha 6%, 0 CBITYUTE PO Hee(DEeKTHBHICTH 000X EKCTPAreHTIB Y IIbOMY ITPOIIECi.

Y po6orti [15] po3misiHyTO TIpoIiec JiecopOIIii aHTOIIaHIB JyKaMOOJIaHy 3 MTOBEPXHI
JIATIOHITY 1 BCTAHOBJICHO, IO TIPH BUKOPUCTaHHI 70%-T0 PO3UNHY €TaHOITY, SKHI MiCTHB
1% xmopunHOi KHCIOTH (32 00’€MOM), CTYIIiHB AecopOuii ctanoBuB 48%. 3 puc. 3 BH-
JHO, O 95%-#1 po3unH eTaHONy 3 AoAaBaHHIM 1% XJIOpUAHOI KHCIOTH (32 00’ €MOM)
no3BoIsie aecopOyBaTu 68% aHToImiaHIB OakmaxaHa 3 moBepxHi katioHity ®IBAH K-1.

OTpuMaHi pe3yJIbTaTH MOSCHIOITHCS THM, 110 KaTioHiT ®IBAH K-1 mictuts (QyHK-
IIOHATBHI CYyIb(GOrpyIH, 3IaTHI IO MIIHOT B3aeMOAil 3 (DIaBUTIEBUMH KaTiOHAMHU.
JucTinpoBaHa Bojia He 3aTHA 3pYHHYBATH 111 3B’ SI3KU Yepe3 BUCOKY MOJISIPHICTH Ta Bif-
CYTHICTh KOMIIOHEHTIB, III0 MOIJIM O KOHKYpPYBaTH 3 aHTOI[laHAMHU 33 aKTHBHI LIEHTPU
agcopOenTty. HaroMicTh came BUKOPUCTAHHS ITiJKUCICHOTO €TAaHOIy 3HAYHO ITOJICTITY€E
JTUQyY31F0 aHTOIIAHIB Y MTPUITOBEPXHEBOMY IIIapi, MPUCYTHICTh KUCIIOTH CIPHUSIE JIecopO-
11T BHACIIIZIOK 3MIHHU 3apsIOBOTO CTaHy CUCTEMHU.
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Puc. 3. Brumus npupoan eKcTpareHTy Ha CTYIiHb JecopOii aHToIiaHiB
Oaknakana 3 moBepxHi ®IBAH K-1

Fig. 3. Influence of extractant nature on the desorption efficiency
of eggplant anthocyanins from the surface of FIBAN K-1

BUCHOBKHA

1. JocnimkeHo (i3HKo-XiMiuHI 3aKOHOMIPHOCTI aJCOPOIIIHHOTO BUITYYEHHS aHTOIIi-
aHiB OakJakaHa TEMHOIUIOMHOTO copTy «HOpHHUI KpaceHby Ha BOJIOKHUCTOMY KaTIOHITI
®IBAH K-1 i BcraHOBIIeHO, 10 agcopOiist HaiOibim eektuBHa ipu pH = 1,2-3,0, Bu-
Tparti aficopOeHTy 15 1/11, MoYaTKOBii KOHIIEHTpAIIil aHTOIlIaHIB B eKcTpakTi 20—40 Mr/i.

2. IIpoBeieHO MOJIETIIOBaHHS KIHETHKH aJICOPOIIHHOTO MPOIIECY 1 TOKa3aHo, IO eKC-
MEPUMEHTAIEHO OTPUMaHI KIHETHYHI KpUBI aJIcopOIIii aHTOIlIaHIB OaKiTa)kaHa Ha KaTi-
oniti ®IBAH K-1 Halikparie onucyroThCsl KIHSTHYHOI MOJICIIIIO TICEBIOJPYroro Io-
PAAKY.

3. BuznaueHo, mo npu 3actocyBaHHi 95% eraHOy B MPUCYTHOCTI 5% XJIOpHIHOT
KHCIIOTH (32 00’€MOM) CTYIIHB JecopOIlii aHToliaHiB OakinaxkaHa Ha katioHiTi ®IBAH
K-1 nopisHtoe 75%.
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ADSORPTIONE REMOVAL OF SOLANUM MELONGENA ANTHOCYANINS
ON FIBROUS CATION EXCHANGER FIBAN K-1

The powerful antioxidant, anti-inflammatory, and pharmacological properties of anthocyanins
have fueled their demand across the food, cosmetic, and pharmaceutical industries. This
growing demand necessitates the implementation of environmentally safe production
methods that ensure high product yields without the use of toxic reagents. Consequently,
a priority task is the development of efficient technologies for extracting compounds from
cheap secondary raw materials, thereby contributing to rational resource utilization. In this
regard, the peel of dark-fruited eggplants emerges as a particularly valuable raw material due
to its high concentration of stable delphinidin derivatives and widespread availability as an
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agro-industrial by-product. However, despite the high adsorption rates typically associated
with fibrous materials, the specific kinetic and equilibrium characteristics of isolating these
anthocyanins using the cation exchanger FIBAN K-1 have remained unexplored until now.
In this study, anthocyanins were extracted from the dried skin (313 K, particle size 3—5 mm)
of the eggplant variety “Black Beauty” using 0.1 M hydrochloric acid to ensure stability. The
research evaluated the effects of key operating parameters, including pH (1.2—4.0), adsorbent
dosage (3—15 g/L), initial concentration of anthocyanins (20—-100 mg/L), contact time (15-240
min), and temperature (293-333 K), on adsorption efficiency. Kinetic analysis revealed that
the process, driven by an ion-exchange mechanism, is best described by the pseudo-second
order model. Most importantly, the pseudo-second order rate constants were found to increase
with rising temperature, confirming the activated nature of the adsorption interaction. The
activation energy of 31.3 kJ/mol, calculated from these constants, indicates a relatively low
energy barrier for adsorption. Furthermore, desorption experiments demonstrated that distilled
water failed to elute the anthocyanins, whereas a solution of 95% ethanol with the addition
of 5% hydrochloric acid achieved a maximum recovery rate of 75%. Ethanol promotes the
diffusion of anthocyanin molecules within the near-surface layer, while the acidic component
facilitates desorption by altering the charge state of the system. These results highlight the
potential of FIBAN K-1 as a cost-effective and sustainable material for the industrial isolation
of eggplant anthocyanins.

Keywords: anthocyanins, eggplant skin, FIBAN K-1, adsorption
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HU3BKOTEMIIEPATYPHA AHAJIITUYHA MILHEJISAPHA
EKCTPAKIIA. IOBIAOMJIEHHSA 3: KHCJIOTHO-OCHOBHI
BJACTUBOCTI OCHOBHHUX IHIIIATOPIB

Y OPTAHI3OBAHUX CEPEJJOBHUIIIAX

VY naHiit poboTi MeTomamu CreKTpo(pOTOMETpii Ta MOTEHIiOMeTpii BU3HAYEHI KOHCTaH-
tn ioHizamii (pKa) 4-meroxcumaninminy (m-aHi3uauny), 4-OpomaHiNiHY, 4-MeTHIAHUIIHY
(n-tomyinuny) ta N,N-gudeHinryaniguHy y BOJHHX pPO3YMHAX Ta OPraHi30BaHHUX cepe-
JIOBUII[AX HAa OCHOBI HEHOHOTEHHOI IOBEPXHEBO-aKTUBHOI pedoBHHH Tputony X-100
IIpU BapiloBaHHI BMICTy OCTaHHBOI B XiMiuHill cuctemi. BeranoBieno, mo Ha Xxapaxrep i
CTYHiHb 3MiH KHCJIOTHO-OCHOBHHUX BJIACTMBOCTEH MOCTIKYBAaHMX CIIONYK iCTOTHO BILIMBA-
I0Th iX XiMiuHa nmpupoza ta (i3uKo-XiMiUHI XapaKTEePUCTUKU CEpeOBHIIA. 3alPOIIOHOBAHO
KpHTepii IiJecnpsMOBaHOTO BHOOPY IHIIIATOPIB MINEJISIPHOT eKCTpaKIii, ski 3a0e31euyoTh
MOXITUBICTB 3/1IICHIOBATH aHAJTITUYHE KOHLEHTPYBAHHS 38 KIMHATHOI TEMIEPaTypH.

Korouosi cioBa: MinenspHa eKCTpakmisi, 1HIIIATOPH, apOMaTUYHI aMiHHM, ITOTEHIIOMETPis,
CHeKTpo(OTOMETPisl, KOHCTAHTHU 10HI3alii.

3 oAy Ha METY Ta KOHLEIIIIO 3€JIeHO] aHaMITUYHOI XiMii [1] po3BUTOK METOiB
CKCTPAKLIHHOTO KOHLICHTPYBaHHS HEPO3PHBHO MOB’A3aHUH 13 MOIIYKOM HOBUX EKCTPa-
TeHTIB Ta Ha MiHiaTIOpU3aIlil caMoro mporecy KoHueHTpyBaHHs [3—7]. Takum BuMoram
BiJIIIOBIIAaIOTh CHCTEMH, B SIKHX BHKOPHCTOBYIOTHCS CYIPaMOJCKYISPHI PO3YMHHUKH.
B misomMy, 10 TakuX MOXKHA BIIHECTH 1 MINENsApHI a3y MOBEPXHEBO-aKTHBHUX PEUO-
BuH (ITAP), siKi BUKOPHCTOBYIOTBCS Y MILICISIPHIN eKcTpakiiii. B Takux cuctemax pos-
mapoByBaHHA (a3 CIIOCTEPIraeThCsl HE TUIbKM 32 MEBHUX KOHICHTPALIMHUX YMOB, a i
BHACIIIOK TEeMIIEPaTypHOro, MiKpOXBUJIBOBOTO, YIBTPA3BYKOBOTO, PEAKI[iIfHOrO iHIIi-
FOBaHHS 200 iX xoMOiHamii. [1i KIIaCHYHO MINEIAPHOI0 EKCTPAKINER, K MPAaBHIIO,
PO3YMIIOTh EKCTPAKIIiFO 3 BOJJHOTO PO3YHMHY HeiloHOreHHOT [TAP B MiniessipHo-30araueHy
¢a3zy I1AP, sxa yTBOPIOETHCS TIPU HATPiBaHHI CHCTEMH BHILEC TEMIIEPAaTypH MOMYTHIH-
Hs [5, 6]. BukopucTaHHs MIlEISIPHOT EKCTPAKIIIT TO3BOJISIE HE TUTHKHM MiHIaTIOPH3yBaTH
MPOLEC, 3MEHIIUTH BUTPATH PO3YMHHUKIB 1 pEareHTiB, a i MiJBUIIUTH €(PEKTHUBHICTD
KOHIIEHTPYBAHHS LIJIbOBUX aHAJITIB. O4eBUIHO, 10 HAIPIBaHHS aHATI30BAHUX PO3YH-
HiB, 3a3Buyail 10 60-90 °C nna iHinitoBaHHS (ha30yTBOPEHHS, CYTTEBO OOMEXKY€E BH-
KOPUCTAHHS MIIEISPHOI eKCTPAaKIIii, 30KpeMa 1O BIJHOUICHHIO JIO KOHIICHTPYBAaHHS
TEPMIYHO HECTIMKHMX aHaTiTiB. Ha chorogni BijiomMi pi3Hi MiAXOAM O iHTEHCU(IKAIT
(ha30yTBOPEHHS JII€I0 YIBTPA3BYKOBOTO [8] UM MIKPOXBHIILOBOTO ONPOMiHEHHS [9], BH-
comoBaHHAM [10] abo ix moegHaHHSIM. 3a3HAYUMO, L0 MPHUKIAIA BUKOPUCTAHHS Xi-
MIYHOTO 1HILIFOBaHHs MileNspHOT ekcTpakiii € moonuHokumu [11-13]. B monepenniii
po6ori [14] HaMu 1eTanbHO JTOCHTIIKEHO KUCIOTHO-OCHOBHI BIIACTUBOCTI Ta OOIPYHTO-
BaHI MOXKJIMBOCTI aHAJITHYHOTO BUKOPUCTAHHS COJICH apOMaTHYHUX KapOOHOBUX KHC-
JIOT — 1HIIIATOPIB MILIEISIPHOT EKCTPaKITii.
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Jana po0oTa € MpOJOBKEHHSIM HAIINX JAOCIIIKEHb, METOK SIKOI € MOLIYK HOBHX
1HIIIaTOPIB MINETSIPHOT EKCTPAKIlii HA OCHOBI COJICH apOMaTHYHUX aMiHiB JIJISl PO3IIH-
peHHst pobounx iHTepBaniB pH BUKOpUCTaHHS, BUBUCHHS 1X KUCIIOTHO-OCHOBHHUX BJIAC-
THBOCTEH METOJ]aMH IMOTEHIIIOMETPIii Ta CIIeKTPOPOTOMETPI.

MATEPIAJIN TA METOJAU JOCJIAXKEHHSA

Jocnimpkysani comi (TiApOXIOpUIN) apOMAaTUIHUX aMiHIB OIEPKYBaJIU IIUIIXOM B3a-
€MOoii eKBIBAJIEHTHHUX KITBKOCTEH XJIOPUAHOT KUCIOTH Ta BiAMOBIIHOTO aMiHy Ta J0/1aT-
KOBO OYHIIYBAJIM TepeKpHucTanizamieo. [loTeHnioMeTpudHi BUMIpIOBaHHSI BUKOHYBAIN
13 Bukopuctanusam pH-metpy pH-150 3i ckistHum komOiHOBaHNM enekTpogoM DCK-106-
03. CnextpohoToMETpUYIHI BUMIPIOBAHHS BUKOHYBAJIH i3 BUKOPHCTAHHSAM CHEKTPO(hO-
tometpy Ultrospec 3100 pro (Amersham Biosciences, CIIIA). MeTonuku npoBeaeHHS
JIOCITI/PKEHb Ta MiJXOAM 10 BU3HAYeHHs Benn4uH pK JeranbHO omucaHi B podoTax [14,
15]. Konnenrpauito Tpurony X-100 BapiroBanu B iHTepBani 0—-10 06%. BusHaueHHs
TEMIIepaTypu MOMYTHIHHS BOTHUX po3unHiB Tputony X-100 B mpuCyTHOCTI IpH Bapiro-
BaHHI BMICTY JOCIIiI)KyBaHUX iHIIIaTOPiB MPOBOAMIN SIK OMHCAHO Y poOoTi [16].

PE3YJBTATHU TA iX OBTOBOPEHHS

Iumencugirxayis ymeopenns miyensiproi ¢paszu 3a KimHamnoi memnepamypu

OaHuM 13 NUIAXIB iHTEHCH(IKAIlli MIlleTIpHOT eKCTPAKIli € MOIIyK HOBUX iHiIlia-
TOpiB (Pa30yTBOPECHHS Ta OOIPYHTYBaHHS KPUTEPIiB X BUOOpPY 1 MexaHizmy nii. Hamu
BHMBYEHO JIil0 sy OPraHiYHUX CHOJNYK Ha TEMIEPaTypy NOMYyTHiHHA (f ) pO34MHIB
Tpurony X-100. Y monepenHiii podoti [14] Oya0 BCTaHOBIEHO, IO BBEICHHS B J10-
CIIJKYBaHI CHCTEMHU OPraHIYHUX PEYOBUH, 30KpeMa, KapOOHOBUX KHCIOT i IX coiel
CIpUsIE 3HIKCHHIO TEMITEPaTypH NOMYTHIHHS po3unHy TputoHy X-100, a HallOimbII
ICTOTHHH BILUTMB MarOTh O€H30MHA ¥ caiuiIoBa KUCIOTH Ta ixHi coii. Hamu BcTaHOB-
JICHO, IO BBEACHHS 4-METOKCHAHUTIHY (II-aHI3UIUHY ), 4-XJIOpaHiliHy, 4-0pOMaH1TiHY,
4-metwinanininy (I-tonyinuny), nudpeninaminy tTa N,N-gudeHinryanignay, a Takox i
iX TiApOXJIOPUAIB 3HMXKYE TeMIlepaTypy MOMYTHiHHS po3uuHiB Tputony X-100, mio
MOYKe OyTH OCHOBOIO TSI BUKOPUCTAHHS IIUX CIIONYK B SIKOCTI 1HILIaTOPiB MillEISIPHOT
eKCTPAKITii.

®Da30yTBOPEHHs B MILIEJISPHIN ekcTpakuii BiIOyBaeTbes MPH MiABUILEHH] TeMIepa-
TYpH 3a paXyHOK PYHHYBaHHSI BOIHEBHUX 3B’SI3KiB MK MOJICKYJIAMH BOIH Ta aTOMaMHU
OKCHUTEHY MOJIeKy HelioHoreHHUX [TAP, 110 mpu3BoauTh 10 1X Aeriaparariii Ta pi3Koro
3MEHILICHHS PO3YHHHOCTI [7, 14, 16]. B nanomy Bunanky ¢pa3oyTBOPECHHs, aHAJIOT19HO
JI0 JTii KUCIIOTHHUX iHiIiaTopiB [14], mocsAraeThesi BBEACHHIM 3HAUHOT KIJIBKOCTI apoma-
TUYHOTO aMiHy, SIKAIl YTBOPIOETHCS B PE3YIIBTATI peakilii MiXK HOTO CIJUTIO Ta CHIIBHUM
JIYTOM, a yTBOpeHM Oy(hepHUil pO3YHH JTOJATKOBO CIPUSE MIATPUMII ONTHMAIHHOTO
pH yTBOpeHHs aHANITHIHOT (HOPMH.

[Ipencrasise iHTEpec MOMIYK IHIINX 1HINIATOPIB MINEISIPHOI EKCTPAKIII Ta TOCITi-
JOKEHHSI X KHCJIOTHO-OCHOBHUX BJIACTUBOCTEH B OPraHi30BaHHUX CEPEIOBHINAX. YBaru
3aCIIyTOBYIOTH COJIi apOMAaTHYHHX aMiHIB Ta CIOPiITHCHUX CHONYK: 4-METOKCHAHIIIHY
(m-aHi3uauny), 4-XJI0paHininy, 4-0poMaHiTiHy, 4-MEeTHIAHUTIHY (TI-TONYiquHY), TUde-
Hizaminy Ta N,N-audeHiaryadiinay, Tomio.
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Kucromno-ocnosni enacmugsocmi iniyiamopie ymeopenHs mMiyenapuoi asu

BuBYEHO 3aJIEKHOCTI KUCIIOTHO-OCHOBHUX BJIACTUBOCTEN HAESIKUX HOBMX IHILIATO-
PiB MINEJIAPHOT eKCTpaKIlii, a camMme 4-METOKCHaHUTIHY (MT-aHI3uIuHY), 4-OpoMaHiITiHY,
4-metnnanininy (n-tonyinuay) ta N,N-nudeninryaniquay Bin Bmicty Tpurony X-100
y cuctemi. OCKUTBKH T MILEISIPHOI €KCTPAKINi 3aCTOCOBYIOTH PO3UMHU TpHUTOHY
X-100 B sIkuX KOHIIEHTpAaIlis HeloHOTeHHOT [IAP niepeBHIye KpUTUIHY KOHIICHTPAIIO
MIIIEJIOYTBOPEHHSI, KHCJIOTHO-OCHOBHI BIIACTHBOCTI apOMaTHYHUX KapOOHOBUX KHCIIOT
nociimkyBany npu BMicti HeionoreHHO1 [TIAP 0-10 06%. 306inpImeHHs BMiCTy Helo-
HoreHHoi [TAP mnpu3BoauTh 10 MOCIa0IeHHS OCHOBHHMX BJIACTHBOCTEH JOCIIIKEHUX
CTHONYK. BiAmoBigHI KOHCTAHTH 10HI3aIll JOCTIIKYBAaHUX CIIOJYK B OpraHI30BaHHX
pO3YMHAX y3araJlbHEHO B Ta0muii 1.

3 HaBeJIeHHX B TAONUIN | JaHUX BUJIHO, IO BU3HAUCHHI HaMu BenmdynHH pKa iHi-
iaTOPiB MIIENSIPHOT eKCTPaKIlii 3aKOHOMIPHO 3MEHIIYIOThCS 31 301JbIICHHSM BMICTY
(06%) Tpurony X-100 Ta mo3BONS€ CTBEpPIKYyBaTH, IO HA XapakTep i CTYMiHb 3MiH
KHCIIOTHO-OCHOBHUX BIIACTHBOCTEN TOCIIIPKYBAaHUX CIIOJTYK BIUIMBAIOTH, SIK iX XiMiuHa
MPUPOJIA, TAK 1 (PI3UKO-XIMIUHI XapaKTEPUCTHKHU CEPEIOBHUIIIA.

Taoymus 1
KouncTanTu ioHizauii neskux apoMaTHYHUX aMiHiB Y BOTHHUX
Ta Mineasipuux po3unHax Tputony X-100 (n =5; P =0,95)
Table 1
Ionization constants of some aromatic amines in aqueous
and Triton X-100 micellar solutions (n = 5; P = 0.95)
Corxron Yo 4-MeTOKCHAHITIH 4-MeTHIAHITIH 4-0pomaHiJiny N,N-gudeniaryanignu
0 5,33+0,05 5,15+0,04 3,95+0,06 10,24 + 0,04
2,5 5,22+ 0,06 5,04 £0,05 3,81 +£0,04 10,11 +0,05
5,0 5,14 £ 0,04 4,95+ 0,04 3,75+0,03 10,04 + 0,04
7,5 5,10 £ 0,05 4,91 +0,03 3,67 0,04 10,02 + 0,06
10,0 5,05+0,03 4,88 + 0,04 3,61 +0,05 10,02 + 0,03

Bubip iniyiamopy miyenspHnoi ekcmpaxyii

PamionanpHuii BUOIp iHIMIaTOPY (ha30yTBOPEHHS B MILCIAPHIN €KCTPAKIIil 3aIHiia-
€TBCSI HETPUBIAIBHOIO 3a/1a4€I0, TIPOTE ONEPYBAaHHS iHPOPMAIIIEIO OO iX KUCIOTHO-
OCHOBHHX BJIACTUBOCTEH JJO3BOJISIE OKPECIIUTH JISsIKi 3araibHi TpeHmu. B mepiry uepry,
moTpiOHO BpaxoByBaTH ontuMaibHe pH yTBOpEHHS aHAMITHYHOI (POPMH, SIKE M€ II0-
TpariaTd B iHTepBai pH OydepHoi nii cuCcTeMH «apOMaTHUYHHMA aMiH — HOTO CiJiby.
AHAJIOTIYHO JI0 BUIMAJKY i3 KUCIOTHHUMHM iHII[IaTOpaMu, JJIs aHATITHUYHUX (OpM, SKi
YTBOPIOIOTECS B IOCTATHRO ITy)KHOMY cepenoBuii (pH yrBopenns sikux < 10) mpupoaa
IHII[IATOPY BTpaYae BUHATKOBY POJIb, a 10 YBard MOTPiOHO OpaTH JOCTYIHICTh Ta 3pyd-
HICTB Y po0oTi (Hanpukia, com N,N-n1udeHiIryaniinay).

Takum unHOM, B AaHiil poOOTI METOJaMHU MOTCHIIOMETPIHYHOTO TUTPYBAHHSI Ta CIICK-
Tpo(hoTOMETPil BU3HAYCHO KOHCTAHTH 10HI3a1lii HOBUX IHII[IATOPIB MIIIEJSPHOT EKCTPaK-
i B MinesispHuX po3urHax TputoHy X-100 mpu pi3HUX KOHIEHTPAIISX HEHOHOTCHHOT
[TAP y cuctemi. 3arporioHOBaHO KPHUTEPIi MIJIECIIPSIMOBAHOTO BUOOPY 1HINIaTOPIB Mille-
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JISIPHOT EKCTPaKIlii OCHOBHOI IPUPOJIH, SIKi JIO3BOJISIOTH MTPOBOJUTH aHATITHYHE KOHIICH-
TPYBaHHS 3a KIMHATHOI TEMIICPaTypH.
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LOW TEMPERATURE ANALYTICAL CLOUD POINT EXTRACTION. 3: ACID-
BASE PROPERTIES OF BASIC INITIATORS IN ORGANIZED MEDIA

Cloud point extraction (CPE) is an effective and environmentally friendly technique for the
analytical preconcentration of trace analytes. However, the classical CPE procedure usually
requires prolonged heating to induce phase separation, which limits its applicability, especial-
ly for thermally unstable analytes and labile analytical forms. Thermal, ultrasonic, infrared,
or other external stimulation is not always appropriate and may negatively affect the stability
of the target species. Therefore, the development of alternative approaches for intensifying
the extraction process under mild conditions is highly relevant. One promising strategy is the
use of chemical initiators capable of inducing phase separation without the need for external
energy input. The aim of this study was to identify new initiators of cloud point extraction
and to justify their potential for analytical application. In this work, the acid-base properties
of several potential initiators were investigated. The ionization constants (pKa) of aromatic
amines and related compounds: 4-methoxyaniline (p-anisidine), 4-bromoaniline, 4-methyl-
aniline (p-toluidine), and N,N-diphenylguanidine were determined in aqueous solutions and
in micellar solutions of the nonionic surfactant Triton X-100 at different surfactant concen-
trations using potentiometric titration. It was established that the pKa values of the studied
compounds decrease systematically with increasing surfactant concentration, indicating a sig-
nificant influence of the micellar environment on acid-base equilibria. The results demonstrate
that the nature and physicochemical properties of the medium strongly affect the magnitude
and direction of these changes. Based on the data obtained, criteria for selecting effective
cloud point extraction initiators were proposed, enabling analytical preconcentration to be
performed at room temperature and expanding the applicability of the method.

Keywords: cloud point extraction, initiators, aromatic amines, potentiometry, spectropho-
tometry, ionization constants.
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CHEKTPO®POTOMETPUYHE BUSHAYEHHS KAPMOA3UHY
NICJjst HO1ro MINEJAPHO-EKCTPAKIHIMHOI'O
KOHUIEHTPYBAHHS

VY naniit poOOTI BUBYEHO Ta ONTHMI30BAaHO YMOBH MIIEISIPHO-EKCTPAKIIHHOTO KOHIIEHTPY-
BaHHS Xap40OBOTo OapBHUKA KAPMOA3HHY Y BHIVISIIII I0HHOTO acoLiaTy 3 HEeTHITIPUANHIA XIT0-
punoM y Minemsipry ¢asy neionorenHoro ITAP tpurony X-100. [Toka3zano, mo MakcumMaibHe
BIWITy4YEHHS aHAJITy crioctepiraetsest pu pH 2,5, kornenTpanii Tpurtony X-100 2,5 06% Ta
HarpiBaHHs po3unHy 10 85-90 °C Bponosxk 25 XBWIHH. Po3po0iieH0 METOIMKY crieKTpodo-
TOMETPUYHOTO BU3HAYEHHS KAPMOA3HHY TiCIIs HOTO MiLleNIPHO-eKCTPAKI[IIHOTO KOHIIEHTPY-
BaHHA. [panyroBanbHUil rpadik JiHIHHUNA B iHTEepBadi KOHUEHTpaniil 0.8—6.5 mr/m, a mexi
BUSIBJICHHSI Ta BH3HAUCHHS BIINOBIAHO J0piBHIOTE 0,3 Ta 0,8 Mr/i. 3ampornoHoBaHa METO-
JIMKa arpoOoBaHa MpH aHaJi3i MOJAEIBHOTO PO3YHHY Ta OE3aJIKOTONIFHOTO HAIOI0; BiTHOCHE
CTaHJapTHE BiIXUICHHS He nepeBuiye 4,7%.

KorouoBi croBa: MinensspHa eKCTpakIlis, KapMOas3HH, 10HHI acoIiaTH, CIEKTPO(OTOMETPis,
MIOBEPXHEBO-aKTUBHI PEUOBUHHU.

OcTaHHIMH pOKaM# METOJT MilleNIsIpHOT ekcTpakiii (cloud point extraction, CPE) yce
AKTUBHIIIIE 3aCTOCOBYETHCS [UISl TIOMEPETHHOTO KOHIICHTPYBAHHA Ta MOJANBIIOTO BH-
3HAYEHHS PI3HUX aHAIITIB, 110 3yMOBIIIOE MiABHUILEHUN 1HTEepec 10 Hboro [1, 2]. Boani
PO3UMHH TTOBEpXHEBO-aKTUBHUX pedoBuH (ITAP) ycix TumiB 31atHi 10 (a30BOro po3iia-
pyBanHs, ogHak y CPE mHalfuacTinie BUKOPUCTOBYIOTEH (pa3u, yTBOPCHI HEIOHOTCHHUMH
ITAP. 3a Hu3BKHX TeMIEpaTyp Taka XiMiYHA CUCTEMA ICHY€ y BUIVISIII ICEBJOOJHOPIHO-
0 MIIEJSIPHOTO PO3YHHY, TOAI SIK IPU HArpiBaHHI BUIIE IIEBHOI KPUTHIHOI TEMIICpaTypH
(«TOYKM TIOMYTHIHHS») PO3YUH MYTHIE Ta PO3MIAPOBYETHCS HA JIBI (ha3u: MIIEISPHY,
30araueny ITAP, i Bonny ¢dasy [3]. Bukopucranuss CPE no3Bomsie cyTTe€BO CIpOCTHTH
pOOOMIArOTOBKY 1 3HAYHO 3MEHIIUTH 200 MOBHICTIO BUKIIFOUUTH 3aCTOCYBaHHS TOKCHY-
HUX OpraHiuHuX po3unHHHKIB. [lepeBarn CPE Ha eTari npoOoOIiAroTOBKY MOPIBHIHO 3
KJIACUYHOK PiTUHHOK €KCTPAKIIEI TONSTaTh HE JIMIIEC B MiHIATIOpHU3allii MpoIecy
Ta 3MEHILIEHH] BUTPAT PO3UMHHHUKIB, a i y MiIBULICHHI €()eKTUBHOCTI KOHLIEHTPYBaHHS
anaiitiB. Kpim toro, CPE noOpe cymicHa 3 O6ararbMa iHCTPYMEHTAJILHUMH METOTaMHU
aHaizy, 30kpema criekrpodoromerpiero [4]. s iHTeHCHiKaIil dazoBoro posmiapy-
BaHHA B CPE 3acTOCOBYIOTH yIBTpa3ByKOBE [5] Ta MIKpOXBHILOBE OnpoMiHeHHs [6]. Ha
BIIMIHY BiJl TEMIIEPATypHOTO 1HILIFOBAHHS, 3a SKOTO BHJIIJICHHS MilleJspHOl (a3u Bij-
OyBaeTbest IPOTATOM 15—60 XBUIHH, BUKOPUCTAHHS YIBTPAa3BYKY Ja€ 3MOTY CKOPOTHTH
et gac 1o 5-30 xBunuH 3a Temmeparyp 30—70 °C. YV pasi MiKpOXBHIBLOBOTO ONPOMi-
HeHHs 3 noTyxHicTio 300-600 BT ¢azoBe po3iapyBaHHs PO3MOYMHAETHCS BXKE Uepe3
5-10 xBuiwmH [3, 4]. Y Hamwmx momnepeaHix podoTax JOCIiKeHI 0COOIMBOCTI IHIIIO-
Ile crarTs BigkpuToro focTyy 3a ginensiero Creative Commons Attribution 4.0 International (CC BY 4.0).
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BaHHs CPE 3a KiIMHaTHOT TeMIiepaTypH JIi€l0 apOMaTHIHUX KapOOHOBUX KHUCIIOT Ta iXHIX
coneit [7-9] ta ii 3acTocyBaHHS JJIsl KOHIICHTPYBaHHS aHAJITIB HEOPTaHIYHOT TIPUPOJIH.

BapBHUKHN BiJIrpar0OTh BaXKJIHMBY POJIb y Xap4yoBil MPOMUCIOBOCTI, OCKIIbKH Opra-
HOJICTITUYHI BIACTHBOCTI MPOJYKIIIT TICHO MOB’s13aHi 3 11 sIKiCTrO. [HaycTpiamizanis xap-
YOBUX CHCTEM 3yMOBHJIA IITMPOKE BUKOPUCTAHHS T00aBOK, 30KpeMa XapuoBHX OapBHU-
KiB, KOHCEPBAHTIB, CTa011i3aTOPIB 1 TiAcoNopKyBadiB. HatypanbHi OapBHUKH € MEHII
CTIHKUMH, TOMI SK CHHTCTHYHI 3a0e3IeuyroTh IHTCHCHBHE 3a0apBJICHHS Ta BHCOKY
cTabimpHICTD T Yac 30epiranHs. BuTpatu Ha BUPOOHUIITBO CHHTETHYHHX OapBHUKIB
€ 3HAYHO HIDKYMMH TOPIBHSIHO 3 OTPUMAHHSIM HATypaJbHUX aHAJIOTIB, IO CTHMYIIOE
iX ImIIpOKe BUKOPUCTAHHS BUPOOHUKAMH, ITOTIPH MOXIIUBHH iX HETaTWBHUH BIUIMB Ha
3II0POB’S JIFOJUHU. Y 3B’S3KY 3 IMM BUHUKAE HEOOX1THICTh KOHTPOJIFO BMICTY CHHTCTHY-
HUX OapBHUKIB Y Xap4OBUX MPOAYKTax. JIJIs BU3HAYEHHS XapuoBUX OapBHHKIB, 30KpeMa
KapMOa3uHY, 3aCTOCOBYIOTH IEPEBAKHO CIEKTPOPOTOMETPHYHI, XpomaTorpadiyai Ta
BOJIbTaMITepoMeTpuuHi Metomu [10—12].

Mertoro 1aHOT poOOTH € BUBYCHHS YMOB YTBOPEHHSI MITeNIIPHOT (pa3u, 0coOnMmMBOCTEH
EKCTPaKIIii I0HHOTO acoIliaTy KapMoasuHy 3 KaTioHHUMHU [IAP Ta BcTaHOBIICHHI aHaTi-
TUYHHUX XapaKTEPUCTHK KOMOIHOBAHOI €KCTPAKIIHHO-CIIEKTPO(HOTOMETPHYHOI METOTH-
KM HOTO BU3HAYCHHS.

MATEPIAJIN TA METOJAU JOCJIAXKEHHSA

CrekTpH CBITIIONONIMHAHHS B iHTepBaii JoBxHH XBHIb 300-600 HM peecTpyBaiu
3a gonomoroto cekrpodoromerpy Ultrospec 3100 pro (Amersham Biosciences, CILIA)
B KBAPIIOBUX KIOBETAX 3 TOBIIMHOIO TOTIMHAI0YOTO mapy 1 cM. KHCIOTHICTE AOCTIKY-
BaHMX PO34MHIB KoHTpomroBamu pH-merpom pH-150 31 ckiIssHUM KOMOIHOBaHHUM €JEK-
tporoM ECK-106-03. /Iy nmprckopeHHs po3IIapyBaHHS (a3 po3uMHU HEHTPUDYTYBATIH
npu 1500 06/xB i3 BukopuctanusaMm neatpupyru MPW-340 (Mechanika Precyzyjna,
[Tonpmia).

BuxinHuii po3dunH kapMoasuHy 3 KoHIeHTpauiero 1 - 10 MoJb/i1 ToTyBaiIn po3uu-
HEHHSM TOYHOI HaBa)XKM OapBHMKA y JIBI4i JUCTHILOBAHINM BoAi. Po3unnn i3 MeHIImMu
KOHIICHTPAI[ISIMUA TOTYBaJIM PO3BEICHHIM BUXITHUX O€3MOCEPEAHBO MEepes 3aCTOCYBaH-
HsaM. Pozunn Tputony X-100 i3 konnentpauieto 10 06% roTyBamy po3duHEHHIM 25 MIT
Tpurony X-100 3 ryctunoro 1,001 r/ma B 250 mu aBiui aucTuiaboBaHoi Boxu. Po3unnn
karionnux [TAP 3 xonunenrpariero 1 + 107 MOJB/I: HETHIATPUMETHIAMOHINA OpOMiTy
(UTAB), nerunmipuauniit xnopuny (LIIICI), nenunamoniit xnopuny (AACI) ta Terpa-
6yTrnamoHiit Homuay (TBA) roTyBamm IIISXOM PO3YHHEHHS TOYHHX HABAKOK MpETIa-
partiB y ABiYi AUCTUIHOBAHIN BOMi. Y PoOOTI BUKOPHCTOBYBAIN PEAKTUBH KBauli(hikarlii
HE HIKYOI 32 «X. 4.», HeoOxinHe pH cepenoBuIa cTBOPIOBAIN PO3YMHAMH MiHEPATbHUX
KHCJIOT, HAaTpill TiAPOKCHIY Ta yHIBEpCATbHUM Oy(hepHUM PO3UHHOM.

PE3YJBTATHU TA iX OBTOBOPEHHS

XpoMo(OpHI BIACTUBOCTI «MOJICKYJIM KapMOa3WHY, SIK THIIOBOTO MpEICTaBHUKA
a30CTONyK, 0OYMOBJICHI HAsBHICTIO a30TPYITH, IO MOEJHAHA 13 ayKCOXPOMHOIO Tipo-
KCOTPYIIOIO Yepe3 T-CUCTEMHU apOMaTHYHUX SiAep. YPaXOBYIOUM HETaTHUBHI 3apsi/IA JIBOX
cynbdorpyr, KOTpi BiAMOBIAAOTE jHIle 3a po3unHHicTh KAH y Bomi, cBiTIIONOIMHAO-
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4y 4aCTMHKY MOYKHA IIpezicTaBuTH y ¢popmi iony H R* [13]. Hamu 3apeecTpoBani Bizmo-
BiJIHI CIEKTPH CBITJIIONOIIMHAHHS PO3UMHIB OapBHUKA y MIUpoKoMy iHTepBani pH 1+12.
B xucnomy cepenosumi npu pH 1 B criekTpi BOAHOTO pO34rMHY KapMOA3HHY MPHUCYTHSA
OJIHA IIMPOKA Ta IHTEHCUBHA CMYTa CBITJIONONIMHAHHS 3 AMakc = 515-520 um. [Ipu nin-
BULIIeHHI pH po3unHy criocTepiraeTbcst He3HAUHUI riCOXpOMHUIA 3¢yB (AL = 5—7 HM) 3
MIOMITHUM TiIEPXPOMHUM €(PEKTOM.

JocnimkeHo BIUIMB HU3KM BU3HAYAJIbHUX NapaMeTpiB Ha YTBOPEHHS MilleISIPHOL
¢azu Tputony X-100 Ta BuyueHHs Hero kapMoasuHy. [lonepeaHiMu 1ocnigjaMu BeTa-
HOBJICHO, 1110 YTBOpeHH: MilensapHoi ¢a3u Tputony X-100 BinOyBaeThcsi MpH HArpiBaH-
Hi cuctemu 710 85-90 °C 1 BuTpuMyBaHHi BIipoaoBxk 20—-25 xBuinuH. BuBueHo BB pH
Ha TIOBHOTY BUJIYYEHHS KapMOa3uHy MilensipHoto ¢azor Tputony X-100 (puc. 1).

08 o
06 | o
- “ <04 o
02 .
" I ) 0.0 L . .
0 2 4 6 8 10 0 1 2 3 . .
o Cpuron x-1005 00.%0

Puc. 1. Brus pH (a) Ta xonuentpauii Tpurony X-100 (6) Ha MineIsIpHO-€KCTpaKIiiHe
KOHIICHTPYBaHHS 5 Mr/1 kapmoasuny: / =1 cm, A =515 um

Fig. 1. The influence of pH (a) and concentration of Triton X-100 (b) on the cloud point extraction of
5 mg/L of Carmoisine: /=1 cm, A =515 nm

Sx BunHO 3 puc. 1a, ontumanbHe pH cTaHOBUTS 2,5, 10 B IJIOMY 30ira€Thes 3 ONTH-
MaJbHUMH yMOBaMH COPOIIIHOTO BWIIYYCHHS KapMOa3WHy CHIIiKareiem, Moaudiko-
BaHuUM KaTioHHUMH [IAP [13]. 3MeHIICHHS BHITyYeHHS KapMOa3HHY INpH 301IbIICHHI
pH #iMOBipHO OOYMOBJICHO YTBOPEHHSM HOTO BUCOKO3APSIHUX aHIOHIB, IO HE CIIPHSIE
YTBOPCHHIO 10HHUX acoiatiB 3 karioHHuMHu [TAP. 3 puc. 106 BuIHO, 0 ONTHMAaTHHAM
BMmicToM Tpurony X-100y cucremi € 2,5 06%. 3MCHIIICHHS BIUTyYCHHS KAPMOA3HHY ITPH
MEHIIIOMY BMicTi HelloHoreHHOT [IAP 00yMOBIIEHO HETIOBHUM BWJIyYEHHSM aHAJITY, a
npH i1 OLTBIIIOMY BMICTI — p030aBlICHHSIM 1 3MEHIIICHHSIM KOHIICHTpAIlil KapMOa3HHY Yy
(hoToMeTpOBaHOMY PO3YHHI.

BpaxoBytouu Te, 1110 10 MinesipHoi (a3 BUITYyYa€eThCS HE aHIOH KapMOa3uHY, a BiJl-
MOB1THUH HOHHMI acortiar i3 karioHHuM [1AP, Oyiio BUBYCHO BILTUB MPUPOIU KATIOHHO-
ro [TAP (puc. 2a) Ta iioro koHreHTpaiii (puc. 20) Ha epeKTUBHICTh HOTO BUITYUYCHHSI.

Jns moOynoBU TpanyroBajbHOrO rpadika B IMOJIMPOIICHOBI MPOOIPKH BHOCATH
QITIKBOTH PO3YMHY KapMOa3WHy Tak, 00 3 ypaxyBaHHAM po3BeaeHHs (10 mur) iioro
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KOHIIEHTpAIlisl 3Haxoawitacs B iHtepsaii 0,8—6,5 mr/n, 2,5 miu pozunny Tpurony X-100
i3 kounenTpamiero 10 06% ta 1 mu posuuny HIICI i3 koruenTpariero 1 - 107 mons/1,
a Jani yHiBepcaJdbHUM OydepHUM po3unHOoM i3 pH 2,5 n1oBoasTh 00’€M pO3UMHY 10
10 mu1. 3akpuBarOTh MPOOIPKH, MMEPEHOCATH 0 TepMocTaTy npu Temiepatypi 90 °C Ha
25 XBHWJIHH, IICJIS YOTO PO3UUHE HEHTPUPYTYIOTh poTsaroM 10 xBuimH mpu 1500 006/XB.
Bingingrors 3a 70moMOroro mineTky BoAHY (asy Bia MilleIIpHOi, a OCTAaHHIO pO30aBIIs-
10Th 1 MJT 1301IPOTIAHOITY, 3aKPUBAIOTH 1 TIEPEMINTYIOTh. BUMIPIOIOTh ONITUYHY T'yCTHHY
mpu 515 HM BiAHOCHO BiJNIOBIHOTO PO3UMHY MOPiBHSAHHS.

08 08 r
06 r 06
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0.0 L L " ) 0.0 . L L . L )
ITAB rict JTACI TBAM 0 05 1 1.5 2 25 3

Crmer'10%, Mmoan/a
Puc. 2. Bruus npupozau karionHoro I[TAP (a) Ta koHIeHTpawil HeTHIIIpUAUHINA Xaopuay (6) Ha
MILEIIIPHO-EKCTPaKLiiiHe KOHIIEHTPYBaHHs 5 Mr/1 kKapmoasuny: /=1 cm, A =515 um

Fig. 2. The influence of nature (a) and concentration of cationic surfactant (b) on the cloud point
extraction of 5 mg/L of Carmoisine: /=1 cm, A =515 nm

I'panyroBanbHmii Tpadik IS CHEKTPOPOTOMETPUIHOTO BU3HAYCHHS KapMOa3UHY
Micysl MOro MILEIIPHO-EKCTPAKIIMHOTO KOHIICHTPYBAHHS y BHIJISAJI MOHHOTO acoilia-
Ty 3 XJIOPHUIOM HeTwnipuautio € niHiiaum (R*= 0,999) B iHTepBai KOHIICHTpAITi
0,8-6,5 mr/n i omucyerbest piBsHHAM A = 0,1588C, ,, - 0,0437. Mexi BusBICHHS Ta
BHU3HAUYEHHS BiNOBIAHO A0piBHIOIOTH 0,3 Ta 0,8 mr/m.

MeTtoauKy BU3HaYeHHS KAPMOA3HWHY alpoOOBaHO MPH aHaJi31 MOJICIBHOTO PO3UHHY

Ta COJIOAKOIo 0e3aJIKOT0JILHOTO HaIIOK0, a PE3yJIbTaTu y3araJbHCHO B Tabm. 1.

Tabmung 1
PesyabTaTn ciekTpo¢g0TOMETPUYHOI0 BUSHAYEHHSI KAPMOA3HHY
micJid ioro MineJsipHoi ekcTpakuii 3 xJiopuaom ueruanipuaunio (n =3; P = 0,95)

Bui
OG’CKT a}[aniay MICT KapMOa3uHy, MF{’J'[ RSD, %
BBeneno 3HaiineHo
MopenbHui po3dunH 3,50 3,45+0,19 4.5
Comnoaxuii 0e3aIKOroabLHUN Haii . 3,54 £0,28 4,0
0,50 6,02 £0,35 4,7

Sx BugHO 3 Tabm. 1, ofepikaHi pesynbTard N00pe Y3TOMKYIOThCS 3 pe3yabTaTaMu
BHU3HAYCHHS 3a CIIOCOOOM «BBEJICHO-3HANICHOY, 11O CBIIYMTH PO MPUAATHICTH MTPOIIO-
HOBAHOT METOJIMKH IS BU3HAUCHHS KAPMOA3HHY.
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TakuM 4YMHOM, B JaHii poOOTI BMBUECHO YMOBH IHIIIFOBaHHS MilesipHOi (ha3u

Tpurony X-100, sika mpuiaTHa s aHATITHYHOTO KOHIICHTPYBaHHS KapMoa3HuHy y (hop-
Mi HOoro 10HHOTO acoriiary i3 karionHot [TAP xmopumom nerunmipuauHito. [TokazaHo,
0 TPaayOBATBHUA Tpadik JUid CeKTPOo(GOTOMETPHYHOTO BH3HAYCHHS KapMOa3WHY
TiCITst HOTO MITIENIIPHO-EKCTPAKIIIHHOTO KOHIIEHTPYBaHHS JITHIHHMIA B IHTEpBaJ KOHICH-
tpamiii 0,8—6,5 Mr/i. 3anpornoHoBaHy METOAMKY arpoOOBaHO MPH aHaJi31 MOJCIEHUX
PO3YHHIB Ta COIOIKOTO OE3aJIKOTOIEHOTO HATIOIO.
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SPECTROPHOTOMETRIC DETERMINATION OF CARMOISINE AFTER ITS
CLOUD POINT EXTRACTION PRECONCENTRATION

Cloud point extraction is an effective and versatile technique for the analytical preconcentration
of trace-level analytes. This method is based on phase separation in aqueous solutions of
nonionic surfactants and allows efficient transfer of analytes into a surfactant-rich micellar
phase. An important advantage of cloud point extraction is the minimal use of toxic organic
solvents, which makes the procedure safer for both the analyst and the environment and
fully consistent with the principles of green analytical chemistry. In addition, the method is
characterized by simplicity, low cost, high preconcentration factors, and good compatibility
with various instrumental techniques. In the present work, the conditions for cloud point
extraction and preconcentration of the food dye carmoisine in the form of an ion pair with
cetylpyridinium chloride into the micellar phase of the nonionic surfactant Triton X-100 were
studied and optimized. It was shown that maximum analyte recovery is achieved at pH 2.5,
a Triton X-100 concentration of 2.5 vol%, and heating of the solution to 85-90 °C for 25
minutes. Under these conditions, efficient incorporation of the dye into the micellar phase was
observed. A spectrophotometric method for the determination of carmoisine after cloud point
extraction was developed. The calibration curve is linear in the concentration range of 0.8-6.5
mg L', while the limits of detection and quantification are 0.3 and 0.8 mg L', respectively.
The proposed method was successfully applied to the analysis of a model solution and a
commercial soft drink, demonstrating good precision and accuracy, with a relative standard
deviation not exceeding 4.7%. The results confirm that cloud point extraction is a promising
and environmentally friendly approach for the determination of synthetic food dyes in real
samples.

Keywords: cloud point extraction, carmoisine, ionic pairs, spectrophotometry, surfactants.
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BU3HAYEHHSA KUCJIOTHOCTI MOJIOKA
METOIOM KOJBOPOMETPUYHOI'O TUTPYBAHHS
Y XPOHOMETPUYHOMY BAPIAHTI

Jnst moxyMeHTaitizanii pe3yinbraTiB BU3HAUYCHHS! KUCIOTHOCTI MOJIOKA 3allpOIIOHOBAHO Me-
TOA KOJNIBOPOMETPUYHOTO TUTPYBAaHHS Y XPOHOMETpUYHOMY BapiaHTi. Po3zpobmeno mero-
JUKY BHU3HAYCHHS TUTPOBAHOI KHCIOTHOCTI MOJIOKA 3 PEECTPAL€I0 NPOLECY TUTPYBAHHS
Ha cMmapTdoHi. Pesynaprarn aHamisy 3pas3kiB MOJIOKA BOX PI3HMX MapoK 30iraroTecs i3 pe-
3y/lbTaTaMy aHajli3y 3a MeTooM TepHepa. 3HaWJEHO BIANOBIAHICT MK KUIBKICHUMH Xa-
PaKTepUCTHKAaMH METO/ia KOJIbOPOMETPHYHOIO TUTPYBaHHS Ta MeTona TepHepa, BUBEICHO
AQHAIITHYHE CIIBBIJHOIICHHS y BUIVIAAl MareMatnuHoi opmymu. [okazaHo, o mpy KoJIb0-
POMETPUYHOMY TUTPYBaHHI IPAKTUYHO BiACYTHS IHAMKATOPHA IIOMUJIKA TA CY0 €KTHBHA KOM-
TIOHEHTA JIIOJICHKOTO OKa.

KoiouoBi c;10Ba: MOIOKO, THTPOBAaHA KUCIIOTHICTD, KOJIbOPOMETPUYHE TUTPYBAHHS, XPOHO-
METpPUYHE TUTPYBAHHSA, TUTPYBAHHS 31 CMapT(HOHOM.

Mosoko — Iie OfMH i3 HANMOIIMPEHINUX MPOMYKTIB TBAPHHHHUIITBA, Ta OJIHOYAC-
HO — CHPOBHHA JUIS TIEPEepOOKH Ta OTPUMAHHS YHCICHHAX MOXITHUX TPOAYKTiB. BoHO
3HAYHOIO MIpOIO BIUTHBA€E HA 370POB’s JIOAMHM. MOro BHCOKa XapyoBa HiHHICTH 00y-
MOBJICHA TIPUCYTHICTIO B HHOMY HEOOXIJHHUX JIFOIWHI MOKUBHUX PEUOBHH, SKi 100pe
30aJ1aHCOBAHI 1 3aCBOIOIOTHCSI JIETKO Ta TMOBHICTIO. TOMY TPaJMIIHHO CIIOCTEPIra€ThCs
BUCOKHI CIIOKABYMI ITOIUT HA MOJIOKO 3aBISKHA MOro O10JIOriYHIM [IHHOCTI 1 BUCOKUM
MOXKMBHUM BJIACTHBOCTSIM 1 TOMY PUHOK MOJIOKa B YKpaiHi HEyXwmibHO 3poctae [1]. 1
caMme TOMY BH3HAUCHHS SIKOCTiI MOJIOKA € aKTyaJTbHUM.

[Tpu mepepoOIli MOJIOKA, TIOYMHAIOYH BiJl MPUHMAaHHS CHPOBHHHU BiJl MOCTaYaJIbHH-
KiB 1 JI0 BUITYCKY TOTOBOI MPOAYKIIiT HA BCIX TEXHOJOTIYHUX CTAIISIX JIy)KE BAXKIIUBUM
CTa€ MOTO XIMIKO-TEXHOJIOTTUHUI KOHTPOJb. CBiXKe HATypallbHE MOJIOKO, OJICpKaHe BiJl
3I0POBUX TBAapHH, XapaKTEPU3YETHCS TEBHUMH (i3UKO-XIMIYHIMHU BIACTUBOCTSIMH, 32
SKHIMH MOYXHa pOOUTH BHCHOBOK IIPO HATYPAIBHICTD 1 SIKICTh MOJIOKA Ta IPUAATHICTD
HOTO /10 POMHUCIIOBOT ITepepooku [2].

Cepen YHCIIEHHHX TTapaMEeTPiB, 10 XapaKTePU3YIOTh SKICTh MOJIOKA, OHUM i3 OCHO-
BHUX TIOPSIT 13 )KHPHICTIO € KUCJIOTHICTH [3]. Lle# moka3HuK XapaKTepHu3ye CBIKICTh Ta
YICTOTY MOJIOKA i € OMHHUM 3 TOJIOBHUX IIPH BH3HAUCHHI HOTO COPTHOCTI [4], BCTaHOB-
JICHHI MOYJIMBOCTI IMACTepU3allii Ta BHOOP1 TEXHOJIOTIT TIOAAIIBIIOT ITepepoOKH.

V ¢BIXOMY MOJIOII HE MICTUThCS Oy/b-SKUX KHCIIOT y BUTbHOMY cTaHi. Kucia peakiis
MOJIOKa 3yMOBJICHA TPHUCYTHICTIO Y HHOMY CITONYK 3 TPOTONITHYHIMY BIACTUBOCTSIMA
(Oimku, opraHiuHi KHCIOTH, 1XHI couti) [1]. CyKyITHICTh TaKHUX CIIONYK XapaKTePU3y€EThCs
MOKa3HUKOM, SIKAH OTpUMaB Ha3By TUTPOBAHO] (3arabHOi) KHCIOTHOCTI. BoHa XapakTe-
pH3Y€E BMICT BCiX KUCIOTHHX CITOIYK Y MOJIOII YM MOJIOYHUX Mponykrax. [linBumieHHs
TUTPOBAHOI KHCIOTHOCTI CBITYNTH PO HeOakaHi MPOLECH y MOJIOII, HAPUKIAI, MO-
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JIOYHOKHUCIIC OPOJIIHHSI, T/ Yac SKOTO JIAKTO3a TIEPETBOPIOETHCS HA MOJIOUHY KHCIIOTY,
110 TPU3BOUTH JI0 301IbIICHHS] KUCIIOTHOCTI MOJIOKA Ta IIPU3BOJUTH JI0 HOT0 MCYyBaHHSI.
A0O 3HMKEHA KHCIIOTHICTh MOJIOKa MOXKE CBITYUTH PO (anbcudikariiro Mojoka (po3-
BEJICHHSI BOJIOIO, JI0JIABAHHS COJIN) YU MPO 3aXBOPIOBAHHS KOPIiB MACTHUTOM.

BusHayeHHS TUTPOBAaHOT KMCIOTHOCTI 0a3y€eThCs HA HEUTpasTizallii pOTONITHYHUX
CTIOJYK Yy Mpo0i MOJIOKAa PO3YMHOM JIyTy. B SKOCTI iHAMKaTOpa Yy TUTPYBaHHI BUKOPHC-
TOBYIOTH (heHONPTaNeiH 3 TepexoqoM 0e30apBHOi (opmu y 3abapBicHY (BXKE HaBiTh
pu cIIaOKiil TIOsBI POKEBOTO KOJIBOPY), MO BigOyBaeThes mpu pH 8,9 [3]. MomeHT 3a-
KIHUEHHSI TUTPYBaHHSI BU3HAYAETHCSI 32 MOSIBOIO CIIA00-POKEBOTO 3a0apBIICHHS, SKE HE
3HHUKAE TPOTATOM OfIHI€T XBHIMHH [5]. BUpa)aeThcsi THTPOBaHA KUCIOTHICTh B YMOBHHX
onnHMIX — y Tpaaycax Tepuepa (°T) — me kinbkicTh 0,1 H. po3unny NaOH a6o KOH
y MiTiJliTpax B AKOCTi THTPAHTY, HeoOXiaHOTO U1 Heiirpaizanii 100 M Momoka [6]. Ti
MOYKHA ITOJIATH Y BUIVISIL (hOPMYIIH:

K°T [°T]= VT(IOO) [m], (1)

1e: Voo [Mi1] — 00’eM TUTpaHTa, AKUH MiIOB Ha TUTPYBaHHs 100 Mi1 MoJIOKa.

AJie 3 METOI0 CKOPOYEHHS 00cary poOOTH Ta BUTpaT peakTusiB 3amicTb 100 M mpo-
Ou TUTpYIOTh Juiie 10 mia (VT(1 0)) ToMy po3paxyHOK KHCIOTHOCTI MOJIOKa y Tpaaycax
TepHepa npoBoOIATE 32 GOPMYIIOI0

K., [°T] = 10V, [m1] 2)

ne: Voo, [Ma] — 06’em posunny syry 3 konuenrpauieo 0,1 MOJIB/IM’, BUTPAYEHOT0 Ha
HewrTpamizanito 10 Ma monoxka [3].

Bxkazanwii BUIIIe METO/I BU3HAYECHHS THTPOBAHOI KMCJIOTHOCTI JIa€ HaJlIHI pe3yibTa-
TH. AJie HOTO HEJIOMIK — HEMOYIIMBICTh PEECTpPAIlii TPOIECY TUTPYBAHHS Ta JIOKYMEHTA-
mizarii pe3ynprariB aHaimizy. Lo mpobiaemMy MOKHA BUPIIIUTH 32 JIOTIOMOTOK) OJTHOTO 3
IHCTPYMEHTAJILHUX METOJIB aHali3y. [loTeHIioMeTpudHe TUTPYBaHHS 31 CKIISTHUM pH-
CEJICKTUBHUM EJIEKTPOJIOM HaBPS/ UM [TPU3BE/IE 10 O3UTHBHOIO PE3YIIbTaTy, OCKIIbKH
ONMM3bKI 3HAYCHHS KOHCTAHT MPOTOHYBAHHS JESKUX MPOTOJITIB, O 3yMOBIIOIOTH KHC-
JIOTHICTh MOJIOKA, HE JI03BOJIATH OTPHMATH KPHBY THTPYBaHHS, MPUAATHY JIsI BU3HA-
YEHHSI TOYKH €KBIBAJICHTHOCTI. TOMY MU JUTsl BUPIIICHHS! [{LOT'O 3aBIaHHS BUKOPHUCTAIIN
MeTo1 IM(PPOBOrO KOIILOPOMETPUYHOTO TUTPYBaHHS Mosioka pozunHoM NaOH y xpoHo-
METPUYHOMY BapiaHTi 3 peHondraneiHoM B IKOCTI iHAMKaTopa [7].

Jls KUTbKICHOTO BHPa)KEHHS KOJIbOPY 00’ €KTIB PI3HOI MPHUPOJH Y PI3HUX Taly3sax
MIPOMHCIIOBOCTI 3aCTOCOBYIOTHCSI JIEKIJIbKA PI3HUX KONIPHUX CUCTeM. B Ximil — 11e Kijb-
TaKUX KOJIPHUX CHCTEM BIIIMOBIJA€ CITKIBIIl OKa JIFOMWHU, B SKii ICHYIOTh TPH PI3HI
BHU (POTOPEIIETITOPIB, sIKi 4y TIuBI 710 4yepBoHOTO (Red), 3enenoro (Green) Ta CHHBOTO
(Blue) kombopy. I TomMy 1151 cricTeMa oTprMalia Ha3By sIK abpeBiaTypa Ha3B 0a30BHX KO-
neopiB — RGB. Ha miif cuctemi Takok 3acHOBaHa PoOOTa OIIBIIOCTI MPHIIAIIB TTOOYTO-
BOT BiJICOTEXHIKU: cMapT(HOHIB, BiJicokamMep, MOHITOPIB, TeJIeBi30piB Ta iH. Kpim Toro, 3a
noromororo cuctemu RGB 31iiicHIOETBCS 00poOKa OIU(PPOBAHUX 300pakeHb 3aCO0aMH
CYYacHHX NIMPOKO MOIMPEHHX mporpaM, Takux sk Excel, LabVIEW, Adobe Photoshop,
Matlab Ta in. Bee 11e 103BOIHIIO HAM BUKOPHCTATH Yy il POOOTI 3BUYaHUI cMapT(hOH.
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KoskHa 3 X TPhOX 0a30BHX KOMIIOHEHT pHitMac 3HadeHHs Bia 0 10 255. Ix cykynHicTs
31 3HAYCHHSAM KOXKHOT KOMITOHEHTH 255 nae OUnii Koutip, 31 3HaueHHsIM 0 — 9opHUit (Bif-
CYTHICTbh cBiTia) [8]. MeTomoM XiMI4HOT KOJIbOPOMETPIi MO’KHA TIPOBOJIUTH aHAII3 PO3-
YUHIB 3 BUMIPIOBAHHS HUMHM TIOTJIMHAHHS CYKYITHOCTI 0a30BHUX KOMIIOHEHT 5K (DYHKIIT
KOHIIeHTpaIlii aHanity. CaMe CyKyIHICTh 3Ha4eHb TPhOX 0a30BHUX KOMIIOHEHT € OJIHO-
3HAYHOI (DYHKIIIOHATLHOKO 3AJICKHICTIO BiJI KOHIIEHTpAIii Oy/Ib-IKO1 3a0apBIIeHOT CI10-
TyKW. AJie CITij] 3a3HaYUTH, 110 JUTSI BUKOHAHHS KUTBKICHOTO aHali3y Ha (DOTOKOJIOpUMe-
TPi — ITKOM JIOCTYITHOMY 1 IIIMPOKO PO3MOBCIOPKEHOMY MPHJIAJIl — BCE-TaKH MPOCTIIIIE,
Hi’K BUKOPHCTOBYBATH KOJILOPOMETPit0. MeTo KOJIbOPOMETPii JIOIIIEHO BUKOPHUCTOBY-
BaTH NIPU BUBYCHHI MPOIIECIB, 10 MPOTIKAIOTh y Yaci, TAKUX K KIHETUYHI JTOCITIIKCHHS
a0o tutpyBaHHs. Tak, Hanpukiax, RGB-cuctema Oyna BUKOpHCTaHA HAMH paHiIIe s
BUBYCHHS 32 JIOTIOMOTOI0 CMapThOHA Psly HOBHX KHCIOTHO-OCHOBHHX iHMKATOPIB HA
OCHOBI CHOJYK psiiy XiHOHIMIHIB [9]. MeTox u(ppoBOro KOJIbOPOMETPUYHOTO KOHTP-
OITIO 3 YCITIXOM 3aMiHIO€ Cy0’€KTHBHHU Bi3yallbHUI KOHTPOJIb.

TurpumeTpisi y XpOHOMETPUIHOMY BapiaHTI BITHOCUTHCS J10 0€30I0PETKOBHX METO-
JIiB TATPYBAHHS 1 TIpEJICTaBIIsIE COOOK0 TUTPYBaHHS 3a yacoM. [l peaizaltii isoro me-
TOJy IO TICBHOTO 00’ €My aHaJIi30BaHOTO PO3YUHY 3 MOCTIHHOKO MIBHJIKICTIO TIONAETHCS
turpant [10]. Moro KilbKiCHOI XapakTepHCTHKOIO € He KOHIIGHTPALIis pearenTy, a uac,
110 TIIIOB Ha TUTPYBaHHsI IEBHOTO 00’ €My CTaHIAPTHOTO PO3YHMHY 3 BiJIOMOKO KOHIICH-
Tpariero. L XapakTepucTHKa OTpUMaa Ha3By «TUTp-ceKyHaa» — T .

Cor V. [MOJH:], )

Te= Ter C
ne: C_ — KOHIIEHTpallis CTaHapTHOT PEYOBHHHU Y CTAHAAPTHOMY PO34HMHi, MOJIb/M’;
V,, —00’em cTanapTHOi MpodH, am*;
T,, — 4ac TUTPYBAHHs CTaHIAPTHOI IPOOH, C.
Di3UyHMUN 3MICT 1Ii€l XapaKTePUCTHKH — KiJIbKICTh PEUOBUHH B TUTPAHTI, SIKa BUTpa-
qaeThes 32 1 CEKyH/y MPOLECY TUTPYBAHHSL.

Toni KOHIIEHTpALliI0 aHATITY B TPOOi MOYKHA PO3paxyBaTH 3a (HOPMYIIOIO:

Py,

C Te 1o [MOJ‘[]:]l 4)
p

- e

ne: C  — KOHIIEHTPALIis PeYOBHHHU B IIPOOi, MOJIB/ M,
V., —00’eM pobu aHaTi30BaHOr0 PO3UUHY, M,

T —uac TUTPYBaHHS aHANi30BaHOI mpoodwu, C.
np

MATEPIAJIN TA METOJAHU JOCJIAKEHHS

Y po6oti Oys10 BUKOPUCTAHO peaKTUBHU KBamidikamii «xu» ado «uma». Bei BoaHi pos-
YIHU TOTYBAJIU HA TUCTUIILOBAHIHN BOII.
B sikocTi 3pa3skiB I JOCTIDKCHHS Oyl BUKOPUCTAHI:
— 3pa3ok 1 — MOJIOKO MHTHE yabTpanacrepuzoBane, 2,5% sxupH., TM «loOpuns»,
JICTY 2661:2010, BupoOHUK TOB. «Harr npomykT mitocy, M. JKutomip;
— 3pa3oK 2 — MOJIOKO KOPOB’siue MUTHE CTeprIIi3oBane, 2,5% sxupH., TM «3maromay,
JACTY 2661:2010, Bupobuuk [TPAT xombinar «IIpunHinpoBcbkuiiy», M. Himpo.
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B sxocTi cTaHmapTHOTO pPO3UMHY BHUKOPHUCTOBYBAJIH
0,1 M poszuun HCI, npuroroBanmii 3 pikcaHay. 4

CxeMy YCTaHOBKH JJIsi XPOHOMETPUYHOTO TUTPYBaHHSI
MOKa3aHo Ha puc. 1.

KoHcTpyKIliss KOMIpKH JJIs1 KOJILOPOMETPIi 31 cMapTdo- -
HoM Samsung Galaxy J6+ Sk 4acTHHOK YCTAHOBKH JUISI 5
XPOHOMETPUYHOTO TUTPYBAHHS JIETAILHO Onucana B [9]. 3

Jo movaTKy TUTpyBaHH HEOOXiTHO BCTAHOBHUTH IIBH/I- \ 6
KicTh mopaui TUTpanTy. [ng mporo mocyauny Mapiorta 7
(4) Tpeba 3anopauTH THTpaHTOM — 0,1 H po3unHOM NaOH, 8
MOTIM MPH BIAKPUTOMY 3amipHOMY KpaHi (6) ciix perysio- 5
BaJIbHUM KPaHOM (5) BCTAHOBUTH HOTIK TUTPAHTY TaK, 1100 \ 9
Kparuti mijiaBaiucs paxyHky. [licist 1poro 3amipHuil KpaH |

HEOOX1THO 3aKPHTH, a MOJOKCHHS PEryII0BaJIbHOTO KpaHa \I
HE 3MiHIOBATH B XOJIi TUTPYBAHHS 1 CTAHJAPTHOTO PO3UHHY, |
1 BCiel cepii aHaMi30BaHUX TIPOO.
1151 mpoBeIeHHS TATPYBAHHS Y (POTOMETPUYHY KIOBETY D I:l O
3 JOBXKMHOIO MIapy nortuHaHHs 20 MM y KIOBETHill kamepi
(9) mimetkoBuM go3atopom DragonLab 100-1000 Mk Tpe-
6a momictutu 1 M cranmaptHoro po3unny (0,1 M HCI —
anist BUu3HadeHHs Benuunnu T), a6o 1 My mpobu mMonoka 1 — marniTHa mimarka;
- 2 — BiAJUICHHS AT cMapT-
(1751 BU3HAYEHHS! KMCIIOTHOCTI MOJIOKA), IOJATH MPHOIN3- (oma: 3 — cmapTdon:
. t 9
HO 5 MJI TUCTHJILOBAHOI BOAM Ta 1 Kpammro 1%-Boro cnup- 4 — nocyauna Mapiorra 3
TOBOTO po3unHy (eHongraneiny. Jani tpebda BKIIOUUTH THTpaI;TOM; S — perymotouuit
s . s KpaH; O — 3al1pHuHu KpaH,
MATHITHY MillIaJIKy, a TIOTiM OJHOYACHO BKJIIOUHTH 3aIHC Po b~ 33mP pat,
. /. . . . . 7 — Kanusp; 8 — KpuIlka
Bineodaiiny na cmapTdoHi (3) Ta BIIKpUTH 3aMipHUN KPaH.  kioBeTHOT KamepH; 9 — Kio-
Tutpant 3 nocynuan MapioTTa o Kanisipy (7) mocTymae 3 BETHa Kamepa

MOTIePETHHLO BCTAHOBJICHOKO MIBUJIKICTIO Y (DOTOMETPHUYHY Puc. 1. YcranoBka st
kroBety. CMapT(oH, Ha eKpaHi SIKOTO MOKHA CTEXKHTH 32 XPOHOMETPHYHOTO
XOJIOM THUTPYBAaHHS 3a 3MIHOIO KOIbOPY, (hiKCye BECh Mpo- TUTPYBAHHs

[lec TUTPYBaHHs y BUIJISIII Bigeodaitnmy dopmary *.mp4.
[Ticast 3MiHU KOJTLOPY €KpaHa cMapT(OHA BiZCO3aIuC MOXK-
Ha IPUNIMHUTH Ta 3aKPUTH 3aMipHUA KpaH.

Jami Bimeodaiimu dhopmary *.mp4 3i cmaprdoHa niepe-
HOCWJIM Ha KOMIT'IOTEp Ta MPOBOIMIH iXHIO 00poOKy nporpamamu Free Video to JPG
Converter Ta Excel 2010, six onucano B [9].

Pospaxynok 3nauenb T, nmpoomuin 3a (opmyinoro (3), a KHCIOTHICTH MOJOKa
(B Mous/im*) — 3a hopmyiioro (4).

B sikocTi anpTepHATHBHOT MOPIBHSUIBHOT METOANKY BU3HAUCHHS TUTPOBAHOI KUCIIOT-
HOCTI OyJia BUKOpHCTaHa MeToiuKa [3].

Craructudny 0OpOOKy pe3yNbTaTiB BUMIPIOBAHHS IPOBOIMIIM 3aCO0aMU MPOTpaMu
Excel 3 makety Microsoft Office.

Fig. 1. Chronometric
titration setup
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PE3VYJIBTATHU JOCJIJAKEHHS TA IX AHAJI3

Ha puc. 2 nokazaHo nepiuii pe3ynbTar 3 I’ ATy HapaieibHUX BUMIPIOBaHb:

RGB
200 %
150 S
—G
100 —
50 \
55 —
0 1 1 1 1 | |
0 10 20 30 40 50 A 60B ¢

Puc. 2. KpuBi KOIb0pOMETPHIHOTO TUTPYBAHHS CTAHAAPTHOTO PO3UUHY
0,1 M HCI myrom [uist BU3Ha4E€HHS TC

Fig. 2. Colorimetric titration curves of a standard solution
of 0.1 M HCl with alkali for determining T,

Bin moyarkoBOoro MOMEHTY JI0 T. «A» MPOTIKae peaxiiss HeHTpanizalii KUCIOTH JIy-
roM (po3uuH Oe30apBHwMit). Komu Bci Tpu 6a30Bi koMIToHEHTH (200 xo4a O O7HA 3 HUX)
PI3KO 3MIHIOFOTH CBOT YHCIIOBI 3HAUYEHHSI, TO IIe BKa3ye Ha IMOYATOK B3aEMOJII JIyTy 3 1H-
nukaropoM. Came B T. «A» MOYMHAETHCS peakuis 1yry 3 penondraneinoM (3’ IBISETHCA
3a0apBleHHs), 1 115 peakilis mpoTikae 10 T. «B». [licns T. «B» mporiec THTpyBaHHS 3a-
BEPIIYETHCS 1 3MiHM 3a0apBIICHHS BXE HE BiIOyBaeThes. TOOTO MpoIiec THTPYBAaHHS KHC-
JIOTH JIYTOM MpoTikae Bif T. «0» 10 T. «A». Teopis iHAUKATOPIiB CTBEPIIKYE, 1110 JTIOJCHKE
oKo 3/1aTHe po3pizHATH 10%-By 3MiHy 3a0apBiieHHs iHIUKaropa. [Iporte puc. 2 mokasye,
10 MTPH KOJILOPOMETPHYHOMY THTPYBaHHI 3MiHa 3a0apBJICHHS MPOTIKAE Pi3KO B MEXax
1 c. A ue o3Ha4ae, 110 Y TAKOMY BHUITAAKY MPAKTUYHO BIJACYTHsI IHANKATOPHA TIOMUJIKA, a
TaKOX BiICYTHS Cy0’ €KTHBHA KOMIIOHEHTA JIFOJICHKOTO OKa.

B Tabn. 1 HaBemeHO pe3yibTaTH BHMipPIOBaHHS 3HAYCHB T, 33 SKHMH PO3paxOBaHO
3HaueHHs T . 32 hopmysioro (3) Ta CTAaTUCTHYHI XapAKTEPUCTHUKH L€ BETUINHHU:

Pesynprart, skuii MoykHa OyJie OTpUMATH 3 TAKMX KPUBUX TUTPYBaHHS, BiI0OpakaTuMe
3arajbHy KOHICHTPAILIIF0 KHCJIOTH B MOJIOLI Y MOJib/am’. OHaK 11eil pe3ynbrar HeoOXi-
HO OyJ/ie IPUBECTH A0 3arajlbHONPUIHATOTO BUpasy y rpagycax TepHepa. Bianosignicts
MDK KHCIOTHICTIO y rpagycax Tepuepa (°T) Ta KHCIOTHICTIO, BU3HAYECHOIO XPOHOME-
TPUYHAM TUTPYBAaHHIM, MOXKHA 3HANTH, BUXOISYH 3 HACTYITHIX MipKyBaHb.
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Tabmms 1
Pesyabrarn Busnauenns Tarp-cexymnm (t, ., = 2,78 [11])
Table 1
Results of titer-second determination (tws_ .= 2,78 [11])
Ne BuMipioBanns Yac Tn:pcynamm Tlierp-ceKyHua
1 55 1,82 - 10°¢
2 56 1,79 - 10°¢
3 55 1,82 - 10°¢
4 54 1,85 - 10°¢
5 56 1,79 - 10°¢
Cepenne T, MOJIB/C 1,81 - 10°
CrangapTHe BiIXUICHHS S, MOJIB/C 2,76 - 1078
BinnocHe cTaniapTHe BiaxuwieHns S, % 1,52
Hosipuwuii intepsan +AT,,, Monb/c 2,42 -10°%

Ha puc. 3 mokaszano nepiri pe3yasTaTi TATPYBAHb 3 IT°SITH TSI KOKHOT MapKH MOJIOKA!
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Puc. 3. KpuBi KoIb0pOMETpHYIHOTO THTPYBAHHS TPo0 MOJIOKA: @ — 3pa3ok 1; 6 — 3pa3ok 2

Fig. 3. Colorimetric titration curves of milk samples: a — sample 1; b — sample 2
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Sl y»ke BKazyBalocst BULIE, KMCJIOTHICTh Monoka y rpaaycax Tepnepa K, [°T] Bin-
TOBIHO /10 hopMmyu (1) BU3HAYAETECS KIUTBKICTIO MUTUTITPIB THTpanTy (Vo (0 [MIT], 260
V 100/ 1000 [am’]) 0,1 1 posuuny nyry (C. [Monb/am’]), HeoOXigHOTO 715 HeﬁTpaniz.aui'i
npo6u mosoka 06’emom 100 Mt (V.. [mi], abo V“p(oT)/ 1000 [am?]), sika HEOOXimHA ISt
Hewrpanizamii kucaot B 100 i (a6o B 0,1 am*) mosoka, To6TO came Taka KinbKicTs 0,1 H

PO3UKHY JIYTy HEHTpaIli3ye eKBIBAICHTHY KibKicTh KucnotH (V, ...-C, [Monb]) y mpobi
MOJIOKA. 3 OCHOBHOTO PiBHSIHHS TUTPUMETPIT
V(00
Vnp(=Tj g = 1000 Cr (5)
BU3HAYMMO KOHIICHTPAIIIO KHCIOTH:
c Vigooy Cr [amM?®-monw/aM®  Mosb 6
£71000  Viper AM3 T oa® ©)

KoHrenTpariro KuCIOTH, K8 BH3HAYAETHCS XPOHOMETPUYHAM THTPYBAaHHIM, 3Ha-
xonumo 3 hopmyn (4):

T Ty [MONB € MOJIb
Vo L ¢ e~ i) ?)
mp(Tc) A A
KoHnieHTpartist Oy/b-sSK0i pEYOBHHH HE 3aJICXKITh BiJl METONY il BUBHAUCHHS, TOMY:

VT(mo) . Cr Tc- Top

1000 Viyery  Vipro (8)
3Bigcu:
Te Ty Vipen - 1000 Mosb-c MJI
K1[*T] =V = S [ : = mu|.
1[°T] T(roo) [M1] Voot C; C-AF Mons/ M MJI (9)

ITizcTaBUMO BiZOMi 3HAYEHHS:
— KOHIIeHTpauis Tutpanty 1o Tepuepy: C, = 0,1 [mons/nm’];
— 00’em mipobOu st TUTPYBaHHS 110 TepHepy: Vnmm - 1000 = 100 [mm];

— 00’eM TpoOH JIJIs1 XPOHOMETPUYHOTO TUTPYBAHHS: Vnp(TC) =1-1073 [mm3].

Te - Tay - 100 :
K:T[DT]E C p MOJIb C- M

: — —T..7_ -106
1-102-0,1L ¢ am?®- monp/gm? Mﬂ] Te* Tap - 10° ] (10)

[TpaBuiIbHICTE BUBEACHOT (POPMYIHN MiATBEPDKYETHCS apU(METHIHIMHI ONepaisiMU
3 PO3MipHOCTSIMH (HaBEICHUMH Yy KBAJIPAaTHUX JY’KKaxX).

B Tabu1. 2 HaBeeHo 110 5 mapaneabHIX BUMIPSHIX 3HAYCHB T (4aC THTPYBAHHS [IPO-
6m) st 000X MapoK MOJIOKA, 3a SIKUMH PO3PaxOBaHO KHCJIOTHICTH MOJIOKA y Tpagycax
Tepuepa K. 3a popmymnoro (10), cepenne snadenss K., /i0ro cran1apTHe BiXHICHHS
S ta nosipunii intepsan +K., . Tam e HaBeIEHO PE3yNbTaTH BU3HAYEHHS KMCJIOTHOCTI
THUX CaMHX 3pa3KiB MOJIOKa 3a aJbTePHATHBHOIO METOAMKOK [3] y rpamycax TepHepa 3
AHAJIOT1YHIMHU METPOJIOTIYHIMH XapaKTePUCTHKAMH.

Pesynbratu mapanenbHOr0 XpOHOMETPUYHOTO TUTPYBaHHs K NpPU BHU3HaveHHI T
(Tabim. 1), Tak 1 Ipy TUTPYBAaHHI KHUCIOTHOCTI 000X 3pa3kiB MoJoka (Tabi. 2) BiApi3HA-
IOTHCS OJIMH BijJ OJJHOTO Ha *1 ¢, Tak caMo sIK 1 00 €MH TUTPaHTa B allbTEPHATHUBHHX I1a-
paJiesIbHUX TUTPYBAHHSX BIIPI3HSAIOTHCS OIUH BiJl oiHOTO Ha +0,1 cM?. Tomy nepeBipsiTu
11 3HAYCHHS HA HASIBHICTh TPYOHX IMMOMHIJIOK 32 JIOTIOMOT0r0 Q-KpHUTEpisi HEMae CEHCY.

120



Busnauenns kuciommocmi Mo10Ka Memooom KOIbOPOMEMPUHHO20 MUMPYEAHHSL ISSN 2304-0947

Tabnuis 2
Pe3y1bTaTi BU3HAYEHHS] THTPOBAHOT KHCJIOTHOCTI 3pa3KiB MOJIOKa
(ty,05,4 = 2,78 [11])
Table 2
Results of determining the titrated acidity of milk samples
(ty.95,4 = 2,78 [11])
3pasok 1 A 3pa3ok 2
X JBTEPHATHBHA | AJIbTepHATHBHA
poHOMETpHYHE pOHOMeTpHYHE
MeTONKA MeTOHKA
TUTPYBaAaHHA TUTPYBAHHS
=) & = & = & [ &
. z = = 2 £ 2 & >
Ne BuMiproBaHHS = 4 & A s 2 < 2
) 5 E"'E 5 ) 5 E‘"’E 5
[N B = o T IS T = o =
S| 5= | S| E=| EE | 5= | T | 5%
= = Z = = = g =
2 £ o £ 2 £ o £
=) = =} = =) - ) =
1 10 18,12 1.9 19 9 16,31 1,8 18
2 11 19,93 1,8 18 10 18,12 1,8 18
3 10 18,12 1,8 18 11 19,93 1,9 19
4 10 18,12 1,7 17 11 19,93 1,7 17
5 11 19,93 1,9 19 10 18,12 1,8 18
EFT%GHH" KuenoHicTs Koy, |18 g4 18,20 18,48 18,0
Eil;i]ﬂll&pTHG BIIXMJIEHHS S 0.99 0.84 1.52 0.71
Bl;u{ocne CTaH}lOapTHe 527 4.60 8.20 3.93
BIJIXHMJICHHS SI, %
ﬁ%ﬁ]‘lp‘ﬂ/ll/l PR 0,87 0,73 1,33 0,62

Yci 3HaueHHsI BITHOCHOTO CTaHAapTHOTO BiaXuiaeHHs MeHIr 3a 10%, 1mo BBaxaeTh-
Cs1 XOPOIIIOI0 TOYHICTIO. [TOpiBHSHHS PO3paxyHKOBOTO 3HaUeHHs F-kpuTepiro F0 o541 AL
3paska 1 3a cTaHAaPTHUMH BIAXUICHHSIMH Y JIBOX HE3aJIEKHUX METO/IAX aHAi3y — Xpo-
HOMETPUYHOIO S | i ansTepHaTHBHOTO S (S > S )

; Siy 0,99 0,98_138 .
1T 52 T 084 071 an

aTeTl

=6,39[11] Hoxa3y€ mo F < F0954

3 TabnuyuHuM 3HaueHHaM F
) J:[ae HACTYITHHH pe3yJIbTar:

AHanoriyHe MOPIBHSHHS TSI 3pa3ka 2 (Sxp2

anbT2

P S&. 1,522 2,31_4'52 "
2 52 T0712 05 O (12)

areT2
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SIKHIT TAKOXK ToKasye, mo F, <F . . Ile osnadae, mo pesymsrarn aHaJTizy, OJIepKaHi 3a
JIOTIOMOTOF0 000X METOJIUK 1 JIJIsl OJTHOTO 3pa3Ka MOJIOKA, 1 JIJIsl IHIIIOTO € PIBHOTOUHUMH,
a PI3HMI MK CTaHJAAPTHUMH BIAXWICHHSIMH PE3yJIBTaTiB, OTPUMAHUX 32 JIBOMA Pi3HH-
MH METOAWKAMH, € CTATUCTUIHO HE3HAUYIIOIO i JIKATh Y MEXKaX MOKIMBHX BHITAIKO-
BUX KOJINBAHb.

Le¥t BUCHOBOK HAOYHO 1TIOCTPYETHCS TpadiuHo (puc. 4): OTpUMaHi 3HAYCHHS KHUC-
JIOTHOCTI MarOTh BUCOKY BiJITBOPIOBAHICTB Ta 301T 3 pe3ysIbTaTaMu, OTPUMAHUMH 32 ajlb-
TepHaTMBHOI MeToamKoro 3a Tepuepom. Cepenni 3Hauenns K, 060X 3paskiB HaBHIb
HE3aJISKHO BiJl METOJTy BU3HAUCHHS 3HAXOMATHCS Y By3bKOMY iHTEpBasi £0,64 °T.

Ke[*T]

19,5

19

18,5

18

R
Fmmfe=0rmmncd

175

>

1 7 L ! L ! ]

3pa3ok

3pasku moinoka: 111’ — Moioko TM «loOpuHs»;
212’ — Momnoko TM «3naroza»
Tutpysanns: 1 12 — xponomerpuunre; 1712’ —3a TepHepoM

Puc. 4. IlopiBHAHHS KUCJIOTHOCTI 3pa3KiB MOJIOKA Ta 1X JOBIpYMX iHTEpBaJIiB

Fig. 4. Comparison of acidity of milk samples and their confidence intervals

Kpim Toro, orpumani pe3ynbratu (Tabn. 2) MOKa3yrTh, MO 3HAYCHHS TUTPOBAHOI
KHCJIOTHOCTI MOJIOKA, SIKi OTPUMaHi JIBOMa METOaMH JJisi 000X 3pa3KiB, 3HAXOIATHCS Y
JIOITYCTUMUX JUTS CBI’KOTO MOJIoKa Mexax (He Oinbim 21°T [12]).

Bce 11€ BKa3ye, 1110 METOMKa KOJIbOPOMETPHYHOTO TUTPYBAHHS Y XPOHOMETPUUHOMY
BapiaHTI I03BOJISIE OTPUMYBATH BiJITBOPIOBAHI JOCTOBIPHI pe3yNbTaTy, a BUBeneHa (op-
MyJIa MepepaxyHKy pe3ybTaTiB XpoHoMeTpuyHOTro TUTpyBaHHS Y °T (10) € KOpEeKTHOIO
1 MOXe OyTH BUKOPHCTaHA PU BU3HAYCHHI KHCIOTHOCTI MOJIOKA.

Kpim Tor0, 1okasano, 1o MeToji KOJIbOPOMETPHUYHOTO TUTPYBAHHS y XPOHOMETPHY-
HOMY BapiaHTi 3[aTeH peanidyBaTH HE TUIBKH Bi3yalli3allil0 aHAJIITHYHOTO TPOIIeCy, a
1Ie 1 TIOKyMEHTAaJTi3aIlit0 pe3ysbTariB aHami3y. Takoxk MmokazaHo, 10 3MiHa 3a0apBIICHHS
B KIHIIEBIM TOYIlI TUTPYBaHHS BiAOyBa€Thcs B MeXax | CEKyH[H, IO 3HAYHO IMEPEBH-
mye BizyanbHy 10%-0By 3MiHYy KOJBOPY iHAMKATOpa, TOOTO TPH KOTHOPOMETPUIHOMY
TUTPYBaHHI MPAKTHYHO BIJICYTHS 1HAMKATOPHA IMOMHJIKA Ta CyO €KTHBHA KOMIIOHCHTA
JIFOJICBKOTO OKa.
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DETERMINATION OF MILK ACIDITY BY THE METHOD
OF COLORIMETRIC TITRATION IN THE CHRONOMETRIC VERSION

Milk acidity is one of the characteristics of its quality. It is determined by the Turner
method — titration of a milk sample with an alkali solution The method gives reliable results.
Its disadvantage is the impossibility of registering the titration process and documenting the
results. To solve this problem, we used the colorimetric titration method in a chronometric
version with recording of the titration process on a Samsung Galaxy J6+ smartphone in the
form of .mp3 video files. Video files were processed using Free Video to JPG Converter and
Excel 2010. As a result, a graphical dependence of the three basic components of the RGB
(Red-Green-Blue) color system on the titration time was obtained. Using this dependence, we
determined the time of the end point of titration.
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The chronometric version of titrimetry is titration by time: the titrant is added to the analyte
solution at a constant speed. Its quantitative characteristic is titration time. This characteristic
is called the “titer-second” — T.. Its physical meaning is the amount of substance in the titrant
that is consumed in 1 second of the titration process. Then, if the sample titration time T, and
the T, value are known, the concentration of the analyte in the sample can be determined.
Two different brands of milk were used as samples for the study. To present the results of
acidity determination in Turner degrees K., (the number of milliliters of 0.1 N alkali solution
to neutralize 100 ml of milk), a correspondence was established between the K. and T, values
in the form of a formula. Its correctness was confirmed by the coincidence of the results of
determining the acidity of milk samples by the colorimetric titration method and the alternative
comparative Turner method. Comparison of the results of parallel measurements using Fisher’s
exact test showed that the results are equally accurate, and the difference between standard
deviations lies within the limits of possible random fluctuations. This confirms that the
colorimetric titration method in the chronometric version allows for obtaining reproducible,
reliable results, and the formula for converting the results of chronometric titration into K.,
units is correct and can be used to determine the acidity of milk.

The color change at the end point of titration occurs sharply within £1 s. This means that the
indicator error and subjective component of the human eye are practically absent, and the
colorimetric control method successfully replaces subjective visual control.

Keywords: milk, titratable acidity, chronometric titration, colorimetric titration, Turner
method.
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Opnechbkuit HallioHanbHU# yHiBepcuTeT iMeHi I. . Meunukosa,

®Di3uK0-XiMIYHMH IHCTUTYT 3aXUCTY 30POB’ s JIIOIUHU 1 JOBKLLIA,

By [Ipeobpakencbka, 18, M. Oneca, 65082, Ykpaina; e-mail: i.l.monitoring@ukr.net

OIIIHKA SIKOCTI BOJIH 3 KOJIOJIA3IB HA TEPUTOPII
BOJO3BOPY KYAJIBHUIBKOI'O IUMAHY .
(IIIBHIYHO-3AXIJJHE IPUYOPHOMOP’s1, YKPAIHA)

PoGora nmpucesiueHa 0CIiKEHHIO (hi3UKO-XIMIYHOTO CKIJIy BOJH 3 JICB’ATH KOJO/IS31B, PO3-
TaIIOBAHUX Y MPUOEPEk HIN 30H1 rinepragiHHoro KysnbHUIBKOTO IUMaHy, OLiHII 11 AKOCTi Ta
MIPUIATHOCTI JUTS CIIOKUBAHHS JIFOAWHOIO Ta B TBAPHHHMUIITBI, 30KpeMa B IKOCTI IIUTHOT BOJIH.
Amnaniz Box mpoBeneHo BinnosigHo 1o Bumor JCaHITiH 2.2.4-171-10 3a 22 moka3HUKaMu
(cyxuil 3a1MIIOK, 3arajbHa TBEPHIiCTb, BOJHEBHH ITOKA3HHK, CYIb(ATH, XJIOPUIU, MarHiH,
KaJblLil, HATPii, KaJiid, a30T HITPUTHUH, GTOPHIN, CHIILiyM, aTIOMIiHIH, KyIpyM, IUTIOM-
OyM, 3ai1i30 3aranbHe, Manras, xpom (VI), umHk, kanmiii, Bananiit). Kiac sikocti migzeMHUX
BOJ 3 Kooas3iB omineHo BiamosigHo 1o JCTY 4808-2007 3a okpeMUMH MOKa3HUKaMH (3a
CepeHIMH Ta HaUTIPIINMK 3HAYEHHSIMH), OJIOKOBIMH IHJEKCAMU 32 3arajlbHO-CaHITapHUMHU
(rpyma 1) Ta Tokcukonoriuanmu (rpyna VII) mokasHukamu Ta y3araabHEHHM iHTETPaJbHIM
ingekcoM. OIliHEHA TakKOX SKICTh MiJI36MHUX BOJ KOJOIA3IB 3 TO3UMil (iziomoridHol
MOBHOLIHHOCTI IXHBOTO MIHEPAJBHOTO CKJIAAy. Pe3ymsraTh AOCHiIKEHb IMOKa3ai, IO
3a BEIUYMHOIO 3aralibHOT TBEPAOCTI Ta MiHepaji3aiii BOAU 3 KOMOs3iB Okl sk y 50%
BHIIQ/IKIB MEPEBUILYIOTh HOPMATUBH SIKOCTI Ul BXKMBAHHS JIIOAWHOIO Ta Y 25% BHUMaakax
nenpuaatHi (> 5000 mr/am®) aust Bogornoro xynoou. Ipu 1iboMy, HaHBHUIIOIO SIKICTIO 3a OKpe-
MHUMH 3arajgbHO-CaHITAPHUMHU TOKa3HUKAMHU (CEepeaHi 3HaYE€HHs) BIAPI3HSIACH BOJA 3 KOJIO-
11310 Ne 2 (1-2 kyaciB SIKOCTI), TOKCHKOJIOTTYHUMH MOKa3HUKaMU (Cepe/IHi 3HaYeHHsT) — BoJa
3 xomomsasto Ne 4 (1-2 xmaciB sikocTi). 3a JAHUMH y3araJbHEHHS PO3PAaXyHKIB 3a3HAUCHHX
0JIOKOBHX Ta IHTETPAJILHOTO 1HAEKCIB BOJIH 3 KOJIOZS3IB BIJTHOCATHCS JIO APYTOT0O Ta TPETHOTO
KJIaciB AKOCTI — BoJa 100pa, MPUHHATHOI SKOCTI Ta BOAA 3a[0BLIbHA, MPUHHATHOI SKOCT1
Ta c1abKo 3a0pyIHEHA 3 YXUIOM JI0 KJIacy 0OMexeHO mpuaaTHol. CTOCOBHO Bi/IIOBITHOCTI
(izionoriyHoi MOBHOLIHHOCTI MiHEPANBHOTO CKJIaay BOAHU 3 KONOAA3iB, TO OinmbmI 5K y 80%
BifiOpannx mnpoO crocTepiraeTbest rnepesuiieHHs Hopmaruei J{CaHITiH 2.2.4-171-10
3a yciMa HOPMOBAHMMHM IIOKA3HUKAaMM. Pe3ynbraTi MOHITOPHUHIY SKOCTI KOJIOAS3HUX BOJ
HEeOOXiHI JJIs1 OTPUMAHHS JaHUX IIPO PiBHI 3a0pyJHEHHS MOIINPEHUX y KOMIIOHEHTaX €KO-
cucreM KiT TOKCHYHHX PEHOBHH, PO iX OE3MEUHICTh I BAKOPUCTAHHA B IKOCTI MUTHUX BOJ
i, 30KpeMa, JUIs BOJOIOIO Xy/100H, BUITAC SIKOT MOMUPEHUH B JOJINHI KysUTbHUIIBKOTO JINMaHYy.
Kpim Toro, oTpumani pe3ynsraTi MOKYTh OyTH BUKOPUCTaH1 U1l pO3POOKH MPUPOIOOXOPOH-
HUX 3aXOJiB Ta IIPOCBITHHUILKOI POOOTH 3 HACEICHHSM PErioHy.

KurouoBi ci1oBa: Konojssi, MUTHA BOJIA, 3aTajlbHO CaHITApHI XIMIUHI Ta TOKCHKOJIOTIYHI MO~
Ka3HWKH, KJIACH SIKOCTi BOJIH.

Bona € oMM 3 HaWBaXKIIMBIIIUX €JIEMEHTIB HABKOJHUIIIHEOTO CEPEIOBUINA, HEOO-
XiJIHa JJIS BHOKUBAHHS BCIX BUIB OpPraHi3MiB, BiJl OMHOKIITHHHUX JIO CKIAIHHUX Oa-
raTo-KJIITHHHUX, JJIS CIIOKMBAHHS JIIOAMHOIO B SKOCTI ITUTHOI BOAM Ta JJIsi Oararbox
chep IiIBHOCTI JIFOJUMHH, 30KpeMa BUKOPUCTOBYETHCS B Xap4oOBild Ta MPOMHUCIIOBIN
JUSTIBHOCTI, ¥ CIJIbCHKOMY TOCITOIAPCTBI I 3POIICHHS, BOJOIOK TBApWH Ta 1HIIUX
CIJIbCHKOTOCTIONIAPCHKHUX IIIJICH, KOMYHAIBHHUX MOTPEO HaceleHHs ToIo [ 1-4].

Bracniok mmodanbHUX 3MiH KJIiMary, siKi BiJIOyBarOThCS B OCTaHHI JECATUPIUYS,
y BCIX KpaiHax CBITY BIIYYBa€ThCS ACPIUT BOAHHX PECYPCIB, MOTIPUICHHS 1X SKOC-
Ile crarTs BigkpuToro poctymy 3a sinensiero Creative Commons Attribution 4.0 International (CC BY 4.0).

https://doi.org/10.18524/2304-0947.2025.2(90).352387
© T M. lluxaneena, I. M. Kipromikina, 2025
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Ti. [IpoGiieMa eKoJIOTIYHOTO CTaHy TTOBEPXHEBHX Ta ITJI3EMHHUX BOJI € aKTYaJIBHOIO 1 B
VYkpaiHi, a 0COOIHBO 3ar0CTPIOIOTHCS TUTAHH 3a0€3MEUCHHS SIKICHOIO ITUTHOO BOJIOI0
HaceNeHHs miBAHS Ykpainu. ['igporpacdiuna mepexa B miBaeHHoMY CTemy HaliMeHIIIa
(0,2-0,3 xm/km?). Pecypcu muTHOT BOIM Ha TIBIHI YKpaiHU NMPEICTaBICHI MiI36MHUMHU
BOJAMH Ta BomaMu pidok. Tak, p. JIHicTep € OCHOBHUM [KEPETIOM IEHTPali30BAHOTO
BozonioctayanHs Juist M. Ofeca Ta npuierux HaceleHuX myHKTiB [5]. Kpim Toro, y
M. Opeca Takox QyHKIIOHYE 15 OFOBETHHX KOMILUIEKCIB [6], aje psi MaluxX HaceJeHUX
ITyHKTIB HE Ma€ OCTYITY IO LEHTPAIi30BAHOTO BOIOIIOCTAYaHHS. Y HACEICHUX ITyHK-
Tax I YaCTO BUKOPUCTOBYIOTH MiA3€MHY BOIY 3 KOJIOJISI31B Ta CBEPJIOBUH.

3aranoM, mig3zemHi Boau IIpmuopHOMOpCHKOrO OacelHy MarloTh CKJIagHy Tiapo-
TeOJIOTIUHY CTPYKTYPY, BKJIFOUAIOTh apTe31aHChKi, ITPYHTOBI BOIH, XapaKTCPU3YHOTh-
Csl PO3MAITTSIM 1 HEBUTPUMAHICTIO TIOMIMPEHHS K BOJOBMICHUX, TaK i BOIXOTPHBKHX
BIJIKJIA/IB, JIITOJIOTIYHOIO CTPOKATICTIO, MIHJIMBICTIO SIKICHOTO CKJaJy, MiJIBUIICHUMHU
MiHEpali3aili€r, BMICTOM 3aBHCIMX PEUYOBUH, XJIOPUIIB, Cylb(daTiB, OIOTeHHHUX CITO-
YK TPyIH a30Ty, 3a0pYyIHIOIOUMX PEUOBHH OPTaHIYHOTO IMOXODKEHHs Tomio [6, 7].
IIporuosHi pecypcu ninzeMHux Boa IIpuuopHoMOp’s He3HauHi (10 5 THC. M? Ha 100y
1 merme). [le oOMexye X IpUIATHICTh 32 €KOJIOTTYHUMH, CaHITAPHO-TIMEHIYHUMH Ta
arpOHOMIYHUMHE KPUTEPIsIMH. 3 METOIO 3all00IraHHsI, 3MCHIIICHHS Ta YCyHEHHS 3a0py/I-
HEHHS 1 palliOHAJILHOTO X BUKOPUCTAHHA € HarajbHa HEOOXIIHICTh B MPOBEACHHI IMO-
CTIMHOTO MOHITOPHHTY ITOBEPXHEBUX Ta MiA3EMHUX BOI.

JlocipkeHHSIM CKITa Tty ITOBEPXHEBUX BOJT Y OaceiHi rinepraiHHOTo KysiibHHIIBKOTO
numany (Ki) — onHoro 3 HailicTapilinx JMMaHIB KBa3icTamioHapHOro tuity [liBHIYHO-
3axignoro [TpnaopHoMOp’st, MPUCBIYEHO HU3KY HAyKOBUX IMyOmikamiii [8—15]. 3okpema,
OIlIHKA CKJIQJIHUKIB BOJHOTO OayaHcy juMaHy y XXI cT., BIUIMB Ha HUX MPUPOTHUX 1
AHTPONIOTreHHUX YMHHHUKIB IpoaHaizoBaHi y Hu3Li pooiT ¢axisuis OJAEKY (auHi da-
KyJbTeT rizpomereopororii Ta exonorii OHY imeni I. I. Meunuxosa [8—10]. Jlnnamika
3MiH TIPOXIMIYHOTO Ta TiIpoOionorivHoro pexxumiB Kir, exomoriunoro crany Horo
BOJTHHX 1 HA3€MHHUX CKOCHCTEM IIiJl BIUTMBOM KIIIMATUYHUX YMOB Ta aHTPOIIOTCHHUX
YHHHUKIB y nepii gecsitupivus XXI cT. BigodpaxeHi y podorax ¢axisuis @XIZHCIII
MOH T1a HAH VYxpainu (auni ®@XI33JI1] OHY imeni 1. 1. Meunukosa) [11-15].

[{o cTocyeThest TOCIHIKSHHS MI3eMHUX BOJ y OaceiHi Bogo3oopy Kii, To okpemi
BH/IU T1IPOTEOJIOTTYHUX AOCTIKEHb, OypiHHS CBEPAJIOBHH, KAPTYBAHHS 1 OITUC KOJOSI-
31B 1 JDKEped, sIKi pO3TAIIOBaHI B ME)KaX 3aIlIaBH 1 HA CXUIIAX JIMMaHYy, 341HCHIOBAIOCH Y
pizHi poku JIPT'TI «ITpuueprOoMopreomorisy, Ykpaincekum HJII mennaHoi peabimitamii
Ta Kypoproziorii, OHY imeni . I. Meunuxosa [7, 9, 16].

3a omiHkamMM Maifke ycix aBTopiB BogHuil pexuM Kit popmyeTrsest armochepanMu
OTIaJaMH, PIYKOBUM 1 OOKOBHM CTOKaMH Ta BUIIAPOBYBAHHSIM, BBaYKAIOUH, IO BKJIAI
TaKO1 CKJIAJIOBOT SIK ITiJI3eMHI BOJIU, HE3HAYHUH 1 He repeBuityBaB 1-2% Bij 3araibHOL
npuOyTKOBOT YacTUHHU BonHOTO Oanancy [17]. 3a JaHMMU KOMILIEKCY MPOBeJeHHX (ha-
xiBigsiMa OHY imeni 1. I. MegnukoBa y 20152017 pp. mociipkeHb Ha 00IaITOBaHUX
MepeKax TJIporeoIOr iuHUX CBepAJIOBUH Y 3aruiaBi Kit mokaszaHo, 1110 o0csr mia3eMHOro
JKUBJICHHS IMMaHy ckiajae oing 35-50% ta B 20162017 pp. konuBaBcs B Jiama3oHi
Bix 6,8 1m0 7,9 MitH. M3, IO BiAMOBIgA€E MiHOMY PiBHS BOAM B JIMMaHi MPUOIU3HO Ha
17-20 cMm [18, 19]. TakuM 9UHOM, 3TiTHO JAHUX CYYACHUX JOCIIHKEHb, ITiI36MHI BOIU
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3aliMaroTh 3HaUHe Miclie y Oananci BojornocTadyanHs Kit i BIUTMBAKOTh SIK HA SKICTh BOJH
B JINMaHi, TaK 1 SIKICTh IMiI3€MHHUX BO/I.

BpaxoByroun 3a3HayeHe, METOI JaHOi POOOTH € IOCIHIDKEHHS T1IPOXiMIYHOTO
CKJIQJIy Ta EKOJIOTO-TIFEHIYHOTO CTaHy BOJ| KOJOJS31B, PO3TAIIOBAHUX Y MPUOEPEIKHIN
30Hi TinepraninHoro Kii, oriHka X NpUIATHOCTI JIJIsl TATHUX MOTPEO.

MATEPIAJIN I METOAH JOCJIAXKEHD

BignoBiguo no ¢isuxo-reorpadiunoro paitonysanus [20] Kn posramoBanuii Ha
Opnecebkill piBHUHI, B Mexax OnechKoro MpUMOPCHKOTO pailoHy MiBICHHOI CTENOBOi
MiA30HU. Y TiIPOreoIorivHOMY BiTHOIICHHI TEPUTOPis BOLO300pY TUMaHy 3HAXOIUTH-
csl y MeXax MiBHIYHOI yacTHHU [IpnuopHOMOpPCHKOTO apTe3ianchkoro Oaceiny [21].

[TinzeMHi BOaM pO3MillleHI y BiAKIaAaX Pi3HOTO BiKY, T€HE3MCY 1 JITOJOTTYHOTO
CKJIaay — BiJ 30HU TPIIIUH KPUCTANIYHOTO (PyHAAMEHTY A0 YETBEPTUHHUX [7, 9, 22,
23].

s Kot xapakTepHOI0 pUCOIO € IIUpPOKa aMILTITy1a KOJIMBAaHb PIBHS BOJH, 10 BE/IE
JI0 3MiHH MOp(OMETPUYHUX ITapaMeTpiB 1 COIBOBOTO pexuMy [8, 9, 24, 25].

[Tnoma Bogo300py nuMaHy, BKitodarouu p. Benukuil KysipHUK, cTaHOBUTE 2233
km? [9]. [Tnoma Teputopii Bomo300py, Ha SKIM MPOBOAMIA OOCTEKEHHS KOJIOMASA31IB
6muzbko 160 kM. Beworo ynpomosx 2016-2017 pp. Oyno o0cTexkeHO 9 KONOA3IB Ta
BiJ1iOpaHo 48 mpo0d BOAH.

CynyTHUKOBUH 3HIMOK TepUTOPii OOCTEKEHHS 3 PO3TAIIyBAHHSIM KOJIOS3IB Ta iX
¢doto npencrasieHo Ha puc. 1.

Koopannaru craHImiif coctepexeHs (BikcyBau 3a JOIOMOTOI0 MPHOOPIB CyIMyTHHU-
koBoi Hasirarii GPS.

Koopannaru micub po3TanryBaHHs KOJIOAA3IB Ta IX ONUC HaBeAEHO y Taom. 1.

AHani3 Boja npoBeneHo BianosiaHo g0 Bumor JCaHITiH 2.2.4-171-10 [26] 3a 22 no-
Ka3HMKaMHM, Cepell sIKUX MiHepaizalis (Cyxuii 3aIMIIOK), 3arajJbHa TBEPIiCTh, BOAHE-
BUU MOKa3HUK, Cylb(}aT, XJOPUAM, MarHii, Kanbliid, HATPIH, Kamiid, a30T HITPUTHUH,
CUIIIIIYM, aloMiHiHi, KynpyM, TUIFoMOyM, 3ai1i30 3araibHe, MaHraH, XpoM (VI), nuHK,
KaaMii, BaHadiH, hTOpUAH.

OpneprkaHi 3HaYCHHS MOPIBHSIIN 3 CAaHITAPHO-TO0IYCTUMUMH HOPMaMH JUIsl BOJI KOJIO-
JI31B Ta BOIOTPOBIAHOT BoIH [26].

Kitac sxocti Boau konopas3iB omineHo BiamosigHo a0 JACTY 4808-2007 [27] 3a
OKpPEeMHMH MOKa3HUKaMHU (32 CEpeAHIMH Ta HAUTIpIIMMH 3HAYCHHSIMH ), OJTOKOBHMH iH-
JICKCAMU 3a 3arajibHo-caHiTapHuMU (rpymna II) Ta mpiopuTeTHUMH TOKCHKOIOTIUHUMHU
(rpyna VII) moka3HHKaMH XiMIYHOTO CKJIaxy BOJM Ta y3arajJbHEHUM IHTETPAIbHUM
IHAEKCOM, SKMH y HAIlIOMY BHITAJKy PO3PAXOBY€ETHCS K CEPEAHbOAPU(PMETHIHE 3a3Ha-
YeHUX OJIOKOBHX 1HAEKCIB 32 (OPMYIIOHO:

I =1, +1,,/2,

inTerp

ne I, 1, — BeIMYMHYU TPYIOBHX 1HAEKCIB; 2 — KiIBKICTh ITPYIIOBUX 1HIEKCIB.
3a 3HaueHHSMH OJIOKOBHX Ta y3arallbHeHHUM iHTETrpalbHUM 1HIEKCOM SKOCTI BOJIH,

Oyna BU3HAYCHA 1X MPUHAICKHICTH J0 MIEBHOTO Kiacy sikocTi (1 — BijMiHHA, OakaHa
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CraHuii BiaGopy npo6

) Konopsai

Puc. 1. CynyTHUKOBHI 3HIMOK 3 MO3HAYEHHSIM MICIlb PO3TAlIyBaHHS KOJIOII31B

Fig. 1. Satellite image with marking of well locations

SIKICTh; 2 — 100pa, MPUHHATHA SIKICTh; 3 — 3aJI0BIIbHA, JIOMYCTUMA SKICTh; 4 — TI0-
cepeHs, 0OMEKEHO MPUIUHATHA, HeOakaHa SKIiCTh).

Bapro 3a3naunTy, mo O6J0KOBHH iHAEKC 3a MOKa3HUKamu rpynu 11 BupaxoByBain
3rijgHO [27] 3a 7 MOKa3HWKaMU (3 HUX: CyXWH 3anumiok, pH, 3arajibHa TBEpIiCTh, XJIO-
punn, cynbdaTty, Maraii, a30T HiTpuTHUH); TpynH VII — 3a 10 npiopuTETHUMH TOKCH-
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Tabmus 1
Koopaunaru Ta onuc TepuTopii po3MilieHHs KO1015131iB
Table 1
Coordinates and description of the territory where the wells are located
Ne Onuc crannii cnocrepe:keHHs Koopaunarun Aara ir6opy
KOJIOASA3I0 npoou

1 Oxonui c. Crapa EmeriBka, npaBobepexoxst | 46°43'56,5" ITulll | 18.08.2016 p.
Kn 30°36'6,0” Cx 1 30.05.2017 p.

> Oxounutii ¢. KopaiBka, mpaBodepesxokst Ki 46°42'43,84" Iulll | 13.11.2016 p.
(500 M Bix ypi3y Boan) 30°36'36,24" CxJ1 30.05.2017 p.

3 Oxomui ¢. KoBaniBka, mpaBobepesokst Ki 46°42'35,87" I1ulll | 04.12.2016 p.
(800 ™ Bix ypi3y Boau) 30°36"23,58" CxJl [03.06.2017 p.

4 Oxouuti ¢. KopaiBka, mpaBodepesxoks Ki 46°42'32,27" a1l | 04.12.2016 p.
(1050 ™ Big ypi3y BoaM) 30°36'14,64" CxJ] |04.06.2017 p.

of1r " 12.11.2016 p.

5 Oxonuti ¢. Iinka, npaBobepesxoxst K ;‘gééig’g?ﬁ gfgl 30.05.2017 p.

’ 24.09.2017 p.
Oxomuti kypopry Kysuibauk, npasobepexcoxst | 46°36'01,2" IMTulll

6 | Ku, p-u 3cynis 30°42'55.6" Cxg1 | 06:10-2016p.
JliBoGepexoks Kir, Ha 1,2 KM Ha MiBICHB BiX 46°44'51,3" ITalll

7 CXIZTHOTO OCTPOBa 30°37'09,1" Cx/] 02.06.2017 p.

] Oxonuni ¢. HoBokyOanka, 6ainka, 46°43'15,2" ITalll | 09.09.2016 p.
niBoOepexoks Ki 30°40'19,4" CxJI  {01.06.2017 p.
Oxonutii ¢. CeBepiHoBKka, BepxiB’s Ki, 46°50'07,5" TTulll

? niBHiYHIe CeBEepHHIBCHKIX CTaBKiB 30°34'51,8" Cx/], 23.09.2017 p.

KOJIOTIYHMMH HEOPTaHIYHUMH MMOKa3HUKAMH (3 HUX: KaaMiii, TUIFOMOyM, MaHTaH, Mijib,
3aJ1i30, AJTIOMIHIHN, BaHAIIH, XpoM, IUHK, Gropuan). [Toka3HUKH 3a3HAYCHUX TPy Bij-
HOCSTBCS SIK JIO TITi€HIYHHX, TaK 1 10 EKOJIOTIYHUX XapaKTePUCTHUK.

AHaNITHYHI JOCIIPKEHHsI 3pa3KiB BOJ BHKOHYBAIKCh 3a CTaHIAPTHUMH METO-
IUKaMU B aTeCTOBaHId BUMPOOyBanbHIN nabopatopii «MoniTopuary GXIZHCIII
(Cin-Bo mpo arecraniro Ne PO-066/2014). KorueHnrparii HaTpiro Ta Kalito BU3HAYa-
JIH aTOMHO-a0COPOIIITHIM METOIOM y TOJIyM STHOMY BapiaHTi Ha crieKTpodoToMeTpi
CM-117, cBuHIO, BaHAIII0, KaaMiI0, KYIIPyMy, XpOMY, 3aJli3a, aJIFOMIHII0, MaHTaHy,
[IUHKY — aTOMHO-a0CcopOIifHUM METOIOM Ha crieKTpodoTomeTpi «CarypH-3» 3 mpH-
ctaBkoto «I'padiT-2» (eJIeKTpOTEpPMIUHUN BapiaHT) 3 MOMEPEIHBOIO KHUCIOTHO Mi-
Hepamizaniero mpo6. CyXuil 3ajHIIOK BCTAHOBIIOBAIH T'PAaBIMETPHYHUM, 3arajbHY
TBEPICTh, BMICT KaJIbI[if0, MArHII0 THTPUMETPUIHHUM, XJIOPUIIB apTeHTOMETPUIHUM
MerogaMu. KoHieHTpaii cuiimito, GTopuaiB, HITPUTIB BCTAHOBIIIOBAIH (HOTOMET-
PUYHUAM METOJIOM.

OmnparroBadHs i Bi3yalizallisl pe3yjbTaTiB JOCTIHKCHHS 3IIHCHIOBAINCH 32 JOTO-
MOTOIO TTakeTiB mporpam Microsoft Excel Ta I'lC-TexHomoriii.
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PE3VJIBTATHU JOCJIJKEHHS TA iX AHAJI3

Pesynprati (hi3uko-XiMiuHHUX Ta TOKCHKOJOTIYHHMX JOCIIHPKCHb BOJ KOJOMAS3IB Ta
HOPMAaTHBH SIKOCTI1 MPEJICTaBJICHI y Ta0I. 2.

Criji 3a3HaYKUTH, 1110 BOJHEBUH IMMOKA3HUK Ta BMICT 3arajibHOTO 3aj1i3a Y BOJaX 3 yCiX
JOCTIDKEHUX KOJIOJSI3iB HE IEPEBMINYyEe I'paHHYHO-momycTuMi koHueHTpamii (IAK)
srigHo JACaHITiH 2.2.4-171-10 [26]. AGcomtoTHi 3HaueHHs] pH KOJIMBAIOTHCS Y MEX-
ax 5,90-7,81 mpu cepeanix Bix 6,82 g0 7,70, sAKi 3HAXOJWINCH Y MAaKCUMAJIBHO J0-
MyCTHMHX MEXax BiIMOBIIHO 70 [26]. 3a aOCOMIOTHUMH 3HAYCHHSIMH B OCIHHIN TIe-
piox 2017 p. Bomu 3 Konmos3t0 Ne 5 Oyiii HIDKYMMH 32 MiHIMallbHI 3HaYeHHS 6,5, 110
MOKe OyTH TIOB’SI3aHO 3 MIPOCOYYBAHHSAM JIOIIOBUX BOJ, 30aradyeHuX BYTJIEKUCIHM Ta-
30M. Bognouac, maitxke y 60% mpoO BOA 3 KOJNOAA3IB CIOCTEPIraeThes MEPEBUILICHHS
HOPMATHBIB 32 CyXHM 3aJIHIIKOM, 3arajibHOI0 TBEPIICTIO, BMICTOM XJIOpHUIiB Ta y 38%
po6 — 3a BMicTOM cyib(dariB. Tak, KOHIIEHTpAIIT XJIOPUIIB Y BOJIaX 3 KOJIOJSA31B MPH-
OepexxHoi 30HM Ko konmmBaiuch y Mexax Bij 106,1 mr/mm® 1o 5434 mr/am?® (ipu cepen-
Hix 216,3-3510 mr/nm?), mo Bumie 3a [JIK [26] Ta cranmapru BOO3 (2011). Takuii
BHUCOKHMI BMICT XJIOPHJIB Ta MiHepamizamii (quB. Taln. 2) Moxke OyTu MOB’s3aHUil 3
HAsBHICTIO TICHOTO TiAPABIIYHOrO 3B‘A3KY MK IPYHTOBUMHU 1 OBEPXHEBUMHU BOAAMHU
rinepraiaaoro Ki, Ha 10 BKa3yrTh JriTeparypHi aaHi [18, 19] Ta po3paxoBaHi HaMH
KOCQIIIEHTH KOPEJSIiT MK BMICTOM XJIOPUIIB Ta MiHEpaTi3aIli€er0 BOAM Yy KOJOJIS-
3sx moonu3y c. KopamiBka Ta B akBaropii Ki Ha TpaBepsi c. KosaniBka (R=—0,501 Ta
R =-0,516 BianoBigHO).

VY Bogax 3 xoioas3iB Ne 3 ta Ne 5 mobnusy cin KosaniBka Ta [yutiHka HanpuKiHLi
TpaBHs Ta modarky depBHs 2017 p. dixcysamu nepesumenns [JIK 3a BMicTom HITpH-
TiB 'y 5,5 Ta 1,5 pa3iB BiANOBIIHO. Y TBOPECHHS HITPUTIB Y IMiJ36MHUAX BOJIAX MOIINBE
3 HITpaTiB NpH BiAHOBHHUX MpoIecax, ado 3 i0HIB aMOHiI0 NMPHU IXHHOMY OKHCIICHHI.
MaxkcumyMmn ¢ikcyBalUCh HABECHI MIPU PO3KIIaIaHHI HE)KUBOT OPraHiqHOI PEUYOBUHH.

[Ilono BMicTy y BOAII 3 KOJIOJIS131B TOKCHKOJIOTTYHHX TTOKA3HUKIB, CIIiJ] 3a3HAYUTH, 110
3a KOHIICHTpAI[isSIMU MaHraHy (3a BUHATKOM BOJ 3 Koytofsi3t0 Ne 2 y TpaBHi 2017 p.) ta
3auiza repesuinens [JIK st muTHUX BOJ 3 KOJIONA31B HE 3adikcoBaHo. [HIT MeTanu y
BOJIax 3 KOJIOJISI31B 3TiJHO 3 [26] He BU3HAYAIOTh. BiNOBIIHO /10 HOPMATHBIB IS BOJIO-
MIPOBIAHOI BOAM y MUTHHUX BOJAX 3 KOJOAS3IB criocTepiratothest nepesuiieHns /1K sk
1o abCONIIOTHUM, TaK 1 CepeAHIM 3HaYeHHSIM KOHIeHTpauid B 2,3-6,0 pa3is mo Al, y
1,6-7.,4 pa3iB o V (3a BUHATKOM B0 3 Kourosi3to Ne 2), y 2,4-5,0 pasis o Cd (3a Bu-
HSATKOM BOJI 3 Koozs13iB Ne 2 ta Ne 7), y 1,9—4,3 pazis o Pb (3a BUHSITKOM BOJI 3 KOJIO-
ns13iB Ne 4, No 7 ta Ne 9).

TakuM UMHOM, HAMKpAIIOIO SKICTIO MaiXe 3a yciMa CaHITapHO-TIri€HIYHUMH Ta
TOKCHKOJIOTTYHUMH MTOKa3HUKAMU XapaKTepHU3YIOThCs BOAM 3 KoJoAs31B Ne 2 (3a BUHAT-
KOM ITiIBUIIIEHOTO BMICTy MaHraHy y TpaBHi 2017 p.) Ta Ne 4 (3a BUHATKOM ITiIBUIIEHOL
TBeprocTi y rpyani 2016 p.). Cepenni 3HaueHHS IMX MOKa3HUKIB Maiixke Ha piBHI [JIK
(muB. TabMN. 2).

Bapro Haromocury, 10 HaAIUIIKOBI MiHEpasi3allis it 3arajgbHa TBEpAICTh BUSBIIS-
I0Th HETaTHBHMI BIUIMB Ha OPraHi3M JIIOJUHH TPU IIOJEHHOMY BHKOPHUCTAHHI TaKoi
BOAM JUIst TUTHUX 1inel. [[i moka3HuKH € BKpail BAYKITMBUMU 1 TIPH OIIHIII TPUAATHOCTI
BOJM JUTS CTIOKUBAHHS Y TBAPUHHUIITBI, 30KpeMa B SKoCTi muTHOI Boawm [28]. Tak, Bogu
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3 xosoas3iB Ne 3 1 Ne 6 3a mi"epamizaniero (> 5000 mr/aM*) HenpuaaTHi AJisi BOIOTIO
BEJIMKOT poraToi Xymao0Hu.

OTpuMaHi TP TPOBEJICHHI JOCITIDKEHb JIaHl MO0 SKOCTI BOIU € JOCHUThH BaXKIIH-
BUMH, OCKUIBKH 3aBISKH IM MOYKHA BU3HAYUTH CTaH 3a0PYIHEHHS MUTHOI BOAX 3 KOJIO-
JIs131B Ha TepuTopii Bopo30opy Kit mobnusy 5-u Hacenenux myHkTiB (c. Ctapa EmeriBka,
c. KonauiBka, c. Iiutinka, c. HoBoky0Oanka, ¢. CeBeprHiBKa) Ta KypopTy KysulbHHK.

VY ce3onniit quHamini 2016—2017 pp. BinOyBaeThcs 30UTBIICHHS KOHIICHTPAITIH Baxk-
KHX METAJIIB YJIITKY 1 BOCCHH BipOTiHIIIIE BHACIIIOK CYTTEBOTO 3MEHIIICHHS PiBHS BOJIN
B KOJIOZISI3SIX, IO 3a()iKCOBAHO HAMH Y TIEPi0JI MPOBENIEHHS JOCIikeHb. HalimeHti piB-
Hi BoJM (DiKCyBaJMCh y JITHBO-OCIHHI TIEpioJid, HAWOUIBII — y 3MMOBO-BECHSIHI, 110
MIATBEPKYEThCS 1 JaHUMHU aBTOpiB [18, 19].

3rigHo jaHuX TaOn. 3, MOKa3HHWKH (Di310J0TTYHOT MMOBHOIIIHHOCTI MiHEPaJIbHOTO
CKJIaay MTUTHOI BOAM 3 KOJONA31B HA mpubepexHiid Teputopii K Oinpm sx y 80% Bimi-
OpaHuX MPoO HE BiJIMOBIIAIOTE HOpMATHBaM [26].

®DakTUYHO, JHIIE BojA 3 KOJIOsA3k0 Ne 2 3a OUIBIIICTIO MapaMeTpiB BiJINOBIIae HOP-
MaTHBHHMM 3Ha4eHHSIM (JUB. Ta0J. 3). CrIOCTEepIraroThCsl JIUIIE BIIXUICHHS BiJ] HOpMa-
THBHUX 3HAYCHb KOJMBAHb KOHIICHTPAIII HATPIIO Ta B JISSAKI TIEPIOJIN KATIO 1 HE BJIITO-
BiJIAIOTh HOPMATHBaM KOHIICHTpAIii GTOpH/IiB.

Tabmuus 3
IMoxa3Hukm ¢izionoriynoi NOBHOWIHHOCTI MiHepPaJbHOIO CKJIALY
BO/IM 3 Kostoasi3iB (2016-2017 pp.)
Table 3
Indicators of the physiological value of the mineral composition
of water from wells (2016-2017)
Jiana3on ¢pakTHYHHX 3HAYEeHb MOKA3HUKIB
Homepa - —
KOJIOAsI3iB 3araJ1.l>Ha Kaunii, Harpiii, Kaapuiid, Marsiii, Mlﬂepanlzaum ®Topuau,
TBep}:leb,: mr/am? mr/am? mr/am? mr/am? (cyxmii 3 mr/am?
Mr-eKB/IM 3aJIMIIOK) T/IM
1 13430 | 174520 36855170 530000 |24503197| 45113 | 028028
2 4,7-4,9 16,9-39,5 | 29,9-134,5 | 56,5-70,2 14,6-26,1 0,39-0,67 0,04-0,43
3 809835 | 146964 | Tol3 [5261-6212 63846728 | 662882 | 004005
4 7,3-15,9 18,3-38,3 | 87,4-200,5 | 82,2-112,6 | 38,9-128,0 0,99-1,01 0,92-1,03
5 16,6-45,0 24,9-38,4 |218,8-419,6 | 235,7-661,3 | 60,8-152,0 1,86-3,60 0,04-0,15
6 172,6 24,1 206,8 3006,0 304,4 9,82 0,34
7 10,5 27,0 192,4 86,2 77,8 1,01 0,29
8 11,2 11,4-55,8 |261,5-391,2 132,3 55,9 1,05-1,20 0,29-0,34
9 - — — — — 2,35 0,24
& 2
28s
2EE
Z o= 1,5-7,0 2-20 2-20 20-75 10-50 0,2-0,5 0,7-1,2
SES
g x H
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Bapto BiaMITHTH, 1110 KOHIIEHTpaIii GTOPHUIIB Y MiI3EMHUX BOJIaX Maiike yCiX Ko-
JIOJI5131B (32 BHKJIFOYCHHSIM KOJOJIs13t0 Ne 4) Ha TepuTopii nmpudepexnoi 30au Kit He j10-
csTalld HaBiTH PIBHS MiHIMajdbHOI HOpMH. OTpUMaHi JaH1 y3rOKYHOThCS 3 JIAHUMHU
aBTopiB [29, 30], oTpuMaHUMK TIPH AOCTIKEHH] (Di310J0TTYHOT MOBHOIIIHHOCTI MiHe-
PABHOTO CKJIaTy MiI3eMHUX BOJI BEPXHBOCAPMATCHKOTO BOJOHOCHOTO TOPH30HTY, III0
eKCIUTyaTy€eThCsl OIOBETHIMH KOMIUIEKCAMH Y pi3HUX yacTHHaX M. Ofeca.

[TopiBHSIHHS IKOCT1 BOJIM JIJIsl TUTHOTO BOJIOTIOCTAYaHHS 3 PI3HUX KOJO/S3IB, OIliHE-
HOT 32 CepeIHIMU 3HAUCHHSIMU OKPEMHUX MOKa3HHKIB BianoiaHo g0 JCTY 4808-2007
[27], mpencraBneHo Ha puc. 2, 3.

Sk BUTHO 3 HABEJICHUX HA PUC. 2 TaHWUX, CYXHUI 3QJIUIIOK, 3arajibHa TBEP/ICTh, BMICT
cynb(}ariB, XJIOPHUIIB, I0HIB MarHito y BOJli 3 OUIBIIOCTI KOJIOASA3IB HA TEPUTOPIi BOJO-
300py Ki1 konuBaroThes y Mexax 3—4 Ki1aciB sSIKOCTI — 3aJI0BIUIbHA, IPUHHITHOT SKOC-
Ti Ta mocepenHs, 0OMeXKEeHO MpHIaTHa, HeOakaHa SIKICTh BOIU BianoijaHo [27]. Kiac
SIKOCTI 10 a30TY HITPUTHOMY JIOPiBHIOE 2 — 10o0pa MPUIHATHA SIKICTh BOJIX (32 BHKITIO-
YEHHSIM BOJI 3 KOJos13t0 Ne 5, uB. puc. 2).

Kiac skocTi Boau

HoMepa Komoag3iB

B Cyxuif samamok M 3aranpHa TBepaicts  #80s> ECI- #Mg>* #&NNO:) “pH

Puc. 2. Kiac sikocTi BOH 3 KOJIOJSI3IB 32 OKPEMHUMH (Di3HUKO-XIMIYHUMH ITOKa3HHUKAMH
(cepenni 3nauenHs 2016-2017 pp.)

Fig. 2. Water quality class from wells by individual physicochemical indicators
(average values 2016-2017)

SkicTh BOIU 3 KOJIOJIA31B 32 KOHIIEHTPAIIIMA TOKCHYHUX METAJIB, SIKI BIIIHOCSATHCS
1o 2 knacy 6e3neku (Al, Cd, Pb), konmuBaeThcsi B OCHOBHOMY B MEKax 2—3 KJIACiB SIKOCTI
(3a BukmrouenHsm Cd, quB. puc. 3).

Otpumani y niepion 20162017 pp. pe3ynbTaru cBigyarh, M0 HAWBUIIOKO SIKICTIO
32 OKPEMHMH 3aralibHO CaHITApHUMH IMOKAa3HUKAMHU (CEepe/iHI 3HAUeHHS) Bipi3HsIIach
Boza 3 kooas3to Ne 2 (1-2 kiaciB sIKOCT1), TOKCUKOJIOTTYHUMH MTOKa3HUKaMU — BOJIA 3
komoyisizro Ne 4 (1-2 kiaciB sIKOCT).

3Ha4eHHs PO3PaxOBaHUX BIAMOBIAHO 70 [27] OGJOKOBUX 1HJEKCIB 3a 3arajibHO ca-
Hitapaumu (rpyna II) ta Tokcukonmoriyammu (rpymna VII) moka3Hukamu HaBeleHi Ha
puc. 4.
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Kiac skocti BoaH

Howmepa komoasasis

Al =Pb mCd

Puc. 3. Kitac sikocTi BOAM 3 KOJIOAS31B 32 OKPEMUMH TOKCUKOJIOTTYHIMH TTOKa3HUKAMH
(cepenni 3nagenns 2016-2017 pp.)

Fig. 3. Quality class of water from wells by individual toxicological indicators
(average values 2016-2017)

4 -
]
:E 2
2
g 01
[da]
0 T T T
1 2 3 4 5 6 7 8 9
Howmepa konongsis

= bnokosHit i]-I)IEKC 3a SﬂTaJIBHOCi]HiTap}I]'IM]I MMOKa3SHHKaMH

® Br1okoBHil i}IJIEKC 32 TOKCHKOIOTTYHHMH ITOKa3HHKaMH

Puc. 4. [TopiBHsHHS O1IOKOBUX 1HAEKCIB SKOCTI BOJH 3 PI3HUX KOJIO/S3IB

Fig. 4. Comparison of block water quality indices from different wells

3rigHo 3 [27] Bomu 3 xomomsziB NeNe 1, 3, 5, 6 3a OIOKOBUM 1HAEKCOM JUISI TPYTIH
II BignoBimaoTh 3 Kiacy SKOCTI BOIH, MifKiIacy 4 — 3aJl0BUIbHA, c1abKo 3a0pyaHEeHA
BOJIa 3 YXUJIOM JIO KJlacy OOMEKEHO MPUAaTHOI HeOakaHOT SIKOCTI; 3 KoJomsi3io Ne 2 —
knacy 1 migknacy 2 — BiMiHHA, Ty’Ke YMCTa BOJA 3 YXUIJIOM JIO KJacy A00poi, YucToi
BOIM OaxkaHOi sIKOCTi; 3 KomojsiziB NeNe 4, 7, 8, 9 — kmacy 2 migkmnacy 3 — n00pa,
YHUCTa BOJIA 3 YXUJIOM JIO KJIACy 3aJI0BIJIbHOI, CIIA0KO 3a0py/IHEHOT MPUIHATHOI SKOCTI.

3a OnokoBuM iHJeKkcoM i rpynu VII Boam 3 xomomsaziB NeNe 2. 6, 7, 8 ta 9 Biarmo-
BIJIAIOTH KJIacy 2 Ta Kjacy 2 miakiacy 3 — jo0pa YucTa Boja MPUUHATHOL SKOCTI Ta
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J00pa, YrucTa BOJIa 3 YXWIJIOM JI0 KJIacy 3aJI0BUTbHOT, ClIa0KO 3a0pyIHEHOI MPUHHATHOT
SKOCTI; 3 KosromsiziB NeNe 1, 3, 5 — kiacy 2—-3 — BoJia epexijHa 3a sKiCTiO Bij 1o0poi
YHUCTOT JI0 3310BIJIbHOI, cl1a0K0 3a0pyaHEHOT; 3 Kooas3to Ne 4 — kiacy 2 mijgknacy 1 —
Jo0pa 4yucTa BoJia 3 yXUIJIOM JIO KJIacy BIJIMIHHOT, Ty’Ke YUCTOI.

AHaJI3y04H SKICTh BOJIH 3 KOJOMAS3iB BO0300py Kit Mo 3HaYEeHHSAX 1HTETpasibHOTO
THJEKCY sIKOCTI BojM (Tabi1. 4) MOXHA 3pOOUTH BUCHOBOK, 11O BOJIA 3 KOJIOs3t0 No 2 —
YUCTA 3 YXWJIOM JIO KJIacy BiIMIHHOT, J{y»e 9ncTOi, 3 Kostos3iB NelNe 4, 7.9 — noGpa,
YHUCTa BOJA 3 YXHUJIOM JI0 KJIACy 3aJI0BUTLHOT, CITA0KO 3a0pyIHEHOT MPUHHATHOT SKOCTI,
a 3 konmogsziB NeNe 1, 3, 5 Ta 6 — 3aj0BisIbHA, ci1a0Ko 3a0pyaHEHA BOJA MPUHHATHOT
SIKOCTI Ta 33JI0BUIbHA, cITa0KO 3a0pyIHEHa BO/Ia 3 YXHIIOM JI0 Kilacy 1o0poi, uncToi Bif-
HOBIIHO.

Tabmuus 4
XapakTepucTHKA SIKOCTI BOAY 3 K0JIOAA3IB Ha TepuTopii Bogo3dopy Ka
32 KJIACaMM 110 iHTerpaJIbHOMY iHJeKcy

Table 4
Characteristics of water quality from wells in the catchment area Kl
by classes according to the integral index
Ne Kuac Ta miakiaac XapakTepucTHKA SIKOCTi BOAH 32 KJIacaMu
KOJIOSI310 SAAKOCTI Mo iHTerpaJLHOMY iHIeKCy

1 3 3amoBinbHA, cI1a0Ko 3a0pyIHEHA BOAA TPUHHATHOT SIKOCTI

2 2(1) Jlobpa urcTa Bozia 3 yXHIIOM JI0 KJIacy BIAMIHHOI, Ty)Ke YUCTOL

3 3 3a/10BiIbHA, CITA0KO 3a0pyIHEHA BO/IA MPUUHATHOT SIKOCTI

4 23) JloOpa, uncTa Boja 3 yXHIIOM JI0 KJIacy 3a/I0BIIbHOT, ClIa0Ko
3a0pyIHEHOT IPUHHATHOT TKOCT1

5 3 3amoBinbHA, cI1a0Ko 3a0pyIHEHa BOAA IPUHHATHOT SIKOCTI

6 32) 3anoBiibHA, cI1a0Ko 3a0pyIHEHA BOAA 3 YXHIIOM JI0 KJIacy
106pofi, unctol

7 23) Jlo0Opa, uncTa Boja 3 yXHIOM JI0 KJIacy 330BLIbHOI, CITa0KO
3a0pyaHEHOT NPUIHATHOT SIKOCTI

] 23 Bona, nepexigHa 3a AKicTiO Bi 100poi, YUCTOT 10 3aA0BUIBHOT,
ciiabko 3a0pyaHeHOT

9 23) Jlo6pa, uncTa BoJa 3 yXHIOM JI0 KJIacy 33J0BLIBHOI, C1a0KO
3a0pyIHEHOT MPUHHSITHOT TKOCT1

BUCHOBKHA

Bnponosx 20162017 pp. Bnepiie npoBeJeHO MOHITOPUHT SIKOCTI MiI36MHUX BOJ
3 9-u KoNoA3iB Ha TepUTOPil BOI0300pY rinepraninHoro KysuibHUIBKOTO JUMaHy T0-
O6nmu3y 5-u HaceneHux myHKTiB (c. CeBepuHiBka, c¢. KoBamiBka, c. Imminka, c¢. Crapa
EmertiBka, c. HoBokybanka) Ta Kypopty KysnbHUK.

O1iHKa SIKOCTI KOJIOMISI3HUX BOJ TipoBoamiacs BianosigHo no JCaHITiH 2.2.4-171-
10 ta ACTY 4808-2007 3a okpemMuMH (Pi3UKO-XIMIYHUMHU Ta TOKCHUKOJIOTTYHUMHU TIO-
Ka3HUKaMH (3a CepeIHIMHU Ta HAWTipIIMMM 3HAYEeHHSMH), OJIOKOBUMH iHAEKCaMH 3a
3arajbHO-caHiTapHuMu (rpyna II) Ta toxcukonoriunumu (rpyna VII) mokasHukamu
Ta y3araJbHEHUM IHTETPaJbHUM iHJEKCOM. Pe3ynbrati MOHITOPHHTY 3aCBiTYHIIHU, L0
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HAWBHUIIOKO SKICTIO 32 OKPEMHUMH 3arajbHO- CaHITAPHUMU TOKa3HUKaMHU (CepeliHi 3Ha-
YeHHs) BIIPI3HsTIAch Boga 3 Komoas3to Ne 2 (1-2 kiaciB SKOCTI), TOKCHKOJOTIYHUMH
MOKa3HUKaMU (CepeiHi 3HaYeHHs) — Bojia 3 Konomsizto Ne 4 (1-2 kiaciB sikocti). 3a
3HAYCHHSIMH THTETPAIIBHOTO 1HJIEKCY SIKOCTI BOJH, PO3PAXOBAHOIO 3a JIBOMa OJIOKOBH-
MU iHgekcamu (rpymu 11 ta rpynu VII), Bona 3 konmomsizro Ne 2 BiTHOCHTBCS 10 KIlacy
2 migrpynu 1 — moOpa ymcra BoJia 3 YXHIIOM JIO KJIACy BIJIMIHHOI , JIy>K€ YHCTOT; 3
konozsi3iB NeNe 4, 7, 9 — no knacy 2 miarpymnu 3 — a00pa, yucTa Boja 3 YXHIOM 0
KJIacy 3aJI0BUIBHOI, cl1abKo 3a0pymHEeHOI MPUHHITHOT SKOCTI; 3 Kooas3to Ne 8 — 10
Kiacy 2—3 — Bojla, Tiepexi/iHa 3a SKICTIO BijJl 100pOoi, YMCTOI 10 3a0BUILHOT, CIIA0KO
3a0pynHeHof ; 3 konmos3iB NeNe 1, 3, 5 — o xiacy 3 — 3al10BiIbHA, c1a0Ko 3a0pyAHEHA
BOJIa MMPUIHSITHOT SIKOCTI Ta 3a/I0BiJIbHA, CJIA0KO 3a0py/IHEHA BO/IAa 3 YXHIIOM JIO KJIACy
JI00poi, YMCTOT BIIMOBIIHO.

BcraHoBIteHo, 1110 BOJIM 3 KOJIOJSI31B Ha TprOepekHii Teputopii Kit 3a mokasHukamu
(hiziomorivHOI MOBHOLIHHOCTI MiHEPAIBHOTO CKIIamy, OLthm K y 80% BiniOpaHux mpod
HE BIIMOBIJAIOTh HOPMATHBAM 1 IOJICHHE BUKOPUCTAHHS TAKUX BOJ Y SKOCTI MATHHUX
MOyke OyTH HeOe3IeYHUM JUTS 3/I0POB’ ST JTFOINHU.

BwmicT HITPHTIB, SIK OJHMX 3 HAUTOKCHYHIIIMX IMOKA3HHUKIB CITIOJIYK a30THOT TPYIIH,
Maike y BCIX KOJOIS3SAX (32 BUHSATKOM BOIHU 3 KOomsi3iB NeNe 3, 5 B OKONUIIX Cill
KopamniBka ta Imrika Ha npaBoOepexoki Kir) He nmepepumryBaB Hopmatus J1CaHITiH
2.2.4-171-10.

[TokazaHo, 1o IS 1JIel BOIOTIO POTaToi XyJJ00H MOYKHA BUKOPHUCTOBYBATH BOIY
3 konmogisiziB NeNe 1, 2, 4, 5, 7-9 Ta 3 obGepekHicTIO BOIy 3 Koiozsa3iB NeNe 3, 6, BHa-
CIIJIOK HA/I3BUYAHO BUCOKINM MiHepautizamii Bogau. MiHepadizaiis Bogu < 3000 mr/am?
3a3BUYail 3aJI0BOJIBHsIE TOTpeOam OiibimocTi xymobu, 3000-5000 mr/am® mMoxe He
CIIPUYUHSTH HETaTHBHOTO BIUIMBY Ha JA0pociy Xymnoly, a piBHi 7000—10000 mr/om® He
PEKOMEH/TYIOThCS JUTSI BAKOPUCTAHHS TOAYIOUHX KYWHHUX TBApPUH a00 KOHEH Ta piBeHb >
10000Mr/ 1M MOYKE CIIPUYMHUTH MTOIIKOJKEHHS MO3KY a00 cMepTh [28].

Pesynbrati MOHITOPUHTY SIKOCTI KOJOAS3HUX BOJ HEOOX1IHI JUISl OTPUMAHHS TaHUX
PO piBHI 3a0pyJAHEHHS MONIMPEHUX Y KOMIIOHEHTaX eKkocrucTeM Kil TOKCHYHUX pedo-
BHH, PO 1X OE3MEUYHICTh /I BAKOPUCTAHHS B SIKOCTI MUTHUX BOJI 1, 30KpeMa, JUIs BOJIO-
TIOFO Xy1OOH, BUTIAC SIKOT MONIMPEHUH B TOJMUHI KysUTbHUIIBKOTO JINMaHY.

Kpim toro, orpumani Bnepiie y 2016-2017 pp. pe3ynbraTs SKOCTI MiA36MHUX BOJI
9-1 KOJNO/S31B, PO3TAIIOBAHKX Y IPUOEPEXHI 30H1 KysiIbHUIIBKOTO JTMMaHy € (haKTH4-
HO OCHOBOIO JUIS MOAANbIINUX (PYHIAMEHTAIBHUX Ta MPUKIAIHUX JOCIIHKEHb MO0
JIMHAMIKHW 3MiH X SIKOCTI MiJl BIUIMBOM aHTPOIIOTEHHHUX Ta KJIIMATHYHUX YHMHHHUKIB Ta
MOXYTh OyTH BUKOPHCTaHI JUISI PO3POOKH MPUPOTOOXOPOHHHMX 3aXOJiB Ta MPOCBIT-
HUIBKOI POOOTH 3 HACEIICHHSM PErioHYy.
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ASSESSMENT OF WATER QUALITY FROM WELLS IN
THE KUIALNYK ESTUARY WATER CATCHMENT AREA
(NORTHWESTERN BLACK SEA, UKRAINE)

The work is devoted to the study of the physical-chemical composition of water from nine
wells located in the coastal zone of the hyperhaline Kuialnyk Estuary, the assessment of its
quality and suitability for human consumption and animal husbandry, in particular as drink-
ing water. Water analysis was carried out in accordance with the requirements of DSanPiN
2.2.4-171-10 for 22 indicators (dry residue, total hardness, hydrogen index, sulfates, chlo-
rides, magnesium, calcium, sodium, potassium, nitrite nitrogen, fluorides, silicium, alumi-
num, cuprum, lead, total iron, manganese, chromium (VI), zinc, cadmium, vanadium). The
quality class of groundwater from wells was assessed in accordance with DSTU 4808-2007
based on individual indicators (average and worst values), block indices for general sanitary
(group II) and toxicological (group VII) indicators, and a generalized integral index. The
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quality of groundwater in wells was also assessed in terms of the physiological adequacy
of their mineral composition. The results of the research showed that in more than 50% of
cases, the total hardness and mineralization of well water exceeded the quality standards for
human consumption, and in 25% of cases, it was unsuitable (>5000 mg/dm?) for watering
livestock. At the same time, water from well, No. 2 (1-2 quality classes) was distinguished
by the highest quality according to certain general sanitary indicators (average values), while
water from well No. 4 (1-2 quality classes) was distinguished by toxicological indicators
(average values). According to the summary of calculations, the specified block and integral
indices of water from wells belong to the second and third quality classes — good water of
acceptable quality and satisfactory water of acceptable quality and slightly polluted, lean-
ing towards the class of limited suitability. With regard to the physiological adequacy of the
mineral composition of water from wells, more than 80% of the samples taken exceeded the
standards of DSanPiN 2.2.4-171-10 for all regulated indicators. The results of monitoring
the quality of well water are necessary to obtain data on the levels of contamination of toxic
substances common in ecosystem components, their safety for use as drinking water and, in
particular, for watering livestock, which is commonly grazed in the Kuialnyk Estuary valley.
In addition, the results obtained can be used to develop environmental protection measures
and educational work with the population of the region.

Keywords: wells, drinking water, general sanitary chemical and toxicological indicators, wa-
ter quality classes
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IH®OPMANIA 1151 ABTOPIB

1. MPO®LJIb XKYPHAJY
1.1. «BicHuk OpecbKoro HaIiOHaTbHOTO YHiBepcuTeTy. XiMmisf» mybmikye Taki TuUIu

MarepiaiB:

1) HayKoBi cTarTi,

2) KOPOTKi MOBiZOM/IEHHI,

3) ornAmosi craTTi,

4) matepianu KoH(pepeHLil,

5) perjeHsii Ha KHuUTH,

6) MUCTHU KO pefaKiiii.

1.2. V meBHOMY BUITyCKy >XypHA/y KOXXEH aBTOP MO>Ke OIyOJIiKyBaTy /uile OfHY CTATTIO,
30KpeMa HallJCaHy y CIIiBaBTOPCTBI.

1.3. MoBM BUJaHHA — YKpaiHChKa, aHITIIChKA.

1.4. lo pepakuii «BicHuKa ...» mofaeTbC:

1. TekcT cTaTTi 3 aHOTAIi€l0 — 2 PO3APYKOBAHUX NPUMIPHUKY (PUCYHKU Ta MfIINICK 10 HUX,
Tab/IILi PO3MILIYBATH IO TEKCTY IIiC/Is IePIIOrO TOCUIAHHS Ha HUX);

2. Pesiome - 2 npumipHuKu;

3. Konmonturyn;

4. PexoMenpariist kadenpu abo HayKOBOI YCTAHOBM [0 APYKY;

5. BigomocTi mpo aBTOpiB;

6. Bimpenmarosannii i yarofiyKeHnii 3 pefiIKoJIeTi€lo TeKCT CTATTi, 3alMcaHuil Ha ANCKY y pefaKTopi
Word (xernb 14; Bimcrani Mixx psAnKamu 1,5 iHTepBaIn; IO/ CTOPIHOK: /iB€, BEPXHE Ta HIDKHE — He
MeH1 20 MM, TipaBe — 10 Mm).

2. IMMIATOTOBKA CTATTI - OBOB’AA3KOBI CKJIA1IOBI

OpuriHanbHa CTaTTA Ma€ BKIIOYATH:

2.1. Berym.

2.2. Marepianu i MeTOU JOCTi>KEHHS.

2.3. PesynbraTu foCHiKeHHA.

2.4. AHaJti3 pesynbTaTiB [OCIHKeHHs (MOXK/IMBE IIOEHAHHS TPETHOTO 1 4eTBEPTOTO PO3AIIIB).
2.5. BucHoBkn (y pasi HeoOXiTHOCTI).

2.6. AHoTanis (MOBOIo cTaTTi) Ta pesioMe (iHIIOI0 MOBOIO).

2.7. Kimo4osi cnosa (mo w’'satn).

2.8. KonmonTtutyr.

3. O®OPMUIEHHSA PYKOIIUCY. OBCAI. IMOCJTIITOBHICTD PO3TAIIIYBAHHS
OBOB’A3KOBUX CKJIAJOBUX CTATTI

3.1. Tpanmunmit o6car crarTi — 12 CTOpiHOK, 6 PUCYHKIB, 4 Tabmuii, 20 IXepen y CImcKy
JiTepaTypy; MUCTIB B pefaKIlilo — 4 CTOPiHKM; OIVIAAIB — 20 CTOPiHOK (OIVIAZOBI CTATTi 3aMOBILA-
I0TBCSI PEKOJIETIEN).

3.2. ITocnmiioBHICTh APYKYBaHH: OKPEMIX CKIaJOBUX HAYKOBOI CTATTi Ma€ Oy TI TaKOIO:

1. YK - 3miBa.

2. Ininjany Ta npisBuiie aBTOPiB (3rigHo 3 macmoproM) — Hipkde YK 3miBa.

3. HasBa HayKoBOI ycTaHOBU (B TOMY 4MCIIi Bififiiny, Kadeapu, e BUKOHAHO JOCTIIKEHHA).
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4. IToBHa momiToBa afpeca (3a MbkHapomHuM cTaHfAapToM), E-mail (0608’ s13k0B0O), Tenedon
IJ1A CIIBIIpalli 3 aBTOpaMI Ha OKPEMOMY apKyIi.

5. HasBa crarri. BoHa IOBMHHa TOYHO BifOMBaTM 3MICT HOCTIIKEHH:S, OYTH KOPOTKOIO,
MIiCTUTH K/IFOYOBI CI0Ba.

6. AHOTAaIlig MOBOIO OPUTiHA/TY APYKYETHCA ME€Pef IOYATKOM CTATTi micys inTepBany 20 MM Biff
JIiBOTO TIOJIA.

7. Ilig aHOTAaIi€l0 APYKYIOThCS KTIOUOBi (OCHOBHI) c/1oBa (He 6i/blile IT'sITU, MOBOIO OPUTiHATY
cTarTi).

8. Texcr cTarTi i CIIMCOK /1iTEpaTypH.

9. AHoTanil [pyKyI0TbCA Ha OKPEMMX apKyIllax Manepy Ta BKIIOYAIOTh: Ha3By CTATTi, IPi3BU-
Ia Ta iHiljaayu aBTOpiB, HA3By Ta afjpecy HayKOBOi YCTaHOBHU, e-mail, TekcT aHoTamil Ta K/I0I0Bi
cnoBa. KoykHa my6rmiKaIiis He aHITIICEKOI0 MOBOK CYNpPOBOKYEThCA aHOTAIIIEI0 AHIJIIIICHKOIO
MOBOIO 06cATOM He MeHII 5K 1800 3HaKiB, BKIIOYA0uM KIIOYOBi coBa. KoxkHa Immy6mikarjis He
YKpalHChKOI0O MOBOIO CYIPOBO/PKYETHCSI AHOTAII€I0 YKPATHCHKOI0 MOBOIO 00OCATOM He MEHII SIK
1800 3HaKiB, BK/II0YaI04M K/IIOYOBi C/IOBA.

3.3. [Ipyruit ek3eMIULAp CTaTTi HOBMHEH OyTH IifjnycaHnit aBTopoM (ab6o aBTopamn).

4. MOBHE O®OPMJIEHHA TEKCTY: TEPMIHOJIOI'TA, YMOBHI CKOPOYEHHH,

IHOCHUJIAHHA, TABJIUII, CXEMHU, PUCYHKH

4.1. ABTOpM HeCyTb IIOBHY BilNOBia/lbHICTD 3a 6e3goraHHe MOBHe O(OPMJIEHHS TeK-
CTY, 0COOMMBO 3a NPaBUIbHY YKPAIHCBKY HAayKOBY TepMiHosorito (ii cmif 3BipsATu 3a daxoBumu
TepMiHOMOTIYHNMY CTIOBHUKAMI).

4.2. SIK110 9acTO IOBTOPIOBAHI y TEKCTi CTIOBOCIIONYYEeHHS aBTOP BBAXKa€ 3a IIOTPibHe CKOpo-
TUTH, Taki abpeBiaTypy Ipy MepIIOMY BXXVMBAHHI 0OYMOBJIIOIOTD Y AY>KKaX.

4.3. ITocunaHHs Ha NTiTepaTypy MOAAIOTHCS Y TEKCTI CTATTi, 000B’I3KOBO Y KBafipaTHUX Y-
Kax, apabcpkumn mudpamu. Indpa B fy>kkax no3Hadae HoMep NyOmiKallil y CIucKy jitepaTypu.

4.4. lIndposuit MaTepias, 10 MOXXIMBOCTI, C/Iifi 3BOAUTHM Y TaOMuULi i He KyOIIOBATU Y TEKCTi.
Tabmuii MOBMHHI OYTY KOMIAKTHUMM, MaTy IOPSSKOBUII HOMep; rpadu, KOMIOHKU MAalOTh OyTH
TOYHO BU3HAYEHMMU JIOTiYHO i rpadivHo.

4.5. PUCyHKM TIOBMHHI OyTHU IIpefCTaB/IeHi B JBOX iIeHTUYHUX eK3eMIUIIpaX, BUKOHAHNX Ha
KoMIT1oTepi (Ha mucky — daiimm 3 posmmpenHam tif, pex, jpg, bmp). ITigmmcy Ha HUX MOBMHHI
OyTU KOPOTKMMMN, iX C/Tifi O MOXXIMBOCTI 3aMiHATH Iudpamu 4n OyKBaMy, KOTpi posmudpo-
BYIOTbCSI B MIANNCAX O HUX; KPUBI HYMepyloTbcsl apabcbkumy nudpamu. ORHOTUIIHI KpuBi
HOBUHHI OyTM BMKOHaHi B OZHAKOBOMY MAacIITabi Ha OJHOMY PUCYHKY. PekoMeHAyeTbcs 3a-
CTOCOBYBATH feKi/llbKa MAcIITaOHMX IIKaX A1 00 €THAHHS PiSHUX KPUBMX B OfUH PUCYHOK.
306pa>keHHs Ha PUCYHKaX CTPYKTYPHUX Ta APYrux gopmyn HebaxkaHno. Bei imoctpanii TOBUHHI
OyTV IpOHYMepOBaHi B IIOCIIIOBHOCTI, AKa BillIOBifja€ 3raJyBaHHIO iX y PYKOINCi, Ta HOMepaMu
IpUB’sI3aHi IO MifPUCYHOYHYX IiATNCIB.

ITpu 06’eHaHHI HeKiTbKOX PUCYHKIB uM doTorpadiit B OIMH PUCYHOK PEKOMEHIYETHCA II0-
3HaYyaTy KOXKEH 3 HMX MIPONMCHUMIU JliTepamu 3HM3y. Hanpuknap:

Puc. Ilignuc pucynky.
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4.6. Y pospnini «Pesympraty focmifpkeHb» (AKIIO Ieil PO3AiN He MOEfHAHUI 3 «AHamisamu
pe3y/nbraTiBy, AuB. 2.4.) HEOOXifHO BMKIACTH jnile BUsBIeHI edekTy 6e3 KOMeHTapiB — BCi
KOMEHTapi Ta IOSACHEHHS IOflaloTbCsA B «AHanisi pesynpraris». IIpy Buxmazi pesynbTatiB crif
YHUKATI IOBTOPEHH: 3MICTY TaO/INUIb Ta PUCYHKIB, @ 3BePTATH yBary Ha HallBaX<IuBimi ¢paktu Ta
IIeBHi 3aKOHOMIPHOCTI, 1110 3 HUX BUIIMBAIOTD.

4.7.Y posgini «AHai3 pesyabTaTiB» HEOOXITHO MOKA3aTH IPUYMHHO-HACTI[KOBI 3B 13K MIX
BCTAHOBJIEHVMU eeKTaMM, IOPiBHATI OTPUMaHY iHpOpMaIlio 3 JaHMMI TiTePaTypu i HATONIOCH-
TI Ha BUABJICHNX HOBMX faHuX. [Ipu aHanmisi cif mocuiaTucs Ha iMI0cTpaTMBHMIIL MaTepial CTaTTi.
Amnasis Mae 3aKiHYyBaTUCA BifIOBi/II0 Ha MUTAHHA, TIOCTaB/IEHi y BCTYII.

5. JITEPATYPA

Crmcok itepaTypu ApYKYETbCS MOBOIO OpMriHaay BifmosimHol my6mikauil. Bin moBumHen
MICTUTH TiIbKM Ha3BM IIpallb, Ha fAKi MOCKUIA€TbCcA aBTOp. HasBy mpaup y cnmcky nmiteparypu
PO3TalIOBYIOTHCA B OPAZIKY 3TaAyBaHHA Ta 0QOPMITIOIOTECA 3a paBymamu. CIMCoK yiTeparypn
TIOJIA€ThCA 3 3a3HAYCHHAM iHillia/liB Ta Mpi3BUI BCiX aBTOPIB (He ONMYCKaOTHCA 3aIMCH Ta iHII, 1
mp., et al.). Crip mpuBectn DOI 1 TUX BUAaHB, A/ KOTPUX BiH OCTYITHMIL
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Ha canri http://www.translit.ru/  MoxxHa 6eSKOIITOBHO CKOPUCTATNCS — IIPOTPaMOIO
TpaHCiTepalii pociiicbKoro TeKcTy B maTuHMI0. IIporpama fys>xe mpocTa, ii 1erko BUKOPUCTOBY-

BaTU AK JI/IA TOTOBUX ITIOCU/IaHb, TAK i I/iA TpaHC/IiTepalii PiSHUX YaCTUH OINJMCAHb.

6. AHOTALIIA. PE3IOME. KOJIOHTHUTYVYJI. ABTOPCBKE PE3IOME.

6.1 AHoTanis (KOpoTKa CTMC/Ia XapaKTepPUCTMKA 3MICTy Ipalli) IOJaeTbcs MOBOKO CTATTi,
MicTuTh He Ginpie 50 IMOBHO3SHAYHUX CTiB 1 mepenye (okpeMuM ab63alioM) OCHOBHOMY TEKCTY
CTaTTi.

6.2 Pe3roMe (KOpOTKIIT BUCHOBOK 3 OCHOBHVMI IIOJIOXKEHHAM IIpalli) MOJAIOTHCSA IBOMA MO-
BaMI (BMK/TIOUAlOYV MOBY CTaTTi), KO>KHe MiCTUTD He Oinblire 50 MTOBHOSHAYHUX CITiB i APYKY€ETbCA
Ha OKpEMOMY apKyIIi.

6.3 KotoHTUTYJ1 (KOPOTKIIT 260 CKOPOUEHMI! U/ BUTO3MiHEHMI 3aT0JIOBOK CTATTi 1A APYKY-
BaHHA 3BePXY Ha KOXKHilT CTOPIHII TeKCTY Mpalii) HOJa€ThCA MOBOIO CTATTi pa3oM i3 Ipi3BuIneM Ta
iHil[ia/TaMy aBTOpa Ha OKPEMOMY apKyIIi.

6.4 ABTOpchbKe pe3toMe (pedepar) MOIAETHCS AHIIINICHKOIO MOBOIO OKpeMuM (ailzioM Ta
BK/IIOYA€E: HA3By CTATTi, NMPi3BUINA Ta iHillia/lM aBTOPiB, Ha3By Ta aipeCy HAyKOBOI YCTAaHOBU,
e-mail, coBo «Pe3tome» a60 «Summary», TEKCT pe3ioMe Ta K/II0Y0BI C/IOBa.

ABTOpCBKE pe3ioMe € KOPOTKUM pesiome 6i/bIol 3a 06csAroM poboTy, 10 Mae HAyKOBMII Xa-
pakTep, MOXe Iy6/IiKyBaTUCA CaMOCTITHO, OTKe Mae OyTy 3po3yMinum 6e3 3BepHEHHH [0 caMoi
my6ikarii. 3 aBTOPCHKOro pesoMe YNTad MOBMHEH BU3HAYNTI, YU BAPTO 3BEPTATICH O IOBHOTO
TEKCTY CTATTi A/ OTPMMaHH O/IbII JOK/IafHOI iHpopMarii.

ABTOpCBKe pe3ioMe [0 CTATTi € OCHOBHIM [KepeioM iHdopMaii y BITIM3HAHMX Ta 3apyODKHIX
indopmaniiHuxX cucTeMax i 6a3ax JaHUX, IO IHAEKCYIOTh Ky pPHAJL.

ABTOpCbKE pe3loMeé PO3MIlIYETbCA Ha CaiiTi )KypHaay M/ 3arajibHOrO OIJIAly B Mepexi
InTepHeT Ta iHIEKCYETHCA MEPEXKXEBUMM OUTYKOBYMU CUCTEMAMMU.

ABTOpCbKe pe3ioMe aHIIICPKOI MOBOK BK/IIOYAETHCS B AHIIIOMOBHUIT 670K iHQoOpMmaii
IIPO CTATTIO, AKUI 3aBaHTa)KYETbCA Ha aHIJIOMOBHMII BapiaHT CaliTy >KypHaily i rOTyeTbcA IS
3apybbKHUX pedepaTnBHIUX 6a3 JAHNUX i aHAMTHYHNX cUcTeM (IHAEKCIB IUTYBaHHA).
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ABTOpCBKE pe3ioMe MOBYHHE MICTUTH iCTOTHI (akTu poboTH, i He TOBMHHE MepebinbIIyBaT
abo micTiTH MaTepias, KUt BiACYTHI B OCHOBHIN YacTHI MyO/IiKariil.

PexoMeHpIyeThCA CTPYKTypa aHOTAllil, 10 MIOBTOPIOE CTPYKTYPY CTATTI i BKIIOYA€E BCTYTI, METY
i 3aB[jaHH:A, METOMIN, PE3y/IbTATH, BUCHOBOK (BUCHOBKIA).

OpHak mpefiMeT i TeMa HOCTiPKeHHA BKa3yIOTbCsA B TOMY BUIIAZIKY, SAIKIIIO BOHM He 3pO3yMisi
3 3aTOJIOBKY CTaTTi; MeTOZ ab0 MeTOHOJIOTiI0 IPOBEfieHHsI pOOOTH HOLIIBHO OINCYBAaTU B TOMY
BUIIAJIKY, SKIIO BOHY BiIpiSHIIOTHCS HOBM3HOI a60 MIPECTABIAIOTh iHTepeC 3 TOYKNU 30py laHOI
poboru.

Pesynbraty poOOTHM IIOBMHHI OIMCYBaTUCh TOYHO i iHdopmaruBHO. HaBORATBCS OCHOBHI
TEOPETUYHI Ta eKCIepUMEHTa/IbHi pesynbTaTu, GakTUYHI [aHi, BUABIEHI B3a€MO3B'SASKHU |
3aKoHOMipHOCTi. IIpy IboMy BifjlaeTbcs epeBara HOBMM Pe3y/IbTaTaM i JaHUM JOBIOCTPOKOBOTO
3HAYEHHA, BAXX/IMBMUM BiIKPUTTSAM, BMCHOBKaM, AKi CIIPOCTOBYIOThH iCHYIOYi Teopil, a TaKOX Ja-
HIM, fKi, Ha JYMKY aBTOPa, MalOTh IPAKTUYHE 3HAYEHHS.

BUCHOBKM MOXYTb CyNpPOBOJKYBAaTHCA PEKOMEHJALiAMY, OLIiHKaMM, IIPONO3UIiAMI,
rinmoresamu, ONMCaHUMM B CTATTi.

BigomocTi, 1110 MiCTATbCA B 3ar0/I0OBKY CTATTi, He IOBMHHI IIOBTOPIOBATHCS B TEKCTi aBTOPCh-
xoro pestoMe. CyIif yHUKATV 3aliBUX BCTYNHUX (pa3 (HAIPUK/IAM, «<aBTOP CTATTi PO3IIIALAE...»).
IcropmuHi [10BifIKM, AKIIO BOHM HE CTAaHOBIATb OCHOBHMII 3MICT JOKYMEHTa, OMKC paHille
ony06/1iKoBaHNX pOOIT i 3ara/bHOBIOMI IIOJIOKEHHs B aBTOPCBKOMY pe3ioMe He HaBOATHCA.

VY TeKCTi aBTOPCHKOTO pe3roMe CITifi BXXMBATY CMHTaKCUMYHI KOHCTPYKILii, BIaCTMBi MOBi HayKo-
BUX i TEXHIYHUX JOKYMEHTIB, YHUKATU CK/IAJHUX IPAMaTUYHMUX KOHCTPYKILilL.

ABTOpPCbKe pe3loMe ITOBYHHE MICTUTH KI/IIOUOBi CTIOBa 3 TEKCTY CTaTTi.

CKOpOYeHHA i yMOBHi TO3HaYeHHs, KPiM 3arajIbHOBXIBAHUX, 3aCTOCOBYIOTb Y BMHATKOBMX
BUIIafIKaX abo JAloTh iX po3undpoOBKy Ta BUSHAUYEHH: IIPY IIEPIIOMY BXVBAaHHI B aBTOPCBKOMY
pesioMme.

TekcT aBTOPCHKOTO pe3ioMe MOBMHEH Oy TN 3B'A3aHIM 3 BUKOPUCTAHHSIM CIIiB «OTXKe», «OiIbIII
TOTO», «HAIIPUKJIafl», «B pedyabrari » i T.4. («Consequently», «moreover», «for example», «the
benefits of this study», «as a result» etc.), po3pisHeHi IIOTO)KE€HHs IOBVMHHI JIOTIYHO BUIUINBATU
onuH 3 inmoro. HeobxigHO BUKOPVCTOBYBATY aKTVBHUIA, a He TACMBHUI 3a7I0T, To6TO «The study
tested», ane He «It was tested in this study» (dacra mommika pociicbKIx aHOTALIT ).

TekcT aBTOPCHKOTO pe3ioMe MOBMHEH OyTM TaKOHIYHUM i YiTKVUM, BUIBHUM Bif ApyrOpsAmHOL
iHndopMaii, 3aiiBUX BCTYIHMX C/1iB, 3aTa/IbHMX i He3HAYYIVX (GOPMY/IIOBaHb.

B aBTOpCHKOMY pe3ioMe He POOIATHCS MOCUIAHHA Ha HOMep Iy6riKallii B CIICKY /tiTeparypu
70 CTaTTi.

O6cAr TeKCTy aBTOPCHKOTO pesioMe BU3HAYaeThCs 3MicToM my6rikanii (06csArom BifoMocreit,
iX HAayKOBOIO IIiHHICTIO Ta/ab0 IpaKTWYHMM 3HAYEHHsAM), ajie He IOBMHeH OyTu MeHmre 100-
250 cniB (11 poCiiicbKOMOBHUX ITyOTiKalliif peKOMeHAYeTbCs OinbIinit 06'em).
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