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This article reviewed the complex formation of a number
of metal cations with macrocyclic polyetheres in water and
some non-water solvents. The formation of cationic com-
plexes of metals with crown ethers in water solutions is
complicated by the rather pronounced ability of polar water
molecules to solvate cations of metals. During the comple-
xation, the central metal ion should be, at least, partially
dehydrated to enter the polyether cavity. To reduce the
hydration that is competing with the complexation process it
may be used replacing water with low solvent solvents with
low solvatation energy.

The values of the stability constants of these complexes
have been calculated and analyzed. The influence of the
chemical nature of the solvent on the mechanism of complex
formation and stability of complexes have been established.

Complex compounds of metals with crown ethers in
water or organic solvents, taken separately, are rarely used
in analytical practice. The most promising is the use of
crown ethers as extractants for the selective extraction of
metals from the water phase into organic to separate them.

Extraction in the analysis is one of the most common
methods of separating the mixture of elements and their
concentration before the final definition. In order to solve
this problem, high-level reagents are needed, among which
macrocyclic polyeters can be classified, especially since in
some cases the selectivity of complex reactions of metal
ions with macrocyclic ligands in extraction is increasing.

The possibility of selective extraction of certain cations
of metals in the form of multi-ligand complexes with
polyether and corresponding protions from the aqueous
phase to organic have been shown and proved in the article.
The factors influencing the selectivity of extraction have
been deeply analyzed, all the conclusions on the expediency
of the use of certain reagents and solvents for the
development of methods of extraction separation and
extraction of metals in the form of complexes with crown-
ethers have been made.
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AOCNIMKEHHA 3AKOHOMIPHOCTEHM
B EKCTPAKLIIMHUX CUCTEMAX 3 BUKOPUCTAHHAM
KPAYH-ETEPIB

0O.1. KpounikoBcbkuii, /[.0. Tepemyk, B.B. ®omenko, O.I1. KponikoBcbka
Hayionanvnuti ynigepcumem xapuosux mexnoiociil

Y cmammi Oocnidoceno komnaexcoymeopenms psaoy KamioHie Memanié 3
MAKpOYUKIYHUMY noliemepamu y 600i ma OeaKUX HeBOOHUX PO3ZYUHHUKAX.
Ymeopennsa kamionnux Komniexcie Memanie 3 KpayH-emepamu y 600OHUX POIUUHAX
VCKAAOHIOEMbCSA OOCUMb BUPANHCEHOI0 30AMHICMIO NOJAPHUX MOAEKYL 800U CONbEA-
mysamu KamioHu memanie. Ilpu KoMHIeKCOYME8OPEeHHI YeHMPANbHUL IOH Memay
NnoGUHEeH Oymu NPUHAUMHI YACMKOBO 0e2iopamoBaHull O0as 6X00NCeHHS 8 NO-
POJICHUHY nojliemepy. IMeHWUmuy KOHKYPYIOUy 3 NpOYecom KOMHIEeKCOYMEOPEHH s
eiopamayitio MONCIUBO WLIAXOM 3AMIHU 600U MANONOJAPHUMU POSYUHHUKAMU 3
HU3LKOIO eHePRIEI0 COb8amayii.

Pospaxosarno ma npoananizosano sHauenHs KOHCMAHM CMIIKOCI KOMNJLEKCI8.
Bcmanoeneno ennugé ximiunoi npupoou po3yuHHUKA HA MeXaHizM KOMHAEKCOYMBO-
PeHHs ma CMmitlKicmb KOMNIEKCIB.

Komnnexcni cnonyku memanis 3 Kpayn-emepamu y 600i 4 OP2AHIYHUX PO3YU-
HHUKAX, 63AMUX OKPEeMO, MAl0 BUKOPUCMOBYIOMbCA 6 AHANIMUYHIU NPAKmMuyi.
Haiibinvw nepcnekmusHum € 6UKOPUCMANHS KPAYH-MeEPI6 K eKcmpazenmis 07is
BUOIPKOBO20 GULYYEHHS MEMANie 3 600HOI (hasu 6 Opeauiuny 3 Memoio iX pos-
OinenHs

Excmpakyia 6 ananizi € oOHuM 3 HQUOIIbUL NOWUPEHUX MemO00i8 PO30LleHHS
cymiwiell enemeHmie i ix KOHYeHMpY8aHHs neped 3aKMOYHUM GUSHAUEeHHAM. [[na
BUPIUEHHS Y020 3A80AHHS HeOOXIOHI nepul 3a 8ce GUCOKOBUDIPKOBI peazeHmu, 00
YUCNIA AKUX MONCHA BIOHECMU MAKPOYUKIIYHI noniemepu, mum nave, wjo 8 0esaKux
8UNAOKAX BUDIPKOBICMb pearyill KOMNJIEKCOYMBOPEeHHs UOHI8 Memanié 3 MaKkpo-
YUKTTEYHUMU JIE2aHOAMU NPU eKCMPaxyii 3pocmac.

Ioxazana ma 0OTPYHMOBAHA MONCIUBICIb CENEKMUBHO2O GUTYUEHHSI NEeGHUX
Kamiownie mMemanie y 8ueisdi pisHoNiecaHOHUX KOMNJIEKCI8 3 nojiemepamu i 8i0no-
GIOHUMU npomutionamu 3 800HOI ¢asu @ opeaniuny. Ilpoananizoeano gaxmopu,
Wo BNIUBAIOMb HA CELeKMUBHICb eKCmpakyii, ma 3pobieHo 8UCHOB8KU NPO O00-
YibHICMb BUKOPUCMAHHA MUX YU HWUX peaceHmis | pO3UUHHUKIE O/l pO3POOKU
MemOoOUK eKCMmpaKyitiHo2o po30ileHHs Ma GUTYYEHHS Memanie y uenadi Kom-
NIEKCi8 3 KpAyH-emepami.

Knrouoei cnosa: kpayn-emepu, noniemepu, eKCmpaxyisa, Memany, KOMNIEKCOo-
VMBOPEHHSL.

MocranoBka nmpodaemu. /st po3poOku ehEeKTUBHUX METOAUK PO3AUICHHS Ta
BH3HAUCHHS KATIOHIB METaJiB B 00’€KTax HABKOJIMIIHBOIO CEPEIOBMINA JOCUTH
4acTO BUKOPHCTOBYEThCS PiIMHHA eKcTpakilis. CeleKTUBHICTh EKCTPaKIlii 3HAYHOO
MIpOIO 3aJIKUTh BiJ| MPaBHIBHOCTI MiIOOPY peareHTiB, pPO3UYMHHHKIB Ta YMOB
MpoBeNleHHs Mporiecy. JJOCUTh CENeKTHBHUMH pearcHTaMH MpPU BHIIyYEHHI sy
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METaTiB 3apeKOMEHyBay cebe MaKpOIMKIIYHI KpayH-eTepH, TOMY JOCIiIKECHHS
3aKOHOMIPHOCTEH y TaKUX EKCTPAKIIIMHUX CHCTEMaX € JIOCUTh aKTYyallbHHUM.

Mera craTTi nossrae B J0CIIDKCHHI Ta aHali3l (akTopiB, 1O BILIMBAIOTh Ha
KOMITJICKCOYTBOPEHHS KaTIOHIB METaNiB 3 MaKPOIHMKIIYHUMHE MOJieTepaMH y BOJI
Ta OpraHiyHUX PO3UYMHHHMKAX JUIS BCTAHOBIICHHS MOXIIMBOCTI ITiJIBUILNCHHS CEeK-
THBHOCTI €KCTPAKII IUX KOMIUICKCIB 3 BIAMOBIAHUMHU NPOTHHOHAMH IPH BHIIY-
YeHHI 1 pO3/IiIEHH] MeTaiB.

BukJageHHsi 0OCHOBHUX pe3yJabTaTiB JA0CTiAKeHHs. Y TBOPCHHS KaTiOHHUX
KOMILICKCIB METaJiB 3 KpayH-eTepaMH Yy BOJHUX PO3YMHAX YCKIAJHIOETHCS JI0-
CUTh BHPaXXCHOIO 3/IaTHICTIO MOJIIPHUX MOJIEKYJI BOJM CONIbBATYyBAaTH KaTiOHU
MetaniB. [Ipy KOMIUIEKCOYTBOpEHHI LIEHTpalIbHUN HOH MeTally MOBHHEH OyTH
MPUHANMHI YaCTKOBO JETiApaTOBAHMK SISl BXOKEHHS B MOPOXKHUHY IOJIiETEPY.
3MEHIIMTH KOHKYPYIOUY 3 MPOIECOM KOMIUIEKCOYTBOPEHHS T1IpaTailito MOXKJIIH-
BO IIJISIXOM 3aMiHHM BOJU MAaJIOTIOJSIPHUMH PO3YMHHUKAMHU 3 HU3BKOIO €HEpTi€lo
conbBaraii [1].

Tak, METaHONI HECYTTEBO BILIMBA€ Ha KOOPAWHYBAaHHS KaTiOHa METaly KpayH-
eTepaMu, OCKIJIbKHU € 3HAYHO CJIAOKIIINM, HK BOZA, COJIbBATYIOUHUM CEPEIOBUIIEM.
Lle 3yMOBIIOE yTBOPEHHS OUIBII CTIMKUX KOMIUICKCIB, 3HAUCHHSI KOHCTAHT CTiii-
kocti (K,;) sikux Ha 3—4 MOpsAKH MEepPEeBUIIYIOTh Ti X 3HAYEHHS, OTPUMAaHi JUIs
BOJIHUX PO34MHIB (Tab. 1).

Tabnuya 1. JlorapudMu KOHCTAHT cTIHKOCTI KOMIIEKCIB MeTaJlB 3 KpayH-eTepaMH
ckuaany 1:1 y Bogi/meranosi

Na | K [Rb [Cs [Ag | TI' [ NH, | Ca” [ S [ Ba” | Pb”

F

Kpayn-erep| Li

15C5 0,70 [ 0,74 | 0,62 | 0,80 | 0,94 ;:gg 1,71 1,05 | 1,71 | 1,85
BI5C5 0.40 | 038

CI5C5 | <1 03 | 06

18C6 g:gg 22(1)(3) 1,56 g:zg 1,50 |2.27] 123 | <05 | 272 | 3.87 | 472
I(?SCOLS% 0.6 41,2)68 é:(l)f 1,52 l:éf 236 g:‘z‘g 133 324 | 3,57 | 4,95
I()lgcofgf 31,’648 ;;2 0,87 3‘)’;?9 1,59 ;gg 0,80 2,64 | 327 | 443
C18C6 | <0,7 40’689 ;zg 40”380 1.8 11

BISC6 52”200 izég 37
DBI18C6 41”326 51,2)70 11 g:gg 1,4 41,2)50 03 1,0 | 1,95 | 1,89

3anexHicts Mk 1g K¢, Ta ciBBiIHOIIEHHSM PO3Mipy MOPOXKHUHU KpayH-erepa
3 IIaMeTpOM KaTiOHY JIMIIAE€THCS TAKOIO XK, K 1 sl 14—18-ueHHUX KpayH-eTepiB
Yy BOJHHUX po34ynHax [2].

Brume 3amicHHKIB y 18-usieHHOMY KpayH-Kinblli Ha BennuuHy lg K., HesHau-
HUH, ajle MOXe 3aJIeKaTh Bij Npupoau karioHa. Hampuknan, 3xauens lg K., xom-
mexcis K ta Cs™ 3 qunuknorexcun-18-kpayH-6 6inbimi, Hix 3 1u6eH30-18-kpayH-6,
a s Na' crocTepiraeThest 3B0pPOTHA 3a/EKHICT [2].
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Bruiue XiMi4HOT IPUPOM IHINMX PO3YHMHHUKIB HA CTIMKICTh KOMILJIEKCIB BUIHO
3 Tab. 2.

Tabnuya 2. JlorapudMu KOHCTAHT cTIHKOCTI KOMILIEKCIB MeTaJliB 3 KpayH-eTepaMH
ckjany 1:1 y pisHUX po3UHMHHHKAX

KpayHn-erep Po3unHHMK Na’ K’ Rb’ Cs’ Tl
Bona 0,8 2,03 1,56 0,99 2,27
Bona:Meranon
(7:3) 2,76 4,33 3,46 2,84
18C6 MeraHon 4,32 6,10 4,62
Jumeruncynbdokcun 3,04
Jumerundopmamis 3,95
IponinenkapOoHat 4,17
Bona 2,0
MeraHon 5,20 4,60
B18C6 ArnetoH 4,72 5,1
AUETOHITPHI 4,90 5,30 4,40 4,05 5,70
Bona 1,2 1,7 1,1 0,83 1,5
Meranon 4,36 5,0 3,55 4,0
Jumeruncynbdokcun 3,31 3,43 3,37 3,31
DB18C6 Jumerundopmamis 3,34 3,55 3,54 3,49 3,45
[Iponinenkap6oHat 3,87 5,08 3,76 3,52
AneToHITpHI 5,0 4,70 3,70 3,50 4,90
AlleToH 4,6 3,0

Sk mpaBUIIO, TPH TEPEXOoJi A0 HEBOAHUX PO3YMHHUKIB CTIHKICTh KOMILIEKCIB
3poctae. Lle 0co0NMMBO MOMITHO TSl MAJIOTIONSIPHUX PO3YMHHHUKIB 3 HU3BKOIO COJb-
BaTyIO4OI0 3/aTHICTIO. B gesknx BHIaAKax NMpHpPOAa PO3YMHHUKA BILIMBAE Ha
CENIEKTUBHICTh KOMILIEKCOYTBOpeHHsI. Tak, Ui KOMIUIeKCiB TuOeH30-18-kpayH-6 3
JTY’KHMMH MeTajaMu BusBIseThcs K'- BUOIPKOBICTD i CTilKicTh Y BOMI, METaHOII,
JTMMETHIICYTb(QOKCH T, TUMETHII(HOpMaMili Ta TpOIiieHKapOoOHaTI 3MIHIOETbCS B
pagy K">Na > Rb"> Cs'[3].

KomrmnekcHi cronyku MeTaliB 3 KpayH-eTepaMd Y BOJI UM OpraHiyHUX pPo3-
YHMHHUKAX, B3STHX OKPEMO, MaJI0 BUKOPHCTOBYIOTHCS B aHAJITHYHIN MPaKTHUII.
Haii6inbm mepcrieKTHBHUM € BUKOPUCTAHHS KpayH-€TepiB SIK €KCTPareHTIB JUIs
BHOIPKOBOTO BHIIyYCHHSI METajiB 3 BOJHOI ()a3u B OpPraHiuHy 3 METOI0 iX po3-
JUJIEHHA.

Excrpakiiist B aHami3i € OQHUM 3 HAWOLIBII TOIMIMPEHUX METOMIB PO3IIICHHS
CyMIIlIeil eNeMEeHTIB 1 1X KOHIICHTPYBaHHS Iepe/ 3aKIIOYHIM BH3HAYeHHSM. J{iist
BHpIIICHHS I[bOT'0 3aBIaHHs HEOOX1/IHI IEpII 3a BCE BUCOKOBHUOIPKOBI pEareHTH, 10
YHClia AKUX MOKHA BIIHECTH MaKpOLMKIIIYHI MMOJIIETepH, TUM Iaye, 10 B JEIKUX
BUIQ/IKaxX BHOIPKOBICTh peakiliii KOMILJIEKCOYTBOPEHHS HOHIB MeETajiB 3 Makpo-
HUKJIIYHUMH JTIFaHJIaMU TIPU eKCTpakilii 3poctae [4].

SIximo 3apsn kaTioHHOro kommiekca ML™, mo yTBoproeThes y BoaHiil dasi,
HEWTpai3yBaTH MPOTHHOHOM (HAPUKIIAJ], aHIOHOM BUXIJHOT COJIi), TO TaKa HOHHA
napa, 3aBJsKd TiapodoOHOCTI KpayH-eTepa, MOXKe BHIIy4aTHCsl OPTaHIYHUMH PO3-
YMHHUKAMH. BuirydeHHs1 HalOUIbI eeKTHBHE JUIS COJNEH, M0 MalTh 00’ e€MHI i
«M’SIK1» aHIOHH.
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YTBOpEHHsSI KOMILIEGKCIB 3 KpayH-eTepaMH Ta X pO3IMOALI B OpraHiuHy ¢asy

MO>KHA OITHCATH TaKOIO CXeMOIo [5]:
M", + mL, + nHA, <> (ML,A,), + nH',
abo
M™, + mL, + nA", < (ML,A,),
KoHcTanTH ekcTpakiii ;i UX MPOILIECIiB PiBHI, BIMIOBITHO:
K*ex = [MLnAqJo[H T,/ M™,[L],"[HA]"
Ta
Kex = [MLnA]o/[ M T[L],"[AT,".
Kouncrantu K*, Ta Ko 10B’s13aHi Mi>k 00010 CIIBBiIHOLIEHHAM:
Kex = K*ex/Kextia) s

ne
Kex(HA) :[HA]O/ [H+]B[A_]B-

Ha ekcrpakiiifini BIACTMBOCTI CHUCTEM 3 KpayH-eTepaMu 3HAYHOK MIPOIO
BILJIMBAE PO3MOALI CaMHX KpayH-eTepiB MiXK BOJIOIO Ta OpPTraHIYHUM PO3UYUHHHKOM.
[Ipomec po3moniny KpayH-eTepiB MK BOJHOIO Ta OpraHiuyHOIW (azaMu mpH ixX
CHIBICHYBaHHI MOYKHA OIHUCATH TAaKUM PIBHSIHHSIM:

Ly <> Lo; Pr=[L]o/[L]s,

ne PL — koHcTaHTa po3noAiy KpayH-eTepa, IO XapaKTepH3ye EKCTPaKIiiHY
3ATHICTh PO3YMHHHUKA CTOCOBHO PO3MOJLUIIOBAHOI peYOBUHHU. UNM BHUIIIEe 3HAUYCHHS
KOHCTaHTH PO3MOALTY, THM Kpalle NpW IHIIMX pIBHUX YMOBaxX KpayH-erep
MEePEXOaUTh B OpraHiyHy ¢asy. IS oAHMUX 1 THX K€ PO3UYMHHHUKIB KOHCTAHTH
pO3IONIUTY 3pOCTalOTh 31 30UIBIICHHSM TiIpoQOOHOCTI MAaKpOIUKIY, a TpH
Mepexoi BiA OIHOrO PO3YMHHMKA 10 IHIIOro Pp 3pocrae 31 30LIbLICHHSIM
PO3YMHHOCTI KpayH-eTepa B OpraHiuHOMY PO3YHHHUKY [6; 7].

3HayHMH BIUIMB Ha BEJIMYMHM KOHCTAHT EKCTPAKI[l KOMIUIEKCIB, IO YTBO-
PIOIOTBCSL y BOAIHIH (pa3i, Ma€ CIIBBITHOIICHHSI MK PO3MipaMy MOPOKHUHU KpayH-
erepa Ta JiaMeTpoM KaTioHa MeTaldy. 3ajJeKHO BiJ IMPHUPOIM KaTioHa JJIS IMOJi-
eTepiB 3 PI3HUMH PO3MIpaMH MMOPOXKHHUHU CIIOCTEPIraloThCs Taki psau 3MIiHA K
MiKpaTiB y cucremi OeH3eH — Boxa (tadi. 3):

Tabnuya 3. JlorapudMu KOHCTAHT eKCTPaKUil nikpaTiB psiiy MeTaliB KpayH-eTepamMu

Kpayn-etep| Posunnmuk | Li' [ Na' | K* [ Rb' | Cs" [Ag|Ca’ [ Ba™ | Sr™ Pb”
12C4 Bensen 0,771 0,951 0,57 | 0,29 | 0,21
15C5 Bensen 1,29 13,90 | 2,58 | 2,14 | 1,90 4,45/ 3,71 | 5,19 | 5,69 6,45
B15C5 Bensen 1,26 3,29 | 1,93 | 1,44 | 1,08
Benzen 1,92 13,39 | 5,97 | 5,43 | 4,38 7,0219,71 | 9,71
18C6 Xiopodopm | 3,53 14,29 | 6,11 | 5,77 | 5,28 444 7,81 8,86 19,34 11,74
Bensen 2,21 14,653,751 3,07 (3,6 5,37 7,15
DBIZCO |+ opodopm 21 | 47|42 | 32 [33]490 49| 66
Xnopuctuit
DCI8C6 METHJICH 4,20 | 6,36
DB24C8 Benzen | 0,67 | 2,05(2,79 | 3,00 ] 3,15 [3,09 3,06 ] 6,85 | 3,98 6,31
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12C4: Cs"<Rb'<K'<Li"'<Na";

15C5:  Li'<Cs'<Rb"'<K'<<TI'<Na <Ag’;
Ca?" < Ba" < Sr*' < Pb2+;

18C6  Li'<<Na <Cs' <Ag <Rb" <K'<TI;
Ca?' < Hg2+ < S*" < Ba? << Pb2+;

24C8  Li'<<Na'<K'<Rb <Ag <Cs"<TI;
Ca®" < Sr’' << Pb*" << Ba’".

Buxonsuu 3 BIANOBIZHOCTI pO3MIpIB MOPOXKHUHHU KpayH-eTepa Ta Jiamerpa
KaTiOHa-KOMIUIEKCOYTBOpIOBaYa, CJig OyJlno O4iKyBaTH, IO HAHOUIbII BHCOKI
3HauenHs K., crmocrepiratumyTses s kommekcis Li 3 12C4, Na' 3 15C5, K™ 3
18C6 Ta Cs™ 3 24C8. OnHak 1S 3aKOHOMIpHICTh iHOMI mopymyeThesa. Tak, 12C4
kpanie Bumydae Na', a ve Li'". YacTo i3 3akoHOMipHOCTEH, MOGYI0BAHUX HA OCHOBI
3aeXHOCTI 3HaueHb K., Bim miamerpa kariona, Bumajgatoth ifomn Ag i TI" —
cepe OHO3apAIHUX KaTioHiB i kationn Pb”" i Hg®" — cepen nBosapsmuux [8].

OTke, KOPEJSIiiHI 3aJIeKHOCTI MK €KCTPaKIiHHUME BIIACTHBOCTSAMH KpayH-
erepiB 1 BIAMOBIAHICTIO PO3MIpPIB MOPOXHHHU KpayH-eTepa JiaMerpa KaTioHa-
KOMITJIEKCOYTBOPIOBaYa CIIOCTEPIraeThCs JIMIIE y BUMAJAKY >KOPCTKHX KaTiOHIB
JY»KHHX 1 Ty>KHO3EMEIbHUX METaiB.

Sk npaBuio, Uil BHYTPIIIHBOC(EPHUX KOMIUICKCIB METalliB 3 KpayH-eTepaMu
CIIOCTEPIraeThCsl rapHa KOPEJAIis MK CTIHKICTIO IX Y BOJAI Ta 3HAYCHHSIMU KOH-
CTaHT €KCTPAKIlii OPraHIYHUMH PO3YMHHUKAMH — YHM BHIIA CTIHKICTh KOMILJICKCIB
y BOJi, TUM JIETIIIC BOHHU MEPEXOAITh B opraniuny dasy (tadmn. 1 1 3). Xoya oxHo-
3HAYHOI 3aJIEKHOCTI He crioctepiraetbest. Tak, s 15CS naiiBumny K Maemo amst
Na', xoua Hait6inbm crifikuit kommuexc 315C5 yrBoproe Cs™ [9]. Lle, iimoBipHO,
MOJKHA MOSICHUTH 3MIHOO OY/IOBH TiIpaTHOI 00O0JIOHKHM KaTiOHA ITiJ] Yac eKCTPAKIIIL.

3HAYHOIO TIEPEeBarol0 BUKOPUCTAHHS KpayH-eTepiB SIK PeareHTiB sl eKCTpaKIlil
KaTiOHIB METaJliB BiJIHOCHO IHIIMX THIIIB JIIFAaHIIB € iX BHUCOKA BUOIPKOBICTB.
Bigomo, 1o ceneKTHBHICTh KOMILIEKCOYTBOPEHHS Ma€ BUpIlIadbHE 3HAUCHHS JUTS
pO3IiIeHHsT OMU3BKUX 32 BIACTUBOCTSIMH €JIEMEHTIB, 1 BUKOPUCTAHHS EKCTPaKIIil
4acTo Ja€ 3MOrYy IMiJBUIIMTH €()EKTHBHICTh TAKOro po3aiicHHsS. CelleKTUBHICTh
KOMITJICKCOYTBOPEHS MOYKHA BHU3HAYMTH 3a PI3HUIICIO 3HAYEHb JIOrapu(MiB KOH-
CTaHT CTIHKOCTI (EKCTPAaKIIil) KOMILJICKCIB JBOX CIIEMEHTIB:

AlgK =1gK,; - Ig K.

[Ipu nmepexoni A0 eKCTpakilii MOXKHA JOCATTH OUTBII BUCOKHX 3Ha4YeHb Alg K.
Tak, 3nauenns Alg K. mnsa xommnekcis K™ ta Na™ 3 15C5 pisne 0,04, 3 18C6 —
1,23, a 3 DB18C6 — 0,5 (tabmn. 1). IIpn ekcTpakmii sk MKpaTHUX KOMIUIEKCIB IIUX
MeTaiiB 0eHzeHoM Alg K., mpuiiMae, BianoBigHo, Taki 3HadeHHs: 1,32; 2,58; 2,44
(Tabm. 3).

BubipkoBicTh BUIIyYEHHsSI METalliB MPH JIONOMO31 KpayH-€TepiB CYTTEBO 3Mi-
HIOETBCS 3QJISKHO BiJI XIMIYHOI Ipupoau po3unHHUKa (Tadn. 3). Hanpuknan, npu
sunydenni Na“ ta Cs' y surnszi kommnekcis 3 DB18C6 i gunikpuia-aMiH-aHioHOM
y xsopodopM, HITpoOEH3EH, XJIOPUCTUH METHJICH 1 XJIOPOEH3EeH IOMiTHA BHOIp-
KOBIiCTb criocTepiraeTbes crocoBHo Cs', B TOH ke yac K KOHCTAHTH PO3IOMLTY
[IUX METANIIB y MPOIJICHKapOOHAT 1 HITpOMETaH MPaKTUYHO PiBHI MK cO0OI0.
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Busueno [10] BiiMB HOHHOI CHJIM PO3YMHY HA EKCTPAKIII0O HOHHUX acoIliaTiB
METaJliB 3 KpayH-eTepaMy Ta OpraHiyHMMHU aHioHamu. [Toka3aHo, 110 30UIBIICHHS
fionnoi cunu (Bim 0 no 0,4 M LiCl) mpu ekctpakimii mikpaTy Kaiilo 32 HasBHOCTI
18C6 nuxiopmeTaHoM MpHU3BOAUTH A0 3MeHIIeHHs K¢ Ha 0,5 mopsiaka. JloBeneHo,
0 KOHIeHTpamiiHi K¢ KoMIekciB, siki J00pe eKCTparyroThCs, OTpPUMaHi 32 YMOB
MaJWX 3HAa4YeHb HOHHOI CHIIM, B MeXaX TMOXHOKH EKCHEepHUMEHTY 30iraroThes 3
TepMOTUHAMIYHUMH. J[JIs1 CHONYK, IO MOTaHO EKCTParyroThCs, 3HAYEHHS TePMO-
JMHAMIYHAX KOHCTAHT EKCTPAaKIlii, BU3HAYCHI NPU BEIMKHUX 3HAYCHHSX HOHHOI
CHJIY, TIOBUHHI OYyTH JEII[0 BUIIIUMH 3a KOHIICHTPAIiiHI.

[ToMmiTHMIA BIJIMB HA CEJEKTUBHICTH €KCTpakilii Mae OymoBa yiranna. Hanmpuk-
JNaj, MaKpOIUKIIiYHI CKIaHi eTepu Ha ocHOBi 18C6 Kpalle excTparyroTh itonu Li',
uix Na’, K ta NH,', X0oua KOHCTaHTH ekcTpakiii ocranHiXx 3 18C6 3HaYHO BHIIII.
Take sBUIIE MOXHA TOSCHUTH HASBHICTIO CKIIAJJHOCTEPHUX TPYI, sKi 3a0e3-
MEeYyIoTh HAHOUIBII CHIIBHY B3a€EMOJIII0 3 HOHAMM JiTit0. 31 30UIbIICHHSIM PO3MIpY
NOpOKHMHM KpayH-eTepa K, ifomis Rb™ ta Cs' 3pocTaroTh i mpakTHYHO AOpiB-
HIOIOTh K,y JiTiFO, 110 3yMOBJIEHO OUTBIIOI0 BIAMOBIIHICTIO PO3MIPIB KPayH-KiIbIIS
ta ioniB Rb" i Cs". Cepen nyXHO3eMeNbHUX MeTaliB HaWOiIbI eeKTHBHO MaK-
POIMKIIYHMMH CKJIaJHAMH eTepaMu BUTydaeThest Ca”’,

[Ipu BBenenni B apomarnunuii ukia DB18C6 enekTpoHEraTUBHUX 3aMiCHHUKIB
KOMITJIEKCOYTBOPIOIOYa 3/IaTHICTh KpayH-eTepa Pi3K0 3HWXKYeEThCs. B Toil ke yac
HASBHICTH BIHUIBHOI TPYNHM MPAaKTUYHO HE BIUIMBAE Ha BIACTHBOCTI JIiraHza, a
BBeIeHHS B apoMmatnunuii 1K1 DB18C6 0-OKkCcHaNKUIBHOT TPYIH ACIIO ITiIBUIILYE
HOro eKcTpakiiiiHy 3aaTHIiCTh. Lle MOSCHIOETBCS 3IATHICTIO CHUPTOBHUX TPYIH
COJIbBATYBaTH aHIOHHU IMKPUHOBOI KUCIIOTH.

3aMiHa OJJHOTO YU KiUIbKOX aToMiB OKCHUTEHY B KIbIIl MakKpOIMKIIA HA aTOMH
Hitporeny, Cynsdypy, @ochopy, Cuiinito, ApceHy Ta iHIIUX €JIeMEHTIB Bee 110
YTBOPEHHS IeTEPOKPAYH-CIIOJNYK, SIKI CYTTEBO BIIPI3HSIOTHCS BiJl OKCUT'CHOBMICHUX
aHaJoriB BHOIPKOBICTIO KoMITIIekcoyTBopeHHs [11]. Taki kpayH-eTepu MOXYTh OyTH
eeKTUBHUME peareHTaMH Uil eKCTpaKIii He JHIe HOHIB JY)KHUX 1 JIy)KHO3e-
MENBHUX METAJIIB, a ¥ TIepeXiTHIX Ta Psiy iHIINX eTeMEHTIB.

BUCHOBKM

JocnijpkeHo ¥ mpoaHami3oBaHO 3aKOHOMIPHOCTI B €KCTPAKIIIMHUX CHCTEMax 3
BUKOPUCTAaHHSIM MAaKPOIMKIIYHAX KpayH-eTepiB. Po3risHyro dakropu, 1o BILIU-
BalOTh HA CTIMKICTh YTBOPIOBAHWX KOMIUIEKCIB Y BOJI Ta HEBOJHUX PO3UMHHHKAX.
JloBeneHa MOXIIMBICTh BUKOPUCTAHHS IIMX EKCTPAKI[IHHUX CHUCTEM JUTS CEllEKTHB-
HOT'O PO3/IUJICHHS, BIJTyYCHHS Ta BU3HAUCHHS PSTy KaTiOHIB METalliB.
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