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AHOTanisa. Y Apyriil 4acTMHI aHAIITUYHOTO OITIANY HAa OCHOBI pe3Y/IbTaTiB CHiIbHUX JI0-
CIIiJIPKE€Hb, BUKOHAHUX Y Bifii/i XiMil KOMIIZIEKCHUX CIONYK IHCTUTYTY 3arajbHoOI Ta HEOp-
raHiuHoi ximii im. B. I. Bepragcpkoro HAH Ykpainu ta Biggini xiMii ¢pyHKIiOHaIbHUX reTe-
pouykmiuyHux cucreM Incturyry opranivnoi ximii HAH Ykpainn, npoananisoBano BI/mB
nonifieHTaTHNUX Ta N-amin3amiljeHnx TiamifiB Ha mepeObir peakijiii KOMIJIEKCOYTBOPEHHS 3
ionamu mraTrHOBMX MeTasniB Ta Ag(I). Takox nmpomeMOHCTPOBAHO MOTEHIIia/l OTPUMAHUX
KOOpAMHALITHUX CIIONTYK /i1 IXHBOTO 3aCTOCYBAHHA B MEAVYHIN Ta aHATITUYHIN XiMil.

Knio4oBi c1oBa: KOHKypeHTHa KOOpAMHALS, IPUpPOJia XiMiYHOTO 3B'A3KY, TayTOMepisa
TiaMifiiB, 3MillIaHOJ/IIrAaHJHI KOMIUIEKcH, 3D-noniMepyn, aHamiTU4HI (1)OpMI/[, 10HHI aco1iartu,
eKCTpaK1is, poToMeTpist, IPOTUITYX/IMHHA aKTUBHICTb.

BCTYII. YV ppyriit yacTMHi aHa/liTUIHO-
IO OITANY POSINIAHYTO BIUIMB 3aMiCHUKIB y
MOJIEKy/1ax 6i- Ta moMifmeHTaTHUX TioaMimiB,
a TaKOXX IPUPOAM PAAY IUIATMHOBUX MeTa-
miB (Ru(IIl), Rh(III), Pd(II), Pt(II)) i Ag(I)
Ha Iepebir peakliil KOMIUIEKCOYTBOPEHH,
10 BaX/IMBO I PO3YMiHHA NPOTiKaHHA
KEpPOBaHMX Ta HEKEPOBAHMX peaKLiil KOMII-
JIEKCOYTBOPeHHsS i po3pobimeHHsA (yHKIiO-
HaJIbHO-OPI€EHTOBAHOTO CUHTE3y Pi3HOTUII-
HUX KOMIIEKCIB, IIEPCIIEKTUBHUX IS IPaK-
TUYHOTO 3aCTOCYBAaHHA B aHAMITUYHIN XiMil
(B BU3HAYCHHS, BUIYYCHHS Ta PO3Ji/IeHHA
IUVTATMHOBYX METasliB), a TAKOX fAK IePCIIeK-

TUBHUX CyOCTpaTiB i3 MIPOTUNYXIVHHOIO Ta
AHTMMETACTATUYHOI AKTUBHICTIO.

KoMmmmekcy mmaTMHOBMX METAIIB i3 MOJTi-
JEeHTAaTHYMMU 3aMillleHUMM TioaMizaMu

[MonigenTaTHnin2-(5,6-guMeTuI-4-0KCO-3,
4-purigporieno(2,3-d]nipumigun-2-in)-N-
deninrigpasunkapborioamin H,L* (puc. 1)
«36araueHo» JONATKOBUMM JJOHOPHUMU aTO-
MaMM Ti€EHONIPUMIZMHOBOTO A/Ipa, AKi pasoM
i3 kap60TioaMiTHOIO TPYIOI0 MOXYTb OpaTn
y4acTh Yy JIOHOPHO-aKLIENTOPHI B3a€MOJIl
3 ioHamu MetaniB. JJocmimKeHHs KOMIIIEK-
coyTBOpeHHA ioHiB Pd** i3 H2L5 IIOKa3aJlo,




HEOPTAHIYHA XIMIfi

O®YHIAMEHTATbHI ACTIEKTW KOOPAWHALINHOI XIMIT NEPEXIAHUX METANIB

13 ®YHKLIOHAJIbHO 3AMILLEHUMU TIOAMIAAMMU (YACTUHA 2)

mo B posunHi [IM®A rioamig H,L° nporuo-
30BaHO IEPEXOIUTH y TiO/IbHY TayTOMEPHY
¢dopmy. IIpu npomy BinbyBaeTbcs Mirpamis
HOAIBiffHOTO 3B’3Ky II03a MeXi TieHomipu-
MiJMIHOBOTO LMKy 3 II€PEHOCOM IIPOTOHA
3 N? Ha N’ i ¢popMyBaHHAM CIIpsKEeHOI cmc-
temu 3B’s13Ky -C=N-N=C-, mo Hapginse mo-
JIeKy/ly IJITaHAaPHOI0 TeOMeTpPIe 3 cepenHim
BigXuIeHHAM Bif abCOMIOTHOI IIJTaCKOI KOH-
¢irypaunii (AIIK) 0.0342 A [1]. 3aBgsiku mpo-
My Lell KapborioaMin ctae KoHPOpMaIiiiHO
«HEPYX/IUBUM» (HETHYYKNUM) /IO YTBOPEHHS
ICATU- a00 LMIeCTUYICHHNUX METAJIOLUKIIB, a
JNOHOPHI aTOMM TiE€HOIMIPUMIJVHOBOIO reTe-
POLMKITY MOXKYTb OpaTu y4acThb y pOpMyBaH-
Hi KOOpAWHALITHNX 3B A3KiB NpU yMOBI ix-
HbOI MICTKOBOI KOOpAMHALlii, 10, 3a3BUYali,
CIpUA€E YTBOPEHHIO NOJANEPHNUX CTPYKTYP.
CBo€I0 4eprorw, BeNMKi MONEKYIAPHI Macu
nomisifepHux abo NOTiMepPHUX CIIONYK CIPU-
AIOTh 3MEHIIEHHIO IXHbOI PO3YMHHOCTI, 1O
HETaTMBHO BIUIMBA€ Ha JIOCTi/PKEHHA CIEK-
Tpa/bHMX Ta (i3MKO-XIMIYHMX XapakTepuc-
TuK KomiekciB. Tomy pna cunresy KC 1, 2
BUKOPUCTAHO Auxnopobic-rpudenindocdin
nanagito (puc. 1), B AkoMy «06’eMHi» Tpude-
HindocdiHoBI MiraHAM CTEPUYHO HepPeIIKOs-
JKaIOTh MOMiHYK/Iealji.

AK Hacmipgok, Mae Miclle yTBOPEHHA MO-
HOMEPHOTO Pi3HO/MITaHJHOIO KOMIUIEKCY 1 i3
GOpMYBaHHAM I ATUYIEHHOTO METATOLMKITY
ta N,S-0ifleHTaTHOI KOOpJVHAIIi€I0 H2L5 Tio-
ceMykap6a3oHaTHOro yrpymyBaHHs. Lo xo-
OPAVHALIIMIHY CIIONIYKY OTPMMaHO B JBOX
nomiMopdHuUX Mopmdikalifax: MOHOKIIHHIN
(rom4acTi KpycTamm CBiT/IO-POXKEBOTO KOIbO-
py) Ta O6inbI cTabiNbHI TPUKITIHHIN (IpU3MU
py6iHOBO-4epPBOHOTO KO/IBOPY), B SIKY 3 4aCOM
HIepeXOiUTh MOHOK/TiHHA [1].

H,S + 0, =S+ H,0
PPh; + S = SPPhy

(¢]
[Pdy(L*),(PPhs),]'SPPhs 3DMFA  (2)

[PA(HL¥)PPh;C1]-DMFA (1)
Puc. 1. Cxema cunresy KC Pd(IT) s H,L® ra yr-
Bopenns Ph,P(S)
Fig. 1. Scheme of synthesis of Pd(II) complexes
with H,L® and formation of Ph,P(S).

3a 0BroTpMBanoi KpucTajisallii 3asHade-
HOTO KOMIUIEKCY 3 JOCTYTIOM IOBIiTps BinbyBa-
€TbCA YaCTKOBE OKVICHEHHA TpudeHindocdiny
Ta TIOAMIi/ly KMCHEM IIOBITPA 3 YTBOPEHHAM IIO-
6iuHOrO MpopykTy TpudeHinpocdincynpdiny
(puc. 1). V pesynbrari BifOyBaerbcsa ¢opmy-
BaHH: TeMHO-4YePBOHMX POMOIYHIX KPUCTAIIB
OisiiepHOTO KOMIUTEKCY 2 i3 CriBKpucTanizoBa-
HVYIMJ MOJIEKY/IaMI PO3YMHHUKA Ta TpUQeHin-
docdincynpoiny. OcraHHiI yTBOPIOETbCA B
pesy/braTi BHYTPilIHbOMOJIEKY/IIPHOTO (op-
MyBaHH:A TPUA30/IbHOTO LMKy Ta €liMiHyBaH-
HA rigporeH cynpdiny [2], saxuit B aepoOHMX
YMOBaX peaxliil IepeTBOPIOETHCS B €/IEMEHTHY
CipKy, sIKa JIETKO IIPYERHYETbCA JO TpueHin-
docdiny. [3]. Xovya mumep 2 YTBOPIOETHCA 3
BUXOZIOM ~5% K JOMIIIKa 0 OCHOBHOTO IIPO-
IYKTY, TPMBA/INI yac repebiry peakuii poours
MOXX/IMBUM HaJliliHe BUIi/IEHHS MIOTO B IHAUBI-
IyalrbHOMY cTaHi. MikaromHa Bigctanp Pd'-
Pd>3.2324(3) A e menmoro 3a cymy Ban-zep-Ba-
anmbcoBux papiycis Pd* (~3.26 A), mo Bkasye
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Ha JUMEPHY CTPYKTYPY LIbOIO KOMIUTEKCY [4].
Ha Bigminy Big KC 1, MicTKOBa KoopaMHaLiAg
aToMiB HiTporeny rerepokinbusa B KC 2 3y-
MOBJIIOE BMKPVB/ICHHA KOHQOpMamii jiranmy
3 yTBOpeHHsAM Topciitamx KytiB N'/N?/C?/N?
163.3(2)° Ta N¢/N7/CV/N?® 161.5(2)°, 1110, CBOEIO
Yeprowo, BIUIMBAE€ HA YTBOPEHHA KOHQOpMa-
il KOHBepTa ITATUYWIEHHUX METAJIOLVKIIB i3
($OopMyBaHHAM J[IBOTPAaHHMX KYTiB 27.66(14)°
i 27.73(14)° mix mromumuaamu S'/Pd!/N2, S/
C'/N'/N? i §/Pd*/N’, §*/C'*/N°/N’. Takum 4n-
HOM, €K3OIlepeMillleHHA IIOfIBiTHOTrO 3B’;131<y
B TICHOIIPUMMIJVHOBOMY UMK/ BIIMBAE Ha

HL?~

OxpiM 11bOTO, HaABHICTh (HPYHKIIOHATIBHIX
rpyn C=§, C=0, NH, OH crBOproe Moxnu-
BiCTb J10r0 KOHKYPEHTHOI KOOpAMHALiI 0 io-
HiB 3d-, 4d-meraniB. Hamu B poni xomriex-
coyTBOpIOBauiB 6y/10 BUKopucrano ionn Rh*,
Pd** ta Pt*, sKi Bigpi3HSIOTHCS €eKTPOHHOIO
6YI[0BOIO Ta KOOPAMHALIIHOX EMHICTIO i MO-
XKYTb (OPMYBaTU Pi3HOTUITHI KOMIUIEKCH, KO-
OPAAVHYIOUN JITAHAU K «M SKVMI» aTOMaMMU
cynbdypy Ta HITPOTeHy, Tak i O6ibLI «KOp-
CTKMMI» aTOMaMM OKCUT€HY, 110, 30KpeMa, €
xapakTepHuM s Rh**.

Y peaxuii H,L® i3 RhCl, npn pH=3 Ta cnis-
BifHONIEHHI peareHTiB M:L=1:2 orpmmano
KOMIUIEKC 3 KaTiOHHOTO Xapakrepy (puc. 3)
[5], mo MicTUTb I’ATH- 1 IeCTUY/IEHH] XeTaT-
Hi METAJIOUMKIM 3a PAXyHOK TPULEHTATHOI
KooppuHanii TiOHHOI TayTOMepHOI Qopmu

https://ucj.org.ua

IJITAHAPHICTh MOJIEKY/IM TiOAMIiAly, fIKa, CBOEIO
4eproo, Crpyse auire OijeHTaTHil KoopaHa-
Ll IIO/TIiEHTAaTHOTO JIiraHfy.

2-(2-Timpokcubensoin)-N-meTun-rigpasus-
kap6otioamin H,L® (puc. 2) HanexxuTs fo mep-
cnekTuBHUX N,S,0-moHOpHUX firaHfiis, sAKi
3maTHi GopMyBaTH MOHO-, 6i- 260 HoniAxepHi
KOOPJMHAIII/HI CIIOJTYK! 3 pisHMM croco6oM
IXHbOI KOOpAMHalLil. [I74 HbOro XapakTepHa
aMifo-iMionpHa Ta/ab0 TiOH-TioNbHA Tay-
ToMepis (puc. 2), 110 3yMOBJIIOE MOXX/IMBICTD
JI0Tr0 B3a€MOJIi1 3 ioHaMI M€eTaJIiB Y POJii Of{HO-,
IBO- 260 TPUMOCHOBHOI KMCIOTH.

Puc. 2. Tayromepni ¢opmmu
/N\N)\N/ Tioamimgy H,L°

H Fig. 2. Tautomeric forms of
HL?" thioamide H,L°.
TioaMify HOHOpHMMM aToMamy (QYHKILiO-
HanbHMX rpyn C=S, NH Ta MoHOzETIPOTOHO-
Banoi OH. ¥ rakux camux ymosax K [PtCl |
ta PdCl, yrBOpIooTh Kommiekcu 4, 5 more-
KY/IAPHOTO THUITY, IO MICTATb MBI MOJIEKY-
7N JliraHfly, OfHa 3 AKUX KOOPAMHOBAaHA IO
iona metany O,N,S-TpupeHTaTHO XeTaTHUM
crloco6oM, a Apyra — MOHONEHTATHO, TiIbKNU
aTroMoM cynbdypy KapboTioamifHOi rpymn,
aHaAJIOTIYHO KOMIIJIEKCAM Ha OCHOBI TioaMifiB
H2L1, HZLZ, ONMCAHUX y MepIliil YacTUHI aHa-
niTmaHoro ornApy. Ilpy npoMy KoHKypyroua
¢dyHukuionanpHa rpymna (C=0) He 6epe yyacTi
B JIOHOPHO-AKLENITOPHIN B3a€EMOJII 3 ioHaMMI
MeTaJIiB, IO TOB’S3aHO 3i CTEPUYHO OiNbII
BUTi[HMM pPO3TaIlyBaHHAM iHIMX (QyHKIIiO-
HanbHUX IpyI. OKpiM TOro, B KUCTIOMY Cepefi-
oBumli akientopHa rpyma C=0 moxe OyTu
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e/liMiHOBaHa IIPOTOHAMM 13 CEpefOBMUILA CUH-
Te3y, 10 TAKOXX He 03BOJLAE 111 OpaTut y4acTp y
KOOPAVHAIIiI 1O IIEHTPa/IbHOrO aTOMa MeTaJry.

OuikyBaHO, IO 3MiHa NPUPOAU PO3UMH-
HMKa (3aCTOCYBaHHA XJIOPO(OpMY, B AKOMY
IOMiHye TionbHa TayToMepHa ¢opma Tiami-
OiB, K OIJCAHO B IIE€PUIiNl YaCTUHI aHAIITUY-
HOTO OIZIANY), IPUBOAUTD 10 B3aemonii H,L°
3 PdCL(PPh,), B pomi /BOOCHOBHOI KMCTIO-
. fK Hacmijgok, y cmiBBigHomenHi M:L=1:1
YTBOPIOETbCA Pi3HOMITaHIHMUIT KOMIIIEKC 6 i3
KOOPAVHALII€I0 TiONbHOI TayTOMepHOi popmm
H,L° Ta mMonexynmn tpudenindocdiny suxin-
Hoi comi Metany (puc. 3) [5].

H u ¢ + v o ]
_N._N.
NH HN~\H
S/ o N
RO i at -
O / g Cl ¢S Cl
\ _
O;‘HN\N)\N/ MCly 0 l;/h\S
o " H M:L=1:2, pli=2 No
[Rh(H,L9),]Cl (3) ’ H'N" N
o)
M:L=1:2,pH 3 = -
M = Pd(ll) (4),
+RACl; 4H,0 [IM(HLO)(H;LS)]CI M=Pt((II)) §s§

JALOH | /
H 5 9
3 P ~
7 . z]ﬁkﬁ{)kﬁ/
O A (:) ”P

I
HyL +PA(PPhy),Cly \Q
+KOH., Et M:L=1:1.5 O_Pd\s
’ 1,0 h
M:L=1:2,pH 9 N /)\ -
1IN N
OH | 0 H
N [PA(HL®)PPh3] (6)
N KS
/N / \ N-N o «
SK \/ N
O0—RHK~—N

o I
N [Rh(KL")3] (7)
SK

Puc. 3. Cxema cuntesy KC Rh(III), Pd(II) Ta
Pt(II) Ha ocrosi H,L*

Fig. 3. Scheme of synthesis of Rh(III), Pd(II)
and Pt(II) complexes based on H,L°.

Peaknia H,L® i3 RhCl-4H,O mpu pH 9
IPU3BOAUTD 10 YTBOPEHHS KOMIUIEKCY 7, IO
CKJIaJly SIKOTO BXOJATDH TPY MOJIEKYIU S-Kaii-
€Boi comi 2-(5-mepkanTto-4-metnn-4H-[1,2,4]

Tpuason-3-in)denony (HL'), sknit yrBopuBcs
B pe3ynbTaTi LMK/Ii3alil B Ty>KHOMY cepefo-
BUII, IO Y3TOIKYETbCA 3 JIiTepaTypHUMMU
maHumu [6]. Take yTBOpeHHs MepKanToTpua-
30/IBHOTO IIVIKITY BKe OY/IO OIMCaHO B IePIIilt
YaCTUHI aHAJITUYHOIO OITIAAY IPU B3aEMOZII
Cu(II) 3 N-amin-2-(2-rigpokcubeH3nIineH )rif-
pasunkap6otioamifom (H,L"). OnHak, Ha Bif-
MiHY BiJ] IOTIEp€JHbOTO BUIAJKY, TaKa LIVK/Ii-
3alig TioaMily He IIPOMOTYETbCSA METAJIOM,
IIpO 1O CBiiyaTb pes3ynbTaTH, OTPUMMaHI B
yMoBax, aHajoriunux cuHtedy KC 7 (6e3 coni
MeTanly). Y pesyabraTi Takoi peakijil oTpu-
MyeTbcsa  2-(5-mepkanrto-4-metun-4H-[1,2,4]
Tpuason-3-in)-penon (HL') (puc. 4a). Criexp
AMP 'H tpuaszony HL' € ananorivanm KC 7,
3a BUMHATKOM curHany SH mepkanrorpymm,
AKUI B CIIEKTPi KOMIIIEKCY BiJICYyTHill BHACITI-
IIOK YTBOPEHHSA Ka/Ii€BOI COIL.

OkpiM TOro, B CIEKTpi 7 CUTHaIU MPOTO-
HiB apOMAaTMYHOTO Ki/bIls 3MillleHi B crmabke
none Ta BigcyTHi cunrner OH rpymm. Ta-
KVM YMHOM, 301/IbIIIeHHs Ki/TbKOCTi JJOHOPHUX
LIEHTPIB Y MOJIEKY/Ii TiOaMifly MigBUILYE J10TO
IOEHTATHICTh Ta CIIPUAE Iepexony B iHINY Ta-
yTOMepHY QOpMYy i po3MIMpIOE MOXKIMBOCTI
BHYTPilTHbOMOJIEKY/IAPHOTO  IIEpErpynyBaH-
HA B IIPOIIeCi KOMIIIEKCOYTBOPEHHS.

CHiZbHOI CTPYKTYPHOK ONVHMIIEIO 1A
HACTYIIHMX IOJIiIEHTaTHUX JIiraHziB N-ain-6-
rigpokcu-1,3-gumeTnn-2,4-giokco-1,2,3,4-tet-
parigponipuminns-5-kap6orioaminy (H,L7),N-
anin-1,3-gUIUKI0TeKCUI-6-TifpoKcu-2,4-1i-
0Kco0-1,2,3,4-TeTparigponipuMignn-5-Kap-
6orioaminy (H,L®) Ta N-amin-2-rigpokcu-6-
(oxconuxmnorekc-1-en)kap6otioaminy (H,L%)
(puc. 5) € anminbHMIt pparMeHT, KNI 3a IEB-
HJX YMOB CUHTe3y MOXKe OpaTy y4acTb sK Y
BHYTpPIIIHbOMIraHAHil IuKisanii (mpo mjo
BJKe JIIIIOCA B IEPILiil YaCTMHI aHATITUYHOTO
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OITIAAY), TaKk i y popMyBaHHI KOOpAMHAILIil-
HOTO 3B 3Ky 3 «M AIKMMI» KycnoTamu JIproica
3a TUIIOM «M fIKa — M fIKa» B3a€EMOJisA, yTBO-
protoun m-komiiekcu [7, 8]. Tomy BBakamm
06rpyHTOBaHMM JOCTIAUTHY B3a€EMOIiI0 TaKUX

0
H;3L¢

- OH a
()llH S +KOH +HCI:H,0 1:1 N
—— ——
N‘NJ\N/ -H,0 /N\N N N
H H N~ A
- SH

crionyk 3 ionamu Ru*, Rh*" i Pd*, saki spaTHi
¢dbopMyBaTy T-KOOPAMHALINHI 3B A3KM, OTHAK
Bi/IpISHAIOTbCA CIIOPIJHEHICTIO 10 JOHOPHUX
aTOMIB, €/IeKTPOHHOIO OYJOBOIO Ta KOOP/MHA-
IIJTHOIO EMHICTIO.

HL'*

Puc. 4. Cxema mnmkimisamii Tio-
amingy H3L6 10 %-M HagAUIIKOM
KOH (a) Ta ciextp AIMP 'H KC 7 (6)

Fig. 4. Scheme of cyclization of
thioamide H,L® under the action of
10% excess KOH (a) and NMR 'H
spectrum of complex 7 (b).
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Puc. 5. Monexynsapua 6ygosa N-aninsaminjennx
tioamizis H L7~ H L’ Tacxema cuHTe3y KOMIIEKCiB
Ru(III), Rh(III) i Pd(II) ma ixHiit ocHOBI

Fig. 5. Molecular structure of N-allyl-substitut-
ed thioamides H,L” - H L’ and scheme of synthesis
of Ru(III), Rh(IIT) and Pd(II) complexes based on
them.
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PesynpraTy mokasanu, 1o B3aEMOZiA XJIO0-
punis Ru(III) i Rh(III) s Tioamigamu H,L7 —
H, L’ npu migxucnenni posunnis 21 HCI (3a-
JIEXKHO BiJl CIIiBBiTHOIIEHHA BUXIiJHNX KOMIIO-
HEHTIB) IPUBOAUTDH IO YaCTKOBOrO abo IOB-
HOTO BUTICHEHHS XJIOPUJ-aHIOHIB BUXiHOI
comi MeTany 3 YTBOPEHHAM KOMIUIEKCIB MO-
nekynsipaoro (KC 8) a6o xationnoro (KC 9)
TUIY 3 OKTaegpU4YHOK0 (HOPMOI0 KOOpAMHA-
uifinoro nomiefpa (MCLO,S i MO,S)) Ta 6i-
INEHTAaTHOXE/IATHOK KOOPAVHALIEI JIiraHfiB.
[ligkuc/IeHHA peakLiiHOTO cepefoBMINA 4H
HCl 3abesmeuyye pomiHyBaHHS B pO3YMHI
BigmOBigHUX XxnopoakBakoMmiiekciB Ru(III)
i Rh(III) [9-12], peakuia sxux is H L’—H L’
IPUBOAUTE 10 GOopMYBaHHA crionyk 10 i3 pos-
TalllyBaHHAM aHIOHA XJIOPY Y BHYTPIllIHi KO-
OpAMHaIilHii cdepi, IPO 0 CBiTYNTD HasB-
HicTh B [Y-crlekTpax TaKuX KOMIIIEKCIB CMYT
NOI/IMHAHHA BaJleHTHMX KonmuBaHb M-Cl npu
315-330 cm' [13].
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Exsimonsapna B3aemopis PdCl, s Tioamiza-
vu HL’—H,L® npusoguts 0 popmyBanHA
KC 11 anionHOro tumy 3 yuc-posTairyBaH-
HAM aHIOHIB XJIOPYy B IUIACKOKBAJ[paTHOMY
KOOpAuHaliiftHoMy Bysmi. Tomy gna ixHbo-
O BUJJIEHHA y TBEPAOMY CTaHi peakliio
npoBogyn 3a npucyTHocTi Hammmky KCl
(exBiBaZIeHTHA KiZIbKiCTh KajIi€BOI comi cyTTe-
BO 3MEHIIyBaja BUXiJ, TAKOTO KOMIIIEKCY /IO
50 %). OuikyBaHO, IO B3AEMOfiA BUXiHUX
KOMIIOHEHTIB npu chiBBigHomenHi Pd:H L7
1:2 3abesneymaa yTBOPEHHS KOMILIEKCIB
MostekynAapHoro Ty (12) [13]. Cnig 3as3Ha-
YUTHU, 110 KOMIIIEKCH KaTIOHHOTO i aHiOHHO-
ro XapakTepy 3a He3HaYHMX KOHILIEHTpalliil
(10*-10° monb/n) € PO3YMHHUMM Yy BOAL Ta
€TaHOMi, TOMi AK CIHOTYKM MOJIEKY/IAPHOTO

3 S
T 1 T T !
00 45000 40000 35000 30000 25000 20000 V, cm"

Puc.6.EneKTpoHHICIEKTPUTIOI/IVIHAHHA KOMILIEK-
ciB Ru(IIT) (a), Rh(III) (6) i PA(II) (6) 3 H,L” B isompo-
IIAHOJI Ta BifNOBifiHI KpUBi TMTpyBaHH:A: C
10-10%, C,,,, = 3.3-10°-3.3-10" mons/1; C,,,, = 20-10%,
C,p,= 10-10°-60-10"* momb/n

Fig. 6. Electronic absorption spectra of Ru(III)
(a), Rh(III) (b) and Pd(II) (c) complexes with H, L’
in isopropanol and corresponding titration curves:
Copen,= 10105, C, = 3.3:10°-3.3-10* mol/l;
C,,,.=20-10°C_ =10-10°-60-10"* mol/L

Rh3+/Ru3+

Pd2+ H2L7

tuny posuuHHi Tinbku B JMCO Ta JIMO®A.

TakMMYMHOM, peakIlifAnoigeHTaTHUX Tioa-
mizis H,L’—H,L’y kucnomy abo cmabKokmcrio-
My cepezoBuiLi 3abe3neyuye nuie ixxio O,S-6i-
JNEHTaTHO-Xe/IaTHY KOOPAMHALI0 /10 iOHIB
MeTaniB y TIOHHII MOHOZENPOTOHOBAHIN
¢dopwmi. ITpy 1pomy mo6iYHNUX IpoLeciB IXHIX
BHYTPIIIHbOIIIAHAHUX IIeperpynyBaHb He
CIIocTepiraroTb. BCTaHOB/IEHO, 11O aJliIBHUN
¢dparMeHT He Oepe y4acTi B yTBOpeHHI KOop-
AuHanirHoro 38 s13Ky 3 ionamu Ru(I1I), Rh(III)
i PA(II), mo, 7iMOBipHO, IOB’I3aHO 3 HasIBHiC-
110 B Monekynax H L’—H L’ inmux oHopHUX
Hykneo¢inbHux nenrpis (C=S Ta OH rpymn),
PO3TalIOBaHMX Yy BUTITHOMY IIOJIOKEHHI I
dbopMyBaHHA MIECTUYIEHHNX Xe/IaTHIX MeTa-
JIOLIMKJIiB.
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He puBnaumuce Ha Te, 1[0 B TBEPAOMY CTa-
Hi BUIiTeHO KOMIUIEKCU 3i CIIiBBigHOIIIEHHAM
M:L = 1:1 Ta 1:2, B po34MHi € MOX/IMBOIO iXHA
B3a€MOZiA i y cniBBifHOMIEHH] 1:3. BuB4eHnsa
KOMIIIEKCOYTBOPEHHSA XJIOPUJIIiB MeTaliB i3
H,L’—H,L’ y BogHO-i301IpONanoIbHOMY PO3-
YYHI METO[IOM i30MOJIAPHMX Cepiil Ta eJeK-
TPOHHUX CIEKTPiB IIOIIMHAHHA II0Ka3aslo,
10 B3a€MO/Iisl MPOXOAUTD Y CIiBBiJHOIIEHH]
KoMmmoHeHTiB M:L = 1:1, 1:2, 1:3 (y Bumagky
ionis Ru’*, Rh*") ra 1:1, 1:2 y Bunajky ioHis
Pd** (puc. 6 a-8), 1m0 TOB’sI3aHO 3 KOOPAM-
HaIlilTHOI0 EMHICTIO MeTaJIiB Ta 3[aTHICTIO IX
¢dbopmysaru okraegpuynmit (y pasiionis Ru’,
Rh’") abo mmackokBapparHuit (y pasi ioHiB
Pd**) kooppuHaniiHmit By3os1.

n,m-Xemarni kommrekcu PA(IT), Pt(IT) i
Ag(I) Ha ocHoBi N-anminsamimenux rioamigis

He puBna4dnce Ha Te, 10 i0HM IIATMHOBUX
MeTa/liB Ha/leXaTb IO IePEBAXHO «M SIKUX
Kucnor» JIbroica, yTBOpeHHA TI-KOOpAVHAILiii-

R\KE\L\

HOTO 3B’$13KY 3 aJli/IbHUM parMeHToM Bifjoy-
BAa€TbCA Ti/IbKM 32 YMOB, KO/IM iHIII JOHOPHI
aTOMM JITraHMiB 3HAXOMATbCA Yy HECHPUAT-
JMBOMY T€OMETPMYHOMY PO3TallyBaHHI I
¢dbopMyBaHHA KOMIUIEKCiB. [lo TakuX CIIOTyK
Hajie)xaTb HacTynHi N-ajin-samimieHi Tioce-
qoByHM:  N-anminmMopdonin-4-kapboTioamin
(HLY),  1l-anin-3-mpem-6yTunrioceyoBrHa
(HL") rta 1-amin-3-(2-rigpoxcmerun)-Tioce-
yoByHa (HL'?), B sKMX B3a€EMHe pO3MillleHH:
N,S-HyK/IeoiIbHUX ILIEHTPIiB e€NIeKTPOHOMO-
HopHoi rpynu -NH-(C=S) no aninpHoro ¢par-
MEHTa CTBOPIOE IIepeayMOBU A pOpMyBaH-
HA CTIIKUX 6-4YI€HHMX X€/IATHUX META/IOLMK-
7B i3 GpOpMYBaHHAM T-3B SI3KY.

Bsaemoisa ix 3 iomamu [PACl,]* i [PtCl,]*
a6o PdCl, ta mBokparhum Hagmmkom KBr
a6o KI npu cnisBigHOmenni M:L=1:1 npuso-
IVTD 10 YTBOPEHHS TT-KOMIITIEKCiB 45-47 cKa-
ny [M(HL"")X ]-nH O (me X = CI, Br, I')
(puc. 7) [7, 14, 15].

H

R\rN
| \L 0
IM(HL;-’:)I(;)3|anzO WA S DL ()\, H«\
. M > t\I 15) \SI(AQ/\ X 3H,0
2 Ag / S
- ! Aef‘i Ko[PLCl,] + 4K o—N"Q !

w r 2, +HCI < RN

H 0 o
11/ \L\ JuauprEe R\[I/N\/\ PNOGFING, {[Ag(HL)NOs]-3H,0%, (16)

\ A M = P&, pi2*

S

[M(HL)CL,] x nH,0
n=0-2

13)

{{AgHL)NOs 3, (17)

Puc. 7. 3aranbHa cxema cuHTe3y n,m-xenarHux komitekcis PA(II), Pt(II) i Ag(I) i3 samimenumu Tio-

ceyoByHamy HLI-HL

Fig. 7. General scheme of synthesis of Pd(II), Pt(II) and Ag(I) n,n-chelate complexes with substituted

thioureas HL'°-HL'2.
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3rigHo 3 ehekTOM «aHTHCUMOI03Y B mparc-
BIymMBi» IlipcoHa [16], yrBopenHs 6icmiranp-
HIX KOMIIJIEKCIB i3 KOOpAVHALIEI0 JIiraHziB
«M'AIKMMI» aToOMaMi Cyl1bQypy Ta KapOoHY Y
B3AaEMHII MpaHc-TIO3NLII € MEHII BUTITHUM,
OCKi/IbKM BOHVM MaTUMYTh [ecTabimizyiounit
eeKT OVMH Ha OFHOTO IpU NPUETHAHHI [0
aToMiB MeTasy («M IKOI KUCTOTU»). SIK Haci-
0K, 1ie He I03BOJIAE B IO/I/IbIIOMY 3aMilljy-
BaTU «KOPCTKi» iOHM XJIOPY B OTOYEHHI MeTa-
JIy Ha aTOMM IHIIMX MOJIEKY/I JIIFAH/Y, i TAKUM
YMHOM, H€ CIIpUAE BUMIJIEHHIO B TBEPAOMY
CTaHi KOMIUIEKCIB y cliBBifHOIIEeHHI M:L=1:2.
Tomy, HesanexxHO Bif crexioMeTpii BUXifi-
HUX KOMIIOHEHTiB, peakuis HL!*'? 3 jonamn
IUTATMHOBMX MeETaJIiB IPUBOAUTDL IO YTBO-
PEHHs KOMIUIEKCIB Ti/IbKM Y CIIIBBiJHOLIEHHI
M:L=1:1, mo 3yMOBJIEHO CW/IbLHUM 'mpaHc-
edexToM" aIiIbHOTO PparMeHTy.

3a JaHMMM PEHTI€HOCTPYKTYPHOIO aHasli3y
Oy/10 BCTaHOBJIEHO HACTYMHe: 1) y psAAi xio-
PUIHMX, OPOMIHUX Ta MORUIHUX TI-KOMIUIEK-
ciB 00’eM elleMeHTapHOI KOMipKi 361IbLIy€eTD-
¢ 31 361/IbIIEHHAM aTOMHUX PafiiyciB rajoreHy
(tabn. 1). Kommiekcen € isoctpykrypuumn [15];
2) Bci mOCTiIXyBaHi CIONYKN € MOHOS/IepHI-
MU KOMIIJIEKCAMI, B AKUX L€HTPAJIbHUI aTOM

MeTajly 3HAaXOUTbCA B IIACKO-KBA[PATHOMY
oToueHHi aToMmiB cynbdypy S' TioamigHoro
yrpynyBanHsA, C'=C? ayninpHOro ¢pparmeHra Ta
IBOX rajioreHifHux anionis X', X* (puc. 8);

Puc. 8. MonekynsapHa CTPYKTypa KOMIIJIEKCIB
13, 14 (a), 15 (8) Ha ocnosi HL'?

Fig. 8. Molecular structure of m-complexes 13,
14 (a), 15 (b) based on HL!?

10

Tabnuua 1.
OcHosHi xapakrepuctuku PCA n,m-xenaTHux
komiuiekciB PA(IT) i Pt(IT) ma ocuosi HL"
Table 1.
The main characteristics of X-ray diffraction of
Pd(II) and Pt(II) n,mt-chelate complexes based
on HL™.

ToBXXMHM 3B’ 43KiB , A

3B's30K Pd(HL")CL, / Pd(HL')Br, / Pt(HL?)I
2

Pt(HL2)CL  Pt(HL")Br,

M-X1  23452(7)/ 2.4641(3)/  2.6240(6)
2.3436(11)  2.4576(11)

M-X2 2.3317(6) / 2.4564(3) / 2.6173(7)
2.3318(12)  2.4493(13)

M-S 2.2779(6) / 2.2864(6) / 2.297(2)
2.2799(12) 2.278(2)

M-Cl  2.169(2)/  2.1752(18)/ 2.148(9)
2.132(4) 2.135(8)

M-C2 2.163(2) / 2.1783(18) / 2.154(8)
2.129(4) 2.132(7)

C4-S 1.736(2) / 1.7298(19) / 1.715(8)
1.740(4) 1.725(7)

C1-C2 1.369(4)/ 1.365(3) / 1.380(13)
1.397(6) 1.415(11)

o6em  605.42(16)/ 640.81(7)/ 1237.72(4)

KoMipku, 610.1(2) 641.1(4)

V(A?)

3) momxmHa 3B’s3Ky C'-S' BKasye Ha Ko-
OpAMHALIIO JIraH/Ay B TIOHHII TayTOMEpPHIiil
dopwmi. 38’13k M-X', M-X? € ekBiBa/leHTHMI-
mu (tabn. 1) [14, 15].

HocnimxkeHHs KOMII/IEKCOY TBOPEHHA
Pd(II) i Pt(II) 3 HL"'* y posumHi eraHomy
Ta aHa/Ii3 3a/IEKHOCTI ONTUYHOI TYCTUHU Bif
KOHLIeHTpalil nirangy (puc. 9) mokasano, 1o
KPUBi MarOTh CTA0KO BUPaKeHi epernHy mpu
CHiBBigHOIIEHHI KOMIIOHeHTiB M:L = 1:1, 1:2
Ta 1:3, 0 CBiJYUTDH NPO MOXKIUBY KOOPHAU-
Hallilo JIIraHZiB y PO34YMHI AK XeTaTHUM, TaK
i HexemaTHUM CIIOCOOOM Ti/IbKU Yepe3 aToMU
cynbdypy kKapboTtioamingnoi rpymn [14, 15].
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Puc. 9. Kpuei turpysanusa KC PA(HL'*"*)Cl, (a, 6) Pt(HL'*'*)CL, (6, 2): (C,,,, p,,= const = 10-10° M,
Cypion, = 1.6:10°-33.3.10° M)
Fig. 9. Titration curves for complexes PAd(HL'*"*)ClL, (a, ¢) Pt(HL'***)CL, (b, d): (C,,., p,,= const=10-10" M,
Cpyiro1p = 1:6:10°-33.3.10° Mol/l).

Amnanis cnektpis SIMP 'H ycix orpuma-
HuX n,m-xenatHux Komiuiekcis PA(IT) i Pt(II)
II0Ka3aB, 10 HAVOiIbII Yy TIMBUMY JO KOMII-
JIEKCOYTBOPEHHA € CUTHaaum NpoToHiB NH
TPYIL, SIKi 3a3HAIOTh CYTTEBOTO 3CYBY B C/Iabd-
Ke TI07Ie, Ta MPOTOHIB a/linbHOTO (pparMeHra,
AKiI 3HaYHO 3CYBAKOTbCA IEPEBAXXHO Y CUJIb-
He none (puc. 10). Haitbinpm xapakTepHUM
€ poslenieHHss HmpoToHHux curHanis CH,
TPYIM aJIiIbHOTO (PparMeHTa Ha ABa AybneTn 3
OTHAKOBOIO KOHCTAHTOIO CITiH-CIIiIHOBOI B3a€-
mopii (J = 17.6-18.0 I11) Ta inTerpanbHuMu iH-

https://ucj.org.ua

TE€HCYBHOCTSIMM KOYKHOTO BEIMYMHOIO B OIVIH
IIPOTOH, BHAC/IIOK IXHbOI HEEKBIBAZIEHTHOCTI
3a paxyHOK 3aMMKaHHA X€/TaTHOTO METaJIo-
UKy (B AKOMY BOHM 3alIMalOTh aKcia/ibHe Ta
eKBaTopia/ibHe TOJOXXEeHHs), 1[0 POOUTD 1ieit
MeTOJ Iy>Ke 3pYYHUM I ZOCTIPKeHHs 0y/0-
BU NOfiOHMX crionyk [7, 15].

Bci xoMIlekcm Iokasanayu FOCTaTHbO BMU-
coky crilikictb y IMCO mjoHajiMeH11e BIPoO-
TOBX TPbOX MICALIB, 110 A€ MOXX/INBICTb BU-
KOPYICTOBYBATM Liell pO3UMHHMK 14 6ioyoriy-
HUX JOCTiIKeHb.

11
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Puc. 10. Cnexrpu SIMP 'H TioceuoBunn HL'? ta kommnekcy Pd(II) 13
Fig. 10. '"H NMR spectra of thiourea HL'? and complex Pd(II) 13.

3a ananoriero 3 Pd(II) ta Pt(II), ionm ap-
TeHTYMY TaKOXK Ha/leXaTb BO M AKNUX KIC/IOT
JIproica Ta MOXYTb POPMYBATH T-KOMIIIEKCIA.
OpHak, Ha BigMiHy BiJj IVIATMHOBUX METAJiB,
cxmnpHicTs Ag(I) mo monminykearnii nmpnusso-
IUTb O YTBOPEHHS MOMIMEPHUX T-KOMIIEK-
ciB 16, 17 (puc. 7) [8]. laHi peHTTeHOCTPYK-
TYPHOTO aHaJIi3y IT0Ka3au, o BOHK € 1D-xo-
opAvHALiHMMU ToniMepaMu 3i chopmoBa-
HYIMM IO/TIMEPHUMMU TaHIIoraMy —Ag—S—Ag—.
BigminnicTiIo MK HuMHM € crnoci6 xoopau-
Hallil HiTpaT-aHIOHIB Ta KiJbKICTb MOJIEKYII
KPUCTaIi3aliinHol BOAM i, AK HACIIOK, pisHa
LII/IbHICTD YIIAKOBKM MOJIEKY/, WIO 3ajieXka-
710 Bifl YMOB CMHTEe3Y JaHUX cronyK. OcKinb-
KI COJi apreHTyMy 3[aTHi BiJHOB/IIOBATUCSA
[0 MeTajly, peaKliilo IPOBOAVINM Y BOJHMX
(KC 16) a6o eranonbuux posunnax (KC 17),
nigkucnenux 41 HNO,. V cepepgosumi Bonu
dbopmyerncs nonimepHa KC 16 3 MoHOeHTAT-
HOI0 KOOP[MHAILI€I0 HITpaT-aHiOHAa Ta TPbO-

12

Ma MOJIEKY/IaMy KPpUCTali3alliiiHOI BOAY, a B
cepefoBuUIi eTaHONy KPUCTAMi3yeThCA IOJi-
mepHa KC 17 6e3 kpucranisalilfHnx MOIeKys
BOM Ta Oi[eHTaTHOK KOOPAMHAILEK HiT-
par-aHioHa.

[TopiBassnEss MALDI mac-criekTpiB 060x
CIONYK II0Ka3ajo, 110 BOHU CYTTEBO Bifpi3-
HAOThCA. I BogHOro Komiuiekcy (16) xa-
PaKTepHOIO € iHTeHCMBHA (parMeHTallis, 110
BKasye Ha JIOro MUTTEBMUI pO3Naj, B yMOBax
Mac-CIIEKTPOMETPUYHOTO €KCIIEPMMEHTY Ha
MeH1i ioan. HatomicTb, 11 6€3BOIHOTO KOM-
wiekcy (17) 3i 3HaUHO Oi/TbLI I[iTBHNM yTIaKy-
BaHH;IM MOJIEKY/I 32 PaXYHOK OifjeHTaTHOI KO-
OpAMHALlil NO3-aHiOHiB Ta BiJJCYTHOCTi BOAM,
XapaKTepHMMM € IiKM 3 MacaMMy, 110 3HAYHO
HepeBUINYIOTh MOJIEKY/LAPHNI iOH (IaTepHu B
miamasoni 374.90-704.52 m/z). Lle Mmoxe cBif-
YUTY [IPO MOXK/IVBE YTBOPEHH: AVMepiB abo
OiAepHUX CIONYK B YMOBaX €KCIIEPMMEHTY
Mac-crekTpis (puc. 11).
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Puc. 11. MALDI mac-criextpu KC Ag(I) 3 HL™

Fig. 11. MALDI mass spectra of Ag(I) complexes with HL'.

IIpn posumnenni B JMCO m-xkomnnekcn
Ag(I) BusaBmmcsa Hectabinpuumu. Ha Bimmi-
Hy Big n,m-xomutekcis Pd(II) i Pt(II), ciextpn
SMP 'H KC 16, 17 MicTaTh Maike He3MiHeHi
3a ¢opmor MynpTMIUIETM ajibHOrO dpar-
MeHTa, SIKi 3a3Ha/IM HE3HAYHOTO C/TaOKOTIONb-

HOTO 3CYBY BiJHOCHO BinbHOro miranpgy. Ile
BKa3ye Ha BifICyTHIcTb m-3B’a3Kky Ag<(C'-C?)
npu posunHeHHi koMmiuiekcy B IMCO. CyTre-
BOTO 3CyBY 3a3Hae yuie cuHrnetr NH kap6o-
TiOAMIiTHOTO YIPYIIOBAaHHA, IO CBIYNUTh IIPO
HasABHICTb 3B’13Ky Ag<S (puc. 12) [8].

k|
£78
a

o

80 75

Puc. 12. Cnexrpu AIMP 'H HL' (a) ta xomnnekcy 17 (6) 8 IMCO-d,
Fig. 12. "H NMR spectra of HL' (a) and complex 17 in DMSO-d,.
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HEOPTAHIYHA XIMIfi

O®YHIAMEHTATbHI ACTIEKTW KOOPAWHALINHOI XIMIT NEPEXIAHUX METANIB

13 ®YHKLIOHAJIbHO 3AMILLEHUMU TIOAMIAAMMU (YACTUHA 2)

He puBnAYmch Ha IXHIO HECTIMKICTD Yy
IMCO, Taki crionyku Ag(I) € Hepo3unMHHU-
Mu y Bofii. ToMy iX MO>KHa 3aCTOCOBYBATH /IS
po3po0bieHHsI Ha iXHiiT OCHOBi aHTHMOaKTepi-
alIbHUX MeMOpaH misa 6io¢inpTpyBanbHUX
IpOLiECiB.

B IY-cmexkTpax m-KOMIUIEKCIiB HailOinbII
iHpOopMaTMBHOI € BUCOKOYACTOTHA 0O/IACTb.
CHiZbHOI0 PUCOI0 1A YCiX T-KOOOPAMHALLiN-
HJIX CIIONTYK € BICOKOYAaCTOTHE 3MillleHHA PALY
cmyr konmmBaHb V(NH), Vas(CH)allyl’ VS(CH)allyl i
O(NH) ma Av= +(40-100 cm!) Ta 3MeHIIEH-
g yactoru V(C=S) nHa Av= -(20-25) cm™! mo-
piBHAHO 3 BuXigHUMM nirangamu [8, 14, 15].
Taka ixHs 0COOMMBICTD € XapaKTepHOW caMme
JUIS1 YTBOPEHHS T-KOOOPAVHALIIIHIUX 3B A3KiB,
OCKi/IbKM y BUITAIKy GOpMYBaHHS 3BMYAITHUX
MeTaJIOLVKIIB BijOyBaeTbCs HU3BKOYACTOTHE
3MillleHHs KO/MMBAaHb 3a3HAUYeHMX (YHKIiO-
HaJIbHUX TPYI aTOMiB.

N,nt-xematni kommaekcu Pd(IT), Pt(II) ax
e(eKTHBHI NPOTUNYX/INHHI aTeHTH

[TpyunHOI0 pO3UIMpPEHHA CHEKTPYy TIajo-
reHiB y xoopauHauiitHiin cdepi ionis Pd(II) i
Pt(II) (X = CI, Br, I') € mipkyBaHHA 1po Te,
O Ile MOXXe CYTTEBO BIUIMHYTM Ha /1abi/b-
HICTh KOMIIIEKCIB Ta IIBUIKICTh 1IXHBOI B3a€-
mopzii 3 JHK, a oTxe, i Ha 6iomoriyny akTus-
HICTb y LII/IOMY.

I3 niteparypHuX [Kepen BifoMO, IO
TI-KOMIUIEKCH TUIATMHOBMX METAJIiB 3HAILIN
CBOE BUKOPUCTAaHHA B IIpelapaTUBHIN opra-
HiYHii XiMii B pojli MeTa/TOKOMIIJIEKCHUX Ka-
Taj1i3aTOPIB TiApPyBaHHH, i30Mepu3alii, OKuc-
HeHHsA Ta nonimepusaii onedinis [17], y pe-
akniax Cysyki - Mispa [18, 19], Xeka [20] Ta
in. ITpote 6iomoriyHa ak TMBHICTD IX Maike He
pocrnimkena. Jlume B po6oti [21] mokaszaHo
MOX/IMBICTb BUKOPUCTaHHA 1,T-X€TaTHOTO
KOMIUIeKCy Pt** 3 aHTpaljeHOBMiCHUMM JTiraH-
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mamu  (E-2-[1-(9-anTpmin)-3-0Kkco-3-npon-2-
eHimnipuaunom] Ta E-1-(9-antpun)-3-(2-mi-
PUAVI)-2-TIPOTIEHOHOM) SIK  ITOTEHIiITHOTO
IUTOTOKCMYHOTO npemnaparty. Lleit gpaxT cTBO-
PIO€ Baromi nepegyMoBu i pO3IIALRY X AK
IPAaKTUYHO HOBUX OO €KTIB JIOCTII>KEHHS B
IIbOMY HamIpsMKy. 3a Oy[JOBOI KOOpAVHA-
LifiHOTO ToJiefipa Taki CHOMyKyu MOAiOHI o
LJCIUIATVHY, @ TOMY 1 MeXaHi3M IXHbOI Ail, AK
[OKa3anu JjaHi HM3KuM Haumx pobir [7, 14, 15,
22, 23], € nmopibHUM, IO CTA/NO MiAIPYHTAM
I1s1 TlepefiOavueHHs IXHbOI epeKTHBHOI IPOTH-
IIYXJIMHHOI aKTUBHOCTI.

O6’ekTaMy [JOCTKEHHsST CTaMy T-KOMII-
nexcu cknagy [PA(HL')CL] (I), [Pt(HL")CL ]
(I), [PA(HL")CL] (III) [Pt(HL")CL] (IV), B
AKVX 3MiHHOIO Oy/Ia Ipupoja MeTaly Ta Ipu-
po/la OPraHiYHOrO JraHjy, a TaKOXX KOMII-
nexcn [PA(HL™)CL] (V), [Pt(HL")CL] (VI),
[PA(HL")Br,] (VII) [Pt(HL"™)Br,] (VIII) Ta
[Pt(HL™)L] (IX), B sxux smiHHOIO Oy/a mpu-
pofa MeTajy Ta INpUPOJA TajoreHif-aHioHa
B KOOpAMHAILIIIHOMY OTOYEHHI MeTaiy, a Ti-
oceyoByHa HL'" sk opraHiyHMII jiraHp-HO-
i sanmuranaca He3MmiHHoK0. Ha BifgMiny Bif
LUJCIUIATVHY, LI TIOCEYOBMHM KOOPAMHOBaHI
no ioniB Pd?* i Pt?* mie «M IKIIUMM» JJOHOPHU-
MU aTOMaMM 3 BUCOKVM MpaHc-BIUIMBOM (3a
knacudikaniero Ilipcona). Sk Hacmifok, cno-
PiAHEHICTD HOCHIIPKYBaHUX KOMIUIEKCIB [0
«M'AKVX» aTOMIB CIpKU iHIINX PEYOBUH MOXKe
3HUBUTHCA, IO CIpUATUME 3arobiraHHIO
3B'SI3yBaHHSA JJaHUX -KOMIUIEKCIB 3 Tio/moBMic-
HMMU CIIOTYKaMU, AKi IIPUCYTHI B IUTOI/IA3-
Mi KpoBi (Hanmpumkiaj, IIyTaTioH, LMUCTeiH) Ta
nossonuth iM gocartu JHK - ocHoBHOI (ap-
MarleBTM4HOI MinreHi (puc. 13). Okpim 1poro,
tiocewoBrun HL', HL" y cBoill cTpykTypi
MicTATH iHIN JOHOPHI Irpyny (aToMM OKcHre-
HY MOPQOITiHOBOTO KiNbId a00 eTaHOTBHOTO
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YIPYTIOBaHHS) Y BUTI[JHOMY IIOJIOXKEHHi IS
inTepkamsanii go monexyn JHK, mo mano 6 3a-
Oe3revyBaTy yTBOPEHHA 3 HUMU afifyKTiB. lle
MOXK€ 3MEHIINTY PO3Mi3HABaHHA TaKMUX afi-
AYKTiB 3a JOIIOMOTroxo cucreM penapanii JHK
Ta YHMKHYTU IIepeXpPecHOi pe3VCTEHTHOCTI 3
iCHYI04MMY IUIATMHOBMMU IIpeIapaTaMI.

JocmiKeHHA IPOTUITYX/IMHHOL aKTMBHOC-
Ti CIIOZTYK IIPOBOJVIY CIIiJIBHO 3i CIIBpOOITHM-
KaMJ HaBYa/JIbHO-HAayKOBOTO LIeHTPy «IHCcTH-
TyT 6iomorii Ta megnumun» KHY im. Tapaca
[ITeBuenka mif; KepiBHUIITBOM J. 6. H., Tpode-
copa lapmanuyk JI. B., IncTutyTy MOnexkynAap-
Hoi 6iororii i renetuxkyn HAH Ykpainm mip kxe-
PIBHULTBOM K. X. H., CT. H. C. [Ia/Ib4MKOBCBHKOI
JI. I, InctutyTy eBomoniiinoi exonorii HAH
Ykpaiuu (z. 6. H., cT. H. c. JlixaHoB A. @.) Ta
JOCTIHUIIBKOTO iHCTUTYTY JUTAYOrO PaAKY
Greehey npu Texacbkomy YHiBepcureTi 0xo-
pouu 3nopos'ss B Can-Anrtonio (umrar Texac,
CIIA) (k. 6. 1. KoBanbcbkuii [I. B.).

Soft
SOft’ \

=

3B’s13yBaHH 3 [IIYTATIOHOM
Ta MEeTAJOTiOHIHAMHE
(noHopHi aTomu cyabdypy)

[Soft
oft/

3p’s3yBanns 3 JIHK
(10HOpHI aTOMU HITpPOTeHY)

Soft

/

Soft X

Komnuaexe Pt(IT)
3 CMAKUMU» <HECY UM
JOHOPHUMM ATOMAMHU

JAOCTiTKYBAHUH
KOMILIEKC
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OTpuMaHi pe3ynbTaTy IOKa3ain, 0 KOM-
wiekcn I-IV e epexTMBHMMM IPOTUIYX/IMH-
HUMM areHTaMM 3a BIUIMBOM Ha Mikpocdepo-
imn mosounoi 3anosu MCF-7, kniTuHM jiHil
Hela Ta xapiyaomu nereni JIproic.

ApneHokapiyHOMY Mono4Hoi 3a7103u MCF-7
Bi[HOCSTH [0 HaiOIbII epeKTUBHUX MOTeret
IJIA JOCITIIPKEHHA il HOBUX PE4YOBMH Ha IXHIO
arperatiito, ajresito i T. i. Pasom i3 Tum, dep-
MeHT rama-rayTamintpancnentupasa (I'TT),
Biflirpae mpoBifHY ponb y MeTabomismi aH-
TUOKCUJAHTA IJIyTaTiOHY, 10 3abesIedye fe-
TOKCUKAIIi0, 3aXMCT BiJj aKTUBHMX HOPM KuC-
HIO Ta IOIlepeyKae OKCULATUBHUI CTPEC KIIi-
TuH. IIpu 3acrocyBanHi neBHUX Ximiornpena-
pariB BiOyBaeTbcs IHAYKIiA IIbOTO EH3UMY,
BHAC/IIOK YOI0 YTBOPIOKTHCA HEAKTUBHI
KOMIIZIEKCH 3 IJTyTaTiOHOM Ta JI0T0 IOXiJHUMM
i BUHMKA€ MeIVIKAMEHTO3HAa PE3MICTEHTHICTb.

ExcniepumenTanbHi gaHi moKasany, o I1o-
PIBHAHO 3 YUCTUIATUHOM, T-KOOPAMHAL[IHI
conyku  Pd(II), Pt(II)
HE CTUMYIIOBaIM akK-

Brpara

tuBHicTth I'TT, 3aBmsaku
AKTHBHOCTI

YOMY MO>KHA IIPUITYCTH-

TU, 1[0 BOHU HE BUKIIN-
KaTMMyTb MeJVKaMeH-
TO3HOI Pe3UCTEHTHOCTI

(puc. 14 6).

baoxyBanns

pemikauii JJTHK

Pruc. 13. Cxema edexty
"aHTHCUMOI03y Yy mpaHc-
BrumBi" [Tipcona

Fig. 13. Pearson's sche-
me of "antisymbiosis in
trans-influence” effect.
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13 ®YHKLIOHAJIbHO 3AMILLEHUMU TIOAMIAAMMU (YACTUHA 2)

IHAekc npununaHHa, %

IHCIITAaTHH KOHTPOIIb

0.35 0

AKTUBHICTb 'TT, MKKaT/N

I I I v UHCIUVIATHH KOHTPOTb

Puc. 14. AnresusHa sgatHictb cdepoinis MCEF-
7 (a) Ta aktusHicth ['TT (6) mipm miero KoMIieKkcis
Ta YUCTITIATYHY

Fig. 14. Adhesion of spheroids MCF-7 (a) and ac-
tivity of gamma-glutamine transpeptidase (b) under
the action of the studied complexes and cisplatin

Cnonykn I, III Ta IV migBuimysanu apre-
3MBHY 3/1aTHICTb cepoiniB y 1.13-1.25 pasu, a
KC II He 3MiHIOBa/Ia BEIMYMHY LIbOTO ITapaMe-
Tpa (puc. 14 a) [23]. Lle mOsACHIOETHCS TUM, 1[0
KITVHY He BiiIsA0ThCA Bifi cdepoinis, 1m0
MOJKe CBIIYUTHU IIPO 3HIVDKYBAIbHY 3[aTHICTH
KC no meTacrasysanH:A. Ha npotusary upbomy
WUCTUIAaTUH 3HIVDKYBaB afiT€3VMBHY 3ATHICThb
cdepoinis y 1.14 pasu, mo Mo>ke BKasyBaTu
Ha 30i/IbIIyBaHy 34aTHICTb O MeTacTa3yBaH-
H:. Cepel JOCTiIKyBaHNX CIIONTYK Ha6imbIry
NPOTUIIYX/IVHHY AaKTUBHICTb BUABUB KOMII-
nexc I, HaitbinbITy aHTUMeTaCTaTUYHY aKTUB-
Hictp - KC L IIL, IV.

Hocnimkeno takox miro KC I, I, III, IV Ha

16

HU3Ky ¢epmeHnTiB (yuroxpomoxcupasy 1O,
cykuuHar gerigporenasy C/II') Ta kiiTus Kap-
1yHOMU JiereHs JIbtoic (puc. 15 a-8) [22].

BcTraHoB/eHO iXHIO eeKTVBHY aHTUIIPOJIi-
depaTuBHY, IUTOTOKCUYHY Ta IIPOALIONTIYHY
aKTUBHICTh Ha MOJE/AX in vitro Ta in vivo (s
KC Pt(II), puc. 15 6, 8), a TakoX 3[aTHICTDb
HOpMaslidyBatu MeTaboJiyHi IOPYIIEHHS B
NyXIMHHUX KTiTuHaX. [Ipy nboMy HallaKTUB-
gimmmu € KC I, I1.

OKpiM TOTO, BUAB/IEHO UUTOCTATUYHY Jil0
KC I-1V Ha xnitunu mepucrem Allium cepa
3 BUCOKOIO IpomiepaTMBHOI aKTUBHICTIO.
Bracnifok yrBopenH: uncenbHuX 3mmBoK KC
3 monexynamy JHK (puc. 16) yHeMoxnus-
JIIOETbCA HOpPMaJIbHa KOMIIAKTH3allisd XpoMa-
TUHY Ta MOPYIIYETbCA KIITUHHUI LUK, IO
NIPUBOJANUTD AHOMAJil IOy KITHH Ta IX-
Hporo anonrosy [14]. KC Pd(II) BuxnmkaoTh
JVCIIEPTYBaHHA XPOMATKHY, IIO 3YMOBJIIOE
3HAYHi MOPYILIEHHA y IpollecaX KapioKiHesy,
BHACMTIJJOK AKMX XPOMOCOMM BTpPadyarTb TH-
IIOBY CTPYKTYPY, MiAar0Thcs pparmeHTarii i
BTPATOIO TiI/IOMipHUX Ji/IAHOK.

BuB4eHO 3B’A3yBa/bHYy 3[JaTHICTb pAmY Tra-
JIOTeHigHMX n,m-XemaTHux komiuiekcis Pd(II)
i Pt(IT) V-IX na ocnosi HL" i3 [THK mmasminn
pTZ19R45 (puc. 17) [15]. BcranoBneHo, 110 npu
KOHIIeHTpaniax 50 i 25 MKI/M/I BCi KOMIUIEKCH
MOBHICTIO B3aeMogitoTh i3 JJHK mrasminy, mo €
IIEPENyMOBOI0 IXHbOI IPOTUITYX/IMHHOI aKTUB-
HocTi. Cepeq INTATMHOBYX TI-KOMIUIEKCIiB HaIlI-
BUJILIIE B3a€MOJli€ MIOOVIHNIL, A cepeq Malajie-
BUX — OpOMIHMIL, SIKUIT QHA/IOTIYHO IUIATUMHO-
BOMY JIOIMIHOMY T-KOMIUIEKCY Y BCiX KOHIIEH-
TpaLisAX MPAKTUYHO ITOBHICTIO TpaHCPOpMyBaB
ckpyueny SC THK y pemakcoBany OC-dopmy
JHK (puc. 17). 3a 3gaTHicTiO 10 3B’13yBaHHA 3
HOHK pocnimxysani KC Mmo>xHa momicTuTy B Ha-
crymumit pag: VIII< V <IX < VII < VL
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Puc. 15. O6’eM nepBMHHOI ITyX/IMHY NTepelleIITI0BaHoI KapiuHoMmu sereHi JIboic (a), 06’eM MeTacTa-
TUYHOTO ypa)XXeHH: B jIeTeHi (6) Ta aKTMBHICTb MiTOXOHJpia/IbHUX (PepMEHTIB y MyX/IMHHNUX KIiTHHAX
eKCIIepYIMEHTA/IbHMX TBAPYH i3 IepelelIeHoI0 KapIHoMolo jereHi JIbtoic (8) 3a aii yucnnaruny Ta KC
IL IV

Fig. 15. The volume of primary tumor of transplanted Lewis lung cancer (a), the volume of metastatic
lung cancer (b) and the activity of mitochondrial enzymes in tumor cells of experimental animals with
vaccinated Lewis lung cancer (c) under the action of cisplatin and complexes II, IV.

OniHKa IEpBMHHOI T€HOTOKCMYHOCTI Ta
MyTareHHocTi cronyk V-IX 3a pmomomororo
Allium cepa L TecTy moKasaa, 110 HanOiIbII
NEPCIEKTUBHYMY LMTOCTATUKAMM BUABUIN-
cs1 komIiekey iatvam [15]. ITpu nbomy Haii-
aktuBHimmM cepen Hux € KC IX 3 itopnp-aHi-
OHOM B KOOPAMHAL|ITHOMY OTOY€HHI MeTay.
Voro fiisi CynpoBOKYETbCA YIOBiIbHEHHAM
a00 NMOBHMM NPU3YNVHEHHAM IIOAITY KIiTVH,

https://ucj.org.ua

BUKJ/IVKA€ 3MEHILIEHHA PO3MIpiB Afpa i MigBu-
LIy€ YaCTKy IeTepOXpPOMATUHY B CTPYKTYpi
inTepdasuux apep xmitun Allium cepa L, 4e-
Pe€s3 1110 3SMEHIIYETbCA AKTMBHICTb TPAHCKPUII-
nirtHUX npouecis. Tomy nepenbadaerbcs npo-
BemeHH:A crellianbHux nocmimkedb KC IX Ha
JHIAX KIITUH 3/I0AKICHUX IyX/IMH aHaJIoTi4-
Ho KC I-IV.
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HEOPTAHIYHA XIMIf 13 GYHKLIIOHATHO 3AMILLEHMMM TIOAMIZAMY (Y4ACTUHA 2)

Q

Puc. 16. Ilopymenns mitosy B kinitnnax Allium cepa: a, 6 — pycliepryBaHHs IOBEPXHi XpOMOCOM i
HOPYILIEHH: IXHBOI IIPOCTOPOBOI Opi€HTAIIil B IPOTOIUIACTI Mif| [Ii€I0 YUCTIATUHY; 6-0 — KOHAEHCcAIis i
IVCIIePryBaHHA XPOMATUHY B iHTepasHuX sAapax mif jgiero kommiekcis I-1V.

Fig. 16. Violation of mitosis in Allium cepa cells: a, b — dispersion of the chromosome surface and
violation of their spatial orientation in the protoplast under the action of cisplatin; c-e - condensation and
dispersion of chromatin in interphase nuclei under the action of complexes I - IV.

Cisplatin ~ ComplexVl  Complex Vil Complex IX

Puc. 17. Cxemu enexrpodopesy
Cisplatin ComplexVv  Complex VI B araposHOMY Teli I PO3KPY-
gyyBaHHA JHK mmasmign pTZ19R
komtekcamy V-IX Ta yucnmaru-
HOM.

Fig. 17. Schemes of electrophoresis
for the promotion of plasmid
pTZ19R DNA by complexes V-IX
and cisplatin in agarose gel.

Pesynbraty MONMEKy/IAPHOIO HOKIHTY IIO- [JMHALl TiAPOKCUIBHOI IPYIIN CIPUAIO B3ae-
Kasajy, 110 3arajJbHUI MeXaHi3M [il TaKuX MOJil KOMIUIEKCIB He TiZIbKY 3 TyaHiIMHOBUM
KOMIUIEKCiB MOXKHa XapakrepmsyBaru yTBO- ¢parmentom JJHK (i3 kumenero GG), ane
PEHHSIM O[HO- i [BOJIAHI[IOTOBMX PO3PUBIB [TOAATKOBO Iie 3 a/leHiHOBUM ¢parmMeHTOM (i3
mnasmign [THK (puc. 18) [15]. Ha Bigminy Bix kuirenero GA) (puc. 18 6).

UUCTIZIATUHY, HasABHICTb He3aJisgHOI B KOOp-
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Puc. 18. PesynbTaTyi MOIEKYIAPHOTO JOKIiHTY:
a - B3aemopisa kommekcy VI i3 kumenero 3B'a3y-
BaHHA GG; 6 - i3 KuIeHero 3B's13yBaHHA GA

Fig. 18. The results of molecular docking: a -
the interaction of complex VI with the GG binding
pocket; b — with GA binding pocket.

e cBigunTh NMpo Te, MO Kpall¥MM LUTO-
CTaTMKaMU MOXKYTb Oy TU KOMITIEKCH, B CKTai
AKUX € He3a[IiAHNI B KOOPAMHALLil JOHOPHUIL
LIEHTP, AKNI MO>XKE yTBOPIOBATY 3 MOJIEKY/IAMU
IOHK mopmaTkoBi BomHeBi 3B’ I3KM, CIIPUYVHS-
I04) TUM CaMuM OinbIry cTabinbHICTh TaKMX
crionyk. Mo>ximBo, 11e MOsICHIOE TOM (akT, 110
cepep, cnonyk I-1V HanakTuBHIIMMY BUABK-
JIVICSI KOMITIEKCY Ha OCHOBI TiocewoBuHM HL'™,
1110 MiCTUTh MOPGOTiIHOBUI Fe TEPOLIMKIL.

OrpumaHi ekcriepyMeHTa/IbHi 1aHi HATIAL -
HO IIPOZIEMOHCTPYBAJIM, 1IJ0 33 610/IOTiYHY aK-
TUBHICTD JOCTIPKYBAHNX T(-KOOPAMHALIITHUX
CITO/IYK BifITIOBiJja€ AK IpUpPOJa JIiraHLy Ta Me-
tany (Pd/Pt), Tak i mpupopa ranoren-aHioHa.
ITpy 11bOMY BCTAHOBJIEHO, IO T-KOMILIEKCH
Pd(II) i Pt(II) va ocuoBi HL'®"!' Buk/inkawTh
IpUTHIYeHHA POCTY MHOMY/IALIl 6araToki-
TUHHMX CPepoifiB, MalOTh BUPaXKeHi aHTUMe-
TAaCTaTMYHI BIACTUBOCTI, a TaKOXX YaCTKOBO
iHriOyIoTh aKTMBHICTb eama-ITyTaMinTpaH-
cnentujasu. le Moxxe CBifunT IPO 3HVKEH-
HA IIepeXPEeCHOI Pe3UCTEHTHOCTI y My X/IMHHUX
KJITMHAX 3rifHO Teopii aHTUCMMOi03y [s Ti-
o7n0BMicHUX nporeiniB. Tomy 1ii crionyku ma-
IOTh BaroMmi 3aJaTKM IJIs IXHIX OJa/IbIINX JT0-
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CIIiJKEeHb B YMOBAX i1 Vitro Ta in vivo, a TAKOX
NEPCIEKTUBY CTaTV OCHOBHMM KOMIIOHEHTOM
Y po3po6/IeHHI IPOTUITYX/IMHHOTO IIpenapary
HOBOTO ITOKOJIiHHA.

AHioHHiI KOMIUIEKCM Ha OCHOBi N-amin-
2-(2-rigpoxcubensumifeH)rigpasnHkap6o-
Tio-amifgy (H,L') ax anamitmani popmu ps
BU3HAYEHHs, BWIYYEHHA Ta PpPO3JiIEHHA
Ru(III), Rh(III) i Pd(II)

IIpn BuBYeHHI XiMIYHMX B/IaCTMBOCTEN
KOMIUIEKCIB IIZTATMHOBMX METajIiB Ha OCHOBI
N-anin-2-(2-rigpokcnbeHsningeH)rifpasuH-
kap6o-rioaminy (H,L') (mpo mo itmmocsa B
HepIIiil YaCTVHI aHATITUYHOTO OIMIAAY) BCTa-
HOBJIEHO, I1II0 KOMIUIEKCM QAHIOHHOTO THMILY
3[JaTHI YTBOPIOBATM iOHHI acoljiaTy 3 TaKUMMU
OCHOBHMMM OapBHMKaMU, SIK KPUCTaTiqHMI
¢ioneroBmit, miHaBepHon Ta acTpadIOKCHH 3a
HAaCTYITHOI CXEMOIO:

RuCl, + 2H L' > H[Ru(L") ] + 3HCl - + R*
- R[Ru(LY) ] + 4H*;

RhCl, + 2H L' - H[Rh(L'),] + 3HCI - + R*
— R[Rh(L"),] + 4H%;

PdCl, + H L' -» H[Pd(L")CI] + HCl - + R* =
R[PA(L")CI] + H* (ze R*- xaTion 6apBHUKA).

Taki ionni acomjiatu gobpe BUIY4arOThCsA
pi3HMMM OpPraHiYHMMMU PO3YMHHUKAMU, LIO
€ aKTya/JIbHUM B aHAJIITUYHIN XiMil m1d pos-
pOOJIeHHsT  eKCTPaKIiTHO-POTOMETPUYHOTO
METOJY BU3HAYEHH, BWIYYE€HHS Ta PO3/IiIeH-
Hs Ru(III), Rh(III) i PA(II) i3 mpupopHoi abo
BTOPVHHOI CPOBVHI. SIK K/II0YOBMIT GapBHUK
Oyno Bukopuctano actpadokcus (AF i3 mo-
rIMHaHHAM npu A=540 HM (v=18520 cm!)),
COJIi AIKOTO € CTIIKMMMU JIO JIY>KHOT'O Ta KICJIO-
IO CepefoBuIa.

Bcranosneno, mo kap6orioamin H,L' € yHi-
BepCa/IbHNM Ta HA/I3BUYAHO e(eKTUBHUM
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AHAJIITUYHMM peareHToM, IIpo 110 CBif¥aTh OC-
HOBHI XiMiKO-aHa/IiT4Hi XapaKTepPUCTUKY i0H-
Hux acoujiatis (IA): MomspHMIt KoedillieHT CBiT-
nonornHaHHA (€, IXMomb ' Xem™!), HIDKHSA Mexa
BU3HauYeHHs eneMeHTiB (MB, mr/cm?), miamason
rpapytoBanbHoro rpadiky (I'T), onTumanbHuMI
Jlianla3oH yTBOPEHHSA iOHHMX acomiaTis (pH )
Ta KoHCTaHTa Hectifikocti IA (K ) (tabm. 2,
[24]). Bin Moxke pearyBatu fK [jiaHiOH yxe IIpn
pH= 4.0 3 yrBOpeHHAM BiJIIOBiJHOrO I0HHOTO
acoriary, sKuit e(peKTVBHO BUITYYa€ThCA CyMi-
unmro CHCL:CCl,=1.5:1.0. ITpn 1ipomy Makcu-
MasibHOI edekTuBHOCTI ekcrpakuii [A Ru(IIl),
Rh(IIT) i PAd(II) mocsrarors 3a pisHMX 3HAYEHb
pH Ta mBUAKOCTI B3aeMOflii BUXiIHMX KOMIIO-
HeHTiB (puc. 19 a, 6), mwo crpusino po3pobieH-
HIO METOAVIKVM CEe/IeKTMBHOTO BIIYYEeHHS Ta
IIOETAITHOTO PO3MIi/IEHHA VX €JIEMEHTIB B YMO-

AA A
064 a 08

1A Rh(I1I)
IA Pd(IT) 1A Ru(IIl)

0.7 4

0.5

04

034

0.2

Bax IXHbOI cyMmicHOi mpucyTHocTi (puc. 19 8)
[24] B MOfeNTbHMX PO3YMHAX IXHIX XJIOPU/IiB.

Ta6mus 2.
OcHoBHI XiMiKO-aHa/IITMYHI XapaKTepyUCTu-
ku IA Ru(III), Rh(III), Pd(IT) s H,L' Ta AF
Table 2.
Basic chemical-analytical characteristics of
ionic associations of Ru(III), Rh(III), Pd(II)
with H L'and AF

e10°
IT  MB, K, 10°
-1 > H
Coman il pH lXMC(;};? * wr/ov? mr/od n=5
AF[PdL'Cl] 35-55  0.85 Qggf_ 0.0045 0.095
AF[Rh(L"),] 5.5-7.5  0.88 oggf— 0.0085 0.029
AF[Ru(L'),] 6.0-10.0  0.75 ‘22;; 0.0185 0.185
6

IA Ru(l1T)

1A Rh(IIT)

vvvvvvvvvvvvvvvvvvvv

0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 85 90 95 100

Puc. 19. 3anexHicTb ONTUYHOI TYCTMHU eKCTpPaK-

PdCl,, RhCl;, RuCl; @ . . : . .

; 2 B NS tiB TA Ru(III), Rh(III) i Pd(II) Big pH (a) i yacy Harpi-
P &t nEg BaHH: (0) Ta cxeMa METO[UKM eKCTPaKuiitHO-(doTOMe-
EkcTpakyia , BusHaueHHa es1/911  rtpuunoro pospinenus wertanis (8) (C =4x10*M;

H2L(1)

CAF=6><10'5M; CM=2><10'5M; 1=0.3 cm; A=540 uM, 1'— «xO-
JIOCTUI» OCITiT,)

Fig. 19. Dependence of optical density of ionic
associations extracts of Ru(III), Rh(IIT) and Pd(II) on pH
(a) and heating time (b) and the scheme of extraction-
photometric separation of metals (c) (CHZL(1)=4><10'4M;
CAF=6><10'5M; CM=2><10'5M; 1=0.3 cm; A=540 nm, 1'-
"Single" experiment)

CHCl.CCl =1:15 A=540 HM Pd(ll). MKT/MN

T 2538 4 | pH 5, + AF

BU3HaYEHHSA 5157495
Rh(IlI), jaian

EkcTpakuyia

Tonyon

A=540 Hm
Tyt 45x8 |+, pH 8.5, + AF
i

EkcTpakuia

Tonyon

BusHavYeHHA 224/204
Ru(ln), mirimn
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PesynbpraTy migbopy onTuManbHUX eKCTpa-
TEeHTIB [IA [OCHIPKYBaHUX CUCTEM M—HZLI—
AF moxkasanu, mo HaileeKTUBHIIIMMM eKcC-
tparenTamu it IA Ru(IIl) BusiBunucs etuna-
neraTr (R=97.12%), 6ytunanerar (R=97.02%)
ta CCl, (R=96.54%), nna Rh(III) - 6enson
(R=90.92%), Tomyon (R=90.68%), a mna
Pd(II) — 6ytunanerar (R=90.65%) ta cymim
CHCIL,:CCl,=1:1.5 (R=95.75%) [24].

Taxum umuOM, Tioamiz H L' moxe 6yTtu
e(eKTVBHUM YHiBEepCaTbHUM aHAITUYHUM
peareHToM [Is BU3HA4YEHHA, BIWIYYEHHA Ta
posninenns Ru(IIl), Rh(III) i Pd(II) ue Tinb-
KJ 3 MOJIE/IbHMX PO3YMHIB IXHIX XJIOPU/IIB, afe
11 3 IpupoyHOi abo BTOpMHHOI cupoBuHu. Ha
CbOTOHI IONNT y KpaiHax €Bpomnm Ha po3-
poO/IeHHsT TPOCTUX /TabOPAaTOPHUX METOMIB
BIJTYYEHHS IUIATMHOBMX MeTasiB (0co6IMBO
Ru, Rh i Pd) 3pocrae i3-3a crpimkoro pos-
BUTKY IIa/IIBHO-€HEPIeTUYHOTO KOMIIJIEKCY
Ta MOTIpIIeHHs CTaHy 3a0pyAHEHHsI JOBKINISA
BUXJIONHMMM rasamMy, 1o Mictars IIM, aki
BUKOPJICTOBYIOTb K aBTOMOOI/NbHI KaTanisa-
TOPY HOBOTO MOKOTiHHA 25, 26].

BVMCHOBKJ. Ha npuxnapi peakunii mo-
JIiJeHTaTHUX TiOCEYOBMH 3 iOHaMM MeTajiB
IIOKa3aHo, 10 30i/bIIeHHs (YHKI[iOHATbHUX
TPyl He 3aBXAY IPUBOAUTH [O ONHOYACHOI
iXHPOI KOOpAMHauii [0 ioHiB MeraniB. Ha-
MPUKJIaJ], Mirpaijis MoABilHUX 3B’SI3KiB, sKa
€ XapaKTepHoIo y1a Tiocedoun H L°, cipuse
JKOPCTKOCTI TeTepOLMKIIiB, 110, AK HaCIi[OK,
3MEHIIYE JeHTAaTHY 3[JaTHICTh IIMX TIOCEYOBMH
SAK JIraHpiB, He OUBJLAYMCH Ha JIOKAJIi3aljilo B
HIX IOHOPHMX aTOMIB y CIIPUAT/IMBOMY I10JIO-
JKeHHi 111 popMyBaHHA MeTamonukiIiB. Ok-
piM 11bOTO, 361IbIIEHHS KiBKOCTiI JOHOPHMX
LEHTPIiB y MOJIEKY/I TioaMifly MOXKe IIPU3BO-
JUTYU AK [0 IXHBOTO BHYTPILIHbOMOJIEKY/IAP-
HOTO IIeperpymnyBaHHA B yYMOBaX KOMIUIEK-
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COYTBOPEHHA, TaK i O MPOXOIKEHHA OKNC-
HO-BiJHOBHUX peaKIill.

IIpogeMOHCTpOBaHO, 1[0 YTBOPEHHS T-KO-
OpAVHALITHOTO 3B’AI3Ky, AKMil Oepe ydacTb
y ¢opMyBaHHI LIECTMYWIEHHOTO XeIaTHOTO
MEeTaJIOLVIKITY, BifIOYBAETbCA TIIBKM 32 YMOB
3HAXOJPKEHHA IHIIMX IOHOPHMX aTOMIB Opra-
HIYHOTO JIra”fly y HeCHpUATAMBOMY IeoMe-
TPUYHOMY PO3TAIIYBaHHI 111 (POpPMYBaHHA
METAZIOUMKIy. B iHIIOMYy BuUIAJKy ajlibHe
yIpyloBaHHs He Oepe y4acTi B KOOpAMHAII
[0 LIEHTPAIbHOTO i0HA MeTany. XapaKTePHUM
IIOKa3HMKOM YTBOPEHHS TI-KOOPAVHALIIIHOTO
3B’A3Ky € pOS3IIeIUIEeHHS CUTHANTy IIPOTOHIB
C’H, rpynu aninbHOro parMeHTa B CEKTpax
SIMP 'H na gBa gy6netu 3 ofHaKOBOIO KOH-
CTAHTOIO CIiH-CITIHOBOI B3a€EMOMii, a TaKOX
BJMICOKOYACTOTHUII 3CyB CMYT IIOITIMHaHHA
BaJICHTHUX KOJIMBaHb Vas(CH)allyl’ VS(CH)allyl B
[Y9-cnekTpax m,n-XeaTHUX KOMIUIEKCiB. Bera-
HOBJIEHO, 1110 He3a/IeXXHO BiJl cTexioMeTpii Bi-
XiTHMX KOMIIOHEHTIB, peakuid N-amin3amime-
Hux tioamigie HL!%'? 3 joHaMM IIaTMHOBUX
MeTaiB NPUBOJUTD JO YTBOPEHHA KOMILIEK-
ciB TinbKM y cniBBigHOMmeHHI M:L=1:1, mo 3y-
MOBJIEHO CWIBHUM 'mpaHc-eeKToM" ajlinb-
Horo (pparmenra.

Buspneno, mo pAA n,m-X€IaTHUX KOMII-
JIeKCIiB TMalafiilo Ta IUIaTMHM cKi1agy [Pd/
Pt(HL'*'"*)Hal,] (me Hal = CI, Br, I'), sxi sa
OyZOBOIO € aHAJOraMy BiJOMOTO IPOTUIIYX-
JIMHHOTO QaT€HTy UUCTUIATUHY, IPOABIAITD
e(eKTVBHY NPOTUINYXIVHHY Ail0: aHTUIIPO-
nidepaTNBHY, LIUTOTOKCUYHY, aHTU-MeTacTa-
TUYHY, TpoanonTnyHy. OHaK, Ha BiIMiHY Bif
WUCIUIATVHY — BOHM BYUSBWJIVICS 3HAUYHO O1/TbLI
e(eKTVBHUMMI: € CTiIKMMM B IIVPOKOMY Jiia-
nma3oni pH; MaloTh MOX/IMBICTD ITOFOMATH pe-
3MICTEHTHICTb ITATOI€HHMX K/ITUH [0 Al Ipo-
TUITYX/IMHHUX areHTiB Ta IPOSAB/IAIOTH Oi/lbII
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MIVPOKNI CIIEKTP Ail. /1 BUBYEHHA MOXXIIN-
BOTO MeXaHi3My B3aeMOAil MOCTiKyBaHMX
KOMIIZIEKCIB 3aCTOCOBAHO METOJ; MOJIEKYIIAP-
HOTO JIOKIiHTY, TOOTO LIIAXOM MaTeMaTUYHO-
IO MOJENIOBAHHA BY3HAYa/IM HaMBipOrigHilTy
Opi€HTAallil0 Ta PO3MillleHHA MOJIEKY/IN KOMII-
JIeKCy TIO BiJHOLIEHHIO 710 6iTKOBOTO CaifTy
IOHK 3B’s3yBanHs.

BcranosneHo, mo tioamin H,L' € epexTus-
HJIM yHiBe€pCa/JIbHUM aHATITMYHIM PEareHTOM
IJ1d BU3HAYEHHS, BIWIYYEHHS Ta pO3JiTeHH:A
Ru(I1I), Rh(III) i PA(II) 3 mopmenpHUX po3um-
HiB IXHIX XJ0pufiB. BigMiHHiICTD B ymMoOBax
¢dbopMyBaHHSA aHIOHHMX KOMIUIEKCIB I[UX Me-
TajiB Ta IXHiX iOHHMX acoIliaTiB i3 KaTiOHHUM
6apBHIKOM acTpadIOKCMHOM JIAITIa B OCHOBY
PO3po6IeHOI METOMKM eKCTPaKIiitHO-dOoTO-
MeTPUYHOTO BU3HAYEHHS Ta [1I0€TAITHOTO pO3-
minernns Ru(III), Rh(II) i PA(II), mo € Bakmn-
BUM I IPUKIAJHNUX aCIEKTiB aHaIiTUYHOL

XiMil.
Sj/r IDKeTHUX TeM: «MonekynapHuit pu-
3alfH, CIIPSMOBAHMUII CHHTe3, Qi3NKo-,
6i0-, XiMiuyHe [OCTiKEHHS KOOPAMHALLiil-
HJIX Ta CYIPaMOJIEKY/IAPHNUX CUCTeM 6GioreH-
HUX, (apMaleBTUYHO-BOKINBUX MeTasliB
I MEeAMUVHM i TeXHiKM» (Iep>KaBHMII pee-
crpauiitanit Homep: 0116U004025); «oci-
IPKEHHS 3aKOHOMiPHOCTEN IIVIK/IOYTBOPEHHA
Ta CTPYKTypHa Mopudikaliisi HOBMX TUIIB
byHKI[iOHATPHMX a3MHOBUMX 1 asemiHOBUX
cucrteM» (Jlep)KaBHMIT peeCcTpaniiiHuil HO-
Mep 0115U004724); «DyHKLiOHATbHMIT [Y-
3aifH, CMHTe3 Ta CIpsMoOBaHa Moaudikariisa
OionpuBab/MMBYMX KOHJEHCOBAHUX a30JIbHUX,
a3MHOBMX Ta a3eIiHOBUX CIONYK» (JepkaB-
HUl peectpauinanii Homep: 0120U104977)
Ta HayKoBOro npoekry 0120U102323 «DyHkK-

Po6oTy BMKOHaHO B MeXax fiepx0io-
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IIiOHa/IbHO OPI€EHTOBAaHI HAHOPO3MIpHIi reTe-
POCTPYKTYpM Ha OCHOBIi CIIONIYK II€peXifHUX
MeTaJliB IPOTUBIPYCHOIL, IPOTUITYX/IMHHOI Ta
aHTuOakTepianpHol aii» L]impoBOi mporpammu
dynpamenTanbaux pocnimpkenb HAH VYkpa-
inn «IlepcriekTuBHI QyHFaMeHTaNbHI TOCTi-
JPKEHHsI Ta iHHOBaIiiHi po3po6KM HaHOMa-
TepiasiB i HAHOTEXHOOTIN /I OTpeb mpo-
MICIOBOCTi, OXOPOHU 3[JOPOB’ A Ta Ci/TbCHKOTO
rocnogapcTsa» Ha 2020-2024 pp.

ABTOpPYM IIMPO AAKYIOTH YCIM CIliBAaBTOPaM
po6iT, Ha OCHOBI AKMX HpEJCTABIEHO APY-
Iy YacCTMHY aHAJiTUYHOIO OINAALY, 30Kpema
I 6. 1., mpod. [apmanuyk JI. B, k. X. H., CT. H. .
ITanpuukoscokiit JI. T, m. 6. H., cT. H. ¢. JlixaHo-
By A. b, k. 6. H. KoBanbcpkomy /. B., ITnato-
HOBY M. O., a TakoX K. X. H. bons B., Penniu I T.
bapanenp C. O., CeBepunoncbkiit O. B., ben-
T A. Ta JIutBun4ykx M.

FUNDAMENTAL ASPECTS OF COORDINATION
CHEMISTRY OF TRANSITION METALS WITH

FUNCTIONALLY
(PART 2)

SUBSTITUTED THIOAMIDES
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Murmanska Str. 5, 02660 Kyiv, Ukraine
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In the second part of the analytical review,

the influence of polydentate and N-allyl-sub-
stituted thiamides on the course of complexa-
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tion reactions with platinum metal ions and
Ag(I) was analyzed. The potential of the ob-
tained coordination compounds for their ap-
plication in medical and analytical chemistry
is also demonstrated. The presented results
are obtained on the basis of joint research per-
formed in the Department of "Chemistry of
Complex Compounds” of the V.I. Vernadsky
Institute of General and Inorganic Chemis-
try NAS of Ukraine together with the staft of
the Department of “Chemistry of Heterocy-
clic Compounds” of the Institute of Organic
Chemistry NAS of Ukraine.

The example of the reaction of polydentate
thioureas with metal ions shows that the in-
crease in functional groups does not always lead
to their simultaneous coordination with me-
tal ions. For example, the migration of double
bonds, which is characteristic of H,L* thioure-
as, contributes to the stiffness of heterocycles,
which in turn reduces the dentat capacity of
these thioureas as ligands, despite the localiza-
tion of donor atoms in a favorable position for
metallocycle formation. In addition, an increase
in the number of donor centers in the thioamide
molecule can lead to their intramolecular rear-
rangement under conditions of complexation,
and to the occurs of redox reactions.

It has been shown that the formation of a
n-coordination bond involved in the formation
of a six-membered chelated metalocycle occurs
only when, together with the C=C allyl moiety,
other donor atoms of the organic ligand are at
an unfavorable geometric location for metal-
ocycle formation. Otherwise, the allyl group
does not participate in the coordination to the
central metal ion. A characteristic indicator of
the formation of the m-coordination bond is
the splitting of the C,H? signal of allylic group
protons in '"H NMR spectra into two doublets

https://ucj.org.ua

with the same spin-spin interaction constant,
as well as high-frequency shift of absorption
bands of valence vibrations vaS(CH)aHyl, v(CH)
aiy 10 the IR spectra of 7,n-chelate complexes.
It was found that regardless of the stoichiom-
etry of the starting components, the reaction
of N-allyl-substituted thioamides HL'*'* with
platinum metal ions leads to the formation of
complexes only in the ratio M:L=1:1, due to
the strong "trans-eftect” of the allylic fragment.

It was found that a number of n,m-chelate
complexes of palladium(II) and platinum(II)
with general formula [Pd/Pt(HL'*'*)Hal, ] (Hal =
CI, Br, I'), which are structurally analogous to
the known antitumor agent cisplatin, show ef-
fective antitumor action: antiproliferative, cyto-
toxic, anti-metastatic, proapoptotic. However,
unlike cisplatin, they have proven to be much
more effective: they are stable over a wide pH
range; have the ability to overcome the resis-
tance of pathogenic cells to the action of anti-
tumor agents and show a wider range of action.
The method of molecular docking was used to
study the possible mechanism of interaction of
the studied complexes, ie the most probable ori-
entation and location of the complex molecule
relative to the protein site of DNA binding was
determined by mathematical modeling.

Thioamide H,L' has been found to be an
effective universal analytical reagent for the
determination, extraction and separation of
Ru(III), Rh(III) and Pd(II) from model solu-
tions of their chlorides. The difference in the
formation of anionic complexes of these me-
tals and their ionic associations with the cati-
onic dye atrafloxin is the basis of the developed
method of extraction-photometric determina-
tion and stepwise separation of Ru(III), Rh(II)
and Pd(II), which is important for applied as-
pects chemistry.

23




HEOPTAHIYHA XIMIfi

O®YHIAMEHTATbHI ACTIEKTW KOOPAWHALINHOI XIMIT NEPEXIAHUX METANIB

13 ®YHKLIOHAJIbHO 3AMILLEHUMU TIOAMIAAMMU (YACTUHA 2)

Keywords: competitive coordination, na-
ture of chemical bonding, tautomerism of thi-
amides, mixed ligand complexes, 3D-poly-
mers, analytical forms, ionic associates, extrac-
tion, photometry, antitumor activity.
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HAHOKOMIMO3MT HA OCHOBI LIEOJITY, MOAN®IKOBAHUM

rAPATOBAHUM OKCUAOM 3ANI3A (i) AN BUAANEHHA
I0HIB BAXKWX METAJIB

IO. C. [I3a3vk0', /1. M. Posxoecmeencvxa’, O. B. Ilanvuux’, K. O. Kydenko',
T. B. Auenxo’, /1. M. Ilonomapvosa’

! THcmumym 3azanvHoi ma Heopeaniunoi ximii im. B. I. Bepradcoxoeo HAH Ykpainu, npocn. Axao.
Ilannadina, 32/34, Kuie 03142, Ykpaina

2 Cymcokuii OepicasHuti yHisepcumem, 8yn. Pumcokoeo-Kopcakosa, 2, Cymu, Cymcoka o6nacmo,
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Po3po6reHo Ta mepeBipeHO TeopeTMYHMI HifXif, KUl JO3BO/IsAE€ KOHTPOTIOBATY YTBO-
PeHH: arperaTis, BK/IIOYEHNX Y IOPUCTi MaTpulli. 3HalifieHo, 1o BaxanBuM € pH ocamxysa-
Ya: 3 MiJBUIEHHAM ITapaMeTpa YTBOPIOIOThCA KpynHinii arperatn. Ha ocHoBi mifxony pos-
poOJIeHO CIIOCi6 OTPMMaHHS KOMIIO3UTY Ha OCHOBi HPUPOSHOTO 10Ty (KITiHONTUIONIT),
II0 MiCTUTh HAHOYACTMHKM TifjpaToBaHOro okcupy 3amisa. Copbentu gocmimkysanu XRD,
TEM, SEM T1a nopomeTpuyHUM MeTofaMu. /i oTpyMaHHA HAHOPO3MiPHMX arperaTis Mo-
nudikaTopa peKOMEHIOBAHO CTAOKOOCHOBHMII OCA/KyBad. Y pe3y/IbTaTi CMHTe3y IOpUCTa
CTPYKTYpa 11e0TiTOBOI MaTpuLii TpaHCPOPMYETHCS: 3HAIAEHO BIIOPSAAKOBaHI, PO36/IOKOBaHi
Hopy, pafiyc sKux cTaHOBUTD 1-2 HM. Ile mOB’A3aHO 3 PO3UMHEHHAM iCHYIOUMX JJOMIIIOK
IIMHUCTUX MiHepasliB, sKi Bifpi3HAIOTbCA Bifi KTIHOITHUIONITY, BUBYEHO COpOIilo BO- Ta
TPUBAJICHTHNUX KaTiOHIB i3 6araTOKOMIIOHEHTHOTO PO34MHy. BBefeHHA MopudikaTopa B 11eo-
JIIT MMOKpaIlye copOIifo MeTaliB, AKUX He BITHOCATD 10 d-emeMeHTiB. Sk O6y/10 BCTaHOBIEHO,
cTymiHb BufaneHHsa Pb ** gocarae 97%. I3otepmy Pb** cop6buii onucano mopenito dpeitHp-
nixa. Kpim 1mporo, 3asHaueHnit cop6eHT MOXKHA TaKO>K PEKOMEHIYBATy /I ITOM AKIIeHHS
BOJIL.

KnrouoBi cmoBa: neonity, arperaniss HaHOYaCTUHOK, IiJpaTOBAaHMII OKCUJ, 3a/li3a, cop-
O€HT, KOMITO3UT.
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BCTYII. Cuntetnyni matepianu, Taki Ak
rifpaToBaHi OKCMAM OaraTOBajeHTHUX Me-
TajJiB Ta KOMIIO3UTM Ha IXHiI OCHOBI, BUKO-
PUCTOBYIOTh AK cOpOLiiiHi MaTepuamu [1-4]
(manpuknap, ans suganenna UO* [1-3] a6o
apceHar-aHioHiB [4]) Ta sk MopudikaTopu mo-
nmiMepHux [5, 6] Ta kepamiyHux [7, 8] mem6-
paH s 6apomeMOpaHHOrO [5] Ta eneKkT-
pomiamisHoro posginenss [6-8]. CopbeHTn
IPUPOSHOTO ITOXOMKEHHS € IPUBAOIMBUMMU
I/ IPAaKTUYHOTO 3aCTOCYBAHHSA, OCKi/NIbKI
iXHe BUKOPUCTAHHS He BMMAara€e BYCOKMX Ma-
Tepia/IbHUX, TPYAOBUX Ta €HEPreTUYHUX BU-
TpaT. OT>Xe, IPUPOSHIT IIMHUCTUI MiHepasn
L[EOTIT € MEepPCIeKTVBHUM [ TOCTiIKEeHHS.
Leonitm — me rifparoBaHi amOMOCHUIIIKATH,
Id HUX XapaKTepPHOI € BiIKpuTa TPUBMU-
MipHa KpUCTajliYHa CTPYKTYpa, IO BK/IIOYAE
B3aeMonoB'A3aHi Terpaenpu AlO, i SiO, [9].
XapakTepHUMM € BIOPSAKOBaHi TeTpaenpu
omHakoBoro posmipy. JIy>xsi (Harpiii, kaii)
abo my>kHO3eMesbHi (Ka/nbliiil, Maruii) mMeTa-
M, 2 TAKOXK MOJIEKY/IM BOAM PO3TAIlIOBaHi y
IIOPOKHMHAX MDK TeTpaepaMIul.

[IpupopHni 1eonmiTi XapaKTepusyoTbhcs io-
HOOOMiHHMMIU BracTuBocTsIMu. [lepin 3a Bce,
iOHM MeTasiB, PO3TAllOBaHI B IIOPOXXHMHAX
MDK TeTpaefpaMi, MOXYTb 3aMillyBaTUCsA
ionammy 3 posumuy. fK Hacmiflok, IpUpOAHi
1eoiT! MaloTh OOMiHHI, cOpOUiiiHi BracTn-
BOCTI O[O HEOPraHIYHMX KaTiOHIB, HAIIpU-
Knaj, papionyknipiB 'Cs*, ®Co*, *Sr** i
"19Ag* [10], HepapioakTnBHMX ioHiB Pb*', Zn*",
Mn?t, Cr*, Fe** i Cu?* [11], Cs* [12], xaTioHiB,
110 MiCTATBHCS B MOPCBKiit Bopi [13]. Y mitepa-
TYpi € MOBiJOM/IEHH ITPO cOpOIIiio IjeomiTaMu
KaTIOHHNX ab60 MOJIEKY/IPHMX OpPTraHIiYHMX
CIIOTTYK, TAKVX SIK 2-TelTaHOH [14] abo KaTioH-
Huit 6apBHuk [15]. IlpupopHi neomitn BuKo-
pucToBYBanmu i ounieHHs 6iorasy Bif CO,
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[16], mnsa oumienHs moBiTps Bif rasis [17],
KaTaTiTMYHOI i30Mepu3aliii H-OyTany [18] abo
mecTpyKiii moninpomineny [19]. [TepcriekTuBy
3aCTOCYBaHHA LI€OJIITIB Y COHAYHI eHepreTn-
ui posmianyTo y [9, 20]. IHmi chepn Buko-
PUCTaHHA NPUPOSHUX LEOJIiTIB — Ii€ BiJJHOB-
JIEHHA I'PYHTY, KOMIIOCTYBaHHSA CTi4YHUX BOJ,
IOfAaBaHHA y DKy /1A JOMAILUHIX TBapyH, K
mobaBKa fjo OyfiBenbHMX MaTepiais Tomo [21].

Mopudikaris moBepxHi 1IeoniTy Ta BBe-
[leHHs Y TIOpY HAaHOYACTMHOK iHIINX COpOeH-
TiB Hajae IM JOFATKOBMX (YHKIIOHATbHUX
BractuBocTeit. Hanpukian, ueomnit, mogudi-
KOBaHUI TeKCafleVITPUMETUIIAMOHIEM, Ma€
aHIOHOOOMIHHY 3[IaTHICTh IIO Bi/JHOIIEHHIO
mo xpomari, ¢ocdariB Ta apcenaris [21].
BusBnena mipBuineHa copOuiiHa 3[aTHICTD
KOMIIO3UTIB, fIKi MiCTSATh MarHiTHIi HaHOYaC-
TUHKM, @ TAKOXXCOPOIiliHa aKTUBHICTH ILIOZO
OpraHiyHuX OapBHUKIB (PeaKTUBHOTO IIOMa-
PaHYeBOTO Ta KOHTO-YEPBOHOTO) HAaHOKOM-
HO3UTY L€OJT-TipOKCHAnaTUT 06p0o6IeHOTO
B HBY-miuni [22]. Axcop6iiito MeTumIeHOBO-
IO CMHBOIO Ha MarHiTHOMY KOMIIO3UTI Ii€0-
nit-xitrozan-EJ[JTA pocmimxkeno B pobori [23].
[ndopmanio 1OZ0 MarHiTHUX HAHOKOMIIO-
3UTiB Ha OCHOBI I|€OJIiTy y3arajabHeHO B [24].
BogHouac 3HayHa MarHiTOi30/sAIMiHA BIac-
TUBICTb ITOACHIOETbCA HEMArHiTHUM TifpaTo-
BaHMM OKCUJIOM 3aji3a [25]. Mo)kHa mporHo-
3yBaTy TEHJEHIII0 MOKpallleHHsA copOLiitHuX
BJIACTUBOCTENl KOMMO3UTIB Ha OCHOBIi II€OJTi-
TiB, 1[0 MICTATH OKCKJ 3ayi3a K mopudika-
Top. IlepeBaroro BUKOpPMCTAaHHA TifipaToBa-
HOTO OKCHJY 3aJli3a € HelOPOTi peareHTu [
jtoro cuHTe3y. HaHOpO3MipHi 4acTMHKMU MO-
mudikaTopa NOBMHHI 3abe3neyyBaTy BUCOKY
MIBUJKICTD cOpO11ii. MeTo0 11X JOCTiIKeHb €
PO3pO6IEHHA METORY CMHTE3y HAHOKOMIIO3Y-
Ty, JIOTO JOC/I/PKEHHs Ta BUIIPOOYBaHHSA 1L
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HAHOKOMMO3WUT HA OCHOBI LEEOJITY, MOAM®IKOBAHWIA TAPATOBAHUN OKCMAOM 3AMI3A (ill)

NS BAAAJIEHHA I0HIB BAXXKWUX METANIB

BUa/IeHHA 10HIB Ba)KKMX METasiB i3 BOJHUX
PO34MHIB. YBary 0y/no 3ocepelpkeHO Ha i0Hax
Pb*, OCKibKM BOHM € BUCOKOTOKCUYHVMMMU
(TpaHNYHO [OMYCTMMa KOHIIEHTpallisl CTaHO-
BuTh 0,1 mr om *) [26].

Teopisa: arperaniss HAHOYaCTHHOK OKCHAY.

Hacammnepen posriagaeMo 0co6aMBOCTi
OCaJPKEHHsA TifpaTOBAHOTO OKCUJIY 3ajisa y
TBEPAiN MaTpuli. Y BUIIAAKY, KO CIIONyKa
BUIIAJIA€ B OCaJ, MEHII YaCTMHKM AUPYHLY-
I0Tb Y pinKy ¢asy abo y TBepay ¢asy marpuiyi,
yTrBOpIotoun arperarn. Ilotik wactmrOK (J)
arigHo 3akony ®ika [27]:

J = DgradC , (1)
ne D - xoedinient mudysii, C - rpapieHT
KOHIIeHTpallil 4acTMHOK. BopHO4Yac 4ac Ko-
edinient mnudysii BupakaoTh 4yepes3 papiyc
JaCTMHKM 32 JoOoMOorow piBHAHHA CTokca -

Ejtainreitna:
RT

D=———,
6n N nr

(2)

fie R - rasosa mocririna, T- temneparypa, N -
410 ABOrajpo, 1 - AMHaMiuyHa B'A3KICTbH
posunmHHUKa. Y pasirigpokcuay Cat (OH)z:

z+ ] pr

TOHT

C =[Cat (3)

Hy>XK1 BiJHOCATb [O PiBHOBa)KHOI KOH-
LeHTpalLil, KSP — PO3YMHHICTb IPOAYKTY, Z —
3apsp. [loegnytoun piBHsHHA (1) — (3), MOXHa

OTpUMaTu: RTK

J=_ e
6 Nnri[OH T > (4)

ne | - papiyc yacTuHku matputi. Ile o3Hadae,
10 pajiyc BBeeHNX 3alI0OBHIOBAYiB 0OepHEHO
IponopLiltHMil mWBUAKOCTI Andysii mepBuH-
HJX 9aCTUHOK. MeHIIi YaCTMHKY 3alI0BHIOBA-
Ya YTBOPIOIOTbCSA 3a IiJJBUIIEHOI TeMIlepaTy-
pu. Manopo3unHHi CIIONMYKM YTBOPIOOTb MEH-
u1i arperatu. binbm KpynHilli HAHOYaCTUHKA
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YTBOPIOIOTbCA Y OibII KOHIIEHTPOBAHOMY
posunHi. OfHaK po3Mip HAHOHACTMHOK 0OMe-
JKEHUIT IIOpaMy MaTPUILL.

Lleit mipxin BaxnuBMit aia BUOOPY Ocaj-
KyBada: migsuienHa pH cnpusae yrsopen-
HIO KpyHHimux arperaris. Tomy B Hamomy
BUIAJKY KpallM € PO34YMH C/TabKOi OCHOBU
NH,OH.

EKCIIEPMIMEHT I OBI'OBOPEHHA PE-
3VJIBTATIB. JocnipxeHo 1eosniT COKMPHUIb-
koro poposuma (Ykpaina). Posmip rpanyn
LI€OJIiTy CTaHOBMB 1-2 MM. BukopucroBysanmn
nactynHi peaktusu: FeCl,, H,PO,, NH OH, a
TaKOXX COJIi ABOBA/ICHTHUX MeTajliB BUPOOHN-
ntBa TOB «Yepkacuximmpom»).

Heounennit meonit (mam mosHayeHO SK
Z-In) mpomuBanmM [e0iHi30BaHOI BOMOKI /IO
Bi3ya/JIbHO IpO30pOI BOAM, [ali IIPOBOAM-
mu 06pobnenns kum'atinnam B 1 M H,PO, 1
rog. [Jani 3pa3ok 1eosiTy IpOMMUBAIN BOJOO
[0 HENTPa/JbHOI peaKllil pO3YMHY 1 CyLIUIN
3a KiMHaTHOI Temmeparypu (KMUC/IOTHA aKTH-
Ballif, 3pasok Z-Ac). IloTiM opHy 4YacTuHy
oTpuMaHoro 3paska o6po6msanu 0,1 M FeCl,
npotarom 24 rop, o6po6namm 0,1 M NH OH,
npomusamu 0,01 M HCI, npomusamm peioni-
30BaHOI0 BOfloI0 10 pH 6-7, cymmm 3a Kim-
HAaTHOI TeMmreparypu (MapKyBamu 3pas3ok
Z-Fe). Hactuny 3paska Z-Ac o6po6msam 0,1
M NaOH, npomusanu consuoro 0,1 HCL, pe-
i0Hi30BaHOI0 BOJIOIO Ta CYILVIJIN.

PenTreHOCTpyKTYypHMIT aHa/i3 IPOBOAM-
nmm 3a pornomoror audpaxkromerpa [JPOH-3
(“BypeBectHuk’, P®) i3 BonmbppaMoBUM KaTo-
IOM, MiJTHUM aHOZIOM Ta HiKe/leBUM (QiTbTPOM.
Crpy™m : 4 A. BuMiproBaHHSA NIPOBOAW/IN 3 iH-
tepBanioM 20=10-70° i3 xpokom 0,01°. ITorme-
penHe 0OpOOIEHHS BK/IIOYA/IO: HOAPIOHEHHS
3pasKa, HAHECEHHA ITOPOUIKY Ha IIJIOCKY CKIIA-
HY IiJKIAJKY.

ISSN 2708-129X. VKp. Xim. XypH., 2022



10. C. A3a3bko, J1. M. PoxpectBencbka, 0. B. Manbuuk, K. 0. Kynenko, T. B. fluexko, J1. M. oHomapboBa

YXX Ne 3/ TOM 88

IToBepxHeBoOmOpUCTI XapaKTePUCTUKI
3pasKiB BM3HAYaaM HU3bKOTEMIIEPATYPHOIO
flecopb1iiiero a3oTy 3a momomoromo Autosorb
NOVA-6 B (Quantochrome I nstruments,
CIIA ). I[TonepegHbO 3pasKy MPOKAJIIOBAIIN 3a
150° C.

[ BcTaHOB/IeHHA Mopdgosorii moBepx-
Hi BUKOPMCTOBYBaAM CKaHYIOUMIL €JIeKTPO-
HHUIT Mikpockon AZtecOne 3 HeTeKTOpOM
X-MaxN20 (Oxford Instruments, Benmnko6pnu-
TaHig). g [OoCTipKeHHs 3pa3oK roTyBay,
MIOKPMBAKYM HAATOHKUM IIAPpOM BYTJIEII0
npu 3 Ila. Yac BakyymyBanHa — 10 xB., npu-
cKoproBajbHa Hampyra — 20 kB, po6oua Biz-
CTaHb MK 30HJIOM i 3pasKoM — 3—-6 MM, CTPyM
30Ha — 1-20 mA. QoKycyBaHHA Ta KOMIIEH-
caljilo aCTUTMAaTU3MY BUKOPVCTOBYBAIN JJIA
OTPUMAHHS 9iTKMX 300pakeHb.

3a [OIOMOIOK CKAaHYIYOTrO MiKPOCKOILY
JEOL JSM 6700 E (Jeol, dmnoniss) BCTaHOB-
noBamu Mopdornorito 3paskiB. IlomepenHbo
JaCTVMHKM ITOAPiOHIOBA/IN Ta OYMIYBaI YIIb-
TpasBykoM npu 30 kI1I 3a JOIIOMOro0 BaHHU
Bandelin (Bandelin, Yropumuua). Yactunku
3paska QikcyBany Ha MifHil MigK/IaALi y Bu-
Al ToHkol mmiBku. IlpuckoproBanbHa Ha-
npyra cranosuia 120 xB.

ExcriepuMeHTV TecTyBaHHA COpOLITHMX
BJIACTMBOCTEN 3pasKiB IPOBOAMIN Y CTa-
TUYHOMY PEXUMi, NIPU CIiBBiJHOIIEHHI THK
1:100. BuxopucroByBanmu 6araTOKOMIIOHEHT-
HUJ PO3YMH, KOHIIEHTpalid KOXKHOTIO 3 10HIB
Pb*, Mn*', Ni**, Cd**, Co** Ta Cu** cTaHOBMIa
0,1 Mmmonb mM>. YV posunHi Takox Oymu mpu-
cytHi iomm Ca** (0,5 mmonb gm~). KoHien-
Tpalil0 iOHIB BU3HAa4YalIM 3a [OIIOMOTOI0
aTOMHO-abcopOIiiiHOoro crekrpomerpa Pye
Unicam 8800 (Philips, Hinepnangu). Busuanu
BIUIUB JIO3YBaHH:A COPOEHTY y PO34MH, iara-
30H 30inbuIeHHsa nosu Bix 0,5 mo 10 r/mm>.

https://ucj.org.ua

[3otepmm copOuii mast po3umHy HiTpaTy
CBIUHIIIO OY/IO OTpUMaHO 3a Temmeparypu 25 °C.

Ha puc. 1 a-e naseneno pesynbratu CEM-
HDOCTiIKeHHb BUXiTHUX 1 MoaubikoBaHUX
3pasKiB LI€OIITiB.

Fe Kal

I e

Puc. 1. CEM xommnosury Z-In (a, 1), Z-Ac (6)
ta Z-Fe (B, 1, ). Ha mamonkax Bigo6pakeno CEM-
300pakeHHs (a-B), CIIEKTPU e/leMeHTiB (T), KapTy-
BaHHA eteMeHTiB Fe(z, e).

Fig.1. SEM microscopyof Z-In (a, e), Z-Ac (b)
and Z-Fe (c, d, e) composites (a-c — SEMimage,
d - spectra of elements, d, e - mapping of Fe ele-
ments.
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Tabnuns 1
Table 1
XimiyHMII CKIaJ 3pasKiB
Chemicalcompositionofsamples

Ejte AtomHi %
MEHT Z-In Z-Ac Z-Fe
(@) 9.28 57.28 56.72
Al 3.83 3.82 3.41
Si 19.16 3.50 22.57
K 1.44 1.65 1.17
Na 0.67 - 0.36
Cu 0.31 0.28 0.21
Ca 0.76 0.33 0.31
Fe 0.31 0.30 0.41
C 34.0 11.92 14.64
Zn 0.13 0.23 0.17

[TopiBHiot04M 3pasku Z-In ta Z-Ac, Mo>xHa
BiIMiTUTH, 1110 TIOBEPXHA KOMIIO3UTY CK/Iaja-
€TbCA 3 BENMKOI KIJIbKICTI YaCTUHOK, pO3Mip
AKUX MeHINI 1 MKM. Busasneno, 1o 3pasku
CK/IAMAal0ThCs 3 HaBeJeHUX XiMiuHUX e/leMeH-
TiB, JaHux puc. 1r ta Tabmuni 1. HeobxigHo
3a3HAYNTH, IO ifeHTH(IiKOBaHMIT BYI/IeNb y
3pasKax BiJHOCMMO /IO HAHECEHOTIO 1Iapy Ipyu
HirOTOBJIEHHI 3pa3KiB [/I1 MiKPOCKOIIIYHOTO
aHasi3y. 3rifHO OTPUMAHMX JIaHUX, IOPIiBHIO-
toun Z-In Ta Z-In/Ac, Mo>xHa 3poOUTH BUCHO-
BOK, 1JO KMCTIOTHA aKTUBALlifl IPU3BOAUTD /IO
BYIMMBAHHA IPUCYTHIX METaliB, Y pe3ynbrari
crniBBigHOmeHHs Al/Si Ta Fe/Si 3meHuryers-
ca Big 0,2 mo 0,16 ta Bim 0,016 go 0,013 Bifg-
NOBiIHO. 3TiAHO OTPMMAHNX JAaHUX, Y 3pa3Ky
Z-Ac HaTpiil BupanAeTbca HoBHicTIO. Kpim
IIbOTO, MiC/IA 0OpOO/IEHHS IyTOM He CIOCTe-
piraemo cyTTeBOi 3MiHM crniBBifHOmEHHA Al/
Si B 3pasky, 10 € BaK/IMBYM JI/IS1 OCA/[KEHHSA
Mmopudikaropa. Takox criBBigHOmeHHs Fe/Si
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36inpiryerbcs B 1,5 pasu. Lle Bigmosinae 3Ha-
YEeHHIO Ki/IbBKOX BaroBMX BificOTKiB Mopudika-
Topa. He3Bakatouu Ha 6inbumii BMIcT 3anisa
y KOMIIO3UTi, CIIOCTEPIraEMO PO3IOJiN iOHIB
Fe y Burmsapi “ciTku” Ha IOBepXHi KOMIIO3SUTY
Ta Bij3aHa9aeMo OinbII “yXKy~ IOBEPXHIO O-
piBHsHO 3i 3paskom Z-In (puc. 1z, a). L1i pani
$akTMYHO BKa3ylOTh Ha KOHLIEHTPYBaHHSA
ioHiB 3asi3a mepeBayKHO B YaCTMHKAX Moaudi-
katopa. Posmip arperariB momudikaropa 3a-
JIeXUTD BiJ KOHLeHTpalii ioniB OH- mig yac
OCaJPKEHHS.

Sk BumnuBae 3 piBHAHHA (4), KpynHimii
arperaty yTBOPIOIOTHCS B Oi/BII JY)KHUX Ce-
pemoBuinax. [lilficHO, OCaJyKeHHA TifpaToBa-
HOTO OKCHJY 3aJ1i3a C/Ta0KOTY>KHUM PO3UNHOM
(NH,OH) cnpuumHse yTBOpeHHS arperaris,
po3Mip AKUX CTaHOBUTH 1o 100 HM (puc. 2a).
JiaMeTp MEepBMHHMX YaCTMHOK CTAaHOBUTH
30-50 HM. bimbil KpymHini 4acTMHKM yTBO-
PIOIOTBCA MiJ] 9ac OCAJPKEHHA CUIbHUM JIyTOM
(NaOH). Y npoMy BMIIafiKy YTBOPIOIOTBHCSA
YaCTVHKYM MiKpOHHOro po3Mmipy (puc. 2, 6).
Mo>kHa IpUIyCTUTH, IO 1je arperoBaHi nep-
BUHHI YaCTMHKM, Ha 1110 BIpPOTiJHO BKa3yIOTb
HepiBHI Kpal YaCTMHOK.

a. 6

Puc. 2. CEM-300pa>keHHsI 4aCTMHOK KOMIIO3M-
TiB, OTPMMaHMX OCAKEHHAM MOAM(DIKaTOpiB Ipn
BUKOPUCTaHHI crabkoro (a) Ta cumpHOro nyry (6).

Fig. 2. SEM images of composite particles ob-
tained by deposition of modifiers using weak (a)
and strong alkali (b).
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3rifHO 3 pes3ynbTaTaMy PEHTIE€HOCTPYK-
TYPHOTO aHami3y (puc. 3), BUABJIEHO, 11O 3pa-
30K CK/IaJIa€ThCsA B OCHOBHOMY 3 K/IIHOIITI/IO-
Ty, BMICT AKOTO CTAHOBUTD 82%.

Z-In

IHTEHCHBHICTD
.

0 20 40 60

20, rpan

Puc. 3. PenTrenorpaMm BUXiJHOTO LI€OJIITYy Ta
J10ro KOMIIO3UTY 3 TiZpaTOBAHMM OKCHUJIOM 3aJli3a.

Fig.3. XRD patterns for the initial zeolite and its
composite with hydrated iron oxide.

IsoTepmu azrcop6uii — mecop6uiii a3ory Ha-
BEJIEHO Ha puC. 4. 3TiIHO 3 pe3ynbTaTaMI, i30-
TepMa BUXIJTHOTO 3pa3Ka Ha/lIeXUTb IMOBIpHO
no V-ro tumy [28] (moBra piBHa 061acTh, 110
CYNIPOBOIKYETbCA HIBUIKMM 3POCTaHHAM
iy, BUCOKMM Tuckom). Ile o3Hauae mesoro-
pucTicTb 3paska Z-In i gocuts cabky B3aemo-
nito ajcopbat — aficopOeHT. Y BUIAJIKY aKTH-
BOBaHIX i MOAV(IKOBAHUX II€OIITIB i30TepMM
Bipmosifgatots IV tuny (cunpHa B3aemopnis).

IleTmio ricrepesnucy BigHeceHO fo TuUy A
3TigHO Knacmqoixaui'i me bypa, mo BKkasye Ha
uMIiHApUMYHI mopyu Mix TeTpaegpamu AlO, Ta
SiO,. Iicisa akTuBaril 3paska KUC/IOTOIO CII0-
CTEpIraemo, 10 NETIA TiCTEPe3UCy CTae IIN-
PIIOIO NOPIBHAHO 3 BUXiHMM 3paskoM. Kpim
L[bOTO, 3HAUeHHsI afcOPOLil HIDKYe [T KOM-
MIO3UTHOTO 3pasKa.

https://ucj.org.ua
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Puc. 4. Isotepmu apcop6uii-gecop6uii azory
(a) Ta pudepeHLiaTbPHOTO PO3IIOAINTY IOP 32 PO3-
mipom (6). BcraBka Ha puc. (6): posnopin mop 3a
posmipamn y 6ibIomMy MacITabi.

Fig. 4. Adsorption-desorption isotherms of ni-
trogen (a) and differential poresize distribution (b).
Insert in fig. (b): size distribution of pores on a larg-
er scale.
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3rigHo maHuMX mudepeHLiaTbHOrO PO3IO-
Iily IOp 3a pO3MipOM, CIIOCTEpiraeMo Jyxe
BY3bKi iHTeHCMBHI Iiku npu r = 1-2 HM (Z-Ac,
Z-Fe). Bapro BigMiTuTH, 110 1] MKV He XapaK-
TepHi 1A BuUXifHOrO 1eomiry. [Ipumyckaemo,
1[0 BOHM BiiNOBifjaoTh Itedy 6ibpII mmpo-
KOTO MaKCMMYyMY Ha piBHi 3 HM. [lani mopome-
TPUYHYX [TOKa3HUKIB 3BefIeHO B TaO/MNUINIO 2.

Ax BUHO, KMCIOTHa aKTUBALlif CIpUAE
PO3BUTKY IIOBEPXHi COPOEHTY, BOYEBU/b 3aB-
OSAKM PO3YMHEHHIO €/1€MEHTIB IPUCYTHIX Y
KIVMHOITHU/IONITI. 30i/bIIIEHHS OBEPXHI MO-
nvdikoBaHMX COPOEHTIB 3yMOBJIEHO BUCOKOB-
MOPASKOBAHMMM IIOpaMM B Jialla3oHi po3Mi-
piB 1-2 HM, OCKIIbKM MiKPOIIOPUCTICTh 3MEH-
LIYETHCA IIC/IA KUCAOTHOL aKTuBanii. Jomini-
KU OJIOKYIOTH BIIOPSAAKOBAHI IIOPY, aKTUBALIis
po36mokoBye ix. OpHak micis Mopmdikarii i
IIOPY YaCTKOBO OIOKYIOTHCS.

VIMOBipHO, 1le TOB'A3aHO 3 OCAKEHHAM
IPOAYKTIB PO3YMHEHHA OKCUJIB Y JIY>KHUX
cepegosBumax. [iicHo, 6y)10 BUSB/IEHO HeBe-
JIVIKe 3MeHIIeHHs BigHomenusa Al/Si micisa mo-
nudikanii (0,16 masa Z-Ac ta 0,15 g Z- Fe),
110 MiZTBEPIPKYE 1€ IMPUITYIIeHHS.

[TopiBHANMBHI XapaKTepUCTUKN IOKAa3HMKA
Me30pOpUCTOCTi AnA Z-Ac ta Z- Fe HaBefieHO
y Tabm. 2.

Tabnns 2
Table 2
XapaKTepUCTUKY IOPUCTOL CTPYKTYPU
copbeHTiB
The porous structure of sorbents

[Tutoma O6’em mop, cm’ 1!
3pa3soK | moBepxHd, |
Vil MIKpOIIOpM | Me30Imopu
Z-In 16.0 1.46*10° 8.4%10?
Z-Ac 114.0 0.38%10° 9.2%102
Z-Fe 88.6 0.30%10° 10.2%102
34

Bupanenusa ionis Ca?>* ta Pb** 3 6araro-
KOMIIOHEHTHNX PO34YMHIB 3paskamu Z-Ac Ta
Z-Fe nopiBHAHO 3 BuxigHuMm Z-In HaBepeHO
Ha puc. 5.

100 | i
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=X wmmE  Ph
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=
L
2
g 50
[22]
o0
g
&)
0
ZTn Z-Ac Z-Fe

Pruc. 5. Cryninp Bunyuenns ionis Ca** ta Pb*'.
Fig.5. Removal degree of Ca** and Pb** ions.

O6upBa 3pasku Z-Ac i Z-Fe neMOHCTpPyIOTb
3HIDKeHe 3HaueHHs COpOIil BifHOCHO iHIIMX
ioHiB, HpUCYTHIX y 6araTOKOMIIOHEHTHOMY
posunHi, kpim ioHiB Ca** Ta Fe**. BoueBnpp 11e
IIOB'SI3aHO 31 3MEHIIEHHSAM MiKpPOIIOPUCTOCTI
COpOEHTIB, sIKa BIUIMBAE Ha CENEKTUBHICTb.
VImMoBipHO, YacTuHY Mikpomop 3aGesmeuy-
I0Tb 00aBKY iHIIOTO TiIpaTOBAaHOTO OKCHUAY.
36inbuIeHHsA fo3yBaHHA copbeHTy Z-Fe 3 0,5
mo 10 r*gM~ mpU3BOAUTD O 3POCTAHHSA CTY-
IeHs BugaaeHHs ioHiB Pb** 3 49 no 97 %. s
ioHiB Ca’* 3HayeHHs BUAIEHHS 3MiHIOETHCSA
Bizl 25 1o 76 % BifIIoBigHO.

[Ipornec copb6buii ioniB Pb* 3 ogHOKOMITO-
HEHTHMX PO3YMHIB OINNMCAHO 32 J[OIIOMOTOI0
mopeni @pertHpixa (puc. 6):

(5)

e k in - xoncTanTy (n<1, mapamerp Bigobpa-
Ka€e eHepreTNYHy HeOJHOPiAHICTh MOBEpXHi),
C - piBHOBa)KHa KOHIIEHTpallisl PO3UNHY.

A=kC",
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Puc. 6. 3actocyBannsa mopeni Opelinpnixa s
isorepm nornmHauHa Pb*.

Fig.6. Application of the Freundlich model to
isotherms of Pb**sorption.

Ha BimMiny Bifj BUXiJHOTO Ta aKTMBOBAHUX
3paskiB (n cranoButh 0,94 Ta 0,84 BimmoBij-
HO), mns kommnosuty Z-Fe n cranoButs 0,99.
IJe o3Hayae eHepreTMYHy OMHOPIZHICTH IIO-
BEPXHI 3pasKa, [j¢ 3HaXOAATbCA HAHOPO3MipHi
YaCTVHKM TiJpaTOBAHOIO OKCUJY 3ajli3a.

BVMCHOBKJ. OtpumaHO KOMIIO3UT Ha
OCHOBI IIPMPOJHOTIO LIEONIITY, IJ0 MICTUTb Tifi-
paToBaHMI OKCUJ, 3aji3a. Joro ocamkeHHs B
CITaOKOMY)XHNUX CepefoBUINAX [O3BONAE OT-
pUMaTV HAaHOPO3MipHi YacTMHKM Mopudika-
Topa. SIk Oy/I0 IIPOrHO30BaHO, NMPUCYTHICTH
HaHOPO3MipHOTO MoaydikaTopa IPUCKOPUTDH
cop6uito ioHiB. Criff MiAKpeCInTH, 10 MOIM-
dikaris mokpaigye cop6buiro meranis. Komro-
3T MOXKHA PEKOMEHJYBATy JJI IIOM AKIIEeH-
HS BOMIM, a TAKOXK I BUJA/IEHHA i0HIB Pb?* i3
BOJJHUX PO3UMHIB.

>  Po60Ty BUKOHaHO B MeXax JepiK-
S% oromxerHoi Temn HAH VYkpaiam Ne
0118U003903.

https://ucj.org.ua
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ZEOLITE-BASED NANOCOMPOSITE MODIFIED

WITH HYDRATED IRON OXIDE (1ll) FOR
REMOVAL OF HEAVY METALS

Yu.S. Dzyazko, L.M. Rozhdestvenka,
O.V. Palchik K.O. Kudelko,
T.V. Yatsenko, L.M. Ponomareva

'V.1.Vernadsky Institute of General and Inor-
ganic Chemistry of National Academy of Scienc-
es of Ukraine, 32/34 Academic Palladin Avenue,
Kyiv, 03142, Ukraine

*Sumy State University Sumy, Rimskogo-Kor-
sakovastr., 2, 40000, Ukraine

*e-mail: ludar777@ukr.net

The theoretical approach, which allows us
to control the formation of aggregates incor-
porated into porous matrixes has been deve-
loped and verified. It was established that the
important parameter is the pH of a precipita-
tor: the higher this value, the larger aggregates
are formed. Based on the approach, a method
of obtaining the composite based on natural
clinoptilolite-based zeolite containing nano-
particles of hydrated iron oxide has been de-
veloped. The porous structure of composite
sorbents has been studied. The sorbents were
investigated using XRD, TEM, SEM methods.
Weakly basic precipitator has been recom-
mended in order to obtain the nanosized ag-
gregates of the modifier. During the synthe-
sis, porous structure of the zeolite substrate
is transformed. Acid activation promotes the
development of the sorbent surface, which
leads to the dissolution of the elements pres-
ent in clinoptilolite. The increase in the sur-
face of the modified sorbents is due to high-
ly ordered pores in the range of 1-2 nm, as
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the microporosity decreases after acid activa-
tion. Impurities block ordered pores, and ac-
tivation opens them. But after modification,
these pores are partially blocked. This is prob-
ably caused by the precipitation of oxide dis-
solution products in alkaline media. Despite
this fact, all the obtained samples of composite
sorbents are mostly mesoporous. Sorption of
di- and trivalent cations from multicomponent
solution was studied. It was found that the
presence of a nanoscale modifier accelerates
ion absorption. The modified zeolite improves
sorption of metals, which are not related to
d-elements. The removal degree of Pb*" ions
reaches 97%. The isotherms of Pb*'sorption
are fitted with Freundlich model. In addition
to the lead extraction from aqueous solutions,
the sorbent could be also recommended for
water softening.

Keywords: zeolites, nanoparticle aggrega-
tion, hydratedironoxide, sorbent, composite.
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3AKOHOMIPHOCTI TEHEPYBAHHA BOAHHO LLTAXOM rAPONI3Y

bOPOrAPUAY HATPIKO HA IMMOBITI30BAHUX
MJIATUHOBUX KATANI3ATOPAX

I0. K. Iipcokuii, @. [I. Maninesuu™, A. B. Kyuuii

Incmumym 3azanvhoi ma Heopeaniunoi ximii im. B.I. Bepradcvkozo HAH Yxpainu,
npocn. Axademixa Ilannadina, 32/34, Kuis 03142, Yxpaina
*e-mail: fedor@ionc.kar.net

Po3po6eHo mnaTuHOBI KaTanizaTopu, iMMo6ii30BaHi Ha Ki/TbKOX HOCISX, Ta JOCTIIKEHO
iXHIO eeKTUBHICTD IIpM Tifipoi3i 6oporigpuay HaTpito B MpoTOYHUX peakTopax. [Tokasa-
HO, 110 aKTVBHMMY 1 HaliiiHVIMM € HAHOAMCIIEPCHI IIaTHOBI KaTanizaTopu, iMMo6iisoBaHi
Ha BYIIeLeBill TKaHVHI i 0COOMNBO Ha CMHTETUYHOMY KOPIIEPUTI CTIIBHUKOBOI CTPYKTYPH,
nosepxHeBo Moaudikosanomy mapom ALO,. Cepenns MBUAKICTD BUIIIEHHSA BOIHIO IPK
rigponisi NaBH, Ha Takmux KaTajisaTopax 3pocTae Ipu 36ilbIleHH] IBUAKOCT] IPOTiKaH-
HS JIOTO PO3YMHY Yepe3 peaKTop, OfHAK CTYIiHb KOHBepcii O0porifipuay HaTpito npu 1bo-
MY 3HVDKYETBCA i3-3a 3MEHIIEHHA TPUBAJIOCTI KOHTAKTY PO3YMHY 3 Karajisaropom. Hano-
AVICIIEPCHI IVIATMHOBI KaTali3aTopy Ha IOBEPXHEBO MOAM(piKOBAaHOMY KOpPAiepUTi 3abes-
IIeYYIOTh BUCOKY i CTabiNbHy MIBUJKICTh TeHEPYBaHHs BOJHIO IIPY IIOMiPHOMY HarpiBaHHi
posunny NaBH, (60 + 5°C). BukopucranHs reHepaTopiB BOJIHIO 3 TAKMMM KaTa/li3aTopamMn y
IIO€HAHHI 3 6aTapesMy TaTVBHNX KOMIPOK € IEPCIeKTUBHMM /I CTBOPEHHS aBTOHOMHIIX
IDKepel eNIEKTPOXKUBIIEHHA.

KimrouoBi cmoBa: reHepyBaHHs BOJHIO, Tifiponi3 GOpoOrinpyuay Harpiioo, HaHOAUCIIEPCHI
II/IATMHOBI KaTani3aTopu.

BCTYII. Tigponis 6oporigpuny Hartpiio €
OJIHVM 3 Hai101/IbII IPOJTYKTVBHMX METO/IiB r'e-
HEPYBaHHS BOJHIO, AKIII MO>XHa BUKOPUCTO-
ByBaTy, 30KpeMa, I KMBJIEHHA IaJIVBHUX
KOMIpOK i3 BOZHEBMM aHOJOM. Y JIy>KHUX PO3-
ynHax B3aemoniss NaBH , 3 BOTIOIO IPAKTUYHO
He BifIOYBA€TbCA, L0 JJa€ MOXK/IMBICTD 30epi-
raT¥ Taki po3umHM TpuBanuit yac.OgHak 3a
IIPUCYTHOCTI KaTali3aTopiB peakllis riipomisy

40

Ooporigpusy akTMBHO Nepebiraesa KiMHaTHOI
TEMIIEPATyPU 3 YTBOPEHHAM BOJHIO Ta MeTa-
6opary HaTpito [1]:

NaBH, + 2H,0 = NaBO, +4H, (1)

3TifIHO 3 HaBENEHOKI peaKlli€lo, B Pe3yib-
TaTi MOBHOTO Tiffpornidy ompnoro monst NaBH,
YTBOPIOIOTHCA 4 MOJIi BOGHIO — /IBa 3 6oporiz-
puny i iBa 3 Bopu. Iigponis 1 r NaBH 3a cran-
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NApTHUX yMOB fa€ 2,37 1 BogHI0. OTpuMaHMit
BOJIEHb € 3a0py/IHEHVIM JINIIIe BOASHOIO IapOI0
i I0ro MO>XHaIlOflaBaTyl HAa aHOAM IAJIMBHUX
KOMipOK 03 OunIIeHHs i 3BOJIOKeHHS1. [HIImii
nponykr rigponisy (NaBO,) € exonmoriuno 6es-
HeYHNM i MOXKe OYTH BiflHOBIEHNUM [0 60po-
rigpuay. HIBupxicTh 1jiel peakiii 3a1eXXUTb
Bif GaraTbox mapameTpiB i ii jerko Mo)xHa
KOHTPOJIIOBATH.

€ BigomuMmu mmoHan 300 TOMOTeHHHUX Ta Te-
TEPOTeHHMX KaTaji3aTopiB peakiil rifpomisy
6oporifgpuy HaTpito, cepest AKUX OpraHiuHi Ta
MiHepasbHi KICIOTH, 6/1aropoHi Ta Hebmaro-
pOAHI MeTany, CIUIABM i KOMIIO3UTH Ha IXHIl
OCHOBI, TajioreHifn i 60puau MeTaiB TOIO, B
TOMY YMC/Ii HAHOJMCIIEPCHI KaTali3aTopy, iM-
MoO6inizoBaHi Ha pisHMX HOCiAX (HampukiIan,
Ha OKCHJ]aX MeTajiB ab0 Ha aKTMBOBAHOMY
Byrini) [1-4]. JliteparypHi mani cBig4ars,
1[0 HAMOI/IbII aKTUBHUMIU MeTaTaMM-KaTali-
saropamu rigponisy NaBH, € pogiii, pyrenii
Ta maaruHa. [Ipore mae Mmicie sHauHa pos-
O6LKHICTD B 0Hy6}IiKOBaHI/IX JaHUX, OCKiIbKU
aKTMBHICTD KaTani3aTOPiB 3a7eXXUTh BiJj YMOB
BiTHOBJIEHHs Ta iMMoO6inizauii meTanis, mpu-
poiy BUKOPUCTAaHUX IIPEKYPCOPiB, KiTbKOCTI
aKTUBHOI (pasy Karanizaropa Ta TUITYy HOCIS.

Y 3asHaveHiit po6oTi po3pobIeHo TIaTH-
HOBI KaTtajisatopyu, iMMo6ini3oBaHi Ha Kinb-
KOX HOCIAX, 1 MOCIIIKEHO 3aKOHOMipHOCTi
rifponizy Ooporigpupy HaTpilo B JIy)KHOMY
PpO34MHIi IpM 3aCTOCYBaHHI TaKMX KaTali3aro-
PiB y IPOTOYHMX IIJIACKMUX Ta LVMIIHJPUIHNAX
peakTopax.

EKCIIEPMMEHT I OBI'OBOPEHH/ PE-
3YJIBTATIB.]Jnsi 3acTOCyBaHHA B IIJIACKOMY
IPOTOYHOMY peakTopi Oy10 HpPUIOTOBAHO
HAaHOJMCIIEPCHUI IUIATMHOBUII KaTajli3arop,
iMmo6inizoBaHMit Ha BYyIJIeLleBill TKaHUHI.
HanopucnepcHy mnaTuny 6y/I0 CIOYaTKy Ha-

https://ucj.org.ua

HeCeHO Ha ByIeleBy caxy Vulcan XC-72
(mo 40 mac.%) i3 BMKOPMUCTaHHAM PO3UMHY
H,PtCl -6H,0, etunenrnikono Ta popmanbe-
rigy. /1 perynmoBaHHA pO3Mipy YaCTMHOK
IUIATVHY BUKOPUCTOBYBAIM IONIBiHIIIIPO-
nigon. IIpm itoro xonuenTpanii 0,2 % posmip
IJIATMHOBMX YACTMHOK CTAHOBUB 2-3 HM, aje
npyu 36iblIeHHI BMiCTY noniBiHiniponifony
1o 0,6-1,2 % po3smip 4aCTMHOK 3MEHIIYBaBCsA
1o 1,5-2 mm.Jlam HuIAXoM yIbTPasBYKOBOTO
06po6nenHs npu yactoti 22-25 kI mpoTsirom
2-3 xB. Oy/I0 IPUTOTOBAaHE KaTa/lTiTUYHE YOP-
HIJIO, IO CK/IaJly AKOTO BXO[AV/IN IIaTVHOBUIA
Katasnizatop Pt(40 %)/Vulcan XC-72 ta 30-50
mac.% 5 %-i gucnepcii MoHoMepa Nafion (ND)
D521 Ha cnmptosint ocHoBi 1100 EW. Otpnu-
MaHe YOPHM/IO HAaHOCU/IM Ha BYIJIELEBY TKa-
HyHy PlainCarbon Cloth-1071 HCBmapamn
LIIAXOM POS3NM/IIOBAHHA 32 JJOIIOMOIOI0 ae-
porpada. [l HagaHHa Kpaujoi aaresii mapis
YOPHM/IA [IO TKAaHVHY BUMKOHYBa/IM IXHE MPO-
MiKHe cyminHA. [licia HaHeceHHA Ha ByIjle-
L[e€BY TKaHMHY II€EBHOI Ki/IbKOCTI KaTajisaropa
IPOBOAV/INM BUMIPIOBAaHHA Macy 3paska Ha
aHaJiTUMYHMUX Tepe3aX. HaHeceHHsa Karamisa-
TOpa HOBTOPIOBAIN JO JJOCATHEHHA HeoOXifi-
Hoi itoro macu (1-2 mr/cm?). 3 06pobmeHol
TaKUM YMHOM BYTJIEL|€BOI TKaHVMHM BUpi3ann
3pasku po3MipoMm 2,5X2,5 cM, AKi TepMiuHO
06po6mam 3a 130°C, micsa 90ro BUKOPUCTO-
BYBa/Iy B IVIACKOMY IIPOTOYHOMY P€aKTOPi.
Sk iHmmMIT HoCi misg iMmoO6inisalii HaHO-
MUCIIEPCHOL IVIATMHM 1 3aCTOCYBaHHA fAK Y
IIJIACKOMY, TaK 1 B LUVIIHZPUYHOMY peaKTO-
pax BUKOPUCTAIM KOMEPLIHUII CUHTETUY-
HUJI MOHOJITHUI CTIIbHUKOBUI KOPJIEPUT
(saranmpHa ¢dopmyna 2MgO-2A10,-58i0,)si
LIIBHICTIO KBafipaTHUX KaHamiB 400 mTyk
Ha kBajparHui gwoiMm (YixingNonmetallicC
hemicalFactory, Kurait). Ilonepeuna mmoma
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KaHaIiB cTaHoBWIa 1 MM’ bBrounuit mmaru-
HOBMII KaTaji3aToOp NPUIOTYBaaM S3riHO 3
TEXHOJIOTIYHMM IIPOL[ECOM, OIMCAaHUM B [5].
OcHOBHMMM eTallaMI 3aCTOCOBAHOTO IIpoIie-
cy Oy/mi: IPUrOTyBaHHA PO3YMHIB JyIA CTBO-
peHHA 1apy BTOpuHHOro Hocisa (ALO,) Ha
HIOBepXHi Koppieputy, 6esnocepenne popmy-
BaHHA IIapy BTOPMHHOIO HOCis Ta HAHECEHHA
HAHOJVCIIEPCHOI IUIATMHM Ha MopudikoBa-
Hi KepaMiuHi OIOKM-MaTpuLli CTiITBHUKOBOI
CTPYKTYpH.

Pos4yunn 14 HaHeceHHA BTOPMHHOIO HO-
Cisl TOTyBa/IM HACTYIIHMM YMHOM: a30THOKIC-
muit amominiit AI(NO,),-9H O Bucymysamm
y cyunwibHiN madi 3a temmeparypu 140 °C
YOPOROBX 12 TroguH [0 YTBOPEHH:A OKCHU-
HiTpaty amowminito  Al(OH)(NO,) -nH,O.
CHiBBifHOIIIEHHsA a30THOKMCHOI'O a/IOMiHil0
Ta OKCHUHITpaTy a/lIOMiHilO, AKNUI YTBOPIO-
BaBCs 32 TEPMIYHOro OOpoOOJIeHHs, JocsAra-
no 2,5-2,7:1. OrpumaHy CyMill HiTpary Ta
OKCUHITPATY a/JIIOMiHiI0 PO3YMHAIN Y BOJI 32
KiMHaTHOI Temneparypu. [lami po3dynH HOBO-
IVUIA 1O KUIIiHHA. 3a MOCTITHOTO IepeMinny-
BaHHS JIOJaBa/lM HiTpaT aMOHII0 i KUIT ATMIN
[0 MIOBHOTO PO3YMHEHHA OCafly i YTBOpPEHHA
IIPO30POro KOJMOIJHOTO PO3YMHY TIyCTUHOIO
1,4 r/cm’. KoHIeHTpalilo po3umHy Kopery-
Ba/IM JOJABaHHAM BOAYM a00 a30THOKMCIIOTO
amoMiHilo, ab0 oKcuHiTpary amominio. Bemn-
gy pHposunny (3,0-3,5) KOHTpOIIOBAN 32
JOIIOMOTOK0 IHIMKAaTOPHOTO IIaIepy.

JlnA HaHeceHHA IIapy BTOPMHHOTO HOCIA
KepaMiYHMil 6JIOK 3aHYpPIOBa/IM y PO3UUH CO-
neit amominito. Ilicnsa BUTpuMyBaHHA OTOKY
B po3unHi (2-3 XB.) 3Q/IMIIKN PO3YNHY BUAY-
Ba/IM 3 IIOp Ta CTIHOK OJIOKY CTVMCHEHVM IIO-
BiTpsAM Ta BucymyBaau 3a 110°C, micia goro
nposxapioBany 3a 550°C npotArom 3 ropuH.

HaHeceHHs HaHOAMCIIEPCHOI IUIATVHM HA
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IIOBEPXHIO KepaMiyHOI 67I04HOI MaTpuili, Mo-
nn¢ikoBaHOI MAPOM BTOPMHHOTO HOCiA, 37ili-
CHIOBA/IM LIJIAXOM IPOCOYYBaHHA HOCiA BOJI-
HUM PO3YMHOM IUIATMHOXJIOPMCTOBOJSHEBOL
kucnotu H PtCl. ITicnsa npocouyBanHs 610ku
IIpOAyBa/IN MOBITPAM /ISl BUJIQJIEHHS 3a/IM1I-
KiB pO3YMHY, CYIIM/IM Ha IOBITpi 3a Temile-
parypu 110 °C nporarom 1 ropuum i mpoxa-
proBamm 3a Temneparypu 550 °C B atmocdepi
MOBITpA NPOTATOM 3 rofyuH. BmicT nmatuamy B
OTPMMaHOMY MOHOJIITHOMY KaTaji3aTropi cra-
HOBUB 20 Mr Ha 1 T KepamiuHoro 6moky. s
aKTUBAaLil IUIATVHY IPOBOAVIN i BiTHOBJIEH-
Hsy 10 %-My po3unHi 60porigpuay HaTpio.

Kpim nporo mnda UMIIHAPUYHOTO peaxkTo-
pa IpuUroTyBaaM IJIaTMHOBI KaTali3aTopy Ha
iHmmx Hociax: 1) 100 Mr mIaTMHOBOTO KaTa-
nizaropa Pt(40 %)/Vulcan XC-72 HaHecnu Ha
ByITIel[eBY TKaHUHY (50 cM?), Ky IOTIM CKpY-
TWIN pa3oM i3 ImoiaMiJHOIo CiTKOH (4 0TBO-
pM Ha [I0NIM) i 3aIaKyBajM B peakTop; 2) Ha
2 T aKTMBOBAHOIO T'PaHy/IbOBAHOTO BYIi//A
AT-3 3a pomomMorow mHoJioIbHOTO CUHTE3Y i
BiTHOB/IEHHsI OOpOTi[pUAOM HATpil0 HaHec-
mu 150 Mr IIaTuHY Ta IOMICTUIN B PEAKTOp;
3) Ha IOPUCTY 3HEXMPEHY Ta IPOTpPABIEHY
TUTAHOBY KPUXTY €IeKTPOXiMIYHO HaHec-
M IVIATUHY 3 €1eKTPOJITY, o MicTuB 25 /1
K PtCl, 100 r/n NaNO, Ta 20 mMn/n posunHy
amiaky (0,915 r/cm?), 3a temmeparypu 70 °C
Ta KaTofHii ryctuHi ctpymy 20 mMA/cM?. 3a
BKa3aHMX YMOB €/IeKTPOJIi3y KaTONHUI BUXIJ,
IJIATVHYU 33 CTPYMOM CTaHOBMB 6/113bK0 30 %.
Macy nnatunmy, 10 OCijla Ha TUTAHOBY KPUX-
Ty, KOHTPOJIIOBa/II IpaBiMeTpu4HO. KibKicTh
IIJIATVHY HA IIOBEPXHI TUTAHOBOI KPUXTU CTa-
HOBIIA 1-4 Mr/cM.

PeakTopy Oymo BUTOTOB/IEHO 3 OpPICKiIa
(nuB. puc. la). ITnacki peakTopm ckaajanucs
3 JBOX IUIACTYH i3 3armOuHaMM, B AKX 3Ha-
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XOAMBCSI HOCII 3 HAHECEHMM Ha HbOI'O KaTa-
nizaropoMm. [Iyis1 3abesneyeHHs repMeTUIHOC-
Ti peakTopa MK IUIAaCTMHAMM PO3MIill[yBajn
CUIIKOHOBY IIPOKJIAZIKY, IiC/ISl 4OTO I/IACTUHYI
II/IbHO 3’€IHYBaIM 3a JOIOMOrOI0 OONTIB i
rajiok i3 HepyKapirodoi crani. IligBenenHa B
peakTtop nyxxHoro posunny NaBH, i Binse-

IEeHHA MPORYKTIB Tiffpoisy 34iliICHIOBaNIN Ye-
pes3 BiNOBiHI BK/IEEH] WITyLEepU 3 OPICKIA.
[Iporouni LMIIHAPKUYHI peaKTOpM 3 OHi€l
CTOPOHU MaJ/M OTBip /A 3aTPYy>Ke€HHA HOCiA 3
KaTaizaTopoM Ta praHelb s repMeTU3aliil.
Posmipu peakTopiB 3anmexxanu Bifj BULY i po3-
MipiB KaTaJiTUYHNUX MaTepiasiB.

Puc. 1. Peaktopu 1151 reHepyBaHHs BOHIO (a): 1 — Iackuil; 2 — VUTIHAPUYHNI Ta BOTIOMOMeTPUYHA
ycTaHOBKa (b): I — eBfioMeTp; 2 — KPUCTATi3aTOp; 3 — peakTop; 4 — HepUCTILTUIHUI HACOC; 5 — CTaKaH
i3 Ty>KHUM pO3YMHOM OOPOTiIPUAY HATPIiI0; 6 — 3’€fHYBa/IbHI TPYOOIIPOBOAY; 7 — CelapaTop.

Fig.1. Reactors for hydrogen generation (a): flat (I);cylindrical (2) and volumetric installation (b):
eudiometer (1); crystallizer (2); reactor (3); peristaltic pump (4), glass with alkaline solution of sodium
borohydride (5); connecting pipelines (6); separator (7).

[l ouiHKM MBUAKOCTI Tiffponisy 6oporia-
PUAY HATpPilo B peaKTOpax Ha po3pOoO/IeHNX Ka-
TajIi3aTopax 0y/10 CTBOPEHO BOMTIOMOMETPUYHY
YCTAQHOBKY, SIKa [JO3BOJLA/IA BUMIipIoBaTy 00’eM
BIJIiZIEHOTO BOJHIO Yepe3 IIeBHI IPOMDKKM 9acy
(mmB. puc. 16). OCHOBHMMU KOMIIOHEHTaMU
YCTaHOBKM OY/IM: peakTop i3 KaralisaTopoM,
IepUCTAIBTUYHNIT Hacoc pp 1-05, eBgiomeTp
Ta ceraparop /L1 360y pifiKMX IPOXYKTIB Tifi-
pomnisy. Hepes peakropu npomyckamu 10 %-i1
posuuH NaBH , axuit mictus Takox 5 % NaOH

https://ucj.org.ua

AK cTabinisyrouy fo6aBky. BumipsHi sHaueHH:
06’eMy BOJIHIO TIepepaxoByBa/ii Ha HOPMaJIbHi
YMOBM Ta pO3PaxXOBYBa/I CEPEJHIO MIBU/KICTh
BUJIiZIEHHS BOJHIO 33 METOIMKOIO, OIVCAHOI0
B [6]. Cryminp KoHBepcil 60porigpuay HaTpio
PO3paxoByBa/IN fAK BiICOTKOBY 4acTKy 00’eMy
BUJIiZIEHOTO BOJHIO BiJj TEOPETUYHO MOYK/INBO-
To 110r0 00’eMy.

Ha puc. 2 HaBefileHO OTpMMaHi XapaKTepu-
cruku rifponisy NaBH, B mmackomy peaxro-
pi Ha HAHOIMCIIEPCHOMY IIATUHOBOMY KaTa-
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nisaropi Pt(40 %)/Vulcan XC-72, immo6iniso-
BAaHOMY Ha BYIVIELIE€Biil TKaHuHIi. BumHo, 1mo
CepelHs LIBUAKICTD BUJIIEHHS BOJHIO Oyra
IPAMO IPONOPLINHOK MBUAKOCTI IPOTiKaH-
Hs Ty>kHOTO posumHy NaBH, B mocnmimxeHno-
My Jliania3oHi ii 3Ha4eHb i gocarana 400 My/xB.
3a IIBMIKOCTI NpPOTiKaHHA 7,8 MJ/XB., IO €

Vyp» MIU/XB.
400 + O
350 + *
300 °
250 +
2 3 4 5 6 Vi MJI/XB.

JocTaTHIM A crabinbHOI poboTu Garapel
BOJJHEBO-IIOBITPSHMX Ma/JIMBHUX KOMIpOK IO-
TykHicTiIo 30 Br. Cryninp konBepcii 6opo-
rifpuay Hatpito (puc. 26) 3HIDKYBaBCS IpH
301/IpIIeHH] IBUAKOCTI IPOTiKAHHSA PO3YMHY
i3-3a 3MeHIlEHHA TPUBAJIOCTI KOHTAKTY PO3-
YMHY 3 KaTajIi3aTOpPOM.

n, %

50
40 +
30 D

20

V_, MII/XB.

Puc. 2. 3anexxHOCTI cepeHbOI MBUAKOCTI BUAIIIEHHS BOAHIO (a) Ta CTyNeHs KOHBepcii boporizpuny
Harpito (6) Bif WBUAKOCTI MpoTikaHHA Yepes peakTop 10 % posumny NaBH,, mo mictus Takox 5 %

NaOH, 3a remneparypu 24 °C.

Fig.2. Dependences of the average rate of hydrogen evolution (a) and the degree of sodium borohy-
dride conversion (b) on the rate of flow through the reactor of a 10 % NaBH, solution,also containing 5 %

NaOH, at a temperature of 24°C.

Pesynpraty, oTrpumaHi npm J[OCTiIKEHHI
rigponisy NaBH, B nuningpnysomy peakropi
Ha po3po0/IeHNX IUIATMHOBMX KaTaji3aTopax
IIOKa3alM, 10 IIATMHOBAHUI TUTAH MEHUI
aKTUBHUI, HDK KaTaji3aTop, OTPUMMaHMI 110-
TiONbHUM METONOM. BoueBnmap Ha moBepx-
Hi TUTAHOBOI KPUXTU YTBOPUBCA CYLiIbHUIA
IUIATVHOBUI IIOKPUB, AKNI MEHII aKTUBHUIL,
HDK HaHOJMCIIEpCHA IUIaTMHA. BcTanoBumm
TaKOX, IO Ipyu (HOPMYyBaHHI PYIOHY 3 BYT-
JIeLIeBOI TKAHVHM 3 iIMMOOI/II3OBAaHMM HaA Hill
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IIJIATMHOBMM KaTajli3aTOPOM OCTaHHI Bif-
IIapOBYBaBCsA i 06CUIIABCs, TOMY aKTUBHICTD
TAKOTO KaTa/JliTMYHOIO Marepiany B LIVJIiH-
JIPUYHOMY peakTopi Oyna HIDKYOI, HDK Yy
IIJTACKOMY.

IlepcnektnBHum i rifgponisy NaBH,
BMABUBCSA HAHOAVCIIEPCHUI IITATVHOBMUIA Ka-
Tanizarop, iMMoOiNi30BaHMII Ha KOpPHiEpUTI
CTUIbHMKOBOI CTPYKTYPU 3 IIOBEPXHEI, I10-
nepefHbO MOAM(}IKOBAHOIO OKCUIOM aJoMi-
Hilo. Sk cifye 3 puc. 3, 3aneXXHOCTi 06’ eMy
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BUJI/IEHOTO BOJHIO BiJl TPpUBaIOCTI TiJpoO-
N3y € JIHIHMMM 3a BUHATKOM HE3HA4YHOTO
IIOYaTKOBOTO iHAYKIiliHOrO nepiopy. OTxe,
HIBUJKICTD BUJI/IEHHA BOJHIO 3 JIy>XHOIO
10 % posumny NaBH, mpu itoro rigponi-
31 3 BUKOPUCTAaHHAM TAaKOTr'O KaTajli3aTopa €
MIPaKTUYHO IIOCTITHOO, AKIIO MBULKICTb I10-
TOKY pO34YMHY Ta KOHI[eHTpalis 6oporigpu-
Iy HaTpilo He 3MiH0OOTbHCA. [Ipy nigBueHHi
LIBU/IKOCTI IIOTOKY PO3YMHY BUJI/IEHHA BOJI-
HIO NPUCKOPIOETbCA. TaKMM UYMHOM, TaKuil
KaTajisaTtop 3abesmedye BUCOKY i cTabimbHy
HIBM/IKICTb TeHepyBaHHA BojHK. HarpiBaH-
Hs pozunHy NaBH, npu nipomy € momipHum
(60 +5°C) [7].

Fop

2500 3 2

MJI

2000

1500

1000 f

500

0 s i n i i
0 100 200 300 400 T.C

Puc. 3. 3anexHocti 06’eMy BOAHIO, 1O BMU-
mimuBca mif 4vac rifgpomnisy 10 mim 10 % posumny
NaBH, + 5 % NaOH, Big TpuBanocti rifponisy B
IVWIHAPUYHOMY IPOTOYHOMY peakTopi 06’eMoM
5 MJI IpM MIBUAKOCTI IIOTOKY PO3UYMHY (MJI/XB.):
1-1,1; 2-2,4; 3-2,75.

Fig. 3. Dependences of the volume of hydro-
gen released during the hydrolysis of 10 ml of
10 % NaBH, + 5 % NaOH solution on the dura-
tion of hydrolysis in a 5 ml cylindrical flow reac-
tor at a solution flow rate (ml/min): 1.1 (1); 2.4 (2);
2.75 (3).

https://ucj.org.ua

Bunpo6yBaHHA reHepyBaHHA BOJHIO IIJIA-
xoM rigponisy 1,1 1 10 %-ro my>KHOro posdn-
Hy NaBH, y mmackomy npoto4yHomy peakTopi
3 IJIATMHOBUM KaTasli3aTopoM, iMMobiizoBa-
HVIM Ha IIOBEepXHEeBO MOAM(iKOBaHOMY KOpie-
putoBoMy Ormoni 3 po3mipamu 60x24x12 MM,
IIOKa3ajo, WO 3a IIBUAKOCTI TeHepyBaHHA
BopHio 0,42 j1/XB. KiZIbKiCTh BU[IiZIEHOTO BOJ-
HIO JIOCTaTHsA i 3abe3meyeHHss poboTu Oa-
Tapel MaJIMBHUX KOMipOK HOTY>XHicTi0 30 BT
npotsiroM 9-10 rop. I1pu 36inbinenHi mwBwUp-
KOCTi mpoTikaHHs pogunHy NaBH, uepes pe-
aKTOp cepefHsA WBUAKICTb BUIIEHH BOSHIO
3pocCTaa i JocArajga sHadyeHb, JOCTATHIX [/
JKUBJIEHHSI Oartapel MalMBHUX KOMIpOK IIO-
Ty>HicTi0 1o 100 Br.

BMCHOBK/. OTpuMaHi pe3ynbTaTu CBij-
YaTh, IO TiAPOJIi3 TY)KHUX pO34MHiB boporia-
PUALYy HATPil0 3 BUKOPVUCTAaHHAM HaHOJVICIIEPC-
HYIX IJIATMHOBYX KaTajIi3aTopiB € e(heKTUBHUM
METOOM OTPMMAaHHS BOJIHIO 0e3[0cepeiHbO B
MICIIi J10r0 BUKOPUCTAaHHs, 30KpeMa, I XKI-
BJIEHHS OaTapeil Ia/IMBHIX KOMIpOK i3 BOfiHe-
BUM aHOZOM. IMMoOGini3aris HaHOMCIIEPCHOT
IUIATVMHY Ha BYIVIENeBill TKaHVMHI i 0co6MMBO
Ha CUHTETUYHOMY KOPHIEPUTI CTiTbHUKOBOI
CTPYKTYpHM, IIOBEpPXHEeBO MopupikoBaHOMY
mapom Al O,, 3abesnedye BUCOKY i cTabinbHy
HIBUJIKICTh T€HEPYBAHHA BOJHIO IIPM IIOMip-
HOMY posirpiBanHi po3unny NaBH,. Tenepa-
TOpPM BOJHIO, B SAKMX Tifpornis 6Goporigpumy
HATpilo BilOYBAETbCS Ha TAKVUX KaTajlisaTopax,
y IIO€NHAHH] 3 6aTapesMM IMaTMBHNUX KOMipOK
€ MEePCIEKTUBHIMI Il CTBOPEHHSA aBTOHOM-
HUX CHICTEM €/1eKTPO>KVBIEHHS.

ﬁ Po6oTy BUKOHAaHO B MeKaxX IPOEKTy

=1 G5233 «IlopTaTBHEe eHepromocTa-
yanHa» nporpamu HATO «Hayka 3a-
papy Mupy Ta 6e3neKxu».
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REGULARITIES OF HYDROGEN GENERATION

BY HYDROLYSIS OF SODIUM BOROHYDRIDE
ON IMMOBILIZED PLATINUM CATALYSTS

Yu.K. Pirskyy, F.D. Manilevich, A.V. Kutsyi

V.1. Vernadsky Institute of General and Inorga-
nic Chemistry of National Academy of Sciences
of Ukraine, 32/34 Academic Palladin Prosp.,
Kyiv 03142, Ukraine

‘e-mail: fedor@ionc.kar.net

Sodium borohydride hydrolysisis one of
the most productive hydrogengeneration me-
thods, which can be used, inparticular, to pow-
er fuel cells with a hydrogenanode. In alkaline
solutions, the interaction of NaBH, with wa-
ter practically does not occur, which makes it
possible to store such solutions for a longtime.
However, in the presence of catalysts, the boro-
hydride hydrolysis reaction actively proceeds
at room temperature with the formation of
hydrogenand sodium metaborate.

More than 300 homogeneous and hete
rogeneous catalysts for the hydrolysis of sodi-
um borohydride are known, among which the
most active metal catalysts are nanodispersed
rhodium, ruthenium, and platinum immobi-
lized on various substrates. The activity of such
catalysts depends on the conditions of the re-
duction and immobilization of metals, the na-
ture of used precursors, the amount of active
phase of the catalyst, and the type of substrate.
In this work, platinum catalysts immobilized
on several substrates are developed, and the
regularities of hydrolysis of sodium borohyd-
ride in alkaline solution when using such cata-
lysts in flowing flat and cylindrical reactors are
investigated.
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Using various methods, platinum was de-
posited on carbon black and carbon cloth, on
activated granular carbon, on titanium crumb,
and on synthetic cordierite of honey comb-
structure with surface, previously modified by
alumina. It is shown that nanodisperse plati-
num catalysts immobilized on carbon black
and carbon cloth and especially on synthetic
cordierite of cellular structure with surface
previously modified by Al O, layer are active
and reliable. The average rate of hydrogen evo-
lution during hydrolysis of NaBH, on such ca-
talysts increases with increasing flow rate of its
solution through the reactor, but the degree of
conversion of sodium borohydride decreases
due to the reduced duration of contact of the
solution with the catalyst. Nanodisperse pla-
tinum catalysts on surface-modified cordierite
provide a highandstable rate of hydrogengene-
ration with moderate heating of NaBH, solu-
tion (60£5 °C). The use of hydrogen generators
with such catalysts in combination with fuel
cell batteries is promising for the creation of
autonomous powers ources.

Keywords: hydrogen generation, hydrolysis
of sodium borohydride, nanodisperse plati-
num catalysts.
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WHAT IS NEGATIVE ENTROPY AND HOW DOES IT AFFECT

THE SUSTAINABILITY OF REGIONS DURING THE WARFARE.

K.D.Pershina’

'V.1.Vernadskii Institute of General and Inorganic Chemistry of the National Academy of Sciences
of Ukraine, 32/34, Akad. Palladin av., 03142, Kyiv, Ukraine
e-mail: Pershina@ionc.kiev.ua

The impact of warfare in one region on other regions is shown using the base fundamental
thermodynamics laws and trends of decreasing entropy. The physical sense of the negentropy
is described use of the principles of chemical thermodynamics. A phenomenological model
for the description impact of warfare on the ecological part of the region is proposed. Accord-
ing to this model, a system without plants, with destroyed soils, can't be alive without external
factors. Based on thermodynamic differences between turbulent and laminar flows, the ca-
pability of the zones formation with an absence of the ability to any own functioning outside
zone with military actions is shown. With the rising number of influencing factors, especially
in large areas, the probability of narrowing and loss of zones with a stable state as in the region
with military action but in neighboring regions increases.

Keywords: negentropy, warfare, sustainability, thermodynamics, open system, environment.

INTRODUCTION. The concept of sustai- velopment (UNCED) in June 1992. The Princi-
nable development has prevailed in modern ples of the Rio conference were made concrete
society since 1992, which was declared in Rio in Agenda 21, the comprehensive plan of ac-
as «Rio declaration on Environment and De- tion for the 21st century which was adopted by
velopment [, (Rio declaration) of the United more than 170 governments [1,2]. Such princi-
Nations Conference on Environment and De- ples are 27 (Table 1).

Table 1. Principles of sustainable development and their background [3]

N° Principle Background

1  |Human beings are at the center of concerns for sustai- | They are entitled to a healthy and produc-
nable development tive life in harmony with Nature

2 |States have, in accordance with the Charter of the|Do not cause damage to the environment
United Nations and the principles of international law, | of other States or of areas beyond the li-
the sovereign right to exploit their own resources pur- | mits of national jurisdiction.

suant to their own environmental and developmental
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policies, and the responsibility to ensure that activi-
ties within their jurisdiction or control do not cause
damage to the environment of other States or of areas
beyond the limits of national jurisdiction.

The right to development must be fulfilled so as to equi-
tably meet developmental and environmental needs of
present and future generations.

Environmental needs of present and fu-
ture generations

In order to achieve sustainable development, environ-
mental protection shall constitute an integral part of
the development process and cannot be considered in
isolation from it.

Environmental protection shall consti-
tute an integral part of the development
process and cannot be considered in iso-
lation from it

All States and all people shall cooperate in the essential
task of eradicating poverty as an indispensable require-
ment for sustainable development, in order to decrease
the disparities in standards of living and better meet
the needs of the majority of the people of the world.

Eradicating poverty is an indispensable re-
quirement for sustainable development, in
order to decrease the disparities in stan-
dards of living and better meet the needs
of the majority of the people of the world.

The special situation and needs of developing coun-
tries, particularly the least developed and those most
environmentally vulnerable, shall be given special pri-
ority.

International actions in the field of envi-
ronment and development should also
address the interests and needs of all
countries.

States shall cooperate in a spirit of global partnership to
conserve, protect, and restore the health and integrity
of the Earth’s ecosystem. In view of the different con-
tributions to global environmental degradation, States
have common but differentiated responsibilities. The
developed countries acknowledge the responsibility
that they bear in the international pursuit of sustaina-
ble development in view of the pressures their societies
place on the global environment and of the technolo-
gies and financial resources they command.

States shall cooperate in a spirit of glob-
al partnership to conserve, protect, and
restore the health and integrity of the
Earth’s ecosystem.

To achieve sustainable development and a higher quality
of life for all people, States should reduce and eliminate
unsustainable patterns of production and consumption
and promote appropriate demographic policies.

States should reduce and eliminate un-
sustainable patterns of production and
consumption and promote appropriate
demographic policies.

States should cooperate to strengthen endogenous ca-
pacity building for sustainable development by improv-
ing scientific understanding through exchanges of scien-
tific and technological knowledge, and by enhancing the
development, adaptation, diffusion, and transfer of tech-
nologies, including new and innovative technologies.

Common building for sustainable deve-
lopment by improving scientific under-
standing through exchanges of scientific
and technological knowledge
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Environmental issues are best handled with the par-
ticipation of all concerned citizens, at the relevant
level. At the national level, each individual shall have
appropriate access to information concerning the en-
vironment that is held by public authorities, including
information on hazardous materials and activities in
their communities, and the opportunity to participate
in decision-making processes. States shall facilitate
and encourage public awareness and participation by
making information widely available. Effective access
to judicial and administrative proceedings, including
redress and remedy, shall be provided.

At the national level, each individual shall
have appropriate access to information
concerning the environment that is held
by public authorities, including informa-
tion on hazardous materials and activities
in their communities, and the opportuni-
ty to participate in decision-making pro-
cesses

States shall enact effective environmental legislation.
Environmental standards, management objectives, and
priorities should reflect the environmental and deve-
lopmental context to which they apply. Standards ap-
plied by some countries may be inappropriate and of
unwarranted economic and social cost to other coun-
tries, in particular developing countries

Environmental standards, management
objectives, and priorities should reflect
the environmental and developmental
context to which they apply.

12

States should cooperate to promote a supportive and
open international economic system that would lead
to economic growth and sustainable development in
all countries, to better address the problems of envi-
ronmental degradation. Trade policy measures for en-
vironmental purposes should not constitute a means
of arbitrary or unjustifiable discrimination or a dis-
guised restriction on international trade. Unilateral
actions to deal with environmental challenges outside
the jurisdiction of the importing country should be
avoided. Environmental measures addressing trans-
boundary or global environmental problems should,
as far as possible, be based on an international con-
sensus.

To promote a supportive and open in-
ternational economic system that would
lead to economic growth and sustainable
development in all countries, to better
address the problems of environmental
degradation.

13

States shall develop national law regarding liability and
compensation for the victims of pollution and other en-
vironmental damage. States shall also cooperate in an
expeditious and more determined manner to develop
further international law regarding liability and com-
pensation for adverse effects of environmental damage
caused by activities within their jurisdiction or control
to areas beyond their jurisdiction.

To develop national and international law
regarding liability and compensation for
the victims of pollution and other envi-
ronmental damage.
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14

States should effectively cooperate to discourage or
prevent the relocation and transfer to other States of
any activities and substances that cause severe envi-
ronmental degradation or are found to be harmful to
human health.

Cooperation to discourage or prevent the
relocation and transfer to other States of
any activities and substances that cause
severe environmental degradation or are
found to be harmful to human health.

15

In order to protect the environment, the precautionary
approach shall be widely applied by States according to
their capabilities. Where there are threats of serious or
irreversible damage, lack of full scientific certainty shall
not be used as a reason for postponing cost-effective
measures to prevent environmental degradation

To protect the environment and to pre-
vent environmental degradation

16

National authorities should endeavor to promote the in-
ternalization of environmental costs and the use of eco-
nomic instruments, taking into account the approach
that the polluter should, in principle, bear the cost of
pollution, with due regard to the public interest and
without distorting international trade and investment.

To promote the internalization of envi-
ronmental costs and the use of economic
instruments

17

Environmental impact assessment, as a national instru-
ment, shall be undertaken for proposed activities that
are likely to have a significant adverse impact on the en-
vironment and are subject to a decision of a competent
national authority

Environmental impact assessment

18

States shall immediately notify other States of any nat-
ural disasters or other emergencies that are likely to
produce sudden harmful effects on the environment of
those States. Every effort shall be made by the interna-
tional community to help States so afflicted.

Environmental security

19

States shall provide prior and timely notification and
relevant information to potentially affected States on
activities that may have a significant adverse trans-
boundary environmental effect and shall consult with
those States at an early stage and in good faith.

Transboundary environmental effect

and environmental security

20

Women have a vital role in environmental management
and development. Their full participation is therefore
essential to achieve sustainable development.

Gender policy

21

The creativity, ideals and courage of the youth of the
world should be mobilized to forge a global partnership
in order to achieve sustainable development and ensure
a better future for all.

The place of youth in sustainable develop-
ment, youth policy

https://ucj.org.ua
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Indigenous people and their communities and other
local communities have a vital role in environmental
management and development because of their know-
ledge and traditional practices. States should recognize
and duly support their identity, culture and interests
and enable their effective participation in the achieve-
ment of sustainable development.

The environment and natural resources of people un-
der oppression, domination and occupation shall be
protected

Indigenous people policy

Warfare is inherently destructive of sustainable deve-
lopment. States shall therefore respect international
law providing protection for the environment in times
of armed conflict and cooperate in its further develop-
ment, as necessary.

To protect environment in times of war-
fare

25

Peace, development and environmental protection are
interdependent and indivisible.

Peace, development, and environmental
protection are interdependent and indi-
visible.

26

States shall resolve all their environmental disputes
peacefully and by appropriate means in accordance
with the Charter of the United Nations.

To resolve environmental

peacefully

disputes

27

States and people shall cooperate in good faith and in a
spirit of partnership in the fulfilment of the principles
embodied in this Declaration and in the further deve-
lopment of international law in the field of sustainable
development.

To further development of international
law in the field of sustainable develop-
ment.

If you look at these principles, there are
only seven from twenty-seven, which would
not mention the environment. Moreover, the
twenty-four principles are like a non-under-
standing declaration. There are no differences
between international warfare, military action,
and national military conflicts. And, from my
point of view, such a definition creates some
difficulties to resolved environmental prob-
lems and problems of region's sustainability.
The question arises why? The answer to these
questions is the purpose of my work.

52

SUSTAINABLE DEVELOPMENT AND
NEGENTROPY IN OPEN NONEQUILIBRI-
UM SYSTEMS. Let's start from the basic prin-
ciples of thermodynamics for open nonequi-
librium systems (including all ecological sys-
tems). It is nessesary to understand thier ability
to sustanable development. At the beginning of
the 20th century, V.I. Vernadsky introduced a
term named negative entropy [4], the physical
meaning of which was improved in the works
of E. Schrodinger [5,6], LR. Prigogine [7],
Klimontovich [8,9] and others [10,11]. Such
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works were based exclusively on classical physi-
cal parameters: temperature, pressure, energy,
and such a statistically distributed parameter
as entropy. But to consider macroscopic phe-
nomena, only entropy allows us to statistically
describe the degree of chaos and ability of the
closed system for independent existence.

The classical form of the second law of ther-
modynamics connects entropy with the mea-
sure of heat transferred to the system.

dQ = TdS (1)

According to this law, heat tends to dissi-
pate spontaneously. Dissipation of heat is the
base of entropy changes [12].

Boltzmann gave the following formulation
of entropy:

S=k-InW, (2)

k=R/N, =1.38:10*’] / K - the Boltzmann con-
stant, W — the number of microstates that re-
alize the macrostate, R - the universal gas con-
stant.

This equation is the base for such allega-
tions: 1 — the most probable state of the least
probable state of an isolated system is sponta-
neously realized, 2 - the most uniform distri-
bution leads to the maximum values of entro-
pys 3 — the entropy of a fully ordered system
is zero. However, Boltzmann equation (2) can't
answer the questions: why entropy must be
negative? What does it mean? There are two
answers to these questions: first, in all chemi-
cal and biochemical transformations in the
global planetary ecosystem, heat is transferred
primarily from the hot sun to the cold Earth,
in which case the negative sign reflects the di-
rection of the process [10-11]. Secondly, there
is a conclusion from the second law of ther-
modynamics, which regulates the spontane-

https://ucj.org.ua

ous realization of any chemical reaction under
constant temperature and pressure and, at the
same time, reflects the influence of enthalpy
and entropy on the direction of chemical pro-
cesses. This factor is the change in the Gibbs
free energy AG:

AG = AH — TAS. (3)

The Gibbs energy is attributed to 1 mol of
substance and is expressed in kJ / mol. For
isobaric-isothermal processes, AH - is an en-
thalpy factor; TAS is an entropic factor.

The AG of the most stable modification of
the formation of a simple substance is taken
equal to zero. At constant temperature and
pressure, chemical reactions can proceed spon-
taneously only in the direction in which the
Gibbs energy of the system decreases (AG < 0).

Thus, if AH <0 (exothermic reaction) and
$>0 (entropy increases), it follows from equa-
tion (3) that at all temperatures - AG <0. It
means that the reaction can proceed sponta-
neously at any temperature. Such reactions
include almost all oxidation and respiration
reactions.

If AH <0 and AS <O, the reaction is possi-
ble provided when the absolute value of nega-
tive AH in the equation for the Gibbs energy
is greater than the entropy factor TAS. Such
conditions are realized either at sufficiently low
temperatures or under the influence of other
factors that significantly increase the system's
entropy and are closely connected to the pre-
sence of any radiation, including the solar radi-
ation or catalytic reactions involving enzymes.

If AH> 0 and AS> 0, the reaction is possi-
ble provided that TAS is greater in absolute
value than AH, and this is realized at sufficient-
ly high temperatures. At high temperatures,
the reactions often are to be accompanied by
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an increase in entropy. The values of AH, AS,
and AG depend on the nature of substances,
their physical state, and concentrations.

Thus, the negative value of entropy is a more
formalized name for the system's state, which
indicates an exaggeration of the entropy factor
over the enthalpy. The same exaggeration lies
in the base of existing of life. In a global sense,
it allows us to talk about the extraordinary im-
pact of living matter on planetary processes,
their development, and the stability of exist-
ence and development of the biosphere [4]. Es-
pecially, to the part of the biosphere that is as-
sociated with the production of organic matter
using carbon dioxide. Let's consider terrestrial
ecosystems. These ecosystems are the largest
significant global sinkers of carbon dioxide,
besides the oceans [13]. About 120 Pg C - a*
(Pg = 10"g) CO, is absorbed annually on our
planet due to the terrestrial part of plants, but
since 1999 there has been a significant loss of
biologically fixed carbon against the back-
ground of increasing CO, emissions [13].
However, the global carbon cycle and the en-
vironmental processes that contribute to it
are not sustainable but rather highly dynam-
ic. This dynamic realizes due to many factors,
which makes it difficult to model the distribu-
tion and binding of CO, [14]. Moreover, some
factors are completely unpredictable - it is a
criminal human activity aimed at destroying
ecosystems, especially large ecosystems (fo-
rests and steppes) with large amounts of plant
biomass, which is involved in the fixation of
atmospheric carbon dioxide. The most unpre-
dictable and dangerous factors are military
action, which leads not only to the physical
destruction of sustainable ecosystems, which
can take decades to recover but also a local
increase in combustion products containing

54

large amounts of CO,, nitrogen compounds
that destroy the ionosphere, namely planetary
Ozone Layer [15]. It should be noted, that soil
destruction due to fires lead to increased dis-
sipation of CO,, CH, and N,O through micro-
bial activity between the atmosphere and soils.
The maximum increase in these flows is ob-
served in the burned soils of spruce. Thus,
in burned forests, microbial respiration can
supply additional carbon dioxide of approxi-
mately 14.7 t C / ha, which in terms of CO, is
44.1t/haand canlast for at least ten years [16].
Therefore, warfare, even in a small area, can
not only simultaneously increase greenhouse
gas emissions by hundred times and remains
a source of additional CO, emissions into the
atmosphere for decades. A simple calculation
of such emission in an area of 100 km? for ten
years has additional 4.41 - 10° tons of carbon
dioxide without other sources of its incom-
ing. Thus, a system that has not any plants and
destroyed soils already enters a state where it
is impossible to implement oxidation or res-
piration reactions AH < 0. Under destruction
of the balance of CO, binding (photosynthe-
sis reaction) with its reverse emission during
respiration, the AS of such a system becomes
state with AS <0. Such system begins to be in
the state, where it cannot exist on its own (lost
ability to spontaneous chemical reactions)
without additional factors.

THE ECOLOGICAL OPEN SYSTEM IN
LAMINAR AND TURBULENT STATE. Now,
look at such an ecosystem in terms of the ther-
modynamics of open systems, in which the
changing of entropy is the main parameter. In
open systems, the changing of entropy (AS) is
a measure of chaos. They do have not a concept
of energy, but there is a concept of effective
energy (E ), which is a function of the distri-
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bution of physical chaos. Analytically, this is an
effective Hamiltonian (H_):

Heff = —Inf, . (4)

However, when changing the control pa-
rameter of the system, this function is not pre-
served in most cases [9, 12]. Therefore, to use
the entropy difference AS = S-S, to estimate
the degree of the chaos at the system, it is nece-
ssary to replace the functions f, S with nor-
malized or renormalized functions [8, 9]. Con-
sider a simple two-component system in which
the state of complete physical chaos coincides
with the equilibrium state (in the thermody-
namics of ecological systems, this state consid-
ered as the death of such a system). Then in a
two-component system (temperature and con-
centration of CO, (vapor pressure)) renorma-
lization is carried out exclusively by changing
the temperature:

f Heff]TO)(X,a = ao)dx =
= fHefffl(X,a = al)dx. (5)

In the case of the correct choice of equilib-
rium, f(a) > T, that is, to maintain states in
which a = a , the system needs additional heat.
When using the Gibbs distribution for the
renormalized function E for the Boltzmann
equation transforms to:

eff(T) Heff(x)
kT

fo(0) = exp (6)
the Boltzmann - Gibbs - Shannon entropy
equation [8, 9] already includes two renorma-
lizable functions ie this state is non-equilib-
rium:

So=—Jn(F,00)Fo00dx. @)

https://ucj.org.ua

As the number of variable parameters in-
creases, the deviation from this state should
increase, but only under conditions if H ; is
constant. It is the case when dynamic instabil-
ity and exponential trajectory divergence un-
der conditions of uncontrolled external influ-
ences allow trajectories to mix in phase space.
It means the formation of the conditions for a
“continuous medium". Such media is the back-
ground for aligning parameters at infinitesimal
scales. So, AS will be defined as:

1= (i

T(a) > 1.

%_S f1(x)

)fl(x)dx >0, (8)

It is a formal description of the effect of tem-
perature on the increase in the entropy of the
system and testifies the low informativeness of
the Boltzmann H-theorem [17] without tak-
ing into account the direction of components'
movement of the system and its ability to create
of certain internal structures [10]. To describe
these phenomena, concepts of the degradation
and self-organization are used. They based on
the possibility of normalizing chaos with the
S-theorem [8, 9]. In many cases, the degree
of the chaos of the ecological system does not
provide an answer about its state (degradation
or self-organization). Because the capability
to live in ecological systems does not base on
the thermal equilibrium. It bases on the abi-
lity to fluctuate near a state with a certain de-
gree of chaos. Therefore, the degree of chaos
is a necessary factor, but not sufficient [8-12,
18]. In this case, it proposes to use additional
parameters, namely the direction of move-
ment and the type of movement The paper [8]
presents rather interesting calculations of the
degree of chaos in water under turbulent and
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laminar flow conditions. Calculations indicate
the appearance of the new structures of water
(Bernall — Fowler cells) in the turbulent flow
[19]. Such structures significantly decrease the
entropy in turbulent flow relatively to laminar
flow. It means, that turbulence is a factor that
forms new structures in the "continuous me-
dia" and decreases the full entropy of system.
Why? If the laminar flow is selected as a level
of physical chaos, the role of effective Hamil-
tonian plays the middle kinetic energy of the
laminar flow. According to Boltzmann law, to
tulfilling the equilibrium between kinetic ener-
gies of laminar and turbulence flows, the lami-
nar flow must be "heated”, i.0. that flow needs
an energy dotation.
kBTlam = kBTturb + %((5‘“)2) > kBTturb :
(9)
In this case, the temperature difference de-
termined as a sum of squared diagonals of the
Reynolds stress tensor. However, the Reynolds

L84
Balance
50 -5
—51 =50

Disbalance . / )
grad COy

* | S, —0
1Y

stresses have collective degrees of freedom,
and part of the laminar flow is replaced by col-
lective degrees of freedom in the transition to
turbulent:

T(Slam Sturb)

So, by increasing the degree of the turbu-
lence system loses entropy and changes the de-
gree of chaos.

From another hand, changing the proper-
ties of one "continuous media” forms the new
"continuous media" with lower entropy asin the
nonequilibrium second genus phase transfor-
mation. It means that such a system generates
gradients of energy and mass transfers (fig. 1).
In this case, we can't use only thermodynam-
ics parameters due to the formation of kine-
tics components. That is why, for saving the
thermodynamics conditions, it is necessary to
change the gradients into tensors for a linear
multicomponent algebraic object in a vector
space of finite dimension.

((6u) y=>0. (10)

Natural balance
emission 0 during breathing
CO, binding

.__\l

Disbalance Disbalance
grad o0 - g
z emission COy during breathing

emission CO, from seil

CO binding grad €O, l

Fig.1. Scheme of turbulent flows impact after burning on the formation of entropy decrease gradients

for ecological system.
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Taking into account the presence of the sum
of squared diagonals of the Reynolds stress ten-
sor, in this case, there may generate a new sys-
tem of coordinates that can have counter ten-
sors. The presence of such tensor, according to
Einstein's rule, increases the distance of impact.
From another hand, the counter tensor in equa-
tion 8, should reduce entropy to the side of the
zero value (fig.1 a). So, the system loses chaos
and moves to the side of an equilibrium state.

At the same time, increasing the distance of
impact raises the probability of the formation
zone with low entropy located outside the re-
gion where there were turbulent phenomena.
Thus, the presence of only one territory with
direct fluxes of chemical compounds (in our
case — carbon dioxide) leads to environmental
consequences, which form a region with mi-
nimal entropy ( the region without the capabi-

lity to recover by itself). So, the level of entropy
loss is the factor assigning the level of destroy
the ecological system.

THE MODEL OF THE REGION DURING
AND AFTER WARFARE. Now let's look at the
sustainable state model of any region (fig. 2).
This state is formed by the equiprobable over-
lap of the three components (ecology, econo-
my, and social sector) [20]. Such overlap can
take place only in the case of the spherical sym-
metry of these components. In this case, a cer-
tain area is formed with a uniform overlap of
these states (Tablel, fig. 2, a).Violation of such
symmetry in the basic ecological system leads
to the destruction of the model of sustainable
development in the region with warfare. And
also sharply increases the likelihood of viola-
tion of the such development in neighboring
regions (fig. 2, b).

Social sector Economics Ecology
Ecnluﬁ;f__..-*"' — ﬂ“'_'& )
-, /f. ' A .
SOCI;}HﬁE‘tﬂI‘ Y Ecology ™,
e -~
- i Vi e E |
i Ecology ——% @ 7= © o
Ecology COlDEY e - -
| e Economics
War impt on ecology \ ,’
- A s S, 0
_ H I
P — . ___._..--"' - :
|, Rising of factors quantity 5y=8y
] Ecology /
Sp-5, —0
. Ecology om=
%
b -
Social sector o
— Economics

Fig. 2. Scheme of changing the model of sustainable state of the region under warfare, taking into ac-

count two and four factors of influence.
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What happens to the environmental com-
ponent of such a system in the presence of
only fires due to hostilities. It leads to the loss
of spherical symmetry of the ecological base
and the appearance of areas with low entro-
py All this leads to a loss of the possibility of
forming any stable zone (Fig. 2, b). With in-
creasing the number of factors (such as nit-
rogen compounds or other toxic chemicals),
there is a high probability of additional zones
with even lower entropy values formation.
In this case, another "steady-state” area is
formed. And this region has no the own abil-
ity to function (fig. 2, ¢). Moreover, with the
increase in the number of influencing factors,
especially in large areas, the probability of loss
and narrowing of regions with a stable state
in neighboring regions increases sharply. All
these factors make it impossible to implement
the model of sustainable development not
only in regions with war but also in neighbor-
ing regions.

CONCLUSIONS. The physical sense of the
“negentropy” as the direction of spontaneous
transformation in the ecological system is dis-
cribed. Using the changing of entropy (AS)
as a measure of chaos was shown that level of
entropy decreasing correlated with the level of
the ecological system destruction. By imple-
mentation of the Reynolds stress tensor and
collective degrees of freedom, the model of de-
creasing entropy in turbulence flow was pro-
posed. The phenomenological model for the
description impact of warfare on the sustaina-
bility of regions was received using the change
of entropy after burning plants and soils. The
destruction of the region's sustainable deve-
lopment was described use the spherical sym-
metry of the components in the sustainable
development model and its violation.
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Briius BiiiHM B OBHOMY perioHi Ha iHmii pe-
rioHu OyJI0 IOKa3aHO 3a HOIOMOT0I0 6a30BUX
dyHaMEHTaIbHIX 3aKOHIB TepMOAVHAMIKM
Ta TeHJeHLi/l 3HVDKeHHA eHTpomnii. PiznyHnii
3MICT HETEHTPOIIil Ha OCHOBI XiMi4HOI TEpPMO-
AVHAMIiKy 6y/I0 ONMCAHO K HAIPsIM CIIOHTaH-
HOI'O IEPETBOPEHHA B €KOJIOTIYHiNl CUCTEMi.
BuxopucroByoun fAK OCHOBHUMII IIapameTp
BeIMYMHY 3MiHU €HTPOIII 32 HEKOHTPOJIbO-
BaHOI [il Ha 3HMUIIEHHA POCAMH 1 IPYHTIB,
OTPUMAHO piBHAHHA Ta (PeHOMEHOJIOTiYHa
MOJIENb [/ ONNCY BIUIUBY 60JI0BMX [iil Ha
€KOJIOTIYHY YacTUHY perioHy. BigmoigHo 1o
LIi€l Mofie/li cucTeMa, B AKil HEMa€ POCIUH i
BCi I'PYHTU 3pyMHOBAHO, BXX€ IEPEXONUTDH y
CTaH, KOIM HEMOX/IMBO pealisyBaT peak-
il okucnenus AH <0 i peakuil porocunresy
AS <O. Taka cucrema 6e3 30BHIIIHIX JOZATKO-
BUX (aKkTOpiB He Moxe icHyBaru. HasaBHicTD
30HM 3 TYpOY/IEHTHMMM IIOTOKAaMU Jy>XKe IIifi-
BUIIIY€E CXWIbHICTh YTBOPEHH:A CTaHIB i3 MeH-
LI0I0 EHTPOIII€I0, HDK EHTPOIliA B KPUTUYHO-
My craHi. [Ipu 36inbienHi KinbkocTi dakro-
piB (HampuK/Iaf, BUJIEHHA CIONYK a30Ty ab0
iHIIMX TOKCMYHMX XiMiYHUX PEYOBMH) iCHYE
BJUICOKA VIMOBIPHICTb IIOABM [JOAATKOBMX 30H
31 Ije HYDKYMMM 3HAYeHHAMM eHTportil. 36i/1b-
LIYETHCA 1€ OffHA «IIOCTiliHa» 30Ha 3 BiJCyT-
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HICTIO MO>K/IMBOCTI BJTaCHOTO (PYHKI[iOHyBaH-
HA. PopMyBaHHA i€l 30HM OyAe pO3TaIIOBY-
BaTJCS 32 MEXaMJM peTioHy, je BigOyBammcs
TypOy/IeHTHi ABMINA 3a PaxyHOK yTBOPEHHH
CIIPSIMOBAaHMX ITOTOKIB pe4oBMH. 3i 30i/1bIeH-
HSM KiZTbKOCTi (aKTOpiB BIUIMBY, OCOOIMBO
Ha BENMKUX TEPUTOPIAX, Pi3KO 3pOCTa€ IMO-
BipHICTb 3By>KEHHsI Ta IOBHOI BTPaTy CTA0i/Ib-
HOTO CTaHy TEPUTOPIiN y CYCiIHIX perioHax.

KirouoBi cnmoBa: HereHTpoIIis, BiliHA, CTill-
KiCTb, TEPMOJMHAMIKA, BIJKPUTA CUCTEMA, [O-
BKiJI/IA.
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