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Ha ocHOBI pe3ynbTartiB CHiIBHUX JOCIIHKCHb, BAKOHAHUX Y BIJUIUI XiMil KOMIZICKCHHX CITOJYK
[HctuTyTy 3aranpHoi Ta Heopraniynoi ximii iM. B. I. Bepuaacekoro HAH Ykpainu Ta Bimaini
Ximil (QYHKI[IOHATBHUX TETePOUUKIIYHUX cUcTeM IHCcTuTyTy opraniynoi ximii HAH VYkpainum,
JIeTalbHO MPOAHai30BaHO BIUIMB KOHKYPEHTHOI KOOpIWHAILii, TAyTOMEPHHUX (OPM JiraHmis,
YMOB CHHTE3Y Ta NPUPOAU METaly Ha mepedir peakiiii KOMIUIEKCOYTBOpEHHs (DyHKIIOHATIBHO
3amimeHnx TioaminiB 3 ionamu 30- Ta 4d-meTaniB Ta OymoBY MOHO-, Oi- Ta MOJisACPHHX

KOMILJIEKCIB.

KnmwuyosBi

C J1 O B a: TioaMiZHi KOMITJIEKCH, KOHKYPEHTHa KOOPAHHAIIiS, TAyTOMEpis,

cTepeoizomMepis, i3oMopdHa MoubiKaIlis, BHYTPIIIHBOMOJISKYJISIPHA ITUKITi3aIlis.

BCTYII.  Po3po0neHHS MiAXOIiB  JIO
[IJIECTIPSIMOBAHOTO  CHHTE3Y CIIOJIYK 3a/1aHoi

OyZOBM 1 BIIACTUBOCTEH s  OTPUMAHHSA
Cy4acCHMX (G yHKIIOHATTbHUX MmarepiaiiB
(onTHYHO aKTHUBHUX, HaITiBIIPOBITHHKIB,

KaTajgi3aTopiB TOIIO) 1 OlOJIOTIYHO AKTHUBHUX
pPEUOBHH € OJHHM 13 OCHOBHHX 3aBJIaHb
KoopauHaiiitHoi ~ Ximii.  OcTaHHE, CBO€IO
4Yeproro, NMoTpedye MOCTIMHHOTO Ta JETaIHHOTO
BUBYEHHS (YyHIAAMEHTAIbHUX OCHOB Hepediry
peakuiii KOMIUIEKCOYTBOPEHHsI, (DakTopiB, IO
BIUIMBAIOTh HAa YTBOPEHHS MOHO-, Oi- Ta
MOJISAEPHAX METAIOKOMIUIEKCHUX CIOJYK Ta
KoopauHaliiHux  mnomimepiB. Ilpm  mpomy
3HaYHy  yBary  TNPUAUISIOTE  BHBUYCHHIO
0cO0IMBOCTEH  KOOpAMHAINT  MOJiIEHTaTHUX
opraniuaux JrHagie 3  O,N,S-moHOopHUMH
HEHTpaMH  pPi3HUX  (YHKLUIOHATBHUX TPy,
BCTAQHOBJIEHHIO TPUPOJU XIMIYHOTO 3B'A3KY,
TayTromepii/izomepii JraHziB y
KOOpJAWHAIIMHUX  CHOJyKaX,  130MOp¢HUX

Mo audikarii KOMIUICKCIB Ta iXHIX
cTepeoizomepii, BHU3HAYEHHIO E€JIEKTPOHHOTO
BILIUBY Ta OynoBH 3aMICHUKIB

noipyHKIIOHABHUX MOJEKYJd JHTraHIiB Ha
cKJiaz, OymoBy Ta (Di3WKO-XIMIYHI BJIACTHBOCTI
BIJIMOBIIHUX MeETAJIOKOMIUIEKCIB [1]. 3Haroum
CTPYKTYpHI OCOOJMBOCTI JIraHfiB Ta IXHIO
KOMILJIEKCOYTBOPIOIOYY €()EeKTUBHICTh, MOXHa
HUIIXOM M100PY BIANOBIAHOI IPUPOJIU METAITY-
KOMILJIEKCOYTBOPIOBaUa CHPOEKTYBAaTH HOBHM
KOMIUIEKC 13 3aJaHUMH BJIACTUBOCTSAMH, IIIO
HEOOX1/IH1 17151 pO3pOOIICHHS eeKTPO-ONTHYHUX
npuiagiB [2, 3], kaTtami3aTopiB OpraHiuHUX

peaxiriit [4-11], MaTepialiB
EJIEKTPOTIOMIHICIIEHTHUX JIO/TIB [12],
MPOTUITYXJIMHHUX areHTIB [13-16],

aHTHOaKTepiadbHUX mpemnaparis [17-19] tomo.
Takuii miaxig A03BOJISIE€ CIPOTHO3YBAaTH pi3HI
CTPYKTYpHI MOTHUBH Ta 3a0e3ledye peanizaliio
(bYyHKIII0HAJIbHO-OPIEHTOBAHOTO cUHTE3Yy. Kpim
IIOTO, BCTaHOBJICHHS 3aKOHOMIPHOCTEH
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nepeodiry peaxiiit KOMIUIEKCOYTBOPEHHS
MepexilHuX  MeTajaiB 3  aMOiICHTaTHUMH
OpPraHiYHMMHU  JIITAHJAMH  CIOpHUS€  OUIBII

MIMOOKOMY  PO3YMIHHIO TPHUPOAHM Oaratbox
METAa0OJIYHUX MPOIECiB, M0 NPOTIKAIOTh Y
KUBHX OpraHi3Max 3a YydYacTi0 CH3UMIB 1
NpOTeiHIB, SIKI MICTSITh Y CBOEMY AKTHBHOMY
LEHTPi 10HU Fe*, Co®™3*, Ni?*, Cu®, Zn®" ta in.
[20-23]. BaxxsiBe 3Ha4YCHHS Taki JDOCIHIHKEHHS
MalTh I8 (GapMareBTUYHOT XiMii, OCKIJIBKH
METAJIOBMICHI ~ €H3MMH Ta  NPOTETHH €
010JI0T1YHUMH MIIICHSIMH, K1 BUKOPUCTOBYIOTh
y Iu3aiiHi HOBUX JIIKApCHKUX MpemnapaTiB [24—
27].  llepcriektuBHMMH 00 ’€KTamMH IS
pO3po0IIeHHsT HOBHX (hapMaleBTUYHUX 3aC00iB
€ KOMIUICKCHI CIOJYKH IUIATUHOBUX METalliB
(Ru*, Rh*, Pd**, Pt?") 3 yHkmioHatBHO

3aMIIICHUMHU  TioaMiJlaMH, SIKI TPOSBISIOTH
BHCOKY (hapMaKoJIoTigHy aKTUBHICTh
(TpoTUTIYXJTHHHY, NPOTHBIPYCHY,

OPOTHUMIKpOOHY, MPOTUTPHOKOBY TOIIO) [28—
33]. Cepen yHKIIIOHATI30BAHUX TiOAMIIIB, 1110
YTBOPIOIOTH ~ CTiKI ~ OIOJIOTIYHO  aKTHBHI
KOMIUIEKCHI CHOJMYKH 3 10HaMU IUJIaTHHOBUX
METAaB, CITT BII3HAYUTH 3aMIIIEH]
tioceuoBuHU (TC) Ta Tiocemukapbazonu (TCK)
i3 N,S- i O,N,S- Hyki1eopiTbHUMU [IEHTPAMH,
TeOMETpisl PO3TAIIyBaHHS SIKUX, EJIEKTPOHHA
KOH(Irypaiisi Merany Ta 3MiHa YMOB CHHTE3Yy
n03Bosisie  (pOpMYBaTH Ppi3HI 3a CTPYKTYPOIO
kommiekcn  [25, 34, 35]. Ha ocHoBIi
KOOPJIUHAIIHUX CIONYK IUX JIraHiB 3 10HAMH
Pt(11), Pd(Il), Ru(ll), Rh(ll) i Ir(ll) orpumano
HU3KY aKTUBHUX MPOTUITYXJIWHHHX arcHTIB Ta
M0Ka3aHo, IO IXHS aHTUMpoJidepaTUBHA Iis
3HaYHO nepeBepIIye aKTUBHICTh SIK
BIJIMOBIAHUX BUXIIHUX HEOPTraHIYHHUX COJEH,
Tak 1 BIIbHMX JIITaH/IB.

TakuM YUHOM, OJHUM 13 MPIOPUTETHHUX
3aBlaHb Cy4YacHOi KOOpJAWHAINHOI XiMii €
NpOBEICHHS  (PYHKIIOHAJIBHO-OPIEHTOBAHOTO
CHHTE3Y  METAJIOKOMIUICKCIB 13  I[IHHUMH
BIIACTHBOCTSMU Ta BU3HA4YEHHS (AKTOPIB, IO

BIUIMBAIOTh HAa YTBOPEHHS MOHO-, 0i- Ta
NOJISICPHUX  KOOPAMHAIIMHUX crnoiyk. [lpu
[bOMY 3HAUHY yBary MPUALISIOTH
KOHKYpPEHTHIH KOOpJAMHAILII JIiraHmais, ToOTO
3IATHOCTI iX B3aEMOJMIATH 3 10HAMHU METAaJliB
PI3HUMHU HYKJI€0(P1IbHUMHA LIEHTPaMH.
KoHkypeHTHa KOOpAMHAINS TICHO NOB’s3aHa 3
TakKUMHU (yHIAMEHTAJILHUMH acIleKTaMu XiMmii,
SIK: BCTAHOBJICHHS TIPUPOAM XIMIYHOTO 3B'A3KY;
TayToMmepii/izomepii JraHgiB y
KOOpJAWHAIIIMHUX  CIIOJNyKaX;  BU3HAYCHHS
CIIEKTPOHHOTO BILUIUBY Ta OynoBu
o yHKIIOHATBHUX ~ 3aMICHUKIB ~ MOJICKYII
JraHqiB Ha cKjaja, OynoBy Ta (i3HKO-XIMIYHI
BJIACTHBOCTI BiJIIOBITHUX METAJIOKOMILIICKCIB.
CamMe TOMy B MepIlii YacTHHI LIBOTO
AQHATITAYHOMY  OTJISIYy  PO3TJISTHYTO — POJIb
IPUPOIU (b yHKITIOHATIBHO 3aMIIEHUX
TIOCEYOBUH 1 TioceMuKapOa3oHiB (TayTromepii,
130Mepii, 3J1aTHOCTI 1o
BHYTPIIITHLOMOJICKYJISIPHOTO ~ TIEPerpyIyBaHHS
TOIIO) Ta psAay O-meraniB Ha mepedir peaxiiit

KOMIUICKCOYTBOPEHHS, [0  BAXKJIMBO  JUIA
po3pobneHHss  (PYHKIIIOHAIBHO-OPIEHTOBAHOTO
CHUHTE3Y PI3HOTHITHUX KOMILJIEKCIB,
MEPCTIEKTUBHUX TUIS MPAKTUIHOTO
3aCTOCYBaHHS B aHAMTHYHIN Ximil (s
BU3HAUEHHS, BUJIYYCHHS Ta  PO3IUICHHS
MJIATHHOBUX  METaliB) Ta MEIUIMHI (5K

eQeKTHBHI CyOCTpaTu 3 NPOTUIYXJIMHHOIO Ta
AHTUMETACTaTUYHOIO JIET0).

Bnaue  maymomepii  mpudenmamuux
mioamioise Ha nepebie peaxyiti
KOMNJIEKCOYMBOPEHHS. ma 0y008y

KOOPOUHAYIUHUX CHOTIYK.

Hns N,S- ta O,N,S-BMiCHUX TOXIJIHHX
TI0aMiJIiB XapaKkTepHa TiIOH-TIOJIbHA TayTOMepisl.
3anexxHo Binm Moaudikamii 3aMiCHUKAa BOHH
MOXKYTh MOEIHYBATH B cO0i (B pO3YMHAX) TiOH-
TIOJIBHY Ta  aMmilo-IMiIOJBHY  TayTomepii
BOJHOYAC, IO BU3HAYa€ iXHIO B3aEMOJIIO 3
10HAMU TIEPEXiTHUX METaJIB y POJIi OJTHO-, TBO-
Ta 0araToOCHOBHUX KHUCIOT (puc. ).
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Puc. 1. TayromepHi popmu 3amMinieHnx TioamiaiB: a, 6 — TIOH-TiONbHA, 6 — 3MilIaHa Gopma: TioH-
TIOJbHA TA aMifO-IMI0JIbHA
Fig.1. Tautomeric forms of substituted thioamides: a, b — thion-thiol, ¢ — mixed form: thion-thiol and

amido-imidol.
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Puc. 2. YrBopenns kommiexcis Ru(III), Rh(111) i Pd(11) va ocuosi H,L*
Fig. 2. Formation of Ru(l11), Rh(IIl) and Pd(Il) complexes based on H,L*
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Sk HACHIIOK, 3MIHIOIOYM YMOBH CHHTE3Y
KOMIUIEKCIB, MOXHA BIUIMBATH Ha 3MIIICHHS
TayTOMEpHOI piBHOBarm B OIK JOMIHYBaHHS
onHiei 3 TayroMepHUX (OpM 1, TUM CaMHM,

[iJIECTIPSIMOBAHO KepyBaTu CHUHTE30M
KOMIUIEKCIB BIJIIIOBITHOTO TUITY 3
MIPOTHO30BAHUM MicIeM JoKaizamii
KOOPJMHAIIIITHOTO 3B'SI3KY.

BcranoBieno, mo s peamizamii B

KOMIUIEKCaX TIOHHOI (JOpMHU TioaMiJliB peaxitii
cIIij MIPOBOUTH B KHCIIOMY abo
cllabKOKHCIOMY cepenoBuiii. [Ipy oMy BOHU
B3a€MOJIIIOTH 3 I0HAMHU METAIIB Y MOJICKYIISAPHIii
dopmi abo y ¢opmi OAHOOCHOBHOI KHUCIOTH,
YTBOPIOIOYHN (3QJIKHO BiJl IXHBOI JEHTATHOCTI,
CHIBBIJHOIICHHS  BUXIAHUX  pEareHTIB  Ta
KOOP/MHAIIIHOT €MHOCTI METaJiB) KOMILICKCH
MEPEeBAXHO KAaTiOHHOTO a00 MOJEKYJISPHOTO
tuny. Tak, B3aemois coneit RUCl3 Ta RhCl3 3
JBOKPATHUM HAJUIMIIKOM TpuaeHTatHoro N-
anin-2-(2-rigpokcu-

OeH3MIIIIeH )T1Apa3suHKapOoTIoaMiTy (H,LY y
KHCIOMY  BOJHO-ETaHOJILHOMY  CEpeIOBHIII
NPU3BOJUTH JI0 YTBOPEHHS KOOPAMHAIIMHUX
cnonyk (KC) xarionHoro tumy 1, 2 13
30BHIIIHBOC(EPHUM pO3TALTYBAaHHIM XJIOPHUI-
aniona (puc. 2). Peakuis HoL' 3 iomamu Pd®*
(KoopAMHALIIfHE YHCIIO KOO He nepeBuurye 4)
npu pH=2.0-2.5 Ta M:L=1:1 mnporikae 3
YTBOPEHHSIM KOMIUIEKCY 3 MOJEKYJISpPHOTO
tumy [36].

CnaOkonyXHE  CEpelloBHILE  CIpHsE
3MIILIEHHIO PIBHOBAru B 01K YTBOPEHHSI T10JIbHOL
TayTOMEpHOI (POpPMH TiOaMiJliB, 110 3YMOBIIIOE
iXHIO B3a€MOJII0 3 ioHaAMHM MeTaliB y Qopmi

JBOOCHOBHOI KHCIJIOTH, W10, CBO€I YEProo,
OPU3BOJUTH JI0 YTBOPEHHA (3aJISKHO Bij
cTexiomMeTpii BUXIIHHUX KOMITOHEHTIB)
KOMIIJIEKCHUX CIIOJIYK, NIEPEBAKHO

MOJIEKYJSIpHOTO a00 aHioHHOro THmy. Tak,
Bsaemomis HoL' 3 jomamm Ru** Ta Rh*
npu3BoaAuTh 10 popmyBanua KC 4, 5 anioHHOTO
XapaKkTepy i3 30BHIITHEOC(EPHUM

postamyBaHHaM Kationa K’ i3 cepemosumia
cuntesy (puc. 2). llenTpasbHUi 10H MeTally B
X KomIuiekcax (opmye momienp y Qopmi
BUKPUBIIEHOTO OKTaeapa, L0 € XapaKTepHUM
qurst ionis Ru** ta Rh* [36].

Yy OJIM3BbKOMY bi (o)
CEepeloBUINI B PO3YMHI ICHYIOTH OOHJBI
TayToMepHi  ¢GoOpMH  TioamifiB, IO TpH
cuniBBimHomeHHi M:L=1:2 mnpusBomuTh 0
YTBOPEHHS MOJIEKYJISIPHUX KOMILIEKCIB 6 13
PI3HOTUIIHOIO KOOPJAMHAIIEI0 JBOX MOJEKYI
JiraHqiB BOJHOYAC SK Yy TIOHHIM, Tak 1 Yy
TiONBHIHM TayToMepHii hopmi [36].

PosramryBanHs pi3HuX (3rigHO  Teopii
JKMKO) nonopaux rerepoatomiB O,N,S y
CTEpUYHO BUTIIHOMY JJSi XEJIaTOyTBOPEHHSA
MONOXKEHHI  pobuTh Tiocemukap6ason HalL!
VHIBEpPCATbHUM [IJIs BUBYEHHS KOHKYPEHTHOI
KoopauHaIii 1 g0 ioHIB iHmmx d-meTasiB.
Bzaemonis iioro 3 ioHamMu Fe3+, Co?** Ni** 1a
Zn**  (y = KHCIOMYy ~ CepeloBWIN  Ta
CIIBBIIHOIIECHH] M:L=1:2) OUIKYBaHO
NPHU3BOJUTH JIO YTBOPEHHS 130CTPYKTYpPHHUX
KOMIUIEKCIB ~ 7-9  KaTioHHOro  TuUmy 3
OKTaeJIpUYHOI0 TEOMETpPIE0  ToJjieapa Ta
tpuaentatHoro O,N,S-koopAuHaIi€l0 MOIEKYT
KapOoTioaMigy B MOHOJIETIPOTOHOBAHIHM TIOHHIM
TayTOMEpHIi (opmi 3 peanizaiiero M’sSTH- Ta
MIECTUWICHHUX XEJIATHUX METAJIOIUKIIB (pHC.
3) [37, 38].

Peak11isi KOMIJIEKCOYTBOPEHHSI 10HIB Co”*
B aepoOHUX  YMOBaxX  CYIPOBOKYETHCA
OKHCHEHHsM ix 10 C0>*, ockinbkn cHibHA o-
JIOHOpHA 3JaTHICTh IHOTO JITaHIy CTadlIizye
BUCOKI CTYyIIE€H1 OKUCHEHHS METAJIiB.

Ha Bigminy Bin KC 7-9, xommneke Zn(Il)
10 HaneXuTh 10 MOJEKYISIPHOTO THUIY 3
aHaJIOTIYHOIO OKTaePUIHOIO dbopmoro
nojlieZjpa Ta KOOPAHMHALIIEID JBOX MOJEKYI
TioceMHKapOa3oHy B TIOHHIH TayTOMEpHIH
dopmi [39].

Crnig BII3HAYUTH OCOONHBICTE OyHOBH
komruiekcy Hikento(Il), B skomy (Ha BiMiHY Bij

HEUTPAJILHOTO
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7, 8, 10) onHa Monekya H,L! KOOPJAMHOBAHA SIK
MOHOAQHIOH, a Jpyra — B MOJICKYJIApHIA dhopmi,
II0 3YMOBIIOE HAsBHICTh HITpaT-ioHa B
30BHIIIHIN cdepi koMmIuiekcy. B kpucTamiuHii
CTPYKTYpi MOJEKYIU KOMILIEKCY YTBOPIOIOTH
MaKpOILMKIIYHI JUMEpH, SKI 3’€IHaHI MK
coboro cucreMoro BomueBux 3B sa3kiB N-H...O,
O-H...O (puc. 4, a, 6) [38].

Taka KoopauHALiS TBOX MOJIEKYJ JiraH1y

dbopMax MOXKe YCKIAIHUTH abo 3poduTu
HEMOXIIMBUM  TPaBWIBHY  IHTEPIpETAIlilo
OynoBH TOMIOHMX CIONYK 0Oe3 3acTOCYBaHHS
PEHTICHOCTPYKTypHOTO  aHamizy. OpmHak y
JNCSIKUX  BUMAIKaX, HaBiTh 32  TOYHO
BCTAHOBJICHOI ~ CTPYKTYpH €  MOXKIHUBOIO
HEIpaBUJIbHA IHTEepIpeTalis CTYIIEHS
OKHCHEHHS IIEHTPAJIBHOTO aTOMa.

Ile moB’s3aHO 31 CKJIAJIHICTIO BHSIBJICHHS

BOJIHOYAC y MPOTOHOBAHIN Ta JEMPOTOHOBaHIM TMpoToHa Ha QyHKIIoHANBHIA Tpymi (OH
— H 7
g’:l-'l_-—/fb\,; NOs 4 CoNOy), 6H,0 HN%% 0}"‘*-./
S AN A, S > N
NN HCL, BIOF “N\N_,-q;.rwi .
M2, t [Fe(HL:INO; () ¢
an)u” /‘{ \[NH
TSy N NH o~ (N {
I i N R S )
\"";Q"OH 1/ /
H,L! [Co(HLN,]C1 (8)
+ Zn(CH,CO0), L]TJ 2, i
‘ ¢ YN NHA
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Puc. 3. YrBopenns Gicriranganx kommiekcis Fe(IIT), Co(IIT), Ni(II) i Zn(II) va ocxosi HoL"
Fig. 3. Formation of Fe(I11), Co(lll), Ni(ll) and Zn(11) bisligand complexes based on H,L"
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Puc. 4. Acumerpuuna oauuit (a) ta hparment aumepusaiiii (6) komrutexcy Ni(I) 9
Fig. 4. Asymmetric unit (a) and fragment of dimerization (b) of Ni(Il) complex 9
ISSN 2708-129X. YKP. XIM. XVYPH., 2022, 1. 88, No 2 89



DynoameHmanvui acnexmu KOOpOUHAitiHoL Ximii nepexioHux Memaris ...

abo SH) monexkynu niranay 3 HaboOpy AaHUX
PEHTIEHIBCHKOTO EKCIIEPUMEHTY, OCOOIHMBO B
TOMY BHUIIJIKy, KOJIH KpUCTajJ OyB HE JOCTATHHO
skichuMm i npoBeneHHs PCA  [40]. 1lo6
3anmo0irTd 1bOMY, CIiJl 3BEpTaTH yBary Ha
HE3BUYAKHI CTYNEHI OKHCHEHHS LIEHTPAJIbHOTO
aToMa, OTPUMAHOTO EMITIpUYHO 3
PEHTIEHOCTPYKTYPHOTO EKCIIEpUMEHTY. SIKIIo
npucytHst OH-rpyna, To BoHa Mae OyTH 3afisiHa
B YTBOPEHHI BOJHEBOTO 3B'SI3KY 3 OyAb-SKUM
aTOMOM  aKIIeNTopa, WI0 MPU3BOAUTH [0
KOPOTKOT'O KOHTaKTy (3HAYHO MEHIIIOTO 338 CyMy
Ban-nep-BaanbcoBux paziyciB) Mi’k OKCUT€HOM
OH-rpynu ta aromom akuentopa (y LbOMY
BHUIIAJKy — II€ HASBHICTh KOPOTKHX KOHTAaKTiB
O™ _..0"®, 0N ...0%® 2.423 12 2.430 A mix
KOOPJAWHOBAaHUMHU aTOMaMH OKCHUTEHY

nep-BaanscoBux paxiycis O-O 3.04 A [41]). B
IHIIOMY BUNAQAKY JJIs BUPINICHHS IHOTO
OUTAHHS CIiJ 3acCTOCYBAaTW  albTepHATHBHI
METOAM JOCIHI/DKEHHS SIK JUIS IiJTBEPIKEHHS
CTYIICHSI OKHCHEHHS IICHTPAIBHOTO aToMa, TaK i
JUIS ~ BCTAaHOBJIGHHS  TPOTOHOBAaHOI  YH
JETIPOTOHOBAHOI (OPMHU MOJEKYIH JIraHmy.
Hnsa  mporo  HaWOULIBII  1HQOPMATUBHUM
BUJAETHCS METOA PEHTI€HO(POTOETEKTPOHHOI
cnektpockorii (POC), va ocHoBi sikoro mist KC
1, 4, 7-9 BCTaHOBIEHO BAJICHTHICTH METaNy 3
BU3HaueHHs eHeprii 3B’ 3Ky (Es;) enexTponHux
HepGXOl[iB RU3d5/2, F92p3/2, C02p3/2 Ta Ni2p3/2
(puc. 5 a, Tabn. 1). PesynpraT mMoKasaiu, IO
E; 7099, 780.1, 854.0 Ta 2813 eB
BIJIMIOBIJAIOTh CTYINEHIO OKHCHEHHs +3  Juis
ioHiB (epyMy, KoOaIbTy Ta pyTeHiro 1 +2 s

(eHOKCUIIBHUX s1ep, 10 MeHIIe 3a cymy Ban-  ioHIB HIKEIO. Oxkpim ILOT0,
‘IOOO-l I 854.0 l CI
780.1 7004 ’ 14001 2813
800 . 6004 \1: H 12001
CO 2p‘;/2 N] 2p3/2 1 \ Ru 3d5/2
5004 10001
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400+ 8001
4004 \ 300 6001
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» 1009  jadaie = o
EeB Ee8 01 E.eB

0 T T T
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"E,eB

0+— - v v T T
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Puc. 5. Enepris 38’s13Ky eeKTpOHHHX epexoaiB C02Ps,, Ni2ps,, Ru3ds;, (a) Ta N1s (6) y POC KC 8, 9, 1
Fig. 5. Binding energy of electronic transitions Co2psy,, Ni2ps, Ru3ds, (a) and N1s (b ) in XPS of
complexes 8
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Taommms 1
Table 1
3uauvenns eneprii 38’ 513Ky (E,,, eB) B KC 1, 4, 7-9
Binding energy data (Eyi,, €V) in complexes 1, 4, 7-9
Kowmmmre
KC M 2pz/ 3dsp2, N s, eB S2p,eB | Cl2p, eB
eB
Complex
400.2 (399.2, 399.9, 400.7);
7 709.9 (Fe2psy) 406.55. (404.7, 406.55) 162:90 -
8 780.1 (Co2ps) 400.4 (398.7, 400.0, 400.86) 162.85 197.5
. 400.0 (398.7, 399.9, 400.4); B
9 854 (Ni2psp) 406.84 (404.77, 406.84) 162.70
1 281.3 (Ru3ds) 400.2 (399.2, 399.8, 400.7)  162.80 197.9
4 2815 (Ru3dsp) 400.2 (399.0, 399.7, 400.4)  162.35 —

MeTtonoM POC MokHa BU3HAYUTH BHYTPIIIHBO-
Ta 30BHIIIHBOC(EPHE PO3TALIyBaHHS 1OHIB Yy
KOMIUICKCI, IO € aKTyaJIbHUM JUIS CIOIYK 7—9
Ta 1, 4.

Amnamiz  enekTpoHHHX mepexoniB  NI1s
BUSABHB Tpu ckiagoBi B POC cnonyk 7-9 ta 1,
4, sKi BiJMOBIIAIOTh TPHOM HECKBIBAJICHTHUM
aTOMaM HITPOTeHYy: MPOTOHOBAHUX TPYIl N'H,
N°H ta asomermnoBoro -N°= [42]. Oxpim
uporo, miHii N1s y KC 7, 9 maroTh n0oaaTkoBi
komnonentu 3 E,; 404.7/404.77, 406.55/406.84
eB (Tabu. 1), SIK1 BIIIIOB1JAIOTH
30BHIIIHBOC(EPHUM HiTpaT-aHioHaMm (puc. 5 0)
[37], mo 3Ha4yHO Binpi3HseThes Bin minHil N1S y
KC 8. B P®C KC 1 3mauenns E,;N1s 399.2;

Disolution in DMSO

399.8 eB BinnmoBialOTh MPOTOHOBAHUM aTOMaM
HITPOTeHY NH®2), I[Ipu 1pomy Oinblie
sHaueHHss E;; N1s  400.7 eB  3ymoBieHo
HAsIBHICTIO HITPOTEHY -NO= JIETTPOTOHOBAHOT
A30METHHOBOI TPYIH, SKOK TiOCEeMUKApOa30H
KoopauHoBaHuii 5o merairy. B POC KC 4
3a(hikcOBaHO 3pOCTaHHS IHTCHCHBHOCTI JIiHIi
mpu E;;N1s 400.2 eB Ta BignmoBigHUX
komnoneHt mnpu 399.7, 4004 eB, mp
3YMOBJIEHO 30UTBIIICHHSIM KUTBKOCTI
JENPOTOHOBAaHMUX  aTOMIB  HITPOreHy B
KOMIUIEKCI BHACIHIOK KOOpAMHALII Jiranay 1o
pYTEHI0 B TIOJNBHIA JAENPOTOHOBaHIM (opmi
[42, 43].

binsire Ttoro, BusHaueno E.;Cl2ps, B

SN NHoA

OH S

[Ni(H,L"Y(HLHINO;  (9)

; _
DMSO—Ni-——DPMSO  INO;
HO

/
i
o
H

\/\

[Ni(H,L")(HL"Y(DMS0),]NO;  (9-b)

Puc. 6. Moxinuse nepersopernst KC 9 npu pozuunensi B IMCO
Fig. 6. Possible way of complex 9 transformation under dissolution in DMSO
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Taomus 2
Table 2

XimiuHi 3cyBH (0, M.4.) B 'H SIMP KC 9
Chemical shifts (5, ppm) in ‘H NMR of complex 9

KOMILIEKC 9 ®0 | BiIHECEHHS
4.17 M, 4H -0.06 2C9H2(a||y|)
5.13-5.04 11, J 4rans=16.9 Ty, J i=10.3 'y, 4H -0.005 2C " Hagany
5.91-5.82 M, 2H -0.015 2C"H iy
6.84—6.77 M, 4H -0.05 2C** Han
7.18 1,1 =7.25 ', 2H -0.05 2CH py
7.91 n,J=7.7 I'n, 2H -0.06 2C°Hay
8.34 c,2H -0.06 2C'H
8.59 M, 2H -0.03 2N°'H
9.88¢c, 1H -0.04 OH
1144 c, 1H -0.04 N*H
N
Cl \7;0/% =0
/““"0\(;"“1S =\ (? ‘L/\ ? Polyhedron of
N N N Mgl Y If;{l iy — S
A N
" ”N-Njf\':;}.{ N cu, Nin o
[Cu(fTLHC (11) /D\ s~ NLH
+CuCly S N
[Zny(HL)(CH3CO0),] (12)
. ML=1:1,pH4 I+ zn(cH:C00),
(%N/ﬁ\ﬂ»m\/\ FNNO 6RO [ on ) (Nj
= S M:L=1:1, Ny — L
xtraction i W =N A~
: NN
[NiL'Py] (13)

Puc. 7. Komrutexcu Cu(ll), Zn(I1) i Ni(ll) y cniBBigsomenni M:L=1:1
Fig. 7. Cu(ll), Zn(11) and Ni(1l) complexes in molar ratio M:L = 1:1

KC 8 1 1, sxi cxkmagaroTts 197.5, 197.8 eB, mio
TakOX  CBIQYUTH NP0  30BHILIHBOC(EPHY
nokamizarnito a”ioniB ClI° (tabnm. 1) [37, 42].
Pazom 13 1mmMM nOOCHIIKEHHS CTaHy aToOMIB
Cynb(ypy BiAIrpaloTh TaKOX BaKIUBY pOJb Y
3’dcyBaHHI TayromepHoi ¢opmu niranay [42].
Byno BcTaHOBNEHO, 110 KOOpJAMHALIS TIOHHOI
dbopMu  kapOoTioaMily  CYHpPOBOJIKYETHCS
30utbmieHHAM E., S2p y cnektpax POC nHa
®E=0.5-0.9 eB, mo BuximnkaHo GpopmMyBaHHAM
3B’s3ky M<«—S. TioneHa (¢opma miranmy

92

MPU3BOAUTH 110 30unblIeHHS 3HaYeHHs ®F S2p
quie Ha 0.1-0.2 eB (tabm. 1).

Cnipg 3a3Ha4MTH, IO KOMIUIEKC 9 €
CTIMKMM B KpUCTaJiYHOMY CTaHl, OJHaK, Ha
BIIMIHY BIJ] MOMEPEAHIX, 3a3HA€ CTPYKTYPHHUX
sMiH mipu posuuHeHHi B JIMCO, BHachimok
YOr0 PO3YUH 3MIHIOE 3a0apBIIEHHS! Ha YEPBOHO-
KOPUYHEBUH  KOJIp, IO  OMOCEPEAKOBAHO
CBITYUTH MPO 3MIHY OyTOBU KOOpPIUHAIIIHOTO
noJjiiesipa 3 OKTaeJpUYHOTO B IUIOCKUI KBajaparT.
[Ipu upomy KC crae HHM3BKOCHIHOBHM, IO
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no3Botste gociauti crektp SMP 'H (a6 2).

He3nayni 3MiHM IIOJIOKEHHSI CHTHAJIIB
nporoHiB 'y cnektpi KC 9 'y po3umni
TUMETHIICYIb(OKCHAY BITHOCHO BitbHOTO H Lt
(Ad) BUKIIOUAE XENAaTHUM Crocid KOOpIUHALii

TioceMukapOa3oHy. [Tpu IOMY
CITIBBIJHOIIIEHHS IHTETpaIbHUX 3HAYEHb
intencuBHocTell mporonis N°H i OH
KOMIUICKCY 3 IHTETPAJbHUMH 3HAYCHHSIMH

CUTHAJIB IHIIUX MPOTOHIB KOMILJIEKCY CKJIaJae
1:2, mo MOXe CBITYUTH MPO 3HAXOKCHHS
ONHIET 3 MOJEKyl JiraHgy B TIONbHIN
TayTOMEpHiIH  ¢GopmMi 3  MOHOJCHTAaTHOIO
KoOopAuHAaIi€ew (puc. 6).

Bsaemogist Tiocemukapbasony HoL! sk
OIHOOCHOBHOI KicinoTH 3 ionamu Cu®’ ta Zn?*
y BOJIHO-€TaHOJILHOMY cepenoBuii npu pH = 4
Ta criBBimHOMmMEHHI M:L 1:1 Takox mpu3BOAHUTH
no O,N,S-xkoopauHaiii TIOHHOT TayTOMEpPHOL
¢dopmu niranay 3 yreopennsim KC 11, 12 (puc.
7). Hpu wpomy xommieke Cu(ll) €
i3octpyktypauM 10 KC 3 (puc. 2) 3 miacko-
KBaJ[paTHOO (HOPMOIO KOOPAMHAIIIIHOTO BY3JIa.

Cnig 3ayBaXuTH, IO 3[JaTHICTh 10HIB
UMHKY /0  TOJiHyKjJealli B  yMoBax
«KOOpAMHALIINHOTO JepiUTy» NpU B3aEMOIT 3
JIraHjaMy, IO MICTATh <(OKOPCTKI» JOHOPHI
LHEHTpH, crpusie (HopMyBaHHIO  OigaepHOi
cnoayku 12 13 KBagpaTHO-MipaMiJalbHOIO
¢opmoro koopauHamiiiHoro By3na (KB), B
SIKOMY JIBa 10HU METaJly 3B’s13aH1 M1k COOO0I0 o-
O ¢enoxcunpHOi rpynu kap6o-tioaminy [39].
[Ipu oMy OCTOB MipaMigu CKJIaJal0Th aTOMH
OONS TionHoi TayromepHoi ¢(opMu aBOX
momexkyn H,L', a Bepmmmy — arerar-amionu
BHXIJTHOT coJii MeTany [39].

B  eraHoibHO-MIPUAMHOBOMY  PO3UHHI
(TobTo B pO3YMHI  CWJIBHOI  OCHOBH),
TioceMukapOa3oH rmepedyBae B  TIOJNbHIN
TayTOMepHii Qopmi, mO A03BOISIE HOMY
BCTYIIATH B PEakKIlilo 3 10HAMU METaliB y poIii
JTBOOCHOBHOI KHCJIOTH. [Ipy 1IbOMY HasBHICTb
cupspkeHoi  cucremu  3B’s3kiB -CH=N-

N=C(SH)- migBumrye cuiy mojis Jirasuy,
CHpHsYM  (OPMYBAHHIO IUIOCKOKBAIPATHOT
reoMerpii ~ KOOpAMHALIKHOTO  By3la B
kommiekcax Cu(ll) Ta Ni(ll). Takuii BrmB
TayTOMEpHOI (hopMHU JiraHay HpPU3BOIAMUTH JI0
(GopmyBaHHST KOMIUIEKCY 13 i3 TPUICHTaTHOIO

O,N,S-koopauHariiero  JiraHgy Ta IJIacKO-
KBaJIpaTHOIO  OyJOBOK  KOOPAMHAIIHOTO
By3JIa.

Bzaemomis H,L! Ta 2-(2-

rizpokcubensuiiaeH)-N-deninarigpazuakooo-
Tioaminy H2L2, SKUWA  BIAPIZHAETBCA  BiJ
MONEPEAHBOIO HasIBHICTIO ¢beninpHOTO
dparmenty, 3 ionamu Ni(ll), Pd(Il) i Cu(ll) y
BOJIHO-CITUPTOBIH UM BOJTHO-AIIETOHOBIN CyMiIIni
(me cmoiBiCHYIOTh 00MJBa TayTOMepH IHX
JiraHgiB) ~ TPU3BOAUTH 1O  YTBOPEHHS
13ocTpykTypHux 10 KC 6 kommuiekcis 14—16 i3
KOOpJAMHAIEI0 JBOX MOJEKYJd JIrasay B
TIOHHIM 1 TIONBHIA TayTOMEpHii Qopmax
BogHouac (puc. 8) [36, 37, 44, 45]. Ilpu upomy
TionbHA (popma BHCTyHae B poJii JBOOCHOBHOI
KUCJIOTH 3 O,N,S-koopauHariiero 10
LEHTPAJIbHOTO 10HA MeTaly, a 4YeTBepTe
BaKaHTHE MiCIle B OTOYECHHI MeTajay 3aiMae
aToM cynb(ypy MOHOJEHTATHO KOOPIMHOBAHOI
TIOHHOI (hopmu Jiranny [36, 44].

BapTo 3ayBaxuTH, 10 KOOpAMHALIMHUN
noimie)p 'y kommuekcax kKynpymy(ll) Ta
mikemo(Il) 14, 15 € macko-kBajpaTHUM,
CBIJUEHHSM YOO € 3HAUYEHHS CYMIDKHUX KYTIB
HaBKOJIO IIEHTPaJbHOro ioHa Metany 84.48(4)—
98.83(9)° [37], ¢dopmyBaHHIO SKOTO CHpUSE
caMe TiOJbHAa TayTOMepHa QopMa IraHmy.
TakuM  4YMHOM, TIOH-TIONIBHA  TayTOMeEpis
MOJIIIEHTAaTHOTO ()YHKI[IOHAJILHO 3aMIIIEHOT0
TioceMuKapOa30Hy BIUIMBAE HE TUIHKH HA HOTO
OCHOBHICTb SIK KHCIIOTH, ajle i Ha (OpPMYyBaHHS
BinoBiaHOI reomerpii KB ionHiB 3d-MeTanis.

Koopaunariisi BiANOBIAHUX TayTOMEPHHUX
dbopM miraHiiB CyTTEBO TO3HAYAETHCS  HA
CHEKTPAIBHUX XapaKTEPUCTHKAX KOMIUICKCIB.
B IY-cnektpax KC i3 TioHHOIO (hopMOIO
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Puc. 8. Kommaexcu Cu(ll), Ni(ll) i Pd(ll) 3 mnacko-kBaapaTtaoio ¢popmoro KB
Fig. 8. Cu(ll), Ni(Il) and Pd(Il) complexes with a square-planar shape of coordination polyhedron
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Puc. 9. Bucokouactorna obnacts [U-ciektpiB KC 6 (@), 14 Ta giarpamu 3MimieHb 4acTOT BaJICHTHUX
kosmBadb cmyr nornuHanas NH, C=N, C=S (6) B IU-criektpax KC 6, 14.
Fig. 9. The high-frequency region of the IR spectra of H,L" and complex 6 (a) and the diagrams of the
frequency shifts of the valence vibrations of the absorption bands NH, C=N, C=S (b) in the IR spectra of
complexes 6, 14.

B IY-cmektpax KC 13 TioHHOIO (opmoro
kapOotioaminy CII v(C=S) 3a3Hae 3MileHHS y
BHCOKOYAaCTOTHY o00nacTh Ha 3—28 em?, mo
3aJIeKUTh BiJ] crnocoOy KOOpAMHAII JiraHmay.
XenaTHUH cmoci® TPU3BOIUTH JO 1CTOTHOTO

94
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smimennst CIT v(C=S) (®v = 15-40 cmP), a
MOHO)ICHTaTHI/II\/'I — 0 3MIIIEHHS JHIie Ha ®v =
3-5 cm™. V cmekrpax KC i3 koopamHamiero
TUIBKH TI0JBHOT TayTOMEPHOT dbopmu
kapootioaminy CII v(C=S) BimcytHs, m10
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3YMOBJICHO YTBOPEHHSM OJHMHAPHOTO 3B’SI3K %/
C-S 13 komuBanHsM 1pu 1247-1220 cm
PisHOTHMIIHA  KOOpOMHAIS  JIBOX  MOJICKYI
nmiraany B KC 6, 14-16 cynpoBOIKy€eThCS
posmeruieHdsiM CIT v(NH) Ha 4iTko BHpakeHui
nyOJeT 3 OAHOYACHUM 3MIIICHHSIM HOTO ITiKiB
(TOpiBHSHO 31 CIIEKTPOM BUX1THUX
TioceMukap0a30HiB) y BHCOKOYAaCTOTHY (Av =
+113 /427 em™) i am3pkouacrotHy (Av=-30/-44
em™) o6aacts (puc. 9a, 6).

Bei 1H1II CMyTHu KOJIMBaHb
XapaKTepUCTHUYHUX rpyn 3a3HAIOTh
HU3BKOYACTOTHOTO 3MIIICHHS, OKPIM BaJICHTHUX

konuBaHb 3B’s3ky (C=S) xkapOotioamigHOi
rpynu MOHOJICHTATHO KOOPJIUHOBAHOT
TIOCEYOBUHH, 5IKa 3MIIIYEThCS HE3HAYHO Y

BHCOKOYACTOTHY 00s1acTh (pHC. 9 6).

AHauni3 giarpam XiMiuHUX 3CyBIB CUTHAJIIB
B3C rta 'H, moGynoBannx Ha OCHOBi CIIEKTpIB
aMP  H/AC JOCTIPKYBaHUX  KOMILIEKCIB,
MOKa3aB, M0 XEJIaTHUN CITOCiO KOOpauHAIlii Tio-
ceMuKap0a3oHy H,L* CYIIPOBOIKYETHCS
3HAYHUM 3MIIEHHSIM CUTHAIIB KapOOHIB CG, C7,
C®, 0e3rmocepeIHbO MOB'SI3aHUX 13 JOHOPHUMHU
aromamu  O,N,S, saxi Oepyrb ywactp Yy
¢dopmyBaHHI KoopAMHALiiHUX 3B’s3kiB M-O,
M-N, M-S (puc. 10 a).
VY cnekrpax SAMP 'H maii6inpmoro ximMigHoro
3cyBy 3a3HaioTh curiany npotonis N*H i N°'H
Ipym, IO TMOB’S3aHO 3 Yy4acTi0 TiOypeinHOoi
Tpynu y KOOpIWHAII{ A0 LIEHTPANLHOTO ioHa
MeTany Sk macizox, N*'H Bxoauts 10 cKany
ISITHWIeHHOro  Mertamommkry, a N’ H
3HaXOJUTHCS B Oe3mocepenHiii OJU3BKOCTI 0
rpynu C=S, sxa Oepe ydacTb y (opMmyBaHHI
3B’s3ky M«—S ab6o M-S (puc. 10 6), mo i
BIUIMBA€ Ha XIMIYHHH 3CYyB CHrHaJliB IPOTOHIB
uux rpyn y cnekrtpi AMP 'H. Kpim 1poro,
ICTOTHOTO 3CYBY 3a3HAIOTH TaKOX 1 CUTHAIH
nportoHiB C "H a30MeTHHOBO] Irpyny Ta C°H,
C4H, CH (EHOKCWIBHOTO  sipa, IO
3HAXOIATHCA B Opmo- 1 Napa-TioNOXKEHHI 10
OCHOBHOT'O KapOOHOBOT'O CKEJETY.
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V criextpi SMP 'H KC 6, 15, 16 npucyTHi
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ta 'H (6) y criextpax SIMP KC 1-13

Fig. 10. Diagrams of chemical shifts of **C (a) and
'H (b) signals in the 'H/C NMR spectra of
complexes 1-13

KOOD/JMHOBAHWX  MOJIEKYJT  JITaHAy.
[TopiBHSHO 3 BHUXIJHMM TiOCEMHKapOa30HOM
H2L1, CUTHAQJIM MPOTOHIB TPUACHTATHO-XEJIATHO
KOOPJIMHOBAHOTO JITaHAy 3MIIYIOTbCS SK Yy
ciabKe, Tak 1 CWIBHE TI0JIE (C7H, C°H i C%H na
®d = -0.451, 0.345 i 0.113 m.u.). IIpu oMy
CUTHAIIN MIPOTOHIB MOHO/ICHTaTHO
KOOP/AMHOBAHOT MOJIEKYJIH JITraHAy 3MIIIYIOThCS
HE3HAUYHO. BWHATKOM € TIOJIOKEHHS CHTHAITY
OH (Adop=10.23 M.4.), 110 TOB'SI3aHO 3 Y4aCTIO
i€t rpynu y dbopMyBaHHI1 AK
BHYTPIIIHbOMOJIEKYJISIPHHUX, TaK i
MDKMOJIEKYJIIPHUX BOJHEBUX 3B'S3KIB.

VY cnekrpax SAMP Bc KC 6, 15, 16 i3
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IBOX Ha0OpIB CHUTHANIB HAWOULIBII CYTTEBOTO
3MIIIEHHS ~ 3a3HalOThb  CHUTHaJIM  KapOOHIB
TiONBHOI  (OPMH  XEJaTHO KOOPAWHOBAHOTO
niragay. HaromicTe curHaimm atomiB KapOOHIB
MOHO-JICHTaTHO  KOOPJWHOBAHOTO  JITAaHIY
3CYBalOThCA HE3HAUHO [46].

AHaNoriYHui aHami3 JgiarpaM 3CyBiB CMYT
MOTJIMHAHHS ~ €JIGKTPOHHHUX  MEpPexXoliB i3
nepenocom 3apsiay (I1113) n—n*, n—r* (C=N)
1 (C=S), nobynoanux Ha ocHoBi criekTpiB ECII
KC 14 Tta 7-14 (puc. 11 a, 6) nmokasas, 1m0
KOOPIMHALIIS TIOHHOT dbopmu Jirangy
CYIIPOBOKYETHCS TIIICOXPOMHHM, & TIOJBHOT —

6atoxpomuuM 3mimeHasM CIT n—a*(C=N).

Av,
(CN:,) Ru Rh Ru Rh a
1000 1 2 4 s

x-n*, nen* (C=N)

S
8
3

n-n*, n-n* (C=S)

’“j* Fe Co Ni (B8] Cu
8 9 l‘! 13 14

-200 -

-400

-600

=900+ . (2)
. (3)
I (4)

n-n*, n-n* (C=N)
r-n*, n-n* (C=S)

-1000 -

Puc. 11. Hiarpamu 3cyBiB cmyr mornuHaHas [1113
n—7*, n—»1* (C=N) i (C=S) B cnekrpax ECIT KC
1-5 (a) Ta 7-14 (6)

Fig. 11. Diagrams of absorption bands shifts of the
intraligand electronic transitions with charge transfer
n—n*, n— n* (C=N) and (C=S) in the UV-Vis
spectra of complexes 1-5 (a) and 7—-14 (b)

[le 3yMOBIEHO  YTBOPEHHSM  CHPSKEHOL
CUCTEMH IIOJBIMHMUX 3B’S3KIB B  TIOJBHIH
TayToMepHii (opmi. baroxpomHe 3MilIeHHS
JAaHUX CMYT TOTJTWHAHHS JOMIHYE TaKOX 1 B
CIIEKTpax KOMILJIEKCIB 3 0JIHOYACHOIO
KOOpJWHAIIIEI0 JBOX TayTOMepHUX (opm
JITaH]Ty, 0 BUKJIMKAHO YTBOPCHHSM XEIaTHHUX

METAJIOIUKIIIB camMe 3 TioJdbHOW (opMOoro
KapOoTioaminy. Cmyru MOTJIMHAHHS
CJIIEKTPOHHHX MEPEXO/IB 3 TIEPEHOCOM 3apsiJIiB 3
nmiranay Ha mertan (I1I13JIM) nposBisitoTbes B
nianasoni 24000-30000 cv™, 110 3aMeKUTH Bi
croco0y KOOpJAMHAIII JraHay Ta MPUPOIH

Merany [46].
Bnaue  Oioemmamuux — mioamioié  Ha
cmepeody008y  KOOPOUHAYINIHO20 — 8Y31d 8

komnaexcax 3d-, 4d-wemanis
N-(ITipuaun-2-i1)Mopdomnin-4-kapOoTio-

aMmi H L3) Ta 1-amin-3-(mipuaun-2-
uT)TiOCEYOBUHA (HL%) HaJeXaTh hi (0]
O1IeHTaTHUX JITraH[iB, Yy CTPYKTYpl SIKUX JIBa
«M’SIKi» aTOMH  CylnbQypy Ta HITpOreHY
pO3TalIoOBaH1 B CIIPUSATIMBOMY s
XeNaTOyTBOPEHHS TOJOXKEHHI, IO Hagae iM
MOJKJIMBICTh pearyBaTh 3 10HaMM IUIATUHOBUX
METaJIB 1O THITy «M SKa-M’SKa» B3a€MOZIs.
byno BusBieno, mo 3MmiHa PH cepenosuiia
CUHTE3Y BiJ 2 10 4 OMHUIL HE MPU3BOIUTH JI0
IEepexoay PpEareHTiB y TIONbHY TayTOMEpHY
Q)o;)My. Sk HACIINOK, peakiis ix 3 ionamu Rh**
Pd*” Zn** B KHCJIOMY Ta CIAOKOKHCIOMY
CEpeNoBUILl  MPU3BOAUTH 110 (OPMYBAHHS
koMmIuiekciB 17-20 ta 21-23 3 koopauHAIi€r0
J10 10HIB METaJIiB y TIOHHINA TayTOMepHiil (opmi
3 peali3ali€l0  NIECTUWIEHHUX  XEJaTHUX
mertanouukiis (puc. 12, 13) [47-51]. lorn Rh*,
Pd®>" ta Zn** y JOCHIDKYBaHUX KOMILIEKCAX
(GOpMYIOTh XapaKTepH1 I HUX KOOpAMHAIINHI
By31u rnceBgookrtaenpuyHoi (KC 17), mmacko-
kBazpaTtHoi (KC 18-20) Tta terparonanbHoi (23)
reoMerpii. BHyTpimHA KoopauHauiiiHa cdepa
10HIB MeTanmy B Komiuiekcax 17, 18 Tta 23
JIOTIOBHEHA XJIOpH- a0o0 arerar-aHiOHaMH 3
CepeIOBUINAa CUHTE3Y, PO3MIIICHUMHU aKCialbHO
(17) ta B yuc-nonoxenni (18, 21). [Ipu upomy
CTaOUIbHICT,  TIOHHOI (opMHU  JiraHay B
HaBEIEHUX YMOBAaX CHHTE3y CHpHUSE HOTO
B3aeMOJii B  MOJEKyJspHIH  ¢opmi  (6e3
JIETIPOTOHYBAHHS) 3 MIPOTHO30BAHUM
yrBopeHHsiM KC kaTioHHOTO
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Puc. 12. Kommmrexcu Rh(111) i Pd(1l) Ha ocHoBsi
TioHHOi TayToMepHOi hopmu HL®
Fig. 12. Rh(lI1) and Pd(Il) complexes based on the
thione form of HL®
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A Ao ufl'dun-:,z [PA(L™),] (24)
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Puc. 13. Kommekcu Pd(II) i Zn(Il) Ha ocHOBI
TioHHOi Ta TiomeHOI popmu HL*
Fig. 13. Complexes of Pd(ll) and Zn(l1) based on
thione and thiol forms of HL*

(17, 19, 20, 22) ab6o monekynsipaoro (18, 21,
23) Tuny

Cmig Bimg3HauWTH, IO CHHTE30BaHIl
KOMIUICKCH TUIATHHOBUX METAJIB 10HHOTO THITY
NEPEeBAXHO PO3UMHHI Yy BOAl, IO POOHUTH iX
MEePCIEKTUBHUMHU JJIs 0100CT1HKCHb.

Baaemonist Zn(CH3CO0),2H,0 3 HL* 8
CEPEIOBHIII CYMIIIIi JIbOJIOBOT OLITOBOI KHCIOTH
Ta €TaHOIYy MPOTATOM 5 XB. MPU3BOIUTH [0
YTBOPEHHSI MOHOSIJIEPHOTO 3MIIIaHOJITaHIHOTO
koMmIuiekcy 23 ckmagy (puc. 13) [39]. Ha
Biaminy Bim komiutekcis Pd(ll), B KC 23
TIOCEYOBMHA KOOPAMHOBAaHA [0 10HA MeETally
MOHOJICHTATHO TUIBKH aTOMOM  CyIbQypy
TioypeinHoi rpynu. He3nauna TpuBaicTh
HarpiBaHHA peakidHoi cymimni Ta Oliblia
criopigHenicts ioniB Zn** g0 okcureny He
JO3BOJIAE TOTEHIIMHO OiAeHTaTHOMY JITraHay
KOOPJAMHYBATHUCS JTOJIATKOBO e M 4Yepe3 aTrom
HITpOreHy mipuanHOBOrO sapa. [Ipu 1BOMY,
srigHo ganux PCA, ion Zn?* opmye momienp y
dopMi  BUKpHBIIEHOTO  TeTpaeapa. Takum
YHHOM, TPHUBAIICTh B3a€EMOMIl  peaKIiitHOi
CyMIlIl TakKoXX € BAXIUBUM (PAKTOPOM, IO
BrumBae Ha OynoBy KC Zn(Il). He nuBnsuuch
Ha MOHOJIEHTaTHY KoopauHallito nirauay B KC
23, Taka CHojyKa € CTIHKOIO 1 IpU pO3YMHEHHI B
JIMCO, 4omy chopusie HasIBHICTb CHJIBHUX
BHYTPIITHbOMOJIEKYJISIPHUX BOJHEBUX 3B'A3KIB
N°—H...N® (d(D...A) = 2.685(3) A, d(H..A) =
2.09(3) A) i N*~H...N? (d(D...A) = 2.665(3) A,

(H..A) = 2013) A), saxi dopmywoTs
HIECTUYWIECHHI NICEBAOT€TEPOLIUKIIN, 10
3YMOBJIIOE  KOIUIAaHApHICTh  MIPUIAWHOBOTO

KiJIbIIL Ta TIOCEYOBHMHHOTO YIpYIyBaHHS (pHC.
14) [39, 46].

Y CepeIOBHIIII €TaHOIy abo
xiopodopmy kapborioamizn HL® Ta HL*
NepexoJsiTh y TIOJAbHY TayTOMEpHY (QopMy
HL® HL* (puc. 13, 15) 3 yTBOpeHHsM

KOMIUIEKCIB ~ 24-28 i3 MPOTHO30BaHOIO
O1ZICHTaTHO XEJaTHOK KOOPAMHAINIEID JIBOX
MOJIEKYJ JIraHgy B MOHOJENPOTOHOBAHIM
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dopMi  Ta  peamizami€erd  IMIECTUWICHHUX
Meraimomukiaie  [50, S51]. ¥V KC 25
KOOpAMHAIIIMHUN TOJliep 10Ha IMHKY TaKOX
Mae popMy BUKPUBIIEHOTO TE€Tpaepa.

Crhig BiO3HAYWUTH, IO AHAJIOTIYHO MO
B3aeMOJIT 3 HaBEJACHUMHU BUIIIE
TiocemukapOa3oHaMu H2L1/H2L2, caMe TioJIbHA
TayToMepHa ¢opma KapOoTioamimy HL® ta
ceuoBuHM HL® 3ymoOBIIIOE MIaCKO-KBaApaTHY
OynoBYy KOOPIMHAIIITHOTO noJrenpa B
kommuiekcax  Ni(ll). Ile mnow’s3ano 3
(GbopMyBaHHSIM CHPSDKEHOT CUCTEMM MOABIMHUX
3B’SI3KiB, 1110, CBOEIO0 YEProi0, BIUIMBAE HA CHILY
TIOJISA JIITaHTy.

[I{o OIBIIOIO0 € OCTAHHS, TO CHJIbHIIINM
€ PO3ILEIJICHHS TEpPMIB B 10HI MeTaly, 1 TUM
BUT1THIIIAM € dopMyBaHHS ITaCKO-
KBaJpaTHOro moJjieapa. Pazom i3 mum
BUSIBJICHO, IO TioJibHA (QopMa 3abesrneuye
TaKOXX 1 yuc-KOOPJIMHAIIK  TioaMiTiB B
TUTACKOKBAZPATHOMY KOOpIUHAIIIHTHOMY
nogieapi oic-mirangaux komriekcis Ni(ll) Ta
PA(Il) (KC 24, 26, 27). Bzaemomuis
auxyopoodic(tpudenindocdin)-nananiro 3 HL® B
xJIopoopMi  TIPU3BOJIUTH  JIO  yYTBOPCHHS
3MIIIaHOJIITaHAHOTO KOMILJIEKCY 28 3
aHAJIOTIYHOIO KOOPJMHALIEI TiOJAbHOI (opMu
KapOoTioaminy. J1O0TIOBHIOIOTH
IUIACKOKBAJPAaTHUN  KOOpAMHALIIMHUIA  BY30I]
(OKOPCTKUI» 10H XJIOPY B MpaHC-TIONO0XKEHH] 10
«M’SIKOTO» cyabQypy IMIJIOTIONBHOI Tpynu
HL* ta monexyna tpudenindochiny B mpanc-
MIOJIOXKEHHI JI0 aTOMa HITPOTEHY HipUINHOBOTO
KUTBIIS.

Taka iXHA B3aeMOOpi€HTallis 3yMOBIEHA
KOHUEMIIEI0 «aHTUCUMO103MY B mpaHC-BIITUBL»
ITipcona, 3riJHO 3 SIKOIO CIIOJIIYKH 3 <OKOPCTKO-
M’SIKHM»  JIarOHAJIBHWM  PO3TAlTyBaHHSIM
JIOHOPHUX aTOMIB € 3HAYHO CTaOUIHHINIUMHU Ta
cTiikumH [53].

Bnaue

yMO8 Kpucmanisayii  Ha

Gopmysanns Komniekcie pizHOi nonimMopguoi

Mmooughikayii. JIOCUTh 4acTO TPUBAIICTh peaKiii

CYTTEBO BIUIMBAE Ha KpHCTaTi3aIliio
KOMIUIEKCIB Y pI3HUX NOJIMOP(GHUX CTaHaXx.
Tak, Oynmo 3’1cOBaHO, IO  KOMILJICKCH

nikemo(Il) Ta mamamiro(Il) 26, 27 (puc. 15)
KPHUCTaNI3yIOTHCS B IBOX MOJTIMOP(HUX CTaHAX.
[ToBUIpPHA B3aeMOIisd BUXIOTHUX KOMIIOHEHTIB 3a
KIMHATHOI ~ TEeMIEpaTypu  MPU3BOAWTH  JI0
KpUCTaJi3alii KOMIUIEKCY 26a B TPUKIIHHIN
noJimMopdHii Moaudikallii, ska € pO3YNHHOIO B
€TaHoJIi Ipu HarpiBauHi (puc. 16 a).

[MpumBuameHa B3aeMOIS  BUXIIHUX
KOMIIOHEHTIB mpu HarpiBauHi g0 70 °C
NPU3BOJAUTh  JO  YTBOPEHHS  KPHUCTAIIIB

MOHOKJIIHHOT CHHTOHIT (260), sIKi € pO3YHNHHUMH
y Boai. Koopaunarist girasmay 10 IEHTPaIbLHOTO

ioHa Metalmy B 000X Moaudikamisx €
OJIHAKOBOIO.

[Ipu BOMY Kpuctamorpadiaaa
HIUIBHICTE  TpuKIiHHOT Moaudikamii  (1.565
mr/MMo) € Ginbor 3a MoHOKIiHHY (1.499
mr/ MM3) , 0 BHUKIMKAHO  BiAIIOBIJTHUMH
ymoBamu  kpuctamizauii. Kpucranorpadiuni
ymakoBku  00ox  momumdikamii  KC 26
BIIPI3HAIOTBCS ~ TINBKKM ~ THIIOM  CIAOKUX

MDKMOJICKYJISIPHUX B3aemoii (puc. 16 6) [52].

\» ) NIS) ;
\ // \q re el 'Q/ W N o '
[ : |
7 Ni4) P
\. i
7 /
0(41@ F
\/ .
/

Puc. 14. 3aranpanii Burnsag monekym KC 23
Fig. 14. General view of the molecule of the
complex 23.
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a, b - different polymorph. modific.

+ Zn(NOs),
EtOH
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Prc. 15. Kommrexcu Zn(11), Ni(11) i Pd(11) za ocrosi TionsHoi dopmu HL?
Fig. 15. Zn(11), Ni(Il) and Pd(Il) complexes based on the thiol form of HL®

space group: Triclinic, P-1
Puc. 16. 3aranbHuii BUIJISII MOJIEKYIISIPHOT CTPYKTYPH KOMILICKCIB 264 (a), 266 (6) Ta iXHBOT yIaKOBKH.
[poexmiro HagaHO B3IOBXK OCi C.

Fig. 16. General view of the molecular structure of complexes 26a (a), 26b (b) and their packaging. The
projection gives along the axis ¢

B YIaKOBII1 CTPYKTypH 26a
criocrepiratrote cnabky B3aemoniro C—H...O
(d(H...A)=2.37-2.50 A, d(D..A)= 3.215(5)-
3.324(5) A) B nanpsamky oci ¢. Y cTpykTypi 266
npucytHi B3aemonii C—H...N (d(H...A)=2.43 A,
d(D...A)=3.289(5) A) Ta C-H...O
(d(H..A)=2.38 A, d(D..A= 3.121(4) A) B
IBOMY JK HampsMKy, [0 TPHU3BOIUTH [0
OUTBIIOT IIITBHOCTI YITAaKOBKH.

Te x came Mae Micre 1 11 KOMIUIEKCY
nanagiro(Il) 27. YV kpucrtamiyHux yrnakoBKax
KOMIUICKCIB 27@, 276 MOJIEKYJIH B3a€EMO3B’ s3aHi

\‘__/
o ] “yoa 6
/ 4"\ 1:57‘,'”-\
s |
P ol N
A /'n.z\\
XN

CUm

Monoclinic, P2 (1)/¢

MDKMOJIEKYJIspHUMH ~ B3aemonismu  C-H...N
(d(H...A)=2.48 A, d(D..A)=3.3083) A nansa
27a) Tta C-H..N (d(H..A)=2.46 A,
d(D...A)=3.3353) A nans 276) i C-H...O
(d(H...A)=2.41 A, d(D..A)=3.177(3) A) [52].
Kpucramu  xomrutekcy Pd(ll) 16  takox
KPUCTANI3ylOTBCS B JIBOX  MOJIMOP(HUX
MoaudiKaIisax: MOHOKTIHHIA Ta TPUKIIHHIN
CUHTOHIi, SKi  BIAPI3HSAIOTBCA  BUKIIIOYHO
XapaKTepoM MDKMOJIEKYJISIPHUX B3aemofiil. B
KOMIUIEKCI ~ MOHOKJIIHHOI ~ CHHIOHIl 16a
B11I0YBa€ETHCS peamizariis JOJaTKOBOIL
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Puc. 17. 3aranpHuil BUTJISIT MOJICKYJIIPHOI CTPYKTYpH KoMIUTeKCiB 16a (a), 166 (6) Ta ixHi ynakoBKU
Fig. 17. General view of the molecular structure of complexes 16a (a), 16b (b) and their packaging.

(rak 3BaHOi 4+2) KoOpaMHAIII 3a paxyHOK
cIIa0KuX MDKXMOJIEKYJIIPHUX B3a€MOIIH
Pd...S%#1 (3.625(1) A), Pd*...N*#2 (3.459(3)
A) #1 =x, 0.5-y, 0.5+z; #2 = X, 0.5-y, -0.5+2)
B3oBk oci 001, ski  HOOYIOBYIOTH
KOOPJMHAIIIMHUK  TIoMmienp nmajagio 1o
YTBOPEHHS CHJIBHO BUTSTHYTOTO
nepopmoBaHoro okxraenpa (puc. 17) [44].
CepenHbOKBaIpaTUIHE BiJIXUJICHHS TUTS
TUIOIIUHU Pd*O'N's!s? ckmamae 0.0323 A (3
MaKCHMAJIBHIM Bizxuennsm s ST 0.0412(11)
A).

Y  CcTpyKTypi KOMIUIEKCY TPUKIIHHOT
CHHTOHII 166 criocTepirarTh ci1adKy B3a€EMOJIIO
[EHTPAIILHOTO 10Ha METaly 3 apoOMaTHYHHM
IPOTOHOM CYCITHBOI MOJIEKYJIM KOMILUIEKCY
(Pd*...H™¥" 2.930(4) A (#1 —x, 1-y, -z)), mo
NPU3BOJUTH A0 YTBOpeHHs 4+1 koopauHamii 3

dbopmyBaHHSIM BUKPHUBIIEHO1 KBaJIpaTHOI
nipamiau. [Ipu npoMy reoMeTpudHi HapaMeTpu
noniMopparx KC 16a, 166 € cxoxumu.
TpuneHTaTHO KOOPAMHOBaHA MOJIEKYJa H,L?2
Ma€e TUIAaHAPHY TEOMETPII0 3 JTBOTPAHHUM KYTOM
MK ¢eHompHuMH sapamu 11.74(17)°, Tomi sk

MOHOJICHTaTHO KOOpPAMHOBaHA - €
HEIUTAaHApHOIO 3 JIBOTpaHHUM KyToM 36.71(16)°
[44]. Kpim 1mporo, KC 166 wmicTtuth

pO3TanyeHy CHCTeMYy BOJHEBHX 3B’SI3KiB, SKi
JI0JTATKOBO CTAaOLII3YIOTh MOJIEKYTY KOMILJIEKCY.
Cnmig BIO3HAYUTH, IO II KOMIUIEKCH TaKOX

MalOTh  PI3HY PO3YMHHICTB:  CIIOJIyKa 3
TPUKJIIHHOIO HOJIMOP(HOIO CHHTOHIEI0
po3unHHa y BoAl, ToAl sk KC 13 MOHOKIIHHOIO
— PpO3YMHSAETbCS B CHOUPTI TUIBKK TIpU
HarpiBaHHI.

OTxe, He IUBISYUCH HA OIHAKOBY

[

2.
50,

[Cus(HLY)sTriaz]SO,;  (29)

Puc. 18. ®opmyBanns 3mimanomirangHoro kommiekey [Cug(HLY);Triaz]SO, (29)
Fig. 18. Formation of mixed ligand complex [Cus(HL")3Triaz]SO, (29)
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H 2 : /\( S
+ PdCl, HCI
[ /\,’%N"‘NTNHV/\ - A ) J\NH
Nzl pH 0.5, M:L=1:1,
on £=90-95°C :/J
HZL] THPTh
mineral ;1cidsl l Cl
T —— g OBl
(S I 1L,
\\\;\/N\ ) 5\\ (/ KN\\"NJ"\NH
| 12
N T
[A] [PA(THPTh)CI] (30)

Puc. 19. ®opmysanns komimiekcy [Pd(THPTh)CI] (30)
Fig. 19. Formation of the complex [Pd(THPTh)CI] (30)

KOOpJWHAIII  JraHgy B  NOJXIMOPPHUX
moaudikamisx KC 16, 26, 27, BiIMIHHICTh Y
CIIabKUX MDKMOJIEKYJISIPHUX B3a€EMOJIISIX
BIUIMBA€E HA IXHIO PO3YMHHICTD, IO € BAKIMBUM
npu  pO3po0JIeHHI  KEPOBAHOTO  CHUHTE3Y
BOJIOPO3YMHHUX KOMILJIEKCIB.

Bnnue YyMO8 cunmesy Ha
BHYMPIWHbOIICAHOHT NEePemBOPEHH s 3aMilyeHUX
mioamioie ma GopmyeaHHsa 3MIUAHONIAHOHUX
KOMNIEKCI8 3 PAxXyHOK KOOPOUHAyii nOOIYHUX
npOOYyKmMie peaxyii
VY mpoueci BuB4YeHHs BIuMBY pH Ta mpupoau
OpPraHIYHOTO  pO3UYMHHHMKA Ha  YTBOPEHHS
TIOJIBHOI TayTOMepHOi (opMH (YHKIIOHAIBHO
3aMIIIEHUX TioaMifiB OyJ0 BHSBIEHO HH3KY
MOJKJIMBHX BHYTPIIIHBOJITaHIHUX MEPETBOPEHD
mif qac nepeoiry peaxiiif
KOMILUIEKCOYTBOPEHHSI. BCTaHOBIEHO, IO TpH
HarpiBaHHi B  HEUTpPaJbHOMY  CEpEeIOBHUILI
peakuis Tioamimy H.L' 3 iomamm Cu®*
CYHPOBOJ/UKYETbCS LUKII3AIli€l0 JHraHay Mo
MEpPKaNnTOTPHa3ody 3  MOJANBIIOK  HOTO
KOOpJUHAIIIE0 10 i0Ha MeTany (puc. 18).

VY micyMKy YTBOPIOETHCS 3MIITAHO-JIITAHIHUI
TpUsJEpHUN KOoMIUIeKC 29, B AKOMY TpH
MOJICKYJIM TioaMmigy KOOpPIMHOBAHI JI0 10HIB
MeTaty TPUJEHTATHO 31 B3a€EMHHUM
pO3TalIyBaHHIM IO THITY «T0JOBa /IO XBOCTa»
[54]. Ilpu upoMy MNPOIYKT  LUKII3aLil
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v . . +
KOOP/MHOBaHHi1 10 TPsOX ioniB Cu?" aTomamu
CynbQypy IETPOTOHOBAHOI MEPKANTOTPYIH Ta

. 2+
HITpOreHy TpuazonpHoro szapa. loun Cu
hopMyIOTh BUKPUBJICHE KBaJIpaTHO-
nipamiganbHe (Cut, Cu3) Ta

TICEBJIOOKTACAPUYIHE (Cu?)  oroueHHs. Kpim
[[bOTO, 10HK METally B KOMIUIEKCI MOB'SI3aHI Mixk
co0or0 Wp-S kapOoTrioaMmigHOTrO (hparMeHra Ta
uz-O deHokcmbHOi rpymu. Atomu Cu', Cu2
cu® YTBOPIOIOTE TpmmepHHﬁ KJIacT ;)
igcramsmu Cu'—Cu? 3. 1933(12) ta Cu*™—
3.3886(13) A, saxi BinpizHAOTBCA 3a paxyHOK
pI3HUX JIHIHHUX MapaMeTpiB MICTKOBHX
3B’s3kiB Cu—O-Cu  iCu-S—Cu [54]. Binbmry
yBary IpHBEpTae Mpoliec LUKII3alii Tioaminy
HoL' y xucmomy cepemosmmi. Ilpu pH=0.5 i
eKBIMOJISIPHIA B3a€MOJii BHXIJIHUX pPEareHTiB
yrBOoproeThes  komiwieke Pd(Il) 30, mo e
HACJIAKOM IUKJII3ariil Hng mig giero 61 HCI
(puc. 19) [36].

YTBOpeHHS MPOIYKTY IHMKTi3alii, M0
MiCTUTh Tetpariaponipumiaua-2(1H)-TionoBuit
(THPTh) uwmkn, BigOyBaeTbcss B pe3ylbTari
CKJIaTHOTO CHHXPOHHOTO TPOIIECY, IO BKIIIOYAE

peakiii KOMIIJIEKCOYTBOPEHHS, IMKIi3amii 1
NpUETHAHHS ~ MOJIGKynu  ertaHonmy.  Kytm
O-Pd-N Ta S—-Pd—N wmaroTe He3HauHe

BimxuiaeHHs Bix 90° 1m0 TOB’s3aHO 3 PI3HOIO
HAlPYXEHICTIO  CPOPMOBAHHX  M'ATH- Ta
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Puc. 20. Criextp SIMP 'H H,L* () Ta KC 30 (6)
Fig. 20. "H NMR spectra of H,L" (2) and complex 30 (b)

[MIECTUYJICHHUX METAJI0 LMKIIB 13  IUIACKOIO
TCOMETPIEI0 3 CEPEeIHIM BIAXHICHHSM Bif
mwiomuu 0.0303 A (1’ sruanennuit) i 0.0231 A
(mmectrunennuit). Kyr Mk uionpHamMu
METAJIONUKIIB cKkiamae 5.7°. Ha BiaMiHy Bix
MertanonukiiB, chopmoanuii THPTh mae
KOH(opMalliro KOHBEpTa 3 Clo, 110 BUXOIUTH 13
IUIOUIMHYU i KYTOM cd-cr.ct-N® 55.0(6)°.

Bapro 3asHaumtH, 1m0 3a  BIJICYTHOCTI
KOMILIEKCOYTBOPIOBaUa MOX1H1
QITUITIOCEYOBHUH MMiJ JI€I0 MIHEPATbHUX KHUCIOT
Ta  HU3KH eJIeKTPO(UIBHUX ~ PEareHTiB
MEPETBOPIOIOTHCA Ha BIJIMTOBITHI

aurigporiazonmu tumy [A] (puc. 19) [55], mo
BKa3ye IIe i Ha METaJolNpOMOTOBaHHI crociod
YTBOPEHHS 1IbOI'0 KOMIIJIEKCY.

[Topsan 13 METOJIOM
PEHTTEHOCTPYKTYPHOTO aHasizy
11eHTU(]IKyBaTH Takui Mpolec UUKII3alii npu
KOMILIEKCOYTBOPEHHI MOXKHa 3a JIOIOMOTOI0
cnektpiB SIMP 'H. Curnan nporora N*H KC
30 3a3Hae CyTTEBOTO 3MIlIEHHS B claOKe IoJie
Ha  AdNH=12.23 M4, 10 BHKIUKAaHO
BXO/DKEHHSIM  HOro 'y  HOBOC(OPMOBAHHIMA
rerepouukin THPTh. Okpim Toro, BinOyBaeThcs
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JOCUTh ICTOTHMH 3CyB CHTHAQJIIB TIPOTOHIB
CSH(Ar), C4H(Ar) y culibHE Toye Ha Ada=-
(0.59-0.41) M.4., 110 OMOCEPEIKOBAHO BKa3ye
Ha yTBOpeHHs 3B’ 513Ky Pd-O. BinmiHHOIO prCOTO
cnektpie  SAMP 'H IBOTO KOMIUICKCY BIJ
MOTMEPEHIX CMOMIYK Ta BUXIIHOTO TioaMidy €
BIJICYTHICTb CUTHAJIB MPOTOHIB  aJIlJIbHOTO
¢parmenta.  HaromicTb y CHJIBHOMY TMOJI
cnektpy KC 30 mpucyTHI curHaiuM NpPOTOHIB
C9H2, ClOHz, CYH THPTh ta MPUETHAHOTO J10
HBOTO €TaHOITY C12H2, C13H3 (puc. 20). Cnin
TaK0XK 3a3HaYMTH, IO  aKciajbHe 1
€KBaTOpiaJbHE  PO3MIIIEHHS NPOTOHIB MpHU
atomax C°, C'° cripusie iXHBOMY PO3IIEIUICHHIO
B CIIEKTpax Ha BIJANOBIIHI MYIbTUILUIETH MpH
4.4,4.03,2.19 ta 1.99 M. u. (puc. 20) [36]. Taky
3/IaTHICTh TI0AMIy /10 BHYTPIIIHBOJITaHIHOTO
neperpynyBaHHs  MOXKHA  BIIHECTHM [0
HerependadyBaHux (HakTOpiB  camMO30UpaHHS
komruiekciB. Ille omuum  dakropom, 110
MPU3BOAUTH JI0 HEOUYIKYBaHOTO (POpMyBaHHSA
KOMILIEKCIB, € OKHCHO-BIJHOBHA 3JaTHICTb
TiocedyoBMH Tipu 3MiHlI pH cepemosuia.
BusiBuiocs, mo B ayke KHUCIOMY CEpeOBHII
nipu B3aemoxii Ni(NOs), 3 Tioceuosnoro HL®
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‘/ﬁ S HNI(NOy ), EIOH,
LN/ “NJ\I\'Aj HCL, NaClO; (\,L (A) H”‘gp - \,,0\,,()
How ) NTNTNTY HO O HO™ 0
, ~ H R/O\ /,//
HL (B) T~ ©
F CuCl, HCl,

EtOH

Cu'—Cu' —Cu?'

/amt H,N—<7>
0 N—, N7
— o |
-

\9

Ny

~N N
\/i/\‘\‘)_ \'L_ /b

h H
[CuB,CI]Cl  (32)

cu Cl +H,yS0;

[NiByCa] (31)

Prc. 21. Kommrexcu Ni(II) ta Cu(ll) 31, 32 Ha ocHOBI mo6iunnx mpoxykTiB peaxrii HL®
Fig. 21. Ni(Il) and Cu(ll) complexes 31, 32 based on by-products of the HL® reaction.

MiJ JI€I0 COJITHOI KHCIOTH 1 TepXJiopary
HATpIIO, SKUH JOJAIOTh JUIS BUCOJIOBAHHS
KOMIUICKCY, MPOTIKAIOTh MPOIECH TiApOIIi3y Ta
OKHCHEHHSI TIOCEYOBHMHHU, HACTIIKOM 4YOr0 €
yTBOpeHHs ceuoBuHU [B] 1 cynbdarHol kucioTu
(puc. 21).

Ocranus B CepeIOBUIIII EtOH
TpaHcpopmyeThcsi B MOHoeTaHoucynbhar [C],
KU Haslaln KOOPAWHYETHCS A0 LEHTPATBHOTO
atoma. B pe3yibTari YTBOPIOETHCS
sMimanomirangauii - komrureke  Ni(IT) 31 i3
KOOpP/MHAIIIEI0 0 10Ha MeTaly JBOX MPOJYKTIB

peakuii: ~ HOBOYTBOPEHOI'O N-(mipuauH-2-
ur)Mopdoinin-4-kapookcaminy B (B
€KBaTOpiaJIbHOMY) 1 MOHOeTaHoJcyab(paTy C (B
aKClaJIbHOMy  TIOJIO)KEHHI  OKTaeJIpHYHOTO
KOOpJuHalliiiHoro mnosieapa wmertany). Ilpu
HpoMy  KapOokcamiyz B koopauHyeTbCs
O17ICHTaTHO XeJNaTHO B KeTo-hopmi [52].

Take K  OKHCHEHHS  TIOCEYOBUHH

B1JI0YBA€THCA 1 Y BUMAJKY B3a€MO/IIi 10HIB cu®
3 HL® npu criBBiaHomeHHI M:L=1:2 (puc. 21).
Opnak, Ha BinMiHy Bin KC 31, mepeGiry wiei
peakiii crnpusie KaTaJiTUYHUA BIUIMB 10HIB

Merany. [Ipo me  cBig4arhb  HACTYIIHI
CTHIOCTEPEIKEHHSI: CIIOYATKY B3a€EMO/Iist
tioceyoBuau 3 CuCl, mpusBomuth 110

YTBOPEHHS Maiike 0e30apBHOTO PO3UYHHY, IO
JI03BOJISIE TIPUIYCTUTH MPOTIKAHHS MpPOLECy
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mouatkoBoro BimHoBieHHs Cu’* go Cu*
nmiragaoM. [lami, mpu CTOSHHI Ha TOBITPi 1
3BOPOTHOMY OKMCHeHHi CU’ B Cu?" nounHaOTH
MOBUIbHO  BHUIUISTHCS ~ KPUCTATd  CUHBOTO
KOJBOPY KOMIUIEKCY 32 3 TeTparoHajbHO-
nipaMiadTbHO  (DOPMOKO  KOOPIUHAILIIHHOTO
By3i1a CUO,N,Cl, xoua 3a BETMYMHOIO CTYIICHS
tpuronansaocti T (0.543°) ioro reomerpis
BiJIIOBiIA€ nedpopMoBaHii TPUTOHATBHIN
Oimipamini. | TinbKM aHami3 JOBXHH 3B S3KiB
Cu-0° 2097(7)A ta Cu-O' 1.982(7) A
MoKa3ye, 10 I CTPYKTypa Ouiblle TsKi€ 10
TTyKe BUKPUBIICHOT TETParoHaILHO-
nipaMiflanbHOI  reoMeTpii  KOOpAMHALiHHOTOo
By3JIa 3 PO3TallyBaHHSIM O° s aKClaIbHOMY
nonokeHHi [56]. Take sBHIE OKUCHEHHS
MOXIJTHUX TIOCEYOBHH JI0 CEUYOBHUH Ta CyJb(aTiB
€ BIJOMUM Ta CKJIaJIHUM MPOIIECOM, OTIICAHUM B
pobotax [57-59]. Onnak, Ha BIAMIHY BiJ HUX,
dbopMyBaHHS KOMIUIEKCY 32 1a€ MOXKIUBICTh
INPUITYCTUTH KaTaJIITUUYHUMN BIUIMB 10HA METaly
HAa TMpoleC OKHUCHEHHsA. TakuM YHHOM,
yTBOpeHHs  KkommiekciB 31, 32 He €
MPOTHO30BAHMM, XOY 1 TMPOXO/KEHHS TaKuX
MOOIYHMX peakilii MOXHA TIepe10aunTH.
BHUCHOBKH. Ha npuknani peaxmii d-
MeTaniB 3 (yHKIioHANEHO 3aMmimenumu N,S-
O,N,S-BmicHUMH TiOaMilaMH BUBYEHO BILIUB
iXHbOI ~ JGHTAaTHOCTI 1  yMOB  CHHTE3Yy
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KOOpAMHAIIIHUX CTIOJTYK Ha crocio
KOOpJAMHAIII JIiraHaiB, OyIOBY KOMIUICKCIB Ta
ixai nomiMopdHi Moaudikanii. JloBeaeHO BIUTHB
TayTOMEpHUX (OpPM TiOoaMiJliB Ha CTEPeOOYI0BY
KOOpAMHAIIIMHAX TOMieIpiB: BUSABJICHO, IO
TIOHHa TayToMepHa ¢opMa CHpUSE mMpaHC-
IMOJIO’KEHHIO TIOCEYOBHUH, B TOH 4ac SK TiOJbHA
— YUC-TIOJIOKEHHIO B IUJIOCKO- KBaJApaTHOMY
noJiiesipi komiuiekciB 3d-, 4d-meranis. Pazom i3
THM BCTaHOBJIEHO, IO TIOHHA TayTOMEpHa
¢dopma crpusie GOpMyBaHHIO OKTaeIpPHYHOI, a
TioJbHA  —  IUIACKO-KBagpatHoi  (opmu
KOOpAMHAIHKUX By31iB y koMiuiekcax Cu(ll) i
Ni(Il), g1  sSKUX ~ XapakTepHa  3MiHa
KOOpAMHAIIIMHUX  TOJieNpiB  Bil IJIOCKOTO
KBajipaTa, TeTpaejipa 10 OKTae/apa, 3aJeKHO Bij
CHJIA TIOJIS JiraHnmiB. BoueBuap, Takuhil BILIMB
TayToMepHUX (OpM TioamiAiB TMOB'SI3aHUN 3
(dhopMyBaHHSIM CHPSDKEHOT CHUCTEMH IOABIHHUX
3B’S3KIB B iXHIX Mouyekynax. Ilpu nbpomy
nepexix TioaMmigy B TiOJNBbHY (QOpMY 3aleKUTh
Bil pH cepenoBuina Ta NMpuUpOAN OPraHIYHOTO
PO3UMHHHKA: B CIA0KOIY)KHOMY CEpeIOBHUIII
a00o TMOJNIPHOMY OpraHIYHOMY PO3UYHMHHHKY
(mipuauH, XJI0popopM) BiIOYBAETHCS 3MIIIEHHS
piBHOBarn B OIK JIOMIHYBaHHS  TiOJbHOT
TayToMepHoi (opmu. BecTaHoBieHo, 110 TiIOHHA
TayToMepHa (opma TioamiziB, 3anexHo Big pH
Ta CKJIaJly 3aMICHHKIB, pearye 3 COJsIMU METaJIiB
NepeBaXHO B HeUTpabHiM Gopmi abo y dopmi
MOHOAaHI0Ha, YTBOPIOIOUHU KOMIUIEKCH
MOJIEKYJISIPHOTO a00 10HHOTO XapakTepy, TOAl
SK TioNibHa (popma pearye y ¢opMi JiaHIOHY,
nepeBaXHO (POPMYIOUM KOMIUIEKCH aHIOHHOTO
tuny. Crojyku 10HHOTO XapakTepy, 3a3BUyai, €
PO3YMHHUMHU 200 cabKO-pO3YMHHHUMHU y BOJI1 B
MaJIMX KOHIICHTpAIisX (10'3—10'5 MOJIB/JT), TOMI
SIK CTIOJTYKH MOJIEKYJISIPHOTO THUITY
po3unHstOThCs TUTbkH B IMCO Ta [IM®DA.
[lokazaHo, 1m0  CTEPEOCENECKTUBHUMI
CUHTE3 Pi3HOMIraHAHUX KOMILIEKCIB
3/IIACHIOETHCS TIEPEBAYKHO TPhOMaA IIIAXaMH: 1)
B3a€EMOJIEI0  BUXIAHMX  KOMIIOHEHTIB Yy
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BIIMOBIAHIA ~ CcTEXioMeTpii. I[Ipu  upomy
BaKaHTHE MICIIe B OTOYEHHI MeTaly 3aiiMaroTh
abo aHioHu BuximHOi cosi Metany (Hal, S0,
NO;, CH3;COO'ir.m.), abo iHmi opra”ivyfi
Mosekynu (Tpudenindocdiy, mipuauH TOUIO; 2)
MIPOBEICHHAM MapaelIbHUX peakiiil (Tiapoiizy
Ta OKMCHEHHS TIOCEYOBHH), IO TMPHU3BOMASATH 10
ydacTi B KOOpAMHAIl TMOOIYHMX MPOMYKTIB
peakmii; 3) NpOBEOEHHAM  peakmii 3
BHYTPIUIHBOJITAHIHUMU  NEPErpynyBaHHIMH,
0 TPU3BOAMTH [0 UHUKJII3alii OpraHiyHuX
JraHfiB Ta KOOpAHMHALIl MPOAYKTIB iXHBOTO
MIEPETBOPECHHSI J0 IIEHTPAJIBLHOTO i0HA METaly.
Pazom 13 TUM BUSIBIICHO, 10
TiIpoITi3/OKUCHEHHST a00 BHYTPIIIHBOJIITaHIHA
LUKJT3aLis 3aMIIEHUX HOJIIEHTaTHUX
TiOaMiTiB MOXKE BIiIOyBaTHUCA SK TiJ i€
peakmifHuX yYMOB, TaKk 1 MiJl JI€0 MeTaliB-
KOMILJIEKCOYTBOPIOBAUiB K IPOMOTOPIB
OpraHIYHUX PEaKIliii.

BusiBiieHo, 1110 3aJ€XXHO Bl TeMIEpaTypu
Ta 4Yacy B3a€MOJii BHUXIJIHUX pEarcHTiB
YTBOPIOIOTBCA Pi3HI moiiMOpdHI Momudikarii
KOMIUIEKCIB (TpHKJIiHHa a00 MOHOKIIIHHA), SKi
BIIPI3HSIIOTBCST  IIUTBHICTIO ~ YMAaKOBKU — Ta
XapakTepoM MDKMOJEKYJSIPHUX B3aeMOJid. Sk
HACJIIJIOK, Taki nmoiaiMopdHi MoaudiKkallii MaoTh
pi3HY PO3YMHHICTH y BOI, L0 BaXIJUBO JUIS
MIPOBEICHHSI KEPOBAHOTO CHUHTE3Yy BIAMOBIIHUX

CTPYKTYp Ta IXHBOTO IIPAKTUYHOT O
3aCTOCYBaHHS.

ITIOJIAIKA. Po60oTy BHMKOHaHO B MeXKax
JeP>KOOIKETHUX TEM: «MonexynspHui

JW3aiiH, CIpsSMOBaHMM cuHTE3, (i3uko-, 0io-,
XIMIYHE JOCHI[DKEHHS KOOpAWHAIIMHUX Ta
CynpaMoNIEKYISIPHUX CHUCTEM O10T€HHHX,
(dhapManeBTUYHO-BAKITHBUX METaiB TUIS
MeEIUIINHU 1 TEXHIKN (meprxaBHMIA
peecTpariitHuii HOMED: 0116U004025);
«JlocmimkxeHas 3aKOHOMIpHOCTEH
IIUKJIOYTBOPEHHSI Ta CTPYKTypHa Mojau(ikaiis
HOBUX THUMIB (YHKI[IOHAJBHUX a3MHOBUX 1
a3emiHOBUX CUCTEM» (nep>xaBHUI
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0115U004724);
CHHTE3  Ta
OlompuBabIUBUX
a3UHOBHX  Ta

(nepxaBHUM
0120U104977) Ta

peecTpaniiHuii HOMEp
«DyHKITIOHATbHUI JM3aliH,
cupsiMoBaHa  Moaudikarris
KOHJICHCOBAaHUX  A30JIbHHUX,
a3emiHOBUX CIOJTYK»
peecTpamiiHuii  HoMep:
HAYKOBOTO MIPOEKTY 0120U102323
«DyHKIIIOHAIbBHO OpI€HTOBaHI HAHOPO3MipHI
reTepPOCTPYKTYpHU Ha OCHOBI CTIOIYK
MepexiTHuX MeTajiB MIPOTHUBIPYCHOT,
MPOTUIYXJIMHHOT Ta aHTUOAKTepiaabHOI Iii»
insoBoi porpaMu (dbyHIaMeHTaTbHUX
nocmimkenb HAH Vxkpainn «llepcnexTuBHi
(dbyHIaMeHTalIbHI JTOCIIHKEHHSI Ta 1HHOBaIliKHI
pPO3pOOKM HaHOMATEpialiB 1 HAHOTEXHOJOTIH
U1 IOTped MPOMUCTIOBOCTI, OXOPOHU 37I0POB’A
Ta CUTBCHKOTO rocroaapcTBa» Ha 2020-2024 pp.

ABTOpHU UIMPO ASIKYIOTh YCIM CIiBaBTOpaM
poOIT, Ha OCHOBI SKHX TPEACTABICHO TEPIILY
YacTUHY 1IIi€]l OINISIIOBOi  CTaTTi, 30Kpema
HACTYITHUM KaHJHJaTaM XIMIYHUX HayK: BoHb
B. B. (Inorganic Chemistry, Technische
Universitit, Dresden.), Pu6auyk JI. M., Pemiu I'.
I'., Kapay6an O. M.

FUNDAMENTAL ASPECTS OF THE
COORDINATION CHEMISTRY OF
TRANSITION METALS WITH

FUNCTIONALLY
THIOAMIDES (PART 1)

S.1. Orysyk®", V.1. Pekhnyo!, V.V. Orysyk?,
Yu.L. Zborovskii?, P.V. Borovyk®, M.V. Vovk?
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The influence of competitive
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substituted thioamides, conditions of synthesis
and nature of the metal on the course of the
reaction and structure of mono-, bi, and
polynuclear complexes of 3d, 4d-metals is
considered based on results obtained in the
Department of "Chemistry of Complex
Compounds" of the V.I. Vernadsky Institute of
General and Inorganic Chemistry NAS of
Ukraine, together with the staff of the
Department of “Chemistry of Heterocyclic
Compounds” of the Institute of Organic
Chemistry NAS of Ukraine.

The influence of ligand denticity, as well
as conditions of complex formation on the
structure of obtained complexes and their
polymorphic modifications, was studied based
on the reaction of d-metals with functionally
substituted N, S- and O, N, S-containing
thioamides. In addition, it is proved the
influence of tautomeric forms of thioamides on
the stereochemistry of coordination polyhedra:
it is found that the thionic tautomeric form
promotes the trans-position of thioureas, while
the thiol form promotes its cis-position in the
square-planar of a polyhedron of 3d, 4d-metals
in the structure of complexes. However, it was
found that the thion tautomeric form leads to the
formation of octahedral, while the thiol form to
the square-planar of coordination nodes in
complexes of Cu(ll) and Ni(ll), which are
characterized by a change in coordination
polyhedra (from square-planar and tetrahedron
to octahedron) that depending on the strength of
the ligand field. It is obvious that this effect of
tautomeric forms of thioamides is associated
with the formation of a conjugate system of
double bonds in their molecules. In this case,
the transition of thioamide to thiol form depends
on the pH and the nature of the organic solvent:
in a weakly alkaline medium or polar organic
solvent (pyridine, chloroform) there is a shift of
equilibrium towards to the dominance of thiol
tautomeric form.

105


mailto:s.oryslend@gmail.com

DynoameHmanvui acnexmu KOOpOUHAitiHoL Ximii nepexioHux Memaris ...

It was found that the thionic tautomeric
form of thioamides (depending on pH and
substituent composition) reacts with metal salts
mainly in neutral form or in the monoanionic
form, forming complexes of molecular or ionic
nature, while thiol form reacts in the form of
dianion, forming complexes preferably anionic
type. lonic compounds are usually soluble or
sparingly soluble in water in low concentrations
(10-3 — 10-5 mol/l), while compounds of the
molecular type are soluble only in DMSO and
DMF.

It is shown that the stereoselective
synthesis of various ligand complexes is carried
out mainly in three ways: 1) by the interaction
of the initial components in the corresponding
stoichiometry. In this case, the vacancy in the
metal environment is occupied by either the
anions of the starting metal salt (Hal-, SO42-,
NO3-, CH3COO-, etc.) or other organic
molecules (triphenylphosphine, pyridine, etc.);
2) carrying out parallel reactions (hydrolysis
and oxidation of thioureas), which lead to
participation in the coordination of by-products
of the reaction; 3) carrying out reactions with
intraligand rearrangements, which leads to the
cyclization of organic ligands and coordination
of the products of their transformation to the
central metal ion. However, it was found that
hydrolysis / oxidation or intraligand cyclization
of substituted polydentate thioamides can occur
both under the action of synthesis conditions
and under the action of complexing metals as
promoters of organic reactions.

It was found that depending on the
temperature and time of interaction of the
starting reagents, different  polymorphic
modifications of complexes (triclinic or
monoclinic) are formed, which differ in packing
density and the nature of intermolecular
interactions. As a result, such polymorphic
modifications have different solubilities in
water, which is important for the controlled
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synthesis of appropriate structures and their
practical application.

Keywords: thioamide complexes,
competitive  coordination, tautomerism  of
thiamides, isomorphic modification,
stereoisomerism, intramolecular cyclization.
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New heterometallic complexes of Nd(I11) and Co(Il) based on ethylenediaminetetraacetic and
ethylenediaminedisuccinic acids have been synthesized. The complexes studied by electron ab-
sorption spectroscopy, IR-spectroscopy, and thermogravimetric analysis. The influence of a
number of factors on the properties and structure of heteronuclear complexes is discussed. The
spectral characteristics of homonuclear and heteronuclear complexes are compared. A theoreti-
cal analysis of the geometry of Co(ll) and Nd(I11) complexes with ethylenediaminesuccinic acid
was carried out by the semi-empirical PM7 method. It has been shown that the f-d-complexes
are of the folded type, in which the ligand-complexone realizes the maximum denticity to
Nd(I11), and the Co(ll) coordination sphere is formed by bridging edta/edds carboxyl groups and
intrasphere water molecules. The Co(ll) coordination polyhedron corresponds to a distorted oc-
tahedron, and the Nd(IIl) coordination polyhedron corresponds to a one-capped square anti-
prism (C4v) with the coordination number Nd(I11)=8. During study fixed that heterometallic
complexes have the same structure in solutions and in the solid state.

Keywords: heterometallic complexes, cobalt, neodymium, aminopolycarboxylic acids, spectral

properties.

INTRODUCTION. The development of
modern high technologies is based on the use of
new functional materials. This requires the de-
velopment and application of new or signifi-
cantly modified known methods for their syn-
thesis, which use new precursors with high reac-
tivity, the direction of action, and economic
feasibility. In recent years, researchers have
paid attention to finding ways to create new
complex compounds that contain two metals of
different nature (heterometallic complexes) in
one internal coordination sphere. Among studies
on the targeted synthesis of heteropolynuclear
coordination compounds of lanthanides and
transition elements, heterometallic aminopoly-
carboxylate complexes are of great interest due
to their structural diversity and the expansion of

116

potential areas of their application. Aminopoly-
carboxylate ligands are multidentate ligands and
their important characteristics are the bridging
nature of carboxylate groups. [1-4].

In most of the works devoted to the study
of heterometallic complexes based on aminopo-
lycarboxylates, the structure of the complexes is
determined by X-ray diffraction. The number of
heteronuclear compounds of s- and d-elements
of M[M"(Hedta)(H,0)],-nH,0 (M'=Ca, Mg, Sr,
Ba; M"=Cr, Co, Cu) is known for the most
common and widely studied complex of ethyle-
nediaminetetraacetate (H4edta)[5 6]. Hetemetal-
lic lanthanide lanthanide-polyaminocarboxylate
of bismuth {{NdBi(edta)(NOs3)2(H20)7.22}nwas
synthesized, which is a 3D coordination poly-
mer [7]. Recently, heterometallic complexes of
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lanthanides with such elements as Ge, Bi with
polyaminocarboxylic acids have been studied as
precursors for the synthesis of ultrafine powders
of metal oxides and metal nanoparticles [8]. In
[9, 10], heteronuclear terbium (neodymium) -
germanium (or bismuth) compounds with
Hsedta were synthesized and studied. Their
spectral and luminescent characteristics have
been studied. It has been shown that 4-f lumi-
nescence of lanthanide ions is observed in all
heteronuclear compounds. Based on the
Na[Ce(edta)] complex, a two-dimensional hete-
rometallic coordination polymer
Ce.Co,(edta),(H.0)..- 12H,0 was synthesized as a
metal- ligand, in which ten Ce(lll) atoms are
coordinated by six carbon- oxygen atoms, three
water molecules and four water molecules form-
ing a curved two-cap antiprism. Each of the Co
atoms bonds to two hydrated Ce atoms through
trident bridged carboxylate groups, and each
Ce(111) atom has three adjacent Co atoms. These
fragments are connected in a three-dimensional
network of water molecules between the layers
through numerous hydrogen bonds [11].

A review article [12] on the stereochemi-
stry of complexonates provides a detailed de-
scription of the spatial features of edta complex-
es with lanthanide (111) ions. All ethylenediami-
netetraacetate complexes of lanthanides are mo-
nonuclear, the ligands in all the described com-
pounds are hexadentate, and the remaining
coordination sites are occupied by water mole-
cules (2, 3 or 4). Among the structurally charac-
terized normal mononuclear complexes of lan-
thanides with edta is the isostructural series of
compounds LnedtaM-8H,0, which includes
potassium salts with Ln®" = Nd, La, Gd, sodium
with Ln** = Nd, Th, Dy, Er and ammonium with
Ln** = Nd, Gd. A full structural study was per-
formed for KLaedta-8H,0, NaTbedta-8H,0 and
NaDyedta-8H,0. For all the above complexes,
the lanthanide ion has a coordination number =
9: Ln*" coordinates 6 donor edta atoms and
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three water molecules. Coordinated edta®
anions form a curved trigonal prism with trian-
gular faces. Increasing the size of the metal
atom and the length of the Ln-N bonds promote
the attachment of three water molecules, which
are located in the symmetry of the prism.

There are very few works in the literature
on the study of heterometallic complexes of d-f
metals with ethylenediaminedisuccinic acid
(H4edds). The neodymium-zinc ethylenediami-
nedisuccinates were described in [13]. It was
shown that in heterometallic complexes the Nd-
ion is bound to two a- and one B-carboxyl
groups and a nitrogen atom of the NH group of
the ligand, and the coordination sphere of the
Zn=ion is formed by oxygen atoms B-carboxyl
group edds, which performs a bridging function,
and water molecules. New f-d-heterometallic
complexes Pr(111), Co(ll), Zn(I1) with aminopo-
lycarboxylic acids (ethylenediaminetetraacetic,
ethylenediaminedisuccinic) were synthesized
and spectroscopically characterized in [14]. It
has been shown that f-d-complexes belong to
complexes of the "folded" type, in which the
ligand-complexon realizes the maximum dentic-
ity to Pr(111), and the coordination sphere of the
3d-cation is formed by the chain carboxyl
groups of the ligands and intrasphere water mo-
lecules.

This work presents the results according
to synthesis, spectral characterization, and
stability of the heterometallic complexes Nd(l1I)
and Co(ll) with ethylenediaminetetraacetic and
ethylenediaminedisuccinic acids in solutions
and in the solid-state.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Neodymium nitrates of
Nd(NOg3)3-6H,0 and cobalt Co(NO3),-6H,0
were used for the synthesis of heterometallic
complexes with aminopolycarboxylic acids.
Ethylenediaminedisuccinic acid was obtained
by the condensation reaction of maleic acid with
ethylenediamine [15].
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Ethylenediaminetetraacetic  acid  was
purchased from Ukrsit LLC (Kyiv) and used
without further purification.

Solutions of salts and
aminopolycarboxylic acids of the required
concentration were prepared according to the
exact sample. The concentration of metals in the
solutions was determined by complexometric
titration (0.01 M) with indicators of murexide
(for Co?* ions) and arsenazo 1 (for Nd** ions).

The synthesis of heterometallic complexes
was carried out by the interaction of protonated
Co(Il) monocomplexes with an inorganic salt of
Nd(IIT) («block» method):

[CoHLY(L?) (H,0)] +Ln(NO3)s+ nH,0 =
[Co(u- LY(L?) Nd(H20)4]NO3 + 2HNO;

The choice of the method for the synthesis
of heterometallic complexes is determined by
the values of the thermodynamic stability
constants of mononuclear complexes (IgKs.).
When the values of IgKset. complexes of M'L
and M"'L differ by several orders of magnitude,
the less stable monometallic complex serves as
a  “building block” for obtaining a
heterobinuclear compound by exocoordination
of additional metal ions. In other words,
mononuclear complexes act as metal chelate
ligands capable of coordinating the second
metal ion. It is worth notingthat heteronuclear
complexes based on complexones were obtained
without isolating the "building block” from the
solution.

The synthesis of heterometallic complexes
was carried out according to the
followingmethod. To 100 ml of an aqueous
solution of cobalt nitrate Co(NOs3),-6H,0 (0.1 g-
mol) was added 200 ml of a solution containing
0.2 g-mol Hedds (Hsedta) and 2 g-mol NaOH.
The resulting mixture (pH ~ 3.5) was stirred
intensively for 20 minutes, after which 100 ml
of neodymium salt solution (0.1 g-mol) was
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added to the reaction mixture. The suspension
was heated in a water bath at 50 - 60°C for 1.5 -
2 hours and left to cool. Abundant precipitates
of the heterometallic ~ NdCoL'?nH,0O
complexes (yield of heterometallic complexes
81-86%) fall out of the solutions. The
precipitate was filtered and washed with a
mixture of ethyl alcohol and acetone (1:1) and
dried to constant weight at room temperature
(20+2°C).The obtained heterometallic
complexes are sparingly soluble in water and
other polar solvents.

Investigation of the processes of
complexation of neodymium and coyulate ions
with aminoplicarboxylates in solutions at their
equimolar ratio and C=1-10 mol/dm® was car-
ried out by the method of electron absorption
spectroscopy. Electronic spectra were recorded
on a Specord M40 spectrophotometer in 1 cm
thick quartz cuvettes in the range of 50,000 -
10,000 cm™.In fig. 1 shows the electronic
absorption spectra of complexes Nd(lIl) and
Co(Il) with edta (a) and edds (b), and in table.1
- position of the main absorption maxima of Nd*
*ions.

In the UV-VIS spectra of aqueous
solutions of neodymium-containing complexes
(both homo- and heterometallic) range there are
narrow bands of characteristic 4f-transitions
from the basic “lgp-state of the Nd(I1) ion
(Table 1.1), but for heterometallic complexes
the structure of spectra increases, increases the
intensity of absorption compared to the spectra
of homo-complexes and occurs by shifting the
maxima of the bands of the corresponding f-f-
transitions in the long-wavelength region
(Avmax=170-190 cm™? for edds and ~78-90 cm™
for edta). This fact indicates the formation of
heterometallic complexes, which contain both
metals in the internal coordination sphere.

In the 4f-absorption spectra of lanthanide
complexes, thebands corresponding
tothehypersensitive transitions are subject to
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Fig.1. UV-VIS spectra of heterometallic complexes Nd(l11) and Co(Il) with edta (a) and edds (b) (pH ~ 7;
C=1-10"mol/dm?).

Table 1
Transition energies (cm-') in UV-VIS spectra of Nd(IIl) and Co(ll) complexes with
aminopolycarboxylic acids.
Transiion | Nd,° | Ndedds/Ndedta | NdCoedds/NdCoedta |  vya-VidcoL
*lofp—>?P1 23064 23470/23221 23358/23300,23912 112/79
*lor;—"Ggy 19560 19688/19447 19537/19537 151/90
o—'Gp 19160 19264/19114 19113/19075 151/39
*lorp—"Gspp 17360 17451/17234 17261/17275 190/45
*lorp—>"Fop 14720 14781/14740 14712/14778 69/38
*lor;—"Fap2 13480 13630/13432 13440/13477 190/45
*lor;—"Fs 12560 12743/12512 12588/12551 155/39
*lorp—>"Fap 11560 11726/11513 11549/11435 177178

the greatest influence of the ligand field, so
special attention was paid to these bands. Thus,

the absorption spectra of neodymium
compounds are characterized by two
hypersensitive ~ transitions:  *lgy  —  2Pap

(V23350 em™) and*le, —  “Gsp 2Gip
(Vmax=.17400 cm™and 19200 cm™ respectively).
It is worth notingthat these bands for
ethylenediaminetetraacetate ~ complexes  of
neodymium are in the lower frequency range
than the corresponding bands for
ethylenediaminedisuccinate complexes. In this
case, the positions of vmax for Ndedta are close
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to vmax IN the spectra of the aquaion Ndaq3+,
which may indicate close symmetry of
aquacomplexes and complexonates with edta.
The Nd complexes with edds have a much
larger hypsochromic shift of the absorption
maxima of f-f transitions compared to Ndaq3+,
which is caused by a decrease in mutual
electron repulsion (nepheloxetic effect) due to
the presence of a chiral CH-carbon atom in the
edds molecule.

For heterometallic complexes, the *Gsy
transition frequency in the spectra of the
NdCoedds complex is shifted by 190 cm™ to the
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low-frequency  region relative to the
corresponding transition to the UV-VIS spectra
Ndedds, while for NdCoedta vmax this transition
is shifted by 45 cm™ in the high frequency
region. In this case, for both heteronuclear
complexes, the band *lo;, — *Gs/», °G, does not
undergo cleavage, which is characteristic of
compounds with low symmetry [16]. In the
heteronuclear complex NdCoedta, splitting of
the “*lop—°P1band is observed, which is a
consequence of the decrease in the symmetry of
the Nd (Ill) coordination polyhedron in the
heteronuclear complex. In the spectrum of the
complex NdCoedds for the 19/,—2Pyptransition
only one band is observed, which indicates the
existence of one type of compound in solution.
The shift of the maximum of this band is 112
cm™, which is typical for complexes with low
coordination numbers.

In the UV-VIS spectra of heterometallic
complexes, not only the change in the vmax
position of the Nd(I1l) ion is observed, but also
the vmax position of the Co(ll) ion changes
significantly. If monometallic cobalt
complexates are characterized by the presence
in the electronic absorption spectra of d-d
transitions maxima of Co?" ion at 19844 cm™
(transition “T14(*F)—*T14(*P)) and 26480 cm™
(transition  “T1(*F)>*Ax(*F)), then in the
electronic spectra of heterometallic complexes
the last transition disappears, and for the term
Tig("F)="T1y(*P) a significant hypsochromic
shift (veoL-vngco® -1190cm™) is  observed
compared to Coedds (edta). In addition, the
specified  maximum  for  heteronuclear
compounds is split into 3 components (20999,
21233, 21657 for CoeddsNd and 20994, 21341,
21570 cm™ for CoedtaNd), which may indicate
a change in the coordination environment of
cobalt ions and the existence of heteronuclear
compounds of several differently coordinated
cations of Co(ll). However, the position of the
d-d transitions for the Co®" ion in heterometallic

120

the octahedral
the type of

complexes corresponds to
environment, regardless of
aminopolycarboxylic ligand.

In order to obtain information on the
quantitative composition of metals included in
the internal coordination sphere of complexes
formed in the system Co(ll) - edds - Nd(lIIl), the
dependence of optical density on the
concentration of one of the metals at constant
concentrations of ligand and second metal and
pH ~ const (7) (Fig. 2).

n
3 0,52 ./. \
< \

0,48 ]
0,46

- 1
-2

044 ‘\\
0,42

0,4

0,5 0,6 0,7 0,8 0,9 1 1,1 1,2 1,3 1,4
C(Nd3+)

Fig. 2. Composition of heterometallic complexe
CoeddsNd by the method of additives.

As seen from Fig..2, the value of optical
density relative to the concentrations of both
Co?* (curve 1) and Nd** (curve 2) varies in the
same way:. with increasing concentration of
metals from 0,5-10 10 0,9-10* mol/dm?® there
is a decrease in the values of optical density,
and at Ccoan=Cnaam=1-10° mol/dm* on both
curves there is a well-defined inflection, which
corresponds to the ratio
Co(Il):edds:Nd(IT)=1:1:1.This clearly indicates
that the internal coordination sphere of
heterometallic complexes Co(ll) and Nd(lII)
with edds includes one metal of each type.

Oscillator  forces (Table 2) were
determined for each of the neodymium-cobalt-
containing complexes studied, which were
determined by the method [17].As seen from
table 1.2, the strength of the oscillators of
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Table 2
Experimental and calculated forces of oscillators (P) of transitions *lo,—>**'L, of Nd(I11) ion in UV-
VIS spectra and standard error of calculation (x10°).
. Nd(NO;); Ndedta Ndedds CoeddsNd CoedtaNd
Multiples
Pexp. | l:)calcul. I:)exp. | l:)calcul. Pexp. | l:)calcul. l:)exp. | l:)calcul. I:)exp. | I:)calcul.
*Fap 3,43 257 319 257 328 229 215 232 124 1,70
*Fent Hop 9,97 984 953 938 950 944 925 89 759 7,19
oSy 1081 00 998 1035 1068 1088 972 1009 799 834
"Gy +°Gy 10,64 1(2)’7 15,23 15,36 13,50 13,55 12,27 12,37 10,90 10,94
*Gypt"Gey 6,72 525 798 548 6,07 506 667 494 458 3,85
4 4 2 4
Port Deztlun®™D 990 119 982 1186 849 12011 954 1049 721 744
1/2
oot mean square 1,43 1,91 1,25 1,18 0,60
error
the CoeddsNd complex exceeds the strength of . Table 3
the oscillators for CoedtaNd in 1.15 to 1.4 Judd-Ofelt parameters @, (x10”° em?).
times.  When  comparing  homonuclear Compound | A=2 | A=4 | r=6
complexes, an increase in P is also observed Nd(NO3)s 1,05 5,29 9,32
during the transition from edds to edta. The
. . Nd(edta 3,18 5,46 8,68
values of the shift of the band maxima and the (edta)
increase in the strength of the transition Nd(edds) 2,86 451 922
oscillators in the Nd(I11) complexes with edds Co(edta)Nd 2,56 3,29 7,07
and edta indicate the different nature of the Co(edds)Nd 2,21 4,77 8,51

ligand field influence, which may be caused by
differences in the coordination environment of
the lanthanide ion in the corresponding
compounds.

Based on the obtained data according to
the Judd — Ofelt theory [18], the intensity
parameters (A = 2, 4, 6) of the neodymium
ion in the complexes were calculated (Table 3).

The parameter Q, and the oscillator power
of the supersensitive transition *lo,—*Gs+2G7p
increase in the series
Nd(NO3)3<Nd(L)Co<Nd,L, which indicates a
lower local symmetry of the Nd (I11) ion in the
monometallic complex , compared with
heterometal. The parameter Qg decreases in the
series Nd(NO3)3> Nd,L > Nd(L)Co, which may
indicate an increase in the covalence of the
neodymium-ligand bond in the transition from
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monometallic to heterometallic complex.

It is known that the parameter Q, is the
most sensitive to the immediate environment of
the lanthanide ion. The increase in the value of
this parameter contributes to both increasing the
degree of covalence of bonds with donor atoms
and reducing the symmetry of the ion
environment. The change in symmetry may be
associated with a change in the geometry of the
coordination polyhedron of lanthanides, as well
as with a change in the structure of ligands
while maintaining the geometry of the
coordination polyhedron. Nd(I11I) ionic solutions
are dominated by nine-coordinated aqua
complexes, the geometry of which corresponds
to a highly symmetric three-cap trigonal prism
(point symmetry group Dsp) [19]. Therefore,
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Nd(NOs3)s is characterized by a low value of Q,
(1,05:10° cm?). In the case of the Ndedta
complex, the Nd(Ill) environment is a one-cap
square antiprism (Cgy,), Which is formed by two
nitrogen atoms and four oxygen atoms of the
ligand, as well as three water molecules
(coordination number = 9) [20]. The value of Q;
for CoedtaNd compared to Ndedta decreases
from 3,18:10° cm® to 2,56:10° cm?, which
indicates an increase in the symmetry of the
Nd(I11) environment due to the curvature of its
polyhedron due to the formation of Co ions with
the Edta molecule and water molecules
simultaneously. Close values of Q, obtained for
the CoeddsNd complex (2,21:10%° cm?) may
indicate a similar geometry of the coordination
polyhedron Nd(IIl) in these compounds.
Probably, the heterometallic  complexs
coordination polyhedron is close to a one-cap
square antiprism (C4,) and is formed by two
nitrogen atoms, three carboxylate oxygen atoms
of the edds molecule (or four O in the case of
edta) and three (two) water molecules
(coordination number Nd(I1) = 8). The shift of
the maximum of the *lo,—?Py, transition band
in the synthesized heterometallic complexes to
the long-wavelength region and the increase in
the intensity  of  the  supersensitive
*lojp—"Gs2+°Gyjp transition also indicates a
decrease of the coordination number in the
central ion from 9 to 8. That is, 6 places in the
inner sphere of the Nd(I1l) ion are occupied by
hexadent anions of complexones, and two
places are occupied by H,O molecules.

The different nature of the coordination of
complexion anions in heteronuclear complexes
is also reflected in the comparison of the degree
of covalence b'?, which is determined by the
nepheloxetic effect (Table 4) [21].

As seen from table4, the covalence of the
bond in heterometallic complexes with both
edta and edds is approximately the same, but
exceeds b” for mononuclear complexes ~ 1.1

122

Table 4
Parameter of normalized electrostatic repulsion
of Snes, nepheloxetic ratio p and covalence
parameter b” (relative to Nd* in the gas phase,
for which Syes = 88713 cm™ ™).

Complex Snes, cmt B b”
Nd(NOs)3 86134 0.971 0.121
Ndedta 86485 0.975 0.112
Ndedds 85663 0.966 0.113
Co(edta)Nd 85882 0.968 0.126
Co(edds)Nd 85956 0969  0.125

times, which confirms the conclusion that the
covalent component increases in the formation
of a heteronuclear complex.

The  calculated  values of  the
nepheloxeticparameter B are close to 1, (Table
4), which may indicate high ionicity of the Nd—
O bond in both monometallic and heterometallic
complexes. But a slight increase in 3 values in
NdL? is associated with increasing ionicity of
the bond, and with a decrease in the
coordination number of neodymium in
comparison with hetero-complexes [22].

The general dependence of shifts of the
main maxima of the f-f transitions of the Nd*3
ion in the synthesized heterometallic complexes
in comparison with the monometallic ones looks
as follows (Fig. 3).

300
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8 NdL1-NdCoL1
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B NdL2-NdzZnL2
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2P12 4GY2 4GT/2 4G52 4F9I2 4FTI2 452 4F32

Fig. 3. Diagram of shifts in UV-VIS spectra of
heterometallic complexes  Nd(I1)-Co(ll)  with
aminopolycarboxylic acids (cm™), L'=edta, L*=
edds.
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For the synthesized homo- and
heteronuclear lanthanide complexes with L™
anions of complexons, their stability constants
were calculated using the mathematical
programCLINP [23] (Table 5).

Table 5
Values of stability constants of complexes of
Nd(I1l) and Co(ll) with aminopolycarboxylic
acids.

Complex | lgK:
[NdL'T 16,47+ 0,06
[NdL?] 14,4+0,05
[CoL'J? 18,98+ 0,06 [24]
[CoL%* 17,19+ 0,05 [25]

[NdCoL'7* 20,1+ 0,03
[NdCoL?* 19,01+ 0,04

Heterometallic complexes are several
orders of magnitude more stable than the
corresponding monometallic complexes due to
the formation of additional bonds, and,
accordingly, metal cycles, with donor ligand
atoms. The higher stability of heterometallic
complexes compared to binary compounds
containing the same proton forms of the ligand
is associated with the formation of bonds of 2
cations with donor atoms edta/edds, that is, the
increase in the stability of the complexonate
occurs due to its «crosslinking». Comparison of
lgKs.  complexes  NdL'? ~ CoL'? and
NdCoL"%shows that the difference in the
stability of heterometallic and monometallic
neodymium-containing complexes (AlgKngcor1-
NdL1:3,63; AngNdCoLZ-NdL2:4;61) is several or-
ders of magnitude lower than the corresponding
difference between heterometallic and cobalt
complexes (AlgKndcoL1-coL1=1,12; AlgKndcoLo-
co2=1,82). This is probably due to the fact, that
in the heterometallic complex the cobalt ion
forms much fewer bonds (or cycles) with the
donor atoms of complexones than the neody-
mium ion. That is, NdCoL** complexes are
«folded» type complexes, in which Co(II)
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complexes will play the role of exo-coordinated
ligands in the formation of heterobinuclear
complexes, and the Co®* coordination sphere in
the heteronuclear compounds will be formed
only by oxygen atoms of capacious carboxyl
groups of ligands and water molecules.The sta-
bility of complexes with edds is less than that of
the corresponding complexes with edta, which
is probably due to different sizes and numbers
of chelate metallocycles, as well as to deforma-
tion of six-membered B-alanine rings in ethyle-
nediamine disuccinate complexes [14].

Solid samples of synthesized
heterometallic complexes were studied by IR-
spectroscopy. IR-spectra were recorded on a
spectrophotometer Specord M-80 in the range
of 4000-400 cm™ in tablets with KBr. The

hydrate composition of the synthesized
complexes was determined by
thermogravimetric method. The

thermogravigrams  were recorded on a
derivatograph Q - 1500°D F. Paulik, J. Paulik,
L. Erdey in the temperature range 20-500°C
with a heating rate of 5%min in a platinum
crucible in the presence of the carrier Al,Os

(anhydrous).
The thermolysis of the studied
heterometallic complexes NdCoLY? occurs in

the same way and has a stepwise character.
(Table 6).

At the first stage of thermolysis in a wide
range of temperatures (80-160°C) is their
dehydration, which is accompanied by
endothermic effects. In the region of 80-100°C,
a decrease in the mass of complexes is observed
due to the detachment of two outer-water
molecules, which is accompanied by
insignificant endothermic effects.With a further
increase of the temperature (120-180°C), the
removal of H,O molecules, which are part of the
internal coordination sphere of the complexes,
takes place.

Different

dehydration  temperatures
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Table 6

Thermal stability of heterometallic complexes Nd(111) and Co(l1) with aminopolycarboxylic acids.

The process of dehydration

t destruction, °C

o Loss of mass, % nH,
Complex t,"C/thermal effect == 10 | Experiment. | O beginning | close
105/ (endo) 4,48 4,59 2
[NdCoL'7* 114/ (endo) 7,51 7,59 3 213 485
153/ (endo) 7,51 7,54 2
92/ (endo) 7,00 7,12 2
[NdCoL?T* 117/(endo) 3 220 475
155/ (endo) 7,00 7,46 3
Table 7

Basic oscillation frequencies in the IR spectra of homo- and heteronuclear complexes of Nd(I11) and
Co(11) with aminopolycarboxylic acids and their assignment (cm™).

band Compounds
assignment NdL® [ NdCoL” | CoL? | NdL' [ NdCoL' | cCoL'
v(COOH) 1719 - - 1731 - 1730
1650 1690
1636 -1620 1650,
va5(COO) 1592 1548 1583 1593 1675
1560
1405, 1410 .
vs(CO0) 1331, 1329 149123;119390 iigg igég 1470-1358
1310 1312 '
2943, 2864 2990
v(CH) 2878 2867 2912 2975 2975-2900
510
566, 598, 576, A2
v(M-0) 666 620 537;603;626 700 -520
687
v (M-N) 458 456 449 458 457
N(H20)ina 3262 3242 3224 3220
N(H20)inter 3445 3454 3460 3420
indicate different structural role of water are bound to the lanthanide ion, complementing

molecules in coordination compounds, due to
the formation of a branched system of intra- and
intermolecular hydrogen bonds characteristic of
metal complexonates [26].

The five intraspherical H,O molecules,
which play different structural roles, removed at
higher temperatures (=120°C and 150-190°C).
Probably, 3 molecules of water, which are
cleaved at lower temperatures, are bound to the
cation of 3d metal, and two molecules of H,O
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its coordination sphere to the coordination
number 8. In the area t ~225-300°C destruction
occurs organic ligands with removal of carboxyl
and amino groups in the form of CO; and NO»,
respectively. These processes are accompanied
by a number of endo- and exo-effects. Complete
decomposition of compounds ends at t = 480°C.

To determine the nature of the binding of
metal ions to the functional groups of aminopo-
lycarboxylic acids, their IR spectra were record-

ISSN 2708-129X. YKP. XIM. XVYPH., 2022, 1. 88, No 2



O.K. Trunova, A.M. Mishchenko, T.O. Makotryk

ed. In fig. 4 as an example, the IR spectra of the
Coedds(1) and NdeddsCo (2) complexes are
given, and Table 7 shows the main oscillation
frequencies in the IR spectra of homo- and hete-
ronuclear complexes of Nd(I11) and Co(Il) with
aminopolycarboxylates.

Coedds (1)
NdeddsCo (2

Transmittance, %
ES
T

20

0d v,(C00)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers, cm !

Fig. 4. IR spectra of complexes Coedds(1),
NdeddsCo (2).

In the comparative analysis of the IR-
spectra of the synthesized heteronuclear
complexes and their corresponding metal
complexonates, the main attention was paid to
the absorption bands corresponding to the
oscillations of the functional groups whose
donor centers are involved in the binding to
cations. In all IR-spectra of complexes with
aminopolycarboxylic acids for both
monometallic and heterometallic complexes
there is a wide band in the range of 3200- 3500
cm®, which corresponds to the valence
vibrations of water molecules and indicates the
presence of intra- and intermolecular hydrogen
bonds. Manifestation of v(OH) in the spectra in
the form of a doublet indicates that the studied
heterometallic complexes contain both external-
spherical water molecules and H,O molecules
occupying the intraspherical position. This
conclusion correlates well with
thermogravimetry data.

In the IR spectra of heterometallic com-
plexes the band of valence vibrations of the free
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carboxyl group of aminopolycarboxylites (1731
cm™ for Ndedta and 1719 cm™ for Ndedds) dis-
appears and two split bands of strong intensity
vas(COO") appear in the range 1560 - 1670 cm™
and v5(CO0)1350 - 1470 cm™. Compared with
the IR-spectra of monometallic complexonates,
a shift of these bands to the long-wavelength
region is observed. Moreover, the bands v of
oscillations of carboxyl groups in the spectra of
heterometallic complexes appear in the form of
doublet or triplet bands, which indicates a dif-
ferent coordination environment of complexing
metals in hetero- and homometallic compounds.
The difference in the position of the oscillation
frequencies vs and vy of COO™-groups
(Av=vascoo) - Vs(cooy) for heterometallic amino-
polycarboxylates is ~ 200 cm™ and ~ 170 cm™,
which indicates the presence of NdCoL*? com-
plexes both monodentatically coordinated de-
protonated carboxyl groups and the bidentate-
bridging nature of their binding [27]. The
presence in the low-frequency region of the IR
spectra of the multiplet bands in the region 510—
700 cm*, which belong to the M — O bond
oscillations, also indicates a different
coordination of the two cations of the carboxyl
groups of the ligands[28].

In the spectra of aminocarboxylate
complexes, there are absorption bands in the
region of 4440-460 cm™ *, which correspond to
v oscillations of the M — N bond. The v(M-N)
oscillation band for the NdL*Coand
NdL'?complexes is singlet in nature and has
almost the same frequency, which indicates that
the Co?* ion is not involved in the formation of
this heterobinuclear compound. The presence of
metals in the amino groups of ligands is
indicated by the presence in the IR spectra of
the valence band of the CH groups in the region
of 292950-2800 cm™ . This band is one of the
criteria for the formation of the coordination
link M-N in complexates [29]. In the IR spectra
of heterometallic complexes, the position of the
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v(C—H) band does not undergo significant
changes with respect to lanthanum-containing
homometallic neodymium complexes, which
indicates the same coordination of nitrogen
atoms in heterocomplexes and NdL? In
addition, the multiplicity of v(C-H) may
indicate the presence in the complexes of an
extensive network of intra- and intermolecular
hydrogen bonds.

Quantum-chemical calculation of dimeric
complexes of Co (1) and Nd (I11) from edds of
the composition [Coy(edds),]* and
[Nd,(edds),(H.0)s]> was performed by the
semi-empirical method PM7 (Sparkle / PM7 for
lanthanides) (Fig. 5). For all complexes, the
optimized geometries correspond to the
minimum on the surface of the potential energy,
as evidenced by the absence of negative
eigenvalues in their Hessians.

The dimeric complex [Co,(edds),]*has
the symmetry of the point group C, (Fig. 5, a).
The immediate coordination environment of
each of the Co(ll) ions includes 2 nitrogen
atoms of the ethylenediamine bridge edds, 2
oxygen atoms of a-carboxyl groups and an oxy-
gen atom of B-carboxyl group. The coordination
number of the central ion is supplemented to 6
(curved octahedron) due to the axial oxygen
atom of the -COO- group of the second ligand
molecule. There are 3 five-membered chelate
cycles in the equatorial plane of the cobalt octa-
hedron: 1 ethylenediamine (Co—-N-C-C-N)and
2 glycine (Co—O-C-C-N).The plane of the six-
membered B-alanine cycle ((Co—O-C—C—C—-N)
is in the axial position. The bond lengths in the
octahedron [CoO4N;] are shown in Table 8.
According to the results of the calculation, the
internuclear distance Co—Co is 6.035 A. The
calculated structure of the [Coy(edds),]*
complex almost completely coincides with the
structure of the cobalt compound with edds
C10H20CoN;NaO;, described in [30, 31].

Neodymium-containing complexes
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[Nd(edds),(H-0)4]*> have a similar structure to
ethylenediamine disuccinate (Fig. 8, b). Since
low coordination numbers for lanthanides are
uncharacteristic, the coordination number of
Nd(111) ions is supplemented by 8 oxygen atoms
of two water molecules. The coordination
polyhedron [NdOgNj3] iIs a curved
dodecahedron. The Nd—Nd internuclear distance
is 7.522 A.

@
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Fig. 5.Optimized structure of complex anions
[Coz(edds)]* (a) and [Nd(edds)z(H20)4](b).

Taking into account the data of IR
spectroscopic  studies  of  heterometallic
ethylenediamine disinfectants of neodymium
and quantum chemical calculations of dimeric
complexes [Nd.(edds)»(H20)4]* ,we can
assumethat in the NdCoL? complex in the
equatorial positions relative to the Ln* ion are
two nitrogen atoms and two carboxyl oxygen
atoms of the edds molecule. Thus two glycine
and one ethylenediamine cycles are formed. The
six-membered B-alanine ring is located in the
axial plane of the neodymium polyhedron.The
Co? ion is bound to the complex ion [Lnedds]
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Table 8
Calculated bond lengths in polyhedra [CoO4N;]
and [NdOgN,] (A)

Bond length | Co(ll) | Nd(lll)
1099 2610

M-N 1990  2.609
1065 2377

M-O.coo 1052 2350
M-0.coo 1051 2387
M-O co0* 1971 2420
2436

Nd-OH, _ S

* p-carboxyl group of an adjacent edds molecule.

through oxygen atoms of the B-carboxyl group,
which performs a bridging function. The
octahedral configuration of the 3-d metal is
supplemented by 3 water molecules.

In heterometallic
ethylenediaminetetraacetates NdCoL', the edta-
ligand is coordinated to the Nd** ion
hexadentate with the involvement of two
nitrogen atoms and four carboxylate oxygen
atoms. The nitrogen atoms of the
ethylenediamine ring and the oxygen atoms of
the two 5-membered glycine rings occupy the
equatorial plane. The coordination environment
of neodymium ions is supplemented by two
water molecules. The octahedral coordination
polyhedron of cobalt in heteronuclear
ethylenediaminetetraacetate is formed by
bridged carbon oxygen atoms of bidentate
coordinated carboxyl groups of edta anions and
three water molecules.

CONCLUSIONS. The f-d-heteronuclear
complexes of Nd(Ill) and Co(ll) with
aminopolycarboxylic acids were obtained by the
method of «block synthesis». The complexes
were investigated in solutions and solid - state
by methods of electron absorption spectroscopy
and IR-spectroscopy. It was found that the pH
range 5.5 - 7 is the most susceptible to the
formation of heterometallic complexes with
deprotonated L'? anions. In this region, the
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absorption spectra of heterometallic complexes
in comparison with the spectra of monometallic
compounds are characterized by shifting and
splitting of the bands of the corresponding f-f
transitions of Nd** ion and d-d transitions of
Co?* ion into the long-wavelength region with a
significant increase in absorption intensity. The
absorption bands of the Co®" ion partially
overlap with the absorption bands of the
Co?*ion, which is proof of the formation of
heterometallic complexes.

For the NdL'?, CoL'"? and NdCoL'?
complexes, stability constants were calculated
and it was shown that heteronuclear complexes
are several orders of magnitude more stable than
mononuclear ones due to the formation of
additional bonds or metal cycles with donor
ligand atoms. The stability of
ethylenediaminedisuccinates is lower than that
of the corresponding
ethylenediaminetetraacetates due to the different
sizes and number of chelated metal cycles.

The spectrophotometric  characteristics
(oscillator power, nepheloxetic effect, Judd —
Ofelt parameters) of heteronuclear complexes
are compared. It was found that the oscillator
forces in edds-based complexes are greater than
in edta-based complexes, which is explained by
differences in the structure of the coordination
environment of the lanthanide ion in the
corresponding compounds.

It is proved that f-d-complexes belong to
complexes of «folded» type, in which the
ligand-complexon realizes maximum dentance
to Nd(II), and the coordination sphere of 3-d
cation is formed by carboxyl groups edta/edds
and intraspherical water molecules. In this case,
the Co?" cation is in a curved octahedral
environment, and the coordination polyhedron
of the neodymium ion corresponds to a one-cap
square antiprism (C4,) with a coordination
number Ln(lll) 8. In solutions and solid -
complexants have the same structure.
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32/34, Kuis

CHHTE30BaHO Ta OXapaKTEPHU30BAHO Me-
tonamu ECII, IY-cmektpockomii, JITA HOBI
rerepomeraniudi kommiekcu NdA(IIT) ta Co(Il) 3
aMiHOMOTIKapOOHOBUMH KUCIOTaMH (€THIICH/I-
aMIHTETPaoIITOBA, eTHJICHA1aMIHAUSHTapHa
kucnotu). [lokazaHo, 1110 CUHTE3 TreTepoMeTati-
YHUX KOMIUIEKCIB JIOLJIBHO TPOBOJUTH Ha OC-
HOBI MOHOS/IEpHUX mojikapOokcunaris  3d-
MeTaJliB, Kl BUCTYNAIOTh «Oy/iBeIbHUM OJI0-
KOM» JUJIsl OTPUMaHHS TeTepo0isepHO] CIIOTYKH
3 eK30KOOpJWHAIl€I0 10HIB JaHTaHiAiB. Kowm-
TUICKCU JIOCII/DKEHO Y PO3YMHAX Ta TBEPAOMY
crafi. BcTtaHoBieHo, 1110 He3aJaeXKHO BiI aMiHO-
MOJIIKapOOHOBOT KUCIIOTH, MJIsi 000X rerepome-
TaJIYHUX CHUCTEM CIIOCTEPIra€ThCsi 0ATOXPOM-
HUN 3CYB MAaKCUMYMIB MOTJIMHAHHS B1JHOCHO
MaKCHUMYyMIB TOTTUHAHHS TOMOSAEPHUX KOM-
miekciB. Jus xomruekcis NdL'? CoL'? ta
NdCoL? PO3paxoBaHO KOHCTAHTH CTIMKOCTI Ta
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MOKa3aHo, L0 TeTeposaepHi KOMIUJIEKCH Ha Ki-
JIbKA MOPSIKIB CTIMKIII MOHOSIEPHUX 32 paxy-
HOK YTBOPEHHS JOJATKOBUX 3B'S3KiB a00 MeTa-
JIOIUKJIIB 13 JIOHOPHMMH aTOMaMH JITaHJiB.
CrilikicTh €TWICHAMAaMiHANCYKIIMHATIB MEHIIA,
HDK Yy BIAMOBIIHMX €TWJIECHIWAMIHTETpaarera-
TiB, 110 TIOB’S3aHO 3 PI3HUMHU PO3MiIpaMH i Ki-
JBKICTIO XENaTHUX MeTalouukiiB. Jlis Han-
gyruBux mnepexonis Nd(III) (4|9/2—>2P1/2 Ta
4|9/2—>4Gs/2+zG7/2) pPO3paxoOBaHO CIIEKTPaJIbHI
napaMeTpu: CHJIa OCHUJISTOPIB, He(EeIOKCeTHY-
Hull napametp, napamerpu xagna — Odenbra i
KOBAJICHTHOCTI Ta MOKAa3aHO, IO MPH MEePEeXoIi
BiJl MOHO- JI0 TE€TEPOMETATIYHOIO KOMILJIEKCY B
psany akBa-ion Ln(II) > romomeramiyHuii KOM-
IJIEKC > TeTePOMETATIUHUNA KOMIUIEKC 3pPOCTa€e
KOBJICHTHOCTh 3B’SI3KY JIAHTaHIJ — JirasHm, a
3HIDKEHHSIM JIOKAIIbHOT CUMETpii 10Ha JJaHTaHi Ly
B1/10yBaeThes B psay akBa-ioH Ln (III) < rere-
pOMETaTIYHUNA KOMILJIEKC < TOMOMETalidyHUI
KOMILIEKC.

I'eteposinepHi KOMIUIEKCH Ha KilbKa IO-
PAOKIB CTAOLIBHINI 332 OAHOSICPHI 332 PaXyHOK
YTBOPEHHS JOAATKOBUX 3B’sI3KiB a00 MeTaialu-
KJIIB 3 aTOMaMH JTOHOPHOTrO Jirasay. BinzHaue-
HO, IO CTIMKICTh KOMIUIEKCIB 3 edds Hmkua,
HDK Yy BIANOBIZHUX KOMIUJIEKCIB 3 edta uepes
pi3HUI PO3MIp 1 KIIBKICTh XEJTaTHUX MeTalalu-
kiiB. IIpoBeneHo TeopeTuuHuil aHami3 reoMer-
pii kommuiekciB Co(Il) Ta Nd(III) 3 erunenmia-
MIHJISSHTAPHOIO KHUCJIOTOI0 HaIiBEMITIPUYHUM
meronoMm PM7.

IToka3zano, mo f-d-KOMILIEKCH HAJIEXKATh
70 KOMIJIEKCIB 3TOPHYTOIO THUIY, B SAKHX Ji-
raHJ-KOMIUIEKCOH peajli3ye MaKCHUMajbHY JI€H-
tatHicTh 10 NA(IIl), a xoopauHamiitHa cdepa
Co(Il) dopmyeTbcss MICTKOBUMHU KapOOKCHIIb-
Humu rpynamu edta/edds Ta BHyTpimHBOChEp-
HUMH MoJlekynamu Boau. KoopauHauiiiHui
nosienp Co(Il) BiamoBizae BUKPUBICHOMY OK-
Taeapy, a koopauHamiauii momienp Nd (III)
BI/IMOBI/Ia€ OJHOIIANIKOBIM KBaJpaTHINA aHTHII-
pusmi (Cay) 3 KU Nd(III) =8. ¥ po3umnax Ta

ISSN 2708-129X. YKP. XIM. XVYPH.,, 2022, 1. 88, No 2


mailto:trelkon@gmail.com

O.K. Trunova, A.M. Mishchenko, T.O. Makotryk

TBEPJIOMY CTaHi TETepOMETANIYHI KOMIUIEKCH
MaroTh OJJHOTHUITHY OyJOBY.

KirodoBi ciioBa: rerepometaniiuHi KOMIUICKCH,
KOOQJIbT, HEOJMM, aMiHOMOJIIKapOOHOBI KHUCIIO-
TH, CTIEKTPaJIbHI BIACTUBOCTI.
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MATHEMATICAL MODEL OF TWO-CHAMBER ELECTROLYSER DYNAMICS FOR
STUDYING PROPERTIES OF ION EXCHANGE MEMBRANES BASED ON PROTON
IONIC LIQUIDS
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A mathematical model of mass transfer processes in the electrolysis of one-component solutions
of 1,1 symmetric strong electrolytes NaOH and NacCl in a two-chamber electrochemical reactor
with mesh electrodes based on platinum titanium is formulated. Experimental modeling of
processes is performed was carried out under conditions of continuous precise monitoring of the
system (NaOH concentration and volume of solution in the chambers).The electrolysis system
was designed to balance the flow of components through the membrane to study its properties
and to determine five unknown parameters of mathematical modeling of the process. The
mathematical model is a system of equations, which includes the unknown transfer numbers of
counterions through the membrane, the electrolyte diffusion coefficient, the electroosmotic flux
constant, and the empirical parameters of the approximating expressions.

Keywords: electrolysis, mathematical model, ion exchange membrane, transfer number,

electroosmosis, diffusion.

INTRODUCTION. lonic liquids are
organic substances, mainly salts, which exist in
liquid-phase form over a wide range of
temperatures. Their characteristic properties are
ionic electrical conductivity and low melting
point, which in most cases does not exceed
100°C. We studied some Proton lonic Liquids
(PIL) based on ammonium oligoesters -
chemical compounds with organic cations and
inorganic  anions  (residues of  sulfuric,
orthophosphate and acetic acids), which were
synthesized by neutralization of organic acids
and inorganic bases[1]. The high interest in
ionic liquids for ion exchange is due to the fact,
that they have a clear ability to serve as
effective cation exchange membranes with high
selectivity.Due to such properties, the aim of
many experiments with water-soluble ionic
liquids has always been to measure their
individual physicochemical properties (specific

ISSN 2708-129X. YKP. XIM. XVYPH., 2022, 1. 88, No 2

conductivity (x), concentration of protons (pH),
and their dependence on concentration and
temperature).Thus, using the known laws of
physicochemical processes (theory of electrical
conductivity and electrolytic dissociation) it is
possible to establish the parameters of the
charge transfer process and the role of
individual ions in the mechanism of electrical
conductivity. The analysis of the revealed
regularities made it possible to reveal
correlations between the possible structure of
ionic liquids and the physicochemical properties
of their aqueous solutions.

Another way to study ion-exchange
properties of electrochemical systems with PIL
membranes is mathematical modeling.In [1] the
method of computerresistometry [2] was used.
The probability of the existence of dynamic
processes far from equilibrium was also
experimentally assessed. On the basis of
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Mathematical model of two-chamber electrolyser dynamics...

camera (-) camera (+)
Na* — L Na*
OH"
- . il

= OH"

L A N A W
[0 - H0 OH’
£2~ | IOH

D;s HJ" Wi? rzaction

H;)O')O.SH: +OF; + 29] r2action

H,0 = 0,5H,+ OH ™ +2e

Fig.1. Principled scheme of the cathode chamber (a), two-chamberelectrolyzer-reactor (b) work, and a photo
of there actor.

complex measurement results, correlations were
established between the physicochemical
properties of the studied aqueous-organic
mixtures and the estimated possible parameters
of the structure of organic components.

The aim of this study was to build a
mathematical model of processes in a two-
chamber  reactor-electrolyzer ~ using in
experiments known types of industrial cation
exchange (M®-4CK, MA-40) membranes and
anion exchange membrane MA-40.

EXPERIMENT AND DISCUSSION
OF THE RESULTS. The experiment was
performed in a two-chamber electrolyzer-
reactor for electrolysis of theNaOH solutions
with initial concentration of 0,004 mol/dm?(fig.
1).Heterogeneous membranes of the MK and
MA-40 series were used in the experiment.The
calculations base on the following items.

The migratory flux of OH ions gon™ and
the molar flux of Na’ ions equal to it are
proportional to the charge flow I-z (A-min) and
the number of n* cation transfers according to
equation:

:/.T.L n*) . (1)

gM
OH 26,8

132

Diffusion flow is carried out through the
membrane according:

dC
=D 2)

X

D —the effective diffusion coefficient of NaOH,
O — the membrane thickness, dC/dx = dC/d — the
gradient of NaOH concentration in the
membrane. The concentration of C in (2) has a
dimension of mol / cm®.
The water is consumed in the electrochemical
reaction at the cathode chamber (Fig. 1 a, b),
and the speed of this process can be accurately
calculated according to Faraday's law.

9f,o=1-7-0,891 ,

D
g NaOH

©)

0,891 - water flow rate, g/minute (respectively
0,0495 mol/minute).

In parallel, a rather significant
electroosmotic flow of water molecules
(according to [3] to 5.1 molecules of water per
mobile cation) is carried out through the
membrane according to the equation:

OSM

g _g~§'d_E_81~8,12~1012~§‘( | j 4
" 4nu dx 4-314-89-10°% \k-5)
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&= 81.8,12:10* - dielectric constant of water;
(— zeta-potential, B; x — dynamic viscosity of
the electrolyte, Pa-s; dE/dx= (I/(x-0)- potential
gradient in the electrolyte, V/cm; |- current,
Ahm; x=specific electrical conductivity of the
electrolyte, v*cm; 6— membrane thickness, cm.
The equation (4) is inconvenient for use in
a mathematical model because it contains an
inaccurate value of the zeta potential (). In
addition, the value of 6 in the denominator
means that as the membrane thickness increases,
the electroosmotic flux must decrease. In
reality, the rate of electroosmotic flux is a
constant value that is proportional to the current
and does not depend on the thickness of the
membrane. Therefore, the mathematical model
uses a more reliable and simpler equation,
which includes only one unknown parameter

k%Mcurrent values (mol/(Ahm-min) - the flow
of 920" at a current value of 1 A):

OSM _ | osm
9500 K1 (5)

The water plays a unique role in all
physicochemical processes that take place in the
environment and especially in the biosphere [4],
so in this study, the features of its movement
through membranes, especially electroosmosis,
are decisive. Electroosmotic water flow is an
individual sensitive characteristic of membranes
used in various technologies: on composite
membranes in the purification of glycerol [5], in
the purification by a combination of
electrodialysis and ion exchange of electroplates
from nickel [6] and etc. It can be assumed that
even without the action of an electric field in the
filtration process, the effects of water transfer
due to osmotic phenomena (on organo-inorganic
membranes [7]) may occur.

The summary mass flow of ions
(gsum)across the membrane of all components
depends on the electrolysis conditions, so it is
an unknown parameter to be determined.
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Thus, the mathematical model of the
process of electrolysis of NaOH solution is a
system of 5 equations with specified values of
the mode parameters (current, initial NaOH
concentration, membrane thickness, initial
conductivity parameters) and five unknown
parameters. The mathematical model uses
equations that approximate the concentration
dependences of the electrolyte in the region C>>
0.02 mol/dm?® parabolas of the 2nd and 3rd
degree. One exponential equation was used to
approximate nonlinear concentration
dependences of electrical conductivity x=f(C)in
the region up to 1mol/dm?:

K'=K'O+(K'MAX—KO)X|:1—eXp£—F£J:| ., (6)
E

Fe is the characteristic parameter of the function
x=f(C) at the points with the initial and
maximum values of the concentration in the
interval of the experiment duration of 30
minutes.

Formally, the mathematical model can be

visualized in matrix form [ Z] = [X ]x[Y ]

Jon [1.7.n"/26,8]

Uneon | | —D-dC /dx 9nimom

gﬁzo I'T'O’871 gﬁzo

e R B

Ko 1 93%

KMAX 1 gSUM

F 1 B B

However, the matrix form of the mathematical
model is inconvenient for practical use, because
the third column has a structure that the number
of elements and their physical content does not
agree with the first two columns. Therefore, the
main results of data processing of the
experiment (column 3) were recorded in the
form of table 1.
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Table 1

Calculated unknown parameters of the experiment performed on the example of the membrane MF-4SKin

the electrolyte NaOH (mol/min)

7 R
ONaoH OH20

ONaoH

DIF OSM

OH20 Jsum

0,000274  0,008259

-2,58-10®

0,004230 0,012763

Other conditions for which the experiment was
performed are listed below in tables 2 and 3.
Processing of experimental data (tables 2 and 3)
on the mathematical model was carried out by
numerical iterative method. The numerical
values of the unknowns were successively
changed (Table 1) and the accuracy of the result
was controlled by the least squares algorithm at
each step. The procedure was performed until
the values of the randomly selected unknowns
thus did not coincide with the specified
accuracy with their values obtained in the
experiment (table 1).

The graphs in Figures 2,3 - illustrate the
dynamics of the time change of the electrolyte
concentration with the initial value shown in
table 2.

Table 2
Acrbitrarily set process parameters in the cell at the
beginning of the experiment. Membrane M®-4CK,
electrolyte -NaOH

I, Ahm K, U*Cm 5, ¢cm  C, mol/dm®
0,0091764 0,0017 0,02 0,0038
Table 3

Intermediate (calculated) process parameters in the
electrolyzer

n+ Fe, em Wi W2

0,8 15 0,00002 125

**W1,W2 are parameters dimensionless for
adjustment
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Visually, the degree of accuracy can be seen by
reconciling the calculated (approximated)
graphs with the experimental data in Figures 2
and 3.

0,0060 1
0,0055

0,0050 -

0,0045

Concentration, mol / dm?

¥ =-1E-06x* + 0,0001x + 0,0039

0,0040
0

10 20 30 T, minutes

5
Fig. 2. 1 —experiment, 2— approximation along the
trend line (parabola of the 2nd order), 3 —
construction (according to the approximation
formula) of the parabola at points with an interval of
1 minute

. 0,000 Taas
pare
; jlhnh
3 00055 AT
T 2 —x3»
= A
£ 00050
5 il
El Pt
€ 00045 ¢
8 {
~ 0,0040
0 10 20 30 T.minutes

Fig. 3. 1- experimental data for the membrane MF-
4SK in NaOH solution, 2 —approximation of the
graph of the total mass flow of all components of
g>M (equation 1+ 5)

The common result of the experiment is
the dependence C=f(7) in the interval of 30
minutes. All other parameters (R, C,...) are the
primary intermediate data from which the final
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result is formed. In fig. 2 and 3 show the results
of the experiment on the membrane M®-4CKin
NaOH solution with an initial concentration of
0,004 mol/dm?®.

Forms of graphs in Fig. 2 and 3 do not
exactly coincide with each other, because only 5
unknown parameters are used in the
calculations, shown in Table 1. If we introduce
additional elements into the mathematical
model, it would be possible to achieve greater
consistency in the form of graphs. But this is not
necessary, because for comparison only the
qualitative similarity of the form of graphs in
Figures 2 and 3, built on the same scale (here
0.006 mol / dm*x 30 minutes) is important. This
similarity is the basis for concluding that the
values of the unknown parameters of the studied
membrane (table 1) are determined correctly.

Modification of membranes in different
ways [8] allows changing their individual
properties in a wide range. This is the main
purpose of the modification, and a mathematical
model is only a convenient tool for identifying
and analyzing these changes.

From table 1 you can see what role in the

mass balance play for given conditions, the
different mechanisms of transfer of components.
In this case, the migratory and diffusion flows
of NaOH have little effect on the total balance
(0,000274 -2,58-10°)/ 0,012763, which is about
2%. At the same time, the water flow rate in the
reaction (0,008259) and the electroosmotic flux
(0,004230) mol / minute are proportional to the
total flow (0,012763) mol / minute.
Thus, choosing the desired conditions, the
mathematical model shows the appropriate
package of balance flows for comparative
analysis.

Note that studies in NaCl solutions are
possible only on membranes resistant to
dissolved chlorine, even at low current
densities. Heterogeneous membranes of the MK
and MA-40 series satisfy this condition.

ISSN 2708-129X. YKP. XIM. XVYPH., 2022, 1. 88, No 2

Also note that the function C(7) represents
the effect of changing the electrolyte
concentration in the cathode chamber for a
particular membrane (fig 4, eq.7).

CcC -C
n, :1_(TC—O) . (7)
17 e
J T T e ettt ssssessenasi -—usu 2
0.9 1 X\

0.8 \‘\
0."5 \\\“"“M {

0.6

number of transfer

0 20 40 60 80 T,minutes

Fig.4. Time change of the anion transfer number
calculated by equation 7. l-primary experimental
data, 2- calculation taking into account
electroosmosis. NaCl electrolyte, MA-40 membrane.

During the experiment, all changes in the
state of the system accumulate in the solution.
Therefore, the numbers of transfer calculated by
eq. (7), which gives the value of the resultas a
constant, always decreases overtime (fig. 4, eq.
8).

n _(CO_CT)'VT
LT((1)/26,8)
C,-C,
n, :1—(70—) ) (8)

The powerful factor is the electroosmosis of
water from the chamber (-) to the chamber (+).
The rate of electroosmotic water transfer was
found on the MA-40 membrane by the value of
the change in the volume V of the chambers (-)
and (+).

In general, formula (7) does not take into
account the volume of the chambers and is
unsuitable for taking into account the transfer of
water by electroosmosis. But due to the fact that
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the water transfer effect still exists (regardless
of the formula), a formal approach was used to
take it into account. According to the results of
the experiment, 6 cm® were transferred in 90
minutes with a constant current drop from 18 to
3 mA, and the charge lasted only 0,012 Ahm- h.
Hence the electroosmotic effect can be
estimated as:

9=0,006 dm? /0,012 Ahm- h=0,5 xm*/ Ahm- h.

It is clear that the obtained number 4 is
random, because in each measurement it
strongly depends on the specific conditions of
the experiment, such as the history of membrane
swelling, as well as parameters that change
continuously during the experiment (electrolyte
concentration, current, instantaneous values of
effective electrolyte diffusion coefficient, and
etc.). Equation 9 was formed on the basis of the
data of the exact experiment with the MA-40
membrane.

V= Vo-9%(1-7) 9)

This is generally a formal expression for
the volume of the cathode chamber at some
point in time 7, where (I-z) is a continuously
increasing amount of missed charge.

Equation (9) was used to calculate the
number of anion transfer across the MA-40
membrane (Fig. 4). From the result it can be
seen that the consideration of electroosmosis
gives a significant refinement of the calculation.
The calculated average value of the number of
chloride ion transfer increased from 0.76 to
0.96. But some slight slope (Figure 2) still
exists. This means that in the process of
electrolysis with the MA-40 membrane, the
action of unknown factors not taken into
account by the mathematical model is observed.

CONCLUSIONS. A mathematical model
of processes in a two-chamber electrolyzer
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reactor for electrolysis of solutions of pure one-
component electrolytes NaOH and NaCl has
been created. The mathematical model contains
a system of mass balance equations with five
unknown parameters to be determined and
reflect the dynamics of changes in instantaneous
values of unknown mass flows of components.

Experimental studies of the transfer
processes of system components (mass balance)
in a two-chamber electrolyzer with platinum-
plated titanium electrodes have illustrated the
high accuracy and reproducibility of the results
of measuring the transfer numbers in ion
exchange membranes.

The complete correspondence between the
experimental data and the result of their
mathematical modeling is shown.

Data processing of a simple experiment in
a two-chamber electrolyzer with the use of a
mathematical model makes it possible to
accurately determine the properties of
membranes. It is a convenient tool for studying
and comparing water-soluble ion exchangers in
order to optimize their technologies.

ACKNOWLEDGEMENT. The work was
done under the state support according to the
theme "Polymer nanocomposites based on
organo-modified layered silicates and polymer
matrices of different nature", Ne state
registration 0121U109623, 2021-2022.

MATEMATHUYHA MOJAEJIb IUHAMIKHA
JABOKAMEPHOI'O EJIEKTPOJII3EPA
JIJIA BABYEHHSA BJIACTUBOCTEM
IOHOOBMIHHUX MEMBPAH HA
OCHOBI TPOTOHHUX IOHHUX PIIUH

M. JI. Kourexns', C. A. Komens®, 0. B.
Hominyx*

YVipaincekuii deporcasnuii Ximiko-
MexHOoN02IYHUY YHIgepcumem, M. /[Hinpo, npocn.
Tazcapina, 8, Yrpaina, 49000

*email: kkknd@ua.fm

ISSN 2708-129X. YKP. XIM. XVYPH., 2022, 1. 88, No 2


https://uk.wikipedia.org/wiki/%D0%94%D0%BD%D1%96%D0%BF%D1%80%D0%BE_(%D0%BC%D1%96%D1%81%D1%82%D0%BE)
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D0%BF%D0%B5%D0%BA%D1%82_%D0%93%D0%B0%D0%B3%D0%B0%D1%80%D1%96%D0%BD%D0%B0_(%D0%94%D0%BD%D1%96%D0%BF%D1%80%D0%BE)
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D0%BF%D0%B5%D0%BA%D1%82_%D0%93%D0%B0%D0%B3%D0%B0%D1%80%D1%96%D0%BD%D0%B0_(%D0%94%D0%BD%D1%96%D0%BF%D1%80%D0%BE)
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D0%BF%D0%B5%D0%BA%D1%82_%D0%93%D0%B0%D0%B3%D0%B0%D1%80%D1%96%D0%BD%D0%B0_(%D0%94%D0%BD%D1%96%D0%BF%D1%80%D0%BE)
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D0%BF%D0%B5%D0%BA%D1%82_%D0%93%D0%B0%D0%B3%D0%B0%D1%80%D1%96%D0%BD%D0%B0_(%D0%94%D0%BD%D1%96%D0%BF%D1%80%D0%BE)
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D0%BF%D0%B5%D0%BA%D1%82_%D0%93%D0%B0%D0%B3%D0%B0%D1%80%D1%96%D0%BD%D0%B0_(%D0%94%D0%BD%D1%96%D0%BF%D1%80%D0%BE)
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D0%BF%D0%B5%D0%BA%D1%82_%D0%93%D0%B0%D0%B3%D0%B0%D1%80%D1%96%D0%BD%D0%B0_(%D0%94%D0%BD%D1%96%D0%BF%D1%80%D0%BE)
mailto:kkknd@ua.fm

M.D. Koshel, S.A. Koshel, Y.V. Polishchuk

ChopmynpOoBaHO MaTeMaTUYHY MOJCIb
MpoIIeCciB MacoOOOMiHY B TIPOIIECI €JIEKTPOIIi3y
OJTHOKOMIIOHEHTHUX PO3YHHIB MIPOCTUX
cunpHux  enekrpoaitie NaOH ta NaCl y
JBOKAMEPHOMY €JIEKTPOXIMIYHOMY pPEaKTopi 3
ciTyacTUMU SJIEKTPOaMHU Ha OCHOBI
IUTATUHOBAHOTO TUTaHY. Bukonano
eKCIICpUMEHTAIbHE MOJICIIOBAHHS  ITPOIIECIB.
Enexrtpomni3 3MIIACHIOETHCS 3a YMOB
0e3repepBHOrO0  TOYHOTO  KOHTPOJIFO — CTaHy
cucremu (xonuentpauii NaOH Tta o0'emy
po3unHy B Kamepax). Cucremy eJIeKTpoiizy
NPU3HAYEHO Ui BCTAHOBIEHHS  OanaHCy
MOTOKIB TMEPEHECCHHsT KOMIIOHEHTIB 4epes
MeMOpaHy, BJIACTHBOCTI SIKOi BHBYAIOTh, 1
BU3HAYCHHSM 5  HEBIJOMHUX  I1apaMeTpiB
MaTeMaTHYHOTO  MOJETIOBAaHHS  MPOIIECY.
MareMaTruHa MOJIENIb € CUCTEMOIO PiBHSIHB, JI0
AKOi BXOAATH HEBIZIOME YHCIO TIEPEHECEHHS
MpOTHIOHY Yy MemOpani, koediumieHT audysii
€JIEKTPOJIITY, KOHCTaHTa EJIEKTPOOCMOTHYHOTO

MOTOKY Ta eMITIpUYHI rnapameTpu
AMPOKCHMYIOUHX BHPA3iB.

KitouoBl ciioBa: enekTposi3, MaTeMaTu4yHa
Mojenb, 10HOOOMiHHa  MeMOpaHa, YHCIO

MePEHECEHHS, EJIEKTPOOCMOC, TUPy3is.
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BUIALIEHHS BOJHIO HA TATAHOBOMY EJIEKTPO/II 3 PO3UHMHY CIPYAHOI

KHUCJIO0THU

B.®. Ko3in, A.B. bausHiok

Inemumym 3aeanvnoi ma neopeauiunoi ximii imeni B. I. Bepnadcvxoeo HAH Ykpainu, npoch.
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email: bliznyuk@ionc.kiev.ua

[IpencraBieHo pe3yybTaTH AOCHTIHKCHD MMOBEAIHKY TUTAHOBOT'O EJICKTPOLY TPH KaTOIHIN MOJIs-
pu3alii y BOZHHX pO34YHMHAX 2 H. CIpuaHOi KHCIOTH B TeMIieparypHoMmy iHTepBami 298+343 K.
[TokazaHo, IO eIEeKTPOJHUI IPOLEC CYNPOBOIKYETHCS YTBOPEHHAM TiIpUAiB HAa IOBEPXHI TH-
TAHOBOT'O KaTOMY, SIKUA 0OYyMOBIIIOE 30UTBIIIEHHS MIEpEeHANPYTH BUAUJICHHST BOJHIO. Bu3HaueHO
KiHEeTHYHI TTapaMeTpH MPOIECiB, SIKi BiIOYBalOThCA Ha MeXi po3niny (a3. 3HaueHHs eHeprii ak-
tuBamii 19,83 xJ[k-Mons " JaHOro Mpouecy CBiM4HTH Mpo AMQY3ifiHHI KOHTPOIb MIBHIKOCTI

SIIEKTPOIHOTO MPOIIECY.

KittouoBi cioBa: TuTaH, €1EKTPOIHI TPOTIECH, TIPUIN, KIHETHYHI TapaMeTpH.

BCTVII. 3aBasku yHIKalbHUM (Pi3UKO-
XIMIYHUMH BJIaCTHUBOCTSAM Metajiorinpuan (MI)
IIMPOKO BUKOPHUCTOBYIOTh B PI3HUX raily3six Ha-
VKU 1 TexHikd. Bucoka tepmiuHa, XiMiuHa Ta
paaiamniifHa crilikictb MI™ 103BoIIsIE 3aCTOCOBY-
BaTH iX JJIS BUTOTOBJICHHS MPUJIAIiB, 5Kl Ipa-
LIOIOTh TPU MiJBUIEHUX TeMIlepaTypax Ta B
HECTIPUATIMBUX YMOBaxX: y MeTamyprii Juis
OTpUMaHHS Ta padiHyBaHHS MertamiB [1-3]; B
aTOMHIN TMPOMUCIOBOCTI B SIKOCTI Marepiany
SAIEpHUX peakTopiB [4]; nms 30epiraHHs BOJIHIO
y BOAHEBIM eHepretumi [5, 6]; y mxkepenax
CTpyMy Ta aKyMyJsITOpHHUX OaTtapesx [7, 8].

BukopucraHHs BOJHIO SIK JIETYIOUOTO
€JIEMEHTa Ma€ MEePCIEeKTUBY BUKOPUCTAHHS JUIS
CTBOpPEHHSI MaTepiajiB pPI3HOIO MpPU3HAUYEHHS:
MOPOIIKOBI MaTepiajii 3 BUCOKOIO JeMIdyro-
YOI 37aTHICTIO, HAAMPOBIAHI cruiaBu [9]. Taki
YHIKaJIbHI BJIACTHBOCTI CHCTEM METajl-BOJIEHb,
SIK YTBOPEHHSI BUCOKOT TYCTHHU aTOMIB BOJHIO Y
IpaTKax MeTaly, CEJIeKTHBHICTh MOTJIMHAHHS
BOJHIO, 3MiHa (DI3UYHHUX BIACTUBOCTEH TPH Ha-
CHUYEHHI BOJHEM BiJIKpUBAIOTh BEIHKI MOXIIHU-
BOCT1 IpakTU4HOro Bukopuctanus MI' [9, 10].

138

YT1Bopenns MI npotikae npu npsimiii B3aemoii
T1IPUIOYTBOPIOIOYOTO METAITy 3 ra30MoAiOHIM
BogHeM [11], abo mpu eneKkTposIi3i BOJHUX PO3-
YHHIB eNeKTpodiTiB [12, 13]:

2Me + xH, & 2MH, 1)
2Me + xH,0 +2xe  — 2MeH, + xOH" (2)

Bzaemogist (1) mependavae ¢izuuny aaco-
pO1Iit0 MOJIEKYJI BOAHIO HAa TIOBEPXHI MeTally, iX
JUCOLIIAIiI0 1 Tepexis aToMiB BOJHIO B 00’e€M
MeTaneBoi (a3u 3 YTBOPEHHSM TBEPIOTO PO3-
uynny (0-daza) i gami - rigpuny (B-dasza) [7, 10].
Konnentpariist atoMiB BOJHIO y 0-(ha3i HEBETHU-
Ka 1 BOHM CTaTUCTHYHO PO3MOJUIEH] 10 MOPOXK-
HUHAX METaJeBoi I'paTKH, 110 30epirae BUXIIHY
CTPYKTYpPY 3 HEBEIUKHUM 301IbIIEHHSM 00’ €MYy.
V miit 065acTi pO3YMHEHHS aTOMIB BOJHIO B Me-
TaJli BigOyBa€eThCs 6€3 ICTOTHUX 3MiH KpUCTaIi-
YHHX TPATOK.

B3aemoniss (2) xapakTepusye T'OJOBHUM
YUHOM €JIEKTPOXIMIYHI TpPOLECH y XIMIYHHUX
mkepenax ctpymy 3 MIT enexrponamu [7]. Oc-
HOBHOIO TIEPEIIKOJIOI0 JUII BHKOPHCTaHHS B
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aKocTi MI-enekTpo/iiB B akyMyJIsITOpHUX Oarta-
pesix Takux cronyk, sk TiNi, TipNi, LaNis ta ix
MOXIHUX € 1X HEBHUCOKa CTIMKICTh MpPU ENIeKT-
POXIMIYHOMY 3apsiA-pO3pAIHOMY ITHKIOBAHHI
BHACHIJIOK JAeTpajaliiHuX MPOIECiB, MO MpH
IbOMY MPOTIKAIOTh [7].

Amnani3 nirepatypHux nanux [4-7, 13] no-
Ka3aB, IO IEPEeBaKHA OUIBIIICTh JOCTIIHKCHB
IPUCBAYCHA MTPAKTUYHOMY BUKOPHUCTAHHIO BIla-
ctuBocTedl HU3KM MI' 3BOPOTHO MOINIMHATU Be-
JUKY KUIBKICTh BOJHIO, B TOW Yac, sk iH(popMa-
i PO KIHETHYHI XapaKTEPUCTUKHU EJIEKTPO]I-
HUX TIPOLIECIB B TaKMX CUCTEMax BKpail oOMe-
KEHa.

Y 1poMy MOBIJOMJICHHI HaBEACHO pe-
3yNbTaTU AOCHIIKEHb YTBOPEHHS TIAPUIIB TH-
TaHy TP KAaTOAHIM TOJspH3aIii TUTAaHOBHX
€JIEKTPO/IIB Y PO3YMHAX CIpUYaHOi KUCIIOTH.

EKCHHEPUMEHT I OBI'OBOPEHHA
PE3YJIBTATIB. MeToaioM LHUKIIYHOT BOILTAM-
MEPOMETPii AOCIIPKYBAIM €IEKTPOXIMIUHY I10-
BeAiHKy TuTany Mapku BTI-O. y 2 H. po3uuHi
cipyanoi kucioTtd. i1 BUAAJICHHS OKCHIHUX
IUTIBOK O€3MOcCepeIHbO IMepe]] HACUUEHHSIM BO-
JHEM 3pa3Ku BUTpUMYBaiIu mpotsiroM 20 c. B
4% crnupTOBOMY PO3UMHI IUIABUKOBOI KMCIIOTH.
JlociipkeHHsT TPOBOJAMIIM B €JIEKTPOXIMIUHIM
KOMIpIIi 3 pO3AIIEGHUMHU KaTOJAHUM Ta aHOJAHHUM
npoctopamu. Jlyist 3amoOiraHdHs MPOHUKHEHHIO
KHCHIO B KOMIPKY BHUKOPHUCTOBYBAM PiAKHIMA
rami-iHai€BUN 3aTBOpP 3 TEMIIEpaTypOIO TUIAB-
nenHa 16°C. Katoguuii mpocTip 1 eIeKTpoJIiT
OYMINAIM BiJi PO3YMHEHOTO KHCHIO MPOAYBaH-
HSIM BHCOKOYHCTOTO aproHy mnpotsrom 30 XB.
Temmnepatypy B KOMipIli MiATPUMYBaIM HOCTiM-
HOIO 3a Jonomoror tepmoctaty U-3 3 TouHic-
Ti0 0,5°C. EnexTposiiT nepeMinryBaiy, BUKOPHU-
CTOBYIOUM MarHiTHy Mmimanky. Ilorenmian Tu-
TaHOBOrO enekTpoxay (1 CM2) BHUMIpIOBaJIM BijI-
HOCHO XJIOP-CpIOHOTO €JEKTPOJYy MOPIBHSIHHSI
EBJI-IM 3.1 B HacuueHomy po3unHi KCI.
BonbramnepHi AociiKeHHS BUKOHYBAJIM Ha
norenmioctari [PC-PRO. IIBuakicts po3roprt-
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KM noTeHIiany cranosmia 20 mB/c.

dazoBuil CKJIaJ TIOBEPXHI TUTAHOBUX 3pa-
3KiB JOCHTIDKYBaJId METOAOM PEHTreHO(a30BO-
ro aHaji3y 3a JOIOMOToK Au(paKkToOMeTpy
JPOH -3YM i3 CuKo BHUIpOMiHIOBaHHSIM
(0,15418 ©uM) 3 KOMII'FOTEPHOIO PEECTPALIEIO
pertrenorpam. OOpoOKy NaHMX HPOBOJMIN 32
JIOTIOMOT0K0 KOMIT'FOTepHOI mporpamu Match |
Unitcell [14].

[Ipy  BONBTaMIEPOMETPUYHHX  JOCIHIi-
JDKEHHSIX PEECTPYBANIM MPSIMUAHN 1 3BOPOTHHM Xif
MOJISIPU3ALIMHUX KPUBUX HA TUTAHOBUX CIICKT-
pollax y CipYaHOKHCIUX eIeKTpoiTax. THITOBI
BOJIETAMIIEPOTPaMH, OTPHUMaHI Ha THTAHOBHX
€JIEKTPO/Iax B 2 H. PO3UYMHI CIpYaHOI KHUCIIOTH
HaBEJICHO Ha puc. 1.

-i, Alem?

0,8 1

0,44

0,2 1

T T

0,6 0,8 1,0 1,2

, 2 -EB
Puc. 1. IluxmidHi KaTomHi BOJBTaAMIIEPOTPAMU
(V=20 mB-c™) TuranoBoro emexrpony B 2 H. H,SO,
npu Temneparypax (K): 1- 298; 2— 313; 3— 323; 4—
333; 5— 343 (nmpsiMuii i 3BOPOTHUH Xij MO3HAYECHUN
CTpLIKaMn).

Fig. 1. Cyclic cathode voltammograms

(V =20 mV - s) of the titanium electrode in 2 N
H,SO, at temperatures (K): 1- 298; 2— 313; 3— 32;
4— 333; 5- 343 (forward and reverse moves are indi-
cated by arrows).

[TopiBHSHHS MPSIMOTO Ta 3BOPOTHOTO XO-
Jly BOJIbTaMIIEPHUX KPUBUX MOKA3aJ0, 110 BOHU
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1, 6.o. *
8005 * _TiH,
600
400
200 P " .
J | ‘ *
T | I\ A
20 40 60 20

Puc. 2 Pentrenorpama 3pa3Ky moBepXHi TATAHOBOTO KaTOY Micisl MOJISpU3alii cTpyMOM rycTiHOO 1,0
A-cM B posunni 2 1. H,SO, ipu Temmepartypi 333 K.
Fig.2. X-ray phase analysis data of the titanium cathode surface after polarization with a current density of
1.0 A - cm™ in a solution of 2 N H,SO, at the temperature of 333 K.

He 30iraroThcs. MiXk HUMHU CIIOCTEPIraeThCs Tic-
TEpe3nC, SIKUW, OYEBUIHO, IMOB'A3aHUN 3 OKHUC-
HEHHSIM TiAPUAY THUTaHY, SKHI YTBOPIOETHCS
P KaTOIHINM MOJISIpU3allii THTAHOBOTO KaTOMY.
AHamni3 OTpUMaHHX pe3yJbTaTiB MOKa3aB, IO
BOJIBTAMIICPHI ~ XapaKTEPUCTHUKH THUTAHOBOTO
€JIEKTPO/Iy TAKOXK CYTTEBO 3aJieKaTh BiJl TEMIIe-
paTypu.

MeTogamMu XiMIYHOTO Ta peHTreHodazo-
BOTO aHaJi3y BCTAHOBJICHO, IO NMPHU KATOMHIH
noJisipu3anii TUTAHOBOTO EIEKTPOAY CTPYMOM
1,0 A-cm? B po3unHi 2 H. H,SO, nipu Temriepa-
Typi 333K Ha fforo noBepXxHi YTBOPIOETbCA Ti]I-
pun tutany TiH. Ha puc. 2 npeacrasiena peH-
TreHorpaMa KaToIHO1 TOBEPXHI TUTaHY.

Pesynbratu nociimkeHp mokasaiu, 1o Ti-
APUJ TUTaHy Ma€ TETParoHalbHy KPUCTaIidHYy
rpaTKy 3 mapamerpamu o = 4,397 A ta ¢ = 4,460

. 3rigHO 3 pe3ynbTaTaMu PEHTreHO(}a30BOTrO
aHaJli3y Ha MOBEpPXHI KaToay (OpMyeTbcs HIap
rigpuay tutany TiH; 3 HeBenmkuM aedinuTom
o BOAHIO. TOBIIMHA TiIPUIHOTO LIAPY Y BCIX
PO3TISHYTUX BUMAAKaX He mepeBuinye 10 Mxwm.
Ockinbku koediieHT audys3ii BOJHIO B T1IpUIL
Ha MOPSI0K MEHIIMH, HiK y TUTaHi [15-17], To
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TiApUIHUM ap, 10 YTBOPUBCS, rajJbMye HaJ-
XOJKEHHS BOJHIO BIIIHO MeTainy. Takum 4uHOM,
BOJIEHb, L0 BUALISETHCS HAa MOBEPXHI TUTAHO-
BOTO KaTOJy INpH KaTOJHIM MoJspu3alii, JoKa-
J3Y€ThCS MEPEBAKHO B KO0 TOHKOMY MOBEPX-
HEBOMY IHIapi.

BunineHHs BOAHIO HA TUTAHOBOMY €JIEKT-
poal TIpW KATOAHIN mMosipu3alii MOKHA Tpe.l-
CTaBUTU HAaCTyMHMM umHOM. Ha mepmriit cranii
B1/I0yBa€TbCs OOOPOTHUN NpPOLEC YTBOPEHHS
aTOMapHOT0 BOJHIO !

H,0 + ¢ <> Hyet+ OH, ?)

KIHETUKA SKOTO BU3HAYAETHCS PIBHIHHSIM
donbmepa-batnepa [18, 19] :

(4)

2.303RT 2.303RT
= Igi0+ = I ik

Tk azF oz

JIe Z — YUCJI0 eNEKTPOHIB, K1 MPUIMAIOTh
y4acTh y peakilii, z =1 y raHOMy BUTIQJIKY.
Jlpyra cTajisi BiANOBiJIa€ HE3BOPOTHIH €JIEeKTPO-
XIMIYHIA JecopOIii BOJTHIO:

H,0 + Hyet € — Ho+ OH, (5)
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1 onrcyeTbest piBHsSHHM [ eiipoBebkoro [20]:

2.303RT 2.303RT
= lg; + g, =a, +b, g, (6)
o F o F

Mw, iy

r

JIe Ol - IOCTIMHA, SIKa 3aJIEKUTH BiJ TEM-
MepaTypH i MPUPOIN METATy KaToAy 1 TOPIBHIOE
nepeHanpysi BOAHIO MPHU T'yCTHHI CTpymy ik = 1
A-CM'Z, bk — KyTOBMiT KOeilliEHT 3aIeKHOCTI T
w2 — 10 ikl, o KoedilieHT nepeHoCcy eNeKTPOHIB,
K1 OepyTh ydacThb y peakIlii eJIeKTpOXiMIuyHOT
necopoOii 3a mexanizsmom Ponbmepa — [efipos-
cekoro [19, 20].

Jlnisi BU3HAYeHHS KIHETUYHUX TapameTpiB
BUJIJICHHS BOJHIO Ha THUTAHOBOMY €IIEKTPOJI
BUKOPUCTOBYBAJIM MIPSIMUA X1/ TONSAPU3AIIHHAX
KpUBHX, HaBeJeHUX Ha puc.l. Sk BUmHO 3 pu-
CYHKY, cCTaiioHapHi mnoTeHuiama tnpu k=0
OJIN3BKI o PIBHOBOKHUX IOTEHI1aIIB
BUIiIeHHS BOAHIO i3 BOAU (Episy = Ecp). Tomy
E.; Oynu BUKOpHUCTaHI JJIs PO3paxyHKY MepeHa-
NPYTY BUAUICHHS BOJIHIO 32 PIBHSIHHSM:

77H2 = EpiGH. _Ei (7)
ne Epigs. - PIBHOBaXHHUM IOTEHIIa]l THTAHOBOTO
enekTpony, Ej - moTeHIianm moJspu30BaHOTrO
enekrpoay [18].

Byno BusiBneHo, 1o 3 MiABUIIEHHSM TEM-
nepaTypu cTauioHapHui noreHuian E¢, TuTaHo-
BOTO €JICKTPOJY 3MIIIY€ETHCS B €IEKTPONO3HUTH-
BHY oONacTh 1 HpuiiMae HACTyNHI 3HAY€HHS,
(B): mpu 298K — 0,512; 313K - 0,670; 323K —
0,0648; 333K — 0,658; 343K — 0,660. B Tabmui
HaBe/IeH1 3HAYCHHS KOCDIIIEHTIB byexen MPH Ik =
1,0 Aem? B iHTepBani Temneparypu 298-343K.
[TopiBHSIHHSL €KCIIEPUMEHTAJIBHO OTPUMAaHMX 1
TEOPETUYHHUX KYTOBHX KO€(illi€HTIB IMOKa3ajo,
MO byexen > Direop. 3OUTBIICHHS 3HAYCHB byexen Y
MOPIBHSAHHI 3 TEOPETUYHUMHU MOXKe OyTH 00y-
MOBJIEHO THM, IIIO ITPOIIEC:

H' +e=H, (8)
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CYIIPOBOJDKYETHCS YTBOPEHHSIM SIK aJICOP-
OOBaHOTO TaK 1 XeMOCOPOOBAHOT'O BOJIHIO:

Ti+H +e >TiH, 9)

2TiH —»Ti+ TiH; (10)
AToMapHUil  BOJICHb, OTpPUMaHUK 3a
peakuiero  (8), HOPMaJIbHHN  €IEKTPOTHUIN

MOTEHIIaN IKOr0 CTaHOBUTh Ex+/py = - 2,107 B,
Ma€ BUCOKY PEaKIiiHy 3[JaTHICTh 1 MOXE NpH-
3BOJAMTU [0 YTBOPEHHS B IPHEIEKTPOIHOMY
api IUTiIpuly TUTAHY:

Ti(H) + HoO + e — TiH, + OH (11)

Ha puc. 3 npuBeaeHO 3alieHICTh Tepe-
HAmnpyrd BUIUIEHHS BOJHIO Ha THUTAaHOBOMY
KaToAl Bl TYyCTUHU CTPyMY MpHU PI3HUX TeMIle-
parypax. SIk BUIHO 3 PUCYHKY, BETHYMHA TIEpe-
HaMpyru BOJHIO 3HAYHOIO MIPOIO 3AJIEKUTH BiJ
TEMIIepaTypu. 3 MiJBUILEHHSIM TeMIIEpaTypH
MepeHanpyra 3HWKY€EThCS, 0 MOXKE CBIIYUTH
PO MPULIBHIIICHHS Peakiii po3psay i0Hy BO-
nuro. Tak, npu momspusanii iy = 1,0 A-cm? Ta
pI3HUX TeMIlepaTypax IepeHanpyra BOIHIO
ckimanae (B): 298 K — 0,835; 313 K - 0,739;
323 K-0,713; 333 K- 0,687; 343 K- 0,661.

-0,8 1

-2,5 -ZI.O -ll,S -ll.O -():5 0,’0
/gi‘, Alear®
Puc. 3. 3anexHicTh nmepeHanpyru BUIIIEHHS
BOJIHIO Ha TUTAHOBOMY KaTozi B po3uuHi 2 H. H,SO4
BiJl TYCTHHU CTpyMy IpH pi3HHX Temrepatypax (K):
1-298; 2— 313; 3— 323; 4— 333; 5- 343
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Fig. 3. The dependence of the overvoltage of
hydrogen evolution on the titanium cathode in a so-
lution of 2 N H,SO,4 from current density at different
temperatures (K): 1- 298; 2— 313; 3— 323; 4- 333;
5-343

Haxun ninstHoOK momsipu3aiiiiHuX KPUBHUX
B KOOpJuHaTax piBHAHHS Tadens s BCiX TeM-
neparyp MpakTUYHO OJHAKOBHH, IO BKa3ye Ha
€IMHUI MEXaH13M BUJIIJICHHS BOJIHIO. 3 BUKOPH-
cranusaM piBHsHb (3), (5) Ta ganux puc. 3 pos-
paxoBaHO KIHETUYHI MapaMeTpH KaTOAHOTO BH-
JUICHHS BOJHIO HAa THUTAaHOBOMY EJIEKTPOI
(Tabm.).

AHami3 OTpUMaHHMX JaHUX TI0Ka3aB, IO
CTpyMH OOMiIHY KaTOIHOI peakIlii BUIIJICHHS
BOJHIO MAaOTh BIJHOCHO BEIUKI 3HAYCHHS
(2,70-+O,8)-10'3A-(:M'2 1 criBCTaBUMI 31 CTpyma-
MU OOMiHY | Ha TakuxX OJAaropoJHUX MeTalax,
sk Pd, Pt, Rh, Ir [21].

Hakonu4eHHs HaUIHINKY aIcopOOBaHOTO
BOJHIO HAa IIOBEPXHI EJEKTPOAY IOB'I3aHO 3
VIIOBUIBHEHOIO CTAJI€I0 BiBEICHHS MOJICKYJIsi-
pPHOTO BOJHIO BiJl MoBepxHiI THTaHy. OCKUIbKU
BOJIEHb € KIHIIEBUM MPOAYKTOM pEeaKIlii, MOX-
JUBI JEKifbKa IUIAXiB HOro BUAANICHHS 3 peak-
LIMHOT 30HM: peKoMOiHaIls 3a MexaHi3MoM Ta-

¢bens, enekrpoximiuHa necopOuist 3a ['elipoBch-
KUM Ta eMICIHHUI MeXaHi3M aecopoOrii 3a Opy-
MmkinuMm [ 18-20].

Bojienb Ha TOBEpXHI THUTaHOBOTO EJIEKT-
POy MOXKE yTBOPIOBATH HU3KY TIAPUAHUX CIIO-
JyK pi3HOTO cKiany: moHoripua TiH, muripumy
TiH, Ta cyorinpun TioH, siki B cBOIO uepry €
€JIEKTOKATAJI3aTOPAMU  €JICKTPOJIITHYHOTO BU-
JIJIEHHS BOJIHIO:

TiH,,+ ¢ — TiH + H,O—
—TiH, + OH = Ti+H, + OH
TiH,, + HoO+ e— Ti+H; + OH

(12)
(13)

BaximBoro  XapakTepUCTUKOIO  JaHOTO
mporecy € Horo eHepris aKTUBaLil
(Ea, xJlx-Monp ™). Lleil mapaMeTp BH3HAYAIIH i3
3aNIe)KHOCTE CTpyMiB OOMIHY BiJl TEMIIEpaTypH
B Koopaunarax: 19 i, —1/T (puc.4) 3a piBHIHHIM
E=tgaR-2,303-4,184- 103, e R rasosa mocriiina,
nopisaioe 1,987 kam Mounb ™ fgo — KyTOBHii KO-
edilieHT eKCIepUMEHTAIIbHUX KPUBHX Y KOOP-
munarax Igi, 1/T; 4,184 -10° koediuient mepe-
paxyHKy Kanopiit B J[xk.

Po3paxoBane 3HaueHHS €HEpTisl aKTUBAIIil
E. cknagae 19,83 x/x: Mot i CBIIUUTHL Ha

Tabmus

KineTnyni napamMeTpu KaToAHOT0 BU/IiJIECHHS] BOIHIO HA TUTAHOBOMY €JIEKTPOIi NPH NpsMiii po3ropt-
ui norenuiamy B 2 H. H,SO, B inTepBani Tremneparyp 298-343 K

Kinetic parameters of hydrogen cathodic evolution on a titanium electrode with a direct sweep
potential of 2 N H,SO, in the temperature range 298-343 K

R B
T, K o bk meop bk 9KC Ok = MH2 Xlo 2 anSH KI[)EKq.HZy
cM ikZIA‘CM_Z MOJIb
B
298 0,803 0,120 0,160 0,369 2,70 0,835 29,728
313 0,586 0,126 0,159 0,391 2,512 0,739 27,879
323 0,506 0,131 0,159 0,403 1,660 0,713 21,772
333 0,495 0,134 0,158 0,418 1,269 0,687 27,707
343 0,481 0,139 0,159 0,428 0,832 0,661 27,296
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Igi,, Alear

4,0
3.8 1

3,6 A

28 29 30 31 32 33
UT10°, K

Puc. 4. 3anexuicte norapudmy TYCTHHH CTPyMY
0oOMiHy BHIIIJICHHS BOJHIO Ha THTAaHOBOMY KaToAi B
2 H. H,SO, Bin 00epHEHOT TEMITEpaTypH.

Fig. 4. The dependence of the logarithm of the
exchange current of hydrogen evolution on the
titanium cathode in 2 N H,SO, from the inverse
temperature.

KOPHUCTh JU(Y3IHHOTO KOHTPOIIO IIBHIKOCTI
€JIEKTPOAHOTO MPOLIECY.

BUCHOBKH. EnextponiTH4HE BUIIICH-
HS BOJIHIO Ha TUTAHOBOMY KaTOl y 2 H PO34HHI
ClpyaHOi KHUCJIOTH B TEMIIEPATYPHOMY 1HTEpBai
298-343 K cynmpoBOJKYETbCS YTBOPEHHSM Tif-
pHUAIB TUTaHy y NOBEpXHEBOMY Hiapi. Busnaue-
HO KIHETMYHI NapaMeTpu JaHOro IMpoLecy: KO-
e(IlieHTH TEePEeHoCy 0, 3HAYeHHS KoeDilieHTy
Dexens CTPYMH OOMIHY o, 3aJI€XKHOCTI HEpeHAr-
pYrd BUAUIEHHS BOAHIO Bia TeMmeparypu. ['yc-
TUHU CTPYMIB OOMiHY BUAIIIEHHS BOJHIO B Ja-
HIi cHCTeM1 3a 3HAUYEHHAM OJU3bKI 10 TYCTHH
CTpyMiB OOMiHY BHUJIIJIEHHSI BOJHIO Ha Oyiaropo-
mqaux Mmeranax Pd, Pt, Rh, Ir ta ckmagaroTs
(2,70-+0,8)-10°A-cm B TemIepaTypHOMY iHTe-
pBami 298+343 K. 3HaueHHs eHeprii akTUBaIlii
19,83 kJIK MOIB - CBiTunTH npo nudy3iiHun
KOHTPOJIb IaHOTO MPOIIECY.

1I0/[AKA. PoboTy BHKOHaHO B paMKax
mpoekty No 0150002222 HamionanbHoi Aka-
nemii Hayk Ykpaiau.

ISSN 2708-129X. YKP. XIM. XVYPH., 2022, 1. 88, No 2

HYDROGEN’S EVOLUTION ON TITANIUM
ELECTRODE FROM SULFURIC ACID SO-
LUTION

V.F. Kozin, A.V. Blyzniuk

Vernadsky Institute of General and Inorganic
Chemistry, National Academy of Sciences of
Ukraine, av. Akademika Palladina 32/34, Kiev,
03142 Ukraine

e-mail: bliznyuk@ionc.kiev.ua

Thanks to the unique combination of phy-
sicochemical properties, metal hydrides (MH)
are widely used in various fields of science and
technology. High thermal, chemical and radia-
tion resistance MH allows it to be used in nuc-
lear industry as a material for nuclear reactors,
chemical engineering, metallurgy for the pro-
duction and refining of metals, for the produc-
tion of devices operating at elevated tempera-
tures and in adverse conditions. Unigque proper-
ties MH are widely used in hydrogen energy as
hydrogen storage, in rechargeable batteries.
Analysis of literature data has shown that most
studies are devoted to the practical use of the
unique MH ability of reversibly absorbs a large
amount of hydrogen. However, the electrochem-
ical characteristics of the electrode processes of
metal hydride systems were practically not in-
vestigated.

The aim of this work is to study the
processes that take place on the titanium elec-
trode in sulfuric acid solutions, and the compo-
sition of titanium compounds that are formed.
The paper presents the results of studies of the
hydride formation reactions occurring on a pola-
rized titanium cathode in aqueous solution 2 N
sulfuric acid. The study was carried out using
the following methods: the cyclic voltammetry
and the method of x-ray phase analysis of the
composition of the surface. It has been found
that the reduction of hydrogen at the titanium
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cathode from a solution of sulfuric acid is ac-
companied by the formation of hydrides, which
causes an increase in the overvoltage of hydro-
gen evolution and high values of the angular
coefficients of the Tafel dependence. The kinet-
ic parameters of this process have been calcu-
lated: the transfer coefficients a, theoretical and
experimental angular coefficients Dieor and Dexp
, exchange currents i, the dependence of the
hydrogen overvoltage from temperature. It has
been found that exchange current density of hy-
drogen evolution reaction in this system is close
by value to the current exchange of hydrogen
evolution at the noble metals Pd, Pt, Rh, Ir and
are (2,70--0,8):10%A-sm™ in the temperature
range 298 + 343 K. The value of activation
energy of 19,83 kJ mol™ indicates the diffusion
control of this process.

Keywords: titanium, electrode
hydrides, kinetic parameters.

processes,
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