Heterometallic M/V
(M = Cu, Co) complexes
as precursorsfor binary

oxide systems

Maria Pavlyuk

Inorganic Chemistry Chair, Chemistry Department, Kyiv
National Taras Shevchenko University, UKRAINE, Kyiv,
Volodymyrska Str., 60, E-mail: pavlyukmasha@mail.ru

Binary oxide systems are widely used in processes of
oxidation of small molecules like CH,; and CO. Therefore,
evaluation of new methods to manufacture such systems
is an actual task. Traditional methods have some
disadvantages: due to high temperatures of calcination
sintering occurs and, thus, specific surface of the oxides
decrease. In order to avoid these problems, a new
approach  of  heterometallic  complexes thermal
decomposition was recently proposed.

Oxidative dissolution of Cu or Co metallic powder along
with V,0s5 in water in the presence of simple ligands
(ethylenediamine, glycine and other aminoacids) and ammo-
nium salts leads to formation of heterobimetallic compounds

(H3O)2(H2en)[Cu(en)2(H20)2] [V 10028]'3H20 (K 1),
(H;0)[{Cu(en)(H,0)}2(V10025)]- 3H,0 (K2),
[{Cu(en)}3(V10045)]3H,O (K3),
[Co(en)s][VOAC,04),]-3H,0 (K4
and (NHy2[Co(H20)6 o[ V10025] 4H0 (K5),

depending on reagents ratio and temperature of the synthesis.
It should be emphasized that dissolution was finalized in
less then 1 hour which is extremely low time for such
systems.

Structures of the isolated compounds were determined
by single crystal X-ray analysis, and their properties have
been characterized with IR and EPR spectroscopy and
magnetochemically. Thermal behaviour of the complexes
was studied with DTA/DTG and TPDMS methods,
showing that compounds 1, 2, 3 and 5 decompose below
400°C. According to XRD analysis the solid residues
contain V,0s and corresponding metavanadates. Com-
pound 4 was found to decompose above 600°C due to
presence of stable dioxovanadium oxalate species.

Therefore, a series of heterobimetallic Cu/V and Co/V
compounds with easily desorbing ligands was synthesized
by simple one-pot method from cheap reagents. Thermal
degradation of the majority of the complexes occurs at
relatively low temperatures, resulting in formation of
dispersed V,0s modified with Cu and Co.
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Piznomeramiuni M/V
(M = Cu, Co0) komIiekcH
SIK MPEKypPCcoOpH OiHApHUX

OKCH/IHUX CHCTEM
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IlIpu oxucnomy po3uunenni memany 6 po3uuHi Ji2andy
npu 6iNbHOMY O0OCMYni KUCHIO NOGImpsa 0yio 00epicano pao
2emepomemaniunux cnoayk M/ (M =Cu, Co) ma ecma-
HOG/1eHO IX GY008Y MeMOOOM NOBHO20 PEHMZEHOCHPYKIMYPHOZ0
ananizy. Cnonyku oxapaxkmepuzoeano memooamu 14, EIIP
CHEeKmMPOCKONii ma MazHemoximMiuHo.

Tepmiuny cmiiikicmos CHOIYK O0O0CHIOHCEHO Memodamu
ouepenyinnnoz0 mepmiuHo20 ananizy ma mepmonpozpamo-
6aHOi OecopOuyii 3 Mac-cCneKmpomMempuyHuM KOHMPOJIEM.
Dazosuit cknad npodykmie po3knady KOMniekcie oxapaxme-
PU306AHO 30 00NOMO2010 PEHM2EHOPA308020 AHAI3Y.

KiouoBi ciaoBa — rerepoMeTaniuHHN KOMIUIEKC, Mifb,
BaHaIiif, KOOAJIbT, TEPMidHi BIACTHBOCTI

l. BcTtyn

Ha cporomui BizoMo, 10 reTepoMeTaliyHi OKCHIIHI
CHCTEMH Ha OCHOBI KOOANbTy, Mifll Ta BaHAJIIO LIMPOKO
3aCTOCOBYIOTBCS y MPOIIecax OKUCHEHHS MaJHuX MOJIEKYI,
a came Mmerany T1a CO. lle Moxe OyTH BUKOpHCTaHE
TIPOMUCIIOBHMH ITiAPUEMCTBAMHE Tl 3MEHIIICHHSI IIIKI/ITH-
BuX BHKHUIIB. CaMe TOMY aKTyalbHOI Ha ChOTOIHI € PO3-
poOKa MeTOAiB OJepKaHHS TaKMX OKCHUIHUX cHcTeM. Tpa-
JIAIIIHI METOMM OTPHUMaHHS OIHAPHWX OKCHIHHX CHCTEM
MAIOTh TIEBHI HEOMIKK. BHcoki TeMiiepaTypu TepMooOpoo-
KA MOXYTh TPU3BOMMTH JIO CITIKaHHS Ta, BIANOBIIHO, O
3MeHIIeHHsT murtoMoi noBepxHi. 11106 3anobirti oMy, B
OCTaHHI POKH CTa€ NOMYISIPHAM METOA TEPMIYHOrO
PO3KIaay OiMETaiuHIX KOOPHHAIHHUX CIIOTYK.

Il. Pesynbtatn Ta 06roBopeHHs

3arpornoHoOBaHO METO]] OTPUMAaHHSI F'eTepOMETaTIUHIX
KOMIUIEKCIB BaHAiI0 3 BHUKOPHUCTaHHSM OKHCHOI'O PO3-
YUHEHHS TOPOIIKIB METalliB IMpU BUIBHOMY JOCTYII
KHCHIO TOBITPsI Y HPHUCYTHOCTI okcuay Banafiro(V) y
BOJHHMX PO3YMHAX JIITAH/IB, IO JIETKO Bi/IIEILIIOBAIIKCS O
TIPY TTOJAITBIIOMY PO3KIIAJ CHOIYK.

eTepomeraniydi KOMIDIEKCH Ha OCHOBI KyNpyMy
OyJI0 OTpUMaHO Oe3MOCepeIHiM OKUCHUM PO3UHHECHHSIM
Mertany. OKHCHHKOM BHCTYIIAB KHCEHb MOBITPS:

Cu’ + 1/20,+ 2H" — Cu®* + H,0

Besnocepenust pozumHHicTs V,0s y Bomi cropusuia
BHCOKI¥ IBUIKOCTI Mepediry mpoIecis.

3 orpumamx i3 cuctemu Cu’ — V,0s — en — (NH,),C,04 —
H,O (1) po3umHiB NIUIIXOM KpHCTami3alii Oylno BUIJICHO
PpI3HOMETANIYHI CMOMYKY i3 pi3HUM cHiBBiqHOmEHHsM Cu : V

(H3O)2(H2en)[Cu(en)2(H20)z] [V 10028]'3H20 (Kl),
(H;O)[ {Cu(en),(H,0)}2(V1004)]-3H,0 (K2,
[{Cu(en),}3(V100,5)]-3H,0 (K3). IlepeTBOpEHHs

BHXIJIHUX PEUOBHMH B CHCTEMi BiIOyBaJioCs TpPU TEMIIC-
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parypi 50-100 C mpotsirom 15 xB.—1 roa. 1m0 moBHOrO
posunHeHHs Mimi. Ciix 3a3HAYWTH, IO K CEPEIOBHUIIEC
JUTsl IPOBEACHHS peakiii 0ylo BUKOPUCTAHO BOMY, IO €
3HAYHOIO TMIepeBarol0 3 TEXHOJNOTIYHOI TOYKH 30pY.
Oco0OnuBicTIO TIepediry JaHuX MpOIECiB € Te, Mo
MIPOAYKT YTBOPIOETHCS B KIHETHYHUX YMOBaX.

CTpyKkTypy CIOIyK Oyno BCTaHOBIEHO METOJOM
MOBHOTO PEHTTEHOCTPYKTYPHOI'O aHallizy, Ta IOKa3aHo,
IO B KPUCTAJTIYHOMY CTaHi XapaKTepHa KaTiOH-aHiOHHA
(K1), monexynsipua (K2) ta moiximepna (K3) Oynosa.

3a nmanuMu MmarseroximiuyHux Ta EINIP cnextpanbHux
JIOCITIJPKEHb BCTAHOBJICHO, IO B YCIX CIOJyKax BaHaJii
3HAXOJUTKLCS B CTYIIEHI OKMCHEHHS +5.

3rigHO MaHWX TEPMIYHOIO aHaJi3y PO3KIai OTpHMa-
HUX CIOOJAYK Miai BiOyBaeTbCs B TEMIICPATypHOMY
intepBaii 120—400°C (puc. 1, puc. 2) 3 yTBOPSHHSIM
kpucramiunux ¢a3z CuV,04 ta V,0s.

Puc. 1. Kpuei JTAITTIATI onst cnonyxku K1

Puc. 2. Ipogpini TI/] MC ons cnonyku K1

Ipu mocmimpkeHH] B3aeEMOIIT B cUCTeMI Co’— V,05 —en —
(NH4)»,C,04, — HyO (2) 3 po3umHiB IULIXOM KpHCTaTi3alil
oyio BuminieHo cnoiyky [Co(en);[[VO,(Cy04)]:3H,0 (K4).
[NeperBopeHHsI BHXIIHMX PEYOBMH B CHCTEMI BiJOyBanocs
npu Temreparypi 50-100 C mporsrom 8rom 3a pe3yib-
tatamu PCTA crionyka K4 mae katioH-aHiOHHY OymoBy. 3a
JIAHAUMHM TEPMIYHOTO aHalli3y BiJIIEIUICHHS MOJEKYI
eTuiieHIiaMiHy Ta Boau BinOyBaetbest 1o 500°C. IToxais-
M PO3KJIaJ TBEPIOrO 3alMIIKy BigOyBaeTbcsl Ha
HIMPOKOMY TEMIIEPaTypHOMY iHTEpBalli i MPOXOAUTH HE
MOBHICTIO. TakuM YHHOM JaHHH KOMIUICKC € Helpuaat-
HUM SIK TIPEKypcop GiHAPHUX OKCHHUX CHCTEM.

Bracinok B3aemoii B cucremi Co’ — V,05 — AmiHo-
kucnora — (CH;COO)NHy — H,O (3) Oyno orpumaHo
komiuiekcHy cnonyky (NHy):[Co(H,0)6]a[V10O02s]-4H,O
(K5). Po3unmHEHHsS MeTalidHOrO KOOANIbTy B JaHIl
cucTeMi BiOyBasiocst POTSroM 1 roj. mpu Temmneparypi
80-90 C. Cnix 3a3Ha4YUTH, 10 aMIHOKHMCIIOTH HE BXOIATH
JI0 CKJIaAy KOMIUIEKCY, a IX MPUCYTHICTDH JIMIIE 3HAYHO
MIPUCKOPIOE PO3YMHEHHS MeTaliyHoro kobanbry. Ciin
3a3HaunTH, MmO npoaykr K5 Takox € kiHeTW4HUM i
KPHCTAJI3YETHCS 3 YTBOPEHOTO PO3YHHY IIPOTATOM OZHIET
JI00H. A TIpH CTOSIHHI TJAHOTO PO3YUHY MPOTSITOM KiJIBKOX
JTHIB PO3YMH 3MiHIOE 3a0apBJICHHS 3 3€JIEHOTO Ha YKOBTHI
i1 3 HBOrO BUMAJAIOTH JKOBTO-OPAaH)KEBl KpPUCTAIIU
TEPMOAMHAMIYHOTO TPOJYKTY, 10 CKIIAY SIKOI'O BXOJSThH
aMIHOKHCIIOTH.

BucHoBOK

B pe3ynbTati mpoBeaeHOT pOOOTH METOIOM MPSIMHOTO
CHHTE3y (OKHCHOIO PO3YMHEHHS MeETally B PO3YMHI
JiraHay TNpU BUIBHOMY JOCTYII KHCHIO TOBITps) Oyio
ONICP)KAHO PsJi TETEPOMETATIYHUX CIOIYK Ha OCHOBI
BaHAil0 Ta BCTaHOBJEHO IX OymoOBy. 3a pe3yiabTaTamu
TEPMIYHOT'O aHAJi3y Ta TEPMOIIPOrPAMOBAHOI JecopOItii 3
MAac-CIIEKTPOMETPHUYHAM  KOHTPOJIEM
OUIBIIICTE CHHTE30BAHUX CIOJIYK PO3KIAAAIOTHCS TIPH

IIOKa3aHoO, 10

HU3BKHX TEMIEpaTypax Ta MOXYThb OyTH BUKOPHUCTaHI
JUIS OTPUMAaHHsI O1HAPHUX OKCHIHHX CHCTEM.
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