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CHUHTE3 TA XAPAKTEPUCTHUKA I'OMO-

1 TETEPOMETAJIIYHUX KOMILJIEKCIB TEPMAHIIO(1V)
3 ABJAYYHOIO KUCJIOTOIO TA TETEPOIUKJ/ITYHUMMU
AMIHAMM

Brepiue Buaineno smimanonirananuii [Ge(HMal),(bipy)]-bipy-2H,0 (1) Ta pisnomiranano-
pisnometanehi  [Ni(phen),][Ge(OH)(HMal),],-12H,0 (2), [Ni(bipy),][Ge(OH)(HMal),],x
12H,0 (3) xommtexcn Iepmaniro(IV) 3 s6myunoro kucnororo (H,;Mal) Ta rerepoupkaiannMu
aminamu — 2,2'-6imipuanaom (bipy), 1,10-penantpomninom (phen). Bcranosneno, mo y
cnonykax 1-3 s0mydHa KHCI0Ta KOOPAUHYETHCS B MOHONIPOTOHOBaHIN (opmi, y 3B s3Kax 3
Ge(IV) npuiiMaroTs y4acTb TiIpOKCHIIBHA 1 OJJHAa KapOOKCWIBHA IPYIH, APYyra KapOOKCHIb-
HA 3aJIMIIA€ThCA BAKAaHTHOIO. B kommuiekci 1 peanizyeTbes OKTaeApUYHIH KOOPIHHAIIHHUI
nomiesip Ge 3a paxyHOK 6ineHTaTHOi koopauHanii 2,2"-0inipuauHy. Y crosykax 2, 3 HacH4eH-
HS KoopAMHamiiiHoro yncia Ge 10 5 BiOyBa€eThCs 3a YYaCTIO T1IPOKCOTPYIH, B PE3yNbTaTi
YO0T0 YTBOPHOETHLCS OJHAKOBHI KomILTekcHuH anion cknany [Ge(OH)(HMal), ]

KuarouoBi cioBa: repmaniii, Hikenb, s0ny4yHa kuciora, 1,10-¢penantponin, 2,2'-0inipuanH,
KOOpAMHAIINHI CIIOTYKH.

Slonyuna kucnora HOOC-CH(OH)-CH,COOH (H,Mal) € ogHum 3 BaxJIMBHUX
MPOMIKHHX TPOIYKTIB OOMIHHUX IPOIECIB KUBUX OPraHi3MiB, BOHA IiJIBHIIYE 3a-
raJbHUU TOHYC, CIIPHsIE 3HWKCHHIO apTepialibHOTO THCKY. B ocTaHHI poku s0iydHa
KHCJIOTa MTPUBEPTAE BCEe OUIBINE YBAard AOCTIIHUKIB B SIKOCTI JIITAaHAY JUISl CHHTE3Y KO-
OpJVHALIIMHUX CHOJMYK MeTamiB. Tak, ofep)aHo HU3KY CHONyK 3d-mMeTaniB 3 pi3HUMHU
i3omepamu H,Mal monomepwoi [Sr(S-HMal)-3H,0]-H,O, [Pb(R,S-HMal)] [1], (NH,)
[Zn(R-H,Mal),]-H,O, [Zn(R-H,Mal),(S-H ,Mal),(H,0),]-2H,0, (NH,),[Zn(R-HMal)
(S-HMal)]-2H,0 [2] ta nonimepnoi 6ynosu [Cu,(S-Mal),(H,0),]-2H,0 [1], {{M(HMal)
(H,0)]-H,0}, M=Co(II), Ni(II) [3].

CuHTEe3 MeTaJ0-OpraHiyHuX KapKacHUX croiyk (metal-organic frameworks MOFs)
3 PI3HOMaHITHUMH (PYHKIIIOHAITBHUMHU BIACTHBOCTSMH, SIKi 3aCTOCOBYIOTHCSI B TE€TEPO-
TeHHOMY KaTtaizi [4], aiis 30epiranHs Ta po3aiieHHs ra3iB [5], 31e01UTbIIoro mpoBOASITh
IUISTXOM BKITFOUCHHS JIO CTPYKTYP T€TEPOIUKIIYHUX JIiraiaiB Ha Kmrant 1,10-penan-
Tpominy (phen), 2,2'- (bipy) a6o 4,4'- (4,4'-bipy) Oinipuanny. B Takux KoMruiekcax kKap-
KaCHOIO THITy Ha OCHOBI s10myuHO1 kucnoth [M,(Mal),(4,4'-bipy)]-2H,0, M = Co(II),
Ni(II) [6], [Zn(HMal)(phen)(H,0)], [Co(HMal)(phen)(H,0)], [Fe(HMal)(phen)(H,0)]
[7], [Cu'Cu",(Mal)(SO,)(4,4'-bipy),H, O] [8] Bci cTpyKTypHi 01MHUIL (KaTiOHH MeTaIy,
xipanpHuil ManaTHui irany i mictkosi niranau 4,4'-bipy, phen, SO,*) 06’enyroThCS B
TPUBUMIPHY CITUACTY CTPYKTYPY.

B Mexax CHCTEeMaTHYHHX JOCHI/DKCHb KOOPAMHALIMHUX CIIOAYK Ha OCHO-
Bl TiJIPOKCHKAapOOHOBHX KHCIOT HAMH BXKE OJIep:KaHO KomIutekcu repmadio(IV) i3
A0myuHoro kuciororo Ta 1,10°-gpenantponinom — [Ge(HMal),(phen)]-phen-2H,O i
[CuCl(phen),]-[Ge(OH)(HMal),], B sxux peanisyloTbcsi 1Bi pi3Hi (OPMH repMaHiro
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Ge*" Ta rigponizoBana GeOH?" 3 yTBOpEHHSM BHKPUBJICHOTO OKTACIUPUYHOTO TA Te-
TparoHaJbHO-MipaMilalbHOrO KOOPANHALIHHOTO MOJiepY, BIANOBIAHO [I].

MerToto 1aHOi pOOOTH € CHHTE3 Ta BCTAHOBJICHHS OyJ0BU KOOPIUHAIIIHHUX MaJlaTo-
repmaHaris pisHoro tumy 3 HikeneM(Il) ta 2,2'-6inipuannom (1,10-penanTponinom).

MATEPIAJIN TA METOIHN JOCJIIAXKEHHA

B sikocTi BUXIHUX PEUOBUH ISl CHHTE3Y KOOPIUHALIWHUX CIIOIYK BUKOPHCTOBY-
Baju peaktuBH Qipmu Sigma-Aldrich: GeO,, s0myuna kucnora (H,Mal), NiCl,-6H,0,
1,10-benanTpomnin (phen) ta 2,2'-6imipuaus (bipy, Fluka).

Cunres [Ge(HMal),(bipy)]-bipy-2H,O (1). Hapaxku 104.6 mr GeO,, 268 mr
s10my4aHo1 kucyiotu Ta 312 mr 2,2'-6imipunuHy pozunHsin y 500 M KAIUITI0i BOIH,
JiaJi MOBUIBHO BUIApOBYBaIK po3uuH 10 00’ emy 40 mut (80 °C). Uepes 24 rogunu crio-
CTepiraiock yTBOpeHH: 0ijoro ocaxy. Buxin mpoxykry — 64 %.

Cunres [Ni(bipy),][Ge(OH)(HMal),|,-12H,0 (2). Po6Gounii po34uH, KUl MiCTUB
104.6 mr GeO2 Ta 268 Mr s6ay4yHOi kucaotd B 100 M BOAM, HArpiBaiu 1O KHITIHHS
i BumapoByBaiu 10 25 ma npu 50°C. Ha mactynHomy etami 234 mr 2,2'-6imipuauay
ta 119 mr NiCl-6H,O po3uunsiu B 10 mn eranomy Ta Harpisamu 10 40°C. Posunnu
3MIMTyBaJId Ta 3aJIAIIAIHN IPH KIMHATHIA TeMIeparypi 10 BUMAIiHHS POKEBOTO OCALy.
Buxin npoxykry — 70 %.

Cunres [Ni(phen),][Ge(OH)(HMal),],-12H,0 (3). PoGounii po34nH rotyBsaiu Bii-
MOBIHO 10 cuHTe3y crioiyku 2. Ha npyriit cranii naBakku 1,10-¢enarponiny (270 mr)
ta NiCl,:6H,0 (119 mr) posuunsiu B 10 mn eranony ta Harpisaimu 1o 40°C. O6unsa
PO3YMHU 3MINIYBAIM Ta 3aJIMIIAIN MPU KIMHATHIA Temrieparypi Ha 4 noOu, MPOTATOM
SKUX (hopMyBaBCs 0caj] pOXKEBOro KoJabopy. Buxin nponykry — 63 %.

Enemenmuuii ananiz. Bmict KapOony, ['iaporeny Ta Hitporeny Bu3Ha4aiu 3a Jio-
nomoroto HamiBaBromMarnuHoro C,N,H-anamizatropa Elemental Analyzer CE-440,
I'epmaniro Ta Hikenmro — METO/10M aTOMHO-EMiCIHHOT CIIEKTPOCKOITIT 3 1HTYKTUBHO-3B’ 51~
3aHOI0 IITa3Moro Ha mpmitaai Optima 2000 DV ¢ipmu Perkin Elmer.

Hos C,,GeH, (N, O, (M = 685.18) (1) pospaxosano, %: C 49.08, Ge 10.60, N 8.18,
H 4.12; 3natineno, %: C 49.21, Ge 10.53, N 8.03, H 4.32.

M C, NiGe H NO, (M = 1234.82) (2) pospaxosano, %: C 38.31, Ge 9.87,
N 5.85,Ni4.11, H 4.41; 3naitneno, %: C 38.08, Ge 10.01, N 5.79, Ni 4.05, H 4.58.

Hnsa C NiGe H N.O, (M = 1523.07) (3) pospaxosano, %: C 41.40, Ge 9.32,
N 5.67, Ni 3.51, H 4.25; 3naiineno, %: C 41.01, Ge 9.54, N 5.52, Ni 3.58, H4.27.

14 cnexkmpu nornmuuanss (400-4000 cM ') KOMIUTIEKCIB 1 JIiraHAiB B BUDJISII TaOJIETOK
3 KBr 3anucysanu Ha criekrpodortomerpi Frontier pipmu Perkin Elmer.

IY-cnextp 1 (v, em™): v(O-H) = 3371; v(C-H, ) = 3070, 2926; v(C=0) = 1718;
v, (COO) = 1671; v(C-C, ) = 1584, 1530, 1501; v (COO") = 1452; v(C-N) = 1317,
v(C-0) = 1099, 1061; 3(C-H) = 1038, 992, 959, 900; v(Ge-N) = 655; v(Ge-0) =
729, 769.

IY-cnexrp 2 (v, em'): v(O-H) = 3396; v(C-H, ) = 3075, 3000; v(C=0) = 1708;
v, (COO) = 1678; v(C-C, ) = 1598, 1567, 1493; v (COO") = 1443; v(C-N) = 1314;
v(C-0) = 1130, 1074; 8(C-H) = 934, 906; 5(Ge-O-H) ~ 854; v(Ge-O) = 778, 737;
v(Ni-N) =420 cm'.
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IY-cnekrp 3 (v, em'): v(O-H) = 3387; v(C-H, ) = 3066, 2920; v(C=0) = 1708;
v (COO) = 1671; v(C-C,) = 1586, 1518, 1497; v (COO) = 1446; v(C-N) = 1315;
v(C-0) = 1105, 1081; 5(C-H) = 998, 967, 908; 6(Ge-O-H) ~ 855; v(Ge-0) = 760, 725;
V(Ni-N) =418 cm'.

Tepmoananimuuni xpusei ({TA, ATI, TI) onepxani Ha nepuBatorpadi STAR®
SW 9.00 (mBuakicTs HarpiBaHHs 3pa3kiB — 5 °C/xB, HaBaXKa 3pa3ky — 9,1760 wr, iH-
tepBai Temneparyp 20-1000°C).

Mac-cnekmpu OTpUMaHO TPSIMHM Mac-CIeKTpoMeTpuyHuM aHaiizom (DIMS —
direct infusion mass spectrometry) Ha npwiani Bruker Daltonics DataAnalysis 3.3.
EnemeHTHUIA, TepMOrpaBiMETPHYHHIA Ta MAC-CIICKTPOMETPUYHUN aHATI3H MIPOBEICHO
Ha 6a3i BimeHChKOTO yHIBEpCHTETY B MEXax I'PaHTy CTUICHIIANBHOTO (POHIY ABCTpIi
OeAD 111 MOI0AUX BUEHHX.

PE3YJbTATH TA iX OBTOBOPEHHS

3a pe3ynbTaraMu e1eMEHTHOTO aHali3y NpoayKTiB 1-3 BCTaHOBIEHO, IO B iX CKJIai
peai3yeThcsi MOJIBHE criiBBiHOMEHHs Ge : Manar : bipy =1:2:2, Ge : maiar : Ni : bipy
(phen) =1:2:1:3.

[NopiBustmeHEM aHamizoM [Y-crekTpiB kommiekciB 1-3 1 BUXigHUX sIOTydHOI KHC-
norty, 1,10-¢penantporniny ado 2,2'-0imipuInHy, 3 ypaxyBaHHSM BiJIOBIIHHUX JiTepa-
TYpHUX JaHuXx [2, 9-14], 6yno NpoBeneHO BiAHECEHHS XapaKTEPUCTHUHHUX YacTOT KO-
TMBaHb (PYHKIIOHAIILHUX TPy, SK1 BIIMOBIIAIOTH 32 YTBOPEHHS 3B’ SI3KIB 3 METaJIaMHU.

Beranosneno, mo B 1-3 npucyTHi cMyru BaneHTHUX Koausanb V(C-C, ) apomaruy-
HOrO KUThIlsT ~ 1598-1493 cm!, v(C-N) ~ 1315¢m!, a takok v(Ge-N) = 655 em! (mst 1),
V(Ni-N) = 420 cm! (mist 2, 3), 1110 CBITUUTH PO HASBHICTH B MOJIEKYJaX KOMILIEKCIB
bipy a6o phen. Cmyru komusanb v(C=0) ~ 1708 cm', v, (COO) ~ 1671 cm', v (COO)
~ 1448 cm! € xapakTepHUMH JJis BaKaHTHHX KapOOKCHJIBHHX Ta MOHOJICHTATHO
3B’A3aHUX KapOokcunatHux rpyn (Av =v_(COO’) —v (COO) ~220 cm'). B 1-3 3adik-
coBani Takok cmyru v(C-O) ~ 1130 cm! ankoronsarHoi rpynu v(Ge-O) ~ 778-725 cm.
BinminHicTiO [Y-CHIeKTpiB pi3HOMETANIBHUX KOMIUICKCIB 2, 3 € HasBHICTh CMYTH Jie-
dopmarniiiaux konuBanb 38’ s13ky Ge-O-H ~ 855 cm.

ITpu Tepmoposknani 1 B remneparypaomy intepBaii 80-230°C BigOyBaeTbcs eii-
MiHAIig B ra3oBy (a3y ABOX MOJCKYJ BOIH (Am, = 530%, Am,_ = 5.26 %). llpu
narpiansi Big 270 1o 360°C BunansioTses o1Ha MosieKyJia bipy ta asi mosexynu CO,
(Am“p = 58.39 %, Ammp = 58.50 %). [Nomanpmuii po3KiIa CyNMPOBOIKYETHCS €K30-
e(eKToM, TIpU SKOMY BIIOYBAETHCS OKHUCHA TEPMOICCTPYKINSI OPTaHIYHOI YACTHHU
KOMILIEKCY, 1110 3aBEPLIYETLCSA YTBOPEHHAM KiHLEBOTO npoaykTy — GeO, (Maca 3anumi-
ky m_=30.00 %, m,_=30.54%).

OpanakoBUll ckiiaj, MOAIOHICTh y XapakTepi Tepmonidy Ta [Y-cnexrpax crnonyku 1
Ta oxapakTepu3oBaHoro panime xommiekcy [Ge(HMal) (phen)]-phen-2H,0O [9] cBin-
YHUTH MPO T€, 10 BOHH € aHAJOT1YHIMH PI3HOJIITaHIHUMHE CTPYKTYpaMu. TakuM 9uHOM,
xomruiekcy 1 Binnosinae popmyina [Ge(HMal),(bipy)]-bipy-2H,0 (puc. 1).

[Ipu mocimiKeHHI TePMIYHOT CTIHKOCTI KOMIUIEKCIB 2 1 3 BUSBICHO OCOOIMBOCTI 1X
TEPMOJII3Y: CTYyIIHUACTHH XapakTep, BUCOKI TeMIEpaTypH Ta INPOKUN IHTepBal eniMi-
HaIlii MOJICKYZT BOAM B Ta30By (hazy. Ha mouarkoBiii crajii BigOyBa€eThCs BHIIATICHHS B
ra3oBy ¢a3y 12 Moiekyn Boau (Amnp =17.50(2), 14.50 (3) %, AmTeop =17.49 (2), 14.18
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(3) %), Mo CympOBOIKYETHCS MEPIINM CHAOTCPMIUYHIM €()EeKTOM TIpH TeMIeparypi
110-220 °C ({170 °C). B inrepani 220-260 °C (|225 °C) B pe3ynbrari eHI0eheKTY
CIIOCTEPITaeThCs MPOIIEC JIeaKBaTallii — BUJAICHHS JBOX MOJIEKYJ BOJH, SIKi YTBOPIO-
FOTBCS 32 PaXyHOK B3a€MO/Iii TPOTOHY KapOOKCHIIBHOT TpyIH 3 TiapokcuiibHOIO GeOH,
[0 € THIIOBHM JJIsl IOAIOHMX KOMIUIEKCIB T€PMaHI0 (Am"p = 3.00 (2), 2.40 (3) %,
Am__ =291 (2),2.36 (3) %) [15].

TEop

\_/\_/

N
0 0 \/0 O
W\Ge/ on
HO N

O O

Puc. 1. Cxema OynoBu pi3HOIIraHIHOTO KOMIUIEKCY 1

Fig. 1. Scheme of the structure of different-ligand complex 1

HacrtynHuii engoTepMivamii eekT Ha TepMorpaMax 2, 3 BinOyBaeThCs B IHTEpBaTi
260-340 °C (1300 °C) i cynmpoBOIKY€THCS 3HAYHUM YOYTKOM MAcCH, TTOB’I3aHUM 3 BHJIa-
JIEHHSIM JIBOX MOJIEKya bipy a0o phen, pa3zom 3 TUM BiIOyBaeThCs AEKapOOKCHITIOBAHHS.

3a ocraHHIM eHpoedeKToM 0e3rmocepeHhO OJIMH 3a OJHUM CIIOCTEPIraroThCs JIBa
exzoedexru B inTepBasiax 400-570 °C (1550 °C), 600-880 °C (1710 °C), npu SKux Bin-
OyBa€ThCsl OKMCHA TEPMOJIECTPYKIIisl KOMILIEKCIB Ta yTBOpeHHs cymimi NiGeO,+GeO,,
LI0 Y3rO/DKYETHCS 3 MAcolo KiHIEBHX HPOAYKTiB (Maca sammmky m = 31.50 (2),
25.50 (3) %, m, =31.48(2),25.53 (3) %).

B mac-criekTpax aHiOHIB KOMIUIEKCIB 2 1 3 crocTepiraeThCsl yTBOPEHHS OTHAKOBUX
ynamkosux ionis [Ge(OH)(HMal)]-H,O Ta [Ge(HMal),] 3 m/z ~ 243 ta 337 (puc. 2).

[Tonibuicte [Y-cnexTpiB, TEpOMOPO3KIaay Ta Mac-CHEKTPiB aHIOHIB CIOIYK
2 1 3 Ta paHile CTPYKTYPHO OXapakTEPH30BAHOTO Pi3HOMETAIEHOTO KOMILICKCY
[CuCl(phen),]-[Ge(OH)(HMal),] [9] Bkazye ma ix omnorumuy OynoBy [Ni(phen),]
[Ge(OH)(HMal),],-12H,0 (2), [Ni(bipy),]-[Ge(OH)(HMal),],-12H,0 (3). Jlirang —
A0TydIHa KUCIIOTa — KOOPAMHYEThCS B MOHOIPOTOHOBaHiM (hopmi, mposBisie cede 5K
OimenTarHuit. Y 3B’s3kax 3 Ge(IV) npuiiMaroTh ydacTh OJIHA T1IPOKCHIIBHA 1 OJTHA Kap-
OOKCHJIbHA TPYIH, APyra KapOOKCWIbHA 3aJHMIIA€ThCS BAKAHTHOIO, TOOTO HACHYCHHS
KoopanHaniiHoro yncia Ge 1o 5 BinOyBaeThCs 3a YIACTIO TiAPOKCOTPYIH, B PE3yJIbTaTi
4O0r0 YTBOPIOETHCS OHAKOBMI KOMILIeKCHHUH aHioH ckiafny [Ge(OH)(HMal),] (puc. 3a).

Karionu [Ni(bipy/phen),]** (puc. 3 6) B xommekcax 2, 3 GopMyIOTbCS 3a PaxXyHOK
KOOpAMHAII] HiKeJIeM TphoX Mosekyn 2,2'-6imipuauny ado 1,10-penantporiny, sk Oyao
paHire 3adikcoBaHo Juist 6ic(IMTpaTo)- Ta Taprparorepmanarie [11, 12]. BcranoBieHo,
10 KOMIUIEKCH 2, 3 BITHOCSTHCS JI0 KaTi0H-aHIOHHOTO THITY Ta YTBOPIOIOTHCS B PE3YIlb-
TaTi eNEKTPOCTATHYHOT B3aEMOIIT.
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Fig. 2. Mass spectra of anions of complexes 2 (a) and 3 (6)
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Puc. 3. Cxemu Gynosu aniony [Ge(OH)(HMal), ]
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Fig. 3. Schemes of structures of anions
(@) and cations [Ni(bipy),]** (6) [Ni(phen),]*" (¢) in complexes 2 and 3
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E. B. Apanacenko, U. U. Ceiipynnuna, E. 3. Mapuunko, E. A. Yebanenko
Opnecckuii HallMOHAIBHBIN yHUBEpcuTeT uMenu V.1, Meunuxkosa, yi1. J[BopsHckas 2,
Opnecca, 65082, Ykpauna

CHUHTE3 U XAPAKTEPUCTUKA I'OMO-

U TETEPOMETAJUVIMYECKUX KOMIIJIEKCOB
IFEPMAHUAAY) C ABJIOYHOU KUCJTIOTOU U
IFETEPOIUKIUYECKUMHU AMUHAMMU

Briepseie BhieneHbl cMemanHourananbii [Ge(HMal),(bipy)]-bipy-2H,O (1) n pasnonu-
ranHo-pasHometabEbie [Ni(phen),][Ge(OH)(HMal),],-12H,0 (2), [Ni(bipy),][Ge(OH)x
(HMal),],-12H,0 (3) xommtexcel repmanus(IV) ¢ sonounoit kucnoroit (H,Mal) u rereporu-
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KIMYeCKUMH aMuHamu — 2,2'-6unmpuanaoM (bipy), 1,10-dpenantpomnaom (phen). YeraHos-
JIEHO, 4TO B coeuHEeHUsX 1-3 s1610uHast KUCI0Ta KOOPANHUPYETCS B MOHOTIPOTOHHPOBAHHOM
¢dopme, ¢ Ge(IV) cBsA3bIBAIOTCS THAPOKCHIBHAS M OJHA KapOOKCHIIbHAS TPYIIBI JINTAH/A,
BTOpasi KapOOKCHIIbHASI OCTAeTCsl BakaHTHOU. B komIutekce 1 peanusyercsi OKTadqpuIecKuit
KOOpAMHAIIMOHHBIN moimadap Ge 3a cueT OuieHTaTHOl koopauHanuu 2,2'-ounpuausa. B co-
eIMHEHNAX 2, 3 HACBIIICHHE KOOPAMHAMOHHOTO yncina Ge A0 5 MPOHCXOOHUT C ydacTHEM
THJPOKCOTPYIIIEI, B pe3y/IbTaTe yero o0pa3yeTcsi OJMHAKOBBIN KOMITJIEKCHBIN aHHOH COCTaBa
[Ge(OH)(HMal),]".

KuiroueBble ci10Ba: repMaHuii, HUKeNb, 0104Has kuciora, 1,10-penantponun, 2,2'-0unupu-
JIIH, KOOPIMHAI[HOHHBIC COCTNHCHUSI.

E. V. Afanasenko, I. I. Seifullina, E. E. Martsinko, E. A. Chebanenko
Odessa Mechnikov National University, Department of General Chemistry and Polymers,
Dvoryanskaya St., 2, Odessa, 65082

SYNTHESIS AND CHARACTERIZATION OF HOMO-
AND HETEROMETALLIC GERMANIUM (1V)
COORDINATION COMPOUNDS WITH MALIC ACID
AND HETEROCYCLIC AMINES

The mixed-ligand [Ge(HMal) (bipy)]-bipy-2H,0 (1) and mixed-ligand-heterometallic
[Ni(phen),][Ge(OH)(HMal),],-12H,0 (2), [Ni(bipy),][Ge(OH)(HMal),],"12H,0 (3) germa-
nium complexes with mahc a01d (H Mal) and heterocychc amines 2 2 blpyrldme (blpy)
1,10-phenanthroline (phen) were obtalned for the first time. It was established that in the
IR—spectra of 1-3 stretching vibrations of aromatic rings v(C-C, ) ~ 1598-1493 cm', v(C-N)
~ 1315 ecm!, v(C-N) ~ 1315cm’!, and also v(Ge-N) = 655 cm" (for 1), v(Ni-N) = 420 cm’!
(for 2, 3) are presented. This evidences about the presence of bipy or phen in the molecules
of compounds The absorption bands v(C=0) ~ 1708 cm™, v (COO") ~ 1671 cm™, v (COO")

~ 1448 cm are specific for the vacant carboxylic and monodentate protonated carboxylate
groups (Av = v _(COO") - v (COO) ~ 220 cm™). The absorption bands v(C-O) ~ 1130 cm™
of the alcoholic group V(Ge 0) ~ 778-725 cm! have been also detected in the IR-spectra of
1-3. The feature of heterometalic complexes 2, 3 is presence of deformation vibrations band
of the bond Ge-O-H ~ 855 cm!. In the mass-spectra of anions 2 and 3 the formation of same
fragmentation ions [Ge(OH)(HMal)]-H,O and [Ge(HMal),] with m/z ~ 243 and 337. In the
compounds 1-3 malic acid coordinates in the monoprotonated form, one hydroxyl and one
carboxyl groups take part in the formation of bonds with Ge(IV) atom, the second carboxyl
group stays vacant. In the complex 1 the octahedral coordination polyhedron of Ge is formed
through the bidentate coordination of 2,2'-bipyridine (bipy). Complexes 2,3 are of cation-
anionic type with the electrostatic interaction between their cations and anions. In 2,3 Ger-
manium has coordination number 5 and saturates its coordination sphere by binding to the
OH-group, and as the result similar complex anion with the composition [Ge(OH)(HMal),]" is
formed. Cations [Ni(bipy/phen),]** are formed through the coordination three molecules of
2,2"-bipyridine (bipy), 1,10-phenanthroline (phen) by nickel atom.

Keywords: germanium, nickel, malic acid, 1,10-phenantroline, 2,2'-bipyridine, coordination
compounds.
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