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Co(II)-Sn(IV), Co(II)-Ge(IV) KOMIIJIEKCOB .

C TNAPOKCUKAPBEOHOBBIMU(®OCPOHOBOW) KNCJIOTAMUA
HA KMHETHUERY ITIOJIMKOHAEHCAIIMN 1 CBOMCTBA
I[TOJIUTVIMKOJIBMAJIEMHATOTAJIATOB

HccnenoBaHbl B KauecTBE aKTMBATOPOB MOJMKOHACHCALIMU (HTATEBOrO U MaJCMHOBOTO
AHTUAPUIOB C STUJICHIIMKONIeM oumetauinyeckue komriekesl Co(I1)-Sn(IV), Co(II)-
Ge(1V) ¢ mumonnoit (H,Citr), Bunnoit (H,Tart), kennaposoit (H Xylar), 1-runpokcns-
mrmaenmdochonosort (H,Oedph) kucnoramu. OnpeneneHbl HavyaabHbIE CKOPOCTU
COTOJIMMEPHU3AlIMK  TTOJYYEHHBIX OJMIOMEPOB C TPUITUIICHIIUKOIBANMETAKPUIATOM.
IMpemwnoxeHa MeToaMKa MOMYYSHUs JJAKOKPACOUHBIX TTOKPBITUIA TPY COBMECTHOM BBICO-
KOTEMIIePaTypHOM OTBEPXKICHUU C STIOKCUTHBIMU CMOJIAMHU.

Kuouessie ciosa: kobanbT(11), repmannit(1V), onmoso(IV), rerepoMeTauimaecKuie KOM-
TJIEKCHI, TIOJTMKOHIECHCAITUST, COTIOTMMEPHI

[MomurmkonemanennatdTanar ([IIMM®) npou3BOAUTCS TPOMBINUICHHOCTRIO Kak
OCHOBHOW KOMITOHEHT HeHAachIleHHbIX onuroddupusix cmon (HIIC), B uwacTHOCTH
takux kak [TH-1 wiam ITH-609 21M [1]. BenenctBue HU3KOH CTOMMOCTH M BBICOKHX
JKCIUIyaTallMOHHbIX XapaKTepUCTUK B oTBepkaEHHOM cocrosHuu HIIC Ha ocHoBe
[II'M® BBITECHSAIOT HE TOJIBKO TAaKWE TPAIAWIMOHHBIC IOJHMMEPBI KaK MOJUATHICH U
(beromodopMabIeTHAHBIE CMOJBI, HO TAK)KE OUTYM ITPH CTPOUTEIHECTBE aBTOMOOMIBHBIX
JIOpOT, OETOH U CTaJIb IPU CTPOUTEILCTBE MOCTOB U IIOTHH [2]. ISl HHUIIMMPOBaHHUS
MPOIIECCOB paJuKaIbHON monumepusaiuu npu orsepxaeHnu HIIC ucnonb3yror op-
TAaHWYECKUE MMEPOKCUJIBI U COJIM KUPHBI KUCIOT psiga d-mMeramio, Takux kak Mn (II),
Zr (IV), Ni (II), Fe (IIT), Co(Il) [3]. Takue akTHBATOPHI MO3BOJSIOT HE TOJIBKO yBEIH-
YUTh CKOPOCTh COMOIMMEpPU3AINY, HO U CHU3UTh TeMIepaTypy Hadaja mnpoiecca ¢ 60°
70 20°C, uT0o HEO0OXOAMMO ITPU TPOU3BOCTBE KPYITHOTA0ApUTHBIX N3ACTHid. B oTnmune
OT TICPOKCHJIOB, YKa3aHHBIC COJH HE SBIAIOTCS MCTOYHHKAMH CBOOOIHBIX PaHKaiIoB
U He MPHUCOENUHSIOTCS K MaKpOMOJIEKYJIe MPOIYKTa COMOJIMMEPU3ALUU. DTO CHUKAET
DIyOUHY OTBEPKACHUSI U, CIEA0BATEIBHO, YXYALIAET SKCILTyaTal[MOHHbBIC XapaKTepHuc-
THUKH TOTOBOTO HPOAYKTa. J yCTpaHEHHS OTMCUCHHBIX HEIOCTATKOB, B padoTe [4]
HaMH ObLTa U3y9YeHa BOSMOXKHOCTB MIPOBEICHUS PEAKIMH MOTUKOHACHCAIINU B TIPUCYT-
cTBUHM pasHoMeTaTbHbIX KoMiuiekcos [Co(H,0),][Ge(HCitr), ], [Co(H,0),][Sn(HCitr), ],
[Ni(H,0),][Ge(HCitr),], [Ni(H,0)][Sn(HCitr),]. B pesynbrare Ham ynanoch 1okasars,
9T0 d-MeTayuIbl MOXXHO BBOIUTH B Monekymy [II'M® nemocpencTBeHHO TpH CHHTE3E.
Haubosnbmias aktuBHOCTh MOgudumupoBanHbix [II'M® (M-III'M®) B mporeccax co-
MOJIMMEPHU3ALUH C TPUITHIICHIITUKOIbauMeTakpuiiaToM (TT'M-3) nabiroganacek npu uc-
MOJIb30BAHUHU KOOABTCOAEPKAIUX KOMIUIEKCOB [4].
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B nponomkenue 3Tux uccnenoBanuii Obiia chopMyIMpoBaHa el JaHHOH padoThl —
W3Y4YUTh BIUSHAE KOOAIBTCOMCPKAIINX OWMETAUTHUECKUX KOMIUIEKCOB C PSIOM
THIPOKCUKApOOHOBBIX((DOC(HOHOBOI) KHCIOT (JIMMOHHOM, BUHHOM, KCHIApOBOU (TpH-
THAPOKCUNITYTapoBOi) U 1-ruapokcusTHANAeHI(GOCHOHOBOI) HAa MPOLECCH MOITUKOH-
neHcanuu MaenHoBoro (MA) u ¢raesoro (PA) anruapuna ¢ stwieHrukonem (1),
CPaBHUTH HauaJbHBIE CKOPOCTH COIOJIIMMEpHU3aluu nmonydeHabx M-IIT'M® ¢ TTM-3 u
IIPOBEPUTH BO3MOXKHOCTb COBMECTHOI'O OTBEPKIECHUA € MOKCUIHOU cMmonon DII-20 B
TOHKOM CJIO€ TIPU BBICOKHX TEMIIEpaTypax.

B kauecTBe  aKTHBAaTOpOB  MOJHKOHACHCAIUU  HM3YyYCHBI  KOMILICKCHI:
[Co(H,0),][Ge(HCitr),]-4H,O (I), M=689,6 r/mois; [Co(H,0),][Sn(HCitr),]-4H,0 (II),
M=735,7  t/monb;  [Co,Ge,(u-Tart),(H,0) J-HO (1), M=9344  r/moms;
[Co(H,0)][Ge(u,~Xy1),{Co(H,0)},] (IV), M=851,75 r/mons; Co,[Ge (u-OH),(u-
0),(u-Oedph),]-:52H,0 (V), M=3029,2 r/mosb, KOTOpblE ObLIM TIONYYEHBI IO
pa3paboTaHHBIM aBTOpaMK MEeTOIMKaM [5-8], a Takke anerar kobanera (I1) 1ByXBOIHBIIM
(4.1.a.) ATIsT cpaBHEHMSL.

SKCHepl/lMeHTa.ﬂbHaﬂ 4yacTb

B kadecTBe MOMEIHHON CHCTEMBI, UCTIOIB3YEMOH JIJIsl CPAaBHEHUS, CHHTE3UPOBAIN
[NI'M® u3z MA, @A u 3I' no meroauke [9, 10]. CunTe3 npoBoIMWIN NPU TEMIIEpAType
175 °C 10 moIHOTO MPEKpaleHUs BhIACICHUS BOAbL. B ciaydae nomyuenus moauduim-
posanHoro [I'MM® (M-ITT'M®) KOMIUTIEKC BBOAMIIN B UCXOIHYEO CMECH IEePe]] PEaKIUCH.
B npouecce nonmukonaencanuu (1K), npu nocTtosHHOM nepeMelMBaHuN, KOMILIEKCHI
[IOJIHOCTBIO PACTBOPSUIMCH 3a 2-3 MuHyThL. Ilonyuennslii nponykr IIK npeacrasusi co-
0011 BA3KYT0, IPO3PAYHYIO, OKPAIICHHYIO KHIKOCTb.

Hawanenyto ckopocth cononumepu3aiuu monydeHasx M-IIIMM® ¢ TTM-3 ompen-
eJISLTM METOJIOM JHJIATOMETPHHU C UCHONIb30BAHUEM CIIECHHATIBHBIX KOPOTKHX (60 MM) 11-
JIATOMETPOB € MIUPOKUM (6 MM) TOPIBIIIKOM. [lepen moMeleHueM B TepMOCTAT JIUIIaTo-
MeTp HeHTpHU(yrupoBan B TedcHue 2-3 muH npu 9000 o6/muH Ha neHTpudyre [IYM-1
JUIsL yrasneHus Bo3ayxa. IlomoxxeHne MEHHCKA ONpeesisuld MpH MOMOIIM KaTeTOMETpa
K-6 ¢ TounocTrro 10 0,005 MM.

g nposenenust repmonosnnmepusanuu 0,3-0,5 r emecun M-III'M® ¢ D/1-20 Hano-
CWJIA Ha IPEABAPUTEILHO B3BELIEHHYIO CTEKISIHHYIO HOAJIOKKY pazMepoM 25x60 mm
" TonuHON 2 MM, mporpeBanu ee g0 80 °C u momemnianu B BO3AYIIHBIA TEPMOCTAT.
OtBepxnaenue npoogwid npu 150 °C B Teuenue 5 4. Tonmuny OTBepXKAEHHON MIEHKU
H3MEpSUIN MUKPOMETPOM, COZIEpKAHUE Ielb-(hpakiuy — MyTéM Belaepkku B 500 M pa-
CTBOpHUTEINS B TeUeHHE 3 cyT, 3areM BoicymuBanueM rnpu 100 °C 10 mocTosTHHON Macchl.

Pe3yJ’[l)TaTLI IKCIIEPUMEHTA U UX 06cy)l()1e}me

Kak BUIHO u3 pe3yabTaToB 3KCIEpUMEHTa (pHc. 1) Bce M3yUCHHBIE KOMILICKCHI
MOBBIMIAIOT KaK HAYaJIBHYIO CKOPOCTh, Tak M Tyomny IIK; mpm sTom HamOombImas
nryouna 1K HaOmromaeTcs pu UCTIONB30BaHIH KoMIniekca 1. Bs3kocTh momyd4eHHBIX
OJIMTOMEPOB CYIIECTBEHHO HE OTIHUaeTcs oT HemoauduuuposanHoro [II'M®, uro mo-
3BOJISIET YBEJIMUUTD COAEPIKAHNE KOMIUIEKCA B IIpeJesiax I0IyCTUMOM BSI3KOCTU KOHEU-
HOTO TIpoAyKTa. J{st nanpHeHImx nuccaenoBanuii Obut BEIOpaH koMruiekc 11 u momydenst
M-II'M® c coneprkanuemM akTuBaropa 2,5 u 5 Mmoisb % (puc.2).
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Puc. 1. 3aBucumocts kuciiotHoro uncna nonnddupos (Mmr KOH Ha 1 T cMOIIBI), CHHTE3UPOBAHHBIX
B MPHUCYTCTBUH PA3IUYHBIX KOJINYECTB aKTUBATOPOB OT MPOJOIKUTENBHOCTH PEAKIIUH
(t, MuH; comep:kanne KomruiekcoB 0,5 Mol % 110 OTHOIICHUIO K STHIICHIIIMKOIIO):
1- 6e3 aktuBaropa; 2- V; 3 —1V; 4- 1; 5- 11, 6- 111
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Puc. 2. 3aBucumocTts kuciotHOro yrcia nonuddupos (Mr KOH Ha | T cMOJIbI), CHHTE3UPOBAHHBIX
B IPUCYTCTBUH Pa3/IUUHBIX KOJINYECTB akTUBaTOpa Il OT MPONOIKUTENBHOCTH peakuu
(t, MUH; coiepkaHe KOMIUTIEKCOB B % Mo.): 1- 6e3 aktuBaropa; 2-0.5%; 3-2,5%; 4-5%

Kak BuzmHO U3 puc. 2, npu MOBBILIEHUN cojepxaHusd komiuiekca oT 0,5%moinb 10
5%mModp (110 oTHOIIEHHIO K DI) yBeInunBaroTest Kak HayaabHAs CKOPOCTh, TAaK M TITyOH-
Ha I1K. OnHako, gake 1eCcSITUKPAaTHOE YBEIMUEHUE COIEp KaHMs KOMIIEKCA B UCXOHOM
CMECH HE BBI3BAJIO CYILIECTBEHHOIO POCTA CKOPOCTH.

Bce nonmyuennsie M-IITI'M® xopormio pactBopsitorest B TT' M-3. HauanbHyr0 CKOPOCTH
cononumepuzauuu M-II'M® ¢ TI'M-3 onpenensiy Ipu COOTHOLIEHUH KOMIIOHEHTOB
7:3, 4TO COOTBETCTBYET COCTaBy HambOoliee pacHpoCTpaHEHHOH M3 OeCCTUPOIBHBIX
HIIC, mpomsBogumbix npomebitieHHOCTRI0 — [TH-609 21M. Kak BuanO U3 puc 3, npu
HCTIONTE30BaHIH B KadecTBe MoanpukaropoB [1K n3ydeHHBIX KOMIUIEKCOB, HaOmonaeTcs
MOBBIIIEHNE HAYAJIbHON CKOPOCTH COMOIMMEPU3ALINN OTYYEHHBIX TPOAYKTOB ¢ TTM-3
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10 CpaBHEHHUIO ¢ aneraroM kobansTa(ll). M3 3Toro cnemyer, 4To A yBEIUUCHUS AKTH-
BallM¥ MPOIIECCOB MHUIIMUPOBAHUS PAJAUKATILHON COMOIIMMEPU3ALINN BaXKHO HE TOJIBKO
BbIOpaTh d-MeTaul, HO U B [EJIOM COeMHEHNE, B BU/IE KOTOPOTO €ro BBOIAT B CHCTE-
My. HanOomnbias HayanbHast CKOpocTh HabmonaeTcs y M-I11I'M®, MoauduupoBaHHOTO
komiuiekcoM repmanus ¢ H,Oedph (V), onnako, B ommuue ot apyrux m-III'M®, nis
nmanHoit HIIC nabmiomaercst HapylleHHe FOMOI'€HHOCTH: uepe3 2-3 CyT Iociie CHHTe-
3a — cHCTeMa pacciauBaercs Ha JBe ¢as3bl. [lodToMy I manbHEHIIMX MCCIeIOBaHHN
rcnoib3oBanu M-ITI'M®, mogudunuporarnyto komriekcom (1I).
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2 -

0 T T
0 20 40 60 t,min

Puc. 3. 3aBucnmocts mryouHEI cononumepu3auu S,% M-IITM® (70%)
¢ TI'M-3 (30%) ot Bpemenu. T=60°C, C (ITB) =2,5-10 mosns/x:
Monudukaropst ITK:1-V; 2-1V; 3-11; 4-1; 5-111; 6-Co(CH,COO0), 4H,0

[oBbimenne conepikanue kodansra B M-IIITM® ¢ 0,5 1o 5 Mmonbs% yBenmnuuBaeT Ha-
YaIbHYIO CKOPOCTh cononmumepu3aruu B 10 pa3 (puc. 4), Ho BsizkocTs M-ITT'M® Bo3pac-
TaeT HACTOJIBKO, YTO s HOHOTO pacTBopeHus B TT' M-3 Tpebyercs mmmrensHoe, 10 20-
30 mun naTeHCHBHOE niepemermBanue mpu 40-45°C. Kak 6pu10 mokazano B padore [4],
npu conepkanuu kodaipra B M-III'M®, mogudunmporanroro komriekcom 11 10 10%,
MPOAYKT He pacTBopsieTcst B TT'M-3 naxe npu anmutenbHOH, 6omee 30 CyT, BBIICPKKE.
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Puc. 4. 3aBucumocts riyouHs! cononmumepuzanu [II'M® ¢ TI'M-3 ot BpeMeHH; comepkaHne
M-TIITM® 70%; T=60°C, C(ITB)=2,5-10°moub/11; mopuduraropsr M-IITM®: 1- IT (5M0n6%);
2-Co(CH,COO0), (5 momb%); 3 — 11 (0.5M016%).
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Juis usydennplx M-III'M® nepcrnekTUBHBIM HaIPaBICHUEM MHCCIENOBAaHUS SIBIIS-
€TCsl OINpeJIeNICHuEe WX CIOCOOHOCTH K TEPMOOKUCIUTEIBHON MOIMMEpH3aluyd B TOH-
KHX IJIEHKAaX IUIsl TONYYCHHS JIAKOKPACOYHBIX TMOKPBITHH, OONATArOIIUX BBICOKHMH
IKCIDTyaTaIlMOHHBIMU XapaKTCPHCTHKaMU. Ecin moBwIIIeHHE conepikaHue KoOaibra B
M-IITM® s momydenwnst conmonmumepoB ¢ TT'M-3 orpaHndeHO pacTBOPUMOCTHIO KOM-
IIOHEHTOB, TO JIJIs1 KOMIO3ULIUH, OTBEP’KIAEMbIX B TOHKUX INIEHKaX P BBICOKOH TemIie-
parype, BI3KOCTb MOXKET ObITh CHHKEHA C OIHOM CTOPOHBI, TIOBBIILIEHUEM TEMIIEPaTyphl
[IpY CMEIIMBAaHUH KOMIIOHEHTOB, C IPYToi — BBEJICHUEM MHEPTHOTO pacTBopuTes. Kak
nmokazaHo B paborax [11, 12], B mporecax TEPMOOKUCIUTENFHON MOJIMMEPH3AIMU KO-
OanprconepKaiie J00aBKH 3HAYUTEIHHO CHIXKAIOT TEMIIeparypy, yBEITUUHUBAIOT CKO-
POCTB U TITyOMHY TepMoIioIuMepu3aui. B nanHoi pabote, 115t CHHKCHUS TEMITePaTyphl
u yBenuueHus ckopoctu orsepxkaenue M-III'M® nposoaunu B npucyrcrsuu J1-20.

Ha crexnsnHO# mommoxke ObLTH M3roTOBIEHB! 00pasisl M-III'M® u ero 50% pa-
ctBopa B DJ1-20. MuHUMAaJIbHAS TEMIIEPATypa, IPU KOTOPOH HAOIH0IAI0OCh 00pa3oBaHUE
tBEpAoN Tu€HKH it M-TITM® cocraBuma 200-220°C, a anst 50% pactropa M-IITIT'M®
B DJ[-20 — 150°C. Tonmmua nmomydeHHbIX I€HOK cocrapisuia 0,2-0,3 mm. Coneprxkanue
renb-gpakuuu 99,6-99,8% cBUAETENBCTBYET O BHICOKOM IIyOHWHE OTBEpIKIEHUS, KOTO-
pas o0ycnaBiuBaeT BHICOKHE (PU3NKO-MEXaHHMUYECKUE XapaKTepucTuku [13].

[IpenyoxxeHHBIE METOIUKHA MOTYT OBITh MCIONB30BaHBI MPH pa3paboTKe MPOMBIIII-
JICHHBIX TEXHOJOTHH MONyYeHHs] TEPMOPEAKTUBHBIX OJOYHBIX TOJTMMEPHBIX KOMITO3H-
TOB M JJAKOKPACOUYHBIX MTOKPBITHHA.

BroiBoabI:

1. Mcnonp3oBaHuE U3y4YEHHBIX KOMIUIEKCOB B koiuuectBe 0,5 Moib % mo3BojseT
MOBBICUTH HAYAIFHYIO CKOPOCTH MOJHUKOHACHCAMI MAJIEHHOBOTO M (DTANEBOTO aHTH-
JIPUJIOB C STUJICHTIIUKOJIEM B 5 — 7 pa3 u niryOuHy noiukKoHAeHcaruu ¢ 55 % mo 88 %.

2. MomuduimpoBaHe n3y4eHHbBIMU KOMILUIEKCaMH MOJMIINKOJIbMAJIEHHAT(TAIaTOB, 10
CpaBHEHHIO ¢ MoaudHIMKaIpel aieraroM kodasbTa (I1), mo3BossieT MOBBICUTE UX CKOPOCTh
COIOJIMMEPU3ALIUY C TPUITUWICHNIMKOIbAUMETaKpuiIaroM B 1,5 — 10 pa3 npu conepxaHuun
Co (1) 0.5%wmoms 1 B 15 pa3 mpu conepxanmnu Co (II) 5%morb.

3. Conmonmumepbl MO (DUITUPOBAHHBIX HEHACHIIICHHBIX OJTUT03()HUPOB C ATOKCHTHBIMU
CMOJIaMH B COOTHOIICHHUH KOMITOHEHTOB 50% MOTyT OBITH TIONyYCHBHI B BHJE IICHOK
tosuHo#M 10 0,5 MM mipu 150 °C.
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'OnecpKuii HallioHanbHUI yHiBepcuTeT im. 1.1. MeuHukoBa,

kacdeapa 3araybHOI XiMii Ta ToJTiMepiB, ByiI. [IBopstHcbKa 2, Oneca, 65082, Ykpaina
2QpnechbKuii HALIOHAIBHMI MEAMYHUI YHIBEPCUTET,

Kadenpa ¢apMmalLieBTUUHOI Ximii, BamixoBcbkuit mpoB. 2, Oneca, 65082, Ykpaina

BIIUB BIMETAJITYHUX Co(IT)-Sn(IV), Co(IT)-Ge(IV)
KOMILJIEKCIB 3 I'IJIPOKCUKAPBOHOBUMU(®OCDPOHOBOIO)
KNCJIOTAMU HA KIHETHKY ITOJIKOHJIEHCAIIIT TA
BJIACTUBOCTI IOJIITJITKOJIBMAJIETHAT®TAJIATIB

JlocikKeHO B SKOCTI aKTUBATOpiB IMOJIKOHJEHcallil (TajieBoro i MajeiHOBOro
aHriapuaiB 3 eTwieHraukosneMm Oimeraniudi komruieken Co(II)-Sn(1V), Co(ll)-
Ge(IV) 3 uurpatnoro (H,Citr), Ttaptparsoro (H,Tart), xkcumaposoio (HXylar),
1-rinpokcietuninennudocdonosoro  (H,Oedph) xucnoramu. BusHayeHO MMOYATKOBI
LWIBUIKOCTI  KoOMoJliMepu3allii OTpMMaHUX  OJIiIrOMEpiB 3  TPUETWJIECHIJIiKOJIb-
JUMETaKpUJIaTOM. 3arpornoHOBAaHO METOAUKY OTpUMaHHS Jlako(apOOBUX TOKPUTTIB
MPU CMHiTBHOMY BUCOKOTEMIIEPATYPHOMY TBEPIXKEHHI 3 EMTOKCUIHUMU CMOJIAMHU.
Kmouosi caosa: kobanst(ll), repmaniii(1V), omoBo(IV), rerepomeraniudi KOMITJICKCH,
MOJIIKOHIeHCallisl, KOTOJIiMEPU.
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ACTION OF BIMETALLIC Co(ID)-Sn(IV), Co(IT)-Ge(IV) COMPLEX
WITH A HYDROXYCARBONIC(PHOSPHONIC) ACIDS OF
KINETICS POLYCONDENSATION AND PROPERTIES OF
POLYGLYCOLMALEINATPHTALATE

Bimetallic complexes of Co(II)-Sn(1V), Co(II)-Ge(1V) with citric, tartaric, xylaric and
1-hydroxyethylidenediphosphonic acids as activators of polycondensation of phthalic and
maleic anhydride with ethylene glycol are investigated. Initial speeds of copolymerization
with the threeethylenglycoldimethacrylates, the method of obtaining coatings for high-
temperature hardening with epoxy resins have been defined.

Keywords: cobalt(I1), germanium(IV), tin(IV), bimetallic complexes, polycondensation,
copolymers.
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