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NPEANUCIOBHME

B tpeTbeM TOME yyeOHMKA CUCTEMATUYECKHU U3/TOKEHA XUMUSL d- U f-371eMEHTOB.
Kak u BO BTOpOM TOMe, MOCBSHIEHHOM XUMWU HEMEPEXOAHbBIX 3JIEMEHTOB, Nocjie-
JOBATEILHOCTD MTOJAYHM MATEPUAJIa COOTBETCTBYET pacronoxeHuto rpynn B [lepuo-
aunyeckoit cucteme aneMmeHToB . U. Menaeneesa. Hymepauus rpynn gaHa B cooT-
BETCTBUHU C JIMHHONepuoaHoit ¢dopmoi Ilepuonnyeckoin Tabauisl, peKOMEHAO-
BaHHOM MexayHapoaHbIM COO30M TeOpPeTUYECKO# M NpukianHoil xumuu (Interna-
tional Union of Pure and Applied Chemistry — IUPAC).

[lepBas rnaBa yyeGHMKA SIBASIETCS BBOAHOM M OXBaTblBaeT BCE BaxHeiue ac-
NEeKThl XMMUM NEpeX0oaHbIX MeTa/ioB. M30XeHHbll B Heit MmaTepuall O CTPOEHUIO
1 CBOMCTBAM KOOPAUHALMOHHBIX COeAMHEHUH JOMONHSIET COOTBETCTBYIOUIYIO [1aBy
MepBOro ToMa, B KOTOpOH ObUIM faHbl NEpBOHAYANbHBIC [TOHSTUSL.

B npouecce paGoTsl Hajg KHUIOM ©0HAPYXWIOCh, YTO CBEACHUS, TPAZULIMOHHO
NPpUBOJMMbBIC B Y4eOHOW JuUTepatype MO XMMUU, OCHOBAHbI HA YCTAPEBILUX Npe-
CTaBJIEHMSIX O CTPOSHUM HEKOTOPLIX COSAUHEHUI, a 3a4acTyio Jaxe U 00 Ux Olu-
GoyHOM cocTaBe. B kauyecTBe npuMepoB MOXHO MpuBectu aierat mapradHua(lll)
«Mn(CH;COO);- 2H,0», auypaHatr ammoHusa «(NH,),U,O», pacTBopuMble MO-
aubseHoBble cuHu «Mo,Op» 1 T. 4. CyILECTBYIOT PA3HOUYTCHUS MEXay AAHHbIMU
PEHTTEHOCTPYKTYPHOrO aHaiu3a, coaepxaummucs B 6aHke ICSD (Inorganic Crystal
Structure Database), U cBeaeHUsIMU, NPUBOAUMBIMU He TOALKO B (PyHAAMEHTANIb-
HbIX KJIACCMYECKUX MOHOrpadusix npoLjbiX JeT, HO U B NATUTOMHOR XHMMHUYECKOM
sHuukioneauu. OHM KacaloTes, HarpuMep, CBeieHU it 06 OCHOBHbIX COJSIX HEKOTO-
PbIX MepexoaHbIX MeTal0B. Bee 31O 3acTaBWio Hac gars 60aee noapobHoe onuca-
Hue cBOMUCTB coeqrHeHni. HToGbl MOMOYb CTYAECHTAM M CAeaaTh U30XKeHUE Oonee
HaraagHbIM, PUBEIEHO GOJIbILIOE YUCIO WUTIOCTPaLui, UCMOIb30BaHbl KPYNHbIH
U MeJKUH 1wpudT, TaGNuLbl; JONOJIHUTENbHbIA MaTepual BblAe/leH U3 OCHOBHOIO
TeKCTa B OTAe/IbHbIe 610KK. Bornpochl U ynpaxHeHUs1, NPpUBEieHHbIE B KOHLIE KaX-
JOW rJ1aBbl, OPUEHTHPOBAHBI HE HA MEXaHMUUYECKYIO MPOBEPKY 3HAHWW, a Ha pas-
MbIILJIEHUS ¥ aHAJIN3, TBOPYECKUH MOAXO0M, @ MHOrAA U paboTy ¢ KOMNOJHUTENbHOMN
JIUTeparypoii. 3agaHus TPEHUPOBOYHOTO XxapakTepa NpeanoaaracTcsl BoIHECTU B 3a-
JAYHUK, Hapany ¢ KHUroi «I1pakTukyMm no HeopraHuyeckoit xumuu» (M.: Uzna-
TEJbCKUA LEHTP «AKageMusi», 2004), Bxoasiuuid B ¢AUHbIA KOMIUIEKT C JAHHbBIM
YYEOHUKOM.

Kak u Bo BTOpOoM TOMe, M3/TOXEeHUE MaTepuana HauuHaeTcsl ¢ obOlieil xapakre-
PUCTHKHU TPYNMibl — aHaJn3a 3MeKTPOHHOI KOH(UIypalluu aTOMOB, BO3MOXHbIX
CTerneHEeH OKMCJEHHsI, BbIIBIECHUA OOLIMX 3aKOHOMEPHOCTEH B U3MEHEHUU OKUC-
JINTEIbHO-BOCCTAHOBUTENbHBIX U KUCJIOTHO-OCHOBHBIX CBOUCTB cOeAMHEHUN. 3a-
TeM MPUBOAUTCSA OMUCAHUE MPOCTHIX BEIECTB, OKCUAO0B, ralOre HUAOB, KUCJIOPOA-
HbIX COeAMHEHNI. ABTODbI COUMU HEHENECO0DPAa3HbIM OTACIISTH KOMILJIEKCHbBIE CO-
eJUHEHUS OT COJeii, MHOrMe U3 KOTOPbIX MPEACTaBAsItOoT cOO0M aKBAKOMIIEKCSHI.
[ToaTOMY XMMHA IMAPOKCHIOB, COJIel U KOMIUJIEKCHbIX COEIMHEHUI paccMarpusa-

3




eTcsl B €AMHOM Moapasaeie. B HeKOTOpbix M1aBax B CAMOCTOSITEAbHbIE TMOAPA3AEbI
BbIHECEHbI CBeAeHUS O cyabduaax, Hutpugax, dochuaax, B NpoOTUBHOM ciy4ae
nHdopMaLus NPUBEICHA PU U3TOKEHUU CBOMCTB NPOCTHIX BEIIECTB.

ABTODBI, CTPEMSICH 1M0KA3aTh COBPEMEHHOE COCTOSIHUE XUMUYECKOM HayKu, BBe-
7V B y4eOHHMK JOTOJHUTEAbHbBIIA MaTepyUas, NOCBsAEHHbIA Hauboiee akTyanbHbIM
npobjeMaM cOBpeMeHHON HEOpPraHMYecKOM XUMUU U MaTepUalioBeiICHUsI — BbICO-
KOTEMIEPATYPHBIM CBEPXNPOBOAHUKAM, CYNPaMOJIEeKyJIAPHOH XUMUU, MaTepUanam
C KOJOCCAJIbHBIM MArHETOCOINPOTUBICHUEM, FOMOTCHHOMY METAIJIOKOMIUIEKCHO-
My KaTajusy, 6MOHEOPraHU4YecKoM XUMUH.

HanoMHUM, 4TO (hOPMYJIbl CJOXHBIX HEOPrAaHUYECKUX BELIECCTB, NMPUBOAUMBIC B
KHMre, He NMpeaHasHayeHsl Uil 3ayYMBaHUS HAU3YCThb, a CJIYXKaT JIMILb WITIOCTPA-
LMEeil OCHOBHbIX KOHUEMUUA U 3aKOHOMEPHOCTEH.

Kak ¥ BO BTOPOM TOME U3aHUsl, IKCNEPUMEHTAIbHbIE (PAKTHI NOYCPIIHYTHL U3
MHOroroMHoro cripasoynrka Gmelin—Krauts Handbuch der anorganischen Chemie,
nocieaHero (nsiroro) usganusa suuukiaonenuun Kirk — Olhmer Encyclopedia of
Chemical Technology (N. Y.: Wiley-Interscience, 2004 —2005), BocbMUTOMHOM
supukioneau Encyclopedia of Inorganic Chemistry (Sussex: John-Wiley, 1997),
sroporo uznauus Comprehensive Coordination Chemistry (Amsterdam: Elsevier,
2004) 1 Jy41InX eBPOreicKMX U aMepuKaHCKUX yuebHuKos (Cotton F.A., Wilkinson G.,
Murillo C.A., Bochmann M. Advanced Inorganic Chemistry. — 6" ed. — N. Y.: John
Wiley and Sons, 1999; Greenwood N.N., Earnshaw A. Chemistry of the Elements. —
2nd ed. — N.Y.: Butterworth — Heinemann, 1997; Huheey J.E., Keiter E.A., Keiter R.L.
Inorganic Chemistry. Principles of Structure and Reactivity. — 4t ed, — N.Y.:
Harper Collins, 1993; Housecrofi C.E., Sharpe A. Inorganic Chemistry — N.Y.: Prentice
Hall, 2001; Douglas B.E., McDaniel D.H., Alexander J.J. Concepts and Models of
Inorganic Chemistry. — 3 ed. — N. Y.: John Wiley and Sons, 1994; Kaim W.,
Schwederski B. Bioinorganic Chemistry: Inorganic Elements in the Chemistry of Life. —
N.Y.: John Wiley and Sons, 2001; Frausto da Silva J.J.R., Williams R.J. P. The Biological
Chemistry of the Elements. — Oxford: Clarendon Press, 1997; Wold A., Dwight K.
Solid State Chemistry. — N. Y.: Chapman and Hall, 2003; Parshall G.W., litel S.D.
Homogeneous Catalysis. — 2" ed. — N. Y.: John Wiley and Sons, 1997) 1160 B3sibl
aBTOpaMU U3 OPUTMHANBHBIX CTATEei U CrenUaIbHOM JINTEPATYPbl — B 3TOM Cjy4ac
[10 TEKCTY NPUBOAATCS CCbUIKU HA UCTOYHUKM. 3HAYEHUs1 IHEPTU it MOHU3ALUU aH bl
no kHuram: Bauanoe C. C. CTpyKTypHasi xuMusl, pakTsl U 3aBUCHMOCTH. — M.: [lua-
aor-MTIY, 2000; Emsley J. The Elements. — 3" ed. — Oxford: Oxford University Press,
2000. MeTannuuyeckue paguychbl, MPUBEAEHHbIE B KHUIE, COOTBETCTBYIOT, €C/IM HE
YKA3aHO WHaye, MOJIOBUHE KpaTyaillero MEXbsaepHOro pacCTosiHUA B CTPYKTYpax
MPOCTHIX BELIECTB ¢ KOOPAMHALMOHHBIM YucaoM |2, MoHHbIe pasnychl naHbl No
UlexHony v Mpioutty: Shannon R. D., Prewitt C. T. // Acta Cryst. B. — 1969. — V. 25. —
P. 925; 1970. — V. 26. — P. 1046.

ABTODbI HAaAEIOTCS, YTO NpojaenaHHas paboTa HalAeT OTKIUK KaK Y CTYACHTOB,
TAK U y npenoaasaTesieil U yuyeHbIX, MOCIYXUT PasBUTUIO 0O6PAa30BAHUSI U HAYKU B
Poccuiickoit Pepepayuu.

Mbl GyneM pajbl MOJYYMTh BalllM 3aMEYaHUsl M noxenanus no aapecy: 119899,
Mocksa, Jlenunckue Topsl, MI'Y uM. M.B.JloMoHocoBa, kadenpa HeopraHuye-
CKOM XUMHUHU, WK MO 1eKTPoHHO# noyte: drozdov@inorg.chem.msu.ru.
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IF'nasa 1

BBEJAEHUE B XUMHUIO
IEPEXOJAHbIX BJIEMEHTOB

1.1. OCOBEHHOCTH XUMHUU
IMEPEXOJAHBIX BJIEMEHTOB

IepexoOnbiMu Ha3bIBAIOT JEMEHTHI, B aTOMaxX WM MOHAX KOTOpbIX d- U f-060-
JIOYKY YaCTUYHO 3aMONHEHbI 3JIEKTPOHAMMU, DTOT TEPMUH O3Ha4aeT, YTO B aToMax
3TUX 3MEMEHTOB HAGJIOAAETCS MEepeXxon OT YACTUYHO 3aM0JHEHHOrO NpeABHEIIHEro
C1051 K YCTOMYMBO# 060I04Ke, conepxatueit 18 (d-anemMeHTs) uin 32 (f-aneMeH-
ThI) JEKTPOHA. 3aMONHEHUE INEKTPOHAMM d-MIOAYPOBHSI HAYMHAETCSl Y 2JIEMEHTOB
3-ii rpyImnsl (CKaHIus, UTTpUS, JaHTaHa) U PopMaibHO 3aKaHYMBAETCSl Y AIEMEH-
ToB 11-i1 rpynmnsl (Meau, cepebpa, 3omota). Tak, aTom cepebpa MMEET 3JIEKTPOH-
Hy10 KoHpuUrypaumio [Kr]4d'%5s', 1.e. ero d-noaypoBeHb MOJHOCTbIO 3aBEPILEH, U B
TO X€ BpeMsl B OMpEAENEHHBIX YCJIOBUSX OH OOJIafacT CMOCOOHOCTHIO OTAaBaTh
" d-371eKTPOHbBI, HANPUMEp, MEPEXOAs B CTEMEHb OKWCIEHUs +2 ¢ KOHuUrypaunen
[Kr]4d°®, u3BecTHYIO B HEKOTOPbIX KOMIUIEKCHbBIX COEAMHEHUSIX. Takum o6pa3om,
cepebpo ABIAETCA MEPEXOAHBIM 3JEMEHTOM. DJIEMEHTHI ciieaytouled 12-i rpynnbl
(LMHK, KagMUil, pTyTb) ¢ KoHdurypaumeit (1~ 1)d'%ns’ He 06pasyloT yCTOHYMBBIX
COeAMHEHMII B CTENEHU OKUCIEHUS BbillE€ +2, T.€. HE TEPSIOT MEKTPOHbI C
d-MOAYPOBHS U HE OTHOCSTCS K nepexonHsiM. OfHAKO HaNUYUe HA3KOro Mo 3Hep-
FUU 11ETUKOM 3aMONHEHHOTO d-MOLKYPOBHS AEJAeT UX XUMHUIO BO MHOrOM OJIM3KO#M
XUMUH NEPEXOIHBIX JEMEHTOB, YTO MMO3BOJSET pacCMATPUBATH UX B JAHHOM TOME,
MOCBSILIEHHOM MEPEXORHBIM METAJIAM.

B kopoTkonepronHoM BapuaHTte [leproanyeckoit Tabaniibl NEpexoaHbIMA CHH-
TAIOT AMEMEHTbl MOBGOYHBLIX NOArPYNI (3a UCKIIOYEHUEM MOAIPYNNbl UWMHKA), a B
UTMHHOMEPUOLHOM BapHaHTE — 3TO MEMEHTbl 3— | 1-il rpynm.

Bce nmepexonHble 371eMEHTHl XapaKTepU3yIoTCs OTHOCUTEIbHO HU3KWUMU [EPBbl-
MM HEPrusiIMM MOHM3ApUU, YTO npucyuie Metaanam. [1o xapakTepy 3anonHseMbIX
opbuTaneil NepexogHble MEMEHTHI MOAPA3ACHSIOT Ha d-3JIEMEHTHl U f~3]IEMEHTHI.
d-DneMeHTbl 06pPa3yIOT TpH psida — B YeTBepToM (3d), nsitoM (4d) u wectom (5d)
MEpUOAAX. f~DNeMEHTH OOBEANHSIOT B 1Ba CEMENCTBA — JAHTAHOUAbI (4f) N aKTU-
Houabl (5f).

CornacHo npusuuny IMaynu u npasunam Kneykosckoro 3d- v 4d-nogypoBHu
3aMONHSOTCS cpaldy nocie 4s- U 5s-mogypoBHEH coOTBeTCTBEHHO. [ToaTomy d-arie-
MEHTbI MEPBLIX ABYX MEpPEeXOaHbIX psAnoB (3d U 4d) CleayoT HEMOCPEACTBEHHO 3a
IeMeHTaMu s-06110Ka. B TpeTbeM mepexosHoM psify v JJaHTaHA TakXKe HayuHaeT 3a-
MOSHSTLC d-MOAYPOBEHD (5d'6s%), 0AHAKO 3aTeM 3HEPreTUYECKU bosee YCTOYM-
BbIM OKa3sbiBaeTcsl 4f~-nogypoBeHb, IHEPTUS KOTOPOro pe3KO NOHMXKAETCsl NpU BO3-
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pacTaHUM NOPsSIAKOBOro (aTOMHOroO) HoMepa (3apsiaa siapa) Z ot 57 go 60. Y uepus
(Z=58) Ha 5d-0605104Ke €lIe COXPAHSICTCs eANHCTBEHHBIN d-3neKTpoH (4f'5d'6s?),
O HAKO YK€ Y CJACAYIOUIEro 3a HUM npaszeoauma (Z = 59) oH nepexogut Ha 4f-nog-
ypoBeHb (4f36s?). [lanee BILIOTb O UTTEpOYsi NPOUCXOAUT 3arl0N HEHUe 4f-nopypos-
Hsl, 2 Y NOCAEAHErO U3 JJAHTAHOUAOB — JIIOTELUS IEKTPOH NOCTynaeT Ha Sd-opou-
Tans (4f'*5d'6s%). Takum oGpasom, aantan (Z = 57) u moteunii (Z = 71) ¢op-
MalibHO CYUTAIOTCH d-3neMeHTaMU. B To ke BpeMsi MO MHOrMM CBOICTBAM OHMU
O1U3KM K 4f-371eMEHTaM U paccMaTpUBAIOTCS BMECTE ¢ HUMU. Bce 3TH a1eMeHTsl,
a TakXe CKaHZWH W UTTPUIA 4ACTO OOBENUHSIIOT B CEMEHCTBO PEaKO3EMETbHBIX.
Y cnepyrouiero 3a moTeuueM aneMedTa ragHus (Z = 72) npojoskaeTcsl 3anoiaHe-
HUE S5d-NORYPOBHSL.

XUMUA 5d-371eMEHTOB BO MHOIOM MMeET B0JIblliee CXOACTBO ¢ XMMHeEil MeTaioB
4d-psina, yeM xumus 3d-31€MEHTOB ¢ XUMHEil 4d-MeTannoB,

HacTMyHO 3anonHeHHble d-OpOUTANIN aKTUBHO YY4acTBYIOT B OOPA30OBAHUM XHU-
MMYECKUX CBaA3eil. Takue cBsA3M, Kak MpaBuio, UMEIOT NPEUMYHIECTBEHHO KOBAa-
JEeHTHbIA XapakTep. CTeneHb KOBATEHTHOCTU PE3KO BO3PACTAET MPU YMEHbLICHUN
YUCa d-37EKTPOHOB, T. €. C MOBBILLIECHUEM CTENEHU OKUCIEHUS, YTO MPOSIBISICTCS B
WU3MEHEHUU TeMnepatyp njaBaeHust U kuneuusi. Hanpumep, okeug mapranpa(ll)
naasutest npu temneparype | 840 °C, okeun mapranya(ll, 111) Mn;O, — npu tem-
neparype 1564 °C, a MapraHuessiit aHruapug Mn,O, — npu 5—9°C.

DNeMEHTbI-TAaHTAHOU bl BO MHOTOM OTJIMYAKOTCA OT 371EMEHTOB d-610Ka. BHyT-
peHHUe 4f-0pOUTanu CUIbHO IKPAHUPOBAHBI U NPAKTUYECKU HE YYaCTBYIOT B 06-
Pas’oBaHUU XUMHUUYECKUX CBSI3eH. UMEHHO MO3TOMY MHOIME COEFUHEHUS TAHTAHOU -
OB MOHHbIE, a4 CAMU JIAHTAHOUIbI CTPEMSTCSI UMETb CTENEHb OKUCAeHUs +3. Uc-
KJTIOYEHNE COCTABJSICT 1IEPUI —IIEPBLIA B psAny 4f-3neMeHTOB. 1151 HEro Xxapakrep-
Ha 2HepreTryeckas 6a130CTb 4f~ U S5d-nogypoBHeil, YTO ge1aeT XUMUIO LEpUsl MO-
XOXEW HA XMMUIO d-METAJUIOB. AHAJIOTUYHAsI CUTYaj 1Sl HABMI0AAeTCA U Y 3IeMEH-
TOB-aKTUHOWZOB BIUIOTH 1O aMEPULIMUSI, 3TU IEMEHTbI TAKKE MOXOXU HA METAILIbI
d-6noka. IM CBOHCTBEHHbBI NEpeMeHHbIE CTENEHU OKUCICHUSI, BbICOKASI OISl KOBA-
JIEHTHOCTU B COEZUHEHUAX. AKTUHOWABI KOHuA 5/~psiia no cBOWCTBAM HANOMUHAIOT
AanTaHouabl. OgHAKO CUIbHAsSI PAJUOAKTUBHOCTL ITUX IJEMEHTOB CEpbE3HO MNpe-
NATCTBYET U3YYCHUIO UX XUMMUMU,

B oTanume ot HenepexogHbIX 37EMEHTOB B 00pa3’0BaHMU XMMHYECKUX CBsSI3CH
aTOMaMHU METaIOB d-610Ka CYIECTBEHHYIO POjb UTPAIOT d-31eKTpoHbl. OHU pac-

NOJOXEHbBI JOCTATOYHO GIU3KO OT sigpa
(puc. 1.1) u akpanupyior ero. CrerneHn

4nr 2?'2[/\/\/‘\ 3KpaHUPOBAHHA BO3pacTaeT C 3aCeeHU~
P eM d-noaypoBusi. Ilpu aBuXeHuu Brons

d-psina, T.e. Ipy NocJe10BaTeILHOM [Te-

4s pexofe OT 31eMeHTOB 3-ii IpyNmbl K 37e-

MeHTaM 12-ii rpynnsl, Haba0Jal0TCA pOCT

addeKTUBHOrO 3apsina Aapa, yseJuyeHue

3d VCTOMUYUBOCTU d-MOAYPOBHS U CXKATHUE

d-opGuTaneit (d-cxcamue), CONpoBoOXIa-
Paccrosinue ot siapa

IOUIEECS MOHUKEHUEM 3HEPrUu opouTa-

Puc. 1.1. ®ynkuun panmanbHoro pacnpese- J1€M (PUC. 1.2) 1 yMeHblLEHEM aTOMHO-

JIEHUsI 2/1eKTPOHHO# MI0THOCTH 3d-, 4s-, TO paguyca. Y 3neMeHToB 12-il rpynnbl
4p-opbuTtaneit aroMa KodajibTa 3HEPrus d-31eKTPOHOB OKa3blBaeTCs




[1aBHOE KBAaHTOBOE YMUCIIO

1 25 50

75 100

[TopstakoBbiit HOMEP 1EMEHTA

Puc. 1.2. 3aBUCUMOCTb 3HEPrUM aTOMHbIX OpOUTaneil OT MOPSAAKOBOIO HOMepa JICMEHTA

HUXXE IHEPrUU BHYTPeHHUX opOuTaneii (puc. 1.3), MHLIMHU CJIOBaMU, HAXOAALMECH
HA HUX 3JEKTPOHbI YXKE HE SIBJSIIOTCS BAEHTHBIMU.
DaekTpoHHas KoHpHrypauus. [1pakTryecku Bce d-NEPeXOaHbIC 31EMEHTbl HME-

10T B OCHOBHOM COCTOSIHMUU KOHGUTypauuio
(n-Dd’ns*, rne x=1, 2; y=1—10, 1.e. conep-
KaT XOTs1 Obl OAUH s-371eKTpoH. M3-3a 6onee pes-
KOTO CHUXXEHUS1 HEPruU d-opOUTanci npy aBu-
SKEHWU 110 d-psigy Y ropasno OOJbILIETO UX CXa-
TUSI O CpaBHEHMIO C s-OPOUTANAMU d-351EKT-
POHbI UCMBITHIBAIOT 60J1e€ CUNBHOE OTTANKU-
BaHUE, YTO U OOYCAOBIUBAET pasMeLLICHUE Ha-
CTH 3JIEKTPOHOB Ha s-OpOUTaIN, HECMOTPS Ha
TO YTO OHa obyiamaeT GoJsibllueit IHEPruei (cM.
puc. 1.2, 1.3). U3BecTHO, YTO 271€KTPOHBI C Na-
pa/UIebHBIMU CIIMHAMU UCTIBITHIBAIOT MEHbILIEE
B3aMMHOE OTTAJKMBAHME, YEM 3JIEKTPOHbBI C
NPOTUBOIONOXHBIMU CIUHAMM, PA3HOCTH IHEP-
TUii 5TUX ABYX COCTOSIHUIT HA3blBAIOT 0OMEHHOU

DHeprus

(n-hd
[MopsinkoBbIH HOMEDP JIEMEHTA

Puc. 1.3. U3smeHeHWe 3Hepruu s-, p-,

d-opOuTaneii B psidy nepexoaHbix 3e-

MEHTOB (ITYHKTUPOM MOKa3aHO U3Me-

HeHue SHePruyv BHyTPeHHUX opOuUTa-
Jieit)




anepeuei. OHa JOCTUrAET MAKCUMYMa B CJ1y4ae MojJOBUHHON M MOJHON 3aceeHHO-
cTeit d-noaypoBHS, T.€. IPU MEKTPOHHbIX KOHMUrypaumsax d° n d'°. C atum cesazano
SIBJICHUE «IPOCKOKA 3JICKTPOHA», Haboaatoeecs B JIeKTPOHHBIX KOH(pUTypayu-
sIX OCHOBHOT'O COCTOSIHMSI 3JIEMEHTOB CepeAuHbl U KOHua d-psagosB. Hanpumep, v
XpOMa 2JIEKTPOHHAs KOH(pUrypauusi okassiBaetcst 3d>4s' Bmecto 3d*4s?, y nanna-
aus — 4d'%55° Bmecto 4d%4s?, y anemenToB rpynnbl Meau — (n — 1)d'ns' BmMecTo
(n-1)d’ns>.

N3-3a Gonblieit 3HEPrUY BHEILIHEIO S-MOAYPOBHSI [0 CPABHEHUIO ¢ d-MOAYPOB-
HEM MOHU3a1Usl AaTOMOB NEPEXOXHLIX METAJIOB HAYUHAETCSI ¢ MOTEPU $-3JIEKTPO-
HOB M JIMLb 3aTEM 3JIEKTPOHOB ¢ d-NOAYPORBHA. Tak, 3/eKTpOHHAs KOH(pUTryparusi
atoma xenesa [Ar]3d%4s?, vona Fe?* [Ar]3d®, a nona Fe* [Ar]3d°.

AromHbie pammychl. He601b1110€ yMeHbllIEHUE PaAMYCOB MPU ABUXKEHUM N0 d-psgy
NPOUCXOQUT BCJAEACTBUC d-CXKATHSI, BI3BAHHOIO MOCTENEHHBIM MOBbILLICHUEM 3a-
psa sIACP M yCWICHUEM KYJOHOBCKOIO MPUTSIKEHUS 3/IeKTPOHOB K aapy. B rpynne
paguyc 3aMETHO BO3pacTaeT npu nepexone oT 3d- K 4d-37eMeHTaM M JIMIb HE3HA~
YUTENbHO NpU nepexone oT 4d- K Sd-3neMenTtaM. BanM30cTb panuycoB 3/1€MEHTOB-
aHaNoroB BTOPOIO U TPETHErO NMEPEXOAHbIX PSIOB CBsI3aHa ¢ 3anojHCHUEM 4f~noay-
POBHS, KOTOPbIA NPEAILIECTBYET 3aCENEHUIO Sd. YMeHbllieHUe aTOMHOro paauyca 3a
CYET COKpalICHUSI pa3Mepa BHYTPEHHUX f-opOuTaneil (1aumarnoudnoe coxcamue) npaxk-
THYECKHU MOJHOCTbIO KOMIIEHCUPYET €TI0 POCT, CBSI3AHHBIN C MOSBICHUEM HOBOIO
3HEPTETUYECKOTO YPOBHS. DTO MPUBOAUT K OJIM3OCTU XUMHUU NEPEXOAHBIX IJIEMCH-
TOB Havaja psja — MPKOHUs U radHusl, B MEHbILIEH cTeNneHU — HUOOUS U TaHTa-
jga. Ha atoMHble paguychl, a TakxXe Ha 3HEPrUM WOHU3auUU TsKenbix (54) nepe-
XOAHBIX 3JIEMCHTOB OKa3bIBAIOT BAUSIHUE PEISITUBUCTCKUE 3 dhEeKThI.

DHeprus HoHH3zauuu. [10 cpaBHEHMIO C $- U p-3/1IeMEHTAMU Y MEPEXOIHbBIX METAJ-
JIOB HE HabAOAAETCsl CYHICCTBCHHBIX U3MEHECHUU B 3HEprusix Mouuzauuu (I) opu
JBUXEHUU MO NEPUORY WU rpynne. B KkaxXaom u3 tpex ceMeicTs d-31eMeHTOoB (34,
4d, 5d) ¢ yBennyeHueM yucna d-371€KTPOHOB MepBasi U BTOpasi 3HEPrUM MOHM3A-
UMM HECKOJbKO MOBBILIAIOTCS, YTO CBSI3aHO ¢ OOMIMM POCTOM YCTOMYUBOCTU
d-noayposHst (puc. 1.4). Pe3koe yBenuyeHUe I3HEPruv MOHU3ALUW HAOTI0AACTCS IS
yacTvil ¢ KOHUrypauusamu d° uam d'® (manpumep, Crt, Cu*, Zn°), obnagarouimx
BbICOKUMHU 3HAYEHUSIMU OOMEHHON 3HEPruy W NOBbIILEHHOK cTabuabHOCTbIO. [10
TEM K€ MPUYUHAM YacTULbl, COAEPXKALIUE OAUH UIU LIECTb d-3JIEKTPOHOB, UMEIOT
NOHUXEHHbIE 3HAYCHUSI SHEPrUi MOHU3ALUU MO CPABHEHUIO ¢ COCCAHUMMU B psigy

I, xIx/Monb b, xx/Monb
1000 | 2000
1800
800 1600 -
1400
600 1 1 1 " | 1 1 I L l 200 ] L | 1 ] Il L 1 I
S¢ Ti V CrMnFe Co Ni CuZn Sc Ti V CrMn Fe Co Ni Cu Zn
a 7]

Puc. 1.4. M3meHeHue nepsoit /, (a) u BTOpoit [, (6) PHEPruu UOHMU3AUMK AaTOMOB
3d-sneMeHTOB



d-anementoB (/(Fe?) = 30,65 3B; cpasuute: [(Mn?) = 33,67 3B; [(Co*) =
= 33,50 3B).

DJIeKTPOOTPHUATENBHOCTb. EC1M B MasiblX NEpUOAAX, COCTOSUINX U3 HEMEPEeXoa-
HbIX 3IEMEHTOB, MPOUCXOAUT CYLIECTBEHHbIH POCT 3JIEKTPOOTPULIATEIbHOCTH, TO
NpU ABUXEHUM [0 d-psigy 2AeKTPOOTPUUATENbHOCTL BO3PACTAET JIMLIb HE3HAYU-
TeNbHO, KAK 3TO HAGII08a0Ch ISl SHEPTUt MOHU3auUN. B rpynne 31ekTpooTprua-
TENbHOCTb HECKOJbKO YObIBAaeT, Haubojee 3aMETHO MpHU Mepexoje OT 3d- K
4d-3nemenTtam. [lockonsky d-opbutanu metasia MpUHUMAIOT aKTUBHOE yyacTue B
06pazoBaHUM CBSI3EN, 3EKTPOOTPULATENIBHOCTL aTOMA B COEAUHEHWU 3aBUCHUT OT
OKpY>KeHMUs, a B KOMIUIEKCAX — OT TUIA IUraH/aa U ero JOHOPHO-aKEMTOPHbIX CBOWCTB.
[ToaToMy 3HaYEHUs AEKTPOOTPULATEIBHOCTEN, pACCUNTAHHbIE IS HEHTPaIbHOro
aToOMa, B C/1y4ae MEPEXOXHBIX METALTOB He SBSIOTCS HHPOPMATHBHBIMU.

KoopauHauuonHbie yucaa. 115 31eMeHTOB 3d-psisa Haubojee pacpoCTpaHEeHO
KOODAMHALIMOHHOE YUCJIO 6, XOTS1 U3BECTHbI TAKXE MHOTOYUCIEHHbBIE KOMIIEKChI
C HU3KMMH KOOPAVUHALMOHHBIMU Yucaamu 2, 3, 4, 5. Komniekcol ¢ KOOpAUHALIM-
OHHBIM YUCJIOM 4 UMEIOT FeOMETPUIO TETPA3APA MM TJIOCKOro KBaapaTa (puc. 1.5,
a, 6). J115 KOOPAMHALIMOHHOrO Yyucia 5 xapakrepHa (opma TPUroHanbHOH Gunu-
pamMuabl WM KBAaApaTHOM nupamuasl (puc. 1.5, 6, ¢). MHOraa BcTpeyalotes U Gonee
BbICOKME KOOPAMHALMOHHbIE Yhcaa — BIU10Th 10 8. [Ans 4d- n Sd-3nemeHTOB, OCO-
OEHHO IJIA TEX, KOTOPbiEe PACTONIOXKEHbI B HAYale DPARA, XapaKTepHbl BbICOKUE
KOOpAUHALMOHHbIE yucaa — ot 7 go 12. UsmeHeHHe KOOPAMHALMOHHOIO Yucaa
HabnopaeTcs Aaxe B COeAUHEHUAX CO CXORHOI cTexnomeTpueir. Hanpumep, TBep-
aniit TiBr, o6pasoBaH TeTpasgpUyecKMMM MOJieKyJaMu, B TO Bpemsi Kak ZrBr, u

Puc. 1.5. KoopanHauuoHHble MOJU3Apbl (MHOTOTpaHHUKU) A1 KOMILIEKCOB C pa3HbIMU
KoopaMHauMoHHbIMK yucnamu (KY) noHoB d-MeTannos:

a — Terpasap (JNiClL]*, KU 4); 6 — nnockuit kagpar ([PtClL]*, KU 4); ¢ — TpuroHanbHas GHmu-

pamupa ([CuCls]*, KU 5); ¢ — xpaapatHas nupamuna ([Ni(CN)s]*-, K4 5); ¢ — oaHolwanouHas

TpuroHansHas npusma (INbF;]%, KU 7); e — oapnowanouHstit oktazap (|W(CO),Brs;]-, KH 7); e —

KBagpaTHad, UIM apxumenosa, antunpusma ([Y(H,0)]*, KU 8); 3 — TpexiuanouHas TPUTOHAAbHAsA
npusma ([ReHq]?", K4 9)
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Puc. 1.6. Tunbl HCKaXeHU# oKTasapa:
a — TetparoHanbHoe (O, — Dy,); 6 — tpUronansHoe (0, — Ds,); 6 — poMbuueckoe (O;, - D)

B
|
< <

HfBr, uMeioT c1oUCTyI0 CTPYKTYPY U COCTOSIT U3 OKTa3APOB, OObEAMHEHHbIX peb-
paMu. AHanorM4YHO, XpoMOBblid aHTUApUA CrO; NOCTPOEH LiENSIMU TETPAdAPOB, CBS-
3aHHbIX pebpaMu, a MoAnobaeHOBLI M0oQO; U BosbdhpamMosbiit WO; aHrUAPUALI UMEIOT
CJIOMCTYIO CTPYKTYPY, COCTABICHHYIO U3 UCKAXKEHHBIX OKTad3JpPOB ¢ OOLIUMMU peb-
paMu. /115 60JbIIMHCTBA COeMHEHHI ¢ KOOPAUHALIMOHHBIM YUCI0OM 6 XapakTepHa
OKTadApuyecKasi FTeOMETpHUSI, KOTOpast MPpU onpeaeaeHHbIX yeaoBusx (addekT Ana—
Tennepa) MOXET MCKaXKaThbCsl.

Cyl1ecTBYIOT TPY THUIA UCKaXEHUI oKTasapa (puc. 1.6):

1) mempaconasbHoe pacTSIXKEHUE WM CXKATUE OKTad[pa Mo OCH 4eTBepToro riopsaka (3a
NMPOTUBOMNONOXHbBIEe BepllUHbL; puc. 1.6, a);

2) mpueoHanbHoe — pacTXEHUE [0 OCH TPEeThero nopsika (3a rnpoTHBOMONOXHbBIE rpa-
Hy; puc. 1.6, 6); 0Opa3yolIMIACS HOAUDIP HA3bIBAIOT TPUTOHATLHOH aHTUNPU3MON;

3) pombuueckoe — cxatve Mo OCH BTOPOro nopsaka (puc. 1.6, 6).

KoopauHaimoHHoe ynciao 7 peaiusyeTcsl B BUZE TpeX TUIMOB MOAM3APOB: MeHTaroHa b-
HOM GHNMpaMuabl, OAHOLIANTOYHON TPUTOHANBLHON nipu3mbi (M. puc. 1.5, d) n ogHolIanou-
HOro oktasipa (cM. puc. 1.5, €). Ins KoopauHay“OHHOTO yrcaa 8 xapakTepHa reOMeTpus B
¢opme KyOa uay KBaapaTHOH (apXMMeELOBOW) aHTUTIPU3MBbL, 00PA3YIOLIICIACS NP OBOPOTE
ONHOW U3 rpaHeit Kyba Ha 45° (cm. puc. 1.5, xc). MHorme KOMaeKchbi ¢ KOOpIMHAaIIMOHHbIM
YUCAOM 9 UMEIOT reOMEeTPHIO TPexIanOYHON TPUroHAIbHOM NMpu3Mmsbl (cM. puc. 1.5, 3). dnst
aKTMHOUIOB W NAaHTAHOMIOB M3BECTHbI MOHbI U C 0ojiee BBICOKUMU KOOPAMHALIMOHHBIMU
yuciaamy — BIIOTH f0 16*.

XapakTep XHMHYECKO#H CBA3H B coeMHeHHsAX. B Goab1IMHCTBE CayyaeB BO B3au-
MOJEHCTBUSAX METaNl— JUTaHA aTOM MeTajya 6jarogaps HaJW4YMIO BaKaHTHbIX
d-opbuTanen BblCTYynaeT B poJy akleNTopa, a AUTaHg — B pojau 6~A0HOpa. AKTUB-
HOE yyacTue d-opOuTasieil B XMMHUYECKOH CBSI3U MPUJACT €l YACTUYHO KOBAJICHT-
Hblil xapakTep. CteneHb KOBaJIEHTHOCTU BO3PACTAeT C POCTOM CTEMEHU OKUCJIEHUS
U YMEHbIIEHUEM KOOPAWHAIIMOHHOTO YUCJa.

OGHIMI XapaKTep U3MEHEHUS CTENEHU KOBaJIEHTHOCTU WJIOCTPUPYET rpaduk,
COCTABJEHHBIH MO pe3yJibTaTaM aHaJIU3a JaHHbIX KPUCTAIIUYECKUX CTPYKTYP Kap-
OOKCUIATOB pa3HbIX METal10B* (puc. 1.7).

* Favas M. C., Kepert D. L. // Progr. Inorg. Chem. —1981. — V. 28, — P, 309.
** Hocking R. K., Hambley T. W. // Inorg. Chem. — 2003. — V. 42. — P. 2833.
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Puc. 1.7. 3aBUCUMOCTD IJIMHbBI CBA3M META/UT — JIMTaHJ ¥ KPATHOCTH CBA3H YIJIEPOA — KUCIIO-
poll B KapOOKCHIaTaX NePexoAHbIX METAJUIOB OT HOMEpA IPyNNbl (TOYKW A — HWU3KOCMWHO-
Bbl€, ® — BbICOKOCIMHHOBBIE KOMIUIEKCHI)

CrereHb KOBAJIEHTHOCTH BO3PACTaeT TAKXE B KlacTepax [Py YBEAUYECHHU M KpaT-
HOCTHU cBsi3u M—M, KOTOpasi B HEKOTOPBIX CAyYassx MOXET NOCTUTaThb 4eThIPEX.
IMpyu o6pa3oBaHUM KPATHBIX CBS3€Il METa/LJl MOXET BbICTYIATh KaK B POJiK JOHODA,
TaK ¥ B POJM AKUENTOpa 3A¢KTPOHOB. llepexoaHple MeTamibl B HU3KMX CTETICHSX
OKMCJEHMSI TIPEAOCTABSIOT YaCTh d-37ICKTPOHOB Ha BAaKAHTHBIC OPOMTAK JinraH/a;
TaKOe B3aMMONEICTBHE Ha3bIBAIOT T-damuerbimM. OHO UMEET MECTO B KOMILIEKCAX
nepexofHbIX MeTanioB ¢ okecuaom yriaepoaa(ll), oneduHamu, ankanueHamu, doc-
(bMHaAMH, MOJECKY/SIPHBIM BOIOPOAOM U a30TOM.

m-AKUENTOPHBIE CBOMCTBA JUTAHIOB YCUAUBAIOTCS B PSILY:

NO > PF, > CO > PCl; > P(OR); > PR,

rne R — anudarnyecknii 3aMeCTUTEND.

DTH AMraHibl BBICTYNAIOT OJHOBPEMECHHO U KaK OG-IOHOPbLI, YTO MPUBOAMT K
06pa3oBaHMIO NIPOYHOM XMMUYECKON cBsA3U (puc. 1.8). JlaHHbIC KOMIUICKCHBIE CO-
eIMHEHUSI, U3 KOTOPhIX HanboJjiee U3BECTHBl KAPOOHWJIbI, NOIUMHSAIOTCA HpAGUNY
Cudxceura (npaguay 3ghphexmueHo2o amomMHoO20 Homepa), COTIACHO KOTOPOMY YCTOM-
yuBOii siBsieTCsl 18-3/16KTPOHHAst 000I0UKA — UMEHHO OHA COOTBETCTBYET YCTOMYU -
BOUl 3/1€KTPOHHOI KoHduUrypaumuu (n — 1)d'%ns?np® atoma uHeptHoro rasa. Tak, B
COOTBETCTBUM € 3TUM IIPABUJIOM HUKEND
B CTETEHU oKUCaeHUs Hyib (Ni° 3d%4s2,
10 31ekTpOHOB) 0Opa3yeT KapOOHUI
coctasa Ni(CO), (kaxnast Mosiexyia CO
[IPEAOCTABASIET OJHY Tapy 3JeKTPOHOB),
a xese30 (Fe® 3d%4s?, 8 31eKTpOHOB) —
Fe(CO)s. B ciryuae kobanbra (Co® 3d74s?,
9 3jeKTpOHOB) 18-3n€KTpOHHAsA 000-
JIOYKA MOXET ObITh 0fecrieyeHa TOAbKO
nyremM o6pa30BaHUsI JUMeEpPa CO CBSI3bIO

meTani—meTamn Co,(CO)g, 4TO U MOA-  Pyc. 1.8. OGpasoBaHHe G-CBsi3el (@) U m-CBsi-
TBEPXKIACTCH IKCIECPUMEHTAIBHO. 3eit (6) B kommekce ¢ PF;
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AKUENTOPHBbIE CBOMCTRA META/1a HAUDO0JIee SAPKO BBIPAXEHbI B CJly4ae BBICOKMX
CTENEHEH OKHUCACHUSI U TPOSIBISIOTCS B COCAUHEHMSIX C CUABHBIMU G-IOHOPaMM.
o-JloHOpHBIE ¢BOMCTBA JIMTAHAOB YCWIMBAIOTCS ¢ POCTOM OTPULATEABHOTO 3apsiia
U YMEHbBilIEHUEM HX pa3mepa:

0> > F~ P> >S2 » ClI; N> » P>

Kparnas cBsisb M—QO B anuonax MOJ- (M =V, Cr, Mn, Fe, Mo, Tc, Ru, W,
Re, Os u np.) peasnsyercsi B pe3y/bTaTe B3aUMOJICICTBUS 3aIIOJHEHHbIX OpOUTa-
Jiell KUCA0poAa C MycTbIMU d-OpOUTaIsIMU METaLIa.

Kaacmepuot

TepMHUH «KJ1acTep» B COBPEMEHHOIM HayKe MMeeT HeoOblyallHO LIMPOKOE 3Haue-
HUE ¥ (PaKTUYECKU MOXET ObITb MPUMEHEH K J0ObIM 00beKTaM, MpeACTABIAIOUINM
co00il CKomaeHe YaCTUIL B COOTBETCTBUHM € aHri. cluster — ny4ok, poi, CKOMJIeHHUE.
Tak, accouuaTbl MOJEKYJ BOAbI, NPUCYTCTBYIOLIME B XUAKOW M rasoBoil ¢aszax,
HEepeIKo Ha3biBAIOT KJacTepaMK BOObl M T. 1. B y3KOM CMbICTIE ClIOBA Kaacmepom Ha3bi-
BAalOT YaCTULY CO CBA3bIO (CBSA3sIMU) MeTai—MeTann (puc. 1.9). K npocteitiimm o6beK-
TaM TaKOro TUMa OTHOCSTCS YJAbTPAAMCNEPCHBbIE METANIMYECKUE YaCTULb AUAMET-
pom MmeHee 0,3 MKM, conepxauiMe MEHEE onHOro MUJIJIMOHA aToMoB. [To Mepe yMeHb-

@,
°Ru QPr O1 Puc. 1.9. Knactepor: [InZn]™ (a),
8 [MosCl]%* (6), PriRuls (8)
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Puc. 1.10. ®yHKUMHU paananbHOro pacnpe-
JCJeHUs 2JIEeKTPOHHON miuotHoctu 3d-, 4d-, dnrty
S5d-opburaneit

2
5d

4d

B To Bpemst Kak KOMIaKTHble 3d-op-
OMTANM INEPEKPHIBAIOTCS C OPOUTAIAMH
JIPYTHX aTOMOB JIMILb Ha PACCTOAHUY, Cy-
LIECTBEHHO MEHbILIEM CYMMbl KOBAJIEHT-

3d

Hbix paguycos (puc. 1.10), 4d- n S5d-op- PaccTosiHMe OT sapa

LICHUS pa3Mepa YaCTHL B TaKOM TMFaHTCKOM KJIACTepe BO3pacTaeT pojib aTOMOB,
HAXONSLIMXCS Ha MOBEpXHOCTH, KOTOPbIE CTPEMATCS K acCouMaluMy ¢ ApYyrMMH no-
NOBHBIMM MM yacTHuaMM. EnMHCTBeHHBIH CMOCO0 CTabMIM3auMK 3aKI0YaeTCs B
MOKPBLITUM MX MOBEPXHOCTH JUTAHIAMHU — KapOOHWIOM, rajloreHuiamu, docduHa-
My ¥ ap. Takye MONEKYspHbIE KJIaCTEPHbIE COCAMHEHHsi METALIOB 4acTo 0b61anaoT
BbICOKOWM YCTOMYMBOCTbIO, MOTYT ObITh NE€pPeKPUCTAIM30BAHbI U3 pa3iNyHbIX paCTBO-
puTeneil, ouMIIeHbl BaKYyMHO# cyGnHMaivei. B HEKOTOpbIX ClyyadXx OTACTbHbIE KJ1a-
CTEPHbIE YACTHIbl OKA3bIBAOTCA COCAMHEHHBIMHU OpYT C APYTOM CBA3SAMM METaLI—
MeTann B ueild, cIoM M Kapkachl. Tak BO3HMKaeT KJIACTepHbIii MaTepHan.

B xsactepax mepexoinHbiX METANIOB XMMHYECKas CBA3b OCYIECTBIAACTCS MYTCM
060BIIECTBIEHUS d-3ICKTPOHOB, KOTOPLIE MOTYT NPHHUMATh y4acTHe U B 0Opa3oBa-
HUM CBA3M MeTaml—aurada, JUis npocTeimnx xapGOHUIBHBIX KJaCTEPOB NeUCTBYET
copmynupobaHHoe CUIKBUKOM MpaBUiio 3GMEKTUBHOTO aTOMHOIG HOMEpa, npei-
NoJIaratoliee, YTo Bee CBsA3M B KJlacTepe SiBIAOTCS ABYXUEHTPOBBIMH IBYX3JICKTPOH-
HbiMU. TOIBKO B 3TOM Ciyyae YacTvua ¢ 18 BaIEHTHbBIMH 3ACKTPOHAMH OKa3biBaCTCs
ycTONUMBOM. Iy MHOTOSIEPHDBIX MOMHIIPHUYECKUX KJIACTEPOB, B BEPLIMHAX KOTOPBIX
CXONUTCS He MeHee uyeThipex pebep, npasuiio CuikBHKaA Hapyluaercs, YTO CBUIC-
TEeJbCTBYET O BoNiee CAOXKHOM XapaKTepe CBA3H, ONMHUChIBACMOM METOLOM MONEKYJIsp-
HbIX opbuTanei. BOJBIIMHCTBO Ta1OTEHHUAHBIX KJIACTEPOB TAKXKE HE MOXYUHACTCHA
npaBuny CHUIXBUKA: 3TH COCAMHCHUSA 9eKTpoHoaeHUUTHBE Mon00HO GopaHaM.
UHDBIMY CIOBaMH, BANeHTHBIX DJIEKTPOHOB B HMX He XBaTaeT Ui 0Opa3oBaHUs IBYX-
LEHTPOBBIX IBYX3NEKTPOHHbIX CBsi3ei. CTaGUIBbHOCTD TAKMX COCAMHEH U yaaeTca npea-
CKa3aTb, MOACYMUTAB YUCIIO KAACMEPHbIX CKeAeMHbX IAeKMPOHO8, T.€. DJCKTPOHOB,
Y4aCTBYIOLIMX B 06pa3oBaHMU cBsizk MeTaui—MeTami. OHO paBHO oOLieMy YHMCTy Ba-
JAEHTHBIX JIEKTPOHOB METALIAa 3a BHIYETOM YHCIA JCKTPOHOB, 3a/1eiiCTBOBAHHDIX B
0Gpa30BaHUH CBA3M METALI—JIMIaHa, Y 3apsia KJIacTepHOW 4YacCTHLbI Hanpuwmep,
wist kinacrepa Re;Clg UMC10 KIaCTEPHBIX CKEJIETHBIX SIE€KTPOHOB paBHO 7 - 3-9=12,
YTO COOTBETCTBYET TPEM YETbIPEXKPATHLIM CBA3SAM METALI—METaUT; Uil Kjiacrepa
MoCl,,: 6-6—12 = 24, T.e. B oktasape [Mog], nmetomem 12 pedep, peanusyercs 12
odMHapHbIX cBazeil Mo—Mo. YMeHblLIeH e YA KJIACTEPHBIX CKEJETHBIX DJIEKTPO-
HOB MPUBOIMT K OCNabiieHMIO CBA3ei MeXay aToMaMy MeTauia v, B KOHeYHOM cHe-
Te, menaeT 0Gpa30BaHHe KJIACTEPHOM YacTHLbl HeOGnaronpuaTHeiM. Yacro KiacTep-
Hble YacTHLB Ge3 M3MEHEHHs MepexonasiT U3 OQHOro COEAMHEHUSi B APYroe, B MHBIX
Cllyyasx M3MeHsieTCst Ivuib UX 3apsid. KOHKpETHbIC THIbI KJIACTEPHbIX coeauMHeHUI*
6yayT o0CyxiaThCcsi B IaBax, MOCBALICHHBIX XHMHUH DIEMEHTOB.

* [y6un C.I1. Xumus kiacrepos. — M.: Hayka, 1987; Corbett J.D. // Inorg. Chem. — 2000. —
V.39. — P.5178.




®pank Annbepr Korron (pox. 1930)

AMEpPUKAHCKUI XMMHK, aKTHBHO paboTatolkii B 001aCTH XUMHH
KJIaCTEPHbIX CoeAMHEHWIA. BriepBble 00bACHUT 00pa3oBaHHue yeT-
BEPHOI CBA3U META/L1— METAJIJ1 Ha NMpUMEpPe COeaUHEHUI peHus,
BBEJI MOHATHE O -CBSA3U, BO3HUKAOUIEN NMPU NepeKpblBaHWU Na-
pajijieIbHO pacrojIOXEHHbIX JENECTKOB d-opOuTaiieii. ABTOp He-
CKOJIbKMX HayyHbIX MOHorpadui, a TakXe LIKWPOKO W3BECTHOIO
yuebHuKa «Advanced Inorganic Chemistry», BblaepXaBLIero 1iecTh
nepeusngaHui. OTeyeCTBEHHOMY YMTATETIO XOPOILO U3BECTEH Me-
peBOJ BTOPOTO W3IaHUsi 3TOW KHUIW, BbINYLIEHHbIH B 1969 T.

outanu Onaronapsi ropaszno Gosbliein JUPHY3HOCTH B3AUMOICHCTBYIOT ¢ OpOUTa-
JISIMA JIMTAHIOB, AaXe €CAU OHW HaxoAsITCs Ha PaCcCTOSHUM TIPUMEPHO PaBHOM
CYMME KOBAJIEHTHBIX pagnycoB. [103ToMy B coeMHEHHUSIX TSIKEBIX MEPEXOIHBIX /1€~
MEHTOB (4d, 5d) cBsi3u MeTa/I—AUraHI MpoUyHee, 4 KOBAIEHTHOCTD BHILLE, YEM B
ciyyae 3d-anemeHToB. [1o 370l K€ NMpUUNHE OKA3bIBAIOTCA YCTOMYUBBIMHU U COENU-
HEHHUsI CO CBSI3BIO METAJUI— METAIUT — KAACMepsl.

Crenens OKMCIEHHA. d-DJIEMEHTH B COEAUHEHUSIX MPOSBISIIOT HECKOJIBKO CTEMNE-
Hell OKMC/IEHUsS] — OT HU3KMX, MPEACTABIEHHDBIX MPEUMYLIECTBEHHO HETPalbHbi-
MU MM KaTMOHHBIMU opmamu (Mn?*, Mo(CO)), 10 BHICOKMX, CYLIECTBYIOLUIUX B
dopme aHnoHoB (MnQj-, ReQ;). Haunboubluee pazHoobGpasue creneHeil oKuce-
HHsI XapaKTepHO [Ujisi METAJUIOB CEPENNHBI KaxXaoro d-psina (puc. 1.11), a Takxe niis
HEKOTOPBIX IEMEHTOB-aKTUHOWIOB (YPaHa, HENTYHUS, TLIYTOHUSI, aMmepuuus). 1o
MEpE 3an0JHEHUsT 3d-TIONYPOBHS MECKTPOHAMH €10 YCTOMYUBOCTD BO3PACTAET, MO-
3TOMY METaIB 3d-psiga, HayuMHasi ¢ HUKEJs!, JIEFKO OTHAIOT JIMLb BHELIHUE
5-3JIEKTPOHBIL, T.€. MPOSBJSIOT CTCNIEHb OKUCTeHus +2. HauBpIiciuas crerneHpb OKUC-
JIeHUs1 (+8) U3BECTHA /LISl TUTATUHOBLIX META/IIOB 8- rpyNIbl — PyTEHUs] U OCMHSL.
B npoTHBONOIOXHOCTD p-2JIEMEHTAM YCTONYUBOCTD BBICIIUX CTEMEHER OKUCIEH s
BHHU3 110 PYIINE BO3PACTAET, UTO CBSI3aHO C yBEJMYEHHEM pasmepa d-opOuraieil u
COMYTCTBYIOLIIUM YCUJIEHUEM KOBaJEHTHOCTH. Takum obpaszom, coenuHeHust 3d-me-
TA/UIOB B HU3KUX CTEMEHSAX OKUCIECHUS MPEUMYLIECTBEHHO MOHHbIE, B BBICOKHX

8K
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Howmep rpyrinbl
Puc. 1.11. HauBbICllive W3BECTHBIC CTEMEHH OKUCIEHUS MEPEXOIHbIX IeMEHTOR
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Ta6nuuna 1.1

CTal'lJlapTHble 3eKTPOJAHbIE NMOTEHIHANbI HEKOTOPBIX d-3nemMenToB
B BBICOKHX CTENEHAX OKHCJECHHA

[pouecc E°, B (pH0) Ipouecc E°, B (pH 14) [pouecc E°, B (pH 14)
MnO;/MnO, 1,68 CrO} /Cr -0,80 FeO2 /Fe** 1.84
TcO;/TcO, 0,74 MoO} /Mo -0,91 RuO//Ru** 1,56
ReO;/Re0, 0,51 - WO/ /W -1,07 0507 /0s? 0,99

CTEMEHIX OKUCIEHNS — KOoBaJleHTHhle. HamprMep, U3 BbICLLKUX OKCUIOB 3]IEMEHTOB
8-i1 Tpynmbl u3secTHb Jub RuQ, n OsO,, mapraHuesblii aHruapua Mn,O; pas-
naraetcst mpu Temrneparype 55°C co B3pbiBOM, B TO BpeMst Kak okcuabl Tc,O; u
Re,0, nnaesitcsa 6e3 pasnoxeHus: bie 200 °C. [1py 1BUXeHUU BHU3 10 rpymnne
OKMCJIMTEAbHBIE CBOMCTBA COEMHEHMI B BBICOKHMX CTETeHsIX OKUCAeHus ocaabeBa-
10T (Tadna. 1.1).

Tak, nepmaHraHat-uoH MnQj nposiBAsiET SIPKO BbIPAXEHHbIE OKUCIUTEIbHBIE
CBOICTBA, B TO BpeMs KaK JUlsi BOcCTaHOB/IeHUs nieppeHara ReO; HeobxonuM cunb-
Hblit BocCcTaHOBUTEND. s xumuu 4d- n S5d-3/1eMEHTOB xapaKTePHbl BBICOKUE CTe-
neHun okucaeHust. Eciu B coeqHEeHNsIX MapraHya crerneHb OKUcaeHns +2 npeobna-
JIaeT, TO /Uil €ro TsKeablX aHAJIOTOB — TeXHEeUMs! U PeHUsl — B 3TON CTENEeHH
OKMCJ/IEHMSI U3BECTHO BCEro HECKOJbKO IMPOCTHIX coequHeHnit. HekoTopeie 13 co-
eMHEHHU it TSKebIX nepexonHbix anemeHToB (RuQ,, WClg, OsF;) BooOiue He nme-
10T aHAJIOTOB cpeay 3d-MeTajuioB.

Heo6X0IMMO MOMHUTb, YTO CTENEHb OKMCACHUS TpeAcTaBisieT yCJOBHbIM 3a-
psil, KOTOPBIi, KaK MPaBWjio, 3HAYUTENbHO OTJIMYAeTCs OT PealbHOro. YeM MeHb-
1€ pa3Mep KaTMoHa U YeM BbILlE 3apsi, TEM MEHee BEPOSITHO €ro CcyuecTBOBaHKe
B BOJHOM pacTBODE.

Hu3KHE CTENEHN OKUCAEHHUS! TIEPEXOAHBIX METAJIOB YCTOMYUBDL B COEIMHEHHU X
¢ M-aKLUENTopaMu: KapOOHUIOM, LIMAHUAOM, osierHamu, pochunamu. [Tpumepa-
MM MOTYT cyXUTb KoMruiekchl pommsi(l) ¢ onepmHamu (Rh,(C,H,),Cl,), unanun-
HBIIf KOMIUIEKC HUKENS B HyjeBoit cTeneHun okuciaeHust Nay[Ni(CN),], MHorovuc-
JAeHHble KapOOHWIBI METANIOB, KAPOOHMUJIBHBII KOMILIEKC Xe1e3a B CTeleHU OKUC-
neHus -2 [Fe(CO),)>". B BomHbIX pacTBOpax KOMIUIEKCHI NE€PEXOAHBIX METAJIOB B
HU3KHMX CTETeHsIX OKMCIeHus 6osiee ycToitunBhl B Kucioi cpeae. Tak, mapraneu(1l)
B HEHTpPAlIbHbIX U KUCJIBIX PACTBOPAX HE B3aUMOAEUCTBYET C KUCTOPOJIOM BO3/1yXa,
B TO BpeMst KaK B IIPUCYTCTBUM 1€10YM ObICTPO okucisieTes. Tak xe Beayt ceds u
MHOTHUE JPYTHe TIepexXoaHble 31¢MEHTHI.

Bricokue cTereHN OKUCIeHUsI yCTOMYMBBI B COeIMHEHUSX ¢ HauboJiee 31eKTPO-
oTpuuatenbHbiMu 3nemeHTamun: dropom (RhFe, K;NiFg, Cs,CuF), kucnoponom
(K,FeQ,, OsOQ,) — cwibHBIMU aKLENTOPAMH 3JIEKTPOHOB. MHOIMe coeanHEeHuA
METAJIJIOB B BbICOKMX CTETIEHSIX OKUCIEH U TTosiydeHb! B hopme dpropunos. Mx okuc-
JINTEJIbHBIE CBOlicTBA Haubojiee CHJIBHO TIPOSIBASIOTCS B KHUCIOHN cpele*, MO3TOMy
CUHTE3 NPOBOIAT B NMPUCYTCTBUU ILUEJOUHBIX peareHToB. Hampumep, okucieHHne
xpoma(IIl) no xpomara(V]) nmon neiictBuem Opoma, nepokcuaa BOLOPOAA WK

* HeycTOWYMBOCTD BBICOKMX CTeMeHel OKMCNeHWs B KMC0i Cpeflle onvcaHa B patore: Elder S. M.,
Lucier G. M., Hollander F.J., Bartletr N. // 3. Amer. Chem. Soc. — 1997. — V. 119. — P. 1020.

15



TMITOXJIOPUTA JIETKO IPOTEKAeT B UIEAOYHOM cpele, HO CWIbHO 3aTPyIHEHO B
KHACJOTHOM.

CTabHiIn3upoBaTh 3JIEMEHT B HEYCTOUYMBOWU CTENEHW OKMCAEHUS — 3HAYMT
MIOHM3UTD €ro OKUCIUTENbHYIO WK BOCCTAHOBUTEIbHYIO AKTUBHOCTb. 3TO MOXHO
clienaThb, U3BMEHUB €ro 37ACKTPOMAHbIM MOTCHLIMAN, HAlIPUMED €CJIN IePEBECTH IaH-
HbII 3JIEMEHT B TPYAHOPACTBOPUMOE COSIUHEHUE N KOMIUIEKC. YeM HUxe Ipo-
U3BeJeHHe pacTBOPUMOCTH OCAAKa MJIM YeM Bblllie KOHCTAHTa YCTOMYUBOCTH KOM-
eKca, TeM Ooblile [aHcoB Ha ycriex. M3secTHO MHOXecTBO MPUMePOB NMOAOOHbIX
npespauieHuit. Mapraneu(lIl) HeycToituuB B BOAHBIX pacTBOpax B GopMe akBauo-
HOB, OJHAKO MajopacTBOpuMblil okcoruapokcua MnOOH (MuHepan MaHraHuT)
1 okcayatHblit KoMIuieke K;|Mn(C,0,);] ycToitunBbl B BOTHOH cpeae. MHoOrMe He-
YCTONYMBBIE CTENIEHH OKWCJICHUS YIAeTCsl CTAOUAM3UPOBATh B BUIE KUCIOPOLHBIX
coeauHeHunit* (K;FeQ,, BaFeO;, K;FeO,), dTOPHAHBIX KOMIUIEKCOB, TETEPOIO-
aucoeanrenunit, nepuonaros (Na,K[Cu(HIO),l - 12H,0).

Marnurusie cBoiicrsa. Hannuue 31€KTpOHOB onpene/isieT MAarHUTHbIE CBOMCTBA
4TOMOB U MOHOB. DJIEKTPOH 06jiafaeT KaK COOCTBEHHBIM (CHUHOBbIM) MATHUTHBIM
MOMEHTOM, OOYC/IOBJIEHHBIM €r0 BpalleHHeM BOKPYT CBOEH OCH, Tak U opbumans-
HbiM MAarHUTHBIM MOMEHTOM, BBI3BAHHBIM JABUXEHUEM 37A€KTPOHA BOKPYI sapa.
B GonbliuHcTBE coeqUHEHMH 3d-TIepeXOaHBbIX 3J€MEHTOB B CYMMAapHBbIiA MarHMT-
Hblii MOMEHT, BbipaXeHHbI B MarHeToHax bopa (M.bB.), 0CHOBHOI1 BKJag BHOCUT
CIIMHOBAsI COCTABJIAIONAs], KOTOPYIO PacCYMTHIBAIOT MO (popMmyiie

n=n(n+2),
TIe 1 — YUCAO HeCrapeHHbIX 3/1IeKTPOHOB.

ATOMBI U HWOHBI, cOIepXalllMe HeclapeHHbIEe 3JeKTPOHbI, HA3bIBAKOT napamaz-
Humubimu. TlapaMarHUTHbIE YaCTULIBI BTSITUBAIOTCS B MPUJIOXKEHHOE MarHUTHOE TTOJIE.
Ecay CIIMHOBBIN MATHUTHBI MOMEHT YacTUilbl paBeH Hysl0, OHA OUAMACHUMHA,
T.€. 061aJ3eT ULl OpOUTAIBHBIM MAarHUTHBIM MOMEHTOM. /lnaMarHeTUKHU He cOo-
JIepXKaT HeCIapeHHbIX 3J1IEKTPOHOB, a MPH MOMaJaHU1 BO BHELLHEE MarHUTHOE 110JI€
BBITAIKUBAIOTCSI U3 HETO.

BewecTBa mo MarHMTHbLIM CBOWCTBAM JEAT HA HECKOJIbKO KJiaccoB. [loMuMo napamar-
HETUKOB (aTiOMUHHUI, HaTpuit, xjopua Meau(Il)) M nMaMarHeTHMKOB (XJIOpHL HATpHs, ap-
roH) M3BeCTHBI (eppo- M aHTHUdeppoMarHeTuk. MeppoMarHUTHLIMU U aHTHdEppoMmar-
HUTHBIMH CBOMCTBaMM 007aal0T He NIMCKPETHbIC aToMbl, a da3bl. Eciu oTaenbHble aTOMBI
NEePEXOIHbIX JIEMEHTOB, 00pa3yiolIMe BEeLIeCTBO, CoaepXkaT HeCNapeHHbIE DJIEKTPOHbI, T.€.
00J1afaoT mapaMarHeTM3MOM, TO, Haxoasich Ha OGJIM3KOM PacCTOSHUM, OHU B3aUMOAEH-
CTBYIOT APYT C APYroM, oOpa3ysi JOMEHBI.

EcjiM MarHMTHblE MOMEHTBI JOMEHOB COHarpaB/cHbl, BEUIECTBO CTAHOBUTCS eppomae-
nemukom (pvc. 1.12, a). ®eppoMarHeTU3MoM 001aJat0T XeJe30, KOOAILT, HUKENb, a TAKXe
pelKo3eMeNibHbIE 3JIEMEHTbI; OT €Bponus 10 Tyius. s Tsxenbix d-MeTauioB deppomar-
HUTHBIE CBOMCTBA He XapaKTEpHbI, Tak Kak 4d-, Sd-opOMTalM CUibHEE B3aMMOAEHUCTBYIOT
IApYr ¢ ApYroM, ofGpa3sysi KOBaJiCHTHbIe cBsizu. K uMcny (eppoMarHeTMKOB NpUHalLIexar
HU3LIME OKCHUIbl 3d-mepexomHbix dneMeHToB. Haubosnee cHiibHble NOCTOAHHBIE MarHUTHI
6blTH caenaHbl u3 criaBa Nd,Fe,B**. [Ipy HarpeBaHMU dbeppoMarHeTka 3a CYET YCHIEHHUS
TEMJIOBbIX KOJiebaHM aTOMOB NMPU OMNpEAEAEHHON TeMneparype JoMeHHash CTpyKTypa pas-
pywaercsi, ¥ eppoMarHeTUK CTAHOBUTCSA MapamMarHeTMKOM. DTa TeMrnepaTypa Ha3blBacTcs
memnepamypou Kropu; nias xenesa oHa cocrapusier 769 °C, ans Hukens — 358 °C.

* Bernhardt F., Hoppe R. // Z. Anorg. Allg. Chem. — 1993. — Bd. 619. — S. 969.
** Boebinger G., Passner A., Bevk J. // Scientific American. — 1995. — V. 274, — P. 59.
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Puc. 1.12. MaruuTHbie CBOICTBA COSIUHEHUIT, HANPABIEHHOCTb MArH UTHBIX JOMEHOB B (bep-

poMaruerke (a) v anTrdeppoMarteTuke (6); aHTU(hEPPOMarHUTHOE B3aMMOICHCTBHE [IBYX

HECMAPEHHDIX MEKTPOHOB aTOMOB METAJIA MOCPEACTBOM 3aMOIHEHHBIX OPOUTANCH JIMTaH-
Ja (8); cTpoenue aHTH(eppoMarHeTuka [Cry(u-NH,)3(NH;)g]* ()

Anmugpeppomazumibie cBOUCTBA OOBICHSIOTCS NPOTHBOMNOJIOXHON opreHTanuei jome-
HoB (puc. 1.12, 6). OHa CTaHOBUTCA BO3MOXHOM NpH B3aUMOJCHCTBUM aTOMOB METaa,
COAEPXKALIMX HECTAPEHHbIE SJIEKTPOHbI, HE HANPSIMYIO, A ONOCPEIOBAHHO — YEpeE3 AuaMar-
HUTHYIO yacTHLy (puc. 1.12, 6), Hanpumep HoH Kucopoaa viu rpynny CN-. Antudeppo-
MarHWUTHBIMHM CBOMCTBaMM 00JANaiOT HEKOTOPbIE OKCUIbI METAIOB, COJIM, KOMIJICKCHLIE
coenvnenus. [puMepoM MoxeT cnyxuTb kommieke [Cry(u-NHy);(NH;)e]l; (puc. 1.12, o),
COCTOSAIMI U3 OUSIEPHBIX MOJIEKYJ, COCAMHEHHBIX aMUIHBIMM MOCTHKaMH. ATOMbI XpoMa
pacnoNioxeHbl Ha paccTosdHUM 0,265 HM, Y4TO HE MO3BOJNACT UX d-OPOUTANAM MEPEKPbIBATL-
€S HEMOCPEACTBEHHO (MHAYEe COSNUHEHHE ObIIO Obl JHAMAaTHUTHO), HO JeaeT BO3MOXHbIM
MX OMOCPEIOBAHHOE B3aMMOJEHCTBHME Yepe3 3amoiHeHHble opouTany nuranga. C pocToM
TemnepaTypbl pu memnepamype Heeass anTndeppoMardHeTMK npespamacTes B napamMarHe-
THK. JLJ1s1 onvcanHoro KoMmieKca Temnepatypa Heesns pasHa 23 “C*.

IpocTrie BemecTsa. d-OpOUTAIN IPUHUMAIOT AKTUBHOE y4acTHE U B HOPMHUPO-
BAHUU XUMUUYECKOI CBA3U B NMPOCTBIX BeleCcTBax. MeTa/uinyeckas CBsi3b B Mepexol-
HBIX MeTaL1aX BKJIIOYAET 30HY NePEKpbIBaHUsl d-opOUTaeil pasHbIX aToMoB. Bxnan
d-opburaseil B 0Opa3oBaHUe CBSI3U KOPPEJIUPYET C IHTANBIUSIMU aTOMHU3ALUM**
METAJUIOB M TeMriepaTypamu ux miasneHusi. Hanbonee apdpexTMBHO nepekpblBaHKe
YaCTMYHO 3aMOJHEHHBIX d-OopOUTalell, MO3TOMY CaMble TYTrOMNJaBKHE METAsIbl pac-

* Lueken H., Schilder H., Jacobs H., Zachwieja V. // Z. Anorg. Allg. Chem. — 1995, — Bd. 621. — S. 959.
** Dumaabnus amomuzayuu — 3TO SHEPrus Ipouecca o6pa3oBaHUs Ta3000pa3sHbIX aTOMOB U3
KpUCTa/1a, DHTANBIINSA AaTOMU3aLMU IPUMEPHO PaBHA CYMME TENJOT IUIaBJICHUSI U MCMApEHHUS.
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Puc. 1.13. TlepekpuiBanue d-opOuTanedl ¢ oGpa3oBaHWEM HEPreTUYECKON 30HBI (a); SH-
TANbMUK aTOMMU3aUMU (6) v TeMMOEPaTypbl MiaBiaeHUs (8) 3d-MeTaIoOB

M0JIOXEHBI B cepeanHe psaa (puc. 1.13). HamonoBuHy 3aceieHHbl d-nogypoBeHb
o0nafaeT NMOBLILIEHHOM YCTOMYUBOCTBIO, ¢ 3TUM CBSI3aHO MOHMXEHHE SHTAIbIIUU
ATOMM3ALMK WU TeMrepaTypbl IAABACHUsI MapraHua o CpaBHEHUIO C COCEIHUMU
MO PsIy 3JIEMEHTAMM.

boabluee nepekpreiBaHue 4d- u Sd-opbutaneit no cpaBHeHuIo ¢ 3d-opbutansimu
MPUBOAMT K BO3PACTAHMIO SHTAJBIIUNA ATOMU3ALMK K TEMIIEPATyp IUIABJECHUS T1pU
JBUXXEHUH BHU3 T10 rpyrre. [ToaTroMy Hanbojee TyromnaBkue METALIbL PACIIONOXe-
Hbl B CEpPEIMHE BTOPOTO U TPETLETO MEePeXOAHbIX psiioB. Takue Xe TeHAEHLIUH OTMe-
yaloTcst U jist GUHAPHBIX coelMHEHU — OopuaoB, KapOuaoB.

MexaHu4eCcK1e CBOMCTBA METAJUIOB, [JIaBHBIM 00pa3oMm meepdocms — CIiOCOD-
HOCTb MaTepHaja COMPOTUBASITLCS TUIACTUYECKON aedopMalIMK, TaKxKe BO3pACTAIOT
K cepellMHe KaXaoro psaaa. B kauecTBe xapakTepruCTUKHY MEXaHHYECKUX CBOMCTB HAMU
UCIOb30BAH MOAYb YIIPYrocth (Moayjb KOHra).

BoccTaHoBUTe/IbHASI AKTUBHOCTh METAJIOB OciaabeBaeT ¢ BO3pacTaHUEM IOpsi-
KOBOT'O HOMepa KaK IO Psiay, TaK M IO PYIIeE, YTO OOBSICHSIETCS POCTOM 3HEPruu
noHuszaunu. TakuM obpa3zomM, Haudojiee aAKTUBHbBIE MeTaJLJibl PACITOJIOXKEHBI B HAaYa-
ne 3d-psina, a HaMMeHee akTUBHbIE — B KOHLE Sd-psina. [IpuMepom MOXET ClyXKUTb
B3aUMOJIEUCTBUE d-MeTALIOB ¢ KMcaoTaMu. M3 3d-MeTannoB Moja0XUTENbHbIM CTaAH-
JAPTHBIA 31eKTpoAHbIl nmoteHunan E°(M™/M% umeeT aullib Meab, B TO BpeMs
KaK IMPaKTU4YEeCKH BCE 3JEMEHThl BTOPOrO W TpeTbero MepexOdHBbIX PsIOB, 332 UC-
KJIIOUEHMEM KaaMUsl, OKa3blBAKOTCS UHEPTHBIMU I10 OTHOLUIEHUIO K pa3damBieHHbIM
KHCAOTaM M 1UeJoYaM, pacTBOPSISICh JiMilb B TNpucyTcTBuM okuchutesss (HNO;,
NOCI, KO,, KOH + KCIQ;) nan B cMecH OKUCAuUTENSI U KOMILIeKcooOpa3osaTesi
(HNO; + HF, O, + KCN).
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Cnaasbl. Teepapie pacTsopb ¥ HHTEpMETALIHABN. Crnaags nPeAcTaBisioT cODON
TBEpIbIE PACTBOPHLI HA OCHOBE METALJIOB, COAEpXallile [1Ba, a 3a4acTylo U OoJibluee
YUCA0 KOMIIOHEHTOB, MPEUMYILECTBEHHO META/IOB WM HEMETAIOB (YIVIEPO.,
KpPeMHUI1). ATOMbI METAJLIOB CIIOCOOHBI pearpoBaTh Mexay coboit, 0bpa3syst xumuse-
CKU€ COeIMHEHUS] — unmepmemanauds.. OHU TAKXKE BXOLSIT B COCTAB MHOTUX CIU1aBOB.

TBepabie pacTBOpbI NOAPA3ACTAAOT Ha TPU OCHOBHbIX THNA: 3aMELUEHHWS, BHEAPEHUA U
BbIUUTAHHS.

B meepdeix pacmeopax 3ametyenusi aToMbl JIETMPYiOIEH JO00ABKH 3aMEILAOT aTOMbl OC-
HOBHOTO BELUECTBA-MAaTPpHLbI, 00pa3ys 001Yi0 KPUCTA/UIMUECKYIO pelieTky. Beoaumbie no-
6aBKM U3MEHAIOT CBOWCTBA CIIABOB (MPOYHOCTb, BA3KOCTb, MIAACTHYHOCTH, W3HOCOCTOM-
KOCTh). DTO LIMPOKO UCMOIb3YETCA TIPH CO3JaHUH KOHCTPYKLIMOHHbIX MaTepuaios. O6paso-
BaHHE TBEPAbIX PACTBOPOB 33aMELICHHS COMPOBOXKIACTCA BbIMIPhILIEM B KOH(PUTrypanmoH-
HOW SHTPOMHUU W MOITOMY TEPMOIHHAMUYECKH OGraronpusTHo. MCKioyeHus MoryT npef-
CTABJATH CJIy4aH OYEeHb CHUJIbHbIX pa3iMyMi B pa3Mepax aTOMOB KOMIIOHEHTOB — MpH 3TOM
BBEJEHUE B MaTpU1ly TOCTOPOHHUX aTOMOB MOTpe6GYyeT CUIbHOTO ee uckaxeHus. [loporosoe
3HAYEHME Pa3HHULLbI B ATOMHbIX palMuycaX KOMIIOHEHTOB TBEPAOr0 PacTBOpa 3aMElIEHUA OLe-
HuBaerca B 15 %. OOpa3oBaHWe HEeMpPEepbIBHbIX TBEPAbIX PACTBOPOB 3aMEIHEHHS MEXIY KOM-
MOHEHTAMH CIUIABa BO3MOXHO, €CJIM METalJIbl MMEIOT OIMHAKOBOE KPUCTA/NIMYECKOE CTPOE-
HUe ¢ OJIM3KUMU NapaMeTpaMy KPUCTAIMYECKON peLieTKU U OJWHAKOBbIA THI XWMHUE-
ckoit cBasn (Mo—W, Ag—Au), a MHTEpMETAMTHIbl MOMHUMO 3TOTO W OJIHHAKOBbII CTEXUO-
merpuyeckuil coctas (FeCr—FeV, AuCu;—PtCuj).

B meepdvix pacmeopax eHedperust aToMbl pACTBOPEHHOTO BENIECTBA BCTPAHBAIOTCH B MEX-
JOY3JIMA KPUCTAIMYECKOM pelleTKU MaTpuubl. B 3Toit posiv yalue BbICTYNAIOT ATOMbI HEME-
taioB (O, C, B, N, H, S), koTtopble BHEAPAOTCH B TETPA3APUYECKHE U OKTA3APHYECKHUE
NYCTOThl KPUCTATUIECKUX pelleTOK MeTamioB. OCOGEHHO YacTO 3TO BCTPCUAETCHA B CUCTE-
Max ¢ MEPEXOJHBIMU METAIAMM.

Teepdvie pacmeopsi gbivumanys 06pPa3y0TCs NMpU OTCYTCTBUM (Ne(PHLNUTE) HACTH aTOMOB
OJHOTO U UHOTAA 0GOMX KOMIMOHEHTOB. TaKUMH NMPUMEPAMHK MOTYT CliyXuTh BiocTuT Fe_ O
¢ nepMUMTOM aTOMOB Xejie3a U MOHoOKcH TuTaHa TiO, y KOTOpOro B KaTHOHHOW W aHU-
OHHOW nogpellleTkax oTCyTCTBYIOT 10 15 % atomoB Ti u O. TBepabie pacTBOPbl BbIYHTAHUA
HaGJIONAIOTCS B YIIOPANOYEHHbBIX PACTBOpAX HECTEXHMOMETpHUECKOro coctaBa. Hanpumep,
M30bITOYHBLIE ATOMbI JIIOMWHUS B TBEPIAOM PaCTBOpPE BbIUMTAHMA Ha OCHOBE COCAMHEHUA
CoAl (ctpykTypHbiii TUN CsCl) 3aHMMAIOT MO3UMLUKUM B MOJAPEIIETKE AIHOMUHUSA, OCTABIAA
BaKaHTHbIE MO3MUMK B MoJpelleTke KobibTa, T.€. cocTaB coeanHeHnus Co,_ Al

B Hacrosiee Bpemst u3pecTHO 60s1ee 20 Thic. MHTEPMETAIUINIOB [MOCTOSIHHOTO U
nepemMeHHOro cocrasa. OHu 006pa3syloTcs, ecji aTOMbl pa3HbiX KOMIIOHEHTOB CIljia-
Ba B3aUMOIENCTBYIOT MeXay co0oil CHjibHee, YeM aTOMbl OJHOTO BUaa. Mexarom-
Hble B3aUMOIeHCTBUSI OCODEHHO CUJILHO MPOSIBJSIIOTCSA NMPU MOHUXKEHUU TeMIiepa-
Typbl. Ilpy 3TOM 4acTO MPOUCXOAUT pacnal BbICOKOTEMIIEpATYPHbIX TBEPIbIX pa-
CTBOPOB H3-3a UX TEPMOJUHAMUUYECKON HEYCTOMUYMBOCTH C BblJiejieHUEM HOBbIX (as.
B uHTepMeTayinaax Haubosiee YAcTO BCTPEYAIOTCS ABA TUMNA XUMUUYECKUX CBA3EH:
MeTaJuinueckast U KOBajeHTHas. 3a4acTyio MeXIy HUMHU CJI0XKHO NPOBECTH FpaHulLy.
st onpeaeneHus xapakrepa cBs3ed M3y4aloT paclipenejieHue 3JeKTPOHHOIR MaoT-
HOCTH MeXIy napTHepamM (peHTreHOBcKash JUdpakuHusl), JIOKATU30BaHHOE WU
HEeJIOKAJIM30BaHHOE pacnpeieieHUe 3JEKTPOHOB B KpUCTa/lax (pEHTreHOCeKTpasb-
Hblil MeTon), (pU3NyecKue W MexaHUYecKUe CBOWMCTBA (MarHeTU3M, 3JIEKTPOINpPO-
BOJHOCTb, CMIAMHOCTb, MPOYHOCTb WU QP.), TEPMOIUHAMUYECKHE XAPAKTEPUCTUKH
(tera0Thl 00pazoBaHust, 3Hepruu necdopmaguu U ap.). OMMH U3 BaXHbix NPU3HA-
KOB CcTaOMJBHOCTH MHTEPMETALIAIOB 3aKJI04ACTCS B MAKCUMAJILHOM YIOpsIIo4e-
HUHU pacnonoxeHus atomoB. B opMUpOBaHUM MHTEPMETALINAOB, 00pa30BaHHbIX
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aToMaMH OJIM3KMMK TI0 pa3MepaM U 3JeKTPOHHOMY cTpoeHHio (da3bl FOm-Pose-
p¥), I1aBHYIO POJib UTPAeT COOTHOLLIEHHUE MEXAY YUCIOM BAJIEHTHbIX 3/1eKTPOHOB M
MCJIOM aTOMOB B pelueTke (Tak HasblBaemasl 371€KTPOHHasi KOHLUeHTpauus). B cay-
4ae COeAMHEeHM OBYX METAJLIOB C CWIbHO Pa3IMYalolUMIICs paguycaMu BaxHei-
LIIYI0 pOJjib HAYMHAET UTPATh NMPHUHUMIT MAKCUMAJIBHOTO 3aMOjiHEHMsE aTOMaMU Tpo-
crpaHcTea. [Ipumepom atoro ciyxar ¢asnl Jlapeca.

Bo MHormx 6uHapHbIX crcTeMax HEMepeXoAHbIX M MEPEXOAHbIX METAIOB obpa-
3YIOTCsi HHTEpMETA/LIuAbl 3KBUATOMHOIO cocTasa AB co crpykTypoit Tuna CsCl. Ux

Das3zvt FOm- Posepu

CoenvHeHus: € METalIMYECKON CBA3LIO, HA3BIBAEMDBIC 21eKmMpoHHuMU dazamu,
unu gasamu FOm- Pozepu, oTAMYAI0TCH MPOCTBIMU U GOJee COBEpUICHHBIMU TUIIAMMU
KpUCTANTHYECKON PeLICTKH C BLICOKUMM KOOPAMHAIMOHHBIMU yucaaMu (8, 12, 16)
MO CPABHCHUIO C MCXOAHBIMU MeTangaMu. HacTo oHU 0OpasyloTcs MexIy MeTasia-
MU, aTOMHBIC paiuyChl KOTOpbIX OTAMYatOTCA He Gonee yem Ha 15 %. Ux dopmynbl,
Hanpumep AlCo, Ag;Al, LaNis, He COOTBETCTBYOT OBGBLIYHBIM MPEACTABICHUAM O
BaneHTHOCTH. YcToituuBocTb a3 FOM-Posepu onpenensercs asexmponnoi konyen-
mpayuet, T.¢. OTHOUIEHAEM YMUCNA BAICHTHBIX SIEKTPOHOB K YMCITY aTOMOB B PELLET-
ke. Hanpumep, paccmotpum cucremy Cu—Zn. Kaxabiii aToM Meanm umeeT oanH Ba-
JICHTHBIM JIEKTPOH, y aTOMA LIMHKA UX ABa. [Ipy pacTBOPEHMM LIMHKA B M1 DJ€K-
TPOHHAs KOHLCHTpPAIM ITOBbILIAETCH, U 10 3HaYeHUs KOHUEHTpauuH 1,4 ycToiiuus
NepBUYHBIN TBEp/blii paCTBOp — TaK Ha3biBaemas o-(hasa JaTyHu. B riHTepBane anek-
TPOHHOH KoHueHTpauuu 1,4—1,5 ycroituuBa B-caza CuZn, a B untepBane 1,5—
1,62 — y-daza CusZng co coxHOM KyGUuuecKoit CTPyKTypOii, coaepxauiei 52 atoma
B 37I€MEHTapHON siueiike (puc. 1.14). B 3THX CTPYKTYPHBIX TMNAX KPUCTALIN3YIOTCS
($a3bl B MHOTOYMCIEHHDIX ABOMHBIX CUCTEMAX HA OCHOBE Ag, Cu, Au, Fe, Co, Ni, Pt
u ap. CoctaB ykasaHHBIX ¢a3 KOM-Posepy Hepenko HaxoauTCsa BHe o6aacTy cyLie-
CTBOBaHWA PAaBHOBECHOM (pa3bl Ha JuMarpaMMe COCTOSIHUS CUCTEMbI, U L1 WX CBOMCTB
HE BbIAB/CHB! Kakue-1M60 aHoManuu. TakuM oOpa3oM, CMbICHT KPUTHYECKHX 3HaJe-
HUIR DJICKTPOHHOH KOHUCHTPALHUM 3aKI0YaeTCd B OMNpedcieHr obnactv, BOIM3U
KOTOpO# ycTOHuuMBa (paza COOTBETCTBYIOMIETO CTPYKTYPHOTO THUMA.

Puc. 1.14. Ctpoenne y-¢asbi natynu CusZng — dasbi FOM-Posepu:
a — oOWHIA BUJ KPUCTAINMYECKON PEINeTKH, 6 — NPOEKUUS HA MAOCKOCTh
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00pa3oBaHUE XapakKTEPHO [JIs1 SJIEKTPOIMOJOXHUTENbHBIX META/LIOB 2 — 6-1f Tpymi ¢
fonee 3NeKTPOOTpULIATENLHBIMU 2JIEMEHTAMM, PACITONOXEHHBIMU TIpaBee 6-i1 rpyn-
nei: TiFe, BeCo, ScNi, BaZn, VTc, TiRu, MgRh. U3BectHo 6onee 200 Takux
coenMHeHui. K HUM Takxe oTHocsiTca HUkenun TUTaHa TiNi u xkaaMun 3o10Ta
AuCd — maTtepuaibl ¢ nepexogaMu MapTEHCUTHOrO THIa, o0naaaloume CBOHCTBA-
MM MaMATU (POPMBI.

Kaxaomy cocTaBy U THIly CTpYKTYpP MHTEpMETALIUIOB IIPUCYLU UHAUBULYAIb-
Hble (pU3HUECKHE, MeXaHUUYeCcKHe, XUMHUYECKUE, TEPMHUUECKHUE, INECKTPUYECKHUE,

Daswvt Jaseca

HUutepmeTtauabl cocrasa AB,, B KOTOpbIX aTOMbI Pa3HBIX METAUIOB 00pa3yloT
IJIOTHYIO YIIAKOBKY, NoJyuuau HasBaHue ¢gaz Jlaseca (puc. 1.15). Cefiuac ux usBect-
Ho 6onee 300, 1 MouTv BO BCEX ONHUM U3 KOMITOHEHTOB BBICTYNAET MepeXoHblii
MeETaLl.

Hdnsa obecrieyeHUs TUIOTHOM YNAaKOBKU HEOOXOAUMMO JOCTATOYHO OOJIbLLOE pa3iu-
Yye aTOMHBIX pafuyCOB IBYX METAIOB (74, #g). s 9TUX ¢a3 BbiBeneH reoMeTpUUe-

CKUH KPUTEPUH YCTOMUUBOCTH:
7, 3
n s
s 2

B peaibHbIX COEAMHEHMSX OTHOLUEHUS PafMyCOB U3MEHSIOTCS B MHTEpBage OT
1,05 no 1,68.

OcobeHHOCTh cTpoeHus (a3 JlaBeca 3aki04aeTCs B rpyNNnyupoOBaHUU MEHBLLUX 110
pasMepy atomoB (Cu B MgCu,, Ni B CuNi,, Zn B. MgZn,) B COWIeHEHHbIE APYT C |
apyrom Tetpasapsl [Cugl, [Nig] v [Zng]. OTavumne cTpykTypHbiX TUNoB (a3 JlaBeca |
JPYr OT ApYyra COCTOMT B criocofbax cowleHeHus: aTux TeTpasapos. I1pu 3ToMm cozpaer- |
€51 BeCbMa IJIOTHAS YITAKOBKa: aToMbl Mg MMEIOT KOOpJAMHAaUMOHHOe uucio 16, npe-
BBILLAIOLIEE MAKCUMANbHYIO TUIOTHOCTh YNMaKOBKM OJMHAKOBBIX LIAPOB (KOOpauHa-
uuoHHoe yuciao 12). KoopauHauvoHHbIe yMcia
MEHBIIIMX NO pa3Mepy aToMoB B (hasax Jlaseca
paBHbl 12. boabwuHcTBo a3 JlaBeca He MMEIOT
WUPOKUX 00J1acTeil TBEPABIX pACTBOPOB. YCTOM-
yuBocTh (a3 JlaBeca ¢ yuyacTUEM TNEPEXOAHbBIX
METAJJIOB BO3PACTAET NMPU NEPEAAUE IIEKTPOHA
OT BTOPOTO KOMIIOHEHTA B YaCTUYHO 3arOJIHEH -
HY10 000/10uKy d-MeTamna. Takoi 3eKTpOHHBIN
nepexon BHOCUT WOHHBIM BKJIal B MeTallvye-
CKYIO CBSI3b U COMNPOBOXIAAETCS YBEJIUUEHUEM
TeNJIOThl o6pasoBanusi coenvHeHuit. dDaktop
3JIEKTPOHHON KOHUEHTpaUuM Ha oOpaszoBaHUE
a3 JlaBeca 60/bIIOTO BIMSIHUSA HE OKA3bIBaeT.

Puc. 1.15. CrpoeHue uHTepMeTALIIU-
na MgZn, — dassr JlaBeca

21



MalHUTHbIE U Ipyrue cBoicTBa. [103TOMy TakMe MaTepHasibl O4eHb BaXkHbl U UHTE-
pECHBI B NPaKTUYECKOM U HayyHOM TUIaHE U MHTEHCUBHO MCCIELYIOTCS.

Kuciaoponanie coenunenus. Hecrexmomerpns. Husuime okcripl MHOTUX TIEPEXOI-
HBbIX 3JIEMEHTOB TIO CBOMCTBaM (2/1€KTPONPOBOIHOCTb, METAJUIMYECKHIT Oneck) Ha-
MOMHHAIOT METaIbl, YTO OOBICHSIETCS MEPEKPbIBAHUEM YaCTUYHO 3allOIHEHHBIX
d-opourtaneit. [lIupoko n3BecTeH NpuMep MarHUTHOrO Xxene3Hska Fe;O4, 6onbuine
3anachl KOTOPOro, PacToyioKEHHbIE BOU3HU MOBEPXHOCTH 3eMIIM Henaneko oT Kyp-
CKa, cO3[aloT MarHUTHOeE T10JIe, Hapyulalolliee paboTy HaBUTallHOHHBIX CUCTEM ca-
MOJIETOB. DTO COEeIMHEHHUE, KaK U MeTalIUuyecKoe XKene3o, PeppoMarHUTHO U
006naJaeT 3aMETHOM TPOBOAUMOCTBLIO. MexaHU3M MPOBOAMMOCTU BKJIIOYaeT 3CTa-
(deTHy10 Tiepeady 3JIeKTpoHa oT MoHa Fe?* k Fe’* 3a cueT nepekpniBaHUs d-0pOU-
Tasei.

MoHOOKCHABI 3d-NIEpEXOAHBIX METAUIOB OT TUTAHA 10 HUKEJIS B CTENCHU OKUCIeHUS +2
nMetort ctpyktypy NaCl (puc. 1.16, a). MHOrMe U3 HUX NPeACTABISIIOT COOOH HECTEXHOMET-
puueckue coeguHeHus. Hanpumep, npUroToBieHHbI 00bIYHBIM criocoboM okcua xkeesa(ll)
uMeet cocTaB Feg 50, T.€. cOnepXUT HEJOCTATOK ATOMOB XeJj€3a N0 CPABHEHUIO CO CTEXHO-
MeTtpueil MO. HenocTaToK MoJoXKUTENbHO 3apsiKeHHbIX MOHOB KOMIIEHCUPYETCH OKUCJIEHH -
eM yacti aromoB xeie3a(ll) B cTpykrype no Fe**; TakuM o6paszom, nipy HATMUMK BaKaHCHi
B KaTHOHHON MOApELLIETKE COXPAHAETCH DMEKTPOHEHTPAIbHOCTh. Tunbl nedeKToB, BO3HHU-
KalOLUX B KPUCTAIMYECKUX CTPYKTYpax, ONucaHbl B nepBoM ToMe yuyebHuka. CxeMaTnue-
CKM OoHU u3obpaxeHbl Ha puc. 1.17.

BoJbLINHCTBO AUOKCHAOB NMEPEXONHBIX METAIOB KPUCTALIM3YIOTC B TeTparoHalbHOM
cTpykType pytunaa TiO, (puc. 1.16, 6), B KpUCTALIMUYECKON pellieTKe KOTOPOIro aToM MeTajlia
HaXOAWTCSA B TETPAroHATbHO MCKAXEHHOM OKTas’ape U3 aTOMOB KHC/10poaa.

JLst NepexoIHbIX META/UIOB U3BECTHO JIMILB HEGOBILIOE YMCI0 TPUOKCHIOB. CTpyK-
Typa okcuaa ReO; cocToUT U3 cBA3aHHBIX OOLIMMU BeplUMHaMH OKTasapoB [ReOq]
(puc. 1.18). AToMbl peHUs1 06pa3yioT KyOMUYeCKyio MTPUMUTUBHYIO si4eiiky. binskyio
CTPYKTYpY UMEET TPUOKCHU BoJib(paMa. EciM HarpeTh MOpoLIOK TPUOKCHIa BOJbh-
paMa B Tlapax HaTpHsl, TO 4acThb aTOMOB HaTpHUsl BOMIET B KPUCTALIUUECKYIO CTPYK-

Qo M

a
Puc. 1.16. Ctpykrypa xiopuaa HaTpus (raiuta) (a) v pytuia (6)
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Puc. 1.17. Tunsl aecheKTOB B KpUCTALIAX

Typy, pa3MECTUBILIHUCH B LEHTPAX HEKOTOPLIX TPUMUTUBHBIX SiYeeK, 00pa3oBaHHbBIX
aToMaMU Bosbdpama. [Ipou3oiineT nepepacrnpeneneHUe 3apsiioB — 4acTh aTOMOB
BOb(paMa BOCCTAHOBUTCS [0 +3, HATPUS OKUCIUTCA 40 +1. 3a CYeT 4yacTUYHOIO
BOCCTaHOBJIEHUS BoabdpamMa nojayyeHHas okcuaHas ¢a3a (BoabgpamoBasi OpoH3a)
Na,WO; (x = 0,3 — 0,9) npuobpeTaeT XapakTepHblil 1IBET (CUHMI1, KPACHBII, 30/10-
THUCTBII), METALIMYECKUIT OnecK U NMPOBOAUMOCTb. CXoaHbIE 11O CBOHCTBAM OKCHI-
Hble (a3bl U3BECTHBI U IS APYIUX 31€MEHTOB (MOaUOGACHOBbIE, BaHaqUEBbIE, HU-
0o0ueBble, TUTAHOBBIE OPOH3bI).

K BaxHbIM CTPYKTYPHBIM THMAaM KMUCJIOPOIHBIX COEMIUHEHUI MEPEXOAHBIX Je-
MEHTOB OTHOCSITCSl TIEPOBCKMUT U HINMHHENb. CTPYKTYpHBII TUN neposckuma ABX;

7
Puc. 1.18. Crpyxtypa ReO; B BUae atomoB (a) u B hopMe nmouaapoB (0)
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Puc. 1.19. Crpyktypa neposckuta ABO; B BHIe aToMoB ¢ atomoM A (g), aTomom B (6)
B LEHTPE AYEHKY U B HOpMe MOAUBAPOB (8)

(X = O, F, S), HaspaHHbI! Tak 1O NpHupoaHoMy mMHepany CaTiO;, OTKpbITOMY
pycckuM muHepanorom JI. A. TlepoBckum, npeactapinsieT coG0M TpexcaOMHYIO MI0T-
HEHLIyIO 11ApOBYIO YIIAKOBKY M3 aTOMOB X M A, B OKTa3IpUUYECKHX MyCTOTAX KOTO-
poi pacnionoxeHsl atoMbl B (puc. 1.19).

B cTpykType mepoBCKUTa KpHUCTAIIU3YIOTCS pasHble COEIMHEHMS, B KOTODPbIX
CyMMapHBbI# 3apsin aToMOB A U B paseH +6, 1 aToMbl A 1 B cyliecTBeHHO pa3nnya-
10TCs1 N0 pa3mepy. Ceiiuac U3BECTHO HECKONBKO COTEH COEIMHEHUI CO CTPYKTYpOii
NIEPOBCKUTA.

[lpeanonarasi, 4To B CTPYKTYpe MAEAIbLHOrO MEPOBCKUTA aToMbl A u B compuka-
CaloTCs, NapaMeTp INEMEHTAPHON TYEHKHU (@) MOXKHO BbIPA3UTh ABYMS CIIOCOBAMYU
(puc. 1.20):

1) a=2m+r),
2) a=2@, +1),

TOE 7a, 7B, Yo — DAdMYChl COOTBETCTBYIOUUX HOHOB No LllenHony—IIpiourry.
B peanbHOIi CTpyKType U3-3a CIMIIKOM MAJIbIX MJIH CIIMIIKOM GOIBLIMX Pa3MEPOB
HWOHOB IUTOTHOCTb YIIAKOBKU HAPYLIAETCSI, U ITApaMeTphl @, pACCYUTAHHBIE TI0 3TUM
IIBYM YPaBHEHUSIM, HECKONbKO pasauvalorcs. [Torpas-
(ra+ro) (rg+ro) Ka, paBHasi OTHOLUEHUIO 3TUX MAapaMeTPOB, HOCHUT
Ha3BaHUe gakmopa moasepanmuocmu (1).

__(m+n) '

o \/E(VB +15)
B uneansHOM nepoBckuTe = |; B THTAHATE CTPOH-
uust SrTiO; (r(Sr?*) = 0,158 umM, r(Ti*) = 0,745 uwm,

r(O%) = 0,126 uM) 7= 1,002. 3Has paKkTOp TONEPAHT-

HOCTH, MOXHO IIpeacKas3aTbh, OyIET JM COEIUHEHUE

coctaBa ABO; UMeTb CTPYKTYpy NIEPOBCKUTA; 3TO BO3-

Puc. 1.20. Cootrowenue von-  MOXHO Tipu 0,85 < 7 < 1,06.

HBIX PagvycoB B CTPYKType Ilpu BbicOKOl TemmepaType aToMbl B criocoOHbI
TIepPOBCKHTa CMeaTbCs M3 LEHTpA 3NEMEHTAPHON sMeiKu, Bbl-
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Puc. 1.21. CtpyKTypa iinuHe 1

3bIBas pa3fdeICHUE BNEKTPUUYECKHUX 3apsSaoB U BO3HMKHOBEHUE IUIONS — CecHe-
moaaexkmpuveckull 3gpgpexm. Takue COETMHEHUS HAa3bIBAIOT CETHETOSNIEKTPUKAMMU.

Psn BeilecTB €O CTPYKTYpOil NMepOBCKMUTA, HanpuMep TUTaHat Gapus BaTiOs,
0DNafaloT nbesostexmpuieckum 3gpexmom, 3aKI0YAIOMIMMCS B TOM, 4TO CMELe-
HUe aToMa B, mpoucxonsiiee B pe3ybTaTe MEXAaHUUYECKOTO BO3NCHCTBUS, Bbl3blBa-
eT NosBJIIeHUe 3NeKTpUuecKkoro nous. [1be3031eKTPUKU HaXoasT LUHUPOKOE TIpUME-
HEHHE B KA4eCTBe INpeobpa3oBaTeicil MEXaHUUECKON SHEPrUM B 3JEKTPUUECKYIO,
HarnpuMep B MUKpOOHAX, 3aXUrajikax.

HlInuneasmu Ha3blBaloT CIOXHBIE OKCHIObI cocTaBa AB,O4, B KOTOpBIX aTOMbI
METAJLJIOB 3aHMMAIOT TYCTOTbl B TPEXCIIOMHON TMIOTHEMLIEH LIADOBON YMAaKOBKE,
00pa30BaHHOI aTOMaMM KUCIOpOJa. DTOT CTPYKTYPHBIH TUTT MOJy4uU1 Ha3BaHHE OT
MUHEpana 6naropoaHas winuHeas MgAl,O,.

ATOMBI A B IUTIMHENAX MIPEACTABISIIOT COOO0M IBYX3apsiAHbIC KATUOHBI paiuyCOM
0,08—0,11 uM, Hanpumep Mg, Cr®*, Mn?, Fe*, Co?, Ni*, Cu?, Zn?*, Cd*,
Sn?*. OOBIYHO OHM 3aHMMAIOT OAHY BOCBMYIO YaCTh BCEX TETPAIAPUUECKHUX TIYCTOT B
aHWOHHOM noapeuieTke. OKTa3ApUUECKUE MYCTOTHl B CTPYKTYpE UTTHUHENHU HAIIOJIO-
BUHY 3acesieHbl atToMaMi B — Ttpex3apsinHbeiMu katuoHaMmu paauycom 0,075 —0,09 um
(Ti*, V3, Cr**, Mn?*, Fe*, Co*, Ni**, Rh*, Al*, Ga**, In*). Bonee HarnsaHo
CTPYKTYpPY LUTTMHENU MOXHO MPEICTABUTD B BUIE KyOMUYECKONH OOBEMHO-LIEHTPUPO-
BAHHOM AYEHKU U3 aTOMOB A, BHYTpU KOTOpPOi HaxomsaTcs Kyos! | B4O4] M TeTpasn-
pot [AO,] (puc. 1.21).

B HekOoTOpBIX WIMTMHENAX HAGMI0Aa€TCS MHBEPCHUsl — TOJIOBMHA aTOMOB B pa3me-
ulaeTca B TETpadIpHYECKMUX TIyCTOTAaX, a aTOMbl A BMECTE C APYrod TONOBUHOU
atomoB B — B okTasnapuueckux. Takue uinunenu B(A, B)O, Ha3biBatoT oOpawennbi-
mu. K ¥X 4MCIy nMpUHamIeXUT MarHuTHBIA Xene3nsak Fel'(Fe!!, Fe'™)O,.

XHMHA BOAHBIX PAcTBOPOB. B BOMHBIX pacTBOpPaX UOHBI TMEPEXOIHBIX METAIJIOB
MIPUCYTCTBYIOT B BUIE CJIOXKHON CMECU KATUOHHBIX (DOPM, B COCTaB KOTOPOi1 3aya-
CTYIO BXOISAT U TOJUOKCOTMAPOKCOKATUOHHI, CXOIHbIE C ONUCAHHBIMU BO BTOPOM
TOME y4ye€OHMKA JUISl anlOMUHHUS, CBUHIIA U BUCMYTA.

[Tpoiiecchl, NpOTEKAIOIME IPU THAPOTU3E aKBAMOHA METaJlJla, MOXHO YCJIOBHO
pas3neauTh Ha TPU THUIIA:
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1) cOBCTBEHHO eudpoau3, T.€. IeNPOTOHUPOBAHMUE YaCTH MOJIEKY BOIBI B KOOD-
JUHALIMOHHOM cepe MeTatna (TpeBpalieHHe UX B TUIPOKCOrPYITIbL);

2) noaumepuzauus, NpUBOISLIAsA K 0OpA30BAHUIO TMAPOKCUIbLHBIX MOCTHKOB;

3) noauxkondencayus, cBsi3aHHasi ¢ 0Opa3oBaHUEM OKCOTPYIIN (MOCTUKOBbLIX UIH
TEPMHUHAIBHBIX) 34 CUET OTUICTUICHUS] MOJEKYA BOAbL:

OH, |™ OH,  |¢-b» OH, =2
H,0n..| \\OHZ +H,0 | H,0u. | wOH +H,0 | H,0n. | OH
M _ M _ M
| H,| -HO | -H:O" |H,07 | YoH
2 2 OHZ
Ol—l2 (n~2)+ O]—]2 Ol—l2 (2n — 2)+
HZO""-I\IA-"“OH +2H,0° HZO/,,,_IJA_‘\\\OH/,,._I\IA_‘\\\OHz +2H,0
1,07 | SoH —4H0 1,07 | Yon’" | NoH, ~2H O’
OH, OH, OH,
OHQ H 2n - 4)+
+2H20 l'lell,,_I\l/1 \\\O"r I\l/l ‘\OHZ

OH OH

2 2

KoHeUHBIM NMPOIYKTOM TUIPOJU3a SIBJSETCS TMAPOKCHUI WUAU OKCOTMAPOKCHUI.
CrerneHb TMAPOAM3a BO3pACTAET C YBEAUUEHUEM 3apsiga KATUOHA U YMEHbILICHUEM
ero paauyca, uTO JIErKO 3aMeTUTb, cpaBHUBast pH ocaxaeHUs pa3HbIX IMAPOKCHU-
noB. Hanpumep, ruapokcun Cd(OH), konuuectBeHHO ocaxaaercs npu pH 11,
Mn(OH), — npu pH 8—9, Fe(OH), — npu pH 7, Cu(OH), u Zn(OH), — npu
pH6, Fe(OH); — npu pH 3. Tpex3apsiaHble reKCaakBaKOMIUIEKCHl 3d-METANIOB
[M(H,0)¢]** cyuiecTByIOT B BOIHbIX PACTBOPAX JUILUbL B CUILHOKUCIOM cpene. B pac-
TBOpax COJIEH TPEXBAJEHTHOIO Xe€Je3a, TIPUroTOBJAEHHbIX PACTBOPEHHUEM B Bone 0e3
NpeABAPUTEIBHOIO TIOAKUCAECHHUS, TIPUCYTCTBYET CJAOXHAsi CMECh TMAPATUPOBAH-
Hbix kathuoHoB: [Fe(H,0)¢]*, [Fe(H,0)s(OH)|**, [Fe(H,0),(OH),}*,
[Fey(H,0)5(OH),1*, [Fey(OH)s(H,0)q]*, [Fe;0(H,0)s(OH),]* u mpyrue, a Tak-
K€ KOJNJIOUAHBLIA pacTBOp rMApoKcUaa xene3da. bonee ycTOHUMBBLIMU K THIPOJIU3Y
OKAa3bIBAIOTCH KATMOHBI TAHTAHOUIOB, UMEIOLIIME ropasao 60abiuuil pamep. U3 de-
ThIpeX3apsiIHbIX KATHOHOB B PacTBOPE CYIECTBYET aulib uoH Topus [Th(H,0)e]*.
IMpakTHYeCKU BCe MMIPOKCUIBI d-31EMEHTOB B TOI WUAM MHOI creneHu amorep-
Hbl, T.€. PACTBOPSIOTCS B U30OBLITKE LIENOUU C 0OPA30BAHUEM TMAPOKCOKOMILIEKCOB.
Mapokcuabl ABYX- U TPEXBATEHTHLIX METAINOB 3d-psina B KPETIKMUX LIEAOUYHbIX pa-
CTBOpax O0pa3yloOT TETPArMAPOKCOKOMIUIEKCHI, B KOTOPbIX KOOPAMHALMOHHAA che-
pa MeTaa IOTOAHEHA A0 LIeCTU aByMs monekynamu Boasl ([Fe(OH),(H,0),]7), a
B KOHUECHTPUPOBAHHBIX LIENOYHBbIX pacTBOpax — TIEKCATUIPOKCOKOMILIEKChI
([Fe(OH)¢]*"). Ansa rumpoKCUIOB METAINOB B CTETIEHW OKUCIEHUS +4 U BbILUE Xa-
pakTepHbl KUCAOTHBIE CBOMCTBA, U B LIEJOYHbIX PACTBOPAX OHU CYLIECTBYIOT B (hopme
TETPA3APUYECKUX OKCOMOHOB, Harpumep VO;~, MnOj. 1Byx- U Tpex3apsiaHbie OK-
COUOHDI TIPU MOCTENEHHOM TOAKUCAEHUHU HAYMHAIOT KOHAEHCUPOBATLCS:

2CrO} + 2H* — Cr,0% + H,0
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pu 3TOM Y Hekotopbix MeTaioB (V, Nb, Ta, Mo, W) npoucxoauT U3MEHEHHUE
KOOPAMHALIMOHHOTO 4Kciaa U obpa3oBaHue noauokcomerannatob ([V;;0x]%,
[M0,0,,]% n ap.).

Co cIocoOHOCTbIO ATOMOB IEPEXOIHbIX METAIOB JErKO U3MEHSITh KOOpaAUHa-
LIMOHHbIE YKcaa CBA3aHO 00pa30BaHUE 11€10T0 Kjiacca aHUOHHBIX IMOJUOKCOMETal-
JIATOB, TAKXKE HA3LIBAEMbIX U30MOIUCOEIUHEHUSIMM.

H3onoaucoeounenusn

Tlpouecchl ruapoan3a aHMOHOB BaHaausl, HUOOUSA, TaHTala, MOIUOAEHA U BOJIb-
(¢pamMa B BBICUIMX CTENEHAX OKUCIEHUS NPUBOAST K 00pazoOBaHUIO KOHAEHCUPOBAH-
HBIX MOJMOKCOMETAIATOB, T.€. MHOTOSIEPHBIX AHUOHOB, B KOTOPbIX NMPaKTUYECKU
OTCYTCTBYIOT T'MAPOKCOTPYMNIbI, a npeobaagawr csgzy M—O—M uim M=O0, Ha-
npumep [M0,0,,4]%, [TagOy9]% (puc. 1.22). Yrobbl noaYepKHyTh OTCYTCTBUE B TAKOrO
pona 4acTuilaX KakuX-Jnbo MHBIX aTOMOB KPOME KMCJI0pO[a U META/LIA, UX Ha3bIBa-
10T U30NOAUAHUOHAMU, A KUCIIOTHl U COJMM, B COCTAB KOTODPbIX OHU BXOISIT, — U30NO0-
aucoedunenusmy. N30Nn01MaHnoHbl UMEIOT TPABUIbHYIO reoMeTpudeckylo gopmy u
cocTosT U3 okTasnpoB [MOg| u teTpasnapos [MO,], coennHeHHBIX OOLIMMHU BEpPLIN-
HaMy U pebpamu, a MHOrJa — naxe rpaHsamMu. 3aMedyeHo, 4To H1 B OHOM U30110/IN~
aHuoHe He comepxarcs okTasapbl [MOq] ¢ Oosee yeM ABYMsi KOHUEBBIMU aTOMaMH
KUCJIOPOAa, T.€. peansyercs He 6osee nByx cBsaseit M=Q0 (npasuio Jlunckombay. Ity
KOPOTKUE CBA3U, cTaOUIN3UpOBaHHbIE p,—d,-CBSI3bIBAHUEM, T.€. B3aUMOILEHCTBUEM
3aNONIHEHHBIX 2p-opOuTasieil Kucaopona ¢ BaKaHTHBIMU d-opOuTaisiMu MmeTanna,
BCerma HamnpaBieHbl K BHEIIHEH 4acTv MoJMaHUOHA, o0pa3ys CJI0H KOHUEBBIX aTo-
MOB KHMCJIOpOJA, KOTOPBIE CHJILHO CMELLEHBI OT UEHTPa OKTasapa 3a cuer p,—d,-B3au-
mMoaelcTBus (puc. 1.23). ITH KOHUEBbIE aTOMbI KHCJI0POAA U3-3a pp—d,-CBSI3bIBAHUS
yTpaunBalOT JOHOPHBIE CBOMCTBA, B TOM YMCJEe CNIOCOOHOCTL NPUCOENUHAThL TIPOTO-
Hbl. MHBIMK ciioBaMu, aToMbl, obpasyloune okcorpynnsl M=Q0, npensircTByor 06-
Pa30BaHUIO TMAPOKCOKOMILIEKCOB, T.€. TMAPOJNU3Y U30MNOJIMAHNOHA.

B npoTuBONOMOXHOCTE 3TOMY B Clydyae aTOMOB p-3J€MEHTOB OTCYTCTBYET BO3-
MOXHOCTb p,—d,-CBSA3bIBAHUS, MO3TOMY MX OKCOCOEAMHEHMsI OKa3blBalOTCH HEyC-

a ]

Puc. 1.22. CtpoeHne aHuoHa rekcatantanara [TasO4]% B Bune aromos (a) u B popme
noansapos (0)
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Xz

Puc. 1.23. O6paszopatue cBg3u M=O0 B n30MNonuaHUOHE:
a — p,—d,-B3aMMONeCTBUe; 6 — CMeLIeHHE aToMa MeTalla M3 LieHTPa OKTasapa

TOHYMBBIMU K TMAPOIM3Y, U B BOAHBIX PacTBOpax NpeobaaalnT riapoKCOKOMILIEK-
chl, Hanpumep coctasa [Big(OH) 5(H;0),51%, [Al;;04(OH)y(H,0)0,]™, [Geg(OH)ss)>.

Hnst 3phekTUBHOTO p,—d, -CBA3bIBAHUS TpebyeTcs, YTOOLI aTOM METALIA MME
BaKaHTHBIE d-OpOMTAIM, MOITOMY HE YAUBUTENbHO, YTO NOAABISIONIES GOIBLIMH-
CTBO U30MNOJUCOEAUHEHUH 00pa3oBaHO MepexosHbIMU METAJUIAMU B BBICLUEH CTeMNe-
HY okucieHus. EnMHCTBEHHOE MCKITIOYeHUe TIpeacTaBiseT BaHaauii, a1 KOTOPOTO
OMNUCAHBI U3OMNOJUOKCOAHUOHBI U B CTeNleHU okuciaeHus +4. Ytobsl 061a1aTh cno-
COOHOCThIO 00pa30BbIBATL U30MNONUCOSAMHEHHUS, ATOM JO/KEH MMETh paguyc, Mo3-
BOJISIIOLLMI €MY JOCTUTATh B BOAHBIX PaCTBOpaX KOOpAMHALMOHHBIX YuCe KaK 4, TaK
u 6. TuNbl U30MONMAHUOHOB ONUCAHBI B 1J1aBaX, NOCBSALLEHHBIX XUMUU KOHKPETHbBIX
3J1EMEHTOB*.

* Cm. Takxe: fTon M. Teteponosm- u usonojimokcoMeTaniark. — Hosocubupck: Hayxa,
1990; dobpsinuna H. A. // KypH. Heoprau. xumuu. — 2002, — T. 47. — Ne 4. — C. 577.

Kecmxue u mazxue xucaomol u 0CHOGGHUA

B 1968 r. P. IMupcoH npemioxun yno6Hyo KiaccuUKauyo KATHOHOB M JIUTat-
A0B*. Msrkue KMCIOTbI ¥ MATKME OCHOBAHUS — 3TO MOJIEKYJIbl U4 MOHBI, 06Pa3sy-
OWKE C JPYrUMH YacTULIAMU MPEUMYILECTBEHHO KOBAICHTHbIE CBSI3U; HANPUMED,
uoH Hg** — msarkas kuciota, uoH I~ — msirkoe ocHoBaHue. JKecTKue KNCI0Th (Ca¥™)
v xecTkue ocHoBaHUsl (F7) o6pasyioT NpeuMyecTBeHHo UOHHbBIE CBSI3W. [ AaBHBI
noctynat teopuu IupcoHa NpocT: MATKKE KUCJIOTHI TATOTEIOT K MATKUM OCHOBaHU-
SIM, @ KECTKME — K XKECTKUM. Tak, st Kanbuus HauboJjiee yCToiuup (M HauMeHee
pacTBopum) (propua, a s pTYTM — uoaud. KaTtuoHbl mMeTanioB, oTHOCSILUXCS K

* Pearson R.G. //J. Chem. Educ. — 1968. — V. 45. — P. 643.
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Tadbnuua 1.2
XKecTKHe H MArKHe KHCJIOTHl H OCHOBAHHSA

coéﬂf}igzlnﬁ XKecrkue [TpoMexyTouHbIE Msarkue
Kucnotsl Na*, K*, Ca?*, Mn?, Fe?t, Co®*, Ni*, Hg?, Hg3t, Cu',
APt Sc3t Fe*, Ti*, Cu?*, Zn*, Pb%, Agt, Aut, Pd%, Pt
Ln*, Cr¥+, Co* Sn*, Sb3 Rh* Ru?*| Rh', Ir*, Cd*, TI,
T13+, P4+
OcHoBanus | F-, R,0, H,0, ROH, Br-, py R,S, R;P, CN-,
RO-, RCOjy, SO, SCN-, CO, I, RSS,
NH}, NR}, Cl- S27

lIpumeyanue. R — ankunwubiil pagukan C,H,,.;; py — NUpHaMH.

KECTKUM KucaoTram, o6pasyloT KOMIUIEKCH B OCHOBHOM ¢ O-A0HOPHBIMY JIMTaHaa-

MU, B TO BpeMs KaK MATKUE KUCAOThl — ¢ P-, S-poHopHbimu (Tabn. 1.2).
N-JoHopHbie nuraHabl 3aHUMAIOT TPOMEXYTOUHOE TTosloxeHUE. KecTKocTh 0c-

HOBaHUM M3MEHSETCA B TOM X€ MOPAAKE, UTO U EKTPOOTPULIATEBHOCTb:

P < 8T < N> < O < F-
7 <Br <CI < F

Hcxoas uz nocrynara [MupcoHa MoxHo npeackasarth, yro Hukenb(11) 6yrer 06-
pa3oBbIBaTh Oosiee ycToiiuuBbie aMmmuakarhl, yeM xese3o(I1l), a Komruiekcol naHra-
HOU/OB C AMKETOHAMU OyayT NMpodyHee KOMIJIEKCOB C aMMHaMU. YCTOWYUBOCTD ra-
JIOT€HUAHBIX KOMTIJIEKCOB «KECTKUMX» METAJUIOB B BOAHBIX PacTBOpax BO3pacTaeT OT
nona K ¢gropy, a 11l KOMIUIEKCOB, 00pa3oBaHHbIX «MSITKUMU» METAJIAMU — B MPO-
TUBOTIOJIOXHOM HAaNpaBleHUM.

B 1980 — 1990-¢e rr. P.TIupcoH pa3Bun CBOIO TEOpU10, BBEAS MoHATHE 06 abco-
JIIOTHOM XEeCTKOCTU Y Msirkoctu*. OH onpenenvn adCOMIOTHYIO XECTKOCTh (1) KakK
NOJNYpPa3HOCTh SHEPruv voHu3anuu (/) U cpoacTBa K 2JIEKTPOHY (A):

_I-4
. n D)

OnHaKO KOJYYECTBEHHDIE XapaKTEePUCTUKU XECTKOCTH (M) U MiArkoctd (1/m)
MOoKa He TOoNyYUIM IHUPOKOTro mpuMeHeHusi. Ha ocHoBaHWM aHaIM3a KOHCTAHT yC-
TOMYMBOCTU KOMIUIEKCOB Obljia COCTaBJA€HA** KOJMYECTBEHHAS LIKaNa XEeCTKOCTH
JIUTAH/IOB;

$,07 < CN- =~ I- < Br ~ SCN- < NH; < py < OH" ~
~ CO¥ < HCO5< CH;COO" < H,0 < F~

* Pearson R. G. // Inorg. Chem. — 1988. — V. 27. — P. 734.
** Martin R. B. // Inorg. Chim. Acta. — 2002. — V. 339. — P. 27.
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1.2. KOMILIEKCHBIE COEJUHEHHNA INEPEXOJHBIX DJIEMEHTOB

BaXHOE MECTO B XMMHH TIEPEXOAHbIX 3JIEMEHTOB 3aHUMAIOT KOMNAEKCHble COeoU-
HeHus, T.€. COEAMHEHMs, B KOTOPBIX aTOM MeTajia (ero HasblBaloT KomMnaexcoobpa-
306amenem) KOOPAMHMPOBAH OJHNM WIIM HECKONBKUMM Au2aHdamu — MOJIEKyIaMHU
WIM MOHAMHM, CTIOCOOHBIMM K CaMOCTOSITENIbHOMY cyulecTBoBaHMio. IlepBoHadaiib-
Hble CBEAEHMS O KOMILIEKCHBIX COEAMHEHUSX TIPUBEAEHBI B IEPBOM TOME Y4eOHMKA.

Huxe npeacTaBieHpl Haubosee pacnpOCTPAHEHHBIE JIMTAHABI

H,O NH; OH- NH; X (X=F,Cl, Br, )
Boaa AMMMAK luapokcua Amu FanoreHun
O S- R R
R—C{ NR,—C{ YO
(0] S 0] O
Kapboxcunaar Juankunauruokapdamar B-JdukeroHar
(R = CH; — anerunaneroHar, acac)
H,N—CH,—CH,—NH, HZN—CHz—CHz——NH—CHZ—CHZ—NH2
DruieHaMaMuH (en) JOustuneHtpuaMuH (dien)
0 o
~ e
O/C—CHz\ /CHz_C\
O O O N—CH,—CH,—N
_ XN - =
sl o CTCH CHf—cio_
AHUOH LIaBEJEeBOH KUCIOThl  AHUOH STUIIEHAMAMHHTETPayKCyCHOM KUCIOTHI
(okcanar, ox) (oTUNEHAMaMUHTETpaalleTar, edta)
/N / N/ \ ( \g ;’ §
= =—N N= ==N N=
[Mupunu (py) 2,2’ -bunvpuanun (bipy) 1,10-®enanTponrH (phen)

Osal

Tpudenundocdux (PPh;)

(i? c=0 C=N
KapboHun Linanun

TuxJioneHTagMeHua (cp)

JluraHapl pa3aMyaloTcs Mo Mpupojae A0HOPHBIX ATOMOB (Yalile BCETO, 3TO aTOMBI
KUCIopoaa, a3oTa, xjiopa, (ocdopa) M no mx yucay. Yucno QOHOPHBIX aTOMOB
JMTaH1a, XMMUYECKHM CBSI3aHHBIX C aTOMOM MeTa/lla, Ha3plBaloT JeHmamHocmoio.
Hanpumep, aMMHaK sIBAsIETCS. MOHOAEHTATHBIM JIMTAHAOM, 3THIEHAWaMUH — ou-
JEHTATHBIM, a STHIEHIMAMMHTETPAAUETaT— reKcaieHTaTHpIM. MHOrMe nuraHasl,
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coaepxaiime 6ojiee OOHOro JOHOPHOTO aTOMa, KOOPAUHUDPYIOTCSI OTHUM U TEM XK€
aTQMOM MeTajlia, 06pasyst ¢ HUM XeJaTHbli LMK Takue auranabl HasbiBaIOT Xead-
mupyrowumi, a KOMIUIEKChbl ¢ HUIMU — Xeiamamu. XeNaTbl OKa3blBalOTCs TEPMOAK-
HaMUYECKU U KUHETUYECKHU Gojiee YCTOMUYMBBIMU, YEM AHAIOTHUUHBIE KOMILIEKCHI C
MOHOJEHTATHbIMM JIMTAHZAMMU. DTO sIBJICHUE HA3bIBAIOT XeaamubiM 3¢pghexmom. B Ka-
4yecTBe MpUMEpa MPUBEIEM 3HAUEHUS! KOHCTAHT YCTOHUMBOCTH (K.) ABYX KOMII-
JIEKCOB -— C 3THJECHAWAMUHOM W aMMHUAKOM:

HzN/\/ 2+ NH, 2+
HzO/l,.,Ilqi,.n\\NHz Hzo’l"‘ll\li"“\NH3
H,07 | ““OH, H,07 | oH,

OH, OH,
Ko =510 Ke=1,5-10°

YBeIuvyeHne KOHCTAHTh YCTOMUMBOCTY KOMILIEKCA € STWICHIMAMUHOM OObsIC-
HSIETCSl BO3PACTAHMEM SHTPOIMHU IIPX YBEIHUCHUM YMUCIA YaCTULL B PACTBOPE B pe-
3yJIbTAaTE PeaKLMK 3aMELLICHUS:

[Ni(H,0)¢]>* + en z== [Ni(H,0),en]? + 2H,0
[Mpu 06pa30BaHMK AMMUAKATA YUCJIO YACTHMI] B PACTBOPE HE U3MEHSETCH:
[Ni(H,0)]*" + 2NH; == [Ni(H,0),(NH;),]** + 2H,0

Hdpyroii npuunHoi xenatHoro agdexkra CIyXMT KpaliHe HU3Kasi CKOPOCTh pac-
KPbITUSl XEJIATHOTO LMKJIA. JIucconualys XeJIaTUPYIOIUero JuraHaa NMpoTEeKaeT B -
HECKOJIbKO CTaAuii, MPUUEM Ha MEPBOA CTaAWMM METALT ellle KOOPAUHUPOBAH OJ-
HUM K3 JTOHOPHBIX ATOMOB JIUTaHIa. DTO He IMO3BOJSIET APYroMy JOHOPHOMY aTOMY
OTOMTH OT METAJJIA Ha 3HAYUTEIBHOE PACCTOSIHUE U AejaeT Gojiee BEPOATHBIM M10-
BTOpPHOE 00pa30BaHKE XEJIATHOTO LIUKJIA:

i NH; %
2+ 2+
HzN/§ +H,0 H,N +H,0 OH,
HQO/I,.,Ilq...\\\NHz kl H2O”'-. | '~““OH2 k2 HzOn,,_ | .‘.\\OHz
” 1\ e — /Nl\ P — /Nl\
H,0” | YoH, koi H,0” | OH, k; |H,0” | YOH,
OH, i OH, ] —en OH,

31€ech KOHCTAHThl CKOPOCTH MpsAMOI U o6paTHOM peakumii paBHbl: k; = 0,14 ¢,
ky=12-10°c!, ky=15¢!, k, =900 c".

HexoTtopbie mpocTble auranasl, Hanpumep, OH-, F-, ClI-, O*, CO yvacto Bhi-
CTYNaloT B POJM MOCTUKOBBIX, CBS3bIBAsl CPa3y HECKOJIBKO METAIIOB MPU MOMOLIM
OIHOTO IOHOPHOTO aToMa. B cnenuanbHol 1uTepaType 370 0603Ha4al0T BBEACHUEM
B Ha3BaHUE KOMILIeKCa Mepel Ha3BaHUEM JIMraHaa rpedyeckKoil OyKBbl | ¢ MHICK-
COM, YKa3bIBalOILMM YMCJIO CBSI3aHHBIX aTOMOB MeTayuia. JIMraHAbl, COAepxKalliue
HECKOJIBKO JJOHOPHBIX 1IEHTPOB, CTIOCOGH bl 06pa30BbhlBATH MOCTUKH U IPYrOro poaa,
o6o3HavyaeMbie OYKBOH 1)
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Mo-T'napokco- u3-Kapbonuii- ps-Oxco- 1,-Tlepokco-

Teopud KpHCTAIHYECKOro nmojd. [TpocTbIM M HaIISIAHBIM CIOCOOOM OMUCaHUs
CTPOEHMSI KOMIUIEKCHBIX COEAUHEHUMN CIYXWUT TEOPUsi KPUCTAUIMYECKOTO Mo
(TKII). OHa ucxoauT U3 NpeanoNoXeHus 06 3MEKTPOCTaTUUECKOM B3aUMOAECIHCTBUN
d-opburaseil aromMa Meralia ¢ JUraHaaMM, paccMaTpUBA€MbIMU KaK TOYEUHbIE
oTpUuaTeNbHbIE 3apsaapl. B none chepruueckoil cuMMeTpUU BCE MATh d-opOuTaleit
BBIPOXIEHbI (006J1a1a10T OJMHAKOBOMH 3Hepruei). B OKTasaApUYECKOM TIOJIE U3-3a
MOHUXEHUSE CUMMETPUM BBIPOXIECHUE CHUMAETCS, U OpOMTAIU pa3fensiorcs Ha
ABE Ipynmbl: obnagatoume 6onbuie (d:, dxz_yz; uX 0603HAYalOT €,) U MEHbLIEH
(dy, den dy;; MX 0003HAYAIOT f,) BHepruen. PasHocTh 3Hepruil opbuTalelt npen-
CTaBIsIET COOOW napamemp pacujensenus okmasopuveckum noaem, 0O6O3HaYaeMbii
A,, iy 10Dg, KaK 310 NPUHSITO B CIIEKTPOCKONUU. f~OpduUtanu B OKTadApUYECKOM
NoJie paclerIsioTCss Ha TPU SHEPIeTUUYECKUX YPOBHs, ODO3HAYACMbIC i, lig, by
(puc. 1.24). p-Opburanu He pacuIeTISIOTC.

BbIUIphilll SHEPruy npu nepexone U3 cHhepuueckoro nosast B OKTa3apuyeckoe,
BbIPAXXEHHbIA B €AMHULAX A,, HA3bIBAIOT 3Hepeuel cmabuiu3ayuu Kpucmaiiu4ecKum
nonem (SCKIT). 3anonHenue h,- u e,-opbutaneil snekrpoHamu d'—d* n d8—d"
IPOUCXOAUT B MOJHOM COOTBETCTBUM C NpaBuyiom XyHaa. [Ipu 21€KTPOHHBIX KOH-
durypauusx d*—d’ Bo3moxHa albTepHaTUBa — 3JEKTPOHbI MOTYT CMlapuBaThCs,
OCTaBasiCh Ha f,~yPOBHE C 6oyice HU3KON SHEPTrUeH (3TO MPUBOAUT K 0OPa30BaAHUIO
HU3BKOCNUH08020 KOMILIEKCA), WK 3aMOJHSATh SHEPreTHYeCKU MEHee yCTOMYUBBIA
€,-ypOBEHb (TaKOil KOMIUIEKC Ha3blBAIOT 6b/COKOCHUHOBbIM) (PUC. 1.25). Kakoii u3
IABYX TIPOLECCOB PEAIU3YeTCst, 3aBUCUT OT COOTHOIUEHUS 3Hepeuu cnapusatus (P),
T.€. SHEePruy, 3aTpauyMBaeMoll Ha crapyMBaHUE 3JEKTPOHOB, U NapaMerpa pacuiern-
nenust A,. Eciu A,> P, o6pasyeTcsi HU3KOCTIMHOBbBIH KOMILIEKC; ecin A,< P — BbI-
COKOCIUHOBBINA. DHEPIrus capvBaHUst 3aBUCUT OT 3apsaa UOHA: JUist TPeX3apAaHbIX
KaTUOHOB OHa BBILIE, YeM ISt AByX3apsAdHbIX (Tabn. 1.3).

[MapaMerp paclliernieHUst OKTadAPUUECKUM MOJIEM PE3KO BO3pacraeT Npu mnepe-
xone oT 21eMeHTOB 3d K 4d 1 5d, Tak Kak C poCcTOM pa3MepoB d-opOuTalieil yCuiu-

Puc. 1.24. ®opma f~opOutasneii:

a — xyz, 2x2— ), (- ), x(Z-y); 6 — X°, ¥, 7%, 6 — pacuwennieHue f~opbuTaneit B OKTadApUe-
CKOM TIONE

32




[Fe(CN)gl*

— ———— Q

A <P A, P
BricOKOCTTMHOBDIM Hu3kocnuHOBbIH
KOMILIEKC KOMILIIEKC

Puc. 1.25. Cxema 06pa3zoBaHKs BLICOKOCIMHOBOIO U HU3KOCITUHOBOIO KOMILIEKCOB

BaeTCs UX BJICKTPOCTATHYECKOE B3aMMONENCTBIE (OTTAJIKMBaHME) C iuraHiaMy. Bee
KOMIUIEKChI TSXeNbIX (4d, 5d) nepexogHblX METAUIOB HE3aBUCHMO OT MPUPOABI
JMraHjla HU3KocnMHOBbIE. [lapaMerp pacilierieHust pacTer ¢ yBeIUUYEHUEM CTerne-
HU OKHUCJIEHUsE UEHTPAIbHOTO aToMa. YeM Bhllle CTenelb OKUCIEHUs MeTallla, TeM
BbILLIE 3apsiA KaTUOHA, TEM MEHbLIE €ro PaAuyC U CUJIbHEe OTTAIKWMBAHUE MEXIY
JIMTAaHAAMHU U €,~3JIeKTpoHamu (Tabi. 1.4).

Bonbiioe BaMsiHMe Ha mapameTp pacllemieHus A, OKa3blBaeT Mpupoaa JMraHaa
(puc. 1.26). UmeHHo 3TOT (hakTOp B GOJBLUIMHCTBE CllydyaeB TOMUHUPYET y 3d-ane-
MeHTOB. [lo 3HaueHulo A, nUraHabl pacmosiaraloT B CMEKTPOXUMUYECKUN DS,
B Hayajle KOTOPOTrO Haxonastrcst cjabble G-IOHOPbI, B [IEHTPE — CUIIbHBIE G-10HO-
Pbl, @ B KOHLE — CHJIbHbIE T-aKLEMTOPHI:

I-<Br <$*<CI"<NO3;< F-<OH < C,02< H,0 < NH;< en <bipy < phen < NO;< CN-< CO
| | ! |

Cna6oe nose /

CpelnHee none

CunbHoe moste

YBenuueHue napameTpa paciueIuIeHus A,

Jlvranabl cnaoro noust ¢ anemeHtaMu 3d-psina o6pasyloT, KakK NpaBUJIoO, BbICO-
KOCITMHOBbI€ KOMIUIEKCHI, a JIMTAHJbl CUJIbHOTO TOJISi — HHU3KOCTIUHOBHIE. Pazinu-

Ta6auua 1.3
DHePruH cnapHBauus s HEKOTOPHIX HOHOB B ra3oBoi ¢ase, cm!

DNeKTpoHHast M2+ M3
KoHpuUrypauus uoHa
d* 23 500 28 000
d? 25500 30000
d° 17 600 21000
d’ 22 500 27000

[pumenanue. B KOMILTEKCHBIX COCAMHEHHSX SHEPrUs criapuBaHus Ha 15— 30 % HuXe U3-3a KOBa-
JICHTHOTO BKJIaAa B CBS3b MeTaysni—auran; | k/Ix = 83 cm.
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yue MEXIY HUMH CKa3bIBAeTCs Ha DJIEKTPOHHOM CTPOEHHUU KOMIUIEKCOB JIMLIb 115
KoHpurypaunii d*—d’. '

[Fe(H,0),*" (d°) [Fe(CN)gl* (d°)
BbICOKOCMMHOBLI# KOMILIEKC Hu3K0CMUHOBbIA KOMIIEKC
(H,0 — nuranp cxaboro noJsi) (CN- — sMraHj CHJILHOIO 10jis)

TaGauua 1.4
Tapamerpsl pacmelieHusi H OKPacKa aKBAKOMILIEKCOB d-3JeMEeHTOB*

BIEKTPOHHAasA

nt+ ~1 o «
KOH(Urypauusa MoHa M Ay, cM Okpacka

Axeaxomnaexcovi 3d-anemenmos

d! Ti** 20300 duoneroBas
d? V3+ 18000 3eneHas

a3 \%ad 11800 ®duoneTosad
d’ Cr3+ 17400 »

d* Mn?* 21000 BuiuHeBast

d* Cr* 14 000 Cuuss

o3 Mn?* 7500 BrenHo-po3sosas
d’ Fe** 14 000 BecupetHas
de Fe2* 10 000 BrenHo-rony6ast
d¢ Co* 20760 Cunusas

d’ Co? 9200 PosoBas

d? NiZ+ 8600 3eneHad

d® Cu? 13 000 CuHsas

d'® Zn* 0 BecuBeTHas
d'® Cu* 0 »

Axgaxomnaexcol 4d-, Sd-anemenmos

d’ Mo** 26000 BrenHo-xeras
d? Ru3* 28 600 3eneHas

d Rh?+ 27200 XKenras

d¢ I+ 32 000 OnuBKOBast

d? Pd2+= — JKenro-opaHxeBas
d'® Cd** 0 becuseTHast
4" Hg 0 »

d Ag* 0 »

* TlpsaMasi KOppesauys MeXIy 3HA4CHUAMHU A, ¥ OKpACKO# KOMILICKCOB HaG01aeTCA Jivilb 414
koHdurypaunit d' n d°.
** He oOpa3syeT OKTa3lpHYeCKMX KOMILIEKCOB.
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Puc. 1.26. U3amenenue napamerpa paciuerie- £ -
HUSl B 3aBUCHUMOCTH OT CWJIbl JIMraHpa A ]
psiaa oKTadapudeCKux koMruiekcon xpoma(lll)
= =3 s
3 (&3 Qo O (&3
d o oo o
(=1 (=== (=]
<+ v on ~
~ — e \O
— N N o
\
\

F~ H,O NHjen CN~
Cuna nvrasja

JIuraHabl CpefHEro nosis B 3aBUCMMOCTH OT YCJIOBUI (3apsaa v npupobl LEHT-
paJIbHOTO aTOMa) MOT'YT 00Pa30BbIBaTh KaK BbICOKOCIIMHOBbBIE, TAK U HU3KOCIIUHO-

Bbl€ KOMIILJIEKCHI.

Ha OoCHOBaHMM TeOpUU KPUCTALIMYECKOrO MOJA caejlaeM INpealojoXeHWe o0 3MeKT-
POHHOM CTpOeHMM MoHOB rekcaammuHkobanera(ll) (A, = 10200 cm~', P = 21000 cm}) u
rekcaaMmmuHkodansTa(11l) (A, = 22870 cm7!, P =22500 cm7').

AMMUMaK — JIMraHp CpPemHero Nojis U B 3aBUCUMOCTU OT CTENEHU OKMCACHMS MeTalia
MOXeT 00pa3OBbIBATb KAK BBICOKOCIMHOBbIE, TAK MU HU3KOCIIMHOBbIE KOMILJIEKCHI. Bblsdc-
HUM, KakMe KOMIUIEKChbl OynyT IHepreTuuecku Oojiee ycroituumsbl mist xobanbra(ll) u
kobanera(Ill). Jdias 3TOro CpaBHUM JHEPIUM CTAOUIM3ALUU KPUCTALIMYECKUM nosiem (E)
KaXA0ro U3 UOHOB B CHJIbHOM U CJIaboM MoJie:

I} [Co(NH;)el* (d6)

4 F

CuibHoOe noJie Cnaboe noJie

E(cunbHoe mose) = ~6-2/:A, + 2P = —6-2/,-22870 + 2-22500 = -9 888 cm!;
E(cnaboe nose) = —4-2/:A, + 23 /A, =—4-2/5-22870 + 2-3/- 22870 = -9 148 cM';

SHEPreTUYECKUI BBIMIPbIL OOJible B Cllyyae HU3KOCIMHOBOIO KOMILIEKCA;
2) [Co(NH;)e}** (d7)

to- '

B o+

CuiibHoe noJie Cnaboe nose

E(cunbhoe none)y = ~6-2/A, + 13/, + P=—6-2/-10200 + 1-3/- 10200 + 21 000 =
=2640 cm';

E(cnaboe none) = -5-2/A, + 2354, = =5-2/-10200 + 2-3/5- 10200 = -8 160 cM';

SHEPreTUYECKMI BBIMIPHIL OOJIbIIE B CIyYae BBICOKOCIIMHOBOFO KOMILIEKCA.
Takum obpasoM, koMrieke [Co(NH;)e]* aBnsierca HU3kocnuHoBbIM, a [Co(NH;) ] —

BbICOKOCITUHOBBIM.
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by

Hu3kocnuHoOBBIE
KOMTILUIEKCHI

2P - 24,

BBHICOKOCTIMHOBBIE
KOMTIUICKCHI

0 A,=P
Cuia aurasia

Puc. 1.27. U3MeHeHUe 3HePruu CTaBUIU3aUMK KPUCTALTMYECKUM TTONEM B 3aBUCUMOCTH OT

CM/IbI JIMFAHAA JUISi BHICOKOCTTMHOBBIX M HM3KOCITMHOBBIX KOMILIEKCOB C KOH(Urypauuen

MoHa MeTania db (oGnacTh, B KOTOPOH BO3MOXHO CYLIECTBOBAHME OOOMX COCTOsIHMH, 3a-
IUTPUXOBAHA)

DHeprus CTabuIM3auUN KPUCTA/UTMYECKHMM MMOJEM BO3pACTacT ¢ yBEIMYCHHUEM
napaMeTpa A,, OAHAKO paIMuHbIM 06pa3oM JUisi BbICOKOCIIMHOBOIO M HHU3KOCIHH-
HOBOTo cocTogHUM (pHc. 1.27). O6uacTb BOIU3U TOYKH NEPECEUCHUsI NBYX MPSIMbBIX
Ha puc. 1.27 COOTBETCTBYET KOMILIEKCAM, CMIOCOOHBIM CYHIECTBOBATD KaK B BbICOKO-
CIHUHOBOM, TaK U B HU3KOCIIMHOBOM COCTOSIHUH.

TpHUMEepOM MOXET CIyXUThb THOLMAHATHBIA KomIieke xeesa(ll) ¢ 1,10-peHAHTPONUHOM
Fe(phen),(NCS),, KoTtopblii Mpy HU3KHUX TeMIlepaTypax BBICOKOCTTMHOBbIM (MapaMarHuT-
Hbli1), a Py MOBLILIEHUU TeMIlepaTypbl — HW3KOCMMHOBBIHA (1MamMaruuTHblil)*. U3mMeHnenme
MYJIBETUILIETHOCTH COMNPOBOXAAETCA U3MEHEHUEM MEXATOMHbIX paccTOsIHUA U reOMETpUH
KOOPIMHALMOHHOTO OKPYXEeHMS: HU3KOCTIMHOBBI KOMIIEKC NPENCTaBasieT cobo¥ npasuiib-
HbIi OKTA34p, 4 BBICOKOCITMHOBBIH — WCKaXEHHBIH OKTAdAP. O6partHbI# Mepexon B BHICOKO-
CTIMHOBOE COCTOSIHME BO3MOXEH MO/ ACHCTBUEM BBICOKMX IaBeHMI UK u3nydeHus. B Ha-
CTOSIIEE BPEMS U3BECTHO HECKONBKO [ECSTKOB MONOGHBIX CUCTEM.

['oBops O G-AOHOPHBIX U M-aKUENTOPHBIX CBOMCTBAX JIUTAHIA, Mbl BBILIK 33
PAMKH TEOpHM KPUCTAJUTMYECKOrO MOJIsl, UCTOJIb3Ysl N10AX0Abl METONA MOJICKYJIAP-
HBIX OpOHTaNEH TIPUMEHHUTENIBHO K KOMILUIEKCHBIM COCAMHCHMSIM (cM. 1. 1). Hanom-
HHM, YTO KapTHHA pacllelieHus d-opouTaieii siBnsercs GpparMeHToM obwen cxe-
MBI MOJIEKYJISIDHBIX OpOUTAIEl B OKTa3ApUYECKOM KOMILIEKCE, I'nc he-opbuTaN
pacCMaTpPMBAIOTCS KaK HECBSI3bIBAIOUIME, & €,-OpOUTAIM — KaK PaspbiXJisouine.

B 00pa30oBaHMM CBA3CH B OKTAa3IPMUECKOM KOMILleKce O3 m-CB3bIBAHUA YUaCTBYIOT 5-,
p- M d-opbuTann MeTalaa W Mo OgHOM OpOUTAIM OT KaXJAOro JuraHaa. M3 15 aToMHBIX
opBuTaneit obpasyerca 15 MOJIEKYJISPHBIX, WIECTb U3 HUX (Aig fy, €g)** O-CBA3bIBAIOLIME,
TPU (t,,) — HecBsA3blBaKOWME U LIECTD (ef, 1%, afy) o-paspblxsiolne. CassblBaonue opou-
TaqM MO 3Hepruu O1Mxke K OpOUTAISAM JMraHIa, a HECBA3bIBAIOLME JOKATU30BAHBI MpeH-
MYLLIECTBEHHO Ha aToMe MeTalna. DHeprust opoutaneit dyy, dy, dy, () MeTalna npu obpazo-
BAHWM KOMILIEKCA MPAKTUIECKU HE UBMCHSCTCA.

* Marchivie M., Guionneau P., Howard J.A.K. et al. // J. Amer. Chem. Soc. — 2002. — V. 124. — P. 194.

** BykBa B 0603Hau¢HUM OpOMTaleH YKa3blBaeT Ha CTENEHb MX BBIPOXICHHOCTH (f — TpvKAb
BbIpOXIEHHBIE, e — [Baxbl BHIPOXICHHBIE, 4 — HEBBIPOXACHHBIE) U HAa HATU4YHE LIEHTPa CUMMET-
pUM (g — CUMMETPUUHBIC, 4 — HECUMMETPUUHBIE).
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Puc. 1.28. ®parMenTb IMarpaMMbi MOJIEKYJISIPHBIX opOuTaeil as KomIuiekca kodansra(I11)

C C-JIOHOPHBIM JIUTAHAOM (@) U G-NOHOPHBIM T-aKLENTOPHBIM JIMTAHIOM (6)

6H,0

napametpa A, (puc. 1.28)

Hanudue y nuranna HM3KOW MO DHEPTUU BaKAHTHOM OpOUTAIM, CXOLHOM MO
CUMMETPUU C OPOUTANAMU MeTallia, MPUBOIUT K MOHUXKEHUIO 3HEPTUU 1y,-0p6u-
o .1

b
TAJICH, NMPAKTUICCKH HE BIUAA Ha eg—0p614TaJm TCM CaMbIM YBECJIMUYKBasi 3HaUeHUE
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Komnaexcot ¢ maxpouuxkauieckumu auzanoamu

Maxpouurauseckum Ha3bIBAIOT UMKIIMYECKUE NOTUACHTATHBIS IUTaHbL. K ux uucny
OTHOCST LMKIMYECKHe MOJMAMUHbI, KpayH-2(MUPbl, KPUIITAHbI (cM. T. 2, 1. 2) M
nopbupuHbl. B 3aBUCMMOCTH OT pa3Mepa MOJOCTU B JjMraHae U MOHHOTO paauyca
MeTania o6pasyloTCcsi KOMILIEKChl, B KOTOPBIX LEHTPATbHbIA aTOM HaXOANTCS BHYTPH
MaxKpouMKia uau Haa HuM (puc. 1.29). Hanpumep, nony Li* onTMManbHO COOTBET-
cTByeT pasmep nojoctu |2-kpayH-4, oy Na* — 15-kpayH-5, noHy K+ — 18-kpa-
yH-6. B 3TUX KOMILIEKCHBIX MOHAX aTOMBI MeTaJljla JIilib He3HAYNTEIbHO BBICTYNAIOT
U3 MIOCKOCTH MAaKpPOLMKJIA, YTO MPUBOAMT K BBICOKUM 3HAYEHMAM KOHCTAHT yCToii-
uMBOCTH. B TO e BpeMs No10CTh 18-KpayH-6 He CrocobHa BMECTUTH MOHBI TSXKETBIX
LIEJOUHBIX METain0B, Hanpumep uesusi. No3ToMy LE3MEBHIl KOMILICKC MEHee
ycToitunB. KOHCTaHTBI yCTOHYMBOCTH KOMIJIEKCOB C MAKPOUMKINICCKUMU JiMratia-
MU Bblllle KOHCTAHT YCTOHUMBOCTM KOMIUIEKCOB HELMKIIMYECKUX JINTAHI0B C paB-
HBIM UMC/IOM JOHOPHBIX aTOMOB M CXOIHO# CTPYKTYpOIA. Aro ABjleHUe NOJYUMIO Ha-
3BaHMe MaKpouukauieckoeo sggexma. B caydae eciin painyc aroma meraiia ueanb-
HO COOTBETCTBYET pa3Mepy MoJ0CTH, 06pa3oBaHMe KOMILIEKCa ¢ MaKPOLIMKIOM 3Hep-
reTHUecKy Gojee 6JaroMpUsTHO, 1aXe HECMOTPS Ha YMEHbUIEHHE SHTPOMHU.

i o
NH NH
NH NH N
N K Ni
/Nl\ VAN
N NH
N N H
L H H, |
L —
ngycT = 15’3 ngycr = 2212
AH° =-71 xx/Moib AH° =-130 k[x/Mo1b
TAS® = 17 xIx/MOjb TAS® = -2,5 xJ1xk/MoOj1b

Eciin pasMep MOJIOCTH He MO3BOJISICT aTOMy MeTaia BOITH B Hee, IJIABHOE 3HA-
yeHMe MpUobpeTaeT SHTPOMUIAHBIH (paKTop. HewuMKIMUYeCKUil AWraHag HaxonuTcs B
MOCTOSIHHOM BpaleHWM BOKPYI OIMHAPHBIX CBsi3el, mnd oOpa3zoBaHUsl KOMILIEKCA

Dodexr Ana—Tennepa. B 1937 1. I.A.8I4 u D. Tennep nokaszanyu T€OpeMy, CO-
[acHO KOTOpOil JioGas HEeMMHEeHHasi MOJIEKYJa B BbIPOXICHHOM 3JIEKTPOHHOM
COCTOSHUM HEyCTOMYMBA U CAMOTNIPOU3BOJIBHO MPETEPNEBACT HCKAXEHUC, MOHWXa-
JoILEe €€ CUMMETPUIO U MPUBOASIILEE K CHATUIO BBIPOXKACHHU . Teopema NpeACKa3bli-
BaeT JUILb caM (PAKT CHATHS BbIPOXKICHHUSI, HO HE yKa3blBACT, KAKUM 006pa3oM OHO
6yner custo. Ha ocHoBaHMU 3TOH TEOPEMBbI 61O OOBICHEHO UCKAXEHUE OKTAdn-
pUYECKOI TEOMETPUU psina KOMILIEKCOB, a caM (haKT HAJIMYMSI TAKOrO UCKAXEHUs
noayuun Hassanue sddekra Ana—Teanepa. OO6paTUMCst K TIpUMEpy.

Kommiekesl meau(Il) ¢ kondurypauuen d®, Kak TmpaBwio, HE MPEnCTaB/sAIOT
co00i1 MpaBMJIbHBII OKTA31p, 8 BBITSIHYTH WK CXaTbl 110 oaHoit u3 oceit (puc. 1.30).

PaccMOTpMM CJIydail BBITSSHYTOTO OKTasapa. YaaieHue JIUTAH0B, PaCMOIOXEH-
HbBIX [0 OCH Z, BBI3BIBAET CHSITUE BBIPOXICHUSI BCIECACTBUE MU3MCHEHUS IHEepPrui
opbuTaeit. OpbuTanu, HanpasJIeHHbIE MO OCH Z (dyp» dye, d,2), ciabee B3aUMOEH-
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Puc. 1.29. CrpoeHre KOMIIEKCOB IIENOUHBIX METALIOB C KpayH-3(UpaMHu:

a — [Li(12-kpayn-4)Cl]; 6 — [Na(6eH3o-15-kpayn-5)(H,0)]I; 6 — [K(auGenso-18-kpa-
yH-6)I]; ¢ — Na[Cs(18-kpayH-6),]

OH [OJKEH NMpUOOpecTH omNpefesiceHHY KOH(POPMALIUIO, T.€. YMEHbIUUTb 3HTPO-
nui. B ciiydae MakpoOUMKIMYECKOTO iMraHa Takasg KOHGOopMamus yxe 3ahUKCHpO-
BaHa 3apaHee, TaK KakK BpaumeHHUE B UKJIE HEBO3MOXHO*.

* Constable E.C. Coordination Chemistry of Macrocyclic Compounds. — Oxford: Oxford
University Press, 1999.

0,231 um NO, 0,205 HM

O,N NO,

4 an
Yt W

0,205u%  .Cu. 0,205 HM

O2N{ ‘\\41\102
0,205 M 0,231 uMm

NO,

Puc. 1.30. MckaxeHue oKTasapHuecKoii reoMeTpuu KoMiiekcos meau(11)
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da_p CTBYIOT ¢ OpOMTANIEMM JIMTAHAOB MO CpaBHe-

/dx;// """" T HUIO C OpOMTANSIMU, HE UMEIOMIUMU Z-KOM-

€ — —=_dp MOHEHTBI (dyy, d,2_,2), W TIOITOMY MOHMXa-
A, N P dyy 10T cBoIO 3Hepruio. Ilapa opburaneit onvHa-

. /T/X\ dp KOBOM CUMMETPHUHM, UMEIOMMUX Z-KOMIOHEH-
B— Y T == 1y (dy, d,;), OCTa€TCSA BBIPOXACHHOW U MNpHU-
dy dy; e —  0BpeTaeT NoBblIeHHYIO 3Hepruto (puc. 1.31).

de dye ekt Sna—Temnepa ¢ HauGobLeH CU-

Oxrasnp Hc';i_’r‘;ea‘;‘;”m KBanpat  ;10j1 nposiBsiercst B KoMmIuieKcax ¢ HepaBHO-

LICHHO 3aMOJHEHHBIMU €,-OpOUTANIIMH, T.€. C
Yaanenue TMraHaoB 1o 0cH Z KOHOUTYpaLUsIMHU tfge; (COOTBETCTBYET HUOHY
d* B cnabom none: CrCly, KsMnFy), #,¢] (co-
OTBETCTBYET MOHY d°: MPAKTHUUECKHU BCE KOM-
mekenl meaun(1l)) u e} (coorBercrByer nony
d’ B CWIBHOM NOJIE; BCTPEYAETCsl PeliKo, Ha-
npuMep K;NiF). HeznauutensHbiit addexr Ana—Tennepa XxapakTepeH 1Jig KOMI-
JIEKCOB C HEPABHOLIEHHO 3aMOTHEHHBIMU b,~OpPOUTANIAMH, T.€. i NEKTPOHHbIX
Kondurypauuii #, (d"), 13, (d?), 3, (d* B cunbHoM mone), 55, (d° B CUIbLHOM TI0JIE),
t%eg (d° B cnabom none), fe? (d7 B cnabom noie). Moubl ¢ konburypauusmu d* u
d> B cnabom none, d> u d® B cwibHom none, d® n d'° HU NpU KaKUX YCIOBUSIX He
SIBISHIOTCSE SIH-TEJUIEPOBCKHUMH.

Puc. 1.31. ameHeHue 3Hepruu d-op-
Outajieil NMpU MCKAXEHUM OKTa3mpa

Crporo ropopsi, Aulllb KOHPUTYpauuu d> u d® (B CUIbHOM Mosie) Beerna obecrneynBaroT
MPaBUJIbHYIO OKTA3APUUECKYIO reoMeTpHio. OKTasqpruueckue KOMILIEKChl ¢ KOHhUrypanms-
MU d® 1 d'" MoryT npeteprneBaTh UCKAXEHUE B pe3yjibTate NeicTBUs agpexma Sna— Teanepa
6mopoeo poda. DToT 3 deKT BbI3BAH UCKAXECHUEM OKTa3pa BIOJb OCH TPEThEro MOPSNKa B
pesyJibTaTe B3aMMONCHCTBUS e,-opOuTanu C s- U p-OpOUTANAMU W NPUBOIMUT K KOOPIMHA-
LMOHHOMY MOJM3OPY B GOpMe TPUTOHATBHONH AHTUTMPHU3MBI.

Ddbdexr Ana—Tennepa nposBIsieTcs: B HEPAaBHOLEHHOCTU JUTMH CBA3€il BO MHO-
rux kommiekcax mean(ll) n mapranpa(I1l), B HOMOHOTOHHOM M3MEHEHUN CTYNEH-
YaThIX KOHCTAHT YCTOMYMBOCTM KOMIUIEKCOB. Hampumep, B 6e3BOIHOM XJIOpUAE
meau(ll) aToM Meau oKpyXeH IeCTblo aTOMaMM XJ10pa, YETbIpe U3 KOTOPBIX HaXo-
asTes Ha paccrosHun 0,230 HM oT aroma Mmeau, a ABa APYIUX YAAJEHbl OT HEro
Ha 0,295 um.

H3sBectubl komiiekcesl Megu(Il) ([Cu(en);JCly, [Cu(H,0)sJ(CsHsSO3), u np.), cocrto-
AlUe U3 HECKOJIbKMX KpUCTaliorpauuecku He3IKBUBAJICHTHDLIX SH-TEJIEPOBCKUMX UOHOB
(KaXAbI CO CBOMM TUIIOM MCKAXKEHMS), KOTOpbIE MPEeBpaaloTCa apyr B 1pyra, U3MeHss
pacCTOAHUE MeTali—JAUraHg HACTOJbKO ObICTPO, YTO B LEJOM BCE PACCTOSIHUSI METajlli—
JIMTAHI KAXYTCA OJMHAKOBLIMU. DTOT CJIydaii MoJyunsl Ha3BaHUe JUHAMUHECK020, IV Hyib-
cupyruezo, pgexma Sna— Teanepa*.

Dddekr Sna—Temrepa Tem He MeHee HEe OTHOCHUTCS K BCCOOHIMM 3aKOHAM.
B Hacrosiee BpeMsl M3BECTHbI KOMILIEKCHbBIE HOHbBI C SIH-TE/UIEPOBCKON KOHGuUry-
paumeil, npeacrapisomue coboii HemckaxenHble okrasapbl: [Cu(NO,)e]* B TBep-
Jom K,Pb[Cu(NO,)s] (Cu—N 0,2114 um), [Mn(H,0)4]*.

Pacumenjienne B 00AAX ¢ CHMMETPHEH, OTIMIHOH OT oKTa’dapuieckoi. Ilomumo
OKTa3ApUUYECKHUX M3BECTHO MHOXECTBO KOMIUIEKCOB C MHOW TEOMETPUEl — IUIOC-
KOKBaIpaTHbIX, TETPA3APUUECKUX, TPUTOHATbHO-OUITUPAMUIANLHBIX, KBaJApPATHO-

* Wijnands P. E.M., Wood J. S., Redijk J., Maaskant W.J. A. // Inorg. Chem. — 1996. — V. 35. — P. 1214.
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Puc. 1.32. UameHeHne sHeprun d-opOuTaseii B TETPa3APHUECKOM H OKTa3ApHUYECKOM I0JIe

MUPaMHIATbHBIX, TMHEHHBIX U Op. PacilerieHre B KaXIOM M3 3TUX IOJIEH MHOE,
4EM B OKTasape, OHO OMNpeaeisercs CUMMETPHUE KOOpAMHALIMOHHOIO MOJU3apa.

[1nockokBanpaTHbie KOMIUIEKCHl MOXHO paccMaTpUBaTh KakK NpeaeibHblil Cly-
4aii TETParoHaJibHOIO MCKAXEHUS OKTa’dApUYeCKON IreOMeTpuMM, KOrga JIMTaHibl,
PacrooXeHHbIe MO OMHOM U3 KOOPIUHATHBIX OCEi, YaaIeHbl B 6ECKOHEYHOCTh (CM.
puc. 1.31). Obo3HaueHus1 opGUTaIell MpUBeaeHbl Ha PUCYHKE. [11OCKOKBaapaTHbIe
KOMILIEKChl Haubojiee TUMMYHBI MUl MOHOB C 3JEKTPOHHON KOH(Urypauueit d®:
NiZ*, Pd¥, Pt*, Au*. UX ycTOHYMBOCTb PE3KO BO3DPACTAET IPU YBEIHYEHHU Mapa-
METpa pacuielUIeHUs, T.e. [IPU Nepexoae OT JEeMEeHTOB 3d-psaa K TSXKEJIBIM Iepe-
XOIHBIM 31eMeHTaM. HanpuMep, ecnu y naiiaaus, mIaTUHBL U 30JI0Ta [IPaKTUYe-
CKHA BCE KOMIUIEKCHI C KOOPAMHALIMOHHBIM YUCIIOM YE€TbIPE UMEIOT KBAIPATHYIO
TEOMETPHUIO, TO HUKENbL 0Opa3yeT IIOCKOKBAIPaTHRIE KOMILIEKCHI JIMIIB C JIMTaHaa-
Mu cuiibHoro moas: [Ni(CN)4J*, Ni(dmg), (Hdmg — numeruarnuokcum). Komr-
jekcel HUKensa(Il) ¢ nvranpaMu cnaboro mojsi, HampUMep ¢ rajloreHaMu, UMEIOT
TETPAdAPUUECKYIO [EOMETPUIO.

HexkoTopbie ri10cKoKBaapaTHbie KOMILIEKCHI IEPEXOAHBIX META/LUIOB B TBEPIOM BHIE 00-
pa3yioT 1efd ¢ MOCTHKOBbIMHM Nurangamu, Hanpumep [Pt—Cl—Pt] B Ky[PtCL]Br, 3, rae
aTOMBbI IMJIATHHBI YaCTUYHO HAXOAATCS B CTeleHU oKuciaeHusi +4. Bbicokasa npoxuxaroolias
crocobHocTs Sd-opbutaieil oGecrieunBaeT uxX MepeKpbiBaHHe ¢ 06pa30BaHUEM €IMHON 3HEP-
reTHYECKOM 30HbI, a CIeN0BATENbHO, U METALTMYECKYIO MPOBOAMMOCTb MO HalpaBleHHIO
genu. Takue MofeKyasipHble KOMIUIEKCH CIOCOOHBI POBOIUThL SJIEKTPUYECKHIA TOK U B
HacTrosiliee BpeMsi HHTEHCHBHO M3y4aloTCs.

B none terpasgpuyeckoil CHMMeTPUU MakKCUMAIBHOM 3HEprueil 061agaoT op-
outanu d,,, d,,, d,,, UX Ha3BIBAIOT f-OPOUTAIAMMU, a MUHUMAIBHOU — OpOGHTAIN
dxz_yz U d,, nx 0603HayalOT e. M3-3a MeHBLIErO YUCJIA JUFAaHIAOB U MHOTO UX
pacnosioxxeHus terpasgpuyeckoe noue (puc. 1.32) okaseiBaercs B 2,25 pa3a ci1abee

OKTaA3APUYECKOTIO:
4
At = —Ao.
9
BOJ'lbLUMHCTBO TETPASAPHUIYECCKUX KOMIUIEKCOB BBICOKOCIIMHOBEIE*, MaKCI’lMZUIb—
Has CTa6MﬂM3aHMH TETPASAPUYCCKOTIO OKPYXEHHUA KPUCTAIIIHYECCKHUM TTOJEM 10-

* M3BECTHbI HECKONBLKO NMPUMEPOB HU3KOCMHHOBLIX TETPa3IPHUYECKUX KOMIUIEKCOB, HANpPHMED,
Cr{N(Si(CH;)3)2}3NO (xpom(Il), d*; cm.: Bradley D. C. // Chem. Ber. — 1979. — V. 11. — P. 393); CoL,
(xobanbt(IV), d5, L — 1-Hop6opHuun; cMm.: Brune E. K, Richeson D.S., Theopold K. H. //Chem. Com-
mun. — 1986. — P. 1491).
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cruraercs nipu KoHurypauusax d> (FeOf, MnOF) u d’ (CoCl3"). Mo npuunHe
OTHOCHTEbHO Hu3KOil 3Hepruu CTabu/M3aiMK TeTPadnpHuecKHe KOMIUIEKChI 00-
pasyiorcsl uaie woHaMu ¢ koHourypauuamu d° (TiCly, MnOg, CrOf), d® B cna-
6om niosie (FeCly) u d'° (ZnCl") ¢ HyneBoit 3Heprueil CTabMIM3ALMKU KPUCTAIIIH -
4ecKnM TI0JIeM, a TakKe MOHaMu HenepexoaHbix MeraiioB (AlCly). O6pa30BaHUIO
TeTPadApUyeCKUX KOMIUICKCOB MO CPAaBHEHHIO C OKTa3NpPHYECKMMM HaCTO 6yaro-
NpuUATCTBYET CTepuyecKuii (pakTop; TaK, MOH FeBr; 6onee ycToiluus, yeM FeBr~.

Hcno/b30BaHHE TEOPHH KPHCTALIHYECKOrO MO 1% 00bACHEHHA YCTOHYHBOCTH
kommiekco. Psaa Mpsuara—Yuasamca. TeopHs KpUCTUIIMYECKOTO MOJIs MO3BONACT
OBBICHUTh HEMOHOTOHHbINH XapaKTep M3MeHEHHsl SHEPIHU KPHCTAIMYECKOH pe-
LIETKK OKCHIOB i TFAJOTe HHAOB, KOHCTAHT YCTOMUMBOCTH KOMILIEKCOB n ap. Ilops-
JOK M3MEHEeHUs SHepruy THAPATaLUK IBYX3apsIHbIX KATUOHOB 3d-MeTaljoB B L€~
JIOM COBIAgaeT C XapaKTepOM M3MeHEHMsl DHeprUM CTabWIN3aLHU KPHCTAUTHYE-
CKUM MoJIeM B BICOKOCTIMHOBBIX KOMILIeKcax (puc. 1.33): ueM cuiibHee CTabMIn3a-
Lust KPUCTAIMHECKUM TTOJIEM, TeM 3(GheKTUBHEe rMapaTauus.

M3BeCTHO, YTO KOHCTAHTHI PABHOBECUS PEAKLMH 3aMEILEHHS MOJIEKY/IbI BOIbI
(puc. 1.34) Ha auraHa ciaboro nonst (L):

[M(H,0)¢]** + L == [M(H,0)sL1*** + H,0
nog4uHsiloTCA psiny MpBUHra—Yuissaimca:
Mn2 < Fe* < Co* < Ni* < Cu* > Zn*

CoracHO 3TOMy psigy HauGonblieil yCTOHYMBOCTHIO 06JanalOT KOMIUIEKCHI
menu(I1) u Hukensa(Il). TpocTeiiiinit BADUAHT TEOPUH CcTabWIM3aLMKU KPUCTAIIH-
yeCKUM MOJIEM MpeacKa3biBaeT HaubO/BLIYIO YCTOMYMBOCTE HUKEIEBBIX KOMINIEK-
coB. [Ipy 3TOM HamO yuyMTHIBATH, YTO KOMILIEKCDHI menu(ll) uMeroT CHIILHO HCKa-
KEeHHYIO OKTa3IPUYECKYIO TEOMETPHIO; 3TO OKa3bIBAET CYLIECTBEHHOE BIMAHUE HA
KOHCTAHTbl UX YCTOHYUBOCTH.

E, xIx/Monb
E
~1800 |
~1900 ¢ 0}
~2000 ~0,6A, |
_2]00 2 12 l2 \2 12 v2 #2 1 _1,2A0 1 1 1 1 ¥ 1 1
V2 Cr?* Mn?* FeX* Co?* NiZ* Cu?* Zn®* V2 Cr¥ Mn2* FeX* Co®™ Ni** Cu®* Zn?*
a 6

Puc. 1.33. W3menenune SHepruu rugpatauuu (a) aBYX3apsaHbIX KaTHOHOB 3d-MeTajioB
M 3HEPTUU CTaGWINM3aUMU KPUCTAUIMYECKUM [10IEM B BBICOKOCITMHOBBIX KOMILICKCAX 6)
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Hedenoaykceruueckuii adderr. O6Hapy- 12K
XEHO, UTO B3aMMHOE OTTAJIKUBaAHUE d-2JeK- 12
TPOHOB OcJlabeBaeT NMpU MOMELLIEHUH aTOMa
B MoJie AMraHnoB. Takoe BO3aeCTBHE IMraHaa
Ha d-3feKTPOHBI aTOMa MeTajijia TMOJyYU/Io
Ha3BaHHWe Hegheaoaykcemuyeckoeo 3ghgexkma
(o1 rped. vepeAiy — obsako, avEavm — yBe- 81
JINUMBATh). Psin iMraHaoB, pacronoXeHHBIX B
nopsinKe YCUJICHUS UX BO31eHCTBUS Ha OpOu-
TAIU METALIA, MPAKTUYECKU TOJIHOCTBIO CO-
OTBETCTBYET CHEKTPOXHMMUUECKOMY DALY.

[TpuunHoOi HedesoayKceTHIECKOro 3¢- 4t
dekTa CyXUT NMepeKpbiBaHue d-opbutaneil
MeTaula ¢ OpoUTAISIMU JIMraHaoB, 6Jaroaa-
ps yeMy d-061aKo paciiupsiercsl B IpOCTpaH-
crBe. Hannuue storo agdekra HarisigHoO ae-
MOHCTPUPYET OrpaHUYEHHOCTh MpocTeiileid ol l . L
3/1eKTPOCTATMYECKOI MOIENIM — TEOPUM KPH- Mn Fe Co Ni Cu Zn
CTaJUIMYECKOrO 1107151, NPUHUMAIOLIEH JIMraH- Puc. 1.34. 3aBucuMocCTb KOHCTaHThI
Jbl 32 TOUEYHBIE OTpULATE]bHBIE 3apsiabl. YCTOHUMBOCTH KOMILIEKCA COCTaBa

Teopus nons surangos. Teopust Kpucrai-  [M(H,0)sL]2~®* ot npupoasl 3d-Metai-

10

JInuecKoro noJis 6pl1a pa3paboraHa X. bere 708 Ans psiaa aurangos (L):
B 1929 r. B Hacroduiee BpeMsi OHa HAXOOUT | — NH,CH,CH,S; 2 — NH,CH,CH,NH,;
HIMPOKOE MPUMEHEHUE B MOIU(MDHUIIMPOBaH- 3 — NH,CH,C0OO"; 4 — -00C—COO"

HOM BHje C MOMpaBKaMHd Ha HEKOTOPYIO

JOJII0 KOBAJICHTHOCTH CBA3M MeTaul—iuraHa. Takas teopusi Ha3blBaeTCsl TEOPUEH
nosiss aMraHgoB. Hajinuue KOBajieHTHOTO BKJIama M3MEHSIET 3Hepruio opbutaiei
MeTaLia IO CPAaBHEHMIO C PACCUMTAHHOM MO TEOPUHU KPUCTALIMYECKOro nosjs. JLomo
KOBaJICHTHOCTH YYHTBIBAIOT BBEACHUEM MOMPABOYHBIX KOI(M@PHUIIMEHTOB, MO3BOJISI-
IOLIUX MPUPABHATL IKCIIEPUMEHTANBHbIE 3HAYEHHS K paCCUUTAHHBIM.

Oxpacka KommjekcoB. OKpacka KOMILIEKCOB d-3/eMEHTOB CBAI3aHa C Mepexona-
MH 3JIEKTPOHOB C OJHOW d-OpOMTANIA HAa ApPYrylo. OTO HAMNAOHO WLIIOCTPUPYET
npumep voHa Ti**, paccMoTpeHHBIN B mepBoM Tome ydeGHuKa. [Tornowas sHep-
THI0, COOTBETCTBYIOLIYIO CHHEMN, 3€JIEHOW M XeNTOU 4acTM BUAUMOLO CIIEKTpa,
eqMHCTBEHHBIN d-31exTpoH MoHa Ti* nepexogut Ha e,~opburanb (puc. 1.35). Okpacka
MOHa 00yC/IOB/ICHA NOMOMHUTE/IbHBIMU LIBETAMU — KPACHBIM U (UONETOBBIM*. JIUar-
pamMMa, Ha KOTOpOil U3006pakeHbl JOMOMHUTENBHBIE 11BETA U KOTOPAst XOpPOLLO U3Be-
CTHa KaXIIOMy XYyZOXHHUKY, TIpeacTaBicHa Ha BropoM ¢op3ale yyebHUKa.

DHeprus fMepexosa, BepaxeHHas B 06paTHbix caHtuMmetpax (1 000 cM~' = 12 k/1x),
COOTBETCTBYET MapaMeTpy PaclleIeHUs A,; ero vaille BCero U onpeae/sior U3 3JeK-
TPOHHBIX cOeKTpoB. /IMHAa BOJHBI (A, HM) 0OpPaTHO NMPONOPUMOHAIBHA SHEPrUU
(E, em™"):

* BHMMaTeIbHblit YMTATEb 3aMETHT HEKOTOPYIO aCUMMETPHIO NOJIOCH NOTJIOLLeHHUS (cM. puc. 1.35, 6).
Oua sIBISIETCS CNENCTBUEM HE3HAUMTENBHOrO pacllefieHHsl 4,- U e,-YPOBHel, BbI3BAHHOrO 3(hbek-
ToM fHa—Tennepa.
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JlnyHa BOJIHBI, HM
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S zEg

2p — o
N Puc. 1.35. DnekTtpoMariuuTHas 1iKaja (g); 9J1eKTPOHHbINA CIEKTP HOHA
N2, {Ti(H,0)¢]** (6); pacwerenue TepMma 2D (8) (riepexon 3neKTPOHa,
e & BbI3BIBAIOIIMA OKpAacKy, MOKa3aH CTPEJIKOM)

B ciayuae KoMIuiekcoB ¢ GOJIBIIMM YMC/IOM 3JIEKTPOHOB KapTUHa CIleKTpa yc-
JIOXKHSETCS: MOSBJISIOTCS IOIMOJHUTEIbHbIE MTOJMOCHI. DTO CBA3aHO C TEM, YTO BO3-
OGyXaeHHOe COCTOSIHUE MOXeT ObITb pean30BaHO HECKOJLKMMHU criocobamMu B 3a-
BUCHUMOCTH OT TOTO, Ha KaKMX ABYX d-OpOUTAIAX HAXOmsITCs 3JeKTpOHbI. Harpu-
Mep, Wisl KOHMUIYPALUM H,e; COCTOSIHHUE, TPU KOTOPOM 3JEKTPOHbBI 3aHUMAIOT dy

1
U d._p-opbutany, Oyaer Bblllie 10 SHEPTUH, YeM COCTOsHUE dxydzlz, u3-3a 60Jib-

LIET0 OTTAIKMBAHUS 3JEKTPOHOB IO OCH X. DHeprus, COOTBETCTBYIOLLAs MTOJIOCE C
HauMeHbllled 3Heprueil, paBHa MapaMeTpy pacilerieHus A,.

Y1006l ONMUCaTh JIEKTPOHHBIE CHEKTPbI GoJice NETANbHO, HEOGXOQMMO BBECTH HEKOTO-
pbi€ MOHATHSL.

Jlio6oe pacrnonoxeHre 3JEKTPOHOB Ha 10gYPOBHE HA3BIBAIOT Mukpococmostuem. Yucno
MUKpOCOCTOstHUI (N), Mpu KOTOPHIX 1 3IeKTPOHOB 3aHUMAIOT X OpOUTaleld, paBHO

2x)!
T nl@x - ml

Kaxaoe MUKPOCOCTOsIHUE XapaKTepU3yeTcss COOCTBEHHBIMU 3HAYEHUSIMU CIIMHOBOTO U
yI108oro MoMeHToB. Habop MUKpPOCOCTOSIHUIT ¢ OJMHAKOBBIMU 3HEPrUsIMH Ha3bIBalOT mep-

Mom; Harpumep, 3P, 5D, 'S. Lludposoii uHaeKe 0603HaYaeT myabmunsemuocms (M), KoTo-
PYIO pacCUMTHIBAIOT 1o Gopmyie

M=n0+1,

rae Hy — YMCJO HecrapeHHbIX 3JIEKTPOHOB B OCHOBHOM COCTOSIHUU.
HassaHusi TepMOB YUTAKOT C YKAa3aHUEM MYJIbTUIUIETHOCTU: «TpUIUIET P>, «KBUHTET D»,
«cuHrner S». byksa 0603HayaeT CyMMapHbIii yrioBoii MOMeHT (L) aToMa WM HOHA, KOTO-

pbiii paBeH MaKCHUMAaJbHOMY 3HAYEHUIO CYMMbI YIJIOBbIX MOMEHTOB (m,) OTaeibHbIX OpOU-
Tajei, 3aHSTHIX 3NEKTPOHAMU.
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Hanpumep, uon Ti** conepxuT oquH d-3n€KTPOH; YUCIO MUKPOCOCTOS HUI OyneT paBHO
N=@Q /125~ =10; L =2 (D) (tak KaK mns d-opburanu m; = -2, -1, 0, 1, 2;
YUCJIO JIEKTPOHOB PaBHO 1; clieqoBaTenbHO, MAKCUMalbHasi CymMma m; paBHa HauOobLIeMy
3HAYEHWIO m;); MyJIbTUIUIETHOCTD | + 1 = 2. CnenoBaTebHO, TEPM OCHOBHOTO COCTOSHUS
(c HavMmeHbllei sHepruen) — 2D.

B ciyuae oHa ¢ 371eKTpoHHOM KoHpurypauuen d? umeem: N=(2-5)!/[2(2- 5 - 2)!] = 45;
L =3 (F) (tak Kak ans d-op6utand m; = -2, —1, 0, 1, 2; 4HCI0O 37MEKTPOHOB paBHO 2;
CJIeJOBATEIbHO, MAKCUMAIbHASL CyMMa IBYX HAHOONBLIMX 3HAYEHWH paBHA M;); MYJIbTH-
retHocTb 2 + 1 = 3. CliegoBaTeNbHO, TEPM OCHOBHOTO MUKpococTosinus — 3F. TIpu uHoM
PaCIONIOXEHNY IBYX SJIEKTPOHOB Ha d-1101yPOBHE NOCTUralOTCsl COCTOSIHUSI, OMMHCHBAaEMbIE
apyrumu tepmamu: P, 'G, 'D, 'S v T.1.

Css13b MEXIY 3Ha4eHWsIMU L 1 OYKBEHHBIMU CHMBOJAMH MPUBEIECHA HUXE!

L O6o3nauenue L O6o3nauenue

AHAJIOTMYHO MOXHO BbIBECTH TEPMbl OCHOBHBIX U BO30YXIEHHBIX COCTOSSHUH U 1 ApYy-
TUX UOHOB d-371eMeHTOB (Tabu. 1.5). OOparuTe BHUMaHUe, YTO TEPMbl HOHOB ¢ KOHGUTypa-
uueit d” v d'®" copnanarnr.

TepMmbl paclLEMIAIOTCA B OKTA2APUYECKOM I10JI€ MOgO00HO OpOUTaIAM, O003HAYAEMbIM
avanornuHbiMu Gyksamu. Tepmbl D pacuierusiiorest Ha coctasnsiowue T, u E,, nopo6Ho
d-op6utanam, tepmbl F — Ha T\, Ty, v Ay, nonobHo f~opoutansim. Tepmbl S P BooOine He
pacluerisiores. BoamMoxHOCTH nepexona 31eKTPOHOB MEXIY Pa3HbIMU COCTOSIHUAAMHU Orpa-
HUYUBAIOTCS npasunaaMu orGopa. Tak, B KOMIUIEKCaX paspelUEHBl JIULIb [EPEX0Oabl MEXAY
COCTOSIHUSIMU C OIMHAKOBOI MYJIbTHILIETHOCTBIO. Kax oMy TakoMmy Nepexoay COOTBETCTBY-
€T I10JI0CA B CIMEKTPE NMOMIOLIEHUS.

B KauecTBe nmpuMMepa paccMOTPUM IMEKTPOHHBIH crekrp Kommaekca [Cr(H,0)q]*
(puc. 1.36). HaGnogaembie B CIIEKTpE TPU MOJOCH 00YCIOBNEHDBI TPEMS NEKTPOHHBIMHU 1€~
pexonamu: Ay, — 4Ty, *Ay,— 4Ty, Ay — *T\((P). Tlepexon ¢ HaMMEHbLIEH SHEPTHEH COOT-
BETCTBYET MapaMeTpy pacluenieHus A, = 17400 cm~'. Komiuieke noriomaer CBeT B XeNTon
(17400 cm™") 1 cuHe#t (23 000 cm™!) yacTaX BUAMMOTO CreKTpa U B OIHXHEM yiabTpaduo-
nete (37 800 cm™'); crnenoBaTeNbHO, OH MMeeT (PUOJIETOBYIO OKPACKY, BbI3BaHHYIO HAJIOXe-
HUEM JOMOJHUTENbHbBIX I[BETOB — CUHEr0 U KPacCHOTO.

CornacHo npasuay Jlanopma: nepexonbl Mexay COCTOSHUSIMU C ONMHAKOBOH YETHOCTHIO,
K KOTOPbIM OTHOCATCS $—s§-, p—p-, d—d-, f[—f-nepexonbl, MAJIOBEPOSITHBI, UM (HA s13bIKE
CMIEKTPOCKOIUM) B OKTa3APUUECKHX KOMIUIEKCAX OHM 3allPElIEHbl. 3alpelleHHbIE MEPEXo-
JH BO3MOXHBI, HO MPOTEKAIOT ¢ HU3KOM MHTEHCHBHOCTbIO. IMEHHO MO3TOMY COJIM Iepe-

Ta6nuua 1.5

TepMbl 0CHOBHOIO M OGJHKAMIINX BO30YXKAEHHBIX COCTONHMIA
a5 pasapix Kondurypanuii d-3aexTponos

=3 neKTpoHHas1 TepM ocHOBHOTO TepMbt Gamxaimx
KoHburypauus COCTOSIHMS BO30YXKIEHHBIX COCTOSIHU I
dl, d° 2p —
42, d8 3F 'D, 3P, \G, 'S
B, d’ 4F 4P, 2G, °H, P
d*, d D 3H, 3P, 3F, %G
ds 68 4G, 4P, 4D, 21
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HOB, BBHI3bIBAIOLLME OKPACKy. MOKa3aHbl CTPENKaMu)

XOJAHbIX METAUIOB UMCIOT 3aMETHYIO OKPACKY JIMIIb B KOHLICHTPUPOBAHHBIX paCcTBOpax. Ona

BO MHOT'O pa3 clabee OKpPacKM MepMaHraHaTa WM JMXpoMarta, B MOHaX KOTOpBbIX He coaep-
KUTCsT d-371€KTPOHOB.

[pasuio JlanopTa NpUMEHKUMO JKLIb B CIy4ae KOMIUIEKCOB, UMEIOILMX 1IEHTP CUMMET-
puu. Tlpy McKaxXeHUM OKTa3apa HEHTP CUMMETPUH ucye3aer, 3anpeT JlanopTa cHumaertcs, U
nosiIsieTcs okpacka. Harnpumep, non [Fe(H,0)¢]** GecuseTHbiit, 0qHaKO pacTBOpHI coJeit
xene3a(lll) yacTo okpallleHbl B XeITO-OpaHXEBbIA 1BET M3-3a TMAPOAN3a, MPUBOIALLETO K
06pa3oBaHNI0 HECMMMETPHUYHBIX YaCTHIl ¢ UCKAXKEHHBIM OKTa3JIpUYECKUM OKPYXEHHEM.

OkpacKy KOMILIEKCOB MOMUMO d—d-TlepeXxoa0B € OgHOW d-opOUTaIN MeTaula
Ha IPYIYIo (C h,- Ha e,-opOUTaIb B OKTa3APUYECKUX KOMILIEKCax) 0ByC10BIMBaAIOT
eule TpM (paktopa: nepexombl ¢ opOGUTaieil JuraHaa Ha opOUTaIM Mertauia* (MX
Ha3bIBAIOT nepexodamu ¢ nepeHocoM 3apada), B3auMoneiicrBue KOMIUIEKCA € pacTBO-

* B koMIJIeKcax ¢ apoMaTHYeCKUMM JIMTAHIaMH, UMEIOIMMU HU3KHe MO DHEpPruu m*-opOMTann
(phen, bipy), Bo3MoxeH oGpaTHBHf MepeHOC 3apsdna: or Meraia K nuraHay. OH oGYCTOBIMBaET
KpacHYIo okpacKy teppouna [Fe(phen);]*.
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pUTEJIEM M IEPEXOAbl BHYTPU OPOUTANCH JMraHma. DTH Mepexonbl He NOANafaoT
noa npasuio Jlanopra M, cienoBaTebHO, UMEIOT BBICOKYIO MHTEHCHUBHOCTD.

[Tosoca mepeHoca 3apsiza MPUCYTCTBYET B AJEKTPOHHOM CIIEKTpe JI06Oro co-
€AVMHEHUs, OHAKO B psiAe CAyyaeB OHa HAxOOMTCS B yJbTPahHMOJETOBOI YacTu
CIEeKTpa U He BOCIIPUHMMAETCs HAaMM Kak okpacka. Eciv pasHocts Mexy sHeprus-
MM opbuTaneil aMraHma ¥ opbuTtasiedl MeTaula COKpamaertcs, Mojoca nepeHoca
3apsiga nmoragact B BAAUMYIO 4acThb crniekTpa. UMeHHO nepeHOocoM 3apsina OObICHS -
€TCs1 MHTEHCUBHAs OKpacKa I[epMaHraHaTa, AMxpomara, cyabohuga pTyTH, MepoK-
COKOMILIEKCOB TUTaHa(IV) U MHOTUX APYFMX COeqUHEHUI C MyCTBIMU d-OpOUTANIS-
mu. B pane ciyyaes non aeiicTBUeM cBeta MepeHOC 3apAna ¢ opouTasieil JUraHaa Ha
opbuTanM MeTaisa NMPOMCXOOUT HeoOpaTUMO, T.¢. CONMPOBOXAAETCS XUMUYECKHM
npoueccoM. [TpuMepom ciyXuT pOTOXUMHUUYECKOE Pa3IOKEHHE TAIOre HUIOB cepeb-
pa, Jexauniee B OCHOBE YepHO-6enoii hororpadun: Ag*Br — Ag® + Brf.

B JICKTPOHHOM CIICKTPE NepMaHraHara Kajaus HaGHIOJIaIOTCH YETHhIPE MOJIOCHI, COOTBET-
CTBYIOUIME MEPEX0AaM 3JIEKTPOHOB C HECBA3bIBAIOUX O-opbuTaieil (a,, ) u n-opburaieii
(e, 1, 1), TOKAIM30BAHHBIX MPEUMYLIECTBEHHO HA JIUTAHAE, HA PaspuIXTsOnUe opburaiu
(e*, 1,”), nokanu3oBaHHbIe Ha aToMe metamia (puc. 1.37):

vi: Mn(e*) « O(r)), 17700 em!; vy Mn(s”) « O(), 29500 cm™';
vs: Mn(e*) « O(%), 30300 cm7!; vy Mn(5") « O(t7), 44400 cm.
[Tonoca ¢ HAMMeHbLIEH SHepruei MOoNanacT B BUIMMYIO 4acTh crekrpa (A = 107/17 700 =

= 565 HM), YTO COOTBETCTBYET MOMIOLEHUIO 3e/IEHOTO CBETa M MPONYCKAHUIO MAIUHOBO-
KPAacHOro.

Puc. 1.37. DHepretnueckas auarpamma TeTpasapu4eckoro MoHa MnQ, ¢ r-cBA3bIBaHHEM
(nepexob! 3JIEKTPOHOB [MOKA3aHbl CTPEJIKAMK)
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1.3. MEXAHU3MbI PEAKIIN C YYACTHEM
KOMILIEKCHBIX COEIUHEHUMA

[Tomasasiiolee GONBLUIMHCTBO XMMUYECKHUX ITPOLIECCOB MPOTEKAET KaK MOCIEn0-
BaTejIbHasA Lellb HEKOTOPBIX 3JIEMEHTAPHEBIX CTAaAUiA, a ypaBHeHHE peakKiuu Hecer
b UHOOPMALMIO O MIABHBIX KOHEYHBIX MPOAYKTAX peakluu. Drta MocienoBa-
T€JbHOCTE 3JIEMEHTAPHBIX NMPEBPALLEHUA HA MTYTH OT UCXOOHBIX BELIECTB K MIPOIYK-
TaM U Ha3wIBaeTCcs mexanuimom peaxyuu. [IpoMexXyTouHble, OBBIYHO HEYCTOWUYMBhIE
COeAVMHEHMS, Yepe3 KOTOpble IPOUCXOAUT MEPEeXOd OT PeareHTOB K MPOAYKTaM,
Ha3blBAIOT UHmepmeduamamu. JI1I0OOH MHTepMeTUaT HMMeEET OIpene/ieHHOe BpeMs
XU3HU, OGBIYHO KpaiiHe HEMPOMOKUTENLHOE, BILUIOTL 10 1074 ¢. Ha sHepreTtnue-
CKOM npodmuie peakuuu emy orBedyaer MuHumyM (puc. 1.38, a). Kak mpasuio,
MHTEPMEIUAThl MOTYT ObITh 3a(hMKCUPOBAaHbI B PEAKIMOHHON CMECH CIEKTPaIbHEI-
MU METOIAMHU, U JIMIUb B PEAKUX CIAYYasiX UX YIAETCS BHIAEAUTH B MHAMBUAYAIbHOM
Buze. [1osroMy raaBHyo MHGOPMALIMIO O MeXaHU3Me PeakKUM OOBIYHO MOAyYyaioT
yepes U3yyeHHe ee KWHETUKU — OIpeaesisis KOHCTAHThEl CKOPOCTH M pacCYUTHIBAsI
apaMeTpbl aKTUBALMU (SHTAIBIIUIO, IHTPOMUIO, 00beM). B aTOM ciydae mexa-
HHU3M — 3TO MOjeJb, KOTOpasd HaXOAUTCA B COOTBETCTBMM C KUHETUYECKUMU JaH-
HBIMHM U KOTOpasi MOXeT ObITh yiIyyllieHa, JOMOJHeHa, MepecMOTPeHa.

B HekOTOpBIX peaklMsiX HUHTEPMEAUATEL He 0Bpa3yloTcs, a ePexon OT PeareHTOB
K [POAYKTaM IIPOTEKAET MOCAeI0BATE]bHO — OgUH U3 aTOMOB MOCTENEHHO yaasi-
eTcsl, a Apyroy npubamxkaercs. B TakoMm cilyyae roBOPST, YTO peaKUMs NMPOTEKAET
yepes nepexodHoe cocmosiHue, WU AKMUBUPOBAHHbBI KOMNAEKC, EMY COOTBETCTBYET
MaKCUMYM Ha 3HepreTuueckoM rpoduie peakuuu (puc. 1.38, 6). AKTHBUPOBaHHbBIE
KOMILIEKCEl 00pa3yioTCs M B TOM Cllyyae, KOrma peakiivs MpOXOAUT yepe3 CTaauio
MHrepMenuara (cMm. puc. 1.38, a).

EnvHas knaccudukauys peakiuuii ¢ ydacTueM KOOPIUHALMOHHBIX COeTMHEHU
He pa3paboraHa IO cHX NOpP. YCIOBHO MOXHO NMPEIIOXUTh CIEAYIOLLYIO KiacCudu-
Kaiuio (puc. 1.39):

1) peakuuu 3aMmelieHUs], MPUCOCIUHEHUS WM OTLIEIUVIEHUS JINTAHAOB, B pe-
3yJIbTaTe KOTOPBIX U3MEHSAETCSl KOOPAMHALIMOHHas cdepa MeTaiia;

E E IlepexogHoe
COCTOsSIHUE

HUnrepmeauar

PearenTbl PeareHTb!

HponykTbl ) IMpoaykThbl

KoopanHata peakuuu KoopauHara peakuuu
a 6

Puc. 1.38. DuepreTuueckue npodunu peakiinu, 1nporekamlleii yepes o6paszoBaHue UHTEP-
Meguata (a) ¥ fiepexogHoe cocrosiHue ()
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Puc. 1.39. Knaccudukaius peakimii ¢ yuactuem KOOPAWHAUMOHHbIX COCIMHEH U

-

2) OKHCIUTENBEHO-BOCCTAHOBUTENbHbBIE PEAKLINH, KOTOPbIE€ CBSI3aHBI C U3MEHE-
HUEM BJIEKTPOHHOH KOH(UIYypaumu MeTalla, HO He 3aTParMBaloT ero KOOpIMHA-
MOHHOE OKpPYXEHHE;

3) peakumM1 KOOPAMHMUPOBAHHBIX JIMTAHIOB, B PE3yJIbTATE KOTOPBIX MPOUCXOIUT
M3MEHEHNE iMraHaa 6e3 u3MeHEeHNs] KOOPAMHALMOHHO! chepbl KOMILIeKCa.

Peakuuu samemenns. B ummpokom cMbiciie Mog peakyusmu 3ameuenus TOHUMAIOT
TPOLLECCHI 3aMEILEHHUS ONHUX JIMTAaHI0B B KOOPAMHALMOHHOM chepe MeTalIa apy-
rumu (puc. 1.40). Takue peakuuu MOryT MpPOTEKAaTh KAK C M3MEHEHUEM CTelleHU

PeareHTsi @
[MX,L]+L'
+
0 %
i +
s
/ ©
0,2} 1y,
. ’ WUnrepmenuar
. / | mepueir |
| e
z ’ (L)
5 0,4+ e
= I
s ; G
S 06l 7
2 /,
15 s/
£ ly/
(L) 0,8 e ﬁ
s
s
Gy T G
1’0 I 1 I L
1,0 0,8 0,6 0,4 0,2 0 _
Mopsanok cBsgay M —L
Mponykrh
(MX,L'1+L

Hutepmenmar

Puc. 1.40. Bo3MoxHbie MeXaHHU3MBbI peakiuu 3aMeleHus MX,L + L* — MX L* + L, Tunsi
HHTEPMENUATOB U IepeXOgHbIX COCTOSIHUIA:

A — accoumaTuBHbIit MeXaHU3M; D — AMCCOLMATHBHbIN MEXaHM3M; [/ — MexaHusM B3auMHOro obme-
Ha; I, — MexaHM3M B3aMMHOro obMeHa C accouMATUBHOI aKTHUBaUMeN; [, — MeXaHM3M B3aMMHOro
ofMEHa C NUCCOUMATUBHOM aKTUBaLMel
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OKUC/eHUs, Tak U 6e3 ee uaMeHeHus. Ciienys NMpuBeAEeHHOM Bblllle KacCUbUKa-
uum, Gyaem uCnosb3oBaTh 3TOT TEPMHH JIMIIb NPUMEHUTENBHO K PEaKLMAM, NPO-
TeKalolMM 6e3 U3MeHEHUs CTeNneHel OKUCIEeHHS.

Krnaccndukauns peakuuit 3amMeilieH!s B HEOPraHMUIECKOH XuMuK (cM. puc. 1.40) Gbina
paspaborana K.JIsnrdopaom u I'. [peeM. OHa ocHOBaHa Ha OnpegeneHUH TaK HA3biBAEMOTO
MPEACAbHOr0O MEXaHU3Ma, & HE Ha OMMCAHWUM KOHKPETHOro MexaHu3sma. [lepBoHauanbHO
ONPEAC/SHOT CTEXUOMETPUYECKMI MEXaHHU3M, 3aTeM — BHYTPEHHMIA.

CrexnOMeTpHYECKHIT MeXaHH3M. DTO I10C/Ie10BATENBHOCTh 31EMEHTAPHBIX CTAnHil NpH
TIEPEXO/IE OT UCXOMHBIX BELIECTB K NpoaykraM. OH MOXeT ObiTh quccouraTuBHbIM (D), acco-
UMATUBHBIM (A) U O6GMEHHBIM (B3aUMHOro o6MeHa, ). JIMccOuMaTUBHBIA U accOLMATHB-
HBIA NPOLIECCH NMPENCTaBAMOT co00t KaK Obl 1Ba NpemenbHbIX Cayuasi, NpsiMO NPOTHBOO-
JIOXHbIX onuH apyromy. O6a npouecca NPOTeKAOT B ABE CTaAUK Yepe3 00pa3oBaHHe MHTEp-
Meauara.

Auccoyuamusnsiit (D) mexanusm. JIByXCTagMitHbIH Ipouecc B NpeaesbHOM cydae npoTe-
KaeT 4yepe3 UHTEPMEAMar C MEHbUIMM KOOPAWHALMOHHBIM YHUCIOM:

MLs = [ML;] + L; [MLg] + Y — MLY

Accoyuamusnbii (A) mexanusm. JIByXCTaiMAHbBIA Npouecc, XapakTepusyeTcsi oGpa3oBa-
HUEM HHTepMenuaTa ¢ 6OMbIIMM KOOPIUHALIMOHHBIM YHCIOM:

MLg +Y & [MLY]; [MLY] — MLY + L

Mexanusm 63aumnozo obmena (I). Io 3T0My MexaHU3My NPOTEKaeT GOAbUIKHCTBO peak-
uuit o6MeHa. Ilpouecc onHOCTanUiITHBIT U HEe CONPOBOXAAaeTCa 06Pa30BAHUEM HHTEPMEHa-
Ta. B 11¢peX0nHOM COCTOSIHUM peareHT U yXonsuiast [pylina cBsi3aHbl ¢ peaKHOHHBIM LCHT-
POM, BXOAAT B €ro 6JMXaiiuyt0 KOOpAUHAUMOHHYIO cdepy, U B MPOLECCe peakiuu pouc-
XOMAHUT BbITCCHEHHE OJHOI IpyIifbl Apyroid, o6MeH ABYX JUTAHIOB:

MLg +Y &= {L-+MLsY] = MLY + L

[lepexonHoe cocTosiHHE NpeacTaBIseT co60i 60 BHelHechePHbI KOMILIEKc, 1460 B
Cjly4ae 3apsKeHHbIX JTMTaHao0B HOHHY0 napy [MX,L]'Y-.

BuyTpennnii MexaHH3M. DTOT MeXaHM3M XapaKTepu3yeT NPOUECC 3aMeleHUs JMTaHOB
Ha MOJIeKyIIpHOM ypoBHe. OH NOKa3biBaeT, KaKoW U3 JBYX NIPOUECCOB — 06pa3oBaHUE WIH
PaspbiB CBA3H B NEPEXOAHOM COCTOSSHUM — SIBIACTCS JUMUTHUPYIOLIMM. B ciyyae ecau cko-
POCTb peakUMU ONpeAe/sieTC 00Pa30BaHMEM CBSI3M MEX1Y PEAKIUOHHBIM LEHTPOM U pe-
arcHTOM, rOBODPST 00 accouyuamuenoil akmueayuy. B NPpOTUBHOM cilyvae, KOrga JUMUTHPY-
OLIKUM (haKTOPOM CITYXMT Pa3phbiB CBA3KM MEXAY PEAKLUOHHBIM LUEHTPOM H yXOsimei rpyn-
No#, Mpouecc NpoTeKaeT ¢ duccouuamusnoll axmusayueli. Obpauasch K cTeXMOMETpHUe-
CKOMY MEXaHHM3MY, JIETKO 3aMETUTh, YTO JUCCOLMATUBHOMY NPOLIECCY BCEra COOTBETCTBY-
€T IMccouraTBHasl aKTUBALMS, 4CCOUMAaTUBHOMY — accOUMAaTUBHAsl, T. €. NIOHSITHE O BHYT-
PCHHEM MEXaHHM3ME OKa3zbiBacTcs HMH(MOPMATUBHBIM NHIIb B crydae MeXaHM3Ma B3aUMHOTO
00MeHa — OH MOXET NpOTeKaTh KaK ¢ AMCCOUMATUBHOM (/,), TAK ¥ C acCOLMATHBHOM A
akTuBauued. B ciyyae MexaHH3Ma B3aMMHOro 06MeHa C acCOMAaTHBHONM aKTHBayHei (1)
CKOpOCTb peakuuu 3aBUCHT OT MPUPOb aTakyouield yacTiubl Y. B nepexogHoM cocrosHum
aTOM MeTa/ljla IIPOYHO CBSI3aH KaK C YXOASLIeH rpyrmnoil, Tak ¥ ¢ aTakylouIMM HyKJIeodu-
JioM. [prMepoM Ci1yXXUT NPOoLEcC 3aMeILCHHsl aTOMa XJIopa Ha aTOM GpoMa U HOJa B KOMII-
JIEKCE TUTATUHB C AUSTUJICHTPUaMHUHOM (dien):

[PtCl(dien)]* + Y- — [PtY(dien)]* + CI-

B ciyuae pasHbix aTakyiomunx yactui Y = Br, | cKOpoCTH cHIBHO pa3nuyaiorcs.
[Ipu MexaHM3Me B3aUMHOTO OGMEHA C AMCCOUMATHBHOM akTuBauueit (/,) ckopocThb pe-
aKUMM He 3aBUCHUT OT IIPUPOIIbl peareHTa Y. ATakyiouiasi M yXOnsiias rpyiibi B IepexoqHOM
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COCTOSIHMM €1a00 CBsA3aHbI C LIEHTPAIbHBIM MOHOM. ITo TakoMy MeXxaHM3My MpOTeKaeT 3a-
MElLIEHUE BOAbl HA’ aMMHMakK W aMWH B aKBAKOMIUIEKCAaX MHOTHMX MEPEXOAHBIX METaJlIoB,
HAIPUMEDP HHUKEJS:

[Ni(H,0)s]* + Y — [Ni(H,0)sY]** + H,0
B cnyuyae pasHbix atakyouimMx yactull Y = NH;, py ckopocTy 6IM3KH.

HccnenosaHue MeXaHU3MOB peaklIMi 3aMellieHHsT B KOMIUIEKCAaX MHOTUX METajl-
JIOB HaxOJMTCs 1T0Ka Ha HavallbHO cTaauu. Mcuepmneiaoias nHGopMalus mnosy-
YyeHa JIMLLUDb JJ1S TJIOCKOKBAAPATHBIX KOMILJIEKCOB TJIATUHBI K OKTa3APUYECKUX KOM-
miaekcos xpoma(lll) u kobanpta(lll). MOXHO CYHTATL OKOHYATENLHO YCTAHOBIEH-
HBIM, YTO B OOJbUIMHCTBE KOMIUIEKCOB MnaTUHbI(I]) 3amelneHue MpoTekaer IO
aCCOLIMAaTUBHOMY MeXaHU3MYy (A, [,) yepe3 UHTepMEIUaT WiIM MEPEXOJHOE COCTOsI-
HMe B (pOopMe TPUTOHaILHOM OMMMpaMuibl. OKTasapUyecKUe KOMIUIEKCHI Koba-
aera(lll) pearupyror auccouratuBHO (MexaHu3Mbl D, I;). KoHKpeTHBIE NpUMEpSHI
TaKMUX peakuuil OYJIyT pacCMOTPEHEI NP OMUCAHUM XUMUM 3TUX JIEMEHTOB.

Peakuuy 3aMeineHus JTUFaHI0B, MPOTEKAOIME B pacTBopax, IKUPOKO UCIMOJb-
3YI0T JUTIsl CUHTE3a pa3sHOOOpa3HBIX KOMITIEKCHBIX COETUHEHUI:

[Ni(H,0)4]* + 6NH; + 21~ = [Ni(NH;)¢]1,d + 6H,0
2Cu(acac), + 2CH,OH + 20H™ = (acac)Cu(u,-OCH;),Cu(acac) + 2(acac)” + 2H,0

OKHCINTENbHO-BOCCTAHOBHTEIbHBIE PEAKIMH. BOJIbIIMHCTBO OKACIUTEIbHO-BOC-
CTAaHOBUTEILHBIX MPOLIECCOB MPEACTABRISIET CODOM CIOXHYI0 KOMOUHAIIUIO OTAeNb-
HbIX 2JIeMeHTapHBIX CTaAWi, Ha KaXI0H M3 KOTOPBIX MPOUCXOIUT TNEPEHOC OJHOIO
WJIM, 3HAYUTENLHO pexe, JABYX 3JIEKTPOHOB. OJHOBPEMEHHBINA MEPEHOC OOJBLIETO
YUCIa 2JIEKTPOHOB B PACTBOpPaX HEBO3MOXEH.

OHO3JEKTPOHHBIN MepeHOC MOXET MPOTEKATh MO ONHOMY M3 JBYX MEXdHU3-
MOB: BHelIHecdepHO (MyTeM TYHHEJIUPOBAHUS) 100 BHYTpUCHEPHO (YEPE3 MOCTU -
KOBbIN siurann). BHyTpucdepHbIii MEXaHU3M peaiM3yeTcsl B KOMILIEKCAX, COAepXa-
LUMX TajJOreHUIbl, THAPOKCHI-MOH, KapOOKCUJIBHBIE FPYIINbI, CIIOCOOHBIE BBICTY-
MaTh B KAYeCTBE MOCTUKOB MEXIY MeTanaMu. [IpMMepoM CayXXUT peakiust MEeXILy
voHaMu neHTaamMMuHxjaopokobansTa(lll) u rekcaaksaxpoma(ll). [1pouecc MoxHO
YCJIOBHO pa30OMTh Ha TPU cTaauu: 1) oOpa3oBaHUE reTEPOMETAIIMYECKOTO KOMII-
JIEKCA ¢ MOCTUKOBBIM XJIOPUI-HMOHOM; 2) 3/eKTPOHHBIN MepeHoc; 3) pachan Moc-
TUKOBOTO KoMIuleKca. O6pasymowmiica uon [Co(NH;)s]%*, Oyayuu naGUibHBIM,
MTHOBEHHO MpeBpalllaeTcsl B aKBaKOMILIEKC, a MHepTHbIH HoH [(H,0);CrCl]* He
BCTYIAET BO B3aUMOJEUCTBUE C BOJOM:

5H*, 5H,0
[(H3N)sCoCl]?* + [Cr(OH,))> * [Co(OH,)6]* + SNH + [(H,0)sCrCl)*
“H,0 CSH- 6H.O
4+ “
H;N
HSI|\I NH; (|)H/20H2 DNeKTPOHHBI 3 /NH3 (|)H/20H2

H;N— Co"'—Cl---;Crl'-OH,| __ M°Peroc H;N_—Co'l- - -Cl— Cr'"-OH;
HNT [ o7 HNT T p,0”
H;N OH, H;N 2
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Ecnu B cucTeMe OTCYTCTBYIOT YacTHILBI, KOTOPbIE MOIJIM OBl BBICTYNATh B POJIU
MOCTHKOBBIX, TNpoyecc MpoTeKaeT BHeIHeC(EPHO:

[Ru(NH;)el** + [Co(phen)s]** = [Ru(NH;)]** + [Co(phen);|**

Oc060 HEOOXOIUMO BBLAEIUTD PEAKLIMH OKUCIUTENLHOTO NPUCOeTUHEHUS] U BOC-
CTAHOBUTEJBHOTO 3TMMUHUPOBAHUSA, KOTOPHIE OYIYT pacCMOTPEHRI B I 6.

Peaxkuun K0OpIHHAPOBAHHBIX JHTaHA0B. B 1aHHYIO0 rpyIny peakuuii BXOISAT Mpo-
LEeCChl MOAM(DUKALIMU JIUTAHIOB, KOOPAUHUPOBAHHBIX HOHOM MeTasna. Tak, JuMKe-
TOHATHBIE KOMILJIEKCHI NOAOOHO CBOOOJHBIM JUKETOHAM MOXKHO HUTPOBATh, aliMl-
JIMpOBaTh, rajioreHMpoBaTh. Hanbonee MHTEPECHBIM M HEOOBIYHEIM ITPUMEPOM pE-
aKU Wi KOOPIMHUPOBAHHBIX JIMTAHAOB CIYXUT MEMNAGMHbLE CUHME3 — CBOEOOpas3-
HBl MEeTO «COOPKM» JIMraHga Ha MOHE METaJLIA.

[TpuMepamu cityxar obpasoBaHue PrajoMaHUuHOB U3 HUTPUIA (TATEBONH KUC-
JIOTBI, MPOTEKAIOIIEE B NMPUCYTCTBUM HoHOB Meau(Il):

N
4 AN
CN N
. CuCl, N/ N«C/ \N
Van
CN N N=
N/
N

W CMHTE3 Makpouukjinieckoro ocHopaHus Hluddga uz 2-amMmuHobeH3aapaerMAa Ha
noHax Hukems(Il):

NH2 —N N=—
4 Ni> b )i,2+ + 4H,0
0 A
c” =N \FI
H

B orcyTtcTBME MeTasia Mmpouecc MPOTEKAET MO APYFOMY NYTH, U B peakiMOHHOI
CMeCH XKeIdeMBIH NPOAYKT NMPUCYTCTBYET JIMILL B HE3HAYUTETLHOM KonnuecTse. MoH
MeTaljia BBICTYMAET B TEMIUIATHOM CHMHTE3€ B Ka4eCTBE MaTpUibl (TEMIUIATa), CTa-
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OMIM3UPYIOIEH OJUH U3 TIPOAYKTOB, HAXOASIMXCSI B PABHOBECHM, U CMeLHaIoei
paBHOBECHE B CTOpPOHY ero obOpasoBaHusi. Hanpumep, npu B3aMMOgeHCTBUM pe-
areHTOB X M Y oOpa3yeTcs cMech NpoaykToB A U B, B KoTopoiif npeo®iagaer mpo-
OYKT B, uMerowinit 6ojiee HU3KYIO 3HEPruio. B mpucyTcTBUM HOHA MeTajlla B po-
JYKTaX peakuuH npeoOafaeT BElIeCTBO A B BHUIE KOMILIEKCA C MOHOM MeTajula
(puc. 1.41).

Jlabuavnvie u unepmubie KOMNAEKCHL

Tepmodunamuueckas ycmoauugocms 9acTULIBI OTPEneNsieTcsl U3MeHEHUEM SHep-
ruv T'ubbca peakumu ee grMccouuyany 6o 3HaYeHMEM KOHCTAHThI YCTONYMBOCTH
aroro npouecca. Kunemuueckas ycmouuusocms NOKa3bIBAET, HACKOJIbKO ObICTPO AaH-
Hast 4yacTvLa BCTYyNaeT BO B3aMMOIEICTBUE ¢ APYTMMHM YacTUL[AMU WM MpeTepiieBacT
pacnan. XuMudeckast 4acTHLA CIMTAETCS WHepMHOL, €CIIA OHA BCTYNAeT B PEAKIHIO C
nepuoaoM nosynpespaileHus: 6osee |1 MuH. ([lepuod noaynpespawenus — BpeMs,
B TEUEHME KOTOPOro B PEAKI[MIO BCTYMAET MOJIOBMHA B3ATOTO MCXOLHOIO BEILIECTBA.)
YacTuiipl, pearupyioiiive ¢ 6oJiee BHICOKONH CKOPOCTBIO, Ha3bIBAIOT AabunbHbimu. He-
00XonMMo MOMHHUTh, YTO KHHETHYECKasi U TepMoaMHaMHyecKasi yCTOMYHBOCTb HE
3aBUCST OHA OT ApYTroii. BeliecTBO MOXET MMETh BbICOKYIO KOHCTAHTY yCTONUMBOCTH
M B TO X€ BpeMs ObITb MHEPTHBIM WK, HA000POT, NabWibHbIM. HekoTopble npuMepbl
NpuBeAEHBI B Tab. 1.6.

Tab6nuua 1.6

KoncranTs YCTOHIHBOCTH H NEePpHOA MOJYNIPEBPANMECHUA B PEAKIHAX 3aMeEIlCHHA
JIHraHa0B B NHAHOKOMILIEKCAX HEKOTOPLIX METAJLIOB

Komrekc YCT‘E‘;I*“;T;;T:H* Mepuon nonz;lgeBpameHnﬂ,
[Ni(CN)yJ> 109 o
[Hg(CN),J*~ 1042 <l
[Fe(CN)gJ*- 10 ol
[Fe(CN)gJ* 107 ol
[Pt(CN),]> 10% -1

* Hpu temneparype 20 °C.

I'. TayGe nokasa cBsi3b KHHETHYECKON YCTONUMBOCTH OKTa3APUUECKHUX KOMIUIEK-
COB C 3JIEKTPOHHOI KOHGUTrypaiMeil HEHTPAJILHOIO HOHA B OKTa3APHUYECKOM MOJIE.
CornacHo teopuu Taybe K 1aOWIBHBIM OTHOCSITCS KOMILUIEKCHI:

» obnanaromye xotst 6bl OAHOW BAKAHTHOM 7,,-OpOMTAIbIO — OHM MOTYT €€ HC-
MOJb30BaTh B peakuUMsX Mo accouuatuBHOMY (A, [,) MexaHU3MY;

* nMetole XoTsl Ol OMH 3JIEKTPOH HA e,-0pOMTaN — 3T0 CNocoOCTBYET peak-
LUK No auccouratuBHoMy (D, I;) MexaHM3My, TaK KaK ymajieHHE 3JIEKTpOHa ¢
€,~0pOUTaNN MOHMXAET JHEPTUIO NEPEXOJHOTO COCTOSHUS.

TakuMm oOpa3oM, K HHEPTHBIM OTHOCAT OKTasapuueckue Komrurekceobl xpoMa(lil)
(t3,), Hu3KocnuHoBbie KoMmiekcnl xenesa(ll) (15,) n xenesa(Ill) (15,), a Takxe
KOMIUIEKCh! 4d-, Sd-nepexoaHbIX JIEMEHTOB ¢ YHUCIIOM d-3]1IeKTPOHOB OOJIblle ABYX.
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A
X+Y
B
KoopnuHaTa peakuuu KoopanHara peakuuu
a 6

Puc. 1.41. DHepreTudeckas guarpaMma B3aMMOJCHCTBHS coequHeHuit X 1 Y B OTCYTCTBHE
MoHa MeTaina (@) U B ero NnpucyTcTeiu (6)

Tenpu Tay6e (pox. 1915)

AMepHMKaHCKuil XUMUK, 3aHUMaloIUACS U3YYeHUEM MEXaHU3MOB
HeopraH MuecKMx peakuuii. B 1952 r. on o6Hapyxui 3aBUCUMOCTS
MEXY ANEeKTPOHHOM KOH(UTYpaLIMeH LEHTPaTIbHOro aTOMa 1 CKO-
pOCTBIO peaklLinii 0OmMeHa B rekcaakpavoHax. B 1983 r. 611 yaOCTO-
eH HobGesieBckod mpeMHH MO XUMHUHU 3@ MCCielOBaHME MEXaHW3-
MOB OKHCJIMTENBHO-BOCCTAHOBUTENBHBIX peakuuil. 3annMaercs
U3ydeHeM KOMILIEKCOB MOJieKyisipHoro asota. C 1962 r. siBiisieTcs
npodeccopoM CT3HGHOPIACKOro yHUBEPCHTETA.

KouTtpojbHbie BONPOCHI

1. Kakue U3 nepeuncieHrbix coenHeruit: BaTiO;, LiNDO;, LaCrO;, FeTiO;, Na,WOy,
CulLa,0,, La,MgRuQy — UMeIoT CTPYKTypy NepoBckuTa? Tabauua HOHHBIX paalyCcOB MPU-
BejieHa B PUIOKEHHH K TIepBOMY ToMy. HiMeiTe B BUIY, YTO B CJIOXHBIX OKCHAHBIX ¢asax B
no3uuusix B Moryr pacriosiaratecsi KATHOHBI IBYX pasHbIX META/LIOB.

2. BoCroJib30BaBLIMCh TEOpHE KPUCTALUIMYECKOrO MOJisl, ONPelenTe, HOpMalbHBIMH
uay o6pallieHHBIMU ABJISIIOTCS ClIEQYIOIINe WIMHHENN: ZnFe,0,, CoFe,0,, Co;0,, Mn;0,,
CuRh,0,.

3. TuonmaHar-uod SCN- MMeeT ABa JOHOPHBIX LHEHTPA: XECTKUN K markuii. [lpeanono-
XHTe, KAKOe cTpoeH e 6yayT MMeTh THOLMAHATHbIE KOMIUICKCHE KajiblIHs 1 meau(l). Toue-
MY HE yaaeTcsl MOJy4uTh poaaHu meau(11)?

4. Cniextp akBauoHa Cr>* (TepM OCHOBHOIO COCTOSIHMsI 5D) umeeT aBe nojoce (puc. 1.42),
XOTSl cpeau TepMOB GivxailiuX Bo3OYXIEHHbIX COCTOAHMI HET HM ONHOrO C Takol xe
MYJIBTURNETHOCTBIO. UeM 31O obbacusieTca? Kakyio OKpacky HMeeT 3TOT UOH?

5. Ucrosib3yst IpUBEAEHHBIE 3HAYSHHUS TapaMETpa pacLIerIeHNs A, paccuMTanTe aHeEp-
Mo crabuiausauny KpuctaminyeckuM nosieM (Kx/Monb) Alst CIeIyIoumX KOMIUIEKCOB:
a) [MnClg]>, A, = 15000 cm~'; 6) [Co(H,0)e*, A, = 13000 em™'; B) [CoCl )%,
A, ([CoClg]4) = 21000 cm™'. DHepruio cnap1BaHnsi TpUMUTE PABHOM 19000 cm~! (1 KIIx =
= 83,3 cM™"). PaccuuraiiTe MarHHTHbIE MOMEHTHI (CTTHHOBYIO COCTaBJISIIOILYIO) KOMILIEKCOB.
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Puc. 1.42. DnexTpoMarHutHaa wkana (a); 3JeKTpoHHbIi cnekTp nona [Cr(H,0)¢]* (6)

6. Mcnonb3yst TEOpUIO KPUCTALIHMECKOTO NoNist, 00bicHUTe, novueMy hodH CN- pearupy-
€T ¢ noHoM rekcaakBaxenesa(Il) ¢ obpazoBanuem rexcaumaHodeppara(il), a ¢ noHom
recaakBaHukensi(1l) ¢ obpazopanuem Terpauranonuxenara(ll).

7. KoHcTaHTBI paBHOBECHS peakiiMil MOCIe 0BaTeIbHOTO 3aMELIEHHS BOJbl B aKBAKOMII-
nekce mean(I11) Ha ammuak cocrasnsiior: K; = 2- 104 K, =4-10°, K3 = 1-10%, K, = 2-10%,
K;=3-10"", K, < 1. UeM oOBACHAETCA TPYLHOCTh BXOXACHUSA MATONH M 1LEcTOil MONEKY
aMMHMaka B KOOpAMHAUUOHHYIO cepy Meau?

8. Kax M3MeHSEeTCsl XKEeCTKOCTb KaTUOHOB NMpH ABUXeHHUU no 3d-psgy? CornacyeTcst JTu
9TO C MOPSIIKOM M3MEHEHHUsI KOHCTAHT YCTOWUMBOCTH KoMIiekcoB (psag Mpeuura—Yuib-
sIMca; cM. puc. 1.34)?

9. ObbsacHuTte, noueMy Mon rekcaakBaxenesa(lll) GecuBernbiii, a pacTBopbl coseii
xkenesa(Ill) okpalueHsl.

10. Tlpennoxute MEXaHU3M peakLnu

[Fe(CN)g]* + [Co(CN)s]*~ = [Fe(CN)]* + [Co(CN)s]*

€CJIN U3BECTHO, UYTO BBCACHUEC B pacTBOp pOAaHUA-HOHOB MPUBOIUT K UBMECHECHHIO CKOPO-

CTU peaku MM, a OT NPUCYTCTBUSI aMMHAKa CKOPOCTb NPAaKTUYECKU He 3aBUCHUT. [lpeanoxure
O0BSICHEHHME ITUM (haKTaM.




I'nasa 2
XUMMUS DJIEMEHTOB YETBEPTOM T'PYIIIIbI

2.1. OBIIAS XAPAKTEPUCTUKA

OnucaHue XUMHUH d-3J1IEMEHTOB MIPUHSITO HAYMHATD C METAIOB 4ETBEPTOM IPyI-
Nbl, TAK KaK 3J€MEHTH TPEThEi I'PYNIbl, OTKPHBAIOIME d-PsAabl, TPAKTUYECKU HU
B OIHOM COEIMHEHUU He COJEPXKAT d-3JIEKTPOHOB; UX XUMHUs OyaeT pacCMOTpeHa B
D1 9, NOCBAILEHHO TaHTaHOMAaM. B cocTaB uerBepTOil rpynnel BXOAAT TUTAH 5, Ti,
LUMPKOHUI 4Zr, FadHuii ,,Hf u pesepdopauit 44Rf.

IlepBrle TpU MeTamia cCOCTOST U3 HECKOABKUX MPUPOAHBIX U30TOMNOB (Tabu. 2.1),
HEKOTOphIE U3 HUX — pPAaAUOAKTUBHBIE ¢ OOJIBHIMM [EPUOAOM IOJypacnana; Ha-
npumep, ais j$Zr mepuoa monypacnaga cocrasiser 3-10'7 ner, g '4Hf —
2- 10" ner. DnemeHT pesepdopauii B npUpojie HE BCTPEYaeTcsl, BCe ero U30TOMbl
paflMOaKTHUBHBL; TEPUO] MOJIypacaga Hauboee NOAroXmuByILero usoromna 2'Rf 65 c.

TutaH 6611 OTKPHIT B 1791 1. aHIIMACKUM xHMKUKOM Y. I'peropoM B MUHeEpasie MIbLMEHH-
te FeTiO;. He3zaBrucumo ot Hero B 1795 r. HeMeuxuit xumuk M. Knanpot o6HapyXui stoT
3JeMeHT B MUHepase pytuie TiO, ¥ Ha3BaJi ero B YecTh JOOJNUMMHUHUCKHX GOTOB THTAHOB —
Jeteit Ypana v I'en. Tutanbl, BOCIEACTBUM HU3BepTHYThle 3eBcoM B Taprap — 1apcTBO
TbMBbl, OTJIMYAJIMCh FOPABIHENH U HEOOY31aHHOCTBIO HPABOB. DIEMEHT LIMPKOHHWA, TAKXE OT-
KpbITlid M. Knanporom B 1789 r., nonyyun Ha3BaHue OT MUHepasa uMpkoHa ZrO, (B nepe-
BOJE C apabCcKOro «30JMI0TUCTHIN»). TadHUi1 ObUT BbLICIEH W3 HPKOHUEBON Pynbl JIMLIbL B
1922 r. B nabopatopuu H.Bbopa B Koneurarexe romnanaueM J. Koctepom u senrpom I Xe-
BELLW Y Ha3BaH B 4eCTb PUMcKoOro noceneHust Hafnia, Haxoaupllierocsl Ha MecTe HbIHEIlIHe-
ro Konenrarexa. Pesepdopauii BnepBbiec Obl1 0GHAPYXKEH COBETCKMMHU YYEHLIMU B 1964 1. B
MPOAYKTaX CIOHTAHHOTO JAeeHMs siuep, a nosgHee nodayyeH B CLUIA B yuknorpoHe npu

GomBapanpoBke M3otona %2Pu yCKOPEHHbBIMH SIDAMU HEOHA:

22 242 260 !
isNe+ GiPu — {5 Rf +4n

CoBeTcKHe YYEHBIE BBICTYMWIN C MHULMATHBON Ha3BaTh JJMEMEHT KYpYaTOBMEM B UECThb
akageMuKa H.B.KypuatoBa, BosrnapisiBiiero OObeMHEHHBIA WHCTUTYT SIAEPHBLIX HMcclie-
nosanui B Jlyore. Komuccueit TUPAC 3neMeHTy npucBoeHO HasBaHue pesepdopamii. Pe-
3epdopanii SIBISIETCSl NEPBBIM JIEMEHTOM, CICAYIOWMM 3a akTHHOWAaMU,. Ero anekrpoxHas
KoHburypauus 5f'6d?7s? ananornuna xoudurypaumu ratbuus 4f'454%6s2, uto noaTBEpX-
JIaeTCst CXOCTBOM MX XMMHUYECKUX CBOMCTB. beapoaHsbiii x1opua pesepdopaus RfCl, no ne-
TyyectH Onmsox HICl, (temneparypa BosroHku 313 °C) u HamHoro 6ojee JeTyd, YyeM TeT-
paxJiopubl aKTHHOUIOB (TeMiiepatypa kumnexus Boite | 500 °C). D10 no3BoIMI0 YEXOCTO-
BalKoMy yueHoMy M. 3Bape oTaenuTs aToMbl pesepdopaus ot akTnHoUWAoB. HekoTtopsle pas-
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Ta6auua 2.1
CsoiicTBa 3,1eMeHTOB YeTBEPTOil rpynmnbl

CpoiicTBO Ti Zr Hf
3apsia sapa 22 40 72
ATOMHast Macca 47,867 91,224 178,49
Yucno cTabUIbHBIX U30TOMNOB 5 5 . 6
DNEKTPOHHAs KOHGUTYpaLMs [Ar]3d%4s? [Krj4d?5s? [Xel4f'45d%s?

B OCHOBHOM COCTOSTHUH

DHeprus MOHU3auMH, KJXK/MOJb:

nepeas 658,99 639,70 658,03

BTOpast 1312,2 12640 1437,6

TPEThA 26533 2219,2 2248,1

yeTBepTast 4177,8 3319,1 3213,0
CeueHue 3axBaTa TCMIOBbIX 4 0,18 105
HEUTPOHOB, GapH
MeTannuueckuit paauyc*, HM 0,146 0,160 0,159
HNoHHBII paauyc**, HM:

M1V) 0,0745 0,086 0,085

M(I1) 0,081 — —

M (1) 0,100 — —
DIEKTPOOTPULIATEN bH OCTh!

no IonuHry 1,54 1,33 1,30

no Osipeay—PoxoBy 1,32 1,22 1,23
CreneHb OKUCIICHHU S *** 1), 0, 2), |D,0, (1), 2),]| 1),0, 1),

3,4 (3), 4 (2), 3), 4

* Jlasi KoOpAMHAUWOHHOTO 4ucaa 12.
** J11s1 KOOPIMHALUMOHHOTO 4uciaa 6.
***+ B ckobKax yKa3aHbl HEYCTOMYMBBIE CTENEHU OKHUC/EHMUSI.

JUYKs B CBOMCTBAxX pesepdoparsl U APYTHX JMEMEHTOB 4-i Tpynnbl* (HU3Kasl yCTOMYHBOCTh
¢ropunHbix KoMnuekcoB |RfF 1) o6bACHAIOTCA pensiTUBUCTCKUM 3((EKTOM, KOTOPbIN
€llle CMJIbHEE CKa3biBaeTCsl Ha XUMMHU diieMeHTa 105 gy6Hus.

B OCHOBHOM COCTOSIHUM aTOMBL 3JIEMEHTOB YETBEPTOU FPYINbl UMEIOT SJIEKT-
poHHYI0 KoHbUrypauuio (1 — 1)d?ns? (cM. Taba. 2.1). CyMmmapHasi SHeprusi HOHU3a-
UMY [IPU TIEPEX0Ae OT TUTAHA K LUPKOHUIO 3aMETHO CHUXKAETCS1, YTO OOYCIOBRIEHO
YMEHBHICHUEM SHEPrUU CBSI3U HS-3JCKTPOHOB C SAAPOM; 3aTEM CYILUECTBEHHO HE
MeHsieTcs1. JIMIIb MepBhIil U3 2JIEMEHTOB IPYINEI — TUTAH MPOSIBJISIET BHICOKYIO XU-
MHUYECKYI0 aKTUBHOCTb.

YBeauueHHe ynciia 2JIeKTPOHHEIX CJI0€B MPHUBOAMT K 3aMETHOMY POCTY ATOMHBIX
paguycoB MpH Mepexoie oT TUTaHA K HUPKOHUIO, OIHAKO JaNbHEHHINHA pOCT aTOM-
HOTO paauyca, CBsSI3aHHbI ¢ MOSIBJIeHHEM Y aToMa radHUs IEKTPOHOB Ha HIECTOM

* Nagame Y. // J. Nucl. Radiochem. Sci. — 2005. — V. 6. — P. A21.
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SHEPreTUYECKOM YPOBHE, IIPAKTUYECKU MOJHOCTBIO HUBEJIUPYETCS CXXAaTUEM 3JIEK-
TPOHHBIX CJIOEB MpU 3aMOJHEHUU 4/-000JI04KU (JJAHTAHOUAHOE CXATHE), BCJE-
CTBUE Yero aTOMHBIE, d TAKXKE MOHHBIE PaJUyChl LIMPKOHHUS U FadHUS TpaKTHYe-
CKM coBMafatoT (CM. Tabu. 2.1). DTo NpUBOAUT K 3HAYUTETLHOMY CXOACTBY CBOICTB
COEIMHEHWI 3THX 3JIEMEHTOB U OMPEAEsSiET TPYJHOCTb UX PAa3IEaeHHUS.

Jlna 31eMEHTOB YeTBEPTOM IPynibl HaubOJIEe XapaKTepHa CTEMEHb OKUCIIEHMUS
+4, TP 3TOM BBICOKHE SHEPIUU UOHU3ALMUM YETHIPEX SNEKTPOHOB KOMIIEHCUPYIOT-
Csl 9HEeprueil o6pasyIoILUXCs CBsI3eil U SHEeprueil KpUCTAIMYECKOI pellueTku. Bme-
CTE C TEM TIOAABNIAIOILEE OOJBIUIHHCTBO COEJUHEHUI 3JIEMEHTOB YETBEPTOH IPYIIIIbI
(3a uckmoyeHreM GTOPUIOB U OKCHIOB) KOBaJEHTHBIE, B HUX OTCYTCTBYIOT UOHBI
M*. Ilo Mepe pocTa aTOMHOIO PagMyca CTeneHb HOHHOCTH COeIMHEHMIl aHAIOTHY-
HOTO COCTaBa HECKOJIbKO YBEJNUUMUBAETCS, BO3pPACTAIOT TEMIIEPATyphl MJIABJIEHUS U
KUIEHUS1, MOBBILIAETCS yCTOMYUBOCTD K rUaponu3y. Tak, propua TuraHa(lV) Heo6-
PaTUMO pasyiaraeTcsl Bogoil, a aHaloruuHble PTOPUIBI LMPKOHUS U TadHUST MOTYT
OBITbL BbIIENIEHBl U3 BOAHBIX PACTBOPOB B Bu€ TMaparoB. Tpuruapatbl (pTOpUIOB
HMPKOHMSA U FaHUs NPU MELIEHHOM HarpeBAHUU B TOKE a30Ta OTILEILISIOT BOaY,
NpeBpamasch B 0e3BogHbIE (DTOPUIEL.

B psany Ti— Zr— Hf ycTOMYHBOCTL COEqUHEHMII C BBICILEN CTEMEHBIO OKHCJIE-
HUs Bo3pacraer. Tak, wis TuraHa ycroituusbl okcubl TiO, Ti,Os, TiO, u ¢Topuast
TiF,, TiF;, TiF,, a ans uvpkonus u raduust — tonbko auokcuanl ZrO,, HfO, u
tetpadropuabl ZrF,, HfF,. O6pa3oBaHue XMMUYECKUX COEqUHEHUN U3 MPOCTHIX
BELLIECTB COMPOBOXKIAETCS 3aTPAaTOi SHEPTrUU Ha pa3phIB CBsI3el B UCXOMAHbIX BEIle-
CTBAaX W BBIICJICHUEM SHEPIUU NPU 00pas3o-
BAaHUM HOBBIX XUMHUYECKUX CBs3eit. Hanpu-
Mep, npu nojayyenun MF,, MF;, MF, u3
NIPOCTHIX BELECTB 3aTPaThl 3HEPTUU HA aTO-
MH3aLHI0 METAJJIA U Pa3phIB CBsI3el B MO-
nekyne F, oguu u te xe. C yBeM4eHHEM [10-
PSITIKOBOrO HOMepa 3JIeMeHTa 3HTaJbIUHU
aTOMH3auuu (CM. nanee Tabdna. 2.3) Bo3pacra-
10T ¥ MOFYT ObITb CKOMIIEHCUPOBAHBI 32 CYET
00pazoBaHusi OosblIero Yucsa cssizeit M—F.
Takum o0pa3oM, Haubojiee XapaKTEPHBIMU
CTaHOBATCS (GTOPUIBI 3JIEMEHTA B BLICHIEH
CTeNEeHU OKUCIeHMUs1. Iisl repMaHus, oJoBa
U CBUHLA, KOTOPHIE B KOPOTKOMEPUOIHOM
BapuaHte Ilepuoanyeckoi TaGauLBl HAXo-
JIATCS B ONHOMW rpynmne ¢ TUTAHOM, LUpPKO-
HHEM U radHUEeM, YCTOMUYUBOCTh CTEMEHE
OKMCJIEHUSI U3MEHSIETCSI B TIPOTHBOMOIOX-
HOM HanpapBJIEHUHU: BbICHIASI CTENEHb OKHC-

Hf4+
7 1 \ . , JeHust HauboJIee CTabMIbHA y TepMaHus. DTo
0+ 42 43 4 OOBSICHSIIOT IEHCTBUEM PEISITUBUCTCKOTO 3¢h-
CreneHn OKUCIEHUS dekTa (CM. T. 2, L. 5)_

Puc. 2.1. arpamma ®pocta st e~ CKJIOHHOCTB K TIPOSIBJIEHUIO HU3KHX CTe-
MEHTOB deTBepToil rpynnsl npu pH 0 TMEHEH OKMCIeHUs +2, +3 y THTaHa BhIlleE,

(cnouHble nunun) v pH 14 (nyHktMp-  YEM Y €r0 TsKENbIX aHaoros (puc. 2.1). Co-
Hasl IMHUS) enuHeHust tutaHa(lll) B Buge akBanoHoB
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NPHUCYTCTBYIOT B KMUCIBIX BOAHBIX PACTBOpPAaX, U3 KOTOPBIX BBIACICHBI COOTBETCTBY-
oiue cynbdatel U rajgoreHuabl. CoeauHerusa yupkornusi(111) u rapuus(11l) B Bon-
HBIX pacTBOpPax He CYLIECTBYIOT, TAK KaK JIEMKO OKUCJSI0TCS BOAOH. C MOHUXEHUEM
CTEMeHU OKUCJIEHUS YCHIMBAIOTCS OCHOBHBIE M BOCCTAHOBUTEIbHBIE CBOMCTBA CO-
OTBETCTBYIOILMX CO€IMHEHUIT; HarTpuMep, ruapokcrg turaHa Ti(OH); okasbiBaer-
cs1 6ojiee CHIBHBIM OCHOBAHUEM, YeM TMApaTHpPOBAHHBINA okcua TUTaHa(IV).

KoopauHauuMoHHEIE YMCAA K MPOCTPAHCTBEHHOE CTPOCHKUE KOMILIEKCHBIX CO-
eJUHEeHUI OTpeneNialoTcs 3NEKTPOHHONW KOHGuUrypaiueit, pasmMepamu, crepuye-
CKUMH M EKTPOHHBIMHM B3aMMOIECTBUSIMU LIEHTPAILHOTO aToMa MeTaia W Jiu-
raHgoB. Jyist THTAHA TUIMYHO KOOpIMHAIIMOHHOE Yucio 6 u, pexe, 4; B coequHe-
HUAX IMPKOHUS U rapHUs 4acTo HaGmogaloTcsl KOOpAUHARUOHHBIE Yyuciaa 7 U 8
(Tabn. 2.2).

ATOMBI 3JIEMEHTOB YeTBEPTOI IpyNIlbl MOJO0HO APYTUM MEpeXoJHbIM MeTAL1aM
AKTUBHO MCIIOJb3YIOT d-0pOUTAIH 151 00pa3oBaHUsI XUMUUECKUX cBA3ei. bonbliue
aTOMHbIE pajuyChl U TUOpUAM3ALUS s-, p-, d-opOUTaieil OOYCIOBAUBAIOT BO3MOX-
HOCTb 00pa30BaHUsT KOMIUIEKCOB IUPKOHHUs W radHUST ¢ BHICOKUMH KOOpAMHALU-
OHHBIMHU YHcnaMu. Tak, 06pa3oBaHHE KOMILIEKCOB C KOOPAMHALIMOHHBIM YUCIOM 9
MOXHO TIpEACTABUTh KaK Pe3yJbTaT TMOPUIHOrO MepeKpbiBAHUS OJHOH s-, TpeX p- U
MISITH d-opbUTAlIeit MeTaLIa C TTOCAEYIOLLMM 3aroHeHMEM UX TuranaaMu (d>sp*-ru6-
puausauus). Bo ¢propugHom Komriekce [ZrFg]*, umeromem dopmy nByxiianou-

Ta6nuua 2.2

CreneHH OKHC/IEHHsI, 3/IEKTPOHHbIe KOHMHIYpANHH, KOOPAHHANHOHHbIE YHCAA
H reOMEeTpHsA COeIMHEHMH JJIEeMEHTOB YeTBepTOoil rpynmbl

CreneHb| 3JeKTpoH- KoopnuHa- [TpriMe pbl HOHOB U COeMHEHHUH
okucie- | Hast koH(MU- |  UMOHHOE TeomeTpus
HHs rypauus 4UCIIO THTaHa UM pPKOHMs, racdHus
-1 d’ 6 Okrasap [Ti(bipy)s]- [Zr(bipy)s]”
0 d* 6 Oxrasnp Ti(CO)¢* —
+2 d? 6 OxTasnp TiO, TiCl, —
+3 d! 6 Okrasnp [Ti(H,0)q]** Zrl,
+4 d° 4 TeTpasnp TiCl, ZrCly(r.)
6 OxkTasap [TiFg)* [ZrF)*
CaTiO;
7 [TeHTaroHasb- [TiO(C,0,);1¢ | (NH,);[ZrF,], ZrO,
Hast OUunupamMuaa
8 KeagpatHas — [Zr(acac),]
AHTUMPU3MA
8 JByxiuaroyHast — [ZrFg)*, [HfF]*
TPUTOHAJIbHAS
npH3Ma
8 Jdonexasup Ti(NO3), [Zr(C,04)4]*

* Monyyen konpeHcauuei napoB Ti u CO B MaTpulue MHepTHOro rasa mpu Temmnepatype 10—
15 K.
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8F~ HO# TPUTOHAIBHON MPU3MbI, B THOPUIU3ALIMH

da A - .
‘ HE MPUHUMAET y4yactue d,-opOuTans, eif co-
‘ I h | H ‘ i | M OTBETCTBYET HECBSA3LIBAIOILAS MOJEKY/IsIpHas
[ 4 3s | opburtaisb (puc. 2.2); ato orBeyaer d*sp>-ruo6-

d*sp’-Tubpuamsams puiM3anry. B xauecTBe TUFaHIOB MOIYT BbIC-
a TYNaTh U IPYyrue HEOPraHUYECKUE UOHBI (CYJIb-
Gbat-, HUTpaT-, poJaHWA- U Jp.), a TAKXKE Opra-

HUYECKUE MOJIeKYbl — O6unupuaun (bipy),
STWICHIWAMHUH (€n) U ap. (cM. Tadn. 2.2). baa-
rofaps KOMILIEKCOO0pa3oBaHUIO THIPOKCHI
tutana(lV) TiO,-xH,0 xopouio pacrtopsier-
Csl B YKCYCHOI U BUHHOM KHUCIOTaX, MPUCYT-
CTBUE KOTOPLIX NIPEMSITCTBYET TUAPONU3Y coneil
TUTaHA. XeJaTHbIE KOMIUIEKCh HUpKOHUA(IV)
Puc. 2.2. CxeMa o6pasosanis ko~ © OMIEHTATHBIMU KHUCJIOPOMIIOHOPHBIMH JIMTAH-
nexca [ZrFg]* no Metony anentnpx A@MHM, HAlpUMep alETUIALIETOHOM, CTAOWIIb-
cBsi3eid (a) 1 ero crpoene (6) Hbl M JIEFKO I1E€peX0niT B ra3oByilo ¢asy, 4To
[O3BOJISIET UCTTOIBL30BATh MX [UIA HAHECEHUsI Tep-

MOCTOWKHUX TUIEHOK OKCHJa [{UPKOHMSL.

B COCTOSIHMSAX ¢ HU3KMMU CTEMEHsIMU OKMCIEeHUs, 0OCOOEHHO B Ciyyae HUPKO-
HUs U TapHUs1, HabnwgaeTcs nepekpbiBaHue 4d- wiu 5d-opbuTaneii, npusogAmEee
K BO3HWKHOBEHMIO KITAaCTEPOB CO CBA3SAMU METAJl —METall, HATIPUMED XJIOpUAA
ZrCl, co cnouctoit rpaduTonoao0HOM CTPYKTYpOI.

M3BecTHbl n MeTanoopraHnyeckie COeIMHEHHUSI, HANIPUMED LIMKJIONEHTAANeH UITbHbIE
koMmriekebl M(cp),Cly. D1H BeluecTBa JieTyuu, pacTBOPSIIOTCS B HETIOJIAPHbIX PacTBOPUTE-
JIX, JIETKO paspyuialoTcd Ha Bo3ayxe. B BoaHbIXx pacTBopax npoucxoauT paspbis csasu Ti—Cl
u obpasoBaH{e OKCONPOU3BOAHBIX [(Ns5-cp),Ti(H,0)—O0—(H,0)Ti(ns-cp),]*.

2.2. HAXOXJIEHHME B MPUPOJE, TTOJYYEHUE
" NTIPUMEHEHHUE NTPOCTBHIX BEIIECTB

Haxoxneunne B mpupone. M3 MeTa/u10B YeTBEPTON Ipynmnel B NMpUpoe Hauboee
pacnpoctpaHeH tutaH (0,63 Mac. %), OH 3aHUMaET JEBATOE MECTO Cpead BCeX Jjie-
meHTOB. Llnpkouuii (0,016 Mac. %) v raduuii (3- 10* Mac. %) cywecTBeHHO yCcTy-
NalOT TUTAHY MO PpacNpPOCTPAHEHHOCTH U OTHOCSTCS K YMCIY penkuX. Bee Hepaauo-
AKTUBHBIE JIEMEHTHI YETBEPTOH [PYMNIElI B MPUPOLE BCTPEYAIOTCA UCKIIOUUTENLHO
B Buae coeauHeHnit. U3 MuHepanos THTaHa HauGOMblilee 3HAYEHUE UMEIOT PYTHI
TiO,, unemenutr FeTiO;, neposckut CaTiO;, M3 MUHEPATOB IMPKOHUSI — Gaje-
neut ZrO; v unpkon ZrSiO,. FadHM OTHOCUTCA K paccesiHHBIM 31eMEHTaM, npak-
THYECKU He 00pa3yeT caMOCTOSITENIbHBIX MUHEDPAIOB*, BCTPEYAsiCh UCKIIOUMTENLHO
B BUJE MIPUMECH K COEIUHEHUAM LHUPKOHHUSL.

Ionyyenne. IIpocThie BemecTsa Moiy4aoT METAULIOTEPMUYECKUM BOCCTAHOBJIE-
HUEM XJIOpUIO0B, GTOPUIOB MU (PTOPUIHBIX KOMILIEKCOB. B KayecTBe BOCCTAHOBHM-
TeJist OOBIYHO MCMONB3YIOT MarHUi, KalbUUil 1M HATPUIA:

* CyuectByet MuHepan radgHoH HfSiO, B cpocTkax c uMpKoHoM ZrSiO,.
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900°C
MCl, + 2Mg —— M + 2MgCl, (M = Ti, Zr, Hf)

850°C
MF, + 2Ca —— M + 2CaF, (M = Zr, Hf)

750°C
K>[MF¢] + 4Na — M + 4NaF + 2KF (M = Zr, Hf)

BoccraHoBieHHE MPOTEKAET CTYNEHYAaTO, Yepe3 CTaAuM 0Opa3OBaHUSA HU3LLUX
rajloreHua0B.

Bo3HukaeT Bonpoc: noyeMy BOCCTAHOBJIEHMIO IMOABEPTAIOT XJIOPUABI 3JEMEHTOB, a HE
MX OKCMIIbl, KOTOPBHIE K TOMY XK€ BCTPEYAlOTCst B NpUpoae. DTO OOBSICHAETCH TEM, YTO BbiC-
LIMEe OKCHABI TUTAHA, LUPKOHUST U radHHUSt — TYroIUIaBKME KPUCTAUIMYECKHUE BELLECTBA,
XapaKTepHU3YIOLLMECS BLICOKOW SHeprueil KpUCTaIIMYECKON DEIIETKM M HU3KOH XUMHue-
cKoit aktuBHOCTHIO. Tak, Bogopon nipu Temnepatype 900 °C Boccranasnuaet TiO, auuib 10
Ti;0;s. T1poayKT peakuuu MetainoTepMuu ¢ ydactieM Na, Mg, Ca cogepXHuT pUMecH MH-
TEPMETAIIMAOB U HU3LIUX OKCHIOB.
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Puc. 2.3. Cxema peakropa (@) List HOAUIHOrO papUHUPO-
BaHUst TUTaHa (/ — noxBox Toka; 2 — TpyOKa /Ui BBOIA
TUTAHOBOI IyOKM M MoAa; 3 — CTEHKa cocyna; 4 — Harpe-
BacMast IIPOBOJIOKA; 5 — pellieTKa IS nojaepXaHusl TUTa-
/ HOBOIA r'y0KH; 6 — BaKYYMHbIN BbIBOAI); 3aBUCUMOCTb CKO-

POCTH OCaXJEHMsI TUTaHa Ha BOJbthpaMOBOK HUTH OT TEM-
a rnepatypbi peakropa (6)
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[TocKoJIbKY Npy BBICOKHX TEMIIEPATYpax TUTaH, UUPKOHUI U rapHuid B3auMo-
AEUCTBYIOT C KUCJIOPOIIOM U a30TOM, MPOLIECC MPOBOAAT B arMocdepe aproHa Wim
resusl. MeTaun mpu 3TOM MOyyYaloT B BUAE MOPUCTON Macchl — TyGKH, cOmepxa-
LIedl MPMMECH HENPOpeardpoBaBIIETO BOCCTAHOBUTENS (MarHMsi, KajlbLiUs) U 06-
pasoBaBiuxcs coneid. Ero ounmaror o6paborkoii cnaboim (19%-M) pacTBopoMm co-
JIAHOM KUCJIOTBI WJIM HarpeBaHMEM B BaKyyMe, NPU 3TOM JieTyuMe MeTaUIbl (Mar-
HUI, HATPWI) U raJloreHUabl NepexoasT B nap. OuUILEHHYIO IYOKY neperuiaBasiioT
B CIIMTOK B 3JICKTPOAYTOBBIX Meuax.

M1t nostydeHus BLICOKOUMCTBIX METALIOB C cofepkaHueM npuMeceii meree 0,1 %
MCNOJIb3YIOT METOA MOAUIHOTO PA(DUHUPOBAHHUS, MPEIIOKEHHDIA HUAEPIAHACKUM
XUMUKOM A. BaH ApkenieM B 1925 1. (puc. 2.3, a). HeouMiueHHbI MeTasl1 HarpeBaioT
B BAKYYMHUPOBaHHOM COCYIE C HEOOMbLIMM KOIU4ecTBOM Hona. Ilapsi obpasyroiie-
rocd Ipu 3TOM rajJoreHuaa:

200°C
Ti(tB.) + 2I5(r.) —= Til, (r.)

ConpuKacaroTcs ¢ packaieHHou 10 1400 °C tutaHOBO# (BOIB(GPAMOBOIi) HUTBLIO U
pasnaratorcs. TuTaH ocaxnaercst HA HUTH B BUE KPYIHBIX KPUCTAIIIOB, A BBIIETHB-
IIMACS MOA BCTyNaeT B peaklHIO ¢ HOBBLIMU MOPLMAMM MeTayuia. B Xoze npouecca
WO MPAaKTHYECKU HE pPACXOLYETCH, a BBIMOJHAET pOib MEPEHOCUYMKA MeTaia U3
XOJI0HO 30HBI B ropstuyio. Takue npouecchl HA3bIBAIOT XUMUHECKUMU MPAHCHOPHI-
HbIMU PEAKYUAMU.

HHTEpECHO, YTO CKOPOCTH OCAXAEHHMS TUTAHA Ha HUTH HEMOHOTOHHO 3aBUCHT OT TEM-
I1I€PaTYphl CTEHOK peakTopa (pHc. 2.3, 6). OHa KocTuraeT MakcuMyMa nipu Temneparype 200 °C,
[pH NajbHEHLeM HarpeBaHUM pe3ko nanaet, npu 400 °C cTaHOBACH NPAaKTHUECKH paBHOH
HYyJ110, M BO3BPAILAETCA K IPEXHUM 3HAYCHUAM JHLUb 0KoJIo 520 °C. D10 06bsicHAETCA 06pa-
30BAHUEM PA3IMYHBIX BelecTs. [1pU HU3KHMX TeMnepaTypaX B3aUMOAEIHCTBUE TUTAHA C HOLOM
IpUBOMT K 0DpasoBanmio TeTparoamaa Til,, obananoniero BriCOKOi IETYUECTHIO. IMpu Tem-
nieparype Boillie 300 °C obpasyercs aunonus Til,, umerowmii ropasno Gonee HU3KYIO JIeTy-
4€CThb, KOTOPasi CTAHOBUTCS CYIUECTBEHHON MMIUb 1ipU TeMnepatype Boie 500 °C.

IIpumenenne. Turan Garogaps erkocTu (IVIOTHOCTh TUTAHA BABOE MEHBLIE MIOT-
HOCTH CTajii), TEPMUYECKON, MEXaHUUYECKOI 1 KOPPO3UOHHOI CTOMKOCTH — BaX-
HBI KOHCTPYKUMOHHBI MaTepuan. OH XUMUUYECKH YCTOHYMB B MOPCKOU Boje, pa-
CTBOpax 1enoueH, a npu temneparype 300—350°C turaHoBbie crutasbl B 10 pas
NpoyHee aJIOMUHHUEBLIX. BBeneHUe B TUTAH M LMPKOHMIA JIerUpyIOIMX 106ABOK
NPHIACT METAJUIAM LHEHHbIE MEXaHUUYeCKHe cBoiicTBa. HanmpumMep, npoyHOCTEL U cTOM -
KOCTb K pacTPECKMBAHHUIO TUTAHOBBIX CILIABOB, COAEPXAIUMX 3—6 % amoMUHUS,
MO4YTH BTPOC BBIIIE, 4€M TEXHUYECKOrO TUTAHA, a UX KOPPO3UOHHAS CTOMKOCTb B
15 pa3 Gonbllie, yeM HepxkaBewowlel cranu. M3 TMTaAHA W3roTaBIMBaIOT Kopnyca u
JAeTaJIM CaAMONETOB, PaKeT, NOABOAHBIX JIOAOK, ra30TYPOUHHBIX IBUTaTeseil, XH MU~
YECKMX peakTopoB. OH XOPOILIO BXHUBJSETCS B OPraHU3M 4eJOBEKA, MO3TOMY U3
Hero zenatroT npotesbl. LIMpKOHMIA, ounLIEHHDIH OT radpHUs, BBUIY MajloOro ceue-
HUsl 3aXBaTa HEUTPOHOB, NMPUMEHSIETCS B ATOMHOM PEAaKTOPOCTPOCHUU B KauecTBe
000JI04€K TEMTOBBLLIENAIOIHMX JIEMEHTOB (TB3JI0B), COAEPXKALLUX SAEPHOE TOIIH-
BO (YpaH, MayTOHMH M T.1.). FadHuil B OTIIMuME OT LUPKOHUS MMeeT GOJbLIOE
CeuCHME 3aXBaTa TEIUIOBLIX HEATPOHOB U UCMOJb3YETCA KAk MOTIOTUTENb HEHUTPO-
HOB V11 KOHTPOJII MOINHOCTH SAECPHBIX PEAKTOPOB 3HEPreTUYeCKUX YCTAHOBOK,
HAMpUMep, aTOMHBIX MOJABOAHbLIX JIOJOK.
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[IupKoHU KU raHUH CITyXaT TerUupyOIUMH 100aBKaMHU K THTAHOBbIM, BOJIb-
pPaMOBbIM, XEJIC30HUKEIIEBbIM CYMEPCIIaBaM, COXPAHSIOILIMM BbICOKYIO MEXaHW-
YECKYIO MPOYHOCTh H KOPPO3MOHHYIO CTORKOCTD MTpu TemIeparypax sbiiie 1 000 °C.
OHU HaxogaT NpUMEHEHHUE B KAYECTBE MATEPUAIOB B XUMUYECKOM MalllMHOCTPOE-
HUU, CAMOJIECTOCTPOCHUU, BJEKTPOHUKE (BAKYYMHbIC BBOIblI, IKPAaHbl, TETTEPHI
v T.1.). KapOuabsl U HUTPUAbI LUMPKOHUSA U rapHUSE HAUMHAIOT KOHKYPUPOBATh C
KapbugaMu HUOOHMA, TaHTajlla U BOJb(ppaMa B Kauye€CTBE M3HOCOCTOMKMUX TBEPAbIX
MAaTepHaJioB JIsi HAKOHEYHUKOB CBEPJI, OYPOB U pabouyuX MOBEPXHOCTEH PEXYILETO
MHCTpYMeHTA. Teepabie pacTBOpPbl HA OCHOBE KapOUIOB TaAHTANA W FadHUS UMEIOT
TeMnepatypy muasneHus okoso 4 200 °C, pekOpAHYIO MO TYTrOMJaBKOCTH.

Xumuueckan mexnoaozus mumaHna, UWUPKOHUAR U eadmwl

Ilepepaborka pyruna TiO, n mismennta FeTiO;. PyTtuioBble U WIbMEHUTOBBIE
pyZbl OOBIYHO cofepXaT 3HAUUTe/IbHble KoJM4ecTBa MarHetuta Fe;0,, oT KoTOoporo
UX OYMILAIOT METOJOM MArHUTHOI cenapalliM, UCoJib3ys deppoMarHeTU3M 3TOro
okcuaa. Bekpbite o6oraieHHOro KoHueHTpara ¢ ueblo nonxydyenust TiCly ocyuie-
CTBJSIIOT XJIOPDUPOBAHUEM B NPUCYTCTBUHU YIjeposa:

900°C
TiO, + 2Cl, + 2C —— TiCl, + 2CO

900 °C
2FeTiO; + 7Cl, + 6C — 2TiCl, + 2FeCl; + 6CO

Ob6pasylommecs Nnpu 3TOM XJOPHUIbl UMEIOT pasHble TeMIiepaTypbl KUTIEHUs, YTO
MO3BOJBIET pa3fe/uTbh UX. sl OJHON OYMCTKU TeTpaxiaopuaa TUTaHa OT IIPUMECH
xnopuna xene3a(lll) cMech nponyckaloT yepes KOJIOHKY € TBepJblM XJIOPUIOM Ha-
Tpusl, kotopbiit nornouiaet FeCls, nepesonst ero B HeneTyuuii Tetpaxyopodeppar(11l)
Na[FeCl,], unu yepe3s akTMUBUPOBAHHbIA Yrojib, NOJIHOCTbIO 3aaepxxuBatomuit FeCls.

dnst nonydyeHus okcuaa TutaHa(lV) npuberalor K KUCAOTHOMY BCKPbITHUIO WJib-
MEHHUTA, KOTOpOe MpoBOAsT, 00pabaTbiBasgs KOHLEHTPAT pYAbl ropsiuei KOHLEHTPU-
POBaHHOU cepHOIl KUCJOTOI:

150°C
2FeTiO; + 6H,S0,(kxoH.) —— Fey(SO,); + 2TiOSO, + SO,T + 6H,0

B pesysbTate CHJIbHOK30TEPMUUECKON peakiiuy Macca caMoIllpOU3BObHO pa3o-
rpeBaercsi. [1pu BblieaauyMBaHUKU O0PAa30BABILUXCS NMPOAYKTOB ropsideii BORoMH 3Ha-
YUTeJIbHAsA 4acTb TUTaHa BbINMAAAeT B OCafOK B BUJE TUTAHOBOW KUCJOTbI, a IPAKTU-
4eCKH BCE XKese30 OCTaeTCsl B pacTBoOpe:

90°C
TiOSO, + (x + 1H)H,0 —— TiO,- xH,0! + H,S0,

Bblie TMBLIMICSA 0CagoOK OT(UILTPOBLIBAIOT, IPOMbIBAIOT BOJIOH U ITPOKAIUBAIOT

npu temneparype 800 °C:

f
T102 .tzO = T102 + xH20

JInuib He3HauYUTEIbHOE KOIUYECTBO ruapokcuna xeneza(lll) BeiBoauTes U3 pac-
TBOpPa BMECTE C TUTAHOBOW KUCJIOTOH BCjeacTBUE ancopObuuu. [l nojgHoro yialne-
HUSl IPUMECH Xesle3a (3TO HEOOXOAUMO, HallpUMED, NPU [IPOU3BOJCTBE TUTAHOBBIX
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Oenut) B pacTBop J0GABNSIOT XKejle3HbIE ONUIKU B KOJHYECTBe, HEOOXOAMMOM IS
BoccTtaHoBneHus Fe* B FeZt:

Fez(SO4)3 + Fe = 3FCSO4

Ocanok ruapokeuna xenesa(ll) B oTiMuMe ot rugpokcusa xene3a(lll) B kucnoi
cpene He obpasyercs.
Oxcunpi THTaHa TakKe MOXHO TOJIYYMTh IPU OKMCJIEHMH TETPAxJIOpuaa TUTAHa
KUCTIOPOAOM:
1000°C
TICI4 + 02 —> T102 + 2C12

IlepepaGoTka unpxona ZrSiO,. LlMpkoH npeacTaBaser coboit OCTPOBHOI OPTOCH-
JMKAT (puC. 2.4), B KOTOPOM NPUMEpPHO | % aTOMOB LIMPKOHMS 3aMELLEHbl Ha rad-
HUi. DTOT MUHEpa 001afaeT POYHON KPUCTALIMYECKOM pELUETKOM, UYTO AEJIAET €r0
YCTOMYMBbIM JlaxXe K KOHIIEHTPUPOBAaHHBIM pacTBopaM KucioT. JIns nepeBoaa copep-
KalUXCA B HEM LIMPKOHHS M radHMSA B PACTBOP MCMOJIb3yIOT HECKOJIbKO METOJOB.

1. Kapbonamuwiit Memod — crieKaHue ¢ copoi:

1000°C
ZrSi0, + 3Na,CO; —— Na,Zr0; + Na,SiO, + 3CO,T

Ilpu HegocTaTKe COAbl BO3MOXHO 0DPa30BaHME IMPKOHOCHIMKATA:
Z1Si04 + Na,ZrO; = Na,ZrSiOs + Zr0,

Ilpu BblIETAYMBAHUH 11EKA KUCTOTON 1IMPKOHATHI NEPEXOST B pactBop B hopMe
cojieit 1MpkoHuna (ZrOCly), a kpeMHMit BbiesieTcst B BUAE Ocaika KPEMHUEBbBIX
KUCJIOT.

Puc. 2.4. CrpoeHue nuupKoHa:
@ — KpUCTaJUIMYecKasi peleTka; 6 — rnpeiacraBieHie B ¢hopMe MOAM3APOB
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2. Hlenounoti Memod — cniaBlaeHUE C LIETOYAMM:
500°C
ZrSi0, + 6NaOH —— Na,ZrO; + Na,SiO, + 3H,07T
W3menbuennblit 1aB Bbl11€1aYUBAIOT COMSIHON KUCIOTOI.
3. @mopuduwiii memod — criexaHue ¢ GTOPOCUIMKATAMMU:

700°C
Z1Si0, + K,SiFe —— K,ZrF, + 2Si0,
Ipu obpaborke ropsiyeit Bomoi (hTOPOIMPKOHAT pacTBOPAETCA, YTO HO3BOJSIET
OTJICTIUTb €ro OT KpeMHe3eMa.
4. Xaopuodubiit memod — x1OPUPOBAHUE B NPUCYTCTBUU YIIIEPOA:
900°C
ZrSi0, + 4Cl; + 4C —— ZrCl, + SiCl, + 4CO

2.3. ®PUBNYECKUE CBOMCTBA NMPOCTHIX BELIECTB

TUTaH, UUPKOHHUI U radHUIl B BUIE CIUTKOB — TBEpIble CepedpUCTO-OeIbie
METAUIbl, KOBKUE W TUTACTUYHDBIC, XOPOILIO ITOJAAI0TCS MEXAHUYECKOM 00padoTKe.
OaHako naxe He3HAYMTENbHAs J0JIS1 PUMeceil Pe3KO U3MEHSIET UX MeXaHUYeCKUe
CBOMCTBA (IJIACTUYHOCTDb, KOBKOCTb, [IPOYHOCTh HA PaspblB, TBEPLOCTD), AETast UX

Tabnauua 2.3
CBoiicTBa MeTAIOB YeTBEPTOil rpynnbl
CaoiicTBO Ti Zr Hf
Temneparypa nnasienus, °C 1667 1 857 2230
Temneparypa xkunenus, °C 3285 4200 5200
20,9 23,0 25,5

DHTANbINS IIaBTeHUs, KJK/MOb
4289 581.6 661,1

469.,9 608,8 619,2

DHTAIbNHUA UciapeHus, KJIX/Mob

OHTIbINUA aTOMU3aLUH, KJK/MOTb

[TnotHOCTH*, T/cM? 4,54 6,51 13,31
DNeKTPUYECKOe CONPOTURIECHUE**, MKOM - CM 42,0 42,1 35,1
Moaynbs KOunra, I'Ma 120,2 98.0 141,0

-0,88 -157 | 1,70

CrannapTHbiit neKTpoaHbIil notenunan £(30%/3%. B
I'excaro- | I'excaro- | I'ekcaro-
Ha/lbHasi | HalbHas | HaJlbHAs

885 862 1740

Tun KpucTauueckoi pelreTku*

Temnepatypa lepexoia rekcaroHajlbHOM peIUETKH
B Kybuueckylo, °C

* Tlpu Temneparype 25°C.
** Tlpu temneparype 20°C.
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Puc. 2.5. 3aBucuMocCTh TeMnepatypsl IiasieHus (TyHKTUPHBIE IMHWUU) u TeMNepaTypbl Ku-
neHusi (CIJIOUIHbBIC JTMHMKM) IPOCTHIX BeliecTB 4-W u 14-i1 rpynn oT nopsaaKoBOro HoMepa

bosiee TBepAbIMH U XpyNnKUMU. Cpeau TYroliaBKMX METALIOB TUTAH — OJMH M3
Haubosiee Jierkux. M3-3a MpakTHYECKH OMMHAKOBBIX ATOMHbBIX PaHyCOB OTHOLIEHHUE
NA0OTHOCTEH rapHUsA U UMPKOHUS GIU3KO K 2, T.€. IPUMEPHO PABHO OTHOLLICHHIO
HMX aTOMHBIX Macc.

Tutan, uupKkoHuid U rapHUl UMEIOT TeKcaroHajabHYIO [JIOTHOYMAKOBAHHYIO
CTPYKTYpPY, KOTOpasi pU BBICOKUX TeMIlepaTtypax TpaHC(OpMHpyeTcss B KyOuue-
CKYI0 00bEMHO-LIEHTPUPOBAaHHYIO. BbicOKHe TeMrepaTypbl [UIABICHHS, a TAKXKE CpaB-
HUTEAbHO HHU3Kas 3AEKTpOrpoBogHOoCcTb (B 10 pa3 MeHbllie, 4eM Y aJliOMHHHUSA)
00BACHSAIOTCS B3aUMOICHCTBUEM YACTHUYHO 3aIMOIHEHHbIX 3JIEKTPOHAMU d-opOuTa-
JIef, KOTOpble BHOCST KOB&JIEHTHbIH BKJajg B METALIMYECKYIO CBSI3b, YBEIUUYHUBas
MPOYHOCTb KPUCTALIMYECKOK PELIETKHA. YIIPOUHEHHUE XUMUUECKO CBSA3H MO MEpe
YCHUJCHHUS TepeKpblBaHUS d-OpOMTANIEl NMPUBOOUT K YBEIHYEHHUIO TEMIEparyp U
JHTANbIUI [MJ1ABIEHUS, KUIEHUS, & TaKXE IHTAJbMUN aToMU3auuu (T1abda. 2.3)
MPU ABMXKEHUHW BHU3 MO rpymmne. B 3ToM cocTOUT NpUHUMITHATIbHOE OTAUYME repe-
XOIHbBIX 3JEMEHTOB OT p-METAUIOB, COAEPXAIUX PABHOE YUCIO BAJIEHTHBIX 31EKT-
POHOB: repMaHus, o10Ba U cBUMHuaA. M3-3a OoTCyTCTBUSt d—d-TniepeKpblBaHUSl OHU
OTIMYAIOTCH HU3KUMHU TeMIepaTypaMHU IMJIaBICHUS U KUIIEHHUS U SHTUIbITUSIMH aTO-
MU3ALMH (puUc. 2.5).

2.4. XUMMWYECKHUE CBOUCTBA IPOCTHIX BEIIECTB

[1pu oOblYHOMK TeMOepaType TUTAH, HUPKOHUN U raHUNA B KOMIIAKTHOM BUIE
(T.e. B dopMe CAUTKOB, TOJICTOM MPOBOJOKH MU T.A.) HA BO3OyXe KOPPO3UOHHO
ycTroiuuBbl. Hanpumep, TUTAH B NIPOTUBOIMONOXHOCTb CIJIABaM Ha OCHOBE XeJse3a
HE pXXaBeeT Aaxe B MOPCKOU Bome. ITo 0ObsacHAeTCS 00pa30BaHHUEM Ha MMOBEPXHO-
CTU TOHKOM, HO CILIOLIHOMK U IJOTHON 3allMTHOM I1eHKU okcuzaa. [lpu Harpesa-
HUM TUIEHKA paspyllaeTcd, W akTUBHOCTb METAJLIOB 3aMEeTHO Bo3pacrtaer. Tak,
B aTMOCc(hEpPe KUCI0pOoia KOMIMAKTHbBIE METAJLIbI 3aropaloTCs JIMLIb [TpH TeMIIeparTy-
pe 6enoro kanenud (1 000 °C), npespaiuasch B Hopollku okcuaos MO,. Peaknuu ¢
430TOM M BOJOPOJOM [1POTEKAIOT MPUMEPHO ITPHU TEX XK€ TeMIiepaTypax, HO ropasao
MelJIeHHee, MpUd 3ToM oOpasytorca Hutpuabl MN u ruapugbl MH, (x = 1 - 4).
[Maomanb MOBEPXHOCTH METAJLNA CYILIECTBEHHO BAUSAET Ha CKOPOCTH PeaKLiuit OKUC-
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JEHUSI: TOHKKUE CTPYKKWH TUTaHA, UIMPKOHUSI U TahHUST SAPKO BCITLIXMBAIOT IIPU BHE-
CEHUM B MnaMs, 4 OYEHb MENKHUE MOPOLIKHU MHUPOGOPHBI — HA BO3AyXe caMoOBOC-
naamensitores. LinpkoHueBas Mulnb, COCTOSIIAS M3 yaCTULL pa3MepoM MeHee 10 MKM,
Ha BO3JyXe MOXET B3pbIBATbCS. DTO HEOOXOAMMO Y4MTHIBATH [PU MEXAHMUECKOM
0bpaboTke MeTaNnoB.

Peakuusa ¢ ranoreHaMu HauMHaeTcs MpU c1aboM HarpeBaHUM M, KaK MPaBUIIO,
COMPOBOXIACTCS BblAEAEHUEM 3HAYUTENLHOIO KONUYECTBA TEMNOThbl, MPU 3TOM
Bceraa obpasytotes TeTparanorenuasl MXy. JIulib B3aMMOnERCTBHE ¢ HOAOM Tpeby-
eT donee Boicokux (200 °C) Temmeparyp.

Bce Tpu MeTanna MMeloT oTpHLATe IbHbIE CTAHIAPTHbIE NIEKTPOAHbIE TOTE HUMA b
(cM. Tabn. 2.3) m JOnXKHbI BbLAEASITE BOAOPOA U3 BOabl, NOCKOnbKy E So(H*/H>)
npu pH 7 paBen —0,414 B. Onnako o6pa3oBaHue 3aIUTHOTO OKCUIHOTO C10sl KM HE-
THYECKU TOPMO3UT peaKLHIO

M + 2H20 = MOZ + 2H2

KOTOpasi C 3aMEeTHOH CKOPOCTBHIO ITPOTEKAET NHUlIb Mpu BoicoKux (BGonee 800 °C)
- TeMIlepaTypax.
B oTnnune or unpkoHus 1 radHUsl TUTaH MPU HATPEBAHUK PEATMPyeET C CONs-
HOM 1 pa3baBaeHHOl cePHON KMCAOTAMM ¢ Bblae/leHMEM BOAOpOd U 0Opa3oBaHU-
em coneit Tutana(lll) (E5(Ti**/Ti% = ~1,21 B):

2Ti + 6HCI = 2TiCl; + 3H,T

B3auMoneitcTBre ¢ cOnsIHOM KUCAOTOI MPOTEKAET ropas3o 3HEPrudyHee, YeM C
CEPHOI KUCNOTOM TAKOM XK€ KOHUEHTPAUUH, 4TO OObsICHsIETCS 06pa30BaHUEM pac-
TBOPUMBIX XJIOPUAHBIX KOMITJIEKCOB.

Tutan pacTBopsieTcsi TaKKe B KOHLEHTPUPOBAHHOMN [1aBUKOBON KUCI0TE ¢ 00pa3oBa-
HUEM 3elleHbIX PacTBOPOB. Brickaszano npeanonoxenue, 4to vonst Ti* nona neiictBuem ¢ro-
PUA-UOHOB AUCIIPONOPLHOHUPYIOT*:

2Ti% 4 6F- — [TiF]> + Ti*
a 3eleHast OKpacKa 0Oyc/10BleHa HEYCTOHUMBbBIMU akBakoMIleKcamu TuTana(ll):
2Ti + 6HF = [TiF]* + Ti** + 3H,T

Ha Boanyxe pacTBop MenneHHO OKUCsIeTCs!, CTaHOBACh cHauana kpacno-6ypuim (Ti(I11)),
a zatem obecubeuunsasich (Ti(IV)). CyMMapuas peakuus, TakuMm o0pazoM, UMeeT BU

Ti + 6HF + O, = H,y[TiF,] + 2H,0
Kpaitne MeaneHHO THUTaH pacTBOpsieTcsl B pa30aBaeHHOR U KOHUEHTPUPOBAH-
HOW a30THOM KMCIOTE, a TAKXKe B HAPCKON BOAKE — MPOTEKAHMIO pEAKL MK IMpe-
MATCTBYET 0Opa30BaHKe HA MOBEPXHOCTU MeTaslla cnosl B-TUTaHoBOM KucaoTsl, [pu

B3aMMOJICHCTBMH ¢ ofleyMoM obpa3syeTcs cyabdar TutaHa(lV) u BelnensieTcs cep-
HUCTbIN ras:

Ti + 4H,S,0; = Ti(SO,), + 2S0,T + 4H,SO,

[lp1 HarpeBanuu MOPOLIOK TUTAHA MeAJIEHHO pacTBopsieTcsl B KOHUEHTPUPO-
BAHHBIX PACTBOpAax W pacliaBax lleao4yeit:

* Kolle U., Kélle P. // Angew. Chem. Int. Ed. — 2003. — V. 42, — P. 4540.
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Ti + 2NaOH + H,0 = Na,TiO, + 2H,T

LIMpKOHHIA U OoCODEHHO rapHUi ropasno dosee yCTOWUUBBI K OKUCIEHHUIO KUC-
JIOTaMHU 110 CPaBHEHUIO ¢ THTAHOM. OHHU HE pearMpyloT HU ¢ ogHOW U3 pa30aBiieH-
HbIX KHUCJIOT 3a UCKJTIIOYCHUEM M1aBUKoBOU. [1pu BbiaepKMBaHUM rahHUEBOM Pob-
I'M B AbIMsAIICH a30THOW KHUCJ0TE MpU Temrepatype 35 °C cKopocTb KOppo3UUu Co-
crapaget 0,0112 mMm B roa. O6a metauia (UMPKOHUIA M radpHUI) 3HEPTUUHO pearu-
PYIOT JIMLIb CO CMECBIO a30THOH U MNABUKOBON KHUCJIOT:

3M + 4HNO, + 21HX = 3H,;[MX,] + 4NOT + 8H,0

MemieHHee MPOTEeKaeT B3aUMOICUCTBUE LUPKOHUS U raHUS C [J1aBUKOBOH
KUCIOTOM U KOHUEHTPUPOBAHHOU CEPHOM KUCIOTOM:

M + 7HF = H;[MF;] + 2H,1
M + SH,SO, = Hy[M(SOy);] + 2S0,T + 4H,0

KoHueHtpuposanHass HNO; nosbillaeT KOppO3MOHHYIO CTOMKOCTh METAIJIOB,
CrocodCTBys 00pa30BaHUIO 3aLLIMTHOM TJIEHKH.

[IMpKOHHEA M rapHUA B MPOTUBOMNOJOXHOCTb TUTAHY C 1I€JI0MaMH HE pearupy-
10T. OCOOEHHO YCTOWYUB rapHUA: KOPpO3Usl MeTajula He HabmogaeTcs Jaxe B KU-
MSIUEM paclijlaBe THAPOKCUAA HATPUS B MPUCYTCTBAM TEPOKCHUIA HATPHS.

2.5. OKCHUJIbl BDJIEMEHTOB YETBEPTOM T'PYIIIIHI

Jdunokeuap D0,. B HacTosiiee BpeMst U3BECTHO HECKOJIBKO OKCHAOB TUTaHA, Ha-
yuHasa ot Hu3wux, Hanpumep TigO, Ti;0, npeacraBasiommux codboi TBEpAbIE pac-
TBOPbI KUCJIOpOJa B TUTaHe, o Bbicliero TiO,. B yenoM ans MeTamioB YeTBEPTOM
rpyrnbl Haubosee xapakTepHbl 1HoKcuabl MO, (Taba. 2.4).

Huokcua tutaHa TiO, cyluecTBYeT B BUIE TPEX MOJUMOPHHBIX MOAUGDUKALIMIA:
pyTUJa, aHaTasza U OPYKUTa, KOTOPbI€ BCTpEUaroTCsl B MPUPOAE B BUAE MUHEPAJIOB.
BpyKHMT M aHaTa3 OTHOCATCA K HU3KOTEMIIEpATYPHbIM Moau(pUKaMIM OKCUAA TH-
TaHa U NMpU HarpeBaHHUu Bhile 850 °C npeBpaiialoTcs B TEPMOJUHAMHYECKU Doiee

Tabnauua 24
CaoiicTBa IHOKCHIOB 3J€MEHTOB YeTBEPTOM Ipynmnbl
CrannapTHasi
3HTANbNUS TeMnepatypa [laoTHOCTS,
Oxcun Tun cTpyKTYPEI 06pa3zoBaHusl, niasienus, °C r/cm?
k/Ix/Monb
TiO, (pytun) | TerparoHasibHas -944 1870 4,2—4,6
TiO, (anara3) » -938 — 3,8—4,0
TiO, (6pykuT) |PomOuueckas — — 4,1
71O, Kybuueckan; tun CaF;; -1100 2700 6,3
ycToiumBa Bbiwe 2 200 °C
HfO, Ky6buueckas; tun CaF,; -1 117 2780 9,7
ycToituuBa Bbilie 2 700 °C
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Puc. 2.6. Crpoenue pytuna (a), aHarasa (6),
Opykuta (8) (nokaszaHbl okrasapbl [TiOg);
KpUCTA/UTUYECKAs pelleTKa pyTHIa (&)

ycron4yuBbIi pyTua. CTpyKTypa BCeX TpeX MoaudUKALMiI TOCTPOEHA U3 KUCIOPO-
HbIX OKTa3apoB [TiOg], B LEHTpax KOTOPBIX HAXOASTCS aTOMbl TUTaHd. B ciyyae
pyTUna OKTa3apbl UMEIOT IO ABa, AHATA3a — IO YeTbipe, OpyKUTAa — MO TPHU OOLLUX
pebpa (puc. 2.6). CouneHeHue 1o peGpaM NPUBOIUT K UCKAKEHUIO KUCTOPOIHBIX
OKTaspoOB U YMEHbLIEHUIO MIOTHOCTA Mogupukauuid TiO,.

WaBecTHbl Takke JABe MOIM(PHMKALMM BLICOKOTO NaBleHUs: poMOuueckas (4000 aTu,
1000 °C) u rexcaroHanbHas (> 25000 atm). B xpatepe Byakana Puec (I'epMaHusi) He1aBHO
obHapyxeH TiO;, u3ocTpykTypHblit Gapnenenty ZrO,, T.e. MOCTPOEHHBIH M3 MONU3APOB
[TiOy]; on na 11 % nnorHee pyruna*. Ilpu naBneHuu sbiie 60000 atmM M Temnepatype
1000 K cunTesuposaHa eiue ofHa HoBasi Momrdukauus TiO, co crpyktypoii Tuna PbCl,,
KOTOpas OKa3ajlaCb CaMOU TBEPJIO cpesid OKCHUIOB**,

* Joresy A.E. // Science. — 2001. — V. 293. — P. 146.
** Dubrovinsky L.S. // Nature (London). — 2001. — V. 410. — P. 653.
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Puc. 2.7. Ctpoenue okcuna ZrO,:
a — MOHOKAMHHbIN (Daanenent); 6 — KyOUUyecKHid

HAunokcunbt ZrO, u HfO, uMeloT takxke 1o Tpu KpUCTaAIIUYECKHE MOAUDUKALIMU: MOHO-
KJIWMHHbIE (HauboJlee yCTOMUYUBBI), TeTparoHajlibHble U KyOuueckue (tuna CaF,) ¢ koopau-
HAalMOHHBIMU YHCIaMU MeTauta 7 u 8. Tlepexos MOHOKIMHHbBIX MoagudUKauuit (puc. 2.7, a)
B TETParOH&JIbHbIE CONPOBOXIAETCA YMEHblleHHEM 00beMa, NOBbiLIEHUEM KOOPAMHAIM-
OHHOTO YMCNa MeTaslla U IJIOTHOCTH BellecTBa. HanpuMep, N10THOCTL MOHOKITMHHOTO ZrO,
(banaenenta) cocrapaster 5,68 r/cm®, kybuueckoro — 6,27 r/cm?. Tlpu NOHMXEHUH TeMIle-
patypbl 3TO MNPUBOJUT K BO3HMUKHOBECHHWIO HANPSIKEHUH W PACTPECKUBAHUIO MACCUBHBIX
0o0pas1ioB, YTO NpensATCTBYeT NPUMEHEHHIO YUCTOro ZrQ, B KAYECTBE OTHEYNOPHOTO Mare-
puana. OnHaKo 3aMelleHUe YACTH HOHOB Zr* B KPUCTALIMYECKON PelleTKe /1ByX- U TpeX3a-
PAAHBIMM KaTHOHaMM ¢ GOMbLIUMHU PAIMyCcaM¥i NPUBOAUT K YBEJMUEHHIO NapaMeTpPOB KpH-
CTA/UIMUECKON pelIeTKH U cTaOMIM3alIMK KyOHUYeCcKOH MOAU(DUKAIIMKU OT KOMHATHON TeM-
neparypbl A0 TeMIepaTypbl [L1aBleHUsl. DAeKTPOHENTPATLHOCTD IPU 3TOM COXpaHseTcs 3a
cueT 06pa3sOBaHUS AHUOHHDBIX BaKaHcHi V3 (cM. 1. 1, c. 184):

CaO + ZrO, = CaZt +O¢ + V3~

besBoanblie AUOKCHUabl D0; OObIYHO MOAYYalOT NPOKAJTUBAHUEM KHCIOPOICO-
JNEPXKALLUUX coneil U ruAPOKCUAoB. OHU MpencTaBasaoT coboi Oesible TYTOMIaBKUe
BewiecTBa. MoHHas COCTABISIIOLLAS XUMUUECKOM CBSI3U, JHEPTUSI KPUCTALTUYECKOIA
pelleTKy, TemrepaTypa [1aBJAeHUsT BO3PACTAIOT, a SHTAJbIIUs oOpa3oBaHUs YObl-
Baet BHU3 Mo rpynme (cM. Tabin. 2.4). baaronaps 60bllol 3HEPTUH KPUCTALTHYE-
CKOIt pelleTKH AUOKCHIbl 00Iaaal0T BbICOKO MHEPTHOCTbIO; HAMTPUMED, TUOKCHU/L
LUMPKOHUSI HE pearupyer ¢ pacllylaBiCHHbIM AJIOMUHUEM JaXe MPU TeMIeparype
700 °C. AuoKcHabl HE PAaCTBOPSIIOTCS] HE TOJIbKO B BOJE, HO U B PACTBOPAx KUCIOT
(kpome HF) u wenoyeit. Jluiub mpu ANUTEIbHOM HArpEBAHUU OHU MEIJICHHO B3aU-
MOJCHCTBYIOT C KOHIEHTPUPOBAHHBIMH KUCIOTAMU, HAIIPUMED:

°

30
Zr0, + 2H,S0,(koHu.) + (NH,),SO, — (NH,),Zr(SO,); + 2H,0
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Jamuurxu u monauenvie 30emenmot na ocnose duokcuda UuUpKonus

Bbicokas koHueHTpauusi BakaHcuil V3~ obecreunBaeT BbICOKYIO MOABUXHOCTb
1oHOB O™ W 37eKTPONPOBONHOCTL OKCUAA uupkoHust ZrO,, nerupoBaHHOro Kajb-
unem. Takodl MoauduuMpOBAHHBI AHOKCUA UMPKOHUST UCTIONBL3YIOT KAk TBEPAbIi
SJIEKTPOJIUT B 3JIEKTPOXUMUYECKUX AaTYMKaX AJIsi ONpefeieHUs] NTapUuMalbHOro aaB-
JIEHUSI KUCTIOpOaa (po3 ) HaMpuMep, B BLIXJIOTIHbIX a3ax aBToMo0ued (puc. 2.8, a),
U3MEPCHUS TIOITIOIUEHUST KUCIOPOAA TIPU AbIXAHUM, aKTUBHOCTU KUCIOPOAA, pac-
TBOPEHHOI'O B pacljlaBax MeTAIJOB, XUMUUYECKUX UCTOUHMKAX TOKA U T. 1.

[TopucTbie 31€KTPOALI IPOHULAEMBI /LIS KUCIOPOAA B 06OUX Hanpasnenusix. Ecnu
napuMalibHble AaBAEHUS B UCCIAEAYEMOM rase (péz) U CO CTOPOHBI 37EKTPOAA CpaB-

HEHUs (pﬁl) pasMvaloTCs, TO BO3HUKAET MeKTpOINBUXYwWas cuna (£), KoTopyio
MOXHO PaccuYUTaTh 1o (opMyse

p”
E:ﬁ n ?2 ,
4F IR

rae T — Temnepatypa; R — yHUBepcaibHas ra30oBasi OCTOstHHAA, F— umucio Dapanes.
M3mepenune neKTponaBUXYLIEH CHIIbI O3BOMSET ONPERETUTH NAPLUANBHOE AaB-
JIEHUE KUCJIOpOAa B UCCIEAYEMOI cUCTeME.
CTabunusnpoBaHHbIi AMOKCUI LMPKOHUS TPUMEHSIIOT M [UIS CO3RAHUS TOMJUB-
HbIX 2IEMEHTOB (pHUC. 2.8, 6), B KOTOPbIX OIHO U3 DNIEKTPOIHBIX IPOCTPAHCTB COEP-

_ &
a 6
Puc. 2.8. Cxema naTuuKa U TOMJIMBHOTO 3/EMEHTA;
4 — NaTUMK [Tl ONPENC/IEH U TTAPLUUATbHOrO JaBleHUsT KUciopoaa (/ — KMCIOopon B MCCie-
ayemom rase; 2 — DJ1C sueiKn: 3 — NOpUCTbL MIATHHOBbIA 3MEKTPox; 4 — BO3AYX (cTaHpapt-
HOE Po, ), 5 — Teepublil anekTpoant ZrQ,/Ca0); 6 — TOMAUBHBIA 3AEMEHT (! — Tonnueo
(Hy); 2 — anextpuueckuil Tok; 3 — okucantens (O;) U3 BO3jyxa; 4 — temno (85°C), BoasiHoe

WIW BOZYLIHOE OXAXACHHUE, 5 — BOASIHOW Map U BO3LyX; 6 — KaToj; 7 — Katanusatop; § —
TBepAbii snekTposut ZrO,/Ca0; 9 — aHvox; /0 — peumpKyasius TOMnNBa)
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KUT BO3IOYX WM KUCAOPOMd, APYroe — roproyduil ra3, Hapumep BOAOPOA WK OKCHUI
yraepona(ll). B pesyabrarte peakuuu

Hz + l/2()2 = HzO ‘
U

CO + l/2()2 = C02

MEXAY DJAEKTPOAaMMH BO3HUKAET pa3sHOCTb MNOTEHUMUANOB, T.€. XMMHUECKasd SHEPIrUs
CropaHusl NpeBpallaeTCs B 3JEKTPUUECKYIO. .

[TpenMylLIeECTBa TAKMX TOILVTMBHBIX 3JE€MEHTOB; OTCYTCTBUE MOJAAPU3ALUU IIEKT-
pomoB, BLICOKAasA MIOTHOCTL Toka (0,5 A/cM?) M BLICOKAass yaelbHass 3HEpIruA
(0,5 Br/cm?). Tpouece, Npoucxoasiiumii B TOMIUBHOM 3/1EMEHTE, 0OpaTUM: H3MEHUB
HallpaBJ€HUE TOKA, MOXHO pa3/iaraTh BOASIHOM nap Ha Boaopond M kuciaopon. Takue
BBLICOKOTEMIIEPATYPHbBIE 3JEKTPOJUIEPHI NIPEATOXEHO UCNOAb30BaTh A aKKyMY./uU-
POBaHUSA MEKTPUYECKON SHEPIMHU B XUMHUUYECKOHU (hOopMe, a TaKXKe B «KUCIOPOAHbIX
Hacocax» a4 BbimeneHus O, u3z CO,, HanpuMep, Npu pereHepauuu aTMochepbl
KOCMUYECKUX KOpalieil, MOaBOAHbBIX JOJOK U JUIS 3JEKTPOXMMHUUECKOIO yAaneHHUs
KMCJI0pOaa U3 paclUIaBI€HHbIX METAMIOB.

Yalue BCero AMOKCHIIbI nepeBoasit B paCTBOpUMOE COCTOAHUE CIIABIIEHHUEM C
ﬂMpOCYIIbq.)aTaMI/I, KHCJIbIMH ¢T0punaMu, ejJo4yaMu:

t
ZI'OZ + 2K2$207 = KzZI'(SO4)3 + KzSO4
t
ZTOZ + 4KHF2 = K3[ZrF7] + 2H20 + KF

: t
7210, + 2NaOH = Na,ZrO; + H,0

WIH XJIOPUPOBaHHEM B IPUCYTCTBUM YIJIEPOa

t
Zr0, + 2C + 2Cl, = ZrCl, + 2CO

Okcuibl TUTAHA U LIMPKOHUsA — BaXXHble Kepamuueckue matepuansl. MHTepec-
HO, UTO MpM HArpeBaHMM Ha BO3AyXe WIW OOJYYEHMH PYTHA CTAaHOBMUTCS CEpO-
roJlyobIM, 4aCTUYHO Tepsia KUCJIopo U npuobperass crexuoMeTpuio TiO ggs.

ITopoitok okcuga tutaHa(lV) ¢ yacrunamu pasmepom 20— 50 HMm Gnarogapst
BbICOKOH OTpaxKaTeJabHON CIIOCOOHOCTU HCTIONBL3YETCS B KauyecTBe [MWUIMEHTa MpU
MPOU3BOJICTBE KPACOK (TUTAHOBbIE Besuna), IIacTMAcC, CUHTETHUECKUX BOJIOKOH,
pe3uHbl, OyMard, KOTopbIM OH npujaaer 6eau3Hy u Henpo3padyHocth. Okcua TiO,
BXO/IUT TAKXKE B COCTaB GesIblX dMajeil U TepMocToitkux crekos. TlokasaTtenb npe-
JIoMJIeHMsI 3TOro BeuecTBa (2,61 —2,90) Bbiuie, yeM okcuaa uuHka (2,00) u anma-
3a (2,42). beauna Ha OCHOBE OKCUOA TUTAHA XUMMWUYECKU UHEPTHBI, HE TOKCUYHbI U
B OTJIMuME OT CBUHLIOBBIX HE TEMHEIOT.

Ky6uueckaa Moauduxkanua ZrO, (puc. 2.7, 6), ctabuau3avpoBaHHasa HeOGOMb-
KM KoJnuecTBoM Y,0;5 (£ 5 Mon. %), obnagaer BLICOKOH MPOYHOCTHIO, BSI3KO-
CTbIO, U3HOCO- U TEPMOCTOMKOCTBIO IIPM HM3KOU TEIJIONPOBOAHOCTU U UCIOJIb3Y-
€TCsl JUIS1 CO31aHUsI BBICOKOTEMITEPAaTYPHbIX XUMUYECKUX PEaKTOPOB, MOKPBLITUIA -
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Tajel ra3’oTypOUHHBIX ABUraTesiei, a TaKxXe B TBEPAbIX 3JEKTPOJUTAX [T XUMM-
YeCKUX UCTOUYHMKOB TOKA.

B ®usuyeckoM uncturyre um. I1. H. Jlebenesa Akanemuu Hayk CCCP (PHMAH)
ObUIY CUHTE3UPOBaHbI MOHOKpUCTAIBL ZrQ, ¢ 106aBKaMU OKCUIOB UTTPUS M J1aH-
TaHOUIOB, Ha3BaHHbIE GUAHUTAMU. OHU WMEIOT BBICOKUH MOKa3aTelb MpejioMle-
HUS, OTTIUYAIOTCS BbICOKOU TBEPAOCTDIO, TPOYHOCTHIO U XUMUUECKU I CTOMKOCTBIO.
PUaHUTbI UCTIONB3YIOT [T U3TOTOBIEHUS JIa3€POB, ONTUYECKUX (DUNBTPOB M 10BE-
JMpHbIX u3fenui. C nobaBkamu Y,0; kpuctamisl ZrO, nojydyaorcs 6ecLiBETHBIMH,
¢ npuMecsamu CeO, — conomeHHo-xentoro, Nd,O; — rony6oBaTo-¢GHOIETOBOTO,
Pr,0; — 3eneHoro, Er,0; — posoBoro usera. KOBenupHble yKpalleHUsi, M3rOTOB-
JeHHble U3 PUAHUTOB, XapPaKTEPU3YIOTCS CUIIBHOI UTPO CBETA U MONB3YIOTCS 6OJb-
LIOM MONYJSIPHOCTHIO.

OKcHAbl THTAHA ¢ HU3KHMH CTENCHAMH OKHCAeHHs:. OKCHUIbl C HU3KMMU CTEIIEHS -
MU OKHCJIeHUs Haubosee YCTOMUMBDI A1 TuTaHa. [1pu yacTMYHOM BOCCTAHOBJIEHUH
TiO, BopOpOaOM MM METAIMYECKUM TUTAHOM MOTYT ObITh IONY4YeHbl AUCKPETHbIE
¢daspl Mardeim Ti,0,,_; (n =4 -9), okcunsl Ti;0s, Ti,O5 u TiO.

Dazer Mazneau, HazBaHHbIE MO0 KMEHU LIBEACKOrO MCCNIenoBares A, MarHenu, MocTpoeHbl
13 OJIOKOB ¢ HeHapylleHHOH cTpyKTypoi tuna ReO; (cM. puc. 1.18), cocrodauieit U3 n clioes
oxkrasapos [TiOg], coenHeHHBIX Mexay coOOM MIOCKOCTAMH KpHCTanIorpadpuuecKoro caismura
(puc. 2.9).

Bo3HMKHOBEHHE MIOCKOCTEN KPUCTANIOrpadUYECKOro cABMra oByclOBIEHO MOHUXKE-
HUEM 3HEPruu KpUCTaLla MpHU YCTPAHEHMM BaKaHCUU aTOMOB KMCIOpoaa, oOpa30BaBLINXCS
NpU 4aCTUYHOM BocCTaHoBNIEHHHK TiO;. DTO NPUBOAKUT K TOMY, YTO KOOPAMHALIMOHHbIE TIO-
JIU3APHI MEPErpyNMUPOBLIBAIOTCA (CM. pUC. 2.9, g), 6JI0K I ciBUraercss OTHOCUTENLHO 6iioka 2
TAaKUM 00pa30M, YTO KHCJIOPOAHbIE BAKAHCUU ONHOTO OJI0KA OKA3bIBAIOTCH 3aHATHIMM aTO-
MaMHu KUCJIopona coceiHero. Tak BO3HMKAET CTPYKTYpa KpUCTaIorpadHyecKoro ciBura, B
KOTOpOii COCelHHE OKTa3Aphl CBA3LIBAIOTCS HE BEPLUIMHAMH, a peOpaMK U rpaHsAMH. 3a cueT
VIJIOTHEHHUSI CTPYKTYPhl B CONIPUKACAIOLLUXCS MIOCKOCTAX cooTHONIeHHe Ti: O yBennyuBpa-
ercs Oe3 OHUXKEHUST KOOPIMHALIMOHHOTO YKMCia THTaHa U 00pa30BaHUsl KUCIOPOIHbIX Ba-
KaHcuit. Ilnockoctn Kpucraanorpaduueckoro ciaBura HaleHsl U B OKCHAAX APYTUX Tepe-
XOIHBIX METAJLJIOB.

Huswme okcuabl TMTaHa MOryT ObiTh MonydeHb BoccTaHomleHuem TiO, yriepoaom,
BONOPOAOM, MarHueMm, HO HauOonee YKUCThiE NMPOLYKThI MOJYHAIOT NPH HCTIOIbL3OBAHUU
METANIUYECKOTrO THTAHA:

1500°C
3T102 + Tl —_— 2T1203

TemHo-duonerosbie kpuctamisi Ti,O5 (TiO,, x = 1,49 — 1,51) UMEIOT CTPYKTYPY KOPYH-
na a-ALOs (cM. T. 2, puc. 4.11); Tyronnaskue (Temneparypa niasneHus 1 830 °C); xumHuuecKu
UHEPTHBIE; PACTBOPSIOTCS B KUCIOTAX-OKUCIIUTENSAX, & NP HarpeBaHUU AMCTIPONOPLIUOHU -
pyIoT:

1800°C
Ti,0; —— TiO, + TiO

nOBblI_[IGHI/Ie TeEMNEPATYPhi BOCCTAHOBICHUA NpUBOAUT K NMOJYYCHUKO OKCHIOB C MEHb-
MM ConepXXaHUEM KHUCJTopoja:
>1500°C
Ti,05 + Ti ——— 3TiO

Kpucrannn TiO 6poH30Boro usera uMetlor cTpyktypy tuna NaCl* ¢ 60JbIIUM YUCIOM
BakaHCHM aTOMOB Kucliopoaa U TuTaHa (nedekthbl LLIOTTKH), 4TO OOBACHSAET HU3KYIO TIIOT-
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Puc. 2.9. Crpoenue daswt Marnenu:
a — craguu 1—I11 BosHUKHOBeHUs (Da3bl B pe3ynb-

Tare Kpucrasaorpaduyeckoro casura; 6 — MHKpO-
dotorpadums dasbl; 6 — ¢daza TiO;

HoOCTb BelllecTBa. Okenn tutana(ll) pactBopsiercsi B ropsiueit pazbaBieHHON CEpHON KHCTO-
Te C BblOeJEHWEM BOIoOpoaa u obpasoBaHHeMm coeanHenmit TutaHa(lll):

2TiO + 3H,80, = Ti)(SO,); + H,T + 2H,0

* [lpu temnepatype Bbie 3 000°C BO3HMKAET CTPYKTYpa ¢ aTOMaMU KUCJOPOaa, KOOPAHHUPO-
BAHHbLIMU BOKPYT TUTAHA B BUIIE TPUTOHATIBHOM MpU3MBbIL; cM.: Mohr S., Miiller- Buschbaum H. // Z. Anorg.

Allg. Chem. — 1994. — Bd. 620. — S. 1 175.
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[Tpn pacTBOpeHMM KUCIOPOAA B METALIMYECKOM TUTAHE OOpa3yroTCsi HUBLIME OKCH[bI
TigO, Ti;O u Ti,O, B KoTOpbIX coxpaHsitoTcsi ¢sizu Ti— Ti, a aTOMbI KUCA0pOaa pasMelle-
Hbl B OKTa3APUYECKUX MYCTOTAX I€KCAFOHANbHON MJIOTHOYNAaKOBAHHOH METaNIUYEeCKON pe-
wetku. Bee Husue okcumbl npu temneparype 300—700°C nerko okucisiioresi 1o TiO,.
Huszuine okcuabl UMpKOHUSE M racHUs HeCTAOUIbHbI.

2.6. TUAPOKCUABI, COJIU KUCJIOPOICOIEPKAINNUX KUCJIAOT
U KOMILIEKCHBIE COEAUHEHUS DJIEMEHTOB
YETBEPTOM TPYIIIIbI

Ans MeTajyioB 4eTBepTOil TPYNIbl B KUCJAOPOAHBIX COeqUHEHMAX XapaKTepHa
CTeleHb OKUCeHUs1 +4. Hu3kue creneHU OKUCIEHWA B BOJHBIX PacTBOpax MOryT
ObITH JOCTUTHYTHI JIMLIb Y TUTAHA.

I'mapokcuast MO, xH,0. Ilponeccs crapenus ocaaxkos

I'mapokcuasl 31eMeHTOB YeTBepToii rpynnsl MO, xH,0 mogo6Ho ruapokcuaam
APYrUX NepexoaHbIX METAIOB HEBO3MOXHO MOJYYUTh B3aUMOEMCTBEM OKCHUIOB
C BOJOM M3-33 BLICOKOW NPOYHOCTU WX KPUCTALIMYECKOH pelleTKH W, KakK Cliej-
CTBME, XMMUYECKON HMHEPTHOCTU.

ITpu meiicTBuM wienoyeid Ha pacTBOPHI COJIEM, COAEPKALIMX KATHOHHbIE GOPM b
traHa(lV), unpkonua(IV) v rabuua(lV), npn KungyeHMU KOHUEHTPUPOBAHHBIX
PacTBOPOB UX COJIEH, NPU FUAPONU3E TETPArajoreHW 0B BhITAfaloT Oejbie CTye-
HUCTblE ocaaku coctasa MO, - xH,0. [nsa ocaxnmenus ruapokcuaa Ti(IV) yacto
TpebyeTcsl 3aTpaBKa, Tak KakK 3TO BELIECTBO JIETKO 06pasyeT KOJUIOMIHBIE PACTBOPHL.

JlaHHbIE, TOJy4yeHHble pa3HbIMM METOAaMM, IOKa3blBalOT, YTO 'MAPOKCHUbI
MO, - xH,0 conepxar ruapokcorpymnibl (—OH) u okcorpynnsl (—O—), a Takxe
KOOpAMHVPOBaHHbLIE U a0COPOMPOBAaHHbIE MONEKYIbI BOALL. HUeM Bhillle cogepkaHue
B ruapokeuaax OH-rpymnn, TeM oHUM 00j1ee aKTUBHBI M PEAKLIMOHHOCIIOCOOHDI.

Fuapokcun TaTana(Iv). Ctpykrypa ruipokcugoB popMUPYETCA B PE3YJILTATE CIIOX-
HBIX [IPOLIECCOB MMAPOJIM3a U NONMKOHAeHcauM . PaccMOTpyM X Ha mpuMepe ru-
POKCHAA TUTAHA, MHOIIA YCIOBHO HAa3bIBAEMOTO «TUTAHOBOM KMCJIOTOM», KOTOPbIH
obpasyercsi Ipy ruapoJivM3e TeTpaxiopuia TUTaHa B BOJHOM pPacTBOpe aMMMaka.
[Tpn nonaganuu B Boay Monekynbl TiCl, nogBepraioTcs atake MOJIEKYJ BOAbI, KO-
TOpblE CHAYaJla MOBBILIAIOT KOOPAYHAIMOHHOE YUCJIO TUTaHa fo 6:

Cl OH,
A ? c— el
chcr OH,
a 3aTeM BbI3bIBAIOT paspbiB cBssei Ti—Cl ¢ obpaszosanuem yactuu [Ti(H,0)s(OH)]*:
O?{ OH, OH, 3+
ci—_l Cal c—_l _oH ,imo |H0- | OH
/Tl\ + OH2 - g+ - INL z /Tl\
CI~ | ~cl -CrH (I | ~Cr - 3¢l H,0~ | ~OH,
OH2 OHz OH2
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Ha cieayromei craamy ruapoinsa TIPOUCXOAUT MHOJNMKOHAEHCAUUS HWOHOB
[Ti(H,0)s(OH)]* ¢ 06pa3oBaHHEM ONUMTOMEPHBIX THAPOKCO- W OKCOITPOU3BOHBIX.
Takoro poaa npouecchl NpOWITIOCTPUPOBaHbI Ha IPOCTeiilieM MpuMepe 06pa3oBa-
HHUA AMMEpPa, COAepXaHIero MOCTUKOBbIE THAPOKCHJIbHbIE TPYIIIIbI:

H 6+
(I)H2 3 Hz(l) | (I)H2
Ti — i Ti +2H,0
H,0” | TOH, H,0” |70 | OH,
OH, H,0 [ OH,

Ecnu ruaponuns npoBoauTh, IpUGaBsist Mo KarvisiM TETpaxJopy TUTAHa K pac-
TBOpY aMMMaKa B JIeAsiHOU Boae, 0Opa3yeTcsi CTyAEHUCTbIA Ocalok (refb), coaep-
KAyl 3HaYUTEIbHOE KOJIMYECTBO MOCTMKOBbIX OH-rpynn (0JIOBbIX MOCTHKOB).
Takyio CBeXeocaXAeHHYI TUTAHOBYIO KMCJIOTY MHOIAA Ha3blBalOT O-TUTaHOBOW
KUCJIOTON. Ee GpyTTo-cocTaB npubIHKeHHO onucbiBaeTcs dopmysoi o-Ti0, - 2H,0.
ITpu ocaxaeHMH Ha X0J0/y OHA COAEPKMT DOJbLIOE YUCIIO TMAPOKCOTPYII U MO-
9TOMY G0Jiee peakuMOHHOCIIOocobHa. CTpoeHHe TAKOTo TOJIMMEPa YCJIOBHO MOXHO
NpeiacTaBUTh B BUE

H
OH P|l OH | OH |

|l o Jl ol o
Ti< Tiz TiZ X
OH P|l OH r|1 / OH P’l

WNuorna NMpyU NMoAUWESaYUBaHUU COJIEH TUTAHA OCALOK He o6pasyeTCﬂ, TaK KakK 'uapok-
CyUa TUTAaHA HAXONUTCsH B COCTOSAHUU KOJUIOMAHOI'O paCcTBOpA. KOJUIO[/IZ[H])IC HacTULLbl TaAKXE
coaepxXaTt rMapoKCHUIbHbIE MOCTHKHU U COOTBCTCTBYIOT a—(bopMe.

o-TuraHoBast Kuciora pactBopsiercst B 60%-it H,SOy:
TiO,- 2H,0 + H,80, = TiOSO, + 3H,0

nentusyercst B 40%-m pacteope NaOH. BosHukalOmui KOJUIOMAHBIA pacTBoOp CO-
JEPXKHUT MMApaTUPOBAHHBIE OKCOTOJIMMEPhI TUTAHA.

Crapenne ocaakos. Co BpeMeHeM 0CaIoOK TUTAHOBOW KMCJIOThI CTApeeT 3a CUET
MpeBpaLIeHNs THAPOKCHIIbHBIX MOCTUKOB B OKCOJIOBBIE:

H H VAN /N
OH (I) (‘)H (I) HO\ /OH HO\ /OH
Sp w0~ P N o Yilo0—
0 e L S
OH H OH H \ v \ v
o-TiO, - 2H,0 B-TiO, - H,O
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Takoll npouecc Ha3bIBAIOT okcoaayueli. EMy criocOOCTBYIOT MOBBILIEHHE TeMIle-
parypbl, yBeJUUEHUE KOHHEHTPALMH COJIeil TUTAHA, LIEJOYHasl Cpea W JJIMTeNb-
HOE XpaHeHMe pacTBopa.

OkconoBbbiit monumep (B-turaHosas kuciaota, B-TiO,-xH,0, x = 1) conepxur
MeHbllee yuciao OH-rpynnm v Mojekya Boabl, 3a cHeT NOMNOJHMUTENbHbIX CBs3eil
Ti—O—Ti Mexay pa3HbIMM MakKpOMOJIEKYJIaMU MpHobpeTaeT KapKacHOe CTpOeHHUE
Y MODTOMY OTJIMYAETCS XMMMYECKOH MHEPTHOCTBIO — HE pearupyeT C pacTBOpaMHu
KHUCJIOT U 1Ien04eit.

[Mpu crapeHnn KOMIOMAHBIX PacTBOPOB O~TUTAHOBOW KMCJIOTHI, COMPOBOXAAKOLIEMCS
yMeHblleHWEM pH pacTBOpOB, 00pa3ylOTCA MONMALEPHbIE OKCOKOMIUIEKCHI, HANPUMED
[Tig0,2,(H,0) 1% (puc. 2.10). TMocTeleHHO MOHBI PA3PaCTAIOTCA 10 PA3MEPOB KOJIOMIHbIX
4acTULL U, HAKOHEL, BbIAEISIOTCS B BHae reiaeodpasHbix ocankos D0, - xH,0.

B-TuTaHOBasA KMCIOTA MPaKTUYECKHU cpa3y MOXET ObITh MOJy4YeHA MpPpH B3aAUMOJEHCTBUH
TUTaHA ¢ KOHUEHTPUPOBAHHON a30THOW KUCIIOTONH MJIM MTPU HENTPAIN3ALNH LIETOUYbIO a30T-
HOKMCJIbIX PACTBOPOB TUTaHa, HAarpeThix 10 85— 95 °C. D10 0OBACHAETCA TEM, YTO B MIPUCYT-
CTBUWU HUTPAaT-HOHOB MPOLECCH CTAPEHUS OCajKa MPOTeKAT MPaKTHYECKH MIHOBEHHO;
MEXAHU3Mbl UX HE BbISICHEHbI.

ITpu HarpeBaHWM B-TUTAHOBOH KWCIOThI MPOUCXOANT IMOJNHAA €€ Nernaparauns — MoJle-
KYJIbl BOAbI OTwWENNATCA, a Bce OH-rpynnul npespauialorcd B OKCOMOCTUKN. KOHeUYHbIA
nponykt aeruapatauun — pytua TiO;, — CIYXNT CHIPLEM s [IPUTOTOBIEHNS THTAHOBbIX
Genun:

HO/ \OH HO/ \OH \O O/ \O O/
\/ N/ ; \ / \ /

—TIi—O0—Ti—0— —TIi—O0—Ti— 00—

HO/ \OH O/ \OH “ho O/ \O O/ \O
NN 2N S A
B-TiO; - H,O TiO,

I'napoxcuant mupkonua(IV) u radpuusa(IV). ITo MHorum cBoiicTBaM rugpokcunbt Zr(1V)
n Hf(IV) cxogHbl ¢ TMTAHOBLIMU KWcinoTaMu. OHKW NpeacraBiasior coboii Genbie CTyaeHM-
CThi€ OCalIKHU MEPEMEHHOIO COCTaBa, MOABEPXKEHHbIE CTAPEHN IO BCIEACTBUE OKcoassuuu. Ha
YCUIIEHUE OCHOBHBLIX CBOWCTB TMAPOKCHIOB IMPK JABUXEHWW BHHW3 MO IpyIIie yKa3biBaloT

QTi, Zr OO0
a 0

Puc. 2.10. CTpoeHne KaTHOHOB OKCO- M THAPOKCOCOJIEH, 0Opasyrowuxcs Mpu THapoan3e
terpaxinopunos TMTaHa [TizO,2(H,0).41% (@) v unpkouns [Zr,(OH)s(H,0),]% (6)
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Koaaouodnvie cucmemnt

Konaoudneie cucmems coaepxar gactuubl pasmepoM | — 1000 HM, nmpeacrasisi-
1o11Me cOBOM aroMepaThbi U3 MOJIEKYJI U MOHOB. DT YaCTHLBI, 0Bpasylolline ducnepc-
Hyt0 a3y, pacnipeliesieHbl B ORHOPORHOMN ducnepcuotHoll cpede.

Monexynbl BeniecTBa, HaxoasWKMeECs HA IpaHuue pasaena ¢a3, 061a1aiT 60671b-
LM 3a71aCOM BHEPIWH, YeM Haxomsiunecs BHYTpH ¢hasbl. brarogapst manomy pasme-
py 4YacTull yaeiabHasi OBEPXHOCTh AMCMEpPCHOM (ha3bl HEOOLIYAIHO BbICOKA — OHA
MOXET fOCTHraTh | —35 Thic. M2/T. UMEHHO 3THM 1 OGBACHSIOTCS OCOBbIe CBOMCTBA
KOJUIOMIHBIX cHCTeM. Tak, MENKOAUCNIEPCHBIN MOPOLIOK JHOKCHIA KPEMHUS — CH-
JIKaresib — B OTJIMYHUE OT KPYMTHOKPUCTALTMYECKOrO KBaplia JIerKO BIIUTLIBAET BOMY,
NpOSIBIISIET KaTalMTHYECKYI0 aKTUBHOCTb, M30bITOUHAs cBOGOaHAs sHEpPrus, cocpe-
IOTOYEHHAsi HA MOBEPXHOCTH 4AaCTULL AUCTIEPCHON ha3bl, TeM GOJbIIE, YeM MEHbLIE
ux pasmep. Boinenenue 3Toil sHepruu B pajae Clyyaes NpUBOIMT K noxapaM. Tak,
M3BECTHbI CY4au CaMOBOCIIAMEHEHUS TOHKOM3MEJbYCHHONU MYKH HA MYKOMOJIb-
HBIX MpEANIpUSATHAX WK caxapHOW MyApbl Ha caxapHbiX 3aBOaX.

Kak ancnepcHasi hasa, Tak n AMCNepCHOHHas Cpeaa MOTYT HAXOMUTLCS B JHOOGOM
M3 TPEX arperaTHbiX cOCTOsiHUA. CHCTEMBI, B KOTOPbIX YaCTULbI TBEPRON ANCTIEPCHOl
(hasbl pacnipeneneHsl B KWIKONW JANUCTIEPCHOHHON Cpere, Has3blBAlOT 3019MU, 4 CAMM
KOJUIOWAHbBIE YACTULbl — Mulearamu.

Muuenab npeactaBasiioT coboit chepuyeckne UM MAACTUHYATHIE CKOTJIEH Ust
MOJIEKYJ, YACPKUBAEMbIE IUCIIEPCUOHHBIMU cuJaMHU. OHKU CBOGOIHO M HE3aBUCUMO
ApYT OT [pyra y4acCTBYIOT B OpOYHOBCKOM ABMKEHWH, TEM CAMbIM pPaBHOMEPHO pac-
npeaesisisich Mo BceMy 06beMy pacTBopa. B cocraB Muue/l BXOAST HE TOMLKO COO-
CTBEHHO 4YaCTHULIbl IMCNIEPCHON (asbi (TpaHy/ibl), HO U MOJEKYJbl PACTBOPUTENS M
NpOoTUBOWOHBI (puc. 2.11). Pazmep u dhopma Muue u3MeHsI0TCs B 3aBUCHMOCTH OT
KOHLUEHTPALUKWH, TEMIEPATYpbl U HATUYUSL APYTUX WOHOB.

BOKpyr sinpa MHUE/NIbI BO3HUKAET ABOWHOM BMEKTpUYECKUi C/Oi: OfHA ero
4acTbh — 3TO MOHBI, XECTKO 3aKpETUIEHHbIE HEMOCPEACTBEHHO HA MOBEPXHOCTH UYac-
THLbI, Apyrasi— NPOTUBOMOHbLI, HAXOASAIWUECS B PACTBOPE M CO3MAIOILME BOKPYT ya-
CTHUbl «MOHHYIO atMocepy». Takum 0Opa3om, Mexay nByMs 4acTsIMU JABOUHOIO
SMIEKTPUYECKOrO €105 CO3AAETCA HEKOTOpAsi pa3HOCTb NOTeHUManos ().

= Ancopbuposanueie  HMoubl auddysnoro
~ MOHBI cnos

&@0/" o o, N\ {nTiO; - mH,0 - K[ Ti(OH)y(H,0)4]%..(k—x)SOF }xS0O3"
S N N ——

IO§ @O, e O Sxpo

T Toum )

__————Muuenna

Puc. 2.11. CxeMa cTpOeHMsi MULIEIBI
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B KOAOWAHBIX cCUCTeMax MPOUCXOINT paccesiHue CBETa, MMEHHO MO3TOMY yaaeTcst
NpOCAEANTL TPAEKTOPHUIO COTHEYHOTO Jlyya, NMpOXOsilero CKBo3b KOJJIOWIHbLIN pa-
ctBop (3hdekT TuHaans). Co cBeTopaccesiHueM CBsi3aHa M onasecueHuMst 301eH, T.e.
WX MYTHOBATbl} BUI B OTpaXkeHHOM cBeTe. HekoTopbie BewjecTBa, HanpuMep rmapok-
CHUIbl MepexOmHblX METAIOB, NMpH OCaXICHWM 00pa3yloT KOJJIOWIHbIE pacTBOpbI,
KOTOpPbIE YACTO MOXHO OOHAPYXXUTHL MO €1Ba 3aMETHON onajecueHuHH.

Yactnubl aucnepcHoit a3kl Moa BAMSIHUEM OpPOYHOBCKOTO ABHXXEHMsI CTaJKWBa-
1oTCst Apyr ¢ ApyroM. OUeBUIHO, CUCTEMA OKAXETCSl YCTOMUMBON TOJNBKO B TOM CIY-
yae, €CJIM 3TH CTOJIKHOBEHMUS OynyT yNpyruMu. B MpOTHBHOM ciiyyae yacTuibl HAUHYT
CJINTIaTbCH, YKPYIMHATLCS, M, HAKOHEL, O0pa3yeTcsi OObeMHbI OCagOK — cedb.

[enb npencraBasier cobO# NMAACTUUHYIO Maccy, coxpaHsilowylo hopMy Graromaps
HaJIMUMIO TPEXMEPHOI CETKM, B MYCTOTAX KOTOPOI HAXORAMTCSl XUIKAsA NUCTIEPCUOH-
Hasi cpena. Fesn KpeMHHMeBOM KUCIOThI CNOCOOHDI yanepXkuBath 10 80 % Bonbl, a reau
Ha OCHOBe okcuaa BaHagus(V) MOTYT COCTOSITbL U3 Boabl Ha 99,9 %.

IMpouecc obpa3oBaHmsi Tejist U3 30751 He COMPOBOXAACTCA pasjeneHneM ¢a3s, a 3a-
KJIoyaeTcst B (h)OpMHUPOBAHNH MTPOCTPAHCTBEHHON CTPYKTYPbl W3 OTAEAbHBIX MULIEI.
30b—Teab-NepeXxo/l JEeXUT B OCHOBE CO3MAaHMsI HOBbIX KOMIO3WIMOHHbIX MaTepua-
JIOB.

[Tpouecc caunaHusi 4acTHL, COMPOBOXAAIOIMUCA pa3pylleHUEM KOJIIOMIHOM
CHCTEMbI M pasaesieHneM a3, Ha3biBalOT Kogeyasyued. YacTo koarysiuns nporekaeT
HEOOpPaTUMO.

Koaryasiunst — 3To pe3y/bTaT B3aMMOAECHCTBHSI BAH-1€P-BaalbCOBbIX CUJ MPUTS-
XKEHHWSI W DJEKTPOCTATHYECKHUX CHJT OTTaJIKMBaHus. CymMMapHoe neicTBHe 3TUX ABYX
(hakTOpOB NMPHUBOANT K HEMOHOTOHHOMY W3MEHEHWIO BHEpPIMH B3aMMOICHCTBUS B
3aBHCUMOCTH OT pacCTOsSIHMA MexXay yacTuuamu (puc. 2.12).

Yem Oosbliue {-MOTeHUMan ABOMHOIO 3J€KTPUUYECKOIO CJI0si, TEM Bblllle DHepre-
THUeckn il 6apbep (Es), NMpendaTcTBYOWMH cavnaHuio yactuu. B takol cutyaunm ya-
CTULbl OTTAJIKUBAIOTCA APYr OT Ipyra, U KOJJOUAHbIA pacTBOp (30/1b) OKa3blBAETCS
ycrodunBbiM. BBeaeHWe 21€KTpOaMTA NPUBOANT K MPUTSKEHW 10 YACTH L W3-3a YMEHb-
LIEHUS TOJIMHbI «MOHHOIH aTMOChEpPbI» W COOTBETCTBEHHO 3HaueHu { n Fy.

bapbep Es npakTuuecku ucue3aeT, w J110060€e CTONKHOBEHWE BeeT K CIMIIaHHIo
yacTUl, — HacTtynaert koarynsuuf. Ecnw npogon-
XaTb R00ABSITh JEKTPOJIUT, TO MOXET MPOUCXO-
JINThb Nepe3apsiaka ABOMHOIO 31eKTpUUECKOTO Cos.
OTTankMBaHWEe MeEXay 4acTHLIAMHU BHOBb YCWJIW-
BaeTCsi, U BbIMABIWIKWI OCAAOK MOBTOPHO Mepexo-
OWT B 30/b.

CaMonpoun3BojibHOe 00pa3oBaHUE KOJUIOWAHOTO Esl
pacTBopa NMpH 100aBJACHUMN K TEI0 KaKUX-1ubo Be- /NN
11eCTB, HalpuMep 3JEKTPOJUTOB, HA3bIBAIOT Hen- \N_— -
muzayuey. SIBeHWe NenTu3auum, T.e. 00pa3oBaHHue
3o071e#l, HaboaaeTCst Mpu NOOABAEHUN CBEXEOCAXK-
JEHHOTO FMAPOKCHAA TUTAHA K PACTBOPY LLEJIOYM,
a TaKXe pacTBOpa CHJIMKATA HATPHUS K COMSAHON KUC-
Jote.

KonnounaHbie cucTeMbl UTpaloT Ba>KHEHILIYIO poJib
B [IPOLIECCAX XKU3HENEATELHOCTH, 0Opa3zoBaHust Mu-  Puc. 2.12. U3meHeHwe sHeprun
HEepaioB, pyl, MOYB, BOSHUKHOBEHUSI TyMaHa U 00-  B3aUMONEHCTBUS KOJUTOUAHBIX
JlakoB. MHOIME COBpeMeHHbie MaTe praJibi TAKXKE SIB-  4aCTHLL B 3aBUCUMOCTH OT pac-
JISHOTCS KOJUIOMIHBIMU CHCTEMAaMM. CTOSIHUSA MEXAY HUMH

E
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MUHHUMalbHbie 3HaYeHWst pH, Mpn KOTOpBIX ymaeTcst MOMYYMTHL OCAZOK MMIPOKCHAA meii-
CTBMEM aMMHAKa Ha COJIIHOKUCIIBIC PacTBOPbI COJIEN: B 3aBUCHMOCTH OT TEMIMEPATYphl pa-
¢tBopa W KoHueHtpauun conn TiO,- xH,0O ocaxnaercs npu pH 0,5—1,4; ZrO,- xH,0 —
npv pH 1,9—2.5; HfO,- xH,0 — npu pH 2,1—2,9. B uesiom, conocTasisisi cBOACTBA rMapo-
kenaoB O(IV) B BOnHBIX W HEBOMHBIX Cpeaax, MOXHO OTMETHTh MX aMdoTepHbIit xapakrep,
caboe MposiBIEHUE KUCIOTHBIX U yCWJIeHHe OCHOBHBIX CBOJCTB B paay Ti(IV)—Zr(1V)—
Hf(1V).

CoaH H KOMILIEKCBI 3JIEMEHTOB B CTENEHH OKHCJIeHHA +4

B cuny amdorteprocTi cBexeocaxaeHHbIe THAPOKCHIbI MO, xH,O pacrtBops-
I0TCAl B KMCJIOTax W pacrulaB/IieHHbIX Hieso4yax ¢ obpa3oBaHuemM coseii. BzauMoneii-
CTBHE C KUCJIOTaAMH IIPUBOANT K 00Pa30BaHMIO M POIM30BAHHbBIX KATHOHHBIX (POPM.
Benencteue Bbicokoro 3apsana m manoro paguyca vonbl Ti** He cnocoGHBI cyuie-
CTBOBAaTb B BOJHOM DacTBOPE jaXe B Cpele KOHUEHTPUPOBAHHOMN CEPHOI KUCIIOTHI.
CBUACTENILCTBOM 3TOMY CJYXWT PACCMOTPEHHbIN BbILE HEOBPATHMbIii TUPOIN3
TETPaxnopuaa TUTaHa, NPOTEKAIOUIMIA C BbljlelleHUEeM OOJIbLIOTO KOJUYECTBA Tell-
JoTel. [10o3TOMY 1pU B3aUMOAEHCTBUM THAPOKCHIOB merauios(1V) MO,- xH,O ¢
KHCI0TaMu akTHIeCKU 06Pa3yioTCs He CpeHUE COMH, @ COOTBETCTBYIOLIME OKCO-
Y TUApOKcoIpousBoaHble, Hanpumep MOX, (X = CI, Br, I, NOj, H,POy),
MOSO,, i ux kpucramioruaparsl TiOCl,- 2H,0, TiOSO,- H,0, ZrOCl,- 8H,0,
HfOCI,- 8H,0.

Cosm u xommiexkcsl Turana(IV). Kpucranniuzauus us pacTBOPOB, 00Pa3yIOHIHX-
Csl NMPH B3aUMOJEHCTBUM THAPOKCHIA TUTaHA C CEPHOW KMCIOTO, NMPUBOAUT K
BblieneHunio coneit cocraBa TiOSO,- xH,0 (x =0 - 2), Ha3bIBaeMbIX COISIMU OKCO-
TUTaHa, UM TUTaHWIA. B TBEPAOM Bue 3TH COeNMHEHMST HE COAEPKAT OTAEbHbIX
OKCOMOHOB, a COCTOAAT U3 CJIOEB WJIM LEMNeil, B KOTOPbIX aTOMbl TUTAHA CBSI3aHbl
ApPYT C APYroM KMCJIOPOAHBIMU (OKCO-) MOCTHMKAMH.

B ruapare TiOSO, H,O (puc. 2.13) aToMmbl THTaHa MMEIOT KOOPAUHAUUOHHOE
YMCJIO HIECTb, HAXOSICh B OKTA3IPUYECKOM OKPYKEHUHU MOCTHKOBBIX ATOMOB KMC-
nopona, aHuoHoB SO~ ¥ MONEKY BOAbI, IPUYEM TPH aTOMa THUTAHa CBSA3AHbI C
OHMM M TeM Xe cy1bdaT-uoHoM*. I1py PacTBOPEHNUH ITUX BELIECTB B BOAE [TPOMC-
XOMT pa3pbiB HEKOTOPLIX cBsideii Ti—O—Ti ¢ obpazoBaHueM LMKIMYECKUX TPU- U
TETPaMepoB:

[Ti305(OH),y(H,0)0]*

[Ti,O,(OH)y(H,0),4]¢

* Ahmed M. A. K., Fjellvag H., Kjekshus A. // Acta Chem. Scand. — 1996. — V. 50. — P. 275.
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Puc. 2.13. Okco- ¥ ruapoKcoCybdhaThl TUTAHA U LLUPKOHHUS:

a — cynsar Tutanuna TiOSOy- H,0; 6 — ruapokcocynsdat uupkouus Zr(OH),SO, (atomsl
BOAOpOAa He MOKa3aHbi)
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a TaKX€ HEKOTOPOTo 4ucaa AIMMEPOB U noHoB TutaHwia TiO?, Bo3HuKalOWMX MpH
UX juccoluauuu.

OH,
B OH OH |# B OH 4
H,0 OH H,0
H,0- | om: \| OH H,0—_|_OH, "\ | OH
A PR //T
2 H,O - H,O OH, OH, e
H:0 ol H,0_ OH,
H,0_| O
Q//Ti/ 20 T,/o
(’)H2 L )OHZ <
OH 3 Ho.  ow 17
H:0 I/OHz \| N 2
— Tx\O/Tl/OH2 + [HOZTIN
/ N\ 7\ o~ | “OH,
H,0© OH, HO OH, OH,

DTy BbIBOAbI OblIM CAEJIAHBI HA OCHOBE aHANM3a CMEKTPOB AAEPHOrO MATHUTHOTO PE30-
HaHca Ha aapax "0 BonHbIX pacTBOPOB cy/bdaTa THTaHua*. PakT 06pa3oBaHUs OTAENbHBIX
noHoB TiO* 3KcnepuMeHTANbHO MOATBEPXAAIOT AaHHble uHpakpacHoii (MK) crekTpo-
ckonuu (v(Ti=0) = 974 cm™"), a Takxke Hanuuue 310l rpynnuposku (Ti=0 0,162 HMm) B
HekOoTOpbIX KOomIuiekcax tTutaHa(lV) (puc. 2.14, a), B TOM uyucie rnojyyeHHbIX M3 BOOHbIX
pacteopoB. Tak, B KapGonarHoMm komruiekce [TiO(CO;);]*, 3aKpUCTANIM30BAHHOM B Buje
conu ¢ ryaHuanHueM, uoH TutaHwia (Ti—O 0,168 uM) cBsA3aH ¢ TpeMsa OGMAEHTATHBIMHU
KapooHaTHbiMu rpynnamu (Ti—O 0,207 — 0,214 um)**,

TTpu noaKucaeHun KaTMOH TUTAHuJIA MPUCOEIMHSCT MPOTOH, MpPEBPAlLasiChb B MMapOK-
cokatuon [Ti(OH)(H,0)s]**, KOTOpbIil, TPOTOHMPYS APYrOil MOH THTAHMJIA, MPEBPALLAETCS
8 [Ti(OH),(H,0),]*":

[TiI(OH)(H,0)s]™" + [TIO(H,0)s]* = [Ti(OH)(H,0),]** + [Ti(OH)(H,0)s]**

Takue 4acTullbl YCTORUYMBBI Jullb B pa30aBleHHbIX MOAKKCIEHHbIX PACTBOPAX COJeil TH-
TaHKJIA, MOJIEKYJIbl BOAbl B HUX MOTYT 3aMEIUATbCA aHUOHAMMU:

[Ti(OH)(H,0)5]* + HSO,~ = [Ti(OH)(HSO,)(H,0),]** + H,0

TIpu KOHLEHTPMPOBAHUYM JaXe CHIbHOKHMCIIBIX PACTBOPOB U3 HUX BbIAEJSETCH THTAHO-
Basg KMCJIOTA, cHayana B (opMe KOJUIOMIHBIX YACTHIl, & 3aTeM B BUae ocaaka. ['uaponus
OKCO- u ruapokcoconeit tutaHa(lV) ycunuBaercs takxke npu pasbaBleHUU PACTBOPOB U
HarpesaHuu. YCTOHYMBOCTb K T’MAPOJIN3Y YAAETCS MOBBICHTD, UCMOJb3Ysl KOMILIEKCOOBpPa30-
BaHue, Hanpumep, A00ABJIEHnEM K pacTBOPaM COJIei TuTaHuJIA CylbhaToB I1IEJOYHbBIX Me-
TAUI0B. M3 TakuX pacTBOPOB BbIACSIOT TBepable CYabhaTOTHTAHATLI, HATIPUMED COCTABA
K5[Ti(SO,);] - 3H,0 u K,[TiO(SO,),] - 3H,0.

Kartuouubie u HeliTpanbHble koMIuieKch TutaHa(IV) yacTo npeactaBasior coboii oyiu-
rOMepbl ¢ MOCTHKOBbIMHM aTOMaMu Kucjaopoaa. [TpUMepoM MOTYT CIYXHUTb OusimepHblii

* Comba P., Merbach A. // Inorg. Chem. — 1987, — V. 26. — P. 1315.
** LiP.J., Huang S.-H., Huang K.-Y. et al. // Inorg. Chim. Acta. — 1990. — V. 175. — P. 103.
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Puc. 2.14. Coeaunenns okcoruraHa(lVv):

a — TiOCI,(N(CH,);),; 6 — Ti,Ox(acac)y; ¢ — aHuoH B Komruiekce Kg[Tiz04(C,04)4]; ¢ — aHMoH
B Komruiekce [C(NH,);]4TiO(CO;);]

aperunagerosar Ti,O,(acac), ¢ MOCTHKOBBIMU aroMaMu Kuciaopoga (puc. 2.14, 6), 06-
pasylouimiics rnpu B3auMoaeicTBUU GeH30JbHOTO PacTBOpa TeTpaxjopuaa TUTaHa ¢ Oy-
THPATOM KayIusl 4 aleTuiaaueToHomM*, uiu okcanatHoiilt komruieke Kg[Ti,0,(C,0,)5], npen-
CTaBJISIOIUIA cOO0N HUKINYeCKUN TeTpaMmep** (puc. 2.14, ). AMMHUaYHble KOMILIEKCHI
tutaHa(lV) ycToiluuBbl Juilb B HEBOgHON cpede. M3 HUX CTOUT YIIOMSIHYTb AUMeEp
[(NH3)sTi—O—Ti(NHj;)s]1,, B KOTOpOM gBa aTroma TUTaHA CBA3aHbl MexXay cob0il OKCOMO-
CTUKOM™***,

* Smith G. D., Caughlah C.N., Campbell J.A. // Inorg. Chem. — 1972. — V. 11. — P. 2989.

** Van de Velde G.M. H., Harkema S., Gellings P.J. // Inorg. Chim. Acta. — 1974. — V. 11. — P. 243.
*** Sichla T., Niewa R., Zachwieja U. u. a. // Z. Anorg. Allg. Chem. — 1996. — Bd. 622. — S. 2074.
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Taxum obpazom, B BonHbIX pacTBopax coneit Tutana(lV) gaxe B cuIbHOKMCIO#
Cpene NnpuCyTCTBYIOT OKCO- M 'MAPOKCOKATHOHBI. Hernaponuzopantele KaTHOHHbIE
¢opmbl TuTaHa(lV) npoctoro cocrapa 10JyyalOT NUILL B HEBOAHBIX cpenax (Ha-
npumep, B cynbpypuaxiopune SO,Cly). Tak, cynsdar Ti(SO,), CHHTE3HPYIOT B3aK-
MOEVCTBHEM TETPAXJIOPUAA TUTAHA C CEPHBIM AHTUAPUIOM:

TiCl, + 6505 = Ti(SO,), + 2S,04Cl,

a CIUIABJICHUE NMOKCHaA TUTAHA C NMPOCYIb(aToOM Kajlusg NPUBOAUT K 0Opa3oBa-
HUIO KOMIUIEKCHOM COJIU:

t
TlOz + 2Kzszo7 = Kz[Tl(SO4)3] + KzSO4

Cunres Hutpara Ti(NOs), OCYILECTBASIOT 1€HCTBUEM a30THOIO anruapuaa N,Os
Ha OXJIAXICHHbIH Oe3BOAHBINH TETPAXJOpHA ¢ NOCJENYIOlIeH BO3TOHKOM [poOayKTa
B BaKyyMe:

-79°C
TiCl, + 4N,05 — Ti(NO3), + 4NO,CI

OTO BELIECTBO MPENCTAB/IAET CO6O0I HecLBETHDIE IErKOMIABKIE KpUCTaJLbL (TeM-
nepartypa niaenerusa 58 °C), ruaponusyioimecs B [IPUCYTCTBUMM CJI€I0B BIArH.

AHAJIOTHYHO [MONy4aroT 4 NMEepXJIopaT TUuTaHa:
T|C14 + 4C1206 = TI(C104)4 + 4C12 + 402

Hurpar n nepxnopar tutaHa MMelOT CXOIHOE MOJIEKYJISIPHOE CTPOEHHE (puc. 2.15). Atom
TUTAHA B HMX PACIOJIOXECH B LEHTPE BOCbMHUBEPLIMHHKKA, 0Opa30OBaHHOTO aTOMAMH KMC-
10ponia*. ITyu BEWIECTRA, @ TAKXKE aHANOTHYHbBIE MM COEIMHEH s LIKPKOHUS u radbHus 06aa-
JAal0T AeTYYECThIO.

B 10 xe Bpemsa runpodocdar Hatpus ocaxaaer u3 CepHOKMCIOrO pacTBopa cynboarta
TMTaHwiA Benblit ocapok rugpodocdara Ti(HPO,),- H,O co croucroit cTpykrtypoii**. Ilpu
KRIAYCHUK B BOOHOM PacTBOpe OH npespawaercd B okcocons Ti,O(PO,),(H,0),***. Tuapo-
docdatol unpkonus u rapHus M(HPO,), ocaxpaiorcs optodochopHOI KMCIOTOM faxe 13
CHJILHOKUCIBIX PACTBOPOB. JIeHCTBuE HA PACTBOPLL CONEN THTAaHa, LMPKOHHA u radHUs co-
AsiMu cnabeix Kucnor (cyavduTtamu, Cylinbugamu, KapGoHaTamu, CuInKaTtamMu) MPUBOIUT
K OCaXOCHHUIO IMIPOKCHIOB, & B CIY4ae LUPKOHuA u radHUST — 4acTO ¥ OCHOBHBIX CONeld
NEPEMEHHOrO cocraBa. JBOHHON! CuinKaT THTAHUNA-HATPUS Na,TiOSiO,, BcTpeyatouiuiics
B NIpUPOAE B BMIIE MuHEPAia HATHCUTA, MOXET ObITh MOAYYEH FMAPOTEPMASILHBIM CUHTE30M
npu teMncparype 450°C un paBneHun 2 k6ap. KapboHar TuTaHa HeM3BeCTEH, HO MonyuyeH
kommneke [C(NH,);[4[TiO(CO;);). Lnpkonuii u raguuit 06pasyior GusgepHble KapboHar-
Hble TrAPOKCOKOMILIEKCDI, Hanpumep (NH,)¢[Zry(OH),(CO;)). UsBecTen Munepan cabu-
Haut Na,ZrTiOy(CO;),.

Coan n komnaekcnl nupkonus(IV) u raguua(IV). B psiay Ti— Zr— Hf ¢ pOCTOM
aTOMHOTO HOMEpa U yBEJH4YEHUEM CTENEHM MOHHOCTH CBA3U OCHOBHOCTb MMIPO-
KCHIOB M YCTOMUYMBOCTb CPEHMX COJIEH K MMAPOJAM3Y CYIIECTBEHHO BO3PACTAIOT.
B cTpoeHuu u cBoiicTBax coneit LUpKOHUS K rapHust oTMeyaeTcs MHOTO ODILETO.
Tax, cynbdatbl M(SO,), unu uutpatel M(NO;), LMPKOHHUS 1 radHus, [IOYYEH-
Hble 110 METONAM, ONMCAHHBIM /sl aHAJIOTMYHBIX COJIeH TUTaHa, IPX PaCTBOPEHHU

* Fourati M., Chaabouni M., Belin C.H. et al. // Inorg. Chem. — 1986. — V. 25. — P. 1386.

** Bruque S., Aranda M. A. G., Losilla E. R. // Inorg. Chem. — 1995. — V. 34. — P. 893.

*** Salvado M. A., Pertierra P., Garcia-Granda S. et al. // Eur. J. Solid State Inorg. Chem. —1997. — V. 34, —
P. 1237.
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Puc. 2.15. Iepxnopat turaHa(I1V):
a — CTPOEHHUE MOJIEKYJIbI, 6 — KOOPAMHAUMOHHBIA TMOJU3AD

B 6 M cepHOll KUC/IOTE HE MMAPONU3YIOTCS, [IPU YIIApUBAaHUM U3 TAKUX paCTBOPOB
KPUCTALIN3YIOTCA Tuapathl, HanpuMmep Zr(S0,),- 4H,0. D1tu BeniecTBa UMEIOT M10-
JIMMEPHOE CTpOeHue Baroaapsi MOCTUKOBBIM CYJbthaTHBIM IpynnamM*!. HegaBHo Kpu-
cranausauueit u3 pactBopa ZrO(NQs); B 100%-it HNO, Obu1 BBIAEIEH U UCCIENO-
BaH KUC/bIA TUapaT HUTpaTa UMPKOHUS, conepxaiiuit katuonbt [Zr(NQO;);(H,0);]*,
B KOTOPBIX KOOPIWHAIIMOHHOE YUCI0 LUPKOHUS paBHO 9. MOXHO npeanoaoXuTh,
YTO U B a30THOKWUCJIOM pacTBOpE HUTPaTa LMPKOHUS MPUCYTCTBYIOT TaKhe KaTho-
Hbl. O CKJIOHHOCTH COJIEH LUPKOHUS K TUAPOIU3Y CBUAETENBCTBYET TOT (PAKT, YTO
yxe npu temneparype 20 °C Ha BO3nyXe BEILECTBO THPOJU3YETCS C OTIEIIEHUEM
HNO;, nepexons B Zr(OH),(NO;),- H,O0*.

Kak yxe yka3sbiBajsioch, MOnaBJeHUIO TUAPOJIM3a CIIOCOOCTBYET HAlMYUE B pac-
TBOpPE “30bITKa aHMOHOB KUCIOTHbBIX OCTaTKOB, Tak, yrnapruBaHueM MpU KOMHATHOMN
remnepartype Haa H,SO, Y3 a30THOKHUCIOrO pacTBopa HUTpata UUPKOHUIA U HUT-
paTta uesns Kpucramiusylot koMruieke Cs[Zr(NO;)s], B cocTaB KOTOPOro BXOAST
aHuoHBl [Zr(NOs)s]™. B Hux aToMbl Zr MposiBASIOT BBICOKOE KOOPMHAI[MOHHOE
yucno 10, koopauHupys MsATh OUpeHTATHBIX HUTpaTHBIX Ipynr. [leHTaHuTparo-
LUUPKOHATHBIA aHWOH NMPUCYTCTBYET ¥ B pslie APYTUX cOoenvHEHW, HanpuMep B
(NOY)[Zr(NO;)s]*.

Ipu temnepatype 100°C Tterparunpar Zr(SO,),- 4H,0 tepser Bony, rnepexoass B MOHO-
ruapar, a npu 380 °C nMoaHOCTbIO 00E3BOXUBAETCA. AHAIOMMYHbIE TIPOLECChI AJIs1 CONU rad-
HUSI TIPOUCXOAAT NpU Oonee BbICOKON Temneparype — 215 u 490 °C coorBercTBeHHO. Janb-
Hefllllee HarpeBaHUe CpeaHUX CyabdaTOB NMOCAENOBATENbLHO NPUBOAUT K (pazaM oKcoconeit
(HfOSO, npu 500—650°C) u okcugos (HfO, Bbiwe 650 °C).

W13 Gonee pa3baBieHHBIX PACTBOPOB WM NP KUMIYEHUH KPUCTAJUIU3YIOTCS [Hj-
pokcoconu, Hanpumep Zr,(OH),(S0,);(H,0),, Zr(OH),SO,*', Zr(OH);NO;*¢,
Zr(OH),(NOy),- 2H,0* ¢ nosuMepHOi WU CIOUCTOR CTpyKTYpoit. OBpasyloumecd

*! Brahimi M. E., Durand J., Cot L. // Eur. ). Solid State Inorg. Chem, — 1988. — V. 25. — P. 185.

*2 Moposoe H. B., ®edopoea A. A., Tasamapuyx 1. B., Tposnoe C. H. // W3s. PAH. Cep. xum. — 2005. —
Ne . — C.92.

*3 Tikhomirov G., Morozov 1., Znamenkov K. u. a. // Z. Anorg. Allg. Chem. — 2002. — Bd. 628. — S. 269.

** Benard P., Louer D. // ). Phys. Chem. Solids. — 1995. — V. 56. — P. 1345.

*5 Benard- Rocherulle P., Rius J., Louer D. // J. Solid State Chem. — 1997. — V. 128. — P. 295.
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Ipu ruaponuse tetpaxaopunos conn MOCI,-8H,0 (M = Zr, Hf) conepxat ter-
pamepHbie HoHbI [M4(OH)g(H,0) 613 (em. puc. 2.10, 6). B HUX KaXablit U3 aTOMOB
METallla CBA3AH C 1ByMsl COCEAHUMM TOCPENCTBOM YeThIpeX MOCTUKOBLIX OH-rpynn
U IOTIOJIHUTENBHO OKPYXeH YeTbipbMs MoJekynamu H,O. CTpyKrypa TBepabIx co-
eNMHEHUI COXpaHsieTcst U B pacTBOpeE.

B 91X BelecTBax HET He TOMBLKO OTAE/IbHBIX HOHOB ZrO?*, HO OTCYTCTBYIOT AaXe
OKCOMOCTUKHM, XapakTepHbIE /15t aHAJIOTMUHbBIX COenUHEHNit TUTaHa. Posab MocTu-
KOB B COEAMHEHUSX LLMPKOHUA W rapHUst BLIOJHSIOT M'MAPOKCUIbHBIE rpyrnbl —OH
M aHMOHBI KMCJIOTHBIX OCTaTKOB. Tak, OCHOBHBIN cy/bdar uupkonus Zr(OH),SO,
(cM. puc. 2.13, 6) cxoneH ¢ aHAJIOrMYHOIN TUTAHOBOM CONMbIO (CY/1bhaTOM THTaHWUIA
TiOSO,- H,0, cm. puc. 2.13, a) auib no creXuoMeTpuu.

OO0pasoBaH1e TUIPOKCOCONEH COMPOBOXAAETCA 3HAUUTENbHbIM MOAKUCIEHHUEM PaCTBO-
pa Bciencteue ruaponunsa. KocBeHHO 06 3TOM CBUAETENbCTBYET TOT (pakT, uto pH 0,5 M
pacTBopa HUTpaTa raduust usMenserca ot 0,51 npu remneparype 20°C no 0,30 npu 100 °C.
Bhickasano npennonoxenue, 4To B pacTBOpax rMapoKcoColeil Mpeo6aaaeT ogHa U3 JIBYX
LMKJIHIECKUX POPM, HAXONSALLIMXCH B PABHOBECUHU:

Z[Zr4(OH)3(H20)|6]8+ ?_ [ng(C)"[)zo(l’[z())24]]2+ + 4H+ + 4H20

Yem nnxe pH pactBopa, TeM cusibHEe paBHOBECHE CMELIEHO BJIEBO*.

Kpowme cynabdhatos U HUTPaToB ans nMPKOHUS U radHHs U3BECTHDI U MaJIopacTBOPHUMbIe
rejeobpastbie Gocdarpl epeMEHHOTO COCTABA, KOTOpbie 06pa3yloTcsl npu A06aB/eHnH K
PacTBOpaM Ux coJiei KOHUEHTPUPOBAHHON GOCHOPHOIT KUCIOTbI UM (OChATOB 1IETOYHbIX
metasioB. Kucabie docdarst M(HPO,),- xH,O 061a1a10T BbICOKOI CTORKOCTbIO K TUAPOJIH-
3y M PaCTBOPAIOTCA JIMILID B TVIABUKOBOM KUCIOTE G1aroaapsi o6pa3oBaHUI0 (PTOPUIHDIX KOM-
nnekcos. Ilpu HarpeBanuu Boiie 400 °C oHU OTILEMUIAIOT Bofy, nepexons B nupodocdarhbl:

ZT(HPO4)2 = ZFP207 + HzO

M3 pactBopa ruapokcuaa nMpKOHMS B XJIOPHOI KHCIOTE KPUCTALIM3YETCS OKCOCOb
ZrO(ClO,),- 8H,0, no coctaBy aHanorMyHas oKCOXJIOPHUAY H, MO-BUAUMOMY, TaKXe CO-
nepxalnas LMKIMIeckue Tetpamepsl. HeliTpanusanus coneil uupkonus v raduus kap6oHa-
TaMH IIEJIOUHBIX METAIUIOB NIPUBOAUT K BbIIEJIEHHIO OCAJKOB riAPOKCOOKCOKApOOHATOB Tie-
PEMEHHOTO COCTaBA, KOTOpbIE IpH BOJIbIIOM U3DbITKE KapGOHAT-HOHOB NMEPeXOmsIT B KOM-
riekcbl, Hanpumep Kq[Zry(OH),(CO;)q). TIpuMepom cuinkata iMpKOHUS CITyKUT MpUpOa-
Hbli MuHepan uupkon ZrSiO,. Tpu 106aBIeHUH K CONAM HUPKOHUS M radHus oKcanaT-
MOHOB CHa4a/a BbINANAIOT OCANKH MEPEMEHHOTO COCTABA, KOTOPbIE PACTBOPSIOTCS B U36bIT-
Ke peareHTa, o0pa3yst aHMOHHbIe KOMILIeKCh Nay[Zr(C,0,),]. B otanune or coneit Tutana
TETPAXJIOPUIbI LMPKOHUA U TaQHHUA C ALETUIANETOHOM B METaHoJe B MPUCYTCTBUM OCHO-
BaHusl JIerko obpasyloT ayeTunaretonarsl M(acac),, KOTopble Ha BIaXHOM BO3ayXe NOCTe-
NEHHO rugponusylotes 1o M, (OH),(acac),.

BsanmoneiicTBue coneil uan ruapoKcHaa LIMPKOHUS C PACTBOPOM YKCYCHOH KMCIOTbI
NPUBOAMT K TUIPOKCOALETATAM, a PEaKIIUA MexXay Ge3BOAHDBIM TETPAXIOPUAOM U KU IENH
100%-# ykcycHO KHCIOTOR — K TeTpaaueraTy Zr(CH;CO00),. Heckonbko HEOXMIAHHBIM
OKAa3bIBACTCA MPUMEHEHUE 3TOTO BEUIECTBA, HAPAMY C APYrMMHU KapBoOKCHaaTtaMu 11uMpKo-
HUSI, B [1€30J0paHTax.

Turanatei(IV), nupkonarei(IV) # rapuarei(IV). CoennneHust, conepxaline
MeTalibl(1V) B aHMOHHOIA OpMe: TUTAHATHI, LIUPKOHATbl U radHaThl — OBBLIYHO
[OJ1y4aiOT CIUIABIEHUEM COOTBETCTBYIOILIMX OKCH/IOB € 1IE/I0YaMH WM KapOoHaTaMu:

* Singhal A., Toth L. M., LinJ.S. eral. //J. Amer. Chem. Soc. — 1996. — V. 118. — P. 11529,
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900°C
C3C03 + TlOz —_— C3T103 + COZ

1050°C
2KOH + 2Zr02 _— > KszzOS + Hzo

B cootBeTcTBUM ¢ MpocTeilluMu (hOpMYIaMi UX pa3nessiioT Ha OPTOTHUTAHATHI
MY TiO,, metatutanatel M''TiO;, a Takxe au- (M"'Ti,Os), TpH- U TeTpaTUTAHATHI.
Tak xe knaccupUUUPYIOT LUPKOHATH U radHatel. B oTanumMe OT CWIMKATOB MK
¢ochaToB gaxe B opTOhOpME ITUX BElIECTB, 32 PEIKMM HCKIIOUEHUEM*, He CO-
JIEPXKATCSA M30JMPOBaHHBIE HMOHBI, METAJJIaM YE€TBEPTOM Ipylbl B KHUCIOPOAHBIX
COENMHEHUSAX CBOMCTBEHHO KOOPAMHALIMOHHOE YHCIIO 1ECTb. B CTpYKTYype 3THX Be-
IIECTB TUTAH, UMPKOHUK ¥ rapHMil HaxoadaTcd B LIEHTpax OKTa3ApoB, 0Opa30OBaH-
HbIX aTOMaMu KUCJI0poaa M 00beAMHEHHBIX ODIMMH BEpLIMHAMHK B TpeXMEPHbI i
Kapkac. B kpynHbIX mycToTax Kapkaca pacriojaralorcs [LeJJOYHbIE WK 1eJOYHOo3e-
MeJIbHblIE KATUOHBI.

Ecau pasmepbl oHoB M?* u M* Gausku (Hanpumep, paauyc uoHa Ti* 0,064 um,
Mg?* 0,074 um, Co? 0,078 um, Fe?* 0,080 HM), TO BO3HUKAET CTPYKTYpa TUMA UAbMEHUMA
FeTiO; ¢ rekcaroHa/sbHOM TJIOTHEHLIEH YMAaKOBKOJ# MOHOB KUCJIOpOna, OKTadnpuuecKue
yCTOTbI KOTOPOW 3aHATbI KATUGHAMMU: [IBE TPETH MX 3aMOJHEHbl MOHAaMU M?*, a OgHa TpeTb —
uoHamu M*. CTpyKTypa uibMeHKTa Nono6Ha CTpyKType KopyHaa a-AlO, (eMm. 1. 2, puc. 4.11),
B KOTOpOii BMECTO MOHOB Al** roouepenHo pacrosioxeHbl oHb Fe?t u Ti%.

Ecau xe pasmep mona M cymectBenHo Gonbiie pasmepa M* (panunyc Ti%* 0,064 uwm,
Zr* 0,082 um, Hf* 0,082 um, Ca® 0,104 um, Sr?* 0,120 um, Ba?* 0,138 HM), TO o6pasyercs
cTpyktypa ™MNa neposckuma CaTiO; (eM. 1. 3, ku. |, puc. 1.19).

MHorue opToTMTaHATHl H OPTOLIMPKOHAThI ABYXBAEHTHBIX MeTannos MYMO, (MU = Mg,
Zn, Mn, Fe) umelot CTpyKTypy THNA wnuHeau (cM. 1. 3, KH. 1, puc. 1.21), B KOTOpoOii KaTuo-
Hbl 3aHUMAIOT KaK TeTPa3ApUYECKUE, TaK U OKTadpUUeCcKue MYCTOTh B KyOUUECKOIi TUIOT-
Helillleil yMakoBKe aTOMOB Kuciopoma. M3BeCTHLI TakXe TUTAHOCUJIMKATLI, HanpUMep
[H30]K;Tiy04(Si04)3- 3H,0, B koTopbix okTasapbl [TiOg] cBsA3aHbl ¢ KPEMHEKUCIOPOIH bl-
MU TETpa’aApaMH B eAMHbBIN KapKac.

TuTaHaThl, LUPKOHATHl M ragpHaThl LIENOUYHBIX METAIJIOB PACTBOPAIOTCS B BOZE,
Ux BOJHbIE PAcTBOPBI HEYCTONUMBEl Y CO BpEMEHEM pasiiaraioTcsl BCIEACTBHE M-
poiuza. 11 yckopeHus mpopyecca yepe3 pacTBOP HNPONYCKAIOT YIJIeKUCABIH ras:

K,TiO; + (x + DH,0 + 2CO, = TiO,- xH,04 + 2KHCO,

CoenvHeHus1 ABYX- U TPEXBAJEHTHBIX METAIJIOB B BOAE HEPACTBOPUMEI, JUTS HUX
PasJIoXEHUST UCIOJb3YIOT KACIOTHI.

[Tpu nnuten»,HOM B3aMMOIEHCTBUM MMAPATUPOBAHHBIX JHOKCHAOB TUTAHa, LIMP-
KOHUSt U FTa(pHUS ¢ KOHLIEHTPMPOBAHHLIMU pacTBOpaMHu 1eliodeit obpa3yloTcsa rek-
CarvpPOKCOKOMILIEKCHI, KOTOPbIE COAEPXKAT OKTasapuueckie aHnoHbl [M(OH)4)*.
Ouu MOryT OBITH BBIJIENEHBI U3 PACTBOPOB B BUAE COJIeit ¢ KPYIHBIMK KAaTHOHAMK
metainos, HanpuMep K,[Ti(OH)q], K,[Hf(OH)yl.

* B crpyktype LiyTiO, THTaH M JUTHIl HAXOASITCS B TETPA3APUYECKOM OKPYXEHWUU U3 aTOMOB
kucnopoaa (cM.: Gunawardane R. P., Sumathipala H. H., Senadeera J. K. et al. // J.Solid State Chem.—
1994. — V. 112. — P. 70); B Ba,TiO, takxe npucytcTeyior TeTpasapsi [TiO,]; B uMpkoHarax 1 radHaTax
KOOpAMHALMOHHOE YUCJI0 MeTallia Beera paBHO WIECTH.
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BoccTanoB/ieHUE THTAHATOB LE/IOYHBIX METALIOB BOAOPOIOM MPHBOIUT K o0pa3oBaHUIO
TUTaHOBbIX BpoH3 Na,TiO; (x = 0,20—0,25) — KpUCTATUYECKHX MOPOLIKOB UCCUHSI-Yep-
HOTO 11BeTa, 00J1a1AI01MX METAJUTMYECKUM BJIECKOM M METAIMYECKO MPOBOAUMOCTBIO. OHU
UMECIOT CTPYKTYPY DYTHJIA, B MYCTOTaX KOTOPOM PAacnoOXeHbl ATOMbI 11I€JI04HOTO MeTaa.

FPUIDOKCPUII)I H COJIM JJIEMCHTOB B HU3KHX CTENEHAX OKHCJIEHUA

YCcTOHYMBOCTL COENMHEHMIA ]IEMEHTOB B HU3KUX CTEMEHSX OKUC/IEHHs YMEHb-
waercst B psiny Ti — Zr — Hf, nostomy Haubonee u3yyeHbl coeNMHEHUs] TUTAHA.
Temuo-duonerosbiit ocanok ruapoxcuna Ti(OH), ocaxmaercs: npu aeiicTBuM wie-
Jlouu Ha conu tutaHa(lll). OH He pacTBOpsieTcs B e0yax, T.€. [PosABsieT OCHOB-
Hole cBoiicTBa. Tlono6bHo npyrum coennnenusiM tutana(lll) ruapokcun Ti(OH),
SBJISACTCA CUJIbBHBIM BOCCTAHOBUTENEM (CM. puc. 2.1): HanpuMep, BOCCTAHABINUBAET
HUTpaT-uoH 10 ammuaka NHs:

8Ti(OH); + NaNO; + (8x - 10)H,0 = 8TiO,- xH,0 + NH; + NaOH
Ha BO3aYyX€ JIErKO OKUCISETCA:
4Ti(OH); + O, + (x— 6)H,0 = 4TiO,- xH,O

Coan turtana(lll) nonyyalor BoccTaHOBJEHUEM pacTBOPOB COJIE THUTAHUJA
LUMHKOM, KeJIe30M, TUTUOHUTOM WU 3IEKTPOXUMHUYECKUM METON0M, HallpuMep:

2TiOSO, + Fe + 2H,S0, = Tiy(SO,); + FeSO, + 2H,0

a TAKXKE pacTBOPEHHUEM METANINYECKOrO TUTAHA B HEOKUCAIOMUX Kuciorax. ®uo-
neroBast okpacka akBauoHa [Ti(H,O)¢]** ¢ mosuumit Teopun Kpuctaiinueckoro
1oJist OOBACHSAETCSI MEePEeXOni0M 3JIEKTPOHA C by~ Ha e,-opOuTalb C MOMIoIEeHEM
9HEPruu, COOTBETCTBYIOIIEH IHEPrUM paciierieHus A, = 20300 cm™!, T.e. xenro-
3€JIEHOW 4acT¥ BUAUMOrO CIIEKTPA.

Woner [Ti(H,0)¢]** BxoasT B coctas psina TBepabix KpHUCTAJUIOIMAPATOB, HANIpU-
mep TUTaHOBbIX KBacuoB [M(H,0)¢]*[Ti(H,0),]**(S0?°),, rae M = Rb, Cs.

bessonnbiit cybdar turana(l11) Tiy(SO,); — BewecTso 3eneHoro usera. Kucabiit cymb-
dar turana(lll) Tiy(SO4);- H,S0,-8H,0 npencraiaser co6oii KOMIJIEKCHYIO KUCIOTY
[H5O0,]{ Ti(SO,),(H,0),]*. B BoaHbix pactBopax coju tutaHa(lll) cunbHO rUaPOAU3OBAHDI,
KOHCTaHTa TMAPOJIM3a reKcaakBanoHa paBHa npumepHo 0,1. BeaepcTBue BbICOKOI KUCHOT-
HOCTH B BOAHDBIX PacTBOpAaX He MOTYT ObITb MOJydeHbl MHOTHE KOMIIIEKCHbIE COEIMHEHUS
TuTaHa(lll), B KOTOPbIX JiuraHAaMu BbICTYNAIOT AHUOHBI CHabbix KHACNOT, HAaNMpUMep 1ua-
Hulbl. X cuHTE3 NpoBoasiT B HeBOAHbIX cpegax**. PocdaThbl tutaHa(lll) TiPO,, TiP;0,,
RbTiP,0; noayuaior tBepnodasHo.

Kak u ruapokcun, conu tutaHa(lll) nposBAsIOT BOCCTAHOBUTE/IbHBIE CBOIi-
crBa: nepeponsit Fe’* B Fe?*, obecuBeunBaloT MaIMHOBDI pacteop KMnO,:

5Tiy(SO,); + 2KMnO, + 2H,0 = 10TiOSO, + K,SO, + 2MnSO, + 2H,S0,

Coeaunenus tutana(ll) cnocobHbl BeencTBUE BbICOKOH BOCCTAHOBUTEILHON AKTHUE-
Hoctu (E°(Ti**/Ti*) = ~1,2 B) pasnaratb Bogy ¢ BblaeieHueM BOROPOA. 3efeHbiii pac-

* Trojanov S., Stiewe A., Kemniiz E. // Z. Naturforsch. Teil B. — 1996. — Bd. 51. — S. 19.
** Girolami G.S. // J. Amer. Chem. Soc. — 1997. — V. 119. — P. 6251.
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TBOp, 0Opa3ywlMics npu B3aumoneicTsuu okcuaa tvutada(ll) ¢ oxnaxaeHHON COSTHOU
KMCJIOTOM, B TeueHHe KOpOTKOro Bpemenm comepxkut nonul [Ti(H,0)¢)*. U3 senenbix pac-
TBOpOB, nojydyeHHbix B3anuMoaeiicreuem Ti ¢ HF, Boinenennl kpucranasl conu TiF3(H,0),,
cocrosinieit u3 okraszapos [Ti''Fy(H,0),], coeanHeHHBIX OGUIMMHK BEPUIMHAMM C OKTadapa-
mu [Ti'VFg]. Mpun ocaxnenun tutada(lV) B Buge BaTiF, o6pasyloTca HeycTORuMBbIE 3eile-
Hble pacTBOpbI akBakoMIuiekca tutaHa(ll); npu HellTpasin3aiium pacTBopa LIEI0YbIO BblE-
JsteTes YepHbid ocagok ruapokcuaa Ti(OH),. Uon Ti% ynanoch cTaGUIM3upoBaTh B MaTpuLLe
NaCl 1 M3y4uTb €ro CHekTp: B HEM COAECPXATCA ABE IOJOCHI, OTBeHalolUe Mepexoaam
3Ty > 3T 13Ty - 3T, (P); A, = 8520 cm™'. Komruiekcest Tutana(ll) sBasiorcs CHiabHbIMK
BOCCTAHOBUTEJISIMHM, CITOCOGHBLIMHU NMPUCOEIUHATL Ny, CBSA3b MEXIY aTOMaMM a30Ta 3HAUM-
TeJIbHO OcJjlabeBaeT u3-3a CHibHOro B3aumoneicTBust Ti—N, COOTBETCTBYIOLIETO ABONHON
cBasun (Ti=N—N=Ti, paccroarue Ti—N 0,177 um, N—N 0,128 um)*.

IMiapokcuapl U coNy LMPKOHUS ¥ TaHUS B HUBLLMX CTeTIeHIX OKUCIeHUS HeyC-
Toituussl. B paay Ti — Zr — Hf cnenyeT oTMeTUTh ycHileHHE WX OCHOBHBIX M BOCCTA-
HOBHTENIbHBIX CBOMCTB.

2.7. IEPOKCOCOEJIMHEHMA BJEMEHTOB YETBEPTOM I'PYIIIbI

dna TuTaHa ¥ ero aHajAoOroB XapakTE€pPHbl KOMILIEKCHBbIE COENMHCHUS, B KOTO-
PbIX POJib JIMFAHOA BBIMONHSIET HOH Nepokcuaa O;~. Hanpumep, npu nobdaBieHnm
H,0, K nogkucjJeHHbIM pacTBOpPaM coJieil TUTaHWIa MMOSBJSIETCS XapaKTepHasl XeJl-
TO-OpaHXeBasg OKpacka, MHTEHCHMBHOCTb KOTOpoi 3aBucUT OT pH cpenbl: cuibHO-
KHCJIbIE pacTBOPbl OKpallleHbl B OpaHXXe€BO-KPACHBIM LBeT, cJ1abOKHUCAble B HeUlT-
paJibHble — B XeJTblit. DTO HCMOAb3yeTCs IS AHAIMTHUYECKOrO ONMpelnesieHUs co-
enrHeHuit Ti(IV) u nepokcuaa Bogopona. [osgeieHue okpacku o0ycnoBiaeHo obpa-
30BaHHEM Pa3aMUYHBIX MEPOKCOKOMILIEKCOB:

[TIO(H,0)s]** + Hy0, == [Ti(0,)(H,0),]** + 2H,0; K = 10°— 10*.

Ipy NMoOBBIIIEHN M KOHLIEHTPAI (MK KUCJIOTbI MOJIEKYJIbl BOAbl B KOOPAWHALIMOHHOI cepe
TUTaHA IOCJEA0BATEIbHO 3aMeILAlOTCH CyabGaTHBIMU TPYIIIaMK:

H,S0, H,SO0,
[Ti(0)(H,0),1* &= [Ti(05)(H,0),(SO)] & [Ti(0)(SO,).1*

IMpu ynapuBaHuM pacTBOpa NEPOKCHAA BOAOPOAA U Cyjbdara TUTaHWJIA B KOHLEHTPH-
pPOBaHHOU CepHOU KUCIOTe BblaesitoTcsi kpacHbie Kpuctanisl Ti(0,)(SO,) - 3H,0. Buicanu-
BaHWE 3TAHOJIOM XEJTOro pacTBOpa, MOJYYEHHOTO CMelllMBaHUEM CyjbgaTa THUTaHWIJA C
nepokcuaoM eogopoaa (pH 8,6), NpMBOOMT K BBINAAEHHIO XEJITOTO OCaaka NepokKcuia TH-
taHa TiO;-2H,0, cTtpoeHue Kotoporo HeuspecTHo. Ilpearnojaraemasi CTpyKTypa ruapo-
nepokcuaa turada Ti(OH);(OOH) ananornuHa o-TUTAaHOBOI KHCJIOTE.

Ecin yepe3 opaHXeBO-KpaCHbI pacTBOP NMEPOKCOKOMILIEKCa NMPONYCKaTh XJ10p, OKpac-
Ka MCYE3aeT BCIAECACTBUE OKUCJIEHUS NMEPOKCHI-UOHOB A0 KUCJIOPOaa:

[Ti(05)(H,0)4]* + Cl, + 2H,0 = [TiO(H,0)5]* + O,T + 2H* + 2CI-
TakuM 00pa3oM HMOHbI TUTAHWJIA KATaJU3UPYIOT OKMCJIEHUE NMEPOKCHUIA BOAOPOJA XJ10-
pOM**,
* Hagadorn J. R., Arnold J. // ). Amer. Chem. Soc. — 1996. — V. 118. — P. 893.
** Thompson R.C. // Inorg. Chem. — 1984, — V. 23, — P. 1794,
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Puc. 2.16. Crpoenue nepokcoannonos tutaHa(IV) B kommiekcax K4[Ti;Fy(0,)1] - H,0 (a);
K3[TiF3(0,),] (6)

BBeneHue BTopoii, TpeTbeit u YETBEPTON MEPOKCHUAHBIX PYIN B KOOPAMHALHU-
OHHYIO cchepy TUTaHa CTAHOBUTCS BO3MOXHBIM JIMLIb B 1EN04YHOI cpene. [1pu aTOM
KEJITO-OpaHXeBOe OKpalllMBAHKWE PACTBOPOB MEPOKCHIHbBIX COEMMHEHMI TUTAHA
McyesaeT, a obpasylowmitica GecuBeTHbIH PacTBOpP CONEPXKUT KOMIUIEKChI COCTABA
[Ti(0,),(H,0),], [Ti(05);(H,0)]* u [Ti(O,),4]*~. W3 wenounbix pacTBOPOB B npu-
cyrersun Hy)O, cnupTom MOXHO BbLIeIuTh KPUCTALIMYECKHUE COMM, conepxanjue
4€ThIpe NepoKCcUaHbIe rpynnsel, Hanpumep Ky[Ti(0,),] - 6H,0. O6biuHO ux noayua-
IOT €CTBMEM ILENTOUM HA MEPOKCHA TUTaHa npu Temnepatype 0 °C.

W3 HacklenHbix pactsopos K,TiFg B nepruaposne ripu pH 5—6 kpucrannusyiorcs opaH-
XeBbie KpUCTaTbl quMepa Ky[Ti,Fg(0,),] - H,O (puc. 2.16, a), cogepXanero MOCTUKOBbIE
arombl ¢ropa*, a u3 pacTeopoB B 70%-M nepokcue BOAOPOAa BBIAEEH CBETJIO-KEJITbIi
kpuctaueckuit komrieke Kx[TiF3(0,),]**. B HeM aToM THTaHAa HAXOmUTCS B LIEHTPE HC-
KAXEHHO! MEHTAroHaNnbHOH GUMTHUpAMUADBI, 0OPA30BAHHOM TPEMS aTOMaMU ¢dTopa u nByMs
NEPOKCOTPYNIIAaMH, JIEXALUMHU B 3KBATOPUANBHOM TUTOCKOCTH (puc. 2.16, 6).

Lupkonuuit u radHuit, kak u TMTaH, obpasyior MEPOKCUIbI, HO B OTVIMUME OT aHAJIOTUY -
HbIX COEJMHEHHI TUTAHA OHM He OKPALUCHLI U He MOIYT UCHOJNB30BATLCS IS aHANUTUUYC-
CKOTO ONpeneeHUs METAI0B. XUMMS 3THX BELIECTB IPAKTHUECKH He u3yueHa. M3BeCcTHO,
YTO NpU AOOABNCHNMH aMMHAKa K OXJIAXAEHHbIM 10 Temrepatypbl 0 °C BOgHbIM pacTBopaM
CoJiel LMPKOHHUSA U radHus, conepXauuM usboirox 30%-ro NepoKCcUaa Boagopoaa, oopa3sy-
loTcs Genvie ocanku nepokcunos MO;- 2H,0, no cocraBy Gnuskux AHAJIOTMYHOMY COeau-
HeHuio tutaHa. U3 pacreopa ZrO;- 2H,O B KOHiI€HTPUPOBAHHOM TMAPOKCUIE Kajinusl, CO-
ACPXKAIEM NEPOKCUI BOAOPOIA, Obuiv BbiseseHbl Kpuctamibl Ky[Zr(0,),] - 6H,0%*,

2.8. TAJIOTEHUJIbI DJIEMEHTOB YETBEPTOM CPYIIIIBI

Terparanorenmani. Cpeay rajloreHUI0B METALIORB 4yeTBepTOM TpyMlmbl HauboJsee
BaXHbI TeTparasioreHuabl MI'y. OHu npeacTaBasgioT coboil XUAKOCTU WM JIErKOJIe-
Tyuue TBEp/ble BEIECTBA, Mapbl KOTOPbIX COCTOAT W3 TETPA3APHUECKUX MOJIEKYJI
(puc. 2.17, a).

* Schmidt R., Pausewang G. // Z.. Anorg. Allg. Chem. — 1988. — Bd. 559. — S. 135.

** lepacumenko A. B., Byxeeyxuii B. B., Yepusiuoe B. H., Judenxo H.A. // KypH. neoprau. xummuu, —
1990. —T. 35. — C. 1611.

*** Baaumoneiicteuem ZrOCl, ¢ KF u H,0, nonydensi kpuctaibl Ke[ZrF,(n-0,)3(H,0),] - 2H,0;
eM.: Heprouwes b. H., dudenko H. A., Byxeeuxuii B. B u dp. // Xypu. neoprad. xumuu, — 1989. — T. 34. —
C. 2786. .
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Puc. 2.17. CtpoeHue ranoreHuuaoB tTutaHa(lV):

a — monekyha TiCly; 6 — aABOWHON cioit B KpucTtaninyeckoii crpykrype Tily

TeTtpasapuueckasl CTPYKTYpa COXpaHSETCS U B TBEPAbIX FAIOTeHUIaxX TUTAHA 33 UCKJIIIO-
yeHueM (ropuaa TiF,, koTopblii npeacTapasieT coO0ON MOAMMEP, COCTOSILUAI U3 OKTa3ApOB
[TiF4], cBsi3aHHBIX 4eThIpbMSA OOIUMMH BeplUMHAMY. B rajoreHuaax LUMPKOHUSI W radHus
ATOMbI MeTa/llla UMEIOT 00Jiee BLICOKHE KOOPAMHALIMOHHBIE Yyncia. Teepabie TeTpadTOpUbl
LLIMPKOHUS U Ta(HUS NOCTPOEHDI U3 KBAAPATHBIX AHTUITPU3M (KOOPIAUHAILIMOHHOE YUCIO 8),
TeTPaxXJOPUAbLl U TeTpaOpOMUAbI COCTOAT M3 3ur3arooOpaszHbix uerneil okrasapos [MFg],
COEAUHEHHBbIX 00LIMMU peOpaMu.

B pany Ti — Zr — Hf nosblllaloTcst TEMIEpaTypbl MJIaBJAEHUS U KUITEHUSA OLHO-
TUIMHBIX TAJIOTEHUIOB, UTO OOYCIOBJIEHO YCUJIEHUEM MEXMOJEKYJSIPHOTO B3aUMO-
JgeiictBus (Tadu. 2.5). Haubosee Bbicoko maBsiTes GTopulibl 6iaronapst 3HaUYUTE  b-
HOM CT€NEHU MOHHOCTU CBA3U.

Terpadropuabl MoaydaT ACHCTBUEM ra3000pa3Horo (PropoBogoposa Ha COOT-
BETCTBYIOLIME GE3BOAHbIE TETPAXJI0pUabI:

1
MCl, + 4HF = MF, + 4HCl

Y1006HbBI METOM CUHTE3a O€3BOIHbBIX TETPAXJIOPUAOB U TETPAaOPOMUIOB — TaJIO-
reHUPOBAHME* CMECH JUOKCHAA COOTBETCTBYIOIIETO METalla C YrjaepoaoM, HEeoD-
XOJIMMBbIM JUJ15 CBSI3bIBAHMUS KMCIIOpOaa:

°

800
MO, + 2Cl, + 2C —— MCl, + 2COT
Terpavoguabsl M1, monyyaloT B3ZauMOnECHCTBUEM OKCHUAOB C MOAMAOM aJIlOMU-
HUSL:
t
3TiO, + 4All; = 3Til, + 2A1,0,

be3BoaHbie TeTparaioreHUAbl, OCOOCHHO XJOPUIbl U OPOMUIBI, JETKO THAPO-
ausyloresa. HanpuMep, oTkpbiTas ckisHKa ¢ xaopuaoM tutaHa(lV) Ha Bosayxe «ibl-
MUT», TaK KaK COEIMHEHUE PEAarupyer ¢ BOAAHbIMU MApaAMU C BbIAEJICHUEM XJIOPO-
BOIOPOAA, AAIOIICTO BO BJAAXHOM BO3AYyXe YCTOMUMBBIA a3p030Jib:

TiCl, + (2 + )H,0 = 4HCI + TiO,- xH,0

* B kauectse xyopupylolinx areHtos kpome Cl, ucnonssyior CCly, S,Cl,, SOCI, u ap.
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Tabauuya 2.5

CBoiicTBa TETParaloreHUI0B METALIOB YEeTBEPTOlH rPyHMbI

CoenuHenue Okpacka ngzgsgszpfc Kpucrannuyeckas peuterka KOOPHZ:E#(?OHHW
TiF, becupeTtHas 284* MonexynsipHas 4
TiCl, » =24 (136**) » 4
TiBr, OpaHxe past 38 (233%*) » 4
Til, KopuuHesas | 155 (377**) » 4
ZrF, becupeTtHas 932 Kapkac w3 okrasgpos 8
ZrCly » 437 Henu u3 okrasapos 6
ZrBr, » 450 » 6
Zrl, Kenras 500 » 6
HfF, becuseTtHas 1025 Kapxkac u3 oxtasnpos 8
HfCl, » 432 Llenu u3 oktasppos 6
HfBr, » 425 » 6
HfI, XKenrtas 449 » 6

* Bosrousiercs.
** B ckobkax gaHa Temneparypa kumneHusi (°C),

Taknm 06pa3om, ¢ 6E3BOAHBIMU TAIOTEHUIAMU HEOOXOIMMO pabotaTb B cyxoi
Kamepe WM B FepMETUYHOM anrmaparype noj JaBjleHueM UHEPTHOTO rasza. OTopuibl
LUMPKOHMS U TaHHUsI MEHEE MONBEPXECHbI TMAPOJIN3Y.

I'vnponu3s TeTparanoreHUI0OB Npu KOMHATHOM TeMriepaType, KaK MpaBuio, He npoTeKa-
€T 10 KOHLA, a 3aKaHyMBaeTcsl Ha cTanru obpasoBaHus okcocoeid MOX,. D10 06bsicHseTCs
pe3kuM noxmxeHuem pH pacteopa BenenctBue 00pazoBaHMs TaNOre HOBOZOPOAHON KMCIO-
ol HX, KoTOpas ctabunusupyeT oKCo- unu ruapokcokatvonsl, ITporcxoasiime fpy 3TOM
IIpoLiecchl POACTBEHHDL OMUCAHHBIM B 1M0APa3i. 2.9 Ha npuMepe coneil Kucaopoaconepxka-
LUUX KUCIIOT.

Tak, npu pacteopenun ZrCl, B Bone 06pasyeTcs LUPKOHWIXIOPUL ZrOCl,- 8H,0, co-
AepxKaLumii TetpamMepHblit MoH [Zry OH)g(H,0)6]%, yeToitunBnlit gaxe B cpeae KOHUEHTpU-
posaHHoi HCIL. M3 pactBopa, o6GpaszoBaBuerocs npu TMAPOJIM3E TETpaxjopuaa TWUTaHa,
BblaesieHbl Kpuctailbl okcocosin [TigO(H,0)4]Cly, B xaTMOHE KOTOpOit aTOMbl THTaHA
CBA3aHbI MKy COOOM ABEHAALATBIO OKCOMOCTHKAMU* (cM. puc. 2.10, a).

TerpadTopunsl uvpkonus u racdHus caabo N1OABEPXKEHDBI TUAPOJIU3Y U MOTYT ObITh 110-
Jly4EHDBI B3AUMOICHCTBUEM UX OKCHJIOB C IJIABUKOBOi KUCNO0TOM. W3 BOgHbBIX pacTBOPOB OHU
BolpessaoTes B Bune ruapatoB MF,-3H,0, kotopble cocToaT u3 ueneii, o6pazoBaHHbIX
MOCTHKOBBIMH aTOMaMu ¢ropa**. Tlpu GLICTPOM HarpeBaHUW TPUTMAPATH TUAPOIUIYIOTCS
J0 okcoropunor MOF,.

TeTparanoreHnabl 1 0OCOGEHHO XIOPUIBI U GPOMMIBI 33 CYET CBOBOIHDIX m-pasz-
PBIXTISIIONINX OpOMTaNiel BeayT cebst KaK KMCIoThl JIbiorca, pacTBOPSISICh B BOAHbIX

* Reichmann M. G., Hollander F.J., Bell A.A. // Acta Cryst. C. — 1987. — V. 43. — P. 1681.
** Hall D., Rickard C.E. F., Waters T.N. //J. Inorg. Nucl, Chem, — 1971. — V. 33. — P. 2395,
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pacTBoOpax M paciuiaBax rajoreHua0B LEJOYHbIX METALIOB C 0Opa30BaHUEM KOMIT-
NekcHbIX coeauHennit; nanpumep, M} [TiClg], M} [MF], M{[MF;], M} [MFK],
rae M = Zr, Hf; M' = NH,, K, Rb, Cs; M!"' = Mg, Ca, Ni, Cu u ap. IToayyaemas
pactBopeHUeM xjopuaa TutaHa(lV) B KOHLIEHTPUPOBAHHOMN COJISIHOU KUCI0TE TeK-
caxaoporutaHoBast kuciaotra H,[TiClg] oTHocUTCS K CUbHBIM, MOJOOHO APYrHMM
KOMILJIEKCHBIM KucoTaM. OHa U3BECTHA TOJBKO B pacTBopax, Mo Mepe pasbasiie-
HUSI KOTOPBIX TMAPOJIU3YETCS.

B otnuue oT rekcad)TopoTUTAHATOB FEKCAXJIOPOTUTAHATBI XOPOLUIO PACTBOPSIIOTCS B BO/E
v pazbaBnaeHHoit HCI. PactBopeHue conpoBoXaaeTcsl TMAPOIU30M, MPU KOTOPOM HOHbI XJlopa
BO BHYTpPEHHEN chepe koMiekca 3ameratorcs voHamu OH~, Kpucranausylouimecs us pac-
TBOpOB coeauHenra MA[Ti(OH),Cl,] npu Harpepanuu go 175—200°C npespaiaiorcst B
6e3BoaHbIe TeTpaxjiopookcotutaHaTthl Tuna Rb,|TiOCl,], Cs,[TiOCly], niassuiuecs 6e3 pas-
noxenusi. beapoaHbie rexcaxnoporuraHatbi, Hanpumep K;[TiClg], rnonyuyeHbl B HEBOAHOMA
cpene.

I'ekcadTopoiMpkoHaTel U rekcadToporacHarsel yCTORYMUBH MPU HATPEBAHUU U
¢1ab0 noasepXeHbl THAPONIN3Y. OHU XOpOLLO pAcTBOPSIIOTCS B BOAE, MpPUYEM pa-
CTBOPHUMOCTB rekcadroporaHaToB B o/ITOpa pasa Bblll€, YEM rekcadTopounpKo-
HAaTOB. DTO MCTOAB3YETCA ISl pa3ieieHUs] LUPKOHUS U radHUsl MeTog0oM 1POOHOM
KPUCTAJIU3ALIU Y.

YCTOUYMBOCTB U TEMITEPATYpa IIaBIEHUSI OJHOTUIIHBIX KOMIJIEKCHBIX COEMUHE-
HUA YBEJIWMYMBAIOTCA C POCTOM pafuyca BHeELIHEC(EPHOro MOHA UIENOYHOro Me-
TaJUla U YMEHBLUEHUEM pa3mepa rajioreHa. Bee rekcaxnoporagHaTsl HECKOJBKO MPOY -
Hee COOTBETCTBYIOUIMX COCIMHEHUIN IUPKOHUS: OHN UMEIOT DOsiee HUBKHE SHTAJIb-
v obpaszoBaHusd, 0ojiee BBICOKME TeMIleparypbl MJaBleHusl, KUMEHUSA, MEHEE
[oABEPXEHBbI TUAPOAU3Y. B oTinuue or rekcadTopo- v rekcaxaiopoMeramiaTos rekca-
OpoMoMeTaLIaThl U TEKCAUOAOMETAIATBl HEYCTOMYUBBL.

IMpu B3aumoneiicteuu TiCly co cnupramu ROH B npucyTcTBMM aMMuaka wiu uiciouc
o0pasyloTcs ankokcuabl, uan ankoroaarsi, Ti(OR)g:

TiCl, + 4ROH + 4NH, = Ti(OR), + 4NH,CI

ANKOroasThl TUTAHA, LIMPKOHUS W radpHUsS — XUAKUE WU TBEPALIE JIETKO CYOIUMHUPY-
I01MECS BELECTBA, PACTBOPUMBIE B OPraHUYECKHX PACTBOPHUTESIX, OHU HUCIOAb3YIOTCs 151
MONYYEHUS] OKCUAHBIX CEFHETO- U [bE€303JIEKTPUKOB, BICOKOTEMIIEPATYPHBIX CBEPXIPOBO/ -
HUKOB Y APYTUX MATEPUATIOB B BUE OOBEMHOM KEpaMUKH M TOHKUX IJIEHOK. MHOrMe u3 Hux
npeacrasisior coboit Terpamepsl, Hanpumep ankoroisr |Ti(OC,Hs)4ls, B KOTOpOM aTOMBI
TUTaHA CBSI3aHbI APYr C APYrOM MOCTUKOBBIMHM 3TOKCUIpyrnnaMmu. I1pu nojydyeHuu oxkcua-
HOH KEpaMUKU «AJIKOTOJISITHBIM METOIOM» K CITUPTOBBIM PacTBOpPaM aJIKOrOJISITOB J1004BJIs -
10T BOAY W MPOBOIAT TMAPOJIM3, B PE3Y/IbTaTe KOTOPOro o0pa3yloTCs OKCOrMAPOKCHAbL DTO
CHUXAET TEMIIEPATYPY TEPMUUECKON 00paboTKM U yCKOpsieT 00pa30BaHUE CIOXKHBIX OKCH-
JIOB C BBICOKOM XMMUUYECKON U (Ppa3oBOH OJHOPOIHOCTLIO.

Terpaxyiopya TMTaHA BBLIFOAHO COYETAET JILIOMCOBY KMCJIOTHOCTb C BOJAOOTHUMANILUM
jgeiicteueM, 6narogapst 4eMy HaxXOAMT NPUMMEHEHUWE B opraHuveckoM cuHtede. Hanpumep,
npu o6pabotke yukiorekcaHosa pacrsopom TiCl, B 6eH3one npu 20 °C obpasyercs 1UKIO-
rekcunbeHs3on B Bhixoaom 91 %.

be3BonHbIe TeTparajoreHUasl METAJUIOB YeTBEPTOM TPYMIIbl UCTIONBL3YIOT KakK
HUCXOIHBbIE BELIECTBA MPH MOJYYEHUHU U OUUCTKE METALIOB {(MOOUIHOE pahUHUPO-
BaHUE), CUHTE3E Oeivil U KepaMuk Ha ocHoBe TiO, u ZrQ,, ajikorosiToB, B Kaue-
CTBE KaraJiu3aTopoB B mpopueccax MojJiuMepu3aluu, TUapMpoOBaHUs, OKACIEHUS.
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Tpuranoreanapl. OGILIMM METOIOM CHHTE3a TPUTANIOTEHUAOB CJIYXHUT BbICOKO-
TEMIIEPATYPHOE BOCCTAHOBJICHHE BBICLUMX TaOTCHUIOB METAUIAMU WM BOLOPO-
JIOM:

650°C
2TiCl, + H, — 2TiCl, + 2HCI

I'mapatnpoBaHHBII TPUXJIOPUI TUTAHA MOXET ObITb MOJYYEH MPU ACHCTBUM LIMHKA
Ha CONSIHOKHCABIA pacTBOp xjopuma turana(lV), cogepxamidil rekcaxjioporura-
HOBYIO KHCJIOTY:

2H,[TiCls] + Zn = 2TiCl; + ZnCl, + 4HCI

O nporekaHWM pPeakiuMHu CBUACTEIBbCTBYET MOSABIECHUE KPACHO-(UOIETOBOI OK-
packu, XapakrepHou misi coier turana(lll).

Be3BonHbIE TPUTATOreHUIbI NPEACTABIAIOT COBON OKpalleHHble ((PHONETOBbI
TiF;, yepHo-3enenblid ZrCl;) KPUCTAUIMUECKME BELIECTBA, MOCTPOCHHBIE U3 CBSI-
3aHHbBIX OOLIMMM pebpaMy OKTasapoB (T1abi. 2.6). B rpuranoreHngax TMTaHa cBsI3b
MeTajlI—MeTall OTCYTCTBYeT. HU3KMe 3HauYeHHs! MArHUTHBIX MOMEHTOB HU3LIMX
rajoreHUI0B UPKOHUs U radHUs YKa3biBAIOT HA MX KJIAaCTEPHOE CTPOECHHE.

Bcem oTUM BeuiecTBaM CBOMCTBEHHA BbICOKAsi BOCCTAHOBHUTEIbHASI aKTHBHOCTb,
BO3pacTarolast BHU3 I10 rpynre. TpUrajJoreHuapl TUTaHa CIOCOOHDI CYLLECTBOBATD B
BOJIHBIX PAacTBOPax, ONAHAKO Ha BO3JyXe TMOCTENEHHO OKUCIAIOTCS:

4TiCl; + O, + 2H,0 = 4TiOCl, + 4HCI

M3 Hux nanbonee ycroitums Tpudropua TiF;, KOTOpbIit IpU KOMHATHOM TEMIE-
parype He pearpyer ¢ KMcjoponoM. TpHraioreHuasl LMPKOHHUs U TadpHKsI, HAMpo-

Tabnuvua 2.6
Hu3mme ranorenuapr THTana
CraHunapTHas
CoeanHeHue Okpacka CrpyKrypa Og:;;ig;::;ﬂ [ToseaeHue npu HarpeBaHUU
kIIx/Monb
. . 950°C . .
TiF; ®uoaetosast | Tuna VF, -1319 4TiF, —— 3TiF, + Ti
a-TiCl, » Tuna Bil, 691 2Ticl, A3°C i), + Ticl,
B-TiCl; | Kopuunesasi| Oktasaapsi, -691 B-TiCl, 300—C> oa-TiCl,
COETUHEHHbIE
pebpamu
. . . 400°C . .
TiBr, ®uonerosast | Tuna Bil, -553 2TiBr; ——— TiBr, + TiBr,
350°C
Til, » Tuna Nbl, -335 2Til; ——— Til, + Til,
TiCl, YepHag Tuna Cdl, -477 IMaasutes npu 1 035°C
>400°C
TiBr, » » -398 TiBr,—— Ti + Br,
. .. >400°C .
Til, » » -255 Til,———> Ti+ 1,
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bBezeoonouit xaopuo mumana(lV) — xamaauzamop noaumepuszauuu oieunos

Hemeuxuii xumuk K. [uraep v He3aBUCUMO OT Hero utaibsiHCKWi xumuk Jx. Har-
Ta MpeJJOXUIN ucnob3oBaTh 6e3BoaHblil TiCl, kak KkaTtanu3aTop as NoJAMMeEpHU3a-
uvu oneduHoB, Hanpumep stuineHa CH,=CH, u nponunena CH,—CH=CH,. Ipo-
necc He TpeOyeT BBHICOKMX [aBJEHUI UM MPOTEKAET B OpraHUYECKHUX PacTBOPUTEJIX
MpU KOMHATHOW TeMIlepaType. DTO BbI3BAJIO HACTOALUMI [pOpbIB B MPOU3BOACTBE
HOJMMEPHBIX YNAKOBOUYHBIX U KOHCTPYKLMOHHbIX Marepuaios, a K. Luriaepy n
Jx. Hatta B 1963 r. npucyxaeHa HobeneBckas npeMus Mo xuMuH. '

Bo3MoXHas cxeMa MEXaHW3Ma peakuuU NOoJIMMEPU3ALNU ITHIIEHA HA NIPOLYKTAX
peaxuuu TiCl, u tpustunamomutus Al(C,Hs); npegcrapieHa Ha puc. 2.18. Peakiusg
NPOUCXOAUT Ha fedeKTax NoBEpXHOCTU TBepaoro kpuctanyeckoro TiCly; — BakaH-
CHUsIX ATOMOB TUTaHa Vp; v noHax Ti**, mokasaHHBIX Ha cxeMe Kpyxoukamu, i oGpa-
30BaHMs BakaHcHil M voHoB Ti** nexonHwiii TiCl, mpegBapyTeibHO YaCTUUHO BOCCTa-
HaBauBaloT. Peakiiys HauuHaeTrcsa ¢ 3amemeHUs atoMa Cl Ha anKWJIbLHYIO Tpylny
(ctaausa 1) v npucoegMHEHUST 3TUJIEHA K KOOPIUHALMOHHO HEHACHIIUEHHOMY aTOMYy
TuTaHa (cTagus 11). KoopauHauus ankeHa aToMoM TUTaHa noigpu3syet cBasb C—C u
BbI3bIBAET MUTPALUI0 aTKWILHOH TpyIibl ¢ HEMOACJEHHOH SJAEKTPOHHOW Mapoi K
atuieHy (ctaausa III; yuc-npucoenqnHeHne), NPy 5TOM BHOBb BO3HMKAET BaKaHCHS.
Peaxkuus nonumepuszaumu rpoposixaercs (ctagvs [V), v Takum oOpa3om Mpoucxo-
1T pocT uenu. OcBoboXIAeHUE MoAMMepa MPOUCXOIUT MYTEM OTIUEIJIEHUS BOAOPOaa
oT cocegHell rpynnbl —CH,— (B-31MMUHKMpPOBAHUE), NIPH 3TOM LiEMb OOpPbLIBAETCS.
CrepeocneuuyHOCTb Npouecca OObICHSETCS HATMUUEM CTEPUUECKUX OrpaHUye-
HUI1 Ha OpUEHTALIMIO MOJIEKYJl AIKEHA B KOOPAMHALIMOHHONI chepe 10 OTHOLIEHUIO K
pacTywei uenu. CTepeoperylsipHOCTb MoJiiMepa 00YyC/IOBJIMBAET €70 BLICOKYIO TEM-
nepaTypy [UIaBJeHUs U MexaHuueckue cBoiicTBa. I1pu nosnMepusauum yacTb Kata-
JIU3aTOpa TEpsIETCsl, OHAKO [OTEPU ITU HEBEJIWKW; HallpUMep, Ha noayyeHwe | T
NoJMIIporine Ha 3aTpadnBaeTcs S I KaTanu3aTopa*.

* Buhm L. L. // Angew. Chem. Int. Ed. — 2003. — V. 42. — P. 5010.
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Puc. 2.18. Cxema nojvMepu3alvu 3TUIEHA Ha KaTanu3atope Lluriepa—Harra
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Memodo: pasdeaenun uyupxonus u zagprus

Hupkonnit u radHuit UMEIOT NPaKTHUECKH paBHbIE aTOMHbIE PafiHyChi, YTO npu-
BOJIMT K HEOObIYaliHOM 61M30CTH CBOMCTB KakK NpOCTbIX BEILECTB, TAK U COEAUHEH U
3TUX 2n1emeHTOB. [adHuit criocobeH M30MOpdHO 3amMelnaTh LMPKOHHUIT NPAKTHYECKH
BO BCeX MHHepagax — ero COnepXaHWe B LIMPKOHE B CpefHeM aocturaer | %, uto
COOTBETCTBYET OTHOUIEHHIO KJIAPKOB 3THX 3JIEMEHTOB (UUPKOHHUSI B 3eMHOM Kope
conepxutest npumepHo B 100 pas Gosblie, yeM radbuus). B To Xe. Bpemsi cBoiicTBa
aTOMOB 3TUX IBYX 3/IEMEHTOB CHJILHO paszindalorcs. [{upkoHuii B oivume ot radgHus
VMMEET Mallo€ CeveHHUE 3axXBaTa HEUTPOHOB, MO3TOMY IS M3rOTOBJEHUs 060j0ueK
(«byTnsipoB») TErIOBBLIASASIOIMX SJIEMEHTOB B peakTopax TpeOyeTcsl MeTal, CBO-
GopHbil oT npuMecu radHus. Pasnenenne nypkoHus v radHus fipencrapiasieT coboit
CIOXHYI0O XMMHUYECKYIO 3anauy. Ee pelieHne 0CHOBaHO Ha pa3jivuMu CBONCTB HEKO-
TOpbIX UX COENUHEHUIA, KOTOPOE TEM 3HAUUTE/bHEE, YEM CJIOXHEE COCTAB BELIECTBA.
Mcropuuecku repBbiM MeTOAOM, [O3BOJMBLIMM pa3ieinTh LMPKOHMI U radHuil,
crana dpobras Kpucmasausayus — MHOTOKpaTHas liepeKpUCTalIn3auust coneil obonx
anemMeHToB. Eciu pacTBOpMMOCTH NpOCThIX cosleit LMpKOHUS U radbHUs, HalpuMmep
cyabhatoB, HeoObYalHO GJM3KH, TO PACTBOPUMOCTH HEKOTOPbIX KOMIUVIEKCHbBIX CO-
eAMHEHUH 3aMETHO pa3nnuatorcs. [TpuMepoM MOryT ciyXuTh rekcadTopomeraniaTbi
K,[MFg]: B | 21 HacbienHoro pacteopa npu Temrnepatype 20 °C copepxuress 36,5 r
K,lZrF¢] n 72,0 r K,[HfFg]. Bo nsbexaHue ruapoansa nepeKpuCTalIn3aimio 11poBO-
AT B 78%-i NaBUKOBOW KucioTe. PazHON pacTBOpUMOCTbIO 061analoT u npyrue
KOMIUIEKCHbIE COJIM, Hallpumep cyabdatbl K)[M(SOy);], uvrparsi, okcanaTbi, THO-
LMAHATHI.

BaxHeAMM METONOM pa3ne/ieHusl B HACTOsALEe BpeMs CIYXKHT IKCMPaKyus —
U3BJICHEHNE COEAMHEHMI M3 ONHOM XnaKkoi dasbl B apyryo. KoMIinekehl yupKoHus
001a1a10T GoJibllled YCTOMYUBOCTBIO, YEM KOMILIEKCHI raHus, MO3TOMY €r0 HOHbI
JIerye 3KCTParupyroTcsi U3 CHUIILHOKMCIBLIX PaCTBOPOB PA3IMYHbIMM NIMTAHAAMM, Ha-
npumep MeTUIN300yTHIKeTOHOM (MHUBK) uin rpubyrundocparom (TBD):

H3CWCH3 /\/t(l) /—/—

O_F—O
0 cH O~~~
MUEK TBD

LMpKOHMIt 11pn 3TOM MepPeXOAMT B OpPraHUuYecKUil C/IOH B BUAE KOMILIEKCA
Zr(NO;),- 2ThD:

[Zr(OH),]** - ag + 2H*- aq + 4NOj3-aq + 2TB® = Zr(NO,)4 2TB® + 2H,0

a raHNI OCTAETCsS B BOJHOM pacTBOpe. B 1pOMbILLIEHHOCTH NpOLECC NPOBOAST B
5 M HNO;: n1pu MeHbIIeH KOHUEHTPALIMM KUCIOTH B paCTBOPE MPUCYTCTBYIOT 11011~
ANEPHBIE TMIPOKCO- WIH OKCOKOMILIEKCHI, KOTOpbIE MPAKTHYECKH HE 3KCTparupy-
toTest. [Ipu yBeinueHUM KOHUEHTPALUK KUCAOThI Golliee § MOJTb/ HAYMHAETCH 3KCT-
pakuus monekyn HNO;:

H*.ag + NO3-aq + Tb® = HNO,- Tb®
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KOTOpasi KOHKYpUPYET C IKCTpakliyMeil MOHOB MeTamia. DKCTPaKLMOHHBIA crnocob
pazaesieHus — caMmbli 3¢ pEKTUBHBIA, OH MO3BOASET MOJYYaTh COEAMHEHUS LIUPKO-
HUS ¢ comepxaHueM racpHus menee 0,002 %.

Memod uonno2o o6mena TakKe OCHOBAH HA Pa3HOM YCTOMUMBOCTU KOMIUIEKCHDBIX
COeIMHEHUN UMPKOHUS U racdHus. B xucibix (6 M HCI) pacTBopax Ha KATMUOHOOO-
MEHHOHU CcMoJsie Jyulle copbupyetrcs racdHui, a npu nociaeayoiueit ee obpaboTke
JIMMOHHOM KHMCIOTOH NEpPBBIM BBIMBIBAETCS (MHOMPYET) LUPKOHHUM, MOCKOJIbKY OH
obpasyeT Gosiee YCTOMUMBBIE KOMILIEKCHI. )

[Tpu xs0pHOM cliocobe nepepaboTky LMPKOHA pasie/ieHUE TETPAXJIOPUAOB LIMp-
KOHMA U rapHus 6110 6bl YAOGHO NMPOBOIUTL MemoOdom pexmupuxayuu (PpaKiyuon-
HOUl ducmuarayuu). JINs 5TOro NpeasoKEHO HCHOJAb30BaTh Y3KUW TeMIepaTypHbIii
MHTEPBaJ, B KOTOPOM [1pH [OBBILIEHHOM JABJEHUY 00a BEECTBA MpeBpalialoTcs B
KMIKOCTU € pa3HOW J1eTyuyecTblo. JJaHHBIA MeToa anpoOUMpoBaH Ha JabopaTOpPH bIX
YCTAHOBKAX, HO [10Ka HE HauleJl MPOMbILLIEHHOTO MpUMEHEHHUS.

TUB, HE€ TOJIbKO JIETKO OKHCJISAIOTCSE Ha BO3AYyXxE, HO U BOCCTAHABJIUBAKOT BOAY C
BbLOACJIEHUEM BOOOPOAA:

2ZrBr; + (4 + x)H,0 = 2ZrO,- xH,0! + 6HBr + H,T

Boanrie pactBopel xiopuaa, 6pomuaa u woauaa turaHa(lll) crabuyibHbBI TOIL-
KO B MHEepTHOU armocdepe. IIpy KOHLUEHTPpUPOBAHUHU M3 HUX KPUCTAIU3YIOTCS
rexcarugparnol, HanpuMep [TiCl,(H,0),]Cl- 2H,0, umerouuit duosieToByo okpac-
Ky*. OZHOBPEMEHHDBIM pacTBOpeHUeM Oe3BomHoro rajorenuna rurana(lll) u rano-
reHUAA 1EJ0YHOro METajlila B KOHLIEHTPUPOBAHHOM COJISIHOM KUCJI0TE I10J1y4atoT
KOMIUIEKCHBIE COJIM, HAMpUMEp KpacHo-puonetosuie Kpuctamin Cs,TiCls- 4H,0,
uMmeroiwue crpoeHue Cs,| TiCly,(H,0),]Cly**,

ITpy HarpeBaHUU TBEPAbIC TPUTATOTEHHUABI AUCTPONMOPLUMOHUPYIOT (CM. Tab1. 2.6).

Juranoremuapl. JuranoreHu bl TATAHA MPEACTABAAIOT COOOM YEPHBIE KPUCTAJ-
JIMYECKHUE BELWECTBA CO CAOUCTON CcTpyKTYpoii (cTpykrypHbiit tTun Cdly; cMm. . 8).
Bonblne paccrosHus Mexay aromamu tutaHa (0,343 um B TiCl, u 0,412 uMm B
Til,) uckarouaroT BO3MOXHOCTh npsiMoro B3aumogeicrBus Ti—Ti nonoGHO TOMY,
KaK 3TO OCYLUECTBJSETCA B KlacTepax. OTU BelliecTBa CUHTE3MPYIOT BOCCTaHOBIIC-
HUEM TPU- WIM TETPATrajoreHUI0B:

800 °C
TiCl, + Ti —— 2TiCl,

I1pu Gosee BhICOKOI TeMmeparype nporekaer ooparHas peakuus. Boccranosie-
HUE TETPAXJIOpUa TUTAHA HaTpueM B TeTparuapodypaHe MPUBOIUT K oOpa3oBa-
HUIO CUHUX PACTBOPOB, COAEPXKALLUMX CONLBATUPOBAHHBIN xnopua TuTaHa(ll).

* BewecTso U30TUNHO apyrum xjiopumam [MCly,(H,0),]Cl-2H,0 (M =V, Fe): cM.: Spundflasche E.,
Fink H., Seifert H.J. // Z. Anorg. Allg. Chem. — 1989, — Bd. 579. — S. 143. PaHee ominGo4yHO CUMUTANH, YTO
Puonerosbiit ruapat umeet crpoeHue [Ti(H,0)q|Cl;. Mpu nobasieHun 3¢pupa k PunosieToBoMy pacTso-
py €ONK, OXJIaXAEHUM U HACHILUEHUW PacTBOpPAa XJOPOBOLOPOAOM BBIAC/SETCS 3efleHbIW ruapart
TiCl;- 6H,0 HeunssecTHoro ctpoeHusi. OH HEYCTOMYMB M JIETKO MEPEXOANUT B DHOETOBYIO (HOPMY.

** McCarthy P.J., Richardson M. F. // Inorg. Chem. — 1983. — V. 22. — P. 2979.
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Huswue zanrozenuowt yupronus

MoHoxnopuabl ZrCl n HfCl — TepMogvHaMU4ecKy yCTOMUUBLIE BEILECTBA, MAJIO
JIeTyune; B Bakyyme He pasnaratorcs ao 900 °C, o61anatoT BLiCOKOR 21eKTPOIpOBOI-
HocTblo. HanpuMep, xaopua umpkoHusi(l) CHHTE3MPYIOT BOCCTAHOBJEHWEM TeTpa-
XJ10pUJia LMPKOHUS B BAKYYMUPOBAHHbIX TAHTATOBLIX TpyOKax:

600—800°C
3Zr + ZrCly ————— 4ZrCl

DTU COeAMHEHUS JHlb (HOPMATBHO MOXHO PACCMATPHUBATL KAK MMPOU3BOHBIC
META/UIOB CO CTEMEHbIO OKUCAEHUS +]. OHM UMEIT clAonCTYI0 rpaduTONONO0HYIO
CTpyKTypy (puc. 2.19, a), copepxaliylo c/lon MeTawia U rajloreHa.

ITpu HarpeBaHMM B TOKE BOMOpOAA rajoreHua LinpkoHusi(l) npespaiuaeTcst B cMeCh
ruapuaa v ranoreHuaa uMpkoHusa(Ily:

600°C
2ZrCl + H, —— ZrH, + ZrCl,

ITpy BOCCTAHOB/IEHUHW BLICILWX TalOreHUIOB MOPOLIKOM LIMPKOHUST 00pa3ytoTcs
MOPOLIKKW, KOTOPHIM JIMTEIbHOE BpeMs fpuniucuiBaan dopmyny ZrX, (X = CI, Br, 1):

!
ZrX, + Zr = 271X,

B pabotax, npooanmeix noa pykopoacrsom @. KoTToHa, nokasaHo, 4To 3TH Be-
LIECTBA MPEACTABISAIOT COO0H OKTasApHUYecKne KiaacTepbl ZrgX|,, B LEHTPAX KOTOPbIX
pacroJioxkeH aToM rnipuMecd. TakuM obOpasom, ¢opmyia coefvHEHUS UMEET BUI
[Zr X ;Z], tne Z = H, B, C, N u ap.

ATOMBl LIMPKOHUST HENIOCPEACTBEHHO COEAMHEHBl APYr ¢ Apyrom, obpasysl OKTa-
34P, a TAKXKE JOMNOJHUTENBHO CBA3aHbl MOCTHKOBLIMUY aTOMaMHU rajoreHa (puc. 2.19, 6).
OTtnenbHble KlacTepsl COEAMHEHBI IPYT ¢ APYroM B GoJiee CIOXHBLIE CTPYKTYPbl T0-
CpeACTBOM MOCTHMKOBBLIX aTOMOB rajoreHa.

Ecau B3aumopeiicTBue xaopuaa uupkoHus(l) ¢ BOAOpPOAOM MpPOBOIWUTL B MpH-
CYTCTBUM XJIOpUAA Kalusl, To oOpasyeTcsi KiaacTepHbiih xaopounpkoHaT K,Zr,Cl,
KOTOPHI¥ MOCTPOEH M3 OKTasapudeckux kiaactepoB Zr,Cl,,, CBI3aHHBIX YEPE3 MOCTH -
KOBbIE aTOMbI XJ1Opa C AaTOMOM LIHPKOHHUS:

16ZrCl + 2KCl + 9H, = K,Zr,Cl,s + 9ZrH,

CTpyKTypa COeaMHeHUs TakoBa, UTo Ha oauH Kiaactep Zr,Cl,> npuxoanTcs oanH
aTOM LIMPKOHUS, HaXOASIMMKACSA B OKTa3Jpe M3 aTOMOB XJOpa, M [1Ba aTOMa Kajius
(puc. 2.19, g), uto u naet 0b61yto crexuomeTpuio Ky(ZreCly))(ZrCly) nan KiZr;Clyg*.

* Imoto H., Corbett J.D., Cisar A. // Inorg. Chem. — 1981. — V. 20. — P. 145.

Wagecten xnopua tutaHa(kl, 1V) Ti'VTi{ Cl,,, conepxawnit TpeyronbHble Kaactepsi |Tis]0*
co cesa3simu Ti—Ti 0,3 Hm. Ipu 3ameHe aromoB TtutaHa(lV) Ha HaTpui obpasyerca
Na,Ti;Clg*.

* Hinz D.J., Meyer G., Dedecke T., Urland W. // Angew. Chem. Int. Ed. — 1995. — V. 34. — P. 71,
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Puc. 2.19. KnacrepHbie raJloreHuabl IIMPKOH 1Sl
a — ZiCl; 6 — [ZrClZ); 6 — KyZr,Clyg

2.9. COEAUHEHUA DJEMEHTOB YETBEPTOM TPYIIIbI
C JPYTUMH HEMETAJUIAMHA

luapunsl MH, — xpynkue MeTaaiononoOHbIe BEILIECTBA € HIMPOKMMH 001acTsi-
mu romoreHHoctu (MH,_,, 0 < x £ 0,7), oTHOCcsilIMECH K CTPYKTYpHOMY Tuly
(umooputa. Mx CUHTE3UPYIOT MPSIMBIM TUAPUPOBAHMEM METALNOB. Peakuust upet ¢
BBIAEJAEHUEM TEIJIOTH M O0paTuMa: npu TepMuyeckoi 0dpaboTKe B BAKYyME BhILLIE
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Puc. 2.20. Cynpuant tutana(Iv):
a — T152, 6 — TlS3

800 °C Bonopon ynansiercsi. PasnoxeHue ruapumoB UCMONb3YIOT UTsl CO30AHUS TOH-
KUX MJAeHOK MeTauloB. ['uapun tutana TiH, npuMeHsloT B KauecTBe 3aMeUTUTeEIs]
HEHTPOHOB, B aKKyMYJATOpaX BOLOPOXA ISl BOAOPOAHOI IHEPTETUKH.

Cyneduasl MS u MS,* o6pasyiorcst npu HArpeBaHWM MPOCTBIX BELECTB B BAKY-
YME WM WHEPTHOM atMocdepe, a Takke NPU B3aUMOACHCTBUM MapoB TeTpaxiopy-
AOB C CepOBOLOPOAOM. VX CHHTE3 He yAaeTcs MPOBECTH U3 BOAHBIX PACTBOPOB U3-3a
HeoOpaTUMOro ruaposunsa:

TiOSO, + (NH,),S + 2H,0 = TiO,- H,0! + H,ST + (NH,),SO,

MoHocybhuabl KpucTaminsylorcst B cTpykTypHoM tune NiAs (cM. T. 2, 1. 7),
aucynbbuael MS, umetor ciouctyio crpykrypy Tuna Cdl,, 4to 06yc/ioBiaeHO BbICO-
KO 10ieil KOBaieHTHOCTH cBsizeit M—S (puc. 2.20). B psaay Ti — Zr — Hf crenensn
MOHHOCTU CBS3M BO3pAacTaeT, YTO BbI3BIBAET YBEJAMUCHME LIMPUHBI 3aIIpe e HHOI
sonsl: TiS,, ZrS, — nonynposonHuku, a HfS, — nuanexrpuxk.

Kpucraniueckne mucynpduasl MS, yCToOHUMBBL MO OTHOMIEHUIO K BO3AYXY U
BOJIE, MU Harpe€BaHUM Cropaior ¢ obpasosaHreM MO,, IpU XJIOPUPOBAHUU TIpe-
BPalIAIOTCS B TETPAXTOPUIbL:

MSZ + 4C12 = MC14 + 2SC12
* M3BeCTHbI TakKe Cy/bdUIb TPOMEXYTOYHOTO COCTABA: Ti3S4, TiyS3, TigSs, TiyS, TigS; (Furu-

seth S. //J. All. Comp. — 1992. — V. 178. — P. 211). YepHnbiii cynsdua TiS; nonyueH uz NPOCTbIX BELLECTB
npu temneparype 600°C.
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[Ipu oOpaboTke ropsiyMMy KOHILIEHTPUPOBAHHBLIMM PAaCTBOPAMH KHUCJIOT-OKHUC-
JIMTesicH Y weoue amcysibhuabl pasiaralTcs, Npy CIIaBleHUH ¢ cylnbduiaMu n
ANCYNbPUIAMHA aKTUBHBIX METAUIOB MOTYT ObITh MOJYYEHbl NBOHHbBIE CYIb(PUIbI,
Hanpumep BaTiSs;.

Hutpuasl MN, kapouasl MC u Gopuabl MB KpuCTaIM3yIOTCS B CTPYKTYPHOM THIIE
NaCl. D710 o4eHb TBEpAbIE M TYrorulaBKMe BeitecTBa (puc. 2.21), obnagaioiume BBICOKOM
3JIEKTPONPOBOLHOCTBIO. [TPOUHOCTD CBA3M M TeMMEPATypa [JIaBJICHHS NTOHWXAIOTCA OT Kap-
OM0B K HUTPUAAM U aalee K oKcuaaM (tabu. 2.7). Bopuabl B 3TOM psiny 3aHUMAIOT ocoboe
NOJIOXKEHHUE: NO CPABHEHUIO C KapOUIAMHK Y HUX M3-32 MEHDBLLETO YMUCJIA BAJIEHTHDBIX 3J1E€KT-
POHOB 0OC/Ia6IEH bl CBA3M METAILT — HEMETAI, HO 0011ee MEXATOMHOE B3aMMOIENCTBHE YCH-
JIEHO 3a CYeT CBA3eH HeMeTaml— HeMmeTtaul. HanbosibuinM pasmepom 00J1aCTH TOMOTEHHO-
CTHM ¥ COOTBETCTBEHHO HauboJblEH KOHLUEHTpaL e BAKAHCUI XapaKTepU3yloTcsl Kapouabl
MC,.,, 0 < x < 0,06. B npeaenax 00JacTH roOMOreHHOCTH C NMOBbILIEHUEM KOHLEHTpALIMK
BAKAHCHH M3MEHSIETCS napaMeTp KPUCTAUTMUECKON PELIEeTKH, OCabIaeTcs CBA3b METaNI —
HEMETAUI, a 3HAYUT, MOHMXKAETCH TBEPAOCTh M TeMRepaTypa Mnepexolda B IUIACTHYECKOE
COCTOsIHME.

[Tpn OOBLIYHBIX YCIOBUSAX HUTPHIbI, KapOuabl M OOPHUAb METAIUIOB YETBEPTON TPYIiibl
XMMHUECKH MHEPTHBI. [1pn HarpeBaHWM OHU PACTBOPSIOTCS B LUEJIOYAX, LAPCKON BOAKE.

OcobeHHOCTBIO bONbLIMHCTBA OOpUIOB fABASETCA Haluuue cBaseit B—B. Mo mepe yBe-
JIMueHUs conepxanuga 6opa BosHukaloT uenouku (TiB), niaockue cetkn (TiB,) n Tpexmep-
nole kapkachl (Ti;Bs) n3 aromos 6opa. CBsi3u Mexay aToMamMy 60pa KOBaJlEHTHbIE, HO 4acTb
BaJIEHTHBIX 3JIEKTPOHOB AEIOKATM30BaAHA ¥ YCHIMBAET METAJUIMYECKYIO COCTABJISIIOLLYIO XM~

o 3500} 3490 °C
3400} w /
N 3 100} /
© 2700 . 2920 °C
3000 | A
% 2300}
2600 g 19005 ZrC
QUA ) E 1500}
& 1100
E 2200 | r——————————
E 2092 ZrB); 700} \I
Z i 1857°C 0 10 20 30 40 50 60 70
1800 IT Conepxanue C, at. %
| | 6
| ‘.
1400 !
| |
| |
| |
1000 f |
G - —
600 L— l

1 L 1 L | 1 Il
0 10 20 30 40 50 60 70 80 90 100
Conepxatiue Zr, at. % Puc. 2.21 ®a3oBbie AuarpaMmbl:

a a — CHCTEMa UMPKOHUUK — OOp; 6 — uup-
KOHUH — yriepoj
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TaGnunua 2.7
CpoiicTBa KapOMIOB, HUTPHIOR M OOPUIOB THTAHA, IMPKOHMA W radnusa

Commnerme | o wons | ToToeTe, r/n’ anamrem C
TiC ~184.6 4,94 3067
ZrC ~196.8 6,57 3420
HfC -209.7 12,67 3928
TiN 338, 5.43 2877
ZiN -365.5 7,30 2980
HfN -369.5 11,70 3310
TiB, -3239 4,50 2980
ZrB, — 6,10 3040
HfB, — 10,87 3250

Muueckoll cBA3M. Takol xapakTep CBA3M ofnpenesisieT aHoOMaJlbHO BbICOKHE TEMMEPATYPbI
MJAaBJEHMUS, METALIMYECKUI O/1eCcK, BbICOKHE TBEPAOCTb, TENJIOMPOBOJHOCTb M 3JIEKTPO-
NPOBOAHOCTb, MocieaHss, nanpumep, wist TiB; (puc. 2.22) noutn B 10 pa3 GoJibilie 3J1eK-
TPONPOBOAHOCTH 4YMCTOro MeTaia. Bopuabl cToKM K Bo3AEHCTBMIO KMCJIOT, PACcrjaBoB
coJieil U MEeTa/lIoB, BbICOKOTEMMEPATYPHOMY OKMCJIEHUIO.

CHHTE3UPYIOT KapOuabl, HUTPHABI M Oopuibl HArpeBAHMEM MPOCTbIX BEILECTB B BaKyyMe
win B aTMocepe 6aaroponHoro raza npu temneparype 1 200—2200°C:

!
M+ X=MX (X=C, N, B)

Maedkn MX MoXHO HAHECTH M3 rasoBoit (asbl B3aUMONEHCTBMEM Tallor€HUI0B (MK
KapOOHMJIOB) C yIJIEPOA- WJIM a30TCOAEPXAIUMMM razamMu B BOCCTAHOBMTEIbHOW aTMO-
cepe:

t
TiCl, + C,,,H,, + H, = TiC + 4HCI + C,H,_,

t
Ti + NH3 =TiN + 3/2H2

JnbBopuabl 0OpasyloTcs NPy METAJUIOTE PMHUECKOM BOCCTaHoBIEHMH cMecH oKenaoB Ti0,
173 B203:

TiO, + B,O; + 5Mg :I TiB, + 5MgO
Bricokast TBepAOCTh OOYcCJIOBANBACT
@ Q NPpUMEHEHHWE KapOUIOB, HUTPUIOB U 0O-
PUIOB [UISl U3TOTOBJIEHHS PEXYILETO MH-
CTPYMEHTA U M3HOCOCTOMKMX Aetaneii. Co-
YyeTaHHWE €€ C BLICOKOI TEPMOCTOMKOC-
TbIO TO3BOJISIET UCITONB30BATH 3TH COCAU-

HEHUS B KAUECTBE KOHCTPYKUMOHHBIX Ma-
Q B TEPUAJIOB ISl PAKETHBIX ABHTaTeae. Hut-
Qi e | e | PUI TUTaHA 30JIOTUCTO-XEJITOTO 1BETa

MPUMEHSIOT B KayecTBe NMOKPLITUH, 3a-
Puc. 2.22. Ctpoerue 6opuaa Tutana TiB, MEHSIOLIMX 30JI0TO.
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B 2004 r. nosiBuiock coobiueHune o cuHtese asuna tutaHa(lV) no ooMeHHoll peakumm*

CH;CN
TIF4 + 4(CH3)3SIN3 —_—> TI(N3)4 + 4(CH3)gSlF

BewiectBo npencrapiseT coboil OpaHXeBble KPUCTAUIbl, B3PbIBAIOLIMECS OT MPUKOCHO-
BEHHMS K HUM MeTallIMueckuM winatenem. BaaumoneiictsueM ¢ PPhy(N3) nosyueHbr KoMn-
nekenl [Ti(N3)s]™ u [Ti(N3)e]>.

KOHTpOABHBIE BONPOCHI

1. B n1aDopaTOpHbIX yCIOBUAX TUTAH MOXET ObITh NOJIyYEH BOCCTAHOBJIEHUEM PYTHIIA TH] -
punom Kanbuus. lpouecc npoBoasiT B atMocdepe Bogopona npu temneparype 900 °C. Ha-
NULLIXTE ypaBHEHUE peakUUM.

2. Kax “3 MuHepana pyThia, colepxalllero npumecu okcuaos xenesa(lll) u amomu-
HUA, NOJYYUTb YUCTHII nuoKkcua TuTaHa? Hanuiure ypaBHeHUs peakuMil M yKaXkuTe ycio-
BUS MX MPOTEKAHHUS.

3. TadHuit npakTuyeckn He pearupyeT ¢ pacTBopaMu GpPOMOBOOPOAHOI, XJIOPHOIA,
MYPABBMHOW M 1LABEJIEBON KUCJOT, OQHAKO npu no0aBiaeHMM naxe HeGobLIMX KOJIUYECTB
(bTopraa aMMOHMSI CKOPOCTb PEAKLMKM CYLIECTBEHHO Bo3pacTaeT. Yem 3To oObscHseTca?
Hanuimre ypaBHeHMe peakuuu ¢ OfHOW M3 KUCIIOT.

4. Tlpu BoccraHoBneHuu okcupa TutaHa(lV) sogopogom npu temnepatype 900 °C obpa-
3yetest Ti;O5 — TeMHo-rony6oe Beectso. MMpeanooxure, Kakue coeamHeHns obpasyiorcs
npu B3anumoaeiicteuu TizO5 ¢ KOHUEHTPUPOBAHHOMN coNgHOM KucaoToi. Kakoe coennneHue
MOXET ObITh NMOJIyueHo, eciin BoccTaHoBleHHue Ti0, BOgOPOIOM NPOBOAHTD NPH TEMNEPATY-
pe 1500°C? Hanuiuute ypaBHeHUs peakumii.

5. Hutparsl 1 nepxsiopatbl LMPKOHUS M radyHUS CXOHBI MO CTPOSHHIO C COEAMHEHUAMU
tuTaHa. [lpemloxuTe MeTon MX CHMHTE3a. BhICKAXUTE NpeanosioXeHue o Tom, yTo Oyper
NPOMCXOAUTL NPU pacTBOPeHMM OE3BONHOro HUTpATa LMPKOHHUA: a) B Boae; 0) B KOHUEHT-
PUPOBAHHON a30THOM KMCJOTE, B) B HACBIILEHHOM PACTBOpPE HUTpaTa Kanus, NOgKUCICH-
HOM a30THOI KUCJIOTOM.

6. Kakylo cpeny (KMCJIOTHYIO, 1IEJOUHYIO) MMEIOT BOgHBIC PACTBOPHI CYJibhaTa THTAHM-
Jla, XJIOpuaa LIMPKOHMS, TUTaHata HaTpua?

7. TloueMy npu xpaHeHUM pacTBopa cyibdara uupkoHus pH pacTBopa nocreneHHo no-
HUXaeTca?

8. B aByx npobupkax 6e3 3TUKETOK HaXonaTCsd PACTBOPhI HUTPATOB LMPKOHMS M rapHus
pPaBHON MOJIsIpHON KoHueHTpauun; pH oaHoro pactsopa 0,45, npyroro 0,40. B Kako¥i npo-
OMpKe HAXOAUTCH HUTPAT LUMPKOHUA? MOTHMBUPYHTE OTBET.

9. lpuseante cnocodbl nepesosa PyTUIa B COETMHEHU S, PACTBOPUMbBIE B BOJE.

10. Ecan 66l conu tutaHa(ll) yranoch crabuian3npoBaTh B BOAHBIX PACTBOPAX, KaK Obl
OHU TMIPOJIM30BAIMCh: cWIbHee nian ciabee coneil TutaHa(lll)? Motusupyiite orser.

11. Yem obycnoBieHa okpacka THTAHOBOLEC3UEBbIX KBACLIOB, MEPOKCUAHBIX COENHHEHN
tuTaHa(lV)?

12. Tlpu neiicTBuM Ha pacTBop cyJibdata TUTAHWIA THOCY/ILMATOM HATPUS Bhinanaet Oe-
Jbld ocanok. Hanuiunte ypaBHeHue peakuuu.

* Haiges R., Boatz J. A., Schneider S. et al. // Angew. Chem. Int. Ed. — 2004. — V. 43. — P. 3148.



I'nasa 3
XUMUA DJIEMEHTOB IIATOM I'PYIIIIBI

3.1. OBIIASA XAPAKTEPUCTHUKA

B cocras naToi rpynnbl BXOAAT BaHamMit 53V, HMOOMIT 4 Nb, TaHTan 7;31a U pa-
AMOAKTUBHBIN 3J1EMEHT 1yOHMH 13sDb. [lo npuumne HeGombLIOro nepuona Mofy-
pacnana XMMHsl 1yOHHMS [PAKTUYECKN HE M3ydeHa. DJIeMEHTHI MATON IPyMMbl He-
YCTHBIC M OOPa3yloT Malo YCTOMYMBBIX M30TOHOB: HUOOMII — OAMH, BaHaaMil M
TAHTaJl — 10 /1Ba, OAHAKO CO/lEPXKaHMe BTOPbIX H30TONOB oueHb Maio (*°V — 0,250 %,
'80Ta — 0,012 %).

Bananuit 6611 oTKpbIT B 1801 . MeKCMKAHCKMM MiHepanorom A.M. nenb Puo B MekcH-
KaHCKOM Oypoil CBUHLOBO# py/ie M Ha3BaH CHaYana MaHXpoMueM (rped. T&v — pasIndHoe,
XPOUO. — LBET), 3aTEM MO KPACMBOMY KPACHOMY LIBETY HAIPETBIX COJeii — 3pUTPOHMEM
(rpey. €pLTPOG — KpacHbIit).

B 1830 r. wBeackuit xumux H.T.CedcTpéM 06HAPYKMA HOBBII 3MeMEHT B XEAE3HOM
pyae v HasBajl €ro BaHaAMeM B YeCTh APEBHECKAHAMHABCKOM 60rMHM KpacoThl BaHanuc.
B 1831 r. HeMeuxuit xumuk @. Bénep noxasan TOXAeCTBEHHOCTb BaHAAMUs U 3pUTPOHMS.
B Buae npocroro BeiecTsa Metann 6b11 BHEpPBLIE noJiyyeH aHrMucKuM xumMukoM I'. Pocko
B 1869 r. BoccTaHOBIeHUEM XJ10pMaa BOAOponoM. MccnenosaTenn o0paTni BHMMaHHE Ha
JIETKOCTL MeTallfla (OH JIeTYe XeJ€3a, XOTs M TSKesee allOMMHHKSA) M HA €ro BBICOKYIO KOp-
PO3MOHHYIO YCTONYMBOCTD.

B 1801 r. Obu1 OTKPBIT €lle OAMH IEMEHT — KONyMOMii, OGHAPYXeHHbIH AHITMIACKUM
xuMukoM Y. XaTueToM B MM Hepane, HaiiIeHHOM B Konymbuu. A B 1802 r. wiBeACKMi XMMHUK
A.T.Jxebepr B MuHepanax u3 CKaHAMHABHM OTKPBIT HOBbI JIEMEHT, MO CBOMCTBAM Ha-
CTOJILKO O/M3KMI K KOJMYMOMIO, YTO MX MEpBOHAYalbHO CUMTAIM 3a OAMH 3aemeHT. M3-3a
TPYAHOCTH NOJYYEHUS] B YUCTOM BHAE OH OblUl HAa3BaH TAHTAIOM HO MMEHH Tepos aPEBHE-
rpeveckoi Mudonornn TaHTana, oCyXaeHHOrO Ha BeYHbie CTPanaHMs. HUuamBuayanbHOCTh
KOJlyMOM st Ob1a JOKazaHa Juntib B 1844 r., KOrga oH BHOBb Obl OTKPbIT HEMELKUM HCCle-
nosatenem I'. Pose n nasaH HuoGHeM no umenn Huobb — gouepn Tartana. Tak YUYEHBIi
yKa3al Ha CXOACTBO ABYX 3JIEMEHTOB.

CoobiieHne o cuHTe3e 3NEMEHTA C MOPSLAKOBHIM HOMepOM |05 BHEpBbIE NMOSBUIOCH B
1967 r. B paboTax coBeTCKMX yueHbIX 13 OObeJMHEHHOTO HHCTHTYTA sIIEPHbIX UCClIEJOBAHM A
B [lybHe no Gombapanposke “$3Am sapamu $Ne. Tpems rogamm nosxe aHalOrMuHble pe-
3ynbTaThl ObIM NOJyYeHbl aMepukaHuaMu B bepknu npu B3anmoneilcTeun sipep Kanucop-
HUA-249 ¢ aapamu azora-15:

13 249 261 1
SN+ 29Cf — XIDb + 3/n

ITo npeiIoXeHUIO COBETCKUX YYEHBIX HOBBIM 3/IeMEHT Gbl1 HA3BaH HuabcbopueMm Ns B
YeCThb BblAaloWerocs garckoro dusuxka Hunpca bopa, amepuxasckue nccnegosarenu npea-
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JOXWIM LISl Hero HaspaHue raHuit Ha. O6a 3Tm Hazpanusa He Obin npuHsath IUPAC,
KOTOPbII H0JIrO€ BpeMs Ipeiarajl Ha3biBaTh HOBBIC 2JIEMEHTB MCXOAS M3 MX NnopsgKOBOTO
HoMepa (anemenT 105 yuuanentuym Unp). Jlnwe B asrycre 1997 r. [TUPAC yreepanit g
Hero HassaHue ay6Huit Db. Bce Hykimabl gyGHMs painOaKTHBHBI M MMEIOT HeDOJbLIOH
nepuog nojypacnana; A HanGoslee N0JAroXuByLIero u3orona $2Db oH cocTaBiser 34 c.
DTOT MAEMEHT OblJ1 NOJYUEH JIMLIb B MUKPOKOJIMUECTBAX, U CBOHCTBA €0 COEAMHEHNH Nnpak-
THYECKU HE UCC/IEJOBAaHBI.

B OCHOBHOM COCTOSIHWYM aTOMBbl BAHAAMS M TAHTANd MMEIOT JEKTPOHHYIO KOH-
durypaunio (n— 1)d3ns?, B To BpeMs KaK aToM HHoOUS — 4d*5s', uTo obbsicHsieTCs
OJIM30CTHIO 3HEPINiL IHEPTETHYECKMX NoaypoBHeil 4d n S5s. TakuM obpa3oM, sne-
MEHTBI NSTOH TPYNIIbl MMEIOT MO MSITh BAJIEHTHBIX 371eKTPOHOB. [lo Mepe yBenuye-
HUSA aTOMHOTO HOMEpPa 2JIEKTPOHHbIE O0OJOYKHN YIJIOTHAIOTCS, O YEM CBUICTE/Ib-
CTBYIOT POCT 3HA4YeHMi NepBOi SHEPTrMY MOHM3ALUU M XapaKTep U3MEHEHHS aTOM-
HbIX 1 MOHHBIX paanycos B psaay V — Nb — Ta (taba. 3.1).

Tao6aunua 3.1

CroiicTBa 3]1€MEHTOB MATOH TPYIIIbI

CoilcTBO \Y% Nb Ta
3apsig aapa 23 4] 73
ATOMHasi Macca 50,9415 92,9064 180,9479
Yuncio cTabuilbHBIX M30TOMOB 2 1 2
DieKTpoHHAs KOHpUTypaumsi [Ar]3d34s? [Kr]4d*5s! [Xeldf'*5d36s>

B OCHOBHOM COCTOAHWM

DHeprusi HoHU3aUuM, KIXK/MOMb:

neppast 651,3 6522 728.,5
BTOpasi 1418,3 1379,7 1363,1
TPETbS 2827,0 2412,1 2123
yeTBepTas 4 505,8 36954 3184
nsiras 6 300,5 4872,5 4342
MeTammueckuit panmyc*, HM 0,134 0,145 0,146

HMoHHbIH panuyc**, HM:

M(II) 0,093 0,085 —
M(I11) 0,078 0,084 0,081
M(1V) 0,073 0,083 0,080
M(V) 0,068 0,078 0,078
DIe KTPOOTPULATENBHOCT: '
no lojuHry 1,63 1,60 1,50
_no Onnpeny—PoxoBy 1,45 1,23 1,33
CreneHb OKUCIICHU sI*** -3), 1), 0, 1), 0, (+2), (=D, 0, (+2),
(+2), +3, +4, +5 (+3), +4, +5 (+3), (+4), +5

* Jlns KOOPAMHAUMOHHOrO uucia 12.
** TN KOOPAUHALIMOHHOrO uuciaa 6.
*** B ckobKax yKazaHbl HEYCTOWUYMBBIC CTENEHU OKUCICHHUS.
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- Pazmepbl aTOMOB N3MEHSIIOTCS HEMOHOTOHHO: MPH MEPEXOIE OT BAHANMS K HUO-
Oui0 paanyc pacter, a 3aTeM ocTaeTca MpPaKTUYECKW HEM3MEHHDBIM, YTO SIBIAETCH
CJICICTBUEM JIAHTAHOWUHOTO cxXatus (cM. Tabn. 3.1).

TakuM 006pazom, HUOOW I 1 TaHTaI MOJOOHO LMPKOHUIO U radHUI0 UMEIOT OH-
HAKOBBIC ATOMHbIC U MOHHbBIC paNnycChbl, OJU3KHE 3HAYCHUS IJIEKTPOOTPULIATENb-
HOCTH, CXOHBIC XMMHUYECKHE CBOMCTBA. PacTBOPMMOCTH MX coenvHEHMIT pasinya-
I0TCA HE3HAYMTCIILHO, MO3TOMY pasfe/icHUE 3TUX IBYX 3JIEMEHTOB BbI3bIBACT OOJb-
IIUE TPYAHOCTH. DTOMY CIOCOOCTBYET TAKXKe TOT (hakT, yTo GONLIIMHCTBO pos-
CTBCHHDIX COCAMHCHUI HMOOMA U TaHTala M30CTPYKTYpHLI. B TO Xe BpeMst xumus
9THX BYX 3JMIEMCHTOB CYLLECTBEHHO OTJIMYACTCS OT XMMUMW BaHanui. B Bbicuicii cre-
MEHU OKUCIICHUSI HUOOWI 1 TaHTAJT CXOQHbI C LIMPKOHUEM U radHueM, @ B HU3KUX —
¢ MoOnMbAEHOM K BONB(MPAMOM.

B omiumne o BaHanms, MPUCYTCTBYIOWIETO B BOAHDBIX PACTBOPAX B BUE TETPAdL-
poB [VOy,] wnn okrasapoB [VOg], ana HUoOKWS M TaHTana, MMEIOIMX OOMblINe
WOHHBIC PalMyChbl, XapaKTEPHbI, KaK IPaBWjo, BbICOKKME (OT 6 10 9) KoopauHalu-
OHHBbIC 4MCa.

i BaHaans N3BECTHB BCE CTEMEHN OKUCIEHHS OT —3 10 +5. U3 HUX B K1ciIO-
POIHBIX COCIMHEHUSIX HanboJsiee yCTONYNBA CTENEHb OKUCICHUS +4 (B KUCIION cpe-
ae) n +5 (B HeHTpanbHOI M 1wenoYHOi cpenax). [ajoreHWAHble NUraHabl YacTo
CTaOMIMBUPYIOT CTENMEHN OKUCcTeHus +2, +3. Tak, neHTaxysopua BaHamust BooOuie
HE CYlCCTBYET, TETpaxaopua BaHaaus npu temneparype 300 °C nepeXoauT B Tpu-
xnopun, a npu 500°C — B AMXJIOPHA, YTO OKa3bIBAaeTCsl HEBOZMOXHBIM B KHUCJIO-
ponHbIX coeanHeHuax. CteneHu okucieHust 0 U —1 peann3yloTcsl B KOMIUIEKCAx ¢
T-aKUENTOPHBLIMU JIMIAHIaMH, HanpuMmep B KapOoOHMUax.

s H1oOus m TaHTaa Hanbosnee ycTOWYMBa cTeleHb OKUCAeHUS +5. CoenpHe-
HUsl HUOOMS M TaHTaa B HU3KUX CTENEHAX OKMCIIEHNS NPEACTABISIOT cOBOM Kiiac-
TCPbl, COCTaB KOTOPBIX HE OTBEYAET MPOCTEHLIHMM MPEeNCTABIEHUAM O BaJIEHTHOCTH.
Hanpumep, He cywectsytor xinopun Hunobua(Il) unu nogun tantama(lll): Beme-
CTBa, 00pa3yloImecs MPU BOCCTAHOBJICHUM BBICIIMX TJIOFCHMIOB, MMEIOT 3ayac-
TYI0 ropaso 0osee CI0XHBINH COCTAB U COACPXKAT OTAE/NbHbIE KIacTepHbIE Py~
POBKH, M3 KOTOpPbIX Haubonee ycronuusa [MgX,,]. UMeHHO Mo 3Toit npuunHe co-
MOCTABAATbD XMMUIO BaHAAUSI B HU3KUX CTEMEHSAX OKUCICHUSI ¢ XMMUEN IpyruX Jie-
MEHTOB IpYIITbl HE MPEACTABASCTCS KOPPEKTHDBIM.

Hns Bcex paccmatpuBaeMbix 31eMeHTOB KatHoHbl [M(H,0),]%" HeusBecTHBDI,
a XMMHSL BOLHBIX pacTBOPOB Mpu pH, 6imnskux K HeHTpaIbHBIM, OC/IOXHEHA MpO-
LIECCaMU MOJUKOHICHCALINH, MPUBOASIUIMMHU K OOPa30BaHMIO W30MOJIN- U TETEPO-
M1OJIMaHNOHOB.

OcobeHHO Gorata XMMus BOQHbBIX PAacTBOPOB BaHanatos(V), B KOTOPbIX peajin3y-
I0TCA CJIOXXHDBIE PABHOBECHUS MEXKIY Pa3HbIMU KATHOHHBIMU, HEATPAIbHBIMH W aHW -
OHHbIMK (HOPMaMH, MOCTPOSHHBIMU U3 KUCIOPOIHBIX TeTpasapos [VO,] n okTas-
poB [VOq].

[Ipn nepexone ot snemeHtoB 3d-psina Kk 4d- u 5d-sneMeHTaM yBeanueHUe pas-
Mepa d-opbuTaneit NpuBOANUT K YNIPOYHEHUIO d—d-MepeKpblBaHus 1 pOCTY KOBa-
JICHTHOTO BKJIaAd B META/UIMYECKYIO CBA3b. MMEHHO 3TM 0OBsicHAETCA BO3pacTa-
HWC TBCPAOCTH, TEMIIEPATYp MJABACHUSA WU KUIEHWS METAUIOB MATOM IpyMMbl B
pany V — Nb — Ta, a takxe ociiabneHue XMMHUYECKOM aKTHBHOCTH.

HecMmoTpst Ha oTpuuiatenbHble 3HAYCHMS HAEKTPOIHBIX MOTEHIIMAIOB [Tap M= /MO,
BCC TpHU MCTa/Uld HE BBLITECHSIIOT BOLOPO M3 pasdasieHHBIX Kuchor (kpome HF), a
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HUOOMI M OCODEHHO TAHTal BOOOLE C TPYAOM PacTBOPSIIOTCSI AaXe B KUCJIOTax-
OKMCJINTEJISIX. .

C yBeJIMUCHHEM CTENIeHU OKUCAECHHS 3JIeMEHTa BO3PACTAET /1071 KOBAJIEHTHOCTH
CBSI3U, YTO MOXET ObITb NPOUIIOCTPUPOBAHO ODWIEH TeHAEHIIHENH K TOHHXEHHIO
TEMIICPATYPbI TUIABJACH WS OKCHAOB BAHAAMS M MOCTEIIEHHON cMeHe OCHOBHbBIX CBOMCTB
aMOTEPHBIMU U KUCAOTHBIMU. Tak, okcua VO (temneparypa miaasnenus 1 830 °C)
OCHOBHBIH, a BbicIINi okcua BaHanus V,0s5 (TeMnepatypa naasieHus 685 °C) npo-
SIBJISIET TIPEMMYLLIECTBEHHO KMCJIOTHbIE CBOMCTBA, Hu3wni dTopua BaHaana VF, —
3TO TYTOIIaBKOE KPUCTAUIMYECKOE BEWECTBO, & Bhiciunit dropun VFs — nerkone-
Tyuast KUJIKOCTb.

ITpy1 YMEHbLIEHUN CTENCHU OKMCIICHUST OHOBPEMEHHO € YCUIEHHEM OCHOBHBIX
CBOMCTB BO3pacTaeT H BOCCTAHOBHMTEJIbHAS cltocobHocTb. Hanbonee cMIbHbIMU BOC-
CTAHOBUTEJISIMU ABIAIOTCS coennHenunst BaHaaus(I1): noHbsl V2 crnocoGHbl BbiTEC-
HATb BOJIOPO/ M3 BOJbl, BOCCTAHABIMBATL MOJIEKYJISIPHBIH a30T 10 aMmMuaka. Teope-
THYECKH COEMMHEHUST HUODMS M TaHTala QoJXKHBbI Obiiy Obl obsagaTh euie OoJsiee
CUJIbHBIMU BOCCTAHOBMUTEJIbHBIMU CBOMCTBaMu, HO nonbl Nb?* u Ta’* obpasylor
KJIACTEPbI U TEM CaMbiM NIPHOOPETAIOT GoJblyi0 yeTohunBocTh, Conn BaHanusi(111)
B OT/iMumMe OT coeanmHeHWH BaHaausa(ll) He BbITECHSIIOT BOAOPOA M3 BOMAbl, HO M
OHW — THUITMYHbIe BOCCTaHOBUTENW. B BhIcIIel cTernenyu oKucaeHus BaHaauit npo-
SABNSET YK€ OKMCIUTEJbHbBIE CBOMCTBA, KOTOPbIE 3@aMETHbL JIMIb B CUJIbHOKHCIbIX
pacTBOpax; Npy MNosbliieHWH pH 3HaueHue 1oTeHlMana BOCCTAHOBAEHHS PE3KO
YMEHbILIAETCS,

OKMcAKTe/bHbIE CBOWCTBa COCIMHEHMI B BhICIIIEl CTEMEHW OKUCAEHMs ocabe-
BAIOT NPU TEPEXoe OT BaHaAMWsI K HUOOHMIO M TaHTany. Tak, BaHaanui MoXeT ObiTb
BOCCT@HOBJICH BOJOPOAOM B MOMCHT BBIICJICHUS 10 CTENEHU OKUCICHUSA +2, HUO-
OMHA — 10 CTENEHM OKUCICHUS +3, COCIMHECHMS TAHTANla B PEaKI M0 TIPAKTUYECKHU
He BCTYNAloT.

[1py ABMXXEHMU BHU3 1O IPyIIle BO3PaACTAET TAKXE CTENIEHb MOHHOCTH CBS3H,
O 4EM CBMETEJbCTBYIOT NMOBbILIEHME TEMIEPATYPbI TJIABJIEHWS BbICIIMX OKCHIOB
(V,05 — 685°C, Nb,O; — 1490°C, Ta,O5 — 1 872°C), nosblllIeHHE OCHOBHOCTU
TMAPaTMPOBAHHbIX BbICIUMX OKCHMAOB (pH ocaxieHust M3 KUCIbIX pacTBOPOB yKa-
3aHHBIX BbilIe OKCHAOB cocrasisier 0.6, 1,0 1 ~ 1,5 COOTBETCTBEHHO), YMEHbLICHHE
CIMOCOOHOCTH BbICLIMX (PTOPHIOB K TMAPOIHN3Y.

B TO Xe BpeMsi paccyxiaeHust 00 yCUJIeHUW MOHHbIX CBOMCTB COEAMHEHUH 2Jie-.
MEHTOB B CTEIEHU OKMCJEHHUSI +3 MpPU JABHXEHUHW BHHU3 1O TpyIie v ocnadlieHun
CTENEHH TMIPOJIN3a TPUTATOIEHWIOB TEPSIIOT CMBbICH, €CJIM YUUTbIBATb MPUHIIMITHU -
albHO pa3Hoe CTpocHHMe 3Tux BewlecTs. Tak, opomua BaHaaus(l1l) B BogHbIX pa-
CTBOpax CUJbHO T'MAPOJM30BaH, B TO BPEMSI KaK IMAPOJIN3 KJIACTEPHbIX OpOMHI0B
HUOOMS W TanTana M;Br,, GJM3KHUX 110 cOCTaBY K TPUOpOMHIaM, NIPaKTUUECKH HE
MpOTEKaeT.

Bce noHbl MeTanioB ¢ KoHdburypauued d° apisioTcs KeCTKUMKU KUCIOTaMU M
00bIYHO MMEIOT Mallyl0 CKJIOHHOCTb K 00pa3oBanuio kxoMIuleKcoB. U3BecTeH psn
KoMIieKcoB M**, B yactHocTH (hropuaHbie. CKIOHHOCTb K KOMILIEKCOOOpa3oBa-
HUIO B BOAHDBIX PACTBOPAX MOBbLIIAETCH C POCTOM 3apsia KaTuOHa BaHaaus, Ha-
npumep B psay VO3 — VO — V3* norapudMbl KOHCTAHT YCTOWUMBOCTH KOMII-
JIEKCOB € 3TWJICHAMAMUHTETPAYKCYCHONW KucaoToi Bo3dpactaloT ot 15,6 no 18,0 u
25,9. Takum obpasoM, cpeaun HMX Hanboliee ycToiunBbl KoMIUIeKebl BaHaaus(111)
(1absn. 3.2).
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Tab6anua 3.2

Crenenn okucaenus, 31€KTPOHHbIE KOHDUTYPALMHA, KOOPAMHANMOHHBIE YHCIA

H TeOMETPHS COETMHEHHMH INEMEHTOB IATOH IPYyNIb

Crenexs 3::Km(:_xH_ Koopauna- [MprMepbE MOHOB U CoeaMHEHUIA
OKHCJIe- cby’llrsga—_ LIMOHHOE FeomeTpus
HuUsl e aucio BaHaAusI HUOOUs, TaHTana
-1 d® 6 Ockrasap [V(CO)] [Nb(CO)]
0 d’ 6 Okrasnp V(CO)q -
+1 d* 6 Oxrasap [V(bipy)s]* —
+2 d3 6 OKTaBLIp [V(H20)6]2+ NbClz(py)4
[V(CN)e]*
6 TpuroHanbHas VS NbS
npuaMa
+3 d? 4 Terpasap [VCL,]- —
5 TpuroHanbHas VCI3(N(CHs),), —
Ounupamuaa
6 Oxrasap [V(H,0) > [Nb,Cly )3~
[V(C,04)5]*
6 TpuroHanbHas - LiNbO,
npu3ama
8 HNonekasap — [Nb(CN),I*
+4 d' 4 Tetpasap VCl, INB(N(C,Hs),), 1%
5 TpuronaneHas | VOCI,(N(CH,),), —
Ounupamuga
5 KBaaparHas VO(acac), —
nupamuaa
6 Oxrasap VCl,(bipy) [MCl¢]*
7 [NeHTaroHanbHas — [NbF;]*-
Ounupammaa
8 KBaaparHasn — Nb(acac),
AHTUINPHU3MA
+5 d° 4 Tetpasap VOCl, ScNbO,
5 TpuroHanbHas VF(r.) NbF;(r.)
ounupamua TaFs(r.)
6 OkTanap VFs(xp.), [VF,] INbF,]
8 Honekasnp [V(O,),]* [Nb(O,),]*
8 KBanparHas — [TaF,]*
AHTUNPU3MA
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Kapbonuast u memaaioopzanuveckue coeOuHeHuA
1emMeHmos namoi zpynnbi

Kapoonuia saHanua V(CO), B oTMuME OT KapOOHWUIOB APYTUX 3d-MeTalloB, He-
CMOTPA Ha HaJIMyMe HECTIAPEHHOTO MIEKTPOHA, HE CKJIOHEH K AUMEPHU3ALIMH, T.€. €ro
dbopmya He cooTBeTcTBYEeT npaBuily CumkBuka. KapOboHMT BaHaaus npeactapigeT
cobo¥i royboBaTO-3€/I€HbIE, JETKO JETYYHe HEYCTOHYNBbIE KPUCTAIUTBI, KOTOPbIE BOC-
MJIaMEHSI0TCA Ha Bo3ayxe, a npu temnepatype 60 °C pasnaraiotesi. bonee yctoiuus
aHHoH [V(CO)¢]", nojydyeHHbIH B BUAE HaTPUEBOH COJIM NPU B3aMMOAECHCTBUM TpH-
xj1opuaa BaHaaus ¢ Hatpuem u CO:

150°C; 30 MIla; py
VCl; + 6CO + 4Na NaV(CO)¢ + 3NaCl

AHAJIOTHYHbIE COEAUHEHHUS U3BECTHBI TaKXe /11 HUOOHMS M TaHTala.

OcTopoxXHOE ynapMBaHHUE pacTBoOpa, o0pa3yloLErocs NpyU AEHCTBUHM HAa HAaTpHUE-
BYIO COJIb COJITHOM KHMCJIOTBI, NPUBOAUT K BbIACICHHIO FEKCaKapOOHM/Ia BaHaaus.
HefiTpanbHbie KapOOHWIbI HUOOMSA U TaHTala NoJlyduTh JAHHBIM METOAOM HE YAaeTcs.
OnucaH CUHTE3 KapOOHMJIOB NPU KOHIEHCAL MM NAPOB BaHAAMsSI HAa 3aMOPOXKEHHOI
cMecH okcuaa yoiepoaa(ll) ¥ MHEPTHOro rasa, Urpalolero pojb MaTpHilbl. AHaNO-
TMYHBIM METOAOM OBLT MOJIydeH KOMIUIEKC € MOJEKYJISpHbIM a30ToM V(Nj)e, u30-
3JICKTPOHHBII reKcakapOOHWITY BaHanus.

IMpu B3aUMOAEICTBUN TPUXJIOPHAA BaHAIUSI C HATPMEBLIM NPOU3BOAHBIM LHMKIIO-
neHTtagueHa coctaba NaCsHs o6pa3yloTca TemMHO-(QUOIETOBbIE KPUCTALIBI BaHan0-
ueHa V(ns-CsHs), (puc. 3.1, a). CuHTe3 Beayt B TeTparuapodypaHe, B KOTOpOM odpa-
3YIOIMIACA KOMIUIEKC XOpollo pacTBopuM. M3BecTHbI M CMELIaHHbIe KapOOHHMIILINK-
JloneHTanueHwIbl BaHaaus, Hanpumep V(CO)4(CsHs). Bece atu BewecTsa npu KOH-
TAKTE C BO3AYXOM MIHOBEHHO pasjaralorcs.

Huo6uii 1 TaHTaN He 06PA3YIOT COEMHEHMIT CO CTPYKTYpoil BaHanoueHa. Ux umnk-
JIoneHTaaMeH WibHbie NPOU3BOJHbBIE MPEeACTABISIOT cOOOH JIMOO AMMEPDBI CO CBA3LIO
meTtami—mMetan, Hanpumep Nb,H,(ms,n;-CsHy)»(ns5-CsHs), (puc. 3.1, 6), 1ubo npo-
M3BOAHbIE BaHAAOLEHA, B KOTOPbIX aTOM MeETallla HONMOJHUTEIbHO CBA3aH €lle ¢
JBYMSI LIMKJIOMCHTaAUEHWIbHBIMH FPYInaMM nocpeacTBoM G-CBA3EH.

Ov®nr QC oH

Puc. 3.1. Crpoenne pukioneHtagueHunon: V(ns-CsHs), (a)
1 Nb,H,(ns,n-CsHy)o(ms-CsHs), (6)
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3.2. HAXOXJIEHME B MPUPOJIE, NOJYYEHUE NPOCTbIX
BELIECTB

Haxoxnenne B mpupoze. DiieMeHTDbI NIATOM TPYIINbI OTHOCATCS K YUCy aocTa-
TOYHO pacnpoctpaHeHHbIX. [1o conepxanuio B seMHoi kope (0,014 mac. %) BaHa-
AWH 33HMMAET NATOE MECTO CPEAM MEPEXOAHBIX METALIOB, YCTynas Juniib xenesy,
TUTAHY, MapraHiy M uMpkoHuto. KonmyecTBo mpucyTCTBYIOIIMX B 3eMHOi Kope
Huobus (0,0020 %) u ranrana (0,0017 %) conocraBumo c COIEPXKaHUEM a3oTa.

Bananuii, Hnobuit 1 TaHTan — paccesiHHbIC 3EMEHTHI, T.e. BCTpeyvaloumecs
NPENMYLIECTBEHHO HE B (hOPME OTAE/ILHBIX MUHEPAIOB, & B BUIAE NPUMECEi K py-
AaM ApYruxX MeTaaioB. BaHaaui cogepxuTest B OCHOBHOM B BUE NPUMECH K THTA-
HOMArHeTUTOBbIM, OCANIOMHBIM KEJIEC3HbIM pyaaM, OOKCHTaM, Iie OH U30MOopdHO
3amewacet xene3o(I1l) u antoMmumii o npuunHe 61M30¢TH MOHHBIX pannycos Fe**
(0,064 Hm) n V3* (0,065 um). TMon geiicTBrem KHCJIopOAa BO3JyXa BaHaguili oKuc-
JfeTcs U B BUAE BaHanaT-woHoB VO, nepexoguT B anaruTbl, 3aMellasl YacTb
tocdar-nonos. MspectHo okono 90 MUHepaloB BaHAAMs, BaXHEHIINE U3 KOTO-
PbIX BaHaIMHUT Pbs(VO,);Cl (n3omopden anaturty) u natpoHut VS,, HO oHM He
MMEIOT [IPOMBILIIEHHOr0 3HAYeHUS.

Tantan n HMOOMI ¢ Xene30M, KaabuMeM, MapraHueM, TUTAHOM, PEIKO3e-
MEJIBHBIMHM 3JIEMEHTaMM 00pasyloT CJIO0XHBIE OKCHMAbI, BXOASILIME B COCTAB L11e-
JIOYHDIX M3BEPXKCHHBIX NOPOA — MErMaTuToB. Tak, B MuHepaie dheppokonymbuTte
FeNb,O4 4acTb aTOMOB xeJie3a 0ObIYHO 3aMemeHa Ha MapraHery, a 4actb HUOOUS —
Ha TanTan. MuHepas, B KOTOPOM COACPXAHME TAHTANA TIPEBIIIACT CONEPKANME
HMOOMS, Ha3bIBAIOT ePPOTAHTAIUTOM FeTa,0q. Yacro BcTpevalorcst ux u3oMop-
dHble cMecn — MaHraHokonym6ut (Fe, Mn)(Nb, Ta),04. B Poccuy 0CHOBHBIM
CbIpbCM [UISL IPOM3BOACTBA HUOOMA M TaHTaNA CIYXHUT MUHEpal JIONApUT, Npei-
cTapasommnii coboi neposckut CaTiO;, B KOTOPOM YAaCTh aTOMOB KalbiMsl 3aMe-
LWICHA Ha HATPUH, KN, TOPUI, peNKO3eMEIbHBIE 2JIEMEHTHI, @ YaCTh TUTAHA —
Ha HMOOMI n TanTan: (Ca, Ln, Na, K)(Ti, Nb, Ta)O;.

Iloayyenme. [outv NonoOBMHY BCEro NMPOM3BOAMMOrO BaHAmMs MOJyYaloT Npu
nepepaboTKe XeJIe3HbIX BaHaanicoaepxammx pya. B noMeHHoM npoyecce Bananuit
M3 pyAbl MIEPEXOANT B YYTYH, & 3aT€M IIPU BbITUIABKE CTAIM — B LIJIaKU, B OCHOB-
HoM B opme cmelllanHoro okenaa sBaHaansa(I11) u xenesa(ll) FeV,0, co crpykry-
Poit WmMHe M. MMEHHO LIJIAKM CITYKaT OCHOBHBIM ChIPbeM [Isl IPON3BOACTBA Ba-
Hanus. CMech LaKa ¢ oBaPeHHOI CONMbIO MPOKATN BAIOT Ha BO3IyXeE:

800°C
4FeV,0,4 + 8NaCl + 70, —— 8NaVO; + 2Fe,0; + 4CL,T
[Ipn sTOM BBIIEASIOWIMICS XJI0P BCTYNAET B PEakiMio CO IIAKOM:

2FCV204 + 9C12 = 4VOC13 + 2FCC13 + 202T

OGpazoBaBiuniics niaB BblLENAYMBAIOT BOIOI, 3aTeM PacTBOPOM CEPHOI KMC-
JIOTBI OCaxXnaT okeua BaHaaua(V). TIpuMeHstioT M apyrie crnocobbl U3BAeYeHUs
BaHaaus M3 pyd, OOJIbIIMHCTBO U3 KOTOPLIX HAllPaBIecHO Ha BbiAeJIeHNe KOHEYHOTO
nponykra V,0s. B naweit crpane B 30 —40-x rr. XX B. B pa3spaboTke TeXHONOMMU
NPOM3BOACTBA BaHaIWs NPUHUMAN ydactue akaaemMuk B.U.Crnuypin.
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Hdnst MOJIYYCHUA MECTANTUUECKOro BaHaaus OKCUA BOCCTAHABJIUBAIOT KaJlbLUCM
WiIn aJIIOMUHUHUEM]

V,05 + 5Ca = 2V + 5Ca0

JlobaBka HEDOABLIONO KOJIWUUECTBA UOAA UHULUUPYET BOCCTAHOBIAEHUE, TAK KaK
VO MOMKUIaeT Kaibuuit npu teMnepatype okoso 400 °C. lanee 3K30TepMHUcCKas
peakuMsi MPOTEKAET 3a CUCT CBOCH CODCTBEHHOW TEMJIOTHI.

J1J1s1 AerMpoBaHUsl cTajeld HET HEOOXOAMMOCTHU B YMCTOM BaHAAUU, HE COAEpXKaA-
uiem xesesa. B 3ToMm ciyyae B KauecTBe BOCCTAHOBUTESI UCMOAB3YIOT DoJiee aelue-
Bblil (peppocunuumii — cnnaB KpeMHUs1 ¢ Xkeje3oM. ChipbeM LIS MPOU3BOACTBA
deppoBaHagus Hapsaay ¢ oKcuaom BaHaausi(V) cayxxuT BaHanat(V) Kajlbuus:

Ca(V0O,), + nFe-2Si = 2V + (n - DHFe + CaSiO; + FeSiO,

DnekTponurudeckum padunuposarvem B xjaopuaHoi BanHe (KCl+ LiCl + VCl,)
JOCTUTAETCS OUMCTKA METaIMuecKoro BaHaaus 1o 99,8—99,9 %. B apyrom MeHee
pacrpocTpaHeHHOM METOMAE TPUXIOPUA BaHAAUS BOCCTAHABJIMBAIOT PACIUIABIEH-
HbIM MarnueM. Haubosiee uucTblil MeTana noayyaroT UMOAUAHBIM CIIOCOOOM, Mpo-
BOZSI TEPMUUECKOE PA3/IOXKEHUE JIeTyUero AMUOAUAA BaHAUS.

TMockonbKy coaepxkanue HUOOKS W TaHTajla B pyaax, MoAaBepraeMbIxX rnepepadoT-
Ke, OObIUHO He MpeBbIlIAeT COThIX AOJCH MPOLCHTA, HA NEPBOM CTaAUU ITPOU3BOA-
CTBa PYAbl OGOTAILAIOT C UCNOJIb30BAHMEM MATCHUTHBIX, XUMHUYECKUX, (PIOTALMOH-
HBIX WM TPABUTALMOHHBIX MeTOAOB. I101yueHHbBIC KOHLICHTPATHI, MPEACTABJISIIOIINE
co00il HMOGATbl WM TaHTaNaTbl pa3HbIX MCTANIOB, pa3aaratoT ropsiuei MIaBUKOBOMN
KUC/IOTO#, CMeKaloT ¢ coaoi WK xaopupytoT. Hanbonee TpynoeMKyto cTaauio npo-
pecca TpeacTaBisieT pasfe/leHUe COeAMHEHWUH HUOOUSI MU TaHTajla, TaK KaK OHU
0671ana10T O4eHb OJIU3KMMU CBOMCTBAMMU.

TuapodTopUAHBIA METOA, OCHOBAH Ha 0Opa30BaHUN Pa3TUUHbBIX (PTOPUAHBIX KOM-
MJEeKCOB HUOOUSA U TaHTana: renTtagTOpoOHUOOAT MPU KUINSYEHUHU PAacTBOpa FUAPO-
JIU3yeTCs1, MpeBpallasicb B OKCOMTOPUAHBIA KOMIUIEKC:

4Fer206 + 64HF + 02 = 4H3[F€F()] + SHQ[NbOFS] + lSHzO
4FeTa,0Oq + 80HF + O, = 4H;[FeF,] + 8H,[TaF;] + 26H,0

Jis1 oTaeneHUs COEAMHEH U XKene3a U ApYTUX puMecei K pacTBopy A00aBASIIOT
ruapodTopun Kanusi. [lpu atom komrneke K,[TaF;] Boinagaer B ocanok, a oKkco-
(hbTopoHHOGAT OCTAETCA B pacTBOPE. DTOT MeTOA, pa3paboTraHHbli B 1866 r. M. Ma-
PUHDBSIKOM, B HAacTOSIILIEEC BpeMsi YCTYMWJ MecTo Oosiee COBEpPLUIEHHBIM, OCHOBAH-
HbIM Ha 3KCTPaKLUUU METHIU3OO0YTUIKETOHOM WIN APYTMMU PACTBOPUTENSIMU.

IMpu cnaaBieHUUM HUOOUEBOTAHTANOBOTO KOHUEHTPATA € COAOW WU LIEA0YbIO
00pa3yloTCcst cMeCcu HMODATOB M TAHTANATOB:

800°C
4FeM,0, + 14Na,CO; + O, — > 4NaFeO, + 8Na;MO, + 14CO,T (M = Nb,Ta)

OTU BelECTBA MaJIO pACTBOPUMbI B BOJIE Y JIETKO OTAEJISIOTCS OT paCTBOpPA, B KOTO-
Pblit epexoamT GOMBILIMHCTBO fpuMeceit. OT cCoOeAUHEHMH XKee3a U MapraHua ocajiku
OYULLAIOT 0OPabOTKON COJISTHON KHMC/OTOM.

IMpu xJa0puUpoOBaHUU pyabl HUOOUI U TAHTAA MEPEXOAST B JIETYUUE XJIOPUIbI
NbCls u TaCls 1 MOTyT ObITh JIETKO OTAEJIEHBI cybnMManmeli oT XJIIOpUAOB BOAb(ppa-
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bBuoaocuuecxan poav sanadus

ConepxaHue BaHaaMsi B OPFaHU3ME YeI0BEKA KpaiiHe Majio, HO HEKOTOPbIE HU3-
HIME MODCKHE XWBOTHBIE — acuWAMu (puc. 3.2), MO BHeUIHeMy BUIY HanoMHHa-
oumue ry0ku, ob1aaanT cnocobHOCTIO aKKYMYJIHPOBATh 3TOT 2J1eMEHT B KPOBHU B
0co0bIx opraHe/uax — BaHanouuTaX. ComepXaHue BaHaIus B 3THX OpraHu3Max rnpe-
BBIILAET €0 KOHUEHTPALMIO B MOPCKOM BOJIE B AECHTh MUIMOHOB pa3! XoTs B MOp-
CKOW BOAe OH MPUCYTCTBYET B BMIE COCAMHEHMIl B BBICLICH CTEMeHH OKHUCJICHMUS,
KPOBb 3THX CYLIECTB NpeacTapaseT coboi 0,1—0,2 M pacteop coJieit BaHagusi(111) u
BaHaaus(IV), Haxonsumxest B paBHoBecuu. Tlpoucxoasume B KpOBU acUMAUI OKHC-
JIMTEILHO-BOCCTAHOBUTEILHDBIE TIPOLECCHI, CBSI3AHHBIE C OGPATUMBIM [1EPEXOAOM
BaHagus(Il) B Banaanit(IV), nexar B ocHOBe mepeHoca KHUCI0pOoaa.

Banaauit o6nagaer cnocoGHoCTbIO n3omopoHo 3ameluats ¢ocdop B rugpokco-
anatute U GTopanaTMTe, KOTOPLIE COCTABISIOT OCHOBY 3yGHOI 3Manu. DTo Habnoga-
€TCsI U B HEKOTODBIX MPUPOAHBIX aMaTUTax.

Banammnii HesamMeHUM ans KU3HEmEeSTENbHOCTH BOAOPOCAEi, B KOTOPbIX OH aKTH-
BUpYeT PoTocHHTE3. Banaaumesas HuTporenasza — BaHaauiconepXalmii cepHblii 6e-
JIOK Hapsny ¢ MOJIMOAEHOBOM HUTPOreHa3oi y4acTByeT B Npoueccax (PUKCALHM aT-
MOC(EPHOro a30Ta a306aKTePUSIMH.

BaHanuit o6ianaer BbIcOKOH GUOXUMHUECKON akTUBHOCTBIO. Ero coau AKTUBHO
KaTalU3UPYIOT OKUCICHUE THAPOKCHIIbHBIX COEAMHEHW I (FMAPOKCUTPUNITAMUHA, MM~
POKCUTpUNTO(AHA, TMAPOKCUTHPO3UHA, aApPEHAMHA U aD.).

Hekortopbie simoBuTbie rpubbl, Hanpumep MYXOMOpbl U OsieHas rnoraHka, Ha-
KaluIMBAaIOT BaHanuil B hopMe amMaBanMHa — KOMILIEKCa ¢ buc-(2,2’-0KCUMMUHO) K-
NpPOINUOHATOM:

"HG  cn,

0]
(@) N\O

O/,,,_\V(‘\\\O
0—\~o

JoNe
0
CHH

L CH;,

Bbicokasi KOHUEHTpauns BaHALUSI B MJIOAOBBIX TeJaX 3THX rpuboB oObsICHsIETCSH
YCTOHUYHBOCTBIO ITOFO KOMILIEKCA KaK B Clyuae BaHagua(V), Tak M B clyyae BaHa-
aus (IV)y*,

* Armstrong E.M., Beddoes R.L., Calviou L.J. et al. //J. Amer. Chem. Soc. — 1993, — V. [[5. —
P. 807.

Ma, OJIoBa, XeJjle3a, MapraHua, CBUHUA U apyrux npumeceil. Pasneienue xiopunos
HUOOMSI U TAHTaNa OCYLIECTBASIOT PEKTUMhUKALMCH KOMMNIEKCOB C OKCOXJIOPWJIOM
thocopa (Nb, Ta)Cls- POCl,.
Metanindeckne HUOOMII 1 TAHTaN NoayyaOT METAUIOTEPMUUYECKUM BOCCTAHOB-
JIEHUEM KOMIMJIEKCHBIX (DTOPULOB:
K,[TaF;] + 5Na = 2KF + 5NaF + Ta

HUJIM OKCUIOB:
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Puc. 3.2. Acunaus Ascidia mentula (a) (/ — potoBoe
oTBepCTHE; 2 — KJIOAKAIbHOE OTBEPCTHE); KOJOHUU
Botryllus violaceus Ha kamHe (6)

B oueHb HeGonbILIMX KOIMYECTBAX BAHAIUIH BXOAUT B COCTAB XXUBOTHBIX U PACTH-
TEJIbHbIX OPTaHM3MOB, BKJIIOUas yeaoBeka. OpraHu3M 3J0pOBOro B3pOCJIOTIO YyeJoBeKa
comepXuT npumepHo 10—25 mr paHagus, no GoJblIEH YacTH B KOCTAX, 3y6ax wu
KUPOBOH TKaHu. B oueHb Masbix KOAWuyecTBax BaHAAWI MOCTOSAHHO NPUCYTCTBYET B
MULIEBBIX MMPOAYKTaX, OCOOEHHO MOPCKMX, OBOLIAX M MOJIOKE. DTO CJedOBbIU 37€e-
MEHT, MUKPOKOJIMUECTBa KOTOPOIO HEOOXOAUMBI 1 KU3HEACATETbHOCTH.

CoeguHeHust BaHaausa TOKCHYHbI! OTpaBieHUe BO3MOXHO MPU BIbIXAHWHU MbLIH,
comepxkauieil, HanpuMmep, okeua V,Os. Tlonanast B opraHu3m yeoBeKa, COeaUHEHUS
BAHAAWA BbI3bIBAIOT PA3ApPaKE€HME JIbIXaTEJbHbIX MMYyTEil, JErOUYHbIE KPOBOTEUEHMS,
rONOBOKDYXEHUS, HApYLUEHUS AEATEJLHOCTHU cep/lia, nouek. OHU HAKAIIMBAIOTCs B
KOCTHOW TKaHU, B MEHBLUEN CTEMNEHU — B I€YEHU U CENE3EHKE.

Huo6uii o6HapyXeH NpakTHYECKH BO BCex NMUUIEBLIX MpoayKrax. B cpenax, 6au3-
Kux 1o pH kK BHyTpeHHUM cpegaM opraHu3ma, coegMHeHUst HHOOUaA o6aanaloT Kpaii-
HE MAJIOU pacTBOPUMOCTbBIO, yTO OBYCIOBAMBAET IJIOXOE BCACHIBAHME UX B XEJIYI0U-
HO-KHMILEYHOM TpakTe. B opranu3me Huobuii pacnpeaensercs CpaBHUTEIbHO paBHO-
mepHO. [ToMUMO KpOBM (CUMTAIOT, YTO CBSI3b HUOOHUS C GEJIKaMU CbIBOPOTKH KPOBU
MMEET XapakTep aACOpPOLUM) OTHOCUTEIBLHO OO/BILOE KOIUYECTBO HUOOUST HaKarjiuBa-
€TCsi B MbIILILAX, CKeJeTe, MeYeHu, noykax u jerkux. Bpems, B TeueHue KoToporo co-
JIepXKaHUe HUOOHUsI B OpraHM3ME YMEHBLLAETCA BABOE, COCTaBAsET rnpumepHo 250 cyr.

Posb TaHTana euwe Mano usyyeHa. Mi3BecTHoO, UTO BCcachlBaHUE TaHTANa M3 XeJy-
JIOUHO-KH1IEYHOTO TPaKTa YeJOBEKA OUEHb Ma0. DTO OOYCIOBIEHO IJIOXOMH PacTBO-
PUMOCTBIO COEAUHEHUIH TAaHTAAa B KMILIEYHBIX COKax. YHUKAJIbHOE CBOWMCTBO METal-
JIMYECKOTO TaHTAa — BbiCOKas GuoJiorMueckas coBmecTumMoctsb. Ha 3ToM cBOMCTBe
OCHOBAHO LLIMPOKOE MPUMEHEHUE €r0 B MEAMUMHE, FJIaBHbIM 06pa3oM B BOCCTAHO-
BUTENbLHOMU XUPYPIUU.

3M,0; + 10Al = 6M + 5A1,0; (M = Nb, Ta)
BOCCTAHOBAECHUEM OKCUAOB CAXEHU WJIM KapOUaamu:

1900°C
Nb,0s5 + 5C —— 2Nb + 5CO

a TaKKe 3J1eKTpoan3oM pacmiasos K,|NbF;] ¢ nobaskoit KCl u NaCl niu K, TaF;]
¢ go6askoii Ta,Os npu temneparype 700 °C.
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[pu sneKTponu3e MeTan BbUICASICTCS HA KATOME BCJICACTBUE BOCCTAHOB/CHMSI
KaTuoHoB [TaF,}|**:

[TaF,]* + 5¢ = Ta + 2F-

Ha anone paspsixalorcsi okcodroporaHTanatbl, oGpasyloumecs npu B3anmo-
neiicreuu [TaF;]* ¢ Ta,Os:

2[TaOF)* - 4e” = 2[TaF,] + O,7

Boinenstowmitcss Kuciopon B3auMoaeicTByeT ¢ rpadMTOBbIM aHOAOM C obpaso-
BaHMEM MOHOOKCHJA Yriaepoa.

[Ipy anoMoTEpMUUECKOM BOCCTAHOBICHUM METal/Ibl O0pa3yloT Crulas ¢ ajio-
MUHHUCM, U3 KOTOPOro aliOMUHUI yaasslOT MyTEM BaKyyMHOM nepemyiasku. B oc-
TaJIbHBIX Cy4asiX METallbl BbIACAAIOTCS B BUAE NOPOLIKOB., MX npeccyioT, a 3aTeM
NJ1aBAT B BAKYYMHO-AYrOBbIX Meuax s Noay4eHUs CIAUTKOB.

3.3. ®PU3NYECKUE CBOMCTBA ITPOCTBIX BEIIECTB

Banaanit — merann GnenHo-ceporo («CTalbHOro») 1BeTa co CTPYKTYpOU Tuna
O-Xe1e3a; Ype3BblYAMHO TBEPAbIH, HO MJIACTUUHBLIM — OH noaaaercs: uuiudosa-
HUio W nosuposke. [1o cpaBHEHHIO ¢ TUTAHOM BaHaAMIA UMEET 6O1bLIYIO NIOTHOCTD
U BoJiee BLICOKYIO TeMMepatypy MiasiaeHus (1adn. 3.3). B To e Bpemst oH noutu 8
MOJATOpa pa3a sierye xenesa. Beeaenue B Metam yriepoaa no3sossi€T CyecTBEHHO
NOBLICUTL TEMMEPATYPY NIABACHUSA: Ccnias, coaepxawuii 10 % yrnepoaa, nnasBut-
Csl IPUMEPHO Ha ThICAYY IPALYCOB BbIllIE, YeM YUCTBIH MeTaml. OnHAaKo BBeaeHUE
YII€POAa NOHUXACT MIACTUYHOCTb BaHaAWs. MeTain CTAHOBUTCH XPYNMKUM TaKXe
NPy BbIACPXKUBAHUM HA BO3yX€ WU B aTMOcdepe KUCIOpOAa NpyU NOBbILLEHHOIM
TEMNEpaType 3a cueT 00pa3oBaHusl TBEPABIX paCTBOPOB KUCAOPOAA B BaHAAUU. DTO
OrpaHWYUBAET UCMOMb30BAHUE BaAHAMEBLIX CMIABOB.

Huobuit v Tantan npeacrasasitor coboit upe3BbLIYAHO TYronjaskue TBEpAbIE
KOBKHUE METaJlIbl, MO LBETY HaNOMHUHaMIME cTanb. [1og00HO BaHAAUIO OHU KpU-
CTA/UIM3YIOTCSI B PCLICTKE TUNA o->Kenesa. Cpeau metamuios HUOOUI uMeeT MaKcu-
MaJIbHYIO0 TEMIEpaTypy nepexoa B cBepxnposogsiuiee coctosgHue (9,2 K).

Oxkosto 90 % Bcero Npou3BOAMMOTO BaHAAMsl MAET HA NOJYYEHNE JErMpOBAHHbIX
craneit. Bananuesbie crann comepxkat Kapouabl, Hanpumep V,C, V,C,, KoTopbie,
00pasyst MEIKWE KPUCTALIUTDL, Paclpe/ie/iCHHbIE NO BCEMy OOBbEMY METaLIA, NpH-
Aal0T U3NEUIO BbICOKYIO TBEPAOCTDb, BSI3KOCTh, YNPYTOCTb, U3HOCOCTONKOCTL. Ta-
KM€ CTaIM MAYT HA NPOU3BOACTBO OPOHU, UHCTPYMEHTOB, NPYXWUH, peabcoB. Bana-
JUI BXOAMT TAKXKE B COCTaB MarHWUTHBIX CIJIABOB, UCIOJIb3YEMbIX B CEpACUHUKAX
TpaHcOpMaTopoB, MeMOpaHax TenedOHHbIX TPYOOK.

Huob6uit nono6Ho BaHaaMIO CIyXKUT BaXkHOI Nerupyloweil 100aBKoi K cnewm-
ajlbHbIM COpTaM CTajlCil U CNJIaBOB LIBETHBIX METALI0B. BBeaeHrEe B KaXaylo TOHHY
crann 200 r HUOOMS CYIIECTBEHHO MOBBILIAET KOPPO3MOHHYIO CTOMKOCTh MaTepua-
J1a U B TO X€ BPEMsI HE NPUBOAUT K MOTEPE NMaacTUUHOCTH. Jlaxe HeBGobluve KOAU-
YECTBa HUOOMS CUJIBHO YBEIMUYUBAIOT NPOYHOCTb MOAMBAEHA, TUTAHA, LUPKOHMSI.
AMOMUHUIA npu BBeeHUU B Hero Bcero 0,05 % HMobust yTpauuBaeT cnocoOGHOCTb
pearuposatb ¢ pactBopamu wuienoyeit. Cranu, coaepxaime coTbie A0IU NPOLEHTa
HUOOUsI U BaHAAWA, NPUMEHSIIOT JUISl U3rOTOBNEHUS TpYD HedTenpoBoaos. BnioTs
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Ta6nauua 3.3
CaoiicTBa MeTan10B OATOM IPynnbI

CBoitcTBO \% Nb Ta
Temniepatypa rutasnenus, "C 1920 2470 3000
Temneparypa kunenust, °C 3400 4760 5500
OHTanbnus naasneuus, KIx/Monb 17,6 27,2 314
OHTaNbNUd ucnapenus, kIx/Moib 458,6 696,6 753,1
DHTaNbIIUS atoMu3aumuu, KIX/Monb 514,2 7259 | 782,0
[noTHoCcTb*, r/cM? 6,11 8.57 16,65
DneKTpuueckoe conpoTtusiaeHue**, MKOM - cMm 24,8 12,5 12,45
Monayab KOnra, I'Tla 127.6 1049 | 1857
CrannapTHblit 271€KTPONHBIH MOTeHLIMAT ¥, B:
E° (M /M%) 0,25 -0,65 | -0,81
E° (M3 /M%) 0,68 0.04 —

* [lpn temmnepatype 25°C.
** Tpn temneparype 20°C.
*** T1pu pH 0.

Ao temnepatypbl 900°C HMOOGMIT HEe BCTynaeT B PeakuUUIO C YPaHOM U MOITOMY
MOXET ObITb MCMOJB30BAH B ATOMHOW 3HEPreTMKE ISl U3rOTOBJCHMS 3alLMTHBIX
000J104€eK TB310B. HMOOMIT BXOAMT B COCTAB MHOTMX CYNepPCiaBoB.

MupoBoe npoM3BOACTBO TaHTala OLEHUBAETCH B COTHU TOHH — B HECKOJIbKO
JAECATKOB pa3 MCHbLIE, YEM BaHAAUA U HUOOUA. 3HAYUTENBHAS YACTb TAHTAIA UACT
Ha U3TOTOBJICHUC OKCHUIHBIX KOHAEHCATOPOB, B KOTOPbIX HA META/UIMYECKUE MJ1a-
CTUHBI HAHECEH TOHKMUIA c/10i1 okeuaa Tantana(V). baaronapst BeICOKO TBEPLOCTH U
KOPPO3UOHHOW CTOMKOCTU TaHTajda U3 HETO U3roTaBIUBAIOT XUPYPrUYECKUE U 3y-
OoBpaueOHbIC MHCTPYMEHTBI. OKena TaHTana(V) 1006aBisioT B cneuMaibHble copTa
CTEKOJI 151 NMOBBIIEHUSI OTPaXaTeJbHON CNOCOOHOCTH.

3.4. XUMUYECKHUE CBOMCTBA NPOCTBIX BEILIECTB

Mertaniel nATOI rpynnbi NO XMMHUUECKOMY NOBEACHUIO NOXOXMW HA TUTAH, LUP-
KOHUI U racdHUi, XMMUA KOTOpbIX Obl1a paccmoTpeHa B . 2. Kak u B yeTsepToii
rpynne 3d-meTani — BaHaAMil — OKa3bIBAETCH 3HAUMTENIbHO 0o0/ee peakuMOHHO-
CMOCOOHBIM MO CPABHEHUIO CO CBOMMM TSIXKE/NbIMU aHasoramu. B To xe BpeMst oH
MEHEe aKTHMBEH, 4YCM TUTAH, YTO, NMO-BUAUMOMY, MOXET ObITb CBA3aHO C ¢ -KOH-
(purypauueil, odnagaoIei NOBLILIEHHON YCTOHYUBOCTBIO. Tak, B OTJIMUUE OT THU-
TaHa BaHaMil HE BCTYMAET B PEAKLUW C KUCJIOTAMU-HEOKUCIUTENAMHU, 32 UCKIIO-
UEHHUEM TMJIABUKOBOW, C KOTOPOH OH B3aUMOACHUCTBYeT Giiarojaps o0pa3oBaHUIO
NPOYHOro (hTOPUAHOTO KOMILIEKCA:

2V + 12HF = 2H,[VF,] + 3H,T

PCEIKL[I/IH C TOpSAYMM KOHUECHTPUPOBAHHBLIM PacTBOPOM CCpHOVI KUCJOTbI NPOTE-
KaeT C OKUCAEHUEM A0 COCAUHEHUN BaHAAUNA:
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V + 3H,S0,(koHu.) = VOSO, + 2S0,T + 3H,0

AHaJIOTMYHO BeAcT ceOst pazbaBiicHHAst a30THas Kucjiota. OgHAaKO a30THAast KMC-
JIOTa TUIOTHOCTBIO Bbile 1,35 r/cM? OBICTPO OKUCIISIET M paCTBOPSIET METaILL:

V+ 6HNO3 = V02N03 + 5N02T + 3H20

BLICTPO U [OJIHO OKMC/RIOT BAHAAUI 1O BHICLIEH CTENECHU OKHMCACHUS XJIopHast
HCIO,, xnopHosatas HCIO;, 6pomuosatas HBrO;, uontorataa HIO; u nepokco-
aucepHast H,S,04 knciiotbl. JIydiuMMM peareHTaMu 11 NepeBoia BaHAAMA B pac-
TBOPMMOE COCTOSIHME CJIYXKAT CMECh A30THOM M MJIABMKOBOM KMCJIOT, apckas BOJ-
Ka. Pacniasbl wesoueit B OKMCIMTENbHOM Cpene MEMICHHO MPEeBpawaioT MeTall B
BaHanarTol. B To Xe BpeMs Mpu OOBIUHOI TemIiepaTtype BaHAAMil MPaKTUUYECKU HE
MOABEPXEH MEACTBUIO BO3IYXd, PACTBOPOB OPTaHHUUCCKUX KUCJIOT M Liejlouei, T.e.
00J1aJa€T BLICOKOU KOppPO3UOHHOH CTOMKOCTHbIO. Ero xuMuueckas akTMBHOCTb Cy-
LIECTBEHHO YCWIMBAETCA MPU HATPEBAHMM — [IpU KPACHOM KaJCHMU BaHaguil UH-
TEHCHMBHO OKMUCJISIETCS BOOi C BbIAC/AEHHEM BOIOpOA.

ToOHKO M3MeJIbYeHHBIi BaHAAWI MPU HATPEBAHMU HA BO3AYXE WJIM B KHUCJIOPOJE
BOCIUIAMEHSETCS, NPeBPaLlasCh B IOPOIIOK BLICHICTO oKcuaa. I1pu HarpeBaHWHU B
toke a3o1a 1ipu 1 000 °C on obpazyeT HuTpug VN, B MHTepBajie Temnepatypbl 500 —
900 °C ¢ BomoponoM — ruapua VH. UasectHbl dochumbl, KapOUabl, CHIAMUUIB U
Oopuabl BaHaausl, OOpa3ylomMecs U3 MPOCThIX BE1IECTB B YCJIOBUAX MOBBIIUEHHbIX
Temreparyp. Haubouiee Jierko NpoTeKaloT peakyuu ¢ rajjoreHaMu. B atmocdepe dropa
HarpeThlil BaHaaui npeBpaw@aerca B BbicliMii dTopun VFs, peakuus ¢ XjIopoMm
npuBoauT K TeTpaxyopuy VCly, ¢ 6poMom — K Tpubpomuay VBr;, a npu B3aumo-
JOEUCTBUM ¢ napdMu voda B U3OLITKE BaHanus obpasyetcs auuoaun Vl,.

Huo6uii 1 ocobenHo TaHTan eiie 60Jlee yCTOMUMBBLI K KOPPO3UMH, UTO B 3HAYM-
TEJbHOW CTENEHU CBI3aHO C HAJIMUYMEM OKCHUIHOM TUICHKM HAa MX MOBEPXHOCTH.
Ilpy KOMHaTHOIT TeMnepaType HUOOUI MEAJICHHO B3aUMOIEHCTBYET JIMILbL CO CME-
CbIO A30THOM ¥ MJIABUKOBOW KHUCJIOT; HA TAHTal KUCJIOThl HE AEHCTBYIOT. Heckolb-
KO ObICTpee MeTajlbl KOppOAMPYIOT B paciljlaBax LIe/o4eid, HO U 30eCh CKOPOCThb
KOPPO3HUU COCTABJISIET HECKOJIbKO MUJLIMMETPOB B rox. Ilpu HarpeBaHMM HA BO3-
yXe CJIMTKOB HUOOHS Y TAHTajla g0 TeMIEpPaTypbl KPACHOTO KAIEHUSI OHU JIUILD
TYCKHEIOT C MOBEPXHOCTH, AalN€€ peakiua He npoTekaeT. B Buae TOHKUMX 1HOpOLI-
KOB Mp# temmepatype 900 °C oHU cropalot B KUCJIOpOEe, NPeBpawasAch B BHICIUUE
okcuabl. ITopoliok HMOOUA BOCIMJIAMEHSIETCA NPH MONATAHUM B pacILIaBICHHYIO
CeJIUTPY.

Peakyust ¢ rajoreHaMH NpoOTEeKaeT MpU MOBHIIUCHHbIX TEMMNEPATYpaX U BCeEraa
NPUBOIMT K MeHTAarasoreHuaaM. Tak, NOpoOlIOK HWUOOUS, HATPETHI IO KPACHOIO
KaJleHHs1, pearupyeT ¢ XJ0poM ¢ oOpasoBaHUeM xJiopuaa HUobus(V). INpu nosbi-
IUEHHLIX TEMMEpaTypax METalIbl TAKXKE B3aUMOAEHCTBYIOT C CEpOi, YriaepomoMm,
a30TOM, CEPOBOIOPOIOM, AMMHAKOM. Peakuums ¢ BogoposoM obGpaTuma.

3.5. OKCH/Ibl DJEMEHTOB HATOM I'PYIILI

Oxkcuapl Banaaua. Haubosiee pazHoobOpasHa XMMUSt KUCJIOPOIHbBIX COCIUHEHUI
BaHaUs: MOMUMO BaXHEHILIMX OKCHUIOB, NEpeunciieHHbIX B Tabj. 3.4, oH obpa3yeT
MHOXECTBO (a3 MPOMEXYTOUYHOTO COCTaBa.
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Tabauua 3.4
Baxueiiinne oKCHIbI BaHAIMSA

CraHnapt-
CreneHs Temnepa- | Hast SHTAIb- dopmyna Conn, colepxaline
Dopmya Typa us obpaso- [ Xapakrep pMy. BaHalmuu B cocTaBe
OKUCIIEHNS I'HAPOK-
oKcuaa | mmarieHuns BaHus oKkcuaa
BaHanus o cuaa
okcuna,’C okcnia, KaTHOHa aHHOHA
k/x/mMone )
+2 VO 1 830 -419 OcHoBHblii | V(OH), VSO, —
+3 V50, 1970 -1240 | Amdotep- | V(OH); | V4(S0O,); | NavoO,
HBIM*
+4 V02 1545 =716 AM(DOTep— VO(OH)Z VOSO4 Nazv307
Hblii
+5 V, 05 680 —1560 | Amdorep- | HVO; |(V0,),SO,| NaVO,
HBIA**

* [IpeoGnanadT OCHOBHbIC CBOWCTBA.
** [IpeobanaoT KUCIOTHbIE CBOWCTBA.

Huswne okcuapl Bananus, Hanpumep Vo0, V,0, ABasisich TBEpALIMUM PACTBOPA-
MU KHCI0pO/Jia B BAHAAUM, XOPOLIO MPOBOJAT MEKTPUUECKHIA TOK.

Okcud eanadua(Il). Oxena VO, oOpasylolumitcss Npu BOCCTAHOBACHUM APYTHX
OKCcHIOB BopopoidoM npu temneparype | 700°C wiu BaHagueM, NpPeACTABASET CO-
00ii uepHbBI TyronJaBKuii NOPOLIOK, TBEPAbIt M XPYNKUIt C METALINUYECKOI npo-
BOAMMOCTbI0. OH MMEET CTPYKTYpY XJIOpUIA HATPUSI M XapaKTepU3yeTcs LIMPOKOit
obnactbio romoreHHoct (VO,, 0,86 < x < 1,25). MeTtanauueckasi npoBOgMMOCTb
3TOrO BEIUECTBA OOBACHACTCA NEPEKPLIBAHMEM YACTHUHO 3aMOJHECHHbIX d-opbuTa-
JIel, KOTOpOe NMPUMBOIAMT K €J1aOOMY B3aMMOACHCTBMIO MEXIY aTOMaMM BaHaaus
(paccrosiie V—V pasHo 0,289 nm). Paznuune B 15 % mexay uaMepeHHoil v pac-
CUMTAHHON MJIOTHOCTAMM CTEXHOMETpUUecKoro VO NOKa3bIBAET OZHOBPEMEHHOE
NPUCYTCTBUE BAKAHCUI aTOMOB KHUCJI0POJA W BaHAAUS B pelueTke okcuaa. Ilpu apu-
KEHWU MO Neproay No Mepe 3anoJHEHUS d-NoaypoBHS d—d-nepeKpbIBaHUE OCaa-
GeBaet, No03ToMy OKcuibl MeTamioB 5— 10-i rpynn (ot CrO go NiO) npu KomHar-
HOI TeMnepaType He NpoBOIAT 3JeKTpuueckuii Tok. Okeua BaHaaus(I1) nposisis-
€T CBOWCTBA OCHOBHOIO OKCHMAA: HE PAaCTBOPUM B BOZE M [E10YAX, HO MEMTEHHO
B3aMMOJCICTBYET C KMCJIOTAMM, XOPOLIO pacTBOPUM B a30THOM Kucnore. Mpu Ha-
IPEBAHHUM HA BO3MYXC OH JIETKO OKUC/ISETCS MO BbICIIUX OKCUIOB.

Okcud sanadua(l11). Okeng V,0; npeacrasiasier coboii uepHbIil TyronjaaBkuit no-
POLIOK CO CTPYKTYpoit KopyHaa a-Al,O;. OH XapakTepu3yeTcs 3aMeTHOM 061aCTbio
TOMOI€ HHOCTH.

[Tpu oxnaxaennn no temneparypst —105°C okcun V,0; npetepneBaer ¢azoBblil nepe-
XOJl, CONPOBOXAAIOILMICS NOABIEHUEM METAIMUECKOH npoBogumocTH. Okeup V,0; Tep-
MUYECKH YCTOWYMB, HE pasjlaraeTcsa fpu Temneparype Geaoro kaaeHusi. [Ipu HarpeBaHuu
Ha Bosayxe V,0;0kucasietcsa 1o VO, (350 °C) u a0 V,05 (500 °C). YisiepogoM npu Temnepa-
type 1300 °C okcua V,0; BocCTaHABAMBAETCSA O METAUIA, C LUEAOYHBIMU METATIAMM HUXE
1000 °C He B3anmoneiicTeyer. Pacniasne HHbIM Kanbumem (900 — 1 350 °C) okena V,0; Boc-
CTAaHABJIMBAETCA A0 BaHAAMsL.
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[To xumuueckoit npupone okeun V,0; npogasiseT cnabyto aMmpoTepHOCTL C Cy-
LIECTBEHHbBIM NpeobiagaHneM OCHOBHbBIX CBOMCTB: pacTBOpsAeTC B KUCA0TAX ¢ 06-
pa3osaHueM 3ejieHbIX pactBopoB coneil V(I11), HO He pearupyeT c pacrBopamMu
weoveit. Boanbimu pacrsopamu KCIO;, K105, NalO, B kucnoit u HeliTpanbHoOi
cpenax okeua- V,0; okucasiercs 10 V,05 wiam sBaHaaatos(V). Tlpu HarpesaHuu c
OKCHMAAMH DPa3NHuHbIX MeTau1oB obOpasytorcsi BaHaaarbl(lll), Hanpumep LiVO,,
NaVvO,, u cMewanHble okeuabl, Hanpumep AIVO; 1 MgV,0,. Cuntes V,0, nposo-
JASIT HECKOJIBKUMU MYTSIMU (AucnponopuuonmposanmeM VO, BocctaHoBiaeHuem VO,
okcunom yraepoaa(ll), narpesauvem V,Os5 B napdax cepbl ¥l ap.), HO JIETYe BCETO
OCYIICCTBHTb BOCCTAHOBJIEHWE BAHAAUEBOTO AHTUAPUIA BOAOPOIOM MPH TEMIEpa-
Type Hyxe | 000°C vnu ammuakom:

450°C
3\/205 + 4N H3 —_— 3\/203 + 2N2 + 6H20

Oxcuo eanaous(1V). bonee msirkoe BoccraHoBieHne V,05, HaNpuMep, ¢ NOMO-
b0 okeuaa yraepoaa(ll), okeuna cepoi(1V), waBeneBoit KUCAOTbI NPUBOAUT K
oOpazosaHuto okeuaa BaHaaus(lV) VO, ¢ oueHb y3KOil 061aCTblO TOMOTEHHOCTH.
YA06HBIM METOOM CHHTE3a 3TOrO COCAMHEHUs CIIYXKHUT CNEKaHUE IKBUMOJIAPHON
cmecu V,03 u V,05 npu remneparype 800 °C. Inokeua BaHagus o0pasyeTcsl TAKXKE
MPU BOCCTAHOBJEHWU BLICILErO OKCUMAA CEPHUCTLIM TazoMm npu 360— 580 °C uau
BOJHbBIM PAacTBOPOM TJIOKO3bI.

HuskoremnepatypHas a-moaudukauus okcuaa VO, (puc. 3.3, @) — BELECTBO TEMHO-
CHHETO, [OYTH YEPHOTO LIBETa, UMEET MOHOKJIUHHYIO CTPYKTYPY, UCKAXEHHYIO B pE3YJIbTa-

Puc. 3.3. CtpoeHue okcuna VO,:
a — MOHOKIMHHaA MoAauduKalLus; § — TeTparoHalbHasi Moanbukaumns
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T€ NOMNAapHOro B3aMMOJCHCTBHS aTOMOB BaHaaus apyr ¢ apyrom (V—V 0,265 um) ¢ o6pazo-
BaHHeM CBsi3n*. o-PopMa COCTOUT U3 UCKAKEHHBIX OKTasapos [VOg] ¢ o6uwmMu peGpamu.
OkTasapbl HGOPMUDPYIOT LIENH, COUIEHEHHBIE MEXLY COGON BEPLIMHAMM B TPEXMEPHbBIM Kap-
Kac (paccTOsiHUe MeXy aTOMaMM BAHAAUs COCENHMX ueneil paBHo 0,352 HM). ATOMbI BaHa-
AWsl KaXAO0ro AMMepa WMEIOT obuIyio napy 3JeKTPOHOB (y Kaxaoro aroma V** ectb oguH
HECTIaPEHHbII 2/1eKTPOH). OHAKO yke npu Temrnieparype Boiwe 70 °C MCKax)eHUe CTPYKTYpbI
CHUMAETCS, JIOKA/IM30BAHHAA CBA3b V—V paspbiBaeTcsi, U OCBOOOXIAIOTCSA CIIAPEHHBIE pa-
HEE BJIEKTPOHBI, B pe3y/lbTaTe pe3KO BO3PACTAIOT 3/1EKTPUYECKAas MMPOBOAMMOCTDL (Ha 2 r0-
PANKA) ¥ MarHUTHas BOCIPUMMUMUBOCTb, a CTPYKTYpPa M3 MOHOKJIMHHOW IpeBpaiiaeTcsi B
BBICOKOTEMIEPATYPHYIO B-TeTparoHaibHyio (puc. 3.3, 6) Tuna pyruaa. Ilpu 3T0M paccrosi-
HUE MEXAY aTOMaMH BaHanus BospactaeT A0 0,287 um. MazoBblii nepexon o- U B-MoaUpU-
KaLui obGpaTtuM.

Jlns AMoKcuaa BaHaaMst Takke xapakTepHbl aMQOTEpHbIE CBOMCTBA: B3aUMOeii-
CTBME C KMC/OTAMMU NMPUBOAMT K 0OpasoBaHuio coseit AMokcosaHaaua(IV) (Bana-
auna), Hanpumep VOSO,, a ¢ wenouamu — sananatos(IV). Okcua VO, pearupyer
¢ nepokcuaom Na,O,, obpasys BaHamaTbl(V).

Okcud eanadua(V). Cpean OKCHMAOB BAHAAMS HANGOIee U3BECTEH M BAXEH BaHA-
AueBblN aHruapua V,05 — OCHOBHOM NPOAYKT XUMHUYECKOH TEXHOJIOMMM BAHALMS.
B orcyTeTBHe npuMec HU3IIMX OKCUI0B OH MMeeT XXeNTO-OpaHXeBblii LIBET (OKpacKa
CBsI3aHa C [MePEHOCOM 3apsiia).

Oxceun Banaaus(V) cnabo pacrsopum 8 Bose: 8 100 r HaChblIIEHHOrO pacTBOpa
Npu KOMHATHOW Temnepartype coaepxutcs 0,07 r okcuaa. 3HAYUTENBHO BBILIE €10
pactsopumoctb B cnupte. [1o TeMineparype naasnenus (674 °C) 310 BEILECTBO CHIALHO
VCTYNAET BbICUIeMY OKCHUAY TUTAHA, UTO CBUAETENbCTBYET 00 YBENWUYEHUU AOIU
KOBAJICHTHOCTH CBSI31 META/LI—KHUC/IOPOA NPU BHXEHUH no nepuoay. B naboparo-
PUUA OKCHUJ NMOJYYAIOT pA3JIOXKEHUEM Ha BO3AYXE METABAHANATA AMMOHMUSI:

350°C, 0,
2NH4VO3 _— VZOS + 2NH3 + HzO

Eciu paznoxenue npoBoauTb B 3aKPbITOM THIJIE, TO BBIACASIOLIUIACS aMMHAK
YaCTUYHO BOCCTAHABAMBACT BaHAIMEBbI aHrUApuL o0 okcuaa BaHaaus(IV), yro
3aMETHO MO NOTEMHEHUIO MPOAYKTA peakiHu.

INpouecc HaunHaeTcs npu Temrneparype 200 °C ¢ oTmieruie HUS NH;, koropblii criocobeH
BOCCTaHaBANBaTh BaHanui (V). YTOObI 3TOr0 He NPOUCXOAMIIO, PEAKIMIO CIEAYET IPOBOANTD
B OTKpbITON (apdopoBsoii yawrke Ha Bosayxe npu 350 °C. Tpu ymeHblUeHU U NOCTyna BO3ay-
Xa K METaBaHaaty (MCIOJIb30BAHME 3AKPHITOTO THIJIsH, PETOPTHI) B 3aBUCUMOCTH OT PEXH-
Ma HarpeBaHHUst MOTYT ObITb roayyeHbl OKCHIbI V307 1 V,0q. TIpoiyKTOM pa3iokeHHus Cou
B MHEPTHOM aTMocdepe siBasiercst OKCua V;04:

f, N,
]8NH4VO3‘—) 6V307 + I6NH;T + NQT + lQHon

B OCHOBE CTPYKTYpbI BAHAAMEBOTO aHPMAPHAA JIEXAT HCKAXEHHBIC KBATPATHDIE nUpamu-
abl [VOs], nonepeMeHHO coeaMHEHHbIE peGpaMu B 3Ur3arooGpasHble e , napaaiaebHble
apyr apyry (puc. 3.4, a). MiaBecTHa Takxe MmeractabuiabHas momudukauus (puc. 3.4, 6),
OT/IMYAIOLIASACA MHOI YIIAKOBKOM CMEXHbIX MapaUleIbHbIX 11ETIei**,

Boicwinii okenn BaHaans uMeeT HEGOMDBLLIYIO 061aCTh HECTEXHOMETPHH MO KHCJI0pOay,
T.€. CKJIOHEH 06paTUMO TEPATH KUCJAOPO/ [IPH HArPEBAHUMU, YeM, BEPOATHO, U OGbACHS-

* Utobbl MoguepKHYTh 3TO B3anMozeilcTBHE, OPMYyly BEILIECTBA YAacTO 3aMNUCHIBAIOT B BUAC V,0,.
** Cocciantelli J. M., Gravereau P., Pouchard M., Hagenmuller P. // J. Solid State Chem. — 1991. —
V.93. — P.497.
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Puc. 3.4. CrpoeHue BaHaaMeBOro aHTUApPUAA:

a — ycroiuuBas moaundukauus; 6 — meracrabunsHasg Moaundurkauus

I0TCS1 €F0 KaTalMTUYEeCKMEe CBONCTBA B PEAKIMM OKUCIEHUSI CEPHUCTOrO ra3a B CEPHBbIN
aHPUAPUA;

XSOZ + V205 = VZOS—X + XSOJ
Vi0s_ + 50, = V,05
BaHasMeBble KaTanu3aToph! B CEPHOKHUCIOTHOM TIPOM3BOACTBE MPAKTUUECKU BBITECH N

ITAaTUHOBBIE.
TMonHoe pasnoxeHue okcuga BaHagusi(V) npoucxogut npu temneparype 700 °C:

t
2\/205 = 4V02 + 02

Ha 31OoM OCHOBaH OgWMH W3 CMOCOGOB NOJY4YeHWsl KPYITHOKPUCTANIMYECKOFO OKCUAA
BaHaaua(lV).

XoTA BbICIIMIT OKCUJ BaHAaUsl aM(OTepeH, KUCIOTHBIE CBOMCTBA y HETO Cylle-
CTBEHHO MNpe06s1agaloT, MO3TOMY €ro 4acTO Ha3blBAIOT BAHAIMEBbIM AHTUIPUIOM,
HECMOTPSt HA TO YTO COOTBETCTBYIOIIAS KMCJIOTa B CBOOOIHOM BH/IE€ HE BblAE/IEHA.
PaHee cuuTanoch, YTO OHA COAEPXKUTCA B BOAHOM pacTBope okcuiaa BaHaausa(V) u
npuaaer eMy GiegHo-xkeatbiil uBet. Okeua BaHaaus (V) Jerko pacTBOPSIeTCsl B KUC-
JIOTax ¢ OOGpa30BaHUEM XKEJIThIX PACTBOPOB, COAEPXKAIIUX WOHbI JUOKCOBAHAAWUA
VO7 (BaHaauHa). IIpu obpaborke iuenouyamu obGpa3yloTcsl pa3jiMyHble BaHanaThl,
KOTOpbl€ 1160 6ecyBETHBI, MO0 UMEIOT B 3aBUCMMOCTU OT KOHIICHTPAUUHU 1UENO-
Yy OpPaHXKEBYIO WIHU XKEJITYIO OKPACKY.

Oxcua V,05 nposBisieT cliabble OKMCIUTENbHbIE CBOUCTBA M B BOAHbIX PACTBO-
pax BOCCTAHABJIWBAETCS, HANPUMED, raJOreHOBOAOPOAHBIMHU KHUCJIOTAMU 1O BaHa-
aus(IV):

V205 + 6HC1(KOHH.) = 2VOC12 + ClzT + 3H20

UHrepecHO, 4yTO npu 06paboTKe HArpeToOro BAHAAMEBOrO AHTMAPULA CYXUM XJI0-
POBOIOPOOM BOCCTaHOBJIEHWE HE MPOUCXoauT, a obpasyercst okcoxnopua VOCI;.
Hanpotus, 6poMoBofoOpo B cpene abCcoNMIOTHOIO CMUPTa BOCCTAHABIMUBAET OKCUL
BaHanus(V) no 6poMuna saHaaus(I).

C dropom U xstopom Nnpu temrnepatype okono 450 °C okcun V,05 o6pa3yeT okcoraiore-
Huabl VOX;. Cepa BocctaHapaubaet V,05 10 VO, (300 °C) U go V,0; (448 °C). Tlpu Temrie-
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parype Huxe 500 °C okcun V,0s He pearupyet ¢ cepHuctbim rasom. IMpu 500 °C nexraokcua
npespatiaetcs B okena cocrasa ViOy; 1 npu 650 °C nepexoaur B VO

o

500°C
3V,05 + 280, —— V,0,; + 280,

°

650°C
V40,5 + SO, — 6VO, + SO,

B rasosoit cmecu CO u CO, npu remneparype 600 °C nenraokcna V,05 BoccTaHaBaMBa-
ercs 1o V,0;. Cocras mpoayKToB B3auMoaeictaust V,Qs ¢ yriepoaom 3aBUCUT OT YCIIOBUM:
V6013 (600 °C), cmech VO3, VO, n V305 (750 °C), cmech V5,05 1 0KcoKapGHIoB (800°C),
V,0; (1000°C). Kaibuuii BoccTaHaBAMBAET MEHTAOKCHUI 0 METANLIA.

Mexny okcunamu V,05 n VO, cylectsyet psia ¢as coctasa V,0,,,;, U3 KOTOPbIX 10CTa-
TOYHO TOJIHO OXapakTepu3oBaHbl V307, V404 1 VO3, a Mexay VO, 1 V,0; — V305 1 hasbl
Maruenun (V,0;, VsOq, V4Oy;, V;0,5 1 VgO,5) obuieit dopmyast V,0,, 4<n<8 co
CTPYKTYpoit, 61n3koi pyruiy. Oun o6pasoBaHbl oktasapamu [VOg], YacTh KOTOPBIX counie-
HeHa rpaHamu (puc. 3.5). @a3bl MarHeau npeacraBasiior coboil TeMHbIe MOPOLLKH CO CBOM-
CTBaMM NapamMarHeTuKoB. BBefleHne Mpumeceii MO3BONSET M3MEHATE TUI IPOBOIMMOCTH (a3
M MX MarHUTHBIE CBOMCTBA.

Okcuapl HnoOus u Tanrana. Huobuii u TaHTan Takxke 00pas3yloT pa3Hble OKCU -
Hble (hasbl, HO 3TU CUCTEMbI MEHEe M3YYeHbl [0 CPAaBHEHHUIO C CHCTEMOI BaHa-
AMiA—KuUcaopoa. Boiciune okcHabl HHOOMS U TaHTala NPEACTABISIIOT COB0I Belble
TYIOILIaBKME NMOPOLUKHU (TeMneparypa mnasieHust Nb,Os 1490 °C, Ta,0s5 1870 °C),
XUMHUYECKH UHEPTHbIE. B orimune ot okcuaa BaHaausi(V) OHM MpPaKTUYECKU He
NPOABASIOT OKUCIAUTENbHBIX CBOMCTB. JIMLIb JIUTENIbHOE IPOKAJIMBAHUE B TOKE BO-
AOpOJa MPUBOAMT K BOCCTaHOBJEHMIO Nb,Os 10 NbO,, okcua TaHTana ¢ BOgopo-
AoM BooOILEe He pearvpyerT. J11si mepeBoia OKCUAOB B PACTBOPUMOE COCTOSIHME MX
CMJIABJIAIOT C LIe104YaMU, NUPOCYIbhaTOM Kallusl UM 00pabaThiBalOT KOHLIEHTPHU -
POBaHHO MJIABUKOBOW KMCJI0TOM. Peakiiusi ¢ wie1o4amMu wiim KapboHaTaMu PUBO-
JUT K 00pa30BaHHI0 HUOOATOB U TAHTANIATOB:

500°C
M,0Os + 2NaOH —— 2NaMO; + H,0 (M = Nb, Ta)

~
1400 | \\
AN
&)
1000 N
g
3 700 675
2 600N o IN— (
g 680 665
=
= 152
a 200 68
~123 -96
-200

V,0; 1 2 3456 7 8 9 V,05
6

Puc. 3.5. Crpykrypa okcnaa V;0; (a); dparMeHT ($a3oBoil auarpamMmb (6) cucrembl
V203 — VzOS:
I = V3050 2 — V,045 3 — Vi04; 4 — V0,5 5 — V70i5; 6 — V3015, 7 — VO3; 8 — V045 9 — V;0,
(YKa3aHbl COOTBETCTBYIOILME 3HAYeHMs TeMnepatypsl, “C)
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[Tpu crulaBieHUH ¢ NUPOCYAbDATOM MOJYYAIOTCS
OKCOCOJIM, JIETKO pa3jlaraloiivecsi BOIOMH:

o

80
Nb,O; + 4KHSO, —— Nb,04(SO,), +
+ 2K2SO4 + ZHon

B3aumoneiicteue ¢ ruapodTopuaaMu W TJIaBH-
KOBOI1 KHCJIOTON NMpUBOAUT K 06pa3oBaHuio dhropo-
Huo6atoB U PTOPOTAHTANATOB. .

braronapsi Kommniekcoo6pa3oBaHUIO OKCHUIbI HUO-
6UsI M TaHTAJ1a PACTBOPSIOTCS B KOHUEHTPUPOBAHHbIX
pacTBopax 1aBejieBoil KUCI0ThI; HauboJee JIETKO B
peakiMio BCTynaer okcua Huobus. Ilpomykramm B3a-
OO Q Nb UMOIEUCTBUSI SIBSIIOTCS Pa3zHOOOpa3Hbie OKCOOKCa-

JlaTHbIe KOMILIEKChI, HanpuMep mpuc-(OKCa1aTo)oK-
Puc. 3.6. Ctpykrypa okcuma NbO COHME)Ga”[:‘ {NDbO(C,0,);]>", BbimeNeHHBI B cocTaBe
K&JIMHAHOM COJIM.

B LieJioM Npu ABMXKEHUM BHM3 MO FPYIIIE TEMIIEpaTypa MJ1aBJEHUS BbICLIAX OK-
CHMIIOB MOBBILIAETCH, YTO CBSI3aHO ¢ POCTOM CTEMEHU MOHHOCTU CBSI3H.

BoccraHoBaecHue okcuaa Nb,Os BogopomoM npu temnepatype 1000 °C npuso-
JUT K 00pa30BaHUIO YepHOro auokcuaa NbO, co ctpykrypoil pyruia. Mexny Nb,Os
u NbO,; cylecTByeT lienasi cepus a3 coctaBa Nbs,, Oy, 5, 5 < n < 8. [1pu gansHeit-
weM BoccraHOBAeHUU NbO, BogoponoM unu Huoduem (1 700 °C) obpasyeTcs ok-
cux NbO ceporo nBera, UMEIOLIMI KYOMUYECKYIO CTPYKTYPY M METAJIMUECKUI TUTI
npoBoauMocT, OcobeHHOCTHIO CTPYKTYpl NbO (puc. 3.6) sBaseTCs yrnopsiiouusa-
Hue KUCJIOPOAHBIX BaKaHCHl. B 3TOM coeaMHEeHUH aTOMbl HHOOUS OOBCAUHEHBI B
OKTadApHYECKUE KilacTepsl, B KOTOpbIX paccTtosiHue Nb—Nb (0,298 um) npubiu-
JKAETCH K aHAJIOTMYHOMY PacCTOSIHUIO B MeTasuie (0,285 HM).

TaHTal M0 CPaBHEHMIO C BAHAAUEM U HUOOUEM €LLUE MEHEE CKJIOHEH K 00pa3o-
BaHUIO HU3LIMX OKCHUAOB, XOTS daHHble Mo okcugaM TaO,, Ta,0s, TaO, Ta,O B
JIUTEPaType UMCIOTCS.

3.6. THAPOKCHUbBI, COJIU KUCJTOPOJICOJEPXKAIIIUX KHCJIOT
U KOMILJIEKCHBIE COENVUHEHUS DJIEMEHTOB
MATON T'PYIIIbI

[1py ABMXXEHWU BHU3 MO TPYIIE PE3KO BO3PacTA€T YCTOUYMBOCTh BBICLUEH CTE-
NEHU OKUC/ICHUS. XUMHS BOIHBIX PaCTBOPOB HUOOUS 1 TaHTala OrpaHUYEHa JIULb
COCOMHECHUSAMU B CTCICHU OKUCJACHHUs +5, B TO BpeMsl Kak BaHaiuil obBpasyer co-
C€IMHCHUS BO BCEX CTEMEHSIX OKMCACHHMS OT +2 g0 +5. Kak mpaBuio, B BOJHBIX
pacTBOpax B KHUCJIOW cpene Haubosiee ycTOWUuMBEL coenuHEHHUs1 BaHanusa(lV), a B
LEJTOYHOU — BaHanaTul(V).

Coenunenus sBanaamsa(II)

BoccraHoBaeHUE MOAKUCAEHHbBIX pacTBOpPOB COCIMHECHU I BaHaius D0JEE BbICO-
KUX CTEMEHEA OKUCACHUS HMHKOBOU MBLABIO UIU DJIEKTPUUYECKUM TOKOM IMPUBOAUT
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Puc. 3.7. Anarpamma ®dpocra 1as snemen- nE°, B
TOB 1sATOH Tpynnbl npu pH 0 (cnnouHkre 1k
JnHuu), pH 14 (nyHkTupHas AuHus)

L I L L

0 +1 +2 +3 +4 +5
CTrerneHb OKMCIEHUA

K 00pa30BaHUIO (PUOJIETOBBIX PACTBOPOB, COAEPXKALLMX AKBAKATUOHBDI [V(H,0)¢]*,
HarnpuMep 1o peakuuu

37Zn + V205 + 5H2$O4 = 2VSO4 + 3ZnSO4 + 5H20

BbicanvBaHHeM CIIMPTOM U3 CEPHOKMCIOIO PAacTBOPa MOIYT ObITb BbLAENECHDI
buonerosbie KpucTambl rekcaruapara VSO,- 6H,O Wiv BaHaaueBOro Kyropoca
VSO, 7H,0, U30CTPyKTYpHOTrO renTaruapaty cyibdara xesesza(ll). Puonerosas
OKpacka 0OYyC/IOB/IEHA NOTIOLIEHHEM BUAMMOTO cBeTa nipu 550 um. U3 pacteopa
KCN u cnupra BblieeHbl XKeNTO-KOPUUHEBDBIE KPUCTAILIbI K4[V(CN),], conepxa-
uide cTabuiibHblil Komiuieke [V(CN) ]+

B BoaHbix pacteopax conu Banaausa(Il) cnaGo rusponusyiorcs:

V*+ H,0 &= VOH' + H*; K= 1,52 107 (25°C)

CHIIbHBIMM OKUCIUTENISIMM: 030HOM, XJTOpaToM, xa10poM, cosmu Ce(1V), nep-
OKCHIAMM, XpOMaTaMH, NepMaHraHaToM — coeauHeHust BaHanus(I1) kosnuecTBeHHO
nepesoadTcst B BaHanatbi(V). Ha Bosnyxe conu Banaaus(ll) serko okuciasorcs
Kucioponom (puc. 3.7) no coenrneHuit Banagus(l1l), (IV):

4V> 4+ 0, + 4H* = 4V¥ + 2H,0
2VSO4 + 02 = 2VOSO4

YcToi#unuBOCTb K OKUCIEHUIO HOHA V2* ycunuBaeTcsl B MPUCYTCTBUU AHUOHOB,
00pa3ylolMX ¢ HUM KOMIUIEKCHbIE coequHeHusl. Heckobko Boiee YCTOAUYHUBBI K
OKHCIIEHHUIO fBOiHbIE cond M,V(§O,),- 6H,0 (M = NH,, K, Rb, Cs) co cTpykry-
poit wieHuta (M| V(H,0)4](SO,),), HasbiBaeMble coagmu Tymmona. UX BbicaiMBaloT
CIIUPTOM U3 PacTBOPOB, COAEPKALIMX IKBUMOJISIDHbIE KOJIMYECTBA CYJIb(DATOB wie-
JOYHOIO MeTtajuia M BaHagusi(ll).

Bonubie pactBopbl coneit BaHanusi(11) gaxe npu NOAKMCIEHMH MEMUIEHHO pas-
7laraloTesi ¢ BblACIEHUEM BOAOPOAA, HO COXPAHSIIOTCSl Hal aMajiblaMUpPOBAHHbIM
LIUHKOM:

2VSO, + H,S0, = V,(S0,); + H,T
123



Puc. 3.8. CtpoeHune Komruiekca MONEKYJIIpHOTO a30Ta (ATOMbl BOAOPOIA HE MOKA3aHbI)

ITpu nevictBur Ha conu BaHaausi(I11) pacTBOPOB Lue/oUeil BHINANAET KOPUUHE-
Bolif ocanok ruapokcuaa V(OH),, nposiBASIOWIMIA OCHOBHbIE CBOMCTBA M OUYCHb
ObICTPO OKUCASIOWMNCS BOgol fo ruiapokcupa BaHanus(111). st moayueHus u
coxpaHeHUa V(OH), TpebyeTca UHEPTHAsI WM BOCCTAHOBUTE/IbHAA aTMochepa. DTo
BCLLECTBO ABJSETCA HACTONbKO CUIbHbLIM BOCCTAHOBUTECJIEM, UTO MPEBPALIACT a30T
BO31yXa U TMAPOKCUJIAMUH B aMMMUaK.

B 1989 r. npu B3anmoneiictun komniekca BaHanusa(11), colepxaillero aToMbl xaopa u
STWICHIMAMHH, C a30TOM BO3JyXa B MUPUIMHE C PACTBOPEHHLIM B HeM GeH3WIaMHHOM,
6611 nosnydeH kommnaeke [L.(py),V—N=N—V(py);L,], rne HL — mumerniaMHHOTONYON
(puc. 3.8). B sTom Kommiekce MoJeKyaa a3oTa BLICTYNAET B poJM MOCTMKOBOIO JIMraHia,
CBA3bIBAIOIIETO ABa aToMa BaHaaus. CosisiHasi KUCI0Ta BhI3BIBAET rE€TEPOTUTUUECKHI pa3pbiB
csa3n N=N 1 npuBoauT K o6pa3oBaHUI0 MoHA ammoHusl. TakuM o6Gpasom, a3oT BO3ayxa
MOXET ObITh NepeBeieH B XMMUYeCKHNE COEMNHEHHs, 1IeTKO yCBaUBAEMbIe PACTEHUSIMU™,

BoccraHoBuTenbHast aktuBHOCTL BaHanuaA(l1) ycunusaercsa B npUCyTCTBUM (BTO-
PUI-WOHOB, CBS3bIBAIOILMX 00pa3yloLIMecs UOHbI V3* B POUHbIE (PTOPUIHBIE KOM-
mnekesl (K, (VF*) = 10%). B atux ycnosusx coau saHaausi(I1) cnoco6Hsl BoccTa-
HaBJIUBaTh HEKOTOPLIE METAJUIbI, HAIPUMEP KAAMMI, U3 UX BOIHBIX PaCTBOPOB:

2VSO, + 12NaF + CdSO, = Cdl + 3Na,SO, + 2Na;[VF]

3aMeTHM, 4TO B OTCYTCTBUE (DTOPHUI-UOHOB peaklMsl TNPOTEKAaET B OOPAaTHOM
Hanpasiaenun. Mousl V2 u3 pacteopos Sn(Il), Cu(Il) u Au(l1l) BeigeasiorT cooTt-
BETCTBYIOLIUE METAJUIbL. A30THas KMCJI0Ta U HUTPaThl BOCCTAHABIMBAIOTCS HOHAMU
V2 10 NpOU3BOHBIX aMMHUaKa, CYJIb(PUThl — 10 CEPOBOIOPOAA.

HecMmotps Ha To uto MOH V> uMeeT ycToitumByio d>-KOH(DUrypaLUMIo (M3031¢KTPOHEH
Cr3*), ero coeIMHEHUA TOCTATOYHO NaGUibHBL. Tak, Mpy JeHCTBUM STHICHANAMUHA (en) Ha
BOIHBIIl pacTBOp BaHAAMEBOro Kynopoca obpasyercst koMmruieke [V(en);]SO,, B H36bITKE
unaHuaa kaimsa — rekcaumaHosaHamaT(ll) K,[V(CN)¢}, a B3aumopmeiictBueM wHoauaa
sanaamsa(1l) ¢ xunkum ammmuakom nosyyeH aMmmuakar [V(NH;)s]1,. Ha Bosayxe sto coenu-
HEHUE MTHOBEHHO OKMciseTcsl, npespawasch B auMep [(NH;)sV—O—V(NH;)]1,**.

B neBonHbIX pacTBopax VCl, BoccraHaBauBaeTcsi GOPruapuaoM 10 MeTalia.

* Leigh G.J., de Souza J.S. // Coord. Chem. Rev. — 1996. — V. 154. — P. 71.
** Efimann R., Kreiner G., Niemann A. u. a. // Z. Anorg. Allg. Chem. — 1996. — Bd. 622. — S. 1161;
Sichla T., Niewa R., Zachwieja U. // Z. Anorg. Allg. Chem. — 1996. — Bd. 622. — S. 2074.
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Coennnenns sanapus(III)

Conu Banagus(11l) noayuaioT 3/J€KTPOXUMHUYECKUM BOCCTAHOBIEHUEM COJIEil
BaHa/nMJ1a, pacTBOPeHUEM okeuaa V,0; B KMCIOTax WM CONPOHOPLHOHUPOBAHUEM
PasHOBAJICHTHbIX COEAMHEHUI BaHAAUS B KUCIOH cpeac*:

4V + 3V205 + 30HCI = 10VC13 + 15H20
VSO4 + VOSO4 + HzSO4 = Vz(SO4)3 + Hzo

Y00HbIM METOAOM CHMHTE3a CIyXHUT KUISIUCHHUE COJMEil BaHaaM1a C TMApas3u-
HOM:

4VOSO4 + N2H4' HzSO4 + HzSO4 = 2V2(SO4)3 + NzT + 4H20

[MpucyrcTBylowwKii B BOAHBIX pacTBOpax kKaTuoH [V(H,0)¢]*" umeeT TemHo-3eme-
HYIO OKpacky, OHaKO yCTOWYMB JIMLlIb B CHJIBHOKMCABIX cpeaax. Ero cnekrp norjo-
WEHHST coaepXUT ABe nostockl (580 u 400 um). Tlpu pH > 3 mon V3* nomno6Ho
MHOTMM JAPYTMM TPEX3apsAHbIM MOHAM 3JIEMEHTOB TPETHErO U YETBEPTOrO MEPUO-
JOB MPETEPNEBAET MMAPOJN3, YCUIMBAIOWMUIACS C MOBBIILICHUEM TEMIIEPATYPSI.

I'maponns coeannennii sanannsa(I11) nporekaer riy6xe, yeM nponssoaHbix saHagusi(11):
V¥ + H,0 == VOH?* + H*; K, = 1,4- 1073,
VOH* + H,0 —= V(OH); + H*; K, = 1,4-10*%
2V3* 4+ 2H,0 = V,o(OH)$* + 2H*; K;=1,3- 104

B pesynbrare nanbHeiimero rugponusa npu pH 3,2—3,5 nByxXbagepHblii KOMIUIEKC C
AByMsi MOCTHKOBbIMM OH-rpynnaMu npespailaercsi B MOJMSIIEPHBIE MOHbBI, HAMPUMED:

H 4+ H H S5+
1 | OH, |
AN
(H20)4V\ /V(H20)4 + V(OH), =—= (H20)4V\ /v\ /V(HZO)
0 0 0
| [ OH, |
H H H

CornacHo cnekTpaibHBIM JaHHBIM 06Pa30BaHME KMCIOPOAHBIX MOCTHKOB B MOMSIAEP-
HbIX MOHax He npoucxoant. ITpn yBeaMYeHNH CTEMEeHN ONMTOMEPU3AIINY YCUINBAETCS KO-
puyHeBasl okpacka pactBopos. B pacrsopax auerata obpasyercs craBuibHbI KaTHMOH
[V2(OH),(CH3;COO);3]". Ipn MOHNKEHNN KNUCIOTHOCTH TakKMe PAacTBOPbI NpeBpailATCs B
KOJUIOMAHbIE U 3aTeM KOoarynupytoT. I'maponns Moxer ObiTh NOAABIEH KUCAOTAMU MPU KOH-
LEHTPALMK MOHOB Bopopoaa Bbille 0,4 M.

Coeaunenusa BaHanmsi(111) HeycToWuMBBI K OKMCIEHHIO B BOAHBIX PacTBOpax,
NOIJIOUIAIOT KUCJIO0POJ U MEUICHHO OKMCISIIOTCSl 10 MPOM3BOAHBIX BaHaausi(1V).

No6Gasku wasenesoit uan GocHOPHONH KMCAOT CTaBMAM3MPYIOT PACTBOPBI COJEI
BaHanus(l1l) 6naronaps o6pasoBanmio Gosee ycronuusbix kommiaekcos H;[V(PO,),],
H;[V(C,0,);3]. Xnopom, xtopatom, 6pomMatom, XpoMaToM B LIENOYHOMN Cpee, MepMaHTaHa-
TOM B KMC0# cpeae conu saHanusA(l11) okucasiores B Bananatbi(V). Bonee cnabbie okuc-

* Mpu B3aumoneiicTeun noHoB VZ* u VO cHauana obpasyerca KOpHuHeBblii AuMep [VII—O—VIV]#
W 3ateM npoussogHbie V(I1I).

125



JINTCJIK, CENCHOBasd U CEJCHHUCTasd KHNCJIOThI, CepHOKl/lCﬂblﬁ TNApasnH, COJIIHOKMCIIbIA rUfl-
POKCHJIAMHH NMEPEBOAAT NX B COCAMHCHNA BaHaaW/a, HanpuMmep:

NH,O0H - HCI + 2VCl; + H,0 = NH,CI + 2VOCl, + 2HCI

[To106HO APYFUM TPEX3apALHbIM KATUPHAM MOH V¥ o6pasyeT kBacubl MV(SO,),- 12H,0
(M = NH,, K, Rb, Cs) xpacHo-¢hH0JeTOBOro IBETA.

[TpH 271eKTPOJUTHYECKOM BOCCTAHOBNIEHUM pacTBopa Cy/ibdara BaHaauIa, coAepxKallle-
ro U30bITOK CEpHOWM KHUCI0ThI, 06pasyercs Kucbiil cyibbdat V,(S0,);- H,SO,- 8H,0, Bbine-
JIAIOUIMICSA B BUE 3eJieHOro mnopouika npu aobasieHun cnupta. MHorma ero HasbiBaloT
aucynbgaroBaHaguesoit(111) xucnoroit, 3anuceiBag B Buae HV(SO,),- 4H,0.

JBoiiroit cynbgar BaHaausa(111) n kanua KV(SO,), MoXeT ObiTb MoJydeH NpU Harpesa-
HUM cynbdara BaHaauaa U cyibdara Kaaus ¢ KOHLUEHTPUPOBAHHON CEpHONH KHUCIIOTOM:

4VOSO0, + 2K,SO, + 2H,S0, = 4KV(SO,), + 2H,0 + 0,1

B otux ycnosusax coeannenne Banamnsi(1V) aucuponopunonupyer Ha V¥ u V,0s5, KOTO-
pblil pearupyeT ¢ KOHLEHTPUPOBAHHONW CEPHOIN KMCJIOTOM € BbIAEJIEHUEM KMCJIOPOAA.

I'uapokcug V(OH); BbiaeasieTcst ipu pH 4 — 5 B BUAE pPbIXIOI0 rpsA3HO-3€JEHOIO
ocafka B pe3y/lbTaTe AEHUCTBUSA 1UeJoueil, weaouHbix kapooHaTos, (NH,),S v am-
MHaKa Ha conu ¥ komriekebt BaHaausi(111). 'mapokeua V(OH); Takxke MOXeET ObITh
MOJIYYEH KAaTOAHbIM BOCCTAaHOBJECHUEM BaHapgaT-HOHOB. ['mapokcup BaHagusi(111)
NposIBsIET CBOIICTBA OCHOBaHUsA B Gosblueit crenenn, yem ruapokcus Cr(lll). On
MOCTENEHHO NepexoauT B okcopopmy VOOH, uMewlylo cTpykTypy nHacropa
a-AlOOH. 5710 BelLECTBO ABIACTCS CUJIbHBIM BOCCTAHOBUTEIEM, Ha BO3IYXE JIETKO
OKHUCJISIETCS, CTAHOBSACh KOPUYHEBbBIM:

4V(OH); + O, = 4VO(OH), + 2H,0

I'vapokcun Bananusa(l1l) He pearupyeT ¢ pacTBOpamu LUEIOUE, OAHAKO BaHA-
Jgatbl(11l) (runosaHanuTel), HanpuMep KVO,, U30CTPpYyKTYPHBIE COOTBETCTBYIOLLIAM
depparam(l1l), MoryT ObITb MOJIYyUEHBbl HAarpeBaHUEM OKcUAa BaHaaus(lV) c okcu-
JIOM KaJiusl:

!
2K,0 + 4V0, = 4KVO, + O,

Banagatbi(I11) wenouHo3emMeNbHbIX MeTALIOB, Hanpumep CaV,0,, UMEIOT KpH-
CTA/UTMUECKYIO PEUIETKY WIMUHEIU, T.€. TIPEACTABIAIOT CODOi CMEIIAHHbIE OKCUJbI.

HUcXoaHbIM coeaMHEeHUEM UIsl CUHTE3a cojieit Bananusi(111) cayXuTt conbBaT TpUXI0pH-
jga BaHanus ¢ terparuapodyparom (thf) VCls- 3(thf), pacTBopumbiit Kak B Boae, Tak U B
OpraHMYeckMXx pacTBopUTesisix. BzanmoneiicTBMeM 3TOro BEUIECTBA C aueTaToM HarTpus B
cpezie YKCyCHOH KHCI0Thl nosydalot okcoanerar saHanusa(I11)*. ITono6Ho oxcoaueTatam apyrux
TPEXBAJIEHTHbIX META/JIOB (IIOMUHUS, XeJje3a, XpoMa, MapraHua) oH MpeacTasssieT Co-
60i1 moHHoe coeguuenme [V;O(CH;COO)L;}(CH;COO), L — Monexkynaa pacTBopuTens.
[Toka3aHo, YTO TeMHO-3€JIeHble KPUCTALIbI TPeXbsaaepHoro okcoayerara saHanus(111) xpu-
CTAJIJIM3YIOTCS M3 BOJHBIX pacTBOPOB MpH MosibHoM cooTHoluexuu [V(I11)] : [CH;COOH] =
=1 : 2. T1py UCNOJIb30BAaHUHN IKBUMOJISIPHbIX KOJIUUECTB PEAreHTOB 00paszyeTcsl CUHUI TeT-
pasinepHbiit auetat [V,4(M>-OCOCH;)4(1>,-OH)4(H,0)%]Cl,, He MMmerommili aHanoros cpeau
aleTaToB NPYrux MeTannoB. YeTbipe aToMa BaHaausd B 3TOM COCIMHEHWU JIEXKAT B OAHOMN
MJIOCKOCTU W COEMHEHbI APYF C APYrOM MOCTMKOBbIMHU FMUAPOKCHUIAMU U OWUIEHTATHBIMM
ALCTAaTHbIMH TPyNINaMu**,

* Cotton F.A., Ertine M. W., Falvello L. R. // Inorg. Chem. — 1986. — V. 25. — P. 3505.
** Fry F.H., Dougan B.A, McCann N. et al. // Inorg. Chem. — 2005. — V. 44. — P. 5197.
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Bananuit(111) o6pa3syeT Gosblioe YUCIO KOMIIEKCOB, KOTOpbIE ToyvaloT Jubo
M0 peaKUUSIM 3aMEILEHUS:

VCl; + 6KCN = K;[V(CN),] + 3KCI

JMO0 3JIEKTPOXMMHUUECKMM BOCCTAHOBJIECHUEM COCAMHEHMIA BaHanusA(V) B NpucyT-
CTBUH JIUTaHa:

3. TOK

V05 + 3H,80, + 12KSCN ——— 2K,[V(SCN),] + 3K,SO, + O,T + 3H,0

U3 konuenTpuposantoro pactsopa VCl, ¢ KCN neiicrsuem CrUpTa BblAEJAEHB BUHHO-
kpacHble kpuctaisl Kl V(CN)], 6onee nabuabneie, yem [VI(CN)(]+. 3amensis umanui-
Ha pOAaHUI-UOHBI, B aHAJIOTUUYHBIX ycnoBusax nonaydawt K;[V(SCN),] - 4H,0. Ponaunausiii
KOMIUIEKC 0DanaeT AMXPOH3MOM — B NPOXOJsIILIEM CBETE OH KPAaCHbIit, a B OTPaXEHHOM —
TEMHO-3€IEHBli, 04T YepHbiit. B pa3zbaBneHHbIX pacTBopax noH [V(SCN)¢]*" npespaiuaer-
€l B aKBaKOMIUICKC, YTO CBMAETENBCTBYET O JabUALHOCTH coenMHeHuit Banaausa(l1l). Ipn
B3aUMOIEHCTBMM KOHLEHTPUPOBAHHOTO pacTBopa V»(SO,); ¢ HACHILEHHBIM PacTBOPOM
topmuara natpus obpasyercsa cuunit Nas[V(HCOO),].

Coennnenns sanagusa(IV)

Bbicokuii 3apsn M Manblit panvyc MoHa V¥ nealoT HEBO3MOXHbBIM €10 NpUcyT-
CTBHE B BOIHDBIX pacTBOpPaX, NMO3TOMY coequHeHUsl BaHanusa(1V) npeacrasisior coboil
okcocosi. B otinune or tutana(1V) B BogHbIX pacTBopax coJieit BaHanus(1V) npu-
CYTCTBYET €AMHCTBEHHbII TUI KATUOHOB — MOHbI OKcoBaHanusA(1V), wiu BaHaaula
- VO*, xak npasuJio, B Buze akBakommiekcos [VO(H,0)s|%, [VO(H,0),]%*. Umeti-
HO OHU MpUAAIOT 3TUM PaCcTBOPAM SIPKO-CMHMIl LIBET, HAMOMUHAIOWIMIA OKpacKy
MefHOro Kynopoca. MHTEeHCMBHOCTD NMOMIOWIEHNUS CBETA CONAMU BaHAAWA4 [1OYTH
BBOE BbILUE, UeM COISIMU V> U nouTu BUETBEPO BbILLEC, YeM cossMu V2. B voHe
BaHaguja NpUCYTCTBYET ABOWHas cBsA3b V=0 (0,155— 0,168 Hm), koTopasi 3nauu-
TeJIbHO KOPO4€ OfUHAPHOU CBSA3U (~ 0,23 HMm).

HMuarpamma MoneKynsipHbiX opbutaieit* vona [VO(H,0)s]** npencrasiena Ha puc. 3.9, a.
B oGpasosanun cBsizeit yuacrByior 3d-, 4s-, 4p-opbutany atoma BaHanus, 2s- u 2p-opbura-
7N aToMa KMUCJ0pOIa OKCOrpyTibl U CMELLIAHHBIE sp>-rubpHUAHBIE OPOUTAIHN aTOMOB KHMCIIO-
pofia MOJieKyl BOAbl. OpOuTaH p,, p, aTOMa KUCAOPOIA OKCOrPYIIIbl Y4aCTBYIOT B 06paso-
BaHuW NBYX T-CBSI3eH C d-, d,~OopbnuTansamu atoMa Banaausa. U3 16 aToMHbIX op6UTaIeil
00pasyiotest 16 MONEKyNAPHBIX OPOUTANIEN, IUECTh U3 KOTOPhIX TONAPHO BBIPOXIEHBI (000-
3HaueHbl €). Kondurypauns monekyaspubix opbutaneil umeer sun afaibiedaietbl. Dnexr-
POHBI paCNONAraloTCs Ha CBA3bIBAIOINX MOJIEKYJISI PHBIX OPOUTAIAX, JIOKAIN30BaHHbIX MTPEH-
MYUIECTBEHHO Ha aTOMax KHUCJI0poJa.

B anexrponHom cnekrpe naHHOro nona (puc. 3.9, 6) NPUCYTCTBYIOT ABE M10JOCHI, COOT-
BETCTBYIOILME NEKTPOHHBIM Tlepexonam b, — e* (13000 ecm™') n b, — by* (16000 cm™).
MIMEHHO OHM M OBYCIOBINBAIOT CHHIOID OKPACKy pacTBOpOB cojieil BaHaaua.

Bosunkaer Bonpoc, noyemy MOHBI BaHaaWa He OGBEAMHSAIOTCS B JUMEDHI, TpUMeEphI
W T.4., KaK 3TO MPOUCXONNT B BOAHBIX PacTBOPax CONeil TUTaHWAA. DTO OOBACHAETCH TeM,
YTO 3Heprusi 3d-opbuTtaneit TMTaHa CyLUECTBEHHO BbILIE SHEPTUM 3d-0pOUTAICH BaHALWsA.
[Mostomy aaekTpoHHas NAOTHOCTb cBsi3sn M=O B cllyyae TUTaHa ropa3io CHIbHEE CMELLEHA

* Ballhausen C.J., Gray H. B. // Inorg. Chem. — 1962. — V. I. — P. 111.
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Puc. 3.9. inarpaMma MoJeKyasipHbix op6u-

‘ L -, Tanei noxa [VO(H,0);5]*" (a); sneKTpoHHbI#H
10000 15000 20000 £, cm CTEKTp BOJHOTO pacTBopa cyjbdara paHa-
6 auna (6)

K aTOMy KHUCJIopoJa, T.€. CBsA3b 6oJiee NoJisipHa, a Cle0oBaTENbHO, U Jierye NMpoTOHUPYETCS:
(Ti=0)* + H* - (Ti—OH)*.

B kpuctannoruaparax cojieil BaHaaufa, Kak MpaBMjo, [PUCYTCTBYIOT W30JMPOBAHHbIE
MOHbBI BaHanuiaa, umeroure GopMy OKTasapa WM KBagpaTHON MUPaMUbl C OJHOH YKOpO-
yeHHo# ¢BA3bl V=0. Takoe cTrpoeHue, Hanpumep, umeeT cyibdar VOSO,- 3H,0, Bbiae-
JIAIOUIMHACS W3 rOopsAYMX BOAHBIX PacTBOPOB B BUAE KPUCTANIOB HeGeCHO-rosiyboro nsera
(puc. 3.10). MaruutHbIit MoMeHT (L = 1,72 M. B.) COOTBETCTBYET OJHOMY HECTIAPEHHOMY
3JIEKTPOHY.

[Tpun HarpeBanun no 280 °C kpucTanibl 06€3BOXUBAIOTCS, [IPEBPAILASACH B CBETIO-3€/1€-
HbIi nopouiok o-VOSQ,, Xopoillo paCTBOpUMbIH B Boae*. B ero crpykrype coxpaHsiorcs
noHbl [V=0]*, auwb c1abo B3anMoAeHcTBYOLME ApYr C apyrom: V=0:-V=0"-

ITpn HarpeBaHMM KpHUCTAIIOrUIPATA C KOHUEHTPUPOBAHHON CepHOM KUCIOTON 0Bpasy-
eTcsa apyrasa nonumopdHasa moandukauus cynbdara saHaguna B-VOSO,, B Kotopoit pea-

* Longo J.M., Arnort R.J. // ). Solid State Chem. — 1970. — V. 1. — P. 394,
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JM3y10TCs 3ursaroobpasuele uenu —V—0—V—O— nono6Hble LENsAM B COAAX TUTAHWIA.
DTO BEUIECTBO NO OKPACKE HAMOMMHAET oi-(POPMY, HO B OTIMUME OT HEE He pacTBOpPUMO B
sozte. Ionnmopduriit nepexon B-VOSO4 — a-VOSO, nponcxomur Mpy HarpeBaHUM C He-
60JIbILIMM KOJAHYECTBOM BOJIbI.

Conu BaHaauia nojyyaloT BOCCTAHOBJIEHMEM BAHAIMEBOTO AHIMAPHAA B KHC-
JIOM pacCTBOpE 3THJIOBBIM CIIMPTOM, ILABEJICBOI KMCIIOTOM, COJISIHON KHMCJOTOIA,
CEPHUCTBIM ra3oM, THOCYJIb(hATOM, POAAHHIOM M Ap.:

V205 + HzSO4 + SOz = 2VOSO4 + H20

Cyabbar BaHagmna obpasyeTcsl TakKe NPH UIMTEIbHOM KHISUEHUH OKCUIa

BaHAnMsA(V) C KOHLEHTPHUPOBAHHOW CEPHOI KUCIOTOIA:
V205 + 2H2804(K0HU..) = 2VOSO4 + l/zOzT + 2H20
Npy HarpeBaHUM BaHanaToB(V) € I'MAPa3sMHOM B CEPHOKMCIIOM pAacTBOpE:
4VO3_ + N2H4 + 12H* = 4V02+ + NQT + 8H20

WX NIpY BOCCTAHOBJICHHU MOAKMCIEHHbIX paCTBOPOB BaHanaToB(V) cosimu meau(l),
xenesa(ll). :

OdeHb yIOGHBIM METONOM CHHTE3a CYXHT COMpPOTOPUMOHUPOBAHUE MPOM3IBOIHEIX
BaHanus(V) u BaHanma(1ll) B pacTBopax (6bicTpas peakumus NepBoro nopsiaka) Win B TBEp-
oM cocrosiHuK. Tlomumo sToro nponssoatsie BaHaaus (V) CHHTE3UPYIOT OKUCAEHHEM CO-
enndenuit V(I), Hanpumep:

V203 + HzSCO4 = 2\/02 + HQSCO3

Y ganee
2V,0; + H,Se0; = 4VO, + Se + H,0
100+
VOSO; - 3H,0
1%
§ 66,5°C
g 50+
2 VOS0Q, - 5H,0
3
=
ol
@vAs Oo en VOSOy, - 6H,0
-16,3 °C
a _20 1 \x 1
0 50 100 150
Pacteopumoctb, r VOSO4 B 100 r H,0
7]

Puc. 3.10. Cynbgar BaHanuna:
a — crpoenue VOSO,-3H,0; 6 — KkpuBas pacTBOPUMOCTH VOSO, B Boe
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B ci1abokuc.ioil, HEHTpabHOW U LUEIOUHOW Cpeax CoJM BaHalujia MOTYT OblTh
OKHCJIeHbl 10 okcuaa BaHanus(V) wiu BaHaaatoB(V):

10VOSO, + 2KMnO, + (7 + 51)H,0 = 5V,05- nH,0 + 2MnSO, + K>SO, + 7H,S0,
2VOSO4 + Nazoz + 8N30H = 2N33VO4 + 2Nast4 + 4H2O
2VOSO4 + HzSOS + (2 + n)H20 = V205' nH20 + 3stO4

N3 bocdhopomMonndbaaToB B LEI0YHON cpene COM BaHaau1a BbIACISAIOT OCANOK
MOJIMOICHOBOW CUHU (CM. [J1. 4). :

B TO XXe Bpemsi neficTBUEM BOCCTAHOBUTEJEH (rMapa3svHa, METAILIMUECKOIO ce-
pebpa, ruapokcusaMrHa M fp.) coeguHeHus BaHagua(lV) mepeBogsT B mpous-
BOJHbIE BaHANUS HU3LIUX CTCNICHEH OKUCEHMUS.

BonHbiit pacreop VOSO, BciieacTBUE MUApOIM3a UMEET KUCHYIO peakuuio. On-
HaKO CTeNeHb I'MApPOJIU3a HE3HAUMTENbHA, /151 TOAABJICHUS THAPOJM3a JOCTATOUHO
0,02 M H,SO,. Ipu B3aumoaeiictern VO** ¢ voHamu OH™ B cootHowenuu 1: 1
obpasyercst VO(OH)*. Tlpu panbHeiieMm pobasieHud voHos OH- Bbimanaer Ko-
puuHeBblid ocagok ruapokcuaa VO(OH),. OcaxaeHue 3akaHuuBaercs npu pH 4,5.
Oxkcorunpokcuabl BaHaaus(1V) HaiineHbl B NpUpoae B BUAE MUHEPATIOB: KOPUUHE-
Boro nytrroHuta VO(OH), u uepHoro ponopecuta V;04(OH), (v 3VO,- 2H,0).
Kpucrammmueckuit VO(OH), coctout u3 okrasapos [VOg], coeguHEHHbIX MEXIY
co0oit B uenu (puc. 3.11). Tlpu remneparype 200 °C oH nepexoguT B HOJYTUapAT
2VO;- H,0, a npu 250°C — B 6e3BonHblit okcua VO,. B u306biTKE 1He10ud (Npu
pH > 9) ocanok pactBopsieTcsi ¢ 06pa30BAHHEM XKEJITO-KOPUUHEBLIX PAaCTBOPOB,
copepXallux pasjanuHble BaHaaaT(IV)-uoHbl.

Bananarsi(1V), unu BaHamuThl, MPEeaCTABAAIOT cOBOIl BeneCTBA KOPUUYHEBOIO
LBETA, YCTOWUUBbIC B IIEIOUHON CPEAEC U JIErKO OKMCIsIomMecss Ha Bo3gyxe. OHHu
00pa3yloTcs MNpHU no0aBJCHUN LIENOUM K OCAAKY I'MAPOKCHAA OKcoBaHaaus(1V):

I8VO(OH), + 12KOH = K,,V,s04, + 24H,0

Puc. 3.11. CrpoeHue okcormapokcuia Puc. 3.12. Ctpoenne nona [ V,50,,]'>, yctoit-
VO(OH), YUBOTO B BOAHBIX pacTBOpax BaHanatos(lV)
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XoTs paHee B yueOHO# nuTeparype ObUIO NIPUHATO 3alMCLIBATb COCTAB BbIAESIOLIMXCSA
M3 TaKHUX PaCTBOPOB KPUCTATUYECKHUX COAEH LIETOYHBIX METAJLIOB B BUe TeTpaBaHanaTos(1V)
M,V,04- 7TH,0, uccrnenosaHusl NOCACIHUX ABANLATH JIET NOKA3aliM, YTO OOMBbLIMHCTBO K3
HUX UMeeT npocteiilyto dopMyny «M,V;0;. nH,0». Conn, KpUCTALIN3YIOIMECS U3 BOI-
HBIX PacTBOPOB, COMEPXAT NONUsAEPHbIE OKCOaHUOHBI [V 30,,]'7, 06pa3oBaHHble KBaapaT-
HbIMH niupamuaaMu [VOs], coemMHEHHBIMU peGpaMK U BepLIMHAMU B 3aMKHYTYIO chepu-
yeckyto obosiouky (puc. 3.12). Takue MOHBI CylIECTBYIOT M B LUEJOUYHBIX PacTBOpax NpH
pH 9—13. CnonasneHueM QMOKCHMIa BaHaaus ¢ MMAPOKCHUAAMH WIM OKCUAAMM aKTHBHBIX

6

Puc. 3.13. CrpoeHue BaHanaTtoB(IV), Noay4eHHBIX CIAABAEHUEM:
a — CaV3O7; 6 — CaV409
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MeTa/IOB nody4yalT BaHaaatuli(IV) pasHoro coctaBa. Hanpumep, mis KanabLius OMUC bl
BaHanatel(1V) CaV;0,, CaV,0,, CaVO;, CaV,0s. B ux CTpyKTypax HET OTAeNbHBIX M/EOB
BaHanata(lV): OHM COCTOAT U3 KBafPaTHBIX NUpamua [VOs], coefmHe HHbIX OBGLLUMU peo}.a-
MH B clion (puc. 3.13). AToMbl KajibLusi 3aHUMAIOT MyCTOTHl MeXay ClosiMU. MHO' ue
BaHaaathi(1V) ABYyXBaJeHTHbIX METAMIOB coctaBa MVO; MMEIOT CTPYKTYPY NEPOBCKUTA

Hnsa BaHanusi(1V) xapakTepHo o6pazoBaHHe KOMILIEKCHBIX COeMMHeHHIH C KUC-
JIOPOLAOHOPHBIMU U A30TAOHOPHBLIMM JIMIaHAaMU. B GONbUIMHCTBE U3 HUX, HATIPHU-
mep B umanunze coctasa K,[VO(CN),], okcanare K,[VO(C,0,),] 1 auetnnaueroHare
VO(acac),, npucyTcTByeT cBsizb V=O0, aHalOorM4yHasl HaiIeHHOI B CONSIX BAHAAMUNA.

Ilpu B3aMMoOnEiCTBUM C LIMAHUIAMHM CHAayajla BLIMAAAeT Cepblil 0CanoK:
VOSO, + 2KCN = VO(CN),! + K,580,

PacTBOPAOLIMIACH B M30bITKE LUAHUAA ¢ 00pa3oBaHUEM HECTabMABHOIO KoMILIEKCa
K4[VO(CN)g]. Ipu cTexnoMeTpuueckux cooTHowueHUsx pearentoB Ky[Fe(CN)¢] naet cerio-
seneHbii ocanok (VO),[Fe(CN)g], a Ks[Fe(CN)¢] — xento-3eneHblii ocanoK MBOWHHON COMU:

VOSO4 + K3[FC(CN)6] = (VO)K[FC(CN)G] + KzSO4

Yucno komnnekcos BaHanusA(IV), He conepxaiunx cBasu V=0, KpaiiHe orpa-
HuyeHo. X CHHTE3 MpOBOAAT 371EKTPOXMUMHUECKUM OKHUCIEHUEM COCIMHEH Ui
Banaausa(l1l) B HeBOOHOI cpene WU B3aUMOINEHACTBMEM OKCOBAHANMEBBIX KOMII-
JIEKCOB C XJIOPUCTBIM THOHUWJIOM.

ITosiyueHbl OKCOTMIPOKCUIb BaHAAUS CO CMEIUAHHBIMU CTECNEHAMU OKHUCIAeHUs +4, +5.
Ipu neiicteum Ha okcua V,05 BOTOPOIOM B MOMEHT BbiAENEHUs BbINANAET 3MCHBIA TMAPOK-
Cujl, NpeBpaIlallIMiCs B YUepHbIH napaMarHUTHbIA MopoloK V¢0,3;(OH),- SH,0. IMpu na-
rpeBaHHUM OH paszjiaraeTcs:

VsO013(OH), = VO3 + H,0 + ' /,0,
V60,3 =6VO, + '/,0,

Coeannennsi Banag=a(V)

Bhiciias crenenb oKuceHUst BaHaIusi HanboJjlee yCTONUMBA B LLIEJOYHOI Cpeje.
B wenounom pactBope npUCyTCTBYIOT pa3HOOOPA3HbIE OKCOAHMOHBI, COCTAB KOTO-
PbIX 3aBUCHUT OT KOHLEHTpaMu BaHaaust ¥ pH cpenbl. YnpoweHHas nnarpamma pas-
HbIX MOHHbIX (POPM npuBeaeHa Ha puc. 3.14. B cuibHowenouHoii cpeae npu pH > 13
npeobanaloT MOHOMEpHbIE OpTOBaHagar-uoHbl VO3, npeacrasisioude coGoii
NpaBWIbHbIE TeTPasapbl. MM COOTBETCTBYIOT TBEpAbie OPTOBAHALATbI, HANPUMED
Na;VO,, Cu3(VO,),, KOTOpbIE H30CTPYKTYPHBI aHANOTMYHBIM opTodocdaram. Tpu
noHuxeHuyn pH npoucxoauT NpoTOHMPOBaHME OPTOBAHANATA!

VOj + H,0 = HVO? + OH~; K = 10~
C nocaeayrouuum O6LCH,I/IHCHI/ICM OTACJAbHLIX TETPA3APOB CHayaiaa B JUMEDPDI:
2HVO} = V,0# + H,0: K = 47.8,
3aTEM B UHUKIUYECKHUE WU JTUHEUHDbIE OKCOAHHUOHDI:
2V,04 + 2H,0 == V,0% + 40H"

OHM BXOZAT B COCTAB Pa3HbIX MeTaBaHanaToB. Tak, B 3aBUCMMOCTH oT pH u3
BOJHbIX PAaCTBOPOB BaHaaarta(V) HaTpUst MOTYT ObITb OCaXIeHbl OpTOBaHanaT Ag;VO,
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lgC V0% VsOl V0%
‘V205-HH20 1028 5 {4 Y10

0
4—
HV 4033
-2
-3
VO4_
4 HVO:~
-5 H,VO;
-6 11 1 i ¢ !
4 6 8 10 12 14 pH

Puc. 3.14. Inarpamma coctosiHusi BaHaaua(V) B BOZHBLIX pacTBOPax B KOOPAMHATax JOra-
pupm MonapHoii koHueHTpanuu (C) BaHanua — pH (], CJ — o6nactu cyuiecTBOBaHUsA
(hOpM ¢ KOOpIUHATIMOHHBIM YMcIOM BaHamusi(V), paBHBIM 4 U 6 COOTBETCTBEHHO)

(pH 5,8—6,5), auBananar Ag,V,0;, (pH 5,5—5,8) u meraBaHanar AgVO; (pH 4,5).
Bce 3T BewectBa M 0oOpa3yiolliMe UX BaHanaT-MOHbLL OecuBeTHb. B kpuctaminye-
CKOH peuleTke OpToBaHanaaToOB NPUCYTCTBYIOT U30AUPOBAHHbBIE OPTOBAHANAT-HOHDI,
[peacTaBiasonMe coboil npaBuabHble TETPasaApbl. JMBAHANATDHI, 4acTo MO aHaNO-
run ¢ dpocaTaMu HaszbiBaeMble MUPOBAHANATAMM, COAEPXAT MOHBLI V.04, cocTo-
AllMe U3 ABYX TETPAa3ApPOB, CBI3aHHbIX 00Eeld BepiinHoi. Hu B ogHOM M3 6e3Bo-
HbIX METaBAHANAaTOB HE OOHAapyXeH MOH VO3: OHM copepXar 6eCKOHEUHbIE LIEMNH U3
TeTpasnpoB [VO,], coenuHeHHbIX 0OIMMH aTOMAMU KUCIopoaa. B teTpaMeTaBana-
Jax YETbIPE TAKUX TeTpas3apa OObEIMHSIOTCH B UMKIMYECKUA MoH V,0/5. UMeHHo
3TOT MOH NpeobianaeT B BOAHbIX pacTBopax BaHanaToB(V) npu pH 8— 10 u koH-
ueHTpauMu BaHaaus Boime 0,01 Monb/m.

CxoaHble npolecchl NPOTeKanT B BOAHBIX pacTBopax oprodocharos. O pou-
CTBEHHOCTH CTpoeHUs opTodocdar- 1 OpToBaHANAT-HOHOB CBUACTENLCTBYET HAKT
0o0pazoBaHus cMetlaHHOro okeuaa VPOs pu HarpeBaHMKM CTEXHOMETPUYECKON CMECH
opTohOCPOPHON KUCIOTHI M BaHAAMEBOTO aHruapuaa. M3 BogHoro pactBopa oH
BbLAESIETCS B BUIIE JUTHAPAaTa CBETI0-XKEJITOro [1BETa.

B otnnume ot docdopa ps BaHagus B BOAHBIX pACTBOPAX XapaKTEPHO KOOpP-
JMHAUMOHHOE YHACIO UIecTb. [103TOMY NPH Olpeaes e HHbIX YCAOBUSAX TETPA3IPbI
[VO,], nepBoHayanbHO CBsI3aHHbIE OOLIMMH BEpLUMHAMHM B METABAHANAT-HMOHbI,
[IPEBPALIAIOTCA B OKTA3APbI, KOTOPblE OOBEAUHSIIOTCS APYT C APYIOM B NOJUSAEP-
Hble OKCOaHUOHBL. M3 HUX Hauboee N3BeCTeH AeKaBaHanaT, YCTOMYUBBIA B MHTED-
Bane pH 2—7:

10[H2VO4]_ + 6H* (:_> [H2V10028]4v + 12H20, K= 6,3 . 1061.
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Puc. 3.15. CtpoeHue noHa nexkaBaHagata:

a — crpykrypa [V jOx]®; 6 — npeacraneHne nona [V,055]® B Buae noansapos (aecsith OKTAAPOB
coeauHeHbl OOLMMU pedpaMu; OBa OKTa3apa He BUaHbBI)

PacTtBopbI, conepxauime 3TOT MOH, a TAKXKE W TBEPAbIE IEKABAHANAThi SPKO-
opaHKeBble.

JBUXyLIEi CUION NOTUKOHACHCALMH, ¢ OHOW CTOPOHBI, SIBASETCS BO3PACTAHUE SHTPO-
NUKU B pe3ynbTaTe 00pa3oBaHKsA OOJIBLUIOTO YKUCAa MOJNEKYA BOAB, C APYToil — yNpoOuHEHUE
cBszeit V—O—V 3a cuer p,—d,-nepekpbiBaHUsl, OCOOEHHO CUJIbHO NPOSIBASIOLICIOCH NpH
3aMBIKaHUM LIMKJIOB. TakuM 06pa3oM, B pacTBOpax MpeodnagaloT HUKIMYecKUe MOHB. Tpu-
BaHaIaT-UOHbI OKa3bIBAIOTCS HEYCTOMYMBBIMU B PAcTBOPax M3-3a HeGAaronpusTHHIX 3Hauve-
HUi yrnoB V—O—V B UMKIIMUECKHUX TPUMEPaX, a NEHTaBaHagaThl — M0 CTaTUCTHYECKUM
NnpUUUHamM*.

M3yueHO 60J1blIOE 4MCIO 1€KABAHAAATOB PA3HbIX METALUIOB, OTAENbHbIE U3 KO-
TOpbIX, Hanpumep nackout Ca;V,)Oy- 17H,0, BCTpewaioTcss B npupone B BUIE
munepanos. MoH V,;O5 cocTour u3 necsitu okTasnpos [VOg], coeamHEHHbIX 06-
lMMK pebpamu. B ero ocHOBe j1eXaT Tpu napbl OKTa3ApOB, 06Pa3yOLIUX ETHUHbI
CJIOM, K KOTOPOMY CBEPXY M CHM3Y MPUMbBIKAIOT €€ 10 Nape OKTa3[pPOB, COUIe-
HEHHBIX 00uIMMH pedpaMu. B pesyibTaTe 3TOro0 BO3HMKAET KOMITAKTHAsT BbICOKO-
CUMMeTpHUHas CTpyKTypa (puc. 3.15). JlekaBaHagaT-uoOH M APyrue NOIMOKCOAHHUO-
Hbl MEPEXONHDBIX METAUIOB (MOJIMOKCOMETAIIATDI), CTPYKTYPA KOTOPbIX COCTOUT U3
okTasnpoB [MOg], coennHeHHbIX OOLIMMHU peGpaMu WM TPAHSMH, HA3bIBAIOT U30-
noauanuonamu, a OOPa3OBAHHBLIE UMM COJIM — UIONOAUCOCOUHCHUAMU.

KoopanHauMoHHOe YHCIO 1IECTh XapaKTEPHO TAKXKE A5l TMIPATOB MeTaBaHana-
ToB, Hanpumep KVO;- H,0, Ca(VO;),- 2H,0, B CTpYKTYpe KOTOPbIX OGHAPYXKEHbI
CUIbHO nehOpMUpPOBaHHble OKTadaApbl [VOq4], coenMHEHHbIE OOLMMHU peGpamMu B
OeckoHedyHbie uenu (puc. 3.16). B obpasylowmxcs npu CrulaBieHUM OKCHaa
BaHanus(V) ¢ wenodammn Tpu- (KV3;05) M nenraBanapatax (K;V,0,,) npucyr-
CTBYIOT 1MOO OTHENbHBIE aHUOHBL (puUc. 3.16, a, 6), 1MBO CI0M U3 COWIEHEHHBIX
O6LIMMHU pedpamMy OKTadIpOB WM MUPAMUA. AHATOTHUHBIE UM U3ONOIUAHUOHBI B

* Von Tytko K. H., Mehmke J. // Z. Anorg. Allg. Chem. — 1983. — Bd. 503. — S. 67.
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Puc. 3.16. Crpoenue nona V,04 (a) B NayV,0-; ona V3075 (6) B NasV;0,,; noaumepHoro
aHuoHa B KVO;- H,0 (8) 1 KVO; (e)

BOJIHbIX PACTBOPAX He HailieHbl. B HEKOTOPbIX Ge3BOAHbIX METABaHanaTax CopepKar-
¢ uoHbl (VO4)/~, npeacrapisiioniue COO00M UeNU U3 TeTPa3apoB, COeAUHEHHbIX
o0lInuMu BepuimHaMu (puc. 3.16, ¢), kak B Metadocdarax.

MeTaBaHanat HaTpusi MOXET ObITb MOJAY4EeH TpH B3aUMOAECHCTBUM XJ10pHaa HATpHUsA C
okcuyoM BaHaausi(V) U KUCAOPOAOM:

!
2NaCl + V,05 + 140, = 2NavO, + Cl,

O0pa3yo1uancst Colb pearupyeT ¢ aMMHUaKoM UM YIJIEKUCAbIM Ta30M aHaJOTMYHO XJIOpH-
Iy HaTpusA:

NaVO; + NH; + CO, + H,0 = NH,VO;l + NaHCO;
!
INH,VO; = 2NH; + V,05 + H,0

TpeuoxXeHo Ucnonb30BaTh AAHHBI METO VISt NOAYYeHUA coabl. B oTanuue ot cranaapt-
HO#t TexHonorndeckoii cxembl Conbge (CM. T. 2, €. 42) 3T0 no3possieT u3bexars 00pa3oBaHUs
COJIEBBIX OTXOAOB, COCTOSIIUMX M3 XJIOpUAA KaJbUMA U HEMpopearupoBaBlleil 10 KOHLa 1no-
BapeHHOW coau*.

[Tpy nonuxenuu pH nekaBaHanar-uoH NOCTENEHHO NPOTOHUPYETCS, [IPH ITOM
HEKOTOPbIE 4TOMbl KUCHOpPOad, CBSI3aHHble C BaHaguMeM, NpPeBpaulaloTCs B
OH-rpynnsi;

V(0% + H* == [(HO)V,(0y]>; K =8,7- 105
[(HO)V 004> + H* == [(HO),V,¢0]*; K= 2,2-10%
[To Mepe yBeMUeHUs YUCHa THAPOKCOrPYI B 3TUX YaCTULAX UX YCTOMUMBOCTb
M 3apsi YMEHbIIAIOTCS: OTAebHbIE TeKaBaHaaT-MOHbl HAYMHAIOT B3aMMOACHCTBO-
Barb Mexay coboii, oOpasys AeHTbl U3 CBSI3aHHbBIX IPYT C JPYTOM OOuIMMH pebpaMu

(«KOHIEHCUPOBaHHbIX») OKTa’npoB [VO,]. Kaxnas Ttakas JeHTa COCTOUT U3 JBOM-
HOTO €101 OKTarapoB [VOg], LEHTPbl KOTOPIX PACHONOXEHH Ha paccTosiHun 0,28 HM

* Trypuc M., Biatowicz K., Mazurek K. // Ind. Eng. Chem. Res. — 2001. — V. 40, — P. 731.
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0,116 um

Puc. 3.17. CTpoeHHe rHApaTUpOBAHHOIO OKCHa BaHanus (V)

Ipyr ot Apyra*. Mexay C10SMH BHEAPSIIOTCS MOJIEKYJIbl BOAbL, IPUBOASLIME BCICI~
CTBUE BbICOKOH NOJISIPHOCTH B3 V—OH K KUCIOTHON Juccouuannu:

V—OH + H20 <:') V-0~ + 1’130+

O6pa3oBaBLIMECS] COEAMHEHMSI, YCIIOBHO HA3bIBAEMbIE BAHANMEBLIMU KUCIOTA-
MH, JIETKO 0OpasyIoT KOJUIOMAHbIE PACTBOPbLI, YTO NPENATCTBYET BbIACIECHUIO UX B
TBEPAOM Buie. TBepablii rMAPATUPOBAHHBLIA OKCUA BaHanusa(V) yaaeTcs ocaauThb
JIMUIb U3 JOCTATOYHO KOHUEHTPUPOBAHHBLIX PACTBOPOB B BUJE LIEJIOTO PALd COEqM -
HEHH A, OTIIMYAIOMXCA CTENEHbIo ruaparaunn (puc. 3.17). Co BpeMeHeM 0canoK
4acTo CaMOINPOMU3BOJILHO PACTBOPSIETCS, 0Opa3ysi 30J1b. YCTOWYMBBLIE SIPKO OKpa-
LICHHBIE 30JIM MOTYT ObITh NOJYYE€HbI TAKXKE MPH BIAMBAHUHN PACIUIABJIEHHOTO BAHA-
JNMeBOro aHruApKAA B Boay. biaroaaps BO3MOXHOCTH 06PATUMOrO BBEJCHUS MOHOB
JIUTUS B CIIOUCTYIO CTPYKTYpY Tejied, o0pa3ylomuxcs npud Koaryiasyuu 3oJieit
V;0s- nH,0, Kceporenu (T.€. reju, BbICYIIEHHbIC HA BO3AYyXe) BaHAnaTOB MPELIO-
XEHO MCNOJb30BATh B KAYECTBE KATOAHBIX MATEPUAIOB B JIMTHEBLIX aKKYMYJISITOPAx
(cM. 1. 2, 1. 2).

B o6nactn Huskux koHueHTpaunit (Menee 0,001 mosib/a) BaHaausi(V) B BOJHOM pacTBO-
pe nocTereHHoe NPOTOHMPOBAaHME OPTOBAHANAT-HOHA NMPUBOIUT K OOpa30BaHMIO OPTOBA-
HanneBo#l kucaothl H3VO,- 2H,0 unn VO(OH);(H,0),, n3BecTHO# AuLIb B CUILHO pa3bas-

* Boaxoe B.JI., 3axapoea I. C., bondapenxa B. M. // Kceporenu npocTblX # CIOXKHbBIX 10JMBAHAAA-
ToB. — ExaTtepuHOypr: Ypaisckoe ora-Hue PAH, 2001,
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JICHHbIX PacTBOpax U YCTOHUMBOW B oueHb y3KOoM MHTepBasiec pH Ha rpaHuue mexny obia-
CTAMM KaTMOHHbIX U aHUOHHbIX (opmM (npumepHo npu pH 3,5):

H HO HO )
s O 2 OH
| (- \I/ ) O§\I//OH
o0 =0 = HO ) 70 — 4o | TOH,
O OH,
(w H—'
vor H,VO; VO(OH),(H;0),

B cunbHOKMCIOM cpene BaHaaUit(V) B BOgHBIX pacTBOpax CyuiecTByeT B hopMe
MOHOSIIEPHBIX KATHOHOB quOKCoBaHanust VOF, HHOrAa Ha3bIBA€MbIX MOHAMM BaHa-
JMHA:

[HyV,00x%]* + 14H* = 10VO; + 8H,0; K= 5,0 10°.

Kentoie pacrBopsl, copepxauiue HoHbl [VO,(H,0),}*, 1ocTaTouHO YCTOHYUBSI,
HO TIpH MOTBITKE BLIICICHHUS TBEPALIX COJCH pa3nararoTcs ¢ o0pa3oBaHUEM TUapa-
TUPOBAHHOTO OKCHAA BaHAOUs(V).

CnekTpaZbHbIMU METOAAMM 0KA3aHO, YTO B FMAPATUPOBAHHOM WOHE BaHaJWHa JBa
aToMa KUCJIOpOoia, COeIMHEHHbIE ¢ aTOMOM BaHAJMs MBOHON CBA3bBIO, HAXOMATCA B KUC-TO-
JIOKEHUM Jpyr K apyry. B cpeae KOHUEHTPUPOBAHHbBIX CEPHOM M XJIOPHOH KMCJIOT HOHBI
JIMOKCOBaHAMUsl 00pa3yloT AUMEpbI:

2[VO,(H,0)4]* + 2H* = [V,05(H,0)]* + H,0

NpUaarLIMe pacTBopaM TeMHO-KpacHblil 1iBeT*. B 13— 16 M pacrBope H,SO, oHu nonume-
pu3yloTCsl B AMHHbIE 11entH [O=V—0—(V—0),—V=0]3"4

W3 BOAHBIX pacTBOPOB TBEPAblE COJAU TMOKCOBAHAAMS He BblaesieHbl. Ux nosiyyaior TBep-
nogasHo. Hanpumep, npu cruiaBieHUd okcuaa sananus (V) ¢ nupocyibdarom tesus Cs,S,0;
B arMocdepe Kucaopona (g NpeaoTBpalie HUSl BOCCTaHOBJIEHUS! BaHAINA) NOJIYYeHbl KpU-
crannbl CsVO,S0,**. B oTcyTCcTBHE MOHOB HIEJIOYHOTO MeTa/la oopasyercs cofib V,03(50,),.
B obGoux BenecTBax NpUCYTCTBYIOT LIENOUYKH U3 aTOMOB BaHaaMsl, CBSI3aHHbIX APYT C APYrOM
aTOMaMH KHUCJIOPOAa U MOCTUKOBBIMM CYAb(aTHLIMU Ipynnamu.

B coenuHenuun Cs[VO,(NO;),], nosyueHHOM B3auMoOmeilCTBUeM BaHaaMsl C abIMSALLEH
a30THOH KUCAOTOH B MPUCYTCTBMU HUTpaTa Lie3usl, aTOMbl BaHanus Takxke o0pasyloT uenu
+—0—V(=0)—~0—V(=0)—--, a MOHOICHTaTHbIC HUTPATHbIE IPYIIibl JOMOAHAIT KOOP-
JUHAUMOHHOE YUCO MeTaia JO S***,

be3ponHbI HUTpAT guoKcoBaHanus(V) noay4yaloT OKMCACHHUEM METAIMYECKO-
ro BaHaaUsl JUOKCUIOM a30Ta B ALICTOHUTPUIIE:

V+ 2N204 = V02N03 + 3NO

ITpoayKT peakiuuu npeacTaBiaseT Co00i KUPMUYHO-KPACHBII MOPOLIOK, pasa-
rarouics Bogoii. Ilpu geiicTBMM Ha BLICLIMI OKCKHA BaHAANUST a30THOTO aHTUAPUIA

* Madic C., Begun G. M. // Inorg. Chem. — 1984. — V. 23. — P. 469.

** Rasmussen S. B., Boghosian S., Nielsen K. et al. // Inorg. Chem. — 2004. — V. 43. — P. 3697.

*#* JlanHble npenoctasieHsl /1. B. Manamapuykom v U. B.Mopo3osbiM (xuMudeckuit (paky/ibTeT
MTY um. M. B. JlomoHocoBa).
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Puc. 3.18. ConepxaHue pa3HbIX KATUOHHBIX U aHHOHHBIX (opM BaHanua B 0,1 M pacTtBope
B 3aBUCHUMOCTH OT pH:
1—VO5; 2— V0u(OH)3; 3 — V,00(OH)* 5 4 — V)05 5 — V,0i%7; 6 — V,0,(0H)3~; 7 — V,04;
8 — VO,(OH)*-; 9 — VO;-

obpa3syeTcs TPMHUTPAT OKCOBAHamUsA(V)* — XeaTask XUIKOCTb, KPUCTALIM3YIOLLA-
scs nipu Temneparype 2 °C:

V205 + 3N205 = 2VO(NO3)3

OTO BELIECTBO MOXET ObITH TAKXKE IMOJNY4EHO B3AUMOIEICTBUEM BaHAmUsl C jbl-
MsILLEA a30THOM KUCIOTOM. 10 naHHBIM 31eKTpoHHOI arudpakunn U MHpaKpac-
Ho# criekTpockonuu coeauHenne VO(NQO;3); MMeeT MOJIEKYISIPHOE CTPOEHUE KAK B
rnape, Tak 1 B XXUIKO# ¢ase. B npucyTcTBIM C1e10B BJIard TPHHUTPAT OKCcoBaHaaus(V)
rugponusyercs. CpenHuil HuTpar BaHaausi(V) HEM3BECTEH,

M3yuenmne kaTHOHHbBIX HOPM BaHAAMS B CUJABHOKMCIBIX CPEAAX METOIOM CIEKT-
POCKOIMU A1EPHOrO MATHUTHOTO pe3oHaHca Ha sinpax "N nokasano Haauuue pas-
HOBECHIA:

H,0 H,0 H,0
VO(NO3)3 pra— V203(NO3)4 pam— VOZNO3 pam— V205'XH20
HNO, HNO, HNO,

Takum o6pa3oM, npu MeUIEHHOM MNOAKHUCIEHWH PAacTBOPa OPTOBAHAanaTa OK-
packa MmoOCTerneHHO M3MEHAETC OT OeCUBETHOW (OpPTOBaHAamaTbl, METABAHAAATHI)
IO OPAaHXEBOM (A€KaBaHANaTbl U APYTHE H30MNOJHAHUOHBI), OPAaHXEBO-KPACHOM
(KOJUTOMIHBIA PacTBOP TMAPaTUPOBAHHOTO V,0s) U, HAKOHEL, XENTOH — Xapak-
TEPHOM 111 KATUOHHbIX OkcodopM BaHanusi(V). [uarpamma pacnpeneaeHusl MoH-
HbIX popM BaHanusA(V) B BOAHBIX PACTBOPAX MPU pasHblx 3HayeHUsix pH npeacras-
JieHa Ha puc. 3.18.

Banapgatsl 1e109HbIX METALIOB XOPOLLUO PACTBOPUMbI B BOJIE, NP 100aBACHHH
B TAKOW pacTBOP TBEPAOrO XJOPUIA AMMOHHS B IPUCYTCTBUM aMMHAKA OCAXKIACTCS
GecupeTHblii MeTaBaHanaT NH,VOs, TpyaHO pacTBOPUMBIil B HACBILIEHHBIX PACTBO-
pax aMMOHMHbIX conteit. Monbl menun(1l) no3Boasitor pasnuunts pacTBopbl OpTO- U

* Cuntesbl HeopraHudeckux coeanHeHunit / Ion pen. Y. Axoaan. — M.: Mup, 1966. — T. 1. —
C. 178.

138



meraBaHanaToB. C OpToBaHAgaTaMM OHM JAlOT CUHEBATO-3e/EHbII, 4 ¢ MeTaBaHana-
TaMu — SI0JAOUHO-3€MEHBIN OCALOK.

ITon neiicTBMEM BOCCTAHOBUTENEH BOLHbIE PACTBOPH U PACIUIABLI BAHARATOB(V)
NepeXonsiT B COeAMHEHHUsI BaHaAMsI HU3IIMX CTeNEHEN okUcaeHUs. B BogHbIX pacTBO-
pax BOCCTAHOBJIEHHE MPOBOMAT B KMCIoW cpene. BoccTaHoBeHME BaHAAaTOB Cepo-
BOJOPOIOM, KOHLIEHTPUPOBAHHON CONSIHON KUCIOTOM, Caxapo30i, 3TAHOJIOM, Cep-
HUCTBHIM Ta30M, Cyjlb(UTAMM, LLUABEIEBOI, BUHHOW M acKOPOMHOBON KHUCIO0TaMU
npu pH ~ 2 Bener kK o6pazoBaHuio KaTMOHOB VO

NagV,yOx + 18H,C,0, = 3Na,C,0, + 10VOC,0, + 10CO,T + 18H,0

Tuocynbharom coenuHeHuss BaHanus(V) TAKXKE BOCCTAHABIMBAKOTCH 10 COJEt
BaHagMIa:

8VO3 + S,0{ + 22H* = 8VO* + 2SO} + 11H,0

Bananarbsl(V) nocreneHHo npeBpalnaloTcsi B Npou3BoaHble BaHagusi(1V) npu
JUIATEIbHOM KMIISYeHHUH UX pacTBOpPoB. O NPOTeKaAHUHU MPOUECCA CBUAETENLCTBYET
MOSIBJIEHUE CUHEN OKPACKH.

HoaucTelit BOnopon B KMC/bIX pacTBopax nepeBoauT BaHanuii(V) B Banaguit(I11):

NaVO; + 3HI + 3HCI = VCl; + I, + Nal + 3H,0

3esieHasi OKpacka pacTBopa, XapaKrepHasi 1Jisi MFOHOB V>*, CTAHOBUTCS 3aMETHOI
Npy yoaleHUd Uoaa KUNSIYEHUEM. AKTUBHBIE METAIbl, TAKHWE KAK LIMHK, ATIOMH-
HMIA, MarHui, KaaMuil, B KACHOU Cpeae MocjeqoBare/ibHO BOCCTaHABIMBAIOT Ba-
Hapat-uoHbl 010 coenuHenunit V(IV), V(III) u, nakoneu, V(1I). [1pu aTom Gecuper-
HbliA pacTBOp (MOHBI VO;~ nan V,0/%) nocienosarenbHo NEPEXOInT B OPaHXEBBIH
(V140%), 3enenslit (cmech V(0% u VO?), cunuit (VO¥), senenslit (V3*) u duo-
aeToBblid (V). PasHble opMbl BaHaausi, yCTOHUMBbBIE B BOMHBIX pacTBOpax, Npei-
crapinensl Ha nuarpamme [Typbe (puc. 3.19).

HenonHoe BocCTaHOBNEHHE BaHANaT-HOHOB MPHMBOAWT K OGPA30BaHUIO MONUALEPHBIX
COCAMHEHUH CO CMCELIAHHBIMU BAJIEHTHOCTSIMU, B KOTOPbLIX aTOMbl BaHaAWd HaxogsTCs B
pa3HbIX CTENEHAX OKWUCAEHMA, HanpuMep +4 U +5, +3 u +4. I'ekcaBaHagaTHHII aHHMOH
[HV3°V;405]* ycroituus npu pH 7,5—8,7. B untepsaie pH 4,0 — 6,4 cyiectsyiotT 6 jeka-
BAHALATOB CO CMELIAHHBIMM CTEMNEHAMU OKUCAEHHUS +4, +5, B KOTOpBHIX OT 2 10 7 aToMOB V*°
3aMmelieHbl Ha aToMbl V. W3 HUX cTabuibHbl ToAbKO [HVF V0|4 1 [HVV#0,,]*. Cume-
wanHble (IV, V) n30noanaHnoHbl 4acTo UMEIOT CIIOXHYIO (DOpMY, HANOMHUHAIOLIYIO Cdepy.
Ilpn o0ny4eHUM CBETOM pPACTBOPOB BaHANAaTOB B METaHOJE NOJAYYEHB M30NOJUMaHHUOHbI*,
BHYTPU KOTOPBIX COAEPXKATCA YaCTHLH CPpaBHUTENbHO HEGOABLIOTO pazMepa, HarnpuMep HOHbI
Cl, CO3¢™ n naxe VO;~ (puc. 3.20):

4V4O|4_7_~ + CO327 + 4CH3OH = [V15036(CO3)]77 + VO};L + 8OH + 4HCHO

[TonobHO aHMOHAM APYTUX KHUCIOPOACOAEPKAILMX KUCAOT BAHAIATHl MOTYT Bbi-
CTynarb B Ka4ecTBe auraiaos. [IpumMepoM Takoro KoMIuieKca CaykKuT TeTpaBaHanaT
mempakuc-(penantponun)aukodansra(ll) [Co,(phen),V,0,,], obpasyowumiics npu
BblAEpKMBAHMU B aBTOKIABE pu Temneparype 140 °C pacrBopoB MeraBaHamara Ka-
Jmsl, HUTpata kobanbra u deHaHTposuHa. KoMmiekc** npencrapisier coboi nu-

* Yamase T., Ohtaka K. //J. Chem. Soc. Dalton Trans. —1994. — P. 2599; Khan M. 1., Yohannes E.,
Doedens R.J. // Inorg. Chem. — 2003. — V. 42, — P. 3125, .
** Kuscera R.. Gyepes R., Zurkova L. // Cryst. Res. Technol. — 2002. — V. 37. — N 8. — P. 90.

139



F, B ~Jee] = g [=
2P~ HEE 2|z
(KENThi) s8m || B [= =
I : |8
=13 5 |3
0,8 E 8 DT~ o O
Vo glls 1=
) o 42 BT P9
(cuHUR) Q Q o7
04K > S
~
VO
0 2

-0,8}
1,2
16l VO
\%
20}
0 2 4 6 8 10 12 pH

Puc. 3.19. inarpamma ITypGe mnst BaHanust (1lyHKTMPOM OrpaHUueHa 061aCTh TePMOIHHAMM-
YeCKOW YCTOMYMBOCTH BOJbI)

Puc. 3.20. CtpoeHue uona [V,505,(CO3)]7~

140



@c On Qo @v Q0 eH

Puc. 3.21. Crpoenue kommnekca Co,(phen), V40,

Mep, B KOTOPOM JIBa aroMa KoOajibra CBsi3aHbl Apyr ¢ ApYyTOM TeTpaBaHaAaT-MOHOM,
BLICTYIAIOLLMM B POJIM MOCTMKOBOTO JinraHaa (puc. 3.21).

CoenuHenns HHOOHA U TAHTAJIA

O XMMUU BOJHBIX PACTBOPOB COEAWHEHWI HMOOUSI M TAHTAJa U3BECTHO ropasno
meHbllle. [lpy HelTpanuzallMM weoYaMM BOOHBIX PacTBOPOB [E€HTAraOreHUIOB
HUOOUS U TaHTaNla 00pa3yIoTCs CTYAEHUCThIe Oelible OCAAKH I'MAPATUPOBAHHBIX OK-
cuaoB M,0s5- xH,0, coctaB KOTOPHIX 3aBUCHUT OT YC/IOBHIM 1poBeaeHMst oribita. [1pn
MX XpaHEHWH WIN HArPEeBAaHMHU [POTEKAIOT TIPOLIECCHI OMSIHUA M OKCOMSILIMM, aHa-
JIOTUYHBIE ONIUCAHHBIM 1T TUTAHOBBIX KUCJIOT. Jlernaparaims 3akaHuMBaeTcss 00~
pazoBaHMeM okcuaa M,0;. CruiaBneHre OKCHIOB ¢ Ie104YaMM WiIK KapboHaTaMu
NpUBOAMT K MOJIydeHUIO HMOOATOB M TaHTajaroB, Hanpumep, NaMQO,;, NaM;Oy,
Na,M,0,;, Na;MO,, NasMO;, Na,M;0,, (M = Nb, Ta), B KOTOpbIX aTOM HHOOHs
WM TaHTaJa HAXOHAMTCs B LIEHTPE KUCIOPOAHOIO OKTa3[pa*.

Hanpumep, metanuobatel Hatpust 1 kaiust MNbO; UMeIOT CTPYKTYpPY MEPOB-
ckuta. B opronunoGare Harpust Na;NbO, okrasapel [NbOy] cBsizaHB! APYT ¢ APYTroM
YeThIpbMsi OOIMMH pebpamu B MOHBI Nb,O -, a B nycToTax MexXay HUMH HAXOMAT-
¢s1 MoHbl HaTpusi. [1pu BellleNaYMBAHHMM TL1aBa BOJOI HMOOATH M TaAHTANAThI fepe-

* HckaoueHre coCTaBasSIOT COSMMHEHUS CKAHAMS M PEAKO3EMEJBHBIX 3JEMEHTOB, COAEPXALINe
M30JIMPOBaHHBIE aHHOHBI opTodopMbi: SCNbO,, a Takke coau Tiiia NasMOs, B KOTOpBIX aTOM MeTasl-
712 HaXOAMTCSI BHYTPU HMCKAXKEHHOH TPUTOHAILHOMU OGMNMHMpPAMHUALl U3 aTOMOB KHUCI0POAA.
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Banadueevie u nuobuesvte 6ponsnt

Oxcunnbie 6POH3BL MOXKHO PACCMATPUBATH KaK NMPOAYKT HEMOJHOTO BOCCTAHOB-
JeHunst BaHanatos(V) u Huobatos(V). OHM MpencTaBasioT coboii TBEpAbie PACTBOPb
BHEAPEHHs1 aTOMOB METa/lJIa B NIYCTOTHl BAHAAUMKUCIIOPOAHOTO U HHOBHITKHUCIOpOI-
HOro kapkacos (puc. 3.22).

B HeBoccTaHOBNEHHbIX BaHAAATAX HET d-3JEKTPOHOB, UTO ¥ OOYCIIOBINBACT OT-
CYTCTBUE MPOBOAMMOCTH. [Ipy 4acTUUHOM BOCCTAHOBIEHUM BaHAAUA B d-30HY HO-
CTYNAIOT /IEKTPOHBI, BELLECTBO CTAHOBUTCSA MPOBOAHUKOM. CHHTE3 BaHAILME BbIX OpOH3
OCHOBaH Ha TOM, YTO PACTBOPbl OKCHAOB MJIM TalOreHUaOB B paciuiase V,0s npu
OXJAXKACHUH OTILETUIAIOT KUCIOPO, NP 3TOM yacTb atomMoB VY BoccTaHasauBaeTcsl
10 VIV. B pesynbrate o6pasyiorcs CHHE-YEpHble XOpOLIO TPOBOAAILME OGPOH3bI, HA-
npumep Li,V,0s. B cucreme npu temneparype 650 °C cymectsyior Tpu Tiia ¢as BaHa-
anesbix 6poH3: o (x=0—0,13), B (x=10,22—10,62), y (x= 0,88 — 1,0). da3za o uzotunua
C NEHTAOKCMIOOM M paccMaTpuBaeTcsl Kak TBepablit pacrsop jgutTus B V,0; daza B
M30TUIIHA C HATpHiiBaHaAMEeBOW GpoH30ii Na, V¢O;. CxonHbl N0 pazHoobpasuio
COCTaBOB HaTpuitBaHaauesbie Gpon3bl Na,V,0;5. X cTpykTypbl 06pasoBaHbl npeu-
MYUIECTBEHHO rOQPUPOBAHHBIMH CIOSIMHU U3 [IOBEPHYTHIX B POTH BOMOJIOXHBIE CTO-
POHbI UCKAXEHHbBIX KBaZpaTHbiX upamMui [VO;s], B nmyctoTax Mexay KOTOpbiMU pa3-
MEIIAIOTCA UOHDI LIEJIOUHBIX METALIOB (CM. puc. 3.22, g). pucyrerayowas Ha ¢aso-
BO# nnarpamme cuctembr V,0s— Na,O dasza NaVO s (cM. puc. 3.22, 6) oTHOCHTCS K

1300 1285°C
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I
8“ 900 |-
= -
5y C,
s >
2 00l675°C 700°C 3
650 °C] 580 °C 626 C 633°C
500 F 2[330 °C s40°C S
o & &
q| = Sla26 ¢ |2
G %
Z |Z 1 Z 1
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V7,05 Conepxanue NayO, at. % NaO
6

Puc. 3.22. Crpykrypa BaHaaueBoit 6poH3bi (a) (aToMbl Na pacHonoXeHbl MEXAY CIOAMHU
n3 nupamua [VOs] 8 crpyktype V,05); dasosast auarpamma cuctembr V-0;—Na,O (6)
(130Tepma npu 426 °C nokasbisaeT noanMopdHblii nepexon 8 Na,V,0,)
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HaTpuiiBaHaaMeBbIM OpoH3aM. BaHaauesbie OpOH3bI HE paCTBOPUMbI B BOAE, HO pas-
pYLIAIOTCA MO A CTBUEM KMCOT M Lwenoyeil. [1pyu HarpeBaHuu Ha Bo3ayxe 10 500 —
600 °C onu okucasitorcsa B BaHanatbi(V).

AHAIOrMyHO MOJyyaloT HHOGUesbie OpoH3bl. Tak, Mpu cnekaHuu okcuaos SrO n
NbO,; (1200°C) uan SrCO; u Nb,O;s B Toke H, (1 150°C) obpasyrorca Kybuueckue
nepoBckUTHbIE BpoH3bl Sr,NbO;. C pocTOM conepxkaHUsa CTPOHLUA LBET OpOH3 U3Me-
HAETCS OT TEMHO-CHHEro 10 KpacHoro. CTpyKTypbl OpOH3 XapakTepU3YIOTCH pasHbi-
My cowneHeHusaMu okTasapos [NbOg]. DieKTponpoBOAHOCTE HUOOUEBbIX OPOH3 LLE-
JIOYHO3EME/IbHbIX METALIOB MoHuxkaercst B pagy Ca < Sr < Ba. CrpoHUMEBbie HHO-
OueBble OPOH3bl MCMOb3YIOT B KAYECTBE KUCIOPOIHOIO MEKTPOIA B TOMIMBHbIX 3J1€-
MEHTaXx.

M3BeCTHbI MHOIOYUCACHHbIE OpOH3bl U 6OJIee CIOXHBIX COCTABOB — TPOHHbIE
(NaBa;NbsO,s5) u naxe uersepHbie (Na;Ba,YNb(O;).

Pasznoobpasue eanadamoes*

OTjinynTenbHast OCOOEHHOCTb XUMHMM BOIHbBIX pACTBOPOB BaHAgUA B BbICUIEH CTe-
TIEHY OKMCJIEHUS 3aKJTI04aeTCa B CIIOCODHOCTH OOpPa30BbiBaTh PA3IMUHbIE W3OMOJIU-
cocaquHenus. B Taba. 3.5 nepeuyrcaeHbl M30M0JMOKCOBAHAAATbl, KOTOPbI€ Obl/IM Bbiae-
JIeHbl B BUAE KpUCTaLIMueckux colieid. KoopauHauuMoHHble yMcIa BaHagus B 9THX
aHMOHAX paBHbl 4— 6.

CTpyKTypHasi XMMMS BAHANATOB JOCTATOYHO CJAOXHA. B Kpucraumueckux consx,
nanpumep K;VO,, Na;VO,-2H,0, ZrV,0; u T.a., noHsi VO;~ u V,04 copepxat
TETPAdAPHUUECKH KOOPIHHUPOBAHHbIC aTOMbI MeTa/L1a. JInBaHanaT B pacTBOpe MO CTPyK-
Type aHanoruden nupodocedaty P,OF.

IMpu pH 7— 10 B BoAHbIX pacTBOpax NpeobyanatoT OecuBeTHbie METaBaAHANATbI B
dbopMe TpUMepHbIX ¥ TETpaMepHbiXx aHMOHOB. [1pH KpucTanau3aumm M3 TaKUX pac-
TBOPOB Yallle BCEro BbiAEJSIOTCS COJH, cojAepXalimMe OecKOHeuHble LIeny TETPasapoB
[VO,] (KVO;, NavO;, NH,VO;, TIVO;; cM. puc. 3.16, ¢) Mian MCKaXEeHHbIX TPUTO-
HaabHbiXx Ounupamug [VOs] (KVO;- H,O, NaVvO;- 1,89H,0, Ca(VO;),-2H,0 u
Sr(VOs),- 4H,0; cMm. puc. 3.16, ¢). Tak, npy pacTBOpeHHY BaHAQUEBOTO aHTHAPKUIA B
pactsope ruapokcuga Hatpus npu pH 10 oGpasyercsa meraBaHanat, KpUCTalau3y-
ouniics B popme rugpata NaVO;- H,O. besBoaHbie MeTaBaHanaThl 1LEJOUHBIX Me-
TAJJIOB TIOJIYYAIOT CTIJIaBJIEHUEM!

t
Na,COj + V,05 = 2NaVO3 + COzT

Kpucraninueckux Tpy- 1 TeTpaBaHanaTOB U3BECTHO ropasno MeHsblie. [Tpumepom
MOXeT CJIYXKHMTb BbiA€/JE€HHAs U3 pacTBopa okcuga BaHaausa(V) B mpem-0yTuaamu-
ne npu pH 10,4 conb [(mpem-C,Hg)NH;],[V,0,,]**. B ee cocTaBe conepXuTca LNK-
mauyeckuit anuoH [V,0),]*, ob6pazoBaHHblii U3 coeqMHEHHbIX BEpIIMHAMH TETPA3/-
poB [VOy,] (puc. 3.23, a).

[MonkuchaeHue pacTBOpoB MeTaBaHanaTos a0 pH 7 uau Huxe BexeT K ob6pasosa-
HHUIO OpaHXEBbIX PACTBOPOB, CONEPXKALLIMX AHUOH qekaBaHaaata [V(Ox]® (eM. puc. 3.15).

* [Ipy HanmvcaHWM 3TOro pasaesia UCIOIb30BaHbl MAaTEPULIBl KYPCOBOW paboOTbl CTYyACHTa
xumuueckoro dakyasrera MI'Y um. M.B.Jlomonocosa A.I'poMoBa. ABTOPbl BbIpaXaloT €My
6.,4aro1apHOCTD.

** Roman P., Jose A.S., Lugue A., Gutierrez-Zorilla J. M. // Inorg. Chem. — 1993, — V_ 32. —
P. 775.
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Ta6anupya 3.5

OXCocoNH BaHAANA B CTEHEHAX OKMCICHHS +4, +5, NOyYeHHbIE H3 BOIHBIX
H HEBOIHBIX PACTBOPOB

AHUWOH Koopaunaunontoe H3ononveaHanatel
YHCJI0 BaHaau4a
VOi- 4 MLvVO, (MI =K, Ag); Na;VO, -2H,0
M} (VO,), (M" =Sr, Ba); AIPO, - 3H,0
Mvo, (MM =S¢, Ln, Bi, Fe)
Cu3(VO,),- 3H,0
v20z7t~ 4 Ca2V207 . 2H20, MLV207 (Ml = NH4,Na, K, Ag)
ZrV,0,
(VO7)., 4 M!'VO; (M! = K, Na, NH,, TI)
5 KVO;- H,0; NaVO;- 1,89H,0; Ca(VO;),- 2H,0
SI'(VO3)2 : 4H20
V,0f; 4 R4V,01; (R = [(#-C4Hg),N]"; [(mpem-C,Hg)NH;]Y)
V008 6 M{ V40 (M' = Na; NHy,Cs)
KyMI'V,0044 - 16H,0 (M“ =7n, Mn, Mg)
Ca3V,0023' I7H20, NazMgzvazg‘ 24H20
vlSO‘Ié_ 5 Ba6V,3042; M:2v|8042 (M' = Tl, CS, Rb)
Na,,V 304, 24H,0; K,V30,,- 16H,0
Vis05% 4—6 K¢V150,9- 11H,0
V;0f 4,5 (NH,),V;03- 0,5H,0; K;V;04
V1004 4,5 [(CH3)4N]4V1(O56
(V305).. 5,6 MV,04 (M' = NH,, Na, K, Rb, Cs)
V5O, 4 [(#-C4Hg)4N13V50,4

[ocne HarpeBaHMs naM cTapeHWst U3 HUX MHOTIA YIA€TCA BbiIEAMTh TEMHO-KpAc-
HbI€ KDUCTa/1b TPMBAHAAATOB. DTH COMN UMEIOT IMNUpHYECcKYIO dhopmyay M'V,;04
(M! = NH,, K, Rb, Cs), HO MHOrga WX 3alMCHIBAIOT KaK M,V¢O;s 1 Ha3bBalOT
rekcaBaHanataMu. Kanuepbie M u€31eBbie TpUBaHanaThi CONEPXKAT OECKOHEYHbIE Bbi-
TAHYTHIE cjlou monuaapoB [VOs] u [VOq]. dpyroii nosMMepHbiil aHUOH cOaepXKUTCS B
Keatoit conu K;VsOyy, KoTopas Takxke ocaxiaeTcst U3 BOJHOTO pactsopa. CTpyKTypa
3TOTO aHMOHA MOXET ObITh MpeAcTaB/ieHa Kak 6eCKOHEUHBIE CI0W COENMHEHHBIX BEP-
IUMHAaMK KBaapaTHBIX nupamul [VOs] u tetpasnpos [VO,]. CTpykTypa aHMOHA B BOJ-
HOoM pacteope conn [(#-C4Hg)4N]5[VsO,4] npencraBiaena Ha puc. 3.23, 6.
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Puc. 3.23. CrpoeHue HEKOTOPbIX M30MONU- U rerepononuBaHanatoB(V) u (1V, V):
a — [V4Opa)*5 6 — [V50,°5 6 — [VigOx%]*5 @ — [MnV;04]7"

[pu okucnenuu nepcysibparom Kanus cynbdara mapranua(ll), pactBopeHHOro B
MOAKHCIEHHOM pacTBOpE BaHajgara, obpasyercs OpaHXeBO-KpacHblid 13-BaHa-
aoMaHraHat(1V) K;[MnV,;05] (puc. 3.23, 2). Monbl [MnV,;03;])’~ cTabunbhbl B Boa-
HOM pacTBope npu pH 3—6; B Gonee Kucaoit cpeae ycToiiuus aHuoH [MnV,,05,]%.
CHHTE3MpPOBAHO OOJNBIIOE YUCIO U APYTUX FeTEPOHOIMBAHAAATOB, COACPAKALIMX ATO-
Mbl HUKens, Kobanbra, allOMUHUS, KpeMHus, dochopa.

XO4AT B pacTBop, obpasys B 3aBUCUMOCTH OT pH pa3nuuHBIe OKCO- M TMAPOKCO-
aHUOHBI. Tak, B CUABHOILUENOYHBIX Cpelax MpeobaafaloT MOHOSIEPHBIE YAaCTHLbI
[MO,(OH),]*> ¢ KOOpAMHAIIMOHHBIM YHUCIOM LUECTh, KOTOPBIE MpH NOHHXEHUU
KUCIOTHOCTH cpelbl HeoOpaTUMO O0BEANHSIOTCS B 1LIECTUSIAEpHBIE U30TIOTHAHUO~
Hbl [MO]* (M = Nb, Ta), oGpazoBaHHble U3 LIECTH OKTa3ApoB [MOy], coune-
HEHHBbIX O01MMU peOpaMU B €AMHBINA OKTasAp (puc. 3.24, a):

6Nb037 + 10H* = Nbﬁolgg_ + 5H20
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M3zononnHnobaTsl coco6Hbl COXPaHATH YCTOWYMBOCTD, MPUCOEAMHSIS OT OAHOTO 10 Tpex
npoToHoB. [locnenytouee noagkucaenue (no pH 5 B cryuae Huo6ust u pH 10 B ciyvae taHrta-
71a) MPUBOAMT K OCAXAEHMIO THAPATUPOBAHHBIX OKCHIOB:

npu pH 12:
NbsOf§ + H* == [HNbsOs]"
npu pH 9:
[HNbsOps]™ + H* = NbOf + H,0O
npu pH 4,5:

Nb,Of + 6H* + xH,0 = H{Nb,O - xH,0 (Nb,05- xH,0) (Heobpatumo)

Ipy mpokanuBaHuy M30MONUHUOGATHL U M3OMONUTAHTANATLI MEPEXOAAT B MeTahopMy:

t
KsNbeOy5- 12H,0 = 6KNbO, + 2KOH + 11H,0

B cepHokucnbix pacTBopax HMOBATOB MpM KOHueHTpauuu 1072 MOJIb/J TIPUCYTCTBYIOT
Komriekesl [NbO(SOy),]~ u [NbO,(SO4)]~. [leiicTBrE HAa TaKue PACTBOPbI METATIUYECKOTO
UMHKA MPUBOAHUT K 00Pa30BaHMIO KPACHO-KOPUYHEBOIO PACTBOPA, B KOTOPOM MPOUCXOIUT
YaCTMYHOE BOCCTAHOBJAEHHE HUOOUA N0 +4.

CrnapieHueM OKCUI0B HMOOMS M TaHTana ¢ OUPOCYNb(PaTomM Kanus MOryT GbiTh MOy~
UCHbI MHOTOYHMCIEHHbIE OKCOCYnbdaThl, Hanpumep, Nb,0,S0,, Nb,05(50,),, Nb,0,(50,);,
Nb,O(504)4 nnu npoiitsie conn K;Nb(SO,)s. [pu HarpesaHuu oHy paznaraiorcs Ha Nb,Os u
SO;. Peakuus Mexny neHTaxJiopuAaMM HMOOMSA M TaHTaNa U NUOKCHIOM a30Ta MPUBOIMT K
00pasoBaHuI0 oKcoHuTpaToB MO(NO5)5. B mpucyTCTBUY BOMbI BCE 3TH BELIECTBA MFHOBCH-
Ho nozBepraloTcs HeoOpPaTUMOMY TMMAPONU3Y A0 TMAPATUPOBAHHOIO oKCuja.

[Mpu B3auMoneicTBUM BEH3OMbHBIX PacTBOPOB MEHTAXJAOPHUIOB HUOOUSA U TaHTaAA C all-
Koroiaramu wenoutbix Meranios (RONa) win cnupramu (ROH) B npucyrcTBuy aMmua-
Ka obpasytorest ankokeuabl M(OR)s — 6ecuseTHiie nerkoneryune TBEPAbiE BEUIECTBA, XO-
POLIO PaCTBOPHUMbIE B OPraHMYECKHUX PACTBOPUTENAX M YCTOHUMBLIE B Mape Gnarogaps cna-
OOMy n-nepeKpbHBaHUIO 3aMONHEHHBIX p-OpOUTANieil aTOMOB KHCI0pOoaa ¢ BaKaHTHbIMHU
d-opbutanamu atoMa Metasna. OHM COCTOAT U3 AUMEPHBIX MONEKYIN, MPEeACTABIAALIMX CO-
00ii 1Ba oKTasapa ¢ oOIMM pebpoM. DTH BEILECTBA JIETKO TMAPONIU3YIOTCH BOJOU, MpeBpa-
ladAcCh B ruapaTMPOBAHHBIE OKCHAbI, Onarogapa yeMy HaxomaT MpuMEHeHME Mpy HaHece-

i i
—S—O0 OH, 0—S=—0
NN
O’N\ ><S/°
H,0 — Nb }\Ib——O/ >
o 1505 Non,
o=s"|o \§5/ ©
a “ O\S%O
VAR
o) 0
6

Puc. 3.24. Crpoenue nonos [MgOp]* (M = Nb, Ta) (a) u [Nb;05(SO4)s(H,0)5]% (6)
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Boccmanoeaennvie oxconuobamot

BoccTaHOB/IEHHBIMM OKCOHMODATAMK B HayuHOM JMTEpaType Ha3bIBAKOT HUODOA-
Thl, B KOTOPBIX XOTSI Obl 4aCTb aTOMOB HUOOMSI HAXOAMUTCS B HU3LIMX CTENEHAX OKUC-
JIeHMsI, NpeuMyulecTBeHHO +4, Hanpumep Ba-Nb ;05 MHorme us HUX comepxar
bosnee nByx THnos meTtaioB KAl Nb,, Oy, Rb,Al-Nb3;O4 B cocTaB Bcex 3TMX coenu-
HeHUi BxOAMUT kJjacTtepHasi rpynnuposka |[Nb,O-], cocTosiias W3 1IECTH aTOMOB
HUOOMS, O0beAMHEHHbIX B OKTasap cBa3dMu Nb—Nb minHo# 0,279—0.289 HM, a
TAKXE MOCPENCTBOM MOCTHMKOBBIX aTOMOB KucJopoa (puc. 3.25). Kiacteps [Nb O]
CrOCOOHbI OOBLEAUHITBCH APYI € APYroM B auMepbl [Nb,Oyy], ienu, ciou u kapka-
cbl. MeTannnueckasi NpOBOAUMOCTH MHOIHX U3 JTUX COCAMHEHMI 0ObsICHsIETCH 0Bpa-
30BaHUEM MPOTHXKEHHON MOJACKYJISIPHOU OPOMTANIM, B KOTOPOH MPUHUMAIOT y4acTUC
2JIEKTPOHBbI BCEX aTOMOB HHOOMs1. PacueTbl nokasanu, 4To Haubobilasl CTENECHb CBSI-
3bIBAHUS AOCTUTACTCH TPU MATMUYECKOM UYMCJIE JICKTPOHOB, paBHOM 14 B u3011po-
BaHHbIX okTasapax [Nb,O,], 12 — B aumepax, |1 — B ucnsix. BoccraHOBAEHHbBIE
OKCOHMOOATBI TOJNYYAKT Cri1ABJICHUEM HUODATOB(V) ¢ HUOOHEM MJIM €ro HU3LIUMU
okcuaamMu, Hanpumep NbO*.

onNb Qo

=)

Puc. 3.25. Ctpoenue okconuodbatos(IlV, V):

a — obpazopaHue lenu u3 knacrepos |Nb,O]: 0 —

CXCMATUYECKOE U300paXKeHe 1enH U3 KIacTepoR; 6 —

EPEKPBIBAHUE [+,-OPOUTAIIEH aTOMOB HUOOI1S1 ¢ 0Opa-

30BAHUEM TTPOTSKCHHbIX CBA3bIBAKOILEN M paspbixisi- 8
HOIIEH MOJICKY.ISIPHBIX 0pOUTANICH

* Tortelier J., Emge T.J.. Veith G.. Greenblatt M. // J. Solid State Chem. —- 2000, — V, 152, —
P. 540.
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HUA OKCHIHBIX MOKPBITHIT 30/1b—Teb-MeTONOM*. JIETYyUeCTh ATKOKCHIOB MOHMXKAETCH C Y-
JMHEHKUEM yrieponHoi uenu R, npuuem TepMuueckas ycToMuMBOCTh MPOU3BOIHBIX TAHTA-
Ja Bbillle, YeM HHODOUS.

[lomMumo 3TOrO Kiacca CyUIECTBYIOT OKCOATKOKCHabI psiaa MO(OR),, koTopbie cuHTE-
3upyloT okuciaeneM M(OR), KMCI0pONOM MK B3aMMONEHCTBMEM OKCOXJIOPHUAA C AKOTO-
JISITOM LLIENOYHOTO MeTala;

MOC]; + 3NaOR = MO(OR); + 3NaCl
[lpu xpaHeHuu 311 coennHeHMS MONUMEPUIYIOTCS:
8MO(OR); = M3O((OR),, + 2R,0

Peakuust Mexay meHTaxJopUIaMyU M IMKETOHAMM faXxe B PUCYTCTBMM CHIBHBIX OCHO-
BAHMI He MO3BOJISET 3aMeCTUTL Gosee ueThipex atoMoB xjaopa. O6pasylomiicss mpu 3ToM
KoMmiieke, Hampumep M(acac),Cl (acac™ — aHMOH apueTHNALETOHA), TakXke 06aaaaeT BbICO-
KO#M JEeTYUECThIO.

Tlpu anekTpoNM3e CEPHOKHMCNBIX PACTBOPOB COEnUHEHUI HUOBMA(V) NPOUCXOAUT BOC-
CTaHOB/eHUe HUOOUA N0 HM3WIMX cTenmeHeill okucneHus. M3 obpasyoueroca KpacHo-Ko-
PUYHEBOTO pacTsopa npy nobapiaeHuu cynpdara Kanus ObinM BbIIEIEHB KPUCTAIIIbI CYlb-
(haTHOTO KOMILIEKCA HHOOUS [K4(Hs02)1[Nb;0,(50,)s(H,0)3] - 53H,0. B koMmiekcHOM aHHOHE
(puc. 3.24, 6) aToMbl HMOOMA CBsI3aHbI APYT € IPYrOM KaK HEMOCPeACTBEHHO (Nb—Nb
0,269 Hm), Tak ¥ Npu MoMoLLM ABYX ATOMOB KMCJIOPOZA, BLICTYMAIOLLMX B POJIM TPUAEHTAT-
HbIX JIMTAHAOB, U LIECTH MOCTHKOBBIX N2-Cynb(aTHHIX PyMI.

Cpennss creneHb OKMCNEHUA HMOGHS B STOM CoeaMHEHMH pasHa +3,67. B HacToslee
BPEM# M3BECTHO HECKONBKO TAKUX COJICH C pa3HbIMM KaTHOHAMU**, AHAIOTMYHOE CTPOeHHE
UMEET ¥ auerat Huobust [Nb;O,(CH;COO)4(thf );](CH;COO), monyyeHHbIt U3 xiopHaa
Huobus (1) u anerata Harpus B Terparumpodypate (thf).

B orcyrcTBie aHMOHOB, CMOCOGHBIX BHICTYMaTh B POJIM JMIAHIOB, B PACTBOPAX, nony-
HEHHbIX NIEACTBUEM CHIIBHBIX BOCCTAHOBUTENEH (BONOPOL B MOMEHT BblieNeHMs) HA Mon-
KUCNIEHHBIE PACTBOPLI HHMOOATOB, T0O-BUAMMOMY, MPUCYTCTBYIOT CMELIAHHbIE MOHbI HHUO-
oua(lIl) u nnobua(IVy obuieit dpopmynni [Nb;0,(H,0)e]™. [Tpy mossiennu pH u3 takux
PacTBOPOB BLUIENALTCA CEPO-CHHUI 0CanoOK OKCOTHAPOKCHAA, CO BpeMeHEM obecuBeyuBa-
IOLUMIACA BCIEACTBHE OKMCIEHUS KUCIOPONOM Bo3ayxa. MHbopManus o cocTase 1 cTpoeHuu
HHU3LIUX OKCOTUAPOKCUAOB HUOBUS OTCYTCTBYET.

Tanranarei(V) B 3TUX YCIOBMSIX HE BOCCTAHABAMBAIOTCA, YTO MO3BONAET CAENATh BbIBOL
006 ocnabneHny OKUCTUTENBHOM CIIOCOBHOCTY coenMHeHHIA B BbICIIEH cTemeHn OKUCIEH Us
Py IBMXKEHUHM BHU3 MO IPYIIMeE.

3.7. IEPOKCOCOEIUHEHUS BJIEMEHTOB MSATON T'PYIIIbI

Ilepokcocoemunenns Banaana(V). MHorooGpasme hopM oKCocoernHeHN T Bana-
Ausi(V), yCTORUMBBIX B BOAHBIX PACTBOPAX, 06YCIOBINBAET CYLIECTBOBAHME paszHo-
O0pa3sHBIX ME€POKCOBAHAAMEBBIX HOHOB, BAXHEHILME U3 KOTOPBIX MPEACTABIEHbI B
Tab21. 3.6. B 1le10oM XMMUsI IEPOKCOCOEAMHEHN T BaHALNS W3yueHa rOpas3io Nyulie,
4€M CBOMCTBA aHAJIOTMYHBIX COEAMHEHMIT TUTAHA***,

* Turova N.Ya., Turevckaya E.P., Kessler V.G., Yanouvskaya M.I. // The Chemistry of Metal
Alkoxides. — N. Y.: Kluwer Academic Publ., 2002. — P. 398.

** Bino A. // 3. Amer. Chem. Soc. — 1980. — V. 102. — P. 7990; Cotton F. A., Diebold M. P., Roth W.J. //
Inorg. Chem. — 1988. — V. 27. — P. 2347.

*** CBefeHUS O MEPOKCOCOEAMHEHUAX OBOBILEHEI B MoHorpadpuun: Boavhos H. H. TlepokcokoMmn-
JIEKCbl Bananua, HUOGUsA, TaHTana. — M.: Hayka, 1987; cM. Takxe 0630p: Butler A., Clague M. J.,
Meister G. E. Vanadium Peroxide Complexes // Chem. Rev. — 1994, — V. 94. — P. 625.
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Tab6aunupa 3.6
HexkoTtopble nepokcoBaHaaneBbie HOHBI

Wureppan pH
HoH [Tpumep CrpoeHue NepoKCOMOHa B pacTBOpE Oxpacka CyHIECTBOBa-
pacTsopa HUY MOHA

KatuoH nepok- | (VO3),S0, [VO(O—O)(H,0);]* KpacHas <2
coBaHaausl
JAunepokcona- KH,VOq [VO(O—O0),(H,0)|~ XKenras 2—8
Hanar(V)
TeTtpanepokco- K.V,0;; | [(0-—0),(0)V—0—V(0)(0—0),]*| Kenras 6—9
ausaHanat(V)
TeTtpanepokco- K;VOyq [V(O—0)4]* Cunsist > 10
BaHagart(V)

[lpn mobGaeneHnu nepokcuAa BOJOPONA K OCaAKy okcuia BaHaausa(V) Win K
NOAKMC/IEHHBIM pacTBOpaM BaHAaRATOB BO3HMKAeT MHTEHCUBHO-KpacHOE OKpallu-
BaHMeE, BBI3BAHHOE 00pazoBaHueM nepokcokatnoHa [VO(O—O)(H,0),]*, kotophiii
COKpallLeHHO 3aluchiBaloT B BUaAe VO7:

VO§ + H,0, == VOi + H,0; K= 3,5 10* (25°C).

B cunapHOKHKCNO# cpelie NpU HArpeBaHMM TPOMCXOAUT €ro BOCCTAHOBJEHME IO
KaTMOHA BaHaju/a:

f
4V0;* + 4H* = 4VO* + 30,T + 2H,0

DTOT XKe Mnpolecc MpoTeKaeT Moj AEHCTBUEM CHJABHBIX OKUCAUTeNel: Koba-
aeta(lll), xnopa, nepcynabdara. Peakyusi ¢ nepcyabharoM KaTaaiu3upyercsi MoHa-
MM cepebpa:

+

Ag
S,07 + 2VO{ ——— 2507 + 2VO* + 20,7

Mexanuam* skitouyaer obpazosanue uoHos cepebpa(ll), okucnawwmnx VO3 1o KatMoH-
paamkana VOF*, KOTopblil IeTKO pacnagaeTcs Ha KATMOH BaHANMAA U KUCIOPOL:
S,04™ + 2Agt = 2S0OF~ + 2Ag*
VO + Ag? = Ag' + VO?*
VO3 —— VO™ + 0,

B n30riTke NepokcKhaa BOAOpOAa B cpefax, O1M3KHUX K HERTPaJibHBIM, CYL[ECTBY~
10T XenThle AunepokcoanioHs [VO(O—O0),(H,0)]", kotopsle HaxomsiTCA B paBHO-
BECHH C MOHOIEPOKCOKOMILIeKCaMH (puc. 3.26):

[VO(O—O)|* + H,0, == [VO(0—0),]"+ 2H*; K = 1,3 (25°C).
MecTo BoAB! B AMMEPOKCOAHHOHE MOXET 3aHUMATh APYroi JIMraHja, Hallpumep
aMmuak (puc. 3.27).
* Thompson R. C. // Inorg. Chem. — 1983, — V. 22, — P, 584.
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Puc. 3.27. CTtpoeHne NoHOB:
a — [VO(O—0)(H,0)]": 6 — [VO(O—0):(NH;)|: 6 — [VO(O—0)AC,0)]*; ¢ — [V(0—0),*

MMEHHO Takoe CTpocHHE UMEET OKCOmUINepOKcoaMMnHoBaHanat(V) aMMOHUS
NH4[VO(O—0),(NH;)|, Bbineasiiowuniics B BUAE APKO-XKENTbIX KPUCTAIOB MpU
pactBopeHunt okcuaa BaHaausa(V) B 30%-M nepokcuae Boaopoaa B NMPUCYTCTBUU
HuTpaTa ammoHus. Belecrsa, umeiouue dopmyny M'H,VO, (M' = NH,, K, Rb),
Mo-BuAMMOMY, colepxar uoHbt [VO(O—0),(H,0)].

Ipn nobasnenny wiaseseBeit KUCAOTH K PACTROPY, MOJYHYEHHOMY PACTBOPEHUEM OKCH-
na paHaana(V) u ruapoxcuaa Kaius B 3%-M MepoKCUae BOAOPOAA, BOZHUKAET OPaHXeBOe
oKpallBaHue, Bbi3paHHOe cocanHenneM K;[VO(O—0),(C,04)] - 3H,0. Ero xpuctasiist Moryt
ObITh BbIIEJIEHB! M3 PACTBOPA BbiCAIMBAHUEM CIUPTOM. B aHMOHE 3TOro KoMrjiekca aToMm
BaHAAUsl UMECT KOOPAMHAUMOHHOE UMCIHO ceMb. [TepOKCONpPOU3BOAHbIE MUPOBAHAIATOB,
Hanpumep Ky V>0,;, nmeromnit crpoerue Ky [(O—0),(0)V—0—V(0)(0O—0),], noay4aior
B3aMMOJICHCTBMEM NHMPOBAHANATOB, METABAHAATOB MM okcuaa BaHaausa(V) ¢ TepoKCu-
JIOM BOAOPOAA B LUCHOUHOM PACTBOpE:

2KVO3 + 2KOH + 4H202 = K4V20” + 5H20

Msyyenbt pasHoobpasmbie nepokcodToposananate, Hanpumep (NH,);[V(0O—O0),F,].
obpasyioluiica B c1aboknucaoit cpefe NMpyu aeicTBUM Ha okcua paHanusi(V) NAaBUKOBOI
KUCNOTOW B npUcyTeTBUU 30%-ro pacTsopa repoxkcuia Boaopoaa.

B ienouHoii cpene no Mepe n06aB/ieHUs K MCTABAHAIATY HATPUS KOHLEHTPUPO-
BAHHOTO pacTBOpa MepoKCUaa BOLOPOIA OKPACKa pacTBoOpa MOC/IEL0BATENbHO CTa-
HOBUTCSI KENTOM, 3eJ]eHON, U, HAKOHEll, TEMHO-CHUHEH, 4To 00yCIOBIEHO obpaszo-
BaHUEM NepoKcoaHoHoB [VO,(0—0),]*, [VO(O—0):)*- u [V(0—0),)*" cootBeT-
CTBEHHO (CM. puc. 3.26). B tBepaoM Buae BblaeneHbt JIMIIb TeTPANepoKCOBaHAAATHI,
Hanpumep K;VOy, KoTopbtit nonyyaior no6aBieHneM KOHUEHTPUPOBAHHOIO pac-
TBOpa oproBaHanata K 30%-My rnepokcUay BoAOpoaa:

K}VO4 + 4H_7_02 = K3V03 + 4H20

[pu HarpeBaHuM 3TO CoenMHEHUE PA3/IaraeTcsa co B3PbIBOM.

TakuMm o6pasom, B CUABHOLLENOUHOM cpene Npu BbICOKO#H KoHueHTpauuu H,0,
CywecTByeT cuHe-puonetoBblit Komraeke [V(O—0),|*, KoTopblil npu noHuxe-
Hut pH nocnenosarenbHo nepexoaut B nonbl [VO(O—O0);]*, [HVO(0O—0);)%,
[VO,(0—0),}* u [HVO,(0—0),)*". Tlocnearue npu noBbillieHUK KOHLIEHTpaUUH
BaHaaUsl TuMepusytoTes. B cpenax, 6AM3KMX K HEATPAbHBIM, CYILECTBYIOT XEJITO-
opaHxeBble Kommiekeol [VO(O—O0),|, a B kucoii cpeae — KpacHbIl KOMIUIEKC
[VO(O—0)]".
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ITepokcocoennnenns nno6us(V) u tanrana(V). CBeneHUil 0 NMEPOKCOCOEAMHE-
HUSIX HUOOMS M TaHTala 3HAUMTEIbHO MeHbile. M3BeCTHO, 4TO MpH ACHCTBHM Ha
TBEPAbIC HUOGAThI M TaHTaJNaThl PACTBOPOB MEPOKCHAA BOaOpoaa obpa3syiorcs Gec-
LUBETHBIE NEPOKCOCOJH, HanlpuMep KNbO,. I1pu noakuciaeHnun onu npeppaiaorcs
B XKEJITBIA MOPOIIOK NEPOKCHIA HEU3BECTHOTO COCTaBA, KOTOPbI YCIOBHO 3aru-
ChIBalOT B BUIe Nb,O,- xH,O:

2KNbO4 + HzSO4 + (x— l)HzO = Nb207' tzon + KzSO4

ITo-BuanMoMy, OH coiepXuT MocTuKOBbIE rpynnbl —OH— u —O—O0—. B Kkuc-
JIBIX CPEAAxX CYLUECTBYIOT GecLBETHbIE MEPOKCOKATHOHBI cocTaBa [NbO,(H,0)]* u
[TaO,(H,0)]*. Tpu pH > 8 1 u36bITKE NepoKcuaa BOAOPOa U3 BOAHBIX PACTBOPOB
KPUCTAJUIM3YIOTCS TCTPANIEPOKCOCOETMHEHUS

MClI; + 4H,0, + 8NH;- H,0 = (NH,);[MOy] + SNH,CI + 8H,0 (M = Nb, Ta)

W3 aMMOHUIHBIX TPOU3BOIHBIX OOMEHHBIMU PEAKLMAMH BBLAENEHB AHATOTHYHbIE COJIN
IHENIOUHBIX MeTaJUI0B; Hampumep, Lis[NbOg]-7H,0, K3[TaOg], Cs;{NbOg]. B Hux aToMbi
HHOOMs (TaHTana) MMEIOT KOOPAMHALMOHHOE MO BoceMb. TIpM OCTOPOXHOM Harpesa-
HUM TETPAMEPOKCHIIbI IPEBPAILAIOTCA B MEPOKCHUAB APYTOro TUIA, HanpuMep Li;NbOs- 7H,0.
HepokcoHnoBaTht M MepokcoTaHTaNaThl Npu HarpeBanun o 80 °C pasnaraiorcst co B3pbi-
BOM.

ITpu gefcTBMM Ha pacTBOPH NMEPOKCOMETALIATOB CEPHOIM KHC/IOTHI BbLIENSIOTCH Teli
niepokcokucnor HNbO, u HTaO,, He pactBopumsie B Boze. ITpu narpesanun 10 300 °C oHu
TEPAIOT NEPOKCUAHBIA KHCI0poa. B cepHokmenbix pactBopax B nipucyreTsuu H,0O, ripn no-
HWXCHHOM COnepX)aHUM CEpPHOM KHUCIIOTHI Npeob/1afaloT MOHONEPOKCOKOMILIEKCH, NpH
cpeiHeit koHueHTpaunn H,SO, — annepokcokoMIiekch, a B KOHUEHTPUPOBAHHOM cep-
HOMl KHCJIOTE — AMMepbl ¢ ABYMS TePMHUHAIBLHBIMM (KOHIEBbIMH) N ONHON MOCTHKOBOM
NEPOKCOTPYIaMH.

3.8. TAJIOTEHUBI DJEMEHTOB ITATON T'PYIIIIbI

Ilentaranorenmant. 3 BbICIIMX FaOTCHMIOB BaHaaMsi W3BECTEH ULIb HTOPHA
VF; — GecupeTHble JIeTKOJIETyYne KPUCTALIBI, 06pa3ylommecs npu AeicTBUM (pro-
pa u CIF; Ha HarpeTtble BaHaAWMM MM €r0 HU3LIKE TajoreHuabl (tabn. 3.7).

B napdx npucyTcTBYIOT MOHOMEPHbBIE MOJIEKYITbl VF;s B popMe TpuronanbHbix GunnpaMug.
KoHaeHcHpoBaHHbBIH NeHTahbTOpH COCTOUT U3 okTasapoB [VFg], o0beqnHeHHbIX 0OLIMMHI
BCPLIMHAMU B GeCKOHeuHbie Lenu. [Tpn oObYHOM TeMNiepaType BelileCTBO MelUleHHO 11a-
BUTCSl B CBETJIO-XKEJITYIO XHUAKOCTh, 3aMETHO NMPOBOAALLYIO 2JIEKTPUUECKUI TOK. DTO cBsi3a-
HO ¢ 4aCTMYHOH caMOWOHM3aLUE:

2VFs &= VF; + VFg

HeHradropna BaHanus cUIBHO TUIPOCKONMYEH, BO BIAKHOM BO3AyXe 06GpasyeT OKCO-
(TOPUAbI, a NPU AEHCTBUM IEIOYN — BaHANATHI:

VFs + 60H™ = VO3 + 5F + 3H,0; AH® = -590 xJIxx/MOnb.

DTO OUH U3 caMbIX CUJIBHBIX OKUCIIATESIEH 1 XOPOLIN i GTOPUPYIOLINIi areHT: OH OKHC-
JIIET MHOTME OpraHuyueckune coegnHenns no CF,, naxe npu KOMHaTHOI TeMIiepaType Mej-
JIEHHO pa3benaeT CTEKIIO.
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Ta6awnupa 3.7
HekoTopbie rajorenuas BaHAIAA

Coenn- TeMnepaTypa’ °C MarHuTHbIH
Okpacka MOMEHT, CrpykTypa

HEHUE NAaBAEHUS | KUTIEHHUS] . B.

VF; benasa 20 48 0 TpuroHanbHas 6Gunupa-
MHIa B nape U 6ecKoHeu-
HbIE EMU U3 OKTA3APOB
[VF¢l, coennHeHHBIX BEp-
UIMHAMHU, B KOHIEHCHPO-
BaHHBIX ¢azax

VE, Caetno-3esieHas >150* C— 1,68 beckoHeuHble enu u3
okTasapos [VF¢], coean-
HEHHBIX BEpLIKHAMHU B
CJIOU

VCl, | Kupnnuuno-kpacHas =26 148 1,61 MonekynsipHas (Tetpasap)

VBr, Mypnypnas 3% — | Hercsen. »

VF, 3enenas 1 406 1973 2,55 Oxkrasnpet [VF¢], coean-
HEHHble BepLIMHAMU
B KapKac

VCl; | ®uoneroBo-kpacHas 500%** — 2,89 Cnoucrasi Tuna FeF,

VI; | YepHo-kopuuHneBas 280+ — Her ceen. |Cnoucrasn tuna Bily

VCl, Caemo-3eneHas 910+ — 2,92 Cnoucras Tuna Cdl,

VI, | ®uoneroBo-kpacHas | 750%* — 3,00 »

* BosroHseTcs.
** C pasioxeHHEM.

C ¢ropunamn wenouHsix MetannoB ¢ropun paHagusa(V) obpasyer rekcadropo-
BaHaaatbi(V) (Hanpumep KVFq) — conu rekcadbtopoBaHagueBoit KHCIOTHL, HEYCTOWYHMBOIA
B BOHbIX PACTBOpax. B oTiMuHe OT rekcaTOPOTUTAHATOB OHM Pa3NararlOTCs NPU HarpeBa-
HUU, & B BOIE MMAPONIN3YIOTCA A0 OKCO- MU TMapOKCODTOPUIHBIX KOMILIEKCOB.

Ans Hvuobus m TaHTala U3BECTHbI BCE NEHTAraJOreHMAbI, HX TAKKe MOJyyaioT
NPeUMYILIECTBEHHO B3aWMOAEHCTBUEM TPOCTHIX BellecTB. PTOpUIAHbBIE NTPOU3BOA-
Hbl¢ OTJIMYAIOTCS 10 CBOMCTBAM OT APYIUX TAJOreHUIOB HUOOMSA M TaHTala M3-3a
MeHbILIero pazMepa U OTCYTCTBUSA d-opOuTtaieil y aToMOB (propa.

ITeHTadTOPKABL C XOPOILMM BHIXOAOM TOJIYYAIOT NPHU HTOPUPOBAHUU METALIOB C TIOMO-
wpto CIF; 1 BrF;. Ienrtaxnopua NbCls konnuectBenHo nepesoaar B NbFs, aeiictys 6¢3-
BonHo# HF. Tlentadropnan HMobus u taHtana o6pasyioT TBepble pacTBOphl. Kpucramim-
uecKue cosim 00pa3oBaHbl TPYMMAMU M3 uyeThipex OKtTasapoB [MFg|, couneHenHbiX apyr ¢
AOpyromM ABymsi BeplinHaMK. DTH BelilecTBa CWJIBHO TMIDOCKONMYHBIE, paclUIbIBAIOTCH Ha
BO3yXe, NapdMM BoAbl pa3naraiotcs ¢ BbigedenueM HF M okcodropumos.

Y106HBIM METOAOM CHHTe3a XJIOPHAOB CIIyXMT TaJIOFeHUPOBAHME BBICHIMX OK-
CHOB MapamMu XJIOPUCTOrO THOHUIA, YeThIPEXXJIOPUCTOIO YIJIEPOAA WM XJIOpH-
CTOTO BOJIOPOJA:

150°C
Nb,O; + 5SOCl, —— 2NbCls + 580,
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0,256 Hm

53 4

Puc. 3.28. IMentaranoreHuast HUobust: ctpoeHue kpuctannos NbFs (@) u NbCls (6); minHb
CBA3EH U BAICHTHbIE YIIbt B immepe Nb,Clyy (6); MmoHomepHas mosiekyina NbClg B nape (o)

B 5Tux BellecTBax aToMbl METAI1A TAKXKE HAXOAATCS B LIEHTPAX OKTA3APOB, KOTO-
pbi€ CBsI3aHbI JIMOO 110MAPHO (X10puabl U Opomuasl), ubo Mo ueTwipe (propuas)
4yepes rajloreHuaHbie MOCTHKHM (puc. 3.28, a, 6). B HarpeToM nape iuMepsl U TeTpa-
MEPBI PACTIAAIOTCS 1O MOHOMEPOB C TPUTOHAALHO-OUITMPAMUAANILHON FEOMETPH-
eil (puc. 3.28, ¢). [lpu nepexoae ot GTopuaos K xlopuaaM, GpOMHUIAM U HOAHAAM
OKpAacKa BELUECTB YCUJIMBAETCS, YTO OOBSICHSETCS CMELIEHHEM MOJIOCH MepeHoca
3apsAia B HM3KOUACTOTHYIO o0nacTwh crnekrtpa. Tak, ¢propua Hnobus(V) Gecuset-
HBII, X10pUA — XeATbId, OPOMHUL — OpaHXeBbIil, & HOAUL — KOPUUHEBBIN.

Bce neHTarasioreHuabl 1€rko ¥ HEOOPATUMO THAPOJIMUIYIOTCA BOLOIA:

2NbBr; + (7 + 5)H,0 = Nb,O;- nH,0! + 10HBr

Jlns neHrtaranoreHMAOB XapaKTepHa JbIOMCOBA KHCIIOTHOCTD, KOTOPAs YCHIINBa-
eTcd B psay V— Nb—Ta u npu yBeanueHnn 31eKTpooTpULUATENLHOCTH aTOMA Tano-
reHa. Takum obpaszoMm, caMoil CHIbHOM KucaoTol Jisionca cpenn MeHTaraioreHu-
noB siBnsercss Gropun tantana TaFs. Ero pacteop Bo hropuctom Boropose, Tpel-
CTaBIIAIOWINI COOON ONHY M3 CaMBIX CHJIBHBIX CYMEPKUCIOT, MPOSIBAsieT KaTaInTH-
YeCKHe CBOMCTBA B PeaklMsIX HM3OMEPU3AINK LIMKIOUIKAHOB M TOTUMEPHU3AIIMH
alleTHIEHOBBIX YINIEBOAOPOROB. braroaapsi HaMMUMIO BAKAHTHBIX d-OpOUTasieil NeH-
TarajloreHuaAbl ACHCTBYIOT KaK KucjaoTel Jlstonca, oOpasyss KOMIUIEKCHI ¢ aHMOH-
HbIMHU M HERTPAJIBbHBIMU JIMTAHIAMH:

NbF; + 2F = |[NbF,|>

beu3zo

TaCls + bipy —— |TaCl5(bipy)]
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Haunbosee ycroitumbel KoMIUIeKCh HUOGMS W TaHTana, Hanpumep K,[NbF;],
U1l KOTOPbIX XapaKTEPHb! BLICOKHE KOOPJAMHALMOHHBIE YMCa.

(dTopoHHOOMEBbIE 1 HTOPOTAHTANIOBbIE KUCIOTH coctaBa H{M,F,,] - 4H,0 u H{MF]- H,0
(M = Nb, Ta) MoryT 6bITh BblACICHbI IPH UCMAPEHUH PACTBOPOB BBICIINX OKCHUIOB METaN-
JIOB B TNIABUKOBOM KHUCJIOTE.

B BoaHbIX pacTBOpax ralore HUAHBIE KOMILIEKCHI MOABEPXEHBI THAPOJIN3Y 10 OK-
COTajJIoTeHUI0B, CTENEHb KOTOPOTro YOBIBAET MO MEPE YCUICHHUA OCHOBHLIX CBOMCTB
COCAMHCHUA METAIUIOB MSTONU TPYMIibl, T.¢. NPU MEPEXOAE OT BaHAAUA K TAHTAIY.
Tak, ¢pTopoBaHaaarsl 1 GTOPOHMOGATHI YXKE B BOJHOM PACTBOPE IUIABUKOBOI KUC-
JOThI npeBpauiaTcst B okcoaHuoHbl [VOF,], [NbOFs]> uau ruapokcoaHMoHbI
[VF,(OH),], a ruaponu3 ¢propoTaHTANaTOB CTAHOBUTCHA 3aMETHBLIM JIMIIbL B ropsi-
YUX BOAHbIX pacTBopax. MMeHHO 3TO M JIEXUT B OCHOBE KJIACCUYECKOTO METoad
paszacaeHMs: COeqfMHEHUH HUOOMS U TaHTama.

Hentaxnopuy Hnodust NbCls npencrapisier cob6oit KeNTbie HIOJBLYATHIE KPUCTANID! (TEM-
nepatypa nnasineHusa 205 °C, remneparypa kuneHus 248 °C), pasnarailoigmecs: BOIOH M cup-
TOM, HO XOpOLUO PACTBOPUMbBIE B XJ10pOGhOPME, YETHIPEXXJIOPUCTOM yriaepoae. Ero momyua-
10T XJIOPUPOBAHUEM OKcHaa HMOOMA(V) npu teMmneparype Boiiie 600 °C:

Nb,Os + 5C + 5CI, = 2NbCl; + 5CO

Ilpn Gonee HM3KOIT TeMNepaType peakuust 3aKAHYMBAETCA HA CTaany okcoxtopraa NbOCl,
(remniepatypa cyonmuManum 335°C), KpUCTA/UIM3YIOWIErOCA U3 Napa B BUAE PLIXJIOil Gesloi
MaccChl, HaMOMUHaloONIEeH BaTy, WiK B popMe OesIbIX ¢ LICJKOBUCTHIM 0J16CKOM MIrOJdp4YaThIX
KPHUCTANIOB. DTO BEIECTBO UPE3BbIUAKHO rTMTPOCKONMUMHO, NPH CHJILHOM HAarpeBaHUU pas-
JIaraeTcs Ha CMecChb BBICILIMX OKCHA U XJIOpHaA:

!
5SNbOCI; = Nb,Os + 3NbCl;s

Terparanorenuapl. M3 teTparajioreHu0B BAHAAMA U3BECTHBI BCE KPOME MOU/A.
Terpapropun VF, B BUe XeNTO-KOPUYHEBOTO MOPOLIKA MONYYaOT GTOPUPOBAHU-
eM Terpaxiopuna 6e3soaHblM HF. Terpagpropun VF, CHIbHO rMrpockonuyeH, B
BOJIC 00pa3yeT CUHUII pacTBOp:

VF;+ H,0 == VO* + 4F~+ 2H*; AH® = =115 xJIx/M0Jb.

BeiecTBo repMuyeckn HectabuibHO M npu Temneparype 100— 120 °C B Bakyy-
M€ JIMCIIPOTIOPLIMOHUPYET*:

2VF4 = VF5 + VF3

B pesysbraTe BoimapMBaHMS PACTBOpA NHOKCHIA BAHAAMS B [UIABUKOBOH KUCIOTE Bblje-
JIEHbl TEMHO-CHHHE CHILHO THIPOCKOMMUUYHBIE KPUCTAIb rekcadTopoBananueBoit(IV) Kuc-
notel Hy[VFg]-7H,0. B xuakom SeF, dropumamu KF u CsF ocaxaaloTcsi KpucTanbi
rexcapropoBaHanatoB(1V) K,[VF4] u Cs,[VFq].

Xnopun VCl, npencrapiasiet coboii BA3KYI0 KPACHO-KOPUYHEBYIO XUAKOCTD, ITPU
KUTITYEHUH BBLACAAIONIYIO XJIOP M NMOCTENEHHO IMPEBPALLAIOINYIOCS B TPUXIOPUL.
OH MeaneHHo pasnaraercsi yxe Mpu KOMHaTHo# TeMneparype. B rasooii (pase npu
temneparype 200 °C MoHOMepeH, MoJieKysa uMeeT (hopMy NPaBUILHOrO TETpasapa
(V—C10,203 um). Terpaxsiopui BaHaaus Nojiy4aroT xiopupoanueM sanaausi, VCl,

* AHaoruuHo BeneT cebsi Ipy HarpeBaHuW TeTpadTopug HUOOUs NbF,.
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WUNU B3aMMOZEHCTBUEM BaHAAUEBOTO aHTUAPUAA C XJIOPUCTBIM THOHHIIOM, XJIOPHU-
JaMHU CEpPbI, NAPAMU UYEThIPEXXIOPUCTOTO Yriepoaa:

t
V205 + 5CCI4 = 2VCI4 + SCOClz + C12

[Mpu nonagaHUM B BOJYy BEIECTBO MTHOBEHHO TMJpOJU3YeTcs, 00pa3yst CUHUI
pacTBOp XJIOpHUJA BaHAIUA:

VCl, + H,0 = VOCI, + 2HCI

Terpaxsiopu BaHaaUsi paCTBOPUM BO MHOTHX OPTAHUYECKUX PACTBOPUTEJISIX, BO-
JOpOgOM M cepoil BoccraHasnupaercsa o VCl;, alloMMHMEM — O MeTalua,
C HaTpUeM B3PbiBaerT.

Bbpomus BaHanus(1V) obnagaer noxoXuMu CBOHCTBAMMU, OJHAKO OH YCTOMYMUB
TONBbKO HUXe Temneparypbl —23 °C. B ornuue or rerpadropuaa raioreHuast VCl, 1
VBr, rpy HarpeBaHUM PacrafgaloTCs C BblaeeHUEM CBOGOIHbIX TAJIOFEHOB U TPUTa-
noreHngos VXs, Mo3aroMy Mpu CUHTE3e NMPUEMHUK HeOBXO0nUMO CHUJIBHO OXJIaX-
JaTh.

Tpuranorenunpt. CoeguHeruns BaHaausi(111) ¢ razoreHaMu npencTaBiasioT codoi
BELIECTBA CO CIIOMCTOM CTPYKTYpOil. Bce TpurajioreHuabl 3a MckioueHUeM propuaa
MOTYT ObITb MOJIyYeHbl FAJIOTeHUPOBAHUEM BaHaAUs NpHU TeMIlepaTypax, KOria Bbic-
Live TajJoreHUabl TEPMUUECKU HEeYCTOMYUBBI.

Tpuxiopua BaHaaus 0OpasyeTcsi B BUge TMIPOCKOMUYHbBIX TOHKUX (PHONETOBBIX
Yeulyek npu TEPMUUYECKOM pasjioxeHuu Terpaxiopuaa (170°C), HarpeBaHuMM Ba-
HaAMEBOro AHTHAPUJA C XJIOPHAMU Cepbl, B3aUMOACHCTBUM BaHAagUs C XUIKWUM
xj0poM, KunaueHun okcoxiopuaa VOCI; ¢ MopolkoOM cepbl, TEPMUUYECKOM pas-
snoxenuu VOCI. OH XOpollIO pacTBOpUM B BOAE M 3THJIOBOM CIIUpPTE, U3 BOAHOIO
pacTBopa KpUCTaJIM3yeTcs B BUe 3ejieHoro rekcarvgpara VCl;- 6H,0, npencras-
asioiero coboii xyopoaksakoMmiekc [VCly,(H,0),]Cl- 2H,0. Ilpu HarpeBaHun Ha
BO3JyXe TMapar npeppaiiaercs B cMech okcoxopuaa VOCI u okcuia saHanusa(V):

t
3VCly- 6H,0 + O, = VOCI + V,05 + 8HCI + 14H,0

Be3BonHbII XJ10pH1 HaYMHaeT pasjararbest npu 600 °C:

t
2VCl; = 2VCl, + Cl,

OH CHJIBHO MMIPOCKONUYEH, MapaMu BOIbl MOJHOCTbIO pasnaraercsi Ha V,0; U
HCIL.

B BOAHBIX MOAKUCIEHHBIX PACTBOPAX MAJTOTEHUIOB LLETOUHBIX METALIOB 00Pa3yIoTCsl KOM~
nnekcHoble coiu, HanpuMep Cs,VCls- 4H,0, Cs3VClg- 4H,0*. OHM He ABNAIOTCA neHTax/o-
pPO- MJIM TeKCaxJI0pOBaHaAaTaAMHK, a PeacTaBIsioT COO0H KOMMIEKCHBIE COH, coaepXaline
mpanc-purasioreTpaakBaBaHagaT(I11)-MOHBI, KOTOpble NPUCYTCTBYIOT W B FeKCaruaparax.
BessoaHble rekcaxiopoBaHamathi(I11), HanpuMep K;3[VClg], nonyyaor cniaBieHHEM Tpu-
XJIOpHIA BaHAAWA C XJOPUAAMH 1LEJOUHBIX METAJIOB.

TpudTopua BaHaausi KPUCTAIIN3YETCA U3 BOJHBIX PaCTBOPOB B BUIe TEMHO-3€/1€HOTO
tpuruapara VF;- 3H,0, uMeroiero MoaekyasipHoe crpoeHue** (puc. 3.29). Ero nonyyaroor

* McCarthy P.J., Lauffenburger J. C., Schreiner M. M., Rohrer D. C. // Inorg. Chem. — 1981, — V. 20. —
P. 1571.
** Mootz D., Schwarz U. // Acta Cryst. C. — 1991. — V. 47. — P. 1534,
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Puc. 3.29. Crpoenue ¢pTopuaos BaHaIU:
a — VF3; 6 — VF3(H,0),

pactBopeHuem okcuna BaHaaus(111) B nnaBukoBoit kucaore. INpu narpeBaHuM Ge3 goCTyna
BO3/yxa OH rugpoJimsyercs, npespawadch B okcogropua VOF. be3BoaHblit ¢hropua Bana-
ana(Ill) nonyualoT TepMuueckum pasnoxenuem rexcadroposanamata(Ill) amMmonnua umam
B3aMMOACHCTBUEM BaHAAMEBOIO aHIMIPUIA C U3OBITKOM TBEpAOTO (HTOPULA aMMOHHS (CM.
puc. 3.29):

t
3V205 + 18NH4F = 6VF3 + 14NH3 + 2N2 + 15H20

®roposanagarsi(111), Hanpumep K;[VFy], MOTyT 6bITh BbigeneHbl TAKXe U3 BOAHBIX PACT-
BOpPOB. MHOIMe U3 HUX YCTOHUMBBI MpuMepHO 1o 1000 °C.

TpubpoMua v TpuMOaHa BaHAaMSI MeHee YCTOWYMBBLI MO CPAaBHEHHUIO ¢ QTOPUIOM U
xjopunom. HepHo-3eneHble KpUcTamibl VBry HaUMHAIOT AMCIIPONOPLIMOHKUPOBATE TipH TeM-
neparype 320°C. M3 BogHOro pacTBopa, UMEIOWIETO 3eleHYI0 OKPAacKy, KPUCTaUIM3YeTCs
VBr;- 6H,0. C xuakum 1 razoo6pasHbiM aMMUaKoM GpoMU 06pasyeT CBETI0-KOPHUHEBbILi
ammuaxaT [V(NH;)e|Br;. YepHo-kopuuHeBblit Tpuuoana VI3 MOXHO Takxke CUHTE3MpOBaTh
peakumeit V,05 unn V,0; ¢ pacrinasom All; B Bakyyme npu Temnepatype 230 °C unu B3au-
moneicTereM Kapbonuna V(CO), ¢ pa3baBieHHbBIM TONYOJIbHBIM pacTBopoM Moaa. ITogo6Ho
6pOMUIY MOIWA CUJIbHO FUTPOCKOTUMYEH, JErKO PAaCTBOPAETCS B BOJE, U3 PaCTBOPA Bblaesi-
eTca B BuAe ruapata VI;- 6H,0. BeltecTBo oxucasiercst KUCI0poaoM Bosmyxa Iipu 125°C ¢
OTWIETUIEHUEM MOJA; € XJIOPOM Dearupyer ye Nnpu KOMHATHOH TeMrnepaTtype.

Jnranorenunpl. B nurajoreHumax BaHaaus creneHb MOHHOCTY CBA3U 3HAYUTEIb-
HO Bblllle, YeM B OCTaJIbHBIX TAJIOrEHUAAX, O YEM CBMIETENBCTBYIOT UX BbICOKHE
TEMIEPATYPsl TJlaBineHUs U HU3Kas JleTydecTs (Bo3pacraet oT Gropuaa K MOAURY).
Tak, audropun VF, ewe npu 1000 °C uMeer HM3KOe naBieHME napa, TOraa Kax
tpuropun BodroHsiercs npu 800 °C, a maBieHue napa neHraropuaa JOCTUraeT
arMoc(epHoro npu 48 °C. Taymorennas! BaHaamsi(11) npencrabasior coboii kpu-
CTAUIMYECKUE BELIECTBA, paCTBOPUMbIE B Bojle ¢ oOpa3oBaHueM UoJIeTOBBIX pac-
TBOPOB. OHY ABAAIOTCS CWIBHBIMU BOCCTAHOBUTENISIMH, HA BO31yXe MPEBpAILalOTCs
B OKCO- WK TujpokcocoenuueHus aHaaus(111). O6uwumM MeTogoM nosiyyeHus ou-
TaIOTEHUAOB CIYXHUT BOCCTAHOBJIEHUE TPUTAJIOTEHUAOB BOIOPOIOM:

500°C
VBT:; + 1/2H2 Emm——— VBTQ + HBr

Hduvvonua v AMOPOMUA TakXke MOTYT OBbITh MoJydeHbl W3 MPOCTBIX BELECTB U
TEPMUYECKUM Pa3JI0XKEHUEM COOTBETCTBYIOLMX TPUTAJOTEHUOOB, a IUXJIOPHA —
B3aUMOAECHCTBUEM BaHALUsI C XJIopoBoaopoaoM Tipu temreparype 1000 °C. Bee au-
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T'anrozenudnsie Kaacmepot HuoGUs u manmaaia

TeTparasnoreHuabl MU HU3UIHNE TATOTCHUABI HHOOUSI U TaHTANA B OTAMUYME OT aHa-
JIOMMYHBIX COEAMHEHUI BaHAAHsI COAEPKAT CBA3M METAI~META/UI, T.€e. MpeacTaBisi-
10T coboi KiacTeppl. B reTparaioreHuaax, nocTpoeHHbiX BECKOHEUHbIMU OfHOMED-
HbIMU UENSIMU U3 COWICHEHHbIX pcOpaMu okTasapos [NbCl¢], aToMbl MeTanna BHYT-
pY Leneil MonapHo CABHHYTBl U3 LIEHTPOB OKTA3ApOB APYr K APYyry ¢ 0O6pa3oBaHuem
AuMepHbIX TpynnupoBok {Nb,Cly| ¢ dy—d,-cBsizamu Nb—Nb, Ha obpasoBaHue Ko-
TOPbIX YKA3bIBAET AuaMarHeTusm coeauHerus. OkTtadapbl [NbClg] aonosHutensHo
CBSI3aHbI APyl ¢ APYrOM TAJIOreHUAHBIMUA MOCTUKaMu (puc. 3.30, a).

TeTparajloreHUAbl MTOJAYHAIOT BOCCTAHOBIEHNUEM BBICHINX TATOTEHUIOB BOLOPO-
IOM MM HUOBUEM (TaHTaIOM):

!
2NbCls + H, = 2NbCl, + 2HCI

al Cl al
Cl o Cl ’ Cl Cl 0,303 1M
NB\—Nb Nb———Nb -~ 0,379 um
Nb Nb
RAA T4 T4 4
Cl Cl Cl

Qi1 On QOa

Puc. 3.30. KnactepHble ratoreHuib HHOBMsL:
a — oktasapsl [NbClg] B TeTparanorenuse NbCly; 6 -— Nb,Cly; 8, ¢ — [NbyCl,|"*; d — Nbgly,
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TeTparanoreHuabl NpPeaCcTaBIsIOT CO00M CUILHO THIPOCKONMMUHBIE MOPOLIKH, PaA3-
Jlaraionuecst BOgOH ¢ 00pa3sOBaHMEM HEYCTOMUYMBBIX CMHMX PACTBOPOB, NpPEanoso-
XKUTENBHO coaepXauiux HoHbI [M;04(H,0),]*. Npy HarpeBaHUM TETPaxIOPUbI U C-
NPONIOPIUOHUPYIOT:

t
2MCl, = MCL; + MCIT

CocraB HM3LIMX TAIOrEHUAOB HUOOHUS M TaHTana, oOpasyiolMXCsl MPU BOCCTA-
HOBJICHUM MEHTATAJIOTEHUAOB HATPUEM WJIA aliIOMMHMEM, HE COOTBETCTBYET IipoO-
CTEHLLWM NIPeCTABIEHUAM O BICHTHOCTH. B CTPYKTYpe BEUIECTB, YCJIAOBHO Ha3biBae-
MBIX TPUTAIOTE€HUAAMH, ATOMbl TAIOreHa 0Opa3yioT MJIOTHEHIIYIO IeKCArOHAIBHYIO
YIaKoOBKYy, B KOTOPOW M0OJIOBUHA OKTa3APHUYECKUX TMYCTOT 3anojiHeHa aToMaMu Me-
Tanna. BTo cOOTBeTCTBYET cocTaBy M;Xg, rae M = Nb, Ta; X — ranoreH. AtoMn M
COEMHEHBI ApYT € APYI'OM B TPEYTOJIbBHUKH CBA3AMU MeTaul—MeTanl (puc. 3.30, 6).
Ipu Bonee MOTHOM BOCCTAHOBJIEHUU OOPA3YIOTCSA BELUECTBA, COAEPXKALINE KIACTEPDI
[M¢X2]™, B KOTOpBIX aTOMbI MeTa/Lla NPOYHO CBS3AHLL APYT C APYTOM B OKTA31pbI,
a Han KaXgbiM peOpOM OKTasapa HaXOAMTCS MOCTHMKOBBIN L,-aTOM rajioreHa
(puc. 3.30, g, 2). OTaesnbHbIe OKTa3apbl CBA3aHbl APYT C APYI'OM OBIUMMM aTOMaMH
ranorena. B 3aBUCMMOCTH OT umcila TAaKUX CBA30K 00Pa3yloTCS TANOTEHUAB PA3HOIO
cocraBa; HanpuMep, M¢X;s unn [MgX3]X; (coorBercTByeT MX;5), M¢X4 min
[MeX2]X, (cootseTcTBYeT MX) 33). B Moamae nnobust Nbgl,, (coorserctayet NbI| g3)
OKTa31p M3 aTOMOB HUOOMA HAXOAMUTCS B LEHTPE Kyba, 0Opa30BAHHOIO aTOMaMHM
nona (puc. 3.30, 9).

MHorue 13 3TUX BelUECTB HE TOJILKO HE pa3pyLUaloTCA BOAOH, HO M XOPOLIO B HEl
pacTsopuMbl. [Ipn 3TOM coaepxaiuecsi B HUX KJIaCTEPHbIE MOHLI MEPEXOIAT B pa-
cTBOp 0e3 maMmeHeHmit. Tak, xsopun TacCl,, Kpucramiusyercs B BUae TMapaTta
Ta,Clyy- 8H,0. M3 ero BoaHOro pacTBopa MOHAMM cepebpa yaaeTcsl OCaAiMTh JIWLIb
arOMbl Xj10pa, He BXoasliue B kiactep. [Ipu oKMcIeHUU 3TOrO coeaMHEHUST HOAOM
obpasyetcs xeiTbiit [TagCl;]Cly, a ipu aeificTBUM GoJiee CUAbHBIX OKUCIUTENEH (X10-
pa, Nepokcuaa BOaOpOaa) — KPaCHO-KOPUUHEBBLIH pacTBOP, COAEPXKALUMHA HOHbI
[TagCl,]*. DTr coeanHeHUA B CBOIO OYEPEIb MOTYT GbiTh BOCCTAHOBJICHbI B TOAKHC-
JIECHHOM BOAHOM pacTeope BaHanueM(ll) mam xpomom(Il) Ge3 usMeHeHHMs cocTasa
KJacTepa:

0,83 B 1,12 B
[NbeChz]z+ — [NbGCllzP+ — [NbcClle+
(3eNeHBIH) (KeaTbIit) (KpacCHO-KOPHYHEBBIi)

0,49 B 0,83 B
[TasCly " —— [TagCly,]* ——— [TagCly,]*
(3€NEHbI) (KENTBIN) (KpacHO-KOPH'UHEBDIH)

Oxcoxaopuds: eanadus

Bce ajieMeHTHI MATOM IPyNiibl 06Pa3yioT OKCOraloreHUAbI, KOTOPbIE MOXHO pac-
CMATpUBATh KaK NPOAYKT 3aMeILEHMUST YACTH aTOMOB KMCJIOPOaa B OKCHAE HA aTOMBI
rajioreHa. Hanbosiee M3BeCTHbI OKCOXJIOPUABI BaHaaus (Tadi. 3.8).

Oxkcoxiopua BaHaausa(lll) VOCI XMMMYECKM MHEPTEH: OH HE pPACTBOPSETCA B
BOAE, HE B3aUMOEHCTBYET C PACTBOPAMM KUCIIOT U LIEOuECH, pasiaraiach JIKILb NpH
00pabOTKe ropAuMMH KOHLIEHTPUPOBAHHBLIMK PACTBOPAMU KUCIOT-OKHcauTeeit. [Mpu-
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Tadbnunpa 3.8
Oxcoxnopuabl Banaaus

Crenenb Temrne-
okucne- | Coenu- OKpacka parypa MeTon nonyueHust
HUS HEHHE naasne-
BaHaAUs Hust, °C
+3 VOCI Kopuunesas 600* V,0; + VCI; = 3VOCI
+4 | VOCl, 3enenas 300+ 2VOCl,; + Zn = 2VOCI, + ZnCl,

V05 + 3VCl, + VOCI, = 6VOCI,
VOCI + VOCI, = 2VOCl,

+5 VOC13 XKentas —T7** V205 + 3SOC12 = 2VOC]3 + 3502
2V,0, + 6Cl, = 4VOCl, + O,
2VCl, + 0, = 2VOCl,

+5 VO,CI | Opanxepo-kpacHas | 150* VOCI; + Cl1,0 = VO,CI + 2Cl,
2VOC; + 205 = 2VO,Cl + 20, + 2Cl,

* C pasnoxeHHUEM.
** Temneparypa kunenusa VOCI; 127 °C.

YMHA 3aKJII049aeTCsl B BLICOKOM 3HEPrMU KpUCTALIMYECKOM peuieTku. [1pu temnepa-
Type Bbille 600 °C 9TO BEIECTBO NUCIPONOPLUUOHMPYET Ha OKcHp V,0; M xnopHa
VCl,.

Oxcoxnopua Banaausi(IV), MaKM xJIOpUCTBI BaHAAWN, NPU PACTBOPEHMH B BOIE
[ET IPKO-CHHUE PaCTBOPHI, M3 KOTOPbIX MOXET ObITh BbiaeneH ruapar. M3 pactso-
POB B IOHOPHBIX PACTBOPUTENSX, TAKMX KAaK MUPUANH, BELICCTBO KPUCTA/IN3YETCS B
BUze conbBatos. Ilpu temneparype okono 300 °C 6essogHeiit VOCI, gucriponopumo-
nupyet Ha VOCI; u VOCIL.

Boicuinii okcoxnopun sananns VOCI; npeacraBasieT co6oit KENTYIO NIPO3PAYHYIO
KUAKOCTb € pe3KuM 3anaxoM. OH YyCTOMUUB NHIIb B CyXOit aTMOchepe, a B IPUCYT-
CTBMHM BOASHOIO rapa ruaponu3yeTcs:

2VOCl; + (3 + x)H,0 = V,05- xH,0 + 6HCI

B 3aBMCUMOCTN OT KOHLEHTPAUMM PACTBOPA OOPA3YIOTCA PA3NIMUHBIE W3OMONH-
BaHaxarel, conu okcosaHaaus(V). Bce 3TH BeuiecTBa 1o Mepe caMONOgKUCIeHHUA
pacTBOpa NMOCTENEHHO OKUCIAIOT XJIOPHI-HOHBI, BOCCTAHABIUBASACHL OO COJEil Ba-
Haauna.

Taxum 06pasoM, € yBeTHYEHHEM CTENEHH OKMCIEHUS CKIOHHOCTL OKCOXJIOpPH-
[OB K TMAPONU3Y Bo3pactaeT. BzauMoneicTBMEM OKCOX10pHaa BAHAAMUA CO CTUPTAMU
nonyueHbr ankokcuabl VO(OR); — neTyuMe XMAKOCTH WM NETKO BO3TOHSIOILIMECH
KpUCTaJLIBI, COCTOSIILIME U3 AUMEPHBIX MOJIEKY. B M30bITKE BOABI OHM MUAPOIU3YIOT-
¢s1 ¢ obpasoBaHmeM KpacHoro renst cocrasa V,0;s- 18H,O0.

C xnopraaMu LUENOUHBIX METALIOB OKCOXJMOpUs BaHagusa(V) o6pasyeT OKco-
XJIOPOBAaHAAATBHI(V), KOTOPLIE NPU HATPEeBAHUM BOCCTAHABAMBAIOTCH:

2K,[VOCI4] = 2K,[VOCI,] + Cl,

Honyuaior VOCI, peitctBeM x0poBogoposa Ha okeua BaHamusa(V). Peakiuio
NPOBOAST B NPUCYTCTBUHU POCHOPHOrO aHTMaApHIa, HEOOXOAUMMOTO i CBA3bIBAHUS
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obpasyiouieitcst Boabl. [lpu B3aumoaeicTBUM oKcoxiaopuaa BaHanusi(V) ¢ 030HOM
ObUIK MOJIyYeHbl OpaHXeBble KpUCTaLIbl xjopuaa auokcoBaHaausi(V) VO,CIl. Ounu
pasjiaralorcs BOOM.
Jisi HMoOust U TaHTala TaKXe BbIACJEHbl W M3YyYE€Hbl MHOTOUYUCIIEHHbIE OKCO-
XJIOPUIbI:
M + 2MCl5 + M,05 = SMOCI, (M = Nb, Ta)

M,Os + 6HCI = 2MOCI; + 3H,0 (M = Nb, Ta)

4
2NbOCl; = NbO,Cl + NbClT
I\/IOC13 + 4M205 = 3M307Cl (M = Nb, T'd)
4NBOCI; + 5H,0 = Nb,O4Cl, + 10HCI

rajoreHUWIAbl MpK KPUCTAIM3ALUMU U3 BOHBIX PACTBOPOB 00pa3yioT KPUCTAIOTMI-
parbl: VF,-4H,0, VCl,- 4H,0, VBr,- 6H,0, VI,- 6H,0. B 6e3B0AHbIX YCIOBUSIX CUH-
TE3UPOBAHBI U KOMIINEKCcHbIE rajioreHunbl Banaaus(l1), nanpumep CsVCl;, KVF;*,

M3-3a neTyyect¥ U TepMUUYECKOW HECTAOMIBHOCTH MIPU BBICOKMX TeMIIeparypax
JUMOAUI UCTIONB3YIOT IJIsl MOJYYCHMUs UYMCTOro BaHaaus (Tmpolecc BaH ApKeas—
ne bypa). pu Temneparype okosio 750 °C B Bakyyme VI, TEpMHUUECKHU TUCCOLIMUPY-
eT Ha nipocThle Belectna; Bbilie | 000 °C ocaxpaercss Ha CTEHKaxX B BUAC MeTaJIM-
yeckoro 3epkana. ['nybokylo OUMCTKY OCYIUECTBSIOT MyTeM cuHTe3a VI, U3 mpo-
cTbiX BelecT npu TeMnepaTtype 800 —900 °C BHyTpHM crieiMabHOTO HArpeBacMoOro
CHapyXK METAIMUECKOTO KOHTEHHEPA, BO3rOHKHM AMUOAMIA U3 chepbl peakumuu 1
€ro pas3jiokeHu s Ha pacKajlcHHO Metamiuueckoi Hutu nipu 1400 °C.

3.9. CYJIb®UJIbI U TUOCOJIN DJIEMEHTOB MATON T'PYIIILI

[pu mponyckaHnu cepoBOIOPOAA Yepe3 MOAKUCICHHBIE pacTBOPhI BaHaLaTOB(V)
ocanku cyibdUIoB He oOpa3yioTcsi, a MPOMCXOAUT MOCTEIIEHHOE BOCCTAHOBJICHHUE
BaHaHUs 10 COENMHEHMI BaHAAMWIA:

2Na,VO, + H,S + SH,SO, = 2VOSO, + S + 6H,0 + 3Na,SO,

Peakiuiust npoTekaet MeUICHHO Ha XOJIONY M yeKopsieTcsl mpy HarpeBaHUU. Cylib-
bun amMouust B cinabokuciioi cpeae ocaxiaaer Oypbiit cyabdua V,Ss, KOTOpbiit
MEUICHHO PAacTBOPSIETCS B U3ObLITKE peakTUBa.

B 1enoudoit cpeae pacTBop oKpalluMBpaeTrcs B (hpMOJETOBO-KPACHBIA LIBET, BbI-
3BaHHbIA 00pa3oBaHueM TMoBaHapaTa(V):

4Na'_)s + Na3VO4 + 4H20 = Na3VS4 + 8NaOH

TuoBananat-MoH MpeacTaBsieT cOOOU MpaBUIbHBIA TETPA3AP C AIMHOM CBSI3U
V—S, paBHoii 0,216 HM, YTO CBUAETENBCTBYET O HATMYMU CHIIBHOTO TT-CBSI3bIBAHUS

* Williamson R. F., Boo W.0.J. // Inorg. Chem. — 1977. — V. 16. — P. 646.
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Os Q1 ov

Puc. 3.31. CtpoeHHe THOBAHAATOB:
a — TI;3VS,; 6 — uenu u3 okrasnpos [VS¢] B BaVvs,

(puc. 3.31, a). TuoBaHAKATHI LUENOYHBIX METALIOB* M;VS, MOTYT GbITb NMOAYYEHbI
CIUIABJICHUEM TPOCTHIX BeLLeCTB B 3anassHHOM amnytie. OHU clyXaT MCXOIHBbIMHU
BeLLECTBAMM JUIS1 CHHTE3a MHOTMX CONEPXKAILUX CEpY COENMHEHUI BAHARUS, B TOM
YUCJIe MONICJIUPYIOLLMX KOOPAMHALIMOHHOE OKPYXXEHMUE aTOMa BaHanus B BaHanue-
BOM HMTpOreHase, NMOCTPOEHHOM aHAJOIMMUHO XOPOIHO M3BECTHOMY MOJIMOAEHCO-
nepxailieMy OeJIKy U TakKe yqacTBYIOLUEl B CBA3bIBaHUM a30Ta BO3AyXa.

[Ipu monkucaeHUH TMOBaHAAATHI PA3pyLUAIOTCsl, U U3 PacTBOpa Bbimagaer Gy-
pbiit ocanok cynbduaa V,Ss:

2(NH,);VS, + 6HCI = V,S5l + 6NH,CI + 3H,ST

Cynbdun V,Ss paznaraercsi KUCIOTaMU-OKMCINTENSIMM, LLeJoYaMH, KapboHa-
TaMU; PaCTBOPUM B PAacTBOPAX CYIAb(pUIOB:

VZSS + 6N32CO3 + 4H20 = Na3VS4 + Na3VO4 + 6NaHCO3 + HQS
‘ V,Ss + 3(NH,),S = 2(NH,);VS,
npenapaTMBHblﬂ METO/ TNMOJIYYEHUS BbICILETO Cyﬂb(b”)la BaHaaUs 3aKIKOYACTCS

B TEPMMUYECKOM pa3/ioKeHMM THOBaHajaara aMMOHMSI, KOTOpbIH 0Opasyercsl Npu
HaCBILIEHUHU CEPOBOAOPONOM PAaCTBOPA BaHajgaTa U MMAPOCYJIb(PHUIA aMMOHMUS:

2Na;VO, + 8NH,HS + 6H,S = 2(NH,);VS, + 6NaHS + 2NH; + 8H,0

°

12
2(NH,);VS, —— V,Ss+ 6NH;T + 3H,ST

[Ipu warpesanuu cynpbuna sanagusi(V) no 300°C ox npespalyaetcsi B Cylb-
bua V,S;, yeTOUMBBIiM K IEHCTBUIO KOHLEHTPUPOBAHHOMN COMSIHOM KMCIOTHI. Crpoe-
HUE ITUX COEIMHEHMUIH IO CUX TTOP HEU3BECTHO.

[ToMHMO OpTOTHOBaHAATOB CHMHTE3MPOBAHbI MOJMTHOBaHAAaTh. M3 pacTBopa
(NH,);VS, neiicteuem H,S Bblenena conb (NH,),V,S,.

* Harrison A. T., Haworth O.W. // J. Chem. Soc. Dalton Trans. — 1986. — P. 1405; Lix Q. // Inorg.
Chem. — 1997. — V. 36. — P. 214; Klepp! K. 0., Gabl G. // Eur. J. Solid State Inorg. Chem. — 1997, —
V.34, — P. 1143,
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0,203 um

Os

a 7]
Puc. 3.32. CtpoeHue VS,

a — BUIL Ha uenb cOoky (paccrosuue V—S 0,236 —0,254 um); 6 — BUa BIO/bL LENKN

B nutepaType onucaHb MHOTOuMC/IeHHbie CyIbdpuab BaHaaus. Becero Ha dhasoBoil nua-
rpamme CUCTeMbl BaHalMi—cepa HaijeHO okosio 20 ¢a3, HauuHast OT HU3llero cyibduaa
V.S u 3akaHuMBas TeTpacyibduiom V(S,),, Haubosiee 6orateimM cepoit (MUHEpan NaTpo-
HUT VSy) (puc. 3.32). MHoOrue U3 HUX He UMEIOT CTEXMOMETPHUECKOrO cocTaBa. Bce atn
BELLECTBA 00pa3yloTCst MPU BHICOKOTEMIIEPATYPHOM OTKUIE CMECH NPOCTHIX BELIECTB WJIN
no peakuumu mexay okcunom BaHauusi(l1l) w cepoBogoponom npu temneparype 700 °C.
OHU npencTapasiioT cOGOW Cephie WM YEPHBbIE NOPOLIKK, YCTOWYUBLIE K OEHCTBUIO pa3-
6aBJIeHHBIX KUCJIOT, HO pearupyollie ¢ KOHUEHTPUPOBAHHBIMU PACTBOPAMU M pacrulaBamu
Hiesj1o4ei.

[pwu nefictBuu Ha Banamarbi(l1V) cepoBomopona B 1UEJOUHOM PACTBOPE TAKXKE
00pa3yIoTCcst THOCONM, HO UX COCTAB M CTpOeHMe HeusBecTHbl. XOTs cyibdun VS,
nojy4eH, No-BUIMMOMY, OH 00pa3syeTcsl TOJIbKO B OTCYTCTBUE BOJbl, a4 MOAKUCIE-
HHe pacTBOPOB THOBaHAnaToB(1V) NpuBOAUT K 0OpPa30BaAHUIO OCAAKOB CEPbl U HU3-
X Cy/buI0B nepeMeHHOro cocrara. M3 tuoananaros(lV) K HacTosilueMy Bpe-
MEHM 0XapaKTepU30BaHbI JIMIUb HECKOJbKO, HampuMep BaVS,, obpasoBaHHbIil U3
OKTasapoB | VS¢], coennHeHHbIX O01MMH rpaHsiMu B Lenu (puc. 3.31, 6). Onucanbl
TAkX€e KOMILIEKChI, B COCTAB KOTOPbIX BXOAMT IpYNMUPOBKA V=S, anaioruuydas
KarvuoHy BaHaauJa.

[1pu narpeBaHuu NMOPOLUKOB HUOOHUSI WM TAHTAIA C CEPOit B 3aBUCUMOCTH OT
yCJI0BHIt 00pa3yloTcst MOHOCYAbhHUAB MS cO cTpyKTYpOI#t THIA apCceHMIa HUKENS,
AUCYAbDUIBI HECTEXHOMETPUIECKOTO COCTABA, HampuMep MS,, 1 noaucyabhubl,
HampuMep MS;. [loayuen psin mpoMexyrounbix da3. Beiciume cyabduabl HHOOUS 1
TaHTana HeussecTHbl. Hpu HarpeBaumu Ha Bozayxe Bbille 300 °C cyabdUbl OKHCSI-
I0TCst 10 MEHTAOKCUIIOB.

HarpeBaH#eM NOPOLIKOB META/LIOB C XJIOPUAAMU CEPbl MOTYT ObITh MIOJYYEHbBl CYIb(HO-
xjopuibi, Hanpumep NbS,Cl,. Bce 31H BetecTBa yCTOWUYMBLL HA BO3ayxe, a GOJbLIUHCTBO
W3 HUX — U B pacTBOpax KUCJIOT-HEOKUCIUTeEeH. B nocienHue rojibi CHHTE3MPOBAHb! pa3HO-
obpasHbie TMOHWODATHI M THUOTAHTANAThl. B MpUCYTCTBUMU MOHOB C HEGOJIBILUM PALUYCOM
(Li*) xpucTtanausywTtcs npocteiiine oprotmoHunodatn (LisNbS,), B To Bpemst Kak non
JIERCTBUEM KPYITHbIX OPFaHUYECKHUX KATUOHOB M3 PACTBOPOB BbIAE/ISIOTCS U30TNONAUCOEIN-
Heuus, Hanpumep [(C,Hg),NINbgS,;. CUHTE3 3TUX COeAUHEHUI NPOBOAAT B ALLETOHUTPU -
Jile UCXOonst U3 aJIKOTOJISITOB, & MCTOYHUKOM CEpbt CIYXUT AH(TPUMETHICUINI)CY AU
[(CHJ)JSi]2S*'

*Sola J., Berg J.M., Holm R. H. // Inorg. Chem. — 1985. — V. 24. — P. 1706; Lee S.C.. Hoim R. H. //
J. Amer, Chem. Soc. — 1990. — V. 112. — P. 9654; Lee S. C., Li J., Mitchell J. C., Holm R. H. // Inorg. Chem. —
1992. — V. 31. — P. 4333.
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3.10. BUHAPHBIE COEAUHEHUS DJEMEHTOB IIATON I'PYIIIBI
C HEMETAJLLIAMHU

['Maopuabl MeTaanoB mATON Ipynribl [IPEACTABISIOT cOBOM XpyNKue cepble MK
UEePHbIE MOPOLIKHK MEPEMEHHOIO cOCTaBa, obpa3yiouirecsl TpH B3aUMOAEICTBUN Me-
TaJLIOB ¢ BooponoM. Banaauit, nanpumep, HauMHaeT MOrjaowarb BOLOPO yXe
NTpH KOMHATHOM TeMreparype, cHayana ¢ od0pa3oBaHMeM TBEPAOro pacrBopa, a 3a-
TeM — (a3bl MOHOTMapHUaa. Monoruapua VH — uepHblit MOpPOLLOK, YCTORUMBBIA HA
BO3ayxe, HO paspylIalolMiiCs nog neiicTBUeM KUcaoT-okuciauteeit. [Tpu teMnepa-
Type 0koJio 1 000 °C on pasnaraetcsi Ha npocThie BeiecTsa (puc. 3.33), 4To UCNONb-
3YIOT JIJIs MTPOU3BOACTBA BAHAAMEBBIX MOPOLIKOB. [IpH rugprpoBany MeTaaioB noa
BBICOKMM paBjieHHeM nolydeHnl paza VH, 75, a Takke aurnapuabl HUOOUS M TaHTaa
MH,; co crpykTypoit patooputa. OHM Jlerko pacnafaroTcs ¢ BbLAeJeHUEM BOIOPOA.

[Ipn BoCCTAaHOBIEHUM METALIOB MATOM IPYMIMbl YIJIEPOAOM MM MOHOOKCHIOM
CO o6pasyrotcst TBepabte Kapouas MC u MC,, ycToitunBble K EiCTBUIO HEOKHC-
JSTIOMIMX KUCAOT. OHM OTIMYAIOTCS UCKITIOUMTENIbHOM TBEPAOCTBIO U TYTrOTJIaBKO-
CTbIO — MX TeMrepaTypbi ruiaBieHus npesbimarot 3 000 °C (us TaC 3 880 °C). U3 uux
HanboJibluee 3HaYeHMe MMeeT Kapoun HMoOus NbC 6narogapsi cnoco6HOCTH 06pa-
30BbIBATb TOHKME TUJIEHKM HA MHOTMX Marepuajax, Bkitouasi rpacpur. Cioil storo
BelLeCTBa TOMUMHON Beero 0,5 MM 3amMiaer or KOPpPo3MK aaxe NMpU BbICOKMX
Temneparypax. Takue mOKpbITUSI MCTIONB3YIOT B pakeTax M TypOMHax, a TakkKe Ha-
HOCSIT HAa Pabouyl0 MOBEPXHOCTb PEXYIUMX MHCTPYMEHTOB C LEIbIO YBEJIMUYEHMUS
TBepaoCcTH cTaiu. IlneHkn KapOupa HMOOUS MOYUAKOT, MPONYCKAas YI1eBOIOPO/Ib
Haj pacKaieHHbIM HMOOMEM WJIM BOCCTAHABJMBASI Maphbl rajloreHU10B HUOOUS yr-
NeBogoposaMu. M3BecTHbl Takxe HU3LIME KapOuabi, Hanpumep M,C, M(C;.

Cpeau uutpugos Bananust (VN u V,N) Haubosee Baxen VN cO CTpyKTypoit
rajuTa, KOTophiit obpasyercss B Buiae cepo-(hHONETOBOro mopoliKa Nnpu B3auMO-
JEeHCTBUM NMPOCTHIX BELLECTB, a TAKXKE B Pe3y/bTaTe peakMi aMMHaKa ¢ pacKajleH-

HbIM BaHaaHUEM:
100

1000°C
2V + 2NH; —— 2VN + 3H,

'”E 80 MK pasnoxeHus rekcadproposananata(lll)
© ammonusa. Hutpua VN XuMMMUYecKHU YCTONYUB,
£ 60 pPa3pyLUAETCs TOJbKO MPHU KUIISTYEHUU ¢ a30T-
= HOW KMCJIOTOI M pacTBOpaMHU mieSioyeil ¢ Bbl-
§ 40 nejleHMeM aMMHMaka.

£ Hutpuabt HHOOHS M TaHTana, 06pa3yiomm-
£ 20 €Cs1 M3 NMPOCTLIX BEWECTB, FTMAPUIOB, OKCHIOB

M XJIOpUOB B TOKE a30Ta WJIM aMMMAaKa, OTHO-
cates K ha3aM BHeIpeHHUs] M MTOITOMY MMEIOT
LWKMpOKUe obnactu roMoreHHoctu. Hawubosee
O/IM3KM K CTEXMOMETPUUECKOMY COCTaBy MO-
HOHUTPUABI MN, xapakTepusyloumecs: MoJu-
Puc. 3.33. PacTBopuMoOCTb BogOpOaa B Mopbusmom. [pu HarpeBaHMK HA BO3IYXE OHU
METalJIaX MSITOM IPYNIB B 3aBUCUMO-  TTOCTETNIEHHO TIEPEXOAT B BbICLIME OKCHUIBI Ue-

CTU OT TEMTIIEPATYpPbI: pe3 craamuu 00pa3soBaHUsI OKCOHUTPUIOB. Hut-

I—Nb;2—V;3—Ta pHabl 00J1aN1AK0T 3IEKTPOHHOM MPOBOAUMOCTBIO

0 100 300 500 700 900
Temneparypa, °C
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U CBEPXTTPOBOAUMOCTBIO. Hanbosee BbicoKylo Kputuueckyio Temmneparypy (13— 15 K)
UMeet HUTpUI HUOOMs NbN.

KonTtposbhsie Bonpocsl

1. Ha KOHKpEeTHBIX IpUMEpax MOKAXHUTE, YTO XMMHUYECKASt AKTUBHOCTh NPOCTHIX BEIICCTB
B NSITOM rpynne yObhiBaeT ¢ POCTOM MOPSAIKOBOro HoMepa. YeM 310 Bbi3BaHO?

2. TlpeanoxuTe MeToj CHHTE3a OKComunepokcokapGoHarosaHanata(V) kaaus. Bricka-
KUTE NPE/NOJOKEHUE O €ro CTPOEHUHU, OKPACKE, XMMUYECKUX CBOMCTBAX (OTHOILUEHUIO K
pacTBOpaM KUCIIOT, LUEJIOYEH, HArpeBaHUIO).

3. Okcupa BaHaausi(V), Moslyd4eHHbIH HAFPEBAHMEM BAHANATA AMMOHUS B THIJIC, 3aKPbi-
TOM KDBILIKO#, HMEeT TeMHbIl uBeT. Yem obyciiosiieHa Takast okpacka? HanuuinTe ypasHe-
HUE peaklnu. .

4. Tepxnopar sanaausi(I1) V(ClO,),- 6H,0 npencrapiser coboit KpacHO-(QHOJIETOBbIC
KpUCTa/liIbl, XOPOLLIO pacTBOpUMbie B Bose. [peaioxure MeTOn ero noslydyeHus, oxapakre-
PU3YHTE €ro CBOKCTBA.

5. Kakoit u3 atromos B Bewectse VPO, 2H,0 uMeeT KOOpAMHALMOHHOE YMCIIO 1LECTH?
C yeM 370 cBsi3aHO?

6. B BOTHBIX pacTBOpax cMeCH OPTOBAHANATA M METACUIIMKATA HATPUS METOIOM CIIEKTPO-
CKOMNWH siIePHOrO MArHUTHOTO pe3oHaHca Ha siapax 70 u >V s3apukcuposato obpa3oBaHue
BaHanocuankaToB cocraBa Na;[H,VSiO;]*. BeickaxuTe apryMeHTUpOBAHHOE Mpenoioxe-
HUE O CTPOCHUU aHUOHA W U300pa3uTe ero CTPYKTypy.

7. IMoyeMy HM3LIMe rajloreHUabl HUOGUST ¥ TaHTaNa 3HAYUTEILHO OTIMYAIOTCSI OT HU3-
LWIUX raoreHu/1I0B BaHanusi?

8. Cko/bKO rpaMMoOB xjopuaa cepebpa obpasyerca rpu meitcteuu Ha 100 mi 0,1 M
BojHoOro pactsopa Ta,Cly, n3briTka HuTpaTa cepedpa?

9. Ipu xpaHeHnu oKcoxjopuaa BaHaausi(V) HA BO3AYXE B HEILUIOTHO 3aKPLITOM GIOKCE
00pa3oBanach Xu/1KOCTb ApKO-CHHEro uBeTa. Hanuuimre ypasueHus peakumit. Kak npespa-
TUTb 06PA30BaBILUIACS NPONYKT 06paTHO B oKcoxjiopua? TpeiioXuTe cuHTe3 B MUHHMAN b-
HO€e YuCJIo cTaguil.

10. Xnopun Huobusi(V) pasnaraetcst Bonoit ¢ 06pa3oBaHnem 6e1oro ocaaka ruapaTupo-
BAHHOTO OKCH/Aa HMOOUSI(V), OIHAKO NpPU PACTBOPEHUM B KOHIEHTPUPOBAHHON COJISHON
Kicjlote 00pasyeT Mmpo3padyHbliit pacTBOpP, KOTODbIK HE paspyllaeTCsl Jaxe fpu CUILHOM
pasbapieHun ponoii. Ipuseante oObsICHEHUE U NPELIOXUTE METOH MOJIYUEHUS] OKCHUA
HUOOUA(V) U3 CONSIHOKUCIOrO pacTBOpa NEHTAXJIOpUIA.

I1. Tpu B3aumoneicTBUM NMEHTAXIOPUAA HMOOUSA C uMAHUIZAMU OOPA3YIOTCH MOHbI
[NbCIS(CN)]™, B KOTOpBIX KOOPAMHALMOHHOE YUCIO MeTaNIa paBHO 6. Ha Kakue cpoiicTsa
BBICLLIMX FaJIOTCHU/I0B METAJLIOB IATOW FPyNNbi yka3blBaeT 3Ta peakuus? [louemy Husliue
raloreHuabl HUOOUA He BCTYNAIOT B NOJOOHYIO peakiuio?

12. Mpemwnoxute, KAK XMMUYECKAM I1yTEM CJAMTOK TAHTAIA MOXHO MPEBPATUTD B TOHK Ui
NOPOLIOK.

13. Mpu oxnaxnaeHuu B CYCrneH3NIO TaHTalla B GpoMe 1o KaIljisiM BBOIST U36biToK BrF;.
[lpu atom obpasyercsi cocanHeHne coctasa (BrF,)TaF, [Mpenckaxute reoMeTpuuccKyio
$opmy ero kaTuona.

14. Ha puc. 3.34 uzobpaxena ¢asopast nuarpamMmma cucteMbl V—B. Onpezesute coctaBbi
obpasylomuxcs GOpUIOB M YKAXHUTE, KAKUE U3 HUX TUIABATCSL KOHTPY3HTHO. ONpeneauTe
00,1aCTh COCTABA PACIIIABA, U3 KOTOPOTO MOXHO MOJYYUTh KPUCTAIIL MOHOGOpUAA.

15. Ha puc. 3.35 usobpaxena dasosast auarpamma cucteMbi Nb—B. PaccuuTtaiite uncio
creneHeit cBobobi B Toukax A, E, D. U306pasute KpuBylo OXIaxaeHUs paciiaBa cOCTaBa
60 % B n ykaxute Ha Heit dasbl, cocyiwecTByowue npu temnepatype 1 500 °C.

* Howarth O. W., Hastings J.J. // J.Chem. Soc. Dalton Trans. — 1996. — P. 4189.



I'nasa 4
XUMUS DJIEMEHTOB HIECTOM TPYIIIbI

4.1. OBIIASL XAPAKTEPUCTUKA

B cocraB niecroii rpynnbl flepuonnueckoit cucreMbr BXOAsT xpoM ,,Cr, MOTHUO-
neH ;;Mo, BonbdpaM ,W U panmMoakTUBHBIIA MeTama cubopruit ,,Sg. Xpom Berpe-
4yaeTcs B MPHUPOME B BUAE YETHIPEX CTAOMIbHBIX M30TOIMOB, U3 KOTOPbIX Npeobiiaga-
et 2Cr (83,8 %). [pupoatibie MOTUGIEH U BOALDPAM MPEACTABISIIOT CIOKHYIO CMECh
CEMU U MATH U3OTOIMOB COOTBETCTBEHHO, GONIBIIMHCTBO M3 KOTOPbIX BCTPEYAETCS B
3EMHOMN KOpE B COMOCTABUMBbIX KoauuecTBax. TakK, JOMUHUDPYIOLWMI HYKITHUI MO-
ambaeH-98 cocraBnsieT Bcero 24 % o1 o6Lero yucia aToMOB MO MOIeHa.

B 1778 r. wBenckuit xumuk K. lleese nonyuni u3 mudepana moiandaeHuta MoS, okcua
MoOj;, npu BOCCTaHOBIEHUU KOTOPOTO YIJIEM YETbipbMst rogamy nosgHee P, XbejibM Bbige-
JIWJI HOBBIW 27eMeHT — MonuGjieH. HazBaHnue ero npoucxoauT OT rpeueckoro poivpdoc —
CBHUHel. DTO CBA3AaHO C TEM, YTO TAKUE MSITKME Matepualibl, Kak rpadur, cBUHeL ¥ MOIUO-
JIEHWUT UCNOJIBb30BAIU paHee Kak rpudesn LIst nucbma.,

B 1781 r. K. Uleesie u T. Beprman BblaeJiniin OKCUI HOBOTO 3/ieMe HTA U3 MuHepana CaWO,
(ineenunra). CnycTst 1Ba roja UcnaHckue XuMuku — Gpatbst Jx. v @. 1°Diiyap nokasanu, 4to
TOT X€ WICMCHT BXOIMT B COCTAaB MUHepana Boubdpamuta (Fe, Mn)WQ,. Ero Ha3BaHUe
npoucxonut ot Hemeukoro Wolf Rahm — Bosubst neHa, CpeitHeBeKOBbiE META/LIYPrU FOBO-~
PWIIH, Y4TO BOJIB(MPAMUT NOXKUpaeT OJORO, Kak BosK OBUY. [1py BbinjaBke 0j10Ba GOJbLIOE
KOJIMUECTBO METAIA TEPAIOCH, NEPEXOAS B LJIAK. DTO ObLJIO BBI3BAHO TEM, YTO BOJIb(Dpa-
MUT, CONYTCTBYIOHIMHA KAaCCUTEPUTY, NPENSITCTBOBAN BOCCTAHOBJIEHUIO ofioBa. BoccraHoB-
JIEHHEM BOJb()pamMuTa yriieM OHU W NOJNYyYMIIUM HOBBIM META/L1, HA3BAHHBIA BOJb(PAMOM.

B 1797 r. ¢dpanityackuil xumuk JI. BokjieH uayyan CBONCTBA OpaHXeBO-KPACHOFO MUHE-
pana kpokouta PbCrO,, npucnanHoro eMy u3 Cubupu pycckum reosorom M. [Mamiacom.
Mpu KUnsiveHUU MUHepasa ¢ NOTAIOM OH NOJIyYMSI XEJIThii pacTBop:

3PbCrO, + 3K,CO; + H,0 = Pby(CO4),(OH) + 3K,CrO, + CO,T

U3 KOTOPOFO BBIJAC/IUII XpOMAT KNS, 3aTeM XPOMOBBIN aHFUAPUI M, HAKOHCL, BOCCTAHOB-
JienueM anruapuna CrO; yrieM — HOBBIM MeTasl XpoM. Haseanue storo ssemenTa npouc-
XOIUT OT IPEYECKOro XpMUO. — LBET, KPACKa U CBSI3aHO C pa3sHOODOpAa3sueM OKPACKU ero
coennHeHni. Munepan xpomut FeCr,0,, BaxHeitlliee COBpeMEHHOE Chipbe /151 IPOH3ROI-
CTBa Xpoma, Obll HailneH Ha Ypane B 1798 r.

Cubopruit Bnepsbie Obis1 NOJMyyeH B 1974 r. aMepukaHCKMMU YUeHBIMM MO PyKOBOJI-
ctoM A.Tunopco B bepkau (CUIA) u rpynnoit I'. H.®iépora B [Ay6He (CCCP). Cunres
2/IEMEHTA B KOJIMUECTBE HECKONBKUX ATOMOB aMepUKaHCKUe DU3UKYU NPOBOIMIIY N0 peakiiuu

18 249 263 i
{0 + 50Cf > 58z + 44n
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Mertonom ra3oBoit xpomarorpaduu GbUIO 10KA3AHO, YTO OKCOFraNOreHUnb cuboprus
CXOIHBI C AHAJIOFUYHBIMU COEAMHEHUSIMY MOIUOaeHA U BoJibdpama. [loa nelictBuem cmecu
A30THOI M MIABUKOBOK KUCJIOT cubopruit 06pa3yer HelTpaibHbie MM aHUOHHbIE PTOPU-
IIbl, YTO OTIMYAET €r0 OT ypaHa, AJisl KOTOPOrO B STUX YCJIOBUSIX IOJIYyYEHBI KATMOHHbBIE
kommuekcol. [lepuon nosypacnana HanGosee noaroxusyiiero u3orona 20Sg pasen 27,3 c.
DJIeMEHT HAa3BaH B YECTb aMepUKaHCKoro ¢usrka u xumuka I Cubopra.

Crenys OOLIMM TEHAECHLMSIM 3aNOJHEHUS d-TOAYPOBHS MPU ABUXEHUM O Te-
puony Aisl 3JIEeMEHTOB 1ecToN rpynmbl (Tad. 4.1) HyKHO ObL10 GbI NPEANONOXHUTD
KOH(UTYpaLMIO BaJeHTHBIX 3J1EKTPOHOB B OCHOBHOM COCTOSIHMU (n— 1)d*ns?, 4To,
OHAKO, peajiM3yeTcs TOJbKO B cly4ae Boibppama. B aroMmax xpoma u MonubaeHa

Tabnauua 4.1
CgoiicTBa 3/IEMEHTOB HIECTOIl IPYIHIbI
CpoiicTBO Cr Mo w
3apsia siapa 24 42 74
ATOMHast Macca 51,9961 95,94 183,84
Yucsio ctabusibHbiX U30TONOR 4 7 5
DIleKTPOHHAst KOHDUTYpauus [Ar]3d°4s' [Kr]4d?5s! [Xe]4f'45d%6s>
DHeprust uoHusaunu, KIx/mosb:
nepsast 653,20 684,08 769,95
BTOpas 1592,0 1563,1 1707,8
TPEThsi 2991,0 2614,7 2316
yeTBepTas 47374 4476,9 3377
nsAras 6 705,7 52584 4631
1ecTast 8741,5 6638,2 5886
MeTtannuueckuit paamyc*', HM 0,127 0,139 0,140
Honnwsiit panuyc*’, um:
M(VI) 0,044+ 0,064 0,072
M (V) 0,049+ 0,077 —
M(1V) 0,069 0,079 0,079
M(IIT) 0,070 0,081 —
M(1) 0,087/0,096% — —
DJ1IeKTPOOTPHLIATEbHOCTD:
no [Moaunry 1,66 2,16 2,36
no Osuipeny—Poxosy 1,56 1,30 1,40
CreneHb OKUC/IEHUA*S (-4, (-2), <), | (-2), (=1), (+2), | (=2), (=]), (+2),
(+2), +3, (+4), +3, (+4), +3), (+4),
(+5), +6 (+3), +6 +5, +6

*I 1nst KOOPAMHAUMOHHOrO yucha 2.

*2 151 KOOPAMHALMOHHOTO Yncaa 6, ecli He YKa3aHo uHade.

*3 118t KOOPAMHALUMOHHOro Yucia 4.

*4 B unciuTeNle yKadaH paMyC Aist HU3KOCTTMHOBOTO, B 3HAMeHaTele — ISl BHCOKOCTHHOBOTO
COCTOSIHUSL.

*3 B ckoBKax npuBefeHbl HEYCTOHUMBHIE CTEMEHN OKUCICH S,
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BBIUrPBILL 3HEPruU, BbI3BAHHbIH CTAOWIN3a1Meit HAMOJIOBUHY 3aTOJHEHHOrO MOJI-
YPOBHSI U TMOJIHBIM OTCYTCTBUEM JIeCTROMIM3UPYIOLUETO BKJIAaa 3HEPriu crnapusa-
HMS, OKa3biBaeTcsl OOJIblLE IHEPTUN, KOTOPYIO HEODXONUMO 3aTPaTUTh Ha MEPEXoN
OJIHOTO U3 S-3JIeKTPOHOB Ha d-NMMOAYPOBEHb. DTO NPUBOJIUT K «TTPOCKOKY» 3J1I€KTPO-
Ha (cM. noxpasa. 1.1) U 2/1eKTpOHHOI KoHdUrypaumu (n— 1)d>ns' atoMoB Xxpoma U
MoJuGeHa. Paguychl aTOMOB M MOHOB (CM. TabGu1. 4.1) BO3pacraloT npu nepexone ot
XpoMa K MOJIUGIeHy U NMpaKTUYECKH He U3MEHSIOTCS MPU NalIbHEH UEM nepexosae K
BoJb(phpaMy, UX OJU3KKUe 3HadeHUs y MoJubaeHa U Bojbdpama sIBJISIIOTCSA Clel-
CTBMEM JIaHTAHOMIHOTO cXaThs. HecMOTps Ha 3T0, pasHMLa B CBOMCTBAX 3THUX BYX
3JIEMEHTOB OKa3blBaeTcsl ropa3no Oonee 3aMeTHOM, yeM 4d- U S5d-371€MeHTOB YeT-
BepTOU U MSATON rpynmn (LMPKOHUS U ragpHusi, HUOOUS W TaHTala): N0 Mepe ynaje-
HMUSI OT TpeThei rpymnnbl BAMSHWE JaHTAHOWIHOIO CXaTUsl HA CBOMCTBA aTOMOB
ocnabeBaeT. 3HaueHUsI MEPBLIX SHEPTUH MOHU3ALIMU TTPU TTEPEXOJE OT XpOMa K BOJIb-

(bpaMy yBeJMUMBAIOTCS, KaK U y DJCMEHTOB TSITOM PYMTbL.

Ta6aunua 4.2

Crenens OKHC/IeHNS, JICKTPOHHbIE KOHMUIypanuy, KOOPAMHAIIMOHHBIC YHCJIA
H reoMeTpus COeAHWHEHHH IJIEMEHTOB WECTOH TpyINIbl

Crenets | Dnextpon- | Koopauna- [MpuMepbt HOHOB U cOeAUHEHUIHA
okucnie- | Hast KoHpu- | UHOHHOE I'eomeTpus MOHGIEHE,
HUs rypauust YUCIO Xpoma BosIb(ppama
—4 d'’ 4 Tetpasap Na,[Cr(CO),] —
-2 d® 5 TpuronanbHasi | Na,|[Cr(CO)s] Na,[M(CO);]
ounupamuga
-1 d7 6 OKTa:-)ﬂp Naz[Crz(CO)m] Naz[Mz(CO)l()]
0 d® OkTasnp Cr(CO), M(CO),
+2 d* 4 [Mockuit Cr(acac), —
KBanpar
5 KpagpatHas — [Mo,CL]*
nupamuia
6 Okrasgp K Cr(CN)], | (CH3),W(P(CH;)3),
CrF,, CrS
+3 d? 4 Tetpasnp [CrCl,I [Mo,(HPO,),|*
6 OxTasap [Cr(NH;)]** [M,Clg]*-
+4 d? 6 Oxranap K,[CrFg] [MCl, )~
8 JHonekasnp — [M(CN)g]*-
+5 d' 6 OkTansanp K,{CrOCl;] [MF, I
+6 d’ 4 Tetpasap CrO MO2-
6 Okrasnp CrF, [MOg]*
8 Honekasap (?) — [MF]*

* B uzonosucoeAMHEHUSX.
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B pasinuHbIX cOeAMHEHMSIX XPOM, MOJUOIEH U BONbMPAM MPOSIBISIIOT CTETEH M
OKHc/IeHHst 0T —4 10 +6 (cM. Tab. 4.1). Kak u B aApyrux rpynnax nepexogHbix MeTaj-
JIOB, YCTOHYMBOCTb COCIMHEHUI C BbICIUEH CTEMEHBIO OKUCIEHMs, a TAKXKE KOOP-
JAMHALKMOHHBIE YMCAa BO3PACTAIOT OT XPOMa K Bosbdhpamy. XpoMm MOJ0OHO APYrHM
d-MeTannam B HU3KHMX CTETeHsIX OKMCIEHUs] MMEET KOOPAMHALIMOHHOE YMCIOo 6,
nanpumep [Cr(H,0),]*, [Cr(OH)4(H,0),|" (1a61. 4.2). C pocToM cTemneHn oKHcJe-
HUS MOHHBII pafnyc MeTajyla HEM30€XKHO YMEHbIUAETCS, YTO NMPUBOAUT K TIOHH-
KEHWIO €r0 KOOPAMHAUMOHHOrO Yucia. MMenHo nostomy B Gosiee BBICOKMX cTerle-
HSIX OKMCJIEHUS B KUCIOPOAHBIX COCAMHEHUAX XPOM UMEET TETPAIAPUIECKOE OKPY-
XKEHHUE, pealn3yeMoe, HarpuMep, B XpoMaTax M JUXPOMATAX HE3ABUCUMO OT KHMC-
JoTHOCTH cpeabl. Tlpouecc NMOAMKOHAEHCALIMU XpPOMAT-HOHOB, TOC/Ieq0BATEIbHO
NpUBOASIILAKA K JMXpOMAaTaM, TPMXPOMATAM, TETPaXPOMATaM M, HAKOHEl, K M-
pPaTUpOBaHHOMY XPOMOBOMY aHTMAPHUAY, TIpeacTaBasgeT coOOi JMILb NMOC/eN0BAa-
TEJIbHOE yBEIMUEHUE UTMHBL LETH U3 TeTpadapos [CrQ,], coearHeHHBIX OBILUMU
BEPIIMHAMM. [t MOIMOaEHA M BOMIb(PAMa TETPA3APHUECKUE RHMOHDI, HATIPOTHUB,
YCTOWUMBBL JIUILB B LUEJOYHOM cpeae, a Mpu MOAKMCIEHUHU KOOPAMHALLMOHHOE YUCIO
B HUX BO3pacTaeT a0 Liecti. OGpasoBaBLinecs METaLT-KUCIOPOaHbIE OKTadapbl [MO,)
uepes obuine pebpa ¥ BEpILIMHBI KOHAEHCUPYIOTCS B CJIOXKHBIE M30MOUAHUOHBI,
HE UMCIOLUME aHAJIOrOB B XMUMUK XpoMa. C yBeJIMUEHHUEM CTETIEHU OKUCIEHMST YCHITU -
BAIOTCS KUCJIOTHBIE M OKUCANTENbHBIE cBoiicTBa. Tak, ruapokeua Cr(OH), nposieis-
€T TOJIbKO ocHOBHbIe, Cr(OH); — amdorepubie, a H,CrO, — KHcnoTHbIE CBOiiCTBA.

Coeaunnennst xpoma(ll) — cuibHble BOCCTAHOBUTENM, MTHOBEHHO OKMC/ISI-
lomuecss KUCJopoioM Bosayxa (puc. 4.1). Mx BoccTaHOBHUTENbHASI aKTUBHOCTH
(E°(Cr**/Cr*) = -0,41 B) comocTaBUMa ¢ aHAIOTMUHBIMU COEAMHEHUSIMM BaHa-
aust (E°(V¥*/V?*) = 0,26 B).

Mnst xpoma Hanbonee XapakTepHa CTeNeHb OKMCAEHM +3 (cM. puc. 4.1). Beicokasi
crabunbroctb coeanHennit Cr(I1l) cBsazana kak ¢ TepMonMHAMUYECKUMHU ¢akro-
paMHM — CUMMETPUUHON d3-KoHbHUrypauueir, obecrneunBarmoLei BBICOKYIO TpOY-
Hoctb cBsizu Cr(111)—nurana 3a cuer GobLION 3HEPIrUU cTAGUIM3ALMK KpHcTas-
sndeckum nosiem (OCKIT) B okrasnpuueckom mosne (t3,) AMraHaOB, TaK M ¢ Ku-

nE", B
2t 'Cl}o%i
Cr047
l .
[M0304(H,0)9]* »H,MoO,
[Moy(OH),(H0)l* )
2 Nl0204+
CrO~
1t WO w,05 P H2WO;4
CrZﬁ
2F
Cr3+
0 +1 +2 +3 +4 +5 +6

CreneHb OKMCIEHNA
Puc. 4.1. Tnarpamma @Ppocta st 2J1eMEHTOB LIECTOM TPYIbI
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HETUUYECKOM MHEPTHOCTBIO OKTasApuuecKux Komiiekcos xpoma(lll). B otnnune ot
coeavHeHUI MoanbaeHa U BoJibd)paMa B BbICLIEH CTEIICHN OKUCJICHUSI COCIMHEHHUS
xpoma(VIl) — cunbhble okucaurenn E°(Cr,04/Cr*) = 1,33 B. XpoMar-HOoHbI MO-
I'YT ObITh BOCCTAHOBCHBLI BOJOPOAOM B MOMCHT BbLIEJIEHUS B COJITHOKMCIIOM pac-
TBOpe 10 MoHoB Cr?*, MoubaaTel — 10 coeanHenuit monubnena(lll), a Boawsbpa-
MaTbl — 10 COeAMHEHUIT Bosb(hpama(V).

B coeanHeHUsIX 31eMeHTOB B BhICILIEH CTENEHU OKUCIEHUS CTENEHb KOBAJIEHTHOCTH CBSI-
3M M—O MOHUXKAEeTCsl NPU ABUKEHUU OT XpoMa K BoJibchpaMmy, 4TO NPUBOAUT K yBeauue-
HUIO TEMITEPATYPh! NJIABACHUS OKCOTATOTEHUAOB U X YCTORYUBOCTU K ruaponu3sy. Kak no-
Ka3blBAIOT pacyeThbl, B COCAUHEHUSIX MOCAEAHETO 3JIEMEHTA TPyNMnbl — CUOOPTUSL, A0S KO-
BAJICHTHOCTH CBSI3W BHOBb BO3pacTaeT KaK CAEACTBUe pefsaTUBUCTCKOTO addexTa U cTabu-
Jim3auuu 7s-opoutanu. TakuM oOpa3oM, TeHACHUUS K TUAPOIU3Y C 0Opa30BaHUEM AHUOH-
HbIX (hopm No rpynne uaMeHsieTcst B psay* Cr > Mo > Sg > W,

CoennHeHWs1 MonbaeHa U Bob(paMa B HU3KUX CTCNICHSIX OKUCJICHUSI Conep-
KaT CBSI3U METaJl1 — METAJLI, T. €. SIBJISIIOTCS KilacTepamu. HanwGosee M3BeCTHbI OKTa-
aapuyeckue kiaacTepsl. Tak, nuxaopua moandaeHa MoCl; coaepXuT rpynnyMpoBKU
[MosCly]: ero ctpoenmne onuceiBacT dopmyna [MogClg]Cly,. Jluranasl, Bxoasiluve B
COCTaB KJIaCTEPHOIO WMOHA, CBI3aHbl HAMHOIO I[IPOYHEE BHEIUIHMX, MO3TOMY TMpH
JeUCTBUM COIMPTOBOrO pacTBopa HUTparta cepebpa ynaetrcst 0caiuTh JiHilb OJHY TPETh
BCEX aroMOB xJiopa. CBsA3M MeTasUl — META/LT HaiaeHbl M B HEKOTOPbIX COSAMHECHUSIX
xpoma(ll), Hanpumep kapboxcuiarax.

HecmoTpsi Ha 6JIM30CTh CTEXMOMETPUM COENNHEHW T DJIEMEHTOB LLIECTOH M 1lIeCT-
HaauaTol rpyri, B aToOMaX KOTOPbIX COAEPXKUTCS OJMHAKOBOE YMCIO BaJICHTHbIX
3JIEKTPOHOB, MEXIy HMMM HabJoaaeTcst JIMilbL OTAaTeHHOE CcXoAcTBO. Tax, cy/ib-
¢har-MoH UMEET Te XK€ pazMepbl, YTO U XPOMAT, U MOXET U30MOpdHO 3aMeLaTh ero
B HEKOTOpbIX cousix. Okcoxiaopua xpoma(Vl) no crnocoOHOCTH K MMAPOJIM3Y Haro-
MHUHAET XJIOpHUCTHIN cynbdypui. B To ke BpeMs cynbghar-uoHbl B BONHbBIX pacTBOpax
MPAKTUUYECKU HE NPOSIBASIIOT OKUCIMTEIbHBIX CBOUCTB, a CEJICHATHI U TETypaThl HE
00s1a1a10T CMOCOOHOCTLIO 00Pa30BbLIBATh M3OMOJUCOCAMHEHUS, XOTsI OTAC/bHbIC
aToMbl 3TUX DJEMEHTOB MOTYT BXOJMTb B UX COCTAB.

ITo cpaBHEeHUIO ¢ d-3MeMEHTAMU YETBEPTOI U MATOM TPYyNMN KATUOHBI XpoMa, Moaubae-
Ha U BoJbhpaMa XapakTepU3YIOTCs ropasio 6oJjiee BbICOKONW MUPCOHOBCKON «MSTKOCTBIO»,
KOTOpasi BO3pacTaeT BHU3 no rpynne. CaeacTBUeM 3TOTo sIBASETCA pa3HooOpa3Hasi XUMUSI
cyabpUAHBIX coelUHeHUH, 0cobeHHO pa3BuTast y MojaubaeHa u Boabdhpama. Jdaxe xpom,
obaagalounit HAaUOOoMbIIEH KECTKOCTbIO MO CPaBHEHUIO C APYTUMM 3JIeMEHTAMU TPV,
CMocoOEH 3aMEeHUTh KUCTOPOAHOE OKPYKEHUE Ha aTOMBI CePhI: TakK, MPU CNAaBAcHUU OKCHU-
na xpoma(lll) ¢ pogaHumzoM Kanusi MOXKET ObITh moaydeH cynbdpua KCrS,.

4.2. HAXOXIAEHUE B ITPUPOJE, INOJAYYEHUE
U NNPUMEHEHHME INPOCTBIX BEILIECTB

Haxoxnaenue B mpupose. DJEMEHTbl LIESCTOM rpynrbl OTHOCSTCSI K YETHBIM U
MO3TOMY 4allle BCTPEUalOTCsl B 36MHOM KOpE, YeEM HEUYETHbIC BJIEMEHTbl MATOH M
ceabmoit rpynmn. Haubosiee pacnpoctpared B npupoae xpoMm. Ero coaepxkaHue B

* Pershina V., Kratz J. V. // Inorg. Chem., — 2001, — V. 40. — P. 776,
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3eMHOiIl xope coctaBaseTr 0,012 mac. % M CpaBHMMO C CONEPXAHUEM BaHAaaUsI
(0,014 mac. %) u xnopa (0,013 mac. %). Moaubaen (3- 10 mac. %) u Boabdpam
(1-107 Mac. %) oTHOCAT K PENAKUM U PACCesTHHbIM MeTaliam. BaxHeiwuit npo-
MBILICHHBIA MUHEPaJ XpoMa — XpoMucThiii kenesusik FeCr,0,. Pexe BeTpeyator-
cs Apyrve Munepaibl — kpokout PbCrQ,, xpoMmoBas oxpa Cr,0;. OcHoBHas hopma
HaxoxaeHust MonubaeHa U Boabdpama B IpuUpoae — MOJIEBbIE LINATbl, TMPOKCEHbI.
M3 munepanos MonnbacHa HanGosbliee 3HAYECHUE MMeET MOJIUGIeHUT MoS,, B
OCHOBHOM 01arozaps TOMy, YTO HE€ COACPXUT 3HAYMTEIbHBIX KOJAUYECTB APYFUX
METAILJIOB, YTO CyHIECTBEHHO 06sieryaeT nepepaborky pyabl. [TpogyKTaMH ero okuc-
JICHHsI B IPUPOAHBIX YCJIOBUSAX ABIAIOTCSA ByabheHutr PbMoO, n nosesuiutr CaMoOQ,.
Baxneiiine munepainst Bonbdpama — weeant CaWO, n Boasdpamut (Fe, Mn)WO,,
OIHAKO CcpefHEe colepxKaHUe BojbdpaMa B pysax KpaiiHe HU3KO — He Oolsee
0,5 mac. %. bnarogapsi 611M30cTi cBOACTB MoaMGAEHA U Bojb(paMa CYLIECTBYIOT
nosiHple TBepabie pacTBopsl CaMoO, — CaWO, u PbMoQ, — PbWO,.

Ionyyenue xpoma. [ MHOTHMX TEXHUUYECKUX Lieei HET HEOOXOAUMOCTH pasjie-
JSTh XKEJEe30 U XpOM, CoAepxauivecs: B XpoMuctoM xenesHsike. Cruias, obpa3sy-
IOLIMIACS [IPU BOCCTAHOBJIEHUYM XPOMUCTOrO KeJE3HsIKA yrlleM B J1eKTporeyax:

FeCr,0, + 4C £ Fe + 2Cr + 4COT

noa Has3BaHueMm (EPPOXPOM LUMPOKO MPUMEHSIIOT B [IPOU3BOACTBE HEPXKABEIOLIUX
craneil. Ecin B KauecTBe BOCCTAHOBUTES MCHOJIbL3YIOT KPEMHUN, TO [OJYYaIOT
(beppoOXpoM ¢ HM3KUM coaepXKaHHUEM YIrIepona, UAYLMI Ha OpPOM3BOACTBO MPOY-
HbIX XpPOMOBbBIX CTANICi1.

Yuctelit xpom obpasyercst Ipu BoccTaHoBAeHUH okeuaa Cry,O; aloMUHIEM:

Cr, 05 + 2Al1 = 2Cr + AL O,
WA KPEMHUEM:
2Cr,05 + 3Si = 4Cr + 3Si0,

[Tpn amoMoTepMHYEcKOM criocobe npeaBapuTEIbHO OJOTPETYIO LUUXTY U3 OK-
cuga xpoMa(lll) M nopolika anlOMUHUS ¢ J0OABKAMU OKUCIUTENS* 3arpyXKaloT B
TUreb, Peaklinio MHMLMMPYIOT MOKATAHUEM CMECH ANIOMUHUS U [IEPOKCHUAA Ha-
Tpust. YncTora nojyyaemMoro Merauia onpeieisieTcsi NpUCYTCTBUEM MpUMeEceil B
MCXOHOM OKCHJE XPOMA, a TAKXKE B BOCCTAHOBUTEJSIX. OObIUHO YIaeTCsl [TOJYYUTD
MeTall 97 —99%-it YucTOTHI, coaepxKalMi HEGOIbLIOE KOTUYECTBO KPEMHUS, A0~
MMHUS U XKeJiesa.

JUist monydeHust OKcvaa XPOMHCTBIN KEIE3HSIK TMOIBEPraloT OKHUCIUTEIbHOMY
TUIABJACHMIO B LIEJIOYHOMN Cpeae:

4FeCr,0, + 8Na,CO; + 70, < 8Na,Cr0O, + 2Fe,0; + 8CO,T

obpasyrouuiicss npu 3toM xpoMat Na,CrQ, 06pabaTbIBalOT CEPHOI KUCIOTOI:
2Na,CrO, + 2H,80, = Na,Cr,0, + 2NaHSO, + H,0

* TennoTel, BbIACSIOIIENCS MPH BOCCTAHOBJAEHMM OKCHAA XpOMa aliOMHHMEM, HeaocTaTouHo
4151 CaMOMPOU3BOJILHOIO MPOTEKaHMUs npoitecca. B xadecTBe OKMCAUTENs UCTIONB3YIOT AMXPOMAT Ka-
JIUs, 1epoKcua Hapusi, XpOMOBbIA aHTHAPUA.
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Ha HEeKOTOPbIX NPOMBIUIEHHBIX YCTAHOBKAX BMECTO CEPHOI KUCAOTHI UCTIONB3YIOT yIjle-
KUCJ/IbiT Ta3, NPOBOS NIPOLIECC B aBTOK/aBax noj gapieHuem 7 — 15 arm:

2N32CTO4 + HzO + 2C02 = N32CT207 + 2NaHCO3
[Tpu 0O6bLIYHOM AABNEHUM PAaBHOBECHUE peaKLUU CMELICHO BJEBO.

3areM BbIKpUCTALIN30BaBlUuiicss Ouxpomat HaTtpust Na,Cr,O,- 2H,0 06e3B0xX M-
BAIOT M BOCCTAHABIMBAIOT CEPON WIU yIiIeM:

Na,Cr,0, + 2C z Cr,0; + Na,CO; + COT

Haubosiee uucTblil XpOM B TIPOMBILUIEHHOCTH TOJYYalOT 3J¢KTPOJIA30M KOH-
LEeHTPUPOBAHHOI'0 BOAHOrO PacTBOpa XpPOMOBOIO aHrMapHjaa B CEPHOIl KUCIOTE,
pactsopa cyiabsdara xpoma(Illl) Cry(SO,); Wi XpOMOAMMOHMIHBIX KBAcLOB. XpoOM
YUCTOTON Bbillie 99 % BblaeasieTcs] Ha KaToie, BHIIMOJIHCHHOM M3 AIIOMUHUS UIH
HepxaBewulel cranu. [MoaHas oUMCcTKa MeTasla OT MpUMECeii a30Ta WK KUCJI0pOo-
J1a JOCTUTaeTCsl BhlaepKrMBaHueM MeTajla B atMocdepe Boaoposa Mpu TeMriepary-
pe 1500 °C uiu nieperoHKo# B BLICOKOM BaKyyMe. DJIeKTPOJINTHUYECKH T criocob no-
3BOJISIET M10J1y4YaTh TOHKHUE [JICHKW XpOMa, NTO3TOMY OH UCIIOIb3YeTCs B rajlbBaHO-
TLTIaCTHUKE.

Moayyenue moaudaena. [I1s roaydeHust MOanOacHa pyay, oOOrameHHy MeTo-
noM iotTauuu, oO0XUIaloT:

900 — 1000 °C
2M0$2 + 702 _— 2MOO3T + 4SOzT

OO6pa3sylouiicst OKCUJ TIPY TeMIIEpAType peaKiiMy OTTOHSIIOT. 3aTeM ero 10110~

HUTEJbHO OYMLIAIOT BO3TOHKON WJIM pacTBOPSIIOT B BOAHOM PacTBOpe aMMuaKa:

7MOO3 + 6NH3 + 3H20 = (NH4)6M07024

NMEPECKPUCTAIUIM30BLIBAIOT U BHOBL pasjiaralor Ha BO3ayXe O OKcUaa. nOpO]_L[OK
MeETajula MoJIydaroT BOCCTaHOBJICHUEM OKcHUaa BOAOPOIOM:

o

100
MoO; + 3H, ——— Mo + 3H,0T

IIPECCYIOT U CILUIABJSIIOT B AYrOBOii Meun B atMocdepe MHepTHOro rasa anbo nepe-
BOASIT B CJIMTOK METOAOM MOPOLUKOBOH META/LUTyPruH.

CyTb METOJa OPOLIKOBOM METANTYPIUM 3aKJIIOYAETCs B MPOM3BOACTBE U3e/1us]
M3 TOHKMX MOPOLUKOB MyTeM QOpMOBaHUS XOJOAHBLIM TIPECCOBAHWEM U TOCIENy-
I0LLIEH BbICOKOTEMIepaTypHOil 00paboTku. TexHoJornuecknil rpolecc u3roToBje-
HUST M3eIuil U3 MeTallIMyecKUX NMOPOLIKOB BKJIKOHAET MOAroTOBKY cMecH, (hopMo-
BaHMe 3aroTOBOK WK u3neJnil U ux criekaHue. @opMoOBaHMe OCYILIECTBISIIOT IyTEM
XOJIONHOTO TipeccoBaHus noa 6onbmmM (30— 1 000 MIla) naBneHueM B MeTaLIu-
yeckux ¢opmax. CrieKaHue U3Ieavi U3 OJHOPOAHbBIX METALIMYECKNX MOPOLIKOB
MpOBOASAT TIpU TeMIiepaType, aocturatomieit 70— 90 % temneparypbl IIaBiaeHUs
MeTa/uta. Bo u3bexaHue OKMCIEHUS CliCKaHUE OCYLISCTBISIIOT B MHEPTHOW U BOC-
CTAaHOBUTEJbHOW aTMocdepe WM B Bakyyme. Tak, MOpPOLUOK MoauOpeHa cHayana
TIPecCyIOT B cTabHBIX Mipecc-¢opMax. Tlocse rnpenBapuTeLHOrO CrickaHus (nipu
temrepatype 1000—1200°C) B armocdepe Bogopoja 3arotroBky (1utabuku) Ha-
rpesaioT 1o 2200—2400°C. [Ipu 3TOM OTHE/AbHbIC KPUCTAUIUTDBI [LIABSITCA C MO~
BEPXHOCTU ¥ CAMNAIOTCS APYr C APYroM, oOpa3yst eauHblid CIUTOK, KOTOPbIH noa-
BEpraloT KOBKeE.
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Akanemuk Buxrop Usanosuy Couupbin (1902 — 1988)

OnuH U3 OCHOBOMONOXHUKOB XUMUU U TEXHONOTUHU pEIKUX U
paccesiHHbIX 31eMeHTOB B Poccuu. Ero paGoThl mo U3yyeHuio co-
CTaBa WU30MOJAUBOAbBGPAMATOB WU peaklMit UX BOCCTaHOBJIEHUS,
NOJYYEH IO MOAUGAaTa aMMOHUS OBLTH UCMONb30BaH bl MPU Opra-
Hu3auuu B 1920-x rr. 0TeyeCTBEHHOrO MPOU3BOACTBA MOJAUOAEHA
1 Bosb(ppama. Pesyabratsl paboT Mo XJI0PUPOBAHHIO OKCUAOB Oe-
pwiausl, HUOOUS U TaHTala Halll/li MPUMEHEHUE MPU OpraHu3a-
UUHU MPOU3BOACTBA ITUX META/UIOB. YYeHbIH. U3yyan Crnocobbl
BBIICJCHHUS U KOHUEHTPUPOBAHUSL PAAMOAKTUBHBIX 3JEMEHTOB
(Tc, Np, Pu), BHec 6o/biloi BKJIAA B pa3sBUTUE aTOMHOMN MpoO-
MBILLIJIEHHOCTH, pa3paboTan cnocoObl 3aliUThl TPYOONPOBOAOB,
MPOMBILJIEHHBIX COOPYXeHUI oT Koppo3uu. B. U. CnuybiH 6bin
aupexkropoM HHcruryra duszuyecko xumuu AkaaeMuu HaykK
CCCP, c 1942 r. pykoBoaui kadeapoil HEOPraHUYECKOH XUMUU
xumuyeckoro ¢axyasrera MI'Y um. M. B.JlomoHocoBa.

Iloayyenue Bosbdpama. VcxoaHbIM BelecTBOM 1jisi IPOU3BOACTBA BoJb(pama
cayxut okeun WO;. Ins ero nonydyenust pyny (weeant CaWO, unn BoabdpaMur
FeWQO,), npexsaputenbHo oboraiieHHylo driotalueil B pacTBOpax MoBepXHOCTHO-
AKTUBHbBIX BELICCTB, [MOABEPraloT LIEJIOYHOMY WM KMCJIOTHOMY BCKpbiTHIO. Lle-
JIOUHOE BCKPbITHE NPOBOASAT, padiaras KOHUEHTPAT B aBTOKJIABAX PaCTBOPOM COJbI:

200°C
CaWO0, + Na,CO; —— Na,WO, + CaCO;l

PasHoBsecue cmeLiaeTcst BIIpaBo 3a CUET MCMOJb30BAHUS TPEXKPATHOTO u3bbiTKA
Colbl U BBIMALCHUSA B OCanOK KapOoHAaTa Ka/bLius.

ITo npyromy merony BoiabhpaMuTOBble KOHLIEHTPATHLI Pa3/IaraloT HAIPEBAHUEM C
KPEMKHUM DACTBOPOM €1KOTO HaTpa WIM CIEKaHWEeM C copoil Mpu TeMneparype
800—900°C:

900°C
CaWO, + Na,CO; —— Na,WO, + CO,T + CaO

Bo Bcex ciryyasix KOHE4HbIi PonyKT pasiokeHus — BoJbdhpaMar HaTpUsl — Bbl-
lueauuBaioT Bopoit. O6pazoBaBLUMiicsl paCTBOP MOAKUCIISIIOT Y OCAXKAAIOT KUCJIOTY:

N32WO4 + 2HCI = H2W04\L + 2NaC]

KuncnorHoe BekpbiTHe LIeenUTa TakKXKe CBOAUTCS K MOAyYeHHUIO BoJabdpamMoBoit
KMCJIOTbI;

CaWO, + 2HCI = H,WO,l + CaCl,

Boinenunsluniicst ocanok oThHILTPOBLIBAIOT U 06€3BOXKUBAIOT:
800°C
HzWO4 —— WO3 + H20
O6pasyloluuiicst IpU 3TOM OKCHI BOCCTAHABIMBAIOT BOAOPOLOM:
850°C
WO; + 3H; —— W + 3H,0

Okcva, nmaywmii Ha Npom3BOACTBO BoJb(hpamMa BbICOKOW YMCTOTHI, MpenBapH-
TeJIbHO OUMILAIOT PaCTBOPCHUEM B aMMUake, KpucTainauveil napasoabbpamara
AMMOHMST U TOCJICAYIOLINM €TI0 Pa3IOKECHUEM.
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[1Ipu BoccTaHOBIEHMH OKCHMA METAUIMUECKUIN BOJAbppaM TakxKe NojaydaeTcs B
BUE TNOPOILIIKA, KOTOpBIH TIpeccyloT u criekatoT npu Temrieparype 1400 °C B atMo-
cepe Bogopoaa, 3areM HarpeBaloT wiTabuk mo 3 000 °C, mponyckasi yepe3 Hero
3neKTpUdeckrii Tok. ITpuroToBaeHHbIC TaKKUM cOCOGOM BoJb(hpaMoBbIe 1IUTAOUMKYU
MpPUOOPETAIOT MAACTUUHOCTD, U3 HUX, HATIPUMED, BBITSITMBAIOT BONB(MPaMOBbIC HUTU
IUIS1 JIEKTPUUECKHUX JJaMI HaKauBaHUs. KpyTHOKprCTAIM4ecKUe CAMTKY BOAbGh-
pama ¥ MoJauOaeHa MOJYYaloT SAEKTPOHHO-JYUEBOI MJIABKOH B BAKYYME TIpH TEM-
niepatype 3 000— 3 500°C.

Ipumenenue. XpoM NPUMEHSIIOT B METALIYPTUU TIPH TIPOU3BOLCTBE HepkKabe-
IOLUX CcTAICi, 00N1aialoLMX YCTOHUYMBOCTBIO K KOppo3uu. JlobaBacHUE K XKee3y
BCErO HECKOJNIBKMX MPOLECHTOB XpoOMa AeacT MeTasul 001ee BOCTIPUMMYUBLIM K TEp-
MUUECKONH 00paboTke. XpOMOM JIErMPYIOT CTAKM, MAYLIME Ha U3rOTOBJCHUE ITIpYy-
KHH, peccop, UHCTPYMEHTOB, MOALIWMHUKOB. JanbHellice yBeMUeHUE conepka-
HUSI XpOMa B CTJISIX TIPUBOIUT K PE3KOMY U3MEHEHHIO UX MeXaHUUYECKHUX XapaKTe-
PUCTUK — CHUXKCHHIO U3HOCOCTONWKOCTH, MOSIBJACHUIO XPYNIKOCTU. DTO CBSI3aHO C
TEM, YTO MPU COaepXKaHUU B cTaiu Xxpoma Oonee 10 % Bech HaxoasluUiicst B Hel
yIIepoa nepexomut B hopmy Kapoumos. B TO XXe BpeMs Takasi CTa/lb MPaKTUYESCKU He
MonBepXKeHa Koppo3uu. Hepxkasewowas cTaib caMOil pacripocTpaHeHHOH MapKu
conepxuT 18 % xpoma u 8 % Huxenst. ConepxaHue yraepona B Held HEBEJMKO —
meHee 0,1 %. M3 HepxXaBeloweid cTaau M3roTaBivBalOT JONATKH TypOUH, KopIiyca
NMOABOAHBIX JIOA0K, a TaKXe TPyObl, METAUIOUEPETULLY, CTOJIOBBIE MPUOOphI. JHa-
YUTeJIbHOE KOJIWYECTBO XpOMa MAET Ha ACKOpaTUBHbIE KOPPO3UOHHO-CTONKHUE T10-
KDBITUsI, KOTOPHBIC YBEJMUYMUBAIOT CPOK IKCIUTyaTalluv U YCHINBAIOT U3HOCOCTOMKOCTD
JeTajled MalluH 1 MHCTPYMEHTOB. XpOMOBOE MOKPBITHE ¢ MOC/I0EM MEAW U HUKE-
JIsl XOpOILO 3alUIAET CTAlb OT KOPPO3WH, NpuiaBasi U3ACAUsIM KPacHBbI BHe-
IHWH BUA. 3aLMTHO-1EKOPATHBHOMY XPOMUPOBAHUIO NTOABEPralOT AETATIU aBTOMO-
Owiell, Besocunenos, NprMbOPOB; B 3TUX CAyYasiX TOMILMHA HAHOCUMON TUICHKH
00blYHO He npeBbiaeT 5 MkM. Tlo oTpaxaresbHOI COCOOHOCTH XpPOMOBBIE T0O-
KDBITUS YCTYTAIOT JHLLB cepeOpsIHBIM U aIIOMUHUEBBIM, TIO3TOMY HX LIMPOKO MC-
NOAb3YIOT B MPOU3BOACTBE 3¢pKajl, MpoxXeKTopoB. HukeneBble cIuiaBbl, coaepXka-
ue 10 20 % xpoma (HUXpOMBI), TIPUMEHSIIOT IJIsl U3FOTOBJIEHUS] HarpeBaTeIbHbIX
3JIEMEHTOB — OHHU 0012/1al0T BEICOKHUM COTIPOTHUBICHUEM U TIPU TIPOXOXACHUN TOKA
cunbHO HarpeBatotes. JlobaBka MonubaeHa M KOOaibTa CylIECTBEHHO YBEAMYUBACT
MX XapOCTOMKOCTh — M3 TAKUX CIUIABOB JeJaloT JIOMATKu ra3oBbiX TypOuH. Hapsany
C HUKEJIEM U MOAUMOICHOM, XpOM BXOAUT B COCTaB META/UVIOKEPAMUKA — MaTepHua-
J1a A5sl IPOTE3UpOBaHust 3y00B.

CoenuHeHUsi XpoMa MCHONB3YIOT B KauectBe 3eleHbiX (Cr,0;, CrOOH), xen-
ThiX (PbCrQ,, CdCrO,) v opaHXeBbIX MUIMEHTOB, MHOrMe XpoMarthbl 1 AMXPOMATEI
HaxoasiT NpUMEHEHUe B KaudecTBe WHruburopos kopposuu (CaCr,0,, Li,CrO,,
MgCrO,), cpencts coxpaHeHust apesecunbl (CuCr,0,), GyHrMuM0OB, Katanu3aro-
poB (NiCrQ,, ZnCrQ,). MupoBoe npou3BOACTBO XpOMa B HACTOsILLEE Bpemsl TIpe-
BoiuiaeT 700 ThiC. T B roj.

MonubneH Takxke WUCTIONB3YIOT B METALIYPrUU 1151 cO3aaHus TBEPABIX U U3HO-
COYCTOWYUBBIX, XHMUYECKH CTOMKHUX M XKapOIiPOUHBIX KOHCTPYKIIMOHHBIX CIUIABOB,
B KauyecTBe Jerupymoieil 1odaBku K OpoHeBbIM cTaisiM. KoadhdunmeHTs TepMUde-
CKOrO paciuvpeHus MOnuMOneHa U HEKOTOPBIX COPTOB CTEK/IA (MX HAa3bIBAIOT «MO-
JIMONCHOBBIM CTEKJIOM») OJIM3KH, MO3TOMY U3 MOAMOAeHa U3roTaBAMBAIOT BBOJbI B
CTEKJISIHHBIE 3JICKTPOBAKYYMHBIC MPUOOPHI U KOJIObI MOIIHBIX MCTOUYHUKOB CBETA.
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biaronapst cpaBHUTEIbHO MATIOMY CEUEHMIO 3aXBaTa TEIIOBLIX HEHTPOHOB (2,6 GapH)
MOJIMONCH MIPUMEHSIOT B KAYeCTBE KOHCTPYKLMOHHOTO MaTepuana B SAepPHbIX pe-
akropax. MosmbaeHoBast poBosI0Ka, JIEHTbl U MPYTKHM CIYXAT HArpeBaTebHbIMU
OJIEMEHTaMM, TEIUIO3alIMTHBIMU OKpaHaMM B BaKyyMHbIX ycraHoBKax. MosuOneH,
JIETUPOBAHHBII TUTAHOM, LIMDKOHUEM, HUIOOMEM, BOJILGPAMOM, UCTIOAL3YIOT B aBUa-
[IUU U PAKETHON TEXHUKE [UIS1 U3TOTOBIACHUS ra30BLIX TYPOMH U AeTalei purareieii.

BoabdpaM — syyiuuii Matepuan mid HUTEH U cnivpaieil B jaMnax HakajJuBa-
HUA, KATONOB PaAMoIaMIi U peHTIeHOBCKUX TpyOoK. Bbicokas paGoyasi TeMnepary-
pa (2200—2500°C) obecriednBaet GoNbILIYIO CBETOOTAAYY, a HM3Kasi CKOPOCTb
UCrnapeHHUs ¥ cmocoOHOCThL yaepXUBaTh GopMy (He NIPOBUCAThL NPU HAIPEBAHUM 1O
2900°C) — nnutenbHblil CPOK CTyXObl HUTEH HakKaluBaHus. BoibdpaM npumeHs-
10T TaKXe AT CO31aHUS TBEPAbIX, UBHOCOYCTOMYUBDIX Y XAPOIPOYHBIX CIUTABOB B
MAaIIMHOCTPOECHUH, paKeTHOH TexHuke. Cranm, conepxaiue 20 % Bonpdpama, 06-
J3JAI0T CMOCOOHOCTBIO K CaMO3aKalKe — M3 HUX M3rOTOBJAIOT JIE3BUS PEXYUIUX
MHCTPYMeHTOB. Bonb(dpaMoBble crilaBsl BIFOAHO COYETAIOT KAPOMPOYHOCTD U XKa-
POCTOMKOCTb HE TONLKO Ha BJIAXHOM BO31yXe, HO U BO MHOTMX arpecCUBHbBIX Cpe-
nax. Hanipumep, npu BeneHuu B Hukedb 10 % Bosabdpama ero Koppo3MoHHast yc-
TOWYMBOCTb Bo3pacraeT B 12 pa3. BonbdpaMpeHuessle TepMOnaps! rio3BosioT U3-
MEpPATH TeMniepatypy ao 3 000 °C.

4.3. ®U3UYECKUE CBOMCTBA MPOCTBIX BEILIECTB

XpoM, MoubaeH U BobppaM — CBET/IO-CEPbIE TBEPbIE METALTbI, UMEIOLINE
00BbEMHO-UEHTPUPOBAHHYIO0 KyOuuecKylo cTpyktypy (OLIK) (ta6n. 4.3).

B psiny Cr — Mo — W Ha6atonaercst poct IoTHoCTH (BobdpaM PUHALIEKUT
K YHUCJTY CaMbIX TSXKEIbIX M BbICOKOIUIABKUX METALIOB), SHTAJBIIMM aTOMMU3aLUU,

Tabénuua 4.3
CBoiiCTBa BPOCTBIX BEWIECTB MMECTOH IrPyNAbI

CBoiicTBO Cr " Mo w
Temneparypa naasnenusi, °C 1860 2620 3410
Temneparypa Kunenus, °C 2 680 4630 5700
OHTaNenUs naarneHus, kAx/mons 15,3 27,6 35,2
OHTAILNUs1 ucnapeuust, KIX/MOJb 348.8 594,1 799,1
DHTaNbNUs aToMU3aumny, KIAXx/Mons 396,6 658,1 849.4
Kpucranauveckas crpykrypa OlIK OLIK OLIK
[TroTHOCTL*, 1/cm? 7,23 10,22 19,30
DAeKTPHUECKOE CONPOTURIEHHUE*, MKOM - cM 12,7 5,2 5,7
Monynb FOnra, I'Tla 279 325 411
CranaapTHblil 91eKTpoAHEI noTenumant* E° (M /M%), B -0,74 -0,20 -0,11

* Tpu temneparype 20 °C.
** Mpu pH 0.
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TEMITEpPATYP IJIABJACHMS U KUIICHMS U SHTAIbIINI (a30BBIX iepexonoB (cM. Tabi. 4.3).
Bce Metaiuipl napaMarHMTHBI, XOPOILLO TIPOBOASIT SMEKTPHYECKHUI TOK, OTIMYAIOTCS
BBICOKOW TBEpnOCTHIO, LlapanaloT cTekio. Ha ux MexaHuueckue CBOWCTBA CHIBHO
BJMSIET HalM4Yue nipuMeceil. YuCcTble MeTalIbl [LUIACTMYHBIE, & conepXKallie naxe
HeOOJIBLLIYIO NOJI0 TIPUMECEH a30Ta U KUCIopoaa — XpyMKue U JJIOMKHe. XpOM TeX-
HUYECKOM YMCTOTH JIETKO PACKANbIBACTCS W pacTUpaercst B niopowok. IlmacTud-
HOCTb METAJUIOB HECKOJBKO YObIBaeT BHU3 Mo rpynre. [ToBblmeHe npoOYHOCTH KpU-
CTA/LIMYECKOM peLIETKM METAJIOB OT XpOMa K BoJibhpaMy 0OBbSICHSIETCS YBEIMYE-
HHUEM KOBAJIEHTHON COCTaBIAIOIUCH XMMUYECKONH CBA3M 3a CYET B3AMMOIEHCTBUSA
HAaMnoJIOBUHY 3aMOJHEHHBIX aTOMHBIX (# — |)d-opbuTtaneil.

4.4. XUMUYECKUE CBOMCTBA INPOCTHIX BEIIECTB

IIpn ymepeHHBIX TeMIiepaTypaX BCe TPU MeTajlja YCTOWYMBEI Ha Bo3nyxe. Ha
BO3/1yXe XPOMHMPOBAHHBIEC M3/ICJMSI HE TYCKHEIOT, TaK KakK TOHKas M IMpo3payHasi
IJIEHKA OKCUJA HAEXHO 3ALMILAET UX OT OKUCAeHUsI. B 1ecToii rpynite coxpaHsi-
eTCa 0011asl 3aKOHOMEPHOCTD, COIJIACHO KOTOpoit 3d-MeTallibl ropa3no Gonee ak-
TUBHBl 10 CpaBHeHHUIO ¢ 4d- U Sd-Metanmamu. Tak, XpoM nogoGHO TUTaHy 6e3
JOCTyNa BO3ayXa JIETKO pPacTBOPSIETCS B COJISIHOM KUCJIOTE ¢ 0Opa3oBaHUEM CUHE-
roayobix pacrBopos coJjeit xpoma(ll) (E°(Cr**/Cr®) = -0,91 B):

Cr + 2HCI = CrCl, + H,T

B naboparopuu peakuuio o6bIYHO TIPOBOAAT C UCIOJIB30BaHMEM KiiaraHa ByH-
3eHa, OpeaCTaBaaoLEro cCo60i pe3sMHOBYIO MPOOKY C TpYOKOM, Ha KOTOPYIO HAAET
UUIAHT, UMEIOLIMIA NMPOPe3b U 3aKPbIThI C TPOTUBOIIOIOXHOTO KoHua (puc. 4.2). Bo
n3beKaHMe KOHTaKTa ¢ BO3AYXOM Ha MOBEPXHOCTh PACTBOPA MOXKHO TaKXe HAIUTh
CJIOi JIErKOTO OpraHMYeCKOro pacTBOpuUTes — OeH3UHA WM 3¢dupa.

Ha Bo3nyxe rony6oe okpallliBaHue pacTBOPOB CMEHSIETCS Ha 3eJIEHOE U3-32 OKUC-
seHust oHos xpoma(ll) no xpoma(lil):

4CrCl, + O, + 4HCI = 4CrCl; + 2H,0

C KUCIO0TAMU-OKUCIUTENSIMH — KOHLEHTPUPOBAHHOM
CEpHOW M a30THOW — IIPYU KOMHATHOU TeMIiepaType XpoMm
He B3auMopeiictByeT. He pacTBopsieTcs OH U B apCKoit BoJ-
ke. MHTepecHOo, YTO oueHb YMCTBIN XpOM He pearupyeT naxe
¢ pa30aBAEeHHOM CEPHOM KMUCIOTOH, XOTS NIPUYMHA 3TOTO 10
CUX TOp He ycTaHoBjeHa. [Ipu BbIIEpXUBAHUM B KOHLIEHT-
PUpOBAHHOM a30THOM KMUCJIOTE XpOM NACCUBUpPYETCs, T.e.
yTpayMBaeT CrioCoOHOCTh B3aMMOIEICTBOBAThL ¢ pa30daBiieH-
HBIMU KUCIOTaMU. B OCHOBe sBJE€HUSI MACCUBALIMMU JIEXKHUT
MoauduUKaus noBepXHOCTU METANIa: MOBEPXHOCTD MOKPHI-
BaeTCsl TOHKMM, HO MPOYHBIM CJI0EM OKCHUIIA, HaleXHO Tipe-
JOXpaHSIOIUMAM METa/N OT AajdbHEM1IEro OKMCeHus.

HecMoTps Ha To 4To MOJIMOnEH U BoJbdpPaM B PSIIY Ha-  Puc. 4.2. Yerpoierso
MPSKEHUN CTOAT JieBee BOAOpPOAA, OHU MOJZOOHO IPYrUM knanaHa ByHzena
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TSIKCJIBIM MEPEXOAHBIM METALIaM He B3aMMONEHCTBYIOT ¢ KMCAOTAMU-HEOKUCIU-
TesiMu. OHAKO CMeCh KOHLICHTPUPOBAaHHbBIX a30THOM U [U1aBUKOBOI KUCJIOT riepe-
BOAUT MX B PACTBOP, Hanpumep:

W + 8HF + 2HNO; = H,WF; + 2NOT + 4H,0

B orinyue ot BosbthpamMa MOTUOnEH XOPOLIO pACTBOPHUM U B IOpSIYUX KOHUEHT-
PUPOBaHHBIX PACTBOPAX a30THOM WJIM CEPHOI KUCIOTHI, a TAKXKE B IAPCKOW BOJKE.

Bce Tpu mertanna ycToiiynBbl B IENOYHBIX PACTBOpAX, HO B MPMCYTCTBUU OKUC-
mntenei (KNO;, KCIO;) pactBopsitotes B paciulaBax uiejouei:

t
M + 3KNO3 + 2KOH = K2M04 + 3KN02 + Hzo

[Ipn Temneparype KpacHOro KaneHMsi MEJKOLUCIIEPCHBIC MOPOLUKU META/LIOB
LUECTOM IPYrilibl B3AMMOACHCTBYIOT C BOASHBIM MAapOM, BBITECHSIS BOnopon U obpa-
3ys okeuasl Cr,O;, MoQ,, WO,:

a

90
2Cr + 3H20 —_— Cr203 + 3H2

[1pu HarpeBanuy MeTasLIbl WECTOM TPYIiILI BCTYNAIOT B peakuMy ¢ HeMeTalia-
MH, TIDU 3TOM COXpaHsAeTCsl o01as TeHASHUMS: B OONbIIMHCTBE CIy4yaeB MOAUOICH
1 BOJIb(PAM OKMCISIOTCS 10 CTENEHU OKUCAeHUs +6, XpoM — 10 +3. Tak, nopolu-
K1 METAJ/UIOB MPU HarpeBaHUM B KUcaopoae nipuMepHo 1o 800 °C BocriiameHsioTes,
cropasi 10 okcuaoB Cr,05, MoO; 1 WOs. B armocdepe dpropa xpoM nipespaiiaercs
B tpudropun CrF;, a monubaeH u soabdpam — B Boiciine dpropuast MoF,, WF;
npu xyopuposannu obpasytorcs CrCly, MoCls u WClg coorserctBenHo. Cepoii XxpoM
OKMCJISIETC 10 CMECH CYAb(UIOoB, B KOTOpPOil mpu U3OLITKE cepbl Mnpeobaanact
Cr,S;, a MonubGaeH 1 Bosibdpam — 10 aucyindunos MS,. C a30ToM, yIiepogom Bee
METaJLIbl LIECTOU rpynribl 00pa3yloT BbICOKOTBEPAbIC U XKApONpPOYHbie HUTPUbI
(MzN, M5N2, MN u T.ﬂ.) U Kapouabl (Mzc, MC u T.ﬂ.).

I'mppuabl xpoma, MonGaeHa ¥ BOJIbpaMa HeyCTOMYUBBI U 00pa3yioTcs TOJbKO
npu Bbicokux (> 100 klla) naBnenusix Bopopona. Iy Xpoma u3BecTeH JMILUb TH-
pun CrH, uto cormacyercst ¢ o0uieii 3aKOHOMEPHOCTBIO YMEHbLICHUS] YCTOHYNBO-
CTY TMAPHUAOB d-METAJLIOB NPU ABMXEHUHU B EPHOAAX cjieBa HAMpaBo M B rPymnax
CBEePXy BHM3. B TO Xe BpeMsi BOZOpOJ MpeKPacHO PacTBOPUM B XpOMe: U3 OJHOTO
obbeMa Xpoma, NoJy4eHHOTO MEKTPOJUTHUYECKH, MOXHO U3BIeub 10 250 06beMOB
BOAOpOAA.

4.5. OKCHUJAbI DJIEMEHTOB IIECTOM TI'PYIIIbI

J17s1 571€MEHTOB 1LECTOM IPYNIbl U3BECTHLI GUHAPHBIC KMCIOPOAHbIC COeqUHE-
HUst co crenieHAMU okucneHUs1 +6 (CrO;, MoO;, WO;3), +4 (CrO,, MoO,, WO,),
+3 (1oabko Cry0;), a TakXKe OKCUAbl €O CMEUIAHHBIMU CTENCHAMU OKUCIEHMS,
0o0pasylonie roMoJIoru4ecKue psiabl.

Oxkcna xpoma(Il). Husziuuiti okcua cocrasa MO IOJIy4YeH TOJbKO 1151 XpoMa. OH
npeacTaBisicT co60i YyepHBbI TYTOINABKMI TMOPOLIOK, He PacTBOPUMbBIA B Boje.
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Okcna xpoma(ll) nposiisieT OCHOBHbIE CBOMCTBA M MEUICHHO TEPEXOAUT B pa-
CTBOp MO ICHCTBUEM KUCIOT;
CrO + 2HCI = CrCI; + H,0

[Tono6bHO apyrum coeannenusm xpoma(ll) on siBAsAETCA CUJILHBIM BOCCTAHOBH-
TesieM. [lpu pactupanuu Ha Bo3ayxe win HarpesaHun oxcua xpoma(ll) Bocriname-
HseTCs, cropast 10 okcuaa xpoma(lll), a npu temnepatype 6enoro xaneHus naxe
CMocoOeH OTHUMATb KUCJIOPOA YV YIACKUCIOrO rasa:

1000°C
2Cr0 + CO, — Cr,0; + CO

Harpepanue B MHepTHOI aTMOchepe WK B BAKYYME NPUBOAUT K AUCITPOTNOPLIMO-
HUPOBAHUIO:
700 °C,;
BaKyym
3CrO —— Cr,0; + Cr

Mpu remiepatype 1 000 °C Bonopoa Bocctanasiambaer CrO 1o meraiia.

Okcup xpoma(II). Oxeunn Cr,yOs, nin xpomoBast oxpa, MpeacTaBusieT codoit Teep-
AbI{ TPSA3HO-3€/NCHBI TyronjaaBkuit (temneparypa naasienusi 2 275 °C) nopoiuox
CO CTPYKTYpO# KopyHaa (0-Al,O3; cM. 1. 2, puc. 4.11). [1pn KomHaTHO# Temnieparype
OH 00J1afaeT NoJynpoBOIHUKOBBIMU CBOWCTBAMM, a HUXe Temrneparypbl 35°C —
CTAHOBUTCA aHTH(peppoMarHeTukoM. MHTepecHO, YTO 1IBET 3TOT0 BELIECTBA 3aBU-
CUT OT pa3mepa “YacTULL KPYMHbIE KPUCTAJUIBL, MOJYIEHHbIC U3 pacriiaBa, MpakT-
YeCKM 4YEpHbIE, a MEJbUANHLIMUI MOpPOLIOK, OOpa3yIOIIMKCS NPU KOHAEHCAIIMU U3
ra3oBoii (asbl, umeeT kpacHbiit 1BeT. [1pu HarpeBarun oxcun xpoma(lll) crano-
BUTCSI KOPUUHEBBIM, HO MPH OXJIAX/ACHMM 3€J€Hasl OKpacka BOCCTAHABIMBACTCA.
C xopynnom oxeua xpoma(lll) o6pasyer tTBepabie pacTBopbi (puc. 4.3), B KOTOPBIX
B NYCTOTAX aHUOHHOM NOAPEIIETKU HAXOASTCSI KATUOHBI XpoMa U amomunus. Teep-
Abi€ PacTBOPbI HA OCHOBE KOpyHAa, colepxaiuune 10 10 % okcuaa xpoma(lll), ox-
pawieHbl B KpacHbIN 1IBET U BCTPEYAIOTCA B MPUPOIE B BUAE MHUHEpana pyOuHa,
M31aBHA U3BECTHOTO KaK paroueHHbiii KaMeHb. PyOUMHOBO-KpacHbIi LIBET TBEPAOTO
pacTBopa COXpaHsAETCs JIMILb MPU HU3KOM COAEpXAaHMM OKCHMIA Xxpoma B 00JsacTu
CYUICCTBOBAHUSI TBEPAOTO pacTBOpa Ha 0CHOBE Al,O; (B 3ToM ciiyyae okTasapbl [CrQq)
HE CBA3aHbl APYI ¢ Apyrom). TBepabie pacTBOpPbI ¢ 00JIEE BbICOKMM COIAEPXAHUEM
OKCHJa XpoMa MMEIOT 3eenblit 11BeT. CMeHa OKpackH cBsI3aHa ¢ UBMEHEHMEM pac-
CTOSIHWSI META/Ll — KUCJIOPOA B TBEPAOM PAacTBOpE.

Menkuit nopowox okcuaa xpoma(lll) obpasyercst npu cXuraHum TOHKO pa3s-
ApOOJIEHHOIo MeTajlla, JAeruapaTtalMyd FMAPOKCUIA, HarpeBaHHMM XpOMOBOIO aH-
TMAPUAA MK XJIOPUCTOrO XpOMMA, CIUIABIEHUMN IMXPOMATOB C Cepoil WIIM yriem:

Ksz:O7 +3S :I Cl‘zO\; + K‘_)SO4

Na,Cr,05 + 2C = Cr,0; + Na,CO; + COT

YnoOHbIM criocobom nogyuyeHus okcuaa xpoma(lll) cnyxur repmuyeckoe pas-
JIOKEHUE IMXPOMATA AMMOHMUSI*:

(NH4)2Cf207 = Cl‘203 + NQT + 4H20T

* Ecau Temiiepatypy passiokKeHMs HOAAEPXMBATL nocrostHHOI (250 °C), To MpoayKToM peakiluu
Byner uepHniit okcia CrO,, npu 420°C on npespamactes B Cr,0..
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Puc. 4.3. ®azosas nnarpamma cucrembl CryO3— AL O,

Inst nporekaHus peakuuu Tpebyercst HarpeBanue no 200 °C, nocae uero npo-
LI€CC MPOTEKAET CAMONPOM3BOJILHO C BblIeJCHUEM GOIbLIOro KOJUYeCTBA TEMIOTHI.
Boinensiolrecs rasbl pa3dopacbiBaloT MeJaKuit nopowok okenaa xpoma(lll), cosna-
Basi hopMy, HalIOMMHAIOILYIO KpaTep BYJIKAHA, B HEHTPE KOTOPOrO MEPLAET ILIAMSI.
braropnapst 3ToMy B nipakTHUKe ASMOHCTPALIMOHHOIO 3KCIEPUMEHTA 3TOT OIIBIT I10-
JIYYWJ1 Ha3BaHUE «XMMUYECKMI ByJKaH»*.

Oxkcun xpoma(lll) — 310 caMoe ycToitunBoe coepuHenue xpoma. On amdore-
peH, HO O/1aronapst BbICOKOH 3HEPIUY KPUCTA/UTMUECKOHN PELIETKU HE pearupyeT He
TOJbKO C BOJOH, HO M C pacTBOpaMy KMCJIOT M luejodeid. st mepeBoma €ro B
pacTBOPUMOE COCTOsIHUE 03 U3MEHCHUS CTeNIEHN OKUCIEHHUSI MCIIOIb3YIOT XJIOpH-
POBAaHNEC B CMECH C YIJIEM:

Cr,0; + 3C + 3Cl, = 2CrCl, + 3COT

CIUIaBJIEHUE C MUpocyibdaTaMu:

t
Cr203 + 3Kzszo7 = 3Kst4 + Crz(SO4)3
Kap60HaTaMl/l WJIW Tr'MIpOKCHUIaAMU 1UCJTIOYHBIX MECTAJJIOB!:

Cr,04 + Na,CO; = 2NaCrO, + CO,T

IIpn Temneparype KpacHOro KajeHWs MPOTEKAET peakyys ¢ NapaMu yeTblpex-
XJIOPUCTOTrO yriepoaa:

Cr,0; + 3CCl, = 2CrCl; + 3COCI,

* OnucaHust APYrUX «XMMHUYECKHMX BYJIKAHOB» NipUBeneHb B kuure: Cmenun b. /1., Awxbeposa JI. I0.
3aHuMaTesIbHbie 3a4aHusl ¥ 3bGheKTHbIE ONbITh M0 XHMUM. — M.: [lpoda, 2002.
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[Ipu cnnaenenuu ¢ okucautensamu (NaNO;, O,, Na,O,, KCIO,) u kapboua-
TaMU WIK TUAPOKCUAAMU 1IEJOYHBIX METALIOB okcud xpoMa(lll) npespallaercs
B XpOMAThI:

Cr,0, + 3NaNO; + 2Na,CO, = 2Na,CrO, + 3NaNO, + 2CO,T

2Cr,0; + 30, + 8NaOH = 4Na,CrO, + 4H,0

Hns BoccTanoBneuust okcuaa Cr,0; 10 xpoMa Haubosee 3PpPeKTUBHA ATIOMO-
TepMUs, TaK KaK B PEAKLUAX C BOAOPOAOM W YrapHbIM ra30M paBHOBECHE CMELE-
HO* BJIEBO Aaxe npy Temneparype Bbie 1000 °C.

C okcunamu Metatos okeun xpoma(lll) o6pasyeT XpoMUTHI.

MenkonucnepcHsblii nopowok okcuaa xpoMa(lll) npumMeHsioT B KayectBe a6-
pasuBHOro Matepuana (nactol [OW), 3eseHoro nurMeHTa, KaranusaTopa B opra-
HuvyeckoM currese. Okenn Cr,O3 CYXKUT OCHOBHOM 106aBKOIl K KOPYHIY TPH Bbl-
pallMBaHUKW M3 PACIIaBa KPUCTAUIOB pyOyHA, KOTOPBIE UCIIOIb3YIOT B IOBEJUPHOMN
¥ YacOBOM TPOMBIIIEHHOCTH, @ TAKXE B KayeCTBE J1a3epHOr0 MaTepuana B OMNTo-
3JEKTPOHHUKE,

Okcuam xpoma(1V), moanbaena(IV), soasdpama(lV). Juokcuas MO, UMEIOT CTPYKTYpY
pytiaa (cM. puc. 1.16). OHH XHMHYECKH MHEPTHBI M0 OTHOLIEHHMIO K BOAE M LLEJOYAM, HO
KAC/IOTBI-OKUCUTENN NMEPEBOIAT UX B COCAMHEHUS BhICLICH cTeneHy okucaeHus. YepHslil
okcun xpoma(lV) obGnagaer MeTaNAMuYECKoil NPOBOAUMOCTLIO, (DEPPOMArHUTHBLIMU CBOJi-
CTBAMU U MPUMEHSIETCS B NPOU3BOACTBE JIEMEHTOB MaMSITH [/ KOMIILIOTEPOB M ObITOBbIX
PanyO3IEKTPOHHBIX TPUOOPOB. 1OoKCHIbL 06pa3yIOTCsT KAK MPOMEXKYTOUHbBIE [IPOAYKTSHI TTPH
Pa3JOXKEHUH B OTCYTCTBUE KUCIOPOAA UM BOCCTAHOBIAEHUU coeanteruit M(VI) B Markux
YCAOBUSIX:

250°C; N,
3(NH4)2CT207 _ 6Cf02 + 2N2 + 9H20 + 2NH3

450°C

MoO; + H; —— Mo0O, + H,0
600°C

WOJ + H2 _—> W02 + HzO

Okcua xpoma(IV) nonydator Harpesanuem okcuaa xpoma(lll) B kucopoae npu temre-
parype 300 °C u noBbILIEHHOM TABJAEHUM.

YCToiiuuBoCTs IMOKCHAOB noBsiaeTcst B pagy CrO, — MoQ, — WO,. Eciy okeua
xpoma(IV) pasnaraercst Bbiwe 400 °C ¢ obpasoBanuem Cr,Os:

2C10, £ Cr,0, + 140,

TO Anokeua MoO, ayucnponopunonupyet Boiwe [ 000°C va MoO; 1 Mo:

t
3MoO; = Mo + 2Mo0O;
a nuokenn WO, mnasutest ipu 1270 °C Ge3 pasnoxeHust. JInokeuabl MoaudaeHa 1 Bosibhpa-
Ma UMEIOT KOPUYHEBYIO OKPACKY.

* Mpwu temneparype 1130°C paBHOBecHOE AaBieHHe BOASHOTO fapa B peakuun CrO; + 3H, pr—
——= 2Cr + 3H,0 coctasasiet Bcero 0,815 mMm prT. cT.
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Puc. 4.4. Ctpyktypa xpomara xpoma(Ill)
(aToMbl KHMCJI0pPOJA HAXOASATCS B BepLIMHAX
TeTpasapos, aroMbl xpoma(VIl) — B nx
LEHTPE)

OkKcHIpl XpoMa €O CMENIAHHbIMH CTENEHAMH
okucaenna. [11g xpoMa M3BECTHO TaKXe He-
CKOJIbKO OKCUIIOB, COAEPXKALIMX ATOMbI METAJI-
Jla B pa3HbIX CTEMEHAX OKUCAEHUS, HATIpUMEp
+3 u +6. Takue coenmnerns GOPMaTbHO MOX-
HO paccMaTpyBath Kak xpoMmatsl xpoma(lll). Tak,
okeng CrsOp; wm (Cr),(Cr+*0,); cocTouT M3
tetpasnpos [Cr0,] u okrasapos [Cr?OQg], co-
€AMHEHHbBIX OO UMY BeplIuHaAMU* (puc. 4.4).

HenaBHo mosBu0OCh COOBWIEHUE O CHHTE3E M KPUCTAIIMYECKON CTPYKTYpe elie Goslee
CNOXHOIO okcula, mpeiacrasigiolero coboil xpomar-rerpaxpomatr xpoma(lll) cocrasa
(Cr)y(Crt®0,),(Cri°0,3)**. UsBecTHbl Takxe nBoiiHbe xpomatel xpoma(lll) U wenouHbIx
metannos unm ammonud MCr(CrQO,);, (M = NH,, Li, Na, K, Rb, Cs)**  obpasyouwecs
MpWH HArpeBaHMU CMECH AMXPOMATA C XPOMOBBIM AHTUAPHIOM.

Oxcunapt xpoma(VI), moin6aena(VI) u sosbgpama(VI). Oxcun xpoma(Vl), wiu
XPOMOBBIY aHIUAPHUA, 110 CBOMCTBAM 3HAYUTEJIbHO OTIMYAETCS OT BBLICIIWX OKCU-
OB MoJIMOAeHa U BoJibpama (Tabit. 4.4).

Tabnuua 4.4
CgoiicTBa BHICIINX OKCHIOB HIECTOM IPyNmbl
CraHaapt- I
Hast 3Heprus Temneparypa, °C
OKen OKpacKa I'nbbca CrovKTypa [TnoTHOCTS,
A p obpasosa- TPYKTYP S — r/em?
Hust, KHATIeHUst
k/LK/mMob Hud
CrO; | TeMHo-Kpac- -586 | PomMbuueckas 197* — 2,70
Hast
o-MoO, benas -678 » 795 1155 4,69
a-WO, XKentas -774 MoHoKkIHH- 1473 |1850—2000 7,28
Hasl

* C pas3aoXeHHEM.

Okcupn CrO; npeacrapisier coboil TEMHO-KpacHble MPU3MAaTUYECKUE KPUCTAN-
Jibl, cocTosiue U3 Tetpasapos {CrO,], cBsi3aHHBLIX BepluuHaMy B Lenu. [1pu tem-
neparype 197 °C BelecTBo miaBUTCs, NPEBPAILAsCh B JIETYUYIO TEMHYIO XXUAKOCTb,

* Wilhelmi K. A. // Acta Chem. Scand. — 1965. — V. 19. — P. 165.

** Norby P., Norlund Chistensen A., Fjellvag H. // ). Solid State Chem. — 1991. — V. 94. — P. 281.

*** Saavedra M.J., Parada C., Baran E.J. //J. Phys. Chem. Solids. — 1996. — V. 57. — P. 1929;
Casari B. M., Wingstrand E., Langer V. // J. Solid State Chem. — 2006. — V. 179. — P. 296.
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Tomoaoeuuecxue paovt oxcudos

Mexny coctapamu MO, u MOj; cyuwectByer 60abLIOE YUCAO NPOMEXKYTOUHbIX
$hasz (MoOyy, M0y,0y47, W 4049, W1 Ose 1 1p.), 06pasylolyx paznuuHble roMoJI0T -
gyeckue psibl, Hanpumep M, 0;,.,, M,0;,.5. OHM npeacTaBag1oT COBOM cuHue WK
(D1OICTOBbIE NOPOILKYM, YCTOUYMBBIE HA BO3AYXE, KOTOPblE 06pa3yIOTCs NPy 4acTHy-
HOM BOCCTaHOBJICHMHU Tpuokcnnos MO; co ctpykTypoit ReQ;, conposoxaatoneMcs
BO3HWKHOBEHUEM KHUCIOpPOAHBIX Bakancui V3. Tlpu onpeneneHHOI KOHUEHTpaluy
BAKAHCHI MOXKET TPOMCXOAUTD HX YIIOPALOYEHHUE, IPUBOAsILIEE K 06PA30BAHHIO CTPYK-
TYp KpUCTanaorpadpmyeckoro casura.

pu KpucTasiorpaguueckoM caBHre MIOCKOCTH, coaepXamie >TH BAKaHCHH,
MCHYE3AIOT B PE3YyJIbTATE UX CMEHICHUS OTHOCUTCABHO APYrUX MJIOCKOCTEN, 1 o6pasy-
I0TCSL IPY TN bl OKTa3ApOB, MMEIOLLMX obiuKe rpaHi (puc. 4.5, @). PerynsipHo yepenylo-
1yecs MJOCKOCTH KPUCTALTIOrpadpuueckoro CABMIAa NMpUBOAAT K FOMOJOTHUYECKUM
psanam npoMexyrounbix (as. [TosiBaeHue B KpUcTanne 3KBUAUCTAHTHBIX MI0CKOCTEN
YKa3blBACT Ha KOOMEPATUBHBIA MEXAHU3M KpUCTALIOrpadMueckoro casura.

®opmyna asbl ¢ KpUCTALIOTPAPUIECKUM CABMIOM 3aBUCHT Kak OT MHACKCA
NJIOCKOCTY KPUCTALIA, TAK Y OT YMCIa OKTAdAPOB, CBA3AHHDIX BEPLIMHAMU; [10CHE-
HEC W OMpCAEsCT TOJIMHY (hparMeHTa MCXOAHOH (Pazbl MEXIY NMNOCKOCTIMMU KpUC-
TaIorpauIecKoro cipmra.
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Puc. 4.5. CxemaTnueckoe npeacrasinenue ctpykTypbl MogOs; (a) (10ckocTH Kpuc-

Tannorpapuyeckoro ciBura, NMoKasaHHbie XMPHBIMH JHHUAMY, Pasnessiior dpar-

MEHTBI CO CTPYKTYpo# Tna ReO;; Mo JMHHAM 3THX NMNOCKOCTEH HAXOAATCS OKTad-
pbl {MoO,]. coeannenubie rpaHsiMu); ctpoerse Mo,O,, (6)
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Ecan MO, — dopmyna nexonHoit dassl, To dhopMysia FroMOJIOrMUYECKOro Psiia OK-
cunos umeet Bua M, 0,,_,, TI€ 1 — TOJILMHA (YUCI0 OKTA3POB) UCXOAHON CTPYKTY-
pbl MEXIY MJIOCKOCTAMU KpUCTAMNOTPadHUyECKOro CABMIA; M — YUCIO UCKIIOYEH-
HbIX KUCJIOPOAHBIX BAKAHCUA.

Hanpumep, okeugsl W,0;,_, 1 W,0;, 5 COOTBETCTBYIOT ABYM FOMOJIOFMUECKUM
psiiaM OKCUIOB, NOJyYEHHBIX M3 UCXOAHOU cTpyKTypH THa ReQ; Ha ocHoBe nioc-
KOCTe#l Kpuctanorpaduueckoro capura ¢ uHaekcamu (120) u (130) cooTBeTCTBEH-
Ho. B kauecTse npumepa npeacrasurenst psiaa W,0;,_, MOXHO npuBecT okeua WO;_;
(6 =0,07), para W,0;,, — okeug WO;4 (0,07 <& <0,13).

HekoTopsie cMelllaHHbIe OKCHbI, Hanpumep okeua Mo,O,,, obpasylowuiicst npu
MSITKOM BOCCTaHOBJICHUM MOJMOACHOBOTO aHTUAPHAA MOJMOZEHOM MIM MOANIOM
UMHKa:

750°C
4Mo0O; + Znly, ——— Mo,0O,, + ZnO + |,
Hapsiny ¢ oktasapamu [MoOg] conepxar tetpasapbn [MoQ,], coeanHedHble ApyT ¢
ZIIPYFOM OOLMMU BepLIMHAMHU (puc. 4.5, 6).

napbl KOTOPO# OKpalLEHb! B KPACHLIN LiBeT. TepMuueckasi yCToHYMBOCTb XPOMOBOTO
QHTUIAPUIA 3aBUCHT, 1MO-BHAHMOMY, OT CI10C0O0a €ro MoJyYeHUs] U YuCTOTHl — pas-
JIOXEHHE MpoucxonUT B UHTEpBasie 200— 550 °C u 3akaHYMBACTCS 0OPa30BAHHEM
okcura xpoma(lll):

4CrO; = 2Cr,0, + 30,1

benbie KpucTamibl BbICILIETO OKCHAR MOHOIeHa M0oO; UMEIOT CJIOUCTYIO CTPYK-
TYpY, B KoTopo# okTasnpbl [MoOg], CHJIbHO MCKaXeHHbIE K3-3a HEPABHOLIEHHO-
€Tu cBaA3eit Mo—O, coennHsI0TCS M BeplIMHAMH, U pebpamu (puc. 4.6). INpu Ha-
IPEBAHMH BELIIECTBO XEJTEET, a NPpH Temriepatype 795 °C nnaputcs, nipespalliasich B
MOABUXHYIO XHUIKOCTD.

Oxcun Boabdpama(Vl) WO; npeactasnseT coboil XeaTblii KPUCTAUIMYECKU
nopotok. Ero ctpyktypa obpazoaHa oktasgpamu [WOg], CBA3AHHBIMU MEXIy CO-
00i1 Bcemu BepluMHaMH. Takoil CTPYKTYPHbIM TUN MOJYYHT HA3BAHUE «CTPYKTypa
tuna ReO;» 1o nepeoMy uccaea0BaHHOMY BELIECTBY aHAOTMYHOTO cTpoeHus. U3-
BECTHbI HECKOJIbKO Moaudukauuid WO;, B KOTOPbIX aTroM BoJibdpama cMeEleH U3
LIEHTPa OKTa31pa, U BO3ZHUKAIOas aedopManns BeaeT K MOHUXEHUIO CUMMETPUHN.

Tpuokeuael MonubaeHa 1 BoabdpamMa B 0TIHYME OT XPOMOBOTO aHIUApUAA cybauMupy-
IOTCSt KOHIPYSHTHO, T.€. COCTaB Iapa COBMAHACT ¢ COCTABOM TBEPAOWH (a3bl, IPUYEM OKCHUJA
MosinbaeHa Gonee seTyd, yeM OKcHj Bojbdpama, — npyu Temnepatype 800 °C pabieHue
napa Han MoO; cocrasisier 1,347 k{Ta. B nape 3T BeliecTsa NpUCYTCTBYIOT B BUAE LIAKIM-~
deckux TpumepoB M;0q, TeTpamepos M40, u neHTamepos MsO s, npeacTapasiiolyx cobok
TETpasApbl, coequHeHHble BeplupHaMu. B pacTBopax oKcHi0B B IOHOPHBIX PpACTBOPHUTEIISIX:
nupuante, aumeruncyiabdokenne (CH;),SO (dmso) — Hapsgy ¢ LMKIMYECKHMHA MOJIEKY-
JIAMU MPUCYTCTBYIOT W JIMHEHHBIE; 00 3TOM, HanmpuMep, CBUACTEALCTBYET BblacjeHue aj-
nykta Mo;0,-4(dmso), cocTosiliero 13 6eCKoOHEYHBIX LENei, COeaMHEHHBIX OKCOMOCTHKA -
mu*. M3 pacTBOpOB rnapaTMpOBaHHOTO OKCHAA MOJINGacHA B METaHoJIE Moay4eHbl KPUCTA-
JIbl M0205(CH3O)2.

* McCarron E. M., Harlow R. L. // Chem. Commun. — 1983. — P. 90.

184



B psany CrO; — MoO; — WO; 3HayeHus 3Heprum I'no-
6ca 00pa3oBaHUSI YMEHBILIAIOTCS, TEMIIEPaTypbl TLUIABJIE-
HUS U KMITEHUST OKCUIO0B BO3pacTaloT (CM. Tad. 4.4), uro
CBS3aHO C YBEJIMYEHHUEM BKJIaga HOHHOM COCTABJISIOLLEH
XUMUYECKOMH CBSA3HU.

Bricluue oxcuabl xpoma, MoiubaeHa v BosibdpaMa
MMEIOT MPEUMYLLUECTBEHHO KUCAOTHBIA Xapakrep, KOTo-
pbiii HauboJICE APKO BBIPAXEH B ciryyae okcuaa xpoma(Vl).
DTO BELIECTBO NMPEKPACHO PACTBOPUMO B Boae (IIPU TeM-
neparype 20 °C B 100 r pactBopa pactsopsietcs 62,5 r CrOs);
BOJHBI1 pAaCTBOp IPOSIBJISIET KUCIOTHBIC CBOMCTBA — OH
conepxut xpomoyto H,CrO4 u meyxpomosyio H,Cr,O,
KUCJIOTBL. BHOBB BbIAEIUTb XPOMOBBIM aHrMAPUL U3 pa-
CTBOpA yaaeTcsl NEUCTBUEM KOHUEHTPUPOBAHHOM cepHON  Puc. 4.6. Ctpoene okcu-
KUCJIOTBbI ¥ BbLACPXHUBAHUCM TOJIYYSHHOTO OCaJKa B Ba- na MoO;

KYYM€ 70 TOJIHOTO 00¢3BOXMBAHUA. OKCHIbl MOJMOIEHA
¥ BoJib()pamMa PaCTBOPUMBL B BOAE 3HAUMUTEIbHO XxyXe. MX KUCIOTHBIHA Xxapakrep
MPOSIBJISAETC 1Py PACTBOPECHUM B L1€J10YAX:

2KOH + MO3 = K2M04 + HzO

XpOMOBBIIA @aHTUIPUI B OTJIMYME OT TPUOKCHIOB MOIMOAEHA U Bosibdpama siB-
JIIETCS CWJIBHBIM okucauTesieM. OH M0IKNUTAET 3TAHOJT:

4CTO3 + CszoH = 2CI'203 + 2C02T + 3H20

OKHUCJISIET YTOJIb U MOHOOKCH YIJIEPOAA:

2Cr0; + 3CO = Cr,0; + 3CO,

Oynyuy NOMELICHHBIM Ha BYMary MHOILIA BbI3bIBAET €€ BOCIIAMCHEHUE.
PacTBOp XpOMOBOTO aHTMAPUIA B KOHUEHTPUPOBAHHOM CEPHOM KUCJIOTE IpU
JUMTESIBHOM KUISIUEHUY BhIEISIET KUCIOPOL:

4CrO; + 6H,S0,(KoHIL) = 2C1y(SO,); + 6H,0 + 30,7

TeMHO-KpacHble KpUCTALIBI XPOMOBOTO aHTUIPpUIa 00pa3yioTesa Npy neidcTBUU
KOHLICHTPUPOBAHHON CEPHOM KMCJIOTHl HA HACBILICHHbIA PACTBOP AUXPOMATA Ka-
TS

K,Cr,0, + 2H,S0, = 2CrO,) + 2KHSO, + H,0

Takxke XpOoMOBBII aHIUAPWUA MOXET OBbITh TOJIYYEH NPU OKUCICHUM OKCUma
xpoma(l1l) 030HOM MM KUCJIOPOAOM NMPU NOBBILUCHHOM AaBieHuU (12 atM), Tem-
neparype 460 °C B npuCyTCTBMHM KaTaIU3aTOPOB H2 OCHOBE OKCUAOB cepebpa, LiUH-
Ka, KaIMUsl ¥ CBUHLA.

Boiciune okcuabl MoiMbaeHa u Boibdpama MosydyaloT CXKUraHMEM METAUIOB Ha
BO3AYXE WM B KMCJIOpOoae (KeATolil nopouwiok WO; obpasyetcs mpu cropaHuy BoJib-
(hpamMOBO# CrMpay 3EKTPOJIAMII NIPU MOMAAAHWU BO3AYXa BHYTPb JAMIIbL), OKHC-
JIEHHEM IUCYJIb(DUIOB:

2MoS, + 70, = 2MoO, + 4S0,
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a TaKXe€ IMpoKaJluBaHUCM MOJIMOaTOBR U BOIIbepaMaTOB AMMOHHUS!

(NH4)6M07024 ; 7MOO3 + 6N H}T + 3H20T

DTy peakuu1o MpoBoAsSIT B TOKE KUCJIOPOAA, UTOObl M30€XaTb YACTUYHOTO BOC-
CTAHOBJICHUS TPUOKCUIOB BbIACISIIOLIMMCS aMMUAKOM.

4.6. THAPOKCHIDbI, COJNU KNCJIOPOIACOAEPXKAINIMUX KUCJOT
N KOMIUIEKCHBIE COEAUHEHUS DJIEMEHTOB
HIECTOW TIPYIIIbI

CoenvHeHUst XpoMa 4acTo 3HAUUTETbHO OTIMYAIOTCH 1O CEOWCTBAM OT aHAo-
TMYHbIX COCIUHCHUI TSXKENbIX METAJIOB LLECTOM rPyINbl — MOJM0AeHa U BOJIbG-
paMa, UMEIOLLIMX TEHACHLUMIO B HU3LIUX CTeNeHsIX OKUCICHUsT K 0O6pa3oBaHUI0 KJia-
CTCPOB, a B BbICILIEIl cTEMEHU OKUCIEHUS — U30MOJU- U TeTeporoJnaHuoHOB.

C pocToM cTerneHu OKMCACHUS] OCHOBHbIE CBOICTBA OKCHAOB M T'MIPOKCUIOB
NOCTENEHHO CMCHSIOTCS KUCJIOTHBIMU, BOCCTAHOBUTEJIbHASI CIIOCOGHOCTb COEAM-
HeHUi1 yObIBACT, 4 OKUCIUTEIbHAs — Bo3pacTaet. Tak, coenvHenus xpoma(ll) (CrO,
Cr(OH),) UMEIOT OCHOBHbI XapaKTep U SABISIIOTCA CHIbHBIMU BOCCTAHOBUTENSIMU,
BbiclIeMy okcHuay xpoMa CrO; cootrBetcTByloT xpoMmosasi H,CrO, u nByxpoMmoBas
H,Cr,0; KMCHOThI, 17151 HUX XapaKTepHbl OKHCIUTENbHbIC cBoiicTBa. CoenuHeHUs
XpoMa B TPOMEXYTOUHbIX CTEIEHSIX OKUc/eHus, raBHbiM 00paszoM +3 (Cr,0;,
Cr(OH);), amdoTtepubl. OHu Haubdosee YCTOMYUBBI B BOAHBIX PacTBOPax Mo OTHO-
LIEHUIO KAK K OKHCJICHUIO, TAK U K BOCCTAHOBJICHMUIO.

CoeauHeHMsl 3J1EMEHTOB B CTENEHU OKMCJIEHUS +2

CoenuHenus, copepxaliide nonbl M**, xapakTeptbl Julb A1si xpoma. Monunb-
JIeH ¥ BoJIbg)paM B CTENEHU OKUCIEHUS +2 00pa3yIoT KiacTepbl, Hanpumep | M Xg]*.
Coenuuenusi W(ll) MeHee xapakTepHbl, HallpuMmep OusinepHblit auetat W(Il) He
CYLIECTBYET, a CTPYKTYpHbIit adanor auerara Cr(I1) — auerar [Mo(CH;COO),|, —
UCXOHBI Mpenapat a8l cuHTe3a OUsIIepHbIX KOMIJIEKCOB MOJIMOCHA.

[Tpu B3auMoONEHCTBMHY METANIMYECKOTO XpOMa C KHCJI0TaMH~HEOKHCIHUTC/ISIMU
WM 1Py BOCCTAHOBJIEHWU TMOAKHMCIEHHbIX pacTBopoB cosieit xpoma(lll) uuHKOM,
aManbraMoi 1MHKa Wiy 1ol ACUCTBUMEM 3JCKTPUUECKOTO TOKA:

Cry(SOy); + Zn = 2CrSO, + ZnSO,

B OTCYTCTBUE KHUCIOpPOJa BO3AyXa 0OpasyloTcst sipKO-CUHUE pacTBOpbl COJEM
xpoma(ll), conepxawue uon rekcaaksaxpoma(ll) [Cr(H,0)c]*.

Jlnst xpoMma B cTeneHu okuciaeHust +2 (d*) BoO3MoOXHO 06pa3oBaHue BbICOKOCTIH-
HOBbIX (tégeg) 1 HU3KOCIITMHOBBIX (12‘;) KOMILJIEKCOB. AKBaMOHbI, KaK W JPYTMe KOM-
TUIEKChI ¢ JIMTaHAaMu ca1aboro 1osist, BBICOKOCITUMHOBBIC. B HUX OUH 13 3JIEKTPOHOB
pacrioJIoXeH Ha paspbixisiolueil (e,) opouTanu, a rfpu ero ynaneHuu B rporecce
OKHCJICHUS (ti,fzgI =€ tfgeg) BO3HUKAET YCTOMYUBAS DIEKTPOHHAST KOHDUTYpALIUs
13.e. Tloaromy coenunenust xpoma(ll) — cuibHbIE BOCCTAHOBUTEIK:

Cr¥* + e =Cr¥; E°=-0,41 B.
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OHM JIET'KO OKUCJISIIOTCS KHUCJIOpOOAOM BO3ayXa:
4]Cr(H,0)]* + O, + 4H* = 4[Cr(H,0)]** + 2H,0
a B OTCYTCTBHUE OKUCJIUTEIIA MEIJICHHO BOCCTAHABJIUBAIOT BOY:
2CrSO, + 2H,0 = 2Cr(OH)SO, + H,T

[Nentaruapat cynbdara xpoma(ll), U30CTPYKTYpHBIA MeqHOMY KYIopocy, Mo-
CTENEHHO OKUCIISICTCSl AaXe MPU XPAHEHWW B BAKYYMUPOBAHHO aMITyse.

BoccranoBuTtenbHas crnocobHOCTb coeauHenuii xpoma(ll) ycunupaercs B 1ue-
JlouHo# cpene. Kopuunesbiit ocanok ruapokcuga xpoma Cr(OH),, nonyyaemblit B
MHEPTHOM cpele AeiCTBMEM aMMUaka Wid Liejouu Ha conu xpoma(ll), criocoben
BoccTaHoBUTL CO 1o meraHa*. Huskuit addekTuBHbINi 3apsia ¥ OOJbIONH paguyc
(0,096 uM) 0OycIOBIMBAIOT OCHOBHbIA XapakTep rugpokcuga Cr(OH),, manyio
CKJIOHHOCTb K M'MAPOJIM3Y CcoJseil (KOHCTaHTa ruapoausa uoda Cr?* 1o nepBoi cry-
nedu cocrapisier 5-107°) u ¢1a60 BbIpaxeHHbiE KOMIIEKCOOOPA3YIOIIME CBOICTBA
uona Cr¥*. DTu 0cobGeHHOCTH CBUIETEILCTBYIOT O NPeob1aaaieM MOHHOM Xapak-
TEPe XUMUYECKOH CBA3KM B coeanHenusx Cr(ll).

Tak, npu no6asnenuu Kk pacrsopam cojeil Cr(Il) cynnbuoa HaTpust BBITARACT UCPHDIiL
ocanok cyibduna CrS, npu BBeaeHuu optodocdara HATpUd — roayboil ocanok cpeaHero
toctara Cry(PO,),, pacTBOpUMBI B KUCIOTAX, a Mo AeficTBUEM KapBoHaTa HATpUs — cepo-
BaTo-6enblil ocanok Kapbonara CrCO,. Bo BiaxHOM BO3ayXe OH MFHOBEHHO OKMCJSIETCS,
CTAaHOBSICh CHAYala KpaCHbIM, 3aTeM — TPSA3HO-3€JeHbIM, U TMPEeBpALIAETCS B TMAPOKCHL
Cr(IlI):

4CrCO, + 0, + 2xH,0 = 2Cr,0;- xH,0l + 4CO,T

ITpu mponyckaHuyu yriaekucioro ra3a kapGoHAT MepexXOAUT B pacTBop B (opme ruapo-
kapboHata Cr(HCO;),. Hurpar xpoma(ll) cywectsyeT Jinmb B pa3baBaeHHbIX pPacTBOpAX.
Mssecten oprocunukar Cr,SiO,.

BbiCOKOCTIMHOBbIE OKTadApUYECKME KOMIUIEKChI XapaKTepPU3YITCs OOJIbLUMM
MarHuTHbIM MOMeHTOM (4,7—4.,9 M. B.) ¥ LIMPOKOIt MOJOCOI MOTIOLIEHUS MEXTY
13000 1 17000 cm™!, KoTOPYIO YacTo ynaeTcsl pasaeuTh Ha JBE WM TPU KOMITO-
HEHTbI. DTO CBUAETEJILCTBYET O HAIMYMU TETPATrOHANbHOTO McKaxeHus. OHo sABs-
eTca ciaeacreueM addexra Aua— Tennepa (em. nogpasa. 1.2) ¥ BbI3BAHO HATUUUEM
OJIHOTO 3JIEKTPOHA Ha €,-OpOUTanu, 4TO NMPUBOAUT K IeOMETPUUECKOMY MCKaXe-
HUIO U TIOHWXEHUIO CUMMETPUU d*-KOMIIIEKCOB: BA AKCUMATbHbIX JIMTaHaa HAXO-
AATCA Ha Oosbluem paccrosiHuu oT aroma Cr(ll), yem yeThipe 3KBATOpPUANIbHDIX.
Takas cTpykTypa 06yCIOBIUBAET CKIOHHOCTb BLICOKOCTIMHOBBIX KOMIUIEKCOB K TU/T-
posusy. [ToMMMO aKBaKOMIIIEKCOB K BbICOKOCITIMHOBbIM OTHOCSITCSl alleTUJIALIEeTO-
Hat Cr(acac),, a TaKke amMmuakatbl, Harnpumep duonerosbiii [Cr(NH;)sCHCl u
sesneHoBato-cepbiit [Cr(NH;)]Cl,, oOpasytomumecs npu aeiicTeuy ammuaxa Ha Criup-
TOBbIH pacTBop }iopuaa xpoma(ll).

Huskocnunosbie komIiekebl xpom(Il) oGpasyer ¢ nurangamu CUILHOTO MOJS —
HHAHWIOM, IMUMUHAMHU. DTH KOMIUIEKCHI UHTEHCUBHO OKpallleHbl, UX MArHUTHbI
MOMEHT cocTaBnseT 2,74— 3,40 m. b., a cBSI3b XpOM — JIMraH XapakTepu3yeTcs Cy-
LICCTBCHHON fosiell m-CBA3bIBaHUS. [lpuMepom CcinykuT LMaHUAHbIA KOMILIEKC
K4 Cr(CN)], TeMHO-CHHME KPUCTAIBI KOTOPOIo BbICANMBAIOTCA CTUPTOM U3 pac-
TBOpa ayerara xpoma(ll) B KOHUEHTPUPOBAHHOM PACTBOPE LIMAHWUIA KaNusl.

* Muponoea C. A., Hukounosa JI. A. // N38. AH CCCP. Cep. xum. — 1985, — T.34. — Ne 12. — C. 2788.
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Puc. 4.7. Crpoenue auerata xpoma(ll) Cr,(CH;COQ),(H,0); (a); obpazoBanue cssa3u Cr—Cr
Mo METOAY BaJIEHTHBIX CBsI3ei (0); ctpoeHue Ge3soanoro auerara xpoma(ll) (8); obpasosa-
Hue cea3u Cr—Cr no MeToay MoJIeKyJIsIpHbIX opbuTaneii (¢) (cM. takxe c. 189)

B omnuuue ot MeTannos Havana 3d-psaa mias xpoma(ll) M3BECTHO HECKONLKO
Kjacrepubix coenuHenunid. [Npocreiiluee u3 Hux — auerart xpoma(ll) (puc. 4.7) co-
craBa Cry(CH;COO),(H,0),, Bblaensiiomuiicss B BUAE KPacHOro ocaika rpu nei-
CTBUM Ha pacTBOp xjopuaa xpoMa(ll) KOHLEHTPUPOBAHHLIM PACTBOPOM al€TaTa
HaTpUs:

2CrCl, + 4NaCH,COO + 2H,0 = Cr,(CH,C0O0),(H,0),) + 4NaCl
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Cr(CH;CO0), Cr(CH3CO00),
= e ——
Ha O6paBOBaHMeﬂz/o.*/ da_p

\
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A
ceaseit Cr—OH, " R

Puc. 4.7. (OkoHuyanue)

KpacHbiit uBet ruaparupoBanHoro auerata Cr(l]) KOHTPAacTUpyeT ¢ rojyboit
OKpackoit npoctbix costeit Cr(l1) u oTpaxaer ero 6usinepHoe cTpoeHue (cM. puc. 4.7, a).
Ha Hanuuue cBsi3u MexXiy aByMsi aToMaMM XpoMa yKasbIBaeT JUaMarHeTH3M 3TOro
COCAMHEHMS: B HEM HET HECNApPEHHbIX 3/1eKTPOHOB. ITockonbKy Kaxablii Mon Cr2
CONEPXKUT YETbIPE HECMAapeHHbIX 3JIEKTPOHA, CBsI3b, OOPA3yIOLIasAcsl NPU B3aUMO-
AEUCTBUM BYX TAKUX MOHOB IPYT C APYrOM, UMeEET KPaTHOCTb, PABHYIO 4eTbIPEM.
MmenHo nostomy paccrosiue Cr—Cr B auerate (0,230 HM) OKasbiBaeTcs Kopoue,
YeM B METaI4ecKoM xpome (0,256 HM). ATOMbI XpoMa coeauHeHbl IPYT C IPYroM
TAKXKE YETbIPbMS OMICHTATHbIMY MOCTUKOBBIMH aLleTaTHbIMU rpynnamu. Koopau-
HALMOHHYIO cepy KaXkaoro aToMa XpoMa JOTIONHSET MoJsieKya. Bombl*. [1o MeTony
BAJICHTHbIX CBfi3eil (CM. puc. 4.7, 6) uetblpexkpartHas csasb Cr—Cr obpa3yercs B
pe3yyibTaTte 00bEnMHEHUSI HECTTAPEHHBIX 3d-3IEKTPOHOB 1BYX MOHOB XpPOMA B 4€Tbl-
P€ 3JIEKTPOHHBIE Mapbl, MPUHALICKALIME COBMECTHO OOOMM aToMaM. BakaHTHbIE
opbuTtany uoHoB Cr’* BBICTYMAIOT B KauecTBe aKLETITOPOB A1 00pa30oBaHMs MSITU
KOBAJICHTHBIX CBSA3€H C aLICTATHLIMM IPYNINIaMU U MOJICKyJIaMU Bozbl. B oGpasyiolieiics
4acTHULEC BCE 3TICKTPOHbLI CMIAPEHbI, T.€. OHA ABJISICTCS JUAMATCHUTHOM.

* Ewe kopoue paccroanue Cr—Cr (0,196 Hm) B monekynax Cr(CH;COO),, 00pasyiommnxcs B
razoBoi (base NMpu OTLIEMIEHUU MOJEKYJ BOJIBI.
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[Tpu HarpeBaHuu B BakyyMe 10 120 °C aueTtat xpoMa TepsieT BOAY, TpeBpalLasich
B KOPWUYHEBDIHA MOpoLIoK, B KotopoM KiacTepbl Cry(CH,;COOQ), cBsizaHbl Mexiy
€000 TOMONHUTENbHBIM B3aMMOJEUCTBUEM aTOMOB XpOMa € aTOMaMu KUCI0PO1a
COCeHUX aleTaTHbIX Tpynn (cM. puc. 4.7, 6).

Kapbonuavt u memaaaoopeanuveckue coedunenus
31emenmoe uiecmoii 2pynnol

B Hu3wux creneHsax okuciaehust (—4, -2, -1, 0) xpom, MonudaeH u Boabdpam
06pa3yloT COCAMHEHUS ¢ T-aKLUeNTOPHBIMH JIMTAHIAMM: LIMKJIOIEHTAIUEHUIOM, GEH-
30/710M, MOHOOKCHIOM yriaepona (puc. 4.8).

I'ekcakap6oHunsl M(CO), NpeactaBastioT co6oil GeclBETHBIE NeTYYHE KPUCTA-
JIMYECKME BELIECTBA, MMEIOWIME MONCKyasipHoe crpoeHue, OHH CHIBHO SIIOBUTHI!
Mornekynbt M(CO)y nnamMarHuTHbl 1 uMeloT GopMy OKTa’apa, B LEHTPE KOTOPOIo
HAXOOMTCSI aTOM MeTajina,

KapGoHunbl METANI0B 1HeCTON IpynNnbl He YIAETCs [OAYyYUTh [pH B3aUMOIEH -
CTBUY MPOCTHIX BELIECTB C MOHOOKCHIIOM yriiepoaa. MexonHbIMY BeuiecTBaMM st MX
CHHTE3a CNyXaT Fajlor€HuIbl, Hanpumep:

200°C; p
WClg + 3Fe + 6CO —— W(CO), + 3FeCl,

[Tpu Temneparype Boitte 200 °C KapOOHMIIBI pa3NaralTCs:

>200°C
M(CO); —— M + 6COT

4TO UCTIONbL3YIOT AJIS1 HAHECEHUST MeTAIMYeCKHUX MOKPbITHIA. ['ekcakapboHn Boabd-
paMa KaTalu3upyeT METATC3UC ofichUHOB.

Dc. Mo @c Qo eH

6

Puc. 4.8. Mertannooprannueckue COeIMHCHMs HIEMEHTOB ICCTOM rpynibl;

a — aubeH3oaxpom; & —— ruapuaHslii KoMnieke xpoMmoucHa Cr(CsHs),Ho:
6 — Mo, (CO)(u,-H)
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O6pazoBanue cBsizn Cr—Cr 1o MeTosy MOJEKyAsipHbIX OpOWTalell NpeicTaBIeHO Ha
puc. 4.7, 2. Anst NpocTOThbl PACCMOTPUM B3aMMOJIEHCTBHE ABYX (PParMEHTOR MOJIEKYJIbl COCTA-
Ba Cr(CH;COO),, kaxablii n3 KOTopbIXx MMeeT GopMy NIOCKOro KBagpaTa, UTO BUAHO U3
COOTBETCTBYIOLIEIO pACLIEIUIEHNST NCXOAHBbIX d-opOuTasieil xpoma. U3 narn d-opbutaneit
Kaxioro ¢parmMeHTa YeTbipe MAYT Ha obpasosatimne cBsizn Cr—Cr, a ogHa — Ha obpa3oBa-
HHE G-CBSI3W C MOJIEKYJI0it BO/bI (ITO B3aMMOJIECTBUE HA PUCYHKe He mokasaHo). M3 Boch-

B apenoBbix kommiekcax — xpomoueHe Cr(cp), n anbensonxpome Cr(C.He), —
aTOM MeTajlJla HaXOAUTCsl MEX/Y ABYMsl NapajljiebHO pacnoNoOXEHHBIMH LMKIIMYeC-
KMMH MOJieKy/iaMu Jnranaa (cM. puc. 4.8, a). CTpyKTypbl TAKHX COEAMHEHHUI TOAYyUN-
JIM Ha3BaHME «COHABMUEBBIX». CBsI3b METAJL — JINTAH L OCYLUECTBIISIETCH HE TONBKO 3a
CYET MNMEPEeKPhIBAHUS 3aM10JIHEHHBIX MOJEKYASIpHbIX opOMTaNeill Turanga ¢ He3amno-
HEHHBIMA aTOMHbIMW OPOMTAISIMM XpOMa, HO W 3a CYET B3aMMOAENCTBUS aTOMHBbIX
opOuTajieit XpoMa ¢ BAKAHTHBIMHU MOJIEKYJISIPHBIMU OPOUTANSIMM TUraHaa. DTo oObsic-
HSIET BbICOKYIO NPOYHOCTb XUMHNYECKOH CBSA3H M TEPMOJMHAMHUYECKYIO YCTOWYHBOCTD
METALIOLIEHOB,

XpomoueH Cr(cp), MONy4aloT B3aMMOAEHCTBUEM XJIOPUAA XpOMa M HATPUEBOro
NPOU3BOAHOrO LIMKJIONEHTAAMEHA B TETparupodypaHe:

2Na(cp) + CrCl, = Cr(cp), + 2NaCl

W3 pactBopa BeliiecTBO BolaesieTcs: B (hopMe KpacHbIX KPUCTA/UIOB, M30MOPQHbIX
dheppoleHy, HO B OTIMYKE OT HErO. MapaMAarHUTHbIX U JIETKO OKMC/SIIOLIMXCS Ha
Bozayxe. Ilpu neficteun rerparnapoGopara HaTpust XpOMOILIEH NPEBPALIAETCs B XKeJi-
Tl tnapuaHblil komieke Cr(cp),H, ¢ k1nHOOOpa3Hoil COHABUYEBOI CTPYKTYPOH
(cM. puc. 4.8, 6).

INpn HuskoTeMnepaTypHoM GOTOXHMHUUECKOM Pa3loXEHHN OOPa3yIOTCsI HEYCTOM~
UMBbIE MOHOMEPHbIE MOINO0- M BosbdpaMoiieHbl M(cp),, KOTOpbIE NIpH TEMIEPATY-
pe Boiile 10 K npespaiualorest B KpacHO-KopuaHeBble monuMepsl [M(cp),],.

Cpean MetanaoueHoB Haubosiee yeroituns nubetsonxpom Cr(cp), — KPUCTAIN-
4YeCKO€ BEIECTBO TEMHO-KOPUYHEBOrO LiBeTa, 00pasyloiieecs: Mpu B3anMOAEWCTBUN
Gespoanoro xnopuaa xpoma(Ill) ¢ GeHsonom B npucyteTeum Kataimsaropa AlCl; u
ANMIOMUHUEBOIN NyApbl, HEOOXOAMMON ISl BOCCTAHOBJEHUS XpOMa M CBSI3bIBAH M
XJIOPUI-HOHOB!

CrCly + 2CHg + Al = Cr(CgHy), + AICI,

I nGeH30AXpOM XOPOLIO PACTBOPSIETCS B OPFAHMYECKMX PACTBOPUTENSIX, JETKO
BO3rOHSICTCs, @ NPKW HArpeBaHUM PA3NaraeTcsi ¢ BbLACICHHUEM XpOMa, YTO MCNOJb3Y-
€TCsl [UIsl NONyYEH s METAJIMYECKNX MOKPBITUIA, AHATOTMYHBIM 00Pa30oM MOJyHaloT
KpHUCTajInyeckue Komruiekebl: 3eneHblit Mo(CgHg), n xenro-zenenbiin W(CgHy),.
Kowmniekebl METAIOB 1IECTOMH [PYNIbl ¢ GEH300M M303MEKTPOHHbI (hepPOLEHY, HO
MeHee YyCTOMYMBHI,

Humeprble nonst [My(CO),p]%, B KOTOpbIX cTeneHb OKMC/ICHNS MeTaa paBHa — 1,
00pa3yloTcst Ipy BOCCTAHOB/IEHUH rekcakapboHunos M(CO), Goporugpuaom NaBH,
B >knikom aMmmuake. Ilpy nonaganun B Boay CBsi3b MeTa/IN — METAJ pa3pblBacTCs,
HO INMEPHBIC YaCTULIbI COXPAHSIOTCS Ofarosapst NOsIBIEHMIO MOCTUKOBOTO TMAPKA.
B ruapune nBa aromMa Metaniia coelMHEHbl TPEXLIEHTPOBO JIBYX3IEKTPOHHO# CBSI3bIO
M—H—M (cm. puc. 4.8, 6). Boccranognenne rekcakap6ornnos M(CO), MeTalnnyec-
KHUM HaTpueM B XXH/JKOM amMMHake NMPHUBOAUT K 00pa30BaHUIO aHUOHHbLIX KapOo-
HUJIbHBIX KOMIUIEKCOB, B KOTOPbIX aTOM METa/I1a HAXOJAMTCs B OTPULIATENIBHBIX CTE-
nensix okucaeHus: Nay[Cr3(CO)s] n Nay[Cr4(CO),].
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MU d-opOuTalieil, NpenocTaBieHHbIX B 0bllee Mojib30BaHME BYMsI aTOMAMK XpoMa, o0pa-
3YI0TCsl BOCEMb MOJIEKYJISIPHBIX OpOUTAa/ieil — ABE U3 HUX O-TUMNA, YETbIPE — T-TUHA U JBE —
3-TNa. DAEKTPOHAMU 3aMONMHEHDBI YeThIpe cBs3biBaloie MO, uTo obyc0BANBaET 06pa3o-
BaHHE YeTbIpeXKpaTHOM cBsidu Cr—Cr. AHAJIOTMYHYIO CTPYKTYPY MMEET M aLeTaT Moaus-
aena(ll), obpasytowniicst npu neficteun na rekcakapbonun Monubaena Mo(CO), JeasHoil
yKeycHoi kucnoToii. TloMmnumo aueratos nofydensl u apyruve KapGokcuaaTthl xpoma(ll) u
monnbaena(ll). Bce onn — Gusinepbie knacrepsl. MHTepecHo, YTo Nnpy HacTUUHON meru-
pataunu asorHo# comm cocraBa CsyCr(SQO,);- 6H,0 co crpykrypoit wenuta obpasyercs
avaMarnutHbid puonetosbliit nopoiok Cs;Cr(SO,),- 2H,0, KoTopblil NOCTPOEH U3 aHMO-
HOB, aHAIOrH4HbIX aueTaty xpoma(ll), rae poab MOCTUKOBBIX JIMTAHIOB BbHIMOJHSIOT CYJlb-
tarupie rpynnst; Csy[Cry(SO,),(H,0),] - 2H,0. Knacreproe cTpoeHue UMeeT U GUsIIEPH b
kapbonar Mg,[Cry(CO;)4(H;0),] (cBsizb Cr—Cr 0,222 um).

bnaronapst knacteprHomy ctpoenuio auerar xpoma(ll) ropasgo G6osee YCTOHUHB K OKHC-
JieHu1o, 4eM npoctbie conu xpoma(ll), u B cyXxoM BHAE MOXET HEKOTOPOE BPEMS XpPAHUTHCS
Ha Boanyxe. B kauecTBe ucxomHoro BemecTsa auetat xpoma(ll) Mcnosnb3yloT ais cuHTE3a
IpYTMX COEAUHEHUI XpOMa B CTEMEHM OKHCIEHUS +2.

CoenuHeHns 31eMEHTOB B CTENEHH OKHCJICHHS +3

Crenens okucaeHus +3 Hanbonee xapaktepHa a1a xpoma. CoeIMHEHUS] MONUO-
aeHa(Ill) aBasiloTcA CUABHBIMK BOCCTAHOBUTENSIMH M FOPa3lio XyXe M3ydeHsl, a
soasdpama(lll) — npakTuyeckum HEM3BECTHHBL.

Coenunernns xpoma(1Il). B sonHbix pactsopax coeaunenns xpoma(lil) o6aaparor
BBICOKOH OKMCIUTENBHO-BOCCTAHOBUTENHOU YCTOMYUBOCTHIO KAK B KUCIOM, TaK U
B LLENOYHOM cpeae (cm. puc. 4.1), YTO MOXET ObITh OODBSICHEHO BbICOKUMH 3HAYCHHUSIMU
DCKIT nns konpurypaunu d* s okrasape: Kak 1orepsi, Tak U NpUoOpeTeHUE IneK-
TPOHA HEU3DEXHO NPUBOASIT K YMEHBILIEHUIO €€ 3HAYEHUS U COOTBETCTBEHHO MO-
HUXEHHUIO TEPMOIUHAMUYECKON YCTOHYMBOCTH, Halnune Tpex HECHapeHHbIX 3JeK-
TPOHOB 00yCnoBAMBAET napaMarHeTusm coeaunennit Cr(lll), 6onablIMHCTBO U3 KO-
TOPBIX MHTEHCHUBHO OKpauleHbl. [TOMHMO 2TOro oKkTasgpuyeckue KOMILIEKCHl, B KO-
TOPBIX OTCYTCTBYIOT BAKAHTHBIC f),~OPOMTAIIN, A €,-0pOUTaNM OCTAIOTCsI He3amnosn-
HEHHBIMU, UHEPTHBI. Takue COeAMHEHHUS PearupyloT ¢ 0O4eHb HU3KOIH CKOpPOCTHIO.
Hanpumep, ckopocts o6meHa soawl B MoHe [Cr(H,0)q]** npu temneparype 25 °C
cocrasasier 4,5- 1077 ¢!, Takum o6pasom, coennnenunsi xpoma(Ill) B BoaHbIX pa-
CTBOpAX BBLIFOJHO COYCTAIOT B CeOE TEPMOAMHAMMUYECKYIO U KMHETHUYECKYIO YCTOI -
YMBOCTb. B 3TOM OTHOLIEHUH OHM NPOTUBONONOXKHBI coeanHenuam xpoma(ll), ko-
TOPBIC KUHETUYECKU nabUnbHBL M, KPOME TOTO, ABASIOTCS CUIbHBIMU BOCCTAHOBM-
TeASIMH.

ConstHokucblil pacTsop xjaopuaa xpoma(ll) Ha Bo3ayxe MIHOBEHHO OKHUCASsIET-
Csl 1 MEHSIET OKPAaCKy, CTAHOBACH U3 SIPKO-CUHEro TeMHO-3eneHbIM. [Tpu ynapusa-
HUMU W OXJIAXIACHUU M3 HErO BBIACASIIOTCS M3YMPYAHO-3€AEHbIE KPUCTA/LIbl reKca-
rnaparta xsnopuaa xpoma(lll). Hurpar cepedpa cnocobeH ocaauts nulilb OAHY TPETD
CONEpXKAUIErOcsi B HUX XJ0pa, YTO JOKAa3bIBAET BXOXICHMUE ABYX M3 TPEX ATOMOB
XJopa B COCTaB BHYTPEHHEH KoopanHaumoHHoOH cdepsl: [Cr(H,0),CLICl-2H,0.
Ecan noaro kunatutes pazbasneHHbIA pacTBOP 3TOM COJH, a 3aTEM OXJIAIUTh €ro 10
0°C 1 HacwLITUTH XJIOPOBOAOPOIOM, TO LBET PACTBOPA CTAHET (PUONETOBBLIM, U U3
HETO BLUICASTCS CUHE-(DUONETOBBIE KPUCTALAbl TAKOIO K€ COCTABA, UTO U UCXOM-
Has conb. [1py nomolun HUTparTa cepebpa 13 3TOro BELIECTBA YAAETCS OCAANTh BEChH
XJIOp, 4TO No3soJsieT npunucars eMy Gopmyay [Cr(H,0)41Cl;. Pactsop xnopuna
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rekcaakBaxpoma(lll) B xos0oaHOM BOAE OKpallieH B (PUONETOBBIA LIBET, OAHAKO MPHU
KMMYEHUU OH M3MEHSIET OKPACKY, CTAHOBSCh TEMHO-3¢/eHbIM. TakuM 00pa3oM,
B 3aBMCHMOCTH OT ycnioBuit xyiopui xpoma(lll) moxer ObiTh BbIICICH U3 pacTBOpa
B BMAC IBYX M30MEPOB C pa3jiMUHbIM COCTABOM BHYTPEHHEH KOOpAMHALIMOHHOM
coepot. B pactBope 06a noHa HAXOASATCS B PABHOBECUM:

[Cr(H,0)e]** + 2CIF == [Cr(H,0),Cl,]* + 2H,0

[Tonoxenne paBHOBECHST 3aBUCUT OT TEMNEPATYPhi M KOHLIEHTPALIMK HOHOB XpOMa.
Hanpumep, npu temneparype 25 °C B 20%-M pacTBope xj10puaa xpoma 93 % UOHOB
XpoMa MPHUCYTCTBYIOT B hOpME reKcaakBamoHoOB, a B 57%-m — tonbko 60 %. Harpe-
BaHUE CMELLaeT paBHOBECUE BNpaBo: NpHU 84 °C B 57%-M pacTBOpe KOHLEHTpaLusl
reKCcaakBaMOHOB CHUXKaeTcs A0 48 %. AHaJIOTMYHbIE PABHOBECUS MMEIOT MECTO U B
pacTBOpax cojieit BCex ApYrx METAJUIOB, OOHAKO MX CKOPOCTb HACTONLKO BEJIMKA,
4TO YAACTCsl BBIACIUTH TONLKO ONMH M3 M30MEPOB, OOpa3yIOLINil HANGO IEE YCTOM-
YUBYIO KPUCTALUIMYECKYIO PEUIETKY U MTO3TOMY HauMeHee pacTBOPHUMbINA. B ciayuae
CoJiel XpOMa, a TAKXKE MHEPTHbIX KOMILIEKCOB JIPYrux MerainoB (Kobansta(lll),
ponus(I1l), maatunbi(1l)) MOXHO BBLICINTH Bee BO3MOXHBIE M30MEPDI [0 MPUUU-
HE KpallHe HM3KOH CKOpPOCTH m3oMepu3auuu. [apaTHas M30Mepusi CBOMCTBEHHA
OosblnMHCTBY coneit xpoma(lil). Tlpu 3TOM BO Bcex ciyyasx COJM, comepxaie
HoHBl rekcaaksaxpoMa(lll), uMeioT cuHe-(bUONIETOBYIO OKPACKY, a COJIK, B KOTO-
PBIX BO BHYTPCHHIOIO KOOPAMHALIMOHHYIO chepy BXOSIT TaKXKe aHWOHBI, — 3ejie-
HbI€ MM KpacHbie (puc. 4.9).

Hon [Cr(H,0)¢}*" nornowaer cBer B kpacHoii (v, = 17400 cm™"), rony6oii (vy =
= 24 500 cM™'") yacTAX BUOAMMOrO CNEKTPa, a TAKXe B BAMXKHE yabTpaguoneropoit odbna-
cTh (v3 = 37800 cmM™') u, cienoBatenbHO, MMeeT (DMONETOBYIO OKPACKY, BbI3BAHHYIO HATO-
JKCHHMEM JBYX NONOJHHUTENBbHBIX LBETOB (CM. pHc. 1.36). DTo 0ObsICHSIETCSI TEM, YTO B OKTa3]1-
pvYECKOM Monie IMraHnoB TepM *F, COOTBETCTBYIOWIMIT OCHOBHOMY COCTOSIHMIO MOHA d°,
pacluenisercs Ha cocTapasiiomme Ay, u Ty, Tlepexonam MeXIy COCTOSIHUSIMU C O MHAKOBO#
MyJIbTHIVIETHOCTBIO COOTBETCTBYIOT TPU MOJIOCH B CNIEKTPE MOMIoweHust (noapasa. 1.2) nan
TPN BACKTPOHHBIX nepexona Ay, — 4Ty, *Ay — *T, 1 *4y, — *T, ¢ uacToTaMm v, v,, vs

[Cr(H,0)6]Cl1; | Kunduenue yuc-[Cr(H,0),C1,]C1-2H,0 | Dkcuxartop CrCly - 34,H,0
(duoneroserii) m (TeMHO-3€eJIeHBIi) ¢ P,O5 (KpacHblit)
’ 20 cyT
1, (GH5),0 l 20 “C
0°C, HCl Kunsuyenue , PAKYYM
130 °C
[Cr(H,0)5Cl]IC1,-H,0 CrCl;-14H,0 [Cr(H,0),CLL]Cl
(cBeTI0-3CeH b ) (KpacHBblii) (3eseHbIi)
(CyH5),0
:'ICI(KOHL[.) HCl(xoun)
[Cr(H,0)3Cl3]
Cl’O3 Cl’203 . xH2O (KOpl/l‘{HeBblﬁ)

Puc. 4.9. F'unpatsl xnopupa xpoma(Ill)
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cootBeTcTBeHHO. Monbl rekcaakBaxpoMa(lll) oGnagalor IUXpOU3MOM, T.€. UMEIOT pa3HYlo
OKpacky B npoxofsieM (KpacHo-(UOJETOBbIE) U OTPAKEHHOM (CHHE-(HONETOBBIE) CBETE.

Hurpar xpoma(ill) Cr(NOs);- 9H,0, obpasylowuiicss npu pacTBOpeHUU TUAPOKCHUIA B
a30THOI KMCIOTE, NpeacTaBIsieT cobol npuaMaruueckne KpacHo-(pHoAeTOBbIE KPUCTAJLIBI.
Ipy kunsiueHnn puoaeToBbIil pacTBOp HUTpata xpoma(lll) craHoBUTCS 3efeHbIM, OMHAKO
NpU OXJAXIEHW MW MPEXHsIst OKpacka Bo3Bpaljaercsi. be3soaHbiil HuTpar xpoma(lll) nonyua-
10T B3aMMOAeCTBNEM rekcakapOboHWIa XpoMa ¢ a3oTHbiM anruapuaoMm. Ilpu aeiictBun Ha
pacTBOpbl conell xpoma rugpodocharoM Harpus oOpasyercst (puoseroBblit 0cafoK OpPTO-
tdocdara CrPO,- 6H,0, koTopblil nox AeHCTBUEM cOQbl WU 1IENOUM MPEBPALIIAETCS B 3eje-
HYIO OCHOBHYIO cosib. [IpH HarpeBaHUHU rekcarmapar nocreneHHo o6e3BoXMBAETCs, NEPEXo-
ast B 3edenblit aurngpar CrPO,- 2H,0, a 3atem B uepnbiil mopowok CrPO,, HepacTBopu-
MbI# faxe B Lapckoi Bolke W yctoluusbid Brutots 10 1 800 °C. Tlpu cnnasieHun ¢ Mera-
docdopHoil KucnoToi oH npespaiuiaercst B 3eneHblil Metadocdar Cr(PO;);, Takxke o4eHb
ycroiuublid. Cpenu cynbdaTtoB xpoma(lll) uzBectHbl rugpatsl ¢ GpuoseToBoit U 3eNeHON
okpackoi. @uoneroasi conb [Cr(H,0)]2(SO4);3- 6H,0 Moxer ObiTh nosiyueHa npy B3au-
MoJeHCTBUM ruapokcuga xpoMa(lll) ¢ cepHol KMCNOTON, NMpU BOCCTAHOBAEHUW XPOMO-
BOr0 aHTMApUAA ITAHOJIOM B CEPHOKHUCION cpene, npu obpaborke xiaopuga rekca-
akBaxpoma(lll) KOHUEeHTPUPOBAHHOW CEPHOW KHUCIOTOM.

I1pu kunsiueHUU pacTBOpbI Cyab(aTOB NPUOOPETAIOT 3€JEHYIO OKPACKY, U U3 HUX MO-
TYyT OBbITb BbIACJEHBI COJH, B KOTOPHIX Cylab(haT BXOIUT BO BHYTPEHHIO KOOPIMHALIMOH-
Hylo cepy, Hanpumep [Cry(H,0)4(S04)1(SO4),- H,0, Cry(H,0)3(SOy);. Ipn nanbueitiiem
006e3BoxuBaHnu (narpesanue go 400°C wuan B toke CO; no 280°C) oHu nepexonsit B
po3oBblil Ge3poaHblii cyabdar Cr,(SO,);, pacTBOPUMBIA B BOAE TOJbKO B NPUCYTCTBUU
noHoB xpoma(ll). Masectubl kucasie Cr(SO,)(HSO,)(H,0);, CrySO4)s(HSO,), (H20)24 "
ocHoBHbie Cr(OH)SO,4- H,0 coan.

Ilpy neitcTBMM HA cBeXeocaxaeHHbIA ruapokcua xpoma(lll) njapesesoit Kuc-
JNIOTOM, MPHA BOCCTAHOBJICHMMU XPOMOBOrO aHTMAPHAA 11[ABEJICBOA KHUCIOTOW WU
npu B3auMojaciicTemu coneit xpoma(lll) ¢ pacTBoprMbIMU oKcalaTaMu 006pa3yloT-
ca ruaparel okcanata xpoma(lil) Cry(C,04);- nH,0, uBer, cTpoeHue U pacTBOpH-
MOCTb KOTOPBIX 3aBUCST OT THApaTHOro cocrasa. [ekcaruapat Cry(C,0,);- 6H,0 npen-
CTaBAsieT COOOH TEMHO-KPACHHBIE, OYCHb IMIPOCKOMUYHbBIE KPUCTAIIbI, XOPOLLO pa-
CTBOPMMBIE HE TOILKO B BOJE, HO U B cniupte M a¢dupe. MUx nonyyaiot BoccraHoBIE-
HHMEM XPOMOBOIO aHTHAPHIA NIABEJIEBON KUCIOTOM, B3STOM B M30bITKE. ITpH Harpe-
BaHMH 10 125 °C 3TO BEWECTBO TEPSCT BOLY, MPEBPALLIASICH B HEPACTBOPUMbIIA 3€J1€e-
Hblii nopowok. B u30bITKE OKCalaT-MOHOB 00pa3yloTcsl OKCallaTHble KOMIUIEKCHI,
Hanpumep K;[Cr(C,0,);] (pPKier = —15,4). Kanneyio cojib 00bIYHO MOJIyYalOT BOC-
CTAHOBJIEHHEM HUXpOMATa KaJlhsl CMECHIO 11[aBEJICBOIl KMCIIOTHl M OKcaJjlaTa Kajlusa:

KzCl‘zO7 + 2K2C204 + 7H2C204 = 2K3[CF(C204)3] + 6C02T + 7H20

ITpu oxyaxxaeHMM M3 pacTBOPA COJIb BBIJCISACTCS B BUJIE TEMHO-3EJICHBIX, MOYTH
YEPHBIX KPUCTAUIOB, B TOHKOM CJI0€ HA MPOCBET Kaxynxcs duonetopsiMi. Crio-
COOHOCTD BELIECTBA 00J1a1aTh PA3HOI OKPACKOH B OTPAKEHHOM M MPOXOJSIIIEM CBETE
Ha3bIBAIOT duxpouzmom. Tpuc-(okcanato)xpomat(l1l)-uon obpasyer onruueckuie U30-
MEpPHI, HO BBIIEASIOWNECS KPUCTAIbB ONTHYECCKH HEAKTHBHBI, TaK KaK MpeacTaB-
Ag10T coboi palieMuueckyio cMech. Ee ynaercs pasmennts Ha D- u L-#i3omepsl
JIpOOHOM KpHCTaliM3aunein cojieid ¢ 0ObeMHBIMH ONTHYECKH aKTHUBHBIMH KaTHO-
HaMH, HArpyUMep CTPUXHMUHOM Wiun [Ni(phen);]*

[1p# BOCCTAHOBJICHMH IMXpOMATa KaJIMS 11[aBEJAEBOM KUCIOTOU B MOJIIPHOM OT-
HotlleHMn | :7 obpa3yeTcsi TEMHO-KPaCHbIH pacTBOp, M3 KOTOPOro KpHUCTAJLIN3Y-
I0TCSI MYPIYyPHO-KPAaCHbIE KPUCTaIbl Mpanc-u3oMepa:
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chr207 + 7H2C204 = 2K[Cr(CZO4)2(H20)2] + 6C02T + 3H20

B pactBope yuc- n mpanc-$opMbl cylecTBYIOT B paBHOBECHH, KOTOpOE B ci1abo-
KHCJIbIX PACTBOPAX CMELLEHO B CTOPOHY yuc-U30MeEpa:

yuc-[Cr(Cy0,),(H,0),]" == mpanc-[Cr(C,0,),(H,0),]; K= 0,17 (pH 3—4).

B To xe Bpemsi coctaB BelaensOlENCs TBepaol (aszbl COOTBETCTBYET MpaHC-
(popMe — OHa MJIOXO pacTBOpPHMA B BOJE M JIETKO BbIMAJgaeT B ocanok. Kanuesas
COJIb yuc-vi3oMepa JIWIOBOro UBeTa oOnaJaeT NpeKpacHoi pacTBopuMocTbio. OHa
MOXET ObITh MOJIy4eHa NPU MEAICHHOM OXJIaXKICHWU KOHLIEHTPUPOBAHHOTO pac-
TBOPa WM NP MPOBEACHUHU CHHTE3a B Mpee/bHO MaJloM KojiluecTBe Boabl. I1pu
AJIUTENILHOM XPAaHEHWH WM MpPH HATPEBAHMHU PACTBOpPBI Ouc-(0OKCAIATO)XPOMATOB
MEHSIOT LIBET, CTAHOBSICH CHHE-3€/IEHbIMH, U3 HHUX KPUCTAJUIM3YIOTCS mpuc-(oKca-
naro)xpomarsl. I1pu obpabotke K[Cr(C,0,),(H,0),] BoaAHBIM pacTBOpOM amMMHaka
O[IHA M3 MOJIEKYJl BOJbl 3aMELIAETCS HA TUAPOKCHIPYIIY, a B M3OLITKE MLIEIOUH
obpasyiotest auruapokcokomiuiekesl K;[Cr(C,0,),(OH),]. Bce oHM cylecTByIoT B
(opMe yuc- U mpaHc-N30MepOB.

Cpeawu coneit xpoma(lll) Gosblioe pacnpocTpaHeHWe UMEIOT KBACLbl — [1BOJi-
Hble cynb®atbl xpoma(lll) ¥ wenounbix MetannoB. XpoMokanHeBble KBACLbI
KCr(50,),- 12H,0 Hapsiny ¢ alloMOKaIMeBbIMU HAXOMAT NPUMEHEHHE TIPH ny0iie-
HUM KOX, B KaYeCTBE MPOTPaBbl MpPH KpalleHWH TKaHel. McXoaHbIM BenecTBOM
A MX OYYCHHS CIIYXHUT n1HUXpoMat Kaiusi. [1py BOCCTAHOBIEHUH CEPHUCTbLIM Ia-
30M WJIM 3TWIOBBIM CIIMPTOM PACTBOPA 3TOU COJIM, MOAKHCIEHHOTO CEPHOM KUCIIO-
TOiA, 00pasyercs (pUOIETOBBII PACTBOP, U3 KOTOPOTO MPH OXJIAXIECHUH BbiIEISIOT-
¢Sl TeMHO-(HONETOBBIE KPUCTAILL XPOMOKAJIMEBBIX KBACLIOB:

K,Cr;0; + 380, + H,S0, + 23H,0 = 2KCr(SO,),- 12H,0L
K2Cl‘207 + 3C2H5OH + 4stO4 + 17H20 = 2KCF(SO4)2 12H20\L + 3CH3CHO

B xBacuax comepxarcst MoHbl rekcaaksaxpoma [Cr(H,0)¢)**, KoTopbie ¥ NpHaAIoT UM
¢ronetoyio okpacky. Ipy KHIIsi4eHHH pacTBOpa KBacLoB GUONETOBAs OKPACKA CMEHSIETCS
3eJIeHON ¥ NPH OXJIaXIEHUN PacTBOPa He BoccTaHaBnupaercs, a pH pacTBopa nmoHmxaercs.
Bce 370 cBuaeTenbeTBYeT 0 TOM, UTO 3aMellEHME KOOPAMHUPOBAHHBIX MONEKYN BOAbl HA
AHVOHbBI KNCTIOTHBIX OCTATKOB MOXET COMPOBOXAATBCS POLEcCaMU ruiponusa. Ha nepsoit
CTalMKN IIPOUCXOAHT AECMPOTOHUPOBAHNE KOOPAUHHUPOBAHHOW MOJIEKYJIbl BOMbI:

[Cr(H,0)e]* + Hy0 == [Cr(H,0)5s(OH)]> + H,0"

(bunoneToBblii) (cepo-cupeHeBbli)

B cnyuae vona rexcaaksaxpoma(lll) KoHcTaHTa
paBHOBeCHsl 3TOTO MpoLecca Npu TeMineparype 25 °C
paBHa 1,6- 107 T.e. rekcaakBauoH OKA3bIBAETCS 0.199 Hm
N ., - )
TAKOH XE€ CUIIbHONH KMCIOTOH, KaK MypaBbUHasi, U
Ha NoPsOK cubHee, YeM ykcycHast. TTo 3Toii npu-
UMHe BOAHbIe pacTBopbl coneit xpoMa(lll) ¢ aHno-
HaAMH CHUJIbHBIX KMCIOT CHJIBHO KHCIIbIE, YTO [Ipe-
NATCTBYET najibHeleMy ruaponusdy. Ilpr Kunsi-

Puc. 4.10. CrpoeHue OMs1epPHOTO I’UAPOKCOKOMIT- 0,194 um
nekca [Cry(OH)y( Hy0)g] Dc Oo en
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YE€HUM PacTBOPOB ruapoiun3 yeuiausaercs: noHol [Cr(H,0)s(OH)|* nocpeacTrBoM MOCTHKO-
BbIX OH-rpynn o6beanHs0OTCS APYT ¢ APYroM B MOJMsIEPHbIE YacTULIbI, KOTOPbIE 3aXBaThbl-
BalOT aHMOHbI KMCIOTHbBIX OCTATKOB, Haxoasmecst B pacTBope (puc. 4.10). 3To MoXeT 6bITh

NPEeACTaBjaCHO CACAyIOIUMNU pABHOBECHSIMU:

1{1 4
N .
2[Cr(H,0)s(OH)]** == |(H,0),Cr Cr(H,0),] +2H,0
' Ny
|
L H i
—_ [~ H ]
[ 1|1 w (I)
\ + [Cr(H,0)s;OH |>* \/Cf (H,0);
(H20)4Cr/ Cr(H,0), 250, (OHy);Cr—qg__ || /0
Ny
! i | \?/
u (504)(H20)

2+

+ 6H20

TpogykTaMn ruaponnsa XpoMOKaJINEBbIX KBACLIOB SIBJSIIOTCS] JBOHHbBIE OCHOBHBIE CYJlb-
darbl xpoma(lll) n kanud, nanpumep KCry(SO,),(OH)g, M30cTpyKTYpHBI MuHepaty any-
Huty, obpasyloumiics Npu ruaposu3e ajlloMOKaIneBbIX KBacUOB, a B npupojae GopMupy-
lowmiicsl B ByJIKAHHYECKMX 00JaCTsIX IIPYU BO3IEHCTBMN CEPHOKMCIOTHBIX PacTBOPOB Ha KaJine-
Bbl€ MOJIEBbIE 1UNAThl. B HeM aTom MeTanna(111) HaxonnTcesl B LEHTPe OKTas3/ipa, o6pa3oBaHHO-
ro aTOMamMmn Kucaopoga cyab(aTHbIX IPYNIl U MoJieKyJ Boabl (puc. 4.11). Tlo noHopHO ak-

TUBHOCTH 10 OTHOILEHMIO K KaThoHy Cr*

ClO; < NO; < CIF < SO} < HCOO < CH,CO0" < C,0%

a
Dcrds Oo eH

Puc. 4.11.

W [IPOAYKTE WX rMapoan3a (6)
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[Tpn rugponmnse nepxnopara xpoMa(lll) B pactBope npHCyrcTBYIOT KaTMOHbI, B COCTaB
KOTOPbIX HE BXOAST NEPXJOpaTHbie FPyNIbl:

3Cr* + 4H,0 = [Cry(OH), % + 4H*; pK =8,7;
4CP* + 6H,0 = [Cr,(OH)]* + 6H* pK=13.9.

Ha ocHOBaHMM cleKTpajibHbIX JAHHbBIX BbICKa3aHbl MPEANONOKEHNA* O HAJIMYNKN B pa-
CTBOpaAX ellle Gosiee cJIOXHBIX KaTHOHOB BILIOTh 10 [Cry>(OH),5(H;0) 518 ObpaTnTe BHMMa-
HHE, YTO B MEXaHM3ME TMAPOJiM3a TPEX3aPsIIHbIX KATUOHOB META/IJIOB €CTh MHOIO OO1IEFO.
Pa3nblii cocTaB THAPOKCOKOMILIEKCOB XpOMa M alloOMMHMs BbiI3BaH TeM, 4to Al cmocoGen

o6pasoBbiBaTh TeTpasapsl [MO,], a Cr* — uer.

Hob6asnenue wenouHeix peareHtoB (NH;- H,O, Na,CO;, NaOH) cuibHO ycko-
PSIET NIPOLIECC TMAPOAM3A M MPHUBOAMUT K BBIACIEHHIO TPsI3HO-(HOJIETOBOIO 0calka
riuapatupoBaHHoro okchaa Cr,O;- xH,O, Ha3blBaeMOro MHOrAA <«rHAPOKCHIOM
xpoma(Il)». YTo6sl noay4nTh XopoLiio cpoOpMUPOBAHHDLIIR OCaN0K, OCANUTENb HAO
100aBAAThL NOCTENEHHO IIPU CHJIBHOM llepeMelIMBAHHHU pacTBOpa.

INepBoHauaibHO o6pasylonuiiest mpoaykT orsevaet coctaBy Cr(H,0);(OH); n npencras-
nsetT coboit monmmep, cocrosiyit n3 okrasgpos Cr(H,0)(OH);, coegnHeHHbIX 0B1IMMU

pebpamMu B Lenu:
H,O0 H,0O H,O0 H,0
H H H

| | |
O O

. 0 .
ANEERAN VAN VAN V4
/Cr\ Cr\ Cr\ Cr\
- | o/‘ o/| 0/‘ h
OH| OH| OHI| OH
H H H

HBe TpeTn MOJIEKYN BOabl, cOAEPXKAlIMXCSl B 9TOM BELIECTBE, ABISIOTCS BHellHechep-
HbIMH, HE CBSI3aHHBIMU ¢ aTOMaMK XpoMa**. [1pn cTosIHMM 0cafok rnApOKcHaa NoaBepraeT-
Cs1 CTAPEHMIO, 3aKJTIOYAlONIEMYCS! B TOCTENEHHON 1eTuaApaTauMy 3a CHET NPEBPALIEHUS MU -
POKCHMMOCTHKOB B OkcoMocTHKH. Ha nepBoil ctanun ruapokcug TepsieT BHelHecdepHylo
Bofy, npuobGperast coctas Cr(OH);, coorBeTcTBYIONIMiA CTPYKTYPE ruapapruinrta (cMm. T. 2,
ri1. 4). C TeueHMeM BPEMEHH OH MEPEXOAMT B 3e/IEHbII Nopomok okcornapokenaa CrOOH co
CJIOUCTON CTPYKTYPOH (ITMTMEHT «XPOMOBbII 3e/IEHBI» MM «U3YMPYIHbBII 3eneHblit»). Tlon-
HOe 00€3BOXKMBAHME MPOUCXOAMT NPH TeMneparype 430 °C.

Takum 06pa3oM, M3 BOAHBIX PACTBOPOB HEJb3s nojy4uts coin xpoma(lil) ¢
aHMOHAMK cabbix KucaoT, Hanpumep Cr(COs);, CrS; U T.4. HeicTBrTENbHO,
B3aMMOJCACTBHE KHCIbIX PacTBOPOB COJNCH xpoma(Ill) ¥ 1weno4HbIX pacTBOpOB
KapOoHaTa, 1au cyabbuaa, Win cyabhuTa HaTPUs IPUBOANT K B3aUMHOMY ycHJIe-
HUIO TMAPOJIM3a W BbIALEHMIO OCaJKa TMIPOKCHA:

2CrCl; + 3Na,CO; + 3H,0 = 2Cr(OH),! + 3CO,T + 6NaCl

KapGonar xpoma(IIl) Henssecten. INMpupoaHbiit MuHepan 0apOepTOHNT NpeacTaBisieT
co0oit ocHOBHbIH KapGoHat xpoma(IIT)-martust Mg Cry(CO3)(OH),4- 4H,0.

* Drljjaca L. Spiccia // Polyhedron. — 1996, — V. 15. — P. 2875; Bradley S. M., Howe R F., Kvdd R.A. //
J. Chem. Soc. Dalton Trans. — 1993. — P. 2415.

** Ecn ocaxieHHe BECTH U3 PaCTBOPOB cofeii xpoma(lIl), oxpaueHHbIX B 3e1enblil UBET, 06pa-
3YETCH IPA3HO-3E1eHbIA OCAAOK TMAPOKCHAA, COACPXAalUMi TAKXE aHHOHbI CONeii, MPUCYTCTBYIOLLIMX
B PaCTBOPE U KOOPAMHUPOBAHHBIX aTOMaMU XpOMa.
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a

PcrQc Oo

Puc. 4.12. Okco- u ruapokcoauerarsl xpoma(H1):

a — [Cr;O(CH;COO0)(H,0);]* B terpaderuabopare; 6 — Cry(OH);,(CH,COO),, (aTombi BOAOPOAA
HE [oKasaHbl)

Tlpn cMeltennn pactpopos cosieit xpoMa(lll) n pacTBOPUMBIX CHANKATOB 0Bpa3yloTCst
3€JIEHbIC OCAAKH NMEPEMEHHOI0 COCTABA, COAEPXKALINE HEKOTOPOE KOMMUECTBO CHIIMKAT-HOHOB.
Cpeanne cunnkarst xpoMma(lll) HemsBecTHbI, XOTsi MX IBOHHbBIE COMH BCTPEYAIOTCSl B TNpH-
pone B BUAE MUHEPAIOB, HanpuMep puianaut (Cr, Al),SiO;,- SH,0. Ognn n3 rpanaros —
YBAPOBHT, HA3BAHHBIN B 4eCTb Npe3uaenTa Poccuiickoil akagemun nayk rpaga C. C. YBapo-
B4, npeacTasisier coboi cunnkar xpoma(ll)-kansuust Ca,Cry(SiO,);. B oTanume ot aibMan-
ONHA WM NTHpONaA 3TOT KaMEHb MMEET sipKo-3eeHbli uBeT. M3BecTen aMepukaHckmil na-
TEHT* HA CHHTE3 ruipara cuimnkara xpoMa coctasa Cr,0;- SiO,- H,0.

Ilpn neitcTBun Ha pacTBopbl codieit xpoMa(lll) aueratoM HaTpusi 06pa3yloTCst 3eJeHble
pacTBOpbI, CONCPXKAIINE LHKINUECKNE TPEXbSIEPHDBIE OKCOALETAT-HOHbBI, TOCTPOEHH bIE AHA-
JIOTMYHO OKCOALETATAM [APYrUX TPEXBAJIEHTHLIX METALIOB (puc. 4.12, a). B TBepnoM Buae
BbiaesieH okcoanerat [CryO(CH;CO0)(H,0);](CH,CO0) — TeMHO-3e/icHbIE PU3MATH-
YECKHE KPUCTALJIbE, XOPOLIO PACTBOPUMbIE B BOJIE. AHAIOTMYHOE CTPOECHHUE UMEIOT M IpyTHe
kapOOKcniaThl. B nx Mosiekyiax HanGosiee 1abniibHa KOOPIMHUPOBAHHAS! BOIA, KOTOpas NpH
NEPEKPUCTAIIU3ALMUY COJIN N3 TOHOPHOTO PACTBOPUTE/ISI MOXKET ObITh 3aMEHEHA Ha PACTBO-
puTe/ib — NMUPUANH WK auMeTniicyibdokena. CTpyKTypa KOMILIEKCA TTPHU 3TOM COXpaHsieT-
csi. Tlpu okucaennn cmecn anerara xpoMa(ll) n aLeTaToB HEKOTOPHIX APYTHX NBYXBAICHT-
HBIX MeTa/lioB (M = Mn, Co) B nupuanHe ObUIM MOJy4EHbl KPUCTALIbI OKCOALIETATOB,
CMELLAHHBIX 11O METaJJIy**,

M3BecTubl TakxKe apyrue THIMbI OKCO- M TMIPOKCOALETATOB, HANPHUMEP COCTaBa
[Cr3(OH)(CH;CO0),)(CH;COO0), Crj;04(OH);(CH,COO),5, Crg(OH);»,(CH,CO0),,; nocien-
HMI BBLICJISIETCS] B BUE TeMHO-(DNOJIETOBBIX KPUCTALIOB NPH IUINTEbHOM KHTISIYEHUH BOL-
Horo pactsopa [Cr;O(CH;CO0),(H,0);](CH,COO)***. Llnknnueckne MoJeKysibl OKTaMepa

* IMatenT 4740651 CLIA. 1988.
** Cannon R.D. // ). Chem. Soc. Dalton Trans. — 1993. — P. 2005,
*** Eshel M., Bino A., Felner I. et al. // Inorg. Chem. — 2000. — V. 39. — P, [376.
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00pa3oBaHbl BOCEMbIO aTOMAaMM XpOMa, COEJIMHEHHBIMH IPYT ¢ IPYTOM MOCTHUKOBBIMHU THJ1-
POKCWIaMH W aLeTaTHbIMU rpynnamu (puc. 4.12, 6).

Cune-puonetopble kpucrauibl cpeideit conu Cr(CH;COO);- 6H,O kpucraiinsyiores
13 (PUOJETOBOrO PacTBOpa, MOJYYEHHOTO pPACTBOPEHHEM CBEKEOCAXAEHHOrO TMAPOKCHIA
xpoMma(1ll) B nenstHON YKCYCHOM KHCIOTE.

Ilpn HarpeBaHUM XpOMOKAJIMEBBIX KBACLOB ¢ M30BITKOM pomaHMAa Kajimsi W nocieny-
I0LIEM YITapUBAHWHU pacTBopa o0pa3yeTcs TeMHO-KpacHasi KpUCTAIMYecKasl Macca, Couep-
Karas rekcaponanoxpomat(111) kanus K;[Cr(NCS)gl. [Tocne nepekprcrainnsaumy u3 cnupra
(pacteopuMocTb 106 r 8 100 r cnupra npu temnepatype 20 °C) 3T0 BELLECTBO BbLAENSIETCS B
BU/IE€ KPacHO-(HOJIETOBBIX KPUCTANNOB, B MPOXONSIUEM CBETE KAXYLIHUXCS FPAHATOBBIMMU.
CnekTpalbHbIMM METOJAMH [0KA3aHO, YTO POJAHUI-UOHBI CBSI3aHbBI ¢ METATIOM-KOMII-
JleKCco00pa3oBaTeieM MOCpPEeACTBOM aToMoB azoTa. [lon neiicTBUeM XHMAKOro aMMmuaka npo-
MCXOJIMT 3aMeEIIEHHUE ABYX TUOLIMAHATHDIX IUraHAOB U 00pa3yeTcsi Mpanc-TeTpapoJaHoInaM-
munxpomar(1l) ammonunst NH,;[Cr(NCS)4(NHj;),] — conb Peitneke. Ona npeacTaBiaser co-
Ooit OnecTsiLine pyOHHOBO-KpacHble KPUCTALIbI, XOPOLIO pACTBOPHUMbIE B BOJE W CITUPTE.
C xpynmHbIMHM KaTHOHaMM conb PellHeke naeT KpucTalIMdecKMe Ocanky, NO3TOMY €€ HC-
NOJBb3YIOT /IS BblIEJIEHNUsI AMUHOB, AaMMUHOKHCIIOT M OCHOBAaHUI U3 cMeceld. YI0OHbIM Mpe-
NapaTMBHbIM METONOM MONYYEHHUs 3TOW CONM sIBNsiETCs] ClieKaHHWe MOPOLIKOB JuXpoMara
aMMOHHUsl M poaaHnaa aMmMoHust. JIeiicTBHeM Ha KOHLIEHTPUPOBAHH bl BOIH b1 pacTBOP COJM
Peitneke constHoil kucioroit nonyyator kucnory Peitneke H[Cr(NCS)4(NH;),]. Ee yaaetcs
BbIOE/INTb N3 PACTBOPA MYTEM 3KCTPAKLIUK 3D UPOM ¢ MOocHeayIOIWHUM ncnapeHneM 3pupHon
BbITSIXKM. DTO BElEeCTBO 00pa3yeT KpacHble YellyilyaTble KPUCTALIbl, XOpOLIO PacTBOPH-
MbI€ B BOJE, CIIUPTE, aLECTOHE.

BsaumoaeiictBuem rekcaponanoxpomara(lll) ¢ nenraammmnakatom kobanbsra(lll) cun-
TE3UPYIOT reTEPOOUMETATNYECKHUE KOMITJIEKCHI, B KOTOPBIX aTOMbI IByX METAJUIOB CBsI3aH bl
MOCTHKOBOH TMOLMAHATHOW rpynmnoi:

K3[Cr(NCS)s] + [Co(NH3)s(H,0)[(ClOy); =
= 3KCIO, + [(NCS)sCr—NCS—Co(NH;)s] + H,0
I'mapokcun xpoma amdorepeH — OH paCTBOPSECTCS KAK B pactBopax KHUCIOT
(K, = 10°1%:
Cr(OH)3 + 3H" + 3H20 = [(:I‘(I‘Iz())d}r
TaK W utejoueit (K, = 1071):
Cr(OH); + 30H™ = [Cr(OH)4|*-
bolcTpee Bcero NporcXoauT pacTBOpeH e CBEXEOCaX1EHHOTO THAPOKCHIa; MoJ-
HOe OcaxeHWe BO3MOXHO B MHTEpBasie pH 7 — 10*. Obpa3syloimrecs pu pacTBope-
HMM TMIPOKCHIA B eKHX 11[eJ104aX U3YMPYIHO-3CJCHbIC PACTBOPLI ConepXaT aHUO-
uol [Cr(OH)4]*, co BpeMeHeM M3 pacTBOPOB KPUCTAJLUIM3YIOTCS! TMIPOKCOKOMII-
JieKeel, HanpuMep rekcarnapokcoxpomar(Il) Hatpus Na;[Cr(OH)g]. ¥ ruapokcu-
na xpoma(lll) ocHOBHBIe cBOMCTBa BbipaxXeHbl CHIbHEE KMCAOTHBIX, MOITOMY MPH
KMM4eHUN pa3daBileHHble PACTBOPbI MMAPOKCOXPOMATOB MOJHOCTbLIO TMAPOJIN3Y-
10TCH, M M3 HUX BbiNagaet ocanok ruapokcuna xpoMa(lll). B atom coctout ux orin-

yre ot aloMrHatoB. OnHako ynobHee Bcero pactBopbl xpoMmatoB(IH) paspyiuars,
nporycKasi 4€pe3 HUX CepOBOAOPO/ WM YIIAEKHUCAbIN ras:

2Na;[Cr(OH)] + 3CO, = 2Cr(OH);! + 3Na,CO; + 3H,0

* Rai D., Sass B.M., Moore D.A. // Inorg. Chem. — 1987. — V. 26. — P. 345.
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Puc. 4.13. CrpoeHue xpomura KCrO, (aToMbl KMCIOPO/IA PACTIONOKEHbI B BEPILIMHAX OKTA3POB)

ITp# 5TOM 32 CYET NMOCTEMEHHOro MOJKHUCICHHSI 0bpasyeTcsl KpHCTAUIMYECKHIA
xopolio chOpMHUPOBAHHBIA 0CANOK THAPOKCHIA.

Ipn mMenieHHOM OXJ1aXIeHNH TOPSYero HachblIeHHOro pacTeopa ruapokcuaa xpoma(Ill)
B 50%-m pactsope NaOH nonyueHbl 3ejieHble MIACTMHYAThle KPUCTAJJIbl COCTaBa
Nay[Cr(OH)g](OH) - 3H,0. B npucyTcTBUN aHNOHOB KPUCTA/LIM3YIOTCA CMELUAHHBIE COJIH,
Hanpumep Na,[Cr(OH)e]Cl, Na,[Cr(OH)¢}(Sy)1,*.

Cnnasnenvem okcupa xpoma(lll) ¢ wenouamu, kapOboHaTaMu WIK OKCHaaMH
Nojly4aloT XpoOMHThbl, U1K okcoxpoMaTsl(IIl), npeacrapnsiionme coboil ClOXHBIE
WIN CMELIAHHBIE OKCHIBI. XPOMHTHI 1LET0UHbIX MeTa/u1ioB MCrO, coCTOSIT 13 OKTa-
aapoB [CrOg], o0beaUHEHHBIX OOIMMH PEOpPaMM B €AMHBIH KapKac, B MyCTOTAX
KOTOPOI'O PacroioXKeHbl HOHBL 1IEJIOYHOro MeTtasua (puc. 4.13). MHorMe XpoMMTEHI
ABYXBICHTHBIX MeTaioB M!'(CrO,), uMeloT cTpyKTypy Wunuuean (cm. puc. 1.21).
B nux atombl M(11) HaxonsaTcst B Terpasapuyeckom, a atomel Cr(HI) — B okTasa-
PHYECKOM OKPYXEHHMH aTOMOB KHcaopoaa. Takoe CTpoeHHE MMeEeT M NMpHPOAHbIA
MHHEDPAJ XpoMa — XpOMUCThIN xkere3Hsik FeCr,0,.

CoenuHenust xpoma(lll) ycToiiunBel B BOAHBIX pacTBOpax KakK K OKHCJIEHHIO,
TaK ¥ K BOCCTAHOBJICHUIO. B KuCa0# cpese nox nefcTBHEM CHIIbHBIX BOCCTAHOBHTE-
Jieii U B OTCYTCTBHE BO3/yXa OHM npespaiuatorcs B conn xpoma(ll). DaekrpoaHoiit
noreHuuan napsl Cr(VI)/Cr(Il1) Mmeer Haubosbliee 3HAYEHHE B KMCIIOH cpene,
nostoMy okucienue coneci xpoma(lll) no xpomaros npoure ocyLeCcTBUTh B MpH-
CYTCTBMM wiejioud. TIpy npoBeleHNH pPeaklMM B LUEJOYHBIX BOOHBIX PACTBOPAX B
Ka4yeCTBE OKHMCIMTENCH MCIONb3YIOT XJ10p, OpOM, THIOXJAOPUT HATPHS, NMEPOKCHL
Bozopoaa, okcua cerHua(lVv):

2Cr(OH), + 3Br, + 10NaOH = 2Na,CrO, + 6NaBr + 8H,0
2Cr(OH); + 3H,0; + 2Ba(OH), = 2BaCrO,! + 8H,0

* Hinz D. // Z. Anorg. Allg. Chem. — 2000. — Bd. 626. — S. 1004.
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B HEUTPAJTLHON WU CTabOKUCITION cpeaax — CBeXeocaXaeHHbIN okcua MapraHua(lVv):
Crz(SO4)3 + 3Mn02 + 2H20 = 2H2Cf04 + 3MDSO4 ‘

B KUCJIOWH cpele — BUCMYTAaT HATpus, MepMaHraHaT Kaius, OepTONEeTOBY COJb,
nepcyibgarbl B MPUCYTCTBUKU KaTHOHOB cepedpa:

2Cr(NO;); + 3NaBiO; + 4HNO; = Na,Cr,0; + 3Bi(NO;); + NaNO; + 2H,0

g .
Crz(SO4)3 + 3N328208 + 7H20 —> NaZCI’ZO—/ + 7stO4 + 2NaQSO4

npu ciuasjieHuu okcuaa xpoma(lll) — nmepokcuabl UIETOYHBIX METAJIOB, HUTpPA-
Tbl, XJIOpaTbl, KUCJIOPO:

2Cr,0, + 4Na,0, + O, = 4Na,CrO,

Cr,0; + KCIO; + 2K,CO; = 2K,CrO, + 2CO,T + KCI

[Ipouiecc OKHUCIEHUS MPOUCXOOUT yYepe3 CTaauu obpazoBaHust xpoMat(IV)- u
xpoMat(V)-UOHOB.

I1pu B3aumoneiicTBMU HUTpaTa xpoma(lll) ¢ GenunbHOR U3BECTHIO, B3ITOH B HEJOCTAT-
K€, WU MpHU BOCCTAHOBJCHUM XpOMaTa Kalusl KHUIMSLIUM PACTBOPOM THOCYJIb(daTa HaTpus,
CEpPOBOIOPOAOM HJIM 3THJIOBLIM CIMPTOM B OTCYTCTBME MHUHEPAJbHbIX KUCJIOT OOpa3yloTCs
KopuuHeBble ocanku xpomaTtoB xpoMa(lll) nepemeHHoro cocraBa (CrOH)CrO,- xH,0O. Crpo-
eHue ux HeuspecTHO. [lpu 106aBAeHUU U30bITKA peareHTa (OKUCIUTENSI UM BOCCTAHOBUTE-
JIs1) COAEPXAlMHCH B HUX XpOM MOJHOCTbIO NEPEXOAUT B OJHY U3 CTEMEHEH OKUCICHHUS: +3
wnu +6. Tak, nanbHeillee NMPONycKaHWE CepOBOJOPOIA YEPE3 LIEAOYHOIM pacTBOp XxpoMara
Kajivsi IPUBOAMT K U3MEHEHHUIO 1[BETA OCajJKa U3 Oyporo B rps3HO-3E/JEHbIN, XapaKTepHbIA
s ruapokcuaa xpoma(lll). UMmeroTcst cBeieHUSI O TOM, YTO M3 BOJHOIO pacTBOpa, MOJy-
YEHHOro B3aWMOJEHCTBUEM IMXPOMATA KajIUsl C MEPOKCUJIOM BOIOPOJa MOCAE IKCTPAKIIMHU
MepoKcuaa XpoMa B dbUPHBIA cl1oil, MOXeT ObiTh BbLIEAEH KOpHUUHEBbIl ocanok CrsO),,
npeacrapasoumMii coboit xpomat xpoma(lll). CTpoeHue 3TOro BeLECTBA PACCMOTPEHO BME-
CTE€ C JIDYTMMH OKCHUJAMHU XpOMma.

Coeaurenusi xpoma(lll) uHepTHBI, T.€. peakilMK 3aMEllIEHUS B UX PacTBOpax
MPOTEKAIOT ¢ HU3KOH CKOPOCTbIO. MHEPTHBIC KOMIUJIEKCH HE YAACTCS CUHTE3NUPO-
BaTb MO peakiMsIM OOMeHa B BOAHLIX pacTBopax. Hampumep, maxe npu CUIbLHOM
M30bITKE KOHLECHTPUPOBAHHOIO pacTBOpa aMMHMaKa, MPUJUTOIO K CBEXCOCAKACH-
HoMy ruapokcuay xpoma(lll), obpasyercs auillb HE3HAUUTEABHOE KOJUYECTBO M€K~
caaMMHuakara. JIigs mojsydeHUsT MHEPTHBIX KOMILICKCOB JIMOO MCMOJIb3YIOT OYEHb
OONbUIOH M3OBLITOK JUraHAa, YTo, HAMPUMEDP, JOCTUIAeTCs MPOBEACHUEM PEAKLIMH
aMUHUPOBAHUSI HEMOCPEACTBEHHO B XWAKOM aMMHUAKE:

NaNH,
CrC]:; + 6NH3()K) _—> [Cr(NH3)6]C13

JM00 MPOBOASIT OKUCIUTEbHO-BOCCTAHOBUTEILHYIO PEAKIIMIO, CKOPOCTb KOTOPOM
NPaKTHYECKHU HE 3aBUCUT OT CKOPOCTU OOMEHA JIMTAHIOB, & OMpPEAC/IsieTCsl MeXa-
HU3MOM 3JIEKTPOHHOrO mnepeHoca. Tak, A1 cuHre3a rekcaammuakara xpoma(lll)
cHayana noayyaoT uoH [Cr(NH;)s]?*. Byoyun 1abuabHLIM OH JIEFKO OBpasyeTcs
MPpU OEUCTBUHM U30bITKA aMMHUaka Ha pacTBop xyopuaa xpoma(ll). B amMmuauHom
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Gydepe, KOTOpbIit CO3Aa10T, 106ABsAA TBEPAbIH XJIOPHA aMMOHHUSI, MOH TeKCaaM-
munxpoma(ll) nocreneHHo BoccTaHaBiMBaeT BOgOPOI BOAbl WM MOHA AMMOHMUS,
npeBpaulasich B ammuakat xpoma(lll);

2[Cr(NH;)6]Cl, + 2NH,CI = 2[Cr(NH;)]Cl; + 2NH; + H,T

XNopua aMMOHMS CIYXHUT TaKKe MCTOYHMKOM XJIOPUA-MOHOB, HEOBXOAMMbIX
st POPMUPOBAHHUST OcanKa TPUXJIOPUIA.

Komnnekc [Cr(NH;)]Cl; HasbIBalOT NI0TEOXPOMXIOPHIOM HM3-33 €r0 XKeNToil OKpacku
(nar. lutus — xentoiit). U3oMepHbIii emy KAPMHUHOBO-KPACHBbIA XJOpUI XJOPOMEHTA-
ammuuxpoma(lll) [Cr(NH,)sCI]|Cl, (<nypnypeoxpomxiopua») oSpasyeTcsl mpy B3auMoaeii-
CTBHUU XJIOPHZIA XpOMaA € XHUJIKHM aMMHAKOM B OTCYTCTBHME KATalM3aTopa — aMuga HaTpus,

a Takxe npu kunauyeHuu pogoxpomxiopuia [(NH;)sCr(OH)Cr(NH;)5]Cls ¢ conaHoit kuc-
JIOTOM (puc. 4.14):

[(NH3)sCr(OH)Cr(NH;)5]Cl; + HCl = 2[Cr(NH;)sCI]Cl, + H,0

2+

O *
NH, & A ()
€& &
O
[Cr(H,0)4]*" [Cr(NH3)g]** [Cr(NH3)g]**
(cunUi) (¢uoJieToBbI) (CKeNTHIH «TIOTEO»)
HCl 0z, NH4
“H, NH;

mer-[Cr(NH;);Cl3)

: (3€7IeHbli)
Jac-[Cr(NH3)Cls] [(NH3)sCr—OH—Cr(NH;)s]**
(cepo-cuHUit) (PO30BBIN «pOJIO»)
{ HCI
H*| [OH
[Cr(NH3)sCIj**
(KapMHUHOBO-KpPAcHBI i1
«Iyprypeo»)
Q Cr
Qa
NH;
O nm,0
Oo
® H J /
[(NH3)sCr—O—Cr(NH;)s]* [(NH3)sCr—OH—Cr(NH;),OH[*!
(CHHHH «POIO-OCHOBHOIN») (KPacCHBII «3pUTPO»)

Puc. 4.14. Cxema npespaiteHuit pasnnunbix ammuakaros xpoma(l11)
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Po30Bblit 0Canok poaoxpoMxjopuia (rped. podog — po3a) MOJIYYAIOT OKMCICHUEM aAM-
muakara xpoma(ll) kucioponom Bosnyxa:

A[Cr(NH,)|Cl, + O, + 2NH,Cl = 2[(NH;3)sCr(OH)Cr(NH;)s]Clsl + 6NH;

B npucyTCTBMM HI€JIOYM MOCTMKOBAsi TMAPOKCOIPYNMNa AEMPOTOHUPYETCS, 3TO COMpPO-
BOXJ/AETCSl M3MEHEHMEM OKPacKM Ha APKO-CHHIOK BCJIEACTBUE OOpa3oBaHMUS «OCHOBHOIA
poaoconu» [(NH;)sCr—O—Cr(NH;);5]Cl,. BddexTuBHbIN MarHUTHbIA MOMEHT ([} 3TOTO
BeutecTna (1,3 M. B.) HeoGbIualiHO HU30K A/ COEAMHEHU S, CONEPXKALIEIO UWIeCTb HECMAPEH -
HbIX 2JEKTPOHOB, YTO CBUACTEJbCTBYET 00 aHTHM(hEpPPOMATHMTHOM B3aUMOLEHCTBUM ABYX
ATOMOB XpOMA 4epe3 p-OpOUTAIN ATOMA KMCIOPONA MOCPEACTBOM y—p,—d;-CBSA3bIBAHMS.
WU3BecTHbl M OoJiee CiiOXHbIE ruapokcoammuakatel xpoma(lll); HanpuMep, poOAO30XpPOM-
xjopua [Cry(OH),(NH;),]Cly, B KOTOPOM aTOMbI XpOMa COCAMHEHbI APYT C APYTOM B UK
MOCTUKOBBIMH TMAPOKCHJIbHBIMU TDYMMaMu*.

['exca- U neHTaaMMHHHbIe kKOMIUIekChbl XxpoMma(lll) oueHb yCTONUMBBL K AEHCTBUIO KHC-
Jiot. Tak, NpyU KUMAYEHUHU JIIOTEOXPOMXJIOPHUIA C KOHLIEHTPUPOBAHHON a30THONH KHUCJIOTOM
BHYTPEHHSSl KOOPAMHAIIMOHHAsA cdepa He NpeTeprneBaeT HUKAKMX U3MEHEHU I, o0pasyercs
morteoxpoMHUTpaT [Cr(NH;)](NO;);. Takas BbicOkash yCTOWYMBOCTb AMMHUAKATOB MMECT
KMHETHMYECKYIO MPUPOAY — OHA CBA3AHA C TEM, YTO aTOM a30Ta, KOOPAMHHUPYIOUIUIT Me-
Ta/ljI, HE UMeeT CBOOOJHbBIX JIEKTPOHHbBIX Map U He crnocoOeH 0Opa3oBbIBATH YCTOHUYMBbLIE
uHTtepMeaunaTol. B rekcaakBakommiekce xpoma(lll) kaxnaas mosexya BOAbI COAEPXMUT MO
ONHOI Mape 2JIEKTPOHOB, HE YYaCTBYIOUIMX B OOpa30BaHMM CBA3EH, YTO U OOYCJIOBIMBAET
0oJj1ee BbICOKYIO PEaKIIMOHHYIO CIOCOOHOCTb 3TOI YacTHILbI.

Ilpu TepMHUeCKOM pa3jloXeHUM xaopuaa rekcaaMmmuuxpoma(lll) obpasyercs mopoiuok
mer-|Cr(NH;);Cl;]. Tpanesbrit uzomep fac-[Cr(NH;);Cl5] moxeT ObITh Bblie/eH NpU HAChi-
ILIEHMHU BOJHOIO pacTBopa ammuakarta xpoma(ll) xjopoBosopoaoM WJIM NMpU ACHCTBUM Ha
nepokcoxpomaT amMMoHusl (NH,);CrO, KOHLIEHTPUPOBAHHOI COMSIHOU kUCIOTON. [luc- U
mpanc-u3omepbl xaopuaa auxnoporerpaammuuxpoma [Cr(NH;),CL]Cl nonyuyalotT kocBeH-
HbIM MYTEM, B OCHOBHOM MO PEaKiMAM OOMeHa**.

Coennnenns moaudaena(Ill). B omtnuue ot xpoMa coemuHeHus Monuoaera(lll)
ropasao MeHee ycToitumBhbl, a Bonbdpama(lll) npakTnuecku HenssecTHbl, Tak, Mo-
JUGEH B MPOTUBOMOIIOKHOCTD XPOMY HE 00pasyeT IMPOCTLIX CONEi, a aKBAMOHBI
[Mo(H,0)]** n3BecTHbI JHLUb B PACTBOPAX, MOJYYEHHbIX MPHU KUCIOTHOM TMAPO-
JM3e KOMITIEKCHbIX coennHeHUH. OHU uMeloT 6iieqHO-XeNTylo okpacky. Ilpocreii-
LIMM CIIOCOOOM MPUTOTOBJCHUSI TAKOTO PACTBOPA CINYXHUT PACTBOPEHUE TE€KCAXI0PO-
monubpara(lll) xanma K;[MoClg] win nenraxinopoaksamonnGnara(lll) aMmMmoHus
(NH,);[Mo(H,0)CIs] B BOAE, MOAKHUCICHHON XJOPHOI WM TPUDTOPMETAHCYb-
(hoxucoTON (MX AaHUOHBI TIOUTH He MPOSIBIISIOT JOHOPHBIX CBOHMCTR) C MOC/EAYIOUINM
OTAEJICHUEM XJIOPHUI-UOHOB Ha aHWoHUTE. I1pu noMowu cynbdara He3ust U3 TaKoro
pacTBopa yaasoCh BbLACTUTH CBETJIO-KEJThIE KPUCTA/UIbI 1E€3UITMOTUGACHOBBIX KBAC-
uoB CsMo(SO,),- 12H,0. Conepxammnecs B HUX MoHb [Mo(H,0)¢]* umerotr Tpu
HecrapeHHbIX 3eKTpoHa (n = 3,69 M. B.) n nogo6Ho nonam [Cr(H,0)¢]* npen-
CTABISIIOT COOOM MpPaBWIbHBINM OKTa’ap ¢ WIMHON c¢BA3u Mo—O 0,209 um*+*, Ha
BO3AYyXE KPUCTALIbl KBACHOB GYPEIOT M3-3a OKUCJICHUSI MOJIMOACHA.

KoHueHTpuposaHHbie (npumepHo 0,5 M) pactsopbi [Mo(H,0)]* yaanoch nosnyuuTs
pactBopeHHeM dbopmuaTtHoro kommiekca Nas;[Mo(HCOQ),], oGpa3sywouierocs npy B3auMo-
AeicTBMU meHTaxjgopoakBaMoaubaara(lll) amMoHua ¢ dopmMuaToM HaTpusi B pacTBOpe

* Giidel H. U., Hauser U., Furrer A. // Inorg. Chem. — 1979, — V_ 18. — P. 2830.
** Jackson W.G., Vowles P.D., Fee W. W. // Inorg. Chim. Acta. — 1976, — V. 19. — P. 221.
*** Beattie J. K., Best S. P., Skelton B.W., White A. H. // J. Chem. Soc. Dalton Trans. — 1981. — P. 2105.
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MypaBbHHO#! KuCIOTh*. Tlog0GHO APYIMM Tpex3apsiiHbIM KaTMOHAM HOHbBI reKcaakBamo-
JMbaeHA NpEeTepneBalOT ruapon3. MMeoTes cBeaeHMs O CylecTBOBAHUM AMMEPOB ¢ MOC-
TUKOBbIMM OH-rpynnaMu Wi aToMOM KHMCIOpOAa M TPOMHOI CBA3BIO MeTall — MeTaL:
[Mo,(OH),(H,0)5]*, [M0,0(H,0),4]*. XoTa nporecc ruapoinsa conpoBOXAAETC M3Me-
HEHHUEM OKPACKH ¢ OJIENHO-XEATOR Ha 3€/ICHYIO, Ha HEr0 HAK/IAAbIBAITCA OKUCIUTENbHO-
BOCCTAHOBMTEC/IbHBIE PEAKUHH, YTO 3aTPYAHAET HU3yueHUe. AkBauOHbI MonuGgeHa(lll) —
cuibHble BoccTaHosuTenu. Cpeau coneit Mo(Ill) ussecren metadocdar Mo(PO3);, nocrpo-
CHHBIN M3 GecKOHeuHbiX Lenel okTaszapos [MoOg] u docdopkucIopoaHbIX TeTpa3apOB.

WMcxonHbiMU BelecTBaMU /Il CHHTE3a GONbLUIMHCTBA KOOPAWHALMOHHBIX COEqUHEH Uit
mosudneHa(lll) cayxar xiopuaHble KOMILIEKCH, 0o6pasyloliMecs HpH BOCCTaHOBJIEHHH
MOJIMOAATOB BOJOPOAOM B MOMEHT BbIAEIEHHS WU DJICKTPOIUTHUECKH:

2Na,MoO, + 22HCI + 3Zn = 2H;3[MoCly] + 3ZnCl, + 4NaCl + 8H,0

Eciu peakumio Bectu B cpese KOHUCHTPUPOBAHHON COJISIHOM KHMCIOTHI, TO 06pasyercs
kommieke [MoClg]*, serko kpucranausyowmuiics B GopMe po30BOI KATMAHONK COMU
K;MoCl,. 9T0 BeuiecTso ycroiumMBo npu XpaHEHUHM B CYXOi armocdepe, HO Ha BIaXHOM
BO3/1yXC MOABEPraeTcs ruapoiu3y U OKMCICHUIO. BBeneHreM GUASHTATHBIX a30TIOHOPHbBIX
JMraaos — opmo-beHantponuHa (phen) u o,0-6unupranna (bipy) nosay4aloT KOMIMIEK-
¢bi [Mo(phen);]Cl; u [Mo(bipy);]Cl;, Gonee ycroitumsble K OKMCIeHUIO, YeM anuoH [MoCly]*.
Crabunusupyolliee 1¢iHCTBUE JIMIAHAOB HA EHTPAIbHBII ATOM OOBACHAETCS! UX CMOCOGHO-
CTbIO AKIIENTUPOBATH IEKTPOHBI MOTMOAeHA. CMenleHUe ropsaunx pactsopos K;[MoCl,] u
PONAaHHAA KaJIUsl MOC/E OXJIAXAEHHSA NMPUBOANT K BbIACICHUIO OPAHXEBO-KPACHbIX KPUCTA-
JI0B pogaHuIHOro Komruiekca K;[Mo(NCS)4]-4H,0, a npu B3auMoaeicTBUM C LIUAHUIOM
Kanus obpasyerca uMaHuaHblit kommekc Ky Mo(CN),] - 2H,0 gepHoro usera. Huskuii mar-
HUTHBI MOMEHT 3TOro coequneHus (1,75 M. B.) oBycnosneH cnapuBaHueM ABYX M3 Tpex
d-2J1eKTPOHOB, HAXOASLIUXCS HA bg-OpOuTaTIAX.

HekcTteueM anetunanerona Ha [MoCls}> noayueH jierko cybumupymolnmiicas Mo(acac)s,
KOTOpbi# B oTM4Me OT Cr(acac); JIerKo OKHUCISAETCA Ha BO3ayXe A0 COSMMHEHM It Mo(V).
Cpenu koMmmiekcHbIX cdeMHEHUT MoubaeHa ecTb U OUsLACpHbBlE KJacTepbl, HAaNMOMMWHa-
Iolre no crpocHUio anetat xpoma(ll), Ho comepxalumMe TPOIHYIO CBA3b MOJUBIEH—MO-
mmbaeH. Hanpumep, B kpacHoM ruapodochaTHOM KOMIUIEKCe Csy[Mo,(HPO,)4(H,0),] doc-
(atHble rPyNMbl BLINOIHSIOT POJb MOCTHKOBBIX JIAMAHI0B; JTHHA CBsA3u Mo—Mo 0,2231 Hm**,
Baaronaps TpoitHoit cBA3M MeTa1 — MeTasll 9TO CoenMHEHUE YCTOYMBO Ha Bo3ayXxe. Kiac-
TEPHbIC MOHDbI U3BECTHBI M CPEAM CYIbhaTHBIX KOMIUIEKCOB, 00pa3ylouiuxcs U3 Mojaudge-
HOBbIX KBacC1IOB MPW ux aeruaparauuu. B coemnnennn K,;[Moy(SO,)4] - 2,5H,0 atombl Mo-
1MbaeHa, Kak W B docdare, cpsa3aHbl nonapHo (Mo—Mo 0,211 uwm). Tpu xpaHeHUn Ha
BO31yX€ LUBET BEUIECTBA CTAHOBUTCH CUHMM 33 CUET OKMCIEHUS OfHOTO aToMa MOJIUOICHA:
K3[Mo0y(50,)4] - 3H,0 (Mo—Mo 0,217 um).

CoenniHeHHS 3/1EMEHTOB B CTelleHH OKHCAeHud +4

Xpom, MonubaeH U BoJibhpaM B CTEMEHU OKUCIEHUS +4 UMEIOT 3NEKTPOHHYIO
KOH(purypaumio d> Bce U3BECTHbIE COEAMHEHNS XPOMA B 3TOH CTEMIEHN OKMUCIEHUS
BbICOKOCTIMHOBHIC, & MHOIUE COCAMHEHUST MONTUGACHA U BonbdpamMa — HU3KOCTHU-
HOBbIC, JHAMAaTHUTHBIE, CONEPXKALINE CBSI3L METAI—METaIL,

Coenunnenus xpoma(IV). Coennuernst Cr(IV) 4acTo BLICTYNAlOT B POJM HHTEP-
MCIMATOB NMPH BOCCTAHOBNeHUU XpoMaToB(VI) unu okucnenunu coneit xpoma(lll).
Kak npasuno, oHn 061a8a10T HU3KOM YCTORUNUBOCTBIO M HE MMEIOT MPAKTHIECKOTO
3HAYeHUS.

* Brorson M., Schaffer C. E. // Acta Chem. Scand. Ser. A. — 1986. — V. 40. — P. 358.
** Bino A., Cotton F. A. // Angew. Chem. Int. Ed. — 1979. — V. 18. — P. 462.
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Uonut [(H,0)sCr=0]?, obpasyioumecs p1 OKMCIeHU M pa3baBieHHbIX paCTBOPOB fep-
xiopara xpoMma(ll) KHUCIOpPOAOM BO3yxa, UMEIOT nepuoa nosypacnaga okosno 30 c. Onu
MPOABISIOT CHUJIbHbIE OKHCJIMUTENbHbBIE CBOWCTBA HE TOJbKO MO OTHOLIEHUIO K CAMPTaM,
¢deHonaM, anbaerugaMm, Ho M K Gojee crnabbiM OKMCIUTENSIM — HApOCTbiM 3bUpaM, CONSIM
KapBOHOBLIX kucnoT* . B TBepaOM BUae coiu akBauoHOB xpoma(lV) He nonyveHst. I1pu cre-
KaHUW XxpoMuToB(111) ¢ OKCcHMaaMM 1LEJOUHbIX METAIOB WM cMmecu xpomara(VI) u okcnpa
xpoMa(Ill) co menoubo 06pa3yoTCs U3yMPYAHO-3eJeHbIE MOPOLIKH XpoMaToB(1V):

1000°C
NaCrO, + 2Na,0 ——— Na,CrO, + Na

900°C
BaCrO, + Cr,0; + 5Ba(OH),—— 3Ba,CrO, + 5H,0

Xpomarsi(1V) pactsopsitorcsi B Boae, o0pasyst XEATO-KOPUUYHEBBIE PACTBOPHI, MOABED-
XEHHBIC HEOGPATUMOMY THAPOJIM3Y BCAECACTBUE AUCTIPONOPLHMOHUPOBAHUS HA MOHBI Cr’* 1
CrOj. B crpykrype aTx coeauHeHmii*? conepxuTes TeTpasapuyeckuii Hod CrOf . Takylo ke
TEOMETPUI0 UMeeT KOOpAMHaMoHHas chepa xpoMa u B ankoroasrax Cr(OR),, crabunusu-
POBAHHBIX TT-B3aMMOAEHCTBUEM METAJUT—/UTaHA, a Takxke B Terpaankuixpome CrR,. Ipu-
MepoM coearmHeHUi xpoma(IV), yCToHUMBbBIX B BOAHBIX PACTBOPAX, CIYXAT MEPOKCOAMUHbBIL
[Cr(0,),(NR;),] (x=2—3)*>. TIpocTeiillee M3 HUX OXapaKTepU30BAHO B MOAPa3A. 4.8.

OkucieHrue nophpupHHOBbIX koMruiekcoB xpoMa(ll) Ha Bo3ayxe npuBoauT K 0Opa3oBa-
HUIO NOPGUPHHOB, COAEPXAIIMX ABOIHYIO cBA3b Cr=0.

Coennuennsn moanbaena(IV) u soasdpama(lV). BoccraHoBneHue MoaudaaToB BOAOPO-
JIOM B MOMEHT BHIAENICHUS U NPYTUMHU CHJIbHBIMH BOCCTAHOBUTENSIMH MO0 CONMPONOPILIMO-
HupoBaHue Monudaator(V1) u rekcaxnopomonudaaros(Ill) B kuca0it cpeae npUMBOAMUT K
00pa30BaHUIO KpPaCHBIX PaCTBOPOB, conepxauiux MonudaeH(1V). B HacTosiee Bpems ycra-
HOBJIICHO, 4YTO B HUx npeobnagaet TpuMep [Mo;0,(H;0)4]* (puc. 4.15, a), B KOTOpoOM aro-
Mbl MOJIMOIEHA HAXOAATCS B YIJIax TPEYTOJAbHUKA U CBSI3aHbl APYT C APYTOM OKCOMOCTHMKA-
mMu**. MHOTME aHMOHbI CMIOCOBHBI 3aMeIarb MOJIEKY/bl BOAbI, HO CTpOEHME MOMUOGACH-
KUCJIOPOAHOTO LIMKJIA COXpaHSETCsl 6e3 U3MeHEeHUH (puc. 4.15, 6):

[M0;0,(H,0)g)* + 3C,07 = [M03;0,(C;,0,4)5(H,0)51* + 6H,0

TpuMepOM MOHOSIIEPHOTO aHUOHHOTO KOoMILIeKkca MonubaeHa(lV) CiyXUT OKTaiMaHo-
monudaar(1V) kanus, Buiaeasiiommdics B GopMe 30J0TUCTO-XKEJNThIX MIACTUHYATBIX KPUC-
TaJJIOB NpH BOCCTAHOBJAEHUM MOJMOACHOBOTO aHTUApPUAA UJIKM MoauOaara Harpusa OOprun-
PUAOM HATpUsl UM TUAPA3UHOM B CPENE KOHIEHTPUPOBAHHOM COMSIHON KUCIOTHI:

4Na,MoOQ, + 32KCN + NaBH, + 25HCI =
= 4K,{Mo(CN)s] + H;BO; + 13H,0 + 16KCI + 9NaCl

ATOM MoOMOAeHA pacroNoXeH B LEHTPE KBAAPAaTHOW aHTUMPU3Mbl, OOPA30BaHHOI BO-
CEMbIO IIMAHUAHBIMU TpynnamMu. JIBa BAEHTHbBIX 2JAEKTPOHA MOJAMOAEHA CRapEHbL, YTO 00yC-
JIOBJAMBAET auMaMarHetusM BemiecTtBa. [lpu noGapjieHUMM ui€a04YM K pacTBOpaMm coseil
monu6aeHa(lV) BoimagaeT KOpUUYHEBLIN ocafok rugpokcuaa MoQO, - xH,O (x = 2) nepemeH-
HOI'0 COCTaBa, PaCTBOPMMbIA KaK B KUCJIOTax, TaK U B U30bLITKE ILEIOUC.

Ipu BoccraHoBneHMH BONBLDPaMAaTOB Takxke 0Opa3yloTCA PacTBOPLI, COAEPXKAlIME HOHBI
[W30,(H;0)4]*, cxogHbie MO CTPOSHMIO C ONMUCAHHLIMHU Bhillle akBauoHamu MoanbaeHa(lV).

*l Scort S. L., Bakac A., Espenson J. H. // J. Amer. Chem. Soc. — 1992. — V. 114, — P. 4205; Al-Ajlouni A.,
Bakac A., Espenson J. H. // Inorg. Chem. — 1993. — V. 32. — P. 5792; Nemes A., Bakac A. // Inorg. Chem. —
2001. — V. 40. — P. 2720.

*2 Hoppe R., Scheld W. // Z. Anorg. Allg. Chem. — 1987. — Bd. 546. — S. 137.

*3 Gould E.S. // Coord. Chem. Rev. — 1994, — V. 135/136. — P. 651.

*4 Richens D. T., Helm L., Pittet P.-A. et al. // Inorg. Chem. — 1989. — V. 28 — P. 1394,
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Puc. 4.15. CtpoeHUe KOMIIEKCOB:
a — [Mo;04(H,0)]*; 6 — [M0;04(C,0,)3(H,0)5)*; 6 — {W;0,(CH;CO0)4(H,0),]*

BsaumoneilcTBrem rekcakapGoHHIa BOAb(DPaMa ¢ YKCYCHOI KUCIOTOM U YKCYCHBIM aHTHf-
PUIOM HOJYYEHDbI PA3IMYHBIC TPEXbAACPHbIE OKCOALICTAThI, B KOTOPbIX aTOMbl BOIh(paMa
00pa3yIOT TPEYrobHbIN KacTep co cBs3bio W—W 0,281 HM, a 1Ba aTOMa KMCJIOPOAA HAXO-
AATCA B LIEHTPE TPEYrolibHUKA U 00Pa3yIoT Mo TPU KOBAIEHTHbIE CBA3M (pHc. 4.15, g). Alle-
TATHDBIC TPYNIbl B 3TUX COCAMHCHUSX CIYXaT MOCTMKaMM, aHATOTHYHO ONMUCAHHBIM paHee
OKCOalUeTaTaM JABYX- W TPEXBAJICHTHbIX METAJLIOB.

COC,I[HHCHH}I 3JIEMEHTOB B CTCNCHHU OKHCJeHHA +5

CreneHb OKUCIEHUST +5 U1 XpOMa HEYCTOHYMBA — B HACTOSALLLEE BpEMSI U3BECT-
HO OKOJIO TPEX ACCATKOB COCAMHEHUM, JIMLIb MOJOBMHA U3 KOTOPbIX CMOCOGHA Cy-
11eCTBOBaTb B BOAHOM pactBope. O6bMHO coearHeHUs xpoMa(V) o6pasyloTcs npu
OAHO3JICKTPOHHOM BOCCTAaHOBICHUU XpoMaToB(VI) 1iaBeneBoil U JTUMOHHON KuC-
JIOTaMH, H30MPOMWIOBbIM CTUPTOM M OPYTMMHU BOCCTAHOBUTENAMU. SBAsisicb MH-
TCpMCAUAaTaMH, COEAMHEHUS XpoMa(V) MOIYT ObITh 3apUKCHPOBAHBI METOIOM BJICK-
TPOHHOTO MapaMarHUTHOTO pe3oHaHca. BeeneHue B pacTBOp o-rMapoKcHKapboHO-
BbIX KUCJIOT NO3BOJISICT CTAOUIM3UPOBATL XPOM B CTENIEHU OKUCIIEHUS +5 Gnarogapsi
BO3HWKHOBCHMIO YCTOMUYMBLIX XEIATOB:
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H,;C o )
o 0
AN
H}C Cr.
/N CH
o 0 ’
O CH,

3TO UCMONB3YIOT 11 U3YyYeHUS MEXAHU3MOB PEAKLMIl BOCCTAHOBICHHS XpoMa-
TOB B BOAHBIX pactBopax. Hanpumep, ¢ NnoMomiblo XeJaTHbIX COEAMHEHUI GbLIO
nokazaHo, uto peakius xpomata(VI) ¢ mogua-uoHaMu MpoTeKaeT Kak rnocjieaona-
TEJILHOCTb TPEX OMHOIEKTPOHHbIX NMEPEHOCOB:

Cr(Vl) - Cr(V) —» Cr(lV) — Cr(llI)

Xpomartbl(V), nonaydyaemble BBICOKOTEMINEPATYPHBIM CrijlaBiaeHueM xpomatoB( V1)
¢ LIeJJoYaMM B uHEpTHOU atMmocdepe:
800°C
4BaCrO, + 2Ba(OH), —— 2Ba;(Cr0,), + 0, + 2H,0

NPencTaBasAoT OO0 TEMHO-CUHUE MJIM TEMHO-3€JICHbIE (NTOUTH YEPHBIE) MOPOLL-
Ku, paznaratouuecs Boaoi Ha xpoMatbl(VI) u coequnerus xpoma(lll). B cTtpykry-
pe 3TUX COeAn HEHUI NPUCYTCTBYIOT TeTpasnpuieckue uoHsl CrO; . M3BecTHbI Tak-
xe rugpokcoxpomatbl(V) Na,Cr;O40H* u Cas(CrO,);0OH, uzomopdHbIii MUHEpa-
Jly anatury.

Y106HbI MCTOYHHK aKBAaKOMILIEKCOB MoanOaeHa(V) npencrapisier coboil nex-
taxaopua MoCls. B noakucieHHbIX BogHBIX pacTBopax MoanGaeH(Y) NpucyTcTByeT
rMaBHbIM 00pa3om B popme OusaIepHbIX KATUOHOB:

HO o, 0
Hzo\l\l/[/ \M“/OHz

o—MoO
H0™ | Mo~ | “OH,
3o

OH,

JuamMarHeTu3aM 3TuX MOHOB, OKPaLliy BAIOLIMX PACTBOP B XEITO-OPAHXKEBBIN 1IBET,
CBUAETEJbCTBYET O B3aUWMOICICTBU U ABYX HECMAPEHHBIX d-31€KTPOHOB ATOMOB MO-
JubaeHa ¢ obpazoBaHueM oguHapHON cBI3u Mo-—Mo™**. HacTo Mcnob3yloT cokpa-
weHHyo (hopmy 3anucu auMepos Mo,O7*,

Hpyrumu cnocodbaMu nojyyeHus cojiei okcomonnbaeHa(V) cnyxar BOCCTAHOB-
nenue monubpartoB(VI) u okucnenue auerara monubaena(ll). Jumeps Mo,0F*
COXPaHSIOTCS 1 BO MHOTMX KOMIUIEKCHbBIX COEAMHEHUAX MoubaeHa(V), HanpuMep
[Mo0,0,(C,0,),(H,0),]>, [Mo0,0,(edta)]?. TIpu noauenaunBaHuu pacTBOPOB Bbi-
JIENSeTCs OpaHxXeBO-KOPUUHEBBIH ocanok ruapokcuga MoO(OH);. OH ycroituus B
BOAHOM pactBope npu pH 6 u nposeasier kucnoTHeie cBoiicTa (K, = 0,13). B koH-
LIEHTPHPOBAHHBIX PAaCTBOPAX LIEJIOUEH MMAPOKCUI AUCTPONOPLIMOHMPYET HA aHUO-
Hbl M0oOZF~ 1 okcoannoHbl MoaubaeHa(lV), npuparouie pacTBOpy CHHE-3€JEHYIO
okpacky. CujibHble BOCCTAHOBHUTENM (LMHK, noHbl xpoma(ll), Bomopox B MoMeHT

* Jonsson O. // Acta Chem. Scand. — 1970. — V. 24. — P. 3627.

** Jlnmepbl [Mo0,S,0,]>* npucytcteyior B 12-snepHoM kinactepe Mo;5S,,0,5,(0OH) 5(H;0)y: cM.
Cadot E., Salignac B., Halut S. et al. // Angew. Chem. Int. Ed. — 1998. — V. 37. — P. 611.
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BbIACNCHNST W 1p.) MEPEBOAAT UX B coeauHeHust MonubaeHa(IV) u (I111) yepes
CTannio 00pPa3OBAHUSI MOHOB, COAEPXKAILMX ATOMbI MOJMOLEHA B PA3HbIX CTEMEHSIX
OKHUCJIEHUS.

[lpn BoccTaHoBNeHMM renTamMonubaata UOAMIOM AMMOHMS B COJISTHOKMUCIOM
PacTBOPE KPUCTAJIIU3YETCST CBETI0-3ENICHBIA OKCONMEHTaxI0poMonnbaat(V):

(NH,)sM0;0y, + 8NH,I + 35HCI = 7(NH,),[MoOCL] + /51, + HI + 17H,0

Boccranosnenne Bonb(hpaMaTtoB LHMHKOM B cpejle KOHICHTPUPOBAHHOMN CONs-
HOM KHMCJIOTbl MPUBOAUT K MOSIBJICHUIO CHHEH OKPAcKU, 06YCIORICHHONH MOHAMH
[WOCI;s]*. Tpu ux rusponuse o6pasyioTCst HOHbI W,0}*, no-BUAMMOMY, aHAIOTHY-
Hble quMepaM Mo,07*. Xumusi coeanHeHuit Bonbdpama(V) ropasno MeHee MU3yyeHa.

CoennHeHHs 3/1€MEHTOB B CTENeHH OKHCJIeHHua +6

Bhicuias creneHb okucneHns Hanbonee ycToitumsa a1si MONMGIEHA 1 BoNb(pa-
Ma. Coeaunennst xpoMa(VI) Takxke 1LIMPOKO U3BECTHbLI. B KAUECTBE CUITBHBIX OKHUC-
JIUTENCH OHM aKTUBHO MCMOJNb3YIOTCS. B TEXHUKE W 1aBOPAaTOPHOI MPaKTHUKE.

Coeaunenus xpoma(VI). Tpuokcua xpoma CrO; — aHIMIPUA XPOMOBOIA KHUCIIO-
Thl, KOTOpasi 00pasyeTcs MpH PaCTBOPEHUU €ro B BOJE:

Cr03 + Hzo = Hzcr04

DTO CHiibHas TIO IEPBO CTYINCHHU KUCJIOTA, U3BECTHAS JIMLUb B BOAHbIX pacTBO-
pax, B KOTOPbIX HApsIAy ¢ PABHOBECUSIMHU AJUCCOoOLMaLIUN:

H,CrO, &= H*+ HCrO;; pK=-0,61;
HCrO; —= H*+ CrO}; pK=6,49;
MPOTEKAIOT TAKXKE MPOLIECCH MOJMKOHAEHCALUN XPOMAT-UOHOB:
2HCrO; = Cr,0% + H,0; pK=-22:
CrOf + 2H* = Cnr,0# + H,0; pK=-13,7.

Crtporo roBops, BOAHbIN PACTBOP XPOMOBOrO aHIMAPUIA TMPEACTABISET COBOi
CMECh XPOMOBOM M IMXPOMOBOW KUCIIOT, KOTOPBIE HAXOASATCSI B PABHOBECHUU APYT C
ApyroM. XOTs HM OHA U3 3TUX KUCJIOT HE BbIAETEHA B CBOGOIHOM BUAE, UX CONM —
XPOMATHl U IUXPOMaTbl — XOpoUIo u3ydeHsl. Kak cienyer u3 npuBeaeHHOro Bbllle
YPaBHEHUA, MEPEXObI MEXAY HUMU PETYJUPYIOTCS UBMEHEHUEM KUCJIOTHOCTH CPEIbI.
B kucsbIX pacTBOpax ycTOHMBbL AMXPOMATHIL, @ B LIENOYHBIX — XPOMaTbl. O B3auM-
HbIX MPCBPALICHUSIX ITUX COJICH JIETKO CYIUTh MO U3MEHEHUIO OKPACKHU: XPOMAThI
MMEIOT XENTbIH LIBET, @ IMXPOMAThl — OopaHXeBblid. HanpuMep, npu noakucneHnn
xenroro pactsopa K,CrO, o6pasyetcst opaHxeBo-kpacHbiit auxpomat K,Cr,05:

2K,CrO, + 2H,S0, = K,Cr,0, + 2KHSO, + H,0

Okpacka coneif XpOMOBBIX KUCJIOT OYEHb HACBILIEHHA, TAK YTO AaXE HeGOJbLIOE
KOJIMYECTBO COJIU MPUAACT PACTBOPY XKENTbIA WIM OPaHXEBO-KpacHbIi nBet. OHA
00YC/IOB/ICHA NIEPEHOCOM 3apPsiaa, T. €. AEKTPOHHLIMU NEPEXOAAMHU CO CBA3bIBAIOILINX
MOJIEKYJISIPHBIX OPOUTANEH, IOKATU30BAHHBIX NIPEUMYHIECTBEHHO HAa aTOMax KUC-
JI0pOa, Ha PaspbIX/ISAOLINE MONEKYISAPHBIE OPOUTAN, JTOKATU30BAHHbIC HA aTOMeE
Xpoma.
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[1poiiecc nonmuMepusaluu XpoMar-uoHa NPOTEKAET YEPE3 CTAAUIO NPOTOHHUPO-
Banusa: CrOf + H* == HCrO;. l'mapoxpoMaT-uOHbI, UMEIOHIUE UCKAXKEHHYIO
TETPA’APUUECKYI0 T€OMETPUIO, OOBEIUHAIOTCSA MONAapHO OOLIMMH BEPLUMHAMMU
¢ o6pasopanuem cBsizeit Cr— O— Cr u oTwemwieHueM monekyn H,O:

2HCrO; =— Cr,0# + H,0.

Pasuosecue 2CrO# + 2H* —= Cr,0% + H,0 cmemaeTcs BIeBO TaKXKe B NPU-
CyTCcTBUMUM UOHOB Ba?, Agt, Pb%, koTOpble 06pasyloT MaTopacTBOPUMBIE XpOMarTbl,
Har puMmep:

2K,Cr,0;5 + 2BaCl, + H,0 = 2BaCrO4l + 4KCl + H,Cr,0,

3a cyet obpazoBarus kUCnotel H,Cr,O; NoONMHOro ocaxaeHust XxpoMa HEBO3MOX-
HO 10OUTbCS NMpuUGaBIeHUEM JaxXe U30bITKA COJNIU Oapusi: pacTBOpP COXPAHSIET XEJ-
TO-OpaHXeBblA 1BeT. YTOObI KOJMUECTBEHHO OCAIUTh BECH XPOM, COEPXKALIUIACS B
pacTBOpE, BBOASAT au€Tatr HaTpus. JJUXpoMoBas KUCIOTA MO CUJIE NPEBOCXOAUT YK-
CYCHYIO W MO3TOMY BbITECHSIET €€ U3 COJICH:

K,Cr,0; + 2BaCl, + H,0 + 2CH,COONa =
— 2BaCrO, +2KCl + 2NaCl + 2CH;COOH

B Bone pacTBOPHUMbI JIMLIb XpOMaThi U JUXPOMAThI LIETOUYHbIX META/UIOB U aMMOHHSI,
a TAKXE MarHusi, KajbLMsi U CTPOHLUMA. PAaCTBOPUMOCTb XpOMATOB LIENOUYHbBIX U LIEJTOYHO-
3eMeNibHbIX 2JIEMEHTOB YObIBaeT BHU3 no rpynne. Tak, npu temneparype 30 °C B 100 r Bosbl
pactsopsitorcst 100 r Li,CrOy, 88,7 r Na,CrQ,, 63,4 r K,CrO,, 44,1 r Rb,CrO,. uxpomartsi
LIEJIOYHBIX METAJUIOB UMEIOT 60j1e€ HU3KYIO paCTBOPUMOCTb, YeM XpOMaThbi. XpOMaThl JJUTUA
U HaTpUsl KPUCTATIU3YIOTCS U3 pAaCcTBOPOB B BUJe ruapaTtoB (puc. 4.16). MHTepecHO, uTO
nekaruapat Na,CrO,- 10H,0 uzomopden rnaydeposoit conu Na,SO,- 10H,0 1 obpasyeT ¢
Heil cMelllaHHble KPUCTaIbl B JIIOObIX COOTHOLUIEHUAX. [IBOWHbBIE XpOMaThl MONOOHO ABOK-
HbiM cyibdaTaMm JerKo KpUCTAUIM3YIOTCSA NpU CMEIEHUM pacTBOPOB:

2(NH4)2CrO4 + NI(NO3)2 + 6H20 = (NH4)2NI(CTO4)2 6H20* + 2NH4N03

XpoMar Gapusi He pacTBOPMM B BOJE, a XpOMaThl KalbLMS U CTPOHUMUSA MOTYT ObiTb
BbLAECAEHBE U3 pacTBOpOB B Buiae ruapatoB MCrQO,-2H,O (M = Ca, Sr) BbicaMBaHUEM
cnupTtoM. Pactsopumoctb CaCrO, npu HaFpeBaHUM YMEHbLIAETCS NOAOOHO PACTBOPUMOCTH
MHOTHUX Apyrux coeauHeHuil Kanbuus (CaSQ,, Ca(OH),).

PacTBOpbI XpOMaTOB M AMXPOMATOB UMEIOT PeaKiMIo cpejibl, OJU3KYI0O K HEUTpaTbHOI,
TaK KaK OHM O0pa3oBaHbl KUCAOTAMM CpenHel cuibl. Kuciabie coiu XpOMOBOM KHUCIOTHI
HEU3BECTHbI, MPU KOHIEHTPUPOBAHUH PACTBOPOB I'MAPOXPOMAT-UOHBI OTUIECIUISIOT BOAY U
NepexoaAT B AMXpoMathl. B auTepaType Takxke UMEIOTCA cBEACHHUS 00 OKCOCO/IIX XPOMOBOH
KUCJIOThl, MHOTAA Ha3biBaeMbix opToxpoMataMu. Harpuesas conb Na,CrOs- 13H,0 npean-
cTaBasgeT coOON CBETNIO-XKeJATble pOMOMYECKUE KPHUCTAIbl, XOPOLIO PacTBOPUMBIE B BOJE.
OHM YCTOIUYMBBI B BONHOM PacTBOpPE U MOTYT ObiTh MEPEKPUCTATIM3OBAHBI, OJHAKO B MPH-
CYTCTBUM KUCJOT U LIEJOYEH pa3iaraloTcsi 10 XpOMaToB WKW AMXpoMaToB. M3BecTHa Takxke
aHaJIOTUYHAs KajlbLiMEBasi COJib, HE pacTBOPUMas B BOJE.

M3 pacTBOpPOB xpoMara HaTpus, a TakxXe U3 pa3baBieHHbIX pacTBOPOB AMXpOMAaTa Ha-
TPUS HUTPAT cepebpa OCaXxaaeT KpacHO-Oyphiii Xxpomar cepebpa Ag,CrO, (1P 1,2- 1072,
a U3 KOHIIEHTPUPOBAHHBIX PAaCTBOPOB JMXpOMaTa — TeMHO-KpacHblil auxpomat Ag,Cr,0;,

* Paznoxenuem 31oit conu npu 850°C noayualor Hukeabxpomosylo wnuHenb NiCr,O, uepHo-
3€JIEHOrO LBeTa.
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Puc. 4.16. Kpusble pacTBOPUMOCTH XpPOMATOB, AMXPOMATOB M cyabdaToB HATpUs, Kaud
v amMoHwmsl (a); dasosas amarpamma cucrembi Na,Cr,0,— H,0 (6):

I — xpusas pacrsopumoctu Na,Cr,0,; 2 — KpUBasl KUMEHHUs pACTBOPa; 3 — Kpusas 3aMep3aHus
pactsopa
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Puc. 4.17. ®a3osasi amarpamma crcremnl PbCrQ,— PbO (¢ ynporieHusiMH)

(TTP 1,0 107'"). Anxpomar cBrH1A BOOBLIE He yAAeTCs MONYUMTh B TBEPAOM BUAE O NpU4U-
He HM3KOM pacTBOpuMMocTH xpomara PbCrO, (TP 1,8 107'%), ncnonb3yemoro B Kauecrse
XKEJTOro NMUIMEHTA (ITUIMEHT KPOH MPEACTaBAsieT Co0Ool cMech Xxpomarta M cyibgara CBHH-
ua). Ilpu pacTBopeHHM XxpoMaTa CBMHLA B a30THOI KMcNoTe 0OpasyeTcsi opaHXeBbiil pa-
CTBOD, cofepxaiuni auxpoMar cBUHUA. [1pu MonbiTKe ocaxaeHHWs XpoMaTa CBMHLA U3 wie-
JIOYHBIX PACTBOPOB OOpa3yeTCsi OrHEHHO-KPacHbI 0Ca10K OCHOBHOIM conn Pby,(OH),CrO,.
Ipu HarpeBaHKHM oH nepexoanT B okcoconb Pb,CrOs (MuHepan peHUKOXPOUT), TaKXKe UME-
IOLLYIO KPACHY0 OKpacKy (puc. 4.17). DTO coeaMHEHHE MCNONb3YIOT B Ka4eCTBE MMIMEHTA
CBHHUOBbIH KPACHBIH (KpacHbI CBUMHUOBBIH KPpOoH). OCHOBHYIO COMNb JIETKO MOAYYMTD TaKXe
IobaBlieHMEM K OCalKy XpoMaTa CBHHLA HeGONbLIOrO KOMMYECTBA LIEAOUH WAH COMbI.
XKentniit ocanok xpoMara Sapust BaCrQ, Takxe pacTBopuM B KMCIOTax ¢ o6pa3oBaHHEeM
OPaHXEBbIX PACTBOPOB, HO B OTIMYME OT CBHHLOBOU CONM KOPHUYHEBbIA AMXpOMAT GapHs
BaCr,0;- 2H,0 BblieneH B TBEpAOM BUAE NPH KPHCTANIM3ALNN W3 CUIBHOKMCABIX PACTBO-
POB, MOJIyYEHHbIX PACTBOPEHHUEM B BO/E XJIOPHAA Gapust U M3ObITKA XPOMOBOTO aHTrMapuaa*.
Ero serunaparaumeit npu temneparype 120 °C nonyuasor 6e3BoaHyio conb. [1pH aeiicTBuu Ha
pacTBOp XpomaTa HaTpus HuTpaTtoM pTyTH(l) obpasyercs amopdHbIit Gypbiit ocagoKk Xpoma-
Ta Hg,CrO,, KoTopbiil rpu KUMSYEHHH NEPeXOOUT B KpMcTalaMyeckuit xpomat pryth(l)
sIpKO-KpacHoro useTa. [1pu cMellieHUH pacTBOPOB coneil xKenesza ¢ XpoMaTaMy M AMXPOMA-
TaMu ocalka He obpasyercsi, xpoMaT xenesa(lll) Fe,(CrOy);-nH,O (n = 1, 3) xopouo
pacTBOpMM B BOAE M CMNbHO FMApPoNM30oBaH. AnutenbHbiM BiaumMoaeictBreM Fe,(CrQy); ¢
XPOMOBbBIM AHIMAPHIOM M BOAOH IMMOJIYUEHBI TMTPOCKONMMMHBIE KPMCTallbl COCTaBa
Fey(CrO4),(Cr07) - 4H,0**. TlypnypHo-kpacHyio ocHOBHY0 conb Fe(OH)CrO, nonyuaior

* Blum D. // ). Appl. Crystallogr. — 1980. — V. 13. — P. 96.
** Gerault Y., Bonnin A. // Bull. Soc. Fr. Mineral. Cristallogr. — 1976, — V. 99. — P. 197.
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B3auMoJaeiicTeueM pactsopa Fe(NOj;); ¢ xpomosbM anrnapuaoMm npu pH 0,5 B aBTOKIaBEe
npu 175 °C*'. UssectHbt ruapokcoxpomatbl KFe;(OH)o(CrO,), n NaAl;(OH)(CrO,),*2. Ins
mean(l1l) onucannl kak xpomar CuCrQO,, tak u guxpomar CuCr,0,- 2H,0*. Tuxpomar-1on
crnocobeH BbICTYNATh B PONM OMAEHTATHOINO MOCTHMKOBOTO JIMIaHAa, CBSI3bIBAIOLIErO KOMII-
JeKCHbIE MOHBL B nhMepbt [(bipy)Mn(n,-Cr,0,),Mn(bipy)]**.

Juxpomar-uoHbl, oOpasyiollvecss MPU JeCTBUM KMCIOTBI Ha XPOMAThbI, TPU
GoJsiee CUJIBHOM MOAKMCAeHUM MpeBpawaotcs B Tpuxpomatsl Cr;Of U TeTpaxpo-
maTbl CryO %, npoaykrsl yrayGasoueiics: moJluKoHaeHCauMu xpoMat-uoHoB. C Ka-
TUOHAMM [EJIOUHBIX MeTALIOB TPU- U TeTPaXpOMAaT-UOHBI 00Pa3yIOT CONMU, HATIO-
MUHAIOWMe TUXPOMATBI U OKpallleHHble B TeMHO-KpacHbIi LBeT. I1ono0HO nuxpo-
MAataM OHU COCTOAT U3 TeTpal’apos [CrO,4], coenvHeHHBIX OOWMMH BepLIMHAMHU B
LEeru.

Hpu nanvHelilleM MOIKHCIEHUHU TPOLECC MOJMKOHAEGHCALMU TIPOTeKaeT ellle
ry6xe. KOHEUHBIM €0 NMPOIYKTOM SIBJISIETCSI Te MHO-KPACHbBIH 0Caf0K MMApaTUpo-
BaHHOTO XPOMOBOTO aHIMAPUAA, (PaKTUYECKH TIPeACTABISIIOWMNIA COOOM MOTUXPO-
MOBYIO KHUCIIOTY — MJIMHHbIe HenU U3 TeTpasapoB [CrO,], Ha KOHLAX KOTOPBIX
HaxoaATcs rUApPOKCcUIIbHBIE Ipynibl. [Ipu HarpesaHuu o 100 °C npoucxoaur ae-
TUApaTaLys MOJIMXPOMOBOU KUCIIOThI, MPUBOAswas K okenay xpoMa(VI) (puc. 4.18).

Tepmuueckasi ycToituMBOCTB COlleit XPOMOBBIX KMCJIOT 3aBUCUT K4K OT MPUPO-
Ibl MeTaJUIa, TAK U OT CTPOEHUsI aHUOHA. [1pU yCIIOXHeHUM aHMOHA, T.e. B Py
XpOMAaT — AUXPOMAT — TPUXPOMAT — TeTPaxXpoMaT TeMIlepaTypa pas3ioXeHUs CO-
Jlel cyuecTBeHHO yObIBaeT. Tak, XpoMaT kanus TIaBUTCHA Oe3 pasnoXeHUS TPU
TeMIlepatype 968 °C, nuxpomar kanusi raButcs npu 398 °C u pasnaraetcss npu
500°C, a TpuxpoMar M TeTPaxXpoMaT Kalus TUIABATCH C PassiokKeHUeM npu 243 u
210°C cOOTBETCTBEHHO:

550 °C
4K2Cf207 —_— 4K2CFO4 + 2CF203 + 302T
210°C

4K2CF4O|3 —_— 2K2C['207 + 4KCF(CFO4)2 + 302T

Tepmuueckasi yCTOWYMBOCTD COJleit BO3pACTaeT C yBelIMeHUEM pa3Mepa KaTHO-
Ha [eJTOYHOTO MeTa/ula BCAEACTBUE POCTA SHePTUU KPUCTA/UIMYeCKOM pellleTKH, O
YeM CBHUAETEJIbCTBYET U MOHUXKEHHe PACTBOPUMOCTU B ITOM PSIY.

Ok#uciiMTesIbHAST CITOCOGHOCTL COeIMHEHMI XpOMa B BbICLLUEN CTelleHU OKMCIIe-
HUS CYUIECTBEHHO Bblllle, YeM COeJMHeHUH MoJIMOgeHa U Bosb(hpama. XpoMaThl —
OYE€Hb CUJIbHBle OKMCIUTENH, XOTA U YCTYIAIOT MepMaHraHataM. Haubonblias okuc-
JINTe/IbHAasE AKTUBHOCTb XPOMATOB MPOSIBJIsSieTCS B KUC/IOW cpenie, Iie OHU TPUCYT-
CTBYIOT B BUzie quxpoMat-HoHoB (£ °(Cr,077/Cr**) = 1,33 B; pH 0). B aTux ycnosusx
IUXPOMATBI MOTYT ObITb BOCCTaHOBJIeHbl 00 coseit xpoma(lll) cepHMCTBIM Ta3oMm,
CepoOBOLOPOAOM, CylbhUaaMU, THOCYIbDATaMU, TNIOK030H, coassMu tUtaHa(lll) u
xkenesa(ll):

K,Cr,0; + 380, + H,S0, = K,SO, + Cry(SO,); + H,0

*! Townsend M. G., Longworth G., Dutrizazac J. E. // Phys. Rev. B. — 1985. — V. 31. — P. 2966.
*2 Cudennec Y., Riou A., Bonnin A., Caillet P. // Rev. Chim. Miner. — 1980. — V. 17. — P. 158.
*3 Blum D., Guitel J.C. // Acta Cryst. B. — 1980. — V. 36. — P. 667.

** Dave B. C., Czernuszevicz R.S. // Inorg. Chem. — 1984. — V. 23. — P. 847,
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K,Cr,0, + 3H,S + 4H,S0, = K,S0, + Cry(SO,); + 38! + 7H,0
K,Cr,0; + 6FeSO, + 7H,S0, = K,S0, + Cr,(SO,); + 3Fey(SO,); + 7TH,0

B HeiiTpanbHOI U cnabollie1ouHOM cpenax XpoMaT-uOHbI BOCCTAHABIMBAIOTCS 110
ruapokcraa xpoma(dlil):

2K,CrO, + 3(NH,),S + 8H,0 = 2Cr(OH);! + 3S! + 4KOH + 6NHj;- H,0
B CWJIbHOILETOUHONM — 10 ruapokcoxpomatoB(IIl) [Cr(OH))*:

2K,CrO; + 3(NH,),S + 2KOH + 2H,0 = 2K;[Cr(OH);] + 3S4 + 6NH;

B uteniouHolt cpene okucauTenbHast CrocoOHOCTh XPOMATOB 3HAYMTEIBHO HUXE
(E°(CrO§/Cr(OH);) = -0,13 B; pH 14), no3toMy /s HX MepeBoga B cOeUHEHUS

Xpomar HuxpoMar (opaHXeBbiii)
(KenThiit)

H+

TeTtpaxpoMar (KpacHblif)

H+

HO 0O 0 o)
\Cr/ Cr/ Cr/ 100 °C Cro;
/ \ / \ / \ XpOMOBBbIii
(6] O[O 0/ 0 OH aHTUApUA
n (buoneroso-
[MonuxpomoBas kucnoTa KpacHbi#)
(TEMHO-KpacHasi)

Puc. 4.18. Hpoleccbl MONMKOHAEHCALIMM XPOMAT-HOHOB

213



O Mexanuamax OKUCAeHUS U 80CCINAHOBACHUS UOHO8 xpoma

B kucnoii cpene XxpoMarbl — CHNbHbIE OKMCIWTENM, AKTHBHO MCMONb3yeMbie B
OPTraHW4eCKOM XMMHH INsi TiepeBoJa CTIMPTOB B KApOOHWNbHbIE coeAMHeHHs. B otnn-
YK€ OT NepMaHraHara Kajaust XpoMatbl B CTAHIAPTHBIX YCIOBHUSIX HE CIIOCOOHBI OKHC-
JIUTh KETOHBI, TIO3TOMY peakLMH ¢ UX y4acTHEM MOXHO TIPOBOAMTD B alieToHe. B BogHBIX
pacrBopax ajabaerufi, obpa3yloiMics NP1 OKMCAEHHH XPOMATOM NIEPBHYHOTO CIIMP-
Ta, BCTYNIAeT B PeaKLMIO C HOBO# TIOpLMEN XpoMara W TpeBpawaeTcs B KapboHOBYIO
KMcoTy. YToObl 1ONYyYHTh M3 NIEPBUYHOTO CIIMPTAa KApOOHHUNBHOE COEAMHEHHE, pe-
aKkLM1IO CneayeT NPoBOAMTL B HEBOAHON Cpele, HampyuMep B auxiaopMeraHe. OObIYHO
ISl 3TUX LIENel MCTIONb3YIOT XPOMOBBII aHrMAPHA B YMCTOM BHMAE MM B opme
apaykra ¢ nupuanHoM CrOs- 2(py). KoHEUHBIM TIPOAYKTOM BOCCTAHOBNEHHSI XpoMa
siBasiioTest Monbl Cr3*, Tlpolece BOCCTAHOBNEHMS XpoMaTa, I0-BUIMMOMY, IIPOTEKa-
€T B TPHU CTalllM, T.€. MPeACTaBNsieT COOO0I NMOCNENOBATENbHOCTh TPEX OMHOBNEKTPOH-
HbIX TIEPEHOCOB:

Cr(Vl) - Cr(V) - Cr(IV) - Cr(11I)

[Mpouecc ocnoxHseTcda TeM, YTO 0bpasyloyMecs WHTEPMEAUaAThl CMIOCOOHBI K
peakuMsiM CONPONOPLUMOHHMPOBaHKs. B HEKoTOpbIX chydasix B pacTBopax yaaeTcsi 3a-
(rkcrpoBaTh YacTHLbl, CoAepXaulMe XpOM B MPOMEXYTOUHBIX CTEMEHsSIX OKHCNe-
Hust, Hanipumep kommneke [Cr0(C,0,),(H,0)]-, KoTophlii 06pazyercs B pacTBope
MPHU BOCCTAHOBAEHWH AMXpOMATa LLIABENEBO KUCNOTOW U ycroiuuB nipu pH 4—5 B
Te4yeHHe yaca*. XpoM B CTENICHH OKHUCNEHHs +4 CTAOMIM3NPYIOT B BHAE KOMIUIEKCOB C
nop@upuHaMu MK MaKpoUMKIWYECKHMH JIMTaHIAMH.

Mo-BuarmMomMy, coearHenust xpoma(lV) BbicTynalor TakxXke B ponv MWHTEpMEIHa-
TOB TIPH OKMCNeHKHK MoHoB Cr, TaK Kak IIPH 3TOM 06pa3syeTcsl 3HaYMTENbHOE KONK-

* Farrell R.D., Lay P.A., Levina A. et al. // Inorg. Chem. — 1998. — V. 37. — P. 3i59.

xpoma(Ill) Tpebytorcsi 6oliee CHUIIbHBIE BOCCTAHOBUTENIU — THAPa3uH, OOPOrUapH-
Ibl, TUITOCYIBOUTE U TUTOPOCHUTHI.

C BBICOKOUW OKHCIUTENBHON CIIOCOOHOCTBIO XPOMATOB M IUXPOMATOB CBSI3aHA U
KAHLEPOTEHHOCTb 3TUX COCIMHEHUN. XpOMaT-UOH, 1O CTPOCHUIO HaTTOM MHAIOLIUA
cylbdaT, JIerKo MEpEHOCUTCS Yepe3 KIETOUHYI meM6bpaHy. OKa3biBasiCh BHYTPU
KJIETKH, OH YYaCTBYET BO MHOTMX OKMUCJIUTeJbHO-BOCCTAHOBUTEIbHBIX ITPOLECCaX,
BKJIIOYas] B3aUMOJEHCTBUE C CEPACONEPKALIMMU aMUHOKHUCIOTAaMU U TEMTUIAMH,
HEKOTOPbIMU PEAYKTa3aMU, a TaKXKE C YYACTHUKAMU TPOLECCA OKMUCIUTEIBHOrO
dochopunnpoBaHus*.

[ToMHUMO 3TOr0 XpoMaT-UOHBI CITOCOOHBI OKUCIISITh COAEPXKALMECS B LIMTOIIA3-
Me MJIIOKO03Yy, acKOpOaT-UOHBI U MOJIEKYJIBI Tepokcuaa Bogopoaa. O6pasyilouimecs B
pe3yAbTaTE 3TOrO CBOGOAHbIC PAIMKAND MPUBOAAT K GOPMUPOBAHUIO XUMUYECKUX
cBsideit Mexay pasHbiMU ciipansimu AHK, mexay AHK u 6enkamu. 310 BuI3BIBaeT
HapyllleHUe MeTaboM3Ma, BOSHUKHOBeHUe MyTauHil. XpoM B 60Jiee HU3KUX CTelle-
HSIX OKUCEHMS (+2, +3) MEHEe TOKCHYEH, UTO OOBSICHSIETCS OTCYTCTBUEM MeXa-
HU3Ma MepeHOoCca Yepes3 KIETOYHYI0 MEMOpaHy IBYX- M Tpex3apsAHbIX rekcaakBauo-
HOB, a TakXe cJlabbIMU OKMUCJIMUTEIbHbIMU cBoMcTBaMU. Bbuonornueckass pojb

* Codd R., Dillon G. T., Levina A. // Coord. Chem. Rev. — 2001. — V. 216. — P. 537,
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YECTBO OMsIAEPHDBIX rHapokcoKomInekcos xpoma(lll), npoaykToB conponopLuoHk-
poanust Cr(1V) v Cr(Il). Hanpumep, npu nponyckaHmu KMCIopoaa yepes pacTtBop
rekcaaMmuakara xpoma(ll) BbimagaeT KpacHbIii 0CanoK poaoXpoMxiopuaa, Npea-
CTaBNSHIOUIMI COOON OMSIAEPHDBIN TMAPOKCOKOMINEKC:

[Cr(NH;)e]** + '/,0, = [CrO(NH;),]** + 2NH,
Cr?-2¢ =Cr*
W najee:
[Cr(NH )2 + [CrO(NH;),]** + NH; = [(NH3)sCr—OH—Cr(NH;)]* + NH,
Cr? + Cr* = 2Cr#
MAH CYMMAapHO!
2[Cr(NH;3)ICl, + |40, + NH,CI = [(NH.)sCr—OH—Cr(NHy)|Cl; + 3NH,

Ecni 661 ammuakar xpoma(ll) okucnsncs KMcnopoaoM cpasy 1o KOMIneKca
xpoma(lll), To obpaszosbiasicsi 661 [Cr(NH;)]**, KoTOpbIit Gyayun HHEPTHBIM W SIB-
NS0Cst 6b1 OCHOBHBIM MPOLYKTOM PEakLMK, OJHAKO Ha NpaKTHKE 3TOro He Habnoxa-
eTcst. JInst NoNy4eHMsI KENTO-0paHxKeBoro ocaaka noreoxpomxiopuaa [Cr(NH;)]Cly
K pacTBopy ammuakara xpoma(ll) nobapnsiior amMmuauHblii 6ydep M ocTaBISIOT Ha
CYTKHM 6e3 noctyna sosnyxa. B orcyrcrue kucnopoma von [Cr(NH;)]* HaunHaer
BLITECHSITh BOZOPOA M3 BOALI. B 3TOM cnyuae NMpoMcXoamT oqHO3NEKTPOHHOE OKKCIe-
nue xpoma(ll) no xpoma(lll), 1ak kak vonnl H* (vnu NH) B BogHOM pacTBope He
CNOCOBHDI K ABYX3NEKTPOHHOMY NE€peHoCy:

[Cr(NH;)e]* + H* = [Cr(NH;)]** + '/4H,

HIH

[Cr(NH3)6]C12 + NH4C1 = [CF(NH3)6]CI3 + NH3 + I/2H2

xpoma(Ill) sakrouaetcs B perynupoBaHuu MeTaboan3ma 6eKOB U YIJIEBOAOB, Of-
HAaKO /10 KOHLIA HE M3yYeHa. 3aMEUYEHO, YTO MPU BO3PACTAHUM KOHLEHTPALMH [0~
KO3bl U MHCYJIMHA B KPOBH YBEJIMUMBAETCS CONEPXKAHUE B MOYE XPOMCOAEPKALLETO
OJIMrOTENTUIA XPOMOJIYIMHA. TakuM o0pa3oM, mpeanosaraloT, YTO KOMILIEKCHI
XpoMa ¢ GHONMIaHAAMU PEryJMpYIOT YCBOSEMOCTb M YPOBEHD MIIOKO3bl B KPOBH.
XpOM — MUKPO3JIEMEHT; B OPraHU3Me B3POCJIOTO Ye0BEKa ero CONEPKUTCS OKOJIO
14 mr*,

[mopoxpomar-1oHbI MOryT 3aMernarhb THAPOKCHIIbHYIO TPYITTy, BXOASLLYIO B UX COCTAB,
Ha pa3nyyHble AaHUOHDI:

CrO;(OH)™ + CI" + H* == CrO;CI- + H,0
CrO3(OH)™ + HSO; == Cr0,(080,)* + H,0

[TockonkKy B pacTBope XpoMaToB M AMXPOMATOB CYLIECTBYIOT PaBHOBECHsI MeX1y MOHa-
mu CrOf~, HCrO; u Cr,04-, B kucnoii CpeAe NpH BBLICOKMX KOHUEHTPALMAX AHWOHOB,

* O 6uonoruyeckoit ponn xpoma(l1l) cm. o630psi: Vincent J. B. // Polyhedron. — 2001. — V. 20. — P. I:
Berrett J., OF Brien P., de Jesus J. P. // Polyhedron. — 1985. — V. 4. — P. 1.
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obnanarolMx AOHOPHBIMH CBOWCTBAMM, M3 PacTBOPOB XPOMATOB M AMXPOMATOB YIaeTCs
NONy4YuTh 3aMelleHHble XpoMaThbl. Jlerue Bcero peakuusi npoTeKaeT ¢ XJIOpHIA-HOHAMU —
OpaHXeBblE NIPU3MATHUYECKHE KPHUCTAINBL XJOpoxpoMara Kajiusi oOpa3yloTcst 1pM B3auMO-
NEeHCTBUM AMXpOMATAa KaJMsl C KOHUEHTPUPOBAHHON CONSAHOW KMCIOTO:
0°C
K,Cr,0; + 2HCl ——— 2KCrO;Cl1 + H,0

WK TIPH n106aBACHUN CONSIHON KHCNOTbI K CMECH XJopHaa Kajausa C XpOMOBBIM aHTMIApPH-
AOM:

KClI + CrO; = KCrO;Cl

OHu pa3siaralotcsi BoAoi, npespaniasachk B AMXpOMAaT, HO MOTYT ObITh NEPEKPHCTALIN30-
BaHbl U3 NEAAHON YKCYCHOI KHCNOThL uin M3 aunetoHa. [pu HarpeBaHuu Bbiuie 100 °C xio-
poXpoMar Kajlusi pa3naraetcsi, BbIAENsISI XJ10p:

5KCrO5Cl £ K,Cr0; + KCHCrO,), + 2KCl + 3/4CLT

H3sectHbl u apyrue ragoreHoxpomathl KCrO;X, rae X = F, Br, 1. Bce oHM 3Hepru4Ho
pearMpyloT cO MHOTMMH BOCCTAHOBMTENSIMM, HafpuMep C aMMHaKOM.

Huxpomat HaTtpus Na,Cr,O; UCTIONB3YIOT KaK MUTMeHT TPy TMPOU3BOICTBe Kpa-
COK, KEPAMUK, PE3UH, UHTUOUTOPOB KOPpPo3uH, (pyHTULUIOB, a TakKXe AJISl CUH-
Te3a PA3IMYHBIX NPOU3BOAHBIX XpoMa. M3 ero HaChIlLleHHOTO pacTBopa 100aBaeH -
eMm xyopuaa kaaus ocaxaaloT K,Cr,O,;, KOoTopbiii B OTJIMYME OT HATPUEBOW COJIU
MeHee TUTPOCKOIUYeH U Gosiee TEPMUUYECKHU YCTOWUMB.

B nabopaTopHoi npakTHKe AMXPoMaT Kajiusi IPHMEHSIIOT B KayecTBe okuciautens. Pa-
CTBOPEHHEM €ro B CEPHOW KHMCNOTE FOTOBSAT XPOMOBYIO CMECh, MHOTAA Ha3bIBAEMYIO XPOM-
koM. OGBIKHOBEHHO ISt TIPUTOTOBJICHUS XPOMOBOIi cMecH okono 50 r pactepToro B 1o-
POLLOK AMXpoMaTa Kajusi pacTBOPSIOT B | 1 KOHUEHTPUPOBAHHOW CEPHOW KHMCNOThI, MPH
HeoOXOMMMOCTH HarpeBast CMeCh Ha BOAAHON OaHe. JAnst MBITbS NOCYAbI COCY[ 3alONHSAIOT
MOAOTPETON XpPOMOBOU CMeChIO IPUMEPHO Ha OfHY TPeTh, OCTOPOXHO W MeLIEHHO OOMBbI-
Bast CTeHKM cocyaa. [locne 3TOro XxpoMOBYIO CMeCh BbIIMBAKOT OOPAaTHO B €MKOCTh, rae OHa
xpaHuTcsi. CNMB XpPOMOBYK CMECH, MOCYAEe HAIOT NOCTONTH OAHY-ABE MMHYTbI, 3aTeM €€
TUIATENbHO MPOMbBIBAIOT BOJAOK.

B HeBOAHbBIX Cpenax MOXHO MOJTYIUTH BELLECTBa, hopMasibHo conepxkaiupe xpoM(VI)
B (popMme kaTHOHA. B GOJBILIMHCTBE Cy4aeB MX COCTAB OTBEYAET COJISIM JUOKCOXPO-
ma(VI), unu xpomuia, Haripumep CrO,Cl,, CrO,(NOs),, CrOy(ClO,),;, CrO(CF;COO0),.
Bce ouM npeactapiasioT coO0il KOBaJICHTHBIC COCTMHEHUS, YYBCTBUTEIIbHBIE K A€W~
CTBUIO BJIATM U B €€ MPUCYTCTBUU TpeTepiieBaolure HeobpaTUMblii THaponun3. Ha-
ubosiee MOJHO U3yYEH XJIOPUJ XPOMUIIA, XMMUSI KOTOPOTO PAacCMOTPEHa B MO-
pasn. 4.8.

Hwutpat 1 nepxjopar XpoMuna npeactaBmsiioT coboi TeMHO-KpacHble XKWAKOCTH, COCTO-
siMe W3 Monekyn. UcenegoBaHue nmapoB HUTpaTa XpoMKna B ra3oBoil (hase nokasaio Halu-
ype MOJEKYN, B KOTOPbIX KOOpAMHAIIMA XpoMa NPUONHXKAETCS K OKTa3ApPM4YECKON 3a CyeT
JNOTIONHUTENBHOrO B3aMMOAEUCTBHSI C aTOMaMKW KHMCNOPOAAa HUTPATHbIX TPYIHI, HE NPUHU-
MaloLIMX Y4acTHsl B 0Opa30BAHKHM KOBAJIECHTHBIX CBsi3ei*. OBLIMM METOAOM CHHTE3a COedM-
HEHMI XpOMMNa CNYXHT B3aMMOIEHCTBHE XPOMOBOTO aHTHAPHIA C AHTHAPHAOM KHCNOTHI,
Hampumep:

CI'O3 + N205 = CrOz(NO3)2
* Helberg K. // Inorg. Chem. — 1991, — V. 30. — P. 4761.
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* Mo

o Koopaunuposanunas H,0 ® Mo
(O Buewnecdepnas (Mexcnoepas) H,0 o H,0O
a 6

Puic. 4.19. CtpoeHue okcUa0B:
a — MoO;-2H,0; 6 — MoO;- H,O (aTombl kuCaopola pacnofoxXeHbl B BepILMHAX OKTa3ApoOB)

CHbHble OKMCIUTENH, HUTPAT U OCOBEHHO NEPXJIopaT XPOMKAA CO MHOMHMH OpraHm-
YCCKHMM BELIECTBAMM pearupylotr co B3peisoM. [1pu B3aMMOmeHCTBUM XJIOpHIA XPOMMAA C
CEPHbIM aHTHMAPKHAOM B XJOpHCTOM Cynbypune obpasyerca okcocynbgar xpoma(VI):

Cr02C12 + 3503 = CrO(SO4)2 + SOzclz

Coennnenus monoaena(VI) u somsdpama(VI). Boiciuve okcuabl MoTUGieHa U
0COBEHHO BOJIL(PAMA JIMLIb B HE3HAYMTENILHOI CTENEHU PACTBOPUMBI B Bosie: B 1 I
HACBILEHHOro pacTeopa npu remrnepatype 25 °C cogepxurcsi 1,3 r MoO; 1 okono
0,02 r WO;3*. 13 pacTBOopoB OKCHIbI BbLENsOTCH B hopme rvapatoB. [1pu nogkuc-
JICHUU PACTBOPOB MOJIMOIATOB MOCTENEHHO 06PA3yeTcs KENTbI KpUCTA/LIMYECKH it
ocanok auruapara MoO;- 2H,0. Ou coctout U3 okrasapos [MoOs(H,0)], coenu-
HECHHBIX OOLMMU BEPLIMHAMU B CJIOM, MEXJ1y KOTOPBIMU PACIIONATAIOTCS BHELIHE-
chepHble Monekynbl Boabl (puc. 4.19, a). CTpoeHHe 3TOro BELIECTBA, TAKUM obpa-
30M, TouHee nepenaer dopmyna [MoO;(H,0)]- H,O. Mpu uarpesanuu no 80°C
MOJICKYJIbl BOIbl. PACMOJIOKCHHBIE MEXIY CIO0SIMU, YAaJsllOTCs, U 0OpasyeTcsi 6e-
Jiblii MOHOTUAPAT (pUc. 4.19, 6), KoTopbiit Npu Temmeparype 150 °C npespamaercs
B OKCHU- MOHOTUIPAT KPUCTAUIU3YETCS TAKKE TIPU MOAKMCICHUU OPSTYUX PACTBO-
POB MOJIMOAATOB.

Bosbppam obpasyeT ruppatsbl OKCUOB, aHAOTMYHBIE MOITUGICHY, C TOW JIMILb
pasHuueit, 4to aurugpat WO;3-2H,0 umeer Genyio OKpacky, a MOHOTMApAT

* XUMUst KHCIIOPOIHbIX COENMHEHMI MOTUGIEHA UITOXKEHA HA OCHOBE 0630pHbIx cTatei: Pope M. T. //
Progr. Inorg. Chem. — 1991. — V. 39, — P. 181; Pope M.T., Muller A. // Angew. Chem. Int. Ed. — 1991. —
V. 30. — P. 34; Michailovski A., Willems J. B. // Helv. Chim. Acta. — 2005. — V. 88. — P. 2479,
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WO;- H,0 — xentyio. BoaHbie pacTBOpBI rMipatoB MoIMOnEHA U BosibpaMa aBIsl-
1oTcs aM(MOTEPHBIMU OCHOBAHUSIMH, XOTSI KUCJIOTHBIE cBOWcTBa npeobianaoot. [1o
PE3YJbTATAM UCC/IENOBaHHUS METONIOM IMPOTOHHOTO MarHUTHOIO PE30HAHCA aTOMBI
BOAOPOAA, BXOASALIME B COCTAB TMAPATUPOBAHHBIX OKCUAOB MOJIMO1EHA U Bonbhpa-
Ma, TPUHANJIeKAT MOJIeKyJaM BOJbl, KOTODBIE CBSI3aHbl C METAJLIOM YEpPE3 aToM
kuciaopona. CTpyKTypa 3TMX COeaAMHEHU I 06pa30oBaHa 3a CYET BOJOPOIHBIX CBA3EH,
onoBblx —OH— M 0kco1oBbiX —O— MOCTHKOB, ITO3TOMY MPOLIECC UX KUCJIOTHOMU
nUccouManuu ociiabied. «MonubaeHoBas» U «BONb(hPAMOBasi» KUCIOTbl OKa3blBa-
10Tcs Topasgo Gosiee clabbiMU, 4eM XPOMOBasl, a MOJUOIATH U BOJIL(PAMATH B
pacTBOPAaxX — IMOJABEPKEHHBIMU THIPOJIHN3Y.

OciabiieHUE KUCIOTHBIX CBOMUCTB rmapokKcuaoB metauioB(VI) nmpu aBUXEHUH
BHM3 IO TPYIIIE CBA3aHO, MO-BUAMMOMY, C YCHJIEHUEM UOHHOCTH CBSI3U M—O u
POCTOM 3HEPTUU KPUCTANIIMUYECKON PELUETKH TPUOKCHIAOB.

[pu B3auMoOaEeHCTBUM TMAPATHPOBAHHBIX OKCHIOB MOJIMOIEHA U Bonbdpama ¢
LeI04aMU 00pasyloTCs PacTBOPHI, coaepXKalMe pasindHble OKCOaHUOHbI. [1poTe-
KalowMe npu 3TOM MPOLIECCH KOHJICHCAU WU OJU3KU PACCMOTPEHHBIM Ha NpUMeEpe
BaHANATOB. B CHJIBHOLLEIOUHO cpee YCTOMUMBbBI TETpasapuueckie aHuoHbsl MO; .
MM COOTBETCTBYIOT NMpocThie MonuGaaThl M Bosibdpamarsl, Hanpumep Na,MoO,,
K,WO,, xpucTtannusywimecs: U3 BoaHbiX pactBopos npu pH > 7. [1pu noakucie-
HUU pacTBOpoB TeTpasapbl MO~ nepectpauBaoTcsl B UCKaxkeHHblE OKTA3aPbl [MOg4]
U MOJUMEPU3YIOTCA, IMOC/IEN0BATENbHO MTPEBPALLAsACh B Pa3IinidHble U30MOJHAHHUO-
HBl (puc. 4.20).

B wmpokom uurepsajie pH (3,0—5,5) npu xKoHueHTpauuu MojimbaeHa B pac-
TBOpe Oonee 0,001 M Haubosiee yCcTOMUMBBIM 0Ka3bIBAE€TCS AHUOH rentamoaubia-
T4, UMEIOLIMI cTPOEeHHE, npeacTaBieHHoe Ha puc. 4.21, a. Ero ctpykrypy, 06pa3o-
BAHHYIO CEMbIO OKTAa3paMH, COCJMHEHHBIMHU OOILIMMU PEOPaMU, MOXHO BbIBECTH
M3 CTPYKTYPHI aekaBaHaznarta (cM. moapasa. 3.6) rmytem ynaleHus TPEX CMEXHbIX
OKTa3apoB cpeaHero cios. [TonyueHHY0O reoMeTpUyecKyto GopMy, YTOObI MOAYEPK-

1,0

0,8

0,6

0,4

Coaepxanue, MOJ. 1.

0,2

Puc. 4.20. ConepXaHKe pa3inuHbIx KATHOHHDBIX M alMOHHBIX GopM MonubaeHna(VI) B 5 107¢M
pacTBope Monubaarta npu temneparype 25°C B 3aBUCHMOCTH OT KHCIOTHOCTH Cpejibl

218



Puc. 4.21. PazHoo6pa3ue nzononnMonubaaTos:

a — rentamonu6aar {Mo;0,4]% B Bule NOAM3IPOB M 1WAPOCTEPXKHEBOH MONEIN; 6 — O-OKTAMONHG-

mat [o-MogOy)*; 6 — B-oktamonnbnar [B-MogOy)*; ¢ — rekcaTpuakoHTaMonM6aaT [MoO 12(H0),6 1%

(nokasanbl MOJIEKYNbl BOAbI); 0 — Tpumonnbaar B TepaoM K,;Mo030,y; € — nuMonu6aat B TBEPIOM
K2M0207
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HYTb €€ HETUIOCKU i XapakTep, MHOTIa Ha3bIBAIOT «CKaMeliKoi». BelCOKYIO ycTOHYU-
BOCTb AHUOHA Mo0,0% OOBACHSIOT TEM, YTO TMPM TAKOW TEOMETPUM KaXIblid U3
okTaaapos [MoO]| conepXuT no ase cBsisi Mo=0, HaxomslHUECHd B YUC-TTONOXKE-
HUU [pYyr K APYrYy, T.e. noa yrioM, 6auskum k 90°. MMeHnHO aTo crniocoGeTByeT
Haubosee H>(PpHEKTUBHOMY TT-CBSI3BIBAHUIO, OCYLLIECTBIASIEMOMY MPU MEPEKPbIBAHUU
BAKAHTHBIX f,-opOuTaNeil MmonubaeHa, yroa Mexiy KOTOPbIMM Kak pa3 W paBeH
90°, ¢ 3aMOJMHEHHBIMU P-OPOUTAIAMU KHUCIOPOA.

IMpouecc obpa3oBaHMs rernramonubaata, 6e€3yca0BHO, MHOTOCTaAMWHBINA, O1-
HAKO B pacTBOpPe MPAKTUUYCCKH HE yIaeTcsl OOHAPYXKUTb MUOHBI, COAEPKALIUE TPO-
MEXYTOYHOE YUCIO0 ATOMOB MoOaMOaeHA. DTO MOXET ObiTb OOBICHEHO BbICOKUMMU
3HAYEHUSIMHU KOHCTAHTbl PABHOBECHUS] U KOHCTAHTBbI CKOPOCTH PEaKL MU 00pa3oBa-
HMS rerraMoaubnara;

7MoO?} + 8H* = Mo,Of; + 4H,0; K~ 10%, k ~ 105 monp™ 4. 1714 ¢!,

HMoubl renramMonubpata Mnpoile BCEro KPUCTALIUIYIOTCS M3 PacTBopa B BHUAE
HaTpUeBOW WM aMMOHUMHOM conn. Hapsiny ¢ TPUOKCUIOM renTaMonuMOaaT aMmMo-
Hust (NH,)¢Mo;0,,- 4H,0 sBasiercs Haubosiee pacnpoCcTpaHEHHbIM PEAKTUBOM, CO-
nepxauum mMonau6aed. OH npenctaBasicT codoW O6ecyBETHbIE KPUCTAILIbI, XOPOLLO
pacTBOpUMbIE B BOzie, 0Opa3ylolIMecs MPU KOHLUEHTPUPOBAHUMU DPACTBOpA, NOJIY-
YEHHOTo B3aMMOAEHCTBMEM OKCHUIA C BOJHBIM PaCTBOPOM aMMHUAKA:

6NH3 + 7MOO3 + 3H20 = (NH4)6M07024

Mpu pH 6,9 13 BoaHoro pacrtsopa Monubaara HaTpMsi HegaBHO ObLNM NONYYEHbBI KPH-
ctaanbt Na;[Mo,054]OH - 21 H,0%*, uro noarsepXaaeT HalWuykhe rentaMonndaaT-moHoB B HEH-
TpanbHbIX pactBopax. KaTHOHBI MepexXoaHbIX METANIOB OCAXAAKT M3 BOAHBIX pacTBOPOB
MONMOAATOB CPEAHME CONH, YCTOMYMBOCTb KOTOPBIX K NMpoLieccaM NONUKOHAEHcAMK obyc-
NOBAEHA TMPOYHOCTBIO KPUCTAIAMYECKOM pellieTkh. Tak, npu aelcTBMM Ha MonubmaT Ha-
tpusi Na,MoO, pacrsopom cyabdara MmapranHua(ll) sbimamaer GexeBblit ocalok cocrasa
MnMOO4' Hzo**

Mpu pH <4 obpasylorca MoHbL oKTamonubaarta, KpMCTAINM3YIOLLMECS M3 pacTBopa B
BHJIE AMMOHHWHHOM WK HATPUEBOM CONMU:

§MoOZ + 12H* = MogO4 + 6H,0

Hon MogOs% cyuiecTByeT B BHIE ABYX M30MEPOB, OJMH M3 KOTOPBIX NpeacTasnsieT coboi
MNOCKHMI UMK M3 LIECTH OKTAdAPOB, CBEPXY M CHHW3Y 3aBEPILEHHbIA ABYMsI TeTpa3apaMHM
[MoO,] (puc. 4.21, §), a apyroii COCTOMT M3 BOCBMH OKTa3ApPOB, COCAMHEHHBIX OOHMMH
pebpaMM B €AMHBIH KOMNakTHBI o6beM (puc. 4.21, 6). [Ipu pH < 2,8 kpucrainusyrorces
CONM, comepxamme wusononmaHnoH [Mos;0;,5(H,0)6]%, obpasosaHHblil 36 okrasgpaMu
[M0Og}, 06beanHeHHBIMM OOIWMMHK BepliMHaMK 1 pebpami (puc. 4.21, 2). ipyrue usononm-
AHWOHBI YCTOMUYMBBL NMNILLB B HEBOAHBIX cpeaax Wnu B Teepuoi dasze. Mon MocOf, Bnepsble
BbIAENEHHBIA B BMAE CONM C KATHOHOM TETpPaOyTHNaMMOHMS, TIO CTPOEHMIO HalloOMMHaer
rekcaHuo0aThl. SIpKas Xxenras oKpacka OTAMYaeT €ro ot APYTMX MONMOIEHOBOKHMCAbIX CO-
neit, Kotopble GecuBeTHbl. B cpene auetoHMTpHna ycToduuB M AMMonubaaT-noH Mo,074,
HEM3BECTHBIN B BOAHBIX pacTBopax. [TogobHo anxpomary oH npeacrapnget coboit apa teTpa-
31pa, COeAMHEHHbIE O0el BEPILHMHOWN.

Monubaathi, obpa3yloiimecs Npu crapieHuu okcuaa monmbaeHa(VI) ¢ okcupamy,
TMAPOKCHMIAMHK W KapOOHATAMM METAIIOB, TAKXE OTAu4alorcs OonbliMM pa3HoobpaskeM
dopM. MHoIHE M3 HUX cocTOAT M3 okTasapos [MoOy] u terpasapos [MoQ,], coeanHeHHbIX

* Cruywagen J. J., Esterhuysen M. W., Heyns J. B. B. // Inorg. Chim. Acta. — 2003. — V. 348. — P. 205.
*x Clearfield A., Moni A., Rudolf P.R. // Inorg. Chem. — 1985. — V. 24. — P. 4606.
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obwmmm pebpamu (Tpumonnbaar kanua K;Mos0,g; puc. 4.21, 9) nin BeplUIMHaMKu (AUMO-
anbaat kanus KyMo,0;; puc. 4.21, ) B LIMHHbBIE LENy.

B cuabHOpas6aBaeHHbIX CAaBGOKMCABIX PACTBOPAX M30MOAMAHHUOHBI He obpaasylorcs,
a MPOUCXOAUT NPOTOHHUPOBAHHE MOIUOIAT-HOHOB:

MoOf + H* = MoOs(OH); AH® = 20 k[Ix/Monb; AS® = 140 Ax/(K-monb); pK; = -3,7;
MoO3(OH)" + H* + 2H,0 = MoO;(H,0);; AH® = —49 kX /MOJIb;
AS® = -92 Ix/(K Monb); pK, = -3.7.

Ha nepBblit B3rasil KaxeTcst yAMBUTEIbHbBIM, YTO NepBasi W BTOpasi KOHCTAHTbI COBIIAA-
10T. AHOMAJIbHO BbICOKOE 3HaueHHE K, CBA3AHO C CHABHBIM YMEHbLIEHUEM BHTPOTINHN TPH
00pa3soBaHKK OKTA3APHUECKO# YacThLbl MoO;(H,0); 13 TeTPasapHIeCKoro noHa MoO;(OH) .,
I'napat MoOs(H,0); B TBepaoM Buae HeW3BECTEH. MoaubaeHORYIO KHCIIOTY, CYLecTBy-
OlLylo B pacTBopax, 3anuceisaioT B Buae MoO,(H,0); 1nbo MoO,(OH),(H,0), (nepsas
($hopMa 3anucH NPEANOUTHTEIbHEE).

[Ipy noakucaeHUM PAacTBOPOB CPeAHMX BOJb(PAMATOB, colepxalmux TeTpas-
pruueckuii aHnoH WO; -, yCTOHUMBBI B LLEIOYHOM cpeae, NMPOUCXOasiT IPOLECCh
NOJMKOHACHCALU MM, aHATOTMYHbBIC OMTUCAHHBIM Ha IpUMepe MoaU6aaToR. OMIHAKO
OHH UMEIOT CBOM 0COOCHHOCTHU. Bo-TIepBhix, eciM B pacTBOpax MOaMGIATOB paBHO-
BCCHs1 YCTAHABIMBAIOTCA B TEUEHUE HECKONBKMX MUHYT, TO B pacTBOpax Bojbdpa-
MaTOB Ha 3TO YXOAWT 10 HECKOIbKHX HEIEb, YTO CBUACTEABCTBYET 06 MX MHEPTHO-
CTU. Bo-BTOpPBIX, H30MONNBOIb(PAMATEI, BbIICACHHBIC B TBEPAOM BUJIC, KakK Tpa-
BWJIO, HE UMCIOT aHAJIOTOB CPEAM M30TIOAMMOAMOaaToB. Pasnuune B X CTpoeHUU
CBSI3AHO € TEM, YTO B U30MOJMMOAMOIaTax OKTasapbl [MoOg] MMEIOT n1Be cBOBOMHbIE
BCPLUMHBI, 3aHATHIE CBSI3iMU M=O, a B M30MOAUBOIbGPAMATaX — TOJBKO ONHY.
MHbIMU C0BaMU, UX CTPYKTYPHI BBILAAST ropasno 6oice KOHIAEHCHUPOBAHHBIMM.

YcTaHoB€HO, YTO MOH renTaBoibdhpamaTa W,0% co cTpyKTYpoOii renTamonmnt-
Jarta, obpasyolunica U3 NoAKUCAEHHOTO pacTBopa Bosibpamara WOJ~, 10BoIbHO
OBICTPO IEPEXONMT B noaeKaBoabdpamar H,W,,0}9", HasbiBacMbIii napasoJibhpa-
MaTtom. HaTpuesas coib, conepxaluasi 3TOT aHMOH, KPUCTAIUTM3YETCS U3 pacTBOpOB
TMAPOKCUIA HATPUSI, HEUTPATM30BAHHBIX BOJI(MPaMOBbIM aHruapuaoM 10 pH 6—6,5:

12WO;- 2H,0 + 10NaOH = Na,o[H,W,0,,] - 27H,0 + H,0

[TapaBonbdpamaT-MOH WMEET 3AMKHYTYIO CTPYKTYPY M3 CBSI3aHHBIX pebpamMu u
BEPLIMHAMU OKTad1pOB, B LEHTPC KOTOPOM pacnosokeHa noaoctsb (puc. 4.22, a).
DTa CTPYKTypa CTabUIM3MpOBaHa IPoToHaMu nByx OH -TPYII, HAXOJSALIUXCH BHYTPU
NIOIOCTH M yYACTBYIOWMX B 0Opa30BaHWyM GOMBLIOrO YMCAA BHYTPUMOIEKYISPHBIX
BOIIOPOAHBIX CBSI3EH C APDYTMMM aTOMaMM KMCIOpPO.A.

Ipn pH 2—4 B pacTBope TAKXE CYLIECTBYIOT CMOXHbIE PaBHOBECHSI, KOTOpbIE CO Bpe-
MEHEM CMELIAIOTCS B CTOPOHY TEPMOAMHAMUYECKH Gosiee yCTOWYMBOrO MOHA CO CTPYKTYPOii
KerrnHa — posb retepoaToma B Heii BbINOIHSAIOT 1Ba aTOMa BOAOPOAA, PacrosioXeHHble B
ueHTpe Terpasapa. Conepxaume ero conn, Hanpumep Nag[H,W,,04] - 21H,0 (puc. 4.22, 6),
MCTOPMYECKM HA3bIBAIOT METABOIb(PaMaTaMK. AHAJIOTMHHOE CTPOEHHE UMEET M cBOBOLHAN
uzononunkucaora He[H,W,,04] - 5SH,0. obpasyiowascs npu nponyckaHumu pacTBOpa MeTa-
BOJIb(pamMaTa Yepe3 KaTHOHHMT B H-chopme. M3 BOLHBIX pACTBOPOB M30MOAMKMCIOTA BbIAe/Isi-
€TCA B BUAE OECLBETHBIX OKTA3NPMUECKMX KPUCTALIOB, CO BPEMEHEM XENTElowHX M3-3a
TIPEBPALEHNST B THAPATUPOBAHHbII OKCHIL Bofibdpama. MHTEpECcHO, uTo MOHBI Bozopona,
BXOASILINE B COCTaB aHHOHA, HE MOTYT ObITh HEHTPAIM3OBAHBI LENOYBIO, UTO OOBSICHAETCS
HEOObIMAIHON MPOUHOCTBIO BHYTPUMONEKYASPHBIX BOAOPOIHbIX CBA3CH.
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IMpu pH 1—2 13 BoaHbIX pacTBOPOB GbLIK MOJYUYEHbI XEJITble KPUCTAIIbI AeKaBobdpa-
mata K4W,y03,]-4H,0 (puc. 4.22, 6). CTpoeHHe aHMOHA 3TOW COJIM MOXHO NPEACTABUTb
KaK COeqMHEHHbIE APYr ¢ apyrom apa dparmeHTa [W;s0 4], obpasoBaBiumecs Nnpu ynajieHnu
OIHOTO OKTa3apa M3 CTPYKTYpbl rekcaHnobarta. CleayeT OTMETHTb, 4To HoHbl W,OF, no-
CTPOEHHbIE AHAJOIMYHO reKCaHMoBaTaM U rekcaTaHTanataM (CM. puc. 1.22), NnoayyeHbl B He-
BOHbIX cpeaax, Halnpumep NMpu NOAKMCICHWH pacTBOpa BOJb(dpaMaTa HATPUSL B METAHOJIE.

CnocobHocTb MoaMGACHA U BoAb(hpaMa 00pa30BbBATh DOJIBLIOE YUCIAO PAZHO-
00pa3HbIX (HOPM H30NOJUCOCAUMHCHUU OODBSICHSIETCS CYlIECTBOBAHUEM Kak TeTpa-
3APUYECKHX, TaK U OKTa3IPUUCCKUX aHUOHHBIX (HOpM U B3aMMHBIMU MEPEXCLAMHU
MCXKIY HUMHW NPU U3MCHCHUW KUCAOTHOCTU CPEIbI.

Bo Bcex noanokcoMeTaiaTax OKTaspbl COCAUHSIIOTCS MEXIY CODOM npu noMo-
1M onHOM WU aByx cBsizeit M—O—M. IlepBbiii ciydyait cOOTBETCTBYET COUJIEHE-
HU10 OKTas1poB [ MO,] BepuunHamu, Bropoit — pedpamu. Huskas crenens nojavume-
PHU3ALMK XPOMATOB MO CPABHCHUIO ¢ MOJMOnaTaMu U BoJdbdpamaraMu o0ycioBie-
Ha neboabuM paguycoM Cr(VI). Pazmepnbiit (pakrop 0ObsICHIET UMEHHO TETPAd/-
PUYECKYIO, 4 HE OKTa3ApUYCCKY!0 KoopauHauuio xpoma(VI) B KUCIAOPOAHbIX CO-
CAMHECHUSAX, a Hanuue nBOHHBIX cBsidcii Cr=0 cnocoOCTBYET COUNEHEHUIO TETPA-

Puc. 4.22. CrpoeHue BonbhpaMaToB:

a — napasoabdpamat [HyW,0,,]'"; 6 — metaBossdpamar [H,W ;0401 6 — ackasoasdpamar [W,Oqpp]*
(ONOXEHHME aTOMOB BOAOPONA B CTPYKTYPE @ NMOKA3AHO B COOTBETCTBUM C JAHHBIMU HEHTPOHHOI
adpakuvu, B CTPYKTYpe 6 — YCIOBHO)
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0,167 um
0,173 um

QMOQCIOO
é Oc eH @N

Puc. 4.23. CTpoeHue KOMILIEKCOB:
a — MoO,Cl,(H,0),: 6 — MoO,Cl,(dmso), (aToMbl BoAOpOIa He noKasaHsl); 6 — Mo0O,(NO»),

91pOB OOWIMMKU BepuiMHamu. Takue ULEMY OKAa3bIBAIOTCS MEHEE MPOYHBIMM, UEM
CLIMTBle peOpaMM OKTasaApbl B MOJIMONATAX U BOALBpPAMATax, UMEHHO MOITOMY B
BOJIHBIX PACTBOpax MOJUOKCOXPOMATOB HE CYIECTBYET.

[Ipu pH =~ 1 u3 pacTBOpoB MOAMGIATOB U BOILDPAMATOB OCAXKIAIOTCS FUIpPATH-
POBAHHBIC OKCUIIBI, KOTOPbIE NP JaTbHEHALLIEM YBEAUUEHUN KOHLEHTPALIMH HOHOB
BOZOPOIA BHOBB IepeXoAsT B pacTBOP B BUAE KaTUOHHBIX (hopm MoO3t, WO3*, rae
MOJIEKYJILI BOJB! JIOTIOJIHSIIOT KOOPAWHALMOHHYIO chepy MeTaana a0 wecTu. Jpe
cBsI3M M=0 HaxonATcst B 9TUX HOHAX B YUC-TIOJOXEHHUU APYT K APYTY, UTO MO3BO-
JAE€T UCMOAB30BaTh U1 UX OOPa30BaHUS ABE Pa3INUHBIC he-opbuTanu. B npucyr-
CTBUM aHWOHOB, CIOCOOHBIX BLICTYNATh B POJIM JIMIAHAOB, U3 PaCTBOPOB MOTYT
OBITb MOJTy4YeHBE OKCOKOMILIEKCH M0O,Cly(H,0), (puc. 4.23, a), MoO,Cl,(dmso),
(puc. 4.23, 6), MoO,(acac),:

MOO3 + HQO + 2HC] = MOOzclz(HQO)Z

M3 pacTBOpoB MOMOIATOB B KOHLEHTPUPOBAHHOM COJISIHOM KMCAOTE GbLIM T0-
ayqyeHbt Kpuctanibt Csy[MoO,CL], uto cBHaeTenncTBYET 06 06pa30BaHUM AHUOH-
HBIX OKCOTJION€HUIHBIX KOMITIEKCOB*:

MOOzclz(HQO)Q + 2C1‘ = [M002C14]27 + 2H20

C KHMCAOTAMM-OKHMCAMTENAMH aHATOTUYHBIE COeAMHEHMS (Mo00,(50,), MoO(S0,),,
WO(CIO,),) 06pa3yloTest B cMIbHOKOHLEHTPHPOBAHHbBIX pacTBOpax UJiu B HEBOJHOM cpeae:
MoOj; + SO; = M0Oy(SO,). OHH SBAAIOTCA KOBANEHTHLIMM M HEOOPATHMO rMAPOIU3YIOTCS
Bonoi. Okcocynwhat MoO,(SO,) cyiiecTByeT B Buae Tpex MOJUMOPGHbLIX MoAUDUKALKIA,
TIOCTPOEHHLIX M3 OKTadapoB [MoOg] u Tetpasapos [SO,], cluuThix O6LIMMH BepiIMHAMK B
cinon. OkcoHuTpat MoO,(NO;), BbleNeH B BULE XKEATOBATIX MUToJILYaTLIX KPUCTAIOB MPH

* Coddington J. M., Taylor M.J. // ). Chem Soc. Dalton Trans. — 1990. — P. 41; Taylor M. J., Jirong W.,
Rickard C. E. F. // Polyhedron. — 1993. — V. 2. — P. 1433.
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KoHIIeHTpalnst KUCOTH, MOJb/J Puc. 4.24. CoaepxaHue pa3inuHbIX KATHOH-
0,41 2,56 5,59 8,16 HbIX (opM MoOIMOAEHA B CHJILHOKHCIbIX
' ' ‘ pacTBopax (6e3 yuyera JuMepoB)

MoO,(H,0);"

| MoO,(OH)(H,0)3
0,6

0,41
| MoO3(H,0);3

CoaepxaHue, MoJ. I.

0 -1 22 ~3 pH

B3aMMOAECHCTBUHU MOAUONEHOBON KHUCAOTLI MM renTaMoandaaTa aMMOHMSA € ILIMALIEH a30T-
HOM KMCJAOTON. BewecTBo NocTpoeHO M3 Lenei, o0pa3oBaHHLIX aToMaMu MoiudaeHa, co-
€AMHEHHbLIMK OKCOMOCTHKaMu. Kaxabiit aToM MeTalna nonoaHUTENLHO o0pasyeT oqHY CBA3L
Mo=0. [1Be 6uaeHTaTHbIE HUTPATHLIE IPYIIIbl JONOJHSIOT KOOPANHALIMOHHOE YUCIO MO-
anbaeHa no cemu (puc. 4.23, 6)*.

Kak nokasanu uoseiiline ncciaenoBaHus, B | M xiaopHoit kuciaore 90 % MoanbaeHa
npucytcTByeT B Buae noHoB [MoO,(OH)(H,0)s]*, koTopble 00pa3syoTca n3 MoanbaeHoBo-
ro aHrMApUAA, HaAXOAAWIErocs B PacTBOpax B ¢opMe TpUrHapaTa:

MoO;(H,0); + Ht == [MoO,OH)(H,0),]*; K = 10.

JByx3apsimHble KaTHOHBLI JUOKCOMOAUOAEeHa** o0pa3syloTca Jullb [PH KOHUEHTPAIMH
XJOPHOH KHUCAOThI Bosiee 2 Mosb/1 (puc. 4.24):

[MOOz(OH)(H20)3]+ + H* (:_) [MOOz(H20)4]2+; K= 5,9 1073.

4.7. TETEPOIIOJIMCOEIUHEHUS DJEMEHTOB
IITECTOM TI'PYIIIIbI***

Mexay okradapamu, oOpa3ylUIMMH H30II0AMAHUOHBI, UMEIOTCA MYCTOTHI,
B KOTOPBIX MOTYT ITOMEIUATHCSA PA3JIMUHBIE TETEPOATOMBI, Harpumep 00p, KpeMm-
HUi, docdop, repMaHuii, a TAKKE MHOrME 3d-METAIbl: XpPOM, MapraHen, XeJje-
30, KOOaJabT, HMKEAb, LIMHK. TakWe€ YacTWUbI HA3bIBAIOT 2eMepOonoAUaHUOHAMU, A
BCLIECTBA, B COCTaB KOTOPBIX OHU BXOISIT, — 2emeponoaucoedunerusmu. B rereporno-
JIMAHUOHAX F€TEPOATOM PACIIONOKEH, KaK IPaBUIO, B TETPAIAPUIYECCKON MU OKTa-
3APHUYECKON TI0JI0CTH, OOPA30BAHHOW aTOMaMH KUCIOPOJA COCEIHUX OKTA3APOB.

I'eTeponoancoeAMHEHUS] CUHTE3UPYIOT B3aUMONEHCTBUEM MOJIMOIATOB UJIU BOJIb-
(ppaMaToB ¢ pacTBOpaMH, COAEPKALIMMH COCIMHEHUS FETEPOATOMOB: B ClIydae He-
MeTayioB 310 TeTpasapuueckue (POF-, H,Si0F") unn okrtasapuueckue (H,105)

* Jdaunble mo6e3no npenocrasiennst [. B. Manamapuykom, U.B. Mopososbim, C.H. TpostHOBbIM
(xumuyeckuii dakynbrer MY um. M. B. JlomoHocosa).

** Cruywagen J.J., Heyns J. B. B. // Polyhedron. — 2000. — V. 19. — P. 907.

*** Ilon M. Terepononu- u usonoauoxcomeraiarsl. — Hosocubupck: Hayka, 1990; Pope M. T. //
Progr. Inorg. Chem. — 1991. — V. 39, — P. 181; Khan M. l., Zudieta J. // Progr. Inorg. Chem. — 1995. —
V.43, —P. [,
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OKCOAHHWOHbI, a B Cyyae METAUIOB — reKCaakBakKOMILICKChl. Hamnpumep, xeaThiii
ocagok 12-monubaocdocdara (Ha3biBaeMblit Takxke pochomonnbratom) obpasyeT-
csl MPU B3aUMOJEHCTBUMN (HocaT-MOHOB ¢ MOIMGACHOBOM XUIKOCTBIO — PACTBO-
poOM rentamMonubaaTa B a30THOM KUCJIOTE:

7H,PO, + 12(NH,)¢M0;0, + SIHNO; =
= 7(NH4)3[PMO[2040] ' 2H20~L + 5]NH4NO3 + 22H20

OTa peakumusi UCTIONb3YETCs Ul KAYECTBEHHOTO onpeaeaeHus (GocdaT-noHOB.

Knaccudukaums reteponoincoenMHEHUMI 0CHOBAHA HA KOOPIMHALIMOHHOM T10-
JU3APE, B KOTOPOM HAXOAMUTCS TETEPOATOM, M HA OTHOLICHUM YUCIAA ATOMOB Me-
Tajula B dHUOHE K YMCAY reTCPOaTOMOB.

Tetpasnpuueckue rerepononnMeTaiatel psiga 1 : 12 UMEIOT CTPOEHUE, B OCHO-
BC KOTOPOTO JCKHUT CTPYKTYPHBIR 251eMEHT [M03;0 0] — LMK U3 TpeX OKTa’apoB
[M0oOg], cBsasannbIX 061uMMU peGpamu. Bes cTpykTypa cocTouT U3 yeThipex dpar-
MEHTOB [Mo0;0y], coenHEHHBIX OOIWIMMH BEPUIMHAMM B 3aMKHYTHIA TOJUIIP.
B ueHTpe ero HaxoauTcs TETpa’ApUUECcKas MONOCTh, 3aHUMAEMAst FETEPOATOMOM.
B Heit MoryT ObITh pa3Mer€Hbl AaTOMbl MHOTMX HEMETAJUIOB, UMEIOLLMX TCHACH MO
K TeTpasapu4eckoil KooparHauuu: pocdopa, Mbilbsika, KPEMHUs, repMaHus, 6opa,
a TaKX€ HEKOTOPbIX IBYXBAJEHTHbIX METAJUIOB, Hanpumep Mapranua(ll) v koba-
apTa(ll). Dra crpykTypa BriepBbic Gbiia ycranosneHa dx. Kerrmubim aist 12-mMoau6-
nodocdara aMMOHMST* U HOCUT ero ums (puc. 4.25, a). CoelMHEHUs CO CTPYKTYpOit
Kerrnna ycToitunBbl U HE Pa3iaraloTcsi KOHLEHTPUPOBAHHBIMU MUHEPATBHBIMH KHUC-
JIOTaMU, TIOCKOJIbKY BBOAMMBIC ITPOTOHbBI HE pa3pyilaloT cBa3eit M—O-—M, a rete-
POATOM HANEXKHO 3AIUMILEH OT BHECLUIHETO BO3AEUCTBUS. CUHTE3 X BEOYT B CUTbHO-
Kucioi cpene. M3 pactBopa, NnojydeHHOro B3auMoacicTBueM (GochOpHOi KUCTO-
Thi ¢ MOJAMOACHOBLIM AHTHUAPWIOM, MOIYT ObIThb BBIACACHbBI XEITHIE OKTAAPHUUE-
ckue Kpuctaunbt 12-monubnodochoproit (bochomMoanbaeHOBOR) KUCAOTHI
H3[PMo,,04]: H;PO, + 12M00;+ nH,0 = H;[PMo,,04] - "H,0. CxoaHbiMu CBOIi-
cTBamMH obaagaet u 12-monnbIOKPEMHHEBAsT (KPEMHEMOIUBACHOBAsA) KUCIOTA
H4[SiMo,04], a Takxe ananornunbie Boab(ppaMOBbIE KUCAOTbI U MX COJIM.

M3BECTHO 60IBLIOE YMCIIO CTPYKTYP, TPOU3BONHBIX OT CTPYKTYpht Kerrnna. B mpo-
CTEHLIEM Clyyae OMH U3 OKTadapoB [MOy] MOXET OTCYTCTBOBATD; 3TO NIPUBOAMT K
TOMY, UTO I€TCPOATOM CTAHOBUTCS 00j€€ NOCTYIHBIM JUTSl ATAKM YaCTUL, HAXOMS-
wmxesa B pactBope. Tak nmoctpoeH, Hanpumep, WoH [PW 0517, cnioco6Hblit Bbi-
CTynarb B POJIM JIMIaHAA M0 OTHOLICHHWIO KO MHOTMM IE€PEXOAHBIM METalIaM, Ha-
npumep K xenesy: Ky[PW,055Fe(H,0)]. Ctpoenue annona [Coy(PWoO4,),(H,0),]'0
(puc. 4.25, 6) MOXHO NPEACTABUTh KAK KOMOUHALMIO 1BYX (DPArMEHTOB CTPYKTYpPb!
Kerrvna, kaxablit 13 KOTOpbIX JMLIEH OOHOTO U3 610K0B [W;0,4] (0HM pacniofo-
JKCHBI CBEPXY U CHU3Y), HAXOASLIMXCS B LIEHTPE YeThbipex okTaznpoB [CoOy], cuiun-
ThiX pebpamMy B IIJIOCKMIA CIOH.

Ilpyrum 11pou3BoaHbIM OT cTpYKTYpbl Kerruna siasietcss ctpykTypa JloycoHa,
B KOTOPOW aBa Takue Xe ¢dHparMeHTa CTpyKTypbi Kerrnna coeiMHEHbI npyr ¢ apy-
rom HernocpeacTBeHHo (puc. 4.25, 6). CtpykTypa JIoycoHa OMUCHIBAET CTPOEHUE re-
TEPOTOIUCOCAMHEHN psiga 2: 18, nanpumep 18-nudocdoBonbdpamara aMMOHUS
(NH,)e[P,W,504;,] - 14H,0. 3enenoBaTo-xentbie KpUCTAJibl 3TOMO BEIECTBA 0Opa-
3yI0TCsl IPU JUIMTEABHOM KMIITYCHUM PacTBoOpa, coaepxaiiero 1 Mosib Bojibdhpama-

* Keggin J. F. // Proc. Royal Soc. A. — 1934, — V. 144, — P. 175.
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Puc. 4.25. CTpocHue reTeponoiMaHUOHOB:

a — ctpyktypa Kerruna [PMo,,0,]%; 6 — [Co4(PW,054),(H,0),]'"; 6 — crpykrypa JloycoHa
[P,W 30,1, ¢ — crpykTypa Anaepcona [Cr(OH),Mo,O]*; 0 — [MnMo,Os,]*

Ta HATpUs1 U 4 MoJ1s1 hocHOPHOI KUCAOTHI, M TTOCACAYIOIUEM €0 oxIaxacHuu. CTpyk-

-Typy JoycoHa MOXHO oIMcarb Kak JBa aHMoHa co cTpykTypoi Kerrmna, kaxablii
W3 KOTOPHIX JIMUIEH OQHOro u3 ¢parmeHTOB [M;0,0], 00BbCAMHECHHBIE B €AMHOE
ICOMETPUUCCKOE TEJIO.
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MHorue okrasgpuyeckue reTeponosMMeTaiathl paaa 1 : 6 UMEIOT CTPYKTYpY
AHpaepcoHa (puc. 4.25, 2), KOTOPYIO caM aBTOp OLUMOOYHO TIPUIMCHIBAJ TENTaMo-
aubnary. CoenMHeH sl TAKOTO CTPOEHUSI, HATIPUMED PO3OBBIi 6-monubnoxpomar(lil)
(NHy);3[Cr(OH)¢MogOy4], ronyboit 6-monntnonukenar(ll), 6ecupeTHblit 6-MOaMOGI0-
deppar(11l) (NH,);[Fe(OH)sMogOy;], xentbiit 6-monndnoponar(lll), nosyyeHsr
U3 cierka noakucieHHbix (pH 4 —5) Boanbix pactBopoB. I'erepoarom B 3ToM City-
yae HaxXOAUTCSl B LEHTPE KOJIbUA U3 1IECTU oKTaanpoB [M O], cBa3aHHbIX 06LIMMU
peOpamu. [lockonbKy KaTMOH reTepoaroMa OKasbiBaeTCsl B UEHTPE OKTA31pa U3 aTo-
MOB KMCJIOPOAa, OKPACKa COEANHEHUH MPAaKTUUECKU MACHTUUHA OKPACKE I'eKCaaK-
BaKOMILJICKCOB 3TUX MeTa/U10B. T1pOM3BONHOM OT CTPYKTYPbl AHIEPCOHA, B KOTOPOIi
r€TepPOaTOM HANCKHO MU30JIMPOBAH B LIEHTPE AHUOHA, SIBASIETCSI CTPYKTYpa 9-Mo-
audnomanranara ammoHust (NH,y)s[MnMogOs,] - 6H,O (puc. 4.25, 0), opaHxeBo-
KpacHbIC KPHUCTA/UIbl KOTOPOro o6pasylorcsi MpU BOCCTAHOBIEHUM [I€pMAHIaHATa
KaJuvd NMEpoKCUIOM Boaopoaa B pactBope renramonubnara npu pH 4,0—4,5. U3Be-
CTEH Y TEMHO-KPACHbIA HUKEJIEBbIH aHAIOT 3TOr0 coenuHeHUs1. Bhicokast ycToHuM -
BOCTb TE€TE€POIICJIMAHUOHOB U CHUIIBHOE 3KPAHWPOBAHHUE TETEPOATOMA MO3BOJSIOT
CTaOUNIM3MPOBATh MapraHen U HUKENb B HEYCTOMYMBO# CTENIEHH OKMCACHMUS U TTPE/-
CKasaTb OKpacky rekcaakBanoHo [Mn(H,O)¢|* u [Ni(H,0)¢]*, He cyuiecTByio-
HIMX B pacTBope. Bonbdpam penko oOpasyer rereporonncoenMHeHust coctasa 1 :6 u
2:18, MOCKONbKY AJisi HEro B GOJIBIIMX TOJMAHWOHAX XapaKTEPHO OObEIMHEHME
OKTa31poB yepe3 obuive BepUIMHbI, a He pedpa.

B KkauecTBe rerepoatoMoB B IE€TEPOIIONMCOCIMHEHMSIX MOTYT BLICTYNATh GoJiee
50 metayyioB M HemeTanaoB. ['eTePOIIONUKHUCAOTBI U UX CONHU ¢ HeBONBLINMU KATH-
OHAMU XOPOLIO PACTBOPUMBI B Boje, IO Mepe YBEJIMUEHUS pa3Mepa KaTHOHA pa-
CTBOPUMOCTb yMeHbLIAETCsl. Ha 9ToM OCHOBaHA OYMCTKA 3TMX BEILIECTB NEPEKPUC-
Ta/UIM3aLMENR WIIU DKCTPAKIIMER OPraHMUECKUMU PACTBOPUTEISIMU, HATIpUMED AM-
ITU0BbIM 3(pHpoM. TBepble reTeponoaTUCOeIUHEHHS TepMUUECKU BoJiee YCTOHYM-
Bbl, UEM HU30IOJMOKCOMETAIUIATBI, MHOTUC M3 HUX HE Pa3JiaralorTcs JaXe KOHLICHT-
PUPOBAHHBIMM MUHEPAIIbHBIMU KUCIOTAaMU. DTO CBSI3AHO C TEM, YTO caMu 10 cebe
TETEPOTIOIMKHUCIIOTHI SIBJISIOTCS. CUJIBHBIMU, TIO3TOMY IIPOTOHbI, BBEAECHHLIC B CUC-
TEMy, He paspywaior cesised M—O—M, o6bvequnsitomux okrasapbl [MOg]. B wwe-
JIOUHbIX X€ CPENax 3TU CBSI3M Pa3pyLIAIOTCs, U MOJTUMEPHbBIE HOHBI TIPEBPALLAIOTC
B MOHOMEpPHbIE aHHOHBI MO},

['erepononncoennternst UHTEPECHBI KAK NPUMEP BbICOKOOPraHU30BaHHbIX Be-
LIECTB ¢ DOJILLIOH MONEKYISIPHOW MAacCoit: aTOMbl B HUX CTPOro paclipeneeHbl Mo
OIPEACACHHBIM MO3MUMAM. YHUKAIbHA U POJIb [€TEPOaTOMa, KOTOPbI He MPOCTO
BMEILACTCA B FOTOBYIO NOJIOCTh U30OIOAMMETAIATa, HO U OpraHusyeT ec. B 3aBucu-
MOCTH OT paauyca, CTCIICHU OKUCIEHUS U 3JIEKTPOHHOMU KOH(Urypauuu rerepoa-
TOMa U3MEHSIIOTCS JUTUHBI CBsA3et M—O u criocob coennHenusi okrasapos [MO;).

[IpakTuveckoe MpuUMeHEHHE TETEPONONNCOENIMHEHNI CBA3AHO, [IABHBIM 06pa-
30M, C MX MCIMOJIb30BAHMEM B KAYECTBE KaTaJM3aTOPOB OKUCICHUS HETIPEAETbHbBIX
YIJ€BOIOPOAOB, NMOJIMMEPU3ANUN ONE(DUHOB, 3noKcuaupopaHusi. PocdhopHOBOIIb-
(bpaMoBble KMCIIOTBI CITYXXAaT OCAAMTENAMM Ul GEJKOB, ajJKalOWUIOB, MYyPUHOB U
HaxXoaAT NPUMEHEHME B KAYeCTBE aHAIUTUUECKUX peareHToB. Ha peakuusx o6paso-
BaHHS I€TEPOTIONIMOKCOMETAJIIATOB OCHOBAHO Ka4eCTBEHHOE onpeneneHue docda-
TOB, apC€HATOB, CUJAMKATOB, FepPMAHATOB, a TAKXE HEKOTOPbIX PEAKUX METAJIOB.
['etepononncoenruenust MonnbaeHa HaxonaT NPUMEHEHUE B KAYECTBE 3aMEINTeE-
aei miameHu. Onu cayxar 3¢pdHeKTUBHBIMU MHTUOUTOPAMU KOPPO3UM CTajleil.

227



Moaubdenoeovie u 6oavhpamosnvie «cunu»*

Co Bpemen K. llleene n3BecTHO, YTO MpH BOCCTAHOBAEHWM PAcTBOPOB MoaMGaA-
TOB B KMCJIOH Cpefle BO3HUKAET MHTEHCUMBHOE CHHEE OKPALIMBAHUE, HA3BAHHOE «MO-
AnbaeHOBOI cuHblo». KosutonaHble pacTBopbl «CHHEH» 00pasyloTcs Nph AeHCTBUH
Pa3Hoo0Gpa3HbIX BOCCTAHOBUTENEH, HANIpUMEDP METAIOB (LIMHK, ATIOMUHMI, MOINO-
A€H), TMAPA3HHA, TMIPOKCHAAMHUHA, CybbUTOB, THoCYabhatos, xiopuaa onosa(ll),
xyopuaa MonnbaeHa(V), npu NpollycKaHMM yYepe3 PACTBOp CEPHUCTOIO rasa, cepo-
BoopoJa, AMbopaHa, a TakKe BOAOPOJA M MOHOOKCHJA yriepoaa (MoA AaBAeHHEM).
HobGapnenne coneil, HANPUMEP XJIOPHAA AMMOHMS, NMPUBOAKT K pa3pyLIEHHIO KO-
Jionna ¥ BbINIAJIEHNIO CHHETO 0CAKa, PACTBOPMMOIO B HOHM3UDYIOLLMX PACTBOPHTE-
JAsX (3TaHoe, aTHnauetate). M. Bepueanyc npunmceisan emy dbopmyay MosO,4- nH,0,
a BbIMOJHEHHOE B Hauane XX B. KpHOCKOIIMYECKOE OllpeeieHne MOJEKYIAPHOI MacChl
Aano coctaB Mo30qy. OCHOBBIBAsACH HAa 3TUX NAHHBIX, YPABHEHHUS peaKimii o6pasona-
HUSl «CHHEN» 3aMNCHIBAIN, HANIPUMED, B BUAE

5K;Mo0, + 10HCI + H,S = «Mos0,,» + 10KCI + Sl + 6H,0
5(NH4)6M07024 + 7SnC12 + 44HCl = 7«M05014» + 7(N H4)ZSnClb + 16NH4CI + 22H20
10K;Mo0, + NyH, + 10H,S0, = 2M0sO,» + N5 + 10K>SO, + 12H,0

Takne opmynbl «CRHeli» 10 CHX NOp BCTpeyaloTea B yueOHO# auTeparype.

B Hacrosiee Bpemsi NOKa3aHO, UTO «CHHM» NpeACTABIAIOT COBOI He ruapaTHpo-
BaHHblE OKCHIbl MONMOAEHA, a3 HEHTPAIbHbIE MW AHMOHHbIE MMIAHTCKME LMKIHUYE-
CKME€ H30MOANCOCAMHEHMS, COCTaBNIEHHbIE W3 OKTaanpoB [MoOy], cBa3aHHBIX peGpamu
M BEpUIMHAMMK B 3aMKHYTYIO TOPOWIA/IbHYIO CTPYKTYpPY, HalOMHMHAOWyo No dopMe
aBTOMOOM/IbHYIO LIKMHY, Hanpumep Mo,z O,4(H,0)5(OH);, (cooTBeTcTBYET hopmysie
Mo;0,,5-0,7H,0), Nay[Mo,,,0415(H,0)53(OH) 4], Na;4[Mo;s540445(H,0)7(OH),,|.
Yactb aToMoB MOMOAEHA B HMX HAXOAWTCHA B BBICUIEH CTENEHM OKMCIEHMS, 4acTb
BOCCTaHOBJICHA 110 +5. OTAENbHbIE «KOJbLIA» COSAWHEHDI APYT C APYTOM B Napasiesb-
Hble Henu cesazamu Mo—O—Mo (puc. 4.26).

Iiast 3TNX U30NONUCOEAMHEH NI XapaKTepHa BbICOKAsi THAPOMHIBHOCTD, 06yCI0B-
JIEHHast IPUCYTCTBUEM BOJBLIOTO YHCIA KOOPAMHHUPOBAHHBIX MOJIEKY/ BOAbI. baaro-
Japsi BbICOKO pa3BUTON NOBEPXHOCTH «CHHW» ancopOUpyloTCs Ha yIie, CHAUKArese,
4 TakXe BOJIOKHAX PACTUTENBHOIO U XMBOTHOTO NponcxoxaeHus. C 3TUM CBA3AHO MX
MCI0JIb30BaHKe NpH KpauleHWH TKaHEN. [1pn BOCCTAHOB/NEHUM TMAPOKCHJIAMHUHOM
o0pasyloTcs reTEPONONNAHNOHBI, B KOTOPbIX B KAYECTBE reTEpOATOMA BLICTYNAET
HuTposuia-rpynna NO, HanpuMep [Mo;s5,0420(NO) (H,0)7]?%. U3BecTHH Takxe
BONb(PAMOBbIE «CUHN», UMEIOLIME CXOLHOE CTPOCHHUE.

O6pasoBaHue MOINOACHOBBIX U BOJIL(BPAMOBbBIX «CHHEH» UCITOIb3YETCS B aHANI N~
THYECKOW XMMHMM KaK YyBCTBUTE/bHbII TECT 115 ONpEAEeHNA BOCCTAHOBUTENEH.

HanbHeiiee BocCTaHOBNEHNE «CHHEH» NIPUBOANT K KOPHUHEBBIM PACTBOPAM, CO-
NEPXAIMM COELMHEHUsl MOJHDOAEHA B CTENIEHH OKUCIEHHUS +5.

«CWiHn» 00pasyloTCst TaKXe NpH MATKOM BOCCTAHOBICHMH TETEPONOINCOEaNHE-
Huit MonbGaeHa n Bonbppama co ctpykrpoit Kerruna. INpouece obpasosaHus rete-
POMNONCHHM BKJIIOYACT ABA MOC/EA0BATENbHBIX ABYX3AEKTPOHHBIX MEPEHOCA M COIPO-
BOXIAETCs IPOTOHMPOBAHNUEM 'ETEPOIIOIHAHMOHA C COXPAHEHHEM €r0 HCXOLHOM CTPYK-
TYpbI:

[PMo0;04]* + 2¢” + 2H* — [H,PMo,,0,,]*

[HzPMO|2040]37 +2¢ + 2H* > [H4PMO|2040]3_

* Muller A., Krickemeyer E., Meyer J. et al. // Angew. Chem. Int. Ed. — 1995. — V. 34. — P. 2122;
Muller A., Serain C. // Acc. Chem. Res. — 2000, — V. 33. — P. 25.
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Puc. 4.26. MonnbaeHOBbIE «CHHU»:

a — crpoeHue rerepononuanuona [Mot%Mo%5,0,,5(H,0)70(OH),]'* MonubaeHOBON «cHHU»

(4TOOBI OLEHUTH pasMep [0JOCTH, B LEHTP KOJbIIa [/ CPaBHEHUS BUPTYAAbHO MOMelleHa

Mosekyna ¢yiepena Cg); 6 — nenu, 00pasOBaHHbIE U3 HUKJIUYECKUX TeTEPONOIUaHNOHOB,
COENMHEHHbIX OGIIMMU aTOMAMU KUCIOPOIA
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ITpu 5TOM 4YacTb aTOMOB MOAMOAEHA MOHUXAET CBOIO CTENEHb OKUCICHHS 10 +5.
I'etepoatom B npouecce BoccTaHOBNEHMA He yuacTByeT. Hanbonee yeToRUMBbIM OKa-
3biBaeTcss aHMoH [H4PMo0,,0,]%", 06pasyiowumiicss Npu NPUHSITHH MCXOLHON “acTH-
I YeTbIpeX 31eKTpoHOB. PacTBop, conepxkawmit anuon [H,PMo;,0,4]>", mMeeT HH-
TEHCHUBHO CHHIOI0 OKDACKY ¢ MAKCUMYMOM MorjiouieHust nipu 830 HM, oGycnoBneH-
HYI0 d—d-nepexosiaMH B BOCCTAHOBJIEHHBIX aTOMax MOJMOLeHA, a TAKKE [10/10COMH
NepeHoca 3apana. B ciyuae HEKOTOpBIX Bojib(hpaMaToOB co CTPYKTypoii KerruHa, Ha-
npumep Nag[H,W,04], BoccTaHOBIEHME mpoTekaeT 6ofee NOAHO M MPUBOIAMT K
KOPUYHEBO-KPACHBIM DACTBOpaM coennHeHui Bosbhpama(lV)*, conepxauum HoHbl
[HaW3*W3°03,(OH)e) .

* Boskovic C., Sedek M., Brownlee R.T.C. et al. // J. Chem. Soc. Dalton Trans. — 2001, —
P. 187.

Moauboenosvie u 6orvghpamosvie 6ponznt

Cpenn KMCIOPOIHBIX COEAMHEHMII JIEMEHTOB LIECTON TPYNIlbl MHTEPEC Mpel-
CTaBJIAIOT BOJb(MpaMoBble OPOH3bI, Ha3BAHHbIE TAK M3-3a METALIMUECKOTO Gecka M
cneqnurieckoit okpackn. OHM 06pasyloTest IPU BOCCTAHOBAEHHH MeTaBosbhpamaTa
HaTpUsi BOJOPOAOM [1pH TEMIEPATYpe KPACHOIO KajEHHUSA:

t
2Na6H2W,2040 + 6H2 = 24Na0‘5WO3 + 8H20
WJIN [IpU HArp€BaHMUM CMECH OKCHIA BOJ'lebpaMa(V]) C LIEJTOYHbIM METALIIOM:

WO, + 0,3Na < Na, ;WO;

CoctaB ux B obem suae onucbiBaetcst popmynoit M,WO;, rie M — 1iesnouHo#
meTan; x < | cTeneHb OKMCIEHHS BOJb(hpaMa POMEXYTOUHAs MEXIY +5 u +6. OK-
packa BOJb(hpaMoBbIX OPOH3 3aBUCHT OT COACPXKAHUS LIEIOUHOTO MeTAL1a: TpH X ~ 0,9
OHH 30JI0TUCTO-XeNTbIC; MPH X ~ 0,4—0,6 — kpacHsle; npu x ~ 0,26 — 0,4 — duonero-
Bo-cepble. BpPOH3bI ¢ BLICOKMM COIEPXAHUEM LIENOUHOrO MeTajLa (x > 0,3) ob1agalor
METaJNIM4ECKON POBOAMMOCTbIO M UMEIOT XapakTEepHbIi METALTMUECKUI BaecK; npu
Gosiee HU3KOM CONEPXAHMN MeTaLla GPOH3bI ABAAIOTCA MOJYNPOBOIHNMKAMK. MeTa-
JIMYECKME OPOH3bI XMMUUECKH MHEPTHBI — OHM HE PACTBOPUMbI B BOJE M HE B3aUMO-
ACHCTBYIOT JaX€ ¢ KOHUEHTPUPOBAHHBIMW DACTBOPAMM KMCJIOT, 38 MCKIIOYEHHEM
nnaBukoBon. I1pu HarpeBaHMK Ha BO3LYXE OHM OKHMCIIAIOTCA A0 BOAb(paMaTa HATPHSL.

Bosbdpamosbie 6poH3bl Na (WOW*)O; nMeloT CTpYKTypy THIA NEPOBCKUTA (CM.
puc. 1.19), B KoTOpoit aToMbI Bob(hpaMa pPa3MeLaloTesl B BEPLIMHAX, ATOMbI KUCIO-
pona — B cepeamune pedep, aToMbl HATPUS — B HEHTPE KyOUueckoi sueiikn. OKTas-
pbl [WO¢] 06pasyloT TpeXMEPHYIO CETKY, B KOTOPO# atoMbl W+ i1 W0 5K BUBAIE HTHBDI.
Coeannenne NaWO; (x = 1) He NMonydeHo, M3BECTHA (ha3d ¢ MAKCUMAIbHBIM 3HAUE-
Huem x = 0,95 (puc. 4.27, a).

MeTasnueckas npoBOAUMOCTb OPOH3 YMEHBIIAETCS C POCTOM TEMIIEPaTyPbi, YTO
[peanojaraeT Hajuiue 30Hbl MPOBOAMMOCTH JEJOKAIM3OBAHHbBIX 31EKTPOHOB. DTa
30Ha, [10-BHINMOMY, 00pasyeTcs 3a CHET NEPEKPbIBAHUS fh,-OpPOMTAEH aTOMOB BOMb-
(paMa, HO He HEMOCPENCTBEHHO, a Yepe3 p,~opOUTAIM aTOMOB Kucaopoaa. B nony-
NPOBOAHMKOBbIX OPOH3aX HIMPMHA 3aMPELEHHON 30Hbl OKa3blBaeTCA OOJIbLIE HYJS.
YKa3aHHOE M3MEHEHHME COBIIANACT C MCKAXEHNEM CTPYKTYpbl, IPH KOTOPOM [POBO-
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Puc. 4.27. BonbdppaMoBbie U MOAUGAEHOBbIC OPOH3bI:

a — TI0C/IeI0BATENIbHOE 3alI0JIHEHUE NYCTOT B cTpykType WO, KaTHOHaMU MeTania; 6 -~ CcTpo-
€HUE TMAPaTUPOBAHHOI MOAUOJACHOBOH OPOH3BI

AMMOCTb OCYIUECTBASIETCA YXKE 33 CUET IIEKTPOHOB, JIOKATU30BAHHBIX Ha f5,-OpOHUTa-
JISIX aTOMOB BONb(pama.

Jsst Monubaena obpa3oBaHue OpOH3 HE CTOMb xapakrepHo. OHu MeHee ycToHuu-
Bbl W MOJIy4eHbl BOCCTAHOBIEHHUEM MONUOAATOB NMpu BbicOKux (> 60 KOap) naBneHU-
sx. BsaumoneiictBue okcuaa MomubaeHa(VI) ¢ AUTUHOHUTOM unu GOPruApUaOM Ha-
TPUS B OTUNOBOM CIUPTE MPUBOAUT K OOPa30BaHUIO MMAPATUPOBAHHBIX OPOH3, B KO-

TOPbIX KaTUOHBI 1ENOUHOTO METALNA UHTEPKATUPOBAHbI MEXY CJIOSIMU B CTPYKTYype
MoOs* (puc. 4.27, 6):

2Mo0; + xNa,$,0, + 2nH,0 = 2Na,(H,0),Mo0Q; +2xS0,T

OHu npeacTaBnsitor codoil TEMHO-CHHUE MOPOLLIKU, HE paCTBOPUMBIE B CIUPTE U
atletone; npu remneparype 350—500°C 06e3BOXUBAIOTCSI, MPEeBPALIAsCh B BElE-
ctBa coctaBa M,MoO;. HeBricokasi cTabunbHOCTb MONUGACHOBBIX OPOH3 MO CpaBHe-
HUIO C BONbL(MPAMOBBIMU MOXET OBITh CBsI3aHA C OOJbLIEH CKIOHHOCTHIO MOAUO-
aeHa(V) K AMcrnponopuuoHUpoBaHuto. Jlisi XxpoMa GpoH3bl He OOHApYyXKEHbI.

* Zhou C.X., Wang Y. X., Yang L. Q., Lin J. H. // Inorg. Chem. — 2001. — V. 40. — P. 1521.
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4.8. IEPOKCHUJIbI 1 MEPOKCHUJAHBIE KOMIIJIEKCHI
DJIEMEHTOB HIECTOM T'PYIIIIbI+

Yxe B cepennue XIX B. GbLIO U3BECTHO, UTO MPU ACHCTBUM MEPOKCUAA BOOOPO-
Aa Ha noakucieHubli (pH 2—4) pa36apieHHbli pacTBOp NUXpOMAaTa KalWs BO3-
HUKAET CMHEE OKpalMBaHUE, 0OYC/IOBIEHHOE 00PA30BAHMEM HECTAOMIBHOrO Tep-
okcuna xpoma CrOs(H,0), umerowero crpoeHue Cr(0,),0(H,0) (puc. 4.28, a).
OTa peakuusi M Ceyac MCMOJIb3YeTCsl JUISl KAYECTBEHHOrO ONpeaeieHns Xpoma.
B vHanBunyanbHOM BHUAE MEPOKCHA XPOMA BBHILEJUTb TaK M HE yAaIOCh, HO €rO
YCTOHYMBOCTb MOXHO MOBbICMTb 3KCTPAKLIMEH 3PUPOM MM 106ABIEHUEM THPUIN-
Ha, aHWINHA, OUMTUPUANIIA; IPH 3TOM TPOMCXOAUT 3aMELIECHUE MOJIEKYJIb BOIbI
Ha TOHOPHbBIHN Jiuraun (puc. 4.28, 6, 6):

py, adup
chr207 + 4H202 + HzSO4 + py —— 2CTO(02)2(py) + KzSO4 + 5H20

B cinabokncroii unn Heirtpanbhoit cpene (pH 4—7) szauMoneiicTaue pacrsopa
AUXpOMaTa C MEPOKCHMIOM BOAOPOAA MPUBOAMT K (DHUOJETOBOMY OKPALIMBAHMIO,
obycnosienHomy noHamu [Cr(0,),0(OH)]~ (puc. 4.28, 2)*2. PopMaIbLHO NX MOKHO
MPEACTABUTDL KAK pe3yJIbTaT ACNPOTOHMPOBAHUS MOJIEKYJIbl BOMBI B [IEPOKCHAE XPO-
ma Cr(0,),0(H,0). Bro noareepxaeHo 06pazoBaHUEM aHAJOIHYHOrO OKpallnuBa-
HUsl TPU NEUCTBUM Ha 3(UPHBII PacTBOP MEPOKCHUAA XPOMA HEOONBILIOTO KOJIUYe-
CTBAa aMMMAaKa WM ILUEIOUHN:

Cr(Oz)ZO(HZO) + OH = [CI‘(Oz)zo(OH)]V + Hzo

B nHamBMayanbHOM BHIe BEWIECTBO, CONEPXKAILEE TAKME HOHbI, MOXET GbITh
MOJIy4EHO B BMAC aMMOHUHHON CONMM ACHCTBHEM MEPTUAPOJA HA OXJIAXIACHHDIH
pacTeBop XpoMaTa aMMOHMUSE, MTOAKUCIEHHBIA YKCYCHON KUCJIOTOM.

[1pu no6aenennn Kk 3chMpHOMY PacTBOPY MEPOKCHAA XPOMa M3GbITKA aMMMaKa
TPOUCXOINT BOCCTAHOBJICHME XpOMaA [0 CTENEHU OKUCIIEHUA +4: 00pa3oBaBILIMIACs
3eJIEHOBATO-KOPUYHEBBII PaCTBOP coaepxur aunepokcokoMiieke Cr(0,),(NH;);
(puc. 4.28, 0). DTo BELIECTBO TAKKE MOXET ObITh MMOJYYEHO TIPH NEHCTBUM HA Xpo-
MOBBII aHTMAPHU AMMHAKa M KPEMKOro PacTBOpa MEPOKCHIA BOLOPOAA.

B cuibHOWEN04HO# cpene 06pasylOTCs KPaCHO-KOPUUHEBBIE PACTBOPHI, conep-
Xawue TerpamnepokcoxpoMar-uoHbl [Crt3(0,),]°" B popMe KUCIOPOIHOrO KoaeKa-
snpa (puc. 4.28, e). OHM BXOZAT B COCTAB TBEPNBIX CONEH, HANPUMEP K;CrO4. 310
BELICCTBO CIYXHUT UCTOYHUKOM CHMHIJIETHOrO Kucjopopa*®. Ipu HU3KKX TeMmmnepa-
Typax B HEM TIPOUCXONUT YNOPALOUEHHE 110 TUMY AHTH(HEPPOMATHETHKA,

Ilpu neicTeuy nepokcuaa Bonpopona Ha pacTBOPbl MONUGIATOB U Bosibg paMa-
ToB npu pH 7—9 npoucxonut 3aMelieHne aTOMOB KMCIOPOAA HA MEPOKCHUAHbIE
TPyNMUPOBKM M 0OpaszoBaHue TETPANEepOKCOKOMILIEKCOB [M(0,),]?", oKpalueHHbIX
B KPaCHbI# (B ciyyae MOIMOAEHA) WM XKENThIi (B ciyyae BOJIbbpaMa) uBer. OHu
HE YCTOMYMBBI K PA3JIOKEHHUIO U BBIICJIEHHBIC B TBEPIOM BHAE B3PbIBAIOTCA MPH
HarpesaHmmu UM ot ynapa. Harpesanune ux soxHbix pactsopos (pH 8,6 —11,8) co-

*! Dickman M. H., Pope M. T. // Chem. Rev. — 1994. — V. 94. — P. 569.

*2 Wint S. N., Hayes D. M. // Inorg. Chem. — 1982. — V. 21. — P. 4014,

*3 Peters J. W., Bekowies P.J., Winner A. M., Pitts J.N. //J. Amer. Chem. Soc. — 1975. — V. 97. — P. 3299,
* Cage B., Dalal N.S. // Chem. Mater. — 2001. — V. 13. — P. 880.
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Puc. 4.28. TlepekucHble coeaiHeHUs! XxpoMa (a—e) U MonubaeHa (x, 3):

a — Cr(0,),0(H,0); 6 — Cr(0,),0(py); ¢ — Cr(0,),0(bipy); ¢ — [Cr(0,),0(0OH)| 9 —
Cr(0,)x(NH3)5; e — [Cr(Oy)4]°7; e — [M0,05(05)4(H0),1%; 3 — [M0;025(0,),]*" (aTombl Bonoposa
HE T0Ka3aHbl)

MPOBOXJAeTCS BBIIEJCHHUEM 3HAUNTEJIBHOTO KOJMUYECTBA CUHTJIeTHOrO KHcJopoaa.
B cuibHOILEIOUHON cpelie OHW pasaraloresl, TAKXKE Bbimess KUCIopon, a MpH
MONKMUCJIEHUH TUAPOJIU3YIOTCA, NPEeBPaIlAsACh B MOCTMKOBHIC AMIIEPOKCOAHUOHBI
(puc. 4.28, xc):

2[M(0,),]* + 5H,0 + 2H* = [M,05(0,)4(H,0),]* + 4H,0,

Bo3MoXHO, 4TO OUsAaEpHBIE MePOKCOKOMILIEKCH 00pa3yloTcs TakxXe Ipu pac-
TBOPEHUHU MOPOIIKOB MonbneHa u Bojbdpama B 30%-M pacTBope mepokcuaa Bo-
noponaa*.

HNHTEPECHO, YTO TETPANepOKCOKOMITIEKCH 00pa3oBaHbl MOJIMOREHOM U BOJIb-
(bpamMoM B cTernieHM OKMCJIEHMA +6, a XpOMOM — B CTEMEHH oKuciaeHus +5. Bos-
MOXHO, 3TO 00BACHSETCA MadbiM paauycoM noHa xpoma(Vl).

* Chakravorti M.C ., Ganguly S., Bhattacharjee M. // Polyhedron. — 1993. — V. 12. — P. 55.
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[Ipu nobasiieHnn mepokcuaa BOIOPOAAa K PacTBOPAM M3OMOJUMOJIMGIATOB U
M30M0J1BOJIbMPaMaTOB 06Pa3yIOTCs Pa3HOOBPA3HbIE U30MOIUIEPOKCOAHNOHDI,
B KOTOPbBIX MNEPOKCUAHBIE TPYNIUPOBKUA CIyXAaT OMAEHTATHBIMU KOHIIEBbIMHU
Ny-Auradnamu. Hanpumep, ussecten nepokcomonu6aar-uon [Mo,0,,(0,),]* — aHa-
JIoT renTaMonbaara, B KOTOpOM J1Ba aTOMa KMUCJIOPOAA 3aMEILEHB Ha MEPOKCH-
HbiE IPYMIUPOBKM (puc. 4.28, 3). '

4.9. TAJIOTEHUBI H OKCOTAJIOTEHUBI
DJIEMEHTOB IIECTOM I'PYMNIbI

JUia 3]1EMEHTOB IECTOM IPYIITBL M3BECTHO GOJIbLLIOE YMCIIO COEIMHEHUH ¢ rano-
reHamu (tabi1. 4.5). ITo Mepe pocTa cTeNEHH OKMCIEHHMS, a TAKXKE C YMEHbLLIEHHEM
NOPSAANKOBOTO HOMEpPA METAIa BO3PACTAET KOBAICHTHOCTb CBA3M, 4 CJie0BaTeb-
HO, U KHUCJIOTHBIK XapaKTep rajoreHuja.

Jluranorenuapl. J{MrajioreHuab Xpoma MpeacTasisior coboil TBEpabl€ BEILECTBA
C LUCHTPA/IbHBIM aTOMOM, PACMOJIOKEHHbBIM B [IEHTPE MCKAXEHHOTO OKTa3/pa, UTo
TUITHYHO JUTSl MOHA ¢ KOHbUrypauueii d* Beiencraue addexta Slna— Temnepa. Cun-
TE3 3TUX COCAMHEHUN MIPOBOAST IUG0 BOCCTAHOBIIEHUEM OE3BOIHBIX TPUTANOTEHU -
10B BOOPONOM, JINOO B3aMMONEACTBMEM XPOMA C TAJIOr€HOBONOPOAAMH MPH TEM-
neparype 1000°C. Uonua (ennHCTBEHHBIN U3 JUTIOT€HUI0B) MOXET GbITh IMOJTY-
Y€H MPAMBIM CMHTE30M. Bee nuranoreHunbl Xxpoma pacTBOPUMBI B BOjE, i€ OHU
MPUCYTCTBYIOT B BU/IE TeKCAaKBaHOHOB. X BonHbBIE pacTBOPBI Ha BO31yXe MTHOBEH-
HO OKHCJIAIOTCSA, U3MEHSSE IPKO-CUHIOK OKPAcKy Ha rps3Ho-3eiieHy10. CoequHeHMs
xpoma(ll) ABISIOTCS CHBHBIMH BOCCTAHOBUTENSIMU, B IIPOTHBOMONOXHOCTD aura-
JIOTeHUIaM MOJUOEHa, JOBOJBHO YCTOMYMBBIM K NEUCTBUIO OKUCIUTENENH.

HenasHo B cpene Tetparnapodypana (thf) nmonyuen OKCOXJIOpU:
8CrCl, + LiOH - HyO + 3C4HyLi + 4(thf) = 2Cr,OCl¢(thf), + 4LiCl + 3C4Hyy

BewectBo npeacraBnsieT coGoit 3eNeHble KPUCTANIbL, COCTOSILUME M3 TeTpaMEPHbBIX MO-
JIEKYN, NOCTPOEHHBIX aHATOTMYHO OKCOALIETATAM /IBYXBAJIEHTHBIX METAIIOB (CM. T. 2, NOJ-
pasa. 3.7), rae poab MOCTHKOBBIX JIMTAHIOB UIPAlOT ATOMBbI xjopa*,

Tpuranorenuasl. Tpuranorenunbl xpoma, MoiubaeHa u BoJibpama (Tabn. 4.6)
TAKXe CYLIECTBEHHO pa3/In4aroTcs MO CTPOCHUIO M cBoiictBaM. Haubosee nssecren
xnopun xpoma(lll), unn xnopusiit xpoMm, CrCl;, obpasyrommiicst B Bune buonerto-
BbIX YCLIYHYATbIX KPUCTAJUIOB MPU XJIOPMPOBAHUM XPOMA UM CMECH €ro OKCHA ¢
yriieM. 9T0 BELECTBO MOXET GbITh CyGIMMUPOBAHO B TOKE XJIOPa MPH TeMITEpaType
600 °C, HO Npu HarpeBaHMM 10 3TOi TeMIEPaTyphl B WHEPTHOMH arMmocdepe uiu B
BaKyyMe 4acTUUHO pa3jlaraercsi Ha JUXJIOPUI U XJIOD.

CrpoeHune XII0pPHOro XpoMa MOXHO IMPECTABUTh KaK KyGHUECKYIO TUIOTHEMLIYI0
YMakoBKy M3 aTOMOB XJIOpa, OKTa3[qPMUYECKME MyCTOTHI B KOTOPOH Ha 1Be TpeTu
3afOJIHCHbI aTOMAMHK XPOMa TaKMM 00pa3oM, UTO BaKaHTHbIE MyCTOTbI 06Pa3yloT
¢iou, mapajuienbHbie ciostm oktasapos [CrClg] (puc. 4.29, a). Dto npuBoauT K
TOMY, YTO OTAE/IbHBIE CJIoXn U3 OKTa’apoB [CrCl¢] 0Ka3biBAIOTCA CBA3aHHBIMU MEX~
ay coboi juuib cllabbiM BaH-/1ep-BaabCOBLIM B3aMMONEHCTBUEM, UTO, B KOHEY-
HOM CU€Te, M 00YyC/IOBIMBAET KPUCTAIM3ALIMIO BEIIECTBA B BUIE TOHKHMX MIOCKMX

* Cotton F.A., Murillo C.A., Pascual I. // Inorg. Chem. — 1999, — V. 38. — P. 2746.
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Ta6nuua 4.5

Tajorenuapl META/LI0B WECTOM rpynmbr*

CreneHb

°K:;;‘e' CrX, MoX, WX,

MeTasu1a
+2 CrCl,, CrBr,, Crl, MoCl,, MoBr,, M012 WCl,, WI,
+3 CrF;, CrCls, CrBr;, Crl;| MoF;, MoCl;, MoBr;, Mol; WCl;, WBr;, WI;
+4 CrF,, CrCl,, CrBry MoF,, Mo(Cl,, MoBr,, Mol,| WF,, WCl,, WBr,, WI,
+5 CrFs MoF;s, MoCls, MoBrs, Mol WF;, WCls, WBr;
+6 CrFq MoF,, MoClg** WF,, WCl,, WBr,

* WU3BecTHO TakxXe MHOXECTBO CMelIaHHbIX ranoreHuaos, Hanpumep: MoCLF,, MoCl;F.

** meeTcsi ennHCTBeHHOE coobuienue (Mercer M. // Chem. Commun. — 1967. — P. 119) o cuntese
3TOrO BEWECTBA (UepHble KPUCTALIbI, TeMIleparypa masieHus okosao 320°C) no ciaeayloileil peak-
unu: MoO,- 2H,0 + 5SOCl, - MoCl, + 550,T + 4HCIT

Ta6aunua 4.6

Du3nveckHe CBOHCTBA H METObI MOJYYEHHS] HEKOTOPBIX rajJOreHHI0B
METAJIOB WIEeCTOH TPYNbl

Coenu- 0 . Temnepatypa, “C MeToa noayueHusl
Kpacka
HEHUE
TJ1aB/ICHU A KHUIIEHUSA
400 °C; 300
CrFq Kenras Hert Her 2CrEs + F, : aT™ 2CrF,
CBEA. cBea.
MoF, benast 17,4 34 Mo + 3F, ﬂg_, MoF,
WF, » 2,3%1 20 W+ 3F, —20C WF,
WCl, + 6HF — WF, + 6HCl
WCl, | Kopuunesas | 275 347 W + 3¢, —00°C, we,
WO, + 3cct, —2%°C, wel, + 3cocl,
WBr, | YepHo-cu- 309 Her t
Hsist CBeLL. W + 3Br, — WBry
CrFs | Kpacnas 30 17 2C10, + 5F, 222°C 5 2CrF + 30,
400°C
MoF; Kentas 67 213 SMoF, + Mo ———— 6MoF;
WCl; ‘{epHH(;-;ene- 242 276 IWCI, + H, 400°C 2WCI; + 2HCI
350°C
CrF, | Ouoneronas 200*2 — Cr + 2F, ——— o-CrF,
2CrF5%S—+ 2B-CrF, + Fy
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IIpodoancernue maba. 4.6

Coenu-

Temneparypa, °C

MeToa noayueHus

Okpacka
HCHUEC
T1aB/Ie HUA KUTICHU
; 400°C
MoCl, Yepuas 277* — MoCl; + MoCly ———— 2MoCl,
Mol, > 417 _ 2MoCls + 10HI —s 2Mol, + I, + 10HCI
WCl, | HepHo-ko- - - 3WCH, + 2A1 —P0°C 3w, + 241CH,
puUHeBasi
CrF; | 3enewas | 1100+ - CrCl; + 3HF —2°S CrF, 4+ 3HCI
CrCl, | Kpacho- | ~1150% | — 2Cr + 3¢, 222C, herc
duonerosas Cr,0; + 3C + 3C1, —22°C, 2¢rCly + 3CO
CrBr; | TemHo-3ene- 1130 — 2Cr + 3Bn, 700—C> 2CrBr;
Has Cr,0; + 3C + 3Br, —PY°C, 2CrBr; + 3CO
Crly | Yepnas > 600 — 2Cr + 31, - 20°C e,
MoF; | Kopuunesas > 800 — MoBr; + 3HF ﬂ—g—» MoF; + 3HBr
MoCl;| TemHo-ko- 1027 — MoCl; + H, 250°C MoCl, + 2HCI
pu4HeBas
- - k2 _ o
MoBr; Tem:;;ene 700 2Mo + 3Br, 350°C 2MoBr,
Mol; | Yepas 927 — IMo(CO); + 31, — 2, 2Mol, + 12CO
WCl; | KpacHas 400%2 — IWCI, + Cl, 230°C 59 Hwey,
WBr; YepHas > 802 — 2WBr; + Br, ——— 2WBn;
CrFy | 3enchan 894 C’:Z; CrCl, + 2HF — ', CrF, + 2HCI
CrCl, | Benas 820 1302 2CrCly + H, —22°C5 2cicl, + 2HC
Cr + 2HCl —L crCl, + H,
CrBr, » 842 Her Cr + 2HBr —I-—-> CrBr, + H,
CBe.
Crl, | Kpacho-ko- 790 » Cr+ 2HI —— CrI, + H,
puuHeBas
MoCl,| XKenras 727 1427 Mo + cocl, %€, Mocl, + CO
MoBr,| Opanxesas > 900+ — 2MoBr; + Mo SELENN 3MoBn,
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Oxonuanue mabta. 4.6

Coenu-

Temnepatypa, °C

Metona MOJIY4EHUSA

Oxkpacka
HEHHUE
TaaBiIeHUs KUTIEHUSA

M - C;

012 qepHaﬂ 730 Her 2MOI3 200 °C; Bakyym 2M012 + ]2

cBed.
2 . 335°C i .

WCl, | Kenras 600 — IWCI, + 4Bi >S5 3WCI, + 4BiCl,

*! Mpu pasnennn 420 mm pr. cT. *2 C paznoxenueM. ** [11aBUTcst B 3aKPBITBIX CHCTEMAX.
*4 Natele A., Glaser J., Meyer H.J. // Z. Anorg. Allg. Chem. — 2001. — Bd. 627. — S. 244.

[aBneHue, at™

600

800

1000

Temneparypa, ‘C

g

1200

Qa dc OMo

Puc. 4.29. TanoreHuan MeTaji0B LIECTOM
PPy

a — CrCly; 6 — a-MoCl,; ¢ — B-MoCly; ¢ — MoCls;

J — TeMmilepaTypHas 3aBUCHUMOCTb AaBJeHUs Mapa

(! — CrCl, B peakuunn 2CrCl; + Cl, =— 2CrCly;

2 — CrCl;; 3 — HCI B peakuunun CrCl, + Hy, =2

— Cr+ 2HCI; 4 — Cl, B peakunu 2CrCl; &—
== 2CrCl, + Cly; 5§ — CrCly)
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yelryek. bnaronapa snexTpoHHoit KOHbUrypauumn d® coenuHeHUs XpoMa Xumunuec-
KM UHEPTHBI. IMeHHO 3TUM OGbsiCHsIETCA TOT (PAKT, YTO GE3BONHBIE TAJIOTeHMIbI
xpoma(lll) He pacTBopsiioTcst B BOne: momas B Bopy, YellyHKH XJIOpPHOTO XpoMma
[J1aBaIOT M0 €¢ MOBEPXHOCTH, HE MEPeXons B pacTBOp. 115l MPpUroToBIEHUs PacTBO-
pa xjopuna xpoma(lll) B Bony TpeGyerca n106aBUTh HEGONbBLIOE KOJUYECTBO CONU
xpoma(Il) 1uGo BoccTanoBuTENSI, HAMPUMED MHKA. B 3TOM ciiyuae MOHBI xpoma(ll),
MPUCYTCTBYIOLLME B paCTBOPE WJIM OOPA30BaBILIKECS NPU BOoccTaHOBAeHUH Xpoma(l1l)
LUMHKOM, BCTYMalOT BO B3aumonenctsue ¢ xpomom(lll), Haxopsiunmes B yanax
KpUCTAIMYECKON peiueTkn. OGMeH anekTpoHaMu Mexay uoHamu Cr?* (pacTsop) u
Cr* (kpucrann CrCly) npuBogur K TOMy, YTO B BOIE OKa3bIBAE€TCA XUMHUECKU
MHEPTHBIA MOH TPEXBAIEHTHOrO XpOMa, a B y3jle KPUCTAIIMYECKOH pelieTku —
nabunbHbli Cr¥*, KOTOpBIit 63 TPyna CaMOCTOATENBHO nepexonut B pactsop. I1po-
LIECC MPOOMIXACTCS 10 TeX MOp, MoKa Bce HOHBI Cr** He OKaXyTcsl B pacTBOpeE (PHC.
4.30). [MoaToMy U1l pacTBOPEHHUS XJIOPHOTO XpoMa Tpedyercs NUlb HebOoJbIIoE KO-
JIMYECTBO MHAYKTOpAa — HOHOB xpoMa(ll) mnu nmuka. UMeHHO TakuM crocobom
xnopun xpoma(lll) pacteopsiior u B mpyrux pacteopuTensx, HanpuMmep B Terpa-
ruapodypaHe, U3 KOTOPOro OH BBIIEJSETCS B BUAE CONBBATA CrCl,(thf);. 9ro Beue-
CTBO B OTJIMYME OT OE3BOIHOIO XJIOPHOTO XpOMa XOPOLIO PACTBOPUMO BO MHOIMX
JNOHOPHBIX PACTBOPUTENIAX U CIAYXHUT yIOOHBIM UCXONHBIM COENMHEHUEM s MOJy-
YeHua npou3sonHbix xpoMma(lll) B HeBonHBIX cpenax.

M3 BonHBIX PacTBOPOB XJIOPHbII XPOM KPUCTAIN3YETCS B BUIE ruapartoB. Ha-
MOMHHUM (cM. nonpasa. 4.6), uro [I1s1 HUX HabMIONaeTcs ABJIeHMe MOHHU3aLlMOHHOM,
WA TUIPATHOW, U3OMEPUH:

[Cr(H,0)4]Cl; —= [Cr(H,0);CI|CL;- H,O0 =— [Cr(H,0),CL]Cl-2H,0
(cuHe-dOUOoNEeTOBbIN) (CBeTNO-3eneHblit) (TEMHO-3eJIeHbli1)

Terparanorennapi. M3 TeTparasoreHuaoB HauGonee yCroilumBbl (TOpUAbI, U3BECTHLIE
ANst BCEX TpeX 3/1€MeHTOB. Xjiopua v 6poMua xpoma(IV) cylwecTsyloT B rasosoii dase B
paBHOBecHHU 2CrX; + X; & 2CrX,. B BUAe MHAMBHAYATLHOMO BeLIECTBA OHM He BbLgele-
Hbl, XOTs TeTpasapuveckue monekyisl CrCly cTabunusupoBaHbl B aproHOBOM Matpurie.

. - +3 +2
—C—Cr—Cl + |HO—Cr— OH, | — | = Cr— C1l—Cr*4(H,0
Cl/| _ R 2 / (H,0)s

10 | |
4 Cl / OH2 L J
Ci -
_ | 7 Hon Cr* l ¢
Cl—Clr B pacTBOpe — 2
Cl
7 +2 I / +3
[MoBepxHOCTD _/Cf- Cl—Cr(H,0)s

kpucranna CrCly |

lm{zo
[Cr(H,0)6)*"+3CI + [Cr(H,0)¢] >

Puc. 4.30. PacTBopeHue xinopuaa xpoma(Ill) B Boge
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Terpaxnopua monubaeHa MoCl, — 4yepHOe Helertyuee BelUecTBO, pasjaraolieecst npu
temneparype Boiwe 130 °C. OH cyuiecTByeT B BUJIEe HeCKOJIbKMX MonupuKauuii. B a-dopme,
00pasylolleicsl MpyM BOCCTAHOBICHUM MEHTaXJIopuaa MOAUOAEHa TeTPaxIOPITUAEHOM MU
napamu OeH30j1a, UMEIOTCS JIMHelHble penu okrasapoB [MoClg], o0beaMHEHHBIX uepe3
NpOTHBOMNOJIOXKHbBIE pebpa U nonapHo cBsA3aHHBIX B3aumoneicTeueM Mo—Mo (puc. 4.29, 6).
CTpyKTypa 3T0ro CoeAMHeHUsI aHAJIOTMUHa CTPYKType TeTpaxiopiaa Huobust. CXonHoe CTpo-
eHMe UMEeT W TeTpaxjiopvsa BOAbgpaMa, B HeM MinHA Haubosee KOpOTKUX cBsizeldl W—W
(0,269 um) npubauxkaorTca K cBsi3siM B metaine (0,274 Hm)*!. CUHTE3, CTPOEHUE U CBOW-
crBa WCl,; Takxke xopoiio uzydeHbl*?. B-Moaudukauuns MoCl,, nonyueHHast BocctaHOBe-
HUEM NeHTax1opuiaa MOJUOAEHOM, MOCTPOEHa U3 UMKIMyeckux Monekya (MoCl,),, obpa-
30BaHHbIX LIECTbIO OKTasapamu [MoQ,], cBa3aHHbIMM 0OIMMU pebpamu (puc. 4.29, 6).
B 3710#i cTpyKTYype B3aUMOLEWCTBUS MeXIly atoMaMu monubaeHa He obHapyxeHbl* . M3Bec-
TEH Takxke TeTpabpomun MonubaeHa**. Bce TerparaioreHUabl 3a UCKIOUEHUEM TeTpadTo-
PUIOB JIErKO THAPOJU3YIOTCS U MPU 3TOM AUCTIPONOPLIMOHUPYIOT:

2MX, + H,0 = MX; + MOX; + 2HX
Ha BO3ayXe OKMc/sioTcs. YacTUuHblil cONbBONKM3 MPOXOAUT TAKXKE B METaHOE ™
2WCl, + 8CH,0H = [WC1,(CH;0),(CH;0H),], + 4HCI

M3 auetoHuTpuibHbiX pacTBopoB WCI; KpUCTaInU3yOTCs MOJIEKYAsSIpHbIE COJNbBAThHI
WCI,(CH,CN)5,.

Ilentaranorenmapl. [TeHTadTOpUABI, U3BECTHDBIC AJISI BCEX TPEX METAJIOB, NPEACTABASAIOT
coboii xenrbie (MoFs, WF;) unu kpacHble (CrFs) nerkoneryuue Kpuctaninueckue Bellie-
CTBa, U3OCTPYKTYPHBIE COOTBETCTBYIOLIMM TajloreHMaamM HUOOUs M taHTana. OHU noctpoe-
Hbl U3 UMKAMYECKHUX MONEKyYJI, B KOTOPbIX YeThipe OKTadApa CBsi3aHbl OOLIMMHU BEPLUMHAMHU
¢ OMOLLBIO MOCTUKOB M—F—M (cm. puc. 3.28, ). Tlpu HeGO/IbLIOM HarpeBaHMK neHTaQTo-
puabl MonubaeHa (165°C) u Bonbdpama (30 °C) aucnponoplUOHUPYIOT:

IMF, £ MF, + MF,

C cONsIMU LIENOYHBIX META/IOB OHU JaI0T QPTOPUIHBIE KOMIUIEKCHI, Hanpumep K[WF]|.
IeHTadropua XpoMa NMpy HarpeBaHWMM BOCCTaHABAMBAETCs 10 TetTpadpropuaa.

Cpeau neHraxiopuaos Haubonee usyyeH MoCls, obpasyrouuiicsi B BUae YepHbIX KpUC-
TANNOB, COCTOSILIMX U3 aumepoB Mo,Cl,, B BUae nByx oktasapoB [MoCl], coequHeHHbIX
pebpamu (puc. 4.29, ¢). TMapamardeTi3m 3T0r0 COEIMHEHUsI CBUAETENBCTBYET 00 OTCYTCTBUU
B3aUMOEHCTBUSI MeTaan— Metaian. [leHraxiopun MonnbaeHa XxOpolo pacTBOPUM BO MHO-
IUX OPraHHUYEeCKUX PacTBOPUTENSX, B KOTOPBIX NpUCYTCTBYET B hopme MOHOMepa MoCls. OH
CrocobeH OTHUMATbh KMCJOPOA OT MHOTHMX KHUCJIOPOACOAEpPXKAalU[MX pacTBOpUTEeneil, Hanpu-
Mep aumeTtuacyabdokcuaa, oopasys casizu Mo=0:

MoCls + 3(dmso) = MoOCl,;(dmso), + (CH;),SCl,

Ipu pactBopeHHH MoCl;5 B CXXHKEHHOM cepHUCTOM rasze odpasyercst okcoxiopua MoOCls,
[Npu nonangaHuy B BOAY NEHTAXJIOpUA MOAUOAEHA FUIPOIU3YETCS, UTO I0KA3blBAET €ro KO-
BAJIEHTHYIO NpUpONYy.

T'ekcaranorenuabl. Boiciine ranoreHuabl Nogpo6HO U3yueHbl JIMLLb 1J1s1 MOTUG-
AeHa u BoibdpaMa. IJia XpoMa UMelOTCs CBeleHMS JIIb O CYILIECTBOBAHUM TeK-
caropuaa*t. IMpu nBUXKeHUU BHU3 MO TPyMIe OKUCAUTENbHAST aKTUBHOCTb aTOMOB

*! Tpoanoe C. U., Cnuzupesa E. M. // XypH. HeopraH. xumun. — 2000. — T. 45. — No 4. — C. 652.

*2 Kolesnichenko V., Swenson D. C., Messerle L. // Inorg. Chem. — 1998, — V. 37. — P. 3257.

*3 Mueller U. // Angew. Chem. — 1981. — V. 93. — P. 697.

*4 Pampaloni G., Calderazzo F. // J. Chem. Soc. Dalton Trans. — 1993. — P. 655.

*S Anderson L. B., Cotton F.A., De Marco D. et al. //J. Amer. Chem. Soc. — 1981, — V. 103. — P. 5078.
*¢ Jacobs J.. Miiller S. P., Willner H. // Inorg. Chem. — 1992, — V. 31. — P. 5357.
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TI'anozenudnvie kaacmepor moauboena u éoavppama

Hu3siume ranorenuasl MmonubaeHa u Bonbppama NocTpoeHbl U3 KIACTEPOB, KPAT-
HOCTb CBsi3ed META/Jl —MeTasll B KOTOPBIX BO3PACTAET C YBEJUYEHUEM YUCAa d-3MeK-
TPOHOB, T.€. 10 MEPE MOHMXEHUS CTENEHU OKUCIEHUS METaina.

Puc. 4.31. KitactepHble rajjoreHuabl MOAUGAEHA:

@ — (bparMeHT MoJMMepHOi cTpyKTypbl MoCly; 6 — ctpoenne WCly; ¢ — CTPOEHUE MOHA
[Mo,Cly[*-

240



Jdnuna cBazu Mo—Mo (d) U 4MCIIO KIACTEPHBIX CKEJIETHBIX 3JIEKTPOHOB (1)

Ta6auua 4.7

B HEKOTOPLIX rajJIOTEHHAHBIX OKTA3JApPHYECKHX KjlacrTepax*

Cocras knacrepa Crpoenue kiactepa d, HM n
Mo(Cl, [MogClg]Cly 0,261 24
Cs;Mo,Cly, Cs,{Mo,Clg]Cly 0,261 24
HgMo,(l,, Hg[Mo,Cl5]Cl, 0,262 24
Mo(SCl,, [Mo,SCl;1Cl,4 0,262 24
MogBr,- 2H,0 [Mo¢Brg] Bry(H,0), 0,264 24
Mo(S¢Br, [MogS¢Br;] 0,273 22
Mo,Sy [Mo,S;] 0,278 20

* lleseavkoe A. B., Bapeagpmux M. H. MeTtannoconepxauime xknactepst // CoBpeMEHHOe ec-
TecTBO3HaHue. — M.: Maructp-Ilpecc, 2000. — T. 2. —- C. 254.

Bee auranorenuabl MonubaeHa v Bosibdpama U30MOPGHBI U COCTOAT U3 LIECTH-
SUAEPHBIX OKTA3APUYECKHX KacTepoBs [M¢X ]+ (puc. 4.31, a). LieHTpanbHbIH aToM Me-
Ta/yla KOOPAMHUPOBAH IIECTbIO aTOMaMH X, YEThIPE M3 KOTOPbIX, HaxoasliuMecs B
3KBAaTOPUATIBHBIX MOMOXEHHUSX, CBA3BIBAIOT OKTa3apbl [MX]* B c/ion. YCTOHUMBOCTD
KJIACTEPHOM IPYNMUPOBKU OOYCJIOBJiEHA HAJIMYMEM TMPOUHbIX cBsizeii M—M, B obpa-
30BaHUHM KOTOPBIX YYACTBYIOT 24 BAJIECHTHBIX 3JIEKTPOHA. DTH 3JIEKTPOHbI HA3bIBAIOT
KAdCMEPHbIMU CKeAemHbIMU 3AeKmpoHamu, YToObl OTIMYUTbL WX OT BJEKTPOHOB, yya-
CTBYIOLIMX B oOpazoBaHuH cBsazeil M—Cl. B xuMHuueckux peakliMgx KIaCTEPHbII HOH,
HE U3MEHASICh, MOXKET MEPEXOAUTb B APYTHe coeqnHeHUs. Tak, npu aeicTBUU LWETO-
Y€l Ha auxaopua MoaudaeHa BHeuiHecdepHbie aHHOHBI Cl™ 3aMEeHRIOTCS Ha IPyMbl
OH~. Obpasyercs ocHoBaHue [MoyClg](OH),, KoTopoe Npu B3aMMONEHCTBUHU C KHC-
JIOTaMH JaeT cofu. BoceMb aTOMOB x10pa, BXOASIIIMX B COCTAB KJIACTEPHOM yaCTULBI,
3aME1aloTCsl ¢ TPYAOM, HAalpUMEp, MPU MPOAOJKUTEIbHOM HATPEBAHUW ¢ APYTUMHU
rajoreHuaamu. PacctosiHiie Mo—Mo B 0KTasapuueckKoM KJlacTepe HAXOAUTCS B Mpsi-
MOWH 3aBUCUMOCTH OT YMCJIa KJIACTEPHBIX CKEJIETHBIX 3JIEKTPOHOB, UHBIMH CIIOBAMMH,
OT MPOYHOCTH CBSI3ei BHYTPH KJIACTEPHOI YacTHlibl (Tadu. 4.7).

Huxnopua MonubaeHa NMpeacTaBIsieT CODOW KeJTbli MOPOLIOK, YCTONYMBBIA Ha
BO3ayXe, HE pacTBOPUMBIM B BOJIE, HO PACTBOPUMBI B crnupTte, 3upe, auETOHE, KOH~
LEHTPUPOBaHHbIX kucaoTax. [1pu Harpesanuu Beitie 700 °C Ol AUCTIPOMOPLIMOHUPYET:

o

>700°C
3MoCl, ——— Mo + 2MoCl,

lNanorennast monu6aena(ll) u Bonsppama(ll) mosyuaroT BOCCTAHOBIEHHEM BbIC-
IUMX TaJIOTEHUZOB WIIOMHUHHEM, aMajlbraMoil HaTpusi, MarHUEM, LIMHKOM, MoJaube-
HOM, BOIbGPaMOM, a JaXKe TAKUMH MAJO3KTUBHBIMH METa/llaMH, KaK PTyTh W BHC-
MyT*. B GOABIUMHCTBE TPUTATOTEHUAIOB MOJIHOAEHA TaKXKe HAOMI0AAeTCH B3aUMOACH-
CTBHE MEXIY aTOMaMH METAJIJIAa, O YEM CBHUAETEJLCTBYIOT MAarHUTHbIE CBOMCTBA 3TUX
coeguHeHuii. Tpuxiopua MoaubaeHa U3OCTPYKTYPEH TPUXJIOPHAY XpoMa, HO C 3a-
METHOM noiei B3auMoaeicteus Mo—Mo. Tpuxiiopua BosibdpaMa SBISETCHS THITHY-
HbIM KJIACTEPHBIM COECAMHEHUEM, coaepxkallum okrasapbl |WCl;], u3ocTpykTyp-

* Kolesnichenko V., Messele L. // Inorg. Chem. — 1998. — V. 37. — P. 3660.
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HbI€ OKTa3PUYECKUM KJIACTEPAM B HU3ILIMX TajJoreHugax HUobus M TaHTaga
(puc. 4.31, 6). CocTaB 3TOrO BElLIECTBA — MPOAYKTA XJIOPUPOBAHUA AUXIOPHAA BOJb-
¢pama npu 100 °C — TouHee onucsiaeT popmyna [W(Cl,,]Cl,. UHTEpecHo, yTo 6po-
MHUPOBAHHE TUOPOMHKIA B TEX XKE YCJIOBUSAX NMPUBOJIUT K CMECH MPOLYKTOB, B KOTOPO#H
obHapyxeHbl coeiuHeHuss W Bryy, W(Br, u W¢Br5. Bce oHu coaepxart knactepHyio
rpynnupoBkKy [W¢Brg]"*, a B KauecTBe MPOTHBOWHOB B HMX MPUCYTCTBYIOT JHOO
uoHbl Br, 1nbo uenu Bri”, coeaunsowme Mexay coboii OTAENbHbIE KI1ACTEPSI.
DIEKTPOIUTUUECKOE BOCCTAHOBIEHHE COJAHOKUCIbIX PACTBOPOB MOJMOIEHOBOTO
U BOJIb(dPAMOBOTO AHTMAPHAOB MPUBOAMT K OOpA30BAHHWIO KPACHbLIX (B CIyyae MO-
JubacHa) W 3ejeHbIX (B CIyyae BOJbgpaMa) pacTBOPOB, COAEPXKALLIMX KIaCTEPHBIE
nobl [M,Clg]*~ ¢ kpaTHoii cBasbio M=M. Ouu npeacTapisior coboii napy okTasm-
POB, COEIMHEHHbIX 06LIeH rpaHbio (puc. 4.31, ¢). Knactep [Mo,Clg]*~ umeer He6o1b-
UIO# MarHUTHbLIA MOMEHT, a pacctosHue Mo—Mo B knacrepe (0,267 HM) oka3biBa-
eTcst MeHblile, yeM B MeTase (0,278 Hm). B 1o xe Bpems komruieke [W,Clg >~ auamar-
HUTEH, a pacctosHue W—W B HeM (0,242 HM) HaMHOrO MeHbIIE, YEM B MeTalie
(0,280 HM). Ananoruunbiii xsopoxpomat(IIT)-uon [CryClg]*~ conepxuT 1wecTb Hecna-
PEHHBIX 3JIEKTPOHOB, UTO JOKa3bIBAET OTCYTCTBHE B3aHUMOACHCTBUS METaI—MeETalll.
B nosb3y 3toro roBoput u ToT dakr, yro paccrosHue Cr—Cr B [Cr,Clg]* (0,312 HMm)
oKasblBacTCa 00Jblile, yeM B MeTa/NIMYECKOM xpoMe (0,254 um). Bee ato cBuaeTeb-
CTBYET 00 YyCWIEHWH B3aWMOJCHCTBUSI METAUI—META/NI U YBEJIMWYEHHH MPOYHOCTH
KJIACTEPHBIX YACTUIL C POCTOM pa3MepoB d-opOuTtaieit, 1.€. B paay Cr — Mo — W.

MepexogHOro MeTajlla B BbICLIEH CTEIIEHU OKMCIEHUS! MOHUXAETCs, YyTO MPUBOIUT
K pocTy YCTOHYMUBOCTU ranoreHuaoB. ['ekcadTopun xpoMa yCTOHYUB MPU HU3KUX
TEMIIEPATYPAX U BLICOKMX JABJICHUSIX; BCKPHITHE aMITyJIbI ITPUBOIUT K €ro JUCCOLMa-
uuu Ha neHradTopug U Grop:

2CrF¢ = 2CrFs + F,

C pocTOM BOCCTAHOBUTELHON aKTUBHOCTH rajJloreHUI-UOHOB, T.€. B psaay F~ <
< CF < Br < I, ycTORYMBOCTb raJIOreHUIOB METAUIOB B BEICOKUX CTENEHSX OKUC-
AE€HUS yMeHbluaeTcs. Tak, rekcauoauasl BOOOILe He OMUCAaHbI, reKcabpoMu rmosy-
YeH JIMIIb JUTSL BOJibthpaMa, a MeHTaxaopuabl U3BECTHBI KaK ais Bosibdpama, Tak U
st monnbaeHa. HeBo3aMoXHOCTL NMostydeHHs x1opuaa, opomuaa v uoguaa xpoma(Vl)
CBS13aHa ¢ HEU3DEXKHOCThIO OKUCIUTENbHO-BOCCTAHOBUTENBHOIO B3anMOAecTBUS
xpoma(VI) ¢ raroreHua-uoHaMU, a TakxXe SBJISETCA CJIEICTBUEM CTEPUYECKUX 3a-
TPYAHEHUH MPU pa3MelIEHUU BOKPYT aTOMa MeTalljla KPYIHbIX aTOMOB rajJlOreHOB.
1o 310i1 ke mMpuUYMHe U3 reKcarajoreHUI0B MoIMOaeHa ¥ BoNb(paMa Hen3BeCcTHO
HU OJHOTrO MoAuAA v olvcaH nvilb OpoMus WBrq.

Bce rekcaranoreHuanl MoJubaeHa U BoJbbpama MOCTPOEHB U3 MOHOMEPHBIX
oKTasapuyeckux Moiekyn MXq. MHTepecHo, yto rekcadropun MoanbaeHa MoF,
NpU KOMHATHOM TeMmIleparype XUAKWH, a rekcadpropun sojbdpaMa WF, — ras,
HECMOTPS Ha OOJIBLUYIO MOJIEKYJSIPHYIO Maccy. Bricinue x1opua U 6poMud Boab-
¢dhpama npeacrapnsioT coboil TBepabie BemecTBa. Bee rekcaraloreHuasl pacTBOPH-
Mbl B XHIKOM (pTOopoBomopoae, cepoyriepoe, aueToHe, ClupTax, a Takxe B XJ10p-
cogepXaluux opraHuyeckux pactpopureiax. [Tpu nonagpaHuu B Bogy OHU MoOCIEI0-
BATEJILHO TUAPOJU3YIOTCS 10 OKCOraJoreHWaoB, a 3aTeM — 10 TMAPATUPOBAHHBIX
OKCUAOB:

MX6 + 2H20 = M02X2 + 4HX
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[lpn narpesaHuu rekcadpropuisl pasziaralres:

MX, = MX; + 1 /,X,

[1pu B3aumoneiicTenK rekcadTopuaos ¢ GTOpUIaMU METATIOB 0o0pa3yloTcs aHu-
OHHbie KoMIuleKesl Na,|MF;]. Peakunio o6614HO NpoBOAAT B cpene Xuakoro ¢pro-
poBOLOPOAA UMK NMPU B3auMoAeHcTBUU Nnapos MF, ¢ TeepaeiM dropuaoM Merana.

['eKcaxiopu/bl CIyXaT UCXOAHBIMUM BEILECTBAMM ISt CUHTE3a AMUIHBIX, ANKOKCHIHBIX
KOMIJIEKCOB, a TAKXKE METAI00PraH nIecKUX coeiuHeHui. Tak, npu szaumoneicteun WCl,
¢ JIMMETUIIPTYTLIO 00pa3yeTcst MeTUINEHTAXJI0POBOL(DPaM*:

CH,Cl,; -45°C
WCls + Hg(CH3), —— WCI(CH;) + Hg(CH,)Cl

a ¢ TPUMETHUNATIOMUHUEM — reKcaMe'rl/lﬂBOﬂbepaM:
WC](, + 2Al(CH3); = W(CH})(, + 2AlCl3

ITpu U3OBITKE METUIUIUTUS U3 HETO MOXKET GblTh MoJIydeH AaHUOHHbIN KOMMJEKC COCTaBa
Li,[W(CH;)]. O6pa6orka rekcaxiopuia BOJNb(paMa NUTUHIUMETUIAMUIOM TIPUBOAUT K
amujiHoMmy npoussogHoMy W(N(CH;);)s, KOTOpoe Mpu pacTBOPEHMU B CIIMPTE NEPEXOANT B
ankokena W(OR),. Koporkue cBsian W—N u W—O B 5TUX COEIMHEHUSIX YKa3biBAIOT Ha
3HAYUTENLHYIO 100 p,—d,-CBA3bIBAHUSA. MosleKynsipHas op6UTaib, Ha KOTOPOW HAXOMISITCS
SJICKTPOHBI TT-CBA3Y, JIETKO AOCTYNHA jiist HyKneodunbHol ataku. HekoTopsie Hykaeodhub-
HbI€ peareHTbl, Hanpumep CO,;, cnocobHBl BHEAPSTHES M0 MecTy cBst3n W—N. D1o npuso-
AUT K obpaszoBaHuio N, N-aumeTunxkapbamara Npu BLIAEPKUBAHUU FeKCATHMETHNAMUIO-
BO/bhpaMa B aTMocepe YIeKUCAOro ra3a Aaxe npu KOMHATHOM TEMIEpAType**:

W(N(CH,),)¢ + 3CO, = fac-[W(OC(O)N(CHj;),)3(N(CHj),),]

Peakiiuu Takoro Tuna HasblBAOT peakyuamu enedpenus (AHIN. insertion — BHEJIpEHUE).
OHu xapakTepHb! A1t XMMUM MHOTUX TSDKENBIX MEPEXOIHbBIX 3/1€MEHTOB.

Oxkcoranorenuasl. /17151 BCeX TPeX 31EMEHTOB U3BECTHbI OKCOTATOreH Hlpl, HO HAM-
0oJiee XapakTepHbl OHU 1J1sl MOUGaeHA U BObdpaMa. YacTo OKCOraloreH bl Bbl-
AENAI0TCS B KauyeCcTBe NOOOYHbIX MPOAYKTOB MPH CUHTE3E GE3BOMHBIX FATOre HUIOB.
[lockoneky nBoitHas cesize M=O oueHb MPOYHa, OKCOralOreHUIbI 00pa3yloTcs B
NPUCYTCTBUW [AXE€ HE3HAYUTESbHOrO KOJMYECTBA KHUCAOPOAA U BOASHOTO Mapa.
OOLIMM METOIOM MX CHHTE3a CIYXHUT TaOreHUpoBaHHe OKCHIOB XJIOPOM, XJIOPH-
CTeIM TUOHWIOM, JIETYYUMU XI10puaamMu (tabn. 4.8):

1000°C
Cr,0; + CrCl; —— 3CrOCl

Hu3suine okcoranoreHumsr MOyt 6bITh TaKXKe MOAYYEHBI BOCCTAHOBIEHUEM WU
Pa3IoKeHHWeM BBICILIUX. [1s1 xpoma Haubosiee XapakTepHspl BoICIINE JUOKCOraIore-
Huael CrO,X,, U3BeCTHbIE ANl BCEX TFAJIOTEHOB, 32 UCKJIOYEHHEM MOaa M acTaTa.
OHM UMeIT MOJIEKY/IIPHOE CTPOEHHE.

Cpenn BbICLINX MOHOOKCOIaIOTEHUIOB XPOMA OMUCAH JIulilb ¢ropun CrOF, — teMHO-
KpacHble KpUCTailbl, Mjapsiuuecst npu teMnepatype 55°C. OH obpasyercss mpu npsiMoM
(hTOPHPOBAHUN XPOMOBOIO aHTMAPUAA MAU [IPU B3AUMOAEHCTBUM CrO,F, ¢ andropunom
KPUIITOHA B XWJIKOM (pTopoBonopose. HAsnssacs, KUcaoToi JIpionca, oH 00pasyeT CojM, Ha-

* Santini-Scampucci C., Riess J. G. // ). Chem. Soc. Dalton Trans. — 1976. — P. 195.
** Chisholm M. H., Extine M.W. //J. Amer. Chem. Soc. — 1974. —— V. 96. — P. 6214.
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Tabnuua 4.8

Baxueiilmue okcoxjaopuasl Monubaena ¥ Bonbppama

Coennte- Temrnepatypa, °C
Okpacka Meron cuHTe3a
Hue TUIARIEHHS | KUTIEHUS
MoOCl,; [3eneHas 103 159 MoO; + 2SOCl; —s MoOCl, + 2S0,
MoOCl; | TemHo-KOpHU-
J > % — o

HeBast 200 2MoOCl, & 2MoOCl; + Cl,

Mo0O,Cl, |Ceetno-xenras 175 250 MoOs + Cl 300°C MoO-Cl
2 2 > 2 2

WOCI, |KpacHas 211 233 WO, + 2S0CI, 200°C WOCl, + 250,
WOCI; |OnuBkoBas > 290+ — 3WOCI, + Al 140°C 3WOCH, + AIC,
WO,Cl, |Csemno-xenTas 265 — WO, + WC, 400°C 3WO,Cl,

* C pa3jioXeHHeM.

npumep Cs[CrOF;]. Okcoxnopna xpoma(V) CrOCl; nonyyaioT B3auMoieiicTBUEM XPOMOBO-
r0 aHTUAPHUIA C XJOPHUCTHIM THOHHUJIOM.

M3 okcorajioreHun0B MonubaeHa cieayeT OTMeTHTh okcoxaopur MoOCl —
TEMHO-KOPHYHEBBIE UroJbYaATbIE KPUCTALIIBI, COCTOSIIUME U3 OECKOHEUHBIX Lenei
oktasnpoB [MoOCls), coeanHeHHbix pebpamu (puc. 4.32, a). Ilpu pacTBOpeHUU UX
B KoHLEeHTpHupoBaHHOH HCI 06pa3yiorcs 3e/icHbIe PACTBOPHI, COAEPXALIUE HOHBI
[MoOCI;s|* ¢ reometpueii HenpaBUJIbHOrO okTasapa (puc. 4.32, 6). Mpu KOHUEHT-
PUPOBAHUN U3 HUX KPUCTANIU3YIOTCSl TBEpAble OKCONeHTaxiaopoMonaubaatoi(V),
HanpuMmep (NH,);|MoOCIs]. DT BelecTBa MoayyaloT TakxKe 31eKTPOXMMHUYECKUM
BOCCTAHOBJIEHHEM M'MAPATHPOBAHHOIO OKCHIA MOJIMOAEHA B COJITHOKMCIIOM PacTBOpPE
WM BOCCTAHOBJIEHHEM MQJIMOI1aTOB UOJAOBOAOPOAOM B KOHLeHTpupoBaHHoi HCL:

D1, TO
2(MoO;- H,0) + 8HCI + 4KCl ——— 5 2K,[MoOCls] + CL,T + 6H,0

B Bone u3yMpyaHo-3eneHble KPUCTAIBI OKCOoMeHTaxiaopoMonndgatos(V) nos-
HOCTBIO THAPOJIA3YIOTCH, 1aBasi KOPUYHEBBIE PACTBOPLI, COAEPXKAILNE OKCO~ U THA-

Puc. 4.32. Ctpoeuune okcoxnopunos MoOCl; (a), [MoOCI]* (6)
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pokcokatioHbl MonubaeHa(V). OkcoxyopoMonubaaThl YCTOWYUBBI Ha BO3j1yXe U
CJIYXAT UCXOAHBIMU BelLeCTBAMU AJIS1 CHHTE3a MHOTMX COeNMHEHWH mMonubaeHa B
HU3KUX CTeIeHSIX OKHUCIIeHHUS.

Xaopucmotii xpomua

XJ1opHucThlil XpoMuJI, WM auokcoxiopua xpoma(Vl), CrO,Cl, npexcrasader co-
60 TeMHO-KPaCHYIO JIETKOJIETYUYIO KMAKOCTh (TeMreparypa kureHus 117 °C), abl-
MSLLYIO Ha BO34yXe, paCTBOPUMYIO B UETBIPEXXJIOPUCTOM YIJIEPOJAE, CEPOYINEPOaE,
HUTPOOEH30I1€e, MATUXITIOPUCTOI CypbMe. DTO BELIECTBO COCTOUT U3 MOJIEKYJI, B KOTO-
PBIX aTOM XJI0Opa HaxXOAUTCH B LEHTPE MCKaxeHHOro Tetpa’npa*. Ero mHreHcuBHast
okpacka o0yCJIOBJIEHA IOJIOCON nepeHoca 3apsiaa. [Ipy XxpaHeHHWH Ha CBETY XJIOPH-
CTbIH XPOMWJI pasjaraeTcsl, BbLAessisl XJI0p. HABsiACh AMXJIOPAHTHAPUAOM XPOMOBOM
KHUCJIOThI, OH SHEPrMYHO B3aUMOACICTBYET C BOAOI, NpEBPAIasCh B CMECH COJISHOM
W XPOMOBOM KHCJIOT:

Cr02C12 + 2H20 = HzCrO4 + 2HCI

Monoxnopanrunpua xpomoBoii kucaotel HCrO;Cl, HasbiBaeMblil X10pOXpoMo-
BOI KHUCJIOTOH, B CBODOAHOM BHE HE BBIAE/ICH, HO €ro COIM — XJIOPOXPOMAThl —
W3BECTHBI (CM. NToapasa. 4.6).

XIOpUCTBIA XPOMUIT — CHJBHBIN OKHCaUTeNb. OH BOCMIaMeHSIETCsl B aTMocdepe
aMMHaka, npeBpanaich B CMECh OKCHAOB U HUTPUAOB XpOMa, CO B3PbIBOM pearupy-
€T ¢ OeabIM PochopoM, IHEPTHUUHO OKUCISIET cepy, cepoBogopon, GochHH U MHO-
M€ OPraHUMYeCKHE BELIECTBA, TAKME KAaK PE3UHY, STUJIOBBIA CIIMPT. XJAOPUCTHIH Xpo-
MHJI XOpOLLIO PACTBOPSET raaoreHbl: Xjaop, 6pom v woa. M3 pacreopa woga kpucra-
JIM3YIOTCH KOpUuHeBble KpUCTalabl Cr;OyCl, — XjopaHTMapvaa yaCTHYHO BOCCTa-
HOBJIEHHOW TPUXPOMOBOH KHCJIOTHI:

3Cr02clz + 212 = Cr3O6C12 + 41Cl

DTo Xe BelecTBo 06pa3yeTcs MPH HArpeBaHUHM CMECH XJOPUCTOTO XpOMMJIA W
XPOMOBOTO aHTHAPHA B 3allastHHOW aMIlyJe.

XN0pUCTBIA XPOMUJT MOAYYAIOT 1CTBHEM HA CMECh IMXPOMaTa M XJIOPUA KOH-
HEHTPUPOBAHHOMN CEPHON KHUCIOTOM:

K,Cr,0, + 4KCl + 3H,S0, = 2CrO,Cl, + 3K,SO, + 3H,0
IPONYCKaHUEM TOKA XJ10POBOIOPOIA HAJ XPOMOBBIM AHTMAPHAOM:
CrO; + 2HCI = CrO,Cl, + H,0O
HarpeBaHWeM 3KBUMOJISIPHOM CMECH XPOMOBOIO aHIMAPHAA M XJIOPHOTO XeJe3a:
CrO; + FeCl; = CrO,Cl, + FeOCl

a TAKXKC B3aMMOJEHCTBMEM XJIOPOXpPOMATa Kalusl C CEPHOM KUCIOTON, HarpeBaHueM
CMECH XPOMOBOTO aHTHAPHUAA, AUETUIXJIOPUAA ¢ HEDOJIBLINM KOJIUYECTBOM JIEAsHOM
YKCYCHOH KHUCJIOTBI, HATPEBAHUEM MSITUXTOPUCTOrO (pocdopa ¢ AMXPOMATOM Kalusl.

XJIOPUCTBIl XPOMMJT HAXOAUT MPUMEHEHHE B OPraHUUYECKOM CHHTE3E B KAye€CTBE
okucautens. [lpu B3auMogeicTBUM ero ¢ osepMHAMKU B 3aBUCMMOCTH OT YCJOBUM
MOTYT OBITh MOJYYeHBl KAPOOHWIBHBIE COEJUHEHUS, XJIOPOKETOHBI, 3IIOKCHAbI, AH-
XJIOpajiKaHbl.

* Marsden C.J., Hedberg L., Hedberg K. // Inorg. Chem. — 1982. — V. 21. — P. [ 115.

245



Bce okcoranoreHuab! MPOSIBISIIOT KUCIOTHBIE CBOWCTBA U MMAPOIU3YIOTCS:
MoO,Cl; + 4NaOH = Na,MoO, + 2NaCl + 2H,0
CrOF, + 3H,0 = H,CrO, + 4HF

YCTOMYMBOCTD K TMIPONU3Y CYILECTBEHHO BO3PAcTaeT IPU ABWXEHWW BHU3 IO
TpyIIIe: OKCoraloreHWabl MonubOaeHa U Bosibppama 06pasyiot rugpatel MO, X,(H,0),,
B TO BpeMsl KaK CO€AMHEHUs XPOMa MFHOBEHHO Pa3iaraloTcsli BOAOi. DTo CBSI3aHO C
0cabJIeHHEM KUCTIOTHBIX CBOMCTB BBICLIMX TMAPOKCHIOB 3THX 3JIEMEHTOB. B 5TOM Xe
HAaMPaBJICHUH YMEHBLIAIOTCS U OKUCIUTENIbHBIE CBOWCTBA oKcoraioreHUaoB. Hanpu-
Mep, XJIOPUCTbIA XPOMUI, WIH auoKcoxnopui xpoMma(Vl), cenekTHBHO IepeBOgWT
LUMKJIOTEKCAH B XJOPUUKIIOreKCaH*, a U300yTaH B XJOPUCTBIN mpem-OyTUI** — Ha
3TOM OCHOBAaHO €ro UCIONIb30BAHUE B KayecTBe XJOPHUPYIOLLero areHTa. s okco-
X10puaoB MonudaeHa U BolabdpaMa OKUCIUTENIbHBIE CBOMCTBA HE XapakKTePHBI.

4.10. XAJIbKOTEHWU/JbI DJIEMEHTOB IIECTOM TPYIIIbI

YcToiuuBoCcTh CynbhUa0B METAIIOB ILIECTON FPYIIIBI BO3PACTAET ¢ OCaabaeHH -
€M OKHMCIIMTENbHBIX CBOWCTB aTOMa MeETalsa, T.e. 10 Mepe MOHUXEHUs cTelleHH
OKUCJIEHUS U MPH ABUXKEHUU BHU3 110 rpyIine. HeBo3MOXHOCTE MOJyYe HUSL XadbKO-
reHuaoB xpoMa(VI) oObsacHseTcs BbICOKOM OKUCIWTENbHOM CTOCOOHOCTHIO XpoMa
B BbICLLIEH CTENEHW OKUCJIEHUs, B TO BpeMsl KakK juisl MoiubpeHa U BonbdpaMa
Takue CoeJMHEHUs] U3BECTHBI.

[Tpu cninaBneHuu xpoMa ¢ cepoit obpasyercs OnecTdias yepHasi Macca, CocTo-
Awas u3 cMecu cyibbunos: noMmuMo CrS u Cr,S; B Heit IIPUCYTCTBYIOT NIPOMEXY-
TouHble cynbduaHsie dassl Cr3Sy, CrsSq, Cr;Sg (puc. 4.33)***. Yepusplit cynbbua
xpoma(ll) Moxer ObITb OcaxaeH U3 BOgHOro pactsopa coneit xpoma(ll) cynbopu-
JOM HaTPUsl WU MOJIyYeH MPOIycKaHUEM cepoBOgOpoaa Haja Ge3BOJHBIM XJIOPHU-
noM xpoma(ll) mpu remnepatype 440 °C, BoccraHoBieHHeM cyiabduaa xpoma(lll)
BOIOPOJOM WU MOHOOKCHUIOM yriiepona. [Togo6Ho cynbsdhugaM gpyrux nByxsapsi-
HbIX KATUOHOB OH UMEET CTPYKTYPY THUIIA apceHHaa Hukensl. B orinyme ot cynsdhuga
xpoMa(ll) cynspun xpoma(lll) ocanuTs U3 BOgHBIX PACTBOPOB HE INpeaCTaBIseTCsl
BO3MOXHbIM BCJIEACTBUE IOJHOr0 B3aUMHOIO TMapoOJiK3a KOMIOHEHTOB. YucThIil
Kpuctaanuueckui Cr,S; monyyaior nmporyckaHueM TOKa CYXOro cepoBojiopoaa Haj
0E3BOIHBIM XJIOPHBIM XPOMOM:

600°C
3H,S + 2CrCl; —— Cr,S; + 6HCI

[TonyueHHbli TAKMM CNIOCOGOM TNpernapar npeactasisger coboil YepHbIe reKcaro-
HajlpHbIE M7AaCTUHYATHIE KPUCTALIBI, 110A00HO cynbduay xpoma(ll) He pactBopu-
MBbI€ B BOJE U KUcToTax-HeokucauTensax. O6a cynphuga Npu HarpeBAHWU HA BO3IY-
X€ CropaioT, pasznaralorcsi KOHUEHTPUPOBAHHBIMU PACTBOPAMU LLUEIOYEH, a30THOM
KHUCJIOTON U UAPCKOU BOJKOWM:

Cr,S; + 24HNO;(koHW.) = 2Cr(NOs); + 18NO,T + 3SO,T + 12H,0

* Cook G.K., Mayer J. M. // ). Amer. Chem. Soc. — 1994. — V. 116. — P. 1855,

** Cook G. K., Mayer J. M. //J. Amer. Chem. Soc. — 1995. — V. 117. — P. 7139.

*** U3pecten Takxe aucynabbun xpoma CrS,; cm.: Lafond A., Deudon C. // Eur. J. Solid State Inorg.
Chem. — 1994. — V. 31. — P. 967.
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Puc. 4.33. ®a3oBasi nMarpaMMa CUCTEMbI XPOM — Cepa (TEMHBIM [OKa33Hbl OBJaCTH rOMO-
reHHoctu cynnuaos Cry_ S, Cry-S, Cr;S,; daset Cr;Sqy n CrsS, 06pasyiorest npu Temmepa-
Type 320 1 325°C coOTBETCTBEHHO)

CxonHbiMu cBoiicTBamu obsagaer u cyiabdua CriS,, obpasyiowiniics B BUIE cepo-yep-
HOTO nopolka npu HarpesaHuu cmecu Cr,O; u cepbl B arMocdepe BOgopoaa.

UssecTHbl Takxke Thoconn xpoma(lll), peanbHo mpepcrasasiiomme coGol CMELIAHHbIE
cynbuabl. B BOIHBIX pacTBOpax OHU YCTOHUMBBI TOBLKO B [IEJOYHOI ¢pe/de U IIPH H3ObITKE
cynbdur-nonos. TeMHo-cephlii nopotok Tnoxpomara(l1l) Hatpus NaCrS, nosyuator Boc-
CTAHOBJIEHWEM XPOMATa CEPOii B pacrlIaBIcHHOM KapOoHaTe HaTpusi pu teMrepatype 800 °C
Wiu criapieHreM okeraa xpoma(lll) ¢ cepoit u kapGoHaToM HaTpus:

Cr,0; + 6 + Na,CO; = 2NaCrS, + 250, + CO,

BeliectBO MMeeT CIIOMCTYIO CTPYKTYPY, B KOTOPOi CJIOW M3 OKTA31pOB [CrS¢], coenun-
HEHHBIX Mexay coboii pebpaMHu, pasjieJieHbl HOHAMU HaTpusl. AHAOTHYHOE JTUTHEBOE MPO-
u3pojHoe LiCrS,; obranaet nOHHOM| NPoBOAUMOCTLIO*. [Tpy KMNISUYEHNUH [11€TOYHBIX PACTBO-
pOB TUOXPOMATOB LUEJIOYHBIX METAJIOB ¢ consiMu xesesa(ll), kobanbra, Hukens, cepebpa,
LMHKa, KaaMust, MapraHua(ll) u npyrux MetaioB B ocanok BelnagaloT THOXpomathl M'CrS,
u M''Cr,S,. ToHkue nieHku tnoxpomata(lll) kagMus obpasyiorcs Takxe Mpu B3aUMOJIE-
CTBUHU THOMOUYEBHHBI C coablo xpoMa(lll) 1 aMMHUakaToM KagMusa**:

2Cr* + [CA(NH;)3] + 4(NH,),CS + 80OH™ = CdCr,S, + 4CH,N, + 8H,0 + 4NH,

[Tonynposoanukossle THOXpomatbi(111) 06/1a1a10T CBOHCTBAMM aHTHU(EPPOMATrHETUKOB
M MOTYT MCHOJIb30BATLCA B KAYECTBE MArHETOONTUYECKUX MATEPUATIOB, OMTUYECKHUE CBOI-
CTBa KOTOPBIX MEHSAIOTCS MO/ BO3EHCTBUEM MArHUTHOTO MOJIS.

* Van Laar B., ljdo D.J. W_// ). Solid State Chem. — 1971. — V. 3. — P. 590.

** Mane R.S., Sankapal B. R., Gadave K. M., Lokhande C. D. // Mater. Res. Bull. — 1999. — V. 34. —
P. 2035.
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Jas MmoninbaeHa u BosibpaMa onucaHbl cylbPuabl B pa3HbIX CTENeHsIX OKUCTe-
Husl ot +2 no +6. Ipu nponyckaHuu cepoBogopona Yepe3 CAabOINOIKUCIeHHbIE
pacTBOPH MOJAKUOIATOB U BoJb(PaMaTOB B 0CaJ0K BbI1afaloT KOPHUYHEBbIE FTHAPATHI
TPUCYIBDUIOB:

(NH4)¢M0;0,, + 21H,S + 3H,SO, = 7MoS;! + 3(NH,),SO, + 24H,0

CTpyKTypa 3THX coenuHeHMH 10 cux Nop He u3yuyeHa. B cuabHOKuUCOM cpene
pactBop INpuobpeTaeT CUHUIN WKW KOPWYHEBBIH LIBET M3-3a BOCCTAHOBJIEHMSI MO-
nnbgar-uoHoB. Eciin Xe B UCXOAHBIH pacTBOp MosiMOaara 100aBUTh WIEJI0Yb, MPo-
MCXOQUT NOCieaoBaTeIbHOE 3aMenieHue aTOMOB KUCaopona B MoaubnaT-uoHax:
MoO7}-, MoSO%-, MoS,05, Mo0S;0%, MoS;” Ha aTtoMhbl cepbl — pacTBOp IIpH
3TOM CHayaja XeJjTeeT, 3aTeM CTAHOBUTCS TeMHO-KpacHbIM. Ha xosoge m3 Hero
MOryT ObITh BbIIEJNIEHB KpacHbie KpUCTALIbl THOCOAU, HanpuMmep (NH,),MoS,.
[Togo6GHO ApyruM THOCOAAM TUOMOIUOAATH U THOBOJB(MPAMATH YCTONYWBHI JIMILIb
B HelTpanbHOW W MIEJIOYHON cpenax, a Npu MOJAKUCAeHUN pa3naraiTcs, Bblaessis
CepoBONOPOI U MpeBparIiasich B CyabGUIbL:

(NH,),MoS, + 2HCI = MoS;{ + 2NH,Cl + H,ST
Tuomonudaar- u THoBoOJbMpPaMaT-uOHB UMEIOT (GOpMy MPABHIBLHOTO TETpa’gpa.

HoHbl MoS#~ 61aronaps HalM4YMIO aTOMOB CEPbl CMOCOOHBI BLICTYNATL B KA4eCTBE MOC-
TUKOBBbIX JIMTAHJ0B, 00pa3ysi ¢ NEPEXOAHbIMU METALIAMHU KOMIUIEKCHI, UMEIOUIME NOJIU-
MepHoe cTtpoeHue, HanpuMmep [Cu(n,-MoSy)]#. MHTepecHO, UTO THOAHANOTH H30MOJHUMO-
JIMOIATOB U U30MOJAMBOJbL(PAMaTOB A0 HACTOSILIETO BPEMEHHU HE MOJIyUEHBL.

DHepruu d-opbutanei MoJubaeHA U BoJibppaMa GMXKE MO IHEPTHHU K p-OpOUTAISIM
Cepbl, YEM KHUCAOPOAA, MOITOMY CBSI3b M=S oka3bIBaeTcsl KOBa1eHTHOH W 6ojiee NPOYHOM,
yeM cBsis3b M=0 (M = Mo, W) 3a cueT CWIBHOTO p,—d,-CBSI3bIBaHUsl. DTO OOBACHSET TO,
YTO MSITKME OCHOBAHHWs, Hampumep S?, o6pasyioT ¢ MOJIHMOIEHOM M BOJb(PpPaMOM, SIBISI-
IOLIMMUCS MSITKUMH KHUCJIOTAMU, TPOYHbIE COEIMHEHMUS.

BesponHbie TpUCYIbUIbI 06PA3YIOTCA NPH OCTOPOXHOM HArpeBaHWHM THOCOJICH aMMO-
HUSL:

t
(NH,),MoS, = MoS; + 2NH,T + H,ST

[1Ipy CUJILHOM HarpeBaHWMU OHU TEPSIOT Cepy:

t
MoS; — MoS, + §

HekoTopble TMOCOAW MpW HarpeBaHUW TPETEPNEBAIOT BHYTPUMOJEKYASIPHOE OKUCJIe-
HHEe — BOCCTAHORBJIEHHE:

3WSZ ——s [WHS(W*S,),]> + S3 + S*

TuoMetanaaTbl HCMOJbL3YIOTCS Ml CHHTE3a CJIOXHbBIX THOKOMIUIEKCOB, HarpuMep Kyba-
HOB, coaepXammx kiactep M,S,.

U3BeCTHbI TaKXkKe CeIEHOMETa/lN1aThl — MPOAYKTHI B3aUMOAEHCTBUS TpUCEIeHUAA Kajlusl
K,Se; ¢ rekcakapbonunamu monubaeHa u Boibdppama M(CO),. CoenrHeHusi, coaepxKaime
noHbl MTeZ~, He noJyueHBI.

[Tpu B3anMogeicTrBUU MoaUOLEHA WK BoibpaMa ¢ cepoil B LIIMPOKOM MHTEp-
Bajie TeMmepaTtyp Haubosee ycToiuuBEIMU (ha3aMu sBisloTCs Aucynbduabl MS, ¢
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Puc. 4.34. Kpucrannudeckas ctpykrypa MoS,:

a — obwnit Bu; 6, ¢ — TIPOEKUNH BIOIbL KOOPIK-
HaTHBIX NJIOCKOCTEH

ABOIHBIMU CJIOSIMM U3 ATOMOB CEPbl, B LIEHTPE KOTOPBIX B TPUTOHAIBHO-TTPHU3MA-
TUYECKUX TMYCTOTAX PACTIONOXEHBI aTOMBl MeTanna (puc. 4.34)*. J1BoiiHele ciou
CBsI3aHpl IPYr C APYroM JiMUIb CIaObIMU BaH-Aep-BaaibCOBBIMU CMJIAMM, YTO U
00YC/IOBNNBAET CUJIBHYIO aHU3OTPOIHIO CBOKCTB BELIECTBA — OHO MSTKOE, I0-
no6HO rpaduTy erko pasaensiercsa Ha oTaenpHple Yewyiiku. Cioucras CTPYKTYpa
U XHMHYECKast MUHEPTHOCTL 0OBACHSIOT CXOACTBO MOS, ¢ rpadMToM U ero cBOii-
crBa TBepnoi cmasku. Kak u rpadut, gucynsduasl o6pasyior WHTEepKaAIUupOBaH-
Hpl€ COCIMHEHMA C UETOYHBIMU MeTainamu, Hanpumep Li.MoS,. B Boge unrep-
KaJIAThl Pa3naraiorcs, o0pasyst MeIKOAUCIIEPCHbII MOPOIIOK AUCYNbdUAa MOTHG-
JIeHa.

[TpyuponHeIit MuHepan MonuGaeHUT MoS, HACTOILKO MSITOK, Y4TO CMOCOGEH OC-
TaBJATL CIEN Ha jucTe Oymaru. bnaropapsi HU3KoMy K03(G®dULMEHTY TPeHHUs ero
MIOPOLLOK NPUMEHSAIOT KaK KOMIIOHEHT TBEPIbIX CMA30K JUTSl BUraTesieit BHyTpeH-
HEro CropaHusi, NMOAINITHUKOB CKONIEXEHUs, MPUOOPHBIX Y3108, pabOTalommx oy
OONIBIIMMHU Harpy3kamu. Jlucynsdunsl NpencTaBistior coboi TYTOIJIaBKHe (TeMrIie-
parypa nnaeneHust MoS, 2100°C) u gocratouHo MHepTHbIE BeecTpa, pasjara-
IOLMeCs JIMUIE TIPU TeUCTBUN WICTIOYEN W KUCTOT-OKUCIMTENIE: LIAPCKOM BOAKM,
KUTISIIUEH KOHUEHTPUPOBAHHON CEPHOM KUCIOTHI, CMECH a30THOM M I1J1aBUKOBOI

* Kaauxman B. /1. // W3s. AH CCCP. Heopran. matepuansl. — 1983, — T. 19. — Ne 7. — C. 1060,
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Daszw llleepeas u opyzue muomoauboenoevte Karacmepot

Cynbhpun Mo;S,; npeacrasiasieT coboi KIaCTEPHOE COEIWHEHHE, COCTOSILIEE M3
rpynnupoBok [Mo¢Sg], B KOTOpbIX aTOMbl MOJHUOIEHA PACIONOXEHBl B BEpILUMHAX
CHJIBHO UCKaXXEHHOTO OKTAad/Ipa.

IMpuunHoi nckaxkeHust [MoSg] siBasieTcsi ero 371eKTpoHOAC(PUIIMTHBIA XapakTep —
IUTSL 3aOJIHEHUS] BCeX CBSI3bIBAIOLIMX OpOUTANIE HEOOCTAET UEThIPEX JIEKTPOHOB.
MMEHHO MO3TOMY AAHHOE COEAMHEHHWE JIErKO BCTYMAET B pEaKLMIO C METAJIAMH —
JOHOpaMHK 371eKTpoHOB. [1pu sTOM o6pasyiorcst dasbl Lespeas M MogS;, rne M —
mertania, Hanpumep Cu, Co, Fe, Pb, Sn, Li.

MHorue 13 TUx coeguHEHU, Ha3BaHHbBIE MO MMEHH YUYEHOTO, BNEPBLIE CHUHTE-
suposasLero ux B 1971 r., umeioT kpuctadauieckyio pewerky tunia CsCl, B yangax
KOTOPOI1 HAXOISITCA KaTHOHBl METALIA W KJIACTEPHBIE aHHOHBI [Mo0(Sg]> (puc. 4.35).
DIeKTPOHHBL nepexon: Mo,Sy + 2e— [Mo0¢S¢]> NpuUBOAMT K YNPOUHEHHIO KpUC-
TAJTMYECKOIN CTPYKTYPbl U YCHJIEHHIO ¢Bsizn Mo—Mo. ®asnl Lllespens npeacTasi-
IOT MPpakTUUECKHUI UHTEpEC OJarogapsi CBOUM 3JIEKTPUUECKHUM CBOWCTBAM — OHHM
COXPAaHSIIOT CBEPXINPOBOIMMOCTD 10 TeMnepatyphl 14 K B MIpUCYTCTBUU CHJIbHBIX Mar-
HUTHBIX TOJIEH, YTO MO3BOJSIET UX WUCMOJb30BATh ISl U3TOTOBJIEHUS CBEPXMOIIIHBIX
MarHuTOB.

CHHTE3 3TUX COEIMHEHUI OOBIMHO MPOBOAST OTXKHUIOM CTEXMOMETPUUECKHUX KO-
JIMUECTB MPOCTbIX BELIECTB:

1100°C
Pb + 6Mo + 85 —— PbMoSy

BBeneHue 3HauMTEIbHBIX KOJUYECTB METALIa B CTPYKTYpY Cy/Jabdpuaa MoaubaeHa
MPUBOAUT K 3aMOJHEHUIO JIEKTPOHAMU 30HbLl MPOBOAUMOCTH, & CJIEAOBATENLHO,
M YMEHBLIEHHIO 3JEKTPONPOBOIHOCTH.

Hanpuwmep, daza Li,Mo,S; npu remnepaTtype Huxe 5 K npu x = | siBnstetcs cBepx-
NPOBOIHUKOM, & NIpU X = 3,2 — IUIJIEKTPUKOM.

AHAJNOTMYHbIE BELLIECTBA CUHTE3WPOBAHBL B Cllyyde CEJIeHa U TeJlypa, a BOT BOJIb-
dbpamosble aHanoru ¢as LleBpeasi K HacTOsALLLEMY BPEMEHH HEU3BECTHBI.

Bosbllioe YHUCA0 THOMOJIMOIEHOBBIX KJIACTEPOB MMOJYYEHO B BOAHBLIX PacTBOpax
1IPU BOCCTAHOBACHWUHU THOMO/MOnaToB. Hanbosee N3BECTEH YETLIPEXbANEPHBIN Kilac-
Tep [Mo,S,]**, B KOTOPOM aTOMBI CEpbl U MOJMGAEHA 3aHUMAIOT MPOTHBOMNOIOXHBIE
BEepILUHBL Ky6a (puc. 4.36).

KHUCJIOT. an CUJIBHOM HarpeBaHWHW Ha BO3IYyXC OHU CroparoT, OKUCIAsAChL 10 BbIC-
IUX OKCHIOB!:

2M082 + 702 = 2MOO3 + 4802

B aTMocdepe xiopa — g0 xyopuaoB MoCls u WCl,.

YI0OHBIMHM CIOCOOaMU MONYUEHUS TUCYIbOUIOB* CIYXKAT CIIaBjeHUe okeuaos MO; ¢
M30bITKOM cepbl B npucytcTBMU notaita K,COs:

2WO, + 7S = 2WS, + 350,

* Bonneau P.R. // Inorg. Synth. — 1995. — V. 30. — P. 33.
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Os Qro @ Mo QMon On,0

Puc. 4.35. Ctpoenue dasni lllespens Puc. 4.36. CtpoeHue Knacrepa cocTaBa
PbMo,Sy [Mo,S4(H,0) 5]

KoopanHaunoHHast cepa MonubaeHa 1onoaHeHa 1O KOOPAMHALIMOHHOIO YUC/a
LIECTb MONIEKYJIaMHU BOIbl MJIW MHBIMU IUTaHaaMU. I'pynnupoeka [Mo,S,] coxpaHseT-
Csl MPU OKMCJIEHHHW U BOCCTAHOBIEHUU!

+e -
[MO,S, ] [M0yS,%* —— [Mo,S,]**

ATOMBI MOJIMOEHA CIIOCOOHBI 3aMENATECA HA aTOMBl JPYTMX METALIOB, HAMpH-
MEp MelM WK Xejeda, ¢ 06pa3oBaHHWEM reTepoOMeTANIMYECKUX KJIAacTEpOB THMa
[Mo;CuS4(H,0),0]°*.

Takue THOKNacTepbl ABASIIOTCA AKTUBHBIMM LIEHTPAMU MHOTHX (DEPMEHTOB, Ha-
npumep (eppenokcuHa. MzyuyeHue coeimHeHW, B COCTAB KOTOPbIX OHM BXOMSAT,
MTO3BOJIMT BbISIBUTb ME€XaHW3M NEHCTBUSI HUTPOTE€HA3bl — XEJI€30MOJUOAEHOBOTO
(epMenTa, UTPAIOLIETO BaXHeHUIYI0 ponb npu QUKCALMY a30Ta BO3ayXa GaKkTepu-
SIMU.

B3aMMOJIECTBHE NMEHTax0puIa MoIUbaeHa ¢ CynbhUabM HaTpUs:
2MoCls + 5Na,S = 2MoS, + 10NaCl + S

Hns *HULIMMPOBAHUS 3TOM peaklMK TpebyeTCsl HarpeBaHMe, HO 3aTeM M3-3a BbLAeJeHUSA
TEMI0Thl CMECh KOMIIOHEHTOB CrOPaeT OYeHbL ObICTPO.

Hucynbhua MonnbaeHa TakkKe MOJyYalOT B3aWMOAEHCTBUEM KapBoOHWIa MONUOAEHA
Mo(CO),, ¢ cepoBOIOPOIOM WM BOCCTAHOBJAEHUEM TUOMOIMGNATA AMMOHMUS THAPAa3HHOM
npy pH 7—10*,

M3 pacTBopoB, cogepxallinx MOoHbl monu6aeHa(V), Hanpumep [MoOCIs]*, cepoBono-
POLIOM MOXET ObITh 0CaxaeH cynbdua Mo,Ss. MoHocynbhua MoS 06pasyeTcst py HarpeBa-
HUU CTEXMOMETPUYECKUX KONUYECTB MONUONEHA M Cepbl B BAKYYMUPOBAHHOM amMnyJe.

* Berverkhy 1., Afanasiev P.A., Lacroix M. // Inorg. Chem. — 2000. — V. 39. — P. 5416.
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4.11. KAPBUbI, HUTPUAbI U BOPUJIbI
DJEMEHTOB IHECTOM I'PYIIIIbI

C yriaeponom XpoM, MosnbleH 1 BoabbpaM, Kak U apyrue d-metajuibl, o6pasy-
10T KapOWabl — TBEpIAble M BBLICOKOIUIaBKUE (TeMmeparypa mniasieHuns 2400—
2800 °C) coennHeHuUs C AENOKATM30BAHHOW METATINYECKON CcBA3blo. [Tostyyalor ux
B3aHMOAEHCTBMEM COOTBETCTBYIOLLMX KOJMUYECTB MPOCThIX BELUECTB MPH BBICOKOM
(1000—2000°C) temneparype, a Takxe BOCCTAHOBAEHWEM OKCHMIOB yIJIE€pOLOM,
HarpumMmep:

!
2MOO3 + 7C = MOzc + 6CO

Kapbuabl — HecTeXMOMETPUUYECKHE COCAMHEHUS C IMPOKOM (~ 1 —3 ar. % yr-
Jiepona) obnacTblo romoreHHocTH. B kapbuaax tuna M,C atombl MeTasia o6pasyloT
reKCaroHajibHylo IJIOTHEHLIYIO YNAKOBKy, B OKTa3ApUYECKHE IyCTOTbI KOTOPOi
CTAaTHCTUYECKH BHEAPEHBI aTOMBI Yrepoaa. MoHokapouasl MC niprHaliexar CTpyk-
TypHOMY Iy NiAS 11 He siBiisiioTcs hazamu BHeapeHus. Hapaay ¢ ucxiiounresnnb-
HOH XapOCTOMKOCTbIO U TyrOIMIaBKOCTbIO KapOuabl 06/1a1a10T BLICOKOI KOPPO3U-
OHHOM cTabunbHocTblo. Hanpumep, kapoun WC He pacTBopsiercss naxe B CMeCH
A30THOM M MJIaBMKOBOM KncaoT, HUXe teMieparypbl 400 °C He BCTyllaeT B peakLuio
¢ xsiopoM. Ha 0CHOBe 3THX BellleCTB MPOU3BOAAT CBEPXTBEPABIE U TYTOTUIABKUE CTLIABbI.
TBepaocts MOHoKapbuaa sojibpama 61KM3Ka K TBEPAOCTU alMasa, MO3TOMy €ro
UCIIOJIb3YIOT [7is1 U3rOTOBJIEHUS peXylled 4acTu pe3uoB U OypoB.

Hutpuast MN u M,N nosnyualor B3auMomeicTBMEM METAJIOB C a30TOM WM
amMmuakoM, a gochduast MP,, MP,, M,P — u3 nipocthix BelIECTB, TAKXE IpH
HarpeBaHWu rajioreHuaoB ¢ dochnHom. Kak u kapbuabl, 310 HecTeXxMoMeTpuye-
CKME, O4YCHb TBEpIAbIE, XMMHUYEeCKH MHEPTHBIE U TyrOIUIaBKHe (TEMIIEpaTyphl M1aB-
aeHnst 2000—2 500°C) pewtecTera.

Hns monnbaeHa v Bonbdpama XapakTepHBl TPUTAIOTEHOHUTpUAB X;M=N, B cTpyKTYy-
p€ KOTOPbIX MJOCKWE KBaJpaThl

1"<|1 N
—M-N=M—

00beIMHEHB MOCTUKOBBIMY aTOMaMM rajoreHa B ciou. Ux MoJyvyaroT U3 Kap60va013 Z2B107]
ral1or¢cHUI0B:

WBr, + [Hg;N|Br — BryW=N + 2HgBr,

ATOM rajioreHa B rajlor€HOHUTPUIAX MOXET ObITh 3aMELLIEH HAa ANKOKCHUA MM a3ua. Be-
1ecTBo (N3);Mo=N ¢GopMaIbHO MOXHO PACCMATPUBATh KaK AEKAHUTPUI MOMMOreHa MoN,,.

Bopuapl MeTanioB wwecToii rpyliibl B 3aBUCMMOCTH OT COaEPXKaHUA 6opa MOTyT
coaepXxarb M30JMpoBaHHbIE aTtOMbI O0pa (M;B), uenn (MB), cetkn (MB,) u Tpex-
MepHbie Kapkacel (MBy;) 13 aromoB 6opa. OHU TaKKe OTANYAIOTCS BBICOKOMN TBEP-
NOCTBIO, XAPOCTOWKOCTLIO U XMMHUUECKON yCTORUMBOCTBIO. TepMOAMHAMMYECKHU OHH
crabunbHee kapounos. [IpuMeHsiioT Gopyabl 11si U3TOTOBAEHUS AETANEH peakThB-
HbIX ABWUTATENEN, JIONATOK Ia30BLIX TypOUH 1 T.A.
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KonTpoabHbie Bonpocsl

1. lnsa nonyueHms menkoro nopoiuka amopgHoro okcuaa xpoma(lll) w3 quxpomata Ka-
JIMsl €rO CMEUIMBAIOT € CEPOit WK XJIOPUAOM aMMOHUS W NipokaiuBaloT. [1o apyromy cnoco-
Oy Hal HarpeTbIM AMXPOMATOM Kajlusi MPOIYCKAIOT TOK Bodopona. Kakue xumudeckue ripe-
BpalllEHUs NIPH 3TOM MpoucxoaaT? HanuuinTe ypaBHeHUs peakuMii.

2. Ilpu nepekpuctannuzauny anetaTa xpoma(ll) U3 nupuaMHA MoayuyeHO AMaMarHUTHOE
BELLECTBO, COCTAB KOTOPOro MOXET ObiTh 3anucaH B BUuge Cr(CH;COO),(py). MNpeanoxure
€ro CTpoeHHe.

3. Auetanunun CH;C(O)NHCH; nogo6Ho yKeycHo# KUCTOTe crocoBeH 06pa3oBbiBaTh
¢ xpomoM(ll) auamarHMTHBIE KOMIUIEKChbl KpacHoro useta. M3oBpasute cTpoeHHe Takoro
coeauHeHUA. KakoBa KpaTHOCTb CBSI3U XpOM—Xpom?

4. TIurmeHT XpOMOBbBIM 3eJieHbIl, NMpeAcTaBAsIWMIi COBOI KPYMTHOKPUCTANINYE CKHU A
okcoruapokcua xpoma(Ill), mosydaloT cnaaeiaeHueM AMXpOMAaTa Kaius ¢ BOpHOH KUCO-
TOi1 M BbllIEMaYMBaHHUEM TOJIYUYEHHOro TU1aBa Bonod. HanviunTe ypasHenue peakunu. Yem
MOXHO 3aMEHUTb DOPHYIO KUCJIOTY?

5. Y100HBIM NpOMBILIEHHBIM CMOCOOOM nonyyeHus okcuaa xpoma(lll) siensiercst Ha-
rpeBaHUE CMECH TBEPJbIX NUXpOMATa HATPUs W XJIOpUAa aMMOHMs. HanuiuuTe ypaBHeHUe
peakiuu.

6. Boanblit pacteop rekcaruapara Cry(C,0,);- 6H,0 He 0BHapykUBaeT KaueCTBeHHBIX
PeakLMi, XapaKTCPHbIX A/ OKCANAT-UOHOB (HE JaeT 0CaakKa ¢ XJIOpUAoM Dapus), a B IpU-
CYTCTBUM MOHOB Lie3Ws1 U3 pacTBOpa KpUctanausyercs mpuc-(okcanaro)xpomar(lIl) uesus.
BbickaxuTe npeanosoxeHue o CTpOeHUM reKCcaruaparta.

7. Cepbiit amopdHbIit nopowok THolimaHata Cr(SCN); o6pasyeTcs ipu HeiTpaau3aLmi
CBEXKEOCAX/ACHHOrO rMAPOKCHIA pOJAHUCTON KUCIOTONH U nochenyomeM yiapuBaHUM pac-
TBOpa HaJ KOHUEHTPUPOBAHHOM CepHOM KMCN0TONH. OH XOpOLUO pAcTBOPUM B Boie ¢ 06pa-
30BaHUCM (PUONETOBBIX PACTBOPOB, B KOTOPbIX KAUECTBEHHBLIMM PEAKUMAMU HE yaaeTcsi 06-
HapyxuTb HOHbI Cr** 1 SCN~. Ipu XpaHeHWM Ha CBETY PacTBOPbI NMpUOOPETAIOT 3€JEHbIN
LBET, ¥ NpHU N0BABNEHUU ILIEJIOUH W3 HUX MOXET ObiTh ocaxieH ruapokcun xpoma(lll).
HanmvinuTe ypaBHeHUMs! peakuMii ¥ BbICKaXWTe NPEANONOXEHUE O MPUUMHAX M3MEHEHMUS
OKpacKH pacTBopa.

8. M3obpasute ctpoenne nona [Cry(OH)4(H,0),0]>*. B kakux ycnosusix oH oGpasyertcsi?
Hanuuure ypapuenwe peakuunu. Comepxarcst M TakMe MOHBI B PacTBOpax Mepx/opata,
ayerara, HUTpara, okcajarta xpoma?

9. Kakue KHCJIOTbI MOXHO, a Kakue HeNb3s WCIONb30BaTh Ul CO3MAHUS KUCIOTHOIM
Cpenbl npy okucnaeHuu nepxiopara xpoma(Ill) Bucmyrarom Hatpusi? Iouemy? Hanuwure
YPaBHEHUSs1 peaKLWid.

10. Tpu nobasaeHuu HUTpara cepebpa K KOHLEHTPUPOBAHHOMY pacTBOpY AMXpOMAaTa
Kalus BbINAAAeT TEMHO-KPACHbIM 0CanoOK, KOTOPbIM NpU KUMSYEHUH CTAHOBUTCH KPacHO-
OypbiM. ECiiM ocaxfeHue NMpoBOAUTbL B MPUCYTCTBUM aLETAT-MOHOB, KPACHO-GYphIil 0CagoK
obpa3syeTcs yxe npy KOMHaTHOM Temneparype. [1puBenuTe o6bsICHEHHE M HATTMLLIUTE ypasB-
HEHUS peakuWi.

I1. B aHanuTHuecKOi XUMUM XPOMATbI U IMXPOMAThI UCTIONb3YIOT B KAUeCTBe WHAMKATO-
POB, HanMpuUMep, NpH ONpesieicHUU UOHOB cepebpa MeTonom TUTpoBaHus. K uccnenyemomy
pacTBOpy NODaBSIOT AMXPOMAT Kajusl, MPH ITOM BbillagaeT KpaCHbI 0CagoK Xpomara ce-
pebpa. PacTBop ¢ 0cagkom TUTPYIOT CTAHIapTHbIM PACTBOPOM XJIOpUaa HATPUS 10 TeX Mop,
MOKa 0CagOK He U3MEHUT uBeT Ha Oenbiit. Ha kakoit peakuuy ocHoBaHo TUTpoBaHue? Jls
OTBETa Ha BOIPOC BOCMOJIb3yHTECh CMPaBOYHBIMUY JaHHBIMY TPOU3BEACHUI PACTBOPUMOCTH
coJie.

12. B kpucranne CrF,, umeroiem MCKaxXeHHYIO CTPYKTYpy pyTHA, YEThIPE SKBATOPHAb-
HBIX aToMa (Topa yaaieHbl OT 4TOMd XpoMa Ha 0,2 HM, a JBa aKCUaNbHbIX — Ha 0,243 HM.
O6bsicHUTE 3TOT (haKT.



I'naBa 5
XUMHUA SAEMEHTOB CEI[I)MOI71 I'PYIIIIBI

5.1. OBIIHAA XAPAKTEPUCTUKA

K snemeHrtam cenbMoOU rpyiinbl NPpUHANEXKAT MEPEXOAHBIE META/LIBI MapraHew
»sMn, TexHeumit 4 Tc, peHuii ,sRe u 6opuit ;;Bh. B nx atomax B 0CHOBHOM COCTOS -
HHUY BHYTpeHHME (1 — 1)d-21eKTpOHHbIE 000/104KH 3aBEPIUCHBI HAMOJOBUHY, 4TO B
cityyae MapraHua IpUBOAMT K IIOBBILIEHHUIO YCTOMYMBOCTH CTEMCHW OKWCJCHMS +2
(radn. 5.1).

CoenvHenusi MapranHua ObUTM M3BECTHDBI AIXUMHUKAM 3a40Jr0 [0 OTKPLITHS 3TOrO 3Je-
menTa (puc. 5.1). Ente B lpeBHeM Erunte ¢dbuonetoByio okpacky CTeko/ nojayuanu nodasie-
HWEM B ILKUXTY OKCHJa MapraHua. Mertaaninueckuit Mapradew BriepBble ObU1 BoigeseH B 1774 1.
wBeackumU yuenbiMu K. B. Lllcene u Jx.I.TaHom HarpeBanuem auokcuaa MnO, co cMme-
cbto yris v Hedry. B 1870 r. [1. . Mennenees Ha ocHoBaHWU [lepuoandeckoro 3akoHa npej-
CKasaJ cyuieCTBOBaHHWE ABYX HEW3BECTHbBIX DoJlee TsiKe 1blX aHAJIOrOB MapraHia — «3Kamap-
raHua» (aromHas macca 100) u «apuMmaprania» (atomHas Macca 190). Oba 3t sneMeHTa
ObLIM OTKPBITHI B MepBOii nonosuHe XX B.: B 1925 r. HayuHoii rpynnoii B. Hoanaka B ocHOB-
HOM CUMKaTe Oepu/uus, XKejae3a M JIAHTAHOWIOB ObL1 00HApyXeH 3JeMEHT C MOPSAKOBLIM
HoMepoM 75, HasBaHHbII peHreM (Mo uMenu peku PeitH), a B 1937 r. uTanbsHcKUe Ucce-
nosatesin K. [eppbe u 3. Cerpe OTKpbUIK 3/IEMEHT C NOPSIIKOBLIM HOMEPOM 43 B MPOAyKTax
0OMOapAMPOBKU siep MoaubaeHa NeTpOHaMW B LIMKAOTPOHE:

BMo + iD =%Tc + hn

On nony4un Ha3BaHWe TeXHEUMWH (TPey. TEYVIKOC — MCKYCCTBEHHbIi).
PannoakTuBHbIi 251eMeHT O0pHit BriepBble Obu1 nonyuer B 1981 r. B Japmiuranre (I'ep-
MaHMs) 1O peakLuu

209 R; 54 262 I
wBi + 35Cr - {Bh + jn

3aTtem OomMOapavpoBKoi saep Gepkiausl sapamMy HeoHa:

249 22 266 1

Bk + fiNe — [SBh +5,n

249 22 267 1

o Bk + 7;Ne — ;57Bh +4n

Ectb ceenenus, uto 6opuit obpasyer okcoxaopua BhO;Cl, nposisias crerncHb okKHcie-
Hust +7. OH Ha3BaH B YeCTb BblAAlolUErocs garckoro ¢pusmka Hunnca bopa.
p

Y 31eMEHTOB CeIbMO¥ IPYIITbl OUEHbL Mo CTABMIILHBLIX U30TOMOB: Y MapraHua
Bcero oAvH, y peHust — asa ('*Re 37,4 % n '¥Re 62,6 %), y texHeuMs OHU BOOOLIE
OTCYTCTBYIOT — 31O PaJMOaKTHBHBIN 3seMeHT. Hanbonee 10aroXuByunii n3oron
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CBOMCTBA 3/1€MEHTOB CEAbMOI TPYIIbI

Tadonuua 5.1

CaoiicTBo Mn Tc Re

3apsia aapa 25 43 75
ATOMHAa" macca 54,938 98,906 186,207
Yucso cTabuabHBIX M30TOMOB 1 — 2
SneKTpoHHas KoHpUrypauus [Ar]3d%4s2 [Kr]4d®5s! [Xeldf'45d5652
Sneprus noHusauuu, kIx/Moip: )

nepeas 716 .88 702 41 7603

BTOpast 1505,2 1476,2 1601,7

TPeThs 3251,5 2 846,3 2509

yeTBepTast 4940,0 4438 3666

nsitas 69855 5307 4221

uiecras 9 166,1 7719 6175

ceabMast 11510,7 — 7622
MeTanauueckuit paguyc*', um 0,130 0,136 0,137
Uonnblit paguyc*?, Hm:

M(VID) 0,040+ 0,056 0,071

M(VD) 0,041% — 0,066

M(V) — — 0,066

M(1V) 0,068 0,078 0,077

M(I11) 0,072 /0,079** — —

M(I1) 0,081,/0,097*¢ — —
DJ1eKTPOOTPULIATE TbHOCTE:

no Monunry 1,55 1,90 1,90

no Onnpeny—Poxoy 1,60 1,36 1,46
Crenetb okucaeHus*> =D, 0, (1), 2, | (=1), 0, (1), ), | (<1}, 0, (1), ().

:4.5),6,7 | (3),4,(5,6,7| 3,4,5.6,7

*t 1nst KoOpAMHALMOHHOrO umcia 12,

*2 NSl KOOPAMHALMOHHOIO YncHa 6, ecny He yKa3aHO MHaue.

*3 NS KOOPAMHALMOHHOTO uucaa 4.

* B HUCIIUTENE yKa3aH paaunyc s HHU3KOCMMUHOBOIO, B 3HAMEHATENEe — /IS BbICOKOCIIMHOBOIO

COCTOSIHUA.

*3 B CKOGKAx MpHBeaeHbl HEYCTORUMBBIE CTEIEHH OKUCACHHNS.

Lapis Magnes

Sideritis Plinii o@ A (}Oé
Lapis nauticus »1—3-1-

Magnes
fiehe Lapis magnes

Magnefia

M

Magnet
Gegel-Gtein

o—1 OA/\ :B"‘ Magnefien

Puc. 5.1. Anxumuueckue cimBonbl Mapratua (1755)

Magnet-Stein
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texHeuns: **Tc apngerca B-msnyuareneM ¢ nepuonom nosypacnaaa 4,2 - 10° ner.
BbiaensieMbie UM B-uyactvubl UMEIOT HeBbICOKYIO (397 K2B) 3Hepruio, a ux ucryc-
KaHue He conpoBoxnaeTcst y-usnyucHueM. [loaroMy pabora ¢ coenMHEHUAMHY TeX-
Heuust B Koanuectse MeHee 20 Mr He rnipeacraBiasieT onacHoct. TIpenoctopoxHo-
CTH HEODXOAMMBI MPU UCIMORb30BAHMN PACTBOPOB TexHeyMeBoOi kuciotel HTcO,
M3-3a JIETYYECTH €€ aHruapvaa.

N3 tabn. 5.1 cienyer, 4To Npy ABMKEHWKU BHU3 [0 IPYTINe aTOMHbIE pagryChi
VBEJIMUMBAIOTCSI, HO HE paBHoMepHo. M3MeHeHEe MOHHBIX PaJHyCOB B 3TOM psiny
HOCHUT Bostee CIIOXKHBII Xapaktep, CBA3aHHbINH ¢ BO3MOXHOCTAMH peasin3aLunid pas3-
JIMYHBIX KOOPANHALMOHHBIX UMCET U CITMHOBbIX (HA3KO- U BBICOKOCITMHOBOIO) CO-
croaHMi. He3HaunteibHOE Bo3pacTaHie aTOMHOrO paguyca rpu repexoie oT Map-
raHua K TexHe o 0dycnoBieHo GopMUPOBaHUEM HOBOTO 3/1eKTPOHHOFO ciiost. [pu
nepexone oT TexHeuusl K peHUIo, HECMOTPS Ha MOsABACHUE 2EKTPOHOB Ha LIECTOM
SHEPreTMUECKOM YPOBHE, Paauyc aroMa MpakTU4YeCKy He U3MeHsieTcs. DT1o oObsc-
HSIETCS TEM, UTO PEHMI1 PACIIONIOKEH B LICCTOM TMEPUOE MOCIe JAHTAHOUIOB: POCT
panuyca 13-3a 00pa3oBaHMsi HOBOI'O 3IEKTPOHHOTO YPOBHSI KOMIIEHCUPYETCS CXKa-
TUEM JICKTPOHHbIX 00010UEK TIPH 3AMOJIHEHMH 3TeKTpOHaMU 4/-00010uKH B rpyri-
nax sneMeHToB (Zr— Hf, Nb—Ta, Mo—W).

Haubojee HarasiiHO NaHTAHOUHOE CXKATHE MPOSIBASIETCA B 3HAYEHUAX MOHHBIX
PasnyCoB: HOHHbIE PaaMyChl peHHs1 MEHbLUIE MOHHbIX PAAUYCOB TEXHELMI B OQMHA-
KOBbBIX CTEMEHSIX OKUCAEHHsI. DTO MPUBOAUT K ropasno 00ablieMy CXOACTBY B CBOM-
CTBAX XMMHYECKHNX COCAIMHEHHI IBYX 31EMEHTOB U UX CYILECTBEHHOMY OTJIMYMIO OT
aHaJIorMYHbIX COeAMHEHMI MapraHua. Ha 3To ykasbiBaloT Takke 61M3Kye 3HayeHWs
S7IEKTpoOTPpULIATEIbHOCTEH (CM. Tabi. 5.1).

OueBuaHa HepaBHOLEHHOCTh Pa3HbIX CTEMEHE OKHUCIEH ST 3TUX MIEMEHTOB: TaK,
IUTs1 MapraHua xapaKTepHbl CTETIEHW OKUCIEHUS +2 C 2AEKTPOHHOU KOHdUrypauu-
el d°, oTBeyalowIEeH HAMOKOBUHY 3aceeHHOMY d-TIOAYPOBHIO, U +4 ¢ KOHMbUTypa-
uMeil d°, cOOTBETCTBYIOIEN MaKCMMAIbHOI 3Hepruy cTabuansauuy KpucTaiim-
YECKHUM MMOJIEM B OKTaAPUUECKOM OKPYXeHMU. B TO e BpeMs TeXHeuMid ¥ peHUIi B
BOAHbBIX PACTBOPAX CYLLECTBYIOT MPEUMYLLIECTBEHHO B BbIiCLUIEH CTEMIEHU OKHCICHMS.
TaknMm obpasoM, B psay Mn — Tc — Re ycTOiMUMBOCTL COeNMHEHMiT B BbICOKHX
CTeleHsIx OKMCIIEHUsT BospactaeT. HanpuMep, B ciiyuae MapraHiua yCtoiuyiBbl OKCH-
abl MnO, Mn;O,, MnO, 1 oueHb He ctabuneH Mn,O,. Harnpotus, Boicime okcuabi
TexHeuusa 1 peHust M,O; (M = Tc, Re) kunar Boiite 300 °C 6e3 pasnoxenuns. Cpeam
rajoreHMaoB TexHeuust 1 peHus cyuecTsyloT xopuabl TcClg 1 ReCly, Torna xak
IU1s1 MapraHua noCToBepHO a0KasaHo obpaszosaHue tojibko MnCl,. INpu obpasona-
HUM XMMHUYECKUX COeAMHEHNH 3aTpaThl SHEPIrMy Ha aTOMM3aLMIO METa/IOB U pa3-
pbiB CBA3€i B pearnpyolmnx ¢ HUMu monekyiax O, u Cl, ans Kaxaoro ajeMeHTa
OIMHAKOBbI B COOTBETCTBYIOLINX PEAKUMAX M KOMITEHCUPYIOTCS BblIEACHUEM 3HEP-
v nipy GOpMUPOBAHNN HOBbBIX CBSI3CH METAIUTOB C KMCJOPOAOM MM XJIOPOM. YMeHb-
lleHHe CYMMAapHbix 3HEpruil moHmsaunu or Mn k Re (cm. tabn. 5.1) obaeruaer
obOpasopaHue OONbLIEIO YMcia CBAA3EH TEXHELUS M PEHUS C APYrMMH d1EMEHTAMU,
4TO CTAOUAN3UPYET BLICOKHE CTENEHH OKMCAEHWS METAJNOB.

HanonoBrHy 3aceieHHasi CHMMETPUUHAA 31EKTPOHHAsA d’-00010uKka B Cilyyae
Mn, coOTBETCTBYIOLIAsE CHHIJIETHOMY TEPMY OCHOBHOIO COCTOSIHMSI, OT/IMYaeTcs
NoBbILIEHHOW ycToHunBoCTbIO. CyllIECTBEHHBIH BKJaj B €¢ CTabulibHOCTh BHOCHT
0OMEHHAas1 HEPrysl OTTAJIKUBAHMS 3/IEKTPOHOB, MaKCHMMaJlbHas B cilyuae d>-271ekK-
TPOHOB C MapajljieIbHbIMK CIIMHAMH. DTHUM OTPeASIIETCA camas BbICOKast YCTO M-
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BOCTb COCAAHEHWI MapraHua B CTEIEHU OKUCACHUs +2 110 CPABHEHUIO C COeMUHEe-
HUSMU COCEAHUX DTEMEHTOB 3d-METAIOB: XPOMa U Kejie3a — B TOil XK€ cTeneHu
OKMCJICHUsI. Y TeXHEUUsl M pEHUs Pa3iMine B SHEPIUsIX SAE€KTPOHHbIX YPOBHE 15 1
(n—1)d o cpaBHEHMIO C MapraHUeM CTAHOBUTCS MEHee 3aMETHbIM. DTo 06aeryaet
UX y4acTHE B OKMCJIUTEIbHO-BOCCTAHOBUTEALHBIX PEAKLMSAX U MPUBOAUT TEM ca-
MbIM K [OBBILICHUIO YCTONYUBOCTU BLICLIMX CTEEHEH OKMCICHUS.

I1pu cpaBHeHnu sHepruii noHn3aumu B rpynne Mn —Tc— Re cieayert 00paTHUTL
BHUMAHWUE HAa MX HEMOHOTOHHOE U3MeHeHue (cM. Taba. 5.1). TlepBast aHeprust MOHH-
3aUMn MOHMKAETCSl OT MapraHua K TEXHELUIO U3-3a YBeJIMYCHUS] pa3Mepa aToMa u
0c/1abJieHHs1 CBSI3M BaJICHTHOrO 37EKTPOHA TexHeuust ¢ saapoM. Ho npu nepexone K
PEHUIO, HECMOTPsi Ha BeCbMa OAM3KME pa3Mepbl aTOMOB, [POUCXOAUT CUIbHOE
NOBbILICHNUE [1IEPBOH SHEPIUU MOHU3ALUU. ITO 00YCAOBAEHO UHEPTHOCTHIO 31EKT-
POHHOIi napbl 6s%, xapakTepHOil U s APYTUX 3AEMEHTOB LIECTOrO nepvozaa, uro
CIOCOOCTBYET BbICOKOW YCTOMUMBOCTU METAIIMYECKOTO PeHUS K ACHCTBUIO OKUC-
areneil. braronaps yBennueHnio sHepruil MOHU3aUKUY 17151 METANTIOB CENbMOIA IpyI-
bl MOKHO OXHWJAThb CYLIECTBOBAHUSA BCEX I10J10XKUTEILHBIX CTENEHEH OKUCICHUS.
Takne coenquHeHUst NEHCTBUTENBHO MOMY4YeHbl, HO UX CTaBUIBLHOCTb Pa3linuaeTcs
BECbMa CUJILHO.

Ona mapraHua HauGojiee xapaKTepHbl COEAMHEHMsSI CO CTENEHAMM OKMCIeHUS
+2, +4, +7. BMecTe ¢ TeM JIerko HOCTYIIHbI U NPOU3BOAHbBIE MAPraHUa B CTENEHsIX
okucieHus 0, +3, +6. JInsi TexHeUUs1 TUIMYHbIE CTENEHU OKUCHCHUS +4, +6, +7;
AJis peHus +6, +7. XyuMUsi TEXHELMS U PEHUS XapAKTEPH3YETCsl IETKOCTBIO B3anM-
HBIX [peBpalleH il COEANHEHUN C pa3HbIMU CTENIEHSIMU OKucaeHusl. B BeiCLIeit cTe-
[ICHW OKMCAEHUST MapraHel 3HaA4YMTe/IbHO §0Jiee CUJIbHbII OKUCAUTED 110 CpaBHe-
Huto ¢ rexHeunem(VIl) u pennem(VIIl). B 3T0M OTHOLIEHNY OH KaXe NPEBOCXOANT
cocenHmii anemeHT xpom(VI). braronapsi BO3MOXHOCTH criapuBaHus d-31eKTPOHOB
11071 A€ACTBUEM JIMTAHIO0B CUILHOTO 110J151 CO3AAIOTCH YCAOBUS IS aKLENTHPOBa-
HUs 3JICKTPOHHBIX Tap JIMIAHAOB HAa OCBOOOAMBLIMECS OPOUTAIM 1€HTPAILHOTO
aroma ¢ 00pa3oBaHMEM OTPULATENbHBIX CTENEHEl okucaeHus -3, —2, —1 B Kapbo-
HUJIBHBIX U HUTPO3ULHbBIX ITPOU3BOAHbIX.

Ilpy nBrKEeHUMM 10 TpymIe Mo Mepe pocTa pasMmepa d-opouTaieil U NOBbILEH s
CTENEHU UX NMEPEKPbIBAHUS YBEIUYMBACTCS IHEPrUsi KOBAJIEHTHBIX CBA3EH MeTa/i—
METaJll, COCTAaBAAWAs 1/t MapraHua 121 kJx/mosnb, anst TexHeuns 263 kJ1K/Moitb,
anst peHust 293 k/1k/Moab. DT0 NPUBOAUT K POCTY NPOYHOCTH METAJLIMYECKON pe-
LIETKU, TEMIIEPATYP IUIABJIEHUSA U KUIIEHUS, TBEPAOCTA U YCTOWUYMBOCTH K BHELL-
HUM BO3ACHCTBUAM. JApyrUM CIEACTBUEM 3TOrO SIBASIETCA CTPEMACHUE TEXHELHUS U
peHMs1 COXPAHUTh CBS3M META/J1—META/I B XUMUYECKUX COEAUHEHUSIX IyTEM 0Opa-
30BaHus KiactepoB. Husiime crenenu okucieHus y 31eMeHTOB CeabMOil Tpyibl
Pean3yloTCs NPEUMYIIECTBEHHO B COEAMHEHUSIX C T-aKLENTOPHBIMU JUraHaaMu1
CO, CNR, CN~, cTtabunn3MpoBaHHBIX C IIOMOILbIO OGPaTHOTO TOHUPOBAHMS 1K~
TPOHHOW nioTHocT M — L. Tlpumepamu cayxar rexcauuaHometannatbi(l)
Ks[M(CN)¢] (M = Mn, Tec, Re), nony4yaemnle BOCCTAHOBACHHWEM LIMAHUIHBIX KOM-
[IEKCOB B CTCMNECHU OKUC/IEHUSA +2 aManbraMoii Kajus B XUIKOM aMMuake.

Hnst MapraHua xapakTepHbl KOOPAMHALMOHHbBIE YNCAa 4 1 6, XOTSI B HEKOTOPbIX
KomMmiekcax, Hanpumep B teTpaHuTparomaHraHare [Mn(NOs),]%, conepxatiem
YEThIpE OUACHTATHbIE HUTPATHbIE IPYIIIbI, OHO AOCTHUTACT BOChMU (Tab. 5.2). B xu-
MU TEXHELMSI U OCOOCHHO PEHUSI BLICOKME KOOPAUMHALMOHHBIE YMCIA BCTPEUaloT-
Cs1 6oJ1ee 4acTo, YTO OOBICHSETCS POCTOM UOHHBIX PaaMyCOB.
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Juaepammor Dpocma rnemenmos cedomol zpynnot

Ha puc. 5.2 npuBenaeHa 3aBUCUMOCTb BOJIbT-3KBUBAJIEHTOB OT CTEMEHCH OKMCIIe-
HUsl 1Sl MapraHua, TexHeuus U peHust (auarpamma Pdpocra).

TMpogeseM aHanW3 TakOW OUATPAMMBI JUIA MapraHpa.

e HacTuubl, BOJIBT-IKBUBAJICHTbI KOTOPbIX HAXOISATCS BbILUE MpPSIMOM, CBSI3bIBA-
1oLl CoceTHUE TOYKHM MarpaMMbl (HarpumMep, OTBevaloline noiam MnO;™ u Mn™)
MMEIOT TEHAEHUUIO K IUCIPONOPLUOHHUPOBAHUIO.

e YacTHLbl, BOJIBT-IKBUBAJEHTbI KOTOPbIX HAXOIATCH HUXE MpPSAMOIi, COCIUHSA-
I0lei cocenHue TOYKM IuarpaMMbl (HanpumMep, MnQ,), B pacTBopax He AMCIPO-
MOPUHUOHUPYIOT.

e CusibHbIE OKHUC/IUTE/IM HAXOMSTCs B MPaBOil BepxHeil uactn guarpammbl (MnOj).

« BocctanHoBUTe 1M pacro/ioXeHbl B N1€BOH HUXHEN dacTH auarpamMmbl (Mn).

e lnarpamma ®Ppocra xapakTepu3yeT TepMOIUHAMUUECKYIO YCTOINUYHUBOCTD YACTH1L
B paCTBOpE K OKUC/EHH IO U BOCCTAHOBIEHUIO. B HEKOTOpLIX Ciiydasx gaxe TepMoOam-
HaMU4YeCKU BO3MOXHbBIE PEeaKLMK MPOTEKAIOT ¢ KpailHE HU3KOM CKOpOCTBIO, T.¢. pe-
a1bHO He OCYLLECTBUMBL. Tak, MepMaHraHaT-vuoH AOKeH OKHUC/ISATh BOAY A0 KHC/0-

1 i L

0 +1 +2 +3 +4 +5 +6 +7

CrerneHb OKUCIEHNS

Puc. 5.2. luarpamma ®pocra s 31eMEHTOB CenbMOM rpyninbl fipd pH 0 (cniournble
svuHuu) v pH 14 (nyHKTUpHBIE NTUHWK)
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Puc. 5.3. 3aBUCUMOCTb OKUCTIUTENIbHO-BOCCTAHOBUTENLHBIX CBOMCTB COeAMHEHUI Map-
raHLa OT KUCIOTHOCTH Cpebl

pojaa, OHAKO 3TOr0 HE NPOUCXOAUT: BOAHBIE PACTBOPHl IiepMaHraHaTa 3HaKOMbI KaxX-
JIOMY.

e [Inarpamma DpocTa OTBEYAET CTAHJAPTHBLIM YCIAOBUAM, T.€. | M pacTtBOpam W
onpefe/iecHHOMy 3HavyeHu1o pH: o6euHo 0 (ist kuchoi cpeabl) v 14 (ans wenou-
Ho#). T1py U3MEHEHUN KUCTOTHOCTH cpesibl MeHsieTesi JOpMa CYIHECTBOBAHUS HEKO-
TOPbIX MOHOB W UX YCTOMUUBOCTD (pUC. 5.3). Tak, B LIENOUHBIX pacTBOpax MOH Mn?*
nepexoaut B ruapokcua Mn(OH),, v ero BOJbT-3KBUBANEHT CYILECTBEHHO MOHMXaA-
€TCsl, @ BOCCTAHOBUTE/IbHASI aKTUBHOCTh BO3PACTAET.

Takum 06pazom, HanbGoNee XapakTepHOit OCOBEHHOCTBIO JUATPAM MBI CJIYXUT Iy~
OOKMA MUHUMYM ISl COCTOSIHUS MoHa Mn?*. Takoe BHICOKOCIHMHOBOE COCTOSHUE
mapraHua(ll) otnuuaeTcs BHICOKOI CTAOU/IBHOCTBIO MO CPABHEHUIO ¢ AHAIOTHUHbI-
MU COCTOSIHUSIMU TeXHEUMA U peHUsi. Hu3kue cTeneHU OKUCIEHUS B XUMHUU 3ITUX
JBYX 3JIEMEHTOB MPEACTABNEHBI CPaBHUTENbHO HEMHOTOYUCAEHHBIMU KOMILIEKCHDBI-
MU COEAMHEHUsIMH, DOJNBUIMHCTBO M3 KOTOPBIX CTaOMIM3MPOBAHO B KJlacTeEpax cO
CBA3SIMU MeTaNl—MeTall. HeaHauuTenbHbI HAKJIOH JIMHUM JUIS TEXHELUs [103BOJIS -
€T NpeacKasaTh JEerkoe B3aMMHOE MpeBpanieHue MeX/Iy €ro COeMHEHUAMU B pa3-
JIMYHBIX CTENEHAX OKUCIEHUS.

B To xe Bpemsi, kak BUAHO U3 auarpammbi DpocTa, YCTORUUBOCTb COENMHEH U
TEXHEUUS M PEHUS] B BBICOKMX CTENEHSX OKUCAEHUSA 3aMETHO BBILUE, YEM COOTBET-
CTBYIOIIMX COeMHEHMIt MapraHua. Tak, maHraHat MnOj v nepmanranar MnOj —
VCKIOYNUTENBHO CUJbHBIE OKUCIWUTEIHN, TOraa Kak neptexHerar TcO; v neppenar
ReOy; nposBasior auiib ciabble OKUCTUTENbHBIE CBOICTBA.

3aBMCUMOCTb CTAHAAPTHOTO 3MEKTPOAHOTrO NMOTEHIMANA OT KUCJIOTHOCTH Cpeflbl
BbipaxaeT auarpamma [1ypde (puc. 5.4).
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Puc. 5.4. luarpamma Iyp6e nist Mapranua (a) u TexHeuus (6)
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Ta6bnuua 5.2

Crenenn OKHC/eHNS, 3/IeKTPOHHbIE KOH(DUIYPAINH, KOOPAHHAIMOHHBIE YHCAA
H reoMeTpHusl COeHHEHHH DJIEMEHTOB CeAbMOIi IPyIIbI

Cre- | OBnexr- Koopan- IMpnmepb HOHOB M coeTMHEH U
onpancb— Kg?{g:lar’; | Haumon- T'eoMeTpus
nenmns | paums HOE YKCio MapraHua TeXHEUMS, PeHUS
-3 d' 4 Terpasap Mn(NO);(CO) [M(CO),]*
-2 d° 4 Kpagpar [Mn(pc)]*- —
-1 a8 5 TpuronanbHas [Mn(CO)s]" [M(CO)]~
Ounuvpamuaa
0 d7 6 OKTaSﬂp an(CO)lo Mz(CO)H)
1 d® 6 Oxkrasnp [Mn(CN)]*> [M(CN)]*
2 &’ 2 Jlnneitnasn Mn(C(Si(CH3)5)5); —
4 Tetpasnp [MnBr]* —
5 TpuroHanbHas [MnBr(tren);]* [ReCl(dppe),]*
ounupamuaa
6 Okrasap [Mn(H,0),]** [Re(bipy);]**
8 Honekasap [Mn(NO,),]* —
3 d4 5 Tpl/lFOHaﬂbHaﬂ Mn(P(CH3)3)2[3 Ph}Re(PPh(CzH5)2)2
ounupamuaa
5 KpaapartHas [MnCl; ]2~ [Re,Clg]*
nupamMuia
6 OKTaaﬂp K}[M n(CN)(,] mer—MCl3(PR3)3
[Mn(C,0,);]*
7 IMenTaroHasbHas Mn(NO,);(bipy) [M(CN),]*-
Ounupamuaa
4 a3 6 Oxrasnp [MnF¢]*, MnO, [IMI >
5 d? 4 Terpasap MnO}- —
5 TpuroHanbHas — ReF;
ounupamuna
5 KBaapartHas — [MOCLI
ndpamuaa
6 Okrasnp — [Tc(NCS)]
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Oxonuanue maboa. 5.2

Cre- | Snekr- Koopau- TTpHUMEPbI HOHOB U COCAMHEHHi
NeHb | pOHHas
HatllMOH- eoMeTpHust
OKUC- | KOH(HUTY- 0¢ YHCIIO N X
nenus paus H MaprasHua TEXHELMS, PCHUSI
6 d! 4 Terpasap MnO;- ReO;~
5 KsaapaTHas — RcOCl,
nupamuaa
6 OkTasnp — ReF,
8 Nonekasap — [Re(CH; )]
8 KpaapaTHas — | ReFy}*
aHTUNIpU3Ma
7 d? 4 Terpasnp MnO, [MO,]-
5 TpuroHannHas — ReO,(CH,),
Onnupamuaa
6 OkTasap — [ReO,Cl, )
7 [MeHTaroHanbHas — ReF;
Ounupamuaa
9 TpexwanouHas — [ReH,|*-
TPUTOHAIbHAs
npusma
llpumenanue. pc — drasounanuH; tren — mpuc-(2-aMmunosTMn)aMun; dppe — 1,2-6uc-(audeHunn-

(ochuH)aTaH.

5.2. HAXOXJIEHUE B ITIPUPOJAE, NOJYYEHUE U NPUMEHEHUE
ITPOCTBIX BELUIECTB

Haxoxnaenne B npupoae. [1o pacnipocTpaHeHHOCTH METANLIbI CeAbMO TPYIIibl
PE3KO OTAKYATCs: APYr OT Apyra. B to Bpemsi Kak peHuii npuHaLIEXUT K pEAKUM
aneMeHTaM (B 3eMHO# Kope ero 7- 107 mac. %) 1 oueHb CHIIBHO paccesiH, a TeXHe-
LMi BOOOLIE HEe nMeeT CTAOWIbHBIX M30TONOB, MapraHell MO CONEPXKAHKIO B 3eM-
Hoii kope (0,106 mac. %) 3aHMMaeT ABEHAALUATOE MECTO CPEAM BCEX JEMEHTOB W
TPETBE CPEAM NEPEXOAHbIX METALIOB, YCTYIasi TONbLKO Xefe3y U TuTaHy. M3sectHo
0Kko10 3 500 MuHepanoB MapraHua, U3 KOTOpbIX JIMLIb OKOJNO AECSTH MUMEIOT PO-
MBbIlIICHHOE 3HaYeHUe. B nepBUYHbBIX OTJIOXKEHUSAX MapraHel BCTPEYAETCS B CHIIU-
Karax u rpaHurax (cpeaHee coaepxanue 0,06 mac. %). Hanbosee BaxHbl BTOpuu-
Hble OTJIOXKEHusl, 00pa3oBaHHbie NMupoao3utoM MnQO,, raycMaHuuToM Mn;0,, po-
aoxpo3utom MnCQOj;. [1pu UX BbIBETpHMBAHUM NMPOMCXOAUT BHIMBIBAHHE KOJLIOWI-
HbIX YacTHLl OKCHAOB MapraHua, Xeljiesa, aTloOMHHHUS B MOpSI, TJ€ OHM OTKJIA/1biBa-
I0TCH B BU/IE «MapTaHLIEBbiX KOHKPELMi», 1apuKOB HENpaBUIbHON opMbi (puc. 5.5).
B cyxom Bune onm conepxar 10 30 % mapranua. Ha nHe okeaHoB Haxoautcst Gojiee
102 T Takux KOHKpeLMii, M exXeroaHo orkiaabiBaercs ewe 107 T.

Pennii cobcrBeHHbIX MeCTOPOXIAEHH I He 0Opa3syeT. OH BcrpeuaeTcst B Moanbe-
HUTE, XaJbKONMPUTE U APYTUX MUHEpANax B BUae U30MOPQPHLIX npuMmeceii. Cylb-
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Puc. 5.5. MapratugeBbie KOHKpeLn

(unbt Meau u MonnbaeHa, conepxkaiue 10 0,2 % TOro mertauia, yxe uMeloT Mnpo-
MBILIJIEHHOE 3HaYeHue. PEHUH KOHLEHTPUPYETCS TAKKE B YIIAX, HedyTu, OUTyMax,
CJIAHLAX, KOTOpbIE CHYXKAT AOMNOJHUTENbHbIM €0 UCTOYHUKOM.

TwarenbHbie NOMCKM TeXHELWsl B NpUpOae NPUBEIM K ETO OOHAPYXKEHUIO B
MUHepajiax (MOJIMONEHUT) K KEJIE30HUKEJIEBbIX METEOPUTAX B Kosinuectre 1071 —
107 mr/kr. CriekTpanbHO TexHELMid OGHApYXKeH Ha HEKOTOpHIX 3Be37ax, HarlpuMmep
B cozBe3amu Lledes.

Ionyyenne. OcHoBHasi yacTb MapraHua (okoso 80 %) MaeT Ha MpOKU3BOACTBO
crasieil B BUae eppomapraHua — cruiasa ¢ kese3om. Ero nosyyaior BOccTaHOBJ e -
HHUEM CMECH NMUPOJIO3UTA U TEMATUTA KOKCOM:

!
xMnO, +7/,Fe;05 + (2x + ¥/5)C = Mn,Fe, + (2x + ¥/,)COT

BoccraHoBneHe MUPOJIO3NTA NIPOTEKAET YEPE3 CTAAUKM 00Pa30BaHU HU3LIMX OKCHIOB.
Peakuus B3anmoneiicteust MnO ¢ yriieposom ocyuiecTBASETCH € BHICOKOH CKOPOCTBIO MpH
remneparype 1400 °C. [lns ynanenunst kpemHesema SiO,, HEU30EXHO coaepxKallierocs B pyie,
B 1inak aobassiior gosomur CaCO;- MgCO;. B cransX MapraHey ¢Bsi3biBaeT cepy B Cyabdhua
MnS, a kucnopon B okecua MnO, koTopble nepexoaiTt B jaak.

MeTannnueckuii MapraHel TakKXKeE MOXKHO noJjiydaTb aJlloMOTEPMUYECKHU:

!
3MnO + 2Al = 3Mn + Al,O;

YucToili MeTa NPOM3BOASIT 3JIEKTPOJIN30M BOAHONO pacTBopa cyibdara map-
ranua(ll) ¢ MHepTHBIM KaTOAOM M CBUHLIOBbIM AHOIOM:

31. ToK

MnSO4 + HzO —— Mn + HzSO4 + l/zozT

MapraHueBbie MOKpPbLITHSE Ha Meab, CBUHEL, IPapMT TAKXKE HAHOCHT 3NEKTPO-
Jadtavecky. MenkoancnepcHsli NopoloK mMapraHia 06pa3yercs Npy TepMUUYECKOM
payioxeHnn KapboHuna:

350°C
MnZ(CO)IO _ 2Mn + lOCOT
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TexHeunii noayvaroT obaydeHreM MoanbaeHa HEHTPOHAMM:

EMo + bn = Mo + vy

WMo = BTc + b

JIMGO0 BLUIENSIOT U3 OTXONOB SAEPHOTO TOIUIMBA (TEXHELMIA COCTABIAET OKOJIO 6 %
NPOAYKTOB JesieHuMs ypaHa). M3 orpaboTraHHOro TomjanBa TEXHELMH OCAXIAIOT B
Buae manopactsopumbix coneit (AgTcO,, CsTcO,, (C¢Hs),AsTcO,, Te,S;), orro-
HAI0T B (DOpMeE JIETKONETYUMX COCAUHEHUH, 3KCTParupyloT OpraHuMyecKnuMiu pe-
areHTaMu Wiy BBLAEJISIIOT IPpY NOMOLUM MOHHOTO 0OMeHa., MeTaj Nnoay4aroT BbiCo-
KOTEMIEPATYPHbIM BOCCTaHOBJIEHUEM neprexHerata NH,TcO, unu cynbdpuaa Bo-
J10pOOM:

t
TCzs7 + 7H2: 2TC + 7H2$T

[Tpu nnaske WM OKUCIMTENBHOM 00XHTe CYyAb(MIHBIX DY NPUCYTCTBYIOLLMI B
HUX PEHMI OKMCNISIETCs ¥ BO3TOHSIETCS B BME Jietydero Re,0;. Okcun KoHAeHCHPY-
10T, nepesolsar B neppeHat NHyReO, 1 nonyuaior meramn BoccraHOBIEHUEM MEp-
peHaTa BOAOPOJIOM:

1000°C
2NH4ReO, + 7H, ——— 2Re + 2NH; + 8H,0

IMpu nepepaboTke CyabhUAHBIX MEAHBIX U MOJKGIEHOBbIX KOHLUEHTPATOB PEHUI KOH-
LEHTPUPYETCH B CEPHOKMUC/IBIX pACTBOPAX, OTKYNA €r0 M3BJAEKAIOT OCaXaeHWeM majopac-
TBOpUMBIX coeanHCHUI (Re,S;, KReQ,), copbuueit Ha HOHOOOMEHHBIX cMOaX M XMIKO-
CTHOM DKCTpaKLMeil. DIeKTPOJIN30M BOAHBIX PACTBOPOB METAL MOXHO TOJYYWTh B BHIE
KPYITHO3EPHHUCTOTO NMOPOUIKA, TUICHOYHBIX MOKPHITHiA, CIIABOB.

[Topowok peHust BbICOKOW YMCTOTHE OOpPA3yeTCst NPH TEPMMUUECKOI AUCCOIMALMH JICTY-
4uX coequHeHui npu remneparype 1 000—1300°C:

6ReOCl, = 4Re + 2ReO;CIT + 11CL,T
2ReCl; = 2Re + 5CI,T

Ero nepeBonsiT B CAMTKM METOAAMK NMOPOLIKOBOM META/UIYPTMKH — TMPECCYIOT B NPYTKHU,
crniekaoT s yrotHeHus npu | 200 °C u cBapuBaioTr B atMocdepe Bogopoaa npu 2 800 °C,
NpoMNycKas Mo NpyTKY J€KTPHUYECKUI TOK.

Ilpumenenne. HuskonerupoBanHbie MapranuoBucTbie ctaiu (< 1,5 mac. % Mn)
NPHUMEHSIOT KaK KOHCTPYKLIMOHHbBIE M MHCTPYMEHTA/IbHbIE MaTtepuasbi. Bbicokose-
rupoBaHHble ctanu (£ 11— 14 mac. % Mn) xapakTepu3yroTcs YAapHOH CTOMKOCTBIO
M M3HOCOCTOMKOCTDBIO, U3 HMX M3rOTaBAMBAIOT AETAjlM TPAKTOPOB U TAHKOB, XKEJe3-
HOLOPOXHbBIE CTPEIKU U MEPEXOabl, NPOOMIbHbIE MalliiHbl. OUeHb BaXHYIO 00-
JIACTb MPUMEHEHNS AroKCcHaa MapraHua MnO, COCTaBASIOT 3AEKTPOXUMHUUYECKHE
asnemMenTh. Ero takxke ynorpeosasior anst ocserinenust crekoi. Conu mapranpa(ll)
BXOJAT B cOocTaB MUKpoynodpenuit. MeppoMapraHer; noiyyus ApoOKoe npume-
HEHHE B Ka4eCTBE PACKUCIIMTENS, C €ro MOMOLLbIO MPOBOAAT obecceprMBaHeE Yy-
TYHa U CTaju.

TexHeunit, HAHECEHHBIH Ha AJTIOMOCUIMKAThi, OKCUAbl ATIOMAHUSA U KPEMHUS,
CAyxUT 3hHEKTUBHBIM KaTaaM3aToOpOM AETUAPOTEH M3ALIMK, U30MEPU3ALNU U KpE-
KvHTa. B omvuve or naatrHbl TeXHeuuil He otpasisietcst cepoit. CoeiMHEH Ust TeX-
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HEUMs! HAXOAAT NPUMEHEHME B MEAMLIMHE MPU NUATHOCTHKE OMYXOJiei FOJOBHOTO
MO3ra i MaroJIoTHi KOCTHOM TKaHu. [Iyist 9Tux ueneit cayxur usoron *mTc, o6pa3y-
IOLLMIACS 11pY BO30YXAEHNM TEXHELIMS-99 1 B OTIIMUME OT HETO M3JYUAIOLLMI Y-JTyun.
3a HECKOJIBKO YACOB OH MEepeXxoanT B TeXHelnii-99, ncnyckaowmit b B-yacti-
b, M MOCTENEHHO BLIBOAUTCA U3 OPraHM3ma.

Karanusatopbi Ha OCHOBE peHHsl U €ro COEAMHEHNIT MCMONB3YIOT B XMMHUYECKOI
1 HeTeXMMUUYECKOH MPOMBILUIEHHOCTH NP ATKWIMPOBAHUN M ACATIKMIMPOBA-
HUM, THAPOTEHU3ALUUN W AETMAPOTEHM3AUMU, N30MEPM3ALIMM, OKUCIEHUU, Kpe-
KUHTEe. DTH KaTali3aTophi MMEIOT PA NPEUMYILIECTB Mepea MIATUHOBBIMUA 1 3aMe-
HSIIOT WX. [Ipyroe HanpasieHME HCMOJb30BAHMSI METAIA — CO3AAHME XApONpoy-
HbIX U TYTOIUIABKMX CIUIABOB ISl PEAKTUBHBIX U TYPOOPEAKTUBHBIX aBUALIMOHHBIX
ABHTATE/I€d, HOCOBBIX HacanoK pakeT. CruiaBbl penus ¢ Bob(hpamMoM, MOITHGIEHOM
¥ TAHTAJIOM HaXOASIT MPUMEHEHHE B DJIEKTPOHMKE KaK MaTepUabl 1l HUTEH Ha-
Kasa, KaToaoB, Harpesaresieid, CETOK paavosamil, 3JeKTpoKoHTakToB. Ha ocHose
CIUIaBOB PEHUs C BOJIL(PAMOM M3rOTABIMBAIOT TEPMONAPHI, PAGOTAIOLINE B BAKYY-
M€, HEWTPaJbHOM M BOCCTAHOBUTENbHOI armocdepe npu temneparype a0 2 600 °C.

5.3. PU3BNYECKUE CBOMCTBA IMPOCTHIX BEIIECTB

Mapraneu, TexHeuui U peHrid — cepedprCTO-Oebie TYroMiaBKue MeTalbl
(Tabn. 5.3). Temneparypa I1aBieHUsi PE3KO MOBLILIACTCS OT MApraHua K pPEHUIO,
KOTOPbIH M0 TYTOIJIABKOCTH YCTYNAET JIMLiIb BOJIb(ppamy. DTo 0OyCIOBIEHO yeuile-
HUEM KOBAJIEHTHOTO BKJaa B METAUINYECKYIO CBSI3b C POCTOM pa3MepOB d-opOu-
Tanei.

Tabaunua 5.3
*
CBoiicTBa NPOCTLIX BeMIECTB CEAbMOM TPYNIIbI

CboiicTBO Mn Te Re
Temnepatypa naasnenns, °C 1244 2170 3180
TemrniepaTypa kunexus:, °C 2060 4570 5630
BHTanbnus rasneHns, xIx/Mosb 14.4 23.8 33,1
BHTANbNUS McnapeHns, KJIX/Mojb 219,7 585.,2 707,1
OHTanbnus atoMuzaunn, x1x/Monb 280.7 678,0 769.9
[TnoTHOCTB*, /M’ 7,44 11,49 21,04
DIeKTprueckKoe conpotuiaeHne, MKOM - cM 185,0* 22,6+ 19,3*
Moaynb FOura, T'Tla 191 — 466
BHeprus oAUHAPHOI KOBAJIEHTHOM cBsi3u, KJK/MOb 121 263 293
CraHnapTHbLH 3J1eKTPOAHbBIA NOTeHLMan***, B:
E°(M2/MY% -1,185 0,400 —
EM*Y/M) -0,283 - 0,300

* Tpu Temneparype 20°C.
** TIpu temneparype 120 °C.
*** TIpu pH 0.
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Puc. 5.6. TocenoBaTebHOCTb (ha30BbIX MEPEXOAOB MAPraH1ia B 3aBUCUMOCTH OT IABJIEHUA
K TeMMepaTypsl (@); 3aBUCUMOCTb 3J1EKTPUYECKOTO CONMpPOTUBAEHHs (p) MAPraHua OT TeM-
neparypst (6)

TexHeuMil ¥ PeHUIT KPUCTANIU3YIOTCS B MJIOTHELLIEH reKCaroHaabHOMN YNaKOBKe ¢ KO-
OPAMHALIMOHHBIM YUCJIOM |2, cOXpaHsIIOLIEHCs MNP HU3KUX TEMITEPATYPAX W BBICOKMX 1aB-
JeHusx. B oTinune oT HuX Mapratey 06pasyer YyeThipe NOJAMMOP(pHbIE Kybuueckue Moandu-
Kaluuu ¢ nocienoBaTe/ibHOCThIO MEPEXOAOB NPY NOBBILLIEHUM TEMIMEPATYPH: o — B — ¥ — §
(puc. 5.6). MazoBbie NEPexXOAbl MEXIY HUMU COMPOBOXIAOTCS YBEIHYEHUEM OOBEMA.

[1py KOMHATHOW TeMrieparype ycTOHuMB o-Mnu CO CIOXHON KyOHueckoil cTpyKTypoil,
conepxauei 58 aToMOB B 3/leMeHTapHOM siueiike (puc. 5.7). BTa MoaudUKaLns cTabuibHa
10 710 °C n npu Gosiee BLICOKOUH TeMmeparype npespaiaercs B f-Mu ¢ NpUMUTUBHON Ky-
Ouueckoli peweTkoii (puc. 5.8). OH ycroiuus B uHteppane 710 — 1079 °C. Ho npu 6nicTpoM
OXJIaXAEHUH MOXET COXPAHATLCA U NPU KOMHATHOU TeMmnepaTtype. B HeM NpucyrcTByioT aBa
TWNA aTOMOB MapraHua ¢ KOOPZUHALMOHHBIMU YuciaamMu 12 u 8, oTiuyamonimxcs reomer-
pueil KoopauHaunoHHoro okpyxeHus. Ilpu Temneparype Botie 1079 °C ycroituupa y-mMonu-
(¢MKauMg ¢ rpaHeUEHTPUPOBAHHON KYBHYECKOH CTPYKTYPOH M KyBWUYECKOUN MAOTHeMInei
YyNakoBKOH atomoB. y-Monudukauus cymecrsyer no | 134°C, npu nanbHeiilieM Harpesa-
HUK NEPEXOANT B d-MoaudUKaguio ¢ 06bEMHO-1IEHTPUPOBAHHOM KyOU4YECKOI CTPYKTYPOH,

Puc. 5.7. Crpykrypa a-mMapraHya Puc. 5.8. KoopnuHalMOHHbIE MONIK3APbE B
CTPYKType B-MapraHpa afs KOOpIMHALK-
oHHOro uucna 12 (a) u 8 (6)
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YCTOWYUBOM BIIOTH 10 TeMMNepaTypsl muabieHus (1 244 °C). a-Moanbdukauus xapakrepusy-
€TCH BbICOKOW TBEPAOCTbIO, HO SIBJSIETCS XPYINKOii; y-Mn, Haobopor, 1iactuyeH, a B-Mn
N0 MEXAaHUYECKUM CBOWCTBAM 3aHUMAET MPOMEXYTOYHOE MONOXEHUE.

TexHeumnid 10CTaTOUHO XPYNKWI MeTa/Ul, HO XOJIOAHOW 00paGoTKOW N OTKUIOM
M3 HETO MOXHO M3rOTaBJIWBATh CTEPXHM, TUIACTHHBI, (GOJLIY, NMPOBOAOKY. YUCThi
peHWH NpyY KOMHATHOM TeMmneparype facThdeH, HO 00J1alaeT BHICOKMM MOAYJIEM
VIPYroCTH, U3-3a 4Yero Mocjie MexaHU4ecKoi obpabOTKW ero TBepAOCTh CHMJIBHO
nosbliaetest. Ui BOCCTaHOBIEHUS MIACTUMHOCTA METANJ MOABEPTralOT OTXKUTY B
BakyyMe uiu B atMocdepe Bogopoaa. [1pouHocts penust npu remneparype 1200 °C
MPEBLIIAET POYHOCTH BoJibpaMa M MonvbaeHa.

[lsioTHOCTH MapraHua 6JM3Ka K IJIOTHOCTH XKeJje3a, TEXHEMI HEMHOTO TSIXKe-
Jiee CBUHLIA, a PEHUI YCTynaeT Mo MIOTHOCTH TOJALKO TUIATMHOBLIM MeTajliaM lile-
CTOro nepuoaa.

5.4. XUMUYECKHUE CBOMCTBA ITPOCTHIX BEIIECTB

[To xuMHUYeCKONH aKTUBHOCTH MapraHel 3HAYUTELHO MPEBOCXOAMT TEXHEMHA M
peHuil. OH OoJiee 3EKTPONONOKATENbHBIN U 10 CPABHEHUIO C COCEAH MMM IEMEH-
TaMU M0 NEPUOAY: B AEKTPOXUMUUECKOM PsiNy HaMpsAXEHWH pacroyaraerca Mex-
/1y MarHMeM 1 LMHKOM. MEeJIK1ii MopolloK MapraHyua caMoBOCIJIaAMEHSETCH Ha BO3-
ayxe yxe npu remneparype 450 °C, npespawasich B okcua Mn;0,. Cavrok metania
Mpy XpaHEHNM HA BO3AYXE NOKPHIBAETCS MJIEHKOW OKcKaa, 6jaroaapst 4eMy XuMu-
yeckasd aKTUBHOCTh MapraHua 3aMeTHO NMOHMXaeTcs. MapraHey Me/JIEHHO Bbi1essi-
€T BOLOPOA W3 Topsueil BOAbI, JIETKO pearupyer ¢ pazdaBiIeHHBIMU pacTBopaMiu
KUCTIOT*:

Mn + 2HCl = MnCl, + H,T

XoJsi0aHast KOHUEHTPUPOBAHHAS CEPHAsl KMCJAOTA HA MapraHew He AeHCTBYeT.
B CUIIBHOLIENOUHBIX paCTBOpAX MapraHel pacTBOpHETCs ¢ BhieJIEHWEM BOIO-
poaa:

Mn + 2NaOH + 2H,0 = Na,[Mn(OH),] + H,T

C HeMeTa/ulaMu MapraHey B3aMMOJEHCTBYET JIMUIb [pH HAarpeBaHMU: C A30TOM
OH 00pasyeT HUTprMA Mn;N,, ¢ XJlopoM, BPOMOM 1 MOIOM — aurajioreHuab MnX,,
fion aeictereM yropa npespaaercs B cMech propuaoB MnF, u MnF;. Tlpu tem-
neparype 500 °C mapraHen BCTynaeT B peakuMIO ¢ Mapamu cepbl, AaBas Cyabdun
MnS.

ToHKHi1 nopolok Mapranua npu remneparype okojo 700 °C BocruiameHseTcs B
arMocdepe yIJIeKMCoro ra3a, a B BUae aMajJbraMbl pearupyer ¢ yrjaeKncabiM ra3oM
Aaxe fnpyv KOMHAaTHOI TeMmepaTtype:

2Mn + CO, = 2MnO + C

* OIHMM U3 NPOLYKTOB pPeaki MU MapraHua ¢ pa3taBicHHOW a30THON KHMCAOTON SIBASETCH BOIO-
pon. Tak, B ciayyae 25%-it HNO; Bbigensioulascs ra3oBasg cMech conepxur, 06. %: H, — 40, NO —
39, N,O — 20, NO, — 1: B cayuae 12,5%-it HNO; cocraB razoBoit cmecH, 06. %: Hy, — 86, NO — 13,
N,O — [; B cayuae 50%-it HNO; cocras raszoBoil ¢cmecu, 06. %: NO, — 68, NO — 16, N,O — 16.

267



C KkpemHuem Mapranew obpasyer psia cuiMumaos: MnsSi;, Mn;Si, MnsSi. Ipu
Temneparype 1 500°C mapraHen o0paTMMoO BOCCTAHABIMBAET KPEMHE3EM:

2Mn + SiO, = 2MnO + Si

[1pu Temneparype 900 °C mapraHew B3auMoaeicTsyet ¢ 6ypoit Na,B,0; u okcu-
Aom Oopa ¢ oOpazoBaHueM deppoMariMTHoro 6opuaa MnB.

Texneunit u penunit no ceoiictBam GJIM3KW APYr K APYTY, HO IO CPABHEHMIO C
MapraHueM ropasno MeHee akTUBHbl. CIHUTKM 3TUX META/UIOB BO BIAXKHOM BO31yXe
MEUIEHHO TYCKHEIOT, MPAKTUYECKN HE OKUCASSICh AaXe Mpu HarpeBaHuu. B Buae
NOPOUIKOB, HANPOTHB, JIEFKO CropaloT Ha Bo3ayXxe npu temnepartype 300— 500 °C,
NpeBpalLasch B Bbiclive OoKeuabl M,0;, KOTOpble OyayUYM JETYYUMH HE 3aliAILAIOT
WX OT JaibHeliliero okvucaenus {(puc. 5.9).

C dropom TexHeunit u peHnit obpasyior gpropuant TcFs, TcFq, ReF,, ReF;. [Ipu Harpe-
BaHWU B Xjlope TexHeuuni npeppaujaercs B TcCly, peHnit — B ReCls; npn Hainuumn B xjaope
CJIE[0B KMCJIOPO/A X/JIOPU/bI 3arpa3HAIOTCS OKCOXJIopuaaMu. Peakumsi ¢ XUAKUM XJIOpOM
NPHUBOAKT K OOpa3’oBaHMIO TEKCAXIOPUIOB, a OPOMUpPOBAHKE M MOAUPOBAHUE PEHUS —
TPUTAIOTE HUAOB.

Texneunit n pennii He pacTBOPSIIOTCSH B IUIABUKOBOI M COJISIHOM KMCJIOTax, HO
B3aMMOIEMCTBYIOT C KUCIOTAMU-OKMCIUTENSIMU, OPOMHOM BOLOM, MEPOKCUIOM
Bonopoja ¢ obpaszosanuem texnHeunesoit HTcO, u penuesoit HReO, xucor:

3Tc + THNO3(30 %) = 3HTcO, + 7NOT + 2H,0
2Re + 7H,0, = 2HReO, + 6H,0
B cucreme mapranen — yriepoa HaiiaeHsl pazHooOpasHbie kapOuabi: MnyCq, Mn sCy,

Mn;C, Mn;C;, Mn;C;. X CHHTE3UPYIOT U3 NIPOCTBIX BEWIECTB KGO B3AUMOAEHCTBUEM Me-
3 52 73
Tala ¢ yrieBoaoponaMu. Bece OHM UyBCTBUTE/bHBI K BJiare, Ha BO3yXe OKUCASIOTCS, a NIPU

lgpo,
R8207(TB.) R8207 R8207(F.)
(x.)
-5+

ReOs

R802
20+

-25r

I (

200 300 400 500 600 7008009001 0001200
Temneparypa, °C

Puc. 5.9. TlpoayKrbl OKUCTICHIS PEHUSI KHCIOPOAOM NPK PA3HBIX 3HAYEHUSIX TEMIEpATypbl
1 NMapLMHAILHOTO naBieHust Kuciopoaa (Po,, aTm)
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nonajaaHuu B Boly pasjaratorcs. Kapouast Mn;C u Mn,C; Bonoii 1 pazbaBieHHbIMU KHCIIO-
TAMW TWAPOIK3YIOTCsl ¢ BbineneHuem H,, CH, u ero Ganxailiux roMosioros, riaBHbIM
obpasom stana CyHe. Kapbua Mn,,Cg 06pasyerces npu repmudeckom pacnaze (900 °C) kap-
boHuna Mn,(CQO)y. Pennit pacreopsier 1o |1 ar. % yrieposa ¢ o6pa3oBaHWeM TBEPLOrO
pacteopa. Kapbua Re,C, nonyueHHblii Tepmonunsom kapboruia Re,(CO),y Ha HarpeTom (500 —
1000°C) rpacure, CTPYKTYpHO aHanoruuyeH Kapbuay moaubaeHa Mo,C.

B cucreme mapraHeil—a3oT cylUeCTBYIOT MHOTOYMCIEHHblE HUTpuabl: Mny,N, Mn,N,
Mn;N,, MngNs — ¢ pa3ubiMu obnactsimu romoreHHocTH. Hutpua Mn,N umeeT cTpyKTypy
NEPOBCKMTA C KOBAIEHTHbIMH cBA3aMU Mn—N. Hutpuast Mn;N,; n MngNs ruapoansyiorcs
BOOW ¢ BbiAejleHUneM ammuaka. Takxke M3BecreH asui mapraHua Mn(N,),, NosyueHHbI
B3aumMoaeicTBUEeM MapraHua ¢ adupHbeim pacrBopom HN;; npu ynape oH neTOHMpyeT:

Mn(N;), = Mn + 3N,

A3na MapraHia BOAOW IMAPOJIM3YETCSs; ¢ OPraHWYECKMMM KATHOHAMK ODpasyeT KOMII-
aekebt [Mn(N;),]%.

Hurpuast peHust Re;N u Re,N CHHTE3HPYIOT TepMUUECKKUM pasioXeHHeM rekcadTopo-
peHata ammoHus npu temneparype 500 °C uau B3auMOaEHCTBUEM aMMUAKA C TIEPPEHATOM
amMoHusi okos1o 300°C. OHH He pa3naraloTcs BOAOW, MELIEHHO OKMCSIOTCS HA BO3AyXeE,
JIETKO PacTBOPUMbI B a30THOM KMCJIOTE.

Onucanbl dochuabpt Maprania Mn,P, MnP, MnP, u ap. Mx CMHTE3UPYIOT K3 [IPOCTBIX
BEUIECTB B 3anassHHbIX aMnynax. Pochuast Mn,P  MnP takke MOXHO NMONYyYUTb BJIEKTPO-
Jmsom pacriaBoB Mn3(PO,); — LiCl 1 NaPO; — MnO coorBerctenHo. Mocdua Mn,P Ha
XOJ0Jly He Pearnpyer ¢ AbiMsLuENd a30THOW KUCIOTOM, ONHAKO Pa3pylIaeTcst pa3dbaBieHHbl-
MU pacTBOPAaMM KHUCJIOT, pacmiaBieHHol uieoubo. Pochuast MnP n MnP, yveroitunsbt K
JeHCTBUIO COMSIHOI KMCIOTBI.

Kapbonuav: u memaaaoopzanuveckue coedunenus map2anua,
mexHeuus u penus

[Ipocteiitine KapGOHUbE METAMIOB CEABMOI TPYNNbL UMeloT coctaB M,(CO),,
TaK KaK TOJbKO B 3TOM CJjly4ae JOCTUraeTcst obpasoBaHue yCTOWUUBOM |8-351eKTpOH-
HOI 000710uKK. KapboHuIbl MPeaCTaBAIOT CO0OM NIeTyyne KPUCTAIIMUECKHE BELlie-
CTBA, COCTOALIME U3 AMUMEDPHDBIX MOJIEKYJ. B KOTOPHLIX KAX/bI ATOM META/I/Ia OKTA3-
PHYECKH KOOPAMHUPOBAH NATbIO rpynnamu CO W APYrMM aroMOM MeETalla TAKUM
00pa30M, 4TO 3KBATOPHAIbHBIE ATOMbI YIJIEPOAA HAXOAATCH B 3aTOPMOXEHHOMN KOH-
dopmatinn (puc. 5.10, g). Takum 06pa3oM, B CTPYKTYPE 3THX COENMHEHWI [PYNMbI
[M(CO);s] yaepxuBalorcs BMeCTe TOJIbKO CBSI3bl0 MeTai——Meraaa. PaccrosiHus
Mn—Mn (0,292 uwm), Tce—Te (0,304 Hm) u Re—Re (0,302 HM) HECKOMLKO JUTMH-
HEE, 4eM B COOTBETCTBYIOILUX METANIAX, M COTJIACYIOTCSl C DHEPrued OAMHAPHBIX
cBsizeil M--M.

OO0t MeTo cHHTE3a KAPOOHMIIOB CenbMOW IPYMIIb 3AKJIIOYAETCH B BOCCTAHOB-
JieHrK coenHeHnit B npucytcTBun CO. Tak, 30J0THCTO-XKENTbie KPUCTALIBI KapOo-
Huna Mn,(CO),, nonyvaior B3aumoaeiicteiem uoauaa mapranua(ll) c¢ amomorun-
puaomM autns noa aapacHuem CO. CuHre3 KapOOHWIOB TEXHENUS W DEHUS OCYLIE-
CTBJISIIOT HArpPeBAHMEM BbICIIMX OKCUAOB B atmocdepe CO npu aabieHuun 250 arm.
O6pabotka Tc,(CO)yy amanbramoil HaTpusi € NOCAEAYIOIIUM MOAKHUCIEHHEM TIEPEBO~
[T €ro B ycToM4unBblii TBEpAbL moanmep | Te(CO),l,, KOTOPLIN NMoa MOBLILIEHHBIM
laBineHuem CQO BHOBB I1PEBPALLACTCS B AMKAPOOHMI.

BoccraHosnenne kapb6oHunoB M,(CO), aManbramMoil HaTPUg B OPraHWUCCKUX
PacTBOPUTEINAX NMPUBOJAKT K KAPOOHUIATHBIM coelnHeHnsM cocTaBa Na* [M(CO)s| u
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Puc. 5.10. CtpoeHue KapOGOHUIOB K LIKKJIIO-
NE€HTAAMEH UIBHBIX NPOU3BOAHBIX Map-

raHua:
A a— Mny(CO),q; 6 — [H;Mn,(CO),,); ¢ — cppar-
/ A o
/ MEHT NOJMMEPHON CTPYKTYpbl [Mn(ns-CsHs)|

Naj[M(CO),]* (M = Mn, Tc, Re), B KOTOPbIX METAMNIbI MPOSBASIOT OTPULIATEbHbIE
CTENeHK okncaeHus —1 n -3. O6padoTkoit Na'[M(CO);]~ dochopHoil KUca0Tol no-
ayueHbt ruapuast [HM(CO)s], [H;Mn3(CO)y,] (puc. 5.10, 6), [H,Rey (CO)yy] u ap.
biiaronaps ynpouHeHuio cBsaseit M—M npu nepexone ot MAapraHiad K PEHUIO YCUIN-
BA€TCsl TEHACHLIMS K 0OPA30BAHMIO MHOTOSIIEPHBIX KAPOOHUIBbHBIX KnacTepoB. Oco-
GEHHO MHOTOUMCJIEHHb! OHK Y PEHUSI.

[Tpn okucnenun M,(CO),, raioreHaMu MPOUCXOAUT PaciuelieHne CBsi3n M—M
¢ obpasoBaHnem KapbouuiranoreHunos [M(CO;5)X], KOTOpbiE NpPH MOBbILEHHOM
AapieHun okcuaa CO B npucyretsun AlCl; 06pasyloT KaTHOHbBI reKcakapGoHMa:
[M(CO)eJ*AICI,".

J1s BCeX METANIIOB CebMON IPYIIb OAYYEHb! PA3NTUUHBIE 11 KJIONEHTAANE HNITb-
HbIE TpON3BOAHbIe. Tak, npu B3aumoneiicteun MnCl, ¢ CsHsNa B retparuapodypa-
HE BBIAC/SIOTCH KEATble KPUCTa/LIbl mapraHopeHa Mn(ns-CsHs),, oueHb uyBcTBU-
TEbHbIE K BOAE W BO3ayXy. I1pu KOMHATHOI TemIlepatype 3To MoJMMEp C IPyNHaMH
[Mn(ns-CsHs)], 3ursaroo6pasio coennHeHHBIMU MOCTUKOBBIMH LIMKJIOMEHTAqUE HWITb-
HbIMU JIuraHaamu (puc. 5.10, 6). [lpu remneparype 159 °C oH NIPUHUMAET COHABHYE-
BYIO CTPYKTYpY, OObiYHYIO /Ul TAKOTO pOfa COEAMHEHUH, U CTAHOBUTCS DPO30BbIM.
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LInknoneHTaaMe HUAbHBIE NMPOU3BOAHBIE TEXHELMSI U PEHUSI U3BECTHBI U /1 BbICO-
KHMX CTENEeHENH OKMCAEHUsI METALIOB BIIOTh 10 +6, Kak B {Re(ns-Cs(CH3)5)O0s].

TexHeumnit n peHuit 06pa3yloT KATHOHHBIE T-KOMILIEKCHl ¢ OEH30/0M 1 €ro Npo-
u3BoaHbIMU, Hanpumep [M(CgH,),](AICl,). VX cHHTE3 oCyllieCTBASIOT HarpeBaHHEM
TETPAXJIOPHAOB METAILIOB C MOPOUIKOM ATIOMHUHMA, XJIOPHIOM WIIOMUHMI U OeH30-
Jom B 3anasiHHol amnyne. Ilpu ruaponuse katuonsl [M(CgHy),]" nepexonsit B pa-
CTBOP U MOTYT ObITh OCaXACHbI B BWAE IMAMATHHUTHbBIX MAJIOPACTBOPUMBIX COJIeit
[M(C¢Hg),|PF,, ycToliunBbIX Ha Bo3aoyxe.

5.5. OKCUJbl DJIEMEHTOB CEAbMOM TPYIIIIbBI

M3BecTHBI OKCHMABI MapraHia, B KOTOPbIX OH HAXOJAMTCSl B CTEIEHAX OKHUCACHUS
+2, +3, +4, +7, a TakXKe HECKONBKO CMellaHHbIX, HarnpuMep Mn;0,. Tpu yBeauyve-
HUM CTENEHU OKUCIEHUS BO3pACTAET KOBAJEHTHBIA xapakTep c¢Bsi3u Mn—OQO, npo-
UCXOAUT ocnabiieHne OCHOBHBIX 1 YCUIEHUE KNCJIOTHBIX CBOMCTB, MTOBBLILLIEHUE OKHC-
aureabHol aktuBHOCTH. Tak, okcua Mapranua(ll) nposasasieT oCHOBHbIE W NPe0sd-
Jlalaoume BOCCTAHOBUTEbHbBIE CBOMCTBA, a BLICIIWIT OKCHUI MAapraHia UMeeT KUC-
JIOTHBIHA XapakKTeP. Y HEro sipko BbIPAXKEHbl OKUCIHUTEIbHbIE CBOMCTBA. OKCH bl Map-
raHUa B TPOMEXYTOUHBIX CTENEHSIX OKUCAeHUs1 aM(POTEPHbIE U TETKO BOCCTAHABIU -
Batotcst 10 Mn(l11), nposiBisia cBOACTBAa CUALHBIX OKHcauTe e, Husime okcuab
TEXHELUUS U PEHUS CO CTENEHSIMU OKMUCAEeHUs1 HUXe +4 HeyCTOHUMBBI M Majo
H3YUEHBI.

Oxkcua mapranna(Il). Husmuit okcua MnO (oGnactb romoreHHocTH 0T MnO) g
10 MnQ, |5) npeacrapasier coboil cepo-3efieHbli KPUCTAUIMUECKHMI MTOPOILIOK CO
crpykrypoit NaCl. OH BcTpeuaercsi B IpUpOJe B BUAE MUHEPaTla MaHraHo3uTa. Ero
peakLMOHHAas CIIOCOOHOCThL 3aBUCUT OT pa3Mepa 3epeH. BricokogucnepcHas gpopMa
oKcMa, o0pa3ylrascs mpu HU3KOTeMIleparypHoM pasioxeHuu (420—450°C)
KapOoHaTa, OokcayaTa uau ailerara mapraHua(ll), obnagaer 3HAYUTEILHOU XMMM-
YECKOI aKTUBHOCTBLIO — BOCILJIAMEHSIETCS Ha Bo3ayxe*. Ee npokaiuBaHue B UHEPT-
HOW atMocdepe MPUBOAUT K YKPYITHEHUIO 3epeH W OCAabICHUID XUMHYECKON aK-
TUBHOCTU. [t nonyueHust ¢a3bl CTEXMOMETPHUECKOTO COCTABA MIPOBOAAT BOCCTA-
HoBJieHUe OKcuaoB Mn;0, 1 MnQO, BOLOpOAOM MpH BLICOKUX TeMmitepaTypax. Hus-
LIl OKCHUI MapraHila MOXeT ObITh TAKXKEe [OJYUeH MPH B3aMMOAECHCTBUM MapraHua
€ yiJleKUcbIM razoM npu temiepatype 300 °C, BOCCTAHOBiEHUU WM TIPOKATHUBA-
HUW APYTUX OKCHIOB MapraHila, a Takxe npu ode3poxuBaHuu rusipokcuna Mn(OH),
B BOCCTAHOBUTEJILHOI arMocdepe npu 800 °C.

[Tpu KOMHATHOH TeMnepaTtype MOHOOKCHI [APAMATHUTEH, HO IIPU TEMIEpATy-
pe 120 K (remnepatypa Heenst) craHoBUTCS aHTU(EePPOMATHETUKOM. DTO CBA3aHO
C aHTUNApaJIESbHBIM PACTIONOXEHUEM MarHUTHLIX MOMEHTOB MOHOB MapraHua —
3JIEKTPOHHBIE CTIMHbBI COCETHUX AaTOMOB crapuBalorcs (puc. 5.11).

Oxkcun mapranua(ll) obnanaer npeuMyliecTBEHHO OCHOBHLIM XapakTepoM. OH
JIETKO PacTBOPSieTCs B KMCAOTax ¢ 00pa3oBaHUEM cosiell IBYXBAaJAEHTHOrO MapraHua:

MnO + 2HNO} = Mn(NO3)2 + Hzo

* Pasnoxenne kapbosata mapranua(ll) npu Gonee BbICOKOI TeMnepatype NPUBOAUT K 06pa3soBa-
Huio Mn;0,4, CO, CO,.
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Cnabas aMoTepHOCTb NPOABASIETCA NMILIDb NPH
LANTENbHOM KMISYEHUU C KOHLUEHTPUPOBAHHBIMU
pacTBOpaMu 1Leaoyeii:

MnO + 20H" + H,0 = [Mn(OH),]*
CnnabieHne ¢ ruapOKCHAOM HATPUS NPUBOIUT
K OKUCJIEHUIO MapraHua:
t
MnO + 2NaOH = NazMnO3 + HzT

HHTepecHo, uTo B MHEPTHOM aTMocdepe aHano-
FMYHAas peakuus C pacluiaBleHHbIM [MAPOKCUIOM
Kanusa He npoucxoauT. C OCHOBHBIMK OKCHIaMM 00-
pasylorcs okcomaHraHatbi(11):

Puc. 5.11. Pacnonoxenue MarHuTHbIX 1300°C
MOMEHTOB MOHOB Mn?* B peluerke 2Ca0 + MnO —— Ca,MnO;
MnO npu Temneparype HUXe Tem-

M3BecTHBl TakXe ABOMHBIE oKcuabs MnMJIO
neparypsl Heens A A 2 e

(M = Al, Fe, V, Cr) co cTpyKTypoil LINHHENN.

Oxcenp mapranua(ll) npakTuuecku He Boc-
CTaHaBIMBACTCsl BOLAOPO/LOM, 3aTO pearnpyeT C aKTUBHLIMU MeTaiamu. Peakius ¢
HATPUEM NPOTEKAET YK€ NP KOMHATHOM TeMnepatype, a Iis [poBeaeHNs ATIOMO-
TEPMUU TPEOYETCd MHULMUPOBAHME 3aXKUraTebHON CMECDIO:

3MnO + 2Al = 3Mn + AL O,
B kauectBe BoccTaHOBUTESISI MOTYT GbITh MCMOIL30BAHbI TAKKE YIIEPOI WK yrap-

HbIU Ta3;

1200°C
MnO + C——— Mn + CO

MnO + CO = Mn + CO;,

. Onnako obGpasylomuiicst B pe3yibTaTe peakliMi METAL1 CHJIbHO 3arpsi3HeH Kap-
Ounom Mn,C;. TlpuMech €ro MOXHO yAATUTH 10GABIEHUEM OKCUAA mapranpa(ll):

t
Mn;C; + 3MnO = 10Mn + 3COT

Oxcnpn mapranua(ll) sBnsieTcst CUIBHBIM BOCCTAHOBUTENEM — [1PU MOBbILIEH-
HBIX TEMIEPaTypax OH pearupyer Jaxe ¢ TAKUM C1a0biM OKUCIIUTEIEM, KaK OKCHJL
yraepoana(lV):

600°C
3MnO + CO, ——— Mn;04+ CO

B3aumoneiicteue MnO ¢ dropom npu Temneparype Huxe 100°C NPUBOAMT K 00pa3oBa-
HUIO Tpudropuna MnF;, conepxaiero HeGONbLIOE KOIUUECTBO MnF,. B cpeae uertnipex-
XJIOPUCTOrO yraepoaa xjaop pearupyer ¢ MnO co BenblKoii:

3Mn0 + CIZ = Mnclz + Mn203

Bpom 6nicTpo okncasier MnO 10 MnO,. Mepokcuaamu akKTHBHBIX MeTan108 MnO okue-
ngeTca 1o MaHraHaToB(V1):

MnO + 2Ba0, = BaMnO, + BaO
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Oxkcun Mapraﬁua(III). Okcenn Mn,0O; (puc. 5.12) npencrabiaser co0oil Oypblit
MOPOLUOK, APU HArPeBaHUU Pa3Iaraloluniics:

900 °C
3Mn,0; —— 2Mn;0, + /40,7

[1pu xpaHeHun Ha BO3ayXe OH Mej/IeHHO OKMCIsieTes 10 okcuaa MapraHua(lVv),
a B aBrekTMYecKoM pacniase NaOH— KOH (227 °C) kucjopon nepesoauT ero B
MaHraHat(V).

Okcup mapranua(lll) ¢ Bomoii He B3aMMopeiCTByeT, a B KMCJIOH cpeme auc-
OPONOPLHUOHHPYET:

Mn,O; + 2H* = MnO,d + Mn? + H,0

9 0 cMn

Puc. 5.12. Kpucrannuueckas crpykrypa Mn,O;;

@ — 3NIEMeHTapHast siYeilKa;, 6 — KOOPAMHAUMOHHOE OKPYXEHHE IBYX COCEIHUX aTOMOB MapraHila
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[TonoGHO HuM3LEMy OKCHMIY MapraHia OH 00JafaeT NPEeUMYLHIECTBEHHO OCHOB-
HbIM XapakTepoM, HO [1pH OlpeleeHHbIX YCAOBUSIX MPOSBISIET HEKOTOPLIE TPH-
3HaKu amporepHocTU. Tak, NP AIUTEILHOM KMITSIHEHUHM C paCTBOPAMM LEaoUEit
00pa3syloTcst aHMOHHble rexcaruapokcomanraHathi(I11) [Mn(OH)4]*", koTopble cy-
ILECTBYIOT TOJILKO B CHJIbHOLIEJIOUHON cpene. OKucauTelbHble cBoiicTBa Mn,0;
MPOABASET MPU KUIIAYEHHUUM € KOHLEHTPUPOBAHHOM COJISIHON KMUCJIOTOM:

Mn,O; + 6HCI = 2MnCl, + CL,T + 3H,0

Oxcua mapranua(lll) cyuiectByeT B Buae aByX nonumopdHbIx mMoaudUKaluil ¢ 6am3-
KUMHU 3HaYEeHUAMU NapameTpoB. KopuuHeBas kybuueckas a-moaudukams, COOTBETCTBY-
0llasg MUHEpany OMKCOMMTY, MOXET OBbITh MPEACTABICHA B BWAE CTPYKTYDPbI (I0OPUTA,
B KOTOPOM OTCYTCTBYET YETBEPTh AHUOHOB. KOOPAMHALMOHHBIN MOAK3AD MapraHLUa, TAKUM
00pazom, npeacTaBasieT coboi MCKaXeHHBIH OKTasap (Ky0O ¢ IByMSA NMyCThIMU [POTUBOLIO-
JIOXKHBIMM BEPLLIMHAMM), YTO COOTBETCTBYET SIH-TENNEPOBCKOMY MCKaXeHuio d*-xoHbury-
pauuu. Tlpu akkypaTHOii aeruapatauuu okcornapokcuaa MnOOH (Bakyywm, 250 °C) MoxeT
ObITh NostyyeHa yepHas y-monudukauus. [Tpy HarpeBaHMM OHA NEPEXOAUT B GoJee yCToii-
uuByto o-opmy. Okeuna o-Mn,0O; He pearupyer ¢ Boooil Jaxe MPH NMOBBLILIEHHOM JaBJe-
HMK, okcud y-Mn,O5 rurpockonuyueH u jaerko nepexoaut B y-MnOOH,

Okcua a-Mn, 05 o6pasyeTcs npu okueaeHuu MnO Kucnopogom rnpu temmnepartype 950 °C
WK NPYU Pa3loXeHUM KapOoHaTa, okcajlara, alleTtaTa, UMTPATA WM TapTpara Ha BO3ayxe
npu 600—800°C.

Manzanumst ¢ KoaoccaabHbim MazHemoconpomueieHuem*

B 1950-¢ rr. Opi10 06HapyKEHO, YTO NEKTPUIECKOE CONPOTHBIEHUE CMELIAHHbIX
manranutoB(I1, V) LienoyHO3eMEeNAbHBIX 1 PEAKO3EMENbHBIX 3EMEHTOB CO CTPYK-
Typo# nepoBckuta, nanpumep Ca,_La MnO;, usmensieTcs Gonee Yem B MuWLIHapa
pa3 npu BHECEHWUM MX B MarHuTHoe noJje. I1pu 3ToM npouecxXogMT U3MEHEHMeE He
TOJIbKO MAarHMTHBIX CBOMCTB maTepuana (nepexon B HeppoMarHUTHOE COCTOsIHUE),
HO M 3IEKTPUYECKUX (nepexon nnaneKTpuk —MeTann). Takum oOpasom, meTalanue-
CKHE CBOKWCTBA y 3THUX COEAMHEHMI (HMX HA3BIBAIOT «MAHFAHWTBHI C KOJOCCAIbHBIM
MAarHeTOCONPOTHUBIEHHEM») BO3HUKAIOT TOJBKO NPU OJHOBPEMEHHOM IEpExone B
theppomarnuTHoe cocTosiHue. CTPOrylo KOPPENsIIMIO MArHUTHBIX M 21EKTPHUECK UX
cBOHCTB 00bsAcHUA K. 3uHep, npeanoxuBiunid Moaenb aABoiHOro odbmeHa. CoraacHo
Pa3pabOTaHHON MM TEOpHM MEPEHOC NEKTPOHA OT MoHa Mn* Kk Mn* ocyiecTBsi-
€TCs NP ydacTHm p-opOMTajleil Kucaopoaa: 3MEKTPOH ¢ 3anoHEHHO p-opOuTann
KHCI0pOaa NEPEXOIMT Ha BAKAHTHYIO €,-0pOuTasb MoHa Mn**, a ero Mecto 3aHuMaeT
ANEKTPOH € e,~0pOuTaIM noHa Mn** (puc. 5.13). MoHbl MapraHita B OKpyXeHMM aTo-
MOB KHCI0pPOAA HAXOASTCHA B BbICOKOCIIMHOBOM COCTOSIHMM. B caydae ecam marHur-
Hble MOMEHTBI d-0G0JIOUEK coceaHUX HOHOB Mn** m Mn* napanneabHbl ApyT Apyry
(cm. puc. 5.13, @), T.e. HaxoaAATCS B COCTOSIHMM YNMOPALOYEHUSA, MOHBI MAPraHila B
PA3HBIX CTEMEHAX OKMCAEHUS KaK Obl MEHSIIOTCS MECTAMM, OCTABAsICh B OCHOBHOM
3JICKTPOHHOM cOcTOsIHMU. Takoi npouecc He TpeOyeT aKTUBALLMK W OTBEYAET METAII-
JIMYECKOH NPOBOAMMOCTH. B ciiyyae eciiv MarHMTHbIE MOMEHTBI MOHOB MapraHiia aH-
TUMAPALICbHBI APYT OPYTY (CM. puc. 5.13, 6), mocie a/MeKTPOHHOTO nepeHoca o0pa-
30BaBLIMiicad MOH Mn* okasbiBaeTcd B BO30YyXACHHOM cocTosiHUHM. Takoii npouecc
3HEPreTUYeCKH HebAaronpusITeEH, U BELECTBO BeaeT ce0d Kak AMdAeKTpUK. Bosmox-

* Marepuan NMOAroTOBNEH NMPH YY4acTUM COTPYAHHMKA XMMuYecKoro dakynbreta MTY
um. M. B.JlomoHocosa goktopa xumuueckux Hayk O.10.Top6erko.
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Puc. 5.13. Cxema nBoitHoro obmeHa no 3uHepy:
@ — (EpPOMATHUTHOC YMOPSACUEHUE, TIPUBOASILES K METAlIMYECKON NpPOBOAMUMOCTH; 6 —

aHTUEPPOMUTHUTHOE YNOpsOUeHIE, O0YCIOBIMBaiOIIEe NMASKTPHICCKHE CBOMCTBA MaTe-
pHaia BHE MATHBUTHOTO MOJs

HOCTb QJIEKTPOHHOTO MEPCHOCA, MPUBOLSILIETO K BOZHMKHOBEHUIO METAJUIMYECKHUX U
(eppOMAarHUTHBIX CBONCTB, HAMNPSIMYIO 3aBUCHT oT yrla Mn*—O—Mn*. Uneans-
HBIM siBisieTest yroat 180°; eciim oH oka3sbiBaeTcs meHblie 160°, meTaninyeckoe co-
'CTOSIHHE MCYE3ACT, TAaK KAK YMEHBLUEHUE YIa MPUBOAUT K 0CIabieH IO MEpEKphIBa-
HUst OpOMTAlIeii MapraHila M KMCI0poaa. MeHsisi KATHOHDBI LETOUHO3EMENBHBIX M pe/l-
KO3EMEJIBLHBIX METAJIIOB B PELLIETKE M WX COOTHOLIEHHWE, YAETCs CO3MATh B CTPYKTYpE
ONTUM&IbHBIN yron. MeTalMueckoe COCTOSIHUE TaKxKe HaGIomgaeTes npu onpene-
JIEHHOM COOTBETCTBMHM MEX]ly coaepXaHnem MoHOB Mn** u Mn*: conepkaHne noHoB
Mn*" no1xHO coctasasTb 20— 50 % oT 06uIero YMCIa aTOMOB MapraHia.

Matepuaibl Ha OCHOBE MAHTAHMTOB € KOJOCCAIbHBIM MarHETOCONpPOTHBICHHEM
MpEATNONAraeTCs MCIIOAB30BATE B CUMTHIBAIOLIMX YCTPOMCTBAX /UISI KOMITBIOTEPHBIX
KECTKMX AMCKOB BbICOKOM MJIOTHOCTH. MarHetoconpoTuieHUE 00eCNeUnT UM MaK-
CUMA/IbHOE ObICTPOAEHCTBHE, TAK KAK MATECpUall 00/141aeT BbICOKOI Uy BCTBUTEIBHO-
CTbIO K BHELIHEMY MarHuTHomy noJito. ITaaHupyeTcst Takke Mcnosib3oBaHWe mMaHra-
HUTOB B Ka4ECTBE CEHCOPOB B CHCTEMAX NEPBUYHON HaBUTayum aproTpaHcnopra. s
3TOr0 B NPHUAOPOXKHBIE CTOMOBI OynyT BMOHTHPOBAHBI MArHHUTHBIE CEHCOPBI, KOTO-
pbie OyneT CUMTBIBATH YCTPOUCTBO, PACTIONOKEHHOE B MAalUMHE, 3apaHee Coobas
BOAIMTE/IIO0 00 ONACHBIX YHACTKAX TpacChi*.

* Bocax A.A. // Cencop. — 2002. — Ne 2. — C, 28.

T'aycmannum u dpyzue cmemannvie oxcudvt mapeanya

Cuettanubiit okena Mn;O, comepKuT MapraHell B CTENMEHSIX OKUCACHUS +2 1 +3.
OH BeTpeuaeTes B BuAE MMHEpala raycMaHHUTA, 00pa3yoWwero YepHbIE C METANLIH-
ueckuM OsieckoM KpucTaibl (puc. 5.14). Tlpu n3MenbyeHun oHm NpeBpaLIaloTcs B
KOp1UYHEBO-KpacHbIi nopoiiok. Okena Mn;O4 06pasyeres ripu HarpegaHum 10 1 000 °C
JOOBIX COeIMHEHNIT MapraHLIa HA BO3ayXe WM B Kuciopoae. Ilpu sTom oH KpUCTa-
JIN3YETCsl B TETpAroHabHOM HU3KOTEMNEpaTypHOi Moanbukauun o-Mn;O,, uaeH-
TUYHO# TIPUPOAHOMY rayCMaHHUTY CO CTPYKTYpOil, 61M3K0# WNMnHenu. Boiwe 1 170°C
rayCMaHHWT [1pEBPALLACTCS B BBICOKOTCMIIEPATYPHYIO KyOnuecKyo B-hopMmy co cTpyk-
TYpoii HOPMAILHON LINMHENM, TA€ MOHBI MnN™* 3aHUMAIOT TOJLKO OKTadApHMUECKHe
nosuumn. HeiCTBUTENBHO, A1s1 MOHOB ¢ KOH(UTypaumnei d* XapaKTepHa BBbICOKast
(95 kAX/Monb) 3HEPrUsi CTABMIM3ALMM OKTA2APMUECKUM OKPYXKEHHEM, MOKA3bIBA-
oas MpearnovYTeHUE OKTadAPHYECKUX MO3ULMI N0 CPAaBHEHUIO C TETpadApHUECKH-
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Puc. 5.14. TaycmaHHuT:

O a — obsacTh yCTOMUMBOCTU: NMAPUHUATIBHOE NABICHUE KUCIOPOaA
( Po,, aTM) — temMeparypa; 6 ~— KpUcTajajiuueckasa CTPyK-
6 Typa; 6 — opMa KpPUCTALIOB

MU. DTO 3HaYeHHME IHEPTHU CTAOMIM3ALMH KPUCTAUTMYECKMM T10JIEM YCTYIIAET TOJb-
ko noHy Cr** (158 kJIx/monb). TI03TOMY BCE LIMMHENIN TPeXBAICHTHOTO MApPraHia
OTHOCAT K HOpMAJIbHBIM.

Oxcun Mn;0, obpasyercs Npu TEpMUUECKOM pacraje AMOKCHIR, KOTOPbIA IMpu
temnepatype 550°C nepexoant B Mn,0s, a npu 950°C — B Mn;0,. TepMuueckuii
pacnan cynsdara MnSO, Bbliie 1 000 °C uium ero cruiabBlieHue ¢ MOTALOM HA BO3MYXE
AT rayCMaHHUT B BUAE KPACHBIX KPUCTALIOB. DTO BElIIECTBO TaKXe SBASETCA Mpo-
LYKTOM OKuCaeHus ruapokcuaa mapraHua(ll) na sosmyxe.

MHorue BocCTaHOBUTENN, HANPUMED BOAOPOI M YIIEpol, CMIOCOOHBI MepeBOIUTD
Mn;0, amb B Hu3wmit okena MnO. TlonHoe BoccraHoBieHne okeuaa Mn;O, npo-
MCXOIUT TONABKO B MPUCYTCTBUM XKeJie3a, KOTOpOe pacTBOpSAET mapraHer, obpasys
TBEPIbIi1 PACTBOP.
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Ilpn Temneparype 600°C raycMaHHUT OKMCISIETCsl KMCIOPOAOM 10 OKcUaa
mapranua(l1l). JeiicTBuem x10pa Ha BogHyo cycrieH3uio Mn,0O, yaaercs NOJYYHUTb
okcua mapranupa(lv). .

BoccraHoBneHne rayCMaHHMTA CEPHUCTBIM Ta3oM B ra3oBoil dase M B pacTBope
NPUBOIUT K Pa3HbIM MPOAYKTAM:

Mn;0, + SO, = 2MnO + MnSO,
Mn;0, + 250, + 2H,S0, = 2MnSO, + MnS,0, + 2H,0

B BOAHBIX pacTBOpax KMCIOT MPOMCXOAMT PeaKiimsi
Mn;0, + 4H* = MnO,l + 2Mn? + 2H,0

Bnaroaapst Hanuunio GOMBLIOrO YMCHA HECHAPEHHBIX 3MEKTPOHOB rayCMaHHUT
001anaeT HEOObIYHBIMM MArHUTHBIMM CBOWCTBaMu. Tlpn M3MEHEHMM TeMIepaTypbl
OH MCIIbITBIBAET DSIA MArHMTHBIX MEPEXOJOB C YIOPSALOYEHUEM 3JEKTPOHHbBIX CIM-
HOB.

UnTtepecHo, uto okcua Mn;O4 okasbiBaer Gonee crnaboe KaTaiUTHuecKoe aei-
CTBME Ha pasnioxeHue nepokeuna soropoaa H,0,, uem okeuant mapranua(Il) u map-
ranpa(lv).

B cucTeme MapraHen — KMCIOPOI HMEETCH TAKKE IIPOMEKYTOUHbIA OKCHIT Mn;Og,
00pasyloniMiCsl B BMAE TOHKMX OIECTSIMX XENThIX IUIACTMHOK NPM HArpeBaHUM
MnOOH B toke kucnopoaa 1o 250°C uan u3 MnO B ruipoTepMaTbHbBIX YCJIOBHSIX
NpU NOBBILEHHOM aaBieHMn Kucaopoaa. Ha ocHoOBaHMM M30CTPYKTYpPHOCTH C
Cd;Mn;04 emy npunucana dopmyaa Mn¥MnlYOq; B ero peterke moHs Mn* pacno-
JIOKEHbI B MCKAXKEHHBIX OKTA3Apax M3 aroMoOB Kucaopoaa Ha paccrosiHuu 0,185—
0,192 um.

HMonbl Mn** HaxonsiTcsi BHYTPH HMCKaXeHHBIX TPUIOHAMbHBIX MPU3M C TpeMs
KopoTkumu (0,213 Hm) 1 Tpemst aiuHHbIMU (0,230 HM) cBsizsimu Mn—O (puc. 5.15).
Ilpu HarpesaHnu Ha BO3AyXe wiu B kucaopoae okeua MnsOg Mepexoaut B o-Mn,0,.

@' MY Oo

Puc. 5.15. Ilpoexuust crpykTypbl okenaa MnsOyq
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Oxcua mapranna(IVv). Auokcuabt MO, U3BeCTHbBI U1 BCEX TPEX METAILJIOB Cejlb-
MOi1 rpyniibl. 1 MapraHiia 3To HauboJlee YacTO BCTPEUYAIOIUICS B [IPUPOJIE MM~
Hepai nupoato3ut MnQ,. Yepubiit TcO, — caMblii YCTORYMBBIA OKCUL TeXHELIMS;
OH SIBJISIETCS KOHEUHbIM MPOAYKTOM BbICOKOTEMIIEPATYPHOTO PA3IOXEHUsSI MHOTHX
KUC/IOPOAHBIX coedMHeHUH. CHUHe-YepHbIii IMOKCHUI PeHUsI, HECMOTPSI HA MHOIU1e
od11me CBOMCTBA ¢ OKCHAOM TexHeusi(IV), pu BbICOKUX TeMIlepaTypax NojBepra-
eTCs IUCIIPONOPLUMOHUPOBaHUKD Ha Re,O; u Mertann.

K HacTosilieMy BpeMeHHM M3BECTHO He MeHee 14 coeamueHHMi coctaBa MnO,, npeacTaB-
JSOLKMX COOOH MOPOLIKK YE€pPHO-KOPUUHEBOTO LBeTa. DOPMATILHO OHU CYUTAIOTCSH TMOIU-
MOpGOHBIMU MOAMGDUKAUMSIMK IMOKCUAA, XOTSI UX COCTAB YaCTO CYLLECTBEHHO OTJIMYAETCH

Puc. 5.16. Kpucrananyeckast cTpyKTypa Nupoao3uTa (a) 1 pameaennTa (6); KaHailbl B CTpyK-
Typax MUPOJIIO3UTA (6), paMCaeINTA (2), KpullToMenaHa (d) U OaQHOro M3 MCUIOMENaHoB ()
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OT CTEXHOMETPUIECKOTO. MHOrHe 13 3TuxX a3 neduumnTHbl o kucaopony MnO, (1,7 < x < 2),
4aCTo coaepxar Boay, moHsl OH™, KaTnoHbl MeTaNN0B, 4acTh MOHOB Mn* B HUX MoXeT
ObITh 3aMellleHa Ha Mn?".

Bce kpucranauueckue moandukauum gnokcuaa NoCTpoeHbl U3 oKTasapos [MnQ,], co-
€AMHEHHbBIX BEPLIMHAMU M peGpaMu B JeHTH. B-MoanduKaLms creXMOMETPHYECKOro Co-
CTaBa (IIMPOJIIO3NT) MOXET GBITb NPEACTABNEHA KAK PE3YALTAT COUNeHEHHS ONMHAPHBIX JIEHT
M3 MAPraHEUKHUCIOPOIHBIX OKTa3ApOB. [1pn 3TOM BO3HMKAIOT NyCTble KAHAJB ceYeHMueM B
ONMH OKTA3p, YUTO COOTBETCTBYET CTPYKTYPHOMY THUIly pyTHAa (puc. 5.16, a, ). UneanbHas
CTPYKTypa y-MOAMMDUKALMY (MIEATBHbIH paMCIenanT; puc. 5.16, 6, 2) COOTBETCTBYET CTPYK-
TypHomy Ttvny auacriopa AIOOH, T.e. conepXuT aBoiiHble JE€HTHI W3 oKTaszapoB [MnOy],
00pa3ylolmx KaHaibl pa3MepoM B n1Ba okTadnpa. CTabuabHOCTD CTPYKTYPBl paMcaeainTa
00ECMeYMBAIOT FMAPOKCOrPYNIbl, YAEPKHMBAIOLME OKTAPbI BOKPYT LLEHTPAIBHOM MOJOCTH.
MMeHHO 9T0 M 06yClOBANBACT OTKJIOHEHHME COCTABa [IPUPOAHOTO MHWHepaJla paMcaennuTa
OT CTEXMOMETPUN: COCTAB 3TOTO BEINECTBA NPaBuibHEE 3aNUCHIBATL B BUae MnO, (OH),,.
Moaudukaunsa nuokcuma, MCnoab3yeMas asi NPOU3BOACTBA IAIbBAHHUECKHUX 3/ICMEHTOR
(e€ yCIOBHO HA3BIBAIOT «3IEKTPOXMMHUUECK Wi MnOy»), umeeT coctaB MnO) ¢3. OHA COCTOUT
13 HParMeHTOB CTPYKTYP PAMCACIINTA U MTUPOTIO3MTA U CONEPKUT TYHEAU Pa3IMUHBIX pa3-
MEpOB, & TaKxKe Boablioe Yncio nedeKToB*. MOHOKAMHHBIH o-MnO, (MuHepas Kpunrome-
JlaH; puc. 5.16, d) CoaepxuT Gonee Pa3BUTBIE KAHATBI PA3MEPOM B qeThipe (2 x 2) okTasapa,
YACPXKHUBACMBIC PACIIONOXKEHHBIMU B HUX NOCTOPOHHUMMN MOHAMM M MONeKynaMK Boabl. Ha-
npumMep, B pewieTky o-MnO,. o6pa3oBaBIIErOCs NPU OKMCACHUH cyabdara mapranua(ll)
PacTBOPOM nepeyibdata aMmor s, BCTpoeHbl MoHbl NH; B Heii conepxuTes Toibko 91,5 %
MnO,. lpu ynaneHnn npuMecHbx HOHOB, HANPUMEP NPOMBIBAHHEM KpUINToMeaaHa Kucio-
TaMM, TAKHE GOJIBLINE NONOCTH OKA3bIBAIOTCS HEYCTOMUMBBIMM, M CTPYKTYpPa OKCHAA CAMO-
TIPOM3BOJILHO NIEPECTPANBACTCS B PAMCACINT, e pa3mep nosaocteil mensuwe. Mpu Harpe-
BaHMM obpasyercs Hanbonee ycrouuBas GopMa — MUPOMIO3MT, pasmMep KAHAIOB B KOTO-
poil HAUMEHbIUWIA:

H", H,0 350°C
a-MnO, ¥-MnO, = [B-MnoO,
Kpunromenan Pamcpennur [Muponiosur
(COnEPXUT NPUMECHDbIE MOH b (conepxut OH-rpyni)

METALIOB N KUCJIOTHBIX OCTaTKOB)

M3BeCTHBI TaKXKe CTPYKTYpBl € pa3MepoM MM0J0CTel, Goablle Yem B KpUnromenaHe (Mx
HA3BIBAIOT MCHAOMETAHBI)**.

Cpenm MHOroYMCIeHHBIX peakiiii 06pasoBaHus MnO, ToIbKO HEKOTOpbIE Mpe-
MOYTHUTE/IbHBI G1aroaapsi J1erKOCTH NPOBEAEHUSI U BOCTPOM3BOAMMOCTH. K HUM OT-
HOCATCs1 OKUC/IEHHE coelmHeHuit Mapranua(ll) pactBopamu xiopartos, nepmaHra-
HAaTOB, NEPCYNbdATOB, XJIOPOM U O30HOM;

3Mn(OH), + NaClO; = 3MnO, + NaCl + 3H,0
3MnCl, + 2KMnOy + 2H,0 = 5MnO, + 4HCI + 2KCl
BOCCTAHOBJICHUE NEPMAHTaHAaTOB AEHCTBUEM MEPOKCHIA BOAOPOAA, COMSIHONH KUC-
JIOTbl, CEPHUCTOTO rasa, cy/ibhUTOB, cOUPTOB, cosiMu Maprana(ll):
2KMnO4 + 3502 + 2H20 = 2Mn02 + 2KHSO4 + HzSO4
4KMnO, + 3C,H;OH = 4MnO, + KOH + 3CH,COOK + 4H,0

* Hill J.-R., Freeman C. M., Rossouw M.H. /7 J. Solid State Chem. — 2004. — V. 177. — P. 165.

** Vaaae A. CTpyKTypHas HeopraHuuecKasi XuMus. — M. Mup, 1987. — T. 2. — C. 264; Epei-
ckasn I 11., Kupcanosa A. H., Taaanoe B. M., Avunos T.T. Metonk! cunTesa TRepabix Bewects. — Hopo-
yepkacck: Hosouepkacckuit noamrexuuueckuit un-r, 2005.
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Bonbitas yacTb qMoKCHIAa MapraHua BhIIENsieTcsl B BUae Oyporo ocajgka, OaHaKO
4aCTb €ro OCTaeTcsi B BUAE KOJUIOMIHOTO PacTBOpa.

OnucanHble Bbille criocoObl NMPUBOAAT K MPOAYKTY, NMPEACTABASAIOLIEMY CO0OI CMeCh
pasHbix Moaudukannit MnO,. [Ing noaydeHuns Tol nanM MHON MOgMPUKALLMK B YUCTOM BUIE
ucnosib3yloT ocobbie MeTonbl cuHTesa. [Mpu Tepmuieckom pasnoxenun Hutpata Mn(NO3),;
Huxe 350°C obpasyercs y-moauduKauus, npu Gosiee BBICOKOH TeMnepaType — B-MnO,.
Ipu BbirepxuBaHum BeruecTsa B Toke O; npu Temnepatype 400— 500 °C ypaeTcs nOAyUUTH
NpoAyKT CTEXHOMETPHUECKOro cocTasa. [1pu 31eKTponuTHIECKOM OKMCAEHUM PaCTBOPOB Colei
obpa3syeTcsi HecTexuoMmeTpuueckas y-moandukayusi, B NPOAYKTaX COMPONOPLMOHUPOBA-
Hus coneid mapranua(ll) ¢ nepMmanranarom Bcerpa npucyrcTByoT noHbl Mn®. Ipu okuc-
neuun coenquHeHunii Mapranua(ll) nepokcnpom Bogopoaa, xa0pom, GpoMOM, runorajiore-
HartaMmM, xjiopatamu, OpoMaraMmu, nepcyibdaraMy CBeXernoJydyeHHbIH 0CanOK XapaKTepu-
syetcsa  peduuntoMm kucnopoaa (MnQO,_,) 3a cueT agcopbumnmu MOHOB U3 pacTtBopa. UHbIMK
C/10BaMH, OH MnpeacrasasieT co0oH a-Moandukapmo. MHOrokpaTHas OTMbBIBKa OCaaKa a30T-
HOI KHMCAOTON MJIM BbIAEPKMBAHHWE €r0 MO/ CJI0eM BOAbl B TEYCHUE HECKOIBLKUX CYTOK Bbl-
3bIBACT NPEBPALIEHUE €0 B PAMCACIINT MaK aaxe B nupomo3nT. Kybnueckyio A-monndn-
KaluIo, HMCIOJb3YyEMYIO B JIMTHEBbIX aKKyMYISTOpPax, MOAYYAIOT 3KCTpakumed AnTus n3
anTuiiMapraduesoii winuHeau. IMonyyeHue anokenpa MnO, BoccTaHOBJIeHMEM MEpMaHra-
HaTa MePOKCUAOM BOAOPOAa NMPOBOAAT B C/AA0OKMCIAOM, HEUTPAIBLHOM MJIM HIEJIOYHOM pa-
ctBope. ITpu 3ToM nepokcua Bogopona HeoOxonuMo O6paTh B n30bITKE, yUUThIBAs €ro Kara-
JINTUYECKOE Pa3/IoKEHHE 00Pa3yIoHIMMCH MUPOIIO3UTOM. B CHABHOKMCI0I# Cpene nepokeua
BOAOPOA@ BOCCTRHABAMBAET NMUPOMIO3UT ao coneii mapranpa(ll):

MnOZ + H202 +2H" = ]\/ll'lz‘+ + 2H20 + OzT

JAuokcua MapraHia Kak CoeiMHEHUE TPOMEXYTOYHOM CTeNMeHU OKWUCIEHUs Npo-
ABJISAET OKKUCJIMTENIbHBIE U BOCCTAHOBUTE/IbHbBIE CBOMCTBA. J11s1 nero Gonee xapak-
TEPHO MOBeAeHHE OKUCAuTesl. [1pu HarpeBaHUM MIPOUCXOAUT BHYTPUMOIEKYJISP-
Hasl OKMCIUTENIbHO-BOCCTAHOBUTE/IbHAS PEAKIIHsl, COMPOBOXKAAIOLIAACH BbleJEHUEM
KHCJI0pO/Ia U MTOCTENEHHBIM MTOHMXEHHUEM cTerneHu OKUCIEHMsI MapTraHiia ¢ rnocie-
JOBaTebHbIM 0OPa30BaAHUEM Pa3HbIX OKCHJ0B:

500—600°C 900°C 1300—1400°C
Mn203

n;0 MnO
-0 -0 34 -0y

MnOZ

[Mpopecchl TepMuUecKoro pacnaga pasindHbix Mogudukaumii anokeuna MnO, npoTe-
KaloT CHOXHO W 3aBUCAT OT CTEXMOMETPMM 00pasua, ero TePpMUYECKOW NPEAbICTOpUM, a
TaKX€ MPHCYTCTBHUS BOMBI M JAPYTMX npuMeceii, napuuaibHoro aaeieHus O,, pa3zMepa yac-
Tuu. Ipyu nocrenexHom Harpesannn MnQO, cHayana oTaaeT BOxy, NMOJAHOe O0E3BOXHUBAHNE
pocturaetcs Tolbko npu 500°C. OgHoBpemernHo B uurepBaie 300 —450 °C npoTekator fo-
AnMOpP(QHbBIE Nepexoabl MeXAy pasHbiMM dazamn MnQO, (Hanpumep, y-MnQO, npeBpainaeT-
¢s B B-MnO, npu 280—420 °C). IMpu Temneparype 500 — 600 °C auokcua MnO, oTuienaser
O, u nepexoaut B Mn,O3, npu 900 °C o6pasyiorca Mn;O4 u O,, a npu 1300—1400°C —
MnO. B npucyrcrBuu kuciaoposa pasznoxenue MnO, npoucxoanT npu 6obliieii TeMnepary-
pe. pu 1540 °C napumanbHoe paBieHue kucaopoaa Hax Mn;O,4 nocruraet 0,1 aT™.

Bonoponom aunokcua BoccraHasiamuBaercs 10 MnO; akTUBHbIE METAUIbI (KAIbIMA
WK IIOMWUHUIA), 4 TAKXKE MOHHBIE THAPUBI BOCCTaHABAWBAIOT €r0 10 METaslla:

3MnO, + 4Al = 2A1,0; + 3Mn; AH® = —1 090 KJDK/MOJb
MnO, + CaH, = Mn + CaO + H,0
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C cyxuM CepoBOLOPOIOM peakliusi IPOTEKAET OUEHb BBICTPO YXKe [Ip4 KOMHAaT-
HOI Temrepartype:

MnO, + 2H,S = MnS + S + 2H,0

IMpu nporiyckanuu cepoBogoposna uepe3 BogHylo cycneHsuto MnO, obpasyercs
Oesiechbiil OCallOK, COCTOSILLMIT U3 cMecH Cybbuaa mapraHua(ll) u CEphl; B pacTBO-
pe NpUCYTCTBYIOT MOHBI SO u S,07.

[Tpu Temneparype Bbiite 300 °C TOHKO M3MeNTbUEHHBIH TTOPOLLOK MnO, B3anMonenCcTBy-
€T C CepHUCTBIM rasoM: MnO, + SO, = MnSO,. B npucyTctBum Boabl Hapsay ¢ cyabhaTom
MnSO, obpasyetcs autuonat MnS,04 (310 nabopaTopHblil METOA CHHTE3A JUTHOHATORB).
Konunyectso antnonara onpenensiercss mMopndukalmeii AMOKCHAA: B ciyyae B-MnO, ero
BbIXOZL AocTiraet 97 %, B ciyyae a-MnO, — 79 %. Tuocynbdart B pactBope npu pH 4,0 — 5.8
OKHCJISIETCS MUPOJIO3UTOM B CyJb(hAT U TETPATUOHAT:

35,07 + 4MnO, + 6H" = 2SO} + S,0¢ + 4Mn?* + 3H,0
OxkucnuTenbHble CBOMCTBA IMOKCHIA MAPraHia CUJIbHEE BCErO MpOSIBISIOTCS B
CUJIBHOKMCIION Cpelie, YTo cienyeT us ypasHeHuss HepHerta:
MnO, + 4H* + 2¢- - Mn?** + 2H,0; £° = 1,23 B,
E(MnOy/Mn?) = 1,23 — 0,118(pH).
B kucnoit cpene nUpoONO3UT BOCCTAHABAMBAETCS! TMAPA3MHOM 10 Mn2*:
2MnO; + N,H,- H,SO4 + H,SO4= 2MnSO, + 4H,0 + N,T
B aMMHUAYHOM pPacTBOpe — JMIIb 10 Mn**:
4MnO, + N,H,- H,SO,4 + 2NH; = 4MnOOH{ + (NH,),SO, + N,T

Bpomunsl 1 Monuabl B KUCO# Cpene BOCCTAHABIMBAIOT OKCUA MapraHia(lV) s
conu mapranua(ll), okucngsach 10 HPOCTHIX BELLECTB.

Peakiuunsa ¢ xnopua-noHamMu npoTtekaer JiMiub B CUABHOKUCITBIX KOHLIEHTPUPO-
BAHHbIX pacTBOpaXx MpW HarpeBaHWU; HApUMeEp, APH B3aMMOAECIHCTBAMU C KOHLICH-
TPUPOBAHHOW CONSIHON KHUCJIOTOM:

80°C
MnO, + 4HCl — MnCl, + CL,T + 2H,0

WIN XJIOpUAOM, MOAKUCJICHHBIM a30THOW KHCJIOTOM:

100°C
2NaCl + 4HNO3 + Mr102 —_— 2NaNO3 + ClzT + Mn(NO3)2 + 2H20

Ipn o6paboTke nMOKCHA MapraHiia XoJ04HOIi KOHLEHTPUPOBAHHON CONSIHON
KHCJIOTON OCTAeTCs TEMHbIA PacTBOP, CONEPXALIMIA KOMIUIEKCHYIO KHCIOTY
H,[MnCli¢}, a Bo3MOXHO, 1 HeBbIIEIEHHbIA B MHIMBUAYATLHOM BUE TeTpaxJIopuL
MnCl,. TlocTeneHHo pacTBOp CBETJEET BCAEACTBME BOCCTAHOBICHMS XJIOPHIHbIX
koMmruiekcoB [MnClg)>™ — [MnCl]* — Mn? + 6CI" u BbIgeseHUs XJI0pa.

B rnaBUKOBO#A KMCIOTE IMOKCHI MapraHLa BOCCTAHABAMBAETCA 10 Tpudropuaa:

4MnO, + 12HF = 4MnF; + 0,T + 6H,0
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B a3oTHoi1 1 pa3baBiaeHHOl cepHoi KucaoTax MnQ, HepacTBOPHM, JIHILb MpU
IUTMTEJIbHOM XPaHEHWU €ro Mo pacTBOPOM KHMCJOThl HabmonaeTcsi MocTerneHHoe
BbLIENIEHME KUCJIOPOa BCJAEACTBUE OKUCIEHUST Boabl. ['opsiuasi KOHLIEEHTPHUPOBAH-
Hasl cepHasl KMCJoTa Takxke pearnpyer ¢ MnQ,, OKUCSIs KUCIOPOI:

2MnO, + 4H* = 2Mn? + 2H,0 + O,T

Peakuiusa nporekaer yepes craauio obpazoBaHus MOHOB Mn**| 0 uem cBuieTe N b-
CTBYET OKpaluMBaHUe pacTBopa B puoaeTOBbIN 1BeT. OOpa30BaHMEM 3THUX UOHOB
Takxe obbsiICHsIeTCs1 OblcTpoe pacTBopeHue MnO, B cepHO# KucnoTe 1npu gobasne-
HuU coaun mapradua(ll):

MnO, + Mn* + 4H* = 2Mn* + 2H,0

BsaumoneiictBue nuokcuna MnQO, ¢ 1ea04YaMH NMPOTEKAET JULlIb B KOHLICHTPU-
POBAHHbBIX pacTBOpax M pacruiaBax. B 3aBUCMMOCTH OT teMIleparypbl peaklnu, COOT-
HOILIEHHWS PEAreHTOB, HAMUUMUsl WM OTCYTCTBUS OKMUCIMTENeil, HanpuMep KMUCJIO-
pona BO314yxa, oOpa3yloTCsl aHUOHHbIE OKCOMAHTAaHAThl, comepXalliMe Mapraser B
Pa3HbBIX CTEMEHSX OKUCAeHUs OT +3 a0 +6. Hanpumep, npu B3anmMoneicTsumn qUoK-
cuzia MapraHia c ropsiMMM KOHLUEHTPUPOBAHHbBIM PAacTBOPOM IMAPOKCHAA KaJlUs B
MHEPTHOH atMocdepe cHayana obpasyeTcs 3ejeHbii pacTBop maHraHara(lV), ko-
TOpbIA 3aTeM MepexoauT B TEMHO-CMHUIA pacTBoOp, colaepXaluid 3KBUMOJISIPHbIE

Inemenm Jlexaanme

ExeroaHo MupoBasi MpoMbILLIZIEHHOCTb NPOU3BOAMT OKOJIO MOJYMWIIMOHA TOHH
JIMOKCHAA MapraHua, 66bluas YacTh KOTOPOTo MIAET HA NPOU3BOACTBO CYXUX IJIEKT-
poxuMuueckux 6arapei. M3 Hux HauGosee npuBbIYHBI NEPEHOCHBIC CYyXUE YIIEPOA-
UMHKOBBIEC rajbBAHUUECKUE 3JIEMEHTBI, BNEPBbIE NPEUIOKeHHbBIE (PaHily3cKUM (uU-
3ukom XK. JleknaHue B 1865 r. (puc. 5.17). DieMeHT MOXHO CXeMaTUYHO NPeACTaBUTh
CJICIYIOILUM 0o0pa3oM:

Karonx ® C | MnO, | =10% NH,Cl| Zn © Anoxa

Cyxoit snemeHT JlekiaHuie COCTOMT U3 [{UHKOBOW GaHKU € BCTABJICHHBIM B Hee
YIrOJIbHBIM 3JIEKTPOAOM, MOIPYyXEHHBIM B CMeCb AMOKCUAA MapraHua v rpadura.
LIuHkoBast 6aHKa NoMmellleHa B KpaxManbHyIo nacry, coaepxauyio ZnCl, v uzbsIToK
tBepaoro NH,CI. ¥Yriaepod BbIMOHSIET Poib NOJOXUTEIbHOIO 31€KTpoAa — KaToaa,
LMHK CIIYXXHT aHOJMOM, & AMOKCH/I MAPraHLia BBOJAUTCS B KAUECTBE OKUCIUTENS, TIpe-
NATCTBYIOUIErO BBIIEICHUIO BOJAOpoAa Ha Katoje. B HacTosiiuee BpeMsi MCHOJIb3YIOT
3AeKTpoauT, coaepxamuii 8,8% ZnCl,, 26 % NH,CIl, 65,2% H,O n HeGonbluoe
KOJIMYECTBO MHTrHOUTOpa. B X0/e paGoThl 3/1eMEHTa MTPOUCXOAUT BoccTaHoBAeHMe MnO,
M pPacTBOPEHUE HMHKOBOro aHoma*:

AHon Zn + 2NH; - 2¢- = [Zn(NH;),)*
Karon 2MnO, + 2NH, "+ 2¢- - 2MnOOH + 2NH;
* Yenosuo [Zn(NH;),]* — ycpeanennas dopmyaa CMECH KOMMIEKCHBIX aMMHMAKaToB M

OCHOBHBIX COJIEH LIMHKA Pa3HOTO cocTasa. [1poayKTaMu BOCCTAHOBAEHMs AMOKCHIA MapraHua
nomumo MnOOH sasasitorcs MnCly 1 ZnMn,0,.
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KonuuecTBa MaHraHara(V) u manranara(Ill). Tpu nposeaeHnu peakumu Ha BO3Ly-
xe npu Ttemriepatype 350 —450 °C obpazyercsi manranat(VI) K,MnOy:

2Mn02 + 4KOH + 02 = 2K2Mn04 + 2H20
npu temneparype 600 — 800 °C — manranar(V):
2Ml‘102 + 6KOH + l/zOZ = 2K3Mn04 + 3H20

[Ipu arMocdepHom nasneHuu Bo3ayxa peakuusi noayuenus K,MnO, HaumHaeTcs npu
Temneparype 170 °C. T1pu nosbitieHnu napieHust go 10— 19 k6ap oHa ycKopsieTcsl, U BblLLIC
19 x6ap npoucxoant B3pbiB. I1pu MonbHOM oTHoweHun Mn: K = 4:1 Ha Bo3ayxe Bbliule
450 °C obpasyercsa K;MngO\; npu otHouwtenuu o1 4: 1 0o 2: 1 — K,Mn,Oy; Npu elwe MeHb-
weM oTHoweHuu 1 : 3 yxe npu 250 °C nonyuaercst K,MnQ,. [lis cuHTe3a 3Toi COMM BMECTO
KUCJIOpPOAa B LUEJOUHOM pacriiase ucnoib3ylor xaopar KClO; wau uurpar kanus KNO,.

[Ipn poGasneHuu aMOKCHAA MapraHua M MEPMaHraHaTa Kadusl B PaCIaBAeHHYIO Lie-
JIoUb 00pasyeTcsl CHHe-3e/IeHbIH pacrjiaB:

MnOj; + MnO, + 4OH- == MnO} + MnO;~ + 2H,0

BbIcOKME KOHUEHTpALMM LLUEAOUN CABUTAIOT PABHOBECHE BIPABO: BbIMAAAlOT CUHUE KpH-
crannsl manradara Na;MnO,- xH,O, a manrauar(VI) ocraercs B pacTsope.

Puc. 5.17. Dnement Jleknanue:
/ — UMHKOBBI# cTakaH; 2 — NAACTMKOBLIA (pyTasap; 3 —
MOJIOXKHUTE/NLHbIA 371eKTPOA; 4 — NPOCTPAHCTBO /IS ra3000-
pasnbix npoaykros pacnana (Hy, NHs); 5 — yroabHblit crep-
XEHb, 6 — CNpeccoBaHHAs aKTMBHAA Macca; 7 — oTpHua-
TEAbLHbII 2JIEKTPOA

Ocobast posb MnO, obycnoBieHa €ro BbICOKOH
OKUCIUTEbHOMN Cr10COOHOCTBIO M KpaitHe HU3KOH pac-
TBOPUMOCTBIO B 3MEKTpoanTe, Gaaroaapsi 4yemy BTO-
pUYHBIE PCAKIIUW CBOASITCS K MUHUMYMY.

DeMEHT obecneunBaeT Hanpsike Hue nopsaaka 1,6 B. B nauane npoiecca 3Haue-
nue pH cocrasnsier ~5 W Bo Bpemst paspsina 6atapeu BospacTaeT 10 8 —9.

s wcnonb3oBaHusi B 3neMeHTax JlekaaHule NPUroAHbI TOMLKO ONpeac/cHHble
TUIbL AMoKcKuaa. HenocpeacTBeHHO Ui 3TOM LEAM MOXKET GbITb UCTIOJIb30BaH TOIBKO
NPUPOAHBIA MHUPOJIO3UT BbICUIETO KauecTBa, MO3TOMY MpPEANOUTUTEIbHEE YIOTPeG-
JsiTh CUHTETHYeCKUIE MnO,, nosyyaeMslii anekrpoxumuiecku. ITpenmyiLecTso cyxo-
ro ajeMeHTa JlekaHlle — OTHOCHUTEIbHO MIUTENbHOE BpeEMS PaBoThbl, HEAOCTATKH —
BbICOKOE JICKTPUUECKOS COTIPOTUBIICHUE U HEMTOCTOSIHCTBO NoTeHUana. B HoBbIx siueii-
Kax ¢ karogoMm MnO, 1 MoaudUUIMPOBAHHBIM aHOAOM, COAEPXKALINM MarHUi BMeC-
TO 1IMHKa, obecrnieurBaeTcsa BbICOKOE pabodee HarnpsiKeHUE.
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[Mpu okucaeHuu pacrjaaBom HuTputa Hatpusi NaNO, quokcuaa MapraHiua cHa-
yana obpasyercsi Na;MnQO,, 3ateM — Na,MnO,. HarpesaHueM cMmecu nopollka
MnO, ¢ nepoKCMaaMM LLUEJOYHbIX M ILICJOYHO3EMEIbHbIX METAVIOB CUHTE3UPYIOT
ManraHatbl(VI):

ccl,
Mn02 + K202 —> KzMnO4

OKuciaeHue aToMOB MapraHua MUPOJIO3UTaA 40 BbICIUCH CTENEHU OKMUCIEHMUS
peain3yecTcs npu KUMsIYCeHU ¢ paCTBOPOM HCpC)UIb(I)aTa AMMOHMNS:

2Mn02 + 3(NH4)2$208 + 4H20 = 2HMnO4 + 3(NH4)2$O4 + 3H2$O4

B 3Tux peakiiusx nMOKCHUI MapraHua BbICTYIaeT B pOJd BOCCTAHOBUTEIIS.

PeakiidoHHas1 CIOCOOHOCTh JUOKCUIA MapraHua B peakyMsiXx MOHHOro obMeHa
HaMHOI'0 HUXE €0 OKMCAUTE]bHO-BOCCTAHOBUTEIbHOM aKTUBHOCTU. ITO SBASIETCS
CleqCTBUEM €ro MHEPTHOCTH, CBOMCTBEHHOM BCEM COENMHEHHUSIM, comepXaium
MOHbI C KOHpUrypauuei d°. UMeHHO N03TOMY, HECMOTpPsI Ha aM(POTEpHbIA Xapak-
Tep, 3TO BELUECTBO B MATKUX YCIOBUSIX HE pearvpyeT C pacTBOpaMu KUCIOT M 1Ie-
JIoYyeH, eclii [IpyU 3TOM HEBO3MOXHbI OKMCIUTEIbHO-BOCCTAHOBUTEbHbIC IPOLIEC-
cbl. 06 aMpOTepHOCTH JMOKCHUIA MAPraHa CBUACTENbCTBYET (AKT CYLIIECTBOBAHMS
cosell KucaopoacoaepXammx Kucaot, Hanpumep Mn(SQO,),, a TakXXe aHMOHHbIX
MaHraHatos(1V). INocaegHue MOTyT OBITh TOJYUYEHBI [IPK HArpEBAaHU M TUPOJIIO3UTA
C OKCHIaMM aKTHBHBIX MeTa/uloB. Hanpumep, Bzanmoneiicreue okcuga MnO,c MgO
NpUBOIUT K ob6paszoBaHuio Mg, MnO, u MgcMnOQyg, a ¢ CaO — k CaMnO;, Ca,MnO,
u CaMn3O7.

Oxcuap Texnenust(IV) u penusa(IV). Jvuokcuabl TeXHELUMs1 U PCHUS TPEACTaBsI-
10T CO0Oi1 YepHbIC MOPOIUKHN, HE pacTBOPUMbIC B Boae. JAMOKCU TEXHELUUST UMEET
MCKaXCHHYIO CTPYKTYpY THNA pyTHA, & JUOKCH PCHUSI KPUCTAUIM3YETCSI B MOHO-
KJIMHHON (HU3KOoTeMnepatypHbiili o-ReO,, ctpykrypHbiid Tun MoQ,) uiu pomou-
yeckol (BbicOKoTeMmepaTtypHblil $-ReO;) crpykrype. Tlepexon a-ReO, B B-ReO,
PONCXOAUT HeobpaTMo nipu Temnepatype 400 —650°C.

HanboJsiee unCThie mpenapaThi MOJNYYCHb TEPMUYECKHUM Pa3oXCHUEM MepTeX-
HeTaTa ¥ neppeHara aMMoHHUsi B WHepTHo# atMocdepe (700— 750 n 300—450°C
COOTBETCTBEHHO) WJIM B BaKyyMe:

t
2NH4RCO4 = 2RCOZ + NzT + 4H20
Briciiue OKCHAbl BOCCTaHaB/IMBAIlOTCs1 MeTaTIUYECKUM pCHHUCM 1O gfHOKCHa:

550°C
2Re,0; + 3Re ——— 7Re0,

[Tpu Temnepatype Boiie 700 °C peakuust npoTekaetT B 0OpaTHOM HampaBICHUU.
Okcupg texHenusi(IV) npu BBICOKO#H TemnepaType BO3TOHSICTCSI, He mOpeTeprieBas
paznoxenust Bi1oTh 1o 1 100 °C. TakuM obpa3oM, TepMuuecKass yCTOHUNBOCTb JU-
OKCHIOB BO3pacTaeT B psany MnO, — ReO, — TcO,.

B ominuue or nupontosuTta s okcuaos TexHeuusa(1V) n penus(IV) okucnu-
TeJbHbIE CBOMCTBA He XapakrepHbl. Hanpumep, npu X pacTBOpeHUM B KOHLEHTPU-
POBAHHOW COJISTHOM KMCA0OTE 00pa3yroTcsl XJIOPUIHbIE KOMILIEKChI:

ReO, + 6HCI = H,[ReCl ] + 2H,0
284



Penucmuiii anzudpuod

Cpeau MeTanjios cefibMo# Ipymmbl TOJbKO peHMit obpasyeT cTabuiibHbIA TPHOK-
cul ReO;, HasbiBaeMblit PEHUCTBHIM AaHIMAPHAOM*. DTO TBEPIOE KPACHOE BELLECTBO C
MetajTuieckum GieckoM. B ctpyktype ReO; aToMbl peHuMs] pacionoXeHbl B HeHTpe
okTadipoB [ReOg], Kaxnas u3 BepIIMH KOTOPBIX COUICHEHA C COCEAHUMMU OKTas/pa-
MU, 06pasysi GecKOHEUHbIH TPeXMEPHBI Kapkac (puc. 5.18).

PeHucTblit aHrnapua o6i1afaeT oUeHb HU3KMM DIEKTPUMUECKUM COMPOTHBIIE HUEM,
KOTOpOE KaK y TUNIMYHOIO METalld YMEHBLIACTCS NPU MOHMXKEHUU TEMIEPATYPBI.
OTO OOBACHSIETCS] HATTMUMEM Y ATOMA PEHMS €IMHCTBEHHOTO BAICHTHOIO 3JIEKTPOHA,
KOTOPBIiA /1eJI0KAIM30BaH MO BCe# 30HE MPOBOAMMOCTH KPUCTANLIA.

Okcunat penusi(VI) CHHTE3HPYIOT BOCCTAHOBIEHUEM PEHMEROTO anruapuaa Re,O,
okcuaom yriaepoaa(Il), MeTaninyeckuM peHMEM MM €ro AMOKCHIOM:

| t
R6207 + CO = 2R603 + C02

PEHUCTBIA aHMMAPUA — KMCIIOTHBINH OKCHII, obsagalomwmit, 0JlHaKO, HU3KOMH XHU-
MHYECKOH aKTUBHOCTBIO: OH HE PACTBOPUM B BOJE M pa3GaBiIe HHbIX pacTBopax LUEJo-
ueit. O6pazoBaHUe PEHATOB MPOUCXOANT JAULLb TIPH B3AUMOAEHCTBUM C ropsiueit KoH-
LLEHTPUPOBAHHOU 1ICI0YbIO:

t
ReO; + 2NaOH(koHu.) = Na,ReO, + H,0

AnnTenbHoe KMMSYEHWE PAcTBOPA MPUBOAUT K AMCHPOIOPLUMOHUPOBAHUIO peHa-
Ta Ha neppeHar NaReO, 1 anokeun ReO,. B pacninase mienoun wim const o6pasyiorcs
MEPPEHAT U PEHUT:

3RCO3 + 2N32CO3: 2NaReO4 + NazRer, + 2C02T

BoxHbimu pacrBopamu okucanteneit (HNO;, H,0,, 6pomHas Boga) ReO; mepe-
BOJWTCH B PEHUEBYIO KUCIIOTY:

2Re0; + H,0, = 2HReO,

st peHunst M3BecTeH Takxe rony6oit menraokcua Re,Os, LM CIPOMOPLMOHUPY-
owmit Ha Re(VII) u Re(IV), Ho ero cBoitcTBa NPaKTHYECKN He M3YYeHbI,

Puc. 5.18. Kpucrannunyeckas crpykrypa ReQO,

* CywecrBosanue okcuaa TcO; OKOHYATEABHO He NOKA3AHO.
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HeiicTBrem kKoHueHTpupoBaHHoil HNO;, nepokcuaa Bogopona, OpoMHOIN BOIbI
rekcaxnopopeHar [ReClg]> okucnsiercss 1o peHuesoit kucnorel HReO,.

B peakuusix 1MOKCHIbI, KaK MPABUIO, BLICTYAIOT B pONM BOcCTaHOBMTeNne. Tak,
Mpy HarpeBaHWM Ha BO3AYXE OHM He pasnaratoTcsi nogodHo MnQ,, a, Ha06OpoOT,
OKMCIISIIOTCS 10 BbICIIMX OKCHAOB M,0;. JluoKCH] TEXHELIMS pearupyeT C raioreHa-
MU, obpa3sysi okcorajoreHuabl. O0a oOKCHga BOCCTAHABIMBAIOTCS BOLOPOAOM [0
npoctbix Bewects (TcO, npu 500 °C, ReO, npu 300 °C).

JHOKCHUAbI TEXHELUST U PEHUS1 — aMOTEpHbIE OKCHbI CO €1a00 BblpaXXCHHBIMU
OCHOBHBIMH U KUCIOTHBIMK DyHKIMAMU. OHU HE pacTBOPUMMbI B Boae, pa3bapieH-
HbIX paCTBOpax LLEJOYEH M KUCJIOT, HE NPOABIASIOWINX OKUCIUTENbHbIX CBOMCTB.
PacteopeHue TcO; B KMCAbIX pacTBopax, cogepxamux H,O, uau conum Ce(lV),
COMPOBOXAACTCS OKUCIACHUEM O NEpTexXHeTaTa.

Oxcua Mapranna(VII). Bce tpu Metanna obpasytor Beiciune okcuabl M,0;. o
cBoiicTBaM okcuzg MapraHpa(VIl) cynecTBeHHO OT/IMUaeTCsd OT OKCHIOB TEXHE-
ums(VID) u penusi(VID). MapraHuesbiit aHruapus Mn,O; sipasieTcst OiHUM U3 Hau-
0oJiee CHJIbHBIX OKMCMTENEH, B TO BpeMsl KakK Wi okcuaoB Tc,0; u Re,0,, 06pa-
3YIOLLMXCS HEMOCPEACTBCHHO [PU MOPEHUM META/IOB HA BO3[yXE, OKUCIMTENbHbIE
CBOMCTBA MPAKTHUECKH HE XapPAKTEPHHbI.

MapraHueBblit auruapua Mn,O, npeacrapisieT coOol IyCTyIO JEeTydylO [Urpo-
CKOIUYHYIO MACISIHUCTYIO XUAKOCTb TEMHO-KpacCHOTO 1BETa, B OTPAXXEHHOM CBETE
KaXyLylocs: 3eleHoil ¢ MetaumueckuMm OneckoM. Ipu temnepatrype 5.9 °C oHa
NPEeBpALLIAETCS B KpaCcHble KpUCTa/Ulbl. B 6€3BogHbIX cepHOi U pochopHOit KucaoTax
okcua MapraHua(VII) obpasyer 01uMBKOBO-3€J€HbBIE PACTBOPbI:

Mn,0; + 3H,S0O; —= 2MnOj3 + 3HSO; + H;0!

BelecTBo oueHb HEYCTOHYKMBO, OHO pa3JiaraeTcsi CO B3pbIBOM [1PpU COTPSICEHM U,
B MPUCYTCTBUU [aXE CJICHOBbIX KOJMYECTB OpPraHMYECKUX BELUECTB, 4 TAKXe M[PHU
HarpeBanuu Boilie 55 °C. I'opasno 6onee 6e3onmacHbl B 00pallieHUM ero pacTBophbl B
yeTbipexxyopuctom yraepoae*. Oxcua Mapranna(VIl) nonydalor neiicTBUeM KOH-
LEHTPUPOBAHHOI CEPHOM KHCJIOTHI HAa MEpMaHraHaTthl LICJOYHbIX METAJIOB!

2KMnO, + 2H,S0, = 2KHSO, + Mn,0,{ + H,O

MapraHueBblil aHTMAPUA — OAMH U3 HEMHOTMX OKCHIOB META/IOB, MMEIOLLIMX
MOJIeKYasipHOE cTpoeHHe. B razoobpa3HoM, XuIKOM M TBEPIOM COCTOSIHUM OH CO-
CTOUT U3 MOJNEKyl Mn,0,, npencrapastowux coboil gBa Terpasapa |MnO,], co-
enuMHeHHbIX oOweil BeplinMHoi. B kpucTtamamueckoM BewecTse yron Mn—O—Mn
cocrapasiet 120,7° (puc. 5.19, a)**. Kpuctajlibl, HEOOXOAMMbIE TSI ONpeEae/IeHHUs
€ro CTPYKTYpbl, ObLIM BbIpalCHbl B TOHKOM CTCKJISIHHOM KalWuspe, CoaepXaliem
HECKOJIbKO Kamlesb MapraHyeBOro aHruMApuaa, KOTOpbiid Obll Cpa3y IomelieH B
nudpakToMeTp.

Mpu pactBopeHuu B Boae okcua Mapranua(VIl) Mn,0O, obpadyer teMHO-¢pHO-
JIETOBBII1 pacTBOp MapraHueBoil kuciaorsl HMnQO,. Peaxkiust rnpoTekaet HacToJ1bKO
GbICTPO, YTO Haja COCYIOM YacTO BO3HUKACT KpacHO-(UOJETOBbIA TyMaH, COCTO-
AWM U3 Kanejek pactsopa HMnO, ¥ nocTeneHHO npeBpaLllarMiics B KOpUUiHe-
BbI€ YaCTHIIbl TUPOJIO3UTA.

* Tromel M., Russ M. // Angew. Chem. Int. Ed. — 1987. — V., 26. — P. 1007.
** Simon A., Dronskowski R., Krebs B., Hettich B. // Angew. Chem, Int, Ed. — 1987. — V. 26. — P, 139.
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Puc. 5.19. CrpoeHue BbICILIMX OKCHAOB MapraHia (a), TexHeuns (6), peHus (8)

MapraHueBblid aHMUAPHI TEPMOAMHAMMYECKM HecTaGMIeH: OH MOCTENeHHO Te-
PACT KNCJI0poA Aaxe npu Temnepatype 0 °C. MenjieHHOe pasioXeHWe NPUBOINT K
00pasoBaHuio Y-MnQ,, a npy IeTOHAMK KpucTramansyercs: o-Mn,0s;

Mn,0; = Mn,0; + 20,T; AH® = -231,3 KkJIX/Moub;
Mn,0; = 2MnO, + /,0,T; AH"= -307,1 kJIx/Moib.

MapraHueBblil aHrMAPUI OKKUCIsIET 6OIBIIMHCTBO KNCJIOPOACOAEPKALLMX Opra-
HMYECKUX COeIMHEHUI, BO MHOTHX Cly4asix ¢ BOCILIaMeHeHMeM. Ha 3ToM ocHOBaH
OIMH M3 CNOCOOOB 3aXMraHUs! CHMPTOBKM B OTCYTCTBHE CTTHYEK. Hns 3toro B dap-
(hOpOBOIt YallIKe pacTUPAIOT HECKOIbKO KPUCTAJUIMKOB [IepMaHraHaTa KaJunsi 1 Mpu-
JIMBAIOT K HAM [BC-TPH Karlln KOHUCHTPUPOBAHHOM CepHOM KMCIOTH. B monyuen-
HYIO MAC/ISHUCTYIO KHMAKOCTh, COACPXALIYI0O MapraHUEBbIA aHMMAPUI, OMYCKAIOT
CTCKJITHHYIO NAJI0UKY, KOTOPOW 3aTeM NPUKAacaloTcs K DUTHIIO CIIMPTOBKH.

Okcuapt Texnenus (V1) u penusA(VII). Boiciine okcuabl TexHenust M peHus npei-
CTaB/IAIOT COOOM Xe/Thle* KPUCTALTMYECKIE TTOPOLIKH, MCNOIb3YyEeMBIE 17151 OYUCT-
K1 1 IPOMBILIIEHHOrO MPON3BOACTBA MeTaL10B. [1pU HarpeBaHUM OHM MJ1aBATCS
0e3 pasnoxenus: Tc,0, npu Temneparype 120°C, Re;0; — npu 300 °C, yacTH4HO
[EPEXOLs B Ia30By10 a3y, NOCKONBKY 061a5al0T BbICOKOI JICTYYECThIO.

Bhiciive OKeniibl TeXHELMS M PEHUS! HOAYYAIOT OKMCICHHEM METAJUIOB, HUZLINX
OKCHMIIOB W CYJIB(UIO0B KHCIOPOLOM;

2MSZ + 15/202 = M207 + 48021\

B razopoit daze 311 okcuabl cTabuibHbl 1 MOHOMEPHbI, UX MOJIEKYJIBI COCTOSIT U3 ABYX
CO'JICHEHHBIX BeplInHaMu tetpasapos [MO,]. B TeepooM cocrosnum Takas CTPYKTYpa ¢
JIMHEUHBIMU MOCTHKAMU COXPAHSIETCS TOMbKO Y Tc,O;, 0HAKO B OTIMYHE OT MapraHyeBoro
anruapuia yroin Tce—O—Tc pasen 180° (puc. 5.19, 6)**. Kpuctanibl BhiCiIEro oKcHaa pe-
HUsl UMCIOT TOJIMMEPHOE CTPOCHUE M COCTOSIT M3 ABOMHBIX CJIOEB, 06PA30BAHHBIX CUIBLHO
UCKAXKCHHbIMK oKTasapamMiu [ReOq] u npaBuibHbIMK TeTpasapamu [ReQ,], coeannenupiMu

* KpacHoBarbiil OTTEHOK KpHCTALIOB Tc,0; cBuaeTenbCTBYET O HANMUMK apumecn HTcO,.
** Krebs B. // Z. Anorg. Allg. Chem. — 1971, — Bd. 380. — §S. 146,
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OoOILIMMH BEPUIMHAMU B TeTpaMepHble UMKbL (puc. 5.19, ). Mexay oTaeabHbIMU CIIOSIMU
CYLLIECTBYET JnWb ciiaboe opueHTaLMOHHOE B3auMosaeicTBue*. B Kaxaom okrasiape [ReOg]
Tpu cBsizn Re—O 3ameTHO JIMHHee Tpex APYruX W JIETKO pa3pylualoTcs NMpU HarpeBaHUM.
DTUM U 00bSICHSETCS BbICOKAs JIETYYECTb peHUEeBOIo aHIMAPUAA.

BriciiMe okcubl TEXHELMSI U PEHUS MOLO0HO MapraHLieBOMY aHTUAPULY Ype3-
BbIYAMHO TMTPOCKOMUYHbI BO BJIAXHOM BO3AYyXe M ObICTPO FOrJOLIAIOT BOAY, Mpe-
Bpawasicb B TexHeuuepyto HTcO, n penueByto HReO,4 kucnotsl, Hanpumep:

Tc,04(1B.) + H,0(x.) = 2HTcO(1B.); AH® = -1 800 x/X/Monb.

B oTanumne o Mn,O, BbICIINE OKCHABI TEXHELIMS] U PEHMS SBJSIIOTCS cJ1abbiMu
OKUCNUTEAAMM, TIPM KOMHATHOI TeMMepaType He CHOCOOHBIMM OKHMCIANTbL OOJb-
LUMHCTBO OPraHUYEeCKUX BELICCTB.

Okcunbl Tc,0; n Re,O, B3aMMOJIEHCTBYIOT CO CNUPTAMU, NUPUIMHOM, TeTparuapody-
paHoM ¢ obpa3zoBaHueM cosibBaToB M,0,- 2L (L — MoJieKysia opraHWyecKkoro BeLLECTBA).
Jdaxe B3aMMOJEHCTBUE C aMUIOM Kajusl B XWJAKOM aMMHaKe He COMPOBOXAAETCS OKUCIIU-
TeJIbHO- BOCCTAHOBUTEIBHBIM NPOLIECCOM, a MPUBOAUT K oGpasoBaHuio HUTpuaopeHata(VII):

Re,O, + 3KNH, = K,ReO;N + KReO, + 2NH;

Okcug Tc,O, — Gonee cunbHbli okucauTelb, yeM Re,0;. OH BoccTaHaBAMBaeT-
csl MapamMu opraHuueckux pelyecTs. Takum oO6pa3oM, OKMCAUTENbHAsE AaKTUBHOCTh
BLICLUIMX OKCHOB yObIBaeT BHU3 IO TPYHIIE.

Bonoponom o6a oKcHia BOCCTAHABIMBAIOTCS 10 MeTaaoB. I1pu B3anMoneicTBrum
C MOHOOKCHIOM yriepoaa ripu aasieHnn 300 atm u temnepatype 220 °C TexHeumi
obpasyet aetyuuni kapooHun Tc,(CO),q, a peHuit — Hu3imne okcuabl ReO, (x < 2),
CBOICTBA KOTOPbIX MPAKTUYECKH He H3ydeHbI.

5.6. KUCJIOTBI, TUAPOKCHU/bBI, COJIU U KOMILJIEKCHBIE
COEJUHEHUA DJIEMEHTOB CEJIbMOW T'PYIIIbI

PazHooOpa3ue cTernieHeld OKUCIeHUs1, OCOOEHHO XapakKTepHOEe [Jisi Mapradia,
a Takxke aM(OTePHbIA XapakTep COeIMHEHMII B CTEITEHAX OKMCAEHUs1 HUXE +5 00yc-
JIOBIMBAIOT CYIIECTBOBaAHHME 0O0JbILIOTO YHUCIA AaHUOHHBIX U KATUOHHBIX (POPM, MHO-
re U3 KOTOPbIX YCTOMYMBLI B BOLHbBIX pACTBOpPax. XMMHsI MapraHiia B BICOKMX CTe-
MeHsIX OKUCIeHUst (+5, +6, +7), HaoOopoT, (akTUyeCckH OrpaHUyYEeHa MaHraHar-
noHamu MnOJ~, n = 1—3, BXOASILLMMHU B COCTAB pas3lnyuHbIX coseil. UX Tpaanuum-
OHHble Ha3BaHMS, MpuUBeAcHHbIe B Taba. 5.4, B COOTBETCTBHUM C HOpMaMy COBpe-
MEHHOH HOMEHKJIATYpbl BCE Yallle 3aMEHSIIOT TEPMUHOM «MaHraHaT» C YKa3aHHueM
CTCHEHU OKHMCJCHUSI MapraHya B CKOOKax.,

CoennHeHHs1 3J1eMEHTOB B CTeNeHH OKHCJCHHS +2

CreneHb okUCAeHMS +2 HauboJee LWIMPOKO MpeacTaBlcHa y MapraHia: MHOTHE
coeguHeHus: MapraHua(ll) HaubGonee ycToHuMBBI B BOAHbIX pacTBOpax. s TexHe-
LUMSI M PEHUSs1 OHA MPEHUMYLUECTBEHHO MPOSIBASIETCSE B KOMIUICKCHbBIX COeIUHEHUSsX,

* Krebs B., Muller A., Beyer . // Inorg. Chem. — 1969. — V. 8. — P. 436.
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Tadbnuua 5.4
THAB! KHCOPOAHBIX COEJMHEHHIT MAPTAHIA B PA3HBIX CTEHEHSX OKHCICHHS

Crenetib Okcug Muapokenp Xapakrep Dopm
oKucaeHNA KATHOHHBIE AHUOHHbIE
+2 MnO Mn(OH), | OcHéBHbIN, c1abo-| MnSO, Li,MnO,
aMdoTepHbIi Liysf Mn(OH )]
+3 Mn,0; MnOOH AMdoTepHEIii Mn,(SO,), LiMnO,
Mn203'xH20 LI3[MI’1(OH)6]
+4 MnO, | MnO3-xH,0 » Mn(SQ,), Li,MnO,
(MaHraHuTbI)
+5 — [H;MnO,] KucnotHbrit — LisMnO,
(rurnoMaHraHarbi)
+6 -— [HzM n04l » L]zM n04
(MaHraHarbl)
+7 Mn,0, HMnO, » — LiMnO,
(mepmaHraHarsl)

Hanpumep ¢ dochuHaMu. DAEMEHTbI CebMOI TPyNnbl B CTENEHU OKUCIEHUS +2
UMEIOT JIEKTPOHHYI0 KOH(UTypauuio d°, 9TO COOTBETCTBYET HAMONOBUHY 3al10-
HEHHOMY d-noaypoBHIO. B ciyyae MapraHua snepreTMuecku HanGoNEE yCTONYHBLI-
MU OKa3blBalOTCs BBICOKOCIIMHOBbBIC KOMILIEKCHI (15,€7), 11060¢ H3MEHEHUE B pac-
[10JIOXXCHUM 3/ICKTPOHOB B KOTOPbIX TpeOyeT GONbLIMX 3aTPAT IHEPIUK HA CIApUBa-
HUeE.

Coeaunenuns mapranna(Il). Mou Mn?* B c1abom OKTa3APUYECKOM MOJIE XapaKTe-
pHU3YeTCsl BbICOKOCHMMMETPUYHbBIM paClONOXEHUEM DNEKTPOHOB, KaX/bIH 13 KOTO-
PbIX 3aHUMACT OfIHY U3 N1TH d-opOuTanei. [loa AefiCTBUEM KBAHTA SHEPrUM MEXILY
hy U €-OpOUTaNsiMM OObIYHO NPOUCXOAAT mepexonsl. OfHAKO B JAHHOM Clydae
TaKoM I1EpeXO. MPUBENET K CIIAPUBAHUMIO NEKTPOHOB U MOHUKEHUIO CHMMETPHUM.
[ToaToMy Bce d—d-nepexosbl U3 BBHICOKOCHHHOBO KoH(puUrypaunu d* co cnapusa-
HUEM 3IEKTPOHOB 3aMpPELIEHbI [10 CITIUHY, T.€. MATOBEPOSITHBDI:

T A

B 1O e BpeMsi, Kak U3BECTHO, UMEHHO d—d-nepexonbl 00yCNOBIMBAIOT OKpacC-
Ky MOHOB NIEPEXOAHbIX METaNN0B. Takum 0Opa3om, 1Sl BbICOKOCIIMHOBBIX OKTA3i-
puleckux KoMmniekcos Mapranua(ll) cnenyer oxunath cnabyio okpacky wau gaxe
€€ OTCYTCTBHUE.

B cayuae uckaxkeHitst okTasnpuyuecKoii reoOMEeTpUM 3alpeThl CHUMAIOTCSI, U pea-
JIU3YI0TCSL INEKTPOHHBIC IEPEXOADI C [10SABIEHHEM MHTEHCUBHOM OKpacKu. DTo Ha-
G/onaeTcs B KOMILICKCAX C Pa3sHbIMM JIMTAHAAMM.

Hanuuue nsitu HECMApEHHbLIX 3JICKTPOHOB BLI3bIBACT MOSIBJICHUE napamMarHuT-
HbIX CBOICTB MOHOB. BoJbIIMHCTBO HM3MEPEHHBIX MArHUTHBIX MOMEHTOB COOTBET-
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CTBYIOT YMCTO CIMHOBOMY 3HaueHu10 5,92 M. b. Takast BLICOKOCHMHOBAsT OKTAdIPH-
yecKast KOOpAMHALIMS peau3yeTcsl B NOAABSIIONIEM OONbIIMHCTBE HEOopraHuue-
CKMX U KOMIUIEKCHbIX coeiMHeHUI. [1prMepoM MoxeT CiyXkutb akBanon [Mn(H,0)*
OeIHO-PO30BOTO LIBETA.

B pas6aBneHHbIX BOAHBIX pacTBopax Hurpara Mapranua(ll) Mn(NO;); rekcaakpauoHbl
OKpYXeHbI BTopoit Gojice ¢nabo acCouMUpOBaHHOM CO/IbBATHON 060J104KOR M3 18 Monekyn
BO/IbI, OOPa3ylOLLNX ¢ BHYTPUCHEPHBIMU MOJIEKYyIaMU BOJAbI CUCTEMY BOJOPOJHbBIX CBS3EH:
{IMn(OH,)](OH,) g}**. CocTas ruapaTHON 060J0UKM HE 3aBUCHMT OT NMPHUCYTCTBUS MOHA
HUTPATa, KOTOPbIA He MApaTupyeTcsi. B KOHUEHTPUPOBAHHBIX pacTBOpax BOJAa y4acTByeT
pexie BCEro B HACBILEHWUM MepBOi TWapaTHOW 060104KM HOHA Mn?*, W ocrawoimuecs
MOJIEKYJ/Ibl BOJbI, U MOHBl HUTPATa pa3sMElllaloTCsl CTATUCTHUSCKU MEXAY MJIOTHO YMAaKOBaH-
HbIMU Kommiekcamu [Mn(H,0)q]%. B 6,4 M pacrsope Mn(NO;), Bce MosieKy/bl BOJIbl pac-
XOAYIOTCS Ha HACBIIEHHUE TWAPaTHbIX 060J0UeK WOHOB Mn?*. Takum o6pa3oM, pacTBop
npuodpeTaeT cTpyKTypy, 6auskyto k tBepaiomy Mn(NOj),- 6H,0, conepxawemMy rekcak-
BaWOHBI*.

BbicokocnuHOBbIE OKTasApuyeckue KoMriekesl MapraHua(ll) ssasiorcs nabuabHbIMM,
MO3TOMY B BOJAHbIX PACTBOPAX CYLIECTBYIOT CJAOXHBIE PABHOBECHSI MEXIY aKBAMOHAMMU, MPO-
AYKTAMM WX TMIAPOIW3a W 3aMEeLCHUs] MOJEKYJ BOAbl HA aHUOHbI KWUCJIOTHbIX OCTATKOB,
CMocobHbIC BHICTYNATH B POy iMranaoB. B pactsopax xnopuna mapranua(Il) kpome ruapa-
THUPOBAHHOIO MOHA MN% MPUCYTCTBYIOT XJIOPOKOMIIEKCH! M aKBAXJIOPOKOMILICKCH! 061IIEr0
cocraBa [Mn(H,0),_,CI,)*™" (n = 1, 2, 3), a Takxe MPOAYKTbI MMAPOJIN3A, MPEKIC BCEro
[Mn(H,0)s;OH]*. B cwibHopa36aBieHHbIX pacTBOpax MOH Mn?* 0KpyXeH 6 MOJIEKYIaMH BOJIbL.
Haunuas ¢ xouuenrTpaumum 0,5 M MosieKyiibl BOAbI B MMAPaTHON 060J0YKe MOCTEMEHHO
3aMeLIAIOTCS HA XJOPWUA-UOHBI, YTO MPUBOAMT K obpasoBaHuio yactuy [MnCIl(H,0)s]" u
[Mn(H,0),Cl;]. [Tpn KoHLUEHTpaLMK XJIOPUI-HOHOB Bbilie 5 M MpeobaaaaloT oKTasapu-
yeckue anumonsl [MnCl3(H,0);]7, [MnCl,(H,0),]>, [MnClg]*, a npu ux orpoMHoOM u3-
ObITKE — TETpasapuyeckue Komrekeol [MnCl}>. B 3TuX MOHAX TAKXE BO3ZMOXKHO 3aMellie-
HHe xaopa Ha mousekyasl Boabl: [MnCl,(H,0), ,]>" (n = 1, 2, 3)**.

I'mapokcun mapranua(ll), Beinagatowmii B Buge 6e1oro (1Beta CJI0HOBOM KOC-
TH) ocanka Mpu OEUCTBUM 1IET04Yed Ha BOAHBlE pacTBopbl cosei mapraHua(ll)
(pH ocaxnenus 8,7), Ha Bo3ayxe ObICTPO OKUCSIETCS:

4Mn(OH), + O, = 4MnOOH! + 2H,0

[I03TOMY €ro CMHTE3 BeAyT B MHepTHOI aTmochepe. Bonee cunbHble okucauTenu,
Takue kak OpoMHasl Bola, TUIOXJIOPUT, MEPEBOSST €r0 B MUPOJIO3UT:

Mn(OH), + Br, + 2NaOH = MnO,! + 2NaBr + 2H,0

B ominuue ot GoNbLIMHCTBA TMAPOKCUAOB NEPEXOOHBIX METAUIOB TMAPOKCHA
mapranua(ll) umeer crexuomeTtpuueckuii coctas, orBevatoluii popmyne Mn(OH),;
OH M3O0CTPYKTYPEH TUAPOKCUAY MArHusl, SIBASCTCS OCHOBAHWEM CpegHel CUJIbI
(Ky=5,0-10"%), npeBoCXOAsLIMM aMMHAK, NO3TOMY [1E€PEXOAUT B PACTBOD HE TOJIb-
KO [IpU NE€HUCTBUU KUCJIOT:

Mn(OH); + 2H* = Mn* + 2H,0; K= 1,6-10"
HO W B MPUCYTCTBUM MOHOB AMMOHMUSI.

Cnabbiit amdorepHblit xapakrep ruapokcuaa Mn(Il) nposiBasiercst B €ro cocoGHOCTH 06-
pa3oBbIBaTb aHMOHHbIE rMapokcokomitiekes: Mn(OH), + OH- == [Mn(OH);]~; K ~ 1075,

* Strother E. F., Farach H.A., Poole C. P. // Phys. Rev.A. — 1971. — V. 4. — P. 2078.
** Tuwros 1. 1., Buwnesckas I'. I1. // KypH. akcniepum. v teop. pusmku. — 1960. — T. 38. — C. 335.
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Tak, npu B3aUMOAEUCTBUU C KMUTISILLAM
KOHUEHTPUPOBAHHBIM PACTBOPOM €/IKOTO HATpa
B MHEPTHOWU aTMocdepe obpasyercsi TeTparua-
pokcomanranar(ll) Na,[Mn(OH),}. U3BecTHbI
1 maHraHaTbi(Il), nonyueHtble TBEprOGhA3HbIM
cuHTesoM, Hanpumep K,Mn,05* (puc. 5.20),
Na;4Mn,04**. Mo HekoTOpbIM CBOICTBAM COEMTM-
HeHus mapraHua(ll) HanmoMuHaloT aHanorMu-
HbI€ COCAMHEHHUSI MarHUsl, UTO OOYCIOBIEHO
ONM3KUMU HOHHBIMU panuycamy (Mn2 0,091 uw,
MgZ* 0,074 HM), NOBBILLEHHOI YCTOUUUBOCTbIO
HarfoJIOBUHY 3aCEIEHHOTO d-MOAYPOBHSI, HyJe-
BOW DHEPTUeH cTabMIN3AIMHU KPUCTAIUTHUECKUM '

TMoJieM. AHAJIOTHU MEXIY COSMMHEHUAMU Mar- Puc. 5.20. Crpoenne K,Mn,0,

Hust 1 MapradHua(ll) Bxirouaror: cxoaHbie pa-

CTBOPUMOCTH COJIEH M COCTAB KPUCTAIOTMAPATOB, GAM3KHE 3HAYEHHs] NPOU3BEAEHUIH pa-
CTBOPUMOCTH M KOHCTAHT OCHOBHOCTH THAPOKCHAOB (pK,(Mn(OH),) 3,30; pK,(Mg(OH),)
2,60). IMonoGHO MarHuio mapraHer ofpasyeT Geblii 0canok MapraHei-aMMoHui gocdara,
KOTOpbI{ TPU NPOKATMBAHUU MEPEXOAUT B nupodocdar;

MnSO, + (NH,),HPO, + NH; + H,0 = NH,MnPO,- H,0l + (NH,),SO,

t
2NH4MnPO4' Hzo = Mn2P207 + 2NH3 + 3H20

B3aumoneiictBuem runpokcuna mapranua(ll) ¢ kucinoramm [10JIy4aloT pasHo-
obpa3Hble conu. B omiMyue oT ruapoKcuaa Bce OHU YCTOWYMBBI K OKHUCIEHU IO KUC-
JIOpPOLOM BO3/iyXa; CpaBHUTEe 3HAYEHUA CTAHAAPTHBHIX DJEKTPOAHBIX NMOTEHLHUATOB
npu pH 0 (E°(Mn*/Mn?) = 1,51 B) u pH 14 (£°(MnOOH/Mn(OH),) = 0,1 B).
Conu mapranua(ll) o6pasylor ruaparbl, okpallleHHble B O/ieIHO-PO30BbLII LIBET,
cBOHCTBeHHDIN KatnoHaM [Mn(H,0)¢]*. OHu BXOAAT B COCTaB HEKOTOPBIX FHipa-
T0B, Harnpumep MnSO,- 7H,0, Mn(Cl0,), - 6H,0, Mn(NO;),- 6H,0. B BoaHbIX pa-
cTBopax cosieii mapranua(ll) nporekaer ruaponus:

[Mn(H20)6]2++ Hzo <__—:> [MH(H20)50H1+ + H30+; K=5. 10—5.

MHTtepecHo, YTo ruaponu3 pacTBOPOB ranoreHMIOB MapraHua NPy HarpeBaHUK
0cJ1abeBaeT, YTO CBA3aHO C 3aMeLIEHUEM T'MIPOKCUI-UOHOB B KOOPAMHALIMOHHOM
chepe MeTaNa HA rajoTeHUI-UOHDI,

CynbpaT mapraHua(ll) B 6e3BogHOM BHJIE MpPEACTABASIET COGOM NOpOLOK OeJIoro L BeTa.
Ero kpucrasioruapaTel o0pasyior po3osbie KpucTamibl., T1pu Temrieparype Huxe 9°C u3
PacTBOPOB KpHCTAJUTM3YETCS TENTATMAPAT, COAEPKALIMI FeKCAAKBAUOHbI, B HHTEPBAJIE TEM-
nepatypbl 9—24°C — nentaruapar MnSOy- SH,0 (MapranieBblii Kynopoc), U30CTpyKTyp-
HbIW MeIHOMY Kynopocy, Bbillle 24 °C — monoruapar. [ogHoe o6e3BoXUBaHUE HACTYMAaeT
Juuib nipu 200 °C. Mpu xpaHeHUM MapraHueBblii Kynopoc noio6HO METHOMY KYMOpOCY Bbl-
BETPMBAETCs, TEPSAA MOJIEKYJY BHEIUHeCHEPHOH Boibl M, TaKMM 00pa3oM, Mpespaliasch B
TeTparuapar. bessoaHelii cynbdar mapranua(ll) pasnaraercsi Bbillle TemnepaTypbl riapie-
Hus (700 °C):

900°C
3MnSO, —— Mn;0, + 35S0, + O,

* Seipp E., Hoppe R. // Z. Anorg. Allg.Chem.— 1985. — Bd. 530. — S.117.
** Brachtel G., Hoppe R. /] Z. Anorg. Allg. Chem. — 1987. — Bd. 538. — S. 97.
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N3 cepHoKucabIX pacTBOopoB cyibdara mapranua(ll) kpucranausyercst kucaast cofib
Mn(HSOy),. U3BecTHbI ABOlHbBIE CYIb(ATbl ¢ WIETOUHBIMK METALJIAMU, HANIPUMED COCTABA
KyMn(804),(H,0)4, Ky;Mn3(S0,4)4(H,0)s.

JeiicTBMe Ha pacTBOPbBI COIEH MapraHiia cylb(UTaMu 1HEIOUYHbIX METAJIOB MPUBOIUT K
OCaXIEHUIO OCHOBHBIX cojeit (cM. T. 2, ¢. 258), HanpuMep NaMn,OH(SO;),(H,0)*'. Cpen-
HUI cynbduT MnSO; noayualoT, Nporyckasi TOK CEPHUCTOro rasa yepe3 BOLHYIO CYCIEH-
3ul0 KapOoHaTa MapraHia.

Ipu ocaxaeHun MoHOB Mn?* pacTBopaMu cynb(pUI0B BbINAAET OCALOK TMAPATHPOBAH-
Horo cyabdunaa mapradua(lly MnS - xH,O TenecHoro ueta. XoTst KpucTaJUTMYECKasl CTPyK-
Typa 3TOTO TPOAYKTa HEM3BECTHA, OJIEMHO-PO30Basi OKpackKa CBUAETEAbCTBYET O TOM, UTO
MOJIEKYJTbI BOMTbI IO MIOJTHSIIOT KOOPAMHALIMOHHYIO chepy MapraHua no okrasapa. Ipu xpaHe-
HUM HA BO3JYXE OCALOK MOCTEMEHHO OKUCJISIETCS, MPeBpaiasicbh B Oypblii OKCOTMAPOKCHI
MnOOH, a B uHepTHOM aTMocepe TepSeT KPUCTANIM3ALIMOHHYIO Boay, NpuodpeTtas 3esie-
Hblii LIBET, CBOMCTBEHHbIA MPUPOTHOMY MUHeEpaly aabaHnMHY (o- MnS), nMeloeMy cTpyK-
typy tuna NaCl. Cyabpun Mapranna (TP 10-'*) pacrBopuM naxe B pazbaBieHHbIX KHCIOTAX
M MO3TOMY He MOXET ObIThb OCAXIAEH cepoBoaAOpoaoM. M3BeCTHBI TakKe nBE KpUCTAJUIUYE-
CKHE KpacHble MoJuduKanMu, ogHa — cO CTPYKTYpoii BlopuuTa (Y-MnS), npyras — cdane-
puta (B-MnS). B-Moaubuxkauunio noayyaoT, nporyckast cepoBoIOPOI B XOJOMHbBIH Kpert-
Kuit pactBop anerara mapradua(ll). Ilpu HarpeBaHUKM 06e KpacHble MOTUGbHUKAUMM FEPEXO-
aat B o-MnS. KpacHo-kopuuHeBblid Aucyabdua mapraHua, Win MapraHueBbili KoJyemaH,
MnS, usoctpykrypeH nuputy. OH oOpa3oBaH noHaMu Mn> u S3. TMoayyeHue aucynbdpuaa
M3 MPOCTbIX BEIUECTB HEBO3MOXHO, /LISl €r0 CHHTE3a BOIHbII pacTBop cyabdara MapraHua(ll)
M CIUPTOBOH pacTBop MoJucyabduaa HaTpusl MoMealoT B aBTokias npu 170°C Ha He-
CKOJIbKO CYTOK. YKe npu TeMnepatype 250 °C TBepabiii aucyabdua paznaraercst Ha o-MnS u
Mapbl cepbl.

HuTpar MapraHua BbiiefsieTcsl U3 pacTBOPOB B BUAE PO30BATHIX UTOJbYATBHIX KPUCTAILIOB
rekcaruapata Mn(NQO;),- 6H,0, pacTBopuMbix B Boae v cniupre. [lpu Harpesanuu no 40 °C
OHM TpeBpaINAOTCcsl B MOHOrUApar (puc. 5.21), kotopbiit nipu 160 °C pasnaraercs:

t
Mn(NO3)2‘ HzO i Mn02 + 2N02 + HzO

bessonHy!0 conb nonyyaloT 06e3BOKMBAHUEM MOHOTHMPATA a30THBIM AHTUAPHUIOM, Bbli-
JIepKMBAHUEM €ro B r1yOOKOM BaKyyMe€ HUXKE TEMMEPATypbl Pa3IOXKEHUS] WK B3auMonei-
cTBueM MapraHua ¢ N,O,.

HeitcTBMeM Ha pacTBop cosiu MapraHya auruapodocdatom HaTpust B cpeae, OAU3KOMH
K HEUTpaJIbHOM, ynaercst ocaiuTb Oesblit ocanok cpenHero oprodocdara Mn;(PO,),- 7H,0.
B 1wienouHoit cpee ocaxaaioTcs OCHOBHBIE COik, HanpuMep Mn,(OH)PO,, Mns(OH),(PO,)-.
W3BecTHbI Takxke paszauuHbie Kuchable docdatel, Hanpumep Mn(H,PO,),  H,0*?, xopolo
pacTBOpUMbIi B Boje, U MajopacTtBopumblit MnHPO,- 3H,0*.

IMpu neitctBun Ha pacTBopbl coneit MapraHya(ll) pacteopom xapboHata HaTpus Bbige-
nsiercs 6enbiit ocagok KapboHata MnCO;, comepXkaiiMil TUIIb HE3HAYUTEIbHOE KOJUue-
CTBO OCHOBHOM coin. YToGbl u36eKaTh e 00pa30BaHMsl, 0CAXIEHHE MPOBOIAT TMIPOKAP6O-
HatoM. MHTepecen cuntes MnCO;- H,O B3auMoneiicTBMeM pacTBOPUMMOIi COTM MapraHua ¢
MOUYEBMHOIH B BOAHOM pacTtBope npu teMneparype 80°C. O6pasyioluuiicsi B pacTBOpe MpH
KOMHaTHOU TeMreparype koMmrmieke ¢ MoueBuHol (NH,),CO (urea) npu HarpeBaHuu pas-
naraercs**:

[Mn(urea),](NO;), + 6H,0 - MnCO;- H,0! + 3CO,T + 2NH,NO, + 6NH;

*!' Buchmeier W., Engelen B., Lutz H.D. // Z. Naturforsch. — 1986. — Bd. 41. — S. 852.

*2 Marcos M. D., Amoros P., Sapina F., Beltran D. // J. Alloys Compd. — 1992. — V. 188. — P, 133.

*3 Cudennec Y., Riou A., Gerault Y. // Acta Cryst. C. — 1989, — V. 45. — P. 1411,

* Nour E.M., Teleb S.M.. Al-Khsosy N.A., Refat M.S. // Transition Metal Chem. — 1997. — V. 22, —
P. 505.
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Kap6ouat Mapradua(ll) Bctpeyaercs B mpu- 80
pone B BUae MHHEpana pojOXpo3uUTa — Map-
raueporo wnara. Ilpu cnadom (150°C) Ha-
IPEBAHWMH B MHEPTHOM aTMocdepe oH pasjiara-
ercs Ha okcug MnO u yraexucabiit ras. Ecnu
Pa3JoKEeHUE NMPOBOANUTDL HA BO3AYXE, B MPOAYK-

[=N)
<
T

Ee
<
T

Q
Tax peakiuu nosieasiercst Mn;0,. Pactropumoctsb ;; D[ T
MnCO; Bo3pacraer B 250 pa3 npu HACHILIGHUH &
BOZIB YIJIEKHCTBIM rasoM. Kak u B ciydae kap- 3 20
OOHATOB MarHMsl M NIETOYHO3EMENbHBIX METAN- 2 ol o
JIOB, 3TO OObsICHSIETCSI 0Opa3oBaHUEM KMCJOM E 0 3:? ET g*
COJIH, M3BECTHON UL B pacTBOpE: oonl
MnCO; + CO, + H,0 = Mn(HCO,), 0 g g g
Cunukarbl mapranua(Ily: MnSiO; (poso- § § §
HUT), Mn,Si0, (Tedpout) u Mny(SiO,),(OH), . ' - )
(anneraHuT) — BCTpeyaroTcst B npupone. Hep- _400 20 40 60 80 100
BbI€ MBA BXOJSIT B COCTAB NOMEHHLIX ULJJAKOB Couep)KaHue Mn(NO3)2, Mac. %

NpH UCNOJIb30BAHUHU B KAYE€CTBE PACKUCIUTENS

dbeppomapranua. Terparunpar auerata Map- Puc. 5.21. dasopas JMarpaMma CUCTEMbI
rania(Ily Mn(CH;COO),- 4H,0 Bbinessiercs B Mn(NO;),—H,0

BUJIE PO30BO-KPACHbBIX UL M3 pacTBopa, MoJay-

YEHHOTO B3aMMO/IEIiCTBMEM KapboHaTa MapraH-

La € YKCYCHO KuCIoTOM. BewecTro 06pazoBaHo LenssMU aTOMOB MapraHija, CoenHe HHbIX
aneTaTHbIMM MOCTMKAMM M MOJIeKylamMu Bojibl. [lpu B3auMoneiicTsnm cycneHsnu kapGoHara
mapradua(ll) ¢ ropsunm pacTBOpoM IABENEBOI KUCAOTHI OCAXAAETCH Geblil KPUCTALTM-
JeCKui nopollok okcanara Mapradua MnC,0,- 2H,0 (n3secter u tpuruapar). Ipu Harpe-
BaHuu fo 100 °C oH Tepsier Bony, a 3areM pasniaraercsi Ha MnO, CO, u CO. PactBopumoctb
OKCajlaTa MapraHia B BOJE TMOBbILIAETCS] B NMPUCYTCTBMM OKCAJATOB IENOYHBIX METAUIOB 34
CYET 0OPA3OBAHUSI AHUOHHBIX KOMILIEKCOB:

Mn? + C,0f- &= MnC,0,; K=3-10%
MnGC,0, + C,0F = [Mn(C,0,),]>; K=1-10%
[Mn(C04),1 + C,0F == [Mn(C,0,):}*; K=32.

B TeepmoM Buae nosydeHbl BewecTBa, comepiKaiiMe MOHbI [Mn(C,0,4),(H,0),]* u
[Mny(C,0,);(H,0),}*". UHtepecHo, 4To TRepible mpuc-(okcanaro)maHraHarbi(11) HeusBecTHbI.

YCTOMYMBOCTL BBHICOKOCIIMHOBBIX KOMILIEKCHBIX COelWHEHHIT mapranua(ll),
MMEIOLKX HYJIEBYIO SHEPTUIO CTAOWIM3ALMK KPUCTATMYECKUM [10JIEM, HE BCera
KOppeTUpYeT C HOJIOKEHHUEM JIMTaH/Ia B CIIEKTPOXUMUYECKOM psiay. Tak, aMMHaKa-
Thl COINTACHO KOHCTAHTAM YCTOMYMBOCTH OKa3blBAlOTCS MEHEE CTabWIbHBIMU, YeM
TUAPOKCOKOMILIEKCH. B 10 Xe Bpems nnst coenunenuii mapranua(lll) crabunusa-
UMs KpUCTAJUIMIECKUM [10JIEM UIPAET CYLIECTBEHHYIO POJib. DTO MPUBOLUT K SIPKO
BbIDAXKEHHOW 3aBUCUMOCTH MEXIY OKHUCIUTEIbHO-BOCCTAHOBUTENBLHON aKTHBHO-
CTbIO KoMILIeKCOB MapraHua(ll) u cunoii nuranna: yem 60bILIMM 3HaYEHIEM SHED-
T pacCHICIIEHUS] XapaKTepU3YETCs KOMIUIEKC C JaHHBIM JIMTAHAOM, TeM MeHee
YCTOMYHMBBIM K OKMCJIEHHUIO OH OKa3bipaeTcs. Ecu KOMIUIEKCh ¢ TuraHgamu ciabo-
ro nmonst, Hanpumep [Mn(H,0),Cl;], K,;[Mn(C,0,),(H,0),], ycroituuBsl K OKuC-
JICHUIO KUCJIOpOAOM BO3/yXa, TO aMMHUakaThl U auerwiaueroHar mapratua(ll) so
BJIAXXHOM BO3/1yXe GBICTPO OKUCJISIIOTCSI.
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[Tpu neiictBumn Ha conn MapraHua(ll) u3bbiTKOM BOAHOrO pacTBopa aMMMaKa BbINagaeT
OCallOK I'MAPOKCHIA, OJHAKO 4aCTh MAapraHua OCTaeTcsi B pacTBOpPE B BUIE aMMHHOKOMII-
JIEKCOB;

[Mn(H,0)]% + NH; == [Mn(H,0)s(NHy)]* + H,0; K= 0,16.

WMon rexcaammunomapranua(lly ymnaercs sadbukcnposaTh ullib B pacTBOpe ¢ KOHIEHT-
panueit NH; Bbiie 2 Mosib/J, MO3TOMY 3TOT METON HE HAXOAMT TPUMEHEHMS] B CHUHTE3E.
AmMuakaTbl mapranna(ll) obbluHO Mosy4aloT B cpene XWUAKOTO aMMMaka WM 1porycKa-
HMEM ra3000pa3HOro aMMuaKka Haj HarpeTod TBEPAO COJbIO:

MnCl, + 6NH; = [Mn(NH;)4Cl

Onu npencTapasior coGoil OeciBeTHbIe MOPOILKK, OYpeIOlKe HA BO3AYXE BCIENCTBUE
OKMCJIEHUS. B BOMHBIX pacTBOpax 4acTb MOJIEKY/l aMMHAKA 3aMEIIAETCS Ha MOJIEKY/Tbl BOJbL.
[1pu B3aMMOAEHCTBMU MapraHua ¢ pacTBOPOM KaJlisl B )KMIKOM aMMUaKe 00pa3yioTCsl aMU/I-
Hble KOMTUIEKCHI:

Mn + 2K + 4NH3 = Kz[Mﬂ(NHz)d + 2H2T

OHHM N0BONBHO YCTOHUMBBL B CyXOM BMJI€, HO MTHOBEHHO pa3jiaralorcsi BOAON.

BrenHo-XenThiii ocanok auruapara auerunaperoHara mapravpa(ll) Mncacac),(H,0),,
NOJYYEHHbBI B BOIHO-CITMPTOBOM PACTBOpPE MO OOMEHHOU peakiiMn MEXAY COJbIo MapraH-
1a ¥ aleTUIAIIETOHATOM LIEJOYHOIro METAJIA, B CYXOM BHUJE COXPAHSETCS TIOJr0, 0OJIHAKO B
NPUCYTCTBUH Bjlarn ObicTpo okucasiercs. [1pn HarpeBaHMu B BaKyyMe OH TepsieT Bomy, a 3a-
TeM cydbanmupyercsl B popMe TpuMepa Mns(acac)g*.

Hynesas sHeprusi crabuan3aumy KpUCTATHYECKUM T10JIEM 03HAYaeT TAKXKE, UTO
reoMeTpusa o06pa3yloLLerocsi KOMILIEKCa OIpeeNiIeTCs TONbKO CTepUIeCKUMU daK-
TOpaMH, T.e. pa3MepoM nuraHga. Yem KpyriHee JUraHi, TeEM Bbillle BEPOSITHOCTL
TOTO, YTO KOMILIEKC C ero yyactuem, Harpumep [MnCl|*", npeacraBnsger coboit
terpasnp. Ilepexoasl d—d B TeTpasapuuecKux KOMIUIEKCaX ¢ KOHgurypauuei d>
6osee BEpPOATHBI, YeM B OKTAdJPUUYECKUX, TaK KaK TeTpasdp He MMeeT LeHTpa
cummerpuu. [losTomMy WSl TeTpas’apUYECKUX KOMIUIEKCOB xapaKTepHa 6oJiee MH-
TEHCUBHAd OKpacKa, OObIYHO XenTas Uiy 3ejeHas. TakuM o6pa3oM, OTIIMYUTL OK-
Ta3ApUYECKUIl koMIuieke mapraHia(ll) or TeTpasgpHyeckoro 4acto ygaercsd no
BHEIUHUM [PU3HAKAM.

Bce paccMOTpeHHbIE BbILLE KOMIUIEKCHbBIE COCNMHEHUS SIBIISIIOTCS BbICOKOCHMHOBBIMHU.
Cnapusanune crimHos B ciyuae Mn(Il) tpeGyer 3arpaTbl SHEPrUU U MOSTOMY CTAHOBUTCS
OJATONPUATHLIM TOJBKO MOJ IEHCTBUEM JIMTAHAOB CHIIBHOTO MoJsl, TAKMX Kak juaHug CN-
uan usonutpua CNR**. B HuskocnnHoBhIx komiiekcax [Mn(CN)]* u [Mn(CNR)¢* ¢
SMEKTPOHHOI KOHDUrypaunei hjel n3-3a CUIbHOTO T-CBS3bIBAHMS CBS3b METAT — IUTAH]
NpHOOPETAET CYHIECTBEHHbIH KOBAJTEHTHbIA XapaKTep, a4 IEHTPaJIbHbIII aTOM CTAHOBHTCS
4yBCTBUTENbHBIM K OKUCIEHUIO. TeMHO-(hHONETOBbIE KPUCTAIbI TEKCALIMAHOMAHTAHATA
mapravua(lly K, Mn(CN)q] Bo BraxHOM BO3ayXe NpeBpalIalOTCs B TEMHO-KPACHbIH
K5[Mn(CN)J:

4K, [Mn(CN)gl + O, + 2H,0 = 4K3{Mn(CN)] + 4KOH

Onu € MECHeEe yCTOﬁqMBb] K OKHCJICHHIO, YeM THUAPOKCO- U AaMMHWHOKOMIUIEKCHI.

* Shibata S., Onuma S., Inoue H. // Inotg. Chem. — 1985. — V. 24, — P. 1723.
** HuTpuibl KOOPAMHUPYIOT MeTaml uyepes atom azota: R—C=N—-M, a U30HUTPUIbI uepe3
arom yriepona: R«N=C——-M. HuTpuibi npuHaatexar K JUraH1aM cpenHero nons (cunbHee NH;).
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Coeaunenns texneuusa(II) u pe-
usA(I1). PazHooGpasre KoMIUIEKCHBIX CO-
eauHeHUut mapranua(ll) obycnosneHo
CyLUECTBEHHOI YCTOMYHMBOCTBIO BLICOKO-
CIIMHOBOTO COCTOSIHUS C MATHIO HeCHa-
PEHHBIMU B7IeKTpoHaMu. B To ke Bpems
JUIL IPYTUX METAJUIOB CEAbMOIT IPYIINbL,
PacroJIOXKEHHBIX B [IITOM U LLIECTOM Ie-
puoaax, BHICOKOCIMHOBBIE KOMITIEKCHI
HE MOTYT CyLLIECTBOBAThb M3-3a BLICOKO
3HEPTrUM pacLIerieHus.

Kak u B cnyyae mapraHua, cradbuiiun-
3aUMsT HU3KOCIMHOBOIO COCTOSIHUSI MO-
KET OBITb JOCTUTHYTA HPEUMYLLIECTBEH - OTe N Q¢
HO B KOMILIEKCAX C T-aKUENTOPHLIMU
JIMraHgaMu: LUUaHWJIOM, AUPHUIAMHOM,
HUTpWIamHu, GochuHamMu U apcuHamu;
Hanpumep, MCl,(py)y, [MCl,y(diars),|
(diars — 1,2-gumMetnnapcuHo6eH301,
BHICTYNAIOLLKIA B poJiu OUAEHTATHOrO XeJaTUpylouLero auraiaa). Yacro KoMIIeKChl
texHeuusA(I1) n penusi(ll) cxonHsl Mo cTpoeHUO U cBoiicTBaM. B Hux Hu3LIas cre-
IeHb OKUCJICHUS CTAOUIM3MPOBaHA T-CBIA3bIBAHUEM MEXIY aTOMOM MeETalljla U JIU-
raHioM.

Puc. 5.22. Ctpoenue kommiekca
[Tc,(CH3CN),o1* (aToMbl Bogopoaa He
NoKas3aHbl)

BosbliMHCTBO TakMX COEAMHEHHUH MOJYYAIOT BOCCTAHOBJIEHHEM KOMILIEKCOB TEXHE-
uust(I1Ty u penna(lily, nanpumep, dochopHosatuctoii kucioroit H,PO,, xnopuaom
onoa(ll), anektpoxnumuuecku. [pu BoccTaHoBAEH MU TekcaxnopoTexHerata(lV) rugpokcu-
aMUHOM oDpasyeTcst KoMIUIeKeHblit katuoH Te(Il):

[TCC](,]2‘ + 4NH20H + 5NH3 = [’TC(I\Jl“lzoi"l)Q(I\Jl"l:;)3]2Jr + 6Cl- + NQT + 2H20 + 2NH2

MHorue kommexchble coeanHenust texHeuusi(1l) u pennsi(ll) crabuausuposanbl 3a
cuer o0pasoBaHUs KPaTHbIX cBsizell Metaml — Metan. Tak, npu o6pabortke noHa [Tc,Clg)*
TeTpadTopobopHoil kucnotoit HBF, B anetoHuTpuie BhlaeNeH CHHMI KOMIJIEKC COCTaBa
[Tco(CH3CN) o[ (BF,), (puc. 5.22) ¢ tpoiiHoit cesasbio Te=Tc annnoit 0,212 um. DochuHo-
Bble JIMTaH/dbl CTIOCOOH bl CTAOMIM3UPOBATL HU3KUE CTENEHHU OKUCIIEHHS MYTEM [EJ0KaIN3a-
LMK 3JIEKTPOHHOM TUTOTHOCTH K €€ MEPEHO0Cca OT MeTaslla Ha auraHibl. bnarogaps Bbicokoii
ANEKTPOHHON TJOTHOCTH MEXIy aTOMaMM METAl1a 3TH KOMIUIEKCHI YUACTBYIOT B BOCCTA-
HOBJICHWUM OPTraHUUYCCKHUX COEIMHEH M, B PEAKLIMSIX OKUCIUTENBHOTO NpUcoequHeHus. B teep-
JIOM BHUI€ OHM MEIJIEHHO PEArMPYIOT C KUCJIOPOAOM, OKUC/SISICh BIUIOTh 10 CTEMEHU OKHUC-
JieHus1 +5 0e3 UBMEHEHUI B KOOPAMHALIMOHHO cdepe*.

CoenMHeHHs 3JIeMEHTOB B CTENEHH OKHCJIEHHS +3

Coeaunenns mapranua(IIl). MapraHeu B creneHu OKMCIEHUS +3 MOXET ObITb
CTabUIU3UPOBaH B BUIE OKCHIA M TMAPOKCHIA, NPAKTHUYECKU HE PacTBOPUMBIX B
Boj€, a TaKXe B popme pasHOOBPa3HBIX KOMILIEKCHBIX COeAMHEH U, YCTOHYHUBOCTD
KOTOPBIX BO3PACTAET 10 MEPE YBEJUYEHUS CWIbl Turania. boibUIMHCTBO 3THX KOM-
TJIEKCOB OKTa3pUYECKHE U BLICOKOCITMHOBBIE, HE3ABUCUMO OT BXOSILLHUX B UX CO-

* Bryan J. C., Cotton F.A., Daniels L. M. // Inorg. Chem. — 1995, — V. 34, — P. 1875.
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CTaB JIMTAHIOB, MMO3TOMY UX 2(p(PeKTUBHbIE MATHUTHbBIE MOMEHTHI OJM3KH K YUCTO
CriHOBOMY 3HaueHuIo 4,90 M.b. 1151 yeThIpex HecIapeHHbIX 3JEKTPOHOB.

DnekTpoHHast KOHGUrypauus d* noHa Mn** IpuBOAUT K SH-TEJLIEPOBCKOMY UC-
KaXEHUIO OKTal3pa, [peUMYLLIEeCTBEHHO 3a CYET YIUIMHEHUS ABYX CBsi3eif, pacmno-
JIOKEHHBIX B Mpanc-NoNoXeHUH apyr K apyry. Bce kommuekco mapranua(lll) na-
OuIbHEbIE.

lekcaakBanon {Mn(H,0)4]’" o6pasyerca npud aHONHOM OKHCIEHHU COJEH
mapranua(ll), a Takxe npu BOCCTAHOBAEHUM BOJHBLIX PAaCTBOPOB I€epMaHraHaTOB.
[To-BuanMoMy, OH SIBJISIETCS MHTEPMENMATOM BO MHOIMX OKUC/IUTENbHO-BOCCTA-
HOBMTEJIbHBIX MpeBpaleHusIX, BKJIOYas OKUCIEeHHE MOHA Mn?" nepcynbgaTom.
B TBepnoMm Buiile OH OxapaKTepu30BaH B Le3WiIMapraHueBbIX KBaclaxX COCTaBa
[Cs(H,0)¢1[Mn(H,0)41(S0O,),, KOpaIOBO-KPAaCHbIM 1BET KOTOPbIX CBSI3bIBAIOT C
oKpackoii 3toro noHa*. [TogoOHO npyrum Tpex3apsiiHbiM KaTHOHAM METAJJIOB Iep-
BOTO IEPEXOAHOr0 psiia B BOAHbIX pacTBopax rekcaakBaunoH mapraHua(lll) sHauu-
TEJAbHO THAPOJIU3OBAH:

[Mn(H,0)s] * + H,0 — [Mn(H,0);0H] * + H,0%; K = 0,93.

Bo3MoxHO, rpu 3TOM 00pa3yioTest TaKXKe MONUSIIEPHbIE THAPOKCOKOMIUIeKCH. Flpu no-
NMbITKE KOHIIEHTPUPOBAHUSI pACTBOPbl MYTHEIOT BCJAENCTBUE BHLAECAECHUS aMOP(HOTo ruapo-
KCHJIA NepeMEHHOT0 coctaBa. BbickazaHo mpennofoxeHue, YTO rpsi3HO-3€J1eHbII 11BET pac-
TBOPOB, 00Pa3yIOLIUXCS MPU AHOJHOM OKUCJIEHUM COJIed MapraHua, Kak pa3 u obycloBieH
OKpAacKoi He rekcaakBauoHa, a MPOAYKTOB €TI0 THAPOJIM3A.

Ilame a30aBjieHHbIE BOAHBIC paCTBOPbI, COJAEpKAlLlN€e AaKBAUOH bl Mn(H,0O 3+
2Y)6
E° Mn3+ Mn?) = 1,51 B , HE CTOMYMBBI BCeNCTBUE OKHCJICHUS UMU BO[bIL:
Y

4[MH(H20)6] 3+ + 2H20 = 4[MH(H20)6]2+ + 4H* + 02

[MapannenbHo ¢ 3TUM, Kak caeayeT U3 auarpammb ®pocra (cM. puc. 5.2), BO3-
MOXHO IUCIIPONOPLMOHUPOBaHHUE:

2[Mn(H,0)¢] * = [Mn(H,0)¢] >* + MnO,l + 4H* + 4H,0

I'unpokcun mapranua(lll) obpasyercsi B Buge 6yporo ocaiaka rnepeMeHHOro co-
cTaBa [Ipy OKUCNEHUH ruapokcuaa mapranua(ll) kucioponom Bo3nyxa. [epBoHa-
4aJIbHO OOpa3yIOLIMICS NMPOAYKT COAEPXKUT aTOMBbI MapraHia B [1BYyX CTEIEHIX OKHC-
JeHus: +2 u +3 — u orBevaer cocrtaBy MnO,- nH,0 (x = 1,35— 1,44), npumepHo
COOTBETCTBYIOLLIEMY THAPAaTUPOBAHHOMY raycMaHHUTY**. [Ipu CTOSSTHUHM OH NpeBpa-
waercs B opmy okcorngpokcuna MnOOH, u3BectHoro B Buae nByX MoaudUKa-
uui: pomoudeckoit (y-MnOOH, manranut) u MoHokiMHHON (0-MnOOH, rpoy-
THT) (pHuC. 5.23).

B cTpykType MaHraHuTa Kaxabli aTOM MapraHya HAXOAMUTCsl B LEHTpE okTasapa [MnOgl.
OTnenbHble OKTA3Pbl OOBEAUHEHB! JIPYT C APYTOM B TO(PUPOBAHHBIE CJIOH, COEIUHEHHbIE
BOJIOPOJHBIMU CBA3AMHU, B KOTOPbIX Y4acTBYIOT Tosibko OH-rpyrrbi: —O—H ... O(H)—. Ta-
Koe Xe cTpoeHue uMetoT 6eMuT y-AlIOOH u nenumoxkpoxur y-FeOOH. B cTpykType rpoytuta
okTasapbl [MnOg} coenmHeHbl 00WMMHU pebpaMu B ABOHHbIE LEMH, COUJIEHEHHbIE OTIE]b-
HbIMH BEPLUMHAMM B TPEXMEPHbIIH KAPKAC U IOMOJHUTEIbHO CUIMTHIE BOJIOPOJIHBIMU CBSI3S-

* B cTpYyKTYpe KBACLOB SIH-TeJUIEPOBCKOe MCKaxeHUe uoHa [Mn(H,0)s]** He ob6napyxeHo.
** Yaaei B. I1. Tunpookucu Meranios. — Kues: Hayk. nymka, 1972, — C. 34,
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Puc. 5.23. CrpoeHue okcornapokcnaos o-MnOOH (@) u y-MnOOH (6)

Mu. B orinune ot cTpyKkTyphl -MOoauduUKauum 31eCh OHU 06GPa30BAHbI THAPOKCO- H OKCO-
rpynnamu: —O .- H—0O. AHanornuHoe crpoerue umetor guacnop o-AIOOH, MoHTpo3euT
o-VOOH, retut a-FeOOH. MpupogHsit MNnOOH UCIOAb3yIOT B KAUECTBE KOPUUYHEBOTO
nUrMeHTa (ymopa).

[IpenapatuBHbIii MeTOa CHHTE3a MaHTAHUTA COCTOMT B OKUCIIEHUU cyibdaTa
mapranua(ll) 3%-m pactBopom nepokcuaa Bonopona B aMMHMavyHOM cpepe:

2MnSO, + H,0, + 4NH; + 2H,0 = 2MnOOH! + 2(NH,),SO,

B a710i1 peakiuu okucauTeseM BbICTYIAET TaKXKe KUCIOpOo, 06pasylonuiics npu
KaTaJIMTUYECKOM padIoXeHHH NepoKCUIa Ha YacTULLax rpoaykra. Ocanok, oTduibT-
pOBaHHbIN U BbicylieHHbIH nipu 100 °C, umeer coctaB MnOOH.

Okcorunpokcua Mapranua(lil) amdorepen. [Ipu KungyeHUM €ro co wEJ0YaMu
00pasyloTcsl KpacHble pacTBOPbl, U3 KOTOPbIX KPUCTAJUIU3YIOTCS IMAPOKCOMaHra-
Hatbi(I11), naripumep Na;[Mn(OH)] - 2,5H,0 u Nay[Mn(OH),] - 5H,0, Ba;,[Mn(OH),]
u Ba[Mn(OH);].

B TBepnoii dase nonyyeHol coeanHenusi coctaba NaMnO,, Na,Mn, 0, Ca,Mn,0s,
Ca;Mn,07*, a ruaporepmanbHbiM cuHte3oM — BaMn,0;(OH),.

* Poepplmeier K. R., Leonowicz M. E., Longo J. M. // J. Solid State Chem. — 1982, — V. 44, — P. 89.
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[1pn pactsopeHnu MnOOH Ha xonony B 70%-# cepHO# KUCJIOTe obpa3syeTcst
KPacHbI pacTBOpP, U3 KOTOPOTrO MOTYT GbITb BblAENE€HbI KPACHbIE KPUCTAIbI KHC-
Joro cynbdara Mn,(SO,);- H,SO,- 8H,0', Ha camoM mene mpeacTaBiasioiine cO-
6ot aHnoHHbI komiteke (HsO,) [Mn(SO,),(H,0),] . [Tepekpucramiusanust u3 KoH-
UEHTPHPOBAHHON CEpHON KUCIOTH, AeHCTBYIOIEH B KAYECTBE BOLOOTHUMAIOLIETO
areHra, MPUBOAUT K 'MIPOCKONMUYHbIM TEMHO-3€J€HbIM UIOIbYaThiM KPUCTAILIAM
cpeatero cymbdara Mn,(SO,); HeussecTHOro cTpoeHusi. OH MpeacTaBIseT cOBOM
KOBAJICHTHOE COeMHEHUE, PACTBOPUMOE B CEPHOH KUCJIOTE, HO THUAPOJIU3YIOLIE-
ecsl pu pasbaBieHUH 3TOro pacTBopa Bomok*2. [1py KOHTPOJIUPYEMOM THAPOIU3E
MOXeET ObITb [ONydeH OCHOBHBIN cysibdar Mn(OH)SO4(H,0),*.

Haunbosee pacnipoctpanenHbiM MeToqoM nosyyeHus costeit mapranua(lll) cay-
KaT OKHCJIMTE/IbHO-BOCCTAHOBUTE IbHbIE ITpeBpateHus. Tak, cyabdar mapranua(lll)
CHHTE3UPYIOT aHOAHBIM OKHCJIEHUEM Tropsiuero pactsopa cyiabdara mapranua(ll) B
CEPHON KUCJIOTE:

3. ToK
2MnSO4 + HzSO4 _— an(SO4)3 + HzT
WX BOCCTAHOBJIICHUEM IepMaHIaHara Kaaus CepHOIL/’I KUCJIOTOH:
2KMHO4 + 4stO4 = Mn2(504)3 + KzSO4 + 202T + 4H20

Ecnu ToHKO n3MmesbueHHblH nopouiok KMnO, 06paGoTaTh JeasHoim YKCYCHOM
KHCJIOTOM, MOCTENEHHO IMPOUCXONMT €ro BOCCTAHOBJNEHME, ycKOpsoweecs Mpu
HarpesaHuu. [1pu Temnepatype kuneHust unreHcusHo poaensiercsd CO,. Ecau o6pa-
30BABLIMHCS KPACHO-KOPUYHEBbIH pacTBOp cMellaTh ¢ KOHIIEHTPUPOBAHHOMN cep-
HOI KHCJIOTOR IO pacTBOPEHUS! OCAIKA U TPOKUIIATUTb, TO IPH OXAAKIEHUU U3
HETO BbINAAAOT KPACHBIE KPUCTAIBI KBACLOB:

2KMnO, + CH;COOH + 4H,S0, + 18H,0 = 2KMn(S0,),- 12H,0 1 + 2C0,T

B npucyrcTBUM BOAbI KBACLbl HALIENO TMAPOIU3YIOTCS, MPEBPALIAACh B OKCO-
runpokcua mapranua(lll), a npu temneparype sbiie 0 °C paspywatorcsi. Ycroiuu-
BOCTb KBAC110B BO3pPACTAeT C YBEJIMYEHUEM pa3dMepa KATUOHA HIEJTOYHOTO MeTaa,
HO /1aX€ Le3MeBble KBACIIbl PA3/1AraloTcs MPU TeMIlEpAType YyTh Bbillle KOMHATHOM.

Hurpar mapranua(Ill) B uucToM BuIe HE BbIAENEH, OMHAKO M3BECTHbI €0 ANIYKTbI C
A30TAOHOPHBIMKU JiMraHjaamu, HanpuMep Mn(NO;);(phen) U aHUOHHBIA HUTPOHUMEBBIH
komruieke (NO,) [Mn(NO;)4]". Cuntesnposato Goabliuoe yncio pocdatos mMapranua(lll),
HanpuMep cepo-3eieHsiil MnPO,- H,0, kpacHo-duonerosbiit Mn(PO;);**, kpacHblil pac-
TBopuMbii B Bote NaMn(HPO,), n pazHooGpasHsie (uosetosbie mupodocdarsi, 06pasyto-
HIMECST B OKUC/HUTENLHOM TUTAMEHM TP TIONYYEHUM GochaTHBIX MEPIOB ¢ CONAMU Map-
ranya(1l):

2NaNH,HPO, + Mn(NO3), £ NaMnP,0, + 2NH; + NaNO; + NO, + 2H,0

PaHee oHK UCIIOL30BANCH B KAYECTBE NMUTMEHTOB. JlOKA3aHO, YTO NPH ASHCTBUUM OKHUC-
qnreneit (KMnO,, HNO;) Ha pacteop conu Mapranya(ll) B npucyTcTBun usbbitka Upo-
(ocdar-noHOB 06pasyroTcsi HGUONETOBbIE PACTBOPHI, B KOTOPBIX B YMEpPEeHHO KHUCIOH cpele
AoMuHUpYeT KoMruieke [Mn(H,P,0,);)>.

*! Cgang F. M., Jansen M., Schmitz D. // Acta Cryst. C. — 1983. — V. 39. — P. 1497,

*2 Vincent J. B.. Chang H. R., Falting K. et al. // J. Amer. Chem. Soc. — 1987. — V. 109. — P. 5703.
*3 Mereiter K. // Acta Cryst. B. — 1979. — V. 35. — P. 579.

*4 Bagieu- Beucher M. // Acta Cryst. B. — 1978. — V. 34. — P. 1443.
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Okcanar mapranua(lll) cyumiectByer Tonbko B (hOpMe KOMILIEKCHBIX COeqMHE-
Huit. MCXOnHbIT KOMILIEKC TOTOBAT in Sity, BOCCTaHABIUBAs nepMaHraHar u30biT-
KOM 1aBeJsIeBOM KMCJIOThI U 100aBJIsAsl [OTALI KAK 10MOTHUTE] bHbIT HCTOYHUK MOHOB
KaJTUs:

KMnO4 + 5H2C204 + K2C03 = K3[MH(C204)3] + 5C02T+ SHQO

CornacHo 1pyroMy MeToly CHHTE3a OKCOTMIPOKCHIL mapranua(lIl) pacrtsopsiior B pac-
TBOpPE, COAEPXKALIEM [UABEJIEBYIO KUCIOTY M OKCanaT KaJIUsI*:

2MnOOH + 3H2C204 + 3K2C204 = 2K3[MH(C204)3] + 4H20

Bbliesstionmecst npu oX1axaeHn KpacHo-(GHONETOBbIE KPUCTALTbI K;[Mn(C,0,)5] - 3H,0
HACTONILKO YYBCTBUTEABHBI K CBETY, YTO BCE paboThl ¢ HUMM, BKIIOYAs CMHTE3, CEIyeT
TIpoBOAUTH B TeMHOTE. Ha cBeTy min npu HarpeBanuu 10 85 °C npoucxoauT BHYTpHUMOJIEKY-
JISIpHas OKWUCITUTEbHO-BOCCTAHOBUTENIbHASL peakiMs .

h
2K3[Mn(C204)3] . 2H20 —‘V—) 2K[Mn(CzO4)2] + K2C204 + 2C02 + 4H20

O6pa3syioiascs npu 5Tom cosb BhiaEPXKMBaeT HarpesaHue 10 400 °C, a npu 6osee Bbico-
Ko TeMneparype pasnaraercs Ha MnO, K,C,0,, CO u CO,.

BosHbie pacTBopbl mpuc-(okcanaro)Manranara(Ill) gaxe B OTCYTCTBHE CBETAa CTAHOBSIT-
Csl XKENTbIMU BCJIEACTBME peaKIiMM 3aMeLlLeHMs

Ks[Mn(C,0,);1 + 2H,0 == K[Mn(C,0,),(H,0),] + K,C,0,

Hon [Mn(C,0,),(H,0),}” cymectsyer B Biuae 1ByX H30MepOB: 3€€HOTO (uuc-y u xenro-
ro (mpauc-)**. B pacTsope npeo6aanaeT mpanc-u3oMep, KOTOPbI MOXET ObiTb BbigeleH B
TBepAOM Buie. [1pu AIMTENLHOM CTOSIHUM pacTBOp TEMHEET, HABITIONACTCS BhINMATEHHUE 0CAIKA
MnC,0, u Bbirenenue CO,.

Auernnaneronar mapraHya(Illy Mn(acac); noayyaloT B3auMoselCTBUEM aLIeTUIALETO-
Ha € KpEMKMM BOMHBIM pacTBOPOM MNepMmaHraHara Kaiusi. KoMruiekc, Bbliensiioiuiicst B
BUIIC KOPMYHEBOTO 0CaaKa, OYMIIAI0T cyDaumaiimeil. OH MOCTPOEH M3 OKTAIPHYECKUX MO-
JIEKyIL.

TemHo-kpacHbiii rekcannanomanranar(111) K;[Mn(CN),} obpasyercs npu nponysaHuu
Bo31yxa yepe3 BOAHBIN pacTBop cosiv mapraHua(ll), B koropbiii 106aBieH U3GLITOK [IHAHK-
CTOro Kanusi, MpuU OKHUCIEHNUM rekcanuaHomanraHata(ll) nepMaHraHaToM Kanusi WK ApH
PacTBOPEHNUU KapboHATa MapraHua B BOAHOM pacTBOPe [HAHW/A MO AeHCTBUEM MEPOKCH-
J1a Bojiopoja:

2MnCO; + 12KCN + H,0, = 2K;[Mn(CN),] + 2K,CO; + 2KOH

DTO BEIECTBO SIBSIETCS PEKUM MTPUMEPOM HU3KOCTIMHOBOTO KOMILIEKCA mapranua(lll).
HHrepecHo, 4TO B OT/IMYME OT GOMbLIMHCTBA APYrMX F€KCAIIMAHOMETAINATOB OH JaGUIeH
No3TOMY JierKo pasnaraetrcst Bogoil 1o MnOOH. [Mpu aeiictBun Ha rekcanMaHoOKOMILIEKC
PacTBOPOM XJIOPHO KUCAOTHI Bbiensiercsi ocanok Mn(CN);, KOTOopbiii RpeacTaBisieT co-
6ot rekcanmnaHomanranar(1Vy mapranua(1ly Mn''[Mn'Y(CN)]*** (puc. 5.24). D10 Cykut
€l1e ONHMM N0KA3ATENLCTBOM HEeyCTOHUMBOCTH coenuneHunit Mapranua(lll) x gucnponop-
LIMOHUPOBaHHIO. B crpykType 3TOro coennneHust atomb maprasa(IV) u mapranua(ll) co-
CIMHEHBI MOCTUKOBBIMHM LIMAHWIHBIMU TPYAMAaMKU TaknM 00pa3oM, 4To moH Mn*" (73,) oka-
3bIBACTCA B OKPYXXEHNUH aTOMOB a30Ta, a MOH Mn?* (13,) — atomoB yrieposa.

* Bhattacharjee M. N., Chaudhuri M. K., Dutta Purkayastha R. N. // Inorg. Chem. — 1985, — V. 24. —
P.447.

** Levason W., McAuliffe C.A. // Coord. Chem. Rev. — 1972. — V. 7. — P. 353.

*xx Ziegler B., Witzel M., Schwarten M., Babel D. // Z. Naturforsch. Teil. B. — 1999, — Bd. 54. — S. 870.
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Puc. 5.24. Crpoenue xommiekca Mn!'[Mn'V(CN)]

Hns mapranua(lll) u3BecTHBI TakKe MHOrOSAEPHbIE KOMIUIEKCHI, B KOTOPBIX
pPOJIb MOCTHUKOBBIX JIMTAHOB BBIIONHSIOT aTtoMbl Kucaopona. [Ipumepom Ciayxur
KeJITO-KOpUYHEBbIN OusiaepHblil inaHokomiieke K;[Mn,O(CN),[(CN), obpa3sy-
IOHIMIACS B KadyecTBe NOGOYHOro NMPOAYKTA MpU HOJYYeHUU TrekcaluaHOMAaH-
ranara(l11)*.

OcHoBHbli anerat mapranua(lll), nonroe Bpemsi CUMTABIUIMHCS «AUTHMAPATOM
Mn(CH;COO);- 2H,0», Ha camoM fiele NpeacTaBIIeT COOOH TPEXbALEPHbIA OKCO-
Kommekc** [Mn;O(CH;COO)s(H,0)4]*(CH;COO)", nocTpoeHHbIii aHATOTMYHO
OKCOAallETaTaM TPEXBAJIEHTHbIX METAINIOB: aTIOMUHUS (CM. T. 2, c. 100), BaHagus (cMm.
T. 3, KH. 1, c. 126), xpoma (cM. T. 3, KH. |, c. 198). KopuyHeBble ¢ LLIEJIKOBUCTbIM
0JIECKOM KPUCTAUIBI 3TOH COJIM NMONy4YaloT OKucieHuem aerata mapranya(ll) nep-
MaHTaHaTOM B JieJIsIHOI YKCYCHOH KHUCJIOTE:

3KMnO, + 12Mn(CH,CO0), + 14CH;COOH + 23H,0 =
= 5Mn;0(CH;C00),(H,0)¢ + 3CH,COOK
besBonHast conb, o6pasyiomiascst B BUAe KOPUUHEBOTO MOPOLIKA MPU B3aMMOAEHCTBUM
Hurpata MapradHua(ll) ¢ yKCycCHbIM aHTHAPHIOM:
6Mn(NOy), + 8(CH;C0),0 + H,0 =
= 2Mn;O(CH;COO0), + 12NO; + 3/,0, + 2CH;COOH

No-BUIMMOMY, TAKXKE COAECPXKMUT TpexbamepHble ¢parMentsl [Mn;O(CH;COO0)q(H,0)4}",
CBSI3AHHbIE JAPYT C APYTOM aueTaTHbIMU MOCTMKaMHU. ODa BeUlecTBa YCTOUYUBBL MIpU XpaHe-
HHUMU B OTCYTCTBHUE BJAru, HO B BOJIE HEOOPATUMO TMAPOIU3YIOTCS. MIX 4acTo MCMONb3YIOT B
JJabOpaTOPHON TpaKTUKe Mjisl CUHTe3a Apyrux coenuuenuit Mapranpa(lll) no peakuusim
obMmeHa.

* Ziolo R.F., Stanford R. H., Rossman G. R., Gray H.B. // J. Amer. Chem. Soc. — 1974, — V. 96. —
P. 7910.

** Raston C. L., White A. H., Willis A. C., Murray K. S. //J. Chem. Soc. Dalton Trans. — 1974. — P. 1793.
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PHC. 525 ALleTaT Mn|20|2(CH3COO)|6(H20)4:

a — CXEMa OCTOBa MOJIEKYJIbI; 6 — MPOCTPAHCTBEHHAS CTPYKTYpa

Elle Gosiee clOXHOE CTPOEHUE UMEIOT KapOOKCHAAaTHBIE KOMIUIEKCHI MapraHia co cMme-
UIAHHBIMM CTENEHAMM OKucaeHUsl. HarmpuMep, TeMHO-KpacHble KPUCTalibl COeAUHEHMs
Mn,0,,(CH;COO0) ,(H,0),, BriepBble MOAYyUeHHbIE KAK NPUMECH K «IUTHAPATy» MPU HUC-
M0Jb30BAHUHN U30bITKA NEPMAHTAHATA KAJTUS*, MOKHO TIPEACTAaBUTb B (hOPMe LEHTPaIbHOTO
Ky6a [Mn}¥O,], nmoctpoenHoro M3 4yetbipex atoMoB Maprauua(lV) u ueTbipex aTOMOB KHMC-
Ja0poja, K KOTOPOMY NPUCOEANUHEHBI 16 L,-MOCTHKOBBIX aLETAaTHbIX rpynm 1 12 pu3-MOCTH-
KOBBIX aTOMOB KHMciaopoaa. M3 nBeHaauatv aToOMOB MapraHila YeTbipe LeHTPaabHbIX UMEIOT
cTeneHb OKUCAEHUS +4, 2 BOCEMb OCTANBHBIX +3 (pHc. 5.25). YacTb oHoB Mn** B cTpyKType
KOMTIIIeKca MOXeT BbITh 3aMeLleHa Ha MoHbl Fe** 1o coctaBa [MngFe 0 ,,(CH;CO0),4(H,0)4].
baaroaapst 0GMeEHHOMY B3aMMOACHCTBUIO MEXIY aTOMaMH METasla, BXOLSIUIMMHU B COCTaB
MOJEKY./Ibl, UX MAarHUTHBIE MOMEHTBI CYMMUPYIOTCSI M A€HCTBYIOT KAK €JUHDI «CYyMEepCnUH».
OcCTOB MOJEKY/IbI COCTOUT TOJABKO M3 aTOMOB MeTa/la U KUCA0poJa, T. €. (PaKTHHECKHU mpea-
CTaBIsSIET COOOM 3apPOABILI CTPYKTYPBI OKCHAA, POCT KOTOPOTO ObLT OCTAHOBAECH aLETaTHLIMU
rpynnami. HeyaMBUTEIbHO, UTO TaKMe COEAMHEHMS TIPEACTABASIOT cOO0H mepcrnekKTUBHbIE
MOJIEKYSIDHbIE MArHUTHbIE MATEPHUATIbI**.

Bce coeannenust mapranua(lil), ocobeHHoO 06pa3oBaHHbIE JUraHaaMu ciaadboro
MOJISI M XOPOLIO PACTBOPUMBIE B BOAEC, SIBNSIIOTCS CUJILHBIMU OKHUCIMTENSIMU. OHHU
OKUCIISIIOT CEPOBOJIOPO 10 CEPBbl, BbIACISIIOT HO4 M3 UOAMAA KAJIMSL:

an(SO4)3 + 2KI = 2MnSO4 + 12+ KzSO4

ToNbKO CUIbHbBIE OKMCIUTENHN B LLIEJIOYHOM cpeae rmepeBoasiT Ux B ManraHatbl(VI).

* Boyd P.D.W., Li Q., Vincent J. B. et al. // ). Amer. Chem. Soc. — 1988. — V. 110. — P. 8537; McKee V. //
Adv. Inorg. Chem. — 1994, — V. 40. — P. 323; Perlepes S. P., Blackman A. G., Huffinan J. C., Christou G. //
Inorg. Chem. — 1991. — V. 30. — P. 1665; Sessoli R., Tsai H.-L., Schake A.R. etal. // ). Amer. Chem. Soc. —
1993. — V. 115. — P. 1804. [Ans nosy4eHHs KOMILJIeKca K pacTBopy auerara mapraHua(ll) B 60%-i
CH,COOH no6asasiior KMnQ,, menieHHo HarpesatoT 10 50 °C M ocTaBasioT Ha Bo3iyxe. HYepes 2 cyT
BBIMAAAIOT KPUCTALbI.

** Sessoli R., Gatteschi D., Caneschi A., Novak M. A. // Nature. — 1993. — V. 365. — P. 141; Rumberger E-M.,
Shah S.J., Beedle C.C. et al. // Inorg. Chem. — 2005. — V. 44. — P. 2742.
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Coennnenus texueuus(II1) u penua(III).
XHMMHS TEXHELIMS M PEHUS B HU3LIUX CTeNeHsX
OKMCJICHHSl CHJIbHO OTJIMYAETCS OT XUMHU Map-
TaHLA HAJIMYKMeM OOJbLIOTO YMCIIA COEAMHEHUIA
CO CBA3bIO METAUI— METall M NPaKTUYECKHU
MONHBIM OTCYTCTBHEM MNPOCTBHIX KATHOHHBIX
¢dopm. ['mapaTMpoBaHHBIC OKCUDBI, 110 COCTABY
npubnuxamlumMecs K AUTMAparaM, MonydyarmoT
TUAPONU30M TAJIOTEHUIOB B OTCYTCTBUE KMC-
Jopona Bosayxa. ['mapatupoBaHHbIN OKCUA
peHua(ill) mocreneHHo pasnaraer Boay C Bbl-
JeJICHUEM BOAOpPOAA, a TMPH TMOIMbLITKE 00€3BO-
KHMBAHUS OUCTIPOTIOPLIMOHUPYET.

Xumusa texneuust(I1l) v penuns(111) npea-

Q Re @ O CTaBJICHAa B OCHOBHOM TaJIOTeHUIAMH U KOMII-
e S (6]

JICKCHBIMM coeaMHeHUAMMU. [TogobHo maprau-

Puc. 5.26. CtpoeHue aHroHa 1y 9TH METAUIbl 00pa3yloT OKTasaApHyeCcKHUe

[Re»(S04)4(H,0),]* KOMITIEKChl. OObIUHO MX TMOJYYalOT BOCCTAHOB-

JICHUEM TEPTEXHETATOB U neppeHaroB. HanGo-
JIee YCTOHUMBBI KOMILICKChI € M-aKLUENTOPHBIMM JIMTaHaamu, Harnpumep docdhuHamu.

McXooHbIM BEWECTBOM /191 CUHTE3a PA3HOOOPA3HbIX KOMITIEKCHBIX COeAMHEHMUI peHus
CIYXHUT allyKT okcoxjiopuia ¢ tpudenundochrom (PPh;), obpasyoumiics B Bupe xen-
TBIX MPU3MATUYECKUX KPUCTANIOB NMPU KHITAYEHUM PEHMEBOrO aHTMAPMAA WIKM MeppeHara
Kajus ¢ ConstHON KUCAoTol U TpubeHnahochHOM B BOAHO-CITUPTOBOM pacTtBope:

2KReOy + 8HCI + 6PPh; = 2ReOCI,(PPh,), + 2PPh,0 + 2KCl + 4H,0

[py B3aUMONEHCTBUM €ro ¢ MepBUUHBIMM aMMHAMM 0BPA3yIOTCS UMMHOKOMIAEKCHI,
¢ heHMATUAPA3OHOM — XenaT, a ¢ YKCYCHbIM aHTUAPMAOM — OMsIAepHbIN aLeTaT, oCcTPo-
eHHbI aHanornuHo auetary xpoma(ll) Cry(CH;CO0)4(H,0),, HO cosepXaimuii BMECTO
BOAbI KOOPAMHHUPOBAHHbBIE ATOMbI XJ10Da;

Reg(CH3COO)4C12

R—N=ReClI;(PP!
(CH;C0O),0| RNH,; eCl;(PPhy),

HCI. PPh;

KReO 4 RCOClg(PPh3)7

Ph—C(O)— NHNV \

N=—=N mer-Re(PPh,R);CL

(PPh;),Cl,Re/
\O:L

Ph

AHAJIOTHYHOE CTPOCHHE UMeeT GUANEPHBIII aHMOH, OGHAPYXEHHbIA B 1BOIHOM cynbca-
te pennsi(Il)-ammonna (NH,),[Rex(SO,)4(H,0),] (puc. 5.26)*. Dra conb obpasyercs npu
PacTBOPEHUU aUMEPHOTO TpuxyiopoMoHodopmuatopenara(lll) ammonus 8 H,SO,. Tumep-

* Kosomun I1.A., Jlapuna T. B., Cypaxcckas M. JI. u dp. // Koopa. xumust. — 1980. — T. 6. — C. 1264.

302



HbIE AHWOHBI COAEPXKAT YETBEPHYIO cBA3b Re—Re (0,2217 HM) 1 coeaMHEHBI MOCTUKOBLIMHU
cynbdaTtHbeIMU rpynnamu (Re—O 0,202 um).

HexoTopele KoMmmaekebl cOcOGHBI COXPAHATL COCTAB M CTPOCHME KOOPAMHALIMOHHOM
cepbl MU OKUCAUTENBHO-BOCCTAHOBUTEIbHBIX MTPEBPALIEHUAX. DTO UCTOAb3YIOT B CUHTE3E.
Hanpumep, ponanorexuetatsi(I11) [Tc(NCS)e]* nonyuator BocctaHobreHueM [Te(NCS) ]2
ruapasMHoM. KpoMe OKTasapruiecKruX U3BECTHBI KOMITIEKCH C ADYTUMH KOODAMHALMOHHbI-
MM UYMCIAMU: HANPUMED, 7-KOOPAMHHMPOBaHHBII [M(CN),]*.

Muorue komnaekcbl Te(IIT) u Re(Il) nerko OKUCASIOTCS 10 BBICIIMX CTENEHENH OKUC-
nenust. Knacrepel, mogo6Hble onvcaHHOMY Boilile auetaty penus(I11), o6nanaor nosbileH-
HOHU YCTOHUMBOCTbIO Graromaps KpaTHOM CB3M METall—METaNl.

CoeauHeHust 3/1eMEHTOB B CTENIEHM OKHCJeHHS +4

Coenunenusi mapranua(1V). CreneHb oKucIeHUs +4 sl MapraHLa MpeacTasaeHa
CPaBHUTENILHO HeOOJBUIMM YUCIOM COCIMHEHUM, NPEUMYILECTBEHHO KOMIUIECKC-
HbiX. Crabunuszauun Mn(IV) croco6CTBYIOT CHITBHO3EKTPOOTPULIATEIbHbBIC AHWO-
Hbl, TakMe Kak F-, O, nonuaeHTaTHble aHUOHBI, COAEPXKALLME 3ICMEHTBI B Bblc-
LIMX CTENCHSAX OKHUCIEHHMA (Hampumep, nepuoaarsl), 1M60 OGbEMHBIE W3OMONU-
AHUOHBI BaHaaus, HMOOUA, MonubaeHa, Boabdpama, OOPa3yIOLIME C MAPraHLEM
rerepononncoeanHenns. Hannuue y mapranua(1V) tpex d-anekrponos (Mn™ uso-
anekrpoHeH, Cr?) o6yc/10BIMBaET UHEPTHOCTL €ro0 COCAMHEHUI, UTO MPUBOAUT K
X KUHETUYECKOH cTabunbHOCTH. [lo 310l Xe mpUUMHE CUHTE3 KOMIUIEKCOB
mapraHua(lV) nuib B peakux Ciy4asix yaaercsi NpOBECTH MO OOMEHHBLIM peaKily-
AIM; KaK NpaBuIoO, I 3TOrO TPEOYIOTCS OKHUCAUTENLHO-BOCCTAHOBUTEIbHDIC TMpe-
BpallcHUA. BONBLUMHCTBO KOMITIEKCOB OKTA3IPHUUYECKME W UMEIOT YUCTO CITMHOBHI i
MarHuTHbli MomeHT 3,87 M. B., uto cooTBeTCTBYET TPEM HECMAPEHHDBIM ICKTPOHAM.

HaunGonee ycroitumsoe coequHenue mapranua(lV) — aro anokcua MnO,, onu-
canHbii Bbille. O6pasyemble UM ruaparsl, Hanpumep MnO,- | /,H,0, Betpeuatonmiicst
B [IPMPOAE B BUIC MUHEpaANa TOAOPOKHUTA, JIETKO TEPSIOT BOAY U MO MPUYUHE XU-
MUYCCKOI MHEPTHOCTH HE BCTYNAIOT B OOMCHHBIC PEaKiMHd ¢ KUCIAOTAMU U OCHO-
BaHUsIMU. O ero am¢oTepHOCTH MOXKHO CYIUTb KOCBEHHO MO HATUUYUIO KAK KaTHOH-
HBIX, TAK U AHUOHHBIX hopMm.

HMonwr rekcaaksamapranua(lV) [Mn(H,0)]*, nono6Ho apyrumM uernipexsapsin-
HBbIM I€KCAaKBaKaTHOHAM 3d-MeTa/UIOB, B BOAHBIX paCTBOPaX HEYCTONYMBbLI BCJAC-
CTBUE HEOOPATUMOro THAPONU3a U BBICOKOH OKMCIUTEILHON akThBHOCTH. OnHAKO
00 MX OKPACKE MOXHO CyAMTb 1O APYTMM COCAMHEHUsIM, coaepkainum mapraneu(IV)
B OKTa31pU4ECKOM Mojie, 06pa3oBaHHOM atoMaMU kucnopona. [Tpumepamu cnyxar
nepuoaar — MPOAyKT peakiMu cyabdara mapranua(ll) ¢ moakUcieHHBIM PACTBO-
POM TPUTHUAPONEPUONATA HATPUSI:

MnSO, + 2Na,H;104 = NaMnlOl + NalO; + Na,SO, + 3H,0

1160 9-monubaomanranar(l1V) ammonus (NH,)¢MnMoyOs,- 6H,0, noayuyacmblii U3
renramonubaara, nepmManraHara Kajanms U nepokcuaa Bogopoaa (cM. puc. 4.25, d):
18(NH4)6M07024 + l4KMnO4 + 21 H202 + 19HQSO4 + 44H20 =
= 14(N H4)6(MnM09032) . 6H20 + 7Kst4 + 2102T + 12(NH4)2SO4

O6a 311 BellecTBa NPEACTABISIOT COBOM OPAHXKEBO-KPACHBIE KPUCTAIIUYCCKUE
MOPOLLKH.
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[1pu B3aMMoOAEHCTBUMN CBeXeOCaXKIAEHHO-
ro TMAPAaTUPOBAHHOTO IMOKCHAA MapraHua c
ropsiueit 75%-i MOAHOBATON KMUCIOTOH M3
00pa3yoerocs TeMHO-KOPHUYHEBOTO PaCTBO-
pa BbIMAgaeT KPAcHbBIM 0CaN0K KOMIIEKCHON
kucaorel HMn™v(103)4- 2H50. TMoayueHsl ee
conu MyMn(103)¢ ¢ wieoYHbIMU MeTaNIaMH1
¥ aMMoHueM*!, M3BecTHBI M Gosiee CIOXHbIE

o NMEPHUOJATHLIE KOMIJIEKChI, HANMPpUMED COCTa-
Mn Ba Na,;Mn(HIOg),(H,104) - 18H,0%2,

O I Bo Bcex atux COEAHUHCHUSIX aTOM MAapraH-
O 0 Ha pacrnojloXeH B HEHTPE NPABUJILHOTO OK-

tasapa [MnOg], o6paszoBaHHOro aToMaMH
KHCaA0poaa UoaaT- AU NEPHOAAT-HOHOB, BbI-
CTYNMAOUMX B POJIH XEAATUPYIOILUX JUTAHAOB
(pmc. 5.27).

Puc. 5.27. CTpoeHue aHUOHA B KOMILIEKCE Heopranuueckue conm Map[‘aH]_la([V)

Na;Mn(HIOg),(H,10¢) - 1I8H,0 (atombl Bo-  ypajine HeycTOHYMBBI M Malo M3ydeHb.

00poaa He MokasaHbl) Tak, cynbgar mapranua(lV) Mn(SO,),

BBIICNISICTCS B BUIE UEPHBIX KPUCTAJIOB

M3 [1OCTATOYHO KOHUEHTPUPOBAHHBIX CEPHOKMCILIX PACTBOPOB cyibdara Map-
raHua(ll) npu noGaBneHuM B HUX NMepMaHraHara Kaausa*:

3MnSO, + 2KMnO, + 8H,S50, = SMn(50;), + K;SO, + §H,0

Conb pactBopuMa B 70%-ii cepHOit Kucnore ¢ 06pa3oBaHMEM TEMHOTO PacTBO-
pa, HO NMpH pa3daBieHNH BOAOH HEOOPATUMO TMAPOIU3YETCH:

Mn(SO,), + 2H,0 = MnO,l + 2H,SO,

®ocdar mapraHua(IV) mssecteH Toabko B BUae kKoMiuiekcos [Mn(PO,),]%, cyuiecTsy-
IOUIMX MPU BICOKUX KOHLIEHTpALMAX opTodocdopHoil KMCcA0ThI. JIIOGONMBITHLIM UCKITIOYEHH-
€M SIBJISIETCSI MAJIO pACTBOPUMBIN B Boae ceaeHUT mapradua(lV) Mn(SeO,),, opanxkeso-kpac-
HbIE KPUCTAJLbLI KOTOPOro 00pasyloTcsl C BBICOKMM BBIXOAOM TP B3aUMOIEHUCTBUU AMOKCHAA
MnQO, unu nepMaHraHara Kaamsi C AMOKCHUAOM celieHa B kunsiueit soae! JInwb, npu Temnepa-
Type 400°C BewecTBo pasnaraeTcs Ha cefnenar MapraHua(ll) v ceneHMCTBI aHrUapua.

AMdoTepHbIid XapaxkTep T'MAPATUPOBAHHOrO oKcuaa MapraHua(lV) nposiBasier-
€A B CITOCOOHOCTH 00Pa30BbIBaTh OKCO- U F'MIPOKCOAHMOHBI, HA3blBAEMbl€ MaHTaHa-
TaMu(1V), unu Manranutamu. Tak, Npu CrAaBIEHUN NTUPONIO3UTA C OKCHIOM Kallb-
ums noJydeHsl coeamHenuss CaMnQO;, Ca,Mn0O,, Ca,Mn;0q, Ca,Mn;040* (puc. 5.28).
[TpaktTnuecky BO Bcex MaHraHUTAX aTOM MapraHua HaxogMTcA B OKTa3APHYECKOM
OKPYXEHHHU, UCKIIIOYeHUe COCTaBIsieT MaHTaHUT Oapusi Ba;MnOs, B cTpyKType KO-
TOPOro MPUCYTCTBYIOT TeTpasapbl [MnOy]. [Ipy HarpeBaHMM MaHraHMTLI UCTIPO-
MOPLIUHOHUPYIOT:

500°C
2K,;MnO; — K;MnO, + KMnO,

*| Meaexcux A. B., Masaos B.JI. // XKypH. HeopraH. xumuu. — 1975. — T. 20. — C. 678.

*2 Levason W., Spicer M. D., Webster M. // Inorg. Chem. — 1992. — V. 31. — P. 2575.

*3 PyKOBOJCTBO 110 MPeNapaTHBHON HEOPraHUYECKONH XMMHH / Mon pen. I'. bpayspa. — M.: U3n-Bo
MHOCTp. AuT., 1956. — C. 671.

*4 Poepplmeier K. R., Leonowicz M. E.. Scanlon J. C. et al. //J. Solid State Chem. — 1982. — V. 45. —
P.71; 1985. — V. 58. — P. 71.
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Puc. 5.28. ®azosast anarpamma cucremMol CaO — Mn,O, nipu Temnepatype Boitire 1000 °C

['mapoxcomanranar(IV)-MoH TpyaHO MOJNyYUTh B PACTBOPE, HO OH M3BECTeH B
npupoaHoM muHepase XypaBckure Cas[Mn(OH)g](CO;)(SO,) - 13H,0 sipko-xen-
TOTO LiBeTa.

MHorue koMmiekcHble coeguHeHnst Mn(1V) 061aaaoT CHIbHBIMU OKHCIUTE T b-
HbIMU CBOWCTBAMHW. DTO HEYAMBHUTEIbHO, TAK KaK AJs1 O0see BBHICOKHX cTereHei
OKHCIIEHUSI MapraHua KOMIUICKCHI HEXapaKTEPHLI.

Unannanbii komnneke mapranua(lV) K,[Mn(CN)y] xenroro usera o6pasyer-
€A MPHU OKUCICHUM rekcannaHoMaHranara(lll) x1opucTbeiM HUTPO3WIOM B AMME-
Twiopmamuae. OH sBISIETCS CUIbHBIM OKMCIIUTENEM, HE YCTOHYMBBIM B BOJHOM
pacrBope.

Hekoropble aByx3apsiiHbie KATUOHbI MO3BOJSIOT OCAIUTh KOMILICKChI MMn(CN),
(M = Zn, Cd), nocrpoeHHble aHANOTUYHO (EPPOLMAHUAAM. ALICTHIAILIETOHAT
mapraHua(lV) mssecteH Tonbko B dopMe HeycroMumBoro karuoHa [Mn(acac),]*,

06pa3yollerocst Npu MEKTPOXMMHUECKOM OKMCICHUHM mpuc-(aleTHIALIETOHATA)MAP-
ranua(lll) B aueronurpune.
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Ilepoxcocoedunenun mapeanua(IVv)

B HM3IINX CTEMEHSIX OKUCIEHHUsS MapraHell He obpa3yeT MepoKCHAHBIX COeaUHEe-
HMii, ogHaKo nepokcoMaHraHaThi(IV) uasecTHb*. OHU UTPAIOT BaXXHYIO poJib B MPO-
uecce ¢GhoOTOCUHTE3A, SABISIACH UHTEPMEAMATAMM MPH OKWUCJIEHWHM BOABI MapraHeil-
CONEPXAUIMM OJIMTONMPOTEUHOM, @ 3aTEM pacmaaasiCb ¢ BbIAEJIEHUEM KHCJIOpoaa.
Mapraney, npucytcTeyet B otocucteme I, roe normomeH1e usayueHms: obecrieum-
BAET 3HEPrUIO VISl OKUCJIEHHUS BOAbI, BbiaeseHus CO, U mepeHoca JIEKTPOHOB B
dotocuctemy I. 3nech ocyniecTBAsIETCSI BOCCTAHOBIEHUE HUKOTHHAMUIIMHYKIIEOTH/L -
docdara. Ilpu stom okucaenne Mn(ll) no Mn(IIl) 1 Mn(IV) nporekaer uepes
00pa3zoBaHHUE TMAPOKCO- U MEPOKCOKOMIUIEKCOB (pUC. 5.29). CuMTaeTCsl, 4TO «OKHUC-
JsnoMe Boay UEHTpbl» GoTocucTembl 11 coaepxar mo uyeTbipe aToMa MapraHia B
BUIE TUIOCKUX WJIM KyDaHOBBIX KIIACTEPOB, OHAKO TOUHOE CTPOSHHE MapraHeico-
JEPKAETO OJIMTOMPOTEMHOBOTO KOMITJIEKCa HEM3BECTHO. B mocieaHue roabl BHUMA-
HUE MPUBJIEKAIOT MEPOKCOKOMITIEKCH MapraHia co MHOTMMH MOAEIbHBIMH COEIU-
HEHUSIMU, UMUTUDPYIOIIMMHU CTPOEHUE aKTHMBHBLIX LIEHTPOB, a TakXe ¢ mopdupuHa-
MU U TaTOLUMAHUHAMU**,

* Panblile qMoKcu MapraHua olMGOYHO Ha3biBaiu «MEPEKUChIO MapraHua» 10 aHaJOTH1
€ nepokKcuoM Gapus, UMEIOLIUM TaKol Xe cocTaB. Takoe Ha3BaHHE MOXHO BCTPETHTH B CTa-
po#l JmUTEparype.

** Weighardt K. // Angew. Chem. Int. Ed. — 1989. — V. 28. — P. 1153; Yachandra V. K.,

Sauer K., Klein M. P. // Chem. Rev. — 1996. — V. 96. — P. 2927.

CH3 CH, CH; CH;
| I I
( 1> {( 1>
Ol n / -2H* \ 3_.0_ 3 /
HiC — _Mn N— CH; —5;> H;C —N Mn__ _Mn N — CH;,
/! A Lyl o N
H, H, N OH H
I I
CH; CH, CH, CH;
-2H"
-2e
CH3 CH,
|
e
+4H_28;4e7 HiC — N Mn N— CH;
/ \ / \J )
I
CH3 CH;

Puc. 5.29. MpeanonaraeMbiil MEXaHU3M OKUCIIEHUS BObI AKTUBHBIM LIEHTPOM Mapra-
HELICOAEPXKAIETO OJIMTONPOTEMHOBOIO KOMIUIEKCA (MMOKA3aH HAa MOJEJBHOM COeIHU-
HEHUU ¢ JauraHaom 1,4,7-Tpumetuii-1,4.7-TpuasauMKIGHOHAHOM)
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Hpocreitiune nepokcocoeanHeHust MapraHLa n3yyeHsl ropasfo xyxe, tak Kak
AOATOE BPEMs1 HE SIBASIUCD NTPEAMETOM uccienosanuii. Mpu aeilcteun manranara(Vl)
uiA comn mapraHua(ll) Ha oxaxaeHHbBIN PacTBOp NepoKcMaa BOAOPOd B IIENOU-
HOH cpene ocaxnaercsi KOPUUHEBBI KPUCTAMIMUECKHH nepokcoMmanranar(lV)
K;[Mn(OH)(0,);], ctpoenne kotoporo HemssecTHO*. MmeioTcst COOBLIEHHST O MOJY-
UCHWM M Apyrux nepokcokommnekcos, Hanpumep K,[Mn(H,0)(0,);], K{Mn(0,),].
Bce oHu HeycToiuMBBI 1 GLICTPO pacmanaioTcsi, BuIAEs KUCI0pOoa U mpeBpamasich
B 1MOKCHA MapraHua. KartaiuTueckoe NeficTBiHe COEAMHEHNIT MAPraHua HA Pa3io-
KEHHUE MEPOKCHIA BOAOPOAA TAKKE, OUEBUIHO, CBA3aHO C 0GPA3OBAHMEM HEYCTOM -
UMBBIX MTEPOKCHUIOB.

* Scholder R., Kolb A. // Z.Anorg. Allg. Chem. — 1949, — Bd. 260. — S. 231

T'emeponoaucoedunenus mapzanya(IV)

bnaronaps snekTpoHHON KOH(Urypamuu d3, He BbI3bIBAIOIIEH HCKAKEHNS OKTA-
sapuyeckoro nod, mapraveu(lV), texneunit(1V) u pennit(IV) seictynaioT B Kaue-
CTBE T€TEPOATOMOB B GOJIBIIOM UMC/IE TeTepononucoeandenunii. Cxema oOpazoBaHus
M B3AUMHBIX IEPEXON0B MEXI1y PA3HBIMU TUITAMH NETEPONONMBaHanaTOMaHraHaToB([V)
n3obpaxeHa Ha puc. 5.30. O6wmnit cocob Mx CUHTE3a 3aKII0YAETCS B 06paboTKe Ha-
rpeTbix cMeceit pactBopoB KVO; u MnSO, nepcynbdhatamMu Le1ouHbIx METALIOB WK
AMMOHMs1 1IpY paznuuHbix pH.

BoigeneHbl KpacHble KpucTatibl rerepornonuBaHagatomardradaros(lVvy tpex tu-
nos: 4-gananatomanranatei(IV) K,MnV,0,;- 4H,0 u (NH4)sHMn;V,044- nH,0,
I'l-sanagatomauranarb (V) KsMnV,,03,- nH,0 u Cs,sHysMnV,,0,,- 7H,0,
I3-aHanaromanranarei(1V) K;MnV, ;05 18H,0 u Na;MnV,30- 29H,0. U3smene-
HUE COOTHOIIEHUH PEAreHTOB M KUCAOTHOCTH PACTBOPOB MPUBOAMT K B3aUMHbIM
MEPEXONAM ITUX COCANHEHHUH (cM. puc. 5.30). TIpu noauleaynBaHUM reTeponoananu-
OHbI Pa3pylIAIOTCS.

[Tpoaykramu B3anmoneicTBUS HMOBATOB ¢ alleTaTOM HATPHst U MEPOKCHUAOM BO-
10poja B LIEJOHHOM cpefle sIBAAIOTCS reteponosnu- 1 2-uno6omanranarsi(1V). B coeau-
HeHnH Naj;MnNb,0+- S0H,O anuon [MnNb,05]'*" noctpoen M3 neHTpanbHORO
okTasnpa [MnOg], oKkpyxeHHOro asyms rpynnamu [NbO,s), coctaBreHHbIMKM U3
oktasanpos [NbO,] (puc. 5.31). Cpeanee paccrosnue Mn—O (0,187 HM) TOUHO TaKoe
XK€, Kak B mepuoaate NaMnlQ,,.

s HMn;V,,03; OH, ¢ MnO,, VO;
p ~
/ 1DH 2—N 5,04 OH", 1
- 24
< J—

Mn', MnOj, V,05 ~BH<2 Mn'", VY, 5,03 —PH3=5 > MnV,;0) i_“_ MnV;0%

A2 [Fe(CN)g[*

lpH -3 k/\]105
pH<?2 C 1/3
MnV”O§2’ Q\’\

Puc. 5.30. Cxema B3aMMHBIX TEpexon0B reTEpONoIUBaHasaToMaHraHaToB(1V)
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aMn dnv Oo
Puc. 5.31. Crpoenve anvona [MnNb,,054]'% B Na;;MnNb,,044- 50H,0

Tlpu peakuusax KUNSAUMX pacTBOPOB napaMoantaaros, napasoibdpamaToB WIH
MOHOMEpHbIX BOJbhpaMaToB ¢ MnSO, M OKUCAUTENAMU (NepcynbhaToM WX Nepo-
KCHIOM BOLOpOAa) O6pa3yloTCs HECKOAbKO TUNOB FETEPONOMUCOeANHEHHIT, KUCAOT
win ux coneit. CroGoaHas kucnora HeMnMogQ4, M3BeCTHA TONBKO B pacTBOpeE, Ol-
HAaKO BBIIETEHB €€ KPUCTALIIMYECKHE COMM ¢ 1EeNOYHBIMU MeTaanaMu, 9-monnb-
nomanranatsi(1V), nanpumMep (NH,)¢MnMogO;,- #H,0. [lpy kunsueHun pacTsopos
Na,MoO, u NaMnOQO, c coasHoli KMCI0TOH obpasyeTcs XeaTblil pacTBOp, U3 KOTO-
poro BBeleHUEM MU30bITKA XJOpUIAa AMMOHUS OCAaXIAIOT XEJATble KPUCTaMIbI
12-monubnomanradata(1V) (NH,);HMnMo,,0,4. AHanornuHo nonydeHsi 12-onbppa-
momanradatbi(1V), Hanpumep K;MnW,,0,,- 20H,0.

OrnucaHbl Y4 Jpyrve TUNbL TeTePONOAUCOEAMHEH U, B YACTHOCTH NeHTaBoAbhpamMo-
Mmanranatbi(IV) NagMnWsO,- 18H,0.

[Tpu nosblieHK pH pacTBOPOB COEANHEHUS NMOJHOCTBIO PA3pyLIAIOTCS € OCaX-
JeHueM aMokcuaa MnQO, U o6pazoBaHueM pacTBOPUMbBIX MOANGATOB.

Hns mapradHua xapakrepHo 00pa3oBaHUE MONUAIEPHbIX KOMIIEKCOB, B COCTaB
KOTOPLIX OJHOBPEMEHHO BXOASIT HECKOJIBKO aTOMOB MeTasia. Takue COCIMHEHUS
OOBIYHO CTAOMJIM3MPYIOT OKCO- U AlIETATHLIMM MOCTHKAMM, @ TakXe Av- U MOJU-
amuHaMmu. [lpocteiiuinii GUsiAepHbBIA OKCATATHBIN KOMIUIEKC MOIY4alT aHaIOoruy -
HO mpuc-xkomiiekcy mapranua(lll), Ho nipu npyroM CooOTHOLIEHUU PEATeHTOB*:

2KMHO4 + 6H2C204 + K2C204 = K4[Mn202(C204)4] + 6C02T + 6H20

Boigensiowmuecs: 3eneHbie Kpucramasl Terparuapara K, Mn,0,(C,0,)4]-4H,0
YCTOMYMBBI IPU MOHUKEHHOM TEMTIEpAType B TEMHOTE B Teyenye Heaenu (puc. 5.32).

Coenunenus rexnemusa(1V) u peausi(1V). YepHo-kKopuuHeBble TMAPaTHPOBAHHbIE
anokcuasl TexdHenus TcO,- 2H,0 u penust ReO,- 2H,0 ocaxnaloTca npu Boccra-
HOBJIECHUM BOIHBIX PAaCTBOPOB MEPTEXHETATOB M MEPPEHATOB BOAOPOJOM B MOMEHT
BblIeNeHus1, consimMu onoBa(ll) nam sanekrpuueckM ToKOM. OHM HE UMEIOT MOCTOo-
SIHHOTO COCTaBa U B BOAHBLIX pACTBOPAX HE MPOSIBISIOT SIPKO BbIPAXKEHHbBIX KUCIOT-

* Yoshino Y., Taminaga 1., Kokiso M., Uehiro T. // Bull. Chem. Soc. Japan. — 1974. — V. 47. — P. 2787.
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@vndc Qo
Puc. 5.32. Ctpoenne annona [Mn,0,(C,0,),]+

HO-OCHOBHBIX CBOMCTB. Jleruaparauueii s BaKyyMe Tpu remrieparype 250 —300°C
HX NIEPCBONAT B IMOKCUABL. IDYTUM MCTONOM CHHTE3a CIIYXXKUT TMAPOTU3 XJIOPHUAHbIX
xomruiekcoB K,[TcClg], K,[ReClg]:

K,[TcClg] + 4H,0 = TcO,- 2H,0l + 2KCl + 4HCI

OCYUIECTBSICMbIH NPU KUMSYCHUM B MHEPTHON aTmocdepe, a i 1MOKCHAA pe-
HUS — TakXKe ruaponu3 Beiciiux xaopunos ReCl, n ReClg:

3RCC15 + 12H20 = 2R002' 2H20~L + HRCO4 + ]SHCI

I1pu o6paborke auruapara TcO,- 2H,0 KOHLIEHTPUPOBAHHBIMK PACTBOPAMH L11C-
JI0Yel 0BPA3yIOTCsi OpPaHXKEBbIC PACTBOPHI, COACPKALIME FHAPOKCOKOMIUIEKCHI
[Tc(OH)(1>:

TcO, 2H,0 + 2KOH = K,[Tc(OH),]

OHu JIerKo OKHMCISIIOTCS B MEPTEXHETATLI NEPOKCHIOM BONOpOna, GPOMHOM BO-
noi, consimu uepusi(IV). Inoxcun peHus ReO, ycroituns k aeiicrBuio pacTBopos
LICJIOYCH, HO MPH CIUIABICHMH B BAKYYME PEarnpyer ¢ HUMU. B MPONYKTAaX peaxiumn
HAMICHB! KOPUYHEBBIC PEHUTBI, HAMPUMEP Li;ReO5*. Ecu cnnaBneHune nposoauTh
Ha Bo3nyxe, obpasyiorcsa neppeHarsl. [10 cpaBHEHHIO ¢ JUOKCUIOM MapraHpa ruf-
parthpoBaHHble okcuabl TexHeuusi(IV) u penusi(IV) ropasno Gonee cinabble oxuc-
JIUTCIIN, O YCM CBHUICTENBLCTBYET MX B3AMMOJCHCTBHE C CONSIHON KUCIOTOM, MPHUBO-
A K xaopuaHeiM xomrmiekcam H,[MClg] (cM. nogpasn. 5.5). BoccraHoBuUTENb-
HbIC CBOWCTBA NMOKCHIIOB TEXHELHSI M PCHUS BbIPAXEHBI 3HAYUTCIBHO CuibHee,
4eM MnO,: cunbHbie okucaurenu (HNO;, KMnO,, H,0,, HCIO;) nepesoasit nx
B AHMOHbI TEXHELUEBOI U PEeHUEBOH KHUCIOT:

MnO; + 4H* + 3¢- —» MnO, + 2H,0; £° = 1,70 B;
TcO; + 4H* + 3¢ — TcO, + 2H,0; £° = 0,74 B;
ReOg + 4H* + 3¢~ — ReO, + 2H,0; E° = 0,51 B.

* Cava R.J., Santoro A., Murphy D. W. et al. // ). Solid State Chem. — 1982. — V. 42. — P. 251.
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Hna xumuu rexHeuus(1V) u penusi(1V)
MPaKTHUECKH HE XapaKTepHO HaJIWvue Ka-
THOHHBIX (OpPM, MO3TOMY MPOCTHIC CONU
3THX META/LIOB, HECMOTpPS HA yCcTOWuYM-
BOCTb 3TOM CTEMEHU OKHCICHUS KaK K
OKMCJICHHIO, TAK M K BOCCTAaHOBJIECHMUIO,
HEU3BECTHLI. BOJBLIIMHCTBO M3y4YCHHBIX
COCIMHEHUI MpeAcTaBasIlOT COO0M KoM~
nekcol, Hanpumep [ReClg]*, [Tc(NCS)¢]*.
B xenarax Re,Cl,(acac), 1 K [Re,0x(C,0,).]
JBa aTOMa MCTA/LJIa COEAUHCHbI MEXIY CO-

Qr ¢ Oo 601 JByMsl OKCOMOCTUKAMH U CBAI3BIO Me-
Tawt — Merait (puc. 5.33)*. [Nosromy 3aech

Puc. 5.33. CTpoeHHe aHHOHa paccrosinne Re—Re (0,236 Hm) oka3sbiBa-
[Re,05(C04),4]+ eTCsl KOopode, YeM B METAIMUCCKOM pe-

HuU (0,274 um). KoMIUIEKCHBIE coeanHE-
HUSl peHUSl, KaK MpaBuiio, Gojee ycToii-

YWBbl K TUAPOJH3Y, OKHUCICHHUKD, PA3TOKCHHUIO, YEM aHaTOrU4yHbIC COCAUHCHUAA
TEXHEHUA.

ucyavpuo penusn

Hucyapdun peHus ReS, npencrapiaser coboil uepHbIA MOPOLIOK, YCTOHUUBLIA HA
BO3IyXe, HE PAcTBOPHUMbIN B BOIE, PAcTBOpax wENouei, cyNmbOUIOB 1ENOUHBIX ME-
TAJII0B, COASHOM U cepHOi KucaoTax. OH HauMHaeT 06pa30BbIBATLCH U3 NMPOCTLIX BE-
LIECTB yXe MPU KOMHATHOM TEMITEPATYpe, HO PEAKLMs 3aBEPILIAETCA MPU HArpeBaHUMU
o 1000°C. U3 apyrux cnocoboB cHHTE3a AUCYabduaa MOXHO YKa3aTb BOCCTAHOBJIE-
HME BbICLIETO Cyab(pHaa B TOKE BOAOPOAA YXKE MPU KOMHATHOM TemmepaType, crijias-
aenue neppedata KReO, ¢ cepoit M comoit, HarpeBaH1e okcuaoB ReO; man ReO; ¢
cepoii unu B atMocdepe H,S. B ctpyktype ReS; aToMbl MeTanna pacrosioXKeHbI MEXIY
TJIOTHO yNAKOBAHHBIMU CIOSMHM M3 aTOMOB cepbl (puc. 5.34)*. ducynpdma peHust npu
KOMHATHOI TEMIepaType ycTOWYMB Ha Bo3ayxe, Boillie 300 °C cropaet, BbiAEAsIT OKCH-
Ibl peHusi ¥ cepbl. Ero Harpesanue no 1000 °C 6e3 noctyna Bo3ayxa mpuBoaMT K o6pa-
30BAHUIO META/LIA, COAEPXKALIErO MPUMECh cepbl. Tako#l xe nmpoayKT obpasyercs npu
BOCCTaHOBJIeHUH aucyabduaa sogopoaoM ripu 700 °C. Topsiuasi a30THasi KUCAOTA OKUC-
ageT ReS, 1o penmnenoit kucaotel. U3BecTeH Takke aucynbdun TEXHEUMS, MOAYyYEH-
HbIM U3 BbICLIETO cyibduaa HarpesaHueM ¢ cepoil pu 1000 °C, uau TepMoan30M.

Puc. 5.34. Ctpoenue ancyabduaa ReS,

* Murray H. H., Kelty S. P., Chianelli R.R., Day C. S. // Inorg.Chem. — 1994. — V. 33, — P. 4418.

* Lis I. // Acta Cryst. B. — 1975. — V. 31. — P. 1594,
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Coenunenns 371eMeHTOB B CTeNneHsIX OKHCJICHHA +5, +6, +7

XUMUSI KUCIOPOIHBIX COEMHEHUH 3IEMEHTOB B BbICOKMX CTENEHSIX OKMCICH st
HanboJiee pa3HOOOPA3HA y TEXHELMsI U PeHUs1, & Ul MapraHia OHa MpeacTaBleHa
TCTPAOKCOMaHTaHaT-noHaMn MnOj~, cBOICTBA KOTOPbIX 3ABUCSIT OT CTEIIEHU OKMC-
JieHns atoMa Mapranua. Manranarei(V) (K;MnO,) ucropuuecku Ha3biBalOT THTIO-
MaHraHatamu, maHraHatb(VI) (K,;MnO4) — manranaramu, a manrasarsi(VII)
(KMnO,) — nepmanranatamu. COrIacHO qUarpaMme BOJIbT-IKBUBAICHT — CTe-
MEHb OKMC/IEHUS (CM. PUC. 5.2) M 3HAYEHMSAM CTAHAAPTHBIX JIEKTPOIHbIX OTEH M-
aJ10B IEPMAHTAHATBI YCTOHYUBBI B KMC/IBIX, HEUTPAIbHBIX U CJABOLIECTOMHbIX cpe-
Aax, a TMTOMAHTaHATbl 1 MAHTAHATbl — B CUJIbHOLLEIOYHbIX. DTO HEOOXOAMMO YUu-
TBIBATD Mpu uX cuHTese. Honel MnO}~ npencTapisiioT coboii mpaBuiibHbIE TeTpass-
Pbl CO 3HAYMUTENLHOH NOJIEH T-CBSI3bIBAHMS, 3aKJIIOYAIOILETOCH B IEPEKPbIBAHMK
3aMOIHEHHBIX p-OpOUTAICH aTOMOB KHMCJIOPOAa CO CXOAHBIMU [0 CUMMETPUM
d-opbutansiMu mapranua. CrerneHb n-CBS3bIBAHUSL, 4 CJAEIOBATENbHO, U KpaTHOCTb
cBsi3n Mn—O BO3pacTalOT 10 Mepe MOBBILICHUS CTENEHN OKUCICHUS MapraHua,
4TO [PUBOANT K YMEHbIUCHUIO MIMHBI CBAsn Mn—O ot 0,171 uMm B MnOj~ no
0,166 Hm B MnO;™ 1 0,163 um B MnOj. Spkas OKpacKa OKCOMAHTAHATOB 3aBUCUT
OT CTENEHN OKMCJICHUA: TUIIOMAHTAHATbl — CWMHME, MAHTAHATbI — 3eJleHble, Nep-
MaHraHartbl — ¢uoseToBbie. X0oTs B noHax MnO}™ n MnOj~ conepxarcst HecriapeH-
HBIC JJICKTPOHbBI, OKpACKa BCEX TPEX THIIOB OKCOMAHTaHATOB OOYC/IOB/IeHAa HE d—d-
NIepexoaaMn, a4 MHTEHCHMBHOM MOJIOCOM MepeHoca 3apsina. [lepMaHraHarhb wesoy-
HBIX META/UIOB M30MOPGHbI NIEPXI0pATaM, MAaHTAHATHI — CyJIb(ATaM M XpoMaram,
a TMTIIOMaHraHaThl — opTrodocdaraM ¥ BaHAZaTaM. DT COMM MOXHO HCIIONb30BATD
B Ka4€CTBE MATPUL sl CTAOMIN3ALMH HEYCTOWUYMBBIX UOHOB,

Coennnenns mapranna(V). [unomanranarts IPHUCYTCTBYIOT B IPOAYKTAaX BbLICO-
KOTEMIICPAaTYpPHOTO TEPMHUUECCKOTO PA3NI0XKEHMS MEPMAHTAHATOB MU MAHTAHATOB:

500—850°C
3K;MnOy —— 2K;MnO, + MnO, + O,T

d TAKXKE OKUCIIeH NS IMUPOJIIO3NTA KUCJI0POIOM B CUJIBHOUEJIOUHON cpene:
300°C
2MnO, + 6KOH + /40, —— 2K;MnO, + 3H,0

[TosyueHHble TaknM 0BPA30M CONM MPEACTARISIOT COBOI CHHE-3e/IeHbIe KpH-
CTAJUIMYECKUE TOPOIIKHK, YCTOWUYMBBIE TOJIBKO B OTCYTCTBME CJICHOB BJIATM M3-32
JIETKOCTH OUCITPONIOPLUHUOHUPOBAHMS:

2MnO;~ + 2H,0 = MnO} + MnO, + 40H-

Ha cyxoMm Bo3snyxe runomanranatel BeiaepxuBatoT Harpesanue 10 900 °C. B pacTBope UX
YAQETCA CTAOMIM3MPOBAT TOJIBKO Ha XOJIOLY M B CHJIBHOILENOYHOM Cpeae (KOHCTAHTA CKO-
POCTH PEAKLUMH NUCTIPOTIOPLIHOHMPOBAHUSL COCTABASAET 6,9 1/(Monab-¢c) B 3 M pacrsope
KOH u >10* 1/(monb-¢) npu pH 12 u Temnepartype 20°C). Hanpumep, runomanraHar
KiMnO, npu temneparype —15°C pacrsopsiercss B xosonHom 40%-m TMAPOKCHUIE Kaausl,
00pasyst IpKO-CMHUIl PACTBOP, U3 KOTOPOIrO MOTYT GBITh BHIAEAEHb KPUCTALIOTUAPATHI [O-
ny6oro usera. OpHako yxe npu 0°C atu PacTBOPBI NMOABEPraroTCs AUCIIPOTIOPLHMOHHN POBa-
Hu10. HebecHo-rony6eie Kpucranisi coim NasMnO,- 0,25NaOH - 12H,0, -cunTe3 Kotopoii
NPUBEACH BO MHOTHX MPAKTHUECKMX PYKOBOACTBAX:

2KMnO, + 2Na,SO; + 4NaOH = 2Na;MnO, + Na,S0, + K,S0, + 2H,0
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HECMOTPS Ha YACTHUYHYIO CTAOMITU3ALUIO TMAPOKCUA-UOHAMM, pa3naralorcs B TeYEHUE HE-
CKOJIBKUX YacoB.

HeycroituuBele roy0ele pacTBOPHI, CoaepXKallue, NO-BUAMMOMY, TUITIOMAHTAaHAT-UOHbI
B NIpOTOHMPOBaHHOI dopMe HMnO3F~, ynaetcs noayuuth Npu BOCCTAHOBIEHWM MAHTaHATa
Kaaus B cunbHoluenouHoi cpepe (10 M KOH) nepokcuaom Bogopona uimn ¢GpopMuaTom
Hatpus*. I1py 3TOM K OXJIAXKACHHOMY LIEJIOUHOMY pacTBOPY MAHTAHATA BOCCTAHOBUTEIb HAO
JO0ABIATE NO KaIUIAM. Y0OHBIM CIOCOOGOM YBUAETH KPACUBYIO SIDKO-TONYOYIO OKPACKY TH-
NoMaHraHara ABAAETCH BOCCTAHOBJIEHWE MEPMAHTAHATA B PACIIABICHHON wIeaoud. DTOT
crnoco®, pazpaboTaHHBI OJHMM M3 aBTOPOB KHMTH, 1O CHUX IIOpP HE OIUCAH B JIMTEPATYPE,
MO3TOMY NPUBOANM METOIMKY 3KCIepUMeHTa. B cyXywo npodupky nomeiaior 8 — 10 rpaHyn
TBEPAOTO MMAPOKCHAA Kaiusl, 1oOaBISIIOT K HUM OQHY Kalullo pacTBopa NepMaHraHarta Ka-
JIMs M HarpeBaloT NpobupKy Ha miameHu. CHayana pacriaB CTAHOBUTCH U3YMPYAHO-3€elie-
HBbIM BCJIeACTBME 0Opa30BaHMs MaHraHara, a Mpu JajbHEHllIeM HArpeBaHUM — SAPKO-TOJNY-
oniM. TTpu oxnlaxAeHUM OH 3aTBEPAEBACT, COXPAHIs OKpacKy. I MmOMaHraHaT-uOHbI OKa3bi-
BAIOTCH CTAOWIM3MPOBAHHEIMU B MATPULIE TBEPAOH MIENOUH.

Pasnoxenue Ge3BOAHBIX TMIIOMAHIAHATOB MPOTEKACT JIULIL [PU BBICOKUX TEMIEPATY-
pax, U ero HanpaJIeHHe 3aBUCUT OT NpUpoabl KaTMoHa. Tak, HaTpueEBas cOJlb PU TEMIEPA-
type Beiure 1250 °C BclieacTBUE BBLACJIEHUS JIETYUETrO OKCUIA HATPUA OTHIEIUIAET KUCI0PO,
npespawasck B MnO. Kanuitnas conb nipu pasnoxenuu aaet okcomanranarel(I11) nan cme-
wanHywo ¢azy K,Mn, 075, B KOTOpOI MapraHey HaXoaMTCsl B ABYX CTeneHsaX okucnenus. Bo
BJIaXXHOM Bo3ayxe npu temneparype 250 °C K;MnO, okucnsercs:

2K,MnO, + /40, + H,0 £ 2K,MnO, + 2KOH

Oxkcomanranat(V) nutust LisMnQOy, rnonyyaemslii B TOKE KUCI0pOAA MO PEaKUHU

o

120°C
LiMnO, + 2LiOH —— Li;MnO, + H,0 + '/0,T

NpH MOJILHOM COOTHOILEHMM MEePMAHraHaTa Kajius u TMapOKCUaa JIMTUA, B3ATOTO B (hopme
moHoruapara, 1,0:3,1, TepMUUECKM MEHEE YCTOMUMB, YEM KajiuiiHas WM HATpUEBasi COJI.

Coenunenns mapranua(VI). Brnepsbie Manranatel(VI) npurorosui U. [ayGep B
1659 1. IpyU pacTBOPEHUHU MUPOIIO3UTA B PACIUIABICHHON CenuTpe. OTH BELLECTBA
NPEACTABIAIOT COGOM TEMHO-3€JIEHbIE, TOYTH YePHbIEC KPUCTALTBl, PACTBOPUMBIC B
pacTBopax Liesioyeii ¢ 06pazoBaHUEM U3yMpYAHO-3€JEHbIX paCTBOPOB. MarHuTHbIN
MoMeHT cocrasisier 1,78 — 1,84 M. B., 4T0 COOTBETCTBYeT OMHOMY HECIIAPEHHOMY
2J1eKTpoHY d'. B HelTpalbHbIX U CIaGOKUCHBIX PACTBOPAX MAHTAHATHI JIETKO AUCTIPO-
MOPLUOHUPYIOT:

3K,MnO, + 2H,0 = 2KMnO, + MnO,l + 4KOH

0 YEM CYISIT MO BHIMAAEHUIO TEMHO-KOPHYHEBOTO OCA/lKa JUOKCUAA U IOABJIeHUIO
MaJIMHOBOIO OKpalIMBAHUA pacTtBopa. [lis yckopeHusi npotiecca o6bluHO yepes pac-
TBOP MPOMYCKAIOT YIJICKUC/bIN ras:

3K,MnO, + 2CO, = 2KMnO, + MnO,{ + 2K,CO;
WIH 100aBaSAIOT COJIb aMMOHUS:
3K,;MnO, + 4NH,Cl = 2KMnO, + MnO,! + 4NH; + 4KCI + 2H,0

Cpeny MaHraHatoB HauGOJIbLIEE 3HAYEHUE UMeeT KatuitHas coab K,MnO,, cay-
Kawas s npousBoacTsa nepMmanranara KMnO,. Ee CUHTE3UpYIOT OKHCIEHUEM

* Rush J. D., Bielski B. H.J. // Inorg. Chem. — 1995. — V. 34. — P. 5832; Lee D.G., Chen T. // ). Amer.
Chem. Soc. — 1989. — V. 111. — P. 7535.
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TIUPOJTIO3UTA B MPUCYTCTBMH KUCJIOPOAA B PACILIABE LIEJIOYM MM B €6 KOHLIEHTPH-
POBAHHOM pacTBOpE:

MnO, + 2KOH + '/,0, £ K,MnO, + H,0

B kauecTBe okucaureeit HCIIOJIB3YIOT TAKXKE XJIOpaT Kajaus U HUTPAT KaJINug UJIU
HNX CMECh:

3MnO, + 6KOH + KCIO; £ 3K,MnO, + KCI + 3H,0
MnO, + 2KOH + KNO, £ K,MnO, + KNO, + H,0

OkuciieHue 3THMU peareHTaMu ¢ 3aMeTHOI CKOPOCTbIO HAUMHAETCH MPH TEM-
neparype 170 °C. IlponykT u3BI€KAIOT BOAOI, H MPO3PayHbBIH PaACTBOP KPUCTAILIH-
3ytoT. [Ipu 3TOM 4acTh BelecTsa TepseTcs u3-3a JAUCTIPONMOPLUUOHHPOBAHUS.

ﬂpouecc IPOTEKACT B HECKOJILKO cTaguii. CHauana pe€akLs HE CONIPOBOXAACTCA U3ME-
HCHUCM CTCTNIEHU OKUCJECHUA MapraHia:

MHOZ + 2KOH = KzMnO3 + HQO

3arem npu pacninasneHuu wenoun (380 °C) Hactynaer 6eicTpoe okucnenne K,MnOs:
2K2Mn03 + 2KOH + 1/202 = 2K3Mn04 + HZO

Ans nposeneHmst craeayomeil cragum TpebyeTca IMOHMXKEHWe TeMIIEPaTypEl BBUAY Gollee
HHU3KOW TEPMUYECKOUN YCTONYMBOCTM MaHraHarta Mo CPaBHEHUIO C TMIIOMAHIaHATOM:

2K3Mn04 + Hzo + I/2()2 = 2K2Mn04 + 2KOH

Makcumanbhbiii Bbixox K,MnQ, nocturaercs npu temneparype 190—210°C. Momumo
MaHTaHUTa M rUNIOMaHraHaTa B KayecTBE MPOMEXYTOYHBIX MPOAYKTOB 3adUKCHPOBAHbI
K;MngOy6, K;MnyOg u K;Mn,0,. Tlpu cuHTe3e MaHranaTa us IMPOIIO3UTA B XHAKOH (ase
npouecc nposoaAt B 40%-m pacrsope KOH npu temneparype 150 — 160 °C n NaBJIEeHU U
kucnopona 100 atm. Mpoaykr kpucrananaylor u npomsisaior 60%-m pPacTBOPOM rUAPOKCHIA
Kaaus nipyu temneparype 100 °C.

B 51eKTpOXMMHUECKOM MeTOME CHHTE3a MUPOITIO3NT MCTIO/IB3YIOT B KayecTBe aHona. Ka-
TOACM CIYXWUT >Kejie3Hast TpyOKa, 3yekTpoau3 nposoasart B 90%-m KOH [Ipy TeMmIepaType
200°C. Ha psiae npou3sBoacts aHORHOMY OKMCIEHUIO NoABEPraloT MeTainyeckuii Mapra-
Heu 0e3 NpUMecH Xenesa, PU 3ToM o0pa3yeTcsl cMeCh MePMAHTAHaTa ¥ MAHTAHATA C BbIXO-
nom 80 %. IMosbluras Temnepatypy npouecca u KOHUECHTPALMIO [IEJIOUH, YIAETCH YBEAUYUTD
KOJIMYECTBO MaHraHara.

B KauecTBe okMcIMTesNCH NPU CHHTE3e MAHTAHATOB MOTYT GBITH HCIIOTb30BAHI
NEPOKCUIBI ¥ a3UAbI:

f
BaO, + MnO, = BaMnO,

!
4MnO, + KN, + 7KOH + H,0 = 4K,MnO, + 3NH,1

B ,1aG0paTOpHbIX YCIOBUSIX MAHTAHATHI IEIOUHBIX METAIOB yAOOHO MOJy4yaTh
OKHMCJICHHEM BOZbI IEPMAHTAHATOM B CHJIbHOLIEJIOYHOM pacTBope. J1jist 3TOro mep-
MAHTaHAT MOMEULAIOT B KOHLICHTPUPOBAHHBINH PACTBOP 1LEJIOYM M HATPEBAIOT:

!
2NaMnO, + 2NaOH = 2Na,MnO, + H,0 + ' 40,1
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B kauyecTBe BOCCTAHOBHUTEAA MOXET ObITb UCIIOJIb30BAH aAMHU KAJIUSl B XXKHUIKOM
dMMHAKE:

6KMnO, + 6KNH, = 6K;MnO, + 4NH;T + N,T

MaHraHaTbl TEpMHUUYECKH MEHEE YCTOMUMBDI, YeM runoMaHrasarel: K,MnO, pas-
naraercsa npu 600 °C, BbIgesisi KHCA0POL.

st cuHTE3a MaHTAHATOB pYOUIUS, LIE3Usi U GapUsl UCIIOJIL3YIOT OOMEHHbBIE peE-
aKLUH:

Na,MnO, + Ba(OH), = BaMnO,l + 2NaOH

[Tpu yBeaMUEHHHU CTEIEHU OKHUCJEHUS MapraHila TepMHUecKasl YCTOHYUBOCThb
OKCOMAaHTaHATOB YMEHbIIAETCS, @ UX OKUCIUTEIbHOE NEUCTBUE YCUIMBAETCH, YTO,
HanpuMep, CJieayeT U3 3HAYEHHUI CTAHAAPTHBIX 3JIeKTpOaHbIX NoTeHHanoB. [1pak-
TUYECKOTO 3HAYEHUS] MAHTAHATbhl U THIIOMAHIAHATBl HE UMEIOT, TAK KaK B BOJIHbIX
pacTBOpax JIErKO JUCIIPOINOPLIMOHUPYIOT, AdBasi lepMaHraHaT-HOHBI.

Coeannenns mapranpa(VII). ManuHoBO-(hHONETOBbIE PACTBOPDI, COmEpXallue
repMaHraHaT-uoHbl MnQj, Takxe 0o6pa3yloTcsi pU OKUCIeHUH coiieil mapraHua(ll)
okcugoM cBrHUA(IV), BUCMYTATOM HaTpusi, epcy/ibhaToOM AaMMOHHMSA, HOLHOH KHUC-
JIOTOH U PYTMMH CHJIbHBIMH OKHUCJIUTE/ISIMU:

2Mn(NO3); + 5Pb0O, + 6HNO; = 2HMnO, + 5Pb(NO;), + 2H,0
2Mn(NOs); + 5NaBiO; + I6HNO; = 2HMnO, + 5Bi(NO;); + 5NaNO; + 7H,0
2MnSO, + 5(NH,),S,05 + 8H,0 = 2HMnO, + 5(NH,),SO, + 7H,S0,

DTH peakllMM MPOBOIAT B KUCJIOM cpene, TaK KaK B 3TUX YCJIOBHUSX IEpeHUCIIEH-
Hbl€ BbILLE BELIECTBA B HAMOOJIbIIICH CTENEHU NMPOSIBISIIOT OKUCIUTE/bHbIE CBOMCTBA.

Jlna npoBeaeHus peakuMil conab mapraHua GepyT B HEAOCTATKE, TaK KaK NpU M30bITKE
peareHTa [poOUCXOIUT ETO COMPONIOPLMOHUPOBAHHWE ¢ oGpasyoMmest iepmaHraHarom. Ta-
KMM 00pa3zoM, 3TU TPEBPAIEHHUS HE MOTYT IPUMEHATbCA IS CUHTE3A MEPMAHraHarToB, a
CITYXaT JULb yIOOHbIM aHAJIUTUMECKUM METONOM obHapyxkeHust noHos Mapranua(ll). Tlpu
MCIIONb30BAHUM B KA4E€CTBE BOCCTAHOBUTENS Nepcynbdara TpedyeTcs NPUCYTCTBUE KaTaan-
3aTopa — WOHOB Ag'. MexaHu3M peakuuu 10 KOHLa He U3Y4eH, OAHAKO WU3BECTHO, UTO
JAUMUTUPYIOLIEH CTaIMUEN 3TOro MPOLECCa SIBJSIETCH OKMCIEHUE NMEPCYabaToM WOHOB Ce-
pebpa, BO3MOXHO, B (popMeE KOMILIEKCA:

S,0¢ + 2Agt = 2Ag” + 2S0;"

KOTOPbIE M OCYILECTB/SIOT MOCAEA0BaTeNbHOe okucaeHue mapradua(ll) no nepmanraHara.
AHajlorMuHo nepcyabgary pearupyer nepokcodocdar P,Of .

IMepmaHranarbl AWTHS, HATPUSI, KalibLMs U CTPOHLMS CUJIBHO TMIPOCKOIMUYHbI U 00pa-
3yI0T pAn KpucTaoruaparos, Hanpumep LiMnQO,- 3H,0, NaMnO,- 3H,0, NaMnO,- H,0
(puc. 5.35).

PactBopumoctb (uncno rpammoB 6e3BogHoi conv B 100 r BoAbi) HEKOTOPbIX MEPMAHTaA-
HaToB npu temnepatype 20 °C cocTaBisier;

.. 325 Ca(MnQy),
.................................. 59,0 Sr(MnQy),
.................................... 6,4 Ba(MnO4)2
1,1 NH,;MnO,

T 03 Y e T

* Tlpn temneparype 11°C.
** Tlpu temneparype 15°C.
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Pyc. 5.35. ®a3oBas nuarpamMma cucTeMBI NaMnQO,—H,0

PaCTBoleMOCTb [IepMaHraHaToOB LLIEJOYHEBIX METAJLIOB yOBIBaeT C POCTOM pa3Mepa KaTu-
OHa, COJb IUTUSA ABASICTCSA UCKITIOUEHUEM.

[lepMaHraHaT aMMOHMSI HAUMHAET PAIATATHCS yXe npu teMneparype 70 °C, a npu yaa-
pe Wi HarpeBanuu Ao 110 °C B3pbiBaeTcs*:

2NH4MHO4 = 2Mn02 + 4H20 + NzT

IlepMaHraHaT pyOGuaus nNpy HarpeBaHuy BedeT ce6st Tak Xe, KaK KanuiiHas conb. Ilpo-
Ka/IMBaHWe TMApaTa NepMaHraHarta KajlbUust IPOXOAUT Yepe3 CTaIuu OTLIeIeHY ST KpUCTan-
JIM3AUMOHHON BOAbI M TOCIEAYIOIIETO padIoXeHus comy npu 200°C ¢ oluieit norepeit
MacCCbl, COOTBETCTBYIOIIEH 0OpasoBanuio winvuHenn CaMn,0,. bapuesas cosp paszJaraeTcst
npu 220 °C.

CuHTe3 NepMaHraHatoB B 1abOpaTOpUM NMPOBOAAT OKHCIEHHEM MaHIaHATOR XJI0pOM,
OpOMOM MM NEpUOATOM B LLIENOYHOI cpefe:

2K2Mn04 + C12 = 2KMnO4 + 2KC1

Peakuuu npotekaior konuuectBenHo. U3 CWJIbHOKOHIIEHTPHPOBAHHBIX PACTBOPOB Cpa3y
BbINANAIOT KpucTajuibi. OKUCIEHHE MAHIAHATOB B [LIEJOYHBIX pacTtBopaX uoHamu ClO~ wnu
H,;10# Bmouaer AUCTIPOTIOPUMOHUPOBAHKE:

2MnOj- = MnOj}- + MnO;
¥ OKMCNIEHWE BO3HMKAIOIETO MMIIOMaHIaHaTa;
MnOj-+ H;10¢" = MnOj; + 105 + 30H-
OkuceHre 030HOM He HAXOMMT MPAKTHYECKOTO [PUMEHEHUS:

2K,MnO, + 05 + H,0 = 2KMnO, + 2KOH + 0,1

* Kotai L., Szabo P., Keszler A. // Thermochim. Acta. — 1999, — V. 338, — P. 129.
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K ApyruM MerogaM CUHTE3a OTHOCAT AMCTIPONIOPLHOHUPOBAHWE MAHTAHATOB H
0OMEHHbIE peaKIUA MEXIY COJISIMH:

KMnO, + NH,Cl = NH,MnO,*| + KCI
AgMnO, + NaCl = NaMnO, + AgCll
TakuM xKe criocobom yaaeTcst oJay4HTh pacTBOPbI MapraHuesoi kuciaorel HMnO,:
Ba(MnO,), + H,SO, = BaSO, + 2HMnO,
2KMnO, + H,SiF = K,SiFgl + 2HMnO,

MapraHueBaﬂ KHUCJIOTA B YUCTOM BHUIC HC MMOJYYCHA. OHa OTHOCHTCST K CUJIBHBIM
KHUCJIOTaM, [MO3TOMY IepMaHraHarbl LICJIOYHbIX MCTAUIOB NMPAKTHYCCKH HE THAPO-
JIN3YIOTCA. Pa30aBjieHHbIE CBEXEIIPUTOTOBIEHHbIE BOAHbIE PACTBOPHI MapFaHuCBOﬁ
KUCJIOTbl MOXHO Harpesarb 4O KHUIICHUSA 0€3 3aMETHOTO Pa3I0XKCHHsI. OgHako nmpH
IJIUTEJIbHOM XpaHEHWUM OHHM IMOCTEIICHHO paclalarorcsi ¢ OCAXACHHEM Mn02 %
BblACJIEHUEM KHCIOpOOA:

4HMnO, = 4MnO,l + 30,1 + 2H,0

Ionnoe paziaoxenne 0,3 M pactBopa HMnO, npy KOMHAaTHOM TEMIEPATYPE TPOUCXO-
JMT 32 ABa MecALA. BoillapyBaHUeM MONYyHeH HACHILEHHBIA npy Temnepartype 18 °C pactsBop
KoHueHTpauueit 1,4 moas/n (17 r B 100 mu pactBopa). PacrBopeHHeEM MapraHuUeBOrc aHrua-
pHaa B BOIE NOCTUTHYThI KOHLEHTPAU MU KUCAOTH 10 20 %. T1pu molbiTKax BbiAEAEHUS TBEPAOH
KMCJIOThI BBIMOPaXUBaHMEM PacTBopoB noyueHsl Kpuctamib (H;0),[Mn(MnOy)g} - 11H,0,
B COCTAB KOTOPbIX BXOMSIT aTroMbl MapraHuya B PasHbIX crereHsix okuciaeuus: Mn(IV) u
Mn(VID**. TemHo-(UONETOBbiE TMTPOCKOMMYHbIE KpucTaiibl avruapata HMnO,- 2H,0,
nipeacTaBasome coboit okconnesyio conb [HsO,1 [MnO,]-, nonyuens nobasnennem 0,3 M
cepHoit kucnothl K 0,3 M pactsopy Ba(MnQ,), npu temneparype Huxe 1°C ¢ nocneny-
IOIMM YIaJeHMeM M30bITKA Boxbl M oxnaxiaeHuem cmecu po =75 °C***. Tlpn komuaTHoOM
TeMIepaType BEIECTBO PA3NaraeTcsl B TEUEHUE HECKOJbKUX MUHYT.

Cosin MapraHieBoOM KUCAOThl — OTHH M3 BaXXKHEHIINX HEOPraHUYECKHX OKHCJIH-
Tesiel, aKTUBHbIE B TBEPIOM (ha3e H 1abuibHble B pactBope. C UX [TOMOLLbIO MOXKHO
OKMCJWTb MHOTHE OPraHWYECKHE H HEeOpraHMuyecKue BeulectBa. Tako# LIMPOKHIH
CIEKTpP ACHCTBHUSI 0OBSCHSETCS CJIOKHBIM MEXaHU3MOM OKHCJIEHHSI, BKNIOYAIOUIUM
HECKOJIbKO MapajliejibHbIX MMyTeil, XOTsi 6bl OOUH M3 KOTOPbIX MPAaKTHYECKHU BCETAa
OKAa3bIBAETCS BO3MOXHBIM, 4 BbICOKAsi CKOPOCTb MPOTEKAHHUS [IPOLIECCOB OOYCJIOB-
JleHa HU3Koi 3Heprueit akruBaynu — ot 21 no 42 xx/monb. Hanbosee cuiibHbIC
OKHUCJIMTENbHbIE CBOMCTBA [IEpPMAaHTaHAT- MIOHbI TIPOSIBASIIOT B KMCJIOTHOM cpele, rae
OHHU BOCCTAHABIMBAIOTCS A0 HOHOB Mn?*:

MnOj + 8H' + Se- — Mn? + 4H,0; E° = 1,51 B (pH 0).

B HeliTpalbHOU M C/1a0OILEJOUHON Cpele epMaHTaHaT-noHbl BOCCTAHAB/INBA-
I0TCSI 4O OUOKCHAA MapraHpa, BbHIAAAIOIEro M3 pacTBOpa B BUAE Oyporo ocauka:

MnO; + 2H,0 + 3¢ — MnO, + 40H-; E° = 1,15 B (pH 7).

* QcaxaaeTcst Mpy OXNaXACHUN.
** Krebs B., Hasse K. D. // Angew. Chem, — 1974. — V. 86. — P. 647.
**% Frigerio N. A. //J. Amer. Chem. Soc. — 1969. — V. 91. — P. 6200.
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Puc. 5.36. DnekTpoHHbIe cneKTpbl MOTOIEeHUst pacTBopa nepMaHranara Kanus (1) u npo-

AYKTOB €10 BOCCTAHOBJICHUS, BKIIOYast MPOMEXYTOUHbIE coeuHeHHs: MnO3Z- (2), MnO;- (3),

MnO,- aq (komtonansiii pacteop) (4) — npu temreparype 20 °C (KOHLUEHTpaLusi pacTBopa
0,2 MMonb/n)

B CHibHOLIETO4HOM cpeae (pH > 12,5) o6pasyotca M3yMpyaHo-3eeHble MaHTra-
HaT-HOHbI, ycToilyuBbie ipu pH > 14:

MnOj + e — MnO}; E° = 0,56 B (pH 14).

XOTsl MEXaHW3Mbl MHOTUX PEAKLMi C Y4aCTHEM MEePMAHTAHAT-HOHOB ObUIH TIPEAMETOM
TLIATEILHOTO M3Y4€HHUs, ONHO3HAYHOTO BHIBOAA O MPOTEKAHUM MPOLECCOB CAENaTh He yaa-
eTcsl. MexaHuM3M BOCCTaHOBIEHUS EPMAHTAHAT-UOHOB BKJTIOUAET HECKOIbKO craguit, npen-
CTaBIISIOIIMX COOOIH OMHO- M ABYX3NEKTPOHHBIE MEpeHoCHl. B KauecTse MHTepMenuaTa B Liie-
JIOYHOM Cpe/ie MPAKTHYECKH BCETNIA YAAeTCs 3apUKCUPOBATh TMIOMAHTAHAT-UOHbI, JAIOLIUE
CHTHANbI B CNIEKTPE JNEKTPOHHOTO NMAPAMAaTHUTHOTO PE30HAHCA M XAPAKTePHbIH 3JIeKTPOH-
HbIA criekTp (puc. 5.36). ’

TpuBenem npennonaraembiii MEXaHU3M PEAKIIMK B3aUMOACHCTBUS NepMaHraHarta ¢ Cyjib-
durom mpu pH 9*. Ha nepBoit cTazguu npouecca npoTeKaoT ABa NapamieibHbIX BHeLIHe-

chepHbIX OHOIEKTPOHHBIX MEPEHOCA, MPUBOISIINX K OKUCIEHHUIO CyJb(HUT-UOHA 10 CYJIb-
¢dara:

MnO; + SO} - MnO}~ + SO;
MnO; + SO3 + 20H" — MnOZ + SO + H,0

OGpasyoluiicss MaHTaHaT-HOH SIBASIETCA Gojee ciaGhiM W Gosee MEIUIEHHO JEHCTBY-
IOIIMM OKMCIUTENECM, UEM NEPMAHTAHAT, [IO3TOMY OH YCNEBaeT npetepreTh TUCIPONOPIH -
OHMPOBaHUE, KOTOPOE IPUBOAUT K 0OPa30BaHUIO TMITOMAHTAHATA:

2MnO{— MnOj; + MnO}

I'MnomaHrasar B CBOI OYEpPEXb TAKKE MUCTIPONIOPLIMOHUPYET HA MEPMaHraHaT U IUOK-
CHI MapraHua, KOTOPbIii CHavyana o0pa3yeT KOUIOWIHbIA PACTBOP XENTOTO [BETA W JIMUIb
CIIyCTS HEKOTOPOE BpPEMS OCAXKAACTCS:

3MnO{~ + 4H,0 — 2MnO,-aq + MnOj; + 8OH-
MnO,-aq - MnO,l
CyMMapHoe ypaBHEHHME UMEeT BUA
2MnO; + 3807 + H,0 — 2MnO,l + 3S0% + 20H-

* Simandi L. 1., Jaki M.,. Savage C.R., Schelly Z. A. //J. Amer. Chem. Soc. — 1985. — V. 107. — P. 4220;

1984, — V. 106. — P. 6866.
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BoccraHoBieHye NepMaHraHaToM Cyab(uTa B KUCIONH CPeae NMPOTEKAET YePe3 HHTEPME-
anathl — coeanHerua mapradua(lll). Mx ynanocs crabunusuposarts B Buae K,[MnF;SO,] n
K,IMnF;}, BBoasi B pactBop GTOpUI-HOHBI*.

C opraHuM4yecKMMM BELIECTBAMM, HaNpumep cnupramu u ojnedpuHaMH, MepMaHraHar-
WOH B3aMMOAEHCTBYET MO BHYTPUCKHEPHOMY MEXAHWU3MY 4YEPE3 XEJaTHbIH LMKJ, BHYTpH
KOTOPOTO M TIPOUCXCAMNT ABYXIJIEKTPOHHbIH nepeHoc. JanbHel i MeXaH3M OIpeesieT-
¢ 3HaueHvem pH pactBopa. B cunbHouienouHoit cpene manradart(V) 10CTaTOUHO YCTOMUMB
K JMUCTIPOTNIOPLIMOHUPOBAHUIO, MOITOMY OKMCJEHME TPOUCXOAMT oA AEHCTBMEM ApYyroro
nepMaHraHar-voHa. B cpenHemenouHbix, HEHTPadbHbIX U KMCIOTHBIX pacTBOpaX NpoTeKaeT
aucrponopuvMoHupoBaiye. KoHeuHbiil IPOAYKT peakuuu — auos — oOpasyeTcd B pe3yiib-
Tare TMAPOJIN3a XEJATHOTO KOMIUIEKCA, 8 MAHTaHAaT-UOHbBI, AUCIIPOIICPIUCHUDYS, NMEPEXo-
JAT B IMOKCUI MapraHpa**.

N

O\ /O
M ni
O o

pH 14| Mno;
OKMC/IEHHE

pH 10
JNCIIPONOPLMOHUPOBAHNE

i S+ N
O&Mn%o 04 n%o 7O/Mn o
ano
OH OH

K HepocTaTkaM MepMaHraHaToB KakK OKMUCIMTENEH CAEAYET OTHECTH HEBO3MOXHOCTb UX
MCTIC/Ib30BaHMs B OpraH MYECKUX PacCTBOPUTENSIX M3-3a HU3KOI PACTBOPUMOCTH B MaOIo-
AspHoit cpene. OaHAKO 3TC ynaeTcs NPeoaoieTh NPU UCTIONb30BaHUU MexX(ha3HOro Kartaiu-
3a, Hafpumep a06aBsist KpayH-3dupbi (CM. T. 2, ¢. 46).

[pu geficTBUM Ha MOAKUCIeHHbII pacTBOp IepMaHraHaTa Kajus pasHbiX BOC-
CTAHOBUTEJIeH MPOUCXOINT €ro obeclBeyuBatue:

10FeSO, + 2KMnO, + 8H,80, = 5Fex(SO,); + 2MnSO, + K,SO, + 8H,0
5H,0, + 2KMnO, + 3H,S0, = 2MnSO, + 50,1 + K,SO, + 8H,0
5H,C,0, + 2KMnO, + 3H,S0, = 2MnSO, + K,SO, + 10CO,T + 8H,0

* Bhattacharyya C. // J. Chem. Soc. Dalton Trans. — 1993. — P. 4397.
** Lee D.G., Chen T. // ). Amer. Chem. Soc. — 1989. — V. 111. — P. 7534,
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Peakuus okucieHus nepokcuaa Bogopona SABISETCs KonebaTebHOM 1 NPOTEKAeT C yda-
CTHeM CBOGOIHBIX paaukaioB. B npucyrcrauu ¢$ocdopHOIT KUCTOTBL peakums CONPOBOK/IA-
€TCA IEPUOANYECKMMH U3MEHEHUSIMU OKpPacku OT PO30BoH 10 (UoneToBoi*. B3anmomeii-
CTBUEC NlepMaHraHaTa xajua C IUABENeBOH KMCIOTONH MCIIONb3YETCA B TMTPUMETPUM. DTa
PeaKuMsA MOXET ObITh YCIOBHO pasjeNieHa Ha aBe CTamuu, pasivyalomuecd o CKOpPOCTH
NPOTEeKaHUs1 U XapaKTepy NpoLeCcCOB.

Ha niepBoii crammu npomcXozuT BOCCTAHOBICHME NEPMaHTaHAT-MOHA 10 NPOMEXYTOU-
HOTO OKcanaTHoro KoMiutekca Mapraua(ll) npeanonaraemoro cocraBa [Mn(C,0,);]>:

MnO; +4Mn? +15C,07 +8H* = 5[Mn(C,0,); " + 4H,0

HWHTEpECHO, YTO 3TOT NMPOLECC OCYLIECTBUM C 3aMETHO CKOPOCTBIO JMILIb B IPUCYT-
CTBUM MOHOB Mn?, KOTophle NEpBOHAYATBHO MOTYT conepXaThCsi B HEOONBIIOM KOJINde-
CTBE B BUAC NpUMECH B NEpMAHraHate, a BIOCIENCTBUM 0OPa3ylOTCA Ha BTOPON CTaanu
fpouecca. TaknM 06pa3oM, CKOPOCTE NPOTEKAHMSI IEPBOH CTATMM CYLUECTBEHHO BO3pacTaer
T Mepe NPOXOXKAEHUs PEAKUNH 32 CYET TOTO, YTO OXMH M3 NIPOAYKTOB PeaKuMy BBICTYIIAET
B KaUeCTBE peareHTa — TakKWe NPOLECCHl Ha3bIBAIOT agmoxamasumuueckumu. Ecin nepen
Ha4a/loM peakuny K UCXOZH@MY PacTBOPY NepMaHraHarta Kanus moGaBUTh M3GBITOK dbro-
PHI-HOHOB, CBA3BIBAIOLIMX MOHB MapraHua(Il) Bo ¢TopuaHblil KoMIieke, To npu 1o6as-
JIeHN M ABENIEBOH KUCITOTHI OGecuBEYMBaHe He HalbIoaeTca — peakums NpaKTUUYECKH He
MPOTEKAET.

Bropas cramus 3akiiouaeTcsi B BOCCTAHOBIEHMM KOMILIEKca mapradoa(I1l) v okucne-
HUY oKcajlata A0 YIIEKUCIIOro rasa;

2Mn* + C,07~ = 2Mn?* + 2CO,T

OnHo3Ha4yHOe OGBSICHEHUE 3TOTO Npouecca IoKa He nonyyeHo. M3BecTHo, Yto paspeis
ca3n C—C B okcanar-uoHe, NPUBOIA NI K 00pa3’oBaHMIO YITIEKUCIIOTO ras3a, [POUCXOTUT
TOMOJINTUHECKH, T.€. 110 PAIUKAIBHOMY MEXaHU3MY, OJHAKO COCTaB 0Opa3ylommxcs panu-
KaJIoB (UMW MoryT 6biTh *C,0;, *CO5) TouHO He YCTaHOBJIGH**,

CoenviHeHHA TeXHEUHS M PeHHS B BHICOKHX CTeMeHAX OKHCJICHHS. Hns texne-
unsi(VII) u penus(VI) n3BeCTHB COEAMHEHHS, aHATOTMYHBIE COCAMHCHHUSIM Map-
TaHya, OJHAKO B OIMYHME OT [IEPMAHTAHATOB OHU SBISIOTCH CNA6BIMI OKUCIUTEISMI.
Bouiblume aToMHBIE pagrychl 06yCIOBINBAIOT CYLLECTBOBAHIE OKCOAHHOHOB C KOOp-
AVHALMOHHBIMU YHCAAMHU 5 M 6, HATOMUHAIOLMX COOTBETCTBYIOLIME MePHOLATHI.

I[py B3aMOLEHUCTBUM BBLICIUMX OKCUAOB ¢ BOLOM 00pasyIoTcst paCTBOPHI TEXHE-
uuesoit HTcO,4 u pennesoit HReO, kucior. TMpenapatuBHEIMU METOAAMH CHUHTE3a
CJIyXaT TaKXe OKHUCJICHHE META/UIOB WM JUOKCHIOB NEPOKCUIOM BOLOPOLA:

2TcO; + 3H,0, = 2HTcO, + 2H,0
a30THOM KuCJIOTOIA: ' '
Re + 7THNO; = HReO, + 3H,0 + 7NO,T
XJIOPHOI BOIOM: '
2Re0, + 3Cl, + 4H,0 = 2HReO, + 6HCI

* Nagy A., Triend! L. // Nature. — 1986. — V. 320. — P. 344, :

** Malcolm J. M., Noyes R. M. // J. Phys. Chem. — 1952. — V. 74. — P. 2769; Powell R.T., Oskin T.,
Ganapathisubramanian N. // J. Phys. Chem. — 1989. — V. 93. _ P. 2718; Pimienta V., Lavabre D., Levy G.,
Micheau J. C. // J. Phys. Chem. — 1995. — V. 99. — P. 14365.
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Hepmaneanam Kaaun

[TepmanraHaT Kajiusi npeacrapiasier o060l (HUONETOBO-UepHbIe OJECTSILLINE TUT-
POCKOTNUYHbIE KPUCTAILJIbI, PACTBOPUMBbIE B BOJE € OOPa30BaHHMEM SIPKO OKpaLIeHHbIX
MaJIMHOBbIX pacTBopoB. HachilieHHbLIH pacTBOp 3T0i coau (pactBopumMoctb B 100 T
Boabi: 6,4 r nipn temneparype 20°C, 22,2 r npu 60°C; puc. 5.37) nouru 4epHOro
uBeta. B KpucrainnyeckoM nepMaHranate KMnQO, atomMbi MapraHuya pacrnosaratorcs
B IIPaBUIbHbLIX TeTpasapax [MnQ,} ¢ mexatoMHbimMu paccrosiiusimn Mn—O 0,162 —
0,163 um 1 yrnamu O—Mn—0 108,9— 111,0°. CBsa3u Mn—O KoBasieHTHbIE. [TepmaH-
raHar Kajivsi u3omMopdeH nepMaHraHataM pyouaus, 1e3usi, aMMOHMsI, a TAKXKE Miep-
xnopataM Kanus v taums(l), cynbgaram 6apus u CTpoHuMA, XpoMmaty Gapus, MeTa-
nepuopary v tetpadropodopary Kajivs. UHTEPECHO, YTO OH HE 00pa3yeT CMELIAHHbIX
KPUCTLIOB ¢ MepMaHTraHaToM HaTpus. HeaaBHO NojiydeHbl KpUCTAL1bi MaHraHara-
nepMaHranara kajauss K;Mn,QOg*.

[Tpu HarpeBaHMM TepMaHTaHAT pa3Jaraercsl ¢ BbiAEACHUEM KUCIOPOaa:

o

220
2KM1’104 —_— Kle’lO4 + Ml’lOZ + OzT

Xo/ pa3noxeHus npeacraBieH Ha pyuc. 5.38. Meroa u3ydeHHUst U3MEHEHMSI MacChi
BELIECTBA MPU HArpeBaHUU Ha3biBAIOT MepMOSPABUMEMPUYECKUM QHAAU30OM, 3 TIpe.-
CTaBJIEHHYIO Ha puc. 5.38 KpUBYI0 — depusamozpammoil.

[Tpu Temneparype Bbitire 100 °C nepMaHraHaT KajiMsi BOCCTAHABJIMBAETCS BOAOPO-
JIOM:

10KMnO, + 10H, = 5K;MnO, + 5MnO, + 10H,0

Cumecu KMnO, ¢ cepoit, dpocdopoM, MbLILLBIKOM, CYPbMOH, NMOPOLIKAMU KpEM-
HMs1, ATIOMUHUS, TUTAHA MPU pacTUpaHUM WJM HArpeBaHWUM 3aroparorcs, [pU co-
MPUKOCHOBEHWM KPUCTAJUIOB MNEPMAHTaHaTa ¢ XUAKON CepOd IPOUCXOAUT B3pbiB.
CMECh TOHKO M3MEJNbYEHHOTO NOPOLIKA YIIEPOAa € NEPMAHTAHATOM MOXET CIIyXHUTb
IJIg 3aXuraiuvs. Bce 310 CBUAETENBCTBYET O BBICOKOM OKMCAWTENbHOW aKTMBHOCTH
nepmaHraHata. B BogHbiX pacTBOpax OH JIETKO OKUCIISIET CYALGMUTDI, CyabOUAbI, MOAU-
Jibl, OKCalaTbl ¥ MHOTHE APYTME TUIIMYHbIE BOCCTAHOBUTEJMU, a TAKXKE OPraHUYECKUe
BewlecTBa, coaepxawme cBazn C=C, C=C, C—OH, C=0.

[Tpu pacTBOpeHMH NEepMaHraHaTa Kajus B oJieyMe 0OpasyeTcs 3ejIeHbiil pacTBoOp:

KMnO, + 3H,S,0, = K* + MnO$ + HSO; + HS;055 + 2H,S0,

13 KOTOPOTO yepe3 2 — 3 4 BbiAENsIeTCs KUCaopon M Bhinagaetr MnO,. PactBop KMnO,
B a30THOW KUCJIOTE UMEET MHTEHCUBHbIN KPACHbIM 1{BET, U U3 HETO TaKXe IMOCTENEH-
HO BbINIALAET OCAN0K JMOKCHUA. DTUM MMONb3YIOTCS IS [TONYyYEHUS YACTOTO UPOSIIO-
suta. [Ipn oGpaGorke nepManraHarta Kaiust ¢ocdopHoil kucaotoit (95— 100 %) Bbi-
aeasercs Mn,O,. C 6essogHoit riasukosoil HF v dropcynsdonosoit kuciaoroit HSO;F
nepMaHraHat AaeT 3eJIEHbI PacTBOP M Mapbl 3eJeHOTO LBETA, U3 KOTOPbIX BbiAeieH
3eneHblii MnOsF. MHTepecHO, 4TO mepMaHraHaT KajvMsi He pacTBOPUM B XKUAKOM
XJIOpoBOAOpoae, XOTs razoobpadnbiii HCl unu ero BogHbIH pacTBOpP JIETKO OKUCIS-
I0TCS. UM 10 CBOOOJHOTO XJIopa.

[Tpu remneparype 40 °C nenradbTopua voaa B3anmoaeiicrayer ¢ KMnO, kak ¢ro-
PUPYIOLINU areHT:

KMl’lO4 + IF5 = MnO3F + IOF3 + KF

* Hursthouse M. B. // ). Chem. Soc. Faraday Trans. — 1992. — V. 88. — P. 3071.
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Puc. 5.37. KpuBas pacTBOpHMOCTH MeEp-

MaHTaHaTa Kajus B BoAe (KOODAMHATHI

3BTEKTUKU: [KMnQ,] = 2,91 mac. %; Tem-
neparypa —0,58 °C)

80

Temnieparypa, °C
P (=2
(=1 (=2
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O 1 1

Coaepxanne KMnO,, mac. %

[Tepmanranar kaausi KaTaJlM3UpYeT TEPMUYECKOE PadIoXeHHE XIopaTa Kaius u
nepxjopara aMMOoHHMs. biaronaps cUJIbHBIM OKUCIHMTEIbHBIM CBOUCTBAM OH MCIIOJIb-
3yeTCsl KaK OKUCJIMTEb MIPU OYUCTKE BOJBI M BO3AYXa, CIAYXHUT 3PGEKTHBHBIM aHTH-
CENTHKOM B (hapMaKkoJIOTUH, PEareHTOM B aHAJTMTHYECKOH M OPTaHUYECKON XUMMUH.

100 \—\“ ]
Hauvano
PalIoXeHHs
180 °C
951
MakcnmanbHas ——{Eepaaﬂ cragus: 2KMnOy — KoMnO4+ MnO,+ 0,
CKOPOCTh
PalIoXeHUs
& ©
™ 90} 260 °C
35
8
=
& — 7 Bropasa cramus:
g 851 3K2Mﬂ04—~)2K3M1’104+M1‘]02+02
= 2Mn02-+Mn203+1/2 02
——
80} Tpetbs cTagus:
2K3Mn04 —> KﬁMﬂzO(, + 02
3M1‘1203 —> 2Mn304 + ]/2 02
75 e L 1 - 1 ) Il 1 1
0 200 400 600 800 1000 1200 1400 |
Temneparypa, "C
Puc. 5.38. KpuBas notepu Macchl Npy pasiokeHUH MEPMAHTAHATA KAJTUS HA BO3IYyXe
(cxopocTb HarpeBaHus 10 rpaa/MuH)
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[MepMaHraHaT Kanus CUHTE3UPYIOT SJEKTPOJIHTHYECKUM OKHMCICHMEM MAaHTaHaTa
K,;MnO, B LI€J04HBIX PACTBOPAX H/IM AHOAHBIM OKUCJIEHUEM MapraHia M ero cnJja-
BOB:

DI TOK
2K;MnO, + 2H,0 —— 2KMnO, + 2KOH + HZT

Jlns ycTpaHeHus katogHoro BocctaHorleHus KMnQ, npotiecc npoBoasT ¢ aua-
dparmoii. Mcxonusiii pactBop conepxkut 150 —250 r/n K;MnO, v 100—250 1/ KOH.
B Teuenue 10— 40 u npu remMneparype 30— 65 °C okucasercs 70—95 % K,;MnO,.

AHOIHOE OKHCJIEHUE (peppoMapraHia MpoTEKAET 110 YPABHECHUIO

31, TOK
Mn + OH" + 3H,0 ——— MnOj + 7/,H,T

B npouecce 3/1eKTpo/in3a NepMaHraHaT-noHel 00pasyloTcs Ha aHoze.

IMpy vcnons30BaHMM pa30aBIeHHBIX PACTBOPOB ILUEJIOYM WM MOTALla NPOUCXO-
OUT oOpaszoBaHMe MepMaHraHara kajlus, TOrga Kak MPU BHICOKUX KOHLEHTpapHuax
Hienoun Bbieasercs manraHat KoMnO,. Tpu oxnaxaenuu pacteopa ¢ pH 7,5—10,
HacwimeHHoro npu TeMmnepatype 60 °C, BeimagaoT kpuctamisl KMnO, pasmepom
10 4 MM. Bcerga npucyTCTBYyOLMi B BOAHBIX LIEJTOYHBIX pAaCTBOpAx rNnepMaHraHarta
OMOKCMIL MapraHua KoaryJyMpyioT BBeaeHueM a0 1 % MoBepXHOCTHO-aKTMBHOIO BE-
LIECTBA Y TEM CaMBIM CTaOMIM3UPYIOT 3TH PACTBOPbLL. AHUIUTUUYECKH YUCTbIA NPO-
OYKT MOJIyyaloT ABOHHOM NepexpucTaim3aumei.

MenjieHHOE MclapeHue BOJHOTO PAcTBOPA TEXHEHMEBOH KMCJOTHI MPUBOAMT K TEMHO-
kpacHsIM kpucTaiam coctasa HTcO, HeusBecTHOro ctpoeHus. M3 pacTtBopoB pEHUEBOH
KUCJIOTHI BolaeIeHsl KejaToBarsle kpuctamsl Re,05- 2H,0 u HReOy4- H,0. ivruapar npen-
cTaB/igeT co60il THIPATUPOBAHH bIE MOJIEKYJ/Ibl PEHUEBOTO AHTMAPHAA, COCTOSALLNE U3 TETPA-
anpa [ReO,] v oktasnpa [ReOg)|, coennHeHHbIX 0bLiei BepliMHoii*. MoHoruapar HReO,- H,O
noctpoeH u3 Terpasapudeckux Mosiexkyl HReO,, Mexay xOTOpsiMM HAXomsiTCAd MOJIEKYJIbI
BO/bI, YIEPXKUBAEMbIE CUCTEMO BOLOPOIHBIX CBA3EH** (puc. 5.39). Kpuctasisl 6e3BogHOMU
xucjaorsl HReO, He noaydensl. Mosexkyiast HReO, ycToituuBel B mape, Mpu KUINAYEHUH
KOHII€HTPHMPOBAHHBIX PACTBOPOB KMCJ10TA YaCTUYHO YJIETYYUBACTCS.

TexHeluenas U PeHUEBAas KUCJIOTbl MONOOHO MApraHLEBOM IMPEACTABAOT CO-
60l CHJIbHBIE OMHOOCHOBHbIE KMCJIOTHI: UX KOHCTAHThl JAMCCOLMALIMKA B HEBOAHBIX
pacteoputensx (-9 < pK, < —-8; HReO, Heckobko cuiabhee HTcO,) cpaBHUMBIL C
HBr; B pa30aBjieHHbIX BOAHbIX PACTBOPAX OHU MOJHOCTBIO TUCCOLMHUPOBAHBI.

C akTuBHbiMM MeTalamu (Mg, Zn, Fe) Kuciorbl pearupyior ¢ BblACAEHHEM
BOJOPOAA, @ MPU B3AMMOAEHCTBUM C OKCHMAAMU, TMAPOKCMAaMM, KapOGoHAaTaMu
06pasyior conu. epTexHeTaThl ¥ TIEPPEHAThl MHOTMX METAJLIOB YCTOMYMBbL U BbI-
JejieHbl B KPUCTALINYECKOM BUje. MU3BECTHO HECKOJIBKO TUIOB coieil, 06pa3o-
BaHHBbIX TeTpasapuyeckumu aHmoHamu MO; (Hanpumep, MeTareppeHaT HATPUS
NaReO,), annonamn MOZ™ ¢ dopmoii TpUroHaabHOM OUNMpaMUABL WK KBApaT-
HO# nupaMuabl (mesoneppeHaT HaTpust Naz;ReOs) U okTasapnuecKUMU aHMOHAMMN
MO¢- (oproneppenat Hatpusi NasReOg), KoTopbie YaCTO U3OCTPYKTYPHbL OPTONE-
puoaaTam.

* Beyer H., Glemser O., Krebs B., Wagner G. // Z. Anorg. Allg. Chem. — 1970. — Bd. 375. —S. 87.
** Wischek G., Svoboda 1., Fuess H. // Z. Anorg. Allg. Chem. — 1993. — Bd. 619. — S. 1679.
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Puc. 5.39. CtpoeHue ruaparos:

a — modekyna Re,0;- 2H,0; 6 — kpuc-
Tajundeckas pewerka HReO,4- H,O (ato-
_Mbl BOJOpOa HEe 1OKa3aHbl)

Meso- u opTodopmb cosieii MOTOGHO aHATOrMYHBIM MEPUOAATAM [OAYYAIOT He
M3 pacTBOPOB, d CIUIABIEHUEM C OKCHIAMHU METALIOB!
1000°C
Ba(ReO,), + 4BaCO; ————— Bas(ReOy), + 4CO,
500°C
NaTcO, + Na,0 —— Na;TcO;

CrieKTpbl MOTNIOUIEHHUA BCEX TPEX HOHOB MO; (M = Mn, Tc, Re) cxonHbl, Tak
Kak oByCloB/IeHbl MIEPEXOIOM 3JIEKTPOHA C OpOUTAlIeH, JIOKATN30BAHHbIX HA ATO-
Max KMCI0poaa, Ha opbutanu Metauia. MHTeHCHBHAs OKpacKa pacTBOPOB MepMaH-
raHaTa Bbi3BaHa TEM, YTO MOJIOCA MEPEHOCA 3apsila YACTUYHO M0MAaAaeT B BUIUMYIO
0061acTbh CMeKTpa, a y MepTeXHeTata M MeppeHaTa OHA MOJHOCTHIO HAXOAWTCH B
YJIbTpapMOIeTOBON 001ACTH, MOITOMY OHM GECLIBETHBI. UnHTtepecHo, uto Mnosioca
TIOTJIOLIEHMUSA NEPTEXHETAT-UOHA paCloiaraeTcsi oueHb OIM3KO K Kpalo BUAMMOI
obnactu. [losatoMy gaxe HeGosblIMe MCKAKEHHs Terpasapuyeckoro noHa TcOy,
KOTOpbie HEM30EXHO CYIECTBYIOT IPU TECHOM B3aMMOAEHCTBUM MOHOB B KPUCTAI-
JINYECKOH PELIETKE WM KOHLEHTPUPOBAHHOM pACTBOPE, NPUBOAST K TOMY, UTO
Kpai I1010Chl 3aXBaThiBaeT PUONETOBYIO YAaCTh BUAMMOM OBNACTH, 3THUM M OObsAC-
HAETCH KpacHbIM LBET Kpuctamindeckoi kucinoret HTcO, u kpacHO-KopuuHeBas
OKpacka HeKOTOpbIX ee coeii (puc. 5.40).

B oTinuue oT MoHa mepmaHraHaTa mepTexXHeTaThi M MeppeHAThi YCTONYMBbI B
LIIETTOYHBIX PACTBOPAX M XApAKTEPHU3YIOTCA CAOBIMU OKMCIUTEALHBIMU CBOICTBAMM.
Tak, Mpu aeiicTBUM Ha MX MOAKUCIEHHbIE PACTBOPbI CEpPOBONOPONIA BbIIAAAIOT Yep-
Hble 0CaJKH BBICLIUX CYJIb(PHAOB:

2NaReO4 + HzSO4 + 7st = Rezs7~l/ + Nast4 + 8H20

Has npenapaTMBHOTO MOAYYEHUS cyAb(ULOB BMECTO CepoBOAOPOAA YI0OHO MCNOIb30-
BaTh TMOCYAbdaT HaTpusa Na,S,0;:
2KRCO4 + 7N325203 + H2504 = Rezs7~L + 7Nast4 + KzSO4 + Hzo

renTaCyﬂbel/l}lbl IU1IOXO paCTBOPMMDbI HE TOJIBKO B BOAC, HO UM B 1IEJ0YaX U HEOKUCAA-
IOLIMX KUCAOTax. A30THas KHMCJIOTa NMEPEBOAWT MX B TEXHELIMEBYIO U pEHUEBYIO KUCAOTHI. ﬂpI/I
Harp€BaHWW Ha BO31yxe Cyﬂb(bl/lﬂbl Cropaiot:
t
2RCZS7+ 2102 = 2R6207 + 14502
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Puc. 5.40. CtpoeHue Neppe HATOB HATPUSA:
a — NaReOQ,; 6 — Na;ReOs; 6 — NasReOg

[P HATpeBaHMH B BaKyyMe TEPMMYECKH JUCCOLMUPYIOT Ha aucyabdpun MS; u cepy. Bono-
pon npu Temnepatype 1 100 °C BoccTaHaBnuBaeT cyabhuas 1o Metana. [1pu B3anmopneii-
cTtBuM cynbbuaa penus(VID) ¢ cyabduaamu 1eI0YHLIX METANLAOB 00pa3syioTca THOMEPPE-
Hartbl, HanpuMep NaReS,. C ankeHaMu 1 alKMHAMM OHU JAIOT NPOAYKTHI NPUCOEIHHEHHUA,
CmelaHHbie THOOKcocoau npuMepHoro coctaBa NaReO;S 06yc/iOBAMBAIOT XeATOE OKpa-
LIMBAHME HEHTPaNbHOTO HJIM LIEJOUYHOTO PAacTBOpa MEppeHaTa NMpU MPONYCKAHMM 4Yepes
HEro cepoBOAOpOnA.

OKucauTeNbHbIE CBOKCTBA MEPTEXHETATOB M [IEPPEHATOB B BOAHBIX pacTBOpPax
[POABIAIOTCS Julllb B KUCAOH Cpeae Mo ASHCTBMEM CHJbHBIX BOCCTAHOBUTENEH,
HanpuMmep uomuaos, coneit onosa(ll), Turana(lll), runodocduros:

2KReO, + 6KI + 16HCI = 2K,[ReCl] + 4KCl + 31, + 8H,0
2NH,ReO, + 2NH,Cl + 10HCI + 3H,;PO, = 2(NH,),[ReCl] + 3H;PO; + 5H,0
2HReO, + 28HCI + 7SnCl, = 2Re + 7H,[SnCl] + 8H,0

[MonyyeHbl NepTeXHETAThl IEJAOYHbIX, LICJTOYHO3EMENbHbIX H PENKO3EMENBHbLIX METall-
noB, amMonus, taua(l) u cepedpa(l). benawrit neprexnerar kKanus KTcO, Bbiaenserca B
BUAE GeCLBETHBIX KPUCTAJIOB MPH B3aMMOACHCTBHM MEPTEXHETATA AMMOHMUS C €KUM Kallu,
OH T1aBUTCs npH Temnepatype 540 °C u Bosronsercs 6e3 pasnoxeHus okoso 1 000°C. [pu
HarpeBaHuH B Bopopoae KTcO, BoccTaHaBiMBaeTcq A0 MeTala, ¢ MOHOOKCHAOM yrjiepona
obpa3syet KapooHun Tc,(CO),o. BzaumoneAcTBHEM €10 BOLHLIX PACTBOPOB ¢ CHJIbHLIMU BOC-
craHoBuTenaMu (Sn?*, Cr?*) B NpUCYTCTBMM JIMTAHIOB TMOJYYAiOT KOMIUIEKCHBIE COeaMHE-
Husa texdeuus(IV).
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Cpean neprexHeTaToB Haubonee BaXeH MepTexXHeTaT AMMOHMS NH,TcO, — uncxounHoe
. COCIMHCHUE ISt MOMYYEHUS BCEX OCTAIbHbIX MPOU3BOAHBIX TexHelust. OH He THIPOCKOMH-
UcH, B BakyyMe npH temnepatype 500 °C pasnaraerca no TcO,. OueHb YHcTOE coequHeH e
MOXeT OBITh BO30OTHAHO Ge3 pasioxeHus. PacTBopeHue NH,TcO, B Xxunkom ¢propoBosopoe
ApUBOAHT K okcoptopuay TcO;F. PacTBOpHMOCTb MEPTeXHETATOB ILEIOYHBIX METAIOB B
BO/IC MOHMXKACTCS C POCTOM pasMepa KaToHa (pacTBopuMocTh CsTcO, npu Temmeparype
20°C cocrabnsier 0,412 r B 100 r pacTBopa); HauMmeHee pacTBOpMM neprexHeraT Taaams(l)
(0,072 r B 100 r pactBopa). [eprexHeTars B OTAMYUE OT NeppeHaToB o6NagaloT CHIBHBIMH
AHTUKOPPO3MOHHBIMH CBOMCTBAMM JaXe NPHU BeCbMa HEOOMBILIMX KOHueHTpauusax (1075 M)
B pacTBopax. MexaHW3M HHTUGHPOBAHHMSL KOPPO3MH BKITIOUAET 00paTUMYIO aCOpOLIMIO HOHOB
Ha neQeKTax NOBEPXHOCTH M CBSI3aH C OKMCIMTEIbHO-BOCCTAHOBUTEIBHBIMK CBOMCTBAMU
napol TcO;—TcO,.

[leppeHaThr 1eIOYHBIX METALIOB, AaMMOHHS, TAHs( I) u cepebpa(l) ycToHUMBBIX THII-
PaTOB He 00pa3yIoT. PacTBOPUMOCTD B BosE COMEN KATUS M AMMOHMSI XapaKTepU3YeTCsl CHIlb-
HOM TeMIIepaTypHO# 3aBUCMMOCTBIO (B MHTepBase Temieparypbt oT 0 1o 50 °C pacreopu-
mocte KReO, Bospacraer B 9 pas, a NH,ReO, — B 5 pa3s), 3TO MO3BOMASECT OYMLIATL MX
METOLOM NEPEKPUCTAIUN3AUMHU. KaK U y NepTexHeTaToB, HauMeHee PacTBOPHMO COeMHe-
Hue taus(l) TIReO,4 (0,113 r B 100 r pactsopa). MeppeHar Kanus niaBuTes Ges paznoxe-
Hus TipH Temnepatype 535 °C. MeppeHat ammonust npu 200 °C Ha BO3yXe pasnaraercs ¢
YaCTHYHBIM MCMAPCHHMEM JieTyuero okcnia Re,O; n BhIIeneHHeM vepHoTo nuokcnaa ReO,.
Ero pacman B mHepTHO# atMocdepe conpoBoxaaercs 00pa30BaHNEM HCKIIIOUHTENBHO JIH-
okcuaa. Bonoponom neppeHat aMMoHMS BoccTaHaBAMBAETCH 10 MeTaLIA,

MesoneprexHeTaTsl W neppeHaTs! WETOYHBIX METALIOB — BELIECTBA OPaHXEBO-KOPHY-
HEBOTO uBeTa. OHM XapaKTePH3YIOTCsi BHCOKOM TMIPOCKOMNYHOCTBIO W CPABHMTENBHO Hi3-
KOil TEpDMMUECKOM YCTOHYMBOCTBIO, YACTO OHU WU30CTPYKTYPHBI AHAJOTMYHBIM COEIMHEHU~
AM Moxa.

Ipy conponopunoHpOBaHNN MEPTEXHETATOB 1 EPPEHATOB ¢ METATIAMHA WK LMOKCH-
JaMH MONIYYEeHBl COEIMHEHUSL B CTCHEHHM OKUCACHUS +5:

B

50
2TcO; + Na,O + NaTcO, —— 3NaTcO,

SLiTcO, + 2Tc + 8Li,O = 7LisTcO,

Ipu Temneparype 1000 °C onu JNUCHAPONOPLIMOHUDYIOT:

[1Li;TeO, £ 8Li,TeOs + 2Tc + LiTcO,

XAMHsI KOMIIEKCHBIX COENMHEHHH TeXHelMsa U PEHHUA B BBICLIEH CTEHEHHM OKUCIIEHUS
OTPaHM'CHA BCCTO HECKONBKUMH COeIMHeHMAMM. Beinenen kommieke H[ReO,(S0O,),] - 3H,0,
OCaXIAIOLMACS W3 KOHIIEHTPMPOBAHHBIX CEPHOKMCIBIX PACTBOPOB PEHHEBON KHCJIOTHL. Ho-
CTAaTOUHO PEAKO MOH MeppeHaTa BLICTYIACT B KAYECTBE JANTAHAA, HANPUMED B KaTHOHE ypa-
Huna [UO,ReQy4) .

Hs peHusi(V) M3BeCTHBI KOMILTIEKCHbie COCAMHEHNs, HanpuMep Luanuabl Ks[Re(CN)yl,
K3[ReO(CN),l, K3Na[Re,05(CN)g]. MocnenHuit uuanua fpencTaBaseT coboil JuMep* co-
crasa [(CN)4O)Re—O—Re(0)(CN),]*.

Okcoconn texHennsi(VI) nopo6HO nepTexHeTaTam cywecTBylor B Meta- (Li;TcO,), Meso-
(LisTcOs) u oprodopmax (LigTcOg). ®roneroBo-cuHMI TexHeTaT K,TcO, noayuator Boc-
CTAaHOBJICHUEM pacTBopa neprexHeTata KTcO, Ha pryTHOM Katoze. Me3o- u oprodopmb
obpasyiorcsi IpN TBepaoda3HbIX PEAKLHAX, AHAJIOTHYHBIX CUHTE3Y TexHeTaToB(V):

6LiTcO4 + Tc + 11Li,0 = 7Li,TcO;s
6LiTcO4 + Tc + 18Li,0 = 7LigTcO;

* Lumme P. O., Turpeinen U., Stasicka Z. // Acta Cryst. C. — 1991, — V. 47. — P. 501.
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Tudpuodnsie Komnaexcot mexneyus u penus

Cpeau MeTat10B CebMOI IPYMNmbl Jullib MapraHel oOpa3yeT GMHapHbIE Coenu-
HEHHUs1 C BOAODOAOM, OHM MMEIOT MEPEMEHHbIA COCTaB U MAJO M3yuyeHbl. BecbMa
HHTEPECHDIE U HEOOBbIUHbIE BELIECTBA NPEACTABASIOT COOON HOHHbIC THAPHIbI TEXHE-
1IMs1 U PEHUs1, colepKalUe aTOMbI METAJIa B BBICLLCH CTENEeHH OKUCAeHHsA. OHH He
HMMEIOT aHAJIOTOB B XMMHY APYTUX 3A€MEHTOB. beClBeTHBIE JHAMarHUTHbBIE KPUCTAI-
Jbl HoHaruapuaopeHara(VII) Hatpus Na,[ReHy] nonyyaior BocctaHOBIEHHEM Tep-
peHaTa METAIMUECKMM HaTpMEM B 3TaHojde Oe3 foCTyna BoO3ayxa:

NaReO, + 18Na + 13C,H;0H = Na,[ReHg] + 4NaOH + 13C,H;ONa

9TO BeiecTBO pacTBOPUMO B BOJE, HO YCTOWYMBO B pacTBOpe JiMlib B MPUCYT-
CTBUHU LIEJIOUH.

CrpoeHue KoMiuiekcHoro HoHa [ReHg)?” cOOTBETCTBYET TPUrOHAIBHOM NPHU3ME C
TpeMs aTOMaMH BOJOPOAA HAI Kax/jA0U NpsiMOyroabHoil rpanbio (puc. 5.41, a). Pac-
CTOAHHS MEXIY aTOMAaMM PEHMSI M aTOMaMU BOJOpOLa B BepLUMHAX MPHU3Mbl PABHbI
0,168 HM. HecMoTpsi Ha ABa THNa aTOMOB BOAODPOJA B BePLUMHAX MPHU3Mbl M HAJ €€
IpaHsAMH, B CIIEKTPE MPOTOHHOIO MarHUTHOTO PE30HAHCA MPUCYTCTBYET TOJIbKO OANH
CHMTHAJI, NMOKa3bIBalOlIMA PaBHOLIEHHOCTb BCEX aTOMOB BOIOPOAa M OOGYCIOBACHHbIH
HX ObICTpbIM OOMEHOM Mexay pa3HbiMu no3unusamu. Ceasu Re—H B ruapuaHbix
KOMILIE€KCax KOBJIEHTHbIE, TaK KaK 00pa3yloTcs B pe3y/ibTaTe MepeKpbiBAHHMS 3a10J1-
HEHHbIX OpOUTANIEN TMAPUA-HOHA C BAKAHTHBIMU d-OpOUTATAMHU pEHUS.

ITpu BocCTAHOBJEHHMH NEPpeHaTa KaTHMs, MEUCHHOrO PafHOAKTHBHbIM H30TOMOM
%Tc, pacTBOPOM METATMUECKOrO Kalus B 3THAEHIMAaMUHE ObUIO 3aMEYEHO, YTO
BECb BBEACHHDbIN PaJlHOHYKIHU] OKA3bIBAETCH COCPEAOTOUEHHBIM B OCA/IKE KOMILIEKC-
Horo runpuna Ky[ReHg]. Ha ocHoBaHuu 3TOro GbUIO CleiaHO 3aKIICUEHHE O CylIe-
CTBOBAHMH aHAJIOTMYHOIO COCAUHEHUS Y TexHeyusl. [1o3xe ero noayyunm U3 neprex-
HETaTa aMMOHMS MO METOAMKe, pa3paboTaHHOI Ansl peHUeBoro Komiiekeca. Cpsasb
Tc—H cnabee cBsazn Re—H, 4ro cooTBeTCTBYET Gonbllei peaKiMOHHON CnocoOHO-
CTH TEXHELMEBOIO COEAMHEHHA M YBEIMYEHHIO CTAOMIbHOCTH BbICLIMX CTEMNEHEH OKHUC-
JICHUs1 NIpDM MepexoAe BHU3 Mo rpynne. baaromaps HaIMUKIO BOAOPOAA B CTENEHHM
OKHMCJIeHHs —] MMApUIHbIE KOMITIEKChI TEXHEMA U PEHUS ABASIIOTCS BOCCTAHOBHTE-

B BOIE 3TU COCHIUHEHUA HCYCTOﬁ‘lVlel BCRACACTBUE AUCTTPONTOPILIHOHHUPOBAH M.
3TcOF + 2H,0 = 2TcO; + TcO,l + 40H-

B ominuue oT MapraHua v TexHeLMs [l PpEHUS BbiaeaeHa peHucTas Kuciora H,ReO,4
ee conu — peHaThl. OHU 00pa3yloTcs NpH B3aWMOACHCTBUM TPUOKCHIA PEHUS ¢ KOHLEHT-
PUPOBaHHBIMM PACTBOpAaMHU lileioyeil. 3esieHasl OKpacKa 3THMX paCTBOPOB Bbl3BaHA aHMOHAMy
ReO4 . PeHarTbl 1e0UHbIX METATIOB NIPY PACTBOPEHUH B BOAE AUCIIPONOPLIMOHUPYIOT:

3K,ReO, + 2H,0 = 2KReO, + ReO,l + 4KOH

I'napar Tpuokcuaa peHuss — peHucrtast Kucihorta H,ReO, — obpasyeTcs B Buje YepHOIo
amMop(HOro NopoLIKa NpU OKMCACHHH PEHMA KMCAOPOAOM B IPHUCYTCTBMM N1apoB Bojbl. OHa
He pacTBopuMa B Boje, ¢1abo pacTBOpMMa B pacTBOpax KHUCJIOT, C FOPSIYMMM PacTBOpamMu
uICA0YEN AaeT peHaTbl. A30THasl KMCA0Ta, NEPOKCH BOLOPOAa U APYIHe OKMCAUTENH nepe-
BOJSIT PEHUCTYIO KHUCAOTY B PeHUEBYIO.

OpropeHarbi(V]) noay4aior TBepnoda3HbIMU peakIINAMU:

3Ca(Re0y), + Re + 18Ca0 = 7Ca;ReOq

KpHcTannnueck e CTpyKTYypbl PEHATOB HEM3BECTHBI,
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Puc. 5.41. Ctpoenvie ruIpHAHBIX KOMILIEKCOB peHuS:

a — [ReH;)*; 6 — numep H6Rez(p-H)3(PPh2CH2)3C(CH3) (111 Monexynsl ocuHa nokasa-
HBl TOJIbKO aTombl (ocdopa)

Jiamu, npuyeM y K[ TcHg] aTu cBoiicTBa NPOABAAIOTCA CUJIbHEE — OH BOCCTAHABR/M-
BacT HUTPaT Taaus Cpa3y 10 MeTalla 6e3 06pa3oBaHus 6e10r0 ocagka COCIMHEHHUSA
Tamnus(l), Hab1101aeMOro NPy MCNOAB3OBAHUU K,;ReH,. Momumo yucro TUIAPHIHBIX
KOMIIIEKCOB CHMHTE3UPOBAHbl THAPUIB CO CMEILAHHbBIMU AHUOHAMM, HaMpumep C
3aMelCHHBIMH dochunamu ReH,PR;, a Takxe OMsiIepHBIE KI1acTepbl, B KOTODBIX
¢parment RePR; coeauuen ¢ uonoMm [ReHg]% uepes TPHU MOCTHMKOBBIX THADHIA M
NIOCPEACTBOM TPOiHOM cBA3yu Re=Re (puc. 5.41, 0)*.

M3BECTHBI TaKxKe KOMIIEKCHBIE THADUABL PEHUS B CTETNIEHH OKUCAEHMA +3, Ha-
npumMep rexcarunpupopeHat(l) xanusa K;[ReH**.

* Abrahams S.C., Ginsberg A.P., Koetzle T.F. et al. // Inorg. Chem. — 1986. — V. 25. — P. 2500.
** Bronger W., Auffermann G., Schilder H. // Z. Anorg. Allg. Chem. — 1998. — Bd. 624. — S. 497,

5.7. TATOTEHUABI DJIEMEHTOB CEIbMOW TPYIIIIBI

Ilepen onucanuem cpoiicrs chopmynrpyeM BaxHeiLIne 0COGEHHOCTH XUMUU
ranoreHnaoB. [1o Mepe yBenMdeHMs cTeneHn OKUCIEHMS 31eMeHTa BO3pacraer Ko-
BAJICHTHBIN XapaKTep COCAMHEHMIA, YTO MPOABASETCH B YCWIEHUHN TMAPOJIN3a, Mo-
HUWXEHUW TEMNEPATYp IUIABJIEHUS. DTO MPUBOAUT TaKXKE K POCTY OKMCIMTEIbHOM
dKTMBHOCTH aTOMOB METaJUla, B TOM YMCJIE BO BHYTPUMOJIEKYISAPHBIX OKHCIHTE Tb-
HO-BOCCTAaHOBUTEJNIbHBIX peaKLUAX, YTO OOYCIOBIMBAET MMOHIKEHHE TEPMUYECKOM
YCTOHYMBOCTH TalOTeHUAOB, HAIPUMED B psiny MnCl, — MnCl; — MnCl,. [lna ne-
PEXOHBIX METAITOB XapaKTEePHO 06PAa30BaHME KOMILIEKCOB, B TOM YMCIIE H ralore-
HUAHbIX, KOTOPbIC HACTO OKa3biBAlOTCSA GoJiee yCTOMUMBBIMY, YeM OuHapHbIe rajio-
reHnabl. OKNCIUTEIbHAs aKTUBHOCTb IaoreHII0B YObIBAET BHU3 MO TPYIIIIE, YTO
COracyerca ¢ oOLMM XapaKTePOM M3MEHEHUS YCTONYMBOCTH CTEMEHM OKHUCIEHUS
B CceapMoii rpynmne. B uenom npu nepexome ot MapraHua K TeXHELUIO B PEHMIO
[TOHHXACTCs YCTOHYMBOCTD HU3IIMX FAIOTEHMAOB M BO3PACTAET CTAGIBHOCTS BhiC-
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Tabnuua 5.5
Tanorennabl METANIOB CeIbMOM TPyNMbI

01?1:;:::;1 MnX, TeX, ReX,
+2 MnF,, MnCl,, MnBr,, Mnl, — —
+3 MnF;, MnCl, — Re;Cly, Re;Bry, Resly
+4 MnF,, MnCl, TcCl, ReF,, ReCl,, ReBry, Rel,
+5 — TcF; ReFs, ReCls, ReBrs
+6 — TcF, ReFg, ReClg
+7 - - ReF;

mux. [agoreHnabl B cTereHU OKUCIEHUS +2 U3BECTHBI TOJILKO ISl MapraHua, a
€AVMHCTBEHHBIU renrarajoreHua apnsiercst GpropunoM perust ReF; (ta6i. 5.5). Boic-
wuit propua TexHenns nmeet dopmyay TcFg, mapranpa — MnF,. DTo oTobpaxaer
MOBbBILIEHUE YCTOMYUBOCTU BbICLIMX CTEMeHeil OKUCAeHNS MPH Mepexoae OT map-
TaHila K PeHUI0 U OJHOBPEMEHHO oCnabjieHHe CIOCOOHOCTH mapraHia KOCTHIraThb
BBICLIMX CTEMEHEeld OKHMCJIEHHS O CPAaBHEHHIO C COCEAHHMM 3JIEMEHTOM XPOMOM,
KOTOpbiit o6pasyer ¢ropuabl CrFs u CrF,,.

Kak BugHo M3 1abn. 5.5, cpemn Bcex TalOTeHHUI0B HanOojiee MHOTOYMUCIEHHBL
¢TOpHIbI, YTO OOBICHSETCS 3HAYNUTENbHON H0Jeil HOHHOCTH cBsish M—X. Bnaro-
1aps 3TOMY OHM 44aCTO MMEIOT CTPYKTYDPY, OTJIMYHYIO OT APYTHX TaIOTeHHIO0B.

Tanorennan mapranna. Cpeay raroreHu 0B Maprailia HanboJllee yCTOYMBLI CO-
€AVUHEHUSA CO CTEICHbIO OKNCIeHUa +2. Bce oHM MpeacTaBisioT coboil GeciiseTHbie
(B 0e3BOAHOM BHIe) WK OJieNHO-PO30Bbie (KPHUCTALJIOTUAPATHI) KPHUCTAIHYe-
CKHe ITOPOLUKH, XOPOLIO pACTBOPHUMbIE B BoJe*, TepMUYECKU YCTOHUYNBbie. B razo-
00pa3HOM COCTOSTHMM JAUTAJIOTEHUbl COCTOST M3 JIMHENHBIX MOJIEKYJ, U3 BOJHBIX
pacTBOPOB BbIACASAKOTCA B BUIE KPUCTALUIOTHAPATOB. B pa3tasiieHHbBIX BOAHBIX pa-
CTBOPAax OHU MPUCYTCTBYIOT B (hOpMe rekcaakBanoHOB. OgHAKO MO0 Mepe yBejinue-
HUs KOHIIEHTPAI[MH PaCTBOPA I'aJOT€HMI-UOHbl HAYUHAIOT BXOAUTb B KOOPANHAIIH-
OHHYIO cepy Mapraxia:

Mn?**.aq + ClI"-aq == MnCl*-aq; K = 3,85.

B pactBopax x1opuaa MapraHua npy KOHUEHTPAUK XI10pUaA-uoHOoB 0,5 MOJib/1
3ahMKCHPOBAHO MOsABJIEHHE XIOPUAHbIX KoMIuiekcoB [Mn(H,0)sCl]*; mMakcumaib-
Hasl KOHILIEHTpalM4 3TUX MoHOB gocturaercs B 0,36 M pacrsope. B Gonee KoHeHTpH-
POBAHHBIX (~ 2 MOJIb/71) XJIOPUIHBIX pacTBOpax mpeobaaaaot Mosekyisl Mn(H,0),Cl,,
a npu eule O0NblIeH KOHUEHTPALKUK XJIOPHA-HOHOB — OKTA3JpHYECKHE aHHOHbBI
[MnCl;(H,0)3}-, [MnCl,(H,0),]%, [MnClg]?". B cunbHOKHUCI0M cpene CyLiecTBYIOT
TeTpasapuyeckue annonbl [MnCly]?, a TakXe cMellaHHbie XJIOPOAKBAKOMILIEKCHI
[MnCl,(H,0),_, 7", n=1=3.

OnHako TBepAbie TeTpaxiopoMatrasarbi(Il) yaaercs nonyuuts simiib crasie-
HueM. I1pH pacTBOpeHNH TaKMX COeAMHEHU B BOJE WIIM CITUPTEe aHKOHB! [MnCl,]*
paspyurarorca. CKIOHHOCTbh K 00pa30BaHRIO TaIOTeHUIHBIX KOMIIJIEKCOB YCUIMBA-
eTcs MpU Iepexoae oT (TOPHAOB K MOAUAAM.

* dropua MnF, cpaBHUTENBHO MJIOXO PacTBOpuM B Bosie: 1,06 r B 100 r BOABI npM TemnepaType
20°C; npy HarpeBaHMM PACTBOPHMMOCTH MOHMXKAETCS.
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prl HarpeBaHuy Ha BO3AYX€ NUTAJOTEHHUIbl OKUCASIOTCS:
3MnF, + /40, + 3H,0 = Mn;0, + 6HFT
2MnBr2 + 3/202 = Mn203 + 2Br2T

C aKTHBHBIMM BOCCTAHOBUTEIAMH (HaTpyeM, UMHKOBOW Myapo#) OHM pearupyloT co
B3pHiBOM. Boccranosnenne Bogoponom npotekaer 6onee CnokoiHo. BhigepXuBaHuem pac-
nnasa xjaopuaa mapradua(Il) B atmocdepe Bopopona npu temuepatype 940 °C noayyaror
METAVINUECKWI MapraHell B GOpMe TOHKMX UTOAbYaThiX KPUCTALIOB.

Xnopua, 6poMUa U MOAWI MOAYYAIOT TraJOreHUPOBAHMEM MPOCTHIX BEUIECTB,
OKCHIOB U IPYTUX COCAMHEHUI Pa3HOOOPa3HbIMU raJIOTeHUPYIOIMMH ATeHTAMMK:
400°C
MnO + CCl; ——— MnCl, + COCl,

Mn203 + 2AII3 = 2Mn12 + A1203 + IzT

[Tomumo sTOro GesBogHble ranoreHuan obpa3yloTcs U pu 00e3BOXUBAHMU
KpUCTaIOrnaparoB. Bo usbexaHue ruaponnsa npoiece poBOAsiT B TOKE rajore-
HOBOAOPOJAA UNIN HCIONb3YIOT TBEPAYIO COJIb AMMOHMS;

MriCl,- 4H,0 + NH,CI £ MnCl, + 4H,0T + HCIT + NH,!

Cpenu BBHICUINX TaNOreHUAOB MapraHpa XOpoLIo N3yYeHbl TPU- U teTpadTopua.
OTHOCUTENBHO CYIIECTBOBAHMS BhiCUIMX XJ10pUaoB MnCl; u MnCl, criopbl cpeau
XUMHKOB BEAYTCs1 yke 0Koyo 300 jiet, HO BOMPOC A0 CHX MOP He pellieH OKOHYA-
TEJIbHO, 8 OPOMHUABI M MOAUABI — BOOGLIE HEU3BECTHBDI.

Heycroituubnbiii Tpuxiopua MnCl; npucyTCTBYeT B TeMHOM pactBope, obpasylolemcs
fIpY paCTBOPCHUU NUPOJIIO3UTA B CONAHOM KMCIIOTE, a TAKXKe CONePXHUTCS B OCanKe, BbiMa-
AAIOINEM MPH BLICATHBAHUM YETHIPEXXJIODHCTHIM YIIEPOAOM M3 PACTBOPA, MOJNYYEHHOTO B3a-
uMoneHcTBreM adupHoi cycrieHsun MnO, ¢ razoo6paszubsiM HCI nipu teMneparype —63 °C.
OnucaHb* ¥ Apyrue Metoabi MOJTyd4eHUA paCTBOPOB 3TOr0 COENMHEHHNs, cpeau HUX — B3a-
uMozeicTBue ruapokcunaa mapraHya(Ill) ¢ cunbHO oXaaXaeHHOMN KOH1IEHTPUPOBaHHOM
CONsAHOM KHCIOTOH My obpaborka auerara mapraHua(lll) cyxum Xuakum XJ1I0POBOJIOPO-
oM npu temnepatype —100°C.

Xnopux mapranua(lll) nerko pactBopsiercst B XHAKOM XJIOPOBOAOPOAE, HO MTHOBEHHO
paspyluaercs Bogoi. OH MoXeT GbiTb CTaGUIM3NPOBAH NyTeM KOMIJIEKCOOOpa3oBaHUsA B
BUie HEHATPAIbHBIX anaykToB (Hanpumep, MnCly(py); 3eeHoro LBETa) MU TaJIOTeHUAHbBIX
KOMILIEKCOB.

Xnopomanranarbi(11l) o6pasylorcs B BogHBIX pacTBopax Nnpy BLICOKON KOHLEHTpauuu
X10pua-UOHOB. TIpyu oxnaxaeHuu u3 pacTBOPOB BbieNeHb (GHOETOBBIE HIN KPACHO-KO-
PUYHEBbIE KPUCTAUIbI COJICH, CofepXalllue KBaapaTtHo-nupamunaibble (K;[MnCls] - H,0)
min okrasapudeckue ([Co(en);][MnClg]) uoHbL.

Terpaxnopnn mapranua MnCl,, BeposiTHO, 06pasyeTcsi Hapsiay ¢ TPHUXJIOPUAOM B 3 Hp-
HOM pacTBOpe NMpPM ACHCTBMM Ha JMOKCHM MapraHua Wiy NepMAaHTaHAT Kajlus COASAHOMN
KMCJIOTBI, ONHAKO OH KpaiHe HEYCTOMYMB M PaclafaeTcsi ¢ BhigeleHUEM XJI0pa.

Ipu nefcTBUM KOHUEHTPUPOBAHHOM COASIHONW KUCAOTH Ha TBepablii nepMaHraHaT Ka-
7ns BHavajle obpasyeTcsi MeJKOKPHUCTA/UIMYeCKMH depHblii ocagok K,{MnClg], KOTOpbI i
MOCTeNEeHHO paCTBOPAETCA ¢ BbiAeacHUeM xiopa. [pu nobGaBneHuu xnopuaa kanus M3 pac-
TBOpA KPUCTATIN3YETCA KPACHO-KOPMMHEBLIA neHraxaopoManranat(I1I):

KMnO, + KCI + 8HCI — K,[MnCly] + 2CL,T + 4H,0

* Uson R. // Transition Metal Chem. — 1976. — V. 1. — P. 122.
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Dmopudsvt mapzanya

MapraHen o6pasyeT HeCKOJbKO (GTOPUIOB, COOTBETCTBYIOLLUX CTEMEHSIM OKMUC-
JleHMsl MeTauia +2, +3, +4.

Poszosbiii audropun MnF,, BnepBbie onucanusiii M. Bepueanycom (1824), Heibss
CHHTE3MpOBaTh B3aUMOIEACTBHEM NPOCThIX BeujecTB. OH npeacTaBiser coboii Tyro-
TUIABKHIA KPUCTAUIMYECKMi MOPOLLOK cO CTPYKTYpo# pytuia. Terparuapar nonyuaor
no peakuuu KapOoHata MapraHua ¢ 40%-i M1aBUKOBOI KMCJIOTON, a 6e3BOHYIO
COJIb — €r0 00€3BOXHMBAHMEM WM PACTBOPEHUEM KapOOHATA B pacliaBleHHOM THI-
podTopHae aMMoOHuSL:

700°C
MnCO3 + NH4HF2 _> MnF2 + COzT + NH}T + Hzo

Cnekanne MnF, ¢ ¢ropuaaMu uielOUHBIX METaAJJIOB NPUBOIMT K 06pa30BaHMIO
Tpudropomanranaro(ll) M'MnF;, nocrpoeHHbix u3 okTasapos [MnF4], coean-
HEHHBIX BepLIMHAMH.

Honyyensr coan u apyroro cocraBa, Hanpumep NaMn;F;, K,;MnF,, K;Mn,F;,
Ca(MnFj3),.

®ropus mapranya(Il) npu B3aumoneiicTBuu ¢ GTOPOM KOAMUECTBEHHO MEPeBO-
aurcs B MnF; npu remneparype 250 °C u B MnF, npu 550 °C. Tlpu peakuusix MnF, ¢
¢bropuiamu KceHoHa o6pa3syiores dbropomanrasars(1V):

120°C
MnF, + 2XeF, ——— XeMnF; + Xel

NypnypHo-kpacubiit Tpudropua MnF; nosyuaior okucienuem audropuaa dro-
POM WJIM TpUdTOPUAOM KOBAJBTA:

300°C
MnF, + CoF; —— MnF; + CoF,

a TakXe B3auMojeicreueM okeuna Mapranua(lll) ¢ razoo6paszneiv HF npu 150 °C.
B Bune kpacHoro ocanka MnF; Beiiesisiercst npu pactBopednu MnCl, B BrF;.
Kpucramimyeckas peurerka MnF; cocToMT U3 coenMHEHHBIX OGIMMH BepLUHHA-
MH OkTasipoB [MnFg] (Mn—F 0,179— 0,209 HM), ucKaXeHHbIX BcleacTBUe dddek-
ta SlHa—Teanepa. C Bogo#l TpudTOpHA NaeT OCagOK TEMHOTO L[BeTa M KpacHBbIi pa-
CTBOp, pasjaraiouuiics Ha MnF,, HF u oxcoruppokcun mapranua(Ill). Beinenen
tpuruapar MnF;- 3H,0, noctpoennstit 3 okrasgpos [MnF,(H,0),]" u [Mn(H,0),F,]*
(puc. 5.42). Ilpu BeLICPKUBAHUM Hal KOHLUEHTPUPOBAHHON CEPHOM KHUCAOTON COJb
00e3BOXMBaeTCA, a Npu TeMneparype Bhile 650 °C cybiaumupyeTcs, 4aCTHYHO pa3-
Jarasich Ha audropun u drop. Ipu remneparype 400 °C tpudpropua MnF; oxucasercs
¢ropom 1o terpadropuna MnF,, a nudropusom kcenona non gasnenuem 1o XeMnFk.
@ropun maprasua(Ill) Haxoaut npuMeHeHne B KauecTBe GTOPUPYIOLIETO aTeHTa.
C ero nomombio nenraxnopun dochopa nepesonst B PFs, nosyuaior dropnpons-
BOJHBIE (Y/llepeHOB, GTOPOPTAHHUECKUE COeANHEHHS. MCNOab3YIOT ¢T0 U IS CUH-
Te3a npyrux coeamHeHnd mapranua(lll), Hanpumep Hurpata Mn(NO,);, noayua-
€MOTO B3aUMOJIEHCTBUEM C a30THBIM AHTUAPHIOM Npu Temnepatype 5 °C.
Tpudropun obpasyeT MHOXECTBO KOMIUIEKCHBIX COJleil, HaNpUMep M![MnF,],
MY[MnF;], M{{MnF,]. Bce oHu umeior OKTadapuyeckylo reoMerpuio. Hanpumep,
¢buoseroBsie kpucramiel Ky{MnFs] noctpoenbl u3 oxrasapos [MnF), coenHeHHbIX
BeplIMHAMY B LielH, a B cTpyktype ruapata Rb[MnF,] - H,O uepenyiorcst oktasapu-
yeckue rpynnuposku [MnF¢] u mpanc-{MnF,(H,0),]. UutepecHo, 4To AH-Tesne-
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POBCKOE MCKaXEHHE NPOABJIAETCS HE BO BCEX CAYYasx: B {Cr(NH;)(IMnF;] Bce pac-
cTosinust Mn—F onunakoss u pasuml 0,1922 gM.

®ropun Mn,Fs nonyuen npm HarpeBanuu cmecu MnF, u MnF; B 3anasunoii
30JIOTOM aMnyJie; U3yYeH HEAOCTATOUYHO.

lony6oii TetpadTopun Mapranua MnF, obpa3syeTca HenocpencTBEHHO u3 npo-
CThIX BeulecTB npu 600— 700 °C. DTo BeLIECTBO NETKO pasjiaraeTcs ciieqaMH BJaru; .
NPU KOMHATHO#M TeMMepatype MEIEHHO auccoumnnpyer Ha TpudTopua MnF; u drop.
C ¢ropunamu Mertamios 00pa3yeT KOMIUIEKCHBIE ¢dropomanranath(IV), nanpumep
KIMnF;s] n KyfMnF,]. XKenthiit ocanok Ka[MnFg] Beigessietca npu pactBopernn
K;MnO, B ropsiueit 40%-ii nnaBukoBoil KucioTe:

3K,MnO, + 8HF = 2KMnO, + KyfMnF)! + 2KF + 4H,0

Hpyroit dropomanranat(IV) K[MnF;} noayuaior u3 KMnF; ¢roprposannem nipu
Temiiepatype 500 °C unu B3auMoA€eCTBUEM MepMaHTaHaTa ¢ BrF;. Peakuus nporeka-
€T OYPHO, COMPOBOXIASICh BhLAEIEHHEM Kucjiopoaa v napos 6poma:

3KMnO, + 5BrF; = 3K[MnF;] + 60,7 + 5/,Br,T

(DTopomaHraHaTbl(IV) — CHWJIBHBIC OKHUCJIUTENH, BBLACNAIOUINE XJIOD U3 COMTHOI
Kucnorsl n nepepoasuine H,C,)0, B yriekucaniif ras. BogHpiMu pacTBOpaMH Lienoyei
M KapOOHATOB WUIEJIOYHBIX METALIIOB OHU pasnaralores, npespawasic 8 MnO,.

s mapranua useecren okcodropun MnO;F, obpasyowmiics NpU B3aUMOIEH -
CTBUMH MNEpMaHraHata ¢ GpTopecyabGOHOBON KHCTOTOH MAM NeHTadhTOpUIOM Hoaa:

KMnO, + 2HSO;F = MnO;F + KSO,F + H,S0,

BeuiecTBo npencrapaser co6oi TEMHO-3€JIEHYI XUIKOCTb, YCTOHYNBYIO MPH TEM-
nepatype Huxe 0°C. IIpu Gosee BHICOKOH TEMIEpAType OHAa Pa3faraeTcs, YacTo Co
B3pBIBOM, Ha MnF,, MnO, u O,. Bo BraxHom BO31yXe OKCO(DTOPUA MHTEHCUBHO

6

Qv r Qo eH

Puc. 5.42. Crpoenue 6e3sonHoro TpudTOpUaa MapraHua (a) u ero rmapara
M]’]F}' 3H20 (6)
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TMAPOJIM3YETCA C Bblae/ieHHEM (UOJETOBBIX 1APOB MApraHLEBOTO aHTHIpHAA, 4 B
Boge — a0 HMnO, u HF. BewmectBo, xopouio pactsopumoe B 6e3sogHom HF,
obJanaeT CUIBHBIMY OKUCTUTENBHBIMU CBOHCTBAMYU U MOITOMY UCITOJIB3YETCH B Opra-
HH4YECKOH XUMUU. Monekyia MnO;F uzoanektpoHHa voHy MnQOj: ¢popmairHo ee
MOXHO TMPEACTABUTh KaK MPOAYKT 3aMELIEHUs MOHA KUCIOpoaa B EpMAHIaHATE Ha
HoH ¢rtopa.

Ta6nuna 5.6
Okcoxnopuasi Maprasia
CreneHb Temnepartypa
okuciaeHusa | CoennHeHue Oxkpacka niasneuusi, | d(Mn—O0), um | d(Mn—Cl), HM
MapraHua °C*
+5 MnOCl, 3enenas -68 Her cBen. Her cBen.
+6 MnO,Cl, Kopuunesas -68 0,157 0,212
+7 MnO;Cl YepHo-3esieHas <30 0,159 0,210

* Vka3saHbl npuG/in3uTeIbHbIE 3HAYEHHS.

Jna BolaeneHust koMmiuiekca mapranna(lV) tpebyerca oxjaxieHMe:

o

C
2KMnO, + 2KCI + 16HCl —— 2K,[MnCLJd + 3CLT + 8H,0

BeuiecTBo BBLAETSIETCS B BUAE KPUCTALIOB, MMEIOIIMX B MPOXOAANIEM CBETE TEMHO-
KpacHy!0, MOYTH YEpHYIO okpacKy. M3-3a HEBBICOKOI1 pacTBOPUMOCTH XJI0pUaA Kaius MpHU
temrneparype 0°C CHHTE3 MPOBOAAT UCXOAA U3 MEPMAHTAHATA KAJbLUA:

o

C
Ca(MnO,), + 4KCl + 16HCl — 2K,[MnCIgJd + CaCl, + 3CL,T + 8H,0

Kpucrannel rekcaxjiopomaHranata(IV) HeyCTOWYMBEI JaXe B CYXOM BO3LyXe W
TOCTETIEHHO Pa3/jiaraloTcs, BbLIESIS XJIOp*.

OKcoxJIopHabl MAPTAHNA B BRICOKHMX CTEMEHAX OKUCIEHHUS (Tab. 5.6) MpeAcTaBIqIoT co-
Go¥i HeyCTOHUMBBIE KXKMIKOCTH, pasiaralouiMecs npu temnepatype sbitie 0°C, THAPONU3Y-
lnuecs Bonoi. Okcoxnopua mapradna(VIl) MnO;Cl monydator B3aumoneitcteBueM KMnQO,
¢ oxaaxaenHoi go —60 °C xnopcynbhonoBoit Kucioroit HSO,Cl. Beulectso UCMonb3yioT B
BUZIE pacTBopa B T€TpaxjiopMeTaHe. YHCThI OKCOXITIOpUA Ha BO3AYXE CTOPAET CO B3PHIBOM.

Ipu nposexenuu peakuuu B xnopodopme mpu 0°C obpasyercs okcoxnopun Mn(V):

KMn04 + CHC]3 + 2HSO3C1 = Mn0C13 + COClzT + KHSO4 + HzSO4

Bmecto xjopoopMa B KauecTBE BOCCTAHOBUTENs UCTONB3YIOT TaKXe caxaposy. Eciu
MOPOLIOK TMEpMAHTaHATa Kajiusl BOCCTAHABAMBATH CEPHUCTHIM razoM B cMmecu HSO;Cl u
H,S0,, npu temnepaType Huxe 0°C obpasyercs apyroi okcoxaopun — MnO,Cl,.

Ianorennanl TexHeuus u peHus. DTH COeMHEHUS MPAKTUYECKH HE MMEIOT aHa-
JIOTUI B XMMMW MapraHila, Tak Kak MHOTHE W3 HUX NPEACTaBISI0T co00il KilacTephl.
KpaTHOCTb CBfI3M MeTall— MeTaJI BO3pAaCTaeT IpH MOHMXKEHUU CTENEHH OKUCJIE-
Hus (tabn. 5.7).

* Moews P. C. // Inorg. Chem. — 1966. — V. 5. — P. 5.
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Xnopuabl penns

TaGnuua 5.7

Temne- | dauHa | Kpat- n
POIYKTBI
Coenu- o paTtypa CBSA3H HOCTb .
Kpacka MeTon cHHTE3a B3aUMO/IEICTBHS
HeHHe iamte- | Re—Re, | cBsizn o
o ¢ BOmO#
HUs1, "C HM Re—Re
Re;Cly | TemHo- 500+ 0,249 2 3ReCl;s = Re;Cly + 3Cl, Re;Cly- 2H,0
KpacHas 3ReCls + 3SnCl, = Re,05- xH,O
= Re;Clg + 3SnCl,
3RCC15 + 3H2 =
= Re;Clgy + 6HCI
B-ReCl,| YepHas 300+ 0,273 1 Re,Cl, + 3ReCls = ReO, xH,0
0,437 = 6ReCl ***
SbCl; + 2ReCls =
= 2RCC14 + SbCls
CC1=CCl, + 2ReCl;s =
= 2RCC14 + C2C16
ReCls | KpacHo- | 261 0,373 0 400°C HReO,
KOpHY- 2Re + 5C12 _— 2RCC15 RCOZ . xH20
HeBast
ReCly | Temuo- 29 - 0 500°C HReO,
3ejieHas Re + 3Cl, —— ReCl, ReO, xH,0

* Bo3sroHsieTcs.

** C pa3jioxXeHHEM.

*** - MoaubuKaumio nosyyalot no peakunu ReO,-2H,0 + 4SOCI, = a-ReCl, + 450,T + 4HCIT

0,229 um

0,264 um
0,260 HM

[Re3Clgl,

Pra On,0

H\ZO&

0,231 HM
0,240 HM
[Re;Clyp}*
0,232 HM
0,238 um

Re;Cly(H,0)3

Puc. 5.43. be3poanniit xaopug peHua(II1) v mpoaykT ero ruaparauvu
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Husuwinii m3 u3BeCTHBIX XJIOPUAOB PeHMs] NMPEACTABIAET COGON TPEeyrobHbIil
kiacrep Re;Cly. ATOMBI peHHsI CBSI3aHBI APYr C IPYIOM B TPEYrOJbHUK JIBOWHBIMH
CBA3AMHU MCTAJI — METALT U KOOPAWHMPOBAHBI aTOMAMH XJIOpa, KOTOPbLIE JiexXaT
110 00€ CTOPOHEI OT ITOCKOCTH TPEYroibHHUKA (pUc. 5.43). K KaxaoMy aToMy peHHst
JIOMOJTHUTENABHO MPUCOEIUHEHBI MO JABA aTOMA XJIOPA, CBS3BLIBAIOLLME OTACIBHbLIC
KJIaCTephl B €AMHBI Kapkac. BelecTtBo tMaMarHuTHO, 9To 00bsICHAETCS] 06pa30BaHM-
€M JBOMHBIX (G + T)-CBs3ei MeTant—Meralt. PaccrosHue Re—Re B kiactepe oka-
3bIBACTCH OOJice KOPOTKHUM, YeM B IpoctoM Beitectse (0,275 HMm).

Ha Bospyxe xnopun penusi(I1l) mocreneHHo ruapaTUpyercsi, nepexogs B Iu-
ruapat Re;Cly- 2H,0, B KoTopoM coxpaHsiercs kiactepHoe sapo Re;Cly, Ho ot-
ACJTBbHBIC TPEYTOJbHBIC KJIACTEPhl Pa3f€aAeHbl KOOPAMHUPOBAHHBIMU MOJEKYTaMH
BOABI (CM. puC. 5.43). BonHblii pacTBOp MMeET KpacHBI LIBET, CBOWCTBEHHBIN MOJie-
Kynam Re;Clg. BeurecTo nocreneHHO ruaponsyeTcs ¢ BblIeAEHHEM 0CAAKA THAPA-
TUpOBaHHOTo okcHaa Re,O;. B constHOKMCIO# cpesie ruapoan3 He NPOUCXOIUT BCEI-
CTBUE 00pa30BaHHst TPEYTroabHbIX KiacTepoB [Re;Cly,])3~ (em. puc. 5.43). OHu Moryr
OBITB MOJIY4EHbI B BUJE TBEPIBIX KOMIUIEKCHBIX coseit. [1py cnaBieHnu ¢ xiopuaa-
MU META/UTOB MPOUCXOIMT AUCTIPONIOPLUOHUPOBAHUE:

4Re;Cly + 18KCI = 9K,[ReClg] + 3Re

Bpomun 1 nonna penus(11I) Take npeacTapisiior co60il TpeXbAAEPHBIE KIIACTEPHI.

busadepnvie kaacmepnvie 2arozenudnvie Komnaexcor mexneyus
u penusn

Tpn B3aUMONENCTBUM MEPTEXHETATOB M MeppeHaToB ¢ (GoChOPHOBATUCTO KuC-
JIOTOM B CONAHOKHUCIIOM PAacTBOPE NGO NPH BOCCTAHOBAEHUH XIOPUAHBIX KOMILIEK-
coB [MCl,]>" BonopoaoM B MOMEHT BhiaelieHHA 00pa3yloTcsi CMHUE PACTBOPBE, CO-
Aepxaiuue GusiaepHbie Knactepbi [M,Xg]*". BeeaeHUeM B pacTBOP KPYMHbIX KATHOHOB
ynaeTca BBLAETUTh KPUCTAIUIECKHE COJIU — CUHE-YEPHHIE 1A TEXHELMA, rONyGhie
M 3eJIEHbIE I PEHMS:

2KReO4 + 4H;PO; + 8HBr + 2CsBr = Cs,[Re,Brg] - 2H,0 + 4H;PO; + 2KBr + 2H,0

B kommnnekcHoM HoHe [M,X;]% (puc. 5.44, a) BoceMb ATOMOB TaJI0TeHa HAXOISITCH
B 3aCJIOHCHHON KOH(MUIYpauMH, pacroarasich no BepliiMHAM TeTPAaroHAIbHOMN Nnpu-
3MbL. [eOMeTpus KOOPAMHALMOHHOTO OKPYXEHHUSA U 3MeKTPOHHOE CTPOSHUE ITHX Ya-
CTWL HATIOMUHAET ONMUCaHHHE paHee kapbokcunaTht xpoma(ll) Cry(RCO0),(H,0),
u perua(lil) Re,(RCOO),Cl,. BoceMb BaeHTHBIX 3MEKTPOHOB ABYX aTOMOB META/LIA
3aCeJISI0T YeThipe CBA3BIBAOIIME MOJIEKYNIAPHBE OPOUTANH, YTO COOTBETCTBYET 4eT-
BepHO# cBsi3u (16 + 21 + 18) MeTayuyi— MeTan. DT CBS3M OTIIMUAIOTCS MOBbILIEH -
HOW NPOYHOCTBIO M COXPAHAIOTCA NMPU OOPATUMBIX MEpexonax M3 KPUCTALIA B pa-
CTBOP, [IPU 3aMELLIEHUH 3KBATOPHATIBHbIX UM aKCUATBLHBIX TMraHnoB. Mounnt [ReClg)*
NOAJAIOTCS. BOCCTAHOBIEHHUIO M YYaCTBYIOT B pa3HOOOGpa3HbIX peakuMsaX 3aMelieHUA
JIUTaHaoB (puUcC. 5.44, 6).

B oTiinune ot pernst TexHeUn i 06pa3yeT YCTOMYNBBIE KOMIIEKCH CO CMELIAHHbI-
MU CTereHsiMu okucienus, HanpuMep [Tc,Cly]*". Onu Bhiaensiiorest npu o6paboTke
PaAcTBOPOB MEPTEXHETATA B KOHLIEHTPUPOBAHHOM COJIAHONM KUCIIOTE METALTHYECKHUM
LMHKOM MpH Temriepatype okoJio 100 °C uiam BoccTaHOBJIEHUEM 3TUX PAcTBOPOB BO-
JOpoIoM B aBTOKIaBe npu Temneparype 150 °C. B HuX TeXHeM i UMEET CTeneHb OKUC-
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PrOa

0,245 Hm

0,226 1M

0,242 um 0,222 1um 0,225 um
a 6

Puc. 5.45. Ctpoenue Tetpaxiopuna (a) v neHraxiopuaa (6) peHus

Tsepnbiit Tetpaxnopun ReCly mocrpoen u3 oktasapos [ReClg), nonapto coune-
HEHHBIX OOLLUMMH TPaHsIMH B IUMEPBI CO CBsi3bi0 Re—Re, koTophIe B cBOIO ouepenb
MOCPEACTBOM MOCTMKOBBLIX aTOMOB XJ0pa (hOpMUPYIOT OECKOHEYHbIE LIEMU
(puc. 5.45, a). TeTpaxsiopun TexHeL st Takxe nonuMepeH. O6a BelecTsa npeacTaB-
JIIOT CODOI rMIPOCKONUYHBIE KPHCTAIbI, Pa3jlaraloliuecs: Ha BO3AYXE U MO 1eii-

[ReyClg> | Sl CHCly [ReClgJ” | S BUETOH_ | pe Clg)?-
(CHHuit) Fe, aneron | (3e/ICHbiH) Cl,, CH,Cl, |(dvoneToshiit)

"

HBr cnd

CH3OH “% Y
[Re;Brg]?” |Bry, CHyCl, | [Re;Bro]” | Fe, aueton | [ReyBrg]>
Q Re ch (OJIMBKOBBIIt) (XpacHbiit) (KOpUYHEBbi i)
6

A A AL A A A A A o A & A A o o o o e g

S50 ner WOHX
wm. MO HYPHAKOBA

AH CCCP

Puc. 5.44. BusinepHbie rajoreBMAHbE KIACTEPHI
pEHUA:

. a — cTpoeHHe KoMraekca [Re,CL]%; 6 — cxema npe-

] L . » | BpAllEHHHA OKTaXJIOPOJAMPEHATOB; 8 — H300paxeHHE

4 cTpyKTYphl [Re,Clg]? Ha Mapke, BbINyLEHHOM B 1968 1.

MOYTA CCCP ™K B yecTb 50-netuss MHcTuTyTa OGIEN U HEeOpraHHye-

..................... ckoit xumMuu (MOHX) um. H.C.KypHakosa AH CCCP

LA B B o o e A 0 o o o o o o

PO N

Jenus +2,5. TMonyyeHbt Takke GUALEPHBIE KOMIIIEKCHI COCTABA Kg[Tc,Clgls- 4H,0 u
Cs;[Te,Clgls- 2H,0 co cTeneHpblo oKUCTEHUS Texueius +2,67*.

* Kommon @.A., Yoamon P. KpaTHble CBA3M MeTall—MeTall. — M. Mup, 1985.
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CTBMEM IHenoyeid. B KOHLIGHTPUPOBAHHOM CONSIHON KUCIOTE OHU 00Pa3yIOT HHTECH-
CHBHO OKpAllleHHBbIE PACTBOPHI, COIEPKAIIHE XJIOPHUAHBIC KOMILICKCHI.

N3 xnopunor TexHeuusi HaubGoNee YCTOMYNB TEMHO-KPACHBIW KPUCTAUIMYECKUI TeTpa-
xjopun TcCl,. Ero cMHTE3UPYIOT NPAMBIM XJIOpUPOBaHUEM, aelCcTBUEM razoo6pazHoro HCI
Ha TexHeuu it nipu temnepatype 350—500 °C unu B3auMopeiicTBMEM BBICHIETO OKCHIA ¢ Ta-
pamu CCl,. B ominuue ot TeTpaxyiopuaa penus B crpykrype TcCl, paccTosiHue Mexay aToMa-
mu texHeuus (0,362 HM) CIMILKOM BEJIUKO IS 0GpasoBaHUs CBSI3eil MeTtaur— MeTtann. Ha
OTCYTCTBUE TAKUX CBA3ell yka3blBaeT TAKXKE BHICOKAS MATHUTHAS BOCHPUUMYMUBOCTH COEIU-
HeHus. CyuiectBoBaHue TcBr, HaxoauTcst noa BonpocoM, cBeldeHUsa o Tcl, oTcyTcTBYIOT.
TetpabpoMUIbl ¥ TETPAaHOAUABl PEHUS MOJNYYalOT BOCCTAHOBIEHUEM MEPPEHATOB B BONHOM
pPacTBOPE COOTBETCTBYIOMNIEH TaIOT€HOBOAOPOAHOM KUCTOTH. CTPYKTypa 3THUX BEHIECTB HE-
U3BECTHA.

HeiicTBreM Ha TepTEeXHETaThl U TIEPPEHATHI CHABHBIM BOCCTAHOBUTEIEM B KOH-
LICHTPUPOBAHHOM CONSTHON KHUCIOTE MOFYT OBITh MONYYEHBI KOMIUIEKCHBIC XJIOPH/IbI:

KTcO, + 3KI + 8HCI = K,[TcCly] + /1, + 2KCl + 4H,0

Peakiinsi BoccTaHOBACHMS TIPOTEKAET 110 CJIOKHOMY MexaHu3My. [TepBoHayaib-
HO o0pa3syercs KoMIuieke TexHelus(V), KoTopelii nucnponopuuoHupyer Ha TcOy
u [TcClg]>.

I'excaxnopotexHeuuenasi(lV) xucioTa BelaelieHa U3 pacTBOpa B BUAE KPUCTALIOTUapa-
ta Hy[TcClg] - 9H,0. B ee crpykrype HoHbl [TcClg}?™, nMeronme GopMy clerka MCKaxXeHHOTO
OKTa31pa, MoJIeKyJibl Boabl U HoHB H3O" coeanHeHB BOAOPOAHBIMH CBA3SIMU B 3Ur3aroo6-
pazdsie pyenoukd. Kucnotel Hy[TcClg] u Hy[ReClg] cunbHbie; 06pa3yloT coid ¢O MHOTUMHU
MeTajiaMy. [ekcaxIopoTEXHETAThl ¥ TEKCAXJIOPOPEHATHI HIETOYHBIX METAIIOB U AMMOHMUS
pPacTBOPHMbI B BOJIE; C POCTOM pa3Mepa KaTHOHA paCTBOPUMOCTh YMEHbILIAETCA. B pacTBopax
OHM MEJJIEHHO TUAPOJM3YIOTCS 10 nHokcuaoB MO,.- nH,0, npoxons yepe3 npoMexyToy-
Hele ctagun [MCl5(H,0)], [MCl,(H,0),] u [MCIl3(H,0);1*.

Yepro-kopuuHesslii xjiopua peHusi(V) ReCls nonydalor B3auMoaeicTBHEM Mpo-
cTbiX BelllecTB. B TBepaiom cocTosiHuy oH cocrout U3 nuMepoB ClyRe(p-Cl),ReCly, B
KoTopbix aABa okrtasnpa [ReCly] coenrHeHbl AByMsI MOCTHKOBBIMH aTOMaMH XJlopa
(puc. 5.45, 6). Hpu Temneparype 150 °C HauMHaeTCs BO3rOHKA IEHTAX0pHIA, CO-
MpOoBOXAAmIasics ero pasnoxenueM Ha Re;Cly u Cl,. B Boze BeiuecTBo srcnpomnop-
LIUOHHUPYET C OCAXACHHUEM THAPATUPOBAHHOTO JTHOKCH/IA!

3ReCls + 12H,0 = HReO, + 2Re0,- 2H,0! + I15HCI

a B CONSIHOM KUCJIOTE 00pasyeT 3eNeHbIC PACTBOPbI, COAEpXKallhe KOMIUTEKCHBIE
XJIOpUABI:

3ReCl; + 4H,0 = HReO, + 2H,[ReCl] + 3HCI

[lpy crinasieHWH MEHTAXJIOPUIA PEHUS C XJIOPHIOM Kanusi o0pa3syeTcs YCTOM-
YUBHIA rekcaxjopopeHar(1V):

2ReCl; + 4KCl = 2K,[ReCl] + CLT

[ekcaxnopuab! TexHelusi U peHuss MCly CMHTE3UPYIOT M3 TIPOCTHIX BEILECTB MPH
MOBHILUEHHOM JaBieHUH xjiopa. Ilono6Ho npyruM KoBaJleHTHBIM TajJoreHuAaMm Ha
BJAQXKHOM BO3ayxe OHHM InIMsT, Bbigensisi mapsl HCL T'maponus corpoBoxiaaeTcs
JUCIIPONOPLIMOHUPOBAHHEM.
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[lpn HarpeBaHUUW HA BO3AyXe XJIOPMAbI TEXHEIMS W PEHUS OKWCISIOTCS, Ipe-
BpaILASICh B OKCOXJIOPHBI:

6Re;Cly + 210, = 6ReOCl, + 12Re0;Cl + 9CI,T

4ReCls + 40, = 2ReOCl, + 2Re0,Cl + 5CI,T

B 11e/10M okCoXNopHAbl TEXHEUUst U peHUst GoJiee MHOTOUMCIEHHBI, YEM OKCOXJIOPUIBI
Maprasna, v 6osiee ycroituusbl. Mx ruaponus conpoBoxaaeTcst AMCPONOPLMOHUPOBAHUEM:

3ReOCl, + 9H,0 = 2HReO, + Re0,- 2H,0! + 12HCI

Kopuunessiit okcoxnopua ReOCl, nosydeH B3auMoAeCTBHEM CYXOI'0 KMCIOPOAA C TIEH-
TaxJI0pUAOM peHust. Bewecrso cocTouT U3 MOJIEKYT, B KOTOPBIX PEaIH3YeTCs KBadpaTHO-
NYpaMuiaibHast KOOpAUHAIIMA aTOMOB PEHUS C AaTOMOM KHUCJIOpoaa B BepiiuHe. [py Harpe-
BaHUM AO TEMNEPATYPbl KMNEHUS OKCOXJIOpH/ pa3jiaraercsi, a npy obJydyeHUU CBETOM Tie-
pexoaut B Heycroduusblii ReOCl,y. Oxkcoxopun penusti(VIT) ReQ;Cl — nerkonerydast Xua-
KOCTh, 06pasylolmascsa npy AeHCTBUM XJIOpPOBOAOPOAA Ha HArpeThlii peHHEBBLIM aHTMApUA,
MpH XJIOpUPOBAHUK TPHOKCHUAA PEHUA, OKMCIIEHHHU cyianbuaa ReS, cMmechio xjopa U Kucio-
poxa:

2RCSZ + 3Clz + 302 = 2RCO3C] + 2SzC]2

Bo BIaXHOM BO3AyXe OH ABIMUT, OBICTPO THAPOAM3YSICh. BeTynaer Bo BiauMomeicTBue
CO MHOTMMMU MeETalslaMH, B TOM YMCJE C PTYThIO U cepeGpoMm.

Becusernpiit TcO;Cl — nerkokunsinast XMIAKOCTh, NOMY4EHHAA NIPU JEHCTBUM KUCIO-
poaa Ha TcCl,. Kopuunesslit TcOCl; o6pa3syercst npu xnopupoBanuu auokcuaa TcO, win
npu ¢oroxumuueckom pacnage TcOCly; npu HarpeBanuu Boitie 500 °C cyGnumupyetcs.
KpacHblii nerkonnaskuil (teMnepatypa riasienusa ~ 35 °C) TcOCl, noayyalor xiopuposa-
HUEM MeTajia B TIPHCYTCTBUM CIIEAOB KUCIOPOJa U OTAENAIT OT conyrerBylomux TcCl, u
TcOCl; ¢ppakilMoHHON TNEPEroHKOM B BAKYYME B TEMHOTE.

I'pynnuposka MO*, coagepkamasica B uone [MOCI]*, HanoMuHaeT MOH BaHaauwia
VO?. OHa BO3HMKAET NpH BOCCTAHOBIEHUM HOHOB MEPTEXHETATOB H TEPPEHATOB B XOJIOA-
HOW KOHUEHTPHPOBaHHOM coNAHOM Kucnore. B 3enensix kpucramiax (NH,),[TcOCls] anuna
anukaabHOU ABOHHOM cBa3n Tc=0 cocrasinsier 0,172 HM. B BoAe cojib MTHOBEHHO MU pOJIH-
ayerca Ha TcOj u [TcClg]*, a pactBop HI 6bicTpo BocCTaHaBAMBAeT €€ A0 NMPOM3BOAHBIX
Te(IV).

XKenroiit nentadgropug TcFs (temneparypa mnaBnenust 50 °C) cuHTE3MpyloT Harpepa-
HueM (350°C) ToHKOTO NOpoilKa TEXHeUWs B cTpye ¢Gropa, pa3daBieHHOro a3oToM, WM
aeficteueM uona Ha pactBop TcFg B nenradhropuae noaa:

2TcFg + I, = 2TcF5 + 21F

ITpu B3aumogeiictBuu Gropunos welounsix Metamios ¢ TcFs B pactsope IF; o6pa3ylor-
cst conn anuoHa [TcFg]™ xenroro usera. ‘Bogoit oy pasnaraiorcst Ha [TcFg]>, TeOg u TcO,.

T'ekcadropna TcFq nonydator u3 npocThix BemiecTs npu temneparype 400 °C B Hukene-
BOM peakrtope. OH NMpeAcTaBiIsgeT coO0oH JIErKOoMIaBKOE TBEPAOE BEIECTBO 30J0TUCTOIO LiBe-
ta, pacteopumoe B HF. TIpu pefictBum wienouu BhIIENSET YEPHBIA 0CaJ0K AMOKCUA:

3TcFg + 20NaOH = 2NaTcO, + TcO,! + 18NaF + 10H,0

Hecmotps Ha orcyrcrsue 6unaproro terpadropuaa TcF,, droporexnerarsi(1V) nony-
uenpl criaBneHueM Ko[TcClgl ¢ KHF,. Mon [TcF4)* ycroiiuuB K THMAPOIN3Y, mielnoyamu
paspyiaercs.

BuHapheie ¢ropnasl peHust HanGollee MHOTOUUCTEHHBI, X0Td Hu3mue Gropunsl ReF, u
ReF; Hecrabunphpl u Mano usydensl. Terpagropun ReF, nonyualor meiictBueM napoB rek-

337



caropuna Ha meTasiMyeckuit Re npu temneparype 550 °C. IMenrtadtopun ReFs MoxeT GbiThb
NoJy4yeH B3aUMOIEHCTBUEM TTPOCTLIX BEWIECTB U BOCCTAHOBJIEHUEM rekcapropuna ReF¢ Ha
BOJIb(hpaMOBOH NpoBoNOKe mpu TeMmmnepatype 600 °C:

6ReF¢ + W = 6ReF; + WF,

MenraTopun penusa(V) — HU3KOIUIABKOE JeTydyee TBEpHOE BELIECTBO, COCTOALIEE W3
aumepoB Re,Fy u jierko runponusylomeecs Boaoi ¢ AMCIIPONOPLMOHUPOBAHUEM; KUEIO-
poloM Bosayxa nepesoautcst B okcodropun ReOF;.

I'ekcadTopun ReFg cHHTE3UPYIOT U3 NPOCTLIX BEMIECTB npu temnepatype 120°C. Oto
Hau0oJiee JIErKonaaBkuii U TETYYUiH U3 HTOPULOB penusa. CoeNMHEHUE TEPMUYECKH YCTOM-
YMBO, BO3rOHAETCA GE3 pasNoKEHUs; SHEPTUYHO THAPOJIU3YETCS BOAOW C AMCTIPONOPLHO-
HUpOBaHUEM; MOA NEHCTBUEM KHCTOpoaa naeT okcodTopuabt ReO,F, u ReOF,; npu Temne-
parype 300 °C pa3zbenaet kBapu ¥ CTEKJIO:

3ReF; + 38i0, = 2ReO;F + ReF, + 3SiF,

Caemio-xenthiit renrracropun ReF; mosiyyalorT u3 npocTeix BEwecTs NPU NMOBbILIEHHOM
AaBnenuu u temmeparype 400 °C. CrieKTpoCKONMMYECKM YCTAHOBAEHO, YTO €r0 MOJEKYJa
MMEET (HOPMY NEHTArOHATLHOM GUIMUPaMUIbL. DTO JIETKONETyYee TBEPIOE BELIECTBO, HHTEH-
CMBHO TMAPOTH3YETCA BONOW; XMMHUECKH AKTHBHO; ¢ KUCIJIOPOAOM BO3ayXa obpa3syeT OK-
cobropunbr ReO;F, ReO,F;, ReOFs;.

MsBecthbl nBa okcodropuna texneuus: TcOF, u TcO,F. IMepsbiit U3 HUX OBpasyeTcs
Hapsny ¢ ¢ropunoM TcFs mpu cuHTE3e M3 MPOCTHIX BEMIECTB B cliyuae 3arpsi3HeHust propa
Mpumecklo Kuenopona, a TcOsF cuntesupylor nponyckanvem ¢ropa nan TcO, B HuKele-
BOii ammapatype npH temmepaType 150 °C win pacTBopeHUeM NMepTeXHeTaTa B GE3BOAHOM
HF:

NH,TcO, + 2HF = TcO5F + NH,Fl + H,0

®ropopenatbi(Vl) Mi[ReFg] 1 M'[ReF;] monyualor aeiicTBuEM KHUAKOTO rekcadhTopuia
ReFq Ha dropuabl menounbix MetamioB. Ha Bosayxe oHM ruaponnsylotes 1 pasnaraloTcs.

Onucanbl 6pomuani penust ResBry, ReBr,, ReBrs. TeMHO-KOpUYHEBLII TTEHTaBpOMUI
ReBrs rosyyaor npaMbiM 6poMUpoBaHHEM METATTHYECKOTO PEHHUSL pu Temmneparype 650 °C.
OH TepMHYyecKH HECTOEK, JIETKO TMAPONN3YETCs C OUCTIPONOPUHOHUpOBaHUeEM. Tpumep-
HbIAl KpaCHO-KOpHYHeBblt Re;Bry oGpasyetcs nipu TEPMUYECKOM pacmaae neHrabpoMuaa
ReBrs. Tpu6poMua no cTpyktype M CBOHCTBaM MOXOX Ha TPUXJIOPUA, OTIAWYAETCHA JIUIb
MEHBUIEH YCTORYUBOCTBIO K rvaposn3y. TeMHO-KpacHbiit TeTpabpoMun ReBr, cunTe3upyor
OCTOPOXHbBIM BblmapuBaHuem pactsopa HReO, B u3bbiTke xucnorsl HBr. OH cunbHO rUr-
POCKOTIMYEH U XOPOLUO PACTBOPAETCA B BOIE, ALETOHE U AUITUIOBOM 3upe.

Moapo6Ho u3yyenbi aBa vonnna penus: Resly, u Rel,. Brecrsinme YEepHbIE KPUCTAIIIIbE
Re;ly nosyyeHbl TepMuyeckuM pacnanom TETpaHoaMaa UM BBEAEHHEM METHJIOBOTO cnupra
B cmech HReO, u HI. Tpunonua cnaGo pactBopum B Bose ¥ pa3GaBieHHbIX pacTBopax Kuc-
Jiot; npu Temnepartype 170 °C nepexoaut B Rel,, a npu 380 °C — B Rel, koTopbie oXxapakTe-
PU30BaHbl HEJAOCTAaTOYHO.

Yepnblit Tetpavonn Rel, mosnyden MeaneHHbIM ynapuBanueM pactsopa HReO, B u36hbit-
K& MON0BONOPONHOM KUCAOTbE. ITO CUIBHO MMIPOCKOITNYHOE BENIECTBO, XOPOLIO PacTBOPH-
MOe€ B BOAE, aLIETOHE M AUITUIIOBOM DHUPE; NMPH HarpeBaHUU pasyiaraercs.

bunapHele 6poMuabl U MOAUALE TEXHELUSA HEU3BECTHDI, XOTH MOTYT ObITb CTAOUIU3UPO-
BaHbl B (JOpME aHUOHHbBIX KOMITIEKcoB, HarpuMmep K,[TeBrg]. TepmMuueckas yeToiuMBOCTD
FAJIOreHOTCXHETATOB M TaJIOTEHOPEHATOB TPU Mepexoae OT (HTOPUACB K MOAMAAM CHIILHO
ocnabesaet. Tak, koMmmnekc K,[ReCly] Bosronsietcs Ges Pa3IokKEHUA TIPU TEMIIEPATYPE OKOJIO
1000 °C, roraa kak K,[Rel¢] yxe npu 300 °C pa3naraercs.
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Koutponbtisie Bonpochl

1. C yem casizaHa ropasno 66biuas YCToRUMBOCTD MapraHua B CTEMEHU OKUCTIEHHUA +2 Mo
CPaBHEHHUIO C aHANOTHYHBIMU COEIMHEHHSAMM BaHAAMA W Xpoma?
2. O6vsacuuTe, Noyemy npu Temmneparype 900—1 200 °C PaBHOBECHE peakLUU

MnS + H,O0 2 MnO + H,ST

CABMHYTO BNpaBo. YT0 Mpousoiiaer, eciu Nponece npoBoauTh npy eme 6oJiee BHICOKOH
TeMneparype?

3. Mpu peakuuu okcuapa mapranua(ll) ¢ xiopom npu temneparype 200 °C Hapsay ¢
MnCl, o6pasylorcs okcuapl Mn;0, 1 Mn,0;. Kakoe BeniectBo HyXHO 10GaBUTH B peakiu-
OHHYIO CMECh, UTOOBI MOJNYYUTH Oe3BOmHBII MnCl, NMpakTHYECKH C KOJNHUYECTBEHHBIM Bbi-
xomom?

4. BsaumogeiicTBUe NUPONIO3UTA C U3BGBHITKOM XJIOPUCTOTO aMMOHMSI IPU TeMMepaType
700 °C MOXHO MCMOMB30BATH A1 NONYYEHUS GE3BOLHOTO xjopuaa Mapranua(ll). Hanumure
VPaBHEHHE PEAKLHHU.

5. Kak 06bsicHUTh TOT (hakT, uTo peakuus MEXay IMOKCUAOM MapraHia v pTyThlo Mpo-
TEKAET JIMIUb B CUILHOKUCIION cpepe:

2MnO, + 2Hg + 3H,S0, = 2MnSO, + Hg,080, + 3H,0

[MpuBeanre npumepsi apyrux nponeccos ¢ yuactem JUOKCHIA MapraHua, KOTODbie
BO3MOXHBI JIMUIb MPU NOAKUCIEHUH.

6. MoryT iy 6biTh NOAYYEHBI AMMHAKATBI mapranua(lIl)? Yro MPOU3OMIET, €CNU Ha
anetar mapraHua(lll) nopeiictBoBath BonHbIM pacTBOpOM ammuaka?

7. JecatuuHbie TorapudMbi MePBbiX KOHCTAHT o0OpasoBaHUsA KomruiekcoB Mapranua(ll)
1 mapradua(lll) ¢ stunenanamunTeTpayKeycHoM KHCI0TOM pasun 14,0 u 24,9. Kakomy
KOMTIUIEKCY NMPUHALIEXKUT Kakoe 3HayeHUe? OTBeT MOSICHUTE,

8. IMouemy rugpokcun mapranua(ll) He ymaeTcsi KOJIMYECTBEHHO 0CaAuTh aMMHaKoM?

9. MNpu B3aumoneicTBuu mpuc-(anetunaueronara)mapranna(lll) ¢ 6pomosogoposom
obpasyercs 11146p0Mo—6uc—(auemnaueT0HaT)MapraHua(III). Hanumiure ypaBaeHue peakiiuu
1 1300pasuTe BCE BO3MOXHBIE M30MEPhI ITOTO0 KOMILIEKCA.

10. Tlpeackaxure KOOPIMHAMOHHDIA NOJMU3AP WOHA MapraHia, UBET U XUMUYECKHUE
CBOWMCTBA MUHEpasia AEMWKOJICUTA Ca;Mn(S0,),(OH)s(H,0),.

11. B kakom uHTepBajte pH TepMOMHAMMYECKH BO3IMOKHO OKUCIEHHE mapraHpa(ll)
Kncopoaom Bosayxa (E°(Mn*/Mn?) = 1,51 B, E°(0,/H,0) = 1,23 B)?

12. O6vacHuTE, NMOYEMy KOHLEHTPUPOBaHHbIE PacTBODPbI TEXHEIIMEBOW KUCIOThI OKpa-
UICHbl B KPaCHbIH 1BET, a pasbaBieHHbie — GeCLBETHBIE, B TO BPEMS KaK MapraHueBas
KMCJI0Ta MHTEHCUBHO OKpallleHa Kak B Pa30aBlEeHHBIX, TAK U B KOHLEHTPUPOBAHHBIX pac-
TBOpax.

13. Tlpopyktamu xJ0pUpPOBAHUS NMOKCHMAA PEHUA ABNAOTCA OKCoxaopuabt ReOCl, u
ReO;Cl. Conocrasbre nx CTPOEHME, CKIIOHHOCTD K THAPOJIU3Y U OKUCJIEHMUIO.

14. Tpu pactBopenun x1opuna penna(lll) B anierone o6pasyorcs YaCTHIIbl, B KOTOPhIX
Ha ONMH aTOM peHUS MPUXOAUTCS TPU ATOMa XJIOPa M OfHA TPETh MOJEKYJIbl ALETOHA. Bhi-
CKAXUTE MPeaNoIOKEHUE O CTPOSHUH TaKOW YaCTULBI M €€ MATHUTHBIX cBoiicTBax. YTto
NPOM30HAET, ECU NOJIYYEHHBIH PacTBOP pa30aBUTh BOMOI?

15. Tlpy KMNSAYEHHUHN CYCMEH3UU OKCHAA mapranna(lV) B KoHueHTpUpoBaHHON coisHOM
KMCJIOTE C AOOABNCHHBIM B HEE NMOKCHUAOM CBHHL@ PaCTBOP OKpaluBaetca B ¢GpUOJIETOBO-
KpacHbiil uBet. Hanuuire ypaBHeHue peakiuy.



IMPUIIOXEHUSA

[Ipunoxenmune 1

Baxneiimse CTPYKTypHbIE THIBN OHHAPHBIX COCIHHEHH

CsCl

NaCl (ranur)

ZnS kybuueckuii (canepur)

CaF, (¢moopur)

ZnS rexcaroHalbHbI{ (BIOPLHT)

*
9
&>
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[Ilpunoxernue 2

HMuarpamma @pocra 1ias 3d-3nementos B Kucaoi cpene (pH 0)*

nkE’, B

H2F604

+6 +

+4

+2r

0 +1 +2 +3 +4 +5 +6 +7
CreneHb OKHCIIEHUSA

* Ilpaieep 1., Imunc [1. Heopranuueckas xumusa. — M.: Mup, 2004

341



Ilpunoxenue 3

DJEKTPOHHbIE CIIEKTPHI NOTIOHIEHHS AKBAHOHOB 3d-MeTa/I0B
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[nuua BOMHBI, HM
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IlpunoxeHnue 4

XHMHYECKHE CBOMCTBA THTAHA M €r0 COEAUHEHHMH

CTENEHDb OKHWCIEHHUA

0 +2 +3 +4
Ticl, ! Tic,
TiO Ti, 1700 °C CaTiO;
C0. 1 ¢,
. 02, t
o L
02, t
Ti,0; TiO, SO
t H,, 1000 °C |
Ti(OH); 0, TiOSO, H,0
OH" H+ HzSO4 NaOH TI(SO4)2

Zn + H,SO
Ha304(p2%6) TioS00); F———""{o-Ti0; xH,0]
NaOH +02

CO BPEMCHEM

HNO;(kow.) B-TiO, - xH,O L
Cl I
2 TiCly

Na Ti, 1 —|—J

344



EN

P(00)AleN

(0D)A
YOIN
FON‘OA e P 1'ed
OfARD PAAltH IH
O'H
0% _ 1 'd ‘UZ/3N+0D
| (dosioed)
fEONCOA : oA DA 5 DA
4
OH ° : s |
O%H r - D. 0021 ‘IDH
£(¢, [YaY4 4
(FON)OA [t oI oA DA S
(‘TIHOM) z
fONH 7 IDH O'H
D. 0041
—] O'HX - *O%A 900A fO'A o OA A
+H|[ [-HO 7 THN 1 1
82(y01 A% (e £ ‘H- Z
0VA%N (HO)OA TR (HO)A ol (HO)A
("TTHON)
JH||-HO HO®EN HOEN HO®N YOSH
4 € HO®N &um_ 4 m? vN b
m o 13 >
OAfEN 08 0S r> T E L oS Hruz L0sA
o+ P+ €+ T+ 0
EUMHIUOMUNO 9HIUILD

G SUHOoXorudyg

HHHOHHYI0) 019 H BHIBHRY BALOHOH) IMMIIhHIWHY

YOdtH

345



eN
9 [4
(02) [roen] (001N
. ; BN +00 t
100103 U0 ez 100 —
o'H D
2. 0 ‘IDH oeg 4D+ |?
YOy1y7< 4 2 9 £ £N7.
OO o5 f0%0%d o't PHOMDIA 04D 70
JH||HO :ww HOX ‘.||LN
2. 006
Lot : foted [ 1 O'HX fOUD “O*H)"(00DFHOD) 1D
+H Emowmm
2. 008 05 Ty € " £
H[|-HO gpened O'H*HN NOODHD o
[117aY3 @4 It £ i1y -€ £ IO 4 R
H otN (*o1)teq O'H - *HN 06% (O*H)1D] 570 ol s _
(mHoM | o OH| 1 JH||HO
(dogroed) ¢ ] z S( z
Yo'H oH L_99° ) 1D[10*(0*H)1D] (HO)MD
. IDH v
(DIDH O%H " *HN oﬂo;mm
[4 Y4 LOINC(Y 4 £ 9(€ [4 9(t
D°01D OUDY("HN) 500 00 PPEHNID] =57 1DPEHN)D]
(‘MHONY'OSTH +1DEN
9+ g+ p+ £+ T+ 0 -
EMHAIUODOUNO 9HIAUDILOD

9 QUHOXoOoUHUd][]

HHHOHHI'I0) 019 H BWOdX BELOHOH) IUNIOhHWHY

346



(,8v “,H) 0%y ‘tONH +tO1geN 49X

fOu ¥ u
OIN®O POSTH OS'N o5t
‘00%®N| |*OS*H
P 7
OUN® 0 [ECOD)uNIEN fooun
] 7
— POUNTY m (el | OUW 20D UNEH
D ‘ON3 ‘HOMX Yolnlg
7
+H ‘OtH -
u
HoeN Gal OO [Ty 7o | (HO W "0d*H
[¥eY4 B €
5 oec L 0N HO:N | [EONH
POu 4 (€ u u S unwle
(0] «Ex Oun eI CONUW o W] | Foo)unieN
("TTHON ) z Pt
14 OUN €
OYWH | |"osH Qo8| - 0%6 R ONBY TS SH—eN
« IH}?
Lt (€ u Liu ot u
Ot - (toPs)uN o VN =551 (00 un
L+ 9+ o+ P+ £+ T+ 0 I-
EUHIUDU MO 9qQHIUILD

[ duHIXorudpjg

HHHOHHII0) 019 H eNHEIdeW BELOHOED IHUNIIRHWHY



OI'/IABJIEHME

TIDEIMCIIOBHE .......viiiiieeaieeitieeiite ettt sire ettt e s et e s st n s s e e s e es s s s s e e e e eas e e s s e en e 3
Cnasa 1. BeeseHue B XHMHIO NMEPEXOHBIX ITEMEHTOB ...........cooevviiiiriiiiiiiiiieeeiiiieininiieeerrernees 5
1.1. OCOBEHHOCTU XUMHUHU MEPEXOTHBIX IMEMEHTOB .covveereerereeiereennrenreiereereenens
1.2. KoMIjieKCHbI€ COEIMHEHUS TTEPEXOTHbIX 3JIEMEHTOB
1.3. MexaHu3Mbl peaklMil ¢ Y4aCTUEM KOMIUIEKCHBIX COEIMHEHUM ...covvvrrereninnannneen, 48
CnaBa 2. XUMHSA 3J€MEHTOB YETBEPTOM TPYIMIBI.........ooooiviinnireieaieeeannnitssenreneennnaeesssareeaes 56
2.1, OOIAA XADAKTEDHMCTHKA ....uvveiesiueeeeaaereeaaanreeesanressasnececsssssssiasssssesissaessisirasssssasesss 56
2.2. Haxoxnenue B npupone, MoJy4YeHUE U MPUMEHEHUE MPOCTHIX BEWECTB .......... 60
2.3. ®U3HYECKNE CBOMCTBA MPOCTBIX BEHIECTB ..eveeeiirrnrrrrrrrceessisnrrrareeeeeaesammnereesssrrmins 65
2.4. XMMUYECKUE CBOMCTBA MPOCTBIX BEHIECTB -.eoevvvrerermerreecnirerrsssiniinsaniseesenrneeennsnsens 66
2.5. OKCHUIbI SJIEMEHTOB YETBEPTOM TPYITIIBE «.eeviiieeeeiiieeiieieeeaaanassiiriissaniaraannrnriiaraeaans 68
2.6. TuapoKcuasl, COIM KHCAOPOACOAEPKAIUMX KUCIOT U KOMILIEKCHbIE
COENMHEHUS DJIEMEHTOB YETBEPTOM TPYITIEBE ...evveeeenevecannenies erreee e e e 75
2.7. T1epOKCOCOEAMHEHUS 3TIEMEHTOB YETBEPTOM TPYIITBE «.ccvveeiiiiiniiciiiiieiiinee e 89
2.8. alloreHUABI SJIEMEHTOB YETBEPTOM TPYIHIIBE c.ccceeeeeeeereeeieieiereeererireieenaanniniereeeneaens 90
2.9. CoequHeHUd 1€MEHTOB YETBEPTON TPYyNmbl
C JPYTHMM HEMETATUIAMU c.coevverenereeanienineeeieaaeessssssasasssrnesrmresrrssseansssnssessasssses 99
CnaBa 3. XHMHA 3J€MEHTOB NATOM TPYIIIBI ...occoevirirurrrrrrererrireinmrieerseesssmmnnnmneeeessiissssaiseeeess
3.1. OOGIIAT XAPAKTEPHUCTHKA ......ecveeerreeruriensreerreeisesiasesaaesssananssnanssessssseassseeasseeennes
3.2. HaxoxueHnue B pUPOIE, NONAYUEHHE MPOCTHIX BELIECTB ....
3.3. DU3NUECKUE CBOMCTBA MPOCTBIX BELIECTB . ecvviviireeeeeerisniiiieiiieniniiiiieiieiisernnieeneees
3.4, XUMHYECKHUE CBOMCTBA MPOCTBIX BELUECTB .cccoveeeeeeieiieeieneeieienniennsiininnirraaaaaaeneeens

3.5.
3.6.

3.7.
3.8.
3.9.
3.10.

OKCHIbl 27IEMEHTOB IISITOI TPYIIbI
I'MIpOKCHIBI, COMU KUCAOPOACOAEPXKALIMX KUCAOT U KOMIUIEKCHbBIE

COEMMUHEHUS 3JIEMEHTOB TTATOM TPYILIIBI o....vvveeinrrreeeeseeersracrecanrineseesmnsssaminneesses
ITepoKCOCOEAUHEHUST 3IEMEHTOB TSITOM TPYIITHE ...
TaOreHUIbI SAEMEHTOB FISITOM TPYIIIIBI ..o..vvvveeeireveesieuvaeseseececserssssissnssssansesssanns
Cynb®uasl 1 TUOCOTU DAEMEHTOB MATOM TPYIHIBI «..vvevvvrureenreenriinriesreereaascaanens
BUHApHbIE COETMHEHUS 3JIEMEHTOB MSITOM TPYMIIbI C HEMETAIUIAMU ..

Cnasa 4. XuMHSA 3J€MEHTOB IHECTOM PPYIIIBI ..........oevvviiiiiecannnrirrtrraeearrssisraeeensaiasceaeasesnns

348

4.1.
4.2.
4.3.
44.
4.5.
4.6.

4.7.
4.8.
4.9.

OOBLIAT XAPAKTEPHUCTHKA ..eevveeereerrvrivrrrerseeeaaaanneesessssssmmmsnseresessssiasssssensssemrans
HaxoxneHne B MpUpone, MOAYYEHUE U MPUMEHEHUE MTPOCTHIX BEIIECTB
dusnyecKue cBOMCTBA MPOCTHIX BELIECTB
XUMHUECKHE CBOICTBA APOCTHIX BELIECTB "
OKCHIIbI 37IEMEHTOB LUECTOM TPYIIIIBI «..veeeeuvererrrrreereeeersreeeessmeemeeanecssssissesaeanns
I'MapOKCHIbI, CONU KUCAOPOACOAEPKALUNX KUCAOT U KOMILIEKCHbIE

COETUHEHUS 37IEMEHTOB HWIECTOM TPYITIBI ..veeeeeeenennnne
TeTepOnoOANCOEAMHEH NS 1EMEHTOB HIECTO TPY b
IepokcHiabl U MMEPOKCHIHbIE KOMIUIEKCHI 3JIEMEHTOB HIECTON IPYHITHI ............ 232
lalloreHnibl 1 OKCOTaJIOrEHUbl JAEMEHTOB HIECTOI TPYIIIbI




4.10. XanbKOTeHUAbI 3AEMEHTOB LUECTOM TPYIITIBL «vevnvvrreeeeeeeeeoee oo
4.11. Kapounbl, HUTPUabl X GOPUILI AEMEHTOB IECTON TPYMIbI

[nasa 5. XHMHA 371€MeHTOB CE€AbMOi IPYNbI

5.1. OOIIAT XAPAKTEPHCTHKA ....eemvevieeeesiarereeserieeeeeeeeeeseeeeeeeeeeseeeeeee st se e e e
5.2. Haxoxnenue B npupose, nojyyeHue ¥ NpuMeHeHUe MPOCTHIX BELECTB

5.3. ®usnyeckue CBOMCTBA MPOCTHIX BEIECTB
5.4. XUMUYECKUE CBOMCTBA MPOCTBIX BEILECTB -..v.veveeeereeeeeeeeeeeeeeeesseeesesoeseeeees e,
5.5. OKCUIbI 371EMEHTOB CEABMOM TPYIIIBL «..e.oveveeveneeereee s et 271

5.6. Kucnorbl, rUIpOKCHabI, COMU U KOMITIEKCHbIE COENMHEHUS 1EMEHTOB
CEIMDBMOM TPYTITIBL Lveniiiiiiiriiieeteestteetteetseteeestestsaee e eeeenteeee e eaeeesas e ssssseseeesssssas 288




Muebnoe uzoanue

JIpo3nos Anapeii AHaTo/beBHY,
3aomanos Biraanmuap Ilasionny,
Ma3o lN'asmna Hukonaesna,
Cnupunonos Peankc MakcosHy

Heoprannueckass XHMHs

Tom 3
XHuMHS nepexoaHbiX 3JeMEHTOB

Knura 1

YyeOuuk

Penaktop H. b. Kosaresa
Texuunueckuit penakrop O. H. Kpaiinosa
KomnslorepHas Bepcrka: JI. M. beasesa

Koppekrops! JI. B. lagpuauna, B. M. Mazex

HM3n. 101109622, MoanucaHo B neyars 31.05.2006. @opmat 70> 100/16.

lapuurypa «Taiimer. [Teyats odcernas. bymara odcernas Ne 1. Ven. new. n1. 28,6.
Tupax 3 000 3k3. 3akaz Ne 3511.

Wsparenbckuii ueHTp «Akamemus». www.academia-moscow.ru
CaHuTapHO-3MUIEMHONIOTHYECKOe 3aKiTioyeHre Ne 77.99.02.953./1.0047963.07.04 or 20.07.2004.
117342, Mocksa, yn. Byrneposa, 17-B, k. 360. Ten./daxc: (495)330-1092, 334-8337.
OTneyaTaHo ¢ 3JIEKTPOHHBIX HOCUTEN el M3ATEABCTBA.

OAO "Tsepckoit nonvrpaduyeckuit koméunatr”, 170024, r. Teepy, np-T Jlennna, 5.

Tenedon: (4822) 44-52-03, 44-50-34, Teaedon/daxc: (4822) 44-42-15

Home page - www.tverpk.ru J.exrponnas nouta (E-mail) - sales@tverpk.ru



