Yno6no mpeAcTaBuTh KPHBYIO pPaBHOBecHs JIMTaHAa He BelmumHOi Yx, HO B
sune 3appcamoctd In [Z/(1 — Z)], rae ¥ = Yx/q, or Inx n BBecTm mapaMerp n,
ONpenesgeMbil TaK:
d1n[z/(1 — z)] 1 dz
n= dinzx Tz —1z) dlnz”

(6.77)

Ecsn Rce LEHTPH HACHTHYHH I HE3ABHCHMEL ADYT OT Jipyra, To rpadmx mMeer
Baj OpAmoit ¢ n=1. Tlpm crabuinsmpyomux B3amMOAcHCTBHAX, T. €. OpA
(0Yx/dInx) > q, 3uagennme n > 1. 310 coOTBETCTBYeT YypaBHeHHmld XMLIa
(6.73), KOTOpPO® MOJKIO mEpenHCATH B BUJE

In =InK-+nlnz. (6.78)

Ll 2

Ha puc, 6.24 upmseper rpadur (6.78), rae z = P, mna Hb momapmu. 3pecs
n =295 0,05, cBoGogHana »dHeprmsa B3ammojeicrua Hb ¢ O; pasma
19{9 K,T_lm/YMOJn,H +()3 HOMOINBI0 TeopdM Yaiimena Jerko ommcath addexr Bopa
(X'=0, Y =1+).

Temorno6ua momer csasmBate O, u CO. Ilpm machumenuwm Ko-
spunuent pacopegenenns A me 3aBHCHT OT HAPHUAILHOTO JAB-
Jenaus oboux rasos (repewvi sakon Xoadelina):

[Fb(CO)] _ ,Poo
RO = 7o, (6.79)

Bropot sakon riacdT, uWTO HACHIeHHe NpH B3auMOAeHcTBHH CO
cmechio O, m CO ects ¢yurnua po, + Apco. 3TOT 3akon ciefxyeT
uz (6.79).

CsoiicTBa TreMOriIO0MHA AEMOHCTPUPYIOT nm{amnqecmoe moBejie-
mne Oenxa. U tpermunas, m uwerBepruuHas cTpyrTypsl Hb Gnictpo
¥ HeIPEePHBHO OCHUIIHPYIOT MERIY OKCU- H Oezokcu-roHgopma-
nusma. llpucoenunenue jnuranga BHIBBIBAET CABHr KOH(DUPMAUUOT-
Horo pasuosecus. 1o u ects IHB.

§ 6.9. buomeoprannueckas XuMus u GuodusuKa

Temormobun u Muornobun — Genky, comep:Ramue COeNUHEHUE
IIepeXoMHOTO META/Ia, [eM, B KAaUeCTBe IPOCTETHYECKOH TrpYyHOEL.
Wsyvenne Takoro pofa BEmECTB OTHOCHTCH K oGiacTu Ououneopra-
HUYecKol xuMum, O KOTOpodl Yie ymoMmHamock Bhme (c. 50).
3mech yMecTHO PAaccKasaTh O OpoGieMax OHOHEOPTaHUYECKOH Xu-
MHU B ¢BA3M ¢ GHOPU3NKOI.

Buoneopranmgeckass XuMHA u3ydaer OmonormuecKn (HPYyHKIIHO-
uajbHBle COBUHEHNSA METAJIOB (4 TAKMAE HEKOTOPHX HEMEeTAJJIOB,
Hagpumep cejena). Meraminl HeoOXOAUMBI [lis HOPMAJIbHOH KNS~
HemeATeIbHOCTH OPraHmaMoB. B rtafi. 6.5 mpusegensl moxasaTelxb-
upte nudps. B opraHusme comepsKaTca M gpyrae MeTaiin, HO B
TOpa3sfio MEHBIINX KOJIUYEeCTBAX.

CreseTsl MO3BOHOUHBEIX, PAKOBHHEI MOJLIIOCKOB ¥ T. JI. HOCTpOE-
HEl B 0CHOBHOM #3 comeil kaismua. Wouw Ca’t urpawor Baskmeinryio
ponb B MeXaHOXMMHMYeCKHX mpoljeccax (MBIIEYHOE cOKpamieHue,
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Ta6anna 6.5 Conep:xanre meranior (B r) B Tene uelxosexa secom 70 kr

Ca 1050 Na 105 Fe 4,25 Cu 0,15 Mo 0,015
K 245 Mg 35 Zn 1,9 Mn 0,020 Co 0,003

i 12) m B pgpyrax 6uosiornuecKEx ABjgeHnax. HoHE I1HeI09HBIX
metamimos K'Y, Nat ompemenfior MeXaHH3MEl HEPBHOII IPOBOIUMOCTH
(rn. 10 m 11). Momsr Mg** cymecTBeHHH Kak [ia MBIIETHONO
COKpAmeHHs, TaK H Ui ABYCIHDANLHOH CTPYKTYDPH HYKIGHHOBHIX
gacaor (ra. 7). Mommr enesa Fe’ m Fe'™ ompepensaior csoiicTsa
MHEOTIOOWHEA B reMorio0HHA, a TaKMKe APYrox remcomepramnux Oen-
KOB, B YACTHOCTH IHUTOXPOMOB, YYaCTBYIOMHX B OKHCIHTENHHO-BOC-
CTAHOBHTEJBHEIX HPONMECCAX B [BIXATEIHHOl meN® u B (HOTOCHHTE3E
(va. 13 m 14). Morn Zn** QurypupyloT B aKTHBHEIX NEHTPax psafa
Baxmeiimux ¢epmentos, B gactHoctr B [IHH- w PHH-monumepasax
(. 7). Uomm Cu** cogep:marca B pAfe BaKHHIX 0@NKOB, TO Ke
ormocHTca H K Mn®*t, Mo’ (mmrtporemHasza, cm. pnamee). Mom Co**
¢urypapyer B ButamMnue By, (xoGamamun).

Iloutm Bcernga MHI HMEeM [EJ0 HE G MeTAIIOOpraHHYeCKHME
COEUHEHAAMH, CONEPIKAIMEME CBASH MeTALI — YIiepoj, HO ¢ HOH-
HEIMH KOOPAUHANHOHHEIME coepmHerusamu. jHmsus 3apompamacs,
mo-BEAEMOMY, B BogHO# cpeme (cm. ra. 17), merammooprammueckue
COGIHEHHA HE DPAaCTBOPAIOTCA, a pasiaralTca BOJOH, B TO BpeMs
KAK HOHBH MOTAJNIOB XOpOmio pacTBopuMil B Boe. O posiu BomHOIR
cpensl CBHAETENLCTBYET W BaKHOE 3HAYEHHEe MOIHO[eHA B GHOIO-
rou. Conep:kaHue »TOT0 BIEMEHTAa B 36MHOI KOPe HE3HAUUTEIHHO.
Kpurk B nomymyriausoil ¢opMe mmcal, 910 HAIMUNE MOJIHONeHA B
opragu3Max CBUETEJBCTBYET O TOM, 9TO SRH3HL 3aHECEHA HA OEM-
a0 mpomnaHersaaMu, OnHaKo B MOpCKoil Bome comep:ranme Mo Toro
e mopsanKa, uro Fe m Zn.

Monsr MeramnoB, cofepkaiue He3anojHesuyl d-o6omouky (a
TariKe f-000lI0UKy), ABIAIOTCA TEPEXOTHEIMH — CHOCOGHBIME HMETL
Pa3NEYHYI0 BAJEHTHOCTHL ¥ 0GPasoOBEIBATH KOMILUIEKCHEI®, KOOPJHHA-
NHOHHHE coenuHenusa. ayvennme Takux COGQUHEHHH ABIAETCH TaB-
HOil 06JacThi0 COBpPeMEHHON meopraEmueckoit xumuum., CooTBeTcTBEH-
HO BajKHEI paspgen OGuoHeopraHHUecKoil xummu sanuMaerca dep-
MEHTaMU, CONEpIRAIMUIME aTOMEl IEPeXONHBIX METAIUIOB B KadyecTse
KOo(DAKTOPOB HIM B COCTaBe HPOCTOTHUOCKHX TPyHI (remcopepma-
mue Genxn).

CoBpemeHHBIE NPEACTABIEHNA 0 KOOPAWHAITHMOHHBIX COB[UHEHUAX
HepexofHEIX METANIOB OCHOBEIBAIOTCA HA TAK HA3LIBA@MON Te0puUL
noas auzandos, ITO — KBAHTOBOMEXAHNYECKAH TEODPHUS COOTBETCTBY-
OOIX MOJEKyJd, B KOTOPOil paccMAaTpHBAMOTCA KAK MOJEKYISpHbIe
op6HTaNny IEHTPAJIBHOr0 WOHA MOTAJIA, TAK H €ro IHUTAHAOB B KO-
opauaanuoHHO# cdepe. Cpasm meramin — JUTAHI HE XapaKTepHCTHY-
HBl WM JHTAHBl CWIHHO BIHAIT APYr HA JApPyra B XUMHYECKHX pe-
arguusax. Hoopmunanua nurasmos OmpeneinseT CUMMETPHIO MOJICKYJIbi
¥ pacHIeIieHHe »HepreTHdecKux yposHeit d-saexTpoHOB. B orcyrt-
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CTBHE JMTAHIOB BCE WATh YpPoBHEH d-plexTpoHOB comagaioT, Ha-
ToMHEM, 9T0 ofosHavenne d OTBedYaeT OpPOHTAIbHOMY KBAHTOBOMY
queny ! =2. CrefoBaTennHO, BO3MOKHEI HATh YPOBHEH: MATHATHO®
KBAHTOBOE WHCIO MOKET HMeTh 3Hauwenus ot —I mo I, 1. . —2, —1,
0, 1, 2. Cormacno mpuumuny llaynm, Ha KammoM ypoBHe MOTYT

e

.Eg

| Al A
bog Ty Y 1 ~+ 4+ +
Fe3+ d5 FeS+ d5
HuzkocnuroBoe Boicokocnunobos
s=1/2 s=5/2

eg —_
. A A\ \| A A \
29 1y ] K] iy | |
Fe?*4? Fe?2tgaf
HuskoenuwnoBoe Borcoxoenuroboe
s=0 §=2

Puc. 6.25. JneKTpoRHEbIe CIPYKTYPH nWoHOB Fe?t m Fed+

HAXONUTHCA JBAa DIEKTPOHA C AHTANAPAJIENHHHMHA COMHAMH;, BCEro
Ha d-mogo6omouKxe MOMKET GBITh MecATh HIOKTpouoB, B mome mmram-
0B d-ypOBHN paCIeINIAIOTCA B TeM OOIbHICH Mepe, ueM HHKe
cuMMeTpusa cucTeMl. Tar, Aag IIOCKOTO KBafipaTa ¢ HMOHOM MeTal-
Ja TOCepefuHEe WNMETCA YeTHpe d-ypOBHA, #JA OKTasgpa H TeT-
padapa — ABA YPOBHsA, AJsA HNKOCA3APA pacIieINIeHUsa HET BOBCe.
BsanmopeiicTBue 3MeKTPOHHBIX COCTOAHUMA ¢ KONeCaHUAME KOMILIOK-
€a HpUBOOUT K [albHEHIeMY HOHIKEHHI0 CUMMETPMEH ¥ pacmen-
JIeHHIO ypoBHEiH. JTo Tak HaswBaeMmui sfdexr Ana — Teanepa, sip-
KO HpOABIAKIMUNCA B CHEKTPAX NOTIIOMEHUS KOMIIOKCOB.

Meramns B KoMmiuekcax (UrypupylT B [BYX THHAX COEJHHE-
uuil, B BHCOKOCIIHHOBOM U HUBKOCHMHOBOM coctosumax. CoorTser-
cTByWOmue yposuu aus mouoB Fe’t m Fe®t mowaszammt ma puc. 6.25.
lIpasuso I'ynda TOBOPUT, uTO HAMMEHHIIEH DHEPTHH B MHOTODJIEK-
‘TPOHHOM AaTOMe OTBEYAeT HAPA/UIENbHOE PACIONOKEHVE CIHHOB, T. €.
BBICOKOCIHHOBOE cocTosinme. OXHAKO OCIH MOJe JHTAHJOB CHJALHEe
¥ DacIelIenNe ypOBHEH 3HAYHTEINbHO, TO DICKTPOHH IOHEBOJE BHI-
HYKJACHBH PACIONATaThCa HA CAMBIX HUBKHEX YPOBHAX H pealiu3yerca
HHA3KOCINHOBOE cocToaHme. TakoBa curyanmus B MbO, m HbO,, rne
Aeneso xmaxonutes B geppodopme (cp. Tadn. 6.2).
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Hommexcnne coepuuenns MOPeXONHKX MeTAIOB 06Ja/alof jgeo-
OHME CBOHiCTBAMH, YJOGHBIMH MjIA HX DYKCIEPUMEHTANHHOTO HCEjs.
OOBaHUs, JTUMH CBOMCTBAMH ABIAIOTCA HANHYHEE II0JOC IOTIONIOHMsY
B [IIMHHOBOJHOBOM — BHINMOM — 06j1aCTH CHEeKTpa, IMAPAMATHOTHIM °
u uajgnume cmexkTpos IIIP (3a HeMHOTHME HCKIIOYEeHUAMH, TAKEME
rak MbO., u HbO,). Hax yme crasauno, cuMMeTpuunbie KOMILIGKCH
XapaKTepu3ylTCsa BHPA3HTENLHBIMA CHEKTPAMH MATHATHOTO Bpale-
HOs ¥ MArHUTHOTO KPYIOBOT'O JUXPOU3MA,

Cpenu (epMeHTOB, CONEPKAIMUX HOHBI MEPEXONHKWX METAILIOB,
Ba)KHOe MeCTO IpHHANIERUT HETporeHase. Pan supmos Gakrepmii (B
9YaCTHOCTH, HAXOOAINHAXCA B cHMGHO3¢ ¢ GOGOBHIMH pacTeHUAMH) K
BOZopocyeli 06mafaeT CIOCOGHOCTHIO BOCCTAHABIMBATL a30T BO3MYyXa
Jo aMMuaKa. B xoHewHOM cueTe HMEHHO 3THM CIOCOGOM B OPTaHM3MbL
JOCTaBIIsAETCsA a30T, HEOOXOAUMMBIA Kak miisi GeJIKOB, Tak U [JiAd HYK-
JeHHOBKX KHCIOT. laKas peakmus, Kak Nz+3H2—+ 2NH,, B raze
TpefyeT reTeporeHHOr0 KaTauusaTtopa, masiedus mopsgka 250 arm
n Temmepatypu mpo 450°C  (mpoumecc T'aGepa — Boma). B Gaxre-
pUAX 9Ta peaKnus HAeT ¢ YYACcTHEM HHTPOTEeHA3El — KOMILIEKCa
OBYX 0ejKOB, ONHH U3 KOTOPHIX CONEPRUT MoaulaeH u Kejeso,
a mpyro#l — Tombko iKeneso. Pouss Mo sBusercs ompepensiomei.
Hecmorpa ma To, 9TO CTPYKTYpa HUTpOTeHas3h IOKa eIe Majio
A3y4YeHa, ¢ HOMOIMbI0 KAYECTBEHHBIX METONOB KBAHTOBOH XHUMWH,
OCHOBAHHHKX HA TEOPHH MOId JUIAHAOB, yAAJI0Ch BHABATHL POIb
MonunGueHa, AKTHBANHUA MOJEKYIAPHOro aszora N, HOPOUCXONMT, IO- |
BugumMoMy, B kommiekce Me —N=N-—Me (Me — meramn). Ilpn
srom cBa3p NN B N, u3 Tpoiinoit mpeBpamjaeTcs OPAKTHYECKU B
emruuYHy0. PeHTTeHOCTPYKTYPHBIH aHAIN3 MOKA3AJ, 9T0 B MOJENb-
Heix woMimewrcax N, ¢ metasmmamu miuna ceasu NN pasua 0,137 mm
(mmuna cpasy N=N 0,110 am, N=N 0,123 am, N—N 0,144 um).

Nsyuenne metamioepMeHTOB BajKHO IJIA [aJbHEHNIET0 IPOHUK-
HoBenusa B $usnRy depMentaruBaoro karamumsa. Ob6macts Genka, B3a-
EMOeHCTBYIOM[asA ¢ HOHOM METAJUIAa B aKTHBHOM IeHTpe, IpelCcTaB-
IsieT cofoit HOJMUAEeHTATHBIA JUraHn, o0pasys HECKOJIbKO KOOpPIHHA-
NEOHHEX CBA3EH ¢ MeTAIOM. JTO CIOPABENJIHBO A KOPAKTOPOB —
HOHOB METAJUIOB, HO HE s IpocTeTHYecKoil rpynmsl rema s Hb
u Mb, B xoTopoit Takas cBase omHa. Biaromaps «MArkocTHy d-3lex-
Tpouuoii ofojouru, ee Gompmeit medopmupyemocTtn, yeM s- m p-06o-
NOYKH, OHA HpHOGPETaeT HAIpAMREHHOE, (IKTATUUECKOE» COCTOSHIE
B axTuBHOM meHTpe (Ywubamc u Bamiu). 310 mpossisercas B OT-
IMYAHE BICKTPOHHKX CBOWCTB IEPEXOMHBIX METAIIIOB B depmenrax
OT 9THX CBOMCTB B MOJENbHBIX HHUBKOMOJEKYJIApHBIX coennﬂemmx.-
Pasuarca cmextpst I1IP, cnexrpst mornomenus u T. f.

B xuMHE KOMIDIEKCHBIX COeJUHEHHil U3BECTHBI NBa ABJIEHHHA, CY-
OIeCTBEHHbIE NJs HOHUMAaHua CBOHCTB MeTaiuogepmentos. [lepsoe
sBlerne — JUCTOPCUOHHASR u3oMepUA. B psapge cayuaes B KoMILIEKCe
IpOUCXONAT U3MEHEHUs NJIWH cBisell mpu COXpaHenum OOmEH CTPYK-
Typel. Tak, oxrasmp Cu(l\H ).Br, ussecren B paByx ¢opmax — 6o-
jJee W MeHee CILIIOIMEHHOH, BTOpoe sBlIeHWe — TPAHC-BAUAHUE, OT-
KpbIToe UepHsaeBHIM y KBagpaTHHRX KOMIIEKCOB HJIATHHEL.
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PaceMoTpuM KOMILIEKC

L, X — auranpet. Ilpn 3amemennn opioro mua jamradfaos X ma L,
aurany X*, naxomamuniica B 7TPAHC-TIONOKEHHN 1O OTHOMIEHNIO K
samectureno L, ofperaer NOBEIMEHHYI NOABIDKHOCTL. B pearnmumax

[PLX,}- + Y- - [PLX, Y]~ + X~

10 cmocoGHOCTH CTHMYJMPOBATL TpaHc-3aMernende purafgsl L, o6-
pasyioT pan
N-~ CH, ~CO>» NOj3z >1J >Br->(Cl->NH, > 0H~ > H,0.

Hanpsixenne d-o6oil0ouKE MeTajla NPUBOAUT K W3MEHEHMIO KOH-
dopMann NOFNAGHTATHOrO JINFAHAA — COBOKYNHOCTH AMUHOKHCIOT-
HBIX OCTATKOB B AKTHBHOM II@HTPE, KOOPAMHAMOHHO CBA3AHHHIX C
METAJUIOM B ¢ HAM cOoceicTBylmux. Ecim x Meramry npucoemmuen
HU3KOMOJIOKYJIAPHBIA JATaHm, T. €. CyO-
€TPaT, ToO HA Oro COCTOAHHE HENIoCpe[-
CTBEHHO CKas3BBAlOTCA 3TN KoH(opmaru-
ounrle coOwitna. Bozmumkaer caryanus,
CXeMaTHYeCKH mn3o0pajkeHHad Ha pHC.
6.26: mocpencTBoM TpaHc-BAUAHUA CY0-
CTpaT BO3NEHCTBYOT Ha CBA3M MOTALI —
Gesok, uro BieweT 3a coboil M3MeHeHHO
cesigeit  cybcTpar — Genor  BCaejpcTBue
9KB n m3meHnenne cocrosHAA cybcrpara.
Jdtn  ocobeuttocTn Hdemalor Merajuiodep-
MeHTBl ocofeHilo YHOOHBIMH o0BEeKTaMu
nasa usywenna IKB. [Ipm atoM, Kak ymxe
CKa3aHo, WOH WEPeXOTHOT0 ~ METALIA o o cou o N—
ABIIAETCA CBOETO POfia METKOH, WMOBBOMNA- yo tondopManmonmEx Baan-
0menl HCCIeT0BaATh BHB B BHUMOU MojeiicTBEA B MeTaJIno(be'p_
obmactu cuextpa MmeromoM IIIP m 1. . memre: Me — Meramn, L —
Mb yske BHEeNH, 4TO KOHMOPMALMOH- nurafg (cyberpar)
HBle CcBoficTBAa 0eiKa CKas3HBATCA HA
DIIEKTPOHHBIX CBOIICTBAX IeMa, 4TO HAXOAMWT CBOE BHIpAMKeHHEe B MAar-
HUTHON CHOEKTPOHOJAPHMETpHH Tremcofepskamux OGenxos. Bompocsr
STH ele MAJI0 M3YYeHbl.

Broneopranuyeckas XUMHg BajkHa A MeIunuasl, $apmaxoio-
THH U CeJbCKOTO Xo3AiictBa. VI30BTOK MIH HEJOCTATOK METAJIOB
BieueT 3a Cco0off maromormueckme MOCHEACTBAA H [ FeJIOBEKa,
KM [IA CeNbCKOX03AHCTBEHHBIX KyIbTyp. llo-BHIHMOMY, BHAUMTENIbHA
POIL MeTa/UIOB — Mpedae Bcero 7Zn — B KaHneporenede, Meramisl
(PUTYPUPYIOT B psAjie METUKAMOHTOB,

Merasmel BaykHB Mg GEIKOBON HIHMKEHEPHU — A HCKYCCTBEH-
HOTO NOJYyYeHWA OENKOB ¢ 3apaHee 3afaHHEIMA cBofcTBamu, Iloxa
YTO 3TO [EI0 OyHyuiero.
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