H.C.AXMETOB

OBIIAA
N HEOPTAHUYECKAA

M3paHue 4eTBepToe, UCHPABIIEHHOE

PexomenaoBaHo
MunucrepctsoM o6pa3zoBanus
Poccuiickoit ®enepanun
B KauecTBe YueOHMKA AN CTYICHTOB
XMMMKO-TEXHOJIOTHUECKHX CNELMANBHOCTER BY30B

sep A
s tvg.'\.v‘n'.' [

g




VIK 54
BBK 24.1
A 95

PeueH3eHT: npod. SA.A. Yrat (BopoHexcknit mcyzxapcmﬂﬂuﬁ YHHBEPCHTET)

Axmeros H.C.
A 95 O6wan 1 Heoprauuyeckas XUMHUs. Yue6. s By3os. — 4-e U3, Henp, —
M.: Boicwt. wik., Y3n. uedtp «Axamemus», 2001. — 743 c., un.

ISBN 5-06-003363-5 (Bricmmas mxosna)
ISBN 5-7695-0704-7 (U3n. HeHTp (AKaIeMHs»)

Ha coBpeMEHHOM YpOBHE DAaccMOTPEHBI OCHOBHBIE NMOHATHA H 3aKOHBI XHMWH:
CTPOGHHE BCUIECTBA, XUMHYECKad CBA3b (METOJ MONEKYNAPHEIX opGuTameit, MeTox
BAJICHTHBIX CRA3CH, 30HHAA TEOPUA KPHCTA/LTOR), BaxHeHIIHE NOMOKEHHA XHMUYECKOH
TEPMOJMHAMHKH H XHMHYECKOH KHHETHKH, METOIBI HCCNEJOBAHHA CTPYKTYpH! BEHIECTB
(3-¢ — 1998 r.) Xumud 37IEMEHTOR H3NOKeHa Ha OCHOBE MEPHOAHYECKOrO 3aKOHA
JI.AA. Menieneena ¢ npuBnedeHHEM CTPYKTYPHBIX H TEPMOIMHAMHYCCKHX NIpECTABNCHHH.
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OpHrHHAN-MaKeT JaHHOTO H3aHMA ABJSeTcd COGCTBEHHOCTBIO H3AaTeNsCTRa «Bhiciuas
mKoga»y, M ero penpoRyuHpoBaHHe (BOocrpoH3BelcHue) moGsM cHocoGoMm Oe3 cormacHs
H3gaTenLCTBa 3ampenacTcs.

Hctuna, KOHEUHO, OfHa M BeYHa, HO ... NMO3HAETCA U
JNOCTYNHA TOJNBKO IO 4YacTsM, MaJlo-TiIoMaly, a He
pasoM B OOIIEM CBOEM LEJIOM M ... MyTH MJIA OTBICKa~
HUS YacTeil UCTUHBI MHOTOOOPa3HEIL

AU Mendeaees

NPEANCNOBWE

B ocHOBY yuebHMKa MOJIOKEHBl KBAHTOBO-MEXaHUYECKHe, CTPYKTYPHBIE,

. TepMOJHHAMHUYECKHEe Y KHHEeTHUYeCKUEe 3aKOHOMEpHOCTH Ha ypOBHE MOHUMa~

HUA CTYIEHTOB IEPBOI'0 Kypca.

- Kuura cocrour m3 aByx dacreii. B neppoit wactu "O6uias xumus'
PaccMOTPEHEI OCHOBOIOJIATAJOIME TEOPeTHYEeCKUe pasfiefibl Kypca XUMUHU.
Bo Bropoii wactu "Heopranuueckas xumus" 06cyxIEHH CBONUCTBA XMMH-~
HMECKHX B3JISMEHTOB B COOTBETCTBUU C HUX IOJIOKEHHEM B IEPUOINYECKOM
cucTeMe. B 3aKJIIOYeHUU paccMOTpPEHH BOIPOCH XUMHYECKON 3KOJIOrUH.

Tlonyuenre MONHOUEHHLIX BHAHHI MO XUMHHM OCHOBAHO Ha KOHKPETHOM
npejncTap/ieHNN 006 M3YYaeMHIX BeEIIECTBaX U MX [pPEBPAIEHUAX, YTO B
BHAYUTEILHOI Mepe CBA3aHO C CEPLE3HHM U CaMOCTOATEILHEM BHIIOJIHEHU-
eM 1abopaTOpHHX pa6oT M peuleHdeM 3ajad U ylpaxkHeHuii. [Ias 3toro
‘npenHasnaveno noco6ue: H.C. Axmeror, M.K. Asusosa, JI.U. Baguruna.
JlaGoparopHEle M CeMHMHApCKHe BaHATUA IO O6uIeH U HeOpraHuYecKoil
xumun: —-M., Boiciias wikosa, 1998. DTo moco6ue cOBMeCTHO ¢ JaHHBIM
Y4e6HUKOM COCTABJISAET EAUHLIN KOMILICKT.

ApTop cepeuHo 6naromapen Jaypeaty [ocymapcTBeHHON npeMuu aka-
‘eMuky MesxIyHapoqHO# aKaJeMuy HayK BBICUICH WIKOJH, HOKTOPY XHMHU-~
YeckHux Hayk, npodeccopy fl.A. Vraio 3a megHele 3aMeqaHus U COBETH IIPH
06CYKIEHUY PYKOIIMCH.

\' 3aMeuyanus U NOxedaHdss Npockba HampaBlATE No aapecy: 420015,
¥. Kazann, yn. K. Mapkca, 68, Kasanckuit rOCY/IapCTBEHHBIA TEXHOJIOTHU~
)ﬁﬁecnnﬁ YHUBEPCUTET.
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VCTUHEDBII XMMUK JOJKeH yMeTb JNOKA3LIBATH [TO3HAH-
Hoe ..., T.e. AaBaTb eMy 00 BACHEBME ...

M.B. Jloamonocos

[panui HayuHOMy MO3HaHMIO U NpeacKasaHuio TIpea-
BUAETH HEBOIMOXHO.

JLU Menderees

BBEJEHWNE

XUMUAI0 MOXKHO ONpeleIUTh Kak HayKy, M3ydaiollylo BemecTBa M TPO-
Heccyl UX TPEBPAIIEHUs, CONpPOBOKIAOMMCCH U3MeHeHMeM cOocTaBa U
cTpoeHusi. B XuMuueckoM npouecce POMCXOIAT NeperpyniIupoBKa aTOMOB,
paspblB XMMMYECKUX CBA3H B MCXOJHBIX pemecTBax M 06pa3oBaHUe XUMU-
qecKNX CBS3ell B MPOJYKTaX peaKnuU. B pesyibraTe XUMUYeCKHUX peaKuuii
IIPOUCXOJUT NPEBpAIICHIE XUMWYECKON 3HEPruH B TEIJIOTY, CBeT U 1p.

flapk xuMan — (OpMyJbl BelllecTBa U ypaBHeHMA XUMHYECKUX peak-
mmit. B dopmysie BemecTBa 3aKOAMPOBAHA uadopManud o cocTape, CTPyK-
Type, PeaKIMOHHOM| CIOCOGHOCTH 3TOrO pemecTBa. VI3 ypaBHCHUA peaKIMU
MOXKHO MONyuuTh WHPOpManuio O XMMUUECKOM nporecce W ero mnapamer-
pax. Hayuutbcd paclunppoBHBATE 3Ty urdopManuio — BaxHad 3alatda
“3ydeHus Kypca 0616t 1 HeOpraHWIecKOH XUMUM.

CoBpemMeHHasA XUMUs NPEACTABIACT cO6OIl CHUCTEMy OTHEJILHBIX Hay4HBIX

NUCHMUIVIME: obMIeit, HeopraHHUYecKOH, aHATNTUUYECKOH, OPFaHNYecKoH,
buznyeckoil, KOMIOMIHOR XUMUM, 6UOXUMMUK, TOOXMMMUU, KOCMOXMMMM,
snekrpoxuMun 1 T.J. OCHOBOU XUMUAYECKOH HayKW SIBJISIOTCA aTOMHO-
MOJIeKy/IApHOE ydeHue, BaKOH COXpaHeHUA Marepuu, MEPUOAUYeCcKUl
3aKOH U TEOpUs CTPOGHUS BEIIeCTBa, yHeHUE O XUMUYECKOM IpOoLecce.

t‘lACTb NEPBAA
OBWAA XUMUA

Paspen |

Mepuoanyeckasl cucTema XMMUHECKNX 31IEMEHTOB
oW, Menpeneesa

Harypa Tem maue Beero yauBUTeNIbHa, 4TO B NpOCTOTE
CcBOEi MHOTOXMTPOCTHA M OT MAJIOr0 UMcIa NPUUMH
IPOM3BBOAUT HEUCUMCAUMBIE obpasbi CBOMCTB, TepemeH
U ABJIEHUNA.

M.B. Jlomonocos

Cgoiicrsa HpOCTHIX M  CJOKHBIX TeJ HAaXoaATCs B
lepogNUecKOi 3ABUCMMOCTM OT aTOMHOTO Beca oSie-
MEHTOB TOJLKO IIOTOMY, 4TO CBOMCTBa IIPOCTHIX M
CIOKHBIX Tl caMy COCTABILIIOT pPesynbraT CBOWCTB
aJIeMEeHTOB, UX 06pa3ylonMX.

JLH Mendeaees

OTKpHITHE MepPUOUIECKOrO 3aKOHA H MEepUOJMYecKON CUCTEMBl XUMU-
geckux anementoB JI.M. MengeneesriM (1869) sapepmumiio pa3BUTUE aTO-
MHcTHueckux npejcrapieauii B XIX B. OHO mnokas3ajgo, 4YTO CYMIECTBYeT
_eBA3b ME@XJy BCEMH XUMHMUECKHMH dleMeHTaMu. [lepnonudeckuii 3akoH, mo
mueruio JI.WI. Menneneesa, cjenyer paccMaTpuBaTh kKak "OJHO M3
;o6o6meunﬁ, KaKk HHCTPYMEHT MBICIIH, €Ie He noJBepraBmuiics A0 CUX MOp
'HMKAaKUM BHJIOM3MEHEHMAM', KOTOpHIA 'K[er ... HOBBIX NpUWIGKeHUH U
YCOBEpLIGHCTBOBAHHI, MOJPOGHONH paspaGOTKH H CBEXKHUX cun". B XIX B.
]nepnonnqec}mﬁ 3aKOH M CHCTEMa JJIEMEHTOB IPeJCTaBJAIMU JIAIIb TEeHU-
aTBbHOE BMIUpHYeckoe 0606meHne PaKkToB; UX GU3NUECKUN CMBICT NOJIT0e
/BpeMs ocTaBajics HEpacKpHITBIM. OTKPHITUE MEPHOJNMYECKOro 3aKOHA IMOJ-
Ero'roanno HACTYIJIGH® HOBOTLO DTalla Pa3BUTUA HAYKU — UIYHIEHUS CTPyK-
| TYPBI aTOMOB. T0, B CBOIO OUEPe/b, AA0 BOBMOXHOCTh Liy6ike BHIACHUTDL
| IPHPOJY XUMHMUECKUX OJIEMEHTOB U OGBACHNTL PNl 3aKOHOMEpPHOCTeN
| MIEpUOTUIECKON CHCTEMBI.

;‘ B cO3JAHHH COBPEMEHHOH TeODMH CTPOGHUS aTOMa 0COGYIO pOJb ChIrpa-
ian 3. Pesepdopn, co3maBIMN IJIaHETAPHYIO MOJeIb aToMa (1811), u
 H. Bop, npenioxuBIUHi 'IEPBYIO KBAHTOBYIO TEOPUIO CTPOCGHUS aToMa
1(1913).
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FJ1ABA 1. XAMUIECKUE DJIEMEHTHI.
HEPI/IOI[I/I‘[ECKI/IP'I 3AKOH

§ 1. IOHATUE XVUMUYECKOTO DNEMEHTA

Bin3Koe K COBpEeMEHHOMY OIpellesieHne XUMHYECKOro 3JieMeHTa OBIJIO
nago JI.M. MeHnpneseeBsiM: "Iod umenen IACMERMOB Jdoaxno noopasyaie-
sams Me AAMePUAALHBIE COCMAGHBLE HACTRU RPOCTMHET U CAOKNHT e,
Xomopsle NPUOGIOM UM UIGECTAHIIO C0GORYNHOCTY PUIUNECKUT U TUMUKEC
xuz ceoticme. Ecau npocmomy meay coomeememeyem NOHAMUE 0 UACTRUYE,
Mo ACMEHTY OMEeEUaAeM NORIMUE 06 amoxe". .

XUMUUECKUI 3TEMEHT — BTO COBOKYMHOCTD aTOMOB € OJIMHAKOBBIM
sapanom sAnpa. Hocureaem IOJIOKUTENBHOrO 3apsiia AApa ABJIANOTCA MPO-
roupl. VIX 4mciao onpepenseT BeAUYUHY 3api/a Afgpa, U CJel0BaTebHO,
aTOMHBI1 (IOPSAKOBBIT) HOMED XMMHUIECKOTO snementa. OcHOBHBIE XapaK-
TEPUCTUKN 1acTHIl, 0Opa3ylomX aToM — 1pOTOHA, HEATPOHA U B3JIEKTPOH2,
npUBeIeHsl B ra6n. 1. Macca 2/IeKTpOHa NOYTH B 1840 pas MeHbllle MAcCHl
IpOTOHA M HEHATPOHA. [losToMy Macca aTOMa IPaKTUIECKU paBHa Macce
AIpa — CyMMe Macc HYKLOHO8 (npoToHOB U HEITPOHOB).

Ta6auua 1. Ceenetnsi 0 HEKOTOPLIX ajleMeHTapHBIX YacTUIax

Yactuua Cum- Macea nokost, | OTHOCUTENIBHAS Bapsig, Kn
BOJL KT Macca, a.e.M.
[IporoH p 1,673-10727 1,007276 1,602-10719
Heiirpon n 1,675-10727 1,008665 0
D7eKTPOH e 9,109+ 10731 0,000549 1,602- 10719

\

* AromHast eqMHUIA Maccsl (a.eM.) pasta 1,6606- 10727 kr.

BaxHOl XapaKTePUCTUKOM ANpa ABJIACTCA Adccos0€ wucao A, KOTOpOE
paBHO 00mieMy 4ucily HYKJIOHOB — NpPOTOHOB Z ¥ HEHTPOHOB N Bxopsuinx

B AJPO:
A=7Z+ N
Bua aroMoB ¢ IAHHBIMM 4UC/IaMU NpPOTOHOB U HEATPOHOB Ha3bIBAIOT
nyxaudon. Pa3HOBUIHOCTH OLHOTO A TOTO Ke XUMHUYEeCKOro DJIeMeHTa,

oT/MYaomyecs Maccoil aTOMOB, Ha3bIBaloT wzomonanu. fapa aTroMOB
W30TONOB Pas3ndarorcs HUCIOM neitponos. Tak, H30TOMaMM KaJabIUA

6

ABNAIOTCS HYKIHABL *: 39Ca (20p, 20n), 32Ca (20p, 22n), 12Ca (20p, 23n).
MlpunATa TaKXKe 3alich M30TONOB ¢ YKa3aHHEM TOJBKO MAcCOBOTO HHCHa,
Hanpumep: Kaabuui-40, Kaapuuin-42, kanbuuit-—43.

Macca siipa Beera MeHble apudMeTHUecKO# cyMMbl Macc MPOTOHOB U
HEATPOHOB, BXOJAIIMX B €ro cocrap. PasHOCTh Mexay STHMU BONUHMHAMU

HasniBaloT degpexmon saaccel. Tak, Macca ajgpa HU30TONA FeIHA sHe (2p,
2n) pasHa 4,001506 a.em., TOrfa Kak cyMma Macc ABYX NpOTOHOB U JBYX
HeiiTpoHOB cocTaBiusier 4,031882 a.ewm. (2-1,007276 + 2-1,008665), T.e.
nedext Maccel pased (,030376 a.e.m.

JledpekT MaccH COOTBETCTBYET HEPIUM, KOTOPas BHIEIACTCS NMPU o6pa-
30BaHMM ALpa M3 CBOGOMHBEIX IPOTOHOB U HEATPOHOB M MOXET 6LITh BHI-
YycjI€Ha U3 COOTHOIISHUA:

AFE = Amgc?,

rne A F — usmeHenue sHepruu; Amg — nedeKT Macchl; ¢ — CKOPOCTh CBETA
B BakyyMe (¢ = 3-108 m-c’1).

CorsacHO 3TOMy COOTHOLIGHHIO YMOHBIIGHHE Macchl Ha 0,0304 a.em.
Ip¥ 06pa30BAaHMU AApPa TeINsi U3 JABYX NPOTOHOB M JBYX HEHTPOHOB COOT-
percrByer Bbigenenuio 4,562-10712 Jlx. CnenoBatespHo, o6pasopaHUe OHOTO
monst sigep (6,02-1023 snep) renusi-4 u3 INPOTOHOB U HEHTPOHOB JOJIKEH
COMPOBOXKIATbCSA BHIZAGICHIIEM OrPOMHOTO KOJIMYeCTBa IHOPIUM:

AFE = 4,53-10712-6,02-102 = 2,72-10'2 [x.

CrlegoBaTeIbHO, 3HEPrUsi CBA3M HYKJIOHOB B AApEe B MUJUIMOHBL pa3
[pEeBHIIaeT 3HEPIUI0 XMMHYECKON CBA3Y. IlosTOMy IpH XUMHYECKUX IIPEB-
palleHyAX BelecTB aTOMHBIE ANpa HE U3MEHAKOTCA.

B nacrosmee BpemMs n3zpecTHO Okoyno 300 ycTOMYUBBEIX M CBBHILIC 1400
PA/MOAKTUBHEIX sfep. 3aMEUeHO, YTO A1pa, cOASpxKaHHe 2, 8, 20, 28, 50,
82, 126 npoToHa WM HEATPOHA, 3aMETHO OWIHYAIOTCsA IO CBOWCTBAM OT
ANEp OCTAJIBHBIX BJIGMGHTOB. Hpennouarae'rc;{, YyTO ATH MALUUECKUE HUCAA
HYKJIOHOB COOTBETCTBYIOT 3aBEpIICHHBIM AJSPHHIM CJIOAM, MOAO6HO TOMY
KaK 5TO HabJofaercs s BJIEKTPOHOB B 3J1€KTPOHHOM 060J10YKe aToOMa.

Anpa MoryT comep:kaTh Marnyeckoe 4ucji0O NPOTOHOB MU HEHUTpPOHOB, a
TaKXke TeX U JpPyrux (L[BaJKL[bI Maruyeckue sapa). K gBaxabnl MaruyeckuM

* "
MaccoBoe YMc/IO M ATOMHBIA HOMEp BJIeMeHTa (tmcno NpOTOHOB) 0603HAYAIOT
YUCTIOBLIMU UHIEKCAMH cjieBa OT CHMBOJIa XMMHUUECKOTO GJleMeHTa; BepXHUI MHICKC
O3HAYaeT MaccoBoe YMOIO, HWKHUM — 3apsd sAnpa.
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orHocatcs saapa 3He (2p, 2n), %0 (8p, 8n), #Si (14p, 14n), Ca (20p,

20n), %35Pb (82p, 126n). ITo uucay NPOTOHOB MArMIeCKUMH ABJIAOTCA lgazNi,
5050, a Mo YuCHy HEHTPOHOB MarM4YeCKUMU SABJIAIOTCHA 88Gr (50n), 13%Ba
(82n), 13%La (82n), 14°Ce (82n) u Ap.

§ 2. KOCMUYECKAS PACIIPOCTPAHEHHOCTbD
XUMUYECKUX DJIEMEHTOB

AHaiu3 KPUBHIX, OTPAXAIOMHUX 3aBUCHMOCTh KOCMUYECKOA pacrnpocTpa-
HOHHOCTY XMMHUECKHMX 3JIEMEHTOB (s 6Mxalimero okpyxenus ComHeu-
HOfi cUCTEMBI) OT MX aTOMHOTO HOMepa (puc. 1), mosBossier caenarh cleny-
[OIIMe BHIBOAH: 1) PaclpOCTPAaHEHHOCTh 3JIEMEHTOB HEDABHOMEPHO YMEHb-
[maercs ¢ BO3pacTaHWEM aTOMHOTO HOMepa JeMeHTa; 2) Hanbo/ee pacr-
pOCTpaHEeHEl BOJOPOM M Tesuii; KOCMUYECKOe BEIIECTBO COCTOUT NPHMEPHO
Ha TpM UETBEPTH U3 BOJOPOJA M reiius (O Macce); 3) ornocuTensHad pac-
NPOCTPAHEHHOCTh ATOMHBIX AMEP ¢ YETHHIM YHCIIOM TIPOTOHOB (C YETHHIM Z)
BeIme, 4eM ¢ HedeTHny Ha 3emse, Hampumep, 5/76eMEHTH C HETHEIMH
aTOMHBIMH HOMepaMu cocraBisior 86%, ¢ HedeTHEIMM — 14% ™macch 3eM-
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P uc 1. Kocuuueckas pacnpoCTPAHEHHOCTh XUMMUUECKUX BNIEMEHTOB:

HAHHBIe O KONM4ueCcTse aTomos lg C otnecensl k C'= 1- 108 aromos kpemuust. CrolmHas Kpu-
Bas - YeTHble Z, NYHKTHUPHAIE - HeYeTHble Z
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HOM KOpPBI; 4) NEPHUOAMYECKH MOBTOPSAIOIIMECS MMKU HAa KPHMBHIX COOTBETCT-
BYIOT B OCHOBHOM AApaM ¢ MaTrHYeCKHUMH YMCJIAaMU IIPOTOHOB HJIM HEHUTPO-

nos: jHe (2p, 2n), 'O (8p, 8n), i5Si (14p, 14n), 39Ca (20p, 20n), 35Zr

(40p, 50n), '§3Sn (50p, 69n), '38Ba (56p, 82n), X5Pb (82p, 126n).

JdnAa [aHHOrO 37eMeHTa 60siee PACHPOCTPAHEHH H30TONEl € YETHHIM
YUCIOM HEHTPOHOB U MEHee — ¢ HeYETHRIM YUCJIOM IPOTOHOB U HEHTPOHOB.

PacnpocrpaHeHHOCTE 3J1EMEHTOB 3aBUCUT OT MHOTUX (pakTOpOB, HO B
KOHEYHOM CYETe ONpeNeiIaeTcss BepOSTHOCTHLIO SMEPHBIX peaKnuil ux obpa-
30BaHUA U OTHOCUTEJILHON yCTONYUBOCTLIO OTASILHEIX HU30TOIOB.

Nsyuenue pacnpocTpaHEHHOCTH XUMHUYECKUX BJIEMEHTOB MPOJIHBAET CBET
Ha npoucxoxkgeHue ConHeYHON cucTeMbl, 36MJIH, a TaKXKe IIO3BOJIAET
IOHATL (PU3NUYECKME U XUMHUYECKHUE [POIECCH B KOCMOce, pa3paborarh
TEOPUI0 06Pa30BaHUA XUMHUYECKHX IJEMEHTOB.

\

§ 3. PAIMOAKTUBHOE IPEBPAILEHUE XUMUYECKHUX
SJIEMEHTOB

[IpeBpameHne XUMHUYECKHUX 3JIEMEHTOB OCYIUECTBJACTCA B pe3yJbTaTe
ANEpPHHX peaknuii. [lepBBIM IJaroM B HayYHOM pPELIGHHH MpO6JIEeMEl Tpe-
BpalmieHUs J1€MEeHTOB Obi1O OoTKpHITHEe A. Bekkepesiem B 1896 r. paguoak-
TUBHOCTH ypaHa. O6bsicHeHHe PaJIMOAKTHBHOCTH KaK CJEMCTBUA pacierlie-
Hua agep (D. Pesepdopn, ®. Copnu, 1903) nokasuiBaer, 4TO XUMHYECKUE
9JIGMEHTHL He SBJIAIOTCA BEYHBIMU Y HEH3MEHHBIMH, a MOTYT IpeBpPAaIaThCs
apyr B apyra. C 3Toro MOMeHTa MOJyYdjia TBepjble HAYYHBIE OCHOBEI U
3a/laya HUCKYCCTBEHHOTO IIPEBPAIICHUS 3JIEMEHTOB. 3aKOHOMEPHOCTH Mpe-
BpameHUs s1ep XUMHYECKUX 3JIEMEHTOB U3Y4YaeT A0epHas TUMUS.

Hanbonee uacro BcTpeuaercss BUi pacliajia sfep, HASLIBAEMBIT Gema-pacnado..

IIpu sroM snpo ucnmyckaer 57eKTPOH € 3a cuyeT NPEBPAIIEHMS OIHOTO HEMTPOHA
SAnpa B MPOTOH:

n-—p+ e+ v

Yacrb 5HepruM, BHIENSOmEACs: IPU F-pacniafe, YHOCUTCA BMeCTe € AHTUHERTPUHO

~
ve. Heitrputo v, u anrudesrpuno 1~/e — BJleMeHTapHble YaCTMIPB], JMILEHHble 3aps-~
Ja U OTJIMYAYOmMeCss APYT OT APyra CIIMHOM.

[lpu f-pacnage sapsn sinpa yBeMuMBaeTcs Ha eIVHUILY, MACCOBOe e HUJIO
He U3MEHseTCsl, T.e. 06pasyercs sAPO APYTOro BJeMeHTa, aTOMHBIA HOMep KOTOpOro
Ha eMMHMHY Gonbllle, yeM y ucxomnoro. Tak, npu f<pacmage mzorona Topusa-234

obpasyerca usoron nporakruuus-234, a npu S pacnage pucMy™210 npeppamaercs
B nononHui-210:



234r _ 234 N~ 210p: — 210 "
seTh = “gPa + f + ve gaBi = P2t At ve

Jlnsi Ainep ¢ WACTIOM HERTPOHOB, MeHbIIMM YUCTA TPOTOHOB, XapakTepeH Npyro
pun f-pacmaja — ROSUMPONNHL pacnad, T.e. pacmaj ¢ BbleEHHEM IO3UTPOHA.
[losumpon — SeMeHTapHasl HacTMia ¢ VieMEeHTAPHBIM TIOJIOKUTETLHBIM 3apIANOM M
MACCO SIIEKTPOHA (e*-vacruua). f'-Pacnan saBsiercs caielcTBMeM NpeBpalleHuns]

OJ[HOrO NMpOTOHA B HEMTPOH:

p—+n+e*+ue

Tipy mosuTpoHHOM pacnajne 3apsill AIpa yMeHbIIaeTcsi Ha eMHULY, a MaccoBoe
wnesto (kak v npu f “—pacnaje) He U3MeHseTcs. Tpumepom B'-pacnaja ABILACTCH
npeBpAllEeHre U30TOoNA yraepoga-11 B nsoron 6opa-11:

Ho— LB+ +ve

K rtakoMy ke MaMeHeHuio ANpa, Kak M npu fB'-pacnaje, npuBOIMT 2AEXMPOH-
watih sazaam. D10 ABJEHME COCTOMT B TOM, IO OIIEKTPOH, HAXOAAILUACA Ha OJHOM
s GIMKARIINX K AIDY CJI0eB, 3aXBATHIBACTCS sigpoM. Ilpu orOoM OMH M3 NMpOTOHOB
SAnpa NpeBpaIlaeTcs B HEeATPOH:

p+e'—+n+ue

HanpuMep:
40y, — 40
1gK = 18AI + ve

Haubosiblie M3MeHeHUsT MCXONHOro sipa HabmonaloTcsi npu Msdia—pacnade.
Bbinesienne siipoM 0-HACTHIH] (stopa resmsA-4) NpUBOAMT K 06pasoBAHMIO M 30TONA
aleMeHTa ¢ 3apANOM SAApa Ha [Be eIMHNILLI MeHbllle ucxogHoro. Maccopoe uMAIO
npu STOM yMeHbllaeTcsl Ha UeThlpe enuaMnbl. o-Pacrnan Haubojlee xXapakrTepeH IS
rsIKeIIBIX OJIEMENTOB, HANPUMED WISl M30TONA ypana-234.

PaccMorpenHble TUITBI PajIMOAKTVBHOIO NpeBpaleHs ALep 4acTo CONpPOBOX A8~
JOTCA Yu3AyueNuen, CBASAHHBIM B OCHOBHOM ¢ nepexojomM 06pa3cBaBIlerocs Anpa
13 Bo3OYKIEHHOr0 B OCHOBHOE (HOpMaJIbH()e) COCTOSTHUE.

Jlyist TANENBIX SIEMEHTOB Hapsimy ¢ 0~ v B-pacnajioM BOBMOMHO CAMOMpPOMI™
BOJIbHOE (cnomaﬂﬂoe) NeNeHWe spa Ha JBe HACTH. Ono XapaKTepHO IS TpaHc-
ypaHOBbIX SJIEMEHTOB. :

[IpOMOTMKUTETBHOCTD KUZHUA ATOMOB onpejeJiAercs CTpoeHUeM UX ALep
1 XapaKTepHU3yercs nepuodon noaypacnadae Tl/ , T.6. BpEMEHeM, B TEUeHUC
2

KOTOpOTO pacnajaercsi MOJOBUHA Beero HAJJMYHOTO YHcia saep JaHHOro
snemenTa. [lepuon no.nypaénana J3MeHsAeTcsd B OUYeHb IIMPOKOM JIUANasOHe
— OT HECKOJBLKMX THICIYHBIX JIOJ1€l CeKYH[H 0 MHOTUX THICSIY MHJIJIHOHOB
ner. BOJBIIMHCTBO H30TOIOB UMEET mepHoA IOJypacnaga oT 30 nmo 10
nueit. OueBuHO, UTO HA Jemile UMEIOTCA TE 3JIeMEeHTHI, KOTOPBI® HE o~
10

Beprilich PaJMOAKTUBHOMY pacnaay 3a 4,5—5 MJDH. JIeT — Bpems CyIIecT-
BOBAHUS HAllel TJlaHeThl — WIM 3anackl KOTOPBIX NOCTOAHHO NMONONHAIOT-
¢s1 33 CYET COOTBETCTBYIOUIMX SEPHBIX NPEBPAICHHH.
Bcg BIGMEHTHl MEPUOLUYECKOM CHCTEMBI, PACTOJIOKEHHBIE TOCHe BUCMY-
ta g3Bi, paguoakTusnbl. M3 wux Tonbko Anpa ropusi-232 (Tl/ = 1,4-1010
2

ner), ypaxa-235 (Tl/2 = 7-10% ner) u ypana-238 (Tl/ = 45-109 ser)
2

MMEIOT JOCTATOIHO 60JIBIICH MEepUOoJ MOJIYypPacnajga U MOTJIM COXPaHUTHCA
na 3ewmie B Tewenue 4,5—5 miapa. Jer ee cymecrsopanus. [lpyrue snemen-
THI, PACIOIOXEHHBIE B NEPUOJUYECKON cHUcTeme 33 BUCMYTOM, MOCTOAHHO
06pasyIoTesi 3a CYeT eCTeCTBeHHOIO PajMOaKTHBHOrO pacmaia Anep 232Th
2351) u 2380. ’

Huke npusenes nocienoBaredbyblil DA PajUoaKTUBHBIX npeBpanieH uit
B pAny ypana-238:
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§ 4. A/IEPHBIE PEAKLYY

[lox AxepHBIMM DPEAKIMSIMM NOHMMAETCS B3aMMOAENCTBME COOTBETCT-
BYIOUIMX 4YacTui (HEHATPOHOB, MPOTOHOB, -YacTUIl M JPYTMX aTOMHBIX
snep) ¢ SAApaMM XUMHUYECKUX 3JI€MEHTOB. Hau6onee npocThle sigepHble
peaKmuyu XapaKTepuayioTcs ciexpyronmm mexanuamoM. Onda us 6om6apan-
PYIOIIMX YACTUH 3aXBATHIBAGTCA ALPOM-MUIUEHBIO U 0Opasyercs NpoMexy-
TOYHOE COCTABHOE AAPO C OYEHb KOPOTKON NPOLOJIKUTEIBHOCTBIO KU3HU
(~ 1077 ¢). Mocaepnee ucnycKaer dJIeMEHTAPHYIO JAaCTHUIY MJIM JIerkoe A1po
U npeBpaniaercsi B HOBOe ALPO.

BrepBble UcKyccTBEHHOE s/|epHOE NpeBpaliesne OBJIO OCYNIeCTBIICHO B
1919 r. Pesepdopaom. Emy ynanocy npu obiydeHuun a-uacTupamy npespa-

TUTH a30T B Kuchopo,. IIpoMexyTodHOe cOCTaBHOE AP0 B 3TOM peakmuuu —
usoron ¢ropa 1§F:

14 4
IN 4 iHe — (5F) — JO + H
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TIOHATHO, UTO JJIA MPEOJOJNEHUA KyTOHOBCKUX CUJI OTTATKMBAHUA AApa
60MGAPANPYIOLIAE YACTUIb JOJKHE 06/1aJaTh GOJBIION dHEPTUeH. JKeie-
puMenTanbaas GU3MKA ¢ [OMOIIBIO PA3/IUIHOTO PO/Ia yCKOPUTE/e! pellu-
J7a 3ajady NMOJYUEHUS HacTUL| C BHEprUell MOpAJKA HECKONBKUX MUIIUap-
noB siexTpos-BosbT *. Takue wacTMipEl paHblle HAGIIOAAIUCH TONBKO B
KOCMUYECKUX JIy4aX U TO B HUUTOXKHBIX KOJIUYECTBAX.

Huske mpuBeeHEl IPUMepHl AACPHEIX peakmuit * *:

1. Peakuuu nox meiicTBUeM (-4acTUL (MOHOB gHeZ*)
I;N + gHe — 1;0 + :H I?IN (o, p)lgO
3Be + ;He — léC + })n 3Be (a, n)lgc
2. Peakuuu nmoa geiicrBreM NMPOTOHOB (MOHOB %H*)
2Ne + (H — '0F + JHe INe (p, a)';F
ggCu + iH — gan + })n ggCu (p, n)gan
3. Peakuuu nop geficrBueM [eATPOHOB (MOHOB "le*)
21Mg + 2H — Na + jHe 23Mg(d, a)}iNa
HK I KK K
4. Peakuuu nop JeitcTBUEM HeATPOHOB
B + In — ILi + jHe '9B(n, a)jLi
%%Co + ln—> 5%Co + 7 53Co(n, 7)59Co
5. Peaxkuuu nox meitcrBueM dpoToHOB (')‘—M:myllenne)

63 62 1, 63 62
20U + 7y ;,Cu + n 26Cu( 7 n)5eCu

2% 27 26
A+ = BN+ I A M

*1 9B = 1,60201-1071° Ilsx; 1 oB/Monk = 96486 I/ moin.

** Mpuasira cienyomas cokpallenHass 3allUch SNEPHBIX peaklUMi: B cKobkax
CHAYaJIA YKASHIBAIOT GOMGAPIMPYIOLYIO UYACTHILY, 3aTeM YacTMIy, [OJIyYaeMylo B
pesyibTare peaKUMU; c/ieBa oT CkoBOK CTABSAT CMMBOJI MCXOOHOIO SIApa C COOT-
BETCTBYIOMMMYU UHIEKCaMH, CPaBa — CHMBOJI MOMY4AEMOro Sipa U ero MHIEKCHL.
12

Pemarpomyo posib B PasBUTUM SAEPHOU XHUMUM CHIIDAIO OTKPHITHE B
1939 r. nponecca nenenus Agep ypasa Npu o6Iy4YeHUH HEATPOHAMHU:

235 1 92 141 1
oU + oo — S Kr + s¢Ba + 3,n

B peaknusix nenenus AApO PACHICIUIASTC Ha [Ba HOBHIX CHJIBHO PaJinOaK-
TUBHEIX SJ[pA € HEOJUHAKBHMU MaccaMu. Peaknus AefieHusi siipa COMpo-
BOXIAa€TCsS BEIENIGHUEM OFPOMHOTIO koiauyectBa sHepruu. IIpum mporeka-
HUK, HAlpPUMEDP, PaccMaTPUBAEMOM peaknuu BrlgeidAerca sxeprusa 2-1010
w/lsx/Mons niu 8,4:1010 k/lx/kr 235U. DTO cOOTBETCTBYET TEILJIOTE crOpa-
HUST 2 MJIH. KT BHICOKOKAJTOPUIHOFO KAMEHHOTO yIJIA.

B peaknuu genenus na OAUH 3aTpadveHHbll HEHTpon obpasyercs 2—3
HOBHIX HelTPOHA, KOTOpHE, B CBOK OYepelb, MOTYT BEI3HBATL DEAKINIO
nenenust aAnep. TakuM 06pa3oM MOXeT NPOM30UTH JIABMHOOOpAa3HOe yBe—
NUYeHHe 4YMCIA pacumelViAeMHX Amep, T.e. uennas peaxyud. Ecan se pe-
I'y/IMpOBaThL pPa3BUTHe Ieneil, TO HpoHecc MPOTEKAaeT MPAKTUYecKu MIHO-
BEHHO ¥ cONMpOBOkxaeTcA B3phHIBOM. Ha 3TOM OcHOBaHO [eficTBHE aTOMHOM
60MOLI.

YupasnsgeMee peakuuy AeieHus sfep (ypaHa, IWIYTOHMA) MCIONB3YIOT-
¢ B ANEPHHIX peakropax. Ilpu 3TOM MPOU3BOMUTES IHEPTUA U MOJYUAIOT—
¢ pagUOaKTHBHBEIE U3OTOMBl JPYIUX 3JIEMEHTOB.

BaxHEIM BUJAOM SIIEPHLIX PeaKIUNl SABISIIOTCA Mepauoidepuvie Peaxyu.
OTO peaKuuy cJHUAHUA (CUHTE3a) ATOMHEIX sifep B 6o7nee ciokuble. B
KayecTBe IpUMepa TePMOANCPHON pPEAKNUM MOXKHO IPHUBECTH CUHTe3 sijep
reins U3 AAep BOLOPOAa (MPOTOHOB) NO CYMMapHOMY ypaBHEHMIO:

4H — He + 26°

TepMmosifiepHEle PeaknUM CONPOBOMIAKOTCA BHIGICHUEM KOJIOCCAILHOTO
KojdyecTBa aHepruu. Tak, B pe3ysbraTe cUHTE3a TeIUA U3 BOAOPOAA
IOJDKHA BHJIENUTLCA OFPOMHAA 3Heprus, papuasd 644 mau. k/Ix wa 1 r
BoAcpoda. OsHa B 3 MJH. pa3 60JbIUE, YEM SHEDPIUs, BHASAEMaA IpH
CKUTAHUM BOJAODPOAA, U B 15 MJH. pa3 60JbIUe DHEPTUM, IOMYYAEMOA NpHU
COKUTAHUM BBICOKOKAJIOPUAHOrO KAMEHHOTO yIVIA.

Pemenane nmpo6neMbl ynpapisieMHX TEPMOSAEPHBIX PEAKIUil MO3BONUT
YesiOBEYECTBY MCIIONL30BAThL HEMCUYCPIIAGMHIE 3alackl BHYTPUALEPHON 3HEp-
T'UH.

Wzsydenne 3aKOHOMEPHOCTEN AMIGPHBIX NPEBPALICHMI BaXKHO JIJs ycTa-
HOBJIGHUsI MPUPOABI ANEPHEIX CUJI U CO3JAHUS TEOPUM CTPOSHUSA AADA.
Wsyuyenue ANOPHEX PEAKIMA KMEET U GOMBINYIO IPAKTUYECKYIO EHHOCTD.
ITO MpexJie Bcero KCIONb30BAaHNEe SIIGPHON DHOPIHM, UCKYCCTBOHHOE MOy
YEeHMEe HOBBIX XHMMYECKUX 3JIEMEHTOB, Da3HOO6PA3HBIX pPaJMOAKTHUBHBIX
nzoTonoB. PasBuTue TeXHUKU YCKOPEHUA YacTHI, MO3BOJIMIIO BOCCO3JaBaTh
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B 1a60paTOpUHU TpoUeccH, MPUOIMKAONINecs K NPOUCXOAAIMM B 3eMHON
KOpe U KOCMHUYECKOM IIPOCTPAHCTBe. JTO [JaeT BO3MOXKHOCT: NPEJCTaBUTH
remesnuc XUMHUYECKUX dJIEMEHTOB B MPUPOJC.

§ 5. CUHTE3 3JIEMEHTOB

B 1869 r., korma JI.WI. MengesneeBbim OBl OTKPBIT HEPUOIHIECKUI
3aK0H,, 6B1J10 U3BecTHO Beero 63 snementa. Ha OcHOBaHMU NMepUOJUYECKOrO
sakona JI.U. MengeneeB npenckasan cyujecTBoBaHue 12 HOBEIX 371eMEHTOB
u nas tpex u3 Hux (Ga, Ge, Sc) omucan cpoiicTBa. B TedeHue mosyBeka
(1875—1925) 6B 06HapyXkexnbl B MPUPOJle NOYTH BCe 3JIeMEHT:l, PacIoyo-
sJKeHHBle B Tabjune MenjeieeBa o ypana. IlyTeBOAHON HUTHIO IJIA MOUCKa
¥ YCTAHOBJICHUSA XUMWYIECKON NMPUPOIHI DJIEMEHTOB sBWJICA NEepPUOaMY ecKuit
3aKOH M METOJ, mpejckasanust, ucronszoBannbiit J. 1. MenpesneeBsiu.

C 1925 r. ocTaBaniuch HE OTKPBITBIMM TOJILKO JIEMEHTBI C ATOMHBIMU
Homepamu 43, 61, 85 u 87, KOTOpHe, KaK OKa3al0och, HE 0OPa3ylT yCTOH-
qUBuIX U30TONOB. IlepBeIM 6B MOJMydeH CAHTETHUECKHUM TNyTem TeXHenui
Tc — 43-i1 27emMeHT, KOTOPHIN 3anOMHKI MycTOBaBlyio A0 1937 r. kieTky B
epuoanyecKkoll cucTeMe MEKAY MOAubAeHoM U pyTeHuem. TexHeyuit Buep-
Bole GBIJI HOJMy4YeH Npu OGJIyYeHUU MONMOIeHa NeUTPOHaMuU:

98 2 99 1 08 99
Mo + TH— "Tc + ;n naun  ,Mo(d, n),;Tc
B 1940 r. o6ay4enneM BUCMYTa o~4acTUnaM# mOjydeH 85-f siiemeHT acTar
At:

209 4 4 211 1 209 211
giBi + JHe — "L At + 2n mmm g Bi(e, 2n)7 At

Dnementsl 61-it (npomernit Pm) u 87-i1 (dpanuuit Fr) 6ol obnapykensl
B IIPOAYKTaX SAMNEPHOrO pacnajia ypaHa.

JIns cunTesa TpaHCypaHOBBIX 3JIEMEHTOB HUCIIObL3YIOTCS pPeaKuuu, B
KOTOpHIX y4aCTBYIOT HEATPOHSBI, NeMTPOHBI, 0~4aCcTURBl ¢ dHEPIUell mopsin-
ka 3-1012 k/Ix/mM0np ¥ MuOrO3apsAmble MoHsl (10B3*) 12C4* 14N5* 1606%
22Nel0*) ¢ sneprueit go 1,2-108 k/x/mons (130 MaB).

Venexn B cunTese M U3yYEeHHH TPaHCYPAHOBHIX 3JIGMEHTOB B OCHOBHOM
CBA3aHH ¢ PaGOTON aMepuKaHCKMX ydenbix KanudopHUIcKOro yHUBepCH-
tera (r. Bepriu) mnop pykosoactBom [. Cubopra u ydensix Wucruryra
snepusIX uccienobanuii (r. [ly6ua) non pykosogersom [ H. @neposa.

B 1987 r. B JIy6ue npu 6omM6apAupOBKe Ajgep TOPUS MOHaMM Kasbiusd,
a ypaHa MOHaMM aprona 6blyl CUHTesupoBaH aiemeHT 110.

llepuop nosypacnaga TpanCypaHOBHIX 2JIEMEHTOB ObICTPO yMeHbUIaeTCA
¢ pocrom 3apsifa aapa. OoHAKO MMEIOTCA OCHOBAHUSA CYUTATH, YTO CpeaU
CBEPXTAKEIBIX 2JIGMEHTOB [IOBHIILIEHHON yCTOHYUBOCTBIO JOJKHEL 06sagars
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AJipa ¢ 3aMKHYTHIMM HYKJIOHHBIMU CJIOSIMU C MarMyeCKUMM YKCJIaMU MPOTO-
HOB Z = 114 u 126 u wejitponos N = 184.

Paszputue PU3MKN U XUMUKM TPaPCyPaHOBHIX 3J16MEHTOB HEMOCPEs cTBEH-
HO OCHOBbIBaeTcA Ha nepuoaudeckom 3axoHe /.M. MenpeneeBa. B cBoio
ouepe/lb NCCISNOBAHUA B 0OJIACTA TPaHCYPAHOBBIX 3J1eMEHTOB He TOJNLKO
YrIyOJIsioT cBeicHUA G CTPOGHUM U CBONCTBAX ATOMHBIX Afep, HO TaKke
PacUpAOT HAIlK [IPEJCTAaBICHUA O CTPYKTYPE MEPUOAUIECKOH CUCTEMEL.

HecmoTpss Ha orpomHble fOCTMKEHWS HayKd 3a IIpOINe/IIee CTOJETHE,
cucreMa J[.MI. MeHpeneeBa B NpUHOMIAX [OCTpOEHMS He IpeTepliena
CKOILKO-HUOYA» 3aMeTHbIX W3MeHEeHUil, pa3BUTUEC IIPeJCTaBJeHUN O Ie-
PUOJUYECKON CUCTeMe MO CYyTU Jefla KOCHYJIOCh JIMIIL pacllUpeHUs ee
HUKHEH rpaHuUIlbl.

YMecTHO 3pmech BCMOMHMT: BoickasoiBaHHe JI.U. Meapencea: "Ile-
pUONUYecKOMY 3aKOHy 6ynymiee He I'DOSUT paspylleHUeM, a TOJNLKO Haj-
CTPOUKHK U pasBuTHe obGemaeT".

§ 6. AIEPHBIE PEAKIMY B [IPUPOJIE

Ha usydenun sakoHomepHOCTEl AAepHBIX Deaknuil U pagioaKTUBHOTO
pacrafa CTPOATCA TEOPUU MNPOUCXOKISHMA XUMUYECKUX 3JIeMEHTOB U MX
pacnpocTpaHeHHOCTH B npupofie. Kak mokasbiBaioT paunvle sfepuoil gu-
SUKM M acTPOMU3UKU, CUHTE3 U INPEBpPAlICHUE BJIEMEHTOB IPOUCXOMAT
Ha BceX CTaAUAX 3BOJIONUM 3Be3Jl Kak 3aKOHOMEDHBIA Mpouecc MX pas-
BUTHA.

O6pazoBanune Anep ¢ yciaomHeHMeM UX COCTABA MONKET HPOUCXOAUT: B
npupojie JnuGo IyTem CIAUAHUSA 3aPAKEHHBLIX 9acTHy (3J1eMEeHTAapHBIX dac—
TAL, WIX ATOMHBHIX siiep) APYr € [pyrom, Jubo B pes3yjbTaTe peaKiuil
NOrjOmeHns HEeTPOHOB. Yc/IOBMA, HeOOXOJMMBIE IJ1 3TUX MPOLECccoB,
BO3HMKAIOT JINOO B HelpaX B3Be3J| pPasjMdHbIX TUINOB, TAe 3apsxeHHbIe
HJacTUUH yCKOPSAIOTCA MPU BHICOKMX Temmeparypax (NOpsAgKa cOTeH MMJI-
JIMOHOB I'PajlycoB), JIMGO B 3Be3MHHIX aTmocdepax, rie YacTUbl YCKOPSAIOT-
€51 MOUIHBIMM BJIGKTPOMArHUTHHEIMUA TMOJIAMUA.

Ilpy 10—20 maH. rpamycoB B 3Be3maX NMPOTEKAIOT PeaKHUM MPEBpANIE—
HUS BOACPOAa B TeJIMd. OTa DeaKnusih — OCHOBHOM WCTOYHMK OTPOMHOI
ouepruu, nopfepxubawmeii Connye n 60JLIUHCTBO 3Be3/ B pacKaTeHHOM
COCTOAHUMN.

B 3Besmax ppyroro Tuna u Bospacra npuU Temneparypax Bhime 150 mis.
TPaaycoB NPOTEKAOT TepMOA/EPHbIe peaKuuu Trenusst ¢ o6pasoBaHUeM
YCTOMYMBEIX M30TONOB yIJlepofa, KHCIOpPOa, HeOHa, MarHums, cephl, apro-

Ha, KaJbud U Ap.:
“He(a, 7)°Be(a, 7)'2C(a, )150(a, 7)°Ne(a, 7)24Mg
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[IpOTeKAIOT TaKke PeaKklUU ¢ y4acTHeM MPOTOHOB U HEHTPOHOB U o6pady-
JOTCS 3JIEMEHTH! BIJIOTH JO BUCMYTA.

O6pa3oBaHie CaMBIX TAKENBIX 3JIGMEHTOB — ypaHa, TOpUA, TpaHcypaHo-
BLIX 3JIEGMEHTOB — NPOUCXOJMUT NMpU B3pHIBE CBEPXHOBHIX 3Be3x. IIpu Taxkom
B3pBIBE BLICBOGOMK AAETCA KOJIOCCAIbHAS JHEPIUsI, U TeMmIiepaTypa HOCTUraeT
nopAgka 4 MIDA. TpajycoB, 4YTO MO3BOJAET OCYUISCTBUTbCS PEAKIUAM
06pasoBaHNA CaMBIX TAMXKEIBX 3JIEMEHTOB.

B Heapax IWIaHeT He MOI'YT BO3HUKATH CTOJIb BbICOKME TeMIlepaTypsl, a
CJ1eJOBATEIBHO, U NPOTEKATh CTOJIB Pa3HOOOpa3HbIe sifepHble PeaKLUM, KaK
B ropauux spesgax. Ha 3emse nmpeBpallieHue 3J1eMEHTOB B OCHOBHOM 06yc-
JIOB/IUBAETCA PAJUOAKTUBHBIM pacHafoM. OTO MNPUBOIUT K HEKOTODOMY
U3MEHEHUIO UB0TOMHOIO COCTABA CYHIECTBYIOWIMX BJEGMEHTOB, M3 KOTOPBIX
25% pamuOaKTUBHBL.

B Henpax 3emiu o6HapY#EHB TAKKE HUUTOMKHBIE KOTUYECTBA HEKOTO-
PHIX U3 CUHTE3UPOBAHHBIX B J1a00paTOpUM 3j1eMeHToB (npomeTns, ¢gpan-
IUA, HeNTYHUS, IWIyTOHUs, TexHenus U ap.). [lo-BuauMomMy, OHM BO3HUKa-
JU KOI'Za-TO B 3HAYUTENbHBIX KOJUYECTBaX, OJHAKO BCJEICTBUE HEycTOM-
YUBOCTH Hcyesjid. B nacrosmiee BpeMs 3THU 3jeMeHTsl oOpa3yloTcst B pe-
3yJIbTATE SIJEPHBIX PEAKIMIl, BHI3LIBAEMBIX KOCMUYECKUMH JIydaMu, WK
KAK MPOAYKTHl PAAUOAKTUBHOIO paclajga APYTUX DJIEMEHTOB.

F'JT1ABA 2 3JIEKTPOHHAA OBOJIOYKA ATOMA
XUMHYECKOI'O 9JIEMEHTA

§ 1. UCXOJJHBIE IPEJCTABJ/IEHUA KBAHTOBON
MEXAHUKH

Teopusi cTPOGHUSI ATOMA OCHOBAHA HA 3aKOHAX, ONMCBHIBAIONIMX [IBHMKE-
HUe MUKpoYacTUn (3JIEKTPOHOB, ATOMOB, MOJIEKYJ) M MX cucreM (Hampu-
Mep, KpUcTauioB). Maccsl 1 pa3Mephl MUKPOYACTHUI, YPe3BBIYANHO Majibl
MO CPABHEHUIO C MaccaMK U pa3MepaMu Makpockonudeckux tei. [losromy
CBOMCTBA U 3AKOHOMEPHOCTU [BVKCHUS OTASIBHON MUKPOYACTULBl KayecT-
BEHHO OTJIMYAKOTCA OT CBOMCTB U 3aKOHOMEPHOCTEH [IBUXKEHUsT MaKPOCKO-
MUYEeCKOro Tesia, U3yYaeMbIX Kilaccudeckoil ¢usukoit. [IsuikeHue u B3au-
MOJENCTBUS MUKPOYACTHUL, OMUCHLIBACT keakmosas (WIK eoaxoe6as) MeXaHU-
ku. OHa OcHOBBIBaETCA Ha NMPEACTABIECHUM O KBAHTOBAHUM YHEPIUU, BOJIHO-
BOM XapaKTepe IBWKEHUA MUKPOYACTUI U BepOSTHOCTHOM (éTaTncrnqec—
KOM) MeTOJIe OMUCAHUA MUKPOOGHEKTOB.

KBaBTOBHI XapakTep M3JydeHHMs M NOIIOmMEHHs 3Hepruw. [IpumepHo B
mavase XX B. uccsenoBands psaa Aeiienuidl (U3NyueHUN pacKaleHHBIX
Tesl, poroaddekT, aTOMHBIE CIIEKTPLI) NPUBEJM K BbLIBOLY, UTO DJHEprus
pacnpocTpadsercsi U mepejgaercs, MNOrJopiaeTesi U UCMYCKAETCs He Helpe—
16

PHIBHO, & JHMCKPETHO, OTHEIBHBIMU NOPUUAMU — KBaHTAMU. DHEPrus Ccuc-
TEMBl MUKPOYACTUIL TAKIKE MOXKET NPUHUMATH TOJIBKO OIpPeAe/NeHHble 3Ha-
9eHUA, KOTOPBIE ABILTIOTCS KPATHBIMUA YUCJIAMUA KBAHTOB.

[Ipepnonoxkenne O KBAaHTOBOHM SHEPrUM BIEPBble ObIJIO  BHICKA3AHO
M. Ilnanxom (1900) u moske obocuoano A. Ditamreitnom (1905). OHep-
I'dst KBaHTa € 3aBUCHT OT YACTOTH UBJIYYCHUA v:

€= hy, (1)
rae h — nocmosunas llaanxa (h = 6,63-1073¢ [Ix-c).
Yacrora konebanuit v U IJIMHA BONHBI A CBSA3AHBI COOTHOLICHACM:.
Av=¢

rae ¢ — cKOpoCThb CBeTa.

Coracuo cooornowenuto (1), ueM Menbllle JuMHA BOJMHB! (T.e. YeM Goflblue
yacrota KosebaHuil), TeM Gosblie sHeprus ksamra. U, mnaobopor, uyem 6osbiue
IVIMHA BOJIHBL {1.e. YeM MeHblUe YacToTa KoJebaHuil), TéM MEHbIle BHEPIUS KBAHTA.
TakuM o6pasoM, yabrpadUosieToBbIe M PEHTICHOBCKME Jydn obnajalor Gosblreit
GHEpIUelt, YeM, CKaXeM, PaJVOBOJIHEI UM UHQPAKPACHBIE JIY4U.

BosaoBOi xapakTep ABHIKEBMA MHKPOYACTHL. /[J/isi OMUCAHUA 3JIEKTpPO-
MArfuTHOI'O MU3JIy4YeHUS MPHUBJICKAIOT KAK BOJIHOBBIE, TAK U KOPMYCKYIsADP~
Hble NPEeACTaBJIeHUSA: C OXHOU CTOPOHBI, MOHOXPOMATUYECKOE WUBJIyYeHUe
pacnpocTpansercs Kak BOJIHA ¥ XapaKTepusyeTrcs NJIMHOK BOJHBL A (uiu
4acTOTOM Koje6aHUA »); ¢ APYroil CTOPOHBI, OHO COCTOMT M3 MUKpOYac-
TUI, — QOTOHOB, MEPEeHOCAMUX KBAHTH 3sHepruu. SfBjnenust audpaxmun
NIEKTPOMArHUTHOTO N3JMydeHus (cBeTa, PajUOBOJH, Y-Iydeill, PEHTIeHOBC-
KMX JIydell M Ip.} [NOKA3BIBAIOT €0 BOJHOBYIO NPUpPOAy. B To ke Bpems
IeKTPOMATrHUTHOE HU3JIydeHUe obsiafiaeT 3Heprueil, Maccoil, NMpOU3BOJUT
napienue. Tak, BeIYMcieHO, 4TO 3a rof Macca CosiHua yMeHbmaeTcs 3a
cuer uzinydedus "a 1,5-1017 kr.

Jlyn ne Bpoiiar mpepsoskun (1924) pacnpocTpaHUTL KOPHMYCKYJAPHO-
BOJIHOBBIE MpEJCTaBJICHUA Ha BCE MUKDPOYACTUUBI, T.e. IBUKEHHE JIO60I
MUKPOYACTUIB DaccMaTPUBATBL KAK BOJIHOBOUM mpomecc. MaTeMaTudecKu
3TO0 BeIpaKAaeTCA coomuowenuen de Fpouad, COMIACHO KOTOPOMY YaCTUIe
Maccoll m, JBHKYILEHCA CO CKOPOCTBIO ¥, COOTBETCTBYET BOJIHA JJIMHOM A:

X = h/(m). 2)

lunoreza me Bpoiina 6bula sKCIepUMEHTANBHO MOATBEPXAeHA OBHapy-
HeaueM audpaknuoHsoro u  uHTepdepeanuonHoro 3¢ ¢exToB HoTOKA
AMeKTPOHOB. B HacToAwee BpeMa Audpakius HOTOKOB 3J1eKTPOHOB, Heil-
TPOHOB, NPOTOHOB IMIUPOKO MCHONBL3YeTcs A U3YUEHUA CTPYKTYPH Be-

Iecrs (eM. pasgen IV). : . ' '
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CornacHO cOOTHOIIEHMIO (2), NBHXKEHHUIO 3/eKTpoHa (Macca 9,1-10731 ki,
ckopOeTh mopaaka 106 m/c) orpeyaer BosHA AsuHON nopsaaka 10710 M, T.e.
ee ANUHA cOM3MepuMMa c¢ pasMepamMu aToMOB. [losTomy mnpu paccessHMH
3IeKTPOHOB KpHCTaaMi Habmogaercad AMGpaKnud, npudueM KpUCTATIIBI
BEITIOJTHAIOT PONb ANU(DPAKIMOHHON pelleTKH.

C ABMKEHHMEM e MAKpOUYacTHI, Hao60pOT, acCONMUpPYETCs BOJIHA CTOJb
manoit gyuHe (1072 M B MeHbIe), YTO BKCIEPUMEHTAJBHO BOJTHOBOW NpO-
Hece ob6HapYXKUTh HE yaeTcs.

llppaxan  meonpepenearocTA. B. Teitsen6eprom yeranosaed (1927)
NpUHOMUDND HEONpEeneJJeHHOCTH NEGOSMOXKO 00HOBDEMENNO
MmoxHo OonRPEJEAUNs TOAOKENUE UUKDOUACTRUYDL (ee xoopduwamsl) u ee
xoauxecmeo deumenus (uunyisc p = muv).

MareMaTHyeckoe BEIpakeHMe NMPUHIMIA HeONpenbIeHHOCTH UMEEeT BUA:

AzAp?% unu AzAv>2—h7r—-m, 3)

rae Az, Ap, Av — cOOTBETCTBEHHO HEOIPEAEJCHHOCTH B IMOJOKEHUHU, UM-
NyJbCe ¥ CKOPOCTH YaCTUIIHL.

Nz coornomennit (3) cneqyer, yro 4eM TOUHee OnpeZieieHa KOOpAMHATa
yacTHIHl (€M MeHbIIE HeONpeHeaeHHOCTh Ar), TeM MeHee ONpeRelIeHHON
cTaHOBUTCA ckopocth (Goasmie Awv). VI HaoGopor, weM TOUHEE H3BECTEH
UMITyNEC (CKOPOCTE), TeM 60Jiee HeONpPEeLeIeHHO MECTONONOKEOHME JaCTHIIH .
Tak, eciy MOJIOKEeHHe 3JIEKTpOHa ONpeAesieHo ¢ TOuYHOCcThIO a0 10712 M, TO
HeOIpEeIeNeHHOCTE B ckopocTd coctaBut 58 000 wM/c.

Jina MakpodacTun BeJIMYUHA OTHOIWIEHMA h/m oueHr Mana (T.e. HHY-
TOXHO MaJkl Az ¥ Av), MO3TOMY JJA HHUX CNpPaBeJJIMBL 3aKOHBI KJaccH-
YeCKON MeXaHMKH, B DaMKax KOTODHIX CKOpDOCTb M MOJIOXEHHE YACTHUIIHI
MOTYT GHITH TOYHO ONpeesIeHBl 0 HOBPEMEHHO.

KpaHTOBaHME 3HEpru#, BOJHOBOW XapaKTep MBIKEHMUS MUKPOUAcTHII,
IPUHIAI HEONPEAESICHHOCTH — BCE 3TO I[OKA3LIBAET, YTO KJIACCHYECKAS
MeXaHMKA HeNpUroJHa [Jisi OIMCAHMs NOBeMeHUs MUkpouacthu. Tak,
COCTOAHME DIIGKTPOHA B AaTOME HEJIL3s IpPeJCTABUTh KAK J[BIKEHHE MaTe-
pUAJLHON YacTHIH MO KaKoi-To opbure. KBaHTOBas MeXaHMKa OTKa3HIBa-
eTcsi OT YTOUHEHUA IOJIOXKEHMA DJIEKTPOHA B NMPOCTPAHCTBE; OHA 3aMeHseT
KJaccHYecKoe MOHATHE TOUHOTO HAXOKIEHUA YacTHUBl TMOHATHEM CTaTHC-
TUYEeCKON BEpOATHOCTH HAXOKIEHUsA HIGKTpOHA B JAHHOM TOYKE IPOCT-
paHcTBa UM B 3JeMenHTe o6beme d V BOKpyr szpa.

§ 2. QJIEKTPOHHOE OBJIAKO

Bonnosaa ¢ymxumsa. [fockonbky ABMKEHHME DIEKTPOHA MMEET BOJHOBOM
xapa}c’rep, KBAaHTOBasi MeEXaHUKa OIIUCBIBAeT €ro ABUKEHHE B aTOMe le(l
NOMOIY GoaHoBol Pynxyuv . B pasHEX TOUKaX aTOMHOrO NMpOCTPAHCTBA
18

9Ta (t)yHKI_I,PI}I IIpUHNAMAET pa3Hbi€ 3HAYEHUA. MareMaTHYecK 3TO 3alUChI-

BaeTcA paBeHCTBOM P = 1 (z, y, 2), TAe z, ¥, 7 — KOOPAMHATH TOYKH.
QuiandeckHil CMEICT BOJIHOBOH (DYHKIMHM: ee KBaapar 12 XapaKTepU3yer
BOPOSITHOCTL HAXOX/ICGHMUSA DJIEKTPOHA B JAAHHOUM TOYKE ATOMHOTO MpOCT-
paHcrBa. Besuuuna ¢2d V npeacrasnsier co60ii BepOATHOCTL O6HAPYkKEHUSA
pACCMATPHMBAEMON YacTHiHl B 3JeMeHTe o6bema d V.

B kauyecTBe MOJENM COCTOSTHUS 3JIEKTPOHA B aTOME MPHHATO MPEJCTAB-
neHue 06 suexmpownou o0b6.4axe, TNIOTHOCTH COOTBETCTBYIOIIUX YYACTKOB
KOTOpOro MpONOPHUOHATEHA BEpPOSTHOCTU HAXOXKASHUS TaM 3JIeKTPOHA.
Onna U3 BO3MOXHHIX (DOPM NIEKTPOHHOrO o6jiaka B aroMe NOKa3aHa Ha
puc. 2.

OTOT PUCYHOK MOXKHO MHTEPIPETHPOBATH cleyiomuM obpaszoMm. lomyc—~
THUM, YTO B KAaKOH-TO MOMEHT BpEMEHM HaM ypaadock chororpadupoBars
IOJIOKEHNE BJIeKTPOHA B TPEXMEPHOM I[IpOcTpasHcTBe BOKpYr sAapa. Ha
dororpacdun 3ro orpasurcsa B Bume Touku. Ilopropum rakoe onpenesnenue
Teicaun pas3. HoBuie ¢ororpaduu, caesaHHLIe depes Masble MPOMEKYTKU
BPeMeHU, OGHApYKAT DVIEKTPOH Bce B HOBHIX IOJOKEHUAX. MHOx)ecTBO
TAKNX ¢>'0Torpa¢>m71 IpKU HaJOXEHNU O6pa3yioT KapTHHY, HaIOMUHAIOU[YIO
o6ako. OweBHIHO, 067aKO OKAXETCA Hambolee IUVIOTHHIM TaM, TAE Hau-
6onbllee YUCIO0 TOYEK, T.€. B obilacTAX Haub0Jiee BEPOATHOrO HaXOXKISHUS
anekTpoHa. OYeBNHO, YeM NMPOYHEe CBA3L BJEKTPOHA ¢ AMPOM, TEM 3JIEKT-
poHHOe 0b6JIaKC MeHbIIEe [0 pa3MepaM K IUJIOTHEE [0 paCIpefesieHUI0 3a-
pAnga.

OJIeKTPOHHOE O6JIAKO YaCTO MB06paKAIOT B BUJE LPaNuun0l NOsepTHoC-
mu (oxpaThiBaiomeii npuMepro 90% oanekrponHoro obnaka). Ilpu sToM
0603HavyenMe IJOTHOCTH € IOMOINLI0 TOYeK omyckaioT (puc. 3). Obmacth
IMpPOCTPAHCTBA BOKPYT SA/pa, B KOTOpPOA Haubosmee BEPOATHO NpeGhiBaHUE
MEKTPOHA, HAa3LIBAIOT opbumaasio. PopMy U pasMepsl rpaHUYHOHN MOBEpPX~

g
1/

Puc 2. OnexkrponHoe o6- P uc. 3. Ceuenue rpaHMY-
JlaKo HOM IIOBEPXHOCTU
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HOCTM TPMHATO cYUTATh (POPMOH ¥ DPa3MepOM OpPOUTANM (IJIEKTPOHHOrO
o6naKa).

BorumciieHe BEpPOATHOCTU HAXOMAESHUA OJIEKTPOHA B JAaHHOM MecTe
atoMa (MOJIEKYJIbl) M €r0 SHepruM — CJIOKHAsi1 MareMaTHYecKas mpoGJieMa.
Ona pelraercs ¢ HOMONIBIO YpaBHEHHs, HOJydMBLIErO Ha3BaHHE 604N06010
ypasnenus [llpeduniepa.

Vpassenue lllpenuurepa cBA3bIBAOT BOJHOBYIO (MYHKUMIO ¥ ¢ NOTEHUUATBHOK
sHeprueil ojexrpoHa U W ero nojiHoi sueprueil E:

h? —

2
rlie MepBblil WIEH COOTBETCTBYeT KUHETUYECKOoil SHEprMy oJieKTpona; V¢ = e +
92 & " .
+ 515 + —d—z—p — CYMMa BTOPBIX IIPOMBBOJHBLIX BOJTHOBOJ DYHKUMU 1) 0 KOODHMHA-
Y 2

TaM I, ¥ U 7 M — Macca IEKTPoHa; h — Nocrosnnas [lnatka.

He BbisicHAS MaTeMaTMYeCKMil CMBICT BOJIHOBOTO YDABHEHHSI, OTMETUM, 4TO €ro
IpUeMIleMble DElIEHNsT BO3MOXHEI TOJIBKO NPY BIOJIHE ONpPEE/IeHHBbIX IUCKPeTHbIX
BHAYEHUSIX ODHEPIMM  QeKTpPoHa. Paamuunemnd  bysHkumsiM ¥, ¥, 3, ..., ¥n,
KOTOpbIE SIBNISTIOTCS pelleHNEM BOJIHOBOTO YPABHEHWs, COOTBETCTBYeT CBOE 3HaueHue
sueprun: Ey, By, Es, ..., Ep.

BonHopasi ¢pyHKIMA, ABASOMasics peuleHueM ypaphenus Illpenuurepa, Hasbi-
BaeTCA OpOUMAABIO.

Ha puc. 4 u 5 nokasanbl rpadMKy M3MeHeHWs 1 U ¥7 [JIs1 BJIEKTPOHa aToMa
BOJIOPOJia B 3aBUCHMOCTH OT PACCTOSHUA OT sfpa 7, OTBEYAOIUe [BYM pa3HbIM
3HadeHUsIM ero sHeprum. WUsobpaxeHHble Ha puc. 4 KpMBLIE He 3aBUCAT OT HaNmpaB-
JIEHUS, B KOTOPOM OTKJIaJ{bIBAa€TCs U3MepsieMoe DacCrosHUe 7. DTO 03HA4Yaer, 4To
AreKTpoHHoe 06MaKe obiafaerT cdepudeckoit cumMerpuert (cM. puc. 2 u 3). Kpupas

w2

r r

P uc. 4. Tpadpuru ¥ u U2 st oj1eKTpoHa aTOMa BOJOPOsia ¢
HaMMeHbllIel BHepruen
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Puc. 5. Ipaduru ¥ u W2 5151 ayekTpoHa aToMa BOJIOPOLia B BO3BYXIEHHOM
COCTOAHUH ‘

1) pacnosnoxeHa IO OJHY CTOPOHY OT OCU paccTostHu# (ocH abcuuce), T.e. BOJIHOBas
dyHKIMSA VMeeT TOCTOSHHBIYE 3HAK; Gy[AeM CUUTaTh €ro IOJIOKUTETLHbBIM.

Hpn JIPYTOM 3HAYE€HUM BJIEKTPOHA KpUBBIE 1 U 1/; UMeloT BUJ, MMOKasaHHbLIN Ha
puc. 5.'B aroM ciydae no ogdy CTOpOHY OT S[pa BOTHOBas (DYHKIMSA NONOMUTETb—
Ha, Mo JpYyTrylo — OTpUUaTeNIbHA; B Hadajle KOODJMHAT 3HadeHMe 1) .06pau1aefrcx B
Hysib. Kpupas se 12, ecrecTBeHHO, cOOTBETCTBYET TOJBKO MOJOKUTENLHBIM 3HAHE—
HusiM 2. PaccMarpuBaeMasi BOJHOBas DYHKUMSI M ee KBaJpaT He obsajaior ce—
pUYecKOl CUMMeTpHell. JJIeKTPOHHoe o6JIaKO CcOCPEiOTOYeHO BOJL OCU I, a B
IJIOCKOCTU Yz, MEPNEHAMKYIIAPHON 5TO OCH, BEPOSTHOCTL NPEOLIBAHUS DJIEKTPOHA
pakHa Hymo. [looToMy oierTpoHHOE 0671810 UMeeT dOPMY FaHTeNM.

§ 3. ATOMHBIE OPEUTAIU -

KpanToBie gmena. Op6utTans MOXHO OnucaTh ¢ NOMOMBIO Habopa
KGAHTNOGHIT Muces: N — [AaBHOE KBAHTOBOe 4MCJO, [ — OpbUTaNbHOe KBaH-
TOBOE 4HCJIO, M} — MArHUTHOE KBaHTOBOE YUCJIO.

Tnasnoe xBaBTOBOG YHCIIO. DHeprerwdeckue yposuu. COriiacHO ycJIOBH-
AM KBAHTOBAHUA JJIEKTPOH B aTOMe MOMET HaXOIUThLCS JIUIIL B ONpese/leH-
HBIX KBAaHTOBBIX COCTOSHMAX, COOTBETCTBYIOIUX ONPee/eHHbIM 3HaYeHUAM
€r0 JHEPrUM CBA3U ¢ AAPOM. . |

Tak, BonHoBble PYHKIMHM, NONMyYyaemMble DEIMCHUEM BOJHOBOIO YpaBHe-
HUS 111 aTOMa BOAOPOAA, COOTBETCTBYIOT TOJNLKO TaKHM DHEpPTUAM, KOTO-
pbie 3aal0TCs BbhIpaXXeHHUeM

E=-2176-101 - [l wa E=-13,6 1B,

rae » — riaBHOe KBaHTOBOe 4ucio; n = 1, 2, 3, ..., w.

I[lepexon 3/1eKTpOHa U3 OXHOTO KBAHTOBOrO COCTOSAHHA B ApPYroe CBA3AH
€O CKaYKOOOpa3HHIM U3MEeHeHUeM ero osHeprud. ['padudeckn 3sHepruo
KBAHTOBBIX COCTOSIHUN M KBAaHTOBEIC IIEPEXOABI BJIEKTPOHOB MOXKHO U306pa-
3UTH ¢ DOMOWBIO cXeMHl JHeprerudeckux ypoeHeii (puc. 6). Ha cxeme
rOPU3OHTaIbHEE JIMHHM [IPOBeNEHBI HA BHICOTAX, NPONOPUMOHAJILHEIX
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3HaYeHUusAM OHEepruu JJ1eKTpOHAa B

EzB aToMe BOJOPOIA. BeprukanbHbie
Hac /iﬂﬂl hy # CTpeJKUM YKa3blBalOT Ha BO3MOXHbBIE
ok poco KBAHTOBBIC [epexobl.

X == n-5  KpantoBOe cocTOsiHMe aTOMa C Hau-~
T 1111] Z:; MeHpImeli  dHeprueil F;  Ha3pIBalOT
2F %”IZZM ocnoeusia,  QcTanbHble  KBaHTOBBHI®
I 25 n=2 cocTOsHUs ¢ Gosee BBHICOKUMM YPOBHS-
4T cepan mu suepruu Ez, Es, Ei, ..., Ha3bIBAIOT
T bassmept 80306yxOEHHBLAUL. DJEKTPOH B OCHOB-
6r HOM COCTOSIHUU CBsi3aH ¢ AApOM Hal-
7r Gonee npouHo. Koraa ke aToM HaXo-
-4t auTcss B BO3GYKJEHHOM COCTOSAHMU,
-9t CBSi3b JJEKTPOHA C SIAPOM OcsabeBaeT
10k BIJIOTH 10 OTpBIBa JIEKTPOHA OT aTOMa
1} : npu E_ v npespamieHus ero B nojoxu-

72 TeJILHO 3apsKEHHBI MOH.
At =1 B OCHOBHOM COCTOSTHUYM AaTOM MOXKeT
14 c% HAXONUTbCA HEOTPaHUYEHHOE BpEMsi, B
ANaimara BO36YKAEHHOM KKe COCTOSHMM — HUY-

Puc. 6. CxeMa oHepreTM4ecKUX TONKHBIS O COKYHLM (10°5-10710 ).

ypoBHEA W KBaHTOBble MEpEXOMibl BoabyxneHue aroMa NpOUCXORUT

aToMa BOJOpOJia npu  HarpeBaHUM, 3JEKTPOpa3pAne,
NOC/IONIeHUU cBeTa M T.4. llpu 3TOM B sr06OM ciyuae aTOM NOTJIOHIAeT
JMIIb ONpeAesieHHble KBAaHTHl JHEPTUU, COOTBETCTBYIOMIME pa3HOCTU BDHEp-
reTu4ecKUX YpOBHeN 3J1eKTpOHOB. O6paTHbIil nepexos 3JIeKTpOHa cONpo-
BOXAETCs BHAETCHMEM TOYHO TaKUX e KBAHTOB SHEPIUM.

- KpaHTOBble nepexoabl 3JIGKTpOHA COOTBETCTBYIOT CKauYKOO6pa3HOMY
U3MEHEHUIO CpeJHero pa3Mepa JIeKTPOHHOTO o6s1aKa: yMEHbIIeHUue 3Hep-
[UH CBS3U DJIEKTPOHA € 5APOM COOTBETCTBYET YBEJIUICHUIO ob6bema 0b6saKa;
yBenM4YeHUe DHEPTUU CBSI3U — CHKATUIO obsaka. '

ATOMBHIe CIEKTpbl. DKCIEGPUMEHTANbHO KBaHTOBaHUE SHEpIUU aTOMOB
O6HApYKMBAETCH B WX CIEKTPaX MOCJOMEHUS U HUCMYCKAHUI. Atomutie
CNEKTPHl UMEIOT JUHeuaTeil XapaKTep (puc. 7). Bosuuknobenue JIUHUA B
cnekTpe OOYC/OBNEHO TeM, 4TO TNpH BO36yKeHUN AaTOMOB (HarpeBaHUU
rasa, BJ€KTpOpa3psiflé M Np.) IEKTPOHBI, NPUHUMAZ COOTBETCTBYIOIINE
nopUYU YHEpPIMM, NEpPEeXOAST B COCTOSHUE C 60Jiee BHICOKMMM JHeprerudec—
KUMHM YpOBHsiMu. B TakoM BO36YkaeHHOM COCTOSHMU ATOMEI HaXoasTCeA
JUIIb HUYTOKHBbIE N0JaM cexkyHasl. Ilepexon 271eKTPOHOB B COCTOAHMHA C
60s16e HUBKUMU IHEPreTMYECKUMU yPOBHSMU CONPOBOKACTCA BHEICHUEM
KBaHTa JHEPTMM. DTO OTBeYaeT NOSBJIEHUIO B CMEKTpe OTASIbHBIX JIVHUH,
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CHnHe - duone-
K pacnasn seneHans CHHuaa ToBasa
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Puec 7. JluHUM BUIMMOTO cleKTpa aTOMHOTO Bojopona (cepisi
BanbMepa)

COOTBETCTRYIOMIMX M3JIy4eHHIO olpelleIeHHON 4YacToTh KojleGaHuit (namHbI
BOJIHEL).

Hockonbky ra3oo6pa3Hblii aTOMHBIN BOAOPOA, COAEPKHUT MHOMXECTBO
aTOMOB B pa3HBIX CTEleHAX BO3OYXJeHWUsi, CIEeKTP COCTOMUT M3 GOJBIIOro
4Hcila JUHUM.

KsanToBhie nepexonbl BO36YXKAEHHBIX 3JIGKTPOHOB ¢ Pa3JIUYHbIX ypOB-
Hell Ha nepBuit (cM. pHc. 6) OTBeMalOT rpyilfle JHMHHH, HAXOAAMMUXCA B
lepraqmo.neTQBoﬁ obnactu (cepus Jlatmana); mepexonbi BO3GYKIEHHBIX
3JIGKTPOHOB Ha BTOPO#l YPOBEHb B OCHOBHOM COOTBETCTBYIOT BMAMMOIT 06~
snactu coekrpa (cepus Laasauepa); npyrve cepuM MepexOnOB BbIPaXeHb
IJIMHHOBOJIHOBOM 06/1acThIO clieKTpa. Buaumbiil cnekTp Bogopona (cM. puc.
7) BO3HUKaeT NpH Nepexone BO3GYMAEHHLIX 3JEKTPDOHOB B COCTOSTHUE C
r71aBHbIM KBaHTOBHIM YHciIoM 7 = 2 (cepus Basswepa).

Op6uransaoe kBanTOBOe uMcs0. Popuut opburanel. [l xapakrepuc-
TUKH (POpMEI OpOHUTAIH, a CIENOBATENILHO, H (POPMbI aneprohHoro obiiaka
BBefleHO op6UTa/lbHOe KBaHTORoe umcio l. JlonyctuMuie 3HaueHms umcia [
OlpeneNsioTcs 3HAYEHHeM [JIABHOrO KBaHTOBOro 4umcida n. Ksantopoe
uncno ! umeer auavennsi: 0, 1, 2, 3, ..., (n — 1).

Op6uranbhoe KpaHTOBOE Yuci0 | NpUHATO 0603HaUaThL GYKBaMU!

Op6uTasnbHoe KBAHTOBOE YUCIO {..uvuveervreerennnns 012345
OBOBHATEHUS «evvererrrereerirnenneeeerarereeeeens R spdfgh

A Kaxjaoro 3HAYEHHsI TJIABHOrO KBAaHTOBOrO 4YHCJIa OpOGHUTaNTbHOE
YMCI0 NPUHUMAET 3HaYeHHs1, 3aKIioueHHbe Mexny 0 u (n — 1):

[naBroe kBaHto-  Op6HTaibHOE KBaH~ O6o3HaueHre OpEUTAIN
BOE UCI0 7 T0BOe ucio ! (amexTpoHHoTO 06/12Ka)
1 0 1s
2 0,1 2s, 2p
3 0,1,2 3s, 3p, 3d
4 0,1,23 4s, 4p, 4d, 4f
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P u c. 8. QopMa s, p- U dopOutaeil. [lokasahb! Takke 3HaKH BoJl-
HoBO¥M DYHKIIMU

TakuM 06pa3oM, AJs 3JIEKTPOHA [EepBOrO 3HepreTMiecKoro ypoBHi
(n = 1) BO3MOXHA TOJBKO OAHA Qopma op6urtaju, AJisi BTOPOro IHepreru-
yeckoro ypoBHs (n = 2) BOBMOKHbL 1Be (HOPMH opburaineil, AJIA TPETHETO
ypoBHs (» = 3) — TpH U T.A.

Cor/lacHO KBAHTOBO-MEXaHMYECKUM pacdeTaMm s-opOutanu UMeIoT dbopmy
mapa, p-opbutaiu — HOpMy raHTeNH, d- u fop6uranu — 60jlee CJIOKHbBIE
dopmbl. POpMbl rPaHUYHOM MOBEPXHOCTH S-, P- M d-op6uTasiell OKa3aHbI
Ha puc. 8.

[lpu 0603HAYEHUM COCTOSHUA 3JICKTPOHA TIJlaBHOe KBAaHTOBOE HMC—
JI0 IUILIYT Hepej CMMBOJIOM OpOUTaNbHOIO KBAHTOBOrO HMCJIA. Hanpuwmep,
4s o3Hayaer HJEKTpoH, y Kotoporo n = 4 u 1 =0 (o6nako umeer Qopmy
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mwapa); 2p o3Hayaer 3JIeKTPOH, ¥ koroporo » = 2 u [ = 1 (o61ako umeer
dopmy raHTeNIM) U T.A. :

MarauTHOe KBaATOBOEG uHCHO. IIpocTpamcreennas opHenTamus op6HTa-
neit. [InsA xapaKTepucTUKU IPOCTPAHCTBEHHOrO pPAaclOJIONEHUs opbuTtalei
NpuUMeHsieTcs MAarHUTHOe (OpUEHTHPOBAHHOE) KBAHTOROE YUCJIO M.

Yucno 3HaueHUHl MArHUTHOIO KBAHTOBOTO YuUCJa 3aBUCUT OT opb6uTans-
HOTO KBaHTOBOrO 4uesia u pasno (21 + 1):

OpbutanbHoe kBaH~  MarHuTHoe KBaHTOBOE Yueno opburaneit ¢
ToBoe Yucio | U0 MY NaHHBbIM 3HaYeyneM [
0 0 1
1 1, 0,-1 3
2 2,1,0,-1,-2 b}
3 3,210, -1,-2 -3 7

s-CocTOSTHMIO OTBE4aeT OAHa OpOUTANb, P-COCTOSHUIO — TPH, @-COCTOsI-
HUIO — IISATb, fCOCTOAHUIO — cemb u T.n. Opbutaiu ¢ OAMHAKOBOH HHEpru-
el Ha3BIBAIOTCA 6npoxdennsiuy. Takum 06pa3oMm, p-COCTOSIHUE BLIPOKIEHO
TPEXKPAaTHO, ¢-COCTOSTHUE — MATUKPaTHO, a fCOCTOsIHUE — CEMUKpPaTHO.
O611ee ke yucao opbutaieil qaHHOTO 3HEPreTUYECKOTO YPOBHS paBHO N,

ITo xapakTepy OopueHTaunu B OpOCTPAHCTBE p-OpOUTANM OGO3HAYAIOT P,
py 1 py (cm. puc. 8). d-Op6utanu, OpUEHTMPOBaHHBIE CBOMMU JIONACTAMHU
NnO OCsIM KOOpAMHAT, 0603Ha4aloT d.z‘?—yz U d,, a dopbutanu, OpueHTUPO-

BaHHbBIE JIOMACTIMU MEKAY OCAMU KOOPAUHAT, OG03HAYANT dry, dy, U dy,
(cM. puc. 8).
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Paznmidne B opHeHTalUMM ONEKTPOHHBIX 0OJAKOB OTHOCHTENILHO ApYr LDyra
no3BoJisier OODBACHUTL CNeKTPH! ATOMOB B MarHMTHoM Todle. [lpm  meicTeum
Ha aTOMbl BHeIIHero MarHUTHOTO NOJIST NMPOUCXOOUT paclielVleHue JIMHMII UX CIIeKT-
poB — BO3HMKHOBeHMe HOBBIX OJIMa/iexalidX JIMHWI. DTo 0OyCJIoBJIeHG U3MeHeHUeM
XapaKTepa paclosioXKeHUsi BJIeKTPOHHBLIX 06JaKOB OTHOCHTENBbHO APYr ApPYyra B
COOTBETCTBUX ¢ ''I03BOJIEHHBIMU" yIJlaMM NOBOPoTa KaXAOI0 M3 HUX B MarHUTHOM
nose.

Paguansnoe pacnpejesiende. 3IeKTPOBHOM ILIOTHOCTH. PaclipenesieHue

- 3JIGKTPOHHON INIOTHOCTH OTHOCUTENBHO sapa u306pakaloT ¢ IIOMOIIbIO
KpuBO# paaualibHOrO paclnpepesieHusi BeposiTHOocTu (puc. 9). Orta Kpubas

IOKa3bIBaeT BEPOATHOCTH TOIO, YTO 3JIGKTPOH HAXONMUTCS B TOHKOM KOH-
NEHTPUYECKOM WIAPOBOM CJIOE paguyca T TOMIUMHBL dr BOKpYT sapa. O6hem
aroro cnosi dV = 4nr2dr. O6luas BepOATHOCTL HAXOXACGHUS 2JIEKTPOHA B
aroM croe (dwr2dr)y2,
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P u c. 9. PaguanbHoe pacnpefielieHlle BepOATHOCTH HAaXOkJie-
HUS! 3JIEKTPOHA (QJIEKTPOHHOM IVIOTHOCTH) B aToMe BOJOPOJIa
Ha paccToAHMK T OT ANpa

Puc. 9 orpaxaer zaBucumocTb 47r2dr or r. Kak BugHO, 3/1eKTpOH JIO-
Goit Oopb6uTaNM ONpeieseHHOe BpeMA HAXO[AUTCi B OONacTH, 6Mu3KoN K
agpy. IIpu 5TOM BEpOATHOCTb HAXOXEHM: BONM3M AApa 0Opu AIHHOM
3HAUEHUU TIJIABHOPO KBAaHTOBOIO YHcja IJIsA  s-IeKTpoHa HauOoJbIliad,
MeHpllle — Ui P-IEeKTpQHA, ellle MeHblle — IJiA d-3JIeKTpOHa U T.A.
DJleKTpOHHAA INIOTHOCTb [0 OpOUTAlAM pacllpesesserci HepaBHOMEpHO.
HyneBbie NONOMKEHUA Ha KpHBOH HasbiBaloTcs yaaday. OHM OTBEHAIOT
M3MEHeHUIO 3HAKA BOJHOBOM QYHKIMHU (cM. puc. 5).

Yyesto MaKCHMYMOB Ha KpUBOM paclpefeieHust 3eKTpOHHOW MJIOTHOC- .

TH ONpeeIACTCA IVaBHBIM KBAHTOBbIM 4YHCIAOM. JIJIA $-3/IEKTPOHOB HHCIO
MAaKCUMYMOB HAa KpMBOWl BEpOATHOCTM HAXOXKEHUs IJIeKTpOHA HUCIeHHO
PaBHO B3HAYEHMIO IJIABHOrO KBAHTOBOFO 4YHUCJA, VIl P-3JIeKTPOHOB — Ha
©[MHUILLY MeHbIlle, a AJIA d-3eKTPOHOB — Ha JIBe eAUHMIbI MEHbINe 3HaYe-
HUA PJIABHOrO KBaHTOBOI'O YUCJIA.

Counosoe kpaHTOBOe 9HCiO. M3ydenne TOHKOH CTpYKTYPbl ATOMHBIX
CHeKTpOR II0Ka3ajio, YTO KpOMe pa3jlidisa B pa3Mepe OG/MaKoB, HX QOpMbI
M XapaKTepa paclloJIokeHUsl OTHOCUTENBHO APYTr JApyra 3JeKTPOHbI pa3siu-
yatoTesa cnunoa*. CoUH MOXHO NpPEACTABUTh KaK BepeTeHOOOpa3HOe Bpa-
[leHHe JIeKTpOHa BOKpYr cBoeii ocM. [l XapaKTepUCTUKHM CIMHA BJIEKT-
pOHa BBOIMTCS YeTBEPTOe KBAHTOBOE YHCJIO Mg, HA3HIBAEMOE CRUNOBBLAL.
Ono uMeer 3Hauenus +1/2 u -1/2 B 3aBucMMOCTH OT OnHOH M3 JBYX
BO3MOXKHBIX OpUEHTAlUi cIMHA B MACHUTHOM IloJe.

* CouH no—aHriitckyn "Bepereno”, "'Beprers".
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lpuamun Iaymu. B 1925 r. B. Hlaynu 6bi71 BHICKA3aH OpHHUMI: 6
amoae ne moxem 6vmb PeYr IAEKMPOHOS, UMEWUWUT 00URAKOSHU Habop
8CET uEMBIPET KGAHMOBHT wuces. WHBIMU clOBaMH, JaHHBIMU 3HAYCHUAMHU
KBaHTOBBIX ducea n, || mj, m; MOXeT XapaKTepU3OBaTbCA TOJBLKO OLUH
3MEKTpOH. Jljis JI060ro [pyroro 3jeKTpOHa B aTOMe NOJUKHO GbiThb HMHBIM
3HaYeHUe XOTS Obl OJIHOrO U3 KBAHTOBLIX YHCE.

W3 npunuuna Ilaynn Hemocpe[icTBEHHO BLITEKAET, YTO Ha OAHON Op6H-
TaJld MOMKET HAXOAUThLCA JIMIIL JBa 3MEeKTpOHa — ¢ mg = +1/2 u —1/2.

CrnepoBaTeslbHO, B SCOCTOAHUU (O HA OpOUTAJL) MOKET ObITh JUIIb [BA
3JIEKTPOHA, B P-COCTOAHUM (TpU OPOUTANHN) — LIecThb, B d—COCTOAHUU (IATH
opbutaleii) — gecATh, B fCOCTOAHUU (cemb opbuTaneii) — YeThIpHAAUATDH
JIeKTPOHOB M T.J.

Iockonbky 4mcno op6uTaneil aHHOTO DHEPTETUYECKOTO YPOBHA PAaBHO
n2, eMKOCTb 3HEPTeTUYECKOTO YPOBHS COCTABJIACT 2n2 3JIEKTPOHOB.

F'J1 ABA 3. IEPHOTUIECKAA CUCTEMA
A.A. MEHJIEJIEEBA KAK ECTECTBEHHASA KJIACCU®HKAIIUA -
JJIEMEHTOB 1O 3JIEKTPOHHLIM CTPYKTYPAM ATOMOB

§ 1. 9JIEKTPOHHAA CTPYKTYPA ATOMOB

Kondurypauus 3/1eKTpoHHOH 060/109KU HEBO36YKAEHHOTO aTOMa Ol pe-
JEJIAETCA 3apALOM ero AApa. JJIEKTPOHbl C OMUHAKOBLIM 3HAYEHHEM TJIaB-
HOTO KBAHTOBOrO 4YMcJia N OOpa3ylOT K6ANMOGHU cA0U GIUIKUX [0 pa3Me-
pam obnakop. Ciou ¢ n = 1, 2, 3, 4, ... 0603HAYAIOT COOTBETCTBEHHO GYK~
Bamu K, L, M, N, ... . Ilo mepe ypanenus oT Anpa eMKOCTb CJIOSB YBEIH-
YUBAeTCA X B COOTBETCTBMM cO 3HadeHueM 2n? cocTapasieT: 2 (n = 1, cioi
K), 8 (n = 2, cnioit L), 18 (n = 3, cinoit M), 32 (n = 4, cnoit N), ... snext—
poHOB (Taba. 2).

KpaHTOBBIE ¢/IOM B CBOIO OYepeh MOCTPOCHBI U3 NOOCAOES, O6BELUH IO~
UIMX 3JIeKTPOHBI € OJMHAKOBBLIM 3HAYeHUEM OpOUTAIBLHOrO KBAHTOBOIO
aucna [ Tlogenoii cocTouT ua opbumaaeii.

Haunbonee ycroituuo coctossnue aTomMa, B KOTOPOM BEKTpOHBI HMEIOT
CaMyI0 HU3KYIO SHEpruliO, T.e. HAXOASITCA B GMMKANIIMX K ALpPY CIOAX.
[ocnenopaTenbHOCTh 3HEPrETUYECKUX COCTOSAHMI B HOPSAKE BO3PACTAHUA
3HEPTUHU OpOUTaNEll MHOTrOIeKTPOHHOTO aTOMa MOXHO Npe[CTaBUTh B BUIE
ciepymomero pana: 1s < 2s < 2p < 3s < 3p < 452 3d < 4p < Hsx 4d <
<3p < 6s~ bd~d4fu Tna. (puc. 10).

Hopsagok 3anonHeHHst opbuTasell JaHHOTO NOAC/IOA HOIUHHAETCH
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CnuHoBoe KBaHTO—
BOE UMCIIO Mg

JIOYEK
T a6 nuua 2 KBaHTOBbIE COCTOSIHMSI DVIEKTPOHA, €MKOCTb TPeX CJIOEB M IIOJICIOEB OJIEKTPOHHBIX 060,

Op6uranvhoe KBaH—
ToBoe uucio !
MarauTHoe KBaHTO—
BO€ UKUCIIO MY
CuMBonbl opburane
MakcuMasbHOe UMc—
JI0 BEKTPOHOB C
MakcumansHoe yme—
JI0 37eKTPOHOB C

I'maBHOe KBaHTOBOE

YUCJIO N

OaHHbIM 3HaueHyeM [

(eMKOCTb KBaHTOBO—

ro NOACION)

HaHHbIM GHadeHMeM 7
| (eMKoCT> KBaHTOBO~

ro ciosi 2n?)

KBaHToBbBIA CcJ108

ODpasuny XyHnNa: cyuumapuoe cnunosoe E
MUCAO DAEKMPONOE 0AHHOLO NOJCAOR JOAXHO n= 1 2 3

4 5 6
bvmsy uaKcuuaIvHBLAL.
910 mpaBusO O3HaYaeT, 4TO JHepreTUdYecKU Al s
BEICOAHO, KOrja B Op6UTaNU HaXOmUTCA OJIVH _’L_:E_E_
9N1eKTPOH. WHEIMU cioBamu, opbuTtanu maHHO- :‘s’:

r0 00AC/I0A 3aNOJNHAKTCA cHadaa 1o ONHOMY,
3aTEM 100 BTOPOMY BJIEKTpPOHY. DJIeKTPOHEL
¢ OPpOTUBONOJIOKHEIMY CHOUHAMU Ha ONHOU 1
TOW e OpbuTanu 06pasyior ABYX3JIEKTPOHHO®

- I~

O0JIAKO U UX CyMMApHHI cOUH paBeH HYJIO. na
OnekTpoHHbBIC KoHbUrypauuu atomop ane- —

MEHTOB B OCHOBHOM COCTOSIHUM NpUBEdeHbl B

Tabu. 3.

llopapok  dopmupopanus BMEKTPOHHBIX
OGOIOYEK aTOMOB MOMHO MpOCAeAUTE Takke
IO MOMellleHHBIM Ha Pop3anax KHUru BapuaH-
TaM  flepuoaMYecKOll  Tabmuupl  371eMenToR
O . Menpesiecena.

Hpu  cocrapnenun cxem paciipeiesieHus -
SJIEKTPOHOB B aTOMe MOJB3YIOTCA CACAYIOUMMU
00O3HAYEHUAMM: TOPUBOHTATLHASA Jepra —

Op6UTankL, cTpenka — 9JIeKTPOH, HalpaBjeHUe

Py c. 10. pimeprasn cxema
CTPEJIKM — OpPUEHTAUMUS erQ cnuHa. 9HEpreTH YecKUx YPOBHeit

MHOTOQJIEKTPOHHOT'G aToMa

ONEeMERTH MaNHX nepHOAoB. llepriit mepu-
O COCTOMT U3 ABYX 3JIeMeHTOB. B HEeBO3OY K~
ACHHOM aTOMe BOAOPOAa 5JIeKTPOH HaXOAMTCA Ha IIePBOM 3HEpPreTUYECcKOM
YPOBHE, T.€. B/IeKTPOHHasA POpMmyna HEBO36YXKIEHHOTO aTOMa BOZOpOsia 1st.
Hockonwky §9JIEKTPOHHO® 006j1aK0 uMeeT dopmy apa,

MOJeJIb aToMa
BOROpOa MOXKHO IpencTaBUTH CXEMON

B coorserctBuu ¢ mpummumom Haynu B onHolt op6uTamu MOT'YT Haxo-
AMTBCA NBA JJIEKTPOHA ¢ NPOTUBONONOMHBIMUA COMHAMU. CaenosaTensHo,
SJIEKTPOHHAsA (OpMyJia cleAYIOWEro mocie BOAOPONa 3/IEMEHTa — reius
ABa $-3EKTPOHA O6Pa3yIOT NABYX3EKTPOHHOE 06/ aKo:
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IIpodoarxenue maba. 3 .

lepu-| Z | OneMenr | InexrpoHHas [lepy- Z | Onemenr | SnexTpoHHAA
. ol KoHGUrypauusa | opn KoHDUrypauusa
E |§ ,He 1s
_ .H. 55 | Cs [Xe]6s! 83 | Bi 5d196 526 p3
1s 56 Ba 652 6 84 Po 5d196 526 p4
57 | La 5d1652 85 | At 5d196.526 p
. o rOMOB SUEAEHTOB 58 | Ce 4f2652 86 | Rn 54106526 pb
a6nui a 3. DNEKTPOHHbIE KOHQUIypalH 59 Pr 4652
Mepu-| Z | Onemenr | Dnexrponnast Hepu- Z |OsneMenr | DnekrponHast - 22 gi] :}f: 2:22 2; g; [71:;]731
on Kouburypauust | ox oHGUIyPallit 62 | Sm 45652 89 | Ac 6752
63 | Eu 4f'6s2 9 | Th 642752
1t | B 1! : 27 g‘.’ g';ii 64 | Gd 4f15d1652 91 | Pa 5R7d\7s2
ol L 33 Cu 3410451 65 | Tb 465 02| U 564752
. . 0 | 7n 210452 66 | Dy 41062 93 | Np 5A6d17s2
3 | U [He]2s ol 3 04247 67 | Ho 41652 94 | Pu 56752
4 | Be 262 4 o | o s 042472 6 |68 | Er 4262 9% | Am 572
5 B 2s22p* 23 | As 341042477 69 Tm 41362 96 | Cm 5f6d17s2
2 6 C 2522p% | se 34104 241 70 Yb 4f14652 97 | Bk 586d17s2
7 | N - 26221*1 % | B 3 042455 71 | Lu 49541652 7 98 | cf 540742
8§ | O 2522p o s 042475 72 | Hf 52652 99 | Es 5AITS2
9 | F 25822p° 3 T 73 | Ta 562 100 | Fm 52782
10 | Ne 2522p° A Kol 4 | W 5d46.52 101 | Md 5372
) g S R o 75 | Re 55652 102 | (No) | s5pe7
1L | Na [Nel3s Y 4di5 82 76 | Os 546 52 103} (L) | 6d7s
12 | Mg 352 iz b Y I 7| Ir 516 104 | Ku 62752
13 | Al - 3s23p! 1| A5 i 78 | Pt 5d% ! 105 | Ns 6572
3 | 14 | si 3s?3p? o | Mo P P 79 | Au 5d106st 106 | - 641752
B | P -3623Pz | e 452 v 80 | Hg 5192 107 | - 6572
I o 4 | Ru 4d'5st ! 81 | Tl 5d196.526 p! 108 | - 65752
A B B © | mn | aese i 82 [ Pb | sdossep 109 | - 647752
18 | Ar 3s23p° A Ad050 - . ) ) mo | - 6752
: A7 Ag 441051 : Bropoit u Tpernit nepuogpl cogepxkar no 8 saementos (cm. Taba. 3}. Y
19 K [Ar)4s cd 41052 , 9JIeMEHTOR 2-r0 mepHOja 3anonHsercs caoii [ (n = 2): cHauana 2s5-op6u-
2(; (sla §j452 ig In 4105 25p} . Tallb, 3aTeM MOCJIe[[OBATEILHO TPH 2p-OpOHTaNN: g
C A
4 22 Ti 3242 50 | Sn 4d05s%p? ; — 2
23 v 3P4 ’ 51 Sb 44105 25 p3 i . 2s
Cr 3db4st 52 Te 44195525 pt ' :
24 3 I i 4d105825p° Huxe npusepens snextponubie Gopmysbl, a Takke MOJENH HEeKOTODHIX
2i Il\fn gﬁ:i 24 Xe l 4410552556 - . ATOMOB 3JIEMEHTOB 2-TO NepHOA:
2 e :
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Hadunast ¢ Kucjaopoja, 2p-Opoutaiy 3allOJHAIOTCA MO BTOPOMY 3J€KT-

poHy:

0 15%25%2p*

V HeoHa BOCeMb BHEUIHUX 3JIeKTPOHOB OOPa3yIOT BbICOKOCUMMETPUMHYIO
CTPYKTYpPY U3 YeThIpeX J{BYX3JeKTPOHHbIX OGJIAKOB!

32

B aToMme HeoHa pocturaercst MaKCUMaJIbHO BO3MOJMKHOE YUCJO 3JI€KTpO-
HOB BO BTOPOM KBaHTOBOM cyioe. Takum 06pa3oM, obiiee 4ucO 3J1eMEHTOB
BO 2-M NEpUOAE COOTBETCTBYeT MAKCUMAaJIbHO BO3MOXHOMY YMCIY 3JIEKTPO-
HOB BO BTOPOM CJIOE ATOMa.

Y anementoB 3-ro mepuoza 3amosHsiercst caoi M (n = 3), cocrosmuit
u3 3s-, 3p- u 3dopéburaneit. Kak u Bo 2-M nepuope, y AByX NEpBbIX 37e-
meHtoB (Na u Mg) sanonustorcs s-opbutanu, y wectu DociaenHux (Al —
Ar) — pop6uranu, nanpumep:

. 11Na [1322322;;'33:‘ + _ 3p 3d
3s

1sP [182282211‘]3:’3;;3 -H- + _jp_ + . 3d
3s

(AT [1:’2:22p°]3s23p6 -H— H ﬁ" + , 3d
3s

Y aromos Na, P u Ar B aByx nepsbix ciosx (K u L) nosropsercs
CTPYKTYpa aTOMa HeOHa, TO3TOMY Ha IPUBEJIEHHBIX CXeMaX IIOKa3aH Xapak-
Tep 3aMOJIHEHUS TOJLKO BHelIHero cnos M. -

Y nocnepHero snemeHTa 3-ro mepuoda — aproua Ar (kak u y Ne) 3a-
BepllaeTcsi 3alloJIHeHUe s~ U p-OpOuTaneil, T.e. BHOIIHUNA cy10# NpejncTaBisi-
eT co6oii COBOKYIHOCTb 4YeThlpeX [iByX3/JeKTPOHHBIX O6JakOB (OJHOTO B
¢opme mapa, Tpex Apyrux — B ¢opme raHrtenau). Pacnpenenciue paguanb-
HOM 3JIeKTPOHHOI IUIOTHOCTU B aTOMe aproHa noka3aHo Ha puc. 11. Ha
3TOM pUCYHKE IO MaKCUMyMaM paclpe[efeHUsi 3JIeKTPOHHON NJ0CKOCTU
MOKHO pasnuyuth K-, L- u M-cion artoma

aproHa. u
DNeMeHTb, B ATOMAX KOTOPHIX 3alOJIHsi- L
IOTCA $-OPOUTAJNU, HA3BIBAIOTCH S-dACMeH- o
Mmamu, a DNEMEHTH, B ATOMAX KOTOPHX O
3aNONHAIOTCS P-OPOUTANM, — p-dAeMeH- |y
maa. =

OnemeRTH GOnpbmMUx mnepuoaos. llepu-
onw 4-ii ¥ b-i1 copepxkar no 18 saemeHTOB
(cM. Tabn. 3). Y aroMOB 3JI@MEHTOB 4-TO
Hepuosa HauMHAET 3aNOJHATbCA 4s-Opbu- r
tasip cnosg N (n = 4). [loapiaeHue saekTpo- Py ¢ 11 Pacnpenenenue amex-
Ha B 45COCTOSHUM NPU HAAUYUU CBOGOJ- TPOHHOW IJIOTHOCTH B aTOMe ap-
HbIX 3d-op6utasieii 06yciaoBauBaeTcss axpa- OHA
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Huposanuel (3acnoHeHuem) sapa MJIOTHRIM U CUMMETpUUHBIM 3JIEKTPOH-

HEIM ciioeM 3523p6. B cBsizu ¢ OTTaJKUBaHUeM OT sToro cjosi aas 19-ro
57IeKTpOHa aToMa Kajus U 90-po 3JEKTpOHA aToMa KalbIus OKA3bIBAETCH
SHEpreTUYecKU BHIFONHBIM 4 s-cocTOsTHUE:
10K 1522522 p63 523 pb4s!
20Ca 1522522 p63 523 pBds?
cJie
[lpy nasbHefilieM BO3pacTaHUM 3apana AApa Y CJIeAYIOEro IO
KajibIusi dJeMeHTa — CKaHausA cocTosiHMe 3d CTaHOBUTCS JHEpreTHHecKN

60J1ee BLIPOJHDBIM, Ie€M 4p. -
MMockonbKy B d-CcOCTOSTHUM MOXeT HAXOAUTbCS NECATh DJIBKTPOHOB,

op6uTany 3allOHAIOTCH U B aroMax cJeAyIomuX 3J1eMeHTOB 4-ro nepuoaa:

51Sc 1522522p53s23p03 dl4s?

2T » 3d24s%

sMn > 3d54s?
26Fe > L3 d84s2
s0Zn Lo 3410452

NleMeHTbl, B aTOMaX KOTODBIX 3allOJHAIOTCH d-op6uTany, Ha3bIBAIOTCHA
d-saemenmanin. Y d-351eMeHTOB 4-ro mepuoAa, clen0BaTeJIBHO, nOCTpauBa-
eresi cnoit M no 18 371€KTpOHOB.

locne zamonHeHus 3d-op6uranedt y [oCaeyomUX MecT! BJIBMQHTO?
(Ga — Kr) 3anoiHsAI0TCA p-op6UTAIN BHEIIHEro cj0s. Taxum ob6pasom, 4-i
[epuOf HAauYUHAETCH JBYM s-aleMEHTAMM M 3aKaHUMBaeTcs IIeCTbio P~
lemeHTaMu, HO B OTJMYMe OT 2-r0 U 3-r0 NMEpUOLOB MEXY S- M P-dJIeMeH—
TaMM paclloJaraloTes AeciATh d-371eMEeHTOB. ‘

B 5-M mepuoae 3allOJIHeHUe BJIEKTPOHHBIX cJI0eB U DOJCJ0eB TIpOUCXO-
auT, Kak U B 4-M nepuone, a UMEHHO: ¥ JBYX NepBBIX (s—anemeflTon RbAI:I
Sr) u imecTH UOCJAEAHUX (p-anementos In — Xe) 3amosHsieTcs BHEIUIHMH
cnoit. Mexay s- M p-dieMeHTaMU pacmoJiaratotes  AecATh d-371eMeHTOB
(Y — Cd), y xOTOpHIX sanosHsIoTeA d-Op6uTanu IpeABHEmHero ¢Jod (4d-

HOZACHION). . )
[llecToii MEpUOA COREPHKHUT 32 dJIEMEHTa (cm. TabJl. 3) M TOXe HauMHA
eTcsi OBYyMs S-DJIEMEHTaMU (Cs u Ba). [lanee, ¥ JIaHTaHA HadYuMHaeT 3alloji-

HsThcs d-op6uTalb MpefBHEIIHero cJ103 (5 d-mopcanoit):
s7La 1322322p63323p63d104324p64d1°5325p65d1632
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Y caenyromux 3a nantaHom 14 anementos (Ce — Lu) smepreTuyeckH
6oslee BHIPORHO 4f-cOCTOAHME NO cpaBHeHMIO ¢ 5d-cocrosHueMm (cM. puc.
10). Ilosromy y 9TMX 3J1eMEHTOB NPOMCXOAWT 3alOJHEHUE 4 fopburaneii
(TpeTuit cHapyXu cyo#):

ssCe 152252263523 p63 d104 524 p64 d104 f25 525 p66 52
17Lu > > > 4f45d1652

V nocnepyromux snementos 1Hf — goHg npoposmiator 3amonHATHCSA 5d-
op6butanu. Kak M rnsiTulil, MecTOd Nepuof 3apepllaeTcs IECThIO p-3J18MeH-
tamu (571 — gsRn). Taxum o6pasom, B 6-M Hepuope, kpoMe ABYX s-3j1€-
MEHTOB, JecATH d-3J1IeMEeHTOB M LIecTH P-BJIEMEHTOB, PaclofaralpoTcs eile
YeThIpHAANATL f37IEMEHTOB.

B ceppMoM mepuone mmerotesi apa s-anementa (Fr, Ra), sa numu cieny-
tor d-anement Ac u uerbipHannats fanemenros (Th — Lr), nanee cHosa d-
snementsl (Ku, Ns, anementst 106—110). B npoTuBOnosoKHOCTE Npeablay-
MM T-i1 epuoa He 3aBepllieH.

ManoxkeHHOe NOKA3bIBAET, YTO IO MEpe POCTa 3apsija AAPa MPOUCXORUT
3aKOHOMEpHasi I1epUOAMYecKas [IOBTOpSEMOCTb CXONHBIX 3JIeKTPOHHBIX
CTPYKTYp SJIEMEHTOB, a CJIEJOBATeNbHO, U I[OBTOPAEMOCTb WX CBOMUCTB,
3aBUCSIIMX OT CTPOSHUSA JIEKTPOHHOR O6OMOYKM aTOMOB.

D10 oTpaxaer cilepyomas GOpMYJTUPOBKA T €pUOA MY CKOTO
3aKO0Ha: coolcmes NPocMsT Gewecms, & MAKKe .ceolcmea U GHopavt
coedunenull IACMENTMOB HATOOIMCE 6 nepuodureckol 3asucuMocmu om
2aps0a 20pa AMOMO0B IAEUENM OB,

§ 2. CTPYKTYPA NEPUOJAUYECKON TABJIUILLI
XUMUYECKHUX DJIEMEHTOB

CymecTByeT MHOrO BapUaHTOB M300paxeHUst NEpUOAMYECKOH CUCTEMBbI
anementos JI.M. Menneneesa (6onee 400). Haubonee pacmpocTpaHeHbl
KJeTOYHble BApUAHThl, & U3 HUX -— BOCBMU-, BOCEMHAAUATU- U TPUALATU-
IABYXKJIETOYHbIe, COOTBETCTRYIOMIME eMKOCTU cjloeB u3 8, 18 u 32 snextpo-
HOB.

OnvH M3 BapWaHTOB BOCLMUKJIETOYHOR TaGaunbl (Tak Ha3bIBaeMbIH
KOpOTKMiI BApWAaHT) IIOMeUIeH Ha IepBOM ¢op3ame KHHUIW, a TpUanaTu-
ABYXKJEeTO4Has Tabiauna (AJUHHBIA BapUaHT) — Ha BTOpOM ¢op3ane KHU-
ri. BoceMHanmaTMKIeTOUHBI! BADUAHT NIpUBEJEH B Tabi. 4.

XuMyuecKue 3JeMeHTHl 110 CTPYKTYpe HeBO36YHNEeHHbIX aTOMOB IO pa3-

|, nenAroTcs Ha eCTeCTBeHHBIe COBOKYNHOCTH, HTO OTPaXeHO B Nepuoputec-
f. kol cucTeme B BUAE rOPUBOHTAIBLHEIX M BEPTUKAILHBIX PSAAOR — €pUOAOB
& U I'pYHIL.
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Ta6nuiua 4. lHepromrieckan rabmuua anemenros JI. . Menneneea
(nonyaymHHEDE BapHaHT)

g.g 1A [0A [mB{ive|vs {vig|viig| v 18 s HAlival va [via|visalviial
[ =1-]
1 2

1 H |He

3] 4 BEEARRERE
2 1LilBe B{c|Njo|F]|Ne

11 12 3] M4 15 16 17 {18
3 Inalmg alfsi{p | s |ci|ar

1912 21 2123124 )125126127)212910130 0831132]33 35 )36
4

K |Ca]Sc|Ti)V {Cr{Mn|{Fe{Co|Ni|Cn|Zn]Ga|Ge|As|Se|Br|Kr
37 {38 [ 39|40 |4l 420143 L44 145 146 |47 148 4915051 {5253 ]54

*{ro{se |y [zr [No Mo{Tc {Ru{Rb{Pd |ag|calin|salsb|Te |1 [xe
5156 ) 57 72173 ] 74 75 76 77 118 79 | 80 81 | 8218 ]84 ]85 )86
6 Ycs|Ba|Lat ue|Ta| W Re 03| 1r | Pt |An|Hg 71| Pb]| Bi | Po] At |Rn
7 87 | 88 39: 104 {105 { 106 { 107 | 108 { 109 { 110 [ 111
1

Fr |Ra Ka| Ns

1%

58159 60 )61 )62|63164165)661671681}169 |701}7
Ce{Pr({Nd|{Pm|{SmjEu{Gd|{Th [Dy|Ho|Er (Tm {Yb[Ln

P -

-

90 |91 | 92 [ 93|94 )95 |9% |97 )98 9 {wo]r0r|i02]103
Th|{Pa| U |Np|Pu{Am|Cm|Bk | Cf|Es |Fm |Md|(No)j(Lr)

Ilepuonsi M cemeficTBa ieMeETOB. Kak MbI BUAENM, MEpUOR OpeaCcTaB-
JisieT co60ii moc/eNOBATENIbHBIN psjl 3JIEMEHTOB, B ATOMaX KOTOpBIX IpOHC-
XOAMT 3allONIHEeHWe ONUHAKOBOIO YMCIA 3JIeKTpOHHBIX caoes. Ilpu srom
HOMep Ilepuoaa coBOafaeT cO 3HaUYeHUeM TIJIABHOIO KBAaHTOBOrO YHCJE
BHEIIIHEr0 9HepreTudeckoro ypoBHs. Pasnuuue B mnociaenopaTenbHOCTU
3allOJIHEHUS BJIKTPOHHBLIX cjioeB (BHEMIHUX U 60see GAM3IKHUX K AApY)
OObACHAST OpUYHHY pA3NHYHON AJMHB NEPHOIOB.

Y aTOMOB $- U p-3/1eMEHTOB 3ANOJHAETCA BHEMIHUMA CJ0H, y d-anemen-
TOB — NpeJBHEWHUi, y fa/eMeHTOB — TpeTuil cHapyku. [losromy oTnuuus
B CBOWicTBaX HaubOJIee OTYSTIMBO MPOABIAIOTCS Y cOCEQHUX § (P)-deMeH-
T0B. ¥ d- 1 B 0cOGEHHOCTM Y f-ONEMEHTOB OQHOrO U TOFO XKe HEepUOAa
OTJIUYUSA B CBOMCTBAX NPOABISAIOTCA MEHEe OTUETIIMBO.
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d- U fOMeMeHTH AAHHOrO epuona O6BEAUHSIOTCA B ceateticmea. B
4—6-m Depuonax B cemeiictba 10 10 2/1eMEHTOB OO6BEAUHAIOTCS d-DI1EMEH-
Thi. ITO cemeitctsa 3d~(Sc — Zn), 4d~ (Y — Cd) u 5d- (La, Hf — Hg) sne-
MeHTOB. B 6-M u 7-m nepuopax B cemeiictsa no 14 3/IeMEHTOB O6bEAUHAIOT—
¢ fomeMeHTH. OJTO cemeiicTBa 4f-571eMEHTOB (Ce — Lu), HasbiBaeMbix
aaumanoudany, u 5fonemenros (Th — Lr), HaspiBaeMbix axmunoudaiiu.

B BOcEMUKIETOUHBIX M BOCEMHAMNATHRIETOUHbIX BApUAHTaX MepUOIM-
UECKOU CHCTeMbI ceMeliCcTBa JIAHTAHOMAOB M AKTUHOMIOB OGBIYHO BBIHOCHT
3a Opesesisl Tabnuupt (cM., Hanpumep, Tabu. 4).

Ipyoust u moarpymus. Jjiements IepHMOAUIECKON CUCTeMBbl MOApa3xe—
JAIOTCA HA BOceMb rpynn. [oxoxenne B rpynnax s~ u p-smemen-
TOB OllpefesAeTcs OGMUM YMCIIOM JIEKTPOHOB BHEIIHEro CJIOS. Hanpumep,
docdop (3523p%), umerommit Ha BHELITHEM CJI0@ HATH 3JIEKTPOHOB, OTHOCHUT-
¢ k V rpynne, aprou (3s23pf) — k VIII, kanwmuit (452) — xo Il rpynne u
T2, ) -

llonoxenue B rpynnax d-snemenrton 06YCIIOBANBAETCS OBMUM YUC/IOM S—
SJIEKTPOHOB BHELIHETO W .d-3/I6KTPOHOB IpeABHeIHero cJoes. Ilo ITOMY
IPU3HAKY IepBble IIECTb 3JIGMEHTOB KaWAOIO CEMEHCTRA d-3/eMEHTOR
paclonaraioTcsi B O HON U3 COOTBETCTBYIOMMX TPYNI: CKAH M (3d4s2) B
I, mapranen (4d454s2) B VII, xeneso (3d%4s%) B VII u 1.5 Uwuuk,
(3d1%452) |y xoTOpOro npenppHelIHMIE ¢0f 3aBepIIeH U BHEIIHUMM SIBJIAIOT-
cA 45%-3J1eKTPOHBI, OTHOCUTCA KO [I rpynime.

Ilo Hanuuuio Ha BHemHeM ci0e ML ONHOPO 2JIeKTpOHa Menn (3d104s!),
a Takke cepebpo (4d'95s!) u sonoro (5d1%6s!) orwocsT K I rpynme. Ko6anyt
(3d745%) u uukenv (3d%4s?), ponuit (44%55') u mannanmit (4d'%), upunnit
(5d'45?) u nnatuny (5d%s') Bmecte ¢ Fe, Ru u Os 06prugO IOMEINAIOT B
VIII rpynny. .

B cootserctun ¢ 0cobennocTamu 3IeKTPOHHBIX CTPYKTYD cemeiicTpa 4 f-
(naHTaHOMB) U 5f- (aKTUHOMMBI) d7EMEHTOR nomemaror B III rpynny.

OJeMeHThI rpynn NOxpaspessiorcs Ha 0 o ATpPYOOBL s u pDae
MEHTB! COCTaBJIAIOT TAK HA3BIBAEMYIO 14G6XY0 NOACPYHIY, WU nonarpynny
A; d-oneMents — nobounyrwo, unu noarpymiy B. Kpome Toro, uacro
0COBYIO HOATpYHIY Tak Ha3bIBAEMBIX TUNUYECKUX 3/EMEHTOB BBIEJSAIOT
SMIEMEHTBI MaJlbIX epuOROB. B mocnennem cayuae, cormacuo B.B. Hexpaco-
BY, SJIEMEHTbI rpyNfibl IOAPa3NeNAIOTCA Ha TPU NOATPYNNB: TUIMYECKUe
SJIEMEHTBI M NBe NOArPYNINBI, COCTABMSHHBIC M3 3TeMEHTOB GOJLIIUX nepuo-

} . nos. Hanpumep, IV rpynna IepMOMIECKOI CUCTEMBI COCTOMT U3 CJEAYIO-
" MMX OOArpyIIL:

TUnu4ecKkue aneMeHThE:
C  1s22s22p2
Si 1s22522p63s23p2
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OsieMeHTHI IOATPYIIILI THTaHA

Ti ... 323p53 2452
Zr ... 4s%4pt4 42552
Hf... 5525 pB5d26 52

DsteMeHThI MONrPYNIbl repMaHust

Ge ... 3s23p83d104524p2
Sn ... 452484 d10525 p?
Pb ... 5525p85d106526 p2

JlaHTaHOMABl M aKTWHOMALI MHOrAa OOBEAMHSIIOT BO BTOpble MOOOYHBIE
Hoarpynosl. B kampoit M3 Hux 10 ABa dJeMeHTa — OJUH JIaHTaHOUA U
OlUH aKTUHOUM.

I'J1ABA 4 NEPUOJUYHOCTH CBOUCTB XUMHUIECKHUX
DJIEMEHTOB

§ 1. DHEPTUA UOHU3AI[ MU ATOMOB

Bce cpoficTBa 571EMeHTOB, ONpeflefiieMble 37IeKTpOHHON 06010YKON
aTOMa, 3aKOHOMEDHO M3MEHSIOTCA 110 NepuOJaM M TpyNIaM NeproauvecKon
cucreMbl. HanoMHum, 4YTO B psiAy 5J6MEHTOB-aHaJIOTOB 3JIEKTpPOHHBIE
CTpYKTYPpPbBI CXOAHBI, HO He TOXNEeCTBEHHBI. HOSTOMy Iipu Ilepexoae OT
ONLHOTO 3JieMeHTa K [ApYIOMY B Tpyniax u NOArpynnaxX Hablropaercd He
OpocTOe NOBTOpEHUe CBOWCTB, a X 6OJiee MM MeHee OTYETIMBO BHIpaKeH-
HOe 3aKOHOMepHOe U3MeHeHWe.

XuMuveckasa NpUPOAA 3TEeMEHTa O6YCJOBJIMBAeTCA CHOCOBHOCTHIO €ro
aTOMa TepsATh M NpUOOpeTaTh 37eKTpOHBI, JTa CIOCOGHOCTD MOXeT ObITb
KOJIMYECTBEHHO OUEHEeHa JHepluel UOHU3AYUU ATOMA U ero cpodcmeon K
3aeKmpOony.

9"6])“1,6’(7, UOHU3 QYUY amoala Ey[ Ha3bleaeMCsL XoOAUUECTBO IHEPLUU,
HeOBTOOUNMOE DAL OMPHLEA IAEKTMPOHA 0T HEBOIBYKIEHHOLO AMOALQ.

OHeprusi MOHM3alMM aTOMa BBIPAaXKAeTCA B KUIOMKOYJAAX Ha MOJNb
(xx/MOnB); nOHyckaeTc BHECHCTEMHAST EAVHMNA 3JIeKTPOH-BOJIBT Ha
moutb (3B/mons).

JI7151 MHOTOD/IeKTPOHHBIX aTOMOB 3Heprud woHu3auuy By, E, Es, .., En
COOTBETCTBYIOT OTpBIBY NEpPBOrO, BTOpPOro M T.A. 3JeKTpoHOB. Ilpm 3TOM
Beerna By < E; < Ej3, Tak Kak yBeJIMYeHUe YMCia OTOPBAaHHBIX MJIEKTpOHOB

OpUBOAUT K BO3PACTaHUIO MOJIOKUTEIBLHOTO 3apsifa obpasyollierocsa WOHa. -

OHepriu UOHM3auMMd AaTOMOB HEKOTOPBIX 3JIEeMEHTOB INpUBEJEHBI B
Tabi. 5.

N3 Tabnupbl cienyer, uTo SHEPrUsi MOHU3ANUM ATOMa 3aBUCHUT OT ero
ANeKTpOHHON KOHOUrypauun. B wacTHOCTH, 3aBepllieHHBIE 371EKTpOHHBIE
€/I0M OOGHapyXMBAalOT MOBHIIEHHYIO ycrOWumBocTh. HanmeHbmuMy sHave-
HUAMU 3HeprUM UOHU3anuu FE, o6Majparor s-3ieMeHThl Nepsoii rpynnst (Li,
Na, K). 3naueHue ke sHepruit noHuzapuu F, y HUX pe3ko BO3pacTaer, 4TO
OTBeYaeT yJaJleHUIo BIeKTpOHa U3 3aBepllieHHOro cios (ns?npé u 252 y Li).
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Tao6nwuua 5 Oneprusa nommsaumn E, (MJlx/Moms) atomos u
OIHOATOMHEIX KATHOHOB HEKOTOPHIX BJIeMEHTOB

A DJIeMeHT El Ez Eg E4 Eﬁ E(,

1 H 1,31

2 He 2,37 5,25

3 Li 0,52 7,298 11,81

4 Be 0,899 1,76 14,85 21,01

5 B 0,80 2,43 3,66 25,03 32,83

6 C 1,09 235 .| 4,62 6,22 37,83 47,28
7 N 11,40 286 | 4,58 7,47 9,44 53,27
8 0 1,31 3,39 5,30 7,47 10,99 13,33
9 F 1,68 3,37 6,05 8,41 11,02 15.16
10 Ne 2,08 3,95 6,12 9,37 12,18 15.24
11 Na 0,49 4,56 6,91 9,54 13,35 16,61
12 Mg 0,74 1,45 7,73 10,54 13,63 17,99
13 Al 0,58 1,81 2,74 11,58 14,83 18,38
14 Si 0,79 1,58 3,23 4,36 16,09 19,78
15 p 1,01 1,90 2,91 4,96 6,27 21,27
16 S 0,9996 | 251 3,36 4,56 7,01 8,49
17 Cl 1,25 2,297 3,82 5,16 6,54 9,36
18 Ar 1,52 2,67 3,93 5,77 7,24 8,78
19 K 0,42 3,05 4,41 5,88 7,98 9,65
20 Ca 0,59 1,14 4,91 6,47 8,14 10,5
21 Sc 0,63 1,23 2,39 7,09 8,84 10,72
22 Ti 0,66 1,31 2,65 4,17 9,57 11,52
23 \Y 0,65 1,41 2,83 4,51 6,299 12,36
24 Cr 0,65 1,496 2,987 4,74 6,69 8,74
25 Mn 0,72 1,51 2,25 4,94 6,99 9,2
26 Fe 0,759 1,56 2,96 5,29 7,24 9,6
27 Co 0,768 1,65 3,23 4,95 7,67 9,84
28 Ni 0,74 1,75 3,39 5,30 7,28 10,4
29 Cu 0,75 1,96 3,55 5,33 7,71 9,94
30 Zn 0,91 1,73 3,83 5,73 7,91 10,4
31 Ga 0,58 1,98 2,96 6,2 8,64 -

Ananoruuno nis s-3nementoB Il rpynmet (Be, Mg, Ca) ymanenwvio siekr-
POHa U3 3aBepiieHHOro cios (nsnp’ u 2s2 y Be) oTBevyaeT peskoe MOBbILIE-
Hue 3Hepruu woHu3zanuu Ej. :
KpuBas saBucumMocTi sHepIMM OTpLIBa MEpPBOTO BIEKTPOHA OT ATOMHOTO
HoMepa bjleMenTa (puc. 12) UMeerT ABHO BBIPAXEHHBI EPUOAMUECKHUIL
- 39
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P u c. 12. 3aBucumoCTb BHEPTMM MOHUZALMUU ATOMOB OT ATOMHOTO
HOMepa BJIeMEeHTa

xapakrep. HaumeHbiueit osHeprueii HOHU3AUUU OOJIAJAIOT §-3JIEMEHTHI
I rpynne, naubosbiueit — s- u p-saementsl VI rpynmel. Bospactanue
SHEPIMM MOHM3aLMM NPU nepexozie OT s-3JIeMeHTOB | rpynmel k p-diieMen-
tam VIII rpynner 06ycnosnanBaercs BO3pacTaHUeM 3apAjia sAApa.

Kak BupgHO Ha puc. 12, mpy Nepexofe oT s-wieMeHTOB | rpynmbl k p-oiieMenTaM
VIII rpynmnb! 9HEPrUsi MOHUSAIUM U3MEHSIETCSI HEMOHOTOHHO, C MPOSIBJICHUEM GHYmM-—
pennet nepuoduunocmu. CpaBHUTeNIbHO OGOJBLUIMM 3HaYeHWeM SHEPrUM UOHU3aLMK
o6nagator oneMentsl 11 rpynmet (Be, Mg, Ca) n V rpymnet (N, P, As). B ro xe
BpEMs CDABHUTEJILHO MEHblee 3HAYEHMe DHEPrUM MOHM3auuu uMeror onementsr 111
(B, A}, Ga) u VI (O, S, Se) rpynn. [Ipuunna nposisieHusi BHYTpEHHEN NepUOANY-
HocTH Oymer obcyxueHa T[pU PacCMOTPEHMM KOHKpETHBIX CBOMCTB XUMUYECKUX
a/leMeHTOB (M. 1. 2).

§ 2. CPOACTBO ATOMA K DJIEKTPOHY.
SNEKTPOOTPUUATEINLHOCTEL ATOMA

Cpopcrso. Cpodcmeon amoata & saexmpony F, waswstgaemcs snepremu-
weckutl afgexm npucoedunenus saexmpond X wewmMpastmoUy amomy I ¢
RPEGPAUWENUEN €10 6 OTPUYATNEALNBIE WOK D .

CpoacTso aTomMa K 3JIEKTpoHy BblpakaloT B k#k/Mosb; nomyckaercs
BHEcUCTeMHas euHMLa 5B/Monb. CpoacTBo K 3JIEKTPOHY UYMCJIEHHO PABHO,
HO MPOTHMBOMOJIOXKHO [0 3HAKy SHEPrMM HMOHMBalMM OTPMLATEAbHO 3aps-
HEHHOI'0 MOHA I
40
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[fousTHO, YTO CPOACTBO K BJEKTPOHY 38BHUCHUT OT SJIEKTPOHHOM KOH(pU-
rypauMy aToMa.

Han6onpmum cposcTBoM K 371ekTpoHy obaanaor p-siaementst VII rpyn-
nbl (Ta6a. 6). CpozcTBa K 5JEKTPOHY HE IPOABJIAIOT ATOMHl ¢ KOHQUIYpa-
uueit s (Be, Mg, Ca) n s2p8 (Ne, Ar, Kr) uiu HanonoBUHY 3anosiHeHHblE
pozcnoem (N, P, As):

Li Be B C N ¢} F Ne
st £ gept &2pr &2p 2pt 2p5 s2pb

Ee, xlae/mone ... 59,8 0 -27 -122,3 7 -141,0 -327,9 0

OTO ABJASETCA AONOJHUTENBHBIM JOKA3ATEJIbCTBOM IOBBIIHEHHOI! yCTONYN-
BOCTM YKa3aHHBIX JJIEKTPOHHBIX KOH(UTypalUii.

Ta6nuua 6. CpogcrBo aTOMOB M OJHOATOMHBIX AHMOHOB * K 2ueKTpoHy K

Z AtoM, anvon | E,, kIl /Monb Z Artom, annon | E., kIlx/Moss
1 ‘H -72,8 16 S -200,4
2 He 0 S +590
3 Li -59,8 17 Cl -348.8
4 Be 0 18 Ar 0
5 B =27 19 K -48,4
6 C -122,3 20 Ca 0
7 N +7 21 Sc 0
N- +800 22 Ti =20
N2 +1290 23 \% ~50
8 0 ~141,0 24 Cr 64
9 O +780 25 Mn 0
9 F ~-327,9 26 Fe -24
10 Ne 0 27 Co -70
1 Na -52,7 28 Ni ~111
12 Mg 0 29 Cu -118,3
13 Al —44 30 Zn 0
14 Si ~133,6 31 Ga -29
15 P -71,7

*

OtpuiatenbHoe sHauenve E, o3HauaerT 5KaoTePMUUECKMIt MIPOLECE - BbIAETIEHHE
SHEPTMK NpY NPUCOELUHEHUU BJIEKTPOHA; MONOMUTENbHOE 3HadeHre F, o3HaYaeT oH-
AoTepMUieckHit Tpotiece (IIOTIOLIEHIE SHEPTUM ).
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BrlgesienuieM 3HEPTUM CONPOBOXKIAETCS NMPHCOeAVHEHNE OJHOrO 3JIeKT-
POHa K aTOMaM KMEJOpOJa, cepbl, YIeposa U HeKOTopbiM apyrum. Cieno-
BaTeJIbHO, IJsA ITUX DJeMEeHTOB CHJbl NPUTSUKeHUs K AApPY AONONHUTENb-
HOTO 3JIeKTPOH2 OKa3bIBAIOTCsl GOMBUINMHU, HeM CUJbl OTTAJIKUBAHUS MEKIY
JONONHNTENLHBIM 3JICKTPOHOM M 3JIEKTPOHHONW 060M049KOIl aToMa.

[Ipucoennuenmne nocyieAyomMUX 371eKTPOHOB, T.e. JIBYX, TPEX 3JIeKTPOHOB
U 60see K aTOMy, COMVIaCHO KBaHTOBO-MeXaHMYeCKHMM pacueTaM, Opoliecc
spgotepmuyeckuit.  [lostomy omHoaTOMHble (MpPOCTBIE) MHOTOSapsAHBIE
aunorel (027, §2°) N37) B cBOGOIHOM COCTOSIHHMHU HE CYIecTBYIOT.

ONeKTpoOTPHOATCALHOCTL. [lonsaTHe asekrpoorpunatenshocTd  (D0)
siBiisiercst yesaoBHBIM. OQHO NO3BOJSIET OUEHUTH CIOCOGHOCTH aTOMA JAHHOrO
37eMeHTa OTTATUBATL Ha ce6s 37eKTPOHHYIO MJIOTHOCTE O CPAaBHEHHUIO ¢
ATOMaMM Jpyrux sneMeHTOB B coeaMHeHMU. OUEBUAHO, uTO 3TA CHOCOO-
HOCTb 3aBUCHUT OT HEPTUM MOHUBANUU ATOMA U €r0 CPOJICTBA K 3JEKTPOHY.
Cornacno opsomy u3 onpepnenenuit (ManiuKeH) 37eKTPOOTPHLATETBHOCTD
ATOMa Y MOMKET ObITh BbIpAaskeHA KAK MOJNYCYMMa ero 3HepruM MOHUBALUM 1
cpolcTBa K 2neKTpOHY: X = !/o( By + E¢). Umeercs okono 20 wkan snexr-
POOTPMLLATEILHOCTH, B OCHOBY pacyeTa 3HaYyeHWii KOTOPBIX T[OJ0KEHB
pa3Hble CBOJCTBa BeleCTE. 3HAUYEHUs IJEKTPOOTPHULATENBHOCTE DPa3HbIX
HIKaJ OTAUYAIOTCs, HO OTHOCUTEeJBHOE PACHONOKEHWEe AJeMEHTOB B PsLy
371E€KTPOOTPULATENLHOCTEH MPUMEPHO OJMHAKOBO.

B mrkase anekrpoorpunarensuocteit, no Honunury (puc. 13), anexrpoor-
puuarencHocTs pTopa mpuasita papHoit 4,0, Kak Buano Ha puc. 13, B
nepuoaax HabnwaaeTcsl O6Masi TeHAEHINSA POCTA ANEKTPOOTPULATEIBLHOCTU

Nepuodsl u
7 O
21
, U B B ¢ N O F
& dJ 40
J
¢ ‘| /5
5 Rb|Sr] Ir} ‘
/,J /,6/,776' 21
cs! [Ba
07 49
1 L 1 1
4/ 20 4,0 J0

P u c. 13. llkasna snexrpoorpuuatentHocteil mo [oauHry
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5JIeMeHTOB, a B MOArpynmax - ee nageHuA. Haumeubmmmu z3HaYeHUAMU
2JIeKTPOOTPULIATENILHOCTY XapaKTepU3YIOTCA s-3jeMeHThl | rpynmel, a Hau-
6onbIuMm — p-deMenthl VII rpynmsl.

Crporo roBops, 3JE€MEHTy HeJb3s NPUIIMCATH [OCTOAHHYIO JIEKTPOOT-
punatenbyocTh. OHa 3aBUCMT OT MHOTMX (PaKTOPOB, B YaCTHOCTH OT Ba~
JIEHTHOTO COCTOSIHMS! BJIEMEHTa, TUIIAa COSIMHEHNs!, B KOTOpOe OH BXOOUT, 1
np. Tem He MeHee 3TO NOHsTHe MOJE3HO AJA KAYeCTBEHHOTO OOBACHEHU
CBOMCTB XUMMYECKOM CBA3U U COAVNHEHUIA.

§ 3. ATOMHBIE 1 NOHHBIE PAINYCBHI

BenegeTene BOSTHOBOTO XapaKTepa JBH/KEHWS DJIeKTPOHA aTOM He uMeeT
CTPOro onpegeneHHblx rpanun. [lodToMy M3MepuTh a6GCcONIOTHbIE pa3Mephl
ATOMOB HeBO3MOXHO. 3a PaJuyc cBOGOINHOTO aTOMa MOKHO [PUHATE Teope-
TUYECKH PACCYUTAHHOE IONOKeHHWe TJIaBHOTO MaKCUMyMa IJIOTHOCTH BHeIl-
HUX 3JIEKTPOHHBIX 06J1aKoB (puc. 14). DTO Tak HasblBaeMbIfl opbumairnsui
paduyc. Kak suano na puc. 14, B psny sznementos maunoro nepuona (L1 —
Ne) op6uTtanbubie paguycsl aTOMOB ¢ POCTOM 3apiAfla AAPa B LeJOM yMeHb-
watoresi. [JoaToMy M3MeHeHMe aTOMHBIX M WOHHBIX PaJiMycOB B IepUOAM-
deckoji cHcTeMe HOCUT HepHoAudeckuii xapaktep (puc. 15). B mepumopax
aTOMHble W MOHHbBle Paauychbl MO _ '
Mepe yBelUveHMs 3apANa SApa B 5 H
obmem ymeHnbiatores. Hanbons- -
llee yMeHbllleHWe paJNycOB Hab- r
JNIONaeTCsl Yy  3JeMEeHTOB  MAaJlbixX 0,053
NepUOMOB, TAK KaK y HUX Mpouc- C ©LL
XOAUT  3allOJHEHUe  BHellIHero L 152
3JIeKTPOHHOTO cniosi. B 6oabmmx
HepHoax B NpereaX ceMeicTE d-
H FanemenTos HabJuon aeTcsa
60Jiee NaBHOEe yMEHbIIIEHUe paju-
yCOB. 3TO yMeHbllleH!le HA3BIBAIOT 2s* 20
COOTBeTCTBEHHO d- n fcxkaruem. B
MOATPYNNAaX BJIEMEHTOB paluychl

4riy?
A=
2

Ne
aTOMOE ¥ OJHOTUIIHBIX MOHOB B
061lleM YBeJIHYUBAIOTCS.
llpakruueckn IPUXOaNTCA : 1 L —
a 6032 0,1 02 r HM

WMeThb JIeJI0 ¢ paguycaMy aTOMOE,

CBA3AHHBIX [PYr ¢ JOPYroM TeM P uc. 14. CxeMbi paclipefefieHUs1 paau-
WIN MHBIM TUIOM XMMWYecKOji  KallbHOM 9JIeKTPOHHON IJIOTHOCTH B aToMax

cessu. Takne pamuychl crepyer M cI:Ip6ma.anble paguycel atomos H, Li, Be
u Ne
paccMaTpMBaTb KaK  HEKOTOpbIe
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15. 3aBrcMMOCTH OPOUTANIBHBIX PaJMyCcOB aTOMOB OT ATOMHOTO HOMepa BJIeMeHTa
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s pexmuenme (T.€. HpoABAAOIMUE ce6sA B ACHCTBUM) BEJIMYMHBIL.
O dexTUBHBIE paguychl ONPenesAOT IPU U3yYeHUM CTPOGHUA MOJEKYJa U
KPHMCTAJIOB.

§ 4. BTOPUYHAS MEPUOAMYHOCTD

WN3menenue cBOWCTB — DHEPTMM MOHUBAIMM M CPOACTBA K 3JEKTPOHY,
ATOMHBIX pajMUycOB U T.II. — B MOAIPYINNAaX 3JEMEHTOB O6BIYHO UMEET HeMO-
HoTOHHBI Xapakrep (cM. puc. 12, 13, 15). Ha kpuBbIX U3MEHEHUA CYMMBI
IEepPBBIX YETHIPEX DHEpPrMil MOHM3aUMM U OPGUTANBHBIX ATOMHBIX PajUyCOB
B pany C — Si — Ge — Sn — Pb umewrcsa BHyTpeHHue MaKCUMyMHB H
muauMyMel (puc. 16). Kak cienctsue storo, HEMOHOTOHHBIN XapaKTep
OposABJIsercs W B MBMEHEHMM JPYIMX CBOMCTB coemuuenuit. HeMOHOTOH-
HOCTb M3MEHEHMs CBOMCTB DJIGMEHTOB B MOATPYINNE MOJy4YHIa Ha3BaHUE
eMOPULHON NePUOJULHOCTIA,

HeMOHOTOHHBIN XapaKTep NpOABIAETCA, HAPUMED, B 3HaYCHUAX IHEp-
MM JMCCOLMAILIMA MOJIEKYN IajOTeéHOB B 3aBUCHMMOCTH OT ATOMHOIO HOMepa
ramorena:

oF 1701 35 Br 53l
Fz Clz BI‘2 12
Enue, KIUK/MONb (oo 159 243 190 149
(E*5+55), 38
150+ qC
130+
110k \si Ge
sn Pb
Jot
70 r,HM
51 Ge s"__"}’ 16%  Puec. 16. 3aBucuMocts cymmpr
| /x—-* {g/0 TepBBIX YeTblpex “Hepruit MOHU-
A j g 3allM U OpOUTATIbHBIX pajUy-
T COB ATOMOB p-olleMeHTOB [V

IpPynnbl oT aTOMHOro HoMepa



paspnen I
Xumuuyeckaa CBf3db

XyMydeckas Hatypa CJIOXKHOM 4acTHUbl onpeaenAeTca
Harypoll ayieMeHTapHbIX cOCTABHBIX dYacTel, KOJIMYeCT—

BOM UX Y XUMUYeCKMM CTPOEHHEM.
A.M. Bymaepos

BaJieHTHBII IITPUX — CUMBOJIHYECKOe, abcrparvpoBaH-
Hoe M306paXeHde KBAHTOBO-MeXaHUYECKUX BIaUMO™

HefCTBUI IeKTPOHA M ATOMHBIX slep.
B.M. Boavxurnwmeiin

Vueyue 0 XMMUYECKOM CBA3UM — LEHTpajlbHaA npo6iaema xumuu. He
ayasA NPUpOJy B3aMMOJENCTBU aTOMOB B BelecTse, HeIb3A MOHATH NpH-
YHMHB MHOTOO6pa3sMs XMMHYECKUX COeIMHEHMH, MpeicTaBuTh MEeXaHU3M MX
06pa30BaHMA, COCTaB, CTPOEHME U PEaKIMOHHYIO crniocobyocets. Cozpanue
HAZEKHOM MOJENH, OTpaxalolei cTpoeHHe aTOMOB, MOJIEKYJl U TPpHpOLY
CUN MEXIy HMMM, MO3BOJUT ONpPEeneIuTh cBOMCTBa BelllecTs, He mpuberas K
SKCIEPUMEHTY .

COBOKYNHOCTh XMMMYECKHM CBA3aHHBIX aTOMOB (nanpumep, MOJIEKyJa,
KpHMCTAJL1) NpeACTaBiseT oGO CJI0KHYIO CUCTEMY ATOMHBIX AMEP M JJIEKT-
poHOB. XMMUUECKas CBA3b OCYLIECTBIAETCA 32 c4eT EKTPOCTaTHMYECKOro
B3aMMOJIEHCTBUA DJIEKTPOHOB M Aznep aTOMOB.

CoBpeMeHHble METOZBl MCCIIen0Ba~
HUA TO3BOJAIOT IKCHEPUMEHTAIBHO
ONpeAeuTh NpoCTPaHCTBEHHOE
pAcHOJioKEeHHe B BEIECTBE aTOMHBIX
snep. JlaHHOMY IPOCTPaHCTBEHHOMY
pa3sMeIeHUI0 aTOMHBIX #A7ep OTBe-
4aeT Ompe/ieieHHOe paclpelesieHue
9JIEKTPOHHOM  TJIOTHOCTH. Boisic-
HMTb, KaK paclpefeiseTcs JJIeKT-
pOHHas NJIOTHOCTb, IO CyTH JeJa, !
03Ha4YaeT ONUCATh  XUMHYECKYIOo
cBA3b B BemecTse. Jlyis 9TOro Heo6-
P u c. 17. Paclipefesiedie SJIEKTPOHHOH  xonuMO TOUYHOE pelieHue ypaBHE-
IUIOTHOCTH B MOJIeKyJIe BOApI uus Ll peguHrepa, YTO OCYIECTBIIE-
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HO TOJIBKO AyiA MoHa H}, cocrosimmero 3 AByxX MPOTOHOB M OJHOTO JJICKT-

pona. JlnA cucTeM ¢ ABYMA U GOJBINMM YMCJIOM 3JIEKTPOHOB MPUXOAMTCA
NPMMEHSATh NPUOTUKEHHBIE METOMLLI.

PesysbTaT NpUGIMKEHHOTO pacyeTa PACIpPeIeJeHUs  JIeKTPOHHOH
MJIOTHOCTM B MOJIEKyJle BOzibl mnokasaH Ha puc. 17. KonrtypHble JuHUM
COeUHAIOT MECTa OJMHAKOBOI 3JIEKTPOHHON MJIOTHOCTH.

B 3aBUCHMOCTM OT XapaKTepa paCHpee/IeHUA 3JeKTPOHHON IJIOTHOCTH
B BEINECTBE PA3MYalOT TPM OCHOBHBIX THNA XMMMUECKOH CBA3M: KOGAAEHIN-
Ky, UOHKYW U aemarruveckyro. B "uncrom" BUZE mepeuMcieHHbIC THIBI
CBASH NPOABIAIOTCA pefko. B GoNbIIMHCTBE COSAMHEHMH HMEST MECTO
HaJIOKEHUEe Pa3HbIX TUHOB CBA3U.

I'JI1 A B A 1. OCHOBOIIOJIATAIONIUE IPEJICTABJIEHUAA
XUMHYECKON CBA3U

§ 1. HEKOTOPBIE NTAPAMETPBI MOJIEKYJIbI

Monexyaoti HA3BIBAIOT MHUKPOYACTULY, O6pa3OBaHHYIO U3 aTOMOB . H
CIOCOGHYIO K CaMOCTOATEJNBbHOMY cyiuectBosaHuio. Monekyna umeer mo-
CTOAHHBI COCTAaB, BXOAAIIMX B Hee aTOMHBIX A#ep U (UKCHMPOBaHHOE
YUCJIO HJIEKTPOHOB.

UHEGOpMAnMIO O CTPOSHMM BEINECTBA MOXHO MOJYYMTb, UCCIAEAYHA €ro
uBHMYECKMe M XUMMYECKMe CBOMicTBa. B uacTHOCTH, ¢ MOMOMBIO PpusMyec—
KNX METO[OB MCCJICLOBAHMA ONPEASAIOT OCHOBHBIC MApaMeTPhl MOMEKyJ —
MEKBALCPHBIC PACCTOSHUA, BATIEHTHBI® YIJIbl U F€OMETPUIO MOJIEKYJI.

DKcnepUMEHTANBHO yCTaHOBJICHO, uTo B MoJekyse soabl HyO paceros-
HHe MEXAy AApPaMM BOZOpoOfa M kuciopoia coctasiser 0,096 am. Mexnb-
AZEPHOE PAcCTOAHME MEXIy XMMMYECKHM CBA3aHHBIMM ATOMaMM Ha3bIBAIOT
daunoll cesau.

Vron Mexpgy BOOSpakkaeMbiMM JHMHUAMHU, HPOXOSIIUMM Yepe3 sAapa
XKVIMMYECKH CBSABAHHBIX ATOMOB, HA3HLIBAIOT GaAcKMHsLU. B MoMeKyse BOABI
oH coctapiaser 104,5°.

TakuM 06pa3oM, MOJIEKyJa BOAB MMeeT yriosylo ¢opmy (em. puc. 17).
JlnA HaraAmHOCTH MOKHO NPUHATH, YTO B Heil 1Be XMMUYECKUE CBA3N

O—H (anunoit dOH = 0,096 um = 96 nM), pacrojoKeHHbE MOJ YIJIOM

£ HOH = 104,5°. CTpoeHue MOJeKyabl BOAbl MOXHO BHIPa3UTb CTPYKTYp-
HOI dopMyoi:

A

104,5°
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BaxHeiimel XapaKTEPUCTUKONA XUMMUYecKOH cBA3U ABJIAETCHA OHEPrus,
onpefeNAKmANA ee NMPOYHOCTh. Mepoil NPOYHOCTH CBA3M MOKET CIYHHUTH
KOJMYECTBO JHEPTMH, 3aTpauMBaeMoe Ha ee pasphiB. JlaA ABYyXaTOMHBIX
MOJIeKyJl HHEPrUsA CBA3M PaBHa JHEPrUM AUCCONMALMM MOJIEKYJ Ha aTOMBI.
Tak, sHeprus auccouuanuu Epye, a cl6I0BAaTeNBHO, U 3HEPrUA cBA3U Ecg
B MoJsekysne H, cocrasnsior 435 w/lak/monb. B Monexyne ¢ropa Fp ona
paBHa 159 KILJK/Mdnb, a B MoJeKyJe azota Ny — 940 kI /Mons.

JIns MHOTOATOMHBIX MoJiekyn Tuna AB, cpeaHsAs sHeprus cBA3M EAB =
= 1/n YacTy BHEPrUM AMCCOUMALMHU COBJUHEHUA Ha ATOMBI:

AB, = A + B, EAB = Equc/n.

Hanpumep, dsHeprus, morJjoljaeMas B npomecce

H,O=2H + O
pasHa 924 k/lx/mons H,0. Ho B Monekyne Bonm o6e ceazu O—H pasHo-
IEHHBI, MO3ITOMY CPELHAS DSHEPTUA CBA3U EOH = Eme/2 = 924/2 =

= 462 rJx/Mouns.

JIIMHEL ¥ DHEPIMM CBA3M, BAJleHTHBIC YIJIbl, a TaKKe SKCIIePUMEHTATBHO
onpefesifeMble MATHUTHBIE, ONTHYECKHe, DJIEKTPUUECKUe U Jpyrue cBOMcT-
BA BEILECTB HEMOCPEJCTBEHHO 3aBUCAT OT XapaKTepa PaclpefeeHUs IeKT-
pOHHOM maoTHOcTH. OKOHYaTENBHOE 3aKIIOUEHME O CTPOSHHUM BEIECTBa
AENAIOT MOC/e COMOCTaBleHUs MHGPOPManuM, MOTYyYEHHOH pasHbIMU MeTO-
namu. COBOKYNHOCTb SKCIEPUMEHTAIBHO MOMYYEHHBIX J@HHBIX O CTPOSHUU
BelllecTBa 060GIAET KBAHTOBO-MEXaHWYECKAA TEOPUS XUMHUYECKOM CBAM.

XuMuyeckas cBA3b B OCHOBHOM ocyuiecTBIAETCA TaK Ha3bBIBa€MbIMHU

BaJIGHTHBHIMUM 3JIGKTPOHAMM. Y $- M p-DJIEeMEHTOB BAleHTHBIMU ABJIAKIOTCA
SJIEKTPOHBI Op6UTaneil BHEHIHEro cJosA, a Y d-3JIEMEHTOB — DJIEKTPOHBI —
s-opbuTtany BHEWIHETro CNof U d-opOuTasieil MpefBHELIHEro CIoA.

§ 2. IPUPOJIA XUMUYECKON CBSA3U

XuMuyecKas cBA3b 06pasyercs TOJBKO B TOM cAy4Yae, €cju NMpH cOIu-
HEHUM aTOMOB (ABYX MJIM 6OJBIIEro YHMCJa) TNOJHAs SHEPrUs CcUCTEMB
(cymMMa KHMHETHYECKON M MOTEHLUANbHON BHEPIHiT) MOHMKACTCA.

PaccMoTpuM mpocTeilIlyloc M3 BO3MOKHBIX MOJICKYJAPHBIX CHCTEM —
MOJIeKYJApHBIA non Bogopona Hj. (Ora wacTuua mosnyyaercsa npu o6iyde-

HUM MoJekya Bomopopa H, snektponamu.) B HeMm ofum a/ieKTpoH ABUMKET-
csl B mose JBYX sAAep — nporoHos. Paccrosnue mexay saapamu 8 HJ pasHo

0,106 uM, a sHeprus cpazu (Aucconuanuu Ha atoM H u uon H*) coctasns-
er 255,7 w/la/Monb. Takum o6pasoM, 5Ta yacTHUA BechMa IIPOYHAA.
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P u c. 18. Cuibl BzauMoneinCTBUsI MexXJy MPOTOHAMM Y IEKTPOHOM B
MoJieKyJisipaHoM noHe HJ

B monekynapHoM uoHe H) meficTBYIOT 3J€KTPOCTATHYECKHME CHJIBL IBYX

THUIOB — CUJIB NPUTAXKEHUA DJIEKTPOHA K OBOMM AApaM M CMJIBI OTTAlKM-
BaHMA MexAy Axpamu (puc. 18).

Cusla OTTANKMBAHMA [POABIAETCA MeXAY IOJOXKUTENBHO 3apAKEHHBIMU
AnpaMu H; u H}‘; (puc. g). Cunbl OpuTsXKEeHUA AeWCTBYIOT MeXAy

OTPULATENIBHO 3APSAKEHHBIM JIEKTPOHOM € M MOJONKUTEIBHO 3apfAKeHHbI~
MU AApPaMd — MPOTOHAMHU H; " H}; (puc. 18, 6, a).

Cuiia MexBANEPHOrO B3aUMOIENCTBUA fH*H“ HampaBJieHa BJAOJIb OCH
A B
PacHONOKEHUs ALEp M CTPEMHUTCA pPa3BeCTH WX APYr OT Apyra (cM. pHuc.
18, a@). OueBugHO, MoJieKysia oBpa3yeTcsi B TOM cjydae, ecjid paBHogelicr-
BYIOILAA CHJ NPUTANKEHUS M OTTATKMBAHMA paBHA HyMI0. VIHBIMU cloBaMu,

B3aMMHOE OTTaJIKMBaHUe Anep (IPOTOHOB Hl‘; u H};) LOJIKHO 6BITh CKOM-

[IEHCUPOBAHO NPUTAKEHNEM IEKTPOHa K AApaM. JPGPeKTUBHOCTh NOCTeN~
HEro 3aBUCUT OT MECTOMOJIOKEHUA DJIEKTPOHA € OTHOCHUTEJIBHO ALEp.

KoHeuHO, TOYHO ompenennTh NOJOKEHUE 3JIEKTPOHA B MOJIEKYJe HeBO3-
MOkHO. Ho MOXHO paccMoTpeTh BepOATHOCTbH €r0 HAXOKIEHUA B MPOCTPaH—-
CTBE OTHOCMTENBHO Anep. Tak, B M1060if MOMEHT BpPeMEHM 3JIEKTPOH MOMKET
OKA3aTbCA B MOJIONKEHUM, M3o6pakeHHOM Ha puc. 18, 6. B apyroit MomeHT
3J6KTPOH OyAeT HaXOAMUTbCA YKe B HOBOM IMOJIOKEHHMH, HAnpumep M306pa-
JKeHHOM Ha puc. 18, 6.

CpaBHMM pe3yiapTUpPyIOmEee AeficTBUE CUJ NMPUTSKEHUA U OTTAIKUBA-
HUA NIPU STHX KOHq:)Ml"ypauMﬁX O603HaYUM CHJIHE npwmxcenym JIEKTpOHA
K IpOTOHaM f, Ny H* ., & MX npoekmuu f, I-’{“ .. Korpa snektpon

A A
HAXOQUTCA B NOJIOKeHUHM 6 (cM. puc. 18, 6), TO ero NpuTAMKEHUe K NPOTO-
HaM (cMJabl f ve M H*e') CIOCOBCTBYIOT MX cOMMKEHMIO (CHIIBI f'+e_ "
B A
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f},I*e‘)' Korpa sxe uMmeer MecTo koHpurypamus e (cM. puc. 18, 6), To Bo3HuU-
B
KaeT Apyrast cuTyanusa. B 5TOM ciyyae cHJIBl NPUTAKEHUA (f,*e‘ n fI-,{*e‘)
A B

HampaBJeHbl B OIHy CTOPOHY M OTTajKMBaHHe MPOTOHOB He KOMIEHCHUP YIOT.
Ciie0BaTENIbHO, COTJIACHO BO3MOMKHBIM IIOJIOXKEHUSM 3JIEKTPOHA OTHOCH-
TeJNBHO JBYX NMPOTOHOB B MOJIEKyJe€ HUMeeTcs OGJACTb C6L3b6aHUS U 06—
JACTh GHMUCEIIBEaHUL UM paspuzaenus (puc. 19). Ecau snekrpon noma-
ZaeT B 06JIaCTh CBA3BIBAHMA, TO XMMHUYecKas cBA3L ob6pasyercs. Ecau xe
3JIEKTPOH [IOMajiaeT B O6JIaCTh PaspbIXJIEHMs, TO XMMMUYECKas CBA3b He
obpa3yercs.

WHbIMM CJIOBAMH, XUMMUYEcKasi CBA3b BOBHMKaeT B TOM cJjy4dae, €CJaM
3JICKTPOH OKa3blBAETCA B NPOCTPAHCTBE MEkAYy AApaMi (B CBABBIBAIOIIEH
o6nacTH). XMMHUUECKAS CBA3L OCYMIECTBIAACTCH 38 CUET SJIEKTPOCTATHYECKO~
r0 B3aUMOJNEHCTBUA MOJOXKHUTENBHO 3apsKEHHBIX AJEP ¥ OTPUUATEIBHO
3APAKEHHBIX DJIEKTPOHOB. JTO MPUBOAUT K NOHMMKEHHMIO TNMOJIHON SHEPrum
CHUCTEeMBbl IpH 06pa30BaHNHU MOJIEKYJB! U3 atoMos. UeM Gosplie BhlgensieTcs
IpU STOM PHEPIMM, TEM NPOYHEE XMMHMUECKas CBA3b.

§ 3. KPUBASA NIOJIHON SHEPTUM IJISI MOJIEKYJIbI

Kak yxe ykaspiBasnoch, A7l MOJIeKyJIApHOro Hona Bopopoma HJ moxkuo

no ypasHeHuio lllpenuurepa TOYHO BBIYMCIMTL BSHEPrHUIO BJIEKTPOHA H
paclpejiesieHie 31eKTPOHHOMN NJIOTHOCTH. PesysbTaT TAKOro pacyera OTpa-
xaer puc. 20. Kpusasi 1 oTBeuaer cOCTOSHMIO, KOrja SJIEKTPOH HaXOHUTCHA
B CBASBIBAIOmMEN O61acTH. JHEPreTMYECKMit ypOBeHbL TAaKOI'0 MOJIOKEHUA
SJICKTPOHA HA30BEM C6L3b16EI0WUU M OBO3HAYMM ero o¢. XapakTep O9TOM
KPUBOM MOMHO OGBACHHUTH TEM, YTO IO Mepe COIMKEHMA NPOTOHOB B CBsl-
spiBatomeit 06aactu (cM. puc. 18, 6) BHavanme mpeo6aamalOT cHJH NP HUTA-
MeHUA, a B3aTeM CHJBl OTTalKMBaHMsA. [losroMy BHauvajle HabuiIOpaercs
MOHOTOHHO€ IOHMIKEHHEe IOJHOW OHEPLUU CHUCTEeMBI, 1O JOCTHKEHUU ke
MUHUMyMa — Pe3Koe ee yseludyenMe. MUHMMyM Ha KPHUBOJ NOJHON SHep-
TUX OTBeYaeT HanbosIee YCTOHUMBOMY COCTOAHMIO CHCTEMBI M3 ABYX NIPOTO~
HOB U OJHOTO BJICKTPOHA, T.e. YCTOHYMBOMY coctosHmio uona H}. Muum-

MyM DSHEPrMM Ha KpHUBOH OTBeYaeT pPaBHOBECHOMY PACCTOAHMIO MEKIY
IPOTOHAMU (dHH = 0,106 uM), riy6uHa MMHUMyMa — BSHEprus aMcconMa-

uuu vona H} na arom H u nporon H* (EH+ = 255,7 k[l /Mouns).
2

Crepyomuit sHepreTMyecKuil ypoBeHb MOJIGKYJIAPHOrO MOHA BOAOPOAA
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-200 +
L i .
57 6z 43 dam
Puc 19. O6sactv CBA3LIBAHUA Puc 20. 3aBHCHMOCTb TOTEHIH-
Y pa3pLIXieRns B MONEeKy/IsApHOM aZbHON OHEpFMH  MOJEKY/APHOrO
- voHe Hj ) ‘ vona H} npy Haxox [IeHUH OJIeKTpo-

Ha B CBssblBaollell (kpupaa I) u
paspeiuisiouteit (kpvBast 2) obina-
CcTH
(puc. 20, kpuBas 2) MHHMMyMa He UMEET — MOJIEKyJa B TOM COCTOSHUHU
o6pazoBaTbes He MoxkeT. [logo6Has cuTyanuMsa BOBHHKaeT, KOrAa 3JIEKTPOH
HaxoauTes 3a siapamu (cM. puc. 18, @), T.e. B paspuixasiomei obnactu. B

9TOM CJy4Yae CuUJla OTTaNKUBAaHUA IMPOTOHOB He KOMIIEHCHUPYETCA cUJIoM

OPUTATUBAHUA K DIIEKTPOHY. JHEPreTHYecKUil ypOBEHb TAKOIO IOJIOKEHMSA
3JIEKTPOHA HA30BEM Pa3psZARowWul U 0603HaUMM 0 *.
Takum o6pasoM, obpasoBaHMe xumuueckoit csasu B H} obycrosieno

' TEM, YTO BJIEKTPOH ABMXKETCA OKOJIO ABYX sigep. Mexnay saapaMu mosABasieT-

¢3 06JacTh ¢ BBICOKO IUIOTHOCTBIO OTPMIATENBHOrO B3apAna, KOTopas
"craruBaer" MOMOKMTENHHO BapskeHHble aapa. IlpuTskeHue yMeHpmaer
MOJHYIO SHEPrUIO CUCTEMBI — BOSHHKAET XUMUYECKAs CBASE.

I' J1 A B A 2. TEOPUA MOJIEKYJISIPHHX OPBUTAJIEHA

§ 1. MOJIEKYJIAPHBIE OPBUTANN

Jna onMcaHMs XMMUYECKOA CBASU LIUPOKO MCIOJB3YIOTCA [ABa MOIXO-
Na: Teopus MoJeKynspHuix opburaneit (MO) u Teopus BaneHTHHX cBA3eit
(BC). B passuruu teopun BC ocobas zacayra npunaiiexut [efitaepy u
Jlonpony, Cnerepy u Hoaunry; B passurun teopun MO — Mannaukeny n
Xyuny.

CornacHo TeOpMM MOJIEKYISPHBIX 0p6nTa.hex7x MOJIEKyJla paccMaTpUBaeT-
€A KaK COBOKYINHOCTb IOJIONKUTEJBHO 3aps’KeHHBIX ANEP U OTPHULATEIBHO
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3apAKEHHBIX 9J16KTPOHOB, TA© KAl BJEKTPOH JABUXETCA B MOJI€ OCTalb-
HBIX DJIEKTPOHOB M BCEX Anep. ‘

Omnucath MOJeKydy corviacHO Teopuu MO ~— 3TO 3HAYMT ONpeneInTh
THN €e opbuTaneil, MX SHEPTUI0 U BBIACHUTL XapaKTep paclpeaeyeHusd
3JIEKTPOHOB 10 Op6MTamsiM, T.e. PEIIMTb T K€ 3amayM, YTO U NPHU pac-
CMOTPEHWH BJICKTPOHHBIX CTPYKTYP aTOMOB. _

Kak 6bl7710 NOKA3aHO, 3JEKTPOH MOMXET HaXOAUThCA B CBA3BIBAIOIUEN
WIM PaspbIXJAOMmEeN o6aacTax Mosekyibl (eM. puc. 19). B coorserctsuu c
5TUM Pa3iMyaloT CBA3HIBAIOIME M Pa3PBIXIAIOMME MOJIEKYJApPHbIE OpOUTa-
au. B cBAsbIBalOmEeNd MOJEKyIApHOI OpOMTanM DJIEKTPOHHAA [JIOTHOCTh
KOHIEHTPUPYETCA MEXy AApaMd, B Pa3phIXIAIOMEN MOJCKYIAPHOI opou-
Tamy — 3a AApaMM, a MEKIY HUMH OHa PaBHA HYJIO.

MonekynsapHbie OpOUTANM MOXHO [PEACTABUTh KaK Pe3ynbTaT KOMOH-
HanMM op6uTasieil aTomoB, o6pa3ylomux MoJekyay. Paccmorpum o6pasoBa-
Hue opbuTasnieil AByxaTOMHOM MosiekyJbl. Ilpu c6aumakeRuyu OByX aTOMOB HX
opbuTaNM mepekpbiBaloTcA. M3 Kamabix IBYX NEpeKpbIBAIOMMXCA ATOMHBIX

opbuTanejt 06pa3yioTcsi nBe MOJNEKYAApHBIE OP6UTalId — OLHA CBA3BIBAIO-

mas, Apyras — paspeixiasioman (puc. 21).
Ecnu opbutanu atomos A u B, o6pasylomux monexkyny AB, oGozna-
YUTD \IlA u \Ilé, TO BO3MOXKHbLIE KOMBGHMHAIMM MOXKHO 3aIlUCATD:

V. =¥ Q¥ ;¥ = sV — g0,
+ ¥, + ¢ B Y- a¥ ¥
OTU KOMEUHAMM MPUBOAAT K 06Pa30BaHUIO CBA3BLIBAIOMENA MOJIEKYIAPHOM
opbutanu V., U paspbIxJAsomeil MoiekynApHoi opbutamm V..

Kospdpunuentsl ¢ ykassiBalOT A0 yYacTHMA COOTBETCTBYIOM[MX ATOM-
HbIX opbuTaneil B GOPMUPOBAHUHU MOJIEKYJIAPHBIX.

A0 Nepexpsibanue A0 Mo
” z 7
+ Ompuyamepsroe 6s
/s s z ]
flonomumensnoe 6

P uc. 21. Cxema 06pasoBaHMsi CBAGHIBAIOUIEN 05 U PasphIXISIOUIEN O M

MOJIEKYJISIDHBIX opbuTalielt IpU MepeKpLIBAHNYU aTOMHbIX S-OpOUTasiel
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Jnst cnydasm OBYXaTOMHBIX MOJIEKYJ € OIMHAKOBHLIMM siapamMu (TOMo-
ANEPHBIX MOJIEKYJ) BKJIaJi ATOMHBIX OpOUTaseil B MOJEKyIApHble Oymer
OLMHAKOBBIM, T.€. €] = C3 U C3 = ¢4.

MonekyaspHbie Op6UTany 0603HaYalOT rpedeckuMu 6ykBaMu (co 3Be3-
JIOYKON A71A pasphIXIAOUIeil opburtanu). MosnekyasapHsle opbutannu, o6pa-
30BaHHBIE  IIEPEKPHIBAHUEM  ATOMHBIX
opbuTaneil MO OCHU PacHOJIOKEHUA ATOM-

AO MO A0
HBIX A7Ep, HA3BIBAIOT 0-0p UM ALY, c .

[IpumeM, YTO AZLpa ATOMOB PacCIIOIOKE~ “’7__2__\'
HHl 10 OCH z M IEPEeKpbIBaHME ATOMHBIX // \
opbuTaneit ocymecTaAerca no ocu. Ilpu / AN
CJIOJKEHUM S-aTOMHBIX opbuTajieil obpa- —-Iﬁ‘—-(/ N Ls
3yeTcA  CBABHIBAIOM(AA  JBYXIIEHTPOBasd b\ \\ S
MOJIeKyAAPHaA opburtanb o, IIpu BbruM- N\ ///
TAaHMM ATOMHBIX OpbHTaneil o6pasyercs &:%—-J

Pa3pHIXIAKINAA [BYXIEHTPOBaA MOJIEKy-

AApHas OpGUTANb 0. ‘
P uc. 22. OHeprerMueckas auar-

O6pa3oBaiue MOJEKYJASAPHBIX Opb6uTa- PaMMa 1s-aTOMHLIX U O MOJeEKy-

7ell M3 aTOMHBIX H306paxalor B BHge ' PhoiX °p,6ma‘neﬁ ABYXaTOMHON
. roOMOAIEPHON MOJIERYJIBI

oHepremuveckol dJuaipamuast, Trae IO
BEPTMKAJIM OTKJIAAbIBAIOT 3HaueHMA osHepruum £E opburaneit (puc. 22).
Cnepa u cmpaBa Ha guarpaMMe OPUBOZAT SHEPreTMYECKME YPOBHU aTOM-
HBIX OpOUTaNeif, B CepeIMHE — YPOBHU MOJIEKYIAPHBIX OpO6UTaeil.

CaasbiBaomast MoOJIeKynApHasa OpOGMTANb XApaKTepU3yeTcsl INOBBIIIEH-
HOM BJIGKTPOHHOM IJIOTHOCTBIO B NPOCTPAHCTBE MEKIY AAPaMM, HOSTOMY
Takas opbuTanb dHepreTudecku Gojiee BHIFO/HA, YEeM ATOMHBIE OpOMTAMM.
Hao6opoT, Ha paspbixifomeil Op6UTAmTM JICKTPOHHAA IIOTHOCTh KOH-

6

P u c. 23. Pacnpenenenve aniekTpoHHON IJIOTHOCTU B CBASLE-
Bajouledt (@) U PaspLIXIAIOMEH (6) MONeKyIAPHBIX OpOUTAIAX
MosteKynsipHoro Hj
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LEHTPUPYETCA 3a SApaMu, NMOITOMY MOpf0GHasg OPOUTaNb SHEPreTHYecKH
MEHee BBIFOHA, UeM MCXOIHBIC ATOMHBle OpOUTanu. YpOBeHb 3JHEPrUM
CBASBIBAIONIEH OpOUTaNyM Ha CXeMe PaclojaraloT HUXe YPOBHA HCXOJHBIX
aTOMHBIX op6uTaneil. B ciayuae pasphixasiompmx opburaneil UX dHepTeTH-
YerKoe MOJIOKEHNE Ha CXeMe BBIIIe UCXOAHBIX aTOMHBIX ‘opGMTaneﬁ.
Pacnpenenienye »7eKTPOHHONM IMJIOTHOCTU B CBA3BBIBAIOMIEH U pasphix-
JIAIOMIEH MOJICKYNAPHBIX OPGUTANAX MOJMeKynApHOro uona HJ mokasano Ha

puc. 23, a, 6.

§ 2. IBYXATOMHBIE TOMOAJEPHBIE
MOJIEKYJIBI

JIByXaTOMHEE FOMOAJIEpHHE MOJIEKYIH 37eMenToB l-ro mepmona. Y
3JIeMEHTOB 1-ro mepuona BajeHTHoOH ssasiercad ls-op6utans. IlosTomy
NpUBENEHHAA Ha pUc. 22 DHepreTUYecKas AUArpaMMa cCIpaBelsiuBa IJA
JBYXbALCPHBIX MOJEKYJAAPHHX obpasosanuit Tuna H}, H,, Hel, He,.

Wou H} cocToMT M3 aByX MPOTOHOB M OJHOTO 3JIGKTPOHA. EcTtecTBenno,

YTO ©AMHCTBEHHBIN HJIEKTPOH TOr0 MOHA [OJIKEH 3aHUMATb JHEPreTHUYecKU
Hau6osiee BHIroguyw opbutans o (cm. puc. 22). Takum ob6pasoM, saeKT-
pouHas ¢opMyiia nona H] B OCHOBHOM COCTOAHMU '

H[ol].

O6pa3oBaHMe 3TOrO MOHA M3 ATOMAa BOJOPOAA M NPOTOHA MOMKHO NMPEACTa-

BUTH YPaBHEHUEM
1 + ) +[ 41
H{ls!] + H*[1s°] -~ H3[cY).
B wmonexyne H, apa siaektpona. CorjiacHO NPUHUMIY HaUMeHbIICH
sHeprud M npuuiuny llayim st gBa s7eKTpOHA ¢ IPOTHBOIOJIONHBIMU
CIIMHAMM TaKkKe 3aCeNsAIOT 0,opbuTtans. Peaknuio o6pa3oBaHUA MOJEKYJIHI

BOZOPO/la U3 aTOMOB B cCMCTeMe 0BO3HAYCHMIA TEOPUM MOJEKYJIAPHBIX OpOU-
Tanell MOXHO 3aIUCATh

H{1s!] + H[1s!] > H,[07].

B Mmonexynsprom purenuii-uone Hej Tpu »/1€KTPOHA, ABa U3 KOTOPHIX

33CEJIAIOT CBABBIBAIOIIYIO, TPETUN — Pas3pHIXJIAONIYI0 OPOUTEND:

Hej[o20}1].
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B cucreme n3 asyx aToMoB renusa He; 4YeThipe 3/eKTpoHa — [Ba Ha
CBA3LIBAIOIIEN U ABa HA Pa3pHIXJAKOMICH OpOUTANAX.

Tlo xapakrepy pacnpeneeHUA DJIEKTPOHOB 10 MOJEKYIAPHBIM Op6UTa—
JIAIM MOKHO OIEHUTh DHEPrUIo, IJMHY M NOpAROK cBA3u. Kak maBecTHO,
HAXOXKOECHUE DJIEKTPOHA Ha CBA3BIBalOHIEl OpOMTANM O3HAaYaeT KOHIEHTPa-
IMIO DJIEKTPOHHOM MJIOTHOCTU MEXIY AAPaMH, a 9TO OOYC/JOBJIMBAET COKpa-
HIEHME MEXDBALEPHOrO paccTOAHUA U ynpouHeHue Moiexynab. Haobopor,
HAXOXJEHUe DJIGKTPOHA Ha pasp'mxnmomeﬁ opbuTanu o3HAYAET, YTO
9JIEKTPOHHAA IUVIOTHOCTh KOHUEHTPUpyeTcA 3a AxpaMu. B sToMm caydae,
cJlefOBaTe/IbHO, DSHEPrus CBA3BIBAHUA CHMKAETCHA, a MeXbAjepHoOe
paccTosAHUE yBeJIUYUBaETCA:

"H} H, He} He,

MosnekyisipHble 0p6U-

TaJIu

*
US

+ +

e
4 W K

JHeprust Iuccolm-

anuu, Ezmc,

KD/ MOTTB «evenaenann, 255,7 435 230 -
MexbsinepHoe paccrosi-

HUe (L7IMHA CBSIaM)

d HM 0,106 0,074 0,108 -
[Mopsifok cBA3M........... 0,5 1 0,5 -
B pany H} — Hy; — He} mo Mepe 3anoiHeHHA SI€KTPOHAMHM CBASBI-

Balomel opbUTany SHEpPruA AMCCOIMMAIMH MOJICKYJ BO3PACTAET, ¢ MOSABJIE—
HUEM e JIeKTPOHa Ha DaspbIXJIAIMENd opOuTand, HaobOpOT, YMEHbIIACT-
csl. MexbanepHoe paccTosiHMe BHAYANE YMEHBIUACTCA, 8 3aTEM YBeJIMUMUBA-
erca. Mosekyna reiusi B HeBO3GYXICHHOM COCTOAHMM HE CYIECTBYET,
TaK KaK y Hee OJMHAKOBO YMCJIO CBASBIBAIOUIMX M Pa3pHXJIAIHIUX 3JIKT-
pOHOB.

XapakTep pacrpezesieHUs 3J€KTPOHOB [0 OPGMTAIAM MO3BOJAET OLE-
HUTb NMOPAAOK CBA3M KAK NOJYPA3HOCTh YHCJIA CBASHBAIOIMX U Pa3phIX-
JIAIOIMUX DIEKTPOHOB:

Yueno cBsspiBaOmMX Yueso paspbIX/sommux

3JIEKTPO HOB 9JIEKTPO HOB

[lopsinok cesAzy =
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+
HerpyaHo NOpcuMTaTh, YTO B MOJEKy/spHOM HoHe Bofopopa Hj u
nuremmit-uoe He) nopsanok csA3M paBed 0,5, B MoJieKkyJe Bojopona — 1, a

B cUCTeMe U3 ABYyX HeBO3OyxeHHBIX aTOMOB Ie/lUsA — HYJIO.

JIByxaTOMHHE TOMOAJiepHHE MOJIEKYJH 3JIEMEHTOB 2-TO HepHOJa. v
9JIEMEHTOB 2-ro mepuoja kpome ls-opburaneif B 06pasoBaHUM MOJIEKYJIAP-
HbIX Op6MTATeil IPUHUMAIOT yuacTue 25-, 2P, 2py~ ¥ 2p,OpOuTAIH. Hpu-
MEM, YTO ATOMbl PACIIOJIONKEHH 1O Ocu z. UTOGpI ATOMHbBIE OPOGUTAIIM MOIJIM
KOMGMHMPOBATbCA ¢ O6pa30BaHUEM YCTOMYMBBHIX MOJIEKYJAPHEIX OpGMTa-
Jleif, OHM AOJKHBI UMETb GJM3KMe DHEPrud M MEePeKpHIBATHCA B 3aMETHOM
crenmenn. C 06pa30BalMeM CBA3LIBAIOMEN U PasPHXJIAIOMER MOJIEKyJIAPHOM
opbuTamu KOMGMHUPYIOTcA Te Op6uTany, B3aMMHOE MPOCTPaHCTBEHHOE
PACIOIOAEHME KOTOPHIX OTBEYACT MX MOJIOMMTENLHOMY U OTPULATENbHOMY
MepeKpbIBaHUIO.

Ecnu anst 2s- U 2p-opburasieil 3HAYUTENBHO pasiifive MO DHEpruu, TO Iepe-

KpbIBaHUE TI0 TUIY § -— ])A) NpaKTU4YecKU He OCYULECTBIAETCA. MoucHo

A~ P (%

Tipenebpedb TakKe KomOunanueh lsA — lsB—0p6vlTanei7i BCAEGACTBME HUYTOMHOR

CTeleHM TMepeKpLIBaHMSI OHeHb MaJblX Mo pasmepy BHyTpennux ls-opburaseit.
Torpa ocrajbHBIM TpeGOBaHUSIM OTEEYAlOT cJIefylouMe co4YeTaHusi BajleHTHBIX
opburaseit 3JeMeHTOB 2-T0 MepHoja.

Koméunanus wms 2s-opbutaneii (kak u 15-Op6MTaneii) COOTBETCTBYET
o *
06pa3oBaHMIO JBYX MOJEKYJADHHIX 0-Op6uTaneii TMHA: ¢ U o ;. XapakTep

NepexpsiBanue AO MO
-Sleplo; ~ -Sfoeds
Py Py &
ompuyamensHoe

Pz Pz
N0A0XumensHoe

P uc. 24. Cxema 0GpasoBanUs UG p,aTOMHBIX OpbuTajlef CBs-
~ * -~ -
3LIBAlOWEH O, U paspbixisioueil o, opbuTalled NBYXaTOMHOM

I‘OMOﬂ,E[epHOﬁI MOJIEKYJIB]
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NepeKpBBAHUA 2p,OpbUTanell CyLIECTBEHHO OTIMYAETCA OT IEpeKphiBaHUA
2py- u 2pyopburtaneit. KoM6uHauus aTOMHBIX 2p,op6utaneil (BHITAHYTH
BAOJIb OCH z) 1B€T MONEKyJApHbe opbutamu o, u o) (puc. 24). Koménna-

IMA Ke ABYX 2p,OopbuTaneii QaeT MOJEKyIspHble T-OP6UTamU: Ty U 7r;

(puc. 25). Eciu BMecTo aTOMHBX 2p,-Op6UTaNeli CKOMOGMHUPOBATh ABE 2Py~
Op6UTANM, TO MOJYYAIOTCs AHATOTMYHBIE MOJIEKYJIAPHBE Op6UTANM T-THIIA,
HO mosepHyThie Ha 90° BOKDYr MexsamepHOM ocu MOJeKysas. Ilockoabky
3Heprus 2p,~ ¥ 2py,opbuTaneil OAMHAKOBA M OHU IEPEKPHIBAIOTCA OMHa-
KOBBIM cNOCO6OM, BOZHUKAIOIIME MOJEKYIAPHEIE OPOUTATM T, U Ty UMEIOT
OlMHAKOBYIO BHEPrUIO U (OPMY; TO Xe caMOe OTHOCUTCHA K 7 )- H w;—op6u—

TaJIAM.

Moo npencrasuTe ¥ Apyrue coueTaHMsi BTOMHBIX OpOUTAjell, HApUMep, KAk 3TO
nokasaHo Ha pHc. 26. Ho mopofHoe couetaHue k 06pasoBaHWIO MOJIEKYJISIpHON
OpOUTa/IM He TNPUBOAMT, TAK KaK B OTOM CJy4ae MOMOKUTENbHOS MepeKphIBaHue
TMIOTHOCTBIO  KOMIIEHCUDYeTCs OTPULATESIbHBIM [€PeKpHIBAHMEM. JT0 — HYJEBOE
NepeKpbiBaHie (HAKOIUIEHME BJIEKTPOHHOM IVIOTHOCTM B OLHOM OBJACTY KOMIEHCH—
pyer ee yMeHbllleHue B ApyTroii).

CornacHo cHEKTPOCKONMYECKMM JaHHHIM MOJIEKyJsApHble Op6MTATH
ABYXATOMHBIX MOJIEKYJI 3JIEMEHTOB, PACIIOJIOKEHHBIX B KOHIIe Nepuona Ie—

flepexpsiBanue
s pAO M0
F3
My +
+
Z —
Ny

Nonoxumensnoe

P uc. 25. CxeMa o6pasoBaHusi U3 pg-
ATOMHBIX opOuTaleil cBA3LIBAWOWEN Ty
M paspHIXJIAIOWEN Ty MONEKYNAPHBIX

P u c. 26. Hynesoe nepe-
KpbiBaHUW€e aTOMHLBIX Op-
6uranen

opbuTaell ABYXaTOMHON TOMOSIAEPHOM

MOJIEKYJIE]
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pHoaMUecKOl TabJMIBl, C/IEAYIOT B TAKOM MOpAAKE MO BO3PACTaHUIO SHEp-
rum:
g, <oy <o, <m =7 < 7r£:7r5< o}

HepreTHMYecKMe AMATDAMMBI ATOMHBIX M MOJIEKYJADHBIX OpOuTanei
ZIBYXaTOMHBIX MOJIEKyJl 3J1eMeHTOB 2-TO MepHoma [OKa3aHbl Ha DHC. 27,a.
Bocnosnb3yeMcs SHEpreTH4eckoi auarpaMMoil Ha puc. 27,a aJis BIACHEHUA
pacIpeneeHnsi SIeKTPOHOB Mo opbutansam B Mojekyie F,. Ilpu srom
IpYMeM BO BHUMaHHMe DHEpPreTHyeckuil MOpAAok opburaneil, npudnun Ilay-
am u npaswio D'yupa. Torga peakuuio o6pasosaHus Mojlekynsl F u3
ATOMOB MOJHO 3alUCATb TaK:

IF[262295] = 25 %2522 p 2 ¥200 *2
2F(2522p"] = Fololo 2olninln 2n ) ].
Ilpn suepretMueckoit 6au3ocTU 25- U -2p-opbuTamell 3JEKTPOHBI Ha Os

M 0,OpOUTANAX B3aUMHO OTTAJKUBAIOTCA U NOTOMY Tz~ M Ty-OpOMTanu
JHEpreTHyecKH 60Jiee BHIFOJHBI, 4eM 0,0p6uTans. B aTOM cayyae mopsizok

3aMOHEHUA MOJEKYJAPHBIX OpPOMTAlell HECKONbKO u3Mensierca (puc. 27,

6) M COOTBETCTBYET 110CJIeLOBATEIbHOCTH:
* —_ * * *
g, < a; < 7rx—7ry< Uz< 7rx-—7ry< o,

llogobHaa MOc/enOBATEILHOCTD 3AMOJHEHUs XapaKTepHa mJIA OByX-
ATOMHBIX MOJIEKYJ 3JIeMEHTOB Hayajla mepuopa, BIJoTh 10 N, Tak, aiekr-

AO MO AO AO MO AO
o o
E //—*-—‘—\.\\ E ,‘,._....__7,{}

p L™ TN » p ////’, o \\\§
¢ >“‘"-— —————t P2 ’7__.-_—
AN "! e \\\\?\\,—-z——r A’//,

\ 0 “ AN X"y
N \ )\ e Wy /y\\
/
7 I,v > N \ \
/,..__——\\ 0// /\‘/ [ \)/ \\\
/ \ s A AN -
5 S/ ~N s -————-(\ \ / B.____
—— P \ !
N\, / AN 4
\, / N O /s
\\ Oy //
| U 6

P u c. 27. OHeprerMueckasa auMarpaMma s~ ¥ P-aTOMHBIX U 0- U T-MOJIEKYJIAP-
HBIX OpOUTAJIeil NBYXATOMHOM roOMOSIIEpHOM MOJeKYJIbl:

a — TNpy 3Ha4UTEJIbHOM U 6 — npu HE3HAYUTEJIbHOM 3HepreTu1eCKoM pa3nuimm s- n p~
opbuTtaen
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i Mompio 9BM.

POHHYIO KOH(MUIypanMIO MOJIeKYJIBI a30Ta B OCHOBHOM COCTOSAHMM MOXHO
IpefCTAaBUTh CASAYIOMMUM 06pa3oM:

‘ Ng[agagzwngaﬂ.

MonekyJisipHble OpOUTAIM 4acTo 06GOSHAYAIOT COOTBETCTBYIOIIMMH CHMBOJIAMH,
HCXONSl U3 UX ToBefleHUst IIpY ofepauusax cMMMerpuu. Tak, ecau op6uTanu o-Tuma
(cM. pHc. 21, 24) MBICJIEHHO MOBEPHYTH BOKDPYT MEXBSINEPHON OCH MOJIEKYJnl Ha
180°, To mosiydeHHas copMa opbuTaliell 6yLer HeoTJMYMMA OT [EpBOHAYAIILHOM.
IIpu moBopoTe 3HAK BOJIHOBOW (bYyHKHUU STUX OpOUTallell He UBMeHsIeTCsl: 0pPOUTAIbL
CUMMEMPUHA OTHOCUTENBHO 9TOi ollepalfid. AHajlorMdHo Befler ceOA aTOMHas s
op6uTanb. MosekynsipHble OpGUTANM, CUMMETDUYHBIC OTHOCHUTENBHO BpalleHUs
BOKDYI' ME&XbsJepHOi OCH, 0603HAYAlOT rpedeckoil 6yKBoi o (aHajlor JIATHHCKOTO
s).

Herpynno BUmeTb, uTo MojekyJsipHble opGUTan¥ m-Tvma (cMm. puc. 25) mpu
noBopoTe Ha 180° BOKpyr MeXbsEDHOI OCH MOJIEKYJIbl OKAZBIBAIOTCS ANIMUCUAL-
AEMPUYHBLAUY OTHOCUTENILHO 9TOM ONEepal[MU: 3HAK BOJIHOBOH (DYHKUUHU H3MeHsiercst
Ha TPOTHBOIOJIOXKHBIT. AHAJIOPMYHO MOBefleHHe ATOMHOW p-opbutanu. Mosekymsp-
Hble OpOMTA/IM TaKoro TUMa o60sHa4aloT rpeveckoil GYKBOH 7 (T — aHaJor JIATUHC-
KOro p).

Hnsi onycanus opGUTallell UCTONb3yeTcsl olepaildsi CUMMeTpUM, HasbiBaeMmas
ungepcuel. J1a oNepauus cOCTOUT B olefyiouieM. Uz kakon—bo Touxku opSUTau
Yepes ee LEHTD IMPOBOLAT MNPAMYI0 U TMOJIYy4aloT CUMMETPUYHO PpACIOJIOKEHHYIO
BTOpyl0 TOYKY. EC/IM B HOBOI Touke 3HAK BOJIHOBOM (YHKUMM He U3MEHSAETcsi, To
Oop6HTallb HA3bIBAETCS CUMMETDUYHOM OTHOCUTENIbHO MHBepcHM. It obosHadenust
COOTBETCTBEHHO CUMMETPHUYHOTO U AHTUCHMMETPUYHOIO MOBENEHUS OTHOCUTENIBHO
WHBEPCUM YacTo yNoTpeGJsLIOT HeMellkHe ciloBa gerade M ungerade, 4ro cooTBercr-
Byer TepMMHaM 'dernbii" u '"Heuernnmt". MoJiekyJisipHble op6UTaNIU 05 U O, -—
YeTHble, UX MOMXHO OOO3HAYMUTH Og. K 4YeTHbIM OTHOCATCA TaKKe OpOUTAIIU 7r; "

w;, UX MOXHO OGO3HAYMTD wg. Opburaim o3 (o) ¥ 7z y HaoGOPOT, HeueTHble, U
Mx 0603HaYalT 0 U T, COOTBeTCTBeHHo. EciM BOCIOJB30OBaTbCS PACCMOTPEHHBIMU

CUMBOJIAMH, SJIeKTPOHHYI0 KOH(MHUrypaiuio MoJieKyJbl ¢pTopa ¢ ydacTveMm ls-, 2s- u
2p-07leKTPOHOB MOXHO 3alMUcaTh ClefyouM o6pasoM:

(lag)2(103)2(2ag)z(Za:)z(Bag)z(17ru)4(17rg)4.
Apabckve uMdpbl Nepen CHMBOJAMU opbUTallell 0603HAMAIOT HOMEpD SHepreTy-
YeCKOr0 YPOBHS, BKIIOYAIOWIEro Op6UTaIM NAHHON CUMMETPUU.

B 1abn. 7 npuBeseHbH KOHTYpHBIE AuarpaMMbl MOJHON M OpGMTANBHOMN
9NIeKTPOHHOM nJI0THOcTM B Monekynax Hj, Li;, B,, mocrpoeHssie ¢ mo-
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Ta6nuial KoHTypHble AMarpaMMpl CyMMapHOTo M OpGHUTAIILHONO pacipe/ieNieust

e H,, Lip, By

IEKTPOHHOM IJIOTHOCTH B MOJIEKYJIaX

Monexynaprag  opbumane

Nomag
nexmponnag
AROMIHOCME

Monexyna

>
3

Ta6auunas. JHeprusl, JVIMHA U MOPSIAOK CBASH JABYXATOMHBIX
TOMOSIJIEDHLIX MOJIGKYJS M HOHOB SJIEMEHTOB 2-TO Ileprojia

Monekyndaphbie
opOutanu B, c, . N, N,

z

|
|
]
¢||
|
+1'

woon [

e+
=+
JE+
sl =+

Topsiaok cBs3n

Mexwanepkoe 0,59 0,131 0,110 0,112
PacCTOsiHUE, HM
DHeprus QUCCOLH- 620 941 843
aumu, kJIx/Monb
Monexymipuue

op6uTanu 0, F, (Ne;)

“ - - T+*
il nr

+ 4
+3+
+3+
+
+

Os

4+ 0. | s
3¢¢¢¢Ilw g
+ +

Topsinok cBS3H A

E SEEF
E -+
et

Mexsnnepuoe 0112
paccTosiHne, HM

3ueprys AMCCOLN- T 642 494 159 -

aguy, kIx/Mosb

| Csenenus 06 sHepruu, OJIMHE U MOPAJKE CBA3H TOMOAMEPHBIX MOJIEKYJN
|| >/1eMEeHTOB 2-ro mepuona mpuBefeHH B Ta6. 8. Kak BuAgHO M3 3TMX AaH-
,‘,“me, B pany B, — Cy, — N, no Mepe 3anogHeHUs CBA3BIBAIOIUX MOJIEKY-

i/ 3aNONHEHNs Pa3PHXIAIOMUX Opbéutaied, HaoOOPOT, MeKbANEpHOe pac-
CTOSIHUE BOBPACTAeT, 2a 3HEPrUd [UCCOUMALUMU MOJEKYNT YMEHbIIAeTCA.
‘,Monelcyna He, BoO6me HecTabuibHa BeJICACTBHE OJUHAKOBOTO YHCIA
| 61



-AMC,
Kbx/mons

840

420

1 01 0 1t 2 3 2 1 o HNopanokceaau

P u c. 28. 3aBUCUMOCTb BHEPIHMUN JUccOLMaA-
LMY MOJIEKYJI OT NOPANKA CBA3U

CBABLIBAIOIMMX M Pa3pPBIXIAIONIMX JJEKTPOHOB. AHaANOrM4YHO OGbACHsAETCA
TOT (PaKT, YTO M OCTaJbHBIe GIATOPO/HBIE ra3bl OJHOATOMHBI. 3aBUCHMOCTD
SHEPTMHM A MCCOIMAIMN MOJEKYJ OT 4YHc/ia U3 BaJIGHTHBIX 3JIEKTPOHOB W7-
JocTpupyer puc. 28.

Kak suano u3 Tabu. 8, yJaieHue 37eKTPOHA ¢ Pa3phIXJstomel opbura-
M NPUBOAMT K BO3DACTAHMIO BHEPrMHM JUCCONMAIMHM M  YMEHBIUEHUIO
MexbAAEpHOro paccTosHus. O6 3TOM CBUIETENILCTBYET, HANPUMEpP, CpaBHe-
Hue paubix a71a Oy u Of. Haobopot, ynalienue 37€KTPOHA €O CBABHIBAIO-

el opOouTaNnu NpUBOAUT K YMEHBIICHUIO SHEPruu AUCCONUANMU U BO3pac-

TAHUIO MEKBSANEPHOrO PACCTOAHMA, O 4eM CBHAETENbCTBYCT, HAIpPUMEp,

cpaBHeHMe JaHHBIX A4A Ny u N7

Crpyxrypaue ¢opMynn Molexys. B mpocreiiux cIyJadx XapakTep
pacmpelefleHust 3eKTPOHOB MO MOMEKYJIAPHBIM opbuTansaM NO3BOJSET
MOCTPOUTL CTPYKTYPHYI0 (opmyny monekynsl. Tak, B monekyne N, (em.
Tabi. 8)

020 *2 72 wzcﬂ

nopsiAoK cBA3M 3 3a cyer w%rja%—aneic’rpoaon. OcranbHble BJIEKTPOHBI — 02
M 02 — BKJIaL B XUMHYECKYIO CBA3b MPAKTUYECKU He BHOCHAT. Hx moxno

paccMaTpMBaTh NMPUHALJIEKAIUM OTASNBHbIM ATOMaM B BUJAE HECBA3LIBAIO-
IHUX 3JEKTPOHHBIX Nap:
:N = N:
B Monekyne N, onHa o—CBsi3b M JBe T—CBSA3H.
62

B monekyne F, nopanok cesizu 1:

020 2otrlnin X2 2.
zy Yy

2.
Ee ocymecrsafor 02-3MeKTPOHB. OJEKTPOHB JPYTMX MOJEKYISAPHBIX

op6uTasell MOXKHO PacCMATPUBATH KAK HECBA3LIBAIOLIME, T.e. NMPUHAIJIEHKA-
IMKEe OTAENbHLIM aTOMaM

ZE‘_E‘Z

CioxHee NpecTaABUTL TAKUM ITPHEMOM CTPYKTYpHYIO dopMyy MoJeKy-
ael kesopoaa O, (eM. Taba. 8):

20 ¥2 0242 p2 4 ¥l *1
0T dzﬂ'xﬂ'yﬂ'xﬂ'y.

Cornacuo mpasuny XyHpa, ABa 9/1€KTPOHA PACHpEAeAIOTCA MO JIBYM
T *-Op6uTanaM: w;;lar;l.

HNopsnok csasu B Mosexysne O, paser 2. 3a cyeT g2-57€KTPOHOB OCYILe-
CTBJISIOTCS 0—CBS3b.

3a cuer 7-u 7 *-3MEKTPOHOB OCYIECTBAsACTCA T-cBA3U. Toraa cTpoeHue
Mosiekynbl Oy MOXHO NPEACTaBUTH CTPYKTYPHBLIMH (hopMyTaMu:

00 WUIu 0 = O:

Tpemsa ToukaMu 0603HAYEHE! CBA3M, OGYCAOBIEHHBIC ABYMA 7— M OIXHUM
T *-3/IeKTPOHAMH, 3TO OTBEYaeT MopAKY cBsasu 0,5.
Bo BTopoit dopmyse HenapHbleé TOYKM O3HAYAIOT T ;— H r;—anewrponm.

Tpoitnaa cBsA3b 06ycnopneHa aﬁ;r%;rz—anem*ponamu. Ho 3a cyer apyx w*-

37IEKTPOHOB MOPAACK cBA3HU B Monekyne O, paseH 2.

Pacrpenenenue 271eKTPOHHONR NJIOTHOCTH B OpPGMTANISAX MoOJAeKymsl O,
noKa3aH Ha puc. 29.

OHeprAA HOHM3AUMH MOJEKyn. B mpsMoii 3aBHCHMOCTM OT XapaKTepa
pacnpefe/ieHUsA 3JAEKTPOHOB MO CBA3BLIBAIOIIMM M Pa3pHIXIAIOIMUM MOJEKY—
JISIpHBIM OpOMTANAM HAXOAMTCA 3HEPrus HMOHU3aUMM MOJIEKYN. Kak Mbl
BUZC/IM, B [ABYXATOMHON MOJIEKyJie CBA3LIBAIOIME 3MEKTPOHB CBA3AHBLI C
AApPaMH NpoYHEe, 4YeM B aToMe, a paspbixasiomme — Haobopor. Takum
06pa3oM, B3HEprHA MOHU3ANMM MOMEKYNhl, BEPXHAA 3aHsTaA opObuTanb
KOTOPO# SIBJIAETCA CBA3BIBAIOINEN, BHIIIE, YEM TAKOBasA CBOOOMLHOrO aTOMa.
Hanpumep, sueprus monusanuu momekyast N, (1503 x[lx/moms) Gompiue
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P u c¢. 29. Pacnpenenenue :memponuoﬂ*nnomomu B MoOJIeKYJle
*
O, o opbUTATISIM 05~ U O -, Oz Tz U Tz

sHepruM uoHusanuu aroma asora (1402 w/lm/monb). Ecau ke BepxHss
3aHATasd OpGHUTA/lb MOJEKYJbl SABIACTCA pPa3pLIXIAIONIEH, TO BHEPrHs
MOHM3aMM MOJIEKYIh MeHbIe, 4eM aroMma. TaK, DHEprusi HOHU3AUHU
mosexynsl Op (1164 kJIxk/Monb) MeHbIle SHEPrUM WOHH3AUMM ATOMa KUC-
nopona (1314 wJlx/Mons).

MaranTeHe cBOHCTBA MOJEKYJ. XapaKTep paclpelesieHus 3JeKTPOHOB
[0 MOJIEKYJISIDHBIM OPOUTAJIAM MO3BOISAET OObSCHUTL MarHUTHHIE CBONCTBA
Mosekyn. I[lo MarHUTHBLIM CBOMCTBAM PAa3IUYaAlOT NAPEUAIHUMHNBE U OUG-
aariumusie BemecTBa. IlapaMarHUTHBIMH SIBJSIIOTCSI BEIIECTBA, ¥ KOTOPBIX

© UMEIOTCA HeHnapHbIC 3JIEKTPOHLI, Y JUAMArHHUTHBIX BEIECTB BCEe 3JICKTPOHBI

rapHsbIe.

Karx BupgHO 43 Tabn. 8, B MOJEKy/le KHCAOPOAa MMeeTcsl [Ba HemapHBIX
3JI€KTPOHA, IO3TOMY OHa [apaMarHWTHa; Mosekyaa ¢Topa HenapHbBIX
3JICKTPOHOB HE MMeeT, CJIeOBATeJLHO, OHA JAUaMarHUTHa. IlapaMarHWUTHBI

Taroke Mosekyna By u Monexynsipasie nonst HY u He}, a monexyant Cp, Ny,

H, — nnamarauTHel.

Oxpacka semects. Teopust MOJIEKYIsIpDHBIX OpOUTaeil MO3BOAsET OOL-
SICHUTb OKpacky coenuHeHnil. OKpacka sABAsiercs pe3yibTaTOM wu3OUpPa-
TESLHOTO MOTVIOLIEHMs COSMHEHMEM M3IYYeHMs BUIMMON 9acTH 371eKTPO-
MarHUTHOr'O cHEeKTpa. Tak, ecan cOeZUHEHHNe HOIVIONAET U3JTyYEHHe KeJlTO-
3eseHoi 4yacTH cnexTpa (anmHa BoaHb 500—560 HM), To Habaomaercs
duonerosas okpacka BemecTsa. IMEHHO Takylo OKPAacKy UMeET, HarpyuMep,
MOJICKYJISIpHBI MOJ.

Tun sHepreTnyeckoil auarpaMMmbl OpOHTaICl MOJIEKYJIH MONA AHANOTH-
YeH JAuarpaMMe MoJexyiasl ¢Topa ‘(cM. Taba. 8). MoxkHO cuMTaTh, UTO
OKDAacKa 10/la B OCHOBHOM O0s13aHa MEPEXOAY 3JEKTPOHA mpH BO36y:KIEHNUM
¢ 7 *-opbuTtanu Ha cBOGOAHYIO 0 -op6utans. CornacHo ypaBHenuio € = hv,

9TOT Nepexod MNPOUCXOAUT MpU TMOIVIOIEHUYN 3VIEKTPOMArHUTHOrO K3Jyde-
HUs ¢ JiauHoi BOJMHBI nmopsifika 520 HM, T.e. KBaHTOB, OTBEHAIOIIUX KEITO-
3€JIEHOW JaCTU CIIEKTpA.

B

§ 3. IBYXATOMHBIE TETEPOSAJIEPHBIE MOJIEKY/IH

lereposnepHbie (pasHO3IEMEHTHBIE) ABYXATOMHBIE MOJICKYJbl OMUCHIBa-
IOT TaK JKe, KaK roMosiiepHble JIByXaTOMHbIe Mojexyabl. OQHAKO, HOCKOIb-
Ky peib HeT O pa3HbIX aTOMaX, JHEPIUsl aTOMHLIX OpOMTasell U UX OTHO-
CUTEJIbHBIN BKJaJ, B MOJEKYAsipHbIe OPOUTAIN TOXKE Pa3sTHYHbI:

v, = cl1/JA + 62¢B; v = 631/JA — C4¢B'
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P uc. 30. DHepreruyeckas Inarpamma opbutanedt
rereposiiepHofl ABYXaTOMHOA MOJIEKYTIbI

B ceasuBalomyio Oop6HTanb GONbHIMI BKJIAI BHOCMT OpGHTANL GOJee
3/1I€KTPOOTPHLATENIBHOTO aTOMa, 3 B Pa3pHIXJIAIOMYI0 — OPGATAIL MeHee
3/IEKTPOOTPHUATENLHOIO aToMa. JlONycTHM, 31€KTPOOTPHIATENBHOCTD
atoMa B Gossme snekrpoorpunarenbrocty atoma A. Toraa ¢; > ¢, ¢3 >
> 4.

CeaspiBalomue opbutajy 00 3Heprum 6auxe K opbuTansM 6Gonee
S/IEKTPOOTPHIUATE/ILHOTO aTOMa, pa3puiXadioliMe — Oiuxe K OpOUTaNAM
MeHee 3J1eKTPOOTpUUATeALHOrO atoma (puc. 30). O6pasHo rosopsi, JIeKT-
poH Ha cBsi3nBaouleil op6uTany GOJBIIYIO YacTh BPEMEHH NpPOBOAUT BOK-
pyr saapa Gosee 37eKTPOOTPHIATEJIBHONO aTOMa, a Ha- pa3pHxiAiomei
op6uTanu — BOKPYT AApa MeHee 3JIeKTPOOTPUIATENILHOrO aTOMa.

O xapaKTepe pacnpeaesieHusi 3J€KTPOHHON IUIOTHOCTU B reTeposaepHOil
MOJIeKyJle MOXHO CYAWUTH NO KOHTYDHOW JuarpaMme, NpUBeNeHHONA Ha
puc. 31 ansa Monekynel CO u u3037€KTPOKHON e ronoknepnoﬁ MOJIEKY 1B
No.

a ' : 6

P u c. 31. KoHTypHas anarpamma paclpelesieHUsi J1eKTPOHHOM NJIOTHO- -
ct1 Mostexyn CO (a) u N; (6)

66

§ 4. TPEXATOMHBLIE IMHEVHBIE MOJIEKYJIBI

Monexyna BeH,. Jlis MHoroaroMHbIX MOJIEKYJI MOJIEKYJISIPHasI OPOGUTAJL coc-
TamRJIsieTcst U3 OpOUTANN LeHTpallbHoro atoma (1 4) W Tak Ha3bIBAeMONl IDYTITIOBOM

opburany (Ypp):
U, = ayyat c2¥rp; V. = c3tiga — catip.

pynnoBasi op6uTajis mpencrasnsier coboil pe3ysbTaT KOMOMHAnWUW opburajieit
nepudepnUdeckUX aTomMoB (JINTAHOB).

PaccmorpuyM TpexaromHyio Mosekyily -BeHs. OHa mmeer nuzeiHyto dopmy (pHc.
32). Posb LleHTpa/bHOro aroMa urpaer aroM GepHIUIMSA, 2 aToMbl Bojiopofia — poJlb
JvraHnoB. Y GepeslyINsi — ileMeHTa 2-T0 Mephoja — BaJleHTHBIMM SIRJISIOTCS 2§,
2p;—, 2py~ 2propburanm (pue. 33, a), y aroMoB Bojopoma — ls (pue. 33, 6).
Opb6uranm 1s 0Byx atoMoB BOJOpONA COUETAlOTCS] B ABE IPYINIOBble opbuTaiy (puc.
33, 6). OnHa w3 HUX 1), cocTouT N3 1s-opbUTaell ¢ OOUHAKOBLIM BHAKOM BOJIHOBO
dyHKRUMK, Apyrasi 1, — ¢ pasHbLIMM BHAKAMMW BosHOBoM GyHKUMM. [pyrux couera-
HUJt opbUTallell BONOPOLA B TPeXaTOMHO MoJIeKyJie ObITh HE MOJXET.

23@ /s/’h ' @/s

x
¥
J
Hy, Be Hp Zpy
>~ >
. 2p,
y a
P u c. 32. B3auMHoe pacllo- P u c. 33. Op6urann ueHTpajibHoro aroma (a)
JIOXKEHNE ATOMOB B MOJIEKYie W TpymnoBble opbutanu JMraunoB (6) auA
BeH, TPexXaTOMHOM JIMHENHO MOJIeKyIbl

Kak BupHo M3 prc. 33, Mo yCJIOBUSIM CUMMETPUN BOSBMOXKHBI ClefyioliMe code-
TaHUsi OpOUTalleli 1IeHTPaJIbHOrO aToMa W IPYNIOBBLIX OpGUTaJIet:

V. (05) ¥ s+ s W(02) % Yhop, + o
V(eH®h,,— v V(o)w Yop, — Y2
o 67
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Tlepsoe coyeranve MpUBOAUT K 05pa3oBaHUIo TPEXIEHTPOBON CBASbIBaloulel 05

M TPeXIUeHTpoBofl paspbixyisiolielt ¢ ;-opbutaneit (puc. 34). Coueranne 2 - v Yo~

opbutasieit NMpUBOOAT K 0Bpa30BaHMIO TPEXLEHTPOBOJ CBASbBAOMEN 0y U TpeX-
LeHTpoBOJt paspbixasiioedt o ;-opbutaneit (puc. 35).

P u ¢. 34. Cxema ofpasoBaHisl 0sCBASbIBalOWEN X 0 3-paspbix-

nstolllelt op6uTasei Mosekynsl Bel,

Cornacto puc. 33, Mo yClIoBUSAM CHUMMETDHM WA 2Py~ U 2pyopbutanelt atoMa
6epiyUTA MoAXOAAWMX [pyNNoBbX opbutantest Her. (Coveranme 2pr~, 2pyopbura~
Jeit U Y-, Yo-opGuTaneft NPUBOMNT K HyJeBoMy mNepekpbiBanmio.) TaxuM obpasom,
2p,~ n 2pyopbutann B o6pa3oBaHul MOJIEKYJISIPHBIX opOuTallefl y4acTis He Mpu-
#uMaior. OHM nepexopsaT B Monekysny BeH, B HenaMeHHOM cocTosiHUM B KayecTBe

HECOL3b(8AI0WUT ONHOLEHTPOBEIX MOJIEKYNADHBIX opbuUTaieil, NpHHALNEKAMNX AUID
atoMy 6epwuinsa (pvc. 36). DHepris SNEKTPOHOB Ha HECBSSbIBAIOMINX OPGHTANAX

TaKas ke (BepHee, MOYTH TakKasi XKe), KAK M Ha aTOMHbIX opburanax. Hecpsisnipalo—
Le MoJleKyAsipHble op6uTan obosnavalor 7°-MO (7, u r;)
§

JluarpaMma sHepreTideckux ypoBHell Mosiekysb!l BeH; npusenesa Ha puc. 37. B
COOTBETCTBUM ¢ Ooibilieil SIIeKTPOOTPULATENBLHOCTbIO Bollopola ero opbutany B
cxeMe pachnosloxkeHbl Hidke opburaneit Gepumnmusa. Yerblpe BaJIeHTHBIX 7IEKTPOHA
HeBo36yxaeHHoR Monexkynnl BeH; (aBa anektpoHa oT aToMa Gepumms M OBa OT
HBYX aTOMOB BOJODOJa) PAClONaraloTcs Ha Og M 0OPBUTANsAX, 4TO OIMCHIBAETCA
QJIeKTPOHHOI KoHUTypauuei
2 ¥
020 ;.
‘\A;‘ N . .
TaxkuM o6pazoM, XMMU4YecKasi CBA3L B Op6uTamm Op6uranu Op6uranu
mostexynie BeH; ocymecrBnsierca aa cuer Be BeH, H
IOBYX SJIEKTPOHHBIX NMap B CBABBIBAIOLIMX o
P u c. 35. CxeMa 06pa3oBaHisi 0,CBISHIBAIONIEN U 0 -PaspbIXIsIONel TPEeXLEHTPOBbIX Og¢- U 0 0pbUTANAX. £ //—: '\‘
. 3
opbutaneit Momexyser BeH, Kaxknan us OBYX 2MeKTpoHHBIX Nap B / ,____\\\
paBHOI1 cTemeHHd NpUHAMIEXUT oBOUM 2 VAVER % \\
W
aToMaM Bojopoma. [JlooTomMy — MoxHo ‘\\ // \\
cyurath Nopsiaok cesisy Be—H papubpiM A W
2s A N
1, a crpoedue 9roft MOJIEKYJBI BLIDa3HUTh —-H-——(\ \ \
CTpyKTYpHo#t opMmynoit H—~Be—H. Ona W)
nokasbiBaeT, yro cesau Be—H pasxouen- \\\\
Hbl — WMeloT OIIMHAKOBYI0 SHEPIUio M
IVTHHY.
Monexyna CO,. Monekyna
Ty(2p,)
Puc. 36. HecsssbiBaoolulde T -OopOGUTAIN MoJle-
Kynabl BeH,

OKcujia
o-MO maa
oCVILecTBAAErcsl TakK Xe,

T

A
\
yraepona (IV) nuueitnas, nosroMy nocr-
poetue

moJtekysier  -COo
Kak ¥ mad
JIVHENHOM TpexaToMHoit MoJsiekysibt BeH.

P 1 c. 37. DOnepreruueckan auarpaMma
Onnako y aToma Kuciiopolla B OTAnYHe

op6HTaJiell JIMHEHOM TpexaToMHOl! Mo-
BeH,

" leKyabl 6€3 T-CBABBLIBAHUS Ha npuMepe
OT arToMa BOJOPOLa WMelTcs opbHTanu
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Puc. 38. Opburamm uenrpanbHoro aroMa (a) u
rpymmnoBble opbutami (6) LA TPeXUeHTPOBOM JMHeM-
Hol MoJiekyabl CO4 :

p-runa. CrenoBatesnibHo, opburajeit B Moiekyle CQ, 6oiblie, 4eM B MOJIEKYJe
BeHg. .
Ha puc. 38 moxasaHbl BajleHTHble OpPOMTANIM LEHTPAJILHOIO aToMa yIiiepoja M
rpylnoBble opbutaiy (aTOMOB KUCJIODOJA), COCTaBIEHHbIE W3 X 2p-opbuTaleil.
Benencrsue 60mblioro SHepreTMYeckoro pasiiMyua 2s- U 2p~opOutajieil Kuciopoja
yuyactveM 2s-opbutaneit MoxHo NpeHebpeyb. CoyetaHue opbutaneit 2s — 1, 2p; —
1, IPUBOIMT K 0oGpaBOBAHMIO MOJIEKYJIADHBIX opbuTajieli o-Tvma: o W :7:, o, u

o (puc. 39).

Kombunammsa opburaneir 2p, — 3 M 2py — 15 OpUBOTUT K 0GpasoBaHUIO

TPEXIEHTPOBbIX OpOUTANell T-THMA: T, U T, T, r; (puc. 40). Jns rpynmosbix

opbuTarein 1y ¥ g MOAXOASLMX MO CHMMETPHM OPOUTAJeN IIeHTPAJIbHOTO aToMa
HeT, NoaToMmy B Moslekyle COy OHM MrpaioT posib HeCBASBIBAKIMX U 0603HAUAIOTCS

;. HecBasbiBatomue opbutain JIOKAIM30BAHBI ¥ aToMOB kuciopoma (puc.

1‘_0

c AT

40).
DHepreruyeckasn nuarpamma Mojexysbl CO, npusenena Ha puc. 41. Pacnipene-

JleHWe [BeHAJIAaTH BAJIeHTHbIX BJIEKTPOHOB (YeTblpe — aToMa YIJIepolda M BOCeMb —

70

P u c. 39. CpsispiBaloliine ¥ paspbixisioive g-opburam Mostekyasl CO;

P 1 c. 40. CpasbiBaiolilite, pa3spblx/isAiollne U HeCBA3bIBaloUlHe X-Op-
6urau Monekyabl CO2



Opbutanu Op6uTanu OpGuTanu
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P u c. 41. DOHepretudecKkasi auarpaMma
JIMHENHOM TPeXaTOMHOJM MOJIeKYJIb! ¢ O-
u T-cBsassmMu Ha npumepe COy

ABYX aTOMOB KMJIopofia) To opburansm Momekynst COz cooTBerctByer aiekTpoH-
HO# KoHMUrypanuu

2,2m2 p2 0 2% 2

OLOETET 2T
Mlpy yueTe 25-0/IeKTPOHOB ABYX aToMoB KMcIopoma — A u B onekTponHyo koHGU-
rypanuio Mostekysnsl CO, MOXHO 3aMucaTh:

2962 22722 y®2r2
2sA2sBasoz1rx1ry1rx' T

Yerblpe Maphbl 3JEKTPOHOB — ag, o2, r%, 1r§ IPUXOISTCS HA YeTbIpe TPeXLEeHT-

poBble CBA3bIBalOUIME OPOUTANM, T.e. HA KaXIblll U3 aTOMOB KHMCIOPOJA NMPUXOAMT-
¢s1 IO [IBe Maphbl CBABLIBAIOMIMX BJIEKTPOHOB. TakuM oOpasoM, MOXKHO CHYHTaTh, UTO
MOPSIIOK CBSI3M MKy aTOMaMyl KMCJIOpoia M yrilepoja B Mosekylde CO; papen 2.
3To MOXHO OTPa3HTh CTpYKTYpHoi GopMysoit O=C=0.

§ 5. IATUATOMHBIE TETPASAPUYECKHUE MOJIEKYJIBI

OTHOCHTENLHOE DACHOJOKEHME ATOMOB BOJOPONa ¥ yrjepoaa IJis
TeTpasapudeckoit Monexyan merana CH, npuBeneno na puc. 42. Kak
BUAHO K3 PUCYHKA, MPABWIBHBLIA TETPasZp MOKHO IOJYyYUTb, HOMECTUB
72

HEHTPaJIbHBIl aTOM B [EeHTpe Kyba, a Ie-
pudepudeckue aToOMbl — B €r0 MPOTHUBO-
MOJIOIKHBIX BEPIIMHAX.

B of6pasoBanumM oOpOUTaNiell  MOJIEKYJIbI
CH, npunuMaioT y4actue 2s-, 2p,~, 2py u
2p,opbuTaniu aToMa yriepoga U 1s-op6u-
TaJIu 4YeTblpex aTOMoB Boaopona. Bosmox-
Hble Cr10coObl IMEePEeKPHIBAHMA BaJICHTHHIX
opbuTajieill aToMa Yyrjiepola M 4eTbipex
aTOMOB BOJIOPOJ A ITOKAa3aHbl HA pHc. 43.

P uc. 42. BszauMHoe pacroJio-

KoMmbuHanusi 2s-op6utainu Jlepofia U ls-
P yrepon KeHUe aToMoB B Monekyne CHy

opbuTaneil 4yeTbIpex aTOMOB Bojopona (puc. 43,
@) NPUBOAUT K 0BpPasOBAHMIO MSTUILEHTPOBBIX MOJIEKYISPHBIX O o H 0‘:—:0p6MTaJIeI71.

KowmGunanus 2p,~, 2py-, 2propburaneir yrieposa u 1s-op6uraiest aToMoB BOROPO-
ma (puc. 43, 6) coOTBeTCTBYeT OGPa3OBAaHMIO TPeX CBASBIBAOMMX 0p (0z, Oy 0z) U
TPeX paspLIXImOWUX 0p (O ;‘, a;, 0 ) MATUIEHTPOBBIX MONIEKYNADHBIX opGuTalei.
Xapakrep IepeKpblBanusi 2p-, 2py-u 2propburaneit atoma C ¢ 1s-op6urtansiMu
atroMoB H onuuakoB. CilenoBaTeslbHO, BoZHMKAOLUIME IIPM 3TOM TPU MOJIeKyJIsAPHbBIE
ap—op6m"cum (WM COOTBETCTBEHHO TpH o;-op6ma.rm) UMEIOT ORMHAKOBYIO SHEp—

TUIO, T.e. OHHU COCTABJIAIOT TPUMKIB! BbIDOKIAEHHLIN! YpOBeHb.

a ) g

P u c. 43. IepexpbiBanue 2s- (a) n 2p-opburaien (% aToMa yriepofa c¢ 1s-
OPGUTaNIsMU YeThbIpex aToMoB BoJopofia B Mosiekyste CH,
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" DHepreTHuYecKas AMarpaMma

0’5'::“’"‘ ik OPGt:{m- op6uTaneii  MOJEKyNH  METaHa

o ’,'c, npuseaeHa Ha puc. 44. Hesoa-

— 6yxnennas monexyna CHy umeer

/ \ JBa CBA3LBAIOIIMX W ABa pa3-

E / \ PHIXJISAIOWIAX 3HEepreTHYecKmuX
’ 2"- v o A - ypoeHs. Pacnpepesienue BOCHMH

BaJIEHTHHIX 371eKTPOHOB MOJIEKYJIBl
merana (vethipe or aroma C u
yersipe OT atomoB H) cooTBer-
A CTBYeT JIEKTPOHHON KOHUrypa-
4

/ /!
242 02 2
a1 W) 02020202,

Kaxcnass M3 MONEKyJAApHBIX
op6uTaJieii OXBaTniBa€T BCe aTO-
MBI MOJIEKYJIHl W MO3TOMY MO
X3paKTepy pacnpefieyIeHUsA 3JIeKT-
POHHON IVIOTHOCTH BcE€ YeThipe
aTOMa BOAOPOAA DPABBHOLEHHH. JTO NO3pOJIAET CYHTATh, YTO B MOJIeKyJ]e
MMeTcA YeThpe paBHonennnle cpasun C—H:

lll
H—C—H

H

P u c. 44. DHepreTuyeckass nUarpaMma
opbuTaneit TeTpasApHYecKoit MOJIEKYIIBI
6e3 T-cBA3KLIBaHUA Ha npuMepe CHy

BanerTHbE 97EKTPOHLI PaciioNaraioTcs Ha OpPSUTANAX ABYX 3HEPreTH-
yeckux ypoBHeii (puc. 44). IMosromy monexyna CHy uMMeer aBa NepBHIX
NOTeHIala MOHM3AalMK. YjaaneHue 3JIeKTpPOHA ¢ ogOp6GuTann Tpebyer
Gonpme#t sHeprun (2132 k[x/MONL), YeM ¢ OfHOM M3 op-opbuTainu (1274
kJLx /MoNB). :

Kak mokasbBaloT pacyeThl, 2s-0pOMTaNL aTOMA yIviepoga Mo CBoelt 3Hepruu
pe3Ko oTyMuaercsi o ls-op6uTanm aToMa bogopoga. [losToMy no sHeprermueckKUM
YCTOBUSIM KoMOMHAIMA 25-OpGHUTANIM ATOMA YIJlepOdd C MeThIPbMA 1s-opburansiMu
YyeTbipex aTOMOB BONOPONa K 3aMETHOMY NePeKphiBaHHIO He NMPUBOAMT, a ClleloBa-
TeJlbHO, 25-0pOMTalb aToMa yIyiepola B MoJieKyjle MeTaHA HMIpaeT poJib HeCBASbI-
pawmeit. TaxuM obpasoM, B Mosekyne CHy B INeACTBUTENBHOCTH XUMHYeCKas
CBA3bL OCYILECTBJIACTCS 3a CYeT IBYX 2P-GJ/IEKTDOHOB YTJlepona M 4erbipex 1s-oiexrt-

7

T
'11 B

POHOB UeTbIpex aToMOB Bopopopa. OUeBMAHO, YTO U MPU TAKOM OOGBSACHEHMM COXpa-
HAETCs BLIBOJ O PAaBHOLEHHOCTM BCEX HeThIpEX aTOMOB BOJOPONA MOJIEKYJbI MerTaHa
M paBHoueHHocTH cBsizest C=H.

§ 6. COIOCTABJIEHUE DOHEPTETHYECKHUX JUATPAMM
OPBI/ITAJI'EF[ MOJIEKYJ PASHOT'O CTPOEHUA

ConocTaBuM 3SHEpreTMYecKHe OuarpaMMBl Op6uTaneil JIMHENHOW, Tpe-
YTOJILHOM, TeTpa3JpH4yecKoi, TpUTrOHaJIbHO-IIMPaMHJaAJILHOW K  yrJIOBOM
MoJekyn 6e3 m-cBa3ei:

% »*
or o

e
¥ 3
or O — — 0, 2z or_ oy —
E »* * »* » »* »
O5 . 0y — oy — Of — — 0y Oz
’ °
H n
° o a ° Y
L S . _H_az

o, ) *H-”;
T T T LA T
X S T A e

BeH, BH3 CH4 H;N HZO
Jlunennas Tpeyronbuas TerpadapHueckas IMupaMunanbHas Yrnosas

Ilo Mepe mepexona B 3TOM psALY OT JIMHEHHON K TeTpasipHYecKOi
MOJIEKYJIe YUCJIO MOJIEKYJIAPHBIX 0-OpOUTaseil yBEJIMYUBAETCA, a YUCIO T—
opburaneit yMeHbIaeTcs. B TpUroHaLHO-MMpaMUIaNbHOR  MOJIEKYJIé
YUCJIO o-Opb6UTANIel TO k€, YTO M B TPEYTOJILHOM, HO BMECTO HECBS3bIBAIO—
mel mTopbuTalii UMEEeTCss HECBABLIBAIOINAN a;-op6wra.nb.

PacnipenesnieHue 2JIEKTPOHOB 1O MOJCKYJIADHBIM OPOMTANAM MOMKHO
OTPa3uTb B CTPYKTYPHHX (opMymnax monaekya. [lpumem BO BHMMaHHE, YTO

R HaxXOok[eHUE BIEKTPOHA B 0-OPOGMTATH COOTBETCTBYET 0-CBA3M MEKIY aTO-

. MaMU. OJIGKTPOHBI 0°- U 7 -OpOUTAel UrpalOT POJib HECBABHIBAIOMMUX M
}' DPHHAAJIEKAT IEHTPAJIbHOMY aTOMY:

BeH2 BH3 CH4
olo? 2olod o2olole?
H—Be—H H H
B C~—
Y H/ \ H
H
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Kak BuaHO M3 cpaBHeHMs puc. 37 U pHc. 41, 1A MOIEKyT ¢ T-CBA3SAMM
SHepreTHYecKas nuarpaMMa Op6HTasiell cjokHee, 4eM [JIA MOJeKys 6e3 7-
cBsi3edi. B wacTHocTH, BMECTO HecBs3mBaoowiel 7°-Op6UTANM B MOJEKy/Iax c
T-CBA3LIBAHMEM UMEIOTCA T- M T *-Op6HTAJN.

PaccMoTpuM amarpamMMmy MonekynspHWX op6urtaneit Momekyas: BF;
(pue. 45). DTa Mosekyna, kak M Monekyna BHj, umeer ¢opmy maockoro
TpeyroabHuka. Ho tak kak aroMel ¢rTopa mMeroT op6uranu, cnocobHbie K
06pa3oBaHNIO MOJNIEKYIAPHBIX Oop6HTanelt 7-tuna, B Mosekyne BF3 umeror-
CA M MOJEKYAApHHWe 7~ u 7 *-op6utain. Eciu He yuMThIBaTbL 25-3J1€KTpO-
HOB aTOMOB (propa (254, 255, 25.), 3Ta MOJIEKYNa comep»kuT 18 BajieHTHBIX
a71eKTPoHOB (3 amekTpoHa aroMma B, 15 anekTpoHOB Tpex aToMoB F). Us

A
H

Op6utanu Op6uranu Op6uranu
£A B . BF, . F
1 — —.cy L
\
/1T Ton)
/1 i\
/1y ===\
2 __/ 1y KZ\\‘
v 1y W
\,// ‘\\\
\1 \\\ 2,

Pue 45.1.3Hepx‘e'rnquKa.ﬂ IvarpaMma op6urainen
TPEYrONBHOH MOJEKYIB! € G- M M-CBASAMM Ha IIpHMepe
BF3
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HMX 8 3NIeKTPOHOB HAXONATCH Ha YETHPEXHEHTPOBHX Os, Oz, Oy U T
Op6UTANAX, OCTalbHBIE — H3 HECBA3BIBAIOLUMX OpOGHTANSX, JIOKANN3OBaH-
ANX Ha atoMax ¢ropa. CBA3HBAIOILYIO 3JEKTPOHHYIO KOH(HUTypanuio
Monexkynn BF3; MoxHO M306pa3suTh GopMyioi
oototal

Mockonbky B Monekysne BFj cBasb ocyumiecTBiisieTcd TPeMA 0-37€KTPOHHBI-
MU OapaMd M OJHOI T-3JIEKTPOHHOU MapO#l, nopAgok cea3n B—F cocras-
asier 1 }/;. Takum 06pa3oM, MOXKHO OpeACTABHTb, YTO MEX]y aTOMOM Gopa
H KakIHM U3 aTOMOB (TOpa uMeercs oHa 0-CBA3b, @ T-CBA3h JEJIOKAIN-
3oBaHa 1O BceM TpeM cBsisaM B—F. CkasanHoe MOKHO M306pa3uTh cjie-
AyomHM 06pa3oM:

Takoe xe cTpoeHHe UMEIOT HOHH BO}", CO% NO; u Monekyna SO,
H30371eKTPORHEKE Mosekyne BFj:
o o ¥ O‘\\ T O
SNpoo] | Nomo | Syeo

o 0" o 0"

Teopns MomekynspHHX Op6HTalell Hallllla IINPOKOE NpUMEHeHHe, TakK
KaK Jaer caMblii oOmMuil MOAXOA KO BCeM THIAM XMMHUYECKHX cOelHMHeHM.
JTa TEOpUA AOMHHHPYET B TEOPHM XMMHYECKOM CBA3M M TEOPETHYECKOM XM-
muu BooGme. Ee Mmaremaruyeckuit annmapar Hanbonee yiobeH Nasd nposene-
HUA KOJIMYECTBEHHHX PACYeTOB ¢ noMousio OBM.

I'J1 A B A 3. TEOPHUs BAJIEHTHHIX CBA3ER
§ 1. HACBIIIAEMOCTb KOBAJIEHTHON CBA3U

PaccMoTpuM B paMKax Teopum BajIeHTHRIX CBsA3ell XapakTepHBle Oco6eH-
HOCTM KOBA/IGHTHOM CBA3HM - HACHILLAEMOCTh, HANpaBJeHHOCTb U NOAApPH3Yye-
MOCTE.

OaHO K3 BaXKHEIWHX CBOIICTB XUMMYECKOH CBs3Il - €8 HachllaeMOoCThb.
Benencrene nachiiaeMocTH CBA3M MOJIEKYJIBl MMEIOT OMpefeeHHbI cocTaB
M CYLeCcTBYIOT B BUAE AMCKPETHBIX YacTHIl € ollpe/lelIeHHoli CTPYKTYPO#.

TeopHst BaseHTHBIX CBA3EH (NOKAIMBOBAHHBIX 3NEKTPOHHBIX Map) UCXO-

ANT U3 MOJOKEHHS, YTO Kaxkaas napa aTOMOB B MOJIEKYJIe yN€p:iKUBaeTcA
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BMECTe¢ NpH MOMOUM OJAHOA MNM HECKONBKMX OOLMX SJMEKTPOHHBIX Map.
TakuM 06pa3oM, B NPEACTABICHUN TEODHUM BAJIGHTHHIX CBA36H XUMHUUYECKasd
CBA3bL JIOKAJM30BaHa MexkJy ABYMsl ATOMAaMu, T.6. OHa [BYXUEHTPOBasd W
I BYX3J6KTPOHHAA. '

O603Ha4eHUE ¢ NOMOMIbIO YEPTOYKH XUMUYECKON CBA3U B CTPYKTYPHBIX
dopmMynax coepuHeHMR

H

H—H :N=N: O H—C—H
H
Hy N, H,0 CH,4

Hamno o6ocHoBaHMe Gaarogaps teopuu BC.

BaneataocTs. Iloa BaneHTHOCTBIO MOApa3yMeBaeTes CBOUCTBO aTOMa
AAHHOrO 3JIEMEHTA MNPHUCOEAWHSATH MJM 3aMeraTb ONpPeJeJIeHHOe YHUCJIO
ATOMOB JPpYTroro aneMenTa. Mepoit BaJIeCHTHOCTH NO3TOMY MOXET O6BITh
YUCJIO XUMHYECKHUX CBs3eil, o6pa3yeMBX NaHHBIM aTOMOM ¢ JpYTHMH aTo-
Mamu. TaxkuM 06pa3oM, B HacTOsee BpeMsi MOJ BaJIGHTHOCTHIO XHMHUYec—
KOrO 3/1eMeHTa O6bIYHO IOHUMAETCS ero crnocoGHOCTh (B 6oJiee y3KOM CMbic-
Jie — Mepa ero croco6HOCTH) K 06pa30BaHMIO XMMHUYECKUX cBsaseil. B npen-
CTaBJIGHUM METO/la BaJIEHTHHIX cBA3el 4YMCIOBOE 3HAaYEGHHE BaJEHTHOCTH
COOTBETCTBYET YHCIIy KOBaJIEHTHBIX cBsi3efl, KOTOpHIE O6pa3yeT aToM.

O6pasoBaHMEe MOJIEKYABl BOAOPOAA M3 aTOMOB MOMKHO MNPEACTABHUTEH
caeayomuM 06pa3oM (TOYKa O3HAYyaeT IJIEKTPOH, 4epTa — Napy 3JIeKTpO-
HOB):

H- 4+ -H=HH wm H- + ‘-H=H-H

lockonbky npeGbiBaHUe ABYX 3JEKTPOHOB B MOJE AEHCTBUA ABYX sAA€p
SHEpreTMYecKH BBIFOAHES, YeM HaXOXACHME KaXAOro 3JEKTPOHa B NOJE
CBOErO siipa, B O6pa30BaHMN KOBAJIGHTHHIX CBA3EH MOFYT NpUHUMAThL ydac-
THE BC€ OAHOAICKTPOHHBIe o6iaka. Hanpumep, aToMb Kuciaoposa u a3oTa
MOrYT COeJMHATBCA € JBYMA W TPEMsA (COOTBETCTBEHHO) OJHOBaJIGHTHHIMU
aTOMaMH BOJIOPOJa:

0 25"2p* “N 2s%2p°

£ .H.'H'-zfp—-f- -H-+;!,'+

H H
-0t + 2H —= H:0: tNe + 31 — :N:H
H
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B psze ciyyae YMCIO HEMAapHHEIX 371eKTPOHOB YBEJIMYMBAeTCA B Pe3yJib-
Tate BO3GYHJEHMSA ATOMA, BHILIBAIOWIETO Pachaj ABYX3JIeKTPOHHBIX 06sa-
KOB Ha OAHOdJIEKTpoHHHe. HanpuMep, aToM yriiepoaa B OCHOBHOM COCTOS-
HUM UMeeT JBa HemapHHIX dNeKTpoHa (2s22p?), a nNpH BO36YKASHUU OLHOTO
U3 25-3NEKTPOHOB B 2p—COCTOAHHE BO3HHKAIOT HeThipe HEMAapHEIX JMEKT-
poHa:

E C 2522p? C* 23‘2-;’-+
- - L f
"H' 2p + 2p
2s }

2s

BojieicTBHE 3TOTO aTOM YIJIEpO/ia MOXET COSAMHATHCA, HampuMep, ¢ de-
THpbMA aToMaMu ¢TOpa (2522p°), MMeIOMMMM NO OAHOMY HemapHOMY

37IeKTPOHY:

:F:
‘C_:‘ + 4~E:—0 :E—C—E:

:F:

Boz6yxaenne aTOMOB A0 HOBOTO BaJIGHTHOIO COCTOAHMS TpeGyer 3aTpa-
TH ONpeJeeHHON JHEPruM, KOTOPasd KOMMEHCUPYeTcs JHeprueit, BRIAGTIC-
Moii npu‘o6pasopalun cesseit C—F.

JloHOpHO-aKknenTOpHHIA MeXaHW3M 00pa30BaHMs KOBAJIGHTHON CBA3H.
Bo3Moken M Apyroil MeXxaHHU3M OOpPa30BaHUA ABYXUEHTPOBOM ABYX3JEKT-
POHHOIT cBA3H, & MMEHHO MpH B3aMMOIEACTBUM YAcTHL, OJHa M3 KOTODBIX
MMeeT mapy 3JIeKTPOHOB A:, Apyras — cBOGOAHYIO opGuTans 0OB:

A: + oB = A-B

JloHOp  aKuenrop

YacTHUa. NOpefOCTAB/SIOWAA AJA CBA3H JIBYXd/NE€KTpOHHOe 06JaKo,
Ha3piBaeTCA Jonopoa; YacTUUa €O cBOOOJHON Op6HTalbLIO. MPHHHMAIOMIAS
3Ty 3JIEKTPOHHYIO Napy, HAa3bIBACTCA aKyenmopo.

Mexann3m 06pa30BaHis KOBAJIGHTHOM cBA3l 3a cYeT ABYX3AEKTPOHHOro
obnaka OAHOrO arToMa M cBOOOAHOH OpPOMUTANM JAPYFOro Ha3blBaeTCA

JOHOPHO-AXYENMOPHBLA.
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BaneaTane Bo3amoxaOcTH 31eMenToB.lMes B Buay o6a ommcaHHBI®
BHIIIIE MeXaHU3Ma 06pa30BaHMsI KOBAJeHTHON CBA3M, PacCMOTPUM BaJleHT-
HBIE BOBMOMXHOCTM aTOMOB 60pa, yI/lepoJa U a30Ta. JTO 3JIEMeHTHl 2-TO
Hepuoaa, U CJeOBATeIIbHO, X BAJIGHTHHIE 3JIEKTPOHBI PaclpeleisiioTcs 10
YyerbIpeM .0pOUTaNAM BHEHIHEro CJI0A: OXHOM 2s- U TpeM 2p-

B 2s522p! C 2s22p? N 2s22p3
S i Sl
‘H‘ 2 ‘H‘ 2p ‘H’ 2p

2s 2s 2s

IMockonbky y 60pa U yriepoia MMeIOTCS IHEpreTHdecKUM 6JM3KUE CBO-
60aHEIe 2p-Op6uTany, MPU BO3OYKIACHUM 3TH 3JIEMEHTHl MOTYT Ipuo6pecTu
HOBBI@ 3JIEKTPOHHBIE KOHUTYPALUN:

+ 3T Lttt

2s 2

B coorsercTBUM ¢ 4YMC/AOM HemapHEIX aJeKTpoHOB aToMel B, C um N
MOTYT 06pa30BaTh COOTBETCTBEHHO TPM, YEThIpE U TPU KOBAJIEHTHEHIE CBSA3M,
HallpUMep ¢ aTOMaMu BOXOpOja:

H H H
) l ) l . |
B-+3H- #0B-H -C-+4H- 5 H=C=H -\ :
I I |
H H H

AroM Gopa umeer cBOGOAHYIO OpPGUTANb, NOBTOMY B 'Monexyne BH;
nebuunt 3extponos. B Monexkyne xe NH; mpu arome asora uMeercs
HelO/leleHHas (HecBA3HBAIOMIAA) 3J/MOKTPOHHas mnapa. TakuM o6pasoM,
monekyna BH; moxer seicrynars kak akuenrtop, a Monekyna NHj, nHaoGo-
POT, — KaK [OHOp 3JEeKTPOHHOH Haphl. MIHHIMH clIOBaMM, LEHTpaJbHBIE
aTOMbl TOM M ApPYroill MOJNEKyJsl crnoco6HsI K O6pasoBaHUIO YeTBEpTOM
KOBaJ/IGHTHOM CBA3U IO AOHOPHO-AKUEIITOPHOMY MEXaHU3MY.

[Ipocrefimuit monop 3JeKTpOHHOM mapsl — ruapuza-uon H-. Ipucoenn-
HeHUE OTPHMUATEIBHOTO TMAPUA-UOHa K Mojdekyne BH; mpusoaut k o6-
Pa30BaHMIO CJIOKHOTO (KOMIUIEKCHOrO) MOHA BH; c orpuunaresnpnsM 3aps-

AOM:

80

H H
N N
H-Bo + :H- —|H-B-H
! |
H H
aKuentop  HOHOP

IIpocTeiimuit akuenToOp 3JIEKTPOHHOM Iaphl — MPOTOH H*; ero nmpucoe-
gunenue Kk Monekysne NHj; toxe mpuBogur k 06pa3oBaHMIO KOMIJIEKCHOTO
) :
nona NHj, HO yxe ¢ NOJOKATENBHBIM 3apsaLoM:

v | H H 1"
| I
H-N: + 0H* — |H=N—-H
i |
H H |-
JOHOp  aKIenrop

Uz comocTaBineHus cTpYKTypHbX ¢dopMys Mmonekynsl CH4 m xoMmiexc-
fomprx monos BH; u NHj

+

H H H
N | 1
H-B-~H H-C—H H-N-H
| | |
H H H

JUHO, YTO aTOMBI GOpa, yrjepolia U a30Ta B 3TUX COJAMHEHMAX 4Yerblpex-
anentnbl. Ciexyer oTMeruTh, uyro B wonax BH; u NHj Bce derbipe cBs3u

BipaBHOEHHE M Hepa3JMdUMbl, CJEJOBATEIBHO, B MOHAX 3apAJ AeJOKaIu30~
bpan (paccpenoToden) Mo BceMy KOMILIEKCY.

) PaccMoTpenHble IpuMepHl IIOKA3LIBAIOT, YTO CIIOCOOHOCTL aToMa 06pa3o-
¥BLIBATL KOBaJIGHTHBIE CBA3HM OGYCJIOBIMBAETCA HE TOJIBKO OJHO3JIEKTPOHHBI-

§ 2. HAITPABJIEHHOCTD KOBAJIEHTHOW CBA3U

' IlockONBKY B3JIEKTpOHHBIE 06/1aKa UMEIOT PasIM4YHYI0 GOopMYy, UX B3aUM-
fiHoe IepeKpHIBaHUE MOXET OCYHIECTBAAThCA DPa3HBIMU cnocobaMu. B 3aBu-
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P u c. 46. Cxewmb! nepexpuipanust opbutaneit npu oGpas3oBaHuu o-, T-, S—cBAzeil

Cutma-c623% OCyIECTBAAOTCS NPU NEPEeKPHBAHUN O6JIAKOB BAO/D MR
cOe/iMHEHNA aTOMOB. [lu-c643t BOBHMKAOT IIPU MEPEKPHIBAHMM 3JEKTPOH-
HBIX OOJNIAKOB 10 06e CTOPOHHBI OT JMHUM COeAMHeHusA aroMos. Jeasma-
€613% 00s3aHA NEPEKPLIBAHUIO BCEX YETHIPEX JONACTeli d-3IeKTPOHHBIX
06718KOB, PACHOJIOKEHHBX B napalleNbHHX miockocTaX. Mexona us yemo-

BUII CUMMETDUHM, MOXKHO CKa3aTh, YTO EKTPOHH S-Op6UTANeil MOTYT yda-

CTBOBATH JIMIIb B O—CBARBIBAHUM, P-3JIGKTPOHBI — yXe B 0- U TCBABBIBA-
HUN, ‘& d-37IeKTPOHHI — KaK B 0- U -, TaK ¥ B (-cBAsbipanuu. Jnsa fop-
buTtaseil cnocobn nepeKphiBaHus eme pasHoo6paskee.

MakcuManpHOe nepeKphiBaEue O6JIaKOB, O6pasyIOMUX O-CBA3HM, COBMAa-
AlaeT ¢ JWHMEe, COeAuHsomei neaTpsl aToMoB. [lockonbky 3mekTponubIe
obnaka (KpoMe s-06aKa) HanpasJieHbl B NPOCTPAHCTBE, TO M XUMUYECKHE
CBABM, OOpa3yeMble ¢ UX y4acTHeM, IPOCTPAHCTBEHHO Hampapjesbl. Tak,
FaHTeJIeBU/IHBIe Pp-OPOMTANM DAcHONIOKEHb B aTOMe B3aMMHO NepNneHINKYy-
aapro. Cile0BaTeIbHO, yroa MeskIy cBASIMHM, O6PA3yeMBIMH p-3JIEKTPOHA—
Mu aTOMa, foykeH 6uiTh 90°. Takum 06pa3oM, NPOCTPAHCTBEHHOE PACHOJIO-
MeHle 0-CBA3eH OonpelenseT NPOCTPAHCTBEHHYIOD KOHPUTYPALNIO MOJEKYJL.

[Ipocrpancreennbie GopMysbH MONekyn BecsMa pasHOO6pasubl. Tak,
mosiekyna CO; uMeeT JMMHEAHYIO cTpyKTypy, Monekyna CH, — terpasgpu-
deckylo, momexyna NH3; — mupamupanenyio, soge — yraoeyio, SO; —
TPEYTONbHYIO.
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JIns 06bACHEHNA TPOCTPAHCTBEHHON KOH(MUIypalUyu MOJEKys cyllecT-
ByeT pAn Teopmii (Mozesneit). PacemoTpuM Monens ruGpuausauuu OpGuta-
nei.

Mogaens ru6pHUAM3anAM aTOMHEX op6mTaneli. OO6LIYHO XHMUYECKHE
© ¢BA3M OGPA3yIOTCA 3a CYET 3JIGKTPOHOB DAa3HBIX JHEPTETUYECKUX COCTOA-
mnit atoma. Tak, y atoMmos Gepminna (2s22p!), 6opa (2s'2p%) u yriepona
(25'2p3) B O6pasoBaHMM CBA3EH O/IHOBPEMEHHO NPUHNMAIOT y4acTHe Kak s
tak U p-37exkTponbli. HecMoTpsi Ha pasnnume ¢OpM MCXOAHBIX 3JIEKTPOH-
HBIX O6JIAKOB CBs3M, 06pa30BaHHble ¢ UX y4YacTUeM, OKa3BIBAIOTCA PaBHO-
[EHHBIMM ¥ pAacnoNoxexsbiMu cummerpuuro. B monexynax BeCly, BCl; u
| CCly, nanpumep, sanenrneiii yron CIOCl pases 180°, 120° u 109°28°
B8 coorsercTrenxo:

cl 1 al
\B/C . I
cl Be———Cl ’ 120° 109 %’C
180° & ) cl >~c1

N

- Kak Xe HepaBHOIEHHBIE MO MCXOJHOMY COCTOSHHIO 3JIGKTPOHBI 0Opasy-
IOT paBHOIeHHble xuMuyeckue cBsAzu’ OTBeT Ha 3TOT BONpOC [a€T Npei-
CTaBJIeHNe O 1ubpudusayuy sarenmunz opéumaset. COTJIACHO 3TOMY Ipesi-
CTABJICHUIO XMMUYECKHe cBA3M (POPMUDYIOTCA 3JTEKTPOHaMu He ''dMCTHX',
a "cMmemamnnx", TAK HasbBaeMBIX tubpudnmz opbumaset. Ilocnenuue
SIBIAIOTCA pe3yJbTATOM CMENIeHWs ATOMHHIX op6uTaieil. Mnave rosops,
:np'n THOPUIN3aLMN epBOHAYATIbEAA (OpMa U dHEprus opburaleil (dmexT-
POHHBIX O6JIaKOB) B3aMMHO W3MEHSIOTC: W 06pasytoTcsA opburanu (obnaka)
HOBOM, HO yKe OJMHAKOBOM (POpPMbI U O MHAKOBOH 3HEPTHUM.
Craenyer OTMETUTH, YTO, KakK QU3U- X

, npoiece, ru6puan3anns
g opbuTaneli He cymecrsyer. Teopus
p rHOpUIMBAIMKA  NPeACTaBaAer co60il
NOOHYI0 MOJEJNb HarJAJHOrO ONUCa-

f Hayu s~ U p-opbutanein. Oua 6onblie
'BRITAHYTA 1O OIHY CTOPOHY OT sAApa,
YyeM [0 Jpyrylo, T.e. DBHEKTPOHHAaA

y

[0 O[IHy CTOpPOHY B OGoJibnieil cremenm, P u c. 47. QopMa sprubpuaHON op-

¥ uem no apyrywo. [losToMy xuMndeckas Ouramm
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(S+p+p+p) - opdumany

Yemoipe spd-opsumany

P u c. 48. Tn6puansaums BaseHTHBIX opbuTaseit

CBA3L, O6Gpa3OBaHHAas# € yYacTHEM 3EKTPOHa TCUGPUAHON opbuTanu,
ZoskHa 6bTe 6oslee NPOYHON, YeM O6Pa30BAHHASA 3IEKTPOHAMU OTACAbLHBEIX
s~ U p~opburanei.

Xapakrep ru6puan3alun BaTEeHTHHX Op6UTANEN HEHTPATLHOrO aTOMa M
HX HApOCTPAaHCTBEHHOE paCHOJOKEeHNe ONpPeNensAlT NPOCTPAHCTBEHHYIO
KoHpurypauuio Monekyn. Tak, npu KOMGMHANMM ONHOM s~ M OXHOM p-
OpOHTATH BOBHHKAIOT IBe sp-THE6PUAHBIE OpOUTANN, PAclONOKEHHHE CUM-
MeTpHyHO mox yriaom 180° (pme. 48). Orciona u cBA3U. o6pasyeMmsie c
yHacTHeM 31eKTPOHOB 3TUX OpOHTaJIell, TakkKe PaclojaraloTcs MOA yrioM
180°. Hanmpnmep, y atoMa Gepuiins sp-ru6puIMzanus Op6UTANel HpOsB-
asercs B Monekynae BeCl,, koropas BcaieqcTBHe 3TOr0 MMeeT aunednyro
dop.uy (puc. 49, a)
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KoM6upanusa tpex op6urtaneili — OAHON s- U IBYX p-TUna — NPUBOIUT
K O0Opa3oBaHMIO TpeXx Sp-TUO6PUAHBIX OpOGUTaNeil, PacnOJIOKEHHBIX mOJ
yraom 120° (cm. puc. 48). Iloa rakuM ke yrJioM pacrmoJIaTalTcs M CBA3M,
#  06pasOBaHHBIE ¢ yYACTMEM 3JIEKTPOHOB ITUX OpOUTATIeH: Hanpumep, Bcaen-
} cTBHe sp>-ru6puaMzanMuM OpbuTaleil atoma 6Gopa Momexyna BCls umeer
. mpeytoavkyro Gopuy (puc. 49, 6). Pacnpenenenue XMMUYECKHUX CBA3eN
$ ' MOXHO NMPEeJCTaBUTH CJIEAYIOUISH CXEMOIi:

Cl\,Bﬁf

Cl

Kom6unanusa 4yeTepex op6uTaleii — ONHONW $- M TpexX p-TUna — NPHUBO-
IUT K 5p? — sp3-rubpuan3alni, npyu KOTOPOH YeTHIpe rUOpHIHbIE OpGuTam
', CHMMETpUYHO OpMEHTMDPOBaHH B mpocTpaicTBe moja yrioM 109°28° (cm.
puc. 48) k uerbipeM BepiuiMHaM mempasdpa (puc. 49, e). Terpasapuyec-

P u c. 49. lIpocTpacTBeHHOe paclosiokeHye CBssedl U KoHbury-
palys MOJIEKYJL:
a — JIMHeHas;; 6 — TpeyroJbHasi; 6 — TeTpad[puieckas; t — TPUTOHAllb-
HO-OMNUpaMujanbHas; o — OKTad/Ipu4ecKasl; € — [eHTaroHaslbHO-
unpaMUIaTIbHAS
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KOe pacIoJIOKeHMe cBA3elt M ¢opMa TeTpasApa XapaKTepHBl [JIA MHOTUX
coeuHernit yraepoaa, nanpuMep, CCly:

Cl
109’2/3'Cl
cl C§

Bcenencrsune spi-rubpuansanum opburtaneil aroMOB a30Ta U 60pa aHAIO-
TUYHYIO CTPYKTYPY uMeioT uonst NH3 n BH .

Cl
Cl

KoM6unauus opbutajeil Tuna OfHON s, TpeX P~ U OXHON d- MPUBOLUT
K spid-rubpuausanuu. JTO cOOTBETCTBYET NPOCTPAHCTBEHHOM OpHMEHTALNM
oATH sp2d-rTU6pUAHBX OpOMTAlell K BEpUIMHAM MPUIOKAABNOT BUNUPAULOHL
(puc. 49, 1). B cnyuae sp3d2-rubpuanzanuu mects sp3d>-TUGPUIHHX Op6u-
Tajlell OpUEHTHPYIOTCA K BepmMHaM oxmaadpa (puc. 49, ). Opuentamus
ceMH opOuTajiell K BepIIMHAM neNmaronadsnod Sunupamudwu (puc. 49, e)
cootsercTByer spid? (umu sp3dif)-rubpmausanuMu BaJeHTHBIX opO6uTaTell
LEHTPANbHOTO ATOMA MONEKY bl (KOMIJIeKca).

Bimsinne HecBA3HBAIONICH 3JICKTPOHHOH MapH NEHTPANLHOrO ATOMA Ha
cTpoeHMe MOJiekys. Baimle Gwiiv paccMoTpensr IpaBUNBHLIE TeoMeTpHuec—
Kue GOopMbl MOJIGKYA M KOMIJIEKCOB ¢ BaJleHTHRIMM yriaMum 180, 120 u
109,5, 90° OmHako, cOrNIACHO SKCIIEpPMMEHTANbHBIM [AHHLIM, 3HAYNTENbHO
4ame BCTPEYAKOTCA MOJEKYJBl U KOMIIJIEKCHl ¢ HECKOJIBKO MHLIMUA BHAYEHU-
AMU BAJIGHTHHX yI710B. Banenrusie yroim B Monekynax NHz u H,O, wanpu-
Mep, cocrasnawT (ZHNH = 107,3° u ¢<HOH = 104,5°. Cornacuo rteopun
rubpuan3sanyu UEeHTPATLHbIE aTOMbI 5TUX MOJEKYNl OOpasyloT XUMIYecKue
CBASH 33 CYET JIGKTPOHOB sp3-rHOpMIHLIX Op6WUTaseil. Y aToMa yriepoja
Ha 4erbipe sp3-TUbpHKbIe OpOUTANU NPUXOAMTCA UETHIPE 2TEKTPOHA:

e+ 4+ + +

IJrto onpegnenser obpasopanue uersipex csaseit C=H u pacnonoxenue
aTOMOB BOJIOpOZ a MoneKyJisl Merana CHy B Beprunzax Terpasipa (puc. 50).

Y aToMa a30Ta Ha uerblpe sp3-ru6puUAHBIe OPOUTATM NPUXOLUTCHA MATH
3JIEKTPOHOB:

N+ 4
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P u c. 50. IlepexphiBaiiue BajeHTHBIX opburaneit B Monekynax CHy, NHg, Ho0

CriefoBaTebHO, OJHA ITapa 3JIEKTPOHOB OKAa3hIBAeTCA HecB3bIBAIOILESH M

i sanuMaer ogHy u3 sp3-rubpuanHpx opbutaleii, HaIpaBIEHHBIX K BepIIVHe

rerpasapa (puc. 50). Monexyna NHz uMeer ¢popMy TpUrOHaJIbHOW mHpa-

| MU

V aroMa KHMCI0pOJa Ha HeTLpe Spi-TMOpUAHBIE OPOGUTANU NPUXOAUTCH

HIecTh 3JIEeKTPOHOB!
o H# H + +
sp3

‘Tenepb yke HecBA3BIBAIONMINE JEKTPOHHbE Napbl 3aHUMAIOT JBe ruGpUi-

Hble sp3-op6uram. Monexyna H,O umeer yraosyio ¢opmy.
B npencTapieHMsX TeOpUM TUOPHAN3AUUM yMEHBLIEHHE BaJIeHTHOIO

" yrna HOH B pamy CH, (109°28") — NHg (107,3°) — H,0 (104,5°) o6bscus-

erca caenyomuM o6pasoM. B pagy C—N—O sHeprermueckoe pa3nnyine
Mexay 2s- M 2p-OpOUTATAMU yBEJIMYMBACTCs, MIOBTOMY BKJaJ 2s-OpOuTaled
IpY TU6PUAM3AUMA ¢ 2p-OpOUTAIAMM yMeHblaercAd. OJTO NPUBOIUT K
YMEHBIICHUIO BAJIGHTHOTO yIJia U HOCTeHeHHOMY NPUOIMKEHUIO €ro K g0°

Moaenb JIOKaJIM30BAaHHHX 37eKkTpoHHEX nap. Cornacso 3TOH TeopuH,
CTPOGHHME MOJOKYyJIH Onpefensercd B3aMMHLIM OTTAJIKUBAHWEM CBA3BIBAIO-
HINX U HECBABBIBAIOINX HJIEKTPOHHLIX Map LEHTPATBHOro aroma. Bausuue
Yucsla CBABBIBAIOIMMX M HECBASHIBAIOMINX 3JIGKTPOHHBIX nap LEHTPaJlbHOTrO
aTOMa Ha MPOCTPAHCTBEHHYIO KOHMUIypauuio Monekyn Tuna AB noka3aHbl
Ha puc. bl.

Cornacso stoit Teopun, Monexkynsl CHy, NHg n HoO oThocsitess k MOJe-
kynaM tuna AB,, AB;E* u AB,E, coorBercrenno. Monekyna CHy nmeer
¢GOpMy MpPAaBMIBHOTO TETpas’[pa ¢ aTOMOM yIJepoAa B ueHrtpe (puc. 51, a),
a B monekyne NH; (puc. 51, 6) onxa U3 Bepmus TeTpas/ipa 3aHATa HeCBA-

*F, — HecBASHIBalOWIas MIeKTpoHHasd Napa.
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P u c. 51. BiausiHye cBA3LIBAIOIUX U HECBASBBLIBAIOLUINX 3JIGKTPOH-
ubix nap (E) LeHTpasbHOrO atoMa Ha MPOCTPAHCTBEHHYIO KOHDU-
TypalUIo MOJIEKYJL:

@ — TeTpasap; 6 — TPUIOHAJIbHAR NUpaMia; 6 — TPUTOHANIBHAS Gunupa-
MUja; ¢ — yriopas GOpMa; 0 — UCKamKeHHbI TeTpadap; € — T-dopma; x
— nuHefHasi dOpMa; 3 — OKTad/p; u — TeTParOHa/IbHAs NUpaMMad; K -~

KBajpar

3pIBAIONIE BJIEKTPOHHON Mapoil U MOJIEKYJa MO3TOMYy UMeeT ¢OpMy TpPUTO-
HanpHOM nupaMuZbi. B momexyne H,O (puc. 51, 6) nse BepIMHBI TeTpad/-
pa BaHATH BJEKTPOHHBIMU [1apaMH, a cama MOJIEKyJia MMeeT YIJIOBYIO (V-
06pasHy1o) GopMy. :

CpA3BIBaIOMAA DBJIGKTPOHHAA mnapa (JIOKAIM30BAHHAA MEXIY. IBYMA
aTOMaMy) BAHIMAET MEeHblIe MecTa, 4eM HecpssmiBaomas. Ilosromy orran-
KNBaHWe MpOABJAETCA B HAUGOJIbIIEH CTEleHM Mex/y HecBA3BIBAIOIMMH
NapaMy, HECKOJBKO MEHblIe — MexJy HecBA3LBAIOmEN M CBABLIBAIOLIEH
Mapoii M HalMeHee — MEkJY CBA3LIBAIOMMMY 3JEKTPOHHBIMM [apaMy.
VBeln4yeHMeM HYMCIa HecBA3RIBAIOIMX BJISKTPOHHLIX [Map: HEHTPajbHOTO
aToma oGbsacHAercs ymeHblienue sanentnoro yrna HOH B pany CH,y
(109,5°; monekyna tuna AB,) — NHj (107,3°; monexyna tuna AB3E) —
H,0 (104,5°; mosnexyna tuna ABoEy).

B3ayMHBIM OTTAJIKUBAHUEM CBSBBIBAIOIIUX U HECBABLIBAIOUIUX AMEKTPOHHBIX Nap
{eHTPAJIBHOTO ATOMA MOWHO OOBACHUTHL BAUsHMe Ha pasMephl BAJIEHTHBIX YIVIOB
NPUPOAHL Tlepuchbeputiecknx aToMoB (WM MX rpymnuposok). Hampumep, B pagy NHj
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o EETTECTERE

(107,3°) u NF3 (102°), H2O (104,5°) u OF, (103°) BaseHTHble YIJIbI yMeHbIIAOT-
ca. CAsbIBaolllee 971eKTPOHHOE 06JIAKO SaHIMAET TeM MEHBbIINI obbeM (JIOKATU30~
BaHO B Gosibllell creneHu), YeM Bhille BJIEKTPOOTPULATENIBHOCTL HepudepudecKoro
aroMa. [lockonbky drop ameKTpooTpHiaTeNbliee BOROPOLR, IEKTPOHHAS Tapa cBS—
su 3 — F sokanuzoBaha B MeHblleM o6beMe, UeM DVIGKTPOHHAS Napa cBSISU O —
H. WsbIMU cioBaMy, B3auMHOe OTTAJIKUBaHUe OJIEKTPOHHBLIX Map cBszet 3 — F
MeHbllle, YeM ODIeKTPOHHbIX Tap CBsA3eH 3 — H. [losroMy orTanKuBalollee BAUSHUE
HeCBASHIBAIOUIMX 93JIGKTPOHHLIX nap B oiydae Mojdekyn NF3 u OF, mpuBogur kK

YMeHbIIEHUIO BaJIEHTHOTO YIVIa B Gosbliell creneHy, 4eM B ciyuae MoitekKyil NHg u
H,0.

'C nOMOMmIBI0 TEOPMH JIOKAJIMBOBaHHBIX BNEKTPOHHBIX AP MOXKHO TOKA-
3aTh, YTO IpPM NATH O-3JEKTPOHHHIX HapaX UEHTPAJHHOTO aToMa A BO3-
MOMHBI MOJIGKYJNH cOcTaBa ABs TpUTrOHanbHO-OUIMpaMUAATIBHON (HOPMBI
(puc. 51, 1), AB4E — uckaxenno-rerpasapuueckoit (puc. 51, d), AB3E, —
T-o6pasnoit (puc. 51, €) u cocraba AB,E; — umneitnoin (puc. 51, x)
¢GOpMBEL.

lectn o¢-3/1eKTPOHHHIM MapaM atoma A oOTsedaloTr Monekydsinl ABg,
AB;E, AB4E; coorsercTBeHHO OkTasapuueckoit (puc. 51, 3), TeTparoHalib-
HO-TIMpaMuJaisHoi (puc. 51, u), kBagparnoit (puc. 51, x) dopmsL.

Bnuanve wuMcna JIOKANN30BaHHBIX HJIEKTPOHHBIX Hap LEHTPaJlbLHOTO
aToOMa Ha [POCTPaHCTBEHHYIO KOHPUTYPamUIO MOJIeKY/1 nOKasaHo B Tabn. 9.

Tabnuuyal. UkcHo JIOKaIM3OBAHHBIX AIEKTPOHHBIX [AD
LEHTPAJILHONO ATOMa M NPOCTPAHCTBeHHAst koHburypanus Momexkyn AB,,

g-DJIeKTpOHHbBIEe Naphbl atroMa A
leoMerpudeckas dpopMa
cBA- | Heno- U COCTaB MOJIEKYJIbI [TpuMepsr
'{McJ pacrosioskeHud 36IBa- fesiex
folue| Hble
Jusneitnoe 2 0 Jluneitnan AB, BeH,, BeCly
Tpeyronbhoe|- 3 0 [Inockuit Tpeyrosibhiuk ABg | BFg
2 1 VmioBasi ABs;E SnCl,
Terpanppu- | 4 0 Terpasap ABy CCly, CHy
YyecKoe 3 1 TpurosanbHas nupaMuaa H3N, NF3
ABsE
2 2 Vrsioast AB,E, H,0, OF,
5 Tpuronans- | 5 0 TpuroHasnbHas 6GunupaMu- PCls
HO-6Unu paMu~ na ABs
IaJIbHOE 4 1 HenpaBuiibHblil Terpacap SF4
_i ABLE :
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Tpodoanenue mabr. 9

0-OneKTpoHHbIe TapHl aToMa A
TeoMerpuueckas dopma
cBA- |Heno- Y COCTaB MOJIEKYJIbI [1pvMepsl
wme- | pacnonoxenndapiBa~| aesien-
J0 jollue| Hbie
3 2 T-o6pasuas AB3E, CIF3
2 3 JIuneitnasa AB,E3 XeF,, IF;
6 Oxrasgpu~ | 6 0 Oxrasgp ABg SFg, SiFZ
YecKoe 5 1 TerparoHalbHas ypaMy- IFs, SbFZ"
na ABsE
4 2 Mnockuit kBaapar AB4E; XeF4, ICI
7 HeHraro- 7 0 ITenraronanbhasn 6unnpa- IF,
HaJbHO-6UTIN- Muaa ABq
paMuaanbHoe | 6 1 HenpasunbHblt OKTasap XeFgq
ABGE

§ 3. KPATKOCTD (IIOPAJIOK) CBA3HU

Jlo cux mop 6N paccMOTPeHb MOJIEKyJbl ¢ OJMHADHLIMU CBA3AMMH,
T.e. MOJIEKYJNbl J¥HIb ¢ o—pA3AMHU. OfHAKO 3HAYMTeNbHO GOJee pa3HOOG-
pasHbl MONEKY/Jb ¥ KOMIDIEKCHble MOHB, CPeHSA KPaTkoCTh (IIOPAnOK)
CBH3M B KOTOpHIX 6onbmre eanHuisl. Ilosbimente kpaTHocTy cBA3M 06:732-
HO HAJONKEHWIO Ha o-cBA3b 7- M &ceaseid. Hanpumep, B Monekyne Ny,
uMelomed TpoHHYIO cBA3D

:NEN:
Qpnna u3 cBA3eil 0-TKNa, ABe APYrue — 7-TUNA, OTBeYAlOUMe Py — P, Pz —
Pr ¥ py — Py NEPEKPHBAHNIO COOTBETCTBEHHO (cM. puc. 46).

B nuneiinoi Monexkyne CO; kakIplil aTOM KuCI0Opofa obObeauHseTCS: C
aTOMOM YIJ1€po/a OJHOI 0- 1l OHOM 7T—CBA3LIO: :

O=(C=0
MosuieHe KPAaTHOCTH CBASH NPUBOAHT K YNPOYHEHUIO MEKATOMHOI
CBABM M YMEHBIICHMIO MEXBAILEPHOro pacctoaHus (mauas ceasu). Tak,

3HEprMM AMCCOUMALMH Ha aTOMb Monekyn ¢ropa Fy (:F—F:) u asora N,

(:N=N:) coorpercrsenno pasubl 159 u 940 kMxk/Mons.
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Binsnue T-cBA3BIBAHUA Ha MEXBAJEPHOE PACCTOAHME XOPOMIO MIIIOCT-
pupyer paza C,He—C,H,—C-H,:

CQHG CQH4 C2H2
H3;C—CH; H,C-CH, HC=CH

B KOTODOM pAacCTOAHME MexJy ATOMaMH VIJIepoJa MO Mepe NOBHIIIEHUS
KPATHOCTH CBABM yMEHBHIAETCs1 U COcTaBisier coorBercrseHHo 0,154; 0,135
u 0,120 M.

Jenokanazonagaan 7-cBA3b. PaccMOTpUM XMMHMYecKue CBA3M B KapOo-
Hat-uoHe COZ%". 3T10T MOH MMeeT TpeyroybHOe ctpoenne. COTNIaCHO TeopUu

BAJICHTHBIX CBs3ell aTOM YIJIepoJia 3a CYer 3JIEKTPOHOB Sp-TU6PUIHBIX
op6uTaineil ob6pasyeT TpPU 0-CBA3M, Jekalllde B IUVIOCKOCTH mop, yrioMm 120°.
UerBepTHIit 3JIEKTPOH yraepofia O6pasyeT 7T-CBA3b. BajleHTHOe HachllneHUE
OJLHOTO ATOMA KMCJIOPOAA IOCTUIAETCSA 33 CYET 06pasoBaHus T-CBA3U, ABYX
APYrMX — 3a CYeT NPUCOSANHEHUA anektpoHa. CTpOEHHME TAKOro MOHa
U306paxalor GopMyHoi

_O\ _ 2-
—0 =0

HemocTaTkoM TaKOrO M306paeHMA ABIACTCA JOKAIUBALNSA T—CBAZU U
OGyCIOBIEHHAA BTUM Kaxyllascs HEpaBHOUEHHOCTh cBaAzeit C—O, 4TO
NPOTUBOPEYUT JAHHBIM DJKclepuMeHTa. [I09TOMy B TeOpPMHM BalleHTHBIX
cBAzeil crpoenne anuona COZ™ msobpaxaercss He OJHON cxXeMoit, a Ha60pOM

#3 TPEeX PaBHOLEHHLIX:

—O~ 2 O _ 2
—0 =0 —0>¢0

—O~ 2
C—O—
oz
PaBHOUEHHOCTE Bcex cBA3eit CBUETEJILCTBYOT O JeJOKANM3ALMUA 7-
cBsA3N (7T~37eKTPOHHOTO 06J1aka) ¥ OTPHUATEIHHOTO 3apAZA Ha BCe ATOMBI
kucnoposa. Torga MoxHO OBOATHCE OJHONM cXEMOW ¢ u306pakeHueM 1eJ0-
KaJIM30BAHHOTO 7T-3JIEKTPOHHOrO 06J/1aKa B BUJIE MYHKTUPA:

\\\ 2_
o?

Benencrsue fenokanuzauum 7-371eKTPOHHOTO O6NaKa MOPALOK CBABH

C=0 cocrasnser mpumepno 1 !/;. JnMHa cBsAsM B uOHe CO% dco =
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= 0,129 HM u sABAAETcA NPOMEXKYTOUHON MEKAY JJIUHON OJANHapHOM
d = 0,143 uM u aBotinoi d = 0,122 um cpszeii.

e

Paccyxaasn anasormunptM oGpa3oM, MOXHO NOKa3aTh, 4TO B moHe NO;

BCJIGICTBHE NEIOKANU3alHY 3apAROB U T-CBASM BCE TPU 4TOMa KHUCJIOPOAa
paBHOHEHHHI, dNO = 0,121 uM. B monekyne ke HNQOj; ogua us ceaseit NO

oxuHapHasn, dNO = 0,141 nM, gBe Apyrme — 6GAM3KM K ABOMHBIM, dNo =

= 0,121 am:
- 30

H 4
\ N4

(o) N.
0,141 um \o

B xauecrBe ellle oAHOIO NpIMepa CHUCTEMHI € ASIOKAMIOBAHHBIMH T-CBA3SIMU
paceMoTpUM Montekysry Gerisona CgHg. OHa mMeer dopMy Mockoro mecTHyroibHU-~
ka. Kaxgpl U3 1ecTM aToMOB yrilepofa B KOJIbLE MOXET pacCMaTPHBATLCS Kak
HaXo[AIIMACH B COCTOSIHMM sp*—rubpuIM3anuu M obpasylomuit Tpu O—CBA3U C
BaJleHTHBIMM yrylaMu 120° (puc. 52). Ha o6pasopahue stux tpex o-cBsizeil (AByx
C—C u opgton C—H) xaxjgbmt yriepoaHbli atoM 3aTpauMBaer TPM H3 YeThipex
BaJICHTHBIX 3JIeKTPOHOB, OCTAJbHbIE IeCTh BJIEKTPOHOB BCEX IWIECTH YIJIEpOIHBIX
4TOMOB pAcCIiOJIAraloTcsl Ha p-OpOUTAIAX — [0 OJHOMY Y KaXIOro aToMa YTIJepoja.
Yerseproe aMlektpoHHoe 06/1aKO KAKIOTO aTOMa yIJlepofia OpUEHTUpYeTcsl MepheH-
IMKYNSIDHO K TWIocKocTH GersonbHoro konbua (piuc. 53). [1Ba Takux cocepuux p-
WIEKTPOHHBIX 06Jaka MOTYT nNepeKpbibaThbcsi, 06pasyss 7—CBA3b MexkIy ABYMs
atoMaMu yriepona. [lpu aroM Kaxknoe U3 p,-ONEKTPOHHBIX OONAKOB MokeT Coye—

0,121 um

P u c. 53. Pacnosoxenne p-onexrpon-

Puc. 52. 0-Cssiau B Monexysne Gen-
30na HbIX 00NaKkoB B MoneKyJe GeHsomna
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TaThCsl € PaBHOM BEPOATHOCTBIO KAK C P,~06JIaKOM, HaXOAALIMMCH CIpaBa, Tak U ¢
prOGNaKOM, HaXOAAMMCH CJleBa oT Hero:

H H
C C
HC/ \CH HC/ \CH
H(|3 (|3|H . H(|3| (|3H
X NF
H H

CnenoBartenbto, MOXKHO CYMTATh, YTO BOSHUKAeT MollepeMeHHO T-CBA3L TO C
OIHUM, TO ¢ IpYTYM aTOMOM yTiepona. B UenoM, 310 mpuBoaUT K 06pa3’oBaHMIO
TpeMS OEeKTPOHHBIMM [apaMM eIUHON \ '
CBs3W, pacnopocTpaHslollleficd Ha BCe
atoMbl Yyriepoja OeH30JILHOIO KOJNbLA.
. O6pasylorcs Be OBNIACTH KOHLEHTPAllMM

fla OKA3bIBAJOTCA  paBHOLGHHEIMH M,

BcnenoBatenbio, MogobHasi cucTeMa Goee
FCTOMUMBA, YeM CUCTeMa C TpeMms nd—
M30BaHHBIMK  JBOWHLIMKM  CBA3AMU
bokny onpeneteHHEIMU aToMaMM yIJiepo-
M. Taxum obpasoM, B Mojekyie GeHzona
BA3M, JleKallMe B IUIOCKOCTH GeH30/bHONO KOMblLa, JIOKATM30BaHLl, a T-CBsiau,
CNonoKeHHble NePNEHIMKYNSAPHO NIOCKOCTH KObLa, He JOKATH30BAHbY:

Puc. 54. n-CeaAau B Monekyle Gen-
30013

Denokanusosannasi cBsisb B MoJsiekysle 6eHzona oBycloBNMBaeT NoBblllelue MOPSN-~

Ka CBA3M MeXIYy aToMaMU U COKpallleHne MeXbAAepHOIro pacCTOsAHUS, T.e. dw B
'

CgHj; cocrasasier 0.139 uM, Torga xak d = 0,154 uM, a dC—C = 0.135 nm.

PaCCMOTpGHHbIﬁ MaTepuaJl nOKa3blBaer, YTO XHMHUYecKas CBA3b MOXeT
OcywecTBaAATbes npu nomomy oanoro (H3) wmam nsyx saexrpomos (Hs),

oxBatbiBaTh 182 (HY, H,) #an 6onpmee wymcao aromos (CO2-, CgHg). D10
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TOBOPUT O TOM, YTO KJacCU4YeCKoe IpejcTaBlIeHUe O BAJEHTHOCTH Kak
Yyyucsie IBYXHEHTPOBBIX cBA3€Hl He MOxer ObIThb BCEOXBATHIBAIOIIWUM. Ecan
aTOM OKpyXeH 7 aToMaMH, 3TO He O3HayaeT, 4YTO ' OH obpasyeT n
JABYXIEHTPOBBIX CBA3EH. :

§ 4. IOJAPHOCTD Y NNOJAPU3YEMOCTDL CBA3U

CBs3p MexJy aToOMaMM DAa3HBIX 3JI6MEeHTOB Bcerja 6Oojiee uiu MeHee
HOJISIPHA, YTO OGYCJIOBJIGHO pa3jiMYMEM 3JIEKTPOOTPUIATENBHOCTeH ATOMOB.
Hanpumep, B Monekyne xnopuna sogopona HCl csasyiomee siekTpoHHOE
06J1aK0O cMeleHO B CTOpOHYy 60Jiee 3JeKTPOOTPUIIATEJIBHOIO aTOMa XJIOpa.
BenencTeue 3TOro 3apAn spa BOAOPOJa He KOMIIGHCHUDYeTCsA, a B aToMe
X/I0pa 3JIeKTpPOHHad NJIOTHOCTh CTAHOBHUTCS M3OLITOYHON 1O CPaBHEHUIO C
sapaAnoM sazapa. MueMu ciosamu, aroM Bomopoxa B HCl nonspuzosan
NOJIOKUTENILHO, & aTOM XJyIopa oTpunaresisno. Ha aToMe BoJOpona BOBHUKA-
eT OJIOKWTE/BHBIA 3apAJl, Ha ATOMe XJIOpa — OTPUIATENbHBIN. DTOT 3apAJ,
5, HazpIBaeMBINl s fexmuensia, MONKHO yCTAHOBUTH SKCNEPUMEHTAJBHO.
CornacHo UMeloniUMcsi JaHHBIM 3¢ ¢eKTUBHBIN 3apsJ, Ha aToMe BOJOpoia

Monekynst HCl cocrasisier 6}{ = 0,184, a nHa aroMe x710pa 6C1 = 0,18—

abCONIOTHOrO 3apsjia 3JeKTPOHA. MOXKHO €Ka3aTh, YTO CBA3L B MOJIEKyJe
HCl umeer na 18% uonHHIA Xapaktep, T.e. nonspHa. Huke npusenensl
3HayeHNs B3¢p¢EeKTUBHBIX 3apsAl0oB* Ha aToOMax KHCIOpOAa B OKCHIAX
371EMEeHTOB 3-TO mepuoja:
NaZO MgO A1203 SiOQ P205 SO3 C1207

b dexruBHBII :
0,81- 0,42- 0,31- 023 0,13 0,06- 0,02-

O¢ddexrusnerii 3apag Ha atoMe kuciaopoaa B Cl,O; HMYTOKHO Mal M
cBasp Cl=0 6auMska Kk HenmonspuOi, Torma kak B NayO oH cocrtaBnaer
0,81—, T.e. B 3TOM cOeMHEHUN XUMUYEcKas cBA3L CUABbHO nonsipHa. Ilonu-
KEHVE MOJAPHOCTH CBSI3M B 3TOM DAY COOTBETCTBYET YMEHBILCHHMIO Pa3Jiy-
YU B 3JIGKTPOOTPUHATEIEHOCTAX 3JIGMEHTOB, O6pa3ylOIUX COeANHEHUA.

TakuM 06pa3oM, IO CTENEHU cMemeHUs (NOJAPH3aUiM) CBABYIOMETO
3JIEKTPOHHOIO O6JiaKa CBJ3b MOMXKeET 6HITH HENOJAPHOH, NOJApPHOM M MOH-

HO#l. HenonsippaAa M MOHHasA cBA3M NpeACTaBJIAIOT cO60H KpaliHuMe clydan

*3Hauenus 8, onpenesiseMbie Da3HBIMA METOJAMU, CYLLECTBEHHO DAsiINyaloTCcA.
[puBonuMble 3rech BHAUEHMA 6 UHTepecylOT HAC C TOYKM B3PeHUs WITIOCTPauuu

obuell TeHeHUUH UX USMEHeHUA B Psy ONHOTHIHBIX COeMHEHUN.
94

* monapuoit ceasu. CoelMHEHNA ¢ MOHHOM U KOBAJEHTHOM CBABAMH BCTpeda-
| IOTCA 3HANMTENBHO Dexe, 4YeM COCAMHEHMA ¢ INOJNAPHONM KOBAJICHTHOM
CBABBIO.

HonspuayemocTs cBA3H. [NA XapaKTepUCTUKN PeaKIMOHHON cnocob-
HOCTH MOJIEKYJl BaXXHO 3HATh He TOJBKO WCXOJHOE pAaclpele/ieHne 3JIeKT-
' POHHOH IIJIOTHOCTH, HO M ee NOJIsipH3yeMocTh. IlociiefHAA xapaKkTepusyer
&, cnoco6HOCTH CTAHOBUTHCA MOJNAPHON (MM 6076 MOJAPHOM) B pesyJbTaTe
JeficTBUA Ha MOJIEKYJly BHEIIHEro 3JieKTpudyeckoro nonsA. Tak Kak ¢ kak-

1 MOJIEKYJly APYrUX MOJIEKYJI, CKaXKeM, napTHepa no peakLuu.

B pesynbTare MONAPU3ALUN MONKET NPOU3ONTH MOJHBI Pa3phIB CBA3U C
IepexofOoM CBSA3BIBAIOmMIEH 3JIGKTPOHHON mnapeHl K OJZHOMYy M3 aTOMOB U
06pa3oBaHMeM OTPHUIUATENBHOTO M [MOJIOKUTEJIBHOIO HOHOB. ACHMMeTpHY-

f. HBIl pa3pLIB CBA3M c OOpa3soBaHUEM Pa3HOMMEHHBIX HOHOB Ha3bIBaeTcA
Y
L 1EMEPOAUMUNECKUAL

H- + :@l: —_— :@l: = H' + Cl-
FOMOTUTUYECKUIl PA3pIB
(amcconuayus)

reTepoUTHIECKU PASPHIB
(voHuza1NA)

lereponuTudecknii paspbiB OTIM4YAETCA OT pa3pyIIeHUA CBA3H NpH
RACTIaZie MOTEKYJIEL Ha aTOM U pajuKal. B nocnenneM ciayuae paspymaer-
i CBASBIBAIONIAA 3JIGKTPOHHAA napa M IpOllecc Ha3HIBAeTCA 1040AUMU-
ufcxua. B coOTBETCTBUM €O CKa3aHHBIM, cJleflyeT pas3jiM4aTh npouecc Juc-
FPyuayur u mpouecc uonusayuy; B enyye HCl nepsolit Habmonaerca npu

MHYECKOM pacmajie Ha aTOMbl, BTOPOif — NpH paclale Ha HOHbI B PacT-

4

OLEHKY COCTOAHUSA aTOMa B COeIWHEHHMM B BUJE TAaK Ha3bIBAeMON cmenenu
MJIN CocMoiANUSL OKUCAENUS.

KOTOpOe npUCBAMBAIOT 3JIEMEHTY B coefuHeHuUM. [IpuMHUMaercs, 4To O6HIY-
Hafd cTeleHb OKUCJIGHUs BOAOpOAa paBHa +1, a kuciaopona —2. Pusunyec-
'KOTO CMBICJIA CTElIeHb OKHMCJIGEMA He uMeeT. JIumb B cliydyae HIealbHOTO

@ MOHHOTO COEAMHEHMsI CTEeNeHb OKMCJIGHUS 3JIEMEHTOB COOTBETCTBYET 3apslLy
Y +1-1

» Mx nonos: Hanpumep, 8 KCl zapan na aroMe kanma 6iam3ok k 14, a 3a-
- P Ha aToMe xjsopa 6au3ok k 1— C yBesiMyeHWeM cTeneHU OKUCJICHUA

PeanpHpI 3apAJd Ha aTOMe B COSJUHEHUU YMEHbIAETCs.
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3HAK CTOMEHM OKMCJIEGHHA 3aBHCHUT OT 3JI€KTPOOTPHUATEILHOCTH o6pa-
3yIOMMX CcOSAMHEHHe 3JeMeHToB. Tak, B COOTBETCTBHM ¢ pasnUuNeM B
3/IEKTPOOTPUIATEILHOCTAX a30Ta (3,0), Bomopona (2,1) u dropa (4,0)
azory B NH3 NmpumMchiBaeTcs OTpHUSTeNIbHAA CTOMEHb okucnesusa —3, a B
NF3 — moJioXuTe/IbHAsA cTeleHb OKMCJICHHA +3.

I1pK NMOJB3OBAHUY CTeMeHsAMN OKMCTIEHNS M0/e3H0 NpUAepXKUBATECS CeyIoImnX
npaBuUJL:

1) cyumMa cTeneHell OKHCIEHWS aTOMOB B moboit dacTUile paBHa €e 2JIeKTpU—
yeckoMy sapsiiy. CremoBartesnpHo, CTefleHb OKUCIIEHWSA aieMeHTa B €ro [POCTOM’
BelecTBe paBHa HYJIIO;

2) B COeAVHEHMM C IDYTHMU SreMeHTAMH ¢Top Bcerma MNposBIAET CTeNeHb
OKUcNeHus —1;

3) creneHb OKMCIEHUA KUCIOpOma B coeMIHeHUSAX OBBIYHO DaBHA —2 (xpoMe

+2 -1
* QF,, HyO, u mp.);

4) creneHb OKMCJIeHMs BOJOPONia Halle +1 u pexe —1 (KH, CaHy);

5) MaKCUMaJIbHasl MOJIOKUTENIbHAs CrerneHb OKMCJIEHUS 2JleMeHTa OOGBLIUHO YHC—
JIeHHO COBIIAIAET C HOMEpOM €ro rpylnbl B MepUONMYeCcKol CUcTeMe. MaxkcuManb-
Has OTpULATesIbHas CTelleHb OKUCTIEHIS OJieMeHTa paBHa MaKCUMaJbHOW II0JI0KH—
TeJILHON CTelleHN OKMCJIeHUsT MUHYC BOCeMb.

Hciutiouesiie -cocTaBaslior GbTop, KUCIOPOM, Tesliil, HeoH, aproH, a Takie aJe-
MeHTBI MOATPYTIIbI KoBabTa M HUKeNA: UX BBICWIAA CTelleHb OKUCIeHUA Bblpaxaey
cA uMCIIoM, 3HadeHle KOTOpOTro HIUKe, 4eM HOMEp rpynmbl, K KOTOpOI OHU OTHOC
¢si. V aiieMeHTOB TQATPYMNIEL Menu, HaoGOpoT, BBICWIAs cTeneHb OKHCIeHHA 6on
eIMHUIBL, XOTA OHM W oTHocATcA K 1 rpymre.

A OTpaeHHWs B HA3BAHUAX [BYXBJIEMEHTHBIX (6uHapHBIX) CcOeAMHE
HHA OTpMIATEJIbHON CTENeHM OKUCIeHURA 3JleMeHTOB K UX JIATMHCKUM
HasBaHMAM HobaBisiercs cypdukc -ud, HampuMmep: NaCl — xuopua HaT-
pus, HF — ¢ropua sogopona, H,N — mutpug sogopona, NFg — ¢ropun
azora. [[07I0KUTEIbHAS CTONEHb OKMCICHUS 3JIEMeHTA YKa3blBAaeTcs B CKOG-
kax puMckoil mugpoit: FeCl; — xmopun xesesa (111), FeCl, — xmopug
westesa (I1). ' -

§ 5. TUIIBI KOBAJIEHTHBIX MOJIEKYJI

HenossapEWe W NOJAPHHE MOJEKyAH. B 3aBUCMMOCTH OT XapakTepa
paclpefie/ieHUsl 3JeKTPOHHOM IJIOTHOCTH MOJIEKYJIbl MOTYT 6bITE HEHONAP-
HBIMHM ¥ MOJAPHHIMH. B HEMOJIAPHBIX MOJIEKYJIaX LeHTPHl TAKECTH MOJIOKH-
TeJbHBIX M OTPUIATEIBHBLIX 3apanoce cosnajatoT. llonsapubie MoKyl
ABNAIOTCA Junoasmy, T.e. CHCTeMAMM, COCTOANIMMM M3 JIBYX DaBHBIX 1O
96 ’

B Koo .

BEJIMYMHS M NMPOTHUBOMOJIOXKHEIX MO 3HAKy 3apsfoB (¢+ U ¢—), HAXOARLIUX-
csi Ha HEKOTOpOM pacctosinum | apyr ot apyra. Paccrosinme Memny HeHTpa-
MH' TSKECTH MONOKMTEILHOrOY OTPUIATENBHOrO 3apAN0OB HA3KIBAETCSH dau-
nott dunoas. llonsipHOCTHE MOJNEKYJIH, K&K M AOJISIPHOCTL CBA3M, OHEHHWBAIOT
3HAYEHHEM €€ 3JIGKTPUYECKOr0 MOMEHTa [AMNOJNA g, HPeACTaBARIOEro
co60ii NpousBefeHUE AJMHE AUAOAA | HAa 3HayeHWe ITGKTPUYECKOro 3a-
paaa:

p=lg

JInuna aunoas UMeer 3HAYeHHe MOPAAKA AMaMeTpa atoMa, T.e. 10710 M,
a sapsig anexktpona 1,6-10712 Kn, mosToMy 37eKTpHYecKHil MOMEHT RUIIONS
umeer 3nauenun nopsiaka 1072 Kn-M (kynon-merp) *.

JNeKTpHYEeCKMil MOMEHT AMIOIA MOJIEKYJH HPEenCTaBisieT coboil Bek-
TOPHYK) CYMMy MOMEHTOB BCEX CBA3€H M HOCBASHBAIOIIMX 3JEKTPOHHBIX
nap B MOJieKyJde. PesyJbTAT CJIOKEHHMA 38BMCUT OT CTPYKTYphl MOJEKYJIH.
Hanpumep, Monekyna CO; nMeeT cMMMETPHUYHOE JIMHEHIHOE CTPOCHHUE:

5- 28+ §-

e\ g

”(‘n ﬂCO

Mostomy, xora ceasu C=0 ¥ MMeOT cUABHO MOJADPHHINA XapaKTep, Bejen-
CTBHE B3aMMHOM KOMHEHCANMM MX 3JEKTPHYEeCKUX MOMEHTOB [MIONSA MOJIE-
Lyna CO; B nesnoM Henonsipua (s = 0). Ilo 31081 e NpUuNHE HENONAPHH
JICOKOCUMMeTpHYHBe Terpasapuueckue Mmonekyam CHg, CF4, oxkranpu-
ckasn Monekyna SFq u T.4.

Hanporus, B yriosoit monekyie H,O nonspusie cesisu O—H pacmonara-

cAa
»ec
Cot

! o
4o-TCA TIOL YrJIOM 104,5°. IlosTOMy MX MOMEHTH B3alMHO HE€ KOMIIGHCU-

PYIOTCA ¥ MOJEKyJa oKasbiBaerca noasipuoit (p = 0,61-1072 Kin-M):

28~
O «
a+;% \\Q::'*

ONEeKTPHYECKUM MOMEHTOM JHAOJA 06J813l0T TAKXKE YIJIOBasA MOJEKyJa
SO,. nupammpansuble Monekynsl NHz;. NF; u T.n. Orcyrersme Ttakoro
MOMEHTA CBILAETEIbCTBYeT O BHICOKO CHMMETPHYHON CTPYKTYPE MONEKY.1b,
HAIIYMe BJIEKTPUYECKOrO MOMEHTa AUIOJIA — O HECHMMETPHYHOCTH CTDYK-
TYPH Moaekyawl (taén. 10).

*3neKTpUUECKUA  MOMEHT
1D = 0.333:10°2% Kn-M.

aMnoas wuHorda Bulpaxalr B aebasix (D),
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T a 6 gxunu a 10. Crpoestne M oxkMpaeMast MOJBSIPHOCTD MOJIEKYTL

Tun [IpocTpaHcTBeHHAR OxunaeMas [TpuMeps!
KoHurypaumns TIONSPHOCTD
A, lanreneBnanan HermnonsipHasn H,, Cly, N,
AB " MonsapHan HCl, CIF
AB; | Jlunennas Henomsiprasi | COg, CSs, BeCly(r)
AB; | VmioBas Ionsaphan H,0, SO,, NO,
ABC| Jlunennan " COS, HCN
AB3| Inockorpeyronbhasn HenonspHas BCls, SO3
AB;| Tpurosansho-mipaMuaanbtas | [losisapHas NHs, PClg, NF3
AB3{ T-o6pashas " CIFs, BrFs
AB4| Terpasapuueckas HenonsipHas CHy4, CCly, SiF,
ABy [lsockokBagpaTHas " XeFy
AB4| HWckakennorerpasgpuieckas [onsipuas SFy, TeCly
AB;s TpuroxanbHo-6unupaMunans- | HenosapHas PFs, PCls (1)
Hasi
AB;g KsanpaTHo-mipamu ganbHas [TonsipHas IF
ABg| Oxrasgpuueckasn Henosisiprasi | SFg, WFg
AB;| Tenraronansro-6unmpamn- " IF,
LallbHAs

Ha 3naueHne 3neKTPMYECKOTO MOMEHTA AMNONA MOJEKYJAbl CHJBHO
BANAIOT HECBA3HBAIOMME 3JIeKTpOHHHe napn. Hanpumep, Monekyns NHg
n NF; uMelOT 0fMHaKOBYIO TPUIOHAJIBLHO-TTMPAMUAAILHYIO BOpMY, HOAApP-
Hoctb cBsaset N—H m N—F rtakse mpumepno ogmnakosa. Ommako 31eKT-
puyeckuit Moment aumons NHjy pasen 0,49-1072% Kn-m, a NF3 — Bcero

-0.49-10-5K -
B=0,49-10"PKn-m #=0,07-10"PKn-m

P uc. 55. Choxerne oneKTpMYecKUX MOMEHTOB IMIIONS
CBASBIBAIOIIMX M HECBA3BLIBAIOMX OJIEKTPOHHBIX [1Ap MO-
nekyn NHg n NFy
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W Hal 0,347 NO; 0,097 CH, 0

0,07-1072%9 Kn-M. I10 ob6bscesierca Tem, uTo B NH; Bampapnenmne 3nexkTpu-
YecKOro MOMeHTa umoJs casseBaiomeli N—H M HecBA3mBalOmIEH 3J1EKT-
POHEOM maphl COBIAZIAET M NPHM BEKTODHOM CJIOXKEHMM OOYycJIOBJIMBAET
60nbpmION BNEKTpUuyeckuil wmomedT aumnosnsi. Hao6opor, B NF3; MOMeHTH
ceazeit N—F ¥ 31eKTpOBBOI mapsl HaIpPaBJIEHH B HPOTHBONOJOXHLI®
CTOpPOHBI, HMO3TOMY HpPH CJIOXKEHHM OHM 4YacTMYHO KOMINedcupyiorcsa (puc.
55).

3Has OSKCHEPUMEHTAJIbHBIC 3HAUEHWsI MOMEHTa [MUIIoNA, MOXHO paccuuTarh
HOJIApHOCTL CBA3el M oddexTBHEle 3apsAAbl aToMoB. B mpocreimmeM ciyyae
IBYXaTOMHBIX MOJIEKYJI MOXHO MpUOG/IKEeHHO CUMTATh, YTO LEHTpbl TsUKeCTHM 3aps-
OB COBMAfalOT C siApaMy, 1.6 | paBHO MEXDBSNEPHOMY PACCTOAHMIO WUAM IIMHe

cesian. Tak, B Monekyne HCl MexbsgepHoe paccrosiiyMe cocrapisier dHCl =

= 0,127 uM. Ecm 611 xopup Bofoposa 6bUT YHCTO MOHHBIM CoefMHeHMeM (g paBHO
sapsAny anexTpona 1,6+10719 Kn), To ero MoMent munouisi 6bUT 6b1 paBel

#=1,6-10119 Kn-1,27-10710 » = 2,032-1072% K- .

B [efiCTBUTEILHOCTM Xe MOMEHT [UIIONS Ta3000pa3Horo XJOpUAa BOLOpPOAa

_pagen 0,347-1072% Kn+M. Oro cocrasisier npuMepro 18% oT ssauenus, paccuuMTan-

HOTO B MPEANOJIOKeHMM MOHHOTO xapaKrepa CBf3u. TakuM obpasoM, apdexTHBHbE
sapsgsl Ha atoMax H u Cl B monekyne HCI paBubr 0,18+ aBcomorsoro sapspma
3JIeKTpOHA. ’

3HayeHNs IEKTPUIECKUX MOMEHTOB NUTOJA HEKOTOPbIX MOJeKyn NpuBefeHbl B

‘rabn. 11.

Ta6anuall Dmexrpuieckuii MOMEHT JAMIIONS [t HEKOTODHIX MOJIEKYI

Monexysna, Jpu- 1029, Ki-u |[Movtekyna |p- 1029, Kin-M |} Monexyna| u-1029, Ki-u

H, 0 HBr 0,263 SO, 0,53
N, 0 HI 0,127 NH;y 0,494
Co 0,033 CO, 0 PH;4 0,183
NO 0,023 H,0 0,610 SO3 0

HF 0,640 H,S 0,340 BF, 0

MruaoBeEAHe W HEAYKOMPOBAHHLIC AHIOMM. MoJsiekysia HpeAcTaBiisieT
co60it IMHAMHMYECKYI0 CHCTEMY, B KOTOPOH HPOMCXOAMT WMOCTOSAHHOE IBU-
MEeHHe 3JIEKTPOHOB M koJyebaHue saep. IlostoMy pacupenenerue 3apsjioB B

_ Hell pe MoxeT ObITh cTporo moctrosienbiM. Hampumep, Monexkyny Cl, oTHO-
' CAT K HeMOJSPHBIM: 3HaYeHHe € 3JIeKTPUYEeCKOTO MOMEHTa JUNOAsS PaBHO
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aymo. OfHAKO B KaXblil NaHHBI MOMEHT MPOMCXOJAUT BPeMeHHOe CMelle-
s+ S- b- b+
Hue 3apagoB K oxHoMy u3 atomos xiopa: Cl — Cl unn Cl — Cl ¢

06pa3oBaHUEM MIHOBENNMT muKpodunoaeid. [lockonbKky mogo6HOe cMeleHne
3apsinoB K JIOG0OMYy U3 aTOMOB pPaBHOBEpOSTHO, cpeJHee paclpeaesieHHe
3apsAa0B KaK pa3 M cOOTBETCTBYET CpefHeMYy HYJIEBOMY 3HA4EeHUI0O MOMEHTa
JAMIOJISA. ’

J1s DONAPHHIX MOJIeKyJl 3HAYEeHUEe MOMEHTa AMIIOJNA B Kax  blil JaHHBIM
MOMEHT BPEMEHH HECKOJIBKO OOJMbHIC WIH HECKONLKO MEHbHIE €ro CPEJHEro
3nHayenusi. HanpasieHne M BeJIMYMHA MCHOBEHHOTO IUIOJS HOJBEPIEHBI
HeNIpepBhIBHEIM KONEOaHUsIM U IO HAIPaBJIEHUIO OH MOXKeT He COBMaAaThb C
HanpaBJIeHUeM INOCTOAHHOrO MOMEHTa Aumosis. Takum o6pasoM, m06yio
HEHONSAPHYIO U HONSIPHYIO MOJIEKYJTy MOKHO PaccMaTpUBATh KaK COBOKYI-
HOCTh epUOANYECKUX OYeHb GBICTPO MEHSIOHIMXCS 10 BEITMYHMHE M HalpaB-
JIEHUIO MTHOBEHHBIX MUKPOMIIONEN.

Iflon, neitcrBueM BHeIIHEro 3JIEKTPUYECKOrO IOJISI MOJIEKYJa TMOMsi-
pusyercs, T.e. B Heil IMPOMCXOAUT HepepaclHpe/eieHNe 3apsiioB, U MOJie—
KyJia npuobperaeT HOBOe 3HAYEHUE AJeKTpuueckoro MoMeHTa aunons. Ipu
3TOM HENOJIAPHBIE MOJEKYJIEHl MOTYT IpeBpaTUThcsi B HOJApHEIE, A MOJsAp-
HBIe CTAaHOBATcSA elle 6osee nonsipHbiMu. Muaue rosops, mop aeficTBueM
BHEIIHErO0 3JIEKTPUYECKOro NOJMs1 B MOJEKyJIaXx WHAYIMpYyeTcs JAUIONb,
Ha3BIBAEMBIN HaBedeNNsLU WIN UNOYyUuUposanusiu. B omiMume or mocTositH-
HEIX M MrHOBEHHHX HapefleHHHe (MHAYNMpPOBAaHHHIE) JMIOIU CYIIECTBYIOT
JIMIUE NpU AeiicTBMHM BHeINHero anexkrpudeckoro nois. llocne mpekpamme-
HHUSA JeiicTBUA TNOJA HaBeJAeHHHE Aunoau Hcedesawr. llosmsipHocrbio un
HONSAPU3YEMOCTBIO MOJIEKYJI O0YCJIOBIIEHO MEXMOJNEKYJISIpHOE B3aUMOJEMCT-
BHe.

I' I AB A 4 HOHHAS CBA3b. HEBAJIEHTHHIE THUIIBI CBSI3U

§ 1. MOHHAS CBA3b

Hpupony uOHHOH cBA3M, cTPYKTYPY M cBOKCTBA MOHHEIX cOEIMHEHMIt
MOXHO OGBACHUTE JJIEKTPOCTATHYECKUM B3auMojeiicTBueM monos. Croco6-
HOCTb DJIEMEHTOB OOpas0BHIBaTh HpPOCTHie MOHBI OOYC/IOBJIEHA 3JIEKTPOHHOM
CTPYKTYPOH UX aTOMOB. DTy cIHOCOOHOCTb MOXHO OILeHHUTh DHEprueil MoHH-
3allMH M CPOJACTBOM aTOMOB K 3JeKTpPOHY. IloHsiTHO, 4TO Merde Bcero obpa-
3YIOT KaTHMOHBI JJIEMEHTH € MaJioif >Heprueil MOHM3aUM — WIEJIOUHBIE U
WENOYHO-3eMeJIbHEIe MeTa/lnbl. (OO6pa3oBanue e B YCIOBUAX OGBIYHBEIX
XUMHUYECKMX NpeBpallleHU#l TPOCTHX KAaTMOHOB JPYrUX DJIEMEHTOB MeHee
BEPOSITHO, TaK KaK 3TO cBSA3aHO € 3aTparoif GONBINOH BHEPruM Ha MOHM3a—
U0 aTOMOB.
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[IpocTeie aHuMOHB Jerde Bcero obpasyror p-aneMenThl VII rpynnm
BCIEICTBHE MX BHICOKOrO cpojicTBa K 3Aekrpony. Ipucoeaunenmne oanoro
27eKTPOHA K aTOMaM KHCJIOPOZa, CepHl, YIJIepoja, HEKOTOpPHIM MApyTruM
JJIeMEHTaM CcONpOBOXaercsi BhaesienueM osHepruu. I[lpucoeaunenne xe
NOCJIEAYIOIMX JJEKTPOHOB ¢ OOpa30BaHUEM CBOGOJHBIX MHOTO3apsHBIX
IPOCTHIX AHMOHOB MecTa He uMeeT (cM. Tabn. 6), DOITOMY COeAMHEHMS,
cocTosiMe W3 MPOCTHIX MOHOB, HeMHOroumciedHsl. OHHM Jierye Bcero
o6pa3syioTest MpH  B3aUMOAEHCTBMM IIEJIOYHBIX U INEIOYHO-3EMEJIBHBIX
MeTa/jioB ¢ rajioreHamu. OJJHaKO M B 3TOM ciiydae 3JIeKTPOHHAS MJIOTHOCTh
MEeXKJAY HOHAMH He€ paBHa HYJIO, IO3TOMY MOXKHO TrOBOPUTE JIMIOb O
OpEeMMYII[eCTBEHHOM  OPOABJCHMM  MOHHOW  cBa3u. Paguycn  xe
ONHOATOMHBIX MHOrO3ApsJHBIX WOHOB OPEACTABJIAIOT cOo60#  YHCTO
ycsioBHEIE BeJMYMHBL. [IpeacraBileHMe O MOHHBIX KpUcTalaXx — 3TO
U eaIM3NPOBaHHAA MOJEJb.

HepanpasiieHHOCT M HCHACHINACGMOCTH HOHHOM CBA3H. JJeKTpHUYecKHe
3apsi/ikl MOHOB 00YCIOBJIMBAIOT UX NMPUTSKeHUE U OTTAJIKMBaHUE U B [EJIOM
ONPEASIIAIOT CTEXMOMETPHYECKMii cocTaB coeanHenusi. MoHn MoxHO nmpen-
CTaBUTh KaK Bapsi’KE€HHBIE IIAphl, CUJIOBLIE NOJISi KOTOPHX PAaBHOMEPHO pac—

_Ipeaeasilorcsi BO BC€X HallpaB/IEeHUsIX B MpOCTpaHCTBE. Iloa'rouy KaX bl

MOH MOXeT NPUTATUBaThL K cebe MOHHI
MPOTUBOMOJIOXKHOTO 3HaKa B JIIOOOM
Hanpapyienuy. WHaue ropops, uoHHAs
cBsA3b B OTJIMYHUE OT KOBaJIEHTHOU Xa-
paKTepusyercst nenanpaeaennoémsm.
IlonsitHo, uTO B3aMMoOzeiicTBUE APYT
¢ JpYyroM JABYX WOHOB TpPOTUBOIIOJION-
HOT'O 3HAKa He MOJKET NpPHUBECTH K IOJI-
HOH B3aMMHOM KOMIEHCAIMM MX CHUJIO-
BuIX moneit (puc. 56). B cuny aroro y

Py ¢. 56. Pacnpenenenue onexrpu-
YeCKUX CHUJIOBBIX MOJleil ABYX pasHo-

" HUX COXPAaHAETCA CHOCOOHOCTh MPUTA- WMEHHBIX MOHOB

ruBaTh WOHBI I POTHBOIOJIOAHOTO
3Haka U 0o ApyruM HanpabileHusM. CienosBaTeJIbHO, B OTIM4YUE OT
KOBaJIGHTHOM MOHHAA CBSI3b XapaKTepU3YyeTcsl TAKKe HENACHULaeno cmsio.

Crpykrypa HOEHHX coepmHeEmMii. BcenemcTBue HeEHanpaBJeHHOCTH W
HEHACHIIIAeMOCTH MOHHOI CBA3M JHEPreTHuecKH Haub0Jee BHIFOAHO, KOrAa
KaKJABIA MOH OKPYXEH MAKCHMAJIIBHBIM YHCJIOM MOHOB MPOTHUBOIMOJIOKHOTO
3HaKka. QOaHaKO M3-3a OTTAJKMBAHUA OJHOMMEHHBIX MOHOB APyl OT JApyra
YCTOMYMBOCTD CHMCTEMBl ANOCTHIAETCA JIMIIL OpHU OUpeNe/IeHHOH B3aMMHON
KOOpJAWHAIUH WOHOB. ‘

B ornuuue OT KOBAJEHTHHIX CcOEAVHeHMiT KOOpAUHAIMOHHOE YHUCJIIO
(k.4.) B "unecTo" MOHHMX COEAMHEHMAX He 3aBUCUT OT cIeQU(UKH DIEKT-
POHHOI CTPYKTYPH 3JIEMEHTOB, a ONPEJAEJsieTcsl COOTHOIIEHWEM pa3MepoB
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NacCl Cscl

P u c. 57. CTpyKTYpHBII THI XJO- P uc. 58. CTpykTypHblit THn Xio-
puna Hatpust NaCl puna nesusi CsCl

uonos. Tak, nmpu cOOTHOWmIEHMM WOHHEIX paauycos B mpegpenax 0,41—0,73
MMEET MECTO OKTajpUdecKasi KOOpPAWHAMs HOHOB, NIPU COOTHOIIEHUU
0,73—1,37 — kybuueckas koopauHanusa u 1.1. Hanpumep, npu B3aumoneii-
crsun uoHos Na* (r ot = 0,098 um) n CI- (TCI' = 0,181 umM), cooTHOMLIEHHE

3HaYeHUH paauycoB KOTOpeIXx pasHO 0,04, BO3BHMKAeT OKTadqpHUYecKas
xoopauHanusi (puc. 57). llogobuast B3aMMHas KOOpAMHANUS MOHOB AOCTHU-~
raercsi IpU o6Gpa30BaHUM NIPOCTOIl KyOUdYecKkoil KPHCTAIMYECKON pelIeTKH
wxiopuna Harpus (puc. 57). Coornomenve woHHmx papuycos Cs* (r ¢ =

= 0,165 uM) u CI- (TCI' = 0,181 umM) pasuno 0,91, yro coorsercTByeT

KyOuueckoit koopaunanuu (puc. 58).

TakuM 06pa3oM, B OGBIYHBIX YCJIOBUAX HOHHBIE COEAVHEHUS! NPeACTaB-
JAI0T c060i KpUcTasinMdeckue setiectsa. [[09TOMy A/t MOHHBIX COEIMHE-
HMiI1 TIOHATHe NpocTEx ABYXMOHHBIX Mosekyn Tuma NaCl m CsCl repser
empics. Kaxnpit kpuetann cocrout us orpomMuoro umena nonos: NanCly, u

Cs,,Cly,.

§ 2. METAJUVIMYECKASA CBA3b

CyuecTBeHHBE cBeleHNs O NPUPOAE XMMUYECKOH CBA3M B MeTajljiax
MOXKHO IIOJIyYMTh HA OCHOBAHMM MX JBYX XapaKTepHBIX ocoGeHHOcCTe#l IO
CPAaBHEHUIO ¢ KOBAJIGHTHEIMM U MOHHBIMM coefuHeHMsiMu. MeTaunsl, BO-
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[epBHIX, OTIMYAIOTCA OT JAPYrUX BEUIECTB BHICOKOM
3JIEKTPUYECKOl MPOBOAUMOCTBIO U TENIONPOBOJ-
HOCTBIO, BO-BTOPHIX, B OOBIYHBIX YCJIOBUSX SBJIA-
JOTC KPUCTAJIMYECKUMM BEIeCTBAMM (33 MCKIIO—
YeHHEM PTYTH) ¢ BBICOKMMM KOOPJMHAIMOHHLIMU
gucsiaMn aromos (pue. 59).

N3 mnepsoro xapakTepHOro cBoiicTBa MeTalsa
cienyer, 4yTo no KpaiHeil Mepe 4acTh 3JIEKTPOHOB
MOXKET IepeIBUrarbesi N[O BceMy OOBeMy KycKa
Mmeraina. U3 Broporo cpoiicTBa MeTall/IOB clelyer,
9TO MX ATOMBEI HE CBA3aHBl JPYT ¢ JPYrOM JIOKaIu-
30BAHHBIMU J|ByX2JIEKTPOHHBIMH CBA3IMH. YHMc/I0 BaJleHTHBEIX 3/IEKTPOHOB
aTOMa MeTajjla HEeJOCTATOYHO [AJsi 06pa3oBaHMsi NOAOOHBIX cBA3eH O
BCEMH €ro cOCeIsiIMU.

Hanpumep, nmuTuit kpucrainusyercsi B Ky6bMdecKoif 06LeMHO-IeHTpUpPO-
BAaHHOM pelueTKe, N KaX/HIi €ro aToM UMeeT B KpUcTajje O BoceMb GJm-
AKaluuxX cocefHUX aroMoB (eM. pue. 59). Jlast o6pa3oBaHust ABYX3JIE€KTPOH-
HBEIX cBsi3€il B NOMOGHON CTPyKType aTOM JIMTHA JO/KeH OBLT GBI mpemoc-
TABUTH BOCEMBb DJIEKTPOHOB, YTO, KOHEYHO, HEBO3MOXHO, TaK KAaK OH MMeeT
JMMIIb OAMH Ba/J€HTHHIA 2neKkTpon (1s22s!).

lpupony xuMmudeckoit c¢Bsi3M M XapaKkTepHble OcOGEHHOCTH METaJJIOB
'MOJKHO OGBACHMTB HA MpPUMepe JIMTUA cllefylomuM o6pasoM. B kpucranne
JINTMA OpOGUTAaN cOCeqHMX aTOMOB mepekpbiBatoTca. Kaxnwii aroM mpe-
.JOCTABIIAET HA cBiA3b YeTHpe BaJCHTHBHIE OPOGUTANIM M BCETO JIUIIb OJUH
'BAJICHTHBI# 7IEKTPOH. 3HAYNT, B KPHCTALIE META/a YHCIO IeKTPOHOB
BHAYUTENIBHO MeHbIUe qucyia opGuraneii. [losToMy dnmeKTpOHBI MOryT mepe-
'XOIUTh U3 onHOHK opburanu B Apyryio. Tem caMeiM 2TeKTPOHEI PUHUMAIOT
'y9acTHe B O6pa30BAHMM CBA3M MEXAY BCEMH aTOMaMH KpHcTallJla MeTalljia.
K ToMy e aTOMBI MeTa/l/IOB XapaKTEpUSYIOTcsl HEBBHICOKON 3Heprueil HOHU-
3apUU — BaJIeHTHBIE 3JIEKTPOHH ¢J1ab0 yJepiKUBAIOTCH B aTOME, T.€. JIETKO
‘mepeMemaoTes o BeeMy KpucTaiuty. BosMoxHOCTh mepeMerneHust 3/eKTpo-
HOB IO KPUCTAJUTY OMpeAe/ieT 3/1eKTPUYEcKyl0 IPOBOANMOCTE METallya.

Taxum o6pasoM, B OTIMYNE OT KOBAJEHTHHIX M MOHHBIX COCNUHEHUN B
MeTajlylax HeOOJIbIIOe YUEsIO SJIEKTPOHOB OJHOBPEMEHHO CBA3BIBAET GONb-
/II0e 4YUC/IO ATOMHBIX AJep, a caMH 3JIEKTPOHH MOrYT NepeMemarbes B
Metainne. aade ropops, B MeTajljlax MMEET MECTO CHJIBHO JE/IOKATN30OBaH-
 Hast XxuMMyecKasi cBsi3b. COrlacHO OJHOM W3 TEOPUIl METallJl MOXHO pac-
CMaTpMBaThk KaK NJIOTHO YMAKOBAHHYIO CTPYKTYpPYy M3 IOJIOKHMTEIBHO 3apsi-
MEHHBIX MOHOB, CBSI3aHHHIX Jpyr € JPYyroM KOJUIEKTUBU3NPOBAHHBIMU
3MeKTPOHaMU (DIIEKTPOHHBIM rasoM).

Benenersne HenoKann30BaHHOCTH METAIMYECKOR cBA3M JJIA €e Onuca-
HH JTyduie Bcero MOAXOAUT TEOPHMsi KPUCTAIIMIECKHX OpOUTaIeil.

P u c. 59. B3aumMHasi Ko-
ODAMHALIMSI aTOMOB B
KPHUCTaJIE JIUTUA
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§ 3. MEXXMOJIEKYJIAPHOE B3AUMOJIENCTBUE

Mexy MOJEKYJIaMi MOXET OCYUIeCTB/sATHCA KaK 3JEKTPOCTaTHYecKoe,
TAK U JJOHOPHO-AKIeNTOPHOe B3aUMOJecTBUE.

DNEeKTPOCTATHYECKOE BIAWMOEHCTBHE MOJIGKYJA. OTO B3auUMOAeHcTBUE
MOJIEKYJT NOApa3leNsAloT Ha OPUEHTANMOHHOe, MHIYKIHUOHHOE M Juchep-
cuonnoe. HanGonee yHuBepcaibHO (T.e. mposiBAsieTcst B JIOGHIX CIy9asix)
ducnepcuonnoe, Tak Kak OHO OBYCJIOBJIGHO B3aUMOJEHCTHEM MOJIEKYN APYT
¢ APYroM 3a cYeT UX MTHOBEHHHIX MUKpoaunosnei. Ipu cOnukennn mone-
KyJI OpMeHTauusi MUKpOJAMIIoel nepecraeT 6HTh HE3aBUCUMOH M MX NOsB-
JieHle U 1ICYe3HOBEH!e B Pa3HBIX MOJIEKYJIaX HPONCXOJUT B TaKT APyl Apy-
ry. CHHXpOHHOE NOsIBJIGHUE M MCYE3HOBEHNEe MUKPOIUINONE]l pasHBIX MOJe-
KyJI CONpOoBOXJaeTcsi UX npuTaxeHueM. [Ipu orcyrcTBUM CMHXpOHHOCTH B
TOABJIEHNM M MCYE3HOBEHUH MHKDOJMIIO/EH MPOUCXOIUT OTTATKMBAHME.

Opuenmayuonnoe (AUNONB-AUNOIBHOE) B3aUMOMACIHCTBUAE NpOABIIAETCS
MeKJy IOJIsAPHBIMM MojieKynaMu. B pesynbrare Gecnopsfo4Horo TemioBoro
ABUXEHUs MOJNEKYa NMpU UX cOMUMKEeHUM APYT ¢ APYroM OJHOMMEHHO 3aps-
JKEHHBIE KOHLB JMMOJIeil B3aUMHO OTTaJKUBAIOTCA, a NPOTHUBOMOJIONKHO
3apsiKeHHbIe DpUTATuBaoTcst. Yem 6osiee NOMAPHBI MOJEKYJBI, TEM CUJIb-
Hee OHM NPHTATMBAIOTCA U TeM caMbiM 60JIBILIE OPUEHTALUOHHOE B33MMO-
OEHCTBUE.

Huodyxyuonunoe p3anMopeiicTBie MOJEKYJA OCYILECTBIAETCS 3a cYeT MX
WHAYUMPOBAaHHHX Junoned. JomycTuM, YTro BeTpedaloTcsi NOMAPHAs U
HenoyisipHas Monekyasl. [log neficrsueM NOMsApHON MoJEKyssl HENOJIAPHAN
MmosieKyna nedopMuUpyercs u B Heil BO3HMKaeT (MHAYUMPYeTcs) IHIIOJNb.
NHAynnpoBaHHBIA JUNONb NPUTATUBAETCS K NOCTOSAHHOMY NUIOAIO MOJASIp-
HOIl MOJIEKYJIBl M B CBOIO OYepelb VCUIHBACT NIEKTPUYECKMH MOMEHT
JUNIONS NOJAAPHONA MONECKYJIBI.

NunyknionHoe BzauMopedcTsue TeM Goaplue, yem GONBIIE MOMEHT
ZULONs U NOJAPU3YEMOCTE MOJIEKYJBI.

OTHOCHTENBHBIA BRI KakKAOTO U3 PACCMOTPEHHBIX BUJOB MEXMONEKY-
JISIPHBIX CWJI 3aBUCUT B OCHOBHOM OT ABYX CBOWCTB B3aUMOAEKCTBYIOWIMX
MOJIEKYJI: NOJASIPHOCTH U nosnsipuzyemoctu (Aedopmupyemoctd). Yem Brie
NONSAPHOCTh, TeM 3HaYUTENBHEe PONb OPUEHTALMOHHBIX CHI; YeM 60.bwué
JepopMUpYeMOCTh, TeM 3HauYuTeNbHEE pOJib AMCIEPCHOHHBIX cMa. MHIYK~
IMOHHBE CHJBI 3aBUCAT OT 060MX AaKTOPOB, HO caMli OGLIYHO HMIPaloT
BTOPOCTENEHHYIO PO.1b.

Cunbl MEKMOJIEKYIADHOrO B3aUMOAENCTBHA, BO3HUKaOmLMe 63 mepeia-
Yy aTOMaMl 371eKTPOHOB, HOCAT Ha3BAHUE 6AHOIEPBAARBCOGMI CU.L.

HayueHne 31eKTpoCTATUYECKOro MEXMOJICKYAPHOrO B3aMMOeiicTBUA
nMeer GoJIblioe 3HAYeHHe A1 MCCAeNOBAHUsL CBOMCTB M CTPYKTYDPHl razos,
JKUJKOcTeH M TBepIAbIX BemlecTB. BaHnepsaanbcoBbl cHAB 06YC/I0BAMBAIOT
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NpUTAXEHWEe MOMEKyJ M arperanuio BelmlecTsa, NpeBpailenue rasoobpas-
HOTO BellecTBa B XHUIKOE M Jlajlee B TBepaoe coctosinue. Tak, npu oxaax-
JeHuy ra3oo6pasHOro XxJjopa, HanpuMep, o0pa3yioTes KpHCTAlJbl, COCTaB-
neHnble M3 monteKyn Cly, Mexay KOTOpBIMU AeHCTBYIOT AUCIIEPCHOHHBIE
CUJIBL.

Ilo cpaBHeHMIO ¢ KOBaJIEHTHONH CBJ3BI0 BAaHAEPBAAIBCOBO B3AUMO-
neficteue oyeHb cia6o. Tak, eciu 3Heprust aucconyanmnyu Monekynsl Cl; Ha
aToMpl cocTapaser 243 kJx/Mons, To asHeprus cy6auMaumy (BO3rOHKM)
kpucrannos Cl, cocrapaser 25 kJlx/Monsb.

JomopHO-aknenTopHOE B3anMoOAelicTBHe Monekya. OHO BO3HHMKaeT 3a
cYeT 3JIeKTPOHHOH maps OJHON MOJeKyJbl 1 ¢BOOOAHON opbuTanu IpYroii.
3TO0 B3aUMONEACTBHE NPOABASETCS B NEPBUYHHIX AKTAX MHOTUX XUMHUYeC-
KMX peaKiMil, JIEKUT B OCHOBE KATAJIUTHYECKHX POLEcCOoB, 00yC/IOBIANBaET
COABBATAIIMIO MOJIEKYJl M MOHOB B DACTBOPAX, MOXET NPUBOAUTH K OOpa3c-
BAHUIO HOBBIX COSAMHEHUH.

3a cYer AOHOPHO-BKIENTOPHOIO B3aMMOMEMCTBUsI, HalpUMep, MOJIEKYJ
BF; u NH; obpasyerca coequneHue (MeXMONCKYASPHEI KOMILIEKe) cocTa-
Ba BF3'NH3Z

§- &+
H3N ~ BF; — H3N‘BF3

Ilpn 3ToM monoxkuTENEHO NONAPU30BaHHBIA aToM Gopa B BFj;, umero-
mui#t cBobOAHYI0 OpbuTaNb, BHICTYaeT B KayecTBe akuenrtopa. Orpmnna-
TEJIBHO NOJIAPU30BaHHBIA artoM azota B NH;, nmeromufi HecpasbiBaiollyio
napy 3JIeKTPOHOB, BHICTYIIAET B KayecTBe JOHOpa!

H F H F

| | |- ]
H—N: + oB—F —+ H-—N—B—H

| | |

H F H F
IOHOp  aKuenTop

DHEPrus MeXMOJCKyASpPHOTro JOHOPHO-AKLENTOPHOIO B3aMMOIEHCTBUA
Kosebnercst B IMpokoM uuTepBane or 6 mo 12 kJox/monb, uro 6amM3Ko K
3HEpruM BaHJepBaalbcOBa B3auMmozeicrsus, A0 200—250 wkx/mons —
3HAYEHHSA, COMOCTABUMOTrO ¢ IHEPrHel KOBAIEHTHBIX CBA3ENl.

B KavecTe mnpuMepa MeKMONEKYAAPHLIX KOMIUIEKCOB NpWBeleM CoeaMHeHWs
Hona co crmprom lo- CH3OH, ammmakom I,-NHg. 6ensonom I,-CgHg, odupom
Io-O(CHg);. Tlpu obpasoBaHMM 2THUX COenMHEHWil MoJleKysna Hola BbicTynaer B
KayecTBe aKUeNTopa SNEKTPOHHOM Naphl 3a cuyeT cBOoBOOHOM MoJeKyasApHON = *-
op6uTany:

20*25252 g2 2y 20 *°
USUS U:R'Iﬂ'yﬂ'x 1ry Uz .



DHeprusi AMCCOUMANMM YKABaHHLIX KOMIUIEKCOB Ha
MOJIEKYJIb cocTaBaseT Beero 8—20 wllu/mMonb. 3Haun-
TeyILHO Mpo4YHee JJOHOPHO-AKLENTOPHOEe B3aMMOJeicT-
Bue B koMmiekce AlCl;-NHj: oHeprus nuccommanuu
aroro coefMHEHMs] Ha MoJjlekyabl cocrapiser 230
Kk /Lot / MOTIB.

JloHOPHO-3KIIeNITOPHOE B3aUMOJeNCTBUEe MEeX[y MO-
JleKyJlaMi ‘yacTo ob6yCioBIIMBAET Iepexo]] BellecTBa U3
Fas’oBOro B XUAKOE U TBeDJOe arperaTHoe COCTOSHUS.
Hanpumep, B rasoBoM cocTosiHUM audTOopuj Gepui-
Crpykrypa /M HAXOIUTCS B BUje JMHEMHbIX Mofekysn BeFy:

Puc 60
kpucraia ¢ropuja Ge-
pums BeF . b

3a cuer cBOGORHBIX OPGUTANEN ATOMOB GEPUITUA U HecBSA3LIBAOMMX (Heompe-
NeJIeHHbIX) SJIEKTPOHHBIX Map aToMoB dhTopa Mexjay Mojekyiamu BeF; BoamoxHo
JIOHODHO-3aKUelITOPHOE B3aUMOJENCTBHe. JTa BOSMOXHOCTL DeajmayeTcsl Npy MoHu-
MeHUU TeMIepaTyphl: Mojlekysnl BeF, accouuupyioresi ¢ obpasoBaHueM NoJiMMep—
Hoil Moslekynbl BepFo, — kpucramwia BeF, (puc. 60). B Hem arom Be nmeer 4
KOBaJIeHTHbIE CBSI3U.

§ 4. BOOOPOAHASA CBSI3b

Muorouncienusie DKCIEpUMEHTAIbHLIE [aHHBle CBUIETENBLCTBYIOT O
TOM, YTO aTOM BOJAOpPOAa CMNOcOGEH COEAMHATHCA OIHOBPEMEHHO C [BYMs
IPYTUMM aTOMaMM (BXOASLIMMHM B COCTaB Pa3HBIX MOJIEKyJ WIM OFHOR U
TOH ke MOJIEKYJIBL):

5+ 5 -
RA-H---:BR,

C oguum n3 aroMoB (A) BOLOpOI OOGBLITHO CBA3AH 3HAYMTENLHO CHUJIbHEE
(3a cuer KopalenTHO! cBsizu), 9eM ¢ apyruM (B). Mocnepuss cpase nomy-
Ywia Ha3paHue 6000poduot. Ee 06pyHO M306pakalOT TOYKAMU WJIU MyHK-
TUPOM. i

BO,U,OPO,U,Haﬂ CBjA3b IO TINPOYHOCTU ﬂpeBOCXO,U,HT BaHﬂepBanIbCOBO
B3aMMOfIeiicTBUMe, U ee aHeprus coctasiasier 8—40 w/lx/monb. Onpuaxo ona
OObIYHO Ha MOPANOK cjabee KOBAJIEHTHOI cBsi3M. Bojopoaunas cBs3p Xa-
pPaKTepHa IJIsi COeINHEHUA BOAOPOAa ¢ Hanbosee JIEKTPOOTPUIATENbHBIMU
aneMentamu: ¢ropa (25—40 wlxk/mons), kucaopona (13—29 w[x/Moms),
azora (8—21 K/l /MOB) — M B MenblLI€H CTEMEHU XAOPa U CEPHI.

O6pasoBanune BOAOPOAHON CBA3M OOGSI3aHO HUUYTOKHO MaJOMy pa3Mepy
MOJOKUTEABHO MOJAPU3IOBAHHOTO aTOMa BOJAOPOLAa U €ro CIocoGHOCTH
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rJIy6OKO BHEIPATHCS B IEKTPOHHYIO OOONOYKY cocejiHero (KOBAJIHTHO ¢
HMM He CBA3AHHOIO) OTPULATENLHO MOJSPU30BAaHHOTO aToMa. Besemcrsue
3TOr0 MPY BO3HUKHOBEHUM BOJOPOJHON CBA3KM HApALYy ¢ 3JIeKTpOcTaTHyec-
KUM B3aMMOJeHCTBUEM NpOSBASETCS U JOHOPHO-aKIENTOpHOE B3alUMO-
necTBHE.

Bogopoghas cBsizp BecbMa pacHpOCTPaHeHa M MIPaeT BaXHYIO POJb MpH
accolMalMy MOJIEKYJI, B NpoLeccaX KPUCTaJIJIM3alnu, pacTBOpeHusi, 0Opa—
30BaHU KPUCTAJJIOCUAPATOB, JJIEKTPOJIUTUYECKON AMccouMan U Apyrux
BaXHBIX (PUIUKO-XMMHMYECKHUX mnpoleccaXx. Hanpumep, B TBEpAOM, KUIKOM
U fAaxe B I'a30BOM COCTOSIHMU MojieKyaw ¢ropuaa sogopoaa HF accomumum-
pOBaHbI B 3Ur3aroobpa3Hbie HENOYKU BUJa

5_
5+ _tF~_ 8+ _F
NS N P e
‘ee Q:ﬂ“ .» \1340 =

9T 06YcJIOBJIEHO BOLOPOAHOMN CBA3EIO.

Mosiekyira BOABI MOXKeT 0OPa3OBLIBATL YeTHIPE BOACPOAHBLIE CBSI3U, TaK
KaKk MMeer [Ba aTOMa BOAOpPOAa U [ABEe HECBA3HBAIOIINE 3JIEKTPOHHBIE
napshi:

OTa CNOCOGHOCTH MOJNEKYJIBI BOABI OOYCJIOBJIMBAET CTPOEHHE BOMABI U

‘JIbAa.

Bonopoanast cBsA3p urpaer GONbIIYIO POMbL B XUMUM OpPraHUYECKUX
cOoefUHEeHU, nonmuMepos, 6esikoe. BelleficTBUE HEMPOYHOCTU BOAOPOIHBLIE
CBA3K JIEFKO BO3HUKAIOT U JIEFKO pa3pbIBAIOTCs NpH OOLIYHO TeMIepaTry-
pe, 4TO BeCbMa CYILIEeCTBEHHO AJIsi GMOJOrMYECKUX MPOLECCOB.

I'J1ABASL. KOMHJIEKCOOBPASOBAHI/IE. KOMIUIEKCHBIE
COEJJMHEHUSA

§ 1. KOMIINIEKCOOBPA30OBAHUE

Kak wu3BecTHO, cubl NpPUTsXEHUs AEHCTBYIOT HE TONBKO MEkIY
aTOMaMH, HO M MEXJy MOJIeKyJaMU. DTO MOATBepxkAaerci TEM, YTO B3au-
MoneficTBME MOJIGKYJI 4YacTO MNPUBOAUT K 06Opa30OBaHUIO Apyrux, 6oJiee
CrokHBIX MOseKysn. KpoMme Toro, razoo6pasubie BeuiecTBa NPU COOTBETCT-
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BYIOIIMX YCJIOBUAX MEPEXONAT B XXUIKOE U TBEpJiO€ arperaTHOE COCTOsSIHME.
JIio6oe BemecTBO B KAKOW-TO MEpe pacTBOPMMO B ApyroM BelllecTBe, 4TO
ONISAAITE~TaKM CBUETEJILCTBYET O B3aumoneiicteuu. Bo Beex sTux cnyvasax
OOBIYHO Hab/MIONaeTcsi B3aMHas KOOpAWHAIUA B3aUMOIEHCTBYIOMIUX Yac—
TUL, KOTOPYIO MOXHO ONPEAeNIUTh Kak Xxoanaexcoobpasoeanue. OHO umeeT
MECTO, HAaNpHUMep, NPH BIAUMOAECHCTBUU MOJICKYJ ¢ HNOHaMH, MPOTHBONO-
JIOKHO 3APSIKCGHHBIX MOHOB M MOJIGKYA Apyr ¢ apyrom u 1.0, Tak, o6pa-
3ylompecs [pU pPacTBOPEHMH cOJeif B BOJE WMOHBI [UAPATUPOBaHH, T.e.
BOKpPYI HMX KOOpPANHMPOBAHBI MOJEKYyJbl pacTBopureisi. B3auMuas koop-
OUHAUA MOJeKyN Habiwopaercsi TpU NEpexole BEIecTBa U3 Ta3oBOro B
WKUIKOe U TBEpJOe COCTOSIHUA U Mp.

IIprunHOil KOMMIEKCOOGpPa30BaHUA MOXKET OBITh KaK 3JIeKTPOCTaTH-
YECKOe, TaK M JIOHOPHO-AKIENTOPHO® B3aNMOJEHCTBUE, OCYLIECTBJIAEMO
MExXJy MOHAaMK U MOJIEKynaMM, MEKIY MOJEKYJaMu.

§ 2. KOOPJIMHALIMOHHBIE (KOMIJIEKCHBIE)
COEJIMHEHUA

OcHoBonosnarawmye npecTaBIeHUsi 0 KOMIUIGKCHBIX COSMHEHUSX BBEJI
B HayKy mBeiiuapckuit yuenwiii Anbdpen Bepuep (1892). B passurun
XUMHUM KOMIUIECHBIX COEIUHEHWit 60JbIIyI0 poab cHrpaau Tpyan JILLA.
Yyraesa u ero MHorouucnenHelx yuenukos — W.M. Yepusesa, A.A.
Fpuntepra, B.B. Jlebenunckoro u ap. [lo BepHepy, B 60nbmunncTBe KoMmi-
JIEKCHBIX COEJVHEHUH Dpa3jiiyaloT SHYMPENHIow U onewniorw cPepbl. Ha-
npuMep, B KommuekcHbix coegunennsix Ko[BeF,], [Zn(NH;)4]Cl; BuyTpen-
HIOIO cdepy COCTaBJIAIOT IPYMIINPOBKU aTOMOB (komilnekcsl) [BeF4]Z u
[Zn(NH3),4}2*, a sHemHOO cepy — coorsercTbenno uonnl K* u Cl-. Ilenr-
pajbHBI aTOM (MOH) BHYTpeHHe# cdephbl ABIAETCS x0.unaexcoobpazosame-
A€n, a KOODAVUHNPOBaHHBIE BOKPYF HEr0 MOJEKYJH (MOHBL) — Autandamu.
B ¢dopmynax KOMIEKCHBIX coequHEHMH BHYTpenHiol cdepy (KomIexc)
4YacTO 3aKJIOYAIOT B KBAJPATHHE CKOOKHU.

O6menpru3HaHHOro onpefeneHus NMOHATUS 'kKomMmaekcHoe coequHeHue"
HeT. D10 06yC/OBIEHO pa3sHOOOpa3sveM KOMILJICKCHBIX COSIMHEHUH U UX
XapaKTepHBIX cBOicTB. B na6opatopHoit OpaKTuke XMMHKHM 4allle BCero
HCIONB3YIOT COSIMHEHUsI B TBEPJOM M PAacTBOPEHHOM coctrostHuu. Jnsa stux
YCJIOBUii MOXHO AaTh C/EAYIONEe ONpENESIeHUE KOMIMIEKCHbIX COSIVHEeHU:
XOMUNAEKCHBUU Ha3BlEAWOM COC()UHCHU.‘I’ 8 Yy3aar xpucmaaraos xomopuz
nazodxmcx XOMUNAEKCHL, CnOCO6'H’ble x Ca./UOCmOﬂme.ﬂ’bHO./lly cywecmaoeanum
6 pacmeope. CnefyeT OTMETUTB, YTO TaKOE ONPENEJEHME, KOHEUHO, [ aleKo
HE MCYepIEIBaeT CyIlecTBa Opo6ieMbl U NPUMEHMMO JANIIL B U3BECTHBIX
npenenax.
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Knaccupurxamma koMmiulekcos. Ilo xapakTepy 3J€KTpUYECKOro 3apsifia
paBAMYAIOT KATMOHHBIE, aHUOHHBIC U HEHTpaJbHble KoMIJleKch. B npubnn-
JKEHUN UMOHHOM MOJEJIN 3apsf KOMIUIeKca MpecTaBiasier coboi anrebpan-
YECKYIO CyMMY 3apsAZloB O6pa3yIomMMx ero 4yacTuil.

Kamuonusii KOMILIGKC MOXHO paccMaTpUBaTh KaK OOpa3OBaHHBINA B
pe3ynbraTe KOOpIMHANMM BOKDYr TOJOXUTEABHOrO HOHa HEHTPaNBHBIX
moneryn (H,O, NH; u ap.). Moaekynn H;O u NH3; B HOMeHK(arype
KOMIIJIEKCHBIX COEIMHEHU Ha3bIBalOT —2x6a- U —~au MUK COOTBETCTBEHHO!

{[AI{OH;)g]Cls — Tpuxsnopus rekcaaKBaaTlOMUHUS, W
XJIopUfA rekcaakpaaioMunusi (111)

[Zn(NH3)4]Cl; — nuxmopug TerpaaMMMHUMHES, WM
x7opuy TerpaaMmuinuika (11)

Coenuuenus, comepxammue aMMUHOKOMIIJIEKCHl, HA3BIBAIOTCA AAMuUAKA-
mauu, COLepKalue aKBaKOMIIJIEKCh — tudpamanu.

B ponu komnnekcooGpazoBarelisi B GHUOHNOU KOMIUIEKCE BBICTyNaeT
aTOM ¢ IOJOXUTENBHON CTONEHBI0 OKNCICeHUA ([NOJOKUTENBHBI MOH), a
JUTAHAaMU SABJASAIOTC AarOMbl € OTPUILATENBHON CTENEHBIO OKHCJIEHUs
(aunonnl). OrpHuaTeNBHEIA 3aps[ KOMIJIEKCa OTpaXaloT Ac6aBieHueM K
JIATUHCKOMY HAa3BaHUIO KOMILJEeKcooOpa3pBatensi cypdukca -am, Halpu-
Mep:

K2[BeF 4] terpacropobepuinnar (I1) xanus
K[A{OH)4] Terparugpokcoamiomutar (111) kamms
Nay[SO4] — Terpaokcocybdar (VI) Harpust
K2[Be(SO4)2] aucyasdarobepunnar (11) kamus

HeiiTpanbHbie KOMNJIEKCH 06pa3yloTesi IPH KOOPAMHAMU BOKPYT aToMa
MOJIEKyJl, a TaKyKe [pH OTHOBPEMEHHOU KOODAMHAIUM BOKPYT MOJOXKUTENb-
HOTO HOHa-KOMIIIEKCOOOpa30BaTe/lsi OTPUILATEJIBHBIX HMOHOB M MOJIEKYI.
Hanpumep:

[Pt(NH3)2Cly] — muxnopoguammutnnarusa (11)
[Ni(CO)4)]  — Terpaxkap6OHMI HUKENS
[Cr(CeHe)2] — nubensonxpom

ONEeKTPOHEHTPAIbHBE KOMIIJIEKChl, CJEIO0BATENbHO, SBJSIOTCA KOMII-
JIEKCHBIMM COEIMHEHUAMMN 6e3 BHELIHe cephi.

Ponp xoMmnnexcoo6pasoBaresisi MOXKET UTPATh J1060i 371€MEHT Mepuoau-
Yyeckoil cucreMbi. B cooTBercTBUM cO CBOEH XMMUYECKOH NPUPOIOI Heme-

. TaJlIMYyecKUEe 3JEMEHTH OOBIYHO JalOT aHUOHHBIE KOMIIJIEKCBI, B KOTOPBIX
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pOJIb JIMTAHJOB MIPAIOT aTOMbI HAM6O0JIee 3JIeKTPOOTPULATE/ILHBIX JJIEeMeH-
tos, manpuMep K[PFg], K;3[PO4], K3[PSs]. UTo ke kacaerca TUNMYHBIX
METAJJINIECKUX 3JIEMEHTOB (IIEJIOYHBIX M LIEIOYHO-36MeNbHBIX METaJJIOB),
TO CNOCOBHOCTL K O6pa30BaHUI0 KOMIJIEKCHBIX COSAMHEHUN ¢ HeopraHWdYec—
KUMU JUTaHAaMKM y HUX BhIpaxkeHa cia6o. UMeromuecs HeMHOroumncieHHbIe
KOMIUIEKCHbI® MOHBl ABJIAMTCA KaTuoHHpIMM, Hanpumep [St{OHj)g|Cly,
[Ca(NH;3)g]Cl,. AMdorepHbie s/1eMeHTH, KOTOpHle 3aHUMAIOT MPOMENKYTOU-
HOE NoJIoKeHNe Med Iy TUNNYHBIMU MEeTaJIMIecKUMU U HeMeTa i 4eCKUMH
3JIEMEHTaMM, OOpa3yIOT KaK KaTHMOHHBIE, TaK M aHMOHHble KOMIIEKCHI,
manpumep [Al(OH,)¢]Cl; u K[AI(OH),].

Knaccupukanps smaraggos. Jluragael Moryr saHuMaTe B KOOpAMHAaM-
OHHOI1 cepe OTHO MJIM HECKOJIBKO MECT, T.6. COBAMHAThCA ¢ LeHTPabHBIM
aTOMOM NOCPefCTBOM OJHOrO MJIM HecKOJNbKUX aroMoB. Ilo aToMy mpusHaky
pas3/IMYaloT MOHOJEHTATHbE, AMUAEHTATHbe, TPUJAEHTATHBIE, ..., MOJUAEH-
TaTHble nuranapl (ot nar. dentalus — uMeromuit 3y6sl). [IpuMepammu MoHO-
JEeHTaHTHBIX JuraioB apiusiores uods Cl-) F-, OH-, mMonekyner NHj, H,O,
CO u gp. K 6ugeHTaHTHHIM OTHOCHTCSI, HAalpUMep, MOJEKyJia dTUIeHaua-
muaa HoN—CH,~CH;—NH,; (cokpamentoe o6o3aueHue en). KoMniexcs ¢
[HONMUIEHTAHTHEIMM JINraH/iaMu HA3bplBAIOTCS XEJIATHBIMM (MJIM KJIELIHeBU/-
HeiMu, or rpeu. chelate — kusembsa). Huke npusesensl HexenaTHb U
xesaTHelil Kommiekest Mexu (I1):

2+ H, H, 2+
H3N\Cu _NH; Hz(lj—N\Cu /N--(IJH2
HoN~" NNH, H,C=N~"  “\N—=CH,
H, H,
[Cu(NHz)4)?* [Cufen)y]*

B kauecTsBe 6MIEHTAaHTHBLIX JIMTAHAOB YAaCTO BHICTYMNAIOT TaKKE€ MOHBI
CO%, SO?" u uM nogobHbie:
NH, +
H3N\] O
Co S
H3N/l \O/
NH 3

Oy

MHorue suraHipl MOTYT BHICTYNAaTh Takke B KayecTBE MOCTUKOBBIX
aTOMOB (Ipynm aTOMOB) B MHOrOsjepHblX (MOJIMMEPHBIX) KOMIJIEKCaX.
Hanpumep, ueHTpajpHBIE aTOMBl OKTa3[pUYecKHX KOMIUIeKcoB {puc. 61)
MOryT 6bITh COeAMHEHBbl IIOCPEACTBOM OAHOIO, IBYX WJIM TPEX MOCTUKOBHIX
aToMoB (rpynn aromos). [logoGHasi kapTuHa HabiomaeTcsi, HalpUMEp, B
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P u c. 61. [IByxtsnepHble KOMIUIEKChI:

OKTa3APBI 0Obe/IMHEHbI IOCPeACTBOM oaHoro (a), ABYX (6), Tpex (8) MOCTUKOBEBIX ATOMOB

coeaunennsx kobansra (III). CrpykTyprbie GOpMyIB HEKOTOPBIX U3 HUX
npuBegelsl Huxke:

NHj, NH 3, H
HN | H | _NH, 0
H3N_C0_O"C0_"NH3 C]5 (H3N)4C0 CO(NH3)4 C]4
N | | “\NH; 0
NHj NH; H
Hy

/N\
(H3N); Co——0—— Co(NH:); |Cl;
N
H,

KommiiekcHble coeguHEHWsl IWMPOKOrO PacnpocTpaHeHsl B NPUPOJE,
UTPalOT BaXKHYIO POJib B GuOJIOTMYecKUx MHpolieccax. JloctaTouHo ymomsi-
HYTh XeJlaTHhIe KOMILJIEKChl — reMOrJIO6UMH KPOBM {KOMIIEKCOO6pa30BaTelb
Fe2*) u xnopoduin seneHslx pacreHuii (KOMIUIeKcoo6pasoBartens Mg2*).
KomniekcHble coepuHeHMs HaxOmAT caMoe pasHOOGPa3HOE MpaKTH4ecKoe
npumenenne. Tak, o6pasoBalne XeNaTHHIX KOMILIEKCOB UCIOJB3yeTca MpU
YMATYeHNH KecTKOM BOAB M PacTBOPEHMM KaMHeHl B MOYKAaX; BaskHEHIIYIo
POJIb UIPalOT KOMIJIEKCHBI® COeIMHEHWsI B aHATUTUYECKOH [PAKTUKe,
NPOU3BOACTBE METAJJIOB U T.J.

§ 3. OMMCAHUE KOMIUIEKCHBIX COEAUHEHUN C NO3UIUN
TEOPUU BAJIEHTHBIX CBA3EN

Teoppm CTPOEHUS KOMIJIEKCHBIX COeAMHEHW BO3HMKJIA M3 I[ONBITOK

OTBeTUTEL Ha BOMNpOC, MOYeMy MHOTME YCTOHYMBEIE MOJIEKYJbl CIIOCOGHBI

OpUCOeANHATHCA K KOMILIEKCOO6pa30oBaTelIO.
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Jlnsa obbsicHeHusi 06pa30BaHUA M CBOMCTB KOMILJIEKCHBLIX COGAUHEHUN B
HacTOAILEe BPEMs MPUMEHSIOT pAJ TEeOpHil, B TOM 4YHUC/Ie TEOPUIO BAJIEHT-
Heix cpazeit. O6pa3oBaHue KOMILJIEKCOB TEOPUSA BaJIEHTHHIX CBA36# OTHOCUT
3a CYeT AOHOPHO-aKLUENTOPHOTO B3aMMOAERCTBUS KOMIJIEKCOOOpa3oBaTes
v sauraugos. Tak, ofpazoBaHue TerpadApuueckoro uoHa [BeF ]2 mosno
OObSACHUTL CIEAYIOMIUM OOPa30oM.

2s 2p

Belt e e e

sp* -rubpuausanus

Hon Be?*, umeromuit csobopntie 2s- u 2p-opburtaiu, ABASETCA AKUEITOPOM
9eTe pex JEKTPOHHBIX Map, NpejocTaBaAeMuX GTopUa-MOHAMHU!

F Fl2-

\ /
Be?* + 4:F- —

F/ \F
aKlen-  HOHOP TeTpacd Topobepu-
TOp sar(11)-von

Terpasgpudeckoe crpoenue KommexcHoro uoHa [BeF,]? o6ycmosneHo
spP-rubpuausanueil BAJEHTHBIX OpOUTaseil 6epUILIU.
TakuM ke o6pa30M MOXKHO NMOKa3aTh, YTO IPU B3aMMOIENCTBUM MOHa
Cr3t
4s 4p

id
ety A A — - —

dzsp3-r1gx6pu11mauun

¢ MOJIeKyJjiaMu BOAB 0Opa3yercsi OKTad[pUYecKMH KOMILJIEKCHBIN WOH

[Cr(OHz)e]**:

OH, N
H0~_ | OH,
a4 6OH, = | G g
HZO/ | oK,
OH,
AKUEeNTOD JOHOD rekcaakbBaxpom

(111)-son

Okraagpudeckoe crpoeHue 3toro uoHa (cM. puc. b5l, 3) ompepensercs
d2sp3-rubpuausanueit opbuUTaieil XpoMa.
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OkTasApuyeckne KOMIJIEKCH 06pa3ylOTCs TaKKe NMpH B3auMOAeNcTBUH
nona Cr3* ¢ ¢ropua-, ruapokcUa- n ApyrUMM JIMTaH aMu:

F | F|°
Crd* + 6:?:‘:' — \ /
F/ | NF
akienrop AoHop rexcad;wpoxpoua’r
(1l }mon

HO\I /ou
Ko~ | | Non
remmnpomoxpouar
(I11)st0m
NH o
\' N
/ ' \NHS

NH,
akuemrop  ROHOp  rekcaamMuHoxpom (111)

Cr3* 4+ 6:0H —

akuemmop JfoHop

Cr3* 4+ 6 :NHz —

Bonee moapo6uo xuMus xoMniekcHuix coeguHenuit paccMaTpUBaeTcsi B
4. 2, pasgene III.



§ 3. MCCJIEJOBAHUE BEIIECTB B MATHUTHOM HOJIE

[lo OTHOMIEHUIO K BHEHIHEMY MACHUTHOMY HOJIO pa3jindalor oJud.aai-
HUMHBLle N napauarwumubie BenlecTBa. J[MaMarHUTHBIE BellecTBa OKa3blBa-
IOT NPOXOMAEHUIO MArHMTHHIX CUJIOBBIX JIMHMU 6o0jbllee cONPOTHBIEHUE,
4eM BAKYYM, U HOITOMY BHElIHEee MarHWTHOe IoJjie X BeITalkuBaeT. [lapa-
MATHUTHBIE BE[IeCTBa, HANPOTUB, NPOBOJAST MACHMTHBIE CHJIOBbIe JIMHUHU
Jydile, 4eM BaKyyM, M NOJTOMY MArHMUTHOE MOJie BTATUBACT TAaKUE BelecT-
Ba. IloMerieHHble MEXIY TOJIOCAMU CUABHOTO MArHUTa, NepBble OPHEHTH-
PYIOTCST NEpNeHAMKYAAPHO cuioBeiM Jaunuam (puc. 106, a), BTOpHIE —
BJOJIb CHIIOBHIX JuHui (puc. 106, 6).

Crosir pasjMyHOe HOBegeHne Jua— W [apaMalHUTHBIX BEULECTB 0Oyc-
JIOBJIEHO DPAa3NNYHBIM XAPaKTEPOM WX BHYTPEHHMX MACHUTHHIX noseit. Kak
M3BECTHO, BpAIlEHNE 3JIEKTPOHOB BOKPYr OcM CO3/13€T MarHUTHOe [oJie,
X3paKTepU3yeMOe CHUHOBHIM MArHUTHBIM MOMeHTOM. Eciu B BeurecTse
MArHMTHBIE HOJNA TEKTPOHOB B3aMMHO 33MKHYTH (CKOMIIGHCMPOBAHEI) M UX
CYMMAPHBII MOMEHT paBeH HyJIO, TO BEUIECTBO ABIAETCA [MAMAaTHUTHBIM.
Ecan ke MarENTHBIE HOJNA SJEKTPOHOB HE CKOMIEHCUPOBAHB U BELIECTBO
UMEeT CcOOCTBEHHHII MArHUTHBIH MOMEHT, TO OHO ABJAETCsi IapaMar-
HUTHBIM. Tak, aToM BOZOpPOAA, MMEIOIIMIA OANH DNEKTPOH, NMapaMalHWUTEH.
Monexyna xe H, AMaMarHMTHA, Tak Kak IpU O6PA30BaHMM XUMHYeCKON
CBA3M NPOMCXOMUT B3aMMHAA KOMIIEHCAIMSA .COMHOB JJIEKTPOHOB.

OTHomleHne BeulecTB K BHEIIHEMY MAarHWTHOMY MOJIO MOMKHO MCCHIeI0-
BaThb C MOMOUIBIO YCTAHOBKM, n3obpamennoin Ha puc. 107. Haxogsmeecs B
CTEKJIAHHON aMIlyJieé Be[IecTBO TapupyIOT Ha Becax. BKIIo4aloT 371eKTpo-
MArHUT M OIIpefensioT BO3HMKAIOUlEe NpU ITOM BTATWBAHME MU BBITATKH-
BaHUe aMINyJbl, YPaBHOBemuBaa Beckl. OYEBHUIHO, UTO BTACMBaAHNE Hapa-
MArHWTHOrO BerecTBa B MarHMTHOM mnose 6yneT Tem GoJjiblie, deM GOJIbIile
Yy HEro HemapHbIX 3JeKTPOHOB. TakuMMm 06pa3oM, uU3ydeHWe MArHMTHBIX
CBOMCTB NMO3BOJIAET YCTAHOBUTL YMCJIO HENAPHBIX 3JIEKTPOHOB B BEILIECTBE M

pacnpejieIeHHe 371eKTPOHOB MO OPOUTAIAM.

_

-6

=5

P u c. 106. [loBenene B MarHWTHOM ‘MioJle fiia- Puc 107 Onpenenenve
(@) n napaMarHUTHBIX ( 6) BewecTs MAarHMTHON  BOCTPUMMYMBOC-
™

Pazpen V
BBe,D,eHMe B Teopunio XmMmmn4eCckmnx npoltieccos

XyMuyecKkoe npeBpallieHie, XMMUYecKasl PeaKLMsl eCcTh
ITIABHBIII fpeMeT XUMUK. MsydeHre pasiIMyHbIX
CBOJCTB BJIeMEHTOB M MX COoeJMHeHHil, B 4YacTHOCTH,
CTPOEHMST ATOMOB M MOJIEKYJ JaeT B CYHIHOCTH JJIs
XMMMN  BCIIOMOPATEJLHBIM  MaTepual, oOierdanoui
IMAaBHYO 3ajady — 33jJa4dy PpalyoHaJILHOTO YIIpaBJe-
HUA XUMAYeCKMM TpeBpamjeHMeM... YeM riaybske M
noapobHee MBl 3HaeM CBOVCTBA BeUlECTBA M €ro CTpoe—
HMe, TEM YBepPeHHEe MoOXeT [OeicCTBOBaTh XMMMK B
CBOMX CHMHTe3ax.

HH. Cenetrtos

XuMHUYecKoe TPEeBPAIleHHe — 3TO KAYEcTBEHHBIM CKAYOK, IPU KOTOPOM
UCcYe3aloT OJIHM BeriecTsa n o6pasytores apyrue. llpoucxonaman npu sToM
HePecTpOKa 3JIEKTPOHHBIX CTPYKTYpP aTOMOB, MOHOB U MOJIEKYJl CONPOBOM -
JlaeTcsd BHIIEJIEHMEM WJIM TIOTJIOMIEHNEM TEIJIOTHI, CBETa, 3JIeKTPUYEeCcTBa MU
T.0. — MpeBpallleHeM XUMUYECKON dHEpruM B JAPYroi BUJ DHEPIUU.

Oueprerudeckne 3GPexTsl peakuuii uaydaer mepauoruaus. Jlannsie o6
sHepreTuyeckux sddexTax peaknuit UCHONB3YIOTCA sl pacdeTa DHEPTUM
MEXKATOMHBIX M MEXMOJEKYJSIPHBIX cBA3el, AJNA BBISICHEHUS CTPOEHUA WU
PEaKIMOHHON CNIOCOGHOCTH BELIECTB, JJisl YCTAHOBJEHWMA HAIpaBieHUA
XMMUYECKUX TPOHECCOB, AJjisl pacyeTa JHEPreTnieckuX 6ajlaHCOB TEXHONO-
TMYecKUX HPOIECCOB U T.A.

CocTosinue cucTeMbl (BELIECTBA WJIM COBOKYNHOCTM BeIECTB) ONUCHIBa-
10T ¢ TIOMOMIBIO PAJIa TapaMeTpPoB — TeMnepatypsl 1, maBlieHus p, ob6bema
V, macest m. JIJisl XapakTepucTUKU COCTOAHUS CMCTEMBI M HPOUCXOASIIMUX
B Hell M3MEHEHNI BaXXHO 3HATHL TAKIXKE M3MEHEHUE TAaKHX CBOMCTB CHCTEMBI,
Kak ee BHYTpeHHsia sHeprust U, snrtanpnus H, surponust S, sHeprusa ['n6-
6ca G. 110 N3MEHEHUNIO 3TUX CBOKCTB CMCTEMbI MOXHO CYyAMTb, B YACTHOCTH,
06 sHEpreTUKe NPONECCOB.
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I'J1 ABA 1. DHEPI'ETUKA XUMWYECKHUX NPEBPAUIEHUA
§ 1. TEDJIOBOW DODEKT PEAKILUN

XUMHAYECKME peakguu OBKYI0 APOTEeRAIOT HpPHU MOCTOSIHHOM J1ABIEHMU
(HanpuMep. B OTRPHTON KOAGE) ui NpH HOCTOsIHOM o0beme (Hanpumep,
B aBTOIIABE), T.€. SBJAAIOTCS COOTBETCTBEHHO M300ApHBIMM MW M3OXOPHBI-
MH IPOIECCAMH,

JuepretTudeckuil 3QdERT XUMUUYOCKOro Nporecca BO3HMKAET 3a cdYeT
U3MEHeHHMsi B cMCTeMe BHYyTpeHHen sHepruu U unu suransnuu H. Buyrpen-
HAs IHEepTUs -— 3TO OOIIM# 3allac 3HEPTUU CUCTEMBI, KOTOpBI# CKIAalBIBACT-
CA M3 3HEPIUU JBYOKOHMST U B3aMMOLENHCTBUS MOJICKYJ, S9HEPTUU [IBUKEHMS
W B3aUMOINCHCTBUA sijiep U DJICKTPOHOB B ATOMAX, MOJIEKYJIaX U KpueTal-
Jlax, BHYTPWSAJEPHOM DHEPIUM # T.t. (T.¢. BCC BUJBI YHEPIUM KPOME KUHe-
THYECKOH OJHepruM cHUceTeMbl Kak [[eA0T0 W €0 NOTeHgMAJILHON JHEepIuH
IIOJTOMEH A ),

[Ipennonomnm, 9To HEKOTOPAS cMCTEMA 33 CYET NOMJIOILeHUs TelNaGThl
() mepexoauT U3 cocrosinusA | B cocrosnue 2. B ofmem caydae sra teniora
pAacxoayercs Ha U3MEHCHNE BHYTPEHHEH JHepruu cuctemer A (7 i Ha copep-
niepye paboTel THOTUB BHEWHUX cut W Q = AV + W.

lHpuseneHROC ypaBleHMe BBIPAKACT 3AKOH COXPAHEHUA DHEPIUE ™,

[lpenmonoxkum, 9T0 cHcTEMA 3a cHeT OIVIOUWERNA TEILAOTh () nepexo-
JUT 13 HATATILHOLO cocTOANAR | B KOHOUHOE COCTOAHUC £ TOTAa:

A (" — Ir’rg — (,/l

Ans xuMuiieckux peakpnil noj paGOTOi IPOTHB BHELIHWX CKJ IO pa-
3ymeBaeTcsa paboTa MpOTUB BHEMIHero AapieHusi. O6LIYHO OHA COBEPIIAETC s
34 CYET PACUIUPEHUSA CHCTEMDL. IANPUMED, [IPU BBEIIEICHUM ra3a B XOMAE
pakiuu (puc. 108). PaGora npoTHB BHELIHErO NABICHUA PABHA TPOM3BEIe-
HUFO [IABJEHUS P Ha UsMeleHue obbeMa cucTeMbl AV npu nepexose ee us
cOCTOAHMUs | B cOCTOAnME 2:

W=pAV: AV=V,— Vy;, W= p(Vo— V).

[Ipu uszoxoproM nponecce (V = const), N0CKONLKY U3MeHEHKA 06bema
cucTeMbl He npouexoautr, W = (. Torga nepexony cucreMbl U3 cOCTOAHUSA
[ B cocrosnue 2 orsenaer pasenctso: Qy = Uy — U = AU. Takum obpa-
3OM, €CJIM XHMMHYecKAass DeAKHUA NpOTeKAeT NP NOCTOAHHOM Ob6Leme, TO

*r
34aKOH COXpaHesA 9HePMNMU HasbiBAXOT TAKKe Nepsvial 3AKOHOU TIL@]}./UOd‘UH(l—
UK.
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BrewHee
AaBnexve

CaCO4(k)

P u ¢. 108. Pabora, BhIMoNHsgeMast XMMUYECKON CUCTEMON
IPOTHE BHEITHEro AaBjleHUs p (nopuleHb HEBECOMbII )

BbIJ/l€JIEHME WJIU NMOTJOHIEHUe TenJ0ThI QV CBA3aHO ¢ U3BMEHEHUEM BHYTpEH-

HEN JHEpPTUU CUCTEMBI.
Ipu nzobapuom nponecce (p = cost) TENI0BOK spderT @y paBer

Qo= AU+ pAV, Qp= (U — W) + p(V2— 1)

nnuv

Qp = (Uy+ plUz) — (Uh + pU).

Brenem o6osnavenue U+ pV = H. Torpa Qp = By — Hy = AH.

Bestnunny H Ha3bIBAIOT SHMaAsnUEt. JHTAIBIUIO MOXKHO paccMaTpu-
BATb KAk DJHEPTUIO pacliMpeHHO cucTeMmbl. TakuM 006pas3oM, ecln MpH
M30XOpHOM TPOLEecce IHepreThueckuii P PeKT peakuun paBeH M3IMEHEeHUIO
BHYTpeHHeil spepruu cucTeMsl Qy = AU, To B cayuae n3o6apHOro mpouec-
ca OH paBeH M3MEHEHUIO DHTAIBIUU cvcTembl @p = AH.

DuepreTuueckunit 3PQPeKT peakuuu, OpPOTEKAloNHei IpU MOCTOAHHOM
JaBIEHUM, OTJIMYAeTcsi OT DHEpPreTUueckoro 3P@PeKTa peaKkuuu, NpoTe-
Kaomeir npu noctosHEoM obbeme. Tonapnsiomee OONBIIMHCTBO XUMU-
qeCKUX peaKpuil [POUCXOAMT Mpyu HOCTOAHHOM [ AaBICHUH. [TosTomy B
najbHeiillleM Mbl OyZleM OCHOBHO€ BHUMaHUE YIENATh U306apHBIM TIPO-
HeccaM U ONEHUBATh JHepreTHueckuit 3PEPeKT peaknuu MIMEHeHHeM SH-
TaJbIIMU CUCTEMBI.
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§ 2. TEPMOXUMUWYECKWE PACYETHI

Tensosble adderTs peaknyil ONPeneIAOT KaK IKCIEPUMEHTANBLHO, TAK
M c OOMOIbIO TepMOXMMHYeckux pacderos. Cliesyer OTMETHTb, YTO HEBO3-
MOXHO ONpeJlefiTh abCONIOTHbIE 3HAYEHUA BHYTPEHHEN SHEPruy U SHTAIb-
mun. Ofnako J7is1 TePMOXMMUYECKUX PpacyeToB 3TO HECYIIECTBEHHO, HO-
CKOJIbKY MHTepecyeT dHepreTudecknii ekt nponecca, T.¢. n3MeH e -
H U € COCTOAHMUA CUCTeMbl — u3MeHenune anadenuit U n H.

lpu sxaomepauvecrur peakuusx TemioTa BB L €A A eTcC s, T.e.
YMEHbIIAETCs SHTAABNNSA, UJIN BHYTPEHHAN JHEPTUsl, CUCTEMBI, U 3HAYEHUA
AH v AU pasn wnx orpunartensusl. Ilpu sndomepauneckur peakumsax
TewIoTa norygomaertcs, T.e. Hu U cucremu Bospacraior, a AH n
AU MMEIOT NoJIOKNTENILHBIE 3HAYCHUA.

Has Toro 4ToGBH MOXKHO OBUIO CPAaBHMTH 3IHepreTudeckue 3PdEeKTH
Pa3MMUHBIX [PONECCOB, TEPMOXMMHUUYECKHE pacdersl OBLIYHO OTHOCAT K 1
MOJIb BEIecTBa W yCJAOBUAM, NPUHATHIM 33 cmandapmusie. 3a CTARIAPTHBIC
npunnMaror gasienne 101 325 Ila u remmeparypy uawme Bcero 25°C
(298,15 K). Cranmaprhble Temiosbie 5dekTsl NpUHATO o6o3uayats A H:

208
(B Usag)-

Tennobrle a¢PeKThl MaJlo YyBCTBUTEBHEI K N3MEHEHHIO TeMIlepaTypbl U aaBie-
muA. Tak, nis peakuum

C(rpadur) + COy(r) = 2CO(r)
yBeJIM4eHue TeMilepaTypbl oT 500 mo 1500 K npuBoauT K yMeHBIIEHMIO TellIoBoro

o dekta ¢ 173 no 165 x/lx, T.e. Ha 5%.
Tlpu yBenmmuennu nasnerns or 103 no 5+ 108 rlla rernopoit odderr pearumn

1/aNo(r) + 3/,Hy(r) = HsN(r)

yMeHblllaercs Beero Ha 5%.

YpaBHenus XuMuYecKMX peaKuuil ¢ yKa3aHMeM TemyioBoro 3ddexTa
HaA3LIBAIOT MmepAoTUMULECKUAMY YpasHenusuu. TepMOXUMHUYIECKoe YpaBHe-
HUEe PeaKyuy CHUHTe3a 1 MOJIb BOIHl MMeeT BUJ

Hy(r) + 1/204(r) = H,0(x), AH,, = —285,83 k]lx
B TepMoxuMuueckux ypaBHeHMAX yKasblBaeTCs TaKke dazosoe cocTosn~
HHEe W TOANMOp(HAA MOZUGUKAUUS pearnpylimx 1 o6pasyloumxcs
BEIECTB: T — Ta30Boe, X — KUIKOe, K — KpUcTa/yinieckoe, T — TBepAoe,
P — PacTBOpEHHOE U Jp.
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3akon l'ecca. B ocHoBe TepMoXMMMYECKMX PAacYeToB JIEKMT 3aKOH,
chopMymnpopanrblit [ W. Teccom (1841): menraosoi sfpexm sasucum
moavko om ouda (RPupoods) U COCTROSHUS UCTOOHBIT BEWECME U KOHEUHT
RPOOYKMOB, KO He 3ABUCU OM NYMU RPOYECCA, TM.€. OM HUCAE U TAPAKINE-
Pa NPOMEKYMOUHBT CT AU

Tak, obpa3zoBanme okcupaa yraepoia (IV) ws rpadura u kuciopona
MOXHO pACCMATpUBATH WM KaK HEOCPEJCTBEHHBI Pe3yMhTaT B3aUMOIeM-
CTBUA [POCTHIX BENLECTB

C(rpadut) + Oy(r) = COy(r), AH,
WM Kak pesyJpTaT npolecca, NpOTEKAIOUIEro Yepes MpOMexyTOYHYIO
CTafMIo 06pa30BaHMA U cropaHusa okcuaa yriaepofa (II):
C(rpadur) + 1/,09(r) = CO(r), AH,
CO(r) + 1/,02(r) = COy(r), AH;
WA CYMMapHO

C(rpadur) + O,(r) = COq(r), AH, + AH;3

Cornacuo sakony [ecca, tensopble addexT obpazosanus CO; kak
Helocpe/iICTBeHHO M3 [POCTHIX BEIeCTB, Tak M UYepe3 [POMEHYTOYHYIO
ctagmio obpasopauus u cropanus CO pasew AH, = AH, + AHs.

IIpupenenuble paccyskJCHUA MOXKHO HPEJCTABUTEH B BUNE TaK Ha3bIBae—
Moit sumaasnuirod cuatpasaun (puc. 109). Pasianune B ypOBHAX 3HTAIb~
OMM MCXOQHBIX BEIIECTB, NPOMEXKYTOYHBIX WU

KOHEYHBIX INPOJYKTOB Ha JUarpaMme OTBEYaeT KI)K/;MM«S
TEIJIOBBIM s derram COOTBETCTBYIOIIUX Clepagum)+ Oalr)
peaKkIMii. /)

o sHTanenuitHOM Auarpamme (puc. 109) win 4H,

T

7
HpUBEJCHHOMY Bhllle pAaBEHCTBY HETPYAHO -/00 CO(r)+ 7z 05N

BHIYMCJIMTE OAHY M3 BeMduH AH, 3nas nse
gpyrue. Kak wusBectHo, Temnosble 3dpdexthl -zp0 |4%
o6pazoBanus CO, (AH;) v ropenus CO (A Hs) 4H;
OnpelleNsaloTesl 3KcHepUMerTanpHo. Temsiosoit gz,
xe sbdext obpaszosanus CO (AH,) nameputs

1

COz(r)
HEBO3MOXHO, TaK KaK [IPU TOPEHMU YIJIEPOAa B _ ool -
VeloBUAX HeNOCTaTKAa KHUCIOpoda obpasyercs
eMecs CO u CO,. Ho Temnory obpasoBanus ; i
2 y Puec. 109, DOHTanbmuitHas

CO MoXHO paccyuTaTh [0 MIBECTHEIM BHAUE- o o okiciieRnA Tpa-
nuaM AH) (—393,5 /I /mone) u AH; (—283,0 gyura
kJx/moms): AH, = AH — AH; AH, =
= —110,5 s /MOE.
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OnTanbmaa (Tewiora) o6paszoBanusi. B TepMOXuMHYeCKUX pacdeTax
HIHPOKO MCHOJB3YIOT 3HTANBINH (Temnorhl) 06pasoBanusi selects. [loa
9HTa/IbIIMEN 06pa30BAHUSA MOHWMAIOT TEINIOBOH 2 deKT peakuun o6pa3oBa—
A 1 Monp BelllecTBa M3 mpocTelx BewlecTB. OGBIYHO HCIONB3YIOT CTAH-

JapTHHIEe JHTANLIMKU O6pa30BaAHUSA; UX O603HAYAIOT AHgép sy MM AH} -
208 26

(vacTo oguH M3 HHAEKCOB onyckaloT). CTaHAPTHHIE BHTATLINHN O6pasoBa-
HUA TPOCTHIX BEIIECTB, YCTOWNYMUBLIX B CTAHAAPTHBIX YCJOBUAX (razocobpas—

T a6aui a l8 CraHpaprHast SHTANBIMA 06Pa30BAHUST (AH} 298)

HEKOTOPLIX RelllecTB

Beutectso A }1}1298 Beutectso A H},’z%
kDo /Monb kI /Mosb

Al(r) 326,3 H,0(x) 285,83
AI3*(p) -530,0 H5S04(sx) -814,2
Al Os(x) -1676 K*(p) -251,2
Aly(SO4)s(x) -3442,2 KCl(x) 435,9
Clanmas) 1,828 KCIOs(x) 301,2
CHa(r) 74,86 KNO (k) 93,2
co(r) 1105 KOH(x) 425.8
COy(r) -393,5 MgSO4(x) -1301,4
CaCO4(k) -1206,9 MgSO4-TH,O(k) | -3384
CaCly(x) ~795,0 N(r) 472,8
CaFy(x) 1220, NO(r) 90,25
CaO(x) -635,5 NOo(r) 33
Ca(OH)y(x) -986,8 NO;(p) 2075
CI(r) 121,3 Na(r) 108,3
CI(r) -233,6 Na*(r) 606,1
Cl(p) -167,2 NaCl(x) -411,1
H(r) 217,08 NaOH(x) 25,6
H*(r) 1536,2 NayS04(x) ~1384,6
H* (p) 0 o(r) 246,8
HBI(r) 34,1 O4(r) 142,3
HC(r) -92,8 OH(p) -230,2
HF(r) -270,9 S(MoHOKNH. ) 0,38
HI(r) 26,6 SO,(r) -296,9
H5N(r) -46,19 SO4(r) -396,1
HNO4(x) -174,3 SO4 () 439.0
H,0(r) 241,82 ZnO(x) -350,6
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HBI KUCIOPO, MUOKHIT GPOM, KpUcTANIHUECKHI HOM, POMOHYecKas cepa,
rpaduT ¥ T.0.), TPUHUMAIOT paBHbLIM HYMIO. CTaHIAPTHHE JHTAIBNUU
06pa3oBaHUd HEKOTOPHIX BellecTB NpUBEIeHH B Tabu. 18.

CornacrHo 3akoHy lecca Temsopoit 3@deKT peaKIMU paBeH cYMMe DH-
TaNbIUil 06pAa30BAHUA NPOLYKTOB PE4AKIUU 34 BHIMETOM CYMMBl SHTAALIUIA
06pa3oBaHKA HCXOOHbIX BelnecTB. s peakuuu Buja

aA + B+ ... =dD + eE + ...
teriosoil a¢dexr A H onpenensiercsi paBeHCTBOM

. . . o . AR
AH" = (dAH + eAH o) — (aDH) |+ DA )

UJIn

AH=SAH, o —SAH, o

Tak, A peakuuy B3aUMOACACTBUA KPUCTAUIKYECKOTO OKCUA ATIOMU-
HUSL U Ta3006pa3Horo okeuna cepul (V)

ALOs(k) + 350,(r) = Aly(SO,)s(x)

Ten10BoM 3 PeKT B cTaHIAPTHHIX yenosuax A M,  onpenensiercs ypaBHe-

HUueM

AH,

s = A 450, ~ (OF + 30, )

f, AlO; f, 503
CornacHo paHHBIM Ta6n. 18 TennoBoi addeKT 370t peakuuu cocTaBisger

AH

298

= 1 monb (—3442,2 xIx/mons) — [1 mons — (1676,0 x/lxk/mons) +
+ 3 monb (—396,1 xJlx/mons)] = —577,9 xJx.

Bor eme 1Ba TpuMepa pacdera TeIUIOTHL PDeakllMu &  (3HAYCHUS AH} 208

TIpUBefieHbl 101 HOPMYJIAMU BEIeCTB):

*He i1 BcexX BeliecTB yCTAHOBJIeHBl TOYHBIE 3HaYeHUs AH‘} 955 1PMBOIUMBILe
|20

B DasHbIX JIMTEPATYPHBIX MCTOUHUKAX, OHH YACTO BechbMa IpPOTUBOPe4MBHI. [looTo—
My peayJsibTaThl BhIYMCIeHUN A H° ¢ Ucno/b3oBaHheM AH} 998 MOTYT COINIECTBEHHO
,26

pasnuyatbesA. JTo OTHOCUTCA M K PACCMATPUBaeMbIM fajlee pacdetam AS u AG.
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CaCOg(x) = CaO(r) + COq(r)
-1206,9 -635,5 -393,5

AH,, = [(-635,5) + (-393,5)] - (-1206,9) = 177,9 klx.

2KClOa(x) = 2KCl(x) + 304(r)
2(-391,2) 2(435,9) 0
AH

bog = [2(-435,9) + 0] - 2(-391,2) = 89,4 k1.

OHTAJIbIIMK 06PABOBAHMST UBBECTHBI NPUMEPHO JUTsT 4 ThIC. BEIECTB B pasilnt—
HBIX COCTOSHMAX. 3T0 NOBBOJISIET YMCTO PACHETHBIM IIyTeM YCTAHOBUTH SHEpPTeTH-
Heckne 3 deKTbl caMbIX PA3HOOODABHBIX [1POLECCOB.

[IpuBeneM HewoTopbie NPUMEPH! pacueTa DHepretuueckux 9dpdEKTOB NPOLECCoB.

Tennosoit oddexr pacTBopenns BeuiecTsa AH;aCTB

KOH(k) = K*(p) + OH(p)

4258 51,2 -230,2
DH e = [(251,2) + (-230,2)] - (-425.8) = 55,6 r[Lux.
KNOs(k)= K*(p) + NOs(p)
-493,2 -251,2 2075
AR s = [(-251,2) + (-207,5)] - (493,2) = 34,5 k[lx.

Terviora (aHTasbiMs) BasoBoro nepexofa

Na(k) = Na(r)
0 108,3
AH . =1083-0= 1083 xJlx.

BO3l

SOs(x) = SOu(r)
-439,0 -396,1

AH;ICH = (—396,1) — (—439,0) = 42,9 k[lx.
OHeprusi INCCONManMy IBYXATOMHBIX MOJEKY/ Ha aToMbl (OHEPrUsi XuMuUeckoil
cBsisn — AH, = Fey)

auc
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Cly(r) = 2CI(r)
0 2(121,3)

AH, = 2(121.3) - 0 = 242,6 x][lx.

AnC

NO(r) = N(r) + Ofr)
90.25 472,8  246,8

AH;”C = (472,8 + 246,8) - 90,25 = 629,35 xlx.

OHeprusi TIPeBPAllleHUs] aToMa B HOH (SHeprus MOHM3aLUU AH;OHm; CpOICTBO K

aneKTpoHy A H‘;n.cp).

Hr) = H'() + €
21798 1536,2

AH s = 1536,2 - 217,08 = 1318,22 x]Ix
Clir) + ¢ = CI(r)
121.3 -233,6

AH, o = (-233,6) - 121,3 = 354,9 x]lx.

C noMoILIbK TePMOXHMMHYECKHX pPacueToB MOXHO ONpeNeIdTb IHEepriio
XHMUMECKHX CBsA3€i, JHeprui KPUCTALIHYECKOH PeIeTKH, DHOPrIK) M-
MOJIEKYJISPHOTO B3aHMOJEMCTBINA. HHTANLNUIO PACTBOPEHUS 11 COJIBBATA-
uMn (ruipaTtanuy), sHeprerndeckiie 3hderTs! Paz0BEIX npespalueluii I
T.1.

Oneprus XMMHYCCKOR CBA3M. 3HAUYEHHUAMY 3HEPHMU CBA3ZM YACTO NO.Tb-
3VIOTCA A5 BHIUMCACHIA TENI0BbIX 3(h(HEeKTOB peaKiMi. ecyid HeU3BOCTHB
SHTATbNMI O0Opa30BaHUs BelllecTB, yvyacTByromMx B peaknusax. Co 3Haue-
HHAMU Ke Tensor oO6pA30BAHNS, BO3TOHKM. AUCCOUMAIMM U APYTHX JHEp-
retiiyeckux 3¢p@eKTOB NONLIVIOTCA ANA onpelesieHUA MPOYHOCTH Mek-
ATOMHBIX. MEKIIOHHBIN H MEKMOIOKYASAPHLIX B3AUMOAENCTBHIA.

BoiutietuM adepruto xnMiyecxoii csasy H—Cl (EHCI = —AHH_C

MOJIeKYJ/1€ XTopHia BO10pOda 110 U3BECTHOM  3HTAMbLIII OﬁpaBOBHHHﬂ

_\HfH(‘l = 928 wkl&/M0oab 1 3HEPCHU  THCCOUMALMI  MOIERN.1

HyAH: = 4350 wlx/mom) u CLAH = 2426 rDx/voam) wa

Ance A

l) B

ATOMBI .
O6pasoratte Modery 1 HCD 13 npocTmiX BeiecTB MOKIO  MbiclletHo
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pa36UTb Ha cTagUU: JUCCONMAIUsl MOJIEKYJ Cly, u H, Ha atomu M 06pa3so-
sanue mosekya HCl u3 aromos (puc. 110):

1/,Cly(r) = CI(r), 1/,A H,,, Cla

Anc

]/ZHZ(F) = H(r), l./zAHIO:lVICHZ
Hy(r) + CYr) = HCI(r), AH )

1 1/,Cly(r) = HCl(r), A K’
/2Ma(r) +1/2Cla(r) = HCI(r), AH o)

B coorBercTBMM ¢ 3akoHOM [ecca anre6pauueckast cyMMa TeNJIOBBIX
ahpeKTOB MpoMexyTOUHbIX cTanMit o6pasosanus HCl ua mpocThix BelecTs
paBHa 3HTaALIMK o6pasosanus HCl:

]/ZAH;MCCIZ + I/QAH;MCHQ + AH;‘I—CI = AH},HC]’
AL = MMy = o0 Hy Cla = oSy Ha,

AHH_C1 = (—92,8) — (2175 + 121,3) = —431,6 x/lx/mous,
T.e. 9HEPTHUA CBSI3H EIO-I—C

O6paszoBanue XJIOpHia BOLOPOAA U3 MPOCTHIX BEIIECTB — Hpollect IK30-
Tepmuuecknit. CorsacHo

= 431,6 kI /MOJIb.

AH},HCI = AH}O{—CI — (I/2AH;MCH2 + 1/2AH;MCC12)
3HepTHA, BhigeNAlOmasica npu o6pasosanuy’ cssazeil H—Cl B 1 moss HCI
(431,6 x/lk/Momb), mepexphIBaeT pacxo SHEpruu Ha paspeis csseit H—H
u Cl—=Cl 8 1/2 wmoas H, (217,5 wlx/mons) m 1/2 wmoas Clp (1213
kL /MOJB).

Takum 06pa3oM, IKZOTEPMHUYECKUMH SBJIAIOTCS T€ PEaKIUH, PH KOTO-
PBIX NPOAYKTHL O6/1aatoT 60Jee MPOYHBIMM XMUMUYECKHMMM CBA3AMH, UeM
UCXOIHBIE BeylecTBa. YcJIOBMSI BO3HUKHOBEHMsi aHAOTepMMuHOro addekra
peaKIMM, eCTeCTBEHHO, MpsAMO MpOTHBOMoJOXkHble. Tak, o6pasoBanne NO
u3 Ny ¥ Oy — nponecc 3HA0TepMUUECKUIL:

1/5No(r) + 1/,04(r) = NO(r), AH°

£NO = 90,2 k/Ix/Mous.

B 3TOM ciry4ae Ha pa3pblB XMMMUYECKUX CBsA3ell B MCXOAHLIX BelecTBax
B 1/, Mo Ny u B 1/, moms Oy — TpeGyercs Gosbllle IHEPrUM, dem ee

BBIZIENISIOTCS TpU 06pa3oBaHWy Npoaykra, T.e. 1 Moms NO uz atomos (puc.
111). '
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, H
X /MoNb KK [MOn6
H(r)+Cl(r)
1600}
Jo0k N(r+0(n)
0 - 1 4K .
T - 1200 % Mpye 0,
2001 2 o _ 12040+ N (r)
Yo Hy(r+CA(r) Wyl ° 0
- 2 T vcr 800 By Mgy N0
B Q
Ve e 1, T N
; Yohlr Yy Clalr a0} we Ne
Ao}
aH FHCL P NO(r)
HCL(P) P Y3 Ng(r)+x/202(r)—r——‘m;—
-100 |

‘ P uc. 110. OnranenuiiHas
InarpaMMa 06pazoBaHUs

Puc. 111. OHTanbNUMHAS AMArpaMMa o06-
HC) u3 npocThIX BelecTs

pasopaHusi NO U3 NpocThIX BelllecTs

; OJBEEpPrHsA KPUCTAJUIMICCKOW PEemeTKH. JHEeprusi KpHUCTaLIMYecKoil
{ pellleTku omeHMBaeTCA KOJMYECTBOM IHEprMM, KOTOpOe HeOGXOQMMO 3arpa-

TUTh AJI pPAspyHIeHUs] KPUCTANJIMYECKOR pellleTKH Ha COCTaBHbIE YACTH U
ylhaleHWa MX ApYr OT Apyra Ha 6GeckoHeuHo 6oJjbinoe paccrosiiue. Ilo
3HAYEeHUAM DHEprMM KPUCTAJVIMYECKO pelIeTKH MOXHO CYIMTH O THUME
‘,' XMMHUYeCKOM CBA3M B BenecTse M ee sHepruM. IIOHATHO, YTO HAMGOJBIIYIO
¥ SHEprUIO KPUCTANINYECKON PEIIeTKN MMEIOT MOHHble M MOHHO-KOBAJICHT-
V,:” Hble KPMCTAJIb], HAMMEHBIIYI0O — KPUCTa/liIbl C MOJIEKYJSIpHOM peuIeTKoi

N .
¥ (ra6n. 19). Meranisl no 3HAYEHMAM SHEPLHMH KpUCTALTMYECKON pelIeTKH

- 3aHUMAIOT NPOMEKYTOYHOE MOJIOKEHHE.

Ta6auualy. Dueprus (U"zgs) HEKOTOPBIX KPUCTAIUIMYECKUX DEIIEeTOK

’ Kpucrannuuec-| Tpumep Usgg Kpucraanuuec- [Tpumep Uyagr
"‘t« Kasl pelerxa kJIk/ Moy | Kas pemeTka & ]I/ Monb
'&'ﬁ,‘ 3y
_l{‘fg: Uonnasn NaCl 7851 AroMHO-Me- K 89,2
; LiF 1024 TaJlJIM4ecKast Cr 397,5
KOH 790,56 Mosnexynsapuas CHy 10,0
KNOj3 684,5 ¢ JUCTIEPCUOHHBIM H, 1,004
AromHo-koBa-|C(anmaz) | 715 B3aUMOJIEACTBHEM
JIEHTHaA SiC 1250 MounexynsipHas H,0O 50,2
€ BOJOPOHOI HF 29,3
CBSBBIO
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#° Ecay ras, ofpa3syioumiuiicd B pe-
Kxix/Mans 3yNbTaTe BO3TOHKM, COCTOMT U3 Tex
e YarTHIl, YTO M CaM KpHCTAMI, TO
800t Nalr)+ CIn) SHEprMA KpUCTALIMYECKOH peler-
Kii COBNajaeT CO 3Ha9eHHUEM 3JHep-
500t o Alf;,,.mcrfq MU BO3TOHKH (Cy6JlMMaI.lMM). 10
Hyomna vl - OTHOCHTCA K MOJIEKYNAPHbIM, aTOM-
4001 Na(r)+ ClLT) HO-KOBATeHTHBIM M ATOMHO-MeTaJ-
'/zll/;, Na(r)+Clir) auyecknM KpucTanaam. Takum 06-
2007 T airs T Clalr) pasoM. B OTOM cJyHae OHEpruio
Tram+ 2 Cialr) KpUCTALTUYECKOM pelleTKH MOXKHO

0 Py — e .y onpeennTh 3KCMEepUMEHTAIbHO.
BoseNa 2 peaffaCl” “NaCl  Jyepryg ke MOHHOM KpUCTALIM-
200 Flact YeCcKOH peleTKM 3KCOEepUMEeHTaRb-
iy NaCl(x) HOMY OmpenesIeHUI0 He MOANAeTCA,
TaKk Kak [pM BO3TOHKE MWOHHBIX

KpucTanjaos  06pa3ylOoTcAd  aTOMBI
win moaekynsl. Ho sHepruio HMOH-
HOIl  KPHCTAMJIMYECKOH  pelieTKH
MOKHO BBHI9MCIAUTH U3 SKCTIIEPUMEH-
TaNbHBIX JaHHBIX 10 3HEpreTHKe JpYruX MpoLeccOB ¢ MOMOWILIO Tak Hasbl-
paeMoro yuxaa Gopna — Iabepa. lna xnopuia HaTpUA ITOT UMK n306pa-
eH B BUJE SHTAIBNMITHON QuUarpaMMbl Ha puc. 112.

Kpucranmuaeckuit xJOpui HaTpus (MOHHAsA pelueTka) obpasyerca B
pesyiLTaTe PeAKUNM KPUCTATIHYECKOrO HATPUA razoo6pa3HoOro X.1opa:

Na(k) = 1/2Cla(r) = NaCl(k). AH}.:_,,q = —411.1 /I /Mo1b

Ten:1080it 3pdPEKT 3TOro npouecca COOTBETCTBYET SHTAMBIIIM 06HpasoBa-
s kpuctaanuyeckoro NaCl(AH 295)-

P i c. 112. DuranbnvitHas auarpaMma
2151 paciera SHeprMyi KPHCTAlINIECKON
pewerky NaCl (unk1 Bopua-Tabepa)

O6pasosannie NaCl 3 mpOCTHIX BEIIECTB MOKHO Takke NpEeIcTABUTEL B
BiLAe N0C/Ie0BaTNbHBIX CTaAUil MOJY9eHUA U3 KpHCTATLIHYECKOr0 HATPMUA
M rasoo6pasHOre MONEKYNAPHOre xJ0pa ra3ooGpa3HBIX HOHOB Nat u CI
(pnc. 112)

BOSTOHKA (ATOMH3aHMA) MOHI 34 LA
Nak) —  Na(r) — Na(r)
AN . = 108.3 rAx/vo1m . = 4958 rkTx/ Mo
BO3L Na 1HOHI3 Na
AICCOUHALNA (ATOMMBALISA) MPICOPINHOHIe A1EKTPOHA
Clyr) -+ Clr) -+ ('I°(r)

VHAH = -351.4 kdx/MoaL
mic

Cl

=123k /om M g

1%6

.:.“ R

M nocsjenylollero WX B3auMonelcTBusi ¢ 06pasoBaHMeM MOHHOTO XJIOpHJa
Hatpus NaCl:

Na*(r) + CI'(r) = NaCl(x), AK

pemr NaCl = UNaCl

CornacHo 3akoHy [ecca

AUO o

NaCl ~ —aH

pewr NaCl = _AHf,NaCl +aH +

Boar Na

+1/,AH + AH°

e Cly Honus Na Hsn.cp cr

NMopcTasnsasa nudpossbie 3HAYEHUA, TOTYIUM

UIiIaCl = 785,1 r/lx/Mons.

06 3TOM e HemocpencTBeHHO CBUETEbCTBYET 3HTalbIUAHAsA
pamma (puc. 112).

OHepruio MOHHOM KPUCTA/UTMIECKON PeILieTKH MOXKHO BHIYMCIHTD TaKke
10 M3BECTHBIM 3HTalbNUM 0OPa30BAHMA MOHHOTO COSNMHEHMA U IHTATBIHH
06pa3soBaHUA COCTABJAIOMMX €r0 HOHOB!

auar-

NaCl(k) = Na*(r) + CI(r)

AR

pent

= AN

Nar T A A

far " f.NaCl

dnst paccMoTpeHHoro nmpumepa corsiacHO 3HadeHusm A HY, U?

NaCl
k[l /Mone (taba. 19).

OmTasenEa (TEWIOTA) rUApaTanuM HMOHOB. VHTEHCHMBHOCTH B3auMO-
JeficTBUA WOHOB pAcTBOPEHHOTO BEIIECTBA C MOJIGKYJIAMU BOABL MOXNHO
0XapaKTepH30BaThH BEIHUMHON snmasbnuu (mensomst) wopamayut A Hyypp
— KOJMYeCcTBOM TeIUIOTHI, KOTOpOe Bbiae/siercst Npu mnepexomze 1 Mosb
MOHOB M3 BaKyyMa B BOAHBIHA pacTBOp.

= 785,1

3navenne A Hpyp, MOKHO PACCYUTATh, MCMOJIB3YS U3BECTHbIC 3HAYEHMs
3HTaNbOUM Jpyrux npomeccos. Tak, pacTBOpeHMe HOHHOTO COeAUHEHMA
MOXHO NpeicTaBUTh B BUIE ABYX CTagMil: paspylleHMe KpHUCTalJIUdecKoi
pemierkn Ha cBoGoOnHBIE MOHBL M TUapatranMsa MoHOB. Torma, corjacHo
3akony lecca, Tensosoit apext (sHTanbnuio) pacTsopeHnss A Hpaers MOR-
HO mnpencTaBUTb B BUAe anrebpanyveckoii CyMMBI B3Hepruy (IHTaAbIUM)
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pa3pYIICHWA KPUCTAIMYECKON pelIeTky A Hpey ¥ 3HTaNBIMN THAPATalHK
noHos A Hrypp:

AHpaCTB = AHpeux + AHrvmp

Hiau

AHrvmp = AHpaCTB - AHpeux-

DHepruA KPUCTAUIMYECKON pelleTKM W3BeCTHa 111 MHOTMX WOHHBIX
cOeMHEHMII; TEIJIOTY PacTBOPEHMA BEINECTB MOXHO ONPeAeMTh 3KCHepH-
MeHTaabHO. IIpM pacyere HO yKa3aHHOMY ypaBHEHMIO HaxXOJAT CyMMapHOe
3HaYeHMe BHTANBOWM THAPATAIMM KATHOHA M aHMOHA. DHTAIBIUIO THADa~
TAOUMM AHHOTO MOHa ONpPefesAtoT II0 M3BECTHON 3HTAIbIMM THAPATAUMH
MOHa NPOTHUBONOJIOKHOTO 3HaKa.

HerpyzHo moramarbCfl, 4TO 3HTAJILNUA TMApaTAlWM 3aBUCUT OT 3apAna
M pa3Mepa rMIpaTMpPYeMOro MoHa. B pAndy MOHOB ¢ OJHOTUIIHOH 3JEKTPOH-
HOi1 KOH(UIryparHeil SHTaIBIWA THIPATAaNMK BO3PAcTaeT ¢ yMeHbIleHHWeM
pa3Mepa MOHa, HampuMep:

Li* Na* K* Rb* Cs*
Ty HM oeeiiicininnsinsiinnnesaeaans 0,068 0,008 0,133 0,149 0,165
AH, kK /Momb ......... 5314 4226 -338,9 -3138  -280,3

298,ruap’

U ¢ yBeJIMYeHUeM 3apAna MOHa, HallpuMmep:

Na* Mg2* Al3*
Ty HM oernieaaeneeeeneneesiesineanas 0,098 0,074 0,057
AH;’,mp, KK /MOTID ..ocnaiennnn. -422.6 -1953,9 -4694,5
Pa3pylreHde KpUCTAIIIMYECKON peIleTKM Ha CBOGOAHbIE MOHBI — IpPO-

nece sugorepmuiecknit (A Hpey > 0); TMAPATAIMA MOHOB — NMpPOLECC 3K30-
tepmueckuit (A Hpypp < 0). Takum 06pa3om, B 3aBUCUMOCTH OT COOTHOLLE-
HuA sHadeHuit AHpey M A Hpypp Tennosoi 3¢ GeKT pacTBOPEHUA MONKET
MMeTh KaK [OJIOKMTENbHOS, TaKk M OTpUIaTelbHOe 3HadeHMe. Tak, pacTBo-
peHHe KpUCTAIIWYEecKOro TMAPOKCHIa KAl CONMPOBOXKAAETCA BbIIEIeHN-
eM TemJaOTHl, T.e. Ha pa3pYIIeHWe KpUCTAIIHYECKON pelleTKH KOH

Tpe6yeTci MeHbIe JHepruu (AH;eux = 790,5 wJlx/monb), dYem ee

BRIZENAETCA IPU rMapaTaluy HoHos K* (AH;Mﬂp K+ = —338.9 w/lx/Moub)

u nouos OH™ (AH® _ = —510,5 xJlx/mons). Hanporus, pacTsopenne
ruap OH

KPMCTA/LTMYECKOrO HUTpaTa Kajlug — Oporecc 3HAOTePMHUUYECKUH, Tak Kak
188

Ha pa3pylleHde KpHUcTajuiMyeckol pemerkd KNOj (AH;em = 684,56

k/lx/MOnB) 3aTpaunBaeTcs GOMbIIE SHEPIMM, YeM €e BbiaeNsercid HpU M-

patanuu uoros K* u NO; (AH up NO: = —309,6 x/lx/monb).

I'JI A B A 2. HAIIPABJIEHHOCTH XHMHYECKOM
PEAKIIUM

§ 1. DHTPOIUA

BonsmMHcTBO  mpomeccos HpeacTaBAAlOT CcOG0H  [IBa OJHOBPEMEHHO
NPOUCXOAAIMX ABNCHUA: Nepenady 3HEPrMM M U3MEHEHHe B YIODPAIOYeH-
HOCTH PACIOJIOKEHU:A YaCTHI, OTHOCHUTeNbHO ApYT Apyra. Yactumam (Mome-
KYJlaM, aTOMaM, MOHaM) IpHcCYLIE CTpeMJeHMe K GecHOpAgOYHOMY OBUNKE-
HMIO, TTO3TOMY CHUCTEMa CTPEMUTCA HEpeHTH M3 6oJee YHOPALOYEHHOTO
COCTOAHMA B MeHee ymopaaodenHoe. Tak, ecM, HampuMep, GaJlJIOH ¢ ra30M
COIMHUTH € COCYIOM, TO Ta3 U3 GayioHa 6YNeT PacHpefelIAThCA OO BCemy
o6beMy cocyna. lIpu atoM cucTeMa M3 6Gomee ynopAmOYEHHOTO COCTOAHMA
(¢ MEHBPITMM GeCcIOPAAKOM) MEPEeXOIMUT B COCTOAHME MEHee YIOPALOYeHHOe
(¢ Gompmmm Geciopsnkom). KonuuecTsenHO# Mepoil GecnopAaka ABAAETCA
sumponus S. Ilpu mepexome cuctembl M3 6osee yIOpsiIOYEHHOTO B MEHee
YHOPsIIOYEHHOe COCTOsIHWe 3HTponUs Bospacrtaer (AS > 0).

Ilepexon ke cHMcTemBl M3 MeHee YNOpAJOYEHHOTO COCTOAHUA B 6osee
YHOpAJOYEHHOE CBA33H ¢ YMEHbIIEHMEM JHTPOIMH, W CaMONPOU3BOJBLHOE
NpOTeKaHHe HOJOGHOro mpomecca MeHee BepOATHO. Tak, AcCHO, 4TO B pac-
CMaTpPUBaeMOM IpUMeEpe HeBepOATHO, 4TOOhl ra3 caM co6oit cobpanca B
6annone. B ciywae mepexona cucTeMBl M3 MeHee YMOpAZOYEHHOTO COCTOS-
HUA B GoJsiee yNMOPATOYEHHOE SHTPONUA cUcTeMmbl ymMeHbmaered (AS < ().

HeTpygHo mokas3aTsh, 4TO 3HTPONMA BO3paCTaeT NPH IMepeXxofe XM IKOC—
TH B Hap, OPM PACTBOPEHUM KPMCTA/UIMYECKOTro BewiecTBa M T.0. Bo Beex
ITUX cayvyadX HaGMIOJaeTcsi YMeHbIUEHME HOPSJKa B OTHOCUTENBHOM pac-
nonoxenuu dactuy. HaoGopor, B mponeccax KOHOEHCanMM M KPUCTANIIM 33~
MM BELIECTB 3HTPONUA YMEHbINAeTCA.

BepoATHOCTh pa3/lMUHBIX cOCTOAHMIl BelecTBa (Ta3, KpUCTAITHYECKOe,
HKHUIKOE) MOKHO ONMCATh KaKk HEKOTOpPOe ero CBONMCTBO U KOTMYECTBEHHO
BBIDa3UTH 3HadenMeM sHTponuu S [B Jlx/(K-mons)]. DurTponuu mewmects,
KaK M UX JHTalbIMM O6Pa30BaHMA, HPUHATO OTHOCHTH K OIpeHeeHHBIM
yenosuaAM: o6bi4HO K Temmeparype 25°C (29815 K) M pasmenuio 101 325
Ha. DHTponuio mpu 3mMx yenoBuax o6o3navator S04 W Ha3BIBAIOT CTaH-

AApTHOM SHTpONMeli. 3HaYeHUA cmandapmuol INMPonuu OJIA HEKOTOPHIX
BelllecTB NpUBeneHsb! B Taba. 20.
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T a6 nuu a 20 Craupaprnas surpommsi (S,4,) HEKOTOPBIX BEECTB

5308 5,08 5,98
Bemecrso Ixe/(Kx | |Bemecrso Ix/(Kx | | Bemecrso T/ (Kx

XMOJTh) XMOJIb) XMOIb)
Ag(k) 42,55 Fe(x) 27,15 NaCl(k) 72,12
AgBr(k) 1071 ||FeS(x) 60,20 ||NayCOs(x) | 136.4
AgCI(k) 96,11 | |Ge(x) 3,1 (|o(r) 160,95
Agl(x) 1155 | |H*(p) 0,00 ||Oyr) 205,04
Al(k) 28,35 | |Hy(r) 130,52 ||Os(r) 238,8
AISb(k) 69,03 | |HNOs(x) 156,6  ||OH(p) 10,86
BaCO;(k) 112 HaN(r) 192,6 P(6esinnit) 41,1
BaCly(x) 126 H,0(r) 188,72 |} P(kpacHbt) 22,8
Ba(NOg)y(x}| 214 H,0(x) 70,08 || Pb(k) 64,8
BaSOy4(x) 132 H,0(k) 39,33 ||S(r) 167,7
C(anmaz) 2,368 | [H,504(%) 1569 ||Sq(r) 228,18
C(rpadur) | 5740 ||KCl(x) 82,56 ||Ss(r) 377
CO(r) 19754 | [KCIO4(x) 14297 |[Ss(r) 44,2
CO(T) 213,68 | |KOH(x) 79,32 ||SOu(r) 248,1
CHa(r) 186,19 | |[MgCO4(x) 657 ||SO4(x) 122,05
CaCly(k) 113,6 MgO(x) 26,9 Sb(k) 45,69
CaCOs(k) | 92,9 | [Nyr) 199,9  |{Si(x) 18,82
CaO(x) 39,7 NH,NOy(x) | 151 Si0,(x) 42,7
Cl(p) 56,54 | INO(r) 2106 ||SiOzer) 46,9
Cly(r) 222,9 NO,(r) 240,2 Sn(x) 51,65
CrOs(x) 71,96 N,O5(r) 178,4 ZnO(x) 43,64

CoorBeT¢TBEHHO creneHy Geclopsilka SHTPOIIUs BEIeCTBd, B Ta30BOM COCTOSTHMM
3HAYNUTEIbHO OoJblile, YeM B XMUIKOM, a TeMm Oomee — 4YeM B KPUCTAJUIMYECKOM.
Hanpumep, cranjaprias oHTpomus Bomst S, = 70,08 Jix/(K-Moms), a BomsmHoro

o

napa S,,, = 188,72 Jlx/(K-monb). V BemecrBa B amopdHOM COCTOSHMM OHTPONUSA

Gonblre, yeM B KpMcTaJUMueckom (6oliee YNODSIAOYEHHOM) COCTOSIHMM, HATIpUMED
IJIs1 CTERJIOBUHOrO M KpUcrasummdeckoro 510y craHaprHble OHTPOTIMM paBHbI 46,9
w 42,7 Dx/(K-monp) coorBercrBeHro. CTaHAapTHasi 9Hrpomusi rpacdura [5,740
Iox/(K - monp)] Gosbie, dem anMasa [2,368 Tix/(K-momb)], ormudatomerocst ocobo
KECTKOM CTPYKTYPoit. [IpM HaHHOM ATDETATHOM COCTOSHUM SHTDONUSI TeM SHAYM-
TeNbHee, deM GOMblle ATOMOB COfepkuTC B Monekyne. Tak, omtpommst Oy (r)
[238,8 Ilx/(K:momb)] Gonbire, Hem rasoobpastbix O [205,04 Ix/(K-momb)] u O
_ {160,9 T/ (K- momb)].
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3HaYeHUAMU 3HTPOIUH BeIeCTB MOJb3YIOTCA IJIA YCTaHOBJIGHUS] H3MEHe-
HUsl PHTPOIMMU CHCTEMB! B Pe3yJibTaTe COOTBETCTBYIOIUMX mnpopeccoB. Tak,
IJIsA XUMMYECKON peaknuu

aA 4+ B+ ...=dD + ¢E + ...
p3MeHeHMe IHTPONUK cHCTeMbl 6yAeT

AS" = (dS) + eS;: +...) = (aSA + bSB +..)

nnu
AS =18 s

npog ~ ““ucx’
06 usMeHeHUM 3HTPOOMM B XUMHUYECKON PpeakllUM MOXHO CYOMTb IO
H3MEHeHUIo ofbeMa cucTeMs! B xode peaknuu. Hanpumep, B peakiuu

= 87,8 /K

1/2C(rpadmr) + 1/,C0O4(r) = CO(r), AS5e,
HabogaeTcs ysenusenue o6bema (AV > 0); crenosatelbHO, 3HTPONUSA
Bozpacraer (AS > 0). B cayuae ke peakiiuu 06pa30oBaHUs aMMHaKa M3
BOJOpPOAa U a30Ta

3/;Hy(r) + 1/,Nyo(r) = HaN(r), AS;

pes = — 103,1 /K
Hao6opoT, 06beM cHeTeMBl yMensiiaeTcest (A V < 0); caegosaTesibHO, IHTPO-
nus ymenpmaerca (AS < 0).

Ecau xe peakuys npoTekaeT MEXAY TBEpIpIMH BeLlecTBaMU, HallpUMep

Al(k) + Sb(k) = AlSb(k), AS’

298 —

—5,01 Ix/K

TO U3MEHEHHs OObeMa cMCTeMbl U ee SHTPONMM MPAKTHYECKU He NPOMUCXO-
Aut. To ke OTHOCHTCA M K [pOLeCccaM, B KOTOpPbIX KOJIMYecTBO (MOJIb)
ra3oo6pa3Hblx BelllecTB He W3MeHAETCA, HAIPUMep!

C(rpadur) + Oy(r) = COy(xk), ASe

sos = 2,9 Jlk/K
Boapacranne 3HTPONHHM B cHcTeMe Ha30BeM IHMPORUtNuA daxmopoa.

J10T (akTOp NpPOABIAETCA TeM CHIbHES, ueM BLle TeMIepPaTypa.

Kosuuectsenno surponmitnbiii hakTop MOXHO OLEGHMTh NPOM3BEJCHHEM

TAS u BuipasuTh B eUHMIAX 3HEpPrUK (Jox).
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WUsMenenne 3HEpruM cHUcTEMbl HA30BEM SHEPLEMUUECKUML WIN IHINAAB-
nutinsiat paxmopon. KonmndecTBeHHO 3Ta TEHIEOHIUS CUCTEMBl BBIDAKaCTCH
yepea Tens0Bo# 3dpdekT mponecca, T.e. 3HaueHnem AH.

§ 2. DHEPI'UA T'MEBBCA

CaMOOpOU3BONBHO, T.e. 6e3 3aTpaThl palGOTH M3BHE, CUCTEMa MOXKET
NepeXoaUTh TOJNBKO U3 MeHee YCTOWYMBOTO COCTOSHMA B 60jee ycTOWINBOE,
N3 paccMOTPeHHOro cilegyer, YTO B XUMMYECKMX IpolieccaX OJIHOBPEMEHHO
OeMCTBYIOT OBe TeHIeHIMM: CTpeMJIeHue HaCTHI OObeAMHUTLCS 3a cHer
OpOYHLIX CBA3el B 60ONee CAOKHLIE, YTO yMeH b aeT HHTAaJADb-
WO CcHCTEMBI, W CTpeMjleHUe HacTHI, Pa3beJWHUTHCA, HYTO y B e J U -
YuBaeT OSHTPONHUIW WHNMUA cl0BaMH, TpOABIseTcs [eicTBUE
ABYX NpAMO IPOTHBOHOJOKHBEIX (aKTOpoB — sHTanbnMiiHOro (AH) nu
surponuitioro (TAS). Cymmaphuiit apdeKT 3TUX IBYX NPOTHBOMONOCKHBIX
TeHHeHI Uil B NpOmeccax, HPOTEKAIOMMX IPU MOCTOAHHBIX 1’ M p, OTpaxaer
HaMeHenue anepruu ['ubbca G*:

AG=AH—TAS.

Xapakrep M3MeHedust 3HeprMM ['M66ca mosposisieT CyIHMTh O NPUHIU-
NUaJbHOW BOBMOXKHOCTM MM HEBO3MOMKHOCTHM OCYIUECTBJIEHUs NPOIecCa.
VenoBueM DpUHIUMOMAALHON BO3SMOXHOCTH TpoIecca ABIAETCS HEPABeHCTBO

AG < 0.

WNHbIMM c/1OBaAMM, CaMONpOM3BOJILHO NMPOTEKAIOT PEaKIMM, ec/iu dHeprus
'n66ca B HCXOOHOM COCTOSIHMM CHCTEMBI GONbIIE, 4eM B KOHEUHOM. YReNu-
Yyenue 3Heprum ['u66ca

AG>0

CBMIETELCTBYET O HEBO3MOXKHOCTH CAMOLPOM3BOJILHOrO OCYINECTBIIEHHUA
npounecca B DaHHBIX YCaoBUsx. Ecan xe

*O1a BesIMYMHA HasBaHa TaK B 4ecTh aMepMKaHcKoro ydesoro Jlx. Yuanapaa
Mu66ca (1839—1903) — oxHOro Ms OCHOBOMONOKHUKOB XMMWMYECKO# TEPMOJMHA-
mukn. Cormacio AH = AG + TAS uacrk Temwnorsl TAS uger Ha cosfaHue
Gecriopsinka (BecriosiesHo paccenBaercss B OKpYKAWIYIO cpefly) U IO09TOMy He
MoOKeT ObITH HCIONB30BaHA IJsI COBEPIIEHUS DAGOTH; e Ha3LIBAIOT YAaCTO CA3AN-
Hot onepuued. Yacrb termorsl AG moker GBITh MCIONB30BAHA [V COBepIIEHUs
paboThl, U MoaToMy 9Heprio I'M66ca dacro Ha3BIBAIOT Tarke C80600HOU Heplued.
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AG =0,

CUCTEM4 HAXOJUTCsS B COCTOSTHUM XMMUYECKOTO paBHOBECHS.
OBTANLNMAHKA 1 SHTPOUMAHKNA (PAKTOPH M HaIpamieHHe mponecca. B
COOTBETCTBHH C YpaBHEeHHUeM

"AG=AH—-TAS

CaMONPOK3BONBPHOMY NPOTEKAHUIO Hpolecca CHOCOGCTBYIOT YMeHbIleHMe
SHTaNbIHM W yBelMYeHHe IHTPONUM cUCTeMHl, T.e. Korga AH < 0 u AS >
> 0.

IIpu apyrux coveranusix xapakTeps usmesHenmit H u S BO3MOXHOCTS
nponecca onpeneser JUGO SHTANBNUAHBIA, TU60 YHTPONUAHBINA (AaKTOp.
Pacemorpum e cnenyomue peaknuu:

Ca0(x) + CO,(r) = CaCOq(k)
AH,, = —1780 kllx, ASS, = —160,48 Jdx/K.

208 = 2098

AG,, = —130,2 wflx
CaCOgs(k) = CaO(k) + COy(r)

A, = 178,0 k]lk, AS), = 160,48 Jlx/K,

298

AG 0 = —62)7 x]lx.

llepsasi peakumsa sKk30TepMUYECKAsi, MPOTEKAET ¢ yMeHbLUGHHEM O6BEMA.
Boamoxnocte sroit peakumu (AG < 0) onmpeneiisiercst meilcTBUeM IHTaMb-
NUAHOrO (PpaKTOpa, KOTOPOE NEpPEeKpHIBAET NPOTHUBOLEHCTBUE 3HTPONMUMHOTO
akropa (no a6comoraomy snavenmo |AH| > | TAS|).

Bropas peakums sHnoTepMMueckas, MpoTeKaeT ¢ YBeIMYEHMEM O6DbeMA.
Bosmoxnocrs sroit peakuuu (AG < 0), nao6opor, onpegensercss sHTpO-
nUiiHEIM - akTopoM. ITIpu BhICOKON Temmeparype B3HTPONMITHBII dakTop
NepeKpPHBAET SHTANBINAHLIA (akTop (T.e. |AH| < |TAS|) u peakuus
HpOTeK&eT CaMOHIPOU3BOJILHO.

Binsinve Temmeparypm Ha Hanpasnenme peaximu. CoriacHo ypaBHe-
HUIO

AG=AH—TAS

BIMsAHNe TeMOepatypsl Ha A (G onpesenseTcss 3HaKOM W senuuuuoin AS. Ha
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puc. 113 nokasaHa 3aBMCHMOCTD
AG psana peakIuil OT Temilepa-
Typul *. Insa peaknuu

2C(rpadut) + Ox(r) = 2CO(r),

AS>0
-400 \;{r)+02(r)= 20 NpOTEKAIIEH ¢ yBeIUdYeHHeM
ZC(U‘Oz(r} SHTPONUM, MNOBHIIIEHWE TeMNepaTy-
oy Cogy pHl IPUBOJUT K YBEIMYEHMIO OTPU-

Il 1 1

1. 1
s00 1000 1500 2000 T K

nateJqpHoro sHadenuss AG. Bsico-
KOTEMOEPATYPHBI  peXUM  6Jaro-
Puec 113, 3asucumoers AGy PASA  ppyapereyer NpoTeKAHMIO MpOlEC-
ca. Jns peaknuu

-800

OKCHIOB OT TeMIIepaTypPbl

2Hg(x) + Oy(r) = 2HgO(x), AS < 0

IPOTEKAIOMEed ¢ yYMEeHBIIEHMEeM SHTPONWH, € NOBBIIIEHWEM TEMIepaTyphl
oTpUIATeNbHOe 3HAYeHUe A G yMenbmaercsi. ClefoBaTeIbHO, B 3TOM /1y -
4Ae BBHICOKOTEMMEpATYpHbLII PEXMM NpenATCTBYeT HMPOTEKaHMIO mpolecca.
Ilpu coorBercTByouleil Temneparype A npuobperaeT NOJTOXKHUTEIBHOE
3HaYeHUe, U TOTOA Peaknus AO/KHA MPOTEKaTh B O6PATHOM HANPABJICHUU.
Kak BumHo Ha pMc. 113, usmenenme 3Haka A G Aas 9TOil peaklUM NOCTU-
raercst npy 500 K. Brime sToit TeMnepaTypsl peaknMs NpoTeKaer B 06paT-
HOM HAMpPaBJICHUU:

2HgO(x) = 2Hg(x) + Oy(r), AS >0

Takum obpasoMm, npd HHU3KoTeMmeparypHoM pexume (mo 500 K) pryts
OKHCJISIOTCS KHCIOPOJAOM, B TO BpEMs KaK IIPU BBICOKOTEMIIepATyPHOM
pexume (Buitle 500 K) oxeup prytd pacnagaercs ¢ BeIIeTIeHMEM KHCJIOpPO-
da. DTH Npomeccsl MOXHO MCHOJIL30BATH [JIsi NMOJYYeHHst KUCJIOpOJAa B
1a60PATOPUMH. ]

Ecnu ke npu nporekaHUM nponecca 3HTPONHUs CUCTEMBl He W3MeHsercs,

10 3HayenMe AG OT TeMmepaTypel NMpaKTHYeckM He 3aBUcHMT. Tak, And

peaknun

C(rpadur) + O,(r) = COq(r), AS=0

*Ecrn npeneGpeusb iausHtem 1 Ha sHadennss AH u AS, 1o NpubeseHHas
saBucuMocte AG = f(T) sABisiercs ypaBHEHMeM NpsIMOi, HAKJIOH KOTODOHM oIl-
penensiercst 3HakoM AS. Ha puc. 113 npu AS' > 0 upsivas uper BHu3, mpu AS <
< 0 — BBepx.
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sasucuMoctt AG = f(7) Ha puc. 113 Beipamaercs npsMoi, NPaKTHYeCKH
napauenbHoi ocu abernuce.

Iponeccel, mporekaomme ¢ yMmeHbleHWeM sHTanbnuu (AH < 0) #u
yBenudenueM 3HTponuU (AS > (), npakTHuecku Heo6paTumbu. B
3TOM ciydae A G Beerfa 6yneT UMerh OTPMIATENLHOE 3HAYEHHE, KAKYKO GBI
TeMNepaTypy HU NPUMEHSAJIH.

K Heo6paTruMbIM mponeccaM OTHOCHTCS, HANPUMep, pasJiokKeHHe XJopa-
ta (V) kanus:

2KClOs(k) = 2KCl(k) + 204(r)
AR

Tos = —89.4 kllk, AS;.. = 4943 Jx/K

Cranpapraas smeprusi ['n66ca o6pasosarmsa. Ilon cTangapTHOI dHeprU-
eii 'n66ca obpazoBanus AG‘} NOHWUMAIOT H3MeHeHne dHepruM ['M66ca npu

peaknuy o6pasoBaHMA 1 Monb BewlecTBa, HAXOAAIIErOCs B CTAHIAPTHOM
COCTOAHUU. ITO ONpefesleHne NMOAPA3YMEBAeT, YTO CTAHAAPTHAA ODHEPTHs
Tu66ca ob6pasopaHMA NPOCTOTO BeIECTBA, YCTOHYMBOIO B CTAHAAPTHBIX
YCJIOBMAX, PaBHA HYJIO.

Usmenenue sneprumn ['n66ca, kak M UBMeHEHME PHTaJBNMK U IHTPOMN UM
CMCTEMBI, He 3aBUCHUT OT NyTH mponecca. [losTomy Ans peaknuu BUIa

aA + B + ... = dD + ¢E + ...

U3MeHeHUe CcTAaHAAPTHOH 3HeprMu ['mb66ca AG° pasHO pasHoCTH MexIy
CYMMOM CTAHNAPTHBIX 3Hepruii ['M66ca o6pasoBanust NPOAYKTOB peakuuu U
CYMMO# CTAHAAPTHHIX 3Hepruil ['M66ca o6pasosanns MCXOAHBIX BEIIECTB:

AG = (dAG" C4)— . 4
(dAGy + eAG, + ) (AG,, + DAG, + )
njin
AG" =EA G},npol:l —Ia G},VICX'

Monbaysace 3HaYeHUsAMU AG} 29g; MPUBECHHBEIMH B Tabn. 21, BEIUMCIMM

A Gy, peaknun

N 1 =
869&2) + 1/304(r) g?zgl‘)

3 - o _ o 1 o
AGroy =BG (G o+ /ZAGf,OZ).
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T a 6 1 v i a 21. Cranpapruas sHeprust 'm66ca obpasoBanus (AG},zss)

HEKOTOPHIX BEIECTB

Bemecrso AG}' 208" Betecrso A G}' 208
& Lok /Monb ko /Moin
Al(r) 288,7 H,0(x) 237,24
Al3*(p) 4905 H,S04() -814,2
A1203(K) -1582 K*(p) -281,3
Ba2*(p) 561,1 KClO4(x) 289,9
BaSO4(k) -1353,0 KNOj(x) -393,1
C(amMas) 2,833 KOH(x) -380,2
CHy(r) 50,79 MgSO4(x) -1158,7
CO(r) -137,14 MgSO,- TH,0(x) -2868
COy(r) -394,38 N(r) 4555
CaCla(x) -750,2 NO(r) 86,58
CaCO4(k) -1128,8 NOy(r) 51,5
CaFy(x) -1161,9 NO3(p) 1117
CaO(k) -604,2 Na(r) 77,3
Ca(OH)y(x) -896,8 Na*(r) 5756
Clr) 105,3 NaCl(x) -384.0
CI7(r) -239,9 NaOH(x) -380,7
Cl(p) -131,4 Na;S04(k) -1266,8
H(r) 203,3 o(r) 231,8
H*(r) 1516,99 O4(r) 162,7
H*(p) 0 OH(p) 157,4
HBr(r) 53,2 S(MoHoK1.) 0,188
HCI(r) -94,79 SO,(r) -300,4
HF(r) 272,8 Il s0s(r) -371,0
HI(r) 1,78 SO4(x) -368,98
H3N(r) : -16,7 | SO%(p) -744,93
HNOa() -80,3 ZnO(x) -320,88
H,0(r) -288,61 ZrOs(x) -1042,8

IloncTaBnas 3Hauenusa AGY;, ykasaHHble noj CHMBOJAMU BEIECTB B

YPaBHEHHH PeaKnyuu, HOJTYyUUM

AG, . = 51,6 — (86,58 — 0) = —35,08 kJx.
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Haiinennoe 3navenue A G, o3mavaer, 4ro 06pasopanue 1 Monb NO,

8

npy CTAHAAPTHLIX YCIOBUAX, T.e. MPU AL = P, = Puo = 101,3 klla u
2 2

o6mem nasaenun 303,9 klla, conposoxpanocs 6b1 npu 298 K ymensmenu-
eM oHeprun ['u66ca cucremsl Ha 35,08 kJlx/Mons NO,.

IIpu nmons3o0BaHUM 3HAYEHUAMH CTAHAAPTHON sHeprum ['nb6ca kpure-
pMeM nNpUHUHUNUAABLHOWN BO3MOMKHOCTH [pomecca B
HeCTAHAAPTHLIX YCNOBUAX caepyer NpuHATL yeaosue A G < 0, a kpurepu-
eM ONPHUHIOUODUANBLHON HEBOBMOMKHOCTHM OCYyIlecTBIe~
HUA npouecca — HepapeHctBo A G » 0. Pasymeerca, ecniu AG® = 0, 10
9TO BOBCE He O3HAYAeT, YyTO B pealbHbIX YCAOBHAX cHcTeMa Oyner Haxo-
JAThcA B pasHoBecuM. TakuM o6pa3oM, BO MHOTUX CiaydyasdsX dHadeHUAMH
A G’ MOXHO HONL30BaTheA NUINb AJA OPUOIMKEHHOH ONEHKH HanpaBiie-
HUA peaKmuii.

'JABA 3. XUMHYECKOE PABHOBECHE
§ 1. KOHCTAHTA XMUMHUYECKOI'O PABHOBECH

BonbirHeTBO XuMHYeckHit peaknuit O 6 p aTHU M O, T.e. IPOTEKAeT
OlHOBPEMEHHO B IPOTHBOMONOGXKHBIX HampaBieHusAx. PaccMoTpuM ob6pari-
MYIO peaKpuio

2H,(r) + O, = 2H,0(r), AH< 0, AS< 0

IIporekanue peaknMu B OPAMOM HaIOpPABIEHHH CONPOBOXKIAETCsS BblAEJIEHH~
eM temnoTel (AH < 0). DuTpomusi cucTeMsl npu 3ToM yMeHsimaeted (AS <
< 0), Tak KaK B pe3yNbTaTe PeaKIMH U3 3 MOJb T4a30B 06pa3yloTcad 2 MOJb
ra3op. TakuM 06pasoM, aBMKyIlell CUJIOH 3TOrO mponecca sABAsAeTcH 3HEp-

reTuyeckuii (9HTANBOUIHBIA) (HaKTOD.

IIporekanne paccMaTpupaeMOll peaknmuW B OOpATHOM HANpPABJIEHUH
CONpoBOkAaeTcAs noraomeHueM rtemnotel (AH > 0); sHTpOnMA cucTeMBI
Boapacraer (AS > 0). Takum 06pa3oM, pBUKYIed CHIIOH 3TOTO mMporecca
ABnsieTcA 3HTPONUIAHBI daKTOp.

IIpencrasum cebe, uro npu 2000°C u 101,3 klla B 3axpbiTHIL COCYR
BBEJIeHa CMech BOJAOPOnAa U Kucaopoza. Ilpoucxonur npounece 06pa3opanus
napos BoAel. Ero mporekanue ofecnednsaer sHranpnuiideiii gakrop. Ho ¢

' HOABJIGHHEM [apOB BOAL HAYMHAET [efiCTBOBATh SHTPONMUHBIN (PakTOp —

4Jacte 0Opa3oBaplneiicd BOXBI Pa3jaraerc Ha BOAOPON WM KUCIOpOn. BHa-
Yale peiicTBUEe OJHTAJNLOMIHOINO dakTopa npeobnajnaer Haj [elCTBHEM
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sHTponuitHoro dakropa. Ho B koHIe KOHUOB geficTBHe PTUX ABYX IPOTH-
BOTIOJIOKHO HeHcTBYIOMX PakTopos ypasHosemusaercad: AH = TAS, te.
AG = 0. Hacrynaer xumuueckoe paBHoBecHe. IIpM XMMHUYECKOM pPaBHOBe-
CHH UMCJIO O6pasylolIMXcsd B ©AMHUIY BpeMeHM MoJexkyn (WIM APYTUX
Y4CTUI) TPU TIPAMON pEaKIUM PABHO YMCHy MOJekyn (ApyrMX dacTu),
BCTYOMBINMX BO B3aUMOJeHcTBMe NPU OGPATHOW PEAKIIMM, T.e. XUMHUUYECKOe
paBHOBecHe ABNAETCA Junaauuecxua. B cOCTOAHUM XUMUYIECKOTO paBHOBe-
CUA cKOpocmb NPAAOU PeaKYuy pasua cxopocmu obpamuoill peaxyuu.

Takum 06pa3oM, BCiaeacTBHE O6PATUMOCTH Tporecca MOJHOrO MpeBpa-
EeHUA BONOPOAA U KMCJIOpO#a B BOnY He MPOUCXOOMT: B pPe3yibTaTe B3aM-~
MOJeHCTBUA B COCye MPUCYTCTBYeT cMech BCeX TpexX ra3oB — BOAOPOnA,
KUCJIOpO#a M BOabl. OTO HaGIIOZEHME MOMKHO OGOGLIMTL: CAMOIPOM3BOJL-
HOe NpPOTeK4AHUEe XUMHUYECKMX PeaKI Uil TPOUCXOOUT OO M3BECTHOrO mpene-
J13 — [0 yCTAHOBIEHWA B cHUcTeMe XUMHYeckoro pasHosecua (AG = 0). K
paBHOBeCHIO MOMHO MOAOMTH ¢ MPOTUBOMOJIOKHBIX CTOPOH — K3K 34 cYeT
B3aUMOJEMCTBUA UCXOAHBIX BelIeCTB, TAK M 34 C4YeT B3aUMOOEHCTBUA KO-
HEYHBIX MTPOLYKTOB.

IMocne HacTyn/leHMA paBHOBECUA KOHIEGHTPALWM BemecTs (MCXOAHBIX M
NPOAYKTOB) NPH JAHHBLIX YCIAOBUAX OCTAIOTCS HEM3MEHHBIMM. JTH KOHICHT-
PALMH HA3BIBAIOT PAGHOGECHBLAL.

3akon geicTByiomux Mace. O cTenmeHM TIYOMHE TPOTEKAHUA TPOIECCs
MOHO CYAMTh Ha OCHOBAHMM 3 4 KOHAa OHeNCcCTBYWUHUX Macc,
KOTOPOMY HOAYMHAETCS CUCTEeMa B COCTOSHUM DABHOBECUA: %ACMHOE 0Mm
deaeHUS NPOUIGEOEHUS PAGHOBECHHT KONYENMPAYUT NPoOYKMOE peaKyuy Ha
Npou3Gedenue PAGHOBECHHT KOHUEHMPAYUL UCTOOHBT OGeULECME SBALEMCS
eeaununot nocmosunod ([ynpp6epr u Baare, 1864—1867). Oty Benuumuy
HA3BIBAIOT KOHCMAKRMOU pasnogecus; ee 0603Ha4al0T K.

Ons peaknuu

aA + B+ .. = dD + ¢E + ...

B COCTOAHUU PABHOBECUA BLINOJNHAETCA COOTHOIIEHHE

d
k. - [DIE]"..
¢~ [AJ9[Bp..
rne [A], [B], ..., [D], [E], ... — paBuOBecHble KOHIeHTpanuu Bemects A, B,
D, E, ..;a b ..., d, e .. — nokazaTeny cTeneHy, B KOTOPYIO BO3BOAUT-

CA KOHUEHTPALUUA AAHHOTO BellecTBA — YMUCIICHHO paBHB KOddhdUIiMeHTaM
nepen GOpMYJION BeIECTB B ypaBHEHUU PEAKIIUMY.
J/iA BBHIpakeHMA COCTOAHUA paBHOBECUA HPHU B3aUMONEHCTBUM MEKIY
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I‘33006p33HbIMM BelecTBaMM 4acTo BMeCTO KOHL[GHTp&IJ,MI’I HUCTIONB3YIOT
pABHOBECHbBIE MAapIMa/bHble aBICHUA PEAreHToB *:
d e
PP
- _ D E--
K,= 2 £
a b

PA pB,,.

3HaueHusa K. HaxomAT myTeM pacdera WM Ha OCHOBAHMM OHKCIICPUMEH-
T3/JbHLIX JaHHBIX.
Pacemorpum paBHOBECHYIO CUCTEMY

Hy(r) + I(r) = 2HI(r)

CorsiacHo aKcTIepUMEHTAIbHBIM naHHEIM Tipu 698 K (425°C).

p2
2 HI
Keos = _fe 54,441 wou K, = ———
[Ha ] [T] Py P
2 72
KoHcTaHTa paBHOBeCMA — BaXHafl XapakTepMcTHka peaknuu. I[lo ee

3HAYEHUIO MOMKHO CYIUTh O HAIIPaBIEHHMM TpOLecca MPpU UCXOIHOM COOTHO-
IIeHU U KOHIEGHTPALUN PeardpyroliMX BellecTB, 0 MAKCUMaJlbHO BO3MOXHOM
BLIXO€ MPOAYKTA PEAKIUM TPH TeX MJIU MHBIX yCIOBUAX.

BimsARMe Ha KOHCTAHTY paBHOBeCHsi Temmeparypnl. KoHcTaHTa XUMuUyec-
KOTO paBHOBECHA 34BMCUT OT NMPHUPOAB peareHToB M OT TeMmeparyphl. OHa
CBA33HA C M3MEHEHUeM CTAHOAPTHON 3HeprMd ['M66ca XMMHYECKOM pear-
nuu A G° ypaBHeHHEM

AG = —RTIn K, AG,,

(xJx) = —5,71 lg Kaog.

IlpuBenenHoe ypaBHEHNE MO3BOJAET MO BeMuMHe A (G° BHUMCIUTL K, a
34Te€M W paBHOBECHHIC KOHUEHTpANMM (MApIUa/IbHEe NaBIeHUA) PEAreHTOB.
Bossmmum orpunarensusiv 3HadeHuam AG (AG° € 0) orseyaror 60abmIKe
sHadeuusa K (K » 1), T.e. B paBHOBeCHON cMecH NpeOGAANAIOT NMPOMYKTHI
B3aumopneitcTeuA. [Ipd GOABIINX TONMOKUTENLHLIX 3HadeHUAX AG" (AG >
» 0) B paBHOBECHON CMecH NpeoGIanalor HcexonHsle pearedtsl (K < 1).
Ecau ywecrs, uro AG° = AH — TAS® = —RTIn K, to mnocne
HEKOTOPOro NPeo6Pa30BAHUA TTOTYUUM

*Koncranra paBHobecusi K., BeIpakaeMasi depes PAaBHOBeCHble KOHIEHTDAL[MU
pearentoB, U K, Brlpakaemas yepes UX NApUMajIbHble NABIeHUsl, CBS3AHBI ypaB-
Hehusmu  Kp = K(RT)A", rie An — UameHeHUe KOJMYECTBA BelllecTBA T430B BO
BpeMsi peaKuuu. B peakuuu, rje KOJMYeCTBO BellecTBa [430B HE W3MEHAETCH,
An=0u Ky = K.
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W3 srtoro ypaBHenust BUIHO, YTO KOHCTAaHTa DaBHOBECUA O4YEHb YYBCTBU-
TelbHA K HM3IMEHEHUIO TeMmmepaTyphl. IS 3HAOTEpMHYECKUX NPOIECcCOB
NOBBLIIIEHNE TEMIEepPaTypsl OTBEYAST YBEMMYEHUIO KOHCTAHTH paBHOBECUS,
Ul 3K30TepMUYEecKUX — ee ymeHblenuto. OT pamieHust (ecny OHO He
OYeHbL BEJUKO) KOHCTAHTa paBHOBOCHUS HE 3aBUCUT.

3aBUCMMOCTbL KOHCTAHTHI PABHOBECUA OT DHTANLINUNHOIO M SHTPONUHAHO-
ro $aKTOpPOB CBUJETEJILCTBYET O BAUAHUU HAa HEe NPUPOJLI PEareHTOB.

§ 2. MPUHIINI JIE IUATEJ/IBE

CocTosiHMe XMMHUYECKOrO PaBHOBECHS COXpaHsieTca Npu JaHHBIX YCJ0-
Busx aoboe spemsa. Tlpu usmeHenuu ke yciIoBuMii paBHOBecHe HapyHIASTCS.
Bausinve, okasbiBaeMoe Ha PaBHOBECHYIO CHUCTEMY KaKUM-TIMO0 BHELIHUM
BO3JeficTBMEM, HapUMep UIMEHEHUEM KOHLUEHTPAUUU PeareHTOB, JaBJIeHUs
WIX TEMIePATyphkl, MOXHO IpPeiCcKa3aTh, NOAb3YACb N PUH L U I O M
Jle MlatTenbe (HNpPUHUMOOM NOABUKHOFO PaBHO-
BecH ﬂ)Z ecau Nal‘OdﬂH&aﬂCﬂ G pPasHoseCcuUU cucmeata nodaepmemc.q GHEUL—~
ue/uy aoadeﬁcmauw, PasHrogecue caeu,aemcs 86 maxkoal uanpa(memtu, xomo—
poe cnocofemeyem ocAabAeNUI0 3MOLO G030eUCNBUS.

Tak, cornacso npunuuny Jle Ularenve, BBeiene B paBHOBECHYIO cUCTe-
My JONOJBHUTENbHBEIX KOJUYECTB KAKOTrO-MO0 peareHTa Bbi3bIBAET CIIBUT
paBHOBeCUs! B TOM HalpaBJeHUM, NPU KOTOPOM KOHUSHTPALMs 3TOTO Be-
LIECTBA YMEOHBLIIAETCA M COOTBETCTBOHHO YBOJIMYUBACTCS KOHIEHTPAUMs
OPOIYKTOB ero B3auMoieficTBus. JlonycTuM, K paBHOBECHOI cHcTeMe

2C0(r) + 0, = 2C0,(r), K = [CO,)2/([COP[0a))

HobapjleH KHUCIOPOA. OTO BHI3OBET yCH/IeHMe Mponecca o6pasoBaHuUnsA
okcuga yraepoaa (IV). Ilpouece 6yner uaTH [0 Tex mop, MOKa CHCTEMa He

NpUageT K COCTOAHUIO PABHOBECUS. B 3TOM HOBOM COCTOSAHUM XMMUYECKOTO -

PaBHOBECHS! KOHUOHTPauK (MapuualbHble JAB/IEHHs1) BCex BEIISCTB OTIMH-
Hbl OT HaYaJbHLIX, HO COOTHOUIEHHE MeXJY HHUMM, BHIpaskaeMOe KOHCTaH-
TOW PpaBHOBECMs, OCTaeTcs TeM e. TakuM oOpa3oM, B cucreMe, Haxols-
Llefics B PaBHOBECUM, HEJIL3S MIMEHUTh KOHLEHTPANMIO KAKOTO-HUBYIb U3
PeareHToB, He BLI3biBasd U3MEHEHUs KOHUEHTPALMMU BCEX OCTATLHBIX.
Namenenvie fapiienust BAMACT Ha COCTOSIHME DABHOBECUS B TEX CIyuasX,
KOrja peakiusi colpoBOXaeTcs u3MeHeHueM o6beMa cucTeMbl. B coor-

BercTBuM ¢ mppuHuunoM Jle Hlarenbe NOBLIIGHUe [aBjJeHUS caBUraer
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XUMHYECKOe paBHOBECHME B CTOPOHY Ppeakuuii, MAyLeH ¢ yMeHbIUeHUueM
obbeMa. [Ipy MOHMIMKEHUU HABJICHUS NPOSBIISAETCH OOpATHas 3aBUCUMOCTD,
Tak, AJs paBHOBecHO# cuctemb (npu 298 K)

2
N204(F) _ 2N02(F), K= [NOQ]

T [N204]

1 o6beMm 2 o 6beMa

npu papaenuu 50,6 klla cremens aucconmanuu NyO4 cocTaBisier 25,7%.
Mopeimenue papiaenus Basoe (no 101,3 klla) mpuBosuT K yMeHbLIEHHIO
crenenun muccoumanuu NoO,m0 185%. MubiMu ciioBamMy, NP NOBLILEHUU
[aBJIeHUs paBHOBecue cmellaeTcst B cTopony npespamendss NO; B N3O,
T.e. B CTOPOHY PeaKklyy, UAYlleii ¢ YMeHblIeHUeM o6bema.

Coraacno npunuuny Jle Illarenve mopbiieHue TeMNepaTypbi BBISLIBAET
CMeLIeHMe pPABHOBECUS B HANPABJISGHUM TOr0 W3 MPONECCOB, TedeHue
KOTOPOTO cONPOBOKACTCS MOIJIOLICHUEM TEMJIOTH, a HOHMKEHHUEe TeMIepa-
TYpbl [eicTBYeT B NpPOTUBOIONOKHOM Hampapjenuu. Tak, B paccMoTpeH-
HBIX BbIIIE PaBHOBECHBLIX CHCTEMAax

900(r) + 0y == 2C0y(r), AH < 0
NQO4(I‘) == 2NOQ(I‘), AH>0

[OBLILIGHNE TeMIepaTyphl NPUBOAUT K pasinoxenuto CO; u N,Oy4 cooTser-
CTBEHHO, a [IOHMKEHUe TeMIepaTypel cnocobeTyer, HaoGopor, cunTedy CO,
148 N204.

Nsyuenie XUMUYECKOTO paBHOBECHA UMeeT GOJIbilloe 3Ha4YeHHe Kak s
TeopeTUHvecKUX HCC/IeOBaHUN, Tak U [/ pelleHUs NpaKTUYeCKUX 3anad.
Onpenenss MOJIOKEHNE PABHOBECHA JJIs pa3/MYHBIX TeMilepaTyp U JaBjle-
HMIiT, MOKHO BLIOpaTh Haubojiee 6JarONpPUSITHEIE YCJIOBUS 1IPOBEISHUA
XMMHIYECKOTo nponecca. Ilpy okoHYaTeALHOM BHIOOpe YCJIOBUIT IPOBEIEHUSA
npouecca YYUTLIBAIOT TaKKe UX BJMSHME Ha cKopocTh mpoluecca. Heobxo-
UMbl TAKUE YCJAOBUS, YTOOLI JOCTUTATICA MAKCHMAJILHO BO3MOMHBIA BHIXOJ,
NPOAYKTa (CMEIICHNE XMMUUECKOrO paBHOBECUSA) NPU HaMbOIbUICH cKOpOC-
TU mpouecca ero o6pa3oBaHUSA.

§ 3. KOHCTAHTA MOHU3AIINN

DIIeKTPONIUTAYECKAsT [JUCCONUAUMUA BEUIeCTB B pacTBOpe — Iponecc
obparumniit. [IpuMeHuB 3aKkoH HEHCTBYIOUIMX Macc K IIpoLeccy pacnaja
coenunenusi K,A, B pactsope Ha HoHbl K™ u A7

KnAn(p) == nK™(p) + mA™(p)
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oAy 4uM
1{ _ [Km+ ] n [An-]m .
‘ [KnAn]

B sToM cay4yae KOHcTaHTa papBHOBecUs XapaKTepU3yeT WOHMU3AIUio
BEIIECTBA B pAacTBOpe, [O3TOMY €e Ha3bIBAlOT KOHCMANMOU UOHU3AUUU.
QOuepusigo, yem GOJblile KOHCTaHTAa MOHMBALUM, TeM 6o€e MOHU3UPOBAHO
coequnenue. IlockoNbKy KOHCTaHTa paBHOBeCUS OT KOHLEHTpPapuu He
3aBUCUT, KOHCTaHTa MOoHU3anuu faer 6ojee OOIIYIO0 XapaKTEPUCTUKY CHJIbI
JIEKTPOJINTA, Y€M CTeNeHb MOHU3AUM.

OnHaKo 3TO BEPHO JIHIIL AJ1S1 ¢1abbIX 37eKTPOIUTOB, PAcTBOPHI KOTO-
PBIX COJEpHKAT CPABHUTEILHO HEMHOI'O UOHOB. Y CMJILHBLIX K€ 3JIOKTPOJU-
TOB BCJIeNCTBUE OOJBLIIOTO 4Yucja HOHOB 3aMETHO CKal3bIBaeTCs 3JIeKT-
POCTATUYECKOE B3aMMOMSHCTBME HMOHOB LPYr C JPYroM. JTO JULIaeT MOH
BO3MOXKHOCTH BecTH cebsl HesapucuMo OT npyrux. CpoilcTBa 3JCKTPOIUTA
OKa3hLIBAIOTCA TaKMMM, Kak OynTO 6bl KOHIEHTpalldsl ero MOHOB HHas, 4eM
Ha caMoM pnene. PesyabTaToM 3Toro SBJASAIOTCA OTKJIOHEHHE OT 3aKolia
NEeACTBYIOIIMX Macc ¥ U3MEHEeHUe BeMu4MHbl K Ipy U3MEHEHUM KOHUEHT-
panyy pPacTBOPEHHOrOo BemiecTBa (B YacTHOCTH, npyu pas6GaBiieHUHM pact-
BOpa).

Jns pacipocTpaHeHUs 3aKoHa NEMCTBYIOUIMX MAacC Ha CUJIbHBIE OJIEKTPOTUTHI
BMECTO KOHRIIGHTDAIIMM BELIeCTBa B BLIpaXEHUE KOHCTAHTbl PaBHOBECUS! TMOJACTABIS-
or ero 5 b beKTUBHY0O KOHUEHTpPAaUMUio (1.6 MpoABIA0MYo
ceb6sl B JNEMCTBUM) — Tak HasblBaeMylo axmusrocms d. Hanpumep, mwis cuibHoro
aleKTpoiiuta KnAp, ’

n m
a a

K™ A
K, = —
KnAm
Kak UM KORIIEHTPalMIo, aKTUBHOCTH BHIPaXaloT B Moiib/i. CoOTHOWIEHME Mexjy
AKTUBHOCTBIO @ U KOHUEHTpallell ¢ naeTcsA BhIpaxeBMeM a = fc, rne f— woafpu-

yuenm axmusnocmyu. OH XapaKTepUsyer oTJIMYMe CBOMCTB pAacTBOPOB CHJIbHBIX

QJIEKTPOJIUTOB  OT CBOMCTB pa3baBleHHEIX pPacTBopoB cabblx ovIeKTposiuToB. B.

npefieibHo pa3GaBiieHHEIX pacTBopaX (6MM3KUX K "MieansueiM') anekTpocraTvdec-
Koe B3aUMOAENCTBUE MOHOB TPAKTUYECKU OTCYTCTBYET M3~3a UX YIAJIEHHOCTM JApYT
oT npyra. B aToM ciyyae koodbdUnMeHT akTMBHOCTH OJIM30K K eMHUNE, T.€. a ¥ c
AKTUBHOCTL U Koo DUIIMEHT aKTMBHOCTU OIIPEleNISTIOT Ha oCHOBAHMM OKCIIEPUMEH-
TaJILHBIX JIAHHBIX.

Ilpn obcyscnesnn Hoclenyomero MaTepyala IPUMEM, YT0 KOHIUEHTpAlUU pas—
GaBJICHHBEIX PACTBOPOB ATIEKTPOJIUTOB CYNIECTBEHHO HE ONIMYAIOTCA oT UX AKTUBHOC-
TeN. -
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KoHCTaRTH KHCJIOTHOCTH HW OCHOBHOCTH. [[pUMEHUM 3aKOH JeHcTBY-
IOIMX Macc K MOHMBANUM KUCJIOTHI B BOLHOM pacrtope. Hanpumep, nas
MOHUBANUY a30TUCTON KUCJIOTHI

HNO, + H,0 == OH} + NO;
KOHcTaHTa paBHOBECUsI

o [oH3INo3)

[HNO,] [ H20]

B pas6apieHHBIX PacTBOPaxX KOHUEHTpauMs BOJbI — BEJUYUHA [PaKTU-
yecky mnocTosiHHasA. IlosToMy 3Ty BeMUYMHY pelecoo6pazHO BKJKOYaTh B
koHcTaHTy paBHopecus k[H,O] = K. KoHcranTy paBHoBecus Ky HasbipaloT
KOHCMANmMolu xucaomuocmu

[OH3 ] [NO]

ke =m0,

WM [IPY YIIPOHISHHOHR 3anuc
HNO, = H* + NO;

[H* ] [NO;]
[HNG, ]

KOHCTAaHTY KHCJIOTHOCTH MOXHO ONPENeNUTh OJKCIOPUMEHTANbHO 110
W3MEPEHUIO 3IeKTPUYEC KON IPOBOLMMOCTH PacTBOPa.

OueBUIHO, YTO YEM CUJILHES KUCJIOTA, TeM €e KOHCTaHTa KU CJIOTHOCTU
Gonpiie (Tabn. 22).

Jlna XapaKTEepUCTUKU CHJIbI KUCJIOTHI 4YACTO BMecTO Ky NPHUMEHSIOT
OTPUUATENLHBIN [ecATUYHbINA JIOrapudM ero 4UcI0oBOTO 3HAa4eHUA *

K, = = 57-104, pKyg = 3,29.

pKy = —lgKx.

Jlast caabelx KUCJIOT 3HadeHusl pKy [OMOKUTENbHBEI, M 4YeM cJjabee
KucaoTa, TeM 6osbiie pKy. JIaa cuiapHbIX KMcaoT pKx OTPUUATENbHBL (CM.
Taba. 22).

MHOrOOCHOBHBEIE KM CIOTH MOHUBUPYIOTCSl CTYNEHYaTO, M Kak[Iad CTy-
NMEeHb KUCJIOTHOCTU XapaKTepu3yeTcs CBOUM 3Ha4YeHUeM KOHCTaHThI KUCIOT-
Hoctu Ky u pKy, Hanpumep:

H3PO4 = H* + HQPO;

*p — HavaJibHasi OyKBa JATCKoOro cjloBa poteénz — MaTeéMaTU4YecKasl CTElEHb.
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Ky = LH%%%%%L = 725-10% pKag =2,12.
H,PO; = H* + HPOY"
+ 2=
Kep = [E[EI—E;%—C_’T—L 6,31-10%  pKe = 7,20,
4
HPO? == H* + POY
H*] [PO5] )
Kys = [————-_——— = 4,2-1018;  pKy3 = 12,92.
K [HPO2 "] "

Ta6auna 22. Knaccnpuxanus KUCIOPORCOAEPKAMMX KUCHOT 1O MX CHIE
B BOJHEIX pacTBopax *

Tun kucnorsl|  Kucotora K pKx Cwia KMeII0T
3(OH),, HBrO 2,06-107° 8,7 QOuenb cabble
HCIO 3,2-10°8 7,5
HIO 2,3-101 10,64
H3;AsO, 6-10710 9,2
H3BO; 5,8-10710 9,24
H4Si04 2-10°10 9,7
HeTeOg 2,0-1078 7,7
30(0OH),, HCIO, 1,1-10°2 1,97 Cna6uie
HNO, 5,7-10™4 3,29
H,CO; 1,32-10™¢ 3,88
H,50, 1,3-1072 1,87
H3AsQ4 6,46 1073 2,19
H3;PO, 7,25-1073 2,12
H510¢ 3,1-1072 1,57
302(OH),, HBrOj3 2-107! 0,7 CunbHble
HCIO; ~ =1
HIOg 1,7-1071 0,77
HNO;4 4,36-10 -1,64
HQMHO4 ~1071 ~1
HzSO4 1 103 -3
30;(0H),, HCIO,4 ~=10 OueHb CUIbHBIO
HMnOy4 2102 -2,3

*B rabinuie NpuBeeHbl sHaueHUA Ky N€pBOIl CTYNEHNM MOHUBAIUM KUCIOT.
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Jl/1A HeOpraHUYECKHUX KHUCJIOPOACOASPKAINX KUCJIOT [epBasi, BTOPAas M
TpeThbA KOHCTAHTHL KMCJOTHOCTH HaXOAATCA B COOTHOUIGHWM, [PUMEPHO
pasHoM 1 : 1075 : 10710, B cnpaBea/iMBOCTH YKa3aHHOTO COOTHOLUIEHMWS [JIS
H3PO4 netpynHo ybenuTbesi, €C/iM COMOCTABUTE T PUBEACHHEIC BHIIIS 3HAYE-
HuA Ky, Ky, Kks. IlepBhit MoH Bomopolia OTPHBAeTCA OT MOJIGKYJIH
KHCJIOTHI Jlerde, a MOCJeAyIOlMe Bee Tpy/AHee, TaK KaK BO3pacTaeT OTpUIa-
TEJNILHBIN 3apsj KucaoTHOro ocTaTka. (B wacTHocTH, mO3TOMY B pacTBOpe
docdopHOit KUCIOTH UOHOB PO%" HOYTH HOT.)

Cuiia KHCJIOPOACOACPHKAIUMX KUCJIOT 3aBUCHT OT CTPOSHUA MOJICKYJIHI.
@opMyny KHGIOPOACOACPKAIINX KHCIOT B OOIIOM BUJAE MOXKHO 3amucaTh
D0n(OH)y,, uMesa B BUAY, YTO B UX MOJCKyMaX uMewoTcs cBasy H—O—D u
9=0. Kak 00Ka3WBalOT UCCJIEIOBAHMS, CUJIa KUCJAOT [IPaKTUYECKU He
saBucuT oT n (uuciaa OH-rpynn), Ho 3aMeTHO BospacTaer ¢ yBeJMYeHUEM m
(uncaa HecBasanubix B OH-rpynnbl aToMoB Kuciiopoma, T.e. €O CBA3SMU
9=0). o nepsoit cryneru wonusanuu kucitors tuna I(OH), orHocsTes
K O4YeHb cjabhM (K = 108—10"1 pKy = 7—10), Tuna SO0(OH), — &
crabeiM (K = 10721074, pKy = 1,56—4), tuna 90,(OH),, — k cuabHEM
u tuna J03(OH),, — Kk ouyenb cumpHbIM (Tabi. 22).

Peskoe BospacTaHue cwibl B psAy KHUCIOT C yBEJIUYEHUEM M MOKHO
OOBLACHATL OTTACMBAHUEM 3JOKTPOHHOM [UIOTHOCTH oT. cBsidu H-—O Ha
cBsass D=0.

C yBeJiMueHUEM CTeHeHU OKUCJICHUS LEHTPAJbHOTO aToMa ) U3MEHEHUE

COCTaBa 06PA3YEMLIX UM KUCJIOPOACONOPkKAIINX KUCJIOT OTBedaeT yBejddue-
+4 +6 + 3 + 5
Huwo m, ganpumep: H,SO; u H,SO,; HNO,; u HNO4. MoaroMy ¢ ysenunde-

‘"HHUEeM CTeneHU OKHUCJICHUS LHEeHTPaJbHOr0 aToOMa cuJia KHMCJIOT OOBLIYHO BO3-

pacTaeT, HallpUMep:

+1 +3 +5 +7
HClO HCIO, HCIO, HClO,
CI(OH) CIO(OH)  ClO,(OH)  ClO3(OH)
pKy=1725 pKe=197 pky=-1 pKy=-5

B 3ToM mposBasiercs 06mas 3akOHOMEPHOCTb: € YBEIUYEHUEM CTEIleHU
OKHCJIGHUA JIEMEHTa B psily ero THAPOKCUIOB OCHOBHHE CBOMCTBa Ocjiabe-
BAlOT, KUCJIOTHBIE — YCUJIMBAIOTCS, HApUMEp:

+ 4

Mn(OH)4
+ 2 .+ 3 + 6 + 7
Mn(OH), ~Mn(OH); H,MnO, H,MnO, HMnO,
OCHOBaHUe OCHOBaHUe aMtbOTepHoe KUcmaora KHAJ10Ta OYEHb
Cpeﬂﬂeﬁ cnaboe coeMHene CHUJIbHa A CHJIbHAaA
CUJTBI
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O cuile OCHOBaHUN MOMHO CYJUTh [0 BHAYCHUIO KOHCMANMbL 0CHOGHOCMU,
KoTopylo obosnauator K, W3z cpasnenuss K, rugpokcupos LiIOH(K, =
= 6,75.10, pK, = 0,17) u NaOH (K, = 5,9, pK, = —0,77) sugno, uro
BTOPOE OCHOBAaHHUE CHIILHEES, YeM HepBoe.

§ 4. KOHCTAHTA OBPAB/OBAHI/IH KOMHIJIEKCA

KoMniiekcHble coemuHenuss B pacTBopaX OOHIYHO HMOHMBUPYIOTCS Ha
BHEIIHIOI ¥ BHYTPEHHIOK cdephl:

[Ni(NH;)e]Cly(p) == Ni(NHy)2*(p) + 2C1"(p)

KoMrsiekcHble MOHBI B pacTBOpaxX B CBOIO Ouepeib HOABEPraloTCs B
6oJbllleli UM MeHBIIIeH CTelleHU pacliaJly HA COCTABHLIE YACTHU:

Ni(NH;3)2*(p) == Ni%*(p) + 6H;N(p)

06 ycTOWYMBOCTU KOMIIJIEKCa MOYKHO CYIUTb [0 ero ofllell KOHCTaHTe
o6pasopanus fp (n — KOOPAMHALMOHHOS YUCIO KOMIJIeKcOOOpas3oBaTelis ).
Hns peaknun obpasopanus uona Ni(NH;)2* B pactsope

Ni2*(p) + 6H3N(p) = Ni(NH3)2*(p)

ofiman koHcTaHTa 00pa’oBaHus 6ynger

[Ni(NH3)§"] _

Bs = = 1,02-105, lgBs = 8,01.

 [NiZ*] [HN]®

Koncranta ofpaszoBanust sBisieTcsi Mepoii KOMIlIeKCOOOpa3OBaHUs —
6oJIbllleMy 3HAaYEHUIO KOHCTaHTH COOTBETCTBYET GOJbllIasd KOHIEHTPanus
KOMIIJIGKCa IpY PaBHOBECUU.

CpaBHeHME KOHCTAHTH 0Opas0BaHUA KOMIJIGKCHBIX UOHOB

Ag(NOy); Ag(NHj);  Ag(S;03)2 Ag(CN);
6,76- 102 1,47-107 2,88-1013 7,08-101¢8

HOKa3biBaeT, 4TC HauboJiee yCTOMYMB U3 3ITUX KOMIIJIEKCOB IOCJAENHUE, a
HauMeHee YCTOWYUB — MePBLI.

O6pasoBalie KOMIJIEKCOB B DACTBODE 3aKJIOYAETCS B TIOCHEN0BATENILHOM BHEJ-
PEHMM JIMTAHJIOB BO BHYTpeHHIOI0 cbepy KOMIUIEKCOO6pA30BaTelsl ¢ OTIIENJIEHUEM

[IepBOHAYAJIbHO KOODAMHMPOBAHHBLIX MOJIEKYJl pacTBOPUTEJsl, HAllpUMep:
206 :

Ni(OHp)3* + H3N == Ni (OH,)s(NH;3)2* + H,0
Ni(OHp)(NH3)2* + H3N == Ni(NH3)2* + H,0
Ni(OH2)2* + 6H3N == Ni (NH3)2* + 6H,0

Hao6opor, 1py paciiale KOMIUIEKca Ha COCTaBHbIE YacTM B pacTBOpe IIPOMCXOIUT
3aMeHa JIMTaHOoB Ha MOJIEKYJbl pacTBopUTessi. TakuM obpasoM, peakIUU KOMIUIEK-
coobpasoBaBis Y pacilaja KOMIUIEKCOB B pacTBOpe M0 cyTH Jesia SBJIAIOTCS peak-—
HUsIMA 3aMellleHUsi JMravfoB. IIpd ©ToM KOHUEHTpanusi BOJAbl [IPaKTUYECKU He
U3MeHseTCsl, TI03TOMY B BHIpask€HMM KOHCTaHTHI 06pa30BaHUsI ee He BKJIHOYAIOT.

Tockonbky oBpa3oBanue U paciiafi KOMIJIEKCOB B pacTBOpe [IPOUCXOMNAT CTyIIeH~
YaTo, KaXJON CTYIEHM OTBeuyaeT OIPENEJICHHasl CrylleHYaTasl KOHcTaHTa obpasoba-
HUs KoMilIekca. [11s1 uoHa Ni(NHg)g+ MOXCHO 3aIIUCATh:

. — N3 — i( 3)2*] =
2+ - 2+ K = L_______NNH. leK; = 2,67
Niz* + HN == NINHG, K = e Jek

[Ni (NH3)3"]

Ni(NHy)?* + HsN == NiNHa)", - Ko = sy oy 870 = 212
Ni(NHg)2* + HsN == Ni(NH3)2*, K; = [Ni[l?;lf(ll:})lgz%}flsN]; IgK; = 1,61;
Ni(NH)2* + HyN = Ni(NHg)2*, Ky = [NPEI;I}(IIZP)I%)(]%[EQN] 1gKy = 1,07;
Ni(NHg)2* + HaN = Ni(NHg)Z*, K = [Nl[lzl;éljf)‘;)]g[gw] 1gKs = 0,63;
Ni(NH3)2* + HsN == Ni(NHp)2*, Ks = [Ni (NHy)g') lgKs = —0,09.

~ [Ni(NH; ) 2*][HaN]

O6mast koHcraHTa 00Opa3oBaHUsT KOMIUIEKCA paBHa NpOU3BENEHUIO CTYNIEHYaThbIX
KOHCTaHT 00pasoBaHus

[Ni(NH3) &°]

Be = KiKo K3 K4 Ks Kg = [Ni2* ] [NHgJe

= 1,02-108, Ig fBs = 8,01.

PaccMOTpeHHbIT MaTepuall IOKa3LIBAaer, YTO [PU PACTBOPEHUM KOMIUIEKCHBIX
COEQVHEHUN MJIM TIpYM 06pa30BaHMM KOMILJIEKCOB B DACTBOPE IPOUCXONSIT CJIOKHBIE
1polleccHl 3aMeIleHUs] JIUTAH 0B,

XenarHble KOMIUIEKCHI 60j1ee  yCTOMYMBLI, 4YeM aHaJIOTMYHBIE KOMIUIEKCHl ¢
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HOXOAKUMUM [0 CBOMCTBAM MOHOIEHTaTHbIMM Juranniamu. Hamnpumep, srunennuamu-
HoBblit koMIUleke Hukenst (II) ycroitunBee, yeM aHajOrM4HBIM aMMMAaKaTHBIMA, 6osiee
yem B 109 pas:

INi(NHy), 1> [Ni(en),)**
2+

H, —l
H2

/
K - H,C— 14 N
H;N NH3 N XiH,
NH fa HN L
—~CH,
L 4 L H
188n=8,01 18, =17,57

§ 5. KOHCTAHTA ABTONPOTOJIM3A BOJIbI

[IpuMeHUM 3aKOH [EiCTBYIOIMX Macc K CaMOMOHM3anMU BOJbI
I
Hzo = H* + OH"

KoHcTanTa uoHu 3ai MU BOJibl

H OH
= WIoH] 8-1016

[H20]
MOMKeT OBITb BLIYHCJIEHA, HanpUMep, MO 3JIEKTPUYECKON HPOBONUMOCTH.
Kak BU/IHO M3 BLIpAXEHUS KOHCTaHTHI MOHU3AWM, BONA B OGBIYHBIX YCJIO-
BUSIX HMOHUBUPOBAHA KpafiHe Mago. [103TOMy MOKHO CUYHUTATH, YTO KOHLEH-

tpauua soabl [HyO] — Benuuuma moctosinmast; oHa paBHa 55,56 Momb/n
1000 r/n

————'— = 55,56 Mosb/n|. YpaBHeHUe 0151 KOHCTAHTbI MOHU3ANUM BOJLI

[18 r/Momb ! / baBH A 1 )i

MOXHO 3alMCcaTh CIASAVIOIMM 06pa3oM:
K[H,0} = [H*][OH"]

Cnenosarenbho, u npoussegenue K[H,0] ans naHHO# TeMuepaTypsl HocTo-

auo: K[H,0] = 1,8:10716-5556 = 10714. O603HauuM NpOUBBELEHME
K[H20] = Kj. Cneposarensuo, Ky = [H*]JOH] = 10714
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Benuuuna K HasbiBaeTCs woOHNGLAL nNpou3sedenues 600s U SABIACTCHA
MOCTOSIHHOM HE TOJILKO JJIsi YUCTOM BOJbLI, HO U JJA pa3OaBIeHHbIX BO/L-
HBIX PacTBOpPOB J06LIx BemrecTs. C noBbilieHUEeM TeMiiepaTypsl ki yBeJu-
YuBaeTcs, ¢ TOHWIKEHUEM — yMeHblltaercst. OHAKO [JJs pacdeToB, OTHOCH-
HIMXCA K KOMHATHOW TeMIepaType, MOMXHO BC BCeX CAy4asdx NPUHUMATL
Ky = 10714,

Wonnoe mpousBenenue Boabl — BecbMa BaHAasd BeJIUYHMHA, TaK Kak
NO3BOJISAIET [JIst JIIOGOTO BOJHOTO pacTBOpa HailT koHueHtpaumio H* (OHY)

npu u3BecTHoi koHpneHtpamuu OH™, u Haobopor. JIJsA 4ucToil BOmBI KOH-
+ + - s
neHTpanust wonos H* (OH3) paBHa koHuenTpauuu morHos OH-, T.e. cpena

weirrpansrasn: [H*] = [OH) = {K; = 1077 moas /1.

Ecniu wkoHnedtpanus uomnos H* Beime 1077 Monb/a, 3 KOHpeHTpann:
OH -uonoB Huike, To pacTBop Oyaer xucawu. HaoGopor, weaouwnon pacr-
BOp coOTBeTcTByeT KoHUeHTpauuu wnoHos OH™ seime 1077 moab/i npu
KOHIEHTpauuu UoHOB H* Humke 3TOro 3Ha"eHuUs.

KonuuecTBenHoe 0603HaueHUE PEAKIUU CPEbl MOXKHO YIPOCTUTDL, €CIIH
DPUHATL 332 OCHOBY TaK Ha3LIBAGMbIN Godopodnsiti noxaszamear pH, onpene-
JITeMbI KaK [ecATUYHBIH JIorapudM KOHIEHTPAuUM BOLOPOJAHLIX MOHOR,

B3:ATbIA ¢ 06paTHeIM 3HakoM: pH = —lg[H*]. Torpa
HeiitpanbHasi cpefia . . ... oo oo oL pH =
Kucomastcpema ... .. .. oo oo pH <7
[lemoynasi cpefa . . . .. ... oo pH > 17

IlpakTuvecku peaknuio cpenbl YA06HO ONpefensiTh ¢ NOMOUILIO UHJUKA-
MoPos — BEUIECTB, MEHAIOIMX CBOW LBET B 3aBUCUMMOCTU OT OTHOCUTEJIBHOM
KOHnenTpanuu uonos H* u OH".

AHAJIOPMYHO MOXHO BbIBECTH WOHHBIE NPOUSBENEHUS U UL JADYTUX KUIKMX
BelllecTs, HaNpUMep aMMuaka (npu —33,4°C)

2H3N = NH; + NH; [NH*][N}IZ] = Kg pK; = 22
cysibchaTa BoJlopola
2H,S80, == SO4H; + HSO;; [SO.H ][H§O4] = K pKs= 3

dTopuaa sofopoga

2HF = FH} + F; [FH[F] = Ky pK; = 11,7,

Benuuuny K, HASBIBAIOT KONCMANMOU d8mMORPOMOAU3A.
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§ 6. PABHOBECUE B TETEPOTEHHBIX CUCTEMAX

Koncranra pasHOBecHsi. PaccMoTpuUM Dponecchl, B KOTOPLIX HapAndy ¢
peareHTaMy B [Aa30BOM COCTOSIHMM Y4YacTBYIOT PEar¢HThl B TBEpIOM WM
HUIKOM cOCTOSIHUU, He obpasymolye ApyT ¢ NpyroM TBEpJbX pacTBOPOB.
KoHneHTpauMy HachIIeHHEIX NApoB MUAKUX M TBEpAbIX BelecTs (razobas
(aza) npy [AHHON TeMmepaType BeludMHb NocTosiHHBe. BeaencTsue atoro
UX KOHEHTPAanMu MOXHO BKJIIOYUTH B KOHCTaHTy PaBHOBECHUS, a BhIpaKe-
HUE 3aKOHa NefCTBYIOIMX MAace YOpOCTUTh. Tak, [jsd peakuuu TepMudec-
KO mycconyanyy kap6oHaTa KalbIud

CaCOs(k) = CaO(k) + CO4(r)

BHID@KCHUE /1A KOHCTAHTH paBHOBecust MoxkHo 3amvcate: K = [COq) nan
K, = pCOg' OTcrona BUIHO, YTO Np{ PABHOBECUM KOHUEHTpalUA OKCU[A

yraepopna (IV) mpu kammoil maHHOH TeMpepaType — BejMYuHa MOCTOAHHAA,
He 3aBucsnias oT conepxanust CaCO; u CaO. CienoparesbHo, B 3aMKHY-
TOW cucTemMe NMpPU AaHHON Temieparype KapboHaT Kajlbuusa OyneT pasia-
raTtecs O TeX INop, MOKa pCO2 HE JOCTUTHET ONpPeNe/eHHOTO 3HAaYeHMS,

HampuMmep:
Temneparypa, "C............... 762 808 870 904
Ma....... ... ....... 3 6 ,
[)COQ, klla 13, 26 66,7 106,2

AnajloryaHoe BHIpameHUe 1151 KOHCTAHTHI NOJY4YaeTcst [ BCEX PeaKnuii,
B KOTOPHIX TOJIbKO OJIMH U3 KOMIIOHEHTOB HaXO[LUTCA B Ta30BOM COCTOSHUM,
HanpyMep, IS NpOoUeccOB TepMMYECKOH nuccopmyanuy KpUCTaTLIudec KUX
OKCHU[IOB, Cy/bdUIOB, TUPOKCHIOB, KPUCTAIIOTUAPATOB M JPYTUX COEIH-
HEHUI, '

IIpou3sesieEne pacTBOpUMOCTH. [IpUMEHUM 3aKOH gEMCTBYIOMNUX Mace K
TeTOPOTEHHON CUCTeMEe — HachIIEHHOMY pAacTBOPY MAaJIOpacTBOPUMOIO
COe[IMHEHN s, HAXOAAIOTocsi B paBHOBecHH ¢ Teepnoli daszoif. Ecau mamo-
pacTBopuMoe coenunenue KpA, pacnagerci Ha KaTHoHbl K™ U aHUOHBI
A™To MexIY TBepoil (Pa3oil U pacTBOPOM YCTAaHOBUTCS pPaBHOBECHE:

KnAn(x) == mK"*(p) + nA™(p)

[Ipu paBHOBeCUU B HACHILEHHBI PACTBOP MEPEXONUT B UHULY BpeMe-
HY CTOJILKO MOHOB, CKOJIBKO MX BHOBb BO3BPAILlAeTCA B 0CafOK. JTO paBHO-
BecHe XapakKTepuzyeTcsl KOHCTaHTOH paBHOBECUs, KOTOPYK) Ha3bIBAaIOT
npouseedenuen pacmeopuniocmu M o6o3navaior [1P:
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MP(KnAp) = [KP*]m[Am]n,

TakuM 06pa3oM, 6 HACHULEHHOU PACTNEOPE MAAOPACTNBOPUMOLO COETUNHE~
HUR NPOU3GETEHUE KOHUEHMPAUUL €10 UOHOB 8 CMENEHU CMELUOMEMPUKEC-
XUz K03 Puyuenmos npu Jaunoli MeEUTEPAMYPE ECMb GEAUNUNE ROCTNOAH-
nas ™.

[lpoussenenns pacTBOPUMOCTU HEKOTOPHIX MAalOPAcTBOPHUMBIX COSQMHE-

HUH npusejgeHsl B Tabi. 23.

Ta6énuna 23 IlponssexeHre pacTBOPHMOCTH HEKOTOPHIX MAaJIOPACTBOPH-
MBIX B Bojie coefuHesi mpu 25°C

CoenvHe- [P pIIP = -lg ITP| Coennue- [P pllP = - 1g NP
HU1e HUe

AgCl 1,78-10°10 9,75 CaCOg 4,8-107° 8,32

AgBr 5,3-10713 12,28 CaF, 4,0-101 10,40

Agl 8,3-10°17 16,08 Cag(PO4),| 2,0-10729 28,70

AgCN 1,4-10716 15,84 CaSOy4 9,1-1076 5,04

AlPO4 |5,75-10°19 18,24 CuS 6,3-10736 35,20

BaCO; }5,1-107¢ 8,29 Mg(OH), | 6,0-10712 12,6

BaSO4 {1,1-10°10 9,97 PbS 2,5-10727 26,60

IIpousBenenne pacTBOPUMOCTH XapaKTepU3yeT pacTBOPHMOCTL BelllecT-
Ba: yeM 6ojbmie IIP, TeM 6onbie pacTBopumocTb. Tak, coryiacHo JaHHBIM
ra6n. 23, B pagy AgCl—AgBr—Agl pacreopumocts npu 25°C ymenbmia-
ercst.

U3 noususa IIP BeITekaeT ycioBue 06pa3oBaHUA ¥ pacTBOpEHUs Ocafi-
koB. Korga [K7*|"A™]n = [IP, cucrema Haxonurca B pabHOBecuu. Ecau
ke [K2|mAm]n > [IP umm [K7*]m{Am™]n < IIP, To cucTeMa cTpeMuTcs K
HOBOMY COCTOSIHMIO DAaBHOBECH S, IpUBOASILEMY B [EpBOM ciIy4ae K Bbima-
JEHMIO 0cajKa, BO BTOPOM — K €ro pacTBOpeHuioo. MHbiMM clioBaMM, Tpyn-
HOPAcTBOPUMBIL 3/E€KTPOJIMT BbIafgaeT B 0CajOK, KOTJQa NPOU3BELEHUE
KOHIEHTpauu# ero UCHOB B PAacTBOpEe CTAHOBUTCS 6 O J1 b il € 3HAYCHUSA
1P, nanpumep B caywae AgCl, korpa [Ag*][CI] > IIP. Dtoro Mmoxuo

"i. AOCTHTHYTb NpHGaBIGHNEM U3GLITKA JJIEKTPOJIUTA, COAEpIKAIIEro HOHB Ag*
* wm Cl, Takoil mpueM ucnosb3yercs AJs HAU60Jee MOJHOTC OCAKIEHUS

BeIlleCTB.

*
Tlockonbky pacTBop MajlopacTBOPHMMOIO COEIMHEHUS IIOJy4aercsi OYeHb pas—

’ GaBJIeHHbIM, TO AKTUBHOCTH HOHOB B pacTBope MOXHO IPUPaABHATL MX KOHIEHT-

panusamM,
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PacTBOpeHHe Ocafka NpOMCXONUT TOrAa, KOTJa [pOoU3BeeHHe KOHIeHT-
panuii ero WOHOB B pacTBOpe CTaHeT M € H b Il € 3HaYeHHs P, Te. B
namieM npumepe, xorga [Ag*][Cl7] < IIP. OToro MoxHO ROCTUTHYTD, CBA3bI-
pasi OMH W3 MOHOB, MOCHIAeMBIX OCajikOM B PacTBOp, B KaKOe-1uGO [py-
roe coepuHeHue.

Yacto BMecTo 3Hadyenuit [IP npuMeHsIOT OKa3aTeénb PacTBOPUMOCTH
plIP — oTpuuaTenbHblil JorapiM OpPOU3BECHUs PacTBOPUMOCTH plIP =
= —lg 1IP. ’

I'J1 ABA 4. XUMUYECKAs KUHETHKA
§ 1. CKOPOCTb XMMUYECKON PEAKILMU

OnHa M3 OCHOBHBIX 3ajad XUMHM — HW3Y4UTb BIUFHUE Pa3/HuYHBIX
(paKTOPOB Ha CKOPOCTL ¥ MeXaHW3M XuMH4eckux peakuuit. O mpuHnMnu-
aJbLHOI OCYHIECTBUMOCTH MNpoliecca CyOAT MO 3HAYEHUIO M3MEHEeHUs 3JHep-
ru ['n66ca cuicreMbl. OgHaKO OHO HUYErO He TOBOPUT O POATLHON BO3-
MOXHOCTY PEAaKUUU B JaHHLIX yCJOBUAX, HE [A6T MIPENCTABJICHUA O CKO-
pocTH U MexaHU3Me fpouecca. Hanpumep, peakuust p3auMOIecTBUA OKCH-
na asota (II) ¢ kucaoposoM

INO(r) + Oy(r) = 2NOy(r), AGS, = —T0k[lx

OPOXOLUT O4eHb GLICTPO NPH KOMHATHOI TeMmneparype. B To Bpems Kak
peaKkLns

2H,(r) + Oy(r) = 2H,0(r), AG;,, = —458 Kllx

XapaKTepUsyIoWascsa 3HaYNTeNbHO GANBIIMM yMeHbIneHHeM 5Heprun ['n66-
ca, B OGLIYHLIX YCJIOBHAX NpaKTU4ecKH He npoTexaer. (CMech BOLopojia c
KUCJIOPONOM COXpaHsieTcsi 1[pd KOMHATHON TemiiepaType 6e3 3aMETHOrO
B3aUMOZEHCTBUS OYEHL [JIUTELHOE BPEMs, HO B IPUCYTCTBUM KaTalu3aTo-
pa wiu npu 700°C mponece npoTeKaeT NpaKTUIECKU MIHOBOHHO (CO B3pbI-
BOM).

TakuM o6pas3oM, s ONMCAaHWUA XUMUYECKOl peaKnydu HEeoOXOQUMOo
3HAThb BaKOHOMEPHOCTH €€ NpOTeKaHusi BO BPEMEHH, T.e. €e CKOpOCTb U
MexanuaM. CKOpocTb UM MEXaHW3M XUMWYECKUX TMpeBpalleHuii H3ydaer
pasfell XUMUN — TUMUNECKAS KUNEMUKA.

Hsyuenue ckopocTeii peaKuuil NO3BOJSET BLIACHUTL MEXaHW3M CJIOK-
HbIX XMMHYECKUX [peBpallieHHii. DTo, B CBOI O4Yepelnb, CO3[aeT Nepclex-
THBBI [J15 HAXOKEHUA [yTell yIpapieHUs XxMMuUdecKuM mponeccoM. Beisac-
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HEeHUWE KHHEeTUKU peakKuyili mo3possieT OCyLIecTBHMTb MaTeMaTH4decKoe HX
MOJIETMPOBaHMe U € MTOMOIIbBIO KOMIILIOTEPOB pelluTh 3a[adul ONTHMUBAUM
M aBTOMATU3aUMU XUMUKO-TEXHOJIOTHYECKUX NPOLECCOB.

Peakuyy MOryT OHITL 10MOIENNbLAUY U 1eMepOlenNbiuu. |'OMOTeHHbIE
PeaKIMM [1POTEKAlOT B OJHOPOAHON cpese (wanpumep, B razoBoii Qaze Win
KUAKOM pacTBope). [ereporennvle peakuuy 1poTeKalOT B HEOLHOPOHOM

cpefle — MEKIY BEILECTBAMHM, KOTOpBI® HaXOAATCA B pa3HbIX (pasaX (TBep-

OOW M KUIKOH, TasoBoit ¥ kugko#i M T.n.). Takum o6pasoM, romores-
Hble peaKi i DPOUCXOASAT PAaBHOMEPHO BO BceM O6beMe, 3aloJHEeHHOM
peareHTaMu, reTeporeHHbie — TOJBLKO Ha HEKOTOPLIX MOTPaHUYHLIX [OBEPX—
HOCTAX — Ha TpaHUue paspnena ¢as. [IpuMepoM reTeporennoii peakuuu
MOMKET CJIyKUTb PeaKIMs MemJy BEIeCTBOM B Ta30BOH ¢ase U 1OBEpx-
HOCTBIO JKUAKOTO WIM TBEPOTO Tea. ‘

Cropocms1o peaxyuu Ha3blBaeTCsl YUCIIO 3IEMEHTAPHBLIX aKTOB PeaKIyH,
TIPOMCXONANMX B ©[UHHLY BPEMeHM B efuHUue o6beMa (VI TOMOTEHHBIX
peaKnuii) WM Ha enMHKWUe NOBePXHOCTH paszela (a3 (4J1s1 TeTeporeHHoi
peakuyi). CKOPOCTb PeaKUMK OOLIYHO XAPaKTePU3YIOT HU3MEHEHHWEeM KOH-
LEHTpanky KaKOTO-IMO0 U3 MCXOAHLIX WIM KOHEYHLIX HPOLYKTOB pPeakLluu
B €[IMHUIly BPEMEHHU U Yale BCero BHIPAMKAIOT B MOJb/(cM? - MUH).

O cKopocT peaKuyu MOXKHO CYIWTb TaKKe N0 CKOPOCTH H3MEHEHUS
KaKOTO~Iu60 cBOICTBA CHUCTEMbl, HalpUMep, OKPacKH, 3JEKTPUYECKO
NpPOBOAMMOCTH, JABJICHUS, CIeKTPa U T.I.

Eciun B MOMEHT BpeMeHU T M 7T, KOHUEHTPAuus OJHOTO M3 MCXOLHBIX

BEIIECTB pPaBHbI c; ¥ €7, TO CPEOHIOD CKOPOCTh ¥ B MHTEpBaJie BPEMEHM T1 U
T2 MOXXHO BbIPa3UTh TaK:

cq — ¢ Ac

VP == —— " = -

T, —. T AT’

[ockosnpky pedsr uner 06 y6bUTM KOHUEHTPauMM HCXONHOTO BEIECTBa,
n3MeHeHue KOHUEHTPauuu B 3TOM ciydae GepeTcsi co 3HAKOM MUHYC.

B xome XuMHYeCKMX TpPONECCOB KOHIEGHTPALMM BEMIECTB MEHSIOTCS
HeTpeprIBHO. [[03TOMy BamHO 3HATL CKOPOCTb peaKuuyd B JAHHBII MOMEHT
BPDEMEHH, T.e. MINOGENHY cxopocms peaxyuu. lloc/ienHsist BroIpaxaeTcs
NepBON NIPOW3BOAHON KOHLEHTPAUUU [0 BPEeMEHHU:

+dc

'U:—E_.

Ecnu  ckopocts péaxunn OLICHMBAETCs yBeJIMYCHUEM KOHUSHTPAUUU

O HOTO U3 NPOAYKTOB peaKuyu, TO IPOM3BOgHas 6epeTcsi cO 3HAKOM [JIIOC.
Ha puc. 114 npusenen rpaduk 3aBUCUMOCTH KOHUEHTPANUAH MCXOLHOTO
BelllecTBa OT BpeMenH. B Kaxjblli MOMEHT BpeMeny (HanpuMep, i) MTHO-
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BEHHAs! CKOPOCTb PeaKnuy paBHA TaHTeHCY

yIJjla HAaKJIOHa KpUBOH v = 1g @.
S WccnenoBaHue CKOPOCTEOH XUMUIOCKUX
S peakuMii U aHaIu3 NONOGHBIX rpadpukoB
§ HO3BOJSieT NMOJYYUThb IEHHbIE CBENEeHUsd O
S MEXaHUBMAX PeaKUMM.
§ CkopocTh XMMHUYECKMX N peBpaleHUM
= 3aBUCAT OT I p ¥ P O i bl pearupyromux

BEILECTB, UX KOHpeHTpauum u
BHEUNIHUX YycaAOBHUHA

O4eHb 4YACTO CTEXUOMETPUYECKOe ypaB-—
HEHUE peaKnuy He ONpe[e/ser ee Mexa-
HU3Ma. BOJILIIMHCTBO pEaKLMH COCTOUT U3

Bpema
Puc 114, }3MmeHeHne KoH-
[LEHTPALMM MCXOJIHBIX BeIecTB
B TIpolecce peaKnun

pszfa 6osee NPOCTHIX 3JIOMEHTAPHBIX cTafgui.
Jlame peakuuu € OTHOCUTENBHO NPOCTHIM CTEXUOMETPUUSCKUM ypaBHe-
HUEM 49acTO OKazbipaioTes 060jiee CJIOKHBLIMU, YeM 5TO MOKHO Ob110 6b1 3aK~

JFOUUTH TIO ypaBHenuto peakuuu. Hanpumep, peakuus
Hy(r) + Cly(r) = 2HCI(r)

B IEMCTBUTENLHOCTH [IPOTEKAET 110 NEITHOMY MEXaHU3MYy.

§ 2. DHEPTUA T'MBBCA AKTUBAIINU

XuMUUECcKOe NPeBpalleHue MPOMCXONMT TOTAA, KOT[a BO3HUKAIOT yC10~
BUA 15l TIepepaclpeieficHUs 3JIeKTPOHHON IIIOTHOCTH  CTOJIKHYBHIMXCA
qactun,. DTOT mpouece NpOTEKAeT BO BPEMOHU U TpeGyeT 3aTparhl SHEPTHUU.
PaccMOTpUM B3auMOJeiicTBUe Ta3000pa3HBIX BELISCTB A, u By

Aq(r) + By(r) = 2 AB(r)

XOII 3TOTO BSaMMOﬂeﬁCTBMﬂ MOXHO OXapaKkTepu3oBaThb TpeMsa NOocaAeN0-
BaTEeIbHbLIMU COCTOAHUAMU CUCTEMBI:

A B A-'B A—B
|+ — | ¢ —  +
A B A-'B A—B
HauyajlbHoe  [epeXoJIHoe KOHEYHOE
(Mcxomnble (aktMBMpo-  (NPOLYKTBI
peareHThl) BaHHBIM PEAKIIMK )
KOMIIJIEKC)

B NepexOiHOM COCTOSHUM NPOUCXONUT IEperpynnupoBKa aTOMOB, €O-
NPOBOKJAIOIIAACS TEePEPACIPEJENeHHeM DJIeKTPOHHON IIOTHOCTH. Ouep-
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THI0, HeOOXOMUMYIO [IJIA NepeXo/ia BeIecTB B COCTOAHUE AKTUBUPOBAHHOTO
KOMIJIEKCA, Ha3LIBAIOT anepruett [ubbca axmusayuy.

. HamoMuuM, uyrto sHeprus ['mb6ca cBsi3aHAa c SHTaAbLOMEl M SHTpPONMEH
COOTHOIMIEH UeM

G=zH-—-TS
F# N
Anganoruyso, sneprus ['ub6ca akrupapuu A G cBs3aHa ¢ SHTaALIUEN

# 5 #
aktupanud AH u surponueit aktupapuu AS OJHOTUIIHBIM BLIPAXKEHHUEM:

AG = AH — TAS .

O6paszoBaHue AaKTMBUPOBAHHOIO KOMIIeKca Tpebyer 3arparhl 3HEpruu.
BepostTHOCTHL TOro, 4TO NpU CTOJKHOBEHUU 4vacTupn, obpasyeTcs aKTHBUPO-
BAHHbIN KOMILIEKC Y IPOM3OHIET peakuus, 3aBUCUT OT JIHEPIrUM CTAIKU-
BAIOL[UXCA YacTUn,. PearupyriorT TOJNbLKO T€ U3 MOJEKYJ, SHepPrus KOTOPHIX
IJIst 9TOTO pocrarodHa. Takue MOJICKYJbl Ha3bIBalOT aXMUusHb.UY. JHEp-
TUI0, HeOOXOMUMYIO [IJIA NEepexo/ia BEIeCTB B COCTOSHUE aKTUBUPOBAHHOTO

. #
KOMIIJIOKCA, HA3LIBAIOT Inmaavsnued axmusayuu AH .
KpoMe pHTanbNMM aKTUBANUY BaXKHLIM YCJIOBMEM OCYILECTBICHUSA XUMU-

YecKOM peakpuyl SABISETCS IHMPOnuUs axmusauyul AS;t. OHa 3apucuT OT
YHucila ¥ OPUEHTAUUM MOJIGKYJT B MOMEHT CTOJIKHOBEHUsA. Tak, [OMNycTUM,
4YTO [IePepaclpeleIeHUI0 3JJGKTPOHHON MJIOTHOCTH B AKTUBUPOBAHHOM
KoMIIeKkce Aj...By 671aronpusiTCTBYIOT OPUEHTAUU MOJIEKYJ NPU CTOJIKHO-
BEeHMH, KaK 3TO NOKas3aHo Ha puc. 115, a. [Ipu opuentanum xe Moexys,
KaK 3TO NOKa3aHO Ha puc. 115, 6, BepOsiTHOCTL XUMUYECKOTO B3auMoaeicT-
BUA ropasno MeHblle. OHa CTaHOBUTCS €MIe MEHbIe [pU OpUEHTANKH
MOJIeKyJ1, IOKAa3aHHOM Ha puc, 115 6.

OHepreTHdecKHe U3MEHEHUS B Pearupylofieil cucTeMe MOXHO MpeicTa-

Puc. 115. Bnarompusitubie (a) n HebIaronpu ATHLE
(6, 8) opreHTanUM Mosekyn A, 1 B, mpu croskHOBeHUU
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BUTL CXEMOIf, KOTopas usobpamena Ha puc. 116. 3mecs ropu3oHTalbHAas
OCh XapaKTepU3YeT XOJ peaKIMu:

[ucxomHoe cocrosimme] - [nepexomHoe cocrosinie] = [koHeuHoe coctosime]

Mo ocu opauHaT ornoxkena sHeprust ['u66ca cucremel. McexonHoe cocros-
HUe UMeeT 3HepTuio Gyuy, KOHeuHoe Gyou. PasHocth sHepruii ['mb66ca
HAYaJlbHOTO M KOHEYHOrO CcOCTOSIHWiI paBHa aHepruu [ubOca xumudecKon

peaxuuu AG.
A2...Bz
AGT

(1]

Q

O

o]

=

—_

3

2 .

a

[

X

m AB+AB

GKON
MyTs peaxummn
P u c. 116. Dnepreruyeckasi cxeMa Xofa peaKIuyu
A, + B, = 2AB
CoraacHo 3TOif cxeMeé B XUMHYecKOe B3aUMOMENCTBHE BCTYHAIOT
JUIbL YacTUnbl, 0OJMafaole HeoHBXOAUMON sHeprueii 'mbbeca akrTupapuu
P

AG.

Boiciias TouKa MakcMMyMa KpUBOP OTBe4aeT COCTOSAHHWIO, KOorha pearu-
PYIOIME MOJIOKYJIbl HACTOJILKO COMMIKEHBI U MCKAaXEHBl UX CTPYKTYPHI, YTO
CTAHOBUTCS! BO3MOMHLEIM 06pa3cBaHue NPOJYKTOB POAKIUU.

J"eprus ['ub6ca akTHBUPOBAHHOIO KOMIUIGKCa BHIIIE DHEPruu Hadallb-
HOT'O M KOHEYHOrO cOCTOsiHUsl cucTeMbl. TakuM obGpasom, sHeprus I'mb6ca
aKTUBAUM — 3TO CBOEOCOpa3HbIi 3HEPreTUYecKuil OGapbep, KOTOPBIA OTIe-
Js1eT UCXOTHBIE BEIeCcTBa OT MPOJIyKTOB PEAKIIUM.

3aTpayeHHasd Ha aKTUBAUIO MOJEKya 3Heprusi A H npu obGpazoBaHUU
DPOAYKTOB PEaKnuyl 3aTeM NOJIHOCTLIO MJIM YacTU4HO Bhgelsiercsi. Eean
Ipy pacnaje aKTUBMPOBAHHOI'C KOMIIJIeKCA BBIJIENAETcs OOJIbILIEe 3HEPrud,
YeM 3TO HeOOXONMMO A1 aKTMBauWM MOJIEKYJI, TO peaKlus 3K3oTepMudec-
kas (AH < 0). B mporusnoM ciyuae — sugotepmudeckast (A H > 0).
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CKOPOCTh peaKkliMy HOMmOcPeicTBEHHO 3aBUCUT OT 4Yucjaa MOJIEKYJ, oba—
AAIIMX 3HepTruei, [AOCTATOYHON [Ji1 O06pa30BaHUS AKTUBUPOBAHHOIO
KOMILJIEKCa, T.e. cNOCOBHHIX K XMMHMYecKOMY mpeBpallenuio. Yem Goablie
AKTHBHBIX MOJIEKYJI, TéM CKOPOcTh peaknuu 6osibine. Onud u3 mnyTeil yBe-
JIMYEHUS YUcTaa AaKTUBHBEIX MOJICKYJI — HarpepaHue.

Jl1s OcylecTBIEHMs PeaKnuyul MOJEKYJBl MPU CTOJIKHOBEHUU JOJIKHbI
6BITh ONPeJIeJIeHHHIM 00pa30M OpPUEHTHPOBaHB U O6JIaLaTh JOCTATOYHOMH
sHepruei.

KoncTanTa CKOPOCTH peakmuM. 3aBUCHMOCTb CKOPOCTU peaKnuu OT
TEeMIIEPATYPhI, IHTAJIBNIMU AKTUBAUU U DHTPONUU aKTUBAIUM ONpeneiser-
cA cHeAYIOMUM BHPaXOHUEM [JIs1 KOHCTAHTHI CKOPOCTU PeaKIIHu:

—AK s
k= Ze a /(RDeA /R,
rae Z — B NEePBOM NPUOIMIKEHUM MHOKMTENb, OTPAXAIOMMil 06Iee Jucio
CTOJIKHOBEHU I MEKIY B3aUMOINEHCTBYIOIMMMU YacTULIAMH B ©IUHUIY Bpe-—
meHu; T — abconoTHast Temiepatypa; R — MOJAsipHas rasopas NOCTOSHHAS
€ — OCHOBaHMe HaTypajibHBIX JOrapU(dMOB.
BeposiTHOCTD TOrO, 4TO CTONKHYBHIMECS MOJEKYJIH OyayT UMeTh 10cTa-

%
) _AH )(RD)
TOYHYIO SHEPTUIO B3aUMOJecTBUs, ITPONOPHMOHANBLHA € . Bepo-
ATHOCTD HKe UX Hymﬂoi/‘l OpHeHTau B MOMECHT coynapeHus nponopuuo-
AS /R
HaJIbHA € .

N3 ypapuenust st k BuaHO, uTO, NockonbKy 1 BXOTUT B NOKA3aTeNb
CTENEeHM, CKOPOCTh XUMHMYECKOH PeaKIUMu O4YeHb 4YBCTBUTENbHA K M3MEHe-
HUIO TemMmepaTypel. Hanpumep, npu nosbimenun Temmepatypbl Ha 100°
CKOPOCTh peakuuu

Hy(r) + Ix(r) = 2HI(r)
Bo3pacTaeT npumepHo B 1000 pas:

T, K.... 556 575 629 666 700 781
k...... 4,45-10"5  1,37-10"% 2,52-10"% 1,41-102 6,43-102 1,34

N3 atoro ypaBHeHus nis k Takke crefyer, 4TO 4yeM GOJIBIIG SHTAIBIINA
AKTHUBALIMM, TeM 3HAYUTEJIbHEe BIMSHUE TEMIEepaTypbl Ha CKOPOCTh pPeaK-
nnun.
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§ 3. MEXAHU3M XVUMUYECKNX PEAKIIMN

B 3aBMCHMOCTH OT HpUPOAbl pPEarupylolluX BemecTs i ycaoBU# UX
B3aUMOIEficTBUA B 3JGMEHTapHHX aKTaX peakuuii MOTYT HpUHUMATD y4dac-
THE aTOMBI, MOJIEKYJBl, DaJViKaJB WJI¥ HOHBI. Cpo60onHHMU paJuKaIaMu
SBJISIOTCA 3IeKTPOHEHTpPAaJbHbIE HacTULB, KOTOpLIE MOXKHO HpeJCcTaBUTh
kak ockonku Mosexyn, Hanpumep -OH (ockomok OT H,0), -NH; (ockomok
or H3N), -SH (ockomok OT H,S) u T.0. K cBo6ogHBIM paqukaIaM OTHOCAT-
cA ¥ coboHBIE ATOMBI.

Cpo6ogHHE pajfHKalbl 4pe3BhHaiiHo peaKIMOHHOCHIOCOGHM, a JHeprus
Tu66ca aKTUBAUMM PAJUKATbHHX peaKkuuii O4eHb Mala (0—40 x/[Ix/MOTB).

O6pasopanyie cBOGOIHHX paIUKaIOB MOKET [HPOUCXOAUThL B Hpouecce
paciajia BellecTBa [pY HalpeBaHMM, OCBOIIEHMH, nop AeiicTBUeM ANEPHBIX
UBJIyYeHUi, OT CUJIBHBIX MEXaHUIeCKUX BO3MEICTBUI, HPU JJIeKTpopaspAle
u T.1. CBoGOgHBE pajUKalIbl POKLAIOTCA TAKKE B mpongecce caMbIX pasHo-
0BpadHBIX XUMHYECKUX HpeBpalleHnii. OHTATBIUA  aKTUBALMH peakuuis

AH;t ¢ ydacTHeM MOHOB Taike He3HaunTelbHa (0—80 kJlx/Monp). [l
OCYIIECTBICHUS e PeakuUii HeOCPEICTBEHHO MEKIY MOJIEKY/1aM# OOBIYHO
TpebyeTcs BHICOKasd JTalbHUA aKTUBALMH, NOITOMY TakMe peaKnyuu BecbMa
penKH.

JI1A npoTekaHUR VIEMEHTapHOro aKTa PeaKiny HeobX0MMMO, uTOOBI OpOUTAIIH
BEAUMONEHMCTBYIOMMX YACTHUI MEPEKPLIBATUCE U COBJIABAUCH yCA0BUST IS TEPEXo-
18, ONEKTPOHOB ¢ 3aHATBIX opOUTalieit HA cBoGONHYIO, T.€. Vsl IepepacHpenesienisl

SIIEKTPOHHOI TUVIOTHOCTM — paspbiBa CTAphIX cBs3edl U o6pasoBanusl HOBBIX. Pac-
CMOTPUM MEXaHU3M DeAKIUH MeXy Hg[ogas*o] " Iz[...w;“yazo]. Honyctu,
,

mosteryibl Hp ¥ I crankuBaioTcsl, Kak MHOKasaHO Ha puc. 115, a, a coueranue
opbuTaei NPOUCXOIUT Ha OcH L. STo oTBeYaeT CIEIYOMUM KOMOUHAIMAM opbura-

nent (puc. 117):
0 AHy) — 0}lz) u o;H) — 77{Ir)
Coyeranue saHsTOMN Us—op6ma.m/1 H, u cBoGonHo# U;—op614'ra.m/1 [, nmpuBoAUT K

HyJIeBOMY IlepeKpPbIBAHUIO. CitejioBatelibHo, Tarast kKoMOMHauuA opburarneil k aKTy
UMHgeCKoro BaauMoneiictBus He npusomut. Coueranue cBoboiHOM U:—op6MTanM

H, u sansroit 7 *—opbutann [, oHeprervuecku HEBLIFOIHO (Mol SIEKTPOOTPUIA~
resibHee Bonopoga). TakuM obpasoM, B MoJeKyJsaX H, u I Her opburane, KoTO-
pble MOTVIM 6bl HPUBECTU K PEaKIUU HemoCpelCTBEHHO MeXJly MOJIeKYJaMu.

IleranbHoe M3ydeHUe KUHETUKU B3aUMOJIENCTBUA Bojopola C UOJIOM MOKasaJo
(puc. 118), uTo BHavualle MOJIEKYJIBI MO pacrnajalorcsi Ha aToMbl:

L[—LI—I+]I AH¢ = 150 xJx
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Puc 117. g, of-Opburanu Hy u 7*, P u c. 118. DHepretnueckass cxe-

o J-opburamu 1, Ma xofia pearxumn Hy(r) + I(r)

3aTeM NpOUCXOIUT TPEXMOJIEKYJIAPHAS DEaKIIUsL:

I+ Hy+1—1---H=H---1— HI + HI, AH® = 18 xllx
NpOTEKaHUE KOTOpOil obeclleudBaeT MepeKpblBaHUe 3aHATOM BJIEKTPOHAMU ¢ g—O0pGU—

tranu Hy ¥ 1Byx nosycBoboiHbix p-opOuUTaselt NBYX aTOMOB I (5[);). ITockosbky uon
QJIEKTPOOTPULIATENIEHEE BOJIOPOJIA, B AKTUBUPOBAHHOM KoMrlekce [-+-Hp---1
AOPOUCXOUT cMeleRUe OBIIEKTPOHHOI MJIOTHOCTU OT Modlekyiasl Hp, K aromam [ u
pasphuiBy cBsisu H—H.

Ilennsie peakmpum. Muorde peakpud NpOTEOKAlOT HO HENHOMY MOXaHW3-
My. Ocob6eHHOCTh HEMHBIX peaKkuuii COCTOMT B TOM, YTO OAMH [EpBUYHBIM
aKT aKTHUBAaUMM IIPUBOJUT K [PEBPAlIEHUI0 OTPOMHOTO 4YHUCjIa MOJIEKYJ
UCXOAHBIX BemiecTB. B KadecTBe npuMepa paJuKaTbHO-IEHHOW peaknuy
paccMOTPUM B3auUMOJEHiCTBHE XJIOpa C BOLOPOAOM:

Hay(r) + Cly(r) = 2HCI(r)

fipu o6brunol TemiepaType ¥ paccesiHHOM OCBENIEHMM peaKuys [poTe-
KaeT KpafiHe MepjenHo. IIpu Harpepanum cmecu ra3oB WM [GHCTBUU
cpeTa, 6OraToro yabTpa@HOIETOBHMU JydaMd ([pSMOH CONHOYHBINA, CBOT
TOpsIIero MarHus U Ap.), cMech p3phiBaeTcs. Kak nokasanu MHOI‘O‘[P;C.HGH-—
HBle MCCIIe[OBaHUs, 3Ta peakuWsi HPOUCXONUT 4Yepe3 OTHE/IbHbIE IJ1eMeH-
TapHbie npouecch. IIpexne Bcero 3a cuer NOMNIONIEHUS KBaHTAa JHEpPrUM

;. Y1pTpadUONeTOBHX Jiydeld (MM 3a cyeT HarpeBaHMs) MOJeKyJla XJopa

AucconuupyeTcst Ha CBOOGOMHBIE PAAMKANIBl — aTOMK XJIOpa!

Cly + w=-Cl + -Cl
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ATtom-panukan -Cl 3areM pearupyer ¢ MOJEKyJIOi BOAOPOAA, o6pa3sys
monexkyny HCl u aTrom-papukan -H. lNocnenuuii, B3auMoAeMcTBYsi € MOJie-
kynoit Cly, naer HCl u arom-papukan -Cl 1 1.n. TakuM 06pa3oM, npesBpa-
HIEHME MCXOJHBIX BEIIECTB B KOHEYHBIH NPOAYKT [IPOTEKaeT 4Yepes Hocie-
[OBATEIBHYIO ENh 3JEMEHTAPHBIX aKTOB, YTO MOKHO MPEACTABUTh CXEMOiH

.Cl + H, » HCl + -H

+
+
 H,—HCl + -H

+
Cl, > HCl1 + -Clu 1.1

JIiiHA Heny 37eMEHTApPHHX XMMUYECKMX aKTOB SOCTHIaeT COTEH ThICAY
spenpes. Tak, npu ocsemenun cvecu Hy n Cl, Ha Kakablil HOIIOMEHHBIH
KBAaHT SHEpPTMHU o6pasyercs A0 cTa Thicsiy Mosekyn HCI.

EcTecTBeHHO, BOBMOXKHB CTOTKHOBEHUsi cBOGOAHBIX pafUKaloB U ApPYT C
ApYroM, 4TO HPUBOJMT K OGpHIBY 1€neil:

H- + -H = Hz; Cl + 'Cl = Clg

OnHAKO 3TO HDPOMCXOAMT JHMLIL B cjIydae, €c/d BhiAeIseMasi IHEpPrus
OTHAMAeTcs TPeThUM TEJIOM, UTO, HANpMMEp, MMEET MecTO [pM TPOWHOM
COyapeHnH ABYX PafUKanoB U Mojexyns (M):

Cl- +:-Cl+M=Cl, + M

AN NpK Tepefade ODHEPTUM cTeHKe cocyla. [1osToMy cKOpOCTb HEMHBIX
peaknuil OYeHh YYBCTBMTIBHa K [IOCTOPOHHUM TpuMeciM H K ¢opme
cocyna.

Ilo memHOMy MeXaHW3My NPOMCXOJUT TaKxe oGpa3oBaHMe BOAM M3
HPOCTLIX BELIECTB.

Teopusi LENHBLIX peakuuit pa3paborana Tpyaamu Jjaypearos HoGenenc-
koit npemun H.H. Cemenosa, C. Xunwessyaa (Anrnus) u ap.

§ 4. DUBUYECKUE METOABI CTUMYJIMNPOBAHUA
XNUMUYECKUX NPEBPAILEHUN

Kpome HarpepaHus Ha PeaKIMOHHYIO CIOCOBHOCTL BEINECTB CYIECTBEH-
HOE BJINAHME OKA3LIBAIOT CBET, MOHM3UPYIOINWE H3JNy4YeHUs, [AaBlIcHHE,
MexaHH4YecKoe BO3JeicTBUE U IP.

BospneiicTaue cBeTa (BMAMMOrO, yAbTPadHONETOBOTO) Ha peaklum U3y~
qaeT pasael xumuM — @omorumus. DoToxuMuUecKHue MPOUECCH BECbMa
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pasnoo6pasubl. Iipn doroxuMmueckom AeHCTBMM MOJEKYJIH pearupylomux
BEIIECTB, TOMIOIAA KBAaHTHI cBeTa, BO3OYKAAIOTCA, T.e. CTAaHOBATCA PpeaK-
IMOHHOCIIOCOOHBIMM HJIM pacnafaloTcsi Ha MOHBI M CBOOGOJHBIC paJMKallbl
(cuM. cunres HCI).

Ha ¢doroxummueckux nmpomeccax ocHoBaHa ¢ororpadus — BO3AelcTBHE
cBeTa Ha CBETOUYBCTBUT&NIbHbIe Marepuain. [lIupoko npumensworea B
OpPOMBIIJIEHHOCTH UENHBbIE peaknyy GOTOXNOPUPOBaHUA M (POTOCYIbPO-
XJIOPUpOBaHusi, POTOXUMUYIECKOe MOAMPUUMPOBaHKE NOJMMEPHBIX MJICHOK
y BONOKOH. DOTOXMMKSA HENOCPEACTBEHHO CBsi3aHa € OJHON M3 BaKHeNIIUX
HAyYHO-TEXHUYECKHX MpOGIeM — MCHOIL30BAHMEM COJTHEYHOM OSHeprum.
Co3paHue MCKYCCTBEHHBIX CHCTEM, OCYIIECTBISAIONUX Iponecchl, aHaJoruy-
Hbi€ (OTOCHHTE3Y B pacTeHMsX, uMeno Obl 3HaueHUe, KOoTopoe TPYAHO
NePEOUEeHMUTh.

BospnefictByer Ha BelllecTBo JlazepHoe M3nydenue. Ero neiictsue Mosxer OBITh
KaK DOTOXMMUHECKMM, TAK U HMCTO TEPMUUYECKUM.

Jisi GOTOXMMMUECKOTO WHUIMMPOBAHUS XUMMUUYECKMX DeakIUiM Haubollee Bax—
HOE €ro CBOWCTBO — W3JJIydeHMe MOIHBIX TIOTOKOB CBETOBOW BHEPrMM B y3KUX
CIIEKTPaJIbHBIX MHTepBaJiaX. Vcnonbsysi uanydeHue onpenesieHHON [JIMHBI BOJIHHL,
TIOTJIONaeMOe DealeHTOM, HO He BO3NENCTBYIOllee Ha [IPUMeCH, MOXHO OCYUIeCTBUTH
ns3buparesbHylo peakuuio. Hanpumep, Npyu nasepHoM o6IydeHUM CMecH METHIIOBOTO
M [ENTEPOMETUIIOBOTO CIIMPTa M HpoMa Npoucxoaur 6poMuposanne tonbko CH3OH,
Ho He CD30D, Tak Kak B pesyibTate oBJydeHUs TIPOMCXOOUT CEIEKTUBHOE BO3OYkK—~
nenve monekyn CH3OH, koTophble Jierko BCTYNAlOT B PEAKIUIO C 6p0MOM,~ Torfa Kak
MoJlekysbt CD30D He Bo36yxOaloTcs U He NpeTeprneBaloT peBpauleHni.

Tlpy ocBeuleHMM HENpO3pavHBIX TBEPABIX Tel MMIYJIbCAMH JIa3epHOTO CBeTa
MPOMCXOANT MIHOBEHHDBII HarpeB, UCNapeHWe BEUIeCTBa, a NPU GOMBIIMX MOHIHOCTSX
— obpasoBaHue TWIasMbl. JlasepHoe WanydeHne UHULMUPYET BbICOKOTEMIIEPATYDHbIE
K IUTa3MOXMMMWYECKUE TPOLECChl, UCIapEeHME U DadlokeHWe HeJIeTYHUX BeUIeCTB U
np. Tak, npu jasepHoM HarpeBe KpeMHWSI M TepMaHWsi B aTMocdepe BOLOPOL3, a
yriiepona B aTMocdepe xyopa obpasyloresi SiHg, GeHy, CCly. C moMourpio Moni-
HOT'o JI&3epHOTo MBNY4YeHUsT OCYUIECTBIIAETCSI CUHTES PasHOOOPasHbIX YIVIEBOLOPOIOB
n3 rpacdura u pomopoga. Ilpu mcnonbsoBaHun ''o6bIUHBIX" METONOB MHMUMMPOBA~
HUSA PEaKIMil MofoBHble CHHTE3bl HeBO3MOKHBL C IIOMOMBIO JA3EPHOro WALyHeHN s
oCyliecTBJIeH TaKie CMHTe3 ajiMasa U3 rpadura. s nepexopma rpadurta B anMas,
Kak W3BECTHO, HEeOOXONMMbl BBLICOKME TEMNEPaTyphl M CBEPXBBICOKME NaBIEHUA.
Takue ycioBUS MOTYT 6bITH NOCTMIHYTHI TIPM HAIpeBe, HaNpUMep, BHYTPH MacCHUB-
HOTo CTeKJIAHHOro OJIoKa HacTyl rpaduTa, TOMENEHHbIX B (POKYC JIMH3bI, cobupato~
Iei cBer JiaBepHOro MMINyJbca. BasHO NpUMeHeHMe JaBeDHOTO MANYYeHMs NS
KaieCTBEHHOr0 M KOJIMYEeCTBEHHOTo aHAMM3a BEUleCTB, VIS MCC/IEOBAHWUS MeXaHW3-
MOB XUMWUHECKUX PEaKIUIi.

PeHTreHoBckne Jyum, TaMMa—JyuMu, TOTOK HEHTPOHOB M [pyrue WaLydeHns
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GoJIblIof BHEPrMM Takie BLI3bIBAOT B BelECTBE mIybokue GUBHKO-XUMUIECKUE
USMEHEHUS M MHULMUDYIOT PasHOOOpasHEE PEaKIUU. Tak, npy NEeHCTBUU UOHUBU-
pyIoUMX M3JyHeHUit KUCIOPos 06pasyer 030H; OKCUIE! Maprafila BblIeNSAI0T KUCTIO0-
poxn; KUCIopofa WIM Bo3[yxa o6pasyloTesi OKCUIbI a30Ta; B
npucyrcrsuu kneiopona SOz mepexonut B SOj3; MPOUCXOINUT pasnokeHue (paduo-
Au3) BOMBI, B pesyJsblare KOTOPOro 06pasyloTCs MOJIEKYJIAPHBlE BOLOPOJ, KUCIIOPOX
¥ Tepokcui Bonopona. BosHukafomue Tpy paluonuse cBobonuble pamukansl (- H,
-OH, -HO3) ¥ MonexyJsipHEle UOHBI (-H,0", -H,07) cnocobHL BHISBIBATD pas-
JIMYHBIE XMMUUecKye TIPEBPAIeHUs] paCTBOPEHHEIX B BOJ€ BEIICCTB.

XyUMUUeCKMe NPOLECCH, TPOUCXOsUMe ToN AeACTBUEM MOHUSUDYIOMUX uany-
PaauauMoHHo-XUMUYECKHE — PEaKLMN

U3 CMecU as3oTa M

YeHMit, W3Y4aeT PaoUAUUOHHAL TUMUL.
MCTIONB3YIOTCST VIS CUHTE3a BBHICOKOMOJIEKYJIAPHBIX OPraHUHdecknx BelllecTB U VIS
MaMeHeHnsi MY cTpyKTyYphl. Ilo Mepe oCBOeHUs aTOMHOH GHEPTETHKU palMalMOHHAST
XIUMUS Bee LInpe TPOHUKAeT B XMMUYECKYIO NPOMBIIIIEHHOCTD.

Xumuueckne TPeBpalleHusi, TPOUCXONSALIUE TION NeHcTBUEM MeXaHUHecKkUX ci,
MByYaeT METaHOTUAUSL. DJIEMEHTADHBIM MEXaHOXMMMUECKUM aKTOM SBJISIETCST Pas-
DHIB XMMUUYECKUX CBsi3ell B BellecTBe To1 NEHCTBUEM MEXAHIHECKMX cun (Baiblie-
BaHMe, npobiieHue, NepeTupatne 1 1p.). BosHuKaiouMe Ipy 5TOM OCKOJIKN MoJIekyJl
06pasylor HOBble TPOAYKTH. Hampumep, Tpu pacTUpaHui NOPOLIKa coelMHEHU S
cocraBa V905 P05-4H,0 obpasyiores HaPO4 n Vo0s-HpO, t.e. mporekaer

CBoeoOpasHbIN JUETAHOAUS!
V205 P05 4H,0 — 2H3PO,4 + V4,05 H0

M exaHoxXUMUYECKHe TPEeBPaleHnss WMCIONb3yIoTess s CUHTe32 M M3MEHeHnsd
CBOVCTB OpraHUYeCKUX TIOJIUMEDPOB.

Eure 607€ee CUITbHBIE U3MEHEHUsI TIPETEPNEBAIOT BeulecTBa Mol neiicTBUEM CBepX—
BEICOKMX naBienuit. IlpuMep ToMy — obpasoBaHUE 6osiee TWIOTHBIX U Ooslee TBep-
nbIX MoIudUKaLMil BellecTBa, Halpyumep NpeBpalieHue rpaduta B ajiMa3, HATpUIA
60opa B 60pasoH U T.1.

B nocilenHue Trofbl pasBUTHe TONYyUUTIa TuAUL yoapuoto coamus. Ilpu cxaruu
TBepIbIX TeN ¥ KUAKOCTEH YNapPHBIMU BOJHAMM, o6pasyeMbIMM, Hanmpumep, NETOHa-
I(Meft B3pHIBYATHIX BellecTB NPYU B3pblBax, B MUJUIMOHHbBIE NOMU CEKYHIBI pa3BUBa-
JoTcsi B BellecTBe o4ueHb BBICOKME [NaBJIeHusi. Tlpu srom 0oO6pasyroTes aKTUBHbIE
gacTUIbl Kak pajJUKalbHOTO, Tak M MOHHOTO THUIOB. TMocsiencTBUsi NPOXOHKIEHUS
Yepes BEmeCTBO YNAPHO/ BOJHBL MOTYT OBITH CaMblMM PAasIMIHBIMK — pasnpobie-
HWe BeulecTBa, pachaj CJIOKHOTO BENIECTBA Ha OTHOCUTENLHO 6oJee TIpocrble, HO U
ofpasoBaHie TOJMMeEpHBIX lened. K mpumepy, ChIpOl KaydyK TpU TIpOXOMJIeHUH
yIapHO# BOJIHBI 33 JOJMM CEKyHJbl TpEBpallaeTcsl B DPESUHY; TOJ BO3 e CTBUEM
YIApHBIX BOJH aMMUHOKMCIIOTH NPEBPaIIaoTesi B MpocTerline 6enKu U T.0.

CusibHoe HarpeBaHUe TIPU TIPOXOHJACHUM YNAPHBIX BOJIH TO3BOJSET ocylecTB
JISTh CIUIABICHUE METAIIOB, PE3KO OTIMYAIOMMXCS TIo TeMIepaTypaM IIaBJIeHus 1
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KUMEHUS, HATIDUMED BOJb(MpaMa M Mapratila, XOTsS TeMIeparypa IUIaBleHuss BoJb—
o

¢dppama 3380°C, a MmapraHel KWIUT yxe TIpH 2080°C. dpyrumu crocobaMy Taron

c1aB TOJYYUTh He YIaeTcsl.

B cBA3M ¢ mouckaMu HOBHIX HyTell HpOBE/leHHsA IPOLECCOB B XUMUYec—
KOl TeXHOJoruu pas3pabaTHBAKOTCA METO/b HAalPaBJIEHHOTO PperyaupoBa-
HUA PEAKIMOHHOW CHOCOGHOCTU BEMIECTB, IIOITOMY Be€cbMa HMHTEHCHBHO

UBy4aloTcsi HpoNeccH, HPOTEKAKmue I[IpH padlIUdHBX (PU3MYEecKUX BO3-
AEeNCTBUSIX Ha BEMIECTBO.

§ 5. KATAJIU3

OnHuM ©u3 Haubojlee PpacHpPOCTPAHEHHBIX B XHMUYECKON IIPAKTHKE
METOJ OB yCKOPeHUs XUMUUYeCKUX peakluil ABjsieTcA KaTaaus. B npucyrcr-
BUU KaTATM3aTOPOB M3MEHSICTCs NyTb, 10 KOTOPOMY NPOXOJHUT cyMMapHasd
peakuus, a HOTOMy HM3MEHsIeTCs ee cKOpocTb. Kamaauzamopu — 5TO Be-
[ECTBA, U3MEHSIOMME CKOPOCTh PEaKIUU 3a CueT YYyacTHUs B HPOMEwyTOU-
HOM XMMUYIECKOM B3aHMOAEHCTBHM C KOMIIOHEHTaMH PeakIUM, HO BOCCTa-
HaB.iIMBa}OHLMe [oc/Ie KakAOTO HUKIIa NPOMEXyTOYHOTO B3aMMOJEACTBUS
CBOM XHMUUYECKUI COCTaB. YBEJUYEHUE CKOPOCTU KATATUIUPYEMON peak-
IMU CBS3aHO ¢ MeHblllell 9Heprueit 'm66ca akTMBamuu HOBOIO MYTH peak-
MU,

WNzMeHeHMe cKOPOCTU KaTalU3UpyeMOii PeaKIMU 3a CUET CHUKEHUS
3HepI'MM aKTHBAUUU €€ OTJEJLHBIX cTaguil MOXHO paccMOTPETbh Ha CJIEIyIo—
meM npuMepe. JlonyeruM, Mekay BemecrBamu A m B BO3MOMXKHO B3aumo-

m& neiicTeue ¢ o6pasosanueM coequierus AB (AG < 0):

'& A+B— A.B — AB

aKTUBUPOBaHHBIN
KOMILJIEKC

| Ho B cuny Buicokoit sHeprnn 'u66ca axTuBamuu Ta peakmus IpOTeKa-
e’r € OYeHb MaJIOH, IpaKTHYECKH PaBHOH HYJIO ckopocTbio. [lycerh, HaiiieHO
k ;\yralcoe Tperre BemecTeo K (kaTanmsarop), KOTOpoe JIETKO BCTYIaeT BO
";Paanmoneﬁcmne ¢ A (B cuny Apyroii NpuUpPORB PealMPYIOMUX BelllecTB, a
;’gy‘,FJIe,H.OBaTeJILHo, ApYroit, MeHbIleii, 2Hepruu ['u66ca akTuBanuu), obpasys
“koeaunenue AK:

A+K = A.K = AK
aKTUBUPO-
BaHHbINI
KOMTIJIEKC
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Nyms peaxyuu Bpema
P uc. 119. DHeprermueckasi cxema P u c. 120. XuMudeckoe paBHOBecHE

B cUcTeMe B IIDUCYTCTBMM KaTasinsa-
TOpa U B OTCYTCTBUE KaTaJIu3aTopa

X0da PpeakKlMM B oOTCYyTCTBME U B
IPUCYTCTBUN KaTaJiu3aTopa

Coenunenne AK nerko B3amMopedcTByeT ¢ BelecTBOM B (onsitb-Taku B
cu/ly MHOR HpUpOJH BellecTB WM Maiodl 3HEpruu akTuBaiuu), 06pasys
pemecTBa AB u K:

B+AK =+ B.AK — AB+K
AKTUBMPOBaHHBIA
KOMILIEKC

CymMHpysl /(Ba NOCeAHUX yPaBHEHHUs, NOTyINAM

T.e. B pe3yJibTaTe peakiMu KATaJIU3aTop OocTajcsi 663 M3MEeHEHUs .

Ha puc. 119 nokasana sHeprerMyeckas auarpaMMma Xoja peakuMu b-
orcyreTBue (kpuBas ) M B npucyTcTBMn (kpuBas 2) xaranusatopa. Oue-
BHJ(HO, B IIPUCYTCTBMHM KaraiMaaropa bHeprus ['M66ca akTHBANMK peakuuu
CHMKAETCS. \

[lockonbky B BHIpamKEHMH IJisi KOHCTAHTHl CKOPOCTH peaKIuu (cm. § 2)
sHeprusi ['w66ca akTHBAUMU BXOJMT B OTPULATE/IbHBIA MOKA3aT&IbL CTENE-
HHU, TO Jaxe HebGOJbLIOe yMeHblIeHMe dHepruu ['m66ca akTHBanUM BbI3bIBA~
eT OueHb BOJIbIIOe yBOIMYEHNE CKOPOCTH PeakUyu.

B psme peakuuil KaTainms3aTop NOcTABIsieT cBoOOJHblE paIuMKalbl, 6rarojiapst
N
YeMY peaklMsi NpoTekaeT No LenHoMy MexaHusmy. Tak, peakuusi OKMCIIeHUS CcO
KUCJIOPOIOM
2C0 + 0O, = 2C0O,
*

5 BHAUMTENIBHOM cTelleHM YCKopsieTcss B NMPUCYTCTBUMM MApOB BOIbI, “TO BBHI3BAHC
pa3BUTHEM Lienell ¢ yuacTHeM cBoOONHBIX PajMKaioB ‘OH »n -H:
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‘OH + CO = CO; + -H
‘H+ Q;=-0H + -0O-
CO + -0- = CO,

HelicTBe kaTalu3aTOpa Ha CcOCTOSAHMM XHMMMYECKOTO paBHOBECHs He
CcKa3bliBaeTcA, TaK KaK KaTajU3aTop B PaBHOM Mepe yCKOpseT M IPsMOi, u
o6paTubiil nponecc. KaTanuzarop yckopsier JHLIb AOCTHKEHUE XUMUAYECKO-
ro pasHoBecus.. Kak nokaszano ua puc. 120, B IpHCyTCTBHM KaTaluW3aTropa
PABHOBECHHE KOHUEHTPAUMM KOMIOHEHTOB CUCTEeMBl (Tyx) JOCTHTAIOTCS
OeicTpEe, YeM B ero OTcyTcTBHe (7). ’

KaranuTudecke peaknuyd OdYeHb pa3HOOGpa3Hbi. Bo MHOTMX peakpusix
KaTaJMTAYEeCKOe BIMsHME NposiBisiercsi B ckpHToil ¢dopme. Croga mpexje
BCErO OTHOCATCS peaknMM B pacTBOpaX. Kak Mb BUAGIHM, NOJAsSPH3ALMA,
adccopranisi ¥ MOHM3amMs BEINECTB B pacTBOPaX — BHABl aKTHBalUH
BEIECTB — [POMCXOJAT IOJ AEfCTBAEM PACcTBOPUTENS, KOTOPHIA, OYEBUI-
HO, WMrpaeT B 3TOM cliy4ae poJib KarajJusaToepa. bouibllloe BiusiHue Ha
CKOPOCTb M HanpaBjieHue IponeccoB okassisalor voust OHY u OH".

B zaBucuMOCcTH OT arperarHoro cOCTOSIHMsI KaTalid3aropa M pearupyr-
IIMX BEINECTB PaBJINYalOT KaTalu3 touotennbitt U temepotennsid. IIpumepoM
FOMOTEHHOTO KaTajiu3a sBjisercs peakuus oxkucienns CO (B rasopoit ¢aze
B IPHCYTCTBUM IIAPOB BOJ(B) KMCJAOPOJOM, @ TaK¥ke JelficTBHE pasHOOGpas-
HBIX (DEPMEHTOB B GUOJIOrMYECKUX Hponeccax. ['eTeporeHHo-karaluTHdec—
KMMH ABJSAIOTCA NpoUecchl CHHTe3a aMMMaka (KaTalu3aTop KeJIe30), OKHC-
nenust SO, 1o SO;3 (karanusarop NiaTMHa WK OKCHJ BaHaMsi) W T.JI.

I'JI ABAS5 PEAKOUU BE3 UBMEHEHUS CTENEHEA
OKUCJIERNA 3JIEMEHTOB

§ 1. YCIOBUA OJHOCTOPOHHETO NPOTEKAHUS PEAKIIUN

Pasnugaror peaknud ¢ U3SMEHEHHEeM M 6e3 U3MeHeHuA cTeneHeil oKucie-
HUsA 3JIEMEHTOB. HOHﬂTHO, 4TO Takoe nojpasjeyieHhe yCcJOBHO M OCHOBAHO
Ha (bOpMaJIbHOM HNpHA3HaKe — BO3MOKHOCTU KOJMYECTBEHHOrO onpeneyieHust

" YCJIOBHO¥ BeJMYUHH — CTEleHH (COCTOSIHWA) OKUCJEHHs dleMeHTa. Hems-

MEHHOCTL CTEleHH OKUCJIEHWs 3JIEeMEeHTOB NpH XMMMYECKUX NpeBpalieHusix
BOBCE HE O3HAYaeT, YTO He NPOUCXOAUT HEpPecTPOMKHM DHIEKTPOHHHBIX CTPYK-
TYP B3aUMOJENCTBYIOINMX aTOMOB, MOHOB M MoOJiekyJ. KoHeuHo, B B 3TOM
cilyyae HpOTEeKaHMe peakiiM 06sA3aTebHO CBA3AHO ¢ GOJIBIIMM MM MEHb-

p 1M M3MEHEHHEM XapaKTepa MEeXKATOMHBIX, MEXKMOHHBIX ¥ MEXMOJeKysp-
! HbIX cBA3el, a c/1e0BaTesibHO, M 3(PPeKTUBHLIX 3apsALlOB ATOMOB.
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Peaknuu 6e3 U3MEHEHUsi COCTOSHUA OKMCJIGHWS 2JIEMEHTOB Yallle BCEro
IPOTEKAlOT B TFa30BHIX U KUJKNX PacTBOpax ¢ ydyacTueM MOHOB. Kak us-
BECTHO, MOHHbIE peaKknuM OOpaTHMBI, W TEOPETHYECKM KakJoi cucreme
MIOHOB IpPH AAHHBIX YCJOBHUAX OTBEYAET ONPEEJEHHOE COCTOSHME PABHOBE-
cusi. CMemeHne XMMUYECKOro paBHOBecHsi (MHOTAA HpPaKTHYeCKH HANeJIo)
HPOUCXOAUT NPY YMEHLIIEHWM KOHHIEHTPANMM KaKUX-IMGO HMOHOB 3a CYer
06pa30oBaHUs OTHOCUTEILHO MaI0 MOHUBMPYIOIGMXCS MOJEKYJ] WJIH KOMI-
JIEKCHBIX MOHOB, MAJOPacTBOPUMBIX WJIM JIETy4MX COeAMHEHWi (npaeuso
bepmoaae). Tak, ipy He A Tpad M3 an¥Uyu WOHHAsA peakUUsi UAET B
CTOPOHY O6pa30BaHUsA MAJO HOHH3UPYIOIUXCSH MOJNEKYN pacTBOPHUTENs,
HalpUMep B BOJHOM PacTBOpE:

KOH(p) + HNOy(p) = KNOs(p) + Hy0(x), AG;,, = -80 k[l

-439 -1 -393 -237

RbOH(p) + !/oHsS04(p) = '/oRbsSO4(p) + HaO(x), A Gy, = 80 wflx

-437 17 (-745) 17 (-1305) ~237
/2 /2

(mon opmynaMu cOegMHEHUI ykasaHbl MX cTaHAapTHble 3Heprud ['n66ca
obpasosanua A G, .. B KJlK/MOMB).

Peakyuu HeilTpanusanud MeKAY CHJIbHBIMA KHCJAOTaMM M meicdaMu
HPOTEKaeT aHaJIOTMYHO, He3aBUCUMO OT WX HPUPOAHI: U3MEHEHWE 3IHEepruu
I'u66ca peaknuu COOTBETCTBYET NPOTEKAHUIO OJHOTC M TOrO ke Npopecca:

H*(p) + OH" = H,0(x), AG;,, = -80 klax
0 -157 -237

nJin

OH; (p) + OH" (p) = 2H,0(x)

B xupkoM amMmuake peaknus HeATpaJu3anMyd OTBEYAET B3apMojeiicT-
BUIO
NHi(p) + NH;(p) ¥ 2NHy(x)

XuMuyeckas peaknus HPOUCXOJUT TaKkKe BCIEACTBAE O6Gpa30BaHMS
c/1a0OMOHUBHPYIOMHUXCSA KOMIVIEKCHBIX MOHOB. Hanpumep, HepacTBOpHUMBIiL
B Boge Zn(OH), nerko pacTeopsieTcsi B NPHUCYTCTBUM aMMMAaKa 3a CYET
06pasoBaHUsA ycTOWYMBOro KarMoHHOro Kommiekca (lg 8, = 8,7):

- Zn(OH)y(1) + 4H3N(p) = [Zn(NHs)4)(OH)(p)

Tuppokcun muaka Zn(OH), pacrpopsercs Takke B N3OHTKe MIEJIOYH C

o6pasoBanuemM anuonnoro xommiexca Zn(OH); (g B, = 17,7):
Zn(OH);(r) + 2KOH(p) = Ko[Zn(OH)J(p)

MIpu cmemenuu pacrsopos BaCl, u Na,SO4 o6pasyercs MaaopacTBOpPH-
moe coenuHenue BaSO, (pITP = 9,97):

BaCly(p) + Na,SO4(p) = 2NaCl(p) + BaSO4(x)
Ba2*(p) + SO5 (p) = BaSO4(x), AGj,, =47 kllx

-561 -745 -1353

Peaknusa npoMcxoauT takke HpU 0Opa3OBaHUM JETYUYUX COENUHEHHI,
yAAJISIONMXcA U3 cepbl peakiuy, HalpuMep:

Na,CO4(p) + 2HCI(p) = 2NaCl(p) + COx(r) + H,O(x)

COZ(p) + 2H*(p) = COy(r) + Hy0(x), AG,,s = -103 x/lxk

-528 0 -394 =237

B npOTHBOIIOIOKHOCT PACCMOTPEHHBIM pPEAKIMSM CMEIIEHHS pacTBOpOB
NaCi u KNO;3 k xuMudeckoMy B3aMMONEHCTBUIO HPAKTUYECKU HE HPUBO-
JAT:

NaCl(p) + KNOg(p) = NaNOy(p) + KCI(p), AG:,, # 0

Honet Na* u K*, ClI" u NOj B pacTBOpe ocTaloTcsA HEU3MEHHbIMH.

§ 2. TUJIPONTN3

Be3s usMeHeHusi cTeleHd (cocq*ommx) OKHMCJIEGHUSI 3JIeMEHTOB OOHIYHO
TporekaeT tudpoaus.B o6mem ciayyae mos rUAPOIM30M HOHHMAKOT PEaKIIUU
OCMEHHOrO pa3/IOKEHUs MEXKAY BOAOH M COOTBETCTBYIOHIMM COENMHEHHEM.
Tunponus spnsercss gyacTHEIM CAyYaeM C0ab604U3a — OOMEHHOTO pasjioke-
HHUA PACTBOPEHHOrO BEIIECTBA M PacTBOPUTEJsA. MexaHM3M rUApOIN3a IJIs
PasHBIX THIOB COEJMHEHMI BeCbMa pasjindeH. Tak, ruApoJn3 coeMHEeHU,
‘Pacmagalomuxcsi B pacTBOpe Ha MOHBI, MOXKHO paccMaTpHBaTh KaK pe3yJib-
TaT NOJAPUBANMOHHOTO B3aMMOJEHCTBUS MOHOB € UX THApaTHOH 060J/104-
koit. XapakTep U creneHb pacliafia MOJEKYJ FMAPATHON 060JI0YKH 3aBUCAT
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OT OPUPOAB KATHOHOB W aHMOHOB — 4YeM CHJIbHEe HOJsApH3yloulee JedcT-
BUE HOHOB, TeM B OOJIbLICH CTENeHM OPOTEKaeT IuPOJn3.

HaiioMHuUM, 9TO KaTMOHBI B BOJHOM pACTBOpEe CYLIECTBYIOT B BMJle Ka-
THMOHHBIX aKBaKOMIUIEKCOB, OOPAa3OBaHHMX 3a CUYET JOHOPHO-AKIENITOPHOTO
s3aumogeiicteuss K—OH,. ARBAKOMIJIEKCH B ¢BOIO OMCpeNb TMAPAaTHpOBa-
Hbl IIOCPENCTBOM BOAOPDOLHBIX ¢Bsizeil. MOXHO CHHTATh, 9TO YeM BbilIe
3apA/ N MeHbIlIe pa3Mepbl KATMOHA, TCM GUALHEE ero aKienToplasd clocob-
Hocrs (npounee cBsise K—OH,). Tem cunphee nosspusyerca csase O—H
KOOPJAMHUPOBaHHON MOJEKYJb BOALI U TeM CHJIBHEe BOIOPOJAHAA CB3b
MeXKIy KOOpIMHHMpOBaHHON Moseryioit H,O B koMOekce n Mojery/amu
BOJBI TUIPATHOI 0G0NOUYKM KOMILIEKcA. Bee 3TO MOXKET [IpUBECTH K PA3PHI~
By cBa3u O—H B koopaunnpoBanHoil Mojeryie H,O, k npespalleHu1O
BosopoaHoli ¢Bsisn H...OH; B kopajlenTHyI0 ¢ 06pasopadneM uona OHY u

' APOKCOAKBAKOMIICKC A TI0O cXeMe

OH, /H " Ol (n-1)+
LECA | 0L . CECAG o )
K TH O = ke + OH:
1,07 | OH., 1,07 | OH,
OH, L OH.,

B coorsercTBUM ¢ NOCICHOBATEILHLIM YCHIICHIIEM ‘rLK]_[OI}T()[)H()M Ccnocob-
HOCTWU HKaTUOHOB (yBGJ]H'}(:‘HMBM HX 3apAazga B YMCHBLIINOHEM paZSME‘p()B)
BO3MOJXHBL [ABA cJ/lydasd:

]) OTCYTCTBUC 3aMETHOIO PAaBJIOKeHMA MOJEeRYJ BOJIb

Na* + HOH == peakuust mparTHueckt He WJeT

HomobubiM 06pasoM BeayT ceba ciabble aKIEHTOPB SJICKTPOHHDIX [Map —
KAaTUOHbL IISIOYHBLIX U I&TOTHO-36ME/IbHbIX MeTa/1toB. MubIMIt caoBamm,
KaTHOHBI, 00pasylomMe CHbHLIE OCHOBAHUA — IIETOYN;

2) oGpaTUMOe pa3jiokeHne MONCKYJ BOJABL ¢ 06pazoBaHneM I'MPOKCOaK-
BaKOMIJICKCOB

[Al(OHy)s]* + HOH == [AI(OH,)s(OH)]?* + OM

niau

Al%* + HOH == AIOH2* 4 H*

NsbriTtok nonos H* 06ycsioBnaMBaer KMCIYIO cpPeiy PacTBOpa. OTOT Haubo-
Jjee 4acTO BCTpedalolMics ciay4all XapaKrepen AAs IBYX- W Tpexsapsn-
HbIX KaTHoHOB (Cu?t, Fe2*  Fed* (Cri*), T.c. KaTHOHOB, O6pA3YIOIUK cla-
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6bie ocHOBaMa. O4eBUJHO, YeM OCHOBaHMe cjabee, TeM THIPOJIM3 NpOTe-
KaeT MHTeHCUBHee.

O BIMSHUN nPUPOJBI KaTUOHa (€ro pasMepa M 3apsijia) Ha CTENEHb MOHUBAllMK
KOODAWHMPOBAHHBIX MOJIEKYJl BOAbl MOXKHO CYJUTH MO 3HAYEHMI0 KOHCTAHTbl KUc—
JIOTHOW MOHU3BAIIUN AKBaKOMILJIEKCa:

o) on] ™ [pr]
I{l = n+ :
[ M(or,)]

Huoke mipuBenieHBI ee 3HAYEHUS:

[Mg(OH2)e]?* [A(OHg)e]**  [Cr(OHy)s}%*  [Fe(OHy)g]¥*  [TI(OHy)g]3*
pKi... 114 4,95 3.90 2,2 11

TlockombKy TUApaTARUS AHMOHOB OCYILECTBASETCs 3a ¢YET BOAOPOIHOM
CBA3K, B pe3yibTaTe MOJSPUBALNOHHOTO B3ANMOIECHCTBUA MOAJLY KOMILJICK—
co06pa30BaTesieM (AHUOHOM) H MOJEKY/JdaMM BOAB BOZOPOIHas CBA3b MO-
KeT TepedTH B KOBaNeHTHYI0. IIpu 3TOM MOskeT MpOMCXOAUTL OTPLIB Opo-

TOH& OT MOJIEKYJJbt BOJAB U [IPUCOeIsHIeB e eI'o K AaHUOHY !

OQ\\\ (/()1 n- 0%, .20 (n-b-
Ja S O + OH-
077" X0 .. 1-0 0z5% “No-H
|
H

HlonaTro, 4To ueM Goee OTPUUATCABHBIA 3apsAJi M MEHBIIE pasdMep
aHUOHA, TeM OH 6oJiée CUJIBHBII JIOHOp IeKTPOHHBIX MAP M TeM Jerde
O’I‘prBaeT HPOTOH OT MOJIeKYJbt BOJbL. ’I‘aﬂ, 1no BOBpaCTaHHlO MIPpOYHOCTH
BOLOPOIHOM CBA3H OKCOAHMOHBL P-3JIEMEHTOB TPETHLCTD Nepuona pachosara-
res B caepyommii pan: ClO; < 502 < PO3- < SiOf-.

B 3aBHCHMOCTH OT 3JIEKTPOHOOHOPHOI AKTMBHOCTH AHMOHOB BO3MOMHBI
clenyomme caydan:
1) oTcyTCcTBUME 3aMETHOTO Pa3/IOKEHUA MOJIEKY BOJBI:

Cl" + HOH == peakyus npakTiyecky He Uper

NO; + HOH = peakiuus npakTuuecku He uper

Hozo6nk1M 00pa3oM BeAyT cebGA cjlabble AOHOPBI DJAGKTPOHHBIX Iap —

 OHOBapsiAHble AHUOHMBI (Cl, Br, T, NO;, ClO;); & oToit x)e rpynie aHno-
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HOB oTHOcATcs Mombt SOZ°, SiFZ” u npyrue KUCJIOTHBE OCTATKM CHJIBHBIX

KHCJOT; .
2) obpaTiiMOe pa3yioKeHKe MOJIEKYN BOJLL:

CO?2" + HOH = HCO; + OH-

MosaBnsiercs usbmrox Moo OH™, T.e. cpefa cTaHOBATCS INENOYHON. DTOT
ciydail Hapbosee XapaKTepeH AJA NOHOPOB CPejHell CHJB — JUIs ABYX- M

’

MHorosapanubx anuonos (COZ, P03, SO7, S%7 a rawke CN°), T.e. xuc~

JIOTHBIX OCTATKOB cJabHx M cpeaHeil cuabl kuciaor. OueBuaHo, YeM ciabee
KHMCJIOTa, TeM THAPOJN3 [IPOTEKaeT UHTEHCUBHEE,

CyMMapHblit 3pdeKT rAPoIns3a oNpeledaseTcs NPUPOACH HAXOAAINMAX~
CA B pacTBOpe KATUOHOB U AHMOHOB.

1. Ecnu coepuHeHMe npU UMOHMBAanuMM B pacTBope o6pasyer KATHOHBL U
AHMOHLI, KOTOpHE c1a60 HOAAPU3YIOT TUAPATHYIO OGOJOYKY, THIPOJIA3
HPaKTHYECKH He npoucxoguT u pH cpeasl He uaMenseTc a:

NaCl == Na* + ClI
Na* + HOH = peaknusa npakTuiecku He nuer

Cl" + HOH ¥ peaknus npaktiieckn He uner

B sTOM cnyyae MOkHO CKa3aTh, YTO COMM CHJILHOTO OCHOBAHWS M CHJIBHOM
KHCJIOTHI THAPOJIN3Y HE HOJABEpPraloTcA.

2. Ecau coepuMHeHMe HpPM MOHM3amMM 06pa3syeT KAaTHOHHE, KOTOPHIe
HONAPUBYIOT MOJEKYIH THAPATHONH 060J0YKW, U aHUOHBI, CJ1a60 IOJAPH-~
3yIOLMe MX, TO HPOUCXOAUT THAPOJIN3 Ho kathody. IIpu atom obpasyercs
KHCJIasa cpeja:

CuCl, ¥= Cu?* + 2CI"
Cu?* + HOH = CuQOH* + H*
Cl* + HOH = peaknus npakTMieckd He upeT

nin
CuCl, + HOH = (CuOH)CI + HCl

O60o6mas 3TOT HpUMep, MOKHO CAEIATH BHIBOA, 4TO THAPOAM3Y IO
KATHOHY HOJABEPXKEeHHbl COJIM CAaboro OCHOBAHUA M CWIBHOM KUCJAOTHI.

3. Ecnu coeamMHeHne npu pacTBOPeHMM MOHU3UpPYeTCs Ha CIabONOAApH-
3yiOIe KaTUOHBI M CPeNHeNOJAPU3YIOIAe aHUOHB, TO NPOUCXCAUAT M-~
pPOAN3 HO AaHUOHY M B pesyjbraTe MMAPOJX3a CO3JaercA L eJ o9 H a s
cpepa:
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NayCO; = 2Na* + CO?"
Na* + HOH +¥= peakius NpakTUHeCKH He HIET
CO? + HOH = HCO; + OH-

nau
Na,CO3; + HOH = NaHCO; + NaOH

B stoM cayyae 06GoOINEHHO MOMKHO cKa3aTh, YTO T'MAPOJIWA3 HO AHUOHY
IIPOMCXONUT y COJIeH CHJILHBIX OCHOBAHMM M CAa0HIX KMCJIOT.

4. Ecan coepMHeHME HpU MOHU3ANHAKA 06pasyer cpeAHEHoAApH3YIoniue
KATMOHBI M aHMOHbI, TO HPOUCXOAMT TUAPOJIM3 M [0 KATHOHY, A 110 aHUO-
gy. Ilpu sToM 06bluHO HabilOmaercs rHAPOAM3 ¢ 06pa30BaHUEM MajlopacT-
BOPMMBLIX cIaGbLIX OCHOBaHMN M cj1abbix KMCJIOT:

Al(COs); + 6HOH == 2A1(0H);l + 3H,CO;

Xapakrep cpenbl B 3TOM Caydae ONPEJENsETC OTHOCHTEALHOU CHJIOHN
06pa30BaBIIMXCA KUCJAOTB M OCHOBaHMA. OTOT CIydail IMAPOIA3a HMeeT
MECTO IJIs CoJieil c1abbiX OCHOBaHUIL U C/1A0bIX KMCJIOT.

Jns cayqaes 2 U 3 cTenesb ruApoausa (OTHOLIGHHE KOJMYecTBA THIPO-
JIM30BAHHOTO BeIliecTBa K OOIIEMY KOJMYECTBY DPACTBOPEHHOIO BEIecTBa)
o6nuno Hebenuka. Tak, B pactBope Na,CO; ¢ xonnenurpanueit 0,1 Mons/n
ona cocrabnaer npu 25°C oxono 2,7%, a B pacrBope NaCN ¢ koHpeHTpa-
nueil 0,1 Monb/n — oxono 1,5%. B caydae 4 THAPOTM3 NPOTEKaeT IPaK-
THYECKH HANEeJo.

Corsacuo npunnuny Jle Illaresnibe creneHb rupoaM3a BO3pacTaer ¢
pa36apieHdeM pacTBopa (yBeimueHMeM KOHmeHTpauuu soxsi). Hanpuwmep,
upu 25°C nas peaknmuu

NayCO; + HOH = NaHCO; + NaOH

npu kKoHpeHTpanuu coiu 0,1 Moab/n crenenb ruApoausa cocTasaser 2,7%,
a opun xoHneurpanuu 0,001 Monb/n — yxe 34%.
CreneHb rujpoiK3a BO3PACTAET TAKKE C NOBHIIEHNEM TEeMIEPaTypHi.
CylecTBeHHO OTAXYEH XapakTep T'WApPOJIN3a KOBAJEHTHBIX COeNMHEHUM.
BonbmmHeTBO coeuHeHKi HEMETANJIOB ¢ HEMETANIaM$i B BOJE IIPETepleBa-
er HeoGpaTUMO€E PUJPOTUTHIECKOE pasJIoKeHne:

SiCly(x) + 3HOH(x) = H,Si0O4(T) + 4HCI(p)

SiSx(t) + 3HOH (k) = H,Si03(r) + 2H,S(p)
Fupponus urpaer Goabliylo pofib B KM3HEAEATEILHOCTH JKMBHIX Opra-
HusMoB. OH cyImecTBeHHO BAMsieT Ha reoXMMHUYecKde mpouecch. [mpponns

WHAPOKO MCHOJAb3YyeTCA B XMMMUYECKOH NPOMBILITIEHHOCTH.
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O6pasoBaiye MHOMOSJIEPHBIX KOMIUIEKCOB ITpM THApoIMae. [Maposms CONPOBOX-
NaeTCs CIOKHBIMM TIpOLieccaMy OOPasOBaHUSI IBYX— M MHOTOSIIEPHBIX KOMILIEKCOB,
CBASYIOIMMU MOCTUKaMM kotopblx Moryt 6ot O, OH, NH, NO,, SOZ‘ U apyrue

aTOMbl W WX TPYNIOMPOBKH. PaccMOTpUM TMIpONM3 110 KaTMOHY, NPUBONSALIMI K
NO/IMMEPU3AIIMA KOMIUIEKCOB 3a cueT MocTUkoBbIX OH-rpymm.

Kak nepByto cragnio xatuonHol TOJIMMEPUBALMU B PacTBOPaX MOXKHO paccMar—
PUBATL BOSHUKHOBEHME [BYXbsJEPHbIX KOMIUIEKCOB, 06pa30BaHHBLIX 3a cHer 0bb—
CIMHEHUs] OKTA®[PUHECKMX (TETPasNIPUHECKNX) KOMIVIEKCOB IO BepIIVHE, pebpy
W rpauu (cMm. puc. 61). Huske mpuBemeHsl cxembl o0pasoBaHUs NBYXbSIEPHBIX
KOMIVIEKCOB, POJIb MOCTMKOB B Koropblx mrpator OH-rpynimer.

J1s1 koMmIlekcoB KaTonoB M2+

H 2+
[(H20)n-yM—OH]* + [H—O—M(OHQ),HJ —

H »
—*’ {(HgO)n-I M—O—M(OHg)n-I} + HQO

Win

MOH* + M2* — M,0OH3*

JJ1s1 komIlekcoB KatMoHop M3*

2+ 2+
/OH H, O\
(HgO)n_QM\ + /M(OHg)n_g —
OH, HO
H
O 4+

— | (Hy0)n-2M M(OHz)psl  + 2H,0

o
H

M(OH)2* + M(OH)2* —» My(OH)i+

Lnsi koMnulekcoB xatnonos M4+

OH ]2  [H,0 3+
(HgO)n-gM_OHQ + HO——M(OHQ)n-g —
“\oH H,0
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H 5+
O
— | (Hy0)p sM——O0——"M(OHy)p-3 + 3H,0
O
H

M(OH)2* + M(OH)** — My(OH)3*

B npuBeneHHBbIX IpUMEpax IUMEPUBAIMS TPOMCXOIUT 3a CYET B3aMMOMEN CTBUA
OH-rpynmner ogHoro komiilekca ¢ Mosekysoit HoO npyroro ¢ oTuienIeHUeM MOJEKy-
abl H0 u obpasosannem OH-mocruka.

Ynoto OH-MoctikoB B muMepe 3aBucuT oT mpoutoctd cBssu O—H B koopau-
HUPOBaHHOM MoJekysle Bojbl. (QYeBM[HO, YeM Bblllle 3apsii MOHa MeTajla, TeM
HpouHee CBsisb M™0 u TeM 6onbme ocnabinsiercsi ¢Basb O—H B roopanuupoBan-
HOU MoJleKyJle BOIbl. OTO NPUBOIUT K yBelndennio uncita OH-mocturoB u yBesnn-
YeHHI0 creneHM IUiposmsa. Hanbonee TunndHble HOPMBI NBYXBANEPHBIX KOMILIEK-
COB B 3aBUCUMOCTH oOT 3apsa KOMIUVIeKcooOpasoBaTeslsi IpUBENEHb B Tabi. 24.

Ta6anuna 2. OopMel ABYXBSANEPHBIX  TI'MJPOKCOAKBAKOMILIEKCOB

Hou Meranna Komiutekc [TpuMepsr

M2+ M,(OH)3* Cu;OH3*, Be,OH3*, ZnyOH3*, Cd,OH3Y, HgOHH*,
Ni;OH3*, PbOH3*

M3+ My(OH)3" | Al (OH)3', Iny(OH)3', Scy(OH)F', Vy(OH)3",
Cra(OH)4*, Fey(OH)*, Cop(OH)S*

M4+ My(OH)3* | Th(OH)3*, Cex(OH)3*

AHAJIOTMYHO MOXHO paccMaTpUBaTh 0bpas3oBaHWe MHOTOSIEpPHbIX THIAPOKCOAKBa-
KoMITekcoB, Hanpumep, tuia Ma(OH)3*, M4(OH)$*, My(OH)2~:

(H20) 4 H
Ni (Hp0) 4 Ni—O—N i (OHy),
HO.~” “\OH
| | HO OH
(H20) 4 NJ N i(OHy)4
H H
Ma3(OH)3* M4(OH)3*
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OH OH, ;; OH,
~ O\C[ /O ™~ r/ AN Il/
~ ~o~ I 0/ I ~
H
Ho0o HHD = HO

M,(OH);;

[Ipu oIpeneyIeHHBIX ycioBMsiX (BbICOKasl TeMIeparypa WM HOBblIeHHb# pH
pacrBopa) IMOJIMKOHJEHCALMSI MOXKeT TPUBOIMTL K TIEPEXONY TMAPOKCONPOM3BOIHbIX
(Moctuku — OH-rpynmsl) B okconpoussogHble (MocTnkn — atoMbl O):

H H H
OO 0
0 0-M—0-M—0-
N N N
H H H

BIVIOTH 10 0O6pa30BaHUsA CBOGONHBIX OKCHUIOB.
To uro HasblBaloT "ocHoBHOM cosblio” IpencTaBisier coboil Mo CTpyKType IpoMe-
MyTOUHOE MeXOY ''HOpMAJILHON CoMbI0" M CMOPOKCHUIAOM WIM OKCUAOM.

I'JI AB A 6. PEAKIIMU C UBMEHEHUEM CTEHNEHEA
OKHMCIIEHUA 3JIEMEHTOB

§ 1. OKUC/IUTEJBHO-BOCCTAHOBUTEJBHBIE PEAKIIUN

CrelieH OKMCJIEHMS 357E€MEHTOB M3MEHSIOTCA [PU OKMCJUTEIbHO-BOC—
CTAHOBUTEJIbHBIX peaKyusax. M3MeHeHue cTeneHedl OKUCJIEHUS 3INEMEHTOB
IPOMCXOAMUT 3a cYeT NepeXo/a INEeKTPOHOB WM aTOMOB OT OJHMX YACTHI K
apyruMm. HanpuMep, npy BHITECHEHMH MMHKOM MEIU U3 pacTBOpa €e COJHU

CuSO4(p) + Zn(x) = Cu(x) + ZnSO4(p), AG,g, = —212 k/lx

JJIEKTPOHbL OT aTOMOB MHKA MMepeXoasaT K UOHAM Meau:

Cu?(p) + Zn(x) = Cu(x) + Zn?(p)

Ilponece norepu wacTuieil SMeKTPOHOB HA3LIBAETCA OXUCAEHUeA, a TIpoLecce
NPUCOCIAHEHUA DJIEKTPOHOB — B80CCMAKOBAcHUen. B peakldsax 9T IBa
1ponecca NpOTeKAT OAHOBPEMEHHO — OOHM YacCTUIBI OKUCJIAIOTCA, APYTHe
BoccTaHaBiAnBalOTesi. (ClefoBaTelbHO, OKMCJIUTEILHO-BOCCTAHOBUTEILHEE
Hponecch NpeicTaBAAOT co60i eIMHCTBO ABYX HPOTHBONOJIOMHBIX Iponec—
coB. BemecrBa, npHcoeguHSIOIME IEKTPOHLI, Ha3bIBAIOTCHA OKUCAUMEAS—
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AU, 3 BEMIeCTBa, TepsIoNie NIEKTPOHHB, — Goccmanosumensau. B npuse-
nenHoM npumepe Cu?* — okucanTeNb, ZN — BOCCTAHOBUTEIb!

Cu?* 4 2¢ = Cu; Zn — 2¢” = Zn?

B sroit peaKknum MeAb IIOHMKAET cTelleHb OKMCJIEHUAA, HUHK — IOBbIUIAET.

2+ 2+
Cu—bCu Zn—bZn

B kadecrBe npuMepa OKMCIAMTENbHO-BOCCTAHOBUTEJIbHOW peaKIUu ¢
MEePEXO0M ATOMOB MOJKHO pacCMOTPETh CJIeAYIOmMMUHA Mponecc:

NO; (p) + HCIO (p) = NO; (p) + HCI (p)

MeromoM MeYeHBIX ATOMOB YCTAHOBJIEHO, YTO 3Ta PEaKHMA OCYIIecTBJIsA-
ercA HO CAEAYIOMIEMY MEXaHHU3MY:

(0]
+3 + 1
NO; + HC1O — N...O—Cl| —
2
o |
H
+3 +5
N — N
Y O~ss - -1
Dl -0l — | ol 4 rel
H
+1 1
Cl = ClI

Kak BUAHO M3 NpMBENeHHOK cXeMbl, aToM kuciopoga monekyast HCLO
nepexoaut B coctaB NOj-uona. B pesynbrare peakuuu crelieHb OKUCIEHUS

asoTa MOBHILIAETCs, a XJAopa HoHukaercs. B aroi peaknuu HCIO urpaer
poib okucaurens, a NO; — BoccTaHOBATENA.

Takum 06pa3oM, MOXKHO OaTh CheAylomee 0606MEHHOE olpejesieHue
OKHCJMTENAA M BOCCTAHOBMTENA: BelecCTBO, B COCTaB KOTOPOrO BXOAMT
3JIEMEHT, IOBHIIAIONIKAN cTEleHb OKMACJEHHs, HA3bIBAIOT 80CCMAKOGUMEAEN,
a Be[lecTBO, B COCTAB KOTOPOrO BXOAMWT 3JJIEMEHT, NOHWIKAIOIMHA CTelleHb
OKHCJIEHNR, Ha3bIBAIOT okucaumeaea. IJoHMKEeHMe M HOBLILIEHUE CTENEHM
OKHUCJIEHMA 3JIEMEHTOB [POMUCXOLAT O,U,HOBpeMeHHO 1 06ycHOBAMBAIOT APYT
Apyra.
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§ 2. COCTABJTEHUE VPABHEHUN )
OKUCJIUTEJLHO-BOCCTAHOBUTE/IbHBIX PEAKIIMU

[IpuMeHAIOT 1BA METO/lA COCTABJICHNA yPABHEHMMA ISt PeAKIHU OKMC/Ie-
HUS — BoccTaHOBJeHusA. OAUH B3 METOJOB OCHOB4H Ha UCIOJb30BAHWU
cTeneneil oxkuc/aeHus. [JoBelmenue cTemeHN OKHCJIEHHS ¥ OJIHOTO BJeMeHTa
M ee IHNOHIKEHHME y Jpyroro 3JJeMeHTa NpoucxoguT oaHobpemedHo. Tax,
Opy B3aHUMOMAEHCTBUM ANIOMHHUA U CePhi

+3 -2

Al + S — AlLS;

CTelleHb OKMCACHUA aJIOMUHNA MOBLIILUACTCA HA 3 €/IMHUILb

3

1] +
Al— AL (3 —0 = 3)
a CTENEHb OKMCACHUA CePbl MOHMAKACTCA Ha 2 eJIMHULL
n -2
S—™S (—2 —0=-2)
Yro6bl nMocTABUTL %03GEUUUCITH B YPABHEHMU pEAKUMH, HAA0 HalTH

KpaTHOe 1A 4uceJ, NOKa3bIBAIININUX MOBHIIIEHMe U NOHUMKeHNe cTencHew
OKHMCJIEHUA .

0 +3

Al — Al 2

0 -2

S— S |3

4 0 +3 -2
2A1 + 3S = 2A1 + 3S

Haiifenusle ko3 punueHTsl nepereceM B ypaBHEHUE POAKIML
2A1 4+ 35S = ALS;

PaceMOTpuM 60j1€€ CAIOKHYIO OKUCIUTEJIBHO-BOCCTAHOBUTE/IBHYIO DOAK—
LUIO:

+ 7 +2 + 2 +3
KMDO4 + FGSO4 + HQSO/; S MHSO4 + FC‘Z(SO4>Q + K'_)SO4 + H_)O

B IpUBEACHHLIX COEJIMHEHUAX H3MEHAIT cTeiieéHb OKWCIeHHA TOJbKO
MapraHen U JKeJae3o:
+ 7 + 2
Mn — Mn|1

2 + 3

+
Fe — Fel5

KMnO, — oxucanrens, FeSO, — poccranonrens. Ha 1 mosan aTomos
Mn(VII) tpe6yerest 5 Moan atomos Fe(Il):
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+ 7 + 0 + 2 +3

Mn + 5Fe = Mn + 5Fe
TakuM 06pa3om, OCHOBHbIe KO PUUMEHTH ypaBHEHUA — KoapdunueH-
THI IIPM OKHUCJHWTese M BoccTaHoBurese — oro 1 m 5. HywkHOo opmako,
y4ecTh, YTO B pe3yabTaTe peakumu obpasyercs Fey(SO4);, comepakammit 2
Moutb atomoB Fe(lll), nosromy ocnoBubie k0ohPUIUEHTH clellyeT yABONTS:

+ 7 + 2

Mn — Mn 11 2

+ 2 + 3

Fe — Fe 5110
Y7 ¥ + 2 +3
2Mn 4+ 10Fe = 2Mn 4+ 10Fe

Hatinenusle kKoadduuenTh MOJCTABAAIOT B yPABHEHNE PEAKIUM

+ 7 +2 * 2 3
2KMnOy4 + 10FeSO,4 4+ HyS04 — 2MnSO4 + 5Fer(S04)3 +
+ K504 + H,0
Ocranbhbie kodDOUIMEHTH HAXOIAT JIpH NOAcYeTe GagaHca [pyPUuX dJje-
meHTOB (noxa Ge3 H u O), B ganuom cayuae aromos K u S:
2KMnOy4 + 10FeS0O4 + 8H,504 — 2MuSO, + 5Fcy(S0,4)s +
+ K504 + H,0

Hance 110 6anaHcy ATOMOB BOIOPOJA ONPeleyiiioT YUCAO MOAEH BOABI:

2KMnO,4 + 10FeSO4 + 8H,S0, = 2MnSO, + 5Fes(SO04)s +
+ KgSO4 + 8H,0

Has nposepky UpaBHIBHOCTH NOAOOpAHHBIX KO3MGUIUEHTOB NOACYUTHIBA~
10T OaslaHC MOJEN ATOMOB KUCJ0POAA.
Hockonbky paceMarpuBaeMmasi peakpisi OpOTEKAeT B BOAHOM PACTBOpe,

€€ MOJKHO NpeACTaBUTh B BUJE HOHHOrO ypaBHEHUA:

MnO; + HFe? + 8H* = Ma?* 4 5Fe’* 4+ 4H,0

JoBONBHO WaCTO cOENUHEHUE, yYACTBYIOMIEC B PEAKIUHU, BHIIIOJHAET HE
TOJILKO OKHUCAUTENbHYIO W BOCCTAHOBHTENBHYIO GYHKIMIO, HO M CBA3LIBA—
€T NPOJYKTH pPeaKIUM {CTeleHH OKHCJIEHHUS JIEMEeHTOB He MBMEH STFOTCS1 ).
Hanpumep, npu BOCCTAHOBIICHMM OYeHbL pa3GaBICHHON a30THOI KHCJIOThH
MOPOIIKOM HUHKa i
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0 + 5 +2 -3
4Zn + HNO3 + 9HNO; = 4Zn(NOj); + NH4NO; + 3H0

0 + 2

Zn — Zn |84

+ 5 -

N —- N 291
0 +5 +2 -3
47Zn + N = 4Zn + N

1 Mosb MOMEKYJ KHMCIOTH M3 AECATH, B3ATHIX AJIsi pEaKknuM, pacXoiyercs
Ha OKUCJICHME IMHKA, a OCTAJbLHBIE J€BsATh — Ha CBsi3biBaHKe 00pa3ylommx-
csi B pe3yjbTaTe peaKIAd MOHOB UMHKA U AaMMOHMA.

I[IpMepoM “peakllii, B KOTOPOH BOCCTAHOBUTE/Nb WUIpaeT TaK¥ke poJib
cpenbl, ABAsieTcsi B3auMoelicTBME OKCHIAA Maprasiia (IV) ¢ KoHUeHTpPHpPO-
BAHHOH COJIAHON KMCJIOTOM:

+ 4 -1 + 2 0
MnO; + 2HCI 4+ 2HCi = MnCl; + Cl; + 2H,0

+ 4 + 2
Mn —& Mn |2]1
-1 0
2C1 = Ci,[2if1
+ 4 -1 + 2
Mn 4+ 2Ci = Mn + Cil,

HNomno-snekTpoaHN#E MeToy. MoHHO-2/1eKTPOHHBIA METOJ, COCTABJICH U
YPABHEHUI OKUCJIMTEIBHO-BOCCTAHOBUTE/IBHHX peaKkliiii NpUMEHAEeTCsA [JIs
HOHHHIX OKMCIMTENbHO~BOCCTAHOBUTENbHBIX IPOIECCOB W OCHOBAaH Ha COC-
TABJICHUM YACTHHIX yPABHEHMI peaKuil BOCCTAHOBICHNSA KOHOB (MOJIEKYT)
OKUC/IATENsi ¥ OKHCJIeHMsT MOHOB (MOJIEKYJ) — BOCCTaHOBUTEJSA C HOcje-~
AVIOIMAM CYMMHpOBaHMeM UX B obinee ypaBHeHue. Jlns 3TOoro HeOOGXOAMMO
COCTABATH MOHHYIO cXeMy peaxkiui. He MaMeHAIOmMMECsT B PE3yIbTATe peaK—
MK MOHH B MOHHYIO cXeMy He BKJIIOUAIOTCS.

BepHeMca k paHee paccMOTpeHHOMY HpHUMepY:

KMnOy4 + FeSO4 + H,SO, — MnSOy4 + Fex(SO4) + K504 + H,0
HonHas cxema peakuuu:
MnOj + Fe?* + H* — Mn?* + Fe3* + H,0
Kak Buaum, uonsl Fe?* okucasitorea B monsl Fe3*) a mouni Mn(Qj Boccra-
HaBIMBaIOTCsA 10 WOHOB Mn?*. YactHoe ypaBHeHHe OKUCICHMS MOHA

BOCCTaHOBUTEJISA
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Fe?* — ¢ — Fed*
BOCCTaHOBUTENb- OKHMCIIeHHAA
Hast popMa dopma

B wacTHOM ypaBHEeHHMM peakUMU BOCCTAHOBJIGHMA okucauTens MnOj B
BOCCTaHOBJIEHHYIO popmy Mn2*

MnO; — Mn?*

Jns Gamalca aToMOB HeOOXOAMMO JOGABMTL MOHBI BOJOPOAA, 4TOOB CBsi-
3aTh aTOMbl KMCJIOpPOJa B BOLY

MnOj + 8H* — Mn?2* + 4H,0
Aaa OanaHca 3apsiloB, KpDOME€ TOrO, B JIeBOil 4YaCTH ypaBHEHHWs HYMKHO
N06aBUTb 5 MONb 371eKTpoHOB. TorAa 4acTHOe ypaBHEHHE peakiMh BOCCTa-
HOBJICHUA OKUC/INATENA 6y,u,eT
MnO; + 8H* + 5¢- = Mn?* + 4H,0
OKNCNIeHHasA BOCCTaHOBUTE&JIbHAA

Ppopma dopma

IIpu BbIBOAE OOINEro ypaBHEHWsI peaKHUM YaCTHblE YpaBHEHMA HAAO
MIOMHOKHATL Ha Takue KO3(pPUIMEHTH, 4TOGB YKCI0 MOJIEH NOTEepPAHHBIX
3JIEKTPOHOB CTAJI0 paBHO YMC/Y [HPHOGPETEHHBIX:

Fe?* — e~ = Fe?+ 5

MnO; + 8H* + 5e” = Mn?* + 4H,0]|1

lpoBepka NpaBUIBHOCTH COCTABJIEHHOrO ypPaBHEHMWA NpPOMBBOJAUTCA IO
GaJlaHCY aTOMOB M 3apsiJlOB B OOINEM ypaBHEHUH:

MnOj; + 5Fe?* 4+ 8H* = Mn?* + 5Fe3* + 4H,0

Ecnu B kavecTBe cpefbi B3siTa cepHas KKMCJIOTa, TO ypaBHEHME peakiuy
MOIKHO 3allMUcaTh:
2KMnO4 + 10FeSO4 + 8H,S04 = 2MnSO, + 5Fey(504)s +
+ K,SO4 + 8H,0

THIN OKHCHATENLHO-BOCCTAHOBATENLALWX peakmmid. Pasnuyaior Tpu
TAIA PeaKUil OKUCIEHUSA — BOCCTAHOBJ/ICHMS.
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1. OKMCIUTETbHO-BOCCTAHOBAUTENLHEIE PEaKLM, NPH KOTOPHIX M3MEHA-
IOT cTerneHb OKMCJIEeHUs aTOMbl 3JIEMEHTOB, BXOIAIIUX B COCTaB pasHBbIX
peliects. Jlerko 3aMeTUTb, YTO BHIIIENPUBEIEHHbIE PEAKIMH OTHOCATCA K

3TOMY THMIIy PeaKIuil.

2. Peakiuy OKMCIUTEIbHO-BOCCTAHOBUTEJIBHOIO pacmaja BellecTs, NMpH
KOTOpHIX CTENeHU OKMUCICHUS M3MEHSIOT aTOMbl Pa3HBIX 3JIeMEHTOB OJHOTO
M TOro e BelecTpa. 110 TaKOMY MeXaHHU3MY INPOTEKAlOT peaKkUuu TEepMHU-
YECKOro pasjloieHusi cOefuHeHUi, HalpuMep:

+5-2 -1 .0
2KCI0; = 2KCl + 30,
5 -1
1 — Cl|2
2 0
O — 0,3

) 1 0
+ 60 =2Cl + 30,

3. PeakuMu caMOOKHMCJIEHUA — CaMOBOCCTAHOBJIEHMs, IPU KOTOPBHIX
CTEeNeHb OKMUCJICHUS OLHOTC M TOTO JKe DJIeMEeHTa M IOBbilllaercdA, M IIOHM-
saerca. [logo6HBIE peaKUM Ha3bIBAIOT €lle PeaKUMAMH OUCTPONOPYUOHU-
poeanus. IlpumepoMm mnpoiecca NOZOGHOTO POJa MOMKET CJIYKUTH PEaKLUA
B3aMMOJIeiCTBUA XJIOpa €O II1eJI04bI0: ’

0 -1 +5
3Cl, + 6KOH = 5KCI + KCIOs + 3H,0

0 + 5
Cl —Cl]|1

0 -1

Cl —Cl|5
0 ¥5 -1
3Cl, = Cl + 5Cl

B 3TOil peakuMu XJIOp BBICTYNaer ¥ Kak OKHUCJIMTENb, U KaK BOCCTAHO-
BUTEIb.

§ 3. HAIPABJIEHWE OKHUCJIMTEJIbHO-
BOCCTAHOBUTEJIbHLIX PEAKIIUN

O Hanpap/leHdM OKMCIUTEIbHO-BOCCTAHOBUTENIBHBIX peaKIUi MOXKHO
CYIMTh N0 uW3MeHeHu:O Hepruu ['nb66ca cucremb. Kpome toro, s konu-
YeCcTBEHHON XapaKTepHCTUKY OKHUCIUTENbHO-BOCCTAHOBUTEBHON aKTHBHOC-
TH BEIeCTB, HAXO[ALIMXCA B PACTBOPAX MM CONMpPHUKAcaioOlIUXcA ¢ HUMH,
UCIOb3YIOTCA TaK Ha3biBaeMble IAEKMPOOHBIE MIIA OKUCAUMEABRO-B0 CCMA-
HOBUMEABHBIE NOMENYUAADL P.
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OKHCMTEILHO-BOCCTAHOBHTENIbHKE moreHuuantl. Cessp Mexay AG u ¢

BoIpaskaerca ypasHenuem* —AG = nFp, rie n — KOJAYECTBO BellecTBa
(Monb), mepeaBaeMoro B mpolecce 37eKTPOHOB; F — mnocrosinHana @a-
palnes.

CylHOCTL BO3HMKHOBEHM S 3JIEKTPOJHOrO MOTEHLMAaJIa 3aKJlo4aeTca B
cnenyomeM. Eciaym nnactuHky Meranna M norpysuth B pacTBOp, coOepKa-
M ero MOHLbI

Mn*(p) + ne == M(k)

TO MEXJY MeTa/JIOM M pacTBOPOM BO3HUKHET pPa3HOCTb IMOTEHIUAJIOB,
HA3bLIBAGMAs 24eXMPOOHbIA NOMERYUAA0A. ITE PA3HOCTL 3aBUCUT OT IpU-
POl METaJlla M KOHUEHTpanuy (TOuYHee aKTUBHOCTH) MOHOB B PacTBOpe, a
TaK}e OT TEeMIepaTyphl.

CrappapTamil 3/1eKTpOgHENE noTeAnmman. 1A peakuuu, npoTeKamomeit
B CTAaHJApTHBIX YCIOBMAX, CBA3b sHepruM ['n66ca U 3JeKTPOAHOrO IOTEH-
IMaJla BbIPaXKaeTcs ypaBHEHHEM

C—=AG =nFp°.

Benuunny ¢° HasblBaloT cmandapmusia 34exmpodnsia (oKUCIUMERH -
80CCTRANOBUMEABHBIAL) TOMENYUAL0AL. SHAYEHHUS CTAHIAPTHOTO 3JIEKTPOI-
Horo moTeHnuana (kak 1 A G°) pacTBOPEeHHHX BEIIECTB OTHOCAT K PacTBO—
paM ¢ KOHueHTpanueil 1 Monb/a1, a Ana razoobpasusix BemecTe — x 101325
ITa. B kauecTse cranmapTHO# npuHMMaioT Temneparypy 25°C.

3HaueHNA IJIEKTPOAHBIX (OKUCIMTENLHO-BOCCTAHOBUTENbLHBIX) IOTEH-
IMAJI0B OOBIYHO 6epyTCaA OTHOCHMTENLHO CHCTEMBI

H*(p) + e == 1/,Hy(r), AGe =0

T AG = °
Ak Kak AG L ogg Hepy = O M AGf,298,H2(r)

Broi crcTeMbl @, = 0 (kak m AG®). OTa cucteMa HasbiBaeTcst 6000pod-

= 0, craHAapTHHIN HOTeHHM A

HBLAL 3AEKMPOodoal.

BognoponHblit anekTpos mpelcTaBiser coboit MIATUHOBYIO MUIACTUHKY, MOKDPBITYIO
TOHKMM CJI0€M DBIXJION MOPUCTON IJIATUHE! {1JIA YBEJIUYEHUA MOBEPXHOCTH BIIEKTPO-
Ia) ¥ ONMyUeHHYI0 B BOJHbLIA PACTBOD CEpHOM KMUCIOTHI (€ aKTHMBHOCTBIO MOHOB H*,
paBHnf enmEMue) (puc. 121). Yepes pacrBop CEpHOM KMCIOTHI IPOMYCKAKOT
BoJopos Mol aTMocgepHbIM JaBleHMeM. JacTh NOIMIOmEHHOro IJIATHMHOM BOIOpOIa
NIEpeXoJlUT B ATOMHOE COCTOAHME, [0ITOMYy B MOBEDXHOCTHOM CJI0€ IUIACTHHBI

*~AG (Ilx) = 96485 nF (B).
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Ta6nuima 25. Cranpaprusie 9NEeKTPOAHBIE TOTEHIIHAIBI ‘P;!)s HEKOTOPbIX

OKHCIMTENBHO-BOCCTAHOBHTEJILHEIX CHCTEM B BOJIHBIX PacTBOpax

Okucnensast popma Yueno BoccraHoBreRHasA| @, .o, B
BJ1eKTPOHOB ¢dopMa
Li* le Li -3,05
Ca?* 2¢ Ca -2,87
Nat le Na -2,711
H, 2e 2H- 2,25
AP 3e Al -1,66
Mn2+ 2¢ Mn -1,18
Zn2* 2e” Zn -0,76
Fe2t 2€ Fe -0,44
Cd?* ) 2¢ Cd 0,40
Zn2* 2€ Zn -0,14
pb2* 2¢ Pb 0,13
2H* 2€ H, 0,00
S03%- + 2H* 2¢e SO%" + Hy0 0,22
Cu?+ 2¢€ Cu 0,34
I 2€¢ 20" 0,54
Fes3* le Fe2* 0,77
Ag* le Ag 0,80
Hg?t 2¢ Hg 0,85
NO; + 4H* 3e NO '+ 2H,0 0,96
Br; 2€ 2Br” 1,07
MnO,; + 4H* 2¢ Mn?* + 2H,0 1,23
Cr0% + 14H* 6e 2Cr3* + TH,0 1,33
Cly 2€¢ 2CI- 1,36
ClO; + 6H* 6e Cl- + 3H,0 1,45
MnO; + 8H* 5¢ Mn2* + 4H,0 1,51
MnO; + 4H* 3e MnO; + 2H,0 1,68
Fs 26 . 2F" 2,87

ycraHapnupaercs papHobecue !/;Hp = H, a Ha rpaHuiue IMaTMHH W pacTBopa
cepHoit kucioTn — paBHosecue H(r) ¥= H*(p) + €7, T.e. cyMMapHo

UaHy(r) = H*(p) + €
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_TeJILHOI cnocobHoctu. Hanpumep, cpab-

CrangapTHple HOTEHHMATB HEKOTOPBIX
OKUCIUTEIILHO-BOCCTAH OBUTEILHBIX
cicTeM mHpuBeneHnl B Tabn. 25. B pany
npuBeleHHBIX cHcTeM yObiBaiollee 3Ha-
4YeHUe OTPUIATENILHOIC MOTeHHMAla M
BO3pacTraloliee 3HaUeHMe IONOKATENbHO-
rc [OTeHIHala OTBEYaloT IajeHuio
BOCCTAHOBUTEILHON ©  POCTY OKHCIH-

HeHye cTaHnapTHBIX IIOTEHOUAJIOB CHUC-
TEeMbl

Fa(r) + 2¢ = 2F(p), 959 = 2,87 B

Hy(r) + 2e” = 2H(p), $p44 = —2,25 B Puec 121. CxeMa BojopomHoro
OIIEKTPOJIa
NMOKa3kKIBaeT, 4To y Mosekya1 F, cuiabHO
BLIpaXKeHa OKHUCJIUTEIbHAA TEHIEHLMA, a Yy MOHOB H™ — BOCCTaHOBUTENIB-

' HasA.

= —0,76 B) — 6onee

o 0
B cooTBercTBMU cO 3HAUEHUAMM ¢ LHMHK (cngg

[ cuibHBIE BOCCTaHOBMTENB, YeM Menb (p,,, = +0,34 B), u, ciejqoBaTesbHO,

1! Gymer BBLITECHATHL ee U3 PacTBOPOB, coaepskaiux MoHs Cu?*:

Za(x) + Cu?(p) = Culx) + Zn?*(p)

4 Xnmop (pg44 = +1,36 B) — Gonee cumbHbIN OKUCIATEND, YeM OpoM (@5, =

- = +1,07 B), u, cnenosarensHo, 6ymeT BHITECHATL OPOM M3 DPacTBODOB,
' coflepKaIX UOHL Br:

1/2Cly(r) + Bri(p) = '/Bry(r) + Cl'(p)

Ilo 3HaAYEHUAM OKHUCIUTEILHG~BOCCTAHOBUTEIbHBIX NOTEeHU U AJIOB MOXKHO

" CYAUTL O HaNpaBJIeHUM U 6osiee cIOKHBIX OKUCIHUTENbHO-BOCCTAHOBUTE b—

HBIX Ipoueccos. Hanpumep, s peakuuu

MnO; + 5Fe?* + 8H* = Mn2?* + 5Fe* + 4H,0

NOTeH U MAJIBI YacTHBIX peaKuuﬁ UMeIoT caeAyonie 3Ha4eH !

Oxucnennas BoccraHoBIeHHasA CraHpapTHEI
¢opma dopMa MOTEHI VAT
MnOj; + 8H* 4 5¢ = Mn?* + 4H,0 1,51 B
Fe3*4+ e = Fe?t 0,77 B
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Kak BUAMM, CTAH/IPTHBIH MICETPOANBIT TOTCRIIAT JTH UepBOW CUCTE-
MBI BEHIE, oM AR BTopoi. (LiejionraTesinHO  HPH KOWTARTe HepBas chucre-
Ma BHICTYIUT B KAT€CTBE OKHCAATENS, BTORAN — B KAYCCTBE BOCCTAHOBUTE-
na. UHEMM coBaMM, HepBasi pCAKHHA NpOTekaeT ¢1esa Hanpapo, BTopasd —
ciipaBa HaleBo, T.€. HOHEL Fe?* okuensiiores 10 uonos Fed* a nont MnO;,

BOCCTAHABJIMBAIOTCA 10 Hopos Mn2t,

DJIeKTPOAHBIC HOTGHUMANLL He HBIAAKOTCH HEUM3MENHBIMA. Onu 3aBUCAT
OT COOTHOIIEHHMs KOHIEHTpAIMI {rovyHee aKTUBHOCTe) OKMCIeHHOH U
BOCCTAHOBJIEHHOH (POPM BCHIECTBA, . TAKKCG OT TOMIEPATYPB, TPUPOIL
pacteopurenst, pH cpenst u gp.

3aBMCUMOCTE MIEKTPOAKOIO NOTEHUMANA OT KOHIPHTPAINM OKHACJIEHHONA
M BOCCTAHOBJICHHON (hOpM M TEMICDATYPH Bhipaxacrtes ypaenriuea Hepue-
ma:

e J
= o 4 By, Lo
y nf y
Crouet

nin

re ¢° — CTAHZADTHLI SAERTPOAHBIH NOTeHUMaAd Uporecea: B — Moasiphasi
rA30BasA MOCTOAHHAA, 1 -— abeosrorpan TEMIORATVPA, N -— YHCIO MOJeH
(epesiABaAeMbIX B OJIGMCHTAPIOM Lpsdlecte DACKTPOHOB, F -~ HOCTOAHH
Dapajges; Coguen M Coocer — KOHUENTPAIIY OWHEACHIOR U BOCCTANOBICHHOL
dopM pearerToB (r ¥ ¥ — KOIPPUINENTL B YPAsdCHNE POAKHWN ).

Jdaa 298 K (25°C) noc/ie no/ic TAaHOBKY 3FIWICHUIA NOCTOMITHBX BENUYHH
[R = 8,31 I/ (K moap), F = 96 485 K] ypasHenue npHnaMact sniy

o= ¢ + Qi”f‘_(’ lg COmmen
! y
Boca
Jaa monypeaknuu
MnO; + 8H" + 50 = Mot o+ AHL0

MOJKHO 3anucarsb

0.059 . [MuO3][H*]?

= 1,b1 + | T
N B8 T Mt
UMest B BWJy, UTO KOHIEHTDANMS BOJbl —— BEJIMUUHA HocrtosHHas. [Jlns
CTAHIAPTHHIX yoroBUit. T.e. Korpa [MnQO,] = [Mn2'] = [II’} = 1 mons/x,
=9 =151 B
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§ 4. XUMWYECKHWE MCTOYHUKIT TOKA

Ecnu npocTpaHCTBEHHO PasjlenuTh IpONece OKUCJISHUS BOCCTAHOBUTENA
M IpOUEeCce BOCCTAHOBJIEGHHUA OKUCAUTENS, MOKHO MOJAYYUTH 3ACKTPUYECKUl
Tok. B sTOM cllyyae OKMCAUTENBHG-BOCCTAHOBUTEIBLHEI® PeAKIUM OCYIHECT~
BJAAKOTCA Ha NIGKTPOJaX, a XHMMUYECKas OHEPTHsl HENOCPELcTBeHHO HPEeB-
palllaeTcst B dJIeKTpudeckyto. TeopeTuueckn A0 NOJYYEHUs B3JACKTpUYec-—
KO BSHEpPrMM MOMKHO TPHMEHUTL JI00YI0 OKHCIATENbHO-BOCCTAHOBUTEN b=
HYIO PeaKIUIO.

PaceMOTpUM TOAYYeHNHE TOKA 3a CHOT CASAYIONCH NMApbl OKUCIUTEIbHO-
BOCCTAHOBUTEJLHLIX CUCTEM:

Oxrucnennan  Boccranosnennas CTaHIapTHbM

Ppopma hopMa NOTeHI A
n?t + Qe = Zn -0,76 B
Cu? 4+ 2= Cu +0,34 B

CornacHo 3HAYEHNHAM CTAHJIAPTHLIX TMOTeHLMHAI0B  cdcrtema Cu?t 4
+ 2¢" == (Cu 1no oTHoweHMo K cpereme Zu?t 4 2¢7 == Zn OKNCIKTESEM,
T.e. PN UX KOHTAKTE HITEKTPOHBI OYJYT TIepexoute o7 Zn k nonaMm Cu?*:

Zn + Cu?t = Zn?* + Cu

L1

2e”

Oxkncnerne Zn u poceranosienue ('n2* MOKRHO OCYHICCTBUTL HA HJIGKT-
pollax taavsanuveckoro dacauenma (puc. 122), KOTOpelil B JaHHOM ciydae
COCTOUT M3 NUHKOBOTO M M@IHOTO 37€KTPO/LOB, HOIPYMEHHBIX B DACTBOPbI
coorBercTBeHRO ZnSO4 n CuSO,. Cocvael ¢ pactBopaMu coenuHeHbr -
006pasnoit  TpyOKOW, 3amOTHEHHUH KakUM—Iu60 snekTposutoMm. Korpa
COEIUHAIOT DJICKTPOABI METAMINIECKAM [POBOJHKKOM, HAYMHAETCSA OKUC-
JIUTENBHO-BOCCTAHOBHTENLHAA pearipud. Ha wiiikosoM aaextpoge (anoxe)
HOPOUCXOJUT HOTEPA AMEKTPOHOB ~- OKHCJIEHHe HUHKA; HA MEJHOM 3JIeKTpO-
Je (xaTofle) IpOUCX OMUT IIPUCOEANHEHUE JEKTPOIIOB — BOCCTAHOBIEHIE KHOHOB
Menu

anoj: Zn — 2¢ = Zn°*
raro: Cu’t + 2¢ = Cn
cymMapHo: Zn 4+ Cut = Zn?t + Cu

2¢°
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Tonnubo + Oxucumens

Npodyxmst
pearyuu

P uc. 122. Cxema rannBaRnYec- Puc 123. Cxema roIUIMBHOI'O DBJe-
KOT'O OJIEMEHTA MEHTa

3a cyeT OKUCIMTEIBHO-BOCCTAHOBMTENILHON PEaKIMM N0 BHeIIHed nenu
(MeTa/sIMdecknil TPOBOHMK) TeHeT SNEKTPUYECKUl TOK OT IIMHKOBOTO
SJIEKTPOA K MeIHOMY, a 1O BHYTpeHHed IemH (Tpybka C 3J1eKTPOIOM)
apwkyrea uoHsr SO2°. LMHKOBBIA 5J1€KTPOJ NOCTENCHHO pacTBOpsAeTcs, a

Ha MeJIHOM BbIJEJIAETCA MeTaJliM4ecKasa MeIb.
PasHocTh OKMCIUTEIBLHO-BOCCTAHOBUTEJILHBIX IIOTEHIIMAJIOB  4YaCTHBIX

pea}cunﬁ onpeaesiser JIEKTPOABMIKYILLYIO CHITY ()0; raJbBAaHM4YECKOI'o JJie-

MEHTa M B paccMaTpMBaeMOM ciydae:

b= b5, — Py = 034 — (H076) = L1 B.

[Ipo6remMa npeoGpasOBaHUA XMMMYECKOH 3SHEPruu HENocpeAcTBEeHHO
B SJIEKTPMYECKYI0 — OJHa M3 AaKTyaIpHHIX 3ajad HayKu M TEXHUKHU. B
HacTosAIee BpeMsA BeAyTCA LWIMPOKHE MCCJIEA0BaHMA TO HMCIOJB30BAHMIO
OKUCIUTEN bHO-BOCCTAHOBUTENILHEIX peaKIMii TOpeHyA TOIJIMBa B Tak Ha-
3pIBAEMBIX MMONAUGKHT daesenmar. B kadecTBe OKUCAAKOIMMXCA BeHECTB

MOMKHO TPYMEHATH OOLIYHOE TOIJIMBO — YIOJdb, KOKC, NPUPOJHBIE M MC-
KyCCTBEHHbIE [OpIOYMe rasbi, B KadecTBe OKMCIMTENA — KHGIOPOZ 28) 371
BOBAYX.

B TOIJIMBHBIX 3JIEMEHTaX, KAaK M B OOBIYHBIX I3JIbBAHUYECKNX, 3JIEKTPO-
I, K KOTOPHIM IIOJIal0TCs BOCCTaHOBUTEJb (TONNMBO) M OKUCIMTENDb, Pas-
JIeIeHBb MOHOMpPOBOAAMMM DJIEKTPOJINTOM (KMCJIOTaMH M INE0YaMy, pac-
N/1aBJEHHBIMHM COJIAMM M Ap.). OJIeKTPOAH B cjy4dae NpUMEHEeHNA ra3oob-
pasHbLIX IPOAYKTOB AENal0T OGHYHO M3 HOJBIX MOPHCTBHIX TpybOK M Mjac-
tiH. Tokoo6pasyommil nponece copepliaeTcd Ha IpaHuie CONPpUKOCHOBE-
HMA BJEKTPOJa ¢ 3JEKTPOJIUTOM.
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IIpnruun paGoThi TOMJIMBHOIO 3JIeMEHTA pACCMOTPMM Ha HNpPHUMepe e
JIOYHOTO BOJOPOJAHO-KMCJIOPOAHOrO yeMeHTa (pue. 123). B st1oM cayuae
MCIIOJIB3YeTCA OKUCJIUTEIILHO-BOCCTAHOBUTEJIbHAA peaKIuAa

2H2(I‘) + 02(1") = 2H20(7K)

AG,

298 = —A474 w]lx

)

OCYmIecTB/IAeMaAd 'epe3 CJeAYIOMMe TPOMEXKYTOUHEE CTAJMM: HA KaToAe
IPOMCXOIUT NPUCOEAMHEHNe 3JIEKTPOHOB — BOCCTAHOBJIGHME KMCJOpPOZAa; Ha
aHOJI® NPOMCXOAUT NIOTEPA JIEKTPOHOB — OKMCJIGHHME BOAOPOJA:

avon: 2H; 4+ 40H™ — 4e” = 4H,0; xarom: Oy -+-' 2H,0 + 4e” = 40H-

Bosuukatomme Ha aHOE 3J@KTPOHB O BHELIHEH [eNu 3JieMeHTa nepe-
XOAAT K kaTomy, a moHn OH™ nepemematorca B snektponuTe or karoma K
aHony. TakuM o6pa3oM, B UTOTe OCYHIECTBJAETCA OKMCIUTEIBHO-BOCCTAHO-
BurenibHan peaknua 2H, + O, = 2H,0, sHeprua kotopoit B manHOM ciy-
4ae BBIIEJIAeTCA He B BUJE TeIVIOTHI, a HENOCPEeACTBEHHO NPEBpamaerca B
3IEKTPHUECKYIO.

Has s dextusHON PabOTH TONIMBHEIX 9JIEMEHTOB UCTIOJB3YIOT KAaTally-
3aTOPHI, KOTOpPHE HAHOCAT HA 3MEeKTPOAM. [IJIA BOAOPONHOro 3JeKTpOsa
KaTAIU3aTOPaMy ABJAIOTCA IJIATMHOBHE METAIIB, & [JA KHUCJIOPOMIHOro
9JIeKTpoAa — cmemaHHble katanu3atopst 13 Co u Al unu Fe, Mn u Ag.

Bbicokuit kK0abdUIMEHT UCIIOTB30BAHUA TOMIMBA, HENPEPHBHOCTDL Jeii-
CTBMA M JpYyrue IpPeuMynIeCcTBA OTKPHIBAIOT Nepefi TONJMBHHMMU 3JI€MEHTa~
MM TIepCOEKTMBBl UWIMPOKOrO MCIOJBb30BAHMA. TONJMBHBIE 3JI6MEHTH Wc-
HOJIL3YIOTCA B CHYTHMKAX M KOcMMYeckMXx kopabiax. QueHb 3aMaH4MBO
TIpYMMeHeHHe TOMJIMBHBIX 3JIEMEHTOB BMECTO [BMTaTeliell BHYTPEHHEro Cro-
paHMA Ha TPAaHCIOpPTE U T..



YACTb BTOPAH
HEOPIAHNYECKAA XMWHA

Pazpenl
BBepeHue B XuMuio aNeMeHTOB

Tonbko npu NOcpeAcTse TE€OpHM 3HaHME, cynarasicb B
CBA3HOE 11€J10€e, CTAHOBUTCA Hay1HbIM 3HaHNEM; c1‘p017l-
HOe coeHeHNe qbamnqecxoro 3HAHUA C TEOpHuenu coc-

TapisieT HAyKy.

A.M. Bymaepoo

' JI A B A 1. PACIPOCTPAHEHHOCTb XAMHUYECKHAX
DJEMEHTOB

§ 1. TEOXMMUS U KOCMOXHUMMUS

CpeHee OTHOCHTEIbHOE COJlepiaHyue aHHOTO XMMHMYECKOro 3JIeMeHTa B
KaKo-11M60 HNpHPOAHOU cUcTeMe (3Be3 b, ConHeqHaa* cHcTEMA, I7aHeTH)
Ha3bIBAETCA €ro paclpOCTPaHEHHOCTbIO WM KaapKxo - Copepskanue sne-
MEHTOB GOBIYHO BLHIDaXKaIOT B MaccOBBIX MJIM aTOMHBIX JOJIAAX, B NpOLEHTAX.

XyuMuueckyil cocTaB, 3aKOHOMEpHOCTH PAaclpocTpaHeHusA U pacnpezeye-
HUA JJIeMEHTOB Ha 3eMmjie U3y1aeT 1e0TUUS. 3amayM 5TOil HayKu ONpene-
aun B.U. BepHaJckuil, KOTOpBIil paccMaTpuBall e Kak HayKy 06 ucropuM
aTOMOB 3eMiTM, KaK 4acTh KOCMMYecKOH XMMMH. JlanbHeiillee pa3BUTHE
reOXMMUM TecHO cBsazaHo ¢ paboramu A.E. ®épcmana, B.M. Toappumuara,
A.Il. Bunorpamopa u Ap. _

PacnpocTpaHEHHOCTh M [EeHe3UC XUMHUUecKHX 3J1IeMEHTOB Bv KocMoce
M3ydaer xocauoruaus. Pesynbrarhl reOXMMIdecKuX yccaenoBaHui ncnom;;
3yloTcA AJiA OOBACHEHWS MNOJTydaeMbiX cBeleHMil 0 KOCMMYECKHX TeJIaxX.
cBOI0 Ouepelb JAHHbIE KOCMOXMMMM NPDUMEHAIOTCA 15 pellleHusl TeoXuMu-

yecKUX MpobieM.

*Haspanue mpemioxedo AE. ®epcMaHoM B 4eCTh aMePMKAHCKOTO PeOXMMMKaA
®@.V. Knapxa, erucimeliero 5 1889 r. pacripocTpaHeHHOCTH MHOTMX XMMMYECKMX

3JIEMEHTOB B 3eMHOM KoOpe.
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» Cynbduaabie u cyabgaTHbie MuHepa-

Nzyuyenne XuMMu4ecKkoro cocrapa 3pe3f], IJIaHeT, TYMaHHOCTEH B OCHOB-
HOM OCYILECTBJI€TCA C IOMOIUBIO CHEKTPAJbHOro aHaiusa. CIeKTpalbHBIM
aHAJIM30M, HanpyuMep, 6b11 o6HapyskeH siaeMeHT reauit Ha ComHue (1868) u
Juib cnycta 27 jler oH 6bu1 HalimeH Ha 3emiae. C NOMONIBIO CIIEKTPaIbHO-
FO aHa/IM3a ONpeJeJIeH COCTaB JaJeKUX KOCMMYECKHX TeJl.

McknounTenbHO LeHHYIO HayuyHy0 uHpopManuio o (U3MKO-XMMHYec—
KOM XxapakTepe M cocraBe arMocdepbl Apyrux IJIaHET [al0T aBTOMaTHYec-
Kue Kocmudeckue craHuuu. MccieqoBaHus JyHHBIX NMOpPOJ, B 4acTHOCTH,

ABAAKTCA OCHOBOINIONATAIOIMMHU OJIA Pa3BUTUA CEAEHOTUAMUUU.

§ 2. XUMMNYECKHE SJIEMEHTH B 3EMHOI KOPE

XapaKTep paclpOcTPaHEHHMA 3JEMEHTOB B 3eMHOI KOpe CXOMeH ¢ XapaK-
TepOM MX KOCMMYecKOil pacnmpoctpaHeHHoctd (cM. puc. 1). B cocras sem-
HOil KOPBI BXOAT 88 XuMHUecKuX sieMeHToB (Tabm. 26).

IIpakTudecky OTCYTCTBYIOT KODOTKOMXMBYIIME TEXHeHuil, IIPOMETHii,
actar, (ppaHUMil ¥ TpaHcypaHoBbie asieMeHThl. OCHOBHBIMH B 3€MHOi1 Kope
ABAAIOTCA BOCEMb 5JIEMEHTOB: KMCJIOPOZ, KpPeMHMI, AJIOMHUHMIA, HaTpHI,
KeJjleso, Kaldbuyil, MarHuil, kanuit (puc. 124). Ux obumiee comepxanue B
3eMHOI Kope cocTapasier okono 94,5%
(Mon. mosmm) nam 98,5% (mac. monm).
3a HuMM chaeAyloT TuTaH, ¢ocdop,
poziopoj, Mapranen,. CocTaB OCTajbHBIX
(0.5.) snementoB menbme 0,6% (Mac.
nonu).

B =3zemHoii Kope mnpeo6aamaroT Kuc-
JIOPOZIHbIe COENMHEHMsI, W3 KOTOPbIX
Haubosiee paclpOCTpaHEHbl CUJIMKATHI,
c¢jarapiMe Bce€ rJiaBHeilliMe TropHbIe
Hopoabi. 3aMeTHO MeHee paclpocTpa-
HeHbl Kap6OHaThl, eme MeHblle —

P u c. 124. PacnpocrpaHeHue XuMK-
YeCKMX DJIEMEHTOB B 3eMHOII KOpe

Abi. Psapn  sneMeHTOB BcTpeuaerca B
fipupose B BMAe OPOCTHIX BemiecTB B

/1 taMOpOAHOM cocToAHMM. B Tabn. 27 nokasaHwl HamBojiee 4acTO BCTpe-

Jajonecst (GOpPMBI CYLTECTBOBAHMA BIIEMEHTOB Ha 3eMite.

" B 3aBucuMoOcTH OT XUMMYEcKOH IPUPOIBI 3JIEMEHT MOKeT Jubo MMeThb
coGcTBeHHBIe MHMHEpasbl, JM60 COMyTcTBOBaTh JpyrMM sieMeHTaM. ['eoxu-
MUKM BBIJEIAIOT OGIIMPHYIO IPYIIY 3JI€MEHTOB, [JIA KOTOPHIX XapaKTepHa
PaBHOMEPHOCTh PaclpOCTpaHEeHMsA B 3eMHOU Kope. Takue 57eMEeHTbI Ha3bi-
BaloT paccesunsiauu. PacnpocTpaHeHHOCTL B 3@MHOM KOpe M 9MCJIO pasHO-
BusHocTel 06pa3dyeMbix 37€MEHTOM MMHEPAJIOB B NIPAMOil cBA3KM HE HAXO-
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Ta6auua 26. Pampocrpallexmocrbaneuemnnaem{oﬁ Kope

Li Be
6,5-1073] 6-107¢
1,9-10-21,2-1073
Na Mg
2,64 2,1
2,4 2,0
K Ca Sc Ti v Cr Mn Fe Co
2,6 3,6 6-104| 0,65 [1,5-1072] 2-1072 9-1072 5,1 3-1073
1,4 2,0 3-1031 0,25 6-1073 | 8-107313,2-1072 2,0 1,5-1073
Rb Sr Y Zr Nb Mo Te Ru Rh
3,1-1072| 4-1072 | 2,8-107% 2-1072 1-1073} 3-107 5.10°7| 1-10°77
7.103 | 1-1072|2,6-10°4 4-103 | 2-10°4| 6-107° 1-10°7] 1,7-1078
Cs Ba La Hf Ta w Re Os Ir
7-104 | 5-10°2|1,8-10"3 3,2-10"4 3,2-1074| 1-107¢ 1:10°7] 5-106} 1-1077
0 5-10795,7- 1071 2,5- 1074 5-1075] 1,8-1073| 1-10°5 {8,5-107° 5-1077§8,5-107°
Fr Ra Ac Ku Ns
1.10'10 6.10“10
5.10°15
JlaHTaHOM B Ce Pr Nd Pm Sm Eu
4,5-1073|7,4-1073]2,5-1073 7-1074]1,2-107¢
6-10°4 |9-105 |[3,5-107¢ 9-107511,8-107%
AKTUHOMAB! Th Pa U Np Pu Am
8-10"4 |1-10°10 | 3-1074 1-10718
7-10°% |8-10712 | 2-107° 7-10717

*BepxHute widpbI - MAcCOBbIe JOTM, HUMKHUE - MOJIADHBIE NOJIN SJ1eMEHTOE.

(uo A.Il. Bunorpasosy) *

H He
0,15 14,6-1074
3,0
B C N (6] F Ne
3-104} 0,1 1-10°2 | 47,2 2,7-1072{1,6-103
6-1074] 0,15 {2,5-10"2]| 58,0 2,8-1072
Al Si P S Cl Ar
8,80 27,6 8-102 | 5-10°2 |[4,5-1072] 0,98
6,6 20,0 {5-102 |3-10"2 [2,6-1072| 4-1076
Ni Cu Zn Ga Ge As Se Br Kr
\ 8-103 [ 1-102| 5-1073 |1,5-1073| 7-10"4 | 5-10"4 ] 6-1075 1,6-1074] 1-107¢
| 3,2-107313,6-107% 1,5-1073} 4-1074 | 2:1074 |1,5-1074| 1,5-1074[1,5-1075] 4- 10°5
M Pb Ag Cd In Sn Sb Te I Xe
1-1076 | 1-10°%| 5-1075 | 1-1075 | 4-10°3 [ 4-10°5 |1-10°6 |3-105 | 8-10°6
g 1,6-1077)1,6-10°9 7,6- 1076/ 1,5- 106 | 7-10"4 | 5-10°6 |1,3-10°7 | 4-10°6
Pt Au Hg Tl Pb Bi Po At Rn
. 5.10°7 | 5-10°7 [7-1076 3-104 [1,6-1073| 2-107% [2-10714 7-10716
’f’ 5-108 | 5-1078 {7- 1077 3-107% |1,6-1074]1,7-1076 [2- 10715
Tb Dy Ho Er Tm Yb Lu
1,5-10°44,5-10741,3- 1074 | 4-107¢ | 8-10"% [3-10°4 |1-107¢
1-105 | 5-10°% [5-1076 | 5-10"5 [&-10® |3-10"5 ]1-1075
Bk Cf ‘Es Fm Md (No) (Lr)
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*Bcrpewalotcs B cBO6OIHOM COCTOSAHHM.

aATcsa. OYeHb YacTo U3 ALYX DICMGHITOB MEHee PACHpPOCTPaHeHHbIH o6pasy-
eT GoJblIee UHCAO pasHOBMAHOCTCH munepanos, Tak, py6unmit [0,007%
(MO, 210511)] COBCTBOHHLIX MUHEPANOB 1IPAKTHYECKN HE HMEeT M ABJIACTCH
PaccesHHLM 2eMeHTOM. B TO ke BpiMa cpaBHUTEJBHO MEHEe paclpoct-
pancHHasa meab [0,0036% (mon. gonu)] oOpasyeT pasHooGpasHbie cOGCTBEH-
Hble MMHEPaJIBl, a TI0ITOMY K PACCeAHHLIM 3/1eMEHTaM He OTHOCHTCA.

B 3eMHO#l KOpe NOCTOAHHO HPOMCXOAAT MHOTHE XMMUYECKye IPOLECCEL.
Pa3o6paThcs B HUX — 3HAUKT [OHATH, KAk 06pasyloTcs MUHEPAJIBI, TOPHbBIE
MOPOAB M PYAB, B KAKUX YCIOBUAX OHU (POPMUPYIOTCA. IJTO, B CBOIO
ouepesib, TO3BOJAET OLPeAeIMTh HaubOJIee BEPOATHHE PacllOOKEeHH A
MECTOPOMICHUI TIONE3HBIX HCKOINASMBbIX.

I'J1 ABA2 [IPOCTHE BEHIECTBA
§ 1. CTPYKTVYPA NPOCTHIX BEHIECTB

Coveranne aToMOB OJHOO W TOTO JKE JCMEHTA ecTh NPOCMOE GeULecm-
60. B 3aBUCHMOCTH oT THND XHMHYECROM (BA3M MCKAY aTOMaMM TIPOCTbI®
BEICCTBA MOUVT OBITL ALETHAAAQMU W Healcnaatea, JIJIA MeTalsoB xapak-
TepHA MOTANAWYMecKAsl CBS3L, sl HEMOTAITOB -— KoBajneHTHad. Peskoro
pasINYMst MEXAy METAMIWICCHKIMY M HEMPATAWITHMecKUMU TPOCTHIMU B
‘meeTBaMy Het. K MOTaliaM (IpHMBEKAIOYT MeTATIOTOA00HbE HPOCTHe Beme-
CTBA, K HEMEOTALIAM - HCMETALNON0L00UbIE.
" QM U TOT KC ICMOHT MONET 0OPA3OBHBATE HECKOJBKO Pa3HBIX TU-
TOB NPOCTHIX BCUECTB, HASHIBAGMBIX A4.10MPONHsay aodudurayusun.
Nasectro ceviuie 400 pasdoBHAHOCTell OpoCTLIX BemlecTB. fBjleHue anaio-
'TPONMY MOXKET ObITh 00ycHOBMEHO NMUO0 PA3JIUYHBIM COCTABOM MOJIEKYII
[[IPOCTOro BEIIECTBA JIAHHOTO WIEMCHTa (a440Mmponus cocmaga), Ju60 cno-
t060M pasMeUIeNMA MOJICKYA MM ATOMOB B KpPMCTA/Iax (as20mponus
;@opmu). Crnoco6HOCTh 3JCMEHTa K 00OPASOBAHMIO COOTBETCTBYIOLIMX aJlI0-
TPONHBIX MOAMbMKALME 06yCl0BJIEHA CTPOGHMEM aTOMa, KOTOpOE Ompe-

EJIACT TUI XMMHUYEecKOl CBA3H, CTPOEHHME MOJIEKYJl U KpPHUCTasJIOB.
PaccMoTpuM ay1a IpMMepa TUITBL U CTPYKTYPY NPOCTBIX BOIIECTB, 06pa-

OBaHHLIX 3JIEeMEHTaMM TpeTwero nepuona. Tak, y p-onementa VIII rpynow

Bwproma (3s23p0), VIMEIOLIERO  3aBEPLICHHYIO BAJTGHTHYIO OGOJIOUKY

,{;“

(*Ar:), Monexyna ogmoaToMHA. Mexay ATOMaMM AProHa BO3MOXKHO TOJBKO

AHUCTIEPpCHOHHOE B3aumojelicTere. [I03TOMy B TBEPIOM COCTOAHMM KpPUCTAJ-
JIbl aproHa ¥ ero aHaJjlOrOB MOJIEKYJApPHHE (cM. puc. 66, a) oHM XapakTe-
'PUBYIOTCA BBLICOKMMM KOODIMHAIMOHHBIMM 4uciamu (OGBIMHO Ky6udeckas
'PpaﬂeueHTpnpOBaHHaﬂ WJIHM PEKCAroHaJbHas peilieTHa).
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Nna xnopa (3s23p5) obvenuHeHne aTOMOB (Cl) B MOJIEKYJY MO-

JKeT OCYIECTBIAATbCA TOJNBKO OJHUM cnoco6oM, a MMEHHO 3a c4er obpaso-
BaHMA I BYXaTOMHOMN koBastenTHOI Mosekyani Cly, nMetomein ¢dopMmy ranre-
au. Kpucrannwi xaopa o6pasoBaHbi MOJIEKYJTaMu noao6HO KpHCTaJlJaaM

nozna (cM. puc. 66, 6). .
Mo Mepe yBeqMuYeHMs 4YMCa HelMapHBIX OJEKTPOHOB, [JIA 3JEMEHTOB

CTAHOBUTCS BO3MOMKHONM ajoTponusi cocrapa. Tak, JJjis aTOMOB ¢ e p B

(3523p4), MMelOIMX JBa HellapHBIX 3JIEKTPOHa (-S+), Haubonee TUIMIHO

ob6beyiHeHYe B 3UI3aroobpasHeie LENH ]. B 06HIYHBIX YCJIOBUSAX 3TOMY

cOOTBETCTBYeT TeoMeTpyueckas (opMa MOJIEKYJIbl B BUAE 3Ur3arcobpasHoOi a
eOYKH, 3AMKHYTON B BOCBMMYJIEHHOE KOJIbIO Se(1)):

P u c. 125. Kpucramnnyeckue pelretky MertajuioB:

: a — KyOudeckas OOBEMHOLEHTPHPOBaHHas, 6 — KyOMYECKAS IpPaHEeLiCHTPUPOBAHHAS;
@ — PeKCaroHanbHas ’
~ .
\@W ) Or KpeMHUA K aJIIOMMHHMIO M Jajlee K s-dJleMeHTaM MarLiuip u HaTpHIO
; : YycJ0 BAJIEHTHBIX 3JIEKTPOHOB YMEHbUIAETCA, a "Yucio CBO6OILHI>IX BaJIEHT-
I

, ~ HBIX opbuTaneil yBeJIMYMBAECTCA. JTO MOHMIKAET [IPOYHOCTL JIBYXIIEHTpPOBOM
CCBABM M YCHJIMBAET TEHIEHIMIO K 06pa3s0BaHMIO HEJIOKAJIU30BaHHON, a B

Kpome Moiekyn Sg B COOTBETCTBYIOLIMX YCJOBMAX CYIIECTBYIOT MOJIEKY bl © mpefielle — METAJUIMYECKON CBA3M (3EKTPOHHOTO rasa).
cepbl B BHJE 3UI'3aro06pa3sHBIX OTKPBITBHIX Iened S, u komen Ss, Sy, a Ilockonpky MeTanaMyeckasd cBA3L HeHacHIaeMa M HeHalpaBjeHa,
' METAJIIBI MMEIOT KOOPDAMHAaNMOHHBIE DEeNIeTKM ¢ MaKCHMMAIbHO IIJIOTHOMW
' ynakoBKoO#. I/ MeTa/UIMYeCKUX NPOCTHIX BEHIECTB caMbIX pasHOO6GDPAa3HBIX
' Mo XMMHM4YEeCKOW NpHUpoJe 3JIeMEeHTOB Haubojee TUIIMYHBI TPpM THUIIA KpMC-
(p), 06LeqMHAIOTCA B OJMMEpPHBIe ByMEepHbIe CJIOU P, c mupamupanb-© 7 TAUIMHECKUX pelIeToK (puc. 125): kybuueckas TrpaHelneHTPUPOBAHHAA
4 (k4. 12), rekcaroHanbHan (k. 1. 12) u kKybuueckas 06beMHO NEHTPUPOBAH-

| Has (k. u. 8).

TaKiKe TaHTeIeBUIHbie MOJEKYIB So. ‘
AtoMni ¢pocdopa (3s23p%), uMeromme TpU HENApHBIX 3JIEKTPOHA i

HBIM pachpejesieHueM cBsseil ([); Kpome TOro, aTOMb dochopa obpasyioT ¢

yeTH pexaToMHbBe MOJIeKy sl Py Terpasapuyeckoi dopmui (I]):
Jrs1 6onbIIMHCTBA MeTayuloB XapakrepeH NomumopguaM. 10 TIpeskje Bcero

§ CBA3AHO C TeM, uTO OHEpIMM KPHMCTAIMYECKMX DEIETOK PadIMuHBIX MeTasliiyec-
g xnx crpyxryp 6mmzku. Honmumopdusam yame mpossisiercst y d- u fonemeHtoB (B
‘ ‘ocobernoctyt 5f), yeM y s M p-oseMenToB. OTO OOYCITOBJEHO OHEPreTuyecKow
I‘Gmasoch}o (n — 1)d, ns~, np—cocroanuil y d-onemenros U Gnusocthio 5, 64, Ts-

COCTOAHUMN ¥ 5 FolleMEHTOB.

" TakuM 06pasoM, B IepuoAMYECcKOil ciicTeMe IpH [epexojie OT p-dJeMeH—
(, To VIII rpynnsi k s-sneMeHTam | rpynmel yMeHblleHMe 4Kc/ia BAJIGHTHBIX
!‘ 1eKTpOHOB OOYCJOBIMBAET 3aKGHOMEPHEBIHl Mepexo], OT HeMEeTAllJIoB ¢
:;{;_;MOJIeKyJIHprIMYI Kpucralandeckumu petterkamu (Ar, Cly, P4) k Hemeran-
MOXKHO OBLACHUTH B PaMKaX HpPeACTaBIeHHsA O spi-TH6pHAM3anuH opbuTa- 91aM ¢ aroMmHO-penHoi (S_), aromHo-ciouctoit (P, ) u aTomHO- -
Jiefi aToMa KpeMHHA. o . ” ooopAITE
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Jna kpemHHUa (3s23p?) Haubosee ycToidnBa TpexMepHas (koop-
JAMHAIMOHHAsA) CTPYKTYpa Si, TuIla ajiMa3a (cM. puc. 65). Jto cTpoeHMe
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T a6 wuila 28 Crpykrypa IpocTHIX BellleCTB

1 — xybuyeckas rpaHeleHTPUDOBaHHas, 2 — FeKcaroHaJlbHasd, J — OOGBEMHOLCHTPYPOBAHHAN, 4 — [IPOYMe CTPYKTYPbI, & —

anMasononobHas, 6 — ciloMcrasd, 7 — UenHad, § — ocTpoBHas (MoJlekyJsipHas).

[lepexol OT HapyHOr® CUMBOJIa K BHYTpEHHEMY COOTBETCTBYeT Mepexoy OT BEICOKOTeMIEpATypHON MOAMQUKAHMM K HU3-.
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mMoHHOM (Si,,) CTPYKTypaMu M Jajee K METAJIMYeCKUM KOODPIMHAIMOH-

ueiM kpuctannam (Al, Mg, Na). ‘

[IpyMepHO Tak Ke M3MEHAETCA CTPYKTYPA NPOCTHIX BEMIECTB M B JIPYTHX
pepuonax cucrembl JLU. MengeneeBa. O6mmit 0630p cTpOEHMA MPOCTHIX
peliecTs Aad B tabn. 28.

% 1
°
< § 2. CBOMCTBA NPOCTHIX BEHIECTB
@uanveckde cBoicTBa. B cooTBeTCTBMM ¢ XapaKTepOM M3MEHEHUA
~ | CTPYTYPBl M THIIa XMMHUYECKOW CBA3M 3aKOHOMEPHO MBMEHAIOTCA M CBOlicT-
b BA MPOCTHIX BEHmIECTB — MX MJIOTHOCTbH, TEMIEPATYphl IJIABAEHUA M KUIIO-
HUA, BJIEKTPUYecKaa NpoBOAMMOCT: M ap. Tak, aproH, xJjiop M cepa B
o ' o
~ TBePAOM COCTOAHMM ABIAITCA AMIIEKTPUKAMM, KPEMHUII — MOAYNpOBOJ -
]Im HUKOM, 3 aJIIOMMHMI, MarHvil ¥ HaTpuil — METAINMYECKUMM HOPOBOIHHU-
KaMu.

[lepuoguueckas 3aBMCHMOCTL CBOMCTB OT ATOMHOIO HOMEpa 3JleMeHTa y
- IPOCTHIX BEIecTB NPOABIAETEA cAOKHEe, 4eM y CBOGOMHALIX aTOMOB. OTO
=< ' OOBACHAETCA TEM, YTO CBOHCTBA MPOCTHIX BEUIECTB HE Bcerfa OAHO3HAYHO
onpefenaloTcA IPUPOAOH 06pa3ylIIMX UX aTOMOB, & B 3HAYMTEIBLHON Mepe
BABUCAT TAKKE OT CTPYKTYPBI, THIIA XMMUYECKON CBA3M, MEKMOJEKYJIApPHO-
- ro B3aMMOJEHCTBHUA, YCIOBMII 0Opa30BaHUA U Mp.
' Ha pwuec. 126—128 nokasana
. BABUCHMOCTL OT aTOMHOTO HOMEpa . riom? 0s’
- 9JIEMEHTOB IJIOTHOCTM IPOCTHIX
D' BEIIECTBE B TBEPAOM COCTOAHMH, goL
TeMIeparypsl MX I[JaBACHMA |
' CTAaHAApTHOH  sHTponumu.  Kak
o~ ., BAIHO Ha puc. 127, TeMneparypa
O . - TJaBJeHUs MNpOCTHIX BEIIECTE B
| mepuojax BHayale BO3PACTAET,
', 3aTeM najaaer. Haumensuryio
= ., TeMIepaTypy [JIaBIeHUA HMEIOT
O NpocThI® BOIIECTBA € MOTEKYJIAp-
HOIl CTPYKTYpPO#, B OCOGEHHOCTH
OHOATOMHEBIE MPOCTHIE BEIIECTBA
. & u ponemertoB VIII rpynnet
(6naroponusie raser). B o6biaHbIx J
YenoBuax pocThie BenlecTBa g 20 ;0 %0 0 700 Z
MOJIeKyJIApHOTO CTPOEHUA  SBJ-

RIOTCA TaBaMu, KUAKOCTAMM uim D ¥ ¢ 126, BaBucumocts MotHOCTH Mpoc-
OTHOCHTEIBbHO ThIX BEIIECTB OT aTOMHOTO HOMepa olleMeHTa

Np

15
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P 1 ¢. 127. 3aBMCUMOCTb TeMIepaTypbl IVIaBJeHnsA MpOoc-
TBIX BEIECTB OT ATOMHOIO HOMepa GlleMeHTa
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P u ¢, 128. 3apucuMOCTb CTAHIAPTHOM SHTPOMMU MPOCTHIX BEIIECTB OT aTOMHOrO HO-
Mepa 3JIeMEHTA

rpepAbiMu Testamu. Haubonee rtyromnasku aiMas M KpeMHMI, MMelOLIue
KOBAJIGHTHBie 2TOMHO-KOOPAMHalMOHHEIE PELIeTKH.

U3 Mertannop Haubosnbulyio TeMllepaTypy IJIaBJIeHHUs HUMEIOT NpOCTHIE
pemlecTBa d-anemeHToB. [losiaraior, 4To B 3TOM NpOABIAETCSH KOBAJIEHTHAS
¢BA3b (32 cyeT d-3/EKTPOHOB), KOTOpas NpHUCYTCTBYeT B MX KpUCTallax
HapALY ¢ MOTA/UIMYEcKOi cBASLIO (32 cYeT BHOIIHMX S-3JIOKTPOHOB). Ydac-
THe B 06pa3’oBaHUM KOBAJIGHTHOUN CBA3M B Haubosblledl cTeleHM NMpOABIA-
ercsi ¥ Hd-3/IeKTPOHOB, MO3TOMY B HOArpynmax d-3J1eMeHTOB TeMIleparypa
[VIaBJIE€HUsA ¢ POCTOM aTOMHOrO HoMepa MoBbitlaercs (cM. puc. 127).

MsMeHeHMe CcTaHAapTHBLIX JHTPONMH MpOCTHX BelmectB (cM. puc. 128)
OpOABJsieTcA B Nepuofe NpsiMO MPOTHBONOJOKHO UBMEHEHHUIO TeMIEpaTypH
miaBiaeHusA. B nepvomax craHmgapTHas 3HTpONUA BHadajle yMeHbUIaeTcs, a
3aTeM BO3pacTaeT. B 3ToM HAXOMT OTpakeHHe NEpexOf, 0T MATKOTO
IIEJIOMHOTO MeTallyla K TBEepABIM KOBAJIEHTHBIM MOJMMepaM (ajMasy, KpeM-
HUIO, TepMaHUIO, CypbMe), a B KOHUe NepUONa — K OJHOATOMHBIM 6J1aro-
PORHBIM ra3aM.

XuMugeckHe cBOMCTBA HPOCTHIX BemecTB. B xuMuMyeckMx peakuMsix
MeTaJIbl OOBIYHO BHICTYNAIOT Kak BoccTaHoBUresnn. Hemeranmnwr, kpowme
¢dTopa, MOTYT NpPOABJIATD KaK OKUCIUTENBLHBIE, TAaK M BOCCTAHOBHUTENIbHBIE
coiictBa. [Ipy 3ToM xapakTep MBMEHEHMA BOCCTAHOBUTEIBHOM M OKUCIM-
TeJIbHOM aKTUBHOCTH NPOCTHIX BemecTB B IpyNllax U NOATPYINax cyliecT-
BEHHO 3aBUCHUT OT NpUPOALI IMapTHepa 0 peaKuu# M YCJIOBMIl OcyIecTBiIe—
HusA peakuuy. O6LIYHO B [VIaBHBIX NOATpYHNAaX HpoABIseTcA obuias TeH-
AEHIUA: C YBOIMYCHHUEM ATOMHOTO HOMepa 3JIeMeHTa OKUCJIMTENILHBEIe CBOM-
CTBA HEMeTa/lJIOB 0cJ1abeBalOT, a BOCCTAaHOBMUTENbHLIE CBOMCTBAZ METAJJIOB
yeunuparoTes. O6 3TOM, B 4acTHOCTU, CBUNETOIBLCTBYET XapakTep M3MeHe—
HusA cTaHAApTHO#A sHeprud [u66ca 06pasoBanys ONHOTUIHBIX COeIUHEHMIL.

 Hanpumep, B peakuuu OKMCJIGHMs XJIOPOM METAJJIOB TJIABHOWN MOATDYMIIBI

II rpynmu
M(x) 4+ Cly(r) = MCly(k)
0T Bepunnus Kk 6apui0 OTpUNATEILHOE 3HAYSHUS AG} yBeJIMYUBacTCs
BeCly(x) MgCly(x) CaCly(x) SrCly(x) BaCly(x)
AG},Z%’ k[lx/Moub. . . .. ~468 -592 -750 -781 -811

MubiMu cnoamu, B pany Be—~Mg—Ca—Sr—Ba BoccTaHOBUTENIbHASA * AKTHB-

" HocTb NpOoCTBHIX BEIlecTB OTHOCUTENILHO XJIOpa MOBHILIAeTCs.

B peakuusax okucieHUA rajoreHaMu KaJbls
Ca(k) + Haly(r) = CaHal,(k)
OT propa K MOAy OTpUUATETbHOE BHadeHHe A G} YMEHbLIIAeTCA:
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CaFa(x) CaCly(x)  CaBra(k)  Caly(k)

AG},ZQB’ KIL)K/MOJIB ..... -1162 » -750 -656 529
Taxum o6pazom, B pany F,—Cl,—Br,—I, oxucanresbHas crocoGHOCTh

[IPOCTEIX BEIECTB OTHOCHTEIRHO KajlbUUA MNafaeT. AG} a5 A8 Hp0(r),

H,S(r), H,Se(r) u H,Te(r) paBubl coorercrenHo —229, —34, +20 n
+85 w/lk/MOML, YTO CBHAETENLCTBYET 06 yMEHbIIEHNYM XUMNUYOCKON aKTHB-
HOCTH 110 OTHOLIGHHIO K BOJOPOAY B DALY KHCJIOpDOA — cepa — celeH —
TeJINYP. .

Mpu gpyrux mapTHepaX MO PeaKUUW W YCIOBUSAX ee NpPOTEKAaHUA pAJ
H3MEHeHNA XUMUIecKOH aKTHMBHOCTH MPOCTHIX BEIUECTB MOXeT OBITh HHBIM.
Tak, U3 WEIOYHLIX METANJIOB O OTHOIIEHNIO K GTopy (a Takke KHCIOPO-
ny) Han6oJee aKTUBEH JINTHIA:

M(k) + !/2Fy(r) = MF(k)

LiF(x) NaF(x) KF(x) RbF(x) CsF(x)
AG}’Z%, k& /Monb . . . .. -584 -543 .-538 -523 -505
a MO OTHOIICHNIO K MOy (a Takke 6poMy) — LEeBHil:

M(K) + 1/212(}() = MI(K)

Lil(k} Nal(k)  Kl(k) Rbi(x)  Csl(x)
AGj yoq klli/Mors . . . .. -267 -285 324 -326 -334

W3Menenne psina XMMHYecKOl AaKTUBHOCTH O0OGA33HO HeOJMHaKOBOMY
XapaKTepy W3MeHEHUs B [aHHOM D5y 9JIeMeHTOB aTOMHbIX W HOHHBIX
paguycoB, INOTEHIWAJ0B HOHWU33aLUWN aTOMOB, TEIJIOT BO3MOHKHM IPOCTHIX
BelIeCTB, ¢ OAHON CTOPOHLI, U JHEpPruu KpHCTAJINYECKOH pelleTKH Coemu-
HEeHUN — ¢ ApYrou.

O nepHMOAMYHOCTH HMBMEHEHWS XNMUYECKOH aKTHBHOCTH INpPOCTHIX Be-
IIECTB CBHAETENBCTBYET XapaKTep H3MEHeHUS AH"f u AG"f COOTBETCTBYIO-

IINX OZHOTHUIIHBIX COEAWHEHWU ¢ yBeJIMHYeHHeM aTOMHOI'O HOMepa JJIeMEeHTa.
06 sroM ke cBuierelbeTByeT puc. 129, Ha KOTOpOM [IOKa3aHa 3aBHCHMOCTD
3HAYEHUs CTAHAAPTHOrO NEKTPOAHOrO NOTEHUUAIA @, .. MPOCTHIX BEIIECTHB

B BOJHOM pacTBOpe OT aTOMHOTO HOMepa 3JJeMeHTa B INepuOAMYecKoii
cucTeMe.

Oraomenne OpocTHX BemecTs Kk Boge. [lockoneky XuMudeckue npopec-
cbl YacTO MNpOTEeKalOT B BOAHBIX CpefaX, BaXHO paccMOTPeTb OTHOIIGHME
HPOCTHIX BEUIECTB K BOAE U BOAHBIM PacTBOpaM.

XuMunyeckoe cBoeoGpa3ue BOLBI 3aKJ109aeTcs B TOM, 4TO OHa SBJISAETCS
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Puc 129“ 3aBUCUMOCTD CTaHAPTHBIX BIIEKTPOAHBIX MOTEHUMAJIOB IPOCTHIX BELIECTB
B BOJHOM PACTBOPE OT ATOMHOTO HOMEpa BJIEMEHTA

N OKHCI/IUTEIeM, U BOCCTAHOBUTEIEM, a TaK¥Ke BBICTyIIaeT B KadecTBe JIUTaH~

" Ja B nIpoleccax KOMILIeKcO0Opa30BaHHA (TUApaTallud HOHOB).

B 3aBucHMOCTH OT NPUPOABI NPOCTHIX BEIIECTB BO3MOMHEBI CASAYIOMINE
BApUAHTHI XUMHYECKOTO B3aMMOAEN CTBUSI UX ¢ BOIOM.
1. OxvciieHne npocTOro BemiecTBa BOAOMH, COMPOBOMAAIONIEECS BbILese~

, HHeM BOIOpOAa U 06paz’OBaHWeM THApPAaTUPOBAHHBPIX KATHOHOB. JJIEKTPOI-

Hbiff morennuan cucrembt 2H*(p) + 2¢ = Hy(r) ans Bonwm (mpm pHT)
coCcTaBNsgeT ¢y = —0,414 B. CnegoBaresnbHO, BEILENEHHE BOAOPOLA U3
BOALI MMEeT MECTO 1P B3aMMOMEIHCTBMM ¢ HEl MeTaJlJIOB, 3JIeKTPOIHBIN
NOoTeHNUall KOTOPHIX XapakTepuayercst 6ojiee OTPUIIATENBHLIM 3HadeHUeM,
yem —0,414 B, nanpumep:

2Na(k) + 2HOH(x) = 2Na*(p) + 20H (p) + Hy(r)
2Na(k) + 2HOH() = 2NaOH(p) + Ha(r)

JlanHoe B3aMMOAENCTBHE XapaKTepPHO [JISI MENOYHBIX M ILEeJIOYHO-3e-
MeJIbHBIX MeTAJJIOB. Peakuusi Waer ¢ 3aMeTHON CKOPOCTBIO, eciiu 06pasyro-
Muiics B pe3ynbTaTe peaKi Ui T'MAPOKCH pactBopuMm B Bone. Obpaszopatue
¥e HepacTBOPUMOrO (MJI MaJOpacTBOPUMOIO) THAPOKCHUAA Ha [OBEPXHOC-
TU MeTasjla TOPMO3UT JalbHelfillee NPOTEeKAHUE peakllMK, HallpuMep:

Zn(k) + 2HOH(k) = Zn(OH)y(t) 4+ Ha(r)

TOPMO)KQHHG {nsu moJHOE NpeKpalnesne) XUMUIecKOr0 Mpornecca 3a cyer
IPOAYKTOB B3aMMOLEHCTBHUS HA3BIBAETCS] NACCUGUPOOANUCAL, A
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2. [dymcnponopiUOHUpOBaHWE IpPOCTHIX BEUIECTB, COMPOBOMKIAlOLleecsH
06pa3OBaHNeM M'MAPAaTUPOBAHHBIX aHMOHOB:

Cly(r) + 2HOH(x) = OH}(p) + CI'(p) + HCIO(p)
Cly(r) + HOH(x) = HCl(p) + HCIO(p)

Ilo yka3saHHOMY MeXaHW3My B3aMMOZENCTBYIOT C BOJOH NpPOCThle BelmlecTBa
Haubosee 3MeKTPOOTPULaTeTbHbIX dyementoB (Cl, Br, I).

3. BoccranoBiieHMe NpPOCTOrO BelllecTBa BOAOH, CONMPOBOMAAIONLIEECH
BBIAETOHHEM KHUCJIOpOaa U 06pa3oBaHUeM I'MApPAaTUPOBAHHOTO aHNOHA.
CpaBHUM 3JIEKTPOAHbIE IOTEHAALI CUCTEM:

Oq(r) + 4H*(p) + 4e” = 2H,0(x), ¢;,, = 1,23 B
Fa(r) + 2¢” = 2F(p), ¢, = 2,87 B
llo yxasaHHOMY MeXaHM3My B3aMMOmeicTByeT (TOp:
2F,(r) + 2H,0(k) = 4HF(p) + Oy(r)

PacTBopeHHble B BOJe BellecTBa MOTYT CIOCOBCTBOBAaTh IIPOSIBIIEHHIO
OPUCYUIMX 3JIEMEHTaM TeHmeHUUN K o0pa30BaHMI0 KATHOHHbLIX MJIM aHHOH-
HbIX TIpOM3BOAHBIX, JHGO TOPMO3NTH W MOAaBAATb MX. Tak, momst OHJ

c110co6CTBYIOT 06pa30BaHMI0 KATHOHHBIX KOMILJIEKCOB W, Hao60pOT, MpenAT-
CTBYIOT O0paz’OBaHMIO aHUOHHBLIX KoMiekcos. Wonbl sxe OH™ npenstcray-
10T 06pa30BaHMI0 KATHOHHBIX W CIOCOGCTBYIOT OGpPa30BaHHMIO aHMOHHBIX
KOMILTIeKcOoB. (AHANOTHYHYIO pOJib UTPAIOT M Apyrde OTPUIATEIbHbIE HOHBL
—CN", F~ u np.)

OTHOMmERME NPOCTHIX BemEcTB K pa36aBicHAHIM KHcioTaM. llopbienne
KOHIeHTpayun noHos OH} orBevaer yMeHbIIEHHMIO OTPUIATENIBHOIO BHAYE-

HUS 3JIEKTPOJHOTO MOTEHIIUAMA CHUCTEMDI:

H*(p) + & = 1/5Hy(r).

HoaToMy okuCTIeHMe NMpPOCTHIX BemecTB 3a cuYeT BbIZEIEHHA BOLOPOLA B
PacTBOpaX KHUCJOT NpOTeKaeT aKTHUBHee, YeM B 4YHcToM Bome. K Tomy ke
YUCJIO METAJJIOB, B3aUMOJENHCTBYIOWINX ¢ KUCJIOTaMU Pe3KO YBEJINUYNBAESTCS.
N36biTok mnonos OH} npenarerBylor 06pasOBaHMIO THAPOKCHIOB, YTO

TaKKe CIOCOGCTBYET IepeXomy MeTAJIOB B KaTHOHHbIE aKBAaKOMIJIEKCHI:
Zn(k) + 20H}(p) + 2H,0(x) = [Zn(OHy)4)2*(p) + Hy(r)
nim
Zn(k) + H;504(p) = ZnSO4(p) + Hy(r)
B psne cnydaes npyu BzammOmefcTBUM TpOCTHIX BEMIECTB ¢ KHCJIOTAMH

O0pa3ylOTCsi HepacTBOPUMbIE MJIM MAJIOPACTBOPUMbIE NMpPOMYKThI, TOPMO3si-
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uMe ganbHeiillee OKHWcJeHWe — BoccTaHopieHue. HanmpuMep, cBuHen, He
pacTBOpsieTcst B pa36aB/IeHHBIX KHMCJIOTaX — CEPHOM, COJITHOW M Ap., TaK
KaK IpH B3aUMOAeNcTBMM C HUMHM Ha IOBEpXHOCTH CBHHIA OGpasyloTcs
HepacTBOpUMbIe B Boge ocanku PbSO,, PbCl; u ap., npegoxpansioiye ero
OT manbHeliillero okuciaeHnA. HepacrBopuMble pOAYKTHl Yaile Bcero obpa-
3yloTcs npm B3auMogeiicteun’ Meranmsos ¢ HaPO,, HSOs, H,COs, HF,
HCN.

OrnomIeEMe DPOCTHX BEINECTB K BOJAHHIM pacTBopaM menodei. Ilo-
ckoabky Monbl OH™ crioco6erByioT 06pa3oBaHMI0 aHMOHHBIX KOMIUIEKCOB, C
BOIHBIMM pacTBOpaMH LIeJIOYell MOTYT B3aMMOJelcTBOBaThL IIpOCThIe Belle-
CTBa TeX 3JIEeMEHTOB, KOTOpble CKJIOHHBI K 06pa30BaHHUIO0 aHMOHHBIX KOMII-
nekcoB. OKUcIeHHe }Ke MPOCTBIX BELIeCTB MPOUCXOAMT WUJIM 3a CYeT BO/bI
(conpoBosmaercs BhlgeTeHHeM BOLOPO/A):

I

Zn(x) + 2H,0(x) + 20H(p)
Si(k) + H,0(k) + 20H(p)

[Zn(OH)4)% + Hy(r)
S10%"(p) + 2Hy(r)

NJIN 3a cY4Yer lIHCHpOHOpILI/IOHHpOBaHI/IﬂZ
Cly(r) + 20H(p) = CI(p) + CIO™(p) + H,0()

IonsiTHO, 4TO yKa3aHHble peaKIUH NPOTeKalOT TeM Jjerde, 4eM ycTo#-
yppee OGpasylouiecst KOMIUIGKCHble aHMOHBI. TaK, I'MApOKCOKOMIIJIEKCHI
Banbosnee ycroiumsn y Zn(Il), AI(III) u Be(Il), moaromy ux npocrbie
BEI[ECTBa [OBOJIbHO JIETKO PAacTBOPSIOTCA B BOAHBLIX pacTBopax Iesiodeit. B
To ke ppeMa Fe, Co, Mn u gpyrue BcjeacTBHe HEYCTOHYNBOCTA THAPOKCO-
KOMIIJIEKCOB B3alMO/EHCTBYIOT C pPacTBOPaMM ILeJoued JIMIIb B MeJIKOpa3-
JAPOGJIGHHOM COCTOSAHHUW M IPU AJIATEILHOM HalpeBaHUM.

OrHOMICHEHE NPOCTHX BEWCCTB K BOJHBIM pacTBOpaM 60jee CHJILHHIX
OKHMCJIUTEJNIEHA, YEM OH;. Ipucynine aneMedTaM TeHAeHUIMN K O6pa3OBaHMIO

KaTHOHHBIX WJM aHMOHHBIX NPOU3BOAHBIX OCOBEHHO OTYETJIMBO IpOsABIS-
IOTCA NMPW OKNCJIGHUM MMPOCTHIX BEUIECTB B BOAHLIX pacTBOpax 6ojiee cHib-
HBIMU OKHWC/INTeNAMU, YeM Boma uin uonbl OH. Takum Gosee cuabHBLIM

.

OKNCJINTEJIbHBIM JeiicTBHeM, HallpuMep, oGJagaerT a30THad KucjaoTa. B

OT/ANYNUe OT MHOIHMX ApPYTHX KHUCJIOT OHA OKHCJIAeT 4Jalle Bcero He 3a cyer .

nona OHj, a 3a cuer anuona NO;. Xapakrep mpogyKTOB BOCCTaHOBJICHUA

HNO; 3aBucuT oT ee KOHIEHTPAlNM U aKTUBHOCTH NpPOCTOrO BEUIECTBA.
OJleMeHTBl, y KOTOPbIX YCTOWYMBa HW3Kasg CTelleHb OKWCJeHWA, IpH
Baaumogeticteun ¢ HNOj3 0bpa3yioT akBakoMIIJIeKCH:
0 +5 +2 +4
Cu + 2NO; + 40H; = [Cu(OH,)e)?* + 2NO,
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a +5 + 2 +2
3Cu + 2NO; + 80H} + 6H,0 = 3[Cu(OH,)¢?* + 2NO

nian
Cu -+ 4HNO3(KOH[L) = CU(NO3)2 -+ 2N02 + 2H20
'3Cu + 8HNOj (pa36.) = 3Cu(NOs), + 2NO + 4H,0

Eciu HNOj; xounenrpupoBanHas, To OO6bIUHO Bbhiiedsercs NO,, ecan
paz6apiennast — NO. \

IIpocThie BemiecTBa 3JeMEHTOB, [AJIA KOTOPHLIX XapaKTepHAa BBICOKAA
CTelleHh OKNCJIeHUs, B pe3yJibTaTe B3aUMOMESHCTBUS ¢ KOH[EHTpUPOBAHHON
HNOj3 06514HO 06pa3yloT KUcAOPOACcOASpAalIAe KUCAOTH. A30THaA KHCI0~
Ta NMpU 3TOM BoccTaHaBanBaeTcss no NO:

0 +5 +6 +2
S + 2HNO; = H,SO4 + 2NO
0 +5 + 7 +2
3Re + THNO; = 3HReO,4 + 7NO 4+ 2H,0O

Ilogo6HO a30THON KMC/OTE AEicTBYeT HA NpOcThie BelllecTBA W KOHeHT-
PUpPOBaHHasf CepPHAs KUCJOTA, KOTOpas caMa IpY 3TOM BOCCTAHABJIMBAETCS
1ante Bcero o SO,:

0 +6 +2 +4
Cu + 2H,S0,4 = CuSOy4 + SOQ + 2H20

0 +6 +5 +4
2P + 5H,SO4 = 2H5P0O,4 + 550, + 2H,0

§ 3. MOJYYEHUE NPOCTHIX BEIIECTB

Mopasnsomee GONLIINHCTBO XUMHYECKUX DJIEMEHTOB Ha 3€Mje HaXO-
nutes B Buae coepuHennii. Ilpocroe BelllecTBO M3 cI0MHBIX MOXHO TTOMY-
YATH OKHUC/IEHNEM WJIN BOoccTaHOBNeHUWeM. OKHC/IGHHEM MOJMYyYaloT HpOCThIE
BelllecTBa 3JIEMEHTOB, CTelleHHW OKHCJIEHNUA KOTOPBIX B COCAUHEHHUAX OTpU-
IaTeJIbHBI, 3 BOCCTAHOBJIGHHEM — IpPOCThIE BellECTBA 3JIEMEHTOB, IIPOABJLA-
ION[MX B COeINHEHNN MONOKNTEIbHEIE CTeIeHN OKUCIIeHWUA.

- OKMCANTETEHO-BOCCTAHOBUTEILHEIE IIPOECCHl  MOXHO  OCYIECTBIATH
NGO XMMUYECKUM, G0 INeKTPOXUMUYECKHM CIIOCOGOM, a TaKKe TepMH-
YECKUM pa3JIoieHNUeM cOeJMHeHU.

XuMHYecKAe MeTOAB NONYYeHMs] NPOCTHX BEWIeCTB. XUMHYeCKOe
OKHNCMeHHNEe COeNUHEeHUN NMpUMeHseTcs B TeXHUKe MJIA IOJIyYeHUs,
HallpuMep, NPOCThIX BellecTB TaKNX BbICOKOJIGKTPOOTPHUIATEIbHLIX 2J16-
MEHTOB, Kak OpoM W Hop;:
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2NaBr + Cl, = 2NaCl + Br,
B 1a60paTOpUH 3TUM METOAOM IOJIyYaloT XJOp:
MnO, + 4HCI = Cl, + MnCl, + 2H,0

IIpy XxuMHYeckOM BOCCTAaHOBJEeHUU B Ka4YecTBe BOCCTAHOBH-
Teds yalle BCelO NpUMeHAOT yron, uau okcup, yriaepoaa (II). Takum
CIIOCOGOM MOMYYAIOT *eNe30 (B JAOMEHHOM Iponecce), BOJAOPOA W MHOrHe
1iBETHEIE METAJUIbl (OJIOBO, CBUHEL, UHK U Mp.): .

FesO4(k) + 4CO(r) = 3Fe(x) + 4COy(r)
H,O(r) + C(x) = CO(r) + Hy(r)

B kayecTBe BOCCTAHOBUTENsA NPUMEHSAIOT TaKie BOAOpon. BoccraHopiie-
HHMe MCXOMHOIO BellecTBa BOLOpPOAOM OfecledyHBaeT HAUOOJBIIYIO0 YUCTOTY
HOJIY4aeMOro MpOcTOr'o BellecTBa. BoccTaHOB/eHNe BOAOPOAOM MCNOJbL3YeT-
¢, HalpUMep, AJia NOoaydenust Boabdpama u3 WOs3, odenb YHCTOrO xele-
33 U3 er'0 OKCUOB.

Iupokoe pacnpocTpadHeHWe MOAYYWIN MeTajJJoTepMuUYecC-
K U e MeroAbl. B 3THX MeTonax B KadecTBe BOCCTAHOBUTEJNA WUCIIOJb3YIOTCA
AKTHBHbIE MeTAJLJIbI, TaKWe, KaK AIIOMUHUN, HaTpuil, Kaiabnuil U ap. Huwxe
HpHBeAeHbl HeKOTOPhIE MPUMEphl MEeTAIIOTEPMU YeCKUX peakiiii:

amomorepmus: Cr,05 4+ 2A1 = 2Cr + Al,O5
marauirrepmusi: TiCly + 2Mg = Ti + 2MgCl,
sarpuirtepmust: KoBeF, + 2Na = Be + 2NaF + 2KF

Yange Bcero mnojiydeHWe MeTaIJIOB CBOAMTCA K BOCCTAHOBJICHHUIO HX
OKCH/0B, KOTOpble MOJIYYaldT COOTBETCTBYIOLIEl 0OpabOoTKOM NpHUPOAHBIX
pyn. Ecam ucxopHoil pypoit sBAAOTcA cyldbdUAHBIE MUHepasbl, TO I0-
clefHue NOABepraloT OKNUCIUTENBHOMY OOXUTY, HAIpUMEp:

27ZnS + 30, = 2Zn0O + 250,

OnHuM U3 HanpaBleHUI B MeTajUIypruy SBJISeTcs TaK Ha3blBaeMasl XJIopHasi
MeTaJlyprust. B 5ToM Merone pyabl MOABEPraloTcs XJIOPUPOBAHUIO U HYXHbIE
ajleMeHThbl U3BJIEKAIOTCH M3 CbIPbS B BUje XJIOPUAOB. XJIOPUIHLI pasiesIAloT U B
JaJbLHeMIIeM IoJBEPraloT BOCCTAHOBIEHMIO. TAKUM MyTeM, B YACTHOCTU, IMOJIyHAIOT
TUTAH U [[PyTUe MeTalIbl.

Metonapl nosydeHNs NpOCTEIX BEHIECTB, OCYIUIECTBJAsSeMble IPU BBICOKKX
TeMneparypax, Ha3blBAlOT NUPO.4eMALAYPLULECKUMLU,
OkHcileHue — BOCCTAHOBJIGHWE OCYHIECTBJISETCS MpPH TepMHUYeCcKOM

‘Pa3/IoKeHNN COelMHEeHN:

2KClO; = 2KCl + 30,  Zrl, = Zr + 2,
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Ily1s1 nosiyueHUs1 0cob0 YMCTBIX BENIECTB IIPUMEHSIOT 30WHYI0 naasxy. Belectso,
HAIIDUMED MeTaul B BUjeE - 6pycKa, HAIDEeBaloT B cocyle ¢ ofHoro KoOHUa Jo
nnaBnenusi. [Ipumecn nyudlle pacTBODUMEI B paclliaBe, YEM B TBEPJOM BelLlECTBe,
MO3TOMY OHM KOHLEHTPUPYIOTCS B paciiase. [Ipu MensieHHOM IlepeMelleHrH KCToY-
HUKa HaTpeBa BHOJIb COCYIa 30Ha DaclliaBlIEeHHOTO MeTajla BMECTE ¢ IIPUMecsIMU
Takxe cMem@aercs. TakuM ofpa3oM IPUMECH KOHIIEHTPUPYIOTCsl B KOHIle OpycKa.
Brlmeqmuit U3 30HBE HaTpPeBa MeTajul Kpucraiauayercsi. KoHely 6pycka ¢ mpumecs—
Mu orpesator. [Ipouecc pacnnaBlneHns1 U KPUCTAMMBALUKM MeTalljla MOXHO IOBTO-
PUTh M JocTuub eile 6oJiee BLICOKOJ CTElEHM OYKMCTKM MeTajlla.

Bu6op Boccramosurensi. Boi6op TOro WiM HMHONO BOCCTAHOBUTENA MAJIs:

NOJYYeHNss HNPOCTOrO BEHIECTBAa ONPENEIAETCA HPHU CONOCTABIEHUN 3HAYe-
HU# 2Heprum I'm66ca 0Opas3soBaHMA COOTBETCTBYOWIMX coemuHeHuit. Ha
puc. 130* npusegens rpadukn 3aBucnmoctn A Gf HEKOTOPHIX OKCHIOB OT
TeMIIepaTypbl B COOTBETCTBUM ¢ ypaBuenneM AG = AH - TAS.

Qs tBepabix okcnmoB AuHMM A G ¢ NOBBLIIIEHUEM TEMIIEPATYpbl MIYT
BBepX, MNOCKOJbKY I[PUCOEANHEHHE TIa3006pa3HOro KUCJIOPOAA IIPOCTHIM
BElIeCTBOM CONPOBOXAETCA YMEHbIIeHHeM O00beMa U COOTBETCTBEHHO
YMEHbIIEHHEM 3HTPONWN:

2 2
5 M) + Og(r) = = M;0y(x)
Taxoit ke xapakrep usMenenus A G naénopaerca gas H,0O
2H,(r) + Og(r) = 2H,0(x)

HOCKOJIBKY B 3TOM CJiydae OOGbEM CHCTEMbl TaKiKe yMEHbIAaercs. JHeprus
I'n66ca o6pasoBanns rasoo6pasnoro CO, Hao60poT, ¢ MOBLIIEHUEM TeMIe-
paTypbl yMeHLIIAeTCA, TAK KaKk OKUcjaenue rpaduta 10 CO conposokpaer—
cA yBeIMYEHHWEM JHTPONNM (YBEIMYUBAETCH OGbEM CHCTEMBI):

2C(rpadur) + O,(r) = 2CO(r), AS;

a0y = 184 Jlx/K
llocneposarensrocTh pacnonokennst auuud Ha puc. 130 cooTsercrByer
HOBBLIIIEHUIO YCTOHYNBOCTH OKCHUAOB [0 MEPE YBEJINYEHNA OTPHUIATETLHBIX
3HaYeHUA uX sHepruit I'm66ca obpasosanus. Ilpocroe semiectso, KoTOpOE
oOpasyer Gojlee ycTOWYWBBLIH OKCHA, ABIAETCA MOITOMY NOTEHINATbHBIM

BOCCTaAHOBUTE/IEM fOJist MeEHee yCTOﬁ‘{I/IBOFO OKCHa. HNnaye ropopda, OKcHU]I

*

3aBucuMoctb AG or TeMmnepaTyphl Ha puc. 130 mpefcTaBieHa B yIIPOILEHHOM
Bujle. 3nech He yuTeHbl (hasoBble NPEBPAILEHUS -— IUIABJIEHUE U KUIICHHE MPOCTBIX
BelllECTB U OKCUIOB.
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6yIeT BOCCTAHABINBATLCA NPOCTHIM o
BELIECTBOM, UL KOTOPOro JIMHUA A G  A4x/Mm0;
06pa30BaHUA OKCHA3 PpacHOJIokKeHa w07 .'t\“o@

Hmke. VI3 paccMaTpuBaeMbIX OKCHI0B
HanboJiee OTPUUATENLHOEe 3BHAYEHHe
AG wumeer Al,0;. CreposaTenbHo,
AJIOMUHWA MOXeT BbiCTYynaTh B Ka-
YecTBe BOCCTAHOBUTENA JIO60r0 U3
3THX OKCHAO0B. BoccranoBuTeabHasA
cmocobHOCTL  BOmoOpoAa ©Oodee or-
paundena. OH MOX¥er 6BITH IPUMEHEH
agist BoceradoBiaenna Cu,O n HgO.

Boccranosurenbuas  cnocobHOCTH
yriaepoja ¢ yBeJW4IeHHEM TeMIepaTy-
phl pesko Bospactaer (anmns AG
nper sHn3). Iloaromy yraepom nmpu L . L
c(l):LOTBeTCTB})’}OHJ,I/IX BBIZOI»}(,I/IX l;)'emne;a— o0 00— o600
TypaxX MOXeT OblThb NOTeHIMATbHLIM

. I'n66ca 0OpasOBAHMSA HEKOTOPBIX OKCU-
BOCCTAHOBHTE/EM NOYTH BCEX OKCH™ jon'(y pacuere na 1 mons Oj) of TeMre-
noe. Tak, €ro BOCCTAHOBUTENbHAS paTypel
cnocobnocTh o ornomennrw k Ti0; u H,O Moker mpoABUTbcA NpU TeM-
neparypax suiie 1600 m 750 K coorTBercTBeHHO, T.e. KOrja BCJIEACTBHE
yenienua aHTponmiinoro daxropa smavenne AG pna CO  cramopures
6ojiee oTpuLaATENLHEBIM, YyeM aiis Ti0, u H,O.

Kak sugno u3 puc. 130, sneprus I'm66ca o6pasosanua HgO npn mms-
KNX TeMIepaTypaX WMeeT OTPUUATEIbLHOEe 3HAYEHWE, a NPH BBICOKHX —
nosiokuTteabuaoe. ClefoBaTe/IbHO, ITOT OKCHJ, MOXKeT 06pa3oBaTbcsd TOJbKO
IpY HUBKUX TeMilepaTypax, a LpH HArpeBaHUN OH pacHajfaeTcsA Ha Hpoc-
Teie BemlecTBa. I[lo3TOMYy, B 4acTHOCTH, 'HpW OGKWre cylbPUAHBIX Py
OKCHJ, pTyTH He ob6pasyercsa, a MeTa/ll BbifejsAercsa B cBOGOILHOM COCTOA-
HUH, HanpuMep:

L
2000 TK

Puc. 130. 23aBucumocTs OGHEpPrUn

HgS + 02 = Hg + SO,

AHasiorvyHbIM 06pa3oM MoXHO cpaBHUTh 3Havenue AG AJs1 MPOLECCOB OKMCIIe~
HUA TPOCTBIX BEIECTB CEPOi, XJOPOM ¥ Ip. ¥ HaTH HeobXoNUMbIE YCIIOBUS IOJMY-
YeHHs MPOCThIX BElleCTB BOcCTAHOBIEHHEM COOTBETCTBYIOIUMX XJOPUAOB, CyNb(HIOB
u np. Hwie npueefieHbl peakuul NMojdy4eHusi BAHAOUS BoccTAHOBICHHEM €ro OKCM-—
Ja M OuxJopuja ¢ HOMOIUbIO BOXODOIA:

VO(k) + Hy(r) = V(x) + HyO(r), AH,,, = 190 xllx; AS, . = 54 Nx/K

267



VCly(k) + Hy(r) = V() + 2HCKr), AG,, = 270 xllx; AS, . = 185 Jlx/K.

O6a npouecca sHyorepMmyeckue. [Ipy NoBhIlIEHMH TeMmIepaTypbl SHTPONMIHBIN
daktop A BTOpoVl DeaKuMHM cTaHoBuTCsl GrarompuArtHee (oGpasyiorcs 2 Mok
rasa). [loeToMy BOCCTAHOBIEHME BONOPONOM TalloPEeHMIA BaHAAUA (III_) NpoTeKaer
3HAUMUTENIBHO Jlerye, yeM BOCCTAHOBJIEHME ero OKCHJA. '

JlnA OKOHYATEJRHOTO BHLIGOpa CIOCO6a M YC/IOBHIA MOJYHYEHMA NPOCTHIX
BELIECTB BOCCTAHOBJGHHEM COCIMHEHHH HEO6XONMMO yuecTbh BINAHNE TeM-
nepaTyphl Ha CKOPOCTh PEaKIUH.

Ilpn NpoMLIIIJIEHHOM NMpOM3BOACTBE B BHOOpE MeTOH3 INOJYHeHHA Be-

LIECTB peINaONMM ABJIACTCA ero 3KOHOMHYEcKas O60CHOBAHHOCTh. Tak,
HeCMOTpA Ha TO 4YTO yrjepon (B BuAe KOKCA) MOXKET GbiTh HOTeHIHATbHBIM
BOCCTAHOBHTEJEM OKCHAOB IOYTH BCeX METAJJIOB, UMeercAd pAL NPpHYHH,
| NpenATcTBYIOMX elle Gojlee MIMPOKOMY €ro HCnosb3oBanuioo. TawknMu
NpUYMHAMH ABJAIOTCA BHCOKAA CTOMMOCTh HEOOXOLAHMOrO A NPOTeKAHUA
peakiuK Harpepa, TepMHYeckas HeyCTOWYHBOCTL (YyTepOBKH Nedeil, Tpymd-
HOCTh NOmaBJeHHS IOGOYHBLIX peakuuil ¥ np. Eciu ® BemecTsy npenbas-
JIAKOTCA MOBbillIeHHLIe TpeGOBaHUA 10 YUCTOTe, AOPOTOCTOALIeH onepapyei
OKa3biBAETCA YacTO MOC/AeAYIOman OYACTKA MOy YeHHOIO BELECTBA.

DneKTPOXMMHAYECKAE METOAN NOJyJeHHAs! MpocThix Bemects. IIponecch
ANEKTPOXUMUYECKOrO OKMC/ICGHUA W BOCCTAHOBJIGHHA OCYIIECTBIAIOTCA Ha
AJIEKTPOJaX INpH 3JeKTPOJIM3e pacilaBOB WM PpacTBOPOB COeLMHEHMIA.
DJIEKTPOXUMHYECKUM (AHOQHBIM) OKHCHEHHeM NOJdydalT ¢GTop, XJI0p K
KHCAOPOH. DIIeKTPOXHMUYECKHM (KaTOmHBIM) BOCCTaHOBJIEHHEM PpaCIIABOB
COOTBETCTBYIOLIMX COCAMHEHUH IOJYyHalOT INEJOYHbe M UITOYHO-3eMesIb-
Hble METa/JIb, aTIOMUHKA K HEeKOTOphle Apyrue.

DJNEKTPONIM30M PacTBOPOB COGJIMHEOHUN MOXKHO IOJYHYHThL BOAOPOA U
GonbIIKHCTBO d-MeTtamios, Takux, kak Zn, Cu, Ni, Co u ap. DnexTpoxu-
MHYECcKOe BOCCTAHOBIGHHME MCIOIbL3YeTcA Takke [JA paduHUPOBAHUA
(ouncrrn) "chippix" meramnos (Cr, Ni, Zn, Ag, Sn), nony4eHHbIX gpyriMu
ciocoGamu. Ilpu snekTponuTHieckoM padHHUPOBAHHK B KadecTBe aHONA

uenoabayercsa  "cupoit"  Merans, B KadecTBe ajekTposiuTa  GepercsA
COOTBETCTBYIOLICE COeAMHEHNe JaHHOTO 3JIEMEHTA.

Buifop pexuMa 3jexTposn3a NPOM3BOAUTCA MCXOOA M3 3HAYEHUIR
3JIeKTPOAHOr0 NOTEHIMasla COOTBETCTBYIONIEN peaknuu, OCYIIecTBIsSAeMON
Ha BJIEKTPOAAX.

Paspenedne UpOCTHX BEMECTE M OTAEJCHME WX OT NYCTOH NOPOXH.
Paspesienne npocThiX BEINECTB, BCTPOYAIOUIMXCS B NPUPOAE MOXKET OCYy-
HIECTBIATLCA HE TOJBKO XUMHUYECKHMHU, HO M DHIMYOCKMMH M MOXaHHYec-
KUMHU METOJIaMH.

OusumyuecKHe METogbl pa3feeHUs] OCHOBAHLI Ha pasiHiny
(pusHIecCKNX CBOWCTB BEemIECTB, HAIpUMEp Ha pa3jiMYNi TeMIeparyp KHle-
268

HHUA, NJIABJCHUA M 3aMep3aHUs, Ha Pa3JIMMHON pacTBOPHMOCTH, HA palyiu-
unp agcopbupyemoctn u np. M3 dusmyecknx MeTOHOB NPUMEHAIOT pasje-
senne (GpaknMOHUPOBAaHHOW NEPEeroHKOMN, BBIMOPDAKMBAHUEM; METOIaMU
abcopbuumu 1 agcopbuuu U np.

OpaknuOHNPOBaHHAA NMEPErOHKa, HAlPUMEp, NPHMEHACTCA IS HOoJy4de-
HUSA a30Ta M KHCJIOPOJA M3 KUAKOrO BO3jyXa. JTOT METO[ OCHOBaH Ha
pas3jinYAY TeMNEpaTyp KUIEHUA KHUAKOTO a30Ta M KHCJIOPOAa: a30T, HMEIO-
KA 60166 HUBKYIO TeMIleparypy KHUIEHWsI, YeM KHUCJOpPOJ, BLIKMIAaeT W3
KUAKOTO BO3IYXa B MEPBYIO O4epelb, B pe3yJbTaTe Hero NpOUCXOmuT 060-
FaleH e XUIKOro Bo3nyxa kueaopogom. Ilpu MHOrOKpaTHOM CRKMKEHUM U
HCIMAPEHHH XKUIKOTO BO3AYXa MOXKHO NOJYHYHUTH HUCTBIE a30T M KHUCJIOPOX.
TakuM XKe cr1oco6OM MOJYHAIOT U3 Fa30BbIX cMeceill BJaropomHble rasbl.

BriMopaXnBaHHe NpUMEHAIOT AJIA BbIZEJCGHHS BOMOPOAa W Telnmus U3
NpUPOAHBIX Ta30BHX cMecedl. [lpu oxmampeHum 3TuX cMecell BemecTsa
NEepeXoiAT B MUAKOE 1 TBEpAOE COCTOAHKA NPH Pa3NINUHBIX TeMIeparypax.
Bomopon u renmit — pelllecTBa, KUNAMKE NpH HAaHGONIEe HUBKHUX TeMIepa—
TypaX, OCTalOTcA B Ta30BOM COCTOAHHUMU.

Us MeXaHUYECKHX METOAOB MOKHO HA3BAaTh OTAEJEHMe [PO-
MBIBaHMEM BOIOW 30J0Ta KM alMa3a OT NyCTOH NOpoanl. B 3ToM ciaydae
pa3jiesieHne OCHOBAHO Ha Pa3jINMHONH IJIOTHOCTH MOJYYaeMOToO BelllecTBa U
NyCTON MOpPOMHIL.

['J1 A B A 3. IBYXQJIEMEHRTHHE (BMUHAPHHIE)
COE IMHEHUSA

§ 1. XAPAKTEPUCTUKA BUHAPHLIX COEJIMHEHUN
IO TUIIY XUMUYECKOU CBA3U

Ilo Tuny xumundeckoit cBA3M OuHApHLIE CcOeINHEHKA MOTYT ObITh
HOHHBIMY, KOBAJIGHTHBIMH, METaJlIMYeCKUMH K €O CMeIIaHHbLIM THIIOM
XUMU4ECKOW cBAsn. B cooTBercTBMM ¢ BaKOHOMEDHBIM  pa3BHTHeM
SMIeKTPOHHBIX  CTPYKTYP ATOMOB XapaKTep XuMHYecKol cBA3u (a
C/IeOBATENbHO, CTPYKTYDHi M CBOWCTB) OJHOTHIIHBLIX COSJUHEHHN B
nepuoax U rpynnax NepuogUuecKoill CHCTeMbl W3MEHAeTcs 3aKOHOMEPHO
(puc. 131). Ha npuMepe OHHADHBIX COCAMHEHHI 3JIEMEHTOB BTOpPOTo
Ieproja MONHO MOKA3aTh, YTO MJIA JIOGOTO W3 NPUBEJCHHBIX COeTIHEHUI
CTeneHb IONAPHOCTH XuMudecko cBasu or | x VII rpynme nocremenno
YMeHbIlaeTCs,

Li Be B C N 0 F
Qropupei . . . . . LiF  BeF; BF, CFy NF,4 OF, (F2)
OKCMIII)I ...... leO BeO 8203 COZ N205 (Oz) -
Hurpuper . . . .. LisN BesN, BN C3Ny  (Np) - -
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P uc. 131. 3aBucuMOcTh CBOMUCTB GMHAPHBLIX COENMHEHMI OT ATOMHOIO
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Tak, B pagy q)TOpnan THII XMMUYECKO CBA3U U3MeHseTcs OT MOHHOTO
B LiF ¢ noclexyromum yMeHbllleHWeM CTelleHH NOJsipHOCTH cBasu B BeFs,
BF;, CF4, NF3 u OF, 10 HenonspHoro kopaseHTHOTo BO Fy.

06 n3MeHeHUN TUIIa XUMHYECKO! CBA3W B PAAY OKCUIOB MOXKHO CYAWUTH
no 3Ha4YeHUsAM 3P PeKTUBHBLIX 3apAmL0B KMCIOPOAa B CO8IUHEHNAX

Ligo BeO 8203 COZ N205
D¢ dexTunHbIl 3apAn & )
Ha aToMe kuciopoa . . 0,80- 0,35~ 0,24- 0,11- 0,05-
XuMudeckas Ipupoaa cuibHo~ amdorep-  cnabo- cpenHe-  CWJIBHO-
[03 140279 ¢: NN OCHOBHBIA  HBIN KWUCJIOTHBINM KW CJIOTHBIV KUCJIOTHBIR

B miaBHBIX INoATpyIlllaX ¢ yBEJIMYEHWEM ATOMHOro HOMEpa OJleMeHTa cTeleHb
MOHHOCTY CBSI3M B ONHOTMIIHBIX COEIMHEHMSIX OOBIYHO YBEJIMUMBAETCS, HAIPUMED:

ngO NagO Kgo Rbgo CSzo

Db derTMBHBIN 3apAL Ha aTo-
Me kucjopoja 8 .. ... ... 0,80- 0,81~ 0,89- 0,92- 0,96-

B cooTBeTCTBMH ¢ M3MeHEeHWeM TUIIa XMMUYECKON CBABU WU CTPYKTYpbLI B
CBOMCTBaX GMHApHBLIX COeAMHEeHUIN NposBiiseTcs 6ojiee NN MeHee OTYETIH-
BO BbipaJKkeHHas NepuogndHocTh. O6 3TOM, HanpUMep, CBIAeTe/IbCTBYET Xa-

-4 Hf -4 H
KAx/ Mﬂ/lb o /(,a;/r/ MD/Ib Cl
4001~
400

20
g 200
Hg
T1
0 /) Pb
Bi
N 1 1
0 50 700 Z
g

Py ¢. 132. 3aBucuMocTb SHTANBNNK 06PA30BAHUA BHICIIMX OKCHIOB (@) M xnopunos
(6) or aroMHOTO HOMepa BIIeMEHTa ¢ [OJIORUTETBHON CTEMeHbIO OKYICIIeHH 57
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paKTep HM3MeHeHMs [0 IepuoAaM M TIpYIIaM CTAHAAPTHON 3HTPONWH,
TeMIIEPATYPbl IVIABJIeHNA, 3HTANbINN U 3Hepruu ['m66ca obpaszoBanus B
33BUCHMOCTH OT ATOMHOTO HOMepa 3JIEMeHTa C IOJIOKUTEJIbHOR CTeleHbIo
okuciaeHns (cM. puc. 131). B nsMeHeHuM napaMeTpoB OTHETIUBO NMpOSBILA-
eTcA TaKKe BTOPUYHAS MEepHOANYHOCTL (puc. 132).

§ 2. CPABHEHUE YCTOMYMBOCTH BUHAPHEIX
COEIMHEHUN

B kadecTBe Mepbl CpaBHeHUs CTAGUJILHOCTH COENUHEHUA MOMKHO WC—
MOJIL30BaTh 3Hepruid ['n66ca 06pazoBaHus COSIUHCHWNI.

Ha puc. 131, ¢ noxasana 3asncuMocts A G xnopupoe ICl, or aromuoro
HOMepa 3jleMeHTa J. Kak BugnM, 3nauenmne snepruu ['m66ca oGpaszopaHus
B IpegejlaXx Kamaoro Nepuoga IO Mepe pOCTa ATOMHOLO HOMepa 2JIeMeHTa
O CTaHOBUTCA BCe MeHee OTpULATebHLIM., CleIoBaTeIbHO, CTaGUILHOCTHL
XJIOPUAOB B TOM K€ HAIlpaBJIeHUU YMEHbLIIIAeTCH.

[IpuMepHo Takoil ke xapaxrep naMmetennss AG (B pacuere Ha 1 Mmonb atoMos

. BJIEKTPOOTPULATENILHOTO BJIEMEHTA) MMEeT MEecTo B cJIydae OCTalbHBIX IaloleHH[OoB,
'OKCHIIOB, Cy/bdPKU0B, HUTPUIOB.

B xopme kpuBBIX NI pPasSHBIX TUIIOB GUMHAPHLIX COEJUHEHWUI, €CTECTBEHHO, Ipo—
ABJIAIOTCA U pasiuiusA. Tak, MakcMMajbHasi cTabuibHOCTh y TalloTeHHAOB M
CY/LPUIOB NIPUXOOUTCS HA S-OJIEMEHTHI | I'pPYNbl, ¥ OKCMI0B — Ha S-0JieMeHTH Il
rpynnsl. [lanee, y s-oieMeHToB B lesioM Haubolslee ycToi4MBbl DTOPHUABI, XJIOpPUIBL
ycroiiuriBee GPOMUJIOB; B CBOXO odepeib GpoMuibl ycToitduneee HUTPHUIOB., Takas e
pasHuHa B cTabWILHOCTM XAPaKTepHA IS GoJIbUIMHCTBA pP-A7EeMEHTOB, HO BLIpaie—
Ha MeHee pe3ko. Y d-9JleMeHTOB 3aKOHOMepHOCTH cJlo¥Hee.

§ 3. OCHOBHO-KMCJIOTHLIE CBOVICTBA BMHAPHBIX
COEJIMHEHUI

B cooTBeTcTBUN ¢ MBMeHEHWeM XUMHYECKON NMPUPOAB! d/1eMeHTa BaKOHO~
MepHO W3MEHSIOTCSA W XMMHUYecKNe CBOMCTBA COSAVHEHWH, B YAaCTHOCTH HX
OCHOBHO-KMCJIOTHAA AKTUBHOCTh. Tak, B cIyuyae OKCHAOB B pALY
Li;,0—BeO—B,03—C0O,—N,05 1o Mepe yMeHbIlleHUA CTENEeHH NOJAPHOCTH
cBA3N (YMeHbUIEHUs OTpULRTeIbHOrO 3(h(eKTHBHOrO B3apsfa aToMa
kucaopoga §) ocmabGisiorest OCHOBHbIE M HApaCTAIOT KUCJIOTHbIE CBOWCTBA:
Li;0 — cuapuo ocuésHont owxcug, BeO — amdorepuwiit, a B,03, CO, u
N,0; — xuciaorHble.

Kak m3pecTHO, npn B3amMopeiicTBUM OCHOBHOTO OKCHAA C KNCJIOTHBIM
06pasyeTcs COMb:
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Li,O + CO, = Lig[CO3]

OCHOBHBIA KMCJIOTHBIN

AnasoruyHsiM 06pa3oM B3aMMOIEMCTBYIOT MEXKIY cO6OM m npyrue ojHO-
THUNHBIE GHHAPHEIE COSNHEHMUA ¢ PE3KUM Da3jIMIHeM B NOJIADHOCTH CBA3H:

LiF + BF; = Li[BF,]
LigS + CS, = LI[CS3]

OCHOBHBIA KUCJIOTHBIN

B arux peakuusax LiF u Li,S (nogo6uo Li,O) urpator ponb OCHOBHBIX coe-
nuuennit, a BF3 u CS, (nono6no CO,) - pojib KACJIOTHAIX COeMHEH U

B MPUBEJEHHBIX PEaKIINAX COeIMHEHUA JIMTUST BLICTYTIAlOT B KadecTtBe [JOHOpPOB
GNEKTPOHHBIX MAP - OCHOBHBIX COEMHEHWUH, a coefiluHeHus1 6opa u yrjepolia - B Ka-
YecTBe AKIENTOPOB BTHX MAp - KUCIOTHLIX CoeiMHEHU, HaprUMep:

oo+ BE F:B:F:
:E: :f::
LOHOD aKILenTop

Kak BHouM, XMMHYeckas npHpoja GUHApHBIX coeqMHeHHN o6yc/oB/IeHa
XUMHYECKOU NPHUPOHON 3JIEKTPOMOJOKUTETBHOIO 3JIeMEHTa: COeUHEHHS
METaJIZINYECKUX DJIEMeHTOB NPOSABJISAIOT OCHOBHBIe CBOMCTBa, a HeMeTal -
YeCKHUX 3JIEMEHTOB — KHUCJIOTHHIE!

Li Be B C N 0 F
LiF BGFQ BF3 CF4 NF3 OFZ -
ngO BeO B203 COZ N205 - -
L13N Be3N2 LBN CgN4 - - - .,
OCHOBHBIE aM¢oTepHbIe ~
KUCJIOTHBIE

JInAa cpaBHEHHA OCHOBHO-KHMCJIOTHBIX CBOJICTB OMHapHBIX COeJIMHEHMIA
MOKHO BOCHOJIF30BaThCA JaHHBIMM 10 A G COOTBETCTBYIOMMX XUMHYECKHUX
peaknuii. Hmxe npuBepensl peakilMMl B3aUMOIENACTBHA OKCHIOB 3JIEMEHTOB
3-ro nepHoaa ¢ OKCHIOM HaTpui:

-175 w/lx
-197 k/x

Na,O(k) + ALOs(k) = 2NaAlOy(k), AG,, =
Na,O(k) + SiOy(k) = NaySiOs(x), AGS,, =
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vy

Na;O(r) + 1/3Po0s(k) = 2/3NagPOy(x), AG,,, =-371 x[xk
‘ NayO(x) + SO3(x) = NaySO4(k) AG, . =522 w/Ixk
Na;O(x) + Cl07(r) = 2NaClO4(x), AG, . = -58T kI

4
Kak Bupno u3 snavennit A G XUMUYecKUX peakuuil, B pany Al—Si—P—
—S—Cl no Mepe ycuieHNs HeMeTalMYecKUX MPHU3HAKOB 3JIEMEHTOB KUC-
JIOTHBIE CBOMCTBA HX OKCHIOB Pe3KO BO3PacTaloT.

AHanor¥4HO MOXHO NOKA3aTh, YTO B TOM Xe pSLY BIEMEHTOB KUCJIOTHBLIE cBO-
CTBA BO3PACTAIOT M Yy APYTMX THUIOB GMHADHBIX coeQMHEHWH, HallpuMep:

NaF(x) + MgFy(k) = NaMgFs(x), AG, 4 = -14 klx
NaF(k) + 1/3AlF3(k) = 1/3NayAlFg(k), A 298 = -26 x[Ix
NaF(k) + 1/25iFy(x) = 1/oNa,SiFe(x), AG,,, = -51 kllx

) CoeguHenHs OHOTUOHBLIX 3JIEMEHTOB NpOABJAIOT O6IIHOCTE CBOWCTB M
' MpU A pYTHX peaklHUAX, HalpuMep NpM COJIbBONMN3e (TUAPONN3E), aMMOHO-

'~ ymmse u np. Tak, 6MHADHBIE cOegUHEHNA LIETOUHBIX U MMIEJTOYHO-3eMEIbHbIX
MeTaJlUlOB THJPOJIM3Y INpPakTUYECKHU He [MOABEpraloTcA WJN ke JalOT npHu
3TOM WIEJOYHYIO Cpeay:

‘ NaCl + HOH = rugponus mpakrudecku He IpoTeKaer
5 Na,0O + HOH = 2NaOH
Na,S + HOH = NaOH + NaSH

Hao6opor, rugponus 6UHAPHEBIX COEJWHEHHI HEMEeTANIOB HpOTeKaeT
HeobpaTuMo ¢ 06pazoBaHNeM KHUCJIOT:

/ BCl, + 3HOH = H,BO; + 3HCI
B,S; + 6HOH = 2H;BO; + 3H,S

;fq;f Auvanoruyso waccudUIMDYIOT COEAUHEHNS, B KOTOPBIX B KAa4eCTBE OKMCIMTE-
“& JIEN BbICTYIAlOT B2 OJIEMEHTa, T.e. COENMHEHWS] THIA OKCHUA-TAJIOTeHUAa, HUTPUI-
‘TajoreHufia, okenp—cyibduna. Hanpumep, COS — okcocysbdua yrieposa (IV) —
% KUCTIoTHoe coefuHenne. O6 oTom cBUJIeTeTILCTBYeT €ro OTHOUIeHMEe K Bofe (Ipu

. HarpeBaanx) " K OCHOBHBLIM COCIMHEHUAM:
i COS + ZH,0 = HyCOy + H,S
‘ Ca0 + COS = Ca[C0,9]
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§ 4. METAJIJIMYECKHE COEAVNHEHWSA

XuMuueckoe B3aUMOIENCTBHE METAJJIOB MEXKIY coBoit, a TakKe ¢ Heme-
TANJIAMH, €CJIM MpOAYKTHl MX B3aUMOAENCTBAA COXPAHAIT MeTa/Indeckue
cBoiicTBa, U3ydaeT OJMH U3 pa3/eyoB HEOPraHNYecKON XUMHUH — Memaiio-
TUMUS.

Eciu pacnooXATh METalJbl B IMOpAAKe YCWISHHA HX XUMHUYECKOTo
B3aUMOIEACTBUA ApYT ¢ APYTOM, TO NONyINUTCA claeayroUuui pAd:

a) He B3auMoOjeficTByIOLIMe APYT ¢ ApyroM Hi B KUKOM, HH B TBEPIOM
COCTOAHUM;

6) B3AMMHO pacTBOPAIOLINECA B JKNLKOM COCTOAHMM, a B TBEPAOM COC-
TOAHNKA OOGpazyloLne IBTEKTUKY,

B) obpasylomue APyl ¢ APYroM xuAkne U TBepABe PacTBOphHl J0Goro
cOCTaBa,;

r) obpasylomme Mexmay coboll OMHO WM HECKOJBKO MeTAJInvIeCcKux
COeMHEHNH, HA3bIBAEMEIX leMatitoauu.

Meraisaeckae TBEpALE PAacTBOPH. MeTa/llbl XapaKTepu3yIoTcs NOBhi-
[HEHHON CKJIOHHOCTHIO PACTBODATb METa/lIbl M B MEHbILEH CTEeNeHn HeMe-
ranib. DTa CHOCOBHOCTb — CJIACTBHE NpPeAeTbHOM HEeNOKaIM30BAHHOCTH
MeTayuindecKkoll cpasn. Benemcrsue gedunuTa 3JeKTpOHOB {cM. puc. 72)
BaTeHTHAsd 30HA METATIMYECKOTO KPUCTA/lIa MOXeT NPUHMMATE HEKOTOpoe
ypesio 106GaBOYHBIX 3JIEKTPOHOB, HEe BBI3bIBAA W3MEHeHU CTPYKTYphl U
MeTa/IMdeckux Ipu3sakos kpucranna. HanpuMep, B Kpucrauie cepebpa,
aTOMBl KOTOPOTO MMEIOT IO OJHOMY BalleHTHOMY 3JEKTPOHY sl, amekTpoH-
HaA KOHIEHTpanusA (OTHOIIEHHE O6UIero Yucja BAJEHTHBIX JJIEKTPOHOB K

o611eMy 4YHuCly aTOMOB B kpucranie) papua 1. Ho oHa MOxeT BO3pacTaTh

10 1,4 3a cyer 3JIEKTPOHOB, BHOCUMBIX aTOMaM# APYyTruX 3JIEMEHTOB.

Mogo6HOMY YBEJMYEHNIO BJIEKTPOHHOM KOHIEHTpauun B BaJIGHTHOM
sone 10 40% cOOTBETCTBYeT NpemedbHAs pacTBOPMMOCTb METallJIoB B Ce-
pebpe; HalpuMep, TBepJbl pacTBOp Ha OCHOBE cepebpa MOXeT COAepHkaThb
(von. ponu, %): mo 40 Cd(s?), 20 In(s2p'), 13,3 Sn (s?p?) uan 10 Sb (s2p3).

Kak BuAMM, 110 Mepe yBeJMYeHHA YHMcJIa BAaJEHTHBIX 3JIEKTPOHOB pactT-
BOPHUMOCTh META/JIOB B cepebpe Najfaer. B caydae ke pacTBOpeHHA B Ce-
pebpe 30JI0Ta (OAWH BANEHTHBIN 3JIEKTPOH s!}) ayleKTpOHHAA KOHUEHTpaLnA
He W3MeHsercs, MO3TOMY 30JI0TO M cepebpo pAcTBOPAIOTCA ApYr B apyre
HEOr paHN4YeHHO.

[IpuGapsenue 3JMEKTPOHOB CBEPX ONTHMaJIbHO AOMyCTUMOro MPUBOLUT K
3HepreTuyYeckoil HEYCTOMYMBOCTH JAHHOTO TUIA KpUCTATINIeCKON CTPYK-
Typsl MeTajlll — pPacTBOPUTEJb W K BO3HUKHOBEHMIO CTPYKTYpEl HOBOTO
runa. DTO ykKe CBHAETeJNbCTByeT O MpPEeBPAlleHNU TBEPAOro pacTsopa B
MHTepMeTaNINYecKoe COeTUHeHNe WM IpH MOJHOM 33BEepIICHUN BaJIGHT-
HOIl BOHBI — B COeIUHEHNEe ¢ KOBAaJIGHTHON WJIN HUOHHON CBA3LIO.
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O6pazoBaHne 3HepPreTUdecKux 30H BO3BMOMNKHO JIAIIbL IPH YCJIOBUU 3HEp-
reTU4ecKoro M MpOCTPAHCTBEHHOIO COOTBETCTBUA IEPeKPLIBAIOIINXCA OpOu-
ranet (cM. puc. 72). TloaToMy pacTBOPUMOCTDb BEHIECTB B METAJJIAX BABUCHUT
HE TOJIBKO OT 4YWcJa BANIGHTHHIX 3JIEKTPOHOB, HO W OT MX Tuna (s, p, d nan
§) n sueprerndeckoro cocroanus. BejemcTBue CIIOKHON B3aNMOCBABZH 3THX
¢aKTOPOB B MHOTOATOMHBIX CHCTEMaxX pacCUNUTaTh NperesIbHYK pacTBOpH-
MOCTb [IPUBEeHHbIM BHIHNE MMyTeM s GOJMbUINHCTBA CJIydaeB He IpeacTaB—
JAeTCA BO3BMOMHBIM,

Kak yxe ykasnBanoch, 06pa3oBaHUWIO TBEPBIX PAacTBOPOB OJIaronpuAT-
CTBYIOT 6JIN30CTh XUMHUYECKHX CBOMCTB ATOMHBIX PAANycOB U THIIOB KpHC-
TANMNYECKOR CTPYKTYPH Mcxomubix semects (cM. 4. 1, pasmen III, ra. 1,
§ 7). HecoGnromenne ogHoro W3 3TUX YCJAOBHUIM INPHBOAUT K TOMY, 4TO
TBEpAbIE PAacTBOPbl MEXKAY KOMIIOHEHTaMU OOpas3yloTcA JUMbL B OPpaHHYeH—
HHIX Npefejiax KOHLUEHTpanuit Win ke He obpasyiorca Boobmie. Hanpumep,
npefleibHasA pacTBOPUMOCTh pAAa MeTalsioB B mukene (d8s?) r = 0,124 uMm)
BRIpAKAETCA B BUAE CIACAYIONIEro pAmA:

Co Fe Mn Cr A% Ti Sc Ca K

BanentHeie :
onexTpoHbl . . . d's2 &2 B Bsl Bt L& d? 82 sl
Merannuydeckuit
paguyc atoma,
HM . ....... 0,125 0,126 0,130 0,127 0,134 0,146 0,164 0,197 0,236
Pacrsopumocts, %
(Mon. mom). 100 100 100 50 43 15 ? [IpakTu4eckn
HepacTBOPUMbI

Banzkue mo xuMu4YecKUM cBOHCTBAM W pa3MEpaM aTOMOB HHUKeIb, KO-

§aan, KeJie30 M Mapramer o6pasyloT ApPYr ¢ ApYroM HeNpepbiBHLIN pAx
TBepabix pacTBopoB. B pagy Cr—V—Ti no Mepe yBeiM4eHMA pazandnii
B XUMUYECKNX CBOMCTBaX PpACTBOPUMOCTb METal/IOB B HUKeJe [ajaer.
’Ka.nbunﬁ A Kalduil, KOTOphle pe3Ko OTANYAIOTcA OT HUKEeNA IO cBOWCTBaM
¥ ATOMHBIM pa3MepaM, TBEDIbIX PAcTBOPOB ¢ HUM NPAaKTHYECKH He obpa-
3YIOT. :
i Meranmdeckne coejuEeHUA. B IMpOTHBOIONIOMKHOCTD TBEpAbIM pacT-
BOpaM WHTepMeTAJUINAbI, KaKk IMpaBUJIO, WNMEIT CJMKHYI KpHCTAIIH-
'HECKYIO CTPYKTYPY, OTVIMYHYIO OT CTPYKTYpP MCXOZHBIX Meranios. CBoicTBa -
MHTEPMETAJIN/IOB TAKKE CYUIECTBEHHO OTJIMYAIOTCA OT CBOWCTB MCXOMHBIX
KOMIIOHeHTOB. Tak, B OOBIYHBIX YCJAOBUAX WHTEPMETANVINAB YCTYNAKOT
YHCTHIM MeTAaIAM 110 3JIEKTPUYECKON NpPOBOAUMOCTH U TEIJIONPOBOIHO-
CTH, HO NPeBOCXOAAT HMX IO TBEPAOCTH W TeMieparype Iasaenna. Ha-
npumep:
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Tor, Coe e
reKTpUIECcKas [[POBOIMMOCTb * . - .
[lI1puHa 3ampelleHHol 30HbI, aB ...

Mg  f-Sn MgSn

... 650 232 778
o2 8 0,1
_ - 0,34

Bee 3T0 nokasbiBaer, YTO MHTEPMETATUIIbI MOXHO paccMaTpHUBaTh Kak
cOeINHEeHUsA ¢ cOYeTaHNeM Da3HBIX TUIOB wuMHuUecKol cBs3u (Meraniauyec-
KO, KOBaJIeHTHON W nonHoft). OTHOCATeNBHAS JOJA TOro WJAW HMHOTO
THIA CBA3M B PA3HBIX METANINJAX MEHACTCs Ipu 3TOM B LIMPOKHUX IIpe-

Ieyax.

Pasnoo6pasne TUNOB XMMUYECKOH CBSA3N N KpUCTATVINIECKUX CTPYKTYP
o6yc/ioBNBAGT Y METATIANOB HApOKMiA CIeKTp (PUIUMKO-XMMUISCKUX,
3eKTpNYeCKNX, MarHUTHHIX, MeXaHWdeckux H npyrux csoicrs. Tak, X
aJleKTpNYecKne CBOHCTBA MOTYT HHOC/A H3MEHSATHCS OT CBEPXIPOBOIMMOC—
TH B JKUIKOM FeJIMH A0 IOJYNpOBOANMOCTH IPH OOLIYHBIX YCJIOBUSAX.

P 1 c. 133. Kpucramdeckas petlerka
CugAu (@) ¥ B3anMHAS KoOpAMHALMS
atoMoB B Kpucraiie (6)

MexanndecKne cgolicTBa MeTayl-

JNJA0B BecbMa ‘{yBCTBIATeJIbHLI K

BO3JENCTBUIO  TeMIEpaTyp. Ipn
OGLIYHBIX YCJAOBHAX GOJBIINHCTBO
W3 HUX OYeHb TBepJbl M XPYNKH.
Ilpn  nOBHIIEHHH  TeMIEPATyphl
MeTasJinisl BellyT cebs Kak ILTac-
ruunble Tena. OcHoBHas NMpHYnHA
3TOr0 — BO3pacTaHUE IOJN MeTal-
AMYECKON CBsi3W IIpH HarpeBaHUU.

MHuorue MeTajyIuJbl OTJAUYAIOTCH

BRICOKOIl TemjIoTol o6pa3oBaHus W
XUMHYECKON CTOMKOCTLIO.

Meramnugbl B Bojie He pacTBOPSAKTCH,

HO HekoTopble U3 HuX (MOn06HO HEKOTODhLIM MeTaqaM) cllocoGHBI PAcTBOPATHCA B
HeBOJHBIX PACTBOPUTENISIX, B MAaCTHOCTH B KHIKOM aMMuake. [Ipy oToM OHM BedyT
ce6sl KaK ONEKTPOIMTHI, T.€. NPU DAcTBOPEHWH [T MOHEL BCTYTIAIOT B peaKlMy

JBOTHOTO OOMEHA:

2Ca(NOg); + K4Pb
4Zn(CN); + 9Na

= Cazpb + 4KNO3
NaZns + 8NaCN

Ipu onexTposuse pacTBOPOB WK paciliaBob WHTEPMETAJIIAOB OTHOCUTE/IBHO
Golee BIEKTPOOTPULATENLHBIA METAJUT BHACIACTCA HA aHole, a 6oJiee BIIEKTPOIIOTO-
wuTeNLHBII — HAa Katoge. Hampumep, MNpy 2JIEKTPOsM3e aMMuadHoro pacrtBopa

*3nech U jafiee OIEKTPUYECKas NPOBOAMMOCTE PTyTH NpUHSITA 33 eNMHULY.
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NasPby Ha kaTopme BhijesisieTcsi HATPMil, Ha aHope — cBuHel. I[Ipyn saextponnze
pactiiaBa KNa, kannit Bblgesisiercs Ha Kartoje, HaTpuii — Ha adoge. HaoGopor
NPy B3aUMOJENCTBMM METANIOB B HEBOAHBIX DACTBOPUTEJISAX, HAIpHMeD B xcmucoxv;
aMMUAKe, ToAy4arTcs MeTalJIuabL:

i

4Na + 9Pb = Na4Pbg (3eseHbli1 pacrsop)

i

3Na + 7Sb = NaySby (kpacHblil pacTBop)

3Na + 7Bi =-NagBi; (kopudHesblil pacTsOp)

Ceefienssi 0 cocTaBe M CTPYKTYpe METAJINAOB OOLIUHO MOJYyYalOT 3KC-
nepuMenTansio. Ha puc. 133,24 mnokasana Kpucra/uindeckas peileTKa
.CuzAu. AToMbI 30/10Ta 3aHUMAIOT BepIIMHLL Ky6a, a aTOMbI MEI paciosa-
raloTcst B HeHTpe rpaneil. CieoBaresibHO, KAXKILIA aTOM 30J0Ta HAXOUT-
cA B KOOpJAWHANMM ¢ 12 aToMaMM MeIM, a KaKILIA aToM mMenm — ¢ 4 aro-
Mamu 3osoTa (puc. 133, 6), uro orsevaer cpeaneit popmysne CusAu.

' TABA 4. TPEX3JIEMEHTHBIE COENMHEHUS
§ 1. IPOU3BOAHBIE AHMOHHBIX KOMIIJIEKCOB

uKaK MBI BUAEIN, NPH B3aUMOIEHCTBAN PE3KO PA3JUYHBIX M0 XUMHUUIEC—
KOH npupoje OWHApHBIX COeJMHeHU!1 oOpa3yloTcss HOBLIE XUMHYECKHE

¢
OCIUHEeHUN s, CpeJIn KOTOPHIX HauboJsee IIpOCTHI 11O COCTABY TpeX3JeMeHT-
Hble COeJIMHEeHUsI;

NaF + BF; = Na[BF,]
Na,O + CO, = Nay[COs

OCHOBHBIN KUCIJIOTHBLIN

Ilo T %
UMY XUMUYECKOMA CBsISM MEXKIY WX BHYTDEHHEH W BHelllHell cdepa-

+ MU 3TH COE€JIMHEeHMUsT MOryT 6LITh WOHHLIMH, WOHHO-KOB&JIECHTHHIMH U KOBa—
l'JleHTHbIMM. Ecay aHNOHHBIA KOMILJIEKC JOCTATOYHO yCTOI‘/'I‘{I/IB TO paCCMa’(I‘—
"‘\ PUBaeMble COEIMHEHUS 110 OCHOBHO-KHUCJOTHBLIM CBOMCTBaM HOI];O6H])I 6I/IHap'—
“‘u HBIM. Tax, IIp,OI/I3BO'IIHbIG UIeTOYHBIX U HEJTO0YHO-3eMeJLHLIX MeTalJoB
& ABJIAIOTCA OCHOBHBIMH, a NNpoON3BOoaAHbIE HEeMETAJIJINYEeCKNX J3JIEeMEeHTOB —
KNcinotueiMi. CKasaHHOe MMOATBEPKIALTCA NUX COMBBOJSIN3OM U peaKIUsIMHA

B3a I
. HMOJICHCTBI S NPON3BOJHLIX aHMOHHHIX KOMILIEKCOB pa3jMYHON OCHOB-
O~-KHCJOTHON NPUpOAb, HanpuMep:

RbNO; + INO3 = Rb[I(NO,),]

OCHOBHBI KUCJIOTHBIN
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RbNO; + HOH = ruaponus MpakTUHYeCKH HE MACT
OCHOBHBIN

INOg + HOH = HIO + HNO3
KUCJIOTHBIA

Ha yCTOﬁ‘IHBOCTb NpOU3BOAHBIX AHVOHHBIX KOMIIJIEKCOB 60J1bI10€ BIIHA-

HUe OKa3bIBAET IMPHPOJA MOHOB BHeIIHeH cdephl. Mocnennue B GO/bIIEH
WM MEHbINEH CTEHNeHH BBI3BIBAIOT KOHTPIIOJIAPU3AILHUIO (ocnabienne BHYT-
wca. [Ipu »TOM uyeM Belllle y aroMa
(seime D0), Tem ero
e. B aroM HeTpyIHO
¢ pacrajia coOTBeT-

pennux cBsi3eil) aHHOHHOIO KOMILIE I
CKJIOBHOCTh K OGPa3sOBAaHHMIO KOBAJIEHTHOM CRA3U
KOHTPIOJIAPH3YIOIlee AeMCTBMEe, Kak IPaBUIIo, CI/IIIbH(i
y6equTbesl, COMOCTABUB TEMIIEpaTypel U 3HadeHHA AG,

i1 5-9J1eMEHTOB
CTBYIOIUX COJMHEHUM, HallpUMep pacralla OKCOKapGOHATOB

I rpynner
DCO;(k) = DO(k) + COx(r)

Ba Sr Ca Mg Be
DIIeKTPOOTPHLATENBHOCTD I . 0,89 0,95 1,00 1,31 1,57
Kap6oHaT . ... .......... BaCOjy SrCO3 CaCO; MgCO; BeCOs
Temneparypa pacnaja kap6o-
Hara, "C............. 1300 1100 840 400 100
A G, Pacnaza kapBoHara,
w ok /MOMB . L L 216 183 130 65 -30

Tlpu warpesanuu MgCOz (AG = 65 k]I /Moss) pacnanaerca wa MgO
1 CO, yxe npu 400 °C, Torja kak pacna BaCO; (AG = 216 k/[Ix/Moub)
ua BaO u CO, cranoputcs 3aMerHIM Jnms mpu 1300 °C.

% NaC1—AlCl3 KC1—AlCl5 RbC1-AICl5 CsCl-AlCl3
600
600
AV
3 g
w3 g g \/ =
s 2 : i
0 1 1 1 L 1 1 L 1 1 - 60 50 700
700 0 20 40 60 801000 20 40 60 80700 0 20 40
Ngc{o 0 80 é%ch KC1 AICl; RbCl ACly CsCl AlCl3
Mon, donu AlCl3.%

P u c. 134. JluarpaMma IJIABKOCTH CUCTEM MCI - AlCl;
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Bnusinve npuponpl aTOMOB BHelHel cdepbl Ha, YCTOWYMBOCTL  COEAMHEHUN
MOXHO MOKa3aTh Takke Ha mpuMepe BaauMofeiicTeuss AlCly ¢ MCl Kak nokaseisa-
10T auarpammbl Taekoctr (puc. 134), B psiny NaCl—AICl;, KCl—AICls,
RbCI—AICl;3, CsCl—AlCl; ycroitumpocts coepubenuit M[AICl4] nosbimaercs. Ito
COOTBETCTBYET  YMEHBIIEHUI0  KOHTPMOJSIPUBYIOllero  JeAcTBUST B pSAY
Na*—K*—Rb*—Cs*, T.e. ycuneHuto TeHaeHuMu K oOpa3oBAHNIO MOHHOM CBS3U.

TakuM ke 06pa3oM MOKHO OOBSICHUTH YMEHbIIEHUE TEPMUYECKON YCTOMUUBOCTU
IO Mepe YyBeJMYEHUST OJEKTPOOTPULATENBHOCTH aTOMa BHelllHelt cdepbl B psiy
KNOg"'GNOg—FNOg

< ' H—=O_ _OF-0_
l l |

0] 0] 0]

B KNO; nonst K* u NOj; usomposaHe! apyT oT apyra. B kosanentHerx HNOj

n FNOjz 3a cuer obpasoeanusi egsisu H—O u F—O E uone NOj Hapymaercs
IpexcHee paclpejelieHne SIeKTPOHHOM TUIOTHOCTU (7T—CBSISBbIBAHME), UTO MPUBOAUT K
CHMAKEHUIO ero ycroiumBocTd. Tak, ecmu uoHHoe coeguHedne KNQjz pasnaraercs
mymb Bbime 400 °C, To xoaneHTHoe HNQj3 HauuHaeT 3aMeTHO paanaraThCs yie
npu o6bIYHO TemMepaType u oceileHud, a FNQOg cylecTByer nuinb npu TeMmIepa-—
Typax Hume —5 °C.

Benepcrene  KOHTPRONSIpUBYOWEro  HeiCTBUA BHellHeill cdepbl KaTUOHHBIE
IIPOMBBOJHBIE HEMETAJIIMYECKUY BIIEMEHTOB U CJIOKHBIX aHMOHOB BEChbMa HeyCTOM Y-
Bbl U MBBECTHBI AJIs1 OTHOCUTENBHO CJ1a60 B/EKTPOOTPULATENbHBIX DIEMEHTOB MpU
HU3KMX crenedsix oxmctenus I(IT), I(II1), Te(Il), SbIII).

[Tomo6ubIM e 06pa3oM 06bscHAETCS XOPOLIO M3BeCTHBI (PaKT MEHb-
Wed ycTOWYMBOCTH KHCJIOT CO CJIOKHBIMM KHCJIOTHHIMA OCTATKAMM IO

(i CDAaBHEHMIO ¢ HMX CONAMH. MOXHO HANOMHHUTH, YTO, HANPHMEp, COMH

Na,CO3, K;CO3, KCIO3, KBF, Bnosmse ycTOHYHBH, TOrAa KaK OJHOTHII-

. Hble coepuBenusi Bomopoma H,COsy, H;SO0;, HCIO;, HBF, Beaemcreue ux
HEYCTOWYHBOCTH B CBOGOIHOM COCTOSTHUM HE [1OJIYYCHEL.

§ 2. CMEIIAHHBIE COEAUHEHWA, TBEPJBIE PACTBOPHI,
OBTEKTUKA

B saBmcumocTn or npnponbl HCXOIHBIX COSJHHEHUI NpH HX B3auMO—
BeficTBUM APYT C APYTOM BO3MOXHBI CJICAYIOIIME BapUaHThl. BsauMopeiict-
Bre pe3KO pa3/IMYHBIX 110 XMMHYECKOH NPHPOJIe COSAMHEHHIl NPUBOIUT K
06pa3oBaHMI0 HOBBIX XMMHYECKUX cOefiuHenuit. [IpuMepsl TaKOro B3amMo-

' ReiicTBHUsA GBUIM PacCMOTPEHH! BhIIIE.
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TTo Mepe yMeHbIUCHUS pa3IMIUi B XUMHUECKOH IpUpOJe B3aUMOIeHCT-
BYIOIIMX COEIMHEHHI BO3MOXHOCTH OGPa3OBaHMA KOMIIJICKCHBIX aHHOHOB
YMCHBINAKTes!, IIOITOMY BOBHHKAIOT YXke JH60 CcALCULAHNBLE COCOUNENUS,
meeposie pacmaopsl, WK IBMENNUKY.

CMelaHHbie COeJHHEHUS MOJyJaloTesi NPH B3aUMOJEHCTBUH COCAMHE-
HMii 2JIGMEHTOB, B DAaBHOH Mepe CKJOHHBIX K KOMILJIEKCOO6Pa30BaHHIO,

HAIIpAMep
CuS + FeS = CuFeS; (xanbkomupur)
MgO + Al,05 = MgAl;,04 (unuHens)
cMellTaHHOe
coelMHEHUE
CMeIaHHbIe COSIMHEHHA — 9TO MOJMMEpbl, B KOTODHIX AaTOMEI OGOHX

3IeKTpON OJIOKUTEJIBHEIX DJEMEHTOB HIpPaloT pOJlb KOMILJIeKc006pa3osaTe-
Jlell, T.e. ¢ XMMHYECKOH TOUKH 3DEHHs paBHOUEHHBI. Tak, ecau KpUCTaL
KBF, uMeer OCcTPOBHYIO CTPYKTYPY M B HEM MOXHO BEIACJINTH NOHEI K*u
BF;, 10 cMemaHHOe coefluHCHUE CuFeS, (zaavkonupum) — KOOpAUHA-

[MOHHBIA [OJNKHMEep. B ero KpHCTalJIMUECKON pemnleTke aTOMb Cu u Fe za-
K/IIOYEHH B TETPAdJphi U3 aTOMOB CePH — CTPYKTYPHBIE eJHHHUIIE! CuSy u
FeSy (puc. 135), T.e. XalbKOUUPUT CuFeS, — cMemanuuil cyasdun Meau
(I1) u xenesa (II).

MgAl,O4 (wnuneas) — cMeIaHHBIA OKCHJ MarHus (1) u amoMuHUA
(1), Takke KOOPAMHAIMOHHEIA MOJUMED. Ero wkpucraijiel 06pa3OBaHbl
terpasgpudeckuMu MgOy ¥ OKTadIpUICCKUMHU AlOg cTpyKTYpHBIMH €lu-

~

+2+3

nenusi cocraa M(MOz),, rae M——Mg, Mn.

S Ng®
+ 3

Fe, Co, Ni; M—Al, Cr.

s KpoMe cTpykTypsl THIla XajlbKONMPHUTA U
HINAHEAH A5 CMellaHHHX  COeiMHeHuH
(cMemIaHHEBIX OKCHIOB, cybPUOB, raJlOreHun-
OB, HUTPHIOB U JApP.) BecpMa XapaKTepHE!
CTPYKTYDHBIE THIIBI WIBMEHUTa, IEPOBCKUTA U
up. (eM. puc. 70).

Ecau 2i1eKTpOnoIoKUTE/IbHBIE 3JIEMEHThI
B3aUMOIEACTBYIOIIMX COEeIUHEHHU crocob6HEbL
06pa3OBLIBATE GJIM3KHE 0 CTPOSHUIO, pa3Me-
py H YCTOHUMBOCTH CTPYKTYPHBIE C€IMHHIBL,
TO I[OJIydaloTesi TBEPIbe pPacTBOpH  3aMe-
IIEHUA:

QCu @Fe Qs

P u c. 135. Kpucrannu-
YecKas peleTKa XaJlb-
rxomupura CuFeS,
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punaMi. AHAJTOrMYHBL 1O CTPYKTYpe coean-

N

ligi

i"u .
S
W

KNO; + RbNO3 =KNO; - RbNO;

TBEPAbI pacTBOpP

MnCl; 4+ FeCl, = MnCl, - FeCl,

TBEPIBL pacTBOD

Coenuuenusi 5JeMEHTOB, GIHU3KUX 110 XUMHUYECKHM CBOMCTBAM, HO pas-
AMYAIOIIMXCA CTPOGHHEOM W pasMepaMd aTOMOB (MOHOB), XHMHUYECKH He
B3aMMOJICACTBYIOT, 8 NAal0T MEXAaHHUYECKYIO CMeCh KPHCTA/lJIOB — JBTEKTHKY.
Hanpumep, aBTeKTHYeCKas cMech 06pasyercs NPH COBMECTHONH KpHUCTAIn-
sapuu KCl (TK+ = 0,133 um) u LiCl (TL.+ = 0,068 um):

i

LiCl + KCl = LiCl + KCl

OBTEKTUKA

Biusinpe npupoms B3aHMOIEHCTBYIOMUX COSNMHEHHIA HA XapaKTep
ofpasyloluxcs IMPOAYKTOB MOXHO MPOHJIIOCTPHPOBATE JUarpaMMaMi
IVIAaBKOCTH cOOTBercTBYIOmMX cucreM (puc. 136). Tak, B cuereme xumu-

. _YeCcKH OJHUBKHUX H OOHUHAKOBHIX II0 CTPYKTYpE€ COeIMHEeHUN CcOCEeIHHUX dJe-

MeHTOB nepuoaudeckoit cucreMet MnCl,—FeCl, o6pasyercs TBepanii pacr-
BOD, TOra Kak B CHCTEMe COSJMHEHHM, 10BOJIBHO GJUBKUX MO XUMHYECKOIT
OPUPOJIe, HO CYIIECTBEHHO pasianuHHX 110 crpykrype FeCl,—CuCl, (FeCl, —
cioneras crpykrypa, CuCl, — menHasi cTpyKTypa), BOSHUKACT DBTCKTHKA.
M nHakoHen, B cHMcTeMe pE3KO DasiMYHBX [0 XHMHYecKOi Npupoje
coeaunennit KCl—FeCl, Bo3HUKAIOT HOBbIE XUMHUECKHE COSTHHCHUSI.

t,°C t,°C o

; 800 ook

i 700 0

- 600 v
70| 500y 4001
W 300
6200 , :6-'”' : Jo0r le !3 P zFe:]q n

700 05w A,
FeCl, MnCl,  FeCl, KCl  FeCl, Cg(”:‘l 2
Mor. dome MnCly , % Mon. done KC1, % Mon. dony CuCly, %
a J 8 ,

P u ¢. 136. JIuarpaMMbl MJIaBKOCTH CUCTEM:

a — TBepbli pacTBOp; 6 — C XUMIUYECKNM COeIUHEHUEM; 6 — C DBTEKTUKOMN
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FTATABA S HECTEXHOMETPHYECKHUE COEJIMHEHHU A

§ 1. COEAMHEHMA IEPEMEHHOT'O COCTABA

B nayane XIX B. Ilpyct B cmope ¢ BepTose BHICKa3ald yTBEpkeHUE,
4TO BELIECTBO, HE3aBUCHMO OT CIOCOGOB nosiydenus, o6najaeT ONHUM U
TeM JKe COCTABOM. DTO YTBEPXKJIGHUE CTaO OCHOBHBEIM 3aKOHOM — 30KOHOA
nocmosucmea cocmaea. Ha ocHOBaHUM JIaHHBIX O COCTABE BeIlecTBa CTPOU-
nach ero xuMudeckasi GopMysa ¢ HOCTOSHHBIM KOJIMYECTBEHHEIM COOTHOIIE-
nmem anementop (CO2, H,0, CHy). IlosToMy cOoe[IMHEHUA TOCTOSHHOIO
cocTaBa GBUIM HA3BaHBl CMETUOMUEMPUNECKUMY coedunenusaun*. 3aKOH
OOCTOAHCTBA C€OCTaBa M CTEXMOMETPUYHOCTD cOe[IMHEHUI [0Jroe BpeMs
cunrannch HesebaempiMu. Onnako B Hadane XX B. H.C. Kypnakos Ha
OCHOBAHMH CBOMX WCCJIe[OBaHMil mpUIieT K BEIBOAY O cyIIeCTBOBAHUU
HECTeXMOMETPHYECKUX COe[MHEHMUi, T.e. XapaKTepU3YIOIUXcs [epPeMeHHbIM
cocrapoM. OH oTMeuas, 4TO 65110 6Bt OIIMGKOI CUUTATH COSIMHEHH: Mepe-
MEHHOTO COCTABA... YEM-TO PEJIKMM M HCKIIOUNTENLHEIM. Coenunenus
nocrosaHoro cocraa H.C. KypHakos Ha3Bajl daasmonudauty B YecTb
JlanbToHa, LMMPOKO HNPUMEHABINEro ATOMHO-MOJIEKYAAPHYIO TEOPDHIO K
suMugecKknM sBaeHuaM. HectexuomeTpuyeckue COSIMHOHMA 6LLIN Ha3BaHBI
B yecTh BepTosne Gepmorsudan.

CoeIMHEHNsMY TOCTOAHHOTO COCTaBa SBJIAIOTCA BOMIECTBA MOJIEKYJIsAp—
HOrO CTPOEHMsI, TOCKOJIbKY COCTaB MOJIEKYJ OJIHO3HAUHO OIpelesaeTcs
cTpoeHHMEM MX O6Gpa3ylomuX aTOMOB. Ecau e KPUCTAUIMYECKOe BEIeCTBO
JIMEeT aTOMHOe MM MOHHOe CTPOEeHHe, TO OHO XapaKTepu3yeTci 6oJiee UK
MeHee TepeMEeHHBIM cocTaBoM. IIpiduHON 3TOTO SABJSIIOTCS] TOYEYHHE e
(dexTHl B KpHCTaJe. B peajibHOM KpHCTajlie BOSMOMHEI nedexTH ABYX
TUOOB. PaccMOTpMM KpUCTAl JIBYX3JIEMEHTHOTO coenuuenua AB. B
MIealbHOM Ciydae B KpHUCTa/lle 3aHATH BCe y3Jbl KpHCTAIHYECKOA pe-
merky aTomamu (nonamm) A u B (puc. 137, a). B peanbHOM xe KpUCTasLIe
MOTYyT 6bITh HE 3aHATHl Y3JIbl KPHMCTA/NIMYECKOM PEIIeTKH, OTBEYaIomue
atoMy (moHy) A MAHM aTOMYy (wony) B (puc. 137, 6) WM TOrO MJM APYroro.
KpoMe TOro, B MEXJOY3IHAX PEIIETKH MOTYT pacnoiaraTecsl W3GHITOYHBIO
atomsl (noner) A u (um) B (pue. 137, 6). )

PaceMOTpUM HEKOTOpHIe TPHUMEDH. OTueTANBO HecTeXMOMETPUYECKUM
COCMHEHUAMYU SABJSIOTCSA OKCUIL U cyandun xesesa (I1). Oxeup xeye3a
(II) umeeT cTPYKTYpy TUNa XJOpHJa HAaTpui U ero HieaiM3MpPOBaHHAA
¢opmyna FeO. PeanbHoe xe coelnHeHU® MMEeT CcOCTaB OT Feg 390 RO
Feg 950. BelllecTBo, TOYHO OTBeyaiomee ¢dopmyne FeO, Boobme HeycTOH4N-

*CrexyioMerpii — OT rped. stoicheion — octoBanue, ajleMeHT U metrea —
MepIo.

284

|
®e—0—8—0

oO—e—0—0

®e—0—e—0

Q—
i
I
o —
|
o —

oO—e—0—e
oO—e—0—9o

| o]
o—e—0—e

®e—0—08—0

' a 6 B
P u c. 137. ledexTs! KpUcTasIndeckost pelleTku coenuHeHusi AB:

a — UeasibHasA pelIeTKa, — peureT
a; 6 CIeTKa C He[ocTa H
euie il TKOM aTOMOB B, 8 penieTka ¢ N36BITKOM

BO H MOMKE

po T GBITb NOJYYEHO JIMIE B OcO6BIX yenopuax. Takue coenunenns
.C. KypuakoB nassan anumsiau.
Cynb

- Iirﬁeqwm xenesa (lI) FeS na camom pene umeer cocras Fe;,S, T.e
IHHEHHE MMeeT HeOcTaTOK ¢ aToMOB Fe U ero cocras 6/1u30k ’ ‘

ne FegSy.  dopwy-
B upenc i

conn aJ;I)HIL TaFI:UIeHSI/I MOHHONH MOl H36BITOK OTPHHATENBHOrO 3apAfa B

ax Fe-

I 1-20, Fel.xf (z — medunur KATUOHOB) KOMIIGHCHpYeTCA

e pamenneM uouoB Fe? B monbl Fed*. Yrto6wl coxpanmiacs JICKTPO
Tpas .

P&IbHOCTD, Ha KaXIyK BakaHcHO MOHa Fel' nomxuo npuxo
aBa uona Fe3* (puc. 138, a). P

B kpuc
pucTaliax ¢ AePUIUTOM aHMOHOB AHMOHHBIC BAKAHCHH MOIYT BaHH-

' MaTb 3J1e
‘ KTPOHB! M TEM caMbiM KOMIICHCHPOBATh HU3GBITOK IOJOKHTEIbHOTO

3ap.ﬂ”,a. ()(;('yllHM (Z}[elly}{)l“nl/l 3K(}]|epnh,{eHTa JTBHBIN ¢)aKT IIpI{ Hal‘peBa
HUM B IIaan Ha‘ Ipnﬂ KpI/ICIaJIJIbI Na( )l CTAaHOBATCA XeJTOoro HBeTa '-:) TO
. =

- NaCl aroMb! HaTpus MOHU3HMpPYIOTCS

Na —» Nat + ¢

2+ - + - b +
Fe'— O'—Fe"— 0" Cl=—Na— CI'— Na'

R E PR R O R (P

3+

00— — O —Fé Na— O — Na'— CI
R R
A
) ) Na*
0 —Fe'— 0"—Fe"  Nd— (ll-— Nla*— c||'
a 6

P u c. 138. Karnonnstit gedexr B xpucramne FeO (a)

N aHUOHHBIN lle(i)eKI B KPI i~
M CTaj) e
) ( NaCl, JIePMpoBaH
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‘Mon Na'* 3aHMMaeT KaTHOHHEBI y3eJ, a 2JIEKTPOH — aHMOHHBI y3ea (pHc.

138, 6). 3a cuer BO3GYX/EHHs INEKTPOHOB 3Ta CUCTEMA [OrJIOIIAET CBET B
BHIMMOI 9acTH CIEKTPa: KPUCTA/Ll IPHOGPeTaeT OKpacky.

CocraBy okcuaa tutasa (II) oreuaer dopmyna Tig g500,85. ITO 03HA-
yaer, YTO M3 KAKJBIX CEMH MeCT OJIHO, MpeAHa3HAueHHoe [JIA aTOMOB
060X BHIOB, Beerja mycryer. IIOCKOJBKY BaKaHCUM DACHpenSIeHE B
" IPOMBBOJIBHOM MOPSAJKE, CTPYKTYpa OCTaeTci ky6uueckoit (tuna NaCl) Bo
BCEM HHTEpBAJIE COCTABOB. '

CocTapbl, YKJIaJbBaloliMecs BHYTPH IPaHUUHBIX 3HAYCHHUI HADYILEHH
CTEXHOMETPHYECKOTO COCTaBa, Ha3BIBAIOTCA obaacmuio romotennocmu. Ectb
cOeIMHEnUs ¢ IIMPOKON 061acThi0 FOMOT€HHOCTH, HAIPUMEp, COCTaB OKCH™
aa turana (II) TiO uamensiercs or Tio 70 nmo TiOy3, a cocras cyasduna
ceunna (I1) PbS umeer BeceMa y3KyIO o6acTh roMoresHocTH: 0T Pbg gg95S
no PbSg g995. Kpucranmuueckas peerxa Kapbujna THTaHa (THIA NaCl)
COXpaHAETCsl, ecjii B HEA HefocTaeT Jaxke 40% atoMoOB yrjepoja, cOCTaB
Kap6uia THTAHA MOXET H3MEeHATHCA OT TiCoy ¢ mo TiC.

Cpeaun HEOpPraHHYECKHX BEHIECTB MOYTH 95% He MMEIOT MOJIEKYJIAPHOIO
CTPOGHHA M, CJIE[JOBATEJIBHO, ABJIAIOTCS HECTEXHOMETPUIECKUMU coeMHE-
ausamu. YacTO OTKJIOHEHHA OT CTEXHOMETPHYECKOIO cOCTaBa TaK HEBIHKH,
YTO NpH XMMHYECKOM aHAJN3€ WX YCTAHOBUTL HE yHAeTCA. (9tuM-TO 06D~
SCHAETCS, UYTO 3aKOH MOCTOSHCTBA COCTaBa CUMTAIN CIPaBE[JIMBEIM Ha
IPOTAMEHHAN CTOJTb JIOJILOrO ppemern.) OHAKO HcclefloBaHHe CBOWCTB
BEIIECTB,  HAIPUMEp, JIEKTPUYECKOl MPOBOAMMOCTH, OKPACKH, MaCHUTHBIX
M [ApYTHX CBOMCTB, BHHYKIAET NMPH3HATH HAIMUME [IEPEMEHHOrO COCTaBa.

Han6osee OTUETINBO IEPEMEHHBI cOCTaB NPOABJIAETCA y coeHHEH U
d-DJIEMEHTOB — OKCHIOB, CY/Jb(MHIOB, HHUTPHUAOB, KapOHIOB, IHPUIOB
u 1p.

Coennuenus MEPEMEHHOrO cOCTaBa, KaK IPaBuiIo, 06/1a1al0T HHTEHCHB-
HOW OKpAcKOM, MpPOABIAIT METANIMUECKHe WM MOJyIPOBOAHUKOBEIE
cBoitcTBa. 110 CPABHEHMIO ¢ COGIMHEHHAMH IIOCTOAHHOTO COCTaBa y HHX
667bIIAS PEAKIUOHEAA CIIOCOGHOCTD X KATANUTUYECKAs aKTHBHOCTS.

Mporece o6pasoBanus nedeKTOB KPUCTAJUIHYECKON DELIETKH, KOHeUHO,
SHIOTepMUUYECKHl, ¥ KAK BCAKOe PasyNOpANOueHHe CONPOBOKAACTCS BO3~
pacranuem sutponuu (AS > 0). Tosromy B coracuu c AG = AH— TAS
Ipu JII06OI TEMIEpaType, OTJIMYHONH OT aGCOMIOTHOrO HyJIsA (T >0K), s
peanbHOM KpHCTAJLI€ JIOJDKHBI CYIIeCTBOBATDH nedeKTHBIE MOSHHUH WU
pakaHcun. IlOJIHOE CTPYKTYpHOE YIODAJOUEHHE MOXET pealn30BaThbes
aAuwb npu abeomoraom wyie (0 K).
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§ 2. COEAMHEHUSA BKJIIOYEHUA

CB0eo6pasHBIMU YNOPSALOYEHHEIMA TBEPABIMU PACTBOPAMH BHEIDPEHUA
TUIA COMb — JIe[, SIBJIAIOTCS HEKOTOPHI® KPHCTAJUIOTHAPATH ¢ GOIbIIHAM
yueJIOM Monexys Bogel, Hanpumep NaySO4-10H,0, NayCOj-10H,0 (mex-
mowdpams). OHH HMEIOT CTPYKTYPY JIbJa, KOTOpas crabuimsupyercs
3a CUeT CTATUBAIOLIErO [efcTBUS JIGKTPOCTATHUYECKN B3aHMMOIEHCTBYIOIIMX
HOHOB IIPOTHBONOJIOKHOTO 3HAaKa. BejefcTBue 3TOro TeMIepaTypa ILIaB-
JIEHUA TEKTOTH/PATOB HAMHOT'O NPEBHIIACT TEMIEPATYpy ILIABJICHHKSA JbIA.

K rexroruaparaMm nmpuobamkaioTCs TAK HA3LIBAEMBIC COEOUNENUS BKAIOUE-
‘Wusf, T.e. CUCTeMbl, 0Opas30BaBIINecs B pe3yipTare 0OPATHMOrO BHEIpeHUs

~ MOJIeKYJ OfHOrO BellecTsa ("rocrs") B cpoGopHble MONMOCTH KpHCTALa
. mpyroro Bemectsa ("xossuna'). B coepnmHeHMsX BKIIOUEHHS MEKMOJCKY-
JaApHOe B3auMOfelicTBue MoNeKyn 'rocrs” ¢ COCTABHBIMH YACTAMH KpHC-
TAJVIa UTPAeT BTOPOCTEICHHYIO POJIb.
~CoepuHenusi BKJIIOYEHUs]  HA3bIBAIOT
TAKKE  KAAMPAMHBLAUL WIX  IPOCTO
;. maampamana. K kiarparam, manpumep,
! OTHOCATCS Tak HadblBaeMble wwdpamut
L' 10308, KOTOpble 06pasyloTes 3a cver

e
" BRIIOYEGHUSA B MEXOY3@IbHbe IPOCT-
,,5‘17, paHcTBa Kpucramia Jega Monexya Cly,
R

; . CH,, H,S, Ar, Xe, SO, umn np. B on-

[}‘f"i HOI 13 MomudUKauuil 1baa Ha 46 mome-
w‘n KyJ BOAbl npuxomurcsi 8 CcBOGOTHBIX

i IOJIOCTeH; OTCIOma CPegHUil  cocTaB
ji~ TAKMX KPHUCTAIIOTUPATOB KJIATPATHOTO X  oHO
THII .
a  X-575H,0 wmnam  oxpyriaesso P u c. 139. Crpoenve kiarpata coc-

# X-6H,O0 (X — wmomexysa "rocrsa"). rasa X-5,75H,0

! ﬂ g:fg:z:&;aﬁgz P;nn;):'ra 3TOrO0 cocTaBa [OKasaHo Ha puc. 139,
M‘_ petmonen raike ﬁIl,p bl rasop coctaBa X -7,75H;0 (X-8H,0).

ﬁ o BHemsepM - TBepAbie Kpnc'rannni;ecrme BEIIeCTBA, HATIOMHUHAIO-
}Ni"-f@;‘nn aT Cly. Ay cHer wayM peixyelii saex. IlepeeiM 6vim momyuen
,;ﬂ par xiopa Cl;-6H,0 (Jlseu, 1811) npm oxnaXgeEnyu HACHIIEHHOTO
[ XJIOpoM BOAHOTO pacTBopa 10 9°C.

#

. Bosbimost Teopermueckuii ¥ TpAKTUYECKMil HHTepec NPEACTABJSIOT TABOBHIE
Warparsl. Psag npoueccos HedregobblBalomeit, rasoBoil U HedbTeXUMUYECKOI npo-
MellslenHocTu  compoBoijaercss  ofpasoBaHMeM — YIMIEBOJOPOAHBIX  UAPATOB
3abuBatonux TPyGONpoBogkl X ANNAPATYDY. Iyis1 npepoTBpalleHnsi 9TOrO He06xozm—‘
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MO 3HaThb yCJIOBUsI OOpasoBaHUsl THAPATOB (remmepaTypy, AaBjeHue W JApyrue
napaMerphl) pH PasIMUHBIX COCTaBaX ra3oBoit ¢asbl.

O6pasosaHne ¥ 3aTeM péspymerme rasoBEHIX KJIaTPaTOB MCNONB3YIOTCA, HAIPU-
Mep, Ans pasjeleHus rasos (YI7€BOJOPOLOB, GNATOPOIHBIX Ta30B), COEIUHEHMA-
WN30MEpOB, A7l ONPEcHEeHUsI MOPCKOH BOABL. KnaTpaThl MCIONB3YIOTCS KAk yRobHast
dopMa XpaHenusi rasop — 1 ofbeM KJaTpaTa MOXeET copepmats o 200 obpemos
rasa. ) '

OnpecHenne MOPCKOH BOABI OCHOBAHO Ha BBICOKOH CTaBUIIBHOCTU yTJIEBOJOPOA-
HBIX Tas0BbIX KJarparos. HarHeranuem rasa B COJEHylo BOAY (npn Temmeparype
1,1 — 24 °C u pasnesuu 0,4 — 7 MIla) mosydalor TBepable YIJEBOJOPOAHbIE
Kiarpatel. Hampumep, KpucTainoryapaTel npolaHa oGpasyiorest mpu 1,7 °Cwu
0,4 MITa. 3aTeM KpUCTLIbl KJIaTPaTOB BEIAEJISIOT, MPOMBIBAIOT i pamylaralT pu
remmeparype 7,2 °C u namienuu 0,5 MIla. Tlpu oroM mosydaeTcsi ONPeCHEHHAH
Boja; BHICBOGOAMBLIMIICS MPONAH CHOBA MCMOMb3yeTcs 0715 06pazoBaHUsl KJarpara.
Tpowecc ompecHeHusi MOPCKOM BOJBI OTUM METOJIOM BBICOKO OKOHOMUTEH.

KinarpaTsl B OIPHPOJE HacTO BBIIOJIHAIOT pOJb ecTecTBEHHOIO XpaHUJIU-
ma ra3op. Tak, B pailoHaX BEUHOH Mep3JIOTH obuapyXeHbl Ha 3HAYMTEb-
HOM TJIy6HHe B HeJpaxX 3eMJIM TBepibie rasopble ruipaThl MeTaHa — Ba¥-
HBIA UCTOUHHUK IHEHHOI'O ChIPbA.

Paszpnen ll
XumMuna s- n p-aneMeHToB

S~ ¥ p-ONEeMeHTHl — ITO 3JEMEHTH TIABHBIX NOATPYII MEepPUOAUYECKOM
cuctemel JI.M. Meumeneera, Kaxnawblii mepnof cucTeMbl HAYMHAETCA ABYMHA
s-3JIEMEHTaMH, a IIeCTh ero MOCHAeLHUX JIeMEHTOB (KpoMe 1-ro nepuoga) —
ITO P-37IEMEHTHI.

I'J1ABA 1. OBGIIME 3AKOHOMEPHOCTH

§ 1. BHYTPEHHSSI U BTOPUYHAA NEPUOJUYIHOCTDH

Y $ u p-D/IEMEHTOB BAJICHTHHIMM SBJISIIOTCS IEKTPOHB U OpOUTAIH
BHEIIHEro cJosi aroMa. Yuciio BHEHIHMUX 3JIEKTPUHOB PaBHO HOMEpy rpyil-
Ibl, B KOTOpOH HaxXonuTca aleMent (kpome H u He):

TPYIIA (orieiiiieiesoeeee e 1 11 1 1A% \Y VI VI VII
Anexrponnas KoHbUrypanust
BaJICHTHOTO (JIOSI ATOMa. ....... d &2 e2p 2p2 #2p spt $2pp 2P

B nepuomge m rpyninax XapakTep HU3MeHEeHUs ATOMHBIX
PajguycoB, 9HEprMu MOHMBAIUM U CPOJCTBA K DJAGKTPOHY AaTOMOB 6bl1
nokasan Ha puc. 16, 12 u 13. Kax BuAHO M3 3TUX PUCYHKOB, OpOMTasIbHBIC
Paiuycel aTOMOB C YBEJMYEHMEM ATOMHOIO HOMepa JJIEMEeHTa B Nepruoae
YMEHBINAIOTCH, 4 DHEPTUA MOHM3AUMK B OOIIEeM BO3PACTAET.

B noarpynmnax 3IeMeHTOB € BO3pacTaHMEM ATOMHOTC HOMepa
BjleMeHTa (YBENMUEHME UMCJIAa OSJIEKTPOHHBIX CJIOEB) Pa3Mepbl aToMOB B
o6lleM yBEeNMUYMBAIOTCSA, a JHEPrusA MOHM3aUMM yMeHbmiaeTcsi. XapakTep
M3MEHEHUMS CPOJCTBA K HJEKTpOHy (¢M. puc. 13) B mepuofiaX U NOATpymIax
S U p-d7eMeHTOB nportuponosoxkes. VI3 puc. 13 caemyer, YTO 31€KTpOOTPU-
HaTe/ bHOCTL JIeMEHTOB npy nepexofe s nepuoge ot I x VII rpynne yesu-
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yMBaeTcs, a B NOACPYINAX CBepXy BHU3 YMCHBIIAETCH. TakoBbl 06 HE
TEHIEHIIMA U3MEHCHUS paccMaTpUBacMbIX KOHCTaHT. .
B xapakTepe M3MEHEHHs CBOMCTB 27IeMEHTOB 110 {1epHUOAY IpOSBIAETCA
He eHyYMpPENHISL TEpHOAMYIHOCTE, a IO
NOArpyIIle — 8MopUxHas NEepHOAHYI~
HOCTb.
Tak, NpH Tepexofie OT s-3j1eMeHTa |

E,

Ha KpHBOM DJHeprud  HMOHH3aNUH
aromoB (puc. 140) u kpuBO@ H3MEHe-
uus ux paguycos (cM. puc. 15, 16)
AMEIOTCA BHYTpEHHHE MaKCUMYMBbI ¢
MHHUMYMBL. OTO CBHIETENBCTBYET O
BHYTPEHHEICPUOIHYECKOM XapaKTepe
H3MEHEHHMA 3THX CBOMCTB M0 IepHO-
ny. O6bscHeHHe OTMEUEHHHIX 3aKO-
HOMEpHOCTE MOKHO JAaTb ¢ TOMO-
MpI0 TPEACTABICHUA 06 IKPaHUPOBa-
Huu s0pa.

z O¢ddert sKpanHpOBaBMA Apa

Puec. 140. XapakTep MIMEHEHMS 06yC/IOB/ICH 3IEKTpOHaMH BHYTpEH-

NepBOil GHEPTMM MOHUBAIINM aTOMOB
B HOATPYNNAX s~ U P-OJIEMEHTOB HHX CJIOEB, KOTOphIe, 3aC/IOHAA ANpO,

OCNabIAT NpUTsXKeHHe K  HeMy
BHEIIHero ajekTpoHa. Tak, npH nepexome OT GepUnInsd +Be ® 6opy 5B,
HECMOTps Ha YBeJHUYeHHME 3apAna sAApa, SHEprus HOHHU3agUH aTOMOB
YMEHBIaeTCA:

“Be(9,32 3B) SB (8,29 3B)
E — e — E — —
2
H o H .
2s 2s

DTo 06bACHSETcH TeM, UTO TpPHUTSLKeHHE K ANpY 2p-2JIeKTpOHa aTOMa
60pa 0clabIeHo 3a cUeT JKpaHUpPYIOINero meficTBUsA 2s-3/eKTPOHOB.

TlouATHO, YTO PKpaHUpOBaHWe AJpa BO3PACTaeT ¢ YBeIMYEHHEM 4YHCTIa
BHYTpPEHHHX DJCKTPOHHHIX c10eB. [loaTOMy B HoOArpynnax s- U p-3j1eMEHTOB
HablIogaeTcd TeHACHIUA K YMEHbIICHUIO DHOPIHH HOHM3alUUH aTOMOB (M.
puc. 15, 140).

YMeHbIienne HeprMH HOHM3ALUM OT a30Ta ;N & wucaopomy gO (eM.
puc. 140) o6bacusAerca B3AaUMHHIM OTTaJIKHBAHHEM [IBYX 3/IGKTPOHOB OZLHOM
7 TOH *e OpOUTAIN:
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rpynnsl Kk p-anementy VIII rpymner

] 7N (14,533B) 80 (13,623B)
St 44
'H" 2p -H'- 2p

2s 2s

D¢ PexToM IKpaHUPOBAHMA H BIAUMHOLO OTTANKHMBAHHA 3JIEKTPOHOB
OHON OpP6UTANN O6BACHAETCA TaKKe BHYTPEHHeNepMOLMYECKHH XapaKTep
M3MEHEHHA [0 [epHOJLY ATOMHBIX pajuycoB (cM. puc. 15) M TeHIeHUHA K
YBEJUUEHUIO B NOATPYIIIE pAJAHYCOB aTOMOB.

B xapakrepe W3MEHEHHs CBONCTB s- M p-3JIEMEHTOB B MOArpYIIax OT-
YeTTHBO Ha6I0NAeTCcA BTOpUUHas nepuoauuHocTh (cM. puc. 16, 132). Jlan
ee 06BACHEHUS NPHUBICKAETCA TNPEACTABIEHHE O RPOHUKHOGEHUU IAEXMPO-
nos x 20py. Kak Gw10 moKasano Ha pHc. 9, 3JIEKTPOH JIOGOH opburasy
OllpeleJIeHHOe BpeMsA HaXOAUTCSA B o6nactH, 6aU3KOI K AApy. HupiMu
¢JIOBaMH, BHEIIHHE 3JEKTPOHbBI NPOHHKAIOT K AApY Yepesd CJI0U BHYTPEHHUX
anextponoB (puc. 141). Tak, BHemHu#A 3s-2IE€KTPOH aTOM2 HATPHA obnama-
er BechMa 3HAYMTENBHON BEPOATHOCTHIO HAXOAMThCA BOM3M snpa. Kou-
HEHTpAMsA DACKTPOHHON IVIOTHOCTH (CTENEHb NPOHNUKHOBEHHS JJIEKTPO-

: HOB) NpH OJHOM M TOM JKe [VIaBHOM KBaHTOBOM 4HcCJ/le Han6OabIIaA OJA S

3EKTpOHa, MeHbIie — [J1A P-37eKTpOHa, ellle MeHblle JUIa d-3/IeKTpOHa N
1.0. Hanpumep, npu n = 3 cTenesp NpOHHKHOBEHHUA YOEIBAeT B NOCIe0OBa-
TenpHOCTH 35 > 3p > 3d.

MouaTno, uT0 3¢pheKT NPOHUKHOBEHUA YBEIUUNBAET NPOYHOCTH CBAA3M
BHEIIHUX 3JEKTPOHOB C AAPOM. OTHM, B YaCTHOCTH, ONpEAeNsAeTcA MOps-
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‘P u c. 141. PagnanbHoe pacnpegelie- P u c. 142. Bropuutonepuoguyeckasi 3aBu-
Hie 37IeKTPOHHON TIJIOTHOCTM B 8TOMe  cUMOCTh DaAMyCOB BHEMHMX p-opOuraneit
HaTpust OT aTOMHOIO HOMEpa p-BIIeMeHTa
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JIOK 3alOJIHGHUA B MHOTOZJICKTPOHHBIX aTOMax s, p-, d-, fopburaneil npu
JaHHOM n. BesemceTBue 6o/iee TNy60KOTO IPOHUKHOBEHHA S-3JICKTPOHBI B
fonbliell CTEIeHH SKPaHUPYIOT SAPO, YeM pP-3JIeKTPOHBI, a [OcTeAHHe —
cHJIbHEE, YeM d-DJICKTPOHLL, U T.71.

[Tons3ysich NpeAcTaBleHHeM O MPOHUKHOBEHUHM DJJIEKTPOHOB K SIPY,
paccMOTPHUM XapaKTep U3MEHEHHusi pajiuyca aTOMOB 3JIeMEHTOB B IOArpPyMIe
yriepoga. B pagy C—Si—Ge—Sn—Pb mnpospasercs obmas TeHnennus
yBelndenusi paguyca aroma (puec. 142). OpHako 3TO yBETHUEHHE HMEeT
HEMOHOTOHHBHI xapakrep. Ilpu nepexoge or Si k Ge BHeIIHHE pP-3IEKTPO-
Hbl TIPOHUKAIOT YEPe3 IKPaH U3 JECATH 3d-3JIOKTPOHOB M TEM CAaMbIM YII-
POYHAIT CBA3bL C SAAPOM U CKHMAKOT 3IEKTPOHHYIO O0OJIOUYKY aToMa.
VMeubiienue pasmepa 6p-opburanu Pb no cpasrenno ¢ S5p-opburansio Sn
06y C/IOBJIEHO IPOHMKHOBEHUEM 6 p-DJIOKTPOHOB HOJ ZBOMHON 3KpaH gecATH
9d-371eKTPOHOB U 4eTHIpHaAUATH 4 f-37IeKTPOHOB.

ITuM Ke OOLACHSETCA HEMOHOTOHHOCTh B U3MEHEHHUM SHEPrum HMOHW3a—
nuu atoMoB B psaay C—Pb u Gonblnee 3HaueHne ee 111 Pb no cpasHenuto
¢ aToMoM Sn (cM. puc. 140).

§ 2. CTEIIEHY OKUCJHAEHUA s Y p-DJIEMEHTOB

O HEMOHOTOHHOM XapaKTepe W3MEHOHHMsS CBONCTB B TVIABHHIX HOAIPYI-
IaX CBUAETEJIbCTBYET, HalP¥Mep, XapakTep H3MEHEHHs 3HepPTeTHYeCcKOTO
pPas/iniuA BHEIMHHUX s- M p-opOuraneil (tabna. 29), cremneseil OKHcJIeHHSA
(rabn. 30) u koopamHanmuosHbIXx uncen (tabm. 31) s- u p-3/eMeHTOB B
3aBUCHMOCTH OT MX aTOMHOr'0 HOMepa.

Y aroMoB s ¥ p-9/eMEHTOB BAJICHTHBIMH ABJSIOTCA JICKTPOHHI
BHemHero cjosi. IIpum ydactuum B o6GpasopaHuM cBsi3ell Bcex BAaJGHTHBIX
37IeKTPOHOB 9JIEMEHT MPOABJAAET BHICHIYIO CTeNeHb OKHUCJIEHWA, KOTOpas
YUCJIEHHO paBHa HOMepy €ro TpYINbl B HePUOAMYECKOH cucreMe.
OHepreTu4eckn OTHOCUTENILHO 60Jlee CTaGUIIbHBI COeIHHEHHA, B KOTOPHIX
3JIeMeHTbl HEYETHBIX Ipymnll NpPOSABAAIOT HEUETHbIE CTENEeHH OKHCIICHHA, a
3JIMEHTH YETHHIX TPYII — YeTHBIe cTelleHu OKucleHust (Tabn. 31):

TR T S B N e
.H.

+1,—1 +2,—2
+3 +4

+5 +6

+17
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T Tabanua 29 “JHeprernyeckoe pazmyme (5B) BHeNHMX $- U P-OpONTATIEH|
aTOMOB OJIEMEHTOB IVIABHBIX TOATPYIIT
[Tepuon [pynna
I I 1 v \Y Vi Vil Vil
2 Li Be B C N |O F Ne
1,9 2,8 4,6 5,3 6,0 | 14,9 20,4 26,8
3 Na Mg Al Si P 1S Cl Ar
2,1 2,7 45 5,2 56 198 11,6 13,5
4 K Ca Ga Ge As | Se Br Kr
- - 5,9 6,7 6,8 | 10,4 12,0 13,2
5 In Sn Sb | Te I Xe
' 52 |58 6,6 |88 10,1 -
6 Tl Pb Bi | Po At Rn
m o | anjan | as | -
Taéauua 30 Crelleum OKUCNCHUA S~ U P-ANEMEHTOB
XapakTepucTuKa ['pynmna
aleMeHTa
| 1 I 1AY \Y A Vil Vi
BastenrHsle anexr-| s £ | s2pt | stp? | s2pP ) s2pt | PP sepb
pOHB .
DileMeHT Li Be B C N 0 F Ne
Crenenu oxucne- | 1 2 3 4,215 3¢ 2 - ~
rma -4 -3 | -2 -1 ~
dnement Na Mg Al [.Si P S Cl Ar
Creneny oxucne- | 1 2 3 42153164 [1,3,57 ~
iyt —4 -3 | -2 ~1 -
Onement K Ca| Ga | Ge | As Se Br Kr
Crenenu oxucie- | 1 2 3 4,215 3164 (1,357 2, 4
{5 -4 -3 ) -2 ~1 -
JnemeHT Rb Sr In Sn Sb Te | Xe
Creneny oxncie- | 1 2 3 4,2 15,3]6,4 (1,3,57 B 4,6,8
H 51 —4 =3 | -2 ~1 -
BneMent Cs Ba | TI L pb | Bi Po At Rn
Crenenu oxucie- |1 2 1,3 2,4 13,5146 [57 (2, 4,6, 8)
Hus -4 -3 | -2 -1 - -




Taénuuga 31. Oropo- U OKCOKOMIUIEKCH HEKOTOPLIX BJIEMEHTOB

['pynna é: % g

= HE

. o«

s ES2

A BE 2

& I 11 v Y \% ! VII Vil | &, &

= 885

Yo A
2 | BeF? | BF; CF9 NF? 4
3 AIFS | SiFZ PF; SF? CIF} 6
4 GaFg' Gng‘ AsFé\ Sng 6
2 BO3Y CoZ- | NO; 3
3 S04 POY- so2- - | Clo; 4
4 GeOf | AsOY Se0?2"- | BrO; 4
5 SnOg' SbOg' TeOg' IO%' XeO41 6

Ilpu nepexome or I k VIII rpynme Brcilasi crenenb OKHUCICHUS DJIEMEH-
TOB IVIABHBIX LOATPYIIl CTAHOBHTCS BCe MEHEe YCTOMYHBON. ODTO MOXHO
06bACHUTD yBesuuenueM mpu uepexone or I k VIII rpynne saepreruiecko-
rO pa3/IMuMsa MEXKAY s~ U P-OpOHTAJISIMH BHELIHErO CJ0A ATOMAa, a CJeJoBa-
TEJIBHO, YMEHBIICHHEM BO3MOXHOCTH Y4acTHsi B O6Pa30BaHUM XHMHUYECKOM
CBA3U Ns2-2/IeKTpoHOB. Tak, peskoe YBEIMUEHHE DHEPIETHYECKOrO pa3id-
yus Mexay 3s- U 3p-opburtansimMu B psany Si (5,2 3B) — P (5,6 2B) — S
(9,8 3B) — CI (11,6 »B) npuBOAUT K PE3KOMY YMEHBILCHUIO yCTOHYMBOCTH
06pa3yeMblX HMH OKCOHOHOB!

Si0f” PO

50z Cclo;

B xapaKTepe W3MeHEHMs BHEPreTMYECKOTO padIu4usi ns- U np-opburalieit B

MOATPYTINle NPOSIBIsieTcsl SBHO BbIpaXKeHHas BTOPUYHAS NepUognyHOoCcTh. Kak BUjgHO
u3 1abn. 29, sHeprerMvecKasi PasHOCTb MEXAY NS~ U NP-YPOBHSIMU AJIsI BIIEMEHTOB
4-ro mepuosga BBIlle, YeM AJs1 B7eMeHTOB 3-ro U 5-ro mepuogoB. CrnegoBarenbHo,
COeMHEHNSA, OTBeHalOLIMEe BBHICIIENH CTelleHM OKUCIEeHUsI y 3p- M DHp-OJIeMeHTOE,
JO/KHBL OBITH YCTOMUYMBEE, YeM Yy 4p—éneM6HTOB. CkasaHHOe OOBACHSAET BKCIEPH—
MEHTAJIbHO yCTAHOBJIEHHBIE PSAbl yCTONYMBOCTH THUIIA

PCls > AsCls < SbCls; SFg > SeFg < TeFg; CIO; > BrO) <10,
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OcobeHHO BEJIUKO pasnudue
sHeprusiMu 65~ 1 6p-opburaneit (puc. 143).
DruM oObsicHseTcsT TOT aKT, ¥To A P
BAeMeHTOB 6-ro mepmoja BbICIasl CTeNeHb

MEXAY
-£,.,38 £, .98

okmceHns Heycroiumea. [lockosIbKY 652
SIEKTPOHBl  p-oJleMeHToB  6-To  Tlepuoga
IIPUHUMAIOT YyYacTHe B XUMUYECKOM CBA3U
¢ GOMBIIUM TPYAOM, OTOT PGhEKT Nomyduil
Haspanue "opdeKT UHepTHON 6s-Taphl’.
Kak BupHo M3 puc. 143, cpeansis ouep-
s ceAseir B rekcadropuaax p-oJleMeHTOR

VI rpynmsl ¢ yBeTMMEHWEM aTOMHOTO HOME-

P u c. 143. Ounepreruyeckoe pazin-
yMe s- W P-yPOBHEHN aTOMOB D-oile-
menTos VI rpynmbl U cpenHsist oHep-
MA CBSI3M B MOJIEKyJax HX rerca-

¢TopUI0B

pa oJeMeHTa MaMensietcid B 06paTHON TOC-
JIeOBATENIBHOCTY K WBMEHEHUIO OHEepreTn-
YeCcKOTO PAIMUMsI ns- U np-opOuTanen
(eM. Tabi. 29).

§ 3. KOOPIUHALMOHHBIE YUCJIA s-

U p-3JIEMEHTOB

BajleHTHBIMY y S~ U P-3JIEMEHTOB SABJAKTCS OPOUTAIM BHELIHEro SHep—
reTMYeCKOro ypPOBHA, T.e. OfHa Ns- U TpH np-opburanu. Y 31eMeHTOB 3-TO

‘M NOCJeAYIOIero MepHOOB, TpaB/ia, HMEIOTCs BaKaHTHBLIC nd-op6UTaIN.

Onnako, Kak MOKA3bIBAIOT PacdeTsl, 3TH OpOUTAIM IHEPreTHHCcKU JICKaT
CTOJIb BHICOKO, YTO BO3MOXHOCTb HX YYacTHs B O6pa3OBaHHH CBA3U BECHMa
HE3HAUYHTebHA.

PaceMOTpHM  DHEpreTHdecKylo IHarpaMmy OKTa3IpHIECKON MOJEeKYJIbl
rexcadropuga cepsi SFg (puc. 144). Oua HOKa3BIBaeT, 4TO CBASU B 31O
MOJIeKyJIe 06pasyIoTCsl 3a CUeT OJHOK Js- U Tpex 3p-op6urajieil atoma cepsl
¥ mecTH 2p-op6uTalieil mectd atoMos ¢ropa. Ilo snepreTHuecKHUM yca0BM-
AM 3d-opbuTranu aroMa cephl B OGpa3sOBaHHH MOJICKY/APHBIX opo6uTajei
y4acTHsi IPaKTHUECKH He IPUHUMAIOT. JIpenanuaTh BAJICHTHEIX 3JIEKTPOHOB
Mosiexyibl SFg pacrosiaraiorcsi Ha yeTHpex CBA3BHBAIOIMX H [BYX HECBA~
3BIBAIOIIUX OpOUTAIIAX:

U%UgU°4.
. JlnsA 06BACHEHHS CTPOCHHA W CBOMCTB p-3/€MEHTOB B HACTOSIIESE BPEMA
HIMPOKO NMPHMEHSIOTCS [PE/ICTABJICHHsT O JBYX- M TPEXIEHTPOBBIX op6uTa-
nsix. JIByXUEHTpOBas ABYX3JIEKTPOHHAs CBs3b OOpa3yeTcid 3a cHeT Hellap-
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Puc. 145, Oueprerudeckass aua-
rpaMMa opburanied IS ABYXUEHTPO-
BOro JIByXajieKTpoHHoro (@) u Tpex-
LeHTPOBOI'O  YeTHIPeXAVIeKTPOHHOTO
B3auMofleiicreus ( 6)

P u c. 144, DHeprernueckas Iu-
arpaMMa opOMTaJlelf OKTanApHU-
yeckolt Moexkysbl SFg

HBIX 3JIEKTPOHOB Itentpanbuoro aroma (A) u muranga (L), HanoMaum, uro
3TO OTBEYaeT 06pa30BaHMI0 IBYXLEHTPOBBIX CBABBIBAIOIIEH

v, ¥
vt Y,
U pa3phIXIARIE
V-9, -9

MoJlekynsipHbIX op6uraneil. [Ipu 3ToM mapa 31eKTPOHOB 3aHUMaer cBS3bI-
BalOIYI0 OpPOUTANb, a PA3DHIXAIONAs Op6uTate BaxkawTHa (puc. 145, a).
Tak o6bscusiercs, Hanpumep, 06pasoBanue cBA36H B MOJIEKY/1ax

GF  SF,  PF4

CI—F  S—F P
| 71N\
F F F F

33 CYET y4aCTHA OJHOrO 3JIEKTPOHA XJ0pa, JBYX WIEKTPOHOB CEpHl U Tpex
3/IeKTPOHOB (ocdopa:
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TpexueHTpoBasi 4eTHIPEX3JIEKTPOHHAA CBA3b BO3HUKAET 33 CUET 3NeKT-
POHHOI IIapbl HEHTPANBHOIO ATOMA U JIBYX HENapHBIX 3JIGKTPOHOB JBYX
JINTaHI0B, pacloyiokendux 1o onuoi auuuu. Corsacxo reopuu MO 3r0
oTBedyaeT 06pa3’OBaHUIO TpPeX MOJIEKYJIApHbX opéuraneil. Opna M3 sTHX
op6uTaneil TPEXHEHTPOBAs CBA3BIBAIOIIAL:

U, 2 wu.a + wrp;

Ipyras — OBYXLHEHTPOBas HECBA3BIBAIOIAA:

H TPeTbs -— TpeXUEHTPOBasaA pal3pbiXaaioiias:

U 1//‘L(.a - wl‘p .

Yersipe 37€KTPOHA TaKOW CBA3U pacHpeie/AOTCA Ha CBA3BIBAaOHION H
HecBaBbIBalOmel opburansax (puc. 145, 6). DM obecrneunBaeTcsa yCTOHuN-
‘ BOCTb TPEXHEHTPOBOI 4eTHIPEXAIEKTPOHHOMN CBSI3NU.
TpexueHTpoBasd YETHIPEX3OKTPOHHAs CBA3L NMOJY4WIa Ha3BaHUE iunep-
| sarenmuoti. IlpejcraBiieHne O TUNEPBaJIGHTHON CBASH MCIOABL3YIOT TS
O06BACHEHUA CTPOCHUS M O6pa30BaHUA COSIMHeHUil, B KOTOPHIX KOOpPMHa~
yuonxoe umcao p-asnemenra (V—VII rpymmer) Goabme uncena ero wemap-
. HBIX JJIGKTPOHOB; HalpuUMep, y XJ10pa U KceHoHa ecTs coepunenns ClF; n
K CIFs;, XeF,, XeFy, n XeFg, Torma kak y xnopa Bcero Jullib OJHH Helap-
HBII IGKTPOH, & ¥ KCEHOHA HENAaPHLIX 3JIeKTPOHOB BOOGINE HET:

- JIEE
- o +

‘ o 3s 3s

E E

4 H

PaccMoTpuM Mosekyny tpudropuza xiaopa. CoryiacHO HW3JI0KEHHBIM

\‘ BRIl NDE/CTaB/ICHUSM OJiHa M3 CBA3ell B MOJEKyJle JBYXLEHTpoBas

| . ABYX9/EKTpOHHAS (kak u B CIF), a ngpyras TpexieHTpOBas 4ernpex-

i 3nexkrponnas. [Ija 0o6pa3oBaHUA NOcJeHHell aTOM XJopa HpenocTapiser

' onHy u3 Jp-3nexTpoHHHIX mnap. Ilockonbky p-OpOUTANU PACIIONOMKEHbl B

aToMe B3aWMMHO IepneHguKy1apHo, Mojdekyta CIF; umeer T-o6pasuyio
¢opmy (puc. 146).
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g,17 HM

OF P u ¢. 147. BausiHue Mexbagep-
Puc. 146. Crpoetne MoneKy/ibi HOTO PACCTOSTHUSA Ha cTelleHb Ie-
ClF; PeRpbIBaHUs pr-Pmr-cBA3EN

B pesynbTaTe B3aMMHOrO OTTAJIKUBAHUA OIEKTPOHOB BaJIeHTHBIA yroll FCIF
Heckolbko MeHbile 90°. Paccrosnue CIF mpu IBYXUeHTPOBOM B3alMOJIeNCTBUN
xopode (0,16 uM), uem mpu TpexueHtposoM (0,17 Hm). [loHsTHO, uTO CcBAZN CIF
NPU ABYXLEHTPOBOM B3aUMojleifcTBUM mpoutee (251 k[lok/MoMb), HeM IIPU Tpex—
ueHtpoBoM (174 xJlx/Momb).

[pocrpaHcTBeHHasA KoHburypanus Mosexyibl CIFg Haxogurcest B MONHOM COTfa-
CUM € MOJENBIO JIOKATMBOBAHHBIX OJEKTPOHHBIX Map (cM. Tabn. 9). B momexyre
CIF4 Tpu BIeKTpoHHBE Taphl y4acTEyioT B CBsi3M (OfHa Mapa 3a cHeT [ByXeHTpo-
BOroO B3AMMOAENCTBUS, JBE MAaphl — 34 CYeT TPEXLEHTPOBOIO B3AMMOIEHCTBUS) M
JBe Tapbl OCTAlOTCs Hellofle/leHHbIMU MPU aToMe X7opa. BszauMHoe oTTajlkUBaHue
IATY 5JIeKTPOHHBIX Map OTBeYaeT PACIOoKEeHMI0 MX B BepLIMHAX TPUTOHAIbHON
GurpaMubl (cM. puc. 51).

Paccysias aHalOrMUHO, MOKHO TOKasaTh, 4T0 Modekyiaa ClFs o6paso-
BaHa 3a cYeT KOBAJEHTHON M [BYX I'MIEepPBAJIEHTHBLIX cBazell. PopMma Moie-
KyJ/lbel — KBaJpaTHas NUpaMuza (cM. puc. 51).

YeTulpoxdaneKTPOHHEIE TPOXUEHTPOBLIE CBA3A MeHee NPOYHBI, YeM IBYX-
SJIGKTPOHHBIE ABYXHEHTPOBBIE, — CKa3bIBaeTCs B3aMMHOE OTTRJ1KUBaHHe
AEKTPOHHBIX Tap.

O6pasoBanme runepBajeHTHON CBI3M OTBEYAET MEPETCKaHMIO BJIEKTPOH-
HOH [UIOTHOCTM OT HEHTPaJbHOro aroMa (LOHOp) Ha JUraHzsl (aKIEHNTop)
(cM. puc. 145, 6). TloaTomy B ponu aurannos sdpdexruBHee Bcero BuICTyIIa-
10T HanboJee 3JEKTPOOTPUIATEIbHEIE aTOMbl ((TOp, KHCIOpOA). ITUM Ke
06BACHAETCA cTabUIM3alMs BbICIINX CTENEHEeH OKUCIACHUsA 3JIEeMEHTOB B UX
GTOpPO- M OKCOCOEINHEHUSX.

O4eBUAHO, YTO B OAHOTUIHLIX MOJIEKYJIaX FUNepBajleHTHas CBs3b GyRer
NpoYHee, €cIM HEHTPAILHBIM aToM (JOHOp) WMeeT MEHbIINH HOTeHIUA
noansagun. OTclOna sACHO, NOYEMY, HANPUMED, A/ cephl U3BECTEH TETpa-
dropun SF4 u paxe rexcadropun SFg, Torna xak nopgo6HbIE cOGIUHEHWNA
298

[JIsT KNCJIOPOia HEM3BECTHBI. JHEPrus MOHU3AMUU aTOMa KUCJI0POLa cTOJb
senka (13,6 9B), uro maxe ¢rop (17,4 3B) nesdbdexTuBen Kak suran/
IpU [OCTPOEHWHM TUNEPBANEHTHON cBA3U. Tak ke MOXHO OGBSICHUTHL OT-
CYyTcTBUE Yy asora NeHtadTOpUuma, Torga Kak s ¢ocdopa coepunene PFs
BIIOJIHE YCTOMYUBO.

Cnenyer OTMETUTHL €Ile OAHY OCOGEHHOCTH 3JIGMEHTOB 2-TO MEpPUOma:
U1 HUX XapaKTepHO obpa3oBanue pr—pr—cBaseil. Jlnsa sneMedToB 3-ro u
HOCJAEeAYIOIMUX NePUOL0B 3TOT TUN NepeKphiBaHUsA opOUTasell He XapaKre-
ped. Ob6bsAcHseTCS 3TO TEM, YTO ¢ YBEJIUYEHUEM pa3MEpPOB aTOMOB BOBMOK-
HOCThb I€PEKpbIBaHUSA TaHTEJEBUNHHLIX pP-OpOuTaiell GOKOBHIMU UX YacTsAMHU
pe3ko yMeHslaercs (puc. 147).

BenencrBie yeToMuMBOCTA pr—pr-cBA3EN AJIs YIVIEPOLa M a30Ta XapaK-

TepHbl OKcoannonnble kommiekenl CO3™ 1 NOj mI0cKOTpeyrolbHOTO cTpoe-
uuA. s kpemans n ¢ocdopa xe yeTONYUBL OKCOaHNOHHBIE KOMIJIEKCH

Si0f", POY, umeromue TeTpasnpudeckoe crpoenne (ecm. taba, 31).

das s-snementos 1 m 1l rpynn (oHeprusi MoHM3amuu aTOMOB Majia) B
OCHOBHOM XapaKTepHbl MOHHBIE coefuHeHUs. KoOpAMHanMOHHEIE YMcaa UX
HOHOB nMmeror Gonpmine 3HayeHust (6, 8) U OHPENENARTCA COOTHOLICHUEM
PasMepOB MOHOB MOHHOrO KpUcTaiia (cM. puc. 57, 58).

I'JABA 2 BOJIOPOJI

CucreMarnueckoe HM3ydeHNe cBOWCTB 3/IEMEHTOB HauHeM ¢ UByUEHUA
CBOWCTB BOAOpOAA, UMEIOMEro IO CpaBHEHUIO C IOPYTUMH 3JIEMEHTaMu
HanboJsiee npocroe cTpoeHUe aroMma. Ero ssekTpoduas kouwdurypanus s
ocHOBHOM cocTosiHum 1s!. [IpocTora 2ieKTpoHHON CTPYKTYphl aTOMa BOJO-
pona, KOHEYHO, He O3HadaeT, 4To ero XuMus "Hambosee npocra. Hao6opor,
OHa BO MHOrOM OTJIM4aeTCsd OT XUMHM IPYTFUX IEMEHTOB.

OcHoBHast 0COGEHHOCTh BOZOPOLA BAKAIOYaeTCS B TOM, 9TO B OTIMINE
OT BCEX APYTUX 3J€eMEeHTOB (KPOME Iejiisi) B €r0 aTOME BAaJICHTHBIA DJICKT-
POH HaXOAUTCSA HENOCpeNCTBeHHO B cdepe AeNCcTBUA aTOMHOTO sigpa — Y
Hero HeT NpOMEeXYTCYHArs sjekrponHoro cnosi. Homoxurenwro 3apsixen-
HHI MoH Bopopopa H* npencraBiser co6oii 3/eMeHTADHYIO 4acTHLy npo-

Mon.

OcobeHHOCTL CTPOSHNUS HJIEKTPOHHONM 0BOMOYKHA aToOMa BOLOPOHa (rak 1
PIUA} HE MO3BOJAET OAHOBHAYHO DEIINTh, B KAKOH TpyIIe HepHoguyec-
KO# cHUcTeMBl OH [LO/IKEH HaXOAUThbes. lefcTBUTENLHO, €c/iM UCXOaUTh U3
YMcsla BAJEHTHBIX 3JIEKTPOHOB €ro aToMa, TO BOAOPOJ, NOJKEH HaXOLUThCS
B | rpynme, 4T0 NOATBEPXKAAETCA TAKKE CXONCTBOM CIEKTPOB MIEJIOYHBIX
MerasijioB ¥ Bopopopa. CO MENOYHpIMA MeTal/laMil cOJIMEKaeT BOLOPOJ, U
€ro cnocoGHOCTE [aBaTh B PACTBOPaX TUIAPATUPOBAHHBIA TOJOKUTENBLHO
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onnozapsauuit nod H* (p). Oauako B CcOCTOAHWW  CBOOUIHOIO  MOHA
H* (r) —'npotoHa -~ OH He uMeeT HuYero OOIlero ¢ MOHAMM IIEJOTHBIX
MeTal10B. KpoMme Toro, oHeprMsA HOUMBALUK ATOMA BOJOPOLA HaMHOTO
GOMNbIIe PHEPTrUA MOHU3AIMUU ATOMOB INEJOYHBIX MEeTAVIOB.

Ecnn ke MCXOOUTh M3 TOTO, YTO NJIA 3aBEPILEHUS BHEIUIHETO DACKTPOH-
HOTO CJIOSE ATOMY BOJOPOJA HE XBATACT OAHOIO JJEKTPOHA, TO BOILOPOJ
cnenyer noMectuts B VII rpymnme. KpoMe Toro, Kak W aTOMBl TAJIOTEHOB,
ATOMB! BOAOPOJA XAPaKTePU3YIOTCs BBICOKUMM BHAYCHUAMM JHOPTUM MOHK-
3anMu. BMecTe ¢ TeM BOAODPOA — 3JEMEHT OcobBli, U Da3MellleHue ero B
TOI WJAM WHOI rpymie TabIUIbl B 3HAYUTENLHOR Mepe yC10BHO.

DHeprus KOHK3AUMU aTOMa BoAopoAa (1312 w/la/MOnb) cTONMB BENHKA.
yto coepuHenusi Bonopona (1), mgame ¢ TAKHUMHU CHILHBIMH OKUCAUTEITAMIL.
Kak (TOp M KUCIOPOHA, HE MOFYT ObITL MOHHLIMM. kemd e gonycTurns
06pa30BaHMe B COEIUHEHNAX HOHOB HY, HX MCKIIOYUTEILHO BHICOKOE MOJIsA-
pU3yiolllee AEHCTBUE BCE PABHO NPUBEJO Obi K O6GPABORAHMIO KOBAIECHTHON
ceAsy. Ilo stum ke npuunnam uoukl HY He MOTYT ¢ylIecTBOBATE B CBOHOJI-
HOM COCTOSSHUU IPH OOBYHBIX XUMH'IECKUX sBicHuAX. Cneunmduka crpoc-
HUS ATOMAa BOAOPONa o6YCJAOBIMBAeT 0cOOLIA OPHCYILMNA TOALKO cOSJIAHE-
umAM Bonopona (1) Bua XUMHHECKON CBABH — G6000POOHYI0 (GI3h.

IMponecc obpazoBanus OTpUiATeNBHOTO noHa H™ n3 aroma sk3oTepmn-
yeckuii (cpomeTBO K asexTpony (1,75 aB), nosroMmy 448 BOLOPOAA B CTeMe-
HU OKMCJEHUA —1 BOBMMIKHBI MOHHLIC ¢OSIMHEHNA .

Takum 06pasoM, BogopoA — Hemeraauiieckuil saemenT. B coenume-
HHAX OH MOKOT MMeTb CTelleny okicienua —1 u +1.

Bopmopon, mupoko pacnpoctpaned B npupome. (ojepkaHue €ro Ha
3emne 3,0% (Mos. monu). OH BXOAMUT B COCTAB BOJLL, [JIMH. KAMENHOTO A
6yporo yras, HedTu u T.JI., 4 TAKIKC BO BCe SKUBOTHBI® U PACTUTENBIBI
OpraHusMel. B ¢BOGOIHOM COCTOSHUKA BOAOPOIL BerpedaeTcy KpaHHe pPeiko
(B ByNKaHMUECKUX M APYIUX OPHpOJHEBIX razax). Bogopoa — caMmblit pac-
POCTPAHEHHBIM HJEMEHT KOCMOCA: OH COCTABJIHET Ji0 [OJMOBUHBL MACCH
ConHpa u GONBIIMHCTBA 3BE3M. 'MIaHTCKUE IVIAHETH! COMHEUHON CHCTEMBbI
Onutep u CaTypH B OCHOBHOM cOCTOSIT t3 BOJopoia, OH NpUCYTCTBYeT R
atMocepe psfa IJIAHET, B KOMeTaX, Ia30BhIX TYMAHHOCTAX U MEK3BE3HOM
rase.

Bojiopos viMeeT M30TOTIBI ¢ MACCOBLIMIY YHCHAMI cooTBeTeTBenHo 1, 21 3
TH 2D (%H) ST (*H)
(ple (p + nje (p + 2nje
TIPOTUN HeliTepuii ThUTUI
Iporuit ¥ penTepuil — cTACUILHBIe W30TOMLL HOPManbEBIE KW30TOMHLEIA cocTab
NIPUPOLHLIX COENMHEHUM BOAODOAA COOTBETCTBYET OTHowleHuty [XH = 1:6800 (nc
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uypcny atoMoB). Tputuit 6era-paiMoaKTUBEH, NEPHOL MOJIyDACIajia T, = 1226

/2

roja:

3T = 3He + f

[lonarator, 4TO ®Ta peaKUMUs — MIABHBIA MCTOYHUK UIOTOINA %He, HalifleHHOTrO B
arMocdepe. Copepitane TpuTusi B arMocdepHoM Boloponie cocrabiser 4-10715%
(Mon. pommu) u B atmocdepnblx ocankax ~ 3-10718% (Monm. monmu). Ouesvpso, on
obpasyeTcst B pesysbTaTe ANlPHBLIX peaKiUil, BBLI3BAHHBLIX HEACTBUEM KOCMMYeCKUX
nyyeit. TPUTHI MOXKHO UCKYCCTBEHHO Mody4uth no peakunu °Li (n, o) 3T.

Hpocthe pemectsa. UMest onuH 21eKTPOH, BOAOPOA, O6pa3yeT nuilb
JBYXaTOMHBI® MOJIEKYJIBI ¢ BNEeKTPOHHOU KOHGUrypalueil HeBO3GYH I EHHOTO

cocToanua o2 Ilpu 5TOM BOSMOXKHBI MOJIEKYJIbI JIEFKOT'O BOJOPOAA — IIPO-
i Hy, Tsixesoro sogopona — pmeiitepusi Dy, tputusi Ty, uporopeitrepus
HD, npororputust HT, neiiveporputusa DT.

Monekynel BOmOpOHA OTINYAIOTCA GOJBINONH IPOYHOCTBIO W MAJIOM
NONAPUBYEMOCTBIO, HE3HAYUTEIbHBIMU p'azmepaMn A MaJlOl Maccoi, a
CJIeI0BATEeNBbHO, M GONBINON NONBMMHOCTBIO. [losTOMYy y BOmOpOma oueHb
HU3KHE TeMnepatypbl miasnennsa (—259,1°C) u wunenus (-252,6°C); om
ycTynmaeT B TOM OTHOLIEHMH JULIb resinio. 1o TeM ske nNpuyyHaM OH odeHb
HE3HAYMTENLHO PAcTBOPSETCA B BOAE M OPraHMUYecKHX pacTBOpuTensx. Y
TBEPAOro BOmOpoma (cM. Taba. 28) MonekynspHas penietka. Benencreue
BBICOKOM sHeprun nucconmannu (435 wllx/Mons) pacnang monekyn Ho Ha
aTOMBl NIPOMCXOJUT B 3aMETHOH cTelleHM JNIUL NPU TeMIepaType Bblllle

2000°C.

CornacHo TeopeTMYeCKUM IPELCTABIEHUAM [P OTPOMHBIX JIABJIEHMSIX BOLOPOX
LoJikeH NePeXOnUTh B METa/IMYecKoe COCTosiHUe. B sTUX ye/ioBUAX KOJDKHO mpouc—
XOIMTb TpeBpallleHle MOJIEKYJISIPHOTO BOLOPORA B ATOMHEIA M HOJ/DKHA 0ODas30BbI-
BaTbcA KPUCTAUIMYECKAs DellleTKa, B y371aX KOTOPOM HAXOHATCHA IIPOTOHLI, 8 3JeKT-
POHBI CTAHOBSATCS OOLIMMM JUISi BCErO KPUCTAaJUIA; TAKOH KPUCTAJl HOJDKEH obJa-
JaTh MerajlJInyecKoit IIPOBOAUMOCTDIO.

Hockonbky 713 BOAOPOLA BO3MOXHBI MOMOKNTENbHAS U OTPUIATEILHAS
CTeleH OKMCJIGHUs, BOJOPOJ MOXET IIPOABNATH W BOCCTAHOBATEIbHBIE, U
OKMCIUTENbHBIE CBOHCTBA. B OOBIYHBIX yeHOBUAX GJarofapsi yeTOHYnBOCTH
MOJIeKYT OH CPABHUTE&ILHO Majl0 aKTMBEH W HEMOCPENCcTBEHHO B3aMMONEii-
¢TByeT AWML co ¢TopoM. [lpm HarpeBaHmu ske BcTymaeT BO B3aMMOpeii-
CTBMe ¢ MHOTMMM HeMeTalllaMM — XJIOPOM, OPOMOM, KMCIOPOAOM u Ip.,
Han puMep:
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H; (r) + Cl; (r) = 2HCI (r), AH,, = —184 x/lx
= —484 x/lx

2H, (r) + Oy (r) = 2H,0 (r), AH
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OTH peakIU¥ [POTEKalOT ¢ BLIJEJIEHHEM OOJIBIIOrO KOJMYEcTBa TeJio-
Thl, 4TO CBUIETENLCTBYeT O BEICOKOW 3Hepruu (mpounoctu) cesaseir H—CI,
H—O. IloatoMy BOmOpOA npoABAsier BOCCTAHOBUTEALHBIE CBOWCTBaA M IIO
OTHOIUEHUIO KO MHOTUM OKCUJaM M IajlOr€HU[aM, HallpuMep:

+2 0 0 +1 +2 0 0 +1
CuO -+ H2 =Cu + Hzo VClz + H2 =V+ 2HCI
Ha atoM ocHoBaHO IIpUMEHEeHUe BONOpPOAa B KadecTBe BOCCTAHOBUTEJIA
AJiA NOJNyYeHUusA psana IPOCTHIX BEIECTB U3 OKCUOOB U I'aJIOreHu J0B.

B kauecTBe OKuMcAUTENss BOAOPOJ B3aUMOAENCTBYET ¢ AKTUBHBIMU Me-
TaJlJIaMu:

0 -1
2Na + H, = 2NaH

Coenunenast Boiopofa (—1). B Tex caywasix, Korga BOLOPOI BLICTYNaeT
B KadecTBe OKMcJIUTENsA, OH BeJeT cebs KaK Tajlored, 06pa3ys aHallOrHd-
Hbie TAOTeHUAaM (1 0puUosL.

OnHako B OTJIMYMe OT 06pas3oBanus TajloreHUN-MoHOB 06pazobanMe MoHOB H-
us Momnexyn Hy — mpouecc sHpoTepMudeckyil. Duranibnusi o6paszoaumsa H™ cocrap-
aser 1447 wJx/Momb:

VoHy (r) = H(r), AH),, = 2175 xllx
H(r) + ¢ = H (1), AH,, = 72,8 rlx
1/oHo (r) + ¢ = H (1), AH‘;98 = 144,7 xJIx

[TosroMy okucIUTeNbHAS AKTMBHOCTD BONOPOAA CYLIECTBEHHO YCTYIAeT TajloreHaM.
[lo sroit xe NpUuUMHe SICHO BBIPAMKEHHBI MOHHBL! XADAKTEP MNDOABISAIT JIUUIEL
TMAPUIEI Haubosee AKTHBHBIX METAJIOB — IIETOYHBIX U ILETOUHO—3eMETBHBIX.

WNouuste ruapuasi, Hanpumep KH u CaH, npexgcrasasior coboit 6eibie
KPUCTAIIMYECKUE BELIECTBA C BLICOKUMU TEMIEPATYPAMH MNJIABNEHUA, T.€,
comm. Ux paclliiaByl XapaKTepu3ylOTcA BBHICOKON 3JIEKTPMYECKON HpOBOAU-
MOCTBIO, IPHM DJeKTPONU3e PACINIABNAEHHBIX U/ PUIOB BOAOPOS, BBLAEIAETCH
Ha aHone. I'mapumsl s-2/eMeHTOB | rpynmnsl, Kak u 6OJBMIMHCTBO MAJTOreHU-
JIOB DTUX D3JIEMEHTOB, UMEIT cTpyKTypy ThMna NaCl. B xummueckom oTHO-
IUEHUH WOHHBIC I'UJPU/LI BEJIYT ce0A KaK OCHOBHBIE COONMHEHHA.

K KOBalneHTHBIM OTHOCATCSA TUAPMAB MEHEe 3JIEKTPOOTPULATEIbHBIX,
eM caM BOAOPOJ, HEMETAINIMYECKUX 3JIeMeHTOB. K KOBaJIEHTHBIM OTHOCST-
cst, Hanpumep, ruapuam coctaBa SiHy m BHj; Ilo xuMuueckoit mpupone
IUAPUIB HOMETALIOB ABIAIOTCA KUCJIOTHBIMU COSIUHEHUSIMHU.

302

Pasznnuue B XUMHYECKOil npUpoOae rHAPUIOB MOXKHO JIEFKO YCTaHOBUTH
10 UX MOBEAEHMIO MPU rUAPOIU3e. XapaKTEPHON OCOGEHHOCTBLIO FMIPOIU3a
THAPUAOB SBJIAETCA BHIJEJIEHME BONOPOaa. Peaknysa npoTeKkaeTt MO OKUCIH-

TEJIBHO-BOCCTAHOBUTOILHOMY MexaHu3My. OTpUpaTesNbHO MO pU30BaHHEBIN
-1 +1
aroM H B ruapume M HOJOKUTENLHO NosisApu3oBanuelit artoM H B Bonme

nepexonsT B COCTOSIHUE C HyJIeBOf/'I CTEIIEHbIO OKHUCJIEHHUA:

- : - + 0
OCHOBHBI KUCJIOTHBIN

3a ¢uer BHIENEHUS BOAOPOA THAPOIM3 MPOTEKAeT MOTHOCTHIO M HEO6-
patumo (AH < 0, AS > 0). IIpu »TOM OcHOBHBIE THAPHUIAB 06pa3yioT
HIEJI0Yb, & KUCTIOTHHE — KUCIIOTY.

Pazauyne Mexay OCHOBHBIMM UM KUCAOTHBIMHU THAPHIAMU OTHUETJUBO
HNPOSABAAETCS TaKkKe [PHM UX B3aUMOEeMCcTBUM Mexy coboit, HalpuMep:

LiH + BH; = Li[BH,]
OCHOBHBII KMUCJIOTHBI TeTparuapunobopar
JHUTUA
H H T
H: + B:H — [H:B:H
H H

JOHODp  AKIENTop

IMoHATHO, YTO 3Ta peakpuA MONKET IMPOTEeKaTh JIMIUB B HEBO/HBIX Cpe-
Jax, HallpuMep B 3dupe.

Cranpaprubiii morenumnan cucremss !/,H,/H™ pasen -2,25 B. Caeposa-
TeNbHO, HOH H™ — opMH M3 caMplx cMABHBIX BoccTaHOBuTeNel. llosTomy
MOHHBIE, a TaKXe KOMILJIEKCHBIE THAPHIAB — CUABHBIE BOCCTAHOBUTEJH.
OHy WHPOKO NPUMEHAITCA I/ NPOBENEHUA Pa3AMUHLIX CHUHTE30B, IJA
HONYy4YEHUs BOAOPOAa M B xuMuyeckoM aHanu3se. Imapun kanmsums Cal,

UCIOMB3YIOT, KPOME TOrO, B KayecTBE OCYIMIMTENs I/ YIAleHHs cJeloB

BJIaru.

Coenunerms  Bogoposa (I). IMonoxurenbHast noAApU3anUsa  aTOMOB
BOMOPO/ia HaGJIONAETCS B €r0 MHOTOYHC/JIGHHHBIX COGIMHEHUAX ¢ KOBAJIEHT-
Hoii cBA3bio. Ilpu o6buHbx yenosuax — 310 rassl (HCL, HoS, H3N), swun-
koctu (H,O, HF, HNOj3), teepasie pemectsa (H3POy4, H,SiOj3). CeoiictBa
9TUX COSNUHEHUI CHUABbHO 3aBUCAT OT HPUPOAH 3IEKTPOOTPULATENLHOTO
d1eMeHTa. B yacTHOCTH, A/ coequueHuit, cogepxammx csasu F—H, O—H
u N—H, ocobo xapakrepHa somopomnas ceasb. Beaencrsue sroro HF u
H,0 B 0O6BIYHEIX yeTIOBUAX — XKUAKOCTH.
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tnn 7°C tkunr ¢ 1o
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Nepuods Nepuods:
a §

Py c. 148. Teumneparypbl wiasnenus (a) u Kunenust (6) BOLOPOAHBIX
coeauHenuit p-onemenroB VII, VI, V rpynn
Ecniy cpaBHUTL TeMIepATYPbl IVIABJEHWST U KUIIEHUA ONHOTUIIHBIX OWHADHbBIX
coellutenUll BOAOPOHA ¢ ojleMeHTaMm pauoi rpynnbl (puc. 148), To BMuHO, YTO
BCJleficTBue obpazopanusa Bopoponubix cesizeit HF, H,O u HgN nposmastor ano-
MaJIbHO BBICOKME TeMIIepaTyphl IVIABTIEHUA U KUIeHUS. AHAJOTMYHBIA XOI KpUBBIX
HabmoaeTcst U VIt QHTAJTBINI MCIapeHnusi 3TUX COeMHeHUN.

Benencreue criocob6HOCTH 06pa30BLIBATL BOJNOPOJHBIE CBA3M U BCTYMATh
B JOHOPHO-aKIeNTOpHOe B3aumopeiicTeue sxuakocty HF, H,O u H3N
ABAAIOTCA XOPOLWIMMH MOHUZUPYIOIIMMH pPacTBOPUTENAMMU.

CreneHr M XapaKTep OCHOBHO-KHCJIOTHOM MOHM3alMM B CcHUCTeMe U3
JNBYX coenmuenuit sogopona (I) 3aBMCAT OT UX JOHOPHO-AKUENTOPHON aK-
tusnoctu. Tak, B pagy HF—H,0—H3sN B cooTBercTBMUM ¢ yMeHbLeHMEM
YUCJI3a HENONENEHHBIX 3JIEKTPOHHBIX [ap BO3pacTaeT CPOACTBO K IPOTOHY.
Mockonbky cpomeTso k mporony y NHjy 6omsme (9,3 3B), wem y H,O
(7,9 aB), kMcIOTHI — cyia6ble B BOAHBIX PAacTBOPax, B KU KOM aMMHaKe —
cunbueble. Hanpumep, HCN B BOE — OueHb cnabas KHUCJIOTa, a B KUIKOM
aMMHaKe MOHM3WpyeTca nouTu Tak xe, kak HNOj; B Bome. B xugkoMm am-
MUaKe KUCJIOTHBIE CBOMCTBA NPOABIAIOT [aXe HeKOTOPBle YIJIEBOJOPOIBL.
Bopa npu pactsopenuu B HF Beger cebs kak ocHOBaHME.

[pucywmasi Bogopony, KaK HeMeTAJNIMYECKOMY B3JeMeHTY, TeHAeHIUA K o6paso—
BaHUIO AHUOHHBIX KOMIUIEKCOB — 1UOPOIEHAMO8 DEATINYETCHA, HATIpUMED B CIIeNyIo-
IUX PEAKIUIX:

KF + HF = K[HF,];
nudToporunpo-
reHaT Kajust

KNOj + HNO3 = K[H(NO,),]
IVHUTPATOTUAPO-

reHaT KaJus
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UJPOreHAT-KOMIUIEKCEl 06pa3yloTcsi 3a cueT BogoponHoit cesasm: [F.-H---F[;
O2NO- - +H---0ONQ,J".

\ -
Onu nMeror nuHeitHoe crpoetue. UX obpazoBanme MOXHO OGBACHUTE Cllefyio—

. wuM obpasom. Opburtamu uona HF, BosnmKkaior 3a cYeT JMHeliHOI KOMGMHAIMK
opbutaiu leHTpajibHoro atoma s (ls-opburasb H) u rpynnoeex op6uraneit
nepucdepuiecknx atoMoB ¥y, 1y (2p,opburaineit gByx aromor F):

¥
AN P
Vs
V2
[To ycnoBusiv cumMerpum coderanne Y5 u -y-opburaseit NpuBOIMT K 06pazo—
" BaHUIO CBABLIBAIOMIEN 0 ¥ pPasphIX/IIOllefl MOJIEK yIIADHOM U:—Op6MTaJII/l uona HF
. {puc. 149):
V(o) ~ ¥s + 45
V(o)) ~ ¥s — %

" Jlast rpynmoBoit opbuUTaM Y NOOXOAsMIlelt TO YCIOBUAM CHMMETpHM OpPBHTam

., HEHTDAJILHOTO aToMa Her, nootoMy B uote HF, opbutaib i, urpaer posb necBAsH-

/i Bawomedt (puc, 149). Yerbipe viiextpona (omuu ot atoma H, pBa or gByx atomos F

AQ MO, .- AQ
; el — A NN WZN
M' // \
i \/ \\
1s \\
o H—
\ 4
, \ ,
\_H_/
p

P u c. 149. Dueprernveckast auarpaMma (a) u cxeMa o6paszoBanus op6u-*
' raseit (6) noua HF, '
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M OMH 3a CYET 3apsiia MOHA) PACIPENe/IATCA HA MOJIEKYJIAPHbIX CBABBIBAIONIEH
O~ U HecBA3bBapOLell ¢ -op6uTasax. HaxoxneHue 5/eKTDOHOB HA MOJIEKYJISIDHOM
HeCBSI3bIBAKOLLEl ¢°~OpOUTAN COOTBETCTBYET KOHLEHTPALMM M3OBITOYHOrO OTPHUILA~
Te/ILHOTO 3apsiia Ha KOHLEBHIX aroMaX. C/e[OBATETBHO, THMIPOTeHAT-MOHBI THIA

HX; momsubl GBITH Hambosiee CTAGUIBHBIMM B TOM ciydae, korpa X — wanboneé

OJIEKTPOOTpULATENbHbIE ATOMBl WM WX rpynnupoBku. Tak, B uone HFE 2 CBA3b
TOYTU B TpU Pas3a NpOYHee MeXMOJIEKYJISPHON BOXODORHON CBS3H.

BosbIIMHCTBO TUAPOTEHATOB MOXeT CYLlecTBOBAThH JIMIUL B HEBOIHBIX WM
HACBHILIEHHBIX BOHLIX PACTBOpAaX, a TaKke B TBEDIOM COCTOSHUM.

ATOoMBI BOIOpOa BXONAT TaKike B cocraB ruppocosert tuna NaHS, NaHCOs.

NaHSO4. TIpymner HS", HCOjs, -HSOj wmoryr CylecTBoBaTh B BHe CBOGOIHBIX
HOHOB, Ha3blBaeMbIX COOTBETCTBEHHO udpocyAsPud-, wipoxapbonam— v wopocyrs
gam-nonamu. CTpyKTypa TakMX coJleil B TBEPIOM COCTOSHMM Takike o6yc/oBIMBa-
eTcsi BOROpOLHOM ¢Bsizbio. Huske cxeMaTHMYeCKM MOKasaha CTPYKTypa TMIpoxapbo-

Jd‘“s‘*o%"s“ 20

0) OO O

ONa eC OO0 +H

Meramuyeckue COSAHHEHUS BOAOPORa. MeTajuimdecKumMu CBOMCTBaMU obmana-
10T BOJOPOLHBLIE CBS3U COeliMHEHUsT d- U folleMeHTOB. OTH COeAMHEHUS MOJYHaloT—
Cs B BUJie METAJUIONOJOOHBIX TeMHBIX MODOIIKOB WJIM XPYIIKOH MacChl, WX DJIeKTpH-

4ecKasl MpOBOIMMOCTb M TeINIONPOBOXHOCTL THIIMYHBL TSI MeTajllloB. DT0 TMADUIbI

HecTeXMOMeTPUYECKOro cOCTaBa. VlealMsupoBaHHbI COCTaB MeTaWIM4eCKUX TUIpU—
OB uYame Beero otBeyaer dopmynam MH(VH, NbH, TaH), MHp(TiH,, ZrH;, HfH,,
ScHjy) u MHg(UH;, PaHj).

O xapakTepe cBs3M B TUAPUAAX d- U fOJleMEHTOB cyulecTByoT nBe Teopuyu. B
COOTBETCTBUM C ONHOM M3 HUX BOHOPOJL BXOAWUT B pellleTky B Buae Mona H*, a cBot
ONIEKTPOH OTHaeT B 30HY IIPOBOJMMOCTM Merajumiyeckoit crpykTypbl. Cornacho
OpyToil TeOpHM aTOMB! Bojopoja OepyT OJIEKTPOHBI U3 30HBI NIPOBOAMMOCTH M
HaXOJATCS B KpUCTAJJIMYECKO# pelletke rMApUaa B BUje ruapupn-uonoB H™. Mo~
HO AyMaTh, 4To B NepHopudeckoit cucreMe oT | k V rpynne umeer Mecro mocTerleni-
HBIA Tlepexos OT MOHHBIX MMAPHIOB (THUIA colleft) K BeniecTBaM, B KOTODBIX BOZ0OpO/
Haxonurest B Bupe H*.

Criefiyer OTMETHTDL, YTO TiepBble TPU METa/la KaKJOTo CeMeficTBa d-GlIeMeHTOB
(r.e. S¢, Ti m V; Y, Zr u Nb, La, Hf u Ta) nornomaror Bonopos co 3HaYUTENbHbIM
ok3orepMuieckUM adderroM. Hamnpumep, sHradbmMu o6pasoBaHUs HEKOTOPBIX
M PULIOB UMeIOT CIefyIollie 3HAYEHUST:
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ScH, YH, LaH,
i AHof,zgs’ sl /MO ............ —69 ~186  —208

TiH, 7ZrH,
~144  -169

d-Merannp VI—VIII rpynn mo oTHOWeHMI0 K BOoHOpOAY MAaJOAKTHBHBL Tak,
oHTaJIbIUs obpasoBauusa FeH, Bcero —0,84 w/lx/Monb. Uckimouenue cocrapmsier
Najviajiiiil, KOTOPBIA TOrJIOoN[aeT BOJOPOJ OUeHb AKTUBHO. AHOMaJibHOE MOBeHeHUe
MaJy1ajiisl CBASBIBAIOT C €r0 YHUKAJbHOH OJIEKTpOHHOM Koudurypaiweit (4d10 —
"npoBan" HBYX 5s-GIEKTPOHOB).

TapUabl MeTalsioB 06PasyIOTCst 13 IPOCTHIX BEMIECTB ¢ MOHMIKEHEM SHTPOIU M,
TaK KaKk MCXOJIHble BenlecTBa TBEpAoe W ra3000pasHoe, 8 KOHEUHbIl TPONYKT TRep-
mei. [losroMy cuHTesoM W3 Bojopoma 4 MeTalsa MOKHO MOMYHUTH TONBKO Te
COeMHEHUS, 06pa3oBaHiie KOTOPBIX CONPOBOKAAETCA BbIeJleHdeM 6GOJBIIONO KOJM-
4ecTBA TEMNOTHL. B mpotuBHOM ciydae ruppuibl d- ¥ foNeMeHTOB MOXHO NOJLYYUTH
JIUIIB KOCBEHHBIM ITyTeM.

Merannyyecsue THAPHAB UCIOMB3YIOTCS KaK BOCCTRHOBUTENM 1A TIOJYHeHUA
TOKDBITHST I3 COOTBETCTRYIOIEro MeTasula, a TakkKe JUIA [OJMy4HeHHs] MeTajliioB b
Bujie mopowkoB. B mocnennem ciydae merann, sanpumep Ti winy V, Hacbumaior
BOZODOJOM, 06pasoBaBIIKACS XPYIKUIA TUADKI PACTMDAIOT B TIOPOLIOK U HATPeBatoT
B BaKyyMe, B pesyjibTate 4ero [OJy4alorT MOPOIIOK Meranna. BenencrTeue nmacrmu-
HOCTU UMCTBIX MeTa/UIOB MONYYUTH WX INOPOIKU TPOCTHIM PACTUPAHUEM METAJIIOB
He ynaercst.

[vnpua tUTaHAa mpencrTaBNseT WHTepec B KadecTBe Xpamnimiga

BOJIOPOJIA.

Hony4enne u mpumeHenne Bogopoia. [10CKONBLKY B COSMHEHHAX BOMO-
POl IPOABAAET CTelleHu okucaenusi —1 u +1, ero nosydenue B cROGOIHOM
COCTOAHMM OCHOBaHO Ha CIEAYIOUIMX OKUCJIUTE]BHO-BOCCTAHOBUTEN bHDLIX
nponeccax:

+ 1 0
2H — H,
BOCCTaHORJIEHY €

-1
2H — H,
OKHUCJIeHU e

W3 ruapunos Bopopon obpasyercsa m Mpu ruapoiimse, HallpUMep:

-1 +1 0
C‘ng -+ 2H20 = 2H2 + Cd(OH)Q

1+l

H—+—H—H2

O6B14HO ke MoMyyaloT BOAOPOA U3 COSAUHEH Ui sonopoaa (I). Tak, B
Na60paTOPHHX YCJIOBUAX €I0 TONYYAIOT B3aUMOJEHCTBUEM HUHKA ¢ COJlsi-

: Ho?x HJIA CEPHOW KUCJA0TOM:

0
Zn + 2H* = Zn?* + H,
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B [pOMBIIIJIEHHOCTH BOLOPOJ, [OJNYYaioT TJIaBHbiM 00pasoOM U3 IMPUPOIL-
HBIX M I[ONYTHHX Tra3oB, NPOAYKTOB rasMUKauMM TOIIMBA (BonAHOrO M
[1apOBOB/YIIHONO Ta30B) U KOKCOBOro rasa. [IponssofcTBO BOAOPONA OCHO=
BAHO HA KaTAIMTHYECKMX peaKuMAX B3aUMOJEHCTBUA ¢ BOAAHBIM I1ApOM
(KOHBepCHH) COOTBETCTBEHHO YIJIeBOAOPOLOB (ry1aBHBIM 06pa3OM MeTaHa) u
okcupa yraepona (IT), Hanipumep:

1o+l o 0
Cliy + 1,0 =28 €O 4 3H,,  AH,, = 206 k/lx

+1
CO + H0

0
CO;, + Hy, AH;gg = —41 g%

Bogopon MOTydaloT Takke HENOJIHBIM OKMCJICHMEM YrIeBOAOPONOB, Ha~
HpUMep:

+1 0
9CH4 + Op = 2C0 + 4H,, AHje = =71 k]l

B c¢BABM ¢ yMEHbIIEHHWeM B3allacOB YIVIEBOJOPOJHOTO Cbipbs 60JIBINON
HHTepec NpHOGpeTaeT MeTOo[ NMOJIy4eHMA BOLOPONa BOCCTAHOBJIEHHEM BOAA~
HOT'O Ilapa pacKAJIEHHbIM YyTJIeM:

AR

208 = 131 vk

+1 0
C + HQO:CO+H2,

[Ipu aTOM 06pasyeTca 1lewepamopHwil 1a3. 3aTpaThi HeprHM Ha ero
OJIy4eHNe MOXHO CKOMIEHCMpOBAaTh 3a CUeT PeaKuMu HEMOJHOro OKHCJIe~
HMA yrJis:

C + 1/202 = CO, AH;gg =-110 KZL)K

MIpu KOMEMHMPOBAHUM ITUX NMPOUECCOB MOJydaeTcA 600sm0U 183, cOC—
Tosumnuit B ocHosHoM u3 cmecu Hp u CO.

Bogopon MoJiydaloT Takike IMeKTPOIM30M BO/BI.

W3 ra3oBLX cMeceil ¢ GONBLIIUM CcOepkaHUeM BOJOPOJa €ro BBLIIEJIAIOT
rIy60KUM OXJakJIeHUeM CMecH.

BomopoJ, IMPOKO UCIONb3yeTca B XNMMYECKOH MpPOMBIMICHHOCTH JUJIA
CUHTe3a aMMMaKa, MeTaHOJia, XJIOpMJa BOAOPOAa, IJIA TIUAPOreHM3aunu
'TBepHOTO M KUIKOrO TONJIMBa, XWUPOB U T.A. B cmecu ¢ CO (B Buue
BONAHODO ra3a) NpUMeHsieTcd Kak torumso. [lpn ropenmm Bojxopona B
KHCI0pO/ie BO3HMKAeT BLICOKas TeMiepaTypa (110 2600°C), nosponsAmLas
¢BapHBaTh M pa3pesaTh TYrollVIaBKME MeTajlIbl, KBapu M Ip. HKupruii
BOJLOPOJ], MCIIOJIL3YIOT Kak OJHO M3 HauboJee 9 HEeKTUBHBIX PeaKTUBHBIX
TOMJINEB.

B HacToslmee BpeMs I[po6iieMa WMCIONbL30OBAHUA BONOPOAa HPHOGpesa
0coB0e 3HaueHMe. DHepreTUdYecKMil Kpusuc, Mpo6JieMa 3alinThl OKpYXKalo-
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Vo
meil cpefbl OT HENpPePHBHOTO M yrpOKalOIero 3arpAsHeHMsA HeTbIo M

OpOAYKTaMU CTOPaHUs OpraHMYecKUX TOINIMB — BCe 3TO CTUMYIUpPYeT
peslkoe BO3pacTaHMe HHTepeca K BOJOPOAY KaK "IKOTOrMYecKM 4YucToMy'
roptouemy. Bomopom — ocHOBa XMMMYecKOUW TeXHOJOrMHM M DHEpPreTMKH
6yayiuero.

B aTtommoit sHepreTuke s OCyINeCTBAEHUSA ANEPHbIX peaKuUil cMHTe3a
reJMsa UMeT OO0JIbiioe 3HaueHUWe M3OTONH BONOpPOda — TpUTMU U pmeil-
Tepuii.

F'JIABA 3 pOJIEMEHTHI VIl TPYIIILI NEPUOJUIECKON
CUCTEMHBNI J1.U. MEHIEJIEEBA

_ K »sunementam rnasnon noarpyunst VII rpyunm orsocares ¢drop F,
~xmop Cl, 6pom Br, noa I, acrar At: '

Fooo1s22s22p5

Cl 2s22p53523p°

Br 3s23p53d194524p5

T 4s24p54d105 6255

At As24p54d104 fi15$25 565 d106 526 pd

CooTBeTCTBeHHO  DMGKTPOHUOH  Koudurypannn aTomMoB (oOfMHaKOBas
{CTPYKTYPa BHEIUHOI'O ¥ IIpPERHEIIBErc JIeKTPOHHBIX CJIOEB) GpoM, HOmd U
acTaT 0ObLEAMHSIOT B HOATPynlly 6poma; PTOp U XJA0p OTHOCAT K THIIMYec-
Kum onemerraM. OCHBOBHBIC KOHCTaHTB p-diiemesToB VII rpynnmb mpuse-

AESHBl HUMC:

of 17CI 3sBr 53l g5 At
- BasteliTibie MeKTpoHL: ... 252245 3s23p° 4s24p5  5s%Bp5 6s26p°
Aromuas Macca ... 18,988 35,453 79,909 126,904  [210]
KopasentHbIl panmyc aro-

MA, HM .eeoiiieeniniees 0,064 0.099 0,114 0,133 0,144
Pannyc vona 37, uM ........ 0,133 0,181 0,195 0,220 0,23
Votosubiil paguyc noHa

D HM e - 0,026 0,039 0,050 0,062
CponerBo k 21eKTpony, sB 3,5 3,6 3,5 3,3 -
JHeprust NOHUBALIUN ‘

30— D BB 17,42 12,97 11,81 10,45 9,2
ConepxaHue B 3eMHOM Ko~ ,
pe, % (mom. gomu) ........... 2R-1072 2,6-1072 85-1072 4-10¢ Crnenn

Kak Buano M3 srux nanspx, B pagy F—Cl—Br—I—At paguyc aTomos
YBEMUNBAETCA, a IHEPIUA MOHM3ANMN YMERbINaeTcsl. JITO cBUIETENLCTBYET
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06 OcIabACHIN NPU3HAKOB HEMETAIINIECKOrO IeMEeHTa: ¢Top — Hambonee
APKO BHIPAKEHHHH 3/IeMeHT-HeMeTall, a acTaT HpOSIBIIsAET Y€ HEKOTOpHe
NpU3HAKH 3JIeMEHTa-MeTajla. '

§ 1. ®TOP

@TOp B HEBO3GYKECHHOM COCTOSIHUM MMEET 3/IeKTpOHHYIO KOHUrypa-
HUI0: .

[152]2522p5 T -H”H-
T

2s

HannupmeM OJHOTO HEIApHOTO 3JIEKTPOHa OOYCJIOBJIMBAETCHA CXOMACTBO
¢ropa ¢ BogopogoM. OnHako paannine B O6IIEM HMCIE BATCHTHBIX SJICKT
POHOB B OpbuTallefl NPeAONpeelAeT 3HAYUTILHOS OTINTHe DTHX S/IEMEH=
ToB Apyr or Apyra. CTenmeHb OKMCICHUsA PTOPa KAK CaMOTO 3JIeKTPOOTPH-
aTenbHOro 3JemenTa (4,0) nmpunuMaercs pasHolt —1.

@TOp — MOBOJIBHO PACHPOCTPAHEHHBIH JJIEMEHT, W €ro coxepkalue Ha
Semne cocrasaser ~0,03 % (Mon. monm). W2 munepaios ¢propa Han 60J1b-
mee anavyenne nmeior CaF, — naseuxoewt wnam (Paroopum), NagAlFg —
xpuoaum u Cas(PO4)sF — ¢mopanamum. @ropucTHe cOeNHEBns COnep-
JKaTcsi B OpraHM3Me 4eyIOBeka (B OCHOBHOM B 3y6aX M KOCTAX). B npupone
BeTpedaeTcst Tobko onmH mzorom 19F. MekyccTBeHHO NOJyHeHb MalOyC-
TOMYMBEE NSOTONH (¢ MaccoBHMN 4nciamm oT 16 no 21).

IIpoctoe semectBo. PTOp O6pazyer [BYXaTOMHBHE MOJEKYJbl F,, uro’

COOTBETCTBYET BJIEKTPOBHON KOHpUrypamun (cM. TabJl. 8):

24 ¥2 524 *4
0.0 O‘Znyyﬂxyy.

TlockosIbKYy Ha CBA3HBAIOILAX OPOMTANAX HMEeTCHA Ha [Ba JJIeKTPOHA
GoJbllle, YeM Ha PaspHXJIAILNX, NOPAMOK CBA3N B MOJIGKyJIe F, npunn-
MaeTcsi paBHBIM 1:

i

Moutekyita ¢ropa F; mMeer OTHOCHTENBLHO HEGONBIIYIO Maccy M 10CTa-
TOYHO MOJBHXKHA, IOITOMY (PTOp B OOBIYHBIX YCJIOBUAX — ra3 (cBeriIO-
HKEJTOro [BeTa), O6JajaeT HU3KON TeMIepaTypoll n/aBieHust (-223°C) n
wxunenns (—187°C).

@TOp MCKIIOYUTENBHO aKTUBEH XNMUYECKH, OH — CHJILHENINM A OKHCJIINA-
Tedb. BblcOKasi XUMHUUECKas aKTUBHOCTH PTOpa OOBSCHAETCA TeM, HTO ero
MOJeKyJIa MMeeT HU3KYIO YHEePruio IUCcCcOoLHaniyn (159 xJdx/MOnB), B TO
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BpeMsi KaK XMMUYeCKas CBA3b B GOJBIUMHCTBE COGANHEHMM ¢Topa ornuMya-
erca Gonwmoii npounoctio (nopaaka 200600 kdx/Moas). [lo o6passomy
pelpaxkennio akaz. A.E. @epemana, drop "Beecvenatounit'. B aTMocdepe
¢TOpa rOpAT TakMe CTOWKME BEIeCTBa, KaK CTEKJIO (B Bi[e BaThl), BOAA!

SiO; + 2F, = SiF4 + O,; 2H,0 + 2F, = 4HF + 0,

B atux peakuusx B KauecTBe OAHOrO M3 MPOAYKTOB T'OpeHWsA o6pasyeT-
¢ KUCJIOpOos, T.e. PTOP KaK OKNCINTENb CUIIBHEE KNCJIOpOoa. .

M eximounTeslbHO aKTMBHO MPOTEKaeT BlauMopeiicTBue ¢Topa ¢ 60J1b-
[IMHCTBOM NpocThX BemecTB. C cepoit u ¢docdopoM OH B3amMopeiicTByer
paske 1IpH TeMIeparype xuaroro sozayxa (—190°C):

S + 3F; = SFg, AH;gg = -1207 wJlx
2P + 5F, = 2PFs, A, = ~3186 K]lx

@DTOp OKHUCJIACT Jaxe TAK HA3HIBAEMEE 6JIAarOPOJHLIE rasbl:

Xe + 2F2 = X9F4, AHO = —252 KIL)K
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HenocpencTrenno ¢prop He B3auMOAeHCTByeT JIMMBb ¢ TeIMeM, HEOHOM N
aproHOM. ‘

Coepunenns ¢propa (-I). B cooTBeTcTBIU ¢ 3aKOHOMEPHBIM W3MeHEHUEM
XapaKTepa D2JIEMEHTOB MO [epMO/aM ¥ TpyNmaM NepruoANYecKONl CHCTEMH '
3aKOHOMEPHO M3MEHSIOTCA M cBOMcTBA (PTOPUAOB, HANPUMep:

OCHOBHO-KUCIIOTHASA NaF MgF, AlF; SiFy PFs SFg (CIFs),
NIPHpO ia OCHOBHasl aMdorepHasi KUCTIOTHAS
AHMOHHDIE KOMIIEKCH  — ~ AIFE SiFZ" PFg SF§ (CIFg)

: HNounusie Ppropuas — KpuctanimyecKkue BEHMIECTBA ¢ BBICOKON TeMIiepa-
Typoii wiasjienns. Koopamnanmonnoe umeso ¢ropua-unona 6 (NaF) wuin
4 (CaF;). KoBanenTHse GpTopuabn — ra3sl WiIA HKUAKOCTH.
/- IlpoMexyToyHOe MOJIOKEHHE MEKAY HOHHHMH N KOBANCHTHHIMEI (PTOpH-
"naMn 3aHUMAIOT (PTOPHUAB € BHCOKOH CTEMEHBIO MOJIAPHOCTH CBSA3M, KOTO-
"PHle MOMKHO HA3BaTh MOHHO-KOBANEHTHHMU COeJWHEHMAMM. K nocnepsum
'OTHOCATCs, HalpuMep, kpuctaindeckue ZnFy, MnF,, CoF,, NiF; B koro-
.peix 3 dexkTuBHHE 3apAAH METAUIMYECKUX 3JIEMEHTOB cocTapiiaioT 1,56;
1,63; 1,46; 1,40 cooTBeTcTBEHHO. o
MeHorue GTOPUAR METAIVIOB B HUBKUX CTEIIGHAX OKWCJIEHMA MOJIYyYatoT

AeiicteueM pacTBopa HF Ha okengm, rugpokcunsl, kap6oHaATHI M Op.,
HanpumMep:
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MTOpUAB HEMETAJIOB M METaJUIOB B BHICOKMX CTENOHAX OKUCICHU
NoAy4aoT (PTOPMPOBAHMEM NPOCTHX BEIIECTB WIM HMIIIHUX $TopunoB,
Hanpumep:

CIF + F, = CIF;

BOABIIMHCTBO KPUCTALIMYECKUX (DTOPUIOB HEpacTBOPMMO B BOJE.
Xopolno pacTBOpAIOTCst JIMIIL (PTOPUIBL S-3IEMEHTOB I rpynnm (kpoMe
LiF), a Takxe AgF, HgF;, SnF; u HekoTophie Apyrue.

[0 XMMMUECKOH NpPUPONE MOHHBIE (GTOPUABL SABIAITCA OCHOBHLIMM
COCMHEHUAMH, a KOBaleHTHBE GTopuasl — KucaoTHuMHU. Tak, B peaknuu

2NaF + SiFy = Naz[SlFﬁ]
OCHOBHBI1 KUCJIOTHBIA TeKCadTOPOCUTUKAT
HATpUA

[lo Mepe ycHJIEHUA KUCIOTHON TPUPOAB (PTOPULOB, HANpUMEp B pALY
MgF,—AIF ;—SiF 4, X B3auMOJEHCTBHIO ¢ OCHOBHBIMU ¢TopugaMu oTBedaeT
yBeJMUeHMe OTPHLATeNLHOTO 3HaueHna AG’:

NaF(k) + MgF,(k) = NaMgFs(x), AG;,, = -14 x]lx
NaF(k) + |/sAIFg(k) = |/sNagAlFg(x), AGS, = ~26 xllx
NaF(k) + 1/,SiFa(r) = 1/,NaSiFg(k), AG,, = -51 kllx

OcuéBHBle (TOpUAB NpHM TUIAPOIM3E CO3NAI0T I1NETOYHYI0 cpeny, a
KHCIOTHBIE (PTOPUIB — KHUCJIOTHYIO!

KUCJIOTHBI .

AMdorepHble DTOPUILI B33MMOLENCTBYIOT KaK ¢ OCHOBHBIMM, TaK M C KUCJIOT-

HBIMU DTOPU IAMU:

2KF + BeF; = Kz[BeF;l]
KaK KUUIOTHOE
coejuHeHne

BeF, + SIF4 = Be[Sng]
KaK OCHOBHOe
coepuHeHUe

KoMmnekchble TOpPURbl BechbMa pasHOOGpasHBI (CM., Hampumep, Tabal. 31).
KoopauHalMoHHOe YKo no GTopy IVIsA OeMeHTOB 2-To Tmepuona paBHo 4, ns
37IeMEeHTOB [PYTMX MePUOLOB KOOpIMHANMOHHOe 4Mciio 6. Kpome Toro, mMmeroTcsd
KOMIUIeKCHBIe (PTOPMIB], B KOTOPHIX KOODJMHALMOHHOE YMCIIO KOMIIeKcoo6pasopa~
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rensi paBHo 7, 8 wu 9, nampumep: Kjy[BeF4], Kj[AlFg], K3[NbF;], K,[WFs],
Kz[Rng].

OTM Ke NPUMEPBI MOKA3bIBAOT, YTO BO (PTOPOKOMIUIEKCAX CTAGUIMBUPYeTCs
BBICIIAS CTelleHb OKUCJIEHUSA HEHTPAJbHLIX aTOMOB.

[IpousBostble PTOPOKOMIVIEKCOB NPENCTABISAIOT COBOM IPeMMYILECTBEHHO UOH-
Hble COelMHEHNUS JIMGO OTHOCATCS K cMellaHHbIM dropuzam (HanpuMep, BeSiFg).
Coemmuenns ¢ Bogopomom tana HBF,, HPFg H,SiFg B cBobopnoM cocrosiHum
HeycToMuMBEL. UX BojHBlE PACTBODLI — OuYeHb CUIbHBIE KHCIOTHL.

Monexryna cdropuna sogopona HF cwibHo nomsipa (g = 0,64-1072¢
Ki-m, 6H = 0,44+, 6F = 0,4—) 1 uMeer 60JBIIYIO CKJIOHHOCTh K accOlHa~

MM 33 CYeT BOAOPOIHBLIX CcBA3EH B 3Ur3aroo6pa3Hbie 1eu:

\Q’ F 16°
A f‘ )/H
“F Qgc,w\‘*‘

IloaToMy dTOpUA, BOLOPOIA B O6BLIYHBIX YCIOBUAX — GECIBETHAS KHKOCTD
o o
(r. nn. -83,4°C, 1. kun. 19,5°C) ¢ peskum 3aMaxoM, CHIBHO [BIMSLLAs Ha
BO3JyXE.
®Topun BONOPONA O6BIYHO MOMYHAIOT NEHCTBHEM CepHOU KHUCJIOTH Ha
daoopur:

Can + HzSO4 = CaSO4 + 2HF

Hase B cocrosinum rasa QpTOpUAl BOZOPOXA COCTOMT H3 CMeCH INOJIAMEPOB H,F,,
H3F3, HyFy, HsF5, HeFg. Hpoctiie Momexynsr HF cyliecTByioT MUIlb TIPU TeMmepa—
Typax Bpilile 90°C. BulencTBUe BBICOKOM TIPOYHOCTU CBASYU (SHEPIMSA KUCCOLUAILMN
’565 K,H)K/MOHL) TepMudeckuit pacnan HE Ha aToMbl cTaHOBUTCA 3aMeTHBIM Bbille

3500°C.
i, CoberBeHnasi wonusaims xupxoro HF HesHaunTenmbha (K = 2,07-1011), Ona
IDOMCXOUT IlyTeM NepeXona MpOTOHA (M cooTBETCTBEHHO DTOPUR-HOHA OT OFHOM

OJIeKY/Tbl K JIPYTOM, COMNPOBOMIAIOWErOCs NpPEBPANIEHNEM BOROPONHON CBSIZU U3

}(eachoneKynﬂpHon B MeXATOMHyI0O U B KOBaJleHTHYI0. IIpu 5ToM 06pasylotesi colib-
‘;VBaTI/IPOBaHHbIe gmoponui-von FH; u gmopowdpoienam-on HF3 mo cxeme
H—F---H—F:--H—F ¥ [H—F—H]* + [F---H---F]
Wi
t

HF---HF---HF ¥ FH; + HF;

Kupxuit dbropun Bogopona — CUTLHBIL UOIIUBUDYIOUIA PacTBOPUTEND.
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B HeM X0polllo PacTBopsiloTcs Boja, GpTopunel, cynbHATHl U HUTPATHI $-OJIeMeH~
toB | IpYIIb], HECKOJLKO Xyke aHAJOTHUHbIE COCHMHEHH:A SOJEMEHTOR Il rpynnslL
[lpu 5TOM pacTBOPEHHbIE BEleCTBa, OTHUMAas OT MOJeKyJl HF npoToHbl, yBelIUINBA-

10T KOHI[eHTPAlMIO OTPUIATEbHBIX HOHOB (HF3), T.e. penyT cebsl KAK OCHOBAHMSL.
Hanpumep:
KNO; + 2HF == K* + HNOj3 + HF;
Jlaxe HCl m HNOj B 9THX yCIOBUSIX BelyT cebst KAK OCHOBAHUSA:
HCl + 2HF = CIH; + HF;
HNO3 + 2HF == NO;Hj + HF;

a nuauddepeHTHLI B Bofle 9THIIOBbIN CIIUPT B AUAKOM ¢ropuie BOLOPOAA OKABbI~
BAGTCS] TAKMM ke CHIbHbM ocioBanveM, xkak KOH B Boge:

C,HsOH + 2HF = C,H;0H; + HF;

B xunxom HF Begyr cebsi Kak KHCIOTBI BelllecTBa — AKLENTODBI dropua-
voHos, HanpuMep BFj3, SbFy:

BF; + 2HF = FH; + BF;
SbhF; + 2HF = FH; + SbFg
[IpH pACTBOPEHMM -KUJIOT yBEIHUMBACTCSA KOHUEHTPALMA NOTOKUTENBHEIX dropo-
Huvi-yoHos FHY.
AM@OTEPHBIMY COEIUHEHUSAMU B KUJIKOM HF sapnsniorcs, HanpuMep, QTOpHAN
amomuuus 1 xpoma (I1T):

3NaF + AlF; = 3Na* + AIF§
KaK KW CJIOTHOE

coelUHeHe
AlF, + 3BF; = Al + 3BF,
KaK OCHOBHOE
coenuteHue

dropus BOAOPOA HEOTPAHWYEHHO PAacTBOpAETCA B BOJE. Ilpu aTOM

+ -
npoucxonutT uonmsanus Monekyn HF c ob6pasoBanueM MOHOB OH; mn F-.

llocnennue, B3anmopeiictBys ¢ Monekysnamn HF, o6pasyior ¢ropornapore-

HaT-UOHBI:
HF + H,0 = OH3 + F~,
HF + F-+= HF;,

K=172-10"4
K =51
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WM CyMMapHO
2HF + H,O0 == OH; + HF;

& Pacreop HF (dbroposomoponsas KucnoTa) aABisieTcs KHCIOTOH cpeHeit
}” CHJIBL.

i

u‘::‘,‘[“_“ B pacteope conmepxarcs takke Kommiekchble uoubl HoFaz, HsFgq, HpFpa.
’:,J; [TosToMy npM HeHTpaiM3alMU PACTBOPOB (DTOPOBOROPOAHOM KHCIOTHI 0OpasyloTest
kr He dropunpl, a droporuaporedarst Tuna K[HF,] (1. mn. 239°C), K[H,F3] (1. mw.
7 62°C), K[HaFy] (1. mn 66°C), K[H4Fs] (1. mn 72°C). Otu coenmHeHMsi, Kax

i
' TpaBUIo,  XOpolo KpMCTaJIJIMsy}OTCH M TIaBsATCs Oe3 pasiomenusi. [maporeHar-

K[HpFpa] = K[Hp Fp + HF

XapakTepHaAd OCOGEHHOCTH (PTOPOBOAOPOMNHOA KMCIOTH — ee CcIloco6-
{HOCTH B3aMMO/1e{ICTBOBATE € JUOKCHIOM KPEMHMS:

HosroMy ee OBBIYHO XpPAHAT He B CTEKJAAHHONW mOcyae, a B cOcylax M3
}vcmmud Kayqyxa MOJIU3TUIIEHA WU napa(buﬂa OHa TOKCAYHA, IPH MOMa-

(DTOPOBOILOPOILH‘dﬂ KUCJIOTA HPUMEHAETCA AJAA TPaBAeHUA CTEKJa,
P’II,H.JIPHI/IH NecKa € METa/UIMYecKOr0 JUThs, NONyYeHus PTOPUIOB U T.1.
b, ,‘1

g PTopua BOMOPOA B OCHOBHOM MCHONBL3YeTCS B OPraHMYECKOM CHHTEO3E.
Honyaeane n npumeneane d¢ropa. M3-3a BHICOKOH OKUCIUTENLHOMN

aRTMBHOCTM dropa n Gomboit npquOCTIA ero coefAVHeHn ¢GTop noxyda-

x 'k.

Benencrsue BHICOKOM XMMHUYECKON AKTUBHOCTH (PTOP BHIBBIBAET KOPPO-
IBUIO TOUTM Bcex MaTepMaloB. B kadecTBe MarepMala ammapaTypel IJis
onyqemm TOpa, ero XpaHeHHst U NEepPeBO3KM WUCIOXb3YeTcs HUKenb (1
0 CHJIABHI), KOTOPBI yCTORYMB K JeHCTBUIO dTOpa 3a cyer 06pazOBaHUA
: muTHoi ImeHku NiF,. B mesom npoGmnema sta paspewmiena, u $TOp B
ROJILIIMX KOMUYECTBAX MEPEBO3NTCS B ABTOLMCTEPHAX.

. H_Inporcoe npm«enenue ¢bTOopa HayaIOCH B CBA3M ¢ paboOTaMM HO pasfe-

"“IIOM B HactOostinee Bpems (bTop IMUPOKO NPUMEHSAETCA Ui CUHTE3a pas-

' TIYHBIX X7Ta[lal€HTOB 1 NOMMMEPHBIX MATEPUAIOB — (bTOPONIACTOB, OTIIM-
‘laloumxcx BBICOKOI XMMHYecKON croiikocteio. JKumkuin drop u pan ero
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§ 2. XJIOP

Xop — HenOJHBIN 2JICKTPOHHBIN aHAJIOLr dropa:

[1522522p8] 3523p° £ -H- _H_ +
T

3s

ATOM X/IOpa MMEET OJMH HenapHbIf 3TEeKTPOH, HCM H I pEeIOIpeIessIen-

¢st ero cXOoicTBO ¢ (PTOPOM U BOAOPOIOM. B 10 ke BpeMa y XJIOpa U0 cpak-
HeHHUIO cO (PTOPOM GOJIbIIE pasMep BATCHTHBIX opOutaneil, ropasilo MeHb-
e 3HaYeHME YHEPTUA HOHMBAIMM Eiy, 3AMETHO 60JIbITe CPONCTREO K BAERT

pony E., 60AbIIaA 110JAPU3YEMOCTE ATOMA,

Topo, 1M By »B FeoosB
F o, 0,036 17.42 3,45
Cl o 0,072 {2.07 3,61
B 60nbIUMHCTBE COCAHHEHUI XJ0p Kak CHIEBIO HIeBTpOUTPHIATETEHLI

snemenT (D0 = 3,0) BBICTYNAGT B CTPUILATCALHOI (TCHEHMA OKHCTCIHA ~ !

B coemMuennsax ke ¢ 0onee 3erTHOOTPHAATEILHHIMU dropom, KHerop:
JOM W a30TOM OH IPOSABIAET HOJMOKHTETLHBIC CTCNCRY okucaenusd. Ocolr -
Pa3HOOGPABHBl COEAMHCHMA XJIOPR ¢ KUCIOpOHOM. B KOTOpLIX  CTEIeit
OKMeeHUs Xaopa +1, +3, +5 u +7, a rawke +4 u +6.

Xaop — TURMYHBIK HeMeTaJUIMYeCc KT DJIeMenT. CHenBaTe/bLHO, L
Hero HamboNee XapakTepHa TEHJCGHIMA NPM XHMUHCCKMX 1HpEBpAILeHits
06pa3OBbIBATh NPOCTHIE H CAOKHLIC AHMOHEL.

X10p OTHOCHTCA K AOBOTLHO PAaCHpOCTPAHEHIILIM Hi 3eMae DIeMeHT I
BerpedaeTcs OH ITABHBIM O6pa3oM B BUJE X 10 p# A OB — cOCAUEeHH)
¢ Hanbo/Mee YCTOHYMBBLIM COCTOSHHEM OKMCTIEHUST XAOpi. M3 pux nanbonc
BakHbLIMU MHUHepaiamu sappaioTesa NaCl — xeawecnnwas co.ie, NaCl: K
cuaveunum, KCI-MgCly-6H,0 — xapraaanm. B orpoMHOM KoJnHeuTy
XJIOPUIB! COLEPHKATCA B MOPCKOH BOAC. BXOAAT COETABITON HacThIO BO "B
HKUBBIE OPTraHW3MBl M 1IP.

B npMpOgHBIX COEIMHEHUAX XJOp HaXONUTCA B BILE MIOTONOR
(75,53%) u 37Cl (24,47%). Kpome TOro, HeKyCCTBEHHO MOJYHEHL €ro Do
JNIMOAKTMBHEBIE U30TONHI.

IIpocToe BemecTBo. Monekyna Xi10pa, nogobuo Moneryile gTopa, b
XaTOMHa., JHEpPrUs NUCCOLMANUU MOJEKYJIbI Cly Gonpme (243 k/lk/mMonn’

37

yem F, (159 k[ /Monp). Pacnaj MOJIeKy/Ibl XTOpa Ha aTOMBI CTRHOBHTC 7

sameTHBIM, HauMHasd ¢ 1000°C.
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Boabmyio ycroitunsocts Monekyast Cl, no cpaemenmio ¢ Fy, MoxuO
06BACHUTE TeM, UTO B MoJiekyJie Fy HecBA3bIBalOIMe DOKTPOHBI OTTATKU-

BaloTcA [PYyr OT Apyra cUAbHee, 4eM B 60/ee KPYRHOM NO pas3MepaM MOJe~
ryae Cls,.

CorstacHo npyroil Touke 3peHusi B Mosiekyiie Cly, B omIMuMe or MomeKymbl Fo,
uMeeTcst T-cpsAsbiBaHue. [locentee BOBHUKAST IO JHOHOPHO-AKIENITOPHOMY MEXaHU3—
My 3a cHeT HelloJIe/IeHHOM 3JIEKTPOHHOM Tapbl OJHOTO aToMa U cBobojHOl 3d-opOu-
taJi apyroro. Cuuraercsi, 4rto nopsaxok cesizu B Monekyne Cly cocrapnsier 1,12,

B O6LIMHBIX yCAOBMAX XJAOp — ra3 MeJATO-3e/JeHOr0 ngeTa (T. nia. —
+101,0°C, 1. kun. —34,2°C). OrpaundenHo pacTsopsierca B Boge (1 06beM
BOJbl PacTBOPsieT OKOMO 2 06beMOB XJIopa). [IpH OxX/amIeHUM U3 BOIHBIX
* pacTBOPOB BBIAENAIOTCA KPHCTANIOTHIAPATH, SBAAOINMECS KIaTpaTaMu
npubausurensioro coctasa Cly-6H,0 u Cly-8H,0.
Xn0p — aKTUBHBIN OKMCIUTEb:

e

. l/gClg(I‘) + €
| UoCly(r) + e

OH BecbMa ZHEPIUYHO pearvpyer ¢ MeTaliaMM U GONBLIIMHCTBOM HEMeTam-
0B (3a mckmodenrem O, N; M 61arOpomHBIX Ta30B), JETKO OKUC/AET
MHOTHE CJIOXHBIE® COeIUHEHUsi. BOCCTAaHOBUTeNbHBIE cBOMCTBA XJIOP HPOsiB-
JAeT JMINE BPHM B3aUMOAeicTBUu ¢ GTOpoM. BeTynaeT Takike B peaknyuu
' AMCRPONOPIMOHUPOBaHUA, AJIA IIPOTEKAHUA KOTOPHX Haubo/iee 671aronpu-

 ATHA MEeJ04YHasi cpefla, cnocobeTByOIas OOpasOBAHUIO DPOCTLIX M CJOM-
HEIX aHUOHOB:

Cl(r), AG,, = -240 klx
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Cl(p), AG,g = 131 x/Ix-

3Cly + 60H™ = 5Cl" + CIO3 + 3H,0
3Cl; + 6NaOH = 5NaCl 4+ NaClO; + 3H,0

Coenunenmst xuopa (-1). XapakTep XMMHUecKOil cBA3M, a CNEOBATEb-

i ;

i JTTeMEeHTOB JaHHOrO0 NepuoAa TUD XUMMYECKOH CBSI3U M3MeHsieTcsad OT npe-
\. r

t MMYIecTBEHHO MOHHOW B XJIOPMJIaX TUOMYHBIX METAIIOB [0 KOBaJEeHTHOI

;, ABl — Ta3bl, KUIKOCTH WU ke JeTKONNaBKMe TBepablie BemecTBa. lIpome-
KYTOYHOE NONOKEHUE 3aHMMAIOT MOHHO-KOBAJIEHTHbIE XJIOPMIH.

HNonnnle XJOPHAB (XTOPUAH MeTa/lJIOB) RPOABAAIOT OCHOBHBIE CBOM-
¢ CTBa, KOBAJIEHTHblE XJOPHMIABI (XJIOPHUILI HEMETAIOB) — KHUCJIOTHBIE, Ha-
. Opumep: ’
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NaCl MgCl, AICly  SiCly PClg  (SbCly)
T.omwl, “C 800 714 193 -70 (159 ) -
., SO u s
1e cBOMCTBA
B Oc¢HOBHbIE AMcoTtepHbIi KucnorHbie

XTIOPUIIA wvvverrriranenaersesmnnnnns

()(,HOBHI)IG XJIOPI’II[I)I T I«IILp()J[I/Liy HpaKIH‘IeL}{M He H()H,Bep[ aloT (,ﬂ) a
KUCAOTHBIE T OJIN yl()l( A O. (0] 10 9()(; aT 0O C ()(ipa OBaHHUEM
bI€ M,l'_[p JIN3 - IOJHOCTH U He p UM 3 e

KHUCJOT:
SiCl, + 3HOH = H,Si03 + 4HC]

. aKkike B
Pasnuuue cBOMCTR XJIOPUAOB PA3SHOTO THIa OPOABAACTCH Ta

peaknusx Mexjy cO60M, HanpuMep:

KCl + AICl; = K[AICL]
OCHOBHBIA KW(JIOTHbIA

N YTCHA
Hpu 9T0M OCHOBHBIE XJIOPUIIBI (3a c4eT XJAOpUI-MOHOB Cl7) ABJISIOT

: SpHBIE
JIOHOPAMM SJIEKTPOHHBIX Map, a KHUCIOTHBIC — aknenTopamu. AmdorepHble
XJIOpU/bl B3AMMOZENCTBYIOT Kak C KHCJIOTHBIMM, Tak U ¢ OCHOBHBIMU COE-
AMHEHUAMHU. o (on
BOJBIUIMHCTBO XJAOPULOR METaJlIOB XOpOillo pacTBOpUMO B BOL
Al Al
nerrodennen AgCl, CuCl, AuCl, TICIl u PbCly).
XJI0puabl MOMYYal0T XJIOPUPOBaHMeM NPOCTBIX BEINECTH KJIOPOM MU

CYX¥M XJIOPUJOM BOJOPOAA!

2Fe + 3Cl, = 2FeCly
Fe + 2HCI(r) = FeCly + Ho

11
. . OCL)Y B
B3AUMOEACTBUEM OKCHIOB ¢ XJIOPOM (nub0 ¢ xnopHAaMM, HacTO « CCly)
NpUCYTCTBUM yIJIs:

TiO, + 2Cl, + C = TiCly + CO2

.
Bonblioe mpuMeHeHue B TEXHMKe HMeeT XJIOpuJ BOLOPOAA HCl: B
) )0 —
o6biunbix yeaosusix HCl — GecupeTHHA Ta3 (1. mn. — 114,2°C, 7. KunL.
85,1°C). B npOMBILUIEHHOCTH €ro moJaydaior CUHTE30M U3 MNPOCTHIX Be-
HIeCTR:

A Gy, = ~190 K ]lx

Hy(r) + Clo(r) = 2HCI(r),
Xo1opis BOAOPOJA OU€Hb XOPOIO MOTJIOIASTCHA pogoit (1 061,eM1 H,O npu
20°C wnoraomaer okoao 450 o6bemo HCI). Bonubiit pacTBOp HCl — cuan-
nas KueaoTa (pKz = —7,1), HasbiBaemast coasnot. Kak cuJpHasg KuCJIOTA
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HCl HaxoauT mMMPOKOe NpUMEHEeHWe B TeXHMKe, MeAMIMHe, J1abOpaTOpHO
npakTuke. XJIOPOBONOPONHAA KUCJOTA BXOAUT B COCTaB KeNYLOYHOTO
COKa.

Ilpy peflcTBMM CHIIBHBIX OKWCJIMTENeH WIM HpH 3JIEKTPOJIM3e XJIOPUJIbI
HPOABJAIOT BOCCTAHOBUTENbHBIE CBONCTBA. TaKk, KOHUEHTPUPOBAHHAA OIS~
Hasi KHUOJIOTA IIPOABJIsieT BOCCTAHOBHTENbHBIE CBOWCTBA NPU JeifcTBMM Ha
Hee okcuaa Maprauua (IV):

: MnO; + 4HCI1 = MnCl, + Cl, + 2H,0

OToil peakiMell NOIBL3YIOTCs B JAGOPATOPUM IJIA [OMYdeHM s XJIopa.

IIpn Harpesanum X;0puj BOXOPOAA OKHMCJSIETCA KMCJIOPOAOM (KATalM-
sarop — CuCly):

4HCI(r) + O4(r) = 2H,0(r) + 2Cly(r)
Peakuus conpoBokjaeTcs yMeHbLIEHMEM OSHTPONMHM cucTeMbi. [lodTomy
corsiacho AG = AH — TAS ¢ ysenuuenuem Temmeparyphl AG peaknun
Npuo6peTaeT MNOJOKUTENBHOE 3HAUeHMe W Ipolecc IPOTEKaeT BJEBO.
ITOT NpHUMep WILTIOCTPHPYeT OTHOCHMTENBHOCTh HAMIMX [OHATHH O Cpas-
' HUTE/NBHONH  OKMC/IMTENbHO-BOCCTAHOBUTENBHON  AKTMBHOCTH  BEIECTB.
. B paccmatpuBaeMoM cllyyae nmpH HeBBICOKMX TeMIlepaTypaX 60Jee CHIIb-
HBIM OKMCJIUTe/IeM OKa3bIBAeTCA KUCJIOPO, NPH BHICOKHUX TeMilepaTypax —
XJ0p.
Coepunenus xnopa (I). Crenens okucienus xmopa +1 nposBasgeTcs BO

¢dropune CIF, okcupe Cl,O n nutpuge ClsN, a Takke B cOOTBOTCTBYIOUINX
uM anuonax [CIF,]", [CIO] u [CIN]2-:

CIF  CLO
[CIFy"  [Cl0)

Cl,N
[CIN]2-

O6muit 0630p GMHAPHBIX COBAMHEHMI XIIOpa (I) npusenen B Ta6n. 32.

U3 GuHapHBIX coefMHEHMIT XJOpa (I) OTHOCMTENBHO yCTOWYMB JIMIUDL
CIF — cnabo sKk30TepMMUecKOe coeqMHeHMe. Monodropun xjaopa o6pasy-
erca npu Harpesanumu cyxux Cl, u F, {(eoime 270°C). Hutpugm CI3N n
okeup Cl,O — sHAOTepMUYecKHe cOeiMBEHUs U HeyCTONIMBBL. OKCH Cl,0
pacnafaetcst co B3puBOM Ha Cl; m O; npu He6onbmoM HarpeBaHMH, npn
CONPUKOCHOBEHNH ¢ OPraHMYeCKUMM BeIeCTBAMH M Jaxe NpHU HepejUBa-
HUU B KUAKOM cocTosinuu. [lockonbky sHeprus ['m66ca obpasosanus ClL,O

n Cl3N — senuuuua HONONKHUTENIbHAA, 9TH COeAMHEHUS NOJy4aloT KOCBEH-
HEIM MyTEM.
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Tabnuua 32 Dunaphse coemmerssi xiopa (1)

=
Coenu- Crpykrypa . . O ArperaTHoe a 4
HeHUe MOJIEKYJIbl 2 ° . | cocrosmme B | o § % S
= h = GuIuHpIX yo-] S 2 S
& = F o “l Nl
= = “ 1 nosusx = ég S
= I = <q P
®ropua 0,16 uM 0,22 1-154 ) -101,1] Becuser- -50 }-51
CiF¥ Cl—F HbIiT ras
raHTe/IbHasl
Oxena | a0 0,26 |-121 | -3.8 | Henroxo- | +76 |+93
o Tt
ClL0O ‘ pUYHEBD
Cl 1i° Ci ras
yriioBast
Hurpun / N - 27 [ +71 Temto-sen- (+230 | —
CigN Cl =I N~ Cl Toe JIeTyues
Cl Macso
TPUroHANLHO-TIMPaMU-
JATTbHAST

BuHapHble coejMHEHHs XJ0pa (I} MMEIOT KHCJIOTHBIA XapakTep, 9To
MO TBEPIKAACTCS, HAlIPUMEp, HX OTHOLIGHHEM K BOJLE:
Cl,0 + HOH = 2HCIO
CIF + HOH = HCIO + HF
CI3N + 3HOH = 3HCIO + H3N
Mpoussonuse oxcoxsopar (I)-sumona ClO°, na3piBaeMmple 1Un0TAOPUMY
e, HeycTolumpbl. VIX pacTBOpE! MOMYYalOT, MPOMNYCKas XIOp B OXJIakKAac:
Mble paCcTBOPH LIEJOYei:
20H- + Cl, == Cl" 4+ CIO” + H,0
2KOH + Cl, = KCl + KCIO + H,0

Oxcoxnopar (I) sogoposa HCIO uzsectest ToNbKO B pa3OaBJIEHHbLX
pacTBopax. JTO gaoprosamucmai Kucaoma; O6pasyerca OHa HapsAay ¢

COJISIHOM NPM IMAPOJIK3e XJIopa:
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Cl; + HOH = H* + CI" + HCIO
Cl; + HOH == HCI + HCIO

XJnopHOoBaTHCTAH KMCaOTa caabas (eM. Taba. 22).

Ilponssonnete xnopa (I} — cuibhbie okncauteau. Oco6eHHO arpeccUBeH
CIF, xortopblit pearupyer c pelecTsaMu elle Gojice SHEPTMYHO, YEM CBO-
6onsuit drop. Ha 5TOM OCHOBAHO €ro NpUMEHEHHE B KauecTseé (TOPUPYIO-
1lero arenTa. [MIOXZIOpHUTH NPUMEHSIOTCS B KadecTBe OTGENHBAIOILEro
CPEe/ICTBA.

HauGonemuit npakTuyeckuit wmaTepec (kak oTGenupaloniee cpecTBO,
CPEACTBO AJIA [JEra3’alpy, AUIeBslll OKUCIUTENs) NpeJcTaBlsier FUIOXIo-
pur xaaeuus Ca(ClO),. Ionyuaercss oH npu B3aMMoOnelcTBHM Xaopa c
TUPOKCHIOM KANbIUS:

2Ca(OH), + Cly = Ca(ClO);, + CaCl, + 2H,0

Kak BMAHO W3 NpuBeAEHHOrO ypaBHeHUA PEAKIMU, OZHOBPEMEHHO C
Ca(ClO); obpasyercsi CaCl,. TloasToMy nosdydaemublii B TEXHMKE NPOLYKT —
BeauavHas MM TAOPHAAL UIBECME — MONKHO DACCMATPHBATL KAK CMENIAHHOE
coenuuenue Ca(ClO)Cl, T.e. runoxnioput — xnopus, kanenus. Conepxanue
CI(I) B GeaunbHoil u3BECTH OBLIYHO YCTAHABIMBAIOT M0 KOJHYECTBY XJI0Pa,
BBIAG/IAEMOrO IPH B3AUMOJEHCTBUY €€ ¢ COIAHOH KUCIOTOM:

+] -1 0
Ca(Cl0)Cl + 2HCI = CaCl; + Cl, + H,0
Us nponspoanbix andropoxmopar (1)-HoMIIeKea UBBECTHBI KPUCTAIIMHECKHE

+1
Beitecra tna M[CIF;] (M — menounont merann). Ilociennne o6pasyiorcsa lpu
BGaNMOAENCTBUMN OCHOBHBLIX cropnnos ¢ CIF B Hesomnbix pacrBopax (mpu 175°C,
10 MITa):

MF + CIF = M[CIF,]

Coepunennst xiopa (II). Crenenn oknciennsi xaopa +3 NpoABASETCA B TPU-
dropuse CIF; u rerpadropoxnopar(II-annone [CIF4]", a rakime B nuoKcoXso-
par(Ill)~anmone [ClO,]™:

ClFg -
[CIF4] [ClO,
+1 +1
M[CIF4] M[CI0,]
Tpudropun xaopa — 6nefHo-sesienoe Bemecrso (1. . —76,3°C, 1. Ku.
11,6°C), Momer 6bitb nosydero npu Harpemaruu CIF ¢ usbeiTkom ¢dropa. Tlo

xuMimeckot npupoge ClFy — coenunenme kucaornoe. Tak, WUBBECTHBI cOMM —
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+1
terpapropoxsopartl (111) kanust, pybuaus u tesus tuna M[CIF,]. Ouun obpasy-
joTcs py dropuposakn MCI wm npu ssaumoneitereun MF ¢ sngrum ClFg:

MCI + 2F; = M[CIFg}; MF + CIF; = M[CIF,]

[Tpoussogrbte ClOz-akioka HASBIBAIOTCS LA0PUMAAY. XJOPUTHL  LIET0THBIX
METAJIOB ITIPelCTABNSIOT cobolt Gesble kpUcTajsitdecke BenecrBa. JMokcoxsio-
par (III) Bogopoga HCIO; B cBoBOgHOM COCTOSIHMM He mnojiydeH. Jlaske B BOgHOM
pactBope HClQ, 6bictpo pasnaraercsi. Pacrsop HCIO, — xuciora cpegHen cUithl
(Ky = 1-1072), nasuiBaeMasi ruopucmon. [Ipy HarpeBaHHK XJOPUTB! OUCIIPOTIOPHHO~

HUPYIOT:

+3 ! +5
3NaCl0, = NaCl + 2NaClO,

M pABIAraloTcsl ¢ BbiaeJleHrneM KUcJIoDona:

+3-2 -1 0
Nd(ﬁlog = NaCl + 0,
B mpucyreTBUM  opraHK4ecKKX BemlecTs TBepable Okco~ W ropoxiopartht (I11)
B3PBIBAIOTCS OT YOapa.
Tpudropua xnopa u rerpadropoxiopars! (I11) mpumensiores kak dbropupyto-
e arentbl. Ms xmopurtos naMbonbiiee suadehne umeer NaClQOg, npumensieMmblit
[IPU OTOEJIKE TRAHEH U O6YMAXKHON MAcchl.

Coepunenus xnopa (V). U3 coegnHeluit, B KOTOPLIX XJOp NPOSIBAACT
cTenernb OKUcAeHUs +5, ussecthnl neHtadropma ClF;, okcorpudropua
CIOF,, auokcodropun CIOF u npoussoansie Tpuokcoxaopat (V)-aHHOHa
[ClOs]", auoxcoaudropoxnopar (V)-amuona [ClO,F,]", rpuokcodropoxiio-
pat.(V)-anuona [Cl04F]2", okcorerpadropoxiopat (V)-anuona [CIOF 4]

CIFs  CIOF;  ClO,F - -
[CIFy"  [CIOF,) [CIOF,)  [CIOF]  [ClOg)

+ 1 + 1 + 1 + 1
— M[CIOF, M[CIO,Fa] M,[CIOsF]  MI[CIO;]

Monekyna ClFy umeer dopMysy TerparoHaabHOM nupamuisi (eM. puc. 51, u).
[lentacdbropug XJ10pa — MaslogHccoluMpyomas #ugkoerb (1. i -93°C, 1. kum
~13°C), ycroitume o 200°C. Ero nosyuator dropposakimeM ClFs (npu 350°C u
25 MIla):

Cng + Fy = ClF5, AR = =33 kJlx
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Oxcorpudbropng xiopa CIOF; — 6ecusernoe Bemiecreo (1. mn. —-44°C, 1. kun.
27°C), obpasyercst npu gerctBun wa cMech ClF3 u OF, ynwrpaduoneropbrx Jiy-

Yeun:

2CIF3 + OF, = CiFs + CIOF,
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Dro coenmHenMe Jterko paanaraercs wa CiFg w O, ABisgercss KMCIOTHBIM CoequHe—-
HUEM.

Huorcodpropun xnopa ClOgF (zaopuagmopud) — GecupeTHblil JOBOJBHO yeToOM-
quBblid ras (1. wrn ~115°C, 1. kun. —-6°C). IMosy4aor ero dropuposanvem ClO,.
Xnopuadropun — KUCJIOTHOE coeqUHeHUE; ero ruaposius3 UIET TIo cxeMe

CIOsF + H,0 = HCIOs + HF
[Mpu e3auMogeiicreruu CIO2F u CsF nosyuaerces costb
CIOgF + GsF = Cs[CIO5F;)

3naunTenbHo Gostee yeroluuBbl coM — rpouseotkble [C105F]2 ~annona.

Okcnp xnopa (V) wenssecren. IIponasomsrie [ClO3] waswiBaroT zaopa-
maaw. U3 nocieHux HapbosbIllee NPaKTHYECKOe 3HAUYEHHE MMEET XJiopaT
kamua KClO; (6epmoaemosa coas). Ero nosayuasor mponyckanveMm xiopa
uepes ropsiuuit pacteop KOH:

60H" + 3Cl, = 5CI- + ClO; + 3H,0
-1 +5
6KOH + 3Cl, = 5KCI + KCI10; + 3H,0

Wau 3JleKTponu3oM ropsiuero pacreopa KCL IMockonsky KCIO; wMa-
JIO pacTBOpUM B Boje, ero Jserko oraensior or KCl oxnaxgenuem pact-
BOpA.

Tpuokcoxnopar (V) sogopoga HCIO3; B cBOGOZHOM CcOCTOSHUM He
soigened. Ho (8 ornnane or HCIO u HCIO,) u3secTHbl ero KOHNEHTpHpPO-
Bannbie pacteopel (go 40%). B sogumix pactopax HCIO3 — cunbnas
KHCA0TA, HAasblBaeMass Z4aopHosamou. Ee 0ObIYHO NoOayyaroT oOMeHHOMH
peaKnue:

Ba(ClOs)2(p) + HsS04(p) = BaS04(k) + 2HCIO4(p)

XnopHoBaTas KMCJAOTA IO CBOMCTBAM HAOMHAHAET a30THYIO KHCJIOTY, B
YaCTHOCTH, €€ CMech € CONAHOH KHCJAOTOH — CHJABHBIA OKUcAUTENb (THIA
"napexoit Boaku").

Hpu narpesanmu xiopatel(V) FUcIpOnOpIuoOHUPYIOT:

+5 +7 =1

a B NPHCYTCTBUUA KaTa/ln3aropa pacnajgatorcsi ¢ BblJ1€JAECHUEM KHcIopoga:

+5 -1 0
2KC103 = 2KCl + 302
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Mpu marpepanuu Tpuokcoxaoparel (V) — cusbpHble OKucauTenu. B cMecu ¢
BOCCTAHOBUTEIAMU OHU OBPA3YIOT JIEFKO B3pPBIBAfOIMEcs cocTabbl. bepro-
JIETOBY C€OJIb MCHOB3YIOT B NPOMSBOACTBE CIMYeK M cMecu aas (eitepsep-
koB. Xgopar HaTpusi NaClO; npuMmeHsiercst B KadecTBeé cpencTsa [Jid
60pbOBI ¢ COPHIAKAMHU.

Coenupenna xnopa (VII). Buicwas cTeneHh OkncneHuss xaopa +7
[IPOSIBJISAETCA B €r0 OKCUJLE, Psijle OKCOMTOPUIOB W OTBEYAIOIMX UM AHUOH-
HLIX KOMIIJIEKCaX:

Cl,0; CIOsF ClOF;  CIOFs (CIF)
[Cloy  [CIOsF)-  [CI0F) - -

+ 1 +1 + 1
MCIO4 MCIOsF, MCIO.F4 - -

Owxcup xn0pa (VIT) C1,0; — 6ecnpernas muakocts (1. ma. —93,4°C,
r. kun. +83°C). Iosnyuaercs npu HarpesaHum cmecu okcoxyoparta (VII)
BOZOPOAA U OKcHAa docdopa (V):

2HCIO4 + P,05 = Cl,07 + 2HPOg

Monekyna Cl,Oy nonsipara (g = 0.24-1072" Kan-m). B Heir cornacuo
5JEKTPOHOTPaUYecKOMY MCCAENOBaHUIO [Ba TETPasgpa OO6BEJUHEHb
HOCPEICTBOM ATOMa KUCIOPOJA:

O\ Q%\?l
7 1o C/O

0—Cl |
/
0,14 um B) o

Oxkcup Cl,07 oTHOCUTENBHO YCTONYUB, HO npu Harpesanuu (Beiille 120°C)
pasnaraercs co B3PLIBOM.

Terpaokcoxaopar (VIIj-uon ClO; nMeer TeTpasapu4veckoe CTPOEHUE,
YTO B paMKaxX TEOPHMM BAJIEHTHBIX CBSI36H COOTBETCTBYET Sp -THODUAM3ALMU
BaJIEHTHBIX OpOMTa/Nell aToOMa XJOpa, cTAGMJAU3UPOBAHHON 3a CYeT 7T—CBs-
3eit.

Terpaokcoxnopatsl (VII) (HeynaiHO Ha3bIBAEMLIE EIe RePradpamaritt)
BeCcbMa MHOTOYMCJAEHHLI. BOJBLUIMHCTBO MX XOPOIIO pacTBOPMMO B BOJE.
Terpaokcoxnopar (VII) sogopona HCIO4 — Gecnpernast suAKOCTh (T. 1.
—102°.C), cnocobras B3puBaThes. CtpoeHue moserysast HCIO4 npusezeno
HWKE!

0,14 HM

H
\ 1138
016 _HM
0

0

0

B skunkoM HCIO4 MOstekysibl AUMEpU30OBAHB] 3a cHET BOJOPOIHOHN CBSABU:

o\Cl _O—H. . .o\Cl _0
o No...1—0” N0

Terpackcoxnopar (VII} sogopoaa xopoio pactsopuM B Boje. Pactsop
SABJISACTCSH ZAOPHOU KUCAOMOU;

H,0...HCIO, = OH} + ClO;

Benencerene monusapuu HCIO, pacTBOpbl KMCAOTHLI BHOMHE YCTOWHIHBEL.
XnopHasi KUCIOTa — OJHa U3 Haubo/ee cuibHBIX Kuciaor. Ee mosayuaror
AelictBueM koHuenTpuposanuoit H,SO, na KCIO,:

WUssectnsr MHOrOuMcseHHbe okcoxnoparsl (VII). B wactHocTH, Kpuc-
rannorugpar HCIO4-HyO  siBasiercst nepxsopatom  okconus  [OH;|ClO,.
Ero nonyuasor snexrponusom pacrsopa KCIOs. Iepxioparsl B 0cHOBHOM
NPDUMEHAIOTCA B [IPOM3BOJCTBE B3PHIBYATHLIX BEIECTB B PEAKTUBHON Tex-
HUKE.

Moneryna ClO3F nmeer ¢opmy Heckombko wnckaskensoro terpaoga (g =
= 0,006-1072% Kir-M). B OGbLIMHBIX yC/I0BUSIX TPUOKCOMTOPUA XT0pa (nepraopua—
$mopud) — OGecupernbni ras (1. 1. —147,8°C, r. kun. —46,7°C), B ommume or
Cl,07 ofnapaer BLICOKOW TEPMUYECKOM M FMAPOINTMUECKOH CTONMKOCTBIO! YCTOMUME
1o 500° C u'He ruaponusyercsi paxe npu 260°C. Kucnotrasn IIPUPOOA €r0 IPOSIB-
JISETCA TIPU B3ANMORENCTBUM ¢ KOHLEHTPUPOBAHHBLIMM DACTBOPAMMN LIeTOYed:

ClOgF + 2NaOH = NaClO4 + NaF #+ H,0

CIO3F, rax n ClO7 — cUIBLHBIN OKMCANTEN®.
Hpyrue orcopropuner xmopa (VI) — CIOoF3 u ClOFs — wMajoycroidusble
raswr. Homyuaior uX okucenvieM GTopuaaMy KMUCIOpoRa HUBIINX HTOPUROB XIOpA:

CiF + O,bF, = CIOQFQ; ClF3 + OF, = CIOF5
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CreneHb OKMCIeHUA +7 y XJ0pa MPOABIAETCs TaKme B HeKOTOPHIX KATUOHHBIX

kommnexcax tuma  CIF  wn ClOoF5.  Ux  npoumssomnsie  [ClFg)*[PtFe],
[ClO,F,}*[PtFg] obpasyiorcs npu B3AMMONENCTBAN CUiTbHeRIIero oxucaunrens PtFg
¢ PANOM coefuHeHNN ¢ 6oJlee HUBKUMMU CTENEHSAMU OKMCIEHUST XJIO0pa.

VskecTHpl Takike KATMOHHBIe KOMIUIEKCHl XJIOpa M B ADYIMX CTETeHsX OKMc—

JleHUs1  XJI0pa, HAlpUMeD CIF3, CIFI;, CIOF3, ClO3. KarvonNble KOMILTeKChI
xjopa (kak M kaTMoHbl co cisazsimu N—F, N—O, O—F) nmeor nuskyio oHepruio
CBA3H, 1103TOMY TPe[CTABIAT GOJBIIONR WHTEpeC KaK cOCTABHBIE YACTW BHeproem-
KMX coeluHeHni. K oHeproemeuM BemectBam OTHocsirest tamme ClFy, Fo, OF,
C1,09.

B paay ClO —ClO;—ClO3;—Cl04 no Mepe yBeiH1ieHUA CTENEGHU OKHCJe-
HHA XJOpa YCTOMUUBOCTh AaHUOKOB BO3DACTAET. DTO MOKHO OOBLACHUTL TeM,

aro npu nepexopne or ClO™ k ClOj yBenuumuBaercs 4UCAO 3MEKTPOHOB,
NPUHUMAIOWYX y4acTHe B 0Opasdopanny cpsaseil. Ocobo ycToiiuwe MOH

ClOy, B KOTOPOM BCe BAJIGHTHbI® 3JIGKTPOHBl ATOMA XJOpa NPHHUMAIOT
yaacTHe B OOpa30OBaHMU CBsI3eil:

0 . 0 \\\ W (8] 0 \\\ // 0 - 0 \\ // 0
Ner| TN TN S
. ‘ " Xo A
0

[To 2TOi ke npUYMHE BBICOKO YCTOMYMBHI TeTpasapudeckKue MolieKyia

ClOsF u nou [ClO3F)2.

[Tonarator, uro B psagy ClO—ClO;—Cl03—ClO4 wospacraer pols M-CBABBIBA-

uus. Tax, ecnu B ClO™ nopsgox cesisu pasen 1, 1o 5 none ClOj on cocramnster
1,5. Tlosbrenue nopsigka cBsasu ClO™ coOTBeTCTBYeT YBelIUYeHUIO cDeAHed BHeprun
CBA3M U yMeHblIaeT MexbsigepHoe paccrosuve. Tak, d B ClO™ cocraBisier

Cl1O
0,170 v, B C1O; — 0,145 M.

Benegersue noselmenus yerotiyusoetn B psiay ClO—ClO,—Cl10;—Cl04
YMEHBINAETCS OKMC/IUTENbHAS AKTUBHOCTL. Tak, TMNOXJIOPUTH BCTYHAIOT B
OKMCIANTENBHO-BOCCTAHOBUTEIBHOE B3auMoAgiicTBue B Jito6oli cpepe. Xiio-
PATBI B PACTBOPAX OKHMCJAIOT TOJIBKO B CUJIBHOKHUCIION cpene:

ClO; + I + Hy0 — peakuus He uger

ClO; + 61" + 6H* = Ci~ + 31, + 3H,0
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Oxnennrensras ke cnocobnoets mona ClO B pacTBOpax NpaKTHYECKM He
HPOABIIAETCH.

HedopManys (BO36YmAEHUE) aHUOHOB MOMKET NPOUCXOAMTH TAKXKE MPU
JOCTATOYHO cWIbHOM Harpesanuu. llostomy rtpuoxcoxsoparel (V) seayr
ce0s KaK CUJIbHBIE OKMCJMTENN fJake B LIGNOUHON cpene:

+5 + 4 -1 + 6
KCiO; + 3MnO; + 6NaOH = KCI + 3Na,MnO,4 + 3H,0

CIUIaBJ/ieHue

llo wmepe yBelMYeHUA CTENEHM  OKUCIAEGHMS  XJAOPa B DSy
HCIO—HCIO;—HCI03—HCIO4 cuna kuenor Bospacraer (Tabn. 22):

HCIO  HCIO, HCIO;  HCIO
Y R 7.5 1,97 ~] ~~10

.
ITOT PaKT MOKHO OOBICHUTH TeM, YTO IO Mepe YBeJUYeHMA 9uc/a

aToMoB kucnopona B piany ClO—ClO,—Cl0O3—ClO; npoynocts cesizu O—11
C ONPeNEeNEHHBIM ATOMOM KHC/IOpOaa oclabesaer.

Coemunennsi xnopa (IV). Ora crellenb OKNWIeHHs XJI0pa MpOSBISIETCS B €ro
avorcune ClOs. uokenpn xiopa — seseHosato-xentstit ras (1. mr. -59°C. 1. kum.
QN 1 >
9,9°C) ¢ vpeskmM samaxom. CoegdHeHMe DHROTEPMUUYecKoe (AH} = 105

kJl%/Monb). Monexyna ClO; uMeer yriosyio dopmy [20CIO = 1187, d(ClO) =
= 0,147 um}, nooroMy ona nosspra (p = 0.56- 10729 K- m):

0]
Cl

by

"0
Monekyna napaMarHUTHA, Tak KAK UMeeT HeHeTHOoe UUCIIO GIEKTPOHOB.
larum o6pasom, ClO; — BaseHTHOHEHACBIIIEHHOe CcOeAMHEHNE; BOBMOXHLI ero
NPeBpalleHUA ¢ MpUcoeIMHeHeM UV ToTepei BJAeKTPOHA:
+4 +3 +4 +5
- - - +
ClO; + € = Cl0,, ClO; — ¢ = ClOy
Han6onee cunbho nposensiercs nepsass Tenpenims. [ostomy ClOQ; — cribHbm
orncnnTenb. [lpuMensiercsa nis orGenkn GYMAKHON MACCHL U B HEKOTOPBIX APYTHX
TeXHOJIOTUHECKNX NpPoLeccaX.
lipucoeannente u notepst 3jeKTpOHA Jlerte BCero peasinsyercs MpU gUCIporiop—
unonnpoparnu ClO; B mestounsIx pactBopax:

+4 +3 +5
2C10; + 20H" = C10; + CIO; + H,0

[pu sroM o6pasylores nee cosu.
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CylecTByIOT U Ipyrve okcupgbl xiopa, Hanmpumep ClyOg. OTo TeMHO-KOpUiHe-
+5
Basl KUIKOCTh, B kpucranauueckom cocrostmu ClyOg nocrpoe us voros ClO; u

+7

Cl0y. Monyuator ero oxucnenuem ClO, osomom. [Ipy obwruHbix ycnorusx ClyOg
HOCTENEHHO paslaTaeTcA. OHepTW4HO B3aUMOJElCTBYeT ¢ Bojoli, obpasys IBe
KWUCIIOTHL:

+5 +7
Cles + H2O = HCIO3 + HC]O4

[pu conpukocHoBernu ¢ opranvyeckumu Bemnecrsamu ClyOg BapbIBaercs.

[Monyyaror cBoBONHEIA XJIOp OKHMCICHMEM XJIOPHAOB: B Jaboparopuy —
XUMHUYECKHM OKMCJICHHEM KOHIEHTPHPOBAHHON COMAHONA KHCJIOTH, B TEXHU-
K€ — 3JIeKTpoan30oM BogHoro pactsopa NaCl v — kak MOGOYHBIH NIPOAYKT —~
IpY MOJyYEeHHH Harpus saektposmsoM paciuiasa NaCl. Xiop nmpumeHsioT
IUISL CTEPUMJIH3AIlMM THTHEBOM BOABI, IMHMPOKO HMCIONB3YIOT B KadecTse
OKHCIHUTENs1 B CaMBIX pa3sHOOOPa3HBIX OTPaciasAX XHMHYECKONH NPOMBIIIJIEH-
HoctH. BaxkHa ero posib B METaJLIyprUM LBETHBIX METAJLIIOB.

§ 3. IOAI'PYIIIIA BPOMA

Aromml 6poma Br, woga I u actara At UMMeror OMH HENAapHBIH BJIEKTPOH
(s%p®), MO3TOMY NPOSBJSIOT GOJIBIICE CXCACTBO € THNMYECKUMM 3JIEMEHTa-
mu. Ho Dpu BHICOKHX cTeNeHsIX OKHCJIGHHs 3JE€MEHTH NOArpyNns 6poMa
CYIIECTBEHHO OTJMYAIOTCH OT XMMMM (PTopa M XJIOpa.

JJieMeHTH NoArpyIns 6poMa MpOsIBJASIOT cTeleHn okuciaenus —1, +1,
+3, +5 u +7, u3 KoTopEIX Haubosee yerodgussl —1 ¥ +5.

BpoM u ero amanorum — HemerasuHyeckue aiemenTsl. Ho ¢ ypenmuue-
HUIeM YHC/Ia 3alOJHIEMBIX YJIEKTPOHHBIX CJIOEB aTOMOB HEMETaJllIHYecKHe
NpHU3HAKH 2J1eMeHTOB B psay Br—I—At ocnabepator. Q6 sTOM, B 4aCTHOC-
TH, CBHACTE/NBbCTBYET YMEHbILUEHHE OSHEePTHH MOHM3allMM M CPOACTBa K
anekTpoHy. Mopg ¥ acTaT NposiBJAIOT fake 3aMETHBE NpH3HakM amdorep-
HOCTH,

BpoM ¥ wox — nOBOJIBHO paclpoCTpaHEHHHE Ha 3€MJIe 3JeMEHTHI.
TIpupoHEA 6pPOM COCTOMT M3 ABYX cTabMabHHIX u3otonos 19Br (50,56%) u
82Br (49,44%), won — u3 ommoro uzotona 127]. Ilosyyenn Takke HMCKycCT-
BEHHBIE H3OTONBI. ACTaT B IPUPOAE NPAKTHYECKHU HE BCTPEYAETCS .

Ero nosyyalor WcKyccTBeHHBIM IHyTeM, Hanpyumep 00MOapIMpOBKOA AaTOMOB
BUCMYTa SIIpaMy TeJWsT:

2%Bi (a, 2n) %L At
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CuiHresupoBaHo okono 20 pafuoakTHBHBIX M30TONOB acraTa. Bce oHM uMeloT

KOPOTKMI [lepyioll NONypachala; caMplii NOAFOMMBYIIMA ua Hnx ZUAt (Tl /
2

= 8,3 4). [looroMy acrar He Moer ObITb II0JIyueH B BAMETHBIX KOAMYeCTBAX W ero
CBOYICTBa U3YyYeHbl HEJOCTATOYHO.

BpoM 06BIYHO CONYTCTBYET XJIOPY B €ro KaJMUHBIX MuHepalax. bpoMm u
MO HaXOAATCsl B MOpCcKOH BoAe M HedTAHHX O6YpOBHIX BOAaX, OTKyAa HX
TJIaBHBIM 06pa3oM U no6eBalOT. HUYTOXKHBIE KOTUYECTBa acTaTa 0OHapysKe-
HE B IPOAYKTaX €CTeCTBEHHOIO pajHOAKTHBHOIO pacliaga ypaHa U TOPHS.

IIpocThie BemecTBa. He}co'ropblé CBEIEHHUsI O TaJloreHaX, a TaK¥XKe BOJO-
pona NpHBENEHB HHXKE:

H F Cl Br I At
T. i, "C e -259,1  -219,7 -101 -1,2 113,6 244
T. xur., °C oo, -252,6  -188,2 -34,1 59,82 184,35 309
d33) HM cevnrenereeivieaes, 0,074 0,142 0,200 0,299 0,267 -
AHppe 3, kllx/Mome .. 435 159 243 199 150,7 117
Kine 3y ooevreeeninnnnnnns 5110710 9,2.10* 1,6:10"7 3,3-107 3,0-103 -
Prgg (D2 + 26 &=
T==20),B i -2,25 2,87 1,36 1,07 0,54 -

Monekyel 6poMa ¥ €roc aHajloroB ABYXATOMHH. Kak BUAHO M3 NpUBENEH-
HBIX NaHHBIX, B pany Bro—I,—At, ¢ ysennyeHMeM MEKbBANEPHOTO PacCTOsd-
Husi dpyy sHeprusi pucconmanuu monekyn A Hppe 3, YMeHbLiaercsi. IJTO

OOBACHACTCS! YMEHBIICHUEM [JIOTHOCTH NEPEKPHIBAHMS CBS3YIOMMX 3JIEKT-
POHHBIX 06JIakoB. B 3TOM psizy NOJIsIpH3yeMOCTh MOJIEKYJ YBEIUUMBAeTCS,
a CJIeOBATEIPHO, YCUJIMBAETCS! CHOCOOHOCTH K MEKMOJIEKY/IAPHOMY B3aM-
MOAEHCTBHIO, MOITOMY BO3PACTAIOT TEMIEPATYpH NJaBJeHMs] ¥ Kulenus. B
OOBIYHBLIX yC/IOBUAX G6pPOM — KPacHO-KODHMYHEBasA JKHIKOCTh, HOJ — YEpHO-
(puo/IeroBrie KPHCTAJUIBL € METAJLIMYECKMM OJIECKOM, acTaT — TBEpAoe
BEIIIECTBO METAJIMYECKOro BUA.

PactsopuMocTe rajioreHoB B BO#E cpasHUTENBHO Mada. llpu oxmakpe-
HHM BOJHBIX pAacTBOPOB BBINENSIIOTCS KPHCTALJIOTHAPATH KJIATPATHOIO
tuna J,-8H,0. lasioredsl sydnie pacTBopsiioTesi B OPraHMYECKHMX PacTBO-
putensax (cmupt, Gen3os, 3QpUp, cepoyriepoa ¥ Ap.). JTUM NOJB3YIOTCS
ISt u3pieuenus Bry u I, 3 pa3/iMuHBIX cMeced.

BpoM ¥ Hop — mocTAaTOYHO CHJIBHBIE OKMCJIMTENH, XOTS U YCTYNAOT Mo
aKTUBHOCTH ¢ropy M xyopy. B psaay F—At camxaeTcs oKuciaureabHas
aKTUBHOCTH NPOCTHX BemecTs. Tak, wamenenne suepruu 'ub66ca B peaky-
AX B3aUMOnENCcTBHS FajIor€HOB C BOAOPOIOM
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1/,Hy + 1/;Hal, = HHal

OTBEYaeT cJIeAYIOHINM 3HAYCHUAM!

HF HClI  HBr HI
AGY g KIOK/MOTE oo =213 ~95 -53 1,8

BzanMopeitictene $h1opa ¢ BOAOpOAOM NPOTEKAET CO B3PBHIBOM JaXe Ha
xonofly, o6pasopanue HBr u3 mnpocTeIX BEHIECTB NMPOUCXOAMT JIMIIL TIpU
NOCTATOUHOM HarpeBanmy, a obpasosanue HI — npu Takom marpesasuu,
4YTO 3HAYUTENILHAS 9YacTh €ro TepMUdecKH pasiaraercs. O6 yMeHpIUCHUU
OKUCIUTENBHON AKTHMBHOCTH MOJIEKYJI raJlOr€HOB ¢ YBEJIMYEHUEM ATOMHOIO
HOMEpPa 3JIEMEHTa CBUAETENHCTBYET TAKXKE COITOCTABICHUE UX CTAHNAPTHHIX
SJIEKTPOJHBIX MOTEHNUaa0B (cM. Tabn. 25).

HanpoTus, cnmoco6HOCTh OKMEAATHCA {T. € BOCCTAHOBUTEJILHAS AKTUB-
HOCTh) B pAasy Bro—I,—At; saMerno noseimaetcsa. Hon, nanpumep, oxkucsis-
eTcsi KOHIGHTPUpPOBAHHON a30THON KUCJIOTOM:

0 + 5 +5 +2
31, + 10HNO;3 = 6HIO; 4+ 10NO + 2H,0

Ocnabnenne OKHCIANTENbHON AKTMBHOCTH CKa3plBACTCs M HA YMEHbLie-
HUM CKJIOHHOCTM 6poMa ¥ HMOA3a K DPEeaKnusAM AUCHPONOPIUOHUDPOBAHUS.
Tax, KOHCTaHTa FAAPONU3A HAJIA PEAKIUH

0 -1 +1
3, + HOH == H3 + H30
[H3] [HOO]
K=+—"
[9]

B psny Cly—Bry—I, 3amerno ymenpmaercs: 3-1071, 4:107% » 5-1028 coor-
sercTBeHHO. Clle/IOBATeNIbHO, PaBHOBECHE PeAKIUY B3aMMOENCTBUSA Tajlore-
HOB ¢ BOAOH NIpHU Nepexofie OT XJI0pa K UOAY Bce Goliee CMEHIaeTcsl BIIEBO.

OxHCANTENPHYI0 AKTHBHOCTH 6poMa M HMOAa LIMPOKO MCHONL3YIOT B
PasIMYHBIX CHHTE3aX U AJs aHaau3a BemlecTs. Mo nmpuMeHsnoT xak aHTH-
CENTHYECKOe M KPOBOOCTAHABIHUBAIONIES CPELCTBO.

BpoM ¥ MOA MOMY4AlOT, OKMCIAA GPOMHAB ¥ HOXMUBL, HApHUMeEp, 1O
peaknuu

-1 +4 0 +2
2NaD + MnO, + 2H,S0, = 3; + MnSO4 + Na,SO, + 2H,0
le’l NOoNy4yeHUHN 6poma B KayecTBe OKHCIUTENA 4YacTo UCNOJIB3YIOT

XJI0Pp:

-1 -1
2KBr + Cl, = 2KCl + Br,
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Coepuaenna 6poma, MOfa, acTara —Az;f”m,

. !
(-1). BpoM, uon u acrar ¢ wMmenee xdw/moss
SJIEKTPOOTPHLATENLHEIMHA, YeM OHM

caMu, 3JeMeHTaMu 06pa3yloT 6poMu- 800+
OB, uomMael, acratuanl. Cbs3b Q‘.~
D—Hal B pagy ¢ropuz—XIopUA— 7001 3F;
6pOMUA—UOAUA, HAJs ONHOTO U TOro oot
JKe dneMmMeHTa OOBIWHO ocsabeBaer U
Habnofaercsl yMEHbIIEHUE YCTOWYH- 500
Bocty coepunenuii. O6 roM, B yacT-
HOCTH, CBUJETENLCTBYET CpaBHEHHE ey
CTAHAAPTHHIX DHTAJbNUN U 3Hepruit Jook
I'ub66ca o6pa3oBaHusi TraJIOTEHUIOB
OHHOTO M  TOrO e  BJIeMEeHTa 200
(puc. 150).
B orimuue or dropumos Gpomu- 1061
Abl M WOOUABI., U3BECTHHL IJIABHBIM g T 1

Ti V Cr MnFe Co Ni Cu Zn
P u c. 150. 3ueprus ['m66ca 06pasoa-
"HUS QUraloreHn 0B 3d-oneMeHTOB

o6pa3oM nOJA  9JIEMEHTOB HU3IKHUX
crenedeit  oxucienus. Hanpumep,
bTOpUABI U XJIOPUAB U3BECTHHI NJisl
Bcex creneHeft owkucienust ypana (UCls, UCl,, UCl;, UCl), torga kak
6poMunbl ¥ uwomguasl u3sectdst suuis aust U(II) » U(IV) (UBr3, UBry u
Ul,, Uly).

Kak u dropupsl ¥ xyopunsl, 6pOMUNL] ¥ HONUIEl MOTYT 6BITh WOHHBI-
MY, MOHHO-KOBaJIEHTHHIMM Y KOBaJIEHTHBIMU coemuHenusMu. IlpeuMymiect-
BEHHO WOHHBIMM SIBJAIOTCS NPOU3BOAHBIE [MENOYHBIX U UIETOYHO~3eMeshb-
HBIX METaJINOB. BpOMUABL ¥ MOAMIEl HEMETA/IMYECKUX 3JIEMEHTOB 5 BJSIOT-
csl IPeUMYIUecTBeHHO KOBAJSHTHHIMH. B psfy rajoreHupoB ORHOIO U TOTO
#e DJIEeMEHTa C TOBBLILIEHMEM €ro CTeleHd OKMCIEHUA YCHIUBAeTCS KOBa-
JIEHTHBIY XapaKTep CBS3H.

PacTBopuMOCTh B Bojle MORHBIX T'aJIOTEHW 0B U3MeHSEeTCsl CIENYIoUIM o6pasoM:
uomua > 6poMHy > Xsopup > dropun. [loHumeHue pacTBOPUMOCTH B BToM pSiny
obbsicHsieTcsl TeM, uTo (aKTopoM, OIpeNeNsolUM  PAacTBOPUMOCTh,  SIBJSETCS
BHEPIUS KPUCTAJIMYECKON DEIIeTKH, KOoTopasli ¢ yMEHblUeHWEM MOHHOrO pajuyca
rajioréHa BOBDACTaeT. JTOT [OPANOK COGMIONAETCS Y TaJION€HUJIOB IIEJIOUYNBIX U
mesoYHO-3eMesIbHBIX MeTasyioB U jlaHTaHoujoB. B nocnennnx gpyx ciydasix dro-
PUIB NPAKTHYECKU HepacTBOPUMBL I/l rajloreHMJoB, B KpUCTAJIax KOTODBIX B
IOCTATOYHON Me€pe [MpOABISETcs KOBaJleHTHasl CBsI3b, DPACTBOPUMOCTH (DTOPUIA
MOXeT OK4a3aThCsl GOJBILOM, & DACTBOPUMOCTh MONUNA MaJloil, Kak, HallpUMep, B
s Ag(I) n Hg(ID).
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BossmuECcTRO 6pOMUIOB M HOAM/OB XOpOHIO pacTBOpsAercs B BOAE. Kax
U IUIA XJI0pHIOB, HepacTROpuMsl Agd u PbJ,.

Nono6ro ruppusaM, ¢ropuiam u XAopuaaM, GpOMHAB ¥ HOAMIEL B
3aBUCHMOCTH OT NPHPONHL JIEMEHTA B IOJIOMHUTEILHON CTENSHH OKHC/ICHUA
MOTYT 6bITh OCHOBHBIMH (FaJOTEHHIABl HIJOYHBIX U IIEOYHO-3eMebHBIX
METaJUTOB) M KHCJOTHBIMH (Fa/IOTEHHAbl HEMETaIHYeCKHX 3JIEMEHTOB).
TlpuMepsl 6POMHJIOR ¥ MOLUMIOB PasHON XuMHUYeckofl NPUPOABI H HX MOBE~
JeHHe NpY THAPOJH3e NPHBEeJEeHBl HHKE:

KBr + HOH == peakuusi NpakTH4ecKy He ufer
Nal + HOH == 1o xe

OCHOBHBIV

PI, + 3HOH = H;PO; + 3HI

KWUCJIOTHbBI

Paznpuue B xuMuveckoii npupone 6poMHIOB M MOAMAOB MPOAB/IsETCA
TaKXKe B peaxiUsx THUIla

KBr + AlBrg = K[AlBr,]
2K] + Hgl, = K,[Hgly]

OCHOBHBI1  KMCJIOTHBIN

Takye peaknuu Mexxy OpoMHIaMH WIHM HOAMAAMH NPOTEKAIOT pee,
YeM MEXAY COOTBETCTBYIOIMME (TOpHAaMH WM XJOPHIAaMH, K TOMY Ke
BHICIIME KOOPHMHAIMOHHBIE YMCJIa KOMIUIeKcOOGpa3oBaresieli OOBIYHO He
JOCTHUTAIOTCA.

Hekxoropble KOHCTaHTH TaJOT€HUIOB BOXOPOAA IPUBENEHB! HUXKE:

HF HC HBr HI
AH}, kJI#k/ MO ......... r.=270,9 -92,8 -34 +26,6
AG}, KJIK/MOTTD ........... -272.8 -94,8 -53,2 L +H1L,78
..................... , 0,141 0,160
dHHal’ HM 0,092 0,128
< Tt /MO ... 431 364 297
EHHal’ k Ik /Mob 565 3 6
JTER VG %) T3 Y SRR 0,640 0,347 0,263 0,127
T.n, °Coeeeeeeeee -83,4 -114,2 -86,9 -50,9
T. wkum., “C vl 19,5 —85,1 -66,8 ~35,4
Ky oo 6,6-107¢ 1-107 1-10° 1,6-10!!
Kt 208 -rvnrrrrrerrmeeneeee 10793 10731 10718 3
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Ilpy OOGBIYHBIX yC/IOBHAX TaJIOTeHMABl BOAOpONa — rassl. Tepmutuec-
kas yeroiiuusocts B pany HF—HI ymenpmaerest. Kak suano u3 3uagenwmi
Kgue = [Hy)[Haly)/[HHal]2, HF u HCl ouens ycroitumesr, HBr ycroi-
49uB MpH O6pI4HOIN Temmeparype, Hl neycroitums. 310 OBGYCJIOBIEHO YyBe-
audenueM pasmepa atoMoB B psagy HF—HI u yMmensiuenuem npouHoctH
CBA3N.

Monexynst HHal nossipusr: 8 pany HF—HCl-HBr—HI snexrtpudeckuit
MOMEHT JHIIOIA YMEHbHIAETCs, HO MOASIPU3YEMOCTh MOJIEKY/ YBEIUIUBAET-
ca. lloatomy B pany HCl—HBr—HI rtemnepartyps! DUiaBfieHust B KHNEHUA
raJloTeHMA0B BOXOpoAa Mospluatorest (cM. puc. 148). Bpomup v momun
BOLOPOJIA OYEHH XOPOMHIO pacTBOpMMEL B Bonme. Kak BHAHO MO 3HaYeHHAM
K,, BX pacTBOpHI — CHJIbHBIE KUCIOTHl, HA3bIBaGMble COOTBETCTBEHHO Opo-
408000podnol H uodosodopoonoti. B pagy HF—HCI—HBr—HI cuna kucnor
YBEJIMYMBAETCH, YTO B OCHOBHOM OIPEAE/IACTCS] YMEHLILEHHEM B DTOM pALY
npousoctd cBsasy H—Hal. Oco6o npounas cesa3e B momexyne HF, mosromy
dropoBonoOponHAs KHCIOTa 3HAYMTENIHHO cilabee APYIUX FaJlOreHOBOOP O~
HBIX KUCJIOT.

C yBelHYeHHEM MEXKDBAZEPHOTO PAaCCTOAHUS U yMEHbIIEHUs DHEPrUU
cesazy B psiay HF—HCI—HBr—HI ycroiiumsocTs Momexys1 chwkaercs. B
3TOM e PALY BO3PACTAET BOCCTAHOBMUTENbLHAS AKTUBHOCTL. Hampumep, niis
peakuuu

-1 +6 0 +4
2HHal(r) + H,SO4(k) = Haly(r) + SO»(r) + 2H,0(x)
u3menenre sHepruM ['u66ca cOOTBETCTBYET 3HAYEHUAM:

HF HCI HBr HI
AG, kK /MOMb (oo 460 105 25 —68

Orctona cinenyer, uro HF u HCl ¢ H,SO4 ne pearupytor, a Hl serymaer
B OKHC/HMTE]HHO-BOCCTAHOBUTENBHOE B3auMopelictsue. Tak ke rasorenoso-
Aoponsl OTHOCsATCA K KOHNeHTpupoBaHuoll cepHoit kumciaore: HF u HCI ¢
konneHTpuposantoit H,SO4 ne s3ammopneiictsyior, HBr BoccranasmuBaer
H,SO4 npu uarpeBannn no SO,, a HI — 1o SO,, S u gaxe H,S:

-1 +6 0 -2
S8HI(r) + H,SO4(x) = 41(x) + HoS(r) + 4H,0(x)

AG, . = -290 x]lx
Hoaromy HBr u HI peiictBueM ceproft KHCIOTH Ha ¥X COMH HE MOJTYHYAOT.
B ommume or ¢ropuma u xnopuma Bonopona 6pOMHi M HMOnMA BOLOPONA
O6LIMHO MOJIYyYalOT THAPOIUTUYECKHM pa3/IoKeHHeM 6pOMMIOB H HOJUAOB

docdopa(lll).

Coenunenmn G6poma (I), moma (I) u acrara (I). Crenens owucaenus +1
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y 6p0Ma U €ro aHajloroB MpOABJISAETCA B COSJUHEHUAX C 6onee AJNIEKTPOOT-
pUIATENbHBIMY TAJIOT€HAMHK M KHCJ/IOPOJOM, HallpuMep:

BrF BrCl Br,O IF IC1 IBr -
BrF,  BrCl, BrO™ IF, ICl;  IBr 10°

Bunaphble coenunetvst 6poma (1) u noma (1), kpome BrO, obpasylorcsa npu
HelocpelcTBEHHOM B3ayMOJeNiCTBUM  TpPocTHIX BellecrB. 3a wuckimodenveMm [Cl

(AH,, = ~12 k[x/moib), ovu ouetib Heycroituusel, BrF, BrCl — raset (coor-
BEeTCTBEHHO KpacHOoro u xenroro usera), BroO — KpacHo-KopuuHeBast KUIKOCT,

IC1 (}cpacmlﬁ), IBr (cephiit) — JierkollIaBKkue TBepIble BelecTBa.

Bunapbie coegpnenus 6poma (1) u wona (I) sBisIOTCS KHCTOTHRIMM
coequnenuamu. O6 3TOM, B 4ACTHOCTH, CBHAETENHCTBYET MX OTHOIICHHE K
BOJE

Br,O 4+ HOH = 2HBrO; 1Cl + HOH = HIO + HCI
U B3auMOJeiicTBHE ¢ ONHOTHIHBIMY IPOMSBONHBIMY MISJIOYHEIX W 16JI0YHO-

3EMeJILHBIX METAIJIOB, HalpuMep:

CsI + Atl = Cs[Atly]

aumonoacrarat(l)

KCl + 1C1 = K[ICL);
anxnopovonar(l)

onunapl I1MeTOMHBIX MeTaJUIoB OYeHb CKJIOHHBI B DAcTBOpaX IPUCOEIUHSATH
MOJIEKYJbl TaJloreHOB ¢ 0OpasoBaHyeM moivuonanaoB. OnHy W3 TaKuX pPeaKruuit
MOKHO PACCMATPWMBATL KaK B3ayMOJIeNCTBUE OCHOBHOTO MOIMIA IMEIOYHOFO METaslla
¢ KUCTIOTHEIM noaunoM vogna (1):

-1 +1-1 +1-1 -
Kl + 11 = K[lIg; I'(p) + lLa(p) = I3(p)
nunonovionar(l)

Crpoenivie JiMHenHbIX MotoB tvma [[Cly], [II5]" Mokto 06bsicHUTL o6paszoBaHNEM
TPEXLEHTPOBBIX MOJIEKYJIAPHBIX opbuTaneir (cM. puc. 145).

Tlpouapopnsie 30O (rUNO6pPOMUTH, THIOMORUTH) MO CBOWCTBAM M CIO-
cobam mosyueHMsi NOXO6HB rumoxiyiopuraM. Ilpuy HarpeBaHWM OHHM JI€TKO
JHCI pONOPIHOHMUPYIOT:

+1 -1 +5
3K250 = 2K3 + K90,
WUJI¥M pacnmanaroTcs, BelAeNsAsA KHCGIOPOXL:
+1 -1 0
2K90 = 2K3 + O,
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Oxcobpomar (I) HBrO u okcowonar (I) Bomopona HIO wussectsol Tosmko B
pazbaBiieHHBIX BoIHBIX pacrBopax. Mx pacreopkel, nogobxo HCIO, — ciabele rue-
Jorel — bpoamnpsamucmas (pKy = 8,7) n uoonwosamucmas (pKy = 11). Kak n
HCIO, npy HarpeBanuy u Ha CBETY OHUM pAAJIATAIOTCS:

H30(p) = H(p) + 1/20x(r)
NamMenenne AG,, B aroM npouecce st HCIO cocrabnser -51,4, st HBrO pasno

-5,2 v s HIO paBHo +54,5 w]lx/Monb. OTo oTBevaeT poCTy OTHOCHTENbHOM
yeroiuuBocty B psagy HCIO—HBrO-—HIO.

IlpousBogusie 6poma (1) u moga (I) — cWIbHBIE OKHCAHTENN.

Coemuuerms: 6poma (1) u voma (IM). Crenenn okucnenns +3 6poMa u nona
TNIPOSIBNSIETCA B TPUTAJIOTEHNaX M OTBEHAOIIUX UM aHWOHAX:

BrFg(m) IFs(r) ICly(1)
(BrFq]"  [IF4]"  [ICl]

Okenant 3 (I11) HenzBecrHel, a orTBevatoune um ahuonbl BrO; u 10; Heycroit-
YMBBl U JIeTKo Iucnponopumonupyior. ns wuoma (III) wmsBectHR! ycroluupble
wenreie coeqverust I(ClOy4)3, I(NOg)s, I(I03)s.

Punponus coemmuenviii Br (111) u [ (111) compoBoxnaercst AMCIPONOpLMOHKPO—
BaHMEM, HalpuMep:

BrF; + 2HOH = HBrO, + 3$HF
3HBrO, = HBrO; + HBr

+3 +5 -1
3BrFg + 6HOH = 2HBrO3 + HBr + 9HF

Ananorwito ruipo/maylorcs coeluHenns tina [(NOg)g:

+3 +5 -1
3I(NO3)s + 6HOH = 2HIO; + 9HNQO; + HI

Hpoussoaneie 6poma (I11) u mona (IIl) — cusbhble okncanrenn. Tpudropun
6poMa npyMeHsiercs Kak (DTOPUPYIOLINI ATEHT.

Coennrenna 6poma (V) u woma (V). Bpom v won nposiBisior creness
OKHC/ICHHA +5 B CICAYIOMMUX COSAMHEHUAX W OTBEYAIOMUX UM aHHOHAX:

BI‘F5 Bl‘OzF - IF5 IOzF 1205
BrF;, - BrO; IF; 10,F; 10;

®ropunsl, okcun W okcodropuam Gpoma (V) u woma (V), a rakke
okcup uwona (V) Gecupernnt; 510 akmakocru (BrFs, IFs, BrO,F) uau teep-
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nvie emiectsa. 1o KHCIOTHO-OCHOBHBIM CBOMCTBAM OHH SIBJISIOTCS KUCIOT-
wbivu. Bosiee WM Menee dHePIHMYHO B3aMMONEHCTBYIOT ¢ BOJOI, 00pa3ysi
KHCJIOTHI:

1205 + Hzo = 2HIO3
BrFs + 3H,0 = HBrO; + 5HF
10,F + H,0 = HIO; + HF

C' OcHOBHBIMM COSJUMHEHMIMU OHM JAIOT COJM, HallpUMEp:

6KOH + IFs = K[I0s) + 5KF + 3H:0

Mpoussonubie [D03]" HasblBatoTcs Gpouamant U wodaman. AHHOHBI
[903]" BecbMa ycTOHUYMBBI, MOITOMY WMEHHO MX NpPOM3BOLHBIE OOBIYHO
o6pa3yloTcsi B BOJHBIX pacTBOpax HOpH neficTBHY Ha COeNMHEeHUs 6poma,
MOJa ¥ acTaTa CHJIbHBIX OKHMCJIUTENEiA:

0 +5

Br, 4+ 5Cl; + 6H,0 = 2HBrOs + 10HCI
0 +5

9At + 5HCIO + H,0 = 2HAtO; + 5HCI

Bonuble pactsopsl HBrQg — 6pounosamas (pK« = 0,7), HIO; — woOHO-
samas (pKx = 0,8) KHCIOTHL. B psany HClO3—HBrO;—HIO; kuc/oTHbIE
CROMCTBA HECKOJIBKO OCaGeBaloT, a yCTOHUHBOCTh, HAOOOPOT, MOBHILIACTCSH.
Taxk, ecaiy HCIO; cymecTsyer TOMbLKO B pacTBOpe, TO HIO; MoXHO BbIIE-
JINTh B CBOGOMHOM cocTosHuu. Teepaslit TPHOKCOMONAT (V) somopoga —
Gecupernble kpueraiabl (1. mar. 110°C). Ero MOKHO BBAIHTH nelicTBHEM
Ha MOMAaTH cepHoit kucyoTtolt. [Ipy HarpeBaHUY HIO,; nonyuaercs 1,0s.

Vonarhl nPYTUX 2JE€MEHTOB TakkKe 3HauMTebHO yCTOHUMBEE COOTBETCT-
BYIOIMX XJIOPaTOB M OpoMaroB. B dacTHOCTH, HEKOTOPHI® W3 HOAaTOB
serpedatores B npupone: KIO; — kak npuMeck K yUAUHCKOH CcenuTpe,
NalQ; — B BHe CaMOCTOSITE/IbHOTO MHHEpaJa aaymapuma.

[lpy cH/IbHOM HarpeBaHMH GPOMaThl M HONATbl pa3faratores, BLI €T
KHUCAOPOJ,.

Coenumenna Gpoma (VII) u moga (VII). B  pany
CYVII)—Br(VII)~I(VI) oryernuBo MNpOAB/AETCH BHYTPEHHAA nepuo-
nMYHOCTH. B otsimuue OT Cl u | crenexb okucnenust +7 njs Br e xapak-
TepHa. B Bblcileil cTeNeHH OKHUCHGHHUs N/ HONA U 6poMa M3BECTHEL!

cOeJUHEHUH

BrF; - I¥; [0:F -
- - - 5-
BrO; 10}
Pentadpropunsl BrF; m 1F; — ouenp peaKIMOHHOCIOCOOHbIE Ta3bl.
Tpuokcopropun uona 103F — Genoe KpHCTALTHIECKOE BElIeCTBO. JTH
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GTOpUAB H OKCcODTOPUIBI ABJNAIOTCA KUCIOTHHIMU COJHHEHUAMHU, O HeM
CBUAETEILCTBYET MX THIPOJIU3, HallpuMep

IF7 + 6H20 = H5106 + 7THF

5_
B wmone 10}  poctHraercss XxapakrepHoe MJjisi 3JIEMEHTOB 5-TO mepuopaa
KOOPAHHANHMOHHOE YHCJIO MO KHCJIOPORY, PaBHOe IIecTH. JTOT HOH UMeEeT
$opMy OKTadApa € aTOMOM HOJ2 B IEHTpe (dIO = 0,185 um). Fexcaokco-

nozpat {VII) somopona Hs1Og — Gecnpernoe KpUCTaIIMYECKOE BELIECTBO
(r. ma. 122°C), pacrsopumoe B Bose. Kucnoruble csofictsa Hs10¢ (uodnas
xucaoma)* BbIpakenbl HecpasneHno cnabee (pKix = 3,2, pKx = 6,7,
pKsa = 12,6), yem HCIO, (pKx ~-10). [lpu ueltrpanusanmy HonHOH Kuc-
70Tl OOBIYHO 06Pa3yIOTCs KHCJble COMH.

Pexcaokcomonatel (VII) (nepuodamu) nonywator u3 okcouwonmaros (V)
aub0 NpU UX NUCOPONOPIHOHHPOBaHHY

+5 +7 0
5Ba(103)2 = Ba5(106)2 + 412 + 902

nu6O NpU OKHMC/IEHUH XJIOPOM B IIEJIOYHON cpene

+5 +7
KIO4 + Cl; + 6KOH = Ks1Og + 2KCl + 3H,0

* IU60 NEKTPOTUTHYECKUM NYTEM.

[excaokcomopar (VII) sopopona momyyaror oOMeHHOI peakryelt
Bas(106), + 5H3S04 = 5BaS04(k) + 2Hs1Os

B csoGonuoM cocrosinum Terpaokcobpomar (VII) HBrO4 e BbInesen.
HNonyuenbr ero BonHbIE PacTBOpHl — 6po.unas xucaoma. Ilo cune ona mpuo-
JIMKaeTcs K XJOpHOU. BpoMHas KHe/iOTa — CHJIBHBIM OKHC/IHUTEND.

Terpaokcobpomarsl (VII) (repbpowamst) ofpasyfoTess NpH OKHC/IGHUH
Tpuokco6pomatos (V) B IIENOYHO cpene, HallpuMep, GTOPOM:

+5 +7
NaBrOjg + F; 4+ 2NaOH = NaBrO4 + 2NaF 4+ H,0

Coenusenuss 6poMa W HMOJ2 B OCHOBHOM NPHMEHSIIOTCA B IIPOM3BONCTBE
JIGKapCeTB, AJis CHHTE30B M B XMMHYECKOM aHaJjli3e.

* Ornocurest & kucioram tuna DO(OH)y, (em. ta6n. 22), a HCIO4 — & xue-
Joram tiia D03(OH)y,

337



TJABA 4 pOJEMEHTH VI TPYIIB NEPUOAUIECKON
CHCTEMBI J1.M. MEH/[EJIEEBA

K p-snementam VI rpylnel oTHOCATCS TUIMYECKHE 3JIEMEHTH — KHUCJIO-
por O, cepa S u 37eMeHTbI MOATPYNNH cejieHa — celeH Se, TOIYp Te,
noJionuit Po:

O 1s22522p*

S 2s22p83s23pt

Se 3s23p63d104s24p1

Te 4s524p64d105525p1

Po 4s524p64d104 145525654106 526 p4

He}co'ropbxe' CBeJeHUA 06 3TUX TEMEHTaX NpUBEAEHbI HUKE:

sO 165 3aSe s2Te gaPo

ATOMHAA MACCA ......oceennene 15,9994 32,064 78,96 127,60 [210]
BaJleHTHbIe SIIEKTPOHEI ....... 2s22pt  3s23pt 4s24pt  5s25pt 6s26p1
KoBasieHTHBIN pajuyc aTo-

M8, HM .ooiiiinieiieiieeenneeninnns 0,066 0,104 0,114 0,132 -
Merannmuyeckut pagnyc aTo-

M2, HM coviriiiinenreennanseeenrninn - - 0,16 0,17 0,17
VcnoBHLBINA paanyc MoHa

D% HM oo 0,136 0,182 0,193 0,211 -
VcnoBHBIN pagnyc Moxa

DO, HM v - 0,029 0,035 0,056 -
Oneprus viounsaygun 30 —

= 0% 5B 13,62 10,36 9,75 9,01 - 8,43
Cpoacreo Kk autekTpoHy, 9B... 1,47 2,08 2,02 ~2 1,35

ConepxaHue B 3eMHOM KO-
pe, %, (MoJL. JOTMA) ..oovaee 58,0 0,03 1,510 1,3-10°7 2-10715

Kak BUEHO U3 NpUBefeHHHX JaHHHX, B pany O—S—Se—Te—Po ymens-
HIAIOTCSE SHEPLUM WOHW3AHUM, YBEJIMUYMBAIOTCS Pa3Mepbl aTOMOB M MOHOB.
3710 ociabiser HEMeTaJUIMYEcKHUe PU3HAKY ITEMEHTOB. KUCIOpOJ — 3/ie-
MEHT-HeMeTallJT, IOJIOHUIT — 3JIeMEeHT-MeTal .

§ 1. KUCJIOPO/I

DJeKTpoHHast KOHUrypauMss HeBo3GYKISHHOI'O aTOMa KHCJIOpOJa
1522522pt:
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H++
# o ow

2s

Tlopo6no ¢rOpy, KUCAOpOA 06pa3yer COeAUWHEHWsI IOYTH CO BCEMU
3JIEMEHTaMU {KpOMe TeJInsl, HEOHa U aprona). IIocKoIbKY NO 3eKTpooTpU-
HATEJILHOCTH KUCJIOPO], YCTYHAET TOJLKO (TOPY, CTEHEHb OKUCJAEHUs Kuc-
JIOpOAa B NOJABIAIONEM GOJBIIMHCTBE cOGMHEHUI paBHa —2. KpoMe rtoro,
KMCIOPOJ, HPOABASET cTENeHW OKucieHUs +2 u +4, a Takke +1 u -1 B
‘coepnuenusnx co csazpio O—0.

Kncnopon — caMmpiilt pachnpocTpaHenHeiil asneMent [58,0% (Mon. gonu)]
ma 3emne. Cocrour u3 Tpex crabuabHex wusoronos: 60 (99,759) %
{(Mos. momu), 170 (0,037) u 30 (0,204). HonydeHn Takke MCKyCCTBEHHble

" M30TOMbI.

Bestenersue KoOMUMYecTBEHHOrO MpeobiafaHUsi U GOJMLIIGH OKUCIUTE b
HOM AKTUBHOCTM KUCIOpOxA MNpepolpexpessier (OpMYy cyllleCTBOBAHUS Ha
3eMiie: XMMUuecknx ieMenToB. VlsBecruo cpbitie 1400 MuHepasios, comep-
JAIMX KUCaopon. Ero 3navenue 61710 0c06eHHO BEUKO B Hepuos, o6pa3o-
BaHUsT 3eMHON kopul. Ilpegnoiraraercsi, uro kucaopon 3eMaun o6ycaoBAEI

. MEATEeNLHOCTHIO 3€JIEHLIX PACTEHUI.

B npouecce drorocunresa yrieBonoB
TICOZ + mHZO = Cn(HQO)m + TZOQ

 3a c4eT [peATeLHOCTH 3€JIeHbIX pACTeHudA W OaKTepUI eXerollHO MOIJIOIAETCsT
oxoio 300 Mapn. 1 CO,, Bbigenstercst 200 mupn. T O, cuntesupyercs 150 mipa. T
opranuveckux BelllecTB. [Ipyn 9ToM KoHcepBupyeTesi B GopMe XUMMYECKON BHEPTUM
'45-1018 k/Ix conHedHo OHepruy. ExerogHo mnorTpebiseMast Npn  oToCHHTese
'oHeprust CofHia BO MHOTO pa3 TpeBblllaeT KOMMYeCTBO OHepI'y, MNOTPEG/SEMOl
. YeJIOBeYeCTBOM.

Ipocthie BemectBa. Haubosee ycToiiuuBa aBYX4TOMHAs MOJEKy/a
kgcopona O, OHA NapaMarHMTHA, Tak KAK UMEET /Ba HENAapHbLIX 3JIEKT-
poHa.

\ 2 g*2 g2 g4 R Sl
O'SO'S azﬂ-z,y”z 7ry

B monekyne O, Ha 8 cBA3BIBAIOIIUX 3JIEKTPOHOB NPUXOANTCsS 4 pas3phix-
JISTIOMUX, NOITOMY IOPAAOCK CBSI3W Ha Hel paBeH ABYM. YYUTHIBAs Mapa-
MarserusM U NOPANOK CBsI3K, CTpOGHME Mosekysbl Oy MOXKHO IPENCcTaBUTD
CXeMaMu:

0=0: wmn OEO
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BeneicTBMe KpaTHOCTH — CBSIBM  MeXbsifIeDHOe  pacCTodHMe B 0O,
(0,121 um) MeHblIe JUTMHBI omunaproit ceasu O—O (0,148 am). llo
5TOl ke mpuunHe Mojekyaa O, BecbMa ycTOH4uMBA; ee SHEpPIUs JHCCOIHUaA-
unu pasHa 494 k/Ix/Moab, Torja Kak JHeprus onnnapsoit ceasu O—0
Beero 210 k/lx/mMonb. JJuccOIMUPYIOT MOTEKY /1B O, aumb eme 1500°C.

Monexkyas O, c¢1ab0 NOAAPU3YIOTCS, TOITOMY MEKMOJIEKYISAPHBIE
CBA3M MEXKLy HEMH OueHb cnabbl. Tlo aToil mpuinHe TeMIepaTyphbl IJ1aBJjie~
nust (-218,9°C) n kunenns (-1837C) ruc0posa OHEHb HUSKHME. On miIoXo
pacTtBopsieTcst B Boge (5 o6beMOB 0, B 100 o6vemax HoO mpu 0°C). Kua-
Kyt ¥ TBepABI KHCJIOPOJ NPUTArMBaeTcs MArHUTOM, TaK Kak eT0 MOJIeKy=
7Bl IapaMarHUTHH. TBepABIl KMCIOPOJ CMHEro uBeTa, a AKHUIKHA — FOITy-
Goro. Okpacka 06ycJIOBICHA B3aUMHBIM BIUSHAEM MOTEKYJI.

AanoTponuyeckyio MOANGMUKAIMIO KUCIOpoaa — O30H Oy MOXKHO pac-
cmatpuBaTh Kak coegunenne O(IV) — OO;.

Kuic0pos, py HAFPEBAHMHM M B NPUCYTCTBMHM KATalM3aTOpa NPOABIACT
BLICOKYIO XMMHUYecKylo akTuBHOCTb. C 60/BIINHCTBOM TIPOCTBIX BelllecTB OH
B3AMMOJIEICTBYeT HeNOCpe[ACTBEHHO, 06pasys OKCHBL JHUIL 11O OTHOUIE-
HUI0 K PTOpY IpOSABJSAET BOCCTAHOBHTE/BHBIE CBOMCTBA.

Kucnopos nonydaloT pekTuduKanmeil KUAKOTO BO3AyXa, a TakkKe Kak
NOGOYHBIA NPOAYKT IPH JJIEKTPOJIH3€ BOABL B nabopaTtopum Qs ero
[IOJYYEHUA MCIONL3YIOT TepMUYecKOe pasdsioiKeHue 6OraThlX KHCJIOPOAOM
coegunennit (KMnOy4, KCIOs3).

Coenmuenns kucaopona (—II). Kak yke yka3mBamloch, o6pasoBaHUe
ABYX- ¥ MHOrO3apsiIHbIX OJHOATOMHBEIX AHMOHOB 37 sHepreTHYecKu HEOBbI-
ropHo. [loaToMy He cymiecTBYeT cOefiMHEHMH, cOpepKaliux MOH O%. [laxe

B KPHUCTANATIUYSCKHUX OKCHU AaX Hanbosee aKTUBHBIX METANINYECKUX JJIeMeH-

ros tuna Na,O n CaO 3ddexTUBHBIN 3apsi/ aTOMa KMCI0POAA COCTABIIACT

Beero 1—.

CoctaB KpHcTa/uIMYeckuX OKcuuos (B ocobeHHOCTH d-oneMeRToB) B GoJiblie
WM MeHbIIel crereny nepemennblit. Tak, 17 MnO o nsMensercsi B mpefenax ot
MnO 1o MnOyj 5, a mist MnpO3 — or MnO; 5 1o MnOj 6. Ecm B oxenmax conep-
KAHME KUCIODONA BbIIE CTEXMOMETPUUECKOTO, OHM IPOSBIAIOT JBIPOHHYIO HPOBO
JMMOCTD, @ €M cofepiaHie MeTallla BbIIE CTEXMOMETPUYECKOro, TO — OJIEKTPOr™
Hyto. TlosIyTIpoBOAHMEAMU ¢ [BIPOYHON TPOBOLMMOCTBIO smasmorest MnO, Cug0,
FeO u ap. PAX oKcMIOB, cOCTaB KOTOPBIX HE MONTMHAETCA OBBIYHBIM TIPABUJIAM
cremenent oxnenenus (Hampumep, CrsO, TigO, Tis0) — MerauMdecKue COERU~

HeHU 1.

BaskHe UM U3 OKCHIOB SBJSeTcs OKCU BOJOPOAa — BOAA. AKaaeMHUK
o ]
ATl. Kaponnckuit Hazpajg BOAy 'caMbM [IparoneHHBIM ncxonaeMbiM'.
Boaa cocrapnsier 50—99% Macchl J1IO60Or0 KUBOFO CYLIECTBA. KpoBp ueso—
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peKa cofiepkut 6Gosee 4/s Boabl, Myckyns — 35% Boabl. Ilpu mpopmonmmu-
TeJILHOCTH KU3HK 7{) JIeT 4e/IOBeK BHIIMBAET OKOJIO 25 T BOAML.

B HacTosiliee BpeMsi BOJHHIE pecypchl BO MHOIMX cTpaHaX MUpa CTaJu
paXHBIM (DAKTOPOM, JIMMUTHUPYIOMIMM pa3BuTHe [pousBoacTBa. lIlpu aToM
OLHOM W3 Ccepbe3HBIX NpobGJeM uYeslopedecTBa ABJAeTCS cHabkeHHe Hacese-
HUA TpecHoi Bomoil. B c¢BsA3uM ¢ OypHBIM Pa3BUTHEM IIPOMBIILIEHHOCTH W
pOCTOM HACEJIeHMsl PAcXOJ BOABl BCe yBeMYMBAETCA. IlepBocTenenHoe
agadyeHre NPUOGPeTaloT BOMPOCH OXPaHbl BOAHBIX MCTOYHHKOB OT MCTOLIE-
Husl, 8 TAKKE OT 3arpsA3HEeHUs] CTOYHBIMU M IPOMBILIICHHBIMH BOJaMU. JTa
npobieMa pemaercid fyTeM cO3JaHMA TaKUX TeXHOIOTHYECKUX IPOILecCOB,
B KOTOPHIX OTpaboTaHHas BOJa He Op6utanu Op6utany

Opburtanu
c6pachiBaeTCsl B BOJOEMBI, a [OCJIe ° H;0 H
OUYMCTKHM CHOBa BO3BpaljaeTcs B o
TEXHOJIOTHHYECKHUI Ipouecc. /1,__.“; AN
Kakx yKa3bIBaJIOCh (M. i A\
puc. 51), Mosmekyaa BOAM UMeeT /7,' N\
yrsosyto  ¢dopmy. CorsacHo Teo- 7 N :SA
puit BAJIGHTHBIX CBSA3EH B MOJIEKY- 2p / / o ——
ne H,O ape sp3-rubpuihbie opbu- ‘H‘+—!’:}1“ ‘n—i////’
TAAN aTOMa KHMCJIOPOAA Yy4acTBYIOT ‘\\\\’\ = /!
B 0O6pa3OBaHMM JABYX  CBsI3eii \IY\\ / / /
O—H. Ha nByx apyrux sp3-ru6G- ,l\,\ o /. /
PHIAHBIX OPOMUTANAX PacIOOMKEHH / 2/ ,’
JIB€ HECBSI3BIBAIOUIME JJIEKTPOH- /I,’ \ !
Hele napbl (cM. puc. 51). Banent- ' 2s (” \ /
Bhit yroa soasl ZHOH cocrapisier \ ]
104,5°. N
- B paMkax Teopuu MOJIEKYAAp- L'H‘S_I

P u ¢. 151. DHepreruueckasi auarpaMMa

HBIX opbuTaNeil PpaccMOTPeHHas ~ N
opbuTtaseit mosiexybl HoO

]

MOZesnb MOJEeKYJAH BOAbL COOTBET-
©rByeT pacnpefieleHHIO BOCBMHM  BAJIGHTHBIX  3JIBKTPOHOB IO JIBYM
CBI3HIBAIOIIUM ¥ JABYM HeCBABHLIBAIOIIUM MOJIEKYJASDHBIM  OpOUTANAM

(puc. 151):

2 g2 g°2 ¢°2
US Uz 017 7('y.

%

h

,;“_Il'gl‘axcoe o6bsicHeHHe NOoJATBepKaaeTca HaiuumeM y mosekyabn H,O werbipex
| MepBEIX moTeHnUaNoB HoHMzanuu (27,3; 16,2; 14,5 u 12,6 aB).

C mosuumit Teopumn MOJNEKYJSIPHBIX opbutasieil crpoenue MoJlexynbl HoO momHo

06
bACHUTE cIefyoluM obpazoM. BsaumHoe pacrosioxkeRMe aToMOB BoJopoia M
KHcropona B MoJsieKysie BOJbI MOXHO TIPefCTABUTD CXEMOI
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Hy V Hp
x .
Mostexystsipuble opburam HpO obpasyiorcsi 3a cder 2s- u 2p-opburaineir aToMa
xueiopoga U 1s-opburajieit IBYX aToMoB BOJOPOMA. XapakTep IepeKpBIBAHIS OTUX
opburanieit TiokasaH Ha puc. 152. :
[lepexpbiBatute 2p~opbutaieit aroma O u 1s-opburaseit nByx aromos H TpuBo-
IUT K BOSHUKHOBEHUIO MOJIEKYJSDHBIX Oz U a;—op6ma,neﬁ. Kax BuaHo u3

puc. 151, xapaktep nepexphBalus 2s- U 2p~opbutaineit O oanHaxoB. B pesysbra-
Te oBpasyloTCsi TPU MOJIEKYJIsIpHble opBUTalli: CBA3BIBAOAs T IOHUTH HECBIASHI
Baolias 0; Y PA3PBIXJISIOas 0:. Op6uranb 2p, pacnoioxeRa NepreRIuKy/IsIpHO

nsocKoCTH pactionoxkelust atomoB H u O, ¢ 1s-opburansivu aromos H He mepexpbl-
Baercsi 1 B Mostekyste HoO urpaer posib HecBASHIBAIONLE MOJIEKYJISIpHOU 7r;.

Takum o6pasoM, KOMOMHAUMSA MCXOAHBIX HeThIpeX ATOMHBIX opbuTaneit KMo~
poma M AByX opbuTasieil aTOMOB BOJ0DOJa IPUBOAWT K 06pasoBaHKIo [BYX CBSI3bI-

*
BaloOILNX (0 M 0,), ABYX HecBsisblBaiowux (0 1 7r;) # IBYX paspbIxjsionux (o7 1

a;) MOJIEKYNIAPHEIX opbuTaneit (cm. pue. 151).

B cooTBercTBMM ¢ IPUPOJION 3JIeMeHTa B IIOJIOKUTEBHON  CTelleH!

OKUCIeHNA XapaKTep OKCHJOB B IepUOAAX M [PyNNaX I[epuoAMHYecKOw
cHcTeMBl 3aKOHOMEpHO wu3MeHsieTcs. B mepuosax yMeHbLIaeTcsi OTpUIa-
TeNbHHIA 3¢ eKTHBHBI 3apsAa Ha aTOMaxX KUCJI0poaa 8o 1 ocyuecTBAALTCSA

P u c. 152. TlepexpbiBakue 2s-, 2p;-, 2popbutaseil atoMa KMaIopofia ¢ 1s-opbuta-
JIAIMM IBYX aTOMOB BOLOPOJa MOJEKYJbl Bobl

342

Ty

MOCTEIIEHHBIM [epeXo] OT OCHOBHBIX 4epes aM@OoTepHble OKCHIB K KHUCJIOT-
HBIM, HaIlpUMep:

NaQO MgO AlgOg 8102 P205 SOg CIQO'T
Db dexTUBHBIN 3a-
P B o 0,81- 042 0,31- 0,23 0,13 0,06~ 0,01-
KU ¢10THO-0CHOBHBIE OCHOBHbIE aMdo- KUCIIOTHBIE
CBOWICTBA OKCHUIIA ........ cwibHo  1abo TepHb  wiabo cpenHe CUIIBRO

Pasznuume B cBOiicTBAX OKCHIAOB PA3HOrO THIa NPOSABIAAeTCA IPU HUX
B3alIMOJIEACTBUU C BOJOM:

Na,O 4+ H,O = 2NaOH;

OCHOBHBII

3H20 + P205 = 2H3PO4

KUCIIOTHBI
a TaKikKe IIPHU B3aMMOJAEMCTBHH OKCUJOB Pa3HOro THUMAa APyl ¢ IApyrom:

3Ca0 + P,05 = Cay(POy),

OCHOBHBIM KM CJIOTHBIN

AmdoTepHBle OKCHAB ¢ BOJOW HE B3aMMOASHCTBYIOT, HO MOTYT pearupo-
BaTh U C KHUCJIOTaMM, ¥ € [IeJI0YaMu:

OCHOBHBI#

6NaOH + Al,O3 + 3H,0 = 2Nas[Al(OH)g]

KU CJIOTHBIN

a Npy CIJIABJIEHUU — ¢ OCHOBHBIMM U KHCJOTHBIMHU OKCHJIAMU.
CpaBHUTENBHYIO KOJUMYECTBEHHYIO OIEHKY OCHOBHO-KHUCJOTHOH AKTUB-
HOCTHI OKCHUJIOB MOXKHO fAaTh Ha OCHoBaHMM 3HadeHuil A (G cooTBeTCTBYIO-

INX OAHOTHIHBIX peaKiuii. YMeHbIleHWe OTPULATENBHOTO 3HAYeHus
AG;,, B peaknusx
Na,O(k) + H,0(x) = 2NaOH(x), AG e = —148 w[lx
MgO(x) + H,O(x) = Mg(OH),(k), AG . = —27 k[Ix

l/gAlgOg(K) + HQO(JK) = 2/3AI(OH)3(K), AG;98 +7 KILJK

CNBH,neTenbc'rByeT 06 ocnabseHHM MX OCHOBHBIX CBOJMCTB B psifay
8,0—MgO—Al,0;3, a Takxke 06 UX crHOCOBGHOCTH B3AMMOASHCTBOBATH C

Bonoji. B pAaAny P205_803_01207
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1/3P205(K) + HQO(}K) = 2/31‘1313()4(1-{)7 AG;QS = -59 Kll}K

SO4(x) + H,00k) = HySO4(x), DGy = =70 kil
CIQO'T(F) -+ HQO(}K) = 2HCIO&(}K), A v0298 = -329 Kll)K

o
Haobopor, HabniopaeTcsd yBeaudeHne OTPUIATeBHOrO 3HaueHus DG,

4YTO CBUAETENBCTBYET 06 ycuJlenuu y OKCHJA0OB KHMCJ/IOTHBIX CBOMCTB.

CoeuACHAA HEpOKCHAHOrO THHA. CPOICTBO K 3/1SKTPOHY mostexyasl Oy
pasier 0,44 5B, a ee sHeprus HOHU3ALUMN 12,08 5B. [lpu xuMHUUecKHX
WK TepPATh 3NEKTPOHH

cocTa
[OpeBpalieHUuAX MOJIeKYJla 0, Moxer npucoeauHATh

2- - +
¢ 06pa3oBAHUEM MOJIEKY/IAPHBIX MOHOB THIA 0%, 03 u O3 (Taba. 33).

Ta6é6auna 33. llopanok, MHa K SHEPTUA cBsau mMonekyabl Os

w MoneKyIsipHbix uoHoB O3, O u 07

+ - OQ
MomnexynsipHble 0pOUTA- 0, 02 (02 ) )
7N U CBOMCTBA [0=0}* [0—0] [0—0] [0—0]?

o - |+
_H.

H 4
o 4 4 i 4
.H..
.H.
.H.

+ =+ &+
+ =+
+

US
Topsiok cBA3KU 2,5 2 1,5 1
MexbAagepHOe PaccTo- .
SIHUE, HM 0,112 0,1207 0,132 0,149
DHeprus IMcconManiy,
wdox/ Mostb 642 494 394 210
Uon Huoxcure— - Cynepokeua- | Tlepoxcua-

HHUJI—

* bt
Kak suaHo w3 Tabi. 33, yaajeHue 3/1eKTpoHa ¢ 7 -Op6UTaNN MOJIEKY /I

+ '
O, COOTBETCTBYET MOBBILICHHMIO NOPAJKA CBAZN (8 O3), a MOSIBJIGHNE JJIEKT
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pOHOB Ha 7 *-op6UTANIM NPUBOAUT, HAOGOPOT, K YMEHBLIEHHUIO MOPANKa
cBABK B MOJIeKYJApHHX woHax O3 u O B cooTsercrsuyu ¢ 3TUM B psny

O}——OQ—OQ—Og' PACCTOSIHME MEKY ATOMaMi KHUCJIOPOJa YBE&IUYUBAETCHA, a
CpenHsis DHEPrUs CBSI3U YMEHbLIAeTCH.
ITpucoenunenue ogHOro 3JeKTPoHa K MoJieKyJe O, BBI3bIBaeT 06pa30Ba-

gUe naonepoxcud-uoda O,
050+ ¢ = [076]'

IIpoussonubie panukana O, Ha3LIBAIOTCA HAONEPORCUOLAU; OHU H3BECT-
HH JIJIs1 Haubojee akTuBHBIX mieiounbx Merayios (K, Rb, Cs). Hanmepok-
cuZbt 06pa3yioTea Mpu MPAMOM B3aUMOJEMCTBUH MPOCTHIX BEUIECTB:

K + 0, = KO,

Henapuriit snekrpon moHa O, 06ycyIOBIMBAET NapaMarHeTH3M HaJnep-
OKCHJOB W Hajmuuue y HuX okpacku. Hagmepokcuapl — OYeHB cHJIBHBI®
okuciautenu. OHU GYPHO pearupyioT ¢ BOAOM € BBIAENEHHEM KHUCJIOPO/a.

lipucoenunss nBa anexkrpoHa, moiekyida O, mpeBpamaercss B IEPOK-

2- N N
cua-nod O3, B KOTOPOM ATOMB! CBS3aHB! OJHOM JABYX3JICKTPOHHOM CBASBIO,
U [I03TOMY OH JMAMarHUTeH:

:0=0: + 2¢ = (00
NMpoussogubie OF HasbiBatOTCA NEPoxCUITUL.
Ilepokcuapt 06pa3yioresi Npu OKUCICHUN PSIia METAJJIOB, HalpUMep:
Ba + 02 = B302

Hau6ospinee npaKTudeckoe BHadeHHe KMeeT NepOKcup (MepeKHch)
Bonopona H,0,. CrpoeHune MOJeKyJibl IOKa3aHO HUKE:

\ H 0,0958Mm \
\\_ \/0,148 HM 1N\ 120°
T 0-——\
AN 9594 N
N N

Oneprus cpsasu 0—O (210 kJlx/MOMb) 3HAYMTENBHO MEHBUIE 3HEPLUH

eBa3un O—H (468 k/lx/moun).

. Benencrsue HecuMmerpuuHoro pacrpenesienus cpsizeit H—O wmosekyna

‘H,0, cunbno monsipua (0 = 0,7-10729 Kn-M). Mexay monexynamu H,O,
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BOZHMKAET NOBOJBHO Tpo4YHas BOJNOPONHAA CBA3D, npusonAmai K HUX
accompamui. T103TOMy B OGBIYHBIX YCJIOBUAX MEPOKCHIL pogopona — cUpo-
moobpa3Hasi HUIKOCThb (m. 1,44) ¢ IOBOJBHO BBICOKO TeMIIepaTypoi
kumenua (1. wun. 150,2°C, T. o 0,41°C). Ona yumeer 6GileqHO-To1y6y10
okpacky. [lepokein Bopopona — Xopouuin MoHM3UPYIOMUA pacTBOPUTEIb.
C Bojoil cMemyBaercs B JIIOOBIX OTHOIIEHMIAX Gyiaronaps BO3HUKHOBEHHUIO

HOBLIX BOLOPONHBIX cBsizeit. U3 pacTBOPOB BEIJACTCA B BULE HeycToNYn-
-52,0°C). B na6oparopuu

BOrO KpHCTAJJIOF U paTa H,0,-2H,O (1. 1.
pacteopsl H20, (nmocnennuit

o6braE0 ncmonbaytorea 3%-ubie u 30%-nbie

HABBIBAIOT NePLudposet).
B BogHBIX pACTBOpAX IEpPOKCH] BOAOPOAA — cnabas kucaora (pKa =

= 2,24-10712):

H,O0 ... H,0, == OHj + HO>
ruaponep-
OKCUN-UOH

H,0, + 2NaOH = Na,02 + 2H,0

B xuMuueckHX PEAKIMsX MePOKCHA-PANUKaT MOKET, He HN3MEHSACH.
epexoquTh B APYrie coeAuHenusl, HallpiMep:

BaO; + HQSO4 = BaSO, + H202

Mocennss peaknmus McloJb3yercs s nojydenus [HepoKCHAA BOJO-

pona. _
Yamze, onHAKO, IPOTEKAIOT peaKity, compoBokaatomuecs paspymenu-

9-
eMm cesizu O—O Wiy u3aMeHeHMeM 3apsiia HMOHA 035 .

TPaKTOBATh KaK IposiBJIeHNe NOHOM O%_ OKUCJUTEJNBHBIX H BOCCTAHOBH-

TeJIbHBIX CBOMCTB:
-1, -2
0% — 20 (oxucnurens)

-1 0
0% — O (BoccranoButesb)

B mepBoM cilydae MepOKcHABl TPOABIIAIOT OKHMCJIATEJILHBIe cBOMcTBA, BO
BTOpPOM — BoccTaHoBiTeNbHEIe. Hampumep:

-1 -1 0 -2
2KI + NEQOZ -+ 2HQSO4 = 12 -+ NaQSO4 -+ KQSO4 + 2H20

OKHCIIUTETD

+ 7 -1 + 2 0 )
2KMHO4 + 5H202 + 3HQSO4 = 2MHSO4 + 502 + KQSO4 + 8H2()
BOCCTAHOBUTED
346

DTH nporecchl MOXKHO

OKUCIUTEBHBIE cBOM
cTBa IIe
TIEPOKCHUIOB BBIPAXKEHB! CHJIbHEE, 4eM BOCCTa~-
HOBUTENbHBIE:

H,O, + 2H* + 2¢ = 2H20, E;QB =178 B

+ - o
Oy + 2H* 4+ 2¢ = HQOQ, E298 = 0,68 B
Tak, 0OpyU [edcTBUY KOHUWEHTPHPOBaHHBIX ' pacTBopoB H,O, Ha 6ymary
bl
onmmg WY Opyrue roprodye BeiecTBa NPOUCXOAUT MX CaMOBOCIJIAMEHEe-
_pue. BoccranoBuTesbHBIE cBOHCTBA NEPOKCHI BOAOPONA NPOSBISET 110

OTHOIIEHUIO K TaKUM CHIIBHBIM OKHCJIUTENSAM, Kak HoHB MnOj,

Jsia nlepokcuna Boropoja XapaKTepeH TaKkKe paclafl 10 TUITY JHUCIpo-
MOPY¥1 OH MPOBAHHU I '

-1 -1 -2 0
H,0, + H,0, = 2H,0 + O,
JToT pacnan yckopsieTcsl B IPUCYTCTBUHM NPUMECei, IpU OCBEMEHNU, HAT-
bl
peBaHUHN H Muome'r OPOTEKaTh cO B3PHIBOM. [[OBOJIBLHO YCTOMYMBBEL TOJBKO
O4eHb HHCTHIA H,07 u ero 30—65%-uuie pacteopnl. Ilepokeunn Bomopona u
‘ero PacTBOPH OGBIYHO XPaHAT B TEMHON NOcyfe U Ha XOJoAe, AAsA cTabu-
M

Jusanuy qo6aBiAsAIOT UHTUOGUTOPDH.

B
- OllHBI® DACTBOPHl MEPOKCHAA BOAOPONA IIMPOKO HCHOMB3YIOTCS [JIsi

CITKU

¥ pa3IMYHBIX MaTepualioB, aJs o6e33apakuBaHUsA CTOYHBIX BOJ

Hepoxcvf,n BOAOPO/ia NPUMEHAIOT KAK OKHUCJUTEb PAKeTHOro TOIVIMBA

KucnoTl, B KOTOpHX nMeeTcsi TpynnupoBka —O—O—, Ha3BIBAIOT nepok-
. COKUCAOMAMY:

H 0 ™~
SNo—o0—NF TN
0 1—0~" o
K HNO, H,SOs
? NepoKcoa3oTHasA NEPOKCOCEPHast
‘““; KUWIOTa KUUIOTa

I
e P Tr'UAPOIN3E INIEPOKCOKUCJIIOT o6pa3ye'rc;1 [IepoKcya BoAoOpPOAA, 4TO
N 3
TNOJAB3yeTcsi nJisl ero MOJy4eH¥s1 B IMPOMBINIJIEHHOCTH.

&

ki X o

"l,.'mo apa6KTeprlM CBOMCTBOM [EPOKCUJHBIX COGAUHEHUH ABJAETCA cfocoG-
JyHocTs

i 06pa30BBIBATh NEPOKCUJ, BOAOPOAa NPU B3AUMOMNEHCTBUM ¢ pa3bap-

?/vJIeH
b HBIMU DACTBOPAMU KHCJIOT, & TAKXKe BHASIATE KHUCIOPOHA IpHU TepMi-
. JECKOM Da3JIoKeHUN.

Coe,
' cremeg auseaus wucaopopa (II), kmenopoma (I) m xucnopoma (0). Dru
‘ Y OKUCJIeHHs KHCJIOPOAa NPOSBIAIOTCA
‘ B €ro coenige _
_POM, manpumep: NMHeHUAX ¢ 1o
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O
t

F O F |

+ 92 + 1 +1/ \\ 0/ ]

=0 _SN—0 P~ o e
/O\F F/O (5/ \O/ \“\ =22

‘ O

OF, O,F, NOsF CIO4F

‘ CKaHUH
Nudropua KucAopoaa OF, nody4aloT mpu OGHCTPOM npony
¢ropa uepes 2%-HbIA pacTBOp LIEJIOHH:

2F2 + 2NaOH = OF2 + 2NaF + Hzo

% O-3KeJITOrO 1 BeTa; TepMU-—
JudTopun KHcJIopoaa — AROBATBHIN a3 o6nenH il ;

% % uit
YyecKM yCTOHYWMB, CHJBHBIM OKUCJIUTEIE, addexTuBEBI  PTOPHPYION

o % POCTHIX
Juokcunndropun O,F, o6pasyeTcsi 0pH B3aUMONCHCTBAN p b

BEIIECTB B 3JIEKTPUYECKOM Paspsifie:

F
—
00 + F,— 0=0
P
% ji pHeprueil
CoequHenne KpajiHe HeyCTOMYMBO, 4TO OMpejensercs HUSKOM OHEp
paspuiBa casu OF (75 w ]I /MOJIB).

TosyueHsl Takske MOIMOKCHANPTOPUIBL THIIA 04F3, OsFy u Ogly, cylrectByio-
lMe JUIL TIPY HUMBKON TeMIlepaType (-190°C). Ilpeanosnarator, HTo UX MOJIEKYJE
0] F
/O\ 7 N O/
MMEIOT [elHoe CTpoeHue, Hampumep: F @)

e
BOCTb OI{CVIZ[I/Iq;)TOpI/IZ[OB yMmeHbllIaercs ¢ yBeuyeHueM yucjla aTOMOB B MOJIEKYJL

OnF2 (n = 2—6)

TepMuuecKas yCTOMIM-

DHeprusi HOHU3AIMN MOJICKYJIBL O, poBosbHA 3HAYMTENbHAsA (12,08 5B).
Opsako npu szanmopeiictsun Op ¢ CHIBHEHIINM okucauTenem PtFg obpa-

3yeTcsi coenono6Hoe BemecTBo O3[PtFg]
O;[Pth] = O3[PtFg}
BOCCTAHOBUTED.

o + R
B KOTOpPOM pOJIb KATHOHA UI'PaeT MOJIEKYJIAPHbIN NOH 0} (duoxcurena):
[:0=0:]"
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Ve

TI'excagmoponaamunam (V) puokcurenmna O,[PtFg] — napamarsursoe
BeIllecTBO KpacHOro IBeTa, MaBuTcs ¢ pasnoxkeHuem npu 219°C. Cuntes
3TOTO coenMHeHuUsA KaHanckuM yueHblM H. Baprtierom B 1962 r. mocayskun
TOJMIYKOM K CHHTE3y cOeNMHEHUN KceHOHa, SHEeprus HOHU3AIMHN KOTOpOro
6IM3KA K TAKOBOM MOJIGKYJBl KUCAOPOIA.

CuHTes  [MOKCUTEHWILHBIX  COJiel  MOKHO  OCYNIeCTBAATH  HarpeBaHUeM
(mpu 150—500°C) cMecu ruciopoga, ¢Topa U TODOIIKA COOTBETCTBYIONIETO
MeTalIa:

O, + 3F, + M = O}[MF¢]

rae M — As, Sb, Bi, Nb, Pt, Au, Ru, Rh.
B Bome oTU coeiMHeRUs pa3iaraioTcs, BHIOENSAS KUCIOPO:

2CI0,F + H,0 = 2HCIO, + 2HF + O,

IIpomsponHble ¢ NONOKUTENBHON CTENEHBIO OKHUCJIEHUSA KHCIOPOAa
ABAAIOTCA cUAbHOAMINMY OKHcauTeasMu. WX MONKHO HCHONB30BATh Kak
3(pPeKTHBHBIE OKKUCIUTENN PAKETHOIO TOINBA.

Coepunenus kucnopoga (IV). B kauecTse NpowsBofHOTO, B KOTOPOM

KHCIOPOJ TPOABAAeT cTeleHb OKUCAGHUs +4, MOXHO PpACCMaTpUBAaTh

+4

aJuIoTponuyeckyo Moaubukanuio kuciaopona — 03 o H Oy (00,).
Monexkyna Os puamarHuTHa, uMeeT yrioBylo ¢opMy U 06aanaeT HeKo-

Topoli noasiprocteio (g = 0,17-10°2° Kn-m). [launa cessu dOO (0,128 um)

ABAsAeTcss MPOMEKYTOYHON Meskny njauHoil opuHapHO# cBasu (0,149 vM) n
nBofiHoi cBasu (0,1207 um). IlosToMy MokHO cumTaTh, uTo B Monekyae O
HopsAnoK c¢BA3u 1,5 u crpoeHue Mmosiekynsl Os; n306pa3suTh cJenylome
CTPYKTYPHOM POpMYyJ0ii:

B0,
. %\0
g5

Jis1 onvcaRnA pacnpefle/leHUs BJIEKTPOHOB 110 OPGUTANIAM Mostekysibl Qg MOKHO
BOCIIOJIb30BATBCST  OHEPreTHUYecKoil  AUarpaMMoit
yroskoBo#t Motexysbl NOj (oM. puc. 163).

OJleKTpOHHAsT KOHDUTypanus Monexynsl Og:

oirio’e,

MOJIEKYJIADHBIX  opbuTaei

Ocrasnbible G/eKTPOHEI 3alOJIHSIOT OPGUTATM, JIOKAIM30BaHHbIE y Iephdepr—
YEeCKUX ATOMOB.
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O30H — Tras cHHEro IBeTa ¢ PE3KMM pa3fpakaloliM 3alaXoM, OueHL
roxeuueH. JKuakuit 030H — TeMHO-CHHS KHAKOCTD, TBepABlii — TeMHO-
uoaeToBBIe KPUCTAJLIbI (1. 1. =192,7°C). Hockonbky Mosekyla 04 oba-
AT MONAPHOCTBIO M GOJBIIeH MOJIAPU3YeMOCTRIO, O30H nMeeT Gojiee BBICO-
Kyl0 TeMIepaTypy KuIIeHHs (-111,9°C), 4eM KHCJIOPOA. DM Ke 06BACHSI-
ercsi 6OmbIAS WHTEHCHBHOCTb OKDAacKHM O030HA M Jy4dilas ero pacTBOpHU-
MOCTb B BOJIE.

Oz0H o6pasyeTcsi B poueccax, cONPOBOKAAIOMIMXCA BHIIe/TEHHEM aTOM-
‘Horo Kucaopoaa (PAfMOJM3 BOJBI, pasJiOkeHue MNepoKcHIoB M ap.), a
raKke NpU AEMCTBUM Ha MOJIEKYJIAPHBIA KMCIOPOX NOTOKA 37eKTPOHOB,
IPOTOHOB, KOPOTKOBOJIHOBOTO MB/y4eHus, T. e. 3a cHer PamHOXUMHYECKHX
u ¢oroxuMudecknx peakmuit. llemnyto peakuuto 06pa3oBaHns O30HA U3
KUMCA0POa MOKHO Ipe/cTaBUTh CXeMOH

Og-{-hl/—‘"O;, O;+02:Oq+0, O+02303

WK CYMMapHO

30, = 205, AG;,, = 325 k/lx

298

B ecTecTBeHHBIX YCJIOBHAX O30H obpasyercsd w3 aTMOc(epHOro Kucjopo-
1a TpU TPO30BHX pPa3psnax, a Ha BHICOTe 10—30 kM — mop AecTBUEM
yIbTPadHUOIETOBBIX CONHeYHBIX Jydedl. Oz0H 3agepXkuBaeT BpemHOe AJI
AKUBHH yJabTpadHOIeTOBOS H3JTyqeHUe ConHua ¥ TNOMIOMAeT MHbpakpac-
Hoe u3jydYyeHHe 3eM/IM, IpensiTcTBYs ee OXJIaKACRUIo. CnenoBaTenbHO,
"o30HHBI nosic" urpaeT 6oJbLIYI0 PoJb B ObeclledeHNH XKU3HK Ha 3emne.

B TexHuMKe 030H NOJY4YaloT B O30HATOpax AeACTBUEM THXOro 3JEKTPHU-

YeCcKOTO pa3psifia Ha KUCJIOPOL.
O30H — BelecTBO JHAOTepMHYIECKOe (AH‘}298 = 142,3 x]lx/Mo7b,

AG"f 29s= 162,7 k/lk/Monb). Ho TeM He MeHee B OTCYTCTBUE KATaM3aTO™
,

pos uau 6e3 yapTpaduosIeTOBOrO 06/ydeHust ra3zo06pasHbIil 0O30H pasJara-
eTcsl AOBOJBHO MEJJIEHHO [axe IpHu 250°C. Kuakuii 030H U ero KOHIEHT-
puposansble cMecu (70% Oj) B3pBHIBYATHL.

OKucAUTENbHAS aKTHBHOCTH O30HA 3aMETHO BblUIe, eM 0,. Hanpumep,
yke npy OBBIYHBIX YCJOBUAX OH OKMCJAST MHOTHe MaJIOAKTUBHBIE NIPOCTHIE
semectsa (Ag, Hg u mp.):

8Ag + 205 = 4Ag,0 + O

O 6osee BbIcOKOH xuMmueckoit akTuBHocTH Os, HeM O,, cBUAeTeNbCTBYET
TaKke cpaBHeHHe WX CTAHAAPTHBIX NIEKTPOAHBIX NOTEHIMANOB AJA BOI-
HBIX PacTBOPOB, HallpuMep:
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O4(r) + HoO(k) + 2¢” = Oy(r) + 20H (p), FE
Oy(r) + 2H;0(x) + 4 = 40H(p), E

bes = 1,24 B
= 0,401 B

o
298

JAns KOMWYecTBEHHOTO omnpefesieHus 030Ha MOXKHO WMcIOJb30BATh peak-
LU0 €ro B3anMoAeiicTeuda ¢ pactsopom Kl:

2" + O3 + H,O = IQ(K) + 20H" + O,

CpopcTBO K 376K
pon TpoHy 030Ha 0koJ0 180 K/l /MoMB, MO3TOMY OH MOMKET

nepexonuTsk B o3onud-uoH Oz;. B yacTHOcTH, npu peiflcTBUM O30HA Ha
HIENIOYHBIe METAILNIBL 06Pa3yIoTCss 030HUObL:

K + 03 = KOg
OBOHPILLI)I — 9TO COeAVHEHMHs, COCTOANINE W3 IOJOKHUTEJNBHO 3apsiKeH-—
HBIX MOHOB MeTajljla U OTPUNATEIBHO 3apsAXKeHHBIX HMOHOB Oé Hanuuue B

Y .
‘voHe Oy HeNapHOro 3JIeKTpOHa 06YC/NOBAMBAET MAPAMarHeTU3M W Halndue
 OKpacky y 030HHA0B. OGBIYHO OHM OKpalleHbl B KPAacHBIA IBeT.
Kak cHUABHBIT OKHCANTENb, K TOMY ke JKoJormdecku "‘wmcerwii", ozoH
, MCIIOJIB3yeTesl 7151 OUMCTKU NUTHEBOM BOABI, AJs1 NEe3MHQPEKIWN BOBILYXa, B
1

. pas3JIu . i
P 5 YHBIX OpPraHM4YecKUX CUHTe3aX, AJs O4YUCTKH MOped OT pas3inuToM
HedTH.

§ 2. CEPA
© AToM cephl S, KaK M aTOM KHCJIOpOAa, UMeeT LiecTh BaeHTHBIX BJIEKT-
poHoB: 3s23pi. Cepa — THOMYHBI HeMeTaJndeckuil anemenT. Ilo anexkTpo-
‘OTpI/IIJ,aTeJIbHOCTI/I (90 = 2,5) oHa yeTynaeT TOJABKO IanoreHaM, KUCJIOPOAY
gaso'ry. Haunbonee ycToiluuBbl YeTHBIE cTENeHW OKHCJICHHSA Ce,pbl (-2 +2’
+4, +6), 4T0 06BsAcHsIeTCs ydacTHeM B OGPA3OBAHUU XUMHUYECKUX cr,mseﬁ;
| ABYX HeNmapHBIX 3JIGKTPOHOB, a TaKe ONHOW WU ABYX 3JeKTPOHHBIX Hap:

TR

.'+<_____.‘—"""

E

Haunbomnee xapaxre
HBl JJIst
s o p pHBl JJIA cepbl HU3UIasA ¥ Bbiclliasl cTeleHH OKKCJIe-
HUS . CTHBI COEIMHEHUS Cephbl NOUTH cO BCEMH JIeMeHTaMU.
Cepa — BecbMa paclipocTpaHeHHBI Ha 3eMJle 3IeMeHT.
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Cepa — GHOTeHHBII1 BJIEMEHT, BXOAUT B €OCTaB Genkos. OHa cOAEPKUTCA
B HedpTH, YrIIsAX, NPUPOAHBIX Ia3ax.

B cOOTBETCTBHM ¢ XapaKTEPHBIMU CTeMeHAMH OKMCJICHUs cepa B IpUpo-
ne BeTpedaeTcsl B Bue cyJIbpuAHBIX (ZnS, HgS, PbS, Cus,S, FeS,, CuFeS,
u ap.) U cylabdaTHBIX (NapSO4- 10H,0, CaS0,4-2H,0, BaSO4 u ap.) MuHe-
paJoB, a TAKKe B CAMOPOJHOM COCTOSHUH.

Iipoctaie BemecTtBa. Cepa CyHmIecTBEHHO OTIM{aeTCA OT KHeJIOpOoJa
CIOCOBHOCTHIO 06Pa30BBIBAThE YeTONUNBBIE FOMOLCIIN.

1o MOXHO OBBSICHUTH TeM, YTO JBe CBASM B FOMOLENN S—S—S oxasbIBarOTCS
nipoutiee (2260 x[x/Monb), YeM CBASK B MOJIEKYJIE Sy (420 k[lx/Monb). B cayuae
ke KMCTopofa, HaoBopoT, CBs3M B MOJIEKYyJle O, npounee (494 kJlx/Monb), HeM HBe
cBsion B roMorermn O—O0—0 (2210 x[lx/Monb). Tomoueny cepbl UMET SUrsaro=
o6pasiyio GOPMY, MOCKOJIbKY B MX 0OpasoBAHMM NMPUHMMAIOT yHACTUE BNEKTPOHbI
B3aMMHO TEPIEHINKYJISPHO PACIOJIOKEHHBIX p-opOUTalelt aToMa.

S S

Han6osnee cTabuabHBI [UMKIMHECKUE MOJEGKYIH Sg, MMeEIOLINe dopMmy

KOPOHBI:

KpoMe Toro, BOBMOKHBI MOJIEKYJIBI ¢ 3aMKHYThIMU (Se, S4) M OTKpPHITHI-

mu memsMu S_. B 06BIMHBIX YCJOBUAX YCTOHYMBEL poMbudecKas o=S-

(ma. 2,07 r/em®) U HacTHYHO MOHOKJIMHHAA B-S (ma. 1,96 r/em3) Mopmdu-
Kaumu cepbl. X KpHcTaabl OTAHYAI0TCSA B3AMMHOJ OpUeHTAlMel KOJbLE:-
BBIX MOJIEKYJ Sg.

Ha puc. 153 noxasana BHemHssi ¢popMa KpUCTAJIIOB pOM6UYECKOW U
MOHOK/IMHHOM cepbl. PoM6uueckas cepa KeJITOrO, a MOHOKIUHHAA GIEARO-
JKeJATOro mBeTa. MavoycToiiumsas B OOBIMHBIX YCJOBUAX RAACTRUNECKAL
cepa cOCTOMT M3 HEPeryJjsApHO PacflonOoKeHHBIX 3Ur3aro06pasHBIX LENQYer
S_ (re o AOCTHIaeT HeCKOJIBKUX THICAY). Jlpyrue HeycToi4MBbIE MOAM(H-

KAIIMM cepbl MOCTPOEHBl M3 MOJEKYT S2 (mypnypHas), S¢ (OpaHkKeBO-keN-
Tas) U Ap.

MoRoKINEEAs cepa Ilaurea mpu 119,3°C, a pombudeckass — IpH 112,8°C
0b6pasysi JIETKOTIOIBMKHYIO KUKOCTE KEJITOrO 1BeTa, KoTopasi NnpH 160°C remueer
ee BSASKOCTb NoBbiWaeTcsi, U mpu 200°C cepa craHOBUTCSA TeMHO-KOPUYHEBON 1!

BS3KOM, Kak cMoJa. OTO oOBsICHsIeTCA DaspyllleHMeM KOJBIEBBIX MOJICKYT Sg ¢
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P uc. 133. Qopma kpUcTaisioB poM- P u ¢, 154. WameHeHne oTHOCHTENB-

gl)/mecxoﬁ (a-S) u MonokmuuROM (B nHoit BsskoctM cepbl (n = 1 mpu
cephl 100°C) npM nOBHIIEHUU TeMMepa-
Typhl

0OpasoBaHMeM MOJIEKyJl B BUIe JUIMHHBIX pereil S_ U3 HeCKOJBbKMX COTeH ThICAY

aToMoB. JlanbHeiilee HarpepaHue (Bbile 250°C) BefleT K DPA3pHIBY nenejt, M Kuu-
KOCTb CHOBa cTaHOBUTCsT 6osiee moaBuxHoi. Ha puc. 154 noxasana TemmneparypHast
BABMCUMOCTb Bsizkoctv skumwoil cepbl. (Oxomo 190°C ee BsiskocTh nmpUMepHo B
9000 pag Gosplue, 4eM npu 160°C).

pu 444,6°C cepa sakunaer. B 3aBUCMMOCTM OT TeMIlepaTypbl B ee mnapax
oBHapyKUBaIOTCA MOJIEKYbl Sg, Sg, S4 M So. MaMeHenne cocraBa MoJlekysl BbISbIBa-
eT U3MEHEeHWe OKPACKM TapOB Cepbl 0T OPAHKEBO—KENTOro 10 COJIOMEHHO—KEJITOTO
ueeta. llpu temneparype Bbuue 1500°C Mosiexysbl Sy AMCCOUMMPYIOT Ha aTOMBIL.
Mosiexyniel S, NmapaMarHMTHBL M T0CTPOeHBl aHaloruuHo Mostekyie O Bo Beex
JIPYTUX COCTOAHUSIX Cepa AMaMarHUTHa.

B Bone cepa MpaKTHMYecKW HEPAcTBOPHMA; HEKOTOpPhIE ee MOAu (pHKaNui
PacTBOPSAIOTCA B OPraHUYecKUX KUAKOCTAX U B OCOOEHHOCTU B cepoyrie-
pozae. .

Cepa — [10cTAaTOYHO aKTUBHBIN Hemeérann, Jlaxe npu yMepeHHOM Harpe-
BaHWKW OHa OKHCJsAeT MHOrMe IMpocThie BelnecTBa, HO M caMa [OBOJIBHO
JIeTKO OKHcJisieTesl KucjopopoM u ranoredamu. Ilpu HarpeBaHuM B KHUIIA-
el Boxe M 3HAYMTENBHO JyHlle B KHIALIMX PacTBopaxX Iejioder cepa

. AACTIPONOPIMOHUPYET:

0 -2 +4
35S + 6NaOH == 2NasS + Na,S0; + 3H,0

Cepy nosy4aloT riaBHBIM 06pa3oM BBIIUIABKON caMOpPOAHOU cephbl He-
HOCPECTBEHHO B MecTaX ee sajeranus nop semieit. OHa NpuMeHsercs B
NPOU3BOACTBE cepHOU KHUCJOTHI, AJs1 BYJIKAHW3AIMHA KayuyKa, KaK HHCEeK-
THLU]L B C&IBCKOM XO3sicTBE U T. .
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Coepunecans cepu (—II). HanGonee 3aMeTHO CXOZACTBO Cepbl M KUCJIOPO-
Ia B COGNMHEHHWSIX, B KOTOPHIX OHW MPOABISIIOT CTENeHb OKUCIeHUA —2.
OKcuoaM OTBeYaloT cyab(puIbl, TUIPOKCUOAAM — THAPOCYAb(MUIABI, OKCO-
KUCJIOTaM — CYNbMUAOKUCIOTH (TUOKHCIOTH ), HanmpiMep:

Na Mg Al Si P S
Cynbdus ............ Na,S MgS AlLS3 SiS, P,Ss -
OKCUI woevrvinrnnnee. NazO MgO AlgOg 8102 P205 SOg
Pugpocynsdun ... NaSH  Mg(SH), [Al(SH)s]  H4SiS4 HsPSy  ~
Cuapokeus ......... NaOH Mg(OH); Al(OH); H4SiO4 HzPO4 H,S04
Knesnorho-ocHos-
Hasi IPUPOAA ... OcHoBHasE AMdorepHast Kucsotnast

XuMuueckas NpUpona ONHOTHIIHHIX cyAb(HUAOB U OKCHAOB, FHAPOCY/b-
$unoB M TUAPOKCHUIOB 3AKOHOMEPHO M3MeHseTcs B Ipenenax I[epPHOMaE.
Cynbduabl, Kak ¥ OKCUABL, 6LIBalOT OCHOBHBIMH, KHCJAOTHHIMHU 1 aMdoTep-
HeiMu. OCHOBHBI® CBOJMCTBA MPOSBAAIOT cyabduabl Haunbojee THUIMYHBIX
METAJVIMUECKUX DJJIEMEHTOB, KHUCJIOTHHE — cyibguabl HeMeTalIn4ecKux
sneMeHTOB. Paziuume XMMMUYecKOB IpHUPOAB CYJIb(UIOB NpPOsBISeTcS B
PeaKIUAX cOJBBOAM3a U [PY B3aMMONSHCTBUH CYAb(UAOB pa3HOM KUCJIOT-
HO-OCHOBHON Npuponbl Mexkny coboit. Tak, cynbduast s-snemenToB 1 rpyn-
nol (KaK ¥ MX OKCHUIBI) PACTBOPUMH B BOAE M IIPM FHAPOan3e 06pa3yior
HINOYHYIO cpeny:

Na,S + HOH == NaSH + NaOH

Cynbduab HeMETAIMYECKUX 3J1€MEHTOB OGBIYHO PUIPOJIH3YIOTCA Heobpa-
TUMO ¢ O6Pa30BAHKEM COOTBETCTBYIOIIMX KU CJIOT:

SiS; + 3H,0 = H,S105 + 2H,S

AmoTepHbie cyabbuan (Kak u OKCH/JB) B BOA® HEPACTBOPMMEI, HO HEKO-
TOpHe U3 Hux, Hanpumep cynbcdun Al (1I1), monHocTHIO rUAPOAUBYIOTCS:

[lpy B3aMMOAENCTBUM OCHOBHEIX U KHCJOTHHIX cyabduOB 0Gpasylnorcs
conu (THOCOMN), HAIpUMEP:

NasS + CS, = Na,CS;
TpUCcyAbdUI0-
rapBonar (IV)
354

OrBedaomye TUOCOJAAM THOKUCIOTH O6BIYHO HEYCTOWYHWBBL U Heob-
patuMo paanaratoress Ha HoS u coorserctByrommii cyiabdupn. Tak, npwu
OefiCTBUM KHCJIOTH Ha cyabduuoxkapboHaT obpasyooulasics KHUCI0Ta pas-
JIAarAeTCs:

Na2083 + HQSO4 = NaQSO4 + HQCSg
HQCSg = HQS + CSQ

OTOT pacmaj aHaJIOrM4YeH pPa3JIOKEHHIO KUCJIOPOACONEPKAUUX KUCIOT
Ha KHMCJIOTHBIA OKCHUI U BOLOY:

H,CO; = H,0 + CO,

Cyneduas uMeloT XapakTepHylo okpacky, HanpuMep CuS, NiS, PbS —
uyepHrle, MnS — Ttesecroro neera, ZnS — 6enwiif. Pasnuune B okpacke u
PAcTBOPUMOCTH CyAbGPUAOB B PA3HBIX CPEAAX MCHOMbL3YIOT B aHAJTHUTHYEC—
KOil NIPaKTHKe IJI1 OGHAPYXKEHUS U Pa3esIeHUS KaTHOHOB.

Monekyna cyiasduna Bogopona H,S mmeer yrimosyio dopmy (/¢HSH =
=927, dSH = 0,133 BM), noaromy ona noaspHa (g = 0,34-1072% Kui-u).

CrnocobHocTs 06pasoBeiBaTh BogoponHbie cBasu y HoS BripakeHna citabee,
yeM y H,;0. IloaroMy cepoBomopon B OBBIUHBIX ycjoBUSAX — ra3 (7. M
-85,6°C, . kun. —60,75°C). Cobersennas nonusanusa H,S B suakoMm coc-
TOAHUH

H,S ... H,S == SH; + SH-

HU4TOXHO Masia. MonHoe npoussenenwe cyanduna sogopona [SH3][SHY) =
= 3-10733,
3aMerHo ayume H,S nonmusupyercs B Bome:

H,O ... H,S = OH; + SH-

Ero Bopmbifi pacTBOop — caabast kmesora (Ky = 1-1077), HaseiBaemas
ceposodopodnoti. Cynabdum BOOOPOAE HUMEeT HENPATHLIA 3a0ax  u
O4ueHBb sA0O0BHUT. ‘

O6b1uno H,S momyuator neficteuem pasbasnennoit HCH va FeS. Hepact-
BOPUMBI€ CYIbMHUAB MOMYYal0T 0 O6MEHHBIM PEaKLUsM B PAacTBOPE:

MHSO4 + NaQS = MHS(T) + NaQSO4
CuS0O4 + HsS = CuS(r) + H,SO,

Cynbdunp!, Kak NpOM3BOAHBIE HHU3WICH CTEMeHHW OKUCJICHUS Cephi,
[IPOABASAIOT BOCCTAHOBUTEABHBIE CBOMCTBA.

355

2%



Tak, nepexon S — S, S — SO3%" xapakrepusyercs cieqylOmUMu
3HAYEHHSIMU P, qq:

S+ 2e =57, p,,=-048B
SOi + 8H* + 8¢ = S + 4H:0, ¢;,, = 0,15 B

B 3aBHCHMOCTH OT yCJOBHIl NMPONYKTaMU OKWCJIEHUs cyJbUIOB MOTYT

66T S, SO u H,SOy:
+ 7 -2 + 2 0
2KMnO, + 5H,S + 3H,SO, = 2MnSO4 + 5S + K,SO4 + 8H,0
-2 0 +6 -1
H,S + 4Br, + 4H,0 = H,SO4 + 8HBr

Cynbpuabl MeTalyIMuecKuX OJleMeHTOB, Kak M UX OKCUIBI, UMeoT NepeMeHHbi
cocras, Hanpumep FeS) oi—FeSi 14 (cp. FeOy 04—FeO) 12). Pusudeckue cporicrba
cynbDUI0B, Kak M OKCUIOB, o4eHb pasHoobpasHbl. Tak, TiS, obsamaer Meranin-
4ecKol MPOBOAUMOCTBIO, ZrS; — mnostynpoBoauuk, HES; — muoesnexrpux.

B noarpynnax nepuoamdeckoil cMcTeMbl OKpAcKa CYJb(pUOOB OJIEMEHTOB CTaHo-
BUTCSA MHTEHCHMBHeE ¢ POCTOM MX ATOMHOrO HOMepa, HalpHuMep:

As,S; KenThlit ZuS Genblit Ga,Sy menThlit GeS; 6Genbiit
SboS; opamkembiit  CdS menToit  InyS3 menThint SnS, kenTbIi
Bi;S; uepHblit HgS uepnniit = T1oS; depHbIH PbS uepHbIit

Hepcynsduau. Tennennus cepbl 06pa3oBbIBATh FOMOLENN pPealn3yercs

+1
B MHOIOYHMCJEHHHX nepcyaspudar (moamcyabdunax) tuma M,S,. Ilocaen-
Hye MOJy4YaloTcs IMpHU B3aWMONSHCTBUHU cepbl ¢ KOHUEHTPHUPOBAHHBIMU
pacTBOpPaMHM OCHOBHOTO CY/abPUAa:

Na,S + (n — 1)S = NasS,

lepcyabdun-noHs UMEIOT LelloYeyHoe CTPOSHUE:

/S\ s [/S\ /S z
S s S si IS S

[lonyuensl MHoOroumcieHHble Hepcyabduasl Bomopona Tula H,S, (rme
n = 2+23), Ha3bHIBaeMBle MHOT'OCEPHHCTHIMKA BONOPOAAMH WM CYAb an .
ITO — XKeJThle MacJsAHUCThle kunKocTr. [lo Mepe yBenuueHust copepkaHus

cepbl OKpacKa mepcyibduLOB MeHseTcsa oT xkeatoit (S37) no kpacHoit (S37).
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CMech cynbdaHOB obpasyeTcs INpu AeMCTBUM
KHCJOT Ha NOJUCYJbPUAB aMMOHMA WU
HaTpHUA:

(NH4)2Sy + 2HCI = H,S, + 2NH,CI

Ilepcynbdup Bomopoga H2S, — ananor
nepokcusia Bojgopoda. llepcynvdunbl BeTpe-
yaloress B npupone. Hampumep, uimpoko
pacnpocTpaHeHHBT MuHepal nupum FeS,
npejcTapasier coboit nepcynbdun xenesa (I1)
(puc. 155).

Hepcynsdunbl, moxo6HO HepokcupaM, NPOSBJISAIOT BOCCTaHOBUTENBHHE
¥ OKHCJIHUTE/bHBIE CBOMCTBA, a Takike QUCIPONOPMOHUPYIOT:

P u c. 155. Kpucramimdeckas
peutetka muputa FeSo

-1 -2 -2
NasS, + SnS = SnS; + Na,S (S% — OKMCJINTEND)
-1 +4
4FeS; + 110, = 2Fe,05 + 850, (S5 — BOCCTaHOBUTEND)
-1 -2 0
Na,S; = NayS + S (S5 — okucurens, BOCCTAHOBUTEID )

Coemunenusn ceput (IV). Crenent oxucnenus +4 y cepbl NpOABAsieTCS B
ee Terparainorenunax SHaly, okcopuranorennnax SOHal,, auokcuge SO,, a
TaKKe B OTBEYAIOMMX UM aHUOHAX:

SF4 SOHal, SO,
[SFs] [SO2F]- [SOs)*

B Monekynax, a Takke B aHMOHHBIX KoMmiekcax cepst (IV) y aroma
cepbl MMeercsi HenojeseHHas .(HecBs3bIBAlOmMAs) 3JJICKTPOHHAsl mapa. B
COOTBETCTBUM € YHCJAOM G-CBASHBAIOIINX M HECBS3BIBAIOIIUX 3JIEKTPOHHLIX
nap atoMa cepbl Mosekyas SHal, umetor ¢dopMy mckaxkeHHoro Terpasnpa,

SOHal, u SO3 — dopmy TPUrOHANBHOM nupaMupabl, SO, — Yriaosywo dop-
My, T. e OTHocsiTes K coenuHeHusiMm tuma ABE, AB3;E, ABE (em.
puc. 51) cooTBercTBEHHO:

oo
95§ 020, WS
ooz Har “‘//ﬁ.}\
04&;2\3\ cl 0 119,5°\\0
Cl
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Terpadropun cepbl SFy — 6ecuserubiit ras (1. wt. -121°C, 1. kun. -37°C). Okco-
muxsopua cepbl SOCly (TvoRMIXIOpKUA) ~— GecUBETHAA KUAKOCTh ¢ De3KUM 3alla-
xoM (1. . -99,5°C, 1. wum. 75,6°C). 3 coelUHeHUs MPUMEHSAIOT NPU XUMUYEC—
KUX CHHTe3ax.

XuMuuecKuil xapakTep 6MHapHHX coennHenuit cepnl (IV) kucnorHbLi.
Bonnsliit pactBop SO, Ha3BIBAIOT ceprucmoll KUcJoTON. B HeM NpucyTcTBy-

1ot agnonsl HSO; u SO5™. ,

WUz coeguneHnii cepul (IV) Hawbosbliee 3HauyeHHe HMMeeT J M O K -
cupn cepsl SOy (ceprucmuti 1a3). Crpoenue Mosmekyns SO; aHaloru4Ho
ctpoeHuio Mosekysbt 030Ha O3(00,), HO Mojlekysa oriim4aeTcs BBICOKOM
TepMUYEecKOH VCTOWYUBOCTHIO. B OGBIYHHIX YCJIOBUAX AUOKCUJA CepHl —
GecHBETHBIA Ta3 ¢ XapaKTepHBIM pe3kuM samaxoM (1. mia. —75,5°C, 7. kum.
-10,1°C). B TexHuKe ero mojy4alOT CHKHMIaHHEeM cephl U OOXKHMIOM MUPUTA:

4FeS; + 110, = 850, + 2Fe,04

Boabmne koaudecrsa SO, obpasyiorcs Hpu CKUraHAM TOINAWBA U [IPU
obxkure cyNbpUAHBX Pyl Ha MeTaJUIypruuecKuX NpearpusaTusax. Y THIU3a-
uust SO, — oaHa U3 BakHeRMUX MpobiieM XMMHYecKOi TeXHOJIOrUM, mpo6-
JIeM 3aUIMThl OKPYIXKAIOWIEN cpefbl.

PacTBOpUMOCTE AMOKCHAA CepH B BOJe BechbMa BeJIMKa (NMpu OOBIYHBIX
yenoBusix okoso 40 o6vemoB SO, Ha ogus o6bem H,0). BogHslil pacTBop
SO, BaswiBaercsa ceprucmoti xucaomoti. OcHOBHas Macca PacTBOPEHHOTO
SO, HaxopuTcss B pacrBope B ruppaTupoBaHHoii ¢opme SOp-nH0. Ilpu
OXJIAKJeHNH DPACTBOPOB MOMKHO BBLAGNUTH KPHCTALIOTMIPAT KJIATPATHOrO
Tina npubauzurenvaoro cocraBa SO»-7H,0. Jlume HeGosbllas 4YacTh
PacTBOPEHHBIX MOJIEKYJ B3aMMOJENCTBYET ¢ BOAOU 1O cXeMe

SO, + H,0 == H* + HS50; = 2H* + SO3
VKaszaHHoe paBHOBecHe B NPHCYTCTBHM INEJ10YH JIOTKO CMeIaercs B
cTopory o6pasoBaHus aHumoHos HSO; u SO3. Ilpu srtom obpasytorcs

+1 +1
tpuokcocynbparst (IV) nyx tunos M,S50; (cyinspure) 1 MHSOy4 (rup~-
pOCybUThI ):

NaOH + 802 = N&HSOg, 2NaOH + SOQ = Na2803 + HQO
B Bole pacTBOPAIOTCA JIMUIL COJIM $-3JICMEeHTOB | l"pyl'll_'lbl U ruapocyJib-

+ 2
¢urhl tuna M(HSO;);. HepacreopuMble cyinbduTh fony4alores no o6-
MeHHBIM PEaKIisiM B PacTBOpE:

Na,SO; 4+ CuS0O, = CHSOg(T) + Na,SO,
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HeiicTBue KucaOT Ha cyJdbGUTH cONMPOBOXKAaercs BhgeleHueM SO,. Ha
3TOM OocHoOBalo nosyienue SO, B jabopaTopum.

2- .,

Cysnbdur-uon SO5 uMeeT cTPYKTYPY TPUTOHAJIbHOW MUPAMUAbI ¢ ATOMOM Cepkl

B BepumHe (cM. puc. 51, 6). TlockonbKy Hemome/leHHast Mapa aTomMa Cepbl MpOCT-
2- ., .,

paHCTBEHHO HampaBJsieHa, MoH SO3 — AKTUBHBIN JOHOP OJIIEKTPOHHON MAPbl U JIETKO

nepexofuT B tetpasapudeckue noibl HSO; u SO3™. Mon HSO%™ cymectsyer B Bume
IBYX IePeXONsiiMX NPYT B APYyra M30MEPHBIX opM:

H
(o /
/ /
S s~\\\ - IS%
H—0~" ‘\(;0 0N, 0

SIBneHne oGpaTUMO M3OMEPUM, NIPU KOTOPOHM [Ba Wi 6osiee M30MEpA MEPEXONsIT
Ipyr B [pyra, HasblBaeTcsi maymoaepuet. [losiydeHbl npousBofKble 06eMX TAyTO—

MepHbIX dopm nora HSOj.

Jerkocrs nepexoaa nona SO3 B non SO 06ycIOBIMBAET €0 MOBOJb-
HO cUJIbHBble BOCCTAHOBUTEJILHBE CBOMCTBA!

SO + H,O + 2 = SO% + 20H", ¢, =093 B

[loaroMy, HanpuMep, cyJabpUTH B pacTBOpax MNOCTENEHHO OKUCISIOTCS
Aaxe KHCJIOpOAOM BO3yXa:

2S0%2” + 0, = 2507

BoccranoBuTenbHbe cBoiicTBa mposiBiaser u SO, KOTOpHIA, HampuMep, Ha
COJIHEYHOM CBETY OKMCJAETCS XJIOPOM:

+4 g +6 -1
SOQ + Clg = 802012

Ipu B3auMopeiicTBUN ke ¢ Golee CUNBHEMHA BOCCTAHOBUTENSIMU MPOH3BOJ-
Hele cephl (IV) HposiBisAIOT OKMCIIMTENBHBIE CBOMCTBA:

+4 -2 0
SO, + 2H,S = 3S + 2H,0
Ilpn HarpeBaHNM CyALPUTH AMCHPONOPUUOHAPYIOT:
+4 +6 -2
4N32803 = 3NaQSO4 + N&gs
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JIMOKCHA cepbl PUMEHAOT s NMOJIYYeHUs CEpHOM KUCJOTH, a TaKike
B GYMaXHOM ¥ TEKCTMJILHOM [POM3BOJACTBAX B KAUECTBO OTOEIMBAIOIIErO
cpejcTBa, A/ KOHCEpBMpOBaHMs NiomoB U aAp. Huakui SO, nenone3yoT
B KAaYecTBe HEBOAHOrO pACTBOPUTENS IJIsi [POBEAECHUS] Pa3JINYHBIX CHHTE-
30B. Jlas 5TOM ke menu ucnosbayior oxcoauxiopun cepel (IV) SOCL,.

Ha kucnotHbix cpoiictBax SO, u cnocobHoct S(IV) okucasTtbest A0
S(VI) ocroBaso 6GonmbmuHcTBO cnocobop yTuimsamun SO;. U3 ropaumx
OTXOIALIMX Ta30B MOXHO oTAeauTh SO, M0 peaknuu

CaCOj 4+-S0, + 1/,0, = CaS04 + COy

Cornacso apyroMy cfiocoby SO, MOroliaercsi paciiiaBieHHo! cMecblo KapOoHa~
TOB 1EJIOYHBIX METaJIJIOB!

M,CO4 + SO, + 1/202 = M;S04 + CO,
Cymbdath faee BoccraHapmupator yrieM (800°C):
MQSO4 + 2C = MZS + 2002

Jastee ocyiecTBisAeTcA pereHepallns cyibodunos (npu 400°C) AMOKCHAOM yriiepo-

a M BOASIHBIM HapOM:
M,S + CO, + HyO = MpCO; + H,S

O6pasylommitcst CepoBOAOPOl OKUCISIOT A0 cepbl (B IPUCYTCTBUM KATaJM3aTOpa):
H.S + 1/202 =S+ Hgo

Coepuuerns cepn (VI). Kak 1 y apyrux p-sjieMeHTOB 3-r0 Nepuoia,
MAaKCUMaJIbHOE KOOPAHWHAIMOHHOe YHCJI0 Cepbl MPH BHICILE CTEneHN OKHC-
JIEHUS PAaBHO IIECTH, 4 ee HAM60Jee YCTOWYNBOe KOOPAMHAIMOHHOE YHCIO
gyerbipe. CTenesb OKHceHUs cepbl +6 NposiBAsieTcst B COSAMHEHNAX €
Haubosee BIEKTPOOTPULATEILHBIMU 3eMeHTaMu: B rekcagropuge SFg,
rpuokcnae SOz, okco- u auoxcoguranorenngax SOF, SO;Hal, a rakxe B
OTBEYAIOLMX UM aHUOHHBIX KOMIUIGKCAX:

SFG SOF4 SOgHalg SOg
- ~ SOzHal"  SOZ°

Mounexynw SFg, SOj;Hal,, SO; UMEIOT COOTBOTCTBEHHO OKTa’ApHUUYECKOe,

MCKaXKEHHOe TeTpasapuyeckoe, MI0CKO-TPEeYTrONbHOe CTPOSHUE:

0
Cl z '
L]
° o
1° =l \120°
o e Q\* o /c’ S
. O N o’ X0
1200 \O
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B o6braabix yemoBusax ¢ropun cephl (VI) — ras, a okcorajoreBumbl
cepnl (VI) — suaxocty nam rasu. Kak u SOj, OHM — TUOHYHBIE KHCIOT-
Hble coefMHeHns. DOJBIIMHCTBO MX /eTKO THMApONM3yeTcs, ob6palys Kuc—
JIOTHI:

SO3 + HZO = HZSO4
S0O,Cl; + 2H,0 = H,S0,4 + 2HCI

Texcagropusn SFe (1. mn. =51°C; t. Bosr. -64°C) oTnmuaeTcs BHICOKOH
XUMHMYECKON cToiKocThio. Tak, Ha Hero He AEHCTBYIOT HM BOAA, HM LIEJIO-
YU, HU KHUCJIOTBI, HOCMOTpPsi Ha TO, 4TO ruaponaus SFg xapakTepusyercs
GONBIIMMU OTPULATE/ILHLIMY 3HaueHUAMKM A G, HanpuMep:

SFg(r) + 3H,0(r) = SO4(r) + 6HF(r), AG,,, = 460 xlx

Huskas peakumoHnass crnocobHocts SFg o06BscHAeTcd KuHeTMuecKUMH
(akTOopaMu, 06YCNOBIGHHBIMU BAJECHTHBIM U KOOPJAMHAIMOHHBIM HACHILIE-
HUEM IEHTPaJibHOTO aToMa Monekynbl SFg u ee BbIcOKOI sHeprueit HOHN3a-
unn (19,3 5B). SFg siBnsiercst AMINEKTPUKOM, KOTOpPBIH Giarofgaps XUMH-
YEeCKOM MHEPTHOCTH U OOJBIIOH MOJEKYAAPHOM Macce UCHONb3YIOT B Ka-
YecTse rasoo6pa3HOro U30MATOPA B TOHEPATOPAX BLICOKOrO HANDPSKEHUSA U
APYTUX BJIEKTPUYECKUX NPUBOpax.

JovonbHo uHepren u SO,F, (cymbbypundropus, 1. mi1. -135,81°C, 1. kum
~55,37°C), Koropbilt paanaraercst UMb pactBopaMy lesoueil. Hamnpotus, cysibdy-
pumctopua (1. . -54°C, 1. kun. 69,5°C) BonencTBMe TMADOMMBA IBIMMT Ha
BO31yXeE.

[lockonsky anst cepsl (VI) HaumGonee xapaKTepHO KOOpAMHAIMOHHOE
quesso 4, Monexyssl SOz cymecTByloT avmb B rasopoii ¢ase. Ilpu oxnax-
JEeHUN OMU TIOJMMEPU3YIOTCA B KOJbLIGOGPA3HbIE MM OTKpBITbIE 3Ur3aro06-
pPa3HbIe [Eenu:

A’B“‘A “‘A 9 “‘A O o
0820  On o0 -0 SN o
i ST QU SN FLN N
W e IO
| o] 0 s ” =| =|
0o? ™o
S0, (803)3 (SO03)
MOHOMED Tphmep noauMep

[loaToMy TpHOKcHA cephl CyIIECTBYET B BUAE HECKONABKUX MogupHuKa-
uuit. Ilpu wkonpencauuum mnapop SOj obpasyercsd Jerydas IKHAKOCTDH
361



(. kun. 44,8°C), cocrosimas NPeNMyUIeCTBOHHO U3 [UKINYECKUX TPUMep-
abix Moaexya (SOs)s.

Mpn oxmampenuu SOz sarbepiesaeT B [pO3pAYHYI0 Maccy, HalOMUHAIOULYIO
e, JT10 TAK Ha3blBaeMas avdooudnas aodudurayus 4S0O;3. Ilpu xpaHeHUM OH2
[OCTENeHHO npeBpallaercss B MOAMPUKAIHNIO, IO BHEUIHeMy BUY HAIIOMMHAIOUYIO
acbect. Acbecmosudnas aodupurayus a-SQ3 cocrour M3 3Ur3aroo6pas3HbX Llenen
(SO3),, pasTM4HOM AIMHBL BoiencTEMe HEOJHOPOAHOCTHM COCTaBa ac6ecToBRM fHAS

MOAUUKALAS HE UMeeT CTPOTO OTpede/leHHON TeMIepaTyphl IIABJIEHN .

CrpykrypHble 0COBEHHOCTH Mognduranuit SO; obycioBMBaloT pasyuine HX
bUBMUECKUX CBOMCTB M XMMUYECKOH aKTUBHOCTH. Tak, B IPOTUBOIOJOXKHOCTE
SbIOBMAHON acBecToBUAHAs MogMdUKalUMA Meree JeTyda 1 ¢ BOJIOI B3aMMOJeNcT-
ByeT MeHee aKTHBHO.

B rexnuke okcup cepbl (VI) momyyaloT OKMC/ICHHEM SO, B IpUCYTCTBUH
ratannsaropa (IIaTMHA MW OKCHJ BaHAANA):

SO, + /202 = SOs
TerpasapuuecKkue 0—CBI3U CEpbI (VI) BOBHMKAIOT Takxke MpU B3aMMO-
neitereun SOz ¢ HEKOTOPbIMU COEJMHEHUAMHU BOAOPOAA, HalpuMmep ¢ BO-~
noit, razoo6pasabivn HF, HCL

H,O + SO; = HZ[SO4]; HF 4 SO; = H[SO3F]

Bee Muorouncienabie THIb cyabgar (VI)-MOHOB MMEIOT TeTpas putec=
KYy10 KOHQUTYpAIUIo:

0se. 017 [0 ST [0l [0
o"’>s\<‘o 0>S<o o>s“\o o>s“~o

SO5 SOs5% SOsF- S03(02)*
TeTpaoKcocyiibdar  CybdHAOTPU- dTOPOTPHOKCO-  NEPOKCOTPUOKCO-
okcocysibdar cysibdar cyiibdar
Terpaokcocyabpar (VI) Bogoposa H,SO; — MacnsaRUCTadz KUAKOCTD,

samepsatomaa npu 10,4°C. Ero nomyyaior npu oXJ1ak eHun KOHILEHTPHUPO-
BAHHOM CEepHO# KUCTOTH. B TBepoM M JKMAKOM COCTOAHWU MOJIEKYJIbI
H,SO, cBa3anbl BOJOPOAHBIMU CBA3AMH. HKuaxuit H,SO4 — noHH3UPYIO-
umii pactBopuTenb. Ero co6cTBeHHas MOHM3AUMA HE3HAUMTEIBHA U BbIPa-
JaaeTcsA ypaBHEHHEM
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H,SO, ... H,SO, = SOH} + HSO;, K = 2,7-107

B Bogubix pactsopax H;SO, — cuabHas nByXxOcHOBHas KuciaoTa (Kia =
= 1-103, Ky, = 1,2-1072).

Bzanmopeitctee HpSO4 ¢ Bomoit conpoBoskjaeTcs BbliesleHMeM OO0JBUIOrO
KOJMMUeCTBAa TeIUIOTh! 3a cuer 00pasoBaHUsi ruapatos. [losToMy cMemMBaTh KOH-
uentpupopanHyloc HoSO4 ¢ Bomoit ciegyerT oueHb OCTOPOXKHO, BIMBAs CepHYylo
KHCJIOTY TOHKOH CTPYyMKOM B BOAy, a He Hao6opoT. KOHUEHTpUpOBaHHAS! cepHasl
KMCJIOTA TIOTJIO@eT Napbl BOABL, M IIODTOMY ee NPUMEHSIOT B KauyecTBe OCYLINTeNS:
OHa OTHMMaer BOAY M OT OpraHMueckHX BemecTs, oOyrimeasi ux. Ilpyu oxnasneHnu
pa3BABIEHHON CEpHOM KMCIOTON BbIASISIIOTCS KPUCTATIOTMAPAThI (cM. puc. 81, 6).

CepHYI0 KUCJIOTY MOJAY4YaloT pacTBopeHueM SOz B KOHIEHTpYpOBaHHON
H,S0, B BHge oneyMma, cogepxamero 20—65% SO;.

Boapmuncrso cynbgaros (VI) xopomo pacteopumo B Boge. Ilmoxo
pacTeopuMbl TeTpaokcocybgare Ba(ll), Sr(II) u Pb(II). HMa sogubix
pacTBopoB okcocyab®daThl (VI) 06b11HO BBIAEAAIOTCA B BHAE KPUCTAILIO-

ruaparos. Coepunenns tuna CuSQ,4-5H,0, FeSO4-7H,O nasbiatoTcs
xynopocauy,

Besponnble Terpaokcocymbdarhi (VI) mnomyuator esamvoneiicreem SOz ¢
COOTBETCTBYIOUMMU XJIOPUIAMU B HEBONHBIX cpepax (Hampumep, B xuikoM SO,

WIIN SOQCIQ)Z
CuCl, + 2503 = CuSO4 + SO,Cl,

Tpuokcodropocysdar Bonopona H[SO3F] (@mopcyasgorosas wucroma) n
Tprokcoxiiopocyiibdar Bogopoma H[SO3Cl} (zaopcyasonosas wucioma) — xui-
koct. B pomroM pactiope H[SO3F} — ouenr cuibHast kuaiora (mono6nas HClOy)

— rUapolMayercs MeijeHHo, B To Bpema kak rumposms H[SO3Cl] nporekaer oueH
BHepru4Ho.

Hpu xunsiuenun pacteopa Tpuokcocyibdara (IV) maTpus ¢ nopoumkom
cepbl 06pasyercs cyabdugoTpuorcocyabdar (V1) narpus:

2—
. ) S 2-
i ;

S8 + 58— Ss
7\ R0
o] \o 0'/ \‘o

SO% + S = SO,87

Ceoitctea cynbduaoTpuokcocynbgartos (muocyarbvgamos) 06ycrioBIMBaA-
I0TCA HpUCYyTCTBHEM ATOMOB cephl B JBYX Pas3HBIX CTeleHAX OkMcieHus (+6
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n —2). Tak, Hanuuue aToMa cepbl cO CTENEHbIO OKMCICHUSA -2 ompepnensier
BOCCTAaHOBUTENbHEE cpoiicTsa SO3S2-HoHA:

-2 0 0 -1
Na,505S + Cl, + H,0 = NaSO4 + S + 2HCI

Tuocynbgpar sojoposa H,SO3S meycTOM4MB M OpU TOJYYEHWHM paclaja~
eTcs:

NZ‘IQSOgS + HQSO4 = Nast4 + HgSOgS
+6 -2 +4 0
H2803S = HzSOg + S
s Tl/locyﬂb(baTOB HauboablIIee NpUMeHeHne numeeT umocy/wgﬁum

Na,S,05-5H,0 (8 dororpadun, Megunune).
OnanM n3 nuraafos s cyiabgat(VI)-uoHe MoxkeT 6HTb MEPOKCHA-PATN-

kan OF:

0—0 0]z
O>S<b

Mpoussoanbie SO3(07)2-noHA (SOg_) HA3HBAIOTCA TNepoKcocynbdaraMu
(VI), a pacteop H,SO5; — nepoxcoaonocepnoti xucaomoi.

NMopo6Ho okeuay cepbl (VI), nmonmMepHsiMM MOryT 6HTb M CyJbdaT-
MOHbI, TIOCTPOEHHbIE U3 TeTpasapuieckux cTpykrypabix equuni SO4. Tak,
upu pactsoperur SOj B KOHIEHTPUPOBAHHOJ CEPHOH KMes0Te 06pasyercs
1ejaas cepusi MOJUCEPHBIX KHUCIOT:

o) o)
HO\S 0 HO\|S| /O\lsl _-OH
HO~" X0 I I

0 0
HzSOq HzSzO7

mcynbdaT BOAOpPOAa
(HBycepHas KMCIOTa)

cynbdar Bogopoga
{cepHas kpcnoTa)

(@] O (@]
HO\Q/O\IS'/O\Q/OH
1) I I
(@] (@] (@]
H,S3010

TpUCyIbdaT BOJOpoia
‘ (TpMcepHas KUCIIOTa)
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0 0 0 0
HO\ISI /o\lsl /o\lsl /o.\lsl _-OH
1

I o
0] 0] 0 0]
HQSO4 . n503
noJaucynbgar BoJopoaa
(moMcepHas kuciiora)

Cumecy H,SO4, H.S:07, HyS3040, HyS40;3, ... — rycras macnsmucTast
MU/IKOCTD, ABIMAIAA Ha BO3AYXe (oseya), IIMPOKO MCOONB3YeTCA B TPO-
Mmeiniennoctd. [log meitctBuem Boakt c¢Basu S—O—S paspHBAIOTCS U NMOAU-
cepHbie KICJOTHI MPEBPAIAOTCA B CEPHYIO.

Terpasnpuueckue CTpyKTYpHbIE €IHHUIB B CYJIbpaTax MOTYT 0GBeIU-
HATbCS TaKkKe MOCPEJCTBOM ATOMa UJIM UEMOYKU U3 aTOMOB CEphbl:

0
0 0 0 || _~oH
S~
HO\ISI /S\Isl _~-OH HO~l|_-5~_ /lsl
S S
| | | 0
0 0 0
H,S5;04 H,5,05
cynbdupocyandar nepcynndujogucyasdar
BoAopofa (Tpycyibdo- BOJOPOJa (TeTpaTHOHOBASs
HOBas KMCIIOTa) KU IOTa)
Coennnenus obmeit dopmynst HyS;O0s (z = 3:6) masmisawoTca noau-

muonosbiau xucaomant, a HyS;0g — TUTMOHOBO#H KUCJIOTOR.
Ponp MocTuka, 06b6IUHAIOMEr0 TeTpadIpUyecKie CTPYKTYPHbIe eXuHN-
Ibl, MOXKET UTrpaTh TAKXKe MEpOKCHIHA’ rPYNMUPOBKA ATOMOB!

0

0 ||_-oH
HO-_|| O S
g7 \O/"
0

6]
H,5,04
NIepOKCOAM CYIbdaT BOAOPO I3
(nepokcomMcepHas Kuciiora)
365



[epokcogucepras KHCIOTA H,S,0s mnonydaercs TpU BJEKTPOIN3E
CEpHOI KHUCJIOTH WJN ruppocynbgaros. Ilpu sToM Ha aHOAE NMPOTEKACT

pearnusi
2HSO; — 2e = HQSzog

[Hepokcogucepaas KUCJIOTA H,S5,0s, Kak U TNEpOKCOMOHOCEpHAA H,S0s,
rUAPONM3YETCs ¢ 06pa30BaHUMEM IEPOKCU/A BOLOPOAA:

HzSzOg + 2H20 = 2H2504 + HzOz
H,SOs + H,0 = HyS04 + Ha02

DTUM NMOAB3YIOTCA AJA NOJYyYeHUs MepOKCH/A BOAOPOAA B TEXHMKE.
Hepokcocynbgater (V) — cUIbHEE OKUCIUTENN:

S,0% + 2¢ = 2807, @he = 2,01 B

OHM MCMONB3YIOTCA TIpH MPOBELEHMN XMMUYECKOTO aHaJM3a U CUHTE3A.
Hepoucocepﬁble KUCA0TH O6YTIMBAIOT 6yMary, caXxap n JAaxe napaduH.

§ 3. IOACPYIIIIA CEJIEHA

Cenen Se, tennyp Te n mononuit Po — uMeroT KOHPUIYpaUIo BaJeHT-
HBIX 3/IEKTPOHOB s2pd.

B o6pasopaHie cBA3eil y CEJIeHa M €r0 aHaJOroB BOB/EKAIOTCH HENap=
Hbie 37€KTPOHB, a TaKXke OfHA WIKM [iBe DJIEKTPOHHBIC IApBHL. Mostomy y p-
sneMentos VI rpynmel HabIIOfAIOTCA YETHBIE CTeNEHNU OKHUCICHMI: -2, 42,
+4, +6.

B moarpynme cejieHa, Kak M B JPYrMX MOATPYNNax p-3JEeMEHTOB, ¢
yBEJIMUCHIEM pa3dMepOB aTOMOB HaGmiOfaeTcd O6ulasd TeHASHUMA K yBeNU-
YEHUIO XapaKTepHOro KOOpAMHAIMOHHOIO 4Yucia. Tak, AnA cepbl U cesleHa
Hau60see TUMMYHE KOOPAMHAIMOHAEE YUciaa 3 U 4, a gna Tennypa — 6,
naorga gaxe 7 u 8.

[Ips BHCIIGH CTENeHHM OKUCIEHUS B PAAY S—Se—Te—Po oryernnso
HaGMIOfACTCA BTOPUYHAS TNEPHOLMYHOCTh B M3MEHEHMU CBOMCTB COCAMHE-
Huit (cM. puc. 142).

Cenes U Teanyp — paccesHHble, a TMOJOHUA — PeAKMH STE€MEHTH (eM.
ta6n. 26). [lpupojHEIl cejleH COCTOUT M3 LIeCTH yCTOMYUBHIX W30TOIOB,
rennyp — n3 cemu. IomydeHsl Takxke pajHOAKTHBHBIC W3OTONbI CEMEHA U
tennypa. Hononmnit cTabUJIBHBIX H3OTONOB HE HUMEET. Jlns Hero N3BECTHO
cBBIIIIE ABAALATH PAJMOAKTHUBHBIX U30TOMOB.

Co6cTReHHbIE MUHEPATH C&/IeHA U TEIypa BCTPEdAloTest PEeAKO. Yamge
peero Se u Te cOMYTCTBYIOT caMOPOAHON ceépe U B BUAE CENEHUA0B M TeJ~
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NYPUAOB TPHUCYTCTBYIOT B cynppuIauix pyaax. IlosoHuit cogepxutes B
YPAHOBBIX M TOPMEBHX MHUHEpaJiaX Kak MPOAYKT paclaja pajhoaKkTHBHOrO
pAAa ypaHa.

pocthe pemectBa. B psagy O—S—Se—Te—Po Tun ycToituuBbix MOse-
KY7 U3MEHSAeTCA: OT ABYXaTOMHHX Kuciaopoga O,, 3aTeM HMUKIMYECKUX Sg
1 Seg n pennanx monekyn Se_ u Te  n0 MeTannnyeckoro Kpucraina MOJo-

HuA (cM. Taba. 28).

Kak u cepa, cenen uMmeer nmosmmopdg-
Hble Moauduranuu. Hawmbomee ycToiwns
reKcarOHaibHBI WKW cephii  cened. Ero
KPUCTAJILI  06pa30BaHbl  3UI'3aro06padHbIMU
mensamn  Se_  (puc. 156). Hpu  6nictpom

OXNMAKIEHNUN JKUAKOTO CcejleHa TONYyYaeTcs
KpPACHO-KOPNYHEBast  CTEKJOBUAHAA  MOJH-
¢dukranua. OHa 06pa3oBaHa HEYNOPAOYEHHO
PacloJIOKEHHBIMU MOJIEKyNaMu Se_ pasHOM

anuebl.  Kpucrannnueckue pasnOBUAHOCTH
KPACHOTO CeJIeHA COCTOSIT W3 HUKIMYECKUX
MOJIeKYJ1 Seg, MOJOGHBIX Sg.

Cepniit ceen — noaynpopojHUK (AE =
= 1,8 3B). Ero oanexrpuueckas mnpososn-
MocTh pe3ko (mpuMepro B 1000 pas) Bos-
pacTaeT npu ocpeineann. HonynpoBogHUKOBEHE cBOMCTBA MPOABNAET KU -
KU cejed.

P u c. 156. Crpykrypa rekca-
FOHAJILHOTO ceJieHa U TeJTypa

Y Tennypa ycroilunsa rekcaronanbaas moauduranus (puc. 156).
AT0  cepebpucTo-6en0e METaNNONOA06HOE KPUCTAINMYECKOE BEIECTBO.
OpHako OH XpPYIOK, JIEFKO pacTupaeTca B nopomok. Ero amexkTpuueckasn
NPOBOAMMOCTh HE3HAYUTENbHA, HO MPU OCBEIUEHUH YBEJIUUYUBAETCS, T. €.
Tesnyp — nonynposoguuk (AE = 0,35 53B). AMopdnbiit Tennyp (kopuuHe-
BOrO [[BETA) MeHee ycToiumB, ueM amopdHbiil cenen, u npu 25°C mepexo-
AUT B KPUCTAJJINYECKUIA.

Byayun u3oMOpdHBLIMU, TeKcarOHaJbHBIE CEIeH U TeJUTYyp 06pa3yloT
Mexay cO60i HeNpepbIBHBIA pAL TBepABX pacTBOpOB. IIpu BHICOKUX TeM-
neparypax Napbl cefieHa W Te/Iypa COCTOAT U3 MapaMarHUTHBIX MOJIEKYN
Se; u Tey. [lpn noHMMkennn TemmepaTyphel OHU IONAMMEPU3YIOTCS B MOJIEKY-
JIBI 94, 96 n 93.

Mononuit — MArKKI MeTann cepe6pucTo-Gesoro ppera, mo Gusu-
YECKWM CBOHCTBAM HANOMUHAIONIMIA BUCMYT U cBUHenm. Kak BUAHO, B pALy
0O—S—Se—~Te—Po cTpyKTypHBE U3MEHEHUs W Ociabiende KOBAJEHTHOI
CBABM O—O3 COOTBETCTBYIOT U3MEHEHUIO (PU3UYECKMX CBOMCTB; TaK, KHUCJIO-
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POJL ¥ cepa — JUBJIEKTPUKU, CeTeH U TeNNyp — UOJIYNPOBOJHUKH, a H0JI0-

auit obnazaer MeTaJIJInYecKoi ITpOBOAUMOCTBIO.
HexoTophie KOHCTAHTH [POCTHIX BEHICCTB p-anemenToB VI rpymuis

npUBeaeH b HHWIKeE!

0, S Se Te Po

(poM6.) (rekc.) (rexc.)
T, T/ EM3 i 1,27 2,07 4,82 6,25 9,3
T. i, “C i .. —2188 119,3 221 450 254
T. k., “C v 182,97 444,6 685,3 990 962

' . 0 31,9 42,1 495 -
S g Jox/(K- Monb) 205

. - = 0,40 0,72 -
Ghgp D+ 2H' + 26 = Hy3, B 1,23 0,17 0,40

B pany O—S—Se—Te—Po yMenblaercs OKHUCIUTENbHAA M BO3pACTAET
BOCCTAHOBUTENbHAA AKTUBHOCTb, O Y€M, B UACTHOCTH, CBUJETSIBCTBYET
cOMOCTAB/ICHNE HIEKTPOJHBX noTeHnManoB. O6 HTOM Xe MOKHO CyANTH 1o
xapakrepy uameHenns A(G OJHOTHIHBIX peakiuii ¢ ydyacTHeM IPOCTBHIX
pemecTs. Tak, U3MeHeHUe DHEPruu Iu66ca B peawrun Hpy + O = H,9
OTBEYAET cJEAYIOHIMM 3HAYCHUAM!

HZO(I‘) HQS(I‘) HQSE(I‘) HQTG(F)
AGS, KJIK/MOTB oo —229 -34 +20 +85

CesteH M TeJNyp ¢ BOJON M pa3baBJeHHBIMM KHCIOTAMU HE pearupylor.
[lonoHMIA pearnpyer ¢ cOJHON KHCJIOTON Kak TUNNWYHBIA METaI:

PO + ZHCI = POCIQ + HQ

[To06HO APYrUM HEMETANIaM, Se n Te OKUCHAOTCA KOHIEHTPUPOBaH-
goit HNO; no xucnor. Ilononuit e B 3TUX ycJOBUAX obpasyer cojienonot-
HOEe cOeMHEeHHE:

Po + 8HNO3; = Po(NQOg)s + 4NO, + 4H,0
[Ipy KUOSAYEHNU B MILJOYHHIX PacTBOPAX Se u Te, nogo6no S, AMCIPONOP-
HUOHU PYIOT:
0 +4 -2
3D + 6KOH = K,003 + 2K;9 + 3H,0

le/l HarpeBaHN N CeJIEH, TEeJNNYp H MOJIOHUNA JOBOJIBHO J1€rKO OKHCIAOTCS
KHUCIOpOJOM M raJjorenamMu, Ipun cllJIaBJIEGHUM B3aMMOAEHCTBYIOT ¢ METaI-

JIaAaMH.

* l1s TBEPAOTO KMUCIOPOAA.
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Cenien w TeNnyp W3BJIEKAOT M3 OTXOJ0B NPOU3BOJCTBA CEPHON KHCJO-
TH, HAKAIJIMBAIONIUXCsl B NBIJIEYNOBUTENAR, M U3 AHOAHOTO IlillaMa, o6pa-
3yEMOr0 TPH DJIEKTPUYEcKOil OYMCTKE IBeTHRX MeTaanoB. Jlna sroro
OTXOJHI M IIJJaM OKHCJAIT, HapuMep, ¢ noMonibio MnQO,. O6pasytomniuecs
npu 31oM SeO, U TeO, pasnenAoT U BoccTaHABIUBAIOT JUOKCHIOM CEPH:

Nzoron 219Po monyyaloT B ATOMHBIX peakTopax oOGnyuyeHUeM BHUcMyTa
HEeATPOHAMMN:

209Bi (n, 7) 21°Bi __% 210Pg

Kak monynpoBOJHUKU cesleH U Te1yp WCHONb3yIOTCes [JIA N3rOTOBJIE-
HUA (POTOZIEMEHTOB ONTHYECKMX W CUTHAMBHHX NpubopoB. Kpome Toro,
ceJIeH MCIOJIB3YIOT B CTEKOJIBHOU TPOMBIIIJIEHHOCTH 7 TOJyYeHUs cTe-
KOJI pybuHOBOro 1Beta M ap. Maoron 219Po (T1/2 = 138,4 nrsa) npnves 70T

KaK MCTOYHUK Q-YACTHIL.

Coenunennsa cenera, Tesnypa u nonoams (-II). Y cesena, teanypa u
MIOJIOHUA cTENEHb OKUCJIEHNA —2 MPOABAAETCA COOTBETCTBEHHO B cesenudar,
mearypuoar N noAoxkuwoazr — cOeIMHEHNUAX ¢ MeHee JJIEKTPOOTpHUIlaTesIbHbI-
MH, YeM OHU caMi, 3JieMeHTaMd. B aTux THnax coequneHUil nposBiasercs
aHAJIOrUA 3JIEMEHTOB cefleHa U TeJulypa ¢ KUcaopoJaoM U cepoil. Hanpumep:

Oxcnpadl ..... ..HyO NayO CO, Cenennad ...........HsSe NagSe CSey
Cynbduasi ............ H,S Nas,S CS, Tenaypunsl ........ H,Te Na,Te CTe,

[To MerogaM monydeHust, KPUCTAIIIMYECKON CTPYKTYpe, PACTBOPUMOCTH
M XUMUYECKUM cBOMCTBAM CcENEHUIB U TeJJYyPUOB AHAJOTHYHBI CyJbdu-
aaM. Cpeau mux uMmetorca ocHopHble (KjSe, KoTe) u rucnorane (CSey,
CTe;) coenunenns:

K,Se + H,0 == KHSe + KOH; CSe, + 3H,0 = H,CO; + 2H,Se

OCHOBHBIN KMCJIOTHBIN

Benenerie Gonpmiux pasMepoB M HH3KOM 3JE€KTPOOTPULATETBHOCTH
ATOMOB SZ n TZ B KayecTBe JINraHJoB BhicTynmaloT peakxo. llosroMy peax-
UM MeXAY ceIEHUIaMKU U TeM Gosiee MeXy TeJypuiaMu PasHOil XUMHU-
YecKoi MPUPOIH He XapaKTepHBI.

B coorBercTBUM ¢ ycwieHdeM MeTalNHYECKHUX MPHU3HAKOB MPOCTHIX
BemecTs B pany O—S—Se—Te—Po Boapacraer ckioHHOCTE K 06pa3oBaHUIO
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cOeMHEHU TUIla MEeTAJLIUA0B. Bosbmast TpyINa ceIEHHI0B U TETYpHAOB
— nonynposoanuku. Hanbompree npUMeHeHNe B KauecTBe MONyNPOBOAHU-
KOB HMEIOT CeNIeHU/bl 1 TyJIypujibl 5IEMEHTOB TIOATPYTIbl HHHKA.
Cenenna Bogopopa HpSe u TemTypui pogopona H,Te B OOBIMHBIX
yenopusx — Tasbl ¢ O4eHb HEMpUATHBIM 3allaXOM, IO CTPYKType U CBOM-

crsam manomuralor HaS:

H,0  HsS H,Se H,Te
T. nn., °C 0 85,6 —65,7 -H1
T. gumn., C 100 -60,4 -41,4 -2

,0 0,133 0,146 0,169
dSH, HM 0,096 13
ESH, k% /Monb 463 347 276 . 238
<HBH 104,5° 02,2° 01,0° a0°
AH;%, Kk /MOTE -285,8 -21 - 33 99,7
AG, 5, KK/ MOTS o312 -338 197 85,2
K, B BOJIHOM pacTEOpe 1,8-10716  1-107  1,7- 104 1,0-1073

Kak BMAHO W3 [PUBEJEHHBIX NAaHHBIX, B pARY HZO—-HZS—HZSe—HZTe
10 Mepe yBeJMYeHUs JJMHBI U yMEHbILIEHUs JHEpruy CBASH BH ycroitun-
BOCTb MOJIEKY/ TNajaer. B ornuume OT OKCHUAR u cynabduaa BOAOPOAA €ro
coeHMA W TENypua — DHAOTEPMUHECKHE coe{MHEH N (AH} > 0). lpn

narpesanun HoTe merxo pacliajfaercs, a BOAOPOLHOE coeuHeHe TOJIOHUA
paajiaraeTcs yxe NpH MOTydeHuH. Cenenu ¥ TEJTypUJ BOAOPOJa MOXHO

IoNy4nTb ﬂeﬁCTBMeM BOABI UJH KHCJOT Ha ceIeHnnbl 1 TeJypHUAbl HEKO— |

TOPBIX MEeTaJIN10B, HallpUMep:
AlzTeg + 6H20 = 2Al(OH)3 + 3H2Te

Pactopsl B Boge HjSe u H,Te — cnabble KUCJAOTH (cenenosodopodnaﬂ
u m.m/zyposodopodnax). Kak BUAHO U3 B3HAYEHUN KOHCTAHT MOHU3alH
Ka1, B pAAy H,0—H,S—H,Se—H;Te cuna KUCIOT BO3pAcTaeT, 4T 06BACHA-
ercsi yMEHbIIEHUEM JHepruy cBA3U JH. B oTOM *e psAy pacTeT BOCCTaHO-
puTenbHas cnoco6HocTh HoO. :

Conenuny BOAOPOAA M €ro MPOM3BOAHBIE 7 1L O B M T bl

Coenanenus cenena (IV), memwnypa (IV) m monosms (Iv). Crenenb
oxHcneHUs +4 cenena, TeJUypa W MONOHWA nposiBJsieTcs B JMOKCHAAX
30, TeTparajoreHNax DHal,, OkcOAUTaNOreHUAX J0OHal,, a Tawkke B

COOTBETCTBYIOIIMX UM aHMOHHBIX KOMILIeKcax, Hampumep TUIla D0%,

DHal?". Jlnst momonus (IV), kpome TOTO, XapaKTepHbI conenofobueie coe-
annenns tana Po(SO04)z, Po(NOa)a-
370

B
OT/IMYHE OT cepbl Y cefleHa U ero anajoroB guokcugpl I0; B 06BIU-
HbIX YCJOBUIX — TOJIMMEpPHbIE COeiMTHEHN .

B _

pPALY ?eOz TeO;—Po0, oryernupo Habmopaercs ocnabrenne KHUc-
sotablx cBoitetB. Tak, SeQ, nerko pacTBopseTcs B BOfe, 00pasdys cesentc-
myro kucaory H,SeOj:

8602 + HQO = H25603

HOK é é
Jnokeng, Tem}ypd B BOJie HE pacTBOPSAETCs, HO B3aUMOJERCcTBYeT ¢ PacTBO-
PAMH 1Ie/TOUei:

TeO, 4+ 2NaOH = Na,TeO; + H,0

NOKC ¢
ﬂ, U 2Ke IMOJIOHUS ¢ 1es104aMu pearupyer TONBKO ITpH cIl1aBnIeHUuHn, a
)

. ¢ KMCJIOTaMU B3aUMOJENcTBYeT KaKk OCHOBHBIN OKCHJ:

POOZ + 2stO4 = PO(SO4)2 + 2H20

Hpoussogure 0
% HA3LIBAIOTCA CeAeHUMAUY, MeAl
uma
_ Mpou , yp AU U noA0-
B60Tnn'{ne or H,SO; tpuokcocenenar (IV) sogoposa H,SeO; prisesen
B CBOGO
> (JJ,HOM?B(:CTO?[HI/IM. DTO — TBepAO€e BEmECTBO, KOTOpPOE JIETKO Tepsier
- - .
Tej}:z pMH C) u mnpespamaercsi B SeO,. ARaJOrn4nOe CcOeJMHEHHE
" ypa — H,TeO; cKIOHHO K NONMMEpHU3AIUM, U MOITOMY NPHU AECHCTBHN
MCJIOT Ha TEJNYyPUTHl  Bb
IAensAeTcss  OcallOK  MepeMeHHOo
r0  CcOCTaBe
TeO, - nH,0. P e
Terparanoreau
B, KpOMe —
003000 JBI, Kp xugroro SeF,, — TBepavie BemecTBa (T. M1
. . Oamn 06pasyloTcst NpU B3aUMOAEHCTBUU TPOCTHIX BEHIECTB.
YAYYM KuCHOTHBIMU coepunenunsimu, JHaly, posompro merko (B ocoben-
noctu SeHaly) rugponusyrores:

SeCl4 + BHZO = H28603 + 4HCI
U B3aMMOJEHCTBYIOT C OCHOBHBIMU TaJIOTEHULAMU:
2KI + TeI4 = Kz[TeIG], 2KCl + POCI4 = KQ[POCIG]
Okcup SeO, u SeO} no cpaprenmio ¢ SO; n SO npoABAAIOT B 6071b—

mrent 7
CTENEHN OKMCNUTENbHBIE CBOMCTBA, YeM BOccTaHOBUTenbHbie. Hanpu-
Mep, SeO, nerxo oxkmncaser SO,

2802 + SCOZ = Se + 2803

Jsi 0
1, KUcnenus xe nponsBogabix J(IV) reo6X0ofUMB CUNbHBIE OKHC-

JUTENN.
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Coenmresms cesera (VI), Tennypa (VD) i monormsa (VI). [lana cenena
(VI) u tennypa (VI) uspecThbI GUHAPHBIE COe/JMHEHHs C KHCIOPOAOM U
¢ropom:

8603 T603 SeFe TeF6
SeQ TeOf - TeF;

Coenuuenus nojonus (VI) HeycTod1HBLL. . '

Kak u SO;, TpHOKCHJ celeHA SeOQ; (T. N 1%8,5 C, T. pasl.
> 185 °C) — 6e/10r0 1BeTa, U3BECTEH B BUAE CTEKJIOBUAHON U acGeCTOBUA-
aoit momuduxanuit. C Bogoi SeQ; BaauMOAeNCTBYeT OUeHb OSHEPrUHHO,
06pasys ceaenosyro KUCJIOTY H3SeO4. 5

Tpuokcuj TeNATypa TeO; Takke HUMEET ABe MO}],I/I(bl/IHaU,l/Il/'I. ;‘oae
IpAKTUYECKN He PacTBOpsercs, HO B3aUMO/EIiCTBYET CO I_ueJIO'-IdI'vIV[. Opn-
okenp cerena SeOz MOMYYalOT [AeACTBUEM SO, Ha cesieHATI (VD), a TeO3 —
06€3BOKIBAHNEM TFeKCAOKCOTELTYpATa (V1) Bomopona:

K,Se04 + SO3 = K3S04 + SeQg; HgTeOs = TeO3 + 3H0

Terpaokcocenenar (V1) Bogopona H,SeQ4 — 6es0e KpHUCTaIIUIeckoe
pemectso (1. ma. 62,4 °C). Kak u H.SOy4, on mziumo NOTJIOAST Boa'y,
06yIJIMBaeT OpPraHuvecKkue BEIeCTBA. Ero BOjHBINA pacTBOp — CHJbHAA
(cesenopasi) KMCIOTA (Ka1 = 1:10%, Kap = 1,2-10?). Us paCTBO[)OB' BblJle-
JISIOTCA KPUCTAJJIOTHPATH (H2Se04- H,0, H,SeQ4-2H,0, H,Se04-4H,0),
ABJAAIOLIUECA ceJieHaTaMi OKCOHHA.

Ias tenmypa (VI), kak U s ApYyrux p-DJIEMEHTOB 5-TO Hepuoaa, .

ycTOMUMBOE KOOPAMHALMOHHOE “MHMCJIO0 1O kucaopogy pasro 6. IIponspos-

abte rexcaokcoresutypar(VI)-uona TeQf o6pasyroTcs npH cqnaanennn co
menouamu npousposabix Te (IV) B OpUCYTCTBAM OKMCTUTETEN.
Tekcaokcorenaypat (VI) sopopoga HeTeQg — 6elloe KpUCTATIMUECKOS
BEIIECTBO, XOPOIIO PAacTBOpUMOE B roOpsued BOAS. Tennypopasd KHCJIOTA
ouenb ciabas (Ky = 21078, Kaz = 5-10711), Tlpu HeliTpaiu3anuu HeTeOg

+ 1 .
[I[eJI0YBI0 06Pa3ylOTCA OKCOTH[POKCOTEIYPATHL, HanpuMmep M[TeO(OH)s],

IC/[;[TeOZ(OH)‘i]. {losydensl Takxe IPOU3BOJHbBIE Tm:a AgeTeOs, HgsTeOs.

Texcadropuas SeFg (r.posr. —46,6 C) u TeFs (1. BOS3T.
—38,6°C) — OecupeTHble rasbl; WX MOJCKYJIBL umetor GopMy okrtasgpa. B
oriuune or SFg u SeFs rexcadropus Tealypa Jerko TUAPOTU3YeTcs. JDTO
06y CcJI0BIeH0 KOOPANHAIMOHHOM HEHACHIIEHHOCTLIO oY pa:

TeFg + 6H,0 = HeTeOs + 6HF
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flo oroit xe npuunne TeFs paer droporenmyparet (VI), Hampumep
Csy[TeFg], Ba[TeF4],, Ba[TeFs).

Coengunenus cenena (VI) menee ycroiuuebl (cMm. puc. 143), yem coor-
percTBytomme coeannenus cepei (VI). Tak, npu HarpeBanuu SeO; u
H,SeQ, pasnaraiores c BoigeiierneM kuciopoga. Hlosromy HaSeOQ, — 6onee
CUJIbHbBIA OkUcAUTENb, YeM H,SOy:

SeO2 + 4H* + 2¢” = HyS8e03 + H,0, ¢4, = 1,15 B
SO% + 4H* + 2¢” = H,S0; + Hy0, ¢}, = 0,17 B

Hanpumep, H,SeO4 okncaseT KOHIEATPUPOBAHHYIO CONARYIO KUCJIOTY!
+6 +4
H,SeO4 + 2HCI = H,3Se05 + Cl, + H,0

3a cuer Bbljenenus atomuoro xsopa cMeck H,SeO4 u HCl — cunbneir-
U1Kl OKNCJUTENb, pacTBOpsieT 307070 M miaruay. OKUCAUTENbHbIE CBOM-
crBa y HgTeOg Boipaxkens: ciabee, ueM y HySeOy.

IloMuMO HOMYNPOBOAHUKOBON TEXHMUKM COENMHEHUS CEJIeHA U TeJlIypa
NCHONB3YIOTCA B XUMUYECKOM CHHTE3€, B YACTHOCTH, AJ NOJMyYeHWs pas-
HOOGPA3HbIX CeJIeH- U TeJIJIypOpPraHuvYeckuX coepnHenunit. MHOTHe coegnHe-

HUS celleHa M TeJnypa TokcuuHbi. [lomonuit eme onacHee BBUAY €ro pa-
JMOAKTUBHOCTH.

I'J1ABA 5 pOJIEMEHTHI V I'PYIIIIBI IEPUOJIMIECKOH
CUCTEMBHI J.1. MEH/IEJIEEBA

OneMenTbl raapHON nmoArpynnel V rpymmsl — asor N, ¢ocdop P, mbI-

mbsk As, cypbMa Sb, uemyr Bi. CorsacHo 2/1eKTpOHABIM KOHDUPYTanusiM
UX aTOMOB

N 1s22522p3

P 2522p53523p3

As 3s23p83d104524p3

Sb  4524p54 d195 525 p3

Bi 452454 104 f145 525 p65 4196 526 p3

a30T U ¢ocdop OTHOCAT K TUNNYECKUM 3JIEMEHTAM, a4 MBIIIbAK, CYpbMy U

BUCMYT O06BEJMHAIOT B NOATPYNNY MbibAKA. (OCHOBHbBlE KOHCTAHTHI p-
3JleMeHTOB V TpyInbl NPUBEAEHBI HIXKE:
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1N 157 33hs 515b 3Bl

' 74,92 121,75 208,98
ATOMHAST MACCA +eevvvvrnnnrennnens 14,01 30,97 , X
BaJieHTHbIE BTEKTPOHDI ....cce.- 2522p° 3s23p° 4524p3 5525 p3 6s26p
AToMHBIZI paJuyc:
MeTaINdecKUi, HM ........ 0,071 0,13 0,148 0,161 g,iiz
KOBAJIEHTHBIN, HM ...coeeees 0,070 0,110 0,118 0,136 146
VYeaoBHBIN pagnyc
MoHA D37 HM cevevrnneiaee 0,148 0,186 0,192 0,208 0,213
voHa D%, HM oo 0,015 0,035 0,047 0,062 0,074
Sueprus vonvsaunn 0 —
— 2" 0B . e 14,53 10,484 9,81 8,639 7,287
Cogepskanne B aeMHol Kope, % ] ) .
(MOJL. JIOIM) +.eveeirinmnneness 0,25 0,05 1,5-104  5-1076 1,07g 19 6
TIpUPOAHBIE MBOTOMBL -.cvvnese 14N 3p 75As 121Sh 209Bi
(99,64%) (100%) (100%) (57,3%)  (100%)
15N 123G}
(0,36%) (42,7%)

: —Sb—B1 pasMmepbl

Kak BAAHO M3 I[pUBEAEHHBIX [AaHHBIX, B pAAY As—Sb—B1 p pﬂ

ATOMOB 1 WMOHOB YBEJMYUBAIOTCs, YHEpruuM HOHM3ALMH YMEHBLIAIOTC .

DTuM 06yCIIOBIEHO ociabienne TPpU3HaKoB HeMeTaslJInUecKUX 3JIeMEHTOB U
ycuaenre MPU3HAKOB METALTMYECKUX 3J1eMEHTOB.

§1. A3OT

Asor (1s22s22p%) — TUNUYHBIA HeMeTaIM4YecKUil DJ1eMeHT, 0 3é1ewrpo—
orpunareasioctd (3,0) ycrymaer Julib ¢ropy u kucnopopy. (Telmenn
OKUCEHUs a3oTa B coeguHenusx —3, -1, +1, +3, +5, a Takke -2, +2 ¥
+4 [lpuposHBIl  a30T COCTOMT U3  JBYX yCTOMYUBBIX nsomnoxf: 14N
(99,635%) u SN (0,365%). Copepoxanne a30Ta Ha 3emne cocTaBnsaer
0,03 % (mon. pomnm). OcHOBHAA Macca €ro BXOAWT B COCTaB aTMOC(pepbi
[78% (06. gomu)] B BHjE MPOCTOrO BEILECTBA. W3 MuHEepanoB MPOMBIIILIEH
poe sHaueHne umetoT ymimitickaa NaNOjz n unnmnitckads KNOj ceannTpbl.
A30T BXOAMT B COCTAB OEJIKOBBIX TeJl BCEX PaCTUTEJLHBIX ,“ AKHUBOTHBIX
OpraHu3MoB, OGHApYXeH B rasoBbiX TYMaHHOCTAX N coNHeYHoI aTMocdepe,
Ha Ypane n HenTyne U zp.

IIpocToe BemyecTBO. DJIEKTPOHHA KOH(PUIYPAUA MOJIEKYJIBl a30Ta N,

2 *2 pd 2
05 0s 7ra:, T

Y
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YTO OTBEYAET TPOMHON CBA3H MEXKAY aTOMaMH as3oTa: N=N (dNN = 0,1095
aM). BesenctBue sToro Monekyna N, UCKIIOUNTENBHO NPOYHA:
Ny =2N; AH, = 945 x/lx, Koy = 107120

Jaske npu 3000°C cTenenb AMCCOUMANMN MOJEKYASAPHOro a30Ta HA ATOMBI
npocturaer peero auis 0,1%.

Bcenepcrue npounocty Monekynsl N, MHOrMe COGMHEHUsT a30Ta 3HIO-
TepMu4HE. KpoMe Toro, saTponua ux o6pasosannsa oTrpuparesnbHa (N, —
ra3). OTciofia MOJMIEKYISIPHBIA a30T XUMUYECKH MAJIOAKTUBEH, a COeAUHE~
HUA a30Ta TEPMUYECKU MANOYCTOMYMBBL U OTHOCUTEIBHO JIErKO Pas3jaraloT-
cs npu Harpesanud. [losToMy a30oT na 3emse HaXOAUTCA IJIABHBIM 06pa3oM
B CBOOOIHOM COCTOSIHUU.

Monexkyna azora N, cma6o nonsipusyercsi. Cuani B3aUMOJEHACTBUA
MeKAY MonexkynaMu No OYeHb cnabule U Heé MOTYT MPeNsiTCTBOBaTh Gecno-
PAJOYHOMY [BHKEHUIO MOJIeKYN (SHTanbOUHHBN (aKTOp NpOABIAETCS
3HAYMTENbHO ciiabee, yeM SHTponuidHbii). IosTOMy B OGBIYHBIX yCHOBUAX
MOJIEKYNAPHbINA a30T — ra3. Temneparypsl nnapneans (-210,0°C) u xune-
aust (-195,8°C) asoTa oueHb HMBKHME; OH [JOXO PACTBOPAETCA B BOAE W
APYrUux pacTBOPHUTENAX.

B O6BIYHBIX YCJIOBMAX a30T HEMOCPEICTBEHHO B3aUMOAESNCTBYET JMIIL C
autueM ¢ obpasopadueM LigN. [lpy akTmBaumm monexyn N, (Harpepanuem,
JeficTBUEM BJIEKTPOpa3pAfa WM HOHUSUPYIOUIMX U3JNYYEHUii) a30T O6bIY-
HO BBICTYNAET KaK OKWCJWTENb M JIMIIbL NPU B3AUMOAEHCTBUU ¢ (PTOPOM U
KUCJIOPOAOM — KaK BOCCTAHOBHUTE/b.

B npoMHIIIIEHHOCTH a30T mOAY4YaloT (HPaKkmMOHUPOBAHHON NEPeroHKOi
JKUJKOrO BO3AyXa, B NaGOPATOPUM — TEPMUYECKUM Pa3IOKEHUeM coefuHe-
Hui1, Jame Bcero NH4NO,:

3 e .
NH,NO, = N, + 2H,0

OcroBrast Macca IOTY4aeMOrO a30Ta MCIOJb3YeTCs JJIsl CHUHTe3a aMMUAKa,
a30T MNPUMEHAIOT TakkKe [JIA CO3AAHUA WHEPTHON aTMOc(epsl B XUMHUYec—
KUX U APYrux MNponspoACTBAX.

Coenunrernsa asora (—III). [Ipn BHICOKMX TeMmepaTypax a20T OKHCJseT
MHOrU€ MeTal/Ibl U HeMeTaLIbl, 06pa3yss H U T p U [ B

3Mg + N, = MggNQy 2B + N, = 2BN; 3H2 + Ng = 2H3N

CpoiicTBa HUTPUIOB 60JIee UM MEHEe 3aKOHOMEPHO HM3MEHAITCA [0
nepuofaM U rpynnaM nepuoguyeckoit cucremu:. Hanpumep, B Manwx mepu-
OllaX HabG/MIOAAETCA NMEePexo/ OT OCHOBHBIX HUTPUAOB K KUCIOTHHIM:
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NagN, MggNz AlIN Si3N4, P3N5, S4N4, ClgN

OCHOBHBI® amdoTepHbIA KMCJIOTHBIE

Hurpuas s-anementos 1 n II rpynn, :ampuMep Li;N u MgsNy, — Kpuc-

rasnudeckue BelecTBa. XMMHYECKU OHM HOBOJBHO axTuBabl. Hamnpumep,
JIETKO paaJjiaralorcea BOJOM, o6pasys mea04b 1 aMMUaK:
Li;N + 3HOH = 3LiOH + H;3N
OCHOBHBIN
Hurpuasl rajoresHop -— 3HAOTEpPMUYECKNE COCIUHEHU. B cBobogHOM

cocrosiEun Bemened mumb kujkuit ClgN (AH} = 229 r/lx/Monb), nerxko

pasJiaraipomuiicss co B3PLIBOM. IIo xuMuyecKoil Mpupome 3TO0 KUCJIOTHOC

coeIMHEHne:

Cl3N + 3H,0 = 3HCIO + H3N

Hurpuzs BN, AIN u SizNy, GegNy — rBep/inie NONMMEpHLIC BellecTBa ¢
BLICOKMMM TeMIeparypaMy IJ1aB/eHns (2000—3000°C); oan 1160 AUOITEKT-

puKM, AN60 MOAYIPOBOJHUKH.

BecbMa pazsHO0ODa3HbI HUTPHAEL d-oleMeHTOB. JTO KpHMCTaJuIMuecKue BellecTBa
nepeMeHHoro coctaba. aute Bcero BCTpedaroTcA HUTPHUALL mna MN (TiN, VN,
CrN) u MpN (NboN, CryN, Mo;N). OHu NposBAIsioT MeTajlIMueckie cBoOCTBa!
0BNIAgAoT MeTaUIMYeCKUM ONeCKOM U 3JIEKTPOHHOR MPOBOAMMOCTBIO. Hurpuasl
OTOro THMA OTIMYAIOTCH BBHICOKOH TBEPHOCTBIO M TYrOMIABKOCTEHIO, MACTO IpeBhIlla~
joulell TyTOIUIABKOCTb MCXOQHONO MeTaslia:

Ti Zr Hf \Y Nb Ta
T. o, °C o, 1668 1855 2230 1920 2570 3014
TiN ZrN HfN VN NbN  TaN
T. o, °C s 3220 2950 2982 2050 2573 3090
AG 44 kI /MOIE ...... -308 -336 -340 —224 215 ~218

BOBIIMECTBO HUTPHAOB d-OJIEMEHTOB XMMMUUeck) OvYeHb CTOMKM: OHM He paspy~

IHAIOTCS  PACTBOPAMM KUCJIOT, DACITaBJeHHBIMH  MeTaslIaMH, yCTOYMBEL NPOTUB

OKMCIeHUA Ha Bosgyxe. IlepeudcileHHEIe OCOOEHHOCTH MO3BOJIAIOT MUCHONB3OBATD

HATpUABI B KauecTBe BBICOKOMPOUHBIX MAaTepHuasoB. [Mosry4eHbr Takske OWHApHBIE
HATPUALI d-0JeMeHTOB, MO COCTaBy oOTBedatomye OOLIYHEIM CTENeHsIM OKUCJIeHN s

snementoB, HanpuMep ZraNg4, TagNs.
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N3 HurpumoB Haubosblilee NpakTMdecKoe JHaYEHUE UMEeT HUTPUJL
Bopopona NHs — amMmMuax. B 06GHUHBIX yci0BUsiIX 3T0 GecliBeTHBIA ras c
peaum/m yaymaomuM 3anaxoM. Moanekyna NH; umeer ¢opMy Tpuronans-
HOIl TIpaMUIbI (dNH = 0,10 aM, «<HNH = 107,3°). Cornacao Teopum Ba-

JIGHTHBIX CBA3€H 3TO OTBEYaeT sp3-rmOpuAN3anUy BaJEHTHBIX OpGuTaneil
aroMa asora. 3 dernipex spi- rubpuanbix opburaseil asorTa TpMU Y4YACTBY-
0T B o6pa3oBanuy Tpex o—cBsdeilt N—H, a yerBepryio opburanbs 3anuMaer
HecBsA3LIBAIONas 3JIGKTPOHHAA Mapa. B TepMuBax Teopumn MOJEKyIAPHBIX
opburalleii 5T0 COOTBETCTBYET BAlOJHEHUIO TPEX CBASHBAKIIMX W OJHOM
MOYTH HEecBA3LIBAIOIIEH MOJEKYNAPHON o-opOburaiu:

aia‘ia‘?}a“;z.

Ha puc. 157 upuBenena sHeprerMueckas
AMarpaMMa opOuTasielt MoJIEKyJIbI aMMMAKa. OPG:JTMH OpCuranw  OpGuram
W3 ceMM MCXORHBIX ATOMHEIX OpOMTasIet ’ ,:i " N
(25, 2py~, 2py- M 2propOuranein asora M E 4—;—3-?
isopburanesi Tpex aroMOB BOROpOAa) //7M\:\
BO3HMKAET CEMBb MOJIEKYJSIDHEIX Oop6uUTaieit: 2 ////l A :%'—_
TPM 0, TpY 0 1 OfHa HecBS3bIBAIOIAS a;. \\‘;( TSf-—

B cooreerctBMM ¢ XapakTepoM pacrpe- i\
JEJIEHNsT DJIeKTPOHOB 110 OpOMTANsIM MOoJe- /// \ 71
kyna NHj; Mmeer TpM nepBerx norenimana
vonusaumn  (22,4; 15,2 n 10,5 sB), uro “ r\
OTBeuaeT yRaJleHMIo BJIeKTpOHa ¢ OJHOTO U3 N

TPEX 3aNoJHEHHBIX DHepreTUYEcKUX YpOoB- P
Heil. :
P uc. 157. Oueprervyeckass pua-
rpaMMa opOHTaell MUpaMyalbHON

[lockonbky HecBA3HBaOmEe nBYX-
MOJIERYJTbI Ges T-CBA3BIBAHUA Ha

SNeKTPOHHOE O061aK0 OTYETIMBO OPU~  mpumepe NHy
€HTUPOBAHO B  MpocTpaHCTBE  (CM.
.puc. 51), w™onmexyna NH; — pesko

:‘BblpaJKeHHbIﬁ ZJOHOp JJIEeKTPOHHON Mapbi M o6namaerT BHICOKON MOMAPHOC-
mbi0 (2 = 0,49-1072% Kn-m).
5" llonaproets tcBssm N—H o6ycnopnuBaer Mexay Momnexymamu NHj
fBomoponnyio cBa3b. [losromy Temmneparyps nnaenenus (—77,8°C) u xumne-
At (—?3,4°C) aMMuaKa JOBOJIbHO BBICOKHW; OH XapaKTepI/l(;yeTcﬂ 3HAYU-
i’l‘enbnon SHTAJIbINENA McIaPeHUs U JIeTKo ckukaercs. Ha 3ToM ocHoBaHO
;el‘o NPpUMEHEeHNe B XOJOMUNbHbIX MammHax. JKumkumit ammuax XpaHAaT B
gFT&?IbeIX 6annoHax.
1 Cpenn BOZOPOAHBIX COEMHEHUIt P-D11eMEHTOB V IPYNIE aMMUAK 3aHM-
v“kaeT Takoe ke 0coboe mojokeHne, KaK BOa cPedd BOMOPOAHHIX COEIHHE-
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é é aJIoreHoBo~
auit p-osemenToB VI rpynmbi U Kak dhrOpUA BOAOPOAA CPEAU T

JIOPOJiOB.
Co6cTBeHHAS MOHM3AIUA aMMUaKa

H H H + ]

| | | [ A
H—N: H—N:== |H—N—H| + :N\

| | | H

H H H

aMMOHMIA-MOH  AMTMAPOHUTPUI-UOH

. -
HMUTOMKHO MaJla, ¥ MOHHOE IIPOM3BEACHME aMMUaKa [NH][NH3] cocraBnser
scero aumb 2-10733% (nmpu —50°C). )

% F acTBOpHU-—
Kuakuit aMMmnak, Kak ¥ BOJAa, — CHMJBHO WMOHU3UPYIOUIMUA pa p

renb. [Ipu aTOM NMpOU3BOJIHbBIE NH} B kuaKoM amMMuake (IOZOGHO TpOM3-
pogubiM OH3 B Boge) BesyT ce6s Kak KUCJIOTH (a/u/uonomtmomu), a npo-

napogabie NH, (momo6HO nmpOM3BOAHBIM OH" B BOZE) — KaK OCHOBAHMA
(aamonoocnosanus). Hanpumep, CHIbHBIMA KNCTOTAMU B HULKOM aMMHUAKe
apnsores NH,Cl, NH,NOj, a ocHOBaHUAMU — KNH,, Ba(NH;),. Huruna-
porurpuzabl Zn(NHz)s, Al(NH;); BenyT ceba Kak aM¢OTepHbIE COEJIMHEHUA.

: . 2-
[Ipoussoanbie NH, na3biBaloTcsa Taksme auudanu, a npoussogusie NH
waudau.

Huoxe NpHUBeAEHb! HekoTophle THUIMLI peaxuuﬁl B KMOKOM aMMHake M, LA cpaB- -

HeHUsI, B Boje. )
1. Peakumuy HelTpalu3al My MexIy AMMOHOKMCJIIOTOM ¥ aMMOHOOCHOBaHMEM:

KNH; + NH4Cl = KCI + 2H3N
KOH + OH3Cl = KCI + 2H,0

2. PacTBopeHye B aMMOHOKMCJIOTE HEPACTBOPMMOrO B KUAKOM AMMMUAKE OCHOB—
soro W amMdorepHoro HUTPUAA, TMAPOHUTPHAA, AMTHIAPOHUTDUAA:

CasNg + 6NH,Cl = 3CaCl, + 8HsN
Ca0 + 20H;Cl = CaCl, + 3H,0
Zn(NHp); + 2NH,Cl = [Zn(NHg)4]Clo
Zn(OH), + 20H,Cl = [Zn(OHa)4]Cl

3. PacrBopeHne B AMMOHOOCHOBaHMM HEpPAaCcTBODMMOTO B HKHUAKOM aMMHaKe
KUCJIOTHOrO ¥ aMdOTepHOro HUTPMAA, TMAPOHATPUAA, JUTUAPOBUTPULA:
378
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b

6KNH2 + C3N4 = 3K2[CN2] + 4H3N
2KOH + CO, = K,[COs] + H.0
2KNH, + ZH(NH2)2 = KQ[ZH(NH2)4]

A 2KOH + Zn(OH); = Ky[Zn(QH),]

4. AMMOHOJIN3 BelllecTBa, PACTBOPEHHOTO B KULKOM AMMUAKE:

PCls + 8H3N = PN(NH2)2 + 5NH4C]
PC]s + QHQO = PO(OH)g + 5OH3C1
SOQC]Q + 4H3N - SOQ(NHQ)Q + 2NH4C1
SOQC]Q + 4H20 = SOQ(OH)Z + 20H3C]

5. BsaumopeiicTsye MpocToro BeulecTsa ¢ KUAKMM aMMUAKOM, aMMOHOOCHOBA~
HUEM, aBMMOHOKUCIIOTOM:

2K + 2H3N = 2KNH, + H,

2K + 2H,0 = 2KOH + H,
Mg + 2NH4C1 + 4H3N = [Mg(NHg)G]CIQ + HQ
Mg + 20H;Cl + 4H,0 = [Mg(OH,)e)Cl, + Hy

HMuaxuit aMMuak Kak pacTBOPUTENb IIMPOKO MPUMEHseTcs AJA TPOBe-
JEHUsT DA3INYHBIX CHHTE30B.

Ammuak odenb Xoporo pactsopsietcs B Bofe (npu 20°C B 0fHOM 06Be-

.+ Me HyO pacreopsiercs okono 700 o6nemos’NHj). Xopomrasi pacTBOpUMOCTS

OGBsACHAETC 06pa3OBAHMEM BOAOPOAHOIM cBA3M Mexay MonexkyaaMun NH; u
H,0. Tockonbky monekyna NH; — myummit akuenrop mporona, yem H,0,
TO B PACTBOPE MMEET MECTO MOHUBAIUA:

H H +
[ | -

H—N. . H—0O:= |[H—N—H| + [:O:
H

HosiBnenne monos OH™ cospaer menounylo cpegy pacrBopar Ho, kak
9TO BUAHO U3 3HAUEHUS KOHCTAHTHI OCHOBHOCTU

. _ [NH3] [OHJ

K, = = <1075
Lo [NHy-H, 0] 1,8-1073,

pKy = 4,76

‘ peaknus NpoTeKaeT B HE3HAUYUUTEJbHOU crenenun. B pacTBOpe ¢ MOAAPHON

KOH[eHTpanueil aMMuaKka 1 MO.HL/JI MOHU3UPYETCHA, HalpUMep, BCero Aulilb

10,4% monexyn NHz n H,0.

Hpn B3aumogeitcTeun nonos NH; u OH- BrOBb 06pasyiores MOJIEKYJIBI
H3N u H,0, Mexay KoTopbiMM UMeeT MecTO BOLOPOZHAA cBAsb. CnesoBa-
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4OH (ruppoxcnna aMMOHHs) He CYIIecTBY-

TeibHO, HOHHOE COeiMHeHne NH
oxcorusi OH;OH m auruApOHNTPUA

er, Kak He CYLecTBYIOT rUAPOKCUT
ammouna NH,NH,.

iBa KpUCTaJJIOTMIpaTa (puc. 158)

Mitepatype. MoJeKyJbl
0. Tak,

3 BOAHBIX PACcTBOPOB aMMMaKa BBLIENANTCH

NH;4-H,O u 2NH;- H,0, ycroirdusble MWL DU HUBKOi TE
B KpHCTAJLIOTMIpaTax BOJIOPOIHON CBA3b

aMMMakKka W BOJIbI CBsA3aHbl
Hern U3 MOJIEKYJ

NH;-HyO uMeer CTPYKTYPY,
BOJIbI, OObEMHEHHBIX BOIOPOAHBIMU CBASIMM.
TpeXMepHyl0 PeIleTKY MOTeKysIaMi aMMHMaKa Ta

B KOTOPOil OCHOBOW SABIISIOTCS
[lerm o6BbeNMHSIOTCA MeNIY coboit B
}oke TI0CPeICTBOM  BOINOPOAHBIX

CBsI3EN:

Hs

TemmZ

H
1
(

-

] 1
NH 3 NH
WNous NH} 3HauuTesibHO Jierde o6pa3yoTcs  NpU B3auMOJeiicTBUHU

aMMUaKa ¢ KMCJIOTaMU, HalmpuMep:

NH3 + HClO4 = NH4ClO4

[Ipu >TOM HeM cuilbHEe KUCJIOTH,
gogdre. Hampumep, B pAAy N
YCTOHYUBOCTH coJieii BO3pacTaerT.
BOpPUMBI U IIOJIHOCTBIO JUCCONNUPYIOT B gope. Illpu nx ruxg

H4F-—NH401—NH4Br—-NH4I TepMUUYecKast
[loury Bee cOMM aMMOHHUS XOPOIIO pacT-
poJIM3e NOHBI

NH! u OH- ces3miBaioTcsl B TUAPAT aMMUaKa 1 BO3HMKaeT KucJlad cpejia:
4 P

NH; + 2HOH = NH; - -+ H,0 + OH3, Ko = 5,5-10719

[lpyn HarpeBaHW¥ aMMUaK MNPOABJIACT BOCCTAHOBUTENbHbBIE CBOWCTBA,

OKUCIASICH OBBIYHO A0 cBOOOAHOrO a30Ta:

-3 0
4NH3 + 302 = 2N2 + 6H20, }X’zgg = 10229

DTa peaknus Heo6paTUMa (AH << 0, AS > 0).
Ha BOCCTaHOBUTEJNLHOH CIIOCOGHOCTH NH;
(nauwamups) MJIs OTUCTKU OT OKCUNIOB [IOBePXHOCTH METAJLI

3Cu0 + 2NH,Cl = 3Cu + 3H,0 + 2HCl +N;

OB IpU NaiiKe:
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TeM ycTOHYUBEE UX aMMOHMIiHble MTPOU3— -

OCHOBaHO NMpUMEHeH!ne NH,CI

K
7, 100
250 "
==
NH S'Hzo :E; 60
2001 2NH;-H,0 z
3
<
S
<
1501 o
N S 0 701 207 705 405 506 08
7 20 40 60 80 100 Aabrenue10°Mn

Puc. 159. PaBnoBecHas KOH-
LIEHTPallMsl aMMKaKka B as30TOBO-
nopoanoitr cMecu (3Hy + N

2} KaK
P u c. 158. HuarpaMMa cocros- GyHKUMS NaBlIEHUS 1 TeMr)Iepa—
Hus cucrems! HoO — NHy TYDBI

HO' mos, donu NH;,% NH,

B OpOMBILIJIEHHOCTH aMMUAK NOMYYalOT CHETE30M U3 IPOCTHIX BEIIECTB:
1 —
/2Na(r) + 3/2Hy(r) == NHa(r), AH;,, = —46,19 x]lx,

298
ASyqe = -103 Ia/K

IockosbKy sHTanbnusi 06pa30BaHUsl aMMMaKa HeBeJUKa, a €ro cUHTe3
CONPOBOK/IaeTCA YMEHBIICHUEM JHTPONUM B COOTBETCTBUM C ﬁpummnom Je
Illarenbe, npomecc mnposoaar (puc. 159)
npu seicokoM pasiedun (107—108 [la). s

. YCKOpPeHNs peaknuu MPUMEHSIOT KaTalu3a-
TOop. B KadvecTsBe KaTanuzaTopa Ham60Jib-
INYyI0 3aKTUBHOCTb TNPOSABASIOT NPOCTHE
. BEIIleCTBa JJIEMEHTOB MOATPYNNbl  Kejie3a
) 555;3160)' B TexHuUKe O6BLIYHO NMPUMEHSIOT
HBIi KaTalu3aTo

| AKTUBATODOB). l'[poneccp B((ac,u e
‘ yr upu 450—
£ 800°C.
' AMMNaK BbIfEsseTCS TaKKe NPU KOKCO-
| BAHUM KaMeHHoro yriA. B nabopatopum ero
MoJIyqaloT AecTBrueM mejioyen Ha

’ aM >
Mouuiinbie comn. OcuosHan Macca mpous- L 4 ¢ 160. 3asucuMocts kata-
BO i
AUMOTO  aMMUaKa UCNOJNB3yeTcsl ISt ﬁ‘gg:;ggoﬂ aKTMBHOCT;NHngla
B peaKuuu 3 =

o e A a30THO KUCJIO nu 30TUCTHI — 3H 800 1-105 11
JIYHYEeH N 14 JIOTHI al CTBIX N2 + 2 ( OC * 5 a)
y 06 —_ O 0 Ooro Ho : y
P YA peHI/lﬁ KUIAKOTO aMMUaKa W ero OT aTOMHOro HoMepa 3JIeMEeHTa
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i MMHaKa
BONHBIX PAcTBOPOB, NH,NO;, (NH4);SO4 u 1p. BopnHulii pacTBOp aux rosea
(aunuaunas 600a) — BaXHbI/ peaKTHB A4 NpOBeNeHUs PasdUIHbIX P
e coe MHEeH usl
CoenmHCERA a30Ta (-II). AsoT, KaK ¥ KUCJIOPOA, obpa3yer

IepeKUCcHOro Tuma — M e p HU TP 1 n b, JlociemHue MOXKHO paccMaTph-

BaTh KaK NPOW3BOAHBIE PajUKaJIOB, 06pa3yloIuXcA NpY NOC/IeA0BATEIb
HOM pa3pbiBe cBA3ell B MOJICKYJIe Ny:
NE=EN —N—=N— /N——N\
HM ooerereeerinenenssnsnasnnnes 0,110 0,125 0,145
NN’

ocTEen1II UM npeac B eNieM e UTPUIAOB ABJASAETCA ][e])H lpl/ll],
Hp 11 p 1, TaBUT I pH p it B. n
B()l]()])() a IJ l[ IBaeM “4[917(13“’”0./”, duaﬂl, ldoﬂl. VI()J[eK yJIa
P11 2114, Ha3b! bIK 1 nin 1
I a A a l,l = () M () 29 ‘M ee ( ])y T y])a MOXKeT 6])1’1‘])
PlllpaBl/IH oJ pH ( 762 1 KJI ), T K

npejcTaBjIeHa cXeMO

H H H
/\%‘3}4’
.\Q
N———N"®

0,145 HM

/"

H

TuapasuH — GeclBeTHas KUAKOCTD (r. . 2°C, T. Kul. 113,5°C), Mosexy-

. < .
Jbl KOTOpOii COeJMHEHbl BOLODPOJHOH CBIADLIO. Cob6cTBeHHasi MOHM3alU .

KUJAKOTO TUApa3uHa
N2H4...N2H4 = NzHg + NzHé
H +

NoH,- - -NoHy == H—N—N—H| + [H—N—N:]-

| H | |
H H H
rMApasOHUA-NOH U Apa3uI-uoH
He3HavYUuTeJbHA. } )
i 4
l'uapasuH — Xopouiuii HOHU3UPYOINN pacTBOpUTEJIb. C Bopaoi

CIUPTOM OH CMEIIUBAETCs B JIO6BIX COOTHOINEHnsix. Bo/iHble pacTBOPH ero
MOKAa3bIBAIOT IIEJOYHYIO cPeay:

N,H,---HOH = N;H; + OH

N,H}---HOH = NoH{" + OH-
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ABnssicc MOHOPOM ABYX 3JIGKTPOHHBIX Map, THAPa3UH ¢ KHUCIOTaM#
obpa3yeT nBa PpANa TUAPA3OHUIA-TIPOU3BOAHBIX, NPEACTABIAMUX coboii
conu, Hanpumep [NoHs]Cl, [N,Hg]Cly, [N,Hg]SO,.

PacTtBopn ruppa3suHa NOJYy4YarOT OCTOPOXKHLIM OKWUCICHUEM aMMUaKa
TUIIOXJIOPUTOM:

-3 -4 '
2NH; + NaClO = N,H, + NaCl + H,0

TFuppasud — 3HPOTEPMUYECKOE cOeAMHEHUe (AH} b9g = 56 r/lx /Mo,
A }’298 = 149 k/lx/mons). I'uapazuH U NpoM3BOAHBIC TUAPa30HUA-MOHOB
3HAYUTENILHO MEHee YCTONYMBHI, YeM aMMHMaK W NPOU3BOJHHIE AMMOHWUSA.
TuapasuH — cuiIbHBIA BOCCTAHOBUTEND:
-2 0
4KM1’IO4 + 5N2H4 + 6HZSO4 = 5N2 + 4MnSO4 + 2K2504 ~+ 16H20

Ha Bozgyxe NoH, Moxker ropers ¢ 60JbIINM BHIAEIEHUEM TEIJIOTHL:

NoHy(ok) + Oy(r) = No(r) + 2H,0(%), AH,,, = 622 x]lx
Heprurpun Bomopopa cocraBa NoH, (duumud) oveHr HeycToiuMB, HO
U3BECTHHl €r0 MHOTQUUCJIEHHbIE OPTAaHUUYECKUE TPOU3BOAHBIE,
Coenmpenns asora (—1). poMesxyTouHoe MoJIOKeHHE MEKAY TEPOKCH-

JOM ¥ MEPHUTPUOM BOJAOPOAA IO COCTABY U CTPYKType 3aHUMaeT 1udpok-
CUAAMUN;

. .ol S /H i. ._-H
6—0 O—N Ni—i”
TIepOKCUA BOAOPOAA TMAPOKCIIAMUH T apas3uH
Punpokcunamun — sro 6esloe kpucramiMdeckoe semecrso (T. mia. 33°C,
AG} = =17 x/lx/Mons), o6pasyeTca npu BoccTaHOBJIeHUn pactsopa HNO;

ATOMHBLIM BOJOPOAOM B mpornecce JJIEKTPOJINU3a;
HNO; + 6H = NH,OH + 2H,0

NH,OH — moHOp 3/1eKTPOHHO#I mMaphl; o6pa3yeT BOJOPOJHLIE CBS3H, C-
BOJ0i1 cMellluBaeTcA B JIIOGHIX OTHoleHuAX. [lomo6uo NHg u N,H, B BOOE
NH,OH — cna6oe ocuopanue (Kp = 8,9-1079):
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H H *

HO—N:..HOH == |HO—N—H| + OH-

H H

T IPOKCUIIAMMOHM -UOH

C kucnoTamu HAaer connm Tuppokcunammonus [NH,OH]*, manpumep
[NH;OH]Cl, [NH;0H]NO;, [NH;0H},SO4

NH,OH + HCl = [NH3;0H]CI

Conv IrujpoOKCUIaMMOHUA — YCTOHUUBBEIE OeclBeTHbIE KPUCTAINYECKHUE

BEIllecTBa, PaCTBOPUMEIE B BOJE.

B pany H;0,—NH;OH—N;H, okucnuTesibHas akTMBHOCTB MajaeT, a
BOCCTaHOBUTENbHas BospacTaer. Tak, ecin gna H,0, waubosee xapaxrep-
Hbl OKMCHUTeJbHBIe cBoiicTBa, a nasa NoHy; — BoccranoBuTenbHble, TO
NH,OH B meqo4HOll cpepne ABJIAETCA CUIbHBIM BOCCTaHOBUTENEM, a B
KHCIOH cpejie OTYETINBO MPOABIAET OKUC/IMTENbHBIE CBONCTBA!

-1 0
2NH,0OH + I, + 2KOH = N, + 2KI + 4H,0

BOCCTaHOBUTEJIb

- 1 - 3
INH,OH + 4FeSO, + 3H,S04 = 2Fex(S0,)3 + (NH,),S04 4+ 2H,0

OKUCIIUTEND

Kak u nepokcup poaopoga, NH;OH nerko pasmnaraerca (B 0coberHOCTU _

npy HalpeBaHWM) MO MeXaHU3MY AMCIPONOPIMOHMPOBAHMS!

-1 -3 0
3NH,0OH = H;3;N + Ny + 3H,0
OKMCIIUTETb-
BOCCTAHOBUTEIID

TugpokcunaMMd M COJM TULPOKCUIAMMOHMS MPUMEHAIOTCA TIaBHBIM
06pa3oM B OPraHUYecKOM CUHTe3e.

Byayuu pouopamm aektporsbix map, NH,OH u NpH,, kax u NHg,
MOT'YT BXOAMTL B KadecTBe JIMIaHJOB B KOMILIeKcHble coegnHenus. Hampu-
Mep: [CO(NHa)s]Clg, [CO(NHon)s]Cl;;, [CO(N2H4)6]CI3.

Coepunecrma asora ([I). /s a3oTa B cTeneHu OKUC/IEHMA +3 U3BECTHLI
dropusn NTF;, oxcun N;Oj, okcoramorennast NOHal; a takxke mpousBoa-

uble aHnuoHa NOs.
TpudTopusp asora NFy B OGBIUHEIX yc/10BUAX — GeclBeTHBIA Ias
(r. kun. —129°C, 1. mn. -209°C). IHoay4aroT ero npu OKMCJEHUM aMMMaKa
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¢dropom. Monexyna NF; umeer nupamupainsuoe crpoedue (cMm. puc. 55). B
ornuure oT NHj3 anexTpuuecknit Momeur munons NF; ouedr man (Bcero
0,07-1072% Ku-M). DnekrpoHomoHopHBIX cpofticTs NF; mnpakTuueckn wue
nposapnsAer. [lo OTHOINIEHMIO K HarpeBaHMIO M pa3UUYHBLIM XUMMUECKMM
BO3JEACTBUAM TPUPTOPUJ BecbMa YCTOMUUB, BCTYNAeT B PeaKIlUM TONBKO
seimme 100°C. B BOme OH IpakTUYECKH HEPACTBOPUM, TMAPONU3 HAYMHAET
NpOTEKaTh JUIIb NPH NPONYCKAHMU IEKTPUYECKON MCKPBI Yepes cMmech
ero ¢ BOLSHBIM HAPOM.

Ok cu g asora (III) NyOy (Tpuokeusa nuasota) cylllecTByeT TOJBKO B
TBEPJIOM COCTOAHMM HPHM HMUBKMX TeMmmepaTypaX. B BUIe KUAKOCTH M mapa
B 3HAYMTEJbHON CTENeHM JUCCOIUMPOBAH:

N;0; == NO; + NO, AG,, = -14 x/lx

208
Ero nonyuator oxnaxgenuem cmecu NO, ¢ NO. CorsacHo JaHHBIM MHGppa-
KpacHOH cmekTpockonuu, kpuctaibl NoOjz coOCTOAT U3 Moneky

0=N—N<O
N6}

Auaxuit NyOs cunero nsera, samepsaer (mpu —100°C), o6pasya kpucrasi-
JIbl CBETJIO-CHHEH OKpacKH.

Oxcna azora (11I) — KucnoTHBIA OKCHJ, JE€rKO MOTMOMAETCA IHETOTa-
mu, 06pasya wutpars! (III) (numpume):

N2O3; + 2NaOH = 2NaNO; + H,0

Monekymsl ok coramorenu nos asora (III) (ranoremuab HUTposU-
Jla) UMEIT YIIIOBYI0 (hopMy:

B 06brubIX yeioBUsAX 3T0 OTHOCUTENTLHO MAJIOCTONKME TaszoobpasHble BelllecTBa. B
pany NOF—NOCI-NOBr ycroituubocts coemuuenuil magaer, a NOI nonyuutb He
ynanocs. Ho xumuveckoif npupose (TOpUI, OKCOraNoreHUAbl, KAK U OKCUI a30Ta
(IT1), — KMCAOTHBIE COEAUHEHMA, O YeM CBUJETeJILCTBYET, HApUMep, UX OTHOLICHue
K Boje:

NOCI + Hy0 = HNO, + HCI
N;03 + H,O = 2HNO,

Huorconurpar (11I) sBogopoga HNO;, uspecTen nume B BOgHOM pacTBoO-
Pe, KOTOpHIi ABAAeTcAa kucnotoit (K, = 4-1074), uassiBaeMoil gaomucmoi.
385
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Nuokconntpar (I1I), wnu numpum-uwon NOz umeeT yriioyro Gopmy:

N -
A
o O

Hurparet (I11) meso¥HpIX METANOB MONYHAOT NPH PacTBOPCHUU N,O3

B IeJIOYaX.
Ipouspoausie asora (I11) nposABIAIOT U BOCCTAHOBUTEJIbHBIC, U OKHCJIM -

TeJIbHBIE CBOMCTBA:

+3 +2
2NaNOz + 2K1 + 2H2804 = Ig + 2NO + KzSO4 + NazSO4 + QHzO

OKUCTIUTEIDL
+3 +5
9KMnO, + 5NaNO; + 3H,S0, = 2MnSO, + 5NaNO; + K;S0, + 3H,0
BOCCTAHOBUTEJIb
KpoMe TOTO, OHM CKJIOHHBI K PEaKIUAM JMCI POMOPIUOHUPOBAHUSA:
+ 3 + 5 +2
3HNQ; = HNO; + 2NO + H;0

Coepnunenns azora (V). Cremens OKuclewus -5 a30T NpOABJAET B

okcune N;Os, okconurpuge NON, auorxcodpropuge NO,F, a Takxke B Tpu-

okconutpar(V)-oe NO; u puruTpunosutpar(V)-uowe NNy Bee sTu
COeIMHEHNA MOXHO paccMaTpUBaTh KaK MPOU3BOJHBIE UeTHPEX3apALHOro
uona N*:

Xapakrep rubpyuamMsanumu IipocrpancrBenHas TipyMepbl coepmHennil

opburanen N* KOH(UTypalis

2s ' 2p
sp? + + + + TpeyronbHasi +§IO§

sp + + + + JluneitHas +§IN§, +IEION

P . e

Owkcupg asora(V) NyO; — O6eoe KpUCTALIMYECKOE BEIECTBO

(T. Boar. 33°C), obpazoaunoe nonamu NO3 u NO3: [NO3)[NO3] — HuTpar
HUTPOUJIA.
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Ero nonyuaroT ocropoxkusiM obesBokuBauwem HNQO; (danpumep, c
nomompio Py0s) unu okucinenuem NO, ozouoM. B 06uI4HBIX yenoBmsx
N,Os (A G},zgs = 114,2 x/lx/mons) nocrenenuo paznaraercst Ha NOy u Oy,

npy HarpeBasuWy B3pPHIBaeTCS.
OrcouuTpugpg asora (V) NON (N;O — okeun asora (I), "Bece-
aAmmii ras") mojydaeTcs pa3siokeHHeM aMMOHMHHOM ceJuTPBl  (mpu
250°C):
NH4NO; = N,O + 2H,0
Jro Gecnperdsiit ra3 (T. wi. —91°C, 1. kun. —88,5°C) co c1abbIM NPUATHBIM

3anaxoM. B cooTBercTBUM ¢ sp-rubpupusanmeil BaJeHTHpIX opbuTaneii N*
MOJIeKysia uMeeT suHesHoe crpoesdue (7 = 0,05:1029 Kn-u, dNN = 0,113

HM, dNO = 0,118 um). Ero cTpyKkTypy MOKHO nepenaTh cXemoii:
:0=N=N
OTO COOTBETCTBYET 3JIEKTPOHHON KoHpurypauuu (cM. puc. 42):

2 g2 ¢4 °4
Us UZ 1l’x)y ”x,y'

Vxe npu ciaabom uHarpesanum okcup NoO (AG} = +4104,1 &Jlx/mous)

pacmajaercs, BpIgesifA KucJopon. IIoaToMy B HeM MOTyT TOpeTh yrJepo-
AMCTBIC BEIECTBA, a €0 CMecH ¢ BOZOPOAOM W aMMHAaKOM B3PbIBAIOTCS.
Oxconurpup azora (V) pacTBOpsercss B BOAE, HO YCTOHYMBBLIX COCRMHEOHMI
He obpa3syer.

Orcodropupa asora (V) NOF (dbropus surponia) — Gecuper—
HBIA ra3 CUJIBHBI OKMCIMTENb. DTO KUCJIOTHOS cOSIMHEeHWe — BOAOM pas-
naraetcs Ha HNQO3 u HF.

Tpuokcosurpar (V)-uom NO; umeer GopMy MJIOCKOro Tpe-
yrompauka (ZONO = 120°, dNO = 0,122 um):

o—N<O -
0

Monekyna Tpuokconurpara (V) sogopoga HNO; umeer cTpoenue:

387



Mpu o6muinix yesaosusax HNO;g — Gecupernan kuKOCTh (na. 1,52 r/em?),
kunamas npu 82,6°C, a npu —41,6°C sarsepaesaiomian B DpPO3padHylo
KPUCTRJUIMYECKYIO Maccy.

Co6ersennan Morusanus xkuakoro HNQO; Hesnaunressha. C BO#OH
HNOQO; cMemupaercsi B JOGHIX OTHOWEHMAX. Ero pacTBOpE — cMJLHAA
KHCJIOTa, RA3LIBAETCS a3omnotk. B s1abopaTOpHHM a30THYK) KUCJIOTY NOJyya-
10T JeilcTBUEeM KOHIGRTPUPOBAHHON cepHOl KUC/IOTH Ha HUTPAT HaTpUs.
MpomeiiitenHoe npoussojctso HNO; ocymecTpnsieTes Do cTagMsiM: OKuC-
nedue NH; 8 NO kuiciiopogoM Bo3AYyXa Ha NJaTHHOBOM KaTaluaaTope:

4NH; + 50, = 4NO + 6H,0, Kzes = 10168
okucaetive NO B NO,
2INO + Op = 2NO;
U B3aUMOAEicTBME IIOCJIEAHET0 ¢ BOJOI:

9NO, + H.0 = HNO; + HNO,
3HNO, = HNO; + 2NO + H,0

A3zorHas kKucjora o6naZlaeT CHUJILHO BBIPRKEHHBIMM OKHMCIIUTENbHBIMU
CBOMICTBAMM:

NOj + 4H* + 3¢ = NO + 2H,0, ¢}, = 0,96 B

NO; + 2H* 43¢ = NO, + H;0, g}y, = 0,78 B

OHa pa3pyuiaeT KMBOTHbBIE K PAacTH-
TeNLHbLEe TKaHWU, OKUCJJET [OYTH BCe
MeTaliill U Hemeraniu. O6pasoaHue
TeX UAM WHBIX NPOAYKTOB B3aMOJeii-
CTBUA  3BBUCUT OT  KOHIIGHTPalUMH
HNO;, akTMBHOCTH NPOCTOro BellecTBa
u Temnepatyph. Ha puc. 161 mokasano
BIUAHME DJOTHOCTH (KOHIEHTpAUHY)
HNO; Hna xapakrep o06pa3ylomuxcs
NPOLYKTOB €€ BOCCTAHOBJIEHMS DpH
B3apMojeiicTeun ¢ kexesoM. JHocra-
TOYHO pa36aBIeHHAas KHUCJOTA B OCHOB-
yoM BoccraHasaupaercs g0 NH4NO;g; ¢
MNOBHIUCHHEM €€ KOHIEHTPAaluM CTaHO-
Puc. 161. Biusinme nnotHoctd: BUTcs 6ojlee XapaKTepHBIM 06pa3oba-
HNOj3 Ha Xapakrep npoiaykToB €e yye NO; konueHTpuposanhas HNO;
BOCCTAHORTICHH A HENEIOM occTaHapauaercs g0 NOs,.
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fpodynme: pocoadr HNO, , %

1
ooz 13 4

{Tnommacms HNO;, 2/cm3

Cumecy ogHoro o6bema HNOjz u Tpex o6bemos HCl HaswiBaloT napcxod
ao0xoti. Ee cunbHOe OKHCIMTENbHOE AeficTBUE O6YCJIOBICHO OBpasylouiuM—
cA XJIOPOM:

JHC] 4+ HNO3; = NOC] + Cl, + 2H,0
Oua pacTBOpsieT NJAATUHY, B0JIOTO H JPYTUe HEAKTMBHBIE METAMNJIbI, NEPEBO-

A UX B KOMIUIEKCHbBIE XJIOPHUALI.

Hurpar-uon NO; B HeliTpanbHOB cpesie OKUCIUTENLHEIE CBOMCTBA Tpak-
THYECKU He NPOABIAET /

NO; + H;0 + 2¢” = NO; + 20H", g5, = -0,01 B
HO ABAAETCA OKUC/IUTENEM IIpU CHH&BJIGHI&W

CI'203 + 3NaNOq + 4KOH = 2K2CI’O4 + 3NE1NOQ + ZHZO

I'puokconutpar(V) BonopoJa NpM HarpeBAHMM W OCBELEHUH JIETKO
pasjaraercs:

4HNO; = 4NO, + O, + 2H,0

TOrjJa Kak HUTPaThl GOJILIIMHCTBA APYTUX JIEMEHTOB ycToldusel. Hutpats:
METaJlJIOB DAacTBOPMMBI B BoJe. BONbIIOe 3HaucHHE HMMEIOT HUTPATH KAk
yao6penus (0cOGEHHO KAMMMHAR M AMMOHHHAHAS cenpTpsl). A30THAs Kuc-
JIOTa NpUMeHsleTes A NOJNYYeHUSA MUHEPAJIbHLIX YJL06pennll, B3pLIBYATHIX
BeISCTB, OPraHMYeCKUX KpacuTesleid, INIACTMYECKHUX MAace W B ApPYyrux
MHOTFOYUCJICHHBIX NPOU3BOACTBAX.

Aunauvrpunonurpar (V)uon, unnm asup-uom, NN (Ni)

" uMeeT JIMHENHYIO dopMy (dNN = 0,115 nuM):

LN:N:N}
Pacnpenesnenyue BalleHTHBHIX 3JIEKTPOHOB N[O MOJIEKYJAPHBIM opburanam
OTBeYaeT 3JIeKTPOHHON KoHdurypauuu (cm. puc. 45):
(25) (25)? (09)? ()2 (m5)* (77, )%
CTpykTypa MONEKYbl IMHUTPUAOHMTPATA (V) Bopopona HNN, unu HN:

H

110°
0,113HM f 70,102 HM
N==N N
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B o6bruspix yenopusx HNN; — GecuperHas neTydas KMIKOCTb (T. I
—80°b, T. kun. 37°C) ¢ peskum 3amaxoM. IIpum ynmape win HarpeBaHuu
HNN, u psj Apyrux aduaoB pacnajgaloTcs co B3peiBoM. Ha sTOoM OcHOBano
npumeHenne asuga csutia Pb(Ny), B kauecTBe meToHaTOpa. OEHOC[/ITeJleO
JCTOMYMBLI MOHHEIE a3Ubl, KOTOpHIe npu HarpeBanuu (20 3005C) pasiara-
OTcA 6€3 B3phiBa:

- 2NaNN,(k) = 2Na(x) + 3Ny(r)

Ora peakuusi UCIONb3yercs: Ansl NOJy4eHus ocobo dMcroro azora. Bonsbiit pacrBop
HNN; — asomucmosodopodnas kuciora (Ky = 2-107%), o cune 6nyuskas k yrcye-
Hoit. B pasbamnenHpix pacrBopax HNN, mpaktuyecku ycroituusa. Ee nonyvator
B3auMOecTBUEeM TMApa3yHa M asoTUCTON KMCJIOTHI

H,N, + HNO, = HNN, + 2H,0

UcxonHbiM TIpOAYKTOM Ui HONy<HeHMs ApyrHX asupos sieistered NaNNy,
koTopblit Tonyuator aeitcrsueM NoO wa NaNH, nmpu 200°C:

NaNH, + O=N=N — NaNN; + H,;0

HNou NN; — okuciauresinp. Ilo oxkucaurensibiM cpoiicrBaM HNN, wano-
muuaer HNQO;. Tak, eciiu npu B3aumopeiicteun ¢ Mertanyamu HNO; naer
okcuz asora (II) u Bony, To HNN, o6pasyer N, ("aurpup asora) u HyN:

+5 0
Cu + 3HNN2 = CU(NN2)2 + Nz + H3N
+5 + 2
3Cu + 8HNO; = 3Cu(NO;): + 2NO + 4H,0

Cmecr HN3; u HCl, nogo6uo mapckoii BOgKe, — CHJIBLHBIA OKMCJIUTENbL
3a cyeT OOpa3yIoIIerocs Xaopa:

HN; + 3HCl = NH,Cl + Cl, + N,

OTBevaolMi cTeneHu OKUcieHusi +5 nmentadropug aszora He nonyded. [lonmara-
0T, YTO BCIEACTBUE GONBIIOrO 3HAYEHUS OHepPrMH HOHMBANMM aTOM as30Ta He CKJIo-
HeH K 0OpasOBaHMIO TMIEepBajieHTHBIX cBsidell. Ma npomssonHbix N(V) cuuTtesupo-

BaHbl MHOTOYMC/IeHHbIE cOMM MOoHa @mopaamonus NFj, Hampumep: [NF4BF,,
[NF4)9Fs (9—P, As, Sb, Bi), [NF;];0F¢ (2—Ti, Ge, Ni u ap.). I conu —

CUJIbHbIe OKNCIIUMTEINH.

Coepnuenms aszora (I), azora (II) u asora (IV). [lns asora, kak u gis
XJ0pa, XapaKTepHbl NOCTATOUHO YCTOWYWBHIE OKCUALI C HEYETHBIM YWCJIOM
anekTpoHoB NO u NO,. Mx MOkHO paccMaTpuBaThL Kak YCTOWYMBBIE CBO-
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6ogHbie pagukanbl. O6a oOkcupa — SHAOTEPMMYECKUE COSAUHEHUs: UX
cTaHapTHbIC BHTANBIINS AH} u sgeprus ['u66ca ob6pa3oBaHUA AG} uMe-

0T MTOJIOKUTENILHOE 3HaYeHue.,

B o06pqubix yciaosusix O K cu g asora (II) NO — 6ecuseTnolii ras
(r. nn. -163,6°C, 1. kun. —151,6°C). B naboparopuy ero modydarT meu-
cTBUEeM pa30aBJ/ICHHOI a30THOM KHUCJIOTH Ha MeIb, & B IIPOMBIIIJIEHHOCTH —
OKHCJIEHHEeM aMMUaKa Ha IJIaTUHOBOM KaTajlu3arope. B orimyue or Beex
ocTanbHBIX OKcupoB a3ora NO o6pasyercsi OpPsIMBIM B3aUMOJLEHCTBHEM
NIpOCTHIX BEINECTB:

1/aNo(r) + 1/,0,(r) = NO(r); AH; , = 90,3 xllx,

298
ASg. = 8,7 Tla/K, Ky = 510731

Cuntes NO u3 npocToix BemecTB

CONTPOBOXAETCS BO3PACTAaHUEM IHT- /(ﬂ/afj/fr?oﬂo

pornuu cuctemnl. IfosTomy B cooTseT-

crBuuM ¢ ypaBHedueM AG = AH — ok

— TAS 1npu coOTBETCTByIOMIEH TeM~ N204
nepatype AG MOXET cTaTh OTpHIA~ 201

TesbHOM Besmuunoit (puc. 162). Ilpn 200\ N,O
OTUX YCJOBUAX HAUMHACT JOMMHUPO- 150

BaTb OJHTponuiHelil  dakrop. [lo- T NO,
ckonbky AS mponecca ovedb He3Ha- 100+

YUTENIbHO, TO OTPUILATEbHOE 3Haye~ sok

nne AG pocruraeTcsi MpH BBICOKUX i NO
TeMneparypax (mopsiaka  3000°C). g

1 I .|

iy
0 500 1000 1500 2000 T.K

Jns Bcex ke OcTaNbHBIX OKCHAOB
asoTa  TNpH  BCeX  TeMIepaTypax
AG — Bemuquua MONOKUTENILHAA Py ¢, 162, 3aBuclMOCTb CTaHIapPTHOM
(puc. 162), mak kaxk AS nponecca oHeprum ['né6ea o6pasoBaHUA OKCHIOB
06pa30BaHMsA UX U3 IPOCTHIX BemecTB A30Ta OT TeMNepaTyphl
UMeeT  OTPUIATEIbHOE  3HAUYeHMe.
[ToaTOMY MpsAMOi CMHTE3 IPYTMX OKCUAOB HEBO3MOXKEH.

Mouekyina NO napamarturtha. CorjiacHO TeOpuu MONEKYJSPHHX Op&u-~
taseit B NO ogun 43 2JIeKTPOHOB HaxXOnuTCs Ha 7r;—0p6l/ITa.Hl/I (Taba. 34):

02 032 Wiyy o2 771,

T. e. nopsanok csA3un B NO cocrasiser 2,5. CrpykrypHywo dopmyny NO
MOXKHO M306pa3uTh cienymmMm obpasom: :N=O: .
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Ta6nuuya 34 Iopsagok, A/mua ¥ oHeprusi cBsisu Moviekyst Ny, NO n
MoJeKysApHBIX Moo NO*, NO~

Mounekynsiptole opburanu NO* N, NO NO-
u cBoiicTBa [N=O}* [N=N] (N20] [N=0]

2 —— —= 4= 4+
2 L S

[Topsiok cBsizu 2,5 2
Mexnapeproe paccrosi-

Hue, HM 0,106 0,11 0,115 0,118
DHeprusi auccounanuu,

k I#%/ Monb 1046 941 678 -

llono6Has cTpyktypa Moiekyibl NO Xopoulo COTJIACYeTCsl ¢ ee 3JIeKTPU1eCKUM
MoMerToM munosns (0,02-10729 Kin-M), a Takke MEKDBSIEPHBIM PACCTOSHUEM, PO~
MEXYTOUHBIM MeK Iy 3HadeHusAMU NS OBOMHON U TPOVMHON CBA3U:

[Nz=O] [[N=0] N=EOJ
dNO =0,118 1M dNO = 0,114 nM dNO = 0,106 uM

Benencteie nosbimiennoi KpaThHoctu cBsism Mosekyna NO noctarodno
yeTOMUMBa, M €€ pachnaj, cTaHOBUTCSL 3aMmeTHbiM Juirs npu 500°C. Oxcup,

azota (II) — xumuyeckn axtusHOe coemmumenue. C Bopoposom o6pasyeT
rpeMyuy1o cMech. JIerko okucisieTcst KNeJOpOAOM, [aJlOoTeHaMH:

2NO + 02 = 2NOy, AG,, = -70 w[lx

2NO + Cly = 2NOCI, AG;,, = =37 wJlx

B Montexyne NO HenapHbiit JIeKTPOH HaXOAMTCSl HA DHEPreTUdeckd HEeBLITOMHOM
7*-0pOUTANY, I0GTOMY He MokeT 0OpasoBbIBAThL ycToMunBoit cBssu N—N. Dtum
obbsicHsiercss HeckJIoHHocTh NO aumepnszopatbesi B NoQg B OGLIMHBIX yCTOBUSX.
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Trepavtit okcun asora (1) cuvero upera cocrout U3 HeyCTOMUUBBHIX AUAMATHUTHLIX
Mosiekyn NoQOs.

Ho okcun asora (I1) zmerko pearupyer c¢ ApyruMu cBOGOJHBIMU PAXUKAJIAMU.
[ToaToMy OH sIBAsieTCS UHIMOUTOPOM LEnHwbiX peakliuit. Ewin peakiusi nporeraer
N0 pPafgUKaJbHO-UENHOMY MexanuaMy, To0 pobabmeHue NO 1puBomgMT K OOPLIBY
Henewt u PesKOMy 3aMeAIeHUo PeaKUUu. .

OHeprust nonusanun NO (9,27 3B) samerno nmke TakoBoii ans N
(15,68 »B) u O, (12,08 »B). Monexyna NO MOxeT TepsATb HeNapHbIH
3JIGKTPOH ¢ 7 *-opbutanu, obpasys wumposus (Humposonui)-uox NO*:

N20: — ¢ — [NEOJ

Mou NO* usosnexrponen moserkyie N,. B orsmune or NO non NO*
IuamarauTen, Ero crpoenmne coOTBETCTByeT 3JeKTPOHHONR KOHQUrypanuu
(cm. Tabn. 34):

02 02 Wéyy 02
Hpoussogusivu  uona NO®  spmaswores, nanpumep, [NOJCIO,,
[NOJ;SeO,. 10 conenopobubie Bemectsa. Jlerko pasnaraioress Boaoil. Ux
MOKHO HoayunTh B3auMmopeiicteueM NoOj ¢ KOHUEGHTPUPOBAHHBIMU KHUCJIO-
TaMH, HalpuMep:
NzOg + HQSeO4 = (NO)QS@Oq + HzO

[lpu B3aumopeicrBuy ¢ Hauboslee AKTUBHLIMU METaJVIaMU B KUIKOM aMMUAKe
NO cam BblcTynaer Kak OKUC/ATENb:

Na + NO = Na*NO-
IN=0: + ¢ = [[N20O]
Mpoussogrsie NO* HeycTOMUMBLL U UBYYEHEI HEOCTATOUHO.

Aunoxcup asora NO; — raz 6yporo nsera (1. . —11,2°C, 1. kun.
21°C), Torcnyen. Ero mMonexysna napaMardiuTHa, UMeeT YrJOBYIO (QOpMY:

g9
N IQI,A,
P °
Hanna cBasn dNO (0,120 HM) MMeeT MPOMEKYTOUHOE 3HAUCHHE MEMY

nnunoit oguuaproii (0,143 uM) u gpoiunoit (0,118 uM) cesseit. 310 oTBEUA-
eT NOpAAKY cBsi3n 1,5:
393



N,
7 o

DHepreTHueckasi AMArpaMMa opburaneit Monekyssl NO; npuseneHa Ha puc. 163.
CeMHaIATs BaJIeHTHRIX OIEKTPOHOB Mosekynibl NOy 06pasylor KoHbUTYPaiuio

2 942 2 9p2 7°2 p°l
25A25Ba§a§7r22prA2pIB LA

Op6utanu N Op6utany NO,  Op6urtann O Ob61llee YACTIO CBABBIBAIOMIUX BIIEKT-

a; pOHOB paBHO wectu: 0% o2 7%, 470
/‘ w \
/;' N\ COOTBOTCTBYeT cpegHeMy MODPSLAKY
£ s N\ csizu 1,5, OcranbHble DJEKTPOHBI
/ |\
22,20, 20, [Jiy AN\ UrpatoT poNib HeCBsISbIBAIOLIUX.
! \
— é\l\ o \\i\ 2, B TepMHHAaX TeOpUM BAJIEHTHBIX
“\\l R cBsi3eit aToMy asora B NOy MoXHo
t\ l —::’:{ H 4} mpumidcath SPP-TU6PUANBALINIO
AN “H"‘H’" V .
/\\\\ w205 S 2, BAJIGHTHBIX op6uraseii (koropast
X, 1
2' ’l / W LS //' Bo3HMKaeT 3a cueT 2s-, 2pz, 2py
v\ oa /i opburaneit). OnHy M3 TIMGpuIHBIX
i4 ] B N
\\\ 4 //’/ sp?-op6urateit (0, ~op6uTah) 3aHu-
\\ g /’ ' MaeT HeMapHbIl  JIEKTPOH, JBe
z
\ / ApyTUE Sp>—OpOUTANM YYacTBYIOT B

obpazoBanuy aByX o-cesizeit N—O

2s, ' c’““_-___l _‘H"" (oTBeMaeT COUETAHMIO O U Oy

opburaef).
L KpoMe Toro, 2p,-opburasns asora
P u c. 163. OnepreTuueckasi nuarpamMma op- y  2p,opbuTanu  1BYX ~ ATOMOB
- Gurazeit Moneryiet NO; KMcIopoJa YYacTBYyIOT B obpa3oBa-

HUM [IeTIOKATIMB0BAHHON T-CBABY (7y~OPEUTATE).
Takum ke obpasoM obbsicHsiercsi crpoenue Moitexyn ClO, Oz, ClO;, SOo,

OF,, NO; u np. Taxk, uor NO3 uMeer siieKTpoHHyI0 KOHMHIypanuio:

2 952 o2 2 °2 4°2
25A 26‘B Usﬂgﬂ'y Qpi Qpi LR

Ilpu norepe oyonexrpora Monekyna NQO, mpeBpaiaeTcsi B HUTPOHUJI-MOH NO;3.
[ocnennuit uMeeT TUHEHHYIO CTPYKTYPY (dNo = 0,115 uM):

[O=N=0}*

394

HuTpoHun-1oH u305IeKTpoHeH JuHeitHbM MoJekylayM tuma CQO, (cu. puc. 41):

2 92 42 g2 72 42 22 202
26‘A 26‘B ol o0 T Ty T Ty

Mounekynart NO, paske B mapax 4acTHUYHO XUMEPHU3OBAHBL:

2NO, = N,04, AH,, = ~55K]x

Gypblit, Gec1iBeTHBI,

nmapaMaronuTeH AuaMarHuTeH

Aupkuit u TBepABI MUOKCUA, a30Ta GeCcHBETEH, COCTONT W3 IJIOCKUX
moneryn NyOy (Terpaokcup muasora):

o 0
15505/10,1781-1»4
oF \
Yy
o
Monexyna NO, MoxerT repsars (oHeprusi uonusamuu 9,78 oB) u mpuobpeTats
ONEeKTPOHEI (CPoACTBO K BJIKTpoHy 2,5 2B): I
+4 *5
NO; — € — NO; (Humporun-nox)
+4

+3
NO; + ¢ — NO; (numpum-uon)
Ykasanspie NpeBpaimeHus ollpefensioT crocobHocts NOjp K AuUCHpoHopUHOHNpOBa-
HUIO TIPU BIAUMOAENCTBUM € Bojlol ¥ pacTBopaMy LieJlodeit:
+5 +3
2NO; + HOH == HNO; + HNO,
2NO; + 20H" = NO; + NO; + H,0
Hurponun-uon NO; o6pasyercs npu camomornzanuu xuakoro HNOg:
2HNO; == NO; + NO; + H,0

s npousBopusix HuTpoHuil-ona NOj MoXHo yKazaTh [NO,JCIQy4, TBepabtt
okcus asora (V) [NO2JNOs u np. Cost HUTpOHMSI — KpUCTaIndecKue BeliecTBa,
XUMU1ECKU OHMeHb aKTUBHbI, GLICTpo MUApPOJMIYIOTCA BIaroil Boaiayxa. Collu HUTPo-
HUA MOKHO IOJIyUUTb, HAIIPUME, 1O PEAKI[UM

N205 + HCIO4 = NOQCIO4 + HNO3

JAnokcup a30Ta XUMMYECKH aKTUBEH; B ero aTMOcdepe TOpAT yrob,
cepa, docdop. B naboparopun NO; nonyyaior B3auMOneiicTBUEM Meqd c
KOHIEHTPUPOBAHHON a30THONW KUCIOTOW:

Cu + 4HNO3 = CU(NO3)2 + 2N02 + 2H20
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M TePMMYECKHUM pa3jioeHneM psaja okcoHUTpatos (V), Hanpumep:

JIMoKenp, a30Ta NPUMEHAIOT KaK HUTPYIONIUH areHT, B YaCTHOCTH 1A
nonyuesns GesBopubix HATPaTOB; NoO4 — OKMCIUTEN b PAKETHOTO TONJIMBA.

§ 2. DOCDOP

®ocpop P (1522522p63523p3) mo unciy BaJEHTHBIX 3JIEMEHTOB ABJAETCH
agamoroM asota. OjHako kak 3JleMeHT 3-TO HepHoaa OH CYI[ECTBEHHO
OTMYaeTeA OT az0Ta — 3JAeMeHTa 2-TO0 NIepuoja. JT0 OTJHMYMEe COCTOUT B
ToM, uTo y Qocdopa 6ossiie pasMep aTOMa, MEHbllle 2HEPIUA MOHUBAINH,
60JIbIIee CPOACTBO K HJEKTPOHY M 60JpllIasl MOJIAPU3YEMOCTE aTOMa, YeM Y
az0Ta. MaKcuMalbHOe KOOpAMHALMOHHOe uneo docdopa mects. B orau-
ume OT a30Ta AnA docdopa (Kak U WA APYIUX NEMEHTOB 3-TO NMeprona)
pT — pT-CBA3LIBAHUE He XapaKTepHO (cM. puc. 147).

®ocdop B COeAMHEHUAX UPOSBIAET CTENEHN OKHUCAeHUA OT ~3 no +5.
Hanbomee xapaxTepra cTenedb OkucaeHus +9. s docdopa manbosee
IPOYHBL CBA3X ¢ (PTOPOM U KHCJOPOAOM.

B 3eMHOIl KOpe B COOTBETCTBHM € €r0 YCTOMYUBON CTENEHBIO OKHMCJEeHUsA
docop comepxutesa B ocHOBHOM B BuAe ¢ocdaros (V). Haubonee pac-
IpOCTPaseHbl MUHepalpl wdpokcuianamum Cas(PO4)3(OH), dmopanamum
Cas(POy4)3F. ®ocdop BxoauT B cocTaB MUBHIX OPraHM3MOB. ['MApOKCHI-
AATAT COCTABAAET MUHEPAIbHYIO 4YacTb KOcTeil, ¢pTopanarut — 3y6os, a
CJIOKHBIE Opragu4ecKue mpousBopHbie Gocdopa BXOAAT B COCTAB KJETOK
MO3r'a U HepBOB.

Obmiee copmepxkanue docdopa B zemHoit kope 0,06% (mon. ponmu). Ox .

nMeeT TONLKO OfamH mpuponasurii usoronm 3P, Honyuennl ero mckyccTBeH-
Hbie PagMOaKTUBHBIE H3OTOMEI.

Hpocrre BemiectBa. AtoMbt docdopa 06beFUHAIOTCA B JBYXaTOMHBIE
Py, uerupexatomuvie P, u monumepnsie P, monekyns. Monekynw P,

bl

(dPp = 0,19 M), mocTpoenHble aHanoOruuHo Ny, cymecTBYIOT JHIIb NPU

TeMiiepatypax BbIIe 1000°C.

B skuaKoM U pacTBOPEHHOM COCTOSIHUM, a TAKKe B 1apaxX [pU TeMiepa-
typax Hmke 1000°C yeroiluuBel yeThipexaTOMHble MOJIEKYJbl P4, uMelomue
dopmy Terpasapa (cM. tabn. 28). Ilpu wkoHpeHcanum napos obpasyercs
Geanti ocgop (mn. 1,8 r/emd). OH uMeeT MONEKYNAPHYIO KPHCTALIMUEC-
KYIO DelIeTKy, B yajlaX KOTOpO#l HaxXO#ATca MoJjerkyias P4 beawit doc-
dop — markoe OGecuperHoe BockoobpazHoe BeuectB0. OH  JIErKONJIaBOK
(r. mn. 44,1°C, 1. kun. 237°C), neryu, pacTBopsiercs B cepoyriepoje u B
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psajge opranuvyeckuX pactsoputenefl. benwiit ¢dochop wpespmuwan-
HO A OBUT.
B wmonekyne P4 csazu P—P (dPP = 0,221 nM, EPP = 200 kd#/Mons)

JOBOJILHO JIEFKO Da3pPLIBAIOTCH. OTUM OOGbACHAETCA BHICOKAA XUMUYecKast
akTUBHOCTb Hesioro ¢ocdopa M CKIOHHOCTH MEPEXOAMUTL NPH XpaHeHWH (B
ocoGeHHOCTH NMpU HarpepaHMu) B Gosee cTaGUiIbHBIE NONMMEPHBIE MOAHGU-
Kainy, Hall]puMep:

P (6ennitt) — P (rpacamit), AH, = -18 xllx

Yepuwiti gocdop mmeer aToOMHO~CJIOMCTYIO pemeTKy (puc. 164) ¢ xapak-
TepHBIM A1a Gocdopa NUPaMUIANLEBIM pacnosoxkenueM cpsaseii. [lo pHem-
HEMY BUZY 4epHblit ocdop (mn. 2,7 r/cm3) noxoxk Ha rpaduT, HO ABATET-
cst monynpopoguukoM (AE = 0,133 3B). Ero MoxHO nosyauTs U3 6emoro
npu 200°C u 1,2-1010 Ma:

P (6eanit) — P (uepHbiit), AR, = -39 kx

CymecTByer Hecko/Ibko GOpM Xpacuoro gocgdopa.

OHu — nonMMepHHe BelLIEeCTBa, COCTORIIME U3 MHPaMHAAILHO CBA3aH-
HBIX aTOMOB.

Hdas nepesoga kpacuoro ¢ocgo-
pa B KHMJKOE, a TaKXe B PaCTBOPCH-
HOe cOocTOosiHue Heo6XOoAuM pa3phis wh
CBA3ell B NONMMEPHBIX MOJIEKYJaX.
Mosromy nonumepHbie Momucpuka-
UMM UMEIOT BEICOKHE TeMNepaTypsl
NNaB/leHUst, NpaKTU4YeCKkH He pacT- P u c. 164, PacnonoxkeHume atomoB B
BOPSIIOTCA HU B OJHOM M3 pacTBo- KPHCTarde depaaro docdopa
puteneit. [lpu Bosromke kpachoro
docdopa (423°C) 8 nap mepexomst Monexynn P,, koTopuie 3aTeM pekom-
G6unupylotesi B Monekynn Py Takum o6pasoM, npu kompmencaumm mapos
obpasyercs 6enas, a He kpacHasi MogudUKauMIA.

Kpacabiit u ocobenno wepunin Gocop XUMHUYecKH HAMHOTO yCTOHIUBee
Genoro. Tak, ecnu Gemplit ¢pochop Ha BO3AYXE CaMOBOCIJIAMEHSETCSt MPH
50°C. To kpacubift — suimie 250°C. a yepnui — suimwe 400°C. B ormume
0T Genoro ¢docopa ero BLiCOKOBUIMMEPHLIE MOAMQDHKALIN HE S,10BUTHI.
Bearencrsue shicokoit xuMudeckoit akTupHOCTH Genibiit Gocop XpaHAT MO

‘ BOJIOI ¥ IO BO3MOXHOCTH B TEeMHOTe.

@ochop npoABIAET BOCCTAHOBUTE/ILHBIE U OKUCINTENLHBIE CBOMCTBA.
On nerko okmcisiercs KMCAOpOLOM, ratoreHaMu, cepoit u ap. Ilpn Hemoc-
TaTKe OKUCAHUTENA OGLIYHO 0o6pa3dytorca coenutenus ¢ocgopa (HI) (P,0;,
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PHal;, P,S;), npu u3bbitke — coenutenusi doepopa (V) (P05, PHals,
P,Ss). OxuciurenbHas akTMBHOCTL (ochopa mposBisieTcss NPH B3AMMO-
neiicreunm ¢ Merasylamu. IIpu HarpeBaHuy B BONE U B OCOOGEHHOCTHM B IIE-
JIOYHBIX pacTBopax ¢ocdop AUCHPONOpUUOHUDPYET.

B Texuuke ¢ochop mnonydyaror npokaiupaHueM docdara Kajgbnous ¢
yTJleM ¥ HeckOM B dJiekTpornedax npu 1500°C:

+5 0 +2 0
2Ca3(PO,)a(x) + 10C(k) + 6Si0x(1) = 6CaSiO5(1) + 10CO(r) + Py(r);
AH >0, AS>0

OTa peaknysi dHAOTEPMUUHA, HO COMPOBOKIAETCS YBEIMUYEHHEM 3HTPO-
nuu. Temmeparypa, npu KOTOPOi OHa UPOTEKAET, ONPeNesiercs yCcJIOBHEM
TAS > AH llpu kodpeHcanuy BHIACIAKONUXCA nmapos obpasyercs Gesblit
dochop, KOTOPBIA AJMTesbHBIM HarpeBadueM nmpu 280—340°C nepeBogdr B
kpacuuiii. OcHoBHas Macca kpacHoro ¢ocdopa UCNONIB3yeTCA B CIMUYSUHOM.
IPOM3BOJACTBE.

Coepunenust ¢ocdopa (—II). Ilpn uarpeBauunm ¢ocdop okucisier
HOYTH Bce MeTajliibl, 06pasya gochudmn. ®ochunpr s-anementos Il rpynns
coctaBa 33P; conenofo6HbI, JIerKO pasjaraloTcs BO#OM:

Mg;P, + 6H,0 = 3Mg(OH), + 2PH,

Qochunpt d-snementos (oGbiduo tTuna MP, MP,, M3;P) umeior ceperii
WM YepHBbIi NBET, MeTALIMYeckuii OJIeCK M IIEKTPUUYECKYIO NPOBOLM-
MocTs. DochUbl ITOTO TUIIA XUMUYECKM MaJOAKTMBHLIL.

Kosanenrdeim dochunom spasiercsi dochun sogopona PH; (Pochun).
C sBoaoponom dochop mnpakTudecku He B3amMopeiictByer. Pocdun
(A G} = 13,4 x]llx/moun) nony4aoT kocsedubim nyreM. O6pasyerca PHj

OpU TUAPOJIM3e HEeKOTOPHIX pOochUAOB, a TakKe NP AUCIPONOPIUOHUPO-
BaHuu dochopa B MEIOUHON cpefe TPU HATPEBAHUM:

0 +1 -3
2P4 + 3Ba(OH), + 6H,0 = 3Ba(PO,H,), + 2PH,

Monekyna PHj, kak u NHg, uMeer dopMy TpuronassHoi MupaMupsl (dPN =

= 0,142 uM, <HPH = 93,5°). Ee onekrpuyeckuil MOMEHT AMTNOJS 3HAYUTETHHO
menpmie (0,18-1072% Ki-M), 4em y Mosexynsl NH3. Bomopomnas cBsiab Mewxmy
Monekyamu PHy mpakxtudecku He mposiBisiercsl, mooToMy ocdUH Xapakrepusyer-
cs1 Gosiee HUBKMMM TeMiteparypamu muiastenust (~133,8°C) u xumenus (-87,42°C),
yeM amMuak. QochuH — 4pesBrlvaiiHo SIAOBUTHI a3 ¢ HEMPUSITHLIM BAIIAXOM.

- - +
lpespamienue nupaMupanbHoll Momitekynel PHs B rterpasppuueckuit uon PHj
IOJLKHO COIpOBOMIAATBCS CYleCTBEHHbIM usMeHeHueM pasieHTHoro yria ZHPH (or
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93,5 no 109,5%), noaTOMy @IEKTPOHOLOHOPHLIE cBoicTBa PH; sHauurensHo ocnabie-
Hel o cpaBHeHuto ¢ NHj Tak, dochuH B Bone pactBopsiercsi, HO COeAUHEHUI NP
9TOM He obpazyer.

DNeKTPOHONOHOPHBIE CBOMCTBa dochuH MposiBIAeT TOJBKO NMPU AeMCTBUU Ha Hero
Haubornee cunpHeIXx poHopos mnpotoHo (HCIO,4 HI), Hampumep mpu cMemenuu
rasoobpasubix PHy u HI: '

PH,(r) + HI(r) = PH4l(k)

[lpu oroM obpasyloTcsi MaJyIOyCTOMUMBLIE GeciBeTHbIE KPUCTAINIUYECKUE BellecT-

.
Ba — MpousBoiHble MoHa gocPonus PHy. Comu docdonusi nerko pazmnararorcs
BOJOM. '

PochuH u npousBoasbie GHochOHUs — CUIIbHBIE BOCCTAHOBUTENU.

Coenunenus docdopa (I). o cpasuennio ¢ PH} orHocurensio 6oiree
YCTONYMBEL KOMILJIEKCH, B KOTOPHIX Hapsiny ¢ aromamu H ponb auranpos
urpator aromel O. Tlocsiensiue 3a cyer T-CBA3LIBAHMA CTAOMIU3UDYIOT spi-
rubpunHoOe cocTosiHMe (pocthopa:

H\E)/H * H\II)/H - H\;/O 2 O\*E)/O 3-
B~ \q o o o No o o

docdhoHuir-1oH dochuHaT-uoH dochur-noH docdar-uon

Bce 5TH WOHBI UMEIOT TETPasAPMUEcKOe WM MEKAKEHHO TETPaslpHUecKoe
cTpoeHue. YuuTHIBasA pa3inuue B 3JEKTPOOTPUIATENBHOCTAX —ATOMOB,
MOXKHO CUMTaTh, 4YTO CTeNeHb OkucjeHus ¢ochopa B ykasaHHOM psmy
U3MEHseTcs1 OT —3 [0 +5.

B kauecTse coepudenuii docdopa (1) MOKHO paccMaTpUBaTL OPOU3BBOJI-
asle [PO,H,)-komnsiekca (@ochunam—uon). Ero BomopoHoe MpouspoaHoe
H[PO,H,)

H—O\P P
1~ \u

Docpunosas xucaoma B OGBIYHBIX yCTAOBMAX — GECIBETHOE KPUCTALIN-
4eckoe BemecTso (T. mi. 26,5°C), xopouro pacTsopumoe B BOAe. BopHwnrit
pacteop H{PO,H;] — cunpHas onuoocuosuas kucaora (K, = 7,9-10°2).

Ee conu ¢ocduHars xopouro pactsopumel B Bojie. Kak kuciora, Tak u
€e COIM — CWIIbHBIC BOCCTAHOBUTENU, OKMCIAIOTCA Ho okcodocdaros (V).
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dochHHATEI NPUMEHSIOT B KadecTBe BOCCTAHOBUTEJEH, HANpuUMep, TpU
XUMUYECKOM HUKEJUPOBaHUU:

+ 1. 0 +5 _ 0
Ni2* + [PO,H,)" + 2H,0 = Ni + POJ" + 4H* + H,

Coenunenus docopa (I) npakTuuecKy He NPOSABISIIOT OKUCIUTENBHBIX
CBOICTB, HO NP HarpesaHUy OHY LUcHPONOPUUOHUDPYIOT:

+1 -3 +3
3H[PO,H,] = HsP 4 2H,[PO;H]

Coepmaenns docdopa (III). V npoussoausix docdopa (III) s o6paso-
BaHMM cBs3efl MPUHUMAIOT yuacTHe TPHM WJM deThpe spl-TuOpUpHbe OpOH-
taly aToMa ¢ocdopa, 9TO COOTBETCTBYET NMUPaMUJAIBHOMY U TETpPadApu-
JecKOMY pacmnojokeHuio casszefl. Tak, MOJeKyla TpUTaJlOT e€HH -
o a ¢ocdopa PHalg (xak u H;P) mnpexncrasnser coGoil TPUTOHAIBHYIO
nupamuay ¢ atoMom ¢ocdopa B BeplIMHE (dPHa13 = 0,155 — 0,255 HM,

/HalPHal ~ 100°)

———

Okcu I docdopa (II) POy cymecTsyeT B BUAE HECKOIBKHUX
MOAMGIUKAIMIA, MOCTPOSHHBIX W3 MUPaMUIATBHBIX CTPYKTYPHBIX €NMHUI
(puc. 165, a). O6brunas ¢opma P;03; MMeeT MONEKYASIDHYIO PpeIIETRY,
obpaszopanuyo Mostekytamu P Os. Ota dopma aerkomiaska (T. ma. 23,8°C.
T. kun. 175,4°C), He3HAUUTEIBHO PacTBOpUMa B cepoyriepoze. MoJekyia
P,0Og cocrour u3 uerhipex nupamup POj;, cOeMHEHHBIX 4Yepe3 ATOMBI
kuciaopoga (puc. 165, 6). Jpyrue mogudurauuu P,03 — mnosumepHbie

COELUHEHUS.
W P

: < I /jp
AN
d

a

Py c. 165. Mupamunansnas CTPYKTYpHAsl eMHMLA
(@) u crpoenue MomexybI P4Os (06)
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[lo xumuueckoit npupone Gunapusle coemuHenusn docdopa (III) ssasm-
IOTCST KMCJOTHBIMH, O 4eM CBHUAETENLCTBYET UX TUIPOJIN3E:

P203 + 3H20 - QHz[PO;gH]
PCl; + 3H,0 = H,[PO,H] + 3HCI

" XapaKTep B3aMMOJENACcTBUS ¢ OCHOBHBIMU COCIMHEHUSIMU .

4NaOH + P,0; = 2Nay[POGH] + H,0
3NHQS + PQSg = 2N33[P53]

Hpu rugponuse obpasyercsa pocdonosas kucaora Hy[POszH]:

a NPU B3aUMOJEHCTBUM ¢ OCHOBHBIMH COEIMHEHUSMU — COOTBETCTBYIOMINE
docdars (I1I). Ilpoussogusie nona [PO3H]? uasnipatoTcs docdons yamm

DoapmmHCTBO M3 HUX, KpoMe cojleil s-ajemeHTOoB | rpynmbl, B BOmE
pacTBOPSETCS MI0XO.

B o6trunbix yenosusix Ho[PO3H] — 6Gecupernoe, rurpockonuyuHoe, Jerko
pacTBOpUMOe B Boxe Teepaoe semectso (1. mia. 74°C). B soguom pactsope
ABYXOCHOBHas gocfonosas KucaoTa. ITO KUca0oTa cpefHeil cunbr (Ky =
= 1,6-1073, Kp = 6,3-1077). O6p1uno ee nomyuaror rugpoauzom PClg.

Coenunenus ¢ocdopa (III) — mOBONBHO CHUIBHBIE BOCCTAHOBUTENH.
OHu, HampuMep, BOCCTAHABNMBAIOT MAJOAKTHBHBIE METANNIH U3 pPacTBOPOB
Ux coqnnﬂeﬂnﬁ:

+3 +5
HgCl, + Hy[POsH] + H,0 = H,PO, + Hg + 2HCI

QochoHOBAS KUCI0TA OKUCIsSETCS OO0 dOochOPHOI ralIoreHaMy, JUOKCUIOM
a30Ta U JAPYTUMHU OKUCIUTENAMU. TpPUrajioreHUb OKUCIAAOTCA (PTOPOM U
xnopoM o PHaly, kucnopogom go POHals u 1. 1.

Coenmnenust docdopa (V). Qocdop npoasiser cTeneHb OKUCISHUS +5

.B COSIMHEHUX C FAJOreHaMH, KUCIOPOIOM, CEpPOIl M a30TOM:

PHals P205 PgS5- P3N5
PIg POy PSy PN,

a TaKXe B COeJUHEHHNAX CMEUIaHHOTO TUIA:

POHalg PgOgSQ PON PNHHIZ

PO,F;  PO,S;” PO,N2- -
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Ilna docdopa (V) xapakTepHBbl KOOpJUHAIMOHHbIE TUCII2 4 n 6, pexe
5. CrefoBaTesibHO, OOJBUIMHCTBO M3 yKa3aHHBIX BpIllIE COSIUHEHUHA ABIA-
JOTCS] TIOJMMEpHBIMHU, TaK Kak MX npocTefiu# COCTaB HE OTBEHACT xapak-
repHoMy aiA docdopa (V) xoopauHanUOHHOMY HHUCIY.

OTHOCUTEIBLHO 60J16e MPOCTHL MO CTPYKTYpe M e H T2 ra
aw docdopa PHals. Vx Monerybt uMetoT GOpMy TPUTOHAILHON 6unu-

paMUbL:

JOTEeHHW-

B o6piuHbix yenosuax PFs — ras (T. m. -93,7°C, T. xun. 84,6°C), PCls

~ (r. osr. 159°C) u PBr; (r. n. 106°C) — Tsepzble BOIIECTBA. @Topus 1
XJOpUZ, Gecnperunl, a PBrs — KpacHOroO (nm axeToro) mseta. B coorser-
CTBUM ¢ YCTOHUYMBHIMM 3HAYEHMAMU KOOPAMHAIMOHHBIX 4HCell docdopa

(V) xpucralisl PCls mocTpoeHbl U3 MOHOB PCly u PClg (pacnonoKeHHbIX B
KpUCTALIMIECKON pelleTKe nomo6uo nonam Cs* u Cl™ B CsCl). Kpucranmst

PBr; cocrosT us noHos PBryu Br', a PCI,F —uz PCl; u F.

Tenraranorenunpl ocdopa (V) — TUIUIHO KUCJIOTHBIE coepunenus. B

YacTHOCTH, OHU 6ojee MM MeHee JIETKO TUApPOAUBYIOTCA, 06pasys Kuc-

JIOThI!

PHals + 4H20 = H3PO4 + 5HHal
B "HeBogHBIX pacTBOpax PF5 p3auMoeficTByeT ¢ OCHOBHBIMH CbTOpPIL[aMPIZ
KF + PFs = KPFs

a ¢ sunkum HF maer rexcagmopogocdopuyro KUCIOTY

Ceo6onuntiit. HPF¢ ueycroiiuus. Ero sogsbie pacTBOpbl — O4eHb CHJIb-
gast kucaora Tuna HCIO,.

BunapHble cOeIUHEHUA docdopa (V) c KHCIOPOAOM, cepoi, a30TOM
noAnuMepHsl. Bce OHM MOCTPOEGHBI M3 TETPA3ApUIECKUX CTPYKTYPHBIX €11~
wun tuna PXy (POy, PS4, PNy):
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I
P
S~
X
X
Oxcup docdopa (V) P05 B napoo6pasHOM COCTOSHUYU KMEET cOCT4B

P,Pio. Monerkynn PP, cocroaT us wersipex terpasnpos POy, kaxasii us
KOTOPBIX CBA3aH C TPEMs COCeHUMHU 4Yepes OOL(Me aTOMbl KUCJIOpoa:

Teepabtit P,Os uMeer Heckonbko MogudbUKaluil, OTAUYAOUUXCT Xa-
pakTepoM pacnojoxeansa terpadapos POy4. Ilpu okucnenun Gesloro doc-
dopa O6E)aBy6TCﬂ nerygas moaudukranus P,Os ¢ Monekynspuoit kpuctai-
JINYEeCcKOH peIeTKON, B y3Jax KOTOpoil HaxonsTcs Mmonekyist P40 Ota
MopuduKanus Jerxko soaroHsiercst (T. soar. 359°C), HCKAIOUUTENBHO aK-
TUBHO B3auMOAeicTsyeT ¢ Bomoil. Jpyrue moguduranuu P,0s nonumepns
— obpasoBaHbl GecKOHEeUHBIMU ca10siMu TeTpasgpos POy, OHu umetor 6onee
BBICOKYIO TEMIEPATYpY MJIaBleHUs (~580°C), xuMUIecK HECKOJIbKO MEHee
AKTUBHBIL.

“OKCI/IJJ, docdopa (V) P05 nonyuaror cokuranveMm cdocdopa. Texnudec—
KU IpoAYKT UMeeT Buj 6esioil cHEeroo6pa3HoM Macchl, OOBIYHO cOCTOAIER
U3 cmecu pasubix dopm P,0s.

Oxcun docdopa (V) ouenp akTuBHO B3auMopeiicTsyer ¢ Bomoil. Ero
HCTIOAB3YIOT JJIs OCYLIeHUs ra30B U KupKocreii. OH MOXET OTHUMATH BOILY
i’{paannqmﬂx semecTs; uHanpumep, npespamaer HNO; 8 NyOs u nmake
q)éscg:);a ?\?;.mlip}c:ssc;;emi:gomero JETUAPATUDYIOMIETO CPecTBa OKCUJL

YEeTCsl B XUMUYECKOM CUHTE3€.

IIpoussonusie P;Os — okcodocdaTs BecbMa pasHoOGpa3Hb
Bonemoe MuOroo6pazue okcodocdaTo 06BACHIETCS TEM, UTO Te'rpaazlpn—-
:ecxne cTpykTypHble eaununbl POy Moryr o0heiuHATBCS € COCeRHUMU
ng:_uil;;?” PO, mnocpencrsoM opmHON, ABYX WAM Tpex BepuivMH (CM.
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7 | !

) P - T o J— X0
p— \\Oo ——0 Y\O 0 N°

0
IlepBriit cirydait OTBedaeT OBPABOBAHMIO  JIHMEPHOTO orcodocdar-uona

P,0%, propoit — 0OLEIMHEHUIO rerpanapos POq » uens (OTKPLITYIO UAU

75
BAMKHYTYIO), TPCTHA -- 00pasosanifio pPABETBIICHIION 11€TIH. Ha nociteanem
npHRUMITe OOGBEIMHERVs OCHOBAHA, B YACTHOCTU. CTPYKTYPA  CJHOUCTBIX
mopuduranui PrOs. OcropHbie THIIN orcopocdar (V)-noror NprnseJieHb
Ha puc. 166. Bee 310 noxa3bIBaeT. HwTO orcodocdats (V) pasHoobpa3Hee,
qem okcocyipdarer (V1), KOTOpLIC MOTYT MeTs TULEE LONHOe CTPOCHNE.

OxcodocdaTit (V) ¢ 0TRPHITON HOHBIO (w3 2-10 aroMon P) HA3LIBAIOT-
cA noaugocdamanit, UMKIAMYCCKONO CTPOCHIA == awemagocpamann. Doc-
datel ¢ OecKOHETHON OTKPBITOR  LEMLIO  HabiBAIOTCH noanaemagpocda-

.Y

PO,1* P,0. 1%
4 277 [P}O‘)]F

maati.

[Pno3n+1 ] (n+2)-

P uc. 166. Crpoetue okcodocdat (V)-uoH0B W CIOUCTOR Mo Aud Uicaliun
PQOr,i
{—atoM P; 2 - MoCTHEOBBI atoMm O; 3 — koHnesoit atom O
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MonudocdaTel MpegcTaBASIOT COBOH COMM AHMOHOB 06INel PopMylsl

+ 1 +
P O‘}n+ (n+2) . HdIIpHMep Ni I) )() - q) q ] gs 96 5‘ 3
B 3 41 7 7 HUQoOCcPHAT 21 am ( )
7TL I/I(b Cq)dT: ) A (II tpoQpoc ), I\/I Ij( 0

o (I)‘ o- O O
| -
~o—ﬁ—o—ﬁ—o— ‘O—P—O—}L—O—Fl’—()"
Nl
0O O 0O O |c|>
P07 P,0%;

nucdocdar-uon TpucdochaT-HoH
K MeTadocdaTaM OTHOCATCHA cond aHuoHOB obuieil qopMysl [PnOyp].

+ 1 1
Hanpumep, M;P,0, — tpumeradocdar, M4P,0;, — Terpameradocdir:

- Cﬁ o 0
— O—
O\P/O\p/ \P/ \II!/
O/ I - / AN
J (l) 0 o 0
\P/ p p/
-0~ N0 - N7 -
; 0 0
(PO,) | (PO 4™
IpnMe;iﬁoapar— rerpaM:(T)z;d)ocd)aT—

+1

Mpocreitmue :
. . 1O COCTABY OKC . :
octaBy okcodocdar umetor Gopmyvat MaPOy n

+2 + 1 + 2 t+ ] + 2
M3(PO4‘)2, M4£’207 n MyP,0s, MPOs;u M(PO;3).. Tak, upu s3anmomeit-
etsunt CaO ¢ P,05 obpasyioten Cas(PO,)s, CayPy07, Ca(POy), (puc. 167).

Ca0 + P,0s = Ca(POy), L%
QCaO + PQO;; = CaQPQOT 2000‘\\
3Ca0 + P,05 = Cas(POy), 1800 N
. ) 1600} Y/l
POCTEHLINM  NpejcTaBUTeReM  okcodoc- o
daros (V) Bomopoma ssasiercs  HzPO,. i g’
Monexyna Hz;PO,; umeer ¢opmy uckaken- s = ..\%:
Horo Terpasapa (d_ = 0,152 nM, d = lwor g X
PO © Tp—OH < % 7\
= (0,157 HM, 0 = P—OH 119° " o0 38

<{HO—-P—OH 106°). B TBepaom u KUAKOM 27 3 A 3 6 70 &
lZ;C;O(??C(baTe sogopora  Hz;POy  (r. na. co Mac.. GonuP;0s, % 0
‘BO;LOp(’))ﬂ,HtIC;?iEZJ;:Iﬁ‘ O6BENUHAIOTCA 33 CUCT Py ¢ |67, Jlnarpamma nias-
, : roctu cieremul CaQ — PoOs
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\\H\O/ \\O\

\\
o—H
UM ke o6ycJIOB/IEeHa TOBHILEHHAA BA3KOCTDH KOHIIEHTPUPOBaHHBIX PacT—
Bopos (ocHopHOH KICIOTHI. :

Bce okcodocdaTsl BOZOPONa — TBEpIBIE BEIIECTHA, xopoiuo pacTBOpU-
mpie B Boxge. VIX pacTBOpHI ABJAIOTCA KUCJIOTaMU CPeIHEH C-I;IHLI,(IUIﬂ
opTodocHOpHO#  KUCTOTH Ky = 7,25-107%, Kp = 6,31-1078, Kas =
= 1,26-107!2). OprodochopHyIO KUCJIOTY HOJyqatoT OBBIYHO B BUIE CHPO-
noo6pasioro 85%-HOro pacTsOpa p3anmoneiictBueM ¢ocPaTHHIX MUHEPa-
JIOB € CEpHO# KUCJIOTOM:

Cag(PO,); + 3H,50, = 3CaS0, + 2H;PO,

uauM ruApaTapueir okcupa docdopa (V). OprodocdopHas KuCIOTA -
KOHEUHBI NPOAYKT TUAPOIN33 BCEX coenuuenuit pocdopa (V), Hanpumep:
POHal; + 3H,0 = H3PO, + 3HHal
PZSS + SHzo = 2H3PO4 -+ 5st
H4PS, + 4H,0 = H PO, + 4H)5S

MMoaudocdopHble KHUCTOTH

g 1 et WO 1
727 7678 ﬂoﬂ aacrz %ﬂfﬁpﬂ o maercsi, a MoaupocPOpPHHIX

KUCJIOT YBe/IMYMBaeTCs.

Us oxkcodocdaros (V)
Haubonpmee  MPaKTUYECKOE
3HaueHMe HMMEKT IPOM3BON-

ubie anuonos POY (pocPamai), HPO? (wdpogocamen) u HyPO4 (Qurud-
pogocpamu). U3 PocdaToB pacTBOPUMEL JIHIIb HeMHOTHE, B YacTHOCTHU

P u c. 168. CocraB ¢ocdopHbIX KUCIOT B 3aBU-
CUMOCTH OT cojepxanus B pacteope P2Os

npoussopubie Na*, K*, NH;. Kak npasuio, pocaTsl GeciBeTHEL.
OcuoBuas Macca (ocdaros MpUMeHsAETCs B KauecThe yno6peunit. Tak,
Ca(H;POy4)z-2H,0 cocrapnser OCHOBY cynepgpocpama, CaHPO4-2H,0 —
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Q\i 06pa3ylroTea MpH B3auMOJieii-
5700- creun P,Os ¢ oprodocdop-
§ﬂo NG (HPO3)n goit kucnoroit. Kak BUOHO .
S sof n3 puc. 168, B cucTeme
‘g_ 40 HeP0r Nonupocpoprsse P,0s — H,O no mepe yseau-
S x| ' yenuss comepxkanns  PoOs
= conepxane H3zPO4 yMeHB-

npeyunumama. Mx mnomyyaor pasnoxkenueM docdopuTa KUcIOTaMu
H,SO,4, H3PO,4 coorBeTcTBEHHO

Ca3(PO4)2 + 2H2804 = CH(H2PO4)2 + 203804

cynepdocdar
Cag(PO4)2 + H3PO4 = 3CHHPO4
npeLunuTaT

CMemiaHHBIMU a30THODOCHOPHBIMUA YAOOPEHUAMU ABAAIOTCA Tak Ha3bIBae-

mble ammopoc — cmeck (NH,)H,PO, u (NH4),HPO, u asofocxa — cmecs
ammocdoca ¢ KNOj.

(DOC('I)HTLI B OTIIM4YUe OT HUTPATOB OKUCJIUTEJBbHBIC CBOMCTBa HE IpOAB-
JISYOT.

Cyanbdua dochopa (V) PySs nomobro P,05 cymecTByer B Brie HECKOTb-
kux Moaundurauunn. Haubosee mnpocrast cdopma coctrour uz mosekysn PySip, 1o
crpykType ananortuHbix P40i,. Takoe ke crpoeruie uMeer okcocynbdun Py0gS,.

Cynbounodocdatst (V) MOXKHO MOJYUUTH B3aUMONEACTBUEM CyIbGUAOB MeTas-
JoB ¢ P,S; unu criaBiieHrieM MeTasuia, KpacHoro ¢docgopa U cepbl. PacrBopuMble

+ o
cyabdupnodocdarsl (NHy, K*, Na* u 1p.) nocremenso pasnaraiorcd BoO# ¢
Bblnenenem HsS, mepexonst mpu sToM B cooTBercTByioLife okcocylibduaodocdaThl
U B KOHEYHOM UTore B okcodocdarsl. Hanpumep:

N33PS4 4 N33P053 b 4 Na;gPOZSZ b 4 N33PO3S b 4 N33PO4

Crpyktypa HuTpuaa ddocpopa (V) PsNs nsydena wemocraroyso. Iro
6esioe, TBepnoe, XUMUYecKU o4YeHb ycTOifYMBOe BelecTBo. B peakuuu BcTyliaer
JIIL IpY civIbHOM HarpeBaHnu (500—700° C).

UsBecren rtaxsme aMopdHblt mpoaykr cocraBa (HyPNg)s, koropblit, odeBumHO,
sBasiercst anasioroM (HPOg); — meranutpunodocdatom (V) Bonopona:

HzN\ /NHZ

%
HoN_ | | _NH,
N s
H,N~" \»N/’ “\NH,
Orpevalommit KucToTHON dynkunu PsNs aunon PN, nonuMepen, uMeer cTpyk-

Typy tama SiOj (kpucro6anuta). B LiPN, nonbl Li* pacnosnioxenbl B mycToTax

TPeXMepHOI CeTKM KOOPAMHALMOHHOTo HoHa PN,
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Monekynbi OKcOTpUTaaoreHUunoB docdopa (V) POHalg

d =
(¢06¢0pU/lldﬂ01€HUdM) uMmeroT GOpMY HCKaXKEHHOrO TeTpasjpa ( PO

= = 0,199 um, <ZHalPHal ~ 100°):
= 0,145 uwM, dPF = 0,152 um, dPCl 0,199 am

Mouexynst POHalg nomsipub (4 = 0,6'19'29 —1,2-10°% K,nlid)CB 06;;1:1—
apix yeaosusax POFg — ras (7. mi. —39° C), POCly (r. ma. ,;J.IO “.
107°C) — mumgkocts u POBrs (7. o 56°C) — Tseproe BeI_U.eC'TBO. B(})) S
docdopuna POCl; obpasyercss npu CHApOTN3e PCl; ¢ HemocTaTKOM BOJ,
unu npy Harpesanuu cmecu PoOs u PCls:

P205 =+ 3PC15 = 5POC13
Ocobas cxnonHoctk PCls mepexomTe B POCl; ucrnonp3yercsi B pasiUYHBIX
CHHTE33X, HampuMep M5 TpeBpalleHds H,SO4 B xI0pcy/ibpoHOBYIO KMCTIOTY
HSO,Cl 1 cymudypunxnopun SO2Cla:

SO,(OH), + PCl; = POCI; + SOz(OH)CI + HCI
SO,(OH)CI + PCls = POCl3 + SO:Cl, + HCI |

Oxcodropuny cocdopa. (V) POF; cooTBercTByloT ¢hTOpocdocdaTs! BOLOPOLA.

TUMa HZ[PO3F] u H[PO,F;], smnsiompecs B Bole OHeHb CUJIBHBIMUA  KUACTIOTAMMU.
Onu obpasytorest Hapany ¢ HPFg npu paaumoneitctsun P05 ¢ pacropom HEF:

2P205 + 15HF = 2HPF¢ + H2P03F + HPOze + 5H20

Comu Hy[PO3F)] Bo MHoroM Haﬂommna}o*rgc;g;uba’rbl, a comt H[PO,F;] mepxmo-
@ arke H[PO,Cly] (1. mn. —28°C). .
pdTbéle?;;inj:a;::eHMﬂbE <b§0¢>2(])p(a (V), HanpvMep rasoobpasHeIA PSF3, sunxut
PSCly, teepuste PSBrg u PSls, no cTpykType nono6upl POHalj.
Bectma pasHooBpasHBl IO CTpyKType HUTpU A OT a0 reH U b
docdopa (V) cocrasa PNHal, (giocgiouumpmm/zozeuudw). Hurpuagoxiaopyas!
PNCI, o6pasyiorcs npu HarpesaHdU NH4Cl u PCls noa napnenvem:

NH4CI + PCls = PNCI; + 4HCI

Monexyner PNCly cocrosT ua TeTpaslpoB PN,Cly, ob6beavHEHHBIX B KOJILUA

WM 3ur3aroobpasHyio UENb:
408

,c1\P/c1 Cl_ L€l Ci_C
PN /’\\ /\\
r‘l{ PI] ‘\ /N' ) N\ ’ h /l
CIN | 'i|>/C1 Sp? \p/ Np?
CI™ 2w Cl cl cl Ccl ¢l cl

Boabumvierso dochonurpunxmopunos PNCl, — Teepisie Bemectsa. OHU 0671a1atoT
BBICOKOM XUMHYECKON YCTOMYMBOCTHIO, HO pasilaralorcsi Bojoit. BricokoMonexymnsp-
Hble POCHOHUTPHITXITIOPUIIE] ¢ MOJIEKYJIaMU B BUIle GECKOHEUHBIX M3OTHYTHIX Llemen
o MEXaHUYeCKUM CBOMCTBaM HAIlOMMHANWOT Kay4yK.

Orconntpun dochopa (V) PON obpasyercs mpu ammoronuse POCl;:
POC13 + 4H3N = PON + 3NH4C]

Oro amopdHbit TepMocroitkuit (o 750°C) Gesibit MOpOIIOK, HEPACTBOPUMMIA HI B
OHOM U3 OBEIYHEIX PACTBOpUTEJIEN,

HpuseneHHsit 0630p [AaMeKO He KCYEPILIBAET BCETO MHOroo6pasus
HEOpraHWYecKUx coeguHeHuil ¢ocdopa. Eue 6onee pasHoo6pasubl ero
3nemeHTopraHﬁqecxue COeIUHEHUs, B U3YYEHUU KOTOPBIX Ocobas 3acjyra
npusagnexur A.E. Ap6ysosy. Coepunenus docdopa MHUPOKO NPHUMEHAIOT
B KauecTse ynoOpeHUil, A GOpbOL ¢ BPEIUTENSAMHU CeJbLCKOXO3Sil CTBEH-
HbIX KyJbTYp U COpHsKaMW, B MEAUIMHE, MPOU3BOJ/ICTBE IJJACTMACC, MOIO-
IMUX CPeJIiCTB U np.

§ 3. HOAI'PVIIIIA MBIIILAKA

[ Meuinbak As, cypsma Sb u sucMyT Bi — nonusle snekTpoHHbIE aHAIOTH
'c koHdurypamuei s?pd. Ilo mepe ypelnMueHus pasMepos aTOMOB B pAny
j‘As—Sb—Bi 3HAYEHUs] YCTOMUMBHIX KOODHUHANUOHHBIX 4MCEJ BO3PAcTaloT.
fCTenem/I OKHCJIEHUs MBIIIbSIKA, CyDHMBl M BUCMYTa paBHL —3, +3 u +5.
‘Benefieteire 0co6oit yetoituusoctn koudurypamuu 6s2 gas BUCMYTa Haubo-
JIee XapaKTepHa CTeleHb OKUcJeHUsA +3.

Copepsxanue B 3eMHOI KOPE MBIIIbAKA, CyPBMBl i BUCMYTA CpPaBHUTE/ b~
'HO HEBEJHKO (cM. Ta6s1. 26). OHM OBGBLIMHO BCTPEYAKOTCA B BUAE CyNbdUL-
EHLIX muHepanos: As,S; — aypunwiuenm®, AsyS; — peaastap, SbyS; —
ffypwuﬂuud baecx (awmumonum), BiySy — sucauymosui Gaeck (oucaymun),
B Takxe FeAsS — wwnmsaxosut xosuvedan (apcenonupum).
¢ Ilpocrwe semectsa. B psny N—P—As—Sb—Bi orueriuso uaGmonaercs
i}’cymeﬂue MeTAINUYECKUX MPU3HAKOB IIPOCTHIX BEIUIECTB. B 4dacTHOcTH, B

p—

* o o
Munepan As;S; noiyumn cBoe HasBaHue [0 WHTEHCUBHOI 30J0THCTON OK—
mac}ce‘
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i a
TOMYMBOCTh HEMETAIJIMYECKUX MoaMUKanuit najgaer,
(cm. Taban. 28). Mpimbak, Kak H docdop,
eckux ¢opm. IIpu OHICTPOM OXJIAN EHUU
eckasi MOAU-
napa (COCTOAIErO U3 MOJIEKYJ Asy) o6p/a3y;e;rca HeMe;angqu@HOMy o
J MOPp (PHbBIHI
sax (na. 2,0 v/cm’), 30
buKaus — KeAmutl s :  boe
¢dopy 4 nmomoGHO emy pacTBOPUMBIA B cepoyrJepone. OTa Monmbn“ ;l .
i i eTa U

MeHee ycToiuuBa, 4eM Oevibli ¢dochop, U nmpu ASHCTBUM CB ;MKaumop—
¢1abOM HarpeBaHUHU JIETKO MEpeXOiuT B MeTAJIMYECKYl0 MOAHY e

A
ceprul aviwssx. Hemerasumgeckad MoaudUKanUua CypbMBl (ke - efw
N HeM -

aa) eme MeHee ycTOMUMBa, YeM KEJThId MBIIIBAK. VY BUcMyTa Ke

Ha BOOOIIE.
aa mMoauduKanus HeussecT i
et e Veroityusble B OOBIYHBIX YCIOBU

ax MoAMPUKAIMY — cephlif MbIIIb-
K, cepast CypbMa M BUCMYT — HUMé-
JOT METAIIMYECKMi BUI, SJEKTpU-
YeCKYI0 MPOBOAUMOCTD, HO XpYMKH.
Ouu uzoMOpdhHBI, UMEIOT CJIOUCTYIO
CTPYKTYpY (pHC. 169) Tuma 4EepHOTO
docopa. Kamapiii us aToMoB MH-
paMUIAJIBHO CBA3AH C TpéMs COCEM1-
P uc. 169. Croucrasi CTPYKTYpA Mbl  puwur 1o csiol0 M uMMeeT Tpu 6an-
Wb, CYPLMEL, BHEMTS SKaIIMX COCEIHUX aroMa B JPYTOM

cnoe. B psany As—Sb—Bi pasnuune MEXbALEpHbIX paccTOAHUIA BHYTpY M

. - uT
MEXIy CAOAMU YMEHbIIAOTCA (0,063—0,050—0,037 HM), T. €. npoucxc:{ﬁ ’
[IOCTENeHHO MpUOIMXKeHre K XapakTepHOMYy i METAITNYECKAX CTPYKTY]

aTOM pAAy Ve
METAJJIMYECKUX BO3PaAcTaeT
MMeeT HECKOJBKO aJlIoTponud

paBeHCIBy MeJKbﬂLleprIX paCCTOﬂHHH.
p e y 3 y TBE e T ¢ MbIIObA-
KpUCT AJITUYECKUX pem TOK C pra O6pa eT TB pﬂbl paC BOpr

T.
KOM M BUCMYTOM, HO MOCJIE[IHUEe APYT C APYTOM X He 06pa3yio S
HekoTopble CBEIGHUA O MPOCTHIX BEIUECTBAX p-3J71eMeHTOB pYIIIL

npyuBeaCHbI HUKE!

N, P As Sb . Bi
- YepHBIi cepblil cepast 050
OV 0,978* 2,69 5,7 6,68 80
’rIEH-r’u:/C:JC ......................... -210,0 1000** 817*** 6305 2714
T- hMII “C criierrererre e -195,8 453 615 1635 1552

(Bosromca) (Bosromca)

* B TBeplOM COCTOSHUU.
** [Ipu 1,8-10° Tla.

* % % npl/I 3,6'106 Ia.
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Braarogaps 63uU30CTH NApaMerpon

AE, 9B i - 1,5 1,2 0,12 (merasin)

BHYTPH CJIOST oveoeeeeeeeniennnan, - 0,210 0,251 0,288 0,310
MEXAY CIOAMU .....ocvvvnnn.n... - 0,368 0,314 0,338 0,347

S5 g0 it/ (K- MOMB) .. 199,9 227 36,6 4569 56,9

B O6bIYHBIX yCJIOBMAX METAIMYECKUE MOAUGIUKANUU YCTOHYMBL Mo
OTHOMIEHUIO K BO3AYXY U Bojie. B 5/eKTpOXMMUYECKOM pARY HalpsxeHUi
OHU pacmoJIOKeHHl mocsie Boopoaa. lpu B3auMoOnelicTBMYM ¢ KOHIEHTPHUPO-
BaHHON HNOj3 MBIIBAK NepexonyuT B MBIIIBAKOBYIO KUCJIOTY:

0 +5
3As + 5HNO; + 2H,0 = 3H3AsO4 + 5NO

CyppMa B 3THX e ycaoBusix obpasyer f-cypbMaHyio kucaory HSbO,
(Sb;05- nH,0):

0 +5
35b + 5HNO; = 3HSbO3; + 5NO + H;0

BucMyT e B KOHUEHTPUPOBAHHON a30THOH KUCJIOTE naccuBUpyeTesl, a ¢
pa30aBleHHOM [aeT HUTPaT, T. €. BeJET cebs KaK MeTall:

0 +3 .
Bi + 4HNO; = Bi(NOs); + NO + 2H,0

HAst nojryyeHus MblUIbAKa, cypbMBl M BUCMYTa UX NPUPOLHHE Cyabdu-
Abl OGKUTAIOT; 06pa3yloUIdecs MpyU STOM OKCHUBl BOCCTAHABIMBAIOT yTJieM:

23283 +902 = 6802 + 23203
9,03 + 3C =29 + 3CO

MbimbsK, cyppMa ¥ BMCMYT CYL{ECTBEHHO OTIMYAIOTCA MO CTPYKTYPE OT
TUIMYHBIX META/JIOB ¥ MOITOMY ¢ METAJlJaMu TBep/ble pacTBOPbI O6BIYHO
He 06pasylor. Bojlee xapaKTepHO BOBHMKHOBEHME BTEKTHUECKUX CMecei.
‘Tak, cnnas cocrasa 60% Bi n 40% Cd mnasutes mpu 144°C. [lupoko
TpuMeHseMbidl cnias Byda, Temneparypa mnasinenus koroporo 65—70°C,
T. e. HIKe TEMIEpaTyphl KuMeHus BoAM, comepkur 50% Bi, 25% Pb,
12,5% Sn u 12,5% Cd. Cnaas cocrasa 41% Bi, 22% Pb, 11% Sn, 8% Cd u
)18% In nnasures aume npu 47°C. CnslaBel BUCMYTa SBTEKTMYECKOTO
€OCTaBa NMPUMEHAIOTCA B aBTOMaTUYECKMX OTHETYILMTEIAX M B KAuecTBe
npumnoes.

. MBIIBLAK U cypbMa UCIONB3YIOTCA TJIaBHEIM OGPAaB0M B KauecTBe 106ab-
KM K CBUHLY AUl IIDMJaHUS €My NMOBbIEHHOH TBepmocTd. Baxuoe sHage-
Bue vMeer munowpagdcxud cnaas, copepmanmmit 25% Sb, 60% Pb u 15% Sn.
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a pacuyra (-1I1). B kauecTse conenc-
BAK, cypbMa M BACMYT MPOABJAIOT
aTpHUBaThb apcenudn, cmubuds (anmu-
(K33, Cagaz, Mg332 u
opeficTBUN METaJoB
WHEHUsl MeTalindec-

Coep@HCHAA MBIIIBAKA, CYPHMHE
NO6HBIX COSNMHEeHNUit, B KOTODBIX Mbl
cTENeHb OKUCIIEHUA —3, MOKHO paccM
uonuOM) U BUCHUYMUTH S—INEMEHTOB I u Il rpynn
ap.). B 601bIMIHHCTEE e ApYTUX ciydaes IpH B3aUM
¢ MBIIIBAKOM, CYpbMOI ¥ BUCMYTOM 06pasyloTcs coen

KOro TUIMAa.

Cru6uibsl U ApCEHMAbl P-AIEMEHTOB H oyIeMEHTOB TOATPYNNbI IMHKA — Tojy=
npoBoaHukn. B pany OHOTHIIHbIX HUTPUIOB, PocuaoB, apceHNIOB, cTU6UIOB U
BUCMYTU/IOB LIVPUHA 3ampellleHHol 30HbI YMEHbIIACTCH, 4ro cBUAeTesbCTBYeT 06

vBReJIMYeHHU JoJU HGJIORBJI]/I30BHHHOL71 CBA3U. HaanMEpl

AIN AlP AlAs AlSb
AE, 9B i 3,8 3,0 2,16 1,6

BojbIIMHCTBO apCeHHUOB, cTH6UAOB M BUCMYTHAOB JOBOJBLHO JIETKO

pasjiaraeTcs KUCIOTaMi.

Ocnabneaue NPUSHAKOB
As—Sb—Bi nposisasercs Takke B UX COeAnHEeHHAX
Crpoenue MONEKyJ H;D anajoruyHo CTPOSHUIO NH3; u PHz. Ho mo mepe
yBeMUEHHsS pa3MepoB 3MeKTPOHHBX 06naKoB B PAAY N—P—As—Sb—Bi
[OAApHOCTL U TMPOHHOCTh CBA3M D—H ymenpuraercs. [Mo sroit xe NPUUHHE

HecBABKBAIONIEE JBYXIMEKTPOHHO® 06/1aKO CTAHOBUTCS HPOCTPaHCTBEHHO
yrna ¢HOH npubanxaerca K

MEHEE HANpaBIeHHbLIM. 3HaUEHNe BaJIGHTHOTO

90° u nabaionaeTcs yMeHblIEHHE 5JIEKTPMUECKOr0 MOMEHTa JUNOJIA MoJ1e-
KyJ1. ~

B 5TOM ke psily yMEHbpaloTCA spTanbany o6pasosanus. Hinke mpuse-
JeHH HEKOTOphe cBefeHus o BONOPOAHBIX COSMHEHUAX [-371EMEHTOB

HeMETANJMUECKHX  DIEMEeHTOB B piAlYy
¢ BOAOPOAOM H33.

V rpynnsi:
NHs PHy  HsAs  HsSb
.................................. 0.102 0,144 0,152 0,171
dSH' HM /
ZHOH wooeiieeeeerenensiimesseseees 107,3° 93,3° 92° 91
EBH' LA/ MOTE e 380 323 281 256
Py 3~1029, KA*M oeirereniimaeinnees 0,48 0,19 0.07 0,04
T. ;Ln., CC oirirerninaeeeanees eveernen ~77,8 -133,8 -116 -88
-33 -87,7 -62 -18

—-46,19 +54 +66,4 +145
-16,7 +13,4 +68,9 +147,6
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B 06uiuEbX yenoBusix apeun HyAs, cmubun H3Sb u eucauymun BiHg —
ra3006pasHbIE BENIECTBA € PE3KHM 3alaxoM. ApcuH, cTM6UH U 0coBeHHO
BACMYTHH CHILHO 3HAoTepMU4HH. IIpy HarpeBaHMM OHU JAOBOJILHO JIETKO
paciajaloTes ¢ 06pa3OBaHMeM Ha CTeHKaX COCYAa YepHOrO OCajlka ¢ MeTal-
auueckuM 6GreckoM (npocTeie  Bemectsa As, Sb, Bi). B psaay
- HsAs—HSb—BiH3 ycroitumusocTs mapaer, BCJAEACTBYUE: YEFrO BUCMYTUH HE-
AOCTATOYHO uay4yeH. Bece oHM — cnabHBIE BOCCTAHOBUTENH.

O6pasyioress H3yD neitcrBueM pasGaBleHHBIX KHCJIOT Ha AapCeHUJH,
¢TUOHOLI U BUCMYTHbI:

MgsD, + 6HCl = 3MgCl, + 2H39

a TarKe JeicTBMEM IMHKA HA II0JKHCAEHHBIE PACTBOPh! COSIUHEHNH:
As,03 + 6Zn + 12HCI = 2H3As + 6ZnCl; + 3H,0

Apcun (B MeHble#l cTeleHM CTUOHH U BHCMYTHH) OYEHb TOKCHYEH.
JlockOAbKY LMHK IIOUTH BCErja cOAEpXKUT HeGoMbillle KONMYecTBa MbilIbiA~
Ka, OMAcHO BABIXaTh BOJOPOR, BHUAENSIOMWMIACA NPH HEHCTBUM KMCJIOT Ha
OMHK.

MoOMeHT AunoJs MOJMEKy/] apcuHa M cTUBUMHA 6GAMBOK K HYMIO. OTO
CBUJETEILCTBYET O TOM, 4TO cBsa3b JO—H 6Gau3ka K HemonApHOI, a HecBs-
3BIBAIOIIAA 3JEKTPOHHAA Ilapa NpOCTPaHCTBEHHO IPAKTUYEeCKU HE Halpab-
nena. Hoaromy 8 pany HzN—Hz;P—AsH;—SbH,—Bill; anekrpononosopusie

cBOficTBa MOJeKy/n ochaabeBalor. Tak, ey NPOU3BOAHLIE AMMOHUSA NHj

BIIO/IHE YcTOHYMBLI, TO apconud-non AsHj o6HapykeH UL CIEKTPOCKO-
miueckn (B cMecn AsHz u HI npu muskoi Temnepatype).

Coepunenns mumbiaka (II1), cypemn (I) © acmyra (I). B crenenu
OKIIC/IeH A +3 arombl As, Sb u Bi coxpansioT HecBA3HBAIOMLYIO 371EKTPOH-
RYIO mapy; HX KOOpPAWHAIMOHHHE Yhcaa 3, 4, 5 U 6. DTUM KOOpPAHUHAUMOH-
HbIM YHCJaM OTBEYalOT CTPYKTYpHble €JUHMIbl B BiJe TpPHTOHAILHOM
aupamuasl (tun ABE, cm. puc. 51, 6), uckaxemHOro TeTpasgpa (TUI
ABLE, em. puc. 51, 0), Terparonanbroit nupamunbl (Tun ABsE, cm. puc.
81, u), uckakennoro okrasapa (Tun ABgE) coorBercrBenno.

CrelleHb OKMCAEHHA +3 y MHIULAKA M €ro aHaJOroB IMpOABIAAETCS B
"ranoreuu,uax DHaly, okengax 3,03, cynsduaax I,S3;. BunapHue coepnne-
Hus u rugpokeuan I (III) amdorepnnr. OTBeyalomue KMCJOTHRIM NPUIHA-
‘kaMm coeaunennit O (III) aHMOHHBIE KOMILIEKCH MMEIOT cOCTAB '

3Ha]3 3203 S(OH);; 3253
9Hal; 20; 3(OH); 38,

B paay opHoTMmHBX coenuHennit As (IIDH—Sb (HI)-Bi (III) kucaoTHbE
NpU3HAKY 0c1a6eBaloT ¥ HAPACTAIOT OCHOBHBIE.
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pSIMBIM B3aMMOJieficTBieM TIPOCThIX BellecTs,

ccu abul 903 mosydaioT I
Oxcnx £ a BisO3 — TepMutiecKnM

Sb,0y Takke OKUCIEHHEM CYPbMBI pazbaBreHHoN HNOj3,
pasjloxKeHneM Bi(NOjg)z-

Bi (1) cymecrBeHHO U3MeHsA-
uit AspOs 1 SbpO3 umeloT, KaK
B BpICOKOTEM—

CrpyKTypa OKCUIOB IpH Mepexofe oT As (III)
ercsa. Kpyeraubl HU3KOTeMITEpATy PHBIX MoavdHUKall
u P05, MoJlekynsipHylo peilerky, IOCTPOEHHYIO U3 MOJIeKyJ] 34606-, ororen”
nepaTypHOil MoIUPHKAIHH Sb,05 nupamuabl SbOjy cBsizatbl B ecKoHe4YHbIe CII

€eHHble 1eNnu:

0 0 0
i 0/ ~
' 8 Q_
Sb Sb__ b

MeeT KOOpHHH&HHOHHy}O peme'my ¢ UCKaX.eHHOU

Oxenn Bucmyra (1II) BizOs n crecT-

0-TeTpasApruieckon KOOpAMHAIMel aTOMOB. Pasnuune B CTPYKTYpe, €

OKTasIp
BEHHO, CKA3HIBAETCS Ha CBOMCTBAX OKCHIOB:
ASzo3 Sb203 81203
LIBET vovvvevierercinnreseecnannninnes 6esbIi 6enpiit KENTHIN
T. 1L, “C e 274 656 820
T. BUML, “C corrreereiiniinneeaeenins 460 1456 1010
. i (cybir.)
AH} 298’ KR/ MOTIB oovveeenes —653 —699 -578
AG},zgg’ KK/ MOTIB vonveercens -574 ~619 —498
PacrsopumocTh B Bofle, ]
MOJIB /T weeicurinnnsinsansninsasnnsssss 9:1072 3-107° 2-10°8
Beasitt amsusax As;Os — MNpeMMYyIecTBeHHO kucnoTHelin okeup. Own

pacTeOpsieTcs B BOJE W IIEJIOYAX, HO B ornuyue or P,03 B3aumozerncTByeT

TaKIKe C TaJOPeHOBOJOPOAHBIMI KUCIOTaMU:
" As;O5 + 3H,0 = 2H3ASO;3
A5203 -+ SHCI = 2HASC14 -+ 3H20

Oxcup cypeMbt (IT1I) Sb,Oz B BORE MpaKTUHECKH He pacTBOpAercs, HO
B3AMMOLEACTBYET CO L(ENOUaMH, & TAKKe C COTSHON KUCTIOTOM, )

Bsaumogpeiicteue As;O3 u Sb;O3 ¢ pacTopaMi meIoYeil MpUBOAUT l
06pa30BaHUIo COOTBETCTBEHHO runpokcoapcenaros (I1I) (1udpoxcoapcent
mMmo6) ¥ TMAPOKCOCTHOATOB (1) (wdpoxcoaumumouumoa):

5,05 + 2KOH + 3H,0 = 2K[3(OH)4]
414

Hao6opot, Bi;O; nerko B3aumoneiicTByer ¢ KucjoTamu, o6pasysi pa3sHoo6-
pa3uble conu Bi (III), B Bome He pacrBopsiercs, co meaoyaMy NpaKTHYeCKU
He pearupyer.

AHaNOrMYHO UBMEHSIOTCA CBOWCTBA U B pAAy ruapokciu gos B
orauune ot H3POjs rugpokcunst As(OH); u Sb(OH); amdoreprst: y nep-
BOrO MpeobyafaloT KUCJOTHBIE CBOMCTBA, ¥ BTOpOro — ocHOBHble. IIpu aToM
¥ KMCJOTHasi, u ocHoBHasi woHusauuu O(OH); B pacTope BbIpakeHbI
cnabo.

B cBoboguom cocrosinun As(OH); He BwigesnieH, B BOZHOM pacTBOpe
BefieT cebsa Kak ciabas kucinoTa HiAsQOjg, HazbiBaeMad asluts1K06UCTMOTU.

I'uppokcunwt Sb (III) u Bi (III) B Bose npaKTHYeCKH He PacTBOPSIOTCA.
Ouy nosyyalotes B BUAE GeNbIX OCAAKOB NEpeMEHHOro cocTasa J,03° nH,0
npy feficTBUY mesloueil Ha KaTHoHHble npoussoaunte J (1I1):

Bi(NOs)s + 3KOH = Bi(OH); + 3KNOj

WM KUCJOT Ha aHUMOHHBIe mpoussoadbie O (III):

Na[Sb(OH),] + HCI = NaCl + Sb(OH); + H,0
IIpu cnnapnenun 9,03 nnu I(OH)y co menouamu 06BI9HO 06pasyrOTCA
nosmmepHele  meraapcenaTH (III) (wemaapcenums) u MeracTuGater (I11)

+1
(memaanmumonumsi) coctaba M3O;. OrcosueMyrats (II1) neycroiuusst.

Ocnabnenve KUCAOTHBIX NPUBHAKOB NPOSBIAETcA TaKKe B pPALY
cyabsdumoB I;5; Henruit As,Sz, opammesbiin SbyS; u yepHo-6y-

_pwtit Bi,S3 — TBepabie BemecTBa, HepacTBopumsie B Boje. Cynbduas o6pa-

BYIOTCA HENMOCPEACTBEHHBIM B3aUMOIEHCTBUEM MPOCTHIX BELeCTB WM Ieii-
CTBUEM CEpOBOAOpOAa Ha pacTBOpuMble coepusenua 3 (III) s kucioi
cpefie:

2Na[As(OH),] + 3H,S + 2HCI = 2NaCl + As,S;| + 8H,0
2Bi(NOg)s + 3H,S = Bi,S3 + 6HNO,

Cymbuast As (III) 1 Sb (II) — NpenMymecTBEHHO KHMCJIOTHbIE COSLMHE-
Hus. OHU Jlerko pacTBOPIIOTCA B MPUCYTCTBUM OCHOBHBIX CYJIbPUIOB C
O6pazosannem cynbpunoapcenaros (IlI) u cyaedpugoctubatos (III) Tuna

4 +1
MBS, u M33S;:

2,83 + (NH4)zs = 2NH,3S,
gPaCTBOpﬂlOTCﬂ As,S3 u Sb,S, u B menoyax.

Cynedupn sucmyra (III) BiS; kucloTHEIE cBOHcTBa B pacTBOpax He

MPOABISIET, ¢ OCHOBHBIMU cynb}pumaMu B3aMMOAEHCTBYET NUUIL MPU CIJIAB-
VIeH 1.
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CoefuHenust D,S; XapaKTEPU3YIOTCA CPABHUTENLHO HEOOMBIIMMN 3HA-
yeHusaMu sHeprudl [u66ca o6pazoBaHUsi; IOBOJLHO JIerKO MNepexolsAT B
5,05, OF3 u OCly npu okHUcHeHUM KUCIAOPOAOM, (PTOPOM W XJIOPOM, Ha-
npuMep:

2Sb,Ss + 90, = 2Sb,04 + 650,

B orauune ot As,S; cyabbunst Sb (IH) u Bi (III) pactsopsioresi B
KOHIEHTPUPOBAHHON CONSHON KUCJIOTE! '

Sb,S; + 8HCl == 2HSbCly + 3H,S

Cynbdunoapcenars! (II1)  (muoapcenume) u cyasdumocrubarsr (1)
(muoanmuatonums) B TBEPJOM COCTOSHMM BMOJHE YCTOUTHBEL, HO COOT-

BEeTCTBYIOIIIME UM THOKHUCJIOTH NMPUA NONYUYSHUH pacnagaroTes:

2NH,AsS, + 2HC1 = 2HAsS, + 2NH,CI
2HASSQ = Astg+ HZS i
“9NH,4AsS, + 2HC! = 2NH4C! + As,S; + H,S

Tpuranoredu b 3JIEeMEHTOB MOATPYNNL MBIIIbIAKa DHal
MOAYYalOT B3aMMOJCHCTBMEM MPOCTHIX BEIIECTB IPU HEJOCTATKE Ial10reHa
Monekyael DHaly, kak u PCly, uMelor nupamMuansHoe crpoedue. B coor
BETCTBUU ¢ YBelIHUYEHUEM pa3MEpOB ATOMOB TAJIOTCHOB B PAY MOJIEK)
OF ;—3Cl3—3Br;—2I; MexbsiepHbe pacCTOSIHUS yBEAUYMBAIOTC s, DHOPIU
cBs3eil, BHTANRNUA U sHeprus ['u66ca OOPa30OBaHMUSl YMCHBRINAKOTCA.
60BIIMHCTBA TPUTAJIOTEHU0B 3JEMEeHTOB MOATPYINBl MbIHIBSIKA KPUCTA’
JUYECKHAE pelieTkr MonexyaspHbie. TpudTopun BucMyTa UMeeT KOOPAUHA
HUOHHYIO PELIeTKY U MO3TOMY Haubonee Tyromaasok (730°C).

Mono6uo 9,05 u 3,85, ranorennnsl As (1) — rucioTnbe cOcaHHEHNS
[aJIOreHU bl Sb;(III) u Bi (III) npossasioT csoiicTa coneit. Iipu rugposn
3e AsHaly o6pasyroress kucnorel. OpgHaro B orauuune or PHaly ruaponn -

AsHal; o6paTum:

TupponuTiueckoe pasnoxenue rajoresunos Sb (1) u Bi (111) Tawas
npeobagaeT Haj UX JMEKTPOJIUTHYecKON nucconuauumein. Tuaponus wact
JHEPruYHO [0 OKCOTAJIOTeHU[(OB, HATIpHUMEp:

SbCls 4+ H,0 = SbOCI + 2H(]

Kucnorrnast npupona OHaly nposasisieTcsi Takike Npy B3aUMOJEACTBUY ¢
OCHOBHBIMU rajioreHuzaMu. Ilpu 3ToM 06pa3yroTest COOTBETCTBEHHO Tajore
noapcenats! (I11), ramorenoctu6atel (I11) u ranoremosucMyrate! (1) wuanny

+1 + 1 + 1
Bcero coctaBa Mg[3Halg], Mo[OHals] 1 M[DHaly] (puc. 170).
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Wou [SbHalg]” umeer dopmy Heckonbko uckamenHOro okTasapa, o [SbFs]2
(kax u IFs) — dopMy KealpaTHoit AUpaMUIbL
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Cl"\/\j[ =0 FKT ’F

Taroe me, rar B SbFS pacnonoxenue cesisell uabmonaercs B TEeTPaMepPHOM uoHe

[SbCly)s.

Orkcoramorenunwm Sb (I u Bi (III) coctaa DOHal B oBbriHbX
YCTOBUSIX — TBEpible, HepacTEOPIMEIE B BOMe BeNleCTBA ¢ KOOPIHHALHMOHHO-CION(—
TOV peLIeTKOM, CTPYKTYDPHO ¢OBEpIIEHHO OTJMYHBIE OT AHAJOTUYHEIX cOCIUHEHU
docdopa (III) u Mrmnsxa (111). Pacnonokene aroMor B cioe kpucramma BiOCI
MOKa34aHO Ha puc. 171,

Ocnabnerue HemeTAIMMIECKUX CBOHCTB B psigy As—Sb—Bj NpPOSIBJIsteT—
fﬂ TaKXe B M3MEHeHNU YCTOMYUBOCTH cOJIeli VI COMEIfONO6HBIX (OeqMHeHN I
9 (). Hocnennue mann As (II) HeycToiuBBEl U B CBOBOMLHOM COCTOSHUU
}Te BEIZIETICHEL, A J7IA Sb (Ill) wseectHer cyasdar Sby(SO4);, HUTpar
ShINO Y. 11 wowotophie ApyTHe. B Bofie 9TU cOefUHEHUA DHEPruyHO pasia-
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ratoresi. OTHOCUTEIBHO ycTOMYMBEL KoMmiekcHble crubarsl (I1I) s-amemen-

‘
tos | rpynmel, HampuMep cyabdaTocrubatsr (III) l\lfl[Sb(SO,;)g].

Cosmn Bi (II) Becbma pasHOO6pasHBL M yCTOMIMBHIL.

Coenunenns As (III) posompuo nerko okucisiorea. Tak, As,Sg Okuc—
JAeTeA mepcyibPuaoM aMMOHUS:

AsySs + 2(NH)2S; = AspSs + 2(NHy)eS
a As,O3 — a30THO# KUCAOTOI:
3As,05 + 4HNO;3 + TH,0 = 6H3AsO, + 4NO

V opoussonusix Sb (III) BoccraHOBHTENBHAA AKTHBHOCTB MPOABIAETCA
B MEHBLIEH cTemeHu, OAHaAKO Sb,S; Takie OKucasiercsi mepcyiabduuom
ammouuA. Okrucienue xe coenunennii Bi (I1II) Bosmoxuo nnmp Han6osee
CUJBHBIMM OKUCIUTENSAMH B CHJIBHOMIENIOUHON cpefe, HampuMep:

BiCl; + Cl, + 6KOH = KBiO;3 + 5KCI + 3H,0

Coepunenusa wummeaka (V), cypsmut (V) n sucmyra (V). B pany
As (V)=Sb (V)—Bi (V) ycroituusocTe coefiuHeHuil B nenoM magaer. llpu
5TOM B U3MEHEHWW CBOJICTB NPOABAACTCA BHYTPEHHSS NEpuoiMIHOCTH (CM.
puc. 142). Illpu pacemorpenun HOArpynm 6poMa u ceneHa (cM. puc. 140)
6BL/IO MMOKA3aHO, HYTO BhICHIAA CTEMEHL OKHUCAEHMA B ITUX MOATPynnax
Hanbojlee XapaKTepHa IJis P-3JIeMEHTOB 5-ro mepuona, T. e. aaa 1 u Te.
HauMenee ycroiluupa BBICINAS CTEMEHb OKMCIEHUA IJIs P-OJEMEHTBO 6-TO
nepuoga, . e. gasa At n Po. [logo6Has 3akOHOMEpHOCTB, XOTS U BHIPAKEH—-
Hass MeHee OTUEeTAUBO, MPOABAAETCS U B NOATPylNe MBUULAKA, CTENEHb
OKMCJIECHUA +5 Haubosee xapaKTepHa [Jsi Sb, MeHee xapaKTepHa fas As u
Heycroiuupa y Bi.

Jdns suemyra (V) nonyden numb ¢ropun BiFs, aas muubaka (V) u
cypsMel (V), KpoMe Toro, ussectHbl oxcugbl .05, cynpdunbl 3,55, a ana
cypeMbl (V) — emte u xnopug SbCls.

[lo xumudeckoit npupose GuHapHBle cOeIMHeHMsi Mbuubaka (V) u ero
aHA/M0TOB KuciorHble. IM cOOTBETCTBYIOT aHMOHHBIE KOMIIJIEKCHI, MPOCTEH-

mue us koropeix DHalg, 305, 3(OH)s.

Orenagu 3,05 B 06BIYHBIX yCcHOBUAX — TBeppabie pemectsa. Ilo
cTpyKType u cBoiicTBaM As,Os HamommuHaer P,0j5, 10BonsHO XOpOIo pacT-
BOpSETCS B BOJE:

A5205 + 3HQO = 2Hf;ASO4

SbyOs (xenroro npera) B BOLE pAaCTBOPMM MalO, Jydiie B fIeJOUHBIX
pPacTBOpax:

Sb,05 + 2KOH + 5H,0 = 2K[Sb(OH)g]
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Boapmunerso okcoapcenaros (V) u okcocrubaros (V), obpasyrommxcs
npu craasineuun As;Os n SbyOs co menoyamm ¥ OKCHZaMU METAJJIOB,
MOJIIMEPHBI.

CTpyKTypa 0KcOapceHaToB 0BhIYHO mojobHa cTpykType okcodocdaroB (V), IIas

+1 +3 + 2
okcoctubaroB (V) MSbOjz MSbOy4, M,SbyO7 Haubonee xapaxTepHa OKTamnpu-
Yeckasi cTpyKTypHas exuuuia SbQOg. Halme Bcero mosMMepHbie BUCMYTATLI OTBEYa-

+1
10T cocray MBiOsj.

+ 1
Nz pacTBOpOB OGBIUHO BHIZENAIOTCA TeTpaoKcoapceHarhl Tuma M3zAsO,

+
1 TeKCcarugpOKcOCTUGATHL TUTA l\lfl[Sb(OH)ﬁ]. HNogo6uo docdaram, apcena-
Thl, CTUGATH 1 BUCMyTaThl, KAK [IPABUJIO, TPYAHO PACTBOPUMBL B BOJIE.

Uz cooTBercTByIOmMMX COEAUHEHUIA BOHOPOHA B CBOGOIHOM COCTOAHMU
mosnyded Juinb okcoapceHat (V) sogopona HzAsO, (wsiwsarosas Kucaora)
— TBepAOe pacTrBopuMoe B Bojie BemlecTso. HiAsO, monydator okucaeHUeM
As nnn AsyOy asoTHoil kucioroil. Mulmbsakosasa kucaora (K = 6-1073)
ciabee ocpoproit. [lpu noOnbITKE NOAYyYEHUA CYPHMAHBIX KHCHAOT 00pasy-
eTcs ocaJloKk HeompelieneHHoro coctasa SbyOs-nH,0. He sbimenenst s
cBOGOAHOM COCTOAHUM U BUCMYTOBBIE KHUCJIOTHL. :

Cyabdugs 3,S; BO MHOPOM HalOMUHAIOT OKeuael IJ,0s. HKenrwrii
As,Ss u opamxkesstit SbySs ¢ Bomoil He BzauMoneiicTByOT; 6yHydn KUcJOT-
HEIMU CO€AMHEHUsMU, OHHU PACTBOPSIOTCA B MPUCYTCTBMM OCHOBHBIX CyJib-
buos 1 IpKU HelCTBUMN HIEeN0YeNl:

9285 + 3NaZS = 2Na3354

Cyapdunmbl 3,55 MOKHO TONAYYWUTHE JAU60 B3aUMOAECHCTBUEM IIPOCTHIX
BerecTs, nub0 ocaxpeHuem npu geiicrsun H,S Ha npoussopubie D (V) B
KMcsoil cpene:

9NayAsO, + 5H,S + 6HCI = As,Ss + 6NaCl + 8H,0

Cootsercrsyromue cynsdugoapeenatsl (V) u cyiasodunoctubatsl (V) (muo-
aHMUMLONAMD) BOLOPOLa B CBOGOMHOM COCTOAHUN HEyCTOMYMBHI.

Monekynst meHraranorenupngos OHAl;, wak u PHals,
MMeOT GOpMy TPUTOHAIBHOM 6unupaMunsl (cM. puc. 51, 7).

B o6piunbix ycaosusx AsFs — ras (1. mn. —80°C, 1. kunm. -53°C), a
SbFs (1. ma. 8°C, 1. kun. 142°C) u SbCls (1. mn. 3°C, r. kun. 140°C) —
sunrocru; BiFs — tBepnoe semectso (1. ma. 151°C| 1. kum. 230°C). Pes-
KO MOBHIIIEHME TEMIICPATYD IJIABJEHUA U KUIIEHUs npu nepexone oT AsFs

14+ 419



% SbFs o6ycnosinBaercsa acconuainueit Mosexyn SbFs B nosnMepHbie nenm,
o6pa3oBaHHBle OKTa3ApUYECKUMM  CTPYKTYPHBIMU  GAVHUILAMA SbF¢
(—SbF—F—SbF,—F—). Hentaranorennab — TUNHUYHbIE KHCJIOTHBIE COCAM-
uenus. llpu ssaumogeiictsuu ¢ Bogoi DHaly naroT Kuc/IOTH, ¢ OCHOBHBIMU
raloreHMAMY O6pasyloT rajoreHoapcenars (V) u ranoresocrutarel (V):

KF + DF; = K[DF]

[enradropuner DF; — cwibHBE aKlenTopbl GTOPUA-MOHA; IIPU BIAUMOIEN-
cruM ¢ OFs ocHOBHBle CBOJMCTBA [POSIBJAT JaXe TaKue COeIMHEHUS], KaK HF,
OyFy, NoFy, NoFy, ClFs n ap.:

2HF + SbFs; == FH; + SbF;
CIFs + SbFs = [CIF]*[SbFg]"

Wasectubl Takme npomasomnbie [AsClg]”, [SbBrgl™, [BiOFs]?", [AsFs(OH)]"

+1
[Ipouspoptbie Tuna M[DOF,] o6pasosaHbl NONMUMEPHBIMY aHVMOHAMU B BUfle Lemnu
OKTasAPUYECKUX CTPYKTYPHBIX €MHUIL

N AN A KN
— A5 —0—A s —O—As—0—
NF N 7 N\

Coepunenus Bucmyta (V) — cuipHble oxucautesnun. OHu, HanpuMep,
npusonsaT Mn (II) 8 Mn (VII):

2Mn?* 4+ 5BiO; + 14H* = 5Bi3* + 2MnOy4 + 7H,0

Hpoussopubie cypbMbl (V) OKMC/IHMTE/bHBIE CBOWCTBA TPOABIAKT B
MeHbILIeH crenedu, oaHako Sb,Os MoxkeT OKMCNATE KOHUEHTPUPOBAHHYIO
COJISIHYIO KHMCJIOTY N0 O6paTUMOR peaxkuuu:

Sb,05 + 10HC] == 2SbCl; + 2Cl; + 5H,0

[IpuMeHeHue cOeMHEHNT MEBINIBIKA, CYPbMbl M BUCMYTa BeckMa pPasHO~
obpasno. Tak, npousBogHbie As B celBCKOM XO3sHcTBE CIYXKAT OAHUM U3
OCHOBHBIX CpeJicTB GOpB6Bl ¢ BpPeAUTENAMU Ky/IbTypHbX pacteHmit. Hanpu-
mep, NazAsQy, Cag(AsOy)y, Ca(AsO,); n Apyrue NpuMeHAOTCA Kak WH-
CeKTHIMAb. BaxHoe npuMeHeHue coepuHeHusa Mplubska (As,Oj, KAsOj,
opraHuYecKye NPOU3BONHLIE) HAXOmAT B MeaunuHe. JlekapcTsa Ha ux
OCHOBE PEKOMEHYIOT 1IpM MAJOKPOBUM, UCTOILEHMHU, UCNOJIB3YIOT B CTOMa-
Tosiornyeckoil npaktake. Ilpoussomgusle As, Sb u Bl Hamnu npumenenue
TaKKe B IPOM3BOJICTBE KepaMUKH U B Apyrux obiacrsx.

CoenuHeHUs1 cypbMBI, BUCMYTa ¥ B OCOGEHHOCTH MBIIIBAKA 5 [ O -
B U T BL
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I'JI A B A 6. p-DJIEMEHTHI IV I'PYIIEI HEPUOIUYECKON
CHUCTEMH JI.M.MEH/IEJIEEBA

K p-anemenram IV rpymns ornocstes yraepon C, kpemuuit Si, repma-
unit Ge, onoso Sn u cpunen Pb. B cooTBeTcTBMY ¢ 3/1€KTPOHHBIME KOH(pU-
rypagusMu uxX aTOMOB

C 1522522p2
S1 2522p63523p?
Ge 3s23p63d104524p?
Sn 4524p54 4105425 p?
Pb 4524p64 4104 f45525565 d106 526 p2
YIMJIEpOA U KPeMHUN OTHOCATCA K MURUMECKUM IACUENINAM, A TepMaHMil,

0JIOBO U CBUHE, COCTABJIAIOT NOOLPYNRY LEPMANIUSL.
OcHoBHbIe cBefieHMsA O p-dyieMenTax |V rpylnsl npuBe/eHbl HUkKe:

6C 1451 32Ge 505n 32Pb

AToMmHas Macca . . .. . . 12,011 28,086 72,59 118,69 207,19
Banentubie aieKTpoHEl . 2522p2 3s23p2 4524p2 5825p2 6526 p2
AToMHEI pamuyc, HM ’

MeTasiIu4eckuit . . .. — 0,134 0,139 0,158 0,175

KOBAJIEHTHBIN . . . . . . 0,077 0,117 0,122 0,140 -
YenoBuent panuye, MM

Mowa O%% .. ... ... - - 0,065 0,102 0,126

Mona D4 ... . 0,020 0,039 0,044 0,067 0,076
DHeprusi MOHU3AIUU . '

D >3 eB..... .. 11,26 8,15 7,90 7,34 7,42
Cponcrso k aiekrpo- ,

Hy,®B........... 1,26 1,38 1,11 1,23 0,36
Conepxatvie B 3eMHOIK

kope, % (mon. gomu) .0,15 20,0 2-107¢ 7-107¢ 1,6-104

Kak BusHO W3 NpuBefeHHBIX AaHHBIX, YIJIEPOX CYIIECTBEHHO OT/IM-
HaercA OT [pYrMX p-3/1eMEHTOB TpYNIbl BHICOKMM 3HAYyeHMeM OHEpruu
VOHMBAIMU. YTJIepOA — TUOUYHBIA HeMeTaUldyeckuil sieMenT. B pAry
C—Si—~Ge—Sn—Pb sueprua wouusanuu YMEHBIIAeTCA, a CJ1eJ0BaTeJIbHO,
HeMeTa/JIMeckne NPU3HAKN 3/1eMeHTOB OC1abeBaloT, MeTaIMYecKue ycu-
JuBatoTes. B uameHenuu cBoicTB aToMOB M coenvHeHuit B 3TOM pARYy
IpOABAAETCA BTOPUYHAA NEPUOAUYHOCTE (cM. puc. 16 u 132).
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§ 1. VIJIEPO/I

B 3aBMcMMOCTH OT 4McJla 0—CBsI3edl KOODIMHAIMOHHOE YUCJIO Yriepona
paBHO yeTbipeM (sp3-TMOpuaM3als), TpeMm (sp?-rubpupusanisi) Wix ABYM
(sp-rubpuu3anus paneHTHBIX OpGUTAIe ):

Xapakrep rubpuamMsanumn IIpocTpaHcTBeHHOE IIpuMeph! coeqHenn
opbuTATIEl ATOMA YTNIepOJla  PaclioVIoKeHNe T-CBSI3eH

2p Terpasapuueckoe Anmas, CHy, CHaly
44+
sp? +
+ + + TpeyroibHoe I'padur, CeHs, CO?{
sp? +

K'dp6I/IH, COZ, CSZ

+ + + JluneitHoe
w 4

O <

B 6onplIuMHCTBE HEOPTaHUYECKUX COGJMHEHUI YIVIepoj, UposB/sgerT
cTenenu okuclenuss —4, +4, +2.

B aToMe yriepona s OTImMYue OT BCeX ADPYTHMX JJIEMEHTOB (Kpome BOMO-
POZia) YMCJIO BAJIGHTHBIX 3JIEKTPOHOB DABHO YMC/IY BANEHTHHIX OpOMTATIEN.
70 OnHA U3 OCHOBHHX NpM4YMH 60abmIoi yeroiyuBoctu cpaszu C—C u
UCKITIOUMTEIBHON CKJIOHHOCTH yrjlepofia Kk obpasoBaHuio romoteneit. Ha6-
JIIOJLAeTCA pe3Koe YMeHblIeHue SHePruy CBA3el OT yriiepona K asoTy:

=C—C= =N-N= -0-0— F=F
By, klla/moms . . . .. 374 250 210 159

Y10 OOBSCHSAIOT OTTAIKMBAaHMEM HECBA3BIBAIOUIMX JJEKTPOHHBIX Nap aro-
MOB a30oTa. ['OMOueNHBle MoJekyJbl, conepkanme csase C—C, OwBator
caMblX Pa3HOOOPAa3HBIX TUMOB: JIMHEHHbIE, Pa3BeTBJIEHHBIC, CIUUTHIE, LUK~
Juyeckye. DT MHOTOYHUCJEHHEBIE COCAMHEHUs Yrjlepofa uU3yyaeT OpraHu-
yeckasi XUMHUA.

B npupone yriepon HaxonuTes B BuJe BYX cTaOUJIBHEIX U30TONOB! 12C
(98,892%) u 13C (1,108%). Ero comepikanue B 3eMHOH KOpe COCTaBJIACT
422

0,15% (mon.nosun). Hopn neiicrBueM KocMuueckux Jiyueil B 3eMHON aTMO-
cpepe obpadyeTcA TakKe HEKOTOPOE KOJIMYECTBO [-paJdOaKTUBHOTO H30-
Tona 1C:

14 1. _ 14 1
7N+0n_ 6C+1H

Ilo copmepaxkanuto !4C B pacTUTEJBHBIX OcCTaTKaxX CYAAT 06 UX BO3pacTe.
Ionyyensl Takke paJMOAKTUBHBIC M3OTONH € MAcCOBHIMM Yycsamu OT 10
no 16. B seMHOIT KOpe yriepon HaXOAMUTCA B COCTaBe KApOGOHATHLIX MUHE-
panoe (npexae Bcero CaCOz u MgCOj), ramennoro yria, HedTu, a Takxe
B Buje rpaduTa M pexe adMmaza. Yriepos — IJIaBHAasA cOCTaBHAA 4YacTb
HUBOTHOIO ¥ PACTUTEJILHOTO MU pa.

IIpocteie BemecTBa. B OT/miume OT paccMOTPEHHBIX 3JIEMEHTOB 2-TO
Mepuofia, NpocThe BEMIECTBAa KOTOPHX UMEIOT MoJeKyJspHoe ctpoenue (Fj,
O, N;), npocThie BelllecTBa dJIeMEHTa yIJlepofla KMEIOT IOJIMMEPHOE CTpOe-
uue. Kparable cBasu nByxaToMumx Mosiekyil O, u N, 3aMeTHO mpouHee,
yeM ¢-cBs3u roMonenei (k1K /MOJb):

00 ~(0-0-0—- N=N —N—N—-N-—-
494 210 210 946 250 250

DIeKTPOHHAA KOHGUTYpanus JByXaTOMHOI Mostekyan C,
2( g *¥\2
(05)2(0 )4 (rz,y)*,
CBUJETENLCTBYET O TOM, YTO B HEH aTOMBI cBA3aHbl [ABOMHON cBA3b0. Ho

cBA3b B MoJjlekysne C; OKa3HBaeTcsi MeHee NPOYHON, HYeM [Be O—CBAZU B
romonensx (k/lx/moun):

c=C —-C—C—C-
627 374 374

B cooTrBeTcTBUM ¢ XapaKTEePHBIMU TMOEpUIHBIMM COCTOAHUAMU OPOUTA-
Jieid aTOMBbl yTJlepofa MOTyT OOBeJUHATbCA B MOJMMEepHHE 06pa3oBaHuUA
KOOPJMHANMOHHOK (sp®), csomcroit (sp?) u smHeitHON (sp) CTPYKTYpBHL.
OTOMY COOTBETCTBYIOT TPY TUINA MPOCTHIX BEINECTB: alMa3, rpaduT U Kap-
6un.

A 1M a3 — KpucTajuIM4YecKoe BemecTBO ¢ aTOMHOM KOOPAMHANUOHHOM
Ky6uyeckoit pemerkoit (puc. 172, a).

Kaxpamii aToM B anmase o6pasyeT paBHOICHHBIC OPOYHBIE O—CBA3U C
YeTBIPBMA COCEAHUMY. DTO 00YCJIOBIUBACT UCKIIOYUTEIBHYIO TBEPAOCTH U
OTCYTCTBME 3JIOKTPOHHON NPOBOLMMOCTH B OGHYHBIX yciloBuax (AE =
= 5,6 3B). O kecTkoM cTpyKType anMasa CBULETEJNbCTBYET TAKIKE OYEHb
HeGoJbIoe 3HaYeHue sHTponuyu aaMasa — seero 2,4 [k /(K-Moun).
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a g
P u c. 172. Crpykrypa ajaMasza (a) u rpagura (6)

['pacduT— CIOUCTOS KPUCTAVIMHECKOE BemecTBO ¢ eKcaroHaJbHOM
cTpykTypoit (puc. 172, 6). B cooreTcTBUM C sp?-rubpuausanueii opoura-
feii ATOMB yIrJIepoja OObefUHSAIOTCA B MaKpOMOJIEKYyJIb C,,, npeacTas-

nsomue coboil 6eckoHeYHBIE CJION U3 [ecTUHIeHRbIX Kodel. sp-Tubpun-
HOoe cOCTOSIHMe B 3TOM cjydae CTabMIu3pyeTcs NeJN0KATUS0BAHHOU T-CBsA-
3p10, OGpa3OBAHHOM 3a CYET HETBEpPTOro DJICKTPOHA Kajoro U3 aToMOB
MakpoMosexyst (puc. 173). 7-CBszb B TpauTe NeNOKATU30BaHA B NPENE-
jlax Beeil MaKpOMOJIeKyJH. 3TUM ONpejelsioTes ero pJleKTpUYecKasl Mpo-
BOLMMOCTB, CEpbIil IBET U MeTaUIMYecKuil 6ieck. YTJIEpOAHEBIE Cc/lI0U 06b-
eNMHSAIOTCA B KPUCTAIMUECKYIO pelleTky B OCHOBHOM 3a CYET MEKMOJIeKY—
asipHbIX cun. [IpodHOCTE XMMUMECKUX cBsizell B IJJOCKOCTH MaKPOMOJIEKYy-
ae (716 kJlx/Mosb) 3HAYMTENBHO Go/bllle, YeM Mexay cioamu (Bcero
17 wJlx/Moas). IlosTomy rpaduT NOBOJTBLHO MAFOK, JIErKO pacc/1auBaeTes,
XUMUYECKM HerKOJbKO aKTUBHee ajiMasa. [TnoTHocTs I'pacduta (2,1-25

r/cm%) HuKe, UeM aiMasa

(3,5 r/cm?); 3HAMEHME BHTPO-
(UM, HalmpoTuB, y rpadura
Gonbile W cocraBiser 5,74
Hax/(K-Mone).
Kapbun —
nopomok  (m1. 1,9—2 r/eM3);
ero penieTka IeKCATOHATbHAS,
MOCTpOEHa 13 NpAMOTUHEITHBIX
penodek C_, B KOTOPBIX Kam-

epHH#

P uc. 173. Opuentauusi p-opburasei aro-

MoB yriiepona B cioe Tpagura C. .
yriiep pad 2 ABil aToM Obpasyer 1O /iBe 0-
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u T—cBasu. sp-l'ubpuausanus opbutaneil yrjepoja orBedaer o6beJUHEHUIO
aTOMOB B I1€llM BUa

—C=C—C=C—C= (nomux)
wim

=C=(=C=C=C= (nommkyMyneH)

CymecTBoBanme ABYX JUHEHHHX CTPYKTYP /OKa3aHO Kak (PUBMUECKUMY,
TaKk ¥ XMMUYECKUMHN MOTONAaMH (B YACTHOCTH, IIPYM O30HMPOBAHWU NOJUUH
npeBpamaeTcs B [[ABEJEBYIO, a NOJMKYMYJeH — B YTOJNBHYIO KUCJIOTY).
Kap6un — noaynposoauuk (AFE = 1 3B). [lon Biusanruem cBera ero ajiext-
pudeckasi IPOBOAMMOCTE PE3KO Bodpactaet. Kapbun cunTesmpoBaH B Hada-
ae 60-x ropos. Ilo3guee oH 6B O6HapyXeH B NpUpOE.

B cootBercTBMM ¢ BO3pacTaHMeM IOPSINKa CBSA3W MeXIy aToMaMW YIviepoda B

pALy anMa3s — rpacdUT — KApOUH MeXbslepHoe paccrosiHue d(‘ R

ymenbmaercs: 0,155; 0,142 w 0,128 um (puc. 174). Paccrosinne Mexiy c/osMit B
rpacpute 0,335 uM. Paccrosinve mexny uensmu B kapbune 0,295 oM.

B 3TOM DALY

ITo 3HaYeHUIO CTAHJAPTHOI 3HTPONUM MOLUPUKALUM YIIepoaa pactio-

_JaratoTes B caepyomuil psan: S° (xapbun) > S° (rpadur) > S° (anmas).

U3 conocrabieHust Tem1oT cropanus anMasa (—395.3 kJlk/Moinn),
rpacduta (—393,5 w/lx/mMonb) u xapbuna (—360,0 x/lax/mMoms) ciefyer, 4ro

Hauboee ctabusbHas MoauduKanys d.  HM
ce’
yrjepona — KapOWH, a HauMeHee cTabuab- g5
Hasi — ajiMas. ’
Benepersre odeHb BEICOKOM OHepPIMU akmMBa—- gl
1
IUYM  TpeBpameHust MOMMdUKAUMI  yrJepola

BOBMOXHBI JIMIIL [pY 0cobbix yeyoBusix, Tak,

ajiMa3 MpeBpallaercs B TpadUT NPU HAarpeBaHUU 0,14
no  1000—1500 “C  (6es
[lepexon rpadura B anMas

nocTyla  BO3AyXa).

0,13+
C(prbnT) > Canmas) , AH> 0, AS <0

BeslefcTBye OYeHb HEe3HAYWUTENEHOIO yMEHbIleHUs 0,12+
obbeMa npuutuna  Jle  Ularesnse
Tpebyer oueHkb BrICOKOro nabienust (6-109—

corJlacHo

10-1010 Tla). TloBhiuenne TeMnepaTyprl HeGla- 0 ,l 2| }n

TOTIPUATHO IS CMelleHWsl paBHOBECUA, HO OHO Puc

HeoGxomNO 11 174. Bnusinpe nopsinka

NOCTVKEeHUs]  [pUeMIeMOW CBA3M n Ha MeXbsllepHoe pac-
CKOpocTM Tipollecca. [lpouecc mnpoBopsit npy CTOsIHME B COEMMHEHMSX  yIvle-
~2000 °C. poaa
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OcBoeH MeTo[l TIOJyHeHUs! ajlMaga [pY HUSKOM JABICHMM. HapamuBasue aliMa-
3a OCylleCTBVISIETCS Ha aJlMagHOM 3aTpaBke B aTMocdhepe yTJIEBOJOPOIHOTO Trasa
(MeraH, oTaH) Mpy TeMIepatype NOpALKA 1000 °C. Takoit crioco6 1103BOJISET MOTY=
\ATh AJIMAGHBU [OPOUIOK WJIM KPUCTAJUIBL aliMasa B suge "ycos'". O6pasyrommnecsi

KPUCTAJJIBI OTJINYAIOTCA BBICOKOU UMCTOTOM.

MlonyuaeMblil NpH TePMUYECKOM Pas/lOKECHHN OpraHuyecKux COeNuHe-
HUANM vepubil ipagpum, UK YLoAb, npencTaBnsaeT co60i1 TOHKOH3MeJbYEeHHBIA
rpapur. Texupuecku HanGosee BakHBIMA copraMu 4YepHOro rpadura
SBJISIOTCS XOKC, 0PEGECHBU YLoab, KUBOMHBL YL04% U CAKL. Bce pasHOBUI-
HOCTH yrJiepofa TYTOMN/IaBKA.

MNpu o6uvHOM TeMIepaType 3J1eMeHTHBI yIilepos BecbMa MHEPTEH. Ilpu
BRICOKUX e TeMIlepaTypaxX OH HelOCpelCTBeHHO B3aUMOeCTBYeT ¢ MHOTHU-
My MeTalaMH ¥ HeMeTa/laMd. YT/1epoj HpOsBIAeT BOCCTaHOBUTEJILHBIE
¢BOICTBa, YTO LIHPOKO KCIOJIB3YETCs B METAJJY pritid.

JInsA peakuuu
Crpapur) + O2(r) = COuAr)

UsMeHeHue OHTPONUU He3HAUUTETBHO (AS =~ 0), nooroMy H3MeHEHME SHEepryu
Iu66ca Mo CylecTBy OOy CTIOB/IEHO U3MEHEHNeM SHTAJLIN, T.¢. AH~ AG. Cneno-
BATEJIBHO, TEIVIOTY OTOM PeaKIuu [OUTH TOJHOCTBIO MONCHO MCMOJIB3OBATE  JIT15
coBepllieHMs paboTEL. DTOTO MOKHO JOCTWUIHyTh, eCId CyMETh OCYILEeCTBUTH Peak-
M0 B TOIMBHOM olemenre. [Ipu ucnonnsoBamiu xe PEAKIJM TOPeHMA yIiIsd B
cMcTeMe TOMKA — TApOBOl KoTesl — TypbuHa — B{IeKTpM‘{ec}(Mﬁ reHepatop Koad-—
(bUIMeHT TIOJIEBHOTO JeMCTBUA COCTABISACT UL 20—30%.

OxHeUTENBbHbIE CBOMCTBA Yy YIJIepOJa BblpaXeHbl cna6o. Beaencreue
pas3IMyusl B CTPYKTYpe ajMas, rpauT ¥ KapGUH NO-PasHOMY BELYT cebs B
xUMugeckux peakimusx. s rpapuTa XapakTepHel peakuuu 00pa3oBaHUs
KPUCTAUIMYECKHX COCJIHHEHNH, B KOTOPbIX MaKpOMOJIeKyJ/isipHbie CJI0H C,.,

HUrparnT poJb caMOCTOATENIbHBIX paILHKaJIOB.

Tak, Npy B3aUMOAEACTBMU C bTOpOM NEJIOKAIUBOBAHHAs T-CBIA3h rpacduTa
paspblBaeTcsl M BOBHUKAIOT BYX3J/IEKTPOHHBIE o-cesisu C—F. B upenene obpasyer-
a1 ropua rpadura cocraa CF (puc. 175). [Ipu oromM yrilepos NepexoiutT us sp?-
B SpS-TM6PUAHOE COCTOSHME. [Mockoieky Bo pTopupe Ipadura Bee CBAMU JIOKAIIN~
s0BaHbl, OH AMONeKTpUK. Propun rpapura — GecuBeTHOe, [IPO3PAYHOE, XUMUUECKI!
utepraoe BeulectBo. He pearupyer jpaxe ¢ KOHILHTPUPOBAHHBIMU KM CJIOTAMU 1
wenouaMu. McnosnbayeTcsl Kak cMasoYHBIA MaTepuasl. [Ipu pasipHeNLIeM OKUCIICHUH
¢ropoM IpeBpamaercs B CF4. AnMas orucIsiercsi ¢ TOpOM NpU HATPEBAHUU HENO-
cpenctsento B CFy. Ha pasmuixoM oTHOUICHUM K (TOpy OCHOBAH OIUH U3 CIOCO™
608 oTnesTeHmsi rpaduTa OT ajiMasa, [0JlyHaeMOro CUHTESOM U3 rpacdura.
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. py¥ HarpeBaHMU rpa(i)m‘a B MapaxX WIM B paciljlaBe IEJOYHOTO MeTaslla (CS
nn —_— ’
R n I() 06pa3y}0T(‘j{ COCIMHEHUA BKJIIOYEHU ST zpadmmudu WEAOUYHBLL AMUEM AN~
A08
, B KOTOPBIX POJIE aHUOHA UIpalOT TeKcaroHaJlbHble CETKU CZ FpaQ)MTMan
o

ILETOYHBIX 2 —
Me’(I‘:iJIJI()B MCyq BeCbMa PeaKIMOHHOCIIOCOOHbIE BellleCTBa MeQHO-Kpac-
HOrO pnBeTa. (CaMOBOCIUIAMEHSIIOT
( ¢Sl Ha BO3yXe. a ¢ BONOM Bzau ?
. 3ANMOJIENCTBYIOT €
B3pEIBOM. g e
Co
5 JOeIMHEHUST TUMa BKIIOYeHUsl o6pasyloTcsl Takxke IpU BIaUMONENCTBUU Tpa—
ura ¢ gpyrumu Bemecrsamu (HNOjz, HySO4, Cly, FeCly u ap.).

U3 rpacura M3roTOBASAIOT 3JEKTPOAE!, TUIABUIEHEIE TUINIH, (YTEPOBKY
SNeKTPUYECKUX MNeYeH M NPOMHIUIEHHEIX 3JIEKTPOJUIHEIX Ba;m u ap. B
ANEPHEIX PEAKTOpaX ero MCnoJe3YIOT B KadecTBe 3aMEeJIUTeJs] HeiT OH.OB
I'pacuT npuMeHAIOT Takke KAK cMA3OYHEIA MaTepHal H T.J. b '

UekmounTtencnass TBepiocTh anMasza OGYCJ/IOBIMBAET er0 MHPOKOe
IpUMEeHeHHe IJIs1 06pabOTKM OcO60 TBEepAbIX MaTepHANiOB, NMPU 6YPOBRIX
paborax, Jisi BLITATMBAHUSA NPOBOJIOKM W T.h. Haubosiee coBeplleHHEIE
KPUCTAIEL alMa3a MCHOOJIB3YIOT NOciIe OFpaHKH W HIUMQOBKU AJIs U3rO-
TOBJNICHUA IOBENUPHEIX UBAENUN (6pustuanmst).

Brnaronaps 60JLIIOH aJcOPGLHOHHON CIOCOGHOCTH I PeBEeCHOrO U HKU-
1(33(;1;::1‘0 yriei OHU TPUMEHSIOTCsT [JIs1 OYMCTKHU BellecTB OT NpuMecei
KpaCOKI:IC:;Z;Tie;L; B NPOU3BOACTBE YepPHOW PE3WHEI, OJsI H3rOTOBJIGHUsI

Couera (
HUE AaTOMOB yrjiepOa pa3HbIX TMOPHUAHEIX COCTOSIHHNM B efUHON

© MmoJa 1
UMEPHO! CTPYKTYpe MOPOKAaeT MHOXECTBO aMOp(hHEIX GHOopM yriepona
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TunuyuelM OpuMepoM aMOp(HOTO Yrilepoga ABJseTcs Tak Ha3blBaeMBblil
cmexaoytaepod. B HeM GecnopAfOYHO CBA3AaHB MEKIY cOOON CTPYKTYpPHBblE
dbparMesTh ajiMasa, rpacduTa u KapbuHa.

Ero nosnydaior TepMUYeCKUM DA3JIOKEeHUEM HEKOTOPBIX YIVIEDOIMCTHIX BEliecTs.
Crexnoyriepon — HOBBI KOHCTPYKIMOHHEIM MaTepuall ¢ yHUKaJIbHBIMU CBOMCTBA—
MY, He TpUCYLIMMU oObldHEIM Moludukalivsm yriepofa. Crexsoyronepon Tyromia-
Bok (ocraercsi B TBEpLOM cocrosinMu otk o 3700 °C), mo cpasHenuio ¢ Gonb-
UWIMHCTBOM APYrUMX TYTOIUIABKUX MATepasloB UMeeT HeOONbUIYIO MJOTHOCTH (no 1,5
r/cm®), obnanaer BBHICOKOJ MEXaHMHUECKOH NPOYHOCTHIO, BieKTponpoponeH. Crerio-
yIJIeposl BecbMa YCTOMUMB BO MHOIMX arpecCMBHBIX CpefiaX (pacIUIaBleHHBIX LIe0o—
4aX U COJIAX, KUCIOTAX, OKUCIUTENSIX U Ap.). Vzpesnus U3 cTekoyriiepofla CaMOy
pasiu4HoOM (POPMBI (TPYOKH, UHAMHLAPHL, CTaKaHbl U Ip.) TOIYYaloT NPH TepMUuec—
KOM pag/IloKeHUM YIVIEPOAUCTBIX BellecTB WIM IIPecCOBAHHEM CTeKJIOYyIJIePOla.
VHUKaNLHBIE CBOMCTBA CTEKJIOYIVIEPONAa IIO3BOJIAIT UCHOJIB30BaTh ero B aTOMHOH
SHEpreTyvike, SeKTPOXMMUYECKUX I[IPOMBBONCTBAX, IIPU UBMOTOBJIEHUM AllapaTryphl
A ocobo arpeccBHbIX cpefl. CrexnoBuliHoe YTJIEPONMUCTOE BOJIOKHO, obsajast
HU3KOM TJIOTHOCTBIO, BBEICOKOM MPOYHOCTBIO Ha Pas3phiB U MOBBIUEHHON TEPMOCTON-
KOCTb10, [IPUMEHsSIETCs] B KOCMOHABTUKe, aBUallUM U Ipyrux obsacrsix.

CpaBHUTE/ILHO HEIABHO TNOJYYeHa HOBas MonuduKaliMsi yrjepoja —
Pyaaepen. Mosteryinel dynnepena cocrosir us 60, 70 aTroMoB, 06pa3yroLIUX
cpepy — reomesmueckuit kynoa (puc. 176). Cdepa cuura us H-u u 6-n
yrOJbHYKOB aToMOB yriepona. Dysulepen nosiyyeH npu ucnapeHuu rpadpu-
Ta M KOHJLEHCAMU ero NapoB B aTMocepe resits NP BBICOKOM LaBJEHUU.

Oynnepen xuMuiecku croek. Biarogapsa cdepuyeckoil dopMe MoKy
Ceo0, C79 dyniepen Becbma TBeps. OH MOMET CJYKUTh B KayecTBe TBepHoO
cMas3ku. Crpoenue Monekyn ¢y/l/lepeHa NO3BoJseT BBOAUTb B X BHYTDeH-
HIOIO TIOJIOCThb [APYrde BeIecTBa, cO3aBasd TeM CaMblM IIPUHIUNMATBHO
HOBBIe, B YAcTHOCTH, cBepxTBepjble Marepuasisl. DyJljiepeH MOKHO UCNOB-
30BaTh [J151 YAANEHUS TOKCHYHBIX U PALUOAKTUBHBIX BEINECTB.

Coenunennsi ¢ OTPHIATENBHOMN crenenblo okuciennda. C MeHee 3JI6KTPO-
OTPUIATENBHBIMU, YeM OH CaM, JJIeMeHTaMM yriepopn naer xapbuds. Jlo-
CKOMBKY [JIs1 YTJIepoja XapakTepHo o6pa3oBHIBaTh TOMOIENH, cOCTaB OOJib-
HIMHCTBa KapOuJOB He OTBeYaeT CcTeNeHM Okucjenus yriaepopa —4. Ilo
TUITY XUMUYECKOHN CBA3U MOXKHO BBLIJAECAUTH KOBAJEHTHBIE, MOHHO-KOBAJIEHT-
Hble ¥ MeTajlnyecKye kapOuapl.

Kopanenrusle kapbunwnl kpemuusi SiC u 6opa BysC — nonmmepneie
BemecTea. OHU XapaKTePU3YIOTCS OYeHb BHICOKOM TBEPAOCTBIO, TylOM/aB-
KOCTBK) ¥ XMMUYECKOH MHEPTHOCTBLIO. B KauecTBe MpoCTeiilero KOBaJIeHT-
HOTO Kap6upa MoxHO paccMarpubaTh Meran CHy. Ero monekyna (cM. puc
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50) uMeer TeTpasnapuveckyio popMy (dCH = 0,1093 BM, g = 0), yto orBe-

qaeT 3JIEKTPOHHOH KOH(pUTYparuu

agaiaiag,

Meran — GecuBETHBIN, He MMEIOLMI 3aaxa ras (r.mn. —182.49 °C, T.kum.
—~161,56 °C), xumuyecku BecbMa MHEPTEeH BCJAEACTBME BAJICGHTHOH U
KOOPAMHAIMOHHON HACBIMIEHHOCTH Moslekyabl. Ha wero me geiteryior
KucJoTel 1 miesoyun. OnHAKO OH Jlerko 3aropaeTcsi; ero cMecH ¢ BO3JYXOM
Ype3BLHIYafHO B3pBIBOONACHB. MeTaH — OCHOBHOM KOMIOHGOHT NIPUPOJHOTO
(60—90%) pyamuuHOro # 60JI0THOTO raza. Copepxurest B BUAE KJIaTpaToB
B 3eMHOH kope. B Gonbumiux wkosumyecrsax obpasyercs mpu KOKCOBaHUU
KaMeHHOro  yras. DBorarbie  MerawoM  razmi UCNOJNBIYKTCA  Kak
BBLICOKOKAJIOPUIAHOE TOTJIMBO ¥ CHIPbE [J1si NPOUBBOJACTBA BOAAHOTO rasa.

Yraepon o6pasyer MHOroo6pazubie neprapb6uds. BesencrBue BBICOKOIM
NPOYHOCTH TOMOIENe U3 aTOMOB Yr/epona NepKapO6u bl MHOToO06pa3Hee
NepOKCUNOB U NepHuTpulioB. B kauecTBe npocreitniux npejcrasuTenei
NepKapGUAOB MOXHO (OPMA/IBHO paccMaTpUBaTh HEKOTOPBIE NpOCcTeHIIe

YIIeBOAOPOAB — M303JeKTPOHHBIE aHANOTH NepOKcHUNa U NEePHUTPUIOB
BOMLOpPOAA:
Hepoxcuy Yeprarrpu et Heprapbupas: Xapakrep rubpuny-

3aLMK opOHTaTICH
aroma 3 (O, N, C)

H
6~ H H H
- H——N—!\_JéH i sp®
" = g
[EPOKCUL MU IPABUH araH
Bonopona
H H
/N =N C=C sp?
H T - K
IUMMU OTUJIEeH
H—C=C—-H sp
aleTuJieH

Oman CoHg, smusen CoH, u ayemuaen C,H, B 06LiunbIX yesoBusax —

rasel.  BenlencTBue  BhIcOKO#M  mpoyHOCTM  cBsBH CyHg (EC(‘ =
=‘347 wllx/Mons), C,H, (ECC = 598 wJlk/mons) u C,H, (ECC =
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= 811 k/Ix/Monb) B OTAUYUE OT H,0,, N;H; u B 0cOOGeHHOCTH NoH»
BIIOJIHE YCTOMYMBBL M XUMUYECKN MAJOAKTUBHBL.

Paccrostvisi d.. .. TIpU OJMHADHOM, JBOMHHOM ¥ TPOIHOM CBSI3AX MMy aToMaMu

cC
yriteposna paBHbl 0,154, 0,135 u 0,
rubpuaMBaALMY BaJIeHTHBIX opbuTaseii aToma yriepoja JMHa CBASU CH coctaBnsi-
er: 0,1093 HM (5p3—m6pmnmaauy1ﬂ), 0,1071 uM (sz—m6pm:msauy1ﬂ), 0,1057 HM
(sp—m6pmumaaum{). MeskbsilepHoe paccTosiHMe B MOHE C%' coctrasnser 0,119—

120 HM COOTBeTCTBeHHO. B 3aBucuMOCTYM OT THlld

0,124 HM.

VloHHO-—KOBAJIGHTHBIE KapOuIb — 3TO KpHCcTaJINYecKue conenono6HbIE
pemiecTBa. [lpu AeidcTBUU BOJAB WU pa36aBleHHON KUCJIOTHI OHM  Paspy-
[IaljOTcsi ¢ BHIJIVIEHUEM YIJIeBOAOPONOB. HostoMy Kap6UAbl MOJOGHOrO
THIA MOXHO paccMaTpuBaTh Kak NpOM3BOJHBIC COOTBETCTBYIOUIMX YTJ/IeBO-

JOPOJOB.
B kauecTBe NpOU3BOAHBIX MeTaHa — Aemanudos — MOXKHO pacCMaTpu-

parh kapbuas BeC (t.mn. 2150 °C) m Al,Cs (.. 2800 °C). o Tyro-
[aBKue KpHCTalaMYeckue BemecTsa. COracHO  PEHTTOHOCTPYKTYPHLIM
MCCIeIOBAHMAM B UX KPUCTAJIaX ATOMB YIJIePOAa MEX Ly co6oil He CBs3a~
Hbl, MeTasu/p! pas/iaraloTcs BOJOM, BHATA METAH:

Al,Cs(k) + 12H,0(%) = 4A1(OH)5(x) + 3CH4(r), AG;QB = —1770 x/x
Mz conenonoGHBX NepKap6uj0B OTHOCUTIBLHO JyHlle U3YYeHbl aleTh-
+ 1 + 2 +3
JIMAH THUTIa Mng, MC2 u MQ(C2)3.
Anetuiuabl HauboJiee XapakTepHBl Wi $— U d-onementos [ u 1 rpynmel, a

TaKke 151 aJIOMVHUSL.
AneTwsMIbl 06pa3ylorcsi 1o oOMEeHHBIM DeakuusAM B pacTBOpax

2AgNO3 + HoCy = Ag,Coy + 2HNO;3

WIM HerocpPeJCTBeHHbIM B3aUMOJIeCTBMEM C;Hy ¢ HEKOTOPBIMK MeTajllaMu IpH

HarpeBaHuM:
2Al + 3H2C2 = AIQ(C2)3 + 3Hy
Zn + HoCy = ZnCy + Hy

.

UMeromuit HauboJiblliee 3HAYCHUE AneTUIN], KajlbinA CaC, (0o6B14HO
HasblBaeMbIfl xap6udoat) MOMYYalOT HarpeBaHUEM CaO c yrieM B 3J1€KTPO-
neyax:

CaO + 3C = CaCy + CO, AH,, = 462 klx, AS;,, =228 Jlx/K
430

AII,e’I‘I/IJII/IILbl 6oJ1ee UM MeHee JIETKO pa3jiaraloTcs BOLON
CaC2 + QHQO = Ca(OH)2 + C2H2

¢ o6pa3soBaHMeM aneTH/eHa. JTa peaKnUA UCHOJAb3yeTcid B TeXHUKe [AJA
MOJIyYeHUA areTUAeHa. :

B psagy F—O—N—C noBblmaercsi crnocobHocTb K 00pasoBaHUIO COENVHEHUN C
NeTIOKAJIB0BaHHOl CBSI3bl0, BIIOTH O MeTaJUIHdecKoil. MeramimyecKuMu sIBASIIOT-
ca Kapbuipl donementoB IV—VIII rpynn. Kapbupbl aToro Tuia MNpecTaBisIior
co60i1 coemMiHeHMs] BKJIIOYeHUs]; B HUX ATOMbl yIVlepofa 3aHMMAaloT OKTal[pUyecKHe
NYCTOTH B IJOTHOYNAKOBAHHBIX CTPYKTYPaX aTOMOB MeTalioB. MeTauMdeckue
Kapbujabl BecbMa pasHooOpasHbl. Yamie Bcero BeTpedaloTcsi Kapbujbl cpefiHero
cocraBa MC (TiC, ZrC, HIC, VC, NbC, TaC), M;C (Mo,C, W,C), M3C (MnsC,
FesC, CogC). O Kapbuapl MposiBAsIIOT MeTa/UlMieckie NPUBHAKU: METAJlIM4ecKuil
6JlecK, BBICOKYIO DIEKTPUYECKYIO MPOBOJMMOCTb, YMEHBUIAONYIOCS ¢ HOBBIIIEHUEeM
TeMIlepaTyphl, JleTKOCTh 06pa30BaHWUsi TBEPABIX PpAacTBODOB € MeTajvlaMM M Jp.
CocraB KapOUJIOB d-oJleMeHTOB MaMeHsiercsi B IMUMPOKUX mpefenax. Hanpumep, B
3aBUCUMOCTY OT YCJIOBUI TIOJyUeHUsl KapOUIbI TUTaHa UM BaHaJMsl MMEOT COCTaB
TiCo,16-1,0 1 VCo,s8-1,0- ,

Kapbuapl d-osieMeHTOB 00JiaflaloT BHICOKOM TBEDAOCTBIO, #APOIPOYHOCTHIO,
OObIuHO GoJlee BBICOKOM TeMIepaTypoil MIaBleHusi, YeM MCXOAHble MeTasllbl, Ha-—
pUMeD:

Meramt. . . ... Ti Zr Hf v Nb Ta Mo W Mn Fe
T. w., °C..... 1668 1852 2200 1919 2460 3000 2620 3380 1244 1539
Kapbup . ..... TiC 7ZrC HfC VC NbC TaC Mo,C WoC  MngC FesC
T.w, °C..... 3150 3580 3670 2800 3500 3880 2690 2800 1520 1650

Kapbuper cocvaBa MC (TiC, VC, NbC) u M,;C (Mo;C, W,C) napsaay c
VCKJIOUUTENIBHON  APOCTOMKOCTBIO U TyromiaBkocTelo  (2000—3500 °C)
XapaKTepU3yIoTCs BEICOKOW KOPPO3UOHHOM CTOMKOCTHIO.

Kap6unsl cocraBa M3C (MngC, FegC, CosC) TepMuuecku U XuMMYecKU MeHee
ycroiiuuBel. Tak, OHU paanaratorcsi pasbaBleHHBIMU KUCIOTaMu, BBIAENSIS cMech
YRIEBOJIOPOJIOB.

Kap6uapl nosyvaior NpoKaJMBaHueM NpPY BBICOKUX TeMIlepaTypax' cMecyu TOpOII—
KOB METaJUIOB MJIM MX OKCUJIOB C YTJIEM B 9JIEKTPUUYECKUX ITedax:

V,05 + 7C = 2VC + 5CO

Meranauyeckue kap6uapl BXOAAT B COCTAB YYTYHOB U cTajiell, Npuia-
Bad UM TBEPIOCTb, U3HOCOYCTOMYMBOCTL U JPYTHe [eHHble KadectrBa. Ha
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ocHOBe KApbuI0B Bo/IbdpaMa, TMTAHA U TAHTA/A NpOU3BOAAT CBEPXTBEP~
Jble M TYroIlaBkuMe CILIaBbl, IPUMEHSEMbIC A cxopocmoﬁv 06paboTKN
seTan1os. Takue CIUIaBbl M3TOTOBJIAIOT METO/AMM OpOLIKOBOH MeTalIypP-
ruy (CIpeccOBHIBAHMEM COCTABHLIX yacTeit mpu Harpesamuu). B xauectse
|(eMEH TUPYIOLIErO MaTepuaa Halle Brero HCMOMB3YIOT KOBATBT U HUKEIE.
CniaB, coCcTOAIMA U3 20% HfC u 80% TaC, — cambifi Tyronnaskit us
s3BecTHBIX BemecTs (T.1. 4400°C).

Coepunenna yriepoaa (IV). Crenenb OxHuc/leHHUs Yri1epoaa +4 nposis-
JIAETCA B ero COeJ[MHeHUAX ¢ OoJee 3/IeKTPOOTPHNATENLHBIMHU, YeM OH CaM,

HeMeTaJJIMIecKUMHU 3JleMeHTaMI:

CHal, COHal, CO coS (S, CSHal,
- - coy cos- CsE¥ -

B cOOTBeTCTBUM ¢ THUOPUAHEIM COCTOSHUEM BAJIGHTHLIX Op6uTaIeh
YIJIeposia MOJIeKYJIbl €ro TajloreHuos CHal, uMelOT TeTpadApUIeckylo,
mosexybl okenna COo u cynsdpuna CSy — JNMHEARYIO, & OKCO™ u cynsgu-
noranorerunos COHaly, CSHal, TPeyFOJILHYIO CTPYKTYPY:

Hal Hal 0=C=0 Hal Hal
~ 7 ~ _
C O=C=5 C=0
N _ -
Hal Hal S=C=5 Hal Hal
sp3-rubpumsanns sp-rnbépuansalns sp?-rnbpu3aImns
B 06bLIUHBIX YCJIOBUAX HEKOTOpblE U3 YKa3aHIbIX coefMHeHu —— ra3bl

(CFy4, COy, COS, COCly), npyrue —— KUJKOCTH (CCly, CSy) mau nerko-
|UIaBKHE TBEP/IblE BELIECTBA (CBrg, Cls-uonun). B TBeproM cocTosnUA BCE oHU!

MMEIOT MOJIeKYJIsIpHble pellleTKi.
Mo XuMmueckoil NPUPOAE OTHU COEAMHEHHUs yIJepoia (IV) sBasAwoTcA
KkucjaoTHbiMU. HewoTopble u3 HHUX B3AMMOENACTBYIOT ¢ BOIOM, obpasys

KUCJOTHI:
COQ + Hzo = H2COQ
COCl, + 2H,0 = HyCO4 + 2HCI
M ¢ OCHOBHbLIMH COGILPIHGHHﬂMPI, O6p33y5{ COJIn:

2KOH + CO, = I(QCOg + HQO

HGKOTOpre KOHCTAHTLI TeTpara.J oOoreHuagq0B yriepona npu-

BeJleHbl HUXKe:
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CF4 CCI4 CBI‘4 CL;

T.mn, "C.oo oo -184 =23 94 Imn
(paan.)
T. xun., °C........... ~128 77 187 BOSK.
‘) r
dCHal’ HM oo e e e 0,136 0,176 0,194 0,215
bCHal’ wJlk/Mos . . .. .. 487 340 285 214
A-fo,zggi kIl /Mob . . ... -634 -103 79 -
AH},’ZQB’ wJlok/Montb . . . . . -888 ~61 67 260

B o6biunbix yenosusax CFy — ras, CCly — wupkocts, a CBry u Cly —
tBepabie BemecrBa. Ilepsble nBa ramoreHufa GecnBeTHbL, CBry — 6utepno-
wenroe u Cly — cBerno-kpacHoe BellecTBa. Bee 3tu coepumenus B BOJC
NpaKTHYCCKM HEPACTBOPUMEI, HO PACTBOPAIOTCS B OPraHMYecKUX pacTBopit-
tensix. Terpadropun yriepona Ype3sBel4allHO YCTOHHYMB K HArPEBAHMIO M
XUMHYECKUM pEAreHTaM, TeTpaxJopHp, YIIepoJia HecKOJILKO MeHee ycTo#-
uMB, ONHAKO HE pasjaraercs meaouamMu u Kucjaotramu. Kro ruiaponns
NPOTeKaeT JHUIIb NPU BLICOKON TeMmepaType B NPUCYTCTBUU KaTaXH3aTO-
pos. Namenenue sneprun ['u66ca B peaknuu

CHaly(r) + 2H,0(r) = COy(r) + 4HHal(r)

CBUIETENIbCTBYET O TEPMOAUHAMMYUECKOH BEPOATHOCTH [UAPOJIA3A CF,

(AG;,, = —150 w/lk/momb) u CCly (A Gy, = —250 w/lx/monw). Orcyrer-

BME TUAPOJU3A NpU O6LIYHBIX yCJIOBMAX OOYCIOBIMBAETCH KUUCTHICCKUM
$haKkTOpPOM: KOODAMHAIMOHHO HACBLIIIEHHBLIA AaTOM YIVIepoJa UC CKJIONel
NPHCOSIUHATL MOJICKYJbl BOAB (AKHEITUPOBATH HIIEKTPOHHBIE [apbl OT
monexyn HyO A/1n MHUIMMPOBAaHUA IMPOJIN3a).

Mo Mepe yBenuueHust [AJIMHBL ¥ OcJableHusl TPOYHOCTH CBA3H (—Hal B
pany CF,~CCl,—CBr;—Cl, ycToiiuuBoCcTh COeJMHEHHH CHMKACTCH U BO3-
pacTaeT XUMHUECKas aKTHMBHOCTb.

TerpadTopu YIIepoAa MOKHO NMOJYYUTb HENOCPEJCTBeHHLIM B3AHMO-
JelicTBYEM MNpPOCTHIX BelecTB MU NO 0OMeHHOH peaKuUuy Mexly CCly n
AgF npu 300 °C. Terpaxnopup nomysaior xnopuposanuem (S, B mpucyt-
CTBMM KAaTalM3aTopa:

CSZ + 3(‘,12 = C‘;CL; + 82012

M3 TerparajioreHuoB Haubosbilee npumeHenue noayaun CCly B ka-
YecTBE HErOPIOYEro pACTBOPUTENsi OPraHMYecKMX BemIecTB, a Talkke M-
KOcTH sl orHerymurteseit. (memaHHbI  QTOpUA-XJIOPHA  yIVIEPO/a
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CCLF, — ¢peon (t.kun. — 30 °C) npumensieTcsi B KayecTBe X/aJareHra B
XONOAUABHBIX MAIUHHAX W YCTAHOBKAX.
Monekyia AuoKcu aa yriaepoga CO; umeer auueitnyo GopMy

(d.. = 0,1162 uM, p = 0). C yuyeroM 2s-3JIeKTPOHOB [BYX aTOMOB KHCJIO-

CO
poJa 3TO OTBEYaeT HJIEKTPOHHON KOH(MUTYpaIui

2 2 2 2 _4 04
QSA QSB O 0, Ty Tay

H cTpYKTYpHO#I opMyie

:0=C=0:

Juokeny, yraepoga (. cyén. —78,5 °C, 1. mn. —56,5 *C npu 5-10° Ila)
B TeXHHKEe OOBIYHO MOJy4aloT TepMuueckuMm pasiokenuem CaCOgz, a B
nabopatopuu — geiicreuem Ha CaCOjz consno KHFJIOTOﬁ.

Pacteopumocts CO, B Boge nesesnka (mpu 0 °C cocrabnsier 1,7 a1 CO,
npu 15 “C—1aC0,81ua Boznl). Hexoropast wacte pactBopennoro CO,
B3aUMOZEHcTBYeT ¢ BOZOHM ¢ o6pasopanmeM yrojpuoit kuciotel HyCOj.
JlyoKen, yriepolia JErko MOTJIOMAeTCA pacTBOPAMH IIe/oYeid; NpHU 3TOM
ob6pasyercsi COOTBETCTBYWOIHIA KapOoHaT, a npu H3OBITKE CO; — ruapo-
KapboHaT:

20H" 4+ CO; = CO%" + H,0; OH™ + CO, = HCO;
Juokens, yriepoia HCIOJAb3YIOT B IPOU3BOACTBE cOAbI, JJIA TYyUIeHUs

LI0KAPOB, MPUIOTOBJEHHST MHHEPAIbHON BOABI, KaK HHEPTHYIO cpejy Npu
NpOBEICHUN PAa3IMYHBIX CHHTE30B.

Oducyaes ¢una yraepoma CS, (cepoyriepon) B OSBIYHBEIX YCTOBHAX -

— Aeryyaa GecuBernas skuakocts (1. ma. —111,9 °C, 1. kun. —46,2 °C).
lHonyyaror ero B3amMOIEHCTBMEM NapoB cepbl € PacKajleHHBIM yIJIeM.
Cepoyraepos, — 3HAOTEPMUYECKOE COeHHeHUE (AH‘} = +122 x/lx/Moun),

JIerKO OKHcJisieTcesl, Tpd HeOOJMbIIOM Harpeee BOCILIaMeHsIeTcst Ha BO3IyXe:
CS; + 30, = CO, + 250,

Tak me serko Bocmaamensiercs supotepmudeckuit COS. B some CS; He
pacTBopsiercs, npu Harpesanmu (150 °C) rupponusyerca nHa CO; u H,S.
Cepoyriiepofi, Hcno/b3yeTcsi Kak XOPOUIRA pacTBOPUTENb OpPraHUYecKHUX
semects, docdopa, cepw, moma. OcHopHaa Macca CS, npumensercs B
NPOU3BBOMCTBE BHCKO3HOTO IIEJIKa, a TAKKe B KauecTBe cpeicTsa AJs 60pb-
6bl C BPEAUTENAMH Ccelbckoro Xxosaicrsa. Cepoyritepon (kak u COS)
ALOBHT

N3 okcoauraaorenumgos yraepoaa (IV) ussectust COFs,
COCl, u COBr,.
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T.owr, °C.oo e -114 -118 -
T.run, °C........... ... -83 . +8 +65
dCHaI’ HM o oo oo 0,131 0,175 -
B B 0,117 0,117 -
! COHal 1029, Kmem . ... ... 32 39 -

Hx Mostekysnel umeror ¢opMy mIOCKOTO TpPeyrodbHUKa. I[10CKOJIBKY
CBA3M B HUX HepaBHOe”HB, Moekyast COHal, obananator nossipaoctsio.

Bee okcopuranorenunbl (KapOOHHJATANOTEHHIE) BHAYUTEIBLHO 6Olee
PeaKJMOHHOCNOCOOHB, YeM TeTparalioreHUAE; B YacTHOCTH, OHHU JIErKO
TUZAPOMHBYIOTCS:

COCly(r) + HyO(k) = CO»(r) + 2HCl(p); AG,

= —209x Lk
Hau6osbmee npumenenue naxonur COCl, (Pocien, zropucmuil xapbonuar).
Ero wupoko ucnonbsyor B OpraHMuYecKOM cuHTe3e. IJTO
YalHO ALOBUTH A T a3,

Wz annonHbx kommiexcoe yriepoma (IV) — xapfonamos — mpocTeii-
M aBasoTest COZ-, CS2- u CNZ-:

YpesBEHl -

2- 2-

0. e S S
Xy X 7
CI C. [Ne=C==N}*
I |
v }
0] S
TPUOKCOKAPHOHAT-UOH
(sp?-rubpuausanus
opburaseil yrieposa)

TpUCYNIBDUNOKAPOOHAT-UOH AUHUTPOKAPOOHAT-UOH
(sp?-rubpuusanvis (sp-rubpumusauns
opbutaieii yriepona) opburareii yriepona)

Oxcorap6onatsl mosyyaoT B3aumopeitctsieM CO, ¢ pacTBOpaMy Ies0-
Yeidl MJIM MO OOMEHHBIM peaKkUusM. PacTBOpuMBbl B Boje JlulIb KapGOHATHI
HATpUs U 3J1eMeHTOB NMOArpynnsl kaius. [lpu peitcteuu CO, Ha kapboHa-
Thl B MPUCYTCTBUYU BOAB OOpasyloTcs rUApOKapOGOHaThL:

CaCO3(T) + COZ + HZO — Ca(HCO3)2(p)

Funpoxap6onarsl B 0T/IHuMe OT Kap6OHATOB B GOJIBIIKHCTBE CBOEM pacTBO-
PUMBI B BOpLE.

Tpuokcoxapbotar sogopoaa H,COs HeycTORYHB B CBOGOMHOM cOCTOSI-
HuM. YrojbHas kucaoTa obpasyercsi npu aaumopeiicreuu CO, ¢ Bomoii. B
BOJHOM pacTBope 60Jibillasd yacTh pactBopenHoro CO; HaXomguTest B ruApa-
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tuposannoM coctosinuu COy-aq u Toabko yacte — B Buge H,COsz, HCOZ u

cor-.

VrospHas KUcAOTa — KHUCJIOTA CpEJHEeN CuJibl (Kal = 1,3-1074, Ka2 =

= 5,0-10711).

Cyapdugowapb6bonarn (IV) (tuokapbonate) BO MHOTOM
HATIOMuHAIOT Tpuokcokap6oHath {IV). Vx MOxHO NMONYy4YUTH B3auUMOIEcT-
BUEM CEpOYIVIEPOAA ¢ OCHOBHBIMU CYJIbMUAAMU, HAIPUMED:

KQS + CSZ = KQ[CS‘Z)]

Tpucynsdugokapbonar soaopona H,CSs — Mac/siHucTas MUAKOCTD (T. T
—31°C). O6pasyercss pneficTBUEM HA COOTBETCTBYIOIIME TUOKApGOHATHI
CONSAHON WU CepHON KUCJIOT:

K,CS; + 2HCl = H,CSy + 2KCl

Bopnmit pacrsop H,(CS; — cnabass tuoyronbHas kuciora. Ilocrenenno
pasJsiaraeTcsl BOAOM, 06pasys YIOAbHYIO KUCJAOTY U CePOBOJOPOJ!

H,CS3 + 3H,0 = H,CO3 + 3H,5

W3pecTHBl Takke cMEMIaHHBIE OKCOCYAbPULOKApOOHATB — NPOUBBOI-
HBle [COSZ]Q— u [COZS]Z_.

U3 Bmurtpugowap6OHAaaTOB BaxkHOe 3HAYEHHe UMEeT TaK
HasbiBaeMblli yuaraaud xaavyts CaCN,y. Ero Hosy4yaroT OKMcIeHMEM Kap-
6nna kanpiusa CaC, a30TOM NpU HArpPEBAHUU:

CaCQ + Nz = CaCNg + C

IHuanamun kaapuusi [NPUMEHSIETCsT B KadecTBe yAOOpeHUs, a Takke AJA
[IOJIYUEeHUsT aMMUAKA U PpSALA a30TUCTBIX IPpOM3BOAHBIX YVIJIEepoAa.

Nuaurpunokapbonar sogopona HoCNjy (wuanamud) — GeclBeTHbie KPUCTAUIBI
(r. w1 +47°C), nerko pacrBopuMbie B Bojie, clupre U odupe. Huanamua nposs-
JIfeT CIaGOBBIPAMKEHHBIE KUCIOTHBIE CBOMCTBa. B OpraHUvYecKUX pacTBOpUTENAX
BEPOATHO PABHOBECUe TayTOMEpHbBIX (hopM:

H
H~N=C=N—H — \N—CEN
H/

B Boge HyCNj nocrelleHHO paznaraeTcs Ha YTolbHYH KUCJIOTY M aMMUAK.

HKuakuit  nuamaMup noluMepusyercs, NaBasl KONBIEOODaBSHbIE TPUMEDHBI®
MOJIEKYJTb MeJlaMUHa;
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Hwse npusenenn: cTpykTypHble (GOPMYJBI HUTPUIO- ¥ OKCOHUTPUIOKAPOOMATOR
BOLOPOJA, KOTOpble MOMKHO paCcMaTpuBaTh Kak TpousBoatbie HoCOs, rme OH™ u
0<% sameitens Ha NH - u NHZ -pajuxamer

H-O H,; N H,N H,N:
\C:O \CZO \C=O \C=N H
H~0~" HO~~ H,N" H,N""
YTOJibHAS KapbaMUHOBasl MOYeBMHA ryaHU qUH
KUJI0Ta KMJI0Ta )

M3 yrasaHAbiX COeIMHEHUI HaubOMNblllee 3HAYCHUE MMEET MOYESUNA CO(NHy),
(rapbamud) — Genoe Kpucramdeckoe BemecTso (T. mi. 1327 °C). Ee nonyuator
neicreuem COy Ha BouBl pacteop HsN npu 130 °C u 1-107 TTa:

COy + 2H,N = CO(NH,)y + H,0

Mouepnna NpuMeHsiercsi B KadecTBe yIOOpeHUsI M IUIA NOAKOPMKHU cKoTa. OHa
= MCXOIHBIA MPOAYKT Ul [OMYyYeHUsl [JACTUMECKUX MAce, apMalleBTUIecKnx
OpelapaToB (BepoHaJIa, JIIOMUHAA M Ap.) W 1p.

Ao yrnepopa (IV) usBecTHRI MHOMOYUCHEHHBIE [eTepoemHbie COellMHeHUs],
HallpuMep, Psifia:

NH, i
— 0 N 0
0=C RN N F
N C C
NH /N H, NH
_~ % o= _~ I I
O—L\ N NH O—C\ HN NH
NHy = ” /NH ~ C/
NNH, 0= [
\NH2 0
Kap6aMun Guyper TpUypeT LIMAaHY poBasi
(MoueBuHa) Kucsiora

310 KPUCTAINTU{eCKUe BelllecTBa. B OCHOBHOM OHU UCMONBIYIOTCS] B OpraHUu4YeCcKoM
CHUHTe3e.
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sp-TuGpUAHOMY COCTOSHMIO OpGuTaliedl yrjepoia KpoMe CN% coorser-

cTBytoT Takke anuonsl OCN™ u SCN™:

[N:C:N]z' [O:C:N]' [S:C:N]'
Npoussoguse OCN™ u SCN- Ha3bBalOT COOTBETCTBEHHO YUAHAMAMLU U
muoyuanamany. OKCOHUTPUACKApOOHAT (1V) pogopona HOCN B BORHOM
pactBope (Yuarosas KUCIOTa K, = 1,2.107%) cymectsyeT B BUJe TayTOMep-
HBEIX $OpM:

H—O—C=N = 0=C=N—H

Muorue HUTPUOO- U OKCOHUTPUAOKAPOOHAThl NMOCTENIEHHO PAa3pyLIaioT-
cs1 BOJIOHM, BblIeJIAsl aMMUAK!:

CaCNZ -+ 3H20(nap) = CaCO3 -+ 2H3N

Hocnenusisi peakiius UCHOJNb3YeTCs JJIA NOJNyYeHUs aMMUaKa MO [uaH-
aMUIHOMY cHocoby.

Cynpduponutpugokapbonar (IV) sonopona HSCN (muoyuanam eodo-
poda) H—S—C=N — 6ecuperHass OUeHb HeycTOHUMBas Mac/AAHUCTAs MHKUJ-
koctb (1. 1. 5°C). C Bopo# cMelllnBaeTCd B JIIO6BIX COOTHOLIEHUsX, 0bpa-
sys cunbayto (tuna HCl) TuonuanucToBOLOPOAHYIO KHCJIOTY (Ky = 0,14).
TuonuauuTHl B OCHOBHOM [IPUMEHSIOT NPU KpallleHMH THKaHel; NH,SCN
UCTIONIB3YIOT Kak PeakTus Ha MOHBI Fed’. '

Kap6onar-uonni, ocoberno SCN™ u OCN™, Moryr urpate ponik JMFaHIoB B
KOMIVIEKCHBIX coequuennsx, nanpumep Ks[Fe(SCN)g], Nag[Ni(OCN),]. Honet SCN”
u OCN- — MoHopmeHTaTHBle JIMTAHObl, a WOH CO%' MOJkeT BBICTYNaTh B Ka4ecTBe

KaK MOHOJEHTATHOro, Tak U AMIEHTATHOro JIMraHaa, Hampumep, B [Co(NH3)5CO3]Br

" [CO(NH3)4CO3]BI‘Z

M M
| N~
C I

07”7 X0 0

MOHOAEHTATHRIA UEHTaTHEIN

Coepunenns yraepoaa (IT). llpoussogsuste yraepona (1) — sro CO, CS,
HCN. B Monekyne ok c¢ u g a yriaepoga (1I) CO, kak u B H303/1€KTPOH-
HOH eif MoJiekyJle Ny, MMeeTcsi TPOHHAsA CBA3b.
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CorstacHO TeopuK MOJIEKY/IAPHBIX OpGHTa/lell 3TO OTBedaeT ciepyromieit
3JIEKTPOHHOM KOHUrypanuu HeBo36yxaeHHoi Mojexkyasl CO:

0‘20'

27!’
OZ

4
10

OTy 3JIeKTPOHHYI0 KOHDUrYpar{ioo MOXKHO HHTEpIpeTHpOBAaTh CJelyio-
muM obpaszoM. B Mosekyse TpodHAA CBA3b: 0, — 3JIEKTPOHHAA Hapa obec~
NeYUBAeT O-CBA3b, a OJICKTPOHBI [BaXbl /00[‘
BBIPOXKEHHOIO YPOBHS Ty, COOTBETCTBYIOT
JABYM T-CBA3AM. OJIGKTPOHBI HA HECBA3bI-
BAIOWMX 0~ 1 0 ~ OpOHUTANIAX COOTBETCTBYIOT

S
i

S
L

IBYM IapaM 3JIeKTPOHOB, OfHA U3 KOTOPBIX -
NPeuMymecTBEHHO JIOKAM30BaHa Yy aToMa
KMCJIOPOAa, a ApPYrad — y aToMa yriepoja.
Benencreue tpoitHoit cBsisu Modekyia CO
XapakTepusyercsi O4YeHb 6oJbIIOH 3Hepruen
nucconpamu (1069 w/lk/Monb) u  ManbiM
MexbsjgepubM  pacctoanueM (0,1128 mm). Puc 177, Buusnue remme-
3HayeHye DJIGKTPUUYECKOTO MOMeHTa punoJs PaTYPhl Ha COCTOAHWUE DABHO-
ecud COq(r) + C(x) =
mMontexkysast  CO  HesHauurenbHo (p = _.
= 2C0O(r)
= 0,04-1072% Kin-m).

Mon. donu €O , Yo
S 8§
L) T

400 600 800 1000°C

[lockonbry crpoenne Mosexysnsl CO u N, ananoruuso, cxompel U uX dusuyec—
KMe CBOMCTBa; OveHb HUBKUe TeMIeparypel mwiasnennsa (w1 CO —204 °C) n
wullenust  (—191,5 °C);  crasmapTHbie oHTpONMM  GIMBKU [mia CO 198
T/ (K- moms), Ny 199 Ilx/(K-monb)]; B TBepromM cocrosmum okeun yriepoga (11),
KaKk M a30T, CyNleCTBYeT B Buie ABYX MoauduKanmil (Ky6UUEecKoil 1 reKcaroHalb—
HOIA); TIOXO pacTBOpstioTcst B Bofe U T.4. CXOACTBO NPOSBASIETCH TaKikKe B CTPYKTy-
pe cnexrpos CO u N.

Oxcupn yraepoga (II) obpasyercss npu cropamum yrilepoga uim ero
COeIMHEHU# B HEJOCTATKe KUCJIOPOJA, a TaKkKe B pe3y/bTaTe B3alMOILeMCT-
BuUsi oKeuaa yriepofa (1V) ¢ packatennbiM yriem:

COo(r) + C(r) = 2CO(r), AH = 172 xlx, AS = 176 Ix/K

Ora peakiua o6paTuMa, ee NPOTeKaHHe BIPABO ONpeReNAeT SHTPOIMAHBLA
dakTOp, NpOTeKaHue BJIEBO — IHTATBIHNHBINA ¢akrop. PaBHoBecue aToi
peaknuu Hike 400 °C mOpakTHYecKH CcMemeHO B CTOPOHY OGpa3sOBaHUS
COgy, Brme 1000 °C — B cTopony o6pasopanua CO (puc. 177). Cxopoctp
peakuyy NpU HUBKOM TeMiepaType He3HAYHTENbHA, [OITOMY B OOBLIYHBIX
yeaosuax owxeun ymiepoga (II) we pucnponopumonupyer, t.e. BnOMHEe
YCTOUYUB.

439



B 06LIYHBIX YCAOBUAX OKCUI, YTepoja (I1) XxMMI9ecKy BecbMa WHEPTeH.
Ilpu HarpeBaHuy MPOABIAET BOCCTAHOBUTEILHLIE CBOMCTBA, YTO LIMPOKO
WCmoJIb3yercs B NUMPOMEeTasllypruu. Mpu 700 °C oxcup yriaepona (I1) cro-
paeT cUHUM IIaMeHeM, BbilesiAs GoMbIIoe KOJIMYECTBO TEMJIOTHI

AG,, = —257 Kk, AS,, = —86 /K

CO(r) + 1/204(r) = COx(r),
[pu narpesanuu CO oxucasercs cepoii:

CO(r) + S(r) = COS(r), AGg, =—229 wllx, DSy, = —134 /K

[Ipyu 06aydeHHH WIM B MPUCYTCTBUN KATAIM3ATOPA CQ s3aumojeiictTByer ¢
XJI0poM, 06pasys OKCOXIIOPUL COCl,, u .1,

Anazornyso Monekyile CO MOCTpOeH W303JIEKTPOHHBIA € HUAaHU/~HOH
(CN-. DeKTpOHHYIO KOH(UIYpPalHIo HeBO36yIK/IEHHOrO  COCTOARUA CN™-
HoHA

2_4 2
[ UZW:E,yUC

2
N
MOXKHO MHTEPHpPETUPOBATH TaK e, KaKk U 3JIeKTPOHHYIO KOHUTYPAIUIO
monexyapl CO. Jlpe 3aHATbHe 0-OpOUTANU COOTBETCTBYIOT JIByM TlapaM
SMEKTPOHOB, OJIHA W3 KOTOPBIX NPEMMYLIECTBEHHO JIOKATUBOBAHA ¥ aToMa
a30Ta, Jpyras — OKOJIO aTOMa Yriepoja. BaHATad 0,-OpOUTANDL COOTBETCT-
ByeT 0-CBASM, a YeTbipe BJIEKTPOHA Ha JBAA/IbI BBIPOIKJIEHHOM T~ypPOBHE —
JIBYM T-CBA3AM MENIy ATOMAMH Cu N:

[:C=N]
[To xuMUYecKOil HpUpPO/E IMaHUB MOTYT GbITh OCHOBHBIMU M KUCJIOTHBI-

mu. Tak, mpu rujpoinuse WOHHBIH LUAHU]L NaCN ob6pasyer HIEJIOYHYIO
cpenty, a kopanenTHbI ICN — 1B KUCTOTBL:

NaCN + HOH = NaOH + HCN; ICN + HOH = HIO + HCN

OCHOBHBIV KUCTIOTHBIN

Moslekyna upuaHMga BOALOpPpOA2 HCN wumeer AuHeHHYIO
= 0, M, d = 0,116 aM): :
CTPYKTYPY (dCH 0,106 mM, oN )
: 0,04 +0,17 *0,21
H—C=N
CyluecTByer TaKke ee TayromepHas GopMa (usoyuanud sodopoda)
0,04 +0,75 40,79

H—N=C

[lepBbiit M30Mep ycroiduBee, TaK Kak Yy HEro s dpexTUBHBIE 3apsAJbl Ha
aToMax UMEIOT MeHbllee 3HadeHue, 4eM y BTOpOro.
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Monekynsl HCN o6aapalor BeicOkoi nosspHoctsro (g = 0,9-10729
Kn-M); 3a cuer BOJOPOJIHOI CBA3WM OHU ACCOUMUPYIOTCA B OECIBETHYIO
wuakocrs (r. ma. —13,3 °C, 1. kun. 25,7 “C). Uuasun Bojloposa cMemnBa-
eTCsA ¢ BOJIOM B JIIOGLIX OTHOLIEHUAX. Ero BOjHbI pactBOp — OYeHBb clabas
kucaora (K = 7,9:10710), HaseiBaeMas cUNUAbHOU WK GUAHUCTLOG000DO O
woti. HCN — cunpHe I U HeOpraHuyuuYecKuUn A

Bynydu mpoussopseiMn yriaepopa (I}, mnavuabl npossnsior soccera-
HOBUTEJIbHBIE cBOMcTBa. Tak, MpU HarpeBaHUM UX DPacTBOPOB OHY IOCTE-
MEeHHO OKMCJAKTCA KUCJIOPOJAOM BO3yXa, 06pasysd IUaHATbL:

+ 2 + 4
2CN- 4+ 0, = 20CN-
a [IPpU KUNAYEHUU PAcTBOpPOB UMAHUIOB C CQpOﬁI O6p&3y}()’I‘CH TUOIITMaHATHI
+ 2 +4
CN™ + S = SCN-

Ha nociienHeit peakuuy OCHOBAHO HOJAydYeHHMe TtUouMaHatoB. llManums
HOJIY4alOT BOCCTAHOBJICHUEM yraeponom kap6orartos (IV) upu varpeBanum:

+ 4 0 2
Na,CO3 + C + 2H3N = 2NaCN + 3H,0

+4 0 + 2
CaCN; + C + Na,('Oy = CaCOjy + 2NaCN

3 TAKKE 10 PEaKUUAM, HE CONPOBOKIAAIOUIUMCH OKWC/IEHHEM — BOCCTAHOB-
sNeHueM sieMenTtoB. Tak, B uacTHOCTM, mosnyudator B texuuxe HCN npn
parpesanun cvecu CO u H3N mop masnenuveM B IpHCyTCTBUU RaTalH3aTO~

pa (ThO,):
CO + H,NH = HCN 4 H,0

llMaBu BOAOPOAA IPUMEHAIOT B opranudeckom cuutesze, NaCN u KCN
— npu A0OBIYE 30J0TA, s DONYUeHHs KOMIVIEKCILIX IUAHRLOB M T.J.

[Ipi  HarpeBaHuM UManMmoB ManoakTHbHBIX Metasuios [AgCN, Hg(CN),] no

1 350—450° C! obpasyerca duynan (CN)y:

Hg(CN); = Hg + (CN),

D10 oUeHb peaRIlWNOHHOCTOCO O H Bt ANOBUTBL A ag

(t.nn. —27,8 °C, . k. —21,2 °C). CrolicTba Quimana (d(.(w = 0.137 1w, d(‘N -

= 0,113 HM) oTBe4AlOT CTPYKTYype

:N=C—C=N:
Oueprust ['nbbea obpazoBaHUs IUIMaHa MMeer GOIBIIOE NONOKUTENLHOe 3HAeHUe
o _ .
(AGf = 309,2 &/ls/Moub), MOTOMY HeNOCpeNCTEEHHBIM B3aUMOJENCTBUEM MPOC—
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B OoH He Tosydaercsi. [lo oTOd xe IpUYMHe AMLUAH JIerko OKUCIAETCH

4780 °C).' JTluiMaH MOXHO Ha3BaTh
nofobHo Tajore-

raz HCN

TBIX BellecT:
KMCJIOPOJIOM, fiaBasi OdeHb ropsidee IUIaMs (~

[ICeBOTATIONeHOM, TAK KaK B HEKOTOpbIX peaKiuix ol BefieT cebs

uy. Tak, py B3AMMOAEHCTBUM AMLMAHA € BoflopofioM obpasyercs
(CN), + Hz = 2HCN

06HO TajloreHaM,

xoropblil, kax u HHal, B pacrBope Bener cebsa kax kucsora. o

NMLMaH TTpU AeCTBUM Hlestodelt JUCTIPONOpIMOHUPYeT:
(CN); + 20H™ = CN™ + CNO™ + H;0
JlMumaH MoeT BbICTYNaTh U B KadecTBe BOCCTAHOBUTELS:
(CN); + Cl; = 2CNCl

B umcroM BuUAe AMUMaH YCTONYMB, HO IpHU HarpeBaHUU OJIIMePU3yeTcst

N N N
NN N A

WCNy — | | |C !
C C
X Xy \N/ X"
Xnopus nuaHa CNCl B 0GBIMHBIX YCJIOBUAX — raz (r. w1 —6, 1. KuIL
e — KHCJIOTHOE.

13,8 °C). Oro coenuHeHHe KoBaJleHTHO®, IIO XUMU4decKoil TPUPOL
[Ipy EB3aMMOIENICTBUM €O DleJloUaMi flaeT LyaHaT= 1 XJIOpUA-HOHBL:

CNCl + 20H" = CNO™ + CI" + H,0

§ 2. KPEMHUI

35 er-
(1522522p83523p?) mO yMCITy BATCHTHBIX 37IE€KTPOHOB ABJIA

Kpemauit Si
TOM3, MEHb-

cs1 aHayoroM yriepopa. OnHaKO Y KpeMHUA 66JbIINI pasMep &
Hiad dHeprusi UOHUSAUU.

MosToMy KpeMHuil — 3JeMeHT 3-ro mepuoja — MO CTPYKTY
BAM OJ(HOTUTHBIX COEJUHEHME CYIeCTBEHHO OTJIMYAeTcs OT ¥ .
aleMeHTa 2-ro mepuona. MaKcuMaspHoe KOODMHAINMOHHOE quca10 erh/{—
HUMsA paBHO IIECTH, a HauGosee XapaKkTepHOe — 4YeTbIpeM. Kak u nnﬂ’m’)y—
rUX 9JEMEHTOB 3-TO MepUOAa, P, —P,~ CBASHIBAHUE IJIA KPEMHUA He XapaK-

pe U ¢BOHCT-
raeponsa —

St
TEpHO ¥ MOTOMY B OTJIMYMe OT yrJepoia sp — U sp>-TuBpujIHble COCTOAHU

JIA Hero Heycroiaupbl, KpeMHuMil B COGIUHEHUAX UMEET CTENeHU OKMCIIC-
aua +4 u —4. )

CorlacHO [pyroii TOYKe 3peHus pasjidue CBONCTB KpEMHUA U ¢
ia 06bACHAETCA HAlMYMeM B aTOMe KPeMHUs BakaHTHBIX 3d- opburamnei.
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yriepo-

Jlna kpemuus Hauboislee xapakrepHbl cBasu Si—F u Si—O. Ilosromy, B
YaCTHOCTH, KpeMHUMN Ha 3eMile HAXoNUTCH B BHAE KUCJOPORHBIX cOenUHe-
HUit.

[IpupoaHbliA KpeMHUWI cOCTOMT M3 Tpex CcTabuibHbIX W30TONOB: 2851
(92,27%), 295i (4,68%) u 39Si (3,05%).

o pacnpocrpanensoctu Ha 3emie 20% (MOJL. j10M1eil) KpeMHUil ycryma-
€T TOJILKO KUCaO0poay. 3eMHas KOpa 60Jiee deM HAMOJIOBUHY COCTOUT M3
kpemHesema Si0;, CUIMKATHBIX U ATIOMOCUJIMKATHBIX TOPOJ.

HpocToe sentecrBo. B cooTBercTBUM ¢ XapaKTepHBIM TUIOM TMOPUaU3a-
1M BaJIeHTHBIX OopOurtaseil (spd) y KpemMHUs Haubojlee ycToiiduBa ajlMa30-~
nono6Han (Kybudeckad) mopudukanus. Kak u anvas, oHa tyronnaska (T.
ma. 1415 °°C) u ornmyaercs BHICOKONW TBepnOcThio. BeslepcTBue 4acTudHOM
IeJIOKATTM3aIMU  CBA3U 3Ta MOAMQPUKALUA MMeer TeMHO—ceDbIit LBeT u
Meraluueckuil Bupn. IIpM KOMHATHOH TeMmmeparype KpeMHMI sABisercs
unonynpopoaHukoM (AE = 1,12 3B). I'padurononobuas mopudukanus
KPeMHUsA HeycToiiuBa.

B 0OBIYHBIX YCTIOBUAX KPeMHUI noBOJLHO uHepTeH. C MPOCTHIMM Belle-
crBamu (kpoMe ¢ropa) B3aumopeiicTByer JUIIb HpU HATPEBAHUU, IIPOsSIB-
JAA dame BCero BOCCTaHOBUTENbHbIE cBojictBa. Tak, OH OKUcIAETCHA XJ0-
poM npu 400 °C, rucaopopom npu 600 “C; ¢ asoroM B3aumopehcTByer
aums npu 1000 °C. a ¢ yraepogom — npu 2000 °C, 06pasys cOOTBeTCTBEH-
Ho SizgNy u SiC.

B kucnopopcopepmamux  KucaoTax —  OKUCJUTENAX  KPeMHMIA
naccUBUpyerca U PACTBOPSETCS JUIIb B CMEcU KUCJOT (DTOPOBOAOPONHON
(MNaBUKOBOM) U a30THOM:

0 +5 +4 +2
351 + 4HNO; + 18HTF = 3H,SiF; + 4NO + 8H,0

B sroit peakuuu HNOj urpaer poap okucnurens, a HF — xomniexco-
obpasyroeil cpenrl. B pesynbrate peakuuy KPeMHUH [epexXOnuT B ycToi-
YUBYIO CTE€DEeHb OKMUCJEHUA -+4; BXOAUT B COCTAB YCTOWYUBOrO (PTOPOKOM-

. 2. . : - Yo __ 1 -
mnekca SiF” (nna pacreopennoro SiFZ A Gh= —2133 k/lx/mMoub).

KpeMHUM#1 3Hepru4HO pacTBOpsAeTcA B IUEJIOUAX c BBIgEJIeHMEeM BOO-
" pona:

‘ Q0+l 4 0
‘ S1 4+ H,O + 2KOH = K,Si0; + 2H,

"Ipu 3tom pOJIb OKUC/IUTENA BbINOJHAET BOAA, a KOMINIeKcOo6pasyiouieit
- epensl — OH™-nonsr.

C BOnO# B OBBIUHBIX YCJIOBUAX KpeMHUI He pearupyer.

OxuenurenbHas aKTUBHOCTb KPEMHUA MpPOABAAETCA JIMIIb MO OTHOMIE-
 HUIO K HEKOTOPBIM MeTalljlaM, HalpuMep:
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0 4
9Mg + Si = Mg:Si

KpeMHUl TEXHWYECKON YUCTOTHI (95—98%) mosydaloT B JNEKTpOmEdax
poceragonieaneM SiQ; kokcom. B s1abopaTOpHBIX YC/AOBUAX B KayecTBe
pocceranopuTesn mpumenstor maraui. Ilpu arom oGpasyeTca CHILHO 3a~
IPA3HEHHLI IpUMeCAMU KOPWYHEBH I MMOPOIIOK KPEeMHUA. MNocnepnuit
[lepeKpUCTA/ITINBAIME U3 METAIIMHeCKUX paciIaBob (Zn, UAI W p.) MOX~
HO MEpEeBeCTH B KPUCTATJIMIecKoe COCTOAHUE. Heo6x0oauMBIit 171 Oy PO~
BOJIHUKOBOW TEeXHUKU KpeMHUIt 0co60i YMCTOTH NOJIy4aloT BOCCTaHOBJIE-
auem SiCly BOLOPOIOM IpPYU BBHICOKOM TeMIEpaType:

SiCl, + 2H, = Si + 4HCI

a TaKke TepMUYECKHUM pas3JiomeHneEM ero BOJOPOJHBIX cOEIUHEHUN WJIN
SiI41

JIOMONHUTENBHO OYNLIAI0T KpemMHUI 30HHON nJ1aBKOI. MOHOKpHUCTANIIBI
KPeMHUs ¢ COOTBETCTBYIOUIMMU noGapkaMy  CIyHAaT JUIA WM3rOTOBJICHUA
pas3JMUHbIX MOJyNPOBOJHUKOBBIX yeTpoiicT (BHIPAMUTENEN NepeMeH HOTO
TOKa, (HOTOANEMEHTOB U Tp.). VI3 KpeMHMEBHIX doTodnemenToB (npeotpaso-
BaTeJIM CBEeTOBOM JHEpPruvt B ANEKTPUYECKYIO), B YacTHOCTH MOCTPOCHbI
cojHeunble OGarapen, obecleduBaromuye UTAHUE pajiioalmapaTypbl Ha
KOCMUYECKUX anmnaparaXx. MOHOKpUCTaIBL KpEeMHUA cayxkar MaTpuue
JUTS1 U3FOTOBJICHUA WHTErPajIbHBIX CXEM B MUKPONIEKTPOHUKE.

Kpome mosynpoBOJIHUKOBON TEXHUKH KpEMHUA IAHl/IpOKO NpUMEHSETCs 13
METaJUIypTUu  JJIA PACKUCIICHU crajefl M MpUNAHUS UM NOBLIIIEHHOU
KOPPO3UOHHOM CTOMKOCTHU. JIna »TMX Neledl UCIOMb3YeTCs CIAB KPpEeMHU 5t
C KeJe30M (¢eppocuﬂuuuzi), MOJIy4aeMblil IpY cOBMECTHOM BOCCTaHOIiJ]eHV[V[
KOKCOM JKEJIE3HOW pyJlbl 1 KPDEMHE3EM4. Qeppocununuit 04eHbp ycToMiub K
[EHCTBUIO KUCJIOT M HOTOMY MCHOJIb3yerca Jjid U3TOTOBJIEHUA KHUCJIOTO~
YIOPHBIX U3/1eJIUi.

CoelMHEHMs1 ¢ OTPHIATEIIHHOM CTENeHbIO OKMCTIEHHA KPEMHM. [pu oxuCIIeHNU
MetasioB kpemHueM (700—1200 °C) wiM npW HarpeBaHMM CMECU COOTBETCTBYIOUMXN
OKCMJIOB M KpeMHUS B MHepTHOU aTMocdepe oBpABYIOTCS CUAUYUODL

2Mg + Si = Mg,Si
6MnO + 5Si = 2Mn;sSi + 3510,

Mo cTpyKType M CBOMCTBAM CUMIMIbI OTIMHAI0TCA OT rapOugoB. BospUIMHCTEO
CUJMIMIOB MMeeT CJIOXKHBIA cocraB, He OTBEUAIOLIUI 1[ETIOUNCIIEHHBIM  CTeTTeHsIM
OKMCTIEHU ST OJleMenToB. CMIMUMIbI IMETOUHbIX Y  INETOYHO-3eMeTIbHbIX MeTaJlJIos
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XUMWYECKY AKTMBHDbI, Dolee MM MeHee JIETKO Dasjlaralorcsi Bojodl ¥ ocobeHHO
rucsoraMu. Cunnumab ¢ GOJIbIIMM CONepaaHueM KpeMHUsi BeCbMa KUCIOTOYITOpHb,
He pactBopsioTca B mtesiouax. CaoSi, CaSi m CaSip — nosnympoponHukn. Muorue
CUJIMUMABL s~ U f- B1eMeHTOB 00JIafaloT MeTajuIMUYecKol MpOBOAMMOCTbI0, DONbIINH-

CTBO WX OT/IMYAETCS] BBICOKOM TBEpJOCTbIO, HEKOTOpble JOCTATOYHO TYTONJABKY,
HallpuMep:

TisSig V5Sig MOSiQ WSiQ
T, °C..oo oL 2120 2150 2050 2165

Cynivymabl  TpUMEHSIOT ISt TIOJIYUYEHUA IKApPOCTOMKUX U KUCJIOTOYIOPHBIX
CIVIABOB M B KadecTBe BbICOKOTEMIEpATYpHBIX IMOJYNPOBONHUKOBBIX Matepuanob. Uz
menmmpuia monubpena MoSiy, Buigepxusaiomero Harpes go 1600—1700 °C s
arpeccvBHOl aTMocdepe, U3TOTORIISIOT HarpeBatelu ailektponedelt. Pan cunuummos

F DJieMEeHTOB TpUMeHsIeTcsi B ATOMHOM DHepreTMKe B KadecTBe NOINOTUTENS HedTpo—
HOB U T.J.

Coenunenns xpemaus (IV). Kpemnuit B crenenu oxucyeHus +4 pxonur

B COEJIMHEHMs ¢ TaJIOreHaMM, KUCJIOpOAOM U cepoit, a30TOM, YIJIEPOJIOM,
BOJLOPOJIOM:

SlHaL; SIOQ SISQ SI3N4 SiC SIH4
SiFz- Si0z” SISz SiNI - -

VeroitquBoMy KOOpAMHAIMOHHOMY UYMCIy KpeMHMs 4 OrBedact TeTpa-
37IpUYECKas CTPYKTYpHas enuHMna SiX4. B Helt aTOMBI niIeKTpoOTpHIla-
renabHbix anementoB X(0O, S, N, C, H, Hal) pacmonoxenn B BepmuHax
TETPA3Pa, & ATOM KPEMHUS — B LEHTPE:

X

|./X
AN

X X

N3 Gunapnbix coepunennit xpemuua (IV) MOHOMEDHEIMM ABIAIOTCS
aumes SiHaly w SiH,, ocraubHble coepunenus nmonuMepnsl. Ilosaumepible
coefiHeRMs ¢ koopauranuonsoi pemerkoi (S1C, 510,) xapaxkrepusyiorces
BHICOKOJI TeMIIepaTypol IUIABJIEHUSA U XUMUYECKOH yCTONYMBOCTBHIO. MOHO-
MepHBIE COe/(MHEHUs, HAaoO0pOT, JIETKOMIIAaBKH, XUMUYEcKH akTUBHEL [Ipo-
MEKYTOUHOE MOJIOKEHUE 3aHUMAalOT COEJIUHEHUs ¢ TNEeNHON CcTPyKTypoit
(S1S,).

OTBe‘-IaIOH_II/Ie 6“HaprIM cOeJUHEHNAM AHUOHHBbIE KOMIIJIEKCHI erMHI/lﬂ
(v) (S510%, SiS2-, SiN%Z") B oruuue oT TakoBeIX yriaepoma (IV) rTaxke
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nonumepas. OHM Takxe 06pa3sOBaHB TeTPaspUYECKONl  CTPYKTYPHOH
enuaunen SiXy.

Takum 06pa3oM, yriaepopu U KpGMHl/IVl UMEIOT OJIMHAKOBOE 4YMCJIO Ba-
JICHTHBIX BJICKTPOHOB ¥ 06pasyloT COEJIMHEHUA OJMHAKOBOLO  COCTABA.
OfHAKO MO CTPOEHUIO, & CJIEJIOBATEIbHO, W IO XMMMYECKOA AKTUBHO-
TV OJ(HOTUTHbIE COGJVHEHMs yIJepofia W KPEeMHUA CYLWECTBEHHO OTIH-
YaKTCA.

Mo xumuueckoii mpuposie OUHAPHBLE CO€UHEHMA Si(IV) asnsAwoTCA
kuesorabiMu. Tak, GONBIIMHCTBO M3 HUX B3aUMOJEACTBYET CO 1IETOYaMU
(B pacTBOpaX M OCOGEHHO MPU CTUIABIIOHUM):

Si0, + Ca(OH), 22822822 CaSiO; + H,0
SiH, + 2KOH + H,0 = K,Si0; + 4H,

nuec H‘pyl‘l/IMl/I OCHOBHBLIMY CO€/IUHEHUAMU!
CaS + SiS, = CaSiS,

[Ipu rupposnunze oHY 06Pa3yIOT KUCTOTHL:

SiCl, + 3H,0 = H,Si0; + 4HCI
SiS; + 3H,0 = HleOg + 2st

Tanoren u b kpemausa SiHal, MOXHO NOMYy4UTh HEMOCPEACTBEOH-
HBIM B3aUMOJIECTBUEM TPOCTHIX BemecTB. TerpadTopui KpeMHUs OBBIYHO
[OTYYAIOT JIeACTBUEM KOHIIEHTPUPOBAHHON CEPHOM KUCTOTHl Ha CcMech

Si0, + CaFy:
CaF, + H,SO, = CaSO4 + 2HF
Si0, + 4HF = SiF, + 2H,0
a TeTpaxjiopuj — MNpU HalpPEBaHUM CMeCcH Si0Q, u yrnepoma B armocdepe
XJIOpa&:
Si0,(T) + 2C(t) + 2Cly(r) = SiCly(r) + 2CO(r)

AHy,, = —46 kllk, AS) = 135 /K
3HauuTeNbHBE KOJAudecTBa SiFy mosmyuarorcs kak MOGOYHBIA HPONYKT
cyrnepdochaTHOrO IPOU3BOJCTBA.

B o6urumbix yenoeuax SiFy — ras, SiCly w SiBry — xupkocT, Sily —
TBepyi0€ BemecTBO. Bre OHU GECIBETHEL.

Hipke mpuBesieHbl HOKOTOPHIE CBEJIEHUA O TANOreHu/Iax KpeMHuA:
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SIF4 SICI4 SIBI'4 SII4

T. na., °(°3 ,,,,,,,,,,,,,, -87(Boar.) =70 5,2 120,5
T.wkum, °C.... L -95(Bosr.) 57,5 152,8 2875
AH‘} agg KIK/MOMB . L -1615 ~662 430 ~ -113
AG}yzgg. 1 EYAVEY, | SO -1572 -598 -214 -138

B nporuBononokHocth Terparanorenupam yriepoga (IV) ranoremmpet SiHal,
JIETKO TUPOIIUBYIOTCH:

SiCls(x) + 3H,0(x) = HySiOy(r) + 4HCI(p), AG;,, = —238 xllx

'vaponus npoTeraer Mo ACCOUUATUBHOMY MEXAHHU3MY — 3a Cder [OCJ/IeoBa—
TEeJIbHOTO NpUCOeNUHEHUs MOJIEKYJl Boabl M oTlielieHus MoJiekyn HHal, Bmiorb jo

~obpasosanua Si(OH)s. Tak, rugpomus SiCly MoxHO npepcraButh cilenyroleit

cXeMou:
Cl cl
. __.a -HCl Py
c— L\‘Cl S i——Cl _——8Si. et ig— l
/N | R HO"R~oH
H,0: a a | H o \
0y H OH

Monerynbl H4SiO4 pamee nonmmepusyiores ¢ obpasosarueM HySiOs. Beseper-
Ble T'UPOJIN3a TETPAraloreHUibl KpeMHUs BO BJIANHOM BOBIyXe MbIMAT.

TloBBilIenNe KOOPAMHALMOHHOTO YKCIa KpeMHUSA (IV) ¢ 4 no 5 B npoMexyrtou-
HOM COeJMHEHUHM MOXHO OOBACHUTL BO3BHUKHOBEHMEM TPEXUEHTDPOBOi YeThIpex—
avextpoHHoit csasu. Tax, B SiCly-HyO tpu artoMa xmopa CBA3aHBI ¢ aTOMOM
KDEMHUs TOCPENCTBOM [BYyXUEHTPOBOi CBABM, 4 ONUH aToM XJopd U MOJeKyJa
BOJIbI — IIOCPENCTBOM TPEXUEHTPOBOI CBABU.

Kucnoraas npupona SiF, npossnserca He Tombko mpu ruzjponuse, HO

U mpY B3aUMONEACTBUY ¢ OCHOBHBIMU (PTOpUIAMYU, HAIDUMED:
2KF + SiF, = K,SiFg
Benencreue yerois
] TORYUBO : aT-uona SiF2- i
y cT¥ rexcapropocunukar-uona SiFZ" rupponus SiF,
BLIpaXaeTcs YpaBHECHUAMU:
SIF4 + 3H20 = HzS[Og + 4HF

3SIF4 + 3H20 = HzS[Og “+ 2HQSIF6
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cBOBOMHOM COCTOANMU HE BLIAE-

lekcadTopOcHIUKAT BOAOPOIE H,S1F¢ B i Bl
o (tuma H,504) rexcagimopo-

nen. B pomguom pactsope HoSiFg — cuibrad

KpeaHUeBaL KUCLOMA. ) )
@TOpOCUIMKATE METAJJIOB  MOJYydaioT neiicTeueM (QTOPOBOJIOPO/IHON

KNCJIOThE HA CMEch KPEMHe3eMa M COOTBETCTBYIOWEro $ropuna:

+ 5 + 2 .
MF, + SiO; + 4HF = MSiFs + 2H,0

pACTBODUMO B BOZE. Haunbonpuiee

BoJIbIIMHECTBO  (PTOPOCUINKATOB ue

spauenue nmeer Na,SiFg. IlpumenAoT ero Jijis dpTOpUpOBAHUA BObeI,
WHCOKTUIU/, B NPOU3BOJICTBE KHCJIOTOYIOPHBIX IEMEHTOB, sMalieil W HP.
Terpadpropujg KpeMaus U BeCE bTOpOCHULHUKATH
AJMOBMUTBL _

Tomonenu —Si—Si— o6HapyxuBajoTcs B T ¥ 1 p 1 I 4 X erlimlgm
(cuaanar) POMONOTMYECKOTO pANLA SipHopse. 1lo cocTaBy (SiH4, Sh o
SigHg, SigsHyo mo SigHyg) n dusmyeckuM CBOMCTBAaM CHJIaHBb! (‘XOH‘HbI'(
COOTBETCTBYIOMMMY  Yr/IeBOA0POaMu. B OOBIYHBIX yc/lOBUAX MOHOCHJIAH
SiH, u aucunan SipHg — rasoobpa3nbl, TpUCHIaH SigHg — MUAKOCTL.

BBICHIVE Hpeﬂ‘CTaBl/ITeﬂl/I roMoJIOrnieckoro piaja — TBEpAbIE BeecTBal

SiHy4 Si,Hg  SigHg  SigHio

T.un, "C..ooe e -185 -131 ~117 -84
T gun, "C... .o -112 -15 53 108
57 126 - -

A G},zgg’ kJlk/MOTb . . .. .

. vy Al 1 N
Mockonpry ceasu Si—H u Gi—Si camabee cpazeit C—H n C—C, Kpemuc
BOJLOPOJIbl HECPABHOHHO MeHEe yCTOHMBb '
1eM COOTBETCTBYIOHIME YrJIEBOJIOPOJIBL. BOJBIIMHCTBO M3 HUX Ha BO3ayXt

BOCIIJIAMEHSAETCHA. CFOpalOT CUJaHbl C 6OJBLIMM BBl E€JIEHUEM TENJAOThI
HalpUMED:
31 51 o = 1357 w/lx
SIH4(F) -+ 202([‘) = SIOQ(K) + QHQO(F), AHZQS 13567 k[

Cunanbl — KHACJIOT
Cl

( rajloreHaM¥ CWIIAHBI B3aUMOJIEHCTBYIOT CO B3PBIBOM.
Hple TUJPUIbI, O YeM CBMJIETEJILCTBYET XapakTep UX B3aUMO/JIeCTBU
(cm. Buime). Tlpu oTOM pasfokenne CUIaHOB OPOUCXONHUT “Ah

qresoamMu 1
04y, B HeATpadbHOR M KHUCJION

TUBHO faXe B MPUCYTCTBUU CJI€I0B 1€
¢pene KpeMHEBOJOPO/HL JOBOJILHO YCTOMUBEL.

(! BOJOPONIOM KPEMHUI HENOCPEeACTBEHHO He B3aMOneicTByer.
TBUEM KHMCJOT HA HEKOTOPLY

Cusnani!
[OyHAIOT KOCBEHHBIM IyTeM, HalpuMmep JeHc
CUJIANMBL

Mg,Si + 2H,80, 2———=2= SiH4 + 2MgSO,
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{ ¥ 6Oslee PEAKIMOHHOCITOCOBHD ..

B KuagroM HzN

B nocnennem ciaydae posb kuciaorsl urpaer NHuBr. Pasnoxenue cunvim-
JIOB KMCJIOTAMMW B XKUJIKOM aMMUaKe NPUBOAUT K OOJBIIEMY BBIXOJY MpO-
JYKTOB, 4eM MpY PA3JIOKEHUU B BOJHOM Cpejie.

Anoxrcupn xpemausa SiO, (xpeanesea) MMEST HECKONBKO MOAUPU-
Kalui.

B mpuposie oH BeTpedaeTcs IaBHbIM 0OpazoM B BUIE MMHepala xeapya (Texca—
TOHaJlbHafl CTPYKTYpa), a Takke xpucmobasuma (Ky6uuecKad CTPYKTYpa) v mpu-
Oumuma (rexcaroHajbHad CTpyKTypa). Momudurannu SiO, ommyaloTea Xapakre-
POM B3aMMHOTO PACMOJIONEHUS] KPEMHERUWIOPOAHBIX TerpanipoB SiO4 B mpocTpaH-
CTBe.

KpeMueseM Tyromnasok, O4eHb TBepj, W xuMudecku croek. Ha wnero
JlelficTBYIOT JMIIbL PTop, PTOPOBONOPOAHAs KUcJAOTa M razoobpasumnit HF,
a TaKke pacTBOpbl 1esodeid u ¢ocophas Kucjota. B Bone B 0O6BIYHBIX
yeaouax SiQ, He pacrtBopsiercsi, HO HaduHas co 150 °C ero pacreopu-
MOCTh BO3pactaer, nocruras 0,25% uan 500 °C.

KpeMHeseM Jlerko repexopuT B CTEKJO-
o6pa3Hoe coctosiHMe. B orimume OT Kpuc- 25
TaLIMdeckux Moaudukanuii Si0, B KBapie-

BOM CTEKJIE TeTpajjipudeckue CTPyKTypHble  Z00F

¢

-
-

enuunnbl  S104 pAcHonoOKeHbl HeyNopsapo- . .
yeHHo (cM. puc. 75). Kpapuesoe crekso ot v
XMMUYECKM M TEPMUYeCKHU BecbMa CTOMKO. 10k

Ero npuMeHstoT 1A M3rOTOBJAEHUSA XUMH- sl i8] o
YecKOM amnmaparypbl U B ONTHUYECKHMX [pHU- 500 @ ;;?%
6opax. 3 {‘?8
AMOpodHBI KpeMHe3seM ABAAETCs  TaKkKe TR T

OCHOBOW Psi/la MUHEPAJIOB: XadleloHa, Onala, Ca0 510,
arara u Ap. KBapleBbiii NEcOK B OrpOMHBIX Mac. Jonu $i0,%
KOJINYECTBaX MUCIOJB3YETCA B NPOM3BOJCTBE
cTeKJia, 1eMenTa, dapdopa u np.

P uc. 178 Iuarpamda mias-
rocTH cucreMbl CaO — SiO,

[Ip  cBepXBLICOKOM [ABIEHMY W HATPEBAHUU
(~ 1,2+101° TTa; ~1300 °C) 6b1a nosyiena ocobas Mogudukauus Si0,, HasBaHHAA
cmuwosumoa. Ero nnotiocrs Ha 60% Bbllle MIoTHOCTM KBapha. IT0 0ObSACHAETCH
TEM, 4TO CTUIIOBUT MMeeT CTPYKTYpy TWlla DyTuaa (cM. puc. 69, 6), T.e. B HeM
KOODIVHAIIMOHHOE HMCIO KpeMiust 6. Biarosapsi miloTHOM CTPYKType CTHILLOBUT
ele MeHee aKTUBeH, deM Keapil. OH ycTOUUMB Jaxme K KOHHEHTPUPOBaHHOMY pacT-—
BOpy PTOPOBOAOPOAHON KUCJIOTHL
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CrpyKTypHOIl efMEMIel O K c O c U JTH K aT o B, kak u 510y, ABIA-
ercA Terpas/pudeckas TPyIIUpPOBKa aTOMOB SiQ4. /lBa cocenHux erMHe'—
KUCJIOPOIHBIX TETpas/pa SiQ4 coepMHEHB JIPYT c JIPyrOM TOJIBKO qep’es
ONMH ATOM KUCJIOPOJa. Ecn B kpuctaniax  SiOz (Koopnmjauvym}mdsﬂl
pelleTka) Kax bl Terpa’np SiQ, saer Ha 06pasoBaHME CBAZCH Si—0—51
qeTpipe BeplyHb (cM. TabIL. 13), TO B OKCOCWJIMKATAX MOTYT JIABATEH TPH,

JiBe WY OJ(HY BEPUINHY!

o o} 0
—O—{IS i~0—  —0—Si—O— —o—sl‘ i~O—

| |

o} o} o}

YruM OGBACHAETCA 6GOJBIIOE padHOOOpa3ue BO3MOKHBIX criocob0B codera-
HUU I[pyT € JpYyTOM TeTPasnpos Si04, CTPYKTYp U THIOB OKCOCHJIUKATOB.
Taxk, B cucTeme Ca0—Si0, BOBMONKHB cJle/lyIOlIie COSIMHeHNSL. Ca,Si0y,
Ca;Si,07, CaSiO; (puc. 178).

Terpaspapbl Si04, kak n POq4 (cm. puc. 166), MOryT O?’beﬂl/IHﬂTbcﬂ
nomapro (Si,08), B 3aMKHyTBIE KOIbLA uz rtpex (Si30f7), derhpex

(51,0%;), mectn (SigO127) rerpasupos.

B KauecTBe IIPMMEPOB OKCOCUIMKATOB — NPOMSBOIHBIX YKASAHHEIX CTPYETYP-
HbIX E€IMHMII — MOXHO TpUBECTH CJlelyioLye MUHepaJibl: NPOM3BOJHbIE AHMOHA
Y 5104]; 2 a Si,08~ — mopmeetm-

Si04" — yupron Zr[SiO4] u oausun (Mg, Fe)y[SiO4); annona Si,0f mop

um Scp[Sip0q); annona SigO§” — Genumoum BaTi[SisOq] u cadeum KoZr[SizOq):
annona SigO}2™ — Gepura BegAl[SigO1s)-

MU OTHOCUTENBHO TPOCTHiE CTPYKTYPHbIE eJUHUIBI B CBOIO ouepellb MOTYT
OGBENUHATLCSL B TOJMMEpHble LEMOYKM, JIEHTBL, (ETKU (puc. 179). Ilpocredmas
(opMy/la TAKOIO AHMOHA DACCUATBIBAETCA MO dMCLY ATOMOB, NPUXOAAUIMXCA Ha

.02 SiL087 Si,02
OfIHO TIOBTOpAOIEEcH B NOJUMEpPe 3BEHO: 1037, Si4Of], Si, 08

[lenHOI OKCOCU/IMKATHBIN AHWOH COCTABA SxO%' COfepHMT TAK Ha3blBaeMble

nupoxcenst. IlpyMepaMu NOCHENHUX ABJAIOTCA  IHCTMAMUMN Mg[5103]‘ duoncud

CaMg[SiOs); n cnodyuen LiAl[SiOsls.

i - aK AbL.
JleHrtoyHble AHUMOHBI COCTaBa 8140?1 cojlepkaT TAK HA3bIBAEMblE angpubo

mpeaoaunt

SIBTIACTCST  MUHepall

TunvudbM  TpeacTaButelieM  aMpuOOIOE A
CayMgs[SigOn]2(OH),. Ciromerble ORCOCHNRATHBIE AHMOHBI MMetoT cocTaB SipOZ™

[lemy, JenTbl M cJIOU CBA3AHB MENAY cO60H  PACTOOXKEHHBIMU

MeX )y HUMH KaTUOHaMU. B sapucumocTyn OT THIIA OKCOCUJIUKATHBIX
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Si 6 . !
[ 14 O][] [512 05]2

®/ 072 &3

P u c. 179. TlonmMMepHble OKCOCUIMKATHBIE UOHBI:
[ — atoM Si; 2 — MocTUKOBBIA aToM Q; 3 — KoHLeso atoM O

AHWOHOB CUJIMKATH WMEIOT BOJIOKHMCTYIO (acfecm) WU CIIOMCTYIO CTPYK-
TYPY-

KpoMe cunukaToB B Npupoje MUPOKO PACHPOCTPAHEHH a J1 O M O ¢ U -
NIV KaTH, B O6Pa3sOBaHUM KOTOPHIX Hapsajy ¢ Terpasapamu Si04 NpUHU-
MatoT ygactue Terpasapel AlQ,.

BoABMWHCTBO OKCOCUNIMKATOB HepacTBOpuMo B Boje. Hcewmouenue
COCTABJISIOT CUJIMKATHE S—3JIEMEHTOB [ rpymmbl.

CUNMKATH HATPUA U Kajiua NOJdydatorT HarpesanueM Si0; B pacTBOpE
wiesnoun. Ilpu stom 06pasyercsa cMech OKCOCHIUKATOB, KOTOPOM IPUIMCHI-
.BaeTca o6maa dopmysna NaySiQ; wiu K,Si0;. KoHeHTprpoBaHHBIA pacT-
BOp CWINMKATA HATPUSl MPUMEHSIOT B MPOW3BOJACTBE HErOpIOUMX TKAHEH, Is
NpOIUTKN APEBECUHEBI, B KayecTBe Kies U T.n.

Jns oxcocunukaros, kak v s SiQ,, 0O4eHb XAPAKTEPHO CTEKJI006pa3-
HOe cocTostuue. QBBIYHOE CTEKJIO MOJIYYAIOT CIVIABJIEHUEM CMecH cOnbl {Mau
Na,S0,4), usBecTHsAkA ¥ KBapuesoro mecka. Ilpu 3TOM 06pasyercsi cTEKJIO
npubausuTenbaoro cocraba NayO-CaO-6510;, cocrosimiee us OGOMBIINX
MOJIMMEPHBIX aHMOHOB; OHO HEPACTBOPHMMO, XUMHYECKM HeaKTMBHO. OObik-
HOBEHHOE CTEKJIO B TOM WJIM WHOM CTeNeHu OKpallleHO B 3eJIeHbl iBer
COJIEPIKAIIMMUCHA B HEM CUJIMKATAMY JHENe3a.

JAna npupaHus CTEKNTY TeX WAM WHBIX (PUIMKO-XUMMYECKUX CBOMCTB
(npospaynHOCTH, XMMUYECKOIA, TEPMUYECKON M MeXaHW4YECKOM MPOYHOCTU U
Ip.) BBOAATCS COOTBETCTBYIOUIME fNOGABKU, U3MEHAIOIIUE cOCTaB U CTPYK-
Typy crexoJl. Tak, y cTekJa, comepsallero BMecTO HATPUS Kaiuil (xaaue-
A0f cMeKA0), TEMIEPATYPA PAa3MATdeHUA BHIE, YeM y OBLIYHOTO Hampue-
Ise 451



soro cmexad. [103TOMY OHO MCHOJB3yeTCA JJA UBTOTOBIECHUA CHEIUabHbIX
Na60paTOPHHX NPUGOPOB. 3aMeHa KaJblUA Ha CBUHEN, a HATpuA HA KaJaui
IpU/aeT CTEKJIy TMOBBIINEHHbA MOKa3aTelb npesoMiIeRusA, GOMBIIYIO MJI0T-
Hocth, M3 ceunyoeoto cmexad (zpycmans) USTOTOBIAIT BA3HL, dyxepbl U
np. JloGapneane k CTeRJIY CcOe/IMHEHMIT KOBGanbTa MPUJAET UM CUHIOW
okpacky, Cr,O3 — n3yMpyaHO-3€/ICHYIO, coe[MHEHUIl Mapradna — ¢uone-
toBYIO0 OKpacky u T.j1. CyllecTBEeHHO U3MEHSAIOTCA CBOMCTBA CTEKOJ, COIEp~
acamux BoOs.

CTer/10 XUMUIecKn OYeHb CTOMKO, HO XPYMKO, ITO0 IIpenATCTBYeT MHUpO-
KOMY MPUMEHEHUIO ero JJIA U3rOTOBJICHUA Tpy6 ¥ anmaparypbl XumMpdec-
KMX MpOM3BOACTB. [IpOIHOCTL CTEKOJ MOBBLHUAIOT, npujaBasd UM MEJIKO-
KPUCTANIIMYECKY IO CTPYKTYPY. B pesysnbTate ypabilieMOH KpUCTa/IN3a~
MU paciUIaBlIeHHBIX CTEKOJ ynaeTcsd MOMyquTh O0YeHb MEJIKOKpUCTALIU-
qeckue OHOPOJHbIE MAaTepuajibl — CUTAJJIBE (CTeKJIOKpMCTa.nnu), npod-
HOCTb KOTOPHX uHOrjpa 6osee deMm B 5 pa3 TpeBbillaeT MpPOYHOCTb MCXOM™
HBIX CTeKOJ W HpubkaeTcs K NPOYHOCTH HyryHa. CTeKI0BOJOKHO HC—
MOMB3YIOT /1A UBrOTOBIEHUA CBETOBOJOB.

[Mockoabky SiQ, ¢ BOAO HpaKTUYECKH HE B3aNMOJ(€HCTBYET, KPeMHNE-
BbIe KUCJIOTHI MOLYT OBITh MOJIy4eHB TOJbKO KOCBEHHLIM nyTeM: JleflcTBUEM
KUCJIOT Ha PACTBOPbI OKCOCUIIMKATOB WM THJPOTU3OM HEKOTOPHX CcOenu-
neauit Si (1V) (ranoresunos, cynsbuna, 3pupos OPTOKPEMHUEBOR KN CJI0-
THI ¥ JIP.).

[lpu rugposuae, HanmpUMep, SiS, BHAYATe MOJNYYAeTCs OPTOKPEMHUEBAT KMETIOTA

H4S.104 (Ka] = 2'10-10, KaQ = 2’10-12):
SiS, + 4H,0 = H,Si04 + 2H3S

Oua pacTBOpUMa B Bojie, HO NP CTOAHUM fonee WM MeHee OBICTPO NMOTUMepU3YeT—
et
OH OH OH OH

nHO—S i—OH — HO—S i—|—0—Si— -—O-—? i—OH + (n- 1)H0
| l I

OH OH OH |,., OH

MopobubIM ke 00pazoM MOTYT BsaUMoneiicTBoBarb CpeiMHHbIe TPYNIIbI OH,
obpasysl pasBeTBJEHHblE 1 TPeXMepHble MaKPOMOJIEKY JIBL

Tlepexos OPTOKPEMHUEBOH# KUCIOTBI B TMOJMKUCIIOTHE COTPOBOXK JaeTcs TIPeBpa~
[IieHMeM MOJIEKYJIIPHOTO PacTBOpA H,SiO4 B KoTOMAHBIE PACTBOPBI — 304U 3oJb
b CBolo odepenb JIMOO BacCTYyNHeBaeT UEJIUKOM, T.e. IpeBpalaeTcs B 1ead, ambo
Bbinajgaer B BHUje OOBEMUCTOTO OCAJKA, BKIIOYAOMEro GoJIbILIOE KOJMYecTBO BOIBI.
CocraB noydaeMbIX KDeMHUEBBIX KHUCJIOT CHJIBHO 3aBUCHT OT MCXOJHBIX BeiecTB U
YCIOBMI [pOBEIEHMs PEAKLM.
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Harpesas Ocalku TMOJUKPEMHUEBBIX KUCJIOT, MOCTEMEHHO UX 06€3BOM M-
Bad, MOMKHO MOJYUUTH TOHKOAMcmepcHbiil Si0O; — cuauxareas, KOTOPBIA
OPUMEHAETCA B KadecTBe ajcOpOEHTA.

Nucynbd U a kpeMaus SiS; Tmosydaior cI/aBleHHeM aMopdHOro KPeMHMs
¢ cepoil B OTCYTCTBUM Bosyxa Wi mo peaxumu (npu 1300 °C)

2H,S + Si = SiS; + 2H,

BO30rHAHHBII B BakyyMe AVMCYnbdMI KDeMHUs BbifesiAeTcA B BUae Geslpix MIeJKo-
Brcrbix ura (1. wi 1090°C, 1. kum. 1130 °C). Kak mokasbiBaeT peHTIEHOCTPYKTYP~
HbIfl aHAJIN3, UIVIBI OTU C/IATAloTCA U3 MOJMMEDHBIX Lenef, B KOTODBIX TETPasipbl
SiS4 obbenuHenbl peGpaMul.

SiS, sHauutenbro aktupHee SiOz. B uactrocrw, SiS; pasnaraercst Bomo#t, ¢
OCHOBHBIMU CYJIbdUIaMU TIPY CIIaBIeRHH obpasyer cyabPudocusuramst (Mmuocult-
KAmal).

K ap 6 u 1 xpemuaus SiC (xapbopynd), nonobHO yrilepofy U KPEMHMUIO,
cyumiecTByeT B BUE KyOMdeckoil (aiMa3omofo6HOM) U rexcaroHalibHOW
monudukauuit. B ductom Buse anmasonogobumit SiC — fu3IeKTPUK, HO ¢
NpUMecAMY CTaHOBUTCA mouyrnpoBoxunkoM (AE = 1,5-3,5 aB) ¢ n- nmu p-
nposoaumMocteio. O tyromiasox (r. mia. 2830 °C), no TBepiocTU BIMB0K K
aiMady, XUMMYecKky BecbMa CTOek. Paspylliaercs JIMINb Py HarpeBaHUY B
cvecu HF + HNQOj; u npy crijaBleHuM €O 1Me/109aMy B IIPUCYTCTBUM OKUC-
JAuTeNs, HAllpUMep:

-4 +4q

Kapbuj KpeMHUs [ONyd4aloT B AYrosuix osiekrponedax (mpu 2000—
2200 °C) u3 cmecu KBapueBoOro mecka u koxca, S1C MUPOKO pUMeHsAeTCs
Kak a6pa3suBHBIN ¥ OTHEYMOPHBIH MaTepuall, ero KpucTabl UCHOIb3YITCHA
B Pa/IMOTEXHUKE,

Bosblioft XUMUYECKOi CTOMKOCTbIO M 2KaponpoYHOCThIo ob/lajaer Takme H U T -
pU I KpeMHUA SisN4. DTo TBepHBI TYTOIIaBKUA Oesiblit MOpOMOK (T. BOJT.
~ 1900 °C). OH oueHb YCTOMYMB K XHMUYECKUM BO3IEACTBUAM HF, pacrBopos
weno4yer, MerasljIoB.

SigNy NPOSIBJISIOT  TOJIYIIPOBOJHUKOBbIE  CBOMCTBA
(AE = 3,9 oB). Hurpuy xpeMHUA UCIONBb3YIOT B KauyecTBe XMMUYECKU CTOMKOTO U
OTHEYTIODHOrO MaTepUalia, B CO3NAHUM KOPPOBMOHHO-CTOMKHX U TYTOIUIABKUX CILIa—
BOB, B KayecTBe BbICOKOTEMIIEPATYPHOIO MOJYNPOBOIHUKA.,
Hurpupgocunsugar

Kpucranibr HeciBeTHBI,

Bogopona HoSiNy B ormmune or HyCNy (uuan~
anudd) — monMepHoe coenuHente. Ero momydator ammoromsom SiCly:
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SiCly + 6HsN = H,SiN, + 4NH,Cl

B CTPYKTYPHOM OTHOIIEHMM 9TO COefMHeHHE MOXKHO paccMaTpuBaTh Kak SiOs, B

KoTopoM posib uoHoB O2” urpaer rpymna NH?. -
Oxcorarotenudw. (SiOHaly), wumpudorarotenudse (SiNHal) kpemuus ramxe

MoK MEPHBL.

KpoMme Heopranmdeckux coeuHeHUM KpeMHMs OoJpiioe 3HadYeHue
UMEIOT KpeMHMIOpraHudeckue CcOeINHeHNs, MpocTeUINMHA W3 KOTOPBIX
ABJISIOTCA

HiO~_ ~~. _-CHs

CH, CH; CHs s 51
. . H,C™ | | CH,
ch— Sl ‘_CH3 CH3— Si ~0— Si ‘_CH3 0O 0O
| | \S'/
CHB CH3 CH3 1
H,C~~ NCH,

B 3aBucHMOCTH OT XapaKTepa 11eny ¥ NPHPOAbl 06paMisOlINX paluKa-
JIOB cpeyi KpEeMHMIOpraHMYeCKNX COeJMHEHWI BCTpedYaloTCs CMOJIbI, Kay-
4yKH, Maclla ¥ JIp. O6mee cBOMCTBO MOJMMEPHLIX KPeMHWAOPraHu4YecKuxX
COeMHEHUI — OTHOCUTENLHO BhicOKas TerlocToiikocts (no 600 °C).

KpeMuuiiopranuyeckie cOefiIMHERNA — NpeIcTaBUTeNn Gojlee MIKHPOKOTO
KJacca TAK HA3HIBAEMBIX ddesenmopranuvecxuz coedunenui. Ilonmmmepnsie
3/IeMEHTOpraHyMdYeckne cOeUHEHUsT COYEeTAlOT TEePMHYecKyl0 CTOMKOCTD,
OpMcyIly}0 HeOpraHWdYecKNM MAaTepyaliaM, ¢ psAIJOM CBOMCTB HOJMMEPHBIX
OpraHNYecKUX BeIeCTB.

Paspa6oransl METONbI CHHTE3a NOJMMEPHHIX (pocdop-, MbIIIbAK-, CypPb-
Ma-, TMTaH-, OJOBO-, CBUHEIOpTraHMYecKux, Gop-, aJIOMMHMI- M JpyTHX
3JleMEHTOpraHnyeckux coelduHenuit. BolbmmHcTBO 3THX coeIUHeHUN B
[IpUpOJie He BcTpedaeTcA. YCWIEHHO Mccl/lefyloTes TOIJIOCTOMKNE MoJIuMe-
Pbl, B OCHOBE KOTODBIX JIEKAT IIENN:

Si—0-5i 5i—0-P P—N-P
Si—O0—5n Al-0O-Al B—N-B
5i—O-Ti Ti—O-Ti Si—-N—P
Si—O—B P—O-P Al-P—Al
Si—O—Bi Al-O-P Sn—5~5n
S1i—0—Al Si—N—-51 B—-P-B
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§ 3. IOATIPYIIIIA TEPMAHUA

lepmanuit Ge, omoso Sn u cBuneny, Pb — nosnbie 3/1eKTpOHHBIE aHATO-
ru. Kak ¥ y TUnNMYecKHX 3JIEMEHTOB IpPyIIfibl, BAJIGHTHLIMM y HUX SBIAIOT-
ca s?p?onexrpourt. B pagy Ge—Sn—Pb ywmenslnaerca posib BHeHIHeR s~
3JIEKTPOHHO TAapbl B OOPA30BAHMM XMMHYECKUX CBs3deil (yHacTBYIOT yiKe
He 4eThipe, a TOJBKO [Ba ayekTpona). Tak, ecau ana repManus (moao6HO
yriiepolly W KpeMHHIO) Haubojlee XapaKTepHa CTeNeHb OKMCIeHUA +4, To
JUIA CBUHIA +2; B COeJIMHEHMAX OJIOBA DPAa3JIM4Me B CTEMNEHAX OKMCJEHM:A
HpOsAB/AAETcA MeHee Pe3KO, XOTA npousBonHeie onosa (IV) 6onee ycroiumn-
BbI.

W3sMenenre XapakTepHBIX CreneHell oOkucienus B pagy C—Si—Ge—
—Sn—Pb  moxno O6BACHUTE BTODHYHON NEPUOAMMIHOCTBK) B DAasIMHUU
SHEPruU Ns- U np-opburaneit (cM. tabm. 29).

Poct ycroituMBocTM cOeAMHEHMiT cO cTeleHblo OKUCJEHUs +2 B psny
Ge < Sn < Pb u ee yMenbmenne jgust  coeqmuenwit  I(IV) B obpaTHOW
MOC/IeJOBATENILHOCTH  XOPOIO  WUTIOCTPUPYIOT — sHadUeHUs! BeauduHnl A G s
MIPOLECCOB Ay cnponopunonupobains J0;

Ge(x) + GeOq(x) = 2GeO(k), AG = 47 k]lx
Sn(x) + SnOy(x) = 2Sn0(x), AG = -6 gllx
Pb(x) + PbO,(r) = 2PbO(k), AG = -160 x]lx

_ IlepBerit npouecc o/keH NPOTEKATL chpaba Hajepo, 7.e. GeQ, ycroltumpee, yem

GeO. Haobopor, TpeThA peakiUst 1o/iHa NpoTeKaTh (JeBa HAMpapo: 1A Ge Goee
XapaKTepHa cTenedb okuciieHns +4, a gust Pb — cremenb oxucrennss +2. 06 »toM
Me CBUIETENLCTBYET CONOCTABIEHUE 3HAYEHUMH CTAHAAPTHBIX OSJIeKTPOAHBIX IIOTEeH-
LUAJIOB COOTBETCTEYIOLINX MPOLECCOB:

|

GeOy + 4H* + 2¢ = Ge?* + 2H,0, ¢’ = -0,15B
PbO, + 4H* + 2¢” = Pb2* + 2H,0, ° 1,45B

[epmannit pacceAHHBIA 9J1eMenT; 06pa30BaHUe PYAHBIX CKOIJEHUI AJA
Hero He XapakTepHO. OH B OCHOBHOM COIYTCTBYeT NMPUPOJAHBIM CUIMKATAM
U cynbPuUAaM, cOAEPHUTCA B HEKOTOPLIX yraax. OcHOBHON MUHepal 0J10Ba
— xaccumepum SnQ; (0a0saunsitl xaaens), cBUHIA — taaevum PbS (coun-
Yool Gaecx). CBMHey Kak KOHEUHBIA NPOAYKT PAJUOAKTUBHOIO paclaia
U u Th cogepxurcs B ypaHOBBIX ¥ TOPUEBBIX MUHEPAJIAX.

Tepmannit 6e11 orkperr B 1886 r. K.A. Bunkiaepom nocse TOro, Kak ero
cyiecTBOBaHUe npelckasan .. Menzenees.

Hpocrhie BemecTBa. HexoTOpPLIe KOHCTAHTHI IPOCTHIX BEIIECTB NMpUBEH e~
HbI HYXKe:
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C(anmas) Si Ge #Sn Pb

5,32 7,29 11,34
T, vfeMd .o 3,52 2,33 , ,
TJI IIJI/ °C...... e > 3500 1415 937 232 327
T. KV[.I; °C; .................. - 3700 2830 2620 1745
DreKTpudecKasi TpOBOAMMOCTD (Hg=1) - - 0,001 8 5
AE 8B .o 5,6 1,12 0,78 (MerasLbl)
d3 7 HM o« o oot e e e 0,154 0,234 0,244 0,316 0,350
g HM

.. 716 469 383 301 196

AH, o0 gJlx/MOAb . . L -
{ : , 51,6 ,

S5 a8 T/ (KoMOMB) .« oo oo e e e 2,36 188 313
Treproctb (M0 alMABY) « « « -+« o=« - - 10 7 6 1,8 1,5

B pany Ge—Sn—Pb ordernuso ycuanBaloTcAa MeTaludecKye cBOMcTBa
npocThix BeulecTs. ['epManuit — cepeGpucTO-cepoe BEleCTBO ¢ MeTalnaecs
KM 6J1ecKOM, BHEILHE MOXOX Ha MeTall, HO AMeeT aJIMa30noobHy0 pe-
mwerky. OJI0BO MOMUMOPHHO. B 06bIYHBIX YCJIOBUAX omz (;ymecTByeT B BUJIE
Bmonupuranuu (beroe 0.060), yCTORIUBOM BbILIE 14 °C; ato cepebpucTo-
GeJBI MeTasl, KpUcTajlllndeckas peilerka ero TeTPAroianbHOR CTPYKTYPDI
¢ OKTa3pudecKoi KOOp/IMHAIIMeil aTOMOB. [Tpu oxnamJeHUH 6es10e OJIOBO
flepeXxofiuT B 0-MOUPUKAIMIO (cepoe 0a060) €O CTPYKTYPOIl THHA alMa3a.
[epexon [ - o COMPOBONKJAETCA yBesIMY9eHUeM  Yle/IbHOrO obbema (Ha
25%), B cBA3U ¢ 9eM OJOBO PaCCHIMACTCH B mopomok. CpuHen, — TeMHO-
cepbiit MeTasJ ¢ TUIIMYHON 751 MeTaljioB CTPYKTypO#l rpaHelneHTpupoBaH-
HOro kyba.

I/IBI\ZGHGHHG CTPYKTYpbl HPOCTHIX BELECTB B DALY Ge—Sn—Pb coorper-
CTByeT M3MEHEHMIO UX (PUBNYCCKUX cpoiters Tak, repmanuit (AE = 0,78
3B) n a-omoso (AL = 0,08 3B) — noNynpOBOJIHVKH, 2 f-0710B0 M CBUHEL —
MeTanslb. VisMeHeHUe TUMa XMMUUYECKON cBA3Y OT [IPeUMyILEeCTBEHHO KOBa~
TeRTHOIN K MeTaJINdecKON CONPOBONIACTCA MOHWKEHNEM TBEpIOCTU IpOC—
tpix BemecTs. Tak, repManuit JOBOJIIBHO TBEPJL M XPYIOK, CBUHEIL )K€ JEerKo
NpOKATHIBaETCA B TOHKHE JUCTBI.

Pasindns B CTPyKType HPOCTHIX BeleCTB CKa3biBaloTCA TalKe Ha MX
B3aMMHON pacTBOPpUMOCTU. FepManuit U KpeMHUII HeOorpaHW4IeHHO pacTBO-
pAKOTCA Apyr B Jpyre B KUAKOM W TBEPIAOM coctoaauu: Ge, Sn u Pb
06pasyloT Apyr ¢ APYroM TBepibie pacTBOPEI B Oo4eHb OrpaHV4YeHHBIX MPe-
Jlenax: ¢ repMaHMEM U Mexjy cOOOH 00BO W CBHHELL O6pa:’fyl0T ABTEKTUKY.
Tak, TeMIepaTypa MUIABJICHUS CIVIaBa cOCTapa 73,9% Sn u 26,1% Pb papna
181 °C.

O6pasoBaHMe MeTAIMYECKNX TBEpIbIX PACcTBOPOB IJIs repMaHHs ¥ €ro aHaso-
OB HE XapaKTepHo, HO BechbMa THIM'YHBL OBTEKTUHECKUE emect (Sn—Bi, Sn—Cd,
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Pb—Sn, Pb—Sb, Pb—Bi u np.). OBrektMyeckne cmyiaBbl 0/10Ba U CBHUHUA HAXONSAT
IYPOKOEe TIPUMEHEHUE,

U3 criyiaBoB 0JI0Ba M CBUHUA BaXHeAIIMMU ABIAIOICA TUNOrpad crHUe
(84—62% Pb, 4—8% Sn, 10—25% Sb, 2—4% As), non W UMD HUKOBDIe
(80—60% Pb wm Sn ¢ poBaskamu Sb u Cu), serkomnaBkve N p U OO U
(80—60% Pb, 17—40% Sn, mo 2,5% Sb mm 90—50% Sn, ocranbhoe Pb).

Yeumenne MeTamnvuueckux MpUSHAKOB y HpocTbix Bemects B pAny Ge—Sn—Pb
oTueTyIMBo HabaiogaeTcA M B xapaKTepe U3MEHeHWsl uX xUMM4eckux cpoiiers. B
06bIuHbIX yenoBnAx Ge u Sn yeroituvBbI 110 OTHOLIEHMIO K Bosayxy u Boge. ChuHey
Ha BOBJyXe OKMCJSAeTcsl — TMOKPBIBAeTCs CUHEeBATO—CepOil OKCMIHOM  IJIEHKOH,
[09TOMY He MMeeT MeraliMueckoro Omecka. Ilpu HarpeBanuum Ge, Sn u Pb BzanMo-
neftcTBYIOT ¢ GOJIBIIMHCTEOM HeMeTajlioB. IIpu astom obpasyiorcst coemvHeHus Ge
(1V), Sn (IV) u Pb (II), nanpumep GeO,, SnO; u PbO; GeCly, SnCly 1 PbCls.

B snektpoxuMuueckoM psany Hampsbkennit Ge pacmosiomen Iocjie Bopopoia, a
Sn u Pb HaxopmsAtcsA HemocpencrBeHHO mepel BomopomoM. [losromy repmaHuit ¢
pas6apnennbiMu kucioramu tuna HCl u HySO4 He Bsaumopelicrsyer. Benmencrsue
06pasoBaHUs Ha ToBepXHOCTM HepactBopumblx coseit PbCl, u PbSO, ceunen
yCTOiYMB 10 oTHOIeHMto K paszGapJendbiM HC! 1 HpSO,.

Paznuuusa B XMMUYecKOil IPUPOJe MPOCTHX BEIECTB 0CO60 OTYET/IUBO
[IPOSBJIAIOTCSA B WX OTHOMIEHWUW K a30THON Kucaore. Ilpu oxucneHuu as3or-
HOM kuciaoroit Ge mepexonuT B repmanuenywo kuciaory HyGeQgj
(GeO,- nH,0), a Sn B onopsivayio kuciory H,SnO; (90, nH,0):

9 + 4HNOj (konn.) = H;00; + 4NO, + H,0

B pas6apaennoit HNQj on0Bo Benter cebs kak MeTallsl, T.e. IepeXOnUT B
auTpat onopa (II):

3Sn + 8HNO, (pas6.) = 85n(NOj), + 2NO + 4H,0

Ceunern no otHomtennio k¥ HNO; n065X KOHIEHTpanMil BhICTYMaeT Kak
meTann v obpasyer ¢ Heit Pb(NQj),.

IIpy marpeBanuy oJOBO U CBUHEIN B3aUMOJEHCTBYIOT ¢ BOJIHBIMU PACTBO-
PaMu 1eJ104eit:

0 +2
0 + 2
Pb + 2KOH + 2H,0 = K,[Pb(OH)J] + H,

FepMaHUil Ke pacTBOPsieTCs B IHEIOYaX JIUIIL B NPUCYTCTBUM OKMUCTIUTE-
nent, Hanpumep H,0,:

0 +2
Ge + 2KOH + 2H,0 = K,[Ge(OH)4] + H,
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FepMaHMil MOTY1AIOT U3 [O60YHBIX MPOJYKTOB TepepaboTKI Pyl 1BeT=
HBIX METAJJIOB, a TAKNKE BBIENAIT U3 3OJBL, [IOJIy4eHHOH OT CHUTaHUA
HEKOTOPBIX BMJOB YIVIA, W3 OTXONOB KOKCOXUMUYECKOTO MPOU3BOICTBE.
Coenurenve (Ge mHepeBOAAT B GeQ,, KOTOpHIl 3aTeM BOCCTAHABIMBAIOT
BOAOPOOM. JLOMONHUTENIPHO OIUIAIOT repMaHuii 30HHOM MIABKON. Ocuos-
Hasd Macca repMaHusl pacXoJlyercsa B MOy POBOJLHUKOBON TeXHUKE.

OJ10BO TIONYMAIOT BOCCTAHOBICHUEM KACCUTEPUTA yriaeMm.
sHAUCHME UMeeT pereHepauus (o6paTHOE floslyvenye) 0/10Ba 3a CUeT pacT-
BOPEHUA €ro MOKpBITUIl Ha Kejese (crapble KOHCEPBHbBI® HaHKU), B IIEI0-
YAX U MOCJe/YIOIIEro BhIIeIEeHNs U3 pacTBopa FIEKTPONUTUYECKUM TIYTEM.
T noJydyeRus CBUHLA TaJleHUT nepesopaT B PbO, koTophid TAKME BOC
CTAHABJIUBAIOT YIVIEM.

On0BO MCTONb3yeTes TIABHBIM 00Pa3oM JJIA JIyHKEHUA aesesa — MOJYy-
GeHMs 6eaoll mecmu, KOTOpas pPACXOLYyeTcA B OCHOBHOM B KOHCEpBHOM
OsnossinHas  Goabra (cmauoas) NPUMCHATACH A
(ceituac OJIOBO BBITECHACTCHA ATTIOMUHNEBO
obKNanKu

Boapmoe

IpOMBIIIIEHHOCTH.
MBTOTOBICHUA KOHJEHCATODOB
donbroit). Wz cBUHIA Ten1aioT AKKyMYJIATOPHbIE IJIaCTHHDL,
[ TpUMEHsIeTCA JUIA BAUUTBL OT Pajuoar-

ANEKTPUYIecKUX Kabenel, cBUHE
POBUOHHO-CTONKOTO

TUBHBIX H peHTFeHOBCKl/IX PI3.]Iy‘4€Hl/II71, B KadecTBe KOD

MaTepualia MCNOJAb3yercs B xuMudeckolt npoMpiiuicHHocty. Q6a Merania

PUMEHAOTCA 1A N3FOTOBIEHMA JIETKOMIABKUX CILIABOB.
CocjjuHeBNs TepMAHWs, OJIOBA M CBUHIA (-1V). VYcunenne B pAny
e—Sn—Pb Merannyueckux CBOACTB MPOABJIAETCA TAKKE

npocThix Bemects G
repMaHuil M ero

B ux OrTHOomeHMuM K MerannaM. Iopo6HO KpeMHUIO,

AHANOTM OBpA3YIOT ¢ MATHUEM COEJ[UHEHMA CcOCTaBa Mg,D (puc. 180).
Hazpiaroresa OHU COOTBETCTBEHHO Lepaanud, cmannud v naraubud. B pany

MgZSi——Mnge—MgQSn—Mgng B COOTBETCTBMY € MOBBIIEHUEM JIOTU Me~

»

¢,
Mg Si | Mg Ge | Mg Sn | Mg Pb
1600}
12001 1102° 1075° -
\/ 778° iN
a0 550°2°
7 3 4
00 | % 2
él = I SI |

7 50 100 S0 100 50 100 50 100
Mon. donu , 7o

P u ¢, 180. uarpaMMa INIABKOCTM CHCTEM Mg — Si, Mg - Ge,
Mg — Sn, Mg - Pb
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Talt % :
VYECKON CBA3U yMEHBLIAOTCA TeMIepaTypa IUIABJICHUA, JSHTAJNbIUA
00pa30BaHUA U IMPUHA 3aMpPEIeHHONH 30HbL:

MgSi  MgGe Mg,Sn Mg,Pb
’Z. wr, °C...... 1102 1070 778 550
EsB....... 0,77-0,8 0,69-0,74  0,32-0,36  Meramn

Taxum 06pasoM, B 3TOM pALY YCUIUBAETCHA CKIOHHOCTb K 0Bpa3sOBaHUIO
MeraJuindecKux coepuHenuil. Haubosee TUNNYHE MeTAlINYecKMe cOellMHE~
HUSA OJIOB3 W CBUHIA ¢ s-3j1eMeHTaMu, Hanpumep Na,Sn, NaSn, NaSn, '

Coezumeﬂuuﬂ repManus, oiosa u csuana (IV). B pany Ge(IV)—Sn(IV)—
Pb(IV)‘ YCTOMYNUBOCT GUHADHBIX COE[IMHEHUN B NEeIOM yMeHbINaercs (cM
puc. 132). O rtoM ke cBUzpeTesbCTBYeT YMEHbIIEHWE 3HEpruu cBA3eil 9X
OAHOTUMNHBIX COCMHEHUI.

Hna Beex Tpex sneMeHTOB W3BectHH okeuabt D0, dropuas DF, u
xnopuasr ICly (PbCly kpaitne meycroiiuus). Bpomuast DBry u wo 1:
Oly, cynvdupbi 3OS, u murpumpl D3N, W3BECTHBI UMb nn; G V)
Sn (1V). o)

B crenenu okucnenus +4 yame Bcero KOOpAUHAIMOHHbBIE YUCTA repMa-
Hl/lf{ U ero aHajloros 6 u 4, 4TO OTBEYAET OKTAINPUYECKO U TeTpaszpudec—
KON cTpykTypHOit enwnune. [lo Mepe yBesnueHuss pasMepoB aroMoB Hpu
nepexose oT /C u 51 k psagy Ge—Sn—Pb koopaunanuonnoe yucino 4 CTaHIz)—
BUTCA BCce MeHee xapakrtepHbiM. HanpoTus, 60/iee TUMUYHBIM SABJISETCS
KOOPAWHAIMOHHOE YUCI0 6.

Tak, B ornmuane or 510, kpucrannn GeQ,, SnQ, u PbO, um -
Typy THma pytuiaa (eM. puc. 69, B). Onnako 1:[3B€C a T ¢ secororer e

’ THA TAKHKE BBICOKOTEMIIE~
paTypHai Mmopupukanua GeQ; co cTpyKTypoOil TUNA KBapua.

Auorcupgn GeO, u SnO, (06a 6Genoro usera), nopobHo S10,,

tyromntasku (1100—2000 °C). Yepro-kopuunesnii PbO, npu uarpesanuu

pasnaraercs. Ilogo6uo SiO;, nMOKCUL repMaRus JIErko NepexojiuT B CTeK—
noo6pasHoe cocrosanue. Ilpu pobabke nMokcuma repManus B KBapuesoe
CTEeKJIO MOJIYYAKTCA O4eHb MPO3PAYHBEIE, CWIBHO MpEIOMISIONNE CBET
CTeKJ1a, YTO onpepenser BaxHoe 3Hadenue Ge(O, B HPOU3BOACTEBE ONTUYEC—
KOro crexfia. JIokcus onoBa MpUMeHAETCA B KEPAMUYECKOil HPOMBILIIEH—
HOCTHU JIJIs1 W3TOTOBJIEHUA 3MaJlell U ria3ypeii.
. él“OSKCMIlbI XUMUYECKH MaJIOAKTUBHE!, B BOJe He pacTBOpsAIoTes. B pamy
(ne; Zg n(;?ngOQ HECKOJIbKO YCUJIMBAIOTCA OCHOBHBEIE cBoiictBa (GeQ,
qaxl.l‘ SH(()) 1 2) — KUCJIOTHOE COeNMHEHUE, PACTBOPASTCA B FOPAYUX LIEJ0-
p“p,o BanHHZ I;Hdhggmesjﬁ ,SnpsnonpononmuTeanOM HArpeBaHUM ¢ KOHIIEHT-
bupos Bsa“MO;‘eﬁ;;L T Sn(504)z. JIMOKcUIBE O10Ba U CBUHIA IpY CciIaB-
ytor co menodamu. lpu cnnasinennu D0, co memnoua-
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MU WJIHN C()OTBQTCTBy}OmMMM OKCUJaMU 06p33y}OTCﬂ COQII,I/IHeHI/Iﬂ cocTaBa
NLO0s u M0, M40, 1 Mp90:
9020 + PbO, = CazPbOy
9PbO + PbO, = PboPbOy (PbsOs4)

B omiMuMe OT OKCOCMJIMKATOE CTPYKTYPHOU
eIMHUIEN OKCOCTAHHATOB U OKCOIUTIOM6ATOB
apnstores  oxtasapbl D0 Tak, KpUCTaUIbI
oprocrannata  BagSnO4  H opromitoMbara
Ca,PbO, o06pasoBanbl OKTadApaMu SnOg U
PbOg, OOBeNvHEHHEIMU —OOUWIMMYM  YETLIPBMJ
BEpUIMHAMY B CJOUCTBIE CETKH (Tvna, TIOKa3aH-
Heix Ha puc. 181). Kpucrasier MeTACTAHHATOB
MSnO; (M = Ca, Sr, Ba, Cd) umetoT pelleTKy
TUIa NepoBckuTa (CM. PHC. 70). B xpucranne
Pb,PbO4 (puc. 181) mMeercs el OKTadAPOB C
obuuMy pebpamu. llen Apyr ¢ ApYroM CBA3AHDI
NIOCPEICTBOM ~ 4TOMOB Pb(II). CrpykrypHo#
@ Py (V) opb(m) QO eIMHMIE] OKCOrepMAaHaToB MOTYT —OBITH  KaK
rerpasnprl GeQy, Tak M OKTADAPBI GeQg. Ilo—
sTOMy ~ OKCoTepMaHaThl  pasHooGpasHee,  HeM

Puc. 181. Crpykrypa ¢y-
+2 4
pUKa Pb304 (szPbO4)
OKCOCUJIUKATBIL.

13 OKCOrepMaHATOB, OKCOCTAHHATOB M OKCOILIIOMGATOB B BOJC pacTBO-
pUMBbI JIMIIL MPOM3BOLHBIE IIETOYHBIX METalo8. [pu 5TOM OHH CHJIBHO
U POJUBYIOTCSA.

B rauectse oprommom6ara (1V) ceunna (1D) Pb,PbO, MoxHO paccMaT-
pusaTh Pb3O, Tak Ha3pBaeMbIH counnoowt cypux (eM. puc. 181). B pas-
HOM BAJGHTHOM cocTostHuu aToMoB Pb B Pb3O4 MOXHO Jjlerko ybenuThest:
npu geiicTBUN pa3baBleHHON HNO; npoTekaer O6MeHHas PeaKIus 1 06pa-
aytores mpoussoguble Pb(Il) 1 Pb(IV):

Pb,PbO, + 4HNO; = 2Pb(NO3), + PbOz + 2H,0

Cypur (OpaHXKeBO-KpaCHOTO npera) NpUMEHseTcs B MPOM3BOICTEe
KpAcOK, MpEeJOXPaHAIOMMUX MEeTajjbl OT KOppO3uM, A IpUTOTOBJIEHU A
BBICOKOTEMIIEpATYyPHHX 3aMa30K, B KayecTse OKMCIMTENA M JIP.

FepMmanyeBbie, OJIOBSHHBIC U CBUHIOBBIC KNCJIOTHI (kak M KpeMHUeBbie)
B MHIUBUYATBHOM COCTOSHUM BBIJIEINThH BecbMa TPYIHO. [pu ux nonyue-
HUM O6BYHO OGpa3yloTCs KOJJIOMHBIC PACTBOPBl KMCJIOT pa3IUiHOTO
cocTaBa, Ipespamatolecs B 6eqble CTyAEHUCTBIE OCaKM ¢ nepeMeHHBIM U
HeOoTIpe/IeJIeHHBIM COCTABOM! D0, nH0.
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[Ipy neitcTBUM BOAHBIX pPacTBOpPOB aMMMaka Ha pacTBopbl SnCly BHAUAJE nosy-
4aeTcsl reKcaruipoKCOOJIOBSIHHAS KUCIIOTA:

SnCly + 4H3N + 6H,0 = Hy[Sn(OH)g] + 4NH,CI

[Ipu crosiiuy oHa GoJiee UMM MeHee OBLICTPO TOJMMEPUIYETCs BIVIOTh [0 BbINaie—
Hus SnO;- nH,0. CaesellonyyeHHbIe OJOBSIHHBbIE M CBUHILOBBIE KUCJOThl DACTBOPS-
0Tcs B KMcJI0TaX M Liesiovax. B IMoclenHeM caydae obpasyloTcsi TUAPOKCOCOEU He—

+1
Husi tuna Mo[3(OH)g):
30, + 2KOH + 2H,0 = Ky[3(OH)g)

VzMeHeHMe CTPYKTYPbl M COCTaBa OJIOBSHHBIX KUCJIOT CONPOBOXIAETCH MU3MeHe—
HMEM KX XUMUUeckoil aKTMBHOCTH. Tak, cBeellosiyueHHBIN OcCafiok ((+OJOBAHHAA
KUCIIOTA) JIETKO PAcTBOPsieTCsi B presiouaX U jaxe kuciorax. [locse crosHus oca—
TIOK (ﬂ—OHOBﬂHHaﬂ KUCJIOTA) TI0 XMMUYECKOW AKTUBHOCTM HallOMMHaeT SnQ,. On
B3aYMOJIEICTBYeT TOJNBKO €O IeJ0YaMM, M TO JIMIIb TPU  CIVIABIeHMU. Takum
06pazoM, [-OJIOBAHHAA KUCJIOTa — HeaKTMBHas (OpMa OJOBAHHBIX Kuc/or. OHa
obpasyercsi, KpoMe TOro, IIpd OKUCIEHMM 0JioBa B KoHueHrpupoBanHoi HNOj.
Pasnuuye B XMMUUECKO! AKTUBHOCTM TAK HA3bIBAEMBLIX (— U [F-OJIOBSHHBIX KUCIOT
06y CJIOBNeHO pasiMiMeM B UX CTPOEHMM: YMeHblUeHueM NpH Nepexole oT G- K [
dopMaM  uMcna  aktuHeix OH-rpynnm u  o6pasoBiHMEM YCTOMMUBBIX  CBA3CH

Sn—O—S8n.

Aucecyabv dunungu GeS, (6enniit) u SnS; (kenTwit) B BOZE M pas-
6aBlEHHBIX KMCJIOTaX He pacTBopsatoTes. OHu 06pasyoTes geiicrsuem H,S
Ha MOJKUCJIEHHBIE pacTBOPHl npoussoaabix D (IV), HanpuMep:

SnCly + 2H,S = SnS, + 4HCl

X ) N
Byayun kucaoTHBIMM, DS, B3aMMONEHCTBYIOT €O ILEJOYaMU U OCHOBHBIMU
cylibugaMu:

BSZ + (NH4)ZS = (NH4)2983

Orsevaromye cynbdunorepmanataM (IV) u cynwdunocrannaram (IV)
KUCIJIOTH NpU NOMBITKE MOJY4YeHUsl pa3/laraloTcs:

(NH,),DS;3 + 2HC! = H,DS, + 2NH,CI
H9S: = 9S; + H,S

o
Hucynedup onosa SnS; B BUge mKeATHIX 4ellyek HPUMEHsOTCs A
MO3aM4HBIX pabor, "nososore" gepesa u ap.
Mosnek
KYJIBI Tre Tparoanarenu gos JHal, umeror popMy ter-
pasapa ¢ aToMoM O B ueHTpe. [lo Mepe ysesnuueHUst pasMepoB opOuTanei B
)
pany GeHal;—SnHal,—PbHal, ycroitunsocTs MoJleKyn BaMeTHO mnajaer.
TeTpaGpoMua U TEeTpanoOAU CBUHIa HE UBBECTHBI.
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B TBepAOM COCTOAHMM TeTparajloTeHMbl, 3a MCKIIOUEHNEM SnF; n
PbF, (puc. 182), MMeIOT MOJEKYJNAPHYIO PCIIETKY. [loaTOMy OHM JIETKO-
O1aBKU U JeTydu. B OOBYHHX yclnOBUAX GeF, — ras, a OCly — ®UIKOCTH,
a DI, — Kpucralnudeckue BellecTBa.

Ra ucrsovenrem opatskesoro Gely u senThIX Sul4 u PbCly, Terparanorenu bl

repMaHUsi U €ro aHAJOTOB GeclBeTHBI.
Peskoe BozpacraHue TeMIIEpaTyp

[JIaBfleHUs] ¥ KuIleHUsl IIpU Iepexo—
e or GeFy (1. mn. —15 °C) k SnFy
(r. Boar. 700 °C) u PbF4 (1. 1.
~ 600 °C) ssisiercs CJeCTBUEM
repexona oOT MOJIEKYJIADHOW pelier—
ki K ToJuMepHoll.  Kpucrauibl
SnF, u PbFy wumetor croucryio
OF pellieTKy, COCTOSANIYI0 U3 OKTAdJpU-

dSn
P u ¢. 182. Ctpyxrypa SnFy

YecKUX CTPYKTYpHbIX eIMHUIl (cM.
puc. 182). Takum oOpasoM, B PbF,
nocTHraeTcsl YCTOMHMBOE KOODAMHA-
LMOHHOe uMcio atoMa Pb — 6,  oTo coesuHenne B OTIMHIME OT ApYIMX rajioreHv—

nos ceunua (IV) yeroiiueo.

BeseieTBre KOOPAMHALIMOHHO HEeHACHIIIeHHOCTU MOJICKYJI TeTparalore-
HUOB MOJIEKYJASIPHOI CTPYKTYPH XUMNYecKM aKTUBHBL. Hopo6Ho ApyruM
KOBAJIGHTHBIM COeJIMHEeHUSIM 3TOTO TUMa (CM. TMIPONU3 SiCly), ux rugpo-
M3 TNpOTeKaeT MOCJefOBATENLHO Yepe3 cTaJuu IpUCOeJNHEeHN BOAB U
OTILENJIeHUA MOJIEKYJl TajloreHOBOJOpO/OB, BIJIOTE 10 06pa3oBaHUA UM~
pPOKCU10B

KOTOpHIe 3a cYeT MOJMMepU3alyy MepexoiAT B TUAPATUPOBAHHKE OKCIM,
nampuMep SnO,-nHy0.

TeTparaloreHUb B3aUMOJECTBYIOT Takke ¢ OCHOBHBIMU TajlOTeHUAa"
MU:

Jns Ge(IV), kax u aas Si(IV), xapaxrepHbl PTOPOKOMILIEKCHI GeF%. Ho
HonydeH U MAJOCTOMKMI Csz[GeClg] Jlns Sn(IV) u Pb(IV) usBecTHbl koMIUIeKC-

+1 +1
Hble rajoreHunbl Beex THIOB 0T Mo[3Fg] no M2[315] 710 CBMOETENILCTBYET O
CTAGUIIMBAIMY Y CBMHIA CTEeHY OKMCIeHHA +4 B aHMOHHBIX KOMIUIEKCAX C KOOp~
JMHALMOHHBIM ducyioM 6. [ayoreHyHble KOMILIEKCBI TepMAHMsi U OJI0Ba yCTOM'UBE]
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KaK B PacTBOpe, TaK U B KPUCTATIMYECKUX COeIUHEeHUsX. AHanoruvtble COeIUHE—
HUsA CBUHIA JIETKO 'Y APONMU3YIOTCA.

N3 TerparajoreHuos Hanbojellee 3Hadenue uMeer SnCly — B ob6bIy-
HBIX YCJOBUAX XKUAKOCTH, BCJEACTBUE TUAPOJIN3a IBIMAIAS Ha BO3JyXe.
Hoayuator SnCl, geiicTBUeM cyXOro XJI0pa Ha JKHUJKOe 0j0BO B wacTHOCTH,
Ha 9TOH peaKuMM OCHOBaH OAWH M3 METOJOB pereHepaluu OJIOBAHHBIX
MOKpBITHIA Ha kejese (KoHcepBHBIX 6anok). SnCly n (NH,)2SnClg B ocHoB-
HOM MCIOONB3YIOT NpU KpalleHUu B KadecTBe NMPOTpaBhbl, NIPUMEHSIOT AJs
noJiydeHUs JApYTUX cOeJVHEHUU OJIOBa.

Terpaxnopus 0J0Ba XOpOIIO pacTBOPseTCS B MaJIOMOJIApHBIX pacTBOpU-—
TeJIAX, a caM pacTBOpser uoj, cepy, docdop u Ap.

'vagpunagwm 30eMeHTOB moArpynns repMaHUs HeMHOTOUMC/IEHHBl U
MaJIOyCTOHYBE. OJTO CBA33aHO ¢ [ajbllefflluM YMeHbIIEHUeM B psIdy
Ge—Sn—Pb npounocty csasu 3—3 u 3—H no cpasHenuto ¢ Si—S1 u Si—H.
Huxe npusBegenbi KOHcTaHTH FUapuAoB DHy:

CH, SiH, GeH, SnH; PbH,

T.on, °C.......... -182,5 -185 -165,8 -150 -
T.wkumn., °C......... -161,5 -111.9 -88,5 =52 -
T.paza, °C......... 800 450 285 150 0
EL—)H’ k[l /Monb . ... L. 414 320 201 258 205
Gy EM o 0,109 0,148 0,153 0,170 -
AH‘}’298 ............ ~75 35 91 162 250

Kak nokasmBalOT MpuUBeJeHHBIe JaHHBIE, B pALy cuaar SiHy — iepuan
GeHy — emannan SnH, — narwwban PbH, yeroiiumpocTs nonmkaercs.
[TocnenHUit HACTOABKO HEYCTOMYUB, YTO O €ro CymecTBOBAHMM MOMHO
BaKJIOYUTL JUIOIL O KOCBeHHHIM Npu3HaKaM. llpu npomyckanuu wdepes
HalpeTyl0 JOKpaCHa CTeKJISTHHYIO TPYOKY TepMaH U CTAHHAH pA3JIalatOTCs,
OcaxJasich B BUJE METaJUINYeCKOro 3epKasa,

Puppuaer 3(1V) Brigeasitores npu geiicTBUM pa36aBleHHBIX KUCIOT Ha
HEKOTOpHIE FepMaHUAbl U CTAaHHUJBL:

Mg,D + 4HCl =222 9MgCl, + DH,
Mg + 4NH,C) E2nrom HalN ooy, 4 oH, + 4H,N

Hpu peiictBun Kuenor Ha Mg,Ge kpome GeH, ognospeMeHHO mosyualoTes

" dutepuan GeHg (1. mn. —109 °C, 1. kun. 31 °C) u mpurepuan GesHg (1

nn. —106 “C, 1. kun. —52 °C). UsBecTHE TaKme 60Jiee CIOKHBIE TEPMAHBI,
a TaKKe JucTaHHaH SnyHg.
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Coeaunenusn repmanus (II), onosa (II) u ceuana (II). Koopannannos-
Hbie YMCIa DJEMEHTOB IOATPYUNH TepMaHUus B CTENeHM OKMUCJeHUus +2
Goslee Pa3sHOOOpA3HEI, YeM B CTEEHM OKMC/IeHUs +4, u paBHH 3,4, 5u 6.
Y aromos O(II) uMeercsi HecBASHBAIOHIAA JJIEKTPOHHAS Mapa, NOJTOMY
KOOpAMHAIMOHHEM 4YuciaMm 3, 4, 5, 6 oTBeyalOT TpUroHanpHas MUPaMUAa
(tnn ABE, cM. puc. 51, 6), nckamenuwiii Terpasap (tun AB4E, eM. puc
51, 9), TerparonaneHan mupamuna (Tun ABsE, cM. puc. 51, u) n mckaxeH-
ubiit okrasap (tun ABGE).

Crenens OKcleHUA +2 Haubojee XapaKTepHa [Js CBUHIA U NPOSBIseT-
¢ B €ro pasHOOOpa3HBIX cOeMHeHWsX, a Anasi repmanusa (II) ussecTHB
JIMIIb HEMHOrOYUCIeHHE e OUHAPHBIe COeITMHEeHUA.

Bonbumuerso npoussoaneix Pb (I1) — kpucranmvyeckue BellecTBa. 3a MCKIIIO-
yernem uutpata Pb(NOjs)s u amerara Pb(CH3COO);, B BOne onu Mano pacTBOpU-
mer (PbHaly) mn mouru mepacrsopumsl (PbSO4, PbCrO4, PbCly). OtnM, B uacT-
HOCTH, OOBACHAETCS yCTOMHUUBOCTL CBUHLA
K JelcTBUI0 OOJIBIIMHCTBA KUCJIOT.

Coenutennsi (1) o6brdHO GeClIBETHBL.
UMeror oxpacky okcuabr (GeO u SnO —
yepHoro, PbO — KpacHOrO MJM KeJITOro
ugera), cyabdpunel (GeS u SnS — 6Gyporo,
PbS — ueproro usBera), woamabt (Snl; —
KpacHoro, Pbly — sentoro ugeTa) M Hexo-
TOpble Ipyrue.

Crpykrypa kpucramion coenutennit I(IT)
BecbMa  caokHass. Tak, SnO ¥ kpacHbIA
PbO umetor croucrylo pemerky (puc. 183),
06pa30BaHHYI TeTParoHaJIbHBIMM TIMpaMU-
famu (soHTukaMu) D04 ¢ JIOKAJIM30BAHHON
27IeKTPOHHOM Tapoi 11pyu aroMe O:

orvy Qo

.

Oxenaer D0 u ruppokcuak I(OH); amdorepub. Onu B3auMopeiicT-
BYIOT KaK C KHMCJIOTAMM, TaK U CO [MIETOYAMU:

D(OH), + 2HCI = DCl, + 2H,0
5(0H), + NaOH = Nay[D(OH)3)
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SRS L -,

Y npoussogueix Pb(Il) npeoGnamator ocuosubie, a y Ge(Il) — kuceaor-
HBl€ CBOWCTBA.

[lo ycroitdmpoetn rugpokcocransarsi(I) u  ruppokcommomGarsi(ll)
YCTYNal0T aHAJIOTUYMHKM NponseogHuM I(1V). B pacteopax oum cymiecTBy-
10T JIMIIb NMPpU U36BITKE MIEJIOYM, B MPOTUBHOM Ciydae paclagalorces. B
KpUCTAJUINYECKOM COCTOSIHUM BHIJEIEHH cOMM, OTBedawomue GopMmysiam
Na[Sn(OH);], NafPb(OH),).

TenpeHuus Kk KoMniekcoobpasosannio y gurajiorenunos OHal, PO B
nsieTcst B MeHbmieit cremenu, 9eM y OHaly. C ocHoBHEIMM rasoreHunamu

+
IOUTAJIOTeHUOB [Al0T KOMIUIEKCH THMa l\l/[[BHalg]. O6pasoBannem KoM~
JIEKCHBIX TaJIOTeHU0B OObACHsETCsA pacTBOpUMOCTh rajgorenuaos Pb(ll) B
OPUCYTCTBUM TaJlOTeHOBONOPOAHBX KHCJOT. B pasbaBieHHBIX pacTBopax
KOMIIJIEKCHBie TaJIOTeHUAR pachnalaloTes .

Hpoussogueie Ge(1l) u Sn(Il) — cunwarie BoccTanosutesu. Tax, GeCl,
pearupyet ¢ Cl; nourn MruoBenuo, SnCl, npu KOMHaTHO# TeMmeparype —
6picTpo, a PbCl, B O6BIMHEIX yclOBMAX € XJIOpPOM He B3aMMOelic TBYCT
BooGmie. Ilpomssopnvie Ge(l) u Sn(ll) BoccTanaBamBaoT HekoTopbie
MEeTAJIJ1bl U3 cOeJUHEHUE, HallpuMep:

2Bi(NOy); + 3Nag[Sn(OH),] + 6NaOH = 2Bi + 3Na,[Sn(OH)g + 6NaNO;,

Onu nepesogsr Fe3* B Fe2*, CrO% B Cr3* u 1.4

B ortnuuue ot PbS, GeS u SnS okucasores mommcysisbugaMu aMmo-
HUA no IS, Kortophie 3areM ¢ (NHy),S o6pasyior pacTBopumbie B Boje
coegunenust (NHy),9Ss:

SnS + (NH4),S; = SnS; + (NHy)oS
SnS, + (NH4)QS = (NH4)zSuS,

Ha sTom ocHOoBaHO oTpesrerue SnS u PbS gpyr ot gpyra.
BoccranosuresnbHbie cBoiictBa mpomssoaHkix Sn(ll) ucnosesyores B
XUMUYECKOM CUHTE3€e M aHaJu3e.
4
Coenunenns Pb(IV), Hao6opoT, — cumbHbie OKMcAMTENN, B OcOBEHHO-

. ) * 2
cTH B KUcI0# cpege. OHu, Hanpumep, gaxe okucastior Mn o MuO;:
2Mun?* + 5PbO, + 4H* = 5Pb2* + 2MnO; + 2H,0

PbO; n Pb;O4 ucnonesyoTes B KadecTBe OKMCAUTENOH B cMMYedHO npo-
MBI IIJIEHHOCTH .

llepeson Pb(II) B Pb(IV) BO3MOKeH ML TPU 31EKTPONMTUHECKOM
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OKMCICHUM UM TeHCTBUEM Haubojee CUIIbHBIX OKMCIUTesel (Cly, 6emmin-
Has M3BecTh M /Ip.) MPU HarpeBaHUU B IIEJIOYHON cpeae. Hanpumep:

Pucaﬁooh4—m2+4KOH:Im02+2K01+2Kcm@00.+mb0

U3 coepuuennii ceunna (II) PbO npumensercs B NpOUSBOILCTBE ONTU~
YECKOTO CTeKJIa, XpyCTals, riasypeit u oaud; PbCrO, (opaHxeBO-KpacHO-
ro mpeTa) BXOAMT B COCTAB MMHEPAlbHBIX KPAacOk; 2PbCO;-Pb(OH), wc-
noJb3yeTest LI W3rOTOBJIGHNA CBUHLOBBIX Oeamil. ManopacTBOpUMBIH
SnF, npumeHserci kak ¢ropcojepkamasn 106aBKa K 3y6HBIM TacTam. B
nocjegHee BpeMsi GOJbIIOE TEOpETHUYecKoe M TMPAKTUYeCKoe 3HadCHME
PUOGPETAIOT OJIO0BO- U CBUHEIOPraHNYeCK1e COeLMHEHNA.

§ 4. OB30P OKCOCOEJJMHEHA p-3JIEMEHTOB
IV, vV, Vi u VII TPYIII

PacemoTperne xumun p-3iementos VII—IV rpynn moxkashiBaeT. HTO B
pany D(VID=D(VD)=D(V)-I(IV) uncio OKCOCOEAUHEeHUN M MX yCTORYI-
BOCTB pe3ko BoapacTalor. A 06bACHEeHUA STOrO dakropa 06cy UM OKCO-
coeMHEHUs psjna Cl(VII)——S(VI)—P(V)—Si(IV). Kak u3BECTHO, AJA 3THUX
5/IeMEHTOB B BbiCIIEil CTEeHN OKMCJIeHUS XapaKTepHO KOOPIWHAIMOHHOE
uneso 4, YTO OTBEYAET TeTPa3ipUiecKol CTPYKTYpPHOH eguHUIE!

.c10, -$0, -PO; -SiO;

(TOYKaMy yKa3aHbl HelapHbie alexTpoHbi). B cBO6GOAHOM cOCTOAHMM OTH
pAIMKANBl HEYyCTOHUMBBI — 33 CHeT MPUCOSUHEHNA 5JEKTPOHOB OHM TNpe-
BpalaloTesl B TETpasgpuyeckye UOHBI:

C10; SO*

3- - 4
. sor POY  SiO)

niau obpas3yloT coegUHeHUA 3a cyer O HO#, JBYX, Tpex U YeThbipex cpsA3en

COOTBETCTBEHHO
O>Cl /O_ O>S /O_ _O\P /O_ O\S.1 /O"
20 T N N

Takum o6pasom (cM. Tabn. 13), amsa xjopa (VI1) BO3MO:KEH TOJBKO
onMH cnoco6 OGbegMHEHUA OKCOXJIOPATHBIX TETPajipoB, a MMEHHO — b
aumep ¢ o6pasosanuem mosexyibi ClO7. Cepa (V1) ob6pasyer kak auMmep
$,02" Tak u orkputeie (SOg), M 3aMKHYyTBIE (SO3); nenoukn. Ilpn sTOM

Kam bl OKcocynbdaTHBI TeTpasaop oObeJUHACTCA ¢ COCCAHUMU 3a cqer
JABYX CBOMX BEepIIMH — JIBYX MOCTMKOBEHIX aTOMOB KMCJIOPOAA. B coeaune-
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ausax pocdopa (V) nposBisiercs erie oauH cnocod o6beduHeHUs oKcodoc-
(baTHHIX TETPasJpOB — MPU YYaCTUU TPeX MOCTMKOBBIX aTOMOB KUCJIOpOJA
¢ 06pasoBaHMEM Pa3BeTBJEHHHX [enei

o o O
o
—P—0—P—0—P—0
|
0 o
|
—0—P—0O-
|
0

u cnouctoit Mogudurannu (P0s), . W Hakonen, nns xpemuns (IV) Hapa-

LY € P3aCCMOTPEHHBIMM BBILIE TUIAMM MOCTUKOBBIX CTPYKTYP BO3MOMKHO
o6pazoBaHue TpexMepHoro nosuMepa (SiOz)s,, B KOTOpPOM pOJIb MOCTHUKO-

BBIX &TOMOB OT KaXJI0ro OKCOCHJIMKATHOIrO TeTpasjpa WIrpailoT dYeTbipe

aToMa Kucjopoja.

YBemuuenne uncaa cnocoboB 0OLeJUHEHUS TETPasfpUYecKUX CTPYKTYp-
HBIX eUHMI] JAPYr € APYTOM OlpejgesisieT pe3Koe BO3PAcTaHUe YUCIIa OKCO-

- coepuuennit B papy ClI(VID—S(V)—P(V)—Si(1V) (rabxn. 13).

YBenuuenne ycronuusoctu retepoltenu Ttnia O—0—3 B papy Cl—S—P—Si

. OObACHSIOT HaJIOXeHUEeM T—CBA3H, BOBHUKAWOUIEH Opu ydacTud cBobopHbiX 3d-

opbuTasieil aroMa O, ¥ HeNOJEJEHHBIX 2P-OJIEKTPOHHBIX Nap MOCTUKOBOIO aroMa

KHMCJIOPO 3

W

'
"

[

C ofpasoBaHuem NoNoMHUTENBHOM cBaAsy B e D—0—3 BLINPAMISETcs BaJeHT-

, Bet yros1 D03. OueBujHo, YeM 3ddexTHBHee T—CBA3M, TeM Oonblie foJkeH OBIThL

b
|

\(‘” "
.‘ﬂm

" 9073:
? 0 ? 0 0 0
/’0\\\ 4’0‘~ L | /’O~\
o— f‘%{* 1—O0 0—PR_ < P—0 0— f<;>°k——o
5 | 5o | ? 24076% |
0 0 0 () 0 0
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Ta6nuua3b JiomHa cBI3N B TETPad/pUeckux OKCOMOHAX

JsuHa cBs3U, HM Coxpatte- JsvHa cBABH, HM Cokpaue-
Cpsasb e pm-  CeaAsb HUE NI~
0 D0  Hbl CBS-. -0 D—0  Hbl CBA-
3K, HM 34, HM
Si0 0,176 0,163 0,013 SO 0,169 0,149 0,020
PO 0,171 0,154 0,017 ClO 0,168 0,145 0,023

Kak u3BecTHO, B pALY SiOZ'—POZ{—SOﬁ'—ClO; YCTOMMMBOCTD TOHMIKA~
ercs. B paMkaxX NpejcTaBleHus O [MOPUAM3AIMM 3TO MOMKHO OOBACHUTD
YMEHLILIeHMEM yCTONYMBOCTH sp3-TMOPUHOTO  COCTOAHUSA H,eHTp‘aJIbHOI‘O
aTOMa BCJIGLCTBHE yBeJMUeHMs DHEprernyeckoro pasimind 3s- u 3p-ypos-
neit (M. Tabn. 29). Hdas cTaGuAu3anuy SpS-TUOPUIHONO COCTOAHMA HEHT™
PAILHOTO aTOMa B YKa3aHHOM psjy BCe GOJILLIYIO POJIb UTPAET T-CBA3BLIBA-
aue. ogo6Hoe 1pecTaBleHne HCMoAL3yIoT 175 06bACHEHUA COKpaIeHUA

B pALY Sin'—PO;{—SOZ'—ClOZ‘ JUTMHBL CBABM dny 1O CPaBHEHMIO C OJM-
HapHOii (Tabn. 35).
TakuMm 06pa3oM, eclM ycTOH4MBOCTL MOHA Si04" B ocHOBHOM Ompejelis-

JOT 0-CBSI3M, TO YCTOHYMBOCTL MOHA ClO; B cyNECTBEHHOH cTeMeHn 3aBUCUT
s or m-cssizeii. Tak, B noHHOM KClO4 # KOBATEHTHOM HC104 uuciao o-
cBsi3ell B XJIOPOKMCJIOPOJHOM TeTpadjpe OJMHAKOBO. Ho 8 HCIO, BcaeacT-
pue nammumua csasu O—H 107s ydacTMsi SJIEKTPOHOB B T-cBSA3LIBAaHNU

MeHbIe!

Os /O
\‘cr

O O
N
0 “Xxo-H

. Cl\
L/ -

o o

. e -

DJTO CYMIECTBEHHO M3MEHSeT YCTOMYMBOCTE coequuennit: KClO4 HauyuHa

eT pasJlaraThCs JUIIL MPU 400 °C, a HCIO4 pasnaraercs cO B3PHBOM IIPH

G0 e U
He6OJIbIIOM HarpeBaHuu. HampoTuB, MOCKOJBKY B MOHE Si0; wapkac H3
sp3-cBsasedl JOCTATOYHO cTabuJIeH, pasphB T-CBsi3ei Ha ero yCTOHYUBOCTH
CYLIECTBEHHO He CKA3LIBAaeTCH. [TosTOMy BCe 4eThIpe aToMa KUCJOpoAa HOHA

SiO3” MoryT 06pa3oBaTh BTOpbie 0-CBA3M.

B COOTBETCTBUM ¢ YMEHBLIIEHMEM YyBCTBUTEJBLHOCTH MOHA DO} k pas-
pHiBYy T-cBA3€ll M 0OpasOBaHMIO O-CBA3M O—H B pagy HCIOy —
H,S0,—H3;PO,—H,Si04 ycroitunpocTs BO3pAcTaeT, a OKUCJMUTETbHAd ak-
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* ruBHOCTbL mnagaer. MHBIMM cjIOBaMH, yYMEHBIIAeTcss KOHTPHOJApU3Ylolee
peficTBue MPOTOHOB.

VMeHblIeRue CKIOHHOCTH K Sp-Tubpuausaluu Opu mepexome oT Si K

Cl o6bsacHsaeT TakKe

yBEIMYEHNE YyCTOMYMBOCTM AHMOHOB B pAny
PO —S0%—ClO;:
. 3- . 2- . -
O=P=0 G=S=0 O=CFO
| | |
} h ]
0 0 0

Byay4u sApKO BbIpaXeHHEIM . JIOHOPOM HemoeJIeHHOH 3JIeKTPOHHOM
napsl atoMa ocdopa, PO$-uoH, npucoeauHss NpoOTOH, MpeppallaeTcs B

terpasgpudeckuil mon PO3H2" unm sa cdyer OKMciaeHUs HpeBpaliaercsa B
von PO3".Hou SO% cymectsyer, HO JIOBOJILHO JIETKO OKUCAAETCA [0 502"

u naer SO3H™. Yto e kacaerca mona ClOj, To, mockonbky spi-ru6puauoe

cocrossime Cl He XapaKTepHO, Hemoje/eHHas JJeKTpOHHas mapa (s?)
cOXpanseT mapooSpa3nyio GOpMy u He MPOABAAET TEHACHIUU K JOHOPHO-
aknenTopHoMy B3auMopeiicteuto. [lostomy uon ClO; Bnosne ycroitdms u

BOCCTAHOBMTEJILHBIX CBOMCTB NpPaKTHYecKH He mpossiseT. TakuM o6pa3om,
B papy PO —S0%2—ClO; BoccTaHOBUTENbHAS aKTUBHOCTD Ma/laeT.

BeneneTBue yMeHbIIEHUst ycTONYMBOCTU  SPS-TMGPUAHOrO  COCTOAHUA
HEeHTPaJbHOTO aTOMa MOHMIKAETCSA TaKkKe YCTOMYMBOCTL TeTPadlpuyecKuX
OKCOaHMOHOB p-31eMeHTOB 4-r0 mepuopa B papy GeOi —AsO%—SeO3—

. BrO;. B atoM xe psmy 3aMeTHO BO3pacTaeT OKMCIMTENbHAS AKTMBHOCTD.

Otu mons Menee ycroiumsbl, a AsOf, SeO?2” u BrO; — Gonee cuibhble

OKMCJIMTENM, YeM
nepuoja.

Mockonbky nnA  p-3neMeHTOB 5-TO nepuoja Haubojiee XapaKTEPHO
KOOpAVHAMOHHOEe 4uciio 6, a He 4, To He HabJslO1a€TCA MOHOTOHHOE M3Me-
HeHMe CBOMCTB B BEPTMKAJIbHBIX pslax

COOTBETCTBYIOIIIUE MM  aHMOHBI 3-ro

P-DIIEMEHTOB

cio; soz POI  SiO¥
BrO; Se02" AsOF GeO¥
10§ TeOg SbOI"  SnOE"

Crpykrypa okcoemunenmit I(VID), Te(VI), Sb(V) u Sn(IV), a cremo-
BAaTEIbHO, U MX CBOMCTB CYIIECTBEHHO OTAMYAlOTCA OT TAKOBBIX OJHOTHII-
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upix coeguuennit CI(VID) u Br(VID), S(VI) u Se(V1), P(V) u As(V), Si(1V)
n Ge(lV).

I'JIABA 7. pDJEMEHTH III FTPYIIIBI NEPUO/IMIECKON
CUCTEMBHI JI.A. MEH/JIEJIEEBA

K p-onementam III rpynme!l oTHOCATCS TUNNYECKHE 3IEMEHTBI — 60p u
AJIOMMHUI — U 3JeMeHThl nmoArpynnei rajuivs — rajjauil, UvHAu¥ U Taj-
v

‘B 1522522 p!

Al 2s522p63s23p!

Ga 3s23p63d104s24p!

In  4524p64di05s2Hp!

Tl  4524p54d'04 £145525p65 d!106 526 p!

HeKOTOpble KOHCTaHTHI 9TUX 3JIEMEHTOB NMPUBEJECHB! HUKE:

4B 13A1 31Ga 4gln 81T1

ATOMHASA MACCa . . o« v . . v . s 10,81 26,98 69,72 114,82 204,37
BaJleHTHble ONEeKTpoHLI . . . . . 2s22pl  3s23p! 4524p! 5s25p!  6s26p!
ATOMHLIl paguyc, HM

MeTaJUIMYCCKUI . . . . . . . . 0,097 0,143 0,139 0,166 0,171

KOBAJIEHTHBIN . . . . . . . . .. 0,088 0,126 0,127 0,144 0,147
Vcs10BHBI pagnyc MOHa

D3 EM L 0,020 0,057 0,062 0,092 0,105

Sueprus Mormsaiun 0= D,
3B ... 8,298 5,986 5,998 5,786 6,11

Conepaatmte B 3eMHON Kope, 7

(Mo momm) ... 6-107¢ 6,6 4-107¢ 1,510 3-1075

Kak BUAHO M3 NPMBEAEHHBIX J3HHBIX, ¢ YBEJMYEeHUEM aTOMHOro HOMepa
3JIEMEHTOB  DJHEpPrusi  MOHU3aluMM  aTOMOB  YMEHBUIAeTCs: 6op —
HeMeTaJJIMYecKUil, TAININ# — MEeTaJlIMYyecKuil dJIeMeHT.

§ 1. BOP

[lo cpaBHEHUIO ¢ paHee pPacCMOTPEHHBIMU JJIeMEHTaMU 2-ro mepuoja y
6opa HabmogaeTcs JajbHejimee ocnabieHne NPU3HAKOB HEMEeTalJIM4ecKoro
sneMedTa. B 5TOM OTHOIIEHUM OH HAIOMHUHAeT KpeMHMi (aMaroHanbHOe
CXOLCTBO B mepuoaMueckoll cucreme). [ns Gopa Hambonee XapaKTEpHLI
COeIMHEHNS, B KOTOPBIX €ro CTeleHb OKUCJAEHMs paBHa +3. OTpuuaTesns-
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Hble C(TelNeHW OKMCJIeHMs 60pa MNPOSBISIIOTCA pPEIKOo; ¢ MeTaljaMyu 60p
06BI"1I0 06pa3yeT HECTEXUOMETPUUECKNE COCIVUHEHUA.

Bop B semHo#l KOpe HaxoguTcsi B BUAE ABYXx wmsoronos: 1B (1957) u
UB (80,43%). OcHOBHEIMM ero MuHepajaMu ABIAIOTCA 60pathi: Na,B,aO-
- 10H,0 — 6ypa, NayB,0;-4H,0 — xeprum, HsBO; — caccoaun.

OrHocuTenbHo HeBBICOKOE cOflepikaHMe Gopa B 3EMHOI Kope, He oTBeualolllee ero
MajloMy aTOMHOMY HOMepy, obbsicHsleTcsl JIePKOCTBIO B3aUMOJEeNCTBUSI ero sinep ¢
HeATPOHAMU:

19B + In = 4He + ILi

s . . . 1
Ora ¢TocobHocTh GOpa NOMIOWATh HENTPOHBI ONpenesisieT BajkHYIo poJb Gopcogep-
KAUIMX  MATepUasIoB B sIIepHOM "HepreTMke B KAYECTBE 3aMeJIUTeNlel »IePHBIX
IpoUeccoB M B GMOJOTUYechOU 3alIUTe.

IIpocTrie BemecTBa. bop umeer Gomnee 10 amnorponndecknx MOAMPUKa-
nuit. AToME 60pa B HUX OOBEJMHEHBl B TPyNNUpoBKU By, nmeromue dop-
My ukocasdpe — pBaluaTvrpanauka (puc. 184). Pacmosonenne ukocasn-
poB Bi; OTHOCHUTENEHO ApPYT Apyra B KpUcTalle MOKA3AHO HUKE:

\l \I/

{2 \/‘:3‘ 7N
T2\ 7 \/B<— Ny / \
| RS

Kpucrannu Gopa TeMHo-cepore upera, tyrommasku (1. wi. 2075 ('
. ‘ O
T. kun. -~ 3700 "C),  aMaMarHUTHE, O6MAJAIOT  NOJYIpOBOLHUKOBLIMII
ceoictBaMu (AE = 1,5 »B).
B ofurupix  yenoBusix 60p  (HOmOBGHO KpPeMHMIO)

- BeCbM4d UHEPTEH M HeNOCcpPeACTBEHHO B3&MM()HefICTBy6T

TOALKO ¢ dropoM: mpu uarpeBanuu (400—700 °C)

4 OKMCJIAETCA  KMCJIOPDOJOM, CepO¥, XJIOpOM M Jaxe

asotom (Bhme 1200 °C). C Bopopogom 60p He B3aM-

*.Mopedcrsyer. Ilpu cuipHOM HarpepaHum BOCCTaHOBH-

TeJIbHAA aKTUBHOCTH 6()p3, nIpoABaAeTcA U B OTHOIIe-
HUM TAKMX YCTOMYMBHIX OKcUJOB, kak Si0, P,0s n

. Ap.: P u c. 184. Nkocanp-

puieckast TPy~
poBka aroMoB Bjg

38i0, + 4B = 3Si + 2B,0,
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Yo 0GBLACAASTCS BLICOKUM 3HAUEHMeM 3Heprun I'u66ca 06pasoBAHUA
oxenza 6opa B>0s (A '} gug = —1178 wJlx/Moub).

Ha 6op pefcTBYIOT Juidb IopAuue KOHIIeHTPUpOBaHHbI® a30THaA U
cepHas KWCJIOTHI, & TaKKe [apCKafd BOIKA, nepeBojisi €ro B H;BO;. leno-
ur HpH OTCYTCTBUM oKMcsIMTeNIel Ha 60p He HedcTBYIOT.

BesiecTBue BBICOKOH  SHEpIrUM [u66ca 06pa3oBaHMA  GOJIEUIMHCTBA
coenquHeHuil 6opa ero Mmojy4atT B ¢BOBOTHOM COCTOAHNU OOBIHHO MEeToJa~
MU MeTaaloTepMumn (nale BCero BOCCTaHOBJICHMEM MarHUeM
WM HATPUEM):

B,O; + 3Mg = 3MgO + 2B, AGy,, = 515 1]lx

KBF, 4 3Na = 3NaF + KF + B, AG,, = —389 kllx

[Ipu >TOM BRIZENAETCA aMop®ubii 6Op, KOTOPLIH nepeKpucTALIN3aLMeH B
PACIVIABIGHHBIX METAJLIAX MOMKHO 1epesecTH B KPHCTALINIeCKOe (:()ﬁiTOH—
nme. OIHAKO 3TOT METOJ, AAeT MPOAYKT, 3arpA3HEHHBI NPUMECAMH. Bosec
querwiit Gop (99.5%) mosryHaeTes BACKTPOIU3OM pACIUTABJICHHDIX (PTOPOOO-
paros. Hanbonee amcTell GOp  HOMYHAIOT TePMUYECKUM  PA3IOKeHHEM
napoB 6poMuaa 6opa Ha pacKaleHHONA TAHTAJOBOM MpOBOJIOKE B HPHCYTCT-
BHM} BOAOPOLA:

2BBr; + 3H, = 2B + 6HBr
1IN pﬂ3ﬂ0me}{MeM (er}\'MHFONI) ero BOﬂ,()pOﬂHb]X COQLLMHeHI/II/l:
B,Hs = 2B + 3H,

Meranueckue coeuaerus 6opa. (& Mertaniamu 6op obpasyeT Gopr/ibl
cpegHero cocTasa: MyB, M.B, MB, M;B,, MB,, MB,. MBy,.

B 3ABMCMMOCTM OT VCJIOBMIE OQUH U.TOT e oJleMeHT 06pasyer 60PUABL PpaBHOrO
coctapa, HanpuMep: NboB, NbzBa NbB, NbaBs, NbBy CrgB, CrpB. CrB, CryBy.
CrBs. Ho.Mepe yBeJ'leHus collepRafist 6opa CTPYKTYPA GOPUJIOB  CYULeCTBEHHO
yenoxansiercst. B Gopuiax THnA My4B u M3B arombr Gopa n30MpOBAHEL Apyr or
apyra. B 6opunax tuia M;B, atoMpl 6opa chsi3aibl NOUAPHO. B MB — b uenu. 1
M;B, — B capoentbie leru, 8 MB, — B cerru us LeCTUHIeHBIX KoJlell 11, HAKO-
wer, B Gopupax coctaBa MBg u MByy — B TpexMepHBIC KADPKACH! COOTBETCTBEHHO B
Bile ORTABIPUHECKIX M MKOCADIPUMECKUX PYHIIUPOBOK ATOMOE.

BONMLIMMECTBO GOpUAOB d- M fMeMeHToB OUeHb TBEPbL. SKAPOCTOMIN
(2000—3000 “(') M XMMUYECKH YCTOW'MBEL. BopHIbl $-3718MEIITOB XMMM e
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CKM AKTHBHEI, B UACTHOCTH, PABAAralOTCA OOJ ACHCTBHEM KHCJIOT, 0bpasys
cMecu HOpPOBOLOPOAOB.

JKaponpounbie u kapoctoitkue Gopuaw d-smementos (Cr, Zr, 'Ti, Nb.
Ta) ® UX cmaaBl IPUMEHAIOT IJISI WM3TOTOBIEHUA [eTaleH peakTUBHBIX
JABUIATENeH, JIONATOK ra30Bbix TYpOuH W 1p. HekoTopble 6opuAbl MeNOAL-
BYIOT KdaK KaTajgu3aTopbi, B KAYECTBe MATEPUATOB /A KATOAOB 2JEKTPOH-
HBiX IpUOGOPOB U T.A.

Coepunennsn 6opa (II). Crenenb oxucnenss +3 y Gopa npospsisiorcd B
cOeHHEHHAX ¢ 6oJlee HJICKTPOOTPUIIATE/NBHEIME, TEM OH ¢AM, 3JIEMCHTAMH,
T.e. B raJJOTeHMAaX, OKcuae, cynbduge, HUTpUae, rHApnuiaax U B COOTBETCT-
BYIOLIMX AHMOHHEIX 6OPAT-KOMILIEKcaX, NPOCTEHIINE U3 KOTOPBIX TIpUBEIe-
HBl HUIKE!

BF; B,O, BH; BN B.S.
BI; BO; BH; - BS;
[BF;OH]" [B(OH)," [BFH]" - -

B 3aBHCUMOCTM OT 4YMCIA O-cBAszeil KoOpAulanuoHHoe nceno topa (1)
paBHO 4 uaAN 3, YTO COOTBETCTBYCT $pi~ MM SP-THODMAMBALME €I0 BaJeNT-
HBIX OpOuTanei:

Xapakrep r’ubGpu au3alMu ITpocTpatcTBeHHOC IlpuMeptr! coenu-
opbuTtaiieis aroMa 6opa paciioVioxkKeHue HCHUM
O-CBSI3CHR
2s 2p
sp3 + + + ___ Terpanapuiieckoe BF,. BH}.
sp? + + + == Tpeyroivlioe BClL,. BOY

sp2-T'mGpuaM3anms BaIeHTHLIX OpOHTANeill 60pa ONpefensaeT MM0CKoe
TpeYrossHOE CTPOEHME MOJIEKYIT, KOMILIEKCOB W CTPYKTYPHbIX CUHHHUIL €ro
coeaunennit. Kak n B ciaydae yriepoma, sp>~rubpujiHoC COCTOAHHC (TAGIN-
3UpYyeTcA 3a cUeT HeJIOKATU30BAHHON mp-mp-csAsn. Tlocnennsasn obpasyeres
pu y4acTum cBOOOJLHOU 2p-Oop6UTanu atoMa 60pa U HEHOJeneiHOl napl
3IeKTPOHOB CBABAHHBIX ¢ HUM ATOMOB:
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C 2B
|: NH’/ “NH

B
Z X HB. _BH
¢l NN

ercst
B pesynbraTe BO3HUKACT YACTHYHAS [BOECBA3AHHOCTH, YIPOUYHACT
CBA3L U yMEHBIIAETCS MEXbANEpHOS paccTOsIHUe.

BA3U d IIpH Tpeyr(). IbHOM pac 110510 KEHU U (07 1 6 HM Ha
, A H P

0,012 HM Kopode, UeM TIpM TeTpasnpuieckoM (0,148 HyM). AnanoruHuHo ITMHA CBASM
d ® BF; (0,129 HM) KOpoOUe, HeM B BF;1 (0,143 HM).
BF

B cooTBETCTBMM ¢ YCTOWUMBHIMM KOOPAMHALMOHHBIMU yucaaMn 60pa
% ¢ . a
(I11) u3 6GMHAPHBIX cOeJUHEHUU ranorenuns BHaly MoHOMONeKyTAPHBL (,
¢ 06
okenn Bo0j, cyabdun BoSs, HUTPUL BN — nonumepHbl. Becbma cBoe
ac UIpUAOB 60pa.
pasHa CTpYKTypa T ‘
BuHapHBIe cOeMHEHUs 60pa (I11) wucaoTHBE. 06 aToM, B ‘JaL'I:.H()(,ln,
¢ s 14
¢BUeTEJILCTBYET XapaKTep UX COJNBBOJIN3A (ruapoiuaa) U B3aUMOEHCTBI?

¢ OCHOBHBIMU COEJHMHEHUAMH.

Fanoreuwunns tana BHaly uaBectp! AJA Beex rajgoreHos. Mory’
6LITH TIOJNyYeHb W3 INPOCTHIX BELLECTH NPy HATPOBAHMML. Bce oHu Gecupel
ubl. Monexyasl BHalg umetor dopmy MIOCKOLO TpeyroJibHuKa ¢ ag(l;M(m
Gopa B lleHTpe (sp?-TMOpUHBIE op6urtany). B 06pIUHBIX yCJIOBUAX 5 -
ras, BCly u BBr; — muzgkocty, Bi; — TBepaoe Belllec TBO!

BF’; BC13 BBI‘;; Bl;f

T.oon, "C. o -127 -107 -46 +43
T. }cmi. CC -10t -12,5 +90 paad.
AH‘}‘z%, kJIk/MOTB . .- —1137 —427 243 -38
A 1},2%, kot /MOMb . -1120 -387 -238 -

d HM oo ovee e e e 0,129 0,173 0,187 0,210

BHal’ s
EBHa,l' kot /MOTIb . 644 443 376

B TBEpiOM COCTOSHUM TaJlOreHUJbl UMEKoT MoKy IsipHBle pelerku. B
COOTBETCTBUM ¢ YBEJMUEHWeM JJIMHB CBSI3M M yMEHBLICHUEM €€ aﬂepnﬁn b
psiny BF;—BCl;—BBrs—Bls ycroiuusocth 6picTpo ymenpluaerca. 06 ‘.m)f:
CBULETENBCTBYET TAKKe XapaKTep M3MEHeHMs WX OHTalBIuH 06paszoBaHily
u osHepruu ['n66ca 06pa30OBaHUI.
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Hauboneiiee npuMenenue uMetor BF3 u BCls. Tpudropun nomydator Harpepa-
muem ByO; ¢ CaF, B npucyrcreum koruenrpuporanHonr HpSO4 (cp. mosydenne

SIF4)
B;O3; + 3CaF; + 3H,S0, = 2BF; + 3CaSO4 + 3H,0

INosyuenue Tpuxnopuna 6opa (kak u SiCly) ocHoBaHO Ha XJOPUPOBAHUY DPacKajeH-
HOM CMecHU OKCUZla U Yrisi:

B,03; + 3C + 3Cl, = 2BCly + 3CO

Tpuranorenunbt 60pa — CHUJBHBEIE AKUENTOPH BJIEKTPOHHOI Tapkl; BFj, nanpumep,
NpUCOeIMHACT MOJIeKY Ny BOAB!, aMMMaKa, ohUpa, CIUpTa U IIp. '

[TIpu B3anMopeitcrBum ¢ Bopoit BF3 paer BF3-H,O (1. mwa. 10,2 °C, 1. pasa.
20 “C):

F

| -0
F—B—0O

| >

F

. C aMmuaroM obpasyet teepiioe semwectso BFg-NHy (1. wi 163 “()

H

F
| |
F=B—N—H
| |
F H

i Xopollo pacTBopuMoe B Boje 6e3 saMeTHOro rmaposiu3a. B npopyKrax MpuUcoeuHe-
l HUS opbUTaiM aroMa 6opa HaXONATCA B COCTOSIHUM SP -THOPUAMBALUY.

CHoco6HOCTE K JLOHOPHO-AKHENTOPHOMY B3aMMOENCTBUIO Olpeelser
} MpuMeHeHue TpudTOpUga U TPUXJIOPU/JA 60Pa B OPraHMYECKOM CHHTE3e B
} KadecTBe KaTANM3ATOPOB.

KucnorHas npupoga TpUraloreHugoB 60pa NPOABASAETcs, HalpUMep,
§ TP ux ruUApOSM3e, KOTOPHA NpOTeKaeT Heo6paTMMO ¢ 0GpasoBaHUeM

B Kucaor:

8 BHal; + 3HOH = H3;BO; + 3HHal

Besepcrsue storo BCls u BBry Bo BlaxHOM BO3yxe MBIMAT, B3aUMOLEHCT-
§ Bue Bl; ¢ Bogoit nmporekaer co B3peiBom. Kucnotumit xapakrep BCly mpo-

BCl; + 6H3;N = B(NH,); + 3NH,Cl
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Cecrxsuoxrcun Gopa (III) BoOs cymectByer B Bu/ie HeCKOTLRUX
mMogudukauguit. B xpucramnax B;O; aToMbr 60pa  HAXOAMATCH BHYTPU
PAaBHOCTOPOHHeTO TpeyrombHuka BO; nu6o Terpasapa BO, us aToMmos
kucnopona. Kpueranauueckuit BoOy (nmaasures npu 450 "7 v KUOMT npu
2250 °C) wuMeer BBICOKMEe 3HAUTECHUA JHTAIBIWU (AH‘;J% = —12h4

(AG = 1194

1.295

k[l /Mons)  u sHeprum  ['m66ca  06pasOBaHUA

kJlx/Monp). OH Jlerko TepeXOAUT B CTeKI00OpA3HOe COUTOMHHE U OHeHL
TPYAHO KpucTamianaupyeresa. loaywaior okeua ByO5 oGessoxupannen
H3;BO;. B orauuue or nenn Si—O—Si neny B—O—B otHOCHTENBHO JCTKO
Pa3pPBIBAETCSA NPU I'UAPATAIIMH; B 3TOM OTHOOIEHMI KUCIOPOJHBIe COCAMIIC-
uua Gopa [(1I1) exoguer ¢ TakosniMu Gocdopa. Rak KHCIOTHBIA OKCH,1
B,0; snepru'ino B3amMomgeicTByer ¢ BOAOH ¢ 00pa3oBaHUCM GOPHOM KHc-
noret H4BO-,.

Cynasdupng 6opa BSs — crermoobpasHoe BEILECTBO. BOTOK 10110~
CTBIO pa3iaraercs.

B cooTeercTBUMM ¢ yCTOUUUBLIMW ROOPJIMHANMOHHBIMIT "HICTAMLE oopa 3
M4 mUTPp U A 6opa BN cymectsyer » suae asyx moaudmkanuit, Hpu
BRAUMOJIERCTBUN TIPOCTBRIX BEIECTB O6pasyercs MoONUMdUKALHA ¢ rekearo-
HATBHONW ATOMHO-CJIOMCTOU CTpYKTypoil Tuma rpaduta (eM. pue. 172, 6).
['ekcaroHalbHble KONBHA B HUTPUJAE GOPa COAEPAAT TepeJlyIOINCe sl ATOMLI
B u N (na paccrosuuu 0,145 aM ¢ yraamn 120°). DTo cooTBeTeTBYCT $p--
rUOPUAIBAIMY BANCHTILIX OpOUTANEH aTOMOB Gopa 1 asoTa. (Pacceroanuc
MeKY cJIOAMKM B HUTpUge Gopa pabBHo 0,334 1M, T.e. Kopote, 9eM B Cpa
dute, — 0,340 BM). B ornmune ot rpadira BN — Genoro usera ("Geisiu

rpadur"), nonynposogHukr (AE = 4.6—3.6 5B). nmerko pacenauBacTes i

elnyikY, orHeynoped (t. mwia. ~ 3000 "('). Bounoil pasiaraeTtcsa odenbs Mel-
JIEHHO TNpU HarpeBaHuu. PasnosmeHue ycUAMBACTCA 1IpU J€HCTBHU pasdap
JIEHHBIX KMCJOT.

B npyroit Mmogubukauuu HUTpUIL 60pa (6opason WK 24660p) ATOMbI
60pa M a30Ta HaXOQATCA B COCTOAHUM spi-rMOpUANBaUnn. ITa MOLUDH KA~
IMA MMeeT KpUCTaUIMMecKylo pellleTky TUma aiMasa (cM. puc. 172, a).
Ona 06pasyeTcss M3 rekcaloHa LHOW [pU BBICOKOM AAaBlIeHUH NOPAJKA 6—
8 T'Tla n narpesanun (1800 “(') [IpeBpAlleHKe TEKCATOHAILHONO HUTPL L
60pa B 60Pa30H aHATOIMUYHO NpCUBPAINEHUIO TpadUTA B ammas,

Kpuctanner 6opazona OKpAIUCHBI OT KEATOO AOG HYEpHOTO [BETOB 11111
GecuBeTHb. bopa3oH OYeHb TBepAbfl M B 3TOM OTHOIMICHUM HOYTH HC YCT\ -
naeT anMazy (HEKOTOpbie 06pasilbl GOpazoHa Jake HapanatorT aamaz). h
TOMY ke B OTJIMYHe OT NOCHAeAHero OH Mexamu4iecku 6OJIce NpotieH U tep
Mugeckn Goslee ctoek. Hampumep, npu Harpesanum B BakyyMe a0 2700 (
6OpAsOH COBEPIIEHHO He M3MEHAeTcA, HpU HADeBAMMH Ha BO3BAYXC .L-
2000 “C' aume cjlerka OKUCIASAETCA ero MOBEPXHOCTh, TOPJA KAR  alMi:
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cropaeT yaxe upu 900 (0 KRai v anmazs, 6opason — guonextpuk. Ykazat-
HBIE® CBOMCTBA OUPEACIAIOT Bre BO3PACTAIONICE 3HAYEHMCE 6OPA3OHA 715
TeXHUKHU.

l'vppuas 6opa (fopanst) 16 cOOCOBY HOMYIOHUS H 110 ¢BOHCTBAM
HANOMUHAIOT cuaabbl. O6BIMHO cMech OODANOE ¢ BOJOPOLOM I{OIY'16TC A
NEeHCTBHEM  KHCIOT Ha
npuMep:

HeROTOpLIe XNUMHYeCK ARTUBHLIC 6()})]{1,7],])[, HA—

6MgB, + 12HCI = H, + ByH,o 4+ 6MgCl, + 8B

lIpocrefiuee  Bojoponkoe  coenuHenne  Gopa

BH. (A(:“; = 109

K/ /MOMTL) B OGBIHLIX YCJAOBUAX HC CYMECTBET. IO OBLACHAOTCH Oro
KOOPJAMBALMOHHOR  HEHACBIIICHHOCTHIO U HOBOAMOKHOCTLIO OGPABOBAHIIH
OENOKAMUBOBARIION T-CBASH, KOTOPAA CTAGHIIZHPOBATA GBI »pd~-rUGPHATOC
cocToAnre aroma dopa. KoopanHaniodnoe nacpinenne atoMa 6opa BOsHI -
KaeT 1ipu cOUeTAHUH HTHX MOJCKY/I-PALNKATOB JIPYL ¢ IPYTOM:

BH.(r) + BHs(r) = B,He(r), AG

Say = — 2T 1/

W3 Beijienenibix B ¢BOGOJHOM  COCTONNUU TUIPHI0B  OOpa  cocTaBa

BnHyes v BpHy, mpocTefinnMu npescraBuTeasiMu sipn siioTest: B.H,. B4H,

~— rasel, BsH,, BsHy — sguscoern, B Hyy — TBCPAOC BeIIECTBO:
B.H,  ByHi  BeH, Byl Byably,
T oo, "C.oo . —166 -120 —47.6 -5 99
T owun, "L =925 13 186 ? 21307

Honst Beex 6opanos A(y'”/ > (), BOOTOMY HX [OMYIAIOT KOCBEITHBLIM T1yTeM.

Rak neTpyano supers. 60poBOAOPOAB — coe,HleHIs ¢ neuiurom
anentponos. Hanpumep, B Byl ob6imee vueno samenTHoix IMTERTHOHOB
PaBHO 12, T.c. NX He XBaTaeT 10 oBpasOBARIA BOCLMH  OOBITHLIX ABYX-

QH OB
a 0

> Qe Y,
F nc. 185. Crpoenne (a) u cxema NePeKPLIBAHN A ATOMHLIX OpOUTA-
nelt (6) B Moreryne BoH,
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5IeKTPOHHBIX JIBYXIIEHTpOBHIX cBsizell. B nubopane B,Hg umeror mecto
AByX- M TpPEeXIeHTPOBHE CcBA3U (pHC. 185). Ise wkoHneswie rpymnel BH
JeKAT B OJJHOW IJIOCKOCTH, a aTOMBbl BOAOPOILa U 60pa CBSA3AHBI JBYXI|EHT-
POBBEIMU JIBYX3JIGKTPOHHBIMU CBA3AMMU. JIpa ke neHTpaJpHBIX ATOMa BOLO-
pona pAcmoOJIOKeHB! CUMMETPUYHO Haj 9TOM IJIOCKOCTBIO W 1104 HE 1
06begMHEHB ¢ aTOMaM¥ 60pa TPexneHTpOBON [BYXJIEKTPOHHOU CBABLIO.

. TpexiteHTpoBasl CBA3b BO3HUKA~
sp3-Opbutanu  TpexUeHTPOBLIE 1s-Op6uTans

nByx aromoB B op6uranu B,H¢ atoma H er B pesyJsibrare NepeKphIBaHUsl
NBYX sSp3-TUOPUIHBIX opburanen

£ /’5—\\\ Gopa (Mo oOpHOW OT KAXIOTO
/ \ atoMa) ¥ ls-opburaiu aroMa

+ __4_“_‘0_\ \\\ sofopoa {puc. 183, 6). Oro

\ A COOTBETCTBYET 06pasOBaHUIO

\\ >—+ CBSI3BIBAOLOH, HECBA3bIBAOIEN U

\\_H./ g pasphIXJIsALLei MOJIERY JISIPHBIX

s opburaneit (puc. 186). Ilapa

_ OIeKTPOHOB 3AHUMAET (Bs3bIBAIO-
P u c. 186. DHepreruyeckast cxema YpoBHel

. H Iyl OpOUTANIE, 1TO obecTiednBaeT
TPeX1eHTPOBLIX opéuTaseil Monekynbi BoHg

ycroiuupocTb  Monery/bi  BaHe.
DibpexTMBHBIN 3apsiji Ha MOCTMKOBBIX aToMaX BOJOPOa OTPUUATENLHBIH (0,22—), a
ita atroMax 6Gopa (0,22+) nosoxUTebHbIN.

B Moslekylax apyrux GOpaHOB MOMHUMO [IBYXI€HTPOBLIX (BHEIIHUX)
csiseit B—H 1 TpexueHTpoBBIX (MOCTMKOBBIX) cBaseii B—H—B npossasior-
cs Takxke cBsa3y B—B. B pesysbraTe BOBHUKAIOT [JOBOMBHO CJIOKHBIE

CTPYKTYPBI.

Tak, B Monexyse mempabopana ByHyo (puc. 187) wecrs cszeit B—H, dernipe
TpexilenTpobble cBsish B—H—B u onna cesisb B—B.

B,Hyo B.H
OB oH 59

P u c. 187. Crpykrypa terpabopana ByHyp u neHrabopana BsHg
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B Monexyne newmabopana BsHg oseKTpOHBI [eJIOKAJIMB0BaHb B elle GoJbllen
cTelleHd M o6pasyloT I ATHU WL e HT PO BY o cBA3b. B Momekyne BsHg (puc.
187) u3 24 oyIeKTPOHOB NeCsATH UCHOJAB3YIOTCA Ha 06pasoBaHUe NATU ABYXLEHTPO-
pbix cBs3eil B—H, BoceMb — Ha o06pasoBaHUe UeThIpeX TPEXUEHTPOBLIX CBSzel
B—H—B, a ocranbHbie iecTh IEKTPOHOB YyYACTBYIOT B NOCTPOEHUM TIATHUIUEHTPOBO
CBAI3Y, OXBATBHIBAIOLLEN OCTOB U3 MATU aToMoB Gopa. BceiencrBue genokanuszauuum
CBSA3SH KOODIMHAUMOHHOe 4McyIo Gopa B INeHTabopaHe JIOCTUraeT LIEeCTH.

Crpyxryphble GOpMy/IEl HpocTeilinx GOpaHOB NpPHUBENeHBl Huke (TYHKTHDOM
0603HAUEHb! MHOTOLIEHTPOBbIE CBSBH):

H

H\B”/H\\B/H H\B”H"’B"H\‘\B/H
Y N ONH BT SHeBeir NH
H
ByHg B4Hyo
(BH; + BH;) (BHs + ByHy + BH;)

BopoBopoponsl XvMHYeckM BechMa aKTUBHEI (OTHOCUTENLHO MEHee
aktneed B Hyy — dexabopan). Tar, GoapmmucTBo 60paHOB Ha BO3ayXe
CaMOBOCIJIAMEHSIIOTCSA U CTOpAlOT ¢ BhiefleHueM OdeHb GOJIbIIOro KOJIu-
decTBa TemsoTH (Hampumep, aias BoHg 2025 w/lxk/mons, Torna kak mas
CoHg 1425 &/l /Monp). DTO MO3BONAET MCMONB3OBATH WX B KAUe€CTBE pa-
'KeTHOTO TOIJINBa.

Fubpuppt 6opa passiaralores BOLOH, CIMPTAMU M IIEJIOYaMU C BBILENIe-
HueM Bogopoaa. Haubonee aktusHO rusponusyercs gubopad:

B:Hg + 6H,0 = 2H,BO; + 6H,

Bonbmmzerso 60paHOB MMeeT OTBpPaTMTeNbHBIl 3allax MU O 4 € H b
A0 0BUTH.

KpoMe GHMHADHBIX coemuHeHMIl TIONyueHbI cOenVHeHUs! Gopa THNA B(ClOy)a,
BCI(ClOy);, BCly(ClO4). TlepBhle nBa — serxomnsiaBkue TBepjble BeUeCTBa, a
Nocnentee auaxocTh. Bee onn Masoycroitunebr. Bo BilakHOM Bo3gyXe paspyllianoT—
Cs1, 06pa3ysi KUCJIOTBI:

B(CIO4)3 + 3H,O = H3;BO; + 3HCIO,
|
Bynyuu KMCIOTHBIMU, GUHADHBiE COELWHEHUS 6opa(lll) mpu B3aumo-
AECTBUM ¢ OCHOBHHIMU COESMHEHMAMU O6Gpa3syIOT AHUOHHME KOMIUIEKCHI,
Hanpumep:
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9KOH + B,Os = 2KBO, + Hz0

shupe

2LiH + (BHy), = 2Li[BH,
Nall 4 BF; 22PiRl Na[BF;H]
U3 anumoHHbIX KoMmiekcos 6opa(lll) — 6opaToB — Haubonec

NPOCTEL IO COCTABY CEAYIOIINE: dropobopar [BY,]", q)T(‘)porw:Lpou'co()o_pa—
e [BFsOH]", [BF(OH)]", $roporuppunodopars  [BF 3}1]'(3 [BF,H,]™
rujpuaobopat [BH,]". Bce oTi KOMILIEKCH COOTBETCTBYIOT spi-ruGpUAHOMY
COCTOSHUIO ATOMA GOPA M UMEIOT TeTPA3APUUCCKYIO CTPYKRTYDY.
Terpadpropo6opaTtbl OYeHb pasuoo6pashbl. 1o kpueramim-
HeCKOH CTPYKTYpe W pacTBOPUMOCTU OHW OHEHb 6AU3KU K COOTBETCTBYIO-
muM nepxaoparaM. OTHOCHTENLHO MATO PacTBOPUMEL K[BF,]. Rb[BF,] n
('s[BF4]; comm nouTu Beex OCTANLHBIX METAVIOB XOPOIIO PACTBOPUMBL B

BOJE.
Mropobopar sonopoma HBF, He nosye. Ero BOmHBLA DACTBOpP — CUJbHA
wnenora. Tomyyaior ee pactsoperne H3zBOj B HTOPOBOAOPOZHON KM IOTE!
H;BO5 + 4HF = OH; + BF; + 2H,0
TerpadTopobOpHast KUCIOTa 00pasyeTcs Hapsly ¢ opTOBOPHON TIpH  TCUAPOTIN3e
rpudToph 1a Hopa:

BF3 + 3Hzo = HQB()R + 3HF
SHF + 3BF; + 3H,0 = 30H} + 3BF;

il

4B, + 6H20 = BOH: + 3BF_1 + HqBOq

OnHoBpeMEHHO B HE3HAYNTESILHOM KOJMUHECTEe 0o6pasyTes HONb [BE <OH]" n
[BF(OH)p)™ war npolyKThl 4acTHYHOTO MHAPOANSA BF:

BF; + HOH = [BFyOH)]" + HF, K= 23107

FmagpunobopaThb HM3BeCTHBL [ MHOFHMX sineMenToB. TeTpa-
rUApKIOGOPATH LENOYHBIX U UIENOYHO-3eMENBHEIX METALIOB ABJIAKOTC
HPCUMYIICCTBEHHO MOHHBIMU COEMHEHUAMHU, T.¢. THIUHHEIMA FO.H}ZM‘I/I: B
TBOPJOM COCTOSHUM OHU BIOJIHE yCTOWYUBEHI (1. pasn. 250—500 °C). BB
MPAKTUKE YAlle BCEro MCNoJb3yeTcs Na[BH4] — GecuserHas co/b, XOpollt
pacthopuMas B Boje. llpu oBbIHBIX TeMiepaTypax PULPONUBYETCA OYeNE

MeJLTellHO.

MeTAJJIOB  MOXKHO  HOJIYYHTD E3AWUMOJIIEeNCTBIEC o

'uppupobopatbl )
CcooTBeTCTRYIOUICTO TUApUAA € MGopaHoM B ahUplioM pacTsope ((‘M. Bblme). o
nonytennst Na[BHy] 06brdHO McnonbsyeTest peakilns Meky PHAPHIOM HATDHSL
METUIIOBBIM DUpOM OPTOGOPHONR KNUCIOTHL:

A80

HLEJTOIHBIX

4NaH + B(OCHy); = Na[BH4] + 3CH;0Na

TeTpart IpMRO6OPAThl APYriX METa/IoB OBOEIMHO MOJY4aloT OOMEHHON peariien
mexny Na[BH4] u cooTBeTCTBYIOUIMM TATOPeHUIOM, HATIpUMED!

3Na[BH,] + AICl; = Al(BHy)s + 3NaCl

B NpoTMBONONOKHOCTH MOHHBIM  KOBAJEHTHble —TETPATMAPUINOGODATLI  THIIA
Al(BHy); (1. nm. —64,5 "C, v wum 44,5 “C), Be(BHy)p (1. Bosr. 91 ) neryn.
MeTKOMNABEM. B 3Tux ruapuiobopatax (MocKoAbKy UMeeTcst QehHIUUT HMCKTPOHOH)
CBA3L MEeXIy BHELIHel 1 BHyTPeHHeil cepaMu OCYUIeCTBISAETCA 34 CeT TpexXueh—
TpoBbIX cBAzed. TakuM o6pazoM. 3TU COelMlIEHUS SABIAIOTCS € M € W a H H b -
M U TuApvzaMi. B ruapupobopatax e LIETOWHBIX M L{ETOYHO-3eMETIbHBIX MeTa -
NoB  (HWBKME OHEPrUH MOHUBAIMM) IeUIUT OJIEKTPOHOB yCTpausieTcst 34 cMeT
[lepexosia ONeKTPOHOB ATOMA MeTaula K panukaTy BHi, T.e. B sroM cayuae cpsisk

MeX Yy BHeWIHell U BHYTpeHHel cdepamu CTAHOBUTCSH NpPeuMyiLecTBeHHON HOHHOM!

H\ ’,«H\ ’/H\\ /H H\ /H -
B Be B Li* B
TRgART RNV ! 1 N\H
Be[BH4], Li[BH,]

B oTnuumne OT MOHHEIX KOBaJeHTHBIe TMAPUAOS60paTL {cMeliaHHbe TUAPH-
Jbl) TaK ke peaKIIMOHOCMOcOOHbI, Kak U IUJPUAbLl O0opa, HaOpuMep B3pbl-
BaIOTCS Ha BO3AYyXeE.

['wapoboparhl — cuabHBIE BoccTaHOBUTEN M. OHH LIMPOKO KCIOIL3YIOTCA
A5t OPOBEEeHNA PA3JIMUYHBIX CUHTE30B, NPUMEHAIOTCS Kak HMCXOTHbLIC
BElIECTBA [A IONy'UeHHs PA3JMYHBLIX FUAPUAOB H B OcODeHHOCTH aubo-
paHa:

3JNaBH, + 4BF; = 2B,Hs + 3NaBF,

DTy peakiuio, IIPOTeKAIOILy B AUPHON ¢pee, MOKHO paccMATPUBATL
KAK pPeaKIUIO BLITeCHEHWs OJIHUM KUCTOTHLIM coeguHenuem (BE.) apyroro
(BHz),. :

KpoMme TerparnnpuaoBopaToB U3BECTIHB PASHOOGPA3HbLIE THIPHI0GOpA-
Tl 6071€e CJOXKHOIro ¢ocTaBa U CTPOEHM .

W 3BecTHb I‘l/lﬂpl/[ll()60paTbI HeHOHHBIX MeTallJIoB, colepKatie (JNORHbIe MOULL

Hanpnmep ByH o B Hi,. B, HI, B, H5. Tlocaennins vion mMeer BHA HEoCaHapa ¢

atoMaMy 6opa B BepiiMHax (puc. 188, a).

BecbMa pasHooBpastbl Takke FadoreHosaMelleHHble THOPUROBOPATHBIE AHMOHLIL.
Hanpumep, tulta [BroH y-nHaly)?™ u [BloHpo-nHaly)]*™ Brsors mo [ByoHaljel? u
[By>Haly,]?" (rne Hal = C'l. Br wawu [).
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P 1 c. 188. Crpykrypa uona By Hf; (a) u
monexyibl BioCeHyz (6) (Bomopouble CBsA-
311 He yKasaHbl)

B nocieHee BpeMs XUMMs Gopa oBOTATUIACH HOBBIM KIACCOM COSIMHEHNA —
TAK  HAsbHIAeMBIMM  xapBopanaau (Bopoyraepomamu). OQuva s MpeLeTABUT e
rapGopanos uMeer cocrag BioColyo (Gapen). DTo KpHCTARIUHECKOe BeulecTBo
(1. 101, 300 “C7), ero MONeKyma MUMeeT CTPYKTYPY WMKOCadpd, B HOTOPOM ATOMBI
VICPO4A  ALAJOTMUYHBl aTOMaM Gopa 1 IPUHUMAIOT YHACTUE B TPEXIECHTPOBBEX
CBABAX ¢ BmpKANIIAMK aTomaMy Gopa (puc. 188, 6). Dapen pacTsopnM B opratn-
HeCRNX PACTBOPUTETAX. DBapeHoBoe sylpo OUeHb yeTORMMBO To OTHONICHMIO K ORI
JAWTENAM, LeT04aM. ATOMbl BOHOPOIA, Ha0BOPOT, JIETRO 3aMellAoTes. Ha ocHose
KAPBOPAHOB TIOMYYenbi MHOFOUMEIPHIBIE NPOU3BOJHDIE, B TOM dACiIe KApGOPAHOBbEE
nomuMepsl. MHoIMe U3 HUX 0BTAJAI0T LEHHBIMU (BUSUKO-XUMUMECKNMIE U dusmKo-
MENAHMTIOCKHMUY  CHOMCTBAMM  (BLICOKAST TEpPMUUECKAS  CTAOUJIBHOCTB.  BRICOKME
NUbAEKTPUUECKe CBOMCTBA W TIP.). XUMUS KapGopAHOB B HACTOALLSE BPEMH HHTCH™

CMBHO M3y4aeTCsl.

OrkcobopaTHEBE e aAHUOHBL, nono6Ho OKcuay 6opa, B OOJBLHIMHCT-
BC ¢BOeM MOJUMePHL. B KauecTBe HPOCTEHUIMX MPeAcTaBUTETeH MOKHO
HA3BATh UHUKJIAMYECKUA MerabopaTibli aHWUOH (BOp)¥ (B kpuctamnax KBO..

NaBQ,) u nonumeraboparueiii annod (BOj), B suac IIOCKOM 3Ur3aroot-

pasHOl Geckoreurolt nenu (B kpucratiax Ca(BO,)y; LiBO,):

o—
1|3 0= 0~

NN ~
0 0 O-B 0B
| | —o- o7 o=
B B o~

o o o-
(BOy)¥ (BOy)™

VkasaHHble aHMOHBI COCTOAT M3 IJIOCKMX TPEYTOJIbHBIX CTPYKTYPHBIX
equnun BO,, uro orBeyaer sp?-TH6PUAHOMY COCTOSHHUIO opGuTanell 6opa.

B okco6oparax op6uranu aromMa 60pa HaxoAATcs, KpOMe TOro, B cOc-
TOAHUM sp3-TUOpUAM3anUM, T.€. O6Pa3yIOT YeThpe 0-CBA3U:

O~ -0
B0 _0-B_
B
g0 No-BZ
o ~o-

Cnoco6ul coueranusi tpeyroisHeix BQj, terpasapuueckux BOy4, a Tawxe
TpEeyTrOJAbHBIX ¥ TETPA3/IPUYECKUX CTPYKTYPHBIX EIUHUI, MexJy coboM
BecbMa pa3HOOGpa3Hbl. B rupaTHpOBaHHBIX OKcoGOparaxX BOKPYT aTOMOB
6opa koopaunupyores takxke OH-rpynnel. Bece 3T10 06BAcHaer oOueHb
6osibllIoe pa3sHOO6pa3ue cOCTaBOB M CTPYKTYp okcoboparoB. O pasHooGpa-
3MM COCTABOB 6E3BOJHBIX OKcOGOPATOB MOXKHO CYAMTH, HAINPUMEp, NO JAUar-
pamMe miiaBkoctd cucreMbl N,O—By03 (puc. 189).

BonbmubaerBo okco6oparoB B Boje He pacrBopsiercia. HckiaoueHue
cocTaBasAOT Goparel s-3seMeHTOB | rpynnei. Bosiee apyrux ucnonamsyercs
Terpabopar Hatpus Nay;Bs07.

Kpucrammsr  6ypsl NapB4O7-10H,0 wm 4%
Nay[B405(OH)4] - 8H;0 cocrosr usz aHuoHOB
[B405(OH 2-
)4] ) 900
- —_2-
’ H
|
/O—B—O a00
HO—B\ )) >B—0H B
O0—B—0
(L 7001 of m
~ o SIS
| H i & o &4
s g g8
600 = ==
obbenMHeHHBIX B LENU [OCPECTBOM BOIOPOI—~ , \ ,
HBIX cBsAzell. Mexay mensMu Haxonsitcs uousl . J0 60 70 80 90 100
Na* u wmonekynsr H,O, kotophle, B CBOIO 3 B,0s

ouepelb, CBA3BIBAIOT UX MexIy coboil kak 3a Mac. donu B20s,%

CyeT NPUTsIKeHUsI NOHOB APYT K ApPYTY, Tak U P u c. 189. Nuarpamma miasxoc-
Yepes BOLOPOMHBIE CBSZM. ™ cucreMH NayO — B,Ogy
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OxcobopaTsl BOAopoda — Gesible KPUCTAIUISCKUE BELIEecTBA. OpTobo~
pat Bogopoaa (B pacTBOpe 0pmofopHAX KUCJIOTa) UMEET CIOUCTYIO peler-
Ky, B Koropoit Momekynb H3BOjz cBsi3anbl B MIOCKHE €JIOM 3a CHUET BOJO-
POJHBIX CBABEH, a caMu CJ1OM COSAMHEHBI APYT ¢ ApYyroM (Ha paccTOAHUM
0,318 uM) MexRMOMEKYNApHLIMEU cBaasmu. [losToMy B TBEpAOM COCTOSAHUU
Hs;BO; — wemyiikn, xupHbe Ha ouynb. CTpyKTypa OJHOrO ¢JI0A KpUcTall-
aa HsBOj; nokasana Huxe: :

OkcobopaT BOAOPOAA CPABHUTENLHO Mallo pacTsopuM B Boje. OprofopHast
KUCJIOTa — O4YeHb caabasi, OJHOOCHOBHasi. B oTindue OT OOBIMHBIX KUCJIOT

ee KUCJOTHbIE cBOHcTBA 0DA3aHbl HE OTILIENIeHUIO POTOHA, a IpUcoenHe- ‘
Huwo OH -uonos:

B(OH); + HOH == [B(OH),]" + H*, pK = 9,15 |

OpTo6OPHYI0 KUCJIOTY NOJAYIA0T UAPOTU3OM TaJIOreHn 108, HOpaHOB U Ap.
Tlpu HarpesaHuu oOpTOOOPAT BONOPO/A TepsAeT BOAY. Nepexoisl B NOJMN- }
mepubie MeTabopatsl Bogopona HBO,, a sarem B B0y

H‘dI‘ReB‘dHMe }{‘dI‘BeB‘dHHe B O
H,0 HBO, H,0 23

H;BO;

Onna us mopgndukanuit HBO, (1. mn. 176 "C) copepxuT nurjindeckue
crpykTypubie egquuutsl (HBO,)s, koropble 06belMHAIOTES B MUIOCKUE CJ10M
334 CYeT BOJIOPOJHBIX CBA3EH:

~o

|
/B\O/B\(I),.-
H
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[lonu6Goparbl BOAOPOAA B pAcTBOPE JAETKO THAPATUPYIOTCHA, HO3TOMY
0pyu JIeHCTBAM HA HHUX KMCJAOT OOBIYUHO BhIIENAsieTcs OpTOBOpHas KHCJIOTA,
Hallpumep:

NaQB407 + HJSO4 = NHQSO4 + HgB407
H2B407 + 5Hgo = 4H3BO)

Haobopor, npm uedrpanuzannu HiBO, wm3bbiTKOM wWenoun (T.¢. npu
BLIACGJIGHMU BOAbLI) XapakTepHele misi Gopa c¢ssisy B—O—B BosHuraror
CHOBA W OIsATh 0Opa3yroTesi HoInbopaTh, BEIOETAIOILMECS U3 PACTBOPOB B
BUNE KPUCTATIIOTWAPATOB, HAIIPUMEp:

4H3B03 + 2NaOH + BHQO = NaQB407‘10H20

bessoaubie okcoboparel nosaydanoT cunasnervieM B0y wian HiBO: ¢
OK¢IJlaMU METAJITIOB: ’

HopotHo cunnkaram (1V) n docdaram (V), moanBopaTe 16rKo Hepexo-
AT B ¢ TEKJI00OPA3HOE COCTOAHUE.

Tar, Npu OPOKANMBAHUKM OYPbl COBMECTHO ¢ COSIMM  HEROTOPBLIX  MeTaJUIol
06PasYIOTCsT  IBOMHbIE  BBICOKOMOMEKYISIPHBIE TOJHUMETA00PATR — (TORIA, “HACTO
OKpallleHHble B XapakTepHhie npeTa, Hanpumep: NaBO,-Cr(BO,), — senenbw,
2NaBO,- Co(BO3); — cnnmit:

Na;B407 + CoO = 2NaBO,- Co(BO,);

Ha cBoificTBe 6ypbl pacTBOPATH OKCUIBI METATVION OCHOBAHO NpUMEHEHUE ee IJ1s]
06pa3OBAHUST AMajiedl, NPU NalKe MCTAVIOB. B AHATUTUYCCKOM NpanTine s
06HAPYKeHUST psjla d-OleMeHToR.

HoGapka NagB4O7 wmm HiBOj; (mo 3—12% BoOi) npusager cummkatHOMY
CTeRJly MOBLIIEHHYIO TEPMUYECKYIO U XUMUYECKYIO cTOMKOCTb. BopocMIIMRaTHble
crexna: nupexc — 81% SiOg 2% (Al,Oy + Fey0y), 12% By0s, 0.5% CaO, 4,5%
Na,O; uenckoe — 76% SiOy, 5% (AlL,Oy + Fey04), 7% B,0s, 1% CaO, 4% BaO
6% NayO, 1% K0 n ap. — WKMpoKo OPUMEHSIOTCS IS MBTOTOBICHU XUMUUECKo
HOCYABL TPYGONPOBOLOE B XMMUYECKUX 1IpOU3BOICTEaX U T.0. B GopocHIIMKATHBIX
cTeknax umetrorcst rpynnsl BOa v BOy, BRAIOUEHHBIE B CUTNRATHYIO PEIIETKY.

NsBecTHO coennbenne cocrasa BPQy, KoTopoe npegerabisier coboil ¢MclIaHHbIA
okenp co ¢Tpykrypoit ™ina SiO,. CMewmanneiv cynbdugom sisasercss BPS,, woto-
pbIft M30TUIEH SiSs:

\B/S\P/S\B/S\
N N N
485



Cyabduno6oparmn (III) momywarorca npu cniaBieHud Cyjib-
dbunaos Meranaos c¢ cyasdugom 6opa B,S. Cynpdumo6oparsl BOAOPOAA
(TMOGOpHBI® KMCJIOTH) HEYCTOWYMBH, B BOAHBIX DacTBOPaxX JIErKO pasia-
rarTes:

Ca(BSZ)z + H,SO4 = CaSO4 + 2HBS;
HBSZ + 3H20 = H3B03 + 2st

BecbMa pasHoo6pasHbLl — Mep oK C o6 o paThl. B KadecTBe NMpocTedIImx
NpeacTaBUTeNeit MokHO ykasaTh Ha NH4BOj;, KBOj NaH,BOg, NaBOQOj-4H,0.
CrpoeHye NepoKcoGOPATOB UBYHEHO HENOCTATOWHO. B HEKOTOpLIX M3 HUX (HAIpu-
mep, NaBOj3-4H,0) B kpucramiax obHapykennt anmonst [By(Oz)2(OH)4)? ¢ nBymst
MOCTUKOBLIMU II€POKCOTPYNNAMU, CBASHLIBAIOLIMMYU TETPasKPUYECKUe aToMb Gopa:

HON_ /o—o\ _OH]
o \o—o/ “\oH

[Tepbopatsr monydator pericrBuem H,O, Ha Gopathl WM HeHCTBUEM I1EPOKCUAOB
menouHbx Merajulop Ha H3BOg. I[Mepbopatl — cuabHble okucautenu. KHcnonbay-
10TCsl B KadecTBE OTGENMBAIOIUX CPERCTB B MOIOIMX [OpolIKAX, TaK KAaK IpK
THApONIU3e 06pa3yIoT MepoKcUa BoJOpoaa.

Bosbuioe BHuUMaHUWe MPUBAEKAIOT 60pOpraHudYeckKue COeJUHEHUs, B
gacTHOCTU copepxainue nenu B—0O—B, B—N—B, B—P—B, B—S—B, o6pam-
JIeHHble OpraHudYecKuMM pafukaiaMu. OcoObiii UHTEpec npejCcTaBIsAIOT
Npou3BOAHLIe 6opasoaa ByNgHg:

HB~- BH
\N/
H

Bopasosn — 6ecuperHas xkunkocers (r. mia. —H6 °C u r. kun. 55 °C). Ilo,

CTPYKType U pANY cBOHCTB 6130k Kk 6€H30/y U NOTOMy ero 06pa3HO Ha3bl-
BaloT "HeopraHuyeckuM 6eH300M",

Hamuunem, Kak U B GeHBoJe, NENOKAJU30BAHHON T-CBAZU OOBsACHAETCA yMeHb-
IleHWe MexkbsigepHoro paccrostaus d (BN) B 6opazosne no 0,144 uM mo cpasHeHMIO

¢ mmmuoit cBAsu B—N 0,154 uM. Pacnpenesienue 971eKTPOHHOM IVIOTHOCTM OTBEYaeT

5-6+ §-6+ S+6-
apdexTuBHLIM 3apsinaMm N-B M pasHoil nosisipHoct cBsizeit N"H u B-H .
PeakuuonHas cnocofHocTh Gopaszosia BbIne, 4eM 6GeHzona. Bopaszon paanaraercs
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[IpY HATPEBAHMM HA BOBHYXE, B Boje M IpH NeMCTBUM KHcoT. Ero MoxHo Tosy-
YUTh HArpeBaHueMm TeTparkapunobopara JIMTUA U XJIOPHOA AMMOHKMS:

3LiBH4 + 3NH,Cl = B3sNsH, + 3LiCl + 9H,

Cpeny HponyKToB MpeBpalleHUs1 6opasosia BbiiesleHbl aHajor nud eHUa:
H H

/"“‘ //’ ~
A /B“ \>BH

H H
¥ aHaJlor HacdTalyHa:

A\
H N B\\ - _BH

Bopason u ero npousBoaHEIe HpeacTaBasAIOT KAK TEOPETHYECKUH, TaK U
npakTuueckuil uurepec. MiMerorcsa, Hanpumep, MaclOCTONKNAE U TEPMOCTOM-
Kue OopopranMdeckue coeavHenus. [Ipounzponnsle Gopasona MoOryT npume-
HATbCSA TAKXE B Ka4ecTBe PaKeTHOTO TOMUBA.

Kak BUAHO M3 M3NONEHHOro, coeaWHeHuss Oopa ¢ a30TOM BO MHOIOM
HAIIOMUHAIOT CcOeMHEHUA YIylepofa. OTYy aHANOTMIO MBI HaljalonalM Ha
npuMepax AByX MoauduKamuit HuTpuaa 6opa (rpadurto- ¥ anMasonopos-
Horo), 6Gopasona M €ro NpOM3BOAHLIX. Ee MOKHO [pOMIUIIOCTPUPOBATH
TAKKE CNe[YIOUUMU IIPUMEDAMHU:

H;C—CH; H,C=CH, HC=CH
BTaH aTUNEeH aleTHIIeH

HsN—BHj, H,N=BH, HN=BH

GopazaH 6opazeH 60opas3uH

Bo Bcex 9THMX COeAMHEHHAX aTOMbl 60pa M a30Ta UMUTUPYIOT CTPYKTYPY
aToMa yriepofia; 4eTBepTas cBA3b B—N BO3SHHMKAET 3a cYeT UCNONL30OBAHUA
SpS-TMOGPUHON HecBA3BLIBAIOLIGH JJMEKTPOHHONH Tapbl a30Ta U cBOGOAHKOM
spi-rupu Kot opburanu aToMa 6opa.

B oTHOCHTENEHO HPOCTHLIX MPOM3BOAHLIX ATOMH 60pa M a30Ta UMUTHUPY-
IOT CTPYKTYpPY aTOMa yrjiepOfia 3a cueT 06pa30BaHUA COOTBETCTBEHHO aHU-
OHHbIX M KATUOHHLIX KOMIUJIEKCOB, W3037MEKTPOHHLIX COOTBETCTBYIOLIUM
coenuHeHuAM yriaepofa. Hanpumep:
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T i

BH; CH,y NH}
BF; CFy NF?
BgHE’ CoHg NQH%.+

B coepunenusix tuna BPO,, BPS,, atombl Gopa u dochopa UMUTUPYIOT
CTPYKTYPY ATOMa yrjepoja U KpeMHHUA ¢OOTBETCTBEHHO.

§ 2. ATIOMHHUN

ArtoM amomunus (1s22s22p53s23p!) Gonslle 110 pazmepy, YeM aToMm Gopa,
¥ 061afaeT MeHLIIed sHeprueir Wonuszapuu. ChaelOBATENILHO. HEMCTANIU-
JecKue MPU3HAKW XUMUUYECKOTO DJICMEHTA AlIOMMHMA Bbipadkelibl B MeHL-
uieil cTelleHW, YeM XUMUYeckoro ajeMeHta Oopa. lnsa amloMunns, kak u
a8 6opa, Hauboslee XapakTepHa cTefieHb OkUcneHUs +3. OTpunarenbHas
cTelleHb OKUCJIEHUA ANIOMUHUSA IposiBisiercs eule pewe. s amoMununs
(111) nanbomnee xapakTepHbl KOOPAKHANWOHHBIE YKcaa 6 u 4

Kooppunagnonnoe  IlpocTpancrsennoe IlpuMepni coepmbennin

uyeno Al (I11) PaCIIONIOKEHHME JIMTaH 0B

4 Terpasapueckoe AICI:;, AlH, anoMocnTuRAaThl
6 OxTanapHuecKoe Al O3, AIFE AlFy, [AKOH.,), ]
[AI(OH)4(OH,).]"
AmtoMUHUI — TUmMdabI amdorepiblil saemenT. B oornntive or 60pa

IJS HETO XapakTepHbl He TOJLKO aHUOHHBIE, HO W KaTHOHHDI KOMOAJIEGKCDL.
Tak, B 3aBucuMocTn oT pH BOgHOrO pacTBOpa cyH(ECTBYIOT KATHOHHBIR
aksakomniere [AI{OH,)g]3* 1 annonnblit ruapokcokominere [AIOH) 3.

[lo pacnpocTPAHEHHOCTH HA 3eMye AMOMWHMI 3AHHMAET TPeThe MeCTO
(nmoce O, Si), COCTOUT U3 OULHOTO CTABUNLHOTO M3oTona 2TAl )

ANIOMUHWI HAXOOUTCSA B 3eMHOIT KOPe TMTABHBIM 06PAa30OM B BUJLE COEJLN-
HeHUI ¢ KUcAopoAoM. BaxHbiM MUHEpPaJoM [Jisi 1ONYYeHMsA aliOMWUHUSA
asnsercs 6oreut Al,Qs-nH,0; Berpedaeres B NMpupone MHHEPAT KOPYyHI
Al,O4. CrrocobHOCTL ANIOMUHMA [aBaTb aHUOHHBIE KOMILIEKCLI Onpeleasier
HAXOMKJeHNe asJOMUHKUA B BUJE ANIOMOCHAUKATOB,

B anomocunnkarax cocpefoTOUCHA OCHOBHAS MAcca ANIOMMHUA 3EMHOM
kopbl. PacipocTpaHeHHBIM TTPOAYKTOM pa3pyUieHUs FOPHBIX NOPOA, Absiser-
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¢S KGoAUH, COCTOAIIUI B OCHOBHOM M3 TJIMHMCTOrO MUHepajia X@oAuruma
Al4[Si4010)(OH)s (Al;03-25i0,-2H,0). BaxHOe mMpOMBIIUIGHHOE 3Ha4YeHUe
uMeer MuHepan xpuoaum NazAlFs.

IIpocToe BemectTBo. B Buze npoeToro semecTsa aJlOMUHNIT — cepebpuc-
To-Genniit Meramn (r. wi. 660 °C, 1. kun. ~ 2500 °C). Kpucranausyercs s
rpaHelleHTPUPOBaHHOI Kyb6udeckoii pemierke. O6iagaer BHICOKON 3JEKTpU-
YecKOl MPOBOJAMMOCTBIO U TEMJIONPOBOAHOCTBIO, MCKJIIOYUTEIBHO I[1J1aCTU-
YeH.

AnmoMuHu XUMUYECKU aKTUBEH; faXe B OOBIUHBIX YC/IOBUSAX NOKPBIBAa-
ercA OYeHb OpPOYHON ToHYaiime# (0,00001 Mm) Okcmanoil niedkoit. Ilo-
c/IeIHAA HECKOJBbKO Ocjiabisder Mera/uIMYecKuil 6JecK allOMUHMSA U ONpe-
JejiseT ero J0BOJILHO BHICOKYIO KODPO3UOHHYIO CTOMKOCTh. Tak, anoMuHuit
rOpPUT B KUCJAOPOJE JIUNIb NPH BLICOKOM TeMmepaTrype u NpPUTOM B MEJIKO-
pa3ipo6/IeHHOM cOcTOsAHUU. B3aumopeifcTBue conpoBOXkgaerca GOabIIUM

BhIflesieHveM TemnoTl (AH, . = —1676 x[lx/Mons Al,Og). TTomo6ueM ke

06pa3oM NnpOTeKaeT B3auMOjeicrBue amoMuHusi ¢ cepoil. C xjopoM u
6pOMOM OH pearupyer NpHu OGHLIYHON TeMIepaType, a ¢ UOAOM — OpH Har-
peBaHUM WIM B NOPUCYTCTBUM BOAL Kak Karanusaropa. Ilpu cuiabHOM
HarpeBaHMU Ppearupyer c asoToM (800 °C) m yraepomom (2000 °C). C
BOJIOPOIOM HEIOCPEACTBEHHO HE B3aUMOJIeCTBYeT.

BenesicTBe BBICOKOrO CcpoficTBA K KHUCJIOPOLY (AG},298 = —1582

wx/Monb ALOg) aIOMUHUIA AKTUBHO BOCCTAHABJIMBAET MHOTHE MeTaJlJIbl
u3 OKeuzoB (aaromomepuus). IIpu 3TOM peakiyus O6BIYHO CONPOBONKTAETCH
BbIZI&JIeHUeM GOJIBIIOrO KOJIMYecTBa TENJIOTH M MOBHIIIEHMEM TeMIepaTyphl
10 1200—3000°C. AnmroMorepMus mpuMeHseTca B POM3BOJCTBE MApPraHIa,
XpoMa, BaHagusd, BoibPpama, dbeppocnnasos.

O BHICOKOI XUMUYecKO# (BOCCTAHOBMTENLHO) AKTUBHOCTH AJTIOMUHUA
CBUIETEJILCTBYIOT TakiKe 3HAYEHUs er0 CTAaHIaPTHOIO 3JIEKTPOAHOrO IOTEH—
nuMaJjla B KUCJIOW U IMeJIOYHOH cpefe:

Al 4 3e" = Al ©lqs = 1,66 B
AlO; + 2H20 + 3e = Al + 4OH', 60;98 = —-2,35 B

Bynyuu aMQOTepHBIM, aIOMUHMII pacTBOPAeTcA B PacTBOPaX KHUCJIOT U
iesioyeit, 06pa3ys cOOTBETCTBEHHO KATUOHHBIE U aHUOHHBIE KOMITJICKCHI:
2A1 + 60H} + 6H,0 = 3H, + 2[Al(OH;)e]3*

2A1 + 6H,0 + 60H™ = 3H, + 2[Al(OH)¢]*
Kak B TOM, Tak 1 B ApYroM ciryyae OKuCJIeHMe alOMHUHUSA COIMPOBOXK 1 aeTcA
BHe/leHueM BOAOpOaa. Eciu Mexanuveckum myTeM winu aMaisraMupOBa-
HUEM cHAThL NpeAoxXpaHJlollee AeficTBUEe OKCUIHON MJIEHKM, TO aJFOMUHUIA
JHEepruvyHO B3aMMOJefCTBYeT ¢ BOIOM:
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2A1 + 6H,0 = 2A1(OH),; + 3H,

BenencrBue 06pa3oBanWsi 3AUUTHOW NJEHKU AMIOMUHHNA YCTOWUMB B
ouens pas6apnennoit HNQOy u wonuentpuposaHiwpix pacrsopax HNO; u
H,SO,4 Ha xonopy. CKIOHHOCTL K HACCUBUPOBAHMIO IIO3BOJISAET MOBBICUTE
KOPPO3UOHHYIO CTOMKOCTbL ANIOMUHUA 06pabOTKOW ero MOBepXHOCTH COOT-
percTByIOMMMU  okucauTedamu  (kouy. HNOj;, KoCrO7) winn anojiabiM
okvcnenneM. [Ipy 9TOM TONMMHA 3AMTHOR MJIEHKK BO3pacTaeT. Y cTod4n-
BOCTH WIIOMHHUAS [O3BOJSAET HCIONB30BATH
ero )i U3rOTOBAEHUA eMKocTeld [ula Xpa-
HEHUA W TPAHCIOPTUPOBKHU Aa30THOW KHC-
JOTHI.

Ilonyvenne m npuMmeHeHue aniOMUHMA. B
UPOMBILINEHHOCTH  AJIIOMUHHUIA  110J1y'1310T
AJIeKTPONM30OM pacTBopa rimuozeMa AlLO, B
paciasielinom kpuonure NagAlF;. Couep-
sxane B pactBope NayAll, (92—94%) wu
AlLO3 oTBeYAeT BBTEKTHYECKOMY  COCTABY

1 (puc. 190). Dto mosponser BecTH upoue@
g 10 100 DAEKTPOAU3A  TPU  CPABHHTENBIO HU3KOW
NasA[Fs‘ Al,Q; TeMmepatype (800—1000 "(”':' TeMIIepaType
Mac. domu N,y % wiaaBnenua kpuosaura 1009 ().
Anekrponus Al,Oy Momno NMpPeacTABUTL
Pue 190 DparmeHt [ua- CACAYIOLIEHd YCTOBHOK cxeMmon. B pacTsope
pAMMBL TUIABKOCTH cUCTMBl AL,y AMCCOMMUPYET HA HOHbI

NasAlF; - ALQOs
AlL,Oy = AlS* 4+ AlOF

950

Ha KaToge paspsmaloTest Moubl AlS*:
AR 4 3em = Al

Ha anoge [poucxXoauT Ipolecc
4A108 — 1207 = 241,05 + 30,

KaronoM cay:uUT KOPIyC 3AexTpPoInsepa, Ha KOTOPOM  BpieNseTcs
skt anromuuuit (t. wi. 660 (). Ha rpaduroBoM aHoje sbliensercs
KHCAOPOJ, KOTOPBIN OKucasier vpadur a0 owxewpoB yriaepoga. [lo mepe
cropakust aHoga ero Hapaumsalor. llocKOMbKY HUAKMI ANIOMUHUK KHMeeT
Gosiee BBICOKYK MJOTHOCTh, 4eM PAciiiaB, OH cOOUpaeTca iia aHe DAEKTPO-
nusepa.

[To mpuMeHEHUIO AMIOMUHUIA 3aHWMaET OAHO W3 IHepBbIX MCCT cpeau
MOTA/JIOB. DTO OBYCJIOBAEHO Cr0 HEBBICOKOW MJOTHOCTBIO, BBICOKOW HpPOU-
HOCTBLIO, ¢MOcOOHOCTBIO HaccupoBatbes. M3 allOMUHUS W3TOTABINBAIOTCSA
XUMMUECKAR allapaTypa, IMEKTPHUECKUe [POBOJA. KOHAEHCATOPbL. A0~
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MunueBas ¢donera (Tonwmuon 0,005 MM) HpuMeHseTcs B IuIesoll U dap-
MALEBTUYECKOM HPOMBIIUNEHHOCTH [Jsi YIAKOBKU IMpPOJAYKTOB M Hpemapa-
TOB.

OcHOBHYIO Maccy aIOMMHMsi UCHONb3YIOT sl HONYyYeHUA JNerkux
cinaBoB — oypaaroauna (94% Al, 4% Cu, mo 0,5% Mg, Mn, Fe n Si),
cuaymuna (856—90% Al, 10—14% Si, 0,1% Na) u gp. Chonasel anioMuHHSA
MIMPOKO NPUMEHSAIOTCs B aBTOMOOHNECTPOSHUU, CYNOCTPOCHUM, ABHAUOH-
HOM TeXHUKe U np. M3 amomuHueBoro cunapa 6L W3rOTOB/EH HepBLINA
UCKYCCTBEHHBIU CHYyTHUK 3eMJIU.

ANIOMUHME, KpOMe TOrO, NpHUMEHSeTCA KaK JerHpYIOIAA A06ABKA KO
MHOTUM CIJIABAM /5 PHAAHWS UM JKapOCTOHKOCTH.

Coepunenus amomurust ¢ d-smementamu — axromunuods (NiAl, NigAl,
CoAl, TigAl, TiAl u ap.) ¥ MX CHVIABLI UCHONB3YIOTCA B KAYECTBE KAPO-
npodnbix (10 1200 °C) marepuanos.

Coepunennsi amomuaus (II1). XapakTephble KOOpAWHALMOHHBIE YUC/IA
AI(IIT) paBHBl 6 M 4, 4TO COOTBETCTBYIOT OKTAIIPUHYECKOMY U TETPA3IpH-
HECKOMY CTPOEHUIO CTPYKTYpHbBIX enuHui. Tak, B kpucrannnueckom AlCl,
ero KoopauHaMONHOe yucno 6. [lpu pactsopenuun AlICl, B Boge 06pasyror-
¢A okTasapuueckue akpauonbt [AI(OH)y)g]%*. ITlpum pacTeopenuw B neno-
JIIDHBbIX PACTBOPUTENAX UMK NPU BO3TOHKE 0OpasyioTces Moneky.1ul Al,Cly:

Cl
C1\| _Cl
Al
Ci l\a oH 3+
1 Cl 2
>il/ \|]/ P o Hzo\lld/on2
~ ~ + 3Cl1”
“ Tl c1” | H;,O/I\OH,_
¢ ~ l/Cl OH2
~ =
Cl (l: Cl 5 %
=g
BO3rQoHKa s :
5:
cl Cl |
_>A1/ \Al/c Cl_ _Cl |
Cl ~or” Na Al AICl1; 6H,0
(C,H,),0 cl
HarpesaHue
Bbillie 700°C
Cl
Al
c” N
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Mockoasky A AL(I1) HamGostee TMIMYHBL KOOPAMHAIMOHHEIO yuciaa 6
u 4, ero 6uHapHbIe cOeAMHEHMA AlF,, AIClg, AlOs, AlSs, AlN, AlH; B
06bIYHBIX YCJHOBUAX NOMuMepHbl. OHYM NPe/CTAaBIAIOT co6oi1 TBepble Beilie-
cTBa 6eJI0TO I BETA.

Oxcup amomunusi Al,O3 usBecreH B BUJIE HECKOJBKHUX Monudukra-
muit. B 06bIuHBIX yc/IOBUAX HauboJee yeroituu a-AlO3 (cm. puc. 69, I).
Dra monudukanus BeTpedaercs B Npupoje B Buie MUHEpala xopynoa.
Yacro B xopyHze atomst Al(III) 4acTMYHO 3aMeleHbl Ha aTOMBl IDYrUX
_ BJIeMEHTOB, NPUAAIOMUX eMY OKPAacKy. [Ipo3pauHble OKPAaIIeHHbIe KPUCTa~
Jbl KOpYH[Aa — KpacHBIi py6ux — NpUMech Cr(Ill) — u cunuit cangup —
npumecs Ti(III) u Fe(Ill) — nparonennsie KaMHU. Mx nojy4aloT TaKxke
HCKYCCTBEHHO.

Beicokast npounocTs cBsidn Al—O—Al u miI0oTHaA KPUCTAINHYECKAd
CTPYKTYpa NpPeAONPeNessiioT 60/IbUIyI0 IHTAJbIMIO 06pa30BaHNs, BBEICOKYIO
TeMnepaTypy WilableHus (mopsaaka 2050 °C), TBepAOCTh U OrHEYNOPHOCTDH
oxenga anoMuHuA. Tak, KOpyH[ TO TBEPJOCTH YCTYyMaeT JIMIIL alMasy (a
rakxke Kap6OpyHAy | 3/1b60pY) M
npuMensieTcs B KadecTpe abpa3uBHO-
ro Marepuala B BUJe KOPYHIOBBIX
KpyroB U Haxaaka. B kauecTse
abpa3uBHOT0 M OTHEYNOpHOro MaTe-
puana MIMPOKO MCMOJIB3YETCA TaKKe
MCKYCCTBEHHO MOJIy4aeMblii u3 GOKcH-
Top cuabHO mnpokaneHHslit  AlOs,
Ha3bIBAaEMBlil  aayxdoa. DBiarogaps
BBICOKOi1 TBepAOCTH MCKYCCTBEHHO
MoJlydaeMble MOHOKPMCTa/UIbl KOPYH-
na (B 4YacTHOCTH, DYOMHBI) MCIOJIb-
3yIOT KaK ONOPHHIE KaMHM B TOUYHBIX
MexaHuaMax. VckyccTBeHHBIE pYOUHBI
UCTIONB3YIOTCS B KauyecTBe KBaHTOBBIX
reHepaTopoB (J1a3ephl).

Kpucraninueckne MOAUPUKANUN
AL Q4 xuMuvecku O4YeHb CTOMKH, HE

Al @OH B33UMOJIECTBYIOT € BOJOW M KHUCJIO-
Puec 191, Crpysrypa TUipaprili- ramu. lenoyamu, paspyumarcs
auta Al(OH), JIMIIb MPU AJIUTEIBHOM HAaTPEBaHUM.

OcuoBHas o06JlacTe NpPUMEHEHUA
Al;O3 — NpOM3BOACTBO METAJJIMYECKOTO aJIIOMUHUA. Ucnons3yeMmslit AJ
STUX LEJIEH 1AUKO3EA NOJYy4aloT M3 GOKCUTOB U KOMILJIEKCHOU IepepaboT-
Koi HedelUHA.
FCunpoxcupg anomusua Al(OH); — mosuMepHOe COeAUMHOHHE.
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Tak, nDpUPOAKBIA TUAPOKCUA (MHUHEPAJ tu0PEPLUAAUN) KMEeT CJIOUCTYIO
KpucTannuyeckywo pemerky (puc. 191). Ciaou cocToOAT U3 OKTA3ApOB
Al(OH)s; Mexkay ci0siMu aeficTByeT BOAOPOJHaA cBA3b. [losmywaemblit no
OOMEHHOI peakilMu TMIAPOKCUI — CTYAEHMCTHIA GeJblii OcaloK. Cocrap u
CTpYKTypa OcallKa CYMEcTBEHHO 3aBMCAT OT YCJOBUH NOJYYEHUs U

xpaneHus. O6GBIYHO NPUBOAUMOE yDaBHEHUE DeaKl UM HOJYy4EeHUs TMAPOK-
cuma

Al3* 4+ 30H = A{OH);

HE PACKDBIBAET BCell CJIOKHOCTH MeXaHU3Ma ero oGpazoBanus. [loiyuenue
THIPOKCUAA MOXKHO NPECTABUTL B BUJe cienyomeil cxemel. [Ipy geiictun
mwenoueit uomamu OH- INocTeneHHO 3aMelalOTCs B aKBAaKOMILIEKCax
[AI{OH;)g}** Mosexybl BOIHL:

[Al(OH,)g]** + OH- = [Al(OH)(OHy,)s]2* + H,0
[AI(OH)(OH,)s]2* + OH- = [Al(OH)y(OH,),]* + H,0
[Al(OH),(OH,),]* + OH" = [Al(OH)3(OH,)5]° + H,0

OaHOBpeMEeHHO NMPOUCXOAUT MONMMEpU3alusa ¢ 06pa3OBaHMeM MHOIOsAIEep-

HBIX KOMIUJIEKCOB M B KOHEYHOM MTOre — BbilalleHUe OCAfKa [1epEMEeHHOIO
cocrapa Al,O4- nH0:

(|)H2H (I)Hzlg (|)H2
H20—Al/0 \Al< S’
et

H OH,H OH,
HO OH
\/ S AT
O ]<O\Al/
/NN b,
H H 0n,
HO OHHQ OH

VARV,
IIpu cTosHMK OcafOK NOCTENeHHO (C BbIJEIEHUEM BOJbL) HEpEeXOAUT B KpUC-

rannuyecknit Al(OH); u repsier ¢Boro aktunrocTs - "crapeer'. Kpucranam-

gecknit AI(OH); moaywaror npu nponyckaiiun CQO; B INEJIOYHON pacTBOP
AJTIOMUHATA:

Na[Al(OH),] + CO, = Al(OH); + NaHCO,

Mpu npokanusanuu Al,Os- nH,0 noctenedso Tepser BOLY, NpeBpallasch
B okcoruapokcocoenutieie AIOOH (6emut) u B KoHedHOM cuere B Al,Oj.
MexanusM geruapaTailuu AOCTATOYHO CJIOKEH, M NOJy4aeMble NPOMexyTod-
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Hble TPOAYKTHl B 3aBUCHMOCTH OT HCXOZHOTO BelllecTBa M ycJIoBUil 06e3BO~
KUBAHMA UMEIOT paa3jMunble cBOicTBa. HexOTOpBIe U3 HUX XUMUYECKH aK-
TuBHb (peobaagaHue OH-MOCTUKOB) U JIETKO PACTBOPAIOTCS B KUCJIOTaX 1
MeI0Yax, APYrue - XMMUYECKH HeAKTUBHbI (OH-rpynmbl 3aMemenbl Ha “dTO-
mbl O) ¥ B3aMMOJEHCTBYIOT JIULIL DU enaBieHun co mesgoyaMu. OgHa U3
$OpM [eruAPATUPOBAHHOTO TMAPOKCUAA — aAr0AL0LEAs UCIIONb3YETCA B TeX-
HUKe, KAK U CHJIMKATeJIb, B Ka4ecTse ancop6enTa.

TuapoKen [, allOMUHUA — TUIIHIHOE aMOTepHOE cOeIMHEHUE; CBEKENONY-
YeHHBI [POAYKT JIETKO PACTBOpAETCA M B KUCJIOTaX, U B menouax. Ilpu
5TOM pa3pyuiaercs BLICOKOMOJIEKYIAPHEI ruApOoKeua. B saBucuMocTH OT
cpebl 06pa3yOTeA KOMITJIGKCHbIE 60 KaTHOHLI, MO0 aHUOHbLL

[AL(OHy)J3* '_%% AI(OH), %—ﬂ—*}fl—g— [A(OH)4J*"

N3 Kueabix pacTBOpPOB BblAGJIAOTCA KpﬂCTaﬂfIO[‘Hﬂp‘dTbI cOOTBETCTBY-
fomux coneit amomunus. Hanpumep, AlCl;-6H,0, Al(NO3)s-9H20,

Aly(SO4)s- 18H,0, +1\1/IA1(SO4)2~12H20 (kBacupr). Comu amOMMHUA M KHC-
JIOPOACOAEPHKALIMX KMCJIOT PACTBOPUMHL B BOJE. Hepactsopum  AlP Oy,
UMEIOIMUIl KOOpAUHALUOHHYIO CTPYKTYpY THIIa Si0,.

B pacTBOpax cONM aJIIOMUHUA ruppoausytorca. HavanbHble cTaguu TUA-
pOJIM3a MOXKHO ONUCATL YPABHEHUAMU (cM. Tabu. 24)

[AI(OH,)o]* + H,0 == [AI(OH)(OH,)s]>* + OH}, K =1,12-107

[AI(OH)(OH,)s]2* + Ho0 == [AI(OH)5(OHp)4]* + OH;

OH, H OH, 4

— 2H,0
2[Al(OH,);OH]?* = Al Al + 2H,
1,077 | o] “Som,

OH, H OH,

BesieaeTBie ruapoauaa cyiabdua, kapOoHAT, uHaHUA U HEeKoTopble Apyrue
CONM ANIOMUHUA U3 BOJHLIX PACTBOPOB IOJAYYUTH HE yAAETCA.

U3 coseil allOMUHMA IIUPOKOe HpUMEHEHUWe UMEIOT erc cyabgaTr U
KBacibl, HcHoJib3yemble B 6yMaxHOW NpPOMBILUUIEHHOCTH [J1A NpOKJIEHKHN
6ymMaru MUcYUX COPTOB, B KOMeBEHHOH — aJA ay6bjenus KOXH, B TEK-
CTUJILHOIM — MpY KPalleHuu TKaHeil U T.J.

TIp¥ KpHCTA/IM3alMM M3 LIEOYHBIX PaCTBOPOB HEKOTOphIE ATIOMMHATHI coxpa-
HSIOT COCTAaB TMAPOKCOCOEIMHEHUI (HalpiMep, Cag[Al(OH)glp, a mpyrue nonsepra-
IOTCS YaCTMYHOM nervpaparalliy, obpasysi, HallpyuMep Kg[AlgO(OH)G]:
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HO OH] 2~
HO A |-0=AIZ=OH
Ho/ OH

Crnapnsia Al(OH)s man Al,Og co westodaMy, Noay4HaloT BBICOKOMONEKYISIPHbIE
MeTaoKcoaslloMUHaThl. VIX cocraB BecbMa pasHoobpaseH, O YeM CBUAETENbCTBYeT,
HanpyMep, puc. 192. B Boge oKcoasloOMUHATHI I€JIOYHBIX METAJINIOB JETKO TMIPOJU-
ayioresl, BIAOTh no Bbigesienna AI(OH),.

Kak M B oKcUpe aJIOMUHUA, CTPYKTYPHBIM egVHULIEN MeTAOKCOAIIOMUHATOB
sisastercst oktannp AlQg. K MeraamomMMHaTaM MOKHO OTHECTM HEROTOpbie IBOMHbLIE
OKCUIbI, HanpyuMep MUHepan wnuneas MgAl,O4 M aHamorMuHbie eMy 1o COCTABY

+2 +2
cTpykTYpe amommuarbl tMna MALO4 mm M(AIO,), (M = Be, Zn, Fe, Mn). Cue-
IaHHblEe OKCUAbI B BU#E MUHepasioB mnMHend MgAlbO4 m xpusobepunna BeAl;Oy4
SBJAIOTCST ONY APArolleHHbIMU KaMHAMM.

B anoMocuiukatax aNiOMMHUN UTPAET TAKYIO XKe pOJib, Kak KPeMHUM:
00a 3TH d/eMeHTa OOpasylOT CMEIlaHHOE COeNVHEeHNe — ATIOMUHAT-CHNM-
KAT. AJIIOMOCUJIMKATHI MOMKHO pacCMaTpUBaTb KAK CUJIMKATBl, B KOTOpbIX
YACTb KPEMHEKMCJIOPOAHBIX TerTpasapos SiO}” zamenena Ha alllOMOKHMCJIO-

poauble Terpasaphl AlOY". Tak, wacTuynoe 3aMemenue aToMoB Si Ha aTO-

Mot Al B SiO; (Si40g) naer amomocmnukarnble uonbl THna [AlSiaOg] ™
[AL;Si,04]%". Ilpu 3aMene aTOMOB Si B MOHAX CHJIMKATOB CJAOHCTON CTPYKTY-
pet 51,02 (unn Si4077) atomamn Al 06paayroTes caoncThe allOMOCHIMKAT-

Hble VoHbl, HanpuMep, Tuiia [AlSigOyq]5.

U3 amomocunukaTtoB Hanbosiee paclpOCTPAHEHLl RNOAEGHIE ULNATNDL.
[naBuble MX npefacTaBuTeau — MuHepanbl opmoxaad K[AlSizOg), aavbum
Na[AlSi304] u anopmum Ca[Al;Si1,04]. Ouenb pacmpocTpaneHbl MUHEpAb
rpynubl  cawof, nanpumep, ayckosum KAL{AlSi;00)(OH),). Bonpmoe
npaKTUYecKoe 3nadenue umeer Munepan ne@eaun (Na, K),[AlLS1,Og.

Hedenun ucronbayercs pnas MolydeHUsi TJIMHO3eMa, COLOBBIX IDOAYKTOE W
lleMeHTa. OTo TIpOM3BOJCTBO CKIIANLIBAETCS U3 Clenylouux orepalluil: a) HedesMH
M UBBECTHSK CIIeKaloT B TpY6uaThix neuax mpu 1200 ° ('

{Na, K)AlL;Si;04 + 2CaCO;3 = 2CaSiO3 + NaAlO, + KAIO; + 2CO»1

6) 0OpasoBaBLIYIOCA MacCy BBINENAYMBalOT Bojoil — 06pA3yeTcs pPACTBOp
aJIIOMMHATOB HaTpUs U kaymms U uvtam CaSiOg:

NaAlO; + KAIO; + 4H,O = Na[AI(OH),4] + K[AI(OH)4]
B) Yepes pacTBOp AIIOMMHATOB IIPONYCKAlOT 06pA3OBABUIMACA TIPH CTIEKAHUM

COQZ
Na[AI(OH),] + K[AI(OH)4] + 2CO; = NaHCO3 + KHCO3 + 2AI(OH);
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Mac. donu AlyOy %

P u c. 192, Jluarpamma 1naB- P u c. 193. CTpyKTypa LEONUTA

roct cucreMbt CaQ — AlyOg

r) Harpepatnem Al(OH); monyualor rymHOseM:
2A1(OH)3 = ALOs + 3H,0

1) BBLIIADUBAHMEM MATOYHOLO DPACTBODA BbLIENSIOT cOXY Y [oTall, a paHee
nonyyennbii waaM CaSiO; umeT Ha POUBBOACTBO LEMEHTA.

[Ipu npomspoacrBe 1 1 Al,Og monyyator 1 T cCOmONPOAYKTOB ¥ 7,5 T LEMEHTA.
TakuM o06pasoM, KOMILIEeKcHasi [fepepaboTka [Hellleporo HedeMMHa ¢ [OMOILbIO
[ELIEBOro UBBECTHSIKA NaeT BO3MOKHOCTL MOJYYHTH TaKue LeHHble NPORYKTBHI, KaK
IVIMHO3eM, cofy (MOTalll) U LEeMEHT.

U3 anioMOCHIMKATOB GOJLIIOH MHTepeC NpPeACTaBIAIT yeoaums. Ux
cocra Boipaxaer ¢opmyma MzOyOzy nH0, rie M = Ca, Na (pexe Ba,
Sr, K), 2 = Si u Al B nepemennom coornomennu. Ha puc. 193 npusenena
MOZENb OJHOTO W3 MCKYCCTBEHHBIX UEOJMTOB. KpeMHEKHUCJIOPOAHBIE U
AMIOMOKMCJIOPOIHEIE TeTpasiphl O6LEeAHEHH! B MMOJIU3IPLl, KOTOPHE coenn-
HeHbl Mexcly cO60H uepes aToMbl KUcAOpoa. Baarojapsa TakoOMy cTPOEHMIQ
B KpHMCTalJIaX LEOJIUTOB MMETCS CBOGOJHLIE MOJIOCTH.

B »rux nosoctsax pacmoiarailores monbt Mt um M2 KOMNeHen pyouiue
OTPUIATEJIBHEIA 3apsifl aJlOMOKPEMHEKUC/IOPOHLIX TEeTPa3fipoB, M B HUX
MOT'YT BHEpATbCA MoseKyasl BoAul. CopgepikaHue BoIbl 3aBMCUT OT JlaBiie-
Hus BojasaHoro napa. LleosnThl cnocoGHB o6MeHUBATL BOAYy Ha Apyrue
BewecTsa (cOMpT, aMmMvak ¥ T.4.). I[Ipy OCTOpOKXHOM HArpeBaHMM BOAA
[OCTENEHHO YAAJAETCS, M [ake MOJHoe 0Ge3BOXHMBAHHE HE NPUBOOUT K
paspylIeHHIO0 KPUCTAIIMYECKO PelleTKy 11e0JInTa.
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Psapn MckyccTBEHHBIX WEOJUTOB MCNOJIbL3YETCs] B KAYECTBE TaK Hadbl-
BAEMBIX MOAEKYASPHLE cum. MoMeKysspHbe CUTA NOTJIOHIAIOT BEIEeCcTBA,
MOJIEKYJIbl KOTODbIX MOTYT BOTH B MX monoctu (amamerpom 0,3—1,3 HM).
Hanpumep, ofiHO U3 MONEKyJIsApHLIX cUT (¢ AuaMerpoM orseperusi 0,35 HM)
MOXeT noraoTuTh Momnexyiabl Hj, Oy Ny HO npakruyecku He norjomaer
6osiee kpynHble monekyabl Tuna CHy uan aromul Ar. Monexkynasipasie cura
UCHOJIb3YIOTCS AJIA pa3fefleHUus yrJIeBOACPOAOB, OCYIIKU Ta30B U KUIKOC—
Teil.

B neonurax ofHM KaTHMOHBI MOTYT 3aMemiaTbes apyrumu. Ha atom
CBOMCTBE OCHOBAHO NPUMEHEHME [EOJUTOB B KA4Y6CTBE HOHHOOOMEHHMKOB
(xaTuoHuTOR). Ileonuthl ¢ BHEAPEHHLIMM B HUX MOHAMU PAIA d-31eMEHTOB
ABIAIOTCH KATATUZATOPAMMU.

Cyanbdun amomunns AbS; nony4aior nenocpecTBEHHBIM B3AUMO-
JeficTBMEM MOPOCTHIX BEmMEcTB NPH TeMilepaType KpacHOro KajleHusi, JTo
kpucTainyeckoe semecTso {T. wi. 1100 °C), nosHocTho ruppoausyone-
ecsl lake ciaefaMu Bnaru B Bosayxe. [lpu cnmasnenuu Al,S, ¢ OcHOBHBIMM
cynbpuaamMu  o6pPa3yloTes MOJUMEPHbLIe  CcYIAbPUAOATIOMUHATH  cOCTABA

+ +
I\I/IAISZ u I\%I(AISZ)Z. OHM MaNoyCTOHYMBLI, B BOAHLIX PpACTBOPAX JIETKO
pasJiaraiorces.

Fanorenu gw anomudus AlHalg B 06biuEbix yenaoBusax — Gec-
UBETHble KpUCTa/UIMYecKue BellecTBa. VX MOXKHO NOAYy4MUTL MpAMBIM B3aH-
MozeicrBueM npocThix BeprecTB. OcHOBHOH cmoco® noiyyeaust AlFg ochno-
BaH Ha gefictBuu Geasomguoro HF ma Al,O4 mnu Al

a nosayyenue AlClg — na xsopuposasun Al,Oy B npucyreTsum yras (upm
500550 ° ().

Huxe IpHUBEeAEHbl HEKOTODLIE cBeAeHUs O rajIoTeHUAaX AJIOMUHUS:

Ang AlClg AlBl‘g AHg

T.oon, °C.ooo o 1290 103 97,5 179,5

T owun, °C.. ... ....... 1291 180 255 381
(Bosr.)  (Boar.) _

o, rfeMd . ..o ... e 31 2,5 3,2 4.0

AH},ZQS’ roe/Monb . L ... -1510 ~705 -513 ~-308

AG}’Zgg, kJlx/MONb. . .. ... -1432 —629 —491 -304

S;gg, wk/Monb . . ... 66 109 180 190

@dropua aMOMMHMS PE3KO OTIAMYAETCS [0 CBOWCTBAM OT OCTANbLHBLIX €ro
Tanorenunos. Mmeer koopaunaumoHuyio pewerky tuna ReOjs (cm. puc,
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69), TyromjiaBoK, Majlo pacTBOpAETCS B BOJAE, XUMUYECKU HeaKkTuBeH. XJO-
DU MMeeT cJOUCTyIO pellerky, a kpueramwisl AlBrg u Allg cocroar ua
duMepubix Monekyn Al,Halg (puc. 194). IlosToMy OHM JIETKOIJIABKH, 3aMeET-
HO JleTydu TIpu O6bIYHOU TeMrneparype. OueHb TUTPOCKOTIMYHEL U Ha BO31y-
Xe pacmiiblBaloTes.

B napoo6pa3HOM cOCTOSHMM M B HEKOTOPHIX OPraHUYecKUX pacTBOPUTE-
aax AlCl; AlBry; u All; HaxozgsTes B Buje AuMepHBIX Mojexyn AlyHals,
MMEIOIMUX KOH(UIypalyio CIBOGHHBIX TETPadpoB ¢ O6muM pe6poM (puc.
194). TpocTeie Mosekyasl AlHaly cymecTByroT TOJBKO NP BRICOKOW TeMre-
parype.

B omIMyue OT TUMMYHBIX cOJiei rajJoreHnan alomuuus (kpome AlFs) —
BEChbMa pEeaKIMOHHOCIIOCOGHHIE BemectBa. BaanMoseitcrsue AlHaly ¢ somoi
COTIPOBOXK/IAETCA 3HAYMTENBHHIM BhlZeneHueM TemtoTsl. Ilpu sTOM OHU
CUJIBHO TUAPOJUAYIOTCSA, HO B OTJIUYME OT TUIMYHBIX KUCJIOTHBIX Tajiore-
HUJOB HEMETAJIJIOB UX MMApOJN3 HEeNOJHBIH U 06paTUMBIii.

Mono6io BHaly tpuranorenmab! amomvinus (kpome AlFg) — cwibHble akuento-
Pbl BJIEKTPOHHBIX NAD ~— TMPUCOSAUHSIOT MONEKY/IbI~IOHOPbI, HAIpUMEP:

Ql
CI—AI-O(C,Hs),
o

CrwioHHocTh K KoMUlekcoobpasopanvio y AlHals nposiBnsiercsi B OTHOLIEHUM
k Hy0, H3N, PCls, POCly u paAny opraHuueckux coenvienwnn, C aroit cnocobHo~

cTbio cBszaHo npuimeHeHue AlCl; B KadecTBe KaTaau3aTopa B OPTaHUYECKOM CHUH-

Te3e.

@ Al

Q Hal

P nc. 194. CrpoeHvie MoJse-
kysbl AlyHalg

Puec. 195
N‘daAlFG

Crpykrypa  KpHOJUTA
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C ocHoBHbIMM TrasioreHMpamu Tpurajorenunbl AlHaly nerko obpasyior rajoreHo-
+1 -1 +1
amoMuHaTbl THma MgAlFg, Mo AlFs 1 MAlHaly. Us Hux nHauBosiee yCTONYUB reKca~
dropoamiomutar HaTpus NagAlFg (xpuoaum). Ero kpMcTanabl OCTPOBHOrO THIa
obpasoBatbr MoHamu Na* w AIFS™ (puc. 195).
+1 +1

@ropoamoMuHaThl coctaBa M AlFs 1 MAIF, obpazoBalbl nonnMepHbIMU bTO-
pOATIIOMUHATHBIMW KoMmIUleKcamUu. Tak, B kpucramne Tl,AlFs okrasppbl AlFg sa
cYeT ByX cBOWX BepliuH (aToMoB F') oObeluHeHbr B OeckoHeuHble €M cOcTaBa
AIF%’, a B KAIFy oxrasnpbl AlFg 3a cuer uyeTbipex BepllMH 06pa3yioT GeckoHeu-

HbIM aHWOH AIF:1 B BMIIE CETKU:

I F ,F-\j‘yf F
ot B i 0 b
FL(_+__?‘._+_7FK_}_\/F Fé‘:L_\F(_Jr?F/___ ¢

- F / / ~ F /
FL_/_T_\/F F | S N F
AIF;~ AIF;

QO6nbenunenue xe okraonpos AlFg 3a cuer Beex mecru pepiiuu co3jlaeT KoopjMHa-
UMOHHYIO KpHcTanndeckyio peierky AlFy (cM. Bbure).

@®TOPOATIIOMUHATE! IIETOYHLIX METAJJIOB B BOAE PACTBOPAIOTCA ¢ TPy-
nom. HamGonbuiee mpumenenue (ans nomyqenusa Al, F,, omaneit, crexna u
np.) uMeeT NagAlFg. IpoMblinennoe npOM3BOACTBO MCKYCCTBEHHOTO KPUO-
JIUTa OCHOBAHO Ha 06pabOTKE TMAPOKCUIA ANIOMUHMSA (HTOPOBOAOPOAHOM
KHCJIOTOW M KapOOHATOM HATpUA:

2A1(OH); + 12HF + 3Na,COy4 = 2NagAlFs + 3CO, + 9H,0,
AGS,, = 585 k]lx

298

B xnopo-, Opomo~ u HopoasnoMUHaTaXx KoobuMHauMOHHoe yeso Al paBHo
derbipeM. [lo/yyaloTes OHM NpU CrIaBNeHHU TPUrasloreHUIOB ATIOMUHUSA C rajiore—
HUJaM/ COOTBETCTBYIOIIUX MeTajiob (cM. pue. 133). [lpousBojpuble ileNouHBIX
merannos, Hampumep Na[AICly] (r. mn. 166 °C), Cs[AICly] (r. mn. 377 °C), aAsnaA-
ores consAmu. B nporuBononoknocts dropoanioMuHaTHbM MoHaM uoubr [AICl,]",
[AlBry]” v [All4]" nterko rMapomMayiorcs, nosToMy cooTBETCTBYIOmME COTU B BOLE
pazyiaralTces.

AsmoMUHNI 0OGpa3yeT NOMMMEPHLIT T U 4 p W I (asnan) AlHj, roTopemt nomy-
4al0T KoCBeHHbIM IyTeM, Hallplimep nevctBieM AlCly Ha aduUpHble pacTBOphl TUI-
PUIOATIIOMIHATOB:

3Li[AlH,) + AICl; = 4AlH, + 3LiCl
499
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P uc. 196. OparMeHT cTpPyKTy-

pbl ruapuaa amomutiust (AlHg)y P u c. 197. Crpyrrypa Al(BHy)s

Tunpun amomunns (AlHg), — Gesbiit OPOLIOK, pasJIAraOIIMCs TPH HarpeBa-
Hun (Bbime 105 °C) ¢ sputentennenm Bogopoga. IlogobHo ruapuiam Gopa, AlHg —
coefiuHeHMe ¢ nedULUTOM SMekTpoHoB. [Ipennoyiaraercsi, 4T0 OH MMeeT ceT4aToe
cTpoeHe. ATOMBl ATOMMHUS HAXOISITCS B OKTad]PUYECKOM OKDYHKEHMH ATOMOB
BONOPONA U KaX[as Napa COCEJHUX aTOMOB AMIOMWUHUSI CBSI3aHA JBYMSI TPEXIEHTPO-
BLIMM [IBYXOJIEKTPOHHBLIMUM CBSIBAMU 4Yepe3 aTOMbl BOJOpO[a CBEpXy M CHHU3Y OT
IJIOCKOCTH CeTKU U3 aToMOB amoMuHusA. Pparment crpykrypbl AlHg mokaszan Ha
puc. 196.

[Ipu szaumoneitcreuu AlHz ¢ ocHoHbIMM THapuiamMd B >DUPHOM PpacTBOpE
06pasyIoTCcsl THMAPUI0ATIOMUHATHL:

LiH + AlH; = Li[AlH,]

FuapupgoamoMuHaTbl — 6Gefble TBepible BemecTBa. WX yCTONYMBOCTD 3aMETHO
MeHblle OJHOTUIHBIX IMapupobopatos. Bogoit 6ypHo pasnarawortcsi. OHM — cuiib—
Hble BoccTaHoBUTean. llpumensuorest (B ocobennoctu Li[AlH4]) B oprasmueckom
CUHTe3E.

B kayecTBe cMelIaHHOTO TIUAPUAA 6OPA-2MIOMUHUSI MOKHO DPACCMATPUBATH
rugpupobopar amomuuust Al[BH4)s (1. mn .—64,5 °C, 1. run. 44,5 °C). D10
cOelMHeHNe Takke ¢ HeUIUTOM 5IeKTpoHoB. (UBsizb aToMoB 60pa U AJIOMUHUST
OCYIIeCTBASIeTcs] Yepe3 BOJOPOJ [ABYMSA TPEXUEHTPOBLIMU  ABYX3IEKTPOHHBIMM
castasivut (puc. 197). Al[BHy[s moskHO Momyuurh o ofMeHHo#l peakuuu B m(hUPHON
cpejie:

3Na[BH4] + AIClg = Al[BHJ5 + 3NaCl

Al[BHyJs — 4pesBblMaiino peakmuoHHocnocobe. [lepcnexTuBeH Kak —paKeTHOe
TOITUBO.
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JI1s1 amoMyHK S, Kak M U1 60pa, UBBEeCTHbl COEIUHEHUs, KOTOPbIe M0 CTPYKTY-
pe aHaJIOTUYHBl COOTBETCTBYIOLIUM coeflMHeHUAM yrilepofia. Hanpumep:

H
HN//z:A‘J\\\NH
[

HSN—Ang NH2=A1H2 HN=AIH

I
Y
HAL- - AlH
N
aJlasaH aJlaBeH aJla3yH H

anason

HsC—CHy  H,C=CH, HC=CH

OTaH OTHJIEH aletnJieH

YxazaHHble MNpOU3BOIHblE AMOMUHUS MEHee YCTOMYMBBI, YeM OIHOTHITHbIE
coefivHenust 6opa. Hekoropbie 3 HHMX U3BecTHbI UL IPY HUBKUX TEMIlepATypax B
TIOJIUMEPHUZOBAHHOM COCTOSTHUM.

[Ipusenennuiit 0630p TMOKa3bIBAET, UTO 110 CPABHEHMIO ¢ GOPOM y amio-
MUHUS TPUBHAKM METATNMYEeCKOro 3JIeMEHTA 3aMEeTHO YCUAMBAWOTCA. B
YacTHOCTH, B OTAMYME OT KMUCIOTHBIX COeIMHEeHUE 6opa ONHOTUIHBIE CO-
exuienus amomunusa (111) nposeasor amdorepubie csoiicra. Ocsabienue
KUC/TOTHBIX TPU3HAKOB OJHOTUIIHBEIX TPOM3BOAHbLIX amtomMunus (I1I) mo
cpasHenuto ¢ 6opom (III), a rawke y amomunusa (III) mo cpasHeHMIO C
kpemMaueM (IV) MOkHO IpOMTIOCTPUPOBATL HA CIENYIOUIMX TPUMEpaX:

CaO(k) + B;05(k) = Ca(BO,)u(x), AG,, = —126 1/l
CaO(k) + AL Os(x) = Ca(AlOy)y(k), AG,, = 24 k]lx
CaO(x) 4 SiOy(k) = CaSiOy(x), AG . =-112 k/lx
NaOH(k) + H3BOs(x) = NaBOy(x) + 2H,0(x), A G, = —48 1/l
NaOH(k) + AOH);(k) = NaAlOy(x) + 2H,0(x), AG}, = -3 x]lx
NaF(x) + BF3(r) = NaBF4(x), AG . =~ 100 x/lx
NaF(k) + !/3AIFy(k) = /yNagAlFg(x), AG,, = -26 x]lx
501



AGS =91 k]lx

NaF(k) + 1/2SiF4(k) = /o;Na,SiFg(x),
NaF(k) + MgF;(x) = NaMgF3(x), AGS = —14 k/lx

KH(x) + ! /2BoHe(r) = KBH4(k), AGye = —170 KLk

KH(k) + AlH;(x) = KAIH (x), AGS,, = -111 K/l
KCl(x) + MgCly(x) = KMgCly(x), AGS,, = 16 K]k
KCI(k) + AlCl;(x) = KAICly(x), AGS,, = ~114 K]k

o

208
amomunus (Al,O3, AI(OH),, AlF,;, AlH;) umetor 6osee OcHOBHBIE CBOHCT-
Ba, 4yeM OJHOTUMHBIE coepunenus 6opa (B,Os, H3BOs, BF3, ByHg) u kpem-
uus (SiO,, SiFy). Mo cpaBuenuio xe ¢ coenunenusmu Mg(Il) coenunenus
Al(III) nposaBaAIOT 60NEe KUCAOTHBIE CBOMCTBA.

N3 snayenns AG._, NpUBENEHHBIX peaKUU#l caenyer, YTO cOeqUHEHUA

§ 3. HOATI'PYIIIIA TAJUINA

Hoprpynna Tanaus pacrosaraeTcd B MePUOJMUYECKOH cUCTeMe Heno-
CpecTBeHHO Tocae ceMeiieTB d-dmemenToB. IlosTOMYy Ha cBOWCTBAX ralnuA
M ero aHaJOrOB B BHAUMTENbHON cTeleHU ckaswiBaeTcsa d-cxxatue. Tak, or
Al x Ga aTOMHBIA pagMyc HECKOJLKO YMEHBLIAGTCA, a4 YHEPTUS MOHU3ANMU
BospacraeT. Ha cBoiicTBax Tan/usa, KpOMe TOTO, cKasbiBaeTcsa u fcmatue.
Mosromy ot In k Tl pasmep aToMa ¥ MOHA YBEIMYNBAETCA HE3HAYUTENBLHO,
a JHEPIMA UOHU3AIMU JIAKe HECKONbKO po3pacraeT. OcTalbHble cBOHCTBa
97E€MEHTOB MOATPYINbl TAIIUA U3MEHAIOTCA B TOI ke T10CIe]10BATEIbH OCTH,
KaK U B pyTUX NOATPYIIAX p-3J1eMEHTOB.

Kak u B paHee pacCMOTpeHHBIX nOATPYNIaX p-37I€EMEHTOB, ¢ yBEeINYEHU-
€M aTOMHOTO HOMEpa y4acTHe $-~3JIeKTPOHOB B O6pA30BAHUM CBA3EN yMEHb-
maerca. Oco60 nueptHa anektponnan napa 6s2. [losToMy ecam npis ranaus
Hau607Tee XapaKTepHa CcTelleHb OKMcJeHUA +3, 1o pis Tanmaus +1. Mnpui
Yanie BCEro MpOABAAET CTENEHb OKUCIEHUs +3.

Ga, In n Tl caMOcTOATENLHEIX MUHEPATOB IIpAKTUYECKM He 06pasyroT,
SABJIAIOTCA PACCEAHHBIMY 3JTEMEHTAMU Y BXOIAT B cOCTAB HEKOTOpHIX MO~
auMmeranandeckux pyn {(cMm. taén. 27). Tannaumipi gacro comyrersyer amio-
MMHHIO.

IIpoctrie BemecTBa. B BUje npocThix BeMiecTs rayiui, MHAMNA U TANIUN
— JIETKONJIABKUE cepebpucto-6eabie Meransbl. Munuil B omiuuMe OT Apy-
rux 6JecTALIMX METANOB Hau60/Jee paBHOMEPHO OTpaxaeT cBeTOBHIE BOJ-
HHI BCEX JIJIMH U [IOITOMY IpMMEHsSieTcs 1JIi M3roToBjaeHMs sepkan. Basw-
HeilIne KOHCTAHTBI PACCMATPUBAEMbIX METAJIJIOB NpMBe/IeHbl HUMe:
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Ga In Tl

Mo, tfem® .o e 5,91 7,36 1185
Toon, °Cooo oo 29,8 156,4 304
T.wun., °C..o. oo 2250 2040 1470
AH‘;OBF’%S, KA/ MOTb . .. 262,5 234,9 169,3
S’;gs, Jor/(KeMOTB) .. . ... L 41,1 57,82 64,18
Onexrpuyeckast nposoaumocts (Hg = 1) . .
Poag B o 2 12 5

D+ 3D -0,53 -0,34 + 0,72

'+ le-D. . - - -0,34

JHKupKuil ransamii BecbMa CKIOHEH K NepeoxJaIeHUI0 M JI0Jro He
s3acTeiBaeT. M3 Bcex U3BECTHLIX BEMIECTB CaJjMil MMEeT caMblil 60JIbLIOH
TEMOEPATYpHbIA MHTEPBAT CYLIECTBOBAHUA KMIKOro cocrtoaumsi. Huskas
TEMIIEPATYpa MJIABJEHU:A, BbICOKA TeMilepaTypa KWUIEHUSA M CKJIOHHOCTBH K
HePeOXJIaKJeHUIO TMO3BOJAIOT Ucnonb30BaTh (Ga Kak JKUJKOCTH B TEPMO-
METPAax AJsA U3BMEPEHUA BBHICOKUX TEMIEpPaTyp.

CpoitctBa raJul¥si, BO MHOTMX OTHOMIEHMAX OTJIMYAIOMETOCA OT OCTAJbHBIX
METasIoB, ONpeleNsAOTCsA ero HeOOLIMHBIM cTpocHMeM. B kpucrasiie y Kadjgoro
aToMa TpU cocefa No ¢j1ow. ONUH U3 HUX PACIOIIOKEH HA paccrosHUY 0,244 Hwm, a
ABa OPYTMX HAa 3HAYUTENbHO GoJbiieM pacCcTOsiHUM apyr or apyra — 0,271 um.
Paccrosnne Mexpy ciiosMy Taxme BeJiuko U cocrapiister 0,274 um. [loaToMy MoskHO
CHUTATh, YTO KPUCTAJUI TaIMA COCTOUT 13 dacTvll (GAay, CBABAHHBIX MeXIy coboil
BAHACPBAAAbCOBbIMY CHUJIAMU. DTUM OOBSACHSETCS €M0 HU3KAs TeMilepaTypa [JaB-
neHuA. OH UMeeT YHMKAJIbHBLA TEMIEpATypPHBI WHTEPBall HUIKONO COCTOSIHUS (OT
29,8 mo 2250 °C). BhICOKYl0 TEMNEpATYPY KUNEHWA TaJUIMA OGBACHAIOT TEM, uTO
Ipy nJaBleHUy ofpasyercsi MJIOTHAS YNAKOBKAa ATOMOB € KOOPIMHALIMOHHBIM M-
JoM 12, nisi paspymieHUsi koTopoil TpeSyerTcsi 6oJibiiasi SHEprusi. B uacTHocTH,
TakUM CTpoeHUeM OGBSICHAETCA 6ONblasi MJIOTHOCTb JKMIAKOTO TaJllIMS [0 cPaBHe—
HUIO ¢ KPUCTaMIMYECKUM.

[logo6HO ATIOMMHMIO, TalAMii U MHUA Ha BO3[YyXe MOKPbIBAIOTCH
OpOYHOH OKCUMIHON IVICHKOH W TO3TOMY MPAKTUUYECKUM HE WU3MEHAIOTCS.
Tanmuin xe mexnenno okucaserca. Ilpu makanmpanuu Ga, In u ocobenno
Tl sueprudno coegmusA0OTCA ¢ KucaopogoMm U cepoil. C XI0poM U 6pOMOM
OHU B3AUMOJEHACTBYIOT yxe NpM OGLIYHON TeMIlepaType, ¢ MONOM — npu
HArpPEeBAHUHU.

Kpome nsroToBseHus BHICOKOKAYECTBEHHBIX 3€pKAT MHIAMH TpUMEHseT-
€A B KAYECTBE IEKTPOJIMTUYECKMX TIOKPBITUH [JIA BAlMTHL JPYTUX MeTan~
JIOB OT KOPpO3UU.
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Pacemarpusaemble Metanib Ga, In, T] pacnonox)ensl B pAAY HAOpPsAKe-
HUI [0 BOpOpOJa. Lamnuit U MHIMH pacTBOPAIOTCA B pas3baBICHHBIX KHC-
notax. B cOOTBETCTBMM € YCTONYMBOMH CTENEHbIO OKMCICHUA Tl npu B3au-
MOIECTBUM ¢ KMCI0TaMU 00pasyeT TpOU3BOAHBIC TI(1). Tanauii B cons-
HO}t KHCJIOTe MAcCUBUpYeTcs 3a cdyeT 06pa3oBaHMsi HEPACTBOPMMOTO B BOJE
TICL

Tasnuii, TO06HO ATIOMUHUIO, PACTBOPAETCA B LIATOYAX:

2Ga + 6H,0 + 6NaOH = 3H; + 2Nag[Ga(OH)g]

Nuguit 0cOBEHHO Ta/lJIMA B OTCYTCTBUE CHMJILHBIX OKMcaAUTeNel K 1Ie0-
1aM yCTOMYUB.

OcHOBHBIM MCTOYHVKOM MPOMBIULIEHHOTO MOJAYYEeHUs Tailusd ABAAIOTCH
NpOLYKTbl [1epepabOTKM OOKCUTA, Hedenuna. CoeMHEHUA TAJIMA H3BJC-
KajOT TAKKEe COBMECTHO C COEJMHEHWSMM TePMAaHWA U3 TPOAYKTOB CTOpa-
Hus yraeil (IBUIEBble OTXOABI, 3071a), HOMYTHO NONYHAIOT HpH NpOU3BBOACT=
Be CBHHIA U IMHKA BMEcTe ¢ ApYTMMM peIKUMU MeTajlaMU.

MeTaiIyeckie Ta/iiiii M ero aHajIory NOJAydYaloT MpU JOBOJBHO CJIOMK=
HOM XMMMYECKO mnepepabOTKU TMONUMETATIUYECKHX DYyX. [Tocne mHuOrO-
KpaTHOI TNepepalOTKU M OYMCTKM M3 PYA BBHIAGIAIOT MX OKCHIIBl WK
xinopunsl. [locaejHue XUMUYECKUM WM 3J1EKTPOXMMUYICCKUM cIocoboM
BOCCTAHABJAUBAIOT IO METAJJIOB.

FTanuii ¥ ero aHaaoTW JErKo CIUIABAAIOTCA CO MHOTMMM MeTa/llaMu.
[pu sToM YacTo 06Pa3yIOTCA IBTEKTUHUECKME CIITaBBL € HUBKUMM TeMmIepa-
Typamu niapnenus. Hampumep, cnnas 18,1% In ¢ 41% Bi, 22,1% Pb,

10,6% Sn u 8,2% Cd nnasuTes Bcero JMIIbL OpHU 47 °C; cunas 90% Ga, 8%

Sn u 2% Zn nuaButcs pake ipu 19 °C.

Coeppuennst rawmms (I0), waapns (1) m rawms (II). HogoGro amo-
sununto (1), mas Ga(IIl), In(IIL) u TI(II) paubosee xapaKkTepHbl KOOp-
NUHanMoHHbIE uucaa 6, pexe 4. Tak, Mopudukanuu Ga,03 mo cTpykType
AHAJOTMUHBI  COOTBeTCTBYIOMM Monndukanusam AlOs; B KpucTanIax
In,03 1 T1,03 koopanHanMonHOe Yucno In u T! takxe paBHO 6.

HenocpeycTBeHHBIM B3aMMOJEACTBUEM TIPOCTBIX BELLECTB MOTYT o6paso-
patbest Genbiit Ga,Os u xentwiii In,O;. Kopuuwesmit Tl1pO03 obpasyercs
koceenHbM nyTeM u3 coegunenuit TI(II) u okucnenuem T1,0 o30HOM; IpHU
100 °C Tl1,03 HauMHaeT TepATb KUCJIOPOA. O6 OTHOCMTENBLHOH yCTOM-
QUBOCTH OKCUZOB MOKHO CyZMTH NO BHAYEHWAM UX ODHTANbIUN W SHEprui
I'u66ca 06pa3oBaHUA:

Ga203 T1203

AG},ZQS’ sl /MO o L Lo —996 -837 =318

11’1203
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B Bozme okcuabl NpaKTUYECKU HEpAcTBOPUMBL. B cooTBeTcTBUMM ¢ ycune-
HUEeM OCHOBHBIX cBOiicTB B pany Ga,O;—In,0;—T1,05 BospacTaeT pactso-
pUMOCTb B KMcaorax. Hanpumep, nis peaknuii

9,04(1) + 6HCl(p) = 23Cli(p) + 3H20(x)

M3MeHeHMe cTapaapTHON sHepruu [u66ca mus Gas0j, InyOy, T1,O5 cocTas-
nsier coorsercTBenHO +71 K/l /Monb, —25 k]l /Monb, —199 1 dxk/Moub.

FTnaporcuabn  3(OH); nonysator amanormuno Al(OH); V
Ga(OH); (6enoro npera) OCHOBHas M KMCJIOTHadA (DYHKUHU TPOSIBIIAIOTC
npuMepHo B ogunakosoil ctemenu; y In(OH); (6enoro msera) ocrosubie
cBoiicTBa Mpeobaagator uax kucaorabivu, a y TI(OH); (kpacHo-Kopuane-
BOTO [BETAa) KUCIOTHAA (PYHKIMA BbIpakeHa OUYEHb CJIAGO 1 MPaKTUIeCKU
He mnpossaserca. Takum o6pasom, B pany Ga(OH).—In(OH)—THOH);
(kak U B pAAY OKCHJIOB) OTUETAMBO HaOMIONAETCS] YCHACHME OCHOBHBIX M
OCTABACHHBIX KUCAOTHLIX TTPU3HAKOB, UTO HAXOIUTCS B COOTBETCTRUH ¢
yBesaudenueM pasmepos atomos J(1I1).

[Ipu pacrsopennn I(OH); n 3,03 B KMCIOTax 0OPABYIOTCA AKBAKOMII-
JIEKCHI, HalpUMep:

Ga(OH); + 30H} = [Ga(OH,)s)*

Hosromy coemunenna Ga(lll), In(I1h) u TIIIT} w3z BogREX pacTBOpOB
BCer/la BHIAGAAKOTCA B BUIE KpUcTajuiorujpatos, Hanpumep JHal,-6H,0,
K3(504)2-12H,0 (xBacuwt). Axsakominexcer Ga(lll) u In(1ll) 6ecuperne,
a TI(IIl} cnabo—xkentoro upera. XAapaKTep PACTBOPUMOCTH W THIPOJILIBA
coepmuaeanit Ga(Ill) u In(IIl) B 06uieM TakO# ke, KAK U COOTBETCTBYOIIMX
COeJUHEHU N aTIOMUHUS.

Conu O(1II) B pacTROpE NOABEPralOTCS TUAPONUBY!

[D(OH,)g]** = [3(OH,)sOM2* + H?*

a e I 2 " ix
Kax BUAHO M3 3HAYEHUM KOHCTAHTHI PDaBHOBECHUS 1\}‘» IepsBon cralvuy ryji-

' poausa

AL(HITY (1,12-10°5) — Ga(I11) (3-107%) — In(111) (2-107%) — TI(II) (7-1072)

CKJIOHHOCTh K ruaponuzy coneit J(I) Gonbuiasi, nostoMy cosm ciiabbix

KUcaoT (cynbduibl, KapObOHATH ) MOJHOCTBIO THIPATH3YIOTCS .

F'uapokenn ramnus Ga(OH);, kak u AI(OH),, pactopsieress B OpuCyT-
CTBUM HICNOYEH:

[Ga(OHa)o]* + 30H™ = [Ga(OHg)}*
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W3 pacTBOpOB OGLIYHO BbIIENAIOTCA NPOUIBOLHEIC, OTBEYAIOLIME COCTA-
s 9,05 ¢
BY 1\+/112[G320(OH)6], M;[Ga(OH)g);. Tlpu cnapieHun OKCHIOB 2Ll

+1
OCHOBHBIMM OKCHIAMM OOPABYIOTCS OKCOCONUHEHUA THA MSIOQ. .
FamoreH bl 3IEeMEHTOB TOATPYHIIbI raniua OHalg Bo M ™
nanomunaor AlHaly. Tpudropuabt OF3, kak u AlFg4, uMmeloT KOOPHC”TH,IO
[IMOHHYIO pemieTKy (cM. pHC. 69, B). Tpuxaopuabl OCly MMexo; Cﬂeoul:eTiy
pemrerky, a OBrz u 3l; (a Takxke GaCly) — MoOJexyIapHy CE o pé
COCTABJIEHHYIO U3 JMMEPHBIX MOJEKYJ J,Halg. Pasauuue B Op)J/IaBZm
JHal; ckaspiBaeTca Ha MUX TEMIIepaType masiieausa: OFg — Tyron ,

J,Halg — nerkonuraBku:

InF3; InClg InBrg Inlg

T. mn., °C 1170 586 420 207

. - -247
AH},QQS’ ok /MoJIb -1029 -537 418

-062 -460 -372 -142

AG},zgsw -KHJK/MOJIb

B e TBUE TH aTany aJJoOreHuahb: Hal ])a(fIB()])ﬂK)I( A ¢ Bplneie—
c J.C ﬂp 18 nr reéHnabl 3 3 a
HUEM TENJIOTHI (II)A‘[q)l()p”ﬂbI HepaCIBOpVIMbI) B "apax nu OpI aH”qe(‘K”)\O
pa’CIBOp”Ie‘HHX Ip”IdJIOI ©H U bl Haxoﬂﬂlcﬂ B BUIE ]‘{OJIeK.V‘;I 32}1310) I

CTPYKTypP€e aHAJOTUIHBIX Al Halg (cM. puc. 194). I
. ¢ OCHOBHBIMU T¢ -
Tamoreauabpt DHaly — KMcI0THEIE COENUHEHU A,

*1 +1 .
[aMK 06pAa3yIOT KOMINIEKCHBIE TAJOreHH Bl TUIIA My[QHalg) u M [O Hal,):

3KHal + DHaly = Kg[OHalg]

Inst rawms (111), kag 1 IS JIOMUHMA (I11), Hanbonee XapaKTepHbI dbropo-

wommtexesl, Muguir (111} n ranmmi (111), naobopor, obpazy1oT yCT(;quMBble KOMIII‘
sexcst ¢ xiopoM, 6pomom [InClg)®, [TIClg)*, [InBrel®, [T1Brg)®", mst TIID)
XapaKTepHbl KOMIITIEKCH! € MOJIOM.

FTmppu b rawus 4 WHAMA DH,, mopobuo AlHg, nomAMepm'ﬂ:
fIBJAIOTC KWUCJOTHHIMM COCAUHEHUAMM. Ta}c,' B HEBOAHBIX péCTBOpdk
06pasyloTcs TUAPUAOTANIATH (111), Hanpumep Li[GaH,], TI{GaH4):

. 4LiH + GaCly = Li[GaHy] + 3LiCl

n-
B kadecTBe cMemiaHHOTO rMApHUAA ATIOMUHUA-UHAUA MOXKHO paCCMan

BATH TMAPUAOATIOMUHAT ungua(lll), koropeii o6pasyeTca B 3UpHOI]

cpeje Mo OGMEHHON peaKiuu:

InCl, + 3Li[AIH,] = In[AIH]; + 3LiCI

B pany BH,—AlH;—GaH; ycro#iuuBocTh OafaeT. Uoun BH; mosoibi©
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P u c. 198. Kpucramnuueckas CTPYKTYPa C TeTpasapo-TeT-
pasapuieckoft KoopauMHaLuel ATOMOB:

a — caneput; 6 — BOPUUT

yeTOWYMB B BOoAHOM pactBope, a coid AlHy u GaH, akrusno rugpoausy-
10T (MHOTAA CO B3PBIBOM):

OH; + 4H,0 = 4H; + 3(OH); + OH”
Coepuunenns TI(II) — cunbubie okucnTenn:

Ti3* + 2 = TI*, ¢, = 1,256 B

Hopo6uo B u Al rammmit v wnauii ¢ p-snementamu V rpynmsl o6pasy-

v I v
01T coeauenua tana A° B’ (rme AT — p-saement III rpynme, B© — p-

; aseMeHT V rpymmer). OTH cOeJMHEHMA W303JEKTPOHHBI COOTBETCTBYIOLIMM
U MpocTHIM BemecTBaM p-saementos 1V rpynnsl. B 6onbmmHcTBe coeguHeHuit

I, v 3
Tana AT B’ aToMbl HaxomsTca B cocTOAHMM SpS-TMOPMAUBANMM, T.e. B
TeTPasApUIECKON KOOpAMHANMM JAPYr OTHOCMTENbHO Apyra. OcHOBHBIE
KPUCTALIUYECKUX CTPYKTYP € TEeTpasapudYeckuM pacllofOokKeHHeM

. CBsI3ell MoKa3aHbl Ha puc. 198,

Kpucranauyeckue pemerku, nsobpaxennbie Ha puc. 198, a u 6, nomy-

ff UMM cBOe Ha3BaHMe OT COOTBETCTBYIOUMX MOAM(UKANMI cyrbduaa MHKA

ZnS — cfasepuma (ky6udeckas pemieTka) U GHOPYUMA (rexcaroHanbHas

f perrerxa).

Tunbl KpUCTaNINYECKUX PelIeTOK GMHAPHBIX COSIMHEHUI, 06pa3yeMbIxX

! 9TUMM BJEeMEeHTaMU, NpuBefeHbl B Tabia. 36.

OnvHakoBelfl XapakTep rU6PUANM3ANUM BATEHTHBIX OpGMTaNeil aTOMOB

[ kpucranzax AIP (0,235 um), GaAs (0,243 um), InSb (0,280 um) npax-
:‘Tuqecxu PABHBl DACCTOAHUAM B HW303JIEKTPOHHBIX UM KpucTamitax Si
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m.v vl I.vil
Ta6nmua36.C’rpymypacoennHemtﬁ'runaA B,AB uAB

I_VII

AIIIBV AIIBVI Al

N{P|Asf Sb | Bi 0O S| Se } Te F Cl |Br I
Bs|s|s}|? - |Be| w}| s | s s | Li |NaCl|NaCl |[NaCll NaCl
AMlw|s]|s | s - {Mg{NaCll NaCljNaCl | w| Na NaCl {NaCl [NaCl| NaCl
Gaw|sj|s | s - Zol w lw slw s [w s Culs s s s
Imwlsls!| s [CsCl|CdiNaCllw, s fw, s s | Ag |NaCl [NaCl|NaCllw, s
TL- |- |- |CsCl ICsCl"{Hg | - s |s s L Au] - ? ? ?

VernoBHble 0603HAUEHHS CTPYKTYp: § — Tuma cdanepura, w — THIA BIOPUNATA,

NaCl — tuma kamennoit conmu; CsCl™* — uckakeHHON CTPYKTYpBI THIA CsCL
(0,235 um), Ge (0,245 M) 1 a-Sn (0,280 uM). To ke camoe cJeayeT cKa-
3aTh O cpejHeld SHepruu cBsi3H EAB’ KOTOpast 6JIM3Ka JHEPTMM CBA3HM B

M30IeKTPOHHBIX MPOCTHIX BELlecTBaX, HaNpUMep GaAs (150 w[x/Mons) n
Ge (163 xJx/moub), InSb (134 k[l /Mous) U o-Sn (150 K /1K /MOJIB).

Kak B psaAJlly NpOCThIX BEIIECTB (C—Si—Ge—Sn—Pb, B psny M303JICKTPOH-

HBIX UM CcOeIMHEeHUH BN—AIP—GaAs—InSb—TIBi npouHocTh KOBaJEHTHOI
CBA3U YMEHbIIAETCA, & BOBMOKHOCTb €€ JIeTOKATU3ANM BO3PACTALT. Coot-
BETCTBEHHO MANAIOT TeMIIEpaTypa NJIaBJIEeHMA M TBEPOCTb, yMCHBIIACTCH
LIMPUHA 3anpelieHHON 30HbL (pHUC. 199), noHnxkaetcsi apPpexTUBHBIA 3apA/L

I .
aroma A, a npu nepexone or InSb x TIBi (kax u or -Sn k Pb) namens-
eTcs W THN- KpUMCTAJVIMYECKOH PEeleTKH, HanpuMep:

BN AlP GaAs InSb TIBi
Tun xkpucrajinyieckoin [pareUueRTpU-
PEIeTKH . . . . . ... . s s s s poOBaHHAS Ky-

buyeckas
dyyy HM . oo 0,158 0,235 0,243 0,280 -
Eny kllac/monb ..o - 210 150 134 -
T.un,°C....... ... - 2000 1237 536 -
AE B ... .. ... ... 4,6 3,0 1,53 0,27 (Merany)

06 3TOM e cBUIEeTeTbecTBYET BHEIIHMM BUJ coenmuenuii: BN noxox Ha
anMas, AlP — xentosato—cepas macca, GaAs — TemHO—cepoe co CMOJIMC-
ThIM 67€CKOM BemmtecTBO; InSb uMmeer Buj cBeTO-CcEporo cmiaBa ¢ MeTal-
audeckuM 6aeckom; TiB1 — Meranau4ecKuil crsas.

AHaNOrM4YHO M3MEHSIOTCA CBOMCTBA WB03JIEKTPOHHBIX M UB0CTPYKTYp-

M I, VI 1.,VII
HbIX coenMHeHMH Tuma A B A'B’ B moarpynmax c¢ BO3pacTaHUEM
ATOMHOTO HOMEpPA 3JIEMEHTOB.

y I
B MB0CTPYKTYpHBIX psjiax cOeIWHEHMHA TUna ATV ARV _A'gVH Ho

MEpe yBeJIMUYeHMUA pPa3IMuUMil B XMMUUYECKON MPUPOJE JIEMEHTOB YBEIWUM-
BaeTCs [10711 WOHHON CBA3M, YTO TAKXKe PACIIUPAET 3alpelleHHYIO 30HY:

Ge GaAs ZnSe CuBr
AE =B ... ... . ... ... 0,78 1,53 2,6 2,94
Tun pemmersku . ... ........ Anmaza s w, s s
Terpasnpuueckylo CcTpyKTypy uMeer 60gbllad TIpynna cOelyMHeHuil
M, IV,.V . .
mna A'B'Cy (ZuSiP,, CdGeAs,, ZnGeAsy), muma A'BCy' (CulnS,,

AgGaSe;, CuAlS,) u ap. [loAa HUX XapakTepHa CTPYKTYypa THNA XaJIbKOMU-
pura CuFeS, (cM. pue. 135).
MHorune anMazono 06 Hbte cOeMHEeHUA —

noJIynpoBoJHUKK. OHM  TPeNCcTaBAAIOT AE;B_

60JIbIIOII MHTEepec KaK MAaTepuan jaJs

BLINIpAMUTE ISR NEepeMeHHOro TOKa, Jr BN

yeuwiuTesre, ¢$OTO3IEMEHTOB, JAaTYUKOB 4|

TEPMOIIEKTPUUECKUX TEHEpPATOpPOB M JIP.

MHorue M3 HUX YCHENIHO KOHKYPMPYIOT JI AP

€ TOJYyNpPOBOJHUKOBLIMM TE€pMAHUEM ¥

- KDEMHHUEM. r GaAs
Coeppmenns ramms (I), mapua (1) m 1+

rawma (I). s ranms (1) ussecthb InSb
MHOTOYMCJICHHbIE COeNMHEHUA, TPOU3- /g‘ ;0 Jlg 4|0 jg (2,72 b
Bopubie ke rawmms (1) u uanma () ! a)/
HEYCTONUMBBL M ABJISIOTCA CHIBHBIMU Py ¢ 100, 3aBucuMOCTb HIMPUHbI
BOCCTAHOBUTEJIAMM, salipellleHHo!l 30HBI AFE B coefllHe-

Won TI* umeer panuyc (0,144 uwm),
6ausknit k pagmycy wuonos K* (0133
HM), Rb* (0,148 nM) u Ag® (0,126 um).
Hostomy xumust tasmmus (1) HamoMMHAET XUMMIO HIIIOYHBIX METANIOB M
xumuio cepebpa. Coenmnenuss TI(I) — npeumylitecTBEHHO HOHHBIE, Xapak-

HiLV
Husix tuna A B’ or cpenxeapud-
MeTHUECKOT0 ATOMHOTO HOMepa

. TEpU3
PUBYIOTCA BHICOKUMM KOOpPAMHAMOHHBIMM unciamu (6 u §8). Hanpumep,
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TII — tuna CsCl. Boab-

TIF umeer crpykrypy Tuma NaCl, a TIC1, T1Br,
TICI

munerso coepubenuit T1(I) B BOoAe PacTBOPAETCHA; HEpacTBOPUMHI
T1Br, T, TI,S.

[lo x¥UMUYECKUM CBOWCTBAM COCAMHEHHA ranus (1) ocuépuple. OHY UK
He TUAPOTUBYIOTCH, WU ¥Ke, IHAPOTU3YACE, 06pazyloT MIEIOYHYIO CPeay.
Tak, uepHHH O K C U I T1,0 (r. mm. 300 °C) XOpOIIO pacTBOPAETCA B

BOJLE:
T1,0 + H,0 = 2TIOH

Tunpoxcua TIOH (skenroro nBeTa) — CUIbHOE OCHOBAHUE, HO (B
ornuune or NaOH, RbOH) oruienziser oAy npy HarpepaHuu (100 °C):

2TI0H (k) = TL,0(x) + H,0(r), A Gy, = 5 K

9RbOH(x) = Rb0(x) + Ho0(r), DGy = 206 kllx

B 5TOM NpOABASETCA CXOACTBO € XuMHUEH cepebpa, THIPOKCUZ KOTOPOro
HEYCTOMUMB ¥ paclajaercd Mpy NoJydeHud.

Kak ¥ M5 HIIOYHBIX METANJIOB, AJIA Taland (I) kommIeKcooOpasoBa-
Hyie HE XapaKTepHo; OH OOBIYHO HE o6pasyer Aake KpUCTalIOrdApaTosb. B
peakiUAX KOMIVIeKCOOOpasoBaHUA HOH T1* 06bIYHO TEepexoUT BO BHENI-
HIOI cepy KOMIIEKCHBIX COeAMHEHHH, HalpuMep:

3TICI 4 TICls = TI5[TIClg]

2TINO; + TI(NOs)s= le[Tl(NOS)s]
OCHOBHBIIA KUCJIOTHBIA
Kak u coegwhenus cepebpa (I), coeluHeHus Tanmus (1) o6ranaloT cBETO-
YyBCTBUTEIBHOCTBIO: MPYU OCBEIIEHWH OHY pPa3/ararorcs. JleiicTBUEeM cUJb-
HBIX OKUCTUTENIEH TPOU3BOAHBIE TANIUS (I) MOKHO TiepeBecTH B COGAUHE-
tus tamaus (1), CoenuHenus ranius, MHAMSA U TaLIs 3 4 0 B U T Bl

FJIABA 8 sD3JEMEHTHI II TPYIIB NEPMOJIUIECKOA
CHUCTEMBI JI.M.MEHJIEJIEEBA

K somementam 1l rpynnbl OTHOCATCA Munuveckue 3/1€MEHTH — 6epuii-
nuit Be u Maruuii Mg ¥ o7eMeHTH nodipynnsl Kaisyus — rxanppuiit Ca,
crponnuii Sr, Gapuit Ba, paguit Ra. HexoTopble KOHCTAHTHl 9TUX JIEMEH-
TOB MPUBEAEHB HUKE!
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4Be Mg 50Ca 35St seBa gRa

ATOMHAs Macca, . ... .. 9,01 24,31 40,08 87,62
Banentnble onextponst . (2)2s2  (8)3s2  (8)4s?  (8)5s?

137,33 [226]
(8)6s% (8)7s?
Meranauieckuit paanyc

ATOMA, HM . . .. ... .. 0,113 0,160 0,197 0,216 0,221 0,235

Panuyc wona D2*, um .. 0,034 0,074 0,104 0,120 0,138 0,144
DHeprusi UOHUBALUU
-t 6B 9,32 7,65 6,11 5,69 5,21 5,28
Dt-D02 B ... 18,21 1504 11,87 11,03, 10,0 10,1
Conepxatue B 3eMHOM

xope, % (Mon. posu) .. 1,2-1073 2,0 2,0 1-1072 0,9-1073 1-10710

B coorBercTBHM €O CTPOEHWEM BAJICHTHOI'O JJICKTPOHHOIO CJIOA

E

T

ns

saneMenTsl [1 rpynnbl HpoOsBAAIOT cTelleHb OKMCAeHUA +2.
Kak u B apyrux raBHBIX HOATPYHNax, B PANlY PACCMATPHBAEMBIX 37~
MEHTOB ¢ YBeJIWYEHHEM ATOMHOIO HOMepPa DJHEpPrus HOHM3BauMM aTOMOB
' yMenburaerca (cum. puc. 12), paguycel atoMoB (cM. puc. 15) ¥ MOHOB yBenu-
. YMBAIOTCH, METAINYECKUe TPUBHAKU XUMUYECKHX HJICMEHTOB yCHM/IMBA-
©TCA.

§ 1. BEPUJIJIUA

HO€e cXO > i
4 XOOACTBO B T€pUOIHUYECKON (‘H(‘TeMe) " ABJsAETCA TUNIUYHBIM aM(bOTep—
HBIM 2JIEMEHTOM: NJIA HEro xapaKTepHH KOMIJIEKCHBE MOHB KaK KaTHOHHO-

J»: i 3eMHONM KOpe OepWIIMHi HAXONUTCA B BHJE MHUHEPAJIOB: bepuad

) . .

g Bes 15(Si04)e, fpenaxum Be,SiO,. OxpallleHHHE IPUMECAMM [PO3PAUHBIC
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Pa3HOBMIHOCTH Gepusiia (3eIeHbIe wayapydel, TOMyObIE axeamapunst U Ap.)
— pparonessble KaMEM. B macrosiiee BpeMs UX TOJIy4atoT MCKYCCTBEHHO.
[ipocToe BemecTBO. Bepuanuii B BUAe MPOCTOro BEMICCTEA — merani (T.
nx. 1287 °C, 1. mum. 2507 °C) cepo-cTanbHOTO INBeTa, UMeET IJIOTHYIO
reKCarOHANbLHYI0 KPMCTATUYECKYIO pelleTky, AOBOJBHO TBEPA M XPYTOK.
Ha Bo3gpyxe, ANMIOMUEBWI1, [OKPbIBAETCHA oxlcn,uuuon NJIeHKOH
NpUAAKOUE €My MATOBbIA OTTEHOK M o6ycn03ﬂusaromenu HOBWIKEHBYIO
XMMHUUECKYl0 aKTMBHOCTb. [lpM  HarpeBanMM 6epummuy1 cropaer B‘
KHMEJTOpOJe M Ha BO3AyXe, B3aMMOAEHCTBYeT ¢ CEPOM; a3OTOM. C
rajoreHaMM pearupyeT npu OOBIUHBIX TEMIIepaTypax WK 1pu Be6OBIIOM

KaKk M

HArpeBaBuMu. Bce ITHU peaxknvu COTNTPOBOK AAKOTCA Bbm&%un@xzx
3HAYUTETILHOTO KoJIMuyecTBa TeNJIOTHI, 9TO ofnpenensierci 600N
MMPOYHOCTHIO KPUCTAVIUYECKUX peleTox MNpoOAYKTOB B3auUMOJEUCTBUA!

BeO, BeS, BesN, u ap. C BopopoaoM B 06bI4HbIx  yeJoBusx Be me

pearupyer. )
3amuTHAsA OKCUAHAA TUIEHKA MPEensiTcTBYeT B3aUMONEHCTBHIO GepuiIM A
° : % ¢ OH pearupyer ¢

(959 = —1,85 B) ¢ pomoii. Ho, nogo6HO AalIOMHHUIO, OH pearupy:

KMCJIOTaMM M HIes104aMy, C BblJeJIeHUeM BOJOpOaA, O6p33yﬂ KATUOHHBIC I1
AHUWOHHbLIE KOMIIJICKCHI:

Be + 20H: + 2H,0 = [Be(OHx)i>* + He
Be ++ 2H,0 + 20H- = [Be(OH)4)* + H,

B KOHIEHTPUPOBAHHBIX XOJOIHBIX KUCJIOTAX HNO,; n H,S04 6epunani
(kak u Al) naccusupyercs.

C MeTasnamMy OGepuWnuit 06pasyeT WHTEPMETAIMYECKUE COCAUHEHMSL.

Bepuauds, psipa d-snementoB cocraBa MBej; (M = Ti, Nb, Ta, Mo).
MBe;; (M = Nb, Ta) u apyrue UMEIOT BHICOKYIO TEMIEPATypy NABJIEHH
U He OKMCJAIOTCS NpU Harpesamuu po 1200—-1600 °C.

Bepusnuit ucnoss3ylOT B KayecTBe Jerupywuei n06ABKH K CIJIABAM.

/ A OBBIIIIEHHEVIO KOPPO3MOHHYIO CTOMKOCTb, BBICOKYIO NPOY-
! npupaounieil UM MOB \ PP

HOCTh M TBepnocTh. Hambosee neHHbl CIJIaBhI Cu—Be (6epuaauegbie Opon-
3bt), copepxaume 10 2.5% Be. Cnsabl 6epuiiusi TPUMEHAIOT B CAMOJIETO"
CTPOEHUY, ITEKTPOTEXHMKE U AP.

B aTOMHBIX peaKTOpax OepUIIMHA MCTOJb3YeTCH KaK 3aMeLUTeTb 1
oTpa)aTelh HEHTPOHOB. B cMecy ¢ mpemapaTaMi pagus OB (JIyKUT HCTOM
HUKOM HEATPOHOB, 06pasylomuxcs Ipu 1€AcTBUM HA 9Be anbgha-1acTUL:

{Be + ‘Z‘He = IgC + In

Bepusunii mody4aloT SJEKTPOJN30M pacl/aBa BeCl, (¢ no6askoit NaC'i
npu 300 °C) Man MariMiTEpMUYECKHM BOCCTaHOBICHNECM BeHal,.
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Coegunenns Gepwummst (II). Boabmuucerso neopranmveckux coepuHe-
auit Gepuaaua (II) B o6bIYHBIX yCAOBUSIX NMOMUMEPHBL W SIBASAIOTCH KpUC—
TaJVIMYecKMMU BenecTBaMu 6estoro ppera. HesaBucumo ot Tuma kKpucran-
JIHYECKMX PelIeTOK cOeAMWHEHUN KOOpAMHANMOHHOS 4Mciao Gepusiausa 4. B
KMCJIBIX BOAHBIX pPacTBOPaX WOHbBI Be?' HaxogsATcs B BUAE NMPOYHBIX AKBa-
koMmtekcoB [Be(OH3)4)?*; B cMAIBHO Le/IOUHBIX pACTBOPaX — B BUIE HOHOB
[Be(OH),4J>".

O x ¢ x BeO umeer crpykrypy Tuna Bropuuta (cm. puc. 198), orau-
YaeTcs BHICOKON dHEPruel KpHUCTANJIMYEeCKOW pellleTKH M BBICOKOM 3Hepru-
eil Tnub6ca obpasosanus (A GG = —582 k/x/Moap). Ox tyronmasok (T. mi.

2530 °C), TennonmpoBONeH; NpEABAPUTEILHO NpOKaleHHbH (npu 400 "C)
xuMnuecku HeaktuseH. [Ipumensior BeO B kauecTBe XUMMYECKU CTOMKOrO
M OrHEYNOPHOIO MaTepHana AJA W3COTOBJICHUS TUIVICH W clequalbHOM
KepaMUKKM, & B aTOMHON JHEpreTuKe — KAK 3AMEAJIUTEb U OTpAKATesNb
He#TpoHOB. BeO BXOAMT B cOCTAB HEKOTOPBIX CTEKJIOOOPA3YIOUIMX CMECeii.

bynyun amdorepnbiM, BeO BszauMopeiicTByeT npM CIIABAGHMM M ¢
OCHOBHBIMM, U C KUCJOTHBIMU OKCUIAMMU:

BeO + SiO; = BeSiOg;

OCHOBHbBIA

BeO + NaZO = NazBeOz

KUCJTOTHLIN

[Ipn marpesasumn BeO B3auMoneiicTByeT ¢ KUcAOTAMH M IIeTOTaMU:

BeO + 20H3 + H,0 = [Be(OH,)4]2*; BeO + H,0 + 20H" = [Be(OH)4J>"

OCHOBHbINA KUCJIOTHBIA

FTmaopokceupg Be(OH); — nosnumepHoe coeguHenne, B BOXE He
pacrBopsetcs. Ilolyuenme ruppokcuna GepuaaMA M €ro OTHONIEHUE K
KUCJTOTAM M IIV109aM MOXKHO BHIPa3UTh cJeyIonied cyMMapHO# cXeMoli:

0
Be(OH,) |2t
[Be(OH,),4] OH

-
OH;

Be(OH), [Be(OH),)>

Kaxk noxasbisaer cxema, B KMC/bIX cpefax (M36LITOK HOHOB OH3) yeroitun-
Bbl akBakoMilIekcel 6epunaus (1), B wenounsix (u36eirok nosos OH™) —
ruapokcobepuniar (I1)-komnaekcer. Mpu KpueTanauzanuu coefUHeHHH U3
KHUC/BIX BOJHBIX PACTBOPOB aKBAKOMILIEKCH! NEPEXOAAT B COCTAB KPHCTAT-
JIOTHAPATOB ¢ 4eThIppMs  MoJsiMu  Bopbl: BeSO4-4H,0, BeCly-4H,0,
Be(NO3);-4H,0 u pgp. Brijenesue KpUCTAIIOTMAPATOB ¢ MEHBIIUM WJIM
OOJILIINM YUCTAOM MOTEKYJ BOAB CBUIETEILCTBYET 06 0OpPa3oBAEMU MPON3—
BOJIHBIX MHOTOSIIEPHBLIX KOMIJIEKCOB,

BenepeTBue OTHOCMTENILHO BBHICOKOTO MOASPM3YIOWErO ACACTBUS MOHA
Be?* ero conu noapepraioTes 3aMeTHOMY TUIpOIN3Y:
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[Be(OHy)s)2* + H,0 == [Be(OH)(OHz)s)" + OH;

B aBUCHMOCTY OT KOHIIEHTDALMM PACTBOPA W THIa IPUCYTCTBYIOUIMX B pacTBO™
pe AHMOHOB MeXAHM3MBI T'MIPONN3A CYIIECTBEHHO pas/IMHaloTes. B qacmocnf,
obpasyiomuecss [py  THApoONKse T'M/POKCOAKBAKOMIIEKChI [Be(OH)(OHZ)g] ,
[Bea(OH)(OHp)e)* (oM. Tabi. 24) 3aTeM [ONIMMEPU3YIOTCA B MHOTOSIepHble KOMII-
JIeKCHI, HAlpUMep [Be:x(OH)g(OHg)'()-]f“, BEpOSATHO, C/IEMyIONero CTPOeHMST:

e oy
LNy P
1,07~ \g /Be<

3Be2* + 3HOH == [Bey(OH))3* + 3H*; pK = —8,66

2= N -
¥ : - onu-
[lpu ceaspiBanum uonos H' (naumpumep, aHUOHaMU CO;, SH) o

Mepu3anmnsa MOJKEeT MJATU BIIJNOTH 0O 06pa3OBaHVIH ITOJIUMEPHOTO TUAPOK—

cuaa
BeS + ZHQO = Be(OH)Z + HzS

[upokco6epunaThl B BOAHBIX PpacTBOpax CyIECTBYIOT JMWHIb upu
> OJHOCTHIO TUAPO-

GOMBUIOM M36BITKE 1e04Y, B IPOTUBHOM CJIydae OHU Ip
U3YI0TCsT. PacTBOPMMBI TOMIBKO 6EPUIITIATDL $-5/IEMCHTOB I rpymiis:.

Cyabduy 6epunis BeS — KpuCTANINYECKOE BEMIECTBO €O CTPYKTypO#
tuna caneputa (cM. puc. 198, a). O6pasyerca B3auMMOJeficTBIeM IIPOCTBIX
pelecTs. B ropsidell Boje HOJMHOCTHIO THUIPOIU3YETCH. Amdorepnas upu-
posa BeS nposBasercAd mpuM CIJIABJCHMU ¢ OCHOBUBIMH H KUCJIOTHBIMU
cyabduaamu:

Na,S + BeS= Na,BeS,;  BeS+ SiS, = BeSiS;

KUCJIOTHBIA OCHOBHbBIN

Cyapdupobepuanare (1) paspymarorcs BoJOA. )
Ms radorenHu goB Gepuwiius Haubosplllee 3HaUEHUE MMEIOT
¢ropun u xaopua. Judropun Bel; cymiecTsyeT B HECKOTbKNX Moauduka-
UMAX, AHAJOTMYHBIX NO CTPYKTypeé COOTBETCTBYFOLIMM MOIUPUKAIMAM
nuokcuna kpemuua SiO (cpashure puc. 60 u 69, B). Kak u kpemneseu,
BeF, /erko mepexoZuT B CTEKJI00OpA3HOE COCTOAHHUE. Crexnosugabiii BeF';
nonyyaloT TepMudeckum pasioxenueMm (NHg)oBeF,. Jlpyrue ramoreHuzbl
Be(Il) Takie monumopdubl. Onna us monuduranuii BeCl, nmeer BONOK-
HUCTOE CTpOEHMeE:
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. Cl Cl Cl
/Cl\Be/ e’ ! Be/ xe/C'\Be/ \Be/c'\
\C( \l/ \Cl/\ l/ \Cl/\l/ \CI/

C

Benepcerpe KOOPZMHANMOHHOW CTPYKTYpHl TEMMepaTypa WJIaBJICHUA
cooTBercTByiomux Moaudukanuit BeF, Brime (-800 °C), yem ocTanbHbx
ranoreaunos Be(ll) (-450 °C). Tanoreauant BeCl,, BeBr, u Bel, rur-
POCKONUYHB ¥ HA BO3AYyXe PACHJIbIBAIOTCH; NPU UX PACTBOPEHUM B BOZE
BHAEAAETCH  TemJoTa; OHWM  pacTBOPUMBbI TaKke B  OpPraHUYEecKUX
PACTBOPUTEJIAX.

Amoteprocte BeHal, nanfonee oryernupo nposasasercsa y dbropuza.
Taxk, npu Harpepasuy BeF; ¢ ocHOBHBIMU (TOpMAaMM 06pasyioTea (propo-
6epusiarel (puc. 200), sanpumep:

QKF + BeF2 = Kz[BeF4]

Ipu Bzanmopeiicteun BeF, ¢ kuciaotHeiMu dbTopugaMu obpasyroTces coJIu
GepuUIIUA:

BeF; + SiF,; = Be[SiFg]

TerpadTopoGepuniaThl no KpucTamnaMyeckoil crpykrype (puc. 201) u
PacTBOPUMOCTH BO MHOTOM HAIOMMHAIOT OJHOTUNHBIE TETPAOKCOCYIbGATHI,
YTO O06BACHASTCS OAMHAKOBON TETPasAPUYECKON CTPYKTYPOH U 6IW3KUMU
pasmepamu noHoB BeF%™ u SO3". Kpome BeF2-nona BoamoxcHbl moumep-

Hble PTOpoGEepMIIIaT-HOHEI, HAPUMEP TUIA

L

Wk

400+
S
al 2 2
AR

q a0 100

ROF BeF,

Mon.dony BeFa, %

P u c. 200. 1narpamma nias-
kocT# crcreMbl RbF — BeF,

P u ¢. 201. Crpykrypa K;BeF,
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F F F -

| |
F—Be—F— ... “Be—F—Be—F

| |

F F F

U3 mono6HBIX NENHBIX aHWOHOB mMocTpoeH, HanpuMep, NaBeF.

CrpykrypHoe cxojictBo Mexay BeF; n 510, pacnpocrpansiercs M Ha UX
npoussonusie. IlonumepHsie GTOpOGEPUSIIATEH IO CTPYKTYpe aAHAJTOTHTHbBI
okcocuminkaTaM; Hanpumep, NaBeF; wumeer opHOTHOHOE cTpOGHME C
(CaSiO;; Na,BeF, ¢ Ca,Si0,4, NaLiBeF, ¢ CaMgSiOy; LizBeFy ¢ Zn,5104 n
r.1. CxXomHB TaKXKe AUarpaMMbl IIJaBKOCTH COOTBETCTBYIOHIMX CHCTEM.
[MonumepHbie GTOPOBEPUTATEI MOTYT HaXOAMTBCA B CTEKJIOOGPa3HOM
COCTOAHUMU.

Jpyrue ranoreHo6epunnaTe He XapaKTepPHEL.

[pucylast GepWIINIO Kak aMc(oTepHOMY OJIEMEHTY CKJIOHHOCTh 0Opa3oBblBaTb
KATUOHHble WM aHWOHHbIe KOMILeKchl MPOABIAETCA W NPYU PAcIVIaB/IeHUU ero Coeiv—
Henuit. Tak, pacnnasnednbnr BeCly cocroutr us uotos BeCl* u BeClé:

BeCly + BeCl, == BeCl* + BeCly
OCHOBHbIIT KUJIOTHbBIH

Tak e BefyT cebsA NpY PaclJaBIEHUM COSAVMHEHUsT U IPYTUX BJleMeHTOB amdoTep—

HOro XapakTepa, HAaIpUMep:

2AICl; == AICI} + AICI;  2TaCl; = TaCl} + TaCl;

TakuMm obpa3oM, U B 5TOM ciydae amdoTepHble neMeHTbl He o6pasyloT MpOCThIX
WMOHOB, a JUIIb KoMIUIekcHble. OQOQHOTHIHBIE e CoeAVMHEeHUS MeTauIUdecKUX oJle—
MEHTOB INIpY OTOM pAaclafaloTcsl Ha clabo cOJILBATUPOBaHHblE NPOCThble MOHbI, Ha-
npuMep:

CaCl, = Ca?* + 2CI"

B cooTBercTBUM cO CKa3aHHbBIM -paciylaBjleHHble coelUHeHUH MeTaJVIMYecKUX

JIEMEHTOB NPOABIAIOT BBICOKYIO, 2 AM(OTEPHBIX BJIeMEeHTOB — MNOHUKEHHYIO JJIeKT—.

pUYECKYIO TIPOBOIUMOCTD.

Hurpun BezN, — kpucraningeckoe BemiecTBo, MOJIYdYaeTca IIpU Harpe-
BaHuM Gepwinua B atmocdepe asora Beime 1000 °C. becnperen, oueHs
tBepA, Tyromaasok (1. wi. 2200 °C). Pasnaraercs Bomo# npu HarpeBaHuu:

BesNo(t) + 6H,0(k) = 3Be(OH) (1) + 2H;3N(r)

Ilpyu zeficTBUM KUCJIOT pasyiokeHUEe MPOTEKAET JOCTATOYHO aKTHBHO.
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06 amdorepHom xapaxtepe BegN, cBuIeresbcTByer cymecTBOBaHUE
IBOMHBIX HUTPpMIOB, HannpuMep BeSiN,; 1 LiBeN, koropsie MoxHO paceMar-
PHBATL COOTBETCTBEHHO Kak HMTpuaocuiukar (IV) Gepunnus n HUTPRIO-
Gepunnar (1) murua.

I'napux BeH; — TBepmoe mosmMepHoe BelIeCTBO, MO CBOMCTBAM MOXOG-
Hoe AlHj3. Ilpu ero pasaoxkenmyn Bomoil Beigesisercss Bomopox. CHJbHBIM
BOCCTAHOBHUTENb. LUapua Gepnanmus (AG"f = 115,7 w/lx/moub) ¥3 mpoc-

THIX BewlecTB He ofpasyercA. Ero MOmKHO NOJLYYUTH B3aMMOJEHCTBHEM
BeCl; ¢ LiH B s3¢puproM pactsope:

BeCl, + 2LiH = BeH, + 2LiCl

Conn Gepninusi M KHCAOPOACOAEPKAMMX KUCJIOT BEILEISIOTCS U3
PacTBOPOB OOGBIYHO B BMJE KPUCTAVIOTUAPATOB, KOTOPHIE 10 CTPYKTYpPE U
CBOMCTBAM, €CTECTBEHHO, CYMECTBEHHO OTIMYAlOTCs OT GE3BOJHBIX IIPOM3—
BOZHBIX. BOZBIIMHCTBO cosleli GEpUIIIMA PAacTBOPUMO B BOZAE, HEPACTBOPH-
Mol BeCOj, Be3(POy); u nexortopeie apyrue. Jlas Gepuaius BecbMa Xa-
PaKTEepHBI JBOMHBIE COMM —. GepHILIATH €O CJAOKHBIMU JIMTAHJIaMU, Ha-
npumep:

Na,SO, + BeSO4 = Nay[Be(S04)]
(NH4)2003 + BeCO;g = (NH4)2[B6(COQ)2]

3a cyer nocjelHEl pPeaKnMM HepacTBOpUME B Bojle BeCOj; pactBo-
pseTcst B HacHIMIEHHBIX pacTBOpaX KapOOHATOB s-dneMeHTOB | rpynnsl uian
aMMOHUWs. B pas6aBiieHHBIX pacTBOpax 9TW GEPUIATH PaslaraloTes.
Coenmuenvs Gepuaius A L0 B U T bi.

§ 2. MATHUII

Marnuit 3aMETHO OTaIMYaeTcsi OT GEPHIIUA Pa3MEpPAMM aTOMa M MOHa
(pannycsr uonos Be?* m Mg2* coorserctBentno pasubl 0,034 u 0,078 nwm).
Ot cBoero cocegHero sjleMeHTa 1O NEpUOAY — aMIOMUHMS — MarHH# OT/IH-
YaeTCs] MEHBIIMM YHCJIOM BATEHTHBIX J7€KTPOHOB M OTHOCHTENBHO 60JIb-
MM pasMepoM aroMa. IosToMy y MarHus MeTanudecKue NMpU3HAKKM ApPO-
ABMAIOTCS CHJIBHEe, 4eM y Oepw/us W allOMUHUA. B dacrHocTn, ass
MarHWs MeHee XapaKTepHO O0Opa3OBaHME KOBAICHTHOW CBA3W M 6oJiee
XapaKTepHO 00pasoBaHMe MOHHOMN cBsi3W. B sToM oTHOmIEHUmM OH 6MmKe K
THOWMYHEIM METAIINYCCKMM JIEMEHTaM — 3JI@MEHTaM MOATPYNIEl KalbIMA.

Marnnit — oguu M3 Han6olee pacnpoOCTpaHeHHEIX 3JCMEHTOB Ha 3eMile.
OH BXOZMT B COCTAB CHJIMKATHBIX MHMHEpPANOB (cpefu HUX Mpeobaamgaer

oausun Mg,Si04), rapGonatpix MMHepanoB — doaomuma CaMg(COyg),,
aarnesuma MgCO;3. Baxnoe texundeckoe sHauyeHMe MMeeT MuHEpAT Xap-
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naaaum KCl-MgCly-6H,0. Boabiioe KoJM4YeCTBO MAIHUSA COLEPKMTCA B
mopckoit Bome (mo 0,38% MgCly) n B Bome HekoTOpbIX oO3ep (RO 30%

[Ipoctoe BemecTBO. Maruuil B BUAEe MPOCTOrO BemecTBa — GeNbld Me-
rana (wa. 1,74 v/emd, 1. ma. 650 °C, 1. kun. 1095 °C), Ha Bo3AyxXe OKUCIA-
ercs U npuobperaer MaTOBHIN OTTeHOK. OH MATYE U NJIacTMYHEe OepUJIIUA.

Marauii — akTUBHBLIN MeTana. JIerko B3auMOAENHCTBYyeT ¢ TaJiOTeHaMM,
Opu HArpeBAHUU CropaeT Ha BO3AyXe, OKMciaAerTcs cepoil u asoroM. C
COOTBETCTBYIOIIUMM MeTa/IaMU 00pa3yer 5BTEKTUUECKHME cMeCH, TBepJhle
PacTBOPHL U MHTEPMETAJIMYEecKUe COSAVHEHUs, KOTOPhIe BXOJAT B COCTAB
ero cmzaaBoB. Hambonee BamHBIA cmjaB mMaraus — sdexTpoH (3—10% Al
0,2—3% Zn, ocrambnoe Mg), koropwlif 67arojaps ero HPOYHOCTH U Ma-
s08 naorHoct (1,8 v/cM8) NpUMEHAIOT B PAKETHOM TEeXHMKE M aBMAcTpO-
eHUH.

B snekTpoxuMHUUYeckOM pAAY HANpsOKEHUIH Mariuil pacmolio:KeH Iepeq,
BOLOPOAOM (9,4, = —2,36 B). C xomoano#i Bogo# B3aUMOJEHACTBYET OYEHb

MEIJIeHHO, Tak Kak obpasyloudiica opu stom Mg(OH), nioxo pacrBopum;
OpY HArpeBaHUM pPeakinUs yckopsercs 3a cuer pacrBopeduss Mg(OH),:s
KMCJIOTaX PAcTBOPSAETCS OUeHb JHEPrMyHO, 3a UckiatodedneM kucyor (HF,
H;PO,), obpasyromux ¢ HuM ManopacTBopuMble coepuuenusi. Co menoua-
MU MATHUM NpaKTUYeCKW He B3aMMOJeNcTBYeT. )

OcHOBHYIO Maccy TPOM3BOAMMOrO MATHUA MONYYAKT 3JEKTPOJIU3OM
pacmJIaBleHHOrO KAapHAJJWUTAa WIM [IUXJOPMAa MAarHusi, B KOTOPBIA IJ1s
MOHWKEHUST TeMmepaTypsl HnaBienust (po 720—750 °C) pobabasior NaCl
WM Apyrue xJopuabl. MarHuil moayyaloT Takke MEeTalJIOTEPMUYECKUM U
yrierepMuyueckuM Merofamu. Ipu MeTanmorepMUUYEcKOM METOAE MPOKaICH-
auiil posomur CaO-MgO BoccranaBaupalor B anaextpomedax (mpu 1200—
1300 °C) B BakyyMe peppOCHMANIIMEM WU ATIOMOCHUIIMIMEM:

2(Ca0-MgO) + Si = Ca,Si0, + 2Mg

Ilpu yriaerepMuyeckoM MeTofe MArHUI MOJYYalOT BOCCTAHOBJIGHUEM €ro U3
coefiuHeHUN yriaeM B 3jekrtpomedax (mpu 2100 °C). HAasa monydyenus

gucroro maruusa  (99,999% Mg) TexuM4eckMH MACHMHA MHOTOKDATHO -

cyOMUMUPYIOT B BaKyyMe.

: Marauii B OCHOBHOM MCHOJb3yeTcs AJsl MPOU3BOACTBA ''cBepXJerkux"
CIJIABOB, B MeTaloTepMuu — Ajas npoussoacrsa Ti, Zr, V, U u np. Cmecu
€ro MOpPOIIKA ¢ OKMCIMTEIAMM NPUMEHAIOTCA AJIA OCBETUTENbHBIX U 3amH-
raTeNIbHBIX PAKeT, CHAPAAOB, B (DOTO- U OCBETUTENILHOM TEXHUKE.

Coepunennst maramsi (IT). Bo Bcex ycTOMUMBLIX COEIMHEHMAX CTENEHb
OKMCJIEHUST MarHusa +2, a xkoopauuanuonHoe uuciao 6. Hue mpusemenbl
HEKOTOpbIe CBefieHUs o coenuuenusx Mg (11).
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Mngi Mgng MgS MgClg

AH}'Z%, klk/Momb . . ... -26 107 -177 -641
Kot Mg oo 4 4 6 6
Kad.. .. oo L. 8 6 6 3

Crenenb okucIeHus +2 yacTo mposABAserca U B metanaupax (MgsAl,,
MgsSb,, Mg,Pb). Bunapueie coepunenns Mg B 3aBUCHMOCTH OT 3J€KTPO-
OTPUNATENBHOrO 3JJIEMEHTA MOIYT OBITH COCAUHEHUAMH TpPEUMMYLIECTBEHHO
OT MeTa/lJIndeckMx A0 uonHblx. Tak, MgsAl, — Tunuuno meranjvyeckoe
coennnenue, a MgCl, — vonuoe. )

Ho xumuueckoit npupose coenuunenus Mg(ll) nmpeumywecTsesHo oc-
HosHbie. Hexotoprie us wux, mampumep, MgCly, MgSO,, Mg(NOj),, B
OOBIYHBIX YCAOBUAX TUAPOJIN3Y HE MOABEPTAIOTCA, Apyrue co3faloT cnabo-
IIENIOYHYIO CPEAY-

Boabmuncrso comeit Mg(Il) pacrsopumer B Bope. I110X0 pacTBOpHMEL
conu cnaberx kueaor (Mgs(POy),, MgCO;, MgF;). B Bogubix pacrso-
pax vounl Mg?* HaxomsTcs B BUAe OecHBETHBLIX TeKCcAAKBAKOMILICK-
coB [Mg(OH3)6)?*, KOTOpEIE BXOAAT B cOCTAB PAAA €0 KPUCTALIOTMIPATOB:
MgClz6H20, Mg(N03)26H20, Mg(CIO4)26H20, MgSIF66H20 U ap.
Crpykrypa rekcaruapara auxsopuaa wmarnus MgCly-6H,0  (mMuepan
buwogpum) nokasana Ha puc. 202. CymecTByIOT Takke KpUCTAIIOTUIPATHL
¢ 1—12 monexynamu soaer (puc. 203).

bessognrie comn Mg(II) BecbMa TrUTpPOCKONMYHBI, B OCOBEHHOCTH
Mg(ClOy4)2, koTopmhiii 3uepruuno mnorsomaer Baary (mo 60% or cBoeit
Maccenl). Bedencrsue upesshiuaiinoit rurpockonugnocty Mg(ClQOy,). (noa

t,% MgClL,; 2H,0
160} MClL 41,0
| 120}
' I

bor MgC1,6H,0
“r mgol, 8H,0
0 e MgCly 2,0\
-40F

R\ Me(0r))** @ Har 0 10 20 30 40 50

Mac. donu MgCly , %

P u c. 202. Crpykrypa 6uwo-

dura MgCl, - 61,0 P uc. 203. Jluarpamma mIaBKOCTH

cucreMbt HoO ~ MgCl,
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HAa3BAHMEM aN1dpoH) LIMPOKO WMCHONb3ylOT s cymku rasos (Hy, CO,,
Oz, st u llp.).

Anuonnbie kommaekcesl Aasa Mg(ll) He xapakTepHbl, HO BeCbMa pa3HO-
06pa3HEl JBONHbIE COSJWHEHWA THUIA CMEIIaHHbIX rkapb6onara CaCOs-
-MgCOj3 (doromum), uurpusa LisN-MgsN, (LiMgN) u np. Becbma xapak-
TEpHbl TAKXKe KPUCTAJJIOTWAPAThl THIA KC1-MgCl,y-6H,0 (xapuasaum),
M,S04-MgSO4-6H,0 (weenume) v ap. JLONOMUT IPUMEHAIOT B KayecTe
06JIMIIOBOYHOTO MaTepuala. ‘

Oxcuna MgO (mmenas marnesus) — tyromaaskoe (T. mi. 2800 °C
pemecTBo. B TEXHMKE ero NoJiydaloT TePMHUYECKUM pa3/ioKeHWeM Kap6o-

HATA!
MgCO; = MgO + CO,

Menkokpuctammmueckuit MgO XUMHUYecKU aKTUBEH, FBJISETCA OCHOB-
nbM coenunenuem. OH B3auMogeiicTyeT ¢ Bomoi, norjomaer CO,, Jerko
pacTBopsercs B kuciorax. Ho cumbHO npokaternbiii MgO cranoBuTcs
O4YeHb TBEpIbIM, TepSET XUMUYECKYI0 BKTUBHOCTD.

HUKeHyI0 MArHE3WIO PUMEHSIOT B IIPOW3BOJICTBE MAarHWs, B KayecTse
HALOJHUTEAA B NPOM3BOACTBE PE3WHBI, [J OYUCTKM He(DTenpOAYKTOB, B
IPOU3BOCTBE OTHEYIOPOB, CTPOMTENILHBIX MaTepUasioB U Ap.

Tvagporkcupg Mg(OH), — KpucTajmiuyeckoe BEILECTBO CO CJIOUC-
To#t cTpykTypoit (cM. puc. 236, 6). B Bose pacTBOpsETCA HE3HAYUTENBLHO,
ABJIAETCA OCHOBaHWeM cpepueit cuibl (Kb, = 2,5-1073). B uacTHOCTH, U3

HACBIIIEHHBIX pacTBOpoB coepunenuit HN} shiTecHser aMMuak:

Kpome okcuga mupokoe npumenenve naxogut MgCly. Ero kpucramibl
06pa3oBaHbl OKTa3ipudeckuMy cTpyKTypHbIMu exnanuamu MgCls, o6bvenn-
HEHHBIMU B cJIOi (cM. puc. 236, 6). JIMXIOpUA NOJTydal0T XJIOPUPOBaHUEM
MgO, B npucyTcTBUU YIJIst:

MgO + Cl, + C = MgCl, + CO

unn  ob6espoxupaineM MgCl,-6H,0, no6eiBaeMOro ®3 MOpPCKO#  BOJBI.
JuXJA0puA B OCHOBHOM [IPUMEHAETCs AJid NOJy4YeHUs MarHusl, B NPOU3BOJ-
CTBE MAtHE3UAALHOL0 Yealewma. TLOCTEIHNI OJIYHalOT CMeLIMBaHUEM NIpel-
BapuTesibHO npokanersoro MgO ¢ 30%-upiM BomnbIM pactBopoM MgCly.
BenenceTpue o6pa3soBanusa HOJMMEPHBIX Leleil 3Ta cMech NOCTENeHHO NpeB-
paliaeTcs B GEIVI0 TBEPAYIO MacCy, YCTOHYMBYIO N0 OTHOLUEHUIO K KHCJIO-
TaM U LeI0yaM.

C popopoaoM Mg HenocpeIcTBEHHO He B3aUMOJEHCTBYET, HO KOCBEHHBIM
IyTeM MOMKHO NOJYy4uTh ruapup coctasa MgH,. Ilo cpapHeHuIO ¢ HpenMy-
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LIECTBEHHO KOBaJleHTHeiMu ruapunamu BeH, u AlH; 8 MgH, 6onee otuer-
JIUBO NpPOsABJIAETCA WOHHaA cBA3b. I'MAPUA MarHmsi — HeseTyyee TBepjoe
BEIIECTBO, 60Jiee TepMUYECKU YCTOMYMBOE, 4YeM T[UAPUIbL GEepUIIMA M
amomuunsa. MgHy pasnaraercsa Bomoit. MspecTHwml Takxke ruapumo6opar
Mg({BH,]; u ruapunoamomunar Mg[AlH ), Maraus.

§ 3. IOATPYIIIIA KAJIBLMSA

Kanbuuit Ca, ctponnuit Sr, 6apuit Ba u paauit Ra B oTuumne oT panee
PacCMOTPEHHBIX 3JIEMEHTOB MMEIOT OTHOCHUTENbHO OOJbIIKE ATOMHBIE pa-
AMYCHl U HUW3KWE 3HAaYeHUsd NOTEHUMATOB noHu3auuu. [losTomy B ycnopusx
XUMUYECKOIO B3aWMOJAEACTBUA KalbIUA U €ro aHaJOru JIETKO TepsioT
BaJICHTHBIE JIEKTPOHH ¥ 06pa3yioT mpocTeie noHb J2*. Ilockonbky WOHBI
92" MMEIOT BJIEKTPOHHYIO KOHGuUrypanuio s2pé U GoJbLIKE pasMephbl (T.e.
c/1a60 TONAPUBYIOT), KOMIJIGKCHBIE WOHBI ¢ HEOPTaHM4eCKUMU JIATaHIaMu
Y 3JIEMEHTOB NOJALPYNIbl KAIbIUA HEYCTOHYUBHI.

B 3eMHOIl KOpe Kadbuuii HAXOOUTCA B BUAE CMecH MIecTH, CTPOHUUT —
geTbipex, Oapuii — ceMu CTaGWILHBIX M30TOIOB, W3 KOTOPHIX Hambosiee
pacnpoctpanenst 19Ca (96,97%), 88Sr (82,56%) u 138Ba (71,66%). Pamix
YCTORYHUBBIX W30TONOB HE UMEET.

Kanpunit — oaun us Haubosee pacnpocTpaHEHHBIX BJIEMEHTOB Ha 3eM-
se. Bénpmias ero gacTh cosepkuTes B BUJE CHINKATOBR M ATIOMOCUIMKATOB
B U3BEPKEHHBIX TOPHbIX nopojax (rpaHuThl, Treidickl W Ap.). U3 apyrux
nopoa Haubojiee PacIPOCTPAHEHbl U3BECTHSAK W MeJI, COCTOSINME B OCHOB-
HOM u3 Munepana xasasyuma CaCOj; 3HauuTenbHO pesxke BeTpevaeTcs
OKpUCTANIN30BaHHad ¢opMa KaldbuuTa — wpaaop. Hlupoko pacmpocrpa-
HeHbl anudpum CaSOy4 u wunc CaSO4-2H,0. Bakubl A% NpOMBILIIIEHHOC-
™ Mugrepaibl garoopum CaF,, anamum Cas(POy4)s (F, Cl, OH) u ap. B
Ka4yecTpe INPOAYKTOB BBHIBETPUBAHUA MHUHEPATOB COCAWHEHWUS KaJIblWsA
conep:karcs B GOJIBIIMECTBE IPUPOJHHX BOJ U B OCHOBHOM 06YCJIOBJIUBAIOT
UX KECTKOCTh.

Baxneitiiye munepanbl cTponmus W Gapusa: cmpowyuanum SrCOs,
eumepum BaCOg, yeaecmun SrSO4, 6Gapum (msweawti wnam) BaSO,.
Paguii 06b14HO cOEPXUTCA B YPAHOBBIX pyaax.

Hpocrrie pemectBa. B Buje OpOCTHIX BEIECTR KATBIMA W €F0 AHAIOTH —
cepebpucro-Genbie MeTamibl (cM. Tabia. 28). Ha Bosayxe, npasga, OHM
TOTY4C MOKPHIBAIOTCA KEITOBATON IUIEHKOM NPOLYKTOB B3aKMOIEHCTBUS C
COCTaBHBIMU YacTAMM Bo3Ayxa. Kampuuit JOBONBLHO TBepJ, CTPOHIUE WU
Gapuit Msrde. Bapuit B 5TOM oTHOWeHuM HanmomuHaer cpumen,. IlpuBemeM
OCHOBHBIE KOHCTaHTHl paccMaTPUBAEMBIX METAJIOB (M /I CpPaBHEHUSA
koHcTanTel Be u Mg):
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Be Mg Ca Sr Ba Ra

Mo, rfeM® . oo 1,85 1,74 1,54 2,63 3,76 ~ 6

Tum pelieTku . . .« - . .« - rekc. Trekc. rp. . K. rp. i. K. 06. 1. K.
reKc. reKc.

T.o, °Covve oo e 1287 650 842 768 727 991

T.wum, "C.ooov o 2507 1095 1495 1390 1640 1500

S;gg, Tox/(K-Momb) . . . . . 9,35 327 41,6 55,8 62,5 69

JJleKTprUYecKas TpoBo-
IAMOCTD « « v v v v oo e e e s 5 21 21 4 - -

AH o 208 kllk/Moms . . 327,4  150,2 19,0 1518 1950 162
P, O +2e=0,B .. -85 236 287 28 290 -

Kanbuuit, cTpoHumit u Gapuil dHEepruiHo B3aWMOJECTBYIOT ¢ aKTHUBHbI-
My HEMETa/VIaMU yxe Ipy OOBIYHBIX yCTIOBUAX. C MeHee aKTUBHBIMU (TaKku-
MU, Kak a30T, BOAOPOX, YIJepon, KpEMHU H ap.) LIEJIOYHO-3eMeJbHbIe
MeTaJUibl PearupyroT npu Gojlee Wiu MeHee cUJIbHOM HarpeBaHuu. Peakiu
CONPOBOMXAAIOTCHA BbIAGTIEHUEM 60JIBIIOTO KOJMWYecTBa TEeIJIOTHI. AxTHUB-
HOCTh B3auMOAeHCTBUs B pPAAY Ca—Sr—Ba Bospacraer. Ilpu HarpeBaHUM
ETOYHO-3eMEIbHbIe MeTaJlJibl B3auMO/IeICTBYIOT ¢ APYTUMU MeETallaMu,
obpasys cIIaBbl, B COCTaB KOTOPBIX BXOOAT pa3/uuHble WHTEepMeTal/Indec
KHe COeWHEHUs.

B 351eKTpOXUMHUYECKOM DALY HAOpsAMKEHUNH KaJlbUUHd U €ro aHaJIOTU
pacloiaralpTes  Jajleko BliepeJy BOAOPOJA. Bzaumopneiicteue C BOJIOH,
nake Ha XOJIOAY, CONPOBOXKAAETCHA pacTBOPEHUEM, IOCKOJIbKY 06pa3yroTes
npu 3ToM 6osee WM MeHee pacTBOPUMbIE THIPOKCHIEL. AKTUBHOCTL B3au-
MOJecTBUA ¢ BOOOH B pALY Ca—Sr—Ba 3aMeTHO BO3pacTaer.

Kanbumit HOJy4alOT 3JIEKTPOJIM3OM  €ro pacIUIaBJ€eHHOrO  XJIOpUaa.
Bapuit ¥ CTPOHUUMI OBBLIYHO IOJIy4YaloT aJlOMOTEPMUHECKUM METOJIOM U3
OKCHUJIOB.

BestecTBue  BBICOKOM XUMUUYECKOH AaKTUBHOCTH 1IJIOYHO-3eMENIbHBIe
MeTa//Ibl XpaHAT I10J, KePOCHMHOM B 3alafHHbIX cocypax (kajnbuui B IJIOT-
HO 3aKPbIBAIOHINXCA METAIJIMYECKUX 6aHKaXx).

Coepunenus kammus (IT), crponmas (II), Gapus (11). Heopranuyeckue.

cOeINHEHN S KAJIbIUsl W €ro aHaloros NpeiCcTaB/IAIOT cob0it KpUcTaJInIec—
KHe BeliecTBa, B OOJIBIIWHCTBE C BHICOKMMU TeMIEpaTypaMi NJIaBJI€HUA .

Okcuab DOJIyYyaloT B 1ab0paTOpUU TepMUUECKUM pasoKeHueM
COOTBETCTBYIOIUX KapOGOHATOB WX HUTPaTOB:

CaCOQ = CaO + COz, QBa(N03)2 = 2Ba0O + 4NOZ + Oz

B TEXHUKE — TEPMUYECKHM PpadJokeHUeM NpUPOIHBIX kap6onaroB. Oxcu-
Jbl DHEPIUYHO B3aWMONEHCTBYIOT C BOZOH, ob6pa3ys 6ojlee WIM MeHee
522

O6 ycuieHUH OCHOBHEIX CBOMCTB OJHOTHIIHBIX

pacTBopuMble ocHoBadusa O(OH), u BhOenss 6G0JbIIOE KOJUYECTBO TENJIO-
Thl. JHTadbnuA ruaparaunu A Hyyyp B pagy CaO—SrO—BaO sospacTaer.
F'nappoxcwupnm I(OH); — cunbHble OcHOBaHUsA, O cHJIe YCTYHAO-
e JUIIb TUAPOKCUIAM $-3JIeMeHTOB | Ipynnm.
IlpuBeneM HeKoTOphie cBeleHUMA 06 OKCUAAX W TUAPOKCHAAX paccMaT-

PUBaEMBbIX 3JIEMEHTOB (& TaKske, [JJI CPaBHEHWs, 06 OKCHAAX M TUIPOKCH-
nax Be u Mg):

Be Mg Ca Sr Ba
Pamuyc nona 22, um . ... 0,034 0,074 0,104 0,120 0,133
Tensnora rungpatauun 30 ,
AH?MHP’ k[lk/Mons . .. —23 -37 —65 -83 -106
Pacrsoprimocts 3(OH),
npu 20°C, monb/at . . . . . 8-106 51074 2-1072 71072 2-1071
Kpz D(0H)p. ... ... .. - 25-103 4,0-10°% 1,5-107  2,3-1071

B pﬂ{ly Be(OH);—Mg(OH),—Ca(OH),—Sr(OH),—Ba(OH), ycunausaercs
OCHOBHBII1 XapaKTep I'MAPOKCUJOB. B TOM e HalpaBJeHUWH yCUIIUBAIOTCS
PACTBOPUMOCTh U TE€pPMUYECKasl YCTOHYUBOCTD.

Pacreop Ba(OH); (6apumosas 6oda) — nabOpaTOpHBII peakTHB AJIs
otkpuTua COy. Tuppokeun Ca(OH); (uzsecmrosoe woaoxo, rawenas
u3Gecms) NIPUMEHSIETCA B KayecTBe JELIeBOr0 PacTBOPUMOro ocno;saﬂnﬂ

06 ycvmeﬂnno OCHOBHBIX CBOUCTB B paay BeO—BaO moxHo cy,um‘}; o
sHaveHusaM AG,, peakuuit WX B3aUMOJEHCTBUsA C COOTBETCTBYIOIIMM

OKCUIOM:
A0(k) + COy(r) = 3CO0;(xk)
D0(k) + SiOy(k) = IS104(x)
D0(x) + SO,(r) = 3S04(k)
N3 puc. 204 BUJIHO, YTO OTPULATeNIbHOE 3HaueHue AG,,, BTUX peakiuit

BO3pAcTaeT C yBeIMYEHUEM aTOMHOTO HOMepa . AHAJIOTMYHO MOXHO IOKa-
3aTh ycuiieHue OcHOBHBIX cpoiicTs B pany Ca(OH),—Sr((OH),—Ba(OH), no

sHaveHuaM A G, peakuuit o6pasopanua ICOy:

I(OH)y(kx) + COy(r) = 3CO4(x) + H,O(x)
BeC03 MgCOg CaCOg Sl‘COg BaC03
AGy g vllr/Mons . . . .. 30 -38 -75 -110  -112

cCOeJUHEHU B pany

Ca(Il)—Sr(II)—Ba(Il) cBunerTenbcTByer Takke YBelIWYEHUE YCTONYWBOCTH
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AG_;‘”,/r/l,vr/MMa cojieif ¢ OJAUHAKOBBIM CJIO)KHLII:{
nor aunodoM. CpaBHeHue TepMUUYECKON
YCTOHYUBOCTH KapOGOHATOB IEIOYHO-
3eMeJbHBIX METANIOB ObIIO paccMOT-
peso padee (4. 2, paznen I, ra. 4,

§1).

[

-100

i A BOT ppyroi npuMep:

-J001

. 350, MBeF (k) = MF,(x) + BeFy(k)
Ilo Mepe ycu/IeHUs OCHOBHBIX IIPW3-

-500

4(l;e) IZ(IMg) 2lo(Ca) 33.(51') 56EBa)Z HaKOB B pAdy CaF,—SrF,—BaF,
P u c. 204. BaBucumocts AGhgg pe- YCTOMYMBOCTH B PARY CaBeF,—
axiun obpasosatnsa DSi0, DCO; 1 SrBeF,—BaBeF, 3amMeTHO BO3pacTaer:
9S04 ns oxcnpop S0 or atomuoro (TOpoGepuilIaT Gapus IJIABUTCA 6e3

HOMepa pasnoxeduss  (npu  1080°C), a
dTOPO6EPWIAT KalbiMsl IPU HarpepaHuu (Ao 890 °C) pasnaraercs Ha
Can u Ber.

W3 coneit u collenogo6HBIX COENUWHEHUH B BOJE€ XOpOIIO pacTBOPUMBL
mmues 3Cl, OBry, 3l 3(NOj)y; Gosee wuiu MeHee pacTBOPUMB 38,
D(OH);, D(SH);, a Takke OGOJLIIMHCTBO KUCJIBIX COJlei: D(HSOy),,
I(HCO;3), u ap.

Conu u conenono6Hble cOeAWHEHUsT KAAbUUA U €ro aHajJoroB MUJpOJU-
3y mu60 He moapepraorca [OHaly, 3(NOs)y, OSiFe n ap.], nubo parooT
LIEJIOYHYO Cpeay:

SHZ + QHzo = S(OH)Z + 2H2; 93N2 + GHQO = 39(OH)2 -+ 2H3N

B kauecTBe IpOM3BOAHBIX kaTHOHHBIX KoMIIekcos Ca(ll) u ero anamo-
FOB MOMKHO paccMaTpUBaTh WX HeKOTOpble kpucrawioruapaThl. Hanpumep:
CaCly-6H,0, ([Ca(OHy)g]Cly). CroHHOCTHIO K 0Opa30BaHUIO KPUCTATIO-
IMApATOB OGBACHAETCA TUIPOCKONWYHOCTh coefiMHenuit. B wactmocTn, us-
3a Bbicokoit rurpockonmadocTu CaCl, npuMeHsieTcss B KadecTBe 006e3BOXKU-
BalOLlero cpeacTBa.

C conamu sl- u s-anementop comu Ca(Il), Sr(ll) n Ba(ll) obpasyror’

au60 Teepabie pacteophl (KMnO4—BaSO,, KBF—BaSOy), mu6o spTexTU-
geckue cmecu (NaCl—BaCl,, CaCl,—BaCly).

Bhicokassh akTMBHOCTb KaJbIUsA W er0 aHajlOrOB NPOABJAETCA TaKke B
WX CcIOCOBHOCTH 06pa3oBbIBaTh MHOrOYMC/IeHHBle I epeKUu CHUbB e
coeuHenus, Hanpumep nepokcuds 0y, nadnepoxcuds I(02)z, nepcyasPu-
ds IS, (n = 2-5), nepxapbude IC,. B pany Ca(1l)—Sr(II)—Ba(Il) ycTon-
YUBOCTh ITUX COEJUHEHUI BO3pacTaer.
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Bsaxymme Marepuanu. IIpuponHbie cOeiMHEHUA KATbUUs IMUPOKO 11 pU-
MEHSIOTCSA B IPOU3BOJACTBE B A Kk y 1l M X Marepuaiios. [locientnue npen-
CTaBAAIT cob0if MopolKkoo6Gpa3Hble BenlecTBa, 00pa3yromue Npu cMelre—
HUU ¢ BOAOH TJAcCTHYHYIO Maccy, 3aTBEpAEBAIOYI0 B TBEpAOe NPOYHOE
Tesno. Bsaxywupe MaTepuanbl McNOMB3YIOTCA B CTPOUTENBHHIX PacTBOpax
(071 cKpen/ieHusA KaMHeil, KUpOudeil, OTIENIbHBIX 3JIEMEHTOB COOPYXKEHUIH),
JJIS M3rOTOBJIEHUA GeToHa, CTPOUTEIbHBIX JeTajell U KoHcTpykuui. K Bsa-
3YIIUM BeruecTBaM OTHOCATCA YeAMeHMmbl, LUNCOBBLE aAamepuansvt, u3gecms
W ap.

Ilo xuMudYEecKOMy cOcTaBy LEMEHTH NPEACTABIAKOT cO60it TJIaBHBIM
06pa3oM CUJIMKATHL ¥ AJTIOMUHAThl KalbUMSA, T.€. B WX COCTAB BXOAAT Sl u
Al — xuMuueckmne 31eMeHTHl, 0c060 CKIOHHbIE K 06PA30BAHUIO TETEPOLEN-
HBIX MOJIMMEpOB (B OCHOBE KOTOPHIX Jexar cesan Si—O—Si u Al—-O—Al). B
3aBUCUMOCTH OT OTHOCUTENBHOIO COAEpPXaHUA CUJIMKATOB W aTIOMUHATOB
Pa3jiM4aloT cuAuxamusli yeaewm (nopmaandyesenm) U aA0MUNEMHBLL
(tauno3emucmelt).

CwivKaTHHE [EMEHTHl CUHTEe3UpYIOT 06kuroM (npu 1400—1600 °C) no
CIIEKaHWsA TOHKOW3MEJbYEeHHO! cMecu u3pecTHsKa U 6oratoit SiO, riuHb.
Ilpu sromM wacTmuno paspymaiores cesaau Si—O—S8i u Al—O—Al, o6pasy-
IOTCS OTHOCUTEIILHO IIPOCTHIE 10 CTPYKTYPE CUJIMKATHI U AJIFOMUHATH Kajlb-
A u shigensercs CO;. ToOHKO WBMEIbYEHHBI ILEMEHTHBIR KJUHKED,
byny4du 3aMelllaH ¢ BOJOH B TECTOOGPA3HYIO Maccy, OCTENIEHHO TBepeeT.
OTOT mepexop (CXBATbIBAHME IEMEHTA) O6YCJOBJIMBAETCA CJIOMKHBIMU IIPO-
HEeCCaMU [UAPATAIUY B TIOMUKOHAEHCAIMU COCTABHBIX YacTeil KJIMHKEpa,
OPUBOAAIIMMUA K 06pa30BaHUIO CUJIMKATOB U AIOMUHATOB KaJIbI[USA.

[uncopbie MaTepHanbl — 3TO NpeXAe BCErO xKeMsiti Lunc, VM aae-
6acmp, — rugpar cocrasa 2CaSQO4-H,0. Ero nonyuaror o6xuroM rumca
(mpu 150—180 °C). Ilpu samemumpanum Tecta ua nmopomka 2CaSO,-Hy0 ¢
BOJO# MPOUCXOAUT NIPUCOCAUHEHUE BOABI, CONPOBOXAONIEecs OTBepAeBa-
HUEM BCeil Macchl BCJIEACTBUE 3aKPUCTAJIN3OBHIBAH UA:

2[CaS0;-0,5H,0] + 3H,0 = 2[CaSO,-2H,0]

Ha 5ToM ocHOBaHO IpHUMEHeHWe TUICA TIPU W3LOTOBIEHWM CTPOMTETbHBIX
IePEeropofOYHbIX IVINT M HaHeseif, cJIeKOB ¢ PasJW4HBIX [PEIMETOB, a
TaKkKe B BUJIE UBBECTKOBO-TUIICOBBIX PACTBOPOB AJIA LUTYKATYpHBIX paboT u
T.O.

B kagecTse Bsikyiiero MaTepuala CJIYKHUT TaKXke CMECh rallleHOJ W3Bec—
TH ¢ IECKOM W BOACH (u3secmrossit pacmaeop). M3BecTKOBHIA pacTBOp
3aTBepAeBaer 3a cueT nepexoga Ca(OH), npu nornomennn CO, posayxa B
kpuctamndeckuit CaCOs:

Ca(OH), + CO, = CaCQ4 + H,O
OnnoBpemMenHo 06pa3yIOTcA cUIMKaThl Kambuus (3a caer SiO; necka).
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Heerrkoers Bomm. Kak yxke ropopwiioch BHIIIE, HaTW4We B IIPWPOLHON
BOZE COMEl KalblMs ¥ MarHUS 06YCJOBJINBAET €€ xecmKocms. Pasmuyaior
BPEMENHYI0 W NOCMOSHHYI0 KecmKocms BOAL. BpeMeHHylo kecTKOCTh
IPUIAIOT BOAE [UAPOKApOOHATHl, IOCTOAHHYIO — CYJIb(aThl U XJOPUIbL
Ca(Il) w Mg(I1).

HlecTKOCTb BOAB YCTPAHAOT PU3MYECKUMU U XUMUYECKUMM METOJaMu.
BpeMeHHas kecTKOCTb ycTpaHsercs KunsiueHweM Boabl. Ilpu sTOoM ruppo-
Kap6OHATHL 1EPEXOAAT B HEPaCTBOPUMbIE KapOOHATHI:

Ca(HCOQ,); = CaCO3 + CO; + H,0

XuMuyeckoe yMsArdeHue BOJLL OCHOBAHO Ha BBEJEHUM B BOJY PEareHToB,
o6oramatomux ee anuonamu COZ u OH", B pesy/brate wero o6pasyiorcs

manopacteopumbie CaCOy u Mg(OH),. [Jns sroro npupogHymo soay o6pa-
6aTBHIBAIOT TalleHON M3BecTbIO UJIK cOaoi:

CaSO4(p) + Nay(CO3)(p) = CaCOy(T) + NazSOy(p)
Ca(HCO3)2(p) + Ca(OH)z(p) = 2CaCO;(1) + 2H,0(x)
MgSO4(p) + Ca(OH)y(p) = Mg(OH)y(T) + CaSO4(p)

Hos ypnanenus wonos Ca?t u Mgt MOxHO npUMeHATH Takke docdars
HaTpusd, Oypy, oTaml U Ap.

Hlupokoe pacupocTpaHeHue B TEXHUKE MOJIYYWI METOH YCTPaHEHUs
AEeCTKOCTU BOAK IIyTeM U O H 0 0 6 M e H a. B 3ToM MeToge ucnonpsyerca
COOCOGHOCTh HEKOTOPHIX HPUPOAHBHIX W WMCKYCCTBEHHBIX BbICOKOMOJIe~
KyJIAPHBIX COEIWHEHUN — MOHUTOB — OOMEHWBATH BXOJSIIME B UX COCTAB
paiauKaibl Ha WOHBL, HaXOA A1IMecs B paCcTBOpE.

ITo xapakTepy 0OOGMeHWBAEMbIX WOHOB CPEAV MOHWUTOB pas3iIvudaldT xKa-
muoHums. U anuworums. KaTMOHUTAMU ABISIOTCA aJlIOMOCWJIMKATBl THUIa
neosutos, Haupumep Nay[AlrSi,Og) nHyO, McKycCTBEHHO NPUTOTOBJIEHHbBIE
TUAPATUPOBAHHBIE AJIOMOCUJIMKATBL — NePuymumst, pPsj CUJIUKATOB U AP.
Mpoucxoaamuit Mexay aliOMOCUIUKATOM W XKECTKOM BOoOit 0OOMeH MOHaMU
MOXHO CXEMaTUUYeCKU IpejiCTaBUTh CAeNYIOUMU YPaBHEHUSIMU peaKluil:

NayR + Ca(HCOQO;), ¥ CaR + 2NaHCO,
Na,R + CaSO, = CaR + Na,S50,

rae R — croxubiit anroMmocuaukarabiii anuon [AlySi,Og - nH,0)2.

AJia yMArdyeduss BoAbI NPWMEHSIIOT TaKXKe Pa3IMuHble MCKYCCTBEHHBIe
OpraHv4ecKrhe BbICOKOMOJIEKYJIADHbEIE BELIECTBA, Ha3bIBaeMble UOH00OMeH-
oL caorday. KaTWOHOOOMEHHbIE CMOJIBI COAEPXKAT aKTUBHBLIE TPYHH
—S0O3H, —COOH, —OH, B KOTOpBIX aTOM BOAOPOAa CHOCOGEH 3aMeliaTbcs
526

Ha KaTUOHBl. B aHUOHOOGMEHHBIX CMOJIaX AKTUBHBLIMM SBJIAIOTCSH OCHOBHBIE
rpynnst —NHp, =NH, =N. O6meHunMu auuonamu ciayxar OH-rpynmow,
KOTOpBIe 00Pa3yloTCsA Ha NMOBEPXHOCTH CMOJILI B NIPOLECCE €€ TUPATALUU.
[lponyckas NpWpOsHYIO BOAY 4Ye€pe3 CHUCTEMY KATUOHWTOB U aHWOHWUTOB,
MOHO TIOJIY4UTh AUCTWIIKPOBAHHYIO BOLY:

katuonHblt oOmen: ZRH + Ca?* = R,Ca + 2H*
aHuoHHbIA obmen: 2ROH + SOi' = R,SO4 + 20H-

rae R — cloxkHBIT OpraHndecKuil paguKat.

KpoMe ymsiruenusi u o6eccoliuBanus BOAH MOHUTHI IIUPOKO UCIOJB3Y-
IOTCA B TUAPOMETANJIYPruu [Jis U3BJeYeHUs OaropoaHbIX, LBETHBIX U
penkux meraios (Ag, Cu, Ni, Co u np.), a Takxke ans pasfefeHus 6aus-
KUX [0 XUMHYECKUM CBOMCTBaM 3JIeMEHTOB. VIOHHBI OOMEH IUpPOKO wuc-
NOJIL3yeTCsI B aHATUTUYECKON XMMUHU,

I'JIABAY. sJJIEMEHTHI I TPYHIIBI
NEPUOJUIECKOA CUCTEMHI Ji.M1.MEH/IEJIEEBA

s-OneMenThl | rpynmel ABAAIOTCA WMENOYHBIE MeTaIBl — JATHI Li,
Hatpu#t Na u sremedThl moarpynusl Kaams — kanwit K, py6unuin Rb,
uesuit Cs u dpannuit Fr. Hekotopble cBenenus 06 3Tux seMeHTaX HpUBe-
JIEHBl HUXKE:

sl 11Na 19K atRb  55Cs s7FT

AroMnas macca . ... 6,94 22,99 39,1 85,47 132,9 {223]
BasnteHTHBIe amexT-

POHBL . . . ...... (2)2s8  (8)3st  (8)4s (8)5! (8)6s!  (8)7s!

Merannuyeckun pa-

anyc atoMa, uM . . 0,155 0,189 0,236 0,248 0,268 0,280
Pagnyc nona

DY HM ... 0,068 0,098 0,133 0,149 0,165 0,175
DHTaJbINsI MU Ipa-

TalUK

Angp ot

wlk/Monb . .. .. -500 -390 -305 ~280 —246 -
SOHeprusa MoHU3a-

uuu, sB

CLERC LA 5,39 5,14 4,34 4,18 3,89 3,98

Dt 2L 75,6 47,3 31,8 27,5 25,1 ~
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ConepacaHue B 3eM~
HOW Kope, %

(mor.zom) . . . . . 0,02 24 1,4 7-10%  95-10° -
[Tpuponnsle
MBOTOMHI . - . . . . . TLi 28Na 3K 85Rb 133Cs -
(92,70%) (100%) (93,10%) (72,15%) (100%) -
614 41K 8TRb
(7,30%) (6,88%) (27,85%,
40K fpan.)
(0,02%,
Bpan.)

ATOMBI paccMaTpMBAEMbiX 3JIEMEHTOB MMEIOT OJWH BaJIeHTHbIR BJeKT-
pod. [lo cpaBHeHMio ¢ 3JleMEHTaMM APYTMX IOArpYNN y HUX Haubosee
HU3KHMe IEepBLIe SHEPTUY MOHUBAIUK, & Pa3Mepsl aTOMOB U MOHOB Hau60b-
e, TakuM 06pa3oM, y MIENOYHbIX METaJUIOB HauboJiee CHIbHO BhIPAXEHbI
MeTajindeckue npusHakd. IIpy sToM ¢ yBesinuenmeM aTOMHOrO HOMepa B
NOATPYIIE BO3pacTaeT pa3Mep aToMoB (cM. puc. 15