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Hcruna, KOHEYHO, OAHA M BEYHA, HO ... [IO3HAETCA U
ROCTYIIHA TOJBKO IO YACTAM, MaJO-IOMany, a He
pasoM B o0IeM CBOEM IIeJIOM H ..., IYTH JJIA OTHIC-
KaHMUs YyacTeil MCTHHBI MHOI0OOpAa3HHL.

A. H. Mendenees

NMPEOUCNOBUE K LECTOMY WU3AOAHUIO

B ocHOBY yue6HM KA TOJIOYKEH bl KBAHTOBO-MEXaHUYECKHE, CTPYKTYD-
Hble, TEpMOANHAMHUUECKHE I KHHEeTHUECKEe 3AaKOHOMEPHOCTH Ha YPOB-
He MOHUMAaHHA CTYAEHTOB IEePBOTO Kypca.

Kunra cocrour mua asyx yacteii. B meppoii wactu «O06imasa XuMus»
paccMOTpeHsl OCHOBOIIOJIATAOIIe TeOPETHYEeCK e Pas3lebl Kypca Xu-
muu. Bo Bropoii uactu «Heoprannyeckas XuMus» o0CyKJeHbl CBOMCTBA
XHMUYECKHUX 3JIEMEHTOB B COOTBETCTBHUU C UX IOJIOKEHHEM B II€PHOIU-
yecKo#l cucTemMe. B 3aKII0UeHNM PACCMOTPEHBI BOIPOCH! XUMHUUECKOH
9KOJIOTHUH,

ITonyuyeHue MONMHOIEHHEIX 3HAHU 110 XUMUK OCHOBAHO HAa KOHKPET-
HOM IIDEeACTABJIEHNH 00 H3YyYaeMbIX BEIIECTBAX U UX [IPEBPAIeHUAXK, UTO
B 3HAUHTEJILHOH Mepe CBA3AHO € CePbEe3HBIM H CAMOCTOATEIbHBIM Bbi-
moJHeHNeM J1afopaTOPHBIX padoT M pelleHMeM 3a7au U YyIPaKHeHUH.

ABTop cepaeuno G6aaromapen jaypeary ['ocyzapcTBeHHOH NpeMuu,
akazeMuKy MexaAyHapoZHON aKaleMuy HaYK BHICIIEH IIKOJBI, JOKTO-
Py XuUMHAUYECKMX HayK, npodeccopy f.A. Vraio 3a neHHble 3aMeYaHAA
¥ COBETH! IpH OOCYXKAEHUU PYKOMUCH.

Aemop



W cTHHHBIA XMMUK JOJDKEH yMeTb JOKa3biBaTh [TO3HAH—
HOe ..., T.e. 4aBaTbh eMy OOBSICHEHME ...

M.B. Jlomonocos

[CpaHnu Hay4yHOMy MO3HAHMIO M NMpeACKAa3aHUIO Npel-
BUJIETH HEBOBMOKHO.

AU Menoderees

BBEAEHUNE

XUMHIO MOXHO ONpPENENUTh KaK HayKy, W3ydalol(yl0 BeHIeCcTBA M IIPO-
Hecchl KX IPEBpallleHHA, CONPOBOXKAAWIIMECA W3MEHEHHEeM CcOCTaBa U
‘CTpOQHHH‘ B xuMnueckoM nporecce NPOUCXOIUT NEPErpyNIMPOBKA ATOMOB,
pa3phiB XMMUYECKUX CBA3ell B UCXOAHBIX BelllecTBaX M 0Opa3cBaHME XUMM-
YecKHMX CBS3€ll B MPOJYKTaX peakllUu. B pe3ysibTaTe XUMHUYECKUX peaKLHi
IIPOMCXOAUT NpeBpallicHUe XMMUYECKOH DHepTruu B TEIJIOTY, CBET U IIp.

flsbix xuMuun — OPMY/THl BEHIECTB2 M YPABHEHMS XMMWYECKUX pPeaK-—
uuii. B dopMmyne Bewectsa 3akonupoBana MHPOpPMALMS O cOCTaBe, CTPYK-
Type, PeaKUMOHHOH cmocobHOcTH 3TOro BeiecTBa. M3 ypaBHeHUA peakuuu
MOXHO MONY4YUThb MHGPOPMANMIO O XUMUYECKOM IMpoLecce M ero napamer—
pax. Hayunthbca pacmmbpoBeiBath 3Ty MHGOpPMalMIO — BakHas 3ajada
U3y4YeHUA Kypca o6mieil ¥ HeOpraHWyeckoil XUMHUH.

CoBpeMeHHasi XUMUA NPEJICTABIAET cOB60K CHCTEMY OT/IEIbHBIX HAYYHBIX
AMCOUNJNH: 06Ieil, HEOPraHu4ecKol, aHAJTUTHYECKO!l, OpraHu4eckKoil,
pu3NYecKoi, KOVIOMAHOA XUMHUM, OHOXMUMUK, FEOXUMHH, KOCMOXUMMHH,
MeKTPOXUMHUM U T.A. OCHOBO# XMMWUYECKON HayKW ABJASIOTCSA ATOMHO-
MOJIEKYJIAPDHOE Y4Ye€HHe, 3aKOH COXpPaHEHHWA MaTepuM, MepuoANUYecKnil
3aKOH U TEOPHUs CTPOEHUA BEIECTBA, YYCHUE O XMMUYECKOM Hpolecce.



YACTb NEPBAA
OBLLAA XMMUA

Pasnen |

MNepuoauyeckans cucTtemMa XMMUYECKUX 3TIEMEHTOB
0.U. MeHpeneeBa

Harypa TeM nade Bcero yIAMBHTeNIbHa, YTO B NPOCTOTE
CBO€/l MHOrOXUTPOCTHa M OT MaJloro Yucjia PUYUH
NPOM3BOAUT HEUCUYMCIIMMble 06pasbl CBOMCTB, NepeMeH
! ABJIEHU.

M. B. Jlomonocos

CBOMCTBA MpPOCTBIX M CJIOXKHBIX TeJl HAXOOATCA B
[EPUOAKYECKON B3aBUCHMOCTH OT aTOMHOTO Beca oJle-
MEHTOB TOJIBKO TIOTOMY, 4YTO CBOMCTBA HpOCTBIX W
CJIOKHBIX T€JI CaMU COCTABISIIOT De3yJbTaT CBOWCTB
BJIeMEeHTOB, UX 06pas3yIoMX.

I U Meundeaees

OTKpLITUE TEPHOAMYECKOrO 3aKOHA W HEePHOAUYECKON CHCTEMBI XUMH—
yeckux anementos [ V. Menneneesbim (1869) saBeplumino paspurie aTo-
MucTUdecKux upexactasnenuin B XIX B. OHO mnoKasano, 4TO CYHIECTBYET
CBSA3b MEXKIY BCeMH XuUMHYecKMMM saeMeHTaMu. [lepuogmueckuil 3akoH, 1o
mHenuio [I.W. Menneneesa, ciiefyeT paccMaTpuBaTh Kak "OZHO U3
06061eHN i, KaKk MHCTPYMEHT MBICIH, elle He MOoABepraBUINiicA A0 CHUX IIOp
HHKAKUM BHUJIOM3MeHeHUAM", Koropblit "weT ... HOBHIX NPWIOXKEHHH U
yCOBEpIIeHCTBOBAHMM, TOAPOGHOI paspabotku u csexux cua'. B XIX s
NEpUOANYECKNI 33aKOH M CHCTEMa 3VIEMEHTOB MPEJCTABIANM JIMIIb TeHU-
aJlbHOe IMIMpHUUecKoe 06o6ienne GakTos; UX PUBHUECKUN CMBICA AONTOe
BpeMsi OcTaBascsi HEPACKPHITHIM. OTKpBITHE NEPUOJAMYECKOrO 3aKOHA MO~
TFOTOBUJIO HACTYIUIGHH® HOBOTO 3Talla PAa3BUTHUA HAYKH — U3YYEHUS CTPYK-
TYpBl aTOMOB. JTO, B CBOIO OYepellb, a0 BO3BMOXKHOCTb TAy6ke BHIACHUTH
OpUPOJY XHMHMYECKHX 3JIEMEHTOB U OOBSACHUTL PsiJl 3aKOHOMEPHOCTENR
NepUOSUUIECKON CHCTEMBI.

B co3gaHuu cOBpEMEeHHON TEOpUM CTPOEHMsI aTOMa 0cOBYIO poiib CHIrpa-
au . Pesepdopn, co3paBmnit niaHerapHylo Mopenbr aroma (1911), u
H. Bop, npeinoxusmiuii NEepBy0 KBAaHTOBYI0 TEOPHUIO CTPOSHMS ATOMa
(1913).



T'Ji ABA 1. XUMHYECKHUE 3JIEMEHTLI.
NEPUOJUYECKHUA 3AKOH

§ 1. IOHATUE XUMUYECKOI'O 3JIEMEHTA

Bnuskoe K cOBpeMEHHOMY OlpelleleHe XMMMUYECKOTO dJIeMeHTa 6bllo
naso JI.U. Mengeneespim: "Hod uaenen saenenmos doaxuo nodpasyue-
6AMb ME AMAMEPUAALHBLE COCTRAGHBLE AACTNUY NPOCTBHIT U CAOKHBT Mea,
KOMOPBLE NPUOGIOM UM UIBECTRHYI COBOKYNHOCTL PUUMECKUT U TUMUNEC~
xuz ceoticme. Ecau npocmoay mesy coomeemcmeyem nowamue o uacmuye,
Mo dremenmy omeevaem nonsmue 06 amoae'.

XUMHYEeCKHIT 3JIEeMEHT — 3T0 COBOKYIIHOCTE AaTOMOB € OJMHAKOBBIM
3apAfoM sAapa. HocuTeneM MOMOMKUTENBHOrO 3apsna AApa ABJIAIOTCA IpPo-
ToHbl. WX umcio onpepensier BeTMYMHY 3apsifia sAApa, U CJAEIOBATENbHO,
ATOMHBIA (TOPSAAKOBBI) HOMEP XMUMMYECKOro ieMeHTa. OcHOBHBEIE XapaK-
TEPHUCTUKM YacTull, o6pa3yloiux aToOM — IPOTOHA, HEHTPOHA U DJIEKTPOHaA,
npuBeseHbl B Taba. 1. Macca snektpona nouru B 1840 pa3s MeHbIIE Macchl
IpoToHa ¥ HeitpoHa. I[losToMy Macca aToMa NpaKTUYeCKU paBHa Macce
SAApPa — CyMMe Macc HYK.A0H08 (IIPOTOHOB M HEHTPOHOB).

Ta6nuua 1. CBefileHHs1 0 HEKOTOPHIX WIEMEHTAPHBIX YACTHL[AX

Yactuua Cum- Macca nokosi, | OTHocuTenbHaSA Bapsia, Ka
BOJ KT Macca, a.eM.
Tlporon p 1,673-10°27 1,007276 1,602 10719
Heitrpon n 1,675-10°27 1,008665 0
DIeKTpoH e 9,109-10731 0,000549 1,602-10719

* AroMHas efMHMIa Macchl (a.e.M.) paBHa 1,6606- 10727 kr.

BaxxHO! XapaKTePUCTMKOI AJpa ABAAETCH 4Accosoe wucao A, KOTOpOe
PaBHO O6IIeMy 4McJly HYKNOHOB — IPOTOHOB Z U HEUTPOHOB N BXOAAIMIMX
B AAPO:

A=7Z+ N.

BPIJ], aTOMOB ¢ JAAaHHBIMA YHCJIaMU TTPOTOHOB U Heﬁ'rpoaoa Ha3bIBAIOT
nymludoxu. PaBHOBMILHOCTPI OlHOT'O U TOro Xe XHWMHUYEeCKOro JJIEMEHTA,
OT/IMYaKuiecs MacCcOM AaTOMOB, HAa3blBAIOT U30MONAALU. Hlea aTOMOB
U30TOIIOB pa3jindarTcsa YHUCIIOM HeﬂTpOHOB. Tax, U30TONHaMU KaJbiUuA
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asnsioTes Hykamasl*: 39Ca (20p, 20m), #Ca (20p, 22n), 33Ca (20p, 23n).
MpursTa Talkke 3alMCh W30TONOB ¢ yKa3aHHEM TOJIBKO MaccOBOTO 4HC/Ia,
HanpuMep: Kaubiuii-40, xanpuuii—42, kanpuuin-43. )

Macca sAzpa Beceraa MeHbLIe apuMGMeTHYecKO# CyMMBI MAacC IIPOTOHOB H
HelTPOHOB, BXOAMAIIMX B €r0 cocTaB. Pa3HOCTh MeXIy 3TUMU BeJIUYUHAMH

Ha3LIBAIOT dedexmons maccw. Tak, Maceca Alpa M30TONMa TeIUS iHe (2p,
2n) passa 4,001506 a.e.M., Torga Kak cyMMa Macc IBYX NPOTOHOB U IBYX
HEHTPOHOB cocTasiaer 4,031882 a.em. (2-1,007276 + 2-1,008665), T.e.
nedekT Macchl paseH 0,030376 a.e.M.

Jledexr Macchl COOTBETCTBYET JHEPTHUHM, KOTOpas BhHAeseTcs npu o6pa-
30BaHUY silipa U3 cBOBOAHBIX MPOTOHOB M HEWTPOHOB M MOXeT ObITh Bhbi-
YHCTIeHa U3 COOTHOLIEHUA:

AF = Amge?,

rae AF — nameHeHue sHepruu; Amy — gedeKT Macchl; ¢ — CKOPOCTh CBETa
B BakyyMe (¢ = 3-108 m-c’t).

COrfIacHO 3TOMY COOTHOLIEHHMIO yMeHbIueHwe Macchl Ha 0,0304 a.e.m.
npu 06pa3OBaHUM AApa TeJds U3 ABYX HPOTOHOB M JIBYX HEATPOHOB COOT-
BercTeyeT Bhigenennio 4,52-10712 [Ix. CnenopaTestbHo, 06pasoBaHue OLHOTO
mons sapep (6,02-1023 apep) resiusi—-4 u3 NPOTOHOB U HEHTPOHOB [OJIKEH
CONPOBOXIATbCS BBHIZIEJIEHUEM OTPOMHOr0 KOJIMYECTBA IHEPTHM:

AE = 4,53-10712-6,02-1028 = 2,72-1012 [Ix.

CrnenoBaTenbHO, 3HEPrUsi CBA3M HYKJIOHOB B siIpe B MWJUIMOHBI pa3
OPEBBLILIAET SHEPTUIO0 XUMHYECKON cBA3U. [lOSTOMY IpU XMMMUYECKHX MpeB—
PallleHUAX BELIECTB aTOMHBIE sipa HE M3MEHSIOTCS.

B HacTosmee Bpems uspecTHO okoa0 300 ycroituumseix u cBeime 1400
PajMOaKTUBHBIX siNep. 3aMeuyeHo, 4To siapa, cogepkanue 2, 8, 20, 28, 50,
82, 126 npoToHAa MM HEATPOHA, 3aMETHO OTVIMYAKOTCA IO CBONCTBAM OT
ANep OCTANbHHIX 27eMeHTOB. [Ipenmosiaraercsi, YTO 3TM MGIUYECKUE YUCAQL
HYKJIOHOB COOTBETCTBYIOT B3aBEPIUEHHHIM SJEPHBIM CJIOSAM, HOJOGHO TOMY
KaK 3TO Habmwojaercs IJisi SJIeKTPOHOB B 3JI€KTPOHHON 060JI0YKe aToMa.

flapa MoryT comepekathe Marudeckoe YucIO MPOTOHOB WM HEATPOHOB, a
TaKXke TeX M Apyrux (ABaxAbl Marudeckue sgpa). K apaxasl Maruueckum

* MaccoBoe 4MCIO M ATOMHBIM HOMep ileMeHTa (YMCIIO NPOTOHOB) 0GOZHAYAIOT
YUCJIOBBLIMM MHJEKCAMU CJIeBa OT CHMBOJIA XMMMYECKOT'O JIeMEHTa; BEPXHMI MHIEKC
O3HAaYaeT MACCOBOE YMCJIO, HYKHUI — 3apsal sApa.



otnocaTes sapa 3He (2p, 2n), '20 (8p, 8n), #8Si (14p, 14n), 35Ca (20p,

20n), 208Pb (82p, 126n). ITo yucay OPOTOHOB MarMYeCKUMHU ABAAOTCA 25Ni,
509N, a [0 YUCJAY HEUTPOHOB MaruueckuMu ssasitoresa 88Sr (50n), 13%Ba
(82n), 139La (82n), 149Ce (82n) u ap.

§ 2. KOCMHUYECKAA PACHPOCTPAHEHHOCTD
XUMUYECKHUX 3JIEMEHTOB

AHanus KpUBBIX, OTPAXKAIONIKX 3aBUCHMOCTh KOCMMYECKON pacmpocTpa-
HEHHOCTM XUMHYECKHX 3JIeMeHTOB (Ans1 6anxkaiiiero oxpysxenus Conneu-
HO¥ CHCTEeMBbI) OT MX AaTOMHOrO HOMepa (puc. 1), nosposisier caesnarts ciaexy-
IolIMe BHIBOZABL: 1) paclHpoOCTPaHEHHOCThL 3JIEMEHTOB HEPABHOMEPHO yMEHb-
HIaeTcs ¢ BO3pacTaHWEM aTOMHOTO HOMepa 3JieMeHTa; 2) Haubojiee paci-
POCTpPaHEHBb! BOLOPOA U IeJIUi; KOCMUUECKOE BEIECTBO COCTOMT NMPUMEPHO
Ha TPHM HeTBePTH M3 BOXOPOAA M resus (IO Macce); 3) OTHOCHUTENbHAst pac-—
[IPOCTPAHEHHOCTh aTOMHBIX AZEP ¢ YETHHIM YUCIOM NPOTOHOB (¢ Y4eTHBIM Z)
BHILlE, 4YeM c¢ HedeTHbiM. Ha 3emie, Hanpumep, 37€MEHTH ¢ YETHBIMUA
aTOMHBIMU HOMepaMu cocTaBisAloT 86%, ¢ HeuerHbIMU — 14% Macchl 3eM-
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HOM KOPBI; 4) nepuoanvecKy MOBTOPAIOIMUECA NMUKU Ha KPUBBIX COOTBETCT-
BYKOT B OCHOBHOM AJpaM ¢ MarudeCKMMH 4YUCJIaMH NPOTOHOB WMJIH HeﬁTPO—

nos: 3He (2p, 2n), ‘SO (8p, 8n), %5Si (14p, 14n), 33Ca (20p, 20m), $0Zr

(40p, 50n), '$3Sn (50p, 69n), 'I8Ba (56p, 82n), %35Pb (82p, 126n).

ﬂf[ﬂ AJaHHOIro 3JIEMEHTa 6osee pacnopocTpaHeHbl HM30TOIIBI C¢ YEeTHBIM
YUCJIOM HEeHMTPOHOB U MeHee — C HeUYeTHBIM YUC/IOM IPOTOHOB U HEATPOHOB.

PacnpocTpaHeHHOCTb 371EMEHTOB 3aBUCUT OT MHOTHX (aKTOpOB, HO B
KOHEYHOM c4yeTe onpeneisaeTcsd BepOATHOCTBIO ALEpPHbIX peaKuI/Iﬂ Ux 06pa—
30BaHUA U OTHOCUTENbHOM yCTOIZQMBOCTblO OTAEJIbHbIX U30TOIOB.

I/Iayqelme pPacopoOCTPaHEHHOCTU XUMHUUYCCKUX JJIeMEHTOB I pOJINBAET CBET
Ha INPpOUCXOXKOEHUue COJIHe'{HOﬁ CHUCTEMBLI, BeMJII/[, a TaKiKe TIIO3BOJsAET
NOHATh (UBUYECKHEe U XUMUYeCKHEe INpolecchl B KOCMoce, pa3paboTraTb
TEOpHIo o6pa303aﬂpm XAMUYECCKUX IJIEMEHTOB.

§ 3. PAIMOAKTHBHOE NPEBPAIIEHNE XUMHUYECKHUX
SJIEMEHTOB

IIpeBpanienne XUMHUYECKUX 3JEMEHTOB OCYLIECTBISETCH B pe3yJbTaTe
AdepHbIX peakuuit. IlepBbIM H1aroM B Hay4YHOM pelieHMM HOpOGIEeMBI Mpe-
BpaUIeHUs 3JIeMeHTOB Oblno oTkphitne A. Bekkepenem B 1896 r. pagmoak-
TuBHOCTU ypaHa. OObsAcCHEHHe PaIMOaKTUBHOCTH KaK CJIEJCTBUSA paciienie-
Hua spep (3. Pesép¢>opn, ®. Coppu, 1903) nokassiBaer, 4T0 XMMHYECKHUE
371eMeHThl He SIBJIAIOTCS BEYHBIMM M HEM3MEHHBIMU, a MOTYT IPEeBPaIlaThCs
apyr B apyra. C 3Toro MOMeHTa IIOJy4YWJa TBepAbie Hay4YHbBIE OCHOBBI M
3a7la¥a HMCKYCCTBEHHOTO NpEBpAllleHUsA 3J1eMEeHTOB. 3aKOHOMEPHOCTU Mpe-
BpalIeHUsA ANEP XMMUYOCKUX 3JIEMEHTOB M3YyYaeT K0epHast TUMUS.

Hanbonee wacro Bcrpedaercsi BUA pacnafa sifiep, HasbIBaeMblil 6ema-pacnacon.
[Ipn oroM siIpo MCIyckaeT ONeKTPOH € 3a cueT MNpeBpalleHds] OOHOro HeMTpOoHa
SIApa B MPOTOH:

n—p+ €+ v,

Yacre OHEPrun, Bbiaesslolencst npu ,B-pacrlane, VHOCUTCSA BMeCT€ ¢ aHTUHENTPUHO
~

;e. Hefitpuno v M aHTUHENTPUHO V. — ODJIEMEHTADHBIE YACTHLLI, JIMILIEHHbIE 3apsi-
Jla ¥ oTVIMYaloliMecst APYT OT ApYTa CIHMHOM.

Tlpn Bpacnage sapsii siIpa yBeMMUYMBaeTcsl Ha eNMHUIY, MaccoBoe xe 4UCIIo
He M3MeHsercs, T.e. 06pasyeTcst sAPO APYTOro BJ1EMEHTa, aTOMHbIN HOMEp KOTOpOro
Ha eOVHULY Gosblle, 4eM y ucxomnoro. Tak, npu J“pacnane uszorona ropusi-234
obpasyeTcsi M30TON NPOTAKTUHUS-234, a mpu f=pacnafie BucMyT-210 npespamaercs
B nonounii-210:



234, __ 234 ~ 210 .. 210 ~
soTh = g Pa+ f + ve gsBl = g Pa + F + v

Jlnsa siiep ¢ YMcIoM HEATPOHOB, MEHBWIMM YHCJIa [IPOTOHOB, XapaKTepeH APYrou
BUA [(-pacnaia — Ro3umMPoHHsl pacnad, T.e. pacnaj ¢ BbleJeHMeM [O3UTPOHA.
Iosumpon — oneMeHTapHasl YacTHLia ¢ WIEMEHTApPHbIM TOJIORUTENLHBIM 3apsjioM U
Maccoit osextpoHa (ef-uactuua). f*-Pacman siBnsiercs cilefcTBHeM NpeBpalleHust
OIHOTO TIPOTOHA B HEUTPOH:

p—n+ e+ v

Tlpy no3WTPOHHOM pacnajie 3apsii sApa YMEHbIIaeTCsl Ha eJUHMIY, a MaccoBoe
aueno (kak v npu # "-pacnafie) He uaMeHsiercsl. Ilpumepom B'-pacnmajma siBiIsieTcs
npeBpallledue M3oToma yriepoga-11 B usoron Gopa-11:

léC-—OI;B + e + v

K TakoMy e M3MeHeHMIO sapa, Kak M Opu [B'-pacnaje, NPUBOIUT SAEKMPOH-
el 3aream. JTO SIBIEHUE COCTOMT B TOM, YTO BJIEKTPOH, HaXOISIUMIICA Ha ONHOM
M3 GMKAMIMX K SIAPY CJI0€B, 3aXBaTbIBaercs sapoM. [Ipy sToM OOWH M3 NIPOTOHOB
1pa MpeBpallaeTcsi B HEMTPOH:

pte—dn+ v
HallpuMep:

407, _ 40
oK = l8Ar + v,

Haubonbliive M3MeHEHMs1 MCXONHOTO snpa HAG/MOZalOTCsl NpU aasda-pacnade.
Brigesenvie sinpomM o~vacTunb! (sipa renusi-4) NpUBOAMT K 0OPa3OBaHMIO M30TONA
aJ/IeMeHTa C 3apsfoM Spa Ha RBe eMHMIILI MeHblle UCXOoQHoro. MaccoBoe uucso
TpY 3TOM YMeHbIUAeTCsT Ha YeThlpe eNMHHUIE!L. a~Pacnan HamGonee xapakrepeH N
TAMEJBIX OJIEMEHTOB, HAIIPUMED ISl M30TOMa ypaHa-234.

PaccMOTpeHHBIe THIBI PAJUOAKTHBHOIO MPEBPAIEHUST Silep YaCTO COTPOBOXIa-—
I0TCA -U3AYLEHUEA, CBSISAHHBIM B OCHOBHOM C MEPEXOAOM 06pasoBaBUIErOCs siApa
U3 BO3GYXIEHHOTO B OCHOBHOe (HODMAJILHOE) COCTOSIHME.

Jnst TAMENBIX SNIEMEHTOB HApSIly ¢ 0~ U [PAacIaioM BO3MOXKHO CaMONPOM3—
BOJIbHOe (CIIOHTaHHOe) NejieHWe siipa Ha ABe 4acTd. OHO XapaKTepHO IJIsi TpaHc~
YPaHOBBIX QJIEMEHTOB.

IIpono/mKUTENLHOCTD JKU3HU ATOMOB ONpEAENAeTCH CTPOSHUEM HX AJep
U XapaKTepu3yeTcs nepuodon noaypacnada Tl/ , T.6. BpEMEHeM, B TEYEHUE
2

KOTOPOTO pacnajfaeTcs MNMOJOBMHA BCEr0 HAJMYHOIO YHUC/Ia Aep NaHHOro
aneMeHTa. Illepuoa nonypacnaaa M3MeHsieTcsl B OYEeHb LINPOKOM [ UANa30He
— OT HECKOJIbKUX THICAYHBIX JOJeH CeKyHIBl O MHOTMX THICAY MUJIMOHOB
ser. BOJBIIMHCTBO W30TONOB MMeeT Nepuoj nosaypacmaga or 30 mo 10
aueit. QO4YeBUIHO, YTO Ha 3eMie UMEIOTCA TE IJEMEHTHI, KOTOpHIe He MO~
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Beprauch paJMOAKTUBHOMY pacnany 3a 4,5—5 Mapa. jleT — BpeMs cyulecT-
BOBAHMS Hallell NJAaHeThl — MJM 3alachl KOTOPBIX NOCTOAHHO IONONHAIOT-
€A 3a CYET COOTBETCTBYIOLIMX SAJEPHBIX IPEBPaIIeHHUI.
Bce 3/ieMEHTH NEPHUOAUYECKOM CHUCTEMBI, PACIOIOKEHHBIE NOCJIe BUCMY-
Ta g3Bl, pannoaxtuHpl. U3 HUX TONBKO sAlpa TOpUA-232 (Tl/ = 1,4-1010
2
1, 7-108 ser) u ypana-238 (Tl/ 4,5-10° naer)
2
HMEIOT AOCTATOYHO GONABLION MEepHoi, modypacnala W MOIVIM COXPaHUTHCA
Ha 3emie B TedeHne 4,5—H MipA. AeT ee cylecTBOBaHUA. Jlpyrue snemesn-
PAacIONOKEeHHble B MEPUOLUYECKONd CHCTEME 3a BHCMYTOM, IIOCTOSHHO
06pa3yIoTCA 3a CYET eCcTECTBEHHOTO PaJUOaKTMBHOTLO pacmama spep 232Th,
25() y 238,
Huske npuBe[eH MOC/EAOBATENbHBIN Pl PAAMOAKTUBHLIX [PeBpallleHMi
B pANYy ypaHa-238:

ner), ypana-235 (7|

238U 234 B 234 B 24 o

—_— N > 5
T510° mer 0 0 33T smm 9102 122 e 920 267-10° non
230 226 o 222 43 218 (43
Th - — y © °P —>
8- 104 mor 8882 1532 nen 8600 5823 smen 841 C 5.05 e
o 210 g

2“Pb ‘s 24, 19,7 mun 8 1,32 MHH
26,8 vun 83 2N 214Po
19,7 vun 8 1,5+ 10 4 ¢

210 g, zop B 210 o 206
2,21 ter 83 502 met 34 ° 138 mmen g2Pb (craburnen)

§ 4. AAEPHDBIE PEAKIINH

Ilog ApepHBIMM peakUUsAMU NOHMMAeTCs B3AUMOAEHCTBHE COOTBETCT-
BylOIIUX 4vacTUl (HEHTPOHOB, NMPOTOHOB, Q-YACTHUI[ U APYTUX ATOMHBIX
Afep) ¢ AApaMM XUMHUYecKHUX sJeMeHToB. Hambosnee mpocThie sAnepHBIE
peakiMK XapaKTepusyioTes caeayionuM mexanuamoMm. Onsa us GoMbapaun-
PYIOUIMX 4acTHI| 3aXBaTHIBAeTCH S POM-MHUIEHBIO M O6pa3yeTcsl HPOMEKy-
TOYHOE COCTABHOE AJAPO ¢ OYeHb KOPOTKOM INpPOJO/IKMTELHOCTBIO JKU3HU
(~ 1077 ¢). Mocnennee ncnyckaeT SJIEMEHTApHYIO 9acTHILY WJIM JIETKOE AP0
U IpeBpalaercs B HOBOE SiZPO.

BrepBrle McKyccTBEHHOE sifiepHOe NpeBpalieHne GblJIO OCYIIECTBICHO B
1919 r. Pesepdopaom. EMy ynanocs npu o6nyd4eHuu @-4acTULAaM{ peBpa-
TUTh a30T B kHcnopof. Ilpomexyrounoe cocTaBHOe AAPO B ITOH peakuUuy —
uzoton ¢propa '§F:

"N + jHe — (OF) — 'JO0 + [H
11



IMousATHO, YTO 1A MPEOAONeHMsT KYJOHOBCKUX CHJI OTTaIKMBaHMA ANpa
60M6apanpyIOLIMe YACTULbl JO/KHB 061anaTh 60JbIION dHEprued. Okcne-
PMMEHTaNbHAs (PM3MKa C IIOMOINBIO Pa3IMIHOrO pOAa yCKOpMTeseHd pemru-
Ja 3a7a4y MOJy4YeHWsl 4acTUIL ¢ 3HEprueil nopszka HECKOJbKUX MUJIHap-
OB 3J1eKTPOH-BOALT *. Takme dacTHMUbl paHbIle HABIIOAaTHUCh TONBKO B
KOCMMYECKUX JIydaX U TO B HUYTOKHBIX KOJIMYECTBAX.

Huske npuBeeHbl TPUMEpH AQEPHHIX peakuui **:

1. Peakuuy nox meficTBueM a-dactui (MoHoB jHe2*)

14 4 17 1y 14 17
N+ He— .0+ H N (ap),0
9 4 12 1.9 12
4Be + jHe— .C + n  Be(q n)C

2. Peaxuuu mnopn JeicTBMEM TPOTOHOB (MOHOB %H*)

%Ne + iH — IgF + ;He ?(I)Ne (p, a)lgF
ggCu + iH — gan + (l]n ggCu (p, n)gan
3. Peakuuyu mof fAeilcTBUEM AeNTPOHOB (MOHOB fH")
2 Mg + ’H — 2Na + JHe ZiMg(d, @)}iNa
K K+ K PR
4. Peakuuy 1op OeNCTBHEM HETPOHOB
B + ln— TLi + fHe IB(n, @)Li
;S;Co + én — ggCo + 2$Co(n, 'y)g?Co
5. Peaxunu nox aeiicrBueM (OTOHOB (y-UITyUeHHE)
ggCu + = ggCu + (l)n ggCu('y, n)ggCu

1AL+ 7= Mg + i [AI(y. p)2Me

*1 9B = 1,60201:1071% I 1 oB/moss = 96486 sk /Mo,

** lipunsara Clefyomasi COKpalleHHAs 3aMchb ANePHbIX PeakUUil: B CKoOKax
CHavajla yKa3blBaloT 60oMOapAMpYOLULyl0 YacTHLY, 3aTeM 4YacTUly, NoJydyaeMyw B
pesy/bTaTe peaKLUH; clieBa OT CKOOOK CTaBsAT CUMBOJI MCXOQHOTO SIpa C COOT-

BETCTBYIOHMIUMU MHIEKCAaMM, ClipaBa — CHMBOJI NMOJy4YaeMoro siijpa ¥ €ro MHIAEKCHI.
12



Pemaroulyo posik B pa3BUTHM ALEPHOH XMMUU CHITPAaJIO OTKPBITHE B
1939 r. npouecca fAeneHus siiep ypasa npu obJIyvyeHUN HEHTDOHAMU:

235 1 22 141 1
9aU + oo — Kr + ssBa + 3,0

B peakuusix geneHus siapo paciienyigercd Ha IBa HOBBIX CUJIBHO PaJHOaK—~
THBHBIX SI1pa C HeOOUHAKOBbIMM Maccamu. Peaknmsa penenus azpa conpo-
BOX/IAeTCs BHIJEJIEHMEM OTPOMHOrO KoiuuectBa 3Hepruu. Ilpu nportexa-
HUM, HalpUMEp, PAcCMATPUBAEMON peaklUM BhAensiercs dHeprusa 2-1010
kk/Monb nnu 8,4-1019 k[l /kr 235U, DTO cOOTBETCTBYET TEIJIOTE Cropa-
HHUA 2 MJIH. KI' BLICOKOKAJIOPUIHOTrO KaMEHHOTO YTJIA.

B peakuuu mesneHusi Ha OJMH 3aTpadyeHHBId HeWTpoH obpasyercs 2—3
HOBBIX HEHTpPOHA, KOTOpHIE, B CBOIO O4YEpeAb, MOIYT BHI3bIBATb pPEaKLMIO
nenenus agep. Takum o6pasoM MOxeT NpPOM30ATH NaBUHOOGpa3HOe yBe-
JIMUEHUE YHUcesia DacleiisieMblX sAfep, T.e. yennas peaxyus. Ecau e pe-
ryJIMPOBATh pPa3BUTHUE (lenelf, TO Mpoiecc NPOTEKaeT MPaKTHIECKH MIHO-
BEHHO W CONpOBOXAaeTcA B3phiBoM. Ha 3TOM OcHOBaHO [elicTBHEe aTOMHOMN
60M6BI.

VopasnseMele peakiiuu AejeHust sigep (ypaHa, MIYTOHMA) UCIONb3YIOT-
cAd B AAEPHBIX peakTopaX. [Ipy 3TOM NMpOM3BOAUTCS DHEPrUsi U MOJYHAKOT-
¢l PaJUOAKTUBHbIE U30TONBl APYTUX 3JIEMEHTOB.

BaxHBIM BUAOM AIEpHBIX PEAKIINI SBAAIOTCH MePAOITEPHBIE PEAKYUU.
D710 peakuuy causAHMA (CHHTe3a) aTOMHBIX siiep B Oosiee cjoxHble. B
KavyecTBe IPHUMEpa TEPMOSAECPHON PEaKLMM MOXKHO NPHUBECTH CHHTE3 ALED
resiusi U3 s1Aep BOZOPOJa (NPOTOHOB) II0 CYMMAPHOMY YPaBHEHHUIO:

41H — fHe + 28"

TepMosigepHble peaxnMu CONPOBOXKIAIOTCH BLIAGNEGHMEM KOJOCCAIBHOTO
KoJMMYecTBa 3Hepruu. Tak, B pe3ynbpraTe CMHTE3a reausi U3 BOJAOPOAaA
IIOJKHA BBIJGIUTHCA OTPOMHAs 3Heprusi, pasHas 644 muan. x/lx wa 1 r
Bogopoja. OHa B 3 MuIH. pas Gonbulie, YeM JHEPTUA, BHAEJIAEMadA NpU
COKMI'aHUHM BOAOpOAa, U B 15 MJIH. pa3 Gosbllle 3HEPTMU, MOTydaeMOit NpH
CHKUTaHUU BBICOKOKAJIOPHIHOTO KaAMEHHOTO YIJIA.

Pemenue npo6iiembl yupaBisieMbIX TEPMOANEPHBIX DEAKLUIl MO3BOJIUT
4eJI0BeYeCcTBY MCIONb30BAaTh HeHcueplaeMble 3allachl BHYTPUsAEPHON 3Hep-
TMH.

WsyyeHne 3aKOHOMEpHOCTE!l siLEPHBIX NPEBPALEHUI BaXHO AJIA ycTa-
HOBJIGHUA OPUPOAH ANEPHBIX CHUJA ¥ CO3AAHUA TEOPUM CTPOEHUA s/ pa.
Hsydenne sinepHbIX peakuuil UMeeT ¥ GONBINYIO HPAKTUYECKYIO LEHHOCTb.
OTO mpeskjie BCero MCNoJb30BaHUE sIAEPHON DHEPTUM, UCKYCCTBEHHOS NOJY-
9YEHHE HOBBIX XHMHUYECKUX DJIEMEHTOB, Pa3HOOOpPa3HBIX PpaJHOaKTHBHELIX
uzoronos. PassuTHe TeXHUKM YCKOPEHHs YaCTHI, MO3BOJIMJIO BOCCO3AABAThb
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B J1a60paTOpUH [poHEecchl, NpUOIMKAIOIIMecA K MPOMCXOAAIIUM B 3€MHOII
KODe M KOCMMYECKOM IPOCTPAaHCTBE. JTO AAeT BO3MOMHOCTb IIPENCTaBUTh
reHe3Mc XMMHUYECKUX 3/IeMEHTOB B NpUpoje.

§ 5. CHHTE3 3JIEMEHTOB

B 1869 r., xorna .M. MenpneneesbiM Gpl1 OTKPHIT NEPUOAMYECKHI
3aKOH, OLIJIO U3BecTHO Beero 63 anemenrta. Ha ocHOBaHMHM IEepUOAMUYECKOrO
sakona [[.M1. Mengenees npenckasan cyniecTsoBaHue 12 HOBBIX 3J1eMEHTOB
u gns tpex us HUX (Ga, Ge, Sc) onucan cpoiicTBa. B Teuenne nonyeeka
(1875—1925) 66111 06HAPYMKEHEI B IPUPOJE MOYTH BCE 3TEMEHTH, PacIonIo-
skeHHBle B Tabmule MeHeneeBa 10 ypaHa. [IyTeBOAHO!N HUTHIO IJIA NOUCKA
U YCTAHOBJIEHUS XMMHUYECKON IPUPOAB! YIEMEHTOB SBWJICS MEepHOIUYEcKHi
3aKOH U METOJ NpeACcKa3aHudA, ucnonbsosannbiit [[. 1. MenaeneepIM.

C 1925 r. ocraBamick He OTKPHITHIMH TOJBKO 3JIEMEHTHl ¢ aTOMHBIMU
HoMepaMmu 43, 61, 85 u 87, KoTOpHle, Kak OKa3alOCh, He 06pa3yloT ycTOli-
YUBHIX M30TONOB. IlepBbHIM Oblil [OJYUEH CUHTETHYECKUM IIYTEM TeXHelMit
Tc — 43-it ameMeHT, KOTOPHIN 3al0/IHMI HycToBaBuiyo o0 1937 r. kieTky B
NIePHOJUYECKOR CHCTEME Mex Iy Moanbaesom u pytenueM. Texsenuit Buep-
Bble OB MOJIYyYeH HpU O6IyueHUU MOMUOIeHa NeilTpOHAMHU:

98 2 99 1 98 99
42M0 + H— [Tc + ;n wnmm 42Mo(d, n)43Tc

B 1940 r. o6ny4yeHueM BUCMyTa @-4acTHUAMU HoNydeH 85-it smeMeHT actaT
At:

209 | 4 211 1 2095 211
g3Bl + JHe — “ At + 2n mim [ [Bi(a, 2n)° At

Onementr 61-it (mpomeruit Pm) n 87-it (ppanuuit Fr) 6suiu o6HapyxeHbt
B MPOAYKTaX siIPHOrO paciiajla ypaHa.

s cuHTEe3a TPaHCYPAHOBBIX 3JIEMEHTOB HCHOJBL3YIOTCA pPEaKUyH, B
KOTODBIX YY4aCTBYIOT HEMTPOHBI, XEHTPOHBI, @-YacTHUUBI C IHEprUeil HOpsii-
ka 3-1012 k/lxk/Monb U MHOrozapsadbie MoHw (10B3*, 12C4* 14NS+ 1606+
22Nel0*) ¢ ameprueit o 1,2-1013 kJlx/monb (130 MaB).

Ycenexu B cMHTe3€ M M3YYEHUU TPaHCYPaHOBBHIX 37IEMEHTOB B OCHOBHOM
CBsI3aHBI ¢ paboToOi aMepuKaHckMX ydenwx KanudopHuiickoro yHusepceu-
tera (r. Bepkau) nom pyxosoactBom I'. Cubopra m yuenwnix MucTutyTa
AAepHBIX McceqoBaHuil (r. Jly6ua) noa pywosogcrsom I H. @aeposa.

B 1987 r. B /ly6He npu 60M6apAMpOBKe sep TOPUS HOHAMM Kasiblius,
a ypaHa MOHaMHi aproHa 6bl1 CHHTe3HMpoBaH 3jeMeHnt 110.

Ilepuoa nmonypacnaga TpaHcypaHOBBIX 3JIEMEHTOB GBICTDO YMEHBHIAETCS
¢ poctoM 3apAna Aapa. OXHAKO UMEIOTCA OCHOBAHUS CYUTATh, YTO CPEAU
CBEPXTANKEJIBIX 3JIEMEHTOB IOBHIIIEHHON YCTOMYMUBOCTBIO JOJLKHBI 06/1aJaTh
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ANPa ¢ 3aMKHYTHIMM HYKJIOHHBIMM CJIOSMH ¢ MaTM4YeCKMMH 4HCJaMU NPOTO-
HoB Z = 114 u 126 u netitpoHoB N = 184.

Passutue GUBHKM M XUMHUM TPAaHCYPAHOBBIX 3JIEMEHTOB HENOCDEe/ CTBEeH-
HO OCHOBHIBaeTcA Ha nepuoauueckoM 3akoHe [[.M1. Menneneepa. B cporwo
ouepeAb MCCJAELOBaHMA B OGJacTH TPaHCYPaHOBBIX 3JIEMEHTOB HE TOJILKO
YLIAYy6AAIOT CBEJCHUsT O CTPOEHUM M CBOKCTBAX aTOMHBIX AP, HO TaKxke
pACIIUPSIOT HALIW NPEACTABIEGHUA O CTPYKTYPE IePUOANYECKON CHCTEMHI.

HecMoTpsi Ha OrpoMHBIE JOCTHXKEHNS HAaYKU 3a INpOIIejllee cTOJIETHe,
cucrema J.U. MenpneneeBa B npuHuunax HOCTPOEHUsI He IIperepnesa
CKONBKO-HUOYAb 3aMETHBIX W3MEeHEeHW, Pa3BUTHE NpPeJCTaBICHUIl O Te-
PHOAMYECKON CHCTEMe N0 CYTM [eJia KOCHYJOCh JIMINL pacliMpeHus ee
HUMKHEU IpaHMIBL.

VMecTHO 37ech BCIOMHUTH BhickasbiBanne JI.M. Menpeneesa: "Ile-
PUOAMYECKOMY 3aKOHY Oy[yliee He PO3UT pa3pyIIeHHEeM, a TOJbKO Hajl-
CTPOMKK U pa3BuTUe obemiaer’.

$ 6. AJEPHBIE PEAKOIMU B HPUPOIE

Ha w3ydyeHun 3aKOHOMEpPHOCTEHl SAEPHBIX PEaKIMii M paguOaKTUBHOTO
pacrafa cTpPOATCSA TEOPUH HPOUCXOMKICHUA XUMHUYECKHX 3JIEMEHTOB M HX
pacnpocTpaHeHHocTd B npupoiae. Kak mokaspiBalor faHHbIE ALEpHON bu-
3UKM © acTpOU3UKHU, CHHTE3 M IPEBPAHIEHUe IJIEMEHTOB INPOUCXOIAT
Ha BCeX CTaAMAX DBOJIOUMM 3BE3] KaK 3aKOHOMEDHBLIN Hpomecc MX pas-
BUTHA.

O6pa3oBaHue ANep ¢ YCJAOKHEHHEM UX COCTABA MOXKET NPOUCXONUTH B
IpUpOe JNO0 NYTeM CIAVAHUS BapSKEHHBIX YacTHIl (3JEeMEeHTapHBIX dac-
TUU, WM ATOMHBIX ANEp) APYr ¢ APYroM, JUG0 B Pe3y/bTaTe pPeaKkuui
ANOrJIOMICHUST HEeHTPOHOB. YCJIOBUA, HeOOXOOUMBIE [JISL 3TUX UPOIECCOB,
BO3HUKAIOT JUGO B HeApax 3Be3]] Pa3/iMYHBIX THUIOB, rjle 3apsKeHHbIO
9acTUOBl YCKOPSIIOTCS NPY BBLICOKMX TeMnepaTypax (IOpsiika COTeH MWJ-
JIMOHOB I'PALycOB), NUO0 B 3BE3AHBIX aTMOCdEpax, I/ie YaCTUIbl YCKOPSIOT-
€ MOUIHBIMH 3JIEKTPOMArHUTHBIMU HOJSAMH.

Mpu 10—20 MaH. rpagycoB B 3Be3jaX NPOTEKAIOT PEAaKIUM NpeBpalie—
HUS BOAOPOZA B DEIMA. OTa PEAKUUA — OCHOBHON WMCTOYHHUK OrPOMHON
sHepruu, noaaepxkusaiomei ConHue U 60BUIKHCTBO 3BE3/] B PACKAJEHHOM
COCTOSIHUM.

B 3Be3gax apyroro tTuma u BO3pacTa NpH TemmnepaTypax sbiire 150 MuIH.
rpajlycOB IPOTEKAIOT TEPMOSLEPHLIE pPeaKIMU Treaus ¢ o6pa3oBaHueM
YCTONYMBBIX M3OTONOB YIJIEpOAa, KUCIOPOAa, HeOHa, MarHWs, Cephl, apro-
Ha, KaJlbOUA U JP.:

“He(a, 7)%Be(a, 1)'2C(a, 7)!60(a, 7)*Ne(a, 7)?*Mg
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MpoTeKaloT TaKKe peakiUy ¢ yuacTHeM MPOTOHOB M HEATPOHOB W 0Gpa3zy-
I0TCSi 3JIEMEHTHI BIJIOTH AO BHCMYTa.

O6pazoBanue caMbIX TAKEIBIX 37EMEHTOB — ypaHa, TOPUS, TPAaHCYPaHO-
BBIX 3JIEMEHTOB — NPOUCXOAMT IIPU B3pbiBe CBEpXHOBBIX 3Be3z. Ilpu Takom
B3PLIBE BHICBOGOKIAETCA KOJOCCATLHAS HEPTUsl, M TEMIEpaTypa AOCTHraeT
nopsgka 4 MJApA. TPAfycoB, YTO MO3BOJIAET OCYLIECTBMTHCH peaKHUAM
06pa3OBaHMA CaMbIX TAKEILIX 3/IEMEHTOB.

B Henpax miaHeT He MOTYT BOBHMKATb CTOJIb BHICOKME TEMIEPATYPHI, a
CJI/IOBATENLHO, U NPOTEKATb CTOJb PAa3HOOOPA3HEIE SAMEPHBIE PeaKnuu, Kak
B ropAumMx spesgax. Ha 3emie npeppallleHue 3JeMEHTOB B OCHOBHOM 00yc—
JIOBIMBaeTCA PaJMOAKTUBHLIM pPaclafoM. JTO NOPUBOAUT K HEKOTOPOMY
H3MEHEHUIO HM30TONHOIC COCTaBa CYIIECTBYIOUIMX 3JOGMEHTOB, M3 KOTOPBIX
25% pafiVOaKTUBHEL.

B neapax 3emau O6HapyxeHBI Takxke HUYTOXKHBIC KOJIMYECTBA HEKOTO-
PbIX M3 CHHTE3UPOBAHHLIX B NabopaTopuu sjemeHTOB (mpoMerus, dpan-
UMs, HeOTYHMA, IVIyTOHUSA, TeXHeUUa U Ap.). [[o-BUAMMOMY, OHM BO3HUKa-
JIM KOTJ3-TO B 3HAUMUTENLHBIX KOMMYECTBAX, OLHAKO BCJCACTBUE HEYCTOMH-
YHBOCTH Mc4e3nu. B HacToAlllee BpeMs 3TH 3JEMEHTH 06DasyloTes B pe-
3yJNbTaTe ANEPHBIX PpEaKiMil, BLI3LIBAEMBIX KOCMUYECKUMU JydaM#, WK
KaK HPOLYKTH paJjUOaKTHBHOTO pacHala APYTUX JIEeMEHTOB.

'J1ABA 2. 9JIEKTPOHHAA OBOJIOYKA ATOMA
XUMHUYIECKOI'O 3JIEMEHTA

§ 1. MICXOJJHBIE TPEACTABJAEHUSI KBAHTOBOH
MEXAHUKH

Teopus cTpoeHusi aroMa OCHOBAHA Ha 3aKOHAX, OMUCHIBAIOIIMX JBHKE—
HUEe MMKPOYACTHI, (3JIEKTPOHOB, aTOMOB, MOJEKYN) W MX cucreM (Hampu-
Mep, Kpucraios). Macchl U pasmepbl MUKDPOYACTHI, YPE3BBIYANHO MAJIbl
[0 cpaBHEHUIO C MaccaMu M pa3MepaMu Makpockonudeckux ten. [lostomy
€BOiicTBAa ¥ 3aKOHOMEDHOCTH ABMXEHUS OTAENBLHONU MUKDPOUACTHIIBl KadecT-
BEHHO OTJIHMYAlOTCSA OT CBOUCTB M 3AKOHOMEDPHOCTEN ABMKEHUA MaKpPOCKO-
[IMYEeCcKOTO Tesla, M3y4YaeMBbIX Kjaccuyeckoil dusukoi. [[Buskerne um B3an-
MOAEHCTBUA MUKPOYACTUI] ONUCHIBACT KGAWMOGAS (MIIK GOAH06AS) MEXaHU-
ki. OHa OCHOBBIBAETCs Ha NMPECTABIEHUM O KBAHTOBAHWUMN IHEPIUU, BOJIHO-
BOM XapaKTepe [BIDKEHUSA MUKPOUYACTUL M BEPOATHOCTHOM (cTaTmcTHyec—
KOM) MeTO/le ONMCAaHMA MUKPOOGHLEKTOB.

KBaHTOBRI XapaKkTep M3Jy4eHMsA W HOTJIOMEHHs 38epruu. [IpuMepHO B
Havase XX B. HCCleJOBaHWA psifia ABACHUN (M3JIyYeHUN PAacKaJeHHBIX
tent, GoTosddexT, aTOMHBIC CNEKTPH) NPUBEAM K BHIBOLY, 4TO 3JHEPrus
paclnpocTpaHAeTcss U INepejaercs, NOIJIOIAeTcss W MCIycKaeTcss He Henpe-
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PHIBHO, a AMCKPETHO, OTHAEJILHEIMM NOPUMSAMH — KBAaHTaMH. DHEprus CHc-
TeMbl MHUKDOYACTHL, TAKXKE MOKET NPHHUMATh TOJIBKO ONpEHeIeHHbIe 3Ha-
4eHUs, KOTOPHIE ABJISIOTCA KPATHBIMH UHCIaMU KBAHTOB.

Tlpennonoxenre © KBaHTOBOH 3HEPTMH BlepBble ObIIO BLICKA3aHO
M. Ilnanxom (1900) u moaske o6ocuosano A. JnnwreitnoM (1905). Onep-
TMA KBAHTA € 3aBUCHT OT 4acTOTHL U3NY4YeHUs V:

€= hy, (1)
rae h — nocmoswunas Haanxa (h = 6,63-10734 Nk -c).
Yacrora kojiebaHmil ¥ M JJIMHA BOJHBI A CBABAHBI COOTHOUIEHHEM:
Av = ¢,

. TJle ¢ — CKOpOCTb CBeTa.

CormacHo coooTHouleHHio (1), 4eM MeHblle ANUHA BONHBI (T.e. tHeM Gosblue
4acrota KojlebGaHmit), TeM OGoJblile oHeprusi xBaHTa. V, HaoBopor, ueM 6Gombiie
JIMHA BOJIHBL (T.€. YeM MEHbIIe YacTora KosieGaHuii), TeM MeHblle SHEPrMsi KBaHTa.
TaxuM obGpazoM, ynsTpadyoneroBbie M PeHTT€HOBCKMe JIydM obsafalor Gosbiiei
GHEpruel, ueM, CKaxeM, PaIMOBOJIHBI WIM MHGbPaKpacHble Jydu.

BonHOBO# XapakTep ABMXCHHMA MMKPOYACTHN,. /[ ONUCAHUA 3JIEKTPO-
MarHUTHOIO HM3JIy4YeHUs HPUBJEKAlOT KaK BOJIHOBBIC, TaK U KOPIYCKYAAp-
Hbl€ NPEACTABICHUA: ¢ OXHOU CTODOHH, MOHOXPOMAaTHYECKOe W3JIy4eHUe
pacnpocTpansercd KaK BOJIHA M XapaKTepusyercs JJMHON BOMHBL A (M
4acTOTON KoJie6aHWA V); ¢ APYroil CTOPOHBI, OHO COCTOMT U3 MHKpOYac-
TUL — (POTOHOB, NEPEHOCAINMX KBaHTH 3Hepruu. fipmenus audpaknuu
3JIKTPOMAalrHUTHOrO M3JydeHus (cBeTa, pajMOBOJIH, Y—JIydeil, peHTTEeHOBC-
KMX Jyd4ell M Up.) AOKa3bBAalOT €r¢ BOJIHOBYIO HIPHDPOAY. B To ke Bpems
3/IeKTPOMAarHUTHOE HB3JIy4yeHHe 06JjajiaeT SHeprueil, Maccoil, HPOM3BOJUT
napinenne. Tak, BeIuMcsIeHO, 4To 3a roj Macca CoJHIA yMeHbINAeTcs 3a
cyer uanydenus Ha 1,5-1017 kr.

JIyn ne Bpoitae npepnoxun (1924) pacupocTpaHUTh KOPHYCKYISAPHO-
BOJIHOBbI® NDENCTABJICHUA Ha BCe MHUKDPOYACTHHBI, T.€. JABMHKEeHMe 06O
MMKPOYACTUILBl pacCMaTpUBaTh KaK BOJIHOBOM mnpouecc. MareMaruuecku
3TO BHIpaXcaeTcs coomuowenuem de Bpodas, corsmacHO KOTOpOMY dYacTHIe
Maccoil m, ABMIKYIUEHCS CO CKOPOCTBIO v, COOTBETCTBYET BOJIHA JJIMHON A:

A = hf(mv). (2)

T'unoresa me Bpoiss 6pula sKcIepUMEHTANLHO HOATBEPKIEHA OBHApy-
skeHMeM IHQPaKUMOHHOrO ¥ HHTepdepeHHHMOHHOro 3ddeKToB NOTOoKa
371eKTpOHOB. B HacTosllee BpeMsi AMPpaKnusa MOTOKOB 3JIEKTPOHOB, Heli-
TPOHOB, NPOTOHOB WIMPOKO HKCHOJIB3YeTcs HJisi W3Y4eHUs CTPYKTYpPH Be-
mects (cMm. pasgen IV).
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CornacHo cooTrOmeHHIO (2), ABMXEHNIO aneKTpoHa (Macca 9,1-10731 kr,
ckopocTh nopsagka 105 m/c) oTBedaer BOMHaA AAMHOM mopsanka 10710 M, T.e.
ec JIJiMHA cOM3MepMMa c pa3MepaMu aTOMOB. [lo3TOMy mHpu paccesHUM
97I6KTPOHOB KpHUCTAJIaMM HabawofaeTcd Audpakinusd, mpudeM KpHCTaJIIbL
BBINIOJIHAIOT poib OTUIPAKUMOHHON PELIeTKH.

C IBUXKEHUEM Xe MaKpOYacTHl], Ha060POT, acCOUUUPYETCA BOJIHA CTOJb
Mmanoit sauHbl (10729 M M MeHbIIe), 4TO HKCHEPUMEHTAILHO BOJTHOBOH MpPO-
Hece O6HAPYKUTH HE yJaeTcs.

lNpuanun Beonpenesieadoct. B. Feitsen6eprom ycranosmen (1927)
NPUHUIUMIO HEONPpEAEeNEeHHOCT N HEGOIMOKHO 0OHOBPEMEHNO
MouKo onpedeaums noaoxeHue auxpovacmuynt (ee Koopdumamm) u ee
xoAUNECTNBO JoUReNUd (UMNYABC p = mv).

MaremaTiueckoe BeIpakkeHUe MPUHIMIIA HEONPEIEJIeHHOCTH UMEeT BUJ:

AzAp?%;r uu ArAv)%ﬂ, (3)
rae Az, Ap, Av — cOOTBETCTBEHHO HEONPEAEICHHOCTH B IMOJOMEHUU, UM-
NyJibCe U CKOPOCTH 4aCTUILH.

W3 coorHowennit (3) ciepyer, 4TO 4em TOUHee ONpele/ieHa KOOpAMHATa
yacTULBl (YeM MEeHblIe HEeONpeIeeHHOcTh AZz), TeM MeHee ONpeNeTeHHON
CTaHOBUTCA cKOpocTh (Gosmbwie Av). M Hao60opoT, ueM TOUHEe WU3BECTEH
MMIYAbC {CKOPOCTD), TeM 60Jiee HEOTPEAEIECHHO MECTOMONOKEHNE YACTULBL.
Tak, eciu NOJOKEHUE 3JEKTPOHa ONPEAeNIeHO ¢ TOYHOCTBIO 40 10712 M, TO
HeOIPe/leJIeHHOCTh B cKOpocTU cocTaBut H8 000 km/c.

st Makpo4acTHil BeIMYWHA OTHOIIEHUsA h/m odveHb Mana (T.e. HUY-
TOXKHO Manpl Az U Av), MOITOMY AJIA HUX CHPABEAJIUBE 3aKOHBI KJACCU-
YeCKON MEXaHHMKHU, B PAMKaX KOTOPHIX CKOPOCTb Y TOJNOMEHME YacTHIb!
MOTYT OBITh TOYHO ONPEeNEeHb OJHOBPEMEHHO.

KBaHTOBaHMe 3HEpruMU, BOJHOBON XapaKTep ABMIKEHMS MHKPOYACTHIL,
NPUHINO HEONPEJEeNIeHHOCTH - BCe 3TO MOKAa3bIBaeT, UTO KJaccHyecKas
MeXaHMKa HENpUTOfHA [JIs ONWCcaHUsA NOBEeHCHUS Mukpodactul,. Tak,
COCTOAHME HJIGKTPOHA B ATOME HEJbL3s NPEACTABATH KaK JiBHXKEHMe MaTe-
PHAIBHON YacTUOB! 110 Kakoi-To op6ure. KBaHTOBas MeXaHHWKa OTKa3biBa-
eTcA OT YTOUYHEHWS NOJIOKEHUs 3ITTeKTPOHA B NPOCTPAHCTBE; OHA 3aMEHAET
KJ1aCCHYeCcKOe MOHSITHE TOYHOIO HAXOXKJACHUA YaCTHILl MOHATUEM CTaTHC-
THYECKON BEPOATHOCTH HAXOXK/EHUWA SJIEeKTPOHA B [aHHON TOYKe OpPOCT-
paHCTBa MM B ajieMente o6beme d V BOKpyr sijpa.

§ 2. OJIEKTPOHHOE OBJIAKO

Bonmosaa ¢yskmua. [lockonsky ABMIKEHME NIEKTPOHA MMEET BOJIHOBOA
XapaKTep, KBaHTOBask MeXaHWKa ONMCHIBAET €ro JBUKEHUE B aTOMe IIpH
TIOMOLM 6040607 dynxyuu . B pasHBIX TOYKAX ATOMHOrO NPOCTPAHCTBA
18



5Ta QYHKUMA NPUHUMAET pasHble 3HaueHHA. MaTeMaTHYeCKH 3TO 3almUChl-
BaeTcst paBeHCTBOM ¥ = v (z, ¥, 2), TAe I, ¥, z — KOOPAMHATH TOYKHU.
Dusnyeckuil CMBICJ BOJHOBOW (QYHKUMM: ee KBaApaT Y¥? XapaKTepusyeT
BEPOSATHOCTh HAXOXKACHHS JJIEKTPOHA B JIaHHON TOUKE ATOMHOTO MNpOCT-
paHcTBa. Bestuumna ¥2d V npeacrasisier co60il BEpOATHOCTE OOHAPYKEHUA
paccMaTpHBaeMOil YacTHIB B dJ1eMenTe obbema d V.

B kauecTBe MOZENM COCTOSHUS 3JIEKTPOHa B aTOME NPWHSATO NpeAcTaB-
JeHHe 06 aIaexmpownont ob.aaxe, TJIOTHOCT COOTBETCTBYIOIMX Yy4YacTKOB
KOTOpPOTO HpONOPUMOHATbHA BEPOATHOCTH HAXOXAECHHMS TaM 3JIEKTPOHa.
OnHa u3 BO3MOXHBIX (OPM 3NEKTPOHHOTO O6Jaka B aTOMe NOKa3aHa Ha
puc. 2.

DTOT PUCYHOK MOXHO MHTEPNpPETHPOBAThH CJAEAYIOIMM o6pasoM. Jlomyc-
TUM, 4YTO B KaKOH-TO MOMEHT BpeMeHM HaM yzaanock c¢ororpadupoBaTh
HOJIOXKEHNE 3JIEKTPOHA B TPEXMEpPHOM NpOCTpaHcTBe BOKpYr saapa. Ha
dororpaduu 3T0 orpasuTca B Buge Toukd. IIoBTOPUM Takoe ompenesneHue
ThicAYM pa3. Hosrlie dororpaduu, chesaHHble Yepe3 Majible IPOMEKYTKH
BpeMeHy, OCHapykaT 3JIeKTPOH Bce B HOBBIX TNOJNOMEHHUAX. MHOXKeCTBO
Takux ororpaduit npu HaJOKeHHN O6Pa3yIOT KAPTUHY, HAHOMHHAIOIIYIO
obsmaxo. OueBHIHO, 06aKk0O OKaxercst HauboJiee MJOTHHIM TaM, T[e Hau-
6oMblIeg YNCHO TOYEK, T.e. B 06JacTAX Hanbosee BEpOSATHOTO HAXOXKACHUA'
snekTpoHa. O4eBHHO, YoM NMPOYHEE CBA3b HJIEKTPOHA C AADPOM, TEM 3JIEKT-
pOHHOe 06JIaKO MEHbIlle MO pa3MepaM M IJIOTHee N0 DPaclpefe/eHHIo 3a-
psAna.

DJIeKTPOHHOE O6JIAKO YacTO M306paxaloT B BUAE tPANUNHOU NOGEPTHOC-
mu (oxBaThiBaoonieli npumepho 90% ssnexTpoHHoro ob6naka). I[Ipu sTtom
0603HaueHMe NIOTHOCTH ¢ MOMOMHIBIO TOYex omyckaloT (puc. 3). Obmacts
NpOCTPaHCTBA BOKPYr AApa, B KOTOPOH Haubosiee BEPOATHO NpebhIBaHme
3MEKTPOHA, Ha3bIBalOT opbumanvro. GopMy U pasMepsl TPAHUYHOIM [1OBEpX-

4R
\/

P uc. 2. DnexrporHoe 06- Puc. 3. Ceuenne rpaHud-
JIAKO HOM MOBEPXHOCTH
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HOCTH HpPUHATO cYUTATh GOPMO# U pa3MepoM OpOUTaH (3JEKTPOHHOIO
obsaka).

Bhiuncienne BepOATHOCTM HAaXOMIEHUS 3JIEKTPOHA B [JaHHOM MeCTe
aToMa (MOJIEKYJIbl) M €ro 3HEPruM — CJIOKHAsA MareMaTnieckas npobieMa.
Ona pemaercs ¢ IOMOINBIO YPaBHEHUsI, MONYYMBIUETO HA3BaHUE 60AHOGOLO
ypasnenus [lpeduniepa.

VpasHenne lllpeauurepa cBsI3BIBAIOT BOJIHOBYIO (DYHKUMIO 9 € IIOTEHLMAJbHOM
sHeprueit osexktpona U u ero nosHoit aHepruest E:

h2V2+E Dy=0
m'/)(- =0,

2y
rfie NepBBIl 4leH COOTBETCTBYET KMHETMHeCKON OHEPrMM OJIeKTpOHa; V2 = el +
2y Ey N
+ W + 5,2 — CYMM BTOPBIX MPO3BOIHBIX BOJHOBOM GyHKUMK Y O KOODIAMHA-
A

TaM I, ¥ Uz M — Macca NIeKTPoHa; h — nocrosinHasi [lnamka.

He BblsicHs1A MaTeMaTM4ecKHi CMBICT BOJIHOBOTO YDAaBHEHUs, OTMETUM, 4TO €ero
npueMieMbie pelieHNsT BO3MOXHBI TOJILKO [P BIIOJIHE OIPeNeIeHHBIX AMCKPETHBIX
3HaYeHMsIX OHEPIMM  PVIEKTPOHA. PasnMuHbiM  GYyHKUMAM ¥, o, U3, ..., Un,
KOTOphle SIBJIAIOTCA pellieHWeM BOJIHOBOTO YPaBHEHMs, COOTBETCTBYeT CBOe 3HayeHMe
oHeprun: Fy, By, Ej, ..., Ep.

BosnHopasi dbyHkuMs, ABAsILascs peuiedueM ypabHenus lllpennHrepa, Hasbi-
BaeTcst opbumansio.

Ha puc. 4 u 5 rnokasanel rpauky UaMeHeHMs ¥ U Y# [JIst SJIEKTPOHA aToMa
BOAOPOA2 B 3aBUCHMOCTM OT DACCTOSIHUSI OT SIApa 7, OTBEHaloLlMe HBYM Pa3HBIM
3HAYeHNsIM ero sHepruy. WsobpaxkeHHble Ha pUC. 4 KPUBBIE He 3aBUCAT OT HAIpaB-
JIEHUs, B KOTOPOM OTKJIAJBIBAETCs M3MEPsiEMOe pPaccTosgHMe 7. DJTO O3Hayaer, uTo
QIIEKTPOHHOE 06JIako obnafdaer cepudeckoit cuMMerpuent (cM. puc. 2 1 3). Kpusast

we

r r

P u c. 4. Tpaduru ¥ n VU2 715 onexrpoHa atoMa BoJlopofa ¢
HaMMeHbLIEN SHepruein
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Puc. 5 Ipadpuru ¥ u U2 pisi oiiekTpoHa aToMa BOAOPOJa B BO3OYkKAEHHOM
COCTOSHUHU

% paclosioxeHa [0 ONHY CTOPOHY OT ock paccrosiHuit (ocH abeuucc), T.e. BOJIHOBaA
beHKlIMﬂ UMeeT IOCTOSAHHbBIN BHAK, 6y,ueM CYUTATL €0 MOJOKHUTEILHBIM.

[lpu ApyroM 3HaYeHMM GNEKTPOHA KPMBbie 1 1 1?7 UMeloT BU[, MOKA3aHHLIN Ha
puc. 5. B oToM calyuae nmo ofHY CTODOHY OT sApa BOIHOBasl HYHKUMS TOTOAUTENb~
Ha, 10 ApYTYI0 — OTPUUATeNLHA; B Haualle KOODOMHAT 3HaueHHe P obpalllaeTcs B
Hysb. KpuBasi ke 12, ecTecTBEHHO, COOTBETCTBYET TOJLKO MOJIOKUTENbHLIM 3Hade~
HusM Y2, PaccMaTpuBaeMmasi BosiHOBas GbYHKIMS U ee KBaJpaT He oblafaloT cde-
pM‘IeCKOﬂ cuMMe’rpMeiI. 3JI€KTPOHHOE ob1ako COCpEeIOTOYEHO BAOJIb OCHM T, a B
IJIOCKOCTH ¥z, TIepIIeHAMKYJISIPHOM BTOM OCH, BEPOSITHOCTb NpebbIBaHMS WIEKTPOHA
PaBHa HYJIO. HOQTOMy BJIEKTPOHHOE 067aK0 UMeer Cbopmy raHTeNn.

§ 3. ATOMHBIE OPBUTAJIN

KsanToBeie 9ucia. Op6uTais MOXKHO ONHMCATh ¢ MOMOINLIO Habopa
K6AUMOBHT wuces: N — IJIaBHOE KBaHTOBOE YMCJIO, | — Op6UTaNbHOE KBaH-
TOBOE YHCJIO, M| — MAarHUTHOE KBAHTOBOE YMCJIO.

I'naBaOe KBaHTOBOEG 4HMCi0. JHepreTyeckue yposam. COracHo ycaoBU-
AM KBaHTOBAHMA 3JIGKTPOH B aTOME MOMKET HAXONMTLCSA JIMUIL B ONpeeeH-
HBIX KBAHTOBBIX COCTOSHMAX, COOTBETCTBYIOIIMX ONPEJE/IEHHBIM 3HAUEHUAM
€ro JHEpPTUM CBA3MU C SLPOM.

Tak, BonHOBBIe GYHKOUH, MOJIy4aeMple DELICHWEM BOJIHOBOTO ypaBHE—
HUA JAJIA aTOMa BOAOPOJa, COOTBETCTBYIOT TOJBKO TaKNUM IHEPIHsAM, KOTO-
pble 3a/al0TCA BBIPAKEHHEM

| 1
E=-2176-1019 =) Hx wim E=-13,6 o 3B,

rige n — rjaBHOe KBaHTOBOe uucio; n = 1, 2, 3, ..., ».

Tlepexon, a/ekTpoHa M3 OJHOrO KBAaHTOBOIO COCTOSHMA B APYroe CBA3aH
€O CcKaYKOOOpa3HBLIM W3MeHeHMeM ero sHepruu. [paduyecku 3Hepruio
KBAaHTOBBIX COCTOSIHMII K KBAHTOBBIE NEPEXOIH 3JIEKTPOHOB MOXHO U306pa-
3MTh C MOMOIIBIO CXeMbl 3HepreTudeckux yposHeilh (puc. 6). Ha cxeme
FOPM3OHTANbHbBIE JIMHMYM TNPOBEJEHH Ha BBICOTAX, NPONOPUMOHaJLHBIX
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3HAYCHUAM JHepruu JJIEKTPOHA B

€38 . aToMe BOLOPO/A. BeprukanbHbie
Ho g Hy Ky e CTPEJIKM YKA3bIBAIOT Ha BO3MOXHBIE
sk oo KBAHTOBbIC MEPEXO/IHL.
: = n=§ KBaHTOBOE COCTOsIHME aTOMa ¢ Hau-
Y 111} Z;§ MeHbIIe#t dHeprueil [, Ha3mBaIOT
2r %ylzlgﬂa ocuoensta.  OcTalbHBIE  KBAaHTOBHIE
-Ir n=7 cOCTOSTHUA ¢ 60Jiee BHICOKUMHU YPOBHSA-
4r 25””” mu suepruu E,, E;, E,, ..., Ha3bIBaOT
K28 anMeoa 6036Yx0eHNBLAUY. DJIEKTPOH B OCHOB-
“bp HOM COCTOSIHMM CBsi3aH C 5IAPOM Hamu-
-7f 6osiee npouno. Korpma ke aToM Haxo-
-8 OUTCS B BO3OYXKIEHHOM COCTOSIHUM,
-9F CBA3b 3JEKTPOHA ¢ sJpoM OcliabeBaer
10} BIUIOTh 10 OTPbIBA DJIEKTPOHA OT aTOM4
-1} opu E_ ¥ npeBpallieHHs €ro B MOJIOMKU~
42r TEJLHO 3aPsKEHHbIN HOH.
T AE12 2=t B OCHOBHOM COCTOSIHUM ATOM MOJXET
gady cepun HaXOAWThCsA HEOTPAaHUYEHHOE BDEMsd, B
Aaimarna BO3OYHAECHHOM K€ COCTOAHAM — HUY-
Puc. 6. CxeMa sHeprernyeckux TORHBIE JoaH cerynapl (1076-1071 ¢).
YPOBHeIl UM KBaHTOBBIE TIE€PEXOJbl Bos6yxnenne aroMa IpPOUCXOOUT
aToMa BOLOpoja npud  HaTPeBaHUM, 3JAEKTPOpa3psne,

OOIJIOIIEHNN cBeTa ¥ T.A. Ilpu 5TOM B n1060M c/ydYae aToM MNOIJIOIAeT
JIMIIb OINpele/ieHHbie KBAaHTHI JHEPIYMM, COOTBETCTBYIOLIME DA3HOCTH DHEp-
FeTHYECKUX YpOBHeH syekTponoB. OOpaTHBIl NEpexol; 1eKTPOHA COIPO-
BOXKJLAETCS BbIJ€IeHNEM TOYHO TaKMX e KBAHTOB HEPIUU.

- KBaHTOBBIE DEpexonbl 3JIEKTPOHA COOTBETCTBYIOT CKA4KOOOpa3sHOMY
U3MEHEeHUIO CPeJHEero pasMepa 3JIEKTPOHHOTO 00Jiaka: yMeHbIUeHWe JHep-—
YU CBSABU DJIEKTPOHA € AAPOM COOTBETCTBYET YBEJNUUYEHHUIO oObeMa o6maka;
YBEeJIMYEHUE DHEPTUH CBA3U — CKATHIO Ob6JIaKa.

ATOMHBIE CHEKTDH. JKCIEPUMEHTATLHO KBAHTOBAHWUE 3HEPrUM aTOMOB
OOHApYKHBaeTCA B MX CIEKTpax TNOIVIOUMIEHUS U HCHycKaHus. AToMHBIe
CIIeKTPBl MMEIOT JUHelvaThlii xapakrep (puc. 7). Bo3HUKHOBeHUe JMHUIT B
creKTpe OO6YCTIOBIEHO TeM, YTO NpH BO36YHKAEHUM aTOMOB (HarpeBaHHU
rasa, 9JJIeKTpOpa3psA/le ¥ [p.) 3JIEKTPOHBI, NPUHMMAas COOTBETCTBYKOUINE
MOPUMU 3HEPIUM, NEPEXOAAT B COCTOSIHUE ¢ 60Jiee BHICOKHMMM JHEpreTudec-
KUMU YPOBHSAMM. B TakoM BO36ykKIEHHOM COCTOAHMH AaTOMBI HaXOAATCSH
JIMIb HUYTOXHBIE IO CEKYHABI. [lepexon 3JIeKTPOHOB B COCTOAHUM ¢
60/1ee HUBKUMU 3HEPreTUYECKMMU YPOBHAMHU COLNPOBOXKIAETCA BBIJIeJI€HUEM
KBaHTa DHEPTUU. OTO OTBEYAET NOSBICGHHIO B CIIEKTPe OTHEJNbHBIX JIMHWIA,
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CnHe- duone-
Kpacuar aeneHans CuHAaAa ToBas

4 . Ha 7 He
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700 650 600 550 500 450 400 350uMm

Puc. 7. JIMEMM BUAKMMOTO CIEKTDa aTOMHOTo Bomopoda (cepus
Banbmepa)
COOTBETCTBYIOLMX U3JYYEHUIO ONpeesIeHHOW YacTOThl KoneGaHuil (IauHBL
BOJIHBI). ,

ITockonsky réaooGpaaHmﬁ aTOMHBI BOJOPOJ COAEPXKUT MHOMXKECTBO
aTOMOB B DPAa3HBIX CTENEHAX BO3GYXKAEGHUS, CHEKTP COCTOMT M3 GOJILIIOrO
quciia JTUHUR.

KBanTOBBIe mepexobl BO3OYXAEHHBIX 3JEKTPOHOB C Pa3JMYHBIX YPOB-
Heil Ha nepBHlit (cM. puc. 6) OTBEYalOT rpynne JMHEMA, HaXONALIMXCA B
yabTpaduonetopoit obmnactu (cepux Jaduana); nepexoibl BO36GYKIEHHBIX
3JIGKTPOHOB Ha BTOPOIi YpOBEHb B OCHOBHOM COOTBETCTBYIOT BUIAMMOM 06~
Aacti cnekTpa (cepus Baavaepa); Opyrue cepun IepexofioB BhLIPaXeHbl
AJIMHHOBOJIHOBO# 06J1acThIO creKTpa. BuanMetit ciiekTp Bogoposa (cM. puc.
7) BOBHHMKAaeT IpU I1epeXOAe BO3GYMICHHBIX IJNEKTPOHOB B COCTOSHHE ¢
[JIaBHBIM KBaHTOBBIM YucioM n = 2 (cepus Baasaepa).

Op6uranbaoe kBamToBoe gmcno. Mopmu opbmraneit. s xapakrepuc-
THKM POPMBI OPGUTAIH, a CIEOBATENBHO, U (POPMBI FIEKTPOHHOTO O6JIaKa
BBEIEHO Op6HTanbHOEe KBaHTOBOE uucio [l. Jlonmyctumele 3HaveHus uuciaa |
ONpefeNIAIOTCA 3HadYeHUEM TIJIaBHOIO KBAaHTOBOrO uwucida n. KsauTtosoe -
qucno [ umeer 3navenus: 0, 1, 2, 3, ..., (n — 1).

Op6uranbHoe KBaHTOBOE YucyIO [ MPUHATO O603HAYATH GYKBaMU:

Op6uranbioe KBaHToBoe YMcio ! ... 012345
OBOBHAUCHMS vevvveeeeerreeeeeieeeeeeevenresseeeereseeeens spdfgh

Jnsa kamI0ro 3HAYEHMs [JIAaBHOTO KBaHTOBOTO uUcC/Ia OpPOHTAIbHOE
4HCII0 MPUHUMAET 3HaYeHus, 3aKioueHHsle mexay 0 u (n — 1):

[naBHoe kBanto-  OpburtanbHoe KBaH- O6o3HaueHne opbUTaIN
BOE YUCTIO T ToBOE uMCIO | (anexTpoHHOrO 06s1aKa)
1 0 1s
2 0,1 2s, 2p
3 0,1,2 3s, 3p, 3d
4 0,1,23 4s, 4p, 44, 4f
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P uc. 8. Qopma s-, p- u dopburaneir. [loxasaHbl Takie SHAKM BOJ-
HOBOY (DYHKIMM

TakuM 06pasoM, A/ BJIEKTPOHA [EPBOr0 3HEPreTHYECKOro YpPOBHA
(n = 1) Bo3MOxHa TONBKO OflHa GOpMa OpGUTAIM, AJIA BTOPOLO 3HEpreTH-
4ECKOro ypoBHA (n = 2) BO3MOKHBI ABe HOPMbI OpEUTANEi, AJA TPETHErO
ypoBHs (n = 3) — Tpu # T.A.

CorsilacHO KBAaHTOBO-MEXaHMYECKMM pacderaM s-opbuTaiu umerot dopmy
mapa, p-opburanu — ¢GopMy raHtend, d- U fopbutanu — 6osee CIOKHBIE
dopmMel. POpMBI TPAHHYHON! MOBEPXHOCTH s-, p— U d-OpGHTateil MOKa3aHbI
Ha puc. 8.

[Ipu 0603Ha4YeHUH COCTOSHUA 3JIEKTPOHA [JIaBHOE KBAaHTOBOE WHC-
JIO MHUIUYT TIepeJ, CMMBOJOM Op6MUTalbHOMNO KBaHTOBOro uucia. Hampumep,
4s o3Ha4aeT 1eKTPoH, y koToporo n = 4 u | = 0 (o6sako uMeer dopmy
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mapa); 2p 03HadaeT JIEKTPOH, y kotoporo n = 2 u [ = 1 (o61ako uMeer
dopmy raHTenn) u T.A.

MarnuTHOe KBAHTOBOe aWcso. IIpOCTpaECTBeHHAs OpHEHTAMA Op6HTa-
neit. [InA XapaKTepUCTUKU NPOCTPAHCTBEHHOrO pacHO/IOkeHUs opburtaneit
OPUMEHAETCA MAarHUTHOoe (OpMeHTMPOBAHHOE) KBAaHTOBOS UUCIIO M.

Yueao 3HaYEHUMH MaCHUTHOTO KBAHTOBOTO YKCJia 3aBUCUT OT OpOHTajb-
HOTO KBAaHTOBOTO 4ucia u pasuo (21 4 1):

OpburanbHoe kBak-  MarHutHoe kBaHTOBOE YUncno opburaieit ¢
ToBoe Yucio | uneno m NlaHHBIM 3HavedueM |
0 0 1
1 1,0, -1 3
2 2,1,0,-1,-2 5
3 3,2,1,0 -1,-2, -3 7

y H

sCOCTOSHUIO OTBEYAET OJIHA OPOUTANIbL, P—COCTOSHHIO — TPHU, d-COCTOA-
HHUIO — [5IThb, fcOCTOstHUIO — ceMb U T.71. OpbuTanu ¢ OZUHAKOBOHR IHEPTU-
el Ha3HIBAIOTCA 6w poxdennsiuy. TakuM 06pa3oM, p-cOCTOSHME BLIPOMKACHO
TPEXKPATHO, d-cOcTOsiHMEe — OATUKPATHO, a fCOCTOsIHME — CEeMHMKDPATHO.
O61ee ke 4nciio opbuTaleil NaHHOTO HEPreTUUECKOTO YPOBHS PAaBHO 12,

[To xapakrepy opueHTanuy B NpOCTpaHcTBe p-opbuTany 0603HAYAIOT Py,
py 1 pr (eM. puc. 8). d-OpGurany, OPUEHTHPOBAHHBIE CBOMME JIONACTAMU

0O OcAM KOODAMHAT, 0603HadaloT dr? , 1 d,, a dopbutain, opuenTMpo-

BaHHble JIONACTAMU MEKIY OCAMA KOODAMHAT, 0GOBHAYAIOT dpy, dy; U dg,
(cM. puc. 8).

Pasnnune B OpUeHTallUX OJIEKTPOHHBIX 06JAKOB OTHOCUTENbHO ApPYL [pYTa
NO3BOJISAET OGBSACHUTH CIIEKTPbl aTOMOB B MarHUTHoM 1noje. Ilpu neilctBuu
Ha aToMbl BHEUIHEr0 MalHUTHOTO MOJS HNPOMCXOAUT pacillelIeHue JMHMI UX CHeKT—
POB — BOBHMKHOBEHWE HOBBHIX GMBJIEKAUMX JUHUIA. OT0 06YCIIOBIEHO M3MEHEHUeM
XapaKTepa PpAacClo/lokeHUs1 OSJEKTPOHHBIX O6GJNAKOB OTHOCHTEJBHO MApYT [DYTa B
COOTBETCTBUM ¢ ''I03BOMEHHLIMU" yINaMM NOBOPOTA KaKIOro U3 HUX B MaTHUTHOM
noJe.

Pajguannaoe pacmpejesnienne. /eKTpORHOM IUoTHOCTH. Pacupenesncnue
3JIGKTPOHHON IVIOTHOCTH OTHOCUTENLHO siipa M306pamalOT ¢ IIOMOINbIO
KPMBOW paJualibHOTO pachpefeieHds BeposaTHocTH (puc. 9). 3Ta kpusas
HNOKa3blBaeT BEPOATHOCTbL TOrO, YTO IJIGKTPOH HAaXOJAUTCA B TOHKOM KOH- °
HeHTPUYecKOM LIApOBOM cJioe paauyca r Tomuunsl dr BOKpyr saapa. O6vem
storo caoa dV = 4nr2dr. O6las BepOSTHOCTh HAXOM/CHUs BJEKTPOHA B
stom caoe (4rradr)y2.
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P u c. 9. PagnasibHoe pacnpenieielyie BePOATHOCTH Haxoskle-
HUS BJIEKTPOHA (QEKTPOHHON IVIOTHOCTM) B aTOMe BOAODORA
Ha PacCTOSIHUU T OT sifpa

Puc. 9 orpaxaer sasucumocts 47r2dr or r. Kak BUAHO, 3JI6KTPOH M10-
60t opOuUTanu OHpeAec/iEHHOe BpeMA HaXOZUTcA B 00JacTH, O6AM3KOH K
anpy. Ilpu 5TOM BepOATHOCTHL HAXOXJIEHHUA BONU3M sAApa NpH JaHHOM
3HAYEHWM T[JIABHOIO KBaHTOBOIO YHCIA JUIA $-3J€KTPOHa Haumbosblllasd,
MeHbHIe — AJisfi p-3JEKTpPOHa, elle MeHblle — [JA d-37eKTPOHa U T.A.
ONeKTPOHHAS IJIOTHOCTH NO OPOMTANSM pacnpejesisiercsi HEepaBHOMEPHO.
HyneBble nonomeHusi Ha KpMBOH Ha3sbiBaloTes yaacauu. OHU OTBEUAIOT
N3MEHeHUIO 3HAKa BOJHOBOM dyHkuuu (cMm. puc. 5).

Yucno MakcMMyMOB Ha KpPHMBOI paclpefeseHUsA 3JEKTPOHHOI NJIOTHOC-
THU ONIpEeJeNsercsa IJIaBHBIM KBAHTOBBIM 4McJIOM. [/ s-3JIGKTPOHOB 4HCJIO
MaKCHUMYMOB Ha KDUBON BEpPOSATHOCTH HAXOKIECHUS DNEKTPOHA HUCJIEHHO
pPaBHO 3HA4YEHUIO [VIABHOIO KBAaHTOBOrO d4MWcja, LA P-BJIGKTPOHOB — Ha
©QUHUIY MeHbIe, a AJs d-3JIeKTPOHOB — Ha JiBe ©IMHMIBI MEHbIIE 3Hade-
HUS TJIaBHOTO KBAHTOBOTO 4YHUCJA.

CuuHOBOE KBaHTOBOE 4UMCNO. V3yuyeHUe TOHKOH CTPYKTYPbI ATOMHBIX
CNIeKTPOB NOKAa3aJl0, YTO KPOME pa3jinyus B pa3mepe o61akoB, UX POPMBI
U XapaKTepa DacIOJIOKEHUS OTHOCUTENBHO ADYT JpYra SJeKTPOHBl pa3ii-
qaworesa cnuroa . CIMH MOMHO IPEJCTABUTL KaK BEPETeHOOGpasHOe Bpa-
IeHUe 3JIeKTPOHA BOKPYT cBoeil ocu. las XapakTepUCTHKM CIIHHA 3J6KT-
pOHa BBOOUTCA YETBEPTOE KBAHTOBOE YHCJIO Mg, HA3BIBAEMOE CRUHOGHLA.
Ouo uMeer 3Havyenus +1/2 u -1/2 B 3aBMCHMOCTH OT ORHOI U3 IBYX
BO3MOXHbBIX OPHEHTAlMI CIMHA B MATHUTHOM MOJE.

* Cnuu no-aHriuitcky "BepereHo'!, "seprers'.
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puamun Hayam. B 1925 r. B. [laynu 6bu1 Bblcka3aH NpPUHLIMI: @
amoate He aoxem 6vms 06Yr IAEKMPOHOS, UMEWWUT 0OURAKOGHU HabOP
6cexr uemuiper KGAHMOBHT wuces. VIHBIMU CJIOBaMM, JAHHBIMM 3HAYCHUAMU
KBAaHTOBHIX uucen n, | mj, m; MOKeT XapaKTepU30BaThCA TONBLKO OAUH
371eKTpOH. JIy1s1 M1060ro ApPYroro 3JeKTPOHA B aTOME JOJKHO ObITh MHBIM
3HaYeHUe XOTA OBl OMHOTO U3 KBAHTOBBLIX YHCEJ.

W3 npunnuna [laynn HenmocpeAcTBEHHO BHITEKAeT, YTO Ha OLHON Op6u-
TaJli MOXET HaXOJUTbCA JIHMIb JBa JEKTPOHA — ¢ my = +1/2 u -1/2.

CnenoBarensHo, B s—OCTOSiHMY (O/Ha OPOGUTAIIB) MOKET GbITh JIHIIL JBa
3JIEKTPOHA, B P-COCTOSIHMM (TPHU OPOGWUTANN) — IIECThb, B d-COCTOSIHUM (MSATH
opbuTaielt) — mecaTh, B fCOCTOAHUM (ceMb OpGUTalIelt) — dYeTHIpHAILATH
3JIEKTPOHOB U T.A.

Tockombky 4mcio op6UTAIeil NaHHOrO YHEPreTHYECKOrO YPOBHSI PABHO
n2, eMKOCTh 3HEPreTHYeCcKOro YPOBHA COCTABJAET 2n? 3JIGKTPOHOB.

I'J1ABA 3. NEPUONHUYECKAA CUCTEMA
K. MEHJIEJIEEBA KAK ECTECTBEHHAA KIIACCUOUKAIIUAS
SJIEMEHTOB HO YJIEKTPOHHBIM CTPYKTYPAM ATOMOB

§ 1. OJIEKTPOHHAA CTPYKTYPA ATOMOB

Kondurypanus s1eKTpOHHON 060JI0YKH HEBO36YMkACHHOTO ATOMA ONpe-—
JeJIsieTcs 3apASOM ero sAfpa. JJEKTPOHBl ¢ OJIMHAKOBLIM 3HAYCHUEM TJ1aB-
HOI'O KBaHTOBOLO YHCJIa 1 06pa3ylOT xeanmossitl caot ONU3KUX IO pasMe—
pam obsakos. Cion ¢ n = 1, 2, 3, 4, ... 0603Ha4AIOT COOTBETCTBEHHO OYK-
saMu K, L, M, N, ... . llo Mepe ynaneHus OT AApa eMKOCTb CJIOGB yBEJIH-
YUBAETCS U B COOTBETCTBUM €O 3HaueHweM 2n? coctasiasier: 2 (n = 1, cioi
K), 8 (n = 2, cnoit L), 18 (n = 3, cioir M), 32 (n = 4, caoit N), ... sanext-
poHOB (Taba. 2).

KpanTOBBIE C/IOM B CBOIO OYepenb MOCTPOEHB U3 nodcaoes, O6bENUHAIO—
UIMX 3JIEKTPOHH C OJMHAKOBBIM 3HAaY€HUEM OpPOUTAIBHOIO KBaHTOBOIO
gucaa l. [Togcnoit cocrout us opbumadnei.

Haubonee ycToiuuBO COCTOSIHWE aTOMa, B KOTOPOM 3JIEKTPOHBI UMEIOT
CaMyl0 HM3KYIO 3HEepruio, T.e. HaXoAATcA B OMMKANIINX K SApY CJOAX.
HocnenoBaTebHOCTL IHEPYETHYECKAX COCTOAHMI B MOPAIKE BO3PACTAHUA
SHeprumu OpouTaleit MHOIOIIEKTPOHHOTO aTOMa MOXHO NMpPEACTaBUTh B BHIE
creayroniero paga: 1s < 2s < 2p < 3s < 3p < 4s* 3d < 4p < Hhs~ 4d <
< bp < 6s~bd~4fu r.a (puc. 10).

lopsinox samonHeHus oOp6HMTalell AAHHOTO MOACAOA MOLYHHAETCA
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npaBuny XYyHJIa cyumaproe CRurogoe
YUCAO IAEKTMPOHOB OaHKOL0 NOOCA0L O00AXHO
6Btms AAKCUMAABHLAL.

310 mpaBuUsIO O3HAYaeT, YTO JIHEPreTHHYecKU
BHITOJHO, KOTAA B OPOGMUTANM HaXOAUTCA ORMH
anextpoH. WHBIMK cioBaMu, op6UTany HAaHHO-
FO MOACNOS 3aHOJHAIOTCS CHadajla 110 OJHOMY,
3aTeM [0 BTOPOMY 3JI€KTPOHY. OJIEKTPOHBL
¢ MPOTUBOMNOJIOKHBIMM CHOUHAMKM Ha OJHOH ¥
TOI xe OpSuTaiu 06pa3yioT ABYX3IJNEKTPOHHOE
06J1aK0 M UX CYMMAapHBI# COUH PaBeH HYJIO.

ONIeKTPOHHBI® KOH(MUIYPALUN aTOMOB 3Je-
MEHTOB B OCHOBHOM COCTOSIHUM IPUBEJEHBI B
Tabi. 3.

Ilopagnok  ¢GOpMUPOBAHUA  BINEKTPOHHBIX
060JI0YeK ATOMOB MOXNHO [POCAELUTH TaKxke
O HOMELIeHHbIM Ha (Oop3alax KHUTK BapHaH-
TaM  [epUOJUYECKOR  TaGIULBL  3JIEMEHTOB
JI.W. Menpeneena.

Iipu cocraBnenuun cxeMm pacnpeneiesus
3JIEKTPOHOB B aTOME OJIb3YIOTES CJISHAYIOMUMHU
0603HAYEHUSAMM: TODPHBOHTANBHAA UYepTa —
op6uTaNb, CTpEKa — 3IEKTPOH, HanpaBiIeHne
CTPEJIKH — OPUEHTALUs ero CIIUHA.

OyieMeRTH ManHx nepuopos. [lepsoiit nepu-
Oll COCTOUT U3 ABYX 3JIeMEHTOB. B HeB0o3Gysx-

[-Bls -~
‘J;l“‘

k= I

I I

P u c. 10. [ipumepras cxeMa
SHEPreTUYecKUX ypOBHEN
MHOTO3IEKTPOHHOTO aToMa

JEeHHOM aTOMe BOAOPOAA IEKTPOH HAXOJUTCA Ha NEPBOM 3HEPreTMYecKOM
YPOBHe, T.e. 3JeKTPOHHas ¢$opMysa HeBO3OGYKICHHOIO aToMa Bogopona lsl.
[lockonbry s-snexkTpoHHOe 06nako uMeeT GopMy uiapa, MOAENbL AaTOMa

BOZOPOJla MOXHO IPEJICTaBUTh CXEMOWM

B coorserctBun ¢ npunpmnoM [laynu B OQHON OpOMTanN¥ MOTYT Haxo-

AUTBCA JABa 3JIEKTPOHa ¢ IPOTUBOINOJIOKHBIMU

CIIMHaMMU. Cnenoaa'renbﬂo,

37IeKTPOHHAaA (POpMyJa cJeAYIOIIero mocje BOAOPOJa 3JIEeMEHTa — Telus
ZBa $-3JIEKTPOHA 06pa3yloT ABYXDJIEKTPOHHOE 06AaKo:

29



Ta6éauua 3. Dnexrponible KOHPUIYPAIHH ATOMOB WIEMEHTOB

flepu-{ Z | Onemenr | Dnexrponnas [lepu- | Z | Onement | DsekTpoHHast
of koHbHUrypaims | on KOHDUTypalus
1 1 H 1t 27 Co 3d74s2
2 He 152 28 Ni 342
29 Cu 34104t
3 Li [He]2st 30 Zn 3d10452
4 Be 2s2 4 31 Ga 3d104 524 p!
5 B 2s22p! 32 Ge 3404524 p?
2 6 C 2s22p? 33 As 3404524 p3
7 | N 2522 34 | Se 3194 241
8 0 2s22pt 35 Br 3d104 s24p5
9 F 252275 36 Kr 341045246
10 Ne 252298
37 | Rb [Kr]5s!
11 Na [Ne]3st 38 | Sr 552
12 Mg 3s? 39 Y 44552
13 Al 3s23pt 40 Zr 42552
3 14 Si 3s23p2 41 Nb 4d45!
15 | P 35233 42 | Mo 453!
16 S 3s23p? 43 Tc 4455
17 Ci 3s23p° 44 Ru 4d75s!
18 | Ar 35236 45 | Rh 453!
5 46 Pd 4410550
19 K [Arjast 47 | Ag 441054
20 Ca 4s? 48 | Cd 4410552
21 Sc 3d'4s? 49 In 44195 525 p!
4 22 Ti 3d%4s° 50 Sn 44105525 p2
23 A% 3d34s2 51 Sb 44105525 pb
24 Cr 34545 52 Te 44105525 p4
25 Mn 345452 53 1 44105525 pb
26 Fe 3d84s? 54 Xe 44105 52596
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fIpodoamenue maba. 3

llepu-| Z | Onement | SnekTpoHHas! [epu~| Z | Onemenr | JnekrpoHHas
on KoHburypalms | on KOHUTYPaLUsT
55 Cs [Xe]6s! 83| Bi 54106 26 p>
5 | Ba 62 6 | 84| Po 5d106 26 p
57 La 541652 85 At 5d106526 p°
58 | Ce 4652 8 | Rn 51965266
50 | Pr 4f6s :
60 Nd 41652 87 Fr [Rn]7st
61 Pm 465 88 Ra 782
62 Sm 4652 89 Ac 6752
63 Eu 411652 90 Th 642752
64 | Gd 4f5di6s 91 | Pa ST
65 | Tb 4f6s 21| U 5P6d1752
66 Dy 40652 93 Np 56 d7s2
67 Ho 41652 94 Pu 56752
6 |68 | Er 412652 95 | Am 5f1752
69 Tm 41362 96 Cm 5f6d!7s?
70 Yb 41462 97 Bk 5864752
71 Lu 44541652 7 98 Cf 50752
72 | Hf 54265 99 | Es SR
73 Ta 5d36s2 100 Fm 542752
74 w 5d46s? 101 Md 543752
75 Re 5d56s2 102 (No) 5A4752
76 Os 5d86 52 103 | (Lr) 641752
77 Ir 5d7652 104 Ku 6d27s2
78 Pt 5d% ! 105 Ns 62752
79 Au 5d106s! 106 - 6d4752
80 Hg 5d106s2 107 - 62752
81 | T 5196526 p! 108 | - 6752
82 Pb 5d106526 p2 109 - 647752
110 - 6dB7s?

Bropoit u Tperuit mepuonrl comepsxar no 8 anementos (cum. taba. 3). Y
3MEeMEHTOB 2-TO nepuoja 3anonusercsa cioit L (n = 2): cHauana 2s-op6u-
Tallb, 3aTeM NOCAE/0BATENILHO TPU 2p-OpOuTaAlN:

Py 2
25 4
Huxe npuseseHsl 3neKTpoOHHBIE POPMYMHI, a TaKke MOIEIN HEKOTOPHIX
aTOMOB JIEMEHTOB 2-TO NEPUOMa:
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Hauunas ¢ kucnaoposaa, 2p-op6uTanu 3amofHSIOTCA TO BTOPOMY 3JIEKT-
pony: :

§0 15%25%2p4

Ao

Y HeoHa BOCceMb BHELIHMX 3JI€KTPOHOB 06Da3yIOT BBLICOKOCUMMETPHUHYIO
CTPYKTYPY M3 4eTHIpEX NBYX3JIEKTPOHHBIX 0GJIaKOB:

1oNe 1s%2522p%
E
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B aToMe HeoHa JOCTUTaeTCs MAaKCHMAaJlbHO BO3MOMXHOE YMC/IO 3JEKTPO-
HOB BO BTOPOM KBaHTOBOM cjloe. Takum 0GpasoM, obllee 9MCJIO 3JIEMEHTOB
BO 2-M NEpHOJAE COOTBETCTBYET MAKCHMAJIbHO BO3MOMXHOMY UHCIY 3JEKTPO-
HOB BO BTOPOM CJIO€ aTOMa.

YV anemenTos 3-ro mepuoaa samonHserca cioi M (n = 3), cocroammi
u3 3s-, 3p- u 3d-opburaneir. Kak u Bo 2-M nepuone, y AByX NepBbIX 3Je-
menTos (Na u Mg) 3amosusioTea s-opbutanu, y mectd nociefuux (Al —
Ar) — pop6utanu, HanpuMmep:

Na [1!22122p‘]38l + o 3p 3d
3s

5P [1922022p%)3523p° H- + _j; + 3
3s

A 4
1sAF [1:223721;’]3:23;:“ 'H' Ip 3d
3s

V aromos Na, P u Ar B asyx nepsmx cioax (K u L) nosropsercs
CTPYKTYpa aTOMa HEOHA, [I03TOMY Ha MPUBEJEHHBIX CXeMaX IIOKa3aH Xapak-
Tep 3alOJHEHUs! TOJbLKO BHEIIHero cios M.

V nocnensero sieMmeHTa 3-ro mepuofa — aprona Ar (kak u y Ne) sa-
BeplliaeTcs 3allOJIHeHKHe s- U p-opburalieil, T.e. BHEIIHUIA CJIOW HPEACTaBIA~
eT co60ii COBOKYIHOCTh YeTHIPEX [BYX3JEKTPOHHBIX 06GJaKOB (OJHOrO B
cdopme tapa, Tpex Apyrux — B ¢opMe raHTenun). Pacnpesenenne paguais-
HOI 3JIGKTPOHHON IUIOTHOCTM B aTOMe aprOHa MOkasaHo Ha puc. 11. Ha
9TOM PHCYHKE 10 MaKCHMyMaM Daclpefe/eHUs 3JIEKTPOHHON! IVIOCKOCTU
MOMKHO pasanduth K- L- u M-cion aroma

aprosa. K
OJIeMEHTHI, B aTOMaX KOTODBIX 3alOJiHA- L
I0TCA S-OpOMTaNM, HA3BIBAIOTCH S-IAEMEN- o
maauy, a 3JEeMEeHTHl, B aTOMaX KOTOPBIX >
3aMOMHAOTCA  p-opbutanu, — p—ane/ueu—f;}
ma.au. A

OnementH 6ompmmx mnepuojos. l[lepu-
ombl 4-i1 u 5-i1 comepxkar mo 18 sieMenrtos
(em. Tabn. 3). Y atomoB 3seMeHTOB 4-TO
mepuosia HAYMHAET 3alOJHATBCA 4s-0p6u- r
Tamb cnost N (n = 4). Tlosnenne sneKTpo- Py c. 11. Pacipeenenye oek-
Ha B 4$-COCTOAHMM NpPH HAIMYMM CBOGOJA- TPOHHOM IVIOTHOCTM B aToMe ap-
HBIX Jd-opOuTaneit o6ycioBiuBaercs sxpa~ 0HE
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Huposanues (3acHOHEHMEM) SAPA NJIOTHHIM U CHUMMETPUUYHBIM 3JIEKTPOH-
HBIM cjioeM 3s23pS. B cBsABM ¢ OTTAJIKMBaHUMEM OT 3TOTO cjos anaA 19-ro
3JIEKTPOHA ATOMa KaausA u 20-TO BJEKTPOHA aTOMAa KaJdbLUA OKAa3biBaeTcs
9HEPTeTUYECKH BBLIFOJHBIM 4s—COCTOAHME:

10K 1522522p63 523 pb4 ¢!
20Ca 1522522p83523p64 52

Ilpn nanbHeitiieM Bo3pacTaHuM 3apAfa AApPa y CIEAYIOHNIEro NocJje
KaJlblIlUA 37€MEeHTAa — CKaHJAUA COCTOAHHE 3d CTAHOBMTCA JHEPreTUYecKy
6osiee BLIFOJIHBIM, 4eM 4p.

Mockonsky B d-cOCTOSHUN MOKET HAXONUTHCA HECATH INEKTPOHOB, Jd-
OpOUTANU 3aNONHAITCA U B aTOMAX CJEAYIOUIMX 3JIEMEHTOB 4-TO Mepuoia:

2Sc 1522522p63523p63 14 52
ggTi > 3d24s2

3()ZI] > 3 419452

DJIeMeHTH, B aTOMaxX KOTOPBIX 3alOJHAITCA d-OpOUTany, Ha3blBalOTCs
d-saemenmany. Y d-s5eMeHTOB 4-TO MEpMONa, CIENOBATENLHO, AOCTPaNBa-
erca cnoit M no 18 snektpouos.

Ilocne sanonHenust 3d-op6uTaneil y NOCNSAYIOMIMX LIECTU IIEMEHTOB
(Ga — Kr) sanonuswores p-opbutanu sHemuero caos. Takum obpasoM, 4-it
MepyoJ, HauMHAaeTcs1 [ABYMS S-3JIeMEHTAMH W 3aKAHUYWBAETCA LIECTHIO P-
371eMEHTaMH, HO B OTJAUYHUE OT 2-TO U 3-TO MEePUOJIOB MEXKAY S~ U p-IaeMeH-
TaMU PAcOJIATaloTCs AecsTh d-3JIeMEHTOB.

B 5-M meprope 3amosiHeHHe 3JIEKTPOHHBIX CJIOEB U IMOMACJOEB MPOUCXO—
AUT, KaKk U B 4-M Iepuone, a UMEHHO: Y JABYX NepBuX (s-ajeMeHTOB Rb M
Sr) u wecru nocneprux (p-snementoB In — Xe) 3amosHseTcA BHEUIHUH
ciofi. Mexay s- M p-5/ieMEHTaMM pacloJaraloTcsi AecATb d-3IeMEHTOB
(Y — Cd), y xoroprix 3anondsiioress d-op6UTanu npeiBHeliHero cjios (4d-
TIO/LCIION ).

Illecroit nepuon comepxut 32 snementa (cM. Taba. 3) U TOke HAYMHA-
ercst aByMst s-aiementamu (Cs u Ba). Hdanee, y saHTaHa HauuHaeT 3amnosi-
HATbeA d-OpGUTaNb mpeABHelIHero c10s (5d-oxcnon):

s7La 1522522p63523p63 d104 524 pB4 d105 525 p65 d16 5
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V caenyronmux 3a gantadoM 14 smementoB (Ce — Lu) sHepreTuueckn
6onee BHITOAHO 4fcOCTOAHME MO cpaBHEHHIO ¢ Hd-coctosnuem (cM. pHcC.
10). ToaToMy y 5THX O3JIGMEHTOB IPOMCXOAMT 3anosHeHne 4fopburaneit
(Tperuit cHApYXKU CJIOM):

58Ce 152252263523 p63 d104 524 p64 d104 f25 525 p66 52
17LU > > > 4ﬂ45d!682

V nocaeayromux saeMeaTor 1.Hf — goHg npogomkator 3amonusarbes 5d-
op6uranu. Kak u naATeiil, mwectoil neprnos 3aBeplliaeTcsl MIECThIO p-371eMEH-
Tamu (g Tl — ggRn). Takum ob6pasoM, B 6-M mepuose, KpoMe ABYX S-dje-
MEHTOB, JECATH d-3JIeMeHTOB M LIECTH p-3JIEMEHTOB, PAaclONaralTcs ele
YEeThIPHAALATL f-3/IEMEHTOB.

B censmom nepuope umetorcs asa s-vaemenra (Fr, Ra), 3a aumn cneny-
10T d-a7eMedT Ac M yersipHaguarh fonementos (Th — Lr), nanee chosa d-
anementst (Ku, Ns, anements 106—110). B npoTHBONONOKHOCTD NpeRblay—-
UM 7-I IepuoJ, He 3aBepllieH. .

M 3n0xenHOe NOKA3BIBAET, YTO IO Mepe pocTa 3apsAja sApa NPOUCXOJUT
3aKOHOMEpHAaA [ePUOANYEcKast MOBTOPAEMOCTb CXOAHBIX 3JeKTPOHHBIX
CTPYKTYP OJIEMEHTOB, a CJEAOBATENLHO, U IOBTOPSEMOCTL KX CBONCTB,
3aBUCALIMX OT CTPOEHUS 3JIEKTPOHHON OBOJIOYKY aTOMOB.

Oto orpaskaer caepyiouias GOPMYJIUPOBKE ME€PHU O U UIECKOT O
3aKO0Ha: ceolicmea NPpoOCMBT GewWecms, & MaxKKe ceoticmaea u ¢0]Jllt'bl
COCOUNEHUT IACAUENNOB HATOOAMCS 6 NEPUOOUUECKOT 3AGUCUMOCTIU OM
3apsda 40pa AMOM0B8 IAEAEHMOB.

§ 2. CTPYKTYPA NIEPUOJIMYECKON TABJUILBI

XUMHUYECKUX 3JEMEHTOB

CylinecTByer MHOrO BapMaHTOB HM306PaMeHUA NEPUOJUYECKON CUCTEMBI
snementoB JI.U. Menpneneesa (6omee 400). HauGosee pacnpocTpaHeHbl
KJETOUYHbIE BAPUAHTHI, 2 U3 HUX — BOCbMU-, BOCEMHAJNATH- U TPUAIATH-
JIBYXKJIETOUHbIE, COOTBETCTBYIOIINE eMKocTH ciioeB u3 8, 18 u 32 snextpo-
HOB.

OpuH 13 BApUAHTOB BOCLMHUKJIETOUHOH Tabuanibl (TaK Ha3bIBAEMBI
KODOTKHII BapWaHT) [OMelieH Ha nepsoM ¢op3ane KHULH, a TPUALaTi-
JBYXKJIETOUHas Tabauna (AJUHHBIA BapUaHT) — Ha BTOpoM dop3ale KHM-
ri. BoceMHaAnaTUKIETOURBIN BapUaHT NpUBEACH B Tabi. 4.

XuMHYECKHE 3JIEMEHTEI [0 CTPYKTYPEe HEBO3OY:KAECHHEIX ATOMOB IOJpas-
JIeNAITCA Ha eCTEeCTBEHHLIC COBOKYNHOCTU, YTO OTPAXEHO B IIEPUOINYECc—
KO cHCTeMe B BUE FOPU3CHTAIBHBIX U BEPTHKAIBLHBIX PANLOB — MEPHO/IOB
Y TPyIII.
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Tab6nuuya 4. llepmogudeckas rabimua anemenros JI.U. Menaeneera
(nosy UIMHHLI BapuaHT)

H
gg TA {IIA jHIB|IVB]| VB VIB |VIIB] VHIB 18 | 1B |THAIVA] VA |VIA|VIIA|VIIA]
1 2
! H |He
2 3 4 5 6 7 8 %110
Li |Be B{C|[NJO| F |Ne
3 nii Bl 6117 )18
Na|Mg AllSi [P | S |Cl]Ar
4 912021 222324252627 128 ¢29[30 f30[32]33]34]35]36
K (Ca|Sc|Ti|V |Cr[Mn|Fe |Co|Ni|Cu|[Zn]Ga|Ge|As]|Se|Br|Kr
5 37 (38 039 {40 |41 | 42§43 |44 | 45146 |47 |48 J 49|50 |51 |52]53 |54
Rb{Sr]Y [Zr [Nb{Mo|Tc |[Ru[{Rh|Pd{Ag{Cd}In |Sn{Sb|Te| I |Xe
6 SS{Ss6)s7T 2 7347576 77]78]791]80 8 |8 | 83 |84 |85 |86
Cs|BafLa?|Hf[Ta| W |Re|Os| ir [Pt [Au{Hg ] TI[Pb|Bi|Po|At|Rn
7 87 | 88 189 : 104 | 105 | 106 | 107 | 108 {109 | 110 | 111
Fr |Ra Agi]| Ku | Ns
s d p

58 |59]60 )61 | 62]63]|64]65]66 (|67 |68]69 |70]T0
Ce|Pr|Nd|Pm|{Sm|Eu{Gd(Th |Dy|Ho|Er [Tm|Yb|Lu

90 | 91 | 92 193 194 19596 |97 |9 | 99 |100] 101 |102 | 103
Th|Pa| U |Np|Pu{Am|Cm{Bk | Cf|Es |FmMd|(No)|(Lr)

-

Heprogt u cemeiicTBa 3nemenToB. Kak MBI BUE/IM, NEPUOJ| NpeCTaB-
JiAeT co60li Moc/aeoBaTeNIbHBIN Psifl BJIGMEHTOB, B aTOMAaX KOTOPbIX IIpOMc-—
XOJAUT 3alO/HeHWe OJUHAKOBOTO HHcJa 3MeKTpOHHBIX cioeB. [Ipn stom
HOMEp IIepUOJa COBMAJaeT O 3HAYEHUEM TJIABHOTO KBaHTOBOIO Huciia
BHEIIIHEr0 3HEPreTHYecKOro YpOBHA. Pasjuuve B NOCAEA0BATENIBHOCTH
3aII0JIHCHUA 3JIEKTPOHHBIX ¢J106B (BHOIIHHMX W Gojiee GIUBKUX K AAPY)
O6BACHACT NPUYNHY PasiUYHON AJMHBI IIEPUOIO0B.

VY aTOMOB s M p-371€MEHTOB 3alOJIHsIeTcs BHEIIHUM cJoil, y d-djiemen-
TOB — NpeJBHEHNN, y faneMeHTOB — Tpetuil cHapysku. [lostoMy oTanuus
B CBOMCTBaX Hau60Jlee OTUETVIMBO HPOABIAIOTCA Y cOCeAHUX s (p)-ay1eMeH-
TOB. ¥ d- 1 B OCOGEHHOCTH y f-37E€MEHTOB OJHOrO U TOIO Ke HNepUuoa
OTJIUYUS B CBOMCTBAX NPOABIAIOTCH MEHEE OTYETJIMBO.
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d- u FOneMeHTH MAHHOPO TEpUONa OOBLEAMHSIOTCS B cemeticmaa. B
4—6-M mepuosax B cemeficTBa no 10 21eMeHTOB OOBEAUHAIOTCS d-3J1€MeH-
THl. D10 cemelictBa 3d~(Sc — Zn), 4d- (Y — Cd) u 5d- (La, Hf — Hg) ane-
MeHTOB. B 6-M u 7-M nepuogax B ceMericTa 10 14 371eMeHTOB 06BbEIUHAIOT-
¢ fomements. JTo cemeiictBa 4fonementoB (Ce — Lu), Ha3piBaeMbIX
aaumanoudanu, u 5fsnemento (Th — Lr), HaswBaeMbIX axmunoudani.

B BOCBMUKJIETOUYHBIX ¥ BOCEMHaJUATHKIETOYHBIX BapHaHTaX MepPUOIU-
YecKOH CUCTEMBbI ceMeficTBa JIAHTAHOWAOB U aKTHMHOMIO0B OOBIYHO BBIHOCAT
3a npegensbl Tabauipl (cM., Hanpumep, Taba. 4).

Ipynos u moarpynnm. JJIeMeHTHl MEePUOJHYECKON cUCTeMbl NOAPa3ae-
JAKTCA HA BOCeMb T pynn [lonokeHne B rpynnax s- U p-dJieMeH-
TOB OnpejensieTcss OOUIMM YMCIOM 3JeKTPOHOB BHeliHero cios. Hampumep,
dochop (3s23p?), UMeOIUI Ha BHEUTHEM cJIO€ NATH 3JEKTPOHOB, OTHOCHT-
¢s1 k V rpynme, aprou (3s23p8) — k VIII, xanbumii (4s?) — ko I rpynnoe u
T.I.

[Tonoxkenue B rpynnax d-siteMeHTOB 06yCIOBINBAETCS OOMUM YHC/IOM S-
37JEKTPOHOB BHEIUHero W d-3JIeKTpoHOB npenBsemnero cioes. [lo sTomy
OpU3HAKY [epBbie [IeCTh 3JIeMEHTOB KaKJOr0 CeMeicTBa d-371eMEeHTOB
pacnosaraiTcs B OJHON W3 COOTBETCTBYIOIMX Cpynn: ckauauil (3d'4s?) B
11, mapramen (4d4%4s?) B VI, xeneso (3d%4s?) B VII u T.n. Huuk,
(3d19452), y KOTOPOTO NpeJBHEUIHNI cJION 3ABEPIIEH U BHEITHUMY ABJIAIOT-
¢ 4s%-anexrponsl, oraocutes ko I rpynne.

[lo HaIMYUIO Ha BHELWIHEM cJIOe JIUIIbL OJIHOrO 3JIeKTpOHa Meib (3d104s!),
a Taxxke cepebpo (4d195s!) u zonoro (5d196s!) ornocar k I rpynne. Ko6anbt
(3d'4s?) n uukenv (3d84s?), ponmit (4d485s!) n nanmapuit (4d'°), upnani
(5d74s2) u nnatuny (5d%6s!) BMecre ¢ Fe, Ru u Os 06bIYHO MOMEWAOT B
VIII rpynmy.

B cooTBeTcTBUM ¢ OCOGEHHOCTAMU 3/EKTPOHHBIX CTPYKTYD ceMeitcTBa 4 f
(manTaHonzbl) u 5f (akruHOMAR) aieMenTor noMematot B U1 rpynny.

OJIEMEHTHl TPy MNOAPa3feNAlOTcss Ha MO AT Py I I Bl & W p-Oje-
MEHTEl COCTABJIAIOT TAK HA3BIBAEMYIO 1.14BHYH HOATPYINY, WIN IMOACPYHIY
A; d-aneMeHTB! — no6ounyrw, unm noxarpynny B. Kpome toro, wacto B
0c06YI0 MOATPYNIY TaK HAa3bIBAGMBIX TUIUYECKUX 3JIEMEHTOB BBIAEHAAIOT
37IEMEHTHL MaJiblX nepuooB. B nmocnenneM ciyuae, cornacso b.B. Hekpaco-
BY, 3JIEMEHTBHl [PYNNbl HOAPA3[esIOTCs HA TPU MOATPYNILL TUNHYECKHE
3JIEMEHTHI W JBE€ NMOJATPYIIE!, COCTABJICHHBIC U3 3JIEMEHTOB GOJBUIUX Hepuo-
noe. Hanpumep, IV rpynna nepuoguueckoil cUcTeMbl COCTOUT U3 CIEAYIO-
[[MX MOArPYIIIL:

Tunudeckue saeMeHThL

C  1s22s22p2
Si 1s22522p83s23p2
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DJIEMEHTBI MOATPY NIkl FrépMaHnsA DJieMeHTBI noAarpynibl TUTaHaA

Ge ... 3s23p63d104524p? Ti ... 3s23p53d242
Sn ... 4524 pb4 4105525 p2 Zr ... 4s24p%4d25 2
Pb ... 5s25p%5 d106s26 p? Hf ... 5s25p°5d26 52

JlanTaHOMAB M aKTWMHOMABI MHOTAA OGLEAUHSAIOT BO BTOpbIe MOGOYHELIE
noArpynmnsl. B Kasaoil Y3 HUX 10 ABa 3J€MEHTa — OJAWH JIAaHTaHOUZA H
OAUH aKTUHOUI.

I'JI ABA 4 HEPUOJUYHOCTL CBONCTB XUMHNIECKHUX
SJIEMEHTOB

§ 1. DHEPT'Ms1 MOHU3AIIUN ATOMOB

Bece cmoiicTBa aNeMeHTOB, onpefenseMble JJIEKTPOHHON 0O0JIOUKON
aToOMa, 3aKOHOMEPHO U3MEHAIOTCA MO MepuolaM M rpynnaMm IepuoudecKoi
cucteMbl. HanmomMHMM, 9TO B psjAy 23JIeMEHTOB-aHaJOrOB 2JIEKTPOHHBIE
CTPYKTYPHl CXOJHBI, HO He ToxJecTBeHHb. [losToMy npu nepexoge or
OJHOIO DJ1IeMeHTa K JApYroMy B IpyNIax M HOArpynnax HabmaiogaeTca He
[pOCTOe MOBTODEHHE CBOMCTB, a UX 60OJee UJIU MeHee OTUYETVIMBO BbIpaskeH-
HOe 3aKOHOMEPHOE U3MEHEeHUeE.

Xumrueckast MpupoAa 3jeMeHTa 06YCJIOBJIUBAETCH CHOCOBHOCTBIO €ro
aToMa TepsATb U NproGperaTh 3MEKTPOHBI. JTa ¢HOCOOHOCTL MOMET OBITh
KOJIMYECTBEHHO OLCHEHA JHepluell UOHUBAYUU ATOMA W €r0 cpodcmeoa ¥
SAEKMPOHY.

Onepruet uwonuwsayuu amowma Ey, wmasweaemes xoauvecmeo Inepiuu,
HeobTooUMOE At OMPULBL FACKMPOHE 0T HEBOIOYKIEHNOLO amona.

DHeprus MOHUBALUM aTOMa BHIPAKAETCS B KWIOMKOYIAAX Ha MOJb
(k[ /Monb); HONyCKAeTCA BHECHUCTEMHAd €ZMHUINA IJIEKTPOH-BOJBT Ha
moaib (3B/moas).

Jl1s7 MHOTO37IEKTPOHHBIX 4TOMOB Heprud uoHuszanuu Fy, B, Ei, .., E,
COOTBETCTBYIOT OTPBIBY MEPBOTC, BTOPOro W T.A. 3/JeKTpoHOoB. Ilpu sToM
Beerga By < E, < FEj, Tak Kak yBeNUYEHUE UUCJIA OTOPBAHHBIX 3JIEKTPOHOB
NPHBOAUT K BO3PACTAHUIO NOJOKUTEIBLHOTO 3apsaja 00pa3ylolerocs 1oHa.

OHepruv MOHUIANUU ATOMOB HEKOTOPBIX 3JIEMEHTOB [pPUBEIEHBl B
Tabn. 5.

W3 rabnauusl creayer, 9To sHeprus MOHM3ALMM aTOMa 34aBUCUT OT ero
37€KTPOHHOHN KOHQUrypauuu. B wacTHOCTH, 3aBepuieHHBIC 3J1IEKTPOHHbBIE
c10M 06HAPYKUBAIOT NOBBIUIEHHYIO YCTOH4uBOCTE. HauMeHbmIuMu 3Hade-
HUAMH 3HEpruM noHusauuu Ey obnagarmr s-aaeMeHTH nepeoii rpynnst (Li,
Na, K). 3uauenue ke sHepruit vonnsanuu E, y HUX pe3KO BO3pacTaer, 4TO
OTBeYaeT yAAJEHUIO 3JEKTPOHA U3 3aBepuieHHOro cios (nstnpd u 2s? y Li).
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Ta6nuiua 5 Oneprus vonmsauun B, (MIx/Monn) aTomoB u
OJIHOATOMHBIX KATHOHOB HEKOTODLIX QJIEMEHTOB

Z Onement| Ey E, Ey Ey Ey kg

1 H 1,31

2 He 2,37 5,25

3 Li 0,52 7,208 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 2,35 4,62 6,22 37,83 47,28
7 N 1,40 2,86 4,58 7,47 9,44 53,27
8 0] 1,31 3,39 5,30 747 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 16,00 19,78
15 P 1,01 1,90 2,91 4,96 6,27 21,27
16 S 0,9996 2,51 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 -

Ananorndno gas s-snementos Il rpynnut (Be, Mg, Ca) ynaneHuio siaekt-
poHa U3 3aBepIIEHHOTO cjos (ns?np® u 252 y Be) orBevaer peskoe nmosbine-

HUe DHEePIUM HOHU3auuu Ej.
Kpupas 3aBucuMOCTH 3HepruM OTPLIBA MEPBOrO JEKTPOHA OT ATOMHOTO
HOMepa ojleMeHTa (puc. 12) uMeeT SIBHO BbiPaKEHHBIH NEPHOAMYECKMIT
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P # c. 12. 3aBicUMOCTb SHEPIUM MOHUBAIMM ATOMOB OT ATOMHOIO
HOMepa dlleMeHTa

xapakrep. HaumeHbineit osHepruefi uHOHU3aUUM O6TALAIOT S-3JIEMEHTHI
I rpynnel, HamGonbweinr — s u p-anementsl VIII rpynnel. Bospacranue
JHEPTUM MOHU3ANUUU NPU Tepexojle OT $-3IEMeHTOB | rpynmsl K p-aneMeH-
raM VIII rpynnul o6ycnoansaerca Bo3pacraHueM 3apAna Apa.

Kak BUIHO Ha puc. 12, npu mepexofe oT s<JIeMeHTOB | TPYNIBI K p-ojleMeHTaM
VIII rpynmet oHEPrusi MOHU3ALUMK M3MEHSIETCS] HEMOHOTOHHO, ¢ MPOSIBIICHUEM GHYM-
penned nepuodunnocmu. CpaBHUTENbHO GOJIBIIMM 3HAYEHUEM SHEPTUW WOHUZALUU
o6napator anements 11 rpymmut (Be, Mg, Ca) u V rpymmet (N, P, As). B 1o xe
BpeMsi CDaBHUTEVIBHO MeHbillee 3HaYEHUe SHEPrHM HMOHU3aLUMM UMewT aieMenth! [11
(B, Al, Ga) u VI (O, S, Se) rpynn. [lpuunHa NposiBieHNs! BHYTPEHHEN NePUOANY~
HOCTH ©6ypmer obcy#IeHa IIPU DACCMOTPEHUM KOHKDETHBIX CBOUCTB XUMUYECKUX
a7leMeHToB (cM. 4. 2).

§ 2. CPOACTBO ATOMA K 3JIEKTPOHRY.
QJIEKTPOOTPUUATENBHOCTD ATOMA

Cpopacrso. Cpodemeon amoaa x saexmpony E, naswsieaemcs snepremu-
weckuld afiexm npucoedunenus saexmpona k HeumpaavHouy amoay I ¢
NPEBPAWERUEN €10 8 OMPUYATNEALHBIL UOH 7. _

CponcTBO aTOMa K 3JeKTPOHY BhHIpaxaioT B kJlak/monb; nomyckaercs
BHecucTeMHaA eanunua 3B/Mons. CPOACTBO K 3/7IEKTPOHY YHCJIEHHO PaBHO,
HO MPOTUBONOJIOKHO IO 3HAKY 3JHEPIUM MOHUBAUMU OTPUILATENBHO 3aps-
JKEHHOro UOHa J°.
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IoHATHO, 4TO CPOLCTBO K 3JIGKTPOHY 3aBUCHUT OT BJIEKTPOHHON KOHDU-
rypaiyyu aTtoma.

Hau6ospinM cpOACTBOM K 3JIGKTPOHY 06aafaloT p-atements VII rpyn-
nel (Taba. 6). CpoacTBa K 3JeKTPOHY He NPOABIAIOT aTOMBI ¢ KOHUrypa-
uueit s° (Be, Mg, Ca) u s2p8 (Ne, Ar, Kr) uiau HanoJsoBMHY 3aloJIHEHHbIE
pnoacnoeM (N, P, As):

Li Be B C N O F Ne
s 2 2pl @2pr g2pd sl 2P 2pb

E,, xdx/mMoms ... 59,8 0 =27 -122,3 7 -141,0 -327,9. 0

OTO SIBASETCA AONOIHUTENBHLIM [JOKA3aTeNbCTBOM MOBLIILIGHHON YCTOMYM~
BOCTH YKa3aHHBIX JIEKTPOHHBIX KOH(pUTYpauuit.

Ta6auua 6. CpoAcrso aToOMOB ¥ OJHOATOMHLIX aHMOHOB * K oulekTpoHy Fe

A ATOM, aHUOH E,, x[x/mMonb VA Atom, anvod | E,, kJlx/Mosb
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 0O -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 -1
12 Mg 0 29 Cu -118,3
13 Al ~44 30 Zn 0
14 Si -133,6 31 Ga -29
15 P ~71,7

* .

OtpuuarenbHoe sHaveHne K, 03Ha4YaeT DK30TEPMUYECKUIl NpOLece - BbiAEJIEHHe
3HEPTUM NPY NPUCOEIMHEHNH OJIEKTPOHA; MOJNOKUTENbHOE 3HaveHMe E, o3HayaeT oH-
NoTepMUyYeckuit npoliece (NOMJIOLEHIE SHEPruMm ).
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BelaeneHneM 3HEpTMu CONpPOBOXAACTCA IPUHCOSIUHEHNe ONHOTO 3J1eKT-
POHa K aTOMAaM KUCIOPOIA, CEph, YIIepOAa U HEeKOTOpeM ApyruM. Creno-
BATEJbHO, IJIA 3THX 3JIEMEHTOB CHJbI HPUTSAMEHUS K sApYy AOMOJHUTENb-
HOTO 3JIeKTPOHA OKAa3blBAIOTCA GOJBUINMU, YeM CHUJIbI OTTAJTKUBAHUA MEKIY
JOAOJHATENLHBIM 5J€KTPOHOM U 3JIEKTPOHHON OBOTOUKON aToMa.

ITpucoeanHenne nocaeAyIOIMIUX JIEKTPOHOB, T.€. IBYX, TPeX 3JIeKTPOHOB
u 60Jiee K aTOMy, COLJIACHO KBAHTOBO-MEXaHWYECKUM pacyeTaM, Mpouecc
sHgoTepmuueckuit. [loaTomy omHOaTOMHBIE (NIPOCTBIE) MHOrO3apsajiHble
aunonnl (0%, S27, N37) B ¢BOGOAHOM COCTOAHUU HE CYHIECTBYIOT.

DIEKTPOOTPHIATILHOCTh. [lonATHe 37eKTpooTpunatenbHoctd  (D0)
ABAsieTes yeaoBabIM. OHO MO3BOJISiET OUEHUTH CHOCOGHOCTL ATOMa JAHHOIO
37IeMEeHTa OTTATUBATL Ha cebs BJIEKTPOHHYIO [VIOTHOCTH IO CPaBHEHUIO ¢
ATOMAMU JPYCMX 5JIeMEHTOB B coepuvsennn. OueBMAHO, MTO Ta crHocob-
HOCTb 3aBUCHUT OT 3HEprud MOHM3AIMY ATOMAa U €ro CpoACTBA K IJEKTPOHY.
Cornacdo ognoMy u3 ompeseneHnii (MaiInKeH) 3JeKTPOOTPHUATETLHOCTD
aTOMa Y MOKeT GbITh BhIpaikeHa KaK 110JlycyMMa ero PHEPrM MOHU3ALMU U
cpoacTBa K aekTpony: x = !/2(Ey + E¢). UMeercs okono 20 mkan anexT-
POOTPUUATEILHOCTH, B OCHOBY pacdera 3HaYeHUHl KOTOPHIX I00KEHB
pasHble CBOWCTBA BEILIECTB. 3HAYEHUs 3JCKTPOOTPUNATENBHOCTEH PasHbIX
WIKAJ OTAMYAOTC, HO OTHOCHTENBHOE DACIONOMEHUe DIeMEeHTOB B pAJlY
ANEKTPOOTPUHATEINBHOCTEN IPUMEPHO OJUHAKOBO.

B mkase snextpoorpunarensnocteit, no Homaunry (puc. 13), anexrpoor-
pulaTenbHocTh dTopa TnpuHATa pasnoit 4,0. Kak Buano Ha puc. 13, B
nepuofax Habawgaercs obllas TEHAECHINA POCTa 3NEKTPOOTPULIATebHOCTH
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P u c. 13. Ulkana snextpoorpuuatenshocret no [lommury
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2JIeMEHTOB, a B MNOArpynnax — ee nageHusi. HauMeHbBmUMM 3HAUYCHUAMHU
3/1eKTPOOTPULATEILHOCTU XAPAKTEpU3YIOTCA $-31eMeHTbl | rpynnsl, a Hau-
GONBIMNME — p~3iiemerTsl VII rpynmer.

Crporo ropops, 3JIEMEHTY HeJb3s NPUIUCATH MOCTOAHHYKO 3JIEKTPOOT-
puniatenbHocTh. Ofa 3aBUCHT OT MHOIMX (PAKTOPOB, B YacTHOCTH OT Ba-
JICHTHOTO COCTOSIHUA 3JeMeHTa, TUIa COeIMHEHUA, B KOTOPOE OH BXOIUT, U
np. Tem He MeHee 3TO MOHSITHE MOJNE3HO IJIA KAa4eCTBEHHOro OOBACHEHWUS
CBOWCTB XUMUUYECKOU CBA3U U COeIUHEHUH.

§ 3. ATOMHBIE U MOHHBLIE PAJINYCbI

BenencrBue BOTHOBOTO xapakTepa IBHIKEHUSA JJEKTPOHA aTOM HE UMeer
CTpOro omnpepeseHHblx rpanui. [lo3ToMy uamepuTb abCcOMIOTHBIE pa3Mephl
aTOMOB HEBO3MOMXHO. 3a paAuyc cBOOOIHOFO ATOMa MOKHO HPUHATHL Teope-
THYECKU PACCYUTAHHOE MOJIOKEHUE IVIAaBHOTO MaKCUMyMa IJIOTHOCTU BHeIl-
HUX JIEKTPOHHBIX 007ak0B (puic. 14). DTO Tak Ha3LIBAEGMBIA 0pGUMARBHL
paduyc. Kax Buano ma puc. 14, B paay snementos pagnoro nepuopa (Li —
Ne) opfurtanbHbie paaMychl aTOMOB ¢ POCTOM 3apsA/a sapa B LEJOM yMeHb-
watoreA. [losToMy M3MeHeHHMe aTOMHBIX U HWOHHBIX PajuycOB B IepUOAU-
9eCKOW CMCTeMe HOCUT mepuoaudeckuil xapakrtep (puc. 15). B mepmomax
aTOMHBIe M WOHHBIE PpaAMychi IO _

Mepe YBOJWYEHMs 3apsafa saapa B - H
obmeM yMeHbuiaoTes. Haubomb- -
1ee yMeHbIIEHHe paluycoB Hab-
JIOIAETCS Yy 2JIEMEHTOB  MAJIbIX 0,17',53

MEepPUOMIOB, TaAK KaK y HUX Npouc— i Li
XOJUT  3alOJIHEHHWE  BHEIIHEro L se2

37EKTPOHHOrO caosA. B Bonbmux
NEPUONAX B Npelenax ceMeicTB d-
u FanementoB Habnwonaercs
6071€e NJIABHOE YMEHbIIIEHUE paju—
YCOB. DTO YMEHbIlEHUE Ha3bIBAIOT 2s* 20
COOTBETCTBEHHO d- U fcwaTuem. B
HNOATPYNIAX DJAEMEHTOB PpPaJuyChl
4TOMOB M OJHOTHIHBLIX WOHOB B

O6LIeM YBEJTUIUBAIOTCS. zs? 26

[IpakTuuecku OpUXOAUTCHA T~sf L 1
UMETb [1e10 ¢ paJinycaMi ATOMOB, 0 6032 01 0.2 r, HM
CBA3AHHBIX JpPYr ¢ JAPYroM TeM Py c. 14. CxeMpl pacnpefeiieHusi paiu-
WJIUM  UHBIM  THUIIOM XUMHWYECKON  KaJbHOM OJIEKTPOHHOM IIJIOTHOCTU B aToOMax

cesis. Takue pagdychl caegyer M opbutaneHble panuycel atoMo H, Li, Be
u Ne

15!

4rriy?
&
st

Ne

paccMarpuBaTb  KakK ~ HEKOTOpble
43



BLHOWSL'G ©dONOH OIOHWOIR 10 SONOLR 900AMIed XIHILelNgdo TIDONMOHUIRE G O U J

Z 00t 06 08 (/4 09 /i3 0% g8 g2 b2 s 0§ p

IR A A AN LA AR R AR R A A L A N A LN AR A N A R L A N A R
I ] | | ! ] | I I ! ] I ! I [ 1 I IR 1

'

gl'o

£ry

oz'e

29
WH'd




" afppexmuensie (T.e. mpoABNAOMME ce6A B JEHCTBUM)  BEJMYMHBI.
DpderTuBHBIE pajnychl ONPEAENSIOT NPU U3YYSHHM CTPOSHUA MOJICKYN U
KPHCTAJIOB.

§ 4. BTOPUYHASA NEPUOAUYHOCTD

M3aMeHeHMe CBOWCTB — JHEPTMH HMOHU3AIUM U CPOACTBA K 3JEKTPOHY,
ATOMHBIX PaJMycOB U T.I. — B NOATPYINAX 371eMEHTOB OObIYHO UMEET HeMO-
HOTOHHBIHM xapakTep (cM. puc. 12, 13, 15). Ha KpHBBIX M3MEHEEUS CYMMBI
NepBBIX YEThIpEX IHEPLUNl MOHM3AUMM M OPOUTAJIBHBIX aTOMHBIX PajUyCcOB
8 psagy C — Si — Ge — Sn — Pb umeiorcsi BHyTpeHHUE MaKCUMYMBI U
muruMyMbl (puc. 16). Kak ciemcTBue 3TOr0, HEMOHOTOHHBIN XapakTep
OPOSBJAETCA U B M3MEHEHHM [pYIMX cBOMcTB coeamHenuit. Hemonoron-
HOCTb K3MEHEHMWs CBOMCTB DJIEMEHTOB B I[OATPYINE NOJYYMJIa Ha3BaHUe
BMOPUYHOT NEPUOOUYHOCTRU.

HeMOHOTOHHBI XapaKkTep NpOsABJIAETCA, HApUMEp, B 3HaYeHHUAX dHep-
TUU JHCCOUMALMU MOJIEKYJ [aJIOTeHOB B 3aBUCMMOCTH OT aTOMHOIO HOMepa
rajoresa:

oF 1701 asBr 53l
Fy Cly Bry I,
Enue, KIDK/MOTB v 159 243 190 149
(B+5+5+8), 38
150 oC
130+
10} \si Ge
Sn Pb
90 +
70 7 HM
Fosi GQ/S:‘ P 18% Py 16. 3aBucMMOCTL CyMMbr
| /x—" {gm TepBBIX yeThipex sHepruit Monu~
4 lpgs  33UMM M opbuTABHBIX pamiy-
3 g COB  aTOMOB p-ojeMeHToB [V

1 s s L
w0 3 s 70 9 7 Cpynnbl OT aTOMHOI'O HOMépa



Pasnen Il

Xumunueckasn CBA3b

XuMudeckast HaTypa CJIOXHOM YacCTHLBI ONpelenserca
HATYPO/ SVIeMEHTapHBIX COCTAaBHBIX YacTel, KOJMYecT—

BOM X U XMMHUYECKUM CTDOCHUEM.

AM. Bymaepos

BayeHTHBIIT MITPUX — CHMBOIMUECKOE, abCcTparupoBaH-
Hoe M306paXeHne KBAaHTOBO-MEXaHUYeCKUX B3aUMO-
AeicTBUI QJIeKTpOHA M aTOMHBIX sifiep.

B.M. Boavxunwmein

Y4eHNe O XUMHYECKOM CBA3M — LEHTpajbHas npobiema xumuu. He
3Hasi TIIPUPOAY B3aUMOJEHCTBUS aTOMOB B BelllecTBE, HEJIb3s NOHATb NpPU-
YMHBI MHOTOO6pa3sus XMMUYECKUX COSAVHEHUM, NpecTaBUTh MEXaHU3M UX
06pa30BaHMsA, COCTaB, CTPOGHME M PEAKIMOHHYIO crocobHocTh. Co3panue
Halle)KHO! MOJeM, OTpajKalolleil CTPOSHWE aTOMOB, MOJEKYJ M HOPUPONRY
CUJ MEXY HKMMM, IIO3BOJIUT ONpefeNUTh CBOHCTBA BellecTB, He npuberas k

IKCIIePUMEHTY.

CoBOKYNHOCTh XUMHYECKH CBA3AHHBIX aTOMOB (HANpPUMep, MOJIEKYJIa,
KPHCTAJL1) MPeICTaBisieT co60H CJIOKHYIO CHCTEMY ATOMHBIX SIZIep U 3JIeKT-
poHOB. XHUMMYECKasi CBSA3b OCYLIECTBISETCA 3a CYET EKTPOCTATHYECKOrO
B3aMMOMEHCTBUSA 3JEKTPOHOB U SAJEP aTOMOB.

P u c. 17. Pacnpenenenue »eKTpOHHO
[JIOTHOCTH B MOJIEKYJ1€ BOOLI

46

CoBpeMeHHBIC METOMbl UCCIICAOBA-
HUSL MO3BOMSAIOT SKCIEPUMEHTAIBHO
ONpeneyuTh MPOCTPAHCTBEHHOE
PAacIoJIOXKEeHNEe B BEHIECTBE aTOMHBIX
sapep. JlaHHOMY OPOCTPaHCTBEHHOMY
pa3sMellleHHIO aTOMHBIX Siiep OTBe-
YaeT ONpELeNeHHOe DPAaCHPEeAeICHNe
3JIEKTPOHHOM  IJIOTHOCTU. Brisic-
HUTh, KaK PAacOpefesIaerca IJIeKT-
POHHaA NIJIOTHOCTh, IO CYTHU JI&J1a, U
O3HA4aeT ONUcaTh  XUMHUYECKYIO
cBA3L B BemlecTe. J(nA 3TOTO HEOO-
XOIMMO TOYHOE pelieHUe YpaBHe-
Hus lpegunrepa, uto ocymecTsie-



HO TOJIBKO 1JiA UOHa H;, cOCTOAIIEI0 U3 ABYX HPOTOHOB U OOHOTO JJIEKT-

pona. Jns cucreM ¢ aBymsi ¥ GOJNBIIMM YHMC/IOM 3E€KTPOHOB IPUXOMMTCS
NPUMEHSTH TPUEIMKEHHEBIE METOIBI.

Pesynbrar npuGIMKEHHOIO pacyera pacHpeeNieHMsl  3JIeKTPOHBHOM
IVIOTHOCTH B MOJIEKyJle BOABl NOKasaH Ha puc. 17. KorrtypHble aunuM
COGIMHAIOT MECTa OLMHAKOBOI BJIEKTPOHHON MJIOTHOCTH.

B 3aBMcMMOCTH OT XapakTepa DaCHpEIEeHHUs INEeKTPOHHOM IJIOTHOCTH
B BEILECTBE PAa3iM4YaloT TDU OCHOBHBIX THIIa XMMHWYECKOH CBA3M: K0@aieHwm-
Ny, UONNYI0 U aemasduxeckyro. B "umcToM" BUAE mepeuHcieHHBIE THUIBI
CBSA3M MPOSBIAIOTCA PEAKO. B GONbIIMHCTBE COEAMHEHUIl HMEeT MecTo
HAJIOKEHHME Pa3HBIX THUIIOB CBA3M.

I'JT1ABA 1 OCHOBOHOJIATAIONIME NPEACTABJIEHHA
XUMHYECKOH CBA3U

§ 1. HEKOTOPLIE TAPAMETPbLI MOJIEKY/JIbI

Moaexyaoti Ha3spiBalOT MHKPOYAacTULY, OOpPa30OBaHHYIO M3 aTOMOB H
CIOCOGHYIO K CaMOCTOATEbHOMY CymiecTBOBaHHMIO. Mosekyna uMeer mo-
CTOAHHBI CcOCTaB, BXOAMAIIUX B Hee AaTOMHBIX SiAep U (PUKCHPOBaHHOE
YHMCIIO JJIEKTPOHOB.

NudopManyuio o0 cTpoeHHM BelIecTBA MOXKHO IONYYUTh, WCCIEAYS ero
Pusnyeckne U XuMUUeckue cpoiictBa. B wacTHOCTH, ¢ moMoulpio dusmMyec—
KNX MeTOHOB HCC/ICAOBAHUSA ONpPENEsiiOT OCHOBHBIE MapaMeTphl MOJNEKYN —
MeXbAACPHBIE PACCTOAHUS, BAJIEHTHBIE YT/l U FEOMETPUIO MOJIEKYJI.

DKCIEPUMEHTANBHO YCTAHOBIEHO, 4TO B Mojekyte poasl H,O paccrosi-
HUe MeXIy ANpaMy BOJAOpOAa M Kucjaopoaa coctasisier (0,096 uM. Mexb-
ANEPHOEe PACCTOSTHUE MEX/y XMMHUYECKH CBSI3aHHBIMM ATOMAMU Ha3bIBAIOT
OAUHOT CBI3U.

Yrosa MexAy BOOOGpaaeMBIMM JIMHWUAMHU, NPOXOAALAMU Yepe3 Aapa
XMMH4ECKHM CBA3AHHBIX ATOMOB, HA3BIBAIOT GaAERMHbiAL. B MONeKyse BOAH
oH coctaBaser 104,5°.

Taxum o6pasom, MOJEKy/Na BOAB MMeeT yriaosyio dopMy (cMm. puc. 17).
JnA HarJAZHOCTH MOMHO OPUHATH, 4TO B HEN [Be XUMHMYECKHE CBA3U
O—H (mnunoi dOH = 0,096 uM = 96 M), pacmoJOkeHHblE MOZ YIJIOM

< HOH = 104,5°. CrpoeHue MOJEKYJIbl BOJABI MOXHO BBHIPA3UTH CTPYKTYP-
HOW dOopMyJIOii:

s 0
oI
104,5°
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BaxxHeiimiell XxapaKTepMcTUKOA XUMWUYECKOR CBA3W SBAsETCA JHEPrus,
onpefeNsomias ee Npo4HocTb. Mepoit IPOYBOCTU CBA3M MOXKET CAYKHTb
KOJIMYEeCcTBO DHEPrUM, 3aTpauMBaeMoe Ha ee pa3phlB. JlnsA IByXaTOMHBIX
MOJIEKYJl HEpTUsi CBA3M paBHA dHEPrUM JUCCOIMAlM MOJIEKYJl Ha ATOMBL.
Tak, sneprus Anccounanuu Fpye, a c1eL0BAaTEeNbHO, U SHeprusa cBsasu Fgy
B momekyne Hy cocraBasior 435 klx/mons. B monexyne ¢ropa F, ona
pabHa 159 w/lx/Monb, a B Monexyie azora Ny — 940 k/Lx/Mons.

Jly1s1 MHOTOATOMHLIX MOJIeKyJ Tuna AB,, cpenHsia sHeprus cBA3K EAB =

= 1/n 4acTu 3Hepruv gUccOUMAUMM COCIUHEHUS Ha aTOMBL:
AB, = A + nB, EAB = Egue/n.
Hanpumep, sHeprus, norjiomaemast B nponecce
H,O0=2H + O

paBra 924 w/lx/mons H,O. Ho B mosexyne sogmt o6e cesisu O—H pasHo-
IEHHBI, [OJTOMY CPEeAHsAA 3HEPrus CBA3U EOH = FEme/2 = 924/2 =

= 462 r/Jlx/Monb.

J/MHBl U 3HEPruM CBA3M, BAJCHTHBIE YIVIBI, a TAKKE SKCIEPUMEHTalbHO
Olpere/isieMble MaTHUTHBIE, ONTUYECKHE, SJIEKTPUYECKUe U APYTHe CBOMCT-
Ba BELIECTB HEMOCPEJCTBEHHO 3aBUCST OT XapaKTepa PaClpeeeHNs 31eKT~
poHHO# moTHOCTH. OKOHYATENbHOE 3aKIIOUeHHWE O CTPOGHWH BElecTBa
JeNaloT Ioc/Ie COMNOCTABICHUS WH(OPMALUK, NOJYYEeHHO! Da3sHBIMU MeTO-
Aamu. COBOKYIHOCTh BKCIIEDPUMEHTANBHO HOJYYEHHBIX JaHHBIX O CTPOSHHU
BellecTBa 0606I1aeT KBAHTOBO-MEXaHUYeCKas TeOpUsi XMMUUECKON CBA3M.

XuMudecKkad cBA3b B OCHOBHOM OCYIIECTBJSIETCA TaK Ha3bIBAEMBIMH
BAJEHTHbIMHM 3€KTPOHaMH. Y $- ¥ P-OJIEMEHTOB BAJICHTHBIMH FABIAIOTCA
BJIEKTPOHB Op6UTalell BHEIIHEro c0si, a y (-371eMEHTOB — 3JI6KTPOHBI —
s-opbutamM BHelHero cnos M d-opbuTaieil NMPEABHELIHEro CIOs.

§ 2. IPUPOJA XUMUYECKONW CBA3U

Xumuueckas cBA3b 06pa3yeTcsi TOJNBKO B TOM cJydae, eciu OpH cban-
HKEHNM aToMOB (ABYX MM GOJIBILEr0 4YMC/a) MOJHAs 3HEPrus CHCTEMb
(cyMMa KMHETHYecKO#i U NOTEHUUANLHON 3HEpruii) NOHUKaeTcs.

PaceMOTpUM IpocTeHIyI0 M3 BOSMONKHBIX MOJIEKYJSPHBIX CHCTEM —
MOJIEKYJIAPHBIH HOH Bofopofia Hj. (Dra wactnia moaydaercs npu obmyde-

HUHM Mojlekya Bogopoaa H, snektponamu.) B HeM OJuH 3/ME€KTPOH ABHMKeT-
¢ B NOJe ABYX AAep — NPOTOHOB. Pacctoanme mexnay aapamu 8 HY pasHo

0,106 uM, a sHeprust cBasu (Auccounauuu na atoM H u uon H*) cocrabnsi-
er 255,7 k/lxk/Mons. TakuM 06pa3oM, 3Ta YacTHIA BECbMa IPOYHAs.
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Suguy ‘__ _ _‘ Juxg

P uc. 18. Cunbl B3aMMOOENCTBUA Mex ]y NPOTOHAMM U OJIEKTPOHOM B
MoJleKyJssipaHoM HoHe HJ

B monexynsapuoM uone Hj neitcTByloT 3/71eKTPOCTATHYECKUE CHIIBL [BYX

THUIIOB — CHJIbI NPUTSDKEHUs JIEKTPOHa K OGOMM siApaM M CUJIBI OTTaJIKH-
BaHMs Mexay aapamu (puc. 18).

Cuila OTTaJIKUBAHUS HPOSIBIIAETCA MOKJY IOTOKHUTEIBHO 3aPAKEeHHBIMU
AApaMu H/" u H;B (puc. 18, a). Cuasl OPUTAKEHUA HDEHCTBYIOT MEXAY

OTPHLATEIBHO 3aPSIKEHHBIM 3JICKTPOHOM € M MOJIOKUTENBHO 3apsIKEHHbI-
MM AApaMU — IPOTOHaMU H; u H}; (puc. 18, 6, q).

Cuna MexbANEPHOrO B3aMMOJIEUCTBUS fH*H* HalpaBJieHa BJOJb OCH
A B
PacloJIOkeHUs sep U CTPEeMUTCs pasBecTH MX JApYr OT Apyra (eM. puc.
18, a). OueBuaHO, MONEeKyna o6pasyeTcs B TOM cJlydae, €CJid paBHOIEHCT-
BYIOIasl CHJI NPUTAKEHUA U OTTAJIKABAHUS paBHa HYM0. VIHBIMU cJIOoBaMH,

B3aMMHOE OTTaJIKMBaHUe sAnep (IPOTOHOB H}; " H;) HOJIKHO OBITh CKOM-—

NEHCUPOBAHO IPUTSIKEHNEM 3JIGKTPOHA K sapaM. DdGheKTUBHOCTS NOCTIel-
HErO 3aBUCUT OT MECTONOJIOKEHUS JIEKTPOHA e OTHOCUTENBHO sIIep.

KoHeuHO, TOYHO ONpPENEINTH MOJOKEHUE DIIEKTPOHA B MOJIEKYJIe HEBO3-
MoxkHO. Ho MOXHO paccMOTpeTh BEPOSITHOCTH €r0 HaXOkIEHUA B MPOCTpaH-
CTBE OTHOCHUTEJBHO sAfep. Tak, B M0G0l MOMEHT BPEMEHHU 3JEKTPOH MOXKET
OKa3aTbCA B NOJOXKEHUH, U306paxeHHOM Ha puc. 18, 6. B gpyroit momeHTt
3JIEKTPOH Oy/eT HaXOAUTHCA yxe B HOBOM HOJIOXKEHWM, Hanpumep u3obpa-
JEHHOM Ha puc. 18, a.

CpaBHUM pe3yAbTUPYIONIEE AEHCTBUE CHJI TPUTSKEHUA U OTTAJIKUBa-
HUA NpU 3TUX KOHUrypauuax. O603HAYUM CUJIBI HPATSKEHUS HIEKTPOHE
K TMpPOTOHaM f, v B fH"e" a UX TMpoeKuun f - . Korpa anektpon

A B A
HaxoJ[UTCs B MOJIOkeHUH 6 (cM. puc. 18, 6), TO ero nNpuTskeHHE K IPOTO-
HaMm (CcHIIBL ) ¢cnmoco6eTBYIOT UX COMMMKEHUIO (CUITBI f’+e_ u

u f
Hfe
B

u
H*e H*e
A B
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f},{*e‘)' Koraa e umeer Mecto kondurypaums e (cM. puc. 18, @), To BO3HU-
B
KaeT Apyrasi cMTyauumsa. B 3ToM ciaydae cuabl NPUTSAKEHUSA (f’+€_ u f}’{*e_)
A B

HaNpaBJieHbl B OJHY CTOPOHY M OTTAJIKMBAHME NPOTOHOB HE KOMIEHCUPYIOT.
ClleiOBATENIBHO, COTJIACHO BO3MOXHBIM IOJIOKEHUAM 3JIeKTPOHA OTHOCH-
TEJBHO JBYX IIPOTOHOB B MOJIEKYJIE MMEETCA O6JIacTbh Co43bL8anus U 06—
J1aCTh AHTUCESIbIGAHUSL WA paspuzacnus (puc. 19). Ecau snexkrpon moma-
gaeT B 06J1acTh CBSI3BIBAHMA, TO XMMHYeECKasl cBA3b obpasyercs. Eciau ke
3JIeKTPOH MONajfaer B 06JacTh pa3pHXJeHUsi, TO XMMUYECKasd CBA3b He
obpasyeTcs.

WHbIMU cil0BaMM, XMMHYeCKas CBSI3b BO3HMKAaeT B TOM cJydae, eciy
9JICKTPOH OKa3blBaeTCA B IIPOCTPAHCTBE MEKAY sApamu (B CBs3BIBAIOIIENH
06s1acTn). XUMHUYIECKas CBA3b OCYMIECTBJISETCA 3@ CUET HMEKTPOCTATHYECKO-
FO B3aUMOAENCTBUA IOJIOKHUTEILHO 3apSIKEHHBIX ALEP U OTPUIATENLHO
3apSDKEHHBIX 3JIGKTPOHOB. JTO NPUBOAUT K HOHMIKXEHWIO MOJHON 3Hepruu
cucTeMbl Ipy 06pa30BaHUM MOJIEKYJbl U3 aToMOB. UeM GoJjiblue BhIAENsIOTCA
DPH 9TOM JHEPrUM, TeM NPOYHee XUMMYECKas CBS3b.

§ 3. KPMBASI NIOJTHOW DHEPTUU JJ151 MOJIEKYJIBI

Kak yxe ykasblasoch, A7id MOJIGKYJIAPHOTO MOHa Bojopoaa Hj Mosno

no ypasHenuio HlpenuHrepa TOYHO BHIYMC/UTE SHEPrUIO 3JJEKTPOHA H
paclipefieleHHe 3NEKTPOHHON IJIOTHOCTH. Pesynbrar Takoro pacdera oTpa-
skaer puc. 20. KpuBasi | oTBeuaeT cOCTOAHMIO, KOTJa JIEKTPOH HAXOAUTCS
B CBA3LIBAIOIIEH OO6JacTH. DHEPreTMYEecKMH YPOBEHH TAKOTO MOJIOMEHUS
37IeKTPOHa Ha30BeM ces3wnsarowunu W 00O3HAaYMM ero o. Xapakrep 3TOM
KDHBON MOMKHO OOBSICHUTB T€M, YTO IO Mepe COMUMKEHUS HPOTOHOB B CBA-
3biBatomieil obsactu (cM. puc. 18, 6) BHavase Npeo6saajaOT cUAbl HPUTI-
WEeHUA, a 3aTeM CcUAb orrajkuBaHusA. llosTtomy BHawane Habmogaercs
MOHOTOHHOE NOHMXEHUE MOJHOH 5SHEPruM CHCTEMBI, HO MOCTIKEHHHM KXKe
MHUHHUMYMa — DE3KOe ee yBeaMYeHHe. MMHUMYM Ha KPUBONM IOJIHON 3IHEp-
rUH OTBeYaeT Hanbojiee YCTOMYUBOMY COCTOSIHMIO CHCTEMEBI M3 JiBYX HPOTO-
HOB U OJHOTO AJIEKTPOHA, T.e. YCTOWYMBOMY cOCTOsAHMIO MoHa H}. Munn-

MYyM DOHEPIHH Ha KpPHUBOIl OTBEYAeT pPaBHOBECHOMY PpacCTOAHUID MEXLY
HPOTOHAMHM (afHH = 0,106 M), rinybuHa MUHHMYMa — DHEprusi Auccoura-

unu nona H} wa arom H v npoton H* (EH" = 2557 kJlx/Mons).
2

Cne,uylonmﬁ SHGPFQTM‘IBCKV[ﬁ YPOBE€Hb MOJIEKYJAAPHOrO MOHa BOAOpOAa
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Puec 19. O6nactu cBA3BIBaHUA Puc. 20. BaBMcMMOCTH TOTEHIHM-
¥ DasphbIXJI€HUs B MOJIEKYJISIPHOM aJIbHOM  BHEPIUM  MOJEKYJISIPHOro
one H3 vona HY npu HaxokJeHUN SJIEKTPO-

Ha B cesisblBatomelt (xpupasi I) u
paspbixsiAomeil (kpusas 2) obna-
cru

(puc. 20, xpuBasi 2) MUHMMyMa He MMeeT — MOJIEKYJa B 3TOM COCTOSAHUH
obpasoBaTbcsl He Moxer. [logo6Has cuTyanus BOBHMKAET, KOTAa JJIEKTPOH
HaxonuTes 3a sapamu (cm. puc. 18, 6), T.e. B pasphixisiomein obsactu. B
3TOM CJIy4Ya€ CHJIa OTTAIKMBAHMA IIPOTOHOB HE KOMIEHCHUPYETCA CHJIOH
OPUTAPMBAHUA K JJIEKTPOHY. JHEpPreTH4eckuil ypoBeHb TAKOTO IOJIOKEHUS
5JIEKTPOHA HA30BEM PA3PHIASIOWUL U 0603HaunM o *.

Takum o6pasom, ofpasosanue xumudeckoit ceasu B H} ofycnopieno

TeM, YTO JIEKTPOH ABHXKETCS OKOJIO ABYX Anep. Mexay AapaMu MoABASET-
¢ 06AacTh ¢ BBICOKOM IUIOTHOCTBIO OTPMIIATENBHOTO 3apsifa, KOTOpas
"crsiruBaer’! NOMOXKUTENLHO 3apsKeHHbIC AApa. IIpUTAMEHHE yMEHbILAeT
MOJIHYIO 3HEPTUIO CUCTEMBl — BO3HMKAET XMMHUUYECKAs CBA3b.

I'J1 AB A 2. TEOPUS MOJIEKYJIAPHBIX OPBUTAJIEA

§ 1. MOJIEKYJIAPHBIE OPBUTANU

Jnsa omucaHus XMMUYECKONH CBA3H IUUPOKO HMCHOJBL3YIOTCA [Ba MOIXO-
[a. TeOPHA MOJIEKYJIAPHHX opbutaneit (MO) u Teopus BaJIEHTHHIX CBA3ZENH
(BC). B passutun Teopun BC ocobas 3acayra npuHajiexuT leitTiepy u
Jlonnony, Cnerepy u lonunury; B pasputuu teopun MO — Manaukery n
Xynny.

CornacHo TeOpuH MOJIGKYJISPHLIX OpBUTasell MOJIEKyJia paccMaTpHUBaeT-
€A KaK COBOKYHNHOCTb HOJIOKMTENBHO 3apAKEHHBIX AZEP U OTPHULATENBHO
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3apSKEHHBIX 3JI€KTPOHOB, I'le KaXIblil 3EKTPOH ABMKETCA B MOJie OCTallb-
HBIX JIEKTPOHOB U BCEX SIAEP.

Onucaty Mosekysy corsacHo Teopud MO — 5TO 3HAYUT ONPENEIUTH
TUI ee OpOWTaNeil, UX DHEPTMIO U BBIACHUTE XapaKTep pacnpefeeHus
NEeKTPOHOB MO OpOMTANAM, T.e. PElIUThL Te e 3aJa4dM, UTO M IpM pac-
CMOTDEHUH 3JI@KTPOHHEIX CTPYKTYP ATOMOB.

Kak 6bUI0 [OKa3aHO, 3JIGKTPOH MOXKET HaXOAUTbCA B CBA3BIBAIOIIEH
WM pas3pLIXJIAIOWEH 06aacTaX Molekyasl (em. puc. 19). B cootercTBUM ¢
ITUM Pa3INYalOT CBA3BIBAIOUIME U Pa3PHIXJIAIOLIAE MOJIEKYIAPHbIE OpOUTa-
au. B cBsizpiBaromeit MoJIeKyJAspHON OpOUTAanM 37eKTpOHHaA IJIOTHOCTH
KOHUEHTPUDYOTCsT MexAY sALpaMH, B Pa3pHIXJSIONEN MOJIeKyIsApHONA opbu-
Tamy — 3a AApaMH, a MeXJy HUMM OHA paBHa HYJIIO.

Monekynsipabie OpOUTAIN MOXKHO IPEACTABUTL KaK Pe3yJibTaT KOMOH-
HaIu Op6UTaIell aTOMOB, 06pasyouux Mosekyay. PaccmorpuM o6pasosa-
HUe opbuTaieil AByXaTOMHOH Mosekyqabl. Ilpu c6namskeHnn aAByx aroMoB MX
opbuTtany nepexpuiBaioTesi. U3 kamapix ABYX HepeKpbIBAIONIMXCS aTOMHBIX
opbuTanent o6pa3yloTcsi JBE MOJIEKYJsIpHblE OpOWTanu — OJIHA CBA3BIBAIO-
was, Apyras — paspeixasioman (puc. 21).

Ecau op6uranu atomos A u B, o6pasywomux monekyiay AB, o6osna-
YUTh \I/A u \I/B, TO BO3MOXKHBIE KOMOMHALMM MOXHO 3alUcaTh:

V. =¥ 4+ ¥ ;U = c3¥ ~ ¥
+ 1 A 2 By - 3 A 4 B
3T KOMOUHAUUYN MPUBOAAT K O6PA30OBAHMIO CBA3BIBAIOUICH MOJIEKYJIAPHO
opburtanu V., n paspbIXJsiIOmell MOJeKyAspHOi opburanu V..

Koadpdunuentsl ¢ ykasplBalOT JOJKO y4acTUs COOTBETCTBYIOLUMX ATOM-
HHIX opbuTaseil B GOPMUPOBAHUYU MOTEKYJISIPHBIX.

AQ fepexpsiBanie AD
@ @ Ompuyamensnoe
Nonomumenshoe

Py c. 21. Cxema o6pasoanus CBABbIBAMOLIEN g 1 pasphIXTALLel T )

MOJIeRYJISIPHBIX OPOUTAsIe NIPH NepeKPbIBAHUM ATOMHBIX S-OpOUTAeN
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st ciydas [IBYyXaTOMHBIX MOJIGKYJ € OJIMHAKOBBIMU AZpamu (roMo-
SAMEePHBIX MOJIeKys) BKJajl aTOMHBIX OpOMTamelt B MOJeKyaApHble Gyaer
OIMHAKOBBIM, T.€. €} = Cp U €3 = C4.

Monekyasipable op6UTATH 0603HAYAIOT FPEUYECKUMU GyKBaMH (cO 3Be3-
JOUKOM U1l pa3phIxJisiiomeit opburtanu). Mosekynaphsle opburand, obpa-
30BaHHBIE  MEpPEKPHIBAHUEM  ATOMHBIX
opbUTa/ell O OCU PACIOJIOKEHUSA ATOM-

AO MO AO

HBIX AJEp, Ha3blBAlOT 0—-0pbUMAASAL. £ .

[IpuMeM, yTO siZipa aTOMOB PaCIOIOKE- b__o
HBl 10 OCU 2z W TEPEKpPLIBAHUE ATOMHBIX // \
opbuTaneil ocyitectsisiercsa no ocu. [lpn / N\
CTIO¥EHUM $-aTOMHBIX opbutaneil obpa- —3'-‘—(/ \>_12_
3yeTcA  CBA3BIBAIOIIAA  IBYXLEHTPOBas fa \\\ /
MOJIeKyNsipHasa opburtainb o [lpn BeIUM- \ ///
TaHUHU ATOMHBIX opOuTanieii obpasyercsa ‘;‘:‘;;'—-’

Pas3pbBIXiAwLIad ABYXUEHTPOBAaA MOJMEKY-

JsipHasg opbUTalb o .
$ P uc 22. OHepreruveckasi AMar-

Ob6pasoBanne MOJIEKYJSIPHBIX OpGuTa- PaMMa ls-atoMupIX u 7 sMOJIEKY-
Jleil U3 ATOMHBIX WM306pakaioT B Buge 'oribiX °p~6maneﬁ HEYXaTOMHOH
FOMOSIIEPHOM MOJIEKYJIbI
9Hepzem1mec7coﬁ duazpa/umu, rune no
BEPTUKANM OTKJIaJplBAIOT 3HAYCHUA oHepruMm FE opburanein (puc. 22).
CrneBa M crnpaBa Ha JuarpaMMe NPUBOIAT 3HEPreTHYECKUE YPOBHH aTOM-
HBIX op6uTalleii, B cepe/liHe — YPOBHU MOJIEKYJISIDHBIX OpOHUTaJeit.
CesA3blBalomas MOJNEKyAsApHas OpOUTa/lb XapaKTepU3yercs MOBBIIIEH-
HOM BJAEKTPOHHOH IJIOTHOCTBIO B IPOCTPAHCTBE MEMAY AAPaMU, MOITOMY
Takad OpOUTa/lb 3HepreTudeckn 6ojiee BHIMOJHA, YeM aTOMHble OpOHTaJH.
Hao6opoT, Ha pa3pHIX/AAIOIIEA OpPOUTANIM 3JIEKTPOHHAA NIOTHOCTh KOH-

a 6

P u c. 23. Pacnpenenenye 31eKTpoHHON IJIOTHOCTU B CBSI3bI-
Barowleit (a) 1 paspbixisiomedl (6) MoTeKyNAPHBIX OpOUTANIAX
MojleRyJ1sipHoro Hj
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OEHTPUPYETCsT 33 sApaMH, IOTOMY MNONOOHasA OpOUTalb 3HEPreTU4YecKu
MEHee BBITOJHA, YeM MCXOJHBIe aTOMHBIE OpOUTanu. YpOBEHb BSHEPTUU
CBABBLIBAIOWICH OpPOUTANM Ha CXeMe PachoNaraloT HUKE YPOBHA UCXOJHBIX
aTOMHBIX opburaineil. B ciayyae paspuix/AOMMX OpOUTajlell MX IHEpreTH-
4ecKOoe MOJIoKEHMe Ha CXeMée Bbillle MCXOAHBIX aTOMHBIX OpOHTaelt.
Pacnpeneneniie 31eKTPOHHON OJIOTHOCTA B CBA3BIBAIOLIEHl U pa3pbiX-
JIAIOIIEH MOJIEKYIISAPHBIX OpOHTAIAX MOJIeKyJsApHoro uona H} mokasano Ha

puc. 23, q, 6.

§ 2. IBYXATOMHBIE TOMOAJEPHLIE
MOJIEKYJIBI

JIByxaTOMHBIE TOMOSIICPDHHE MOJEKYIH 3yeMenToB l-ro mepuopa. Y
371EMEHTOB 1-TO INepuoja BAJIGHTHOM sBiasercss lsopbutans. IlosToMy
IpUBeJleHHass Ha pUc. 22 sSHepreTUYecKas AUArpaMMa COpaBelJuBa AJsA
ABYXbAACPHBIX MOJNEKYIAPHBIX obpazopannii Tuna HJ, H,, Hej, He,.

Hon Hj coctonT u3 ABYX MpPOTOHOB M OAHOTO 37AEKTpoHa. EcTecTBenHo,

4YTO eIMHCTBEHEDBIN 3JIeKTPOH 3TOr0 MOHA AOJKEH 3aHUMaTbh 3HEPreTHYecKy
Hanu6GoJlee BHIOAHYIO OpbuTain os (cM. puc. 22). Takum 06pa3oM, 3JI€KT-
poHHaA ¢opuyna nona H} B OCHOBHOM coCTOAHMM

gl
H3[dl].
O6pasoBaHKe 5TOr0 MOHA W3 aTOMAa BOJOPOZAA WM IPOTOHA MOKHO HPEACTa-

BUTH YPaBHEHUEM

H[1s!] + H*[1s9] » H3[ol].

B mosexyne H, nma snexrpona. CorsacHo UPHHLIMOY HaWMeHbIIEH
sHeprud u npuHmuny lIlayaum stu gBa 371€KTpoHA ¢ MPOTHBOIOJIOMKHBIMMN
CIMHEAMHU TaKke 3aceNAIT J,0pOuTans. Peakiinio o6pa3oBaHus MOJEKYJIbL
BOLOpPOJa M3 aTOMOB B cUcTeMe 0603HaYEeHUI TEOPUM MOJEKYJIsAPHBIX OpOH-
Tajleill MOXHO 3allucaThb

H[1s!] + H[1s!] » Hy[oZ].

B monekysnsipaoM purenuii-uone Hel Tpu 3nmexTpoHa, ABa M3 KOTODPBIX

3aCeIAI0T CBABBIBAIOLIYIO, TPETHII — Pa3pLIXJAIOUYI0 OpOUTAIE:

Hej[o20 1]
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B cucreme us aByx aroMoB renusi He, deThipe 3feKTpoHa — [Ba Ha
CBABHLIBAIOLLEH M [Ba Ha Pa3phIXIAIONell OpOUTATAX.

Ilo xapakTepy pacipejieleHusi SJeKTPOHOB IO MOJEKYJsApPHLIM Op6uTa-
JISIM MOMHO OHEHHMTb JHEPrHIO, [JIMHY M NOPALOK cBsi3u. Kak M3BecTHO,
HaXOXKJIEHNEe JJEKTPOHA Ha CBA3BIBAIOHIEH OpPOUTANM O3HA4YaeT KOHUEHTpa-
MO 3JIGKTPOHHOM IJIOTHOCTH MeXAY s[paMy, a 3T0 06yCcJOBJIMBAET COKpa-
HICHME MEXbAAGPHOTO PaccTOAHUS M yNpouHeHHe Mojekyibsl. HaoGopor,
HaXOXJACHUE B3JIEKTPOHA Ha paspHXJAIoNiel OpOUTau O3Ha4yaer, 4YTO
3JIEKTPOHHAs1 NJIOTHOCTb KOHUEHTpUpyeTcsa 3a siApamu. B 3ToM chiyuae,
CIe[IOBATEJIBHO, OHEPrUsA CBASBIBAHWUS CHWXKAeTcA, a MexbA/lIepHOe
PacCTOSHUE YBEJIUIUBAETCS:

H+

2 Hg He; Hez

Mostekynsipabie 0pbu-

TaJn

*
0’5

++

-+
4w H

SHeprusi AUCCOUU-

auun, Epyce,

k]l /Momb 255,7 435 230 -
MexbsilepHoe paccrosi-

Hie ([VIMHA CBSA3H)

d,HM e 0,106 0,074 0,108 -
Ilopsinok cBsizu........... 0,5 1 0,5 -
B pany H; — H, — He} mo Mepe 3anojiHeHUs 3JEKTPOHAMM CBA3HI-

Baroieit opoUTANN 3HEPrud JUCCOLMALMU MOJIEKYJ BO3PAcTaeT, ¢ NOsBJe-
HUEM Xe DJIEKTPOHA Ha PaspHIXIAIIEH opburanyu, Hao60pOT, yMEHbIIAeT~
csA. MexbAaepHoe paccTOsiHME BHAYAJe YMEHBIUAETCs, & 3aTeM YBEJIMYNBA-
erc. Monexkyna renuss B HeBO3OYKAEHHOM COCTOSHUM HE CYLIECTBYET,
TaK KaK y Hee OJMHAKOBO YHCIO CBA3HLIBAIOMUIMX M Pa3pLIXJAIOMMX 3JIEKT-
POHOB.

XapakTep pacnpefieNeHUsl IeKTPOHOB MO OPOUTAJISAM MO3BOJSIET Ole-
HUTbL NOPAAOK CBA3KM KaK IOJYPasHOCTh 4YMCJA CBA3BIBAIOIIMX U pPa3pbIX-
JAKHIMX 3JIEeKTPOHOB:

Yucno cBA3BIBAWOUIKX Yueno pasphIXansiiomnx

BJIEKTPOHOB BJIEKTPO HOB

[Topsigok cBsizn =
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Herpyano moacuuraTth, 4TO B MOJEKyJApHOM HoHe Bomopoma H} u
avrennit-uone He) nopanox ceasu pasern 0,5, B Mostexyse Bogopona — 1, a

B CUCTEME U3 JABYX HEBO3OYXKASHHBIX aTOMOB I'eJIUsl — HYJIO.

JiByXaTOMHHE TOMOSIIGDHHE MOJICKYJIH 3JIEMCHTOB 2-T0 Hepuoja. VY
3/IEMEHTOB 2-To mepuozna kpome ls-opburaneit B 06pa30oBaHUN MOJIEKYJAD~
HBIX OpOUTa/iell HIPUHUMAKOT yYacTue 2s-, 2p,-, 2py~ ¥ 2p,opbutanu. Hpu-
MeM, 4TO aTOMbl PacHOJIOKEHb! MO ocH 2. UTO6BI aroMHBIe OpOGUTANIN MOLJIH
KOMOMHUPOBaTbcA ¢ 0Opa30OBAHUEM YCTONYMBBIX MOJEKYJAPHBIX OpOMUTa-
Jleil, OHM AOJKHB UMeThb OIM3KUE 3BEPTUU U TepPeKpLIBaThcA B 3aMETHOI
crermenn. C 06pasoBaHMeM CBA3LIBAIONIEH M PA3PLIXJAIOLIE! MOJEKYIAPHOI
OpOuTaI KOMOMHUPYIOTCS Te OpOMTAaIM, B3aMMHOE IPOCTPAHCTBEHHOE
PacIoOKEeH e KOTOPLIX OTBEYaeT UX NOJOKUTENLHOMY U OTPUIATEILHOMY
[NEePEeKPBIBAHUIO.

Ecmn nnst 2s- u 2p-opGuranelt 3HaUMTENIbHO DagiMuMe NO OSHEPrUMM, TO Hepe—
KpBIBaHUE IO TUITY S, T Py (sB — pA) MPaKTHYECKU He ocyuliecTBisieTcsi. MoxHo

IpeHebpedb Takxe KOMOMHallMen lsA — lsB—opGMTa.;Ieﬁ BCJIeACTBUE HUUYTONKHOMU

CTeNEeHN NepPEeKPbIBAHUA OYeHb MaJblX [0 padMepy BHYTpeHHUX ls-opburaieil.
Torpa ocTasbHEIM TPeGOBAHUSM OTBEHAIOT CJENYIOUIME COYETAHWUS BAJIEHTHBIX
opbuTasell SIEMEHTOB 2-TO NEepUoa.

Kombumauus us 2s-opbutaneit (kak u ls-opburtaneit) cooTBeTCTByeT
06pa3oBAHUIO JBYX MOJIEKY/APHBIX g-op6utaned tuna: ¢, u 0. Xapakrep

fepexpsifanue AD

*9}@51@-@@—@@-

Umpaaameﬂbﬁae

@R — o

ﬂU/lﬂ)l(U/ﬂé’ﬂbHﬂé’

P uc 24. Cxema 06pa3oBaHMsi U3 P,-ATOMHbIX opbuUTayell cBs-
3blBalollledl U, W pas3pbIXJIAKLIEN a; opburaneil ABYXaTOMHON

POMOSIZIEPHOI MOJIEKYJIBI
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NEPEKPHIBAHUA 2p,~Op6UTAJIell CYUISCTBEHHO OTJINYAETCHA OT NMepeKpPbIBaHUA
2ps~ m 2pyopburaneii. KoM6unanua aroMubX 2p -Op6uTasneit (BBITAHYTHI
BIOJb OCH Z) [aeT MOJeKYJApHEie opbutamn o, u o (puc. 24). Kombuna-

HUA Ke OBYX 2pgopburajeit 1aeT MOJIEKYJIspHbEe T-OPOUTAIU: T; U 7r;

(puc. 25). Ecan BMecTO aTOMHBIX 2p-op6uTaneil CKOMOMHMPOBATL 1BE 2Py~
op6uTany, TO NONYYAIOTCS AaHATOTMYHBIE MOJIEKYJISIpHBIE OpOUTAaNN F-TUIA,
HO nopepHyThie Ha 90° BOKpyr MexsiiepHo#t ocu Mosekynabl. [lockonabky
3Heprus 2p;~ u 2p,op6uraleil OIWHAKOBA M OHM IEPEKPHIBAIOTCA OJUHA-
KOBBIM €I10COGOM, BOBHUKAIONIME MOJIEKYNAPHEE OPOUTANIN Ty U Ty HMEIOT
OLUHAKOBYIO DHEPIUIO U HOPMY; TO ke caMoe OTHOCHTCA K 7 ;- U r;—op6m—

TaJIsAM.

MoxHo npencraBUTE ¥ Opyrue cOUETAHUsI ATOMHBIX OpGUTAasell, HAIpUMep, KaK STO
nokasaHo Ha puc. 26. Ho nopobHoe coderaHume k 0OpPa30BaHUIO MOJIEKYJISIPHOM
opbUTamM He NPUBOIOMUT, TaK KaK B OTOM CIydae IOJNOKHTENBHOE [epeKpbIBaHUE
NOJIHOCTBIO  KOMIAEHCUPYeTcsl OTPULATENLHBIM IIepeKpLIBAaHMEM. JTO — HyJeBoe
nepeKpbiBalie (HAaKOMJIEHHE DVIEKTPOHHON IJIOTHOCTM B OJIHOM OBJACTH KOMIIEHCH—
pyeT ee yMeHbllleHWe B APYTOit).

CornacHO CHEKTPOCKONMYECKMM JAHHBIM MOJIEKYJSAPHBIE Op6UTaNn
ABYXaTOMHBIX MOJIEKYJ 3JIEMEHTOB, PDAcfiOJIOKEHHBIX B KOHIle TIepHOJia Ne-

flepexpstbanue
A0 M0
z %% é% z
Fr Pr i
Ompuyamessioe
+
—
z I'4
. Pz Pr T
NonoxumensrHoe
P uc. 25. Cxema o6pazoBaHust M3 P P u c. 26. Hyneroe nepe-
ATOMHBIX OpOUTaJielt CBsISbIBAOWEN Ty KpblBaHMe aTOMHBIX Op-
M DPaspLIXIAIOWEN T, MONEKY/IAPHbIX 6uraneil

opbuTalleil IBYXaTOMHOHM T'OMOSiIEPHOM
MOJIEKYJIbI
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puoauYecKoi TaﬁJIMI.lbI, CAeAyT B TAaKOM MOpAAKe N0 BO3pAaCTaHUIO JHEp-
ruy:

o, < oi< o, < T, = 7ry<1r;:7r;<a;.

OHepreTH4ecKUe [UarpaMMBl ATOMHBIX M MOJIGKYJISAPHBIX OpbuTaneit
JBYXaTOMHBIX MOJIEKYJl DJIEMEHTOB 2-TO Ieprofa MOKa3aHbl Ha puc. 27,a.
Bocnonb3yeMcs 3HepreTHYeckoil AMarpaMMoil Ha puc. 27,a AJA BBHIACHEHUA
pacnpefiesieHust 37EeKTPOHOB II0 opbuTansM B Moaekyne F, Ilpu atom
NpHMEM BO BHUMAHHE IHEPreTHYECKUil NOpAAOK opbuTtaseit, npuHuun [ay-
au u npaswino ['yama. Torma peaknuio obpasoBanust monekyam F, us
aTOMOB MOJKHO 3aNMCaTh TaK:

2F[2522p5] — Fz[ggo':zﬂgﬂ'iﬂ'éﬂ';z?r;Q].

Ilpu snepretyeckoit 6amsocty 2s- U 2p-op6UTalell 3JEKTPOHBI Ha 0s
M 0,OpOUTANAX B3aUMHO OTTANKUBAIOTCH M TOTOMY Tg~ M T, OpOUTAIM
3HepreTuvecku 60/iee BLIFOAHEL, YeM 0r-0pburanps. B 3TOM cilydae nopsiaok
3aII0JIHEHUA MOJIEKYJIAPHBIX OpOUTa/iell HECKONbKO u3MeHsiercs (puc. 27,
6) 1 COOTBETCTBYET MOCJENAOBATEILHOCTH:

* — * __ * *
g, < as<7rz—1ry< o, <wm, =7, <0,

3

llogobran mnocAEOBATEONLHOCTL 3ANONHEHMA XapaKTepHa [JsA IBYX-
ATOMHBIX MOJIEKYJI 3JIEMEHTOB Hayajla mepuona, smioth g0 N,. Tak, snexr-

AO MO AO AO MO AO
[ o
/ \ E PR |
£ ///-n,\-_w AN /(-.-.—_ N\,
’ B ) L4 P /////I nx ny \f\\Q »
v ) ————- 77 ¢ Y
N fodZ A
—— \\;r\ AL
L \/ Y ne WA
\ /N,
6; y/ \
S~ VRN
7/ N AN}
/ \ S )\ AN §
(. ) e—— \, /
P \\ \\ - / //
\\\ Oy s \‘\——‘Y_}’/
— g 6

P u c. 27. OHepretuyeckast nMarpaMMa s- U P-aTOMHBIX ¥ 0- N T-MOJIEKYJISIP-
HBIX OpbUTaIell IBYXATOMHOM TOMOSIIEPHON MOJIEKVIIbL:

a — TNpY 3HAYUTENTBHOM U 6 — TP HE3HAYWTEJIbHOM SHEPreTUYECKOM pas3nvunu s- U p-
opburanen
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POHHYIO KOH(UTypamWIi0 MOJIEKYJHl a30Ta B OCHOBHOM COCTOSAHHHM MOXHO
NPEeACTaBUTh CJIEAYIOIUM 06pasoM:

Ng[aias"zr%w;vﬂ.

Monekynsipible opOUTaNM 4acTo 0BO3HAYAKT COOTBETCTBYIOIMMHU CHUMBOJTAMH,
UCXO[St U3 UX TOBEIeHUs TIpU ONEpauUsix cUMMeTpuK. Tak, ecnu opburtann o-Tuna
(cM. puc. 21, 24) MblCTIeHHO NOBEPHYTb BOKPYT MEXBSIAEPHOM OCH MOJIEKYNBI Ha
180°, To monyueHHas ¢opMma opbuTaiielt 6ylerT HEOTIMYMMA OT MNEePBOHAYAJIBLHOM.
[Ipu nosopore 3Hak BOJHOBOM (DYHKUMM ITUX OpOMTAsIeN He UBMeHseTcs:: opbUTalb
CUMAEMPUYHA OTHOCUTEJIBHO 3TOI onepaluuy. AHAJIOIM4YHO BefleT cebs aTOMHas -
opbutaib. MoseKynspHble OPOHUTANM, CUMMETPUUYHBIE OTHOCHTENHLHO BpallleHUs
BOKDYT MeXbsIepHON ocH, 0603HayaloT rpedeckolt 6YKBoi o (aHAloOr JIATMHCKOrO
s).

HerpynHo Buierb, 4To MoneKy/sipHble op6utanu 7-tuna (cM. puc. 25) mpu
noBopore Ha 180° BOKDYr MeXDbANEPHONM OCH MOJIEKYJIbl OKA3BIBAIOTCA QHMUCUM—
AEMPUUNBLAY OTHOCUTEIILHO OTON OMepalMH: 3HAK BOJHOBOW (YHKUMM U3MEHsercs
Ha MPOTHBONOJIOKHBIA. AHANOTUYHO NoOBeleHWe aTOMHON p-opburaymm. Mosekymnsap—
Hble OpOGUTAIU TAaKOro TUIMa 0603HAYAIOT Ipeveckoii GYyKBOM T (T — aHAJIOT JIATHHC—
KOro p).

Jlna onucanusi opOutaneil MCHONMB3yeTcsi ONEPAlMs CUMMETPHM, HA3bIBAE€Masi
ungepcuel. 3Ta onepalus COCTOUT B cleylolleM. U3 kakoin—~mmbo TOYKM opbUTAIN
Yepe3 ee IEHTD INPOBOISAT MNPSIMYI0 M MOJYYAT CUMMETPUYHO DPACIIONIOKEHHYIO
BTOpPYIO TOYKY. KM B HOBO TOUKe 3HAK BOJIHOBOM (DYHKUMM HE UBMEHSETCs, TO
opbUTallb HaBbIBAETCS CUMMETPUMHOM OTHOCUTENBbHO MHBepcuM. [lns obosHaueHMst
COOTBETCTBEHHO CHMMETDUYHOTO M AHTUCHMMETPUYHOrO MOBENEHUST OTHOCHTEIBHO
VMHBEPCUM YacTo ynotpebisiioT HeMelkue cjioBa gerade u ungerade, YTO COOTBETCT-
ByeT TepMuHaM ''derHbiit" u "'HeuerHwlt". MoJiekynsipHble opbuTanu Oy U 0, —
HeTHbIe, MX MOKHO OBOSHaUMTb 0Oy, K UeTHbIM oOTHOCATCA Takike OpGUTAH 7r; "

™ ;‘ YX MOXHO OBGOBHAUUTH wg. Op6uram cr;‘ (0} n Ty HAOBODOT, HEUETHEIE, W

1nX 06O3HAYAOT 0': u 7|'u COOTBETCTBEHHO. EC/IM BOCMOJIB3OBATHCA pacCcCMOTpeHHBIMU

CUMBOJIaMM, OJIEKTPOHHYIO KOH(UIYypalMio MOJEKYJNbl (propa ¢ y4acTveM ls-, 28 #
2p-3NEKTPOHOB MOXKHO B3afUcarh CAENYIOMUM 06pasoM:

(10210 22200220 23 aX(17 Y4(1m 2.
Apabckne mudpbl Oepel CUMBONAMU OpOUTaeil 0603HAYAIOT HOMEp SHepreTH-—
4eCKOro ypOBHS, BRJIIOYAOLEro opbUTaaM NAaHHOM CUMMETPUHU.

B Tabn. 7 mpuBeieHb KOHTYPHBIE JMATpaMMBbI NOJHON ¥ OpOHUTANLHOIM
37IeKTPOHHOI MJIOTHOCTH B MoJjekynax Hj, Li;, B,, mocrpoennbie ¢ mo-
Moiupio 3BM.
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Ta6aunun a8 DHeprust, IUMHA ¥ NOPANOK CBSI3H JBYXaTOMHBIX
TOMOSIZIEPHBIX MOJIEKYJI M MOHOB SJIEMEHTOB 2-TO IIEpHOJa

MonekynapHsie

+
opbuTany B, Cy N, N,
a; —_— — —_ —_

w, ) _— —_ — —_—— —_—
o | = | = | # | +

e L AR A

e
o+
=+

+

TTopanok ceasu

MexbanepHoe
paccTOAHUE, HM

DHeprust JUCCoL K- 2804 620 941 843
auuu, kAx/Mosb

0,159 0,131 0,110 0,112

MosnekynsipHbie
opburtanu (0]

N4
| 1o
| |=

+
+
+ 4
+ 4+
£+

’ -
TMopsanok cBsi3yu 2,5

MexbsanepHoe 0,112 0,121 0,141
paccTOsiHMe, HM

+
P
L
||o¢¢¢ii¢§

OHeprus AUCCOLH- 642 494 159
auuu, kJX/MO/b

Cpemenns 06 sHepruy, AJIMHe U NOPSAJKE CBA3M TOMOSAEPHBIX MOJICKYJI
3JIGMEeHTOB 2-TO Nepuojia npuBefeHb B Tabi. 8. Kak BUAHO uB 3TUX JaH-
HEIX, B psaay B; — C; — N, no Mepe 3amo/lHeHUA CBSI3BIBAIOIIMX MOJIEKY-
JNAPHBIX OpOUTaNell yMeHbHIAeTCH MEKbAAEPHOE PACCTOSHUE M YBEJWYMBA-
ercsi 9Heprusa auccommamuy Monekyn. B pany N, — O, — F; no mepe
3allOJIHEHNUS PasphIXJIAOIUX opbuTaiell, Hao60pOT, MEXbALEPHOE pac-—
CTOSIHWE BO3pACTa€T, a OBHEPruM [JUCCOUMAMU MOJEKY1 YMEeHBIIaeTCsH.
Monexyna He; BooGuie HecTaGuibHa BCJIEACTBME OJMHAKOBOIO duC]a
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Epuc,
kx/monn

840

420

L
1t 0t 0 t 2 3 2 1 ( [opanokcesan

P u c. 28. 3aBUCMMOCTb DHEPIrUU AUCCOLNA-
MU MOJIEKYJ OT TIOPSIIKA CBA3U

CBA3BIBAIOIINX U Pa3pBLIXJAIONINX 3JEKTPOHOB. AHAJIOMYHO O6BACHAETCA
TOT (pakT, 4TO M OCTaIbHBIE GJAArOpOAHBIE Ta3bl OJHOATOMHBI. 3aBUCUMOCTD
' DHEPTMU JIMCCOIMANMH MOJIEKYJ OT 4YMcIa U3 BATEHTHBIX J/E€KTPOHOB WJ-
JIOCTpUpYeT puc. 28.

Kak Bugno us tabn. 8, ymaneHue 3JIeKTPOHa ¢ pas3phIXAA0oLieil opbura-
JU TPUBOJUT K BO3PAcCTaHUIO DHEPrUM JUCCOUMAUMM U YMEHBIISHUIO
MexbAgepHOro pacctosauusa. O6 3TOM CBUIAETENbCTBYET, HallpUMep, cpaBHe—
Hue panublx gy Oy n 0. Hao6opoT, ynaneHue aJeKTPOHa CO CBA3BIBAIO-

et opGUTaNNU HNPYUBOLUT K YMEHBUIEHUIO YHEPTUU JAUCCOLMAIMU U BO3pac—
TAHUIO MEKDBALEPHOTO PACCTOAHMA, O UYEM CBUACTESLCTBYET, HANpPUMEp,
CpaBHEHNe NaHHBIX A Ny u Nj.

Crpykrypasie GopMynn Mosnexyn. B ppocTeitimx ciaydasix XapaKTep
pacupefie/ieHUsl BJIEKTPOHOB IO MOJIEKY/IADHBIM OPGUTANISIM IIOBBOJISET
HOCTPOUTb CTPYKTYPHYIO (bopMyny Monekynnl. Tak, B mosiekyne Nj (cm.
Tabm. 8)

25 *2102 12 o2
ol0 Fnimial
MOPANOK CBA3U 3 3a c4yeTr w%wiag—ane}wpoaog. OcranbHple 37eKTPOHBl — 02

¥ 02 — BKJIaJ B XHMIYECKYIO CBA3L IpaKTHYeckH He BHOCAT. Mx MokHO

paccMaTpUuBaTh IpHUHRAJJIEKAIUNUM OTAENbHBIM aTOMaM B BUJle HECBA3bIBaIO—
WX 3JIeKTPOHHBIX Map:

B Monekyne N, onna 0-cBsi3b U JABE T-CBA3M.
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B MOJIEKYJ1e F2 NnopAAOK CBA3N 1:
2 ¥ 2g2q2 2y ¥ *2
USU.S 0’27I'I7ry7l’z 7l'y .

Ee ocyuiectsasior o0%-371eKTPOHBL. JAEKTPOHBl JAPYTHX MOJIEKY/IAPHBIX

opéwraneﬂ MOJKHO paccMAaTpUBaTh KaK HECBA3BIBAIOIIME, T.e. DpUHALJICKA-
mue OTAeJbHBIM aTOMaM

CrnoxHee IpeNCTaBUThL TAKUM NPHEMOM CTPYKTYPHYIO (DOPMYJTYy MOJEKY-
abl kueaopoaa O, (eM. Taba. 8):

22 g2q2ply ¥l *1
0.0 Uzwz"’ryrz,"ry'

Cornacuo npasuny XyH/Za, [Ba 3JI6KTpOHA pacnpelesAloTesAs N0 JBYM

7 *-op6urainam: w1 w;‘ .

[opanok ceasu B Mostekyne O; papeH 2. 3a cyeT ¢2-3JEKTPOHOB OCyIlle~

CTBJAAETCA 0—CBSI3b.
3a cYer 7-M T *-3JCKTPOHOB OCYINECTBAACTCH 7-cBA3d. Torga ctpoenue
Moustekyibl Oy MOXKHO IIPeJCTABUTh CTPYKTYPHBIMU (POpMysnaMu:

:0~==0: 15810 0=0:

TpeMs ToukaMu O6O3HAUEHBI CBSI3U, OOYCJIOBJICHHBIE ABYMA T- U OZHUM
T *-3JIEKTPOHAMHU, 3TO OTBEYaeT MOpAAKY cBAsu 0,5.
. * *
Bo Bropoit ¢opmyse HemapHBIE TOYKH O3HAYAIOT 7 - U 7, ~OJEKTPOHBI.

Tpoiinas c¢Ba3L 06ycaoBieHa aiwiri—ene}crponamn. Ho 3a cuer apyx =*-

37IeKTPOHOB NOPANOK cBsi3n B Mojiekysne O, paBex 2.

Pacnpenesnienne 31eKTpOHHOM NJIOTHOCTH B Op6UTanAx MoJekyasl O,
MOKa3aH Ha puc. 29.

JBEpras HOHM3ANUA MOJECKYA. B mpsAMoil 3aBHCHMOCTH OT XapakTepa
pacnpefenonusi 3J€KTPOHOB O CBA3HBAIOMIMM U Pa3pHIXJISIIOMIMM MOJIEKY-
JAPHBIM OpPOUTANSIM HaXOLUTCS 3HEPrusi MOHM3aUUU Mojaekyn. Kak wwt
BUIEJIY, B JBYXaTOMHOHM MOJIEKYJe CBS3HIBAIOIIME 3IJICKTPOHHI CBS3aHBI C
AApaMU TNpOYHEe, YeM B aTOMe, a pas3pbIxasioie — Haobopor. Takum
06pa3oM, JHEprus MOHM3AaUMM MOJIEKyJIbl, BEpXHAA 3aHATaA Op6uTailb
KOTOpO#l ABJNAETCA CBA3LIBAIOMIEH, BhIIIE, YeM TaKOBad CBOGONHOIO aToMa.
Hanpumep, sHeprus uonmsauuu Monexyias N, (1503 w[lx/mons) Gonslue
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sHepruyu uoHusammu atoma aszora (1402 wlx/monb). Ecim ke pepxuss
3aHsTag OpOBUTANL MOJEKYJIbl ABJAAETCS pPaspBIX/ISAIOUIE, TO 3HEprus
MOHHU3AIlMK MOJEKYJAbl MeHbIIe, 4eM aToMa. Tak, dHeprua MOHHU3ALUM
mostekyant Oy (1164 k/lk/MOAb) MeHBIIE SHEPr¥M HOHU3ALUU AaTOMa KHC-
aopona (1314 x[lx/moub).

MarsuTERe CBOMCTBA MOJEKYJ. XapaKTep paclpelelleHUA 3JIeKTPOHOB
N0 MOJEKYJIAPHBIM OpOUTAIAM TMO3BOMSET 06bACHUTL MAaCHUTHBIE CBOMCTBA
mosiekyi. I[0 MarHUTHBLIM CBOWICTBAM pPasjiMUaloT NAPAALAINUMHbE U Oud-
marhumuste BemiecTa. [lapaMarHUTHBIMM SBASIIOTCA BEILIECTBA, y KOTOPBIX
UMEIOTCsl HenapHble BJIEKTPOHBl, ¥ AMAMArHUTHAIX BEILECTB BCE IJIEKTPOHBI
napHble.

Kak BugnO M3 Tabis. 8§, B MOJIEKy/le KMCJIOPOLA MMEETCS [[Ba HellapHBIX
SJIEKTPOHA, MOJTOMY OHa I[lapaMarHUTHA; MOojeKyaa ¢ropa HemapHBIX
3JIEKTPOHOB HE€ HMeeT, CJIeflOBaTelbHO, OHa JHaMarHuTHa. IlapaMarHuTHE!

Takxe Monekyaa By u Mosexynspneie nonst Hj u Hel, a Momexynn Gy, N,

H; — nuaMaruurtHsl.

Oxpacka BemectB. Teopus MOAEKYAAPHBIX OpOuTajefi M03BOAsIET 06D~
SICHUTh OKpacky coenuneHnil. Okpacka sABJAsieTCS pe3yibTaToM H36Mpa-
TEJBHOTO IMOIVIOIIEHHUS COeMHEHUEM UBJYYEHUSA BUAUMONH 4YacTU 3J1eKTPO-
MarHUTHOTO crekTpa. Tak, ecju coeuHeHNe HOIJIOMIACT U3IYUEHUE JKeJITO-
3eJIeHO wacTh cuexkTpa (AauHa BoJHEL 500—5H60 HM), T0 HabNwgaeTcs
duoneroBas OKpacka BelIecTBa. VIMEHHO TaKyIO0 OKpPacKy WMEEeT, HallpuMep,
MOJIEKYJISIDHBIA MO,

Tun suepreTuyeckoil auarpaMmel OpOUTaJIeNl MOJIEKYJABI UOLA AHATOTH-
4eH auarpamMme MoJieKyasl ¢Topa (cM. tabn. 8). MoxkHO cYuTaTh, YTO
OKpacKa HO0/la B OCHOBHOM 06si3aHa Mepexo/y 3JeKTPOHA HPU BO36Y:KIEHUU
¢ 7*-op6uTanu Ha cBOGOAHYIO 0;—0p6nTa_m>‘ CorsacHO ypaBHEHUIO € = hy,

9TOT IEPEXOfl NMPOUCXOAUT NPHU MOIJIOHICHHH BJICKTPOMACHUTHOIO W3JIyde—
HUA C JJMHOW BOJIHB nopsafka 520 HM, T.e. KBAHTOB, OTBEUYAIOIIMX HKEITO—
3eJICHON YacTH CIeKTpa.

§ 3. IBYXATOMHBIE TETEPOAJEPHBIE MOJIEKYJIBI

TeTeposizeprble (Pa3HOIEMEHTHBIC) MBYXaTOMHBIE MOJIEKYJIBl OMUCHIBA-
IOT TaK e, KaK I'OMOAJEpHBbIe [ BYXaTOMHble MOJeKyabl. OHAKO, MOCKOJIb~
Ky pedb UJET O pa3HbIX aTOMaX, BHeprusl aTOMHEBIX OpOUTanell U UX OTHO-
CUTENBHBIA BKJIaJ, B MOJIEKYJAPHbBle OPOUTANH TOXKE Pa3iUYHB:

v, = clwA + 621/)B; ¥ = c31[;A — c4wB.
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P u c. 30. DOnepretuyeckas nuarpaMma opbutaneh
reTeposnepHON ABYXaTOMHONM MOJEKYJib

B cBasuBaomyio opbutans GOAbIIMI BKJIal BHOCMT Op6UTanb Gonee
JEKTPOOTPULATEIBHOTO aTOMAa, 8 B PasphJIAIOMYI0 — OpGUTAIbL MeHee
3NeKTPOOTPKLUATEILHOTO  aToMa. JlonycTHM, 3JEeKTPOOTPHIATE/ILHOCTh
atroMa B 6osbwe snexrpooTpunarensHoctd atoMa A. Toraa ¢ > ¢, ¢ >
> Cq4.

CesasniBaomme op6uraiym HO 3Hepruu O6iamxke k opburtansaM 6Gonee
37IEKTPOOTPRUATENILHOTO AaTOMa, pa3pHxngwuyue — 6aMke K OpGUTANAM
MeHee 3JIeKTpooTpuuaTesibHoro aroMa (puc. 30). O6pasno rosops, aaekT-
POH Ha CBA3HBAOWEH Op6UTaNd GOMBIIYIO YacTh BPEMEHM NPOBOIMT BOK-
pyr sanpa Gojiee 3NMIEKTPOOTPULIATENIBHOTO ATOM&, & Ha paspHIXiaAiolen
op6uTanyu — BOKPYT AAPa MeHee 3JIEKTPOOTPULATE/ILHOrO aTOMa.

O xapakTepe pacnpefeseHUs 3JEKTPOHHOI IJIOTHOCTH B reTeposepHOi
MOJIeKyJle MOXKHO CYAWTb IO KOHTYDHOH JuarpaMse, NpHUBEJeHHOIl Ha
puc. 31 ana Monekyast CO ¥ U303NeKTPOHHOMN € TOMOSZIePHOH MOJIEKYJIBI
N‘l.

P u c. 31. KouTypHas nuarpaMma pacnpelelleHnsl WEeKTPOHHON MIIOTHO-
cri Monexys CO (a) u N; (6)
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§ 4. TPEXATOMHBIE TMHENHBIE MOJIEKYJIB

Monexyna BeH,. [lns MHOroaToOMHBIX MOJIEKYJ MOJIEKYNsipHasA OpOGUTaslb COC-
TaBIsieTcsl M3 OpOUTATN LeHTPaJIbHOTO atoMa (1 ) M TAK HASLIBAEMON TPYINOBON
opbutanu (Yrp):

V, = qdya+ CQ'/’Fp? V. = cat¥ya — c4wrp-

Ipynnosast op6utanb mnpenctamisier co6oil pesynpTaT KOMOUHaliMM opb6uTasei
nepudepuieckux aToMOB (JIUMaHAOR).

PaccMotpum TpexaToMuyto Moslexyity BeH,. Ona umeer smueiinyto dopMy (puc.
32). Posb LeHTPABHOrO aToMa MTpaer aToM GepuIIUsA, a aToMbl BOLOPOAa — pOJb
JIUraHgoB. Y Gepeliusi ~— 3JeMeHTa 2-TO TepUofa — BAJIEHTHBIMU SIRJISIIOTCA 25—,
2py~, 2py~, 2propburanu (puc. 33, @), y atoMoB Bogopoma — ls (puc. 33, 6).
Op6uramm 1s 1Byx aToMoB Boflopola codeTaloTcsl B /Be TpyMNoBEle opburamm (puc.
33, 6). Omna us HUX Y| cocTout U3 lsopbutaneil ¢ OJMHAKOBLIM BHAKOM BOJIHOBOI
dyHrUMH, Apyrasi Y, — ¢ pasHBLIMM 3HaKaMM BOJIHOBOM ¢yHKUMU. Jpyrux codera—
HUI OpOUTajiell BOXOPOJA B TPEXATOMHON MoJjleKyJsie 6bITh He MOMKeT.

+
25 Is s
| %
x
2;2% 15 is
A %
J
H, . Be Hp 2Py
> — 7
28
Y
y a
P u c. 32. BzauMHoe pacno- P u c. 33. Op6urans IeHTpasbHoro atoMa ()
JIOXEHAE 4TOMOB B MOJIEKYJIE ¥ rpYIioBEle OpOUTATM JIMraHgoB (6) L7st
BeH, TPEXATOMHO JIMHENHON MOJEKYJIbI

Kak BusHO M3 pHc. 33, MO yCJIOBUAM CUMMETPUM BO3MOXHBI CefyIolihe coue—
TaHUsl opOMTATIEN UEHTPAJbHOIO ATOMa M TPYMNOBLIX OpOUTATIEN:

V.(os)® s + Y5 ¥, (0¥ '/)2;)2 + Yo

V(o)) » ty,— ¥ V. (o)~ tp, — o
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P u c. 34. Cxema 06pasoBaHnsi 0gCBA3BIBAIOUIEN Y O j-DABDBIX-

Jstonieit opburasenn mosekynasl BeH,

P u ¢c. 35. Cxema 06pa3oBaHUs 0 ,~CBASLIBAOLEN U O J-pasphIxasolelt

opbutasert Monekynbl BeH,

n%(2p,)

P uc. 36. HecBasbiBawlme 7° -0p6UTaNU MOJIe-
rxyJsnl BeH,



MepBoe coueranue NPUBOAUT K 06pasoBaHUIO TPEXIIEHTPOBOR CBA3LIBAIOILEN 05—
M TPEXLEHTPOBO paspbixysoulen 0;-0p6wraneil (puc. 34). Coveranue 2y, - u Yo~

opbuTaneil NpUBOAMT K OOpPa30BaHMIO TPEXLEHTPOBOM CBABBLIBAIIIEH Ty M TPeX-—
LIeHTPOBOM pa3phIxjsioulen a;‘«op6manef4 (puc. 35).

Cornacuo puc. 33, Mo yUI0BUAM CHMMETDUM ANA 2pr~ M 2p,opburasedl atoMa
6epUIMA NOAXONAMMX Ipynnobix opburaneit Her. (Coteranne 2p,-, 2p,opbuta-
neit u Y-, Yo-opbuTaneit NPUBOAKT K HyleBOMY MepekpblBaHMio.) TakuM obpasoM,
2pg~ M 2pyopburamu B 06pa3oBaHUM MOJIEKYJIAPHBIX OpOUTaNell yyacTHs He NpH-
HuMaloT. Onu nepexonsar B Moiekysdy BeH; B HensMeHHOM COCTOSIHMM B KauecTBe
~HECO3BBAIWUT OJTHOLUEHTPOBLIX MOJIEKYJISADHBIX OpOUTANel, NIPUHALIEKAWMUX JUIIL
atomy Gepuns (puc. 36). DHeprus 1eKTPOHOB Ha HECBSSBIBAIOWIMX OpGUTANAX
Takas ke (BepHee, MOYTH TaKasl ke), KAK M Ha aTOMHbIX opburansx. Hecssabipato-
e MonlekyJIspHele opburamy obostavator 1°-MO (77, u w;)

JunarpauMa sHepretvdeckux ypoBHed MoseKynn! BeH; npusesena wa puc. 37. B
COOTBETCTBMM ¢ GoMbllelt 2JIeKTPOOTPULATENbHOCTEIO BOAOPOA2 €ro opbutanyu B
cxeMe pacroloskeHbl HWxe opburaneit Gepuamms. Yerbipe BajleHTHRIX BJIEKTPOHA
HeBo3By®JeHHO MoJiekyas! BeH; (nBa anexrpoHa or aToMa 6epuinus M IBa OT
IBYX aTOMOB BOJODOJa) PacCloNIaraloTesl Ha O~ M O,-OpOUTANsIX, YTO ONUCHLIBAETCA
QIEKTPOHHOM KOHGUrypanmei

2w ¥
olo’.
TakuM 06pasoM, XuMHYecKasl CBASH B Opburank Opburann Opburary
Mostekysie BeH, ocymecrsasiercst 3a cuer Be BeH,
OBYX BJIEKTPOHHBIX Mlap B CBSSbIBAIOLIMX o
TPEXLUEHTPOBLIX Og= M O OPOUTANSX. . / - ‘\\
e . . / £
Kaxnasi uas OBYX QNEKTPOHHBIX Map B J
paBHOM CTeNeHM TNPHHALIIEKUT 0oboUM 2p YAVER R ‘\\
L. Vi
atoMaM  Bolopoja. [loToMy — MOXKHO V7 W
cuMTaTh Nopsfok cbasn Be—H pasrbIM Y “\
. 2 4 b
1, a cTpoeHMe 9TON MONEKY/b! BLIPA3UTHL -—H——-{\ Y N
crpyxrypHoit dopmynot H—Be—H. Ona \ 4
1
nokasbBaer, yro cBsisy Be—H pasnouen- Wy AL
Vi Iy
Hbl — WMET OIUHAKOBYIO OHEprHIo M A
. \ 7
IUTHHY . \\ \ o /:/
Monekyna CO,;. Monekvia okcuna \ /
. ) \ o /
vraepoaa (1V) nuHellHasi, nosToMy nocT- ‘-—‘H-—’

poerne  o-MO nas  monekynnt  CO,
ocymiecTRAsieTcss Tak ke, kak M ans P 1 ¢ 37. OHepreTirieckas auarpamMa

- . opbiiTasiel JIHHEHON Tpex ¥
NHHEITHO TpeXxaToMHoM Mosekynsl BeH. . p6 PEXATOMHON MO~
JIeKVIbl 6e3 T-CBA3LIBAHUS Ha NpUMepe
Oanako y atoMa KMciopoa B OTIUYME Roll,

OT aToMa BOJOPOAA WMEKITCST OpOHTASIH
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Puc. 38 Opburamy uentpaibHoro atoma (@) u
IpyNIoBble opbutamy (6) Qs TPEXIEeHTPOBOH JUHEN-
Holt Monexynsl CO»

p-tuna. CrienoBaTenbHo, opbutayiell B MOJEKyJIe CQO, 6osbure, ueM B MOJIEKYTe
BEHQ.

Ha puc. 38 mokasaHbl BajleHTHble OPOUT&/IM LEHTPaJIbHOTO aTOMa yrjepola 1
rpymiosele opbutamt (aToMOB KMGIOPOLA), COCTaBIECHHbIE M8 #X 2p-opburanen.
BestencTBue GOBIIONO SHEPreTMUECKOro pasivuMs 2s- 1 2p-opbutaneit kuciopoia
yyacTeM 2s-opbutalieil MOKHO NpeHeGpeyb. Coueranue opburanent 2s — ¥, 2p —
1o NPUBOANT K 0BPAsOBAHMIO MOJIEKYJIAPHBIX OpOUTAllell g-TWNa: O U a:, o, u

o (puc. 39).

Kom6unauust opburaneis 2p, — Y3 n 2py — YPs NpuBOAMT K 0OpasoBaHuio
TPEXIEHTPOBLIX opbuTajiel T-Tvma: T, U T ;, LR T ; (puc. 40). [t rpynnoBbIX

op6utaseit s U Yg NOZXOASUMX MO CUMMETPUM OpOHUTasell UEHTPaJIbHOTO aToMa
Her, nootoMy B Mosiekyste CO; OHM MIpaloT posib HEeCBABBIBAIOIIMX U 0603HaYAI0TCA

T, 1r;‘ HecpsspiBaolive opGuTaiy JOKAIMSOBAHBl ¥ aTOMOB KMCJIODOAa (puc.

40).

Onepreruyeckas anarpamma Monexysel CO, mpuBeleHa Ha puc. 41. Pacnpene-
JleHYe JBEHAAUATV BaJIGHTHBIX OJEKTPOHOB (4eThipe — aToMa yIjlepojia 1 BOCeMb —
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P u c. 39. CessbiBatolue 1 paspbiulsiioline g-0pSuTamy Monekyas! CO,

P u ¢. 40. CusasbiBaloniite, pa3pbixjisiolliie ¥ HecBA3biBalolie T-0p-
6ura1n Monexysst CO»



Opburanu Opbutanu Opbutanu
C Co, [0}

2s ! \\
\\

P u c. 41. DHepreTuveckasi AMarpaMma
. JUHENHON TPeXaTOMHOW MOJNEKYJL! ¢ 0-
n T—cBsa3siMyu Ha nipumepe CO,

IBYX aTOMOB KMciopoza) no opburaism Motekyasl COj cOOTBETCTBYeT @i1eKTpOH-
HOM KOHDUTYpauuu
25272 72 1% 27°2
OLOLmI T T

flpu yuere 2s-0nekTpOHOB IBYX aToMOB Kuciopofa — A u B sinexkrponHyo koHpU-
rypanuio Mosiekysnbl COy MOXHO 3amucaTh:

2962 320272 g2 12702
ZSAZSBasozwxwyrx 7ry .

Yerpipe napbl onexrporos — 02, 02, w2, 1r?y NPUXONATCA Ha YeThIpe TpexieHT-

pOBbiE CBA3bIBAONIKE OpOUTaNu, T.6. Ha KaXOblii U3 aTOMOB KUIOPOJa MPUXOAUT-
Cs MO [IBe Hapbl CBASBIBAIOUIMX SJIEKTPOHOB. TakuM 06pasoM, MOKHO CHMTATh, YTO
TIOPSIIOK CBSI3M MexXJy aToMaMM KHMciiopona M yrieposia B Moniekysie CO, paBen 2. .
310 MOXKHO OTPasuTh cTpyKTypHOU ¢opMymoin O=C=0.

§ 5. HATNATOMHBIE TETPASJIPUYECKHUE MOJIEKYJIBI

OTHOCHTENbHOE DACHIOJNOKEHME aTOMOB BOJAODOAAa M YIVIPOAa MJid
Terpasapudeckoii Monekyian MeraHa CHy npusemeno ua pue. 42. Kak
BHUAHO M3 DPHCYHKA, NPABWJIbHBIA TETpadJp MOKHO IIOJIyYHTh, IOMECTHUB
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UeHTpajibHbI aToM B IleHTpe kKy6a, a me-
pudepuyeckue aToMsl — B €r0 INIPOTHMBO-
[OJIOKHBIX BEPHIMHAX.

B o6pa3oBanuM opOuTajeil MOJEeKyJIbl
CH, npunuMaloT ydactue 2s-, 2p,~, 2p, u
2p,opbuTanu aroma yriaepoaa u 1s-opbu-
TAJIA YeTHIPEeX aTOMOB BOAOpOJAa. Boamosx-
Hple CHOcOOGB THepeKpHIBaHWA BaJeHTHBIX
opburajeit aroMa Yriepofa U UYeThIpex
aTOMOB BOJOPOJa NMOKa3aHbl Ha puc. 43.

P u c. 42. BzauMHoe pacHoso-

KoMbunanus 2s-opbutaam Jiepoga M ls-
i P YTIEPOR s#eHne aroMoB B Mosiekyne CHy

opbuTanell YeThipeX aToMoOB Bomopofda (puc. 43,
@) MPUBOANT K 0BPasoBAHUIO MATHUEHTPOBBIX MOMIEKYNSPHBIX O~ U as*—op6ma.ne1?1.

Kombunanusi 2p,-, 2py-, 2propburaineit yraepona U 1s-opburaneit aToMOB BOJLODO—
na (puc. 43, 6) cooTBeTcTByer 06pasOBaHMIO TPeX CBASLIBAIOMUX Op (Oz Oy, 07) ¥

TPeX PaspbIXJISIONUX Op (a;, U;, a;) MSITULIEHTPOBBIX MOJIEKYJISAPHBIX opbuTaJiei.

XapakTep NepeKpblBaHMA 2p-, 2py~u 2propbutraieii aroma C ¢ ls-opbutansMu
atomoB H oauHakoB. CrieloBaTeIbHO, BOZHUKAIOUIME [IPU STOM TPU MOJEKYJISIPHBIE
Op-opOUTAMM (WK COOTBETCTBEHHO TPU 0;—0p6ma,nu) UMET OJUHAKOBYIO OSHEp—

TUlo, T.€. OHU COCTABJIAIOT TPHUXKIb! Bb[pO}KﬂeHHbIﬁ YpoBeHb.

a g

P u c. 43. Mepexpbipanne 2s- (a) u 2p-opburaneit (6) atoma yraepoma ¢ 1s-
OpOMTATIsIMU HeThIPEX aTOMOB BoLopoxa B Momekyie CHy
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3Hepre'ruqecxaﬂ AUarpamMma

°”°'g"“‘ °D6";mu Opburany  opbuTanieit  MOJIEKYJR  MeTaHa
‘ H npuBefena Ha puc. 44. Hesos-
o e e 6yxaeHnan Monexkyna CHy mmeer
— YKL y 1
/ \ Ba CBA3LIBAIOIUMX M JBa pa3-
E ) / \ PHIXAOUX 3HEPreTHHEeCKNX
’ / / PR . yposus. Pacnpenenenne BocbMH
++'—< S,
v/ ' ‘—‘—'—— BAJICHTHBIX 3JIEKTPOHOB MOJIEKYJIH
\‘ ] f—*—- meTtaHa (Yerhipe or atoMa C u
\/ l‘ yersipe OT aroMoB H) coorser-
’X‘ ’—"’—— CTBYeT 3J6KTPOHHO# KOHUrypa-
7\ / win
7\ /!
I\ /1
!

242 52 42
LH"H“H"/I Usa:cayaz‘

~—h— Kaxpan u3 MOJEKyIAPHEX

P u c. 44. DHeprerudeckad IuarpaMMa opburanefl OXBaTHBaeT Bce aTO-
opbuTaneil TETPad[PHUYECKON MOJIEKYZbl Mbi MOJIEKYJIBI M [O3TOMY IO
6es 7-cBAabIBaHUS Ha npuMepe CHy XapaKTePy pPacrpefeseHUs INeKT-
POHHOM NJIOTHOCTH BC€ YeThIpe

aTOM& BOAOPOAA PaBHONEHHH. OJTO NMO3BOJAET CYHTATH, YTO B MOJIEKy]e

HMeIOTcA 9eTuipe paBHOLEeHHBe cBasn C—H:
H
H—C—H

H

BaneHTHBE 3/7eKTPOHL PACIOJNAralOTcs Ha OPOMTANAX HBYX B3HEPreTH-
yeckux ypoeHeit (puc. 44). [lostomy monekyna CH, umeer nBa nepsuix
ODOTEeHLHANA MORM3ALNMM. Y[aNeHHe IJIGKTPOHa ¢ O,OpOGUTANU Tpebyer
Gonbwedt sneprun (2132 w[x/Momab), yeMm ¢ onHoO#t M3 gy-op6utanm (1274
ik /Mons).

Kak nokasbiBaloT pacuerbl, 2s-0p6UTatib aToMa yT7epofa TNO cBoell 3Hepruu
pesko omiMyaeTcs 0T ls-opbutann aToMa bojopona. [losToMy No aHeprerMieckKHM™
YCIOBUAM KOMOMHAaUMA 2s-op6UTany aToMa yrnepofa ¢ 4eTbipbMs |s-opGutansmu
yeTblpeX aTOMOB BOJOPOJa K 3aMeTHOMY MePeKpbiBaHMi0 He NMPUBOAMT, a Clel1oBa-
TeNbHO, 29-OpOMTa/Ib aTOMa YTAepola B MOJIeKyJle MEeTaHa UrpaeT po/lb HeCBA3bl-
paiomlent. TakuM obpasoM, B Mosekyne CHy B AeMCTBUTENBHOCTH XMMMYECKAs
CBsi3b OCYILECTBJIHETCA 3a CHeT OBYX 2p-37ieKTDOHOB YTJlepoAa M HeTbipeX ls-anent-
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POHOB 4eThIpex aToMoB Bofopoja. OUYeBUAHO, YTO M IIPU TakoM OOBACHEHMM COXpa-
HsleTcs BHIBOI O DABHOLEHHOCTHM BCEX YETHIPEX aTOMOB BOJAOPOJa MOJEKYJIbl MeTaHa
u paBHolleHHoctH cBsaseit C—H.

§ 6. COIIOCTABJIEHUE OQHEPTETUYECKNX JHATPAMM
OPBUTAJIEN MOJIEKYJ PA3HOI'O CTPOEHUA

ComoctraBUM SHepreTHYecKUe AuarpaMmbl opOuTaneil JuHEHHOM, Tpe-
YTOJBHOM, TeTpadApMYecKON, TPUTrOHAJIbHO-TIMPAMUJAABLHON M  YIJIOBOM
MOJIeKyJ1 6e3 T—CcBs3eil:

%

»* ]
* [ g, [
oF_ o, __ o, 2 o __ oy —
E £ 3 F3 3% . b2 *
G5 o) 6 Oy 0 6 __
o
* n
o [ ° ° y
ﬂx___"y p P g— _H_Gz

o, 'H-”;
T T R T A
o 4 o 4 % 4 o 4 Ty

BeH, BH; CH, H;N H,0
TpeyroabHas Tupamuoanbras Yrnosas

Jluneiinas Tetpasapuueckas

[To Mepe mepexosa B 3TOM pALy OT JIMHEHHOW K TeTPasiapU4ecKon
MOJICKYJIE YMCJIO MONEKYJAPHBIX 0-OpbuTanell yBeJIUYUBaeTcs, a YUCAO T-
opbuTaseil yMenbilaeTci. B TpHroHaNBPHO-MMpaMUAANLHOW  MOJIEKYJe
YUCIO g-OpOuTaell TO e, YTO U B TPEyrOJLHON, HO BMECTO HECBA3BIBAIO~
el m-op6UTANNd UMEEeTCs] HEeCBASBIBAIOMIAA a;—op6ma_m>.

Pacnpenenesyie 5/16KTPOHOB 10 MOJEKYJIADHBIM OPOMTANAM  MOKHO
OTPa3UTh B CTPYKTYPHHIX dopMynax Mosjekya. llpumeMm Bo BHMMaHUe, 4TO
HaXOX7leHNe 3JIEKTPOHA B 0-OPOGUTAIM COOTBETCTBYET 0—CBABU MEKIY ATO~
MaMM. OJIGKTPOHBl 0°—~ U 7 -OpOUTajell UFpaloT POJIb HECBA3LIBAIOIIMX M
TPUHALJIEKAT LEHTPAIbHOMY aTOMy:

BeHz BH3 CH4
aﬁai 030’%0; 020}250‘502
H—Be—H H H
B C
/ —~
H
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NH3 HZO

2g2020°2 202021°2
¢7‘$(71.l7'!/0'z asazazwy

ﬁ\ :0:
H/\H H N

Kak Buaso u3 epaBHenns puc. 37 u puc. 41, 114 MoleKys ¢ T-CBA3AMU
3HEepreTHYecKasi JuarpaMMa opbuTaseil cjloxkHee, YeM AJIsl MOJIEKYyn 6e3 7-
cBaAselt. B yacTHOCTH, BMecTO HecBsA3bIBalOWel 7°-0p6UTANU B MOJIEKyJax C
T-CBABHIBAHMEM UMEIOTCA 7- ¥ T *-OpOUTaIIM.

PaccMoTpuM amarpamMMy MonekyjasipHbIX op6utaneit Mosekyist BFj
(puc. 45). Ora Mosiekyna, kak U monekyna BHj, umeer dopmy nmockoro
TpeyroasHuka. Ho Tak kak aToMsl ¢pTopa MMEOT OpOUTANM, COCOGHBIE K
06pa3soBaHMIO MOJEKYIADHBIX OpbuTaiieil m-tuna, B Mojekyine BF; umeror-
e ¥ MOJIEKYJAspHbie 7- M T *~op6utanu. Eciay He yuyuTHIBaTh 2s-3JIeKTPO-
HOB aTOMOB ®TOpa (254, 2sp, 2s;), 3Ta MOJEKY/Na cOdepkUT 18 BaleHTHBIX
37ekTpoHOB (3 a/exTpoHa artoMma B, 15 siexktponos Tpex aromos F). U3

Op6uranu Op6utanu Op6uranu
£p ° o 22 o f
/ \
)17 Tog
/1 i\
A
2 / // nl\\\
Ty W
vl W
/ \
K Ny 2

P uc. 45, OHepreruueckas amarpaMma opburasieit
TPEYTOJIbHOH MOJIEKYJIBI C O- M T-CBS3AMH Ha NpUMepe
BF;
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HUX 8 3/IeKTPOHOB HAXOAATCH Ha YETHIPEXUEHTPOBHIX Os-, Oz~ Oy M T
Op6MUTANAX, OCTIbHBE — HA HECBA3LIBAIOMIMX OPOGUTANAX, JIOKaIH30BAH-
HLX Ha aToMax ¢ropa. CBsA3KBAOIIYI0 3JEKTPOHHYIO KOH(Urypanuio
Monexyanl BF3; MoxHO n3obpasuts $opmyioit

\
o2 aia;n’i.

HNockonsKy B Monekyne BFj3 cBasb ocyuecTsisieTcs TpeMA 0-371€KTPOHHBI-
MM TapaMHM M OJHON 7-3/IeKTPOHHON mapoit, nopaaok ceasuy B—F cocras-
asietr 1 /3. Takum 06pa3oM, MOKHO NPEACTaBHTh, YTO MeX]y ATOMOM 60pa
¥ KaxAbM M3 aToMOB (GTOpa MMeeTcs OLHA O-CBA3b, & T-CBA3L JENOKAIH-
30BaHa 110 BceM Tpem cBassaM B—F. Ckasannoe MOXHO W306pa3uTh cie-

AylomwnMm obpas3oM:

Takoe ke cTpoesime umewor uorn BO3, CO3; NO; n monexyna SOj,
H303JIeKTPORHbIe MoseKyne BF;: '
O IO o 0
g O\Cso N0 $=0

o o 0% o~

Teopus MONEKYNAPHHX OpOUTaIeN HAULIA IUMPOKOE NPMMEHEHHWE, TaK
KaK [18eT caMblii 06IMH MOAXOA KO BCeM TUIIAM XMMHUYECKHMX COeIMHEHWM.
Ota TeopnA AOMUHUPYET B TEOPHM XUMHUUYECKON CBA3H M TEOPETUYECKOMN XU-
muu Boobine. Ee MaTeMaTnuyeckuii annapat Haubonee yno6eH 1id npoeene-
HUA KOJNMYECTBeHHKIX pacyeToB ¢ nomousio IBM.

I'J1 AB A 3. TEOPUA BAJIEHTHLIX CBA3EH
§ 1. HACBIILAEMOCTb KOBAJIEHTHOH CBA3U

PaccMoTpHM B paMkax T€OpHHM BajleHTHLIX CBA3€il XapaKTepHble OcOGeH-
HOCTH KOBAJICHTHOH CBSi3W - HACHILIAEMOCTb, HAaNlPaBICHBOCTL M NMOIAPU3Yye-
MOCTb.

OaHO M3 BakHeHUX cBOICTB XMMHYECKONl CBA3M - €€ HaChILUAEMOCTb.
BcnencTie HachlilaeMOCTH CBSA3M MOJIEKY bl MMEIOT ONPENETEHHbIIl cOocTaB
3 CYUeCTBYIOT B BHAE AUCKPETHLIX YacTHIL ¢ ONpele eHHOll CTPYKTYPO.

Teopus BasleHTHBIX cBA3eH (JTOKANTN30BAHHBLIX JJIEKTPOHHBIX Nap) HCXO-

AMT M3 NOJTOXKEHHA, YTO KakiIdas NMapa aTOMOB B MOJIEKYJle yAepkKUBaeTcsa
7



BMecTe NIpW MOMOIIM OAHONM WJIM HECKOJNBKUX OOWIUX O3JIEKTPOHHBEIX Map.
Takum 06pa3oM, B NpPeACTABIEHUM TEOPUM BAJICHTHBIX CBA3CH XMMHYeCKasd
CBA3b JIOKAJIM30BaHa MENJy [ABYMA aTOMaMH, T.e. OHa IBYXUEHTpOBasd W
IBYX3JIEKTPOHHAA.

O603HaueHHE ¢ IOMOIIBI0 YEPTOUKH XUMHYECKOMN CBA3HM B CTPYKTYPHBIX
¢opMynax coeIUHeHUH

H
H—H N=N: O H—C—H
H/ \H I
H
H, N, H,0 CHy4

Hauo obocHoBaHue Gnaronapsa teopun BC.

BanemtaOcTs. IlOoz BaZeHTHOCTHIO [OIpPa3yMeBaeTcsA CBOMCTBO aTOMa
JaHHOTO JJIEMEHTAa IIPUCOSJUHATL WMJIM 3aMeEIlaTh ONpeJeNIeHHOe YHCIo
aTOMOB JApPYroro ojieMeHTa. Mepoil BaJIeHTHOCTH IO3TOMY MOMeET ObITb
YUCI0 XMMUYECKUX CBA3eH, obpa3yeMBIX JaHHBIM aTOMOM C APYIHMMHU aTo-
mamu. TakuM 06pa3oM, B HacTOsAILIee BpeMs MOJ BaJeHTHOCTBIO XUMHUYeC—
KOTO 3JIEeMEHTa OOBIYHO NOHUMAETCS er0 CHOCOBHOCTL (B GOslee y3KOM CMBlC—
Jle — Mepa ero ¢OOcOGHOCTH) K OGpa3OBaHMI0 XMMHUYECKMX cBsiseil. B npex-
CTaBJIEHUU METOJla BAJIEHTHBIX CBA3EH 4YUCJIOBOE 3HAUEHUE BaJICHTHOCTU
COOTBETCTBYET YMCJIY KOBAJGHTHBIX CBA3€l, KOTOpBIE 06pasyeT aToM.

O6pasoBaHHe MOJIEKY/IBl BOLOPOJAa W3 ATOMOB MOMKHO IPEJCTaBUTh
caenyromuM o6pasoM (TOYKa O3HAYAET 3JIEKTPOH, UepTa — [apy IEKTPO-
HOB):

H-+-H=HH nau H- + -H = H-H

Ilockonbky nmpebbiBaHMEe IBYX 3JIEKTPOHOB B MOJie AEWCTBUA ABYX sAAep
SHEPTETUYECKN BBITOJHEE, 4YeM HaXOKIEHHE KaKAOrO JJ6eKTPOHa B II0JIE
CBOEro AApa, B 06pa30BaHMM KOBAJIEHTHBIX CBA3EH MOrYT NPUHUMATH ydac-
TUE Bce OJHO3IEKTPOHHble obnaka. Hampumep, aromel kuciopoma u a3ora
MOTYT COEIMHSTHCA ¢ ABYMS M TpeMs (COOTBETCTBEHHO) OAHOBAJICHTHBIMU
aTOMaMM BOAOPOHA: ’

0 2522p* N 2s%2p°

g+ wH++
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B paje cny4aeB 9HC/IO HEMAPHBIX 3JIEKTPOHOB YBEIMUMBAETCA B Pe3y/b-
TaTe BO36YXKIEHMA aTOMA, BHIBLIBAIOWErO PAcCNaj [ABYX3JEKTPOHHBIX 06na-
KOB Ha OJHOMJIeKTpOHHble. Hanpumep, aToM yriepoga B OCHOBHOM COCTOSi-
HUN MMeeT Ba HEMapHHX MeKTpoHa (25?2p?), a npyu BO3GYKAEHHH OJHOTO
U3 25-371IEKTPOHOBR B 2p—COCTOSAHHE BO3HMKAIOT 4YEThIpe HENMapHBIX 3/EeKT-
poHa:

E C 2522p? C* 2s'2p°
yrt— e
2

s

Bcnencmue 3TOr0 aToM YrJjiepoaa MOXET COeLUHATLCA, HalpUMep, ¢ Ye-

THpbMA aroMaMu dropa (2s22p°), MMEOIUMMA 0O OAHOMY HeNapHOMY
3JIEKTPOHY:
:F
+C-+ 4-F: = F-C-F-
|
:F:

Bo36yxaeHne aTOMOB HO HOBOFO BaJIGHTHOFO COCTOAHMA Tpebyer 3aTpa-
THI ONpEAEIEHHOM DHEPIUM, KOTOpasd KOMIIEHCHPYETcs 3Heprueil, BblaeJsie-
MO} npu ofpa3cBanuu cBaseil C—F.

JOHOpHO-aKIENTOPHKIT MeXaHW3M OODa30BAHMA KOBAJIGHTHOM CBA3H.
Boamoxen u Apyroii MexaHu3M o6pa3oBaHUA ABYXUEHTPOBON ABYXI/1EKT-
POHHOH CBA3H, a UMEHHO NPM B3aUMOJEHCTBHHM YACTHIl, OQHA M3 KOTOPHIX
HMeeT napy 37MeKTPOHOB A:, npyras — cBoGoAHYI0 op6utans 0OB:

A: + oB = A-B

HOHOPp  aKuenTtop

YacTiia. npenocTaBIAMAA A CBA3K JABYX3NEKTpOHHOe O061aKo,
Ha3bIBaeTcA JoHOpoA; 4ACTHLA €O cBOOOAHOR OPOGHTaNLIO, NpHHIMAOLIan
3Ty 3N1eKTPOHHYIO MapY, Ha3biBACTCA GNYENMOPOAL.

MexannamM 06pa3oBaHisl KOBAEHTHOIl CBA31 3a CYET JABYX3.1€KTPOHHOrO
o6Maka OJHOTO aroMa MW cBOGOIHON oOp6GuUTanKW JApYTroro Ha3ulBaeTcs
JoHOPRO-AKY ENMOPHBLA.
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BanenTumie BO3MOXHOCTE 37eMeETOB. VIMesa B Buay o6a onucanHbie
BHIILIE MEXaHU3Ma O6pa30BaHUs KOBAJIEGHTHOH CBA3M, PAcCMOTPMM BaJIGHT-
Hble BO3MOJKHOCTM ATOMOB 60pa, yIJiepoAa M a30Ta. OTO BJIEMEeHTH 2-TO
nepuoa, U CJeA0BATELHO, UX BAJICHTHBIE 3JIEKTPOHBI PACNpefeArTes 1o
YeThIpeM OPOUTANSIM BHELIHErO ¢J10s1: OJHOM! 2s- U TpeM 2p-

B 2522p' C 2s?2p? N 2s22p°
Bob—— = 4t
‘H‘ 2p 'H' 2p 'H' 2p

2s 2s 2s

Ilockonbky y 60pa U yriepoia MMEIOTCA IHEPreTHUYECKH OJIN3KHE CBO-
6onHble 2p-Op6UTany, NpH BO3OYRKJIEHUM 3TH DJIEMEHTH MOTYT NpUOOpecTH
HOBHIE 3JIEKTPOHHBIE KOH(DUrypaiyu:

B* 25! 2p? C* 251 2p?
TR

2s 2s

B coorBerctBumM ¢ umcsioM HenapHbix snekTponoB aroMel B, C u N
MOryT 06pa30BaTh COOTBETCTBEHHO TPH, YETHIDe U TPH KOBAJIEHTHBIE CBSASH,
HallpMMep ¢ aTOMaMu BOJOpOAa:

H H H

) l . | ) I
B- +3H- =+ 0B-H -C-+4H-—+H—-C—H :N- + 3H- —:N-H

I l l

H H H

ATtoM 60pa uMeeT cBOGOAHYIO Op6UTanb, NMOTOMY B Mojekyae BHj
nepumur snextpoHos. B moseryne wxe NH; npu arome asora umeercs
Hemofe/leHHass (HeCBABLIBAIOIAs) IJEKTPOHHAA Inapa. TakuM o6pasoM,
Monekyna BH; moxer BucTymars Kak akuenrop, a modekyna NHi, HaoGo-
POT, — KaK [OCHOp JJIeKTPOHHON napel. VIHBIMM cJIOBaMM, LEHTpaJIbHBIE
aTOMBI TOH Y JAPYro# MOJEKYJbl CHOCOGHBH K OOpa30BaHUIO YETBEPTOH
KOBaJIGHTHO! CBA3M 110 JOHOPHO-aKUEITOPHOMY MEXaHU3MY.

IIpocTeitinuit gOHOpP 3JeKTpOHHON mapsl — ruapua-mon H-. Tlpucoemn-
HeHWe OTPHUIATeNIBHOTO TUApPUA-UOHa K Mojekyie BH; mpusomur x 06-
Pa30BaHMIO ciI0kHOro (KoMmmaekchoro) uowa BH) ¢ orpumartentHbiM 3apsa-

OM:
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H H
| I
H-Bo + :H- —|H-B-H
| !
H H
aKllenTop  JOHOp

IpocTeitinuii akueNTOp JIEKTPOHHOU mapsl — npotor H*; ero mpucoe-
auHenne k Monekyie NHg Toxke mpuBoauT K O6pa3s0BaHUIO KOMIIJIEKCHOTO
nona NH, HO yske ¢ [0JIOKHTENbHBIM 3aPAAOM:

H H 1
H-N: 4+ o0oH* — |H-N-H

H H

JOHOD  aKuentop

W3 conocrasnenns cTpykTypHbix opmyn momekyiast CHy u koMmiexc-
Heix monos BH; u NH}
H | H H J°
| [ |
H-B—H H—-C—H H-N-H
| | |
H H H

BUJHO, UTO aTOMHI 60pa, YIJiepoZa M a30Ta B TUX COCIUHEHUAX UETHIPEX-
BajieHTHBI. Cliefilyer OTMETUTh, YTO B MOHAX BH; u NHJ Bce uernipe cBazm

PaBHOLEHHBI M HEPa3/JMYKMBI, CJEJ0BATEeJbHO, B MOHAX 3apAj IeJOKaJIN30-
BaH (paccpefiOTOYeH) MO BceMy KOMILIGKCY.

PaceMoTpenHsie npuMepsl MOKa3BIBAIOT, YTO CHOCOGHOCTL aToMa 06pa3o-
BBIBATh KOBAJIEHTHBIE CBS3U OOYCJIOBIMBAETCA HE TOJNBKO OJHOIIEKTPOHHBI-
MU, HO U [ABYXJJIEKTPOHHBIMM OOJIAKaMHU HJIM COOTBETCTBEHHO HAJIHMYHEM
cBOGOAHBIX OpbuTaseli.

§ 2. HAIIPABJEHHOCTbL KOBAJIEHTHOW CBA3U

TockonbKy 3/16KTPOHHBIE 06/aKa UMEKT PasnuHylo (HOpMYy, HX B3auM-—
HOe NepeKpBIBAHME MOXKET OCYMIECTB/ATHCS PasHbiMM crocobamu. B saBu-
CUMOCTH OT CHOcoGa MEpeKpPHIBaHUA M CHMMeTPUM 06pasyoueroca ofraka
pasnuyarT o-, T- 1 &~cBasm (puc. 46).
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&-chasu gr- cfasu

P u c. 46. CxeMbl TlepeKpbIBaHUSA OpOGUTAseil PY 06Pa3OBaHNK O-, -, 6-cBABEl

Cuinia-c623% OCYIIECTBIAACTCS NIPY TIEPEKPHIBAHMU OOJAKOB BIOJIb JTUHUK
COCAMHEHUA aTOMOB. [[u-c623% BO3HMKAET NpH NEPEKPHIBAHUN 3JIEKTPOH-
HBIX OGJ1AaKOB 110 06€ CTOPOHBI OT JIMHWM COSAUHEHUsA aTomoB. Jleavma-
c683% OBs3aHA [EPEKPHIBAHMIO BCEX YETHIPEX JIONACTeH d-d/IeKTPOHHBIX
06/AKOB, PaclioNOKEHHBIX B MapaJlIebHBIX MJIOCKOCTAX. Vexons U3 ycmao-
BUI CHMMETPUH, MOXKHO CKA3aTh, YTO 3JEKTPOHBI s-OpbuTaneil MOFyT yda-
CTBOBATL JIMINb B O—CBA3BLIBAHUM, P-DMEKTPOHBI — YXe B 0- U T-CBA3LIBA-
HUH, a d-37EKTPOHBl — KaK B 0- M 7-, TaK W B O-ceaseiBanun. Jas fop-
6uTateil cocobsl MEPEKPHIBaHUS €llle Pa3sHOOOpa3Hee.

MakcuMailbHOe NepekpbiBaHue 06/1aKkoB, 06pa3ylomux J-CB3M, COBIa-
[aeT ¢ JINHUEH, COeAMHAIONIe LEHTphl ATOMOB. ITOCKOJIbKY 371€KTPOHHBIE
o6naka (kpome s-061aKa) HampaBjIeHpl B MPOCTPAHCTBE, TO M XUMUUECKME
CBA3M, O6pasyeMble ¢ MX YYaCTHEeM, NPOCTPaHCTBEHHO Hampabienbl. Tak,
raHTeJIeBUIHbIe p-OpOUTANU PacllooKeHsl B ATOME B3alMHO MEepPNeHInKY-
napHo. ChenosaTesbHO, YIOJM MEK/IY CBA3SAMH, 0Opa3yeMpIMI p-3JICKTpOHA-
MM atoMa, goskeH 6uiTh 90°. TakuM 06pa3oM, NPOCTPaHCTBEHHOE PACNo/Io-
JeHUe g-cBS3eil Olpe/ieseT NpOCTPAHCTBEHHYIO KOHPUIYPALUIO MOJIEKYI.

MpoctpascrBeHasle GOPMYJIBl MOJIEKYJT BeChMa Pa3HOOODA3HEL. Tak,
mosexyna CO, nMeeT AMHEHHYIO cTPYKTYpY, Monexkyna CHy — Terpasapu-
gyeckyw, Mosiekyina NH3 — nupamMunansHyio, BOABR — YIJIOBYIO, SO; —
TPEYrOJAbHYIO.
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JIns o6bACHOHMA MPOCTPAHCTBEHHOM KOHGHUTypamuy MOJEKYJ CyIiecT-
ByeT paxn Teopuii (Mozeneit). PaceMoTpuM Momens THOPHANBALMM OpOHTa-
Jei.

Monaesns rubpuausanan  aTOMAEX op6uraneil. OOBIYHO XHMHUYeCcKHe
cBA3KM 06pa3ylOTcs 3a CYET 3MEKTPOHOB pPa3HBIX JHEPTeTHYECKUX COCTOA-
muit atoma. Tak, y aromos Gepuanua (2s22p!), 6opa (2s'2p?) u yraepona
(2s'2p%) B 0OpasoBaHUM CBSA3€il ONHOBPEMEHHO NPUHUMAIOT yYacTUe Kak -,
Tak U p-as1ekTporbl. HecMoTpsi Ha pasnuuue POpM HMCXOIHBIX 3TEKTDOH-
HBIX 06J1aKOB CBsI3M, OGpA30BaHHBIE ¢ UX YYaCTHEM, OKAa3blBAIOTCA DPaBHO-
UHEHHBIMU U PAclONOMEHHBIMU cuMMeTpuuHo. B monekynax BeCl,, BCl; u
CCly, nanpumep, panentHsiit yroa CI3Cl pases 180°, 120° u 109°28°
COOTBETCTBEHHO!

c1\ Cl
Cl @—Cl ’4)120 109° 21‘6'(‘:

180° Cl

%Cl

Cl

Kak e HepaBHOIEHHbIE [0 UCXOAHOMY COCTOSHMIO 3JIEKTPOHBI 06pa3y-
IOT DaBHOLEHHbIE xuMU4eckue cBsa3u?! (OTBET Ha ITOT BOIPOC AaeT Npe.-
cTaBlIeHHe O tubpudusayuy sasewmunz opbumanret. COrNaCHO 3TOMY Ipel-
CTABJIGHUIO XMMHMUECKHE CBA3K (GOPMHMDYIOTCs 37eKTpoHamu He umcrsix”,
a 'cMewaHHbIX", Tak HasbLIBaeMBIX tubpudnwz opbumaset. Ilocaenuue
ABNAIOTCS Pe3YJbTATOM CMELIeHUs] aTOMHBIX opOuraneil. MHaue rosops,
OpK FUOGPUAMBAIMM NepBOHadYaibHaa (opMa U dHEprus opbutaneit (sieKT-
POHHBIX OGJIAKOB) B3aUMHO M3MEHSIOTCA M 06pasyioresi opbuTanu (obaka)
HOBOI, HO y:Ke OJMHAKOBONH (OPMbI U OAUHAKOBON JHEPIUU.

Caenyer OTMETUTBH, 4TO, Kak U3U- X
qecKui npouecc, rubpuansanus
opbuTaneil He cymecrByer. Teopus
ru6puau3alii  IpejcTaBider coboil
yAOOHYI0 MOJeNb HarasjgHOrO ONmHca-
HUSA MOJIEKYJI.

Ha puc. 47 nokazana rubpunnas
op6uTajib, BO3HUKINASA 33 cYeT KOMOU-
Haluu s- U p-opbutaneir. OHa Gosbine
BHITAHYTa IO OJHYy CTOPOHY OT sijpa,
yeM 0O IApPYryioo, T.e. BJIEeKTPOHHAsA
IJIOTHOCTb B Heil CKOHIEHTPUPOBaHA
10 OOHY cTOPOHY B 6oabiieil cTeneHu, P uc. 47. QopMma sp-rubpunHoil op-
dyem 1o Apyrywo. [losToMy xuMmuueckas OWTamlu
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(S+p+p+p) - opdumany Yemoipe SpJI-opdumanuy

P i ¢ 8. Tubpuansauns sanentHslx opbutaneit

cBsI3b, OOpPa3OBAaHHAA € YYacTHEM 3JIeKTpoHa rubpuaHoit opbuTaim,
JOJIKHa GbiTh GoJiee NPOYHOM, YeM 06pa30BaHHAA JIEKTPOHAMH OTAETbHBIX
s 1 p-opbutaneii.

~ XapaxTep ru6pHIH3alUM BATEHTHRIX OpGUTanell NEeHTPaILHOTO aToOMa M
HX TIPOCTPaHCTBEHHOE pACHOJIOKEHME ONpejesAloT NpOCTPAHCTBEHHYIO
kondurypanuio Monekysa. Tak, npu KOMOMHANMU OAHOR $- M OJHOH p-
OpOHMTATH BO3HHKAKT ABe sp-riGpiiIHbie OPOMTaNu., pPaciHo.l10KREeHHbe CUM-
MeTpiuHo nod yriaom 180° (puc. 48). Otcioza u cpasu. obpasyeMble c
YUACTHEM ICKTPOHOB ITHX Op6MTaseil, Takxke PacnoNaratoTcA MO YIIOM
180°. Hanpisep, v aToMa Gepuiaus sp-rubpuansauns opburaieli npoas-
aserca B Mmosekyie BeCl,. koropas BcleZeTBHE 3TOTO HMMEET AuNelunyro
dop.uy (puc. 49, a)
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Cl—Be——Cl
N\

180°

KoMm6unanus tpex opbutaneii — omHoil s- U IBYX p-TUIa — NPMBOJAUT
K 00pa3oBaHUIO Tpex spl-TUOpUAHBIX OpOGHTaNeill, DPAcHOJOXKEHHBIX MOJ,
yraoM 120° (em. puc. 48). Tog TakuM ke yriaoM paclofaralores M CBA3H,
06pa30BaHHBIE ¢ YYACTHEM HJIEKTPOHOB 3TUX opburtaneit. Hanpumep, senen-
crBue spl-rubpuamsanuu opbuTtaieit aroma 6opa Monekyna BCl; umeer
mpeyroaruyre gopauy (puc. 49, 6). PacnpeaesieHne XUMHUYECKMX CBsi3efl
MOXHO NpPEeACcTaBUTL CJIEAYIOWEeH CXeMOoi:

Cl\ /c1
szo‘

Cl

KoM6unanus yeteipex op6utaneit — OJHON s~ U TpeX p-TUIa — NPUBO-
IMT K sp? — sp-rubpuan3aluu, IPY KOTOPOH YeThipe rUGpUIHBIE OpOUTANIH
CHUMMOTPHYHO OPHMEHTUDPOBaHB B NpocTpaHcTBe mon yriom 109°28° (em.
puc. 48) k uersipem BepmmHaM mempaadpa (puc. 49, 8). Terpasnpudec-

P u c. 49. [IpocTpatcrBeHHOe paclofioxkeHne cBA3ell U KOHDUTy-
palUs MOJIERYJL:

a — nuHelHast; 6 — TpeyroysHas, ¢ — TeTpadApH4ecKas; ¢ — TPUMOHAIb-
HO-OUNUpaMUaibHasi, J -~ OKTadJpUuecKasl; € — II€HTarOHalIbHO-
GUpaMUIabHas
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KOe pacHOJIOXKEHWe cBadeli u ¢opma TeTpa3fipa XapaKTepHbI [JIs1 MHOTMX
coenuHeHui yrnepona, HanpuMep, CCly:

Cl
109° z/s'C’ l
C
aRa
Cl

Besiepersue sp3-rubpuausanyuu opoutasieil aTOMOB a30Ta U 60pa aHalo-
THYHYIO CTPYKTYpy uMeroT uonel NHY u BH.

KoM6unanus opbutaneil TMIa OQHONA s-, TPEX p- U ONHOW d- IPUBOIMUT
Kk spid-rubpuauzanuu. OTO COOTBETCTBYET HPOCTPAHCTBEHHONH OpPUEHTAIUM
OATH $pZd-TUEPUAHBIX OpOUTANEl K BEPIIMHAM MPULONAASHOU BUNUP QAU ObE
(puc. 49, 7). B cayuae sp3d?-rubpupuszanuu mecrb spdd?-TUGPUAHBIX Op6U-
Taneit ODHEHTUpPYIOTCA K BeplIMHaM oxmasdpa (puc. 49, ). OpuenTanus
ceMu OpGHUTaslell K BEpIIMHAM ReHMaronaasrol Gunupaaudwu (puc. 49, e)
cooTBercTBYer sp3d® (unu spdd?f)-rubpuamsanumn BaJeHTHHIX OpOHUTaseil
HEHTPAIBHOrO aTOMa MOJEKYAb (KOMIJIeKca).

Biusiave mecBA3HBAIOMEH JIGKTPOHHOM HApH HEHTPAJILHOI'C aTOMa Ha
CTPOCHME MOJIeKyJN. Brilie Obiny paccMOTPEHBI NMPaBUIbHBIE FEOMETPHYec—
kue (OpPMBl MOJIEKYJl M KOMIUIGKCOB ¢ BajleHTHbIMU yriaamu 180, 120 u
109,5, 90° OpHako, coriacHO SKCHEPUMEHTANBLHBIM JaHHBIM, 3HAUMTEJLHO
Yalle BCTPEUYAIOTCS MOJIEKYJbl U KOMIJIEKCHl ¢ HECKOJNIBKO MHBIMM 3HaYeHU-
AMM BaJICHTHBIX yryioB. Banenrtusie yras B Monexyaax NH; u H,0, Hanpn-
Mep, coctasisitor ZHNH = 107,3° u «HOH = 104,5°. CornacHo Teopuu
ru6pUIN3aliY LEHTPAIbHBIe aTOMBl 3THX MOJEKYJ 06pasyloT XHMHYECKUe
CBSI3W 3a CUET 3JIEKTPOHOB Sp3-TUGPUIHBIX OopbuTaieil. Y aToMa yriepoja
Ha YeThipe sp3-TUOpUAHBIE OPOUTANN TPUXOAUTCSA YETHIPE HIEKTPOHA:

c 4+ + + +

310 ompenensier ob6pasopanue derhipex caszeit C—H u pacnososkenne
aTOMOB BOAOpOAa Monekynni Metana CH4 B BepmmHax terpaszapa (puc. 50).

VY aroMa a30Ta Ha Yerblpe sp3-THOpUAHbIE OPOUTANN NPUXOJMUTCH MATDH
3JIEKTPOHOB:

4+

sp3
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k)

ﬁ%ﬁg

07,3°

” 109°28"

P n c¢. 50. [lepekpbiBanne BanentHbIX opbuTaselt B Monerynax CHy, NHs, H,0

CrnenoBaTesbHO, OJHA Mapa 3JIEKTPOHOB OKA3bIBAeTCs HECBA3BIBAIOIIEN U
3aHMMAeT OfiHY U3 sp-TMOPUIHBIX OpOUTanelf, HaNpaBIeHHbIX K BepHIMHE
Terpasapa (puc. 50). Monekyna NH; umeer ¢dbopMy TpHUTrOHalIpHOM mupa-
MUIBL.

Y aroMa kMcI0pofia Ha 4eTblpe sp3-TMOpHIHBIC OpPOUTANM NPUXOAUTCS

HIECTH 3JIEKTPOHOB!:
o H 4 4+ +
sp3

Tenepp yse HecBA3BIBAIOUIME BJIGKTPOHHBIE Napbl 3aHMMAlOT ABe rMGpUI-
Hele spi-op6utamu. Moaekyna H,O umeer yriosywo dopmy.

B npeacrasiieHusix Teopud rubpHAM3anMM YMEHBHIEHHWE BaJIeHTHOTO
yraia HOH B pagy CH,4 (109°28") — NH; (107,3°) — H,0 (104,5°) o6bsacHsA-
erca caenytominM obpasoM. B psaay C—N—O sHeprermueckoe pasiudue
MEKIAY 25 M 2p-OpOUTANAMU YBEIHUUBALTCH, TOITOMY BRI 2s-OpOUTaIEN
OpyM rubpuau3anyu ¢ 2p-Op6UTANsAMKH yYMEHbUIAaeTcsi. JTO HNPUBOAUT K
YMEHbIIEHUIO BaJICHTHOTO yIJja M NOCTeNeHHOMY npubimkenuro ero k 90°

Mogens noxanuszoBaHEnX diexkTpoHENX map. CorsacHo 310l Teopuwu,
CTPOEHHE MOJIEKYJIB OMpEeAeseTcsi B3aUMHBIM OTTAJIKUBAHUEM CBA3BIBAIO-
[UX ¥ HECBA3BIBAIOIUX I1EKTPOHHBLIX HAp LEHTPANLHOrO aroMa. BiusHue
YMCAa CBA3BIBAIOUIUX Y HECBABBIBAIOILMX 3JIEKTPOHHBIX Nap LEHTPaJILHOrO
ATOMa Ha MNPOCTPAHCTBEHHYIO KoHdurypanuio monekysa tnna AB nokasanw
Ha puc. 51.

CornacHo 370# Teopuu, mosnexynsl CHy, NHs u HoO otrocares k mone-
kynam tuna AB4, ABsE* u AB,E, coorserctsenno. Monekyna CHy umeer
dopMy npaBUIBLHOrO TeTpasapa ¢ aTOMOM yrJiepoja B ientTpe {puc. 51, a),
a B Monexyne NHj (puc. 51, 6) onHa U3 BepminH TeTpadApa 3aHATA HECBsS-

*E — HecBssbIBaollaA SEKTPOHHAS Napa.
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P u ¢. 51. Bausnue cBs3biBaiolinX U HECBA3BIBAIOLIUX BJIEKTPOH-
HbIX map (E) LenTpansHoro aToMa Ha NPOCTPAHCTBEHHYIO KoHbM-
IypPaLVIo MOJIEKYJL:

a — TeTpasfip; 6 — TPUrOHAIbHAS! [IMpaMUAa; @ — TPUIOHAJIbHAA Ounupa-

MUAa; t — yrIioBas GopMa; 0 — WCKaXkeHHbI TeTpasup; e — T-dopma; x
— nuHeiiHast ¢opMa; 3 — OKTa®Ap; U — TETParcHabHas NUpaMuAa; K —
KBajpat

3BIBAIOILE 2/€KTPOHHON Mapoil U MOJIEKYJa MOITOMY uMeeT HOPMY TPHUro-
HaJbeHOM mupamunsi. B monexyne HyO (puc. 51, 6) nBe pepmuHBI TeTpasa-
Pa 3aHATH 3JIeKTPOHHBIMM MapaMu, a caMa MOJIEKyJia uMeer yriaosyio (V-
06pasuyo) ¢opmy.

CaaAspiBalouas 3JIeKTPOHHAs mnapa (NIOKAINBOBaHHAS MEKAY HOBYMS
aTOMaM¥) 3aHWMAaeT MeHbIle MecTa, YeM HecBa3biBalomas. [103ToMy oTTan-
KHBaHWE IPOABJSIETCA B HaMbOJbIIGH CTENEHH MEKIY HECBA3BIBAIOIMMU
[apaMy, HECKOJAbKO MEHBIe — MEXJy HEcBA3BIBAIOIIEN M CBI3BIBAIOLIEH
Hapoit 1 HauMeHee — MEKAY CBA3LIBAIOIUMHU 3JEKTPOHHBIMM [IapaMu.
VBeInyeHMeM 4YMCIa HECBASHIBAIOMIMX 3JGKTPOHHBIX [Ap HEHTPaNbHOrO
aToMa oObscHseTcst yMenbluenuwe BajieHTHoro yria HOH B pagy CHy
(109,5°; monekyna tama AB4) — NHg (107,3°; monexyna tuma ABZE) —
H,0 (104,5°; monekyna tuna AB,E,).

B3a¥MHBIM OTTAJIKUBAHUEM CBSA3BIBAIOWMX M HECBABBIBAIOIIUX VIEKTPOHHBIX Iap
LEHTPAJILHOTO aTOMa MOXHO OODBSICHUTL BIIUSIHWE Ha pasMepbl BajIeHTHBIX YTJIOB
TpYpOJibl NepUdepnuecknx atoMos (WM ux rpynmuposok). Hampumep, B psaagy NHj
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(107,3°) u NFj3 (102°), HoO (104,56°) u OF, (103°) BajeHTHbIe YIJIbI YMEHDBLIAIOT-
cs1. CpA3bIBaioliee BMEKTPOHHOE OGAKO 3AHMMAET TeM MeHBUIMH oGbeM (JIoKanIuso-
BaHO B GOJbIIEN CTelleHH), YeM Bbllle BJIEKTPOOTPHULATENBHOCTD MepUdepUIecKoro
aroMa. [ockomnbky ¢GTOp AeKTpooTpullaTesibHee BOLOPOAA, 2JIEKTPOHHAsl Mapa CBs-~
3u 3 — F 7okanyMsoBaHa B MeHbUIEM obbeMe, UeM OJIEKTPOHHAS Napa CBA3M O —
H. WUsbiMy ciioBamu, B3aMMHOe OTTAlKMBaHMe OBJIEKTPOHHBIX nap cBsselr O — F
MeHblile, YeM oVIeKTPOHHbIX Map cBsizeli 3 — H. TlosroMy orrankmsalliee BiMsAHUE
HeCBA3BIBAIOIUX OJEKTPOHHBIX NMap B cayuyae monexyn NFg u OF, npusoaut k
YMeHbIIEHHIO BaJIeHTHOTO yTUia B Gonbiueil cTeleHH, 4eM B ciiydae Mosekyn NHg u
Hzo.

C HOMOUIBKO TEOpHM JIOKAJU3O0BAHHBLIX 3JICKTPOHHBIX [IAP MOXHO MOKa-
3aTh, YTO HOPHU NATH 0-3JICKTPOHHEIX [apaxX [IGHTPaJIbHOIO aToMa A BO3-
MOMKHBI MOJIeKy/Jsl cocTaBa ABs TpuroHanbHO-6UnUpaMuIanbHOR GOPMBI
(puc. 51, 1), AB4E — uckaxenno-rerpasapuueckoit (puc. 51, d), AB3;E, —
T-o6pasnoit (puc. 51, e) u cocraBa AB,E; — unumeitnoit (puc. 51, x)
GOpMEI.

Ifectu o-smekTponubiM napaM aromMa A orBeyaror MoJiekyiasl ABg,
AB;E, AB4E, coorBercTBeHHO OkTasgpudeckoit (puc. 51, 3), TerparoHanb-
HO-MpamMuganbHoi (puc. 51, ), kBangpaTHOit (puc. 51, x) dopMmsi.

BnusHue Yucaa TOKANMU30BAHHBIX AJIEKTPOHHBHIX Nap UESHTPaJIbHOTO
aTOMa Ha HNPOCTPAHCTBOHHYIO KOH(PUTYDaLUIoO MOJIEKYJ TIOKa3aHo B Tabi. 9.

Tab6nuna Yncio 1okaimM30BaHHLIX MEKTPOHHEIX AP
LEHTPAIILHOIO 3TOMa M IPOCTPAHCTBeHHAsl KoHgurypauus Moiexya ABy,

0-OneKTPOHHbIE Naphl atoMa Al
[eomerpudeckast popma
CBsI- | Hello- M COCTaB MOJIEKYJIbI [Ipumepsi
YUCT PaACHOJIOKEHNE3bIBa-{ NeTeH
J10 [oliiie| Hble
2 Jlnneitnoe 2 0 Jluneitnast AB, BeH,, BeCl,
3 TpeyronbHoe| 3 0 [Inocknit Tpeyronsiuk ABs | BF3
2 1 Vraosasi AByE SnCl,y
4 Terpasgpu- | 4 0 Terpasnp ABy CCly, CHy
yeckoe 3 1 Tpuroxanbras nupamuia H3N, NF,
AB3E
2 2 Vrnosas AByE, H,0, OF,
5 Tpuronanb- | 5 0 TpuroHansHas 6unupamu- | PClg
HO-OUNMpaMu- na ABg
JaJIbHOe 4 1 HenpaBusbHbil TeTpasap SF,
IAB4E
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IIpodoaxenue mada. 9

0-D7eKTPOHHbie Napbl aToMa Al
leoMerpuueckan dpopma
cBA- | Heno- W COCTaB MOJEKYJIbI M punepst
HMC~ | pacnosiokeHHdsbIBa~| NeneH ]
510 joliiie | Hple
3 2 T-obpasnas AB3E, ClFg
2 3 Juneitnas AB,E; XeFy, IF,
6 Oxrasapu- | 6 0 Okrasap ABg SFs, SiF%
qeckoe 5 1 Terparonanshas nupaMu- 1Fs, Sng'
na ABsE
4 2 Tnockuit xBagpar AB4E, XeFy, ICI
7 [lexraro- 7 0 [lentaronanbHas 6unupa~ IF,
HaTBHO-6H - Mua AB;
paMupanbHoe | 6 1 HenpasuabHbin okTasgp XeFg
ABGE

§ 3. KPATHOCTb (ITIOPAAOK) CBA3N

Jo cux mop 6bInM pacCMOTPEHb! MOJEKYJIH € ORMHAPHBLIMM CBA3AMH,
T.e. MOJNEKY/bl JNlb ¢ 0-cBA3AMH. ONHAKO 3HAYUTEILHO 6oJee pa3HOO6-
pa3Hbl MOJIEKY/Ib M KOMILIeKCHbie HOHBI, CPelfHAA KpaTHOCTb (MNOPALOK)
CBA3U B KOTOPBIX Gonbiute enuHuusl. [loBhilieHMe KpaTHOCTH cBA3H 06:A3a-
HO HAaJOXKEHMIO Ha 0—CBA3bL - U O-cBA3eii. Hanpumep, B monekyne Ny,
UMeloIell TPOMHYIO CBS3b

:N=EN:
Onxa U3 cBsA3el o-THNA, JBe ApYrUe — T-THNA, OTBEHAIOWINE P, — Pz, Pr —
Pr M py — Py NEPEKPHBAHKIO COOTBETCTBEHHO (cM. pHc. 46).

B nuneiiHoit Monexkyae CQO, kamabli aToM KHcaopoaa o6beqMHAETEA ¢
ATOMOM YT.J1€poja OJHOI - 11 OJ1HOIl T-CBA3BIO:

0=C=0

[loBLILIIEHItE KPATHOCTH CBABH NPHBOIHT K YNPOYHEHHIO MEKaTOMHOI
CBA3M M YMEHbBIICHHIO MEKBLAAEPHOTO PACCTOAHUA (AnuHbl cBA3u). Tak,

JHEpPruu ANCCOUMALUMM Ha aToMbl Monekyn ¢ropa Fy (:F—F:) n azora N,

(:NEN:) coorsercrserBo pasHbl 159 n 940 k 1k /Monb.
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Bnusinue m—cBA3LIBAHUA Ha MEXKBSANEPHOE PacCTOAHHE XOPOLIO HMJIHOCT-
pupyer pag C,He—C,H—C,Hy:

CoHe CoH,4 C.H,
H;C—CH; H,C—CH, HC=CH

B KOTODOM DACCTOSIHME MEixIy aTOMaMM YIJIepoAa IO Mepe HOBHIIIeHUs
KPaTHOCTH CBS3M yMeHbIIaeTcsi M cocTabiser coorsercrsenso 0,154; 0,135
u 0,120 um.

JenokanusoBanHaA 7T—-cBA3b. PaccMOTpUM XMMHUYECKHe CBA3M B Kapbo-
naT-uone COZ". OToT MOH MMeeT TpeyrospHoe cTpoeHne. CorsiacHo TeOpuu

BAJIGHTHBIX CBSI3€l aTOM yIjlepojia 3a CYeT 3JeKTPOHOB Sp-TUOPUIHBIX
opburtaneii o6pasyer TpuU 0-CBA3M, JIeXKAaIIMe B INIOCKOCTH IOX yriaoM 120°.
YerBepThiil 3J6KTPOH yriepoia o6pasyer T-cBsi3b. BaleHTHOe HacbillleHHe
OIHOTO aTOMa KHCJIOPOJa JAOCTUraeTcs 3a cdeT 00pa30BaHUs T—CBA3U, ABYX
JpYTMX — 3a c4YeT NpUCOeAUHeHns siekTpona. CTpoeHHe TaKOro HOHa
U306paxaloT QOpMyIIoH

—O\ _ 2-
—O/C"O

HenmocratkoM Takoro m3o6pameHus SIBJIAETCA JIOKAIU3ALUA T-CBA3U U
o6yc/IOBIeHHasA OJTUM Kakyllasacsi HepaBHOUWEHHOCTH cBAzelr C—O, u4ro
NpPOTHBOPEYUT MOAaHHBIM JKcnepyuMenTa. [fosroMy B Teopuu BajleHTHBIX
cBA3EH cTpOEHUEe aHWOHA CO%' nzobpaxaeTcsl He OAHON cxeMOH, a HabopoM

U3 TPeX paBHOLEHHBIX:
—O -

2
I C—O—

~_n 2 O~ S N
Jo=01 | o300 2

PaBHOUEHHOCT BCeX BASEH CBUAETENLCTBYET O HEJOKAIM3alUd  7-
¢BA3K (T-BJIEKTPOHHOrO O6JiaKa) M OTPUIATEILHOTO 3apAJa HA BCE ATOMBI
kucaopoaa. Torma MOkHO OGOMTHCH ONHON CXEMOI ¢ MBO6PasKEHUEM [es10~
KAJIM30BAHHOTO T-3JIEKTPOHHOro objiaka B BUAE NIYHKTUPA:

BCJ'IEILCTBI/IQ REJIOKANIU3alul 7T-3JIEKTPOHHOrO obaka NOpAOOK CBA3K

C=0 cocrapaser npumepno 1 !/;. [lauHa cBsA3u B uore COZF dCO =
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= 0,129 HM ¥ SABAAETCA DPOMEXYTOYHONM MEKAY IJIMHOK OJMHApHOR
d_ = 0,143 umM u ppoitHon d = 0,122 uM cBaA3ei.

Paccyknas aHATOrM4YHBLIM 06pa30M, MOXKHO NOKa3aTh, 4TO B MoHe NO;

BCJIEICTBUE JEJIOKAIU3aLHY 3apAJ0B U T-CBA3K BCe TPM aToMa Kucj1opoaa
PAaBHOLIEHHHI dNO = 0,121 Bm. B Monekyne e HNO; ogna u3 ceasein NO

oAMHapHasd, dNo = 0,141 uM, ase apyrue — OJIM3KH K ABOWHBIM, dNo =

= 0,121 Bm:

- s
0y H P
====(0 \ Y

)
\
parven (o) N
/ 0,121 8m 0,141 um \0
ol

B KauecTBe ellie OJHOTO NPUMEPa CUCTEMbl C NEJIOKATM30OBAHHBIMU T—CBA3SAMM
paccMOTpUM ModtekysTy Gensona CgHg. OHa yMeeT ¢opMy NJIOCKOTO WIECTHYTONLHU~
ka. Kaxnblit U3 ImecTH aTOMOB YT/iepofa B KOMbLE MOXET PacCMATPUBATBCA Kak
HaxoAsAIMACA B COCTOSTHUM SP°-TUODUIM3ALMM U 0OpasyollMii TPU O-—CBSA3U ¢
BaJleHTHBIMU yrmamu 120° (puc. 52). Ha obpasomanne aix Tpex o-cBsseit (IByx
C—C u omson C—H) kaxjpit yriepolHbDR aTOM 3aTPadMBaeT TPU M3 HeThIpex
BaJICHTHBIX WVIEKTPOHOB, OCTAJIbHbie MIECTb DJIEKTPOHOB BCeX INECTH YTJIEPONHBIX
aTOMOB pPacliofaraloTcs Ha p-OpOHTalsIX — 1O OJHOMY Y KakIOro aToMa yIviepoja.
YerpepToe aJ/ieKTpOHHOE 06MaKO KaXAOT0 aToMa YIJlepoda OPUEHTMPYeTcsi neprieH-
QIUKYASPHO K MIOCKOCTM GeHzosbHoro kosbua (puc. 53). [lsa Takux cocemuux p-
GNEKTPOHHBLIY O6JIaka MOTYT NepeKpbIBaTbCsA, 00pasysl 7T-CBA3b MExKAY ABYMst
aToMaMy yraepona. [Ipu oToM kamnoe U3 Po-BREKTPOHHBLIX 06/1aKOB MOXeT cove-

Puc. 52. oCosasu s Moaekyiae 6en- P uc. 53. Pacnosoxenve p-onextpon-
3014 HbIX 06NaKoB B Modekviae GeH3oia
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TaTbCsl C PaBHOM BEPOATHOCTBIO KaK C p,~o0JIaKOM, HaXOAAIMMCA ChpaBa, TaK M €
Ppro6naKoM, HAXONSAMMUMCA CJleBa OT Hero:

H H
C C
He? e e e
QPP
XN NF
H H

CnejnoBaTenbHO, MOXHO CYMTaTh, YTO BO3HUKAET [MOMNEPEMEHHO A-CBS3b TO €
ONHWM, TO ¢ IPYyTMM aTOMOM yIJiepofa. B uenoM, 9To npuBoaut K 06pasoBaHMIO
TpeMsT OVIEKTPOHHBIMM TNapaMM  eIMHOM
CBA3M, pacnpoCTPaHAWLIENACA Ha  Bee
aToMbl yTJiepoda GeHIONBHOTO KoJjblia.
Obpasyiorca nBe OBMAaCTH KC“HEHTPallUu
QMEKTPOHHOM IVIOTHOCTH, PaclosIokeHHbIe
no obe CTOPOHB! IUIOCKOCTH O-CBA3EN
(puc. 54). TIpu oroM Bce aToMBbl yTJiepo-
Ia OKA3bIBAIOTCH  DABHOLEHHBIMHU ,
cnefioBaTeNbHO, nofobHas cucreMa 6osee
YCTOMUMBA, YeM CUCTEMA C TpeMsa Jio-
KaJIM30BaHHBIMM  [BOAHBIMH  CBA3SAMU
MeXIy ONpedeneHHbIMM aTomaMmy yraepo- [ ¥ ¢ 94 7-Csisu B Morexyne GeH-
na. TakuMm o6pasom, B Monekysie GeHsona sona
O-CBSI3M, JieXalllie B TUVIOCKOCTH OEHIONBHOIO KOJbLA, JIOKATWM30BaHBI, a T-CBA3M,
pacnookeHHble NepHeHIMKYNAPHO IIOCKOCTU KOJIbLA, He JIOKATN30BaHbL:

Ilenokanuaosauﬂaﬂ CBA3b B MOJIERyJie GeHzona o6yc.nomusae'r noBbIlIEeHHE MOPAN-

Ka CBA3M MexI1y aToOMaMHi U COKpallleHHe MeXDbsIepHOI'o pacCTOAHUA, T.e. dm B

CgHg cocranasier 0.130 unm, Toraa kak d = 0,154 uM, a d = 0.135 HM.
C—C =C

PaccMOTpeHHBI MaTepUan NOKa3biBAeT, YTO XUMHUECKas CBASb MOXKET
OCYHLECTBIATLCA NPy nomown oaxoro (H3) wmu asyx aiewtponos (Ho),

oxsaThibaTe 18a (H}, H) man 6oavwee uucno aromos (COZ, CeHg). 3o
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FOBOPUT O TOM, UYTO KJaccMyeckoe MpeAcTaBlleHUe O BaJIGHTHOCTH Kak
4ucJle JBYXUEHTPOBEIX CBA3ell He MOMeT OHTb BCEOXBaTHIBAIOMMM. Ecian
aTOM OKpYXeH 7 AaTOMaMM, 3TO He O3HaYaeT, 4YTo OH oObpasyeT n
IBYXIEHTPOBLIX CBSI3€il.

§ 4. HOJIAPHOCTBb U NOAAPUIYEMOCTDL CBA3HU

CBsi3b MexIy aTOMaMM pPasHBIX IEMEHTOB Bcerja 6ojiee MM MeHee
HOJIAPHA, YTO OGYC/IOBJIEHO Da3/M4YMeM 3JIeKTPOOTPHIATENbHOCTEH AaTOMOB.
Hanpuwmep, B Mosnekysne xaopuzaa sogopona HCl cBasyoiee anekTpoHHOE
06GJIAKO CMelIeHO B CTOPOHY 060Jjiee 3JIEKTPOOTPUIIATEILHOTO aTOMa XJIOopa.
Benencreue storo sapsij sinpa BOLOPOAA He KOMIIGHCHDYETCS, a B aTOMe
X70pa 3JEeKTPOHHAS MJIOTHOCTH CTAHOBHUTCS U3OBITOUHON IO CpPaBHEHHIO ¢
sapsagom sAzapa. WueiMu ciosamu, atom sogopoaa B HCl nmonspuzoBan
HMOJIOKUTENBHO, a aTOM XJIopa oTpuuaresnbHo. Ha atoMe Bomoposa BO3HUKa-
€T NOJICKUTENBHBIA 3apsi/l, Ha aTOMe XJI0pa — OTPUIATENLHBIA. DTOT 3apaj,
0, HasbIBaeMbllt S¢Pexmuensia, MOMKHO YCTaHOBUTH SKCIEPHUMEHTANBHO.
CornacHo uMeromuMes AaHHBIM 3QEKTUBHBIN 3apsAj Ha aToMeé BOAOPOa
moznexyasl HCl cocrasnsier 6}1 = 0,184, a Ha aTOoMe XJ0pa 601 = 0,18—

aGCOMIOTHOTO 3apAAA MEeKTpOHa. MOKHO CKa3aTh, 4TO CBS3b B MOJIEKyne
HCl umeer na 18% wuonHblt xapakTep, T.e. noisipHa. Hue npusenessl
3HaYeHUA 5PEKTUBHBIX 3apsafioB* Ha aroMaX KUCJIOPOAa B OKCH/AEX
2JIEMEHTOB 3-T'0 Hepuoja:

NaZO MgO AlgOg SiOg P205 503 Cle'{
Db derTrBHbLA
BAPSL o 0,81- 0,42~ 0,31- 0,23 0,13 0,06- 0,02-

OddekTuBHb 3apsan Ha atome kucaopoga B Cl;0O; HuuTOXKHO Man u
ceasp Cl—0O 6nuska k HenoaspHoil, torga kak B Nap,O ou cocrapaser
0,81—, T.e. B 3TOM COEIMHEHUU XUMUYECKas CBSA3b CUJILHO NOAsApHa. [loHu-
JKeHHe HOJAPHOCTH CBS3U B 3TOM DALY COOTBETCTBYET YMOHBUIEHUIO Pasiiy-
49Usi B BJIEKTPOOTPULATEIBHOCTAX 3JIEMEHTOB, 00pa3yolnX COSAMHEHU.

TaknM 06pa3oM, O CTENEHM CMEIICHHMA (NOJNAPU3ALMK) CBA3YIOLErO
3MEeKTPOHHOTO O6/aKa CBA3b MOKET ObIThH HEMOJNSPHOM, NOJSAPHOU U WOH-
Hoit. HenonsipHast U MOHHAsA CBA3M NPEACTABISIOT cOGOM KpaiiHue ciydan

*BHaLIeHMH (5, onpenesyisgieMble pa3HbLIMU METONAaMM, CYIHECTBEHHO pPas3jIM4yaloTCA.
anBOlIV[MbIe 31eChb 3Ha4YeHUuA ] HWHTEpeCyloT HAaC ¢ TOYKU 3IPEHUA WIIIOCTpalUn

obIeit TEHASHLMU UX USMEHEHUST B DALY ONHOTUIIHBIX COENMHEHUH.
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noaspHoit ¢BA3KH. CoenquHeHUA ¢ UOHHOM M KOBaJIGHTHOH CBA3SIMU BCTpEYa-
I0TCA 3HAYMTENBHO peXke, 4YeM COeAWHEHHS ¢ NOJAPHOH KOBAJEHTHOM
CBA3BIO.

TMonsipuayemocTs cBssm. [[151 XapaKTepUCTHKH PEAKIMOHHOM crmocob-
HOCTH MOJIEKYJI BaXXHO 3HATb HE TOJBLKO HMCXOLHOE pacHpellesieHHe 3J1eKT-
POHHOM MJIOTHOCTH, HO U €e HonsApusyeMocTbh. [locnienHsisi XapaKTepusyeT
cocOGHOCTh CTAHOBUTLCA MOJIAPHOM (Miu 60siee TONSIPHONM) B pesyibTaTe
NeficTBUSL Ha MOJIKYJly BHEINHEro 3JIeKTPUYecKOoro nossd. Tak Kak ¢ Kax-
JBIM aTOMOM WJIA MOJIEKYJIOH B CBOKO Ouepejb CBA3AHO 3JJIEKTPUUYECKOoe
rojie, TO cOeIUHEHHEe JIOMKHO NOJsPU30BATHCS TaKke B NpU ACHCTBUU Ha
MOJIEKYJIy APYTUX MOJVIEKYJI, CKaKeM, MapTHepa MO PeaKIu.

B pesyibrare nonsippsanyn MOXeT NPOW3OUTH IMOJIHBIA Pa3pbiB CBA3U €
[EPEeXOAOM CBA3BIBAIOMIEH 3JIGKTPOHHON Mapsl K OAHOMY W3 aTOMOB M
o6pa3oBaHieM OTPHUIATEILHOTO M HOJOKUTENBHOIO MOHOB. AcCHMMeETpH4-
HBIl pa3pblB cBA3U ¢ 0Opa30BaHUEM Da3HOUMEHHBIX HOHOB Ha3biBaeTcs
LETMEPOAUMUNECRUM:

Ho+ L — 1 == H* + I
TOMOJYTHYECKH Pa3phIB TeTepONUTUYECKIY PasphiB
(nuccounanms) (vonuzaumns)

TereposuTuyeckuil pasphiB OTJAMYAeTCs OT pa3pylleHUst CBA3W HPU
pacnaje MOJEKYJbl Ha aTOM U paAuKaja. B nocienneM ciiydae paspyluaeT-
cA CBA3BIBAIONAsA 3JJIEKTPOHHAA Mapa U IpPOIecC HA3bIBAGTCS OAOAUMU-
weckun. B COOTBETCTBUM €O CKasaHHBIM, CJEAYeT pas3/iMdaTh lpouecc duc-
coyuayuu v nponecc uonusayuu; B caydae HCl nepsuit mabmogaercs npu
TEPMHYECKOM paclajle Ha aTOMBI, BTOPOW — IIpU pacliafle Ha WOHBI B pacT-
BOpe.

Crenens (cocTOAHNE) OKHCACRMS 3ieMeBTOB. [10/b3ysich MpeicTaBlIeHU~
eM 06 3MeKTPOOTPHIIATEIbHOCTU 37EMEHTOB, MOXHO [[aTh KOJNUYECTBEHHYIO
OLEHKY COCTOSTHUSA aTOMa B COeMHEHUU B BUJAE Tak Ha3bIBAEMON Cmenenu
WU COCTROSHUS OKUCAEHUS.

Crenesb OKMCIEHUA — 3TO NOJOKUTENBHOE UM OTPULATENLHOE 4HMCJIO,
KOTOpO€ NMPUCBAaWBalOT 371EMEHTY B coefuHeHuu. lIpuHumaercsa, uto o6pru-
Hasi CTEMEHb OKHMCJIEHHA BOIOpoda papna +1, a kucaopoma —2. Dusnyec-
KOTO cMBIC/Ia CTENeHb OKHCJIeHHs He uMmeer. JIMIbL B cilydae HACAILHOrO

WUOHHOTO COEAVHEHUS CTEeNeHb OKUCJIEHUS 3J1IeMEHTOB COOTBETCTBYET 3apamly
+1 -1

ux uonos. Hanpumep, B KCl 3apsan Ha arome kanus 6amM3ox K 1+, a 3a-

psA Ha aToMe xJiopa 6iu30K K 1— C yBeJM4YeHMEM CTCNCHM OKMUCJEHHA

peaslbHBIA 3apAJA Ha aTOMe B COSJMHEHHU YMEHBLIIAETCHA.
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3HaK CTeNneHW OKMUCJIEHUA 3aBUCUT OT 3JIEKTPOOTPHUATEIBHOCTH o6pa-
3YIOUUX COeJMHEHHE BJIEMeHTOB. Tak, B COOTBETCTBUM C Ppa3jiMuMeM B
sneKTpooTpruuaTesbHocTAX asoTa (3,0), Bomopoza (2,1) m dropa (4,0)
asoTy B NH; npunuchiBaeTcs OTpHLATeNIbHAs CTENEHb OKUCIGHUA —3, a B
NF; — 10JI0KUTEIbHAS cTeneHb OKUCAeHUA +3.

{Ipy monE30BaHUM CTENEHSIMU OKUCIIEHUSI TIOJIE3HO NIPULEPKUBATLCS CIeAYIOWNX
MPAaBUII:

1) cymma cremeHeill OKMCJIHMsI aTOMOB B JI0GO/ 4acTHLie paBHa ee OeKTph-
yeckoMy 3zapsny. CilefoBaTesIbHO, cTeleHb OKUCHEHUsT BJIEMEHTa B €ro IMPOCTOM
BelllecTBe paBHa HYJO;

2) B COelNMHEHMM C APYTVIMU OSJeMeHTaMM (PTOp BCerfa NpOsABJSeT CTeleHb
OKHUCTEeHUA —1;

3) cTeneHb OKUCTIEHUs KUCJIOpOJa B COSNMHEHUsIX oObluHO paBHa —2 (KpoMe

+2 -1
OFQ, HzOg " IIP~);

4) crelleHb OKUCJIEHWS Bojopoda valle +1 u peske —1 (KHi CaH,);

5) MaKCHMaJIbHAsl TIOJIOKUTENLHAST CTelleHb OKMCTIEHUs BleMeHTa OBLIYHO 4uc-
JIEHHO COBIAZaeT ¢ HOMEPOM €ro TPYMIbl B NEPUOAUUecKoit cucreMe. MakcnMalib—
Hasl OTPULIaTeJIbHAS CTeNEHb OKUCJICHHS S/IEMEHTa paBHA MAaKCHMATBLHOM MOJIOMKU-
TEJIBHOM CTEIeHH OKUCIIEHMS MHHYC BOCEMb.

Uckmouenne cocTaBisiior GTOp, KUCIOPO[, TeNWil, HEOH, aprod, a Takke oJjle-
MEHTHI TIOAIPYNIbI KoGAJIbTa ¥ HUKeJsi: UX BbiCIIasi CTeNeHb OKMCIIEHUs! BBIpaxaer—
cs1 9MCJIOM, 3HayeHue KOTOPOro HUKe, YeM HOMep IPYIBL, K KOTOPOIl OHU OTHOCSIT—
cs1. Y oIleMeHTOB NMOArPYNIbl MelM, HaoGopoT, BhICIIAs CTeleHb OKUCIeHUs HoJiblie
€IVHULIBI, XOTA OHU M OTHocsTesl K | rpymnme.

Jns oTpaxeHUsA B Ha3BaHUAX JIBYXJIEMEHTHBIX (6MHAPHBIX) cOeAMHe-
HUA OTPHUIATENBEHON CTENEeHU OKHCICHMA JJIEMEOHTOB K WX JIATUHCKHMM
HasBaHMAM [obaeaserca cyddukc -ud, manpumep: NaCl — xnopus Hat-
pusa, HF — ¢dropun Bomopona, HsN — uurpun somopona, NF; — dbropus
azora. [loyoxuTenbHAA CTENEHDL OKMC/IGHUS 3JIEMEHTa YKAa3bIBAETCS B CKOG-
kax puMckoit uudpoit: FeCly — xnopun xemeza (III), FeCl, — xnopug,
wenesa (I1).

§ 5. TUOBI KOBAJIEHTHBIX MOJIEKYJ1

HenondpHHe W DOJSIpHHE MONEKYAH. B 3aBHCHMOCTH OT XapakTepa
pacnpeflefieHUs 3JIeKTPOHHON! NJIOTHOCTH MOJIEKYJIBl MOTYT ObITh HEMmOJIsip-
HBIMHU U MOJNAPHBIMU. B HenonsipHBIX MOJIEKYJ1aX HEHTPHl TSKECTH IOJIOMU~
Te/bHBIX M OTPMLATEJIbHLIX 3apAHO0B COBHajgaloT. llonApHbEIE MOJEKYIHL
ABJAIOTCA OUNOASUY, T.€. CHCTEMaMM, COCTOSIIIMMU M3 ABYX PAaBHBIX MO
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BeJIMYHHE ¥ NPOTUBONONOKHLIX NO 3HAKY 3apsjoB (¢+ M ¢—), HAXOMAILMX-
o Ha HEKOTOpOM paccTosuuM | Apyr or Apyra. Paccroanue mexay neHTpa~
MH TAXECTH [OOKHUTEIBHOrOY OTPHIATENILHOIO 38DAL0OB HA3BIBACTCHA OAU-
Hnott dunoas. TlONAPHOCTL MOMEKY/B, KAK M NONAPHOCTh CBSA3M, OLEHHBAIOT
3HAaYeHMEeM ee 3JIeKTPMYECKOTO MOMEHTa [UIOJA i, NpeICcTaBJIAIOLero
cof0it mpoM3BeleHHe LJIMHH AUNoJiA | Ha 3Ha4YeHMe DJIEKTPUYECKOro 3a-

pAna:
p=lq

JnyuHa aunons uMeeT 3HaueHMe MOPAAKE JMaMeTpa aToMa, T.e. 10710 M,
a 3apsaj anextpoHa 1,6-10719 K, nosToMy 37eKTpUYECKHA MOMEHT AMNOJA
uMeer 3HaueHus nopaaka 10729 Kn-m (kynon-merp)*.

OneKTPUYEeCKHIt MOMEHT HUIOJA MOJIEKY/b NPeAcTaBaser co60i Bek-
TOPHYIO CYMMY MOMEHTOB BCEX CBA3€H M HECBA3LIBAIOMMX 3JIGKTPOHHBIX
nap B MojleKyJe. Pe3y/bTaT c/OMeHUA 38BMCUT OT CTPYKTYPhl MOJIGKYJIHI.
Hanpuwmep, Monexyna CO; nMeeT cuMMerpuysOe JIMHEHHOE CTPOCHHE:

§- 28+ §-

b Poo

MoaroMy, xoTa cBa3u C=0 ¥ MMEOT CHIBHO NOJAPHHIN XapaKTep, Bcjef-
CTBYE B3aMMHO KOMIIEHCALNH UX NEKTPUYECKHX MOMEHTOB JIIKINONA MOJe—
kyaa CO; B nenoM Henonsipua (g = 0). Tlo 3T0#t ke NpuUUKHE HENOAAPHMH
BLICOKOCMMMETpUYHBIE Terpadapudeckue monekyian CHy, CF,, oktasapu-
yeckan monekynaa SFg u 1.1,

Hanporus, B yrnosoit moneky:ae H,O noasipusie ceasu O—H pacnonara-
1orca noa yraom 104,5°. IloaroMy uX MOMEHTH B3aMMHO HE KOMIMEHCH-
pylOTcA ¥ MOJeKyna OkasbiBaeTcs noaApnoi (¢ = 0,61-1072% Kn-M):

28~
A

(o]
3 +;% \&HH

ONeKTPU4ECKMM MOMEHTOM AMNOJA O6Nal1al0T TaKkke Yr10Bas MOJEKy.1a
SO,. nupamuaanvusie momekyasl NHj;. NF; u 1.1, OtcyrerBue Taworo
MOMEHTA CBI11€TeAbCTBYET O BHLICOKO CHMMETPUYHON CTPYKTYPE MOJEKY.lbl,
HalH4Ke 3JeKTPHYECKOrO MOMEHTA JUNOJIA — O HeCHMMMETPHYHOCTH CTPYK-
TYpH Monekyab (taba. 10).

*DlekTpuueCKMl  MOMEHT MNOAS MHOTAa Bblpaskalor B  nebasx (D)
1D = 0.333-10°2% Kn-u.
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T a6 nuua ll). Crpoeine 1 oxuaeMasi IOJSIPHOCTb MOJIEKYJI

Tun HpocrpancrBertas OxunaeMast IpuMepsl
KOHDUTYpaLinsi MOJAPHOCTh
A, [anrenepuHast HenonsipHas H,, Clp, N,
AB " [lonsipHasi HCI, CIF
AB, | Jluneiinas Henossiprasi | CO,, CS,, BeCly(r)
AB;| VYrnosas [lonsipuas H,0, SO,, NO,
ABCl JluneiHast " COS, HCN
ABg [Inockorpeyronbrast Henonspras BClg, SO4
ABj TpuroransHo-mupamunaisuan | [Nossipras NHg, PCly, NF;
AB3| T-o6pasnas " CIF3, BrFa
AB4| Terpasnpuyeckas Henosnsapras CHy, CCly, SiFy
AB4| [MnockokBajpatHas " Xely
ABy Ncraxennorerpasapuyeckas [Tonsipras SFy, TeCly
AB;g TpuronanbHo-6unupamuaans- | Henossphas PFs, PCls (r)
Hast
AB; KBanpatho-nupaMuagsHas Nonsipras IFs
ABs| Oxrasapudeckas Henonsipuasi | SFg, WFg
AB;| THenraronansao-6unnpamu- " IF;
najibHas

Ha 3HayeHne s/eKTPMYECKOTO MOMEHTA [MIONS MOJCKYJIB CHIbHO
BJIMSIOT HECBABBIBAIOMIMG 3MeKTPOHHBIE Maphl. Hampumep, mosiexysinl NHy
u NF; UMeIOT OIMHAKOBYIO TPUIOHAJIBHO-IMPaAMHAAIbHYIO (OPMY, HOJAD~
HocTh cBaA3eit N—H u N—F Ttakxke npumepno opunakoBa. OQHAKO 371OKT-
puyeckuit MoMedT aunosst NHj pasen 0,49-102° Ka-m, a NF; — Bcero

H=0,49-10"PKnm #£=0,0710"PKn-m

P uc. 55. CinoxeHre D/eKTPUYECKUX MOMEHTOB AMIIONA
CBABBIBAIOUIMX W HECBA3BIBAIONIMX VIEKTPOHHBIX NAP MO-
nexyn NHg u NF3
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0,07-10729 K -M. OTo o6bsicasercsa TeM, yTo B NHj Hanpapienue aeKTpu-
YecKOro MoMeHTa aunons ceaspiBaromieit N—H u HecBA3bIBalomel 3J1eKT-
POHHOl Naphl COBIaZaeT W INPU BEKTOPDHOM CJIOKEHHH O6YCJIOBIMBAET
GOMBIION 3JIeKTpUYeckHuit MoMeHT nunoisi. HaoGopor, B NF; MoMeHTHI
cBaseii N—F u 5eKTpOHHOM mNapbl HANOpPaBieHbl B MPOTHBONOJOXHBIE
CTOPOHBI, TIO3TOMY IIPM CJOXKEHWM OHYM YacTHYHO KOMIEHCHPYIOTes (puc.
55).

3Hasl BKCIepUMeHTAIbHble 3HAYeHWs] MOMeHTa [WIOJNSA, MOXHO pacCuuTaTh
HOJSIPHOCTL  CBA3eN U >pdeKTuBHble 3apsiibl aToMoB. B mpocrefimiem ciydae
IBYXATOMHBIX MOJIEKYJI MOXHO NPUOIMAKEHHO CUMTAaTb, UTO UEHTPhl TSKECTH 3apsi~
JOB COBMAJAIOT C SIAPaMi, T.e. | PABHO MEXDBSIAEPHOMY PacCTOSHUIO WM JUIMHE
csish. Tax, B Mosekyne HCl wmexbsiiepHoe paccTOsiHME COCTaBISIET dH al =

= 0,127 uM. Ecsim 651 xs10pMa Boflopofia GbUT YMCTO MOHHBIM COeIMHeHMeM (g paBHO
3apsny onektpona 1,6-10719 Ki), To ero MmoMeHT aumosist 6bu1 6b1 paBeH

£=1,6-101% Kin+1,27-1010 m = 2,032-10°2% K+ m.

B [eiicTBUTENIBEOCTH ke MOMEHT IMIIONIsi rasoobpasHOro XJIopuia BOLOPOAa
pasen 0,347-1072% Kn+m. Dto cocraBnsier npuMepHo 18% oT sHadeHMs, paccuuTaH-
HOTO B NPENIONIOKEHUH WOHHOTO XapaKrepa B3, Takum o6pasoM, sddeKTUBHbIE
sapsabl Ha aroMax H u Cl B monekysne HCI pasubl 0,18% aGcosmoTHoro szapsifia
BIEKTPOHA.

3HayYeHUs DIIEKTPUYECKMX MOMEHTOB OMIOJISI HEKOTOPBIX MOJIEKYJ NPUBEEHBI B
raba. 11.

Ta6auuall Dnexrpudeckuii MOMEHT IMIIONSA /i HEKOTOPHIX MOJIEKYJ

Monekyna [+102%, Kn-m ||Monekyna |u- 1029, Kn-M Monekyna| u+ 1028, Ki-m
H, 0 HBr 0,263 SO, 0,53

N, 0 HI 0,127 NHg 0,494

CO 0,033 CO, 0 PH; 0,183

NO 0,023 H,0 0,610 S04 0

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

HCI 0,347 NO, 0,007 CH, 0

MrHOBeHHHE W WHAYKOHPOBAHHHE ARMOOMA. MoJeKyja HOpefcTaBiAsdeT
co60if IMHAMHMYECKYIO CHCTEMY, B KOTOPOH NPOUCXOLUT NOCTOAHHOE HBH-
MeHue 3JeKTPOHOB M Konebanue anep. [loaromy pacnpepenenue 3apAnoOB B
Hell He MoOxeT ObiTh crporo moctosHusiM. Hanpumep, monexkyny Cly orno-
cAT K HENONADHBIM: 3Ha4eHHe ee DJIEKTPHUYECKOTO MOMEHTa JIUIIONS PaBHO
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pyn0. OMHAKO B KaXKIBIl JaHHBI MOMEHT NPOUCXOAUT BPEMEHHOE CMillle—

+ - - +
HUE 3apsAIOB K OJHOMYy M3 aTOMOB XJIODA: él — él WIn él — Cl ¢
o6pazoBaHUeM MIHOBERHHT aukpodunoaetd. [lockonbky mogobHoe cMemenne
3apsAN0B K JIIOOOMY M3 aTroOMOB DaBHOBEPOSATHO, Cpe/iHee paciipelesieHue
3apANO0B KaK pa3 M COOTBETCTBYET cpelHeMy HYJeBOMY 3HaueHWIO MOMEHTa
JUMNOJA.

JIJist monsipHBIX MOJIEKYJ 3HaUYeHUe MOMEHTa OUNOJA B Kaw bl JaHHBLIA
MOMEHT BPEMEHM HECKOJIbKO OOJIblIe MJIM HECKOJbKO MEHbIe €TI0 CpelHero
3HayeHUs. HanmpaBieHue W BeJMUYMHAa MTHOBEHHOI'O AMIOJSA IOJABEPKEHE
HENPEepHBHBIM KOJEOaHUAM Y 10 HAIPaBAEHUIO OH MOXET He COBNAaJaTh ¢
HalpaBJleHWeM [OCTOSIHHOrO MoMeHTa aunois. Takum obpasoM, no6yro
HENOJAPHYIO U MOJAPHYIO MOJEKYJ1y MOMXKHO paccMaTpHUBATh KaK COBOKYI-
HOCTh IEpUOJUYECKUX O4eHb ObICTPO MEHSIOLIMUXCS MO BEJIMYMHE U HApPaB-
JIEHUIO MPHOBEHHHX MUKPOIMIIONEN.

[lox peificTBueM BHEIIHErO 3JIGKTPUYECKOTO MNOAA MOJIEKy7a MOJA-
pusyercs, T.e. B Heil NPOUCXOAUT Ilepepaclnpefie/ieHue 3apsAaoB, U MoJje-
KyJla Hpro6peTaeT HOBOE 3HAYEHHUE IEKTPUYEcKoro MoMmeHTa munoins. Ilpu
9TOM HEIIOJISIPHbIE MOJIEKYJIBI MOI'YT IPEBPATHUTBLCA B INOJSADHbIE, a IOJSIp-
Hble CTAHOBATCA emie Gonee mossipHbiMu. MHade roeopsi, mon nmeitcTBUEM
BHELITHETO 3JIGKTPUYECKOro IMOoJigd B MOJIEKYJax HHAYIUPYETCs AUIOJb,
Ha3bIBAEMBIN HaAGedeHHbiAl UMM uHOYyuposanusia. B oTiMdMe OT NIOCTOSIH-
HBIX U MTHOBEHHBIX HaBeJIeHHbIC (MHAYUMPOBAHHBIE) JMIONU CYLIECTBYIOT
JIMIOL NPU JeHCTBAM BHEMIHEro sjektTpudeckoro noas. llocme mpekpatie-
HUA JeficTBUA [ONA HaBeJeHHBle OUMIOAM Hcde3aoT. [lonsApHocThIG M
[OJIAPU3YEMOCTBIO MOJIeKYJ1 OOYCJIOBJIEHO MEKMOJIEKYsIPHOE B3auMoneicT—
BUE.

I'JT AB A 4 VOHHASA CBA3b. HEBAJIEHTHBIE TUHIIbI CBA3U

§ 1. HOHHASA CBA3b

Ilpupoay woHHOI cBsI3U, CTPYKTYPY M CBONCTBA WOHHBIX COEIUHEHMUI
MOYKHO OOBSICHUTH 3JIEKTPOCTATUYECKUM B3aUMOjeiicTBueM MOHOB. Crnoco6-
HOCTb 3JIEMEHTOB OOpa30BBIBATh HPOCThIE HOHBI OBYCJIOBJIEHA 3JIEKTPOHHOMN
CTPYKTYPOM MX aTOMOB. DTy CHOCOGHOCTh MOMHO OLEHUTH JHEprueil MOHU-
3allUd U CPOJICTBOM aTOMOB K 9JeKTpOHY. IloHsTHO, YTO sierdye Bcero obpa-
3YIOT KAaTHMOHB! 3JIEMEHTH ¢ Mayiolf DHEpruedl MOHUIAINMM — IIEJOYHbIE U
IIe/IOYHO-3eMesIbHble  MeTayuipl. (O6pa3oBaHMe JKe B YCIOBHUSX OOBIYHBIX
XUMUYECKUX [PEBPAIeHUN INPOCTHIX KaTUOHOB JPYTMX 3JIEMEHTOB MeEHee
BEPOATHO, TaK KaK 3TO CBA3aHO ¢ 3aTpaToil GOJBLION SHEePruy Ha HOHM3a-
LMIO aTOMOB.
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TlpocTeie aHMOHBI Jerde Bcero 06pasylor p-sneMenthl VII rpynnwi
BCJIEICTBUE UX BBICOKOTO CPOACTBA K JIeKTpOHY. [lpucoejMHeHMe OIHOrO
JJIEKTPOHA K AaTOMaM KHUCJIOpPOJa, Cephl, YIJepoja, HEKOTOPHIM ApPYTUM
5JIeMEeHTaM CONpPOBOXKIAeTCs BbifejieHueM sHepruu. llpucoeamnenne e
HNOC/IEAYIOIUX 3JIEKTPOHOB ¢ 06pa3oBaHMEM CBOOOJHBIX MHOTO3apAMHBIX
NpOCTHIX AHUOHOB MecTa He umeeT (cum. Tabi. 6), NO3ITOMY COEAMHEHMSA,
cOCTOAIUE M3 INPOCTHIX WOHOB, HeMHoroumcjeHHbl. OQHM Jerde Bcero
-06pa3yloTcst Npu  B3aUMOLEACTBMH IIEJOYHBIX U IIeJOYHO-3EMeNbHBIX
MeTasuIoB ¢ rajnoredamMu. OJIHAKO W B 3TOM cJiydae 3JIEKTPOHHAsA MJIOTHOCTh
MekJy MOHAaMM He paBHa HYJIO, I[O3TOMY MOMXHO TOBODUThH JHUIIb O

NpEeUMYIeCTBEHHOM  NMPOABJEHUM  HOHHOM  cBsi3u.  Paauycnl e
ONlHOATOMHBIX ~ MHOTO3apAAHBIX HOHOB MPEeACTAaBIAIOT cO60H  4UCTO
YCJIOBHBIE BeJMWUYMHEBI. lIpeacTaBiieHMe O MOHHBIX KpHCTaljlax — 3TO

UeaIN3UPOBaHHAT MOJEINb.

HeHanpaB/ieHHOCT, W HEHACHINAEMOCTh MOHHOM CBA3H. DJIEKTPHUECKHE
3apsAAbl HOHOB OOYCJOBINBAIOT UX MPUTSKEHHE U OTTANKMBAHUE U B LEIOM
ONPEAENSIOT CTEXMOMETPUYECKUIA COCTaB coeAnHeHns. MOHBI MOXHO mpen-
CTABUTH KAK 3apAKEHHBIE [1aphl, CHJIOBBIE IOJIS KOTOPHIX PaBHOMEPHO pac-
[PefessAloTes] BO BCeX HallpaBleHUsAX B mpocrpadcrse. [losromy kaxpmbrit
HMOH MOXET NPUTATUBATL K cebe HOHBI
HPOTUBONOJNIOKHOIO 3HAKAa B JIO60M
HanpasieHuu. MHade roBopsi, MOHHas
CBSI3b B OTVIMYHE OT KOBAJCHTHOW Xa-

PAKTEPUBYETCA HENANPAGAECHHOCTMBIO.

IlousATHO, YTO B3aUMOAENCTBUE ADYT
¢ IpYroM [BYX HMOHOB IPOTHUBOIOJIOMN~
HOIO 3HAKA HE MOMKET HPUBECTH K HOJI-
HO B3aMMHON KOMIEHCAIUH UX CUIIO—

i P uc. 56. Pacnpenenenne snekrpu-

BiX moseit (puc. 56). B cuaty aT0r0 ¥ veckux cumosbix mosen JIBYX pa3Ho-
HUX COXDPaHAETCA CIOCOOHOCTH NMPHUTA- MMEHHBIX MOHOB
rUBAThb HOHBI HPOTUBOILOJIONKHOTO
3HaKa M 1O JpyruMm HanpasienusiM. CrefoBaTesbHO, B OTIMYHE OT
KOBaJICHTHOI MOHHAs CBSI3b XaPAaKTEPU3YETCSA TAKIKE MEHACHIUAEAUOCTNBIO.

Crpykrypa uOHHHX coejuHeRHd. BcesefcTBue HeHanpaBieHHOCTH W
HEHACHIIaeMOCTH MOHHOMN CBSI3W 3HEpreTHYecKku Haubojiee BHITOLHO, KOFAa
Ka¥ b/l MOH OKPYXKEeH MaKCUMaJIbHBLIM YUCJIOM UOHOB NMPOTHBOIOJIOKHOTO
3Haka. OJHAKO M3-3a OTTAJIKMBAHWA OJHOMMEHHBIX WOHOB ApPYT OT [pyra
YCTOMYMBOCTbL CHCTEMBI JAOCTUTAETCA JUINL NOPU ONPEAeeHHOW B3aMMHOM
KOOPJVHAIINH HOHOB.

B ornMdmMe OT KOBaNeHTHHIX COEJMHEHUII KOOPJHMHALUOHHOE YHCJIO
(k.u.) B "yucTo" HOHHBIX COCIMHEHMAX HE 3ABMCHT OT CHENUMUKU ITeKT-
POHHON CTPYKTYpPbl 3JIEMEHTOB, a ONpPEAEsieTCs COOTHOLUEHUEM pa3MepOoB
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CsCl
P uc. 57. CrpykrypHsit TUI XJjo- Pwuc 58 Crpykrypupnt tun xmo-
puaa Harpus NaCl puga esnsa CsCl

uoHOB. Tak, Upu COOTHOWIGHWH WMOHHBIX paamyco B npepenax 0,41-—0,73
KMEeEeT MeCTO OKTasApUYecKass KOODAMHANMS HOHOB, TNPU COOTHOLIGHHH
0,73—1,37 — kybuueckas koopauHanus ¥ T.7. Hanpumep, npu B3aumoneii-
cTBUM MOHOB Na‘ (rNa* = 0,098 um) u CI° (TCI‘ = 0,181 uwM), cooTHOMIEHHE

3HayeHull paauycoB KoTopwhlx paBHO (,54, BO3HUMKaeT OKTasApUYecKas
koopauHanus (puc. 57). [ogobHas B3anMHasi KOOPAMHAIMS MOHOB JOCTH-
raercs npu o6pa30BaHUU HPOCTOM KYOUYECKON KPUCTAIMYECKON peIIeTkn
xjopunaa Hatpusa (puc. 57). Coornourenue MoHHBIX panuycos Cs*

= 0,165 M) u CI-

( TCS+ =

(rCl_ = 0,181 um) passo 0,91, 4yto cooTBETCTBYET

Kybudeckoit koopanHanuu (puc. 58).

TaxuM 06pa3oM, B OOLIYHHIX YCJOBUAX MOHHbIE COeJIMHEHUS IIPEJCTaB—-
JS0T c060i KpUcTa/IMdecKue BemecTBa. [109TOMY [J1s1 MOHHBIX COEAMHE—
HIN TOHATHE OPOCTHIX ABYXUOHHBHIX Moiekyn tuma NaCl u CsCl repsier

eMbics. Kaxplil KpUCTaMl COCTOUT M3 OrpoMHOro yuciaa uoHoB: Na,Cl, u
Cs,Cly,.

§ 2. METAJUJIMYECKASA CBA3b

CymeCTBeHHble CBeACHUA O npupone XAMMYECKON CBA3KM B MeTajiax
MOMKHO [MIOJYYUTh Ha OCHOBAHUU HMX OBYX XapaKTEPHBIX 0cOBEHHOCTEN MO
CPaBHEHHUIO ¢ KOBAJIECHTHBIMU N HOHHBIMU COEAVMHEHUAMU. MeTaJIJ'IbI, BO~
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IIEPBHIX, OTVIMYAIOTCA OT JAPYIUX BEIecTB BbICOKOM
3JIEKTPUYECKOH NPOBOAMMOCTBIO M TEIJIONpPOBOJI—
HOCTBIO, BO-BTOPBIX, B OOBIYHBIX YCJIOBUSAX SBJIsA~
JOTCA KPUCTAIIMYECKUMH BemlecTBamu (3a MCKIIO-
YEHHEM pPTYTH) € BBHICOKUMM KOOPAMHALUOHHBIMU
uncnamu aToMoB (puc. 59).

M2 nepBoro XxapaKTepHOr'O cBOHCTBa MeTajljia
cJleyeT, YTO MO KpailHel Mepe 4acThb JJIEKTPOHOB
MOXeT IepelBUTaTLCA n? BceMy OOBEMYy KycKa opIUHanMs  aToMOS B
MeTanna. 3 BTOpOro cBoiicTBa METAJJIOB CJEAYET, KPUCTATLTE JTUTHSI
4TO MX aTOMBI HE CBA3aHbl APYT € APYTOM JIOKAIN-
30BaHHBIMU JBYX3JE€KTPOHHBIMU CBA3AMU. UHc/0 BaJEHTHBIX 3JIEKTPOHOB
aroMa Meralllla HeAOCTAaTOYHO A oOpa30BaHUA IOIOOHBIX CBsA3EH €O
BCEMU €ro COCelsiMMU.

Hanpumep, nurnit kpuctamnusyercst B Kybrdeckoit o6beMHO-TIGHTpUPO-
BaHHOHN pelIeTKe, U KakJBIH €ro aTOM UMeeT B KpHcTaJljie [10 BOceMb OJu-
Kamux cocegHux atoMoB{cM. puc. 59). Jlna 06pa3soBaHUA JBYX3JEKTPOH-
HBIX CBsI3€il B NOJOOGHOU CTPYKTYpe aTOM JIMTHUSA JOJKeH Obl1 Obl IIpefoc-
TABUTh BOCEMb 3JIEKTPOHOB, WTO, KOHEYHO, HEBO3MOMKHO, TaK KaK OH uUMeeT
JIVIIL OJIMH BaleHTHBI anexkTpoH (1s2261).

TIpHUpoLy XWMUYECKOl CBA3M U XapaKTepHble OCOGEHHOCTH MEeTAJlJIoB
MOHO OOBSICHUTH Ha HpUMepe JUTUs ciaeayiomum obpasoM. B kpucranne
auTysi opOuTany COCeNHMX ATOMOB HepeKpbiBaioTcst. Kasiablii aToM mpe-
JOCTAB/IACT HA CBA3b YETHIPS BAJICHTHBIE OPOWTAJIM M BCEero JUub OAMH
BAJEHTHHI 37EKTPOH. 3HAYMUT, B KpHCTAIJIE METaljla YUCJIO 3JIeKTPOHOB
3HAYUTENBHO MeHbIe uuciaa opburtaneit. [1osToMy 21€KTPOHBI MOTYT Iepe-
XOAUTH U3 OZHOM opburanu B npyryo. TeM caMbiM 5I€KTPOHBI TPUHHUMAIOT
y4yacTe B 006pa3sOBaHUM CBA3U MEKIY BCEMU aTOMaMU KPHCTaJJia METaJlna.
K ToMy e aTOMBI METAaJUIOB XapaKTEPU3YIOTCS HEBBICOKOW 3Heprueil MOHU-
3alMK — BAJGHTHHIE JEKTPOHB c/1ab0 YIEpKUBAIOTCA B aTOMe, T.6. JIETKO
HepeMeIaloTes N0 BceMy KpHCTalny. Bo3MOXHOCTE MmepeMelieHus 31eKTpo-
HOB [10 KPUCTAJLJIy ONIpe/IeNIAeT JIeKTPUYECKYIO IIPOBOAUMOCTD METaslla.

TakuM 06pazoM, B OTJIMYUE OT KOBAJEHTHHIX U HOHHBIX COCIMHEHUI B
MeTajllaX HeOOJBIIoe YNC/O 3J16eKTPOHOB OJHOBDEMEHHO CBA3LIBAET 6OMb-
ioe 4HCJIO0 aTOMHBIX AAEp, a caMU DJEeKTPOHH MOTYT [epeMernarscs B
Meranie. VlHade ropops, B MeTajjlax MUMEET MECTO CHJIBHO JeJIOKaIN30BaH~
Hasi xuMudeckas cBA3b. COrJIacHO OAHOM W3 TEOPHI METANI MOMHO pac—
CMaTpHUBaTh KaK IJIOTHO YIAKOBAaHHYIO CTPYKTYPY U3 NOJIOXKUTEIbHO 3aps-
JKEHHBIX WOHOB, CBA3AHHHIX JPYr ¢ JPYIOM KOJIJIEKTHBU3WPOBAHHBIMU
3MeKTPOHAMH (3JIEKTDOHHBIM [a3oM).

BenencTeiie HENOKANM30BaHHOCTH METANNTUYECKON CBA3W s ee OnMca-
HUA JYy4YlIe BCEro NOAXOAUT TEOPHs KpUCTaJIMYEecKUX OpOuTameil.

P u ¢c. 59. BzauMHas Ko-

103



§ 3. MEXXMOJIEKVJIAPHOE B3AMMOJENCTBUE

Mexy MONEKyJlaMU MOXET OCYLIeCTBIATBCA KaK 3JEKTPOCTAaTHYECKOe,
TaKk U JOHOPHO-aKHENTOPHOE B3aUMOeHcTBHE.

D/IeKTPOCTATHYECKOE B3AMMO/CHCTBHE MOJNEKYJ. OTO B3auMopeiicTeue
MOJIEKYJl TOAPAa3NeAT HA OPHUEHTALMOHHOe, UHAYKIMOHHOE W Jucmep-
cuonnoe. Hanbonee yHuBepcanbHO (T.e. NPOABJIAETCA B NIOOHX CAY4asx)
ducnepcuonnoe, Tak Kak OHO 06ycJIOBNIEHO B3aUMOJEHCTHEM MOJEKYJ APYT
€ JApYroM 3a cYeT MX MTHOBEHHHIX MUKpoaunoneir. [Ipn c6auxenuu mone-
KyJl OPHMEHTAIUA MUKDPOAMIIONEH nepecTaer GbITh HE3ABUCHMON M MX MOAB-
JIeHHe K HCYE3HOBEHHEe B Pa3HbIX MOJIEKYJIaX NPONCXOANT B TaKT APYr Apy-
ry. CHHXpPOHHOE NOoAB/ICHNHEe U UCYE3HOBEHUE MUKDPOAUMOJIEH Pa3HbIX MOje-
KYJl CONpOBOXAAETCA UX NpuTAkeHueM. IIpU OTCyTCTBUM CHHXPOHHOCTHM B
TMOSIB/IEHNA M MCYE3HOBEHUH MHKPOJIMNONEHl IPOMCXOIUT OTTAKHBAHHE.

Opuenmayuoxnoe (AUOONL-ZUNONBHOE) B3BUMOJCHCTBUE NpPOABAAETCA
MeXJY MONAPHLIMU MoJieKkyJaMud. B pesynbrate GecnopsafgodHOro TEnJIOBOro
OBIDKEHHS MOJIGKYJ NP UX cGIMKEHMM IPYT ¢ ApPYToM OJHOMMEHHO 3apsi-
JKeHHbie KOHIH JUNOJEH B3aUMHO OTTAIKMBAIOTCA, & NPOTHBOIIOJIOKHO
3apsxeHHble NPUTATUBalOTcA. YeM 6osiee NOMADPHEI MOJEKY/H, TeM CHJIb-
Hee OHM NPUTACUBAIOTCA U TeM caMbiM GOJibille OPUEHTAIHOHHOE B3aKMO-
HecTBHE.

Hudyxyuonnoe B3aMMONENCTBME MONEKYN OCYILECTBIAETCA 38 CHET HMX
HHAYUMPOBaHHBIX aunoJeit. JlomycTuM, 4YTO BCTpeyaloTcs NOJADHAA H
HenoysipHan Mojreky/el. Ilon melicTBMeM NOJAAPHON MONEKYJH HeNoNApHasn
MmoJtekysia aedopMupyerca M B Heil BO3HMKaer (MHAYLMPYETCH) AMIIONS.
WHayuupoBaHHbIf AMNOJb NPUTATHBAETCA K NOCTOSHHOMY AMMNOJIO HONAP-
HOff MONeKyJr M B CBOK OYepeAbh YCHJIHBAET 3NeKTPUYECKHI MOMEHT
JMMOJA MOJAPHON MOJNEKYJIBI.

WNanyknuonHoe B3auMoneitcTBe TeM Gosblue, yYeM G6OJIbIIe MOMEHT
OMTIONA U HONAPHU3YEMOCTb MOJIEKYJIBI.

OTtHOCHTENbHBIT BRI KAXIOTO U3 PACCMOTPEHHLIX BHAOB MEKMOJIEKY-
JNAPHHX CHJ 3aBUCUT B OCHOBHOM OT ABYX CBOMCTB B3aMMOEHCTBYIOIIMX
MOJIEKYJ1: TIOJIAAPHOCTH M nonspuayeMocty (aedopmupyemoctd). YeM Brite
NOJAPHOCTh, TeM 3HAYUTENbHEE DOJb OPUEHTALMOHHBLIX CHJI: yeM 6o.ablie
1edOopMHPYeMOCTh, TeM 3HAYHMTENbHEE POab MHcHepcHOHHbIX cua. HHayk-
LMOHHBIE CUAbI 3aBUCAT OT 060UX (HAKTOPOB, HO caMil OOGLIYHO MIpaioT
BTOPOCTENEHHYIO PO.Ib.

Cibl MEAMOJIEKYIAPHOTO B3aUMOACHCTBHA, BO3HMKaIOUWMe 6e3 nepela~-
Y4 aTOMaMH 3.J1eKTPOHOB, HOCAT Ha3BaHUE 6AKJEPEAAABCOGHT CUL.

Hayuennte 571eKTPOCTATHYECKOTO MEKMOJEKYASPHOTO B3aMUMOZeficTBUA
HMeeT 60JbINOE 3HAUEHHE 1718 MCCIeNOBAHMA CBOMCTB M CTPYKTYpbl Talos,
KHUAKOCTE! M TBEPABIX BellecTB. BaHJepBaanbcOBb cHAB OOYCJIOBIMBAIOT
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NPHTSKEHME MOJIEKY/l ¥ Arperalyio BeulecTBa, NpespalleHMe rasoobpas-
HOTO BELECTBA B XMIKOE M Jajlee B TBepAoe cocTosiHUe. Tak, npu oxnak-
JeHUM Ta3006pa3HOre XJIOpa, HanpuMep, 06pa3yIOTCH KPUCTAJJBI, COCTaB-
nennble U3 Monekyn Cly, Mexly KOTOpPbHIMM IAEACTBYIOT AMCIEpPCHOHHBIE
CHJIBL.

[lo cpaBHeHMIO ¢ KOBANEHTHOR ¢BASLIO BAHAEPBAATbCOBO B3AHMO-
neitcTBUe odeHb cna6o. Tak, ecin aneprua auccounauun Monexyian Cl; Ha
aTOMH coctapaser 243 kJlx/Monb, TO 3Heprus cy6aumaumu (BO3TOHKH)
kpucraos Clp cocrasastier 25 k[ixk/Monb.

Jloropro-aknemropaoe B3aHMOAeicTBHE MoOJNeKyJl. OHO BO3HMKaeT 3a
cYeT 3NeKTPOHHOM! maphl OJHON MONEKyJH M cBOGOMHOM OpGHUTANM LPYTOM.
3T0 B3aUMOJEHCTBUE NPOAB/AETCA B [NEPBUYHKEIX BKTAX MHOTHMX XHMHYec-
KHX peaKIUil, JekUT B OCHOBE KaTaTUTHYSCKHX NpPOLeccOoB, 06ycIOBINBAET
COJIBBATAIMIO MOJIEKYJl U MOHOB B PACTBOPAX, MOXET HPHBOJUTL K 06pa3o-
BaHHUIO HOBHIX COGMHEHMIA.

3a cyer AOHOPHO-BKLENTOPHOTO B3aMMOREHCTBUS, HANpUMep, MOJIEKYJ
BF3; n NH; o6pasyercs coenmunenHe (MexMOJIEKYJ/ISPHLIA KOMIIJIEKC) COCTa-
Ba BF3'NH3:

§- &+
H3;N - BF; — H;3N-BF,

Ilpu 3TOM MONOKMTENLHO NOIAPH3OBaHHEN aToM Gopa B BF;, uMero-
muit cBO6OJHYI0 Op6MTaNL, BHICTYHaeT B kauecTBe akuentopa. OTpHna-
TEJILHO NOJAAPU30OBaHHBIN aToM a3oTa B NHj, uMelomuii HecBA3LIBaOUYIO
napy 3JIeKTPOHOB, BBICTYNAET B KauyecTBe AOHOpA:

H F H F

I | | |
H—N: + oB—F — H—N—B—H

| | ||

H F H F
JIOHOp  aKIenTop

OHeprus MeKMOJIEKYJNAPHOTO JAOHOPHO-AKLENITOPHOrO B3aMMOAEHCTBHA
kone6reTcs B WIMPOKOM MHTepBane or 6 Ao 12 kx/Monb, yto 61U3K0 K
SHEPTMH BaHAEpBaatbcOBa B3amMonedcTeus, no 200—250 wlx/mons —
3HAYeHHA, cOMOCTABUMOrO ¢ 3HeprHel KOBATEHTHLIX CBA3EN.

B kavecTe mpuMepa MeKMONEKYSPHBIX KOMIUIEKCOB NDUEENEM COeldHeHUs
Mona co cmuprom I,-CH3OH, ammmarom I-NHj. 6ensonom l5-CgHg, adpupom
Io-O(CHg);. lpu o6pasoBaHMM 3THX coeIMHEHMil MOJNEKy7a MORa BLICTYNaer B
KauecTBe aKLeNTopa WIeKTPOHHO! Napbl 3a cueT ChoGOIHOM MOJeKYJIApHON = *-
opbuTanu:

o';’a:eagxgn;x;%;za;"
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OHeprust AMCCOLHMANNM YKAB3aHHBIX KOMIUIEKCOB Ha

> R MoJleKynbl coctaBisier Beero 8—20 kJlx/Moib. 3Haun-
TeJIBHO IIpoYHee NOHOPHO-aKLENTOPHOE B3auMojencT—

Bue B xoMmiuiekce AlCl3-NHg: sHeprusi amccoumanmnu

9TOr0  CcoelMHEHMs] Ha MOJeKyJbl cocraBisier 230

kJ1ok/ MOITB.
JloHOpHO-aKLENTOPHOE B3aUMOJENCTBUE MEXIY MO-
JIeKyJIaMi 4acTo 0oByCJIOBIMBaeT NEpexol BelllecTBa U3
o Be OF rasoBoro B MUOKOE M TBEPLOE aTPeraTHoe COCTOSHUS.
Hanpumep, B rasoeoMm cocrosiHMy audropun Gepui—
Puc. 60. Crpyxrypa /Msi HaXoIMTCS B BUJE JINHEHHBIX MoJekyn BeFy:
KpucTaia dropuia Oe-
punnst BeF, 0

3a cuer cBOGOAHBIX OpOMTANENl ATOMOB GEPUINUSI U HecBSI3bIBAIOLMX (Heompe-
JeJIeHHbIX) EKTPOHHBIX Map aToMoB ¢Topa Mexny Mosiekylamu BeF; BosMoskHO
JIOHOPHO-AKLENTOPHOE BIAMMOMENCTBME. JTa BOBMOKHOCTD DeANBYeTCsl MPY NOHU~
HEHNY TeMIlepaTypbl: MoJekyJbl Bel; accoummpyiorcs ¢ obpasoBaHueM nojyumep—
Hoit Mousiekynsl BenFs, — kpucramia BeF; (puc. 60). B nHem atom Be umeer 4
KOBaJIeHTHBIE CBSI3U.

§ 4. BOOIOPOIHASA CBA3b

MHOrOHCI/IeHHBIE  3KCIEPUMEHTAIbHBE [aHHBE CBUAETENBCTBYIOT O
TOM, YTO aTOM BOJZOPOA4 CMOCOGEH COCAMHATHLCA ONHOBPEMEHHO ¢ IBYMs
JApPYTUMU aroMaM{ (BXOISIIIMMH B COCTaB PasHbIX MOJIEKYJ WM ONHOH U
TOM 3K€ MOJIEKYJIbi):

5+ § -
RA-H-.--:BR,

C oguum u3 aromos (A) BoLOpOA O6LIUHO CBA3aH 3HAYUTEIBHO CHIILHEE
(3a cuer koBanenTHON cBaA3K), ueM ¢ apyrum (B). Ilocnenuss ceasp momy-
YWJla Ha3BaHUE 600opodnoti. Ee 06BLIYHO MB306panaloT TOUKAMHU WUIAM IYHK-
THPOM.

Bonopoasada ¢BA3b MO UPOYHOCTH TNPEBOCXOAUT BaHAEPBAATBLCOBO
B3aMMoOJeitcTBHE, U ee 3Heprus coctapaser 840 wlx/mons. OnHako OHa
O6BIYHO Ha NOPALOK cjiabee KOBaJeHTHON cBsasu. Bomoponanas cBsss xa-
PaKTepHa [JIs COeAMHEHHI BOAOPOAa ¢ Hanbollee 3JIeKTPOOTP HUATEILHEIMU
aneMenrtamu: ropa (2540 w[x/Mons), kucaopona (13—29 wllx/momnb),
asora (8—21 w/lx/MOJB) — 1 B MEHBIIEH CTENEHU XJIOpa W Cephl. :

O6pasoBaiue BOAOPOAHON CcBsA3M OOA32HO HUUTOXKHO MAajlOMy pa3Mepy
MOJIOKUTEILHO MHOJIAPU30BAHHOTO aTOMa BOJOPOLA M €ro CHOCOBHOCTH
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rayboKO BHENPSATHCA B 3JEKTPOHHYIO OOOJIOUKY COCEJHEro (kOBaJIEHTHO ¢
HMM HE CBSI3aHHOTO) OTPUUATEALHO MOJSPHU30BAHHOIO aTOMa. Beaencrsue
3TOTO NIPW BO3HUKHOBEHUM BOAOPOAHON CBA3M HAPAAY ¢ 3JIEKTPOCTaTHYeC-
KUM B3aUMOJIEMCTBHEM IMIPOSABAsETcA M [AOHOPHO-aKIENTOpHOEe B3auMO-
JelicTBHE.

Bonopontas cBA3b BecbMa pacnpocTpaHeHa W UI'DAeT BaXKHYIO poJb NIPHU
acCOIMAalMY MOJIEKYJ, B IPOHECCaX KPUCTAIUBALMH, PAacTBOPeHus, ob6pa-
30BaHUsl KPHUCTAJIOTMPATOB, 3JIEKTPOJUTHHECKON AMccOUMalNy U APYrUx
BaXXHBIX (DUBUKO-XUMHYECKHUX Ipoleccax. Hampumep, B TBepAOM, KUIKOM
¥ JaXe B Fa30BOM COCTOAHMM MOJeKyaH ¢ropuaa sogoponaa HF accomunm-
pOBaHBI B 3Ur3aroobpasHbie IEIOYKU BUAA

.6._

5 gt/:.F.‘\I? /H"':E\H
\\\-"/ \\\..‘ \\\
AR T N

qTo 06YyCJIOBJIEHO BOLOPOJHON CBA3BIO.
Momekyna BOABI MOkeT 0OpPA30BBIBATL YETHIPE BOJOPOLHBIE CBA3M, TaK

KaKk HMMeeT JBa aTOMa BOJOpPOJa W [Be HEeCBA3BIBAIOLIUE 3JIeKTPOHHBIE
naphl:

o- -

0
5+ \ 5+
H/ H

OTa cHOCOGHOCTH MOJEKYJIB! BOABl OOYCJIOBIMBAET CTPOGHME BOJB U
Abaa.

Bongopoanas cBsA3p urpaer GONBIIYIO pPOJAb B XMMHM OpPraHUYECKUX
cOeiHennii, noauMepoB, GenkoB. BeaencrBue HempoOYHOCTH BOJOPOJHBIE
CBA3U JIEIKO BO3HMKAIOT M JIErKO paspbiBalOTcA NpU OGBIYHON TeMIiepaTy-
pe, YTO BechMa CYHIECTBEHHO AJIA GMOJIONMYECKUX IPOLECCcOB.

I'J1 AB A 5 KOMIUVIEKCOOBPA3OBAHUE. KOMILUIEKCHBIE
COEJUHEHUA

§ 1. KOMIIVIEKCOOBPA30OBAHUWE

Kak u3BecTHO, cuUNBl NPUTSKEHUS HEHCTBYIOT He TOJBKO MENAY
aTOMaMi, HO M MEXAY MOJIeKYJaMH. DTO NOATBEPKLASTCH TeM, YTO B3ad-
MOJEHACTBUE MOJIEKYJ YacTO NPHBOLUT K O0Opa30BaHUIO ApYyrux, 6oJee
CNOKHBIX MoJdekyd. Kpome Toro, rasoo6pasHblie BelecTBa NpHU COOTBETCT-
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BYIOIIMX YCJAOBHAX MEPEXONAT B XKUAKOE U TBEPAOE arperarHoe cOCTOsHUe.
Jlio60e BemecTBO B KaKOii-TO Mepe pacTBOPUMO B JAPYrOM BeiliecTBe, 4TO
ONATb-TAKM CBUAETEIbCTBYET O B3amMojeicTsuu. Bo Bcex aTUX cilydasx
06BIYHO HabJIofaeTcsl B3aMMHasl KOODJAMHALMSA B3aUMOJEHCTBYIOIIUX dac—
THII, KOTOPYIO MOXKHO ONpeleiuTh Kak xoanaexcoobpaszosanue. OHO mMeeT
MecTO, HampUMep, NMpH B3aUMOAEUMCTBUM MOJIEKYJ ¢ MOHAMH, NPOTHUBONO-
JIOXKHO 3apsKEeHHBIX HMOHOB M MOJeKyn ApYyr ¢ apyroM u T.n. Tak, obpa-
3yllIMecs NPy PacTBOPEHWH coJieli B BOJE MOHBI THAPATUPOBAHBI, T.€.
BOKDYT HUX KOOPAMHMPOBAHBI MOJIEKYJbl pacTBOpUTeNsa. Baanmuas koop-
AVHAIUA MOJEKYN HabmoJaercsa UpU Mepexofle BellecTBa U3 Ta30BOrO B
HUIKOE U TBEPAOE COCTOAHUS U IPp.

lpuunnoit koMnsiekcoo6pa3oBaHUs MOXeET OBITh KaK 37EKTPOCTATH—
YecKoe, TaK M JOHODHO-aKIENTOPHOEe B3aHMOJEHcTBUe, OCYIIecTBJIsIeMoe
MeKJy MOHaMHU U MOJIEKYJIaMH, MEeXIY MOJIEKYJaMU.

§ 2. KOOPIMHALLMOHHBIE (KOMIVIEKCHBIE)
COEAUHEHNSA

OcHoBomOMaraoNe NPeICTaBIeHNs] O KOMIUIEKCHBIX COGAMHEHUAX BBeJ
B HayKy wmBednapckuii ydenoit Anndpen Bepuep (1892). B passutun
XMMHHM KOMIUIECHBIX COeJMHEeHUIN 6O0JabIIyl0 posib cbirpain Tpynsl JIA.
Yyraea ©u ero MHOroumcieHHbIXx ydenukos — W.M. Yepusesa, A.A.
I'punbepra, B.B. Jle6equnckoro u ap. Ilo Beprepy, B 6ospivHcTBE KOMII-
JIEKCHBIX COEJUHEHMII DAasIMualOT oNymMpeNHIrw U onewinioro chepol. Ha-
IpUMep, B KOMIUIeKCHHX coepunenusnx Ko[BeF,], [Zn(NH;)4]Cl; BuyTpen-
HIOI0 cdepy CcOCTABIAIOT TPYNNUPOBKY aToMOB (Kommiekcsl) [BeF4)> n
[Zn(NH;)4)?", a sHemHiOl cdepy — coorserctsenno uonsl K* u Cl-. 1lent-
pasibHBIA aToM (HMOH) BHyTpeHHel cepbl ABIACTCA KOMUNAEKCO06PA30came-
Aeal, 8 KOOPAMHMPOBAaHHBIE BOKPYT HEro MOJNEKy/ s (MOHBI) — autandamu.
B ¢opMynax KOMIJIEKCHBIX cOeIMHEHMII BHYTPOHHIOK cdepy (KOMIUIEKC)
YacTO 3aKJIOYAKT B KBAaJPATHHIE CKOGKH.

O61uenpyU3HaHHOrO ONpPEAS/IeHUs] NOHATHA "KOMIUIeKcHOe coelnHeHue
HeT. JTO 06YCJIOBJIEHO pa3HOO6pa3HeM KOMILIEKCHBIX COGAMHEHHN M HX
XapaKTepHHIX ¢BOMCTB. B /1a60paTOpHON NpaKTHKE XUMHKHU 4Yalle BCEero
UCTIONB3YIOT COSQUHEHNS B TBEPIOM M PacTBOPEHHOM cOCTOSHUM. s 3Tux
YCJIOBMI MOMKHO AaTh CJEAYIOLIee ONpe/esieHie KOMIIeKCHBIX COeJMHEHMUI:
KOMNAEKCHUUY HAIHGAWM  COCOUNENUS, 6 YIAAT KPUCTNAAA08 KOMOPHT
HATOOIMCL KOMNAEKCH, CROCOOHBE K CAAUOCTNOSTNEALHOMY CYULECTNEOGANUN
e pacmeope. CiielyeT OTMETHTH, YTO TaKOe ONpeJelleHHe, KOHEUHO, NalleKo
He HCYEpPNBIBAeT CYIIeCcTBa NpOGIeMbl M NPUMEHMMO JIMIIbL B U3BECTHHIX
npenenax.
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Knaccudmxanns komitexcoB. o xapakTepy 3/1eKTPUYECKOrO 3apsia
pa3AMyYaloT KATHOHHBIC, aHMOHHBIE U HeWTpaJlbHbIe KOMILIeKcH. B npubaun-
AKEHUH MOHHOM MONENM 3apsj KOMIUIeKca HpecTaBiser coboil ajirebpan-
YecKYIO CYMMY 3apsioB 06pa3yIoliux €ro YacTHIL.

Kamuonnsiti KOMILIEKC MOXKHO paccMaTpUBaTh Kak OOpa3OBaHHBIA B
pesysibTaTeé KOODAMHALMM BOKPYI MOJIOKUTENbHONO HOHA HENATPallbHBIX
monekyn (H,O, NH; u mp.). Monexkynst H,O u NH; B HOMenwiaType
KOMIJIEKCHBIX COSMHEHMI Ha3LIBAIOT ~aKGa~ U —QALAUH COOTBETCTBEHHO!

[[AI(OH,)]Clg — rpuxsiopus rexcaakBaalOMHUHUS, UIK
xyopua rexcaaksaamomunnst (I1T)

[Zn(NH3)4)Cly; — nuxsopun TeTpaaMMUHUMHER, MU
xsopug rerpaamMutinuuka (I1)

CoenMHeHUA, CONEPKALINE AMMUHOKOMIUIEKCH!, HA3BIBAlOTCA AUUUAKI—
ma.ay, cOmepsKaiiie akBaKOMIIEKCH — 1u0pamauy.

B pomu koMnjekcooGpa3oBaTesil B QHUOHHOA KOMIJIEKCE BBICTYIIAeT
TOM ¢ IIOJIOKUTEJBHON CTENeHbIO OKUCICHUs (IIONOKUTEIbHBIA WOH), a
JUTaHJaMM  ABJIAIOTCA aTOMBl ¢ OTPHULATENLHON CTENEeHbIO OKUCJICHHUA
(aguonnr). OTpUnaTeNBHBIA 3apsiJi KOMILUIEKCa OTPakaloT NOGaBIeHUEM K
JIaTHHCKOMY Ha3BaHHIO KOMIJIeKcoobpasoparesns cyddukca -am, Hanpu-
Mep:

Ks[BeF 4 ~ rerpacropobepuiiar (I1) kanust
K[A(OH)4] - rerparnapoxrcoamomunar (I11) kamms
Nay[SOy4] — rterpaokcocyibdar (V1) Harpust
K;[Be(SO4)2] — mucymbdarobepuitar (11) kanus

Heitrpanbhbie KOMilIeKch 06pa3yloTesAs PU KOOPAHUHAIMH BOKPYr aToMa,
MOJIEKYJ, & TaKXke NPU OJHOBPEMEHHO KOOPAMHAIUU BOKPYT MOJIOKUTEb—
HOTO MOHa-KOMIIJIEKCOOOpa30BaTesisi OTPMUATE/BHBIX HOHOB U MOJIEKYII.
Hanpumep: N
[Pt(NH3),Cly] — auxsopoauammunnaaruua (11)

[Ni(CO)4)] - rerpaxapBonna Hukess
[Cr(CeHg)e] — nmbensonxpom

OJIEKTPOHENTPaJIbHBIE KOMIJIEKCHl, CJIEJOBATEJLHO, SBJAIOTCA KOMII-
JIEKCHBIMM COEAMHEHUsIMU 6e3 BHelIHe cdepsl.

Posb KOMIIEKCOO6GDA30BATENST MOKET UIPATh JIO60H 3JIEMEHT NEePUOLU-
YeckOl cucTeMbl. B coOTBeTCTBUE cO cBOEl XUMUYECKONH NPUPOAOH HeMe-
TaJIJIMYECKUEe 3JIEMEHThl OOBLIYHO AAI0OT AaHUOHHbIE KOMIJIEKCHl, B KOTOPBIX
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pOJb JMTAHAOB MIPAlOT aTOMbI HAMGOJIEE 3JIEKTPOOTPULATEIbHBIX dJ1eMeH-
tos, Hanpumep K[PFg], K3[POy4], K;3[PSs]. Uto ke kacaercss THUOMYHBIX
MeTA/VIHYECKUX 3JIeMeHTOB (IIeNOYHBX U IeT0YHO-3eMEbHBIX MEeTaJlIoB),
TO cHOCOBHOCTH K 06pa3s0BaHMIO KOMIUIEKCHBIX COSIMHEHMH ¢ HeopraHudec—
KUMH JUTAHIAMU y HUX BelpaxeHa cabo. MMeomuecsi HEMHOTOUMCICHHBIE
KOMIVIGKCHBI® WOHB ABIAOTCA KaTHOHHbIMEU, Hampumep [St(OH,)elCls,
[Ca(NH;)5]Cly. AMdoreptbie 2/1eMEHTB, KOTOpble 3aHHMAIOT MPOMEKYTOU-
HOE IIOJIOKEHUE MEXy TUIMYHBIMU MEeTAIMYECKUMU U HeMeTAVINUECKIMH
SJ7IeMEeHTaMyi, O6Gpa3ylOT KaK KATHOHHBIC, TaK U AHWOHHBIE KOMILJIEKCBHI,
nanpumep [Al(OH,)6]Cly n K[AI(OH)4].

Knaccupuranus naurangos. JIurauzel MOTYT 3aHUMaTh B KOODPAMHAIM-
OHHOI1 cepe OAHO UM HECKONBKO MECT, T.€. COSNUHSITHCA C LEHTPAIbHBIM
aTOMOM MOCPEACTBOM OJJHOTO MJIM HECKOJNBKUX aTOMOB. 1[0 3TOMy mpu3HaKy
pasiuval0T MOHOLEHTATHLIC, AMACHTATHEIC, TPUACHTATHHIC, ..., MOIHAEH-
TaTHbie JguraHabl (oT naT. dentalus — mmerowmnmit 3y6u). [lpumepamu MOHO-
JIeHTAHTHHIX Auranaos sasasaoores vorsl Cl-, F-, OH, monexynst NHg, H,0,
CO u ap. K 6UaeHTAHTHBIM OTHOCUTCS, HATIPUMEDP, MOJEKYJa STUJEHINa-
muba HyN—CHy—CH,~NH, (cokpamennoe oGosnauenue en). KoMmaekcr ¢
[MOIMIGHTAHTHHIMU JIMTAHJAAMI HA3LIBAIOTCSA XOJATHBIME (WIM KJICHIHeBUA~
HBIMH, OT rped. chelate — kuaewnsa). Hudke npuBeenbl HexXeJaTHBU U
xesaTHBL Kommnekchr Mengu (I1):

2+ H, H, 2+
H3N\ /NHa HQT—N\ /N—cle2
HgN/ \M{ H,C-N"  \N—CH,
H, H,
[Cu(NH3)q]* [Cu(en)o]?*

B kayecTBe OWIEHTAHTHBIX JIUTAHJOB YacTO BLICTYNAIOT TAKKE WOHBI
COZ%", SO%" 1 uM nogobusIe:

NH, +

HaN~_ | 0
\C 0/ \502
H3N/ I \O/

NH,

MHorue aurasjbsl MOTYT BBICTYATh TaKkKe B KAdeCTBE MOCTHKOBBIX
aToMOB (rpyHm aTOMOB) B MHOTOAJEPHMIX (MOJAVMEPHBIX) KOMIJeKcax.
Hanpumep. nenTpasbHble aTOMBI OKTadApMYECKUX KOMIJeKcoB (puc. 61)
MOTYT OBITH COEAUHEHB! MOCPEACTBOM OJZHOrO, ABYX WM TPeX MOCTHKOBBIX
aTromMoB (rpymn atomos). [lomo6raa kapTusHa HabiloflaeTcA, HalpHUMep, B
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P u c. 61. [IByxbsinepHbie KOMIIEKChI:

OKTa3/(pbl 0ObEAMHEHDI TOCPERCTBOM 0AHOro {a), ABYX (6), Tpex (8) MOCTMKOBLIX ATOMOB

coesutenusix kobanbra (I). Crpykryphibie GopMyJBl HEKOTOPBIX U3 HUX
IpPUBEIEHE HHXKE:

NH; NH, H
HoN | H | NHs O
HgN_CO“O“CO_'NHg Cl5 (HsN)4C0 CO(NH3)4 Cl4
HN" | | NN, o

NH; NH, H

H,

~ N\
(H3N); Co——O0—— Co(NHs)s |Cls
N
Ho

KoMnsekcHble coenmMHenus IIMPOKOro paclpOCTpaHeHbl B HPHUPOJE,
HTPAOT BXHYIO pojiib B Guosormdeckux npoueccax. Jdocratouso ynoms-
HYTb XeJIaTHBIE KOMIUJIEKCH — TeMOIJIOOUH KPOBU (KOMINIEKCOOGDPa30BaTe/ b
Fe?*) u xs0poduisn 3eieHBIX pacTenuit (komiuiekcoo6pasoBartens Mg2t).
KoMmniekcHble cOeIMHEHUS HAaXOAAT caMOe pPa3sHOOOpa3sHOe NpaKTHYecKoe
npuMerenne. Tak, 06pa3oBaHue XeTaTHBHIX KOMIUIEKCOB MCHONb3YeTCA NpPH
YMATYEHUM XKECTKOW BOJABI MU PACTBOPEHUM KaMHel B MOYKaX; BAKHEUINYIO
pONb MrpalT KOMIJIEKCHBIE COSJMHEHUS B AaHAJIUTUYECKOH IPaKTUKe,
IPOU3BOCTBE METAVIOB U T.J.

§ 3. OIMCAHUE KOMIIJIEKCHBLIX COEJJMHEHUN C TO3UUNNA
TEOPUU BAJIEHTHBIX CBA3EN

Teopusa cTpoeHHs KOMIJIEKCHBIX COCLUHEHMI BO3HMKJIA M3 IMOMNLITOK
OTBETUTh HAa BONpOC, NOYEMy MHOTME YCTOWUYMBBIE MOJEKYJbl CHOCOOHbI
OPUCOEAUHATLCA K KOMIIIEKCOO6Pa30BaTeNIo.

111



Jnst o6psicHeHNsi 06pasoBaHUA U CBOMCTB KOMIJIEKCHBIX COSJIUHEHUN B
HACTOALEe BPeMsl NPUMEHSIIOT PAL TeOpHil, B TOM YHcje TEOpUIO BaleHT-
HbX cBsizeit. O6pa3oBaHMe KOMIIJIEKCOB TEOPHUsS BAJICHTHBIX CBs3eif OTHOCHUT
3a CYET JOHOPHO-AKUENTOPHOrO B3aMMOJAEHCTBUS KOMIJIEKcOOOpa3oBaTeIsn
u surangoe. Tak, ob6pa3oBarue TeTpadppudeckoro uoHa [BeF 42" MoxHO
OOBACHUTE CJIENYIOUIUM 06pa3oM.

2s 2p
2+

Be!t — — — —

sp® -rubpuansanus

Hon Be?*, uMeromuii csoGonubie 2s- u 2p-opbutanu, ABIsIETCHA aKIENTOPOM
YeTHIpeX IEKTPOHHBLIX Tap, MpPeAoCTaBIAEMHX (PTOPUI-HOHAMU:

F\ /F 2
Be?* + 4:F- — Be,

7 ONF
akien-  JOHOp terpadgTopoSepui-
TOp nar(1l)-vox

Terpasapudeckoe cTpoeHme KoMmulexcHoro uoHa [BeF,]2” o6ycaoneno
sp3-rubpunsanueii BATCHTHHIX OpOGUTaNell GepUIINA.
TakuM ke 06pa3oM MOXKHO [IOKa3aTh, YTO NPU B3aUMOIEHCTBHU WOHA
Cr3*
4s 4p

3d
ety A A — - —

d*sp?-ru6punusauns

¢ MOJIeKY/1aMUd BOAB 06pasyercsi OKTa3ApUYECKUH KOMIUIEKCHEIH WOH

[CF(OH2)6]3+Z

OH, 3+
H0~ | _~OHe
Cr3* + 6:0H, — Cr
1,07 | “SNOH,
OH,
aKIelNnTop JAOHOD I'eKCaaKBaxXpoM

(11I)-mon

OxTasgpuyeckoe cTpoeHme 3TOro uoHa (cM. puc. Hl, 3) onpexmessiercs
d2sp3-rubpunusanueit opbuTaseil Xpoma.
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OxTasipHyeckHe KOMNJIEKCH OGPA3YIOTCA TaKke NpH B3auMOASHCTBHM
uona Cr3* ¢ $propua-, rHAPOKCHA- H APYTUMH JIUFaHIAMH:

| F|’
Cr3* + 6:F — /
o F /' \F
F
aKUenTop JOHOP rexcadropoxpoMar
(1T y-uou

HO\| /on

Cr3* + 6:0H —

HO/| ~on

axkuenTop  J0HOp PeKCArMIpOKCOXpOoMaT
(111108
Ii”'la 3+
NH NH;
cr* + 6:NH3—§ e,
/ l \NH3
NH;4

aKUEeNnTop  NOHOp rexcaamMmuroxpom (IIT)

Bonee noapo6HO XMMHA KOMIJIEKCHBIX coenuHeHMH paccMaTpUBaeTcA B
4. 2, pazpene III.



Paagen 111

ArperaTtHoe cocTtosiHne. PactBopsl

Iipupona roBoputr sisbikoM MaTeMaTMKM. BykBbl aroro
ABBIKA — KPYTH, TPEYTONbHMKM U MHble MaTeMaTyuec—
ke GUrypol.

Taaureo Naaunei

B 06bIYHBIX ycTOBHAX aTOMbI, HOHBI M MOJIEKYJH HE CYIIECTBYIOT MHIU-
BuayaabHo. OHU Bcerga COCTABIAIOT TOJABKO dacTh Gosiee BHICOKOM OpraHU-
3alMK BELIECTBa, IIPAKTHYECKH YYacTBYIOMIEr0 B XUMHUYECKUX NpeBpalleHu-
AX, — TaK Ha3bIBAEMOTO GIPELATMHOLO COCTNOSHUS.

B 3aBMCMMOCTH OT BHEIIHMX YCJIOBMI BeIleCTBA MOTYT HaXOHWTHCA B
Pa3HBIX arperaTHBHIX COCTOAHUAX — B I'a30BOM, KHUAKOM, TBepaoM. IIpupona
CUJI NPUTANKEHUS 4YacTHL, OOpa3yIONMX BELIEeCTBO, BO BCEX COCTOSHUAX
JNeKTpUYecKas, T.e. OPSAMO WM KOCBEHHO CBSI3aHA C y4YacTHeM O3JIeKTpO-
HoB. [lepexod U3 OZHOTO arperaTHOrO COCTOSIHUS B APYToe He CONPOBOXIa-
eTcsl U3MEHEHMEM CTEXMOMETPHMYECKOTO cOCTaBa BeIlecTBa, HO 06A3aTEJILHO
cBA3aH ¢ OONMBIIMM MJIM MEHBIIUM H3MeHeHHeM ero CTPYKTypsl. B artom
cMbIC/i€ MEpPexol U3 OZHOTO COCTOSAHWA B JAPYroe OTHOCHUTCA K SBIICHHAM
xumudeckuM. KoHewno, 3mech, Kak U Bcerga, Hy)KHO NOMHUTH 06 OTHOCH-
TeJIbHOCTH Y YCJOBHOCTH Da3rpaHMYeHUsi, B TOM 4YMcjie U Pa3rpaHU4eHHs
NOHATHN PHU3NYeCKOe U XUMHYECKOe sIBICHUE.

FPacmeopou HasbiBaloT 0JHO}A3HYIO CHCTEMY IEPEMEHHOTO COCTaBa,
COCTOSIIIYI0O U3 IBYX MIM GoJiee KOMNOHEHTOB. PacTBOpHI NpEACTaBASIOT
co60i rOMOTEeHHHE (OLHOPOJHBIE) CHCTEMBI, T.€. Kak/iblil M3 KOMIOHEHTOB
paclpenesied B Macce APYroro B BMJAe MOJICKYJl, aTOMOB WM MOHOB. Kom-
MIOHEHT, arperaTHOE COCTOSHHE KOTOPOro He W3MeHseTcs npu oOpa3oBaHUU
pacTBOpa, NMPUHATO CYUTATh pacmeopumenen. B caydae ke pacTBOpOB,
06pa3yloiiMXca NpU CMEIIEHWM a3a ¢ ra3’oM, XKUAKOCTH C JKUAKOCTHIO,
TBEPAOrO BEIECTBA € TBEP/bIM, DPacTBOPHUTENIEM CUHMTaeTcA KOMIIOHEHT,
KOJIM4ecTBO KOTOPOro B pacTBOpe mpeoGsagaer. PacTBopbi GpiBAalOT ra3oBhi-
MU, KUAKUMU M TBEPIBIMH. '
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O6pa3oBaHue TOro WM UHOIO THUIA pacTBOpa OOGYCJOBJIMBAETCA TEMM
e CUJIaMH, KOTOpLIE ONPEAeAIOT BOSHUKHOBEHHE TOLO WM MHOTO arpe-
FaTHOTO COCTOAHUA, T.€. HHTEHCHBHOCTBHIO MEKMOJIEKYJIAPHOTO, MEKATOMHO-
ro, MeXKMOHHOIO WIM APYroro BuAa B3aumoneicrsus. PasHuna sakmodaer-
¢ B TOM, uTo 06pazoBaHNe pacTBOpa OOYCJIOBJIMBAaeTcst XapaKTepoM U
WHTEHCUBHOCTBIO B3aUMOJIEMCTBUsI YacTUL, Pa3HbIX BEIECTB.

IOHATHO, YTO MO CPaBHEHWIO ¢ MHAWBUAYAIBHBIMM BelleCTBAMU PACTBO-
PHI CTIOKHEE N0 CTPYKTYpe.

I'’ TABA 1. TBEPJOE COCTOAHUE. TBEP/IBIE
PACTBOPHI

§ 1. KPUCTAJIJIEL

[To crenenn pacnpocTpaHEHHOCTH cpedd TBEPABIX TeJl OCHOBHBIM ABJIA-
ercA  KPUCTAAAUYECKOE COCTOAHUE, XapaKTepuaylolleecs ONpeaesIeHHO
OpHeHTalueil YacTUL (ATOMOB, HOHOB, MOJIGKYJ) OTHOCHTENBHO APYT ApPYTa.
JTO ompenensieT ¥ BHEIUHIOW (Gopmy BewlecTBa B BUAe KpHcTalia. B uie-
AILHBEIX CJy4asdX KpUCTa/J OrpaHHMYeH IJIOCKUMU PPaHAMM, CXOAALUUMUCH
B TOYEUHBIX BEPILIKWHAX U NPAMOJMHENHBIX pebpax (puc. 62). Opunountie
KPHUCTAJIIBl — MOHOKPHUCTAMJIBI — CYLIECTBYIOT B IIPUPOJE, UX TaKiKe MOJLy—
qaroT HcKyceTBeHHO. OFHAKO Yallle BCOro BCTpedaroUInecsd KpUCTaljiidec—
KHe Tejla NpeCTaBAAIOT cO60I NMOJUKpUCTAIIMYEeCKNEe 00pa30BaHUs —
CPOCTKH GOMNBIHOrO YHCJIa MO-PA3HOMY OPUEHTHPOBAHHBIX MEJIKHX KPHCTa-
JIOB HENPaBUIBLHO!N BHEIIHEH (OpPMEI.

P u c. 62. Kpucranmr CaSO,4+2H,0 n Mg(NH4)POy-6H,0, no-

JIY‘!()EHHLIE OPpU KPUCTAJIM3AUUU U3 PacTBOpOB (HOH MHUKDOCKO-
IoM
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P u c. 64. OcHOBHBIE CHMCTEMBI KPHCTAJNIOB



@opMy KDUCTAIOB usydaer xpucmasrorpagus. Jnsa onucanns ¢opMbl Kpuc—
Ta/UIOB TIOJILBYIOTCS CHCTEMOJ Tpex Kpucrajulorpaduuecknx oceit (puc. 63). B
OTJINYMeE OT OOBIYHBIX KOOPAMHATHBIX OCEll BTU OCHM NPENCTABJSIIOT coboll KOHEUHble
OTpe3ku @, b ¥ ¢ a yribl MexIy HUMKM MOTYT ObITh NMPAMBIMM M KocbIMH. B coor-
BETCTBMU C IeOMeTpUYecKoi (HOpMON KPUCTAJUTOB BO3MOXKHEBI Cl€lylolIMe UX CUCTe~
Ml (puc. 64) xybuuecxas, MeMPAIOHAALHAS, OPMOPOMOULECKAS, MOHOKAUHNAL,
MPUKAUNNGS, 1EKCALONAALHAL U poabordpuneckas. Kak BunHo U3 puc. 64, cucreMsr
KPUCTAJUIOB PadiNyaloTcst XapaKTepOM B3aMMHOTO DAacIoflokeHUs KpUucrasorpacdu-
yeckux oceit (e, f, ¥) v ux wuHoi (a, b, c).

CuMMerpusl BHEWHEH (OPMBI OTPAXAET CUMMETPUIO BHYTDEHHEH CTPYKTYPBI
KpUCTAa, T.e. [MPaBWIbHYI NEPUOAUYECKYI0 T[OBTOPSIEMOCTL  PACMOJIOKEeHHS
YACTHMIL B y3JiaX IPOCTPAHCTBEHHON pELIETKH TOr0 WM MHOTO BMAa. XapaKTep—
HOM OCOGEHHOCTBIO KDPUCTAJINIMYECKHUX Tejl, BBLITEKAWUIEe U3 WX CTPOEHMs, SIBIIsi-
ercsi anuszomponut. OHa TPOSIBISETCS B TOM, YTO MEXaHWYECKMe, OSJIeKTpUUecKue
U OpYTHME CBOMCTBA KPUCTAJUIOB 3aBUCST OT HAIPAB/IEHUS! BHEIIHEro BO3JENCTBUS
CWJI Ha KPHUCTAJLUIL.

YacTUubl B KPUCTAJJIAX COBEPUIAIOT TEIVIOBbie KOJeGaHUsT OKOJIO ITOJIOKEHUSA
paBHOBecys! (ya/1a KPUCTAJUIMYECKON PELIETKH ).

§ 2. TUIILI XUMWYECKON CBA3U B KPUCTAJLJIAX

B coorBercTBUM ¢ OPMPOAOH COCTABASIIOIUMX CTPYKTYPHBIX YaCTHIL
KPHUCTAMJIMYECKUE DEIIeTKH MOTYT ObITh WOHHBLIMH, aTOMHBIMU (KOBaJIeHT-
HBIMH UJTH METAIMYEeCKUMHM) U MOJIeKyIApHsiMu (Tabu. 12).

Honnas pemerka cocTOMT M3 UOHOB OpO-
THBONIOJIOXKHOTO 3HAKA, YepeAylolmxces B
y3nax (eM. puc. 57 u 58).

B aemowmmnez pemerkax aTOMBI CBA3aHBL
KOB&JIGHTHOM WJ/IU METeJUIMYECKON CBA3bIO.
[IpuMepoM BemiecTBa ¢ aTOMHO-KOBAJIETHOM
pelIeTKOM sABisieTcs anMmas (puc. 65). Meran-
JABl M UX CIJIAaBH 0GpPa3yiOT aTOMHO-MeTalJv-
YECKUEe KPUCTAILIIBL.

V3Bl woaeKyaApHotl  KpUCTaINYecKOi
peileTky 00pa3oBaHbl Mostekysnamu (puc. 66).
B kpucraniax MosieKysibl cBsi3aHBI 3a CYET
MEKMOJIEKYJIAPHOTO B3aUMOJIEMCTBUS.

P u c. 65. Crpykrypa anmasa

Jlns coelVHEHM, MOJIEKYJBI KOTODBIX COEEpKAT aTOMHble rpynmupoBku F—H,
O—H, N—H, cTpykTypy KpHUCTa/UIOB B OCHOBHOM ONpefelsieT BOAOPOAHAA CBSSb.
Tak Monexyna Bomel, MMelomasl ABe nossipHble cBsisu O—H u ABe HalpaBieHHble
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a
P u c. 66. Kpucranmueckne pemerku:
a — aproHa; 6 — vopa
HecBS3bIBAIOUINE QJIEKTDOHHBIE Mapbl, MOXeT oOpas3oBbIBaThL YeThipe BOLOPOAHBIE
cBsizu. [losToMy B kpucrajuie sibaa (puc. 67) kaknast MOJeKyJa BOXb! TETPaSApU-
YecKM COeJMHEHa BOJOPONHBLIMU CBSABSIMU ¢ YETHIPbMS GIMKANIIMMU K Helt MOJIeKy—
JIaMH, YTO B IUIOCKOCTHOM M306paKeHUU MOXHO NPEINCTABUTH CXEMOM

AN N
o, 0
\H /s
\ A
I’O\\

H H H
~ / N/
/0 ’0\
pd \H s/ \\

TlockonbKy BONOPOMHAS CBA3b AJMHHEE KOBAJIGHTHOM, CTPYKTYPa Jibla IOBOJIbLHO
pBIXJIasl ¥ VIMEeeT MHOTO CBOGOIHBIX MOJNOCTER. DTUM OOBSICHSETCH HeOOBIMHO MaJlast
IJIOTHOCTL JIbA2 U CHOCOOHOCTH 0GDPa3OBbI-~
BaTh TaK HasbIBaeMBlE KAAMPAMHBIE COCHN—
Henust. B pans nbga KoopAMHALMOHHOE
YUCJIO ATOMa KMCJIopola paBHO 4, TO B Bode
npu 15 °C oHo cocrasnsier 4,4, a npu 83 °C
— 4,9, Tak KaK HEKOTOpble MOJIEKYJIbi BOJbI
BaNOJIHAIOT IYCTOThI MEXNY TeTpadipuvecKu
CBSISBAHHBIMM MOJIEKYJIAMM.

Pasnuyus B TUNE XMMUYECKON CBA3H
KPHCTA/LJIOB ONPEAENAIOT CYIecTBeHHOe
oriMune (PUINYECKUX M XMMHUYECKUX
CBOMCTB BELIECTBA C WOHHON, aTOMHO-
KOBAJIGHTHOM, aTOMHO-METANIMYECKON M Puc 67. Crpyxrypa mbpa. Kamnas
MOJIEKYIAPHON pemieTkoit (eM. Taba. 12). ?gg;};ypﬁm TETPasIpUieck  cBAsaka ¢
Tak, BemecTBa ¢ aTOMHO-KOBaJICGHTHOM
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PeIUeTKON XapaKTepH3YIOTCs BLICOKOM TBEPJOCTBIO, & € ATOMHO-METa/JIN~
YECKOR pellieTKOR -— IJIACTHUYHOCTHIO, )

BemecTBa ¢ MOHHO! M B OCOGEHHOCTH € ATOMHO-KOBAJNEHTHOW pelleTkOil
06J1a1a10T BLICOKOIt TeMmepaTypoit Nniapiesns; ouu Heseryum. [lockonbky
MEXMOJEKY/SPHNE CHJIL c1a6hl, BEllecTBa € MOJIEKYNSpHON petneTkolt (c
oaHO- U TpexaToMHbiMM Mojekynamu — He, H,, O, O3 m CO, u ap.)
HapOTHB, JIErKOMJIABKH, JIETY4YH; TBEPAOCTh MX HEBEIHKA.

§ 3. OCHOBHBHIE CTPYKTYPHBIE TUIIbl HEOPTAHUYECKHUX
BEILECTB

Mo xapakrepy MexaTOMHHX (ME@XKHOHHBLIX) DACCTOSHMIA B KpHCTaLIax
PA3IHYAIOT OCMPOGHBE, YEnNBiE, CAOUCTINE U KOOPOUNAYUONNBE CTPYK~-
TYPH.

OcTpoBHLIE, NeANE H CIOHCTHO CTPYKTYpH. B ocTpOBHLIX, nemuMX M
CJIOMCTHIX PEUIETKAX MOXHO BHAEJIMTL TPYNNEl aTOMOB, KOTOpHe O6pa3yioT
COOTBETCTBEHHO H30/IMPOBaHHKIE OCTPOBKH, GECKOHEUHbIE LenM M CJAOH
{cerxu). Posnb ocTpoBKOB, uemeft M CJI0EB MOLYT MIrpaTh MOJIEKYJBI WJH
KOMIVIEKCH b€ MOHKI.

K ocTpoBHBIM OTHOcATCA MonekyaspHue (cM. puc. 66 u 67), a Takxke
MOHHHE PelIeTKH, COCTAR/ICHHHE U3 CJIOKHKWX HoHOB (puc. 68). [locnenuune
HTPalOT POJib CaMOCTOSITEIbHRIX CTPYKTYPHHIX 6QMHMI[ M 3aHHMAIOT COOT-
BETCTBYIOLIME Y3/ KPUCTAJITMYECKON POINETKH.

Tak, B kpuctannax K;[SiFg) u [Ni(NH;)g]Cl, pons octposkos urpator

OKTa3JlpU¥eCKMe KOMILTeKcHHe uonb SiFE m Ni(NH3)Z (puc. 68).

ZONN
NV

(7A

P uc. 68. Kpucrannuueckas peimerka

+ 1
coeqntenit  tMna:  Mp{3Halg] wnm
+2
[A\i (NHg)G]Xgi
oxTasgpyt - womwt  SiFET,  TiCIE,
Ni(NHg)3": kpysxu — wonsi NH§, K*, CI7,

Br” u np.



PaceMOTpUM HEKOTOpBIE THOKW Leneit M ceTok (cJI0eB), U3 KOTOPHIX
06pa3oBaHBl XUMMYecKHe coeanHenna. JonycTum, ana atoma A xapakrep-
HO KOOpAMHAHMOHHOE yKcsio 6 u npu ero coyeranun ¢ aroMamu B o6pa3y-
erca OkTasnpuueckas rpynnupoeka ABg. Ecau noso6uue okTasppuveckue
CTPYKTYpHBEI€ €AMHHMIB JApPYr ¢ JApyroM He CBA3aHH, TO BO3HHKaeT
OCTPOBHAs CTPYKTYpa. Eciu ke OKTad3ApPHYECKHE CTPYKTYPHHIE eJUHHUIH
06BeANHAIOTCA APYT ¢ APYIOM, TO B 3aBUCHMOCTHM OT crnocoba UX o6bemun-
HEHWUA BO3MOXKHBI CJEAYIOUIHEe CIIYHaH.

1. Okrasapuyeckas cTpykTypHas eauHuiua ABg o6bepunsercs ¢ coce-
Helt Yepe3 O 1l HY BepIIMHY, 06pa3ys GecKOHEYHYIO USNb CTEXHOMETpH-
yeckoro cocraBa ABs:

B B B B
. |/
—A——B—A-—B~—
71 7l
B B B B

2. Coceaume okrasapni ABg ob6bemuusiioTes A BY M A BepHIMHA-
mu (pe6poM), 06pasys GecKOHEYHYIO UENb CTEXMOMETPUYECKOrO COCTAaBa

AB4:
B B B
| AL AN B
/I\B '/I\B/l\B
B B B

3. Okrts3aapuueckne CTPYKTYpHHe eIMHUUN ABg obnenunsaiorea c
YeTH PbM#A COCEOHUMHM 9Yeped BEPHIHHM B IJOCKYIO IABYXMEPHYIO
cerky (cqoit) crexmomerpryueckoro coctasa AB,:

L
/ |/
A—B—al B

B /| B g7 ]

|,° 8|, B
—A—B—A-B——
87| /|

B B
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4. Oxrasapuueckue cTpykTypHble enuHuubl ABg o6wvepunsiorea c
TpeMs CcOocelHUMU pebpaMu, obpa3ys CJIOH CTEXHOMETPUYECKOrO cOCTa-
Ba ABj:

\1/3\’

5 |\B/I\B
\l/B B\l/s
/I\B B/]\B

B\l/ﬁ\l/B

B/'\B/ |\B

[/B B\[

5. Okrasppei ABg o6beaunsoTcs pebpaMmu ¢ M e c T b 10 COCEAHUMH,
06pa3ys cIoi cTexuoMeTpuyeckoro cocrasa ABj:

B B
B\J;/B\J\/B
B/ |\B/ | \B

B, i/B\ L/B\L/
PR e
B\J\/B\L/B\
B | B | > B

B B

6. Okxrasppuueckue cTpykTypHble epununsl ABg o6beauHsIOTCA C
Ul €CTbh I COCEHUMHU 3a CUET BCOX CBOMX BEPIUMH (T.6. B TPeX HU3Mepe-
HUsX); 06pa3yeTca KOOpAMHAIMOHHAA penieTka cocraBa ABj3 (puc. 69, B).

AHAOrMYHO MOXKHO MOKa3aTh 0Opa3oBaHUe UENel, cJ0eB U KOOpIMHAa-
HUOHHBIX CTPYKTYP NpU OBBEAUHEHUU JPYT € JPYrOM TeTpasipudecKux
cTpyKTypHbix eauaun AB,. Tak, npu obbvenunenun terpasapoe AB4 c
LBYMS COCeTHUMU BEPUIMHON Wiu pebpoM (nByms BepmimHamm) O6pa-
3YIOTCS LEMU COOTBETCTBeHHO coctaBa AB; m AB,:

B B
L J“ \A/B\ BN B B
/l\B/l\B/ ZONBsNBoUNBo U NB
B B
AB, : AB,

122



O6benuHEHUE TeTpasApUUYecKUX CTPYKTYpHbIX eamHun AB; 3a cuer
UCIIOJIL30BAHUS T P € X BOPHIMH [PUBOAMT K CJIOUCTOR CTPYKTYpe CTe-
XHOMETPUYECKOTrO cocTaBa A,Bs:

B-_| B!
A A
A A
~.-B B, B B A
| B | B | >B
B B
B\J\ B\i B
N N -

Ecnu ke TteTpasapudeckue CcTpYKTypHble enununsl ABy Ha cBsA3p
€ COCEHMMM [alOT 4YeThipe BEpIUMHBI, TO 3TO NPUBOAUT K KOOPAUHANMU-
OHHOJl pelleTKe cTeXuoMeTpuyeckoro coctasa AB, (puc. 69, B).

Koopaunaguonane crpykTyps. KOODAMHAUMOHHBIMM  Ha3bIBAIOTCH
" POIIeTKH, B KOTOPHIX KaxIblii aTOM (MOH) OKDYXeH ONpEeNeJeHHBIM HHc-—
JIOM COCEZlei, HaxXONAIIMXCS Ha PABHBIX PACCTOAHHUAX M YAEPKUBAEMbBIX
OJMHAKOBBIM THUIOM XUMHYECKOHW cBsi3¥ (MOHHOMH, KOBAJGHTHOM, MeTasl-
angeckoit). K KOOpAUHAUMOHHBIM OTHOCATCS paHee pacCMOTPEHHBIE Do-
[IETKH XJIOPUJA HATpUS U XJopuia uesus (cM. puc. 57, 58), anmaza (cu.
puc. 65) u MeTAMIOB.

Hekoropble Hanbojee NpoOCTHIE M YAacTO BCTPEYAIOUIMECs CTPYKTYpP-
HBIE€ TUNH KOOP/MHAIMOHHBIX KPUCTAJIJIOB COeAUHEHUI NpPUBENEHb Ha
puc. 69.

B kpucranmax BeILecTB CTeXMOMETpHUUYECKOro cocraBa AB koopauzanu-
OHHBle yucsla aToMOB (oHOB) A u B pasun. [Ipu stom Haubonee dacto
BCTPEYAIOTCA CIAYIOUIME THNBl KOODAUHAUMH aTOMOB (MOHOB): OKTasapo-
OKTasfApudeckass KoopauHauuma — cTpykrypusiit Tun NaCl (puc. 69, A),
KyGo-kybuueckass koopauHauus — crpykTypubiit Tun CsCl (puc. 69, A),
TETpa3ApO-TeTpasfpuyeckas KOOPAMHAIUA — CTPYKTYpHbI Tvn ZnS (puc.
69, A).

Jna Bemects cTexmomerpuueckoro cocraBa AB; KOOpAMHANMOHHbIE
4yc/a aTOMOB (MOHOB) OTHOCATes Kak 2:1. Jizsa storo canyuas nabmropawor-
csi Kyb6o-TeTpasapudeckasd KOOpAMHanuAa — cTpykTypHbii tun CaF, (puc.
69, B), OKTasapo-TpeyrodbHas KOOpAMHAUUA — cTpykTypHuii Tun Ti0,
(puc. 69, B), Terpasppo-iuHeitHas (yryi0Basi) KOOPAMHALMUA — CTPYKTYp-
uuit T SiO, (puc. 69, B). :

Koopnunanuonnas pemerka coeauHeHuil cocrasa ABj; orseuaer co-
OTHOIIEHMIO KOOPAMHAUMOHHHIX uucen A u B kak 3:1. Crpykrypa stux
cOoeIMHEHU! walle Bcero orsevaer cTpykrypHoMy Tuny ReOj (puc. 69, B).
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P n c. 69. BaxHelue Tunbi KOOPAMHALMOHHBIX PelIeTOK KPUCTAJNIOB:

A - coctaB AB, ctpykrypubit Tnm: a — NaCl; 6 — CsCl; ¢ — ZnS (cdanepur); b — coctasa
ABy, crpykrypHbit U a — CaFy (dmoopur); 6 — TiOy (pytun); 6 — SiOg (kprcTobammt),
B — coctaBa ABg3, ctpykTypblit TMI ReOg; I' — coctaBa AjBg, CTPYKTYpHbI TN 0-Al2Og
(kopyHn)



B KOOpAMHANMOHHEIX KPUCTA/UIaX CcOeJWHEHWI cocraBa A,B; woopan-
HAIMOHHBIE YKcIa aTOMOB {MOHOB) OTHOCATCA Kak 6:4, 4TO oTBeYaeT OKTa-
sApO-TeTpasapuueckoii koopauHanuu. CTpoeHHe NOAOOHBIX COeJUHEHHNH
OTHOCUTCA K CTPYKTypHoMy Tumy a-Al,Oz (puc. 69, I').

Posb MocTuKOB (06LIMX BepIUMH), OObEIMHSAIOMIMX CTPYKTYPHBIE eu-
HULB B JUMEpEHl, IeNH, CJIOW, TPEXMepHbIe KapKachl, 4alle BCEro UTpPaloT
aTOMBbl TaJIOT€HOB, KMCJIOPOMA, CepHl, a30Ta, a TaKie CPYNNUPOBKH THMNAa
OH, NH,, OO u ap. IlIpu srom MocTHKM MOTYT 6BITH OJMHADHBIMH, IBOH-
HBIMM U pexe TPOHHBLIMU:

A—B—A A A A—B—A

OTO 06YC/IOBIEHO pa3iMYueM B pa3aMepaxX MOCTHKOBHIX atomMos B. Korza
B = F, O, 06niuHo 06pasyorest OQMHOUHBIE MOcTHKY, a korpa B = Cl, S —
[ BOUHBIE WU TPONHBIE.

BenencTBue pasnuuusi B NPUPOAE MOCTUKOBBIX aTOMOB OJHOTHII-
Hble COEJMHEHUs NaHHOTO 3JIEMEHTa CYIECTBEHHO OTJIMYAIOTCS IO CTPYK-
type. Tak, mas Be (II) u Si (IV) xapakTepHbl KOOpAMHALMOHHOE YHC-

710 4 1 TeTpasApudecKas cTpykrypHas eaununa. OaHako B cayuae BeF,
n SiO; TeTpasApUYEcKHe CTPYKTYpHBlE eNUHMUBL OGBEeAMHSIOTCS B KO-
OpJAMHALMOHHBINA KpucTann (puc. 69, b), a B cayuae BeCl, u SiS, — B
Lelb.

OTciofa NOHSTHO YACTO HabNIOfaeMoe CYHISCTBEHHOE pasiiuue B CBON-
cTBaX (TOPU/OB U OKCUAOB, € OXHOM CTOPOHBI, ¥ OJAHOTUNHHLIX UM XJIOPU-
xoB U cynbdunos — c apyroil. Hanpumep, BeF, u SiO; tyronnasku, B
BOJl€ HE PacTBOPSAIOTCS, XUMUUYECKM HEAKTUBHBI, TOTZa KaK TeMIIepaTyphl
nnasnerust y BeCl, u SiS, 3HauuTennHo HuKe, pacTBOPUMOCTb B BOJE U
XUMUYECKasd aKTHBHOCTb BBILIE.

[IpuBeneM mnpuMepb! COEAVHEHMI, UMEIOUIUX OCHOBHBIE, 1lelHble, CJIOUCThIE U
KOOPAMHALMOHHbIE KPHUCTAUIMYECKUE PEIIETKH.

Cmpyxmypnas edunuya — oxmasop ABg

OcTporHas pemerka

+1
cocras MonekyJbl * (nona) ABg: SFg, Ko[SiFg], Ma[FeFg), Bag[XeOg)

*
KBafpaTHBIMU CKOGKAMU BbILENIEHbl CJIOXKHbIE WOHBI, Wrpalolide DPONb OCT—
POBKOB, llelel, cJIoeB.
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[lenHasa pemerTka

+1
cocrak uenn ABs: SbFs5, Nag[AlFs], Mo[FeFs)
AB4I CuClg- 2H20 *, CdC12~ 2NH3 *
Cnoncras pemerka

coctaB aiosi AByg: SnFy, Na[AlFy], M[FeF,]
AB3: FeC13, Alclg, AI(OH)g
AB22 CdIg, MnClz, Cd(OH)g
KoopanuHaumoHHas pellieTkKa

cocraB coenimHenusi AB3: ReQg, AlF;, WO3, Fely
ABy: TiO; (pymun), MnO,, MnF;, GeO,
AB: NaCl, FeOQ, MnO
Ang: A1203, CI'QO3, Fe203

Cmpyxmypras edunuya — mempasdp ABy

OCTpOBHaﬂ pemreTrTKkKa

cocta Mostekyisl (MoHa) ABg: CFy, K3[SO4], Ko[BeF4]

lilenHass pemeTka
cocras uemn ABj: K[BeFj], SO3, Na[POy)
AB22 SiSZ, BeClz
Cnoucrass pemeTka

cocrap ciost AyBs: PyOs, Nap[SipOs)

KoopnuHauvmoHHas pemmeTKa

coctap coennHenusi ABy: Si0,, BeF,
AB: ZnS, BeO, AlAs

* Posb MocTMKoB urpator atombl Cl, Hanpumep:
OH, OH, OH,
\éu/CI\éu/Cl\éu/@\
/l \Cl/| \Cl/| N
OH 2 OH 2 OH 2
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- Cmpyxmypras edunuya — xeadpam ABy

OcTpoBHas pelleTka

cocras Mosekyabl (nona) ABy: Ko[PdCly)
llenHas pewmerka

cocras e ABs: PdCly
CnouMcrasi pemwerTka

cocras wiosi ABy: PA(CN),
KoopauHauvoHHAasA pelreTkKa

cocraB coequHennst AB* PtO, PtS

KoopauBAOHOHANE PEMIETKH TPEX3JeMeHTHHX coeqmAenuil. CTpyKTypy
KOOPAMHALMOHHBIX COeIUHEHHN, 06pa3OBaHHBIX TPeMsI-4eThI phMsI
97IEMEHTAaMM, MOXHO HPEJCTAaBUTh MO aHAJIOTHHU CO CTPYKTYpPOH OHUHAapHBIX
coexuHennit. Tak, NpOU3BOIHON CTPYKTYPbI
kopyuna (puc. 69, I') siBasieTcst cTpyKTypa
munepama uasaenumae FeTiOz. Kpucramn
MOCEAHErD MOMKHO DACcCMaTpUBATb KAk
kpucTaan a~Al,O3, B KOTOPOM BMecTO arTo-
MOB Al moouepelHO pAacIONOKEHBl ATOMBI
Fe u Ti.

Atombl Fe B MibMeHUTe MOTYT 3aMellaThesl
aroMmamu Mg, Mn, Ni, Co, Cd, a atomm Ti —
aromamu V, Nb, Rh, Mn u nup. I[Ipencrasutesns-
MM  CTPDYKTYPHOTO TUIIA MJIBMEHMTA, TaKUM
obpasoM,  seasiorest:  MgTiOz,  MnTiOsg,
CoTiO3, CdTiOs;, FeVO;, LiNbO,, FeRhOz P ¥ ¢ 70. Crpyrtypa neposcku-

ta CaTiOj
CoMnOg3 u mp. .

CrpykTypy, poacTBennyio crpykrypHoMy tuny ReQj; (cMm. puc. 69, B),
umeer MuHepan neposcrum CaTiOj;. B Hem atomer Ti 3aHMMaloT nosioxe-
HUA aroMoB Re, a atombi Ca pacnosnaraiorcs B HEHTpax KyOUYeCKHX ajie-
MeHTapHBX sideek (puc. 70). Kaxgeit atom Ti B CaTiO3 oxpysken no
BEpIIHHAM OKTajApa IIECTHIO aTOMaMM KHMCJIOpoAa, a arom Ca — nBeHan-
HATbIO.

* KBapaTHO-TeTpaspYyecKas KOOPAMHALUS aTOMOB.
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B CTPYyKTypHOM THIIE MEPOBCKMTa KPHCTAUIM3YIOTCST coellMHenns tina ABXs:

+11\’15303 (A - Na, K, Ag; B ~ Nb, Ta) — NaNbOyg, AgTaOs
+12£§O3 (A - Ca, Sr, Ba; B - Ti, Zr, Ge, Sn) - BeGeQOs, BaSnO;
+j\+§03 (A - La; B - Al, Ti, Cr, Mn) — LaAlO3, LaCrOsy
+X§3F3 (A - K; B - Mg, Mn, Fe, Co, Ni, Cu, Zn) - KMgF;, KNiFs, KZnFs
a Takxe H/EBCI:; (A - Cs; B - Cd, Hg, Ca), ?;]353 (A-Sr, Ba; B-Ti)mu

ap.

B kauecTBe NMpOM3BOMHONM CTPYKTYPHOrO TUNa ZnS MOXHO paccMaTpu-
BaTh CTPYKTYPY MuHepaia zasskonupuma CuFeS;, B KoTOpoM BMecTO aro-
MOB Zn noodepenHo pacnosaraioresi atomsl Cu u Fe.

Honumopduam. B 3aBucuMocTv OT BHEWIHHX YCJIOBHMIT OZHO U TO Ke
TBEPJ0E BELECTBO MOXKET UMETh pasHble II0 CMMMETPUHU U CTPYKTYpe KpHc-
tajnsl. Cooco6HOCTE HAHHOTO TBEPAOrO BEMECTBA CYMIECTBOBATH B BUIE
IBYX WU HECKONBKUX KPUCTAIIUYECKUX CTPYKTYP HA3BIBAIOT ROAUUODP-
dusaon. PasHble KpUCTAINIMYECKUE CTPYKTYPHBIE (DOPMEBI BELIECTBA HA3BI-
BAIOT NOAUAMOPPHBLMY A 0OUHUKAYULAL.

flpnenvte nonuMopduaMa oueHb paclpocTpaleHo. [louTn Bee BemecTsa
TIPH M3BECTHHIX YCJIOBUAX MOTYT OBITH LIOJYYEHbI B Pa3HBIX MOAM(UKanM-
ax. OOGLUeN3BECTHBIM OPUMEpPOM NOJMMOp(U3Ma SABIAWOTCA TpU (HOPMBI
yryepona: anMas, rpaduT u kapbud. [padur umeer cioucryro, kapOuH-
HEeNnHy0, a alMa3 — KOOPAMHAUMOHHYI pewierky. OnHa n3 Moauburanuii
XJI0pUAA aMMOHUSA, CYLIECTBYIOMAsA NPH OOBIYHON TeMIepaType, KpHucTaji-
musyercs B crpykrypHoM time CsCl (k. 4. wonos 8), BeIcOKOTEMIepaTyp-
Has Moguduranns — B crpykryproM tune NaCl (k. 4. uonos 6). Heckomnb-
ko Moaudukanuit umeor S10, u AL O;.

[TonumopdHble npeBpallleHNA MOrYT CONPOBOKAATHCA W CYIIECTBEHHbBI-
MM U3MEHEHWSAMHM THUIa XHMUYecKOd cBa3u. Tak, B anMase cBSI3M KOBa-
JIGHTHBIE, B I'padUTe BHYTPU CJ10A — KOBAJIEHTHO-METAJIMYECKUE, & MEKIY
CNIOSIMH — MEXMOJIEKYJIS PHBIE.

B cooTBeTcTBMM ¢ pasiMuMEM B KPHCTAJIMYECKON CTPYKTYpe (B 0cOGeH-
HOCTH B THUIIaX XMUMHYECKOH CBA3M) MOJUMOpP(DHBIE MOAMOPUKALMH pPasin-
qaloTest (MHODAA OYEHb PE3KO) MO cBouM DUBUYECKUM CBOWCTBAM — MJIOT-
HOCTH, TBEPAOCTH ¥ IJIACTUYHOCTH, ITEKTPUUECKON MPOBOAUMOCTH U TP.
Tak, rpaduT 4epHOro UBETA, HENPO3paueH, NPOBOAUT IJEKTPUUECKUN TOK;
alMa3 — Mpo3padeH, JJIEKTPUUYECKNI TOK NPaKTHUYecKU He MPOBOLHUT.
I'padur — MArkoe BelecTBO, a anMas — caMOe TBEpAOE U3 BCEX M3IBECTHBIX
NPUPOJHLIX BEWECTB; MIOTHOCTL rpadmra 2, 22 r/eM?, ammasa 3,51 rfems.
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Monumopdubie MOAUPUKAINN OTIAYAIOTes, WHOTAA OUGHL 3aMETHO, U IO
XUMUYECKO! aKTUBHOCTH.

IonuMopdubie Moguduranuu 0O6BIYHO 0603HAYAIOT I'DEYECKUMHU OyKBa—
M. BykBoil « 0603HavaloT MOAMPUKALMIO, YCTOHYMBYIO NpU KOMHATHOM
WU upu 6oJiee HU3KUX TeMmmepaTypax, [ — MoaAM(pHUKALHUIO, YCTOMIMBYIO
npu 6ojiee BHICOKUX TeMIepaTypax, ¥ U § — COOTBETCTBEHHO elle Hosee
BHICOKOTeMNEepaTypHble Moauduxanuu. Tak, mMoanbukanus o-Sn, uMer-
mas Ky6uueckyi aiMa3onomgobHyo cTPYKTYpY, yeToitunea Huxke 13,2°C, a
#-Sn, UMeromasa TeTPAroHANbHYIO CTPYKTYPY, YCTOMYMBA B OOBLIYHBIX YCJIO-
BUAX BIJIOTH AO TEMIEDPATYpPHI [JIABICHUA.

Ilepexon BewiecTBa U3 HU3KOTEMIEpaTypHOUl (OPMBI B BHICOKOTeMIlepa-
TYPHYIO CONPOBOXKIAETCS NOIVIOUIEHUEM TEMJIOTHI, a IpU 06paTHOM NpoIec-
ce — BHAeNeHUEM TeloThl. [lono6Hble TemyioBbie 3P @eKTH HA3BIBAIOT
MENAOMOTU NOAUMLOPPHHOIO NPeBPaUEHUS.

"§ 4. XAPAKTEPHOE KOOPAUHAIIWOHHOE
YUCJIO DJIEMEHTA
1 CTPYKTVPA ETO COEJJUHEHUN

Panee 6bUI0 MOKa3aHO, YTO NJIs HOMETANIMYECKUX DJIEMEHTOB TPETHEro
MepHONa B BBICHIUX CTENEHSAX OKHUCHCHMUS XAPAKTEPHBI OKCOKOMIIJIEKCH
TeTpasIpuYecKoro cTpoenns (rabna. 13).

MoxkHO mosiaraTh, YTO U3 TETPa3/[PUYECKUX CTPYKTYPHHX equnaun 304
INOCTPOEHB! TaKXKe WX BHICIINE OKCHAbLI M TONMMEDHBIE OKCOKOMIIIGKCHI.
CnpaBeAIMBOCTb TAKOrO IPENIOIOKEHUA NOJTBEPKIAETCA IKCIEPUMEH—
TANBHBIMU JaHHBIMU 10 crpoeHnio okeuaos Cl,O7, SO;, Py0Os u SiO,y, a
TAaKKe COOTBETCTBYIOLIMX IIOIMMEPHBIX OKCOKOMIJIEKcoB. Kak BuAHO u3
tabn. 13, monexyna okcupa xiopa (VII) Cl,O;7 coctaBneHa u3 aByx OKCO-
xaopaTtHbiX TeTpasapoB ClO4, o6beguHEeHHBIX OmHOM OO6IIei# BEPHIMHOMN
(aToMoM KucaOpOAR).

B okcupe cepni (VI) rerpasapet SO, Ha 06pa3oBaHHe MOCTHKO-
BBIX CBA3EHl NPEJOCTABASIOT O [(BEé BEPUIMHLI, YTO MPHBOAUT K UEMHOI
crpykrype (SOj),. llpu ucnonpzosaHuM Ha 06pa3sOBAHUE MOCTHKOBBIX

cBA3el Tpex BepuwinH OKcogocharHbix Terpasapos PO, obpasyercs cio-
ucras crpykrypa (P;0s),.. M mHaxouweu, SiO, wMeeT KOOpAMHAIMOHHYIO

pemtetky (S10,), 3a cuer MCNONbL30BAHMA Ha O6PA30BAHME MOCTMKOBBIX

Joo

cBA3€ll BceX YeTHIPeX aTOMOB KUCJIOPOAa KPEMHEKUCJIOPOAHOTO Terpaj’ipa
Si0,.

VesloxHEHHe CTPYKTYP B DALY OJHOTO U TOTO K€ KJacca COeIMHEHWH

129



donwurou yoHIeN

- “(¢0s) “(0d) (o) z
donuny
0%o Lo%s 0% Lous 1 z _
domwoHon -
{e] 0] tos JTod ros 0 H‘_
edreediol
(Ao (a)s (A)d (ADS oJoHIro exodors {63
-OUA dgOWOole XId9d godreediol Ksmwmsqwnwoo ZOOUOEU
WS:&ISd@OO -OMUIION OSST

(AD'S ‘(M) ‘(A)S “(IIA)D WwaeimI0000%0 dumaods
¥ gewo0 ‘YOg NHHMYe xraHdAiAdid xwponudieediol BHHOHMNOIQO MQOdOL]) €]

BN ML QR J




rrelondy  MIg9H
—nonmernrdooy — dowurou uigHdenxedrl

- - -~ *E(z01s) ¥ m

[}

!

Yy <
donurron HI9LOUOLD

- - “sotd) | “(sous) g
edreedial
§179]6) (1A)s8 (A)d (ADS olJouro eirodoir Yoe
-Ouy dOWole XIdd godreediol KMHOHMIOLQO 19Q0J0L))
WS:men‘QOU -OMULOON OSS—J

&l

vgpuw InHaNKopodfy




06YC/IOBIMBAET MOBHILLICHUE TEMIIEPATYPHI [IJIaBJICHUS U YMEHBIICHHUEe XUMHU-
YECKON aKTMBHOCTH coenuHenuii. Tak, B paccMaTpUBaeMOM pPsily OKCHAOB

ClO7  (SOs),  (P20s)2, (SiO2)s,
T. o, °C -93,4 62,2 580 1713

PE3KO MOBHILIAETCS TEMIIEPATYpa NJIaBAeHWsl U NajaeT XMMUYecKas aKTHUB-
HOCTh. B 4acTHOCTH, CYIIECTBEHHO PAa3IMYHO OTHOIUEHHWE 3TUX OKCUJOB K
poze. Baaumopeitcteue Cl,O; ¢ BOAOi HermocpeCTBEHHO NPUBOAUT K 06pa-
3oBannio HCIO,. JlocTaToYHO JIerKO pasphiBaloTest (BCJIEACTBHE IPOCTPaHC—
TBEHHOI JOCTYIHOCTH) MOCTUKOBBIE CBA3H W B HENHOH MOAUGUKANMU
(SO3),, ¢ obpasosanmem HySO4. UTo ke kacaeTcs cI0MCTOR MOAMGUKANUM

(P205)2,,, TO ee B3auMojelicTBEE ¢ BOAOH [POTEKAET AOCTATOYHO CJIOKHO.
JInms paurensroe kunsdesue (PyOs)o, B NPUCYTCTBMM CHIBHBIX KHCJIOT

NPUBOAUT K pa3pEIBy CBsi3€ii B CJIOMCTOM HOJUMepe U 06pa3oBaHMIO
H3PO4. Pa3spuiB ke cBsizeil MKy OKCOCHJIMKATHBIMM TETPasApaMu Tpex-
mepHoro nomuMepa (Si0,)s B BOAE NpakTU4ecKy He MPOUCXOJUT, HOITOMY

B OOBIYHBIX YCIIOBUAX JUOKCU KPEMHUA B BOJie He paCcTBOPAETCA.

PaccMoTpum ellle oMK NpUMep -— CTpoeHUME (DPTODUIOB P-ONEMEHTOB 5-TO Ne-
puona TeFg, SbFs, SnFy u InF3. Ins otux oneMeHToB XapakTepHO KOOPAMHALMOH-
HOe YHMCTIO 1IEeCTh, YTO OTBEYAET OKTAIAPUYECKON CTPYKTYPHOW eIMHMIE.

J1s1 atoMa TeNTypa, MMEIONIEro LIeCTh BaJIGHTHBIX OVIEKTPOHOB, KOOPAMHAILMOH—
HOe YHMCJIO WIECTh peayiua3yerTcs B oKTasApudeckoil Mosekyne TeFg Penusauus
OTOTO Xe KOOPAMHALMOHHOrO YMCJIa Y aTOMa cypbMbl (IISITh SJIEKTPOHOB) BO3MOXHA
JIMIE TIPU oOBENMHEHUM OKTa3[pOB B IenHoi mnonauMep cocraba SbFs. st osoBa
(uerIpe oeKTpoHA) 9TO BO3MOKHO JMIIb IpM 06PasOBAHMM CJIOMCTOTO MOTUMEPA
cocrapa SnFy. W nakoHen, mwisi MHAMs (TpPU @7€KTpoHa) — TIpH 06DPasoBaHUU
TpexMepHoro nonumepa coctasa InFs (eM. puc. 69, B).

B cooTBercTBUM ¢ yCJiOKHEHMEM CTPYKTYD B OTOM Psifly CBOMCTBA CYIIECTBEHHO
usMeHsioTesi. Tak, B o6blunbix yenoBusx TeFg — ras, SbFy — Baskas suarocts,
a SnF; un InF3 — kpucrammueckue BemecTpa ¢ Temneparypoit Bosronku 700°C wu
masneHusi 1170° coorBercTBeHHO. YcioXHEHMEe CTPYKTYDBI CKa3bIBaeTcsi Takke Ha
YMEHbIIIeHUM PAcCTBOPUMOCTY B BOLE M TOHUMEHUM XMUMUYECKON aKTUBHOCTM ITHX
COEIMHEHUIA. '

Kak yke yka3blBajoch, B NOATPYNIAX XapakKTepHble KOOPAMHAIUOHHbBIE
JHcsIa 3JIEMEHTOB ¢ POCTOM MOPSIIKOBOrO HOMepa yBeauuuBaworces. [lostomy
NIpY OJHOM M TOM XK€ CTEXMOMETPUYECKOM COCTaBE COCIMHEHUA HMEIOT
pa3HOe CTpOEHUe, a cellOBaTeJIbHO, U Da3Hble CBOMCTBA.
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PaccmorpuM psin muokcumos p-onementos IV rpymmer COp, Si0,, GeOg, SnOs.
Inst C (IV) xapakTepHO KOOpPAMHALMOHHOE YMCJIO IBA, A Si (IV) — uernipe, ans
Ge (IV) — uerblpe u wectb, a Wit Sn (IV) — mects. Taxum obpasoM, TosnbKO
cocrap auokcuia yriepoga CO; oTBeYaeT yCTOMUYMBOMY KOODAMHALMOHHOMY YMUCIY
lieHTpaabHOro atoMa W motoMy CQO; MoHOMosekyssipeH. UT0 e Kacaercsh OCTajb—
HBIX OMOKCHIOB, TO OHM JIOJDKHBI OBITH TOJMMEPHBIMM coelitHeHnsaMu. KoopauHa-
LIMOHHBIE KpUCTAJUIbl ofHoi M3 Moandukrauuit GeO, OTHOCATCA K CTPYKTYpPHOMY
iny SiO; (cM. puce. 69, B), npyroit MogudHKaluy — K CTPYKTYDHOMY TUINY PyTU-
aa TiO, (cM. puc. 69, B). CrpykTypy THIa pyTHJia uMeloT i Kpucrawisl SnOs.

§ 5. 30HHAA TEOPUA KPUCTAJJIOB

Omeprerudeckue 30HH. OO6UMA MOAXO0J K PacCMOTPEHUIO HOHHBIX,
KOBAJIGHTHBIX ¥ MeTa/UIMYyecKUX KPUCTAIVIOB AAeT 30HHAA TeOpUA KpPHUCTall-
JIOB, KOTOpasi paccMaTpuBaeT TBEPAOE TeJI0 KaK GIUHBII KOJIJIEKTHUB B3aH-
MOJENCTBYIOLMX YACTUI. JTa TEOPHs NPEeAcTaBsier coGoil TeOpHIO MoJe-
KYJISAPHBIX OpOHWTaseil /1A CUCTEMBI C OYeHb OobIMM uuciaoMm (~ 1023)
aTOMOB.

Kak M3BECTHO, B HpPE[CTABNEHMAX TEOPHUH MOJIEKYJAAPHLIX opburaneit
OpY B3aUMOJENCTBMH [BYX AaTOMOB IPOUCXOAWUT MNEPEKPHIBAHUE ATOMHBIX
opbutaneil ¢ 06pa3OBaHMEM CBA3BIBAOIIUX U Pa3sPHX/IAIONIMX MOJEKYAAP—
HBIX op6urasieil M KaxJ0e TaKOe aTOMHOe 3HepreTudeckoe cOCTOSHHE pac-
HIENJIAeTcsd Ha ABa, B CHCTEME M3 YeTbl-
pex aTOMOB — Ha 9YeThipe, B CUCTeMe U3
BOCBMH aTOMOB - Ha BOCeMb H T.J.
MOJIEKyJsAPHBIX cocTostuuit. Yem Gonblue
aTOMOB B CHCTEME, TeM GOJIbIIEe MOJEeKY-
AApHLX cocrosiHuit. [lycts u3 N aToMmoB .
obpa3yeTcd KDMCTaJul, TOrAa Kamjoe
ATOMHOE COCTOAHME CMECTUTCA IHEpreTH-
YecKM U pacmienutcas Ha N cOCTOSTHUI
{puc. T1). Tak kak uucno N oueHs =
Besiuko (B 1 eM? Meramauueckoro Kpue- 12 4 & 5
ranna comepxuTes 1022—1023  atomos), Yueno amoml
To N cocrosnuit cBiamkalores, obpasys
IHepLeMuUNECKY0 30HY. IHEPreTUYecKoe EM‘;[( C'SZ:{' HI?CTPOQH% onepreTuriec-

/ PU  TOCIE10BATENLHOM
pas3aunyne COCTOSTHUH IJIEKTPOHOB B npucoelHEHUU ATOMOB
Tpe/ienax 30HBl COCTABJANET BCEro JHLIb
1022 3B, no3TOMY M3MEHEHUMe OJHEPLUU 3SJEeKTPOHa B 3OHE MOXHO
NpefcTaBUTh Kak HenpepelBHYIO nonocy sHepruu. Opbutasnu sHepretudec-
KO 30HBI, KpHCTaZIAMYecKue OpOHTATM MOXHO CYNTATh aHAJOTAMU MOJIE~
KYJSPHBIX Op6UTa/lel, NPOCTUPAIOUINXCA [I0 BCEMY KPUCTAJJIY.
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Ha puc. 72 nmokasaHO BO3HMKHOBEHUE 3IHEPreTUYECKUX 3OH KpUCTaJIa
U3 DHEPreTHUYECKUX YPOBHEH aTOMOB IO Mepe cOMmkeHus NOCHeIHUX.
IfpennosoxkuM, 4TO aTOMBI PachOOKEHbl B y3J/1aX HEKOU KPUCTAIMYecKON
peLIeTKU ¢ MEKATOMHBIMU paccTOAHUA-
MM, BO MHOro pa3 OOJILIIMMU, 4YeM B
peleTKe peajlbHOro KpucTaijia. JHep-
reTudYecKue COCTOAHMSA TAKOrO T[UIOTe-
P___-z Tona sanpedennai TUYECKOr0 KpHUCTaJIJia M[PEACTaBIAAIOT
.} oHEp2UL 29 co60ii KBAaHTOBBIE COCTOAHMUA HU3OJHUPO—
Jjﬁ”zmym, Bzsewmman s BAHHPIX ATOMOB. Céunxenve xe aTo-
Kue sons! L) r MOB OTBEYAET UX BIANMOIAEHCTBUIO U
a NPEBPALIEHUI0 ATOMHBLIX 3Heprermyec—
KUX YpOBHEHl B 3JHepreTudeckue 3O0HBI.
Wupraa u mnonoxeHue 3HepreTuyec—

KHUX 30H OpedensArTcd paBHOBECHLIM

£ Jona npebodumecmu

I

pACCTOAHUEM 79 MEKIY ATOMaMU.

» | 2 OpOurtany >HEPreTUYECKON 30HH
JKep - 2 , BANOJHAIOTCA  JBYMS  3JIEKTPOHAMH,
wue Joms! § Kak ¥ Op6UTalIM aToMa U MOJIEKYJH, B

P u c. 72. BosuuKHOBeHUNe oHepre- TNOpAAKE MX PACMOIOMEHN O SHEPIH-

™4eckux 3on KpucraanoB NaCl (¢) M M B COOTBETCTBUU C MNPUHOUIIOM

v Na (6) ns oHepretuyeckux ypos- [laynu. CienoBaTensHO, MaKCUMAaNbHO

HEft ATOMOB 110 Mepe MX COMMKERUA!  goavoxHOE 9HC/I0 HIEKTPOHOB B 30HAX,

a — 30HBI He MEPEKPHIBAITCH; 6 — 30Hbl  BOSHUKAIOUIMX 3a CYET [epeKpBIBAHUSN

TNePeRPLIBAIOTCS ATOMHBIX s, p-, d-, f, ... opGuranei,
cooTBeTcTBeHHO paBHO 2N (s-3oma), 6N (p-sona), 10N (d-3oma), 14N (f
30Ha), ... .30Ha, KOTOPYI0 3aHUMAIOT 3JIEKTPOHBI, OCYIIECTBAAIOMIME CBSA3b,
Ha3blBaeTcst saewmuoti (Ha puc. 72 cTeNeHb 3allOJHEHUS BAJTEHTHOW 30HBI
nokasaHa MTpuxoskoil). CBOGOAHA 30HA, PACIIONOKEHHAS HHEPreTHUIEeCKN
BBIIIe BAJICHTHOMW, HA3BIBAETCS 30HOU NPOGOJUMOCTU.

B 3aBMcuMOCTH OT CTPYKTYpHl aTOMOB M CHMMETPUU KPHUCTATIUUECKON
pelieTKH BaJIeHTHad 30HA U 30Ha [IPOBOZMMOCTH MOTYT NEPEKpPHIBATH {pHC.
72, 6) wIn He IepeKpblBaTh APYr Apyra (puc. 72, a). B nociegneM caydae
MEKIY 30HaMU UMEeTCS SHepreTHYECKUN Pa3phiB, UMEHYEMBI 3anpeuyernol
30not. B cooTBeTcTBMU ¢ XapaKTepOM pacHOJIOKEHHUsT U 3AMOJHEHUs 30H
BELLECTBA SIBISIOTCS AMAIEKTPHKaMU (U30JATOpaMu), MOJYIPOBOAHUKAMU
v npoBopAUkaMu (Metanmamu). Illnpuna sanpemennoii 3ousr A E gusmext-
PUKOB cocTaBaseT 6osiee 3 3B, moaympoBoauukos — or 0,1 no 3 a3B. B
MEeTAJVIMYECKUX KPHCTANAaX BCJIGICTBHME NEPEKPBIBAHUA 30H 3allpelleHHas
30Ha OTCYTCTBYET.

PaceMOTpUM XapaKTep 3alOIHeHUs 3HEPreTMYecKHUX 30H MeTajuinyec-
KUX, KOBAJIeHTHBIX ¥ MOHHBIX KPHUCTAIJIOB.
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Merajiageckue KpUCTAIUIN. Y 3JIeMEHTOB C OJHUM S-2NIEKTPOHOM B
KpHCTAJIaX BajleHTHasi 30HA [IOCTpPOEHa M3 s-OpObUTalell U 3alojHeHa
aub HanosoBuHy (puc. 72, 6). CrnemoBaTeslbHO, TIpH HE3HAYUTETIBHOM
BOBOYK/IEHUM BHEPreTHYECcKOe COCTOAHME KakIOrO0 U3 3IJTEKTPOHOB MOKeET
MEHATHCS B IPEeaX Bceil YHePreTHUECKOM 30HBI. JTO MMeeT MecTo, Ha-
OpuMep, NpPU IPUICKEHUU K METa/Uly 3JIEKTpUYecKoro noms. Torga smexT-
POHBI HAYMHAIOT [JBUTATbCS B HANPABJACHMM [OJA, UTO ONpeJensieT NeKT-
PHUYECKYIO IPOBOXMMOCTb METAJIOB.

B cnygae aneMeHTOB ¢ ABYMsI BaJIGHTHLIMHU 2JIGKTPOHAMH S$-30Ha 3aIOJ-~
nHeHa. OiHaKO,€c/M s~ ¥ p-YPOBHU B M30JMPOBAHHBIX aTOMax OJIM3KM, TO B
KPUCTALIIaX COOTBETCTBYIOIIUE 30HBI NepekpoiBaiorcs. CreoBaTeqbHO, U B
ITOM CJIy4ae YUCJIO BAJCHTHBIX 3/IEKTPOHOB HEJLOCTATOYHO 7JIA 3alOTHeHUA
IHEPrEeTUYECKUX YPOBHEN MEepeKphIBAIOINNXCS 30H.

TakuMm 06pa3oM, MeTasIMYECKUe KPHUCTAMIb 06pa3yloTcs 37eMeHTaMu,
B aTOMaX KOTODBIX YHCJO BAaJEHTHBIX 3JIEKTPOHOB Maj0o 1O CPaBHEHMIO
¢ YUCTIOM DJHEpreTHHecKH O6JM3KUX BaJeHTHBIX opburtaneil. BeaepcTeue
3TOr0 XUMUYECKAs CBSI3b B METAJUINYECKUX KPUCTAIAX CHJIBHO JIeJOKATN—
30BaHa.

KopanerTHHE KpHUCTANIAK. 3al0JHEHNE SHEPreTHYeCKUX 30H KOBAaJIeHT-
HOIO KpHCTajljla PaccMOTPUM Ha INpuUMepe ajMa3a, y KOTOpOTro IIMpHHa
3anpemienHoi 30HH AE = 57 3B. DiexkTpoHBl aTOMOB yrjiepoja MmoJiHoC—
TBIO 3allOJIHAIOT BAaJIeHTHYIO 30HY. [lOCKONBKY Hepexon 3/1eKTPOHOB W3
BaJIEHTHO 30HH B 30HY IPOBOJUMOCTH TpeGyeT GOMBIION 3HEpruu BO3OCYk-
JEHUA, KOTOpasi B OOBIYHBIX YCJOBUSX HE DPEANW3YETCs, ajiMa3 SBISeTcs
JHUAIEKTPUKOM.

Kpucrannuyeckuil KpeMHUN HMeET TaKyiO0 ke CTPYKTYPY, KaK M ajaMas.
CrenoBaTenbHO, B KPUCTANIE€ KPEMHHMS BAJeHTHA 30HA YKOMIUIEKTOBaHA
nonHocTbio. ONHAKO IUMPHUHA 3alPEliCHHOM 30K B OTOM CJIy4ae COCTaBIsA-
er Bcero AE = 1,12 5B. CneposatenbHo, npu HeGOABIIOM BO3OYXKIAEHUU
BAJICHTHBIC JJIGKTPOHBI MOTYT IEPEXOAUTH B 30HY IMPOBOAUMOCTH, T.€.
KpeMHUI — IOJIYIIPOBOHUK.

HNonane kpucrannwm. B xpucranne xnopupa marpus (cM. puc. 72, a)
BaJleHTHBIe 37ekTponsl atoMoB Na (3s!) u Cl (3s23p%) sanmommsior Ba-
JIGHTHYIO 3HepreTHueckyrw 30HY 3p. B npeacraBienuum Teopum HOHHOIM
CBSI3M 3TO OTBEYAeT MEPexOdy 3JeKTpoHoB oT atomMoB Na k aromam Cl
n obpasopanuio uoHoB Na' u Cl°. [lockonbky sHeprernueckoe pasJn-
YMe MEXIY BaJIGHTHONW 3p-30HONM M cBO6OAHOH 3s-30HON Benuko (AE ~
~ 6 2B), B o6eruHbix ycaosusx NaCl 3/eKTpOHHOR NPOBOLMMOCTBIO He
obamgaer.

Moviekynsipane KpHCTAnIH. B MOJEKYAAPHBIX KPUCTAITAX MOJEKYJIbI
CBA3AHBl APYT ¢ APYTOM 3a CYET MEKMOJIEKYJISPHBIX 37eKTPOCTATUYECKUX
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CUJI; JHEPreTHYECKNEe YPOBHM JIOKAJIHM30BAHEI B MPEAETaX MOJIEKYJIbl.
Ilepexon 3JIEKTPOHOB MEXKAY MOJIEKYJaMUd B OOBIYHBIX YCJIOBUSX HE MPOHC-
XOIIUT.

§ 6. IOJIYIIPOBOAHUKHU

Kak yxe usBecTHO, B MOAYNPOBOAHUKAX JUIA NEPEXOMa 3JI€KTPOHOB U3
BAJIOHTHOM 30HBl B 30HY IPOBOAUMOCTH TpebyeTcs CpaBHUTENBHO HeGOJb-
mas sHeprus. IIpu 3TOM B pe3y/ibTaTe MOTJIOIIEHMs KBaHTa IHEprMH (Har-
peBaHWe WJIU OCBEIUEHUE) CBSA3b, OOYCJOBIMBaeMasd Mapoil BJIEKTPOHOB,
pa3pbiBaeTCA: OJUH U3 3JIEKTPOHOB MEPEXOJMT B 30HY NPOBOAUMOCTU U B
JIaHHOM 3HEpPreTHYECKOM COCTOSHUM BaJE€HTHOW 30HH BMECTO JABYX 3JIEKT-
POHOB OCTaeTcst OOUH, T.e. 06pa3yeTcad BaKaHCUA — TaK Ha3blBaeMas I10J10~
JKUTEJIBHO 3apSAKEHHAA IBIPKa:

L

BaJIeHTHas bl pKa 3MEKTPOH
30Ha B BaJICHTHON B 30HE
30HE FPOBOAMMOCTH

[Ipn HamokKEeHUM 37eKTPUYECKOTO MOJA 3JeKTPOHBI, INepelllefmne B
30HY NpPOBOAUMOCTH, INlepeMemalorcead K aHony. B BaneHTHOI ke 30He
3JIEKTPOH, HAXOJSUINICA PALOM ¢ ALIPKOM, IepeMemiaeTcsi Ha 3TO cBoboi-~
HOE MecTO, M OCBOGOXKAAETCSI HOBas JAbIPKa, Ha KOTOPYIO IepeMellaeTcs

CICAYIOINIUA 3AEKTPOH, OCTABJAAIOLIMIA

downa npoBodumacmu
Snewmpone: nocse cebs ABIPKY, ¥ T.A. (puc. 73).
SANN \\‘\ \SANNS S- Ilomo6ubIit apeiid dIEKTPOHOB HKBUBa-
NN N\ JIGHTEH  [epeMelleHNI0  IbPOK B
NpPOTUBONOJIOXKHOM HaNpaBleHHUH, T.e.
4tk waromy. Takum o6pasoMm, 1epeHoc
37IEKTPUYECTBA B  IOJYNPOBOJHUKAX
OCYIIECTBJIACTCA KaK  3JIeKTPOHAaMH,
nepenieflli¥MHU B 30HY NPOBOAUMOCTH,

banenmras sona Avipru TaK U ABPKAaMU B BaJICHTHOW 30He, T.e.
Py c. 73. Bontas cxema cobersen. TMEET MECTO 4exmponnas (n-Tuma) u

*
1O/ TIPOBOIMMOCTH [IOJYTIPOBOIHM- dupounas (p-Tuna*) TPOBOAMMOCTS.
KOB YHcia0 2/1eKTPOHOB, MEPeXOASINMX B

30HY NPOBOJAWMOCTH, a CJIeLOBATeNBHO,
W YHUCJO OBIPOK YBEJWYMBAETCA ¢ IIOBHIIIEHMEM TeMIiepaTypbl WM OCBe-
LHIEHHOCTH. B stom CYIIECTBEHHOE OTJINYMEe NMOAYIIPOBOAHUKOB OT METaJlJIOB!

+ ™

* Ot ;at. negative (oTpuuarensHblil) 1 positive (TOOKUTENBHBII ).
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UX 3JeKTpuuecKasi MPOBOAMUMOCTb CYLIECTBEHHO BO3DAcTaeT ¢ IOBHIILIEHHEM
TEMIIEpaTyphl, TOTAA KaK y MEeTajlJIOB, HaoG0poT, MPOBOAUMOCTL € TOBBIIIE-
HUEM TeMIepaTyphl majnaer.

Ilpu Temmepatype abcOMIOTHOrO HYJsl B OTCYTCTBHE IPYPMX BHEHIHMX
BO3JEMCTBHI OJEGKTPOHL B INOJYNPOBOAHUKax He o6janalnr 3sHepruei,
JOCTaTOYHOW [Jif NPEOAOJeHusA 3alpelieHHO 30HH. IloatoMy nmoaynpo-
BOLHMK B 3TUX YCIOBUSX sABJsieTcA AuaneKTpukoM. CregoBaTenbHO, Hejie-
HHUE BEIIeCTB HAa IOJYIPOBOJHUKUA M IMINEKTPUKHN yciaoBHO. Yem Gosbiue
INMpVHA 3alpPenieHHON 30HBI, TeM BHILE AO0JKHA OBITH TeMHepaTypa, IpH
KOTOPO# BO3HUKAET 3JIEKTPOHHO-LIPOUYHAsA IPOBOAUMOCTD.

fIpu Hanmuuuy B NOTYNPOBOJHUKOBEIX MaTepHaliaX HPUMeECcel cOOTHOIIe~
HHEe 4YMesia JJIEKTPOHOB M ABIPOK MOMKET WU3MEHSATbesl, T.e. MOXKET YCHIu-
BATHCS MJU IHIPOYHAs, WIN 5J€KTPOHHAsi NPOBOAMMOCTL. lIpenmososknm,
YTO B KPHUCTA/JIe KPEMHUA B KAayecTBE [TPUMECH HUMEIOTCA aTOMBI MBIIIbAKA
{4s?4p3). Tipu 06pa3oBaHMM CBA3CH C OKDPYXKAIOMUMU ATOMaMH KDPEMHMs
(3523p?) aTOMBI MBIIIBAKA HCIONb3YIOT YETHIPE CBOMX 3JIEKTpOHa. IIATBIM
e DJIEKTPOH CPABHUTEJIBLHO JIErKO BO36ysxkAaerc U NEepeXOAUT B 3OHY
npoBoAuMOcTH. TakuM 06pas3oM, IMpUMech MBIIIbAKA YCHIUBAET § KPEeMHUS
BJIEKTPOHHYIO NpOBOAUMOCTh. HaoGopoT, BBEeJeHME B KPHUCTAJl KPEMHUsA
aTOMOB 60pa (2s22p!) NPUBOAMT K BaJeHTHOW HEHACHILICHHOCTH aTOMOB S,
T.e. yCHJIMBAET y NOJIYIPOBOAHUKA JBIPOYHYIO NPOBOAUMOCTD.

Hedexrsl cTPpyKTYyp KpUCTAVIOB TAKKE BIAUAIOT HAa 3JJEKTPHYECKYIO
HPOBOJHUMOCTh HOJIYIIPOBOAHUKOB, OOBIYHO BHI3HIBAsl JBIPOYHYIO IPOBOLU-
MocTb. B 3aBucuMocTH OT mpeo6nagaHus TOro WM MHOTO BHAA MPOBOAU-
MOCTH Dpa3/NYaloT HOJYHPOBOAHUKM THUNA N-TUIA M HOJYHPOBOLHUKH p-
THUIIA.

IlonynpoBOJHMKOBLIMU CBOMCTBAMH MOrYT 06JIaZiaTh BCe KPHMCTAJJIB C
HeMeTaNIMYeCKMMHU CBA3SMHU, XOTs OHU HanboJiee OTYETIIUBO HPOSBIISAIOTCH
Y BeIeCTB ¢ KOBAaJIGHTHBLIMM CBSI3AMU Masoil sHepruym. M3 mpocTeix Be-
OIeCTB MOJYNPOBOAHUKOBLIE CBOMCTBA B OOBLIYHBIX YCJIOBUSX HPOSIBISIOT
KpeMHUH, repMaHuii, cesieH, tesuiyp, 6op. M3 ca0xHBIX BelecTB OCOOLI
WHTepec MpPeJcTaBIsIOT COSAUHEHUs, UMEoIe aIMa30Nof06HYI0 KpUCTal-
JINYECKYIO PEHICTKY.

§ 7. TBEPJBIE PACTBOPBI

Kak u B MHAUBHAYANBHBIX KPUCTAJUVIMYECKMX BELIECTBAX, B TBEP/EIX
pacTBOpaX aTOMBI, MOHBl UK MOJIEKYJIH YAEPXKHUBAIOTCA B KPHUCTAIIUYEC-
KO pelleTke cHjIaMH MEKaTOMHOIO, MEXKMOHHOTO MJIM MEXMOJEKYJISAPHOTO
B3auMozeiicTBuAa. Ho KpucTannudeckylo peleTKy TBEPAOro pacTBOpa
06pa3syloT yacTHIH JBYX WJIH 60Jiee BELIECTB, pasMelleHHBIE OTHOCHTENbHO
ApYT Apyra HeynopsagodeHHo. MHeIMM cioBaMu, TBEpABIA pacTBOp Npen-
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cTaBasier coboil cMellaHHBIA KpucTanil. B 3aBucuMocTn or cmocoba pasme-
WeHWs YacTUL PA3JIMYaloT TBEPAble PACTBOPbI 3dMeuwieHus W TBEpAbIe
pacTBOpbI enedpenus (puc. 74).

o
b——C
o o
o
a &
P u c. 74. Tsepavie pacTBops! 3amelleHusi (@) U BHeIpe-

Hua (6)

Trepzrpie pacTBOPH 3aMellleHns] O6pasylOTCS B TOM CIyuae, €CJU KPUC-
TAUIMYECKUE DEUIETKNA KOMIIOHEHTOB OJHOTHUNHEI M pa3Mepbl YacTHI[ KOM-
HOHeHTOB G6aunsku (puc. 74, a). HeobGxommMebiM ycinoBueM o0O6pa30BaHUA
TBEPABIX PACTBOPOB ABISAETCS TAKKE W W3BECTHasl GIM30CTh XMMUYECKUX
CBOHCTB BellieCTB (ou,vmaxom,m TUI XUMUUYECKOU CBX3X/I). Tak, B kKpuctanuie
KCl xnopua-moHb MOryT 6biTh MOCTEHEHHO 3aMeIleHbl GpOMUI-MOHAMH,
T.€. MOJKHO OCYINECTBUTH NMPAKTUYECKH HENPEPHIBHBIN [E€PeX0Ji BEIIECTBA OT
coctaB KCI k cocraBy KBr 6e3 3aMeTHOrO M3MEHEHMs YCTOMUUBOCTH KPHUC-
TaJIu4eckoil pemerku. CBoiicTBa 06pasyOUUXCA TBEPALIX pPacTBOPOB
HenpepsBHO MeHsioTess oT KCl k KBr. Huke npusegenbl npuMepbl HOH-
HBIX, aTOMHBIX, MOJIEKY/APHBIX M METaJJIMYEeCKUX TBEPABIX PacTBOPOB
3aMeleHMA.

Kpucrajumryeckas: pemerka HernpepbiBHBIE PSIIBI TBEPIABIX
PACTBOPOB 3aMeIHeHN s

ATOMHO-KOBAJIEHTHAS .vvvvveenivvaennnnn.. Si — Ge, Se — Te

MOHHAST oo e . KCI - KBr, K;S04 — K;BeFy
ATOMHO-METATUVINYECKAS oeevvven. . Ag — Au, Au- Pt
MOJEKYIISAPHAS v aiiaaniaeeennnnes Bry -1,

Ecnu pasmep 4acTuIl OfHOr0 M3 KOMIOHEHTOB He mpesblmaer 2/3 pas-
Mepa YacTUl ApPYroro, TO BO3MOXKHO 0OOpa3sOBaHUe TBEP/bIX pPacTBOPOB
BHEIPEHUA NYTEM NPOHUKHOBEHHS MEHBIIUX [0 pasMepy YacTHL, B MEKIO0-
Y3JIUS KPUCTANIMYEeCKON pelieTku, 06pa3oBatHoil 6ojlee KPYMHBIMU YacTH-
unamu (puc. 74, 6). TBepable pacTBOpHl BHEADEHHs, HaIpUMep, 06pa3yloTcs
OPH COBMECTHONM KpHCTAIM3alUU JKejie3a W yryepoia, HOpu ancopbuuu
HEKOTOPBIMHM MeTalllaMU BOJOPOAA U T.A.
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O6pa3zoBanne TBEp/HIX PacTBOPOB U3 KOMIIOHEHTOB CONPOBOKEELTCS
(kak W B ciy4ae »HUIKHUX pacTBOPOB) 3HepreTudeckuM 3¢ @PeKToM, n3MeHe-
HUeM O6IIero 06heMa, a TAKKE H3MEHEeHMeM pAlla CBONCTB MCXOINHBIX KOM-
MOHEHTOB.

Teepabie pacTBOpbI Yallle BCero MOJYYalOT NMPU KPUCTAIIM3ALUN KU~
KuUX pactBopoB. Tak, TBepawlil pactBop Ag—Au obpasyeTcsi Ipu KpHCTail-
JANBAUNKA KHUAKOIO PACHJIaBa 3THUX METAIJIOB; IPH COBMECTHOH KDPHMCTaJIH~
3aliy M3 BOJHOTO pacTBOPa MJIM W3 pacijlaBa NOJY4alOTcs CMellaHHbIe
kpuctannsl KCl—KBr u 1.1.

' 1ABA 2 XUAKOE COCTOAHUE. JKHAKHE PACTBOPbBI
§ 1. KNAKOE COCTOAHUNE

B3auMoneificTBUs Meway YacTUIIAMM BELISCTBa B KUIAKOM COCTOSAHUH
JOCTATOYHO CHUJBHBI, YTOOB IPENATCTBOBATH OECNOPAAOYHOMY HepeMelle-
HHUIO 4YacTUI], HO BCe K€ HeJOCTATOYHBI [JIA NPEKPAaIleHNs UX NepeMelne-
HUA OTHOCUTENBHO APYT Apyra.

[lono6HO TBEPOOMY Teny XUAKOCTE 0GMafaeT ONpEeIeNeHHOl CTPYKTY-
poit. Hanpumep, ¢TpyKTypa JKMAKON BOAB HAIlOMHUHAET CTPYKTYPY JbJAa:
Mosekynel HoO coenumensl apyr ¢ APYroM HOCPEACTBOM BOJOPOAHBIX
cBA3eH, U AJaA OONBHIMHCTBA MOJEKYJ cOXpaHseTcss TeTpallpHyYecKoe
okpyxkenye. OIHAKO B OTJMYUE OT JbJa B JKMIKOM BOIE IPOABISETCSH
JUIIL OAMOKHUNA NOPANOK — 3a cueT U3rnba M pacTsKeHUsS BOJOPOIHBIX
cBABEl OTHOCUTENBHOE pacHOJIOXeHUEe TeTpPa’pUYecKUX CTPYKTYPHBIX
eIUHWI OKa3bIBaeTcsl HeymopsiZoueHHsiM. Kpome Toro, BeiencTBHe mepeMe-
IEHUA MOJIKY/l YacTh BOZLOPONHBIX CBA3€H Pas3PHIBAETCS M COCTAaB CTPYK-
TYPHBIX €AMHUI, IIOCTOAHHO MeHsieTcA. HenpepriBHOe mepememierue 4acTuiy
ompefeisiel CUNBHO BBIPAKEHHYIO caMoAudy3uio KUIKOCTH U ee TeKy-
9ecThb.

ITo cTpykType uAKOe COCTOSIHME SIBISOTCS [POMEKYTOYHBIM MEMHAY
TBEPABLIM COCTOSHUEM €O CTPOro ONpeNeJeHHON MepUOJMYecKON CTPYKTY-
poit BO BceM KpHcTase (Hajindue AANbHEro MOpAJKa) U rasoM, B KOTOPOM
OTCYTCTBYET KaKasg-~vIM60 CTPYKTYypa M ABUXKEHHE YacTUl, GECHOPSALOYHO.
Otciofa U1 KMIKOCTH XapaKTepHO, ¢ OJHON CTOPOHBI, HAMTMYME OMpele-
JIGHHOTO 06beMa, a ¢ Apyroil — OTcyTcTBHE OnpefedeHHONH ¢opmer. Ileppoe
OOCTOATENBLCTBO COMMUMAET €€ ¢ TBEp/ABIMM TEJIaMH, BTOpOE — C ra3amu. Y
KUAKOCTY BOMM3N TeMIepaTypbl 3aTBEp/eBaHUS YNOPSAJOYEHHOCTH BHYT-
PeHHell CTPYKTYPHI cTaHOBUTcS GoJslee weTko BolpaxeHHoil. Hamporus, no
Mepe NOPUOIMKEHHS JKMAKOCTM K TeMIllepaType KUIEHUA VCUIHBAeTcs
6ecnopsA/I0K BO B3aMMHOM DPACIIONIOKEHUU YacTHIL.
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Crpykrypa u dbusrdeckue cBORCTBA XKMIKOCTH 3aBUCAT OT XUMHYECKON
UHAUBUAYAIBHOCTH 06pasylIlMx ee 4YacTUIBl, a Takke OT XapaKTepa U
MHTEHCHUBHOCTH CHJI, AEACTBYIOUIMX MexAy HuMu. HnsA BOABI, KaK MH
BUAENH, OGOJBUIYIO DOJb B aCCOMUAUHM MOJIEKYJ WIpaloT BOJOPOAHBIE
CBABH. Y HENONAPHBIX MOJEKYJ B3aUMOAEHNCTBUE U B3aNMHOE DaclojlokKe-
HUe OOYC/IOBIMBAIOTCA AUCHEPCUOHHBIMU cuiiamu. UHade roeops, obmue
3aKOHOMEPHOCTH OOpa3OoBaHUA CTPYKTYPHHIX €IUHUL [JIf KMIAKHUX Tes
TaKue XKe, Kak M AJA TBepApix Tes. QIInuMe 3aK/II04aeTcss B OTCYTCTBUM
JKECTKOCTH B CTPYKTYpPE M JajbHEro MopsAka B PACHONOMKEHUUN YacTHIL.

§ 2. MOHM3ALMA MOJIEKVJI KUIKOCTH

Muorue Heopranpdeckue coeliMHeHHs (BOAA, aMMHUAK, COJM, LIENAOYU U
Ip.) B MUIKOM COCTOAHWM PACIafaloTcsd Ha MOHB. PaccMOTpUM caMOMOHM-
3alM10 BOAE. MoJIeKyIbl BOJBl CBABAaHB APYT ¢ APYroM BOJOPOAHON CBA-
3bI0 M B3aMMHO .BJIUAIOT Apyr Ha gpyra. Ha cxeme :XkupHBIM IIpUdTOM
BLIZIEIGHBl JIB€ MOJIEKYJAbl BOJBI, HENOCPEJCTBEHHO B3aMMOIEHCTBYIOLINE
IPYT ¢ Opyrom:

i
:Q—H T
H H H—O:
[ é .
H— 0:---H=—0!---H—08%--- g— 02
.. .;.
; I l
H H H
| :
H—O: W0—H
!

KpoMme toro, sty MozneKkyanl HaxoAsATcs B TOJNe JEHCTBUA COCEXHMX
MOJIEKYJl W CBA3aHBL ¢ HUMM BOJAOPOLHON CBA3BIO. TemnsioBoe ABMKeHUE
4YacTUI, OTHOCHUTEJIBHO APYT Ipyra MoxkeT OclHabuTh B OLHOH M3 MOJIEKYJ
casb O—H u pasopsarb ee. Pasphip conpoBokgaeTcs MepexofoM MPOTOHa
K cocefHell MOJIeKylie 3a c4eT NpeBpalieHUusA BOJOPOJHOH CBA3U B KOBa—
JIEHTHYIO O JOHOPHO-aKIENTOPHOMY MEXaHU3MY:

H

| H M 0:1
H—O: ... H—0: aq — | ag+ | |

) | H—O—H H

aq
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WJIHn
H,O ... HOH = OHj + OH-
B pesyabrare wonusainuu Monexkyn H,O BO3HMKaOT ruApaTHUpOBaHHbIE

morsl OH™ m OH3*. Ilpyn cTONKHOBEHUM MX CHOBa OBPA3YIOTCH MOJIEKYJIbI
BO/HI, T.€. Mpolecc NOHU3aMK 06patuM. [lpomecchl MOHU3AMN U MOJIU3a-
UM MpOTEeKAaT HenpepwiBHO. Beaencrsue npoynocty cesasu O—H crenens
MOHM3AIUK BOJBl B 00LIEeM HE3HAYUTEJNbHA.

AnajlorMuHas KapTUHa caMOUOHMBAIMM UMEeT MECTO U B APYIrUX KU~
KOCTAX, MOJIEKY/IBl KOTOPLIX CBSBaHBI /Pyl ¢ APYTOM BOJIOPOJHBIMU CBA3A-
MU, HallpUMep:

H;3;N ... HNH, = NHj; + NH;
H,S ... HSH == SH; + SH-
HNOj ... HNO; = NOzH; + NO;
H,S0, ... H,SO, = SO,H; + SO;H-

B mpuBeneHHBIX OpUMepaX TaKKe OCYHIeCTBIAETCA Mepexojl NPOTOHa OT
OLHOP MOJIeKYNBl K Jpyroiti. B pesyabTare BO3HUKAIOT OTPULATENBHBIN U
NOJIOKUTENBHBI HOHBI, OKpY#EHHbEe 060JOYKON HeMOHW3UPOBAHHBIX MOJE-
KyJd. B obuieM ciayuae Takue HOHBI Ha3BIBAIOTCA COAbGAMUPOGAHHBLUU.
Peaknuu, conpopoxatouiecsi nepejadeil mpoTOHa, Ha3bBAIOTCA NPOMOAU-
muye cCRua. :

B mpyrux ciyuasix caMOMOHM3aUMA RUAKOCTH OCYINECTBIISAETCA 3a CUeT
nepefady KakUX—IU60 IPYriMX MOHOB, HAIlPUMEp:

BrF; + BrF; = BrF; + BrF;

[lono6GHble peaKUN HA3BIBAIOTCS ANPOMOAUMULECKUMY.
§ 3. AMOPOHOE COCTOAHUE

PeHTreHOCTPYKTYpHEIe UCCAENOBAHUA TMOKA3BIBAIOT, UYTO aMopdHoe
COCTOSIHUE NOHLOOGHO KUAKOMY, T.€. XapaKTepU3YeTcs HEeMOJHON YHOPAOo-
YEHHOCTBIO B3aMMHOTO pachoyiokenusi dactull. Ha puc. 75 npusenena
CTPYKTYpPa CTEKJI006PA3HOTO JUOKCHa KpeMHUs. Kak BUIHO, yopsagoueH-
HOe B3aMMHOE paclOJIOKeHUe CTPYKTYPHBIX eIMHUI|, XapaKTepHOoe AJsi
kpucrananueckoro SiOy (em. puc. 69, F), B crexsoo6pasnom SiQ, cTporo

* BeposiTHOCTb CYIIECTBOBAHMS B BOIHOM DACTBODe HErMAPATUPOBAHHOTO UOHA
H* kpaitse Mana (1:10199).
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He BbiAepxkuBaercs. Besezcreue aroro
CBSI3U MEXKAY CTPYKTYPHBIMH €IUHUILA—~
Mu HepaBHOUeHHH. [lostomy y amopd-
HBIX TeJl HeT ONpeAesieHHOH TeMIepa—
TYpHl IJ1aBJIEHUA — B [Ipollecce Harpe-
BaHUS OHU MNOCTENEHHO pa3MArYaloTces
U miaaesATcA. TemmepaTypHBI MHTEp-
BaJl ITHUX NPONECCOB [JIA CUJIMKATHBIX
CTEeKOJI, HanpuMep, cocTaisier 200°.

YV kpucTanIudecKux Tea NpH TeMie-

P u c. 75. Crpoenne aMOpHOro OK-  paType MNJIaBJIEHUA COBEPIIAETCA TaKOi

cupa xpemums (IV) SiO; epexoil, Npu KOTOPOM JaJIbHUi NOops-
JIOK McHe3aeT M OcTaeTcs Juiub OamkBHE nopAgok. B amopdHBIX Temax
XapaKTep PaclOJ0KeHNSA aTOMOB IpY HarpeBaHWHM NPaKTHYeCKH He MeHsA-
ercsi. VisMeHseTcst ML NOJBMKHOCTL ATOMOB — YBEJIHMYMBAIOTCA UX KOJe-
H6anus. CHayala OYeHb HEMHOTHE, a MOTOM GOJBIIOe YMCJIO ATOMOB MPHOG-
peTaloT BO3MOXKHOCTH MeHsAThb cocenefl. Hakomen, umcno atux nepemeH B
CAUHUILY BPEMEHU CTAHOBUTCA TAKHMM e OOJNBIINM, KaK U B JKUIKOCTH.

CpaBHUTENEHO HEJABHO HAyYWJHUCh MOJYYaTh B CTEKIOOGPA3sHOM COC—

TOAHUU MeTaanbl. J/a 3TOro merain pacliaBAsiOT M 3aTeM 3a O4YeHb
KOPOTKO€ BpeMsa OXJaxAaroT. Besencersue 6pIcTPOro oxnamIeHus B MeTail-
Jie He BO3HHMKAeT NPaBMJIbHON KPHCTANIIUYECKONH CTPYKTYPbl; OH CTaHOBUT-
cst CTEKJIOO6pa3HbIM. MeTamocTekyaa OTIMYAIOTCs BBICOKOH TBEpAOCTHIO,
HU3HOCOYCTOMYMBOCTBIO U KOPPO3MOHHOM CTOHKOCTBIO.

§ 4. KUJIKME PACTBOPHI

Xummgeckasn Teopus pactsopos J|.M. Mernenecsa. uakue pactophi,
KaK M JKHJKHe BemiecTBa, 06JaflaloT BHYTPEHHOH CTPYKTYpoil OJamkHero
nopsaka. [Ipu 3ToM cTpyKTypa pas3sGaBiieHHBIX PACTBOPOB GJIMIKE K CTPYK-
TYypP€ pacTBOPUTENA, a KOHUEGHTPUPOBAHHBIX — K CTPYKTYPE PACTBOPEHHOTO
BELleCTBA.

B kuMAKMX pacTBOpax YacTHUB pPacTBOPEHHOTO BEIIECTBAa CBA3AHBI ¢
OKPYKAIOWIUMHI UX YaCTULAMHM PACTBOPUTEINSI. JTH KOMIJIEKCHl HAa3BIBAIOTCH
coaveamaiy, a AJNA BOAHBIX pacTBOpoB tudpamaniu. [logo6uoe npeacrabne-
HUE O pacTBOpax BO3HHMKJO eute B 60-x rogax XIX B. B pesyasrare pabor
.. Menneneesa. Ha ocHOBaHUM sKcHEpUMEHTANLHBIX (DAKTOB OH BHIABU-
HyJl HpeINoJoKeHHe O CYLIECTBOBAHUM B PacTBOPAxX ONPEeHETEHHbIX XMMU-
YeCcKUX COeMHEHMI! PacTBOPEHHOTO BEIeCTBA C BOJOM. OTa UAEs COCTABH-
Jia OCHOBY XMMUUECKON TEOPHUU PACTBOPOB. XUMMUYECKAss TEOPUS PaCTBOPOB
OPUHIMOUAILHO OTJIMYaeTcsi OT GUBUYECKOR TEOpHH, KOTOpas paccMaTpu-
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Bajla pPacTBOPUTEb KakK MHEPTHYIO Cpely W NpHUPaBHUBA/IA DacTBOPHl K
OpPOCTHIM MEXAaHUYECKUM CMECSiM.

PactBopuMocth. PacTBOpMMOCTL BelllecTBA 3aBUCUT KaK OT €ro NpPHUpO-
Jbl, TAK ¥ OT IPUPOABI pacTBOPUTEN.

Tak, cTpyKTypa KMAKOro GeH3osa ONpeaesisieTcs B OCHOBHOM JUcIep-
CHUOHHBIM B3aMMOJIGACTBUEM HENOJSPHBLIX MOJIeKYJl, M TIpM BBEJEHHUH B
6eH30J1 APYroro BElecTBA ¢ HEMOIAPHBIMU MOJIEKYJaMK, HallpUMep rexca-
Ha, XapaKTep B3aUMONCHCTBUA MEKAY MOJeKydamu He MeHsercA. CTpykTy-
Py BO3HMKAIOLIEIO pacTBOPa, KaK M B3ATHIX MHUAKOCTER, 06YCIOBIUBAIOT Te
’e HeHalpaBJeHHBIE M HeHachilllaeMbie aucnepcuoHHble cunbl. CiencTaue
3TOr0 — XOpOoluas pacTBOPUMOCTh rexcaHa B GeH3ose u GeH3o/a B FeKcaHe.
Ecsin ke BHecTHM 6eH30J B BOAY, TO pa3pblB BOLOPOAHBIX cBAsel (M Hapy-
IIeHUE CTPYKTYPHI BOAbI) He 6yAeT KOMIeHCHMpOBaH oOpasoBaHueM OGojiee
NPOYHBIX HOBBIX cBsizedt. OTcioga sicHa NMPUYMHA TJOXOH pPacTBOPHMOCTHU
6eH30/1a B BOJIE.

B 10 ke Bpems, cnupT (Monexyanl kotoporo 3a cuer OH-rpynn ceAza-
Hbl BOJOPOJHOM CBA3BIO) XOPOHIO DACcTBOPSETCS B BOAE, Tak KaK PasphiB
BOJIOPOJIHBIX CBsA3e#l BOAB! (Kak U COMPTA) KOMIGHCHUpPYyeTcsA 06pa3oBaHUeM
6osiee NPOYHBIX BOJOPOJHBIX CBA3EH MExIy MOJEKYJIaMU BOLB M CIIMPTA.

B 3aBucMMOCTM OT OPUPOABI BELUECTB BO3MOKHBI CAEAYIOUIME CJIydal:
HeOorpaHHYeHHas pacTBOPUMOCT (BOJAa — CIOHPT, JKHUAKHE
K—Rb 1 KCI-KBr), orpauuyennas (4acThuHas) pacTBOPMMOCTD
(sona — adup, muakume Pb—Zn, LICI-KCl), npaxTtuueckoe
OTCYyTCTBUE pacTBOpPUMOCTHU (BOAa — KEPOCUH, XKUIKHE
Fe—Ag un LiF—CsCl). B mnocieguux ABYX ciydasX MOKET UMETh MECTO
paccjlauBaHUe CMElIMBAEMbIX KULKOCTEH.

Hoawnzanusa » pgacconmanns Bemects B pacrBope. B pacTBopax, Kak 1 B
WHAVBUAYATBHBIX HMUAKOCTAX, B3aUMOJEHCTBIE MOJIEKYJ MOKET COIPOBON-
JAaTbcs UX MOHM3anMeil. Pacmaz BeliecTBa Ha COJBBATMPOBAHHBIE MOHBI MO,
JeficTBMEM MOJIEKY/1 PAacTBODUTENs] HAa3bIBAETCA UONU3AYUEU GeWwecmea o
PACMEOPAT NN IAEKMPOAUMUMECKOT Juccoyuayued.

Unest o pacmajge BemlectBa B pacTBOpe Ha HOHL Oblla BHICKAa3aHA
C. Appenunycom (1887). OcHOBONONIOKHUKAMU COBPEMEHHON TEOPDUM 3JIEKT-
POJUTUYECKOH [AMCCONMANMN KaK IpOLEcca, BHI3BIBAGMOTO COJILBATALUEN
Monekya, sasasawTes U.A. Kabaykos u B.A. Kucrakoscknii. B otamune ot
runoressl woHu3anuu C. Appenuyca, He YYUTHIBAIOUIEH B3aUMOIEHCTBUE
PacTBOPEHHOrO BEIeCTBAa € PACTBOPUTENEM, B UX TEOPUM K OOBACHEHUIO
37IeKTPOJTUTUYECKOR AUCCONUAUMM INPUBJIEKACTCS XUMUYECKas Teopus
pactBopos .M. Menpesneesna.

BosMoxkHOCTS M cTeneHb pacnafa Ha WOHBI ONpEAENAeTcA NPUPOAOH
pacTBOPEHHOrO BelleCTBA M UPUPOAON pacTBOpuUTeisa. Pacnag Ha MOHBI
CBA3aH JIMOO ¢ ABJNIEHUeM Juccoyuayuu (pasbeAUHEHUN), JUG0 ¢ SABACHUEM
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uonusayuy (06pasoBaHua uoHoB). Tak, IpU PacTBOPEHMM HOHHBIX COEIH-
HeHMI (IIOCKOJIbKY OHM Y€ COCTOST U3 MOHOB) UMEET MeCTO JUCCOLUAHUA.
Ponb pacTBOopHTesist B 9TOM cJIyyae 3aKJI0OYAETCS B CO3NAHUMN YCJIOBMM AJIS
pPasbeUHEHUA MOHOB HNPOTUBONOJOKHOIO 3HaKa W B IPENATCTBOBAHMM
npoueccy aoausayuy. JMccOUMalMs WOHHBIX COSAMHEHUI HPOTEKAeT TeM
flerue, 4eM NMOJIAPHee MOJIeKYJhl pacTBoputens. [lpu pacnafie KOBaleHTHBIX
COENUHEHUI HA MOHBI [IPOMCXOJAUT TETEPOJIUTHYECKUN Pa3phiB CBA3M, T.e.
MOHU3ANUA.

Kaxngoe BemecTBO B JaHHOM PACTBODUTENE M [PM J@HHBIX YCJIOBHAX
XapaKTepU3yeTcs ONpeNeeHHOl cmenensto uonuzayuu. CTENEHBIO HOHU3a-
[MM BEHIECTBA B PACTBOpPE HA3LIBAETCS OTHOINEHWE 4Hcsia MOJIEH MOHH3HUPO-
BaHHOI'O BEIIecTBa K O6LIEMy YMCJIy MOJEH pacTBOPEHHOTO.

Iins MHOrMX coefMHeRHit HauboJee CHUIBHO WOHW3UPYIOMIMMHM PacTBO-
DHTEIAMU ABJAIOTCA BOJAA, XKMIKMe aMMuak M (PTOPMJ BOAOPOAA. OTH
COGJMHEHUS] COCTOST M3 JMIOALHEIX MOJIEKYJ M CKJOHHBI K [OHODHO-aK-
LENTOPHOMY B3aMMOJEHCTBHIO U 06pa30BaHUI0 BOAOPOAHOHN cBsasu. Hampu-
Mep, HCl xopowio moHmMsupyercs B BOJe, YTO CBA3AHO € IIPEBpallleHUEM
sonopoanoit ceasu H,O...HCl B nonopuo-aknentopuyio [HyO—H]*:

H—O: o B=Cl| _ [B=0—H|
I <7 ag == | aq + [:Cl] aq

H H
H,0 ... HCl == OH} + CI-

Ilo sroit xe npuumse HCl xopoio moHusupyercs B CHHpTe, aMMHaKe.
Hanporus, B HUTPOGEH30/Me W JAPYTMX DAcTBOPUTENAX, HE CKIOHHBIX K
JOHOPHO-aKIenTopHoMy B3aumopeitctsuio, HCl Ha uonbl npakTudeckm He
pacnazaercsi. -

Honro-conspatil (AoHO-THAparh). CkasaHHOe BHIIE IIOKa3blBAeT, YTO
IIpM PacTBOPEHHH NPOMCXOAMT KOMILIEKCcOOGpa3oBaHue, B PE3YJILTATE Yero
06pa3yIOTCA CObBATMPOBAHHBIE KOMIIJIEKCHI — B BOJHBIX PAacTBOpax THMApPa—
TUPOBAHHBIE aKBAKOMILIEKcH. B mpocTefimmx ciaydaax o6pa3oBaHMe KaTH-
OHHBIX AKBAKOMIIJIGKCOB MOKHO OOBSCHAUTH JOHOPHO-AKIENTOPHLIM B3aUMO-
JeficTBEM KaTHOHa C MOJICKYJIaMM BOJbl, 3 aHUOHHBIX aKBAKOMILJIEKCOB —
3a c4YeT BOJOPONHON cBA3U:

| "o
K* + 4:0—H — [H,0—K*—OH,
CBOGOIHBIA I
KaTHOH , OH,
KaTHOHHBII aKBAKOMIIJIEKC
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H HOH
:A:7 + 4H—O— |HOH ... A~ .. HOH
cBOGOIHBI! :
aHUOH HOH

AHUOHHBIN aKBaKOMILJIEKC

IIOHATHO, YTO aKBAKOMIJIEKCH, B CBOKO OYepelb, THAPATUDPOBAHBEI, T.e.
BOKPYI HUX KOODAMHUPOBAHBI MOJIEKYJHI BOJbl 32 CYET BOJOPOJHBIX CBA-
3el.

KoopnuHAllMOHHOE YUCJAO LEHTPAJIbHLIX HOHOB B AKBAKOMILIEKCAX B
pa3GaBileHHBIX pacTBopaX (T.e. HpW AOCTATOYHOM KOJMUECTBE MOJIEKy
BOJIBI) B OGIIIEM CJIyd4ae COOTBETCTBYET 3HAUCHUIO XapaKTepHOTO KOODAMHa-
LIMOHHOTO uHMcjla KaTHOHA (akientopa) m anmoHa (monopa). Tak, ans
nosos Al¥*, Cr¥*, Co?* KOOpAMHAIMOHHOE YUCJIO OOBIYHO PaBHO LIECTH, a
4151 Be?* — werblpem. B pa36aBiieHHBIX BOAHBIX pacTBOpax, CIeHOBaTeNb-
HO, 3TH HOHBI HaxXOJsTCA B BUAE IMADPATUPOBAHHBIX KOMIJIEKCHBIX MOHOB
Tuna okxrasapudeckoro [Al(OH,)e]3*, Terpasapudeckoro [Be(OH,)4]2".

YacTo aKBaKOMIJIEKCH OKa3biBAaKOTCH CTOMb UPOUYHBIMH, YTO BBIAEMSIOT-
ci M3 pacTBOPOB B cOcTaBe KpucTamtormaparos, Hanpumep AlCl;-6H,0,
BeCly4H,0 u 1.1,

IIpu 06bIuHOI 3amMcH ypaBHEHUI 3JIEKTPUYECKON AMCCOLMALMN KOOP-
JMHAIMOHHaA cdepa MOHOB He yKa3hIBaeTCd M Ha NPAKTUKE MOJNL3YIOTCH
YIPOLICHHBIMY YPaBHEHUAMH, HAIPUMED: '

AlCl3(p) = AI¥*(p) + 3CI'(p)
BeSO4(p) == Be2*(p) + SO% (p)

Oneprerugeckuit 3¢pdexr pacrsoperua. [Ipu pacrBopeHun paspyluaer-
€51 ¢BA3b MeXIy MOJIEKYlaMH (aTOMaMu, HOHAMU) B PacTBOPSEMOM BeHIeCcT-
Be ¥ PpacTBOPHTeNe, YTO CBs3aHO ¢ 3arparToit sHeprun. OLHOBpEMEHHO
IPOTeKaeT Mpolece KOMIIEKCOO6pa30Banus (CONbBATAMM ), T.€. BOSHHKAIOT
CBASM MEXIY YAaCTHLAMM PacTBOPEHHOTO BellecTBa M PAacTBOPUTENA; OH
CONMpOBOXKIAETCA BblesieHHeM sHeprum. O6mmil ke IHepreTHUYecKuil 3¢-
eKT pacTBOpeHHs B 3aBUCHUMOCTM OT COOTHOLIEHHS KOJIHYECTB BbiAeJsie-
MOl M MOIJIOIAEMO}l HEPTHH MOXeT ObITh KaK IMOJIOKUTENbHBIM, TaK U
orpuiaTenbHHIM. [Ipy pactTBOpeHUH ra3oB M KHAKOCTEH TeNoTa OGBIYHO
BhesiAeTcA. B 4acTHOCTH, ¢ BLIJIEJIEHHMEM TEmJIOTHl MPOTEKAeT CMeLIeHue
BOABl M cnupTa. IIpu pacTBOpeHMM B BOAE TBEDIBIX BEIIECTB TEIVIOTAa MO-
Aer M BbIAeNATbeA — pactBopenne KOH, Ca(OH); — u morsomatbea —
pactBopedne NHyNO;. [TostoMy Harpesanue 1o-pasHOMY CKa3blBaeTca Ha
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ux pacrBopumocTd. Ecau pacTsopeHnme BeujecTsa  CONPOBOXAAETCSA
BLIJIG/IGHMEM TEeIUIOTHl, TO NpU HATCPEeBaHWM ero pPacTBOPUMOCTb MafaeT
(KOH). Ecam e BemecTBa pacTBOPAIOTCS ¢ INOTJIOMICHWEM TEIJIOTH, TO
HarpeBaHUe BHI3bIBaET yBenuuyenue pacrsopumoct (NH4NO;). 3aBucu-
MOCTb PacTBOPHMMOCTU B BOJE@ HEKOTOPBIX COJeil OT TeMIepaTyphl NMOKa3aHa
Ha puc. 76.

JlBolicTBeHRas1 NPHPOAA XHMAKHX PpacTBopoB. Kpome 3Hepreruueckoro
apdekra pacTBOpeHHEe CONPOBOXKAAETCA TaKke uaMeHeHueM oObema. Ha-
NpUMep, OpH PacTBOPEHMH CHMPTa B BOJe OOGBEM pacTBOpa YMEHBIIAETCHA
npumepro Ha 3,5% no cpaBHeHMIO ¢ OGIWUM O6BEMOM B3ATHIX BEIIECTB 3a
cyeT 0O6pa30BaHUs COJIBBATOB.

[Ipu pacTBOopeHuN mHOrAa HabmOAaeTC U U3MeHeHMe okpacku. Hanpu-
Mep, 6enslit cysibdar meau CuSO,4 06pazyer BOJHBINA pacTBOp CHHErO IBeTa
3a CYET BOBHMKHOBEHUs I'MApaTUPOBaHHBX akBakoMIiexcos [Cu(OH,)g)?*.

Bee st akrtht (sHeprerudeckuii s PexT pacTBOpEHUs, M3MEHEHUe
ob6beMa M OKPACKU NPHU PAaCTBOPEHUU) TOBOPAT O TOM, YTO MUAKUE PaCTBO-
pBl cllefiyeT paccMaTpMBaTh Kak xuMudeckue coemuHeHuss. QnHako or-
CYTCTBME ¥ PacTBOPOB NOCTOSHHOLO COCTABA, T.€. ONPEONeICHHBX COOTHOLIE
HUH KOJIMYeCTBa PACTBOPEHHOrO BEUIECTBA M KOJIMYECTBA pPACTBOPUTENS,
cOamxaeT ux ¢ MexaHudeckumn cMecsaMu. Takum 06pasoM, KUAKUE pacT-
BOpBl 3aHUMAIOT IIPOMEXYTOYHOE NOJOXEHUE MEKAY XUMMUYECKUMU COeAU—
HEHUSAMHU NOCTOAHHOTO COCTaBa M MEXaHUUECKUMM CMECAMHU.

O6pasoBanne pacTBOPOB MOMET paccMaTpUBaTLCA ¢ ABYX CTODOH: (usm-
YecKOM M XUMHWYECKOH, ¥ B pacTBOpaxX BHJHEe, 4eM rae-Jiu60, HacKOJIbKO
9TH CTOPOHBI €CTECTBO3HAHUSA COMMIKEHBI MEXIY COGOM.

Ammocpeproe abnenue

Mac. d0n9,% S
80+ RbNOj3 g
Na,SO410H,0 %
60% g
o
40 =
20
0 Temnepamypa
P uc. 76. 3apUcUMOCTb DacTBOPH- P uc. 77. 3aBUCUMOCTb [aBJIEHUS
MOCTM B BOLE HEKOTOPbLIX coJieit Of Mapa BOABI U PAcTBOpa OT TeMIlepa-

TeMIepaTypbl TYphbl
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Temnepatypa 3aMep3anust W kunenusa pactsopos. llpu pacreopeHun B
PACTBOPUTEJIE HEJETYdero BelecTBa J(aBJI€HWe I1apa pacTBOPUTENs Haf,
pPACTBOPOM YMEHBIIAETCA, YTO BBI3BIBAET IMOBBILIIEHUE TEMIEpAaTyphl Kume-
HUSA PacTBOPa ¥ NOHMIKEHME TEMIICPATYpHl €ro 3aMepsaHus (IO CpaBHEHHIO
€ YHCTHIM PACTBOPUTEJIEM).

PaccMoTpuM u3MeHeHUsl [aBJIOHUsl napa ¢ TeMmIllepaTypoil AJIsA YHCTOMH
BOAK U JJIA BOJHOTO pacTBOpa Heserydero BemiectBa (puc. 77). Kak suano
Ha puc. 77, KpuUBas JIaBJeHUs Iapa PacTBOPa JIeXUT HUMke KPHUBOH HaBile-
Hust mapa BoAbl. Yucras BOAa 110J HOPMAIBHBIM aTMOC(EPHBIM JaBICHHEM
kumut npu 100°C (373, 15 K), Tak kak mpu 9T0it TemmepaType AaBleHUe
BOASIHOTO Mapa DaBHO BHelnHeMmy Jasiaesuto. [ljas Toro 4Tobwl 3akumen
pacTBOp, AaBleHUe Ilapa PacTBOPUTENs TaKKe HNO/DKHO OBITH PaBHO aTMO-
chepuomy. Omsako 3T0 uUMeeT MecTo Hpu 6oJjiee BHICOKOI TeMIepaTtype

oy UEM AJA YHUCTOTO pacTBOpUTENA ¢ .

JKunkocTh 3aTBepaeBaeT, KOrja JaBjeHHE ee Mapa CTAHOBUTCA DAaBHLIM
JIaBJICHUIO Tapa cOOTBETCTBYIOINel TBepnoit ¢dasw. Ha puc. 77 BuaHo, 9TO
JIaBJeHHe Tapa JbJa JLOCTUraeTcsi Yy pacTBopa MpU 6oJiee HU3KOU TeMiepa-
Type t,. [lonuskenue remnepaTypel 3aMep3aHUA PACTBOPOB 6bIIO BIEpBBIC

yerarosieno M.B. Jlomonocosem {1748).

Nccnenopanue cBOMcTB pa3GaBiieHHBIX PACTBODOB  HE3JIEKTPOJUTOB
fIOKA3aJ10, 4YTO MOHWKEHHEe [aBJeHus I[apa, HOBBLIIICHKWE TeMIlepaTypbl
KHIIEHUS M MNOHM)KEHWEe TEeMIepaTyphl 3aMep3aHus OO6YCJIOBJIEHBl TOJIBKO
YUCJIOM PACTBOPEHHBIX YACTUL, B ONPEIEeIEHHOM 00beMe NAaHHOTO pacTBOpU-
TeJIsi M HE 3ABUCAT OT NPUPOMABI PACTBOPEHHOrO BelllecTBa. B aToM 3akiio-
YaeTcA CYIIHOCTh 3 aKOHOB Payus.

B o6imeM Buzie 3aBUCHMOCTD MOHMKEHHSA TEMIIEPATYPHl 3aMep3anus Aty
M NOBHILICHUS TEMOEPaTYphl KUNeHUs Aty pa36aBJeHHBIX PacTBOPOB OT
KOHLIEHTPAIIMY HE3IEKTPOIUTa MOXKHO 3ammcaTh Tak: Aty = ksc u Aty =
= kyc, tae ks u k; — kK03PPUNUEHTH TPONOPUUOHAILHOCTH, 3aBUCALLUE OT
HPUPOJIBI PACTBOPUTENS; ¢ — MOJAPHasd KOHIEHTPAUUsl pPacTBOPEHHOTO
BEUIECTBA.

Kosddumuments nponopuronansHocT ks U ky Ha3bIBAIOT COOTBETCTBEH-
HO Kpuockonuweckold W abyauocKonuweckoli xowcmawmanu. VIX 3HaueHUA
JIJIsT HEKOTOPLIX PACTBOPUTEJIEH [IPUBEIeHbl HHKE:

ks ky
BOHa coovieiiii 1,86 0,52
BEeHBOM ..ot 5,10 2,64
VKCYCHAA KHUCTOTA ©ovveeeervnevreeneeervereennnennnns 3,90 3,10

B ypaBreHuM nssi At KOHUEHTPAUUIO MOKHO 3aMEHMTh OTHOLIGHUEM
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Maccht m pactBopeHHoro BemectBa B 1000 r pacTBOpUTens K MOJSPHOMN
Macce M storo Bemiectsa. Torga

At = k (m/M).

C nomomupio 3Toil GOPMYABl HETPYAHO MOACYMTATh MOJSIDHYIO Maccy
BeLLeCcTBa.

J7s1 pacTBOPOB 3JIEKTPOJIMTOB NICHUAKEHME TEeMIEepPaTyphl 3aMep3aHus U
[OBBILIGHUE TEMIEPATyphl KUMEHUs OKa3bIBAaIOTCs Bcerja GoJibllieé TeOpeTH-
yecku BuluuciaenHsix. Hanpumep, masi pacreopa, cogepxariero B 1000 r
Bonb 1 Moas NaCl, nonmsenue temnepaTypwl 3amepsanus (At; = 3,36°C)
[OYTH B [ABa pa3a 6GoJibLIe, YeM [JIsi aHAJOTMYHBIX PacTBOPOB HE3JIEKTpO-
NUTOB. DTOT PaKT O6BACHAIOT YBeJIMYCHHEM YMCAa YACTUL 3a CUOT MOHUW-
3alUU 3JIEKTPOJIUTa. B cBOe BpeMs HONBITKM OOBLACHUTH YKAa3aHHOE SABJIE—
HME cIocOGCTBOBANM  BHIABMIKEHUIO ADPpPEHUYcOM TIMUIIOTE3bl HOHW3ANUM,
npeBpaTuBIleiicss najiee B OAHY U3 BaKHEWIIUMX TEOPUN COBPEMEHHOMN XU-
MUU.

Kucnoret m ocHoBamma. Kak Mbl BUAEIN, CaMOMOHM3AlUMA COSMHEHUI
Bogopofa (I) B XKMAKOM COCTOSHMM MPOUCXOAUT ¢ 06Pa3OBAHUEM COJBBATH-
POBaHHBIX HOJOKUTEJbHBIX U OTPULATEIbHBIX HOHOB!

H,O ... H,0 = OH} + OH-
NH; ... HgN == NH} + NH;

PacTBopenne ofHUX M TeX ke COCJUHEHMII B COOTBETCTBYIOLUMX CpPeLax
yCMIMBaeT JH60 MX OCHOBHYIO, JH60 KHCHOTHYIO byskuuo. HanpuMep,
npu pacreopennn B Boje HCl u HNO; ofpasyioresa ruapaTupoBaHHBIE
MOHBI OKCOHMSA M COOTBETCTBYIOHIME aHHOHBL:

H,O ... HCl = OH} + CI
H,O ... HNQ; = OHj + NO;
PacTBOpeHMe Tex ke BEHIECTB B KUAKOM aMMHaKe CONPOBOMIAETCS

O6pa3OBaHHe COJILBATUPOBAHHBIX HOHOB AaMMOHHMA U COOTBETCTBYIOUINX
AHUOHOB!:

NH; ... HCl = NHj + CI
NH; ... HNO3 = NH} + NO;

Kak BuaHO u3 stux npumepos, mosekyasli HCl u HNO; otnator npoTto-
HBI, T.e. SABIAIOTCA KUCJIOTHBIMH COeJMHEHUsSIMU. MOJIEKYJIBl e pacTBOpH-
Tessi (BOABI M aMMMaKa) TPUCOEAUHAIOT MPOTOHBI, T.6. BEAYT ceba Kak
OcHOBHBIE coelMHeHUsl. B pesysbrate 3TOrc B3aMMOAEHCTBUSA yBeJU4UBAET-
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€51 KOHUEHTpalusa monokuTesHbix nonos (OH§ — B Bome, NH} — B xma-
KOM aMMMAKe) N0 CPABHEHHUIO ¢ YUcThiM pacTBopuTesneM. CKasaHHOE MO3BO-
JasieT ¢hOpMyaUPOBATh CASNYIOWEe JaCTHOE OMpPeAe/eHNe KHCIIOT. KUCAOTMA
— 5smo coedunerue, NPU PACTRGOPEHUL KOMOPOLO YGEAUNUGAEMCS KOHYEHM-
PAYUI MOLOKUMEALNBLT UOHOG PACTRGOMUMENS.

Veenuuenne uncaa OH-uonos (oTpHUATENLHBIX MOHOB PACTBOPUTENS )
B BOJHBIX PAacTBOPaX MPOMCXOANT, HApUMep, IPH PacTBOPEHUH aMMHUAKA:

NH; ... HOH == NH} + OH-

Ha 6ase Briuiecka3saHHOrO MOXHO [aTh cJeAYONlee ONpelejieHHe OCHO-
BaHUSAM: OCHOGANUE — IMO CoeJUNENUE, NPU PACMGOPEHUL KOTNOPOLO YEeal-
YUBACMCA KOHYEHMPAUUR OMPUYAMEABHHT UOHOB PACTMBOPUTNEAR.

Ipu B3auMOREHCTBUN KUCJIOT U OCHOBAHWI APYT ¢ APYTOM 06pa3yloTci
MOJIEKYJIbl PACTBOPUTENIS, T.€. IPOTEKAET peaklus HelTpanusaunu. Hanpu-
Mep:

s soze HyQ: KOH + OHyCl = KCl + 2H;0
B xuaxoM ammuake NHy: KNH; + NH,Cl = KCl + 2NH,

I'TABA 3. TI'A3S0BOE U JIPYTHE COCTOSIHUA.
T'A3BOBBLIE PACTBOPHI

§ 1. TABOBOE COCTOAHUE

XapakTepHas OCOGEHHOCTh Pa30BOTO COCTOAHMA 3aAKJIKOYAETCHA B TOM,
YTO MOJICKYJb! (aTOMBI) ra3a He YAEpKUBalOTCA BMECTE, a CBOGOAHO IBU-
KYTcst B 06bEMe, 3HAUNTENbHO MpEBbIIaONIeM 06hbeM caMuX dacTull. Cuibl
MEKMOJIEKYJIAPHOTO B3aMMOJEHCTBUS NpPOABIAIOTCA, KOTLA MOJIEKYJbl
HOAXOAAT APYr K ApPYry Ha JA0cTaTodHO 61m3koe paccrosnue. Ciaboe
MEkKMOJIEKYJISIDHOE  B3aMMOJENCTBHE O6GYCTIOBIMBAET Malyl [JIOTHOCTb
ra3oB M MX OCHOBHBIE XapaKTePHBIE CBOMCTBA — CTPEMJICHHE K Ge3rpaHny-
HOMY PaclUMPEHMIO U CHOcOGHOCTh OKA3BIBAThL [aBJCHHE HAa CTEHKH COCYAa,
[PENATCTBYIOIIUE ITOMY CTPEMJICHHIO.

CocTosiHMe Ta3a XapaKTepM3yeTcs ero TEeMIepaTypoil, AaB/eHHeM u
o6beMoM. ['a3 cuuTaeTcst HAXOIAIIMMCA OPU HOPMATBLHBIX YCJIOBUAX, €CJIM
ero remiteparypa 0°C (273,15 K), nasnenue 1,01325-105 Ila.

Benemcrsue c1aboro MekMOEKY/NIAPHOrO B3aMMOAEHCTBHA IPU MAJBIX
JaBJIGHMAX U BHICOKMX TeMIIepaTypaxX Bce TUNUUYHBIE Ta3bl BEAYT cebs
NpubINBHTEeNBHO OAMHakoBo. Ho yme npum O6LIMHBIX TeMmepaTypax M

AABJCHUAX HAYHUHAIOT NPOABJATHCA UMHAUBUAYAJILHOCTH ra3oB. CyILleCTBeH—
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Hble Da3/iMdus, CBA3aHHbIE C MPUPOAOI COCTaBAAILWINX a3 YacTHIL], OCO-
6eHHO CUJILHO HPOSIBIASAIOTCA NPU GONBLINX JaBlIeHUAX UM HU3KUX TeMiiepa-
Typax, T.e. B TeX YCJOBUAX, B KOTOPHIX ra3bl MPaKTUYECKH UCIOJbL3YIOTCA B
texHuke. [loBbillieHVe BHEIIHErO AABNEHUS ¥ INOHWXKEHUE TeMIlepaTyph
cOnmmaeT 4YacTMLB ra3a, I0ITOMY MEXKMOJIEKYAsApHOe B3auMOJelcTBHe
HauYMHAeT NPOABJIATHECA B GONBILOH CTENEHU.

§ 2. TASOBLIE PACTBOPHI

Kak B uHAMBUAyanbHBIX BemlecTBaX B Ta30BOM COCTOSAHWM, TaK M B
rasoOBOM PacTBOPE HMEeT MECTO € J1 8 6 0 € B3aUMOJEACTBHE MEXKAY MOJIe-
KYJaMH CMEITHBAGMbIX BElIecTB. B 060MX ciaydasAx AJisA CHCTEM XapaKTepHO
Xa0TUYEeCKOe [[BUKEHUE MOJIEKYJ M OTCYTCTBUE ONpPEAEIEHHON CTPYKTYPHI.
IToaToMy rasoBblii pacTBOP, HpU O6GLIYHBIX JABJACHUSX CIHEAYET paccMaTpu-
BaTh Kak (PU3MYECKYI0 CMeCh, B KOTOPOM KaJAblii KOMIOHEHT NpOSBJISAET
npucyiiue eMy WHIAUBUAYalbHble PU3MUECKHME U XUMUYECKUE CBOMCTBA.

IIprMepoMm ra3oBoil cMecu ABIAETCA BO3AYX, KOTOPBIM COCTOUT U3 pacT-
BODEHHBIX Apyr B apyre (o6. nomu, %) asora (78), wuciopoma (21),
61aropofiHelx ra3os {okono 1), AMOKcMZa yriepoia, U0apoB BOIB U
HEKOTOPHX NprMecei.

Ob1uee papieHMe, OKA3HIBAEMOE ra30BOH CMEChIO, €CTh CyMMa JIaBJICHUIA
(Ha3bIBaeMLIX napuua/wubt/uu), OKa3bIBaeMbIX €ro cOcTaBHLIMU 4YacTsIMH.
Hampuwmep, us o6mero masiaenust sosayxa 1,01325:10°% [la wa mgomro asota
(78 06. pmoneit, %) npuxopurca 101 325-78/100 = 0,79034-10° [la, na
pono kucaopoza — 101 325-21/100 = 0,21278- 105 [a.

§ 3. INTASMA

Cy1ilecTBeHHbIe U3MEHEHUs NPeTepleBaeT BEINECTBO NMPH HarpeBaHMU 10
TEMHEepATyp HOPSA/AKa ThiCAY W MUJJIMOHOB IpajycoB. B 3TuX yciaoBusix OHO
NepexoaUT B MOHU3MPOBAHHBIN ra3 — mJasmy. B ofmem ciydae niasma —
970 cMech GecHpPEpHIBHO IePEeMEIalouIUXest aTOMOB, 3JIEKTPOHOB, MOJIOMKHM-
TeNBHBIX MOHOB U Jaxke aTOMHBIX sijiep. IlnasMa ¢ TeMmepaTypoil nopsaka
10—100 Tobic. rpagycoB Ha3bIBaeTcsl 'XOMOMHOI'", ¢ TeMIepaTypoil MOopALKa
MWJIMOHA TpaAycoB — 'ropsdeit’. B nocaenneM ciaydae HeNTpasibHbie
aTOMBI B TJIa3Me CYIIECTBOBAThL HE MOTYT, U OHA COCTOUT U3 CMECH 3JIEKTPO-
HOB, MOHOB W aTOMHBIX sijep. [lnasma B HEIOM 3J€KTpOHENTpasibHa, HO
06/1a/12€T 37IeKTPOHHON M MOHHON MPOBOJUMOCTBIO.

B 3eMHBIX yCIOBMAX NJIa3MEHHOE COCTOAHUE peanusyeTcd B MOMHUAX U
CEBEepHOM CHAHUY, BJIEKTPUYECKON [YyTe, CBETSLIEMCSA BEIIECTBE HEOHOBBIX
1 aprOHOBBIX JIaMII, [IIAaMEHUM TOPEeNKH 4 Ap. B cocTosiHuM miia3mbl Haxo-
JUTCH OCHOBHAsl Macca KOCMMYECKOTO BelecTBa — 3Be3fibl, TYMAHHOCTH,
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MeX3BE3/HOe BellecTBO M Ap. KOJOCCATBHBIM CrycTKOM INIa3Mbl ABJAETCS
Connue. B macmrabax Beesiennoil TBepiible XOJIO07HBIE Tea, IOJOOHBIC
Hamieit 3emJie, — 3TO JIMIIb PeJKoe HCKJIOUeHUe.

QOuayka U XUMUA [71a3Mbl — BakHelmuve W Hanbojiee MHTEHCUBHO
pasBuBaroUIecs O6JacT HAyKH HE TOMBLKO MOTOMY, YTO IJIadMa ABJIACTCHA
Hanbonee paclpOCTPaHEHHBIM BO BcesleHHON cOCTOAHUEM BeLIECTBA, HO
TakKe ¥ O6arofapsAd MHOFOOGEHIAIONIUM I[epCHeKTUBAM NPAKTUYECKOro
HCITOJIb30BAHUA pe3yJbTaTOB B 3T0# oGimactu. beccnopHo, caMas 3amaB4U-
Basd K3 ITUX NEpPCHeKTUB — OBIAZeHWe I'POMAaJHOIl 3Hepruei TepMmosiaep-
HBIX pDeaKkLMH, a TaKxke NpoBefeHUe XUMUUECKUX CHHTE30B.

§ 4. IPYTHE COCTOSIHNA BEIIECTBA

CyniecTBeHHbIE U3MEHOHUS BELIECTBO [PETEePeBaeT IPH BBICOKUX BHEHI-
HUX JaBneHuax. Tax, npu gasnedunsx nopsiaxa 109—10'0 [Ta yMeHbmaores
PACCTOSIHUA MENHJy aTOMAMM B KPHCTAIJIMYECKOH DelIeTKe, paspyIiaroTcs
xumudeckue cBA3u. IIpn 3TOM CO3aI0TCH YCJAOBUS A BOSHMKHOBEHMA
HOBBIX CBA3€M, COOTBETCTBYIOMIMX 60Jee NAOTHON KPUCTAVIMYECKON CTPYK-
Type Belecrsa. [LIMpoko M3BeCTHEIMM NpUMepaMyu MOJOGHOLO PoOAA NOAU-
MOP(HBIX NpeBpalleHNi MPU CBEPXBHICOKOM [ABJIEHUH SIBJSETCH TEPeXof,
rpaduTa B ajiMa3, HUTPUa 60pa B GOpPasOH, KBapua B ApYrylo Moaunduxa-
0uo (CTUWOBUT) ¢ IVIOTHOCTBIO, Ha 60% 6Gonpmeit, 4emM y NpPUPOAHOTO
KBapua, M Ap. B HacToslimee BpeMs BO3MOKHOCTL TAKUX MOJUMOPQHBIX
NpPEBPalleHMH HAYMHAET IIUPOKO MCIHOAb30BAThCA B TEXHUKE JAJis MNOJyde-
HIA CUHTETHYeCKUX TBEPIABIX U CBEPXTBEPABIX BEIUSCTB.

[Ipn BBICOKUX M CBEDXBHICOKUX [AABACHUAX H3MEHSIOTCSH GUsudeckue
cBoiicTBa BenecTB. Tak, B psifie c/iydaeB BeLIECTBA, KOTOPbIE IpU OGBIYHBIX
JABJIeHUAX SIBIAIOTCS U30JATOpaMU (HApUMED, cepa), PH CBEePXBLICOKOM
JaBJACHNU CTaHOBATCA TOJAYNpoBoAHMKamu. [loaynpoBOAHWKHM ke 10pu
(2—5)101° Ila MOryT mepexonuTh B MeTaJaudeckoe coctosinue. [lomobHble
Nepexozbl U3Y4YeHHl y Telaypa, uoaa, docdopa, psna coeguneHuii. Pacue-
THl MOKA3LIBAIOT, YTO jasbHEIee MOBbILIEHUE [ABICHUS METAJIN3YeT Bce
BemlecTBa. VHTepecHble npeBpalnenust nperepnesaer urrepbuit Yb. Ilpu
nasienun o 2-10% Ha urrepbuit — merann, npu (2—4)10° Tla — noxynpo-
pogHuk, Bbinie 4109 [la — cuoBa Merana.

WccnenoBanme [OBECHUS BELIECTB NpU  BLICOKUX M CBEPXBBICOKUX
JaBJeHUAX uMeeT M GOJblLIOe TeOPEeTHUIecKOoe 3HAYEHHE M5l PA3BUTUSA
dusukn TBeproro Tea, reodusnKU, KOCMOMUIUKN U JApYrux Hayk. Mccme-
JOBaHMe 3eMHOrO BELIeCTBA IO BLICOKHM JlaBJeHUeM U NPU BBHICOKON
TeMIepaType [aeT BO3MOMXKHOCTb Kak Obl MOAEIMPOBATh [POIECCHl, MpPOTe-
Kapmye Ha 60/b1I0H riIy6uHe BHYTPH 3eMJIM M B KOCMOCE, ¥ MCCIELOBATH
COCTOSAHUE BEUIECTB B 3THX YCJOBUAX.
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IlepeuncneHHbIMM OpUMepaMy, KOHEYHO, He MCYEpIIHIBAIOTCS COCTOA-
HUS, B KOTOPHX MOXeT HaxonuTbcsi sewectBo. OpMBI OpraHm3alyyu Be-
IECTBA HEMCYEPNIAeMBbL.

TJ ABA 4 ®U3HKO-XUMHUIECKHI AHAJIU3
§ 1. TEPMUYECKUU AHAJIN3

DU3NKO-XUMUYECKUI aHaIM3 HCCAeAyeT 3aBUCUMMOCTh (PUBUYECKUX
CBOYICTB CHMCTEMBI OT €€ COCTaBa WJIM BHEIIHMX YCJIOBMHA. JTO MO3BOJISAET
O6HAPYXKUTh U U3YYUTh HPOUCXOSIIAE B CHCTEME XUMHYECKUE U3MEHEHUA.
(DUBMKO-XMMMYECKUIl aHATM3 KAK METOX MCCAOBAHNA ObLI NPE/NOKeH
M.B. JlomoHOcOBEIM. DTOT MeTOA wWMpoko ucnonssosan .M. Menpenees
NpY U3yYeHUH MIOTHOCTH pacTBopoB. OcHOBoMOJaramolue TeopeTudecKkue
U 3KCIEepUMEHTaJbHbie paboTel B 061acTy (PUBMKO-XMMMYECKOTO aHajiu3a,
NPEBPATHBIINE €r0 B CAaMOCTOATEABHYIO HAYYHYIO AMCUHMIUIMHY, DPUHAAIC-
xart H.C. Kypnaxosy.

O XMMHYECKUX MPEBPAIEHNUAX B CHCTEME MOXHO CYJMTh M0 XapaKrepy
U3MEHEHUsA pPasHOOGpasHblX (PU3UYECKMX CBOMCTB — TEMIIEpaTyp IMJjiaBie-
HUA U KPUCTAUIN3alMM, JAaBJIeHUs Napa, BA3KOCTH, IJIOTHOCTH, TBEPOCTH,
MarHUTHBIX CBOMCTB, 3JIEKTPUUYECKOI MPOBOJAMMOCTH CHCTEMBI B 3aBUCUMOC~
TH OT e cOCTaBa. Pe3yjbpTaThl MccsIelOBaHMsl OGHIYHO M30OpaXaloT B BUAE
JAMarpaMMbl COCTaB — CBOMCTBO (MO Ocu abeuuce — cOCTaB, IO OCH OpAUHAT
— CBOWCTBO).

U3 pasnuuHbIX BUIOB (UBMKO-XMMHUYECKOTO aHanM3a GoJiee 9acTo
NPUMEHSIOT TepMUYecKuil aHanus. B xoje aHaan3a cTpOAT W U3ydaroT
Juaipauay nAGEKoCMU, KOTOpasi BhIpaxa-
€T 3aBHCUMOCTb TEMIIEPATYPHl IJIABJIEHUS
CHCTEMBI OT €€ COCTABA.

Yro6sl MOCTPOUTH JUATPAMMY IMIJIABKOC-
TH, GEpYT liBa YMCTHIX BelllecTBa M [OTO-
BSIT M3 HUX CMECH pPa3IMYHOIO COCTABA.
! z Kaxayio cMeck pacniaBnsiioT ©  3aTeM
MeJIJIEHHO OXJakaloT, OTMedasi 4depes
d g OHNpeeNIeHHBIe  [POMEKYTKM  BpPEMEHH
TEMIEpATypPy OCTHIBAIOIIEro cIljjaBa. Ta-
KUM 06pa3’0oM MOJYYaloT KPUBYIO OXJIa-
Puc 78 Kpusbie oxnaxme- pgenus. Ha puc. 78 OpHUBELEHBI KpHBHIE
st OXJIKIEHUS YHUCTOrO BewecTsa | U CIUIa-
{ — uncroro Bewectsa; 2 ~ cvec  Ba 2. Ilepexol 4YMCTOTO BemecTBa W3
ABYX peecTs KUZKOTO B TBEPAOE COCTOAHHE COIPO-
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BOMAAETCA BbIAEJEGHMEM TEIJIOTH KPHCTAJIU3AINM, [0ITOMY, MOKa BCs
SKHAKOCTh He 3aKPUCTAUIU3YeTCA, TeMIepaTypa OCTaeTcsd IMOCTOSHHOM.
Hanee oxnaxJeHNe TBEPAOTO BEIECTBa UAET PaBHOMEPHO.

Ilpy oxnaxaeHuM pacniaBa (pacTBopa) KpuBas OXJNaMAeHUS HMeeT
6onee caoxublil BuL (puc. 78, kpusasa 2). B npocreiiiieM ciaydae oxnamae-
HMsi paciijiaBa ABYX BeIECTB BHauYajle MPOMCXORUT PaBHOMEPHOE NOHUMKe-
HHe TeMIIepaTyphl, NOKa K3 pacTBOpa He HAYMHAIOT BBIJAENATHCA KPHUCTaJ-
bl OAHOTO U3 BelllecTB. Tak Kak TeMiepaTypa KPUCTaJVIH3allM¥l pacTBOpa
HHKe, YeM YHCTOr0 pacTBOPUTENs], TO KPUCTAVIM3AlMA OJHOrO U3 BElleCTB
U3 pacTBOpa HaYWMHAeTCA BhIIIE TeMIEpaTyPsl KPHCTAVIM3aliM pacTBOpa.
IIpu BHiENIEHNY KPHCTANJIOB OJIHOTO M3 BEIECTB COCTAB XUIKOTO pacilja—
Ba U3MEHseTCSA U TeMIlepaTypa ero 3aTBep/ieBaHMs HellPepHIBHO MOHMKAET-
¢ IO Mepe KpHMCTa/UIM3aiuu. Beigensiomasicss NpH KpUCTALIU3ALUK
TEIJIOTa HECKOJAbKO 3aMeIJIfeT XOJ, OXJakIeHUsd YW IO3TOMY, HauMHaA ¢
TOYKM b, KpYyTU3Ha JIMHMM KDHMBOH OXJamIeHUs yMmeHbuiaercs. Hakonen,
KOF/la pacIulaB J[eJIaeTcsi HACHIIEHHBIM OTHOCUTENbHO OGOUX BEILecTB
(Touka c¢), HauMHaeTcs KPUCTAJIN3ANUA OBOMX BEIECTB OLHOBPEMEHHO.
OTO OTBeydeT MOSABIEHUIO Ha KPHUBOH OXJa¥AEGHUA TOPU3OHTATIBLHOTO
yuacTka cd. Korma kpucTa/imsaums 3akaHYMBaeTcs, HaGMIOLaeTcs Jajib-
Hefllee NaJieHNe TeMIIEPATYPHI.

Ha ocHOBaHMU KpPMBHIX OXMaXACHUSA CMeceil pasHOrO COCTaBa CTPOSIT
J¥arpaMMy MJIaBKOCTH.

§ 2. TUIIBI AMATPAMM ILTABKOCTH

Hanbonee TunmuuHbie BMABLI AUarpaMM IJIaBKOCTH INPHUBEJEHBl HA pUC.
79—83.

CHcTeMH ¢ 3BTEKTHUECKOM cMechio. BelecTsa, MI0OX0 pacTBOpUMBIE
ApPYr B Ipyre B TBEPJOM COCTOSHUH, NPU KPMCTAIN3allMi MX paclllaBOB
9acTo (P ONPENENEeHHBIX COOTHOIEHUAX KOHUEHTpalliil) 06pa3yioT cMech
MEJIKUX KPUCTAJJIOB KOMIIOHEHTOB, HA3BIBAEMYIO 26mexmuxol. JBTEKTHKA
(mo-rpeueckn "nerxomnaBkuit") xapaKkTepusyeTcA TeMIepaTypoll IJaB-
JeHuA OGojlee HW3KOIA, 4YeM TeMIepaTypbl IUIaBJeHHs €€ KOMIOHEHTOB.
HampuMep, Temmepatypsl mjasiedus Sn M Zn coorTsercTBeHHo 232 nu
419°C, rorma kak ux cnnas, conepxkamuit 92% Sn u 8% Zn, nnasurca opu
200°C.

Ha puc. 79 npusenena nuarpamMma niaBKOCTU [JJisl CUCTOMBI Sn—Zn, T.e.
JJIS1 BEIleCTB, KOTOpble HEOTPaHWYEeHHO PACTBOPHME! APYT B ApPYyre B oKUJ-
KOM COCTOSTHUM M HEPacTBODHUMBI B TBEpAOM COCTOSHUU. Kpupas oxnaxie-
HUA AJsA TNOAOOHOM cHcTeMB! NpencTasieHa Ha puc. 78 (kpusas 2). Ilpu
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MeJJIeHHOM OXJaXACHUU pacliaBa UMHKA ¥ OJIOBa BHadajle KPUCTALJINA3Y-
ercA aub6o WUHK, anb6o og0BO. HanpuMep, NpH OXJNakACHUM DpacljaBa
(pactBopa) coctaBa 60% Zn u 40% Sn B TBepaylo a3y HauMHaeT BbIAE-
JATBCA OUHK. JTO NPOMCXOAUT MO JOCTHIKEHUH TEMIIePATYPhl KPUCTAJIN-
3alliM LMHKA U3 pacluiaBa, OTBedaloueil B3ATOMy cocrasy (Touka a). ITo-
CKOJIbKY PACTBOPH KPUCTAJUIMBYIOTCA NPY 60Jiee HU3KON TeMIIepaType, 4eM
yueTele KUAKOCTH (cM. puc. 77), TeMnepaTypa Hadajla BBEIZISTCHUA HUHKA
M3 PAcTBODa JIOKMT HIDKE er0 TOUKM KPUCTAMIM3auiu (419°C). Ho wmepe
BHIICJIGHUA LUHKA U OBOTALICHUSA pacTBOpa OJIOBOM TeMIIepaTypa KpucTal-
JAU3aNUKU PacTBOpa Bce 60JIee MOHUKACTCHA, U [IPU IBTEKTUYECKOM €OCTaBe
(92% Sn u 8% Zn) pacTBOp KpHUcTalAM3yercsi Kak exuHoe nenoe. Eenu
OXJIAKAEHUIO NOABEpTHYTh pacniap coctasa 92% Sn u 8% Zn, 10 cocras
TBepA Ot (asbl MpecTaBisier co6oi YnucTyio 3BTeKTHRY. [Ipn Apyrux coot-
HOIEHNAX KOMIOHEHTOB paclllaBa 06pa3yeTcs cMech 3BTEeKTUKU U paHee
BBIABIIMX 60JIee KPYMHBIX KPUCTAIJIOB IIMHKA UJIM OJIOBA.

AHaNoruyHy0 AuarpaMMy TJIaBKOCTH MMEIOT TaKkKe CUCTEMBI COJIeid,
nanpumep LICI—KCl. 3Jsrextuyeckas cmecs LICI—KCl nnasutca npu
352°C, a temneparypsr mirasaenus LiCl u KCI coorsercrBesHO paBubl 612
u772°C.
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Mae. Jonu Zn,% Codepmanve NaCl 8 100 e §oder
P uc. 79. uarpamMma IUIABKOCTH CHCTEMBI P uc. 80. /luarpamma miaBro-
¢ OBTEKTUKO# et eucremsl HyO ~ NaCl

Ha puc. 80 nokasaHa jpuarpaMMa KpUCT&JIM3allUM COJH K3 BOJHOTO
pacTBOpa. JBTEKTUKA B CHCTEME BOJA — COJIb Ha3blBAGTCS Kpuoudpamoal.
OpTekTHueckasd cMech B cucreMe H,O—NaCl coorercTByeT comepskaHuio
23,4% NaCl; temneparypa ee kpuctamnuaaiun — 21,2°C. Tak kak nep,
niasutest npu 0°C, To Jil06ble KpUOTUApaTHBIe cMecH MaBsiTes Huake 0°C.
OHY UCHONB3YIOTCA A NOJYYeHNs HU3KHX TeMIIepaTyp.
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CucreMa BemecTB, O6pasylOmux XHMUYecKHe coejMBenMs. Eciu mpu
CIJIABJIGHUHU BellecTBa 06pa3yioT XUMHYECKOe cOeJUHEeHHe, TO Ha JAMarpaM-
Meé NJABKOCTU 3TO OTPAXaeTcsi MOSBICHUEM MaKCHMyMa, OTBEYalollero
cocTaBy aroro coegunenus. Tak, B cucreme Mg—Sb (puc. 81, a) makcumyMm
OTBEedaeT TeMHneparype miasieHus coepuueduss MgsSb,. PaccMaTpusaemasn
AuvarpaMMa HpeacTaBiasier co6of kak Obl cOYeTaHHME AUarpaMM ILTaBKOCTH
cucreM Mg—MgsSb, u MgsSb,—Sb.

Ecan Ha amarpaMme IMJIAaBKOCTH HMEETCS HECKOJBKO MaKCHUMYMOB, TO
9TO O3HAYAET, YTO B CUCTEME CYIECTBYeT HeCKOIbKO coenuHenuit. Tak, Ha
OCHOBAHKWY MAKCHUMYMOB Ha [MarpaMMe 3aTBepJeBaHUS B  CHCTEME
H,0—H,S0, cneayer cmenaTh BBIBOA, YTO B 3TOH CHCTEME CYIECTBYIOT
coegunenus cocrasa H,SOy4, H,SO4- H,0, HySO4-2H,0, HySO,4-4H,0 (puc.
81, 6).

Ecnn B cucreme o6pasyercss HeycTOHYHMBOE COEZUHEHVE, KOTOPOEe MOJi-
HOCTBIO Pa3jiaraercs eue 0 AOCTHKEHUS TEMIePATypH TJaBIeHUs, KpU--
BaA NJaBKOCTH mperepmepaer usjioM (puc. 82). Touka manoma oTBedaer
TeMIlepaType pacilafia COG/IMHEHUs], a COCTAB ero MoOxerT OblThb HallJeH, ecau
NPOJO/KUTL HVKHIOK BETBb KPUBOH /10 ee makcumyMa. Hampumep, xon
kpuBbIX B cucteme NaCl—BeCl, cBuaerenscrByer 06 06pasoBaHUM HEYCTOM-
YUBOTO COeIHeH NS, OTBEYAIOILEro coCTaBY Na,BeCly.

CucreMa BemecTB, 06pa3ylomMx TBEpPAHE PpAacTBOPH. XapaKTepHas
0cOGEHHOCTh NOJOBHBIX CHCTEM BaKJIlO4YaeTcs B TOM, 4YTO TeMIeparypa
N7IaBJI€HUs] TBEPJOro pacTBOpa JAaHHOIO COCTAaBa He COBIALAET ¢ TeMIepa—

10 r H,50,H,0
aF
10 -0
. 00 ¢ MESSbZ o
D) °. - u
g': oot § 20RH,S0;-4H,0
N N4 HS0, 2H,0
§ oot N
3 g
13 [ =50k
¥ oo S -0
~
-60F
i " A -70 i L Il
P\g 20 440 60 80 oo g 20 40 60 &0 00
Sb H,0 H,$0
Mag, Josu Sb % Mon. donv H,50, % e
a J

P uc. 81. JIvarpaMMbl [UIABKOCTY CHMCTEM C HOBBIM XMMUUECKUM COeIMHe-
HUeM:

a — cucteMa Mg - Sb; 6 — cucrema HpO — HpSOy4
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Puc 82 Jluarpamma nnaskoctu cic- P u c. 83. InarpamMma miaBKocTH
TEMBI C HeyCTO]“A‘lMBbIM XUMUYECKUM CO- TBepﬂO’I‘O pacrtBopa

€IUHEHNEM

TYpoii 3aTBepAEBaHUS XUAKOTO pacTBOpa (pachjiaBa) TOIO JKe COCTABa.
TlosToMy Ha guarpaMMe NJIaBKOCTH HabJonaloTest ABe kpuskle (puc. 83):
BEDXHsIsl OTPa¥XaeT TeMIIePaTypH B3aTBEpJeBaHUA pacliapBa, HUKHAA —
TeMIEepaTypsl MJIABJIEHUA TBepAOro pacrsopa. Havamo nnaenenus Teepaoro
pactBOpa ¢ comepxkanueM 60% Au cOOTBETCTBYET TeMmIepaType TOYKH! 6, a
HAYaJio 3aTBEPAEBaHUs PACHJiaBa TOTO #eE COCTaBa — TOUKE .

Tlpudenenusie JUArpaMMel [JIaBKOCTH OTBEYAIOT IPOCTEHIINM CJ1Yy4asiM.
Yame, OfHAKO, BCTPEYAIOTCA AMarpaMMbl Gosiee cJIOMHOH (DOpMBI, cO4Ye-
TAIOIMe PU3HAKKA OTAEIBHBIX [IPOCTOAIMUX JHarpaMM.



Pazpen |V
MeTOﬂbI nccnegoBaHmnAa CTpoeHust BelecTB

Hayka HaumHaercst ¢ Tex HOp, KaK Ha4yMHAOT M3Me—
psitb. TouHasi HayKa HeMBICTUMA 6€3 MepEHIL.

U Menoeaees

UndopMmaiyio 0 cTpOGHUM BelIecTBA MOJYYalOT Ha OCHOBAaHUM U3yde-
HUsI ero pusuuecKux U XuMUdeckux cBoiicts. Ocobyio ponb TpH U3YHEHNN
CTPYKTYDPBl UTPAIOT WCCJIEJOBAaHMA CIEKTPOB MOIJIOIIEGHUA Y UCOycKaHUA,
IMPpaKkiUK pa3vdHBIX WU3JNYYESHH, MaTHUTHBIX ¥ JJIEKTPUYECKUX B3an-
MOZelicTBHIl, MEXaHWUYECKUX, TEPMUYECKUX, DIJIEKTPUUECKUX U JAPYrUx
XapaKTEePUCTHK BEIIECTB.

OkoHuaTeJbHOE B3aKIIOYeHHWe O CTPOEHMU BELECTBAa [EeJIAl0T I0cHe
COIIOCTAB/ICHUSA U B3aMMHON IPOBepKU MH@OpMANUU, MOJYYEHHOH pas/ind-
HLIMH METOJaMU.

rJiABA 1. CHEKTPOCKOIUYECKHE METO/IHI
NCCIIEJOBAHUA

§ 1. BJIEKTPOMATHUTHLIA CIIEKTP U ATOMHBIE
WJIN MOJIEKYJISIPHBIE TPOIIECCHI

CrHeKTpbl 3JIeKTPOMArHUTHOTQ W3JIYYEHUs!, MCIYCKAEMOro, MOTJIOUAeMO-
rO U paccerBaeMOro BeIIeCTBOM, U3y4aeT pasfel GU3HKH — Ccnekmpocko-
nug. KBaHT nornomaemoi wiImn UCOycKaeMOM BELWIECTBOM 3HEPIUM COOTBET-
CTBYeT M3MEHEHUIO JHepruyl NpHU KaKOM-TUG0 eIMHHYHOM aKTe AaTOMHOrO
UMM MOJleKyNnspHOro upouecca (tab6a. 14). Haubosee KOpOTKOBONHOBOE
W3/lydeHne (y-u3ay4eHue) COOTBETCTBYET aJepHbiM npofieccaM. KBauToBbie
TIEPEeXo/ibl BHYTPEHHMX 3JIEKTPOHOB ATOMOB U MOJIEKYJ CONPOBOMJAIOTCSA
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PEHTreHOBCKUM H3JIYUEHUEM. DJIEKTPOMAarHUTHOE MBJIyUeHUe yAbTpacduose-
TOBOM U BHAMMON OGJIACTH CHEKTPa OTBEYAaeT KBAHTOBBIM IEPEXO/iaM BHeII-
HuX (BAJIGHTHBIX) 3JIeKTPOHOB. KoJieGaHWIO aTOMOB B MOJIEKY/aX OTBeYa-
eT MHppaKpacHOe HW3JyYeHHe, BPAIUEHUIO MONEKy]l — JalbHee HH@pa-
KpacHOe U3JIy4eHHe, CIMHOBOMY IepexoAy 3JeKTPOHOB M AAep — Paguou3-
JIy4eHue.

Tabnuua 14. AToMHBEE WM MOJIEKYISIDHBIE HMPOLECCH M
Q/IEKTPOMATHWTHLIA CHeKTp *

[ponece CrexTpaJibiast o6~ [JlnuHa Bosi- BonHoBoe yuc-| DHeprusi kBaH-
J1acTh UITYUeHUs |HBl A, cM |70 v=1 /X, [roB uznyyenus
em’t E= hy, oB
Snepubie peakuuu | y-Manyuenne 10-10 1010 1,24 106
[Mepexonw! amexT-
POHOB:
BHYTPEHHUX Penrrenosckoe 1079-1077 109-107 1,24-105 .
1,24-103
BHEHIHNX Vabrpacduonero- |1076-1074 106-104 124-1,24
Boe 1 BUAUMOE
Konebanust aroMo Bmxnee ungppa- | 1073 103 0,124
B MOJIEKyJlax KpacHoe
Bpainenne mone- |[lansuee undpa- 1072 102 0,0124
Ky KpacHoe
CnuHoBble nepe-:
XOHbL:
QIIEKTPOHOB Panuousnyyenue |1071-102 10-10-2 1,24-1073
Anep > 103-10° 1073-1073 1,24-107°

* DNeKTPOMATHUTHOE MATydYeHHe MoeT GbITh OXapaKTEPUSOBAHO JIM6O BOJIHOBHI-
MU, JIM6O OHepreTUYeCKMMM NapaMeTpaMu. K MepBbIM OTHOCSTCA IVIMHA BOJIHBI A,

~
4acToTa KOJeDaHUs ¥ M BOJIHOBOe umncio V. BosiHoBoe umcio IOKa3bIBaeT, CKOJIbKO

~

BOJIH JAaHHOM JVIMHBI YKJIaArBaeTcst B 1 cM; uaMepsiercst ¥ B eM™L.

Ilo nuanasoHaM M3YyYaeMBIX BOJIH JJEKTPOMATHUTHOTO H3JIyYEHHA
pPa3INYyaloT: 1aUUaA-CNEXTNPOCKONUIW, DPEHMIEROGCKYIO, ONMUECKYI0 U Pa—
duocnexmpocronuto. OUTUYECKas COEKTPOCKONMA B CBOIO O4YepeNb MOApa3—
ZeJisieTcsl Ha CHeKTPOCKOMHIO BUAUMOTO H3JIydeHus, WHPpPaKpacHyl0 Hu
YAbTpadUONETOBYIO.
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§ 2. PEHTTEHOBCKASA CIHEKTPOCKOIIUA

PeHTIeHOBCKOE M3JIyYeHHe BO3HUKACT 33 CYeT KBAHTOBBIX IIePEXOJ0B
BHYTPEHHUX 5JICGKTPOHOB aTOMOB. IlociefiHee CTAHOBUTCA BOBMONHBIM B
pesysbTaTe OGIyueHHs BelllecTBa MOTOKOM 3JGKTPOHOB BBICOKOH IHEprUM
WM HKECTKUM PEHTTEHOBCKHM W3JIyYeHUeM; IPU 2TOM NPOUCXOJUT BbIPLIBA-
HHE BJIEKTPOHOB U3 BHYTPEHHUX 3JIeKTPOHHBIX cioes. Ha ocpoGogupmmuecs
Op6UTATM NEepexoiAT BJIEKTPOHB U3 60Jee JaleKUx OT sipa cjoes (puc.
84), 4TO U COMPOBON/AETCSA BLIJEGACHHEM KBAaHTOB PEHTTEHOBCKOTO U3Jy-
YeHU.

MockoabKy KBAHTOBLIE MEPEXONbl JEKTPOHOB B ATOMAX PA3HBIX 3JIEMEH-
TOB OTJINYAIOTCS OT JHEPTUHU, PEHTIEHOBCKOE M3J1yYEeHHE 3aBUCHT OT CTPOe-
HUA aToMa. DTy 3aBUCHMOCTh BhlpakaeT 3akoH Moanu (puc. 85):
QAUHBL GOAN PENMIEHOBCKOLO USAYUENUS ATNOALOG MPONOPUUOHALBNBL AIMOA~
HOMY HOMEPY IAEMENMA:

/X =a(Z-1),

Fie A — JJKMHA BOJNHLL, Z — ATOMHBI HOMep 3JIeMeHTa; a4 U b — KOHCTaHTH,
OJMHAKOBHE [JI AHAJOFMYHBIX JIMHHMH JaHHOW CEpPUH PEHTI'eHOBCKOIro
wanyyenns (manpumep, K, L, M ).

T 4
o
1.5
Cepue n
4 5
N lM 4 1k *d- &
o x_; v
lL, L
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: 0,5+ td
e (kg [y /)
a1
K 7 bl " A L boded
1020 30 40 50 60 70 &0 Z
P u c. 84. CxeMa BOBHMKHOBEHUA Puc. 85 3aBUCUMOCTD JJIMH BOJIH

PEHTTE€HOBCKOTO  CHIEKTpa (7! -

PEHTTEHOBCKOr0 UBJIy4YeHHsT OT aTOMHO-
rJIaBHOE KBaHTOBOE YMCIIO)

TO HOMEDA JJIEMEHTOB

OtkpuiTue 3Tol 3aBucuMoctu Mosan (1913) cHrpano BakHYIO pOJb
IIpY BHIACHEHMM CTPOEHMs aTOMa (B YacTHOCTH, NOJATBEPAMJIO €ro CJIOUCTOe
CTpOeHME), II03BOJIMJIO ONPEIE/IUTh OJKCIEPUMEHTANbHO aTOMHBIA HOMep
3JIeMeHTa ¥ NOATBEPAUJIO TPABUWIBHOCTb PACHOJONEHUS DIEMEHTOB B He-
puoauyeckoi cucreme .M. Mengeneepa. Ycranosnensnas Mosznau saBucH-
MOCTb MO3BOJIMJIA PACcCYNTATh PEHTTEHOBCKWE CIEeKTPH B TO BpeMs elie
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HEM3IBECTHHIX ¥ OTKPHITHX JIMUIL- BIOCTEACTBAM DJIGMEHTOB — TradnuA,
peHus U Ap.

JIiisi monydeHusi peHTreHOBcKoro crextpa (puc. 86) moTok onexTpoHoB 2 U3
KaTofia ] HANPABNSIOT Ha AHTUKATON 4 PEHIT€HOBCKOM TPYOKM.

AHTHKATON TPUTOTOBJIAIOT M3 MPOCTOro
BeElleCTBa, CHEKTP KOTOPOro XOTAT HCCIeNo-
BaTh, WJM e Ha IJIATMHOBBIM AHTUKATON
HaHOCAT KaKoe—1ubo coefMHeHMEe MCCIIeNyEeMOro
aieMeHTa. BosHuKamwolllee PEHTIEHOBCKOE U3y
YeHre § aHTMKATOJA HalpaBISIOT 4Yepe3 KpHc-
Tasul (Mrpaloliuit ponb IudPaKIMOHHON pe~
meTku) Ha oTorpapuueckyioc IUIACTHHKY.
[Tocne mposiBiieHUs1 Ha HeM BBHICTYNAIOT JIMHMK
creKkTpa. B Hacrosilliee BpeMsl PEHTTeHOBCKHME CIEKTPbl Yallle BCEro MNOJy4aloT,
BO36YXIasA BelleCTBO XeCTKUMU DEHTIeHOBCKUMH JIyYaMu.

Puc. 86. CxemMa peHTTeHOBCKOM
TPYOKH

AHanu3 pEHTIeHOBCKOrO CMEKTpa (PEHTreHOCHEeKTPaJbHBIl aHAIN3)
UCHONB3YeTes A KAYeCTBEHHOTO M KOMMYECTBEHROTO (O MHTEHCUBHOCTH
JIMHUN B CIEKTDPE) ONpeeNeHUs 3JIEMEHTOB B MaTepHaliaX CJIOKHOTO COC-
TaBa.

T a 6nuia 15 3ddexTusibic 3apsannl § ATOMOB HEKOTOPHIX COEHMHEHWMA

Bemecrso AtoM M ero ) Bemecrso Artom u ero é

cTeneHb CTeneHb

OKMCIIEHU ST OKU CITIEHM St
HCl H(I) 0,18+ CrCl, Cr(IT) 1,9+
NaF Na(T) 0,98+ CrCly Cr(II) 1,2+
NaCl Na(I) 0,92+ [Cr(NH3)6]Clg | Cr(IIl) 1,2+
NaBr Na(I) 0,83+ K2CrOy Cr(IV) 0,2+
Nal Na(I) 0,75+ K,CryO7 Cr(VI) 0,1+
MgCl, Mg(1D) 1,50+ || KMnO4 Mn(VII) 0,3+
MgBr, Mg(1I) 1,38+ CaSQOy4 S(VT) 0,4+
MgO Mg(II) 1,01+ KClOj4 CYV) 0,7+
MgS Mg(1I) 1,05+ K3{Fe(CN)g] Fe(IIT) 1,0+
Si0O, Si(1v) 1,97+ 0s0, Os(IV) 0,8+
SiS,) Si(IV) 1,69+ K5[0s04] Os(VI) 0,8+
Co(NOj3), Co(1I) 1,20+ K[OsO3N] Os(VIII) 1,0+

PeHTreHOCHEKTpaNbHbIA METOL MO3BOJAET ONpeAesnuTh 3bdeKTUBHEIE
3apsAAbl AaTOMOB, a CJI€[A0BATEJILHO, M TUII XUMHYECKON CBSA3U B COEJMHEHU-
AX. [l 3TOro cpaBHMBAIOT PACHOJIOKEHHME JIMHMM PEHTIEHOBCKOIO CHEKTpa
160



£,4.3B +5 P Ecq.98

NaNoO3
» 60+ 3
406 K;.,;’el-‘
404 sér 2 K,FeO
K4[Fe€: ] +3 ’ N
- s5k HyFe(S04),12H,0
FelCO)g
Y 56t % (CgHs)s
Fe-
388 L
| O T Y NN TS N S S | 2 0,5 I,Ia /,.'5 ]:0 3

T
5~ 0 + &
b, ) P un c. 88. 3aBucuMOCTb DHEPIUU CBSBU
P u c. 87. 32BUCHMOCTb BHEPIMH CBA3M  3p-osieKTPOHOB aToMa xkeje3a 0T ad-

' 15-0JIeKTPOHOB aTOMOB a30Ta OT 3hdeK- heKTUBHOrO 3apsila HA ATOME KEJe3a B
TMBHOTO 3apAJla aTOMa a30Ta COeNMHEHNY

cBOGOIHLIX ATOMOB M HX COefMHEeHHH. Ec/M aToM B COEAMHEHHMH MMEeT
COOTBETCTBYIOIIMI 3 (PEKTUBHBIA 3apAL 6, TO JMHUY CIEKTPa OKa3blBalOT-
¢Sl CMEILEHHBIMM IO CPaBHEHMIO cO cHekTpamm csobopuoro artoma. Ilo
BEJTUYUHE CMEIIeHUA CHEeKTPAJIbHBIX JIMHUI COOTBETCTBYIOHIUMU METOJaMU
pacuera onpenensor §. B rabn. 15 npusemeHH NMOJydYeHHBIE TAKUM ITYTEM
3HaueHNs 3PPEKTUBHBIX 3apsifiOB ATOMOB JIJIA HEKOTOPLIX COEIVHEHUA.

Kak BugHO u3 Tabia. 15, cTeneHb OKMCIEHUS 3JIEMEHTa B COEAMHEHUM IO
3HAYEHMIO HE COBIAZAET C 3apAAOM Ha aTOMe.

06 aroM e TOBOPUT MCCIeJloBaHMEe OHEPIMM CBA3K 1s-o/eKTpoHa asoTa B
3aBMCUMOCTH OT o¢eKTyBHOro 3apsiia Ha atoMe (puc. 87). Tak, npu cremenu
oxucienusi asora +5 B NaNOjz atom asora uMeer odeKTUBHBII 3apsl BCETo
0,4+. Ilpu cremenu oOkucIeHust xenesa 0 u +2 B coenuHenusix Fe(CO)s n
Fe(CsHs), oddextusHnnt sapsi Ha aToMe xkenesa 6muaok k 1+ (puc. 88).

3navenus 3QPEKTUBHBIX 3apAJOB, NMOJYYEHHble Da3JINYHBIMU METOHa-
MU, PacXOAATCS, ONHAKO UMEIOLIMecs 3HAUEHUA § CBHIETENIbCTBYIOT O TOM,
YTO ATOMBI B COSAMHEHUSAX BBICOKMX 3apAJOB HE MMEIOT M YMCTO MOHHBIX
COEIVIHEHM He CYILECTBYeT.

§ 3. ONTUYECKAA CIIEKTPOCKOIIMA

OHTI/I'{QCKHQ CHIEKTPBl MOJIEKYJ 3Ha4YUTeJIbHO CJIOKHEEe, 4YeM CNeKTpbI
aTOMOB, U COCTOSIT HE U3 OTHAEeNbHHIX JuHMI (cM. puc. 7), a us nosaoc (puc.
89). Cio%kHOCTL MONEKYJIADHHIK CHEKT-
poB O6ycJIOB/IeHA TEM, YTO B MOJIEKYJIe
HapsaAy ¢ OBHUXEHHEM 3JIEKTPOHOB OTHO-
CHUTeJIbHO SIAEP HPOMCXOAUT KOJeGaTel b-
HOe [BVOKEHHE caMUX siiep M Bpalila- Ee:y‘; jsﬂ)(;TSneKTp HCTyCKaHWA MO~
TEeJIBHOE [IBUXEHNe MOJIEKYJIBl KaK HeJio-
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P u ¢. 90. CxeMa ©JIeKTPOHHBIX, KO-
nebaTebHBIX M BpalllaTeslbHBIX
BHepreTMYecKuX ypoBHel IBYXaToM-

ro. OTUM TpeM BHUJAM [JBHXKEHUA —
KBaHTOBBIM II€pexoJlaM — COOTBETCTBY-

0T  9JIEKTPOHHBIN, kosebaTe/bHbIA
¥ BpalllaTe/IbHbIA CHEKTPBbI (em.
Tabn. 14).

Hau6osnpmee 3HaYeHHe UMEIOT dHEp-
TUM 3JIeKTPOHHBIX mnepexogos (1—100
3B); M3MeHenue 3SHEPruUUM 3JIEKTPOHOB
HaXOAUT CBOE BHID2XKEHUE B BULHMON M
yiabTpadpuoneToBoit 061acTAX CHOEKTpa.
Oueprun KoeGaTeNbHBIX [E€PEXOJ0B
(1071—10"2 3B) cooTBeTCTBYyeT H3Myue-
Hue (morjouienue) B 6auxkHen MHbpa-
kpacHOil o6nactu. Haumenbiuee snade-
HUE KMEIOT OHEpPTHM BpAaIaTeNbHBIX
nepexonos mosexyn (1073—1075 aB); nm
COOTBETCTBYOT M3JIy4YeHHe WM MOrJIo-

IeHUe B JajbHelt UH@paKpacHOR
obnacT¥ WK Jaxe B 06JacTH Paguo-
qactoT (eM. Taba. 14).

IIpn BO36Y:xACHUM MONEKYNH B HEM NPOUCXOJAT CJOKHBIE IHEPTeTH-
qeckne uaMeHeHusa (puc. 90): 3AGKTPOHBI HEPEXOLAT ¢ OLHOTO YPOBHA
3HePrMM Ha JAPYrOil, OJHOBPEMEHHO WH3MEHAETCA M CUCTeMa BO3MOXKHBIX
KONeGATeIbHEIX M BpallaTelbHbIX YPOBHEH. OJTO YCJIOKHAET CIEKTp U
obpa3syeT Ty XapaKTepHYIO CTPYKTYDPY MOJIOCATBIX CHEKTPOB, KOTOPaA Pe3Ko
OT/INYAeT MOJIEKYJAPHBIE CIIEKTPHI OT JMHEHHBIX CIEKTPOB aTOMOB.

HOM MOJIEKYJIbI

Tlpu McceloBaHUM MOJIEKYJISIDHBIX CIIEKTPOB norsomenusi (puc. 91) ay4 cera
OT ucTovHMKa | Hanpasisiercsi B MoHoxpoMartop 2 (npuama wiM IudpPaKUMOHHAS
pelleTKa) IJIsi DPa3JloKEHUs] B CHEKTP. [IyukM MOHOXPOMATHYECKOTO W3JIy4eHMst
COOTBETCTBYIOLLEN  JUIMHBI  BOJIHBI
fajiee MPOMYCKAIOTCST MAPANIENBHO
4epes MycTylo (MM 3aNoJHeHHYIo
PAcTBODUTEJIeM) KIOBeTY 4 M depes
KIOBETY 3, HAIlOJIHEHHYIO HCClefye-
MBIM BelIeCTBOM (WM €ro pacTBo-
poM B ToM ke pacTBopurteie). O6a
My4YKa TIONAfJaloT B OPUEMHUK J, rie

P u c. 91. Cxema anekrpoHHoro npubopa

CPABHMBAIOTCS KX MHTEHCMBHOCTM. Takoil Mpolecc MOBTOPAIOT [JIs1 pasiMYHBIX
HOBBIX JWIMH BOH. C TOMOILBIO PAJUOTEXHUUYECKUX CXEM CIEeKTP aBTOMAaTU4ecKu
pErMCTpUPYETcsl B BUIE KPUBOIL Ha puc. 92.
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P u c. 92. Undpaxrpacupie cnexrpst K,SO4 1 KMnOy'

o ocM OpAMHAT OTKJIAJBIBAETCH KOJMYECTBO [OMJIOLIEHHOro (mpoIy-
UIEHHOr0) CBeTa [JaHHOH JHEPruM, [O ocu abcluice — JHEPrUs KBAHTOB,
BHIpakKaeMast JJIMHOM BOJIHBI, YACTOTON KOJIeGAaHUM MM BOJTHOBBIM UHMCJIOM.

CoeKTpOocKOm|sl BHAMMOrO M yibrpadmonerosoro uanysenms. zyye-
HUE D5JeKTPOHHBIX MEPEeXOHO0B [POU3BOAMTCA C I[OMOIIBIO BHJIMMOIO H
yIbTpadHOTETOBOTO MBJIYUSHUA. JTO AAaeT BOBMOKHOCTh ONPEJETUTb SHEp-
FUIO 1IEPeX0/ia JIEKTPOHOB B MOJIEKYJIE, €e SHepruio MOHU3alUuU U DHEPTUI0
XUMHUYECKON cBA3K. IIOC/eHIOn ONpeensior NpU AedCTBMM U3JIydeHMs,
BLIBLIBAIOIIEr0 AMCCONMAOMIO MOJIEKYJ. 3HadYeHWsl JHEPrdM HEKOTOPBIX
XUMMUYECKUX CBsI36H NpuBefeHbl B Taba. 16.

Ta6nuuya 16. Oneprust HEKOTOPHIX MEKATOMHBIX CBA3EH

Casiab OHeprus cesi- || CsaAsb Oueprus css- || Cpsasb OHeprus cBsi-
an, kJk/ Mo au, kJlx/Morb au, kJx/Monb

Li~Li 99,0 Br—Br 199,0 H-Br 363,5
Na—Na 71,1 -1 150,7 H—-OH 498,7
K=K 53,6 N=N 940,3 O-H 4217,8
H—H 435,1 H—-F 565,7 C—H 415
F-F 159 H—Cl 431,6 Hg—Hg 7,5
Cl—Cl 242,6

Ilo n3BECTHBIM cHOOKTpaM MOJIEKYJ ¥ UX (PPAarMEHTOB MOXHO CYAUTH O
UX OPUCYTCTBUU B HCCJIEAYEMOM COEAUHEHMH M TEM CaMBIM MPEAIOJO0KHUTH
€ro cOCTaB U CTpOEHUE.

Undpakpacaaa coekrpockomnsa (MKC). C momompio HEHbpaKpacHBIX
JIyde#d HCCIAeAYIOT KojieGaTeyIbHBM clIeKkTp Mousekys. Yacrtora konebaHMi
onpejensiercs IJaBHBIM 00pa3oM Maccoil Kojebjmommuxcsa arToMOB U UX
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IPYNNUPOBOK U ECTKOCTBIO XUMUYECKOH CBA3U (€€ CIOCOGHOCTHIO K pac-
THNEHHIO).

AToMBI MOryT KOJIEGATbCA JNO0 BROJDb JMHAM XAMHYECKOH cBA3H (Ba-
JIGHTHBIE KOJIeGaHMs), 1160 3a cYeT M3MEHEHMs BAIEHTHHIX yriioB (aedop-
MaNUOHHBIE KOJIeGaHMA), KaKk 5TO [OKa3aHO Ha NPUMEpPEe MOJIEKYJIBl BOJBL:

0 0] O
AR A N 7 N\
H H H H H H

N

V=267 Ml = 3756 el » = 1595 cu]

Jlna Kamaoit M3 aTOMHBIX IPYNAMPOBOK (MOJEKYn1 M MX (parmMedTos)
XapaKTepHbl ONpejejieHHble BUAB KONEOaHWUH M COOTBETCTBYIOLIUE 3TOMY
3HaYeHUs BOMHOBBIX 4uces. BosHosbie 4ucnaa, xapakTepHble A BajeHT-
HBIX KOJIeOaHMIf aTOMHEIX TPYNNMPOBOK coeauHeHuit docdopa, NpuBeIeHb!
Ha puc. 93.

Hpucyrereue B WK-cnexrpe

15(p=0y | CUTHAJIOB COOTBETCTBYIOMIMX ATOM-

mfi(PiO) HBIX TPYNIIIUPOBOK IIO3BOJISIET BbIC-

ez V(P—F) KasaTh MpeArookKeHne O cOCTaBe K

V(P_Bmp~01) cTpYKType coenudenuii. Ha puc. 92

=== 5 (P —P) MUHUMYMBl Ha KDUBON IOKa3biBa—

IOT, DU KaKMX BOJIHOBBIX 4YHcCJIaX

7(P-8) U3Iy4eHHe [Oraomaercs B Hau-

6oneiuell crenenu. Bupx cnektposm

Con e Lot v ol a ITUX COEJMHEHUN WJEHTUYEH. ITO
1400 1200 1000 800 600 400 200 O

obbAcHserca TeM, uTo uoHb SO3 n

P u c. 93. BonHoBeie uncia, xapaKTe- R
pU3yIOLMe BaneHTHble konebanus aton- MnQyg, OTBeTCTBeHHBIE 3a CcHEKTp,

HBIX TPYIIIMPOBOK coeVIHeHU (1)oc¢>o— VMEIOT OJIMHAKOBOE TeTpajiapuyec—

pa Koe ctpoedne. Terpasapuueckue

HOHbl U MOJICKYJIBl HMEIOT OJUHAKO-

BBI€ BU/IbI BJICHTHBEIX U JedOpPMalMOHEBIX KojieGaHuil (0guHaKOBBI Habop

BOJIHOBBIX uHMcesl TorjoieHus). Buecre ¢ Tem mectkoeru cpszeit Mn—O u

S—O pasauuHb, a TOTOMY MAKCHMMYyMbI TIOIJIOIIEHHS B CHeKTpe He coBnaja-
10T — 3HAYEHUs] BOJIHOBBIX 4HCel pa3JIM4YHBI.

§ 4. PAIMOCIIEKTPOCKONIUA

Cpenu paguoCneKTPOCKONMYECKUX METOJ0B GOJIBIIOe 3HAUEHUE UMEKOT
MEeTOJ bl MArHUTHOM DAAMOCIIEKTPOCKOIMM — SOepHsill MATHUMHMbIL PEIOHANC
(AMP) u saexmpowunsiii napeuarwumuni pesonanc (SIP). Dtu meromm
OCHOBaHbl Ha TOM, YTO B BEUIECTBE, NOMEUICHHOM B CUJIBHOE MACHHUTHOE
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noJie, UHAYIUPYIOTCA 3Hepretudeckue yposuu sanep (AMP) u asextporos
(O1IP), oTBevarolie MBMEHEHUIO CIIMHA SIAPA WK CiuHa snekrpoHa. Cou-
HOBBIE 3HEPreTUYecKUe IEepeXOAbl COOTBETCTBYIOT MOIVIOMEHHUIO KBAHTOB
PaAMOBOJIH.

B skcmepuMmeHTax MO AASPHOMY MArHMUTHOMY pesomancy (puc. 94) wuc-
cIeyeMoe BeUlecTBO [ TOMEIAT B PE30OHATOP, KOTODLIA PAacONOKEH
MeXIy MOJIIoCaMU 3JIeKTpoMarauTa. Yepes pe3soHATOp HPOHYCKalOT pajuo-
CUTHAJIBI, UHTEHCHBHOCTh KOTOPBLIX OTMEUaeTcs PErMCTPUPYIOMUM Ipubo-
poM 3. Ilpu HpOBemEeHUM HCCIENOBAHUA YACTOTY PAZMOBOJH HOAAEP/KHUBA-
IOT NOCTOAHHOM, & HANPAKEHHOCTh MAFHWUTHOLO MOJA [OCTEMEHHO MOBBI-
IAFOT.

IIpu onpeneneHHOM HAIPSAKEHHOCTA MACHUTHOTO TMOJA  CO3/AIOTCs
YCAOBMA [JIsl COMHOBOTO NEPEX0[a sAJep. JTOMY MOMEHTY COOTBETCTBYET
[OIVIONIEHUE BEIECTBOM SHEPTUM PaJMOBOJIH, YTO U OTMEYAETCS] PETUCTPU-
pYOIUM IpUbOpPOM.

PesynsTaT MCcC/I€IOBaHUS DErHCTPUPYETCA B BUIE KPUBOH HOMJIOIIEHUA
(puc. 95), koTOpas BBHIpaXKaeT 3aBUCHMOCTh MHOIVIONICHUA H3JIYYEHUs OT
HANPAXKEHHOCTH MarHuTHOro noss. CHUHOBBIE NMEpexOibl sipa 3aBUCAT OT
COCTOSIHUA 3JMEKTPOHHOH 060m0uky atoMa. [105TOMY pazsHBe MOJEKYAB U
pa3Hbie aTOMHBIE IPYNIUPOBKHM B HUX HOTJIOUWIAKOT SHEPTUI0 NPH PAsHOM
HANPAXKEHHOCTH MATHUTHOTO NOJIA. AHaimu3 (POPMBI M HOJOMEHUS MMKOB

| Ha KPMBO#i NOIVIOHIGHMS IO3BOJIAET [eNaTh 3akKJIOUeHHe O CTPYKType
coequnenuii. Tak, aHanu3 KPHBOM HOIVIOMEHMA 3TWIOBOIO CIMPTa MOKa-
3plBaeT, YTO MUKH (cM. puc. 95) OTBEYAIOT CNUHOBLIM IIEPEXOaM MPOTOHOB
cooTBeTcTBeHHO aTOMHBIX rpynnuposok CHjz, CH, w OH. Taxkum myrem
noATBepKkAaeTcA cTpoerue monexynast CoHsOH.

B metone saexrpounoro napamarsurioro pesonanca (JTIP) ncmosnssy-

Puc. 94 Cxema paguocnext-
pockonma  ANA  MccleOBaHUS

SAMP:

Puc. 95 Cnekrp AMP
1 — aMnyna ofpasua; 2 — pamyore- (npotoHoB) 3TaHoNA
HepaTop; 3 — JeTeKTop CyHsOH
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eTcsl pPEe3OHAHCHOE MOIVIONIEHME WINY4YeHMs osiektpoHammu. Merong OIIIP
NPUMEHSIeTCS 1A WCC/IeLOBAaHUA N1apaMarHUTHBEIX BELIECTB, T.€. MMEIOIIMX
HeMapHble 3JIeKTPOHBl. JTOT METOJ IIMPOKO HCIOJAb3YeTcs IJIsi O6GHapyxke-
HUSL ¥ OUPEeNEeNeHUs KOHUEHTPAIMU CBOOOLHBIX paLHMKajJOB U HMOHOB B
PacTBOpax, AJSl YCTAHOBJIGHUS XapaKTepa XUMMYECKOH CBAZM B KOMILIEKC—
HBIX COCIUHEHUSIX M T.[.

Meron 1P npuMensiercs aas
OH oD HU3YUYEHHUs] MeXaHU3Ma Xumudec-
Kux peakuuil. Tak, npu uccie-
JIOBAHUM PEAKIUM B3AMMOJIE cT-
BUSl BOAOPOAA C KUCJIOPOAOM
OGHAPYHUBAIOTCS CIEKTPHI,
npuBejeHHble Ha puc. 96. ITO
MOATBEPKIAET, UYTO DPEAKIIU:
mexay H, m O, nporekaer no
UENIHOMY  MeXaHM3My  4depes

P u c. 96. Cnexrper 3P aromos H u O, o6pa3oBaHME U y4acThe B POaK-
cBobonubIx pagurkanos OH u OD

H

J—— —_— —_ —_—
218 3250 “4280 5430 7250 8020 3

UMM cBOOOJHBIX  PaJUKaJOB.
Ilpu 3amene H, na D, B cnexTpe mosiBASIOTCH CUTHANB, XapaKTepHBIE IJIA
aTOMOB AefiTepus u paauxanos OD.

sIBnenye mapaMarHUTHOIO pe30HaHca 6bUI0 OTKPHITO B Kazanu E.K. 3a-
BofickuM (1944). fBnenue sepHOro MarHMUTHOTO DEe30HaHca OGHapYKHIN
amepukanckue ¢usuxu [epcesr u Baox (1946).

§ 5. TAMMA-CIIEKTPOCKOIINA

FamMa-cnekTpockonusi OcHOBaHa Ha 3¢ dexTe pe3OHaHCHOrO NOIJIOLIe-
HUsl aTOMHBIMHM sApaMu 7-KBaHTOB (aggexm Meccbayapa). llpu papuoak-
TUBHOM pacnajie sazxep o6pas3yloTcsi M30TOHbI B BO3OYKIEHHOM COCTOSHUU.
Wx mepexon B OCHOBHOE COCTOSAHME CONPOBOXAaeTcsa y-Manydenuem. Hepoa-
6yxICHHBIC aTOMHBIE SIZIpa B CBOIO OYepeRb MOTYT HOIVIOIIATEL Y-KBAHTH U
NEepexXoAuTs B BO3OyxAeHHOe cocTosiHre. OmHAKO 3TO sABJIEHHE BO3MOXKHO
JIMLIE B CTPOrO ONPEJENEeHHBIX YCJOBUAX. Hanpumep, y-M3iydeHHe BO3-
6yxneHHBIX spep 37Fe omHOM MeTalnMYecKOM MMJIACTUHKM MOXET IIOTJIO-
aThs HeBO3OykIeHHbe Aapa *'Fe gpyroit miacturku. Ecan ke McTOYHUK
N IPUEMHUK 7-JIydefl HaxXxO[ATCA B pa3HBIX COeNMHEHUsAX (Halpumep,
ncrounuk 7Fe B Meranie, a mornorutens — B kpucranie FeCly), To mor-
JIOLIeHUe Y-jIy4eil HabaroaaThesa He 6yaer.

JTO OOBACHAETCA TEM, UTO SHEPIUA AAEPHBIX [IE€PEXOJOB 3aBUCHUT OT
pacnpejeieHus 3JeKTPOHHOM NJIOTHOCTH BOKDPYT sA7ipa, T.€. B 3aBUCHMOCTH
OT BHUJAA COSJUHEHUSA [AJ1A BO3OYMICHHUS AJNEPHBIX IE€PEeXOJ0B TpebyroTcs
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pasnu4Hsble sHeprun. OIHaKO, IIOCKOJBKY BJAWSHWE HPUPOABI XMMUIECKOro
OKpPYXeHHsl aTOMa Ha CMeIleHMe SIIePHBIX IHePreTUYeCKNX YPOBHEH cpab-
HUTEJBHO MaJlo, MOXKHO HNOOUTBCS PE30HAHCHOTO IOTJIOULeHUS Y-KBaHTOB,
HECKOJIbKO H3MEHUB MX 3Hepruwo. Jlis 3TOro JOCTATOYHO INepeMeuiaTb
MCTOYHUK (MM MOIJIOTHUTENb) 7-H3JIyYeHUA OTHOCUTEJNBHO IPUEMHHKA
(ucTouHMKa) usny4eHus. B sTOM ciydae sHeprusi y-KBaHTOB yBeIHIMBACT-
¢ WM yMeHbIaercs Ha BeIMYMHY KUHeTHdeckoil sHepruu. [lpm Heworo-
pOii CKOPOCTH JBMXKEHUsSI HAUMHAETCs PE30HAaHCHOe INOrJOmEeHHe, T.e. Hab-
aogaercsa apdektT Meccbayspa. IlonsatHo, uto scddext Meccbayspa MOKHO
Hab/MOAaTh UMb JJIs U30TONOB, [JI3 KOTOPHIX BO3MOMKHBI 06YC/IOBJICHHBIE
F-U3Ay4eHUeM SAEpHbIE MEePEeXObI.

YcraHoBKa s UsyveHMs -nomomenust (puc. 97) COCTOMT U3 KOHTeliHepa ¢
MCTOYHMKOM uanyHenns 1 (nanpumep, sagep 57Fe, 119Sn, 1291, 129Xe, 40K u np.),
KOHTelHepa ¢ UCCIEeNyeMbiM 06pasioM 2 — NONIoOTUTEeM M3TYyYeHNsT — U PETUCT-
paTopa NpoUIe/iero Yepe3 NOIOTUTENb Y-UaNydeHus: 3.

Ha puc. 98 nokasaHsl y-pe3OHAHCHBIE CIEKTPhl HOTJIOIIEHHMS HEKOTOPHIX
coequuenuii onosa. Ilo ocu abcuucc OTIOKEHA CKOPOCTb IBWIKEHWUS HC-
TOYHUKA Y-U3JY4eHUsi, N[O OCU OPJMHAT — OTHOCHUTENbHAA WHTEHCUBHOCTH

[1tA E {3 ]

ONNO,
—-—
+Uv -v

Puc 97. Cxema ycranoprn
IpY U3YYeHUM MOTJIOIEeHUA

Y-KBaHTOB
S
S a
< 6’ :
* %
129
3 S XeF,
$ F eE : |
) |
E > 4, ) =3 I i
% = I 3 X } |
§3 &3 ‘ !
~ 3 g’ 1 |29x ol
R , Xl
< YA 35 A\
5 | Y )
& "
! H £8 ' !
Crapocme dBumenud S X

Puc. 98. v-PesonaHcHbll crexTp Chopocime Gbumenun

nornomenns Snly (@), SnBry (6) n
SnCly (e). Wcrounmk uanyveHns P v c. 99. ~-PesonancHble crnekTpbl
1158n 5 SnO, Mosexyn XeCly u XeF,
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OpOLIGAIIEro 4Yepe3 NOrJOTHTENs H3nydeans. CpaBHEHHE BUJA CIIEKTPO-
rpaMM M 3HAYEHHUN CKOPOCTM JABMXKEHHsS MO3BOJsieT cAeNaTh BHIBOJL 06
VBEIMYEHUM CTENeHM BO3GYxJEeHMA sanep onosa B pAny Snl,—SnBr,—
SnCly. Ilo xapakTepy cMeleHHs PE3CHAHCHOrO NOIJIOMIGHHUS MOXHO CKa-
3aTh, YTO B YKa3aHHOM psLy BO3PAacTaeT CTEeHb WOHHOCTH CBIA3KM — Ha
aTOME OJIOBa BO3PAcTaeT NMOJIOKUTEIALHEIA 3apAaL.

PaccMOTpUM ellle ONVH TIPUMED MUCMOMBIOBAHUS Y-DE3OHAHCHOM CIIEKTPOCKOMUHU.
Ha puc. 99 nokasanmi vy~cnexrpbl Montexysn XeCly m XeF4. Terpaxsopua kceHoHa

XeCly obpasyercst npu pafuoakTHBHOM pacnafe sapa uona 1291 uona ICly (Hampu—
Mep, B coenunennu KICly):

181 — 12%e + F + v
ICI; — XeCly + f + 7

D1 (T),=1,610"ner)

p_
129 Xe*

Y
Py

O6pasytomiecs npy 9TOM Bo3OYXJAeHHble simpa 129Xe 3a cuer -ManyyeHus
NEPEXOAAT B OCHOBHOE COCTOSIHME. JTO NO3BONSET CHATh Y-PE3OHAHCHBI CIEKTp

(cM. puc. 99). Ussecrso, uro uon ICly umeer kBamparTHoe crpoeHne. Takoe xe
CTpOeHMe yCTaHOBJIeHO HJisi Mosiekyabl XeF4. CpaBHenne v-cnextpos XeCly u XeF4
(cM. puc. 99) no3BONAET CHENATL BHIBOA O TOM, UTO KBAJPATHOE CTPOEHHE COXPAHF~

ercA W mocie npespamienust mona 1Cly; B Mosexyny XeCly. AHanoruuHoe yccieno-
BaHMe MO3BOJMIO oGHapyxuth okcuabl XeOz m XeOy, ofpasyommecss mpy v
pacnafie usorona 1291 coemunenus KIOz u KIO4 cooTBercrpenyo:

10— XeO3 + F + v

10§ — XeO4 + §F + v
l'aMMa-CIEKTPOCKONKA MO3BONAET OUEHUTL XAPAKTep paclpelesieHus
9/7IeKTPOHHO! TNJIOTHOCTH B COGJMHEHWH, BBLIACHUTH €ro cTpoeHue. Baxhna
pPOJIb 3TOrO0 MeTOda HCCJGAOBAaHUS JJIsi YCTAaHOBJIEHHA KOHIEHTPalMH U

COCTOAHMA 3/IEMEHTOB B PylaX M MHUHEpaJaX, IJIA YCTAHOBJIECHUA MPOMEXY-
TOYHBIX CTAAUM [IPOXOXKJICHUA PeaKnuil U T.4.
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FTATABA 2. JMOPAKIIMOHHKE METOAN HCCIEAOBAHUA.
MATHHTHHE U3MEPEHHA

§ 1. PEHTTEHOCTPYKTYPHBIA AHAJIN3

B audpakuMoHHEX MeTojax MCCAeJOBaHMA CTPYKTYPH MCHOJNB3YIOTCA
PEHTTEeHOBCKME JIY4YH, NOTOK 3JIEKTPOHOB MAM HEWTPOHOB ¢ AJHMHON BOJHBI
TOTO Ke MOPAAKA, YTO M DACCTOAHMA MEKIY aTOMaMM B MOJIEKyJaX WIH
Mex Yy aTOMaMH, HOHaMH U MoJIeKyJiaMu B kpuctasiax. [lostoMmy, nmpoxonsa
Yepe3 BELIECTBO, ITH Jy4d Audparupyior. BosHukawoomas npH 3TOM OM-
bpakUMOHHAA KapTUH& CTPOTO COOTBETCTBYET CTPYKTYPe MCCIIeAYyeMOro
BelecTBa. PeHTreHoBekue nyyu (peHTreHorpadusi) qallle BCEro MPUMEHSIOT
JLJIA MCCAEHOBAHUS CTPYKTYPhl KDHCTAaJ/IIOB, 3JIEKTDOHBI (3JIeKTPOHOrpa~
dus) — AN UccseROBaHUA 'a30B M KPUCTAIJIOB; HEATPOHH (HEHTPOHOrpa-
dus) — AA McCHeAOBaHUSA KUAKOCTEH U TBEPABIX TeJ.

VYcraHoBka OIS pEeHTTEHOrpadUYECKOrO HCCISAOBaHHSA CTPYKTYpPH
KPHUCTa/JIOB IIOKa3aHa Ha puc. 100, a. PenTrenosckue nyuu U3 peHTTeHOBC-
KO¥ TPyOku [ HampasasioTcsa uepes auadparmy Ha kpucrann 2. [Ipoxons
yepe3 KPHUCTalll, PEHTTeHOBCKME JIy4M OTPAXaloTcs OT Y3JIOB PpeIeTKH
(37eKTPOHHBIX OGOJIOYEK ATOMOB, MOHOB HJIM MOJIEKYJ), OTKJIOHSAIOTCA U
untepdepupylor. udpakiMoHHas KapTMHa BOCIPOM3BOAMTCA Ha (OTO-

njaeHke § B BUJE COBOKYNHOCTH OATEH — MAaKCHMYMOB HMHTepdepeHnuu
PEeHTreHOBCKHX Jiydei (puc. 100, 6).
MNaobpaxenne Ha ¢oTomjieHKe — peHITeHorpamMMa — N[O CYTH JeNla

npejcTaBiisier coG0M CBOEOGPA3HYI0 NPOEKIUIO 3JIEMEHTOB KpHCTAIMYec—
Koit pemerkn Ha Qoronnenky. Ilo monokennio nsTeH Ha peHTreHOrpaMMe
YCTAHABJIMBAIOT MHPOCTPAHCTBOHHOE DACIIOVIOKEHME YACTHUL B KPHCTallIe.
PacmndpoBKa pPEHTTEHOrpaMM TOBBOJIAET ONPEACINTL NAPDAMETPH KPHUC-
TAJVIMYECKON PDEIIeTKH, MeXbALEPHble pPaccTOAHUA M 3PdEeKTHBHBIE pa-
JUychl 06pa3yIOIIKUX KPUCTAIJI YacTHIL.

B 3aBHCHMOCTH OT METOla PEHTITEHOCTPYKTYPHOrO MCCJIEHOBAHUSI DEHT—

i = 2 o
_T_= J .....O.'.-..
a ]

P 1 c. 100. CxeMa peHTIeHOBCKOTO McCIENOBa-
HUS KPUCTAIVIOB (a) ¥ peHTreHorpamma {6)
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T I o 1110
a

T T ol T
J

P u c. 101. PentrreHorpaMmsl:

a — anmas; 6 — rpadur

FeHOTPaMMbl BHIIVIAAAT HO-pasHoMy. Hanpwmep, OHM MOTYT UMeTb B/
COBOKYNTHOCTH KOHLEHTpMYEcKUX Junuil 1 nosoc (puc. 101). Kak BugHO Ha
pPEeHTreHorpaMMax ajiMasa u rpaura (puc. 101), uncio u xapakrep pacno-
JIO¥EHMA JUHUN MU II0JIOC Pe3KO OTAUYAIOTCS, UTO OOBACHAETCA XOpOLIo
M3BECTHBIM PE3KKMM padIMuMeM B CTPYKTYpe 3TUX aJJIOTPONHBIX MOAUDU-
Kalluil yTJepona.

B HacTosiliee BpeMs cO3aHB PEHTIEHOBCKHE YCTAHOBKH, aBTOMATHYEC-
KK pacliM$pOBLIBAIOMIYIE DPEHTreHOTPaMMBI M Jlaske BOCIIPOM3BOSIIINE
CTEPEOCKONMNYEcKUt YepTek CTPYKTYpPbl HceieayeMoro BemecTBa. Jis
3TOr0 ¢ TIOMOWIBIO (POTOBNIEMEHTa PEeruCTPUPYIOTCA PEHTTEHOBCKME JIYuH,
npetepnesmne AUPPaKIUIO Ha KPUCTAINIMYECKON PeIeTKe MCCIeyeMoro
BeulecTBa. MMmynbcbl GoTOZNIEMEHTa AaBTOMATMYECKM KOJMPYIOTCH U BBO-
JATCA B DJIEKTPOHHO-BHIMHCIMTENbHYIO Mamudy. Ha ocHoBaHuu aroit vH-
dopmanum  MallMHa  CO37aeT
MOZenb ONHOW H3 BO3MOMNKHBIX
CTPYKTYP M 3aTeM AejlaeT o6paT-
HbIl pacyer, T.e. O CTPYKTYype
paccUMTHIBAeT PEHTITEHOTPaMMYy.
B cay4yae necopmaieHus paccuu-
TAHHOI W 3KCIEePUMEHTAIBHON
PEHTreHOrpaMM B MOJEJb aBTO-
MaTUYeCKN BHOCATCS ONpenxe-
JIeHHble M3MEHEHUA U OOpaTHBIN
pacder momropsercA. U Tak nmo
TEX MOp, NOKa He JOocTHUraercs
MaKCUMAalbHO BO3MOXKHOE COOT-
BETCTBUE MEXAY DPEHTTeHOrpaM-
Mot u wMogmennio. IlociaegHion
3aTeM MOXHO BUAETh Ha JKpaHe

AJIEKTPOHH O~y YEeBO Tpy6KHM
Puc 102, Crepeockomuyecknit ueprex wnaum ke IBM  Broiuepunsaer
MOJICKYJIBI BUTaMUHa Bip, BBIMEDUEHHBUI  crepeocKONMYECKHH qepTeR
9BM

(puc. 102).
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AHanuz peHTreHOrpaMM NO3BOJISAET BHIACHUTD XaDaKTep paclipefe/eHns
5/IeKTPOHHON TVIOTHOCTH B KpUcTajule. TakuMm nyreM y3HAIOT, ABJIAIOTCHA
JIM HcclleflyeMble KPUCTAIbl NOHHBIMM, KOBAJIGHTHBIMHU UJIM MOJIEKY /IS PHBI-

mu. Ha puc. 103 nokasaHo pacupenejeHue <
3NIEKTPOHHOM MioTHOcTH B Kpucranme LiF. V Qﬁ
XapakTep pacnoJIO)KEHWUA KPMBBIX PaBHOW [§ %:\\\\\
3JI6KTPOHHOI IIOTHOCTH (3apsj 3JIeKTpOHa &_@ &
Ha eauHuLy O06beMa) CBHIETEIbCTBYET O \
MPEeUMYLIIECTBEHHOM IIPOABJCHUM HMOHHOU —
cBs3u. MUHRUMYM 3JIEKTDOHHOM [UJIOTHOCTH t;\p
MOXKHO CUYUTATh TpaHMUEl MexJy HOHAMU ﬁ
Li*u F-. \

F~J 4
AToMEHE M MOHHHE PafiAycH. YCJOBHO k\\ /]\ I~ /
HpUHAMas, YTO ATOMBI M MOHBI UMEIOT N
dopmy mIapa, MOXKHO cuuTaTh, 4TO Mexb- P u c. 103. Pacnpenenenue ornex-
AmepHOe paccTosiHUe d DABHO CyMMe paany- ;P;HHO% NJIOTHOCTU B KPUCTATIIE
coB aByx cocenHux dacrun. OueBuzHO, !
ecnu 06 wacTHUBI OAVMHAKOBH, pamumyc kaxaoit pasen !/,d. Tak,
MexbALEPHOS PACCTOSAHME B METAJINYECKOM Kpucranie Harpus ¢ = 0,320
HM. OTciofa MeTaJyimdeckuil aTOMHBLE panuyc Harpus papeH 0,160 nm.
MexbagepHoe paccTosnue B Mosexkyne Nap cocrapnsger 0,308 uM, T.e.
KOBaJIeHTHHIt pajguyc aToma Hatpusi paseH 0,154 BM. TakuMm 06pa3som,
aTOMHBIE pPaJMychl OJHOTO M TOrO e DJIeMEeHTa 3aBUCAT OT TUlia
XUMUYECKOH cBA3U. PasMepsl KOBAJIGHTHHIX DaJMyCOB 3aBUCAT TaKke OT
NOpsiAKA XUMHUYECKON CBA3W. HanpuMep, npy OJWHApPHOH, IABOWHOA U
TPOIHOMW CBA3M KOBAJIEHTHHIC pajwWychl aToMa yriaepona pasael 0,077, 0,067
u 0,060 HM COOTBETCTBEHHO.

OddeKTuBHBIE paguychl aTOMOB U HOHOB B COGJMHEHUSIX ONpPelessiioT
IO pa3HOCTH MEXbANEPHOTO paccTOAHUSA d M U3BECTHOIO 3(pPeKTUBHOrO
pamMyca OAHONW W3 wactuu. Tak, pasHbIMH METO/laMH YCTaHOBJIEHO, YTO
paauyc uona F- cocraBasier 0,133 uM. Pacmudpopka xe peHTreHOrpaMm
wkpuctasia NaF gaer smagenme d = 0,231 uM. CrepoparesibHO, pagmyc
nona Na* pasen 0,098 M.

Pasmep addextnBHOrO pajmyca aTOMOB KM HOHOB 3aBHUCUT TaKke OT
XapaKTepHOM IJiA [JaHHOM CTPYKTYPhl KOODIMHAIMOHHOIO Yhcia (K. 4.).
Tak, ecin ApH K. 4. 8 MeTauiMueckuil paguyc aroMa Na papen 0,160 Hm,
To ipu K. 4. 12 on monken coctaButh 0,189 HM. 3HaueHHs METalNMYECKUX
paZuycoB OGLIYHO NPHMBOAAT IS K. 4. 12, a HOHHBIX — aaa K. 4. 6
(ctpykrypubit Tun NaCl). B onmpegeneHuu 3HadUeHUE ATOMHBIX M HMOHHBIX
PaauycoB NpHHAAJEKUT ocobas zaciayra B. Fomspmmuary, JI. Hoauury,
H.B. Besnory.

)
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§ 2. DJIEKTPOHOTPA®UYECKUA U
HEATPOHOTPA®UYECKUN METO/IbI

Ha pue. 104 nokasana npHHOUOMAIbHAS cXeMa 3JIeKTpoHOrpada aas
W3YYEHUs] MOJIeKYJ ra3os. IJOTOK 3JIeKTPOHOB, 06pa3yIOIUXcs NMPU CHIb—
HOM HAUPEBaHUM METAIMYEecKO#d HUTU § U YCKODEHHBIX Da3HOCTHIO MOTEH-
uuanoB 3, MpOXOAMT Yepe3 kaMmepy. B kamepy momaercs HEKOTOPOE KOJIW-
YECTBO MOJIEKYa ucesaefyemoro BenlecTBa J. Berpewasch ¢ monmekynamu,
MOTOK 3JeKTPOHOB Audparupyer. Pesysibsrar Augpakiiuy perucTpupyercs
Ha ¢oTorpacduyeckoil muacTUHKe 2 B BUAE 34€KMPOHOLDAMALDBL.

DJIeKTpOHOrpaMMa [a30B M KPUCTAJIOB NpUBeAeHb! Ha puc. 105, a, 6.
DJEeKTPOHOFpaMMa COCTOMT M3 UEHTPaJbHOrO NATHA W OKPYXKAIOMIUX €ro
KOJIel, pas3iu4HON WHTeHcuBHOCTH. lleHTpanbHOe mATHO 06YCJIOBIEHO
HEPACCesTHHBIM MyYKOM 3JIEKTPOHOB, a KOJbIA BO3HUKAIOT 3a CYeT 3JEeKTpOo-
HOB, pacCeAHHbIX N0J] COOTBETCTBYIOIIMMU YIVIaMH K IepBOHAYaJbHOMY
HalpaBJIGHUIO HyyYKa. XapaKTep Kojel ¥ MX WHTEHCUBHOCTH 3aBMCAT OT
CTPOEHUST HcciefyeMbix Mosekyn. COOTBeTCTBYIOIME METOABl pacIiiMppoB-
KJ JalOT BO3MOMHOCTb YCTAHOBUTL (POPMY MOJIEKYJbl, B3aMIMHO€ Pacmojio-
JEeHWe B Heil aTOMOB, BaJICHTHBIE YIJIBI U MexXbsiJepHbe paccrosiHus. Pe-
3YJIbTAThl 3JIEKTPOHOTPabMYECKOIO ONPEAeIeHMsT CTPYKTYPH HEKOTOPHIX
MOJIEKYJI TIPUBEJIEHBI B Taba. 17.

Ta6auua 17. Crpykrypa HEKOTOPHX MOJIEKYI

Monekyna | JauHa cBA3M, HM BajyieHTHBI yroa Dopma MOJIEKYJIBI
Cl, ClCl1 0,200 - [aHTenbHAs
SO4 SO 0,143 0SO 120° Ilnockast TpeyroibHas
BF; BF 0,130 FBF 120° To xe
COCl, CCl 0,174 CICCl | 112°30° »

CO 0,117
PBr3 PBr 0,218 BrPBr | 101° Mupamunanbras
Py PP 0,221 PPP 60° Terpasapudeckas
CCly CCl 0,175 CICCl | 109°28° »
CS, CS 0,155 SCS 180° Jluneitnas

OJIeKTPOHHOE M3JIYYeHHEe TPUMEHAETCS TaKkkKe AJs U3YYeHUA CTPOCHHUA
KpHcTasoB. M3yyaeMoe BellecTBO HAHOCAT OYEHb TOHKHMM CJIOEM Ha IJIeH-
Ky, KOTOpYIO NpOCBEYHBAIOT 3JI€KTPOHHBIM udjaydeHueM. IlpuBesienHble Ha
puc. 105, 6 snekTpoHOrpaMMbl (HONABLIHM MELH M KeJ1e3a ITOKA3BIBAIOT OTIU-
49Me B CTPYKTYpax Meiu (pelleTka paHeUEeHTPUPOBaHHOIO Kyba) M Jkenesa
(peuzeTka 06BLEMHO LEHTPUPOBAHHOrO Ky6a).
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I*L
P u c. 104. Cxema siexrpoHorpada: I I
1 — mapbl uccreyemoro semtectsa; 2 — ¢o- 4
TOMNJIACTMHKA; 3 — YCTPOMCTBO, YCKOpsliee Y 2'

3NEKTPOHbI; 4 — UCTOUHMK BJIEKTPOHOB

Fe

6
P u c. 105. DnexTpoHorpaMmb::

7 -- ra3oB; 0 — KPHUCTANIIOB

Jdna uccnenoBanusi cTpyKTYpbl KPUCTAVIOB U JKUAKOCTEH OpPUMEHAeTCS
TaKkke HeTpoHorpadus. IlpeuMmymecrso HeiiTpoHorpadus nNo cpaBHEHUIO ¢
APYruMy AU paKIUOHHLIMM METOAAMU UCCACAOBaHUA 3aKJK4Yaercsd B
BO3MOXKHOCTH yéTaHOBVlTb HPOCTPaHCTBEHHOE MOJIOXKEHNWE aTOMOB BOJIOPOLA,
YTO OCOOEHHO HEHHO IIpY H3YYeHHHU OGHOJIOTMYECKUX OOBEKTOB M ITOMOraeT
pelleHnio PYyHIaMEHTAIBHEIX NPOGIEM MONEKYIAPHON GUONIOTHI.
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§ 3. UCCJIENOBAHME BEIIECTB B MATHHUTHOM IOJIE

Ilo OTHOMmEHMIO K BHEUIHEMY MArHUTHOMY MOJIO pPa3iHyalorT ouguai-
HUMHKBE U NAPAAMLATHUMNDIE BelleCTBa. ﬂHaMaFHHTHbIe BelllecTBa OKa3biBa-
JOT MPOXOKJEHUIO MACHUTHBIX CHJIOBBIX JIMHUN 60jblliee CONPOTHBJICHHE,
4YeM BaKyyM, ¥ NOITOMY BHeIlIHee MarHUTHOE MoJie MX BhiTasKkuBaeT. [lapa-
MarHUTHbBIE BEIECTBA, HAHNPOTUB, HPOBOAAT MAaTrHWUTHBIE CUJIOBBIE JIMHUM
JIydIle, YeM BaKyyM, M IIO?TOMY MarHWTHOe IOJie BTATMBAET TaKue BelecT-
Ba. IloMemenHble MeXKIY MOJIOCAMU CHUIBLHOTO MarHWUTa, NMEpBhIe OPUEHTH-
pPYIOTCA NEepHeHAUKYAAPHO CUAOBbIM JuHHAM (puc. 106, a), BTOpHIE —
BAOMb cUJIOBHIX JuHMil (puc. 106, 6).

Croanp pa3/iiyHOe [IOBEIEHME AMa- M [apaMarHUTHBIX BellecTs o6yc—
JIOBJIGHO Da3NYHBIM XapaKTepoM MX BHYTPEHHHX MarHMTHHIX moJjeir. Kak
M3BECTHO, BpalleHUe 3JIEKTPOHOB BOKPYI OCM CO3/1aeT MarHMTHOe IIoJe,
XapaKTepU3yeMoe CIUHOBHIM MAarHUTHBIM MOMEHTOM. Ecau B BelllecTBe
MaCHUTHHIC [0/ 3JEKTPOHOB B3aUMHO 3aMKHYTH! (CKOMICHCHPOBAHBI) M HX
CYMMapHBIff MOMEHT paBeH HYJIO, TO BEIECTBO SABASETCA AUaMaTHUTHBIM.
Ecau ke MarHWTHbIE NOJA 3JIEKTPOHOB HE CKOMIIEHCHPOBAaHB U BELIECTBO
UMeeT CcOOCTBEHHEIMI MATHUTHHII MOMEHT, TO OHO siBJisiercs IapaMar-
HUTHBIM. Tak, aToM BOJOpO/a, MMEIOMIMIT OJUH SJIEKTPOH, [TapaMarHUTeH.
Monekyna xe H, guamarHurHa, Tak Kak npu o6pasoBaHWM XUMHYECKO
CBA3U MPOUCXOANT B3aMMHAsA KOMIEHCAIMS COMHOB 3JIGKTPOHOB.

OTHOMIeHHe BEINECTB K BHOHIHEMY MarHMTHOMY IOJIIO MOXHO HCCJIEHO-
BaTh ¢ MOMOLIBIO YCTaHOBKH, M306paskeHHON Ha puc. 107. Haxomsameeca B
CTEKJITHHON aMIIyJie BeIlecTBO TapUpPYIOT Ha BecaX. BKaoyamoT anekTpo-
MarHUT U ONPeenAloT BO3HUKAWOINIEe DU 9TOM BTSCHBAaHUE MJIM BHITAJKU-
BaHUe aMIyjbl, ypaBHOBemMBas Bechl. O4eBUHO, YTO BTSTMBAHUE Mapa-
MarHUTHOFO BEIlecTBAa B MAarHUTHOM moje Oyger TeM Gosbine, yeM Gosiblie
Yy HEro HemapHHIX 2/eKTpOHOB. TakuM 06pasoM, H3yYEeHHME MATHHATHBIX
CBOMCTB IO3BOJIAET YCTAHOBUTHL YUCJIO HEMADHBIX 3JEKTPOHOB B BEIlECTBE U
paclnpefiefieHHe 3JeKTPOHOB 110 OPOUTAIIAM.

P u c. 106. IoBenenne B MArHUTHOM MoOJIEe AMA- Puec 107. Onpenenenne

(@) u napaMarHUTHBIX (6) BeWECTB MATHUTHOM BOCIIPUMUMYMBOC-
™




Paspen V
BBe,qume B TEeOpMi0 XMMmn4eckKux rnpoueccon

Xumineckoe NpeBpalieHHe, XUMUYeCKasl peaKlUsl ecThb
[IaBHBIA TIpeaMeT XWUMHHM. MaydeHue pasiiMuHBIX
CBOVICTB 3JIEMEHTOB U WX COeJHWHEHMil, B YacTHOCTH,
CTPOEHMSI aTOMOB M MOJIEKYJl HAeT B CYHIHOCTH s
XMMHMM  BCIIOMOTATENLHBI  MaTepuas, obJerdalonuia
IMIABHYIO 3afladyy — 3ajayy palHOHAJIBHOTO YIIpaBjie-
HUA XMMUYECKMM TpeBpalleHueM... Yem riybke u
noapobHee Mbl 3HaeM CBOMCTBA BEIECTBA U €r0 CTpoe-
HUe, TeM yBepeHHee MOXKeT MeHCTBOBATH XUMHUK B
CBOMX CHMHTE3aX.

H.H. Cemenos

XuMHYecKoe NpeBpallleHue — 3TO KauecTBEHHBINM CKauOK, IIPU KOTOPOM
HCYe3al0T OHY BellecTBa U o6pasylores apyrue. Ilpoucxonsimast Ipu 9ToM
NIepEeCTPOKA NMEKTPOHHBIX CTPYKTYD aTOMOB, HOHOB U MOJIGKYJ CONPOBOX-
ZaeTcs BBIIEJICHMEM WX MOTJIOLIEHNEM TEIUIOTH, CBETa, 3JI6KTPHYecTBa U
T.I. — NPEBPAICHUEM XMMHYECKOH SHEPrMU B APYTOH BUJ 3HEPTHUIL.

Onepreruyeckne 5¢pdexts peaknuil uzywaer mepaozuaus. JaHHsie 06
sHepreTHuecknX 3deKTax peakuil MCHONB3YIOTCA AJS pacyeTa SHEPIUU
MEXATOMHBIX M MEXMOJEKYNAPHBIX CBA36H, [JIA BHIACHEHHA CTPOGHUA U
PeaKIMOHHOM CIIOCOGHOCTH BELIECTB, [JA YCTaHOBJIEHUsS HANPaBJICHUA
XMMHYeCKHX IPOLECCOB, [JA pacuera SHEpreTHYecKUX GaaHCOB TEXHONO-

' PUYeCKHX IPOMECCOB U T.A.

CocrosHue cucTeMbl (BELIECTBa WJIM COBOKYIHOCTH BEIECTB) ONMCHIBA-
JOT ¢ MOMOIIBIO psiia NapaMeTpoB — TeMnepaTyphl T, NaBjleHHs1 p, o6beMa
V, Maccsl m. JjIst XapaKTepHCTMKU COCTOSHHNS CHCTEMBI M NPOMCXONALINX
B Heif U3MEHEeHWI BaXXHO 3HATb TaKke U3MEHEHHE TaKUX CBOWCTB CHCTEMBI,
KaK ee BHYTPeHHAA 3Heprus U, suwransnusa H, sutponus S, sHeprus I'm6-
6ca (. [lo M3MEHEHMIO 3THX CBOMCTB CHCTEMBI MOKHO CYIMTb, B UaCTHOCTH,
06 3HepreTuKe MpoUECcCOoB.
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T'JABA 1 SHEPTETUKA XUMHWYECKHX IPEBPAIIEHAA
§ 1. TEIVIOBO S®®EKT PEAKIIUN

XuMnueckne peakuuu OOBIYHO IIPOTEKAIOT NPH HOCTOSHHOM JaBJIEHUH
(Hanpumep, B OTKPHITOR KOAGE) MM NPU MOCTOAHHOM OObeMe (Hampumep,
B aBTOKJIaBe), T.€. ABJAIOTCA COOTBETCTBEHHO HW306apHEIMHU MAM UBOXOPHBI-
MM TIpOlecCaMu.

Onepreruueckuit 3P¢eKT XUMUYECKOro Npolecca BO3HUKAeT 3a CYeT
U3MEHEHHUA B cHcTeMe BHyTpeHHeil sueprun U wiu saransnud H. Bayrpen-
HAA 3HEpPrusA — 3TO OOIIUI 3alac SHEPTUM CHCTEMb, KOTOPHIM CKAaJblBaeT-
€A U3 3HEPTMM ABMKEHUS U B3aHMOJEHCTBIA MOJIEKYN, SHEPIHM JABHKEHUSA
U B3aUMOJEHCTBUA SAEP Y IEKTPOHOB B aTOMaX, MOJIEKYJIaX M KpHUCTAI-
Nax, BHYTPUALEPHOH Hepruu H T.I. (T.e. Bce BUABI PHEPrUU KpoMe KUHe-
TUYECKOI JHEPrMM CcHCTeMBl Kak LeJIOTO M ee HOTeHUMaJbHOMl SHEepruu
HOJIONEH M ).

IlpeanonoxnM, 4TO HEKOTOpas cUcTeMa 3a c4yeT MOIJIOLIEHHA TellVIOThE
Q nepexoauT U3 cocrosiHus I B cocrosinne 2. B obeM ciydae 3Ta TemoTa
pacxojyeTcsa Ha M3MeHeHUe BHYTpeHHeil sHepruu cucrembl A U/ u Ha coBep-
[IeRNe paGoTsl IPpOTHB BHeHUX cuat W: @ = AU + W.

IlpuBenenHoe ypaBHeHME BHIPAKACT 3aKOH COXPAHEHWS HEPrUM .

IlpennonoxuMm, 4YTO cucTeMa 3a cYeT MOTJIOLMEHMS TENJIOTH ( mepexo-
JMT M3 HAa4aJbHOTO COCTOAHMsI | B KOHEYHOE COCTOAHHUE 2, Torja:

AU = Ug—Ul.

Jnst XuMu49ecKUX Peakuuii mox paboOTON NPOTHB BHELIHMX CHJI MOZApa-
3yMeBaercA paboTa MPOTUB BHewrHero gasieHus. OGBIYHO OHa cOBeplUaeTcs
3a cYeT pacHIMPEeHUA CHCTEMbl, HaUpUMep, HPM BLIAEIEHUH ra3a B XOje
pakiuu (puc. 108). Pa6oTa 0poTMB BHEIIHETO MAaBJICHMA paBHAa MPOM3BEIE-
HUIO JIaBJIeHHA p Ha HW3MeHeHme oGpeMa cuctemsl A V mpu nepexope ee us
cocToAHUA I B cOCTOsIHME 2:

W=pAV: AV=V,— Vy; W=p(Vo— V).

IIpu usoxopaoM mponecce (V' = const), NOCKONBKY U3MEHeHHs 06BeMa
cucreMbl He npoucxoaur, W = 0. Torna mepexoay cMcTeMbl U3 COCTOAHUSA
1 B cocroanue 2 oreedaer paBeHcTBo: Qy = U, — Uy = AU. Takum obpa-
30M, €CJIM XUMUYECKad peaKlus MPOTEKAeT IPHM HOCTOSHHOM O6bheMe, TO

*3aKOH COXPAHEHWS OHEDIMM HASHIBAIOT TaKKe NEPedlil 3GXOHOM MEPMOUNGE-
AUKY.
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BHewHee
AasneHve

CaCOs4(x)

P u ¢. 108. PaBora, Bbino/HsAeMasa XUMUYECKON CACTEMOMN
NPOTUB BHELIHEro NasieHus p (NOpIeHb HEBECOMBI )

BBIAEIGHME WM TOLJIOMIEHHE TeIIOTH (Jy CBA3aHO ¢ M3MEHeHHEeM BHYTpPeH-
HEell 3HEeprMH CHUCTEMHI.
IIpu nso6aphom npouecce (p = cost) Tennopoit addexr ¢y pasen

Qp=AU+pAV, Qp=(U— Uy) + (V2 — V)

UM

Qp = U2+ plh) — (U1 + plh).

Beenem o6osnavenue U + pV = H. Torna Qp = H, — H = AH.

Beauuuny H HasHIBAalOT anmaasnuet. JHTAJBIKMIO MOXKHO DPaccMaTpH-
BaTb KaK DJHEPTMIO paclivpeHHoM cuUcrembl. TakuM o6pasoM, eciu NpH
W30XOPHOM HOpolecce dHepreTmdeckuilt 3¢pGexT peaknuu paBeH U3MEHEHUIO
BHyTpeHHeN sHepruu cuctemsl Qy = AU, 1o B ciydae m3obapHOro mpomnec—
ca OH DaBeH WBMEHeHUIO JHTAIbIMU cucTeMbl (Jp = AH.

Ounepretuueckuit 3GdeKT peakuuM, NpPOTEKalOUleH NpPH NOCTOAHHOM
NaBleHNH, OTJMYaerci OT 3JHepreTndeckoro sddexta peakuuy, IpoTe-
KaloIllefl Npu INOCTOAHHOM o6beMme. [lomamBnsiomee GOMBIIUHCTBO XUMM-
YECKUX PpeaKUUN MNPOMCXOXUT NOpHU HOcTossHHOM pJapieduu. IlostoMy B
AajibHeiflieM Mbl OyJeM OCHOBHOE BHUMAaHUE yAeNATb KN3006apHBIM Npo-
IeccaM M OLEHUBATH 3Heprerudeckuil 3G GheKT peakuuy W3MEeHeHHeM 3H-
TAJIBIHH CHCTEMBI.
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§ 2. TEPMOXVMUYECKHUE PACYETBI

Tenuosbie 3QdeKTh peaKiuii ONPEREASAIOT KaK IKCIIEPUMEHTANLHO, TaK
U € MOMOUIBI0 TEPMOXMMUYECKMX pacueros. CiefyeT OTMETUTH, YTO HEBO3—
MOXKHO ONpPeJe/uTh abCcOMIOTHLIE 3HAYeHUS BHYTDEHHEN HYHEPrUM U DHTallb-
ouu. OfHako [ TEepMOXMMHYECKUX pPacuyeToB 3TO HeCYLIEeCTBEHHO, HO-
CKOJIbKY UHTepecyeT dHepretudeckuit sdpdext npouecca, T.e. M3 M e H € —
H U € COCTOAHUA CUCTEMbl — W3MeHeHue 3Hauesuit U u H.

Ipu sxsomepauuveckuzr peaknusx TemaoTa Bb L €A €TCc A, T.e.
YMEHbIIAETCA JHTANBINA, WIM BHYTPEHHAA DHEPrUA, CHCTEMBl, U 3HAYEHUA
AH u AU pna uux orpunateybHbl. llpu sndomepauxecxur peakumAx
TemaoTa mordomaeTcs t.e. Hu U cucreMs Bodpacrawor, a AH u
A U ¥MeIoT NMOJI0KUTeNbHbIE 3HAYEHUS.

Jast Toro 4To6Bl MOXHO ObJIO CPaBHHUTL JHepreruyeckue 3ddherTs
Pa3INYHbIX [POLECCOB, TEPMOXMMHMYECKHE pacyersl OOBIYHO OTHOCAT K 1
MOJIb BEIECTBA U YCJIOBUSIM, IPUHSITHIM 3a cmaxdapmuste. 3a CTAHAAPTHHIE
npuenMaioT aasiedue 101 325 Ila u rTemmeparypy 4ame Bcero 25°C
(298,15 K). Cranaaprarie temioprie 3¢ dbexTs npunATo obosnadars AH

(A Upgq)-

TennoBbie 3 dEKTbl Malo YYBCTBUTEIbHBL K UGMEHEHUIO TeMIlepaTypbl U [aBiie—
nusi. Tak, nns peakuuu

C(rpadur) + COy(r) = 2CO(r)

yBenuvenue teMmepaTypbl o 500 mo 1500 K npuBOAMT K yMeHBILIEHUIO TEIJIOBOTO
abderra ¢ 173 no 165 wJlx, T.e. Ha 5%.
[lpn yeesmyennu paenenus or 108 g0 5-10° rlla TerioBoit addert peakunn

1/3Na(r) + 3/,Hy(r) = HgN(r)

yMeHbltaercs Bcero Ha 5%.

VYpaBHEHUsA XUMHYECKMX DeaKIMil ¢ ykasaHueM Tensosoro sdgdexra
Ha3BIBAIOT MEPMOTUMULECKUMY YPaBHenuLuy. TepPMOXUMUUECKOE ypaBHe-
HHE peaKklHuy cMHTe3a 1 MOJb BOJBI UMEeT BUJ,

Hg(l‘) + 1/202(1‘) = Hgo()K), AH;QS = —285,83 KI[)K

B TepMOXMMHYeCKMX ypaBHEHUsX yka3sbiBaeTcA Takke $HasoBoe cocToA-
HUue u noauMopduas MomudHUKauMA pearupyromMx ©“ 06pal3yolUAXCH
BEIECTB: T — Ta30BOE, X — KUJKOe, K — KPUCTAlIMYecKoe, T — TBEpIOe,
P — PAcTBOPEHHOe U JIp.
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3axoB lecca. B ocHOBe TEpMOXMMHYECKUX PpACHYETOB JIEHKUT 3aKOH,
copmynuposannniit [.U. Feccom (1841): menaoaoti sPdexm sasucum
moavko om suda (npupodet) U COCMOIHUL UCTOOHBIT GEWECME U KONEUHBLL
NPodYKMOG, KO HE 3ABUCUM O NYMU NPOYECCA, N.€. 0T YUCAA U TAPAKTME-
PA NPOMEKYMOUHBT cMAduT.

Tak, obpasosanue oxcuza yriaepoua (IV) us rpadura m xmcnopona
MOXHO PacCMaTPUBAaTh WM KaK HEMOCPEeACTBEHHEIN pe3y/bTaT B3aUMOMAEH~
CTBUA NPOCTHIX BELIECTB

C(rpadur) + Oa(r) = COy(r), AH;

WIM KaK pe3yJbTaT MNporecca, NPOTEKAIONIETO 4Yepe3 IIPOMeKyTOYHYIO
CTaIUIO 06pa3oBaHUA U cropaHus okcuua yraepopa (II):

C(rpacur) + 1/,05(r) = CO(r), AH,
CO(I‘) + 1/202(1‘) = COz(I‘), AHg
UM CYMMBpPHO

C(rpadur) + Oo(r) = COy(r), AH, + AH,

Corsacio 3akony [lecca, remsobble 3¢dextsr o6pasopanus CO, kak
HENOCPEACTBEHHO M3 MpPOCTHIX BEIIeCTB, TaKk U UYepe3 NPOMEXYTOUHYIO
craauio obpasopanusi u cropanus CO pasust AH; = AH, + AH;.

IlpuBenenHble paccysIeHWsl MOXKHO NPEICTABUTL B BHJE TaK HA3LIBae—
MOii snmaavnutinot duarpamas (puc. 109). Pasnuume B ypOBHAX SHTAIb-
OMH MCXOMHBIX BEILECTB, MPOMEKYTOUHBIX W p
KOHEYHBIX OPOJYKTOB Ha AUArpDaMMe OTBEUACT  gfx/mars
TENJIOBBIM apderTam COOTBETCTBYIOIIUX
peaknuii.

Mo suTansmuitnoll auarpamme (puc. 109) wan 4Hy
NPUBEJEHHOMY BHIIIE DaBeHCTBY HETPYAHO -/00f O+ 0,(r)
BBIYMCJINTh OAHY W3 Beuuun A H, 3Has 1ape
npyrue. Kak wusBectno, Tennmosble sddextel -t |44
obpasoBauusa CO; (AH;) u ropenust CO (A Hy) AH;
ONpPeAeNAIOTCA IKCNepUMeHTanbHo. Tennosoit _gp
ke apdexr obpasosanus CO (A H;) usMeputs
HEBOBMOXKHO, TaK Kak PU TOPEHNH YIJIePOAa B _,p,
YCJIOBHAX HEJAOCTaTKa KHCAOpoAa ob6pasyercs
emec CO u CO,. Ho Ttensiory o6pasopanusi 5
CO MOXHO paccYMUTaThb N0 UBBECTHHIM 3HAUYE- PMEFC'aML?‘Oh?;;ZJ:;I;"MFH?
anav AH (—393,5 kJlx/voms) n AHy (—283,0 s pa-
kx/Mons): AH, = AH — AHs, AH, =
= —110,5 /I /Moub.

C(epa@um)+ Oa(r)

T

T

CO(r)
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Ouranbnus (Tennora) o6pasopaBmsi. B TepMOXMMMYECKMX pacderax
IIMPOKO WCIOJB3YIOT 3HTaNsuuy (Termnorsl) ofpasoBanus semects. llox
IHTAJIBIMEH 06Pa30BAHMA TTOHMMAIOT TENJIOBOM 3P deKT peakiuy o6pa3opa-
Husi 1 Monp BemecTBa U3 UPOCTHIX BemecTB. OGBHIYHO MCHONB3YIOT CTaH-

o

OApTHHE 3HTAILIAYN 00pa30BaHus; nX 0603HAYAIOT AHO6p 5gg WM AH"} 203
,29 26
(vacTo ommH W3 uHAexcoB omyckaoT). CTaHZapTHbIE PHTAILNNU 06pa3oBa-
HUA MPOCTHIX BEMIECTB, YCTOWYMBLIX B CTAHAAPTHLIX YCJIOBUsAX (rasoobpas-
T a6xnuuna l8 CrangaprHasi SHTAMBOMST 06Pa30BAHUS (AH} 208)
s

HEKOTODBIX BEINECTB

BeniectBo AH},ZQ& Beuecrso AH},298
kJIx/Momb Kok /Monb

Al(r) 326,3 H,0(x) 285,83
Al3*(p) 530,0 H,SO04() 814,2
Al,Og(x) -1676 K*(p) 251,2
Aly(SO4)s (k) -3442,2 KCI(k) 435.9
Clanmas) 1,828 KClO3(x) -391,2
CHa(r) 74,86 KNOs(k) 493,2
Co(r) 1105 KOH(x) 425,8
COy(r) 3935 MgSO4(k) -1301,4
CaCOs(x) ~1206,9 MgSO,- TH20(x) | -3384
CaCly(x) ~795,0 N(r) 472,8
CaFa(x) -1220,5 NO(r) 90,25
CaO(x) 6355 NO(r) 33
Ca(OH)(x) -986,8 NO3(p) 2075
Ci(r) 121,3 Na(r) 108,3
Cr(r) -233,6 Na*(r) 606,1
Cl(p) -167,2 NaCl(x) -411,1
H(r) 217,98 NaOH(k) 425,6
H*(r) 1536,2 NaySO4(k) -1384,6
H*(p) 0 o(r) 246,8
HBr(r) 34,1 0s(r) 142,3
HCI(r) 92,8 OH(p) -230,2
HF(r) -270,9 S(MoHOKIIMH. ) 0,38
HI(r) 26,6 SOu(r) 296.9
H,N(r) 46,19 SO4(r) -396,1
HNO(x) 74,3 SO4(%) 439,0
H0(r) 241,82 Zn0(x) -350,6
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HBIIl KMCJIOPOA, KUAKUN 6poM, KPUCTAJIMUECKHIT MO, poMOHUYeCcKas cepa,
rpaduT M T.4.), UPUHUMAIOT paBHbIM HymO. CTaHAapTHbE 3HTANBLIUHA
06pa30BaHUsl HEKOTOPBIX BELIECTB PUBEAEHH B TabJ. 18.

CorsacHo 3akoHy [ecca TemyoBoit a¢pdeKT peakUUM paBeH CyMMe 3H—
TaNeNU 06pa30BaHUA NPOAYKTOB DEAKUUHU 3a BHIYETOM CYMMBl SHTAIbIMMA
06pa3oBaHUst UCXOAHBIX BeliecTs. /18 peaknuu suja

aA + B+ ... =dD + eE + ...
TensioBoil a¢pdext A H onpenensercs paBeHCTBOM

AH = (dAH )+ MM

°’ +..) = (”AHf,A + bAHf’B +...)

UIn

AH = EAH}’HPOI1 — LA H;

,HCX”

Tak, A7 peakUuu B3aUMOJAEHCTBUA KPUCTATJIMYECKOTO OKCUAA AJIFOMH~
HusA ¥ rasco6pasHoro oxcuia cepur (IV)

Al,O4(r) + 3504(r) = Aly(S04)3(x)

Tem10Bo# 3¢ QeKT B cTaHAAPTHEIX yeaoBuAX A H, . onpeaeisercs ypaBHe-

HHUEM
Alfyg = AH}, Al(SO4)s (AHf, ALO, 3AHf, SOs)'

Cornacso manHbeM Ta6a. 18 tennoBoil 3¢pdekT 3TON peaKLUy COCTABIAET

Al

o3 = 1 Momb (—3442,2 k[l /monb) — [1 Moas — (1676,0 xJlx/momn) +

+ 3 Mons (—396,1 k[x/Moms)] = ~577,9 k/Ix.

Bor elle ABa mnpuMepa pacyeTa TEUIOTHI peakuuy * (3HaueHns AH},‘,98

TpMBefeHb! o1 HOPMYJIAMHU BelleCTB):

*He nnst BCex BellleCTB yCTaHOBJIEHBl TOUHBle 3HAUeHMS AH} 208+ 11PMBOIMMBIE
)

B Pas3HbIX JINTEPATYDHBIX MCTOYHMKAX, OHM 4YacTo BechbMa IIPOTHBOpeuMBHI IlosTo-
My peaysibTaThl Bhlunciennit A H' ¢ UconbaoBaHHeM AI-I} 99 MOTYT CYHIECTBEHHO
\

pasnu4aThecsl. OTO OTHOCMTCA M K paccMaTpuBaeMbiM fatiee pacderaM ASu AG.
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CaCO4(x) = CaO(x) + COqr)
-1206.,9 -635,5 -393,5

o

os = [(-635,5) + (-393,5)] - (-1206,9) = 1779 r]lx.
2KClOs(x) = 2KCl(x) + 304(r)
2(-391,2) 2(435,9) 0

AH,, = [2(-435,9) + 0] - 2(-391,2) = 89,4 x[Ix.

OHTaNBIUKY 06paB0BAHUS M3BECTHBI NMPUMEPHO AJs1 4 ThIC. BEIUECTB B PadlMy-
HBIX COCTOSHMSIX. IJTO MOBBOJSIET YMCTO DacYeTHBIM IYTeM YCTAHOBUTH OSHEpreTu-
gyeckre 9PdEKThl caMbIX PasHOOGPA3HBIX IPOLECCOB.

[IpuBeneM HekoTOpble NpPUMEPBI pacyera BHepreTHyeckUx 5b@eKToB IPOLeccoB.

Temonoit adbderr pacTBopeHUs BelllecTBa AH;%TB

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

4258 251,2  -230,2
AHY o = [(-251,2) + (-230,2)] - (-425,8) = 65,6 & ]l
KNOs(x)= K*(p) + NOa(p)
493,2 251,2 2075
Ay = [(-251,2) + (-207,5)] - (493,2) = 34,5 x]lsec.

Temtora (HTanLNMS) HazoBOro Nepexoia

Na(k) = Na(r)
0 108,3
A, = 108,3 -0 = 108,3 k/lx.
SOs(x) = SOs(r)
-439,0 -396,1
AH = (—396,1) — (—439,0) = 42,9 k[lx.

OHeprusi JMCCOLMALMY IBYXaTOMHBIX MOJIEKYJ HAa aTOMbI (3HEPIMA XUMWYECKOH

cBsizu — AH) = Egy)
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Cly(r) = 2CKr)
0 2(121,3)

AHS, = 2(121.3)- 0 = 242,6 k]Ix.
NO(r) = N(r) + O(r)
90.25 4728 246,8

AH, = (4728 + 246.8) - 90,25 = 629,35 x/lx.

DHeprusi NMpeppalleHnst aToMa B MOH (SHEPTMA WMOHM3aUMU AH;OHm; CpoaCTBO K

anextpony AH, n cp).

" H(r) = H¥r) + ¢
21798  1536,2

AH,.. = 1536,2 - 217,08 = 1318,22 k]l
Q) + ¢ = CI)
121.3 -233,6

A, o= (-233,6) - 121,3 = 3549 rcflx.

C DOMOMIBIO TEPMOXMMHUYECKHX Pac4eTOB MOXKHO ONpPelesIuTh JHEpritio
XHMHYECKMX CBA3€I, JHEPrii0 KPUCTATIHYECKON PELIeTKH, SHePrHIO MeX-
MOJIEKYJISPHOTO B3aMMOACHCTBHSA, 3HTAIBIMIO DACTBOPEHMA H CO.IbBaTa-
umnn (ruaparanmn), ssHeprerudeckue 3dpdextel Ha3oBHX npeppamennii ¥
T.3.

Oneprusi XUMMICCKOR CBA3W. 3HAYEHUAMHM IHEPIUU CBA3H HACTO [OJb-
3YIOTCA A7 BbIYMCAGHHA TE10BbIX 3¢eKToB peakUuil, ecian HEH3BECTHH
JHTa1bNMH O6pa30BaHHA BeLecTB, yuacTBylowMx B peakuusax. Co 3Have-
HUAMH &€ TelJoT 06pa3oBaHisl, BO3TOHKM, AUCCOLMALUU M JAPYTHX IHEp-
retudyeckuX 3(EKTOB MONL3YIOTCA ] ONpeAesieHHUA MNPOYHOCTH Mek-
ATOMHBIX, MEXHOHHBIX 1 MEKXMOICKYJIAPHLIX B3AUMOIeMCTBMIl.

XA 1o vik = AN
Boiuiieum sHepruio xumitdeckoit csisn H—Cl (EHCI A H—(‘l) B
MOJIEKYJe XT0pHAA BOAOPOJA 0[O M3BECTHOM OSHTAALIHI 0OOpPa30BAHHSA
AH}}lCl = —928 kMx/Monp 11 3HOPTHM  AMCCOUMAUMM  MOJIEKYJ
H;(AH;MC: 435.0 wllx/moab) u Cl;(Afan, = 2426 klbx/moan) Ha
aTOMbL.

O6pazosarne Moneky: HCl u3 npocTeix BeumecTs MO#HO MbICIEHHO
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pa36éuTh Ha cTaguu: guccouuanus monexya Cl, u H, Ha atoMbl u 06pa3o-
paume mosexyn HCI uz atomor (puc. 110):

1/2Cly(r) = Clfr), 1/2AH,, Cly
1/oHa(r) = H(r), /20 By, Ho

uc
Ho(r) + Ci(r) = HOWr), MMy

1/2H2(1") + 1/2C12(r) = HC](I‘), AH},HCl

B coorBercTBUM ¢ 3akoHOM ['ecca anrebGpanyeckas CyMMa TeNJIOBBIX
addexToB NpoMekyTOUHBIX cTasuii obpasosanus HCl us mpocThix BeiecTs
paBHa SHTaJblMK obpasopadus HCl:

2B Hyy Clo + Vo0 Hyy Ho + AHp_ o) = Al yor

MG o= My — AR, Cly — 1A, Hy,

AH;_ ) = (—92,8) — (2175 + 121,3) = —431,6 x[l/moms,

T.e. 3Heprus cpssu E° = 431,6 k/x/mMonn.

P H—Cl 6 wlla/

O6pa3zoBanue XJI0pUAa BOLOPOAA U3 IPOCTHX BELIECTB — HPOLECC K30~
TepMmuueckuii. CoryiacHo

AR, = AR, — (/20H,

fHCI H—Cl Hy + /28 Hy, Cly)

UC
3Heprus, BHIAeAsIOMAsicss npu obpasosanuu ceszern H—Cl B 1 mons HCl
(431,6 &Jlx/Monb), HEpEKpBIBAET pacXo/ HepPruM Ha pasphib cpaseit H—H
u C—Cl B 1/2 momv H, (217,56 w[x/mone) m 1/2 moawr Cly (121,3
K/l /Momb).

TakuM 06pa3oM, 3K30TEPMUYECKUMH ABJSIOTCA T€ PEaKIMH, NIPU KOTO-
PHIX NPOAYKTH O6GAANAIT 60/ice NMPOUHBIMM XUMMYCCKUAMM CBABSIMH, 4eM
MCXOAHHIE BELIeCTBA. YCJIOBHUS BO3HUKHOBEHMA SHAOTEPMHYeckoro sdderra
peaKIUM, eCTECTBEHHO, HPAMO IIpoTuBomoyoxkHble. Tak, obpasosanme NO
n3 Ny, u O, — mpouece 3HAOTEPMUYECKMIA:

1/oNo(r) + 1/,04(r) = NO(r), AH}NO = 90,2 xJx/MOnb.
B sTOoM cnyuae Ha pa3phiB XUMHUECKMX CBsI3€H B MCXOAHBIX BEIIECTBAX
B !/, Mo Ny u B 1/, Mons O — Tpebyercss 60nbplie IHEPTHM, 4eM €e
BBIIe/IAeTCA NPU 06pa3oBaHMM NPOAYKTa, T.e. 1 moae NO u3 atomos (puc.
111).
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P u c. 111. DOHranbnouiiHas AMarpaMma o6-
pasosaina NO 13 IPOCTBIX BelIeCTB

OHEpPrusi KPHCTALIHYECKOH PpEMIeTKA. OHEPrusl  KPUCTalINYeCKON
PEHIETKY OHCHUBACTCA KOJMYECTBOM SHEPrMM, KOTOPOe HeoOXOAMMO 3aTpa-
THTh [UI pa3pylIeHNs1 KPHUCTANJINYECKON DellleTKH HA COCTaBHBIE YacTh U
yAAJNeHUs] MX JPYr OT JApyra Ha OGeckoHeYHO 6oubioe paccrosnue. [lo
3HAYEHHUAM 9JHEPIMM KPHCTA/UIMYECKON PpEIIeTKH MOXKHO CyAUTh O THIle
XMMHYEcKOll CBA3M B BellecTBe U ee dHepruu. [JoHaTHO, YyTO HaMbOBIIYIO
SHEPTHI0 KPUCTAJIIMYECKOH DelIeTKH HMEIOT MOHHBIE U MOHHO-KOBAJICHT-
Hble KPUCTA/JIBI, HAUMEHBIIYI0O — KPUCTAJLJIBl ¢ MOJIEKYJAPHOH PpeleTKoi
(ra6n. 19). Merannbl [0 3HAYEHUAM IHEPrUU KPHUCTAILTUYECKON pPEINETKH
3aHUMAIOT IPOMEXYTOYHOE MOJIOKEHUE.

Ta6nuual9. Sneprust (Uyg,) HexoTOphIX KPUCTANIMIECKHX PEIIETOK

Kpucrannmyec-| IIpumep U;s)s’ Kpucrammyec- [pumep Uzgs*
Kas pelleTKa k]Jl#/ Monb} |Kas penrerka & ox/ Moib
VonHas NaCl 785,1 AtoMHO-Me- K 89,2
LiF 1024 TaJIMyecKas Cr 397,5
KOH 790,5 Monexynsiprast CH, 10,0
KNO; 684,5 ¢ AMCIepCHOHHbIM H, 1,004
AroMHo-koBa~|C(anmas) | 715 B3aMMOJEACTBUEM
TEeHTHAs SiC 1250 MoutexyssipHast H,O 50,2
¢ BOJIOPOJHOI HF 29,3
CBS3BIO
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#e Ecau ras, obpasyomuitca B pe-
KQwc/Hans 3yNLTaTe BO3TOHKMU, COCTOMT W3 TeX

A€ 4acTHll, YTO M caM KpHCTAld, TO
800t Na'tr)+ CLr) JHepris KPUCTAIMUYECKON peluer-
KH COBRNajZaeT €O 3HayeHHeM JHep-
]
500} R 2t cpar=Far I'MH BO3rOHKM (cy6aumaumu). ITO
A pomusni I¥a . - OTHOCHTCH K MOJEKYJAPHBIM, aTOM-
oo Na(r)+Cl(r) HO-KOBAJIeHTHLIM 11 AaTOMHO-MeTal-
’/zlllk Na(ri+Cir) AMYecKiIM KpuctannaM. TakuM 06-
2003 Na(r)+ /s Clalr) pa3oM. B a'romv cjy4ae 3Hepruio
Na(r)+ 1 Cllr) KPHCTANTUYECKO peIIeTKH MOXHO
0 i o .. ONpeeHTh IKCTIePUMEHTAIbHO.

toa] o Mpefiac UKl Buenrun xe nommo kpcTanin-
ok 4H¢ ey p ' P "
200 YecKON PpeleTKH JSKCIepHMeHTalb-
NacCl(x) HOMY Onpe/esieHNIo He MNOJJaercs,

-400}
TaKk KaKk [OpH BO3TOHKE MOHHBIX

KPHMCTA/LIOB  06pa3sylOTcsi  aTOMB
i mordekyasl. Ho smepruio mon-
HOH KPHUCTAJINIHYECKOH  pellleTKU
MOKHO BBIYMCIHTb W3 3KCHEpUMEH-
Ta/bHBIX JAHHBIX [0 HEPreTHKE APYTUX MPOLECCOB ¢ NOMOWLLIO TaK HA3bl-
BaeMoro yuxaa bopwa — a6epa. [Ina xnopuaa HaTpusi 3TOT UMKA M306pa-
JKeH B BHJle SHTaTLIMAHON AHarpaMmbl Ha pHc. 112,

Kpuctannnyeckuit Xxnopuli HaTpusA (MOHHAs peluetrka) obpasyercs B
pe3yabTaTe peakilMy KPHUCTAIIMYECKOrO HATPHA M Ta3006pasHOro Xiopa:

Na(k) - !/5,Cly(r) = NaCl(k). AH},zos = —411.1 xlx /Mo

P i c. 112, Ouranbnuithas AuMarpaMMa
17151 pacyeTa SHEPrIi KPUCTALTUHECKOM
pemerku NaCl (uukn Bopna-I"abepa)

Tenaosoit agdexT 3TOro nmpouecca cOOTBOTCTBYET IHTAAbNHIM 0Opa30Ba-
HHA KPHCTAIHYECKOro NaCl(AH} 208)

O6pazosanne NaCl u3 npocThIX BeEIECTB MOKHO Takke MPeIcTaBHTh B
BI11€ MOCNEeOBATENbHBIX CTaANH MOJYYEHUA U3 KPHCTATIMYECKOro HAaTPHA
W ra3006pa3HOro MOJIEKYJAPHOrO XJopa ra3oobpasueix noHos Na* n CI°
{pyc. 112)

BOSTOHKA (ATOMU3aUHsA) WNOHW3aUus

Na{k} -+ Na(r) » Na*(r)
A . = 108.3 xTx/voan = 495.8 «Ix/Moms

BO3C Na noxus Na

AMccouMauitn (ATOMMBAUNA) nplcoennHeline JIEKTPOHA

Clyr) + Cl(r) + Cir)
1LAH = 121.3 kdx/mons  AH = -351.4 kdx/M00b
/2 auc Cl, A/ ar.cp Cl A/
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U MOCJEAYIOIETO MX B3aMMOMEHCTBUA ¢ O6pa30BaHMEM MOHHOIC XJIOpUZa
natpus NaCl:

Na*(r) + CI'(r) = NaCl(x), AHopem NaCl = UNaCl

CornacHo 3akoHy ['ecca

AU + AH +

Boar Na

NaCl = R a1 T —AH f,NaCl

+ AHMOHMS Na + AHaJx.cp Ccl

1 o
+ 10 H_zmc Cl,

IopcTapass wugposple 3HaAYCHUA, NOTYIUM

UNaCl = 785,1 r/lx/Moub.

O6 5TOM e HENOCPEACTBEHHO CBUIETENbCTBYET SHTaJbINiTHAA [uar-
pamma (puc. 112).

OHepruo UOHHON KPUCTAIMISCKON PeIeTKN MOXHO BBIYMCIUTH TAKIKE
1O UB3BECTHHIM SHTAJILNUY 06pa30BaHU WOHHOTO COCAMHEHHS M SHTAJBIUU
06pa3soBaHUA COCTABIAIUMX €0 HOHOB:

NaCl(x) = Na*(r) + Cl(r)

AR = AN ¥ 8 = A
Jlns paccMoTpenHoro mpumepa coryiacHo sHadenusam AH%, U = 7851

NaCl
kJx/Monb (Taba. 19).

Ouraneuus  (TEWNoTa) rHApaTalMd HOHOB. W HTEHCMBHOCTH B3auMo-
JeficTBUA WMOHOB PACTBOPEHHOTO BEILECTBA € MOJIEKYJIaMU BOJBl MOXKHO
OXapaKTepU30BATL BETUYUHON snmassnuu (mensomey) tudpamayur A Hyypp
— KOJIMYECTBOM TENJIOTHI, KOTOpOe BhIAENseTcA OpH mnepexoze 1 Moab
MOHOB U3 BaKyyMa B BOIHBIN# pacTBOP.

3nauenne A Hpy;p MOKHO paccYMTaTh, UCHONb3YsA W3BECTHBIE 3HAYCHUA
SHTAMBIIMU JPYTUX npoueccoB. Tak, pacTBOPEHHE HMOHHOTO COEIUHEHUsI
MOXHO NPEACTaBUTb B BU/E ABYX CTaAUil: paspylIeHUe KPUCTATIMYecKON
pelIeTKH Ha CBOGOJAHBIE WOHHL M rUApaTanusi MOHOB. Torza, corsiacHo
sakony [ecca, Tensosoit apdert (3HTanbINIO) pacTBOpeHus A Hpaers MOK-
HO IIpeJCTaBUThb B BUAE aIreSpaudyecKoil cyMMbl IJHEPruH (JHTATBLIUH)
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paspyIIeHNs] KPUCTATNYeCKON pelteTKu A Hpey ¥ SHTANTBINM THAPATALUY
nonoB A Hrypp:

A Hyaers = A Hpe + A Hogg
niau
AHI‘M}IP = AHpaCTB - AHpeur

OHeprus KPUCTAUIMYECKON PEIIETKH HM3BECTHA AJA MHOIUX HOHHBIX
COeAMHEHUI; TeNJIOTYy PacTBOPDEHUS BELIEeCTB MOXHO ONPENENUTh 3KCHepu-
MeHTanbHo. [lpu pacdere mo ykasaHHOMY YPaBHEHHMIO HaXOIST cyMMapHOe
3HAYEHHUE IHTAIBLIMU TUAPATALIMH KATHOHA W aHMOHA. DHTAJIBIUIO THIApa-
TalW¥ JaHHOTO HOHA ONPENeJNSAIOT MO W3BECTHON 3HTABIUM THIApPATAlUU
HMOHA IIPOTHUBOIIOJIOXHOIO 3HAKA.

HerpyzAno morafaThcsi, 4TO SHTAJILIKA THADPATAIUM 3aBHCHT OT 3apsia
U pasMepa TUIAPATUPYEMOFO MOHA. B psAny MOHOB ¢ ONHOTUIHON 3JEKTPOH-
HOIl KOH(pUrypanueil 3HTaJbNUA THAPATALMM BO3pAcTaeT ¢ YMEHbIICHHEM
pasMepa HOHa, HalpHMep:

Li* Na* K* Rb* Cs*
Ty HM cevnieiiiineeneernernnnnnaes 0,068 0,098 0,133 0,149 0,165
AH, s kI /MOTB ......... 531,4 4226 -338,9 -313,8  -280,3

298,ruap

U ¢ yBeJIMYEHUEM 3apsifla HOHA, HAllpUMep:

Na* Mg?* Al
Ty HM eeveeieviveeeeeeeeeieneinnnnnnnnnns 0,098 0,074 0,057
AR KJIK/MOJD oo, 4226 -1953,9 4694,5

ruap’

Paspyuienste kpHcTannmdeckoil pemeTkd Ha cBOGOAHBIE HOHBI — HPO-
nece angOTepMudeckull (A Hpey > 0); ruaparanus HOHOB — MpPOLECC IK30-
repMudeckuit (A Hpypp < 0). Takum 06pasoM, B 3aBUCHMOCTH OT COOTHOLIE-
Hus 3HauYeHUH AHpey M A Hpypp Tenyioolt 3¢ddexT pacTBOpeHHsA MOmeT
UMETh KaK MOJIOXKUTETbHOE, Tak M OTpuUllaTelbHOe 3HavyeHue. Tak, pacTBo-
peHile KPUCTATJNYeCKOTO MMAPOKCUAA Kalisi CONPOBOXKIAETCS BHIAGICHH-
€M TEIUIOTH, T.e. Ha paspylleHWe KpucTaaniuyeckod pemerkn KOH

Tpefyercsi MeHBINe JIHEepruu (AH;em = 790,56 wlx/Momp), uem ee
BHIAEJISI€TCA NpU FMIpaTanuy MoHos K* (AH:_MH , = —338,9 klx/Moub)

u nonos OH" (AH®
mMa

p K

b OH- = —510,5 kdax/monb). Hanpotus, pacTBopenue

KPHCTAINIHYECKOro HUTpaTa Kajlus — Hponecce 3H110Tepanec1mﬂ, TaK KaK
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Ha paspylledMe KpucTauiMdeckoil pemerkn KNO; (AH;em = 684,5

ko /Monb) 3aTpaunBaeTcst GOJIbLIE SHEPTMU, HUeM €e BBIASNAETCst PU MUi-

paraunu uoros K* u NO; (AH tuzp NO; = —309,6 x/Jlx/Momb).

FJI A B A 2. HAIPABJEHHOCTb XMMUYECKOM
PEAKIIMU

§ 1. DHTPOIIUA

BosnpmuacTBO TpouEccoB NpeAcTaBAsloT coboit Ba OJNHOBPEMEHHO
NPOMCXOAALIUX SBIEHUA: Nepefady YHEPTUM U U3MEHEHUe B YMOPALOYeH-
HOCTH PAaclONOKEHAA YacTUIl OTHOCHTEIBHO APYr Apyra. Yactumam (Mome-
KyJlaM, aTOMaM, MOHaM) MpUCYIIe CTPEeMIeHHE K GeCIOpPSIIOUHOMY IBIKe-
HUIO, IIO3TOMY CHCTeMa CTPEMUTCS OepedTH u3 6ollee YNOPALOUYEHHOTO
COCTOSHUSA B MeHee ynopsjodeHHoe. Tak, eciu, HanpuMep, GauIOH ¢ rasoMm
COEIMHUTD € COCYNIOM, TO ra3 M3 6ayloHa GyeT paclpelefaTbesa N0 BeeMy
o6veMy cocyza. Ilpu 31OoM cMcTeMa U3 6oJiee yIOPSAOYEHHOTO COCTOSIHUSA
(c MeHBIIKMM 6eCHOPsIKKOM) NMEPEXOAUT B COCTOSHME MEHee YNOpALOYEHHOE
(c GonbmmM Gecnopaaxkom). Konnuectsennoit Mepoit 6ecniopsiika ABIAETCA
aumponus S. Ilpu nepexoste cucteMbl u3 Gojiee YHOPSAOYEHHOTO B MEHee
VIOPsZLOYEHHOEe COCTOSIHUE SHTpONusA Bospacraer (AS > 0).

Ilepexon e cucTeMsl U3 MeHee YHNOPSALOUYEHHOTO COCTOAHWsI B Gojiee
VHOPAAOUEHHOE CBA3AH ¢ YMEHBIUCHUEM JSHTPONUM, U CaMOIIPOU3BOJILHOE
HpoTeKaHue NOJOBHOTO Npolecca” MeHee BEPOATHO. TakK, SICHO, UTO B pac-—
CMaTPHUBAaEMOM NPUMEPE HEBEPOSITHO, ITO6BI ra3 caM co6oil cobpajca B
6anyone. B ciyyae mepexosa cHcTEMbl U3 MEHEE YNODAJOYEHHOTO COCTOMA-
HusA B 60Jiee yNOpALOUYEHHOE JHTPONUA cucTeMbl ymenbinaeres (AS < 0).

Herpyauno nmokasaTh, 4T0 3HTPONUA BO3PACTAET NPU NEPEXOME HKMIKOC—
TH B map, IPH DAcTBOPEHMU KPUCTAJUIMYECKOro BeliecTBa U T.A. Bo Bcex
STUX cliydasAxX HabIIOfaeTcs yMeHbLIEHVE NOpAJKAa B OTHOCHTENILHOM pac-
nonoxeHud wactur,. Hao6opoT, B mponeccax KOHJEHCAUHU U KPUCTAJIN3a-
1M BELIECTB JHTPONUA yMEHBIIACTCA.

BepoATHOCTD pa3/MMYHBIX COCTOSIHMI BelllecTBa (ras, KPUCTAIIUUECKOE,
KUAKOE) MOKHO ONUCATL KAK HEKOTOPOE ero CBOMCTBO M KOJHMYECTBEHHO
BBIPa3UTL 3HadenueM sutponuu S [B x/(K-monp)]. Durponnu Beutects,
KaKk ¥ MX DHTAlbIUM OGpa30BaHUsl, NPUHATO OTHOCUTH K ONpPeZeseHHBIM
yeoBuaM: O6HIYHO K TeMmnepatype 25°C (298,15 K) u nasnenuro 101 325

la. DuTponuio mpu 3THX YCAOBUAX 0603HA4AKOT So.. ¥ HA3BIBAIOT CTaH-
298

JapTHOH SHTponuei. 3HAYEHUs cmandapmuol IHMPONUU JJIsi HEKOTOPBIX
BEIHEeCTB NpUBEAEHB! B Tabu. 20.
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T a 64y a 20. CrangapTHasi SHTPOIMAs (S;ss) HEKOTOPLIX BEIECTB

308 Sye8 08
Beiecreo Joxe/(Kx | |Bemecrso T/ (Kx | | Bemecrso T/ (Kx

XMOJIb) XMOJIb) XMOJIb)
Ag(x) 4255 ||Fe(x) 27,15 ||NaCl(x) 72,12
AgBr(x) 107,1 FeS(x) 60,29 Nap,COs(k) 136,4
AgCI(x) 96,11 | |Ge(x) 311 o) 160,95
Agl(x) 115,5 H*(p) 0,00 ||0a(r) 205,04
Al(k) 28,35 | |Hy(r) 130,52 ||0a(r) 238,8
AISb(x) 69,03 | |HNOs(x) 156,6  ||OH (p) -10,86
BaCO3z(k) 112 H3N(r) 192,6 P(6enbiit) 41,1
BaCly(x) 126 H,0(r) 188,72 || P(xpacHbi) 22,8
Ba(NOj)y(x)} 214 TH,0(0x) 70,08 ||Pb(k) 64,8
BaSOs(x) | 132 H,0(k) 39,33 ||S(r) 167,7
C(anmas) 2,368 H,S04(x) 156,9 Sa(r) 228,18
C(rpadur) 5,740 KCl(x) 82,56 Se(r) 31
CO(r) 197,54 KClO3(x) 142,97 Se(r) 444,2
COy(r) 213,68 | [KOH(x) 79,32 |]SO4(r) 248,1
CHay(r) 186,19 | [MgCO4(x) 65,7 ||SOs(x) 122,05
CaCly(k) 113,6 MgO(x) 26,9 Sh(k) 45,69
CaCOs(k) | 92,9 Ny(r) 199,9  |lSi(x) 18,82
CaO(k) 39,7 NH4NOs(x) | 151 SiO(k) 42,7
Cl(p) 56,54 NO(r) 210,6 SiO4(cr) 46,9
Cly(r) 2229 | [NOy(r) 2402 |[Sn(x) 51,65
CrOy(x) 71,96 | IN,O5(r) 1784 ||Zn0O(x) 43,64

CooTBeTCTBEHHO cTemeHM GeclopsNKa SHTPOIUS BellecTBa B Fa30BOM COCTOSHHU
3HAYUTENbHO GoJIbllle, YeM B KMIKOM, a TeM 0ojlee — 4YeM B KPUCTAJTNYECKOM.
HanpuMep, cTaHmapTHasi SHTPONMSA BOALI S;ss = 70,08 lx/(K-momb), a BoAsHOTO

napa S, = 188,72 Jlx/(K-mMomb). V BellecTBa B aMOPGhHOM COCTOSHMHM DHTPOTASL

6osbllle, YeM B KPUCTaJVIM4eckoM (6ollee YINODSIIOYEHHOM) COCTOSTHMM, HalpUMep
VISl CTEKJIOBUIHOTO U KpucTandeckoro S10, crangaprHble GHTpoﬁMM paBHEBI 46,9
u 42,7 Jx/(K-momb) coorercrBerHo. CraHmaprHasi oHTponus rpacdura [5,740
I/ (K- Mons)] 6onbiwe, ueM anmaza [2,368 Tow/(K-Mons)], ommyalouterocs ocobo
HECTKOR CTPYKTYpoit. [Ipy HaHHOM arperaTHOM COCTOSIHUM SHTPOIMS TeM 3HAUYU~
TelIbHee, 4eM GoNbile aTOMOB CONEpkMTCS] B Mosekyne. Tak, surponus Oj (1)
{238,8 ax/(K-momb)] Gonpie, wem rasoobpasuenx O, [205,04 Iix/(K-Momb)) u O
[160,9 Mo/ (K- moms)).

190



3HaYCHUAMU SHTPONMHM BEIECTB NOJB3YIOTCA AJA YCTAHOBJIEHUS] WU3MEHe-
HMA DHTPOIUU CHCTEMBl B PE3yJbTATe COOTBETCTBYIOLMX npoueccoB. Tak,
JJIA XUMMYECKON peaKluu

aA + B + ... =dD + eE + ...
HU3MEHEHHe SHTPOMMUM cHCTeMBl Gyaer

AS® = (S + €S +..) — (aS] + bS, + ..)

UM
AS = ESy0n — S0y
06 M3MCHEHUM 3JHTPONUM B XHMMYECKON DEaKUMM MOXKHO CYyAWTb 0O
U3MEHeHUIO 06beMa cUcTeMbl B XoJe peakuun. Hanpumep, B peakiuu

1/2C(rpadmr) + 1/,C04(r) = CO(r), A8, = 87,8 Ox/K

Habmogaercs ypenuuenue obvema (AV > 0); caeqoBaTesibHO, SHTPONUS
Bospactaer (AS > 0). B caydae ke peakium 06pa3oBaHus aMMHMaKa M3
BOJOPO/a M a30Ta

8/oHy(r) + 1/sNa(r) = HsN(r), AS; —103,1 Ox/K

298 —

Hao6opoT, 06veM cucTeMb! yMeHbmaerces (A V < 0); cienosatensHo, SHTPO-
nusa yMmenbiuaerca (AS < 0).
Ecnu ke peakuus mporekaer Mex/Ay TBEPABIMM BellecTBaMu, HalpuMep
Al(x) + Sb(k) = AlSb(k), AS,,, = —5,01 Ix/K
TO U3MEHEHUA O6beMa CHCTEMBl W €6 JHTPONMM MPAKTUYEeCKU HEe NPOUCXO-

aut. To xe OTHOCHMTEss M K IIpoLeccaM, B KOTODHIX KOJMYECTBO (MOJIb)
ra3oo6pa3sHbIX BElIeCTB HE U3MeHsAeTCA, HallpuMep:

C(rpacdur) + Oa(r) = COy(x), ASS,, = 2,9 Ix/K

298

BospactaHue IHTPONMM B CHCTEME HA30BEM IHMPONUUKGLA PHaxmopor.
Oror dakTOop INpOABIAETCS TEM CHJIbHEe, YeM BbILIE TeMIepaTypa.
KonugecTBeHHO SHTPONMIAHBIA (DAKTOP MOXKHO OUEHUTH NPON3BEACHHUEM
TAS n BrIpasuTh B einHULaxX sHeprun (JIx).
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V3MeHECHNE JHEPTUH CHCTEMBl HA30BEM JIHEPLEMUNECKUM WM IHMAAL—
nutinsia paxmopon. KonudecTseHHO Ta TEHASHIMA CHCTEMB BhipaxcaeTcs
4yepes TemIoBoM 3ddeKT mpouecca, T.e. 3HaueHueM AH.

§ 2. DOHEPTUA TMBBCA

CaMonpoussoipHO, T.e. 6e3 3aTpaThl pPaGOTH W3BHE, CHCTEMa MOXET
[EPEeXOAATH TONBKO U3 MEHee YyCTOMYMBOTO COCTOAHUA B Gojiee ycTONYUBOe.
N3 paccMorpensoro ciepyer, 4To B XMMUYECKUX IpolleccaX OZHOBPEMEHHO
NEACTBYIOT [Be TEHACHIMU: CTPEMJIGHME YacTHL, OGHeIMHUTHCA 3a CUET
TIPOYHHIX CBA3EH B 6ojlee CNOXHBIE, YTO YMEeHbIW ae€T 3HTAaJAb-
0 U0 CHCTEMBI, U CTPEMJIEHUE YacTUL, Pa3belHHUTHCA, 4TO Y B e J1 U -
YyuBaeT BHTpONUII HHNMH cioBamu, NMpoABAsieTcs AeHCTBHE
JByX TpAMO IIPOTHBONOJIOKHMYX (aktopor — sHranbnuitnoro (AH) u
surponuitnoro (TAS). Cymmaphbiii 3¢ derT 3TMX ABYX HPOTHBONOJOKHBIX
TEHJAEHIMIA B IpOLeccax, NPOTEKAIMUX NpH MOcTOAHHBIX T u p, orpaxaer
naMenenue suepruy I'ub6ca G*:

AG=AH—TAS.

Xapakrep msMeneHus1 3Hepruu ['u66ca mnosponsier cyAuTh O HPUHIU-
OMAJTBHON BO3MOXHOCTM MJIM HEBO3MOMXKHOCTH OCYINECTBJIEHMA IpoIiecca.
VYenoBreM NPpUHIVMNMATLHOR BO3MOXKHOCTH NIPONECCa ABJISETCS HEPABEHCTBO

AG< 0.

WHbiMU cioBaMyM, caMONpOUS3BOALHO NPOTEKAIOT PEAKLMH, 6CJIM SHEepPrus
I'n66ca B MCXOAHOM COCTOSIHMM CUCTEMBI GOJBIIE, YeM B KOHOUHOM. YBeJd-~
yeHue snepruu ['u66ca

AG>0

CBUJETEJILCTBYET O HEBO3MOXHOCTH CaMOHPOM3BOJBHOTO OCYIIECTBICHHUSA
mporecca B JaHHBIX ycaoBusax. Eciaun xe

*OTa BeNMUMHA Ha3BaHa TAaK B YecTh aMepUKaHckoro ydesoro k. VYuanapna
I'u66ca (1839—1903) — oIHOTO U3 OCHOBONMOTOMHMKOB XMMUYECKON TEPMOIMHA~
muru. Cornaco AH = AG + TAS yacrs Temnots! TAS umer Ha cosfaHUe
Gecriopsiika (6ecronesHo paccenBaeTcsi B OKDYXKAWILylo Cpelly) W II09TOMY He
MoskeT GBITH MCNOJb30BaHA JUISI COBEPIIEHUsI PaGOTHI;, ee HABbIBAIOT YAcTO COX3AMH-
noti snepruetn. Jacrb Temtorel AG Moxer GbITh MCIONB30BaHA JUISL COBEPIIEHUS!
paboThl, ¥ NMOITOMY SHepruio ['M66ca YacTo HA3HIBAIOT Takke c60600H0U FHepruet.
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AG =0,

cucTeMa HAXOAMTCA B COCTOSIHUM XMMUYECKOrO paBHOBECHs.
DHTaNpIMAALA ¥ IETPOUMIAHEE (PakTOPH M HaupasjieH#e mponecca. B
COOTBETCTBHH ¢ yDaBHEHUEM

AG=AH—TAS

caMOTIPOU3BOJILHOMY IPOTEKaHUIO M[pollecca CrIocO6CTBYIOT yMEHbIICHUe
SHTAJIBOMM M YBEJIWYEHWE JHTPONUM cUCTeMHl, T.e. xoria AH < 0 u AS >
> 0.

[Ipu apyrux coderaHusx xapaxktepa usMmesenus#t H u S BO3MONKHOCTB
npolecca OnNpeaenser AUG0 IHTANABNUIHBIN, JM60 JSHTPONUIAHBIN (aKTOp.
PaceMorpum e caepyiomue peakiun:

CaO(k) + COy(r) = CaCOs(k)

AHy, = —178,0 k]lx, AS;,, = —160,48 [lx/K.
AG;,, = —130,2 k/lx

CaCO3(k) = CaO(x) + COy(r)

AH, = 1780 wllx, AS, . = 160,48 [Ix/K,

298 298
A G0 = —62,7 k.

[lepBan peakuns sk30TepMHUUecKas, IPOTEKALT ¢ YMEHbIIEHUEM 0GBEMA.
BosmoxuocTs aroit peaknun (AG < 0) onpenensiercs AeficTBUEM BHTalb-
HUAHOTO (PaKTOpa, KOTOPOE IEPEKPHIBAET IPOTUBOACHCTBUE YHTPONUNHOTO
dakropa (no abeontotHoMy 3Havenuio |AH| > | TAS|).

Bropast peaknus sHAoTepMuuecKas, IPOTEKAET ¢ yBEIUYCHUEM OObEMa.
BosmoxtocTs aroii peaknmu (AG < 0), Hao60poT, ONpepessieTcs 3HTPO-
nUNELIM  akTopoM. IIpu BHICOKOW Temueparype SHTPONMIHBIA (harTOp
MepeKpHIBaeT IHTANBNUAHBIN daktop (T.e. |AH| < |TAS|) u peakuus
HPOTEKAET CaMOMPOU3BOJILHO.

Bimsane TemmepaTypH Ha Hanpasieade peakiud. CorsacHo ypabHe-
HUIO

AG=AH—TAS

BAUAHUE TeMiepaTypsl Ha A G onpenensiercsa 3HakoM U Bennuunoit AS. Ha
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puc. 113 mnokasaHa 3aBHCUMMOCTH

468
Kl one AG psaga peaknuit OT TeMnepa-
o Typhl ¥, A peakuuu
0 . 2C(rpadur) + Oy(r) = 2CO(r),
O AS>0

\C(r)+o,(r)=co,(r) .
-400F P NpOTeKaloWel ¢ yBeJIHYCHUEM
m SHTPONHUM, IMOBHIIICHHE TEMIEPATy-~
o 2Coy pbl NIPUBOAMT K YBEJIUYEHUIO OTPH-
natenbHoro 3Hauenus AG. Bwico-
KOTEMIIEpaTypHBIA  pexuM  Graro-
Puc 113 3asuemocte AG} PR ppygreryer MpoTeKaHWIO mpomec-
‘ OKCHIIIOB OT TeMIIEpaTypPhl ca. dasa peakuuu

T

-800

1 1 1 i 1
s00 1000 1500 2000 T, K

2Hg(x) + O,(r) = 2HgO(x), AS < 0

MPOTEKAIONe ¢ YMEHBIIEHWEM 3HTPONUM, ¢ MOBHIIEHWEM TeMIlepaTyphl
orpunatensHoe 3HadeHue A G ymenbiaercs. CiefoBaTeNbHO, B 3TOM ¢y -
Yae BBHICOKOTEMNEpPATYPHbIl P&KIM NPENnATCTBYeT MPOTEKAHWIO IpoHecca.
ITpu coorsercTByoweri Ttemneparype A G npuobperaeT MOJOKHUTETbHOS
3HAYEHHWe, U TOrJa Peakuus HOJ/DKHA [POTEeKaTbh B 0OPAaTHOM HaNpaBISHUH.
Kak Bupno Ha pue. 113, usmenenne 3aaka AG [IJis 3TOH peakIUH JOCTH~
raetrcs npu 500 K. Brimie sToit TeMnepaTyphl peakimus nporekaerT B o6par-
HOM HAaNpaBJICHUU:

2HgO(k) = 2Hg(x) + O4(r), AS >0

Takum o6pasoM, npu HuskoremneparypdHom pexume (no 500 K) pryrs
OKHCJseTcAd KHCJIOPOAOM, B TO BpeMs KaK IPH BBICOKOTEMIIEPATYPHOM
peskume (Boimte 500 K) okxcun pTyTH pacmagaercs ¢ BBILENEHHEM KHCIOPO-
Ja. DT Dpouecchl MOXKHO HCIOb30BaTh IS IHOMYYEHHA KUCTIOPOAa B
nabopaTopumn.

Ecau e npu nporekanuy npouecca IHTPONUA CHCTEMbl He U3MeHseTcd,
To 3HaveHue AG OT TeMiepaTyphl NpaKTHYeckM He 3aBHcuT. Tak, IJ1s
peakiu

C(rpacdur) + Oy(r) = COy(r), AS2 0

*Ecu npenebpeds mausHveM T Ha sHauehus OH u AS, To npuseneHHas
saBucumocts AG = f(T) siBnsiercs ypaBeHVeM NPSAMOM, HAKIOH KOTOpOWM ofl-
penesisiercst shakoM AS. Ha puc. 113 mpu AS > ( npsiMast uier BHM3, npu AS <
< 0 — BBepxX.
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zapucuMocTh AG = f(T) na puc. 113 BhipakaeTca NPAMON, HPAKTUYECKH
napaJijieJIbHON OcH adcuucc.

Mpomeccs, mpoTekaolue ¢ yMeHblueHWem sHTatbmuu (AH < 0) u
yeesimaennem satponun (AS > 0), mpaktndecku Heo 6paTuMH. B
sToM ciiydae A G Beerpa GyierT MMeTh OTpUIATENbHOE 3HaueHHUEe, KAKYlO Gl
TeMIlepaTypy HM IPUMEHSJIH.

K Heo6paTUMBIM [polieccaM OTHOCHUTCA, HAIDUMED, Pa3jIoKeHHe XJopa-
ta (V) xanus:

9KCl04(k) = 2KCl(x) + 20,(r)

= —89,4 kllx, AS,, =494,3 [lx/K

AH,

268

CranpapTran sseprus ['m66ca o6pasosanns. [lon crangapTHON 3Hepru-
eii Tub6ca o6pasoBanns AG} NOHMMAIOT N3MeHeHue dHeprum ['ub6ca mpu

peaknuu 06pa3oBaHMA 1 MOJNB BelecTBa, HAaXOAAINEroca B CTaHAAPTHOM
COCTOAHMM. OTO ONpeAesieHHe MOApPa3yMeBaeT, YTO CTaHAAapTHAs 3HEePrusd
I'n66ca 06pa3oBaHUs NPOCTOrO BEIUECTBA, YCTOWYMBOIC B CTaHJAPTHBIX
YCJIOBUAX, paBHA HYJIO.

Nsmenenune sHeprunm ['n66ca, kak U N3MeHeHHe BHTAJbIUU U SHTPONUU
CHCTEMBI, He 3aBUCMT OT IIyTH npouecca. [lostoMy AnA peakuuy BUAA

aA + B + ... = dD + ¢E + ...

U3MEHeHHe CcTaHAapTHOQ sHepruu [u66ca AG° paBHO pasHOCTH MEKIY
CYMMOH cTaHAAPTHBIX Hepruil ['u66ca o6pa3oBaHusi NPOAYKTOB peaKHuu U
CYMMOH CTaHJAapTHBIX 3Hepruil ['n66ca 06pa3oBaHUA HCXOMHBIX BEIIECTB:

AG. = (dAGf,D + eAG’f’E + ..) — (aAGf)A + bAGf,B + ..)

WiIn

AG = EAG, TAQ

f.opox fomex

o

lons3yack 3HaAYEHUAMU AGf 29g) TPUBEJCHHBIMU B Tabn. 21, BEIYMCIIMM

AG,, peakuuu

NOgg) + 1/202(1‘) = NOQ(I‘)

86 , 515

o ' — 1o —_ o 1 o
AGhgy = MGy (o = (AG( +1/0G, ).
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T a6 nuu a2l. Crangapruasn sseprus ['u66ca o6pasoBaHust (AG},zss)

HEKOTOPLIX Belecrs

Bemecrso AG}'298, Bemecrso AG‘}’298
w ]k /Monb kJx/Mons
Al(r) 288,7 H,0(%) -237,24
Al3*(p) 400,5 H,SO04(2) 814,2
AlLOy(x) -1582 K*(p) 281,3
Aly(SO4)s(x) -3101,0 KCl(k) -408,0
Ba?*(p) 561,1 KCIOg(x) -289,9
BaSO4(x) -1353,0 KNOs(x) -393,1
C(anmas) 2,833 KOH(xk) -380,2
CHy(r) 50,79 MgSO4(x) -1158,7
co(r) -137,14 MgSO4- TH,0(x) 2868
COqy(r) ~394,38 N(r) 455.5
CaCly(x) 750,2 NO(r) 86,58
CaCOy(x) 1128,8 NO(r) 51,5
CaFy(x) -1161,9 NO;(p) 11,7
CaO(x) -604,2 Na(r) 77,3
Ca(OH)(x) -896,8 Na*(r) 575,6
Cl(r) 105,3 NaCl(x) -384,0
CI(r) 230,9 NaOH(k) ~380,7
I (p) 1314 Na;SO4(k) -1266,8
H(r) 203,3 o(r) 231,8
H*(r) 1516,99 04(r) 162,7
H*(p) 0 OH(p) 157,4
HBr(r) -53,2 S(monowK. ) 0,188
HCU(r) 94,79 SOx(r) -300,4
HF(r) 272,8 I s0s(r) 371,0
HI(r) 1,78 SOa(x) -368,98
HN(r) 16,7 | 50%(p) 744,93
HNO3(x) 80,3 ZnO(x) -320,88
H,0(r) 288,61 ZrOy(x) -1042,8

IloacraBnsas s3HaueHusA AG}, yKa3aHHblE NOJ CHMMBOJIaMU BEIIECTB B

YPaBHEHUU PEeaKIVH, NOJLYIHM

AG,

Sos = H1,5 — (86,58 — 0) = —35,08 1[lx.
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Haitnennoe snauenue AG),, O3HadaeT, 4TO 06pasoBaHHe 1 Monb NO,
[HpY CTAHAAPTHLIX YCIOBUSAX, T.e. IPU p = p = p = 101,3 lla u
NO 0, NO,

obmeM nasneaun 303.9 klla, conposokianocs 6u npu 298 K ymenbluenn-
eM anepruu ['m66ca cuctempr Ha 35,08 k/lk/Mons NO,.

Ilp¥ MONBL30BaHNM 3HAYCHUSMM CTAHAAPTHOM 3Heprun ['u66ca xpure-
pueM O PUHIMIOIMAJbHONW BO3MOMXHOCTW Iponecca B
HEeCTaHJAPTHHIX YC/IOBUAX CJAEAyeT npuHAThL yeaosue AG° € 0, a kpurepu-
eM NPUHULUNMAJBHON HEBOB3MOIKHOCTM OCYHECTBIC-
Hus npolecca — HepaBeHcTBo AG® » 0. Pasymeercs, ecniu AG® = 0, To
3TO BOBCE HE O3HAYaeT, YTO B pEaNbHBIX YCAOBUAX cucTeMa Oyner Haxo-
IUTbCA B paBHOBecMH. TakuM 06pasoM, BO MHOTHMX CJAy4YadAX BHAUYEHUAMHU
A G® MOXHO TOJMIB30BATHCA JHUINL A NPUGIMKEHHON OLEGHKHN Hanpabie-—
HUs peaKIui.

FJ1ABA 3. XMMHYECKOE PABHOBECHE
§ 1. KOHCTAHTA XUMHUYECKOI'O PABHOBECHA

BonpmMHCTBO XMMUYECKHHl peakiuit o 6 pa T u M O, T.e. IPOTEKaeT
OTHOBPEMEHHO B IPOTMBOIOJIOKHBIX HampaejieHnsax. PaccmoTpuM ofpatu-
MYIO PeaKUIHIO

2Hy(r) + 0, = 2H,0(r), AH< 0, AS< 0

IlpoTekanne peakuuu B NpPsIMOM HANPABICHUM COMPOBOMKAETCS BHIAGIESHU—
eM temnotsl (AH < Q). DuTponus cucreMbl IpU 3TOM yMeHbInaeTes (AS <
< 0), TaKk Kak B pe3yJbTaTe DeakUuu U3 3 MONb ras3oB o6pasyoTes 2 Mons
ra3oB. TakuM 06pazoM, ABUKYINEH CHJIOH 3ITOrO mpouecca SABIAETCS DHEp-
reTHYecKuil (FHTanbIMiHbI) PaKTOp.

IlporexkaHne paccMaTpHBaeMOil peaklMM B OOGpDaTHOM HaNpaBJeHUU
compoBOXAaeTesi norsomenneM temaotel (AH > 0); »HTponusi cucTeMbl
Bozpacraer (AS > 0). TakuM 06pasoM, ABWKYILEH CHIOH ITOrO mpoliecca
ABAAETCA SHTPONUITHBIN HakTop.

[IpencraBuM cebe, uro mpu 2000°C u 101,3 klla B 3akpnITHi cocyn
BBE/IeHAa cMech BOJOpONA W Kuciaopoga. I[Ipoucxomut nponece o6pasosanus
napoB BoAbl. Ero nporekanue ofecnedyusaer sHranbnuiiasii ¢aktop. Ho ¢
[IOABJICHHEM I1apOB BOJbl HauyMHaeT AeicTBOBATh SHTPONHMHAHBIA ¢akTOop —
YacTh O06pa30BaBIIeiicA BOXBI pasiaraerTcs Ha BOAOPOA ¥ KHUCNOpoA. BHa-
yane JeiicTBue sHTadbnMiiHOro ¢akrtopa npeobiaanaeT Hal JelicTBHeM
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sHTponuitHoro ¢axkropa. Ho B KOHUE KOHLOB JAEHCTBHE 3TUX JBYX HpOTH-
BONOJIOAKHO AeiicTByomux ¢dakrtopos ypaBHopeiunbaerca: AH = TAS, Te.
AG = 0. Hacrynaer xumudeckoe papuoBecue. lIpu xumuueckoM paBHOBe-
CHM YHMCIO O6pa3ylIUXcid B eAMHUIYY BPEMEHH MOJEKYJa (MM Ipyrux
YACTHI) NPU NPAMON PEAKIMHM DAaBHO YUCIy MOJeKya (Apyrux dacTuim),
BCTYNIMBIIMX BO B3aUMOJENCTBHE NPH OOPATHOW pEeaKIMH, T.e. XUMHYECKOE
pPaBHOBeCHE SIBIACTCH OUNAMUXeCKUA. B COCTOAHHM XMMUYECKOrOo paBHOBe-
CHS CKOPOCTNS NPAMOT PEAKYUU PAGHA CKOPOCTY 06pamuou pearyuu.

TakuM 06pasoM, BejencTBUE 06pATUMOCTH NPOLEcca IOJHOIO INIpeBpa-
HIeHNs BOAOPOLA M KUCJIOPOZA B BOAY He MPOUCXOXUT: B PE3YJbTATE B3ay-
MOZEMCTBUA B COCyJe HPUCYTCTBYET cMech BCEX TPeX Fa3oB — BOJOPOJAA,
KHUCJOpOJa U BOABL. JTO HabIOfeHUEe MOKHO OGOOIIUTH: CaMOIPOU3BONb- '
HOe IPOTEKaHUE XMMUYECKHUX DeaKIuil NPOMCXOAMT A0 M3BECTHOTO Ipefe-
Jla — [0 YCTAHOBJIGHWS B CHCTeMe XMMHYeckoro pasHosecus (AG = 0). K
PaBHOBECUMIO MOMXKHO MOZOWTH € MPOTHBOMOJOMKHBIX CTOPOH — KaK 3a CYeT
B3aHMMO/JEMCTBIA MCXOJHBIX BEMIECTB, TaK W 38 CYET B3aMMOJEACTBHA KO-
HEYHBIX IPOJYKTOB.

Mocne HacTyn/IeHUS pPaBHOBECHA KOHUEHTDAIMH BEIMIECTB (MCXOAHBIX M
IPOJYKTOB) MPU NAHHBIX YCAOBUAX OCTAIOTCS HEM3MEHHBIMU. JTH KOHIEHT-
paluy Ha3BBAIOT PAGHOGECHbLALL.

3akor pgeiicTByommax Mace. O cTeneHd TJIy6UMHBI NIPOTEKAHUs NpoLecca
MOXKHO Cy[WTh Ha OCHOBAaHWM 3 aKOHAa JeNHCTBYWIUX Macec,
KOTOPOMY TOJYMHAETCA CUCTEMAa B COCTOSIHMM DAaBHOBECHIA: %ACMHOE 0M
OeAEHUS NPOUIGEOEHUS PAGHOBECHHT KOHYEHMPAYUL NPOOYKMOS PEARYUU HA
npoussedenue PAGHOGECHBT KONYENMPAYUT UCTOOHWT GEWECTRE SBASLEMCS
seaununot nocmosunot (Lyapabepr u Baare, 1864—1867). DTy Bequyuny
Ha3BIBAIOT KOHCMANMOU pasrogecus; ee obosnavaior K.

Jna peakuuun

aA + B+ .. =dD + ¢E + ..

B COCTOAHMWH PABHOBECHs BBINOJHAETCA COOTHOIIEHHE

d
- DIAEL.
© = [AJ[BF..
rae [A], [B], ..., [D], [E], ... — paBHOBecuble koHUeHTpanuu BemecTs A, B,
D, E, .5 a, b, ..., d, e, ... — nOKa3aTeNM cTENEHU, B KOTOPYIO BOBBOLUT-

€A KOHLEHTpallMsA JaHHOTO BEllecTBa — YHMCJISHHO paBHBI Ko3ddUIMeHTaM
nepes GopMyJIoil BelllecTB B YpaBHEHUM peaKIuu.
J7si BLIpaWeHUs] COCTOAHUA DPAaBHOBECHS NPU B3aMMOAGHCTBMM MEKAY
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I‘a3006pa3HLIMH BellecTBaM 4YacTO BMECTO }conueHTpaunﬂ HCIOJIb3YIOT
PaBHOBECHBIC NIapIUalbHbIe aBJIEHUs pearcHTOB *Z
d e
pD pE
K,= 2 &=
a b

e,

3navenns K, HaXONAT myTeM pacyeTa WMl Ha OCHOBAHWK JKCIEpHUMEH-
TAJILHLIX JaHHBIX.
PaccMOTpUM paBHOBECHYIO cCUCTEMY

Ha(r) + Ip(r) == 2HI(r)

CorsiacHO IKCNEpUMEHTAJILHBIM JanHbM 1ipu 698 K (425°C).

p?
HIJ? HI
Kogs = U — 54 441 won K, = —P
098 = TH, ] 11y) P, P
2 I
KOHCTaHTa PaBHOBeCHsa — Ba)XKHajd XapaKTepUCTHKa peaKIUHU. HO ee

3HAYEHUIO MOXKHO CYJIUTh O HaIpaBieHUM Mpollecca NPU HCXOJHOM COOTHO-
LIeHUM KOHUEHTPAHU pearnpylouux BELIECTB, O MAKCHMAJILHO BO3MOKHOM
BBIXOZ€ MPOAYKTA PEAKLMH IIPYU TE€X WJIM MHBIX YCJIOBUAX.

BisiHwe Ha KOHCTAHTY paBHOBecHs TeMnepatypo. KoHcraHTa xuMudec—
KOTO PaBHOBECHS B3aBUCHT OT HPUPOJbI PEAreHTOB U OT TeMmnepaTypsl. OHa
cBA3aHa ¢ M3MEHEHUEM CTaHJapTHOW sHepruu ['ub66ca xummdeckoil peak-
nuu AG° ypaBHenueM

AG = —RTIn K, AGu(kllx) = 5,71 Ig Kogs.

IIpuBenenHoe ypaBHeHUe MO3BOJAET MO BendnHe AG° Bhuucauts K, a
3aTeM M DaBHOBECHBIE KOHUEHTpaluu (maplipalbHble SABJIEHUs) PEareHTOB.
Bonbmum orpunarensibiM 3HaveHusM AG (AG® € 0) oreuator Gobiine
sHauenna K (K.» 1), T.e. B paBHOBeCHOII cMecd NMpeo6afaloT NMPOLYKTHL
B3aumoneficteus. Ilpu Gombiimx nosnoxurenphbix 3uavenusx AG® (AG »
» 0) B paBHOBeCcHOW cMecW OpeobIafalOT MCXOAHBIE pearenTtl (K < 1).
Ecin yuwects, uto AG° = AH — TAS® = —RTIn K, 1o uocie
HEKOTOPOTO [peo6pa30BaHnsA NOIYINM

*KoHicranta papHOBecusi K, Bbpakaemasi uepes DaBHOBECHbBIe KOHILeEHTDAlMM
pearentoB, U Kp, BbipaxaeMasi wepes MX MaplMalibHble MABJICHUSA, CBASAHB! Ypap-
nemnsmu K, = K (RT)A", rie An — vomenenue KomMuecTBa BewlecTsa Tagob Bo
BpeMsl peakUUu. B peakuum, CRe KoJMuecTBO BellecTBa a30B HE H3MeHsiercs,
An=0u Kp = K.
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Hs aroro yYpaBHeHUs BUJAHO, YTO KOHCTAaHTa PABHOBECUS O4Y€Hb YYBCTBHU—
TeJIPHA K HU3MEHEHUIO TeMIepaTyphl. ﬂJI}{ SHAOTEePMHUYECKHX I[IPOLEcCOB
NOBBILIEHUE TEeMIepaTypbl OTBe€YaeT YBJIMYEHUIO KOHCTAHTBI PAaBHOBECHA,
AA JK30TepMUYECKHMX — €€ YMEHBIIIEeHUIO. Or JaBOaeHUA (eCJII/I OHO He
O4YeHb BeJIHKO) KOHCTaHTa paBHOBECHUA HE 3aBUCUT.

3aBHCUMOCTh KOHCTAHTHI paBHOBecUsA OT 3HTAJILIUNAHOIO U BHTpOHI/II?IHO—
ro q)aKTOpOB CBUETEJILCTBYET O BJAUAHUU HA Hee NpHUPOAbI peareHTOB.

§ 2. IPUHIUII JIE TATEJIBE

CocToAHNE XUMMYECKOTO PABHOBECHUS COXPAHAETCA NPU IaHHBIX YCJI0-
BUAX Jo6oe BpeMs. Ilpu uaMeHenuu ke yc/IOBHIA paBHOBecie HapyHIaeTcs.
Bausinne, okasbiBaeMOe Ha DAaBHOBECHYIO CHUCTEMY KAaKMM—IHO0 BHELIHUM
BO3ACHCTBAEM, HAalpUMED M3MEeHeHHeM KOHIEHTPAalUyH pEeareHTOB, aBjeHHA
WY TeMNepaTypel, MOXHO IIPEICKA3aTh, HOJb3YsACb N PHUH I MO OM
JJe Martenre (IpUHUUIOM NONBUXKHOILO pPaBHO-
BECH ) €CAU HATOOAWAICE 6 PAGNOBECUN CUCTNEMA NOJGEPIAELTMCE GHEUW
HEMY 6030€UCTNEUI, PAGHOGECUE CAEUAEMCS 8 MAK0A HANPABAEHUL, KOTO—
poe cnocobcmayem ocaabrentto 3Moto 8030etCMous.

Tak, cornacuo npunuumny Jle [llatesre, BBeAeHNE B PABHOBECHYIO CUCTE-
My JONOJTHUTEJBbHBIX KOMHYECTB KAKOrO-TMG0 peareHTa BHI3bIBAET CJABUD
paBHOBECUA B TOM HalpaBI€HHH, IPH KOTOPOM KOHLEHTPauus 3TOro Be-
nlecTpa YMEHBLIAETCH M COOTBETCTBEHHO YBEJWYHMBAETCs KOHIEHTpALUA
NPOAYKTOB €ro B3anMojencTeust. [JlonycTuM, K paBHOBECHON CHCTEME

2CO(r) + 0, == 2C04(r), K = [CO.J2/([CO{0:])

N06aBJIeH KUCGJIOPOA. JTO BHI3OBET YCUJIGHHME NOpOLecca OOpasOBAHMUS
okcupa yraepoga (IV). IHpouece 6yner uaTH 00 Tex mMop, NOKa CACTEMa He
NPUIET K COCTOSHHMIO PAaBHOBECHMs. B BTOM HOBOM COCTOSIHUM XUMUUYECKOTO
paBHOBecUsi KOHIEHTpaluu (MapuuajibHble ZaBJIEHNUs) BCEX BEIHECTB OTINY-
Hbl OT HaYajbHBIX, HO COOTHOLICHUE MEKIY HUMH, BHIPAXKAEOMOE KOHCTaH-
TOW paBHOBeCUs, OcTaeTcs TeM xe. TakuM 06pa3oM, B cucTeMe, HaXOns-
weiics B PaBHOBECMM, HEJIb3A M3MEHUTb KOHIEHTPAUWIO KAKOTO-HUOYIL U3
PeareHTOB, He BbI3biBasi U3MEHEHUs KOHLEHTPALNU BCeX OCTAJIbHBIX.

WsMeHeHMe NaBieHUs BAUAET Ha COCTOSIHUE DaBHOBECHUS B TEX CAyYafx,
KOrfla peaKIiMsl CONpPOBOMAAETCS W3MeHeHWeM obbeMa cucremsl. B coor-
BercrBun ¢ npurnunoM Jle Illaresre moBeillieHMe JaBIeHUsA CIABUIaeT
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XMMHUYecKOe paBHOBecHe B CTOPOHY peaKlUHii, MAyLleHd ¢ yMEeHbIIeHueM
ob6bema. Ilpu moHMKEHMH [ABACHUA NOpPOsiBIAercsi OOpaTHas 3aBUCHMOCTD.
Tak, oA paBHoBecHO# cucTemsul (npu 298 K)

_ . [NO, ]2
N,O4(r) == 2NO,(r), K = [—Nz_éﬁ

1 o6bem 2 o6beMa

npu maeiesuu 50,6 klla cremems aucconmanuu N,O4 cocraBasier 25,7%.
Mospimenne pasnenust sasoe (no 101,3 klla) mpuBoamT K YMEHBIIEHUIO
crenenn aucconuanuu N,O,no 18,5%. WMupiMu csioBaMd, OpU HOBBILIEHUH
[LBJIGHUA paBHOBECME cMemiaerca B cTopoHy npespamenust NO; B NoOy,
T.e. B CTOPOHY DEaKIMH, MAYLIEH ¢ yMeHbIIeHHeM oObeMa.

Coraacio npunuuny Jle Illarenve noseblmenye TeMnepaTypbl BBI3BLIBAET
CMEWEHNe PpAaBHOBECUS B HANPABICGHMM TOr0 U3 MPOIECCOB, TeYyeHHe
KOTOPOrO cONMPOBOXKAaeTcs MOTJIONIEHHEM TeIVIOTh, a NOHWMXKEeHHEe TeMiepa-
Typbl JAEHCTBYET B HPOTUBOIOJIOMKHOM HanpabieHud. Tak, B paccMOTpeH-
HBIX BBILIE PABHOBECHBIX CHUCTEMAaX

200(r) + O == 2C0,(r), AH < 0
N204(I‘) == QNOZ(P), AH>0

MOBHIIIGHUE TeMuepaTtypsl npusoaut k paasoxkenmnio CO, n N,O4 coorser-
CTBEHHO, a MOHWKEHUe TeMIlepaTypsl crnocobeTByer, Hao6opoT, cunTtesy CO,
" N204.

H3yyeHne XxuMu4eckoro paBHOBeCUs MUMEET GOJIbINOE 3HAYEHUE KAK JIJIs
TEOPETUUYECKUX HMCCIIEJOBAHM, TaK U J|JIs1 PEIIeHUsA NPaKTUYecKUX 3ajad.
Onpepenssi HONOKEHWE PAaBHOBECUA [JIs PAsNUYHBLIX TEMIEPATYp WU J1aBiie-
HUM, MOXHO BBIOpaTh Haubosiee OGIArONPUSATHLIE YCIOBUS MPOBELCHUA
XMMHMYECKOro mnpoiecca. [Ipy OKOHYATEIBHOM BHIGOpE YCJIOBHIA POBEAESHUS
Npolecca YYMTHIBAIOT TaKKe MX BIMSHME Ha CKOPOCTh npouecca. Heobxo-
JVMMBl TaKHe YCJIOBHMA, 4TOOBl AOCTUTAJICSH MAKCUMAJIBHO BO3MOMHBINA BBLIXOJ
npoaykTa (CMElLleHue XMMUHYECKOTO PABHOBECHSA) IPM HauboJsbluedl cKopoc—
TH Hpouecca ero o6pasoBaHust.

§ 3. KOHCTAHTA NOHU3AIHNNU

OJIeKTPOTUTUYECKASi [OUCCONMUANMSA BellecTB B pacTBOpe — Tpoliecc
obparumerit. [lpuMmesuB 3aKOH [AEHCTBYIOIUX Macc K OpoLeccy paciaia
coenuHenusi K A, B pacTBope Ha MOHB K™ n A™

KnAn(p) == nK™(p) + mA™(p)
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HOJLy4nM
K KU1

[KnAn]

B 5TOM ciyyae KOHCTaHTa paBHOBECHA XapaKTepU3yeT MOHMBAIHMIO
BEllecTBA B pacTBOpE, [O3TOMY €6 Ha3BIBAIOT KOKCMANMOU UOHUIAYUU.
OueBupano, 4eM Gosbllle KOHCTaHTa MOHM3AlMHK, TeM 6ojee MOHW3UPOBAHO
coenunenne. IlockoAbKY KOHCTaHTa paBHOBeCHMA OT KOHUEHTpalluu He
3aBHMCHUT, KOHCTAaHTA MOHM3alUK [aeT Goslee OGLIYI0 XapaKTEPHCTHKY CHJIBI
3JIEKTPOJINTA, UeM CTEleHb MOHU3ALMM.

OnHako 3T0 BEPHO JMIND JJISA cabblX JIEKTPOJUTOB, PACTBOPH KOTO-
PHIX COMEPKAT CPaBHUTEJbHO HEMHOrO HOHOB. Y CHJBHBIX K€ 3JIGKTPOJIH-
TOB BCJAGACTBHE OOJIBIIOTO YMCJia WMOHOB B3aMETHO CKa3bIBAeTCA 3JIOKT-
POCTaTMYECKOE B3aUMOMEHCTBME MOHOB APYT € APYIOM. OJTO JIMIIAET HOH
BO3MOMHOCTH BecTd ceBsi He3aBUCMMO OT Apyrux. CBOMCTBA 3JIGKTPOJIMTA
OKa3BIBAIOTCA TAKMMU, KaK OyATO Obl KOHIEHTPAILMs ero MOHOB MHad, 4eM
Ha CaMOM Jiele. Pe3ynbTaToM 5TOrO SABJISIOTCA OTKJIOHEHHE OT 3aKOHa
JEeNCTBYIOINX Macc M UBMEHEHMe BeIMUYMHBI K NIPH M3MEHEHMM KOHIEHT-
pallMil PacTBOPEHHOrO BelyecTBa (B 4YacTHOCTH, NDH Da3baBleHHH pacT-
BOpa).

Jina pacmpocTpaHeHMst 3aKOHa HENCTBYIOIIMX MACC Ha CHIIBHbIE OJIEKTDOJIMTEI
BMECTO KOHLEHTPAllMM BelieCTBA B BbIPajKeHHEe KOHCTAHTHI DPABHOBECUS! TONCTABIS—
T ero 9¢b G eKTUBHY KOHLEHTDaAIUUI (T.e MPOSBISIONYIO
cebs1 B JefCTBUM) — TaK HasblBaeMylo axmuewocms 4. HanpuMep, ISl CHIILHOTO
anerTposnta KpApy

Yene Y
K=—r—— .
a

KnAm

Kak ¥ KOHLEHTPAlMIO, aKTHBHOCTL BbIpaxalorT B Mouib/i. CooTHolleHMe Meskiy
aKTMBHOCTBIO @& U KOHIEHTpallMell ¢ HaeTcsl BbIpaxeHWeM a = fe, rie f— xos@du-
yuenm axmusnocmy. OH XapaKTepusyeT OTJINYME CBOJMCTE DACTBOPOB CHJILHBIX
DIIEKTPOJIUTOB 0T CBOMCTB padbaB/eHHLIX pacTBOPOB CIabbIX OJEeKTPOJIMUTOB. B
ApeflelbHO PasbaBlleHHBIX pacTBopax (6auskMxX k "maeanbHbIM') saerTpocTaTHYec—
KOe B3aMMOAEACTBUE MOHOB NMPAKTUYECKU OTCYTCTBYET M3-3a UX YINaJleHHOCTH ADYT
oT Apyra. B aToM cayuae KooddHUIMEHT aKTHBHOCTH OAM30K K €fMHMIE, T.€. a ¥ c.
AKTHBHOCTL ¥ KOS(OULUMEHT AKTVBHOCTH ONPENEAOT HA OCHOBAHWM OSKCIEPUMEH-
TAJIbHBIX [aHHBIX.

[Ipn obcyxpeHUn NocenyIoUlero MaTepyuasa NPUMeM, YTO KOHIEHTPalUy pas-
GaBJIEHHBIX PACTBOPOB OMIEKTPONUTOB CYLIECTBEHHO HE OTVIMYAIOTCS OT MX AKTHBHOC-
Te.
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KOHCTARTH KMCIOTHOCTHM M OCHOBHOCTH. [IpUMeHMM 3akKOH [AeHcTBY-
IOIIMX Macc K MOHMBAIMM KHUCJIOTH B BOZHOM pacrtBope. Hanmpumep, nis
MOHU3AIUN a30TUCTOM KUCJIOTHI

HNO; + H;0 == OH} + NO;
KOHCTaHTa PaBHOBeCUsA

K= [OH}][NO; ]
~ [HNOy) [H,0] -

B paz6aBneHHBIX pacTBOpax KOHLUEHTpAIUA BOJABI — BeIMYUHA MPaKTH-
YecKU MOCTOAHHaA. [losToMy 3Ty BeNMYMHY 11€51€COOODA3HO BKJIOYAThL B
roHcranTy pasnosecus k[H,O] = Kj. Koncranty paBrOBecusi Ky Ha3HIBaioT
KOHCTARMOU KUCAOMMHOCINY

[OH3 ] [NO]

K« =0, ]

WM TNPH YOPOLISHHON 3alucy
HNO, = H* + NO;

(H* ] [NOj]
[HNG, |

KoHCcTaHTY KHCJIOTHOCTH MOMNKHO OHNPENEeNUTh 3IKCIOEPUMEHTAILHO IO
HU3MEPEHUIO IEKTPHUUYECKON NPOBOAUMOCTH PAacTBOPA.

O4eBHAHO, YTO UeM CUJIbHEE KHCJIOTA, TeM €6 KOHCTAHTAa KUCIOTHOCTH
Gonse (Tabmn. 22).

1A XapaKTepucTHKM CUJIBI KHCJIOTHL 4YacTO BMecTO Ky NpUMEHSIoT
OTPULATENBHBIA AECATUYHHI JorapudM ero YyncJIoBOro 3HaueHus *

K = = 57104, pKy = 3,29.

pKyx = —lgKi.

Hos cnabelx wuenor 3Hadvenusi pKj NOJOMKUTENBHB, U 4eM ciabee
KucaoTa, TeM Gonbiie pKy. Jlis cuibHBIX Kucior pKx oTpunatesbHB (cM.
Tabn. 22).

MHOrOOCHOBHBIE KHCIOTH MOHUBWUPYIOTCA CTYHEHYATO, W Kakaad CTy-
HeHb KUCJOTHOCTH XapaKTepUByeTcs CBOMM 3HaYeHHWEM KOHCTaHTbl KHCJIOT-
Hocty Ky u p Ky, Hanpumep:

H,PO, = H* + H,PO;

*
P — Ha4aJlbHas 6yKBa JaTCKOro ¢JioBa potenz — MaTeMaTU4YecCKas CTeleHb.
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[H*] [H2 PO,

- = +1073: = 2,12
Ko = “i56] 7,25:10%  pKa
H,PO; = H* + HPOY
_ ) [HPOT] . ot 1oes. _
Ky = P01~ 6,31-10°8; me’_ 7,20.
HPO? = H* + PO}
+ 3- -
Kg = BLLPOT] _ 4o 012 pi = 12,92,

[HPOZ ]

Ta6nuua 22, Knaccnbukams KucsopofcofepkanuX KUCHOT 10 HX cHiIe
B BOIHBIX pacrBopax *

Tun xucyorsi{ Kuesora K pKx Cuna kucior
3(OH), HBrO 2,06-107° 8,7 Ouenb citabbie
HCIO 3,2-10°8 7.5
HIO 2,3-1071 10,64
H3AsO4 6-10710 9,2
H3BO;3 5,8-10710 9,24
H,4Si0, 2-10710 9,7
HgTeOg 2,0-1078 7.7
30(0OH)y, HCIO, 1,1-1072 1,97 Cnabble
HNO, 5,7-1074 3,29
H,CO; 1,32-107 3,88
H,S03 1,3-1072 1,87
H3AsO4 6,46-1073 2,19
H3POy4 7,25-1073 2,12
HsIOg 3,1-10°2 1,57
30,(0H),, HBrO4 2:1071 0,7 CunbHble
HCIO4 ~ =1
HIO4 1,7-1071 0,77
HNOg 4,36-10 -1,64
HoMnQO, ~1071 ~1
H,S04 1-103 -3
303(OH),, HClO,4 ~-10 Ovuenb cumbHBIE
HMnO,4 2-102 -2,3

*B rabnuile NpMBeNeHB! 3HaueHUA K IIepBOM CTYIIEHM MOHUBALMU KUCIOT.
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JI1A HEOpTaHMYECKHMX KHCIOPOLCOAEPKAUMUX KUCTOT NepBasd, BTOPadA I
TpPEeThbsi KOHCTAHThl KUCJOTHOCTH HAXOAATCA B COOTHOUIEHMH, NPHUMEPHO
pasHom 1 : 1075 : 10710, B cnpaBes/imBOCTH YKA3aHHOrO COOTHOIMEHUS [JIA
H3PO, merpyaHo y6enuThes, ecyii COMOCTABUTL NPUBEIEHHLIE BhILIEe 3HAYe-
Husi Ky, Kyz, Ky [lepBuiii MOH BOZOpPORa OTpHIBaeTCA OT MOJEKYJbl
KHUCJIOTHL J1erde, a MOCJeAYIOIMe Bce TPYAHee, TAK KaK BO3PACTaeT OTpHIla-
TeJBHBIA 3apsj KUCJOTHOrO ocraTka. (B dacTHOCTH, mO3TOMY B pacTBOpe
daccoproit kucaoth nonos POJ™ mourn mer.)

Cuna KHCAOPOMCOAEPHKAUWUX KUCIOT 3aBUCUT OT CTPOCHUST MOJIEKYJIBI.
QopMyny KUCIOPOICOAEPKAIUX KHCJIOT B OOLIeM BHAE MOXKHO 3allMcaTb
30,(OH),, umest B BUAY, 9TO B UX MOJeKyaax umeworcs ceasu H—O0-3 n
370. Kak mNOKa3pBalOT MCCAEJOBAHMA, CHJa KMCJIOT OPaKTHYECKU HE
saBucuT oT n {uyncaa OH-rpynn), Ho 3aMeTHO BO3pacTaeT ¢ yBeJIMYEHUEM M
(4ucia sHecesazanubnix B OH-rpynmel aToMOB KHCIODOAA, T.e. CO CBA3AMU
3=0). 1o neproit cTynern moHuzanuu kuciaots tvna O{OH), ornOoCcsTCS
K OueHb cnabeiM (Ky = 1078—107U) pKy = 7—10), tuna 30(OH), — &
cmabbiM (Kyy = 1072—1074, pKy = 1,56—4), tuna 30,(OH),, — Kk cuapHbIM
1 tuna I03(OH), — Kk ovenb cuabHbIM (Tabn. 22).

Peakoe BospacTanue cuiabi B PSIAY KUCJIOT ¢ YBEJMYEHHUEM M MOXHO
O6GBACHUTL OTTATUBAHWEM JJICKTPOHHOM MWIOTHOCcTH oT cBAsu H—O Ha
ceazp 3=0.

C yBesln4eHUEM CTEIICHUM OKHMCJICHWS HEHTPajbHOTO aToMa O W3MEHeHHne
cocTaBa O6PasyeMbIX UM KHCJIOPOJCOACPHKAMMX KUCJIOT OTBEYAET yBEJINde-

+4 +6 + 3 + 5
a0 m, Hanpumep: H,SO; u HoSO4; HNO, u HNOj. IostoMy ¢ yseanue-
'HMEM CTeNeHU OKUCJIEHUSA LEHTPAJIbHOTO aATOMa CUJIa KUCJIOT OGBIUHO BO3-
pacraer, HalpuMep:

+1 +3 +5 +7
HCIO HC10, HCIO, HC1O,

CI(OH) CIO(OH) ClO,(OH) ClO43(OH)
pKx =725 ©pKy=197 pKyx=-1 pKx=-5

B srom IIpOABJIAETCA obmast 3aKOHOMEpPHOCTE: ¢ YBeJIMYEHWEM CTeleHn
OKMCJICHUs JJIeMEHTa B PALY €ro ruipOKCcHI0B OCHOBHbBIE cBOICTBa Ocjiabe-
BalOT, KUCJOTHBIE — YCUAMBAIOTCA, HAIIpUMED:

+ 4
Mn (O H )4
+2 + 3 + 6 + 7
MH(OH)Q MD(OH)g H4MDO4 H2MHO4 HMHO4
OCHOBaHHUE OCHOBaHMe aM¢)0TepHoe KUCJIOTa KU CJIOTa O4€Hb
Cpe}:(}{eﬁ cnaboe CoeiMHEHNe CHUJIbHasA CUJIbHaA

CUJIbI
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O cune ocHOBaHWiT MOMKHO CYAMTDH 110 3HAUEHUIO XKOHCMANMYL OCHOGHOCTU,
KOTOpYIo o6osHaualor K, M3 cpasmenusa K, rmapokcumos LiOH(K, =
=6,75.10"!, pKy, = 0,17) u NaOH (K, = 5,9, pK, = —0,77) Buano, uro
BTOPOE OCHOBaHUE CHUJIbHEE, YeM HEepBOe.

§ 4. KOHCTAHTA OBPA3OBAHUS KOMILJIEKCA

KoMnnekcHble COGAMHEHMS B pacTBOpPaX OOBIYHO HOHUBHPYIOTCA Ha
BHEIITHIO M BHYTPEHHIOW cephl:

[Ni(NHa)e]Clao(p) = Ni(NH3)Z*(p) + 2CI"(p)

KoMnnekcHble MOHBI B pacTBOpax B CBOK Odepeib NOABEPraioTci B
6o7bHIei MM MeHbIIEH CTeNmeHy paclafy Ha COCTaBHBIC YACTH:

Ni{NH3)2*(p) = Ni%*(p) + 6H3N(p)

O6 yCTOMYMBOCTY KOMIJIEKCA MOXMHO CYAWTH MO €ro obineil KOHCTaHTe
obpazoBanust [, (n — KOOPJUHAUMOHHOE YUCJIO KOMILJIEKCOOOpa3oBares).
Hns peawiun o6pazosanus nona Ni(NHgz)2* s pactsope

Niz*(p) + 6HsN(p) == Ni(NH3)§"(p)

obuiast KOHcTaHTa obpasoBadus 6yaer

Ni(NH3)2*
o = UQ_I;L”%;W_; = 1,02-108, 1gBs = 8,01.

KoHcTanTa 06pa3oBaHMA ABAAETCA MepON KOMIJIEKCOOGDA3OBaHUA —
6obIIEMY 3HAYEHUIO KOHCTAHTHI COOTBETCTBYET OGOJIblIasi KOHILEHTpanus
KOMILJIEKCA MPH PABHOBECUM.

CpaBHeHMe KOHCTAHTHl 06pa30BaHUsl KOMIJIEKCHBIX HOHOB

Ag(NO2); Ag(NHz);  Ag(S:03); Ag(CN);
6,76 102 1,47-107  2,88-1012  7,08-10!9

MIOKa3LIBACT, YTO HanboJiee yCcTOMYMB M3 3TUX KOMIJIEKCOB MOCJCIHUHA, a
HaMeHee YCTONYUB — NEpPBbI.

O6pa303a1—me KOMIIMIEKCOB B pacTBOpe 3aKIovYaeTcsl B [IOGJIENOBATEIbHOM BHed-
PEHUU JIMFTAHAOB BO BHYTPEHHIONO c¢)epy KOMHJIeKCOO6paSOBaTeJIH ¢ oTluenJiIeHueMm

T1€pBOHAYa/JbHO KOOPAMHUPOBAHHBIX MOJIEKYJT PACTBOPUTEJIS, HANIPHMED:
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Ni(OHp)2* + H3N = Ni (OH,)(NH3)2* + H,0
NI(OHZ)(NH3)§+ + H3N = Nl(NHg)%" + H,0
Ni(OHz)2* + 6H3N = Ni (NHg)2* + 6H,0

Hao6opor, mpy pacnafie KOMIUIEKca Ha COCTaBHblE YacT B DPACTBOpPe IPOMCXOINUT
3aMeHa JMMaH[OB Ha MOJIEKYNbI pacTBopUTens. TakuM o6pasoM, PeaKiluy KOMIUIEK-
c006pasoBaHis U paclajla KOMIVIEKCOB B PAacTBOpe IO CYTH fefla SIBJIAIOTCS peak-—
UUAMY 3aMellleHMsT JuraHgoB. IIpM ©ToM KOHUEHTPalMs BOABI IPaKTHYECKH He
M3MEHSIETCS], NI09TOMY B BbIPasKE€HHM KOHCTaHThI 06pasoBaHMsl ee He BKIIIOYAIOT.

Mockonbky o6pasoBaHMe U pacliall KOMIVIEKCOB B PACTBOPE IPOUCXORAT CTYIeH—
HaTo, KaXJOM CTYIeHH OTBedaeT OlpeflejieHHas CTyNeHdYaTas KOHCTaHTa 06pasoBa-
HUs1 kommiexca. st wona Ni(NHg)Z* mokno sammcars:

. 2+
Ni2* + HgN == Ni(NHg)?*, K = ——{ﬂjﬁﬁuﬁl’w} s lgky = 2,67

[Ni (NH3)3']

NNH3)2* + HoN == Ni(NH)Jg, Ky = oSt 16k = 2,12
Ni(NH3)2* + HaN = Ni(NHg)2*, K; = [NER}({I:}){%[}]{:JN] lgK; = 1,61;
NI(NHg)E" + HoN <= Ni(NHQ)Y', K = [NEIEII:I}({ I:}){gzj%[}]h N K= 10T
Ni(NHg)2* + HgN = Ni(NH)2*, K; = [NE?I;}({T};;)?[EQ Nj 6K = 06
Ni(NHo2 + HoN = NiNHg)2, Ko = Q6] o p 09

= [Ni(NH, ) 2] [HN]

0611135{ KOHCTaHTa OﬁpaSOBaHMﬂ KOMINIeKCa paBHa ITPOU3BENCHUIO CTYNEHYaTbIX
KOHCTaHT 06pa3013a1-m51

[Ni(NHg) §°

Be = KKK Ky K5 Kg = N2+ ] [NHgJ*

= 1,02:108, ig Bs = 8,01.

PaCCMOTpeHHblﬁ MaTe€puaJsl IIOKa3pIBaeT, 4YTo MpH pacTBOPEHHMU KOMIVIEKCHBIX
COEAVHEeHUN WU nIpnu 06pa308a1m14 KOMIVIEKCOB B DACTBOpE IPOUCXOIAAT CJIOXKHBIE
npolecchl 3aMelleHUs JIMraHA0B.

XeJylaTHbIE KOMIUIEKCHI GoJlee YCTONUYMBLI, YeM aHaJIOTM4YHble KOMIUIEKCEl ¢
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TIOXOXWMHM 110 CBOWCTBAM MOHONEHTATHBIMM JMTaHZamu. Hanpumep, sTuienaMaMu-—
HoBbi Kommnexc nuxedis (I1) ycroitunBee, 4eM aHayOrM4HBIA aMMUaKaTHBIA, Gonee
yeM B 109 pasa:

INi(NHy)J** [Ni(en),)**
~ -2+ - H, —24

H, .C_H
NH, NE

/\<l‘ —77NH3 H7C—N/\ |‘771LH2
HsNK‘i \Nl/‘u'ls Hzc\NK =

lgf3n=8,01 gBy=11,57.

§ 5. KOHCTAHTA ABTOIIPOTOJIM3A BOJHI

HpI/IMeHMM 3aKOH ﬂeﬁCTByIOIllHX MacC K CaMOMOHHM3aluH BOALI
H,0 + H,0 = OH} + OH-

niu
H,O0=H* + OH"

Koucranrta MOHU3aun BOLABI

M*][OH] _

K=",0]

= 1,8-1016
MOKeT ObITb BBLIYMCJICHA, HANpUMEp, [0 3JIEKTPUYECKOW [POBOAUMOCTH.
Kak BUAHO M3 BHIpaKEHUS KOHCTAHTH MOHWBAIMH, BOJA B OOBIYHBLIX YCJI0-
BHSIX WOHU3MDPOBaHA KpaiiHe Maio. [[03TOMy MOMXHO CYMTaTh, YTO KOHIIGH-
tpamus Boabt [H,O] — BesmumMHa nOcTOsiHHasA; OHa paBHa 55,56 Mosb/n
1000 r/x
18 r/monb
MOXHO 3alUCaTh CIAeAYIOIUM 06pa3oM:

= 55,56 Mosb/1|. YpaBHeHMe AJIi KOHCTAHTH HOHMU3AIMH BOJIKI

KTH,0] = [H*][OH]

Cnenosarensno, n npoussegenne K[H,0] nss nanHoil TeMnepaTypsl mocro-
saano: K[H,O] = 1,8-10716:-5556 = 10714, O6ossauum mnpousBeseHue
K[H,0] = K;. Cnenosatensho, Kz = [H*][OH] = 10714,
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Bemmuvna K, Ha3BIBaeTcs UOHNBLAL Rpousgedenues 600s U ABIAETCA
NOCTOSHHOM HE TOJIBKO OJIS YMCTON BOABI, HO U Ui pa3baBiieHHbIX BOM-
HEIX PacTBOPOB JO6HIX BemtecTs. C NMOBBIIIEHUEM TemMuepaTyphl Ky yBean-
YuBaeTesd, ¢ NOHMKeHMeM — ymenbiuaercsi. OZHaKO JJ1A pacyeToB, OTHOCH-
IUXcA K KOMHATHOIM TeMmiieparype, MOXHO BO BceX cydasX HPUHUMATH
Ky = 10714,

HNounnoe npoussefienne BOAL — BecbMa BaKHAA BEJIHMUYMHA, TaK Kak
MO3BOJIACT AJis JHO60TO BOJHOTO PAacTBOpa HAWTH KOHIEHTpauuoo H* (OH;)

npu usBecTHo# koHueHtpaiuu OH™, u HaoGopor. [Iasi 9ucTO BOZH KOH-
nenrtparus uonos H* (OH3) pana womnenrtpanuu uosnos OH-, T.e. cpena

Heitrpaneras: [HY] = [OH] = {K; = 1077 Mo /1.

Ecnu kouuentpanus monos H* Beme 1077 monp/n, a KOHULEHTpanmus
OH™-nonoB fimke, TO pacTBOp Oyner xucasia. Haobopor, weaownold pact-
BOp cooTBeTcTBYeT KOHUeHTpanuu wuoHoB OH- Bumume 1077 mons/a mpu
KOHIEHTpauuu uoros H* Huxe 3Toro smadeHus.

KonuyectsenHoe 0603HaYeHne peakUild Cpeibl MOKHO YIPOCTUTH, €C/IU
NPHUHATh 3a OCHOBY TaK HAa3bIBAeMBIX 6000opodusil noxazameas pH, onpeme-
JAEeMBIl Kak AECATUYHBIN JOTapudM KOHLUEHTpAIlUM BOJIOPOJHBIX HOHOB,

B3ATHI ¢ o6paTrEIM 3Hakom: pH = —lg[H*]. Torna
HelfTpastbHasti cpella . . ... v oo v i v vt o oLl pH =
Kucmastcpena . .. ... ... L. pH <7
Mlemoynastcpena . . ..o .o v ie i pH > 7

Ilpaktudecku peaknuio cpear yao6HO OHPEAesiTh ¢ NOMOIIBIO UHIUKA-
Moposé — BEIIECTB, MEHAIOIIMX CBOi IBET B 3aBHCUMOCTH OT OTHOCHUTEILHOI
KoHnentpauun nonos H* u OH".

AHAJOIMYHO MOXHO BRIBECTH MOHHble TNPOU3BEAEHMA U A NPYTUX KUIKMX
BellecTB, HanpuMep ammuaka (npu —33,4°C)

2H;N = NHj + NH;; [NHZ][NH;] = K5 pK; = 22
cynbdarta Bonopoaa
2H,504 == SO4H} + HSOj; [SO4H:][HSO]] = K pKs = 3;
dropuna BomopoIa
2HF = FH + F; [FHI][F] = Kg pKs = ILT.
Benmunny K HasbIBAIOT KOHCMANMOU A6MONPOMOAUSA.
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§ 6. PABHOBECHUE B TETEPOTEHHBIX CUCTEMAX

Koncraara pasmosecms. PaccMoTpuM mponeccel, B KOTOPHIX Hapsny c
peareHTaMu B Ta30BOM COCTOSHHM YYacTBYIOT PEareHThl B TBEPJOM HJIM
MKUIKOM COCTOAHWM, He oOpasyiomue APYr ¢ APYIOM TBEpABIX pacTBOPOB.
KoHIEeHTpanuy HACHIIEHHEIX [apoB XKUAKUX U TBEpPAHIX BeliecTs (rasobas
dasa) npu AaHHON TemmepaType BeIMYUHH MOCTOsiHHBie. Besencraue storo
MX KOHHEHTpAalVMH MOXHO BKJIIOUMTb B KOHCTAHTY PaBHOBECHS, a BhIpa€e-
HHE 3aKOHA JEMCTBYIOIUMX Macc YOPOCTUTh. Tak, AJA peakuydy TepMuUyec—
KOU Aaucconuanuu kapGoHara KamblUs

CaCOs(k) = CaO(x) + COy(r)

BHIpAKEHHE JI/13 KOHCTAHTH PaBHOBeCHA MOXHO samucath: K = [CO,) uan
Ky = pCOz' OTcrozia BUJHO, YTO NPU PABHOBECUM KOHIEHTPALMs OKCHAA

yraepoza (IV) npu xamaoil AaHHOM! TemMmnepaType — BeJIMYNHA NOCTOAHHAS,
He 3aBucsias ot cogepxkanusd CaCO; u CaO. CnenoparensHo, B 3aMKHY-
TOH CHCTEMe NpH JAAHHOH TeMIeparype kapOOHAT Kajiblusi GyAer pasia-
ratbcs O TeX MOp, NOKa pCOg He JOCTUTHET ONPEJENEeHHOro 3HAUeHHs,

HanpuMep:
Temneparypa, *C............... 762 808 870 904
Ma. ... ... ... ..... 3 266 A
I’COZ, klla 13, 66,7  106,2

Ananoruusoe BHIpaxceHMe [JIi KOHCTAHTH MOJYYaCTCA [JIA BCEX peaKlluil,
B KOTOPBIX TOJIBKO OAMH M3 KOMIOHEHTOB HAXOAUTCS B ra30oBOM COCTOAHMM,
HalpuUMep, A [POHEeCCOB TEPMHUYECKON [MCCOIMANMU KPUCTAININYECKUX
OKCUJOB, cyNbPUAOB, THAPOKCUAOB, KPUCTAIUIOTUAPATOB U APYTUX COSNM-
HeHUi1.

IIporspeenne pactBopuMocTA. [IpUMEHUM 3aKOH [EHCTBYIOIUX Mace K
reTepOreHHON cucTeMe — HAaCBIIEHHOMY pacTBOpPY MalopacTBOPUMOLO
COeMHEHN A, HaXOASIIEr0ocs B paBHOBeCHU c TBepAoil dasoit. Ecam mano-
pacTBOopuMoe coenunenvie KA, pacnanercs Ha kKaTMOHB K™ W aHMOHBI
A™ 70 Mexly TBepHOH (a30il U PACTBOPOM yCTAHOBUTCS paBHOBEcHE:

KnAn(k) = mK™(p) + nA™(p)

Hpu paBHOBecHM B HacBILIGHHBIN PacTBOP NEPEXONUT B €IUHHUILY BpeMe-
HHM CTOJIbKO HMOHOB, CKOJIBKO MX BHOBb BO3BPAILAeTCA B OCaJOK. JTO PaBHO-
BECHE XapaKTepPU3YeTCA KOHCTAHTOW paBHOBECHS, KOTOPYIO Ha3bIBAIOT
npoussedenuen pacmeopumocmu u o6ozsayator I1P:
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IP(KnAp) = [Km]m{A™]n.

TakuMm 06pa30M, 6 HACHWEHHOM PACMBOPE AAAOPECTNBOPUAUOLO COETUHE-
HUS Npoussedenue XOHYENMPAYUU €10 UOHOG 6 CMENENU CIMETUOMEMPULEC—
xuz %03 fuyuenmos npu JanKol MeunEPAMYPE ECMB BELAUYUHE NOCMOIH-
nas ™.

[Ipon3sBeaeHus pacTBOPUMOCTH HEKOTOPHIX MAaJOPaCcTBOPUMBIX COEIMHE-

Hull npuBexeHb B Tabu. 23.

Ta6nuua 23 IIpouspeleHe PacTBOPMMOCTH HEKOTOPHIX MaJlOPaCTBOPHM—
MBIX B Bofie coenmHenmi npu 25°C

Coenunne- 1P pllP = —lg MP| Coenuue- 1P pllP = - ig [P
HUe HMe

AgCl 1,78-10710 9,75 CaCQOg 4,8-10°° 8,32

AgBr 5,3-10713 12,28 CaF, 4,0-1071 10,40

Agl 8,3-10°17 16,08 Cag(POy)o} 2,0-10720 28,70

AgCN 1,4-10716 15,84 CaSOy 9,1-1076 5,04

AlPQ, 5,75-10719 18,24 CuS 6,3-10736 35,20

BaCOz; ]5,1-1079 8,29 Mg(OH); | 6,0-10712 12,6

BaSO, |{1,1-107t0 9,97 PbS 2,5-10727 26,60

IIpousBeseHre pacTBOPUMOCTH XapaKTEpU3YeT DPacTBODUMOCTH BeEIecT-
Ba: yeM 6oxawme IIP, Tem Gonbme pacrBopuMocth. Tak, corjacHO DaHHBIM
tabn. 23, B pagy AgCl—AgBr—Agl pactBopumocts npu 25°C yMeHblua-
eTcH.

W3 nowstua IIP BeiTekaeT ycsioBue 06pa3OBaHUS M PacTBOPEHNA Ocal-
koB. Korga [K7*]m[A™]n = IIP, cucrema HaxopuTcs B paBHOBecuu. Ecin
xe [KP*]mAm]n > TP wm [K™]|"[A™]" < NP, 10 cuctema cTpemuTca K
HOBOMY COCTOSHMIO paBHOBECHs, MPUBOJSAINEMY B IIepBOM cjIydae K BbINa-
JeHHIO Ocajlka, BO BTOPOM — K ero pacTBopeHuto. WHbIMM cjioBaMH, TPYA-
HODACTBOPHMMBIN 3JIEKTPOJUT BHIMaJaeT B OC3JOK, KOIZa HPOMBBEIEHUE
KOHUEHTPAIMi €ro MOHOB B PacTBOPE CTAHOBMTCS 6 O JI b LI € 3HAYEHMs
ITIP, nanpumep B cayuae AgCl, worpa [Ag*][CI] > IIP. Ororo MoxknO
JOCTUTHYTh NpHUGaBIeHueM W3OHITKA 3JEKTPOJINTA, CONEPKAILero uoun Agt
uma Cl°. Takoit npueM ucnoss3yeTcsi OJs Haubojee IONHOTO OCAXACHUA
BEILIECTB.

*TocKONIbKY PAcTBOP MAJIOPACTBODUMOTO COSNMHEHMsl NONYYaercst OYeHb pas-
6aBJleHHbIM, TO AKTHMBHOCTM WOHOB B DACTBOPE MOMKHO NPHMPAaBHATL MX KOHLEHT-
paLusaM.
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PacTBopeHMe Ocajika NPOUCXOJUT TOrAa, KOrAa NPOU3BENeHNe KOHIEHT-
paluil ero MOHOB B pacTBOpe cTaHeT M € H b Il € 3Havenus IIP, Te. B
HaweM npuMepe, korga [Ag*]{Cl] < IIP. OToro MOKHO NOCTUIHYTh, CBAIBI-
Basi OILMH U3 HOHOB, MOCHIJIAEMBIX OCAJKOM B PAacTBOD, B Kakoe-aubO ApPY-
roe coeJIMHEHUE.

Yacto BMecto 3HaveHMit [IP npuMeHsAOT NOKasaTesNb pPacTBOPMMOCTH
plIP — oTpuunarenbubiit sorapudM npoussenenus pactsopumoctu pIIP =
= g MIP.

J1 ABA 4 XUMHYECKAA KHHETHKA
§ 1. CKOPOCTb XUMUYECKON PEAKIIVIU

OnHa #3 OCHOBHBIX 3aJay XMMUM — M3YUHUTh BJIUAHME Pas/IHYHBIX
(aKTOPOB Ha CKOPOCTb M MEXaHM3M XHMHMYecKHX peakiuil. O npuHIuNH-
aJIbHOJ OCYILIECTBMMOCTH NPOLECCa CYJAT IO 3HAYCHUIO M3MEHOHUA SHep-
run ['ub6ea cucremb. OQHako OHO HMYEro He TOBOPUT O pPeasibHON BO3-
MOXHOCTH DEeaKIUM B MAaHHBIX YCJIOBUAX, HE JAeT NPEICTAaBIeHUSA O CKO-
pocTu M MexaHU3Me nponecca. Hanpumep, peakiiua B3aMMOJEHCTBUA OKCH-
na asora (II) ¢ kucaopogom

INO(r) + Oy(r) = 2NO(r), AGL,, = —T0xMx

MPOXOJMUT O4YeHb ObICTPO NPH KOMHATHOW TeMmepatype. B To BpeMsa Kak
peakuus :

2H,(r) + Oq(r) = 2H,0(r), AG;,, = —458 x/lx

298
XapaKTepU3yollascsa 3HAUMTENbHO GOMBIINM yMeHbIIeHneM sHeprun ['n66-
ca, B OCBIUHBIX YCJIOBHAX NPaKTHYeCKH He mpoTekaer. CMech BOAOPOIa C
KUCJOPOIOM COXpaHsieTcAd HOpPY KOMHATHOM TeMiepaType 6e3 3aMeTHOrO
B3aMMOJEiCTBISA OYeHb AJIMTEIbHOE BpeMs, HO B IIPHCYTCTBUM KaTalW3aTo-
pa ua npu 700°C npouecc nporekaeT IPaKTHYECKM MIHOBEHHO (CO B3pbi-
BOM).

Takum o6pa3oM, IAA ONMCAHWSA XUMUYECKON peaKIMHM HeOGXOIMMO
3HATh 3aKOHOMEPHOCTM €€ NpOTeKaHHWA BO BPEMEHM, T.e. €€ CKOPOCTb M
MexaEu3M. CKOpPOCTb ¥ MEXaHM3M XHMHUECKUX [peBpallieHuil n3ydaer
pasien XUMUM — TUMUECKAS KUHECTAUKA.

Hzydenne ckopocTeil peakiMii MO3BONAET BHICHUTb MEXaHU3M CJIOK-
HBIX XMMUYECKUX NpPeBpallleRuii. JTo, B CBOIO OYepellb, CO3aeT MepCleK-
THMBBI [J151 HAXOKJGHUSA IIyTell yIpaBIeHUsi XMMHUYECKMM NpoleccoM. Beistc-
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HEHUE KHUHETHKHN peaKIKUi no3so/isieT OCYIIECTBUTh MaTeMaTH4YecKOoe HX
MOJEJMPOBAHKE U C IIOMOMIbIO KOMIIBIOTEPOB pPeIiUTh 3aJadyl ONTUMHU3IALUU
U aBTOMAaTHU3alMK XUMHKO-TEXHOJOTMUYECKMX MpOIECcCOB.

Peaknuu MOTyT OBITb 10MOLEHHbLUL K temepotenHsluy. [OMOreHHbe
PEAKIMK TPOTEKAIOT B OJHOPOAHON cpese (HampuMep, B ra3oBoil dase uin
AKUIKOM pacTBOpe). ['eTeporeHHble PeaKHUM IIPOTEKAIOT B HEOXHOPOAHOM
cpelle — My BelIecTBaMM, KOTOpHIe HAXOAATes B pasHbIX ¢asax (TBep-
O K JKMIKOM, ra3oBOM U KUAKOH M T.A.). Takum o6pa3oM, rOMOreH-
Hble PeaKIUU IPOMCXOAAT pPaBHOMEPHO BO BceM oOb6beMe, 3allO/IHEHHOM
peareiTaMy, TeTepOreHHbie — TOJBKO Ha HEKOTODHIX NOrPaHNYHBIX TOBEPX-
HOCTAX — Ha rpaHune paspena ¢das. [IpuMepoM rereporeHHoit peaknun
MONKET CIYXUTh DEaKUMsA MeEXJy BeIeCTBOM B a30BOH ¢ase U HOBEpX-
HOCTBIO KUAKOTO MJIM TBEPJOTO TeJa.

Cropocmuvro peaxyuu Ha3bIBAETCS YHCJIO 3JEMEHTapHBIX aKTOB PeaKlyH,
[NPOUCXOAAIMX B ©IMHHUIy BPEMEHU B eauHMIlEe 06bema (AJIsI rOMOTEHHBIX
peakuuil) WM Ha eIMHHLE NOBEPXHOCTH pasfena a3 (IJ1s1 reTeporeHHOil
peakuuu). CKOPOCTb peakuMy OOLIYHO XapaKTePU3YIOT W3MEHEHHeM KOH-
fIeHTPaliM KaKoro-—vin6o U3 UCXOAHBIX WM KOHEUYHBIX [POAYKTOB DeaKLMu
B 6AVHUIY BPEMEHU M Yallle BCEro BHIPAKAIOT B MOJIb/(cM3 *MUH).

O CKOpPOCTH peaKIHMH MOMHO CYJUTh TAKKe [0 CKOPOCTH M3MEHEHHA
KaKOTO—Jinbo CBOMCTBA CHUCTEMBI, HallpUMep, OKPACKH, 3JIGKTPUYEcKOit
[IPOBOJAMMOCTH, AABJIEHUS, CIIeKTpa U T.A.

Eciu B MOMEHT BpeMeHW 7; U T3 KOHUEHTpalUs OJHOTO U3 MCXOAHBIX

BEIECTB paBHBI €] U (2, TO CPEIHIOIO CKOPOCTL ¥ B MHTEpBaJie BpEMEHU 7 U
T2 MOKHO BBIDa3UTh TaK:

g — ¢ Ac

vV ———— = — —

Ty —. T AT

Ilockonpky peub maeT 06 yOBHUIM KOHIEHTPAUMU HCXOJLHOrO BEIIECTBa,
U3MEHEHNe KOHUEHTPaluu B 9TOM ciydae 6epeTcsi co 3HaKOM MHHYC.

B xome XuMHUYecKMX [pOLECCOB KOHUEHTpAIVM BEHIECTB MEHSIOTCA
HenpepbiBHO. [lo3ToMy BakHO 3HATH CKOPOCTH peaKUUU B AAaHHBIH MOMEHT
BpEMEHU, T.e. JMINOGeNHYIw cxopocms peaxyuu. [locmennsas seipaxaercs
[IepBON MPOU3BOAHON KOHIEHTPAaUUU 1O BPEMEHU:

’U_'*'E
T dr

Ecan ckopocTh peaknym OUEHWMBAETCA YBEJIMYEHHEM KOHUEHTDAaLUU
OJHOTO U3 NPOAYKTOB PEaKIMH, TO IPOM3BOAHAs GepeTcs cO 3HAKOM IJIIOC.
Ha puc. 114 npusenen rpaduk 3aBUCUMMOCTH KOHUEHTPALLMM MCXOAHOTO
BellecTBa OT BpeMeHU. B KakIblii MOMEHT BpeMeHW (HalpuMep, Ti) MCHO-
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BEHHas CKOPOCTb PEAKIMH pPABHA TAHTEHCY
yrJjia HaKJIOHa KPUBOH v = tg o.

HccnenoBanne cKOpOCTel XUMHUECKUX
peakuuit M aHanu3 NOAOGHBIX rpadUKOB
----- MO3BOJIAET MOJYYUTHL IEHHbIE CBEJEHUA O
MEeXaHU3MaX peaKLMi.

CropocTh XUMHUYECKHUX MpeBpallleHui
't‘z\ﬁ 3ABUCHT OT NP M P O /L Bl Pearupylomux
BEILeCTB, MIX KOHULEeHTpalUl Uil u

Puc 114, Movenemme won- B HEUWHUX ycaosuh.
LEHTPallU!l MCXOMHbIX BEIIECTH OueHb YacTO CTEXHOMETPUYECKOE ypaB-
B TIpollecce peaKluu HEHUE pEeaKIMK He OIpeJessieT ee Mexa-
HU3Ma. BOMBIIMHCTBO peaKIMil COCTOUT U3
pazna 6oJsiee IPOCTHIX 3JEMEHTAPHBIX CTAIU.

Jaxke peaknyu ¢ OTHOCHUTEIBLHO IPOCTHIM CTEXMOMETPUYECKHM YpaBHE-
HHEM 4YacTO OKa3bIBaloTcA OOmee CJIOKHBIMH, YEM 3TO MOXHO OBIZIO OBl 3aK-
JIIOYUTH I10 ypaBHeHUIO peaknuu. Hanpumep, peakuus

Hy(r) + Cly(r) = 2HCI(r)

Kowyermpauuna

!
[}
1
1

Bpema

B JEeHcTBUTENBHOCTH IPOTEKAET MO LENHOMY MEXaHU3MY.

§ 2. DOHEPTHWA T'MBBCA AKTUBAIIUU

XuMHYeckoe NpeBpalleHre NPOUCXOAUT TOTAa, KOTJa BOZHUKAIOT yCIo—
BUA JAJs NepepaclpefeleHus 3J€KTPOHHOU INIOTHOCTH CTOJKHYBIIUXCA
4acTUll. JTOT NPOLecC MPOTEKAeT BO BPEMeHU U TpeGyeT 3aTpaThl 3Hepruu.
Pacemorpum B3auMmopneiicTBue razoo6pasHeix BemecTs A, u Bg:

A,(r) + Ba(r) = 2 AB(r)

XOL[ 3TOTO B3aUMOACHCTBUA MOXHO OXapaKTepU30BaTh TpeMsA nocjaeno-
BaTeJIbHbBIMH COCTOAHUSIMM CUCTEMBI:

A B A+B A—B
[+ = ¢ = 4+
A B A--B A—B
HauyalbHOe  IIEPEXONHOE  KOHEUHoe
(vicxonuble (akruBupo-  (MPOLYKTHI
peareHThI) BAHHBI peakuuu)
KOMILTIEKC)

B nepexogHOM COCTOSHMM IIPOMCXOAMT HEeperpyiiypoBKa aTOMOB, CO-
NPOBOXKAIONIASACA TepepacpefeieHueM 3JeKTPOHHOM IIOTHOCTH. JHEep-
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IO, HEOGXOAVMYIO JUU1A MEPEeXOAa BELIeCTB B COCTOAHME aKTMBUPOBAHHOIO
KOMIUJIeKCa, HasblBaIOT sneprueti [ubbca axmueayuu.

HamomsiuM, uTo SHeprust ['mb6ca cBs3aHa ¢ 3HTajIbIHEN ¥ SHTpONUE
COOTHOUIEHUEM

G=H-—-TS.
+ ..
Ananoruuno, sneprus ['u66ca aktusaumu AG cBA3aHA ¢ JHTAJIbOHUEH

# ) # ,
aktuBauuu AH u suTponmen aktuauun AS ONHOTHUIIHBIM BBHIDAKEHUEM:

AG = AF — TAS

O6paszopanye aKTHBUPOBAHHOTO KOMIUIEKca TpeGyer 3aTpaThl IHEPrHU.
BeposaTHOCTh TOrO, Y4TO OpH CTOJKHOBEHMM HacTHI[ 06pa3yercA. aKTHBUPO-
BaHHBI/l KOMIUJIEKC M TPOU30MIET PEeaKiis, 3aBUCUT OT DHEPIrUM CTAJIKU-
BaIOIUXCA wacTull. PearmpyroT TONBKO Te M3 MOJIEKYJ, 3HEPrUsl KOTOPHIX
[UJIs1 3TOr0 OOCTATOYHA. Takue MOJIeKYJbl Ha3blBAIOT KMUBKBLAUU. JHEp-
FUIO, HEOGXOAUMYIO [JIsi NEPEXOha BEHIECTB B COCTOAHWE aKTHBUPOBAaHHOTO

. +
KOMILJIeKCa, Ha3biBAIOT IHMAADNUEU AXKTMUSAYUU AH .
KpOMe QHTAJIBIIMM AKTUBALUU BaXKHBIM YC/JIOBHEM OCYIHNECTBJICHUA XMUMHU~-

YeCKOH DeaKIUU ABIAETCA IHMPONUL AKMUSAYUY AS¢‘ OHa 3aBUCHT OT
YUcaa M ODHMEHTalM MOJIEKYJ B MOMEHT CTOJIKHOBEHHs. Tak, IonycTuM,
YTO MEepepacnpefeneHdui0 3JeKTPOHHOH MJIOTHOCTH B aKTHBUPOBAHHOM
KoMmIekce A,...B; 6aronpUsTCTBYIOT OPHEHTANMM MOJIEKYJI OPU CTOJKHO-
BEHUM, KaK 3TO NoKaszaHo Ha puc. 115, a. IIpu opuenTanuu xe Momexyi,
KaK 3TO MOKa3aHO Ha puc. 115, 6, BepOATHOCTh XUMUYECKOTO B3aUMOaeicT-
BUA ropasgo MeHblie. OHa CTAHOBHUTCS €Ile MEHbIIEe NPU OPHEHTAIUM
MOJIeKyJI, TOKa3aHHOU Ha puc. 115, 6.

OHepreTMyecKine U3MEHOHUs B PearMpyIOIell cucTeMe MOXHO HpeicTa-

Puc. 115. Brarompusithbie (a) u  He6rarompuaTHbe
(6, ) opueHTauMM Monexyn Ay n By nipu croskHOBeHMH
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BUThL CXEMOI, KOTOpas u306paskena Ha puc. 116. 31ech ropusoHTaIbLHASN
OCh XapaKTepHU3yeT XOJ PeaKIUu:

[McxonHoe cocrosmue] = [nepexonHoe cocrosiue] ¥ [konedHoe cocTostHue)

Ilo ocu oppuHar orioxena sHeprus ['u66ca cucrembl. Mexoanoe cocrosi-
HUE HMMeeT OJHeprui0 Gy, KOHeuHOe Gkoy. PasnocTh dHepruit 'n66ca
HAa4YaJbHOTO M KOHEYHOrO COCTOSIHWII paBHa sHeprunm ['u66ca XuMu4ecKoit
peakuun AG.

Ay...B>

SHeprua Mb6ca

MyTts peakumu

P u c. 116. OHepretudeckas cxema Xofia PEaKIMU
Ay + B, = 2AB

CorjlacHO 3TOH cXeMe B XMMHMYECKOe B3aUMOJEHCTBUE BCTYNAIOT
Nl 4acTuils, obnagammue Heobxonumoll sHeprueii ['mb66ca axkruBanmu
AG

Bricias Touka MakcMMyma KpUBOH OTBEYAeT COCTOAHWUIO, KOTZAa pearv-
pYroiliie MOJIEKYJIBl HACTOJNBKO cOJIMIKEHBI M UCKAXEHBl UX CTPYKTYPHI, YTO
CTAHOBUTCSI BO3BMOXKHBIM 06pa30BaHUe NPOAYKTOB PeaKily.

Oneprua 'm66ca aKTUBUPOBAHHOTO KOMIJIEKCA BbIlIE 3HEPTUU HAYalb-
HOTO M KOHEYHOIO COCTOSHUs cucTeMbl. TakuM obpazoM, sneprus ['m66ca -
AKTUBAllMM — 3TO CBOEOODa3HBIN JHepreTHdecKuil 6apbep, KOTOPHI OT/e-~
JiSIeT MCXOJHbIe BEllleCTBa OT NPOAYKTOB PeaKIyiu.

3aTpaueHHas Ha aKTHUBALMIO MOJIeKys sueprusa A H npu ob6pasopanuu
NPOAYKTOB PEaKIMHM 3aTeM MOJHOCTBIO WJIM YacTUYHO BhigensieTcs. Ecan
NpU pacnajge aKTHUBMPOBAHHOIO KOMILJIEKCA BblJesAeTcss OOJiblle 2HEPruu,
4YeM 3TO HeOOXOAMMO AJis aKTUBAaLMH MOJIEKYJ, TO PeaKLHUA BK30TepMHYEc—
kad (AH < 0). B nporussoM ciydae — suporepMudeckan (AH > 0).
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CKOpOCTh peaklii HEIOCPEICTBEHHO 3aBHCHT OT YHCJa MONEKy], 06ia-
JAIOMIVIX JHeprueil, AOCTATOYHOI [Jisi 06pa30BaHUA AKTUBUPOBAHHOIO
KOMIUIEKCa, T.e. CHOCOGHBIX K XUMMYECKOMY NpeBpauieHuio. Yem 6Gombire
AKTHBHBIX MOJIEKYJI, TeM CKODOCTh peakuun Gonbme. Oaun M3 IyTeit yBe-
NVYEHUA YHCJIa AKTUBHBIX MOJIEKYJl — HarpeBaHHe.

Jna ocymecTsieHUs] PeaKOUU MOJIeKYJbl NMPH CTOJKHOBOHUH JOJIMHBI
6bITH OIpEeNeNIEHHbBIM 06pa3oM OPHEHTHPOBaHb M 06JaZaTh JAOCTATOYHON
SHepruei.

KoncTasTa ckopocTH peakimuM. 33BUCHMOCTh CKOPOCTH pPeaKUUH OT
TEMIEpaTyphl, SHTAILINM aKTUBallMM U 3HTPONMM aKTHMBalUW ONpeesisier-
Csl CJIGAYIOMIMM BbIPAKEHMEM JJIsl KOHCTaHThl CKOPOCTH POaKUMu:

‘70 —AH /(RT)CAf /R

rae 7 — B NEPBOM IPUGIMKEHUN MHOXKHUTENb, OTPaXalomuil obliee MO
CTOJIKHOBEHUH MEXAY B3aMMOJESHCTBYIOLMMM YACTUIAMH B €AWHMILY Bpe-
MeHH; T — abconoTHas TeMmneparypa; R — MONsIpHAs ra3oBas NOCTOAHHAS;
€ — OCHOBaHWE HATYPAIbHBIX JIorapudMoB.

BepoaTHocTh TOro, YTO CTOJAKHYBIIMECH MOJEKYJIH OYAYT MUMETh NOCTa-

. —AH J(RD)
TOYHYIO SHEPIHIO B3aWMOAEHCTBUA, NPONOPUMOHANLHA € . Bepo-
ATHOCTB K€ HMX HYXHO ODHEHTAalUUM B MOMEHT COYJapeHUd HpOHOpuMO-
HaJIbHA € ‘S?/ R.

W3 ypaBuenus A k BUAHO, YTO, MOCKONBLKY T BXOAMT B MOKA3ATeNb
CTelleHH, CKOPOCTh XUMHUYECKOM peaklMM OYEeHb UYBCTBHTENIbHA K H3MEHe-
HUMIO TemmepaTyphi. Hanmpumep, mpu nosbimieHun Ttemneparypst Ha 100°
CKOPOCTh peaKIuu

Hy(r) + Ix(r) = 2HKr)
Bo3dpacTaet npuMepso B 1000 pa3s:

T, K....556 575 629 666 700 781
k... 4,45-10% 1,37-10¢ 2,52-10% 1,41-102 6,43-102 1,34

W3 sToro ypaBHeHus nia k Takxke cefyeT, UTO YyeM GOJbLIE SHTANLIUS
aKTUBAIMM, TeM 3HAYMUTEJNbHEE BIMAHHE TEMIEPATYPH Ha CKOPOCTb peak-
UK.
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§ 3. MEXAHU3M XUMWYECKNX PEAKIIMA

B 3aBUCMMOCTH OT NPHUPOAH PEarMpyIOLIHUX BEIECTB M YCJIOBHH HX
- B3aUMOJIGACTBUS B JIEMEHTAPHBIX aKTaX PEaKUUil MOFYT NPHHUMATbH ydac-
THE aTOMBI, MOJIGKYJIbI, pagukansl uiau uoHbl. CBOGOAHBIMM pajUKalaMy
SIBJIAIOTCA BJIEKTPOHEHTPAJIbHBIE YaCTUIBI, KOTOPbIE MOXHO NPEACTaBUTb
Kak ockosikn Mosexyda, Hanpumep OH (ockonok or H,0), -NH, (ockomok
or H3N), -SH (ockonok or HyS) u T.1. K ¢BOGONHEIM pafiMKalaM OTHOCAT-
cs1 ¥ cBOOOMHBIE ATOMBI.

CBO6OIHBIE PAfUKAIbl YPE3BLIYAHHO PEaKIMOHHOCIOCOGHBI, 8 IHEePrHs
Tu66ca akTuBanMU pafiUKalbLHBIX peakuuii ouens Mana (0—40 klx/Monb).

O6pasoBanue cBOGOAHBLIX PaJUKaATOB MOXET NPOUCXOAUTH B MHpoliecce
pacliajla BelIecTBa OPU HATPEBaHMHU, OCBELIGHUH, IO AEHCTBHEM S4EPHBIX
WU3JYyYeHUH, OT CUJIBHHIX MEXaHUYECKUX BO3LEICTBUIA, NIpU 3JIEKTpopa3psie
u T.4. CBoGOAHBIE PAJHUKATBl POXKIAKTCA TaKkKe B MPOLECCe CaMBIX Pa3HO-
06pa3HbIX XUMUYECKUX NPEBPAlICHUMIA. OHTANBNMS aKTUBAMU PpeaKUMit

AH;t ¢ yuYacTUeM MOHOB Takke HesHauuTenbHa (0—80 k[lxk/moss). das
OCYIECTBJICHUS ¥e peaKnuil HEeNOCPEeCTBEHHO MEX Iy MOJIEKY/IaMyu OOBIYHO
TpebyeTcs BBICOKAsA 3TaJbIMA aKTHUBAIMM, IIO3TOMY TakMe PeaKIMU BecbMa
peNKH.

JJ1s1 MPOTEKAaHUS VIEeMEHTAPHOIO aKTa peaKUMM HeoOXoAMMO, 4ToObI OpOUTAIU
B3aUMOIENCTBYIONIMX YACTHUL[ NEPEKPHIBAIMCE W CO3NABAIUCE YCJIOBUS VIS Nepexo—
13 YIEKTPOHOB € IaHATBHIX OPOMUTaNEel Ha CBOGONHYIO, T.€. A lepepaclpereseHus
OJIEKTPOHHOM TJIOTHOCTM — pas3pblBa CTapbIX CBs3eMl M 0OpasoBaHMsA HOBBIX. Pac-

CMOTPUM MexaHu3M peakuuu Mexay Hy[o2070 u Iz[...W;4yU:O]. Jomnycrum,

Mmonekynsl Hy m Iy crankuBatoresi, kak mnokasano Ha puc. 115, a, a coueranue
opbyuTasieil MPOUCXOAUT HAa OCH Z. DTO OTBEYaeT CJICNYIOUIUM KOMOUHALMSIM OpOUTa—
neit (puc. 117):

o {Hy) — 0;HI3) u o (Hp) — 7*AI3)
Coueranue 3aHATOM o opburam Hy u crobomnoit a;—op6ma.1m I, npuBomUT K

Hy7neBoMy NepekpbiBaruio. CrefoBaTelbHO, Takasl KOMOGUHALMsI opbuUTajiell K aKTy
XMUMUYECKOTO B3aUMOIENCTBUsL He mpusoaut. CoueraHue cBOGOIHOM Us*-op6mama

H, u sansAroit 7 *-op6uramu I, oHepreTMYeckH HEeBBITOIHO (von anekTpooTpuLa-
TesbHee Bomopona). TakuM obpasoM, B Mosekynax Hy u 1, Her opGurameit, koto-
pble MOIIM Obl MIPUBECTH K PEAKIMU HEMOCPEACTBEHHO MeXIy MOJIEKYJIaMH.

HeranbHoe M3yueHMe KUHETHMKU B32MMOLEMCTBUS BONOPOAa C MOIOM TOKA3aJso
(puc. 118), uro BHauase MoJeKy/bl MOJA PaclaaloTcsi Ha aTOMBI:

LL—L.I—1+1, AH = 150 xllx
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0z

c & F

Ha L

IHTaNBNUA aKTMBAUUM

MyTts peakuun

Puc. 117. o5 o;-Opburamu Hy u *, P uc. 118. Oueprerudeckas cxe-

o *-opburamn I Ma xona peakunu Hy(r) + Iy(r)

BaTeM TPOUCXONUT TPEXMOJIEKYJIAPHAA peaklUusA:

I+H, +1—1I---H~H---1— HI + HI, AH¢= 18 xx
MpoTekaHWe KOTOPO¥ obecliedMBaeT IE€PEKPLIBAHMWE BaHATOW OVIEKTPOHAMU O g—OpOH-

taii Hy M AByX nosycBoGOAHBIX p-opbuTasieil AByX atoMoB | (5p,lz). [ockoneky Mox
QJIEKTPOOTPULIATENIbHeEe BONOPOAA, B AKTUBMpOBaHHOM Kommiekce [---Hp-- -1
NIPOUCXOJNT CMEIleHre HIEKTPOHHON IJIOTHOCTM OT Mojekynsl Hg k aromam [ u
paspeBy cBsiau H—H.

Hename peakmum. MHOTHE PeaKlM NPOTEKAKOT MO UEMHOMY MEXaHU3-
My. OcoGEeHHOCTh UEMHBIX PEAaKIUil COCTOMT B TOM, YTO OJWH IEpBUYHBIH
aKT aKTHUBAllUM INPUBOJHUT K UNPEBPallleHHIO OIPOMHOrO YUcja MOJEKYJ
HUCXOJHHX BeIlecTB. B KadyecTse NpHUMepa pPaJMKaJlbHO-IEHON PpeaKiiu
paccMOTPHM B3aUMOJEHCTBUE XJA0pa C BOLOPOJOM:

Hy(r) + Cly(r) = 2HCI(r)

[Ipu 06b1YHOM TemuepaType M paccesiHHOM OCBEUIEHUM PeaKIlusi MpoTe-
KaeT KpailHe MezneHHo. [IpuM Harpesanust cMecu ra30B WIM JAefCTBUU
cBeTa, 60raToro yabTpaduoneToBbiMU JiydaMu (NMpSMONM COJIHEUHBIH, CBET
rOpAIIEro MarHus W Ap.), CMech B3phIBaeTcs. Kak MoKasanu MHOTOYMCJIEH—~
HBle KCCIEJOBAHUS, 3Ta PeaKknus NPOUCXOAUT Yepe3 OTAENbHBIE 3JIEMEeH-
TapHble mpouecchl. Ilpexie Bcero 3a c4yer HOIVIOLIEHUS] KBaHTa SHEPTUH
yABTPadUONeTOBbIX Jyuell (MM 33 CYeT HATPEeBaHWs) MOJIeKyJa XJopa
AUCCONUKPYETCs Ha cBOGOLHBIE PAaAUKaIBl — aTOMBI XJIOpa:

Cly+ v =-Cl + -Cl
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Atom-panuxan -Cl 3ateM pearupyer ¢ MOJeEKyJON BOAOpoja, o6pa3ys
monexkysny HCl n atom-pagukan -H. [locnennuii, B3auMogeiicTBya ¢ MoJe-
kynoit Cly, naer HCl u arom—paguxan -Cl u 1.1, Takum o6pasom, npespa-
LIEHHE UCXOLHBIX BEIECTB B KOHEUHHI NPOAYKT NPOTEKaeT yepes Mocje-
JOBATEJIbHYIO LENb YTEMEHTAPHBIX aKTOB, YTO MOXHO DPEACTaBUTh CXeMOii

-:Cl+H,—HCl + -H

+
Cl, = HCl + -CI
+
~— HQ"’HCI"‘ 'H

+
Cl;, = HCl+ -Clu T.a

JnuHa 1enu 31eMeHTapHbLIX XMMHUYECKUX AKTOB JAOCTUTAeT COTEH THICAY
3peHbeB. Tak, npu ocsentenun cMec Hy u Cly Ha KakABRIA NOrJIOMIEHHBIN
KBaHT DHEPTuHu obpasyercs A0 cTa Thicay Monekyn HCL

EcTecTBeHHO, BO3MOMNHBI CTONKHOBEHUA CBOSOIHEIX PAJMKAaIOB U ADPYT ¢
ApYroM, 4TO NPUBOAUT K OOpHIBY LiEmeil:

H-+-H=H,Cl-+ -Cl=Cl,

OnHako 3TO NPOMCXOJUT JIUIIL B cJIydae, €cid BBIISIAEMAs SHEPIUs
OTHHUMAETCA TPETBUM TEJIOM, YTO, HANPHUMED, UMEET MECTO MPH TPOHHOM
cOylapeHMH HABYX PafMKaloB U Moyeryanl (M):

Cl-+-Cl+M=Cl; + M

WM NpYU Nepefadye SHEPrMU CTEHKE cocyna. [[03TOMY cKOpOCTH LENHBIX
peaKUMil OYEeHb YYBCTBUTELHA K NOCTOPOHHWM INpuMmecsiM U k dopme
cocyna.

Ilo uemHOMy MexXaHU3MY HPOMCXOAWT Takke 06pa3oBaHMe BOMBI W3
HPOCTHIX BEILECTB.

Teopusi menHHIX peaknmii paspaboTaHa TpyAamu JaypeatoB HoGemesc-
koii npemun H.H. Cemenosa, C. Xunwensyaa (Aursius) u gp.

§ 4. DUBNYECKHUE METO/Ibl CTUMYJ/INPOBAHUA
XUMWYECKUX HNPEBPAILEHUN

KpoMe HarpeBaHHs Ha peaKIMOHHYIO CHOCOGHOCTbL BEIECTB CYIECTBEH-
HOe BJMAHHUE OKAa3BIBAIOT CBET, MOHU3UPYIOUIME H3JNYUEeHUs, [aBliCHHE,
MexaHUJecKoe BO3JelcTBHe U AP.

BoapeiicTBue csera (BUAUMOrO, yALTPa(pPUOTETOBOIO) HA peaKUUM U3y-
qaeT paszen xuMuM — @pomozumus. DOTOXMMHUUECKHE TNpouecchl BechbMa
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pasnoo6pastbl. [Ipn poToxuMudeckoM AeHCTBUM MOJEKYJbl pearupylommx
BeIlecTB, MOIJIOMAasi KBAaHTHL cBera, BO3OCYKIAIOTCA, T.6. CTAHOBATCA peak-
MUOHHOCHOCOGHBIMU MJIM PAacHajaloTcsi Ha MOHBl M CBOGOJAHBIE PajMKaJIbl
(cum. curtes HCI).

Ha ¢doroxumuyecknx nponeccax ocHoBaHa (otorpadus — BosaeiicTBue
cBeTa Ha CBETOYYBCTBHUTEIbHble Marepuaybl. IIIupoko mpuMeHsIOTCs B
OPOMBIIIJIEHHOCTH [enmHble peakuun oroxnopupoanua u dorocyabdo-
XJIOpUpOBaHMs!, POTOXUMUTECKOS MOAU(UIMPOBAHUE MOJTUMEDHBIX NJIEHOK
# BosiokOH. DOTOXMMUSA HEIOCPEJCTBEHHO CBA3aHA ¢ OJHOH W3 BaHEMIIMX
Hay4YHO-TEXHHYECKNX NPOGIeM — HCIONb30BAHMEM COJHEYHOH 3HEpruu.
CosfaHue UCKYCCTBEHHBIX CHCTEM, OCYLIECTBIAIOIIMX IPONECCH, aHAJIOrUY~
Hble (QOTOCHHTE3y B PpAacTeHMAX, MMejo Obl 3HAYEHWE, KOTOpOe TPYIHO
IIePEOLEHHTb.

BosneiictByer Ha BelllecTBo flasepHoe HanyveHue. Ero geiictBie MoxeT ObITh
KaK (HOTOXUMHUYECKUM, TAK U UUCTO TEPMUUECKUM. )

J71s1 hOTOXUMHUYECKOTO MHUIMUPOBAHMS XUMHWYECKMX peakluil Hanbojiee Bas—
HO€ €ro CBOMCTBO -— HBJIyYeHHE MOIIHLIX MOTOKOB CBETOBOIl DHEPrMM B Y3KMX
CIIEKTPAJILHBIX UHTepBaslax. Mcnonbsysi U3MydeHWe OMPENENIEHHON JIJIMHBL BOJHEL,
IOTJIONIAEMOEe PeareHTOM, HO He BO3JeUCTBYWlllee Ha IIPUMECH, MOMKHO OCYLIECTBUTH
U36UpaTeNbHylo peakiinio. Hanpumep, mpu nas3epHOM O6IyYeHUM CMECH METUJIOBOTO
Y [eATEepOMEeTUIIOBOrO CIMpTa U 6poMa mpoucxomur 6pommposanue toiabko CH3OH,
Ho He CD30D, Tak Kak B pesysibTare o6GJydeHUs [POUCKXOJUT CEJIEKTUBHOE BO3OY K-
nenne Mosekyn CH3OH, koropble nerko BerymaloT B DeaKUUIO ¢ 6POMOM, TOTAA Kak
monekynbl CD3OD He Boz6yxaalorcst M He TIperepreBaioT NPEBpallleHUM.

[Ipy ocBeluennyu HeMpO3paYHBLIX TBEPABIX TEJ1 MMIYJILCAMU JIABEPHOTO CBeTa
TIPONCXOOUT MI'HOBEHHBIN Harpes, Mcﬂape]—me BelllecTBa, a NpUu 6OJ]bIH]/IX MOINHOCTSX
— obpaszoBanye miasMbl. JlasepHoe MITyueHNEe MHULHUPYET BLICOKOTEMIIEPATYPHbIE
U NIasMOXMMMYECKUe IpPOLecchl, MCIapeHUe M pasfiokeHUe HeJNeTYYMX BeLIecTB U
np. Tak, mpM nasepHOM HarpeBe KpeMHMs W TrepMaHUsl B atmocdepe BOAOPOAa, a
yraepoaa B atMocdepe xiopa obpasylorest SiHg, GeHy, CCly. C nomoursio Mou-
HOTO J1a3€PHOTO MIIYUEHUS OCYLIECTBIISIETCA CHHTE3 PA3HOOODA3HBIX YIJIEBOHOPOLOB
us rpadputa U sopopona. Ilpu ucnonszoBadui "OBBIYHBIX'' METONOB MHMLMMPOBA—
HUS peaKlUil NMoJOBHblEe CHHTE3bl HeBO3MOMHBL. C MOMOUIbIO JIA3EPHOTO U3NYYEHUA
OCYIIeCTBJIEH TaKke CHHTe3 ajMasa U3 rpadwura. [lnisi nepexoma rpadura B ajaMas,
KaK H3BECTHO, HeOOXONUMBI BBLICOKME TeMIepaTypbl U CBEPXBBICOKME OaBIeHUS.
Takue ycoBust MOryT GBITH HOCTUTHYTHI [pY HArpeBe, HANPUMEp, BHYTPH MacCUB-
HOTO CTeKJISTHHOTO 6710Ka YacTull rpaduta, MOMelleHHbIX B GOKYC JIMH3BI, COBHpalo-
el cBeT JIa3epHOTO MMIyJbca. BaXHO HpuUMeHeHWe Ja3epPHOro UBJIyYeHUs [sis
KayeCTBEHHOI'0 M KOJNMYECTBEHHOIO aHANMU3a BEIECTB, NS UCCIIEOBAHUS MeXaHus-
MOB XUMUYECKUX peaKLUN.

PentreHoBckue JIydM, raMMa—Jydu, I[OTOK HEATPOHOB W APYTUE WUIITYYEHUs
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6onblIoN SHEPIUMM TaKKe BHIBLIBAIOT B BellecTBe MIyGokue GUIUKO-XUMUUECKUe
MSMEHeHMA M MHULMMPYIOT pasHooGpasHble peakiuU. Tak, IpU mefcTBUM MOHM3HU~
PYIOHIMX UBJIYyIeHUI KUCIOPON 06pasyeT 030H; OKCHUIBI MapraHila BHIAEIAOT KUCJIO-
pOl; U3 CMecu asoTa M KWUCJIOPOAa WM BO3Hyxa oOpasylorcsi OKCHIB! a30Ta; B
npHCyTcTBUM KKctopoda SO, nepexoaut B SQOs; Mpoucxoaut paszioskenue (paduo-
4u3) BOMbl, B Pe3yJbTaTe KOTOPOro ob6pasyloTcsi MOJIEKYJISPHBIE BOJOPOH, KMUCIOPOX
U NepoKcUj Bojopoia. BosHMKalomue npu pajuonuse cBobopuble pagukansl (- H,
-OH, -HO;) u monexysusipusie nonnl (-H,0*, -H,07) cnocoGHbl BEISHIBATH pas-
JIMYHble XMMUYECKHe TIPEBPallleHus PACTBOPEHHbLIX B BOJE BEIIECTB,

XuMudeckue TpoLlecchl, NMPOMCXOAsKE MO HeACTBUEM WOHUBUDYIOUX HBITY—
YEeHUI, UBYYaeT Paouauuonnad zumuf.  PaiyallioHHO-XMMUUYECKHe  DeaKrlMu
UCIONB3YIOTCST VIS CMHTE3a BbICOKOMOJEKYIISIPDHBIX OPTaHWUYecKUX BelllecTB M IS
M3MeHEHUsT UX CTPYKTYpHL [lo Mepe OCBOEHUS ATOMHON BHEPreTMKM paadallloHHAS
XMMMsI Bce IMpe MPOHUKAET B XHMUYECKYI0 NPOMBILIIEHHOCTD.

XuMudeckne MpeBpalleHNsi, TPONCXONAMMNE MO NEACTBAEM MEXaHHUECKUX CUII,
UBYUYaeT METAHOTUMUL. OJIEMEHTAPHBIM MEXaHOXUMUYECKUM aAKTOM SIBJISIETCS1 pas-
DbIB XMMMYECKUX CBSi3ell B BellleCTBe TOJ AeNCTBUEM MEXaHUHYECKMX CUM (Bajble-
BaHMe, ApobiieHite, NeperupaHue M Ap.). BosHuKaolMe IPH BTOM OCKOJIKM MOJIEKYJI
06pasyloT HOBble HPOAYKTHL. Hampumep, NpW pacTUpaHuM TMOpollka COeAMHEHMST
cocraBa V905-P305-4H,0 obpasyoress H3POy u Vo05-Hp0O, t.e. mporexraer
CBOCOBPABHBIN ALETAHOAUS:

V,,05+Py05-4H,0 — 2H3PO, + V,05-H0

MexaHoxuUMHUYecKe NPEBPalleHUsT UCNOJLIYIOTCH [NsT CHHTEe3a W W3MEeHEHHUS
CBOVICTB OPTaHWYECKUX MOJUMEPOB.

Euie Gosiee cuiibHbIE M3MEHEHHST MIPETEPIIEBAIOT BELIECTBA IMOX JECTBUEM CBEPX-—
BbICOKMX HaBileHuit. [Ipumep ToMy — obpasomBanue 6Gojlee IIOTHBIX U Gosiee TBep—
NBIX MOAMMVKALUI BelllecTBa, HAIPUMEP TpeBpallleHue rpaduTta B ajMas, HUTPUAR

. 6opa B 60pa3oH U T...

B nocnenHue roawl pasBUTHEe NONYUYMIa rumus ydaproro cxamug. [lpu ckatun
TBEPIBIX Tel U MUAKOCTEN YAApHBIMU BOJHAMM, 0OpasyeMbIMH, HATIPUMED, NEeTOHa-
LMell B3pBIBYATHIX BEUIECTB NPU B3PbIBaX, B MUJUIMOHHBLIE JOJM CEKYHIBl Pal3BUBa—
I0TCS B BellleCTBE O4YeHb BLICOKMe OaBlieHus, [Ipu oToM 06pasyloTcsi aKTHBHbIE
YaCTHUIUBI Kak DaJMKANbHOTO, Tak M MOHHOro TUNOB. [locencrBus mpoxoxipeHust
Yyepes BEIECTBO YOAPHON BOJIHBI MOTYT OBITH CaMbiMU PadIMUYHBIMU — DPasApobIe—
HHe BelllecTBa, DPACTAJN CJIOKHOTO BeleCTBA Ha OTHOCUTENIbHO Gojlee MpoCTbie, HO U
obpasoBaHue MOJUMEPHBIX leneit. K mpuMepy, cbipoit Kayudyk MpM HPOXOXKIEHUU
VAapHO! BOJIHBEI 3a NOJU CeKYHABl MpeBpalllaeTcsl B PE3UHY; TOJ BO3ZEHCTBUEM
YAApHBIX BOJH aMUHOKMCJIOTHI NPEBPAIlaloTcsl B MpocTeituine 6eku U T.4.

CusbHOE HarpeBaHue TIpM IPOXOXJIEHMM YOApHBIX BOJIH IO3BOJISIET OCYLIECTB—
JSATH CIVIABJIeHWe MEeTaJUIOB, Pe3KO OTJIMUAIOIUXCS [0 TeMIepaTypaM IIAaBJeHUsT U
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KUTIeHMsl, HalpuMep BoJibppaMa M MapraHLa, XOTsi TeMIeparypa I[JIaBleHUs BOJIb-
dpama 3380°C, a Mapraneu kunur yue npu 2080°C. Ipyrumu crnocobamm Taroi
CIVIAB MOJNYYUTh He yaeTcs.

B cBsa3u ¢ nowckaMu HOBBIX NYTEe NPOBEAEHUA NPOUECCOB B XUMUYEC-
KOU TEeXHOJNOrMM pa3pabaThIBaIOTCsA METOJBI HAMPABJICHHOLO PeryjupoBa-
HUS PEeaKIIMOHHOM CMOCOGHOCTM BellecTB, IO3TOMY BecbMa HWHTEHCUBHO
U3YYaKOTCA NPOUECCHl, MPOTEKaoUMe MPU DPas3JUYHBIX (PUBMUECKUX BO3-
AefcTBUAX Ha BEILECTBO.

§ 5. KATAJIU3

OpsuM w3 Han6osee pacOpOCTPAHEHHBLIX B XUMUYECKON TNpaKTHKe
METOJIOB YCKODOHHUA XMMUYECKUX PeaKLuil ABjasiercsa kaTanus. B npucyrer-
BMH KaTaJU3aTOPOB U3MEHSETCA NyThb, O KOTOPOMY NPOXOAUT CyMMapHas
peakiusA, a TMOTOMY M3MeHsAeTcs ee CKOpocTh. Kamaausamopst — 3TO Be-
1ecTBa, U3MEHAIOIIME CKOPOCTh PEaKIMU 33 CYeT y4acTUs B NPOMEXYTOY-
HOM XUMHYECKOM B3aMMOJEHCTBUM C KOMIOHEHTaMM peaKIM#, HO BOCCTa-
HaBJUBAOIIe MOCTAE KaXIOro UHMKJIa NPOMEXKYTOYHOrO B3aMOIEHCTBUA
CBOM XUMMYECKHI COCTaB. YBEJIUYEHUE CKOPOCTH KaTaJIH3UPYEMON peak-
MM CBSI3aHO ¢ MeHbluell aneprueil [u66ca akTUBallMKM HOBOrO IYTU pPeaK-
LUN.

HsMeHeHMe CKOPOCTH KATaJM3MPYEMOl peaklMy 3a CYET CHWKEHHS
SHEPrUM aKTHBALWH €€ OTAEJbHBIX cTaJMll MOKHO paccMOTPETb Ha cjlefyro-
meM npumepe. JlonyctuMm, Mexzy BemectBaMu A u B Bo3MOXHO B3anMo-
JeiicTBue ¢ o6pasoBaHneM coejuHenust AB (AG < 0):

A+B— A.B — AB
aKTHMBUPOBAHHLI
KOMITIEKC

Ho s cHUy BrICOKON sHeprum ['n66ca akTuBanUM 3Ta peakuust OpoTeKa-
€T ¢ OYeHb MaJIOl, IPAKTUYECKH PaBHOIN HYMIO ckopocThio. IlycTs, Haitmeno
Takoe TpeThe BemiecTBo K (kaTanusaTtop), KOTOpOE€ JIETKO BCTYNAET BO
B3aMMOJENCTBIE ¢ A (B CHIy APYroii NPUPOAH DEArMpYIOIMX BEIlecTs, a
c/le0BaTeNILHO, ApYroit, MeHblleit, sHepruu [m66ca aktusaumm), obpasys
coepunenne AK:

A+K =+ A K —= AK
aKTUBUDO-
BaHHBIN
KOMIJIEKC
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P uc. 119. Oueprerudecrass cxema P uc. 120. Xumuueckoe pasHoBecue
XoAa peakUUM B OTCyTCcTBUEe W B B CHUCTEMe B JIPDUCYTCTBUU KaTaIN3a-
NIPUCYTCTBUM KaTaJIU3aTopa TOPpa U B OTCYTCTBME KaTajlU3aTopa

Coenunenne AK nerko BsammopeiicTByeT ¢ pelliecTBoM B {OnsaTb-Taku B
CUJy UHON NPUPOABI BEINEecTB M Majoil JHOepPrMM aKTUBaluHu), 06pasys
pemectBa AB u K:

B+ AK & B..AK — AB+K
AKTVBUPOBaHHBIN
KOMIITIEKC

CyMMmupys [Ba MOCTEAHUX ypaBHEHUs, MOTYIUM
A+ B=AB

T.e. B pe3y/bTaTe PeaKLUHUM KaTalu3aTop OocTajicsi 663 H3MEHEHUs.

Ha puc. 119 nokasana sHepretuyeckas AmarpaMMa Xoia peaKIUd B
orcyrerBue (kpuBasa [) m B npucyrcrBum (kpusas 2) xaranusaropa. Ode-
BUJHO, B IPHCYTCTBUM KaTajiu3aTopa 3Heprusa I'm66ca akrmBanuu peakuyy
CHMIKAOTCS.

ITocKOMBKY B BHIP@KEHUM [JIsi KOHCTAHTHI CKOPOCTH peaknuu (cM. § 2)
sHeprus ['m66ca akTHBaUM BXOJMUT B OTPULATENLHBIN [OKa3aTeslb CTENe-
HY, TO Jaxe HebGonblIOe yMeHbLIeHUe 3Hepruu ['ub6ca aKTMBAIMYU BHI3BIBA-
eT O4eHb GONBHIOe YBeTUYEHHE CKOPOCTH PEaKIuu.

B psne peakuui KaranmMsaTop MOCTaBJsieT CBOGONHBIE paiWKambl, OGaarogaps
4eMy peaKlUsi IIPOoTeKaeT Mo LieNHOoMy MexaHmamy. Tak, peakimsa oxucienust CO
KUCJIOPOJIOM

2CO + Oz = 2C02
B 3HAYUTESILHON CTEMEHWM YCKOpsieTcsl B TMPUCYTCTBMM NAPOB BOMBI, YTO BBI3BAHO

PasBUTHEM lleNel ¢ y4yacTueM cBobodubix pagukanos -OH u - H:
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“OH + CO = CO, + -H
‘H+ 0,=-OH + -0~
CO + -0+ = CO,

JleficTBUe KaTaM3aToOpa Ha COCTOSIHUM XUMMUYECKOTO paBHOBECHsl HE
CKa3blBAETCs, TAK KaK KATAJIN3aTOp B PaBHON Mepe YCKOpAeT M NPpAMOH, H
obparHelit mponece. KatanusaTop yckOpseT JUINb JOCTHXKEHNE XUMHYECKO-
ro pasHoBecus. Kak mokasano Ha puc. 120, B IPUCYTCTBMM KaTajlu3aTOpa
PaBHOBECHBIE KOHNEHTPAlMH KOMIOHEHTOB cHcTeMbl (7x) HOCTHTAIOTCSA
6blcTpee, yeM B ero orcyrersue (7).

Karanuruyeckue peakiuy O4YeHb pasHooOpasHbl. Bo MHorunx peaknmax
KATaJIMTUYECKOe BIIMSHUE MPOsiBAseTcss B cKpuiToil opme. Crofa mpemie
BCETO OTHOCATCA -peakuuu B pacrsopaxX. Kak Mbl BUAEIM, NOJISAPHU3aluA,
JAMCCONMAMA U HOHUBAUMS BEIeCTB B pacTBOpPax — BUIbLl AKTUBAIMHN
BEUIECTB — MPOUCXOAAT NOJ, AECTBUEM pacTBOPUTENA, KOTOPHIA, OYEBUI~
HO, WrpaeT B 3TOM cjlydae pOJIb KaTaiu3aTopa. bBoJblnoe BIWUAHHME Ha
CKOPOCTh M HaNpaBlieHHe mpoleccoB okaswBatoT moust OHY u OH".

B 3aBMCHMOCTH OT ArperaTHOTO COCTOAHUS KATalu3aropa U pearupyro-
[IUX BEHISCTB PA3NUYAIOT KATAIH3 10.M01eNNbl U temepotennniti. [IpuMmepom
TOMOTeHHOTO Katajiu3sa spiasercs peakiusa okuciaenus CO (B rasosoii ¢ase
B IPHMCYTCTBUM [IapOB BOJH) KUCJIOPOAOM, a TaKike [eficTBUE pasHO06pas-
HBIX (DEepMEHTOB B OGMONOrMYECKUX [poleccaX. [eTeporeHHO-KaTajluTHYeCc—
KUMHU SIBJIAIOTCS POLECCH CUHTE3a aMMUaKa (KaTaIu3aTop KeNe30), OKUC-
snenust SOy 1o SO;3 (kaTanusaTop NJaTHHA WIM OKCHJ BaHAJUS) U T..

I'J1ABAS5 PEAKIUM BE3 UBMEHEHUSA CTEIIEHEA
OKHUCIEHHNA DJIEMEHTOB

§ 1. YCJIOBUSL OJHOCTOPOHHEIO NPOTEKAHUA PEAKILMIA

Pasnugaror peakuuu ¢ u3smenenreM n 6e3 M3MEHEHUS CTENEHEeH OKUCIe-
HUA 37ieMeHTOB. [[oHATHO, 4TO Takoe NOmpa3fe/ieHHe YCJAOBHO U OCHOBAHO
Ha (POpMaNbHOM HIPU3HAKE — BO3MOMKHOCTH KOJIMYECTBEHHOrO OIIPEIEeJieHMst
VCJIOBHOI BEeJIMYMHBI — CTENEHH {COCTOSHUA) OKMCJICHMs diemeHTa. Hems-
MEHHOCTb CTENEeH! OKUCJIeHUA 3JIEMEHTOB DU XUMUYECKUX [PEeBPAlleHUsAX
BOBCE HE O3HAYaeT, YTO HE MPOMCXOJUT MEPECTPONUKH 3EKTPOHHBIX CTPYK-
TYp B3aHMOJEACTBYIOIIMX aTOMOB, MOHOB M MOJNeKyd. KOHeuHO, M B 5TOM
cJlyyae NpOTeKaHMe peaKuuu OOsS3aTeNIbHO CBA3AHO € GOJBLIIMM WU MEHb-
UIMM U3MEHEHHEeM XapaKTepa MEeXaTOMHBIX, MEeXHUOHHBIX U MEKMOJEKYJIsAp-
HBIX CBsA3el, a cjleqoBaTeNbHO, U 3(PPEKTUBHBIX 3apAA0B ATOMOB.
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Peakuun 6e3 M3MeHEHUs! COCTOSHUA OKHCJIEHUA 3JIEMEHTOB yalle BCEro
NPOTEeKAIOT B Ta30BLIX M KMJKHUX PacTBOpax ¢ ydacTueM HoHOB. Kak us-
BECTHO, MOHHBIE pEaKLMM OOPaTHMBI, W TEOPETHYOCKHM KaXKIOH CHCTEME
HOHOB TPM JAHHBIX YCJIOBUAX OTBEYAeT OTPELEJIEHHOE COCTOSAHNE DaBHOBE-
cusa. CMeliesMe XUMUYecKOrO paBHOBecWs (MHOrJa NPaKTHMYECKH HALENIo)
NPOUCXOAUT NPU YMEHBLIIEHUM KOHLEHTpallMM KaKuX-Au60 HOHOB 3a cyer
06pa30BaHUsA OTHOCHTENBHO Majl0 MOHUBUPYIOIIHMXCS MOJEKYJd MJIM KOMI-
JEKCHBIX WOHOB, MAJIOPAcTBODUMBIX HJIM JIETYYMX COeJMHeHMi (npasuso
Bepmoaae). Tak, npy He W TpaJu3aluM MOHHasd peaklusi UIET B
CTOPOHY 06pa3oBaHMsA MaJl0 WOHU3MPYIOMMXCA MOJEKYJ pPacTBOPHTENS,
HalpuMep B BOJHOM pacTBOpe:

KOH(p) + HNOg(p) = KNOs(p) + Hy0(x), AG,,, = -80 v/l
-439 -1t -393 -237

RbOH(p) + 1/:H,S04(p) = 1/2RbyS0O4(p) + Ha0(k), AG;,, = -80 r]lx

437 1 (-745) 1/, (1305) -237
. 2 2

(non dopMmynamm coefmHeHMH yKasaHBI MX CTaHZapTHBIe sHeprum ['n66ea
obpasopanusa AG,. B k[lsx/mMomns).

Peakiiuil HeATpaIM3alMy MeX/JY CUJABHBIMM KHUCJIOTAMM W LUEI0YaMH
NpoTeKaeT aHaJOTHYHO, HE3aBUCHUMO OT UX IPHPOABI: WU3MeHEHWe JHepruu
T'u66ca peaknuu cOOTBETCTBYET MPOTEKAHUIO OJHOIO M TOTO Ke Mpoliecca:

H*(p) + OH" = H,0(x), AG;,, = -80 k/lx
0 -157 -237

uin

OHj (p) + OH (p) = 2H,0(x)

B xugkoM aMMuUake peaKIUA HefTpagM3aluu OTBeYaeT B3aUMOAeiicT-
BUIO
NHj(p) + NH;(p) = 2NH;(x)

XuMuueckasd peaKinUsi OPOMCXONHMT TaKKE BCJICACTBUE OODPa30OBaHUA
c/1a60OMOHNBMPYIOHINXCA KOMIIEKCHBIX UOHOB. Hanmpumep, HepacTBOpHMMBIM
B Bome Zn(OH), serko pacTBopsierca B NPHUCYTCTBUM aMMMaKa 3a cUer
06pa30BaHUs yCTONYHBOrO KaTUOHHOTO Kommiekca (lg B4 = 8,7):

26 Zn(OH)y(T) + 4H3N(p) = [Zn(NHs)4](OH)o(p)



I'uapokenn tumuka Zn(OH), pacTBopsAerca Takxke B H3OBITKE MISJIOYHU C

o6pasosarueM anmonHoro kommiaekca Zn(OH)3 (lg f, = 17,7):
Zn(OH),(1) + 2KOH(p) = K,[Zn(OH)4)(p)

Ilpu cmemennu pacrsopo BaCl; u Na,SO4 obpasyercss ManopacTBOpU~
moe coenuHenne BaSQy (plIP = 9,97):

BaCly(p) + Nay;SO4(p) = 2NaCl(p) + BaSO4(k)

Ba2*(p) + SO3’(p) = BaSO4(x), AGs,, = 47 k/lx

-561 -745 -1353

Peaknusi npoucxoauT Takke npy OGpPasOBaHUM JIETY4UX COCLUMHEHWUH,
YHANAOUINUKCA U3 cephl peakiyu, HalpuMep:

Na,CO4(p) + 2HCI(p) = 2NaCl(p) + COu(r) + H,0(x)

COZ(p) + 2H*(p) = CO(r) + H,O(x), AG,, =-103 xlx

-528 0 -394 -287

B npoTHBONOMIOKHOCTL PACCMOTPEHHBIM PEAKIUSIM CMEIleHUs PacTBOPOB
NaCl u KNO; ¥ xumudeckoMy B3auMOJEMCTBUIO MPaKTUYECKHN He NPUBO-
LINAT:

NaCl(p) + KNOs(p) = NaNOy(p) + KCI(p), AGq, ~ 0

Wonet Na* u K*, Cl" u NO; B pacTBope 0cTalOTCs HOU3MEHHBIMU.

§ 2. TMJIPOJIN3

Bes uameHeHus crTemeHM (COCTOSIHUS) OKUCJIEHUS 3JIEMEHTOB OOBIYHO
nporexaeT tudpo.aus.B obieM ciyuae moi HIPOTH3OM IOHMMAIOT PeaKIuu
OOMEHHOIO Pa3/JI0KEHNA MEKIY BOLOH M COOTBETCTBYIOHIMM COGJMHEHUEM.
Iupposns sABAsAeTcA YacTHBIM CAYYaeM COab604u3d — OOMEHHOTO DPasiioke-
HUSl PACTBOPEHHOTO BellecTBa U pacTBOpUTens. MexaHusMm ruaponusa s
Pa3HBIX TUMOB COEJMHEHUN BechbMa pasinudeH. Tak, THUAPOIN3 cOeIVHEHWH,
pacmajamlIMXcsd B PacTBOpPe Ha HMOHBI, MOXKHO paccMaTpUBaTh KaK Pe3yiib—
TAaT [OJIAPU3ANMOHHOIO B3aMMOAENCTBUSA HMOHOB ¢ UX FUAPaTHOR 0607104-
KOH. XapaKTep W CTeleHb paclialla MOIEKYJ PUAPATHON OGOJOUKU 3aBUCAT
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OT NPUPOABI KATHOHOB M AHWOHOB — YeM CUJIbHES NOJApUBYyIOllee HehcT-
BHE MOHOB, TEM B GOJIbIIEi CTENeHN MPOTEKaeT TUAPOJIN3.

HamoMHUM, 4TO KATHOHBI B BOJHOM pacTBOpe CYIIECTBYIOT B BUAE Ka-
THOHHBIX aKBAaKOMILIEKCOB, 0OPA30BaHHBIX 33 CYeT JOHOPHO-aKIEeNTOPHOTro
p3anmozeiicteua K—OH,. AKBakOMILIEKCE B CBOIO Odepelb I'MJpaTUpOBa-
Hbl [OCPEACTBOM BOLOPOAHBIX cBsizeil. MOMKHO cYUTATb, YTO UEM BHIILIE
3aps ¥ MEHbLIEe pa3Mepbl KaTHOHA, TeM CUJIbHee ero aklenTopHaA crnocob-
Hocte (mpounee csizse K—OH,), TeM cuabHee noasipusyercs cesase O—H
KOOPJAUHUPOBAHHONA MOJIGKYJB BOJBL U TeM CWJIbHee BOAOPOAHAs CBA3b
Mexy KoopauHuposaHuoit Mosekyioit H,O B koMmnekce M MOJeKysn1aMu
BOJIbI TUAPATHOM 060JI0UKK KOMIUIeKca. Bee 9TO MOXkeT HPUBECTH K paspbl-
By cesasu O—H B koopaunuposansoit monexkyne H,0, k npespamenuto
sopopopHoi ceasuy H..OH: B xopanentHyto c¢ ofpasosanuem uona OH} u

ri1pOKCcOaKBAKOMIIJIEKCa II0 CXeMe

OH, _H ™ OH, (o) +
HO | _0 H,0_ | 0—H
>Kn+\ “SH. | OH, = /-Kn*< + OH;
H,07 | OH, H,0" | OH,
OH, OH,

B cooTBercTBUM ¢ MOcHenOBaTENbHBIM YCHACGHHEM aKHENTOPHON cIoco6-
HOCTH KATUOHOB (yBeJMYEHHMeM WX 3apAja ¥ yMEHBLIIeHHWEM pa3MepOB)
BO3MOJKHBI [1BA caydas:

1) oTcyTcTBUE 3aMETHOTO Pa3sIOAKeHUA MOJEKYJA BOJBI

Na* + HOH = peakuus npaxtuvecku He ujer

[Togo6uEIM 06pa3om BeayT cebsi ciabble aKUENTOPH MIEKTPOHHBIX Hap —
KATHMOHBl ILIEJOYHHIX U IHEJIOUHO-3eMENbHEIX MeTayuioB. WHBIME cioBamu,
KaTHOHH, 06pa3yIoNlye CUIbHBE OCHOBAHUSA — IIEJIOUH;

2) obpaTuMoe passloKEHUe MOJICKYJ BOJAbI ¢ O6Pa30BaHUEM U POKCOAK~
BaKOMIIJIEKCOB

[AI(OH,)¢)* + HOH == [Al(OH,);(OH)]?* + OH

WK
Al%* + HOH == AIOH?* + H*

N36rTok oo H* ofycnosiaupBaer kueayio cpeay pacTBopa. JTOT HauGo-
Jlee 4acTO BCTpeYalIlnUuics ciaydal xXapaKTepeH IAJIA ABYX- U Tpex3apsal-
HbIX KaTHOHOB (Cu?*, Fe2*| Fed*  Cr3*), r.e. KaTMOHOB, 06pa3yIOUMX CJa-
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6s1¢ ocHoBaHus. OueBHMHO, UeM OCHOBaHUe cjlabee, TeM T'UAPOJH3 HPOTE-
KaeT MHTCHCHBHEe,

O BIMAHMM NPUPOJIbI KATHOHA (€ro pasMepa M sapsifa) Ha cTelleHb MOHWBALNU
KOOPAMHMPOBAHHBLIX MOJIEKYJ BONBI MOXHO CYIMTh [0 BHAYEHMIO KOHCTAHTBI KUC—
JIOTHOM MOHM3allMi aKBaKOMILIeKca:

) [[M(OHZ ), 0n]™ }[H’]
[Mor)]

Huoxe HnpuUBeaNeHbl ee 3HaAYEHU A

[Mg(OHa)g]2* [AI(OHp)e]3* [Cr(OHy)gl3* [Fe(OHj)sl®*  [TI(OHy)e]®*
pK... 114 4,95 3,90 2,2 1,1

ITockonbky rupparagusi aHMOHOB OCYLIECTBIAETCA 3a CYET BOAOPOJHOM
CBs3M, B pe3yJabTaTe MOJIAPHIANUOHHOTO B3aUMOIESHCTBUS MEXKAY KOMILJICK—
coo6pasoBareneM (aHUOHOM) W MOJIEKYJNaM# BOAHl BOJOPOLHAS CBA3b MO-
WET TMepefiT B KOoBajleHTHYIO. [Ipu 3TOM MOXeT HpONCXOAUTL OTPHIB IIPO-
TOHA OT MOJIEKY/bl BOZABl U MPUCOCANHEOHUE €I'0 K aHUOHY:

R N b N L
0 N0l 0 o ot

|

H

TIoHATHO, YTO 4YeM 60/ OTPUUATENBHBIA 3apsfi U MeHbIIe pa3Mep
aHUOHA, TeM OH 60Jiee CUJIbHBIH JOHOD 3JEKTDOHHBIX N1ap U TeM JIerYe
OTPBLIBaeT NPOTOH OT MOJIEKYJibl BOAbI. TakK, 110 BO3PACTAaHUIO MPOYHOCTH
BOZOPOAHOH CBASH OKCOAHMOHH P-3JIEMEHTOB TPEThLEro Mepuoa pacrnonara-
totes B enepyrommit pag: ClO; < S0% < POg‘ < Si0f~.

B 3aBHCHMOCTH OT 3JIeKTPOHOOHOPHONW AKTMBHOCTH AHMOHOB BO3MOMHEI
CHIEAYIONUE CAYYan:
1) orcyrcrBue 3aMETHOTO Pa3/iOKEHUA MOJEKYJ BOIBL:
Cl" + HOH == peakuus npakTudecky He MUAeT
NO; + HOH ¥ peaxnuus npaxtideckn He uner
Ilogo6ueiM 06pasoM BemyT cebsi caabple OOHOPH 3JEKTPOHHBIX [ap —
opnosapsanasie anuonn (Cl°, Br, I, NO;, ClO;);  aroi e rpynme anuo-
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HoB oTHOCATCA MOHH SO%, SiFZ" u apyrme KHMC/IOTHBI® OCTATKM CHNIBHBIX

KHUCJOT;
2) o6paTUMOe pasJIOKEHUEe MOJIEKYJ BOJBE:

COZ" + HOH = HCO; + OH-

MosBaserca n3buTok uonos OH", T.e. cpesa cTaHOBUTCA IENOYHON. IDTOT
cnyuail HauboJiee XapaKTepeH IJis JOHOPOB CpelHel CUibl — AJIs1 ABYX— U

’

MHorozapaiubix aguonos (COZ’, POY, SO, S27] a rakme CN7), 1., KuC-

JIOTHBIX OCTATKOB ¢J1abblX M cpenHeil cuibl kuciaor. O4eBUHO, YeM ciabee
KMCJIOTa, TeM THIPOIU3 IPOTeKaeT WHTEHCUBHee.

CymmapHbiii 3 derT rupponusa onpeaensercs NpUPOAOH HaXOAAIMUX-
¢l B pacTBOPE KATHOHOB U aHMOHOB.

1. Ecin coepubenue npu MOHM3alMM B pacTBOpe 06pasyerT KaTHOHH M
aHMOHBI, KOTOpHE c/1a60 NONAPUBYIOT TUAPATHYIO OGOJNOYKY, FUApPOIU3
TpaKkTHU4ecky He npoucxoaut u pH cpeasl He m3aMenseTc A

NaCl = Na* + CI"
Na* + HOH = peakuns npaxtuyeckn He UjeT

Cl" + HOH = peaxnus NpakTH4ecKu He UIET

B aTOM cilydae MOMKHO CKa3aTh, YTO COJM CUJBHOTO OCHOBAHUA M CHUIIBHOMN
KUCJOTH M'HAPOIN3Y He NOIBEpPraloTes.

2. Ecam coepvHeHWe NpPH WMOHU3ANMM OOpPAa3yeT KaTHOHBI, KOTOpbIE
NOJIIPU3YIOT MOJIEKYJBl MJPaTHO# 000JIOYKM, M aHUOHBI, ¢J1aG0 NOAAPHU-
3YIOIIMe WX, TO NPOUCXOAUT IMAponus no katuoHy. llpu stom o6pasyercs
KU CJasdA cpega:

CuCl, = Cu?* + 2CI-
Cu?* + HOH = CuOH* + H*
Cl" + HOH == peaxunsa npakTudecku He Mier

HIU
CuCl; + HOH == (CuOH)Cl + HCI

O6o6maa 3TOT NpUMEp, MOXHO cHAel1aTh BBIBOJ, YTO TUAPOIH3Y MO
KaTUOHY IOJBEPIKEHbI COTU c1aboro OCHOBAHHA U CHUJILHON KUCTOTHI.

3. Ecan coenvHeHne npH pacTBOpEeHUM MOHM3HMDYETCsA Ha cjabonoJisipy-
3YOLIMEe KATUOHBI U CPeAHENOJspU3YIOHe aHWOHBI, TO NPOHUCXOAUT TH]-
pOJIU3 1O aHWOHY W B DE3YJbTaTe TUJPOJIM3a CO3/aeTcsi Ml eJ1 O Y H a s
cpena:
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Na,CO; == 2Na* 4+ COZ
Na* + HOH == peakuus npaktuyecku He uzer
CO% + HOH = HCO; + OH"

28103
Na,CO3; + HOH == NaHCO;3; + NaOH

B sToM cnyuae 0606IIEHHO MOMKHO CKa3aTb, YTO FUAPONU3 MO aHUOHY
NPOUCXOAUT Y COMEeH CHJIBHBIX OCHOBaHMI1 M c/1abbIX KUCJIOT.

4. Ecsu coenpuHeHWe npu UOHU3ANUKM oOpasyeT cpelHeNnoaspusyrolue
KaTUOHBI M aHWOHBI, TO MPOUEXOAMUT I'MAPOJNA3 W MO KAaTHOHY, M MO aHuO-
Hy. IIpu sTOM O6BHIYHO Haburomaercs rMApoaN3 ¢ 06pa3oBaHMEM MalOpacT-
BOPHMMBIX €JIaObIX OCHOBaHMH M cJ1abbIX KUCJOT:

Alx(CO3); + 6HOH == 2A1(OH)3d + 3H,CO;4

Xapakrep cpeobl B 3TOM cJjyyae OlpeNensercsi OTHOCHUTENBHON CcUJIoH
06pa30BaBIIUXCA KHCJIOTH M OCHOBAHMUA. JTOT CJydYail IMJPOJIN3a HMEET
MecTO NS codieit ciabhlx OCHOBaHUMR U cAaGBIX KUCIIOT.

Hast cnygaes 2 1 3 crenedp ruaponu3a (OTHOLIGHHE KOAMYECTBA HIPO-
JIM30BAHHOTO BelUECTBa K O6LIEMY KOJMYECTBY PACTBOPEHHOIO BELLECTBA)
06er9H0 Hepenuka. Tak, B pactsope NayCOjy ¢ konuentpanmeit 0,1 Monn/a
ona coctasasier npu 25°C okono 2,7%, a B pacrsope NaCN ¢ KOHUeHTpa-
nueit 0,1 Monb/a — okoso 1,5%. B cayuae 4 ruzposnus nporekaeTr npak-
THYECKH HANEJO.

Cornacuo npunnuny Jle llatenne creneHs ruaposw3a BO3PacTaeT ¢
pas6aBieHueM pacTBopa (yBEJIMYEHMEM KOHOEHTpauuu Boibl). Hampumep,
upu 25°C pasa peakuuun

Na,CO3 + HOH = NaHCO;, + NaOH

npu koHueHTpauuu conu 0,1 Moan/a crenens ruapoausa cocrasisier 2,7%,
a npu xornesrpanun 0,001 Moan/a — yxe 34%.
CreneHb rufpo/in3a BO3PACcTAaeT TAKKE C HOBBIIIEHUEM TEMIIEPATYPBhI.
CyuiecTBEHHO OTIMYEH XapaKTep TUAPOJIN3a KOBaJEHTHBIX COSAMHEHUI.
BonbIINHCTBO COEJMHEHUI HEMETANIJIOB ¢ HEMeTa/llaMH B BOJe IpeTepneBa-
€T HeoOpaTUMOe MHIPONUTHYECKOE Da3IoKeHUe:

SiCly(x) + 3HOH(x) = H,Si05(1) + 4HCl(p)

SiSy(t) + 3HOH(x) = H,S105(1) + 2H,S(p)
Tupaponua urpaer GOMLIIYIO POJb B XKUBHENEATEILHOCTH JKUBHIX Opra-
Hu3MoB. OH CyIIecTBEHHO BIMAET Ha TeOXMMMUYecKHMe mpouecchl. 'uaponus

IHAPOKO UCHOMb3YETCs B XUMUYECKON NPOMBIIIIEHHOCTH.
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O6pa3oBalve MHOTOSIIEPHEIX KOMIUIEKCOB NMPH I'MApomM3e. [MIPOIUE CONPOBOX—
naeTcsl CJIoKHBIMM TpolleccaMyt 06pa3oBaHMsl ABYX- M MHOPOSIZEPHBIX KOMIUIEKCOB,
CBABYIOIAMU MOCTMKaMU KoTopbix MoryT 6wt O, OH, NHj, NO,, SO2" u mpyrue

aTOMBI M UX TPYNIMPOBKU. PaccMOTPMM THOPOAUS HO KATHOHY, NPUBOASIIIMMA K
[OJIMMEPH3AIUN KOMIUVIEKCOB 3a cyeT MocTHKoBbIX OH-rpymm.

Kak nepBylo crafifio KaTMOHHOM NOJMMEPU3ALMU B PACTBOPAX MOXHO paccMar—
pPHBaTh BOBHMKHOBEHME IBYXDLSNEPHBIX KOMILIEKCOB, OOpDa30BaHHBIX 3a CuYeT 00B-
€[IMHEHNsT OKTanNpUYecKUX (TETPadipUYeCKMX) KOMIUIEKCOB MO BepllVHe, pe6py
wiy rpanu (cM. puc. 61). Huske mnpuBeneHbi cxembl 06pasoBaHMst ABYXbANEPHBIX
KOMIITIEKCOB, POJib MOCTUKOB B KOTOpbIX urpator OH-rpymmer.

Jlns koMIiekcoB katuoHoB M2t

H 2
[(Hz0)n-1M—OH]* + [H—O—M(Oﬂz)n_l} —

H 3+
-". l:(HzO)n-lM—O—M(OHz)n-I] + Hy,O

Wi

MOH* + MZ* — M,0OH3*

JlJ1s1 KoMIUTekcoB KaTHoHos M3*

OH ]2+ [H,O 2+
(HZO)n-gM/ + \M(OHz)n.z —
\OH2 o
H
4+
O
—fp (HZO)TL'ZM\O/M(OHZ)n-Z + 2H20
H

Win

M(OH)?* + M(OH)?* — M,(OH)4*

Jns xoMmiexcoB kaTmoHoB M4*

v OH 12 [H,0 o+
(H;0)p-sM—OH,| + | HO—M(OHy)ns| —»
“\oH Hy 0~
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H 5+
O

H
— (HgO)n.3M——O_M(OH2)n.3 + 3H,0

O
H

HIN
M(OH)2* + M(OH)%* — My(OH)3*

B npuBeneHHBIX HpUMepax IUMEPU3ALUsi TPOUCXOZUT 3a CYET B3aMMORENCTBUA
OH-rpymnnst ogHoro xoMivtekca ¢ Monekyioit HyO apyroro ¢ oriiervienneM MolleKy—
ae1 HoO u obpasopanneM OH-MocTuka.

Yncsmo OH-MocTHkoB B AuMepe 3aBHUCUT OT IpouHocty cBsAsu O—H B roopau-
HUPOBaHHOI MojeKysde BoAbl. OYeBUOHO, YeM BHILI€ 3apsill HMOHA MeTaia, TeM
npoutee cBsisb M0 u TeM 6osblie ocnabisieTesi ¢sisb O—H B KOOpAMHUDOBaH~
HOM MoJIeKyJle BOABI. JTO NPUBOAMT K yBenuuyeHuto uncia OH-MOCTMKOB ¥ yBesn-
YEHUIO CTelleHu rufposnsa. Haubosee Tunudnbie $HopMbl ABYXBSIEPHBIX KOMIUIEK-
COB B 3aBHCHMOCTH OT 3apsfa KOMIIEKCOO6pasoBaTesisi NPUBEIeHbl B Tabi. 24.

T a6 nui a24. QopMbl ABYXBAREPHHIX  TI'UIPOKCOAKBAKOMIUIEKCOB

Hon MeTaJmal Kommnexc [pumepst

M2+ M,(OH)3* | Cu,OH3*, Be,OH3*, Zn,0OH3*Y, Cd,OH3*, HgOHS*,
Ni,OH3*, PbOH3*

Ma+ My(OH);™ | AlL(OH)3', Iny(OH)’, Scp(OH)3", Vo(OH)Y,
Cra(OH)$*, Fey(OH)E*, Cop(OH)*

M4+ My(OH);* | Th(OH)3*, Cep(OH)3*

AHATOrMYHO MOKHO PAaccMaTpUBaTh 0GDasoBaHMeE MHOTOSINEPHBIX [MIPOKCOAKBA~
KOMIekcoB, HanpuMep, tuma Ma(OH)3*, My(OH)$*, My(OH)Z::

(H20) 4 H
Ni (Hz0) 4 Ni—O—N i (OHy)4
HO~" “N\OH
HO OH
(H20) 4 N i Ni(OHz)4
o~ (H,0) 4 I!Ii-—O—N | (OHy)s
H H
M3(OH)* M4 (OH)*

233



OH, y OH,y; OH,, OH,
LS AN AN
/I\O/l\o/l\o/l\
o Hmo "o ¥mo
M,(OH)Z}
[lpy omnpefieneHHbIX YycoBUAX (BBICOKasA TeMIlepaTypa WM NoBblmeHHbIn pH
pacTBopa) MOJMKOHIEHCALUS MOKET [PUBOJUTDL K IIepexoly T'MIPOKCONPOMBBOANBIX
(moctuxy — OH-rpynnsl) B oxconponsBopuble (Moctkn — atomel O):

H H H
0 o O
N T 0, 6y om0
N N o
H H H

BIVIOTH 10 0Bpa3oBaHUsA CBOBOINHBIX OKCHOOB. .
To 4To HaswIBaloT "OCHOBHON cosbio" mpeficTamisieT coboit MO CTPYKTYpe IpoMe—
JKYTOUHOE MEXKAY '"HOPMasbHOM coiblo" M IM'MAPOKCUIOM WM OKCHUIOM.

I' 1 A B A 6. PEAKIIUU C U3BMEHEHUEM CTENEHEH
OKHUCJIEHMA 3JIEMEHTOB

§ 1. OKNCJINTEJ/IBHO-BOCCTAHOBHUTE/IbHBIE PEAKIIHA

CreneHu OKMCICHMS 3JIGMEHTOB HM3MEHAIOTCA MPH OKHUCIUTENLHO-BOC-
CTAaHOBUTENIBHEIX DpeaKuuAx. MsmeHenue crenmeHeil OKHMCIEHHA DJIEMEHTOB
IPOMCXOAHUT 33 CYET Nepexola 3NEKTPOHOB MJIM ATOMOB OT OJHUX YacTHIL K
apyruM. HanpuMep, Ipu BHITECHEHHUM UMHKOM MeJlH U3 PacTBOPA €€ cOJu

CuSOy(p) + Zn(x) = Cu(x) + ZnSO4(p), AG; ~212 wJlx

208 —

JJIEKTPOHB! OT aTOMOB IMHKA NepeXoasiaT K MOHaM MeJH:

Cu2*(p) + Zn(x) = Cu(k) + Zn2*(p)

IIponecc morepu 4acTuUeil TEKTPOHOB HA3BIBAETCS OXUCAENUEM, & TMPOHECT
NPUCOCMHEHMA DNIEKTPOHOB — goccmanosaeruen. B peaknumax sTH zIBa
npouecca MPOTEKAlOT OAHOBPEMEHHO -~ OJHH YacTHIB! OKUCASIOTCHA, APYTUe
BOccTaHaBIMBalOTCsA.  (C/IEA0BATENIBHO, OKMCIUTENbHO-BOCCTAHOBUTEJIBHBIE
NpOLEecchl NPEeJCTaBIsAIOT cO00H eAUHCTBO ABYX NPOTHBOIIOJIOMKHBIX MPOLECc—
coB. BemjecTBa, MpHCOEAMHAIOLME JIEKTPOHbI, HA3BIBAIOTCH OKUCAUTNEAS-
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A, a BElIecTBa, TepAIOIIME JIeKTPOHBI, — 8occmanogumensuy. B mpuse-
nennom npuMmepe Cu?* — OKHCIIUTENB, Zn — BOCCTAHOBUTEJIb:

Cu?* + 2¢ = Cu; Zn — 2¢” = Zn?*

B 5T0if peaknuu Mejb MOHUMKAET CTEHEHb OKUCIEHMA, ITUHK — MOBHIIIAET.

24 0 0 2+
Cu — Cu Zn — Zn

B kauecTBe npuMepa OKUCJIHUTEIBLHO-BOCCTAHOBUTEJIBHON peaKIUHU ¢
OEPEeX0OM aTOMOB MOXKHO PacCMOTPETh CJIAYIOHMIMI Ipolecc:

NO; (p) + HCIO (p) = NO; (p) + HC! (p)

MeTooM MeUYeHBIX aTOMOB YCTaHOBJIEHO, UTO 3Ta PEAKIMs OCYUIeCTBIA-
€TCA 1O CIeAYIOMEeMY MeXaHU3MY:

0
+3 + 1
fo,+ 0Clo = | .ol -
o |
H
+3 +
N — N
0 Oles | o
S Sv-o.cl| — N—O| + HCI
o] | O

Kak BHAHO M3 NPUBEIEHHON CXeMBI, aToM Kucjopoga wmonekyas HCIO
nepexoaut B cocras NO;-nona. B pesynbraTe peakmun creneHb OKMCIEHUS

a30Ta MOBBIUIAETCs, a XJIOpa HoHmkaercsi. B aroit peakumm HCIO urpaer
ponb okucautens, a NO; — BOCCTaHOBUTENS.

Takum o6pazoMm, MOxHO HaTh ciaeayooulee 0606IIEHHOe OIpene/eHne
OKUCANTENs] M BOCCTAaHOBUTEJNA: BELIECTBO, B COCTaB KOTOPOIO BXOAUT
3/IGMEHT, MOBBLIIAIOMIMA CTENeHb OKUCIIEHUSI, HA3BIBAIOT 80CCMANOBUMEAEA,
a BelecTBO, B COCTaB KOTOPOTO BXOIUT OJIEMEHT, INOHUXKAIOUINUIA CTeneHb
OKUCJIEHUA, Ha3bIBAIOT 0XUCAUMEACA. HOHPDKGHHQ U TMOBBLILIEHNE CTEIEeHU
OKMCJICHUS] 3JIEMEHTOB NPOUCXOAAT OJHOBPEMEHHO U OOYCJIOBJIMUBAIOT APYT
Apyra.
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§ 2. COCTABJIEHUE YPABHEHUN
OKUCIUTEJNBHO-BOCCTAHOBUTENBHBIX PEAKIIUN

IIpuMensroT ABa MeTONa COCTABJICHUA YPABHEHUM IJIA DEaKUMUU OKHCJIe-
HUsL — BoccraHOBieHusi. OQOMH M3 METOJOB OCHOBAH Ha HCIIOJIb30BAHUH
cTenenelt okucaeHuna. [lopienre cTelleHN OKMCAEHMA Y OJHOTO BJIEMEHTa
U e NOHINKEHMEe y APYroro 3JIeMEHTa [POMCXOLMT OAHOBpeMeHHo. Tak,
IIpY B3aMMOJEICTBUM alIOMIUHUA U CEepHl

+3 -2
Al + S — AlLS;

CTENeHb OKMCJIEHUA ANIOMUHUSA TOBHIIIAETCA Ha 3 eAMHMIIbI

0 +3
Al — Al (3—0=3)

3 CTElIeHb OKHUCJIEHUA Cephbl [ICHWXKAeTCA Ha 2 €JUHHNIBL
0 -2
S— 8 (—2—0=-2)

Yro6el mocTaBUTh KO3(pPUUMEHTH B YpaBHeHNWH peakluu#, Hago HaiTh
KpaTHOe IJIA 4YHuCeJ, NOKa3hBaKIuX MOBbIIIEHHE W NOHHKEeHHe cTeENneHeNn
OKHNCJIEHUA

0 +3

Al — Al |2

Q -2
S— S |3

0 0 73 =7
2A1 4+ 3S = 2A1 + 3S

Haitnendsle koaddunuenTs nepetecem B ypaBHEHHE peaKIUU
2A1 + 3S = ALS;

PaceMoTpuM 60/1ee CJIOKHYIO OKMCIMTENBHO-BOCCTAHOBUTEIBHYIO Deak-
IUIO:

+ 7 +2 + 2 +3
KMI’IO4 + FeSO4 + HZSO4 b d MHSO4 + Fez(504)3 + KQSO4 + Hzo

B IIpUBEACHHBIX COEAUWHEHHMAX HN3MEHAIOT CTEell€Hb OKHCJIEeHUA TOJbBKO
MapraHell ¥ XKeJjes3o: :

+ 7 +

2
Mn — Mn{l
+ 2 + 3
Fe — Felb
KMnO, — oxucaurtens, FeSQ,; — poccrapopurens. Ha 1 Monb aromos

Mn(VII) tpeGyercsi 5 Moab atomos Fe(Il):
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+ 7 +2 + 2 +3

Mn + 5Fe = Mn + 5Fe
Takum 06pasoM, OCHOBHbIE K03 dUNMEHTH ypaBHeHH — Ko3dPHIIeH-
_ THl TIpM OKMCAUTeNle M BOccraHoBuTede — 310 1 m 5. Hyxno opguako,
ydecTh, 4TO B pesynbTaTe peakuun obpasyerca Fe(SO4)s, comepxammit 2
mouis atomoB Fe(Ill), mostoMy ocHOBHBIE KOP(DGDUIMEHTH CIeAYeT YIABOUTh:

+ 7 + 2
Mn — Mn 11 2
+2 + 38

Fe = Fe 5110

7 2 v 2 +3
2Mn + 10Fe = 2Mn + 10Fe

Haitnenuvsie koaduuuenTs noacTapasoT B ypaBHEHNE PeaKIun

+ 7 . +2 + 2 ) +3
2KMII04 + 10F3504 + HQSO4 - 2MI’ISO4 + 5F82(SO4)3 +
+ K;S04 + H0
Ocranpible kK03¢pUIMEHTE HaXOAAT NpU NoAcyere GanaHca APYIMX dJle-
mentoB (noka 6e3 H n O), B nanHoM ciydae aroMos K u S:
2KMnO4 + 10FeSO4 + 8H,;SO4 — 2MnSO, + 5Fey(S04)3 +
+ K804 + H;0O

Janee mo 6anaHcy aTOMOB BOJOPOJA ONPEAEIISIIOT YUCJIO0 MOJIEN BOILL:

2KMnO4 + 10FeSO4 + 8H,SO4 = 2MnSO4 + 5Fey(SOy)s +
+ K;S0,4 + 8H,0

J1s mpoBepku npaBUABHOCTH NOHOOpPaHHBIX KO3(DPUIHEHTOB HOACYUTHBA-
10T 6a71aHC MOJICH aTOMOB KUCIOPOIa.

[ockonbky paccMarpuBaeMasi peakiMsl NPOTEKAeT B BOLHOM PpacTBOpE,
€e MOXCHO NPeJICTABUTL B BU/Ie UOHHOIO YpPaBHEHMS:

MnQ; + 5Fe?* 4+ 8H* = Mn?* 4 5Fe?* + 4H,0

JloBOJILHO 4acTO cOeJMHEHME, yYacTBYIOHISe B PEaKUUH, BHIIOJIHAET HE
TOJILKO OKHCJHTENBHYIO MIIM BOCCTAHOBUTENbHYIO GYHKUMIO, HO M CBA3BIBa-
eT NPOAYKTH peaKuuy (CTENEeHM OKMCJICHUS IMEeMEHTOB He W3MEHSIOTCH).
Hanpumep, nmpu BoccTaHOBNIEHMM OYeHbL pa36aBiICHHON A30THOM KM CJAOTH
TIOPOLIKOM [UHKAa
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0 + 5 +2 -3
4Zn + HNO3 + 9HNO3 = 4ZI1(N03)2 + NH4N03 + 3H20
+ 2
n — Zn [8]|4
+ 5 -3
N —- N 211
0 +5 +2 -3
4Zn + N= 4Zn + N

0
Z

1 MOJIb MONEKY/N KHUCJIOTHI M3 JECsATH, B3SATHIX IJIs PEaKUUH, PAcXOLyercs
Ha OKMCJIeHME MHKAa, a OCTaJIbHBIE [eBATh — Ha CBA3bIBaHUE 0Opa3ylonnX-
cs1 B pe3ynbTaTe peaKIlMd MOHOB LMHKA U aMMOHUS.

[IpuMepoM peakIuu, B KOTOPOH BOCCTAHOBUTENb MIDAeT TAaKkKe pOJIb
cpenbl, ABNAeTcs B3auMmopeiicreue okcuaa Mapraua (IV) ¢ KOHuIEHTPUpO-
BaHHON COJIAHON KUCJIOTOM:

+ 4 -1 + 2 0
MI’IOZ + 2HCI + 2HCI = Mllclz + Clg + 2H20

2C1 =& Cl1,]2]1
+ 4 -1 + 2
Mn + 2Cl = Mn + Cl,

Honao-2/1eKTpOHAHI MeTol[. VOHHO-3/1IeKTPOHHBI METOH COCTABJCHUA
YPaBHEHUH OKHCJIUTENbHO-BOCCTAHOBUTENBLHBIX PEaKIUil IPUMEHSAeTCA IJ1A
HOHHBIX OKMCJIMTENbHO-BOCCTAHOBUTENBLHBIX POLECCOB M OCHOBAH Ha €OC-
TaBJICHUU YACTHHIX YPABHEHUN peakuMil BOCCTAHOBICHUS UOHOB (MOJEKYJ)
OKMCIUTENA W OKUCJIEHHUS HOHOB (MOJIEKYJ) — BOCCTAHOBHUTENS ¢ TOCIIe-
AYIOIIUM cyMMHpOBaHMeM uX B ofluee ypasHeHue. [Ias storo neo6xonmmo
COCTaBUTL HOHHYIO cXeMy peakiuu. He usmensionmecss B pesyasraTe peak—
OMH{ UOHBl B MOHHYIO CXEMY H€ BKJKOYAlOTCH.

BepueMcs kK paHee paccMOTPEHHOMY NpPUMEpY:

KMnO4 + FeSO4 + H;804 — MnSO, + Fey(SOy) + K804 + H0
Nonnas cxeMma peakuuu:
MnO; + Fe?* 4+ H;‘ —D‘Mr;2+ + Fe3* + H,O
Kax BuguMm, vonsl Fe?* oxucasiores B uomn Fed*, a momst MnOj Bocera-
HaBIMBAlOTc A0 MOHOB Mn?*. YacTHOe ypaBHeHUe OKHUCIEHMA MOHA

BOCCTAHOBUTENSA
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Fe2* — e — Fed*
BOCCTAHOBUTENIb-  OKMCJIEHHas
Has opMa dopma

B uacTHOM YpaBHEHHM peaKlMM BOCCTaHOB/IeHUA okucymrensts MnOj B
BoccTaHoBIeHHYIO dopmy Mn?*

MnO; — Mn?*

Jlna 6anaHca aTOMOB HEOOXOAMMO N06aBUTh MOHBI BOZODOAA, YTOOBI CBA-
3aTh aTOMB KHCJIOPOZA B BOAY

MnO; + 8H* — Mn?* + 4H,0
Ans GanaHca 3apANOB, KpOMe TOrO, B JIEBOil YaCTH YPaBHEHUSA HYMXKHO
ROGABUTb 5 MOMBL 3JIGKTPOHOB. Torja yacTHOE ypaBHEHHE PEaKIUU BOCCTa-
HOBJIGHUSA OKMCIAUTENs Oyner
MnO; + 8H* + §¢° = Mn2* 4 4H,0
OKMCIIEHHA st BOCCTaHOBUTEJIbHAS

dopma dopMa

IIpn BoiBOZmE OOLiero ypaBHEHWsI peaKUUU 4YacTHble YPABHEHUSI HaLO
[IOMHOKHUTb Ha Takue KOID(MUIMEHTH, YTOOBl YHUCIAO MOJefl NMOTePSHHBIX
37IEKTPOHOB CTAJIO PABHO YMCAY PUOGPETEHHBIX:

Fe2* — ¢~ = Fe?t 5
MnO; + 8H* + 5¢ = Mn?* + 4H,0|1

IIpoBepka NPaBUILHOCTH COCTABJIEHHOTO ypaBHEHWS NPOUBBOAUTCS MO
6ajiaHCy aTOMOB M 3apAOB B OOLIEM yYpaBHEHUM:

MnO; + 5Fe?* + 8H* = Mn?* + 5Fe3* + 4H,0

Ecnu B kadecTBe cpeinl B3siTa cepHas KUCJIOTa, TO YpaBHEHUE PEaKUUU
MOXHO 3alMCaTh:
2KMnO, + 10FeSO4 + 8H,S0, = 2MnSO4 + 5Fe;(S04)3 +
+ K»SO4 + 8H,0
THON OKHC/IMTENLHO-BOCCTAHOBHTENHHHX peaknMii. PasnuyaioT Tpu

TUNA PEAKIUH OKUCJIEHUA — BOCCTAHOBJICHUA.
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1. OrucaNTeNbHO-BOCCTAHOBUTENbHBIE PEAKIUH, TIPHM KOTOPBIX HM3MEHs-
JOT CTelleHb OKMCJIEHUS aTOMBl 3JIeMEHTOB, BXOOSIIIMUX B COCTaB pPa3HbIX
BeluecTB. Jlerko 3aMeTuTh, YTO BHINENPUBEJEHHbIE DEaKIMM OTHOCATCH K
ITOMY THIY peakiyii.

2. Peakimu OKMCAWTENILHO-BOCCTAHOBMTENHHOTO paclaja BELIeCTs, Npu
KOTOPBIX CTEHEHH OKMCJIEHHA UBMEHAIOT aTOMBlI Pa3HBIX 3JIEMEHTOB OJHOIO
u Toro ke BemlecTBa. Ilo TakoMy MexaHM3MY NPOTEKAIOT peaKkIMH TepMH-
YECKOro DasiomeHisi coefyuHeHuit, Hanpumep:

+5-2 -1 0
2KCl10; = 2KCI + 30,

5 -1
1 — Cl}2
2 0
O — 0,3
-2 -1 0
+ 60 =2Cl + 30,

3. Peaknuu caMOOKHCIEHUS — CcaMOBOCCTAHOBJICHWS, NPHU KOTOPBIX
CTENEeHb OKMCJIEHUA OJHOrO M TOTO JKe 3JEeMEeHTAa M HOBBIIIAETCH, U HOHU-
scaercsi. [lofoGHbIe peaknMU HA3BIBAIOT €lIe PEeaKHUsAMU OJUCTPONOPUUONU-
posanus. Hpumepom mporecca MOLOGHOTO pOAa MONKET CIYKHTh PEaKIuUs
B3aUMOJERCTBUA XJIOpa O LUSIOYBIO:

0 -1 +5
3Cl; + 6KOH = 5KCI + KClO3 + 3H,0

0 +5 -1
3Cl, = Cl + 5Cl

B 51Ol peakmuy XA0p BHICTYNAET M KaK OKMCIUTENb, U KaK BOCCTAHO-
BUTEJIb.

§ 3. HAITIPABJIEHHME OKHCIIUTEJNBHO-
BOCCTAHOBUTEJLHHX PEAKIIUN

O HampaBleHUM OKHCIUTENbHO-BOCCTAHOBUTE/BHBIX PEaKUMil MOXHO
CY/INTh MO M3MeHeHuIo 3Hepruu ['m66ca cucremsi. Kpome Toro, mis komu-
YEeCTBEHHOHN XapaKTepUCTUKH OKUCIMTENbHO-BOCCTAHOBUTEILHON aKTHBHOC-
THU BEINECTB, HaXOAAMMXCA B pPacTBOPax MJIM CONPUKACAIOMIMXCS ¢ HUMH,
HCTIONB3YIOTCA TaK HAa3bIBaEMble AeXMPOONble UIH OKUCAUTNEABHO-B0CCMA-
HOBUMEALHBLE NOMENYUAABL P.
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OKHcIMTENHAO-BOCCTAHOBATENIbHEE NoTeHNAann. Cpsass Mexay AG U ¢

BEIpaskaeTcsa ypaBHenumeM * —AG = nFyp, rie n — KOJIHMYECTBO BellecTBa
(Mosb), mepenaBaeMOro B Ipolecce d1NeKTpoHOB; F — mocrosnnas @a-
panes.

CymHOCTh, BO3HMKHOBEHUSA DBJIEKTPOJHOTO NOTEHIMAa/la 3aK/IK4YaerTcs B
cneayomeM. Ecay nnacTHHKY MeTainna M norpysuTbs B pacTBOp, cOAepkKa-
A ero UOHBL

M™(p) + ne” = M(x)

TO MeXJy MEeTa/lyIoOM W pacTBOpPOM BO3HUKHET pPa3HOCTb [OTEHIIHAJIOB,
Ha3BIBAaEMast JIAEKXMPOOHBIA NOMENYUAA0AM. ITa PA3HOCTh 3ABUCUT OT NpHU-
poAb MeTaljia M KOHUECHTpanuu (TOYHee aKTUBHOCTH) MOHOB B DacTBOpe, a
TaKke OT TeMIEepaTyphi.

CraBapTHHIl NeKTPOAHHN mOoTeHIMan. [[ns peakluH, HPOTEKaloIei
B CTaHAapTHBIX YCIOBUsAX, CBA3b sHeprum [u66ca M 3JEKTPOSHOrO MOTEH-
LyaJia BeIpaxaercd ypaBHeHUeM

C—AG° = aFy°.

BenuunHy ¢° Ha3bIBAIOT cmandapmusia 34exmpoonvia (oxucAumersro-
B0CCTNANOBUMEABHBLAL) NOMENYUAN0A. 3HAUSHUS CTAHAAPTHOTO 3JIEKTPOMA-
HOTO noTeHnUana (kak ¥ AG°) pacTBOPEHHBIX BEIIECTB OTHOCAT K PacTBO-
paM ¢ KOHUeHTpauueit 1 Moab/a, a AJis ra3oo6pasnbix Beilects — k 101325
Ila. B kauecTBe cTaHAapTHOM NpUHUMAIOT TeMieparypy 25°C.

3HaYeHUSA HNGKTPOAHBIX (OKHCIUTENBHO-BOCCTAHOBUTENbHLIX) MOTEH—
UUaJIOB OBBIYHO 6epyTCsA OTHOCHTEIBHO CUCTEMBI

HY(p) 4+ ¢ == 1/3H,(r), AG;,, =0

208

Tak xax AGf,298,H’(p) =0mu AGf,QQS,Hz(r) = 0, cTaHJAapTHBIN DOTEHIUAN

aTO# cucTeMbl Py = 0 (kak u AG®). Dra cucTeMa HasbiBaeTcA 6000pod-

HOLAL 9AEXTPOCOAL.

BonopomHblil 9/IeKTpos TIpeAcTaBiIseT coboil IIATUHOBYIO IIACTHHKY, MOKPBITYIO
TOHKMM CJI0€M PBIXJION [OPUCTOM MAATUHBI (7S] YBeJIMYEHUs] IOBEPXHOCTU DIIEKTPO—~
Ja) ¥ OMYyILIEHHYIO B BOJHBIA PAcTBOD CePHOM KMUCIOTHI (€ aKTUBHOCTBIO UMoHOB HY,
paBuelit eanuuue) (puc. 121). Yepes pacTBop cepHOM KHUCJIOTHI NPOMYCKAIOT
BoZlopod Tox aTMocdepHbIM [JaBieHneM. YacTh NMOIMVIOLEHHOro MJATHHON BOLOpOLa
IepeXofUT B aTOMHOE COCTOSIHME, TOSTOMY B IHOBEDXHOCTHOM CJIo€ MJIACTHHBI

*“AG (Ilx) = 96485 nE (B).
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Tab6nuua 25 Cranpaprabie QIEKTPOJHbIE NOTEHIMANILI <p°298 HEKOTOPhIX

OKHUCTHUTEITBHO-BOCCTAHOBUTEJILHEIX CHCTEM B BOXHBIX DAaCTBOpax

Oxkucrnernas popma Yuesto BoccraHoBientast @;98, B
QTEKTPOHOB dopma
Li* le Li -3,05
Ca?* 2¢ Ca -2,87
Na* le Na 2,71
H, 2€ 2H" -2,25
Als* 3e Al -1,66
Mn?* 2e Mn -1,18
Zn?* 2e Zn 0,76
Fe2* 2¢ Fe -0,44
Cd2* Ze Cd -0,40
Zn2t 2¢ n -0,14
Pb2+ 2¢ Pb 0,13
2H* 2¢ - Hp 0,00
SO3%" + 2H* 2¢ SOZ" + H30 0,22
Cu?* 2¢ Cu 0,34
I, 2e 21 0,54
Fedt le Fe2* 0,77
Ag* 1e Ag 0,80
Hg?* 2e Hg 0,85
NO; + 4H* 3¢ NO + 2H,0 0,96
Bry 2e 2Br- 1,07
MnO, + 4H* 2¢ Mn2* + 2H,0 1,23
Cry02" + 14H* 6e 2Cr3* + 7TH,0 1,33
Cl, 2¢ 2Cr 1,36
Clo; + 6H* - 6e CI + 3H,0 1,45
MnO; + 8H* 5¢ | Mn?* + 4H,0 1,51
MnO; + 4H* 3e MnO, + 2H,0 1,68
Fy 2e 2F- 2,87

5 Ha rpaHuue IJIaTMHBl M PacTBOpa

ycTaHaBmMBaercs papHosecue 1/oH, ¥= H, a
= H*(p) + €, 1.e. cymmapHo

CepHOM KUCTOTH — pasHoBece H(r)

UoHo(r) &= H*(p) + €
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CraHfiapTHbe MOTEHIIMAIB HEKOTODHIX
OKHCIUTEN bHO-BOCCTAH OBUTEIbHBIX
cucTeM npuBejensl B Tabu. 25. B pany
NPUBEICHHBIX CHCTeM YO6bIBalolllee 3Ha-
YeHUe OTPHUIATEIBLHOTO NOTeHIMana U
BO3PACTAIONIEE 3BHAYEHNE TMOJIOKUTEIbHO-
IO NOTEHUMANa OTBEYAlOT [NAACHUIO
BOCCTAHOBUTEJIBHON ¥ POCTY OKHCIM-
TeNbHOM cnocobHocTu. Hanpuwmep, cpas-
HEHMEe CTaHIAPTHBIX NOTEHNIMAJIOB CHC-
TEMBI

Fy(r) + 26 = 2F(p), ¢5g = 2,87 B

Hy(r) + 2¢” = 2H(p), Pros = —2,25B Puc 121. CxeMa BOLOPOZHOTO
SIEKTPONIA
NOKa3bIBAaeT, YTO y MOJEKyJ Fj cuibHO
BHIDAKEHA OKMCJUTENbHAA TEHJEHNIusA, a y uoHo H™ — BoccTaHOBUTENB-

Had.
B cootserctBuM cO 3HaweHuaMu ¢’ HMEK (p,,, = —0,76 B) — Gonee

CUJBHBIA BOCCTAHOBUTE/Db, YeM Me/lb (go;qg = 40,34 B), u, cienoBaTenbHO,

6yIeT BHITECHAThL €6 U3 PACTBOPOB, cojepammx uonbl Cu?*:

Zn(x) + Cu?*(p) = Cu(k) + Zn%*(p)

Xmop (g4 = +1,36 B) — Gonee cunbHblil OKUCIIUTEND, YeM 6poM (5., =

= +1,07 B), u, cienosarenbHo, GYIET BBITECHATb OPOM M3 PACTBOPOB,
cojJiepalux 1oHsl Bro:

1/2Cly(r) + Bri(p) = !/2Bra(r) + Cl(p)

Ilo sHaYeHMAM OKHCIUTEIBHO-BOCCTAHOBUTENbHBIX MOTEHINAIOB MOXHO
CYyAUTb O HaIlpaBlIeHUM N 60Jiee CA0KHHX OKUCIUTENHHO-BOCCTAHOBUTEIb—
Helx npoueccoe. Hanpuwmep, nns peaxuun

MnO; + 5Fe?* + 8H* = Mn2* + 5Fe®* + 4H;0

NOTEeHIHAJIBl YaCcTHHIX pea}cunﬁ HUMEIOT cJle/lyloluiue 3HadyeHus:

Oxruncriennas BoccraHoBTeHHASA CraHgapTHbI
dopma ¢opma noTeHnKan
MnO; + 8H* 4+ 5¢ = Mn?* 4+ 4H,0 1,51 B

Fed3*+ e = Fe? 0,77 B
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Kak BHAMM, CTAaHAAPTHBIA 3J€KTPOAHBIA TOTEHINA JIJIsi MEPBO# cUcTe-
Mbl BbIIIE, yeM s Bropo#. CrenosaTensHo, AU KOHTAKTe NMepBasl CUCTe-
Ma BBICTYIUT B KadecTBe OKMCJIMTENs, BTOpasd — B KadecTBe BOCCTAHOBUTE-
as. VIHBIMY clIOBaMM, TiepBas peakUMs HPOTEKaeT CJ16Ba HalpaBO, BTOpasd —
cmpaBa HalleBo, T.e. HOHE Fe?* okucasiores g0 uonos Fed*, a moner MnO;

BOCCTAHaBAMBAIOTCA [0 MOHOB Mn2*,

JJIeKTPOAHbIE IIOTeHIUadbl He ABJAKTCA HeusMeHHbIMU. OHM 3aBUCAT
OT COOTHOLIEHWS KOHUEHTpauuil (TO4Hee AKTHUBHOCTEH) OKHCIAEHHOH M
BOCCTAHOBJIGHHON (OpM BeljecTBa, a TaKke OT TEeMIOEpaTyphl, HPUPO/HL
pactoputensi, pH cpeas u mp.

3aBUCHMOCTE 3JIEKTPOLHOTO MOTEHIMAla OT KOHUEHTPAUUY OKUCJIeHHON
M BOCCTAHOBJIEHHO# (OPM M TeMIepaTyphl Bhlpaxaercs ypasnenueu Hepuc-
ma:

Cgoccr
ninu

2,3RT lg CSxuon

nF v ’
CBocer

p=¢ +

rae ¢° — CTaHJapTHHIA 3JEKTPOJAHBIN OTEHIMAN Nponecca; R — MOJNspHas
razopas NOcTOAHHas; T — aGcONIOTHas TeMIepaTypa; n — YHUCIO MOJIEH
nepe/aBaeMblX B 3JIEMEHTADHOM OpOLEcce IEKTPOHOB;, F - nocTOsiHHas
Dapanes; Coxpen ¥ Cooccr — KOHIEHTPAIMM OKHCIACHHON U BOCCTAHOBJEHHOM
¢dopM peareHTOB (z M y — KO3(PPULVEHTEL B yPABHEHUM PEAKIMH ).
Hna 298 K (25°C) nociie n04CcTAHOBKY 3HAYCHUI HOCTOSHHBIX BEJIMYMH
[R = 8,31 dx/(K-Mons), F = 96 485 K] ypabHeHUe IpHHUMAET BHJ,
o 0,059 . chiuen
p=9 +—lg——.
CgOCCT
Jnsa monypeakiuu
MnO; + 8H* + 5e” = Mn?* 4+ 4H,0

MOXHO 3anucaThb

_ 0,059 , [MnO4][H']®

p = 1151 + 5 lg [Mn2+] )
MMeA B BHOY, UYTO KOHUEHTPAaUMA BOAbH — BEJMYMHA NOCTOAHHaA. Jljist
CTH/APTHEIX YCJIOBMiA, T.e. korga [MnO;] = [Mn?] = [H*] = 1 mome/n,

o= =151B8B.
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§ 4. XUMHUYECKNE UCTOYHUKHU TOKA

Ecau 0pocTpaHCTBEHHO Pa3fesuTh MpOLece OKUCIEHHsA BOCCTAHOBUTENS
K Mpolece BOCCTAHOBJIEHUA OKHMCJIMTENA, MOKHO IONYyYUTh IJIEKTPUUECKUN
TOK. B 3TOM cilyuyae OKMCIIMTEIBHO-BOCCTAHOBUTEJIBHHE DEaKLMU OcyllecT-
BIAIOTCS Ha BJIGKTPOJaX, & XMMHYecKas JHEpruA HerocpPeNCcTBEHHO I[peB-
palifaeTcst B SJIeKTPUYecKylo. Teopernuecku AN HONYYEHHA 3JIeKTpUdec-
KOl JHEPrUM MOMXHO NPUMEHUTHL JI00YI0 OKHCIMTEbHO-BOCCTAHOBUTENIb-
HYIO DeaKLuIo.

PaccMOTpUM ToJIyyeHMe TOKa 3a cYeT CJIeAYIONieH Naphl OKHCIUTEIbHO-
BOCCTAHOBUTEJILHBIX CHUCTEM:

Okxwuciensasi  Boccrarosnennast CTaHOapTHBIN

dopma dopMa TIOTEHL M AT
n?t 4+ 2¢ = Zn -0,76 B
Cu?* 4+ 2¢ = Cu + 0,34 B

CornacHO 3HAUYEHMAM CcTaHHApPTHEIX NOTeHuManos cucreMa Cu?*t +
+ 2¢ = Cu 1o OTHOWIEHKIO K cucTeMe Zn?* 4+ 2¢° ¥= Zn OKuUCJINTEJIEM,
T.e. IPU UX KOHTAKTe BJIEKTPOHH 6YAYT MEepexoauTsh oT Zn K uonaM Cu?*:

Zn 4+ Cu?* = Zn?* + Cu

2e”

Oxucnenne Zn u BoccraHoBierne Cu2* MOKHO OCYIIECTBUTH Ha 3JIGKT-
pollax taaseanuxecxoro saeaenma (puc. 122), KOTOpHI B JaHHOM ciaydae
COCTOMT U3 IMHKOBOIC M MEJHOTO 3JIEKTPOJOB, NOTPYKEHHBIX B PacTBOPHI
cooreerctBeHHO ZnSO4 u CuSQO4. Cocyaml ¢ pactBopaMu coeauHeHbl U-
06pa3Hoii TpyOKOM, 3amOJHEHHON KakUM—In6o saekrposimtoM. Korga
COEMHAIOT 3MEKTPOAb METAJJIMYEeCKHM IPOBOJHMKOM, HAYMHAETCA OKMC-
JINTeJIbHO-BOCCTAHOBUTENIbHAs peakuust. Ha umukosoM snextpogme (aHoae)
MPOUCXOAUT NMOTEPS INCKTPOHOB — OKHC/JIEHUe IMHKa; Ha MEIHOM 3JIEKTpO-
zie (xaTojie) IPOUCXOAUT IIPUCOEAUHEHHE BIIEKTPOHOB — BOCCTAHOBJICHNE HOHOB
Meau

anon: Zn — 2¢” = Zn?*
raroq: Cu?* 4+ 2¢- = Cu
cymmapro: Zn + Cu?* = Zn?* + Cu

2¢”
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Tonnubo + Oxucrumens

1—»

P uc. 122. Cxema ranbBaHuMYec- Puc 123. Cxema TOIVIMBHOTO 9Jie-
KOTO BJIeMeHTa MeHTa

3a cyeT OKUCIUTENbHO-BOCCTAHOBUTENLHON peaKIVU [0 BHELUHeW Lenu
(MeTanIMYecKMH NPOBOLHUK) TeUeT BSJIEKTPHYECKMIl TOK OF IJHKOBOTO
3/6KTPOJla K MeIHOMY, a MO BHyTpeHHeil uemu (Tpybka c 3JIEKTPOAOM )
IBMXKYTCSI MOHBI SO};'. Il MHKOBLIN 3JIEKTPOL, TOCTENIeHHO PACTBOPAETCH, a

Ha MEIHOM BBHIIEJIAETCA MeTallIndecKkas Melb.
PazsocTs OKUCANTETBLHO-BOCCTAHOBUTEJILHBIX NOTEHIMANOB YaCTHBIX
DeaKIMil ONpEENIsieT 3IeKTPOABHKYINYIO CHIY . CalbBAHUYECKOTO dile-

MEHTa U B pacCcMaTpUBaEeMOM ciydae:

@ =y, — ¢ = 0,34 — (-0.76) = L1 B.

Ilpo6naema npeo6pa3oBaus XVMNYECKO 3HEPIUMM HENOCPEACTBEHHO
B 3NIKTPUUECKY0 — OIHA U3 AKTYAIbHHIX 3a7a¥ HayKd U TexHuru. B
HacTOslllee BpeMms BeLyTcs HIMPOKHMe HCCJeOBaHUA IO HCHOJIB30BaHMIO
OKMCIIUTEIbHO-BOCCTAHOBUTENIBHBIX pPEaKNMil TOPeHMsi TOIUIVBa B TaK Ha-
3bIBAEMEIX TONAUGHHT dAesenmar. B KadecTse OKMC/IAIOMUXCA BELIECTB
MOKHO [IPMMEHATH OObIYHOE TOIJMBO — Yrodb, KOKC, NPUPOAHbIE M HC-
KYCCTBEHHBIE FOpIOYME ra3bl, B KadecTBe OKHCJIMTENA — KHCJIOpOJ WU
BO3JIYX.

B TOnAMBHEIX 3JIeMEHTaX, KaK M B OOBIYHBIX [abBAHUYECKUX, IEKTPO-
IbI, K KOTOPHIM NOJAIOTCA BOCCTAHOBATENL (TONJIMBO) U OKHMCIHTENDb, Pa3-
JleNleHbl MOHONMPOBOAAIINMM 3JIEKTPOAMTOM (KUCJIOTAMHM M I1eiouaMM, pac-
I/1ABJGHHBIMUA COJIAMU U [p.). OAGKTPOAH B ClIydae MPUMEHEHUs rasoos-
Pa3HbIX MPOJAYKTOB OENal0T OBBLIYHO M3 MOJBIX MOPUCTBIX TPYOOK W Iac—
TiH. Tokoo6pasyromuit npouecc coBeplliaeTcsi Ha IPaHUIE CONPUKOCHOBE-
HUS 3JIGKTPOJA € 3JIEKTPOINUTOM.
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Hpusuyn pa6oThl TOMJIMBHOTO 3JIEMEHTa DAacCMOTPHM Ha IpuUMepe Iie-
JIOYHOIO BOJOPOAHO-KHUCJIOPOAROTO 3neMeHTa (puc. 123). B stoM ciyvae
UCMONB3YETCH OKUCINTEIbHO-BOCCTAHOBUTENIbHAS PEAKLUs

2H,(r) + O(r) = 2H,0(x), AG;,, = —474 v]Ix

298

OcyIIecTBAsAEeMadA 4Yepes3 caeAylroume NpOMeXKYTOYHbIe CTaguyu: Ha Karone
NPOUCXOONT NIpHUCcOeIUHEHUE 3JIEKTPOHOB — BOCCTAaHOBJIEHHE KUCJIOpOJa; Ha
aHOoJe IIPOMUCXOIMT OTepA 3JIEKTPOHOB — OKHCJICHHE BOAOpOAa:

aton: 2H,; + 40H™ — 4e” = 4H,0; xatrom: Oy + 2H,0 + 4e” = 4OH-

Bosrukaiomue Ha aHOAEe 3JIEKTPOHBI [0 BHELIHEN LENU 3JEeMeHTa [epe-
xXo#AT K Karony, a moHsl OH" nmepeMmewaioresi B 2JIeKTpOJNIMTE OT KaTolda K
anony. TakuM o6pa3oM, B UTOre OCYILECTBISETCH OKUCIUTENbHO-BOCCTAHO~
suresibHas peakuus 2H, + O, = 2H,0, sseprusi KoTOpoil B JaHHOM CiIy-
Yae BBLIENSAETCA He B BUIE TEIVIOTHI, a HEHOCDPEICTBEHHO NpeBpauiaeTes B
3TEKTPUYECKYIO.

Jlatst abdpexTuBHOM pabOTH TONJUBHBIX 3J1EMEHTOB MCHOJB3YIOT KaTallu-
3aTOpbi, KOTOphi€ HAaHOCAT Ha 3JIEKTPOAH. /A BOMOPOAHOrO 37NEKTPOLA
KaTaNM3aTOPaMK SABJSIOTCSH IUIATUHOBBIE METajUlbl, a [JIsi KUCJIOPOAHOTO
3MeKTpoja — cMelnadHble KaTanu3atopsl u3 Co u Al mmu Fe, Mn u Ag.

Beicokuit koapdunuerRT MCNOAL30BaHUS TOIUIMBA, HENIPEPLIBHOCTh Heii—
CTBUA U JIpDYTHe NPEeMMYINeCTBa OTKPBIBAIOT NEPel TOIJIMBHBIMYU 3JIEMEHTa—
MH HEepPCHeKTUBH IUMPOKOTO MCHOAb30BaHUs. TOIUIMBHBIE 3JIEMEHTHI HC-
NOJNB3YIOTCA B CIYTHUKAX U KOcMuYeckux kopabisix. OyeHb 3aMaHuuMBo
IIPMMEHEHMEe TOIJIMBHHIX JJIEMEHTOB BMECTO ABUraTelleil BHYTPEHHEro cro—
paHus Ha TPaHCHOPTE U T.1.



HACTbL BTOPAH
HEOPTAHUYECKAA XUMUSA

Paspgeni
Bsep,eHMe B XUMUIO 3N1eMeHTOB

Tonbko NpH MoCpeNcTBE TEODHM 3HAHUE, CJIarasick B
CBSI3HOE lleJIoe, CTAHOBUTCSI HaydHBIM 3HAaHVEM; CTPOVi-
Hoe coefiMHeHre (DAaKTUUECKOTO 3HAHUA C Teopuelt coc-
TaBJISIET HAYKY.

A.M. Bymaepos

' JI AB A 1. PACOPOCTPAHEHHOCTh XUMHUYECKHX
SJIEMEHTOB

§ 1. TEOXUMUA 1 KOCMOXUMMUA

CpenHee OTHOCUTENbHOE COfIePXKAHME AAHHOTO XMMUYECKOTO 3JIEMEHTa B
KaKoi~In60 NpupoAHOi cucteMe (3pesinl, CoJHEUHAS cHCTeMa, NJIaHETH)
Ha3bIBAETCA €r0 PACHpOCTPaHeHHOCTHIO Wiu xaaproa*. Comepsianue die-
MEHTOB OGLIYHO BHPAXAIOT B MACCOBBIX M/ aTOMHBIX LOJISX, B IPONSHTAX.

XMMHYEeCKHil cOCTaB, 32aKOHOMEDHOCTH DacHPOCTPaHEHUA M paclpejee-
HUS 3JIEMEHTOB Ha 3eMJIe M3y4aeT leosuuus. 3aJadu 3TOi HayKH onpeje-
aun B.U. BepHanackuii, KOTOpHI paccMaTpUBajl €6 KaK HayKy 06 MCTOpUH
aToMOB 3eMJIM, KaK 4YacTh KOcMudYeckoil xuMuu. JlanbHeilinee pasBUTHE
FeOXKMUH TecHO cBsA3aHO ¢ paBoramu A.E. ®épemana, B.M. ToasgmmupTa,
A.Il. Bunorpagosa u ap.

PacnpocTpaHeHHOCTs M TEHE3UC XMMHYECKHX 3JIEMEHTOB B KOCMOCe
u3ydaeT Kocauoruauus. PesyabraThl TeOXMMHUYECKHUX HCCIeOBAaHMM UCMOAb-
3YIOTCA [AJ1A OObACHEHUSA TONYyYaeMBIX CBEIEHUN O KOCMHUYECKMX Tejax. B
CBOIO O4Yepe/ib JJaHHBIE KOCMOXHMHUM IPUMEHSIOTCA [JIsl PELICHUsA IeOXUMU-
YecKHUX npobieM.

*HasBanue mpemoxeno A.E. QepcMaHOM B 4YecTb aMEPMKAHCKOIO TEOXMMUKA
®.Y. Knapka, Bbluucaveuiero B 1889 r. pacnpocTpaHeHHOCTb MHOIMX XUMMYECKUX
UIEMEHTOB B 3€MHOM KOpe.
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N3ydenne xumMudeckoro cocrasa 3Be3ji, MJIaHET, TYMAHHOCTEH B OCHOB-
HOM OCYINECTBJISAETCA ¢ MOMOIILIO CIIEKTPATbHOrO aHanu3a. CHeKTpajbHBIM
aHAJIM30M, HaIpuMep, 6bi1 06Hapyxken siement resuit na Connue (1868) u
AUUIb choycTs 27 JeT oH 6bla Haiifen Ha 3emiie. C MOMOIIBIO CNEKTPabHO-
ro aHaIU3a OHPEEJIeH COCTAaB JaleKNX KOCMUYECKUX Ted.

UcrinounTenbHo UeHHYIO HaydHYI0 HHGOpMannio 0 (PUBHKO-XHMUYeC-
KOM XapakTepe U cocTaBe arMocgephl NpYyTux IJIaHeT JaloT aBTOMaTudec-
KHe KOocMMYeckue cTaHiuu. HccenemoBaHMA JNYHHBIX NOPOJ, B YacTHOCTH,
ABISIOTCA OCHOBONOJATAIONMMHY [JIsi PA3BUTHA CeAeHOTUMUUY.

§ 2. XUMUYECKHUE DJIEMEHTHI B 3EMHOU KOPE

XapaKTep pacipOCTPAHEHMs 3JIEMEOHTOB B 3eMHOM KOpe CXOMEeH C XapaK-
TEpOM UX KOCMMYECKOH pacnpocrpanensocTd (cM. puc. 1). B cocrap sem-
HOIi KOPHI BXOAAT 88 xuMuueckux 3jieMeHToB (Tabu. 26).

[IpakTHYecKM OTCYTCTBYIOT KOPOTKOMKUBYINME TEXHEINN, NpPOMETHH,
acrar, ¢ppaHUMIl ¥ TPaHCYypaHOBHIE 371eMeHTH. OCHOBHBLIMM B 36MHOIN KOpe
ABJIAIOTCST BOCEMb 3JIEMEHTOB: KHUCJIOPOJ, KPEeMHMIl, allOMUHMII, HaTpWIii,
AeJIe30, KaNbUMil, MarHuit, kasmil (puc. 124). Ux obmee comepkanue B
3eMHOM Kope cocTaasgeT okosao 94,5%
(Mon. ponu) nmnm 98,5% (mac. nomm).
3a HuMmm caenyior TuTaH, ¢ocdop,
BoAOpOx, Mapraden. CocTaB OCTaJbHBIX
(0.3.) snementoB Menbme 0,6% (mac.
o).

B seMmHoii KOpe mNpeoGaajalOT Kuc-
JIOPOAHBIE COEAUHEHUs, M3 KOTOPHIX
Haubosee pacnpOCTPaHEHBl CHIMKATHI,
caraloliie Bce [JIaBHEUIINE TOPHBIe
nopoabl. 3aMETHO MEHee pacnpocTpa-
HeHbl KapOOHATHl, eIe MeHblie —
cyIbQUIHLE W cynbpaTHHe MUHEpa- P uc. 124. Pacnpocrpanenue XuMu-
Tl PsAj o7eMeHTOB BCTPEUAeTCA B yeckux areMeHTOB B SeMHON Kope
OpUpoOJe B BUAE IIPOCTHIX BEUIECTB B
CaMOpPOJHOM COCTOAHMM. B Tabn. 27 mnokasaHb Han6Gojlee 4YacTO BCTpe-
qajouecss GOPMHI CYHIECTBOBAHMS 3JIEMEHTOB Ha 3eMmie.

B saBucuMocTH OT XMMHYECKOH MpHPOABI 3JEMEHT MOXKeT Jub0 HMeThb
cofcTBEHHBIe MUHEpanbl, JU60 CONYTCTBOBATH APYTMM 3JjieMeHTaM. [eoxu-
MUKH BEIJEASIOT OGIIUPHYIO TPYIITY 3JEMEHTOB, [IJIsl KOTOPBIX XapaKTepHa
PaBHOMEPHOCTh PaclpOCTPaHEHUA B 3eMHOI Kope. Takue sjleMeHTHl Ha3bi-
BAlOT pPACCesHHbLAUYU. PacIPOCTPaHEHHOCTh B 3€MHOM KOpE M UYHCJIO PasHO-
BUJHOCTEl 06pa3yeMblX 3JIEMEHTOM MWHEPAJIOB B NPSMOM CBA3M He Haxo-
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T a 6 n1u 1 a 26. PacipocrpaneHHOCTH QJIEMEHTOB B 3¢MHOA Kope

Li Be
6,5-10"% 6-10"4
1,9-10791,2-10°3

Na Mg
2,64 2,1
2,4 2,0
K Ca Sc Ti A" 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 3-10%] 0,25 |6-103 | 8-107%3,2-1072| 2,0 1,5-1073

Rb Sr Y Zr Nb Mo Te Ru Rh
3,1:1072| 4-1022,8-10"4 2:10°2 | 1-10°3 | 3-1074 5:10°7{ 1-10°7
7-107% ] 1-1072]2,6-10"4 4-1073 | 2-10°4| 6-10°5 1-10°7) 1,7-10°8
Cs Ba La Hf Ta’ w Re Os Ir

71041 5-102 ) 1,8-107% 3,2:1043,2-104 1-10"¢| 1-1077] 5-106} 1-10°7
9,5-1079(5,7-104 2,5-10"4  5-1075[1,8-1075} 1-1075 {8,5-107°| 5-107 ] 8,5-107°

Fr Ra Ac Ku Ns
1-10°19 6-10710
5-10715

Jlanrasou b Ce Pr Nd Pm Sm Eu
4,5-103(7,4:1078{2,5-1073 7-1004}11,2-107¢
6-104 [9-107% }3,5-10™ 9-10751}1,8-10°5

AKTHHOKU BT Th Pa U Np Pu Am
8-1074 [1-10°10 | 3-104 1-10°18
7-10°% [8-10712 | 2-10°5 7-10717

*Bepxuute uMdbpEI - MacCOBbIe O, HUAHUE ~ MOJIADHBIE [OMN SJIEMEHTOB.




(no A.Il. Bumorpazosy) *

H He
0,15 [4,6-10"4
3,0

B C N 0 F Ne

3-104| 0,1 1102 | 47,2 2,7-1072|1,6-1073
6-104] 0,15 ]2,5-1072} 58,0 2,8-1072

Al Si P S Cl Ar

8,80 27,6 8:1072 | 5-107? 14,5-102] 0,98

6,6 20,0 [5-1072 {3-1072 [2,6-1072| 4-1076
Ni Cu Zn Ga Ge As Se Br Kr

81073 [ 1-1072f 5-10 |1,5-1073] 7-10"% | 5-10°4 | 6-105 {1,6-1074| 1-10"¢
3,2:1078(3,6-1073 1,5-1073} 4104 | 2-107* |1,5-107%] 1,5-1074]1,5-1075] 4-1075

Pb Ag Cd In Sn Sb Te I Xe
1-1076 | 1-10°5 | 5-10°5 | 1-10°5 | 4-1073 [4-10°5 | 1-10°6 {3-1075 |8-10°®
1,6-1077|1,6-10"9 7,6-1076{1,5-106| 7-1074 | 5-10"¢ [1,3-1077 | 4-10°6

Pt Au Hg Tl Pb Bi Po At Rn
5-1077 | 5:1077 {7-10°6 3:107¢ [1,6-1073| 21075 [2-10714 710716
5-108 | 5-1078 |7-1077 3105 [1,6-1074[1,7-10°6 [2-10718

Gd Tb Dy Ho Er Tm Yb Lu
1-103 |1,5-10744,5-1074(1,3-10"4 | 4-10™4 {8-10"5 {3-10°4 |1-107¢
1-107¢ | 11075 | 5105 | 5-106 | 5-10°5 | 8-10°6 |3-105 [1-1073

Cm | Bk cf Es Fm | Md | (No) | (Lv)
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parca. O4uenb yacTo U3 ABYX 3JIEMOHTOB MeHee PACHPOCTPaHEHHBIN 06pasy-
er 6osblllee YMCIO PasHOBMAHOCcTell MmuHepanos. Tak, pyouzaumit [0,007%
(Mon. pomu)] cOBCTBEHHBIX MMHEPAIOB INPAKTHMYECKU He MMeeT U ABJIAeTCS
paccesHHBIM 371E€MEHTOM. B TO ke BpeMs cpaBHUTEJBHO MEHee pacnpocT-
panenHas Mens [0,0036% (Mon. monn)] ob6pasyer pasHooGpasHbIe cOGCTBEH-
HBIe MUHEPAJIBI, a IOITOMY K PAcCesiHHBIM 3J1eMEHTaM He OTHOCUTCSH.

B 3eMHOIl KOpe MOCTOAHHO NPOMCXOAAT MHOrME XMMUYeCcKHe IPOUEcCHl.
Paso6parbcsa B HUX — 3HAYUT NOHATH, Kak 06pa3yloTcsi MUHEPalbl, TOPHLIE
HOpPOABl W pyHbl, B KAaKHUX YCIOBUSX OHU POPMUPYIOTCA. OTO, B CBOIO
oYepesib, IMO3BOJISET ONPEAeNNTb HaubGoJiee BEPOATHbIE PACIOJOKEHNA
MECTODPOXAECHHUI NOJIE3HBIX HCKOIAEMBIX.

T'JI AB A 2. IPOCTHIE BEECTBA
§ 1. CTPYKTVYPA ITPOCTHIX BEIIECTB

CoyeraHme aTOMOB OJTHOTO U TOTO e 3JIEMEHTa €CTb NPOCMOoe GeULecm-
60. B 3aBHCHMOCTM OT THNa XUMMYECKOH CBA3U MexAy aTOMaMH HpOCTHE
BEIIIeCTBA MOTYT OBITh Juemastauy U Heaemarrguy. [IJiA MeTallI0B Xapak-
TEepHa MeTaJ/lIMuecKas CBA3b, [JIsi HEMETaJllIoOB — KOBaleHTHaA. Peakoro
pasIHuuA MeMKAY METAIIMUECKUMM W HEMETa/JINMeCKUMM IPOCTHIMH Be-
miecTBaMi HeT. K MeTaljiaM IPHMBIKAIOT METaIONOA06HbIE POCThIE Belle-
CTBa, K HEMETA/JIaM — HEeMEeTAJNIONOA0GHEIE.

OnuH ¥ TOT ke 3TEeMEHT MOKeT O6pa3OBLIBATL HECKOJBKO Pal3HBIX TH-
MOB IPOCTHIX BELIECTB, HABBIBAEMBIX GLAOMPONHBLAUYL MOOUPUKAYUIAU.
NzBectHo cBbime 400 pasHoBuaHOCTelH npocThix BeuiecTs. fBienune anno-
TPONHM MOXKeT OBbITh OGYCJIOBNEHO NGO DPasiAUYHLIM COCTaBOM MOJIKYII
IIPOCTOrO BEIeCTBa NAHHOIO dJIeMeHTa (aaiaomponus cocmasa), 1M60 cmo-
cO60M pa3MeILEHUsT MOJIEKYJ] WM AaTOMOB B KPHUCTaJLIaX (daiomponus
gpopant). CrocOGHOCTE 3/IEMEHTA K O6PA30OBAHUIO COOTBETCTBYIOIUMX AJNO—
TPONMHLIX MOAMMUKANUE O6YCJOBTEHA CTPOSHUEM aTOMa, KOTOpOe onpe-
JeNisieT TUI XMMHUECKOH CBABH, CTPOSHNE MOJIGKYJ U KPHUCTAJJIOB.

PaceMoTpuM 1714 npuMepa THIBI U CTPYKTYPY NMPOCTBIX Belects, obpa-
30BaHHBIX 3JIEeMEHTaMM TpeThero mepmojga. Tak, y p-anementa VIII rpynnoer
aproda (3s23p), HMEIOMWIETO 3aBEPINEHHYI0 BANEHTHYIO O6GOJIOUKY

(:Ar:), Momexkyna omHoaToMHa. Mexay aTOMaMi aprOHa BOBMOMHO TONBKO

JMcrepcuoHHOe B3auMonelicTare. [[o3ToMy B TBEPIOM COCTOSIHMM KpuUcCTaj-
JIbl aproHa M €ro aHaJIOrOB MOJIeKyJsApHble (cM. puc. 66, a) OHM XapakTe-
PHU3YIOTCST BBICOKMMH KOOPJWHAUMOHHBIMU 4YrcsiamMu (OGBHIUHO Kybuueckasi
rpaHELeHTPUPOBAHHAA WU [EKCATOHAJIbHAA DEILETKa).
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Jas xaopa (3s23p%) o6beanHeHNe aTOMOB (Cl) B MOJIEKYJIY MO-

KeT OCYIIeCTBIATLCA TOJBLKO OJHUM CNOCOGOM, a MMEHHO 3a cdyer ob6paso-
BaHUS JBYXaTOMHOM KoBajleHTHON Mousekyasl Cly, umeroweil ¢opMy ranrte-
au. Kpucrannel xmopa o6pa3oBaHbl MOJEKyJaMu HOAOGHO KpHCTallaMm
noza (cM. puc. 66, 6).

Ilo Mepe yBeNMuYEHHs 4YUCIA HEMAPHBIX OJIEKTPOHOB [JIA 3JIEMEHTOB
CTAHOBUTCA BO3MOXHON aIOTpOnMA cocTaBa. Tak, 1Jsl aTOMOB € € P Bl

(3523p1), nMeromMX ABa HeNapHRIX 2JeKTpoHa (+S:), Hanbolee TUIMYHO

o6begUHEHUEe B 3Ur3aroobpasnvie nenut . B OOLIYHBIX YCJIOBUAX 3TOMY
COOTBETCTBYET reoMeTpudeckasi opMma MOJIEKYJIBI B BHJE 3Mr3aroobpa3Hol
UENOYKH, 3aMKHYTON B BOCbMUYIEHHOE Koabno Sg(11):

KpoMe monekyn Sz B COOTBETCTBYIOIIUX YCJIOBUSX CYIUIECTBYIOT MOJEKYJIbL
cepbl B BUJE 3Ur3arcoGpa3HBIX OTKPBLITHIX Lemeil S, u komen, Sg, Sy, a

TaKXKe raHTeJeBUHbIE MOJEKYJIbl So.
Atombt b ocdopa (3s23p3), uMeromme TP HEMapHBIX EKTPOHa

(P), OOBeAMHAIOTCA B NOJMMEpHBIE ABYMepHbIe cion P, ¢ nupamujaib-

HBIM pacnpenesieHueM csazeit ([I); kpome Toro, arombl pocdopa 06pasyoT
YeThlpeXaTOMHEIe Moslekyabl P4 Terpasapuueckoit dopmer (I1):

Ana kpemuunasa (3s523p?) nauGonee ycToifuuBa TpexMepHas {KOOp-
AVHAOMOHHAsA) CTPYKTypa Si,, Tuma ammasa (cum. puc. 65). D10 cTpoenue

MOXHO OOBSICHUTH B PaMKaX HPEJICTABJICHUA O spi-rubpuansanuu opouTa-
el aTOMa KPEeMHUA.
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P u c. 125. Kpucrayumiueckyie pelleTky MeTaJlIoB:

@ — RyOudeckast OOBEMHOLEHTPHPOBaHHAN, . 6 — KyOVYECKas MpaHELeHTpUpOBaHHAs;
6 — FeKCaroHanbHasi

OT KpeMHUS K alIOMMHMIO UM [ajlee K S-3JIEMEHTaM MarHMIO M HaTPHUIO
YUCJI0 BAICHTHBIX IGKTPOHOB YMEHBIUAETCH, 4 YMCIO CBOGOIHBIX BaleHT-
HBEIX OpOUTANel yBEAMYHUBAETCs. DTO NTOHMkKAeT IPOYHOCTh JBYXIEHTPOBOH
CBA3M U YCHJIIMBAET TeHASHUMIO K 0Opa3sOBaHMIO HEJIOKAJU3O0BAHHOM, a B
npeene — METAUIUYECKOR CBA3H (3JEKTPOHHOIO rasa).

IlockosbKky MeTanauyeckas CBSI3b HEHachllllaeMa ¢ HeHalpaBileHa,
MOTa/LIBl UMEIOT KOODAMHALNMOHHLIE PEIIeTKH ¢ MaKCHMaJbHO ILJIOTHOH
YyIakoBKOM. [l METAJUTHYECKUX NPOCTHIX BEIIECTB CaMbIX Pa3sHOOGPasHbIX
O XUMUYECKON NPHUPOAE 3JIeMEHTOB HaubGosiee TUIMYHBI TPY THIIa KpHC-
TAUIMYECKUX pemetok (puc. 125): kybuueckas rpaHelleHTPUPOBAHHAHA
(k4. 12), rexcaronanphas (k. 9. 12) u kybudeckass 06beMHO LEHTPHPOBaH-
Has (k. 4. 8).

Ji71s1 GONBIIMHCTBA METAJVIOB XapakTepeH NoauMopduaM. 310 INpexie BCero
CBA3AHO € TeM, 4TO SHEPIUM KPUCTAUIMYECKHMX DelIeTOK pPasMdHbIX MeTainyec—
KUX cTpykTyp 6namaky. [lonmuMopduaM dame npostensiercss y d- M fonmemeHToB (B
ocoberHocTv 5f), ueM y s U p-oneMeHTOB. JTO OOYCIOBIEHO OHEPreTUUecKoM
6muzocteio (n — 1)d-, ns-, np-cocrosinmit y d-oneMentoB u 6imsoctsio 5, 6d-, Ts~
COCTOSIHUI ¥ 5 folIeMEHTOB.

TakuM 06pa3oM, B IEPUOAMYECKONH CHCTEMe IPU NePeXOie OT p-3JeMeH~
toB VIl rpynnb k s-anemeHTam | rpynmbl yMeHbIlIeHHE YMCJa BaJEHTHBIX
3JIeKTPOHOB O6YCJIOBINBAaeT 3aKOHOMEPHBIN MEpexol OT HEMEeTaJIOB C
MOJIEKYASIpHBIMU Kpucrayutnyeckumu pemerkamn (Ar, Cly, Py) k nHemerasn-
JaM ¢ aToMHo-llennoi (S,), aTommo-caoucroi (P, ) n aromuo-rxoopnuna~
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uuonHo# (Si,,) cTPYKTypaMu U Jlajiee K METaVIMYECKUM KOODAHHAIMOH~

HeiM KpuctasiaaM (Al, Mg, Na).

TIpuMepHO Tak e WSMEHSeTCs CTPYKTYPa IMPOCTHIX BEIISCTB W B IPYTUX
nepuopax cucrembt .M. Mengeneesa. O6muit 0630p CTPOEHMS NPOCTHIX
peliecTs AaH B Tabi. 28.

§ 2. CBOICTBA [IPOCTLIX BEHIECTB

@usnyeckue CBOHMCTBa. B COOTBETCTBHUM ¢ XapaKTepOM H3MEHEHUs
CTPYKTYPHI U THIIa XUMUYECKOU CBABKU 3aKOHOMEDHO U3MEHSNOTCA B CBOMCT-
Ba MPOCTHIX BEIIECTB — UX IVIOTHOCTb, TEMIIEpaTyphbl ILJIABJIEHMsA M KUIe—
HUsi, DJIeKTpUYecKad MpOBOAMMOCTbL U Ap. Tak, aprod, xXaop M cepa B
TBEpJAOM COCTOSHMU SIBISAIOTCSA IM3ACKTPUKAMH, KPEeMHUI — IOJyIpOBOI-
HUKOM, & aJIIOMHHUI, MarHuii ¥ HaTpHUil — MeTa/UIMYeCKUMU NpPOBOJAHU-
KaMU.

[lepropuyeckasi 3aBUCUMOCThL CBOMCTB OT ATOMHOTO HOMEpa 3JIEMEeHTa Y
HPOCTHIX BELIECTB NPOSBASETCA CIOXKHEe, 4eéM Y CBOGOAHBIX aTOMOB. JTO
0OBsICHACTCA TEM, YTO CBOMCTBa IPOCTHIX BEINECTB HE BcerJa OJHO3HAYHO
OnpenenATcA NPUPOAOH 06pa3ylmMX X aTOMOB, a B 3HaUUTENBHOI Mepe
3aBUCAT TAaKXKe OT CTPYKTYPHI, TUNA XUMUYECKON CBA3U, MEKMOJIEKYIAPHO-
IO B3aMMOJENUCTBUS, YCAOBUH 06pa30OBaHUA U IP.

Ha puc. 126—128 moxasana

3aBHCHMOCTh OT aTOMHOTO HOMEPA p, rfem?
3JIEMEHTOB MJIOTHOCTH  HPOCTHIX
BEIECTB B TBEPAOM COCTOSIHUH, ggF
TEMIEPATypbl WX IJIaBJeHUA U
cTaHAapTHOW!  3HTpomuu.  Kak
BUAHO Ha puc. 127, temneparypa 5
NJIaBJIeHUA IPOCTHIX BEIEeCTB B
IepHoaX BHavdajle BO3pacTaer,
3aTEM najgaer. Haumenbyo
TEMIEpaTypy NJaBJIeHUs WUMEIOT
MPOCTHIE BEHIECTBA € MOJEKYJISIp—
HOHM CTPYKTYpPO#, B OCOGEHHOCTH
OJHOATOMHBIE MPOCTHIE BEHIECTBA
s~ u p-sneMmentoB VIII rpynnos
(6naroponubie rase). B o6nruHBIX
YCJAOBMAX  MPOCTBIE  BelliecTsa @
MOJEKYJIIPHOTO  CTPOSHUS  SBJ-
AIOTCA Ta3aMM, KUAKOCTAMU WIN P uc. 126. 3aBHCMMOCTb MJIOTHOCTM HpPOC-
OTHOCHTENLHO Terkomnapkuyg TP BEUIECTB OT ATOMHOTO HOMEPa SileMeHTa
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TBEpABIMU TesamMu. Haubonee TYromiaBku alMas U KPeMHUH, HMMelOIMe
KOBAJIEHTHBIE ATOMHO-KOOP/NHALMOHHEIE PEIIeTKH.

W3 merannoB HamGoNbLIYIO TeMIepaTypy NJIaBIEHUA HMEIOT MpOCThie
BemecTBa d-siemeHToB. [lomaralor, 4TO B 3TOM HPOABIsAETCA KOBAJISHTHas
cBA3b (3a cueT d-BJEKTPOHOB), KOTOPas MPUCYTCTBYeT B UX KpHCTaliax
HapAAy ¢ METAINYECKON cBA3LIO (32 CUET BHEIHUX $-3JICKTPOHOB). Yuac-
THe B 06pa30BaHWM KOBAJIEGHTHON CBA3M B HaWOOJIbLIEH CTENeHH NPOSBILA-
ercad y Hd-3meKTpOHOB, MOITOMY B MOATPYNNAax d-3JEMEHTOB TEMIIepaTypa
IUIBJIGHNA C POCTOM aTOMHOrO HOMepa MOBbiImaercst (cM. puc. 127).

Vi3MeHeHHne CTAHAAPTHBIX 3HTPONMUIl MpOcTHIX BemecTB (cM. puc. 128)
HPOSIBNAETCA B MEPUO/IE TIPSMO IPOTHBOIONOKHO U3MEHEHUIO TEMIIEPATYPhI
mnaBneHus. B nepuonax cranjapTHaA 3HTPOLMSA BHayajle yMEHbIIaeTcs, a
3aTeM BO3pacTaeT. B 3TOM HAaXOAMT OTpaKeHUe [epexo] OT MATKOro
IEJIOUHOIO METa/jla K TBepAbIM KOBAJGHTHHLIM HIOJUMepaM (anMasy, Kpem-
HUIO, TePMaHMUIO, CypbMe), a B KOHIE MEPUOAa — K OJHOATOMHBIM 61aro-
POJIHBIM ra3aM.

XuMuyecKUue CBOMCTBA NPOCTHX BEMECTB. B XuMUUeCKUX peakuuax
MeTajI7IBl OOBIYHO BBHICTYMAKOT Kak BoccraHosutenu. Hemeranmwr, kpome
¢ropa, MOryT HpOABNATL KaK OKMCAUTENbHBIE, TAK U BOCCTAHOBUTEIbHBIE
cpoiicTBa. IIpy 5TOM XapakTep W3MEHEHMs BOCCTAHOBUTEJIBHOW M OKHUC/IH-
TeJILbHON AKTHMBHOCTH IIPOCTHIX BEIECTB B FPYNNax U MOAIPYNNax cyIiecT-
BEHHO 3aBMCUT OT NPUPOABI MApTHEpa MO PeaKIMM U YCJIOBUI OCyIlecTBJIe-
auA peakuuu. O6BLIYHO B INIABHBIX HOACPYNIAX MNPOsiBisieTcsi O6ILasi TeH-
LEHLHUs: ¢ YBelTUYEHHEM aTOMHOTO HOMEpa JIeMEHTA OKMCIMTETbHBIC CBO-
CTBA HEMETaJlJIOB OcJIaGeBalOT, a BOCCTAHOBHTEJBHBIE CBOMCTBA METAJJIOB
yeunusaoTest. O6 3TOM, B YaCTHOCTH, CBHAETENILCTBYET XapaKTep W3MEHe—
HUs cTaHAapTHOH 3Heprum ['m66ca 06pasoBaHust ONHOTHIHBIX COSIUHEHUM.
Hanmpumep, B peaknuu OKUC/EHMS XJOPOM META/UIOB IJIABHON MOATPYINIIbL
II rpynnu

M(k) + Chy(r) = MCly(k)
OT 6epUNNA K 6apHI0 OTPULATEIbHOe 3HAYCHUE AG} YBEJIMYNBAETCs
BeCly(k) MgCly(x) CaCly(x) SrCly(x) BaCly(k)
AG} 4 ¥llic/Moms. . . .. -468 592 750 781 811

Wupmu cnoBamu, B psany Be—Mg—Ca~Sr—Ba BoccranoburenbHas AKTHUB-
HOCTh IIPOCTEIX BELIECTB OTHOCUTEILHO XJ10pa HOBHIINAETCS.
B peaknusax okyciieHMs rajoreHaMy KaJbLUsd

Ca(k) + Haly(r) = CaHaly(x)
OT PTopa K MOAY OTPUUATEIBHOE SHATCHUS A G} ymenpmaerca:
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CaFy(x) CaCly(k)  CaBra(k)  Caly(x)
AG} sag» KIK/MOMB . . . .. -1162 -750 656 529

Takum obpasoM, B pany F,—Cl,—Br,~I, oxucaurenvbas cnocoGHOCTH
INpPOCTBIX BELIECTB OTHOCUTENLHO KAJbIUSA IaJaerT. AG} sqg AT H,0(r),

H,S(r), H;Se(r) m H,Te(r) pasubl coorBercTBeHHO —229, —34, +20 n
+85 k/Ik/MONb, YTO CBUAETENBCTBYET 00 YMEHBUIEHMA XMMMYECKOU aKTHB-
HOCTH O OTHOIIEHMIO K BOJOPOLY B psAAY KHUCJIOPOJA — cepa — CejleH —
TEJTYP.

Ilpu apyrux mapTHepax [0 PeaKIMM U YCJOBUAX €€ MPOTeKaHus Pl
U3MEHEHUA XMMUYECKOH aKTUBHOCTHM [POCTHIX BEHIECTB MOXET OBbITh MHBIM.
Tak, U3 LUIETOYHBIX METALJIOB 110 OTHOINEHHIO K TOpy {a Takke KUCJIOPO-
Ly) Han6ojiee aKTUBEH JIUTHIL:

M(k) + 1/2Fo(r) = MF(x)

LiF(x) NaF(x) KF(xk) RbF(x) CsF(x)
AG},zgs’ kJx /Mo . . . . . 584 543 538 523 -505

a O OTHOHIGHUIO K MOAY (a Takske 6POMY) — LE3Uii:
M(x) + 1/al5(x) = MI(x)

Lil(x) Nal(x)  KI(x) RbI(k)  Csl(k)
AG; g0 Kl/MomS . . .. 267 285 324 326 -334

WsMeHenne psaga XMMHYECKON aKTUBHOCTM 00A3aHO HEOJMHAKOBOMY
XapaKTepy WM3MEHeHHsA B [JaHHOM pALY DJIEMEHTOB ATOMHBIX M MOHHBIX
painycoB, MOTEHIMAIOB HOHU3AIMM ATOMOB, TEIUIOT BO3TOHKM IPOCTHIX
BELECTB, ¢ OJHOM CTOPOHBI, U YHEPTMM KPUCTAIMYECKON DPElIeTKU COeiu-
HGHUH — ¢ JApYroi.

O nepHOSMYHOCTM M3MEHEHUs XMMHYECKOH aKTHBHOCTH IPOCTHIX Be-
IIECTB CBUJETENLCTBYET XapaKTep H3MEHeHHA AH‘} u AG} COOTBETCTBYIO-

LIMX OJHOTUIIHBIX COCAMHEHUI ¢ yBeJTMYCHHEM aTOMHOIO HOMEpa 2JIEeMEeHTa.
06 aroM ke cBHAETENbLCTBYET puc. 129, Ha KOTOPOM MOKa3aHa 3aBUCHMMOCTh
3HAYeHUA CTAaHIAPTHOTO ITEKTPOJHOTrO MOTEHNHANa (4. NPOCTHIX BEILECTB

B BOINHOM pAaCTBOpEe OT aTOMHOIO HOMEpa JJIeMeHTa B [epUOAMYecKoi
cucreme.

OTHOMmEHME MPOCTHX BEMECTB K Boge. [[OCKOIBKY XMMUUecKue mpolec—
cbl YACTO I[POTEKAOT B BOAHBIX CPEHaX, Ba)HO pacCMOTPeTh OTHOILEHUe
MIPOCTHIX BEIECTB K BOJAE M BOLHBIM PACTBODAM.

XuMuyeckoe cBoeobpasue BOABI 3aKJIIOYAETCS B TOM, YTO OHa SIBJIAETCA
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Puc 129 33BHCUMOCTD CTaHIAaPTHLIX BVIEKTPOAHBIX NOTEHUHAIOB MPOCTHIX BEIECTB

B BOJHOM PacTBOPE OT aTOMHOTO HOMepa dJIEMeHTa
U OKMCIIUTEJIEM, Y1 BOCCTAHOBUTENEM, a TaKXKe BBICTYNAET B KayecTBe JIUTI'aH—

Ja B Ipoleccax KOMIJIEKcOOGpa30oBaHusi (TMPATAIIMH UOHOB).

B 3aBucumocTi OT NpHpPOABI MPOCTHIX BEIMIECTB BO3MOXKHB CIEAYIONME
BapHaHThl XUMHYECKOrO B3aUMOASHCTBUA HX ¢ BOJOIL. .

1. Oxucnerue MpPOCTOro BEIIECTBA BOAOH, CONPOBONKIAIOILEECH BBIIEE—
HHUeM BOJOPOAa M O6pa3OBAHUEM TUAPATHPOBAHHBIX KATUOHOB. DJIEKTPOA-
HeI notenuunan cuctemel 2H*(p) + 2¢ = Hy(r) mas Boawm (mpu pH7)
COCTaBAACT 393 = ~—0,414 B. CnegoBartenbno, BHIeJIEHME BOAODPOIA W3
BOABl MMEET MeCTO NDU B3AUMOJEHCTBUN C Hell METAJIOB, SMCKTPOLHbIN
[IOTeHLMAJl KOTOPBIX XapaKrepusyercs 6ojiee OTPUIATEILHLIM BHAYCHHEM,

qem —0,414 B, Hanpumep:
2Na(x) + 2HOH(x) = 2Na*(p) + 20H(p) + Hy(r)
2Na(x) + 2HOH(x) = 2NaOH(p) + H,(r)

HaHHoe B3aMMOJEHCTBHE XapaKTEPHO AJA IENOYHBIX W MIETOYHO-3¢-
MENBHBIX METAJIOB. Peakmus nzier ¢ 3aMeTHON CKOPOCTHIO, ecid 06pasyio-
muiica B pesyibraTe PeaklUM TUAPOKCHA pacTBopuM B Boge. O6paszoBanne
e HepacTBOPMMOrO (MJIM Ma/lopacTBOPUMOTO) TUAPOKCHA Ha IOBEPXHOC-
TH MeTajl/Ia TOPMO3UT JafibHelilllee NpOTeKaHNe PeaKiyUK, HAlpUMep:

Zn(x) + 2HOH (k) = Zn(OH)y(1) + Hy(r)

Topmoskenne (MM NONHOE HpeKpaleHWe) XUMUUYECKOTO NPOLEcca 3a cuer
IPOAYKTOB B3aUMONEHCTBUS HA3BIBACTCH NACCUGUD0BAHUEA.
) 251
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2. JAucnpolopIMOHWPOBaHKHE MNPOCTBIX BelNEeCcTB, COHPOBOMKJaiolieecs
o6pa3oBaHUeM THAPATHPOBAHHBIX aHHUOHOB:

Cly(r) + 2HOH () = OH}(p) + Cl*(p) + HCIO(p)
Cly(r) + HOH(x) = HCl(p) + HCIO(p)

IIo yka3saHHOMY MeXaHM3My B3aMMOJEHCTBYIOT ¢ BOZONH HPOCTHIE BEILECTBA
Haubosee MeKTpooTpunaTenbabx snementos (Cl, Br, I).

3. BoccTaHOBIEHME MPOCTOTO BEIIECTBA BOJOIA, CONPOBOMKAANOLIEECs
BBIIETICHUEM KMCJIOpOAa W 06pa30BaHHeM MAPATHPOBAHHOIO aHHOHA.
CpaBHEUM 3J1@KTPOJHBIE NOTEHIMAIBI CUCTEM:

O(r) + 4H*(p) + 4¢” = 2H,0(x), ¢, = 1,23 B
Fo(r) + 2¢ = 2F(p), @54, = 2,87 B
Ilo yxasaHHOMY MEXaHW3MY B3aUMOJIEHCTBYET (QTOD:
2F,(r) + 2H,0(x) = 4HF(p)} + O,(r)

PacTBOpeHHbIE B BOAE BElIECTBA MOTYT CIOCOOCTBOBATH NPOSIBJICHUIO
MPUCYLINX BJIEMEHTAM TeHIEHIUN K 06pa3s0oBaHMIO KAaTMOHHBIX MJIM aHUOH-
HBIX IPOM3BOAHBIX, JUOO TOPMO3UTL M NOAABIATL uUX. Tak, HOHH OH;

c1IocO6CTBYIOT 06Pa30OBAHNIO KATHOHHBIX KOMIUIEKCOB M, HA0OOPOT, NpeNnsT-
CTBYIOT OOpa3OBaHMIO aHWOHHHIX KoMiekcoB. Mowwel ke OH™ npenmsarcTsy-
10T 06pa3sOBaHUIO KATHOHHBIX U CHOCOGCTBYIOT OGPa3OBaHUIO AHHOHHBIX
KOMIUIEKCOB. (AHANMOTUYHYIO POJIb UTPAIOT U APYTHe OTPULATE/LHBIC HOHBI
—CN°, F u np.)

OTHOmeHNE IPOCTHX BEMIECTB K pa3GaBIcHHHM KAcJaoTaM. [loBhilneHue
KoHUeHTpanuyn uoHOB OHY oTBevaeT yMEHBUIGHHIO OTPULATETBLHOTO BHAYE~

HUA 3ASGKTPOIAHOrO NOTEHINaNNa CUCTEMBL:

H*(p) + € = 1/5Hy(r).

[losToMy OKMcJIeHMe NPOCTHIX BELIECTB 3a CYET BHIJEJEHWs BOAOPOJAa B
PACTBOpaX KMCJIOT IPOTEKaeT aKTWBHEE, 4eM B 4ucTtoit Boje. K ToMy ke
YHCJIO0 METaJ/JIOB, B3AUMOJEHCTBYIOMIMX ¢ KUCJIOTAMU PE3KO YBEJIMYHBACTCA.
Usbuirok uonos OH} mpemsTcTByroT 06pa3soBaHMIO THAPOKCUIOB, UTO

TaKxKe CHOCO6CTByeT HepeXOﬂ,y MeTaIJICB B KATUOHHbIC aKBaAKOMILIJICKCHI:
Zn(x) + 20H}(p) + 2H,0(x) = [Zn(OHy)4?*(p) + Hy(r)

win
Zn(x) + HySO4(p) = ZnSO4(p) + Ha(r)
B psane ciyuaes npu B3aMMOIECTBMM NPOCTBIX BELUECTB ¢ KHCJIOTAMM
06pa3yloTcsl HEPAcTBOPHUMbBIC WM MajOpPacTBOPMMEIE NDPOAYKTH, TOPMOB:-
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IMe JajibHeillllee OKMCJICeHHe — BoccTaHoBiaeHue. Hampumep, cBuHen He
pacTBOpseTcs B Pa36aBlIEHHBIX KHUCJIOTaX — CEPHOM, COAAHOM M Ip., Tak
KaKk NpH B3auMOJEACTBMM ¢ HMUMH Ha IOBEPXHOCTH CBHHUA 06pa3yroTcs
HepacTBopuMbie B Boge ocagku PbSOy, PbCly u ap., npegoxpassmomue ero
OT JajipHeimero oxucyienusi. HepacTBopuMble NPOIAYKTHL dallle BCEro obpa-
3yloTca npHM B3aumopmeitctsum Merannoe ¢ HiPO,, H,SO;, H,COz, HF,
HCN.

OTHOmERAE NPOCTHIX BEIECTB K BOJHHM pacTBopaM mesodeit. [lo-
ckonbky uMoHB OH™ cnoco6eTByoT 06pa30BaHUI0 AaHMOHHBIX KOMILJIEKCOB, €
BOJIHBIMU PAcTBOpAMM IIEJOYE MOTYT B3aMMOAEHCTBOBATH NPOCTHIE Bellie-
CTBa TeX 3JIEMEHTOB, KOTOpPhiE CKJIOHHB K OGpa30BaHMIO aHHOHHBIX KOMII-
AexcoB. OkucieHne xe MPOCTHIX BEHIECTB NPOMCXONUT WM 3a cYeT BOJBI
(conpoBoxaaercs BuAEICHHEM BOAOPOAA):

Zn(x) + 2H,0(x) + 20H(p)
Si(k) + H,0O(x) + 20H(p)

MM 33 CUET IAMCIPOMOPIMOHMPOBAHMA:
Cly(r) + 20H(p) = CI'(p) + ClO*(p) + H,O(x)

HonATHO, YTO yKa3aHHBIE PEAKUMM NPOTEKAIOT TeM JIerye, YeM ycToi-
4yuBee O6pasylolsecss KOMIUIGKCHBIC aHMOHH. Tak, THAPOKCOKOMIVIEKCHI
HanGonee ycroitumeel y Zn(Il), Al(III) u Be(Il), mosroMy mux mpocThie
BOILIECTBa [I0BOJIBHO JIEFKO PacTBOPSIOTCS B BOAHBIX PacTBOpax Iiesoveii. B
To %ke Bpema Fe, Co, Mn u apyrue BciencTBue HeyCTORYMBOCTH [HIPOKCO-
KOMIJIEKCOB B3aMMOZAEMCTBYIOT ¢ PAcTBOPaMH INEJIOYell JUIIbL B MEJIKOpa3-
APOGJIEHHOM COCTOSHMY M LPH JJIUTEIHHOM HarpeBaHUM.

OrHOmICHHE NPOCTHX BEMIECTB K BOAHHM PpAacTBOpaM 60Jiee CHABHLIX
oxmenmreneii, gem OHJ. [Ipucymue sneMenTaM TeHIEHIMK K OGPa3OBaHUIO

i

[Zn{OH)4J* + Hy(r)
Si02'(p) + 2Ha(r)

KaTHOHHBIX WJIK AHUOHHBIX NPOU3BOJHLIX OCOGEHHO OTYETJIMBO IPOABIA-
IOTCS OPHM OKHCJIEHUM NPOCTHIX BEIECTB B BOJHBIX PacTBOpax Goee CHUIb-
HBIMM OKMCJIMTENAMM, 4eM Boia uiau uoHbl OH}. Takum Gonee cuiabHBIM

OKMCJIATENIBHEIM JieficTBUEM, HanpuMep, obnajaeT as3oTHas Kuciora. B
OT/IMYYE OT MHOTMX JPYrHMX KHCJIOT OHA OKHCJISIET Yallle BCero He 3a c4er
nora OH}, a sa cuer amuoHa NO;. Xapakrep MpORYKTOB BOCCTAHOBJEHUA

HNO; 3aBicHT OT €6 KOHIEOHTPALMM U aKTUBHOCTH INPOCTOIO BELUECTBA.
OJNeMeHTHl, ¥ KOTOPHIX YCTOWYMBA HU3KaA CTENEHb OKUCJEHHSA, IpH
B3anMozeitcTeun ¢ HNO; 06pa3yior akBaKOMILIEKCHL:
0 +5 +2 +4
Cu + 2NO; + 40H} = [Cu(OH,)¢]?* + 2NO,
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0 +5 +2 +2
3Cu + 2NO; + 80H: + 6H,0 = 3[Cu(OHy)s]?* + 2NO
uam
Cu + 4HNOj(kouu.) = Cu(NQ3); + 2NO, + 2H,0
3Cu + 8HNO; (pas6.) = 3Cu(NO;), + 2NO + 4H,0

Ecan HNO; xonnenTpumpoBaHHasi, TO 06biuHO Bhimensiercs NO,, ecan
pas6asnensas — NO.

IlpocTrie BewiecTBa 3JIEMEHTOB, JJIsL KOTOPHIX XapaKTepHa BHICOKas
CTENEeHb OKUCJICHMSA, B Pe3yJbTaTe B3aUMOAECHCTBHS ¢ KOHIEGHTPHUPOBAHHOMU
HNOQg; 06L19HO 06pa3syloT KHUCAOPOAcOAepKalliie KHUCJIOTH. A30THadA KUCIO-
Ta NIpU 3TOM BoccTaHaBimBaercsa g0 NO:

0 +5 +6 +2
0 +5 + 7 +2
3Re + THNO; = 3HReO4 + 7TNO + 2H,0

Homo6no asoTHOl KuC/IOTE AeiicTBYET Ha HPOCTHIE BEIECTBA M KOHIGHT-
pUpPOBaHHAA cepHas KHUCJOTa, KOTOpasi caMa MPU 3TOM BOCCTaHaBJIMBaeTCHA
yae seero a0 SO,:

0 +6 +2 +4
Cu + 2H,504 = CuSO,4 + SO; + 2H,0

0 +6 +5 +4
2P + 5H2804 = 2H3PO4 + 5802 + 2H20

§ 3. IOJIVYEHUE ITPOCTHIX BEUIECTB

Moaasnsiommee GOMBIIMHCTBO XMMUYECKUX JIE€MEHTOB Ha 3eM/e Haxo-
AuTeA B Buje coenuHeHnil. [IpocToe BelecTBO M3 CIOMKHBIX MOMKHO IIOTY-
YUTE OKMCJIEHUEM WJIU BOCCTaHOBJeHMeM. OKHUcJIeHWEM NOJYYaloT IIPOCTHIe
BelliecTBa JJIEMEHTOB, CTENeHU OKHCJIEHUS KOTOPHIX B COENUHEHUAX OTpHU-
UATeTbHBI, & BOCCTAHOBJIGHMEM — OPOCTHIE BEIIECTBA 3JIGMEHTOB, NPOABJISA-
IOIUX B COSJUHEHUM MOJIOKUTESbHBIE CTEINEHU OKHCIICHUS.

OKUCINTENbHO-BOCCTAHOBUTEIBHBIE TIPOLECCH  MOXKHO — OCYLECTBISTH
B0 XUMHUYECKHUM, JIM6O 3/JIEKTPOXMMHUECKUM C10coBOM, a TaKke TepMHU-
YECKUM Pa3/IOkKEHHEeM COeIUHEHNIA.

Xumayeckde METOAN NOAYYEeHHs] [POCTHX BEMIECTB. XUMUUYECKOe
OKHCJEeHHUe CcOoeIUHeHUH NpUMeHAeTCs] B TeXHUKe AN NOJYy4YEHHUA,
HallpUMep, MPOCTHIX BEIUECTB TAKUX BHICOKOINIEKTPOOTPULATENBHBIX 3716~
MEHTOB, KaK OpOM U WMOX: ‘
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2NaBr + Clz = 2NaC(Cl + Bl‘2
B Jlaﬁopa'ropvm 3THUM METOAOM IIOJIy4arT XJIOp:
MH02 + 4HCI = Clg + MIlClg + 2H20

IIpu XMMUYEeCKOM BOCCTaHOBJ €H U M B Ka4ecTBe BOCCTAHOBH-
Tejisi Yalle BCErc HpUMeHAT yronb uiau okcuj yraepoga (I1). Takum
c10cO6OM MOJYYaloT *ej1e30 (B JOMEeHHOM Mpolecce), BOAOPOL U MHOTHE
HBETHBIE MeTa/libi (O/I0BO, CBUHEL, UHHK M [D.):

Fe304(k) + 4CO(r) = 3Fe(k) + 4CO4(r)
H,0(r) + C(x) = CO(r) + Hy(r)

B kadecTBe BOCCTAHOBUTENIA NPUMEHAIOT Takke BoZopoh. Boccramosie-
HUE MCXOIHOrO BEllecTBa BOAOPOAOM ObecmeduBaeT HaubBOJIBIIYIO YUCTOTY
NI0JIyY4aeMOro MPOCTOro BelecTBa. BoccTaHOBIEHHE BOLOPOOM HMCIOJb3yeT-
cs1, HApMMEp, AJ1A MoiydeHus Bosbbpama uz WQOj;, oyeHb 4mMCTOro xese-
33 U3 €ro OKCHOB.

Iupokoe pacnpocTpaHeHre NOJYyYWJIM M eTafJOTepMudec-
K U e MeToibl. B 3THX MerolaX B KauecTBe BOCCTAHOBUTENSA HCIONB3YIOTCA
SKTUBHBIC METaJJIbl, TAKUE, KAK aJIOMUHUI, HATpUil, Kajabiuil u ap. Huxe
NPHBEJIEHB HEKOTOPHIE IPUMEPHl METANIJIOTEPMUYECKMX PEAKIIUMA: '

amomorepMust: CroOsz + 2A1 = 2Cr + Al,Oq .
maruuirepmust: TiCly + 2Mg = Ti + 2MgCl,
Harpuitrepmust: K,BeF4 + 2Na = Be + 2NaF + 2KF

Yamge Bcero mojyyeHne METAVIOB CBOLUTCA K BOCCTAHOBJIEHMIO HX
OKCHIOB, KOTOpbi€ MOJIyYalOT COOTBETCTBYIOIIEH O6pabGOTKON NPUPOAHBIX
pya. Ecnu ucxomgHoi pymoit siBasiores cynbduAHbIe MUHEPabl, TO IIO-
c/IefIHNE MOABEPTaIOT OKUCIUTEILHOMY OGKUTY, HallpuMep:

2ZnS + 30, = 2Zn0 + 250,

OmHMM U3 HalpaBleHMH B MeTajlyprMM SBASETCS TaK HasblBaeMasl XJIopHas
Merayutyprusi. B 9ToM Merolle pyAbl NOOBEPraloTcsl XJIOPUPOBAHUIO U Hymﬁble
BJIEMEHTBl W3BJEKAIOTCS] M3 ChIPbSi B BUAE XJOPUAOB. XJIOPUAb! pasfessiloT U B
JalibHefillleM TONBEPraloT BOCCTAHOBIEHHMIO. TakMM TyTeM, B UYACTHOCTH, MONYHalOT
THTaH ¥ APYTHe MeTaJUlbl

Mertoprl nonyuenust OPOCTBIX BEHIECTB, OCYIIECTBISAEMBIE IPH BBICOKUX
TEMIepaTypax, Ha3blBalOT NUPOMEMALLYPLULECKUMY. ‘

OxuceAne — BOCCTaHOBJIGHHE OCYILIECTBIAETC NP TEepMUYECKOM
Pa3JjIoKeHUM COCAUHEHU:

2KClO3 = 2KCl + 30y; Zrly = Zr + 21,
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J17151 TIoJTy4eHUs 0cob0 YUCTHIX BEllecTB NPHUMEHSIOT 30HHYl0 naasxy. Bemecrso,
HanmpyMep MeTajul B BUfe OpycKa, HAarpeBaloT B COCyle ¢ OJHOrO KOHUa Ao
niapnenusi. [lpumecn siydime pacTBOpUMBI B pacllaBe, YeM B TBEeDHOM BeIIECTBe,
[I09TOMY OHM KOHLEHTPUPYIOTCS B pacivlaBe. [IpM MenseHHOM NepeMelleHUH UCTOY—
HMKA Harpepa BIOJIb COCY[a 30HA DACIVIaBIEHHOro MeTajllla BMeCTe C MPUMECSIMU
Takke cMemaercA. TakuM o6pasoM TPUMECH KOHI[EHTPUDYIOTCS B KoHlle 6pycKa.
Bbimenuinit U3 30HLI HAarpeBa MeTayl KpucTasumasyercsi. KoHen 6pycka ¢ npumecsi—
MM oTpesator. Ilpoliecc pachaBlIeHMsT M KPUCTAJUIM3AHMM MeTajla MOXHO TOBTO—
PUTb U JOCTHYD ellle 6osiee BBLICOKOH CTEIIEHM OYMCTKU MeTaslia.

Bu6op Boccramosmrensi. Bribop Toro miM MHOTO BOCCTAHOBHUTENA ANA
[OJIYYOHUsI HPOCTOTO BEIIECTBAa ONPENeNsercs MPHU CONOCTABACHUM 3Hade-
Huit sHepru ['ub6ca oO6pasoBaHusi cOOTBeTCTBYWOMMX coeAuBeHuii. Ha
puc. 130* npusenensl rpaduku 3aBucumocti A Gf HEKOTOPBIX OKCHEOB OT
TeMIepaTypsl B cooTBeTcTBUU ¢ ypaBueuneM AG = AH - TAS.

Jast TBepABIX OKCUAOB JAMHMM A G ¢ NOBHIIIEHVEM TEMIIEPATyphl UAYT
BBEPX, I[OCKOJBKY IMPUCOGAUHEHUE T[a3006pa3sHOr0 KUCIOPOAA HPOCTHIM
BEHIECTBOM CONPOBOXKIAETCA YMEHbIGHUEM O6beMa U COOTBETCTBEHHO
YMEHbIICHUEM HTPOIMMK:

2
i—’ M(x) + Os(r) = 2 M;0,()
Takoit xe xapakrep uaMmenenusi A G nabawogaercs aja H,0
2Ha(r) + O(r) = 2H,0(x)

TIOCKOJIBKY B DTOM cjiy4ae 06beM CHCTEMBI TaKKe YMEHbINAeTcA. DHeprus
I'u66ca o6pasoBanns rasoobpasnoro CO, HA060POT, ¢ HOBHIUIEHUEM TeMIle~
paTypel yMeHbIIaeTcs, Tak Kak okucienue rpadurta go CO compoBoxaaeT-
¢ yBeTMUEHMEM SHTPONUH (YBEIMUUBAETCA OOBEM CHCTEMBI):

2C(rpadut) 4+ Oy(r) = 2CO(r), ASS,, = 184 Hx/K

IMocnenoBaTensHOCTL pacnonokeHus JUHUM Ha puc. 130 cooTsercTByeT
HOBBIIIEHUIO YCTOHUMBOCTH OKCUIOB MO Mepe YBEIMUEHUSA OTPHUIATENBLHBIX
3HaveHuii ux sHepruit ['m66ca obpasosanus. [Ipocroe BewiecTBO, KOTOpPOE
o6pasyeT 60/7ee YCTOHYMBLIN OKCUJ, SBJAAGTCA MOITOMY IIOTEHIUATBLHBIM
BOCCTAHOBUTEJIEM [JI MeHee ycToduuMBoro okcuua. WHaue roeops, okcup

*3aBucumocts AG oT TemnepaTypsl ‘Ha puc. 130 mpejcraBieHa B YHPOIIEHHOM
Bile. 3/iech He y4reHbl ¢asoBble NpeBpalleHMs] — IVIABTEHNE U KHIIeHHe MPOCThIX
BeLIeCTB ¥ OKCHUIOB.
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6yeT BOCCTAHABIMBATLCA [POCTHIM P
BEILIECTBOM, [J18 KOTOPOTO JUHHA A G As/Hoa0;
o6pa3oBaHUsi OKCHIA PAaclOJOXKeHa 20
Huxe. M3 paccMaTpuBaeMBIX OKCUOB
Haubosee OTPHULATENLHOE 3HAYEHUE
AG umeer Al,O;. CiemosaTenbHo,
AJIOMUHUIA MOXET BBICTYHaTh B Ka-
YecTBE BOCCTAHOBUTENS JIIOGOTO. U3
3TUX OKCcHAOB. BoccraHoBUTE BHAA
cllocOGHOCTh  BOAOpPOJa 6odee Or-
panuuena. OH Moker GBITH IPUMEHEH
i Boccradosienus Cu,O u HgO.
BoccTanoBuTenbHas  cnocoGHOCTD
YIIepoja ¢ yBeIMUGHUEM TeMIlepaTy-
pHl pesko Bospactaer (aunusa AG
uner BHuz). [lostoMy yrmepom mpu - . : ,
COOTBeTCTBJlOHJ,I/IX BLI}CIO}}QIPIX f‘emne;)a— S

Typax MOXeT ObITb NOTEHIMATbHBIM P wc. 130, 3apucnMocts  oHepruu
BOCCTAHOBUTONEM [OYTH BCeX OKCH [u66ca 06pazoBaHUsl HEKOTOPBIX OKCHU-

108 (B paciere Ha 1 Mostb O3) ot Temme-
AO0B. Ta}c, ero BOCCTAHOBUTEJIbHAA paTypsl

cnocobHocTh o oTHoweEuio k TiO; u HyO Moxer nposiBUTbCST OpM TEM—
neparypax Beime 1600 n 750 K coorBercrBenHO, T.e. KOrja BclIefcTBHE
yeusieHusi 3uTponuiiHoro ¢akrtopa 3Hadenue AG ansn CO craHoBuTeA
6onee oTpunatenbubiM, YeM aiaa TiO, u HyO.

Kak Buzmso u3 puc. 130, sneprusi T'n66ca o6pazsopanus HgO npu Hus-
KHUX TEMIIePATYpaX MMEeT OTPULATEILHOEe BHAYEeHWEe, a [PU BBICOKUX —
nonoxurenbHoe. Cle0BATEIBHO, STOT OKCHZ, MOXOT 06pa30BaThCA TOIBLKO
NpU HU3KUX TEMIepaTypax, a [IpM HarpeBaHMM OH pacliajaeTcsi Ha Mpoc-
Thle BellecTBa. 1l03TOMy, B YacTHOCTM, HpU O06kure cyabMUAHBIX Py
OKCHJ PTYTH He OOpasyeTcsi, a MeTaJll BHIJEJAETCS] B ¢BOGOJHOM COCTOS-
HHM, HAIlpUMep:

HgS + O, = Hg + SO,

AHa7OrMYHBIM 06Pa30M MOKHO CPaBHUTH 3HaueHHMe A G Wi NPOLECCOB OKHCIIe—
HUsl [IPOCTBIX BEUIECTB CEPOJi, XJI0POM M IIP. M HANTH HeOOXOOMMbIE YCIIOBUS! NOJy—
YeHMs] NPOCTBIX BEUIECTB BOCCTRHOBNGHMEM COOTBETCTBYIOUIMX XJIODHIOB, CYAb(UAOE
n mp. Hipke NpuBeneHb! peakUUy MOTyYeHUs BaHajusi BOCCTAHOBJIEHMEM €ro OKCH—
Ia ¥ IUXJIOpHAA ¢ NOMOMLIBI BOAOPOMA:

VO(x) + Hy(r) = V(x) + HoO(r), AH,

= 190 xJlx; AS; = 54 Ox/K

98 98
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VCly(x) + Hy(r) = V(x) + 2HCKr), AG,4, = 270 xfix; AS,,, = 185 /K.

O6a mpoliecca sHAOTepMUUYeckue. IIpU MOBBILIEHUM TEMIIEPATYPhl BHTPONMITHBLIA
dakTop ANA BTOpOi DeaKUMH CTaHOBUTCA Omarompusithee (obpasyrorcs 2 Moib
raza). [osToMy BoccraHoBJerue BofopofoM raioreuia Bahagus (III) mporekaer
BHAYUTENBHO Jlerye, YeM BOCCTAHOBJIEHME €ro OKCHIa.

Hns oKoHYaTeNBHOrO BBIGOpa crocofa M YCJIOBMIA HMOJYHEHMS NPOCTHIX
BEIECTB BOCCTAHOBJIGHUEM COGJUHEHUN HEOOGXOAMMO y4yecTb BJIMAHHE TeM-
nepaTypsl Ha CKOPOCTh PeaKIH.

Ilpy NpPOMBILIJIEHHOM TPOM3BOJICTBE B BHIGOpE MeTOAa MOJNYYEHUS Be-
[IECTB DPEUIaOIUM SBJISICTCA €ro 3IKOHOMUYecKas OGOCHOBaHHOCTH. Tak,
HECMOTPS Ha TO 4TO YIJIepoA (B BUIE KOKca) MOXeT OHITh MOTEHIHMAIbHBIM
BOCCTAHOBMTENIEM OKCUIOB [OYTH BCEX METANJIOB, MMeeTcA PAA HPHYMH,
NPENATCTBYIOUIUX elle 60jiee IIMPOKOMY €ro HCHONb30BaHUIO. TakuMu
NPUYUHAMU ABJAIOTCA BHICOKAA CTOMMOCTH HEOOXOAMMOTO IJ1s NPOTEKAHUSA
peaklMy HarpeBa, TepMUYECKas HEYCTONYMBOCTh (yTEpOBKM 1edei, TPyA-
HOCTb NMOZaB/ieHUs MOGOYHEIX peakuuit m np. Ecau k BelecTBy mpennpsas—
JISIOTCA [OBHIIGHHBIE TPEGOBAHUS MO YHCTOTe, JOPOrOCTOSIIEH onepaunueit
OKA3BIBAETCS YACTO NOCJIEAYIOUIasi OYMCTKA OJYYEHHOrO BELecTBa.

DNEeKTPOXAMHYCCKHE METOAH NONYYCHHA HPOCTHX Bemects. [Iponecchl
9MEKTPOXUMUYECKOTO OKMCIEGHHS M BOCCTAHOBJIEGHUS OCYLECTBASIOTCA Ha
JIGKTPOLaX [pPH 2JIEKTPOJM3€ DPACIIABOB HJIM PacTBOPOB COEJMHEHHUIA.
DIEKTPOXMMUYECKUM (aHOAHEIM) OKMC/IEHHEM IOJIYYaloT (PTOp, XJIOp U
KHMCA0POL. DAEKTPOXUMUYIECKUM (KATOLHBIM) BOCCTAHOBJIEHHEM DacIil/laBOB
COOTBETCTBYIOIUUX COGMHEHHMI IOJY4aloT IEJIOYHBIE U IIeJOYHO-3eMelb-
Hble METaJVIbl, AIOMUHMI W HEKOTOPHIE ApYyrHue.

OJIEKTPOIIM30M DACTBOPOB COSIMHEHUN MOMXKHO NOJYYHTH BOJOPOJH H
60ABIMHCTBO d-MeTawioB, Takux, kak Zn, Cu, Ni, Co u gp. DaexTpoxu-
MMYeCKOe BOCCTAHOBJIEGHHE WCIIONB3YETCA TaKke [ padUHUPOBAHMSA
(ouncrkn) "coipeix" merannos (Cr, Ni, Zn, Ag, Sn), nosy4eHHBIX APYTUMHA
cgocobamu. [lpu snexTposiuTudeckoM padHMHHPOBaHMM B KadecTBE aHOAA
ucnonbayerca "ceipoit" Merann, B KadecTBE MIEKTPOJIUTa  6epeTcs
COOTBETCTBYIOUIEE COSUHEHNE JAHHOTO 3JIEMeHTA.

BuiGop pexuma 37€KTpPOJIM3a NPOM3BOAUTCA MCXOAA U3 SHAYEHUH
3JIEKTPOJHOIO HOTEHHMAala COOTBETCTBYIOLIEH peakuyy, OCYUIeCTBIAEMON
HA 3JIEKTPO/IaX.

Paspenenve mpocTHX BemecTB M OTAEJNCHHE HX OT IYCTOM HOPOHH.
PasneneHue OpPOCTHIX BELIECTB, BCTPEUAIOIUXCA B NPHPOAE MOXET OCy-
IIECTBAATHCS HE TOJBKO XUMMUYECKHMM, HO U UBUYECKUMU U MeXaHUYec—~
KUMM METOIaMMU.

DPusnmyecKkHne METOAb Ppa3JelieHUsl OCHOBAHBI Ha pa3IHYUU
$pU3UIECKHX CBONCTB BELIECTB, HAPHMED HA Pas/IMYMM TEMIIepaTyp Kule-
268



HUA, IVIABJIGHUS U 3aMep3aHWsl, Ha Pa3/IMYHOI PacTBOPUMOCTH, Ha pasiiv-
yun agcopbupyemoctu ¥ np. M3 ¢u3udecKUX METOAOB HPUMEHSIOT pa3fe-
JieHVe (PPAKIMOHMPOBAHHON IIE€PErOHKOM, BHIMODaXXMBAHUEM; METOAaMU
abcopbuun u agcopbuuy M Np.

DOpakUMOHUPOBAaHHAA IeperoHKa, HallpuMep, IpUMeHsAeTcsl I Noayde—
HUA a30Ta W KHUCJIOPOAa U3 KUIAKOLO BO3AyXa. JDTOT METOJ, OCHOBaH Ha
pasiu4Yuy TeMnepaTyp KHHEHUS KUAKOTO a30Ta M KUCJIOpOJa: a30T, UMer~
mwuit 60Jiee HU3KYIO TeMIepaTypy KMIEHUA, 4YeM KUCJIOpOJ, BBIKMIAeT U3
JKUIKOTO BO3AYyXa B MEPBYIO O4Yepedb, B pe3yabTaTe Uero NpoucXOquT 060-
raneHne KMAKOro Bo3ayxa kucaopogoM. Ilpy MHOrOKPaTHOM cXKIDKEHHU U
HUCNapeHN | KUIKOrO BO3AYXa MOMHO IMOJYYUTh YUCTHIE a30T M KHUCJOPOJ.
TakuM ke cnoco6oM MOJNYYAIOT U3 FA30BBIX cMeceil 61aropoHbIe Ta3bl.

BremMopakuBaHUe NPUMEHAIOT ONA BHIAENEHHA BONOPOAA M TeJIUA U3
OPUPOAHEIX Ta3oBbix cMeceil. [lpu oxyakmeHum 5TUX cMecell BellecTBa
[EePEXONAT B JKUIKOE U TBEpOe COCTOAHUA NPH Da3/IMYHBIX TeMIlepaTypax.
Bonopox u renuit — BemiecTBa, KUNALME NMpU HauboJiee HU3KUX TeMIepa-
Typax, OCTalOTCsl B [a30BOM COCTOSHUM.

Nz MexaHUMYecCKHX METOJOB MOXKHO Ha3BaTh OTAEJICHHE IIPO-
MBIBaHMEM BOJOH 30JI0Ta ¥ ajMa3a OT MycTod moponabl. B atoM ciydae
pa3feiieHre OCHOBAHO Ha PAa3fIMYHOM HJOTHOCTH IIOJY4YaeMOro BelllecTBa U
IyCTON MOPOAHI.

I'Jl A B A 3. ABYXDJIEMEHTHHIE (BUHAPHBIE)
COEJXUHEHMSA

§ 1. XAPAKTEPUCTUKA BUHAPHBIX COEJUHEHUN
1O TUNY XUMHUYECKOU CBA3U

o Tuny xuMHYeckoil cBA3M OWHADHBIE COEJMHEHMA MOIYT ObITh
VOHHBIMH, KOBAJIGHTHBIMM, META/UIMYECKUMM U CO CMENIaHHHIM THUIIOM
XUMUYECKORl cBA3M. B  cooTBeTcTBMM ¢ 3aKOHOMEpPHBIM  DPa3BHUTHEM
3JIeKTPOHHBIX  CTPYKTYP aTOMOB XapaKTep XuUMMU4Yeckoil cBsisu (a
CJICLOBATEILHO, CTPYKTYPHl M CBOICTB) OJHOTUIHBIX COGIMHEHMHA B
nepuojax M rpyllax INepUOJHYECKONl CHUCTEMbl M3MEHAETCA 3aKOHOMEpPHO
(puc. 131). Ha npumepe 6UHAPHBIX COGIMHEHHI 3JEMEHTOB BTOPOTO
Neproaa MOXHO NOKa3aTh, 9TO JJIA JIOGOTO M3 NPUBEJCHHBIX COCNMHEHM
cTelleHb MOJIAPHOCTH xXuMuueckoit ceasu or [ k VII rpynme noctenenHo
YMEHbIIaeTcs.

Li Be B C N 0O r
OTOpUAHL . . . . . LiF  BeF, BF; CF4 NF; OF, (Fy)
OKCVIJIbI ...... Lizo BeO BZO3 COQ N205 (02) -
HMTpV[}IbI ..... L13N B63N2 BN C3N4 (Ng) - -
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P u c. 131. 3aBUCUMOCTb CBOMICTB OMHAPHBIX COEIMHEHUI OT aTOMHOIO

HOMEpa AJIEMEHTA C [OJIOKUTEJIBHON CTElIeHbIO OKMCIIEHU ST
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ca 06pazoBaHUsA XJIOPUIOB
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Tak, B psiny GTOPUAOB THUII XUMUYECKON CBI3M M3MEHSIETCA OT MOHHOTO
B LiF ¢ nocaenyomuM yMeHblneHnueM cTeleHM NoasipHocTH cBsisut B BeF,,
BF;, CF4, NF3; u OF, no HenossipHOro KoBajieHTHOTO BO Fj.

06 U3MEHEeHUU TUIa XMMHUYECKON CBA3U B Py OKCHUIOB MOKHO CyIWTb
o 3HavYeHUsIM 3P PEeKTUBHBIX 3apsJ0B KUCIOPOAA B COSANHEHUIX

Li;0 BeO B,03 COqy N,Os
Db dexTuBHbIN 3apAn § .
Ha aToMe KMcIopoda . . 0,80- 0,35- 0,24- 0,11- 0,05-
XuMHuueckasi npupola  cWiibHO- amdortep-  ciabo- cpefiHe-  CHJIBHO-
OKCHUIAZ . . ... ... ... OCHOBHBI  HBbII KUCIOTHBIA KM CIIOTHBIN KUCJIOTHBIA

B ryaBHBIX NOATpyINIlIaxX ¢ YBeJIMYEHUEM aTOMHOrO HOMeEpa OJIeMeHTa CTENeHb
HMOHHOCTHU CBsI3M B OJHOTHUIIHBIX COSIMHEHUAX 06BIYHO YBeJIMYUBaAETCHA, HAIlpUMeED!:

L0  Nay0 K0  Rb,0O  Cs0

OdPeRTUBHBIN 3aps) Ha aTo-
M€ KUCJIopoia & . . ... ... 0,80- 0,81- 0,89- 0,92~ 0,96-

B coorsercTBUU ¢ M3MEHEeHMEM THIIA XMMUYECKON CBA3M U CTPYKTYpH B
cBOlicTBax GMHAPHBIX COENMHEHMI HpOsipjisieTca 6osee WM MEHee OTYETIIH-
BO BBIpaseHHast neproandnocts. O6 3TOM, HAaIPpUMep, CBUAETEILCTBYET Xa~

~ 41 298 ~Hg
, 7,208
KAx/Mons 0O KAxX/ Kmﬁb C1

4001
400

20
: 718 200

P u c. 132. 3aBucuMocts oHTanbINY 06Pa30BAHUA BHICIIMX OKCHUIOB (@) » xsopunos
(6) OT aTOMHOTO HOMeDa BJIeMeHTa ¢ TIONIOKUTEITLHON CTENEHbIO OKHCIIeHH 5
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pakTep HM3MEHEeHUs 10 IepuoaaM H rpynnamM CTaHﬂapTHOﬂ JHTPONHH,
TEMIICPATYpHl MJaBJEHUsA, SHTANLNUKM U dHepruu ['nub66ca obpasoBaHusa B
3aBUCUMOCTH OT ATOMHOI'O HOMepa JJieMeHTa ¢ MOJIOKWNTEJIBHON CTENEeHbIO
okucienus (cM. puc. 131). B u3MeHeHUHM HapaMeTpOB OTHYETIMBO IPOABJIA-
eTcs TaKKe BTOpHYHasl NepUOAMYHOCThL (puc. 132).

§ 2. CPABHEHUE YCTONYNBOCTH BMHAPHBIX
COEJUHEHUN

B kauecTBe Mephl CPaBHEHUs CTaOHUJIBHOCTH COEJMHEHHUN MOMHO Mc-
NOJBH30BATh dHEPruio 'mb6ca 06pa3OBaHNA COEIUHEHUI.

Ha puc. 131, 1 nokazana sasucumocts A G xnopunos 3Cl, or aromuoro
HOMepa sneMeHTa J. Kak BuauM, 3HaueHue dHeprun ['mb66ca obpaszoBaHus
B Npejiesiax KaxIOro Iepuojia 0 Mepe pocTa aTOMHOTO HOMepa 3JIeMeHTa
3 craHOBUTCA Bce Menee oTpuiiareibHbiM. ClefoBaTeNbHO, cTaGUIILHOCTD
XJIOPU/JIOB B TOM € HANPABJIEHNU YMEHBUIACTCS.

IpuMepHo Takoil ke xapaktep naMmeHeHust AG (B pacyere Ha 1 Moib aToMoB
SJIEKTPOOTPHI[ATENILHOTO AIEMEHTa) MMeeT MECTO B ¢JIy4ae OCTajbHBIX IajlONeHUIOB,
OKCUJIOB, CYNb(MUIOB, HUTPUIOB.

B xone KpUBBIX WS pasHbIX THIIOB GMHADHBIX COGIMHEHMIl, eCTECTBEHHO, IIpo—
FABJISHOTCA Y padiMuusi. Tak, MaKcMMaJibHasi CTabWjIbHOCTH Y TaJlOTeHHMIOB M
cynbUI0B NPUXOOUTCH HA S-OJIEMEHTHI | TPYNNEBI, ¥ OKCUIOB — Ha s-aieMmeHThI 1
rpynnbl Jlajiee, y $-JIeMEHTOB B LeJIOM Hauboslee yCTONUMBEL (PTOPUILL, XJIOPUABL
ycToituMBee GPOMIJIOB; B CBOIO O¥epellb GpOMUAB! ycToMuuBee HUTPURoB. Takas ke
pasHMIA B cTaOMIIBHOCTM XapaKTepHa [Jlsi GOJIbUIMHCTBA P-NIEMEHTOB, HO BBIpaje—
Ha MeHee pe3ko. Y d-ayIeMEHTOB 3aKOHOMEDHOCTM CJIONKHEe.

§ 3. OCHOBHO-KMCJIOTHBIE CBOVICTBA BUHAPHHIX
COEANHEHUN

B cooTBeTcTBUM ¢ U3MEHEHHEM XMMUYECKON NPUPOJBI 3JIEMEHTa 3aKOHO—
MEpHO U3MEHSOTCS M XUMMYECKUE CBOMCTBA COENMHEHWi, B YACTHOCTH UX
OCHOBHO-KUCJOTHAs aKTUBHOCTh. Tak, B cjy4ae OKCHAOB B DALY
Li;,0—Be0O—B;03—C0,—N;05 1o mMepe yMeHbIIEHUs CTENEHU IOJAPHOCTH
cBA3KM (YMEHBIIGHUsA OTPHUUATEILHOrO 3(PdeKTUBHOrO 3apsafa aToMa
KHcaopoaa §) ocnabasAioTes OcHOBHBIE M HApacTalOT KHCJIOTHBIE CBOMCTBA:
L1,0 — cusibHO ocuOBHOU okcun, BeO — amdorepuruiit, a B,O5, CO, u
NyO5 — kucaoTHBIE.

Kak WM3BeCTHO, IIpM B3aMMOJEHCTBHM OCHOBHOTO OKCUIA C KUCJIOTHBEIM
obpasyercs conb:
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L120 + COZ = ng[CO3]

OCHOBHbI KUCJIOTHBIN

AHanornyHpiM 06pa30M B3aMMOJEMCTBYIOT MEXAY cO00i M Apyrue OfHO-
THUIHbIE GUHAPHBIE COSJIMHEHUA C PE3KUM Pa3/INYNeM B HOJNSAPHOCTH CBA3H:

LiF + BF; = Li[BF4]
Li,S + CS; = LI[CS3]

OCHOBHBIA KWCJIOTHBIN

B stux peakumsnx LiF u LiS (nomo6uo Li;O) urpaior posib OCHOBHBIX CO€-
nuuenwnit, a BF; u CS, (mogo6uo CO,) - posib KUCAOTHBIX CONUHEHHUH.

B npuBeneHHBIX peaKUMAX COENNHEHMs] JIMTUsT BHLICTYNAIOT B KayecTBe JOHOPOB
JIEKTPOHHBIX NAD - OCHOBHBIX COeVHEHMIt, a coeiHeHUs1 6opa U yrilepoja - B Ka-
YecTBe aKLENTOPOB 3THX Hap —~ KMCIOTHbIX COeNMHEHU, HATIpUMep:

:E:' + BF - FBF
:E: :'F.‘:
IOHOD AKHENTOp

Kak BuauM, xuMmudeckas Opupofa GUHADHBIX COCAMHEHUI 06yc/IOBIIeHA
XUMUYECKOH MPUPOLOIl 3JIEKTPOMONOKUTENBHOIO JJIEMEHTA: COCAUHEHUA
METAITUYECKUX 3JIGMEHTOB IPOSBJISIOT OCHOBHblE CBOMCTBa, a HeMeTalJiM-
YECKUX BJIEMEHTOB — KMCJIOTHHIE:

Li Be B C N O F
LiF B6F2 . BF3 CF4 NF3 OF2 -
leO BeO B203 COZ N205 b -
LigN BesN, gN CsNy - - -
OCHOBHBble aMGOTepHbIe ) N
KUCJIOTHBIE

Jlnsl cpaBHEHMs OCHOBHO-KHCJIOTHHIX CBOMCTB OMHADHBIX COeAMHEHUN
MOKHO BOCHONB3OBAaThCSA AAaHHBIMH 1O A (G COOTBETCTBYIOIIUX XUMHUUECKUX
peakuuit. Huxe npusenennl peakuuu B3aMMOJEHACTBUA OKCHU/IOB 3JIEMEHTOB
3-ro mepuozga ¢ OKCHMAOM HATpUS:

Na;O(k) + Al,O4(k) = 2NaAlO(k), AGS,, = -175 k]lx
NagO(x) + SIOZ(K) = Nazsi03(l€), AG;QS -197 KJI)K
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Nago(K) + 1/3P205(K) = 2/3N&3P04(K), AG;Q& =-371 KI[)K

NayO(k) + SO3(k) = NaySO4(x) AG,, =522 k[lx

Na,O(x) + ClL07(r) = 2NaClOy(x), AG,,, = -587 vl
Kak sunHo w3z 3nauvenuit A G XUMMYECKUX peakuuil, B pany Al-Si—P—

—S—Cl no Mepe ycuieHusi HEMETAIMNYECKUX NPHU3HAKOB 3JE€MCHTOB KUC-
JIOTHBIE CBOMCTBA UX OKCHAOB PE3KO BO3PACTaloOT.

AHaJOrMYHO MOKHO NIOKa3aTh, 4YTO B TOM Xe€ DsARYy IEMEHTOB KUCIOTHBIE CBO-
€TBa BO3pacTalOT U y OPYIruX THUNOB 6MHaprIX coeMHeHUM, HalIpuMep:

NaF(x) + MgF,(x) = NaMgFs(x), AG gy, =-14 xllx
NaF(x) + !/3AlFs(x) = !/3NapAlFg(x), AGLg, = -26 xllx

NaF(k) + 1/58iF (k) = 1/;NagSiFg(x), AG) , = 51 wllx

CoenuHeHNs ONHOTHUIHBIX BJIEMEHTOB MPOSBIAIOT OGIIHOCTH CBOMCTB M
OpY APYTMX PEAKIMsX, HANPUMED IpU coJbBOM3e (THAPOJIU3E), aMMOHO-
suse u np. Tak, GUHapHbIE COGAUHEHUS MENOYHBIX H IIETOUHO-3EMEIbHbBIX
METaJJIOB THUAPOJIM3Y NPaKTUYeCKM He MOABEpraroTcsi WJIM ‘Ke JaloT IpH
ITOM WIEJIOYHYIO CPeny:

NaCl + HOH = runponus npakTMiecku He HpoTeKaeT
Na,0O + HOH = 2NaOH
Na,S + HOH == NaOH + NaSH

Hao6opor, runponns OGHHAPDHBIX COEJUHEHHI HEMETallJIOB [pPOTEKaeT
HeoOpaTHMO ¢ 06pa30BaHueM KUCIIOT:

BCl; + 3HOH = H3BO; + 3HC]
B203 + 3HOH = 2H3B03
B,S; + 6HOH = 2H3;BO;3; + 3H,S

AHaJNIOTWYHO KJIACCUDUUUPYIOT COeIMHEHMS, B KOTOPHIX B KadecTBe OKHUCIIMUTE—
Jlefl BBICTYTIAIOT [iBA OJVIEMEHTA, T.e. COeJUHEHMsI THMa OKCUI-TAJIOTeHWMAa, HATPUI-~
rasiorenuaa, okcun—~cyneduga. Hanpumep, COS — okcocynbdun yrnepoma (IV) —
KucjloTHOe coenuHenue. O6 OTOM CBUIETENBCTBYeT €r0 OTHOIIeEHe K Bofle (Npu
HarpeBaHMM) U K OCHOBHBIM COEIMHEHMSIM:

COS + 2H20 = HgCOg + st
Ca0 + COS = Ca[CO,S)
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§ 4. METAJUINYECKHUE COENUHEHUA

XuMHYecKkoe B3aUMOJENCTBHE METALIOB MexJy cobOll, a TaKke ¢ HeMe-
Ta/lJIaMH, ecJIi HPOAYKTBHl UX B3aHUMOJEWUCTBUSA COXPAHAIOT METalINYecKue
CBOMCTBA, U3Yy4YaeT OJJMH U3 Pa3]le/oB HEOPraHMYecKOH XUMUU — AEMaAAL0~
TUMUSL.

Ecnu pacnonoxknTe MeTansbl B HOpAAKE YCHJIGHUA UX XUMHUUECKOTO
B3aUMOJEHCTBUA APYT ¢ APYTOM, TO NOAYYUATCS CAEAYIOWIUA DAL:

a) HE B3aUMONERCTBYIOIMNE JIPYr ¢ APYTOM HU B XMIKOM, HU B TBEpPIOM
COCTOAHUMU,;

6) B3aMMHO PACTBOPAIOLINECA B XMAKOM COCTOSHMM, & B TBEPAOM COC-
TOSIHUYM OOpa3yloUlue IBTEKTUKY;

B) obpasyomue APYr ¢ APYPOM KUAKHE U TBEpAble DacTBOPBI JIOG0ro
COCTaBa;

r) ofpasyooume MexAy co60l OJHO WM HECKOJIbKO METalIM4eCKUX
COEIMHEHU, Ha3bIBAEMBIX AUeMatlUJauY.

Merannmdeckne TBepAme pacTBOpH. Merasibl XapaKTepU3YIOTCS MOBBI-
LIEHHON CKJIOHHOCTBIO PacTBOPATb METaj/bl U B MEHBHIEH CTCleHU HeMe-
TaJIbl. JTa CNOCOBHOCTL — CJIE[cTBUE Tpe/IebHON HeJOKAIU30BAHHOCTH
METa/TNYecKOi cBsA3K. BeaeacTsue NeduuUTa 376KTPOHOB (cM. puc. 72)
BaJICHTHAas 30HA METAJJIMYECKOTO KPHUCTasjla MOMXKeT NPUHUMAThL HEKOTOpOoe
YUCJI0 JOOaBOYHBIX 3JEKTPOHOB, HE BBHI3BIBAA W3MEHEHUN CTPYKTYPHl U
MeTaJlJIMYecKNX NPHU3HAKOB KpHcTajlna. Hanpumep, B kpucramie cepebpa,
aTOMBbl KOTOPOI'O MMEIOT IO OJZHOMY BaJIEHTHOMY 3SJIEKTDOHY S!, BJIEKTPOH-
Hasl KOHHEHTpallust {OTHOIEHWE O6IIero 4mcia BAJEHTHBIX 3JIEKTPOHOB K
obIIeMy 4YMCIy aTOMOB B kKpucrasye) pasHa 1. Ho oHa momer BO3pacrtarh
10 1,4 3a cyeT 3716€KTPOHOB, BHOCUMBIX aTOMAMU JPYCHX 37IEMEHTOB.

[logo6HoMy yBENMYEHUIO B3NEKTPOHHOM KOHUEHTPALUU B BAJIEHTHOMR
sone 1o 40% cooTBeTCTBYyeT NpeAeNbHAA PAcTBOPMMOCTh METAJLIOB B Ce-
pebpe; HanpuMep, TBEPALII PacTBOpP Ha OCHOBE cepebpa MOXKET COLEPkKATb
(Mon. pomm, %): mo 40 Cd(s?), 20 In(s2p!), 13,3 Sn (s2p2) uam 10 Sb (s2p3).

Kak BuzuM, no Mepe yBeIMYEHUS YHC/I4 BAJCHTHHIX 3JIEKTPOHOB pacT-
BOPMMOCTb MeTaslOB B cepebpe namaer. B cayyae e pacTBOpeHHs B ce-
pebpe sosoTa (OAMH BaEHTHEIN 3JIEKTPOH ') a/IeKTpOHHAs KOHUEHTpallUs
HEe U3MEHsAeTcs, MOPTOMY 30J0TO M cepebpo pacTBOPsIOTCA APYF B Apyre
HEOTrpaHUYeHHOo.

IipuGaBnenye 3MeKTPOHOB CBEPX ONTUMAJBLHO AOMYCTUMOLO UPUBOAUT K
9HEPreTUIECKON HEYCTOMYMBOCTU JAHHOTO TUIA KPUCTA/IMYECKONH CTPYK-
TYpbl METajlJl — pacTBOPHUTENb M K BO3HUKHOBEHMIO CTPYKTYPHl HOBOTrO
THIA. JTO yKe CBHU/JAETEJLCTBYET O MNPEBpAlleHUH TBEPJAOTO pacTBOpa B
MHTEPMETANINYECKOE COeMHEeHNe WIN INpW [OJHOM 3aBepIIeHuH BajleHT-
HOH 30HbI — B COEIMHEHUE C KOBaJEHTHOW WU HOHHOHU CBA3BIO.
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O6pasoBanue 3HEPreTUYECKUX 30H BO3MOXKHO JIMHIL IIPH YCJIOBUM IHEp-
FeTM4ecKoro M NPOCTPAHCTBEHHOrO COOTBETCTBUS IEPEKpHIBAIOIINXCA Opbu-
taneit (cm. puc. 72). [103TOMY pacTBOPUMOCTL BEIECTB B METallaX 3aBUCUT
He TOJBLKO OT YMCJ/Ia BAJCHTHBIX 3J€KTPOHOB, HO U OT UX TUma (S, p, d UAK
§) n sHepreTMyeckoro coctosHUA. BelencTBue CIIOKHON B3aMMOCBA3U ITHX
(paKTOPOB B MHOTOATOMHBIX CHCTEMaX DACCUUTATH NPeAebHYIO PacTBOPH-~
MOCTb IPUBEIEHHEIM BLILE TYTeM 711 GONbLUIMHCTBA Cy4aeB He NPeAcTaB-
JIA€TCSA BO3MOMHBIM.

Kax yxe ykaspiBanoch, O6pa3sOBaHMIO TBEPABIX PacTBOPOB GaronpHsT-
CTBYIOT GJIM30CTh XMMMUYECKHX CBONCTB ATOMHBIX PagUycOB U TUIIOB Kpuc-
TAJIMYEcKO# CTPYKTYPHl McXOAHBIX BentecTs {cM. 4. 1, pasmen III, ra. 1,
§ 7). Hecobaromenne OJHOrO M3 3THX YCIOBUI NPUBOAUT K TOMY, 4YTO
TBEpABIE PACTBOPH MeXAy KOMOOHEHTaMy OOpasyloTcs JIHIIbL B OrpaHNYeH-
HBIX Ipelefiax KOHIEHTpauui Wiu xe He oBpasyiorca Boobine. Hanpuwmep,
npefenbHasd PacTBOPUMOCTb psjla MeTalios B Hukene (d8s2, r = 0,124 HM)
BBIPAkaeTcs B BUAE CJELYIOLEro pAja:

Co Fe Mn Cr \% Ti Sc Ca K

BanenTHbie '

oNeKTpoHbi . .. d's2  dPs2 B2 PHsl B S2dL A s2 s
Merannueckuit

pamyc aToma,

HM .. ...... 0,125 0,126 0,130 0,127 0,134 0,146 0,164 0,197 0,236
PacrBopumocts, %

(Mon. momu). 100 100 100 50 43 15 ? [pakTuyeckun

HepacTBOPUMEI

Bauzkue nmo XMMHYecKHUM CBOICTBAM W pa3MepaM aTOMOB HHKEJb, KO-
6asIbT, KeJe30 U MapraHer] 06pas3ylOT ADPYr ¢ APYrOM HENPEepPLIBHBIA DAL
TBepAbIX pacTBopoB. B psaay Cr—V—Ti no Mepe yBeaWUeHUS paziudnil
B XUMWYECKHUX CBOMCTBAX pacTBOPUMOCTb METAJJIOB B HUKeJIe Nalaer.
Kanpumit # kauuil, KOTOpHIE PE3KO OTJIMUAIOTCA OT HUKENs MO CBOMCTBAM
M aTOMHBIM pa3MepaM, TBEPALIX PAacTBOPOB ¢ HHUM NPAaKTHYECKU He 0Opa-
BYIOT.

Merauimgeckne coegaaenusi. B IPOTUBONOJIOKHOCTE TBEPABIM pacT-
BOpaM HMHTEPMETAJIJIMbI, KaK TNPaBUJI0, HMEIOT CIOXKHYI KpPHUCTAJJIUu-
YECKYIO CTPYKTYPY, OTIMYHYIO OT CTPYKTYP UCXOAHBIX MeTannos. CBOMcTBa .
WHTEPMETAJJIN/IOB TAKKE CYIIECTBEHHO OTJMYAIOTCA OT CBOMCTB MCXOJHBIX
KOMHOHEHTOB. Tak, B OGBLIYHBIX YCJIOBMSAX HWHTEPMETAIIUAB YCTYMAIOT
YUCTBIM METaJ/IaM [0 BJIEKTPHUECKO# NPOBOJMMOCTH ¥ TEMJIONPOBOLHO-
CTH, HO IIPEBOCXOAAT MX [0 TBEPAOCTH M TeMreparype masaeHus. Ha-
npuMep:
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Mg BSn Mg,Sn

T, "Coii i 650 232 778
DreKTpUYecKas TpoBOAMMOCTb * . . . . . . . 21 8 0,1
Ulnpuna zanpeuterton 30HbL, 9B . ... ... - - 0,34

Bce 10 mokaspiBaer, YTO MHTEPMETATHAB MOXHO pacCMaTpUBATh KaK
COEAMHEHUSA ¢ COYETAHMEM Pa3HbIX TUHIOB XUMUYECKOH CBSI3U (MeTalindec—
KO, KOBAJIGHTHOW u MOHHOH). OTHOCMTeNbHAs AOJISA TOMO WM HMHOTO
THHAa CBA3M B Pa3HBIX METa/VIU[aX MeHsieTcsA IpY 9TOM B IIMPOKUX Mpe-
Aenax.

Pasroo6pasyne THNOB XUMHYECKOH CBA3M U KPUCTAIMYECKUX CTPYKTYP
06yCc/IOB/IMBAEeT Yy METAINAOB IIMPOKUN CHEeKTp (QHU3NKO-XUMUYECKUX,
3JIEKTPUYECKNX, MarHUTHBIX, MEXaHWYeCKHX W Apyrux cpoiicte. Tak, ux
3JIGKTPUYECKHMe CBOWCTBA MOTYT UHOLJA U3MEHATbCA OT CBEpXNPOBOAMMOC—
TH B JKMJKOM TeJIMM A0 IOTYINPOBOAUMOCTU NPH OOBIYHBIX yCJIOBUAX.

MexaHuueckrue CcBOHCTBA MeTal-
JUAOB BecbMa YyBCTBUTEIBHB K
BO3ZlelicTBUIO  Temmepatyp. llpu
OOBIYHBIX YCJIOBUAX OOJBIINHCTBO
U3 HUX O4YeHb TBEPJABl M XPYIKH.
Ilpy  nOBBILEHUU ~ TEMIEpAaTypHI
MeTaJIIUabl BeAYyT cebda Kak Ijac—
tuanpie Tesa. (OcHOBHas mpudMHA
9TOrO — BO3pacTaHue [0JU MeTaj-

@cu QAL JIMYECKON ¢BA3M NPU HAarpeBaHUM.
a 7 MHorue MeTalsIMABl OTIHYAIOTCA
P i c. 133. Kprcranimueckas pellleTsa BBICOKOH TeNJoTol 00pa3oBaHUA WU
CugAu (@) ¥ B3auMHAsI KOODIMHAUUS XUMMYECKOH CTOMKOCTBHIO.
aToMoB B Kprcrauie ( 6)

Merasuasl B BoJle He PACTBOPSIIOTCS,
HO HEKOTOpble M3 HUX (IOJOBHO HEKOTOPBIM MeTallIaM) CIOCOBGHBI PAaCTBODPATLCS B
HEBOJHBIX PAacTBODUTENISIX, B YaCTHOCTU B XUAKOM aMMHuake. [Ipy aToM oHU BemyT
cebst KaK OJEKTPONUTHI, T.e. IPU DPACTBOPDEHUM [aloT HOHBI, BCTYNAIOT B peakLuu
IBOMHOIO o6GMeHa:

2Ca(NO3); + K4Pb = = CapPb + 4KNO;
4Zn(CN); + 9Na = NaZng + 8NaCN

it

HpM SVIEKTPOJIN3E DPaCTBOPOB MW pPacljaBoB HUHTEPMETaJVIMAOB OTHOCUTEJILHO
6onee QJIEKTPOOTPUILATENLHBIN MeTa/lll BbiAeslsleTcsl Ha aHone, a 6oJiee BJIERTPOIIOJIO—
KUTENbHbI — Ha KaToje. HaanMep, IpHU BJIEKTPOJIN3e aMMMAYHOI'O DpPacCTBOpa

*3/:(er U JaJiee 3JieKTpUYeCKasa NMPOBOAMMOCTL PTYTU NPUHATA 3a €OIMHULY.
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NayPby Ha xatofle Bbinesidercsi HaTpuil, Ha aHofle — CBHHell. Ilpy oneKkTpoOIM3E
pacrutaba KNa, kamuit Bhlensercs Ha KaTole, HaTpMii — Ha awoge. Haobopor,
IIpY B3AMMOMIENCTBUM METAJVIOB B HEBOAMBIX DACTBOPUTENSIX, HANpUMep B JXUIKOM
aMMUaKe, MOJyYaloTcs MeTaJUTHIbL

4Na + 9Pb

NayPbg (sesteHbift pacreop)
3Na + 7Sb = NagSby (kpacuslit pacTsop)
3Na + 7Bi = 'NayBi; (koputHeBblif pacTBOp)

CBefieHUA O COCTABE M CTPYKTYPE METAUIMJOB OOBLIYHO MOJYYaloT 3KC—
nepumentanbuo. Ha puc. 133,4 nokasana Kpucranjnnudeckas penieTKa
CuzAu. AToMBI 30/10Ta 3aHMMAIOT BEPLIMHBI KyGa, a aTOMBI MEIU pacmonia-
raloTcs B IeHTpe rpaneil. CiemoBaTe/bHO, KAXABIA aTOM 3071072 HAXOAMT-
¢Sl B KOOpIMHAUMU ¢ 12 aToMaMM Meiu, a KamAbIH aToM Meau — ¢ 4 aTo-
mamu 3on0Ta (puc. 133, 6), uro oteuaer cpeaneit popmyiae CuzAu.

I'J1ABA 4. TPEX3JIEMEHTHHE COEJAHEHWA
§ 1. TIPON3BOJHBIE AHUOHHBIX KOMIIJIEKCOB

Kak MBI BuIenU, Npu B3aMMOIECTBUM PE3KO Pa3NYHEIX O XMMHYEC—
KOl npupoze OWHApHHIX COGAVHEHMI1 00pa3syiOTcsi HOBBIE XHMHYECKHe
COeIMHEHNsA, Cpelll KOTOPHIX HauboJsiee NPOCThl IO COCTaBY TPEX3JIeMEHT-
HbI€ COE/IMHEHUA:

NaF + BF3 Na[BF4]
Na,O + CO, Naz[CO3]

OCHOBHBIN KUCJIOTHBIN

Tlo Tuny XMMuwecKOM CBA3M MeXIY WX BHYTDEHHeW M BHeIUHe# cdepa-
MM STH COEJMHEHMA MOTYT OBITb MOHHBLIMU, UOHHO-KOBAJICHTHHIMHM M KOBa-
JIeHTHEIMU. Eciii aHUOHHBIA KOMIUIEKC [OCTATOYHO YCTOWYHWB, TO paccMar-
pHBaeMble COEJUHEHHA IO OCHOBHO-KMCJIOTHBIM CBOMCTBaM NOLOGHBI GMHAp-
HeiM. Tak, NpPOM3SBOAHBIE INENOYHBIX U LIETOYHO-36MEIBHBIX: METANIOB
ABJIAIOTCA OCHOBHBIMHM, a NPOWU3BOJHbIE HEMETAJIMYECKUX DJIEMEHTOB —
KucnoTHBIMU. CKasaHHOe NOJTBEPkIAeTcs UX COJNIBBOJINBOM M PEaKHMAMH
B3aMMOAEHCTBUS NPOU3BOIAHBIX AHUOHHLIX KOMIUIEKCOB Da3/IiYHONW OCHOB—
HO-KMCJIOTHO! MPUPOJE!, HAPUMED:

RbNO; + INO; = Rb[I(NO3)y)

OCHOBHBI!l KUCJIOTHBIH
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RbNO; + HOH = ruaposnus npakruyeckn He ujer
OCHOBHBIN

INO; + HOH = HIO + HNO,

KUCIIOTHBIN

Ha ycTOMUMBOCTS MPOM3BOIHBIX AHMOHHMX KOMILIGKCOB GOJIBIIOS BIMA-
HUEe OKa3bBaeT HpUpoAa HOHOB BHemHell cdepol. Ilocseanue B 6oabimeit
MJIN MEHbIIEH CTEleHM BHIBIBAIOT KOHTPHNOJSpU3anuio (ociabieHue BHYT-
PEeHHUX cBsi3eli) aHMOHHOIO KOMIUIeKca. IIpu 5TOM weM BHIIE y aToMa
CKJIOHHOCTh K OGpa3OBaHMIO KOBaJeHTHOH cBasu (Buime O0), Tem ero
KOHTPIIOJAPUBYIOIiee AefcTBUe, KaK MpaBWiIoO, ciibHee. B atoM HerpyaHo
yGeAuTBCS, CONOCTABMB TeMIIEpaTyphl U 3Hadenuss A G5 . pacnaia cooTBeT-

CTBYIOIIMX COEJMHEHMH, HalpuMep paclajia OKCOKapBOHATOB s-3JIEMEHTOB

11 rpyunsi:
3CO0;3(x) = I0(r) + CO(r)
Ba Sr Ca Mg Be

Onekrpoorpunartenbiocts 3 . 0,89 0,95 1,00 1,31 1,57
Kap601{a'r .............. BaCO3 STCO3 CaCO:g MgCOg Be003
TeMneparypa pacnaga kapbo-

Hata, ‘C............. 1300 1100 840 400 100
AG, o Pacmajia kapbonara,

koge/Momb . ...l 216 183 130 65 -30

Tlpu narpesanuu MgCO;3 (AG = 65 x[ix/Mons) pacnanaercs nHa MgO
u CO, yxe npu 400 °C, roraa kak pacnag BaCOjz (AG = 216 x/lx/Moab)
Ha BaO u CO, craHOBUTCS 3aMeTHHIM Juuib npu 1300 °C.

2 02 NaCl—AlCl3 KCi—AICl3 RbC1-AICH; CsC1-AlCl3
600+
400t
200v i = 5 g \,—
Mg = = b
0 1 12 $ L =|‘ é U
0 2040 60 80100 ¢ 20 40 60 6’0 190 0 20 40 60 é’ﬂ 000 20 40 50 M 700
NaCl AICl3 KC1 AICl; RbCL AiCl; CsCl AIC15
Mon. dopu AlCl13.%
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Biyusiivie mpupons! aTomMoB BHelinell cdepbl Ha YCTONYMBOCTL COEIMHEHUM
MOXHO TOKa3aTh Takxke Ha npuMepe Baaumoneiicteust AlCly; ¢ MCL Kak noxaaeipa~-
T auarpaMmbl  naBkoctu  (puc. 134), B pagy NaCl—AlCl;, KCI—AICl3,
RbCl—AICl;, CsCl—AICl; ycroituusocts coenunennit M[AICly] nossumaerca. 3Jro
COOTBETCTBYET  YMEHbUICHWIO  KOHTPHONAPUBYIOUIEro  JeHACTBUSS B PsAdy
Na*—K*—Rb*—Cs*, T.e. ycusieHNI0 TeHAEHUUU K 0OPa30BAHUIO MOHHOW CBSI3K.

Takum ke 06pasoM MOKHO OOBSACHUTB yMEHBIIEHUE TEPMUYECKON yCTOMYMBOCTU
MO Mepe YBEJIMYeHUS OJIEKTPOOTPULIATENIPHOCTH aTOMa BHEIHe# odepbl B psny
KNOg“GNOg"'FNOg:

oL ol H-o. .. .0
K Xy ey Sen#

i i i
1
[ 1 ]

0 0] 0]

O F-0

B KNOj nouet K* u NO; usommposalbt ApyT oT gpyra. B kopaneHtTHbix HNOjg

u FNOj3 3a cuer obpazosanus cesisu H—0O u F—O B uowe NOj; napymaercs
IpexHee paclpefleJieHie BIEKTPOHHON IUIOTHOCTH (T—CBSI3BIBAHUE), YTO HPUBOIUT K
CHIDKEHUIO €ro ycroitumpocTu. Tak, et uonHoe coenunedne KNQjz pasnaraercs
s Beimte 400 °C, 1o xoBanentHoe HNOj3 HauMHaeT 3aMeTHO DasilaraThCsi ywKe
npy 06BIYHON TeMilepaType u ocBemiekuu, a FNQOj cymectByer uws npyu tTemnepa—
rypax Huke —H °C.

Benencreiie  KOHTpIOASIpUBYIOWEro AeMCTBMsT BHeWIHel cdepbl KaTHOHHbIE
NPOUBBOJHBIE HEMETAJITIMUECKUX HVIEMEHTOB U CTI0KHBIX AHMOHOB BECbMa HEyCTON4H—
Bbl M MBBECTHB! JJIsI OTHOCUTEJIBHO €260 3AEKTPOOTPUUATENBHBIX IEMEHTOB IIpU
HUBKMX crenensix okmenenns [(IT), I(HI), Te(Il), Sb(UI).

Nono6ubM ke oBpasom 0O6BACHSETCA XOPOIIO U3BECTHBIA (PAKT MeHb-
HIefl YCTOMYMBOCTH KHMCJIOT €O CJAOMKHBLIMU KHCJIOTHBLIMA OCTAaTKaMM IO
CPaBHEHMIO € UX COMAMU. MOKHO HAINOMHUTHL, 4YTO, HAmpumep, COJH
Na,CO3, K,CO3, KCIO,, KBF4 Brojine ycTOHYMBLEI, TOrJa KaK OJHOTHO-
Heie coenuHeHus sopopoga H,COs, H,S05, HCIO;, HBF, Beaencteue ux
HEYCTONYMBOCTH B CBOGOJHOM COCTOSHUY HE MOJIYYEHBI.

§ 2. CMEIHAHHHE COEJAVHEHUSA, TBEPABIE PACTBOPHI,
OBTEKTUKA

B 3zaBucumoctn or nbuponbl HUCXOIHHIX COEAMHEHHII NpU MX B3aUMO-
JieMcTBMM ApPYT ¢ APDYTOM BO3MOMKHEI CJIEAYIOIIHe BapUaHTH. B3auMopeiicr-
BHUE PE3KO Pa3/IMYHBIX [0 XUMUYECKON MNPUPOAe COeNMHEHUH NPUBOIAMT K
06pa30BaHUI0 HOBBIX XMMMYECKHMX coefuHeHHii. [IpuMeprl Takoro B3auMo-
JAeiicTBUA ObITM PacCMOTPEHBI BHIIIIE,

. 281



Ilo Mepe yMeHBIIEHUA pas3UuMii B XUMUYECKONH NPUPOAE B3aUMOAEACT-
BYIOIIMX COEJMHEHHUH BO3MOXKHOCTH OOpa30BaHUA KOMIIJIEKCHBIX aHUOHOB
YMEHBIUAIOTCSI, [O3TOMY BO3HHMKAIOT Yke JHOGO cauewanusie COeOUHEHUS,
meepovie pacmeopst, UM I6MEXMUKY.

CmelllaHHBIE COSAMHEHHS MOJIYYAIOTCA TPH B3aUMOJENCTBUM COeIUHE-
HUIA DSJIEMEHTOB, B PABHOU Mepe CKJIOHHBIX K KOMILJIEKCOOOGDAa30BaHMIO,
HalpuMep

CuS + FeS = CuFeS, (xanpromuput)
MgO + Al,O3 = MgAlL Oy (mununens)
CMelllaHHoe
coefivHeHMe

CwmelllaHHBIE COGAVHEHMA — 3TO MOJIMMEDHl, B KOTODEHIX aTOMBI OGOMX
3/IEKTPOINOJIOKUTELHLIX DJIEMEHTOB WIPAIOT POJIb KOMIIEKCOOGpa3oBaTe-
Jeii, T.e. ¢ XMMHYECKO TOYKM 3PEHHs DPaBHOIEHHBI. Tak, eci KpHCTal
KBF,; uMeeT ocTpOBHYIO CTPYKTYPY M B HEM MOXKHO BbIZENWTH UOHB K* u
BF,, 10 cMemannce coenunenne CuFeS; (zassxonupum) — koopaMHa-

IMUOHHBI nomuMep. B ero kpucramandeckoit pemerke atoMsl Cu u Fe 3a-
KJIIOUeHb! B TETPa3Aphl M3 aTOMOB Ceépbl — CTPYKTypHble eauHuusl CuS, u
FeS, (puc. 135), r.e. xanpkonupur CuFeS; — cmemannwit cyabbua mean
(I1) u xenesza (II).

MgAl,04 (wnuness) — cmewannsiit okcun Mareus (II) u amomuuus
(III), Takke KOOPAMHAUMOHHBIA MOTuMep. Ero Kpuctasiel 06pa3soBaHbl
TETPasAPUIECKUMU Mg04 u okradapudyecknMu AlOg CTPYKTYpHLIMH eu-

HULIlaMU. AHAJIOTHYHBI 110 c'rpywrype coenu~
+2+3
HeHHMs cOCTaBa M(MO,),, rae M—Mg, Mn,

Fe, Co, Ni; M—Al, Cr.

KpoMe cTpykTyphl TuDa XaJbKOMHPUTA U
IOWHENIM I CMEIIaHHBIX  COeAUHEHMH
(cMeIaHHBIX OKCUAOB, cyab(HAO0B, rajIOreHH~
OB, HUTPUAOB W J[p.) BecbMa XapaKTepHbI
CTPYKTYPHBIE THIIBI WJIBMEHNUTA, HEPOBCKUTA U
up. (cM. puc. 70).

Ecnn  21eKTPONONOKUTEIbHBIE 3JIEMEHTHI
B3alMOJICACTBYIONINX COeAUHEHUH cNOcO6HBI
Q 06pa30BbIBaTh G/M3KHNE IO CTPOSHHUIO, pa3Me-

§ py 4 YCTOMYMBOCTH CTPYKTYDHBI€ EXMHMIbI,

Pu e 135 Kpucrawmi- 15 ponygaiores Teepable pacTsoph  3ame-
Yeckasi pelleTKa Xalb-
IEHU:

ronupura CuFeS,
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KNOj; + RbNO3 =KNO; - RbNO4

TBEPIbIl pacTBOp

MnCl, + FeCl, = MnCl, - FeCl,
TBepPAbI1 PacTBOp

CoeiHEHNsA 3JIEMEHTOB, GJIUBKUX 110 XUMWUYECKMM CBONCTBaM, HO pas-
JMYAONINXCS] CTPOGHUEM W pa3MepaMHM aTOMOB (MOHOB), XUMUYeCKU He
B3aUMOJOACTBYIOT, & Jal0T MEXaHHYECKYIO CMeCh KPHUCTAJJIOB — 3BTEKTHKY.
HanpuMep, sBTekTHYecKas cMech 06pa3yercsi MPH COBMECTHOM KPHCTAIIN-
sauun KCl (TK+ = 0,133 M) u LiCl (TLi* = 0,068 um):

LiCl + KCI = LiCl + KCi

OBTEKTHKA

Bausnue npupombl B3aMMONEMCTBYIOUIMX COCMMHEHMIt Ha XapaKkTep
O0pa3yIOMKXCsT IPOAYKTOB MOKHO NPOWIIIOCTPUPOBATE JHMArpaMMaMu
TJIABKOCTH COOTBETCTBYIOMX cucTeM (prc. 136). Tak, B cucTeme xumun-
Jecky OJIM3KMX ¥ OJMHAKOBBIX HO CTPYKTYPE COSJMHEHMH COCEHUX 3Jie-
MeHToB nepuoaundeckoit cuctemst MnCl,—FeCl, o6pasyercsi TBepabiit pact-
BOp, TOF[ja KaK B CHCTEMe COJUHEHUN, NOBOJILHO OJIMBKUX [0 XUMUUECKOH
PUPOAE, HO CYIIECTBEHHO basnwmmx no crpykrype FeCl,—CuCl, (FeCl, —
caoucrasd cTpykrypa, CuCl, — nemmas cTpykTypa), BO3HMKAET IBTCKTHKA.
W nakoHem, B cHCTEMe pE3KO pasJUYHBIX [0 XUMHYECKOH upupoje
coenunennit KCl—FeCl, Bo3sHukatoT HOBbE XMMMYECKUE COCNUHEHMA.

% % L%
i I 700
r 800 600+
- 700
- '5 -
- 001 w
700 L 00 -
00
[ S — 300
6200 i1 J00 KFeCly | | K FeCly T
g 50 100 7 50 79 7 g 100
FeCl, MnCl,  FeCl, KCl  FeCl, CuCl,
Mor. domu MnCly , % Mon. donu KC1, % Mon. fonu CuCly, %
a J ]

P u c. 136. JduarpaMMbl NaBKOCTH CHCTEM:

a — TBEPABIN pacTBOp; 6 — ¢ XMMUYECKUM COeNUHEHHUEM; 6 — C OBTEKTUKOM
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T'JI ABA 5 HECTEXUOMETPUYECKHE COEJUHEHUSA

§ 1. COEAUHEHUA NEPEMEHHOTO COCTABA

B nagane XIX B. IIpyct B cnope ¢ Beptonine Brickasan yTeepixaeHue,
YTO BEHIECTBO, HE3aBUCHMO OT CNMOCOGOB MOJy4eHus, obiamaeT OJHMM M
TEM K€ COCTABOM. JTO YTBEPHKIEHME CTAJO OCHOBHLHIM 3aKOHOM — 3QK0NOU
nocmosncmea cocmasa. Ha OCHOBaHMM AAHHBIX O COCTAaBE BEIIECTBA CTPOH-
J1ach ero xuMudeckas GopMysia ¢ MOCTOAHHBIM KOJIMYECTBEHHBIM COOTHOIIEe-
HueM 3iaemerToB (CO,;, H,0, CH,). I[loatoMy coeluMHeHHA HOCTOAHHOTO
cocTaBa OLIM Ha3BaHHl CMETUOMEMPUMECKUMU coedunenusauu ™. 3akoH
MOCTOSIHCTBA COCTaBa W CTEXMOMETPHYHOCTH COENMHEHMIT [0JIroe BpeMs
cunuTanuch HesblbnembiMu. Opnaxko B nHavane XX B. H.C. Kypnakos Ha
OCHOB3HHH CBOUX MCC/IEAOBaHMI NpHIIe] K BHIBOAY O CYIIECTBOBAHUU
HECTEXMOMETPUYECKUX COSIMHEHUN, T.€. XapPaKTepUIYIOUWMXCA TepeMEeHHBIM
cocraBoM. OH oTMeYal, 4TO 6610 6Bl OLIMOKOM CYUTATH COSAUHEHUS Iepe-
MEHHOTO COCTaBa... 4YEeM-TO PEeIKMM M UCKIoYnTeabHbiM. CoeMHeHus
nocroarHoro cocrasa H.C. KyprakoB HasBan daasmonudemy B HecTh
JanbToHa, WIMPOKO NPUMEHSBUIETO ATOMHO-MOJIEKYJSADHYI) TEOPHUIO K
XUMHYECKUM siBieHuAM. HecrexuomeTpuueckue coeguenisi GLUIN Ha3BaHb
B 4ecTh Beptonne Gepmossudany.

CoenMHEHNAMU TIOCTOSIHHOTO COCTaBA SIBJISIIOTCS BEIECTBA MOJEKYJsIp-
HOTO CTPOEHUs, MOCKOJBLKY COCTaB MOJIEKYJl OAHO3HaYHO ONpeAesAercs
CTPOGHHEM KX OOpa3yiomux aToMoB. EcJIM ke KpHcTalImdeckoe BelecTBO
HMMeeT aTOMHOe MJIM MOHHOEe CTPOEHUE, TO OHO Xapakrepusyercs 6osiee wam
MeHee IepEMEHHBIM COCTaBOM. IIpUYMHOI 3TOrO ABJSIOTCA TOYEYHBIE He—
dekTl B KpHcTanie. B peanbHOM KpucTasie BO3MOMHBI AedEKTH ABYX
TUIoB. PaceMoTpuM Kpuctamsi ByXaJieMeHTHOro coeauHenuss AB. B
HASAJIPHOM CJIy4ae B KPUCTAUIE 3aHATH BCE Y3JIbl KPUCTAJIMYECKOW pe-
meTkn atoMamyu (uoHamu) A u B (puc. 137, a). B peannHoM ke KpHcTalle
MOTYT OBITH He BaHATHI Y3/bl KPHUCTAIIMYECKON DPEIIETKU, OTBEYAIOIUE
aToMy (wmoHy) A nnu atomy (momy) B (puc. 137, 6) uam Toro uam Apyroro.
Kpome TOro, B MexIOY3/AUAX PEIIETKH MOTYT PaclojaraThesi M3GBITOYHBIE
atomel (nounl) A u (mnu) B (puc. 137, 6).

PacemorpuM HekoTophle nmpuMmeprl. OTYETIMBO HECTEXHOMETPUYECKUMHU
COeIUHEHUAMHU ABIAIOTCA OKcuA u cyandup xenesa (I1). Oxcup sxenesza
(II) umeer cTPYKTYypy THma XJOpHAa HATPUA M €ro0 UIACaTH3UPOBaHHAA
dopmyna FeO. Peanbnoe ke coemunenne umeer cocTaB or Feg g0 mo
Feg 550. Bemmectso, TouHO orBevawmee ¢opmyne FeQ, poobe Heycroiiun-

* . .
CrexuoMetpusi — or rped. stoicheion — ocHoBaHMe, a/eMEHT M metrea —
MepIo.
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P u c. 137. JlebeKTh! KpUCTAJNIMYECKON DEIUETKN coeMHeRus1 AB:

[ —O—O—O

e—0—0—O0

0]

B

o |

a — ueanbHAs peleTKa; 6 — pelleTKa ¢ HeAOCTaTKOM aToMOB B; @ — pellleTka ¢ M36bITKOM
aTtoMoB A
BO M MOKeT GBITh MOJIYYEHO JUINBL B 0cO6BIX ycioBuax. Takue coeiMHEHUs
H.C. Kypnakos Ha3Bal unuastul.

Cynbdun xenesa (II) FeS Ha camom gene umeer coctas Fe.,S, T.e.
coelHEHHME UMeeT HEeAOCTATOK £ aToMoB Fe U ero cocras 6iau3ok Kk GopMy-

gae FegSy.
B npejcraBieHuu MOHHOW MOMAENM M3OHLITOK OTPUIATENBHOIO 3apsAja B
wpucrannax Fe;.,O; Fe; ;S (¢ — meduuut kaTHOHOB) KOMIEHcHMpyeTcst

npespaitieiueM uouoB Fe2* B wmonnl Fed3*. YrobH coxpaHmsach 37€KTpo-
HelTpaJIbHOCTh, Ha KaWIYI0 BAaKaHCHIO MOHa Fe?* [NO/DKHO HPUXOMMUTHCS
nBa uoHa Fe3* (puc. 138, a).

B kpucraninax ¢ gehuinuToOM aHHOHOB AaHMOHHBIE BAKAHCMM MOLYT 3aHU-
MaTh JIEKTPOHBI M TeM CaMBIM KOMIIEHCHMPOBATH U3GBITOK MIOJIOKUTEIBLHEOTO
sapaga. O6cynuM caeayolnuii sKcnepuMeHTaabHblil ¢axt. [lpu Harpepa-
HuUM B napax Hatpus kpuctaiael NaCl cTaHOBSTCSA KeNATOTO 1BeTa. JTO
MOXKHO OOBACHUTL CACAYIOLMM 06pa3oM. IIpu pacTBOpeHHMM B KpHCTaJljle
NaCl aroMbl HaTPUsT MOHUBUPYIOTCS

Na — Na* + ¢

2+

0" — Fe— O'— Fe&*
a

Cl— Na— CI'— Na'
[ I I
Na— O — Na'— Cl
R P
Cl'— Na'— Cl— Na'
| Isf |
Na— C| =— Na-- Cl
6

Py c. 138. Karvounsiit nedexr B kpucranne FeO (a)
U aHWOHHBIA NedekT B kpucraane NaCl, seruposan-

HbIM HaTpueM (6)
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Hon Na* saHmMmaeT KaTMOHHBIM y3efl, a BJEKTPOH — aHUOHHBIA yaen (pHuC.
138, 6). 3a cyer BO36YKAEHUS 3JEKTPOHOB 3Ta CUCTEMa IOMVIOILAET CBET B
BU/IMMOM YacTM CNEKTPa: KPUCTALI NPUOOPETAeT OKPacKy.

CocraBy okcuaa turana (I1) orseuaer dopmyna Tig gsOg g5. ITO 03HA-
Yaer, YTO M3 KaX/JbIX CeMU MecT OIHO, NMpeJHasHAayeHHOe JJiA aTOMOB
ob6oux BUIOB, Beerma mnycryer. IlOCKOAbKY BakaHCUM pacIpefiefieHbl B
IIPOM3BOJILHOM NOPAAKe, CTPYKTYpa ocTaerca kybuueckoit (tuma NaCl) o
BCEM UHTEpBaJle COCTABOB.

CocTaBbl, YKIaAHBAIOIIUECA BHYTPY I'PAHMYHBIX 3HAYCHUN HapylIeHHs
CTEeXMOMETPUYECKOTO COCTaBa, Ha3bBAKTCA ofaacmeio toaotennocmu. Ecrb
COEJIUHEHUS ¢ WHMPOKOM O6JIACTBIC FOMOTEHHOCTH, HAIPUMED, COCTaB OKCHU-
na turana (II) TiO usmensierca or Tig 70 mo TiOj s, a cocta cynbduna
caunna (II) PbS umeer BecbMa y3kyio 06/1acTh TOMOreHHOCTH: OT Pbg 99955
10 PbSg 9905 Kpucranmmueckas pemerka kapbuma turtana (tuma NaCl)
coxpaHseTcs, ecld B Hell Hegocraer pawxe 40% aromop yriepona; cocras
kap6usa TuTaHa Moxer uameHAThea ot TiCy ¢ no TiC.

Cpenu Heopranndeckux BetecTB nouth 95% He MMEIOT MOJIEKYJISPHOIO
CTPOSHUA U, CJE/OBATENILHO, ABJISIOTCA HECTEXMOMETPUUECKUMU COe/(MHEe—
HUAMH. YacTO OTKIOHEHUSA OT CTEXMOMETPHUYECKOIO COCTaBa TaK HOBEJIUKH,
YTO MPH XUMUYECKOM aHaJM3e MX YCTAHOBUTHL He yaaeTcs. (DTMUM-TO 06B-
SACHAETCHA, UYTO BAKOH MNOCTOSHCTBA COCTABa CYMTANM CHPABE/JIUBLIM Ha
HOPOTAMEHUH CTONL Aoaroro Bpemenu.) OmHAKO HCC/AEAOBaHME CBOMCTB
BEIIIECTB, HANPUMED, 9JIEKTPUYECKON MPOBOJMMOCTH, OKPACKH, MATHUTHBIX
¥ IPYrAX CBOWCTB, BHIHYXJAET NPU3HATL HATU4IMe EPEMEHHOrO COCTAaBa.

Haubosiee 0TYETIMBO mepeMeHHBI COCTAB MPOABIAAETCA Y COSAMHEHUI
d-371eMEHTOB — OKCHAOB, CyJAbdUA0B, HUTPULOB, Kapb6UIOB, TUIPUIOB
U Ap.

CoefnHEHNs TEPEeMEHHOTO COCTaBa, KAK MPAaBHJIO, 06JaTAI0T UHTEHCUB—
HOM OKPACKOM, MNPOABAAIT METAUIMYECKHe WJAM [OJYNpPOBOJHUKOBLIE
ceoitctBa. [lo cpaBHEHHMIO ¢ COEIMHEHHAMM NOCTOAHHOTO COCTABA y HMX
6071pIIaA peaKUUOHHAA CIOCOGHOCTh ¥ KAaTAJIMTUYIECKAA aKTUBHOCTD.

IIpouecc o6pasoBaninsa AeeKTOB KPUCTANINYECKON PEILeTKY, KOHEYHO,
SHAOTEPMUYECKHUI, U KaK BCJAKOE PasylNopAJOYeHHe CONPOBOMIAETCA BO3-
pactanuem sHTponuu (AS > 0). Hostomy B cormacuu ¢ AG = AH — TAS
npH nio6oi TemMmepatype, OTIM4HOI oT abcomortHoro wyas (T > 0 K), B
PeaNbHOM KPUCTAIE AOJKHBL CYLIECTBOBATh Ae(EKTHbIE MNO3UIUH WK
BakaHcUU. [lOJIHOE CTPYKTYpHOE YIOPALOYEHME MOXKET Ppeasn30BaThes
Jnub npu abeomordom Hyde (0 K).
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§ 2. COEAMHEHNA BKJIIOYEHNA

Cpoeo6pa3HeIMU YIOPAAOYCHHBIMH TBEPJABIMH pAaCcTBOPaMU BHEAPEHUA
TUIA COJb — JleJ ABJSIOTCA HEKOTOPBbIe KPUCTAIIOTHIPATHL ¢ GOJbLINM
YHUCAOM MOJIEKYA BoAbl, HampuMep Na,SO4-10H,0, NayCO;3-10H,0 (mex-
mowudpamst). OHM HMMEIOT CTPYKTYPY JbJa, KOTOpas CTabUJIM3Upyercs
3a CUET CTATMBAIOIIErO JEMCTBUS 3JIEKTPOCTATHYECKH B3aUMOIEMCTBYIONX
HOHOB MPOTHUBONOJIOKHOrO 3HaKa. BejencTsue 3Toro TeMmmeparypa IJjiaB-
JIEHUs TEKTOrUIPATOB HAMHOTO IIPEBHIUIACT TEMIIEPATYpy NJaBjIeHUs JbJa.

K TektoruaparaM NpuUOIHKAIOTCS TaK HA3bIBAEMbIE COEOUNENUS BEANUE-
Hug, T.e. CUCTeMbl, 06pa30BaBILIMecs B pe3yibrare O6paTUMOro BHEJPEHUA
MoJiekyal omHoro pemectBa ("rocts') B cBOGOJHBIE MOJOCTH KpHUCTaNIA
apyroro pemecTBa (''xosauna"). B coennHeHMAX BRIIOUCHUST MEKMOJICKY-
JISIpHOE B3aMMOZeicTBre MOJieKya '"rocTs" ¢ cOCTABHBIMU 9acTAMM KpHC-
TaJIa UIPAeT BTOPOCTENEHHYIO POJib,

CoequHEeHUs BKJIOYEHUSI  HA3BIBAIOT
TAKKE  KAQGMPAMHBAUY WA TPOCTO
xaampamean. K wkaarparaMm, Hanpumep,
OTHOCATCS TaK HasblBaeMbie 1udpamut o
12306, KOTOpBle 00pas3yioTes 3a CcYer B! o
BKJIIOUEHUA B MENK/OY3eJbHEIE TPOCT- r \
paHcTBa Kpucraiia Jabga Mmodexya Cly,
CH,, H,S, Ar, Xe, SO, nmu ap. B on- <
HOH M3 MoauduKanuit Apaa Ha 46 Mose-
KyJl BOABl MNPUXOAUTCsE 8 cBOBOIHBIX
MOJIOCTe;  OTCIofla CPelHMH  cOcTaB
TaKMX KPHUCTANIOrUJIPATOB KJIATPATHOTO
runa  X-5,75H,0 unu  okpyraenHo P u c. 139. Crpoesute KnaTpaTa coc-
X-6H,0 (X — wmomexyna "rocra"). raBa X-5.75H,0
CrpoeHue rasoBOro TUApaTa 3TOFO cOCTaBa IIOKa3aHO Ha puc. 139,
BerpeuaroTtes Takke rupparthl rasos cocrasa X -7,75H,0 (X-8H,0).

['asoBble [UAPATHl — TBEPJble KPUCTAIIMYECKUE BEIIECTBA, HAIOMHUHAIO-
HiMe 110 BHELIHeMY BHAY CHEr WM PbIXJblil jen. IlepBoiM 6bi1 moJiyueH
rugpat xnopa Cly-6H,0 (Hosu, 1811) npum Oxsam[eHWm HaCHIIIEHHOTO
XJIOpOM BOAHOTO pacteopa 10 9°C.

9 A O

T
|

QX  oH0

Bonbuioit Teoperuueckuil M MpaKTUHYECKUN MHTepec MPEICTABAAIOT Ta30Bble
KJaaTpaThl. PsAR mpolieccoB HedrenobuiBalolieil, ra3oBoil v HedTEXUMUYECKONR Mpo—
MBILJIEHHOCTY  COMpOBOKAAeTCsl  06pa3oBaHUEM  YIVIEBOAOPOIHBIX  T'MOPATOB,
3abuBaloiMx TpybonpoBos! ¥ annapatypy. [Jist IpefoTEpallleHus] BTOro HeoBXoau—
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MO 3HAaThb YCJIOBMsI 0OpasoBaHMsi I'MAPAToB (TeMIlepaTypy, AaBleHVWe W Jpyrye
napaMeTphbl) NpH PaduUHbIX COCTaBaX rasoBoi ¢asbl

O6pasosanye y saTeM paspyllleHie radoBbIX KJIATDPaTOB MCIONB3YIOTCS, HANDH~
Mep, I7Isl paslesieHUsl razoB (yIrIeBoJOPOAOB, OJIATOPOMHBIX [a30B), COEXMHEHMIA~
M30MepoB, JUIsl ONpecHeHUsI MOPCKOM Bogbl. KiaTpars! ucnombsyrorcsi Kak ymobHas
¢dopMa XpaHEeHUsT TasoB — 1 06beM KiaaTpaTa Moxer comepkats g0 200 o6nemoB
rasa.

OnpecHeHHe MODPCKOW BOABI OCHOBAHO Ha BBICOKOM CTabMIILHOCTH YIVIEBOLOPOI-
HBIX TaB0BBIX KaTparos. HarmeraHuem rasza B colleHyio Bogy (DM TeMmeparype
1,1 — 24 °C u pasnenmu 0,4 — 7 MIla) monydatlor TBepible YIVIEBOLOPOAHBIE
KJarpatsl. Hanmpumep, kpucrasuiornapaThl mnponaHa obpasylorcs npu 1,7 °C u
0,4 MIla. 3aTeM KpHUCTalIbl KIaTPATOB BLLIENSIOT, NPOMBIBAIOT U DA3VIATaiorT TpU
remneparype 7,2 °C u nasyenuu 0,5 MIla. [lpn srom nomyyaercst ompecHeHHast
BOJla; BbICBOOOAMBUIMIACS [PONAH CHOBA UCHONBL3YETCS AJIsl OODa3OBAHUS KIIATpATa.
[Iponecc onpecHenyst MOPCKOi BOMAbI OTUM METOJOM BBICOKO OKOHOMMYEH.

Kiarpatsl B npupojie 9acTo BHLIOJIHAIOT PONAL €CTECTBEHHOTO XPaHUJIM-
Uja rasos. Tak, B pailoHaX BEYHOW MEp3JIOTH OOGHADYHKEHB Ha 3HAYUTEIb-
HOHI ray6uHe B HeApPax 3eMJIM TBepAble a30Bbl€ I'HIPaThl METaHA — BaXK-
HBI1 UCTOYHUK NEHHOI'O CHIPhA.



Paszpenl
Xumuna s- u p-afieMeHTOB

s M p-VIEMEHTbl — 3TO 3JIEMEHTHl TJIABHBIX NOATPYNI NePUOANYEcKOM
cuctemst .M. Menneneepa. Kaxabiii nepuos cucTeMbl HadMHaeTcsd ABYMA
$-3JIEMEHTaMHM, a IIecTh ero NOCJASJHUX 3J1eMeHTOB (kpome 1-ro mepuopa) —
3TO P-3JIEMEHTHI.

'’ TABA 1. OBIIUE 3AKOHOMEPHOCTH

§ 1. BHYTPEHHAA U BTOPUYHAA HEPUOJHUIHOCTD

V s U p-9IEeMEHTOB BAJICHTHHIMH SIBJAIOTCH 3JEKTPOHE ¥ opburanu
BHEIITHETO cJIosi aroMa. YMciI0 BHEUIHUX 3JIEKTPOHOB PABHO HOMEpY Tpym-
b, B KOTOpOil HaxoauTcs aiement (kpome H u He):

Ipymaa oo I 1T 1 1AY A% VI VII VIII
DIeKTPOHHAA KOH(PUIYPALUS
BAJIEHTHOTO CJIOS ATOMA ....... s & spl £2p2 &2pd $pt 2pb $2pf

B nmepuoae u rpynmax XapakTep H3MEHEHUs ATOMHBIX
pajiiycoB, 3HEPrUyd HOHU3AUMM U CPOJCTBA K 3JIEKTPOHY ATOMOB OBLI
noka3sad Ha puc. 16, 12 u 13. Kak Buano u3 stux pMcyHKOB, opSuTanbHble
pauychl aTOMOB € YBEJMYEHMEM aTOMHOrO HOMepa 3JeMeHTa B Nepuoje
YMEHBUIAIOTCS, & JHEePrus UOHU3AIUM B O6IIEeM BO3PACTaer.

B nmoarpynmax 31eMeHTOB ¢ BO3pacTaHMEM aTOMHOIO HOMepa
57leMeHTa (YBEIMYEHUE 4YMCJIA OJIEKTPOHHBIX CJIOEB) pa3Mephl ATOMOB B
06IlleM YBeJIMYMBAIOTCHA, @ JHEPrus HOHMA3ALUN yMeHblaercs. XapaKrTep
U3MEHEHUS CPOJICTBA K JIEKTpOHY (cM. puc. 13) B mepuojax u moarpynmnax
§- 1 p-3JIEMEHTOB NpOTUBONONOKeH. M3 puc. 13 caeayer, 4TO 3/1eKTPOOTpU-
HATeTbHOCTDL 3JIEMEHTOB pH mepexoje B nepuoae or | k VII rpynne ysesnn-

289



4uBaeTcsi, a B NOATPYNNax cBepxXy BHU3 yMmeHbilaercs. Takomel obmiue
TEHACHLUMY U3MEHEHUS PAacCMaTPUBAEMBIX KOHCTaHT.
B xapakTepe M3MeHEHUsI CBOMCTB 3J1€MEHTOB IO NEPUOJAY HpPOABJIAETCs
E, He GHYMpeNnIs TEPUOAWYHOCTh, a .o
NOArpyNne — @mMopuwras MepUOaNY-
HOCTb.
Tak, npu nepexose oT s-3neMeHTa [
rpynnsl K p-snementy VI rpymmer
Ha KpHUBOH SHEPrHH  HOHU3ALUM
atoMos (puc. 140) u kpuBoi u3meHe-
HUsl uX paguycoB (cM. puc. 15, 16)
HMEIOTCS BHYTPEHHHE MAKCHMYMBbI U
MUHUMYMBL. OTO CBUAETENbLCTBYET O
BHYTPEHHENEPUOANIECKOM XapaKTepe
W3MEHEeHMs] DTUX CBOMCTB 10 HepHUo-
ny. O6bsicHEHUE OTMEUYEHHBIX 3aKO—
HOMGPHOCTeﬁ MOXHOC JaTh ¢ HOMO-
LIbI0 NPeJCTaBlIeHust 06 IKpanuposa-
Huy 20pa.
Z Oddexr skpaHupoBaHUs ALpa
Puc.“ 140. Xapakrep W3MeHEHUSs O6YCTOBIEH OJICKTPOHAMH BHYTPOH-
TIepBOM QHEPrM MOHU3alUU aToMOB
B IOArpylIax s 1 P-OTIeMEeHTOB HUX CJIO€B, I’COTOpre7 3acJIOHAA AQPO,
0cNabAsIIOT  OPUTSAXKEHUE K  HeMy
BHeIIHero aeKkTpoHa. Tak, mpu mepexofe or Gepuinusa 4Be k Gopy 5B,
HeCMOTPA Ha YBeJIMUeHWe 3apsjia sipa, JHEPrUs - MOHW3aUMU ATOMOB
YMEHbILIAETCHA:

“Be(9,32 3B) ‘ 5B (8,29 3B)
E —_—— —— E ; —_——
2
H 2 4 d
2s 2s

3T0 OOBLACHAETCS TEM, YTO NPUTSIKEHUE K AAPY 2p-3/MeKTpPOHA aToMa
6opa 0cJ1abyIeHO 3a CHYET YKPAHUPYIOLIETO AEeHCTBUA 25-3J1eKTPOHOB.

IlonAaTHO, 4TO 3KpaHUpOBaHME APa BO3PACTAET ¢ YBOIMYEHUEM YHCIa
BHYTPEHHUX 3JIEKTPOHHHIX cJ0€B. [I03TOMY B NOArpyNNax s~ U p-3JIEMEHTOB
HabnoaeTca TEHACGHUUA K YMEHBIIEHUIO HEPrUU MOHM3allMM aTOMOB (cM.
puc. 15, 140).

YMeHbIneHMe dHepruu MoHu3amuu oT asora ;N Kk kucaopony O (cM.
puc. 140) o6bsacHsAETCS B3aUMHBIM OTTAJIKUBAHUEM [BYX 3JIEKTPOHOB OIHOM
U TOI xe opbutanu:
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7N (14,?3 3B) £ 8
BTt T
'H' 2p -H- 2p
2s 2s

DddexToM SKPaHUPOBAHMA N BIAUMHOTO OTT&IKMBAHUA 3JIEKTPOHOB
ONHOM opbuTranu O6BACHAETCH TAKKE BHYTPEHHEMEPHOAMYECKHH XapakTep
M3MEHEHUsA [0 NEPHOJly ATOMHBIX paguycoB (cM. puc. 15) ¥ TeHAeHUMA K
YBEJIHYEHUIO B [OATrPYINE PaguycOB aTOMOB.

B xapakTepe U3MeHeHUs CBOMCTR $- U P-3JEMEHTOB B MOArPYNNax OT-
YeTiMBO HabIIOZAeTcs BTOPUYHAS MEepUOAMIHOCTB (cM. puc. 16, 132). Oas
ee OOBACHEHHUS NPUBICKASTCA IIPEACTABICHHE O NPOHUKHOGEHUU IAEKMPO-
1os x sdpy. Kak 6sui0 mokasaHo Ha puc. 9, 37IeKTpoH M06O# opburanu
Onpe/ielieHHOe BpeMsA HaxoauTes B o6aacti, Gmuskoil k Aapy. HMHbmu
CJIOBaMH, BHEINHHUE 3JICKTPOHBI IPOHUKAIOT K APy 4Yepe3 cJIOW BHYTPEHHUX
anexktponos (puc. 141). Tax, BHeMmEMI 35-3/1eKTPOH aToMa HaTpUA Obnaza-
er BecbMa BHAYNTEILHON BEPOATHOCTHIO HAXOAWTHCHA BOMMaM sAnpa. Kon-
HEHTPAUUsA 3AeKTPOHHONW IUIOTHOCTH (cTeleHb MPOHMKHOBEHUA BJIEKTPO-
HOB) TIPU OJHOM M TOM K6 IJIaBHOM KBaHTOBOM 4McJe HauGoJbmas s s-
SJIEKTPOHA, MEHBIIE — [JIA P-DJIEKTPOHa, elle MeHblle /A d-3JeKTPOHA M
1.1. Hanpumep, npu n = 3 crenens NpOHUKHOBEHUs yOBIBAET B IOC/IEL0BA-
TeJILHOCTH 3§ > 3p > 3d.

IlousaTtHO, 9TC 3¢ PeKT NPOHUKHOBEHS YBEJIMUUBAET MPOYHOCTH CBA3HU

" BHOLIHMX DJIGKTPOHOB C AAPOM. DTUM, B YaCTHOCTH, ONpENeNnsiercs Mops-

O (13,625>B)
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P u c. 141. PaguansHoe pacnpenesie- P u c. 142, BropuuHonepnoauyeckas 3aBu-
HIe SJIeKTPOHHOM IUIOTHOCTM B aTOM€  CMMOCTb pPalUycoB BHEIUHMX p-opOuTaJient
HaTpus OT ATOMHOTI'O HOMepa p-3JIeMeHTa
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OK 3allOJIHEeHUs B MHOTOIEKTPOHHBIX aToMax s-, p-, d-, fop6uraneil npu
nagHoM n. BenencerBue 6osiee rIyGOKOrO NPOHMKHOBEHHSA $-3JIGKTPOHBI B
GosibIIell CTENeHM IKPAHUPYIOT SAAPO, UEM p-3JIeKTPOHH, a MNOcJefHHe —
cUJIbHEe, YeM d-3JIEKTPOHBI, U T.X.

[Monb3ysick npeacTaBleHMeM O [IPOHUKHOBEHUM JJI6KTPOHOB K SIPY,
pPaccMOTPUM XapaKTep M3MEHEHUs paJuyca aTOMOB 3JIEMEHTOB B NOJATrpyIie
yraepoga. B pany C—Si—Ge—Sn—Pb npossasiercss ofuas tenaeHnus
yBelnuenusi panmyca atoMma (puc. 142). OZHAKO 5TO YBEIWYEHHE HMeeT
HeMOHOTOHHBI xapakTep. [lpu mepexone ot Si k Ge BHEUIHHE P-3TIEKTPO-
Hbl OPOHUKAIOT Yepe3 3KPaH U3 AecATH 3d-31eKTPOHOB U TEM CaMBIM Y-
POYHAIOT CB3b € SIIPOM U CHKUMAIOT 3JEKTPOHHYIO O6OJIOYKY AaToMa.
VMenbitiennie pasmepa 6p-opburanu Pb no cpasnenuio ¢ Hp-opbutansio Sn
06yCIIOBJIEHO MPOHUKHOBEHUEM 0p-3/IeKTPOHOB IOJ JBOMHON 3KpaH AEcATH
5d-3/1eKTPOHOB M YETHIPHAAUATH 4 f-3]I6KTPOHOB.

OTUM e 0ObACHACTCHA HOMOHOTOHHOCTh B M3MEHEHHMU DHEPrMU HOHU3a-
uuu aToMoB B psiny C—Pb u 6oabiiee 3naueHue ee 1A Pb 1mo cpaBHeHUIO
¢ atoMoM Sn (em. puc. 140).

§ 2. CTEIIEHH OKUCJIEHUA s- U p-OJIEMEHTOB

O HEMOHOTOHHOM XapaKkTepe W3MEHEHWs] CBOWCTB B IJVIaBHBIX HOATPYI-
HaxX CBUJSTENLCTBYET, HANpUMeEp, XapaKTep W3MEHEHUs JHEpPreTUYecKOro
pasnMuMA BHEWHUX s- U p-opburtaneii (1abia. 29), cTeneHeil OKUCHCHUS
(rabn. 30) m koopauHanMOHHBIX yucea (Tabm. 31) s~ U p-oseMeHTOB B
3aBUCUMOCTH OT UX aTOMHOIO HOMEpA..

Y AaTOMOB s U p-BJCMCHTOB BaliCHTHBIMM ABJSIOTCA  3JIEKTPOHbI
BHeITHero ciosi. Ilpm ydactunm B oGpa3oBaHMM CBA3€H BceX BaJAEHTHBIX
37IEKTPOHOB 3JIEMEHT [POABIAET BBICUIYKD CTENEHb OKUCIEHUS, KOTOpas
YUCJAE€HHO paBHa HOMEpPY ero Trpylnsl B [epHOAUYECKOH cHcTeMe.
JHEpreTHUeCKU OTHOCUTENILHO 60jiee CTAOHIIBHBI COGAMHEHUSA, B KOTOPBIX
3JIEMEHTHl HEUETHHIX IPYINN TNPOSABAAIOT HEUETHLIE CTENCHW OKUC/IGHUs, a
3JIEMEHTH YeTHHIX PPYNN — YeTHbIE cTenenu okucaenus (taba. 31):

n

S R R
..H.

- +1-1 -_—— 2,72
+3 +4
+5 +6
+7
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Tabanuua 29 JHepreTH4ecKoe padiimuMe (oB) BHEITHMX s~ M p—op6umeﬁ?
3ATOMOB /IEMEHTOB IJIABHBLIX NOATPYTHI

[Tepuon Ipynna
I II I v \% VI VII 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 IS Cl Ar
2,1 2,7 4,5 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
5,2 5,8 6,6 |88 10,1 -
6 Tl Pb Bi | Po At Rn
@ @ | avfay |ae | -
Ta6nuuya 30. Crenenn oxucieHnst s~ U p-VIEMEHTOB
XapaKTeprucTUKa pynmna
BJIEMEHTa,
I 11 I v \Y Vi VIl VIII
BasnenTHble onexr-| st 2 | s2pt | s2p? | s2pd | s2pt spd 2pb
POHEL
OnemeHt Li Be B C N 6] F Ne
Crenenn okucie- | 1 2 3 4,215 3 2 - -
sl —A4 -3 | -2 -1 -
DneMeHT Na Mg | Al Si P S Cl Ar
Cremnenn okucie- | 1 2 3 4,2 15316,4 ]1,3,5,7 -
Hust -4 | =3 | -2 -1 -
| DsneMeHT K Ca Ga Ge As Se Br Kr
Creneny okucie- | 1 2 3 4,2 15364 11,35, 7 2,4
HUs —4 -3 -2 -1 -
SneMeHT Rb Sr In Sn Sb Te I Xe
Creneny okucne- | 1 2 3 4,215 3(6,4 11,35, 7 R, 4,6,8
HUs —4 =3 | -2 -1 -
DnemeHT Cs Ba | TI Pb Bi Po At Rn
Crenenu okucie- |1 2 1,3 2,4 13,5)4,6 |57 (2, 4, 6, 8)
st -4 |3 (=2 |- | -




Tab6nuna 3. Dropo- ¥ OKCOKOMIUIEKCH HEKOTOPHIX JIEMEHTOB

i Lo
[pynna 283
=
=1 ]
< 9
) £5 e
3 [ FER-
g4 1 11 v \Y VI Vil vill | g &
= § £ 8
2 BeF3" BF; CF9 NF; 4
3 AlFY SiFg PF; SFY ClFg 6
4 GaF¥ GeF% AsFg SeFY 6
2 BOg' 0% NO; 3
3 Sin‘ PO%‘ SO%‘ Clo; 4
4 GeOf" i AsOY Se03 - | BrO; 4
5 SnO%" SbOg' TeOf | 103" XeO‘é'* 6

Ipu nepexoze or I k VIII rpyiime Bhicwias cTeneHb OKMCIIEHUA 3JjleMeH-
TOB IVIaBHBIX MOATPYIN CTAHOBUTCA BCE MEHEE YCTOWYMBOU. IJTO MOXKHO
06bACHUTL yBesmmueHueM npu nepexoge ot | k VIII rpynne smepreruyecko—
IO pa3jIMdUA MEKAY $- U P-OPOUTANSAMU BHEILIHErO CJIOA aToMa, a cJIeJ0Ba—
TEJILHO, YMEHBITEHNEM BO3MOMKHOCTH YYacTHA B 06pa30BAHMH XUMHUUYECKOMN
CBABU Ns?-37IeKTPOHOB. Tak, pe3koe yBEIUUEHHE IHEPreTUUECKOro Pasiiu-
quA MekAy 3s- u 3p-opburansimu B pagy Si (5,2 sB) — P (56 3B) — S
(9,8 3B) — Cl (11,6 3B) npuBoAMT K PE3KOMY YMEHBIICHHMIO yCTOAYMBOCTH
06pa3yeMbiX WMH OKCOMOHOB:

Siof POy SO CIO;

B xapakTepe 1M3MEHEHUs 3HEPreTMYECKOrO DasiMunA ns$- U np-opbutaiei B
TIOATPYNIie NPOSBIIAETCA ABHO BbIDaXKEHHasi BTOPUYHASL HepHogudHocth. Kak BuaHO
u3 1abn. 29, oHepreTHuecKasl pasHOCTb MEXAY NS~ U MP-YDOBHSIMU [JIsI OJIEMEHTOB
4-ro mepuoja Bblllle, YeM VIS OJIEMEHTOB 3-To M 5-ro mepuomos. CrnemoBaTeNlbHO,
COEIIMHEHUA, OTBeYalol[Me BBICHIEN CTENEeHU OKUCIEHUs y 3p- U Sp-oJeMeHTOB,
JOJKHEI ObITH ycTOM4MBee, ueM y 4p-ameMeHToB. CKazaHHOe OOBACHSET BKCIMEpU-—
MEHTaJIbHO YCTaHOBJEHHbIE PSMBI YCTOMYMBOCTU THIIA

PCl; > AsCls < SbCls; SFg > SeFg < TeFg; ClO;, > BrO] < 10;

294



Ocofento BeMKO péanque MeRIY
sHeprusMu 6s- u 6p-opburaneit (puc. 143).
OtuM obbsicHsieTcst TOT (DakT, 4YTO IS p-
aleMeHTOB 6-rO Hepuoja BHICHIAS CTENEHb
OKUCIIeHMsT HeycToiumBa. I[locKoubKy 6s°~
QJIEKTPOHBI  P-OJIEMEHTOB  6-TO  nepuoza
NPHHMMAIOT yJYacTHe B XMMMYECKOH CBS3HU
¢ 6osbIIUM TPYIOM, 9TOT 9 PEKT MONYINT
HasBaHMe "addext uHepTHOM Bs-mapnr’.

Kak Bumno u3 puc. 143, cpemusia suep-
I'Ms1 CBsI3ell B rekcapTopuax p-JIEeMEHTOB
VI rpynme! ¢ yBeqiMHeHUEM aTOMHOI'O HOMe-

P u ¢. 143. DHepreruyeckoe pazyu-

4YMe s U P-yPOBHeil aTOMOB p-ojle- )
MenToB VI Ipynnbl M CpefHssi Hep- Pa MIEMEHTa U3MeHsieTcsi B 0BpaTHOM moc—

TUs CBS3M B MOJICKYJIaX UX TEKCA~ j1efoBaTeJIbHOCTM K HBMEHEeHUIO OHepreTu—
dropunon YecKOro pasyiMuusl ns- u  np-opbutaineit
(cM. Tabn. 29).

§ 3. KOOPIMHAUMOHHBIE YNCJIA s-
N p-3JIEMEHTOB

BajleHTHLIMU ¥y s- M P-DJIGMEHTOB ABASIOTCS OPEUTANU BHELIHErO SHEpP-
FeéTUYECKOTO YPOBHS, T.€. OJHa ns- U TPU np-opbutany. Y >JIeMEeHTOB J-ro
U MOCJAEAYIOIIEr0 MEPHOJOB, HpaBAa, UMEIOTCSH BaKaHTHEIE nd-OpOUTaid.
OnHako, Kak MOKAa3BIBAIOT pacyerbl, 3TH OpOHTAlM IHEPTETHYECKH JIeKAT
CTOJIb BHICOKO, YTO BO3MOMKHOCTb MX Y4acTus B 06pa3OBaHUM CBSI3H BechbMa
HEe3HAYUTeNbHA.

PaceMoTpiM 3HEpreTUYecKylO AUarpaMMy OKTa’[pUYeCcKOl MOJIEKYJIBI
rexcadpropuna cepul SFg (puc. 144). Ona moka3wslBaer, 4TO CBA3M B ITOH
MOJIEKy1e 06pa3yIoTcA 3a CYeT OAHON 35~ U Tpex 3p-opburaneil aroMa cepol
u mectn 2p-opbuTaseir mwecty atoMoB ¢dropa. I10 3HepreTHYECKUM YCAOBU-
AM 3d-opbuTanu aToMa cepsl B O6pa30BaHMU MONCKYJAAPHEIX Op6uTanei
y4acTusA NPaKTHYECKU He MPUHUMAIOT. /IBeHaANaTh BATEHTHHIX 3JIEKTPOHOB
monekyibl SFg pacmonaraloTess Ha 4Yerbipex CBA3BIBAIOLIMX M ABYX HECBSA-
3BIBAIOIUX OPOUTAIAX:

crﬁuga"“.

Jnst 06bACHEHNA CTPOGHHUA U CBOMCTB P-37IEMEHTOB B HACTOSILEE BpeMs
WHUPOKO NPUMEHAIOTCA NPEJCTaBICHUA O JBYX- M TPEXIEHTPOBLIX OpGHTa-

Jax. JByxXIeHTpoBas ABYX3MeKTPOHHas CBjA3b 06pasyerca 3a cdyeT Hemap-
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P uc. 145. Oneprernueckas jua-
i ~ rpaMMa op6uraneil JUist ABYXLEHTPO-
;V‘a;M;M(') 2;22;2’;"“3:;31133_ BOTO [BYXS/IEKTpPoHHoro (a) u Tpex-
l{eEKOI?I MOJISKYJIH SFe LEHTPOBOTO  YeTHLIPEXJIEKTPOHHOTO

B3aMMoJeNCcTBIS ( 6)

HBIX 3JIGKTPOHOB LieHTpasbHOro artoMa (A) u surasna (L). Hamomunm, uto
3TO OTBeYaeT OGPa30BaHUIO JBYXLUEHTPOBLIX CBI3BIBAIOLIEN

‘II+ = ¢A + 1/)14
1 pas3pbiXJIAIOLLIeH
V-9, =9

MOJIEKYJSAPHEIX op6uTaneii. [Ipn 5TOM mapa BAEKTPOHOB 3aHUMAET CBA3BI-
BAOILYI0 OPBUTAJIL, a Pa3pHIXJAIOMmAas opbuTans BakauTHa (puc. 145, a).
Tak o6bsACHAETCS, HApUMep, 06pa3oBaHKe CBA3el B MOJIEKyJax

CIF  SF,  PFy
CI—F S—F P
I 71N\
F F F F

3a cYeT y4acTHUsl OJHOrO 3JIEKTPOHA XJIOpa, ABYX 3JIEKTPOHOB Cephl M TPeX
3JIeKTpPOHOB ¢ocdopa:
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E E E

TR T NI I S
T A

TpexneHTpOBas YETHIPEX3JEKTPOHHAS CBA3L BOSHUKAET 3a CYET 3JIeKT-
POHHOI Naphl UEHTPATLHOrO aToMa W JBYX HENapHBIX JJIEKTPOHOB IBYX
JUTaHMOB, pAacHoJoKeHHbIX no oanoil aunuu. CornacHo teopun MO sto
OTBEYAET 06pa3cBaHUIO TPEX MOJEKYJIApHbIX opbuTaneil. OfHa M3 3THX
op6uTalell TPEXIEHTPOBas CBA3BIBAIOLAA:

v, ¥ "/)u.a + 'ﬁr‘py
Apyraa -— NBYXIUEHTPOBasA HECBA3LIBAIOILAA:
V¥ gy
U TpeThbA — TPEXUEHTPOBasA Ppa3pbIXJAIOUIAs:
vz lbu.a - ¢rp .

YeThipe 37I6KTPOHA TaKOi CBA3KM DACOPEAEIAIOTCA Ha CBA3BLIBAIOMIEN U
HecBs3mBalOIed op6uTaiax (puc. 145, 6). DTuM oBecneunBaercst ycroiiun-
BOCTh TPEXIEHTPOBOI YETHIPEX3JIEKTPOHHOM! CBA3U.

TpexuenTpoBasi 4eTHIPEX3JIEKTPOHHAS CBA3b MOJYYNIa Ha3BaHUE tunep—
sasenmuot. IlpencraBnenne O rIUNEpPBaIGHTHONW CBA3M UCNOJL3YIOT s
0GBbACHEHNst CTPOGHUS U 06Pa30BaHUsl COSAMHEHMH, B KOTOPHIX KOOpAMHa-
HUoHHOe uucao p-snemedra (V—VIII rpynnsl) Gospilie 4icia ero Hemap-
HBIX 3JIEKTPOHOB; HallpuMep, Y XJjiopa U kceHoHa ecTb coepunenust ClF; un
CIFs; XeF,, XeFy, u XeFg, Toraa kak y xi0pa Bcero Jjulilb OJUH Hemap-
HBII 3JIEKTPOH, a ¥ KCEHOHA HEHAPHBIX 3JIeKTPOHOB BOOOIIE HET:

TR T
-H» 3p -H- 3p

3s 3s

PacemorpuM Monexkyny tpudropuaa xsopa. COrJacHO U3JI0KEHHBIM
BHIIIE IIPEACTABACHMSAM OBHA K3 CBA3CH B MOJIGKYJIE [BYXIEHTpOBas
apyxanexrtporHas (kak u B CIF), a apyras TpexueHTpoBasi 4eTblpex-
aneKTpoHHasA. [l 06pasoBaHMs NOc/ieQHe#l aTOM XJOpa MPEeAOCTaBIAeT
OBHY U3 3p-3nekTpoHHbIX nHap. Iockodapky p-opOuUTanu pacmoyOKeHBl B
aTroMe B3AUMHO TIepNeHAMKYIApHO, Monekyna CIF; umeer T-06pasHyo
dopmy (puc. 146).
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@®ci  OF P u c. 147. Bnusmive Mexbsinep-
Puc. 146. CrpoeHue monekysst HOTO PACCTOSIHMS Ha cTeleHb Me-
ClFs PEKPLIBAHMST P~PF-CBA3EN

B pesysbTaTe B3aMMHOTO OTTaJIKMBaHUA OVIeKTPOHOB BajlenTHblt yroa FCIF
Heckombko Menbmie 90°. Paccrosnue CIF npu OBYX1UeHTPOBOM B3aUMOAEHCTBUM
kopoue (0,16 ns), 4em npu tpexuentposom (0,17 um). IlomsitHo, uro cstau CIF
NpY ABYXUEHTPOBOM BaamMogleicTBum mnpouhee (251 w[lx/Mosb), deM NP Tpex-
uentposoM (174 kJlak/Moib).

TpoctrpatcrBennasi konpuUrypanus Mosekyibl ClF3 HaXomuTcsl B MOJHOM COTTa—
CUM ¢ MOJEJIbIO JIOKAJTM30BAHHBIX BJeKTPOHHbIX map (cM. Tabu. 9). B monexyne
CIF3 Tpu sileKTpoHHbIE Napbl YYacTBYIOT B cBsizv (OgHA Napa 3a cdeT JABYXIEHTpo~
BOIO B3aMMOIEHACTBUSA, ABe Mapbl — 3a CYeT TPEXLEHTPOBOIO B3AUMOLEHMCTBUSI) U
[IBe Tapbl OCTAIOTCSH HENOHeNMeHHbLIMU I1IpH aroMe xJopa. BsanMHoe oTTanKMBaHMe
[ATY OJIEKTPOHHBIX Map OTBEYaeT DACMHOJIOKEHMI0 WX B BEDIIMHAX TPUTOHAIBHOM
6unpamurl (cM. puc. 51).

Paccyxaas aHaJOTMYHO, MOXKHO NOKa3aTh, uto Monekyaa ClFs o6paso-
BaHa 33 CYET KOBAJIGHTHON W JBYX TUIIepBaJIGHTHHIX cBaAzeil. PopMa Mose~
KyJIbl — KBaJpaTHas nupamuza (cm. puc. 51).

YeTbIpexaneKTPOHHBIE TPEXIEHTPOBLIE CBS3M MEHEe IIPOYHBI, YeM ABYX-
SJIGKTPOHHBIE [BYXUEHTPOBHIE, — CKAa3LIBAETCA B3aMMHOE OTTAIKUBaHUE
9JIGKTPOHHBIX Hap.

O6pazoBanue TMOEPBAJCHTHON CBA3H OTBEYAET NMEPETEKAHUIO HIICKTPOH-
HOIl IIOTHOCTH OT WEHTPaJbHOrO aToMa ([OHOp) Ha JIMTaHAbl (aKLEenTop)
(eM. puc. 145, 6). [Tostomy B posu aurangoB >dpdeKTusHee BCEro BHCTYMA~
0T HauGosIee 3JIeKTPOOTPUIATENbHEIE aTOMEl ((PTOp, Kuejaopod). ITuM xe
00bsACHAETCA CTABUIM3AIMs BHICHIMX CTENEeHElH OKUCICHUs JIEMEHTOB B MX
$TOpPO- U OKCOCOETUHEHUSAX.

OueBUIHO, YTO B OJIHOTHIHBLIX MOJIEKYJiaX UIIePBAJIGHTHAs CBA3b Gyner
IpOYHee, eCJU LEHTPAIbHBIH aToM (JOHOpP) MMEeT MEeHbHIMI MOTeHIUal
nouuszanuu. OTciofa sICHO, OYEMy, HAIPUMED, IJIA cepbl M3BECTEH TETpa-
dropun SF,; u gaxe rexcadropuy SFe, rorga kax mogoGHble COEIUHEHUSA
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AJA KUCJAOPOJA HEM3BECTHH. JHeprusi HOHW3AlMU aTOMa KUCJIOpOoJa CTOJb
pesuka (13,6 3B), uto gaxe drop (17,4 3B) HesdbdexTHBEH Kak JWraHz
OpY MOCTPOGHUM [UNEpBANCHTHON cBA3M. Tak ke MOXKHO OOGBACHUTH OT-
CyTcTBMe y a3oTa neHTadTopu/a, Toraa kak 14 dbocdopa coeannenmne PFg
BIIOJIHE YCTOMYMBO.

CreayeT OTMETUTb elle OAHY OCOBEHHOCTb 31EMEHTOB 2-TO TNepuoja:
IJIs HUX XapaKTepHO o6pasoBaHue pr—pr-cBsiseld. A snemeHTOB 3-TO U
HOCJIeAYIOIKX MEePUOLOB TOT TUI NEPeKpHIBaHUA OpOUTaneil He XapaKTe-
peH. OOGBACHACTCA 3TO TeM, YTO ¢ YBEJMYEHHEM Da3MEpOB 4TOMOB BO3MOMK-
HOCTb MEPEKPHLIBAHUSA [AHTEIEBUAHBIX p-OpbuTalell GOKOBHIMU UX HacTsAMU
pe3ko ymeHbuiaercs (puc. 147).

Benencreue yeroituuBocTu pr—p7r-cBA3eil AJA yriepoja U a3oTa XapaK-

TepHBI OKcoaHnoHHBbIE KoMmekesl CO3 1 NOj MI0cKOTpeyroNsHOro cTpoe-
usA. s kpemHus u ocdopa ke YyCTONIMBE OKCOAHUOHHBIE KOMILJIEKCH

Si0%", PO, umeromme terTpasapudeckoe ctpoerne (cM. tada. 31).

Haist s-smementos | u Il rpynn (sHeprus MOHU3ALUM aTOMOB Maja) B
OCHOBHOM XapaKTEPHbI MOHHbIE COeZMHeHUs. KoopauHanMOHHBIE uyyucsia UX
VOHOB MMEIOT GOJbluue 3HayeHUs (6, 8) M ONPeAesAIOTCA COOTHOIIEHUEM
pa3sMepOB HOHOB MOHHOTO Kpucraina (cM. puc. 57, 58).

FJ1ABA 2. BOOOPOJ

CucreMariyeckoe H3y4eHHe CBOICTB SJEMEHTOB HAYHEM € M3YyYeHHA
CBOMCTB BOJOPOZa, HMEIOIIEr0 IO CPABHEHHIO ¢ JPYTUMH 3JIEMEHTaMM
Haubonee mpocToe cTpoeHHe aToMa. Ero 37aeKTpoHHasd KOHUrypaluA B
OcHOBHOM cOcTOAHUHU 1s!. [IpocToTa 3/1eKTPOHHOM CTPYKTYPHl aTOMa BOAO-
pofla, KOHEYHO, He O3Hauaer, 4TO ero xumus Haubosiee npocra. Haoboport,
OHa BO MHOTOM OTJIMYaeTCA OT XMMHU JPYTUX 3JEMEHTOB.

OcHoBHAasE OCOGEHHOCTh BOJOPOMA 3aKJKYAeTCA B TOM, 9TO B OTJIMYUE
OT BcexX APYTHX JIEMEHTOB (KpOME Tejisi) B €0 aTOME BAJIHTHBIA 3J16KT-
POH HaXOJHUTCA HENOCPeAcTBeHHO B cdepe OEHCTBUA aTOMHOTO Aipa — ¥
HETO HeT NPOMEXYTOYHQrO 3JIEKTPOHHOro cjiodA. llonoxurensno sapsixen-
HbI MOH BoAOpoda H* mpencraensder co6oil 37€MEHTapHYIO YacTHIy npo-
MoH.

OcobenHoCTh CTPOSHUS 3NEKTPOHHOM 060JOUKM aToMa BOLOPOAa (Kak u
reJINsA) He NO3BOJISIET OJ(HO3HAYHO DEllUThb, B KaKoil Tpylne mepuojudec—
KO cHCTeMbl OH JOJKeH HaXOAUThCA. JleficTBUTeNIHHO, €C/IM HCXOAUTh U3
Yycia BaJEHTHBIX 37IEKTPOHOB €r0 aToMa, TO BOAOPO/ AOJKEH HaXOAUThbCs
B I rpymnme, 4TO HOATBEp:kIAETCA TAaKke CXOJACTBOM CHEKTPOB MIETOYHBIX
MeTajl10B M BOAOpPoza. Co LIEIOYHBIMM METalIaMU cOJMKAET BOJAOPOL M
€ro CmocO6HOCTHL JaBaTh B pPacTBOPax TI'UAPATHPOBAHHBIM MOJOXKMTENLHO
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onHosapanubit uoH H* (p). Opnako B cocToAHMM cBOGOZHOrO HOHA
H* (r) — npoToka — OH He HMMeeT HMYEero OOIIEer0 ¢ WOHAMHU IUETOYHHIX
MetaiioB. KpoMe Toro, sHeprusi MOHM3alMM AaTOMa BOJOPOZAa HaMHOIO
6osbIlIe YHEPTUU MOHUB3AMUM ATOMOB LUEJTOYHBIX METAJJIOB.

Ecnn e McXOOMTH M3 TOrO, 4TO [J1s1 3aBEpLIEHUs BHEIIHEro 3J1€KTPOH-
HOPO C€JIOA aTOMy BOZOpO/a He XBaTaeT OJHOro 3JIGKTPOHA, TO BOAOPOJ
ciepyer nomectuts B VII rpyume. KpoMe Toro, kak U aToMbl rajlOr€HOB,
aTOMBbI BOJIOPO/la XapaKTepU3YIOTCA BBHICOKMMHU 3HAaYeHNUSAMM SHEPrUH UOHM-
3anuy. BMecTe ¢ TeM BOAOpO) — BJIEMEHT OcOOBIN, U pa3MelleHHe ero B
TOM WIM WHOMI rpynie Tabaunbl B 3HaUUTEJbHOU Mepe YCJIOBHO.

OHeprusa MOHM3aLUU aToMa Bopopoda (1312 w/[sk/Monb) cTONMb BeMKa,
4ro coenuHeHUs Bopopona (1), naxe c TAKUMH CUILHBIMA OKUCIIUTENAMH,
Kak $GTOp M KUCJIOpPOA, HE MOryT ObITh MOHHBIMU. Ec/IH ke HOnycTHTH
ob6pa3oBaHHe B COeJAMHEHMsiX HOHOB H*, MX MCKIIIOUMTENBHO BBICOKOE IOJIA-
pHU3yIolllee IeiACTBUE Bce PaBHO NpUBEJIO O6bl K 06pa3’oBaHUIO KOBAJIIEHTHOM
casu. Ilo sTuM ke npuumuHam uous H*Y He MOryTr cyluecTBOBaTh B CBOGOA-
HOM COCTOSHMM HpHM OGBIYHBIX XUMUUecKUX ABjeHMsAX. Crenmdura crpoe-
HUS aToMa BOZOpPOJa O6YCIOBIMBAeT OCOOBINA, HPUCYLUIUNA TONBKO COELUHE-
HusaM Bopopoga (I) BUA XMMUYEcKOit cBA3M — 6000po0RYI0 CEL3b.

[Ipomece o6pasoBaHus OTpHIATENPHOrO MOHa H™ M3 aToMa 3K30TEpMU-
qeckuit (cpomerso k snekTpory 0,75 aB), nostoMy mas BoZOpoOLa B creme-
HU OKMCJIeHUS! —] BO3MOMKHBEI MOHHBIE COCUHEHU.

TakuM o6pasoM, BOAOpPOA — HeMeTAJNIMYecKuii yemeHT. B coemune-
HUAX OH MOXET UMeTb CTeIleH! OKucaeHus —1 u +1.

Bonopoa mmupoko pacnpoctpaned B npupopae. ComepxaHue ero Ha
3emne 3,0% (mon. poau). OH BXOZMUT B COCTAB BOAMI, IJIMH, KAMEHHOTO H
6yporo yrasi, HedTu W T.A., a TaKke BO BCe JKMBOTHblE M DPACTUTEILHBIE
opragusMbl. B cBOGOAHOM cOcTOAHMM BOXOPOL BCTpedaeTcs KpaliHe pemgko
(B ByNkaHWMUECKMX M APYFUX IPUDPCAHBIX rasax). Bonopon — camelit pacr-
POCTpPaHEHHBI 3J€MEHT KOcMOca: OH COCTAaBAsAeT OO MOJIOBMHBI Macchl
CoJsHua ¥ GOMbIIMHCTBA 3Be3[. [MraHTCKHUe NMJIaHETHl COJHEYHON cUCTeMb
IOnurep u CatypH B OcHOBHOM cocTosT u3 Bogopona. OH NpPHUCYTCTBYeT B
aTtMocdepe psalla I1aHET, B KOMETaX, a30BBIX TYMaHHOCTAX U MEK3BE3ZHOM
rase.

Bonopon #Meer #30TOMbI ¢ MaCCOBLIMU YMCIAMU COOTBeTcTBeHHO 1, 2 M 3:

14 2D (2H) 3T (3H)

(pe (p+mnje  (p+2nje

NPOTUN nenTepui TPUTHUA
[lpotuit u meitrepuit — crabusibHbie W30TONBL. HODMAJIBHBIM MBOTOIHBIN COCTAB
IPUMPOJHBIX COEIMHEHMI BOJOpoja cooTBerctByer otHouwtennio D:H = 1:6800 (mo
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uyeny atomoB). Tpumuit Gera-paimoakTuBeH, Nepuoll flonypacnaia 1) / = 12,26
2
roja:

ST =3He + §

[MoNAraloT, YTO 9T3 PEAKUUS ~ IIABHBIN HCTOMHMK M3oToNa 3He, HaiifleHHOTO B
atMocdepe. Cofepxanne TpUTHS B aTMocdepHoM Bofopofie cocraisier 4-10715%
(Mon. momu) u B arMocdepHpx ocalikax ~ 3-10718% (mos. momm). Owuesumso, on
obpasyercsi B pesyjibTaTe SIAEPHBIX DEaKUMM, BHIBBAHHBIX IEMCTBMEM KOCMMYECKMX
ayyiest. TPUTUI MOKHO UCKYCCTBEHHO MoJlyduTh Mo peakumu SLi (n, a) 3T.

Hpocrne BemecTBa. UMesi oaun 371ekTpoH, Bojopoj o6pasyeT JIHMIIDb
JBYXaTOMHBIE MOJIEKYJIBI ¢ 3JIEKTPOHHON KOHMUrypanueil Hepo3byxIeHHOrO

cocTosiHuA o2, Ilpn 9TOM BOBMOMHBI MOJEKYIbl JA€TKOTO BOAOPOfia — HPO-
tust H,, Tstsesioro Bomopoma — meittepus D,, tputua T,, uporoaeittepusa
HD, npororputua HT, peiireporpurua DT.

Movtekynsl BOAOPOAa OTIMYAIOTCS GOJNBMION NPOYHOCTBIO U MaOH
MOJIAPU3YEMOCTBIO, HE3HAYUTEIbHbIMU p'asMepaMM M MaJIol Maccoi, a
cylefloBaTesIbHO, M Gobmoil noasuxkHocTbio. IloaToMy y Bomopoga odeHb
HU3KUe TemmepaTypsl [iasienus (-259,1°C) u wunenus (—252,6°C); om
YCTYNaeT B 9TOM OTHOINGHMH JMmb reqauio. [1o TeM ke NpuunHaM OH OYEHb
HE3HAUMTENBHO DACcTBOPAETCA B BONE M OPraHUMYECKUX PacTBOPHTENAX. Y
TBEpAOTO BOAOPOAa (cM. Tabu. 28) MosnekyisipHas peiieTka. BeaencTsue
BBEICOKO# dHeprum Auccouuauuu (435 w/lxk/Monp) pacman monekyn H; na
aTOMBI TPOUCXOJUT B BaMETHOI CTENeHM JIMUIb [OpU TeMIepaType BILIe

2000°C.

CorsacHo TeOPeTUYECKUM IIPE[CTABICHNSM [PU OTPOMHBIX AAaBJIEHMSIX BOJOPOX
JIOJDKEH MEePeXOUTh B METallIMYECKOe COCTOsIHME. B BTHUX yCIIOBMSX NOKHO IIpOMC—
XOIUTH IIpeBpallleHMe MOJIEKYJISIPHOTO BOJIOPOAa B ATOMHBIA UM AO/KHA 06PasOBbI—
BaTbCs KPUCTAIMYECKasl PEllerKa, B y37IaX KOTOPOM HAaXOMSITCS MPOTOHBI, a VIEKT-
POHBI CTAHOBATCS OGMWIUMM NI BCEro KpUCTAIA; TAaKoM KpUCTall JAoJukeH o6a—
JlaTh METANINYEeCKON NMPOBOAMMOCTHIO.

[Tockonbky Asisi BOZOPOAA BO3MOMKHEI MOJOKUTEIbHAST U OTPULIATEbHAS
CTENIeHU OKUCJIEHWs, BOJOPOJ MOXKET MPOABIATH U BOCCTAHOBUTEJLHBIC, U
OKUCJUTENBHBIE CBOCcTBA. B 06BUHEIX ycmoBusix Gmarogaps ycTONYMBOCTH
MOJIEKYJl OH CPaBHUTEJIBHO Mall0 aKTUBEH U HENOCPEICTBEHHO B3aMMOAEH—
cTByer nulib co (ropoM. Ilpu HarpepaHUM ke BCTyNaeT BO B3aMMOIEN—
CTBME ¢ MHOTMMM HEMETAJIaMU — XJIOpOM, GDOMOM, KHCJIOPOIAOM M IIp.,
HanpuMep:
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H; (r) + Cl; (r) = 2HCI (r), AH), = 184 x]Jlx
2H2 (l") + 02 (I‘) = 2H20 (P), AH;Q& = —484 KIL)K

OTU peakiu MPOTEKalOT ¢ BbIAEIEHHEM OONbIIOro KOJUYecTBa TEIio-
THI, YTO CBUIETENBCTBYET O BbICOKOHM sHepruu (mpounoctn) ceszeit H—CI,
H—O. TlostoMy BOmOpOA NPOABASET BOCCTAHOBUTENBHEIE CBOWCTBA M IO
OTHOLIEHMIO KO MHOIMM OKCH/laM U TajIoOTeHujjaM, HallpUMep:

+2 0 0 +1 +2 0 0+
CuO + Hy = Cu+ H,O0 VCL, + H; =V 4 2HCI
Ha sToM OCHOBaHO NIpUMEHeHUe BOJODOAA B KadyecTBe BOCCTAHOBUTENA
JJIA TIOJIyYEHUA PANa NPOCTHIX BEIECTB U3 OKCUJOB M I'aJIOT€HUIOB.

B kauectBe okMcanTens BOAOPON BBaMMOJlGI?ICTByGT ¢ aKTHUBHBIMHN Me-
TaJlJIaMU:

0 -1
2Na + H, = 2NaH

Coepmaenns sopopoma (—1). B tex cnyuanx, koraa BOAOPOJ BHICTYNAET
B KauyecTBe OKMCJIUTENs, OH BeJeT cebi Kak rajoreH, o6pasysi aHalOrMu-
HBIE TajlOTeHUAAM 1uopudbL.

OnHako B OTIMYMe 0T oOGpasoBaHWs TaJloTeHUI-MOHOB obpasoBaHMe MOHOB H™
ns monexyn H, — mpouecc sHmorepmudeckuit. InTansnus obpasopahns H- cocras-
nser 144,7 wJix/Monb:

YoHy () = H(r), AH),, = 2175 x/lx

H(r) + ¢ = H (1), AH,

bog = —12,8 wllx

1/ZHZ (1‘) + e =H (F)’ AHZgg

= 144,7 x1x
[TosToMy OKMCIIMTENBHAST AKTUBHOCTH BOLOPOMA CYIIECTBEHHO YCTYHAeT TajloreHaM.
[To oToit e TNPUYMHE SICHO BbIPa’EHHBI MOHHBI XapakTep NPOSIBIAIT JHUIUIb

™M AOpu bl Hanboree aKTUBHBIX METAJIOB — IHEJIOYHBIX U IeT0YHO-3eMEJIbHbIX.

Honnste rumpuasi, Hanpumep KH u CaH, mpeacrasasitor co6oit 6envle
KPUCTAVINYECKHE BOIIECTBa ¢ BBICOKMMU TEMIEpaTypaMl IJIaBEHU, T.e.
coim. MIx pacniaBbl XapaKTepU3yIOTCA BBICOKON INEKTPUYECKON IPOBOLM-
MOCTBIO, IIDH 3JIEKTPOJNIU3€ PaclIaBACHHBIX THUIPUIOB BOJIOPOX BBHIIENAETCA
Ha aHode. 'uapunsl s-s3meMentos | rpynnel, Kak 1 GONBLIVHCTBO rajOTeHU-
OB ITHX JJIEMEHTOB, UMeIOT cTpykTypy Tuna NaCl. B xummnueckom oTHO-
IIERUM MOHHBIE TUAPUIBI BeAyT ceba Kak OCHOBHBIE COE/IMHEHU.

K KOBaJeHTHBIM OTHOCATCA THAPHABI MEHee 3JIeKTPOOTPHUUATEIBHBIX,
4YeM caM BOJOpPO/l, HEMETANIMYEeCKUX 3J1eMEeHTOB. K KOBAJIEHTHBIM OTHOCAT-
cs1, Harpumep, ruapuabl coctaBa SiH, u BHj3. Ilo xumuueckoit mpupone
TUAPUAB HEMETAIOB SABIAIOTCH KUCJIOTHLIMU COSJMHEHUSIMIL.

302



Pasnuume B XMMUUECKOW NPUPOLE FHAPHUIOB MOXKHO JIETKO YCTaHOBUTH
10 MX MOBEACHUIO IIpU TUApOau3e. XapaKTepHOIl 0COGEHHOCTBIO MMAPOaN3a
THAPUIOB ABJIAETCSA BBACACHNE BOAOPOJa. Peaknus npoTexaeT MO OKUCAM-

TeNbHO-BOCCTAHOBUTENILHOMY MexXanusmy. OTpHUIATeIbHO MNOJIAPU3OBaHHBIM
-1 +1

atoM H B rugpuie U NOJOKRMTENLHO TMOJsipu3oBaHHBl aroM H B Boge

MEePexXo/IAT B COCTOSHKE ¢ HYJIEBOH CTEMEHbIO OKUCTICHUA:

-1 1 0 -1 +1 0
KH + HO*H = KOH + H,; SiH, + 3HOH = H,S5i04 + 4H;

OCHOBHBIN KU CJIOTHBIN

3a cuer BBIJENEHUA BOLOPOLA TMAPOJIN3 HPOTEKAET NOJHOCTBIO M HEo6-
patumo (AH < 0, AS > 0). Ipn 310M OcHOBHBIE THAPUAB 06pa3ylOT
IIEJIOYb, & KUCJIOTHBIE — KUCJIOTY.

Pasnnume Memay OCHOBHEIMM ¥ KHUCJOTHHIMM THAPHIAaMH OTYeTJIMBO
HIpPOSIBISIETCS] TaKXKe IPU UX B3aUMOIENHCTBUN MEKAY coOOH, HanpuMmep:

LiH + BH; = Li[BH,
OCHOBHBIl KMCJIOTHBIN TerparMapumobopar
JIUTUA
i1 H 1
H: + B:H — |H:B:H

+ JIOHOD aKIenTop

IlonsiTHO, 4TO 3Ta PeaKIUs MOXET NpOTeKaTb JMIIL B HEBOAHBIX Cpe-
HaX, Hanpumep B ddupe.

Crannaprtubii notesuman cucremb 1/,H,/H™ papen —2,25 B. Cnenosa-
TespHO, MOH H™ — OAMH M3 caMblX CHUJBHBIX BoccTaHoBHTeNlell. TlosroMmy
WMOHHBI®, 8 TAalKe KOMIJIGKCHBIE THAPHUAL — CHJIBHBIE BOCCTAHOBHUTENU.
OHM WHPOKO MPUMEHAIOTCA [JIs1 MPOBEIEHUS pa3jIM4YHBIX CHUHTE30B, HJIs
MOJIyYeHUs BOAOPOAA M B XUMUYeckoM aHanm3ze. I'mapun xaaeums CaH,
HCIIOMB3YIOT, KPOME TOrO, B KayecTBe OCYIIMTENs s YIAAISHHs cJef0B
BJIATH.

Coenunenns Bogopoga (I). TlonoxuTenbHas mNONApU3AUUS ATOMOB
BOJOpO/ia Habmiofaercsi B ero MHOIOYHCJIGHHBEIX COCAMHEHMAX ¢ KOBAJIeHT-
HO#l cBa3bio. [lpu 06buHBEIX yesoBusax — sto rassl (HCL, H,S, HaN), xun-
kocru (H,O, HF, HNO,), teeparie semectsa (H3PO,4, H,SiO3). Ceoitctpa
9TUX COEJUHEHUIN CHJILHO 3aBHCAT OT NPUPOAB 3JIEKTPOOTPHUHATENBLHOIO
snemenra. B wacTHocTH, A5 coepuHeHui, comepxkaiinx ceasu F—H, O—H
u N—H, oco6o xapakrepHa BOZOpOLZHas cpA3b. Beiencreue storo HF n
H;0 B 06BIYHBIX YCIOBUAX — KUAKOCTH.

303



1pg,°C s © -

sotb 100t 20
ot H® 50t
-50F ar
~ 100} —%r
“~150¢ HyP -100}

7 J . 4
Nepuods Nepuodst
a 5

P u c. 148. Temmeparypsl niasnenus (a) n kunenusi (6) BOAOPOAHBIX
coeiMHeHun p-onementos VII, VI, V rpynn
Eciu cpaBHMTbL TeMilepaTyphl IVIABJIEHMSE M KHUIOEHUS ONHOTMIIHBIX OMHADHBIX
COeIUHEHUN BOJOpOHa C IJIEMEHTAMM [AHHON TI'pYIIb (pnc. 148), to BHMAHO, uTO
BeCJlefcTBUe ofpasoBanust Bomopounbix cesizeit HF, HoO m H3N mpossnsmor aHo-
MaJIbHO BBICOKME TeMIepaTyphl IUIABJIEHUS] M KUIEHUsl. AHAJOIMYHbBIA XOI KDPUBBIX
HaOMIONAETCS M [JIs1 SHTAJIBIMIA UCTIAPEHNST ITUX COeNMHEHU.

BesrepcrBue ¢noco6HOCTH 06pa30BLIBATL BOAOPOAHLIE CBSASH W BCTYNAThH
B [AOHOpHO-akuenTopHoe Baammopeiicrsue sugrxoctu HF, HO u H;3N
ABJISIIOTCSA XOPOINMMH MOHUBUPYIOUIMMU PACTBOPUTEISIMH.

CreneHb ¥ XapaKTep OCHOBHO-KMCJIOTHOW MOHM3aLUM B CHUCTeMEe U3
IOBYX coeiuHenuit Bogopopa (I) 3aBUcAT OT MX JOHOPHO-AaKLENTOPHON aK-
tupHoctu. Tak, B pagy HF—H,O—H3N B coorBercTBum ¢ ymeHbIUeHMEM
4HC/IA HEIOMEICHHBIX AIEKTPOHHEIX Iap BO3PACTAET CPOACTBO K IPOTOHY.
ITockonbky cpogerso Kk nporony y NHjz 6Goabime (9,3 aB), wem y HoO
(7,9 3B), KMcaAOTH — ciabble B BOAHBIX PAcTBOPax, B KHUAKOM aMMHMaKe —
cunbble. Hanpumep, HCN B Bose — ouenn cimabas KHC/IOTa, a B KUIKOM
aMMHaKe MOHM3MpyeTca modtd Tak ke, kak HNO; B Bome. B xuakom am-
MHMAaKe KHUCJIOTHBIE CBOMCTBA NPOABIAIOT [ake HEKOTOPHIE YTJI€BOAODOIbI.
Bona npu pactsopenun B HF Beger ce6s kak ocHOBaHue.

[Ipucymas Boaopofly, Kak HEMETAIIMYECKOMY VIEMEHTY, TE€HAEHUUA K obpaso—
BaHUIO aHMOHHBIX KOMIUIEKCOB — uOPOIERAMOG DEANINBYETCs], HANPUMEp B CIlefyio—
IUX PeaKusIX:

KF + HF = K[HF;]; KNO; + HNO; = K[H(NOj3),}
IudToporuapo- IVHUTPATOrUAPO-
TeHaT Kauus reHaT KaJjiust
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FupporeHaT-KoMIlIekchl 06pasyloTcsl 3a CHET BOMOPOJHON CBSASM: [F---H-- -FI;
[02NO- - -H---ONOg]".

OHM UMEIT JMHeiHoe cTpoeHue. VIx obpasoBaHMe MOXHO OOBACHUTL Cilefyio—
nM obpasom. Op6urtanu vora HF, BosHMKaloT 3a CHeT JIMHENHOM KOMOGMHALMM

op6MTanM UeHTpajbHoro atoMa s (lsopburams H) ¥ rpymmoBbix opbéuraies
Teprdeputieckix aToMoB ¥y, Vo (2popburareit aByx aromos F):

v, \_/l\J
[fo ycioBusM cUMMETPUM codeTanue P M 1/)1—op6maﬂel7[ MPUBOAUT K 06paso-

BaHMIO CBASBHIBAIOWEN 07 ¥ PasphIXsioiled MOJIEKYJISIPHOM a:—op6ma.1m uona HF,

(puc. 149):

U (os) ~ ¥s + W
\I’(”:) ~ s —

Jlasi rpymmoBoit opbutamu s TNOAXOAsliell Mo YCIOBUSM CHMMETPUH OpOUTAIIH

HeHTpaJbHOTO aToMa Her, nostoMy B Moxe HF; op6uranb v urpaer poiib HecBsA3bl-
Batouteit (puc. 149). Uerripe onexrpona (onuu or aromMa H, npa or mByx aToMmoB F

A A0, MOy: D
4 \
pd \
+/ \\
\
Is \
\\ \ 2p,
\ O
\ yaz
\ /
\_H_/
a

P u c. 149. Oneprerudeckas auarpamma (@) M cxeMa o6pasoBaHusl OpOU-
tanei (6) vona HF; 205



M OOMH 3a CYeT 3apsifla MOHA) PACHPENeIsIOTCS Ha MOJIEKYJISADHBIX CBABbIBaolled
o~ W HecBsA3blBawllel o -opbutansx. HaxokieHue IEKTPOHOB Ha MOJIEKYJSIPHOM
HecBASBIBAOMIeN ¢°-OpOUTaiM COOTBETCTBYeT KOHIUEHTPAUMUM UIBGBITOUHOTO OTpHila-
TeJILHOTO 3apsiia Ha KOHIEBbIX arToMaX. CiieHoBaTeNbHO, FMAPOreHaT™MOHbI TUNE

HX5 nomxasl 6b1Th Haubolee CTaGUILHBIMHM B TOM ciydae, koria X — Hauboiee

OUIeKTPOOTDUIIATENbHEIE aTOMbl WM MX rpynmupoBku. Tak, B uone HF, cBssb
TIOYTH B TPU pasa NpoyHee MEXMOJIEKYJSPHOI BOMOPOJLHOM CBSZM.

BosnblmiMHCTBO TUAPOrEHATOB MOMKeET CyUIeCcTBOBaThH JIMLIb B HEBOLHBLIX WJIHM
HACBILUEHHBIX BOJHBIX PACTBOpaX, a TaKke B TBEDAOM COCTOSTHUM.

AToMBI BOHOpOJla BXOLAT Takke B cocTaB ruppocosieit tvma NaHS, NaHCOsg,

NaHSO,. I'pymnei HS™, HCO;, HSO; MoryT cyuiecTsoBaThb B BUAe CBOGOIHBIX
MOHOB, Ha3bIBAE€MbIX COOTBETCTBEHHO 1u0pocyabfud-, wuopoxapbonam— U wopocysy
gam-uoHaMu. CTDYKTYpa TaKMX COJIE B TBEDAOM COCTOSIHMM TaKke OBYCIIOBIMBA—
eTcsi BOJOPOJHOM CBsA3blo. Hike cXemMaTuveckM MOKa3aHa CTPYKTypa I'MIpokapbo-
Harta Hatpusi NaHCOg:

0.0 OO0 00
o S R P R
O OO OO0 O
ONa* ec 00 «H

Merawmyeckue coefnennsi Bofopoaa. MeTalnMdecKrMu CBOMCTBaMM o6jaia-
10T BOJODOIHBIE CBSI3KM COSAMHEHMS - M fOIIeMEHTOB. JTU COENMHEHMs NOJy4atorT-
€1 B BUlle METAJUIONOA0GHBIX TEMHBIX IIOPOIIKOB WJIM XPYTIKOM MacChl, UX BIIEKTPH-
qeckasl TPOBOAMMOCTL Y TEIJIONPOBOLHOCTS THUMMYHBL [UISI METAJUIOB. JTO THUAPUABL
HeCTeXHOMETPUYECKOTO cocTaBa. Mieann3ypoBaHHbBIA COCTAE METAJUIMYECKUX THAPU-
IOB 4allle Bcero oTseyaer ¢opmynav MH(VH, NbH, TaH), MHy(TiH,, ZrH,, HfH,,
SCHZ) u MHQ(UH:;, Pa}{g).

O xapakTepe CBSsISM B CUAPUIIAX d- U fONeMeHTOB CYHIECTBYIOT aBe Teopuu. B
COOTBETCTBMM C OJIHOM U3 HUX BOJOPOJ BXOAMT B pelleTky B Buie moHa H*, a cBoit
ONIeKTPOH OT/aeT B 30HY IIPOBOAMMOCTU MeTasuinyeckoir CcTpyKTypbl. CorviacHo
JApYTOil TeOpMM aTOMBI BOJOpPOAa OepyT BJEeKTPOHBI M3 30HBI INPOBOJUMOCTU U
HaXO[ATCA B KPUCTAJUIMUECKON DelleTKe TMApPUAa B Bufe ruppua-uonoB H™. Mox-
HO IYMaTh, YTO B IlepHOAMYecKoii cucreme or [ k V rpymne umeer MecTo TMocTereH-
HBIA TePeXo]l OT MOHHBIX MMAPUAOB (THIa cojlefl) K BelecTBaM, B KOTOPBIX BOIOPOI
Haxonurcsi B Bujie H*.

CreflyeT OTMETUTB, 4TO NEpBbie TPU MeTajila KaXIOTo CeMeicTBa d-ONeMEeHTOB
(r.e. S¢, Tin V; Y, Zr u Nb, La, Hf u Ta) norsiomaior BoAOPOA €O 3HAUUTEILHBIM
OKB0TepMUYeckuM 5ddekToM. Hanpumep, oHrampnmuu o06pasoBaHUsl HEKOTODBIX
IMAPUIOB UMEIOT CIENYIOUINe 3HAYCHUA:
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SCH2 YHZ LaHg TIHQ ZI‘HQ
AH} 5990 BIR/MOMB i, -69 -186  -208  -144  -169

d-Merannst VI—VIII rpynm nmo oTHolleHMI0 K BOZOPOAY MaloakTUBHBL Tak,
oHTanbIMA obpasosanns FeHy Bcero —0,84 kJlx/Mosb. Vekimodenne cocrasiisier
na/utaiuil, KOTOPEHI IOrJolllaeT BOMOPOJ OYEHb AKTUBHO. AHOMaJbHOe NOBENeHHe
Na//Iafisl CBASBIBAIOT € €0 YHUKATLHOW OTeKTPOHHOU koHdurypaumeir (4410 —
"npoBan" IBYX 5S-3JIEKTPOHOB).

TUIpHABl MeTalloB 06pa3yroTcsl U3 IPOCTHIX BEIIECTB € NMOHMMKEHWEeM GHTDPOINMU,
Tak Kak McXollHble BelllecTBa TBepioe M rasoobpasHoe, a KOHEUHbIA NMPOAYKT TBep-
neit. [losToMy CHMHTe30M U3 BOAOPOAZ M METajla MOMHO TMOAYYMTEL TOJBKO Te
COeMHeHNs, 06pa30BaHue KOTODBIX COMPOBOXKAAETCA BblIesleHHeM OOJBIIOTO KOJIM-—
YeCTBa TEIUIOTHL. B NMPOTUBHOM cily4ae TMAPUABL ¢- U fOIeMEHTOB MOXKHO NMONYYUTh
JIMIUB KOCBEHHBIM MyTeM.

Merasummyueckue TUAPUABI UCIIONB3YIOTCA KaK BOCCTAHOBUTENIM IS NOJyHeHHs
TMOKPBITUST U3 COOTBETCTBYIOLIETO MeTaia, a TakXe VISl NOJy4eHUs MeTasjloB B
BUJe TopolikoB. B nocrennem ciyuae Merasui, HampuMep Ti mim V, Hacblmator
BOZOPOIOM, OGDABOBABIUMUIICSA XPYHNKMIA TUAPUI PACTUPAIOT B [IOPOLIOK M HarpeBaioT
B BaKyyMe, B pesyJibTaTe 4Yero OJydyaxT IMOPOLIOK MerTauia. Besencrsue rractuyi-
HOCTY YMCTHIX METAJUIOB MOJIYYUTb MX MOPOIIKA HPOCTHIM DACTMPAHMEM MeTavloB
He ynaercsi. ['MOpUA TWTaHa [PeNCTaBIseT MHTEpeC B KadecTBe ' Xpawmiuiia'
BOJIOpOIA.

Honygeane n npumenenne Bogoposa. [10ckobKY B COSMHEHUAX BOAO-
poA NpoABAseT cTeleHu okucaeHus —1 u +1, ero nmonyuenue B cBOGOIHOM
COCTOSIHMM OCHOBAHO Ha CJEIYIOIMX OKHUCINTENbHO-BOCCTAHOBUTEIBHBIX
npoleccax:

-1 +1 0
2H— H, 2H—H,
OKHUCJIEHUE  BOCCTaHOBJIEHWE

W3 ruapunos Boopos obpasyercs M IpH TMAPOJIM3eE, HAIPUMED:

-1 +1 0
CaHQ + ZHQO = 2H2 + Ca(OH)Q

-1+l 0
H+ H=H,

O6BIuHO ke mosy4aloT BOMOpoA u3 coepunenuit sogopoga (I). Tak, B
1aBOpaTOPHBIX YCJIOBUAX €ro NOJAY4YaloT B3aUMOJEHCTBUEM HUHKA ¢ COJA-
HOI UM CEepHON KUCJIOTOMN:

0
Zn + 2H* = Zn?* + H,
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B npOMBIMIZIEHHOCTH BOAOPOL, NOAYYAlOT IJIaBHBIM 06pa3OM U3 NPHPOI-
HBIX M MOOYTHEIX [a30B, NMPOAYKTOB rasuduKauuy TOIIMBa (BOAAHOIO M
IIAPOBO3AYLIHOTO ra30B) M KOKCOBOro rasa. IlpouM3BoAcTBO BOAOpPOJA OCHO-
BAHO Ha KATAIMTHYECKHUX DEAKIMSX B3aMMOLEHCTBUSA ¢ BOAAHBIM IapOM
(kOHBEpCUY) COOTBETCTBEHHO YT/IEBOLOPOAOB (IJIaBHBIM 06pasoM MeTaHa) W
okcupa yraepoza (I}, Hanpumep:

t1 4] °

0
CH, + H,0O CO + 3H,, AH),, = 206 xJlx

298

+1 0
CO + H;0 CO, + Hy, AH,, = 41 kllx

BoaopoA HONyYaloT Takike HENONHBIM OKMCAEGHWEM YIJIEeBOJOPOLOB, Ha-
npuMep:

+1 ' 0
2CH4 + O, = 2CO + 4H,, AH;% = =71 x]Jlx

B cBasu ¢ yMeHblueHueM 3alacoB YI/IEBOJOPOMLHOTO CHIPbA GOJIBINON
HHTepec NMpHOGpEeTaeT METO[ MOJYyYeHUsT BOLOPOAA BOCCTAHOBJIEHMEM BOZS-
HOTO NIapa PAcKaJIeHHBIM yIjeM:

+1 0
C+ H,0=CO +H,, AH,, =131 x[lx
Ilpu atoM obpasyercs tewepamopusiti 143. 3aTpaThl DHEPIUU Ha €ro
HOJIydeHHe MOXKHO CKOMIOEHCHPOBATh 3a cYeT PeaKIUy HeMOJIHOTO OKHCJle-
HUA yIiia:

C +1/,0, = CO, AH,, =-110 k/lx

[Ilpn KOMOGUHMpPOBaHMM 3TUX HPOLECCOB NOJYyYaeTcsd 8odaMol 13, COC—
TOALMIA B ocHOBHOM U3 cMecu H, u CO. -

Bonopos, nony4aroT Takke 3JEKTPOAUZ0M BOJBL.

W3 razosbix cMeceil ¢ GoAbIUM cOLEpKAHUEM BOJAOPOAA €0 BHIAEISAIOT
ri1y6OKHM OXJIAMIEHUEM CMeCcH. ,

Bomopoa mwmpoko ucnosbsyercs B XMMMUYECKOM NPOMBILJIGHHOCTH AJSA
CHUHTE3a aMMHaKa, MEeTaHOJa, XJOpHAa BOAOPOAA, [JIA THMIAPOTEHH3aluU
TBEPAOTO M KMIAKOTO TOMJMBA, *MpoB W T.n. B cmecu ¢ CO (B Buzme
BOASHOTO rasa) [pUMeHsieTcss Kak Towiueo. IIpM ropeHuM BOAOPOAa B
KUCJIOpOZle BO3BHMKAET BhICOKasa TeMmnepartypa (mo 2600°C), mospossomasn
cBapMBaThb M pa3pes3aTh TYTOIJIaBKHE MeTaslbl, KBapy u np. sKunkumi
BOJLOPOJ, MCIIOJIL3YIOT Kak OAHO U3 Haubosee 3(PPEKTUBHBIX pPEAKTHBHBIX
TOIJIUB.

B nacrosimee Bpems npobiema McOOAL30BAHUA BOJOPOAa Npuobpena
ocoboe 3HayeHMe. JHepreTUYecKHil Kpuauc, npobieMa 3alUTBl OKpPYXKato-
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et cpefr OT HENpepHIBHOTO M YTPOXKAIOIIEro Barpsa3HEHNA HePTLIO U

[POAYKTaM# CrOPaHMsSI OPraHMYeCKUX TOININB — BCeé 3TO CTUMYJIUDPYeT
pe3KOe BOBpACTaHME MHTEpeca K BOJOPOLY Kak "3KOTOTMYecKH 4ucToMy'
roproyemy. Bolopoa — ocHOBa XUMHYECKOW TEXHOJOTMM M IHEPreTHKHU
6yaymero.

B aTOMHO# BHEpreTWKe AJIA OCYLIECTBACHHA ANEPHBIX PeaKIUi CHHTe3a
reyivsi UMeroT 60Jiblioe 3HaYeHWe M30TONbl BOAOPOLA — TPUTUI M Aeid~-
TepuUil.

FJIABA 3 pDJEMEHTH VII TPYIIIIEI DEPUOJUYIECKOA
CUCTEMBHI I. 1. MEHIEJIEEBA

K »nemenTam riaemoit moarpymnnel VII rpymnmer ornocsirca ¢rop F,
xnop Cl, 6pom Br, uog I, acrar At:

F 1s22522p5

Cl 2522p63s23p5

Br 3s523p63d104524p®

I 4524p54410525p"

At 4524844104 f45525p65 d196 526 p5

COOTBETCTBEHHO 3JIEKTPOHHOM KoOHpurypauuu atomoB (OLMHAKOBasA
CTPYKTYPa BHELIHEr0 M NpPEJBHEIIHEr0 MeKTPOHHBIX cJI0€B) GpOM, MOI U
actaT OOBEJUHSIOT B OATpynny 6poMa; (pTOp M XJIOp OTHOCAT K THUIIMYec-
kuM snemenrtaM. OcHoBHBle KOHcTaHTH p-3j7emeHToB VII rpynmel mpuse-
JeHbl HUKE:

oF 17Cl 35Br sal ssAtb
BaJleHTHEIE ONIeKTPOHSI ..... 2522p° 3s23p° 4s24p5  5s25p°  6s5%6p°
ATOMHASA MacCCa .....ccccvnnnnn. 18,988 35,453 79,909 126,904 [210]
KoBanenriblit paauyc ato-

M2, HM cereeenieeeiinneeeannes 0,064 0,099 0,114 0,133 0,144
Pagnyc oHa 37, uM ........ 0,133 0,181 0,195 0,220 0,23
Ycen0BHBIT panguyc HoHA

DT HM v - 0,026 0,039 0,050 0,062
CponcTeo k anexkTpoHy, oB 3,5 3,6 3,5 3,3 -
OHeprusi MOHUBALNHU
303" 6B e 17,42 12,97 11,81 10,45 9,2
Conepskanyie B 3eMHO KO-
pe, % (MO, JOMH) ... 2,8:102 26:102 85:102 4-10% Cnenpt

Kak BupHO u3 3tux panubix, B paay F—Cl—-Br—I—At papuyc aroMos
YBEJIMYMBAETCA, 8 BHEPrUs MOHU3AUMK YMEHBIIASTCA. JTO CBUAETENLCTBYET
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06 ocnablieHUY NPU3HAKOB HEMETAJJINYEeCKOTO 3ilemeHTa: PpTop — Haubosnee
SIDKO BBIPDAXKEHHBIM 3JIEMEHT-HEMETaJlsl, a acTaT IIPOsBISeT yike HeKOTOphe
IIpU3HAKHU 3JIEMEHTa-MeTalja.

§ 1. ®TOP

@TOp B HEBO3OYHKHAEHHOM COCTOSTHHM MMEET IJIeKTPOHHYIO KoHpurypa-
HUI0: : .

[182]25’221)5 £ i -H ‘H- +
4w

2s

HajmuueM OZHOTO HEMApHOrO 3JICKTPOHA OOGYC/OBAMBACTCS CXOACTBO
¢ropa ¢ Bomoponom. OaHako pasnuyue B OOUIEM YMCJie BAaJEHTHBIX 3JIEKT-
POHOB U Op6uTaieil NpefONpeAesAeT 3HAYUTEIBHOE OTINYNe 3THX dJIEMEeH-
TOB Apyr ot Apyra. CremeHb OkMciaenus (HTOpa KaK CaMOrO 3JIEKTPOOTDY-
HATeNBLHOTO a/ieMenTa (4,0) npuHUMaeTcss paBHOM —1.

@rop — HOBOJBLHO PACIPOCTPAHEHHBIM 3JIEMEHT, M €ro cOAepkaHHe Ha
3emne coctasasier ~0,03 % (Mon. pommn). W3 munepanos ¢ropa Haubomb-
mee 3HadeHue uMerr CaF, — naasuxoowd wnam (Parwopum), NaAlF, —
xpuoaum u Cas(PO4)sF — dmopanamum. @ropucTeie coenUHeHUs comep-
KaTcA B OpraHM3Me 4deJOBeKa (B OCHOBHOM B 3y6ax M kocTsix). B npupoge
BeTpedaeTcsd TONBKO oauH uzoron !°F. HcexyccTBeHHO monydeHn! Masioyc-
TOM4YMBBIE W3OTONEL (¢ MaccoBHIMU uMciaMu oT 16 mo 21).

Hlpocroe BemectBo. drop 06pasyer ABYXaTOMHbIE MOJIEKYJdbl Fy, 4To
COOTBETCTBYET BJEKTPOHHOI Kondurypanuu (cMm. Taba. 8):

030:2 Ugﬂ;yw;‘}y.

-Ilocko/MbKy Ha CBA3BIBAIOMMX OpOUTANAX HMMeeTcsl Ha [Ba 3JIEKTPOHA
60JIbllle, YeM Ha PaspHIXJIAIONIMX, NOPSALOK CBSI3UH B Mojekyne Fy npunu-
MaeTcesi paBHBIM 1:

P

Monekyna ¢ropa F, nmeer otHocHTenbHO HEGOJMBLIYIO Maccy W AOCTa-
TOYHO MNOJBHIKHA, NO3TOMY (GTOp B OOBLIUHBIX YCJAOBUSX — ras (CBETJIO-
KEJITOrO IBeTa), 06rafaeT HU3KOH Temmeparypoil maasnenus (—223°C) n
kunenns (-187°C).

DTOp MCKIIOYHTENBHO AKTUBEH XUMMUECKH, OH — CHJIbHEMIINA OKNCIN-
Tesb. BrIcOKkada XuMMyeckas aKTHBHOCTb GTOpa OOBSCHSIETCH TEM, 4TO €ro

MOJIGKYJla UMeeT HHM3KYI 3Hepruw auccoumauuu (159 k/lk/Mons), B TO
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BpeMsl KaK XMMHYecKas CBA3b B GOJBIIMHCTBE COEMHERMit ¢bTopa OTIAKMYa-
ercs Gonbiioft npoynocThio (nopaaka 200—600 kx/mons). Ilo o6pasnoMy
BhipaxeHu1o akan. A.E. ®epcmana, ¢Top "Beechepaomumii". B armocdepe
dTOpa rOpAT TaKHe CTOMKME BOIEeCTBa, KAk CTEKJIO (B BUE BaThi), BOJA:

Si0; + 2F; = SiF4 + Oy 2H,0 + 2F; = 4HF + Oy

B 5TUX peakuusaxX B KadecTBe OJHOTO U3 MPOAYKTOB ropeHust o6pasyer—
€Sl KUCJIOPOZ, T.e. QTOp KaK OKHCAHUTEdb CHIbHES KUCIOPOAa.

MCKJIIOUUMTENBHO aKTHBHO NpOTEKaeT B3auMojeiicTBue ¢ropa c 6om>—
ImEHCTBOM MpocThix BemecTs. C cepoit U (ocopoM OH B3aHMOAEHCTBYET
JlaXke pH TemiepaType xuaxoro sosayxa (—-190°C):

S + 3F, = SFs, AHq, = -1207 sl

2P + 5F, = 2PF5, AH,, = -3186 xllx

(Drop OKMCASAeT Jaxe TAK Ha3biBaeMbie GJIAropOJHBIE ra3bl:

Xe + 2F; = XeFy, AH,,, = —252 rllx

Henocpencteenno (TOp He B3aMMOJGHCTBYET JHMIUL C TeJIMeM, HEOHOM H
aproHOM.

Coepmuenns ¢rropa (—I). B cooTBercTBUN ¢ 3aKOHOMEDHHIM M3MEHEHHEM
XapakTepa 3JIEMEHTOB MO II€PHOJAaM M TpyNmam IepUOIMYECKON CHCTEMBI
3aKOHOMEDHO U3MEHAIOTCA W cBOicTBa (TOPUAOB, HAPUMEP:

OcHOBHO-KUCTIOTHAS NaF MgF, AlF, SiFy PFs ‘SFG (CIFs)
npupoaa OcHOBHasi  aMdoTepHasi KUCIIOTHAA
AuMOHHbIE KOMIIEKCHT — - AIF§ SiFZ PF; SFq (ClIFg)

Honnsle GTOPHAB — KPUCTAUIMYECKHE BEIIECTBA ¢ BHICOKOW TeMmmepa-
TYypoil HnaBieHusA. KoopauHanuonHoe uucsao ¢ropua-uona 6 (NaF) mau
4 (CaF;). KoBanenTusle GTOpUABL — ras3bl WIN KULKOCTH.

IIpoMexkyTOUHOE MOONKEHUE Mek Ay MOHHBIMA M KOBaJIeHTHRIMM (bTOpH-
JaMM 3aHMUMAaioT (PTOPUAB ¢ BHICOKOH CTENIEHBLIO HMOJSAPHOCTH CBA3H, KOTO—
pbleé MOXHO Ha3BaTh MOHHO-KOBAJIEHTHRIMM coequHeHMsAMU. K mocaemuum
OTHOCATCA, Hanpumep, Kpucrannudeckne ZnF,, MnF,, CoF,, NiF,, B koTo-
pPHX 3¢pdeKTUBHBIE 3apAAL MOTAJUIMYECKUX IJIEMEHTOB cocTaBiasiior 1,56;
1,63; 1,46; 1,40 coorBeTcTBEHHO.

Mmuorne ¢TOpHAB METANIOB B HU3KMX CTENEHSIX OKUCIEHHA NOJIYydaroT
neiictBueM pacteopa HF Ha oxeupnl, ruapoxcuasi, kap6oHaThi M mp.,
HanpuMep:

3HF + AI(OH); = AlF; + 3H,0
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Dropuibl HEMETANJOB U METalJIOB B BBICOKHMX CTENEHAX OKUC/SHHUA
HOy4al0T (TOPUPOBAHMEM TPOCTHIX BEIECTB MM HUBMUX (GTOPHAOB,
Harnpumep:

CIF + F, = CIF;

BoapmuucerBo  kpucrannudeckux ¢GTOPUAOB HEpacTBOPUMO B  BOJE.
Xopouio pacTBOpPAKTCA JAUIb (HTOpULB s-dleMeHToB | rpymumbl (Kpome
LiF), a Takxe AgF, HgF,, SnF, u nexoropwie apyrue.

Mo xuMuyeckoit npupoge HOHHBE QGTOPUAB ABAAKTCSA OCHOBHBIMMI
COR/IMHEHUSIMY, a KOBaJieHTHbIe (TOPUB — KUCJIOTHBIMHU. TaK, B peaknuu

2NaF + SiFy = Nay[SiFg]
OCHOBHBI KMCJIOTHBIN TeKcaTOPOCUIIMKAT
HaTpUst

Ilo Mepe ycuseHUs KMCJIOTHONW MPUPOAB (PTOPHUIOB, HalpUMep B PAAY
MgF,—AlF;—SiF,, ux B3auMoaeicTBUIO ¢ OCHOBHEIMH (PTOPHIAAMHU OTBEYAET
YBEJIMUYEHNE OTPULATEILHOTO 3HadeHus AG°:

NaF(x) + MgFy(x) = NaMgFs(x), AG,, = -14 w/lx
NaF(x) + 1/3AlFs(x) = 1/sNagAlFg(k), AG,, = ~26 x]lx
NaF(k) + 1/5SiFs(r) = 1/;NaSiF(k), AG5e = -51 wllx

OcuéBrple ¢TopuAB UpM TUAPOAU3e CO3AAIOT IIEIOUHYIO cpeny, a
KHCJIOTHBE PTOPUIB — KUCJIOTHYIO:

SiF, + 3H,0 = H,SiO; + 4HF

KM CIIOTHBINA

AMdoreprble GTOPUABI B3aUMOAESNCTBYIOT Kak € OCHOBHBIMM, TAK M € KHCJIOT—
HbIMU (DTOPUIAMH:

2KF + BeF, = K;[BeF,]
KaK KHUCJIOTHOE
coelIMHeHne

BeF; + SiFy = Be[SiFg)
KaK OCHOBHOE
coennHerye

KommiiekcHble ¢ropuabl BecbMa pa3HooBpasHbl (cM., Hanpumep, Taba. 31).
Koopmuraurontoe uucio no ¢rTopy Wi 5jeMeHToB 2-To Tlepuoia pasHo 4, Is
QJIeMEHTOB JIPYTHMX TEPUOJOB KoopAuHauuonsoe wumcno 6. Kpome Toro, nmetorcs
KOMIIEKCHBle (DTOPUIBI, B KOTOPbIX KOODHMHALMOHHOE UYKUCIO KOMIUIEKCOOBGpasoBa~
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tensi paHo 7, 8 u 9, nampumep: Ky[BeFy), Ka[AlFg), K3[NbF7], Ky[WFg],
Kz[R.ng].

OTH Ke NPUMEPBl TMOKA3HIBAIOT, 4YTO BO ¢HTOPOKOMILIEKCAX cTaGUIM3UDPYeTCs
BbICIIAS CTENEHb OKUCIIEHUS] 1IEHTPAIBHBIX ATOMOB.

poussonaHble ¢HTOPOKOMIIIEKCOB npeucTa&nﬂb’r cobol1 NpeuMyllecTBeHHO WOH-
HBle COeIVHEHHs NMGO OTHOCATCA K CMellaHHbIM dropuiam (Hampumep, BeSiFg).
Coenunenust ¢ somopomom tuna HBF4, HPFg, H3SiFe B cBOoGomHOM cocrostHME
Heycroitunsel. Ux BoaHble pacTBOphl — OYeHb CHUJIBHBIE KMCIOTHI.

Monekyna ¢ropuaa sogoposa HF cuabso nomsipua (p = 0,64-1072°
K- m, 6H = 0,44+, 6F = 0,4—) ¥ uMeeT GOJBUIYIO CKJIOHHOCTb K aCCOLHa-

LMK 3a c4YeT BOJAOPOAHBIX cBA3€d B 3ur3aroo6pa3Hme merun:

H

& ,
RN
s

[oaTomy (pTopua BOJOpPOAa B OOBLIYHBLIX YCJAOBHAX — OGECIBETHAA HKUAKOCTD
(r. nn. -83,4°C, 1. kun. 19,5°C) ¢ pesknm 3amaxoM, CHJILHO [BIMAINAS Ha
BO3AYXE.

®ropua BOAOPOAa OBLIYHO NOJYYAIOT JEACTBUEM CEPHOW KUCJIOTHI Ha
- ¢mzoopur:

CaF; + H,S04 = CaSO4 + 2HF

Jlaxe B COCTOSIHMM rasa (TOPUI BOJOPOJa COCTOUT U3 cMecyu mnoimuMepos HoFo,
H3F3, HyFy4, HsF5, HeFe. Ilpocthie Monexysibl HF cyniectByior nuimib npu Temnepa—
typax Bbile 90°C. Bolencteue BbicOKO MPOYHOCTY CBS3M (SHEPIUS MMCCOUMALIMM
565 wJk/Monb) TepMudeckuit pacnan HF Ha aTOMBI CTaHOBMTCSA 3aMETHBIM Bblllle
3500°C.

CoGerBennas uonusaums xuaxoro HF nesHaunrtesmra (K = 2,07-10711).- Ona
TIDOMCXOJNT NyTeM MePexXofa MPOTOHa (MM COOTBETCTBEHHO (HTOPUA-MOHA OT ONHOM
MOJIEKYJIbI K [APYToil, CONMpPOBONAAIOUIErocss MpeBpalleHreM BOXOPOIHOM CBA3M W3
MEeXMOJICKYJISIPHOM B MEXATOMHYI0 M B KoBasleHTHylo. [Ipu oToM o6pasyiotest colb-

BaTMpOBaHHble @moponui-uon FH; u gmopowdporenam—yion HF; mo cxeme
H—F---H—F---H—F = [H—F—H]* + [F---H---F]
umm
HF---HF---HF = FH; + HF;

HKunkuit dropun Bogopoaa — CUIbHBIT MOHUSUPYIOIKH PacTBOPUTENb.
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B HeM xopouwo pacrtBopsiiorcsi Bofa, GTOPUILL, CyJIbdATEl ¥ HUTPATb! $-OJleMeH~
ToB | TpyNIBI, HECKONBKO XyxKe aHAJIOIMYHble COeIMHEHMsi soneMeHTos II rpymmsl
IIpn oToM pacTBOpeHHble BelllecTBa, oTHMMas oT Monlekyn HF mporoHs!, yBesuMpa—

10T KOHLIEHTpallMio oTpulatesnbibix noHoB (HF3), T.e. Beayr cebst Kak OCHOBAaHMUS.
Hanmpumep:

KNO; + 2HF = K* + HNO; + HF;
Jaxe HCl u HNOj3 B 211X yeioBusix BeayT cebsi Kak OCHOBaHMS:
HCl + 2HF = CIH; + HF;
HNOj; + 2HF == NOzH} + HF;

a MHAWGGEPEHTHDIT B BOJle BTUIIOBBIA COUDPT B MUAKOM ¢dTopuie BoAopoja OKasbl-
BaeTCs1 TaKUM JKe CUJIbHbIM ocHoBaHMeM, kak KOH B Boze:

C,Hs0H + 2HF = C,H;0H; + HF;
B sxuaxoM HFE Benyr cebsi kak KucsIoThl BellecTBa — akuenTopbl (ropui-
uoHos, Hanpumep BF3, SbFj:
BF; + 2HF = FH; + BF;
SbF; + 2HF = FH; + SbF;
[Ipy pacTBOpeHMM KUCIOT YBENMYMBAETCS] KOHLEHTPALUS MOJIOKUTENBHBIX (HTOpO-

Hui-1onos FH3.
AM@orepHsMu coemHennsamn B suaxoM HF ssstorcs, nanpumep, dropums
amoMuHns M xpoMa (II):

3NaF + AlF,; = 3Na* + AIFY
KaEK KHMCJIOTHOEe
COeAHEeHNe

AlF; + 3BF; = AIR* + 3BFy
KaK OCHOBHOE
coeIMHEHNEe

@Topua BOAODPOJA HEOrPDAHMYEHHO pacTBOpsieTcsi B Boge. [lpu sTom

NPOMCXOAUT MOHM3anus Mojekyn HF ¢ o6pazopanuem uomos OHji u F-.
[Tocnrenuue, p3anmopeitcTys ¢ Monekynamu HF, o6pasyior ¢roporuapore-
HaT-UOHBI:

HF + HLO=OH; + F-, K =7,2-104
HF + F-=HF;, K=5,]1
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Wi cyMMapHO i
2HF + H,0 == OH} + HF,

Pacteop HF (dbroposogopomHas KucI0Ta) sABAAETCA KHMCJIOTON cpefHeit
CHJIBL.

B pacteope comepxarca Takke KoMItekcHele uoHnl HoF3, HsFy, HpFp..
[losroMy mpM HelTpanu3alMu pacTBOPOB (bTOPOBONOPOAHON KUCIOTHL 06pasyrTest
He ¢ropunsl, a droporuaporenarst tuna K[{HF,] (r. m1. 239°C), K[HsF3] (r. mo
62°C), K[HsF4] (1. mn. 66°C), K[H4F5] (r. mn. 72°C). 3t coenmHenus, Kak
NPaBUJIO, XOPOUIO KDPUCTANIM3YIOTCA M IVIABATCH 6e3 pasyioskeHwsi. [upporeHaT-
HOHBI WMeloT auraaroobpazyio dopmy. OHu 06pa3oBaHbl 3a cueT BOLOPOIHON
cestan. TepMmuueckoe pasinoxkerue (hTOPOTMAPOTEHATOB MCIONIB3YETCs LIS IOJIyde-
uust HF:

K[HnFpa] = K[HuFn] + HF

XapakTepHas OCOOEHHOCTH (HPTOPOBOAOPOLHON KMCIOTH — €€ CIocob-
HOCTb B3aMMOJIECTBOBATE ¢ JUOKCHUJIOM KPEMHUA:

SiOa(k) + 4HF(p) = SiF4(r) + 2H,0(xk)

INosroMy ee OOGBIYHO XpaHAT HE B CTEKJISIHHON mocyde, a B COCYAaxX U3
CBUHIA, KayuyKa, NoausThaAeHa uian napadpuna. OHa TOKCUYHA, NP NOMa-
JaHNA Ha KOXKY BBI3BIBAaeT IIJIOXO 3a’KUBaloIue GOJIe3HEHHbIE A3BbI.

OTOpOBOAOPOAHAA KHCJIOTA [pUMEHsAeTc JJad TpaBJIeHUsA CTeK/a,
yAaleHus NecKa ¢ MeTaJUIMYeCKOro JIWThA, MOJy4eHUs $TOPUAOB U T.A.
@TOpHUA BOAOPOAA B OCHOBHOM UCHOJB3YETCA B OPraHUYECKOM CHUHTE3e.

Honygenwe u npmmenenme cropa. Wz-3a BLICOKOH OKHCAMTENBbHON
aKTUBHOCTU (PTOpa U OOJBINOK MPOYHOCTU €ro coefuHeHui ¢rop noayda-
IOT B CBOOOJHOM COCTOSIHUM 3JIEKTPOJU3OM €ro paclfaB/leHHBIX cOelu-
HEHUN.

Benencreue BRICOKO#M XMMUYECKON aKTUBHOCTH (PTOP BBI3BIBAET KOPpPO-
3UI0 MOYTH BCeX MaTepHajioB. B KkavecTBe MaTepuasia amnapaTypbl AJs
nosy4yeHusi GpTOpa, €ro XpaHEHWs W NEPEBO3KM HMCIOIb3YeTCsi HUKedb (U
€ro CIVIaBbl), KOTOPHI YCTOWYUB K AeMcTEMIO BTOpa 3a c4eT 06pa3oBanus
samurroit nueHku NiF,. B nemom upo6iema 3ra paspenieHa, u ¢Top B
60NBIINUX KOTNYECTBAX MEPEBO3UTCA B aBTOIUCTEPHAX.

Hlupokoe npumenenune ¢propa Hayaldoch B CBA3KM ¢ paboTaMu 1O pasjge—
JleHuo 130TonoB ypaHa (B Buie #5UFg n 28UFg) nuddysuoHHbIM METO-
noM. B HacTosuiee BpeMms (TOp IIMpPOKO NpUMEHsieTCsl AJSL CHHTE3a pas-
JIMYHBIX XJ1aJareHTOB U MOJHMEPHBIX MAaTepUasioB — (GTOPONJIACTOB, OTIHU-
YAIOIIKUXCA BBICOKON XMMMUYECKOW cTOiKOocThiO. JRuakuiit ¢1op u pan ero
COGIUHEHN] NPUMEHAIOT B KauecTBe OKMCJIUTEJIEH PAaKeTHOr'O TOILIUBA.
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§ 2. XJIOP

X0p — HENOJHBIN JIEKTPOHHBIA aHajor Qropa:

[1522522p8] 3523p5 E -H. -H- +
T

3s

AToM xJ0pa MMeeT OJMH HeNapHBIH JIEKTPOH, YEM M IpefonpenensieT-
cA ero cxoactBo ¢ GTOpoM U BoAoponoM. B To ke Bpems y xjopa IO cpas-
HEHUIO c0 (TopoM Gosbiie pa3Mep BaJIeHTHHIX OpOUTasieli, ropa3fo MeHb-
e 3HaYeHWe DHepruy uoHusanum Fy, 3aMeTHO GoJibHIe CPOACTBO K 3JIEKT-
pony E., Gosnpiiasg Nojsipu3yeMOCTh aTOMAa:

Top6, HM E,, oB E,, 9B
0,036 17,42 3,45
0,072 12,97 3,61

B GOABIIMHCTBE COSMHEHUI XAOD KaK CUJIBHO 3JI€KTPOOTPMUATENbHbIN
snement (DO = 3,0) BhICTYNaeT B OTPUIATENBHON| CTENEHH OKUCJIEHUA —1.
B coepumnenusix me ¢ 6oJiee 31eKTPOOTPUUATENLHEIMY (PTOPOM, KHCJIOPO-
JOM W a30TOM OH NPOABIAET HNOJOMUTEIbHBIE crenedu okucieHna. Ocobo
pa3sHoOOpa3Hbl COEAMHEHWsT XJIOpa ¢ KHCJIOPOJOM, B KOTODHIX CTEHEHH
okucaeHusa xmopa +1, +3, +5 u +7, a takxke +4 u +6.

X/I0p — THUOUYHBIA HeMeTa/IMYecKuil snement. CledoBaTenbHO, A
Hero HauGojee XapaKTepHa TEHEHIMs IPU XUMUYECKUX HPEeBPAIICHUSX
06pa30OBBIBATL IPOCTHIE U CJIOHHBIE AHUOHDL.

XJIOp OTHOCUTCS K JOBOJIBHO PACIPOCTPARHEHHBIM Ha 3eMJIe 3JIeMEHTaM.
Berpedaerces OH r1aBHBIM 06pa3oM B BUJe X 1O P U [ O B — COSMHEHUN
¢ HanboJsiee YCTONYUBLIM COCTOAHMEM OkMcileHus xyopa. M3 Hux Hambonee
BakHBIMK MuHepanamu sipasitoress NaCl — xawmennas coas, NaCl-KCl —
cuassunum, KCl-MgCl,-6H,0 — xapuaaaum. B orpomHoM konudectse
XMOPUABI COHEPIKATCS B MODPCKOIN BOJE, BXOIAT COCTABHON YacThiO BO BCE
JKUBBIE OPTAHU3MBI U TIp.

B mpuponswix coemuHeHusix XJop HaxoauTcesi B Buae usoronos 35C]
(75,53%) u 37Cl (24,47%). KpoMe TOro, MCKyCCTBEHHO MOJYYEHBI €ro pa-
JTUOAKTUBHBIE H3OTOIIBI.

Hpocroe BemecTBo. Mosekyna xjopa, nogo6Ho Mosekyiae dTopa, ABY-
xaTOMHa. Jueprusi aucconmanuu monexyns Cly 6oavme (243 wlx/Mons),
gem F, (159 k/x/Mone). Pacnag MONeKyJbl xJ0pa Ha aTOMBl CT@HOBHMTCS
3amerHbIM, HaduHas ¢ 1000°C.
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Béabvmyo yeroituupocts Mosnekynst Cl; mo cpapmenmio ¢ Fp Moxno
OBBLACHUTL TEM, UTO B MOJIeKYJe Fy HecBA3BIBAIOIIME DJIEKTPOHB! OTTAIKU-
BAIOTCA APYT OT Apyra CUjibHee, 4eM B 60Jiee KPYIHOl 11O pa3MepaM MoJie-
kyne Cls.

Cornacno Opyroit Touxe apenusi B monekyie Cly, B ommdMe oT Monekyibl Fo,
uMeeTcs m-CcBAsbiBaHUe. [locilefiHee BOBHUKAET N0 IOHODHO-AKIENTOPHOMY MeXaHW3-—
My 3a cuYeT HelolesleHHOM SJIEKTPOHHO! Naphbl OQHOTO aToMa U cBOGOJHON 3d-op6u-
ramu apyroro. Cumutaercs, yTo NopsAnok cBsisd B Mosekyse Cly cocrapnsier 1,12

B OOBIYHBIX YCJHOBUAX XJOP — Fa3 XKEITO-3eI6HOro Lpera (T. mia. —
101,0°C, 1. kun. ~34,2°C). Orpanuyenno pactsopsiercs B Boge (1 o6bem
BOZABI PacTBOPAET OKOJIO 2 06beMOB xuiopa). [Ipu OxMakIeHUn W3 BORHBIX
PACTBOPOB BBIAEJSIOTCS KPUCTAJIOTUAPATH, SABASIOIMECS KJIATpaTaMu
npubauzurensroro cocrasa Cly-6H,O u Cly-8H,0.

X710p — aKTUBHBINA OKUCAUTENb:

1/:Cly(r) + e = Cl(r), AG,,, = -240 rllx
1/:Ch(r) + ¢ = Cl{p), AG,, =-131 xlix

OH BecbMa HEPIrHYHO pearupyer ¢ MeTajljlaMu U GOJIBIIUHCTBOM HeMeTaml—
a0 (3a uckinouenueM Oy, N, M 6JaTOPOJHBIX Ta30B), JErKO OKHCAAET
MHOTHE CJIOXKHBIE cOeIUHEeHUA. BOcCcTaHOBUTENIBHBIE CBOMCTBA XJIOP IPOSB-
JAeT JUIMb 0P B3auMOAeHcTBHU ¢ ¢TopoM. BeTynmaer Takke B peakiiuu
JMCIIPONOPLMOHUPOBaHUSA, IJIs IIPOTEKAHUA KOTOPHIX Hapbosee Gmaronpu-
ATHa HIEJIOYHAA Cpefa, CHOocOOCTBYIOMaA 06pa30BAaHUIO IPOCTHIX M CJIOXK-
HBIX aHWOHOB:

3Cl; + 60H” = 5CI" + ClO; + 3H,0
3Cl; 4+ 6NaOH = 5NaCl + NaClO; + 3H,0

Coepunerna xnopa (—I). Xapakrep XMMUYECKO# CBA3M, & CIICAOBATENb-
HO, U CBO#iCTBa XJOPHUAOB, Kak U (PTOPUIOB, 3aKOHOMEPHO U3MEHSIOTCA MO
rpynmaM U nepuomam 3ieMeHTOB (cM. puc. 131). Tak, B psany xmopupos
3JIEMEHTOB JaHHOIO MepUoAa THUIl XUMHYECKON CBSA3M W3MEHAETCS OT Hpe-
MMYILIECTBEHHO MOHHOH B XJIOPUAAX TUIHYHBIX METaJJIOB IO KOBAJIEHTHOU
B XA0pUAax HeMmeTannoB. VloHHBIE XJ0pUAB — TBEPIBIC KPUCTAIIWYECKUE
BellecTBa ¢ BHICOKUMH TeMIepaTypaMH IIaBJeHUsA, KOBaJleHTHBIE XJIOPH-
Ibl — ra3bl, XUIKOCTH WM ke JIEPKONJIaBKUE TBepAble BeiecTBa. [Ipome-
JKYTOYHOE HOJIOKEHUE 3aHUMAaIOT HOHHO-KOBAJIEHTHBIE XJIOPU/IBIL.

Honnble xnopuabl (XJOpUAB METANIOB) NPOABAAIT OCHOBHBEIE CBOM-
CTBA, KOBAJIEHTHbIE XJIOPUIBI (XJOPU/IBI HEMETAVIOB) — KUCJIOTHBIE, Ha-
npuMep:
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NaCl MgCl, AlCl, SiCl; PCls  (SbCl)

T, *C o 800 714 193 =70 159 -
Ky cnoTHO-0CHOBHBIE CBOMCTBA (Bosr.)
XITOPUIA evveiieiiieaiiaeiiaenennn OcHoBHBIE AMdorepHBIE Kucnornere

OcHoBHbIE XJOpUABI TUAPOAU3Y NPAaKTUYECKM He II0JBeprarTcsa, a
KHUCJIOTHBIE TUADOJNU3YIOTCA IIOJTHOCTBIO H H906paTI/IMO & O6paBOBaHHeM
KHCJIOT:

SiCly + 3HOH = H,Si0; + 4HCI

Pasnuune cBOICTB XJOpUIOOB pasHOTO THHA [POABIAETCA TaKKE B
peakIMAX Mexay coboit, HalpuMep:

KCl + AICl, = K[AICL]

OCHOBHbBIVT KUCJIOTHLIN

Ilpu atoM ocHOBHBle XJIOpUAB (3a cuer xiopuz-uoHos Cl7) sBasroTes
JOHODaMU IeKTPOHHBIX Nap, a KUC/IOTHBHE — akuenmtopaMu. AMdoTepHbie
XJOPU/B B3aMMOJEHCTBYIOT KaK ¢ KUCJIOTHBIMH, TaK M ¢ OCHOBHBIMU COe-
JVHEHUSAMU.

BonbIIMECTBO X/IOPUOB METajIOB XOpPOIO pacTBOPUMO B Boje (3a
uckniogyednem AgCl, CuCl, AuCl, TICl u PbCl,).

X/I0puIBl NMOMYYalOT XJIOPUPOBAHMEM NpPOCTHIX BEIIECTB XJIOPOM KM
CYXUM XJIODUIOM BOAOPOAA! ‘

2Fe + 3Cl; = 2FeCly
Fe + 2HCl(r) = FeCl, + H,

B3aNMOJEICTBIHEM OKCUAOB ¢ X/opoM (ubo ¢ xmopugamu, dacro ¢ CCly) B
NPUCYTCTBUM YIJLA:

Ti0,; + 2Cl, + C = TiCly + CO,

Boabmoe npumeHnenme B Texuuke umeer xuopuz sopoposa HCL B
o6piuubx yeaosuax HCl — 6ecuperswit ras (r. mu. — 114,2°C, 1. k. —
85,1°C). B DpOMBIIVIGHHOCTH €ro NOAY4aloT CHHTE30M H3 MNPOCTHX Be-
1IeCTB:

Hy(r) + Cly(r) = 2HCI(r), AG,, = -190 x/lx

Xsopug BomopoJa odeHb Xoporo forsomaercs ogoit (1 o6vem H,O npu
20°C nmornowaer oxoino 450 o6vemos HCI). Bognwii pacteop HCl — cunp-

wast kucaora (pK; = -7,1), nasbisaeMas coasmou. Kak cuiabHas kuciora
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HCl HaxopuT mupokoe NpUMEHeHUe B TeXHUKe, MeIUIUHe, JabopaTOPHOH
NpakTHKE. XJOpPOBOAOPOAHAA KMUCIOTA BXOOHT B COCTAB IKENYAOYHOrO
CcOKa.

Ilpy faeiicTBUM CUABHBIX OKMCAWTENEH WM IPH 37eKTPOJIU3e XJIOPUIbl
NpPOABAIOT BOCCTAHOBUTENbHEIE cBOHCTBA. TaK, KOHUEHTPUPOBAHHAA COJISA~
Hasd KMCJAOTa NPOSABJAAET BOCCTAHOBUTEJbHEIE CBOMCTBA NIPH JEACTBHH Ha
Hee OKcuZa Mapranua (IV):

MnO; + 4HCI = MuCl; + Cl; + 2H,0

D10l peakiueil HONMLIYIOTCA B 1abOpaTOpUU JJIA MOJTYYSHUs XJI0pa.
[pu HarpeBaHUU XJIOPHUJ, BOAOPOJAA OKUCJIAETCS KUCAODOAOM (KaTaliv-
satop — CuCly):

4HCI(r) + Oa(r) = 2H,0(r) + 2Cly(r)

Peakuya compososkaaercsi yMeHbllleHueM sHTponuu cucreMsl. [losromy
corsmacio AG = AH — TAS ¢ ysenuduenuem temnepatypsl A G peaknun
upuobperaer MOJOKUTENILHOE 3HAYEHUME M [poLecc [pOTeKaeT BJIEBO.
OTOT mpUMep WIIIOCTPUPYET OTHOCUTENLHOCTh HAIIMX HOHSTUM O CpaB-
HUTEJILHO ~ OKMC/IUTEILHO-BOCCTAHOBUTENBLHOM — aKTMBHOCTM  BEILECTB.
B pacemaTpuBaeMoM ciiydae npu HEBBICOKMX TeMIeparypax 0oJjiee CHJb-
HBIM OKMCJINTEJIEM OKa3bIBAETCS KUCJIOPOX, IPH BBICOKMX TEMIEpaTypax —
XJ10D.

Coenunerna xnopa (I). Crenenn oxkucsienusi xynopa +1 nposasisercsa Bo
dropugne CIF, okcune Cl,O u vurpune ClgN, a Takme B cOOTBETCTBYIOIUX
uM anuonax [CIF,]", [CIO] u [CIN]?~:

CIF  CLO  CLN
[CIF)] [CIO]  [CINJ®

O6muit 0630p 6uHapHBIX coepauHennii xnopa (I) npusenen B Taba. 32.

W3 Ounapubix coeaunenuit xsiopa (I) OTHOCHTENBHO YCTOMYMB JIMIIL
CIF — cnabo sk3orepmudeckoe coeunenvie. MoHodTopua xiaopa obpasy-
erci npu HarpeBanuu cyxux Cly u Fy (Bhime 270°C). Hurtpun ClsN wu
okcns ClyO — sngorepmuueckue coeiunenus U Heycroiuusbl. Oreun ClL,O
paciagaerca co B3pbBoM Ha Cl, 1 O, npu He6OJBIIOM HArPEBaHUM, IpU
COIIPUKOCHOBEHMM ¢ OpPraHMYeCKUMHU BELIeCTBAMU M Jaxe NpH HepeiuBa-
HUM B MUAKOM coctosiiuu. [Tockonbky sHeprus ['m66ca obpasosanus Cl,O
v CI;N — Benuumga NONOKHTENbHAS, TH COCAMHEHUS NONYYaroT KOCBEH-
HBIM NyTeM.
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Ta6nuua 32 Bunapubie coefuuernsi xopa (I)

=
Coenu- Crpykrypa g . ¢> | ArperatHoe .a "
HeHue MOJIEKY b 3 o ¢ | cocrosnme B | 5 § & §
- - : e 5
22| e s EeE
L | = = 4 Fa R
Oropup 0,16 uM 0,22 [-154 | -101,1] Becuser- -50 |-51
CIF Cl-F HBUA Ta3
raHTesIbHAA
Oxcun ol 0,26 |-121 | -3,8 | emro-wo- | +76 |+93
\D) "
ClL,O N el PUYHEBBIA
ras
yTIIoBasi
N
Hurpun - =27 + +71 Temuo-xen- |+230 | -
Clezz--2\c-»Cl
ClaN 7777~ P TOE JIETyuee
Ci MacIo
TPUTOHAJILHO-TIUPAMU-
JasbHas

PunapHrele coenuHenus xiaopa (I) UMEOT KHCJIOTHEI XapaKTep, YTO
MOATBEPXKIAETCA, HAIPUMEp, UX OTHOLIEHUEM K BOJE:

CL,0 + HOH = 2HCIO
CIF + HOH = HCIO + HF
CI3N + 3HOH = 3HCIO + H3N

Mpouspopnsie oxcoxsopar (1)-annona ClO-, HaskBaeMble WUNROTLOPUMA~
wy, HeycTOWYuBH. VX pacTBOpH HOJYYalOT, HPONYCKasd XJIOp B OXJIaXKIae-
MbI€ pacTBOPHI IEN0YeH:

20H" + Cl, = Cl" + CIO" + H:0
2KOH + Cl, = KCl + KCIO + H,0
Oxcoxnopar (I} sogopoma HCIO wuseecTeH ToMbKO B pa3sbaBieHHHX

pacTBOpax. JTO IaopHosamucmas xucaoma; obpa3yercsi OHa Hapsiiy c
COJIAHON HNPY I'MAPOJIIA3e XJIOpa:
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Cl, + HOH == H* + CI" + HCIO
Cl; + HOH = HCl + HCIO

XnopHoBaTUcTasl kKUcAoTa caabast (cM. Taba. 22).

Mlpounssogurie xnopa (1) — cunvueie oxucauTenu. OcoGeHHO arpeccUBeH
CIF, koTopblii pearupyer ¢ BellecTBaMy ellle 60/1ee SHEPruyHO, YeM CBO-
Goauniii ¢rop. Ha sTOM 0cHOBaHO ero mpuMmeHeHUe B KadecTBe (PTOPUPYIO—
IIEro areHTa. ['MIOXJIOpUTH HPUMEHSIOTCA B KadecTBe OTOENMBAIOLIEro
CpeAcTBa.

Hau6onpmnit OpakTUYECKUN WHTepec (KaK OTOeJIMBAIOLIEE CPELCTBO,
CPEeACTBO AJIA Jerasalliy, ACHIEBbIH OKNUCAMTENb) MPEeACTABIAET THIOXJ0-
put kaabiusa Ca(ClO),. IlonydyaeTcsi OH OpU B3aMMOLEHCTBHM XJOpa C
FUAPOKCUIOM KaJlbIus:

2Ca(OH); + Cl, = Ca(ClO), + CaCl, + 2H,0

Kax BMAHO U3 NPHBEJEHHOrO YpPaBHEHUs 'PEaKIHH, OJHOBPEMEHHO ¢
Ca(ClO), obpasyerca CaCly. [TosTomy nosysaeMbiil B TeXHUKE MPOAYKT —
feauasnas U TAOPHAS U3BECTNS — MOXKHO pAcCMaTPHUBaTh KAK CMEIaHHOe
coenunenne Ca(ClO)Cl, T.e. runoxnopur — xnopup kanpnusa. Cogepxanue
Cl(I) B 6enunbHON U3BECTH OGLIYHO YCTAHABIMBAIOT IO KOJMYECTBY XJ0Da,
BBIEJISIEMOI'O IPY B3aUMOJEHCTBUU ee ¢ COJAAHON KUCJIOTON:

+1 -1 0
Ca(Cl0O)Cl + 2HCI = CaCl, + Cl, + H,0
Ws mpomssonbix andropoxsopar (I)-KOMINeKca H3BECTHBl KPUCTAJUIMYECKUE

+1
Bemecrsa tnna M[CIFy] (M — wenounon Merann). IMocnennue obpasyiorcsi npu
BRAMMOJeNCTBUM OCHOBHBIX ¢ropuios ¢ CIF B HeBoaubix pacreopax (mpu 175°C,
10 MIa):

MF + CIF = M[CIF,)

Coepmnnenma xyopa (II). Crenens okucieRnss xiaopa +3 NposiBisiercss B TPH-
¢dropuge CIF; u rerpadropoxmopar(lll}-anmone [ClF4]", a Tarme B mmoxcoxmno-
par(IIT)-aruone [Cl0,]™:

ClFy

[CIF,] [C105]
+1 +1
M[CIF,) M[CIO,]

Tpudropun xmopa — 6nenHo—seneHoe BewlectBo (1. Wi —76,3°C, 1. Kum.
11,6°C), moxer 6biThb monydeHo npu Harpesauuu CIF ¢ us6eitkoM dropa. [lo

xuMudeckoit mpupofie ClF3 — coenuuenme KucioTHoe. Tak, U3BECTHBI COMM —
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+1
rerpadropoxsioparsl (II1) kanus, pyébumus n uesus tuna M[CIF4]. Onu o6pasy-
torcst ipu propuposaiud MCl win npu BsauMonencreun MFE ¢ suarum ClF;:

MCl + 2F; = M[CIF,]; MF + CIF; = M[CIF,]

Mpouseorasie ClOz-anuoHa Ha3BIBAIOTCA ZAOPUMALY. XJTOPUTHl IIETIOYHBIX
METaJVIOB TPEACTABISIIOT coGoit Gesible KpHcTalaMyeckue BemlecTBa. JMOKcoXso—
par (III) Bogopoma HClO, B cBoGoaHOM cocTosiHMM He nosyveH. Jaxe B BoJZHOM
pactBope HCIO, 6bictpo paanaraercsi. Pactsop HCIO, — wuciora cpenHeli cwib
(Ka = 1-1072), nasbiBaemasi zaopucmod. [Ipy HarpeBaHUM XJIOPUTHI AMCIIPOIOPLMO-
HUDPYIOT:

+3 -1 +5
3NaClO; = NaCl + 2NaClOg3
M PAlVIaralorcsi ¢ BblIeJeHUeM KUCIopoja:
+3-2 -1 0

NaClQ, = NaCl + O,
B NpHUCYTCTBUM OpraHUYecKUX BellectB TBepable OKco- u  ¢ropoxiopatst (I1I)
B3PBIBAIOTCSA OT YApa.

Tpudtopua xnopa u rerpadropoxmnoparet (III) npumensmorcsa kak ¢ropupyro-

mue areHTol. M3 xsopuroB Haubosbiiee sHaudenue umeer NaClO,, npumensieMblit
pU oTOeJIKe TKaHe! U OYMajKHOM Macchl.

Coepuuerns xnopa (V). 3 coeanHenuit, B KOTOPBIX XJIOp NPOSIBISIET
cTeneHb OKUcaeHuss +5, uzpectusl nenradropun ClFs, oxcorpudropus
CIOF 3, anokcodropun ClO,F u npoussogusie rpuokcoxmaopar (V)-anuona
[Cl03]", auokcomndropoxnopar (V)-anuona [ClO;F,)", TpuorcodTopoxo-
pat (V)-anuona [ClO;F}2, okcorerpadropoxaopar (V)-aanona [CIOF 4]

CIF;  CIOF;  CIOF - -
[CIFg- [CIOF" [CIOFy"  [CIOsFZ  [ClOg

+

1 + 1 + 1 +1
- M[CIOF,] M[CIOsF;] M,[CIOsF]  M[CIOs]

Monexyna CIFs uMeer ¢opmysy terparonanbHowt nupaMmunel (cM. puc. 51, w).
Menracdropun xiopa — Majoguccoumupyloiias xuakocts (1. wi. —93°C, 1. kum.
-13°C), yeroiuus no 200°C. Ero nonyuaior ¢ropuposanuem CIF; (npu 350°C u
25 MIla):

CIFy + Fy = CIFs, AH},, = 33 xllx

Oxcotpudropun xinopa CIOF; — 6ecusernoe sewecrso (1. m1. —44°C, 1. kumL.
27°C), obpasyercst npu nejictBud Ha cMech ClF3 u OF; ynbrpacduoneroBbix my-
yet:

2CIF3 + OF; = CIF; + CIOFs
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310 coeanHeHue serko paanaraercsi Ha ClF; u O,. SIBisiercsi KMCTOTHBIM coeflMHe—
HHEM.

Iuorcodropun xmopa ClOsF (zaopuagmopud) — GecLBEeTHBI JOBOJBHO YCTON-
auBbl ras (1. w1 —-115°C, 1. kun. -6°C). [oayuyator ero ¢ropuposannem ClO,.
XNopUNdTOPUL — KUCIOTHOE COelMHEHHe; ero THIPOANS MIET IO cXeMme

CIO,F + HyO = HCIO; + HF
[Tpu B3aumonmentcreun ClOoF u CsF momydaercs conpb
CIOsF + CsF = Cs{ClO,F))
3HaunTenbHo Goslee ycToituubbl con — npoussonsbte [ClOsF]2 -anuona.

Oxeug xyopa (V) ueussecten. [lpoussonusie [ClOs]” naseiBator zaope-
maay. VI3 nociepnux Haubojipllee NpakTHYECKOe 3Ha4eHUE MMEET XJIOPaT
kausa KClOj3 (6epmoaemosa coav). Ero monmyyaor mponyckaHHeM XJopa
yepes ropauuil pacteop KOH:

60H" + 3Cl, = 5CI" + ClO; + 3H,0
-1 +5
6KOH + 3Cl, = 5KCI + KC10; + 3H,0
nnn  anekrponusoM ropsidero pacteopa KCI. IHockossky KClO; ma-
JIO pacTBOPMM B Boae, ero jerko otgensaior or KCl oxnamjgeHnmeM pact-
BOpA.

Tpuokcoxaopar (V) Bomopoga HCIO; B cBOGOAHOM COCTOSIHHM He
Beifiesed. Ho (B ominuue or HCIO u HCIO;) usBecTHB €ro KOHLEHTpPUPO-
BaHHbBIe pacTsopel (mo 40%). B Boambix pactBopax HCIO3 — cumabnas

KHCI0Ta, HasblBaeMad zaopHosamoid. Ee O0O6BYHO mosnydyaioT OO6MeHHOM
peakuuei:

Ba(C105)y(p) + HpS04(p) = BaSO4(k) + 2HCIO4(p)

XnopHoBaTasl KHCJIOTa [0 CBOMCTBAM HAlOMUHAeT a3OTHYIO KHCJOTY, B
YACTHOCTH, €€ CMECh ¢ COJIAHOU KUCJOTOM — CUJALHBI OKUCIUTENDb (TI/IHa
"mapckoit Boaku").

Ilpu marpeBanuu xnoparsl(V) IHCHPONOPIMOHUP YIOT:

+5 +7 =1
4KClO3 = 3KCl104 + KCl

4 B [IPUCYTCTBUM KATAJIM3ATOpa pacllafarTed ¢ BbBIAeJEeHUeM KHUCJIopoaa:

+5 -1 0
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Ilpu marpesanuun TpuokcoxaopaTsl (V) — cuibHble oOkHcauTean. B cMecn ¢
BOCCTAHOBUTEJISIMM OHM O6pa3syiOT JIETKO B3phIBafoIlMecs cocTaBbi. bepro-
JIETOBY COJIb UCHOJIL3YIOT B HPOUBBOACTBE CIIMYEK U cMecH /A (peitepBep-
koB. Xsopar Harpusi NaClO; npumensietcsi B KadecTBe CpPeJCTBa JJIsA
60pBEO6BI ¢ COPHAKAMMU.

Coepunenms xnopa (V). Briciias crenens oKucienusa xjaopa +7
NIPOSIBJISIETCS B M0 OKCUAE, psAjle OKCOPTOPHUIOB M OTBEUAIOIMX UM aHUOH-
HBIX KOMILJIEKCaX:

CLO+ ClOzF ClO,F; CIOF4 (CIFy)
[ClOg"  [ClOsF,y}  [CIO.F4] - -

+] + 1 +1
MCIO4 MCIO;F, MCIO,F, - -

Oxcun xaopa (VII) Cl,0; — 6ecupernas xuaxocts (. mr. -93,4°C,
T. kun. +83°C). Ilonyuaerca npu Harpepanuu cMecu okcoxsopara (VII)
BOZLOpOJa U oKcula docdopa (V)

2HCIO, + P,05 = Cl,07 4+ 2HPO;

Monexyna Cl,O; mossipua (g = 0,24-1072% Kn-m). B Heit corsacHo
3JIEKTPOHOTPabUUECKOMY MCCIICAOBAHMID [Ba TETpas[pa OObLEeUHEHbI
HOCPE/ICTBOM aTOMa KUCJIOPOJa:

o uyio,\gs\
7 i c >0

KAl

Oxcup Cl,07 orHOCHTENBHO yCTOWYMB, HO npu Harpesanuu (Buime 120°C)
pasaraeTca co B3PBIBOM.

Terpaokcoxaopar (VII)-uon ClO; mMeer TeTpasApuYecKOe CTPOCHHUE,
YTO B PaMKaX TeOpUM BAJEHTHHIX CBsB3CH COOTBETCTBYeT sp3~rH6pUAN3amun
BAJICHTHEIX OpOMTalIell aToMa XJIopa, cTaOUIU3NPOBAHHONW 3a CYeT T—CBA-
3eil.

Terpaokcoxmopatsl (VII) (Heyaauno HasbiBaeMble €INE nePTaOPaAMAML)
BeCbMa MHOTOYHC/IEHHB. BOJBIUMHCTBO HX XODPOLIO PAacTBOPUMO B BOJE.
Terpaokcoxsopar (VII) sogopoma HCIO4 — Gecupernaa xuakocrs (T. ml.
~102°C), cnocobuas B3phiBathea. Crpoenme monexyast HClO4 npupeneno
HIDKE:
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0,14 uMm

H
\ 1432
06 B

o

o]

B xuaxom HClO, Monekynbl AMMepU30BaHEl 3a cYeT BOJOPOJHOM CBA3HU:

N 0N
o/ \o H——o/ \o

Terpaokcoxaopar (VII) Bo,u,opona XOpOINO pacTBOPUM B Boze. PacTBop
SIBJISAIETCS TAOPHOU KUCAOTMOT:

HZO,..HCIO4 = OH; + ClO;

Benencreue nonuzauuu HClO,4 pacTBOpBI KUCIOTHL BIOJIHE YCTOWYMBBI.
XnopHas KUCIOTa — OfHa M3 Haubosnee cuabHBIX Kucaor. Ee momyuaror
nmefictBueM KonueHtpuposannoil H,SO4 na KCIO,:

KClO4 + H,50, = HCIO4 + KHSO,

WssectHn MHOTOYMcHeHHBle okcoxnoparthl (VII). B uactHoCTH, Kpuc-
tastorugpar HCIO4-H,O ssaserca nepxsoparom okcounst [OH3|ClO4.
Ero monyuator asmekrposnzoMm pacrsopa KClOj. Ilepxmoparsl B OcHOBHOM
OPUMEHAIOTCA B NPOU3BOACTBE B3PHIBYATHIX BEILECTB B PEaKTHUBHON Tex-
HUKe.

Monekyna CIOsF wuMeer ¢opMy HeCKONBKO WCKakeHHOTO TeTpasyipa (4 =
= 0,006-1072° Kii-M). B 0BLIYHBIX YCIIOBMAX TPUOKCODTOpPMA XJiopa (nepraopus—
gmopud) — Gecusernent ras (1. i -147,8°C, 1. kun. —46,7°C), B ommune or
Cly07 obnagaer BbICOKOM TepMUYecKOM M TMAPOJMTUYECKON CTOMKOCTBIO! YCTOMUMB
1o 500°C u’He ruaposiusyerca Aake NpH 260"6. KucnotHasi npupoaa ero mposig-
JISIETCS NIPU B3AMMOJEHUCTBUM C KOHIIEHTPUPOBAHHBIMU PACTBOPAMU LIEJIOYEN:

CIOsF + 2NaOH = NaClO4 + NaF + H,0

CIOsF, kak u Cl,07 — cUBHBIN OKUCINTEND.
Hpyrue okcodropuper xinopa (VII) — ClO,F; u ClIOFs — wmamnoycroitunsbie
rasel. [lonyyaior ux okuciieHreM GbTOPUIAMU KUCIOPOa HUSIIUX (hTOPHJIOB XJopa:

CIF + OQFQ = ClOZFg; Cng + OF2 = CIOF5
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Crenenb okncnenus +7 Y XJopa NpOABAAETCA TaKK€ B HEKOTOPLIX KaTHMOHHBIX

kommzexcax tuna CIFg u  ClOoF;.  Ux  mpoussomubie  [CIFg]*{PtFg],
[C1O2F;]*[PtFg]" obpasyrorcs npu BasaumonmeitcTBuu CHJIbHeillero okucauTens PtFg
¢ DSZIOM COEIMHEHUI ¢ 6oslee HUBKUMHU CTElleHAMU OKMCTIEHU st XJIOpa.

NaBecTHbi Takie KATUOHHBIE KOMIUIEKCHl XJIopa U B ADYIMX CTENEHsIX OKUC—

nenusi xnopa, Hampumep CIF3, CIF;, CIOF;, ClO; Karuonnbie Kommnekcsl
xnopa (kak M kaTuoHbl co cBsizgiMu N—F, N—O, O—F) uMeoT HU3KyH SHEPruio
CBSI3Y, MOJTOMY TNPEACTABISIOT GOJBIIONH MHTEPEC KAK COCTABHBIE YACTH BSHEProeM—
KMX coeamHenui. K osHeproemrum BemtecTBaM oTHocsitcsi Takke ClFs, Fo, OF,,
Cl,07.

B pany ClO—Cl0;—ClO3—ClO4 no Mepe yBeaUYeHUs] CTEHNEHU OKUCIIE—
HUS XA0Pa YCTONYMBOCTH AHMOHOB BO3PACTAET. DTO MOKHO OOBACHATHL TeM,

uyro npu nepexoxe or ClO” k ClO; yBennumBaercst 4MC0 3JEKTPOHOB,
NPUHUMAKLIUX ydacTue B o6pazoBaHuu cssazeii. Ocobo yCToﬂtu HOH

ClO4, B KOTOPOM BCe BAJICHTHHI® WIGKTPOHBE aTOMa XJIOpa le/IHI/IMa}OT
ydyactue B 06pa30BaHUY CBA3EI:

o .| ol 40| [on. 4O |08, 4O
\§c1 X \__c1’,/ \_c1\/ \,c1\/
S o . \‘O O’/ \\o

Ilo »Toit ke HpHUMHE BHICOKO YCTOMYUBHL TETPa3d PUUECKUE MOJEKyJa

ClOsF u uon [CIO;F)2

[lonarator, wro B psiny ClO—Cl0;—Cl03—ClO, Bospactaer posib T-CBA3bIEA~

Hus. Tak, ecsim B ClO™ nopsimok cesisy pasen 1, to B sone ClOj oH cocraBnser
1,5. Mosblmenne nopsiaka cBsizu ClO™ COOTBETCTBYyeT YB&AMUYEHUMIO CPEJIHEH BHEprumn
CBSI3M UM yMeHBIIaeT MeXbsifepHoe paccrosiime. Tak, d B ClO™ cocraBnsier

ClO
0,170 uM, B ClO"l — 0,145 uM.

Beaencersue nospimenust yerounusocetu B pany ClO—ClO;—Cl0;—ClO;
YMEHBIIAETCA OKUCIUTEIbHA aKTHMBHOCTh. TaK, TMIOXJIOPUTH BCTYNAIOT B
OKMCIUTENbHO-BOCCTAHOBUTENIBHOE B3anMoneiicTue B J060d cpepe. Xio-
paThl B pacTBOPaxX OKUCJAIOT TOJABKO B CHIBHOKHUCION cpeae:

ClO; + I" + Hy,O — peakuus He uger

ClO;3 + 61" + 6H* = Cl- + 31, + 3H,0
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OxucnurensHasn xke cunocobHoets uona ClO; B pacTBOopax mpakTHYeCKH He
[POABASAETCS.

Hedopmanus (Bo3byxkaeHue) aHHOHOB MOKET IMPOMCXOAUTL TaKKe IPU
JIOCTATOYHO CUJIbHOM Harpepanuu. [losromy Tpuokcoxiopath (V) BemyT
ce6sA KaK CWIbHBIE OKUCIUTENN JAKEe B [ISJOYHON cpefie:

+5 + 4 -1 + 6
KC103 + 3MnO, + 6NaOH = KCI + 3Na,MnO,4 + 3H,0

clUlaBJieHue

Ilo Mepe yBEJIMYGHHUS CTENEHH OKUCJEGHUs Xjopa B  pAAy
HCIO—HCIO,~-HClO3;—HCIO,4 cuna kucnor so3pacraer (Tabi. 22):

HCIO  HCIO, HCIO; HCIO,
Y I 7.5 1,97 ~1 10

JToT baKT MOKHO OGBACHHUTL TeM, 4TO O Mepe YBEIUYEeHMA HUCIa

aToMoB kucaopona B pagy ClO—ClO;—ClO;—CIO; npounocts cBasu O—H
¢ OTIPeJIE/ICHHbIM aTOMOM KHCJIOPOZa OC/1abeBaeT.

Coemuuenns xnopa (IV). Ora crenenb oKMCIeHMst X7opa MPOSBISIETCSA B €ro
nuokcupie ClO,. JIMoKcHI xyopa — 3elieHoBaTo—kenThi Tas (T. mi. —59°C, 1. kum.

9,9°C) ¢ pesknM samaxoM. CoeluHeHMe OHIOTEPMUYECKOE (AH} = 105

kJlk/Momb). Momexyna ClO; umeer yraosylo cdopmy [£0CIO = 118°, d (ClO) =
= 0,147 HM], mosToMy oHa nossipHa (g = 0,56-1072% K- m):

0]

Mortekyna mapaMarHuTHa, Tak Kak UMeeT HedeTHOoe YMCJIO JIEKTPOHOB.
Takum o6pasom, ClO; — BajleHTHOHEHACHILlEHHOe COeIUHEHME; BOBMOXHBI €ro
NpEBPALeHUsT ¢ MPUCOCMHEHNEM WM TOTepeil 3IeKTPOHa:

+4 +3 +4 +5 .
ClO; + ¢ = ClO,;, ClO; — € = CIO,

Haubosee cunbHo mnposisnsiercs mnepsast TedmeHuus. [lostomy ClO; — cumbHBIA
okucuTeNb. [IpuMensieTcs s oTOeku OyMakHOM MacChl U B HEKOTOPBIX APYTHMX
TEXHONOTNYECKUX NPolleccax.

[Ipucoenvtenne 1 MoTepsi MEKTPOHA JleM'de BCEro PeasMa3yeTcs NPU AW CIIPOTop—
uuonupoBaiuy ClO; B IIe/IOYHBIX pacTBOpax:

+4 +3 +5
2C10, + 208" = ClO; + ClO; + H,0

[Ipu sroM obpasyroTcst ABe CoOJIH.
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CyuiecTBYOT ¥ IOpyrue okcuabl xJopa, Hanpumep ClyOg. D10 TeMHO-KOpUUHe-
+5
.
Basi #MAKOCTb. B kpucrammdeckoM cocrosssun ClyOg mocrpoen ma monos ClOz n

+7

C10;. Homyuyator ero oxucnenviem ClO; ozonoM. [pu oberuneix yenosusx ClyOg
[IOCTENEHHO payIaraeTcs. OJHEPrUYHO B3aUMONENCTBYeT ¢ BONOH, obpasys jse
KUCJIOTHI:

+5 +7
Cl1,06 + H,O = HCIO3 + HCIO4

Tlpu conpurocHoBeruy c opranudeckumy Beuectsamn ClyOg BaphIBaeTcs.

ITonyyaor ¢BOGOAHBIA XJIOP OKHUCJIEHUEM XJIOPUJOB: B J1abOpaTopuu —
XMMHYECKUM OKHCJIEHUEM KOHIEHTPUPOBAHHOM COMAHONH KMCJOTHI; B TEXHH~
Ke — 3JIekTposin3oM BogHoro pacteopa NaCl u — kak no6o4HbIA HPOAYKT ~
IpH MONYYEeHNM HATpuA sjekTposnnsom pacmiaBa NaCl. Xiop npumensior
IJA CTEpUIN3alMM HUTLEBON BOABI, IIMPOKO HCIONbL3YIOT B KauecTBe
OKMCJIMTEIA B CaMbIX Pa3HOOOPAa3HBIX OTpac/igX XMMUYECKOW IPOMBILIJISH-
HocTH. BakHa ero posib B META/IYPriM [BETHBIX METAJIJIOB.

§ 3. IOAIPYIIIA BPOMA

Aromer 6poma Br, uoga I u actara At UMEIOT ONUH HENMapHBINA CKTPOH
(s?p%), mosTOMY WpPOABAAIOT 6OJBIIOE CXONCTBO € THNMYECKUMU 3IIEMEHTA-
Mu. HO IpU BHICOKUX CTENEHAX OKUCJICHMs JJIEMEHTH NOArpynnb 6poMa
CYIIECTBEHHO OTJIMYAIOTCA OT XuMuu GTopa U XJIopa.

OJIeMeHTHl NOATPYNIEl 6poMa NMpOABAAIOT CTENERM okucaeHus —1, +1,
+3, +5 u +7, us koropeix Hanbosee ycTonyusel —1 U +5.

BpoM u ero amanorm — nemeTasiMdeckue aieMenThi. Ho ¢ yBenmye-
HUEM YMC/Ia 3aN0JHACMEIX 3JIeKTPOHHBIX CJIOEB aTOMOB HEMETAIMYECKUE
NpU3HaKU 3JIEMEeHTOB B pAny Br—I—At ocma6eparor. O6 »TOM, B yacTHOC-
TH, CBH/ETE/ILCTBYET YMEHbIIGHME 3JHEPTUM MOHM3alWM U  CPOACTBA K
ssiekTpoHy. Mo U acTar mpoABAAIOT Aake 3aMETHBIC MPU3HAKM aMboTep-
HOCTH.

BpoM u mog — HOBONMBHO pacIpOCTpaHEHHBIE HA 3eMJe DHIEMEHTHI.
TlpuposHELl 6pOM COCTOMT U3 ABYX cTabHibHBIX uzorornos T9Br (50 56%) u
82Br (49,44%), uon — wus omnoro wsortona 271, Monyuenw Takxke uckycer-
BEHHbBIG U30TONH. ACTar B IPUPO/ie NPAKTUYECKU HE BCTPEYAeTCs.

Ero monydalor MCKyccTBeHHBIM MyTeM, HampuMep OOMOapAMPOBKONM aTOMOB
BACMYTa ANPaMU TeJUs:

20973 211
3B (0, 2m) “p At
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CMHTeSV(pOBaHO okosno 20 PagvOaKTMBHLIX M3O0TOIOB acTaTa. Bce oHu umeror

KOPOTKMH TlepHOJA INoJypaclaja; CaMbiil JOJITOKUMBYIMA M3 HUX 211AY (Tl / =
2

= 8,3 ‘{). HOGTOMy acraT He MoOxeT OBITb [oJIly4eH B 3aMeTHbIX KOJIMYecTBaxX U €ro
CBOMCTBa M3YYEHbl HENOCTATOYHO.

BpoM O6BIMHO CONYTCTBYET XJIOpY B €r0 KaJIMAHBIX MHHepanaX. BpoM n
HOJ HaXOJAATCSA B MOpPCKOU BoAe M HePTAHBIX O6ypOBHIX BOJAX, OTKyJda UX
raBHBIM 06pasoM ¥ A06biBatoT. HuutoskHBIe KOJIMYecTBa acTaTa O6HaApYKe-
HHl B NIPOJYKTaX €CTECTBEHHOrO paJWuOaKTUBHOIO pacliaja ypaHa M TOPUS.

IpocTie BemectBa. HekoTophie cBefeHus O rajoreHax, a TaKkKe BOAO-
pola MPUBEJEHHI HIXKE:

H F Cl Br I At
T. wr, °C e -259,1 -219,7 -101 ~7,2 113,6 244
T. xum., °C v, —252,6 -188,2 -34,1 59,82 184,35 309
A3, HM oo, 0,074 0,142 0,200 0,299 0,267 -
AHyye 5y, kK/MoTs .. 435 159 243 199 150,7 117
Kiyie 9y coovvveecieneieieens 51-10710 9,2-10% 1,6-1077 3,3-1075 3,0-103 -
Po0s (32 4+ 2 =
==297), B e -2,25 2,87 1,36 1,07 0,54 -

Monekynbsl 6poMa U €ro aHajoroB AsyxaToMHbl. Kak BUIHO M3 npusemen-
HHIX JaHHBIX, B paay Bro—l;—At, ¢ yBesdueHMEM MeKDBANEPHOTO PaccTOA-
HUA dy> DHEPrUA AUCCONMANMHM MOJNEKYT A Hpye 3, yMeHblIaeTcsi. JTO

OOBSICHAETCH YMEHBIIEHUEM IJIOTHOCTU MEePEKPBIBAHUS CBARYIOLUIUX HIEKT-
POHHBIX 06J1akOB. B 9TOM psifly NONsAPU3yeMOCTh MOJIEKYJ yBEJMYUBAETCH,
a CJIeOBATENIbHO, YCHJMBAETCA CHOCOGHOCTh K MEKMOJEKYJISAPHOMY B3au-
MOZEMCTBUIO, I0ITOMY BO3PACTAlOT TeMIIepaTyphl NJIaBJeHUsA W KulleHus. B
OGBIYHBIX YCJAOBUAX GPOM — KPaCcHO-KOPUYHEBas JKUIKOCTh, MOZ, — YepHO-
uomeToBbie KPHCTAWIBL ¢ METAIVIMYECKUM OJIECKOM, acTaT — TBEpAOe
BEIIECTBO METANIUYECKOTO BUA. )

PacTBOpMMOCTb TajioreHOB B BOAE CPaBHUTENbHO Mana. Ilpu oxnaxme-
HM¥ BONHBIX PAacTBOPOB BHIJESIOTCA KPUCTANIOTHAPATE  KJIATPaTHOIO
tina D9-8H,0. Tanorenni Jiyumie pacTBOPAIOTCA B OPraHUYECKMX PAacTBO-
puressx (cnupt, G6eH30s, 3GUp, cEpOYIIEpOA U Ap.). OTUM [OJB3YIOTCS
JJis y3BiIedeHust Bry u [, u3 pazanunbix cMeceit.

Bpom 1 moa — n0cTaTOYHO CHIIBHBIE OKMCIIUTENH, XOTA U YCTYMAOT IO
akTUBHOCTM GTOpPY M xyopy. B pany F—At cHmkaerca oOKucaHUTeNbHAA
aKTHBHOCTb NPOCTHIX BellecTB. Tak, usMenenue sueprum ['m66ca B peakliy-
AX B3aMMOJEHCTBUSL TAJIOTEHOB ¢ BOLOPOJOM
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1/2H2 + 1/2Ha]2 = HHal
OTBEYAET CJICAYIOIIUM 3HAYCHHUAM!:

HF HCl HBr HI
A G},zgs' KJIK/MOTTD eveevrranraniene 273 -95 -53 1,8

Bsaumopeiictee pTOpa ¢ BOAOPOAOM NPOTEKAET CO B3PHIBOM [aXe Ha
xonony, obpasosanue HBr uz mpocTnix BemiecTB HPOMCXONMT JAMINL MU
IOCTATOYHOM HarpeBaHuu, a obpasopanne HI — upum TakoM HarpeBanmu,
9TO 3HAYUTENbHAs YACThH €ro TepMHYecKH pasiaraercsi. 06 yMeHbUIEHHH
OKHCJIHUTEIBHON AKTMBHOCTH MOJIEKYJl TaJIOTEHOB C YBEJIMYCHUEM ATOMHOTO
HOMepa 3JIeMEHTa CBUIETEIbCTBYET TAKIKE CONOCTABIEHHE MX CTAHAAPTHBIX
3JIEKTPOAHBIX NMOTeHIMaNoB (cM. Tabu. 25).

Hanporus, cnocoGHOCTL OKMCAATHEA (T. €. BOCCTAHOBUTEJIbHAA AKTHUB-
HOCThb) B paAAy Bro—I,—At, 3amerno nosbimnaerca. Mo, HanpuMep, OKHCs-
eTcsl KOHIEGHTPUPOBAHHOM a30THOM KMCIAOTOM:

0 + 5 +5 +2
3I; 4+ 10HNO; = 6HIO; + 10NO + 2H,0

Ocira6neHne OKUCIUTENLHON AKTUBHOCTH CKAa3LIBAOTCS M Ha YMEHBINE-
HHUM CKJIOHHOCTH 6poMa M HOJa K peaKkIUsAM AUCIPONOPHUOHUPOBAHUA.
Tak, kOHCTaHTa M'MAPONN3A JJIA PEAKIUU

[ -1 +1
s + HOH == H3O + HOO
&  [H3] [H3O]
EEN

B psigy Cly—Bry—I, 3amerno ymensmaerca: 3-1074, 4:10°® u 5-10723 coor-
BercTBeHHO. Cle0BaTEIbHO, paBHOBECHE PEaKIMH B3aMMOACHCTBUS Tajlore—
HOB ¢ BOZOii IPU IePeXO/ie OT XJIopa K MOy Bece 6oslee cMellaeTcsi BAEBO.

OKUC/IUTENBHYIO AaKTUBHOCT, 6pOMa M HOLa IIMPOKO MCOOJNB3YIOT B
pasIMYHBIX CUHTe3aX M IJiA aHanusa BewiecTs. Mon npuMeHAIOT Kak aHTH-
CENTHYECKOe ¥ KPOBOOCTAHABIMBAIOUICE CPEICTBO.

Bpom u mox monywawT, OkMcHAAA GPOMHUAB M MOAM/BI, HApUMEp, NO
peaknuu

-1 +

4 [ +2
2Nad + Mn02 + 2HQSO4 = 32 + MDSO4 + NaZSO4 + QHQO

fIpy nomyuenum 6poMa B KayecTBE OKHUCIHUTENSA YacTO  HCIOJB3YIOT
XJ0p:

-1 -1
2KBr + Cl; = 2KCl + Br,
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Coeunenus 6poma, HONa, acraTa ~ —AGf s,

!
(-1). BpoM, uox u acrar ¢ MeHee A{K/Mos6
3JIeKTPOOTPULATEILHEIMM, UYEM OHH

caMHu, SJIeMEeHTaMu o6pasyioT OpoMu- 800 -
Iel, womuael, acratuibl. CBsa3b Q\.
O—Hal B pagy dropup—xnopug— 700} 3F,
GPOMUA—UOLN, A OJHOIC U TOTO sk
JKe 2JIeMeHTa OObLIYHO ocjabeBaeT WU
HabmogaeTcss yYMEHbIIGHHE YCTONYHN- 00+
BocTH coepunenuit. O6 3TOM, B 4acT-
HOCTH, CBUJETEJAbCTBYET CpPABHEHHE Ly
CTAHZAPTHBIX DHTAJMBOUNA WU DHEprui Jok-
I'n66ca o6pasoBaHusi raJlOT€eHUIOB
OJJHOTO W  TOTO K€  JJIeMEHTa Vi
(puc. 150).
B ormauvue or ¢dpropunos Gpomu- 100
Abl W VOIUIBI U3BECTHHI TJaBHBIM /] L1 L

Tt V Cr MaFe Co Ni CuZn
P u c. 150. Oueprusi Tu66ca obpaszoBa~
"HMS AUrasioreHusioB 3d-oieMenToB

06pa3omM [ DJIEMEHTOB HUBKHX
creneHeil  okucieHus. Hampumep,
GbTOPUABL U XJIOPUABL MBBECTHH 1A
Bcex creneHeil owkucaenus ypana (UCl;, UCly, UCIl;, UClg), Torma kak
Gpomuabl v voguab ussectasl s A U(HI) u U(IV) (UBr;, UBry u
Ul;, Uly).

Kak u ¢ropuan u xaopujisi, 6GPOMUABI ¥ MOAMIB MOTYT ObITH MOHHBI-
MU, MOHHO-KOBAJIEHTHBIMM W KOBAJICHTHBIMM coejiuHenusiMu. Ilpeumymiect-
BEHHO HMOHHBIMU SIBJIAIOTCA MPOW3BOAHBIE UIENTOUHBIX M HIEAOYHO-36METb-
HBIX METa/NIOB. BpOMUAB ¥ MOAMIBl HEMETALTMYECKUX JIEMEHTOB SIBIAIOT-
s NPeUMYIECTBEHHO KOBAJICHTHEIMM. B psifly rajioreHM[0B OJHOTO ¥ TOTO
)K€ JMIEMEHTa C NOBBIICHUEM €r0 CTENeHW OKMCJIeHUA YCUJINBAeTCA KOBa-
JICHTHBIA XapaKTep CBA3M.

PacTBOPUMOCTL B BORE MOHHBIX TAJIOTEHMIOB W3MEHSeTCs] CIelYIoUUM oGpasoM:
uomun > GpoMup > xjopun > dropul. [loHyxeHHe PacTBOPUMOCTY B OTOM DADY
obbsACHAercA TeM, 4To 