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Ha coBpeMEHHOM YpOBHE PAcCMOTPEHE OCHOBHBIE TOHATHS H 3aKOHBI XHUMMH:
CTPOEHHE BELIECTBA, XMMWYECKas CBA3L (METOX MOMNCKYIAPHBIX opGuTaneH, MeTox
BANEHTHBIX CBA3CH, 30HHAA TEOPUA KPUCTAILIOR), BaXHCHIIHE NOIONEHHA XHMHYECKOH
TEPMOJIMHAMHKH H XHMHYECKOH KHHETHKH, METONBI HCCIEN0BaHHA CTPYKTYphl BEWIECTB

(3-e — 1998 r) Xumus 3neMEHTOB H3NOXKeHa Ha OCHOBE MEPHONHYECKOTO 3aKOHA
J1.H. Mensieneena ¢ npuBneueHHEM CTPYKTYPHBIX H TEp TpeAcT .
Jns i 6308, yWugepcumemos u

nedazozuvecKux 6y308.
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OpHruHan-MakeT JaHHOTO HIaHHA SABNAETCA COOCTBEHHOCTHIO M3nareNLCTBa «Bhiciias
mKojay, H €ro PenpoxyLHp p ) mobuM cuocoGoM Ges cornmacus
W3AaTensCTBA 3ANpPEIacTCs.

Wctuna, KOHEMHO, OfHA ¥ BEYHA, HO ... MO3Haerca U
JOCTynHa TOJIBKO N0 4YacTsM, Majlo-TioMaJjly, a He
pa3oM B obleM CBOEM LENOM M ... MyTH AJIA OTBICKa-
HUS Yacrell MCTUHEI MHO[‘OOﬁpa:SHbI.

AN Menodeaees

NPEANCNOBWE

B ocHOBY y4e6HMKa NOJIOKEHB KBAaHTOBO-MEXaHUUYECKHe, CTPYKTYPHBLIE,

. TEpPMOJIMHAMUYECKUE U KUHETHYECKUE 3aKOHOMEPDHOCTH Ha ypPOBHE NOHUMa-

HUSA CTYIEHTOB [EpBOro Kypca.

- Kaura coctour u3 aByx 4vacteii. B mepsoit wactu "O6was xumus"
PaccMOTPEHEl OCHOBOMOJIAraloliMe TeOpeTUdecKUe pasaensl Kypca XHUMHUU.
Bo Bropoil wactu "Heopranuueckas xumus" o6Cyk/IGHH CBOMCTBA XUMH-~
YECKHMX DJIeMEHTOB B COOTBETCTBUU C UX MNOJIOKEHHUEM B NEPUOJUIECKOM
cucreMe. B 3aK/II04€HUH PACCMOTPEHH BOMPOCH XUMHYECKON 3KOJOrUH.

Tlonyuenrne NMOJHONEHHEIX 3HAHHI IO XUMHM OCHOBAHO HA KOHKPETHOM
IpesncTaRNeHMH Of U3YUaeMEIX BOHICCTBAX YW MX NpPSBPALICHMAX, TG B
3HAYUTEILHON MEpe CBABAHO C COPLE3HEIM M CAMOCTOSATEILHEIM BHIIOJHEHU -
eM j1abopaTOpHHEIX PaGOT M peuleHHeM 3afad ¥ ylpakHeHuii. [nsi atoro
‘npenHasnauedo moco6ue: H.C. Axmero, M.K. Azuzosa, JI.W. Baguruna.
Jla6opaTopHEle U CeMHHapcKMe 3aHATUA NO obuleil U HEeOprasu4yecKon
xumun: —-M., Brlcwas wkosa, 1998. 310 moco6ue cOBMECTHO ¢ JaHHEIM
Y4e6HUKOM COCTABASIET SAUHBINA KOMILIEKT.

ABTOp cepfieyHO 6arofapeH Jaypeary [ocyqapcTBEHHOM IpeMuu aka-
‘AeMUKy MexkyHapoAHO aKaZeMUH HayK BRICIIEI LIKOJIEL, JOKTODY XUMHU~
9eckux Hayk, npodeccopy S.A. Vrajo 3a neHHrle 3aMeyanuds U cOBETH NPU
}Oécymneﬂuu PYKOIIMCH.

§  3aMeYaHMsA U TNOkeJIaHUA Npockba HampaBaATeE N0 afgpecy: 420015,
?rl Kasanr, yn. K. Mapkca, 68, KaszaHckuii rocynapcTBEHHBIH TeXHONOTH~
HecKUA yHUBepCUTeT.

'
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VcTUHHBI XUMUK JI0JKeH yMeTb }IOKaSbIBa,TL TIO3HAaH—
Hoe ..., T.e. AaBaTbh eMy 0OBAICHEHNE ...

M.B. Jlomonocos

[panui, HayuHOMy MOSHaHMIO M MpeacKasaRuio Tpea-
BUgETh HEBOSMOXHO.

JLH. Menderees

BBEAEHWVIE

XuMUIO MOXKHO OINpeleIuTh Kak HayKy, W3yYAIONlylo BellecTsa M Mpo-
mecchl KX TPEBPAILICHU, CONPOBOKIAIONMNECH M3MEHCHNEM cocraBa U
cTpoeHMs. B XuMnueckoM IpoOnecce [POMCXOAUT TeperpynnupoBKa aTOMOB,
paspblB XMMUYECKUX cBA3G B MCXOAHLIX BellecTBAX U o6pa3oBaHue XUMUA-
yeckUX CBsg3ell B MPOJYKTaX peakuluu. B pesylbpTaTe XUMUYECKUX peaKui
IPOUCXOJUT NPeBpalleHNe XAMUYECKON 3HepTMM B TEIUIOTy, CBeT 4 Ip.

FisbiKk XMMWAKH — QOpMyJn BemiecTBa U ypaBHeHUA XUMUAYECKUX peak—
muit. B dopmyse BemecTBa 3aKOAMpOBaHa nadopMana 0 COCTaBe, CTPYK-
Type, peaKIMOHHOM c10cO6HOCTH 3TOrO BEIIECTBA. W3 ypaBHeHus peaKnuu
MOXHO MOJNy4uTh MHGOpMAUMIO O KMMUYECKOM Mpouecce ¥ €ro napamer-
pax. Hayuurscd paciuinppOBEIBaTE ITY nrdopManmio — BaxkHasd 3ajatda
U3y4eHUs Kypca o6mei 1 HeopraHUIecKOl XUMUK.

CoBpeMeHHasA XUMUs NpPeZCTaBIACT co60i cUCTEMy OTAEJIBHBIX HAaydHBIX
JMCUMIUIUHE:  O6mIe, HeopraHU4ecKox, aHAJNTUYECKOH, OpFraHMYecKOH,
usnyecKont, KOJUIOWAHON XuUMuM, OHOXMMHUHM, TeOXuMUN, KOCMOXUMUM,
2JIGKTPOXUMUHM U T.JL. OcHOBON XUMUYECKOH HayKH SBJIAIOTCHA aTOMHO—
MOJIeKyJIsipHOe YueHue, 3aKOH cOXpaHeHUsI MAaTepuw, HepuoANIeCKUN
3aKOH M TEOPUS CTPOGHUS BEIIECTBA, yUCHUE O XUMMUYECKOM IpOILecce.

UACTShL

1M~

EPBAA

OBLLAS! XVMUS

Paapen |

Mepuopnyeckan cuctema XMMUHECKUX 3IEMEHTOB
O.WN. MeHpeneesa

Harypa TeM naue BCero yaMBUTENbHA, 4TO B MPOCTOTE
CBOEl MHOTOXMTDPOCTHA M OT Majloro 4ucjia NpUivH
[IPOUSBOIUT HEMCUMCTMMBbIe 06pasbl CBOMCTB, NepeMeH
¥ SABJIEHUM.

M.B. Jlomonocos

CroiicTea TIPOCTBIX M CIOXKHBIX T€l HAaXOmATCsAd B
IleproaMHueckoll 3aBUCMMOCTM OT aTOMHOrO Beca die-
MEHTOB TONLKO [OTOMY, 4TO CBOMCTBa MPOCTRIX ©
CTIOMHBIX TeI CAMW COCTABJIAIOT pesysnpraT CBOWCTB
QJIeMeHTOB, UX 06Pas3yIoNIMX.

JL U Mendenrees

OTKpBITHE TePUOUYECKOrO 3aKOHA H TEPUOAMUECKON CUCTEMBl XUMM-
weckux anemento JI.VI. Menmesneesbim (1869) 3aBepmuiio pa3BuTHe 21O~
MHcTUuecKux npesncraiennit B XIX B. OHO moKa3alo, YTO CYyWIECTBYeT
.CBA3L ME@X/y BCEMH XUMHUecKHMH diemeHTamu. Ilepuonuueckuii 3akoH, 10
maeHuio JI.M. MengeneeBa, ciefyer paccMaTpUBaTh Kak "onHo M3
;:o606meum’zi, KaK HHCTDYMEHT MBIC/IM, €I[e HE IOJIBepraBluiicsa 10 CUX NOp
'HHKAaKUM BHIOM3MEHOHHAM", KOTOpHIL 'mzer HOBBIX TIPWIGXKEHUH U
yCOBEpLISHCTBOBaHHI, MOAPOo6GHON pa3pabGOTKH M CBEKUX cun". B XIX B.
!nepnonnqecunﬂ 3aKOH M CHCTEMA JJIEMEHTOB IMpEJCTABJAIM JIMIIbL TeHU-
ANbHOE SMIUpPUYECKOe 0606meHne PakToB; UX GU3NISCKUN CMBICI 10JIT0e
/BpPeMA OcTaBajcs HepacKpHITHIM. OTKPHTHE NMEPHONMYECKOro 3aKOHa MO~
-jrommmo HACTYIUIOHME HOBOIO 3Taila pa3BUTUA HayKu — U3YUEHUs CTPYK-
"rypm aTOMOB. JTO, B CBOIO 04Yepe/b, Naji0 BO3MOXHOCTh riny6ike BBISACHUTH
| IPUDOJLY  XUMMYECKUX DJIEMEHTOB U O6BbACHUTL DSAJ[ 33KOHOMEpHOCTEH
' IEPUOTUYECKON CHCTEMBI.
. B cospnanuu cCOBpeMEHHOH TeOpUH CTpUeHIA aroMa 0cobyio pOib CHIrpa-
iau O. Pesepdopn, co3maBmIKi NJIAHETApHYIO MOJeIbL aToMa (1911), n
1 H. Bop, npemoxuBIuMil TepBYIO KBAHTOBYIO TEOPUIO CTPOSHUS aToMa
1(1913).
5



rABA 1. XUMAYECKUE DJIEMEHTBL

T'JiADa 1. AVNR

NEPUOJVYECKUHN 3AKOH
§ 1. IOHATHUE XUMUWYECKOTO DJIEMEHTA

BM3koe K COBPEMEHHOMY OIpeEJeHue XNMIIeckoro 3neMeHTa OBIIO
naso J.M. MeHneseenniM: W [Tod waenea aeaenmos 00AKHO NOOPAIYALE
sams Me AATMEPUAIBNHE COCTMAGHBIE LACTL RPOCTHE T CROKHBT TER,
xOMOpHLE NPUITIOM UAL UIBECTINYIO COBORYRHOCTRE pusunecrusr U TUMULEC
xuz ceoticme. Ecau npocmony mery CUUmaf‘mrmoyem nowaMUE 0 HACTUYE,
Mo FAEMENTY 0TNBEUGEM NONIMUE 06 amone" _

XuMudeckuii BJIEMCHT — 3TO COBOKyl'lH(\(Tb ATOMOB ¢ OJMHAKOBBHIM
sapsizoM fnpa. HocuTesieM NONOKMTENLHONO 3apAna ALpa ABIAOTCA IPO-
romst. VIX umeso ompefesiseT BeJMYMHY 3apAla AApa, U CJIeIOBATENBHO,
aTOMHbI (IOPATKOBEI) HOMEP XMMUYECKOrO snemerta. OCHOBHBIG XapaK-
TEpPUCTHKH 9acTull, 06pasylolux aToM — npoTOHa, HETPOHA U BJIeKTPOH?,
npusefensl B Tabn. 1. Macca a/eKTpoHa nouté B 1840 pas MeHpIle MACCH
tosa u meirtpona. [103TOMy Macca aTOMa NPaKTHIECKN paBHa Macce
SZpa — CyMMe MAce HYKAOHOO (npoToHOB U HeTPOHOB).

Ta6auuiua 1. Ceexedusi 0 HEKOTOPLIX BJIeMEeHTapHBIX YacTHIAaX

Yacruua Cum- Macca nokost, | OTHocuTesBHAS Bapsin, Kn
BOJI K Macca, a.e.M. ¥
[Iporon p 1,673-10727 1,007276 1,602-10712
HeiiTpoH n 1,675-10727 1,008665 0
1eKTpOoH e 9,109-1073! 0,000549 1,602-10719

* AroMnast efHuia Macest (a.e.M.) papna 1,6606- 10727 xr.

Baxnoil XapaKTepUCTUKOH sAApa ABNACTCHA amaccosoe uucao A, KOTOpoe
paBHO O6LIEMy 9MCIy HYKJIOHOB — NpOTOHOB Z M HEHTPOHOB N Bxopsuux

B AZPO:
A=Z+ N

Buj aTOMOB ¢ AAHHBIMA dHMc/amd DPOTOROB H HeHTPOHOB HA3RIBAIOT
nyeandon. Pa3HOBUAHOCTM OLHOTO U TOrO Ke XHMUYECKOro DdJIeMeHTa,

oTJ/INYaronmecs MaccOll aTOMOEB, Ha3bIBAIOT U30MOnNaAU. ﬂnpa aTOMOB
W30TONOB Pa3JiiiaroTcs qucIOM HEATPOHOB. Tak, H30TOMaMM KaJabnus

6

SBNgTCcA HYKIU TIN

.................. 19Ca (20p, 20n), $3Ca (20p, 22n), 33Ca (20p, 23n).
l'[pm-m'ra TAKXKe 3allch HU30TOIOB ¢ YKAa3aHUEM TOJABKO MAacCOBOI'0 4YHCJA,
HanpuMep: Kanbuuit-40, kaabuuit-42, KaTbUU—43.

Macca sifpa Bcerza MeHbille apH(MeTHYeCKOH CyMMbI Macc IPOTOHOB H

HEUTPOHOB, BXOASAIUX B ero cocraB. Pa3HOCThL MEXAy 3THUMU BeJIMYHMHAMHA

HaspiBaloT degpexmon wmaccst. Tak, Macca szpa U30TONA Feylds 3He (2p,
2n) pasHa 4 001506 a.eM., TOra Kak cyMMa MacC ABYX IPOTOHOB M JBYX
HEATPOHOB COCTABJIAET 4031882 aeM. (2-1,007276 + 2-1,008665), T.e.
nedext Macchl pased (,030376 a.eM.

JledekT MaccH COOTBETCTBYeT 3HEPTHH, KOTOpas Brlne/sercs MpH o6pa-
30BAHMU Afpa U3 CBOGOIHLIX NMPOTOHOB M HEHTPOHOB M MOMKOT GHITL BHI-
YHc/IeHA U3 COOTHOIIOHUA:

AE = Amgc?,

rne A E — uavenenue asepruy; Amg — nedexrt Macchl; ¢ — CKOPOCTb CBETa
pakyyMme (¢ = 3-108 “)

CornacHo 3T0My COOTHOIIGHUIO yMeHpuIeHHe Macch Ha §,0304 a.
Npu 06pa3zoBAHMM AApA TelUs U3 IBYX NMPOTOHOB M JIBYX HEHTPOHOB COOT-
percrayer Bhgenenuo 4,52-10712 Jlx. CenopaTebHO, o6pa3oBaHie OTHOTO
Moas agep (6,02-1023 spep) renua—4 u3 NPOTOHOB M HEATPOHOB NOJKCH
CONPOBOKIATHCA BHIASICHUEM OIPOMHONO KOJIHYECTBa SHEPTHM:

AF = 4,53-10712:6,02-102% = 2,72-101? [Ix.

ClenoBaTe/IbHO, JHEPrusi cBA3M HYKJIOHOB B sAAPE B MIUIHOHB pa3
[IpeBHIIaeT IHEPTUIO XUMHYecKOl cBa3y. [losToMy Npy XMMHYECKUX NMpPEB-
PANICHUSX BEIECTB aTOMHBIE AJpa HE U3MEHAIOTCA.

B HacTosmee Bpema uaBecTHO Oko0 300 yeroiuumemix u ceime 1400
PAIMOAKTHBHEIX s/ep. 3aMEUEHO, YTO sAfpa, cOmepkaHue 2, 8, 20, 28, 50,
82, 126 npoToHa MM HEHTPOHA, 3aMETHO OWIMYAIOTCs IO CBOACTBAM OT
siep OocTanbHBIX 3neMeHToB. Ilpeamosiaraercs, YTO 9TH A@uuvecxue wucia
HYKJIOHOB COOTBETCTBYIOT 3aBEpIICHHBIM sI@DHBIM C/OAM, NOJOGHO TOMY
Kak 5TO HabJIOaeTcst 1l HJIEKTPOHOB B JIGKTPOHHOI 060/1049Ke aTOMa.

fAzpa MOTYT cOepkaTh MarMyeckOe UMCJIO MPOTOHOB MJIM HEMTPOHOB, a
TAKKE TeX M ADYTUX (Baknel Maruyeckue smpa). K mBakabl MardyecKuM

* o

MaccoBoe YMCIo U aTOMHBI HOMEp GJleMeHTa (UMe/I0 NpOTOHOB) 0Go3HAYAIOT
YUCTOBBIMU MHIEKCAMU ClleBa OT CMMBOJIA XMMHYECKOTO oJleMeHTa; BepXHUit MHIeKC
03HAYAeT MACCOBOE YMCIIO, HWIKHUM — 3apsf sIpa.
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orHOcaTes anpa sHe (2p, 2n), Y0 (8p, 8n), 28Si (14p, 14n), 40Ca (20p,

OTOHOB Maruyeckumy asisiores ogNi,

20m), 285Pb (82p, 126u). Mo wucay np Mary UMy
s , .

) 138
505N, & MO uucly HEATPOHOB MArM9YeCKUMU SBJIAIOTCA 88Sr (50n), 1%8Ba

(82n), 139La (82n), 14°Ce (82n) u Ap.

§ 2. KOCMUYECKAS PACIPOCTPAHEHHOCTbD
XUMHUYECKHUX DJIEMEHTOB

AHanu3 KPUBHIX, OTPaXKAIOMHUX 3aBUCHMOCTh KOCMIYECKON pacnpocTpa~
HOHHOCTY XMMHYECKMX SGMEHTOB (AJA OMHsaimero okpyxenus CosHeu-
HOM CHCTeMBbI) OT HX aTOMHOTO HOMepa (puc. 1), mosBossier cuenarh cleay-
[OIIMe BHIBOMEL 1) PaclpOCTPaHEHHOCTH 37I6MEHTOB HEDaBHOMEPHO YMEHB-
[maercss ¢ BO3pacTaHMeM aTOMHOTO HOMepa 3/IeMEHTa; 2) Hau6ojee paci-
pOCTpaHEeH:l BOJOPOZA U Tejui; KOCMUUECKOe BEIecTBO COCTOUT NPHMEPHO
Ha TpU YETBEPTH U3 BOXOPOAA M Tenusa (IO Macce); 3) orHocuTeNBHAA pac~
POCTPaHEHHOCTH ATOMHBIX AN C YOTHEIM YHCJIOM TPOTOHOB (c yernnm Z)
BHIIG, ueM ¢ HeueTHolM Ha 3emse, HalpHMep, 3/IeMEHTH C UETHHIMH
ATOMHBIMM HOMepaMu cocTaBlaloT 86%, ¢ HeueTHEIMU — 14% maccsl 3eM-

e

3
ey =
=

& ~ N WD e, N X %
T

|
~

_2 1 L 1 1 ke 1 A L L L il L - A L
T 47 45 90 OF 21 I8 AN A5 &N 55 A0 5 70 75 B0 7
g 40 g0 55 60 65 /U 40

J o 20 25 30
Puc. 1. Kocmuueckas pacnpocTpaHEHHOCTh XMMMUUECKUX DJIEMEHTOB:
faHHble 0 KonmuecTse atomos lg C othecensl k C'= 1+ 106 aTomos kpemHus. CrowHas Kpu-~
Bas - yeTHble Z, TIYHKTHPHBIE - HedyeTHble Z

8
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HOM KODBI; 4) MePUOJUYECKH MOBTOPAIONINECS MUKU Ha KPHBHIX COOTBETCT-
BYIOT B OCHOBHOM sAfipaM C MalMYeCKMMM YHCJIaMH NMPOTOHOB MJIM HEHTPO-

wos: 3He (2p, 2n), '§O (8p, 8n), fiSi (14p, 14n), 35Ca (20p, 20n), 3oZr

(40p, 50n), '13Sn (50p, 69n), '5¢Ba (56p, 82n), 235Pb (82p, 126n).

JInA pQaHHOTO B5JleMEeHTa 60Jiee pPACIpPOCTPAHEHBI MBOTOMB C YETHHIM
9KCJIOM HOATPOHOB M MEHE® — C HEUETHHIM YMCJIOM IIPOTOHOB U HEHTPOHOB.

PacnpocTpaHeHHOCTE 3J1EMEHTOB BABUCUT OT MHOIMX (HaKTOpOB, HO B
KOHEYHOM CUYeTe ONpenesisieTcid BePOATHOCTHIO SAEPHBIX peaKkuuil ux obpa-
30BaHUA U OTHOCUTEJLHON yCTOHYUBOCTHIO OTAEILHEIX U30TOMNOB.

Nzydenye pacnpocTPaHEHHOCTH XUMHYECKUX 3JIEMEHTOB NMPOJHUBAET CBET
Ha mnpoucxoxaeHue COJHEYHON CUCTEMBI, 36MJIM, a TaKKe I03BOJIsger
NOHATh (UBMYECKME M XUMHUYECKHE NpPOHEcCH B KOCMOce, pa3paborarts
TEOPHUIO 06Pa30BaHUA XUMUYECKUX BJIEMEHTOB.

§ 3. PAIMOAKTHUBHOE IIPEBPAIUEHUE XUMHUYECKUX

OJIEMEHTOB

TlpeBpameHue XMMHUYECKUX I/IEMEHTOB OCYILECTBIIAETCS B DE3yJ/bTaTe
ANEPHHX peakuuil. [IepBEIM IIaroM B HayYHOM DEIIGHUM NpPOGIEMEl Npe-

BNAMGUUg 3ASMEHTOR BLiI0 OTEnniTue A Baoxxencnew n 1208 r manuoan—
BpameHya JICMEHTORB OLIJIO OTHDPLITHE A. DCKKCPE&ICM B 1000 T'. pafgHlaK

THBHOCTH ypaHa. OGbACHEHHE PaMOAKTHBHOCTH KAK CIIACTBUSA PacIHIeIie-
Hus Anep (3. Pesepdopn, . Comnu, 1903) nokasuipaeT, YTO XUMUUECKHE
9JIEMEHTHl He ABJAIOTCS BEYHEIMM U HEM3MEHHLIMU, a MOTYT NpPEBPAIIATLCS
npyr B apyra. C 5TOro MOMeHTa MOJyuYMJa TBepALle HAYYHLIE OCHOBEl U
3a71a4a UCKYCCTBEHHOTO IMPEBPAIISHUs 3JIEMEHTOB. 3aKOHOMEPHOCTH TNpe-
BDAIICHUsA AP XUMUUOCKUX 3I6MEHTOB U3y4aeT 0epHas TUMUS.

Hanbonee wacro BeTpevaercst Bui pacnaja siiep, HasbIBAeMBIN 6ema-pacnadoal.
Mlpu >roM sAnpo McNyckaer BMeKTPOH € 3a cueT NPeBPallleHMs] OIHOTO HeHTPOHA
AIpa B POTOH:

n—p+ €+ v,

Yacrb oHepruu, BhLIEINAOMENACS IPU f-pacnane, yHOCUTCS BMeCTe C AHTUHEWTPUHO
~

~
Ve. HeATPUHO v, M aHTUHEATPUHO ¥, — OJleMeHTADHblE YaCTMHbI, JMIIEHHbIE 3apsi~
Jla U OTIMYAJOIMeCs APYr OT APyra CIMHOM.

Mpu f=pacnaje sapsi1 sinpa yBeJAMuUMBAeTCA HA eNVHUIlY, MACCOBOE e WUCJIO
He U3MEHSIeTCs, T.e. 06pasyercsi SAPO APYIoro aieMeHTa, aTOMHbIA HOMED KOTOpOro
Ha eMMHUuHY Gonbilte, ueM y ucxomuoro. Tak, npu fS“pacname usorona Topusa-234
obpasyercss u3oTON mMporTakTMHMA-234, a npu fpacnage BucMyT-210 mpeBpamaercs
B nononui-210:



. 2 o 1

~ a1 10,
_ 234p, 210p; — 210p, 4 + 5
zigTh = ‘g Pa + F + ve g3B1 g3 T B ve
a5t Ajep C UMCTIOM HEATPOHOB, MeHDbIIMM YUCTA IPOTOHOB, XBpaKTepeH npyroit
Bun f-pacnama — nosumponNsili pacnad, T.e. pacuan ¢ Bhie/IeHreM TO3UTPOHA.
losumpon — ByeMeHTapHas HacTUud ¢ VIeMEHTAPHBIM TIONIOHMTENBHBIM 3aDALOM 1
MACCOi  IEKTPOHA (¢*-uactuua). p-Pacnag sBIsercs ClENCTBUEM npeBpalleHins

O[IHOrO TPOTOHA B HEMTPOH:
p—>n+ e + Ve

Tlpv NMO3MTPOHHOM pacnaje 3apsn SANpA YMeHbIIaeTCsi Ha eMHULY, a MaccoBoe
wncao (kak u npu f -—pacrnajie) He N3MEeHseTCH. Tpumepom B*-pacnaja ABJAETCH
npeBpalLeHre U30ToNA yrnepona-11 B usoron 6opa-11:

1;0—-) léB + €+ ve

K rakoMmy e MaMeHEHMIo ANpa, kak W npu B'-pacnaje, NpUBOTUT 2A€XTPOH-
wwil sazaam. Do SIBJIEHME COCTOUT B TOM, 4TO VIEKTPOH, HaXOAsWMics HA OHOM
U3 GIMKANIIMX K AAPY CJI0€B, 3axBaThIBAETCA AIPOM. [ipu sroM ojus M3

"poH:

sinpa NpeBpalaeTci B Hel

+ & =—dn + Ve

ee]

Hanpumep:
40y, — 40
10K = JgAr + Ve

Haubosbliie M3MeHEHNsl MCXOJHOro snpa nabnogaorcsl npu aasda-pacnade.
Bhigenenye sIpoM O0-4ACTUHB! (simpa reans-4) NpuBOIMT K 06pasoBaAHMIO 1M30TONA
aeMenTa C 3APAZOM SIPA Ha IBe eIMHMIUEI MeHblUe ucxogHoro. MaccoBoe uMciIo
NPYt OTOM YMeHbILIAETCs] Ha MeTbIpe equHUIbL. a-Pacnan naubosnee xapakrepen s
rsKeNbIX BIEMEHTOB, HAIPUMEp VI M3oTona ypana-234.

PaceMorpentible THITBI PaAMOAKTHBHOIO npeBpaIens Alep 4AcTo CONpOBOM A~
JOTCS usAyUeNue, CBA3AHHBIM B OCHOBHOM ¢ nepexomoM 0obpasoBaBIierocs ANpa
13 Bo3OYHIEHHOrO B OCHOBHOE (HopMaJIbHOE) COCTOSAHME.

Jlnst TAMETBIX VeMEHToB HApsmy ¢ o~ M B-pacanomM BO3MOXKHO CAMOIpOM3™
BoJIbHOe (CIOHTaHHOE) JeJleHue sipa Ha 1Be wyactn. OHO XapakTepHo UIA TPaHC—
YPAHOBBIX JIEMEHTOB. :

HpOILOJI)KPITeJIBHOCTL JKU3HU aTOMOB OHPEAEHS!G'FC}[ cTpOoeHHeM HUX Anxep

1 XapaKTepU3yeT: iepuodoa o rypacnada T.l/.Z, T.6. BpEMEeHeM, B TeUeHue

=l
Is)
X

I

KOTOpOIO paciiafasTica MCJIoBUHA BCEro HaIMYHOTO 4Mcja ANep AAHHOTO
snementa. Ilepyos nonypacnaja uaMenserci B oueHb MUPOKOM JHAMA30HE
— OT HECKOJBLKUX THICSIYHBIX JOJIEH CEKYHIBl 10 MHOTHX ThiCA™ MHAJUOHOB
sier. BONBIIMHCTBO H30TONOB MMEET nepuox, Mojypacnaga oT 30 mo 10
nueit. OueBUAHO, UTO HA JeMlle UMEIOTCA TE 3JIEMEHThI, KOTOpBIE He oA~
10

BeprJIUCh PAJMOaKTUBHOMY pacuany 3a 4.5—b MaApA. JleT — Bpems cyulecT-
i 1 3anach! KOTOPHIX NOCTOSHHO MONONHAIOT-

¢51 33 CYET COOTBETCTBYIOUIUX SIAEPHBIX TPEBPaIieHu.
Bce a/1eMeHTH TePUOIUYECKOMl CHCTeMBbI, PACHIOIOKEHHBIC 110C/e BUCMY—
ta g3Bi, pamuoaktuBnbl. M3 HUX TONBKO AApa ropusi-232 (T1/2 = 14-10!°

ner), ypana-235 (Tl/ = 7-108 mer) u ypawa-238 (Tl/ = 4,5-10° ner)
2 2

UMEIOT 0CTATOYHO O0JIBLION mepuoj mojypacnaja W MOTJIM COXPaHUTHCA
Ha 3ewmile B TeueHue 4,5—5H mippn. JieT ee cyuecTBOBaHUS. Npyrue snemen-
THI, PACIOJOKCHHBIE B EPUOJUIECKOM CUCTeME 3a BHCMYTOM, TOCTOAHHO
06pa3yIoTcs 3a CYeT €CTECTBEHHOTO PAJAMOAaKTUBHOrO pacnaia Anep 232Th,
2350 u 238U,

Huoke npusenen nocienoBaTeIbHBIA DA PaAUOaKTUBHBIX npeBpaueH Uit
B Py ypaHa-238:

238 [ 234 " 234 B, 234 a R
Y —2 £, N R
92° 15-10° net 9o h S o P T3 wn 927 2,6710° et

& 226 @ 222 & 218 &
» E » p 28pg ———p
5107 o 872 1622 mew 56" 7823 mment %4 C 3,05 wnn

a 210y @
s olan. 7 19,7 mun all 3 2 MuH

230
— 90Th

214 MUH 1,32 mun
— Pb ——— ’ ’
82° 7 26,8 MUH 5B g 2Mdp o /_.
19,7 mus 8 1,5-107% ¢
— 210pp i 2topg; » 210pg & 205py (crabuiten)
820 221 et 8 5027ner 84 ~ 138 mment 82 ’

§ 4. AIEPHBIE PEAKIIUH

[log AepHbIMM DEAKNMAMU TOHMMAETCS B3auMOJeCTBME COOTBETCT-
BylowMx yacTun (HEMTPOHOB, NPOTOHOB, 0-YaCTUI M JPYTMX aTOMHBIX
szgep) ¢ ANPaMM XUMMYECKUX 3IIEMEHTOB. Hau6onee npocThle snephble
peaKIuyu XapakTepusyloTes cienylonum mexanuazmom. Onsa us 60MGapau-
DYIOIIMX YACTUY 3aXBATHIBACTCH ALPOM-MUIUEHBIO M 06pasyercs nmpoMesxy-
TOYHOE COCTABHOE ALPO € OYCHb KOPOTKON MPOMOJIKMTETBHOCTBIO XKUIHU
(~ 1077 ¢). Mocaennee ucnyckaer s1eMEHTAPHYIO JACTHUIY MM JICTKOC AP0
U MpeBpauiaeTcs B HOBOE AAPO.

BnepBrele UCKyCCTBEHHOE siepHOe NpeBpamenne GHJI0 OCYuecTslIeHo B
A

1010 + Panandinnmon Ty vinsnoe
1919 r. re3sep@opaom. LMy yAaaoCe npu OGNAYYCHUU Q-4acTHaMY

a-4acTUaMy npespa-
TUTb 230T B KUCI0POJ. 1IpOMexkyTOYHOE cOCTaBHO ANPO B DTOH Peaknuu —

18F-
usoron Propa '§F:

YN 4+ ‘He — (UF) — 7O + H
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ToHATHO, YTO AJIs NPEOJONEHUST KYTOHOBCKAX CHJI OTTaJIKMUBAHUA Apa
60M6apANPYIOIME YACTHUIB JOJKHE 061a8aTh GOJBIION SHEPTUeH. Okcne-
puMeHTanbHAad GUBMKA ¢ [OMONIBIO PAa3IMYHOIO POJA yCKOPUTesell peliu-
na 3a]a4y TMONYYEHUA WACTHI[ C BHEPTUEH MOPANKA HECKONbKNX MUIINap-
noB amextpor-BoabT ¥. Takue YacTMnH paHblle HAGIIOAATUCE TONBKO B
KOCMUYECKUX JTy9aX i TO B HAUTOKHBIX KOJIUUECTBaX.

Hiuke npuBeIeHEl TPUMEDHL AASPHEIX peakuuit * *:

1. Peakuuy moll ReficTBHeM o-vactduy (uowoB 3He?*)
14 4 17 1y 14 17
IN + ;He— 10 + H "IN (g p) 0
9 4 12 1.9 12
Be+ He— C+ n | Be (o ) C

. 1
2. Pearxuuu non meitcrpueM npotonos (uonos H*)

21 1 18 4 21 18
toNe + [ H—> F + JHe jNe(p, &) F
63~ 1 63 1. 63 63
2Cu+ H— 2020 + g 5eCu (p, n),0Zn
3. Peakuuu nox fneitcTBieM HeiTpoHOB (MOHOB fH’)
24 2 2N, 4 4 24 22
1oMg + H—> 7Na + He 12Mg(d, a)7Na

41 2 42 Iy 41 42
K+ H— K+ H {K(d, p) K

4. Peakiuu nop JeicTBMEM HEATPOHOB
10 1 Treo, 4 10 Trs
sB + oo — ;Li + 2He 5B(n, o),Li

58 1 60 580 ¢ B0~
5700 + gn = ,2Co + v ,;,Co(n, 7),;Co .
5. Peakuuu nof meiicTBueM oTOHOB (y-MITyyeHne)
6 63, 62,
26Cu( 7 n),5Cu

63 2 1
2pCUu+ Y 26Cu + gn

27 21
AL+ y— Mg + In ZIAN(y, p)Mg

*1 0B = 1,60201-1072° Jx; 1 oB/Monn = 96486 Iln/Modtb.

** IpunAra cIeAyoOmWAs COKPAleHHas SamMch JNEpPHBIX peakliit: B ckobkax
CHAYAA YKASKLIBAIOT GOMGAPAMPYIOLIYI0 YACTUIY, SaTeM YACTULLY, MoJlyyaeMyio B
pesyibTare peaKlUM; cTeBa oT CKoBOK CTABAT CUMBOJ MCXOJHONO SIIpa € COOT-
BETCTBYIOIMMH MHIIEKCAMM, CIDARa — CHUMBOJI NOJIVUAEMOro SOpa U ero MHIEKCH

BETCTBYIOmMMY HHIEKCAMH, CIpapa TOTYyuAEMOro Sapa U HIeKCEL

12

Pemaomyo poik B PAasBUTAM AAEPHON XUMUU CHIDATO OTKPHITHE B
1939 r. mpounecca menenus Anep ypasa Npu 06JydeHUM HEATPOHAMH:

235 1 92 141 1
2U + oo — Kr + ;Ba + 3,n

B peakuusx qeNeHust AAPO PACIIENJISETCA Ha JBa HOBHIX CWIBHO PaJMOaK-
TURHBIX AIDA € HEOJIMHAKBHMU Maccamu. Peaknus HeneHusa sapa compo-

BOXK[8OTCs BHIEJIGHUEM OIDOMHOTO KoNuuecrBa sHeprud. Ilpm mporekxa-
HUW, HANPUMEP, PacCMAaTPUBAEMON pPeaKIMu Belaeisercsa sueprus 2-1010
k/x/Mons uim 8,4-1010 k/lx/kr 235U. D10 cOOTBETCTBYET TEIJIOTE Cropa-
HUA 2 MIIH. KT BEICOKOKaJIOPUITHOTO KAMEHHOTO yIJIA.

B peakuuu nesienus na OfMH 3aTpPaueHHH HEATPOH o6pasyerca 2—3
HOBLIX HeHTPOHA, KOTODH®, B CBOIO OYepellb, MOTYT BHI3HIBATL PEaKINIO
nenenus agep. TakuM 06pa3soM MOKeT NMPOM3OITU JABUHOOODA3HOe yBe-

e W
Yus. ILCIIK HE pe-

JWYeHre JHiia pacipenjiieMbiX AfQep, T.e. Yenwai pea
ryJIMpOBaTh pPa3BUTHe Ilenei, TO Npolecc NPOTEKAeT NPaKTUJYecKu MI'HO-
BEHHO M COMpPOBOXKAAETCS B3PHIBOM. Ha 3TOM OCHOBaHO NEHCTBUE AaTOMHOM
B6OMORL.

YnpasnseMble peakuuyl Hei€HUA sfgep (YpaHa, IYTOHUI) MCNONB3YIOT-
Cs B AJIEPHBIX PEaKTOpax. le([ 9TOM IIPOU3BOAUTCA 3HEPrusa U nojiyqyaor-

O™ 1 TDYTUY 3NIEMCHTOR
30TCHL! APYTUX 2JISMEOHTOB.

BaxHBIM BUIAOM ANCPHBIX DeAKIMl ABIAIOTCA MePaoLdeprsie Peaxyull.
OTO peakuuy cauAHMA (CMHTE3a) aTOMHHX sijep B 6olee cioxkHbe. B
KauyecTBe IpUMepa TePMOANEPHON peaKiUuM MOXKHO INPUBECTH CUHTE3 siaep
resiusi U3 Allep BOAOPOJA (IPOTOHOB) 110 CYMMapHOMY ypaBHEHUIO:

4H — JHe + 26"

TepMoxnepHue DPeaKIUn cONPOBOXKIAKTCA BBJIIEHHEM KOJIOCCAJIBLHOI'O
KoJuyecrBa 2HEprun. Tak, B pe3dy/bTaTe CMHTE3a relusA U3 BOACPOAA
NOJDKHA BHJIENUTLCA OTPOMHAs 3HeprusA, paBHad 644 mau. k/lx sa 1 r
Bonopofia. Osa B 3 MIH. pas 6onblue, YeM DJHEPTUA, BHIIETAEMAA NpPU
COKUTAHUM BOAOPOAA, U B 15 MJIH. pa3 6ONbINe BHEPIUH, MOJNYYAEMOR MPHU
CHKUTAHUN BBICOKOKANOPUIAHOIO KAMEHHOTO YIJIA.

Pemenne npo6neMbl ynpapisieMHX TEPMOAIEPHHIX DPOAKIMI NO3BOJIUT
YeJIOBEYECTBY MCIIONL30BATh HEMCYEPNIAEMBI€ 3aIachl BHYTPUALEPHON 3HED-
IHH.

Nsydenne 3aKOHOMEPHOCTEH SJePHHX NPEBPAIISHUI BaKHO JJIA ycTa-
HOBJIOHUSA TNPUPOABI SAIEPHBIX CUJI U CO3JAHNA TEOPUM CTPOSHUSA AAPA.
V3ayyenue AfepHLIX peakuuii MMeeT ¥ GOJBIUYIO MPAKTUYECKYIO MEHHOCTD.
OTO Tpesk/ie BCETO UCIONL3OBAHUE SI/IEPHON HEPIUU, UCKYCCTBEHHOE MOJTy—
YEHNEe HOBHX XHMMWYECKHUX DJIEMEHTOB, DPa3HOOGPA3HBIX PpaJuOaKTHBHBIX
uz30TONOR, PazRuTHE TEXHUKU YeKODEHMS UYACTUN MO3BOJN

110 BOCCORNARATE
1 XHUKH Kopegug YacTu Il NMO3BOJIMNIC BOCCOZ2BATEh
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B J1a60PATOPHE MPOLEcChl, TPUGIMKAIOIMECT K NPOUCXOAAIIUM B 3eMHOH
KOPe M KOCMHMYECKOM IIPOCTPaHCTBE. JTO JlaeT BOBMOMKHOCTS NPEACTAaBUTE
reHe3nc XUMUYECKUX 371eMEHTOB B PUPOJE.

§ 5. CUHTES3 3JIEMEHTOB

B 1869 r., korma JI.U. MengeneeBsim OBl OTKPBIT MEPUOJHYECKUIT
3aKOH, 6bII0 U3BECTHO Beero 63 snementa. Ha OCcHOBaHMM MEPUOAMYIECKOro
sakona JI.Jl. Menpgenees npejickasan cymecrTBopaHue 12 HOBBIX 3j1eMEHTOB
u aas tpex u3s Hux (Ga, Ge, Sc) onucan cpoiictBa. B rTedeHue nonyseka
(1875—1925) 611 06HApyKeHsl B IPUPOME MOYTH BCE DJIGMEHTHI, PACIONo-
sennme B Tabnune Menneneesa no ypana. [IyTeBOIHON HUTHIO IJIS NMOUCKA

M YCTaHOBJIGHUA XMUMMYECKON IIPUPOJILI IJIEMEHTOB SIBUJICHA MEPUOLUYEeCKUi
Lo A it
3aKOH U METOJ, NpeAcKa3anns, UCIop30Bannblil .M. Mengeieesrim.

C 1925 r. ocTaBaquch HE OTKPBHITBIMU TOJIBKO 3JIEMEHTEl C aTOMHBIMHU
Homepamu 43, 61, 85 u 87, KOTOpHIe, Kak OKa3aloch, He 06Pa3yiOT yCTOH-
qUBRIX N30TOTOB. IlepBbIM 6bljl MOJIyYeH CHUHTETHYECKUM TyTem TexXHeruid
Tec — 43-it 3/1emMenT, KOTOPHI 3amOMHMWJl MyCTOBaBUIyIo J0 1937 T. kieTky B
IepuoaNUecKoll cucTeme Mexay Moaubaesom u pyreHuem. TexHenuit Bnep-
Bble GBI TOJIYYEH IpU O6JIYYEHUHM MONUONeHa NeATPOHaMU:

98 2 99 1 98 99
42Mo + lH — 43Tc + 0 uan “Mo(d, n)“Tc

B 1940 r. o6nyuenueM BUcMyTa o~4YacTMLamu IOJydex 85— dJleMeHT acTar
At:

200p: | 4 211 1 200: 211
oaBi + JHe — "L At + 20n wmm “Bi(e, 2n)7g At

Dnementsl 61-i (npomeruit Pmn) u 87-it (ppanuuit Fr) 6ulau obnapyskensl
B NPOJyKTaX SIICPHOTO pacnaja ypaHa.

JIns cuUHTe3a TPAHCYPAHOBHIX 3J1EMEHTOB MCIOJIB3YIOTCA peaKUMH, B
KOTODPHIX y4aCTBYIOT HEHTPOHBI, JEHTPOHbI, (-YaCTULBI C IHEPTUed MOpAn-
ka 3-102 k/Ix/monb m muorosapsjmsie uoHel (10B3* 12C4r 14N8+ 1606*,
22Nel0*) ¢ ameprueit no 1,2-108 k/lx/mons (130 MaB).

Yenexu B cuHTe3e U U3yYEHWM TPAHCYPAHOBBIX JIEMEHTOB B OCHOBHOM
CBA3aHbl € PAaGOTO!l aMEPUKAHCKUX YYeHHX RalnpopHUICKOTO yHHBEpC
tera (r. Bepwiu) nom pykoopcteom [. Cuopra u ydemsix Mucrutyra
Anepubix ucciaenosanuit (r. ly6ua) nox pykosoacreom [.H. ®aeposa.

saMi KaJIbId

amin

H-

B 1987 r. B [lyoue 1pu 6omGapiupoBKe AAEp TOPUA WO
a ypaHa MOHAMU aproxa 6bll CMHTe3upoBaH siement 110.

llepuosn mosypacnajga TPanCYyPaHOBBIX 3JIEMEHTOB OBICTPO YMEHbIIaeTCH
¢ pocrom 3apszna aapa. OIHAKO UMEIOTCH OCHOBAHUA CYUTATH, YTO CPCAK
CBEpPXTSIKEIBIX IEMEHTOB MOBBILICHHOH yCTOHYUBOCTBIO JOJDKHEL 061aaTh
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AAPA ¢ 3aMKHYTHIMA HYKJIOHHBIMU CJIOAMU C MaruyecKUMU YUCJIaMU TPOTO-
HOB Z = 114 u 126 u meittporop N = 184.

Pazputue Qu3MKKM ¥ XUMUKM TpapcyPaHOBBIX 3JIeMEHTOB HEOCPeCTBeH-
HO OCHOBbIBaeTcs Ha nepuoaudeckom sakoHe [I.VI. Menpgeneesa. B cBowo
o4YepeNs WUCCIEIOBAHUA B 06JIACTH TPAHCYPaHOBBIX 3JIEMEHTOB He TOJBLKO
YLIYONAIOT CBeJleHUA O CTPOEHHM U CBOMCTBAX ATOMHBIX fAfep, HO TaKxke
pacllUpAIOT HALUU MPEJCTABIEHNS O CTPYKTYPE MEPUOAUICCKON CHCTEMBI.

HecmoTps Ha orpomHble fOCTHxkeHUs HayKu 3a NpOIefllee CTONETHE,
cucrema JI.VI. MeHpeseeBa B NPUHIMNAX TNOCTPOEHUs He TpeTepresia
CKOJIBKO-HUOYb 3aMETHBIX U3MEHEHMI, pasBUTUE MpeCTaBJICHUNA O Ie-
PUOJUYECKOMH CUCTeMe 10 CYyTH JAejia KOCHYJIO0Ch JIMINLE DaclilMpeHUA ee
HUKHEN rpaHUmbl.

YMecTHO 3pech BCNOMHEUTL BbickasmiBaHHe JIL.M. MennereeBa: ‘lle-
PUONUYECKOMY 3aKOHY Oynyniee He I'DO3UT paspylleHueM, a TOJbLKO Haj-
CTPONKH K padBUTHE oGenyaeT”.

§ 6. ANEPHBIE PEAKILMY B [IPUPOJIE

Ha usydenuu sakoHomepHOCTell AmepHBIX Peakuyil ¥ pagvOaKTUBHOIO
pacraga CTPOATCA TCOPUU HMPOUCXOKAEHMA XUMUYCCKUX DJIEMEHTOB U KX
pacmpocTpaHeHHOCTH B npupofe. Kak mokassiBalor jpammbie saepuoit ¢u-
3UKU U acTPOPUBUKM, CUHTE3 U NpPeBPalIeHUe DIEMEHTOB IPOUCXOLAT
Ha BCeX CTafUAX ODBOJIONMU 3BE3Jl KaK 3aKOHOMEPHBIA mponecc UX pas-
BUTUA.

O6pasoBanue simep ¢ yclaomKHEHMEM UX COCTABA MOKET NPOUCXOAUTL B
Hpupose 6O ITyTeM CIUAHUA 3aPAKEHHBIX YacTHy (PJIeMeHTapHbIX 4yac-
TAL, WJIX aTOMHBIX sifiep) APYr ¢ ApYroMm, JM60 B pesyibTaTe peaKy#il
NOrJIOmeHus HeATPOHOB. YCJIOBUA, HEOGXOAUMBIE [Jisd OTHX HpPOLECccOB,
BO3HUKAIOT JIM6O B HeAPAX BBE3J pPasiMYHBIX THUIOB, Te 3apsmeHHbIC
JaCTUUBl YCKOPAIOTCA MPU BHICOKUX Temmeparypax (HOpsiika COTeH MUil-
JIMOHOB rpajlycoB), JMGO B 3Be3/HLIX aTmOc(epax, Ile YacTUnsl YCKODPSIOT-
cs1 MOUIHBIMU 3JIEKTPOMArHUTHHIMH TIOJIAMMU.

Ilpu 10—20 maH. rpagycoB B 3Be3sgax MPOTEKAIOT peaKiuu [peBpanie-

onepruu, noaaepxuBaomelt Connyge 1 60ALIMMUHCTBO 3BE3 B PACKATICHHOM
COCTOSTHUH.

B anenmaw -

D 3BE3MaX APYyroro TuMNa u BO3pacTa NpPU TemIeparTypax Bhime 150 mim.
PaflycoOB INDOTEKAIOT TepMOs[ePHble peaknMM relus c o6pazoBaHueM
YCTOMYUBLIX M30TOIOB yIJIepofa, KHCIOPONa, HeOHa, MATHUA, CEpEl, apro-

Ha, Kaldbyus U Ip.:
“He(a, 7)°Be(a, 7)'2C(a, 9)150(a, 7)2°Ne(a, 7)24Mg
. 15



[IpOTeKaoT Takke PeaKIUU ¢ yyacTUeM MPOTOHOB U HEHTPOHOB U o6pasy-
JOTCA 3JIEMEHTH! BIIOTH JIO BUCMYTA.

O6pazoBaHKe CAMBIX TAKeIHX BJIEMEHTOB — ypaHa, TOPUdA, TPaHCypaHo-
BLIX 3J/IEMEHTOB — MPOUCXOAMUT MPU B3DbIBe CBEPXHOBHIX 3Be3i. IIpH TakoMm
B3PBIBE BHICBOGOMKAETCA KOJIOCCAbHAA SHEPIUA, U TeMIepaTypa AOCTUraeT
nopsaka 4 MJpA. TPagycoB, UTO NO3BOJNSET OCYUIECTBUTHCH pEAKIUAM
06pa30BaHUA CAMBIX TSAKEJIBIX 3JIEMEHTOB.

B Henpax iaHeT He MOI'YT BO3HUKATHL CTOJIb BBICOKME TeMMepaTypsl, a
CJIEOBATEILHO, U TIPOTEKATH CTOJb PA3HOOOPa3HBIE SANEPHBIE PeaKIUK, KAK
B ropauux 3spesgax. Ha 3emsie npespaliesue 3eMeHTOB B OCHOBHOM 06yc-
JIOBIIMBAETCA DPAJMUOAKTUBHBIM DPACHAJOM. OTO NPUBOLUT K HEKOTOPOMY
U3MEHECHUIO M30TOMHOIO COCTABA CYHIECTBYIOMIMX 3JIGMEHTOB, U3 KOTODBIX
25% pagaMOaKTUBHBIL.

B Hegpax 3emnu o6HADYKEHB TAKKE HUUYTOKHBIE KOJINAYECTBA HEKOTO-
DbiX K3 CHATC3HPOBAHHBIX B JabOpPaTOPWi 3/I6MEHTOB (IpOMETHA, Ppar-
oy, HeNTYHUS, IUIyTOHUSA, Texuenusa U Ap.). [{o-BuauMOMy, OHM BO3HMKA-
JIX KOIJa-TO B 3HAYUTENbHBIX KOJMYEcTBaX, OJHAKO BCJEJLCTBUE HeycTOM-
B HacToAiiiee BpEMA STH H
3yJbTaTe ANEPHBIX PEAKIMI, BHI3BIBAEMBIX KOCMUYCCKUMH JIydaMud, WK
KaK MPOAYKTHI PajUOaKTHBHOIO Paclajga ApPyrux dJIeMEeHTOB.

..
W
=4
e
k4
[0}

- vioTeS B DO
T T joles

I'JT ABA 2 9JIEKTPOHHAA OBOJIOYKA ATOMA
XUMHYIECKOI'O 9JIEMEHTA

§ 1. UCXO/JHEIE NPENCTABJIEHUA KBAHTOBON
MEXAHUKH

Teopus cTPOEHUA aroMa OCHOBAaHA Ha 3aKOHAX, ONMCBHIBAIOLIUX JBUNE-
HUe MUKpouacTdq (3/IeKTPOHOB, ATOMOB, MOJIGKYJ) W KX cucTeM (HaIpu-
Mep, KpucTauioB). Maccel u pasMepsl MUKPOYACTHI[ YPE3BBIYANHO MaJibl
[0 CPABHEHMIO C MaccaMW UM pa3MepaMu MakpocKomudeckux rei. Ilosromy
CBOMCTBA K 33AKOHOMEPHOCTU [BIKEHUSA OTIeIbHON MUKPOYACTHALBI KayecT-
BEHHO OTJIMYAOTCA OT CBOWCTE U 3AKOHOMEDHOCTEH IBUXKEHUS MAKPOCKO-
[MYECKOro Tejla, U3yHaeMbIX KJaccudyeckoll ¢uankoit. puxenue u Baan-
MOJIeHiCTBUS MUKDOYACTHUI OMUCHIBACT Keakmosas (WM 604K080%) MEXaHU-
ku. OHA OCHOBRIRAGTCA WA MpENCTABNTEHUN O KRAHTOBAHUM DHEPT'UU, BOJIHO-
BOM XapakTepe NBWKEHUS MUKDOYACTUL, U BEPOATHOCTHOM (CTATHCTHYEC—
KOM) MeTOJe ONUCAHUA MUKPOOOGHLEKTOB.

KpanToBHI XapaKkTep HIJIyUeHHs1 H HOTJIONICHUs 3Hepruu. [Ipumepro B
gadane XX B. McciefoBanMa psifa ABAeHMH (M3JIYyUEHHH pacKaleHHbIX
Tes1, GoToaddeKT, aTOMHBIE CIIEKTPbI) NPUBENM K BBIBOAY, YTO DHEpPrus
pacHpocTpaHsercss U mepepaercs, MOIVIOW@eTcs] X UCIYCKAETCs He Helpe-
16

PHIBHO, a JHCKPETHO, OTAEIbHBIMU NOPLUUSAMH — KBaHTaMu. DHEPIuUs CHc-
TEMBl MUKDOYACTHI, TAaKKe MOXKET NPMHUMATH TOJBKO OINpeJeJeHHbIe 3Ha-
YeHUs, KOTOPBIE ABIAIOTCA KPATHEIMUA YHAC/IAMU KBAHTOB.

Tipeanosioxkenne O KBAaHTOBOW 5HEPIMM BIEPBbIE OBUIO BBICKA3AHO
M. llnankom (1900) u nosske o6ocuoBauo A. Ditnmreitnom (1905). Duep-
IUA KBAHTA £ 3aBACUT OT YACTOTHl UBNYYEHUA v:

—_
[
~—

g€ = hu,
rae h — nocmosunas Maanxa (h = 6,63:10734 [Tc-c).
Yacrora kosieGaHUil v M IINHA BOJHBI A CBABAHBI COOTHOLICHUEM:
Av = ¢,

rjge ¢ — CKOpOCTb CBera.

Coracio cooorHomenuio (1), ueM Menbllle JuMHA BOJMHBI (T.e. YeM GoJiblue
yacroTa Kosebanuit), TeM Gonblue oHeprus ksanta. U, Haobopor, uyem Gonblue
IJIAHA BONHBL (T.€. YeM MeHblle 4acToTa koJsieGanuil), TeM MeHblle SHOPIUs KBAHTA.
Takum o6pasoM, yabTPadUONETOBbIC U DEHTTCHOBCKUE JydM obnajalor BGosblreit
GHepruest, YeM, CKaxeM, PAJMOBOJIHBI MM MHGPAKPACHBIE JIYUM.

Bosmopoit xapakTep ABHXKOHAS MUKPOYacTHN. /[JIsi ONUCAHUS 3JIEKTPO-
MArHUTHOIO M3JIy4YeHUA MPUBJIEKAIOT KaK BOJHOBBIE, TAK U KOPIYCKYyJIAp~
Hble NPEJCTaB/leHUsA: C OAHOU CTOPOHBI, MOHOXPOMATHYECKOE W3JIydeHue
pacnpocTpaHsiercs Kak BOJIHA U XapaKTepuayerca JIUHOK BOMHBI A (uiam
YacTOTOM KoJNeGaHUA v); ¢ APYroi CTOPOHBI, OHO COCTOMT U3 MUKpOYac-
TUI, — QOTOHOB, mNepeHOCAmMUX KBAHTHL 3Heprumu. SBneHust gudpaknuu
3/IeKTPOMArHUTHOTO U3JydeHUs (CBeTa, PaZUOBOJIH, Y-jlydell, PeHTIeHOBC-
KUX Jiydelf M Np.) ZOKA3BIBAIOT €C0 BOJIHOBYIO mpupoay. B To ke Bpems
IEKTPOMATHUTHOE M3jly4yeHue obsajaeT IHeprueidl, Maccoif, NpOU3BOJUT
napitenue. Tak, BeIYMCIIEHO, YTO 3a rof Macca CosHua yMeHbmaercs 3a
cuer usiyvedus Ha 1,5-1017 kr.

Jlyu pe Bpoins mpepstoxkun (1924) pacnpocTpalHUTL KOPIYCKYJSPHO-
BOJIHOBBI® NpPEACTAaBJICHUA Ha BCce MUKDOYACTUUBI, T.€. ABMXKEHUE JI060M
MUKDOYACTUALBI paccMaTpUBaTh Kak BOJIHOBOI npomnecc. MareMaTu4ecKu
9TO BrlpaxkaeTcad coomuowenuen Oe Bpouas, cOrflacHO KOTOPOMY YacTHIe
Maccoil m, JBUXKYIEHCA CO CKOPOCTBIO ¥, COOTBETCTBYET BOJHA IJIMHON A:

A = hf(mv). (2)

Tunoresa ne Bpoiina 6bla 3KCIEPUMEHTANBHO TOATBEPXKAEHA OGHADY-
KenueM audpaknuoHHOro M UHTepbepeHnuoHHOro 3GQEeKTOB MOTOKA
SMeKTpoHOB. B HacToAuee BpeMs AMQPAKIKA MOTOKOB JIEKTPOHOB, Heli-
TPOHOB, NMPOTOHOB MIMPOKO MCIONL3YETCS AJA W3YUEHHUA CTPYKTYPH Be-

mecrs (eMm. pasaen IV). ! . ' :
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CornacHo cooTHOWeHMIO (2), ABMKEHUIO dNIOKTpOHa (Macca 9,1-10731 ki,
ckopocTh nopsazka 106 M/c) orsevaer BonHa AnuHOl nopsaaka 10710 m, T.e.
ee JAJNHWHaA CcOU3MepHMa ¢ pa3MepaMH aToOMOB. “OE)TOMY NpHU paccesaH
3/I6KTPOHOB KpuCTaiamMu Habmiogaercid AMDpaKnusA, NpudeM KpUCTaIBL
BBLINOJNHAIOT POJIb AH(PAKLHOHHON PELIeTKHU.

C ABMKEHUEM € MaKpOYacTHIl,, Ha060pOT, accOLMUPYETCs BOJNHA CTOJNb
Manoit anueel (10729 M ¥ MeHBIE), YTO BKCIEPUMEHTAIBHO BOJSHOBOKW MpO-
gecc 06HApYKUTH HE YAAETCA.

{ippunmn meoupepenennocTA. D. Delisenbeprom  ycraHo
OpPUHINUDND HEONpEJeJJeHHOCTH: NEBOIMOKKO 00HOBPEMERNO
mouno onpedesums Rotoxewue muxpouacmuysi (ee xoopdumams) u ee
xoauxecmeo deuxenus (uunyasc p = mv).

MareMaTU9eCKOe BEIDAKEHHE MPUHIMNA HEONpebIeHHOCTH MMOET BUZ:

AIAP}:’:;;_ unu AzAv?,)h \ (3)

4TI

=arxr {1097
ICH \104d )

rae Az, Ap, Av — COOTBETCTBEHHO HEONPEAEJICHHOCTH B IOJIOKEHMM, MM-
[yJILCe ¥ CKOPOCTH YACTUIHL.

W3 coorHowenuit (3) cnenyer, 4To ueM TOYHee ONpeAEIOHa KOOpAUHATA
yacTHUE (YeM MEHbIE HeONpeJeIeHHOCT: Az), TeM MeHee ONpezesieHHON
cTaHOBUTCA ckopoers (6ombuwe Av). M HaoGopor, weM TOUHee U3BECTEH
uMnyase (cKOpocTh), TéM 60jiee HeONPENeIeHHO MECTONOOKEHUO YACTULE.
Tak, ecm MONOkeHNe 3JIEKTpOHa ONpeAeIeHO ¢ TOYHOCTHIO 1o 10712 M, 10
HeONpee/IeHHOCTL B ckopocTu cocTaBut 58 000 km/c.

JinsA MakpouacTHy BeJIMYMHA OTHOUIGHUA h/m OueHs Mana (T.e. HHY-
TOKHO MaJIH Az u Av), MOITOMy ANA HUX CIOPABE/JIUBE 3AKOHBI KJacch-
YecKOM MOXaHMKM, B PaMKax KOTOPHIX CKOPOCTb M MOJIOKEHWE YACTHIBI
MOLYT 6BITH TOYHO ONpEAeJIeHbl O HOBPEMOHHO.

KBanTOBaHMe 5Heprud, BOJHOBOI XapaKTep [BMXEHMS MHKpOYacTHII,
NpPUHIMI HeONpeJeIeHHOCTH — BCE ITO IOKA3BLIBAET, YTO KJacCH4ecKas
MexaHUuKa HBHPM[‘OL!H& AN OMUCAHUA TOREIOHUSN MUKDOYACTHUIL. T&K;
COCTOSHME 3JI6KTPOHA B aTOME HeJIb3s IIPEJICTABUTbL KAK [ BMKEHHE MaTe—
pHANTLHOM YacTHOB MO0 Kakoii-T0 op6ure. KBaHTOBas MexaHMKa OTKa3HIBa-
ercsa oT yTO'{HGHPlﬂ HOHO?;](GHH}[ 3JIEKTPOHA B NpPOCTPaHCTBE, OHa 3aMeHser
KJIaccHYecKOe MOHATHE TOYHOrO HAXOWAGHMS YACTHUB NOHATHEM CTaTHC-
THUYECKOH BEpOSTHOCTH HAXOKACHUS IEKTPOHa B JaHHOH TOYKe IIpOCT-
paHCTBa UMK B 3JeMeHTe o6beMe d V BOKpyr Azpa.

§ 2. QJIEKTPOHHOE OBJIAKO

Bonnosas ¢yaxmma. [1ockonbky JBUKEHHE IEKTPOHA UMEET BOJHOBOM
XapaKTep, KBaHTOBasd MEXaHMKAa OIMCHIBAET €r0 [BHKEHME B aTOM IIpH
MOMOUIN @oanoBoti Pynxyuu . B pasHEX TOYKaX aTOMHOTO MPOCTDAHCTBA
18

BTa GYHKUUA NPUHNMACT PAs3HBIe 3HaYeHUss. MaTeMaTHUYeCKU 3TO 3alKUCchi-

BaeTcs paBeHCTBOM % = ¢ (z, ¥, 2), TAe z, ¥, Z — KOOPAMHATH TOYKHU.

BEPOATHOCTh HAXOXJEHHMA BJICKTPOHA B JaHHOM TOYKE aTOMHOTO IIpOCT-
padcrsa. Besuuuna 192d V npencrapasier co60ii BepOATHOCTH O6HAPYXKEHUA
DACCMATPHMBAGMON YacTHiBl B 3J1eMeHTe 06bema d V.

B kauecTBe MOJENU COCTOAHUSA H/EKTPOHA B aTOME NMPHHATO MpPeACTaB-
neHue 06 saexmpowunow 004axe, IUIOTHOCTL COOTBETCTBYIOIIMX YYACTKOB
KOTOpPOTO TNpONOpL#OHAAbHA BOPOATHOCTH HAXOKIEHMA TaM OJGKTPOHA.
OnHa U3 BO3MOXHEIX (POPM 3JIEKTPOHHOrO 06Jaka B aTOMe IIOKa3aHa Ha
puc. 2.

OTOT PUCYHOK MOKHO MHTEPIPETUPOBATH CilefyiomuM o6pasoM. [Jomyc-
THM, YTO B KaKOH-TO MOMEHT BpEMeHM HaM yjaiock cdororpadupopars
MOJIOKEHU® -BJIGKTPOHA B TPEXMEPHOM MpOCTpaHcTBe BOKpYr Axapa. Ha

daorornacduu 310 oTnazuTes B pune Touku. IORTODMM Takoe onpenesieHue
QOoTOorpaPUK 3TO OTPAa3KTCA B BUJAS TOUYKHU. lIOBTCPUM TaKO€ ONpeaeneHue

Thicssun pas. Hoseie dororpadun, caenaHHbie 4epe3 Maible NPOMEXKYTKUA
BPEMeHM, OOGHAPYXKAT BJEKTPOH Bc€ B HOBBIX IIOJIOKEHUAX. MHO)KEcTBO
TAKUX (ﬁumrpa(bmﬁ NpPU HaJIOKEHUU O6pa3yloT KapTUHY, HANOMUHAIOUIYIO
obnako. OueBngHO, ofyiako OKaxercad Hauboslee IUIOTHBIM TaM, TAE Hau-
60bIIeE YKCIO TOYEK, T.. B 06/1acTAX Haubojlee BEPOATHOrO HAXOKISHUS
asekTpoRa. OYeBHHO, YeM POYHEE CBASL INIOKTPOHA C ALPOM, TEM DJIEKT-
poHHOE 06/1aK0 MeHbIle MO pa3MepaM U IUIOTHEE MO PACIpeAesIeHUIo 3a-
pAna.

OJeKTPOHHOE 06TaK0 YacTO U306pakalOT B BUJO 1PANUUKOU NOGEPTHOC~
mu (oxpaTeiBajomieil npuMepHo 90% amekTpoHHOro o6naka). Ilpu srom
0603HaueHKHe MIOTHOCTUH € NMOMOWILI0 TOYek onyckawoT (puc. 3). O6sacts
NPOCTPAHCTBA BOKPYT AApa, B KOTOpOli Haubojee BEPOSTHO Mpe6uIBaHME
JIEKTPOHA, HA3KIBAIOT opbumaasio. PopMy U pasMepbl rpaHUYHON MOBepX~

Puc. 2. Onexrponnoe o6- Puc. 3. Cedyene rpaHuy-
JIaKo HOM TNIOBEPXHOCTU
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HOCTH TPUHSATO cYUTaTh (GOPMOH UM pa3mMepoM OpGuTanu (anexTpoHHOrO
obnaka).

BolunicnieHe BEpOSTHOCTH HaXOXKJEHUA 3JIOKTPOHA B JaHHOM MecTe
aToMa (MOJIGKY/IBI) M €ro SHeprud — CJIOKHAA MaTeMaTHYeckas mpobJieMa.
OHa pelllaeTcsi ¢ NOMOLIBIO YypaBHEHHA, MOJy4MBLIErO Ha3BaHHe 604H06010
ypasuenus [lpedunepa.

Ypassenue lllpefinirepa CBASHIBAIOT BOJHOBYIO DYHKUMIO ¥ ¢ MOTEHUMANbHOM
aHeprueit onextpoHa U v ero nosHoit sHepruen E:

P vyt =0
reomill s (E- Dy =0,
- 29

rjge MepBblil 4YjieH COOTBETCTBYET KUHETUYECKOW BHEPruu 3JIeKTPOHA; Véy = dzZ

o2 # N

+ gif + })—!20 - CYMMa BTOPbIX IPOM3BOJHBIX BOJHOBOM (YHKUUM 4 IO KOODAMHA—
oy I
oy a2

TaM I, Y U Z M — Macca QJIeKTpoHa; h — nocrosnHas [lnaHka.

He BbisicHSS MaTeMaTMYeCKUil CMBICJI BOJIHOBOrO YpPaBHEHWs, OTMETHM, 4TO ero
npUeMIleMpie PEllIeHVsT ROIMOKHRI TOJIBKO MDY BIOJIHE OMPENETEHHbIX IUCKPETHBIX
3HAYEHUSIX OHEPIMM  ONEKTpOHa. Pasnuunbiv — GyHrumaM ¥, ¥, ¥s, .., ¥n,
KOTOpbi€ SBISIOTCS PellleHMeM BOJHOBOTO YPABHEHUS, COOTBETCTBYET CBOE 3HaueHMe
asueprum: Ky, F», Es, ..., Fn.

BonHopasi (byHKIMs, ABISOMasicss penleiveM ypashenus [llpenunrepa, nasbi-
BAeTCA OPOUMAABIO.

Ha puc. 4 ¥ 5 nokasanbl rpadbVky VaMeHeHusl 1) v Y2 JUIs OJIEKTpOHa aToMa
BOJOPOJia B B3aBUCUMOCTM OT PAcCTOSIHUSA OT sifipa 7T, OTBeYalolue [BYM Da3HbIM
3HAYEHUSIM ero 3Hepruy. V306paskeHHElE Ha pyc. 4 KPMBBHIC He 3aBUCAT OT Hanpap-
JIEHUS, B KOTODOM OTKJIAJbIBAETCA U3MepsieMoe PaccTosHue 7. D10 O3Hayaer, UTO
QUIEKTpOHHOe 06J1ako objlajaer cheputeckot cuMmerpuert (cM. puc. 2 u 3). Kpusas

Wl ) wzl

r r

P u c. 4. pacduru ¥ n W2 17151 ONEKTPOHA aTOMA BoJOpojia ¢
HAayMeHbIlen sHepruei
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Puec. 5 Tpaguwu U n U2 st snextpona aToMa BOJOPONA B BOIGYAICHHOM
COCTOAHUM

1) pacrosioxeHa Mo OJHY CTOPOHY OT ocH paccTostHuit (ocy abcuucc), T.e. BOJIHOBast
GYHKUMA VMeeT NMOCTOSHHBII 3HAK; 6YIeM CUATATH €ro NOJIOKNTETLHRIM.

[Ipu npyroM 3HaveHMM 3JIEKTPOHA KpUBblE YU 1/)2 UMeEOT BUJI, NoKa3aHHbIA Ha
puc. 5.'B aroM ciydae 1o ofHy CTOPOHY OT fi/ipa BOJHOBas (DYHKIMA TONOKUTETb—
Ha, N0 Jpyrylo — OTpUUATeNbHa; B Hayajle KOODIMHAT 3HadeHUe 1h .oﬁpamae'rcg B
Hynb. Kpusast xe 1, ecrecTBeHHO, COOTBETCTBYeT TOJLKO MOJOKUTENbHBIM 3HaYe-
HUsIM 92, PaccMaTpuBaeMasi BOJIHOBas (DYHKUMsI M ee KBajpaT He obiajalor ce—
pUYecKoll CUMMeTpHelt. OJIeKTPOHHOe O06JIAKO COCDENOTOYEHO BIOJIL OCH I, a B
IJIOCKOCTU Y2, MEePHeHMKYJIADPHO! 9T0f OCH, BEPOATHOCTL NMPEGBLIBAHUS QTEKTpOHA
paBHa HYMO. [103TOMY G/eRTPOHHOE 06J1aK0 UMeeT dopMy raHTemM.

§ 3. ATOMHBIE OPBUTATU -

KsantoBue ugmcna. Op6uTans MOKHO ONMcaThb ¢ NOMOMbIO Habopa
KGAHMOBHT YUCes N — [VIAaBHOE KBaHTOBOe 4YUCiO, | — OopbuTanbHOe KBaH-
0€ KBaHTOBOE YMCJIO.

'nasBoe kBamTOBOE YHMCIO. DHeprerwdeckue yposaM. COrnacHoO ycjoBHM-
M KBaHTOBaHUS snewrpon B aTOMe MOXET HaXOAUThCA JIUIIb B ONpPeAesIeH~

BIX KBAHT P - — .

, COOTBOTCTBYIOMUX ONPEACieHHbIM 3HAYCHUAM

TOBOE HHCAO, 7] — MarHWTH

€r0 BHEpruM CBA3M C
Tak, BOnHOBBIE

AXPOM.
YHKUUM, nonyqaemme pemeﬁnem BOJT

1M g aTOMa BORXOPOAS, COO

pble 3alal0TCs BhIPaXKeHHEM

OBOTO ypaBHe—

")
]
4
]

E = -21,76-10"1° 1;2- Ix ww E=-136 % 9B,
rAe » — IJlaBHOe KBAaHTOBOe 4mcno; n = 1, 2, 3, ..., .

Hepexo,u JJIeKTPOHAa U3 ONHOTO KBRAHTOBOrO COCTOAHHA B Apyroe CBA3aH
co CKa‘lKOOép&BHb[M U3MEHeHueM ero OJHepruu. I‘pa(buqecxu JHEepruro
KBaHTOBBIX COCTOAHMII M KBaHTOBLIE Iiepexoapl 3J1eKTPOHOB MOXHO M306pa—
3UTE ¢ IOMOIIBIO cXeMBl JHeprerudyeckux ypoeHeii (puc. 6). Ha cxeme
TOPU3CHTaJIbHEIE JIMHUU IIpOBeieHbl HA  BBLICOTAX, HpOnOpuUOH allbHBIX
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JHAYCHWUSM 9SHEPIUM  DJEKTPOHa B
EpB aTome  BOAOPOJA. BeprukanbHbIE

”0(/{8”] by H CTpE&JIKU  YK33blBalOT Ha BO3MOXCHDIE
it peco KBAHTOBHIE Nepexoxbl.

S =i n=4 KpanTOBOE COCTOsiHUE aTOMa ¢ Hau-
T 1111 Z:? MmeHpmmeii  sHeprueil By  Ha3bBaioOT
227 Ccepun ocnoousia.  OcTanbHble  KBaHTOBHIE
sl oy Pawens n=2 cocTosiHUs ¢ 607€e BBICOKMMU YPOBHS-
4T cepun mu suepruu Ez, Es, Ey, ..., Ha3BIBAIOT
T Bensuea 8036yxIennb L. DJEKTPOH B OCHOB—
-6 HOM COCTOAHUU CBsi3aH ¢ SApOM Hal-
7r Gonee npouHo. Korma ke aTom HaXo-
-8 nuTcsi B BO3GYKIEHHOM COCTOSHUM,
-9 cBSI3b DJIEKTPOHA C S APOM ocsabepaeT
-0}t BMJIOTH 10 OTPhiBa IGKTPOHA OT aTOMa
7F : npu E_ ¥ npespalleHus ero B noJoKu-

72r TeJILHO 3apSIKEHHBI MOH.
3 n=t B OcHOBHOM COCTOSHHU ATOM MONeT
'M}' gh/;//; HAXOQUTbCA HEOTpaHUYEHHOE BpEMS, B
ANaanard BO36yKIE€HHOM e COCTOSHMM — HUH-

TOMXHBIE NOJIU CEKYHJbl (10*8—1()’10 c).

Puc. 6. Cxeva oHepreTM4eckux
Bo36yxneHue aromMa NpOMCXOAMT

ypOBHGV[ M KBAaHTOBbIE NEPEXolibl

aToMa BoJopolia npu HanQBaHMM, 3J1€KTp0p33pﬂILe,
nornomeHun cpera u T.4. Ilpu sTOoM B aro6OM cilydae aTOM NoTJomiaeT
JIMIIb ONpENEJeHHble KBaHTH JHEPTMM, COOTBETCTBYHOUIUE pasHOCTH IHEp-
reTudecKuX YpOBHE! 3J1eKTpOHOB. O6patHblil nepexon 3JEKTpOHa cONpo-
BOX g aeTcs BbIAEJIeHUeM TOYHO TaKUX e KBaHTOB JHEepIruu.

. KpauToBble nepexonbl 3IJEKTPOHa COOTBETCTBYIOT CKauKOO6pa3HOMy
W3MEHEHUIO CPEJHEro pa3mepa dJIeKTPOHHOTO o6naka: yMeHbllIeHUE JHep-
[MM CBS3U DJIEKTPOHA C SiAPOM COOTBETCTBYET yBEJUUCHMIO o6bema 06j1aKa;
yBesMUYeHMe DHEPIUM CBA3U — CHKATHIO obnaka. ’

ATOMHBIE CHEKTphl. DKCIEPUMEHTATIbHO KBAHTOBAHWE SHEPrMM aTOMOB
o6Hapy)uBaercs B UX CIHEKTpaX NOTJIOMWEHUA U ucnyckanusi. ATOMHbBIC
CReKTpH MMEIOT JMHeHdaTslii XapakTep (puc. 7). BosauxHOBeHUe nuHUI B
cnexkTpe OOYCJIOBJIEHO TeM, 4TO Npu pO36yXeHuHn aTOMOB (HarpepaHuu
raza, 2J€KTpOpazpsine Uu np.) 3JEKTPOHbI, NPpUHUMAA CcOOTBETCTBYIOMIME
nopuuu SHepruu, nepexo,uﬂ'r B COCTOsiHUE C 6osee BBICOKUMU aﬂepreTquc—
KUMU YpOBHAMHU. B TaKOM BO3CYXKJeHHOM COCTOsHMHM &TOME! HaXOnSTCs
AUNIL HUYTOXKHBIE OOJMU CEKYHIBL. [lepexopn 271eKTPOHOB B COCTOAHUU €
60s1e HUBKUMM YHEPTETUYECKMMU yPOBHSIMU CONPOBOXAAETCH BBI1€JICHUEM
KBaHTa DHEpruM. JTO OTBewaeT NMOABJIEHMIO B CMEKTpe OTASTBHEIX JIMHU,

22

CHHe - dunone-
Kpacnasn senenan CHHaa ToBas

Hg L, He

(Y rrrryrr T r T e [Ty rrrrprryo

700 650 600 550 500 450 400 350 Hm

Puc 7. JluHuu BUIMMOTO cheKTpa aToMHoro Bojoposa (cepus
BanbMepa)

COOTBETCTRYIOUMINX M3JYYEHHIO ONpPeJefleHHON 4acTOTH KoneGaHuit (nJiuHbI
BOJIHHI).

Hockosbky ra3006pa3Hblii aTOMHBIL BOROPOA COJEPXKHUT MHOMKECTBO
aTOMOB B pa3HBIX CTOHEHAX BRO36YxneHUs, COEKTP cOCcTOUT K3 6oMbIIoro
Yycyaa JHHUM.

KsantoBbie mepexoas! BO36YXNeHHBIX 3J6KTPOHOB C Pa3JN4HBIX ypOB-
Heil Ha mepBulii (cM. puc. 6) oTseualorT rpynne NMHMEA, HAXOASUMXCA B
yabsTpaduoseroBoit obaactn (cepus Jlatauana); mepexonbl BO3GYXIEHHBIX
9JIEKTPOHOB Ha BTOPOW YpOBeHb B OCHOBHOM COOTBETCTBYIOT BHAMMOI 06-
nactu cuektpa (cepus Baasaepa); ppyrne cepuM HEepeXONOB BblPaXeHbl
IJIMHHOBOJIHOBOl 0671acThiO cleKTpa. Bunumbiil ciektp Bonopona (cM. puc.
7) BO3BHMKaeT IpH Hepexone BO3GYXIEHHBIX JJIEKTPOHOB B COCTOSHUE C
rIaBHBIM KBAHTOBHIM upcyioM n = 2 (cepus Baavuepa).

Opb6uraisnoe kBaHTOBOEe yHMci0. MopMul opbmranei. [ljna xapakrepuc-
TUKHM GHOpMbl OpPOHUTAJIH, a CIeNOBATENLHO, U (OPMBI anex’rpoimoro obiaka
BBeleHO opbHTatbHOe KBaHTOBOe uMciio | Jlonyctumule 3Hauenmsa umcaa |
OllpenesioTest 3HAaYeHHeM TJIABHOTO KBaHTOBOro umucida n. KpaHToBOS
uncno [ umeer snavenna: 0, 1, 2, 3, ..., (n —1).

Op6uTanbhoe KranToBOE 4ncio | DpuHATO 0603Ha4YaTh GYKBaMu:

Op6uTanbHoe KBAHTOBOE YUCHO I ...vvvervrenvennens 012345
OBOBHATEHUS ..oveevrerierinesrensiarnssesnas TR spdfgh

Jnsi kamnoro 3HaYeHMs TJIABHOrO KBAaHTOBOrO 4YHCJIa OpGHTalIbHOE
YMCIIO OPUHMMaeT 3HaueHHsl, 3aKiliouennsie Mexay 0 u (n — 1):

Cnapxoe kBanto-  Op6GUTanbHoe KBaH~ O6ozsadeHre opbutanu
BOE TUCTI0 R T0BOE YHcio { (anexTpoxHorO 06NAKA)

i 0 is

2 0,1 2s, 2p

3 0,1,2 3s, 3p, 3d

4 0,1,2 3 4s, 4p, 4d, Af
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P u c. 8. @opMa s, p- U d-opOuTaseil. [loxazaHb! Takke SHaKM BOI-
HoBo¥M PYHKUMK

Takum 06pa3oM, njls O3JEKTPOHA [EPBOrO BHEpreTUiecKoro ypoBsH:
(n = 1) Bo3aMOXKHA TOJILKO OHA ¢dopma opbuTan, AJA BTOPOro 3HEpreTu-
yeckoro ypoBHs (n = 2) BOBMOXKHE! iBe (GOPMEI opOuTameif, NJIA TPeTHero
ypoBHs (n = 3) — TpU U T.A.

CorlacHO KBaHTOBO-MEXAHMYECKUM pacyeTaM s-OpOuranu MMeloT dopmy
mapa, p-op6uraiu — HOpMy PaHTEJH, d- u fopburtanu — 60Jiee CIOXKHBIE
dopmbi. POpME TPAHUYHON NOBEPXHOCTH §-, P- U d-opburaneil MOKa3aHbI
Ha puc. 8.

[ipy 06O3WAYEHMN COCTOSHUS SJIEKTPOHA TIJIaBHOE KBAaHTORO® que-
JIO OMIIYT [epej CUMBOJIOM OPOMTAIbHOIO KBAHTOBOrO YHMC/IA. Hanpuwmep,
4s osnauaer oaeKTpoH, y Kotoporo n = 4 u I = 0 (o6nako umeer dopmy
24

mwapa); 2p o3HayaeT 3JeKTPOH, y Kotoporo » = 2 u | = 1 (o6nako umeer
dbopMy ranTes M) U T.A. .

MarauTHOe KBaHTOBOE uMcNO. IIpocTpancTBeHEAA OpHeHTAmMA Op6GHTa-
nedt. JInA xXapaKTepUCTUKU NPOCTPAHCTBEHHOrO pAacliojlokeHus opbutaieit
npumeHsieTcsi MarHUTHOe (OpMEeHTUPOBAHHOE) KBAHTOBOE 4UCIIO M.

Yuclo 3HAYEHUiT MAPHUTHOLO KBAHTOBOI'O YuUCJIa 3aBUCUT OT OpOUTANb-
HOTO KBAaHTOBOTO 4ucila u pasHo (21 + 1):

OpburanbHoe kBaH-  MarHuTHoe KBaHTOBoe Yueso opburaneit ¢

TOBOE YUCUIIO l YU IO ml JaHHBLIM 3HaYeHueM l
0 0 i
1 1,0,-1 3
2 2,1,0, -1, -2 5
3 3,21,0, -1,-2 -3 7

s~CoCTOsTHUIO OTBeYaeT OfHa OpOUTa/ib, P-COCTOSHUIO — TPH, (-COCTOS-
HUIO — MATH, fCOCTOAHMIO — cemb U T.A. Opbutanu ¢ OLUHAKOBOW 3HEpPru-
ei1 Ha3HIBAIOTCA OupoXIeHnbLul, Takum 06pa3oM, p-COCTOsIHME BHIPOKIEHO
TPEXKPATHO, ¢-COCTOSHUE — NATUKPATHO, a fCOCTOSHUE — CEMUKPATHO.
O61miee ke yucao opOuTaliell NaHHOTO JHEPreTUYECKOro YPOBHS paBHO N2,

Ilo xapakTepy OpueHTanyu B OPOCTPAHCTBE p-Op6GUTAIM 0603HAYAIOT p,
Py ¥ P (cm. puc. 8). d-Op6utanu, OpUEHTHPOBaHHbIE CBOMMH JIOMACTAMH

Nno OCsiM KOOpAMHAT, 0603HadaloT d , o 1 d 5 & d-op6uTaiu, OpMeHTUpo-
>—y Z

BaHHBIE JIODACTAMM MEMAY OCAMU KOOPAMHAT, OGO3HAYAIOT dry, dy U dp,
(cM. puc. 8).

nnyr Anvra
Apyr Apyra

Pazmyunte B opy ¥ TEJILHO
No3BosiAer OOBACHUTL CIEKTPhl aTOMOB B MarHUTHOM Tmofle. Ilpu  aeicTBum
Ha aTOMBb! BHEIIHEro MarHUTHOTO NOJI NPOMCXOIWT pacliell/leHde JIMHUI WX CIIEKT-
POB — BO3HMKHOBeHMe HOBbIX ONMaMeskalUX JIMHMIL D10 obycroBsieHo W3MeHeHWeM
XapaKTepa paclloNlokeHUsi 9JIeKTPOHHBIX 06J1aKoB OTHOCUTENbHO JAPYr ApPyra B
COOTBETCTBUM ¢ "[03BoJIEHHBIMU" yIJIaMJi MOBOPOTA KaXIOro W3 HUX B MarHUTHOM

noJse.

Papmansroe pacnpesaesnienre. 3eKTpORHO#M IioTHOCTA. Pacipenenenue
9JIGKTPOHHON INIOTHOCTM OTHOCHUTENBHO sipa U300pa)xaloT ¢ IOMOLIBIO

KpPUBOH paaunaipHOTO pacnpeneieHusi BepositHoetu (puc. 9). Dra Kpusas

NOKa3blBaeT BEPOATHOCTH TOIO, YTO 3JIEKTPOH HAXOXUTCH B TOHKOM KOH-
LEeHTPUYECKOM LIAPOBOM cJi0e panuyca r TonInHEsl dr BOKpYT sinpa. O6bem
atoro cnos dV = 4m2dr. O6las BepOATHOCTb HAXOKAEHUA ITIEKTPOHA B
aroM cnoe (4wr2dr)y2,
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P u c. 9. PaguanbHoe pacnpefesieHrie BepOSTHOCTH HaxoxJe-
HUs1 DJIEKTPOHA (BIIEKTPOHHOM IVIOTHOCTH) B aToMe BOJIOpofia
HA PaccTOSHUK T OT AJpa

Puc. 9 orpaxaer 3asucuMocTb 4772dr or r. Kak BUIHO, 37I€KTPOH JO-
* 6oil Op6UTANM ONpejeIeHHOE BpeMA HAaXOHAMTCA B OGJNAcTH, 6IM3KOM K
agpy. Ilpy 3TOM BepOATHOCTh HAXONJEHus BONU3U AApa NpU AaHHOM
3HAYeHUU T[JIABHOrO KBAHTOBOrO 4Hcaa IJIA  s-3JIeKTpOHa Haﬂ60ﬂbmaﬂ,
MeHbllle — U P-3IeKTpQHA, ellle MeHbllle — JJiA d-3JIeKTpOHa H T.A.
DJIeKTpOHHAA IVIOTHOCTb 0[O OpGMTANAM pacllpefellAerci HepaBHOMEPHO.
Hynepbie HONOXKeHMs Ha KpUBOH HasbiBaloTcs yaagwy. OHM OTBEUAIOT
W3MEHEHUIO 3HaKa BOMHOBOM QyHKUMH (cM. puc. 5).

Yucio MaKCHUMYMOB Ha KpUBOMl paclpeiesleHUst 3JeKTpOHHOM IJIOTHOC~ .

TH ONpezeNAeTcA IMaBHHIM KBAHTOBBIM Hc/IOM. JIIA $-ON€KTPOHOB HHMCIO
MAKCUMYMOB HAa KpDUBOW BEPOATHOCTU HAXONJEHUA 3JIOKTPOHA HYHMC/IEHHO
PABHO AHAYGHUIO PJIARHOTO KBAHTOBONO HHCJIA, IUIA P-DTEKTPOHOB — Ha
eIMHUILY MEHblIe, a 1 d-JIeKTPOHOB — Ha [(Be €AMHUUbI MeHbINe 3Ha4e-
HUs TI8BHOT'O KBAaHTOBOTO YHCJIA.

CuuEOBOe KBaHTOBOe WHCIO. M3ydeHMe TOHKOM CTPYKTYPH aTOMHBIX
ClIeKTpOB TIOKAa3aJl0, YTO KpOMe pas/luuiA B pasMepe 06akoB, X QOpMEI
M XapaKTepa DAclONOKEHUA OTHOCUTENILHO APYT APYra 3JIEKTPOHBI pa3din-
vajorea cnuno.nu*. CIHMH MOXKHO HpeCTABHTh KaK BEpeTeHOOGpa3HOe Bpa-
IeHHe TeKTpOHa BOKPYr cBOefl ocH. [l XapaKTepUCTUKM CIMHA BJeKT-
DOHa BBOAMTCSA UeTBEDTOE KBAHTOBOE UHMC/IO Mg, HA3BIBAEGMOE CRUNOGBLAL
Ono umeer sHaueHus +1/2 u —1/2 B 3aBUCHMOCTH OT OJQHOM U3 HBYX
BO3MOXHBIX OpPHEHTANMIi COMHA B MAaCHUTHOM IOJIe.

* CouH no-anruiicku ""peperero”, "Beprers”.
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lpuaman IMaymu. B 1925 r. B. Mayau 6bi1 BhicKa3aH NOpUHUMO: 6
amo.ae e amoxem Oumb J8Yr SAEKMPOROS, UMEIWWUT OOUHAKO0BWI Habop
8CET uEMBIPET KBAHMOBHT wuced. VIHBIMU ClOBaMM, AAHHBIMU 3HAYCHUAMH
KBaHTOBBIX 4MCeN 7, l, mj, m; MOKET XapaKTepU30BaTbCA TONBLKO OAUH
9JIeKTpOH. [l y1I060ro Apyroro 3JeKTpOHAa B aTOME NOJDKHO OLITh MHBIM
3HaYeHUe XOTs Obl OJHOrO W3 KBAHTOBBIX WHcell.

Ws npuupguna [laynu HemocpeAcTBEHHO BLITEKaeT, YTO Ha OLHOW OpGU-

5
CrleoBaTeNIbHO, B S—COCTOAHUM (OZHA OPOUTAlIb) MOKET GBITH JUIIb IBA
9JIEKTPOHA, B P-COCTOAHUM (TpU OPOGUTANM) — IIecTb, B d-COCTOAHMU (OATH
opbuTaneii) — gecATb, B f-COCTOAHUU (ceMb Op6UTATONH) — YeTHIPHAXLATH
9JIeKTPOHOB U T.J. '
Mockonbxy 4mesio OpGUTANel ZAHHOTO HEPTEeTHYECKOTO YPOBHA PAaBHO
N2, eMKOCTb 9HEPIeTHYECKOTO YPOBHS COCTaBsAET 2n? 3JIeKTPOHOB.

I'JIABA 3. OEPHOIUYECKASI CACTEMA
. U. MEHJEJIEEBA KAK ECTECTBEHHASA KJIACCUOUKALUA -
QJIEMEHTOB 1O 3JIEKTPOHHLIM CTPYKTYPAM ATOMOB

§ 1. DJIEKTPOHHAS CTPYKTYPA ATOMOB

Kondurypagus sneKTpoHHON 060N0uKH HEBO3GYHKAEHHOTO aTOMa onpe-
DeNSAeTcs 3apAJOM ero sigpa. DJNEKTPOHbl ¢ OJUHAKOBBIM 3HAYEHUEM TJIAaB—
HOTO KBAaHTOBOrO 4HCJ/a N 06pa3yiOT X6anmoswl cA0l OGIM3KUX 110 paszMme—
pam obnaxos. Cnor ¢ n = 1,2 3 4

OB 1ou 1, &4, ¢, 4,

a CONTROTAMRAIIIIN RUre.
. 0603HaYAOT COOTBETCTBEHHC GyK-

Bamu K, L, M, N, ... . Tlo mepe ynaneHuss or aapa eMKOCTb CJIOEB YBEIH-
YUBACTCA U B COOTBETCTBUM CO 3HaueHUeM 2n? cocTapnsier: 2 (n = 1, cnoit
K), 8 (n = 2, cnoit L), 18 (n = 3, cniois M), 32 (n = 4, cnois N), ...
poHOB (Tabu. 2).

KBaHTOBBIE /oM B CBOIO OUepesib NOCTPOEHB U3 N0JCA0EE, OOBEIUH IO
IIMX BJIeKTPOHBI € OJMHAKOBBIM 3HaYeHUeM OPOUTANBLHOTO KBAHTOBOTO
aucna I Tlogenoit cocTout ua opbumanrei.

Haubonee ycroitumso coctosiine atoma, B KOTOPOM BIEKTPOHBI HMEIOT
CaMyI0 HU3KYIO DHEpTHIO, T.e. HAXOAATCA B GKAMIIUX K AApPY CIAOAX.
MocnenopaTenbHOCTh SHEPTETHYECKUX COCTOAHMI B IOPAZKE BO3PACTAHUA
9HEPTUN OpOUTANISH MHOTOBEKTPOHHOTO aTOMa MOXKHO MPEACTAaBUTh B BUIE
cienyiomero paga: 1s < 2s < 2p < 3s < 3p < 4sr~ 3d < 4p < Hhsr 4d <
<5p < 6s~bdw~4fu T.4. (puc. 10).

Mopagok sanonHeHust op6uTageil AAHHOTO MNOACAOA NOXUMHAETCA
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Opasuny XyHAa cyuuapuoe cnunosoe E
MUCRO  IREKMPONOG OAHKOLO NOOCAOR DOAKHO =1 2 3

4 5 6
6sums maxcuuarsusL.

910 mpaBuno osHauaer, yro SHepreTUYecKH Ila s
BHICOQHO, KOrja B OPOGUTaNN HAXONUTCHA OLUH _‘LE_
9neKTpOH. WHEIMM c/lOBaMM, Op6UTanu masHO- L%

0 DOACIOs 3ANOJHAIOTCA CHadalla MO ORHOMY, 1o ]
3aTeM 10 BTOPOMY 3/1eKTPOHY. DJIeKTpOHBE s

¢ IpOTMBONONOXHEMY CIMHAMU Ha ONHOU U
TOR e opburanu 06pasyIoT NByX3/1eKTpOHHOE
OONIAKO M UX CYMMApHHI cOUH paBeH HYJIIO.

OJleKTpOHHbIE KOHOUrypanuu atomoB aje— <
MEHTOB B OCHOBHOM COCTOSHUM NpUBENeHb B
Tabn. 3.

Mopsanox  dbopmuposanus 3MEeKTPOHHBIX
OGONIOYeK aTOMOB MOXHO OpOCNENUTh TaKike
[0 IIOMEIeHHHM Ha, HOp3anax KHUTH BapUaH-
TaM  NlepuOaMYecKOIt

TabIMLBl  351eMEHTOR
JL.U. Menpeneepa.
fpu  cocrapnenun cxem paciipefesesus 'ﬁ
JIEKTPOHOB B aTOME MONKAYIOTCH CIISAYIOMMIt

06GO3HAYEHUAMH: TOPMBOHTANbHAS yepra —
OpbUTank, crpeika — 97TIeKTPOH, HallpaBJieHHe
CTPEJIKU — ODUEHTALUA €ro ChnUHa.

OnemenTh Manmx mepHomos. IlepBriit mepu-
O COCTOMT U3 ABYX 3JIeMeHTOB. B HEeBO306Y K~
ACHHOM aTOMe BOLOPOJA JIGKTPOH HAXONMTCA Ha IIepBOM BHEpreTHYec KoM
YPOBHE, T.e. JJIeKTPOHHas dOpmyna HEBOBOYHIEHHOIO aTOMa Bonopona 1st.
Hockonpky §-3JIGKTPOHHOE O06/1aKO UMeeT $opmy wmapa,
BOOPOAa MOKHO NpefCTaBUTH CXEMO

Py c. 10. Mpumepras cxema
OHEPTeTU YeCKUX YPOBHeilt
MHOI‘OBJ]CI{’]‘p(JHHOI‘O aToMa

MOIeJIb aToMa

B coorserctBum ¢ npubuunom Ilaynu s opmot OpbUTANM MOTYT Haxo-
'AMTBCA BA BNEKTPOHA ¢ HPOTUBONOMONCHBIMU cnuHamu. CienoBatesnbHO,
JIEKTPOHHAA (OpMYJa CAeAYIOmero mocie BOIOpOJa 3/I€MeHTa — 1

enus
ABa $-37I6KTPOHA 06pasyioT ABYXJJIOKTPOHHOE 061aKO:
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IIpodoaxenue maba. 3

Mlepu-| Z | OsneMenr |snexTpoHsast llepw- Z | Onemenr | OsekrpoHHast
Ho 167 ol koHduUrypaumsa | ox KOHGUIrypaums
E § ,He 1s
4 5 | Cs [Xe]6s! 83| Bi 541065263
13 56 Ba 652 6 84 1 Po 5d106526p*
57 La 5d16s2 85 At 5d196 26
5 e s d106.52
Tab6nuia 3. DreKTpoHHbie KOHPUIYPAIMM ATOMOB NIEMCHTOB 5!8) gr 3?252 ® o S
Mlepu-| Z | Dnement DsieKTpoHHas Mepu- Z |OneMeHt OnexrpoHHas 2(1) g:l :;gi g; l;; [71:;]761
KoHGbUrypalusi
ox KoHUrypaus | ol 162 | Sm 45652 89 | Ac 641752
63 | Eu 4fi6s2 90 | Th 64272
R 1 : z S(») 2';:§ 64 | Gd 4f5d1652 91 | Pa 5T $2
2 | He 12 33 clu a0l 6 | Tb 4P652 92| u 5P6d1752
L THe]2st 30 | Zn 3d10452 66 Dy 41062 93 | Np 5641752
B T - PO i e | e AR
= =~ N 2 104 2 0 vo or 4]"65‘ 95 Am 5/'75‘
5 | B 2522p! 32 ) Ge sdisar 6 | Tm | ap6s2 9% | cm | sfed7s
2 6 C 2522p° ;Z ;: ;;04;24;4 70 Yb 414652 97 | Bk 58641752
7 | N 26;21’: s | B S 04455 71 | Lu 45462 7 98| cf 54072
8 | o 2522p jodl I 3044z 72 | uf 54265 99 | Es 517
9 | F 22295 : 73 | Ta 5d%.2 100 | Fm 52752
10 | Ne 2522 o | o K5 7| w 544652 101 | Md 53782
. w | s | e o 75 | Re 545652 102 | (No) 54742
1| Na [NeJ3s w | Y 4d5s? 4 76 | Os 5d56.2 103 | (Ln) 675
12 | Mg 3s? w | 2 A2 I 77| Ir 547652 104 | Ku 642752
13} Al 35223# a | 415l ¢ 78 | Pt 5d%s! 105 | Ns 6752
3 |1 | si 3s23p2 o | Mo el & 79 | Au 5d106s! 106 | - 6172
5 | P : 3221’1 | T 52 3 80 | Hg 541062 w07 | - 6878
I s s | Ru | 4dssl ! 81 | 5106526t 108 | - 672
17 | a gizﬁ s | R 5l i 82 | Pb 5d106.526 p2 100 | - 647752
18 | Ar ‘ 5 46 | Pa 4d050 - ) o | - 649752
) e Ag 441056t : Bropoit 1 Tpernit mepuogsl cogepxar no 8 snementoB (cM. Taba. 3). Y
19 K [Ar]4s 58 | cd 4105 82 . 9JIeMEeHTOB 2-T0 MepHOia 3anonHAercs ciaoi L (n = 2): csHavana 2s-op6u-
;(; g}a is;%: P In 441055251 ., Tajlb, 3aTeM TNOCjIe0BATENILHO TPH 2p-OpOHTANHN: el
C i
4 L2 I 342452 50 | Sn 4d'05 25 p2 —
23 | v 3P4e ' 51 | Sb 4d\% 25p° | 25 -
. B4 Eo Te 44105 25 pt b .
24 Cr 345 ;g I‘ 1 4105 525;15 Huse npusenensl snekrponHbie HOpMYIIbl, a Takke MOJEIH HEKOTOPHIX
ii I;:In g;ii N | 4di05256 - . ATOMOB 3JIEMEHTOR 2-r0 NIepHOAA:
€

: 31
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Hauunas ¢ kuciaopona, 2p-op6uraiy 3alONHAIOTCA 1O BTOPOMY SJIeKT-
poHy:

g0 15%25%2p*

E| TR
| LT
VY 2p
28
Iy

VY HeoHa BOCEMb BHELIHUX 3JeKTPOHOB O6Pa3yIOT BHICOKOCUMMETPUYHYIO
CTPYKTYpY U3 YeTHIPeX J{BYX3JIeKTPOHHbIX OGJIaKOB!

1oNe 1s%2572p®
E

32

B aToMe HeOHa NOCTUTAETCA MAKCUMAJILHO BO3MOXHOE YUCJIO 37eKTpO-
HOB BO BTOPOM KBaHTOBOM cjioe. Takum 06pa3oM, obiee IUCIO 3J1eMEHTOB
BO 2—M nepuoae COOTBETCTBYET MAKCUMaJbLHO BO3MOXHOMY YUY 3JIEKTPO-
HOB BO BTOPOM CJIO€ aTOMa.

Y snementos 3-ro mepuona samonHsercs caoit M (n = 3), cocrosmmit
u3 3s-, 3p- n Jd-opburaneir. Kak u B0 2-M mepuone, y ABYX HOEpBBLIX 37Te-
mentoB (Na u Mg) sanonnsores s-opbutanu, y iectd nocientux (Al —
Ar) — pop6uranu, Hanpumep:

CoNa[1s22e2p3e - 3 3 '
3s
P [1s22622p%]3523p7 H- + j; + o

3s

T
1sAT [i:’2:’2p‘]3:’3p° ‘H‘ 3p : 3
3s

Y aromoB Na, P u Ar B aByx nepBeix ciosx (K u L) nosropsercs
CTPYKTYypa aTOMa HeOHa, IIO3TOMY Ha IPUBEIEHHBIX CXEeMaX [IOKa3aH XapaK-
Tep 3alOJIHeHUs TOJBKO BHeIIHero cios M. -

V nmocnepsero smemeHTa 3-ro mepuoda — aprouna Ar (kak u y Ne) 3a-
BeplIaeTcs 3allOJIHeHue s- U p-OpbuTasieil, T.e. BHELIHUA cJI0W NpejcTaBisi-
er co60il COBOKYIHOCTb 4YeThlpeX ABYXJIEKTPOHHBIX O6jakoB (OIHOTO B
¢opme Mmrapa, Tpex Apyrux — B ¢opme ranrenu). Pacnpenenenue paguaib-
HOM 3NeKTPOHHOI IUIOTHOCTM B aTOMe aproHa MNOKa3aHO Ha puc. 11. Ha
3TOM DpUCYHKe IO MaKCUMYMaM pacOpeneJeHusi BJIQKT])OHHOﬁ OCKOCTU
MOMHO padnuyuth K-, L- u M-cnou atoma

aproHa. K
OneMeHTb, B aTOMaX KOTOPHIX 3alOJHsI~ L
IOTCs1  S-OpPOUTANM, HA3BIBAIOTCH S-IAEMUEH~ o
Mamd, 8 ONEMEHTbi, B ATOMAX  KOTOPHIX o || Y
3alOJIHAIOTCS  p-opouranu, — p—aﬂe/uen—p,i\
<

maauu.

OsnemenTi Gonpmux mnepuoaos. llepu-
onwt 4-i1 U 5-ii conepxkar no 18 sinemeHTOB
(cM. Tabn. 3). Y artomMoB 5JeMEHTOB 4-TO

nenuona Hayg
nepuona Had

vHaeT 3anenHAThes 4s-opbu- r
tanp cnos N (n = 4). [logBaeHue 3NeKTPo- P y ¢ 11. Pacnpenesienne amex-
Ha B 45COCTOSHUM [PU HAAUYUM CBOGOJ- TPOHHOMU IUIOTHOCTH B aTOMe ap-
HbIX 3d-op6utaiieii o6ycioBnuBaeTca oxpa- OH
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eKTpOH~
HupoGantUent (3acnonenmem) Aapa MJIOTHHIM U CUMMETpUYHBIM Bl ;3‘ -
HEM caoem 3s23pf. B cpssu ¢ OTTA/NKMBaHMEM OT 3TOrO cnosi M 19710
5MeKTpOHa aToMa Kanua M 90-ro 3EKTpOHA ATOMa KaJbIui OKAa3BIBAETCA

SHEpreTMYecKH BHIPOMHBIM 45-COCTOARME:
10K 1522522 p63 523 podst
20Ca 152252263523 pBds?
e
Mipu AaibHeiillleM BOBDACTAHMM 3apiAid sappa y CleAyiomero moci
KaJbIUsA OJEMEHTa — CKaHJusi COCTOAHME 3d cTaHOBUTCS JHEpreTUHecKH

Gosee BHIPOLHBIM, YeM 4p.
MockonpKy B d-cOCTOSTHUU MOXET HaXOAUThCS ;
ANONHAIOTCS ¥ B aTOMaX CJeAylomux 37leMeHTOB 4-r0 mepuoaa:

NecATL JNEKTPOHOB, 3d-

opbuTtanu 3

215¢ 152252283523 p03dl4s?
22T > 3d24s?

s0ln . 341042

DJleMeHTbI, B aTOMaX KOTOPBIX 3AlONHAIOTCS d-opOéuTaiy, HasbiBAIOTCHA

d-ssemenmanu. Y d-31eMEHTOB 4-ro mepUOAa, CJeA0BaTeIbLHO, nocrpaupa-
erest cnoit M no 18 37eKTpOHOB.

loce 3anonHenus 3d-opGuraned y DOCJEAYIOIMX IIeCTH SHGMBHTOIS
(Ga — Kr) zanonHsm0TCA p-op6UTaNM BHEIIHEro Cjos. Takum o6paszom, 4-i
mepuon HauMHAETCs NBYMA s-aNeMEHTAMH W 3aKAaHYUMBAeTCs IMECThio P~
a/1eMeHTaMu, HO B OTJIM4Me OT 9-p0 1 3-TO NEPUONOB MEKAY 5= U P-d/IeMEH~
TamMM paclloJararoTesi RecsTh d-5/1eMeHTOB. ‘

B 5-M mepuoae 3alONHEHUe dJEKTPOHHBIX CIOEB M HOACT0eB IPOUCXO-
JMT, KaK M B 4-M nepHone, a MMEHHO: y JABYX IepBBIX (s—aneMegTOB Rb(l‘/’l
Sr) u IecTH HOC/IeNHUX (p-anemenTon In — Xe) 3anonHsercss BHOWIHWH
cnoii. Mexny s- U p-dJ1eMeHTaMu pacnonaratores  AecATh d-371eMeHTOB
Ix 3amONHAITCA d-opbuTanu npeaBHeImHero cnost (fld—

(Y — Cd), y xoropen
MOxCIO0MH).

UlecToit mepuoa, cOASPXKUT 32 3a
ABYyMs s-DIIeMeHTaMU (Cs u Ba

HsTbcs d-Op6uTalb NpeABHELIHEro ¢J103 (5d—noncnoﬁ):

s7La 1522 52263523 p63d104524p54 4105525 p65d1 652

ra6n. 3) U TOKE HauMHA-

eMenTa {CM.
). Jlanee, y naHTaHa HauMHAeT 3al0J-
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YV cnenyromux 3a nantanom 14 anementos (Ce — Lu) sHepreTnuecku
6oMee BHIFOMHO 4fCOCTOSAHME N0 CpaBHEHUIO ¢ Sd-cocTonmueM (cM. pHC.
10). HosTomMy y 3TMX 3/IeMEHTOB [POMCXOAUT 3aMOJHEHME 4 fop6uraneit
(TpeTuil cHapyXu CJIOH):

ssCe 152252203523 p63 d104524p64 d104 £25 525 p66 52
17Lu > > > 4195 d1652

VY nocnenyromux saeMentos 1Hf — goHg npopomxkaror 3anonHATHCS 5d-
op6butanu. Kak u nsrslii, mecTtolt mepnoj 3apeplliaercs WecThIO P-3/1eMeH-
tamu (5Tl — ggRn). Taxum o6pazom, B 6-M Heproae, KpOMe ABYX s-dJ1e-
MEHTOB, JecATH d-3JIeMeHTOB M IIecTU pP-3JIEMEHTOB, PACIONaraioTcs eine
YeThIpHAANAThL f-3JI6MEHTOB.

B cenbmom nepuope umetorcs apa s-nementa (Fr, Ra), sa aumu cneny-
for d-snemenT Ac u gerhipHanuate fanementob (Th — Lr), nanee cHoBa d-
snements (Ku, Ns, anementsl 106—110). B npOTHBONOIOKHOCTE OpeABIAY~
muM 7-it nepuon He 3aBepllieH.
3aKOHOMEpHAst NEpUOAMYECKadA IIOBTOPAEMOCTb CXOAHBIX 3ieK
CTPYKTYD D3/IEMEHTOB, a CJe[OBaTeJbHO, M HOBTOPAEMOCTb MX CBOMCTB,
3ABUCSIMX OT CTPOGHUs BJEKTPOHHOH 0BOJOUKMU aTOMOB.

D10 orTpaxaer cieaywomiasi GOpMYJIMPOBKA N e€p U OA UYECKOTO
3aKO0Ha: ceolicmsea Npocmus Gewjecms, @ MAKKE C6OUCMEE U dopust
coeoUNENUT IACMENMOB HATOOIMCL 6 Nepuoduveckol 3asucumocmu om
3apsda L0pa AMOAOG INEMENMOB.

§ 2. CTPYKTYPA NEPHOJIUYECKON TABJUILBI
XUMUYECKHUX BJIEMEHTOB

CymecTpyer MHOrO B3pMAHTOB M30GpakeHUsi IEpUOANYECKON CUCTEMbl
anementos JI.M. Menneneesa (6onee 400). Haubonee pacmpocTpaneHbl
KJIeTOYHbI® BApUAHThl, 3 U3 HUX — BOCHMU-, BOCEMHAJUATH- M TPUALATHU-
IBYXKJIETOUHble, COOTBETCTRYIOLIME eMKocTH cjioeB u3 8, 18 u 32 snextpo-
HOB.

OfMH W3 BAapUAaHTOB BOCHMUKJETOYHOW TaGauubl (TaKk Ha3bIBaeMbIA
KOPOTKUI BapuUaHT) IOMEIeH Ha I1epBOM dops3ane KHUru, a TPUANATH-
IBYXK7eTouHas Tabnuna (NTWHHBIA BApMAaHT) — Ha BTOpOM ¢opsane KHU-
ri. BoceMHaAIATUKIETOUHBI BApUAHT IIpUBEICH B Tabu. 4.

XuMudecKue 3JeMeHTHl 110 CTPYKTYpe HEBO3OYXNESHHbIX aTOMOB HOApa3-—

, IeJAIOTCS HA ecTeCTBeHHble COBOKYNHOCTH, YTO OTPaXeHO B Iepuoaumtec—
! ‘KOli cucTeMe B BUJE TOPU3OHTAJIbHBIX M BEPTMKAJILHBIX PANOR — HEpUONOB
' ¥ rpymm.
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Ta6nanunua 4. lep 6. ros JI.M. Mex,
(TosmyUIMHHGDA BapHanT)
Ba(1a |ua B livB|vB |visvii|  viiB iB | B [HIA{IVAL VA |VIA|VIiAjvIiiA]
&8
1}2
! H |[He
K sle|l7]s8]9]m
2 lLi|Be c|Njo|F]ne
nn Blu|is[6]17]8
31N Mg Alfsi{p | s |ci|ar
wlofalajale]asleizfe]n]oefs]s]ss]]s]|ss
4 K |Ca|Sc|Ti|V {Cr|Mn{Fe|Co|Ni|Ca|Zn|GalGe|As|Se|Br|Kr
3|38 39 |40 |41 |4 |u 45 {46 |47 148 Jao 50|51 (525354
s Rb|{Sr | Y |Zr [Nb|Mo|Tc |Ru|Rh|Pd{Ag|{Cd|In |Sn|Sb|Te| I |Xe
sstse )]st |72y f7s 6] 7] 798 Jafs)s]sa]ss|se
6 les|Ba|Lat|HriTa| W |Re |Os| 1r | Pt |An|He | 71 |Pb] Bi | Po | At |Rn
87 {88 £8911 104 105 | 106 | 107 | 108 | 109 | 110 {111
7 r {Ra A.c Kn | Ns
s d 4

Ce{Pr(Nd{Pm|{Sm|Eu{Gd|Th [Dy|Ho{Er [Tm |Yb|Lu

Th{Pa| U |Np|Pu|Am|Cm|Bk | Cf | Es |Fm |Md |(Na){(Lr)

Ilepuops 1 cemefictBa ayeMenToB. Kak MbI BUjenu, mepuon mpejcTap-
JisieT cO6Oi MOCNeNOBAaTeNbHBIA PAJ NEMEHTOB, B aTOMaX KOTOpBIX MPOHC-
XOAUT 3allOJIHEeHHe OQUHAKOBOIO YMC/Ia DJIEKTpOHHBIX caoep. Ilpu 3TOM
HOMEp 0epuoaa coBNaJaeT cO 3HAYGHUEM I[JIABHOIO KBAaHTOBOrO 4YUCJa
BHEIIIHEr0 3YHEpreTUYecKoro ypoBHA. PaanuMuve B mOC/en0OBaTesILHOCTH
3alONIHeHUs] JJIEKTPOHHBIX cJI0eB (BHELWIHMX U 60siee GMMBKHUX K AADY)
06bsACHACT NPUYMEY pA3NUIHON NJIMHBI HEPHOMOB.

Y aTOMOB s- M p-3/1eMEHTOB 3aNONIHSETCS BHELIHUN cJoii, y d-dieMeH-
TOB — MpEeABHEIIHUI, ¥ f-3/IeMEeHTOB — TPETHIl CHADYHU. Hos'romyb OTIIMYU ST
B CBOMCTBAaX HaubOsiee OTHETNUBO NPOABIAIOTCSH Y COCENHUX S (p)-BJIeMEH-
T0B. ¥ d- 1 B OcoGenHOCTH Y FB/IEMEHTOB OQHOrO M TOIO ke Iepuoja
OTJIMYUA B CBOWCTBAX NPOABJIAIOTCA MEHEES OTUYETIIUBO.
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d- u FOneMeHTH paHHOTO nepuona O6beAUHSIOTCA B ceaeldcmea. B
4—6-M nepuonax B cemeiictBa no 10 31eMEHTOB 06LEXMHAIOTCS d~anemen-
Thi. D10 cemeiictpa 3d~(Sc — Zn), 4d- (Y — Cd) u 5d- (La, Hf — Hg) ane-
meHTOB. B 6-M u 7-M mepuonax s cemeiictsa no 14 s1ementon O6beAMHSIOT-
¢ fonemeHTH. OTo cemeiicTBa 4f-31eMeHTOR (Ce — Lu), HasbipaeMmbix
aeumanoudany, u 5famementon (Th — Lr), HasbibaeMbix axmunoudau.

B BochbMuKIIeTOUHbIX M BOCOMHAMUATHRIETOYHBIX BapUaHTaxX OepUoAu-
YECKOM CHCTeMbl ceMeliCTBA JIAHTAHOUOB M AKTMHOMIOB OGBIYHO BBHIHOCHT
3a 1pefedibl Tabmuubl (cM., HallpuMep, Tabn. 4).

Cpynunt w noarpymme. Dnements DepUOAMYECKON CHCTeMBI MOAPA3NCe—
JAIOTCA Ha BOcCeMb T pynn. [lonoxenue B rpynnax s- u p-snemeH-
TOB Ollpenensercs O6HIUM YHCHOM

OomIUM YHCHOM

i c/ioiA. Hallpumep,
docdop (3523p%), umeromuit Ha BHEIIIHEM CJI0€ NATb 3JEKTPOHOB, OTHOCUT-
cA k V rpynne, aprou (3s23pS) — x VIII, xanbmmit (4s?) — xo Il rpynne u
T.A. . -

Mlonoxenue B rpynnax d-snementos O6YCNOBNUBACTCS OBMUM YHCIIOM S~
SJIEKTPOHOB BHELIHEr0 U .d-3/IeKTPOHOB NpejBHelIHero cioep. 1o ITOMY
UpU3HAKY [epBble ILIECTL BIEMOHTOBR KAaXKAOTC ceMelicTBa d-3/ieMOHTOB
PaclloNaraloTes B OXLHOM U3 COOTBETCTBYIOIMX Ipynil: ckaupmii (3d4s?) B
I, mapranen (4d%4s2) B VII, sxeneso (3¢%452) 8 VIII wu 1.x. lunk,
(3d1%9452), y KOTOPOro MpepBHEMIHUI CcOfH 33BEPILIGH U BHEIIHUMU SIBJIAIOT-
st 452-3/1eKTPOHBI, OTHOCUTCA KO [] rpynne.

Tio HAIMYUIO Ha BHEMIHEM cji0e JUIIL OHOrO 371eKTpOHa Meab (3d104s!),
a Tafoke cepe6po (4d195s') u sonoro (5d19s') ornoest x I rpynne. Ko6anpt
(3d74s%) u nuxess (3d34s2), ponmit (4435s") u mannapuu (4d%), upupuit
(5d74s?) u nnatuny (5d%s!) pmecte c Fe, Ru u Os o6uivHo nomemaror B
VIII rpynmy. .

B cootsercTBitn ¢ 0coBeHHOCTSIMU SJIGKTPOHHBIX CTPYKTYp cemelicTa 4 f-
{(naaTaHOM ABI) U Bf (axTuHOMABL) dnemMenTOB HoMemaroT B 111 rpynny.

OneMeHTHI Iyl NOApasnesoTes Ha @O o ATPYNOB. s u P-One-
MEHTbI COCTABIIAIOT TAK HABLIBAGMYIO 14G6HYI NOATPYILY, UK Hoarpynmy
A; doneMentsr — nobounyro, unu nonrpynny B. Kpome TOrO, YacToO B
OCOGYI0 MOATPYNONY TaK HA3LIBAGMBIX TUMMYECKUY BJIOMOHTOR BBLIACMSIOT
SNIEMEHTBI MaJibIX Nepuoaos. B mocnennem ciyuae, cornacuo B.B. Hexpaco-
BY, S7EMEHTH rpynibi HOAPA3AEAIOTCA Ha TPU NOArPYNNB: TUIHYECKUe
SJIEMEHTBI U iBe HOATPYIIEl, COCTABICHHbIC U3 3TEMEHTOB GOJBILIUX nepuo-

. nos. Hanpuwmep, IV rpynna IIepUOAMYECKON CUCTEMBI COCTOMT M3 CJIENYIO-
' LMX DOArpYIIl:

Tvnudeckne sneMeHTHL:
C  1s22s22p2
Si 1s22522p53s23p2
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OneMeHTb! NOATPYINb repMaHusi OneMeHTH! MOATPYNIILI THTAHA

Ge ... 3523p53d104524p2 Ti ... 3s23p63d24s2
Sn ... 4524p54 d105525 p2 Zr ... 4s%4pb4 d25 2
Pb ... 5s25p55 di 06526 p2 Hf ... 5s25pt5d26s2

JlasTaHOMAB W AKTMHOMABLI MHOrNA OOBENAMHAIOT BO BTOpBle 1060YHBbIE
noarpynnsl. B Kaxnoit M3 HUX 1O ABa 3JieMeHTa — OJMH JAaHTaHOUJ M
OAMH aKTHHOMI.

IJABA 4 NEPHOJJUYHOCTHh CBOMNCTB XUMHYECKHX
OJIEMEHTOB

§ 1. DHEPTUS MOHU3AH WU ATOMOB

3

Bce cpoiicTBa 3jieMeHTOB, ONpefeisieMbie 37eKTpOHHON 0600YKO
aToOMa, 3aKOHOMEPHO M3MEHAIOTCS 110 DepuOfaM M IpylnaM IepUoaAnIecKOd
cucrteMbl. HamoMHuM, 9YTO B pALY 3J6MEHTOB-aHAJOTOB BJIEKTPOHHBIE
CTpYKTYpHl CXOAHbI, HO He ToxJectseHHbl. [lo3TOMy mpm Nepexone OT
ONHOTO 37IeMEHTa K ApYroMy B IpyloDaX M NOArpynHaX Habjiopaercad He
IpocTOe [OBTOpeHMe CBOMHCTB, a UX 6OJiee MJIM MeHee OTYETIIMBO BbIpaKeH—
HOe 3aKOHOMepHOe U3MeHeHMe.

Xumuyeckad OpUpONa 3JeMEHTa O6YCIOBJIMBAETCS cIOCOGHOCTBIO €ro
aTOMa TepsATh M NpHOOpETaTh 3MEeKTPOHBl. JTa CIOCOGHOCTL MOMkeT ObIThb
KOJIMYECTBEHHO OmeHeHa Jxeprued UOHU3AUUU aTOMa M €ro cpodcmeon K
3AEKMPOHY.

Ouepruett wonusdayuu amoma FEy maswvsaemcs xKoauwecmso nepruu,

1208000 M0e OAG OTIDUGE SACKIMBONE O NEL02BuNIeUN0I0 AMOME
HEQOTOOUMOE OAR CTNPUBE SACKMMPONHE O HEBOIOYNOEHNOIC aMmoMa.

OHeprusi MOHM3alMM AaTOMa BBIpaKaeTCA B KWIOMKOYJIAX Ha MONb
(kJlk/MOMB); AOMyckaeTcss BHECHCTEMHAsl eAMHMUA OJIEKTPOH-BOJBT Ha
moab (3B/mons).

J17151 MHOTO3/IeKTPOHHBIX aTOMOB dHepru¥ MoHm3auuy Ey, E;, E;, ..., B,
COOTBETCTBYIOT OTPBIBY HEPBOTO, BTOpOrO M T.A. 3JeKTpoHOB. [lpm 3TOoM
Beeraa F) < Ey < Ej, Tak Kak yBeJIU4eHHe 4yicja OTOPBaHHBIX 371eKTPOHOB

OpHUBOJAUT K BO3PACTAHHUIO NOJIOKUTENBHOTO 3apsAaa 06pa3yolerocs UOHa. -

OHeprum WOHU3anuM ATOMOB HEKOTODBIX 3JI6MEHTOB INpHBEAEHBl B
Tabn. 5.

U3z Tabaunbl ciiefyer, 4TO SHEPrus MOHU3AaNUM aTOMa B3aBUCUT OT €ro
37IeKTpOHHOU KOHGurypanun. B uyactHOcTH, 3aBeplieHHBIE 37IeKTpOHHLIE
c/ion OBHADYXUBAIOT NOBBIMIEHHYIO yeToWumeocth. Haumenemumy zmave-
HUAMY DHeprMH MoHu3ammuu F) o6iapaior s-djemeHThl nepeoii rpymmbt (Li,
Na, K). 3naueHune xe sHepruii nounsanuu Ej y HMX pesko BO3pacTaer, 4TO
OTBeYaeT yMajleHHIO 3/eKTpOHa M3 3apeplIeHHOro cios (ns?npb m 2s? y Li).
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Ta6nuua 5 Oueprua vomusamu B, (MJlx/Mons) atomos u
OHOATOMHBIX KATMOHOB HEKOTOPbBIX 3JIeMEHTOB

Z Dmement| FE B Es E, E; ks

1 H 1,31

2 He 2,37 5,25

3 Li 0,52 7,298 11,81

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

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

6 C {109 235 .| 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 7.47 10,99 13,33
9 F 1,68 3,37 6,05 8,41 11,02 15.16
10 Ne 2,08 3,95 6,12 9,37 12,18 15.24
11 Na 0,49 4,56 6,91 9,54 13,35 16,61
12 Mg 0,7 1,45 7,73 10,54 13,63 17,99
13 Al 0,58 1,81 2,74 11,58 14,83 18,38
14 Si 0,79 1,58 3,23 4,36 16,09 19,78
15 P 1,01 1,90 2,91 4,96 6,27 21,27
16 S 0,9996 | 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 Se 0,63 1,23 2,39 7,09 8,84 10,72
2 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 Ma  |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 -

AHajiornuno aust s-snementon Il rpynnsr (Be, Mg, Ca) ymanenuio siuexr-
POH4 M3 3aBEDPIIEHHOTro cniosi (nsZnpb u 242 y Be) orBevaer pezskoe noprime-
HUe 3Hepruu uoHu3auuu KEs. ;
Kpusas 3aBMcUMOCTH 2HepruM OTphIBA MEPBOrO BIEKTPOHA OT ATOMHOTO
HoMepa 3ileMeHTa (puc. 12) MMeer SBHO BBIDAXEHHBIH NEPHOLMUECKHIL
- 39
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P u c. 12. 3aBucuMMOCTh SHEDTUM UOBURAIIUY ATOMOB OT ATOMHOTO

HOMepa 3jIeMeHTa

xapakTep. HauMeHblueit bsHeprueii MoOHM3auuyu OOJANAIOT  $-dJIEMEHTHL
I rpynnel, nHanbospeir — s- u p-onementbl VIII rpynmel. Bospacranue
SHEPTUM MOHU3AIMM NIPU NEpPexone OT s-3JEeMeHTOB | rpymmbl K p-dieMeH-
tam VIII rpynner 06yciio/inBaercsa BO3pacTaHMeM 3apsafia Azpa.

Kak BugHo Ha puc. 12, mpy mepexofie oT s-aneMeHTOB | rpynmel Kk p-onleMeHTaMm
VIII rpynmb! 9HEPrusi MOHU3ALUM U3BMEHSIETCS] HEMOHOTOHHO, C MPOSIBJICHUEM GHYM—
pennets nepuoduunocmu. CpaBHUTENbHO GOMBUIMM 3HAYEHMEM OHEPrMM MOHUBALUM
o6nanator aneMenthl 11 rpynnst (Be, Mg, Ca) u V rpymmsi (N, P, As). B 1o xe

BpeMs CPABHMTQIbHO MEHbliee BHaUYeHMEe SHEPIMM MOHMBaLMM Mmeior oneMentet [11

(B, A}, Ga) u VI (O, S, Se) rpynn. [lpuunna NposBNeHUs BHYTPEHHEN NePUOAUY—
HocT Oygmer OBCyxIeHa MPU PACCMOTPEHMM KOHKDETHBIX CBOMCTB XMMUWYeCKUX
oneMenToB (cM. 1. 2).

§ 2. CPOACTBO ATOMA K SJIEKTPOHY.
BJIEKTPOOTPULATE/NLHOCTL ATOMA

CpopacrBo. Cpodcmeon amoaa & nexmpony F, nazwsgaemcs suepiemu-
uweckul afPexm npucoeduHeHUL I4EKMPORE K HEWMPAALHOUY aAMOMY D C
npeepawenten €10 6 oMPUYAMesHbil UK D™

CpopcTso aTtoma K 3JIeKTpOHY BblpaxaioT B k[k/Mosb; pomyckaercs
BHECHMCTeMHadA eauHMIa 5B/Monb. CPOACTBO K 3/IEKTPOHY YMCIEHHO PAaBHO,
HO MPOTMBOMOJIOKHO [0 BHAKY YHEPrMM MOHUBALMM OTPHIATENBHO 3aps-
MEHHOTO HOHA 7.
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EPS—

TToHATHO, YTO CPOACTBO K SJIEKTPOHY 3BBMCHMT OT BJIEKTPOHHOMN KOH(H-
rypalMy aToma.

Haubonpmum cpoactoM K diextpony obnanaior p-anementst VII rpyn-
npt (Tab71. 6). Cponctsa K 576KTPOHY He MPOSBJIAIOT ATOMB ¢ KOH(UIYpa-
uueit s2 (Be, Mg, Ca) u s2pb (Ne, Ar, Kr) wiu HanoJoBMHY sanosHeHHble
p-noxacaoem (N, P, As):

Li Be B C N O F Ne
I T

Ee, klx/Momb ... 59,8 0 =27 -122,3 7 -141,0 -327,9 0

JTO ABNAETCA AOMOJHUTENIBHBIM JIOKA3ATEILCTBOM NOBBLIIEHHON yCTOMYM-
BOCTU YKa3aHHBIX 3/IGKTPOHHBIX KOHUrypauui.

Ta6auiua 6. Cpoacrso aTOMOB M OJHOATOMHBIX aHUOHOB* K auiekTpOHY Fg

Z AToM, aHMOH Ee, kIl /Monb A AroM, anuon | Ee, kIx/Mons
1 H -72,8 16 S -200,4
2 He 0 S” +590
3 Li -59,8 17 Cl -348,8
4 Be 0 18 Ar 0
5 B =27 19 K -48,4
6 C -122,3 20 Ca 0
7 N +7 21 Sc 0
N- +800 22 Ti -20
N2 +1290 23 \% ~-50
8 (0] -141,0 24 Cr -64
g oy +780 25 Mn 0
9 F -327,9 26 Fe -24
10 Ne 0 27 Co -70
11 Na -52,7 28 Ni ~111
12 Mg 0 2 Cu _118,3
13 Al ~44 30 | Zn 0
14 Si -133,6 31 Ga -29
15 P =71,7

«
OrpuuarenbHoe sHauenne E, 03HAUAET SK0TEPMUUECKMIt IPOLECT - BbIREEHHE
BDHEpPr1n npu npucoe.uuneﬂnu QJIEKTPOHA; TOJIOKUTENbHOE 3Hauente F, 03HaYaeT oH-

nOTenM U
ACTEepMU

3CC \uux JIOLIEHWE DHEPT l/m/
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BI)UJ,QJISHMSM OHeprum CcOIpOBOKIAETCA IpUcGeinHEHNE OJHOTO 3JIeKT-
POHa K aTOMaM KMCJIOPOZia, cepbl, YIJIepoia U HekoTopbiM Apyrum. Ciemo-
BaTeNbHO, JJs 3TUX HJeMeHTOB CWUJbl NPUTSKEHUA K AIpY JONOJTHUTE b~
HOTO 2J1eKTpOHa OKas3bIBaKTCSA 6().THJIIIV[MVI, 4eM CUJIbl OTTANTKMBAHUA MEKIY
JOMOHNTENBHBIM 3JIEKTPOHOM M 3JIEKTPOHHOMA O6004KON aToMa.

[Ipncoeantenue moceAyOMMX d1eKTPOHOB, T.e. JABYX, TPEX 3JIEKTPOHOB
n bosee K ATOMY, COIN1aCHO KBaHTOBO-MeXaHWYeCKUM pac4yeTaM, npoilecc
sHAOTepMUuecKui. [103TOMy OHOATOMHbBIE (NPOCTBIE) MHOTOSAPAAHbBIS
anuonsbl (027, S2°, N3°) B cBOGOLHOM COCTOSIHMA HE CYIIECTBYIOT.

ONeKTPOOTPUIATCALHOCTL. [lonsaTue asekTpooTpuuatenshoctd  (D0)
ABJAETCA YCJOBHBIM. OH() MO3BOJISET OUEeHUTD CMOCOBHOCTL aTOMA LAHHOTO
37eMeHTa OTTSATUBAaTh Ha cebs BHQKTPK)HH)’IO NJIOTHOCTE MO CPaBHEHUIO ¢
ATOMAMH JADYrUX 271€MeHTOB B coeguHeHuHd. OUEBMAHO, UTO 3TA CIOCOO-
HOCTB 3aBUCUT OT 3HepI‘MK VOHU3ALUUU aTOMa U ero CpOJICTBA K 3JEeKTPORY.
CornacHo opnoMy u3 onpepnenenuit (MannnkeH) 37€KTPOOTPULATETBROCTS
ATOMa Y MoxKer 6bITb BbipAKeHA KaK NMOJycyMMa €ro 3Heprum MOHUBAINU 1
CpOACTBa K 37eKTPORY: X = !/o(Ey + E¢). UMeercs okono 20 wkan snexr-
POOTPULLaTeNIbBHOCTH, B OCHOBY pacqua 3HaYeHuin KOTOPBIX TTOJIOKEH bl
pa3Hble CBOWCTBa BellecTB. 3HaquHﬁ BHSKTPO()TPMHHTGJIbHO('TG?ﬁ Pa3HbIX
HIKkan OTJIMYMAKOTCSA, HO OTHOCUTENbHOE pAaCMONOKeHWe AJICMCHTOB B DALY
271eKTPOOTPULATENBEHOCTE HPUMEPHO OJUHAKOBO.

B mkasne anekrpoorpunarensnocreit, no Hoaunry (puc. 13), anexrpoor-
punaTenbHocTh ¢Topa mpuHsita pasroit 4,0. Kak Buano Ha puc. 13, B
nepuonax Ha6.7ﬂOllaeTCH 06]_[!35! TeHJeHUUA POCTa AJeKTPOOTPULATCILHOCTH

Mepuodst u
7

1
0 20 g0 30

P u c. 13. lUlkana snekTpoorpuuatensHocteit o [osuury
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3/1eMeHTOB, a B MOAIpyNmax -~ ee NafeHuA. HauMeHbIIMMM 3HAYEHUAMY
2JIEKTPOOTPUIIATEJILHOCTH XapaKTepUBYIOTcA s-3/1eMeHTHl | rpynmel, a Hau-
Gonbmumu — p-saementsl VII rpymmsl.
Crporo rosops, 3JIEMEHTY HeJb3si NPUIIMCATH MNOCTOAHHYIO BJIEKTPOOT-
p!’!!{&T&‘!bHO('Tb. OH?. 3ABUCUT OT MHOMMUX d"&!‘.TO'Z‘OB B UYacTHOCTU QT RaA~
THOI'O COCTOsIHMUA DJIEMEHTa, TUlla COeJMHEHWs, B KOTOpoe OH BXOJMT, U
op. TeM He MeHee 5TO NOHATHe MOJE3HO IJIA KadeCTBEHHOrO OGbACHEHUs

CROMCTR XUMMYECKON CRARU U COCNUHEHUI.

BenecTBue BOMHOBOTO XapaKTepa IBUKEHHS JeKTPOHA aTOM He uMeeT
CTPOro onpejeneHHbIX rpanui. [losToMy M3MepuTh a6CONIOTHBIE PasMephl
aTOMOB HeBO3MOKHO. 3a pajguyc cBOGOJHOTO aTOMa MOMKHO NPUHATL Teope-
TUYECKH PBCCYUTAHHOe NOJIOKeHHe [JIABHONO MaKCHMyMa IJIOTHOCTH BHell-
HUX 3J€KTPOHHBIX 06JaKop (puc. 14). DTO Tak Ha3bIBaeMbIil opbumatsnei
paduyc. Kak suano Ha puc. 14, B psny anementos panHoro nepuopa (Li —
Ne) op6éuTanbhble paguycsl aTOMOB ¢ POCTOM 3apsAla sAPa B LeJOM yMeHb—
watores. [103ToMy M3MeHeHMe aTOMHBIX M WOHHEIX PaJlHycOB B NepUOIU-
qeckoii cucTeMe HOCHT Mepuoiudeckuit xapakrep (puc. 15). B mepuogax
aTOMHble W MOHHble DPajJMychl IO -

Mepe YBenndeHus 3apsaja Ajnpa B - H
0bileM yMmeHbluatoTesa. Han6onb- i
ulee yMeHbllleHWe PaJNycOB Ha6- r
JIIO/laeTcsi Yy 92JeMeHTOB MaJlblX 0,053

MepHOJOB, TaK KaK y HUX IPOMC- L Lt

XOOUT 3allOJIHEeHU e BHeIllHero - [;I
L /A 25!

0,159

157

2NMeKTPOHHOrO cnosi. B Gonpmumx
nepUojiax B MpejelaX ceMelcTs d-
M fosneMeHTOB  HabilofaeTcs
60siee aBHOe yMEHbIIeHUe DaJiu- ~
yCOB. DTO yMeHbllleHHe Ha3BIBAIOT 28"
COOTBeTcTBeHHO d- n fcixkaTuem. B
NOAIPYNNaxX 3JeMEHTOB pajluychl
aTOMOB ¥ OJHOTUIHBIX HOHOB B
061lleM YBeJHUUUBAIOTCA.
IlpakTnueckn OPUXOINTCS L
NUMeTb [1eJ0 ¢ pajuycaMy aTOMOE, 0 0032 o1 az rHM
CBA3AHHBIX JApPYyr ¢ JpyroM TeM P uc. 14. CxeMbl pACIpefel€HUs paiy-
WJIN  VHBIM THUIIOM XUMUYECKOH  KaJlbHOM 3JIeKTpOHHON IUIOTHOCTH B aToMax
coszu. Takue paamycsl caeyer M opbuTasbHble paanyckl atomos H, Li, Be

u Ne
paccMaTpMBaThb Kak  HEKOTOpble

4rriy?

Ne

S
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wa

s pexmuenne (r.e. mposABAAIOMME cebA B IEHCTBAM) BEITMYMHBI.

N NAd A nimeenirssn wammUels GIBATATRIGT TDY WAYGAHUN omnoonu s MOTOKYT U
Sddert ie paAMychl ONPEAesiAIOT NpH M3YHCHWH CTPOCHMA MOJACKYJA M
s KPHCTAIOB.
ax
- < § 4. BTOPUYHASA NEPUONIUYHOCTE
N
48 Z W3menenue cBOWCTB — DHEPrMM HMOHU3AIMM U CPOJCTBA K IJEKTPOHY,
3 8 aTOMHBIX PaJMycoB U T.I. — B DOATPYNINaxX 3JEMEHTOB OGBIYHO UMEET HeMOo-
E 8 HOTOHHBIN XapakTep (cM. puc. 12, 13, 15). Ha KpuBBIX M3MEHEHUA CYMMBI
] [5) N
A 3 [EepBBIX YeTblpeX JHEepTUil MOHU3AUUU U OPOUTANBHBIX aTOMHBIX PajuycoB
i® !; B pany C — Si — Ge — Sn — Pb uMetorcs BHyTpeHHUE MaKCHMMYMHB M
q ¢ muauMymbl (puc. 16). Kak ciemcTBue 2T0Or0, HEMOHOTOHHBIN XapaKTep
R & OpOsBASeTcss M B U3MEHEHMM APYrMX CBOWCTB coenMueruit. HeMOHOTOH-
= 3 HOCTb M3MEHEHMs CBOMCTB 3JIGMEHTOB B MOJIPYINNEe HOJIYy4UId HaA3BAHUE
- & o
] S BIMOPUUHOT NEPUOFUUNOCIN.
- m -
= S HeMOROTOHHBIN XapaKTep NpOABNAETCA, HAPMMEP, B 3HAYCHWAX DHEpP-
] % MU JUCCONMANMM MOJIEKYN IajloTeHOB B 3aBUCUMOCTH OT aTOMHOIO HOMepa
B ] o rajoresa:
i g
4 =
3 Ié( oF ]7(31 35Br 53l
A & F, Cl, Br, 1,
4% X n [ U S 1E0 249 100 140
] é Lpye, KA/ MOTD .oy 199 &40 19y 149
= a8
1 3
. §
i [N \8
3 ¥ °
3 ‘A
= g
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1° 3 150}+C
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= b 70 I, HM
= Sn i .
—1 si Ge _Pf 815 Puc. 16. 3aBucuMocTb CYMMBI
3 : N {g50 TEPBbIX YeTblpeX BHepruil UOHU-
= 1 ‘o {gas 2UMM # OpOUTANBHBIX paguy-
] [ g COB ATOMOB p-olleMeHTOE [V
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Pazpen |l

Xumuuyeckan cBa3b

XyMUYeckasi HaTypa CIOKHOM YacTHUBI onpeaensierca
HaTypo¥ oVieMeHTapHBbIX cocTaBHBIX 4YacTel, KOJIUYeCcT—

BOM MX Y XMMHMYECKMM CTPOGHHEM.
A.M. Bymaepos

BaJleHTHbIM IITPUX — CHMBOJIMYECKO®, aberparMpoBai-
Hoe W306paXKeHMe KBAHTOBO-MeXaHUYECKUX B3aMO—
NeficTBUI AeKTPOHa ¥ ATOMHBIX Anep.

B.M. Boavxunwmein

Vuenye 0 XUMUYECKOH cBA3U — IEHTpajbHaA npobiema XUMHH. He
3Has MPUMPOAY B3aMMONIEHACTBMA aTOMOB B BelecTse, Helb3s MOHATH NpHU-
Heyui, NpencTaRUTh MEeXaHU3M MX

coepuuenuii, NpeaCTARUTD

YUHB MHOTOOOpa3MA XMMHUECH
06pa3oBaHMsi, COCTaB, CTPOGHME M PEaKIHMOHHYIO criocobuocts. Cospanue
HAMEXKHOM MOMIEH, OTpakalolei cTpoeHue aTOMOB, MOJIeKyJl U TPUPOAY
cHJI MEXKy HUMH, TO3BOJIUT OHpPEeAeUuTh cBoOficTBA BeleCTB, He mpuberas K
JKCIEPUMEHTY.

CoBOKYNHOCTb XMMUYECKH CBS3AHHLIX aTOMOB (nanpumep, MOJIEKyJa,
KpPHCTAJU) TPEJICTABIAET COOOM CIIOKHYI0 CHCTEMY ATOMHBIX SAJ€P U JIEKT-
pounos. XumHueckas cBA3b OCYMIECTBIACTCA 32 c4eT 3TeKTPOCTATMYECKOro
B3aMMOECTBUSL JIEKTPOHOB M A1€ep aTOMOB.

CoBpeMeHHble METOAbl MCCIIe0BA~
HUA TOSBOJAIOT IKCHEPUMEHTAJbHO
onpeAeIuTh OpOCTPaHCTBEHHOE
PACIIO/IOKEHUE B BEIIECTBE aTOMHBIX
simep. JlaHHOMY TMPOCTPaHCTBEHHOMY
Pa3MelIeHUI0 aTOMHLIX ANEp OTBe-

YyaeT ONpeAeeHHOe paclHpele/eHue

W M 3JIeKTPOHHOM  TUIOTHOCTH. Brisic~

0.10"' HUTDb, Kak pacnpenensaerca JINEKT-
K«&//// \\\\J)} poHHas IUIOTHOCTH, N0 CYTH A3, 1
03HayaeT ONUCATh  XUMHYECKYIO
eps3p B Bemectse. JIJIA HTOro HEO6-

P u c. 17. Pacupenenietiie oJleKTPOHHOA  xonMMO TOYHOE peleHue ypaBHE-
IJIOTHOCTH B MOJIeKyJle BOJel uus 1l penuurepa, 4TO OCymeCTBIE-
46

HO TOJIBKO IJi MOHa H;, COCTOAMIErO M3 [ABYX NPOTOHOB U OAHOrO JIEKT-—

pona. Jlna cucrem ¢ AByMs M GOJNBIIMM YMCJIOM 9JIEKTPOHOB MPUXOLMTCH
NPUMEHATh NPUCTMIKEHHBIE METOAbI.

PesynbTaT NpUGTMKEHHONO pacyera pacnpeelIeHUs  3/IeKTPOHHON
MJIOTHOCTM B MOJIeKyJle Boib mokasaH Ha puc. 17. KoHTypHble JHMHUN
COEMHAIOT MECTa OJMHAKOBOH 3JIEKTPOHHOU MJIOTHOCTH.

B 3aBMCHMOCTM OT XapaKTepa pacClpefe/IeHHs BJIeKTPOHHOM IVIOTHOCTH
B BEIIECTBE Pa3MYaloT TPU OCHOBHHX TUNA XMMM'{GCKOM CBABU: KOGEAEHN-
Hy0, WONHYIO U memarauueckyro. B "ducToM" BMAE NEpeUMCICHHBIC THIbL
¢BASKM NpPOABNAIOTCA peAko. B GONbIIMHCTBE COGIUMHEHMI HMEET MeCTO
HaJIOKeHUe Pa3HBIX THUIIOB CBA3BM.

IJ1 AB A 1. OCHOBOIIOJIATAIOIIUE NMPE/JCTABJIEHUA
XHMI/I‘]EQKOH CBA3U

§ 1. HEKOTOPHIE HAPAMETPH MOJIEKYJIBI
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CTOSIHHBIA COCTaB, BXOAAIMX B HEe ATOMHBIX AAEP U (UKCUPOBAHHOE
YUCIAO IIEKTPOHOB.

Un}pOpMaMIO O CTPOSHWM BEIECTBAa MOXKHO NOJYdUTh, MCCICLYd €ro
¢usnyecKne M XMMMYeckHe CBOjicTBA. B WacTHOCTH, ¢ NMOMOMEBIO (usnyec—
KUX METOZO0B MCCJICAOBAHMA OINPENeAIOT OCHOBHBIE 1apaMeTPbl MOJIEKYT —
MEKBANEPHBIC PACCTOAHNUSA, BATIGHTHBIE YTJIbl U F€OMETPHIO MOJIEKYJI.

DKCIIEpUMEHTANBHO YCTAHOBJIEHO, YTo B MoJekyse soxsl HpO paccros-
HUe MeKLy AIAPAMM BOZOPOAa M Kucjopopa coctasiaser 0,096 nm. Mexnb-
AEPHOE PACcCTOAHME MEKLY XWMMYECKM CBA3AHHBIMM aTOMaMM Ha3bIBAIOT
daunol cesau.

Vroa mexay Boo6paxaeMbiMM JIMHMAMM, NPOXONAMMHU 4Yepes sAznpa
XUMHYECKN CBA3AHHBLIX aTOMOB, Ha3biBAIOT GCAEHMHbLAL. B MOJIeKyse BOABI
oH cocrasnaser 104,5°

TakuM 06pasoM, MOJIEKyJia BOIB MMeeT yrJosylo dopmy (em. puc. 17).
JlnA HarJAAZHOCTM MOXHO MPHMHATbH, YTO B Heif [Be XMMMYECKHe CBA3YN
O—H (,zmmml?r dO}{ = 0,096 uM = 96 nM), pacnojO}eHHBIe MO YIJIOM

£ HOH = 104,5°. CtpoeHue MONeKyIk BOL

2= Bl MOXHO BBHIPABUTH CTPYKTYD-
it popMmyoit:
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BaxkHeileli XapaKTEpPUCTUKON XMMMYECKOM CBA3U SABJAETCHA IHEPrus,
onpefeNAmAai ee NPOYHOCTh. Mepoil NPOYHOCTH CBA3U MONKET CIYNKHUTb
KOJMYECTBO 3HEprMU, 3aTpauuMBaeMoe Ha ee paspeiB. JIJIA ABYXaTOMHBIX
MOJIEKYJl 3HEPTMA CBA3M PaBHA IHEPTMU AUCCONMAIMM MOJIEKYJl Ha aTOMBI.
Tak, aueprus amccoumanuu Epyc, a cnefosaTensHo, u 3Heprus cBasu Eeg
B Mosekyie Hj cocrasnsior 435 w[x/mons. B monexyne ¢ropa F; ona
paBHa 159 Kﬂ,:K/MdJlb, a B MoJleKyJe azota Ny — 940 w[lx/Mons.

JIAs1 MHOTOATOMHBIX MOJIEKyJ TUna AB,, cpenHAs sHeprus cBA3U EAB =

= 1/n 4acTH 3HEPrUM AMCCOUMALMHU COSLMHEHUA Ha ATOMBL:
AB, = A + nB, EAB = Epue/n.

Hanpumep, aHeprus, norioliaeMas B npomecce

H,0=2H + 0O
pasna 924 k[lx/mons H,0. Ho B monekyne sonw obe casu O—H pasHo-
LEeHHBl, MO3TOMY CPeAHAA ODHEPrUA CBA3U EOH = Emcf2 = 924/2 =

= 462 kJlsx/Monb.

JIJIMHBl ¥ 9HepTMU CBA3M, BAJIEHTHBIE YIJIBI, a TaKiKe DKCIlePUMEHTAIbHO
olnpeneyisieMble MarHUTHBIE, ONMTUYECKUE, DIEKTPUYECKUe U Apyrue cBoicT-
Ba BEIIIECTB HENOCPEACTBEHHO 3aBUCAT OT XapaKTepa pPaclpelesIeHUs dJIeKT-
pOoHHOR nyoTHOcTM. OKOHYATENbHOE 3aKJIIOUEeHMEe O CTPOEHMM BEILECTBA
AeJIaloT MOCJe COMOCTAaBIEHUA MHPOPManuu, NONYyYEHHON pa3HbIMM METO-
namu. COBOKYNHOCTh 3KCIEPUMEHTANBHO MOJYUYEHHBIX AaHHBIX O CTPOGHUM
BellecTBA 0606111a6T KBAHTOBO-MEXAHMYECKAA TEOPUSI XUMUYECKON CBA3U.

XuMruyeckas cBA3b B OCHOBHOM OCYyHecTBIACTCA TaK Ha3blBaeMbIMU

BaJICGHTHBIMUA OJIEKTPOHAMM. y §- M [-DJIEMEHTOB BAJICHTHBIMH HABJAIOTCA
SJIEKTPOHB! OpGUTamIel BHEIIHErO CJIOsA, 8 y d-3JIeMEHTOB — 3JIeKTPOHBI —
S-OpOMTIN BHELIHETO Cnof M d-opOuTanieil MpeiBHELIHEro Cos.

§ 2. MPUPOJA XUMHNYECKON CBA3U

Xumuyeckas cBA3b 06pasyeTcs TONBKO B TOM ciy4ae, ecd NpH c6au-
JKEHMM aTOMOB (ABYX WM GOJBIIEr0 YMcsia) TONHasi SHEPrMA cUcTeMBL
(cyMMa KHMHETMYeCKOM M MOTEHIMANbHOM SHEPIMit) MOHMKAETCS.

PaccMoTpuM npocTeifinyio U3 BO3MOKHBIX MOJICKYJISPHBIX CHCTEM —
MOJIeKYJIAPHBIA MoK Bofopona Hj. (Drta yacTMua mosmyyaetcss mpu o6ayde-

HMM Monekyn Bomopona H, snextponamu.) B HeM ous s7eKTpoH ABUIeT-
CA B moNle ABYX AAep — nporoHos. Paccrosnue mexay axpamu 8 HY pasuo

0,106 uM, a sHeprus csaAsu (aucconmanuu Ha atoM H u uon H*) cocrasns-
er 255,7 k[l /Monb. Takum 06pasoM, 3Ta 9acTHLIA BECHMA MPOYHA.
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P u c. 18. Cusibl B3aUMOReinCTBUS Mex Ay NMPOTOHaMM W SVIEKTPOHOM B
MosieKyJisipaHoM noHe H3

B monexynspHom uohe H} meHlcTBYIOT 3J€KTPOCTATHYECKHE CHJIBI ABYX

THNMOB — CUJIBl NPUTAKEHUA HIEKTPOHA K OGOUM AAPAM U CHJIbI OTTATKHU-
BaHMA MexAy Aapamu (puc. 18).

Cuna OTTaIKMBAHMS MPOSBISAETCS MEXKAY MONOKUTENBHO 3ApsAKEHHBIMU
AnpamMu H; u Hl; (puc. 18, ¢). Cunbl npuTsmKeHUA AeHCTBYIOT MeXAY

OTPHUIATENIBHO 3aPSKEHHBIM 3JIEKTPOHOM € U MOJOXKUTEIBHO 3apANKEHHbI~
MH AAPAMHU — MPOTOHAMHU H:\ u H]‘a (puc. 18, 6, a).

Cuna MexbALEPHOIO B3aMMOAENCTBUA fl—[ HampasjieHa BAOJb OCH

+H+
A B
PacnonokeHust AAEP U CTPEMMTCS pasBecTd MX ApYr oT Apyra (eM. puc.
18, @). OueBuano, MoneKyna 06pa3yeTcss B TOM cjydae, ecid paBHOzAe#cT-
BYIOLUAA CUJI NPUTAKEHUA M OTTATKUMBAHMA paBHa HyJ10. VIHBIMU cloBamu,
B3aHMHOE OTTATKMBAHME FAZEP (npoToHoB H; u HI;) JOJIKHO 6BITH CKOM-

OEHCUPOBAHO NPUTAKEHUEM IEKTPOHA K AApaM. JpGeKTUBHOCTD NOCTEA~
HEro 3aBMCHUT OT MECTONOJIOKEHUA SJIEKTPOHA € OTHOCMTEJIHO AJep.

KoHeuHo, TOUHO onpene/nnTh MoJIoXKeHHE DJIEKTPOHE B MOJEKYJe HeBO3-—
MOkHO, HO MOKHO paccMOTPETh BEPOSITHOCTb €r0 HaXOXIEHUS B MPOCTPaH-
CTBE OTHOCMTEJBHO Afep. Tak, B J1060/1 MOMEHT BpeMEHHU IJIEKTPOH MOXeT
OKa3aTbCA B MMOJIOKEHMH, M306paxeHHOM Ha puc. 18, 6. B gpyroit MoMeHT
3JIeKTPOH Oy/eT HaXOAMTHCA yKe B HOBOM IOJIOKEHMM, HANpUMEp M306pa-
JKEHHOM Ha puc. 18, .

CpaBHMM pe3ynbTHPYIOmEe AeficTBUE CHMJ NPHUTAXKEHUA W OTTAIKMBA-
HHUA [OpU STUX KOHurypanuax. O603HauUM CHUJIBI NPUTSKEHUS JIEKTPOHA
K NpOTOHaM f +¢ W fye o @ WX TIPOCKIIM f}'{ o },{+ - Korpa snexktpon

B B
HaXOAMTCA B IOJIOKeHUH 6 (cM. puc. 18, 6), TO ero MpuTsKEHMe K MPOTO-
HaM (CHJIBI fH'e‘ u fH*e‘) CIOCOGCTBYIOT MX COMMKEHMIO (CHIIBL fI-,I“e‘ "
A B A
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fl-ll’ ). Korpa xe nMeer mecto koHdurypauus e (cM. puc. 18, @), T0 Bo3HM-
€
B
KaeT Apyrasi cutyauusi. B oToM ciywyae cHIIBl OPUTAKEHUA (f"e_ " f]-ll*e')
A B

HanpaBJeHbl B OfHY CTOPOHY M OTTaIKMBAHME MPOTOHOB HE KOMIIEHCHPYIOT.

CrnienOBaTeNbHO, COIJIACHO BO3MOMKHBIM IOJIOXEHUAM DBJIEKTPOHA OTHOCH-
TePHO [JBYX NPOTOHOB B MOJIEKyle MMeeTc O6JacTh ced3sieanus U 06-
JIACTb anmMUCesIvieanus UMK paspuizaenus (puc. 19). Ecau anexrpon noma-
IaeT B 06J1aCTh CBASBIBAHUA, TO XMMMYecKas CBASp Obpasyercs. Ecau ke
ANEKTPOH TomazaeT B OGJNACThH Da3DHIXJIEHUS, TO XMMUYecKas CBA3b He
obpasyerca.

WHBIMM CJIOBaBMHM, XMMHMUYECKas CBA3b BO3HUKAET B TOM cJy4ae, ecau
3JIEKTPOH OKa3hIBAETCS B MPOCTPAHCTBE MEXAY AApami (B CBA3BIBAIOMIENH
obnactu). XuMuyeckasa CBA3b OCYIUECTBAACTCA 33 CYET BJIEKTPOCTATHYECKO-
O B3aMMOJIEHCTBUSA MOJIOKUTEILHO 3aPAXKEHHBIX ALEP U OTPUIATENBHO
3aPAKEHEBIX JCKTPOHOB. OTO MPUBOJMUT K MOHMMKEHMIO MOJHOM SHEPrUM
CHCTEMBI IPM 06Pa30BAHMM MOJIEKYJBI M3 aToMoB. UeM 6osiplue BhIgenseTcs
NpY 3TOM SHEPTUM, TEM NPOYHEE XMMHUYECKAs CBA3b.

Kak yxe ykasbiBasioch, AJIA MOJIeKyIAPHOTO Hona Boxopoaa Hj moxmno

no ypapHenmio IlipenuHrepa TOYHO BBHIYMCIANTL HHEPrUIO BJIEKTPOHA U
pacIpesiesieHle 3JeKTPOHHOM miuoTHOCTH. Pesynprar takoro pacuyera otpa-
swaer puc. 20. Kpusas I oTBeyaeT cOCTOAHMIO, KOrja 3JEKTPOH HaXOMUTCA
B CBA3BIBAIOMEN O6TAaCTH. OHEPreTMUECKUN ypPOBEHb TAKOIO MOJIOKEHUS
2JIGKTPOHA HA30BeM C6X3bi6aWuML U OGOBHAUMM €ro o¢. XapaKTep 3TOi
KPUBOH MOXHO OGBACHHTb TEM, YTO IO Mepe COIMMKEHMA NMPOTOHOB B CBsI-
spiBafoleit o6iact (cM. puc. 18, 6) BHauasme nMpeo6aamalOT CHIAB TPUTA-
KEeHHA, a BaTeM CHJAbl OTTajkuBaiusA. [losToMy BHawadie HaGAIOHaETCsA
MOHOTOHHOE€ NOHMXKEHHUEe TMOJHON JHEepPruu CHUCTEeMbl, IO ANOCTHXEHUU Ke
MUHUMyMa — pe3Koe ee ypelaMdyeHue. MUHUMyM Ha KPMBOI NOJHOM JHep-
My OTBeyaer Haubosee yCTOMYUBOMY COCTOAHHMIO CUCTEMbl M3 IBYX profoA
HOB M OJHOTO JIEKTPOHa, T.6. YCTOUUMBOMY cocrosHuio moHa H3. Muuu-

MyYM DJHEpPTMM Ha KPHUBOl OTBeYaeT PaBHOBECHOMY PAaCCTOAHUIO MEKIY
NMPOTOHAMHU (d}ﬂ-[ = 0,106 uM), ray6uHa MMHMMyMa — SHEPrMs AMCCOIMA-

uuu vona H} wa atom H u mporon H* (Ell' = 255,7 k[l /Monb).
2

Craepyommii 5HepreTU4ecKUil yPOBEHb MOJIEKYJIAPHOIO MOHa BOAOPOAA
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Puc. 19. Obnactv cBA3LBaHUA Puc 20. 3aBUCUMOCTH NOTEHIH-
U pa3pbDiieHUs1 B MONEKyNsApHOM aJIbHOM ~ BHeprMv  MOJIeKyJIAPHOro
- viore H3 ' noHa HY npy HaxoxJeHWUH BJeKTpo-
Ha B cBsisbiBalomedt (kpupas I) H
paspbixasioulelt (kpuBaa 2) obna-

CTH
(puc. 20, kpuBasi 2) MUHMMyMa HE MMEET — MOJIEKYJa B 3TOM COCTOSAHUM
obpasoBarbcs He Moxer. [lofqo6Has cUTyanMs BOBHUKAET, KOTZa 3JIEKTPOH
1eft obnmactu. B

utcs 2a anbamu (eM. DUe 18’ 9)’ T.e. B pa3puiXasomei B

n :
nutes 22 sppamu (oM. puc, B pazspLidi

clyyae CUJIa OTTalnKUBaHUs IPOTOHOB He KOMIICHCMPYETCS CHMJION
[PUTATUBAHUA K DNEKTPOHY. JHEpTeTHUecKUHl ypOBEHb TAKOTO MOJIOMEHMA
3JIEKTPOHa HA30BEM Pa3PHITALIOWUAL U 0603HaUUM 7 *.

Takum o6pasoM, obpasoame xumuueckoir csasu B H} o6ycnosaeno

TEM, YTO JIEKTPOH ABMKETCHA OKOJIO ABYX Azep. Mexkny sppaMu MOABIAET-
¢ 06JacTh ¢ BHICOKON IIOTHOCTBHIO OTPULATEJNBHOIO Bapsja, KOTOpasd
"craruBaer" monOkMTENLHO BapsikeHHble sapa. IIpUTsKeHMe yMeHblaer
MOJIHYIO BHEPTMIO CHCTEMBI — BOBHMKAET XMMMUECKas CBASL.

I'J1 AB A 2. TEOPUSA MOJIEKYVJIAPHHX OPBUTAJIEH

§ 1. MOJIEKYJIAPHBIE OPBUTAJIN

Jlisi onmMcaHMsI XMMMYeCKO# CBA3M IIMPOKO MCIONB3YIOTCHA ABA MOLXO-
[la: TEOPUs MOJIEKYJIApPHBIX opbutaneit (MO) u TeOpus BaneHTHBIX CBA3el
(BC). B passurun teopuu BC ocoban sacayra npunafiexur eiltiepy u
Jlonpony, Cnerepy u Hoaunry; 8 passurum teopun MO — Mannukeny u
XyHny. ’

CorsacHo TeOpUU MONEKYIAPHBIX OpOUTANEH MOJIEKY/a PacCMaTpUBACT-
CA KaK COBOKYNHOCTb NOJIOKHMTENBHO 3aPSAKEHHBIX SALEP U OTPULATENBHO
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3APSKEHHBIX JeKTPOHOB, IJIe KaX /bl BJEKTPOH JBMIKETCHA B IIOJI€ OCTANlb-
HBIX DJICKTPOHOB M BCEX Amep.
Onucath MOJIEKYJY COTJIacHO Teopuu MO — 3TO B3HaYMT ONpeaeIuTh
TUI ee Op6UTaneil, MX DHEPTMIO M BBICHUTb XapaKTep PpaclpeieseHUs
el Fosmo e en n MATIILEMY. MA s Anm AU UG U MDY Nac—
GuTajifAM, T.€. peliMTP TC WKC 3aAa4M, MTC ¥ IpPH pac
CMOTPEHMH 3JIEKTPOHHBIX CTPYKTYP aTOMOB.

Kak 6b110 NOKa3aHO, DJIEKTPOH MOXET HaXOLUThCA B CBA3bIBAIOEH
SLIRTHICICH OBNRCTSY MOMOKYVIIL! (nu Due 10\ B cooTmercTRUU €

1 Pa3pLIXJAIOMIEH O6GIacTAX MOJNEKY/b (cM. pHC. cOOTBE
5TUM Pa3MYaloT CBA3LIBAIOMIME M Pa3PHIX/IAIOIIME MOJIEKYIAPHbIe OpbuTa-
au. B cBA3sBIBalOmEd MOJEKYIAPHON OPOUTANMM BJIEKTPOHHAA MJIOTHOCTH
KOHLEHTPMpPYeTCs MEXy ANPaMd, B Pa3pbIXJIAIOMEN MOJIEKYIAPHOR op6u-
Tanu — 3a AAPaMU, a MexAy HUMU OHa paBHa HYJIIO.

Mogekynsipubie OpOGUTANN MOKHO IPEACTABUTh KaK PEe3YJAbTaT KOM6U-
HaluK opbuTaseil aToMOB, 06pa3ylomux MoJlekyny. Pacecmorpum o6pasosa-
Hue OpbuTasicil 1ByXaTOMHON Mosekyasl. IIpu cOmmxuenuu OByX aTOMOB UX
op6uTANM mepekpbiBaloTes. M3 Kasapix ABYX MepeKpHIBAIOMUXcs aTOMHBIX

AT

opbuTaeii 06pa3yloTcsl [ Be MOJEKYJIAPHbIE OP6UTANIH — OJHA CBA3BIBAIO-

mas, Apyras — paspoixiusoman (puc. 21).
Ecnu opburtanu atomoB A u B, o6pasylomux monekyny AB, oGozna-
4UTh \I/A " Wé, TO BO3MOJMKHbIE KOMOMHAIMM MOKHO 3AIMCATH!

¥, =¥ 2V U = ¥ - T
. C|A+L2 B Y- caA C4B
IJTH KOMOMHAIMM NPUBOAAT K OOPa30BaHHUIO CBA3BIBAIOMEN MOJEKyNAPHOM
opburtanu V. ¥ paspbIXJAKmeN MolekynApHoi op6urtanmu V..
Wand dee o Areme s o MEIROTOAM AT uira

Koo duieHTsl ¢ yKaShiBalOT LOAI0 yYaCTHA

HBIX Oop6uTaseit B GOPMUPOBAHUM MOJIEKYJIAPHBIX.

A0 Nepexpsibanue AQ

P uc. 21. CxeMa 06pasoBaHUsi CBASBIBAIOUIEN Og M PASPLIXISIOUIEN gy

fNonowumensroe

MOJIEKY/ISIPHBIX Op6UTAlIelt IPU NepeKpbBaHUM ATOMHBIX S-Op6UTae
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Jlns cnyuas ABYXBTOMHBIX MOJIGKYJ C OZMHAKOBBIMM Anpamu (FoMo-
AZEPHBIX MOJIEKYN) BKJIaJ, aTOMHBIX OpOMTaleil B MOJeKyJAApHble OymeT
ONMHAKOBBIM, T.€. €] = C; M C3 = (4.

MosekynspHbie Op6UTanu 0603Ha4YalOT IpedeckuMHu 6ykBamu (cO 3Be3—
% NS Da’Dy 101meit opBuT:

1 ANs Da3pDE! en opouT

ofna-

u, obpa-

noy
pitel |

30BaHHBIC  IIEPEKPBIBAHMEM  ATOMHBIX
opbuTaneil MO OcH PACIOIONKEHUA ATOM-
HBIX AEeD, Ha3BIBAIOT o-opbumaasaut. E

Ilpumem, 4TO AZpa aTOMOB PaclOJIONe~ 1 b_o
HBl 10 OCM 7z U IEPEKPHIBAHME ATOMHBIX / A
opbuTaneii ocymectsiaferca mo ocu. [lpu
CTIOMEHUM S-aTOMHBIX Op6uTaseil o6pa-
3yeTcst  CBASHIBAIOIAA  JIBYXIEHTPOBAS
MoJiekysipHas opbutans os. [Ipu BBIYM- \ /
TaHUM ATOMHBIX OpOMTANell O6pasyeTcs ——
Pa3pBIXJIAOMAN JBYXIEHTPOBAsA MOJTEKY—
nApHas Op6UTAlh 0}

AO Mo AO

P uc. 22, OHepreruueckas auar-
O6pa3oBaiye MONEKYIAPHBIX Op6uTa- PaMMa 1s-aTOMHBIX M 0 gMOJEKy-
7efl M3 ATOMHBIX M306pakalor B BHze - PrplX °p.6ma'neﬁ ZIBYXATOMHOH
n POMOSIIEPHON MOJIEKYJIbI
aHepremuyeckol JuMpPamMAUB, TAe IO
BEDPTUKANM OTKJaNblBAIOT 3HAauyeHUsA sHeprum FE opburameit (puc. 22).
Crnepa u cmpasa Ha gHMarpaMMe IPUBOAAT SHEPIETUYECKME YPOBHU ATOM-—
HBIX Op6uTasIeit, B cepeMHe — ypOBHM MOJEKYIAPHBIX OpOUTAei.
CasaspiBalomas MOJEKYNAPHas OPOGUTaNb XapaKTepU3yeTcs NOBBIIIEH-
HO# DJICKTPOHHOM MJIOTHOCTHIO B MPOCTPAHCTBE MEXKIY AAPaMH, NO3TOMY

Takafd OpOUTany dHepreTHUYecky 60OJISC BLIFOAHA, ue) MHLIC ODBHTanH

aTo
POUTAT JHEpPreTHYCeCK DOMeC BLIroAHa, YeM aTCMHLBIC OpOHTan

Hao6opor, Ha paspbIXiAlOmeii Op6UTAIN SIEKTPOHHAA IUIOTHOCTb KOH-

a

TN

P u c. 23. Pacnpefienetyie a/eKTPOHHOM IVIOTHOCTH B CBASbI-
Baomlelt (@) ¥ PaspLIXIAOMEH (6) MoJEKYIISPHbIX OpOUTATIAX
MonekyssipHoro Hj
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LEHTPUPYeTCA 3a AApaMM, MOITOMY MOA0OHad OpPOMTalb HHEPreTHuecKU
MEeHee BBHIFOZHA, UEM MCXOAHBIE ATOMHBIE OpOWTaIu. YpPOBEHb SHEPrUH
CBA3BIBAIOIIEH OPOUTANMM Ha CXeMe PACIoiaraloT HUXKE YPOBHA HCXOAHBIX
aTOMHBIX OpGuTaieil. B ciyuyae pasphIXIAIOMUX OpOUTaNedl UX dHEpreTH-
YecKoe TOJIOKEHME HA CKEME Bbillle MCXOZHBIX aTOMHBIX opbuTaeil.
Pacnpepenenue 57eKTPOHHOM NJIOTHOCTM B CBA3BIBAIOIIEN U DPa3phiX-
JIAIONIEH MOJIEKYJIAPHBIX OpOUTANsAX MoJekynsapHoro uona H} mokasaHo Ha

puc. 23, a, 6.

§ 2. IBYXATOMHBIE TOMOSIIEPHBIE
MOJIEKYJIBI

JIByXaTOMHEE TOMOAJIEPHHE MOJEKYJH 37€MeHTOB 1-ro mepuopa. VY
aJleMeHTOB 1-ro mepuopa BasneHTHON sBisierca ls-opbutans. I[loatomy
npuBeeHHaA Ha puc. 22 dHepreTMyeckas AMArpaMma CIpaBeAuBa AJA
IBYXbALEPHBIX MOJIEKYIAPHBIX o6pasosannii Tunia H7, Hy, Hel, He,.

Won Hj cocrouT M3 ByX NMPOTOHOB M OJLHOTO JIEKTPOHA. EcrtectBenno,

YTO eAUHCTBEHHBIN DJIEKTPOH HTOr0 MOHA [OJDKEH 33HUMATh IHEPreTHUecKU
Haubosiee BHIFOAHYIO Op6uTanb o5 (cM. puc. 22). Takum o6pazom, dmeKT-

poHHan (opmysa HoHa Hj B OCHOBHOM COCTOAHMH

H[ol).

O6pasoBarye 5TOro MOHA M3 4TOMa BOAOPOAA M MPOTOHA MOXHO MPEACTa-

BUTb yPaBHEHMEM
1 +[10 +[ gl
H[1s!] + H*[1s] > H[ol]).
B Monekyne H, nsa saekrtpona. CorjiacHO NPUHLMIY HaWMeHbIeR
sHepruu u npurnuny Ilayau oti gBa 5JeKTpOHA ¢ MPOTHBOIOJIOMHBIMU
CMMHAMM TaKke 3aceAT 0s-opburtans. Peaknyio o6pa3oBaHMA MOJEKYJbl

BOZIOPOZla U3 aTOMOB B cMCTeMe 0603HAUCHMI TEOPMU MOJIEKYJIAPHBIX op6u-
Tajeil MOXKHO 3aIMCaTh

J 2
H[1s'] + H[1s!] > H,[0?.
B monexynsprom nurenmit-none He] Tpu »MeKTpoma, 1Ba M3 KOTOPBIX
3ACEAIOT CBABBIBAIOIYIO, TPETUI — Pa3PHIXJIAOLUIYIO OpEUTeNb:
Ha2g*l
He3[o20 11].
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B cucreme u3 aByx atomoB renusi He, yeTbipe 3JeKTpOHa — [Ba Ha
CBA3LIBAIVIIEN M [Ba HA Pa3pbIXJIAKMEN 0pOUTANAX.

Ilo xapakTepy pacnpepeseHUs BJIEKTPOHOB IO MOJEKYJIAPHbIM Op6uTa-
JISIM MOXHO OLEHMTb SHEPrUIO, JJIMHY M TNOpPAAOK cBA3M. Kak u3BecTHO,
HAXOMK eHMe 3JIeKTPOHA Ha CBABbIBaIOINESH OpOHTAll¥i O3HAYAET KOHIEHTPa—
LHMIO BJIEKTPOHHOM MJIOTHOCTU MeXAy AApPaMH, a 9TO O6YyCJIOBAMBAET COKpa-
INEHUE MEXBALEPHOrO paccTOAHMA M yrnpounenue Mosekynn. HaoGopor,
HAXOKIEHHE OVICKTPOHA HA DasPHIXIAIOMEH opbuTanu o3Hayaer, 4TO
9JIeKTPOHHAA IVIOTHOCTh KOHLUEHTPUpyeTcs 3a sAzapaMu. B sToM caydae,
Clef0BaTeIbHO, DSHEPrus CBA3BIBAHUA CHWKAETCHA, & MeXbiAgepHoe
paccTOSIHNE yBEIMYMBAETCH:

“H; H; He} He;

MonekynsipHble 0p6u-
Tamm

+
4+ K

OHeprust AMCCOL M-
aunu, Epyce,
K18/ MOTIb .o 255,7 435 230 -

A psvam crmnmyran ooname

MexbagepHoe paccrod-

HVe (IJIMHA CBSI3M)

d M e, 0,106 0,074 0,108 -
Mopsipok cesicn........... 0,5 1 0,5 -

B pagy Hj — H; — He} no Mepe 3ano/HeHMA 5/€KTPOHAMHU CBSA3bI-

Balomel OpOUTaNM YHEPrus JUCCONMALMM MOJEKYJ BO3PACTAeT, ¢ MOsABJIe—
HHUEM ke 37IeKTPOHA Ha Pa3pbIXJAIMEHA op6uTanu, Hao60POT, yMEHbIIACT-
cA. MexbanepHoe paccTOAHME BHAYale YMEHBINACTCSA, a 3aTeM yBeJIMYMBA-
ercA. Monekysa reiuAa B HEBO3OYKIEHHOM COCTOAHMM HE CYHIECTBYET,
TaK KaK y Hee OflMHAKOBO YUCJO CBABHIBAIOMMX M Pa3spHIXJIAIMMUX DICKT-
POHOB.

XapaKTep pacnpefie/ieHUsl 3JEKTPOHOB MO OpGMTANAM MO3BONAET OLE~
HUTb MOPAJOK CBA3M KAK NOJYPa3HOCTb YUCJA CBASBIBAIOIMX U Pas3pBIX-
JIAIOMUX BJIEKTPOHOB:

Yucno cBA3BIBAIOMUX
SJIEKTPOHOB

Yueso pasphIxasommx

BJIEKTP O HOB
Tlopsinok csAsu = P
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Herpyaso nopcuMraTb, YTO B MOJIGKYJApPHOM HOHE BOAOPOAa H) u
auremuii-uoe Hel mopanok cBA3M paBeH 0,5, B MoOJIeKyJie Bogoposa — 1, a

B CHCTEME U3 [ BYX HEBO3OYXIEHHEIX ATOMOB I'eJIMA ~— HYJIO.

JlByxXaTOMHEE TIOMOAJIEpHHE MOJEKYJH 5JIEMEHTOB 2-TO HepHoJa. v
3J1eMeHTOB 2-T0 mepuona kpome ls-op6uraneii B 06pa3’OBaHUU MOJIEKYJAP-
HBIX OpGMTAJIEll IPUHMMAIOT yuacThe 25-, 2ps-, 2py- ¥ 2p,OpbuTany. Ipu-
MeM, UTO aTOMbl PACIIONOXKEHHI MO OcH z. UTOGH ATOMHblE OPOUTANM MOTJIM
OMOEUHUPOBATLCA € 06PABOBAHUEM YCTOMUMBHIX MOJIEKYJSAPHBIX op6ura-

Jleit, OHM HOJIKHBHI MMETh 6JM3KMe PHEPrMM M NEepPeKpbIBaThCA B 3aMETHOM
crenedu. C 06pa30BaHMeM CBABBIBAIOINEN M Pa3spPHIXJISIOMEA MOJIEKyJIAPHOi
opbuTanu KOMGHMHUPYIOTCA T€ OpOGMTanM, B3aUMHOe NPOCTPaHCTBEHHOE
PACIONIOKEHHE KOTOPHX OTBEYAET MX MOJOKMTEIBHOMY M OTPULATEIBHOMY

[epeKPBIBAHHIO.

Bt ans1 28~ M 2p-opburajieil SHaYUTeNbHO pad/iuMiMe [0 SHEpruy, To Mepe-
KpbIBaHUE [0 TUIY S, — Py (sB — pA) npaKTHdecKu He ocyuwlectsisiercs. MomxHo

TpeRe6pedb Tarke KoMOunaumein 1sA — lsB—opﬁmaneﬁ BCAEACTBME HUUTORHOW

CTelleHM TepeKpLIBAHUS OYeHb MajblX Mo pa3wvepy BHyTpennux ls-opburaneit.
Torga ocrajbHBIM TPeGOBaHUSIM OTEEHAlOT CJIeflyloulMe COYeTaHUs BaJleHTHBIX
opbUTatelt HIEeMEHTOB 2-T'0 mepuUoa.

Kom6unanus wu3 2s-opbutaneit (kak u 15-Op6UTaieii) cOOTBETCTBYET
0BpasoBaHHMIO IBYX MOJIEKYJISPHHIX 0-OpGUTaneji TMNa: o U 0. XapakTep

Nepexpsibanue AO Mo

SR — OReos

Pz Py &

Py 3
f10n0MumensHae

P uc. 24. CxeMa 0GpasoBaHMsl U3 P,aTOMHbIX opbuTaseit CBsi-
sblBaiollell 0, U paspbIXJisiouleit u; opbuTtanei AByXaTOMHOM

FOMOSIIEPHOI MOJIEKYJIbI
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NepeKpHBAHUA 2p,OpOuTaneil cymecTBEHHO OTIMYAETCA OT MepeKpHIBAHUSA
2py;- u 2pyopburaneit. Kom6unauusa aTOMHBIX 2p,op6uTtaneil (BHITAHYTH
BAOJIb OCH Z) JIa€T MOJeKyJIApHHe op6uranu o, u o) (puc. 24). Kom6una-

UMA ke ABYX 2pyOpOMTaliel JaeT MONEKyNsApHBIEe T-OD6UTamu: Ty U T

(puc. 25). Ecan BMecTo aTOMHBIX 2p,~Op6UTamell CkOMGUHMPOBATH BE 2py~
Op6UTANHM, TO MOJNYYalOTCs AHANOTMYHBE MOJIEKYAAPHHE OpOUTATIM T-THUIA,
HO mosepHyThHie Ha 90° BOkpYr Memsimepuo#i ocu Mosexynn. [lockonbry
9Heprus 2p,~ ¥ 2p,~Op6uTATell OAUHAKOBA M OHM IEPEKPBIBAIOTCHA OfHHA—
KOBHIM CNOCOGOM, BO3HMKAIOMME MOJIEKYNAPHbIE OPOUTANU Ty M Ty UMEIOT

ONMHAKOBYIO SHEPTHIO U (HOPMY; TO e CAMO® OTHOCHTCA K T 3— U 1!;—0{)614—

TaJAM.

MosxHo mpencraBuTh M Opyrue codeTaHHsi ATOMHBIX OpOGUTAslelt, HAIpUMEp, KaK OTO
nokasaHo Ha puc. 26. Ho nopoBHoe covetanve k 06pasoBaHMIO MOJIEKYJSIPHOM
OpGMTa/li He TPUBOOMT, TaK KaK B OTOM CJIy4ae MONOKUTENbHOE MepeKphiBaHye
MOJTHOCTBIO  KOMIIEHCUDYETCsl OTPUHATENIbHBIM [epPeKpLIBaHUEM. DT0 — HyJeBoe
nepekpbiBaie (HAKOIVIEHUMe SJIEKTPOHHON TIJIOTHOCTM B OfHOM OGJACTH KOMIEHCH-
Pyer ee yMeHbilleHte B Apyroi).

Cornacuo CIIEKTPOCKONMUYECKUM  J1aHHBIM MOJIEKYIsApHbIE Opél/lTaJIM
ABYXATOMHBIX MOJIEKYJI 3JIEMEHTOB, PaclOJIOMKEHHbIX B KOHne nepuona Ime-

flepexpsifanue
AD

) ole)
KK~ KX
[ RO]C ,
Ompuyamenswoe

MO

Ny

T s
Nonowumensnoe

Puc. 25. CxeMa o6pasoBanus U3 pg-
ATOMHBLIX OpOHTaslell CBASLIBAIOUIENH Ty
M pasphIXJIAIONell T, MOJEKyJSIPHBIX

P u c. 26. HyneBoe nepe-
KpbIBAHME aTOMHBIX op-
6uraneit

opbuTajieil NBYXATOMHOW TOMOSIIEPHON

MOJIEKYJIbI
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pUOaMUecKoil TablMIbl, CJCAYIOT B TAKOM MOpsAIKe MO BO3PACTaHHUIO dHEp-
ruM:

. * . . — %
o, <o <o, <M =T, Wy =7

HepreTMuecKMe AMATPAMMbI ATOMHBIX M MOJICKYJApHbIX OpGMTasel
"

a nuc. 27.a
Ha pHc. &f,4.

- oanowLr
i

IBYXaTOMHBIX MOJIEKYJI 3JIEMEHTOB 2-TO NMEpHOHa MOKa3aHbl
Bocnosib3yeMcs 3HEpreTMYecKoi AMarpaMMol Ha puc. 27,a 171 BHIACHEHUA
pacIpeeleHMsl WIeKTPOHOB MO opbutansm B Mosekyine F. Ilpu asToM
npy¥MeM BO BHUMAHME SHEPreTMYecKM NOpAAOK opbuTaneil, MpUHUMT Tay-
au u npaswio [ynpa. Torga peaknuio o6pa30BaHUA MOJIEKYJIBI F, uz

aTOMOB MOJKHO 3allMCATh TakK:
IF2522p5] = 2 *2 242 g2 ¥2 *2
2F[2522p%) = Fylolo 2olnialn 2wy 1.
Ilpu suepreTuyeckoit 6au3octd 2s- U -2p-opbuTaieil 3JEKTPOHb Ha Os

U 0, OpOUTATAX B3aMMHO OTTAIKMBAIOTCA M MOTOMY T;~ M Ty-OpGMTanH
JHepreTuyecku 60jiee BHIFOAHEI, YeM 00p6uTanb. B sToM ciyyae mopsiaok

3AM0JHEHUA MOJIEKYJIADHBLIX OpBMTANell HECKOJbKO M3MeHsieTca (puc. 27,

6) M COOTBETCTBYET I10CJIe10BaTeIbHOCTH

c<a*<r =r <o <rl=rn*<ol
s s z y z z y z

Ha [OJiA [AByX-—

flogofuas noC/He0BATENBHOCTD 3aNOJNHEHUA XapaKTep
ATOMHBIX MOJIEKYJ JEMEHTOB Hauajla [Mepuofa, BIJIOTh 10 No. Tak, siekt-

AO MO AO AO MO AO
0, o
E S E P/
[ B TN » 0 A CETRSN p
e — — o, o ——
AN N \? ¥ oy l"’//
/ A
% \ )’\ R Wy /y\)\ /
/
e o
/ - \, /;/t‘( L4 \rl \:\
/s N\, s 174 \ AN 5.
. S s = /
N J N L
\ \ /
AN L g .
N 6

P u c. 27. DHepreTuveckas AMArpaMMa s- ¥ P-aTOMHBIX U 0- M T-MOJIEKYJISP-
HBIX 0pOUTAJIell ABYXATOMHON MOMOSIIEPHON MOJIEKYJIbL:

a — NpUY 3Ha4UTENIBHOM 1 6 — npu HE3HAYMTEJIBHOM BHepreTU4eCKoM pasnuiuu s~ U p-
opbuTaen
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POHHYIO KOH(UIypal{IO MOJIEKYJIBl a30Ta B OCHOBHOM COCTOAHUH MOMXKHO
NpeACTaBUTh CIECAYIOMMM 06pa3soM:

. N.lo2e *2 12 7202]
NofoZo 2nZnlod].

MonekyJisipble OpOWTaN 4YacTo 0GOBHAYAIOT COOTBETCTBYIOIIMMH CHMBOJIAMH,

MCXOons U3 UX INoBefeHUs1 IIPU Onepalusix CUMMeTpUH. Tak, ecan 0p6MTaJ1M o~TUNa

(cM. puc. 21, 24) MbICIeHHO MOBEPHYTH BOKPYI MeX'hslepHON OCH MOJIeKyJsl Ha
180°, To moJydenHasi copMa opbuTalleit GyLeT HeOTIMYMMA OT MEPBOHAYAIILHOM.
TIpx moBopoTe 3HAK BOJIHOBOH hYHKUMHM 9THX OpGUTasleil He UBMEHAETCS: 0POUTaIIb
CUMMEMPUNKA OTHOCUTENIBHO 9TOI ONlepallMM. AHAJIOTHYHO Befler ceOSl aToMHas s
op6uranb. Moekyisipuble OpOUTaM, CHMMETDUYHBIE OTHOCHUTENBHO BpALIEHUs!
BOKPYT MEX'bsifepHOil 0CH, 0603HAYAIOT rpedeckoit GYKBoOil ¢ (aHaJor JIATMHCKOTO
s).

HerpyaHo BHieTh, uTo MoJlekyJisipHble opbuUTaiu w-tura (cM. puc. 25) npu
noBopoTe Ha 180° BoKpyr MexbsfepHO OCH MOJIEKYJIbl OKa3bIBAIOTCH GNIMUCUA-
MEMPUMHBLAUYL OTHOCUTENBHO OTOI ONepallii: 3HAK BOJIHOBOM (YHKLMUM U3MeHsiercst
Ha IPOTHUBOTOJIOKHBIL. AHAJIOTHYHO TOBefeHMe ATOMHOM p-op6uTanu. Monekynsp-
Hble OPGUTANIM TAKOTO THIMA 06OBHAYAIOT Ipeyeckoil GYKBOW T (T — aHaJIOr JIATUHC~
Koro p).

Hnst onncanusi op6uTaiell UCMOJbayeTcsl ollepaildsi CUMMETpUM, Ha3biBaeMast
uneepcued. JTa oNepauysi coCTOUT B cienyiouleMm. U3 kakoi—nbo Touku op6UTann
4Yepes ee I[eHTD MPOBOAAT INpPsAMYIO U TMOMYYaloT CUMMETPUYHO DACHOJIONKEHHYIO
BTOpY10 TOYKY. EC/IM B HOBOM TouKe 3HAK BOJIHOBOI (bYHKHMM He USMEHSeTCs, TO
Op6UTallb HABBIBAETCS CUMMETPUYHON OTHOCUTENbHO UHBepcMU. [IJIsi ofosHaveHUs
COOTBeTCTBEHHO CHMMETPHYHOrO U AHTMCMMMETDUYHOFO MOBELEHUS OTHOCHUTEJBHO
WHBEpCUU 4acTo YMOTpeGJNIAIOT HeMellkde cloBa gerade M ungerade, 4to cooTBercT—
ByeT TepMMHaM "ueTHbiit" u "HeuerHent". MoJlekysispHble OPOUTANIH 05 U O, ~—
HeTHble, UX MOXHO 0603HAUUTb Fg. K HeTHbIM OTHOCATCSA Takxe op6UTAmHU r; "
w;,
HX 0603HAYAIT ’7\: M T, cooTBercTBeHHO. EciM BOCMONBb30BATBCA PACcCMOTPEHHBIMM

UX MOXHO 0BO3HAYNTH 7rg. Opburamu o} (0)) ¥ 7y, HaoGOpOT, HeueTHble, U

CMMBOJIAMH, SJIEKTPOHHYIO KOH(Urypaiuio MojlekyJbl ¢Topa ¢ ydacteM ls-, 2s- U
2p-5JIeKTPOHOB MOXHO 3alUCATh CJIEfyiOUIMM 06pas3oM:

(1ag)z(la3)2(27g)2(2a:)z(Svg)2(17ru)4(l7rg)4.
Apabckde uudpbl Nepen cUMBoJaMM opGuTallell 0603HAYAIOT HOMEp BHEpreTy-
YeCKOI0 YDPOBHSA, BRIIOYAIONEro op6UTaly JAHHON CUMMETPUH.

B Ta6s. 7 mpMBeneHbH KOHTYpHbBIE JMACPAMMBI NOJHOM M OPGUTANBHOIM
9NeKTpOHHOM mioTHocTM B Monekynax Hj, Lip, B,, mocrpoeHssie ¢ mo-
Mompio JBM.
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Ta6nuua 7 KoHrypHble AMarpaMMpl CyMMapHoro ¥ opﬁma.nbnqm pachnpeieieHnst

e Hy, Lig, By

WIEKTPOHHOM IIOTHOCTH B MOJIEKYJTIax

flomas
Jnexmpownag
ANemHoCMe

Monexynspras  opbumane

269 267y 174

*
184

Monexyng

==

%2
w

Li

(1 16
263 ]

Ta6auu a8 DHeprusi, VIMHA U TOPSIOK CBASU JABYXATOMHEIX
TOMOSIJICPHBEIX MOJIEKYJI ¥ MOHOB JIEMEHTOB 2-TO IlepHoNa

IMopsnok cBs3n

Mexbsanepnoe
paccTosiHME, HM

O Heprys AMCCOLHU-
aguy, KIx/Monb

MonekynapHbie +
opouTanu B, C, N, N;
a —_ —_ —_ —_
w5 ) —— —_— — —_ — —
o, — — .H_ +
R A R
I R e
= il il Al il
Os -+ - v v
Mopanox ceamm 1 2 3 25
Mexvancproe 0159 REN 0,110 0,112
PaccTOSHHUE, HM
DHeprus AUCCOUN- 2804 620 M 843
auun, kAx/Monb
Monekyﬂﬁpmﬂc
opburann 0;' 0, F, (Ney)
E — =1 +%
#oow | K
T N e I AR R
N
o H 4 S
N N I N
2,5 2 1 0
0,112 0,121 0,141 -
642 494 i59 -

Caeniennsi 06 SHeprum, AJIMHE M NOPSAAKE CBA3H IOMOSALEPHBIX MOJIEKYJ
| STIEMEHTOB 2-TO N€PUOAa TMpHBEAeHH B Tada. 8. Kak BHAHO U3 THX AaH-
I}‘}mx, B pagy B, — C; — N; no Mepe 3amosiHeHMA CBA3BIBAIOIMX MOJIEKY-
| :"C.vmpxmx op6uTanieil yMEHbINAETCA MEXbALEPHOE PACCTOSHHUE U YBEJMYUBA-
. ercs oHeprusa pgucconmanuu Modexyn. B pagy N, — O, — F; no mepe
| 3aN0JIHEHUsT Pas3pHXIAIIUX Op6UTajieil, Hao60pPOT, MeXbALEpHOe pac-
) CTOAIHMe BO3PacTaeT, a OJHEPrUM [UCCOLUMAIUM MOJIEKYJ YMEHbIIaeTcs.
Monekyna He, BooGme HecTabUAbHa BCJISLCTBHE ONMHAKOBOLO YHCJIA
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Epuc, N,
Kx/Mone
840}
&
3 A Ne,
1 01 0 1 2 3 2 1 o MNopanokceaan

P u c. 28. 3aBUCHMOCTb BHEPTMU JMCCOLMA-
LMKM MOJIEKYJI OT NOPSANKA CBAZU

CBABHIBAIOIMX W Pa3PHIXIAIOMIKMX 3JIEKTPOHOB. AHAJTIOTMYHO OGbsCHAETCA
TOT (PaKT, YTO W OCTAaTbHbE 6ArOPONHbIE T'a3bl OJIHOATOMHDI. 38BUCHUMOCT
SHEPrMM AMCCONMANMHM MOJEKY/ OT YUC/a U3 BAaJCHTHBIX 3JIEKTPOHOB M/~
mocTpupyer puc. 28.

Kak BuHO M3 Tabn. 8, yaaneHue 31eKTPOHa ¢ Pa3pLIXIAIOLEH opbura-
M TPUBOAMT K BO3PACTAHMIO BHEPTMM JMCCOUMALMH U  YMEHBIICHHIO
MexbsanepHoro paccroiiusi. O6 3TOM CBHIETENILCTBYET, HAIPUMEp, CpaBHEe-
Hue paunbix gas O, u OF. Haofopor, ymastenue d/1€KTPOHA CO CBA3LIBAIO-

mieii op6UTaNM OPUBOAMT K YMEHBIIEHUIO 3HEPrUM AMCCOLMANMH U BO3pac-

TAHUIO MEKBANEPHOTO PACCTOSHMUA, O YeM CBHJETENbCTBYeT, HallpuMep,’

cpapgenne nagHex aas Np u N7

Crpykrypane dbopMynn Moiekysi. B mpocTefiluMx c/ly4dadx XapaKTep

e S0 Al 4

pacnpenesieHUss BEKTPOHOB IO MOJIEKYJISAADHBIM OpGMTansM IMO3BOJIAET

P . F P
MOCTPOUTb CTPYKTYPHYIO (opMysly Monekyibl. Tak, B Momexyae Np (M.
Tab1. 8)
20 %272 12 g2
olo Prialol
MOPAAOK cBA3M 3 3a cdyer W%réﬂ%—aﬂekn‘pouos. OcTanbHbIe BIEKTPOHBI — 0%
M 032 — BKJIaJ B XUMUYECKYIO CBA3L NPAKTHYECKH HE BHOCAT. Wx moxuO

paccMaTpUBaTh NPHHAMJICKAIUM OTAENbHBIM AaTOMaM B BHJE HECBA3BIBAIO-
IUX 3JIEKTPOHHBIX Nap:
:N = N:

B Monekyse N, onHa 0—CBs3b M 1B T—-CBS3H.
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4

B MOJIEKYJ1e F2 NOpAACK CBA3U 1:
20 Ro2w2q2r*2r *2
{75{7S ﬂzﬂ' Wy?r s ¥

Ee ocymecTsnasior 02-37eKTPOHB. JJIEKTPOHB NPYTMX MOJEKYTAPHBIX

Dy ONEKYIADHBIX

op6uTasieit MOKHO DACCMATPUBATH K3K HECBA3BIBAIOLIME, T.€. MPMHALIEN A~
IMe OTAE/NbHBIM aTOMaM

CloskHee NpeacTaBuTb TAKMM PUEMOM CTPYKTYPHYIO (OPMYJTy MOJEKy-
nel kuenopona O, (eM. Tab. 8): ’

20¥202x2 2 ¥l *1
050 ¢ ﬂzﬂ‘xﬂ‘yz‘tﬂ'y.

Cornacuo mpasuny XyHpma, nBa 3/1eKTPOHA DAaclpeAessAlOTCA MO JIBYM
T *-op6uTtansam: xz*l?r;l,

Nopsinok csasu B Monekyne Oz paBen 2. 3a cuer ¢2-37eKTPOHOB OCYIe-

CTBIACTCA F-CBA3b.
3a cyer 7-u 7 *-3/eKTPOHOB OcymecTBAseTcs 7-cBA3u. Toraa cTpoenue
MosteKymel Oy MOKHO NPEACTABUTb CTPYKTYPHBIMU (DOPMYTaMu:
:0+=0: win :0=0:
Tpems ToukaMu 0603HAYEHH CBA3U, O6YCAOBJIEHHBIC ABYMA - U OXHUM

7 *-3/IeKTPOHAMH, 3TO OTBEYaeT NMopAAKY ca3n 0.5.
Bo propoit ¢opMmyne HenapHble TOYKH O3HAYAIOT T pol’l er*»anelc'rponb[,

Tpoitnaa cBs3b o6ycnoBneHa agar%w;—enemponamu. Ho sa cuer aByx 7*-

3JIEKTPOHOB MOPAJOK cBA3U B Monekyyne O, paped 2.

Pacnpenenenye 3/16KTPOHHOR NJOTHOCTH B OpPGMTANAX MOMEKYasl O,
NMOKa3aH Ha puc. 29.

OHepraA MOBM3ANMH MOJICKYN. B NpsMoii 3aBUCHMOCTH OT XapaKTepa
Pacnpese/IeHns 3eKTPOHOB IO CBABHBAIOMMM M Pa3PHIXIAIOMMM MOJIEKY~
NAPHBIM OPOMTANAM HAXOMUTCSA 3HEPrusi HOHMBaOMHM MOJeKyl. Kak Mbl
BUASJM, B JABYXATOMHOH MOJEKy/ie CBA3BIBAIOIME 3MCKTPOHH CBSA3aHBI C
fAiApaMHM MpOYHEEe, YeM B aToMe, a pas3phIXAsomue — Haobopor. Takum
06pa3oM, JHEpPrMs MOHM3AUMM MOMEKY/bl, BEPXHAA B3aHATaA OPOUTATB
KOTOPO# sBJISIETCA CBA3BIBAIOMIEN, BHILIE, YEM TAKOBaA CBOGONHOIO aTOMa.
Hanpumep, sueprus uonusauum monmekymst N (1503 xJx/mons) Gonpme
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P u c. 29. Pacnpenenenue anemponaon*nnomoc‘m B MOJIeKyJle
Oy o OPOUTATIAM O M O 3=, Oz, Tz M Tz

SHeprMM MoHu3auuu atoma asora (1402 wk[lx/monb). Ecanm xe pepxHss
38HATAA ODGHTATs MOJEKYJbl SBISETC pPa3phIXJIAIONEH, TO SHEPrHA
HOHM3A[MM MOJEKYTbl MeHbille, YeM aroMa. Tak, 5Heprusi HMOHU3ALUM
monexynbl Oz (1164 kJIk/Monb) MeHbINEe SHEPrMM HOHM3AUMU aToMa KHC-
nopona (1314 k[lx/Mons).

MarsuTEHE CBOHCTBA MOJNEKYJ. XapaKTep PacIpelesIeHusi 371eKTPOHOB
110 MOJIEKYJISIpHBIM OpOHTAJIsIM [103BONAET OOBACHUTL MarHUTHbLIC CBOWCTBA
Mosekysn. Ilo MBrHWTHBIM CBOHCTBAM DAa3iNYAlOT RAPLUGIHUMHBE U OUG-
aarnumusie emecTsa. IlapaMarHUTHBIMU SBJISIOTCS BEIECTBA, ¥ KOTOPBIX

© AMEIOTCA HellapHble 3JIeKTPOHBl, y JUAMarHUTHBIX BeMIECTB BCE 3JIEKTPOHBI

napHble. .

Kak BugHo u3 Tabn. 8, B MOJEKyne KHUCJIOPOAA MMeeTCs [Ba HemnapHBIX
9JIEKTpOHa, MO3ITOMY OHa MapaMarHHTHa; MoOneKyina ¢Topa HemapHBIX
37IEKTPOHOB HE HMEeT, CIEOBATENbHO, OHa AUaMarHUTHa. [lapaMarHUTHBI
Takke Monekyna B, u Monexynspusie voun H} u He}, a monexynn Cj, Ny,

H; — nunamarHuTHbI.

Oxpacka semecTBs. Teopusi MOJIEKYJISIDHBIX OpPOMTANEA NMO3BOASAET O0b—
SICHUTb OKpackKy coeguHeHnil. OKpacka siBasiercsi peayjbTaToM u3bupa-
TENLHOTO MOTJIOMICHUS COSIUHEHMEM W3NYIEHUA BUAMMON YaCTH 31eKTPO-
MarHUTHOro CIIEKTpaAa. Ta}(, €CcJIU cOeIHHEHHUE IIOTJIoaeT N3JyIeHue IKeJITO~
3ej1eHOl 4yacTH crekTpa (mauHa BoaHel 500—560 HM), To HabmopaeTcs
duonerosast okpacka BemecTsa. VIMEHHO TAKyIO OKPACKY WMEET, HanpuMep,
MOJICKYJASPHBI HOJ,.

Tun sHepreTndeckoit guarpammsl op6UTaIEli MOJNEKYIH MONA AHAJIOTH-
4eH JAuarpamme MoJexyiabl ¢ropa (cM. Taba. 8). MoxHO cumTarh, 4TO
OKpacKa MOJja B OCHOBHOM 00s13aHA I1E€PEXOAY 3JIEKTPOHA Mpy BO36YsKIEHUMN
¢ 7 *-opbuTtanm Ha cBOGOIHYIO oz*—()pﬁuTa.nb. CornacHo ypasreruio € = hy,

3TOT Nepexod, HPOMCXOAMT IPH TIOTJOILEHUN 3ITEKTPOMATHHUTHOTO M3Jyde-
HUS ¢ JJIMHON BONHBI mopsifka 520 HM, T.e. KBaHTOB, OTBEYAIOIMX JKENTO-
3eJICHOW YacTU CIIEKTPA.

§ 3. IBYXATOMHBIE TETEPOSIAEPHEIE MOJIEKYJIBI

CereposizepHble (pa3HO3JIEMEHTHLIE) [|BYyXATOMHbBIE MOJIEKYJbl OMUCHIBA-
IOT TaK JKe, KaK OMOsI/IepHbIE J1ByXaTOMHbIE Monexkynnl. OnHAKD, MOCKOIb-
Ky peYb MJET O pa3HbIX aTOMaX, YHEprusi aTOMHHIX OpOMTalell U uX OTHO-
CUTeNbHBIA BKJIAN B MOJIEKYIADHbE ODGUTAIN TOKE PasTHIHbL:

v, = c11/)A -+ c2¢B; V. = cBwA — 041/JB.
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P uc. 30. DHepretuyeckasi AnarpaMma opbuTaned
retTeposiiepHoit NBYXATOMHOM MOJIeKYJibl

B ceasniBalomyio OpGHTalb GONBIIMIA BKJAN BHOCMT OpOGHTaNL Gojee
3/IeKTPOOTPHUATEIBHOIO aTOMa, 3 B PA3PLIXIAIOMYI0 —~ OPGHTANL MeHee
3NIeKTPOOTPHUATENILHOFO  aToMa. JlOmycTHM, 3/eKTPOOTPHLATEIBHOCTb
atoMa B 6onbume snekTpooTpHuaTenbHoctd atoMa A. Torna c; > ¢, ¢g >
> ¢4

CpssnBaiomue op6utaji 00 3Heprum Gnuxe K opbutainsM 6Gonee
S/EKTPOOTPHLATE/ILHOIO aTOMa, paspelxidiole — 6nuke Kk OpGHTANAM
MeHee 3JIeKTPOOTpMUaTeIbHOrO aToMa (puc. 30). O6pasHO roBops, 3JeKT-
poH Ha cBA3nIBaiouleit op6uTau GOJBIIYIO YacTh BpeMEHH NPOBOAMT BOK-
pyr sAnpa Gonee 3/eKTPOOTPHUATE/ILHONO aToOMa, a Ha  pasphxjasiomeit
op6uTaNu — BOKPYT AApPa MeHee 3JIeKTPOOTPUIATENIbHOrO aToMa.

O xapaKrepe pacnpenesieHHs 3JIeKTPOHHON NJIOTHOCTH B reTeposiaepHOi
MOJIEKYy7le MOXKHO CYAMTL N0 KOHTYPDHOW JuarpaMme, NpUBENEeHHOM Ha
puc. 31 ana monekynst CO u U3031€KTPOHHON el rouofmepnoﬁ MOJNEKYNH
N,.

N\ \="A 4

P u c. 31. KoHTypHas avarpaMMa pacnpefielleHNs: eKTPOHHoM NOTHO-
ctu monexyn CO (@) n N (6)

66

§ 4. TPEXATOMHBIE JIUHEVHBIE MOJIEKY/JIBI

Monekyna BeH,. Jlisi MHoroaTOMHBIX MOJIEKYJI MOJIEKYJISIDHasi OpGUTasb coC—
TaBilsleTcsA U3 OpGUTANN IeHTpajibHoro atoMa (i o) M TAK Ha3bIBaeMol IPYTTOBOH

op6uram (Yrp):
"I’+ = q¥y.a t CQ"/er; V.= ﬂg’/’u.a - C«ﬂ/’rp

IpynnoBasi op6WTasb mpencTapnsieT coGoil peaysbTal KoMOMHAMN op6uradiest
nepudepUdecKUX aToMoB (JIMFAHMIOB).

Paccmorpum TpexaromHyio Moslekyily -BeHz. Ona Mmeer nuseitnyio dopuy (pHc.
32). Poslb LieHTpaJIbHOTO aToMa Mrpaer aToM GepWUIMsi, 4 aToMbl BOROPONd — pOJlb
JIMraHfoB. VY GepelyINs — BlleMeHTa 2-TO NepHofia — BAJIeHTHBIMYU SIBIIAIOTCS 25,
2py—, 2py~ 2propbutaim (puc. 33, a), y aromoB Bomopona — ls (puc. 33, 6).
Op6uranu 1s gByX aTomMoB BOLOPONA COYeTAlOTCS B JBE IPYINIOBble OPOUTANM (pUC.
33, 6). OnHa us HUX 1)) cocTouT U3 1s-opbuTallefi ¢ ONMHAKOBBIM 3HAKOM BOJIHOBOM
GbyHRUMN, Apyrasi ¥, — ¢ PaBHbLIMM BHAKaMM BoJsHOBo# GyHKRuUMM. Ipyrux couera-
HUJ1 opbUTasleil BONOPOAA B TPEXaTOMHO MOJIEKyJe ObIThb HE MOXKET.

25 Is Is
\ v
x A
sz Is " Is
2
J
Fe 3 - - 7n.
A bel B “Fr ]2
z
. 28,
y a
P u c. 32. BaanMHoe paclio- P u c. 33. Op6urans nentpajbHoro aroma (a)
JIoXeHUEe ATOMOB B MOJIEKYIE W rpymnoBhie OpbUTasM JmranmoB (6) A
BeH; TpexaTOMHOM JIMHEeNHOM! MOJIEKYJIbI

Kak BumHO M3 pHC. 33, Mo ycJIOBUSIM CHMMETPHM BOBMOKHEI ClenyloliMe coue-

TaHWs1 OpbUTaJlel LIeHTPAJIbHOrO aToMa M IPYINOBBLIX OpGUTAJIEH:

‘I’+(‘75) N '/’23 + s ‘I’+<”z) ® ¢2pz + o
‘I’_(O‘;) ~ 1/)2$— (7R ‘Iﬂ(ﬂ:) & thoy — o

rz
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oe *
P u ¢. 34. CxeMa 0o6pa3oBaHisl 0sCBASbIBAIOLIEN W O s-Paspbix-

nsolllet op6uTaiies Mosekyser BeHy

P u c. 35. CxeMa 06pasoBaHusi 0,CBSSbIBAOWIEN U O ;-paspbIxyIsiolledt

opburaiienn Mosiekysbl BeH,

%(2p,)

Puc. 36 Hecpaspmpawoupe T -0p6UTATN MoJe-
kyssl BeH; :

MepBoe couetanne NpUBOAMT K 06Pa30BaHMIO TPEXIEHTPOBON CBASbIBalOUEN 05
U TPeX1eHTPoBofi paspbixyisiotiel v;‘mp6m'a.neﬁ (puc. 34). Coueranue 2p - u Yo~

opbutaneit NpuBOZUT K OGpa30BaHUIO TPEXUEHTPOBOJ CBA3BIBalOWIeNl Oy W TPeX—
LeHTPOBO/l pasphlxisiiomeit 0 J-opbutaneht (puc. 35).

Cornacio puc. 33, Mo YCTOBUAM CHMMETPHH WIS 2Py~ U 2pyopburanelt atoma
Gepryuns MoIXOAAUWINX IPYNNOBLIX opGutaneit ner. (Couyeranne 2pr~, 2py-opGura-
Nelt U Y-, Yo-opGuTaneil NPUBOIMT K HYNeBOMY NepekpbiBaimio.) TakuM obpason,
2p,~ n 2pyopbutany B o6pasoBaHMM MOJIEKYJISDHBIX op6uTallell y4acTMs He Tpu-

uuMapT. OHu nepexonsr B Monexyny BeH; B menamenuoum cocrosiuyu B kayecrse

HMM3T, 1 nepexondar

HECOI3HEAIOWUT ONIHOLIEHTPOBBIX MOVIEKYNAPHBIX OPOUTATE, NPUHANNEKAMMX JTUIID
atoMy Gepuwus (puc. 36). OHeprila GNEKTPOHOB Ha HECBASLIBAIOWMX OPBUTANAX

awas me (BepHee, NMouTu Takas Xe), KAK U Ha aTOMHEIX opburansx. Hecesaymai

as ¥e (BepHee, MouTH Takasd Xe) MHBIX butanax.

L1¥e MosieKyJApHEle opbutaiy obosnavaior 7°-MO (7 u 1ry).

JuarpaMma sHepreTHdeckux ypoBHelt Monexynnl BeHy npusenesa na puc. 37. B

{ COOTBETCTBUM ¢ 6oibllefl BIIEKTPOOTPHUATENLHOCTBIO BONOPONa ero opbuTanu B

€XeMe DACTONIoNEHR Huite opGurtanedt Gepuimms. Yernipe BaleHTHRIX BIIEKTDOHA

HeBosbynaeHHo# Monexynb! BeH, (naBa asekTpoHa oT aToMa GepwiiMa M IBa OT

IBYX aTOMOB BOJOPONA) PACNONATAlOTCA HA Oy ¥ 0OPGUTANSX, YTO OIMCHIBACTCH
QNeKTPoHHO KoHbUTypanven

oo}

RN

TakuM obpasoM, XHMUYecKasi CBA3b B
MoJiekyne BeH; ocymecrsiserca 3a cuer
IBYX SJIEKTPOHHBIX Map B CBS3bIBAIOLIUX
TPEXLEHTPOBEIX O¢ U O OpOUTANIAX.
Kakiass M3 HBYX AIeKTPOHHbIX Map B
DaBHO! CTeNeHM NDUHAWIOKUT O06OUM
atoMaM Bojopoma. [IlooTomMy — MoxHo
CYATATh MOPSNIOK cBsisn Be—H paBHBIM
1, a cTpoeHWe 9Toil MOJIEKYJIbI BLIDA3uTh
cTpyKTypHoit ¢opmynot H~Be—H. Ona
NoKasbIBaeT, 4To CBA3M Be—H paBHoueH~
Hbl — KMEeT OJVHAKOBYI0 SHEPruio WU
ITVHY.

Moanexyna CO, Monekyna okcuna
yraepona (IV) smneitnas, nostomy nocr-
poete  0-MO gns  mosekyan CO:

OCYILEeCTBAAETCS TaK ke, Kak ¥ s
" . opbHTaJen HeMHo X, i1
JIMHEITHOM TpexaToMHol Mofekysibt BeH. . p6 M AMHeNttion Tpexaromtol Mo-
JleKybl 6€3 T-CBABLIBAHKUS Ha NMpyUMepe

Onnako y aToMa kucjlopolla B OTIHMYME Rel 2
OT aroMa BOjopola uMeloTess opbHTanu

P 1t c. 37. Onepretiueckas auarpamma
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Puc. 38. Op6uram uentpanbHoro aroMa (a4) u
rpynmnosble op6utaivt (6) JVIA TPeXIeHTPOBOH JUHeM-
Hoit MoJiekyibl CO4

p-runa. CrefoBarenbHo, opbutaieir B Molexyle CQ, Goiblue, 4eM B MOJIEKyJe
BeH2
Ha puc. 38 moxasaHbl BajleHTHble Opﬁn’l‘d.md HEeHTPAJIbHOIO aToMa YIJIepoma W

rpyMIoBble  opBuTany (n'r@Mgg y,m-nmmna\ cOCTaRMeHHBIE U3 UX 2p~opburaneir
BenencrBue 60Mblioro SHepreTMYECKoro pasiiudusa 2s- U 2p~opbutasieil Kucjiopona
y4yacTvem 2s-opbutaneil MoxHo Npenebpeub. CoveraHue opburanein 2s — ¥, 2p; —

o . *
1 TPMBOIUT K 0GpASOBAHMIO MOJIEKYJIADHBIX OPOMTAllelt g-TMNa: Oy M 04, 7, W
*
o (puc. 39).

KoMbunamus opburaneit 2p, — 3 ¥ 2py — s HpUBOIMT K o6pasoBaHMio

TPEXUEHTPOBbIX OpOUTANell T-THMA: T, U 1r;, T, 1r; (pc.40). Ons rpynnoBbix

opbuTaneit ¥4 M g MOAXONAMX MO CHMMETPUM OpPOGUTaJell IeHTPAJBHOTO AToMa
Her, nostoMy B Monekyne COy OHM UIDAlOT POJIb HeCBASbIBAOWMX M 0Bo3HAYAlOTCH
T, 1r;. HecBasblBaiomye op6utaiy JOKAJIM30BaHbl ¥ aToMoB Kucaopoma (puc.

40).
OHepreruyeckas guarpamma Moiexyisl CO, npusegena Ha puc. 41. Pacmpene-

............................. n {uemy oo

HbIX GJASKTPOHOB (4eThipe — aToMa YTWIepoia W BoCeMb —

P u c. 39. CpsiabiBaloliine ¥ paspbixJisiioline o-opburam mostexyssl CO,

P u c. 40. CeasbiBaiolitie, paspbixjisiollie M HECBA3bIBaloUle T-Op-
6uratn Monekyibt CO2



Op6utanu Op6urann OpGurtann
c co, o

2p4

P u c. 41. OHeprerudeckast AuarpaMma
JIMHEHHOM TPeXaTOMHOM MoJjleKyJbl ¢ o-
n m-cBsizsimu Ha nipumepe CO2

IBYX aToMOB KMCJIopofia) Mo opGuraisM Mosekyiasr COz cooTBercTByeT mieKTpoH-
HOJ1 KoHUrypanuu
202m2 w2 2y° 2
oloinimim i 2.
[lpu yuere 25-0/€KTPOHOB [BYX aToMOB Kuciopoja — A u B orexkTponHylo KoHQU-
rypanuio Mostekysnsl COp MOXHO 3ammcaTh:
295202022 w2r®2y° 2
2SAsz”s”z1rx7ry”x, Ls
Yerbipe maphl olleKTpoHoB — 02, 0%, 72, wz IPUXOISITCS HA HYeTbIpe TPEeXLEeHT—

pOBble CBSI3bIBAIOIME ODOUTAIM, T.e. HAa KaXIbIl M3 aTOMOB KUCIODOAA MPUXOAUT-
Csl MO JBe Mapbi CBABbIBAIOUINX 3JeKTPoHOB. TakuM o6pasoM, MOKHO CYHTaTh, “TO
MOPSANOK CBA3M MeXIY aTOMaMy KMcJopoia M ymiepona B Monekyine CO; papen 2.
310 MOKHO OTPasUTh CTPYKTYpHo# dopmyiol O=C=0.

§ 5. IATUATOMHBIE TETPASAPUYECKUE MOJIEKYJIBI

OTHOCUTENbHOE DPAcHOJIOKEHHE ATOMOB BOJOPOAA W yrjepoaa Ajs
TeTpasapudeckoit Monmekyab: merama CHy mpuseseno ma puc. 42. Kak
BHJHO M3 PUCYHKA, MPABUJIbHBIA TETPasAp MOMKHO MHOJYYMTb, ITOMECTUB
72

USHTPaJIbHbI aTOM B LEHTPE KYy6a, a He-
pudepuyeckue aToMbl — B ero mpOTHBO-
MOJIOHBIX BEPIIMHAX.

B ofpasoBanum opOuUTaleil MOJIEKYJIb
CH, npunmMaioT ydactue 2s-, 2P, 2py u
2p,opbuTann aTtomMa yriaepona M 1s-op6u-
Tajil 4eTblpex aTOMOB Boaopona. Bosmoxk-
Hble C110cO6Bl  [EPEKPHIBAHUS BAJIGHTHBIX
opbuTaneit aToMa yrjepona M 4eTbipex
aTOMOB BOJIOPOJa IIOKA3aHbl Ha pHc. 43.

P uc. 42. Bsaumnoe pacroso-

KoMGunainusi 2s-opbutanu yraepoja ¥ ls-
skete aToMoB B Motekysie CHy

opbuTaneit yeThbIpex aToMOB Bogopoda (puc. 43,
@) NPUBOAMT K OBPA3OBAHMIO MATULEHTPOBBIX MOJIEKYJADHBIX O el 0 J-opbuTane.

KoM6unanust 2p,~, 2py-, 2propburaeit yrilepofia M 1s-op6uralieii aTOMOB BOROPO-
za (puc. 43, 6) cooTBeTCTBYeT OGPABOBAHMIO TPeX CBASHLIBAOIWUX Op (0, Oy, 0z) U
Tpex paspblxiAIOWKMX Op (07, 0;, 0 }) MATMIEHTPOBBIX MOJEKYJIAPHBIX opOUTATel.
Xapakrep IepeKpblBanusi 2p-, 2py u 2propburanest atoma C c ls-opburansiMu
atoMoB H onuHakoB. CrenoBaTesbHO, BoBHMKAMOUIME IPY BTOM TPU MOJIeKyJIsiPHbIE
ap—opﬁnrgnn (wim cooTBercTBEHHO TPU a;—op6m-a.7m) UMEIOT ONMHAKOBYI0 OHEp—

TUIO, T.€. OHM COCTABJISIIOT TPUIXKIbI BBIPOXKIEHHbI YPOBEHb.

a ; g

P u c. 43. [lepekphiBanue 2s- (a) n 2p-opburanein (% aToMa yriepofia ¢ 1s-
OpGUTATISIMU HeThIpex aToMoB BOLOPOHa B Monekyse CH,
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" DHepreruueckas JAuarpaMma

ow::m- Opﬁcu;lanu Opbutany  opbuTtaneit  MOJIeKYyJH MeTaHa

- . . H npuseaena Ha puc. 44. Hepoa-

* % O - 6yxnennas Monekyna CH,4 mmeer

/ \. Ba CBA3LIBAIOMMX M J[Ba pad-

E // \\ PHIXAAOUHX SHEpreTUuYecKMx
| .oy [ N\ yposus. Pacmpenenenne BOCHMH

’ = BaJIEHTHHIX JJIEKTPOHOB MOJIEKYJIH

merana (vetnipe or aroMa C u
yersipe OT atomos H) coorBer-

M ) CTBYeT SNeKTPOHHOM KOHGUrypa-
A 7
\ atedsd
.'I \ ,'?I
I\ ! 2,2 52 52
s LH_‘H"H'J,‘ 0502047

__*_l o 0 o,/ .

SN #

Kaxkpas M3 MONEKyJNApHHX

=

]

POHOB YeTbIpex aTOMOB Bogopoaa. OYeBMAHO, YTO M MPH TAKOM OOBSCHEHMN COXpa-
HAETCA BbIBOJA O PaBHOLEHHOCTHM BceX 4YeThIpeX aTOMOB BOJODOAA MOJIEKYJbI MeTaHa
" paBHOIeHHocTH cBsizeit C—H.

§ 6. COIOCTABJIEHUE SHEPTETUYECKHUX JTUATPAMM
OPBUTAJEN MOJIEKYJI PABHOTO CTPOEHUSA

ConocraBuM 3HEpreTHYEcKMe uarpaMMBl Op6UTaneil JIMHEHHOW, Tpe-

YTOJIbHOM, TerpadqpUYecKOoi, TPUIOHAJIbHO-ITUPaMUIa/IbHOM M yrjIOBOM
MoJiekyn 6e3 m-cBA3ei:
% A e
2 * oy 0y o0, 2
o7 oy — —0, Nt A2 oy __ oy —
E »* * ¥ » o »
O5 0] — oy — Ox — — 0} [
¢
m,
o o o 'y
My e Ty L. o -H- s
v 4 ox

L A T X

P uec. 44. DHepreTWyeckas nUarpaMma
opbuTaniell TETpPasapUYecKoil MOJIEKYIBI
6e3 m-cBA3LIBaHUA Ha mpumepe CHy

op6uTajieii OXBaTbiBa€T Bce aTO-
MHl MOJIEKYJH W MO3TOMY MO
XapaKTepy pacnpefiefieHus 3J1eKT-

L

% 4

POHHON NJOTHOCTH Bce YeThpe
aTOMa BOACDOA2 D8BHOLEHHH. JTO MO3BONAET CYNUTATH, YTO B MOJIeKylle
MMeIOTCA YeThpe paBHoneHHbe cpasu C—H:

H
H—C—H

H

BanterTHbIEe 9/1€KTPOHLI pacioNaraloTcs Ha OPGHTANAX ABYX IHEpPreTH-
veckux ypomueii (puc. 44). Ilosromy monexyna CH, uMeer nBa HepBhIX
NOTeHuMala HOHM3ALUMM. Y[aneHMe DNEeKTPOHA ¢ 0yOpOGHTaNN Tpebyer
Gonbmeii sHeprun (2132 xJlk/Monb), YeM ¢ opHOM M3 op-opburamu (1274

kJLx/Monb). :

Kak mMokasbIBaloT pacyerbl, 2s-0p6UTaih atoMa yrepoga fo CBOell 3Heprun

BaTOBG N Maonrouy T,

BOAOPOAA. 1108TOMY [0 SHEpPreTH: d

nantrn ammunamca am 1o anEomo e cmaen sastan
PE3KO OTVIMHEEeTCA OT 1s-OpOMTam aTOMa STHYECRHM

YCNOBUSIM KOMOMHALMA 25-0pOMTATM ATOMA yTJlepold C “eThIpbMs |s-op6uTtasisiMu
yeThbipex aTOMOB BONOPOIA K 3AMETHOMY NepeKphbiBaHMIO He NPUBOIMT, a CleJoBa-
TeNbHo, 25-0pGMTANL aToma yIiiepola B MoJjieKyse METaHA HrpaeT posib HeCBASbI~
Balontefi. TaknM o6pasoM, B Mojekyne CHy B OefCTBUTENLHOCTH XUMHYECKas
CBA3H OCYUIECTBJIACTCA 3a CyeT ABYX 2p-37eKTpPOHOB yTJlepoia M 4eTbIpex 1s-ojiext—
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BeH; BH; CH, H3N H,0
Jlunennas TpeyronbHas TeTpa’aprveckas ITupamMunansHas Vrnosan

Ilo mepe nepexosa B 3TOM psafy OT JMHEHHOW K TeTpad[pUYECKOM
MOJIEKYJIe YUCJIO MOJIEKYJIAPHBIX 0-OpOUTaseill YBeJMYUBAETCA, a YUCIO T—
opbuTanieil yMeHbIlaeTcA. B TPUroHaNbHO-MMpaMMIaNbHON  MOJIEKYJe
YHUCIO g-Op6UTaNedl TO ke, YTO U B TPEYTOJIBHOM, HO BMECTO HECBA3BIBAIO-
e T-OpGUTATN UMEETCs HECBABBIBAIOIAA 0, -OPGUTAD.

Pacnipenenenne 3/71€KTpOHOB 1O MOJEKYJNAPHBIM OPOUTAIAM MOXKHO
OTpPa3uTe B CTPYKTYPHHIX (opMysax Moidekyna. IlpumeM BO BHMMaHMe, YTO
HaXOxJeHHe 3JIEKTPOHA B ¢-OpPOUTAIM COOTBETCTBYET 0-CBA3M MEXIY aTO-

f. MaMu. DJIeKTpPOHBL 0°- U 7°-OpO6UTa/ell UTPAlOT POJbL HECBABHIBAIOIUX M
' TPUHa/JTeXAT ICHTPAJIBHOMY aTOMY:

BeH, BHj Hy
2 2 2 2 2 22 2 2
0507 0s0z0y 05020y0%
H—Be—H H H
B C~
O N\y H/ \ H
H
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NHj H,0

o202020°2

20202 7°2
20502 osos0lr,

\ f‘i\ :0:
H/\H H N

Kak BuaHO M3 cpaBHenus puc. 37 ¥ pHc. 41, 1/ MOJIEKYN ¢ T-CBABSAMU
SHeprerMyeckas nuarpaMma OpGHTaJIeil CIOKHEe, YeM [JIsi MOJIeKys 6e3 7-
cBa3ell. B wacTHocTH, BMeCTO HecBs3mBaoLied 7°-Op6HTANM B MOJEKYNAX c
T-CBA3KBAHUEM UMEIOTCH 7- U T *-Op6UTasN.

PaceMoTpuM puarpamMy MonekynsipHmx op6utaieil Momekyasl BF,
(puc. 45). Ora mosiekyna, kak M monekyna BHj, umeer dopMmy naockoro
TpeyrojibHiKka. Ho Tak KaK aToMbl (PTOPA MMEIOT OpGUTANM, CIOCOGHBIE K
06pa3oBaEMIO MOJIEKY/IADHEIX Op6UTanieit 7-Tuna, B Monekyne BFs umeior-
¢ N MOJIeKYNAPHME 7- U 7 *-op6uramu. Eciu He yuMTHIBATE 2s-3J1€KTpO-

HOB aTOMOB ¢Topa (284, 2sp, 25:), 3T2 MONEKyna comepxuT 18 BaJeHTHBIX

B7eKTPOHOB (3 anexTpona artoma B, 15 anextpoHos Tpex aromos F). U3

Opﬁgranu OpGuranu Op6uranu
EA (;_{'_BE _oy F .
/ \
/17 Tan )
/1 \
i / ,//—_r:—;'\\
_ 4&___/ Iy -t
V1 W
\ "W
Vi W,
\

P unc. 45. OuHepremmyeckasn avarpaMMa opburanen
TPEYTONbHON MOJEKYIB! C G- M M-CBA3AMH Ha TpuMepe
BFg
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HMX 8 3JICKTPOHOB HAXONATCH Ha YETHPEXUEHTPOBHX Oy, Oz, Oy~ U T
Op6UTANAX, OCTAIbHEE — Ha HECBA3HBAIOMMX OpOHUTANAX, JIOKAIN30BaH-
HHX Ha atoMax ¢Topa. CBA3HBAIOILYIO 3JEKTPOHHYIO KOH(pUrypaunuio
Mosekyasl BF; MOxHO H306pa3uTh GopMylon
Rotolel.

Mockonbky B Monekyne BF; cBa3b OcymecTBiaseTcs TPeMs 0-3J€KTPOHHBI-
MW apaMd W OHOU 7T-371eKTPOHHOW mapoii, mopsfok ceasd B—F cocras-
nser 1 1/3. Takum 06pa3oM, MOXHO NPEACTaBHTb, YTO MEXKAY aTOMOM 6Opa
M KaxJAWM U3 aToMOB (TOpa MMeercsi OfH3 0-CBA3b, 3 T-CBA3h [EJIOKAIM-
aoBaHa 1O BceM TpeM cBxasaM B—F. CkadaHHOe MONKHO M306pas3uTh cie-
AyOmHM 06pa3oM:

Takoe ke cTpOEHHE HMEIOT HOHH BOY", CO% NO; u monexyna SOs,
H302/1eKTpoRHNE Mojekyne BF;:
2 3- e 2- O\\ O\
O\Bmo O\Cé‘o N=<0 S=0

o o o~ o~

Teopnsi MONEKYNAPHHX Op6HTaeil Hailla HIMPOKOE NpUMEHeHHe, TaK
KakK JlaeT caMBlii OGIIMiIA TOAXOJ KO BceM THNaM XMMHYECKMX COeMHEeHH.
OTa TEOpUs AOMHHHUDYET B TEOPUN XMMHYECKOH CBA3H U TEOPETHYeCKO# XM-

Muu oofme. Fe MareMmaruveckuilt anmnanar Haubonee vigbeH nng npopono-
MHW BOCOLIS. &2 MaTSMaTHYOCKHEMN aNnapaTl Hauoonee yACOeH NNA Ipekele

HUS KOMMYECTBEHHKIX PACYEeTOB ¢ noMouisio OBM.

T'J1 AB A 3. TEOPHUSA BAJIEHTHBIX CBA3EH
§ 1. HACEIIIAEMOCTb KOBAJIEHTHON CBA3U

PaccMoTpuM B paMkax TeOpHM Ba/IeHTHRIX CBA3ed XapaKTepHbie Oco6eH-
HOCTH KOBaJIEHTHOM CBA3M - HACHILLAeMOCTh, HANPaB/IeHHOCTb U MOAApH3Yye-
MOCThb.

OJKO U3 BaXHENWNX CBOICTB XMMHYECKOH CBSI3H - ee HachlaeMOCThb.
Benencraue nackiiaemMocTy cBE3M MONEKYIIH MMEIOT ONPeNeNIeHHEl cocTaR

CYwecTBYIOT B BUAE AMCKPETHBIX YacTHIL ¢ Olpe/le/IeHHolt CTPYKTYPOit.

TeopHst BasleHTHBIX CBA3€# (1OKANM30BAHHLIX 3NEKTPOHHBIX [1ap) MCXO-
JAMT U3 NOJIOMEHMS, YTO KaXZasd mapa aTOMOB B MOJEKyJe ylepKHUBaeTcs
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BMECTe NpM MOMOILIM OAHOM MM HECKOJNBKMX OOIIMX JJIEKTPOHHBEIX Map.
TakuM 06pa30M, B IPEACTABICHAM TEOPUM BAJIOHTHHIX CBA3EH XUMUYECKas
cBA3b JIOKA/JM30BaHAa MEMHAY ABYMA aTOMaMH, T.€. OHa JBYXIEHTPOBas M
JIBYX3JIeKTPOHHA. '

O603HaueHNE ¢ MOMOIIBIO YEPTOYKM XUMHUYECKOH CBI3M B CTPYKTYyPHBIX
dopmMysiax coeAuHEHU!

H
H—H :N=N: <0~ H—C—H
B N\H |
H
Ha N, H,0 CH,

Halio o6ocHOBaHMe Giaroaaps Teopun BC.

Banentnocrs. Ilop BameHTHOCTBIO mMOApasyMeBaerTcsi CBOWCTBO aToOMa
AaHHOTO 3JIEMEHTAa MPHUCOEAMHSITL WJIM 3aMemaTbh ONpeNeNeHHOe YHCJIO
aTOMOB JIpyroro 3neMeHTa. Mepo#t BaZeHTHOCTH IO3TOMY MOMKET OBITH
YMCIO XUMUYECKMX CBs3eid, 06pasyeMBIX JaHHHIM ATOMOM C ADYTMMM aTo~
MaMu. Taxkum 06pa3oM, B HacTOSmee BPEMSA MOJ, BaJICHTHOCTHIO XHMHYEc~
KOTO 3J16MeHTa O6BIYHO MOHMMAETCS ero cnocOGHOCTD (B 60JIee y3KOM CMbic-
Jle — Mepa €ro cIocoGHOCTH) K 06pa3OBaHMIO XMMUYECKHX cBsideii. B npen-
CTABJICHUM METO/Ja BAJICHTHBIX CBA3EH YMCIOBOE 3HAYEHHE BAJEHTHOCTH
COOTBETCTBYET YMCY KOBAJIGHTHHIX CBA3eH, KOTOpHEIE O6pa3yeT aToOM.

O6pasoBaHHe MOJIEKy/NB BOAOPOJa M3 ATOMOB MOMKHO TIPE/CTABMTD
cnepyomuM 06pa3oM (TOYKa O3HAYaeT BJIEKTPOH, YepTa — Hapy 3JIEeKTpO-
HOB):

H-+ -H=HH wm H- + -H=H-H

[ockoneky npe6biBaHHe ABYX 3JEKTPOHOB B MOJIE AEHCTBMA ABYX ANEp
9HEPreTU4YeCKU BHITOAHEe, YeM HaxOXJEHHEe KaiJOro 3/eKTPOHa B OOJE
CBOEro sAApa, B 06pa30BaHMN KOBaJIGHTHHIX CBA3€ MOryT NpUHUMAThL ydac-
. Hanpumep, aTOMbI KMCJIOPOAA M a30Ta
MOLYT COGQMHSATBCA ¢ JABYMSA U TPeMsi (COOTBETCTBEHHO) OJHOBaZIeHTHLIMHU
aTOMaMM BOJOPOAa:

0 25%2p* ©N 25s12p°
st 4+ +4+4+
tt 2p -t‘- 2 +
£
. H H
“0 + 2l —= H:0: sN:H
H
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B psizie cy4aes YNCIO HEMapHHX 3/1eKTPOHOB YBeNH4MBaeTcs B Peaylib-
TaTe BO3GYX/JCHMSA ATOMA, BLI3LIBAIOUIETO Pacnaj ABYX3JeKTPOHHBIX 061a-
KOB Ha oAHO3NexTponHHe. HanpuMep, aToM yrnepona B OCHOBHOM COCTOSA-
HUM MMeeT NBa HeNnapHLIX 3NeKTpoHa (25?2p?), a npH BO3GYKAEHUHM OLHOTO
13 25-5M6KTPOHOB B 2p-COCTOAHME BO3HMKAIOT YeThIpe HemapHBIX 3/eKT-
poHa:

E C 2522p? C* 2502p?

T

2 . 2s

BeleficTBHE 3TOTO aTOM YIAEpOAa MOXET COeJMHATHCH, HanpUMep, ¢ 4e-
THpbMsA aToMaMu ¢TOopa (2522p°), WMeIOMMMU N[O OAHOMY HemapHOMY
3/1EKTPOHY:

-(::'- + 4-?: - :E—C—Ez

Bo36ykaeHne aTOMOB 10 HOBOTO BAJIGHTHOTO COCTOSHMA TPeGYeT 3aTpa-
THl ONpE/IETIEHHO! HEPTUM, KOTOPad KOMIEHCUPYETCS 3Heprueid, BEAETIsie-
Moii npu’o6pasosanuu cpsaseit C—F.

JIOHOPHO-aKNENTOPHHA MeXaHW3M OGPa3OBAHMS KOBAJIEHTHOW CBA3H.
BoaMoxkeH ¥ Apyroid MeXaHW3M O6Gpa30BaHMsS ABYXUEHTPOBOW ABYX3JEKT-
POHHOI CBA3M, 3 UMEHHO NpPH B3aHMOIEACTBMM YacTHI, OJHAa U3 KOTODHIX
MMeeT mapy 3JIeKTPOHOB A:, Apyras — cBOGOAHYIO Op6uTans 0OB:

A: + oB = A-B

JloHop  aKuentop

YactHua. NpeAOCTaBAAIOWAA [JIA CBA3M JIBYX31EeKTpOHHOe O06JaKo,
Ha3biBaeTCss JONOPOAL; YACTHUA €O CBOOOLHOW OPOGMTabLIO. MPHHIMAKMIAA
3Ty BNEKTPOHHYIO Napy, Ha3bIBACTCA aXYenmopou.

Mexanu3m 06pa30BaHHs KOBAJNEHTHOI cBA3I 3a CYET ABYX31€KTPOHHOrO
obnaka OAHOrO aToMa M cBOGOAHON OpOMTaNM JApYroro Ha3blBaeTcsd
JoHOPHO-ARKYENMOPHBLAL.
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Banentare BO3MOXRHOCTH 1eMeHTOB.VIMes B Bupy 06a omucaHHBIE
BHIILIE MEXaHU3Ma 06Pa3OBAaHUS KOBAJIEHTHOM CBA3M, PacCMOTPUM BaJleHT-
HBIE BO3MOXHOCTU aTOMOB 6Opa, yriepofia M a30Ta. OJTO 3JIGMEHTH 2-TO
MepHOAa, U CIeAOBATE/IbHO, MX BAJIGHTHBIC IEKTPOHBI PACIpPeeIAIOTCs 0
YyeThIpeM .Op6UTaIsIM BHEHIHEro CJIOA: OJHOM 2s- M TpeM 2p-:

B 25?2p' C 2s22p? N 2s22p°
b—— =+
'H' 2p ‘H’ 2p 'H‘ 2p
2s 2s 2s

Ilockonbky y 60pa M yriaepofia MMeEIOTCS 3Hepremqecxu 6Au3KHe cBO-
AAmirrsn Dm e Bermomer  rrevr nam S vress e wr B Tos W I

OOL4HDbIE 2p-OpUiiTadii, Mpyi BOBOYWMACHNUH 3T

HOBBIE 3JIEKTPOHHBIE KOHDUTYpaLuu:

=
w
£
a
3
3
5
=
=
[«]
=
-
]
-
=

B* 25! 2p?

++'2t_ ++++

2s " 2s

B cooTBercTBuM ¢ uMcioM HemapHbIX 3sektpoHos atoMul B, C m N
MOryT 06pa3oBaTh COOTBETCTBEHHO TPU, YOTHIPE M TPU KOBAJCHTHHIE CBSA3M,
HalnpUMep ¢ aTOMaMu BOJOPOZia:

H H H
. | . ] . |
B-+3H- 3 0B—H -C-+4H- 5 H=C—H :N- 4 3H- = :N-H
| | |
H H H

ArtoM 6Gopa uMeer CBOGOAHYI Op6UTANB, IOITOMY B 'MOJIexy.ue BH;
depuuut dexktpoHoB. B Monexyne we. NHz mpu arome asoTa mMeercs
Helofle/IeHHas (HeCBABHBAIOMIAs) J/CKTPOHHAA napa. TakuM o6pasoM,
monexyna BH3 mMoxer Brictymars kak akyenrop, a Monekyna NHjs, maoGo-

POT, — Kak [OHOp 37eKTPOHHON napsl. MHHMU c0BaMM, LEHTpaIbHBIE
U ANUPOM  MOJIoRvNLr eraenfBurnr w afnananamors  mamnanmaih
U JApYrofl MOJIEKYJH CIOCOOGHBI K 0O6pa3oBaHMIO 4YeTBEpTOM

KOBAJIGHTHOM CBASM IO JOHOPHO-3KIENITOPHOMY MEXaHU3MY.

[IpocTefimuit foROp 3/1€KTPOHHOA nmapnl — ruapua-uon H-. Ipucoepy-
HEHUe OTPHUATEJIBHOTO THAPUA-MOHAa k Moiekyne BH; npusogur k o6-
Pa30BaHUIO CJIOKHOIO (KOMIUIEKCHOrO) HMOHa BH, c orpunarensneiM 3aps-

JIOM:
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H H
N i
H~Bo + :H- — |H-B—H
| |
H H
aKlenTop  JOHOp

IpocTeiimuit aKUENTOp 3/MEKTPOHHOM Iaph — npotod H*; ero mpucoe-
puHenue k Monexyne NHj Toxe mpupozur k O6pasOBaHMIO KOMILJIEKCHOTO
nona NHJ, HO yxe ¢ NONOKMTENBHEIM 3apAJOM:

H
|
N

He

NOHOp  AKLenTop

- +

H H H
| I 1
H-B-H| H-C-H |H-N-H
| | I
H H H

R Bu/HO, UTO aTOMBI 60pa, YTJIepofla M a30Ta B ITUX COSLMHEHUSX YeTbIpex-
pasentnsl. Crenyer ormeruts, yro B vonax BH; u NH Bce derbipe cBsasu

Bsan (paccpefOTOUYeH) MO BCEMY KOMILIEKCY.

) PaccMOTpeHHHle MpIMepH IIOKA3bIBAIOT, UTO CIIOCOGHOCTH aToMa 06paso-
IBATL KOBaJIGHTHHIE CBABU O6YCJIOBNUBAeTCA He TOJBKO OJAHO3JIEKTPOHHBI-
M, HO U ABYX3JEKTPOHHBIMU OGJaKaMu WJIM COOTBOTCTBEHHO HajU4uueM
m)BO6OLLHI>IX op6uTasneit.

m § 2. HATIPABJIEHHOCTb KOBAJIEHTHON CBA3H

TockoneKky 3neKTpOHHbIE 06laKka MMEIOT PasaMdIHyI0 HOpMY, UX B3aUM-
\HOe ITepeKpHIBAHME MOXeT OCYIIECTBJAThCA Da3HBIMU crocobamu. B sasu-
ieMocTH OT crocoba MepeKpHIBaHUST M cuMMeTpuu o6pasyiomerocs obiaka
pasnuualor o-, 1- u S~cesasu (puc. 46).

i .81



&-claau

gr- cBasu

P u c. 46. CxeMbl nepexpuisaHus opGutasieit Ipu 0BpasoBaHun -, T-, S—cBs3elH

Cutaia-ces3% OCYIECTBIAACTCA NPH NMEPEKPHIBAKMN O6JIAKOB BAOJD JIVHUK
COeIlUHEHHsI aTOMOB. ITu-cesss BO3HUMKaeT IIpH TIePEeKPBIBAHUM 3JIEKTPOH—
______ PR .

HBIX 006jiakOB no 0OOe CTOPOHBL OT JIMHUU COEIUHEHUA aTOMOB. Ae/n,ma—
c6%3p 00A3aHA MNEPEKPHIBAHMIO BCEX YETHIPEX JONACTedl d-3JIeKTPOHHBLIX

O6JIaKOB, PACNOJIOKEHHbX B napajlienbHBX miockocTax. Mcxoga us yemo-

BUM CHMMETDHM, MOXKHO CKa3aTh, YTO /IGKTPOHB $OPOMTalell MOIyT yda-

CTBOBATh JIMUIL B O-CBA3BIBAHMU, P-IJEKTPOHH — yxke€ B 0- M 7—CBA3BIBA-
HUH, ‘a d-BJIEKTPOHBI ~ K8K B 0- M 7-, TaK U B 6-cmasbiBanmn. Jna fop-
6uTaseli crnoco6hl NePeKpHIBAHUS ele pasHOoOpasHee.

MakcuMaiphOe nepexpbiBaEmne 06JIAKOB, 06pasyIoUX g-CBA3M, COBMA-
JlaeT ¢ JIMHUOMH, cOeAMHsAIOmeH ueHTpH aToMoB. [lockonbky 3nmeKTpoHHbIe
obnaka (kpome s-06s1aKa) HanpaBlieHbl B MPOCTPAHCTBE, TO M XMMHHECKUE
CBA3M, OOpasyeMble ¢ MX ydacTUeM, NPOCTPAHCTBEHHO HampapjeHbl. Tak,
FaHTEJIeBIAHHE P-OPOUTAIM DACHOJIOKEHB! B ATOME B3aUMHO NEepleHAMKY-
naprO. CrenoBaTesbHO, yroy Meky cBA3SAMH, 06PA3YeMBIMU P-3JIeKTPOHa-
Mu aToMa, moykeH 6uTh 90°. TakuM 06pasoM, MPOCTPAHCTBEHHOE PACTIONIO-
JKeHe o-CBA3eil OnpelesiserT NPOCTPAHCTBEHHYIO KOH(PUTYPAIMIO MOJIEKYJI.

IpocTpancTsenble GopMysnH MONexyn BechMa pasHOOOpasusl. Tak,
mosexyna CO, MMeeT NMuHEHRYIO cTpyKTYpY, Monekyna CH, — terpasapu-

4eckylo, monexyna NH; — mupamupanenyio, Bogsl — yriosyw, SO; —
TPEYTONBHYIO.
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JIna O6bACHEHMS NPOCTPAHCTBEHHON KOHQUIYpaluu MOJeKyJ cyllecT-
. Byer paj Teopmit (Mozeneit). PaceMoTpuM Monens ru6puansanun Opouta-

Mopens THOpHAMSAGHNA &TOMHLX OpPOUHTAaICH. BIYHO

E neit.

R Aororm: mofnononanoe  garoMELIY opnbmranme#n. Qfniuno XuMUYecKue
'

ﬁ’i cBA3U 06paBylOTCs 3a CYET 3JIKTPOHOB PAa3HbIX JHEPIeTUYECKHUX COCTOA-

(25!2p3) B 06pasoBanMy CBABEH OHOBPEMEHHO NPUMHIMAIOT y4acTHe Kak s-
Tak M p-dMexTporbl. HecMoTps Ha pasnuuue OpM MCXOAHBIX IJIEKTPOH-
HBIX OGJIAKOB CBA3U, O6pA30BaHHBIe ¢ UX YYACTHEM, OKAa3bIBAIOTCA PABHO-
[EHHBIMA UM PAcmoJIOKeHHbIMi cuMMerpuyuro. B Monexynax BeCly, BCl; u
CCl,, nanpumep, samentusii yroa CIDCl pasen 180°, 120° m 109°28°
" COOTBETCTBEHHO:

Cl
Cl\Bfi 109° 28" |
e o]
a a \C?I

Kak ke HepaBHOIEGHHBIE MO MCXOAHOMY COCTOSIHHMIO 3JIGKTPOHBI 06pasy-
JoT paBHOLeHHble XuMiueckue ceasy? OTBET Ha JTOT BOMPOC AAET mpes-
by CTaBJIGHUE O OPUIUAYUY BAAEHMHUBE Opbumarel. Cornacuo 3TOMy rlpe;[—
‘CTaBJIeHV[lO xnmnqecrwxe ¢BSI3U (bopMMpleTCﬂ snexTpoxamMn xe '‘dmcThix'

a "cMelliauebiX", TAK HA3biBAEMBIX (ubpuUdHbT opSumaied. Huc“em-me
R‘ SBJAIOTCA pe3yJbTATOM CMEIUEeHUs aTOMHBIX opbuTaneil. Muaue rosops,
% npu TMOPUAM3ANNE NEpBOHaYaNbHas GopMa U dHeprus opouraieit (amexT-

otes opburanu (ob6naxa)
¢ opluTanu (C0JNaKa)

UBMEHEAIOTea U O6pasyio
IMHO M3MEHAKOTCA ¥ 0Opas,

srrrrrss A maran) nnarviaeern

. POHHBIX uw.a.wn, B3aY

Ciegyer OTMETUTb, 4TO, Kak Gusu- X
YecKUin npolece, rubpuausanus
B opbuTtaneil ne cymecrsyer. Teopud
i TUOPUAM3AUN  NPEACTaBNAeT cOo6O0M
j y106HylI0 MOJenb HarasAAHOrO ONuca-
§ HYs MOJIEKYJI.

Ha puc. 47 noxasasna rubpupnas
} op6uTAh, BO3HUKINAA 33 cYEeT KOMOU-
Hanuu s~ u p-opbutaneit. Oxa Gonbule
BHITAHYTa& 1O OAHY CTOPOHY OT AIpa,
YeM 10 JpYyryio, T.e. 3JeKTPOHHAA
Y INIOTHOCTE B HEl CKOHLUEHTPHUPOBAHA
M O OfIHY CTOPOHY B 6GOnbLiell cTenenu, P u c. 47. ©opMa sprubpuaHOM op-
1 wem mo apyrywo. IlostoMy xuMmdeckas Guranu

Y
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dempipe SpI-opdumani
VEUEITIUD)

(S+p+p+p) - 0pdumany

Py c. 48. TnBpnansauns BaneHTHBIX opbuTaseit

cBA3b, O6pa3OBaHHAA C yYaCTHEM IEKTPOHa TUOPUAHON opbuTranm,
AomkHa 6hTh Gonee MPOYHOM, YeM O6pa3OBaHHAR ITEKTPOHAMU OTACNBHBIX
s 1 p-opburaneil.

Xapakrep ru6puAN3allii BaTeHTHHX OP6UTANeEHl HEHTPAILHOTO aTOMa. |
HX HApPOCTPAHCTBEHHOE pacCNO/OKEeHUe ONpPENeNsIOT NPOCTPAHCTREHHYIO
kondurypamuio Moneky1. Tak, npu kOMEMHAUM OXHOM S U OAHOM P
OpOHTaMH BOBHHKAIOT IBE sp-THOPUAHBIE OPOHUTAIN, PAClONOKEHHHE CUM-
MeTpH4HO mox yriom 180° (puc. 48). Orciona u cBs3u. o6pasyeMule c
YYACTIEM 3;1eKTPOHOB 3THX OpGHTallelf, Takxe paclofaralorcs NOA yrioM
180°. Hampumep, y atoMa 6epHJLINA sp-TUOPUIM3ANMA OpGUTATEl NpOsAB-
aserca B Monexyne BeCl,, koTopas BcieQcTBHE 3TOFO HMEET auneinyw
dop.auy (puc. 49, a)
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Cl Be——Cl

180°

M6uHanUA Tpex opburaneit — OAHOH s- U ABYX p-TUNa — NPUBOAUT
i K o6pa303aﬂmo TpeX Sp>-TMO6PUAHBIX Op6HMTANeil, pacnONOKEHHBIX noj

yryoM 120° (cM. puc. 48). Tlop TakmM xe yrJoM pacnOJaralorcs W CBA3Y,
& 06pa30OBaHHLIE ¢ YYACTMOM 3JIKTPOHOB HTHX opburaneit: Hanpumep, seaen-
w cTBUE Sp2-TM6pUAN3aLN op6manera aroMa 60pa Mojnekyna BCl; umeer

mpeytoarnyro Popay (puc. 49, 6). Pacnpenenenne XUMUYECKUX CBA3EH
. MOXHO MPEJCTABUTH CNIENYIOMCH CXEMO:

Cl\ /Cl
‘B‘)izo‘
Cl

Kom6unanus deTepex opburaieit — OJHONH s~ M TPeX p-TuUla — NPUBO-
AT K sp? — sp>-rubpuan3aumy, npu KOTOpoi YeTsipe rubpuuHee opburam
CHMMETPUYHO ODHEHTMPOBaHH B mpocTpatcTse noa yraom 109°28° (em.
puc. 48) k werbrpeM BepumHaM mempasdpa (puc. 49, ¢). Terpasapuyec-

®
O—®—@ /l
‘0"[\
_®

®
®—()
@ ©
®
e

P u c. 49. lIpocTpaticTBeHHOe PACTOoKeHne CBsizeil 1 KOoHpUry-
paLus MOJIeKYJI:
a — SMHeiHas; 6 — TpeyroJbHas; 6 — TeTpad/pUHecKas; ¢ — TPUTOHATIb-
Ho-GunupaMupanbHas; O — OKTapJpMdecKasi; € — MeHTaroHasbHO-
GUnpaMuaTIbHAS
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KOe pacIloJIOkeHne cBA3eil ¥ (opMa TeTpasspa XapaKTEPHHI JJIA MHOTHX
coefluHenuny yraepoaa, sanpuMep, CCly:

Cl
109’2/3'6"
C
Cl \C
NS

Benencreue sp3-rubpuausanuu opburaneii aToOMOB a30ota u 60pa amano-
TUYHYIO CTPYKTYpY uMeior uonst NHj u BH;.

KoM6unauus opburaieil Tuna OfHol s-, TpeX p- M OJHOI d- IPUBOAUT
K spid-rubpuansanuu. 9TO COOTBETCTBYET NPOCTPAHCTBEHHOM OpUEHTALNN
naTH sp?d-rubpuaHex OpGUTANell K BEPIIMHAM MPUIONAALKOU bUnUPaML bt
(puc. 49, 1). B cayuae spdd?-ru6punnsanun mecTs spSd>-TUGPUAHEX OpOGK-
Tajleli OPMEHTMPYIOTCA K BepwMHAM oxmasdpa (puc. 49, d). Opuenrtamus
ceMn opbutajeil K BepUIMHAM newmarondsvnol Gunupamudw (puc. 49, )
cooTsercTByer spidd (umm sp3d2f)—r146pu,un3auun BAJIGHTHBIX OpOUTalel
LSHTPalibHOTC aTOMa MONERY b \nOiviTJ.Tlana}

Bimsinue HecBA3HBAIOMEH 3/CKTPOHAOH NapH HEHTPAJbHOrO aToMa Ha
CTPOeHHe MOJIeKys. Brime Geimm paccMOTpeHb! IpaBUJbHBIE TeOMeTpUuec—
K1e (popMbl MOJIEKYJI M KOMIJIOKCOB ¢ BaJleHTHHIMH yraaMu 180, 120 u
109,5, 90° Onuako, cOracHO SKCIEepUMEHTATBLHBIM JaHHHLIM, 3HAYMTEIHLHO
YaIe BCTPEYAlOTCA MOJEKYNbl ¥ KOMIUIEKCH ¢ HECKOJIBKO MHBLIMM 3HAYSHU-
AMM BAJIEHTHBIX yT710B. Banenrnsie yraw B Monekynax NHg u H,0O, nanpu-
Mep, cocraBasaor <ZHNH 107,3° u «<HOH = 104,5°. Cornacuo Teopun
ruOpUAM3aMy UEHTPaJIbHbIE ATOMBI STUX MOJIeKY7 OOpasyloT XUMHYecKue
CBABK 33 CUET HJIEKTPOHOB sp’-rUGpUAHLIX Op6uTaleil. Y artoMa yriepona
Ha yeTblpe sp3-TUGpU/HbIe OPOGUTANM NPUXOAMTCHA YETHIPE 3JIEKTPOHA:

e+ + 4 4

sp?

JTto onpesenser obpasosakue yernipex csseit CH u pacnonoxenve
aTOMOB BOmOpOAa MostekyJsl Merana CHy B Bepumuax Terpasapa (puc. 50).
Y aroMa a3ora Ha uerepe sp3-rubpmparkie OpOUTATH HPUXOIMTCA MATH

37i8KTPOHOB!

4+

sp3
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P u c. 50. [lepexpbiBanue BaneHTHEIX opbuTaneit B Monexynax CHy, NH3, HoO

i
i A

Crlef0BaTeNbHO, OfHA ITapa 3JIEKTPOHOB OKA3HBAETCS HecBA3bIBAIOMEH U
i .
i sanuMaer ongny u3 spi-TM6pMAHBX OpGUTANel, HAPABJIEHHHIX K BepIUMHE

, MUJIBI.
V aroma Rucnopo,ua Ha 4Yersipe sp3-rMOpUAHBIe OPOUTANIM NPUXOAUTCA

HIecTh 3JIeKTPOHOB!:
o 4 H + +

sp3

" Tenepb yke HecBASHIBAKMIUE BJIEKTPOHHLIC NMAphl 33HMUMAIOT BE TMGpUI-
"Hbte sp3-opburtam. Monexkyna H,O umeer yranosyio ¢opMy.

B rnpeicTaBfeHMAX TEOPUM TMOPHIN3ALMM YMEHBLICHME BaJeHTHOrO
yraa HOH B pany CH, (109°28) — NH; (107,3°) — H,0 (104,5°) obpacusa-
erca cienyomuM o6pasoM. B paxy C—N—O sHepretuyeckoe pasnniue
" MexZy 25 U 2p-OpOMTATAMU yBeJIMUMBAETcsA, IOITOMY BKJAJ 25-OpGHUTaIel
Opy TUEPUAM3ALMA ¢ 2p-OPOUTATAMM yMEHpHIAeTCA. IJTO NPHUBOJUT K
' YMEHBIIEHUIO BAJIEHTHOTO YIJyla ¥ NOCTENEHHOMY NPHMOGJIMKEHUIO ero K 90°

Mopenb JOKATH30BAHAKX NEeKTPOHHHX map. COriacHo 3TOW TEOpPUH,
CTpOeHME MOJEKYJbl Onpejesisercd B3aUMHBIM OTTAIKMBAHNEM CBA3BIBAIO-
mMUX ¥ HEcBABBIBAIOMMX BJIEKTPOHHHIX Map UEHTPalbHOro aroMa. Baumsiume
YyHcra CBA3BIBAIOIIMX W HECBABHIBAIOIIMX BJIGKTPOHHHIX NMap LEHTPajbHOTO
, aTOMa HA MPOCTPAHCTBEHHYIO ‘KOHMUIypaLyIo Molekyn Tuna AB nokasaHsl
Ha puc. 51.

"7 4 Cornacuo stoit Teopun, Monexkyiast CHy, NHg u H;O oTHocsTes k MOJIe-
%¢ kynaM tuna AB,, AB3E* u AB,E; coorsercrsenno. Monekyna CHy mveer
‘,;’ (OpMy NpaBUMJIBHOTO TETpasjpa ¢ ATOMOM yIiepoaa B uetpe (puc. 51, a),
i a B Monmexyne NH (puc. 51, 6) ogna U3 BepuIMHE TeTpas[pa 3aHATA HECBA-

N *E — HecBASLIBAIOUAs VIeKTPOHHaA Napa. - .
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o E1 Moo o rorrrn
rF ¥ C. ol., DJIAAHKE CBASDIBATOLLIN

ubix nap (E) LeHTpajbHOTO aToMa Ha [POCTPAHCTBEHHYIO KOHOU-
TypalUio MOJIEKYJL:

CBASLIBAICIINY

£ HECBARLIBAIOUIUY BJICKTDOH-

BAGBIBAKOI

a — Tetpasap; 6 — TPUrOHAJIBHAS IUpaMUNa; 6 — TPUrOHanbHasA 6unupa-
MUAg; 1 — yri0Basi GOpMa; 0 — UCKAKEHHbIV TETpad.p; € — T-¢opma; x*
— nuHefHaa dOopma; 3 — OKTasAp; u — TeTparOHajlbHasi NUpaMUAZ; K —
KBagpaT

BBIBAIOMICH EKTPOHHON Mapoit M MOJIEKyJa TO3TOMY MMeeT GOpMYy TpUro-
HanbHO#M nupaMufib. B momexyne H,O (puc. 51, 6) ABe BeplUMHBI TETPadl-
Pa 3aHATH 3JTEKTPOHHLIMU NapaMH, a cAMa MOJIGKYJa UMEeT YTJIOBYIO (V-
06pasny0) popMy. :

CBA3BIBAIOMAA DJEKTPOHHAA napa (JOKaJM30BAHHAA MEXAYy. ABYMA
aTOMaMu) 3aHNMAeT MEHbIIe MecTa, YeM HEeCBA3LIBAIOLIASA. IostroMy orrain-
KUBaHNe MpPOABIAAETCA B HAUGONBINEH CTENIEHM Mex/y HeCBA3BBAIOMNMU
napaMM, HecKOJBKO MeHbLIe — Mex/]y HecBASLIBAIOMEH W CBA3HIBA
Mapoii M HauMeHee — MKy CBABHIBAIOIMMM 3NIEKTPOHHBIMU MapaMu.
VBe/iMyeHNeM 4YKclia HECBASHLIBAIOMMX 3JEKTPOHHLIX MHap: IEeHTPajlbHOro
aToMa OObAcHAeTcA yMeHpimenue pasentHoro yria HOH B pamy CH,4
(109,5°; momexyna Tuma AB,;) — NHj (107,3°; momekyna Tuma ABE) —
H,0 (104,5°; monekyna tuna ABjE,).

BBauMHBIM OTTAJIKMBAHUEM CBSISHIBAIOUIMX M HeCBABBIBAIOWIUX HIEKTPOHHBIX map
LEHTPAJILHOTO aTOMa MOXHO OGBACHUTL BJIMsHWe Ha pa3Mepbl BaJIGHTHBIX YIJIOB
IpUpoIbl Tepudeputieckux aToMoB (WIX UX Tpymmuposok). HalpuMep, B psay NHj
88

(107,3°) u NFj3 (102°), H2O (104,5°) u OF; (103°) BasneHTHble yriibl yMeHbIIAOT-
cs. CpAsbIBaolllee BMIeKTPOHHOE 06JIAKO 3aHUMaeT TeM MEHbIIMH ofbeM (JIOKaius0-
BaHO B GoJibIlefi CTemeHU), YeM Bbllle BJIEKTPOOTPULATETBHOCTL NepUcepudecKoro
atoMa. Ilockonbky Top BVIeKTpOOTpHUATENbEEe BOZOPOAR, NIEKTPOHHAS Ilapa CBS—
33U 3 — F TYAren mremamaTra T arovre ere o A o
H. WHeMu coBaMi, B3anMHOE OTTAJIKMBAaHWe OJIGKTPOHHBIX map cpsigeit 3 — F
MeHbIlIE, YeM SMEKTPOHHBIX Map csseit D — H. ITooToMy oTTasNKMBalOUlee BIUAHUE
HeCBASBHIBAIOWMX BJIEKTPOHHLIX nap B ciydae Modekyn NF3 u OF; npusoanr k
YMeHBIIEHUIO BaJIEHTHOTO YIVia B GoJibluell CTemeHu, 4eM B ciydae Mouiekyl NHz u
Hgo.

Ve ATeRTTDONEAS AN crasy )
v

FIORAJIN30BaHA B MeHbilieM oObeMe, YoM NIEKTPOHHAA Tapa CBASH

'C HOMOMIBIO TEOPHH JIOKAJIMN3OBAHHBIX B/JEKTPOHHBIX AP MOKHO MOKA-
3aTh, YTO NPU MATH O-3JEKTDOHHEX NlapaX HEHTPAaNhHOTO aToMa A BO3-
MOMHBI MOJIEKYJH cocTaBa ABjs TPUIOHaNbHO-OHIMPAMMAATBLHON (GOPMBI
(puc. 51, 1), AB4E — nckaxenno-rerpasapuueckoit (puc. 51, d), ABsE, —
T-o6pasnoit (puc. 51, e} u cocraBa AB;E; — umneinoin (puc. 51, x)
¢opMsL.

Ilect o0-251eKTPOHHBIM mapaM aToMa A OTBe4YalOT Monekysisl ABg,
ABsE, ABLE; coorserctBenHo okTasapuueckoit (puc. 51, 3), TerparoHaib-
HO-TMpaMunankHO# (puc. 51, u), kBagparnoit (puc. 51, %) dopMsL.

BnusAnne uucna JIOKAIM30BaHHBIX 3JEKTPOHHHIX Nap NEHTPAIBHOTO
aTOMa Ha NPOCTPaHCTBEHHYIO KOHGUIYDPamyIO MOJNEKYN NOKa3aHO B Tabn. 9.

Tab6npuuya9 Uncro 3NoxaJM30BaHHBIX WIEKTPOHHBIX NAP
LEHTPAIILHOIO aTOMa M NPOCTPaHCTBeHHast koHpurypauus moexyn ABy,

0-OJleKTpoHHbIe TIapHl atoMa Al
leoMerpuueckas dbopma
cBsA~ | Hero- U COCTAB MOJIEKyJIbI [Tpumepst
pacnosioxkeHud 3biBa-| fesiex
folue] Hble
Juneitoe 2 0 JIunenras AB, BeH,, BeCl,
Tpeyronbhoe|* 3 0 [Trtockuit rpeyrosisiuk AB; | BFg
2 1 VroBast ABLE SnCl,
Terpasapu- | 4 0 Terpasaip ABy CCly, CHy4
YecKoe 3 1 TpuroxanbHas mupaMuia H3N, NF;
AB3E
2 2 Vriiosast AB,E, H,0, OF,
5 Tpurosamb- | 5 0 TpuroHanbhast Gunupamu- | PCls
HO-6UNU paMu~ Ina ABs
) JajibHOe 4 1 HenpaBuJIbHbIA TeTpas SF,
J ABE :



Tpodoaxenue maba. 9

0-OneKTpoHHble Naphl aToMa A
Teomerpuiecras dopma
cBs- |Herio- Y COCTAB MOJIEKYJIbI IpuMepst
Yyuc- parnn‘nnﬁcn“" bIB: heJieH+
so o ne| Hore
3 2 T'06p33Ha.ﬁ AB3E2 CIF 3
2 3 Jinneitnan AByE4 XeF,, IFE
6 Oxrasgpu~ 6 0 Okxrasznp ABg SFs, SiFg'
yeckoe 5 1 TerparosasnbHas IpaMu- IFs, SbFZ
lna ABSsE
4 2 Inockuit kBagpar AB4E, XeFy, ICI,
7 HeHraro- 7 0 Tenrarosanbuas 6unupa- IF,
HaJbHO-GuTN- huna AB;
pamuznanshoe | 6 1 HenpasunbHblil 0KTa31D XeFg
ABGE

§ 3. KPATKOCTb (HOPAJIOK) CBA3H

Jlo cux nop ObiM PACcMOTPEHB MOJIEKYJbl ¢ OJMHADHBIMHM CBABAMM,
T.e. MONEKYNH J¥mb ¢ o—pa3siMu. OnHAkO 3HAUNTeIbHO GOslee pa3sHOOG-
pa3Hbl MOJNEKYJB M KOMIUIEKCHBI® MOHBI, CPefHAA KDPaTKOCTh (IOpANOK)
CBABH B KOTOPHIX 6osbwie egunuusl. [lopbimense kpaTHOcTH cBA3H 06:3a-
HO HAIOKEHWIO Ha o-cBA3b 7~ U §-cssseil. Hampumep, B Monekyne N,
uMmelome# TpORHYIO cBA3D

:NEN:
Opnna u3 cBA3Zell 0-TUNa, ABe APYrue — T-THUNA, OTBEYAIOUIME P; — P, Pz —
Pr U py — Py MEPEKPHBAHUIO COOTBETCTBEHHO (CM. puc. 46).

B suneitnoit Monekysne CO» kakAbll aTOM KUCAOPOKA O6beAMHAETCS: C

aTOMOM YI1epoAa OQHOM 0- 11 ORHOI T-CBA3BIO: '
O==0

MoBLieHHe KpaTHOCTH CBASIH NPHUBOAMT K YNPOUYHEHMIO MEkRaTOMHOI

©BABM W YMEHDBUICHWIO MEXDbAJEPHOTO pAccTOAHMA (MMMHB cBasm). Tak,

SHeprMM AMCCOUMAUMH Ha aTOMbl Monekyn ¢ropa Fy (:F—F:) u asora N

(:N=N:) coorercrpenso pasubl 159 u 940 kMak/Mons.
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BnusiHne m-cBA3BIBAHMA Ha MEKBALEPHOE PACCTOSHUE XOPOMIO MILTIOCT-
pupyer psag CoHg—CoH—CoH,:

C,Hs CoH, CoH,
H;C—CH3 H,C~CH, HC=CH

B KOTOPOM PpAacCTOAHME MEXJy aroMaMM yIjepoja MO Mepe MOBBIIEHUS
KPaTHOCTU CBA3M yMEHBHIAETCsl M cOcTaBisier coorsercrsenHo 0,154; 0,135
u 0,120 HM.

JlenokanAzoBammas 71-cBA3b. PaccMOTpUM XuMMYeckue cBsA3M B Kap60-
Har-noHe COZ". 3TOT MOH mMeeT TpeyrosbHOe ctpoenne. CornacHo Teopuu

BaJIHTHLIX CBs3€Hl aTOM YIJIepoJa 3a CYEr 3JIEKTPOHOB Sp2-TUGPUIHBIX

- opbuTaieil 06pasyeT TpU 0-CBA3M, JekallMe B IVIOCKOCTH NOA yriiom 120°.

UerBepThlit 37MEKTPOH yriepoja O6pasyeT 7T-cBA3b. BaleHTHOe HachleHMe
OIHOTO ATOMa KHMCJIOPOJA JIOCTHTAETCs 33 CYeT OBPA3OBAHMA T-CBABM, ABYX
IPYTMX — 3a CYeT NpPHCOSAMHEHMA sneKktpoHa. CTPOEHME TAKOrO HMOHa
n306paxalor GopMyNoin

-0 2
_O>C=O

HemocraTkoM Takoro msobpaxeHHs sSBNAETCA JOKATH3ALUA T-CBASH U
OOycIIOBJIeHHAs B3TUM KaXyluasicid HepaBHOUEHHOCTs cBaAsein C—O, 4ro
NPOTUBOPEYUT MaHHBLIM BSKclepuMeHTa. I[l03TOMy B TeOpMM BAaJeHTHBIX
cAselt crpoenme anvuona COZ™ maoBpaxaercs He OfHOH cxeMoit, a HABOPOM

‘ M3 TPeX PaBHOUEHHBIX:

e~ Vo r o . - P
—ON, z Ox 0N &
C=0 NC—0— C—O—
[—0/ -0/ oz
PaBHOLUEHHOCT, Bcex cBsA3eit CBUJIETEJILCTBYET O JAEJNOKAJIU3aUUu  7T—
cBsA3u (T-BIIEKTPOHHOTO o6/1aka) ¥ OTPHUIATETLHOrO 3apsAJa Ha Bce aTOMbI
kucaopona. Toraa MoxHo 060THCH OLHOM cXEMOi ¢ U306paKeHUEM ITesI0-
Ka/lM30BaHHOTO T-3JIGKTPOHHOrO 06J1aKa B BUJE MyHKTHpa:

2-

BenencTsue mesiokanvzaumm T-51eKTPOHHOTO O6TaKa MOPAAOK CBABH

C=0 cocrasnser npumepno 1 !/, JnmHa cBAsM B uoHe COz%- dco =
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= 0,129 M u sABNAETcA NPOMEKYTOUHON MEKAY NAUHON OANHADHOWH
d = 0,143 nM u nponsol d = 0,122 uM caazeit.
c—o A =0 ="

Paccykaasa aHaJOTMYHHIM O0pa3oM, MOXKHO MOKa3aTh, YTO B MOHE uOé

H
0

3aniu 3apAAOB M A-CBASU BCE TpU
’

IR 3
0,121 am. B monexyne ke HNO; onna us ceazeit NO

BCJACACTBHE AEIOK
aBHONEHHH!, d
PaBHOREHHE, G0

onunapHas, d = 0

o 141 uM, aBe apyrme — GIM3KM K XBOMHBIM, dNo =
= 0,121 am:

&
$
0.\ H 5,'//0
R\ z=2==Q \0 ?q'/
/ 0,121 0,141 um \\o
o’ \

B kauecrBe ellle 0JHOIO MpPHMEPa CUCTEMbI C JNEJOKATU3OBAHHBIMU T-CBSBSAMU
paceMoTpuM Monexysty 6eisona CgHg. OHa MmeeT opMy MIOCKOTO WECTHYTOABHU~
ka. Kaxgbit M3 miecTM aToMoB yrflepofa B KOJIblle MOXET DacCMATPUBATLCA Kak
HaXOJALWMACA B COCTOSIHUM Sp*—rubpuaMsaumM M obpasylomuil TPU O—-CBA3U C
BasleHTHBIMM yrylaMu 120° (puc. 52). Ha o6pasoBahue atux Tpex o-cBsiselt (IBYyX
C—C u opsor C—H) xaxnbii yryiepoaHbli aToM 3aTpauMBaeT TPU H3 YeThbipex
BAJIEHTHBIX WIEKTPOHOB, OCTAJIbHblE HIECTh OVIEKTPOHOB BCEX IIECTH YIJIEPOAHBIX
aTOMOB DACIONIAraloTcA Ha P-OpOUTAIAX — Mo OJHOMY y KakIOro aToMa yIjiepoja.
Yerpeproe aiekTpoHHoe 06nako Kakoro aroMa yIvlepola OpUEHTUpYeTcsi MeplieH~
IMKYJNSPHO K IUIocKocTH GensonbHoro konmbua (puc. 53). [ipa Takux cocelHMX p-
WIEKTPOHHBIX 06Jlaka MOI'YT NepeKpbiBaTbesd, 0Bpasysi 7-CBASb Meskny ABYMsA
atoMaMu yriepona. TIpu oroM kakloe U3 pr-BNEKTPOHHBIX OOAKOB MoXeT Coue—

Puc. 52. 0-CBsian B Monexysne 6en- P uc. 53. Pacnonoxenue p-oviextpon-
3ona HbIX 001aKoB B MoTekyJie 6ensona
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TaThCs! C PaBHONM BEPOATHOCTBIO KaK C p,~06/IaKOM, HaXONAWMMCA cOpaBsa, Tak U ¢
PpzO0NaKOM, HAXOIIMMCA CJieBa OT Hero:

H H
C G
n?® e’ Xcn
H(ll (|:|H - Hél |H
Ne” \c/c
H H

CJIEI[OB&TCJTBHO, MOXHO CYUTaTh, YTO BO3HUKAaeT [ollepeMeHHo #-CBA3L TO C
OIHUM, TO € NIDyTMM aTOMOM yTilepofa. B uesnoM, sro mpuBomur Kk 06pa3oBaHMIo
TpeMA  IEKTDOHHLIMM MapaMM  eJUHOM )
CBsA3M, PpacnpocTpaHsiiolllefica Ha BCe
atoMbl yTilepoga 6eH30JIbHOIO  KOJBLa.
. O6paaylorca Be OBJACTH KOHLEHTPAUMHK

QUIEKTPOHHON IUIOTHOCTH, PAcCMONoXKEHHbIe
Mo obe CTOPOHBI IUIOCKOCTH O-CBS3en
. (puc. 54). Tlpi orom Bce aToMbl yraepo-
1a OKAGBIBAIOTCA  paBHOLEHHBIMU u,
efoBaTe/bHO, MOJOOGHaA cucTeMa Gonee
FCTOYMBA, YeM CHCTeMa C TpeMs .né—
pM30BaHHBIMM  JBOMHBIMH  CBA3SAMU
Ly OolipefesieHHbIMI ATOMAMHU YIViepo— iy
Takum obpasoM, B MoneKyse Gersona

JenokanuaosaHHasi CBsiSb B MoJiekyne Benzona o6yc/oBnBaeT NoBblllleHue MOPS-~
Ka CBS3M MexXIy aToMaMW M COKpallleHue MeXbAAepPHOIo PACCTOSHUA, T.e. doc B

CgHj cocranasier 0.139 uM, Toraa xak d = 0,154 uM, a d(‘—C = 0.135 HMm.

PaccMOTpeHHBIE MaTepuall nOKa3bIBaeT, YTO XMMMYecKasl CBA3bL MOKET
ocymecTBiAsTbes mpu nomomy onxoro (Hj) wnm nsyx saexrposos (Ho),

-oxBarbiBaTh 1sa (Hj, Hj) mum 6oapmee umcio aromos (CO3, CgHs). O10
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rOBOPUT O TOM, YTO KJaccM4YecKoe IpeJCcTaBleHNe O BajJleHTHOCTH Kak
ymesae ABYXUEHTPOBHIX CBA3eH He MOkeT OBITb BCEOXBATHIBAIOIIMM. Ecan
aTOM OKpyXeH 7 aToMaMi, 3TO He OBHA4YaeT, YTO 'OH o6pasyeT n
JIBYXLEHTPOBLIX CBA3EH.

§ 4. [IOJIAPHOCTD Y NOJAPU3YEMOCTE CBA3HU

CBA3p MeXAy aTOMaMi Da3HBIX 3JEMEHTOB Bcerja 6oJlee MJIM MeHee
HNOJIAPHA, YTO OBYCJIOBJEHO PAa3IMYMEM 3JIeKTPOOTPUILATE/IBHOCTEll aTOMOB.
Hanpumep, B Mosnekyie xaopuza sopopoga HCI ceasyiomee anexTponHOE
06J1aKO cMemIeHO B CTOPOHY 60Jiee 3JIEKTPOOTPULATEIBHOIO aTOMa XJOopa.
Beaeacreue 310r0 3apAxa AApa BOAOpPOAA HE KOMIEHCHpPYeTcdA, & B aTOMe
XJIOpa BIeKTPOHHAA MJOTHOCTH CTAHOBUTCS MBOGBHITOYHOW IO CPAaBHEHUIO C
3apsafioM Azxpa. MeemMu ciosamu, atoM sogopoza B HCl nomspmsosan
[OJICXKUTEILHO, 8 ATOM XJI0pa orpuiarensHo. Ha aToMe BoJoposa BO3HUKA-
©T NOJIOKNTENILHEIA 3apAJ, HA aTOME XJIOpa — OTPHUATENbHEIH. DTOT 3apAl
§, HaspBaeMblit J@Pexmuensia, MONKHO yCTAHOBUTH IKCMEPUMEHTAJIBHO.
CorsacHo MMelOmuMces JaHHBIM 3¢ deKTUBHBIA 3apAJ Ha aroMe BOAOpOja
Monekynst HCl cocrapusier 61-1 = 0,18+, a Ha aToMe xJIOpa 601 = 0,18—

abCONIOTHOrO 3apsAja 3JeKTPOHa. MOXHO €Ka3aTh, YTO CBA3bL B MOJIEKyJe
HCl umeer na 18% wuonnblii xapaktep, T.e. nonsApHa. Hike npuBemeHBI
3HaYeHUA 5GPEKTUBHBIX 3apANoB™ Ha aTOMaX KHUCIOpOJa B OKCHAAX
IEMEHTOB 3-r0 nepuoja:
Nazo MgO A1203 SiOg P205 SOa C1207
SddexTuBHBLA
0,81- 0,42- 0,31- 0,23 0,13- 0,06~ 0,02-
Oddexrupnnlit 3apan Ha atoMe kucnopoga B Cl,O7 HHuTOKHO Manm u
cBsasp Cl=0 6auska K HemouasipHOM, Torpa kak B NaO OoH co
0,81—, T.e. B 3TOM COeAMHOHUN XMMHUYecKas cBA3b CWIBHO nosspHa. Ilonu-

JKEeHWE MOJIAPHOCTHU CBA3M B 3TOM pAAYy cOOTBETCTBYET YMEHBLILIEHHIO panm—

Yusa B dJlUK,lpUUlplﬂu.lelbﬂU\.l)l)& dJldMUﬂlUu UUPdOyNLLLI(IA Lucguncnnn
TakuM 06pa3oM, O CTENeHU cMemieHUsi (NOJNAPU3amuM) CBSBYIOWEro

3JIGKTPOHHOTO 06J1aKa CBA3b MOXET ObITH HENOJAPHOW, MOJIAPHOW M HOH-

Hoil. HemonsipHad M MOHHaA ¢BA3M NpPeJCTaBJIAIOT co6Oi KpailiHUe ciy4yan

*3Hauenus §, onpenesigeMble Pa3sHbIMUA METONAMM, CYILECTBEHHO DasiIMyaioTcs.
llpuBoauMble Blech 3HAUEHHA O UHTEpecylOT HAC C TOUKM BPEHMs WITIOCTPALUK
obwel TeHmeHUUMA UX UBMEHEHUA B Psny OJHOTHMIHBIX COSIMHEHMM.
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" moJsipHOM cBsi3M. COEJJMHEHNS ¢ MOHHON M KOBAJIGHTHOMN CBA3AMHU BCTpeua-
I0TCA 3HAYWTEJIBHO pexe, 4eM COeJWHEHMA ¢ MOJIAPHON KOBAJEHTHOMN
" CBA3BIO.

HonsipuayemocTs cBaA3HM. [N XapaKTepUCTUKM PeaKIMOHHOM cnoco6-

HOCTM MOJIEKYJl Ba)XHO 3HATh He TOJBKO HCXOJHOe paclipe/le/leHHe 3JIeKT—
POHHOI IJIOTHOCTH, HO M ee MoJsApu3yeMocTh. llociennsisi xapakTepusyer
€110cOGHOCTh CTAHOBUThCA IOJAPHOM (Miu 60Jiee MOJIAPHOI) B pesysbTaTe
JeficTBUA Ha MOJIEKyNy BHEIIHero snekTpuueckoro nois. Tak kak ¢ Kaxk-
AbIM aTOMOM MJIM MOJIEKYJIOif B CBOIO Ouepelb CBABAHO BJIEKTPHYECKOE
moJie, TO COeJUHEHNe NOJINKHO MOJIAPUBOBATHCA TaKXKe M NpU el cTBUM Ha
OJIe!(vnv ODVYIUX MOJIEKVIT CKAaMXeM, napTHepa 1o peakuum,
B pesynbraTe MONAPUBANMM MOKET NMPOUBOATH MOJHBIA pa3phIB CBA3M €
' IepEeX0/IcM  CBA3BIBAIONIEN 3JIGKTPOHHON mnapel K OJHOMYy U3 aTOMOB U
06pa3oBaHNeM OTDHMIATEJIBHOIO U MONOXKUTEILHOTO WOHOR.
HBIAl pa3pelB cBA3M ¢ OOPa30BaHMEM pa3HOMMEHHBIX HOHOB Ha3bIBaeTCA
1EMePoAUMULECKUM:

Acummerpuy-

He 4+ 0 — Q1 = H* + QI

FOMOJINTUYECKMII PA3PBIB
(nuccouuaima)

reTeposIMTUYECK Uil PAspHIB
(voHuBANNS)

lereponnTuueckuii paspblB OTINYAeTCA OT pPa3pYIIEHUs CBABH NPHU
JcTIa/le MOJIEKYJIHl Ha aTOM M pajukal. B nmocneaneM ciywae paspymaer-
| cBASEIBAIOmA 3JIeKTPOHHAS napa M Ipouecc Ha3HBAETCA 10.4L0AUMU-
4fcxun. B COOTBETCTBMM O CKA3aHHEIM, CJIEflyeT pasiuyaTh mpouecc ouc-
fPyuayuu u mpomece uonusayuy; B eayse HCl nepsbiit maGmopaerca npu
MUYECKOM pacnalie Ha aTOMBI, BTIOPON — NpH paclaje Ha MOHBI B pacT-
HOPe
Crenenb (cOcTOsiHME) OKHCIEHMA 3MeMeRToB. [[0b3ysch npeficTaBieHy-
NeaM 0B 3

i BM 0D 3

THDOOTDUIIATANILHOCTY BISMAUTOR
(TPOOCTPHIATVILHOCTH 3JEMEHTOB, MOMKHC HaTh KOAMYSCTBEHHYIO

m,oue}my COCTOSIHMS aTOMa B COeJVIHEHUM B BHJEe TAaK HA3bIBAeMON cmenenu
'%Mma COCTNOANUSL OKUCAENUS.

MOKIO [aTL KOIUULCTRANIIVIO

. +1-1

» Ax nonos: HanpuMep, 8 KC| 3apan ma aToMe kanua 6amsok k 14, a 3a-

- PAx Ha aTtoMe xjaopa 6iau3ok k 1— C yBequueHueM cTeneHH OKMCJICHHA
PeanbHeIi 3apsAJl Ha aTOMe B COeANHEHUN yMEHbIUAETCA.
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3naK CTONEHH OKMUCJIEGHMA 3aBUCHUT OT 3JIEKTPOOTPUUATETBHOCTH o6pa-
3yIOWUX cOepMHenMe djeMentos. Tak, B COOTBETCTEBMH ¢ paznuuMeM B
3JIEKTPOOTPHUATE/IBHOCTAX 830Ta (3,0), Bomopona (2,1) u dropa (4,0)
agory B NH; mpumuchiBaeTcss OTpUIATe/IbHAA CTeNEHb OKUCISHNUA —3,asB
NF3 — ROJIOKHTEIbHAS cTeNneHb OKMC/ICHUA +3.

[1py NONB3OBAHIM CTeNeHAMY OKUCIHHN [0JIe3HO NpUAepKHBATCS CleAyHomNX
HpaBIL:

1) cymM™a cTemeHeil OKMCTEHUA aToMOB B Jjoboil dacriile paBHa ee 3JJeKTph-
yeckoMy sapsgy. CregoBatesibho, CrerieHb OKMCTEHNA OJEMeHTa B €ro IpocToM’
BenecTBe paBHa HYJIIO;

2) B CoefMHEHMU ¢ APYTUMM S7€MEHTAMU ¢rop Beerma MNposIBIAET CTeNeHb
OKHCTIeHUs —1;

3) creneHb OKHMCIEHMS KuUcIopoga B CoeIUHEHUAX OBBIYHO paBHa —2 (xpome
+2 -1

* OF3, H202 u 1p.);

1 -
CaH

4) cremneHb OKUCTIEHNsA BOJOPONa Haile +1 u pexe —1 (KH,

5) MaKCUMaJIbHAs MOJIOKUTENIbHAA creneib OKUCTEHUs 37eMeHTa OOBIYHO UMC-
JIeHHO COBNIAAET C HOMEPOM €ro TPYINH B TepHOANIeCKOM CHCTeMe. MakcuMadb-
MaxXCUMANEHON TOJIOXH—

1
)
25

Has OTpUIIATeNIbHAs CrelleHb OK¥

TeJIbHOM CTeNeHH OKUCIEeHNA MUHYC BOCEMb.
U ckmioyette ~cocTaBislior (Top, KUCIOPOH, Teslii, HEOH, apro, a Takxke aJe-

MEHTH! MOATPYTIIBI KoBaJbTa M HUKeNA: VX BBICIIAS CTeTlleHb OKUCIIeHUA BbIpaKaey

€S UMCTIOM, 3HaYeHWe KOTOpOro Hilie, yeM HOMep rpynmbl, K KOTOpO#l OHH OTHOC

csi. V arneMeHTOB TOATPYNIbl MeIH, HaoGoOpoT, BbICMasA cTelleHh OKUCIEHUA 6on

eqVIHHIBI, XOTA OHU U otHocsiresl K 1 rpymme.

JnA OTpakeHHA B HAGSBAHMAX [BYX3JEMEHTHBIX (6unapHBIX) COBAMHE
HUji OTPMLATOJIHHOM CTEMeHM OKMCISHMR 3JIeMEHTOB K MX JIaTHHCKUM
HasBaBEMAM nobapiserca cydouxc -ud, Hampumep: NaCl — xsopun HaT-
pusi, HF — ¢ropun Bomopona, H3N — murpusn sogopona, NFy — ¢propus
a30Ta. T[OIOKMTENbHAS CTOMEHb OKVMCJIEHMS 3JIeMeHTa YKa3bIBAeTcs B CKOG-
kax puMckoil uuppoit: FeCl; — xsopun xeinesa (111), FeCl, — xnopua
weiesa (I1). ‘ -

§ 5. TUIIBI KOBAJIEHTHBIX MOJIEKYJI

HenonApHnie W NONsApHHE MOJEKyAH. B 3aBMCMMOCTH OT XapakTepa
pacnpe/ie/IeHMs 3TCeKTPOHHOM IIJIOTHOCTH MOJNEKYIBl MOTYT 6LITH HEMOMAP-
HBIMH ¥ MOJADHBIME. B HEMOAADHBIX MOMEKY/I2X LeHTPH TAMECTH NOJIOKN-
TENLHBIX W OTPUIATEIBHBIX 3apAnocB coBnapaioT. [lonspubie MoJeKyIbl
SABJISAIOTCA OJUNOASAYU, T.6. CHCTeMaMH, COCTOAIIMMU M3 JABYX PAaBHBIX MO
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BEJIMYMHE U MPOTHBONOJIOKHBX MO 3HAKY 3apiAacB (¢+ M ¢—), HAXOASIIMX-
Cst Ha HEKOTOPOM pacCTOSTHMU | ApYT oT apyra. Paccrosinue Memny HEeHTpa-
MU' TSOKECTH NMOIOKUTEILHOrOY OTPHIATEBHOrO 3apSAA0B HASHIBAETCS dau-
noti dunoas. IlonsipHOCTL MOJIEKYJIB, KAK M MONAPHOCTh CBA3M, ONEHMBAIOT
3HaYCHHEM ee 3JIeKTPMYECKOr0 MOMEHTa AMIONA M, NPeacTaBisfIoWero
co60ii mMpousBeneHue AJUHK JUAOAA | Ha 3HaueHMe JJIGKTPUYECKOro 3a-
pana:

p=lg

IlnsHa QMOOASA MMEET 3HAaYeHHMe MOpSAKA fHUaMerpa aroMa, T.e. 10710 M,
a 3apsag anexkTpona 1,6:10718 Kn, mosroMy anexTpuyeckuit MOMEHT RUmosst
uMeeT 3HayeHus Mopsaaka 1072° Kn-M (kynon-merp)*.

JneKTpUYecKUA MOMEHT AMIOJS MOJIeKYJAsl NpefCcTaBifeT co60it Bek-
TOPHYIO CYMMy MOMEHTOB BCOX CBSI3efl M HECBASHBAIOIMX 371EKTPOHHEIX
nap B MojleKyse. Pe3y/bTaT C/OKEHUS 3aBUCUT OT CTDYKTYPH MOJIEKYJIH.
Hanpumep, Monekyna CO; HMeeT cMMMETpHYHOE JMHEHOE CTPOCHUE:

Py
Z

5= §-

y/3 un
‘oo TCO

Iostomy, xora cBasu C=0 ¥ UMeIOT cUIbHO MONAPHHIN XapaKTep, BCJAen-
CTBME B3AMMHON KOMIEHCAIMHU MX 3JIEKTPUYECKUX MOMEHTOB JUIMOJNS MOJ€-
Syna CO, 8 nenoM nermonsipaa (g = 0). Ilo 270it ke nMpuuKHe HENOAAPHH
¢ NCOKOCHMMOTPUYHbIG TETPasAPHYECKHE MOJEKY CHy4, CF4, okrappu-
ckasi Monekyna SFg u 1.4,

Hanporus, B yraosoit monekysne Ho,O nonsipusie cssasu O—H pacnonara-

»ec
con

o /TCA TIOZ YLJIOM 104,5°. ITo3TOMy MX MOMEHTH B3aMMHO HE KOMIIEHCH-

PYIOTCA ¥ MOJIEKYJIa OKa3bIBAaercA noasiproit (p = 0,61-1072% Kn-m):

23~
0O «
a.,.;l% &Hb'&

3NeKTPUYECKUM MOMEHTOM AHIONRA 06/Na1810T TAKKE YIiIOBas MOJIEeKyJa
SO,. nupamuaanrsasie Monekynst NHj;. NF3; u T.a. Orcyrersme Takoro
MOMEHT4 CBILLETEIBLCTBYET O BHICOKO CHMMETPUUYHON CTPYKTVPE MOJNERY.1HI,
HATIYMe IIEKTPHYECKOr0 MOMEHTa QUIONA — O HECUMMETPUYHOCTU CTPYK-

Typr Monekyan (Taén. 10).

yaer

*JneKTpHUECKUA  MOMEHT
1D = 0.333-10729 Kn-m.

annons uHorja Bopakalor B nebasx (D),

4 O6Ias H HEOPraHKYECKasn XHMHS



T a6 nnua 10. Crpoeite U oxuaeMast NOIAPHOCTb MOJIEKYI

Tun IIpocrpaHcTBerHas Oxupgaemas [TpuMepbt
KOHGUrypaumsi TIONAAPHOCTD
A, TanresieBuaHag Henonsipuasn H,, Cly, Ny
AB " MonapHas HCl, CIF
AB, | Jluneitnasn Henostsipiass | COz, CS,, BeCly(r)
AB,| Vriopas [onspHas H,0, SO,, NO;
ABC| Jiunennas f COS, HCN
AB3 | Iliockorpeyronbhas HenonspHas BCls, SO3
AB3| Tpurosansho-mupaMuanbian | IlonsipHas NH;, PClg, NFg
AB3{ T-o6passas " CIFs, BrFg
ABy Terpasapnueckas Henonsipuas CH,, CCly, SiFy
AB4 IlsiockoxBanpaTHast .o XeFy
ABy | HckaxeHHoreTpasnpuuecKas [onsipHas SFy, TeCly
AB; | TpurosanbHo-6unvpamunans- | HenossapHas PFs, PCls (r)
Hasi
AB; | KsappaTHo-MpamufaibHas [onsipHast IFs
ABg| Okxrasapuueckas Henonsiprasi | SFg, WFg
AB;| TIlenraronamsro-6unupamu- " 1F,
RallbHast

Ha 3HaueHHe 58€KTPMYECKOTO MOMEHTA AMNOJNA MOJEKYJIb CHIBHO
BANAIOT HECBASHBAIOMME 3NeKTpOHHble naphl. Hanpumep, Monekynrt NHg
1 NF3 MMeIOT O{MHaKOBYIO TPUIOHAJBHO-TUPAMUAAIBHYIO BOpMY, HOAADP-
Hocth cBAset N—H u N—F Ttarke mpumepno ommmakoa. Ofmako sJeKT-
puveckuit moMent aumons NH; pasen 0,49-1072% Kn-M, a NF3; — Bcero

N”
#=049-10"PKn-m #=007-10"PKn-m

P u c. 55. Cnoxelnte 9/IeKTpUYECKMX MOMEHTOB AMIIONS
CBSBBIBAIONIMX ¥ HECBASBIBAIOIMX QIEKTPOHHBIX NAD MO-
Jekyn NHg u NF3
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T EZ2QZ

0,07-1072% Kn-m. 310 06BAcHsierca Tem, yTo B NH3 Banpapiieaue 3/eKTpu-
YECKOTO MOMEHTa nunons cpasnipajomeit N—H u HecBA3HBAaOWEH 37TEKT-
POHHOM MAaphl COBHAAAET M NPU BEKTOPDHOM CJIOXEHHUHM OOYCJIOBJIMBAET
60O 3yIeKTpUyecKuil MomedT aumosiss. Hao6opor, B NF; MoMeHTHI
cBazeit N—F ¥ 5/ekTpOHHOIM mnaphl EaNPAaB/eFh B HPOTHBOIOJIOXKHbLIE
CTOPOHH, IO3TOMY HPH CJIOKEHMH OHM YACTUYHO KOMNeHcupyiorcs (pHc.
55).

3Hasl OSKCNEPVIMEHTAJIbHBIC 3HAYCHMS] MOMEHTa [MIONA, MOXKHO paccyuTarhb
NoJiApHOCTh CBSI3el M 2b@eKTMBHBle 3apAnbl aToMoB. B mnpocreiimen ciyuae
JBYXQTOMHBIX MOJEKY/i MOXKHO MPUGIIKEHHO CUMTATh, YTO IUEHTpbl TsDKEeCTU 3apsi-
OB COBMAJalOT C siApaMy, T.e. | paBHO MeXbSNEDHOMY PACCTOAHMIO WM IJIMHe

cBsasn. Tak, B Monekyle HCl MexbsgepHoe paccrosiiie COCTaBiIsieT dHCl =

= 0,127 uM. Ecim 65t x10pua Bogioposa 6bUT YMCTO MOHHBIM coefiMHerneM (g paBHO
3apany anextposa 1,6+10719 Ki), To ero mMoMenT aumnouis 6bu1 6b paBeH

p#=1,6-10718 Kn-1,27-10710 » = 2,032-107%% Kn-m.

B [eCTBMTENIBHOCTY JKe MOMEHT AMIIONA Tra3006pa3HOro XJIopuza BOJOPOLA

_paBen 0,347-10729 Kn-M. Oro cocrasusier mpuMepho 18% oT SHaueHMs, paccuuMTaH-

HOTO B MPEAroJIokeHN! MOHHOTO xapakrepa cBASW. TakuM obpasoM, addexrnBHbIe
sapsgst Ha atoMax H u Cl B Monexyne HCl paBubt 0,18+ aGcomorHoro sapsima
JieKTpOHA. ’

3HayeHNsT AIEKTPUYECKNX MOMEHTOB IMIIOJsSI HEKOTOpBIX MOJEKYN NpUBEHEHb! B

Ta6n. 11.
Ta6anuall DaexrpHieckuii MOMEHT JMIIOJISE [ HEKOTOPBIX MOJIEKYI

Monexyna lu- 1029, Ki-u ||Monexyna |p- 1029, Ka-u || Monexyna| p- 1029, KM
H, 0 HBr 0,263 SO, 0,53

2 0 HI 0,127 NH; 0,494

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

(6] 0,023 H0 0,610 S0; 0

F 0,640 H,S 0,340 BF; 0

Cl 0,347 NO, 0,097 CH,4 0

MruoBenEHe W HEAYKOEpOBaHHHE AMINOMM. Mosekysia npencraBiaseT
co6oit 1MHAMHUYECKYI0 CHCTEMy, B KOTOPOH HPOHCXOZMT HOCTOSHHOE JBH-
JKEHHe BJIGKTPOHOB M Kosebanue sAnep. IlostoMy pacupeneseHue 3apAloB B
Heil pe MoxeT GHITH cTporo mocroapHbiM. HampuMep, monekyny Cl, oTHO-

TeAr K HEMOJIAPHBIM: 3HAYCHHE €€ IVIeKTPUYECKOro MOMEHTA AUNOJis paBHO
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Hymo. OaHako B KaXablil JIaHHBIf MOMEHT nponcxonwr BpeMeHHOe cmime—

- +
HMe 3apANOB K OJHOMYy M3 aTOMOB XJIOpa: Cl — Cl nm él — Cl ¢
obGpasoBaHUEM MiKoeeNnsT suxpodunoaet. [lockonbKy nogobHoe cMelleHue
3apsoB K JIIOGOMYy U3 aTOMOB PaBHOBEPOSATHO, CpPeJHEe paclpejesienue
3apAA0B KaK pa3 U COOTBETCTBYET CpeJHeMYy HYJIEBOMY 3HAUueHMIO MOMEHTa
AMIIOJA. ’

JIJIst HONAPHBIX MOJIEKY/ 3HAYeHMe MOMEHTa JMIONA B Kax bl JaHHBIA
MOMEHT BPEMEHH HECKOJBKO GOJbHIE WJIH HECKOJIBKO MEHbLIEe ero CPEJHEro
3Hayenusi. HampaBieHune W BesJMYMHA MTCHOBEHHOTO AUIOJS HOJABEPIKEHBL
HeNpepbiBHHIM KOJIEOaHUAM M DO HallPaBJIHMIO OH MOXET He COBMaJaTh C
HanpaBJieHUeM MNOCTOAHHOrO MOMEHTa Aunonsi. Takum oGpasom, J06yI0

HONONANHVIO U NONEDHVIO MONOKVIIYV MOKHO DACCMaThUBATL KAk
Henonapnyxe M OONAPHYIC MONCKyNy MONKHC paccMarpHBars XKa

HOCTh IepUOANYECKUX OUeHb GHICTPO MEHSIOMUXCS 10 BEJIMYMHE M HalpaB-
JIEHUIO MI'HOBEHHBIX MUKPOIMIIONEN.

Hox peiterrueM Buemnero 3nexTpyu

pusyercsi, T.e. B Heil mPOUCXOAUT TNepepacnpeseleHne 3apa)101; U MoJie-
KyJia TpHoGperaeT HOBoe 3HaUeHUe 3JIeKTpUUECcKOro MoMenra pumosns. Ilpu
3TOM HeNOJISIPHEE MOJICKYJIHI MOTYT IPEBPAaTHThcst B HONSIPHBIC, a HOJsIp-
HBIE CTaHOBATCA eme Gosmee monsipHbiMu. Huaue rosops, mox aeficTeueM
BHEIITHEr0 JJIEKTPUYECKOro nojis B MOJIEKYJIaX HHAYNUpYyeTcs AUIIOJb,
Ha3bIBaeMBIil Hasedennbiu WIN undyyuposannsiau. B ornuume or mocrostH-
HBHIX M MCHOBEHHHIX HaBeAeHHble (MHAYUMpOBaHHKIE) AUIOIM CYLUECTBYIOT
JIMIUb OpH AeACTBHM BHEINHEro ameKkrpudeckoro moss. Ilocne mpekpaue-
HUSl fAeficTBUA MOJS HaBeJeHHHE AUOONM Hcde3alor. IlomspHocThIO M

HONAPUBYEMOCTBIO MOJIEKYN OOYCJIOBIEHO MEKMOJEKYIAPHOE B3aMMOJAEHCT-
BMeE.

T'JI A B A 4. AOHHAS CBA3b. HEBAJIEHTHHE THIIL CBA3U

§ 1. MOHHASI CBAI3b

[pupony MOHHOI CBsA3M, CTPYKTYPY M cBOWCTBA MOHHHIX cOeRMHEHMit

voneiieTeueM uonos. Cnocob—

MOMXHO OOBSCHUTE DNIEKTPOCTATHYECKUM B3ay IO CHICTBHEM HMCHOB. LIICCOD

0 OOLACHUTE MEKTPOCTATH
HOCTb BJIEMEHTOB OGPa3OBHIBATh HPOCTHE MOHB OOYCJIOBJIEHA 3JICKTPOHHOM
CTPYKTYPO# MX aTOMOB. DTy cHOCOGHOCTH MOMKHO OlEHUTh 3Heprueil HOHU-
3allum ¥ CDOJICTBOM ATOMOR K ANEKTDOHY. HQE_;!THQ 1O NEerue BRCero nﬁnn—
3YIOT KaTUOHBI 3JIEMEHTH C MaJioif JHeprveil MOHMU3ANUM — IIEIOYHBIE M
WENOYHO-3eMeNibHEIe MeTallibl. O6pa3oBaHue e B YCJIOBUSIX OOGBIYHBIX
XUMHUYECKHUX npeBpameHnﬁ OPOCTHX KAaTUOHOB JAPYrUMX 3JIEMEHTOB MeEHee
BEPOATHO, TAK KaK 3TO cBA3AHO € 3aTParoif GONBINON DHEPruM Ha MOHM3a-
UIO aTOMOB.
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[IpocThie aHMOHHI Jerde Beero o6pasyior p-anemenTsl VII rpynmsi
BCJIEZICTBME MX BHICOKOTO CpOAcTBa K 3/MekTpoHy. IlpMcoenvnenue oanOro
3JIeKTPOHA K aTOMaM KHCJIOpPOJa, cephl, YrJepoAa, HeKOTOpHIM JApyruM
J/leMeHTaM CcONpOBOXJaeTcst BheNeHUeM sHeprum. [Ipucoenunenne xe
HOC/EAYIOINX JJEKTPOHOB ¢ OOpa3oBaHMeM CBOGOAHBIX MHOTO3apsAHBIX
IPOCTHIX aHMOHOB MecTa He umeerT (cM. TaGm. 6), MO3TOMY coelUHEHUs,
cocTosiiiMe W3 MPOCTHIX MOHOB, HeMHOroumcneHHHl. OHU Jlerue Bcero
0o6pa3yloTesi OpU  B3aUMOJEMCTBUM INEJIOYHBIX M UIEOYHO-3EMEJIBHBIX
MeTaJioB ¢ rajoredaMd. QAHAKO ¥ B 3TOM cilydae 3JIEKTPOHHAS MJIOTHOCTH
MeXJly WOHaMM He paBHa HyJO, MO3TOMY MOXHO TOBOPUTH JIMIOB O

OpeuMyHIecTBEHHOM  NpOSIBJIEHMM  MOHHo#  casu.  Paguycm ke
OHOATOMHBLIX MHOrO3APsAHBIX HMOHOB IPEACTaBIAIOT co6OM  4MCTO
yenoBHbie BesuuHB. [lpescraBileHMe O MOHHBIX KpHMCTAIaX — 3TO

NIeATUINNOBAHH,
UaeaIu3vpOBaiH

HepanpasneHHOCTs W HEHACHIIAEMOCTh MOHHOM CBA3M. DJIeKTpUYecKHe
3apsi/ibl MOHOB O0YCORIUBAIOT UX NPHUTSKEHUE U OTTAJKMBAHUE U B HEIOM
ONpEENIAIOT CTEXUOMETPUYECKUI cocTaB coeauHenmsi. VIoHH MOXHO npea-
CTaBUTh KaK 3apsKEHHBIE LIaphi, CUJIOBHIE NOJA KOTOPHIX PaBHOMEPHO pac—

33258 MOHOeNL.

MOonens.

OpEeAeNAIoTes BO BCeX HalpaBlIeHMSIX B mpocrpaHcrse. [losroMy kaskabii

MOH MOXeT OPUTACHMBaTh K cebe MOHH
OPOTHBONOJIOAKHOTO 3HAaKa B JIO6OM
nanpasnennu. MHaue ropops, MOHHas
cBA3L B OT/IMYME OT KOBAIEHTHOH Xa-
DAKTEPH3YETCA HeHANPABANHOCTIHIO.
NonsiTho, uTo B3aMMOAeiicTBHE APYT
¢ ApYroM ABYX MOHOB HPOTHBONOJIOX-
HOTO 3HAKa He MOXKET MPHBECTH K NOJI-
HOM B3aMMHON KOMIIEHCAUM MX CHJIO-
BhIX moneit (puc. 56). B enmy aroro y
HHX COXPaHAETCA CIOCOGHOCTh MPHUTSA-
rUBaTh  WOHH  IPOTHBONOIOXKHOTO
3Haka M 0O JpYyrMM HalpaBleHusiM. ClenoBaTesIbHO, B OTJIM4YME OT
KOBAJIGHTHOM MOHHAs CBS3b XapaKTEPU3YETes TAKKe HEHaCHULdesoCmbio.

Crovervna wonmuy coonmmommili. BenenerTpue nyemanmnappenHocTd M

el 2 A and SESASSVEEE. DLATACINNT mumafpamatmntes= =
HEHACBII[AeMOCTH MOHHOW CBA3M 3H€pl‘€l‘ﬂlle(:l(,l/[ Haubosnee BBHIFOAHO, KOrjaa
KaXablii MOH OKpYXeH MaKcHMMaJIbHBIM YHCJIOM HOHOB IPOTHBONOJIONKHOrO
3HAKA. Oﬂﬁnkﬁ U3-RA OTTANKURBAHUSA OAHO!

P uc. 56. Pacnpenencnue snexrpu-
YECKUX CUJIOBBIX TONEN ABYX PasHoO-
MNMEHHbIX UOHOB

MOHOB ADYT OT Apyra
YCTOMYMBOCTh CHCTEMBl JOCTUTAETCSl JUINL OpU ONPEAENEHHOH B3aMMHOM
KOOD/IMHANMU MOHOB. ‘

B ornuune or KOBaJleHTHHIX COEAMHEHMil KOOPAMHAIMOHHOE YUCJIO
(x.4.) B "uMcTO" MOHHBIX COEAMHEHMAX He 3aBUCHT OT CIIENM(PUKU DIEKT-
POHHOIf CTPYKTYPHI 3JIEMEHTOB, a ONpPEAENAETCS COOTHOLUEHHEM pPa3MepoB
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NaClt csci

P u c. 57. CIpYKTYpHBII THI XJlo- Puc. 58. CTpykTypHBlt TMn Xjo-
puna Hatpus NaCl puna uesusi CsCl

noHoB. Tak, NpU cOOTHOLIEHMM MOHHHIX paiMycoB B npepenax 0,41—0,73
MMeeT MecTO OKTa’fpHuyecKast KOOPAMHAnus MOHOB, IIPU COOTHOIIEHUHU
0,73—1,37 — kybuueckas koopaunanus u 1.0. Hanpumep, npu Bsaumopefi-

creun uonos Na* (7, ot = 0,098 um) n CI- (TCI' = 0,181 uM), cooTHOIIEHNE

3HayeHU# paaMycoB KOTOPHX paHO 0,54, BO3HMKAeT OKTa3puYecKas
koopaunagus (puc. 57). Tlogo6nast B3auMHasi KOOpAMHANMS MOHOB JOCTU-
raercsi IpM 06pa30BaHUM NPOCTON KyOMYecKo# KDMCTaNIMYeCKOH peleTKu
xiopupa narpus (puc. 57). Coornomenne nonHsix paguycos Cs* (rCs*

= 0,165 um) u CI- (TCI' = 0,181 um) pasuo 0,91, gTo CcoorsercTByeTr

}cyénqeckoﬂ koopaMuamuu (puc. 58).

TakuM o6pasoM, B OGBIYHBIX yC/IOBUAX WOHHBIE COSAMHEHWA NPEACTaB-
As110T co60it KpUcTalAMYeckue BemectBa. 1103TOMy A1l MOHHBIX COeIMHE-
HWiI NOHATHe npocThix AByxuOHHBIX Monekyn Tuna NaCl m CsCl rtepsier
empicn. Kaxanit kpuerain cocrour u3 orpomuoro uncsna nodos: NanCl, u

Cs,Cly.

§ 2. METAJUVIMYECKASA CBA3b

" CyulecTBeHHbE CBEJEHMsI O NPUPOJE XUMMYECKOH CBASH B META/lnax
MOXHO MOJydUTh HAa OCHOBAHMM MX ABYX XapaKTepHHIX ocobenHocreii mo
CPABHEHHIO ¢ KOBAJIGHTHHIMM I MOHHBLIMU cOeAMHeHMsiMi. MeTajnsl, BO-
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[epBHIX, OTJIMYAIOTCA OT APYTUX BEIUECTB BHICOKOM
3NIEKTPUYIECKON TIPOBOJAMMOCTBIO M TEJIONPOBOJ-
HOCTBIO, BO-BTOPHIX, B OOBIGHBIX YCJIOBUAX SBJLA-
JOTC KPMCTAJIMYECKUMM BelecTBaMM (33 MCKIIO-
YeHUEeM PTYTH) ¢ BBHICOKMMM KOOPAMHANVOHHBIMU
yuciamu atomos (pHc. 59).

U3 mnepsBoro XapaKTepHOrO cBOMCTBA METallsa

cAeayer, Y10 no Rpﬂﬂﬂeﬂ MEpe JacTh JJAEKTpOouHOB

MOXeT INepelBUrarbcsi MO BceMy OOBEMY Kycka
Merajsna. M3 BTOporo cBoiicTBa MeTalJIOB ciIeyeT,
9TO MX ATOME! HE CBS3aHE! APYL € APYLOM JIOKATIU-
30BAHHBIMM JIBYXDJIEKTPOHHBIMU CBA3SAMHM. UMcCIO BaJleHTHHIX 3JIEKTPOHOB
aToOMa MeTajlJla HEJOCTATOYHO JJisi OOpa3oBaHMs NOAOOHBIX cBA3ed co
BCEMM €ro cOceNsAMU.

Hanpumep, muThit kpucTaimuayercsi B KyOMdeckoi 06beMHO-IEHTPUPO-
BaHHON peleTKe, M KaXIblif €ro aToM MMeeT B KpUCTalJIe IO BOceMb G-
KallMX cocefHMX aToMoB (eM. puc. 59). [nst 06pa3oBaHus JBYX3JIEKTPOH-
HBIX CBsi3€il B NOJOOGHOM CTPYKType aToM JUTHs AOJIKeH ObLT GBI mpepoc—
TaBUTh BOCEMb BJIEKTPOHOB, YTO, KOHEYHO, HEBO3MOJKHO, TaK KAaK OH MMeer
JMIIB ONUH BaJleHTHHIA amekTpoH (1s22s!).

llpupoay xmMuyeckoif cBA3M M XapaKkTepHBE OcOOEHHOCTM METAJlIOB

P u c. 59. BaaumHasi Ko-

ODAUHAIIUS aToMOBR B
OpAMHal¥A  aTOMOB B

KPUCTAILIIE JINTUS

MOXHO OGBSICHUTH Ha NMPHMMepe JIMTUA clefyiomuM obpasoM. B kpucranne

JUTUA OPOUTAIM cOceJHUX aTOMOB mepekpbiBatorcsd. Kaxnsii aToM mpe-

;AOCT&BJUIGT Ha cBA3bp YeTHIpEe BaJI€HTHHIE Opﬁl'lTBJIlfl U BCEro Jumb OIMH
i

BaJIEHTHBIf DJIEKTPOH. 3Ha‘«]l¢lT, B KpHCTaJlJIe MeTaljla YUCJIO JJIEKTPOHOB

3HAYMTENILHO MeHblle yucia opbuTtaneil. [looToMy s7eKTpOHB MOryT mepe-
'XOAMTH U3 ONHOM Op6UTAny B Apyrylo. TeM caMbIM 2TeKTPOHBI IPMHUMAIOT

VIacTHE B OODABCBANNYE CBA3M MOKIY BCOMM aTOMaMM KDHeTalINa MOTain
yaacTHe B OOpa3CBaHMM CBASM MEKIY BCeMM aTCOMaMM KpHITAANIA MOTaAX

K ToMy e aTOMBI MeTa/JIOB XapaKTepU3yIOTcs HEBbICOKOH dHeprueil MOHM-
3agMM — BaJEHTHBIE 3JIEKTPOHBI cJ1ab0 yINepKUBAKOTC B aTOME, T.€. JIEFKO

npnpumn'\m'n-w O BeeMy KpueTanny, BoaMoXHOCTE MepeMenienmst 3JIeKTDO—

eMemanTes BeeMy KPHUCTANTY. DO3IMOXHOCTE NepeMelieHus INeKTPpo

“BOB O KPUCTAJLNy ONpeaesnsieT 3JIeKTpUJecKylo NpOBOANMOCTE MeTallia.

Takum 06pa3soM, B OTAMYME OT KOBATEHTHHIX M MOHHHIX COGIUHEHMIl B
MeTalliax HeGOJIBIIOe YMC/IO JIEKTPOHOB OJHOBPEMEHHO CBA3BIBae€T 6GOJIb-

/o€ YUC/I0O ATOMHBIX sAJepP, a4 caMM 93JI€KTPOHBI MOrYT NEpeMelatbesi B
Metanne. MHaye roBops, B MeTa/lylax MMEET MECTO CHJIBHO JeJIOKaJM30BaH-
'Hasi xuMuYeckasi cBsi3b. COrylacHO OJHON M3 TEOpUil MeTalJl MOXKHO pac-

CMaTpUBaTh KaK IVIOTHO YNAKOBAHHYIO CTPYKTYPY U3 NOJIOKMTEJIBHO 3apsi-
KEHHPIX MOHOB, CBABAHHBLIX JpPYr € JApyroM KOJUIEKTMBU3UpPOBAHHBIMU
9/IeKTPOHaMU (D/IEKTPOHHBIM ra3oM).
Benenersue HeNMOKaIM30BAHHOCTH METa/lIMYECKOi cBA3U IJIs ee ONMca-
HMs ny4lue Bcero non)iouuT TEOpHUsi KPUCTAIINYECKUX OpOUuTaeii.
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§ 3. MEXKXMOJIEKYJIIPHOE B3AUMOJEVICTBUE

Mexay MONEKYyJIaMi MOXeT OCYLIECTBJASIThCSA KaK BIEeKTPOCTATUYECKOoe,
TaK ¥ JOHOPHO-aKLENTOPHOe B3auMomeiicTBue,

DNIeKTPOCTaTHYCCKOE B3aMMOACHCTBAE MOJICKYA. JTO B3anMojeficTBUe
MOJIEKYJT NOApa3NeNsloT Ha OPMEHTalMOHHOe, MHAYKLUMOHHOE M Aucnep-
cuonnoe. Hanbonee ynmsepcanbHo (T.e. nposiBasiercs B JIOOHIX CiyyYasx)
ducnepcuoxKoe, TaK Kak OHO OOYC/IOBJIEHO B3aMMOJEHCTHEM MOJIEKYJ JpYT
¢ JIPYroM 3a CYeT MX MCHOBEHHHX MUKpoaunosnei. Ilpu cOnmkeHuu mone-
KyJl OpMeHTanusi MUKpPOAUIoaeH nepecraer ObITh HE3aBUCHUMON M MX MOAB-
JeHUe U UCYEe3HOBEHNE B Pa3HBIX MOJICKYJIaX NPOMCXOAMT B TaKT APYr ApPy-
ry. CHHXpOHHOE NOsiB/IeHMEe U MCYE3HOBEHME MUKDPOJUNONEH PasHBIX MOJe-
KyJl CONMpPOBOXJaeTcsi MX npUTasxeHueM. IIpu oTcyTcTBUM CHHXPOHHOCTH B
TOSIBJIGHMH ¥ MCYEIHOBEHMH MMKDOJMIIOJEH MPOUCXOAMT OTTATKUBAHUE.

Opuenmayuonroe (ANNONB-AUNOIBHOE) B3aUMOACHCTBUE NPOABJIAETCS
MeXcy MOJIAPHBIMU MoslekynaMu. B pesynbrare 6ecnopsfodHoro TeioBoro
JABVOKEHUsSl MOJIEKYJI TIPM MX cONMKeHUM ApYT ¢ APYTrOM OJHOMMEHHO 3apsi-
XKEHHBIE KOHIOH JAUNOJIEl B3aMMHO OTTAJIKHUBAIOTCA, a NPOTUBONOJIOKHO
3apsikeHHbIe NpUTAruBaiorcs. Yem 6osee NOMAPHBI MOJEKYJBI, TEM CHIIb-
Hee OHM NPHTATMBAIOTCA U TEM CaMbIM OOJBILE OPHEHTALVOHHOE B3AMMO-
AefcTBHe.

Huoyxyuonnoe B3auMopelicTBHe MOMEKYJA OCYLIECTBIAETCA 3a CYET HX
MHAYLUPOBAHWKX Aunosned. JlomycTuM, 4YTO BeTpedaloTcss NOMAPHAA U
HenoJspHas Monekynsl. Ilog meficTBreM NOMSAPHOM MOJEKy/BI HENONSApHAA
MoJieKyna JedopMupyercss 1 B Hell BO3HUKaeT (MHAYUMpYeTcs) AMIOJNB.
WHayunpoBanHeIil JHIONB NPUTATUBAGTCA K NOCTOAHHOMY TUIONIO NOJASP-
HOIl MOJIEKYJHl M B CBOIO OYepelb YCUJIHBAET JNIEKTPUYECKUH MOMEHT
JAUNONSA NOJAAPHON MOJIGKYJIBI.

NHunyknnonnoe psauMomeficTBue TeM Gosblue, 4YeM GObIIE MOMEHT
JAUNOJs U NONAPU3YyEeMOCTh MOJleKlebl.

OTHOCHTENbHBIA BKIAN KaXK/Oro U3 PACCMOTPEHHBIX BUJIOB MEXKMONEKY-
JIAPHBIX CHUJI 3aBUCUT B OCHOBHOM OT JBYX CBOWMCTB B3aUMOAEHCTBYIOWIMX
MOJIEKYJI: MOJAPHOCTH M nonspusyeMoctu (Aedopmupyemoctu). Yem Briue
MOJIAPHOCTE, T€M 3HAYMTENERHEE DO/Nb OPUEHTALMOHHBIX CHI: YyeM 60.b1é
2eOpPMUPYEMOCTh, TeM 3HAUMTEIbHEE pOJib AMCIOPCHOHHBX cua. MHIyk~
[MOHHBIE CHJbI 3aBUCAT OT O0OMX (PaKTOPOB, HO caMli OGLIYHO ‘nrparoT
BTOPOCTENEHHYIO PO.Ib.

Cumbl MEAMOJIEKYJIADHOrO B3aNMOAEACTBHA, BOSHUKaOMe 63 Tepeia~
Yy aToMaMii 371€eKTPOHOB, HOCAT Ha3BaHUe eaudepaaaucoel-lr cua.

HayueHne 31€KTPOCTATMYECKOrO MEXMONEKYJIAPHOrO B3aUMOXEICTBUR
uMeeT 6oNblIOe 3HAYEHWe NN MCCAENOBaHMs CBOMCTB M CTPYKTYPHl rasos,
JKUAKOCTEH 1 TBEPABIX BEUeCTB. DaHAEpBaabCOBbl CHJAB 00YCJ0BANBAIOT
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" opSuranu:
!

NPHTSDKEHME MOJIEKY] M arperanuio BellecTsa, NpeBpalleHue rasoobpas-
HOTO BEHIECTBAa B JKMIKOE M Jajlee B TBepjoe cocrosinue. Tak, Hpy 0XIax-
JeHUM ra3oo6pasHOro XJopa, Halnpumep, o6pa3ylOTcsi KPUCTAJJIb, COCTAB-
nennbie M3 modekyn Cly, Mexay KOTOpHIMM AefCTBYIOT AUCIIEPCHOHHBIE
CUJIBL.

Ilo cpaBHEHMIO ¢ KOBAJEHTHON CBJ3BI0 BAHAEPBAANBCOBO B3AUMO-
neitctie ouenp ciabo. Tak, ecou sHeprust aucconnanumu Momekynst Cly Ha
aTomsl coctabasier 243 kJlx/Moab, TO 3Heprus cy6aumauuy (BOSrOHKM)
kpucrannos Cl, coctasasier 25 k[l /Monb.

Jloropuo-axuenTopaOe B3aMMozeficTBHe MosiekyAa. OHo BO3HMKaeT 3a
cYeT 37IeKTPOHHON napsl OJHOH MOJIEKYJlbl U ¢cBOOOJHON OpOUTAaNM APYTOii.
3710 B3aMMOpEiicTBME TPOABIACTCA B MEPBUYHBIX AKTAX MHOTHUX XUMUYec-
KMX peaKlHii, JJIOKUT B OCHOBE KATAaJIUTHYECKMX NPONecCoB, 06yCc/IOBIMBaET
COBBATALMIO MOJIEKYZ M MOHOB B PACTBOPAX, MOXET NPUBOAUTbL K 06paso-
BaHUIO HOBBIX COSAMHEHUMN.

3a cyYeT AOHOPHO-BKIENTOPHOIO B3aMMOAGICTBUs, HApUMEp, MOJEKYyJ
BF; u NH; o6pasyercs coenunenue (MexMONEKYISIPHEIA KOMIJIEKE) cOCTa-
Ba BF3'NH32

§- b+
H3N - BFS - H3N‘BF3

llpu 3TOM mMONOXMTENBHO NMONAPM30BaHHBIL aToM 6opa B BF;, nmero-
muik csoboaHyl0 opburanb, BHICTYmaeT B KayecTBe akuenropa. Orpuna-
TEJIBHO NOJsPU3OBaHHBIA atoM azoTa B NHj, uMerommit HecBsspBaioumyio
napy 37eKTPOHOB, BHICTYMAeT B KayecTse JIOHOpa:

H F H F
: | ]
H—N: 4+ oB—F —+ H—N—B—H
| | !
H F H F
IOHOPp  aKuenTop

DHeprus MexMONEKYNIAPHOro JOHOPHO-AKLENTOPHOTO B3aWMOZESHCTBUA
Kosebyiercsi B IMPOKOM uuTepBane Oor 6 Ao 12 wlx/monb, uro 6amzko k
3Hepruy BaHIepBaafdbcoBa B3amMmonmeictsus, n0 200—250 kIlx/monp —
" 3HaYeHHA, COMOCTABMMOrO ¢ IHEPrHeil KOBATEHTHBIX CBA3EIN.

B KayecTke IpuUMepa MEXMOJNERYAAPHLIX KOMIVIEKCOE IpuUBejleM COoeaUHEeHUs
Hona co cmmproM Ip+CHsOH, ammmuarxoM Ip-NHgz. GewsomoM i,-CeHe, odupom
I-O(CHj),. [lpu obpa3soBaHMM OTHX COENMHEHWMNt MoJleKyna HOMa BhiCTymaer B
KayecTBe AKUeNTOpa ANeKTpOHHON Naphl 3a cueT cBoBONNOM MoJeKynApHo# = *-
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OHeprusi Auccouyanuy YKa3aHHBIX KOMIUIEKCOB Ha

a MostexyIsr coctapnser cero 8—20 kJlx/mMonb. 3HauM-
S 2 P MOJIEKY T BIIsH JILY
w TeLHO TpodYHee JOHOPHO-AKLENTOPHOE B3AUMOJENcT-

Bie B komriekce AICl;-NHj: oHeprus puccouuaunu
aTOro CoeMHEHMsT Ha MoJlekysdbl coctaBasier 230
kLo / Moub.

JloHOpHO-aKIeNITOPHOEe B3aMMOJeCcTBUE MEX ]y MO—
JIeKyJIAMU ‘YacTo OBYCJIOBIIMBAET Iepexoj] BellecTsa U3
rasoBOro B KUIKOE U TBEPjOe arperaTHoe COCTOSHMA.
Hanpumep, B rasoBoM cocTosiHuu audTopujy Gepui-
Puc 60. CrpykTypa JIMsl HAXOMMTCH B Bijle JUHENHbIX Moslekys BeF:
kpucraia ¢ropuaa Ge-
priunst BeFy

oBe QF

3a cuer cBOGOIHBIX OpOUTANIEN ATOMOB GEPUJUINA W HEcBASLIBAIOMMX {HeONpe-
[le/IEHHBIX) GQIEKTPOHHBIX Nap aToMoB ¢bTopa MeXay Mojiekynramu BeF; BoamoxHo
JIOHODHO-AKUElTOPHOe B3aUMOjeicTBHe. JTa BOSMOXHOCTL PEAU3yeTcs NPy NMOHU-
AeHUM TeMmnepaTyphl: MoJlekysn! BeF, accounupyiorcs c obpasopaHuem mnoimmep—
HOM Moslekyibl BepFap, — kpucramia BeF, (puc. 60). B unem atom Be umeer 4
KOBAJIeHTHEIE CBSIBU.

§ 4. BOJOPOJHAS CBSA3b

TOM, YTO aTOM BOJOPOAA CHOCOGEH COEAMHATLCSH OZHOBPEMEHHO € IBYMA
IPYyrUMM aTOMaMM (BXONSIIMMKM B COCTaB PasHBIX MOJEKyJ WJIM OLHOM U
TOH e MOJIEKYJIbl):
5+ b -
RA-H---:BR,

C opuum us atoMos (A) BOZOPOJ OOBLIYHO CBA3AH 3HAYUTENHLHO CHUJIbHEe
(3a cyer KoBaneHTHOI cBaA3M), 9em ¢ apyruM (B). Iocnenuss caszp momy-
YuJa HaspaHue 6000podnotl. Ee 06b14HO M306pakaloT TOYKaMU WIM IMyHK-
THUPOM. '

Bopopoanast c¢BA3b MO MPOYHOCTH MPEBOCXOAUT BaHAEPBAabCOBO
B3aUMOJIEHiCTBUe, U ee aHeprus coctasiser 8—40 klx/moab. Onunako ona
06pYHO HA NODPANOK cialee KoRanenTHOU cmsizu. Bonoponuas cesze Xa-
paKTepHa [IJIs COeMHEHUN BOAOPOAa ¢ Haubosee DIEKTPOOTPUIATETbHBIMU
anementamn: @ropa (25—40 wlx/mons), kncaopoza (13—29 w[ix/Moas),
azora (8—21 k/Ik/MOZR) — U B MeHBIIeil CTeNEHU XJIOPa M Cephl.

O6pazoBanye BOLOPOAHON CBA3M OO’A3aHO HUYTOXKHO MaJlOMy pasMepy
[OJIOKUTEABHO MOJAPU30BAHHOIG AaTOMa BOJAOPOAA M €ro CIOCOGHOCTH
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r7yGOKO BHEAPATHCA B 3JMEKTPOHHYIO OOOJOYKY cOceiHero (KOBAJIGHTHO ¢
HUAM He CBSI3aHHOrO) OTPULATENLHO MOJISPU30BAHHOTO aToMa. Benemersne
3TOrO NP BO3HMKHOBEHWN BOLOPOAHON CBS3M HApsALY C 3JIEKTpOCTaTHYec—

KUM BRAUMOAEUCTBRUEM 1T

........ LU CTE! NpOdApasgeTcs ¥ AOHOPHC-2RKHUENTOPHOES BIaUMO-

AOHODHO-AKUENTODH M
neiicTBue.

Bogopoznnast ¢BsA3b BeCcbMa PaclpOCTPaHEHa M UIPAeT BaskHYIO POJIb [PU
accoqManyMM MOJEeKyJ, B NpoueccaXx KPUCTA/UTM3aUMH, pacTBOpeHusi, o6pa-
30BaHUsA KPUCTAJVIOCUAPATOB, AIEKTPOJUTUYECKON AMccOouMauuy U APyrux
BaXKHBIX (PUBMKO-XMMMYECKMX NpoleccaXx. Hanpumep, B TBEpaOM, mUIKOM
U Jae B Fa30BOM COCTOAHMM MOdeKynw (ropupa sogopoia HF acconmuu-
pOBaHBl B 3Ur3arooGpasubie HENOYKN BUIa

9TO 06YCJIOBJIEHO BOAOPOIHON CBSA3ZBIO.

Mosiekysia BOLBI MOXeET 0Opa30BHIBaTh YeThIpe BOAOPOAHHIE CBA3M, Tak
KaK HMMeer J[1Ba aTOMa BOAOpPOAa M [ABe HECBA3HIBAIOIINE 3JIEKTPOHHbIE
naphi:

-

5 &-

6#/ \6*
H H

L T el e . - . . -
JTa Luu\;uﬁnuc'rb MOJIERYyJIbl BUJBI U()yCJlUBJIPIB'd.@T cTpoeHne BOABI M

“Ibaa.

Bopmopoanas cBA3p urpaer 6ONLIIYI0O pONb B XMMUM OPraHMYECKUX
COeIMHEHNH, MONUMEpOB, 6eskoB. BesemcrBMe HENPOYHOCTH BOAOPOJHBLIE
CBA3M JIEKO BO3HMKAIOT U JIETKO Pa3pbIBAalOTCS NP OGBIYHOM TemIilepaTy-
P€, 4TO BECbMa CYIIECTBEHHO JJIsi GMONOTMYECKUX IMPOLECCOB.

T JI A B A 5. KOMIUIEKCOOBPA3OBAHHE. KOMIUIEKCHBIE
COEJIMHEHUSA

HCTBYIOT HE TOJMBKO MERAY
ATOMaMH, HO U MEeXJy MOJIeKyJaMHu. DTO MOATBEPKIAETCS TEM, 4YTO B3au-
MOjeiicTBME MOJIEKY/l 4acTO NPUBOAMT K 06pa3OBaHuI0 ApYrux, 60Jee
CroxHBIX MOneKya. Kpome Toro, rasoofpassbie BemecTsa MpHM COOTBETCT-
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BYIOIIMX YCJIOBUAX NEPEXOAAT B XHUAKOE M TBEpJOe arperaTHOe COCTOsHME.
JIio60e BemiecTBO B KAaKOH-TO Mepe pPacTBOPDUMO B JPYrOM BElIECTBE, 4YTO
ONMATE~TaKM CBUAETENECTRYOT O BlammopnelicTsuu. Bo meex aTux cnyuasx
O06BIYHO HAGMIOHaeTcsi B3aMHas KOODAMHANUA B3aMMOJESHCTBYIOMMUX yYac-
TUIL, KOTOPYIO MOXHO ONpPENeJUTh KaK Kounaexcoobpasoeanue. OHO uMeeT
MECTO, HalpUMep, NP BIAUMOJSACTBIN MOJEKYyJ ¢ MOHaMM, NpPOTHUBOMO-
JIOXKHO 3apAXKEGHHBIX MOHOB M MOJIEKYJ7 ApYT ¢ apyroM u T.n. Tak, o6pa-
3yloIpecs: MpU PacTBOPEHUM coJied B BOJAE MOHBI TUAPATUPOBAHH, T.€.
BOKDYI HUX KOODAMHWPOBAHBI MOJIEKYJBl PacTBOpUTess. BaanMHas Koop-
AUHaAUA MOJIeKyJT Haﬁmouae'rul Ipu mnepexoae pemecTsa U3 ra3oBoro B
KUIKOE U TBEp0e COCTOSHUA U [p.

IIpUYKHO KOMIJIEKCOOGPA30BaHUA MOXKET OBITh KaK 3JeKTpOCTaTh-
YecKoe, TaK M [OHOPHO-AKIENTOPHOE B3aMMOAEHCTBME, OCYUICCTBIAEMOE
Memﬂy HUOHaMu U Monenynamn, MEKAy MOJIEKYJlaMH.

§ 2. KOOPJIUHAIIUOHHHE (KOMIVIEKCHBIE)
COEJUHEHUA

OcHoBOnONaraIye NpeCcTaBlIeHUsl O KOMIUIEKCHBIX COSIUHEHUAX BBEJ
B Hayky mmBeiiuapckuit yuensiii Anpdpen Bepuep (1892). B pazsurnn

Yyraesa u ero wMuorouncieHHelx yueHukos — W.U. Yepusiesa, A.A.
I'punbepra, B.B. Jiebenunckoro u ap. Ilo BepHepy, B 6onbmnHcTBE KOMI-
JIEKCHBIX COGIMHEHUI DasjiNyaloT GHYMPENNIOI U onewnroro cPepsi. Ha-
npuMep, B KoMIuleKcHbIx coepunenusx Ko[BeF,], [Zn(NH;),|Cl, BuyTpen-
HIOW cepy COCTaBIAIOT TPyMIMPOBKM aTOMOB (KOMIUIGKCh) [BeF4]? n
[Zn(NHj)4)2*, a sremnioo chepy — coorsercreenno nonst K* u Cl°. Ilenr-
paibHBIf aToM (MOH) BHYTpeHHEH cephl SIBISETCA Xo.unaexcoobpasoeame-
A€, 3 KOODAMHMPOBAHHBIE BOKDYF HErO0 MOJIEKYNb (HMOHBL) — Auiandam.
B dopmynax KOMIJIEKCHBIX COLMHEHMII BHYTpeHHIOI cdepy (Kommekc)
YacTO B3aKJIOYAIOT B KBAaJPATHHIE CKOOKM.

OO6ImenprU3HaHHOTO ONpPEfeaeHs MOHATUA ''KOMIUIEKCHOe coefuHeHue"
HeT. D70 OGyClOBIEHO pPasHOOGpa3veM KOMIIJIEKCHHIX COSNMHEHUN U UX
XapaKTepHbIX cBOicTB. B na6GopaTopHOil NpaKTHKe XHMHMKU Yallle BCEro
HUCIONB3YIOT COSAMHEHUS B TBEpPJOM M PAacTBOPEHHOM coctosuuu. [last atux
YCJIOBUHM MOXHO JaTh CJIeNYIOlee ONpEeAe/IeHNe KOMNJIGKCHBIX COSUHEHM ji:
KOMUNAEKCHBLUU HaA3BLEAOM COEd‘U'NCHuﬂ, 8 Y3raT Xpucmaaraoe m)mopuz
HATOOIMCS KOMNAEKCH, CNOCOGHBIE K CAMOCMOLMEALNOMY CYULECTNE0BANUIO
6 pacmeope. Cnenyer OTMETUTb, YTO TaKOe ONpEeNeHNe, KOHEYHO, [alleKo
HE MCYEpNbIBaeT CyliecTBa HOpoGjeMbl U NPUMEHMMO JUIIbB B W3BECTHBIX
opefienax.
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Knaccudpuxammn kommekcos. [lo xapaKkTepy 5JEKTPUYECKOIO 3apsifia
pasNMYAlOT KaTMOHHBIC, aHMOHHEIE 1 HEMTpaJIbHbIe KOMIIeKchl. B npuénu-
JWEHUM WOHHOM MONEJNIN 3apsll KOMIIEKca MpecraBasier coboi alreGpan-
9ECKYIO CyMMY 3apsf0B O6GPa3yOLAX ero YacTHIl.

Kamuownnsti KOMIJIEKC MOXKHO paccMarpuBaTh Kak oOpa3oBaHHBIM B
pe3ynbraTe KOODIAMHANMM BOKDYr TOJIOKUTEJNBHOTO MOHA HEATpalbHBIX
monexyn (H,O, NH3; u ap.). Monexynn HyO u NH; B HOMeHKnarype
KOMIIJIEKCHBIX COSJMHEHNit Ha3bIBAIOT -4Xea- U ~aMuUN COOTBETCTBEHHO:!

[[Al{OH2)6]Cls — TpuxJiopuj reKcaakBaamiOMUHUST, WA
xJlopup rekcaaksaastomutnst (111)

[Zn(NH3)4]Cly — nuxsopua TeTpaaMMUHLMHKA, MM
xJlopug Terpaammuauuika (11)

CoepuueHusl, CONEPKAMME aMMUHOKOMIUIEKCH], HA3bIBAIOTCA QUUUAKA-
mamu, COfepKalue aKBaKOMIIIEKCH — tudpamany.

B ponm komniekcoobGpazoBaTellsi B GHUONKOM KOMILIEKCE BHICTyNaer
aTOM ¢ MOJIOKUTENHHOM CTENEHBI0 OKUCIEHUsA ([OJNOKUTENbHBI HOH), a
JUTAaHZaMU  SABJASIOTCS aTOMbI C OTPUIATENIBHOM CTENEHBbIO OKUCJIeHUs!
(anunonn). OTpunaresibHBIN 3apsl KOMIUIEKCA OTpaxaloT HO6aBleHMeM K
JIATUHCKOMY HAa3BaHUIO KOMIJIeKcoobGpaspBaTensi cypdukca -am, Hanpu-
Mep:

K,[BeFy] — Terpadpropobepuinar (1) kamus
K[AOH)sa] ~— Tterparugporcoamiomunat (111} xamis
Nay[SO4) — Terpaokcocyibdat (VI) Hatpust

K3[Be(SO4)2] — mucynbdarobepunnar (11) xams

HeiitpanbHble KOMIIJIEKCHE 06pasyOTCA NPH KOOPAMHALMM BOKPYT aToMa
MOJIEKYJ1, a TaK)e NP OJHOBPEMEHHOI KOODAMHAIMYU BOKPYT MOJIOXKUTENb—
HOrO MOHa-KOMIIJIEKCOOOpa3oBaTellsi OTPULATENIBHEIX NOHOB M MOJEKyJl.
Hanpumep:

[Pt{(NH;3)Cly] — auxnopoguammunnnarusa (11)
[Ni(CO)4)]  — Terpakapbonus HUKeNst
[Cr(CeHe)2] — mubensonxpom

OJIeKTPOHEATPATIBHEE KOMIIJIGKCHl, CJ1EOBATENBHO, SBJAIOTCA KOMII-
JNIEKCHBIMU COSMHEHUAMU Ge3 BHeNIHel cdephl.

Ponr xoMnnexcoobpasoparelisi MOXET UrpaTh 1060M 3J7EMEHT NepuoIUu-
YecKoi cucreMbi. B coOTBeTcTBMU €O CBOEil XMMMUYECKONl NpUpojoil Heme-

. TAJINYECKUE 3JIEeMEHThl OOBIYHO JAalOT aHUOHHBIE KOMIUJIEKCBEI, B KOTOpHBIX
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pOJIb JIMFaHAOB UIPAIOT aTOMbl HanGOJiee 3JIEKTPOOTPUIATENLHBIX 3J1eMeH~
tos, Hanpumep K[PFg], K3[PO4], K;3[PSs]. UTo ke Kacaerca THOHUHBIX
METaJLINYeCKUX 3JIeMEHTOB (IUEJIOUHBIX M IUEJIOYHO-3EMEeNbHBIX METaJlJIOB),
TO CNOCOBHOCTH K O6pa30BaHUI0 KOMIJIEBKCHBIX COeMHEHUM ¢ HeopraHudec-—
KUMM JMTaljiaMi y HUX BhipaxeHa cia6o. MMeomuecs HEMHOrOYKc/IeHHble
KOMIUIEKCHBIE MOHBl SABJIAIOTCA KaTMOHHbIMM, Hanpumep [Sr(OHj)e]Cly,
[Ca(NH3)g]Cl;. AMdorepHble 31eMeHTH, KOTOPble 3aHUMAIOT HPOMEXYTOu-~
HOE NoJIokeHne My TUNUIHBIMA METAJUIMYECKUMU M HEMeTa lJIMIeCKNMI
3JIEeMEHTaMM, O6pa3yIOT Kak KaTHOHHBEI®, Tak M aHMOHHBI® KOMIIJIEKCHI,
nanpumep [Al(OH,)e]Cls n K[AI(OH)4].

Knaccndpuraupsi maraggos. JIuraHasl MOTYyT 3aHUMaTe B KOOPAMHAIM-~
OHHOI chepe OFHO MM HECKONBKO MECT, T.€. COBAMHSATHLCS ¢ LEHTPAJIbHBIM
aTOMOM MOCPEACTBOM OJHOIO MJIM HECKOJBKUX aToMoB. Ilo 3TOMy mpu3Haky
pa3finyaloT MOHOMAEHTaTHble, NUAEHTAaTHble, TPUIEHTATHbIe, ..., NOJUAEH—
TaTHble Juranasl (or snar. dentalus — umeromuit 3y6et). [IpuMepamu moHO-
JIeHTaHTHBIX Jurangos asisitorces noss Cl-) F-) OH", monexynsr NHjz, H,0,
CO u gp. K 6ugeHTaHTHEIM OTHOCUTCS, HallpUMep, MOJIeKyJa 3TUJEeHna-
muna HoN—CH,—CH,—NH; (cokpamennoe o6osHaueHue en). Komnnekesl ¢
[NONMMAEGHTAHTHHIMU JIMTaHJaMU HA3bIBAIOTCS XEJIATHBIMU (MM KJIEIIHEeBUI-
uelMu, OT rpeu. chelate — wkiemns). Huke npuseneHsl HexenaTHHIA U
xenarHelit kommtekest Megu (1I):

24 H, H, 2
}131~:\Cu _NH, HZT—N\Cu _AN=CH,
HNT ONNH, HC-N-"  “N\N=CH,
H, H,
[Cu(NH;)4)2* [Cu(en),]?*

B kauecTBe 6UIEHTAHTHBIX JIMTAHAOB YaCTO BhICTYMAIOT TaKkKe WOHBI
CO%, SO%" u uM nogobHsre:

NH g +
H3N\l PN
Co
NH 4

SO;

MHorue snuraHAB MOTYT BBICTYNaTh TaKkKe B KauecTBE MOCTHKOBBIX
aToMoB (Ipynm aToOMOB) B MHOFOAAEPHbIX (MONMMEPHBIX) KOMIJIEKcax.
Hampumep, ueHTpajnbHbIE aTOMBl OKTad[ApUYeCKuX KOMIJekcoB (puc. 61)
MOTryT GbITh cOeAMHEHHbl MOCPENCTBOM OIHOIO, ABYX WJIM TPEX MOCTHKOBBEIX
aToMoB (rpynn atomos). [logo6Haa kapTuHa HablOmaeTcs, HampuUMep, B
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P u c. 61. [IByxbanepHble KOMIIEKChL:

OKTaBAPbI 0GbeMHEHbI IOCPECTBOM OLHOrO (a), ABYX (6), TpeX (8) MOCTMKOBbIX ATOMOB

coeaunernsx kobansra (I11). CTpykTyphble GOPMYJIBI HEKOTOPBIX U3 HUX
npuBeAeHbl HUXKE:

NH; NH, H
HaN H NH, 0
H3N>(l?0—0—-(l?o{-1\‘ﬂ3 Qs (HHN)4C0/ Co(NHz)4 | Cly
HyN~" | ] “\\NH, ~N
NH, NH, H
H,
N .

(H3N); Co——0—— Co(NH3); |Cl;

N
Hp

KoMnexcHble coegvHEHNst WMPOKOrO pacnpocTpaHeHbsl B NPUPOJE,
UIPalOT BaXHYI0 poNib B GMOJOTMYecKux MNpoleccax. JloctaTouHO ynomsi-
HyTh XeJIaTHEIE KOMILIEKChl — réMOrjo6iH KPOoBU (KOMIJIEKcOO6pa3oBaTeln
Fe2*) u xsopodunn senennix pacreHuii (KoMILiekcoobpasosatens Mg2*).
KoMniexcHEle coenpHeHMs HaXOmAT caMoe pasHOOGpa3HOe MpaKTUUecKoe
npumeneue. Tak, o6pa3soBaHNe XeNaTHbIX KOMILIEKCOB MCIOJB3YETCA MpU
YMArYeHUN >KECTKOH BOJAB M PacTBOPEHMM KaMHeil B [OYKaX; BaXHEHIIYIO
POJIb  UTPaIOT KOMILUIEKCHHE cOenuHEHUs B aHAaIMTHIECKOH MNpPaKTHKE,
NPOU3BOACTBE META/UIOB U T.J.

§ 3. OMMCAHUE KOMIUVIEKCHBIX COEJUHEHUNA C MO3UIIUN
TEOPHUMU BAJIEHTHBIX CBA3EN

Teopuﬂ CTPOEHMA KOMIJIEKCHBIX COeJUHEeHWI BO3HUKJIA U3 MONBITOK

OTBeTUTEL Ha BONpOC, MOYEMy MHOTHME YCTOMYMBEIE MOJIEKYJBl CIIOCOGHBI

MPUCOEANHATECA K KOMILIEKc006pa3oBaTelio.
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IlnsA o6bsACHEHMA OGPa3OBAHUA M CBOMCTB KOMIIEKCHBIX COCAMHEHUN B
HaCTOALIee BPEMA MDUMEHSAIOT PAJL TEOPHUil, B TOM YMcJe TeOPHMIO BAJIGHT-
HeIX cpazeit. O6pa3oBaHue KOMIUIEKCOB TEOPUS BAJIEHTHEIX CBA3EH OTHOCUT
3a cYeT MOHOPHO-aKIENTOPHOro B3aMMOAENCTBMA KOMIJIEKCOOOpa3oBaTens
u aurangos. Tak, ofpasoBaHue Terpasapuueckoro uoHa [BeF4]?” moxkHO
0OBbACHUTL CJIEAYIOIIUM 06pa3oM.

2s 2p
Be?t ! — — —

sp? -rubpunuzauus

Won Be?*, umeromuit cBobOmHEIe 25~ U 2p-op6uTanu, AB/ISETCSH AKUENTOPOM
YeTplpexX JJEKTPOHHBIX Map, NpPegocTaBAgeMEX PTOPUA-MOHAMH:

F Fl2
~ /
Be?* + 4:FF — Be
aklern-  JOHOD TerpadTopobepu-
Top nar(I1)-uon

Tetpaanpudeckoe crpoeHue KOMIUIEKCHOro noHa [BeF4]% obycsosneHo
spi-rubpHuau3anmeil BAEHTHBHIX OpOUTAIEl 6epHILIINL.
TakuM ke 06pa30M MOXKHO NOKas3aTb, YTO NPHU B3aMMOJENCTBMM MOHa

Cl’3+
45 4p

3d
ety A A — - - —

d?sp3-rubpuausauns

¢ MOJIEKYJIaMM BOIBL O6pa3ye’1‘c5{ ox’raa,upuqecr{uil KOMIIJIEKCHBI  MOH

[Cr(OHy)e]**:

OH, 3+
HO~ | _-OH:
o+ 6oH, = Cr
1,077 | “NoH,
OH,
AaKILeNTop JAOHOD FeKCaaKBaXpoM

(111)-wron

OkTasgpudecKoe cTpoeHue 3TOro uoHa (c. puc. 51, 3) onpenensercs
d2sp3-rubpunusanueit op6uTaNeil XpoMa.
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OxTasapuyeckne KOMIUIGKCH 06pa3ylOTcA TakxKe MpU B3auMOASHCTBHH
nona Cr3* ¢ GrOopuA-, rUAPOKCHI- M APYrUMM JIMTaHJaMU:

F 8
F\ | /F

Cr®* + 6:Fr — Cr,
- | N\
F
akiuenrop AoHop rexcadropoxpoMar
(II)-uon
A TH .
HO: H
Cr* + 6:0H — \Cr/o
1o~ | on
OH
aKuemop  ZoHop PeKCATHAPOKCOXPOMAT
(I11)-stom
THS 3+
NHg4 NHg
o 4 et o] N
NH”"| NN,
NHg

aKuenrop  JAoHop rexcaammutoxpom (111)

Bosnee mopo6uO XMMUA KOMNJNEKCHRIX cO/MHEHHME paccMaTpUBaeTCst B
4. 2, pazgesne II1.



Pazgen 11|
ArperatHoe cocTosHue. PacTBopsl

Tlpuposa roBOopUT ASHIKOM MAaTEMATHKM. BykBel aroro
SABHIKA — KDYTH, TPeyrONIbHUKM U MHblEe MaTeMaTHUyec-
KHe GUrypsl.

B 06BIYHBIX yCJIOBUAX ATOMBI, UOHE U konexynm HE CyIECTBYIOT MHAM-
BuAyanbHo. OHM Bcerma cOCTAaBNAIOT TONBKO YacTH 60jee BHICOKOM OpraHd-
3al¥ BELUECTBa, MPAKTUIECKN yJacTBYIOWIETO B XMMUYECKUX PEBPalll€HU—
SX, — TaK Ha3bIBA€MOI'O lPelamMHOL0 COCTROINUSL.

B 3aBMCHMOCTH OT BHEIIHMX YCJIOBMiA BelIECTBA MOTYT HAXOIUTHCA B
Pa3HBIX arperaTHhIX COCTOAHUAX — B [a30BOM, XUAKOM, TBepaoM. [Ipupoaa
CUJl MPUTSKEHUS 9YacTHI,, O6pasyloluMX BELIECTBO, BO BCEX COCTOSAHUAX
9JIeKTPUYeCKasn, T.e. NPAMO MJIM KOCBEHHO CBS3aHa ¢ y4JaCTHEM 3JEeKTPO-
HoB. [lepexon M3 OLHOrO arperaTHOro COCTOAHUA B APYroe He COMpPOBOMNIa—
ercs M3MEHEHUEM CTEeXMOMETpUYeCKOrO COCTaBa BelecTBa, HO 06s3aTeNBHO
CBsi3aH ¢ GONBIIMM MAM MEHBIIMM M3IMEHEHWEM ero CTPYKTyphi. B aTom
CMBICJIE [IEPEXOfl U3 OJHOI'O COCTOSHUS B APYroe OTHOCHTCH K SABACHUSAM
xuMmudeckuM. Koneuno, sgech, Kak U Beerna, HYXHO NOMHUTH 06 OTHOCH-
TEJIBHOCTU U YCJIOBHOCTH pa3rPaHNYeHusi, B TOM 4Yucjie U pasCpaHN YeHUs
NOHATUH DUBNYECKOE M XMMUYECKOE ABJIEHUE,

Pacmeopon HazpiBaloT OHO(A3HYIO CHCTEMy I[EpEMEHHOrO COCTaBa,
COCTOAINYI0 M3 ABYX WM 6onee KOMIOHEHTOB. PacTBOpHl MpencTaBAAOT
coboit romorennrie (OZHOPOZHBIE) CHCTEMBI, T.€. KaXIblil U3 KOMIOHEHTOB
pacllpefiesleH B Macce ApYyroro B BUAE MOMEKYJ, aTOMOB Miau MoHoB. Kom-
MOHEHT, ArPETATHOE COCTOSHME KOTODOre He M3MeHgores NpH o6pa3zoBaHuy
pPacTBOpa, NPUHATO CYUTATh pacmeopumesen. B ciaydae Xe pacTBOPOB,
00pa3ylomuxess NpM CMeIIeHWH [a3a € Fa30M, JKUIKOCTH C JKULKOCTHIO,
TBEPAOrO BEINECTBa C TBEPABIM, PACTBOPUTENIEM CYUTAETCS KOMIOHEHT,
KOJINYECTBO KOTOPOro B pacTBOpe Npeobiagaer. PacTBopbr GbIBAIOT ra3zoBbi~
MU, KUJKUMHI U TBEPIBIMHU.
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O6pazoBanue TOr0 MAM HHOIO THIA PacTBOpa OOYCJIOBIMBAGTCA TEMH
e CUaMM, KOTOphIe ONpeessoT BO3HUKHOBEHWE TOTO WM WHOIO arpe-
FATHOrO COCTOSHMS, T.€. MHTEHCUBHOCTBIO MEXMOJIEKYJIAPHOrO, MEXaTOMHO-
0, MEXKHOHHOIO MM APYroro BUAa BaaMMOAeicTBuA. Pa3nuua 3akiiouaer-
¢ B TOM, 4TO OGpa3OBaHME pacTBOPa OOYCJOBAMBAETCHA XapaKTepOM M
MHTEHCUBHOCTBIO B3aUMOJIEHCTBUSA YacTUL, Pa3HBIX BEIECTB.

TIOHATHO, YTO MO CPAaBHEHMIO C MHAMBUAYaJbHBIMUA BELIECTBAMU PAcTBO-
pBI CJI0XHEE [0 CTPYKType.

I'J1ABA 1. TBEPJJOE COCTOAHUE. TBEPJILIE
PACTBOPHI

§ 1. KPUCTAJIJIBI

M ABJIA-

Tio cTenenm paclpOCTPaHEHHOCTH CPEAX TBepZAbiX TE&Ji OCHOBHbIM
ercsi  Kpucmaaauueckoe COCTOAHME, XapaKTepU3yloIieecss OMNpeAeseHHOK
opuenTanueii 4acThl (aTOMOB, MOHOB, MOJIEKYJI) OTHOCMTENHLHO APYr ApYra.
JTO onpepenser M BHEIIHIOW (HOPMy BelecTBa B BUAEe Kpucralna. B mme-
aJIbHBIX CJy9asix KPHCTAJI OTPaHHYEeH [UIOCKUMM TPaHAMH, CXOLAMNMUCS
B TOYEYHBIX BEpUIMHAX M NpAMOnuHeiHbix pebpax (puc. 62). Omunounbie
KpPUCTAJI6l — MOHOKPUCTA/LIBL — CyIIECTBYIOT B MPUPOJE, UX TaKXKe Moay-
galoT uckyccrBeHHO. OpHAKO Yale BCEro BeTpevaloluecs Kpucralinyec—
KHMe Tejla MpeACTaBAAOT COGOH NOJAMKpUCTalJHdeckue OOpa3OBaHUsA —
CpPOCTKM 6OJBIIOTO YMCIa NO-Pa3HOMY OPHEHTHMPOBAHHBIX MEJIKHMX KpucTal-

JIOB HEMlPaBUJILHOMN BHEIUHeN (POPMBL.

P uc. 62. Kpucranne CaSOg4-2H,0 u Mg(NH4)POy-6H,0, no-
J'(yw)eﬂﬂ.bxe TPY KPUCTAIUBAUMM U3 PACTBOPOB (MOJ MUKDPOCKO-
oM



@opMy KPUCTAUIOB M3y4aer xpucmaasowpadus. JIisi onucanus ¢HopMbl Kpuc-
Tajl7I0B TOJIB3YIOTCS CHUCTEMON Tpex Kpucra/lorpaduueckux oceit (puc. 63). B
oT/IMUMe OT OBBIUHBIX KOODAMHATHBIX OCeil 3TH OCH NpPefcTARIAIT co60i KOHeuHble
OoTpe3kM a4, b u ¢, a yrJIBl MeMIy HUMU MoOTyT 6biTh NDSMBIMU M KochbiMM. B cooT-
Puec 63. Cucrema BETCTBUM ¢ reoMeTpuyecKoil HPOpMOM KPUCTAJIOB BOBMOXHB! CJIEflylolIMe UX CUCTe-
7 _ KpucraiorpadbuHeckux Mbl (puc. 64): xybuwecxas, memparonarsHas, OPpMOPONOULECKAS, MUONORAUNNAL,
LL__, KOODAMHAT MPURAUNNAS, 1eKCALONAALHAL U PoMboadpuneckas. Kak BumHo ua puc. 64, cucreMmbl
: KDHCTAJUIOB PasiIMMalOTCA XapaKTepoM B3aUMHOTO DacllofloeHUs KpHcraiorpadu—

qeckux oceit (o, f, ¥) v UX WHo# (a, b, c).
CuMMeTpusi BHelllHeil ¢OPMBl OTpaXxael CUMMETPUIO BHYTDEHHE CTPYKTYpb

KpUCTaJlla, T.e. TMPaBW/BHYIO [EPUOAMUECKYI0 TOBTOPSEMOCTb PACIOJIONKeHUs
YaCTHI B y®/1aX IIPOCTPAHCTBEHHONM PpeElIeTKM TOro WJIM HHoro BUpa. XapaKkTep—

T m HOV OCOOEHHOCTBhIO KPUCTA/UIMYECKUX TeJl, BbITEKaolell M3 UX CTPoeHMs, sIBIsA-
. \ erca anuzomponus. OHa NpPOSIBIISieTcA B TOM, UTO MeXaHUYeCKMe, JIEKTPUUYeCKHe
aj- a = - C u apyrue CBOVICTBa KPUCTAJVIOB 3aBUCAT OT Haﬂpa.BJIEHHﬂ BHelllHero BOS}[eﬁICTBHﬂ
1;/ N “ CHJT HA KPHUCTAIL

[} l‘laC’I‘ML[bl B KpHUCTaJUIaX COBeplaloT TEIJIOBble KOJ'{%BX:{MH OKOJIO I1OJIOKEHUSA
Kybuvecran rempazonansnan paBHOBecHs (ydla KPUCTAJLIMYECKOH DElIeTKH).
a=b=¢ a=b=#c
a=p=y=90° o=y =90°
§ 2. TUTIBI XUMHUYECKON CBA3U B KPUCTAJIJIAX
B cooTBercTBMM ¢ OPUPOAOH COCTaBIAAOIMMX CTPYKTYPHBIX YacTHIL
i© £ KPUCTAJIINYECKUE DPEelleTKH MOCYT OBbIThb MOHHBLIMU, aTOMHBIMU (KOBaJIEHT-
Jl- b ﬂw 5 ' HBIMU MU METaJlIM9ecKUMM) U MOJEKyAspHbimu (Tabm. 12).
-==17 ] /e Hounas pelnerka cOCTOUT M3 MOHOB MpPO-
: . THUBOMNOJIOKHOrO 3HaKa, YepeAyloIIuxcsd B T
dgmapamiuyeLnan MOKORNURHAA TPUKAUHHAA vanay (eM. nue. 57 u 58)
avb e akb#c arb*c Lo YT A e B S
a=g=y=90° a=y=490° a#ﬁ:ﬁ)’#!ﬂ“ B amomnwviz pemerkax aTOMBI cBS3aHBI

B30 KOBAaJIGHTHON MJAM MeTeJNIN4ecKON CBA3BIO.

P IIpuMepoM BemecTBa ¢  aTOMHO-KOBAJIETHOI
\ . pelleTKON siyseTca aqmas (puc. 65). Meran-
: D d . JIBl U UX COJaBHl O6pPa3ylOT aTOMHO-METaslau-
]
y
1 ;
i
A4

HYeCKHe KPUCTAJJIBE.

Y /o ‘ i
\<I/ “g\ Vaasl  moaexyaspuoll KPHCTAINIECKOMN 'y \o
| pewetku ofpasoBanbl Mosekynamu (puc. 66).

rexcazanansnan Pamboadpuveckan B kpucramnax Monmekynn cBAsaHbl 3a cuer
a=b#c a=b=¢ ) . P u c. 65. Crpykrypa anmasa
a-ﬁ=!ﬂ° ]=,2”° u=ﬂ=y#.90° MeJKMOJIGKyJ!ﬂpHO[‘O B3aMMOJEeNCTBUS.

Jlna coenuHeHuM, MoJleKyJIbl KOTODBIX CONEPXKAT ATOMHble Ipynnuposru F—H,
CTPYKTYPY KPMCTaJUIOB B OCHOBHOM OIIPEfeJIsieT BOMOPOAHAT CBASb.
a BOfbi, MMelolliasi aBe MOAsApHbie cBsisy O—H 1 jBe HanpasiieHHbie
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P u c. 64. OcHoBHble CHcTeMbl KPUCTAIVIOB




mpu 15 °C ono cocraBnster 4,4, a npu 83 °C
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P u c. 66. Kpucranmmyeckue pemerku:

a — aprosa; 6 — wosa :
HECBA3BIBAIOIIME WWIGKTPOHHHE Maphl, MOXeT o6pasoBBIBATE YeThpe BOZOPOJHBIE
cBssu. [lootomy B Kpucramwie nbaa (puc. 67) kaxnasi Monekysla BoAbl TETpasApU-
YeCKH COEIMHEHA BOAOPOAHBIMU CBA3SIMU C YETHIPbMS OJIMKAMIIMMU K HEH MOJIEKy-
J1aMH, 4YTO B IUIOCKOCTHOM M30GDaMeHNN MONKHO NMPEICTaBUTH CXEMOi

N\

Tlockosbry BomOpofHasi CBASH AJIMHHeE KOBAJEHTHOM, CTPYKTYPa JIba HOBOJIBHO
PbIXJIasl ¥ MMeeT MHOI'O CBOGOHBIX MOJIOCTEN. DTUM OOBACHSETCs] HeoOBbIUHO MaJast
IJIOTHOCTb JIbia M CIOCOBGHOCTH 06pasoBBI-
BaTh TaK Hal3blBaeMble xAamMpamusie COeU—
Henus. B ais JbJa  KOOpAMHAIMOHHOE
YHco aToMa KMcilopola paBuo 4, T0 B BOze

— 4,9, Tak KaK HEKOTOphle MOJIEKYJHI BoJbl

CBA3AHHBIMY MOJIEKYJIaMU.

Pazmnuna B TMIE XUMUYIECKON cBA3M
KPHCTAJI/IOB ONPeAeNAIOT CcyIlecTBEHHOe
origumre (PuU3MIECKUX ¥ XUMHYECKUX
CBOiicTB BelllecTBA € MOHHO#M, AaTOMHO-
KOBalleHTHOM, aTOMHO-Merannmdeckoir u D ¥ ¢ 67. Crpykrypa nbga. Kawgas
MOy NADHON PemeTKof (cv. Taba, 12), MOIEKYIa TeTpasipuuecku camoaa c

yAap p (cM. : ) COCEAHUMU
Tak, pemecTsa ¢ aTOMHO-KOBAJIEHTHOMU




PEeLUeTKO XapaKTepu3YIOTcs BRICOKON TBEPAOCTHIO, 8 € ATOMHO-MeTallIu-

YecKO# peleTKON — NJIaCcTUYHOCTBIO.

Beinectsa ¢ HOHHOR ¥ B OCOGEHHOCTH ¢ ATOMHO-KOBAJIGHTHOM peleTKO#
061a/ia10T BHICOKON TEMIIEpaTypoil MjiaB7eniA; OHW HedeTyuu. IJocKOABKY
MEXMONEKYNAPHLE CHk cabbi, BElleCTBa ¢ MOJIEKYIADHON pelierkod (¢
ofHO- M TpexaTOMHbiMH Monekynamu — He, Hy, O, O3 u CO, u ap.)

HalpOTHUB, JErKONJIaBKH, JeTy4H; TBepAOCTh UX HEBEJIUKa.

§ 3. OCHOBHBIE CTPYKTYPHBIE THIIBI HEOPTAHUYECKHX
BEILECTB

Mo xapakTepy Me)aTOMHHIX (MEKHOHHBIX) PaCCTOAHMI B KpUCTaNIax
Pa3nIMYalOT OCMPOGHME, UYENHME, CAOUCTIBIE U X00POUHAYUONNBLE CTPYK~
TYpH.

Ocrpopuie, nemoure @ cnogerne crpyxrypnr. B ocrpopmwiy, menunix u
CJIOMCTHIX PeIeTKaX MOXHO BHAEAHUTh TPYNILl 8TOMOB, KOTOpble 06pa3yloT
COOTBETCTBEHHO W3OMMPOBaHHHIE OCTPOBKM, GGCKOHEUHblE UENH U CJOM
(cerku). Ponb OCTPOBKOB, Leneit M CJ0EB MOTYT MIPAThb MONEKYAb! HIH
KOMIITIKCHBIE MOHKL.

K ocTpoBHHIM OTHOcsATCA Moiexynspusie (cM. puc. 66 u 67), a Takxke
MOHHLIE DellIeTKH, COCTaB/IeHHbIe U3 cloXHHX MoHos (puc. 68). Iocnennue
UTPalOT POJIb CAMOCTOATEILHBIX CTPYKTYPHHX €AMHMI M 3a8HUMAEIOT COOT-
BETCTBYIOLIME Y3/Ibl KPUCTANINYECKOI PEILIOTKH.

Tak, B kpuctannax K[SiFg] u [Ni(NHj3)e)Cl, ponb octpoBkoB urpator

okTasApHueckHe KoMIekcrbie work SiFE u Ni(NH3)3™ (puc. 68).

36

IENN A
T 2F3/§ §
P u c. 68. Kpucranamyeckas pemtetxa
+
coenunermit  tmma:  Mz[OHalg] wumm

A <
in -.-i
2 , (M (NH )Xo

) o /L okTazgpel  ~ womm  SiF§,  TiCI,

- —ZL \VZ Ni{NHg)§": npyis — wonsi NH§, K*, T,
iz ; 3; éE Br™ u ap.
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PaccmoTpuM HEKOTOpHE THOB pened u cerok (CJIOEB), U3 KOTOPHIX
06pasoBaHH XUMHMYecKne coeinHenus. Hdomycrtum, ans atoma A Xapakrep-
HO KOOPAMHANMOHHOE YHcJIO 6 M npM ero coyeranuy ¢ aromaMu B obpasy-

CTPYKTYPHBIE E€AMHMNBI APYT € APYrOM HE CBA33HH, TO BO3HMKAeT
OCTPOBHast cTPYKTypa. Eciim xe OKTasApuyecKue CTPYKTYPHHIE eJUHMIUbI
06beAMHAIOTCA APYr € APYrOM, TO B 3aBHCHMOCTH OT cnocoba ux obbeam-
HEHUS BO3MOXHK CJEAYIOUINE cIy4aH. .

1. OxkTasnpuyeckas cTpykTypHas enununa ABg o6vennuserca ¢ cocep-
Heft yepes O 1 H 'y BepuidHy, o6pa3ys GEeCKOHEYHYIO Lelb CTeXMOMETpH-
yeckoro coctasa ABs:

B B B B
. |/
—ATp—AZ B~
A1 A
7 i 7 i
B B B B

2. Cocennue okTadapet ABg o6beaMusAloTcs A BY M A BepIMHA-
mu (pe6poM), 06pa3ys GECKOHEWHYIO Uelb CTEXMOMETPHYECKOTO COCTaBa

Bs

NN
B: B B
\A/ >A/ \A/
~ ! \B !\B/! \B
B B B

3. Okrtasgpuueckue cTPyKTypHble eauuuusi ABg o6bvenuusiores c
YeTH DPbMSA COCEIHUMM Yepe3 BePIMHEL B MOJOCKYI0 ABYXMEpPHYIO
ceTky (cioit) cTexmoMerpuueckoro cocrapa ABy:

B ./ g e
VA v
B B/_l B E/!
VAN VN
2
B B
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4. Okrasppuyeckue cTpyKTypHble eameunn ABg obveammsiores c
TpeMsa cocefHNMN pebpamu, 0b6pasys cJIOH CTEXMOMETPHUUYECKOro cocTa-
Ba ABj:

P
~ ~
/A B/A
SEREN
- B\,/B
A\ A
ENPN I
Bl B | B
A A
o PN
57| B e
i _B B_|

5. Okrasgpel ABg o6bennusaloTes pebpaMm ¢ W e c T b 10 COCOTHMMM,
0bpazys cJIOl cTexMomeTpuueckoro coctaa AB,:

B B
B\II\'/B\J\/B
B/I\B/l\B

B\L/B\, /B\|/
B~ | \‘B/T\B/T\
B\l/B\L/B\
B/I\B/I\B/

B B

6. Okrasgpnueckme cTpykTypHble eamuuusl ABg o6venmmsiores c
mecThb KW COCeNHUMHM 34 CYET BCEX CBOMX Beplﬂl’[ﬂ (T.G. B TpexX H3Mepe-
HMsX); 06pa3yeTcs KOOpAMHANMOHHAA peleTka coctaBa ABj3 (puc. 69, B).

Ao ooy .

AHANOTHYHO MOMKHO MORa3aTh 06pa3obBanne nenen, cjoes U RoopavHa—
UMOHHBI® CTPYKRTYP HpM OOBbeIMHEeHRMHM APYr € APYrOM TeTPa3pMuecKux

CTPYKTYpHBIX enuuny AB4. Tak, npu 06'b€‘11MH€HMM TeTpasapos ABy ¢
B BYyMS COCORHMMM BEpIMHON HAM pebpoM (aByMA bepuimnamu) obpa~
3yIOTCA LeNU COOTBETCTBeHHO cocTaBa AB; u ABj:

B B

L L ~ao BN, BN, BN B

/l\B/l\B/ ZUN\B~ B "~ "B
B B
AB, AB,
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A

O6benHenye TeTpadApHMueckNX CTPYKTYpHBIX esmHMIl AB4 3a cuer
MCIOJIb30BAHNS | T P € X BepLINH NPUBOAUT K CJIOUCTOR CTPYKType cTe-
XMOMEeTpHUecKoro coctaBa A,Bs:

yr ey A

ypubie enmuuipl ABy na

TO 3TO NPMBOAMUT K KOOpAMBanM-

Trrse oren
LSO Ke

C COCeIHMMM JAIOT YeTbipe BepLUMHbI,

TeTpasApuiecRie CTPYRT)Y {BA3H

' OHHOM pellleTKe cTexMoMeTpuueckoro coctasa AB, (puc. 69, b).

Koopaurammonase crpykTypH. KoopanmHanMOHHEIMM — Ha3bIBalOTCA
pelieTk!, B KOTOPBIX KamJblil aToM (MOH) OKpYKeH ONpefe/eHHBIM umMc-
JIOM cOcefiell, HaXOAAUMXCsl Ha PABHBIX DPACCTOAHMAX N YAEPKHUBAGMBIX
ONINHAKOBBIM THUIIOM XMMHYecKOM cBsA3M (MOHHOW, KOBAJIEHTHOH, MeTaj-
nnueckoit). K KOOpZMHAUMOHHBIM OTHOCATCA paHee pacCMOTPEHHble pe-
WeTkN XJIOpMIAa HAaTpusa M xyopuia uesus (cm. puc. 57, 58), anmasza (cM.
puc. 65) u MeTauIoB.

Hekoropsle Hambosiee OpOCTHIE M YAaCTO BCTPeYalOUMecs: CTPYKTYp-
Hble TNl KOOPAMHAUMOHHBIX KPUCTAIJIOB COGIMHEHMI NpHUBENeHbl Ha
puc. 69. )

B kpMcTaiiax BemwecTB cTeXMOMETpMUecKoro coctaBa AB koopammapu-
OHHBIE YMCJIA ATOMOB (MOHbB) A n B paeun. Ilpn atom nambosee wyacro
BCTPEYAIOTCS CICAYIOWME THIB KOOPAMHAIMH aTOMOB (MOHOB): OKTa3zpo-

OKTaszpuueckas KOOpaMHanMa — cTpykTypHsin tan NaCl (pue. 69, A),
KyGo-KybMueckass Koopaunamms — crpyktypubiit Tun CsCl (pue. 69, A),
TeTpa3Apo-TeTpasapHUeckas KOOPAMHaUMA — CTPYKTypHbIM Tin ZnS (puc.

69, A).

JljiA  BeilecTs toctaBa AB; KoopamMHalHOHHbIE
uMclia aTOMOB (MOHOB) OoTHOCATCA Kak 2:1. Jlns atoro ciyvas Babaiopalor-
¢s1 Kybo-TeTpasapuyeckas KoopauHapmsi — cTpykTtypubiii Tan CaF, (puc.
69, B), okTasmpo-rpeyroibHasd KOOpPAMHAuMA — cTpykTyphbiii tn TiOg
(puc. 69, b), Terpasppo-ninHeliHas (yrjioBas) KOOpAMHANMs — CTPYKTYp-
ublit ™n SiO; (puc. 69, B).

KoopanpannMonHas pelweTka coeavHeHMii coctaBa ABy oTBeuaer co-
OTHOWEHMIO KOOpAMHANMOHHBIX uMcen A u B kak 3:1. CTpykTypa 3tmx
COeIMHEeHMH Yalle BCero OTBeYaeT cTpyKTypHoMy tumy ReOj (puc. 69, B).
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P u c. 69. BaxHeilne Tinbl KOOPAMHALMOHHBIX PELIETOK KPHCTAJIOB:

A ~ coctas AB, cTpyrTypHsii Tum: @ — NaCl; 6 — CsCl; @ — ZnS (caneput); b — coc’rasa\.
ABj, cTpykTypHbii UL @ — CaFy (¢pmooput); 6— TiOp (pyrun); 6 — Si02 (kpucrobanur);

B — cocrasa ABj, cTpykTypstit Tunt ReOg; I' — cocTasa AoBg, cTp
(wopynn)

YKTYpHb¥ TUNT X-Alo03

W

B KOOpPIMHAIMOHHBIX KpMCTa/laX cOefMHeHMH cocTaBa A;B; koopmm-
HALMOHHBIE YMciia aTOMOB (MOHOB) OTHOCATCA Kak 6:4, 9TO OTBEUa®T OKTa-
3 PO-TeTpa3pnuecKoil KoopauHanmu. CTpoenne MONOOHBEIX coelMHeHMIA
OTHOCMTCH K cTPYKTYpHOMY TMny a-Al,O3 (puc. 69, I).

Ponb MocTiros (oGuminx BepuinH), oObEAHHAIN
HULB B JMMEpHl, [elH, CJIOM, TPEeXMEepHble KapKacel, 4Yaie Bcero MrpaloT
ATOMBI TaJOPEHOB, KMCIOPOAa, cephl, ad0Ta, a TaKxke TPyNNMPOBKM THIA
OH, NH;, OO »n gp. lIpn 3TOM MOCTHKM MOTYT ObITb OJMHAPHBIMM, HBOW-

HBIMM M PeKe TPOMHBIMMU:

X CTOVKTYDHLIS onp—
COLeAHHAKCIINX CTPpYKTYypPHLIS enn

A—B—A A A A—B—A

J10 06yCNOBIeHO pa3nuMeM B pa3Mepax MocTMKOBHIX atoMoB B. Korpa
B = F, O, 06n14R0 06pa3yioTca OZMHOUHBIE MOCTHKY, a korga B = Cl S —
“mmﬁnme MJIM TPOWHBIE.
4 BenencrsMe pasnmuma B OpMpone MOCTHKOBBHIX  ATOMOB  OJHOTMI-
\Hble COGMMHEHIMA JaHHONO OJIEMEHTAa CYLIECTBEHHO OTJIMYAIOTCA MO CTPYK-
2rype. Tak, ana Be (II) n Si (IV) xapakrepusl KOOPIMHALMOHHOE 4MC—
“70 4 n TeTpasnpMueckas CTPYKTypHas eamuuna. OnHako B ciyuae BeF,
,¥ SiO; TerpadzpuuecKne CTPYKTYpHb® eIMHMIH OCBEAMHAOTCA B KO-

I opaunanmonnsiit kpucrawn (puc. 69, B), a B ciaydae BeCly n SiS; — B
uensb.
Oreona 0o . It o

Orciopa noHsA d eMOe )
cTBaX PTOPHUAOB M OKCHMIOB, ¢ OLHON CTOPOHBI, ¥ OZHOTHAMHBIX MM XJIOpH-
. moB n cynbdupos — c¢ apyroii. Hanpumep, BeF; u SiO; tyromnasku, B
' BOLE He pacTBOPAIOTCs, XMMMYECKW HEAKTMBHBI, TOTAa KaK TeMIepaTypbl
nnasinerns y BeCly m SiS; 3HauMTeNbHO HMKe, PacTBOPMMOCTb B BO#E M
XUMM9ecKasd aKTUBHOCTb BhILIE.
v
npuBeﬂeM puMepsbl COE]_IMHEH"Y:(, UMEOINX OCHOBHBIC, HEMHbIE, CJIOUCThIe H
| KOODRUHALMOHHBIC KPUCTATUIMHECKHE DelIeTKH.
L
‘: Cmpyxmypras edunuya — oxmasdp ABg

OcrpoBHasa pemerka

+1
" cocrag Monexynsl * (ona) ABg: SFe, K[SiFs], Ms[FeFg], Bay[XeOg]

*
KBagpaTHBIMU CKOGKaMi BbIReJeHbl CJIOKHBIE MOHbI, MIPAlOmMe pOllb 0CT-
PoBkoB, uemneit, croes.
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llenmunasi pemmerkKka

+1
cocras nem ABs: SBbFs, Nay[AlFs], My[FeFs]
AB4: CuCly- 2H,0 *, CdCly- 2NHy *
Cnoucrasi peleTka
cocras cnost ABy: SnFy, Na[AlF4], M[FeFy4]
ABg: FeCly, AlCl3, AI(OH)s
ABy: CdIy, MnCl,, Cd(OH),
KoopAMHAaUMOHHASs pemeTkKa

cocrai coenunenus ABy: ReOg, AlF3, WOg3, FeFy
AB,: TiO, (pytun), MnO,, MnF;, GeO;
AB: NaCl, FeO, MnO
A2B31 A1203, Cl‘zOg, F6203

Cmpyxmypras edunuya — mempasop ABy

OcrpoBHAasA pemleTKa

cocraB Monekynbl (Mona) ABy: CFy, K2[SO4), Ko[BeF]

llemnas pemerkKka
cocras uemu ABg: K[BeF3], SO3, Na[PO,]
ABjy: SiS;, BeCl,
Cnoucras pemerTKka

cocras ciost AyBs: PrOs, Nay[SinOs)

KOO})HMH&L{MOHH&H pemerTRkKa

cocras coegunenusi ABy: SiO;, BeF;
AB: ZnS7 Beo, AlAs

* Ponb MOCTUKOB urpaior atombl Cl, nampusep:
OH 2 OH 2 OH 2
\‘ /u\| /u\| /Ci\
/l \C]/l \Cl/l \Cl/
OH , OH, OH .
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Cmpyxmypnas edunuya — xeadpam ABy

OcrTpoBHAS pelleTKa

cocras monekynbl (MoHa) ABg: Kp[PdCly]
HlenmHasa pelmeTKa

cocras uenu AB,: PdCl,
Cnoucrasi pemerTka

cocras cnoss AB,: PA(CN),
KOOpHMHaHMOHHaﬂ pemeTREkKa

cocraB coepuHenusi AB* PtO, PtS

KoopauHADHOHHNE DPEIMeTKH TPEeXdIeMEHTHHX coearHeRmit. CTpyKTypy
KOOPAMHAUMOHHBIX COeANHeHNH, 06pa3oBaHHBIX TpeMsi-4erh pbMs
2JIeMeHTaMM, MOXKHO MpPeACTaBUTh MO AHAIOTUU €O CTPYKTYpOil OMHapHBIX
coennHeruit. Tak, Npou3BOAHOR CTPYKTYpPh
rkopyHzaa (puc. 69, I') sBasieress cTpykTypa
mMuHepana uasaenuma FeTiOj; Kpucerann
nocjielHero  MOXHO — paccMarpMBaTh — Kak
kpuctamr o-Al,O3, B KoTOpOM BMecTo aro-
MoB Al noouepesHo pacnonomeHsl aToMbl
Fe u Ti.

AroMbl Fe B MibMeHUTe MOTYT 3aMellaThCst
aroMamu Mg, Mn, Ni, Co, Cd, a aromsr Ti —
aromamu V, Nb, Rh, Mn u ap. [lpercrasurens-

MU CTPYKTYpHOTro TUIIA WUNBMEHUTA, TAKUM 90 QCa

obpasoM,  ABISIOTCS: MgTiOsg, MnTiOg,
CoTiOs, CdTiOs, FeVO;, LiNbO,, FeRhO,, P # ¢ 70. Crpykrypa meposesu-
ra CaTiO4
CoMnOj3 u Ep. .
ey WO ETRAE VIS CrD VR T UNEOM Y TE Y e 80 DY
UTPYRTYPY, POACTBEHHYIO CTPYKTYPHOMY THITY ReO3 {cM. puc. 09, O,
umeer MuHepan neposcxum CaTiO;. B Hem arombr Ti 3aHMMAIOT MOJIOKE—
HUs aToMOB Re, a atomn Ca pacmosiaraloTess B NEHTpaX KyOMUECKMX 3716
MOUTaNnIIIry onre {eea 700N Wooremsaths omens My e (TN, Aresciereare 1T ~
MEHTApHBIX AY¥EEK \PpUC. 1U). Nnaibii atoM 11 B \/aLI\J3 ORpy®eH 1o
BepUIMHaM OKTa3/ipa UIECTbIO ATOMaMM KMciaopona, a atoM Ca — pgBeHan-
UATBIO.
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(.-
B ¢TPYKTYPHOM TUNE NMEePOBCKUTA KPUCTAIMSYIOTCS COCMMHENNA THTIA ABXj5:

+1+5
ABOj (A - Na, K, Ag; B — Nb, Ta) - NaNbOs, AgTaO4
+2+4
ABOj; (A ~ Ca, Sr, Ba; B - Ti, Zr, Ge, Sn) — BeGeOs, BaSnOy
+343

ABO; (A - La; B — Al, Ti, Cr, Mn) — LaAlOj;, LaCrOg
1+2 N ,
*ABP (A-K; B- Mg, Mn, Fe, Co, Ni, Cu, Zn) — KMgF;, KNiFy, KZnF;

>]> .
ABCl; (A - Cs; B — Cd, Hg, Ca), A553 (A - Sr, Ba; B-Ti)nu

a4 TarMe
Ip.

B KkauecTBe MPOMBBOJHON CTPYKTYPHOrO THUIA ZNS MOMKHO paccMaTpu-
BaTL CTPYKTYpy MHUHepana zaaskonupuma CuFeS;, B KOTOPOM BMECTO ATO-
noouepero pacrnonaraiorest aromst Cu u Fe.

INoaumopduam. B 3aBUCMMOCTH OT BHEINHUX yc/OBUM OAHO M TO IK¢
TBCPJLO@ BOIECTBO MOXKET MMETh DA3HBIE MO CUMMETPUU U CTPYKTYpE Kpmni
Taste. Crroco6HOCTh AAHHOLO TBEPJOTO BellecTBa CyIIeCTBOBATL B BH)
JABYX MJAU HECKOJBKMX KPUCTAIMMECKUX CTPYKTYP HABBIBAIOT NOALAUO]
fsacon. PasHble KPUCTATUYECKHE CTPYKTYPHbIE (GOPMBI BEIECTBA HABLI
BAIOT NOAUAOP PHbLAN A0OUPUKAUUILAU.

Sipenue nmonuMopduaMa oueHb pacmpocTpadero. [lonT Bee BemecTs:
[P M3BECTHBIX YCJAOBUAX MOrYT ObITh MOTYHUCHBI B Pa3HBIX MOAUMUKALK
ax. O6MEU3BECTHBIM [IPUMEPOM MONUMOPOUBMA ABAAIOTCA TPU  (POPML:
yriaepoaa: anMas, rpadut u KapOun. Ppadur useer crouctyio, kapGuu-
HelHYIO, 4 alIMa3 — KOOpAMHALMOHHYIO pemterky. Oana us MoanuKauuit
XAOPUAA AMMOHUSA,
ausyerea B crpykrypiom tume CsCl (k. 4. MOHOB 8), BBICOKOTEMITEpaTyp-
A MOAUDUKALUS — B CTPYKTYPHOM e NaCl (x. 4. uonos 6). Hecke
ro Moguduranuit umeror SiO; u AlOs.

[Torumop dHble mpeBpAllleHNs MOIYT CONPOBOKAATBCA U CYMIECTBEHHbI-
MH U3MEHEHHsMU THOA XUMHUUYCCKON cBsizu. Tak, B anMase CBARM KOBA-
JICHTHBI, B T'padpuTe BHYTPH CJOS — KOBATEHTHO-METALIUYECKUE, & MEK/LY
COAMU — MEKMOJEKYJIAPHBIE. :

B COOTBETCTBUU ¢ Pa3iiuMeM B KPUCTANIUUECKOH CTPyKType (B ocobert-
HOCTH B THNAX XUMUYECKOH cBsi3d) MOauMopdHble MOAUDUKANKKM paz/iH-~
qaloTca (MHOTAA OUCHB PE3KO) IO CBOUM (bn:mqermm CBOMCTBAM — MJIOT-
noc l]d :
Tak, rpaduT 4epHOro 1BeTA, HENMPO3paueH, MPOBOJUT 3JleKTpUYe
anMa3 — nNpo3paueH, 3JeKTPUYECKUN TOK NPAKTHHecKd He NpOBOAWT.
I'paduT — MsIrkoe BemecTBO, a alMa3 — CaMOe TBCPAOe U3 BreX M3BeCTHBIX
IIPUPOIHBIX BEWIECTB; MIOTHOCTh [paduta 2, 22 r/cm?, amvasa 3, 51 r/emt

MOBR Zn

SIB—
S

CTHYHOCTH

TBEpPAOCTH U IJa
ecKuil TOK.
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CYIMIeCTBYIOMAST NpH OOBIYHON TeMIepaType, KpHCTan-’

HonumopdHrsle MOANPUKALMT OTAUYAIOTCH,
XUMUYTECKON aKTUBHOCTH.

[Monumopdubie MogudUKaUu 06bIYHO 0BO3HAMAIOT IPeYECKUMU OyKBa-
mu. Bykpo#t o o6ozrauaior Momudukanuio,

UHOrAA OYeHb 3aMeTHO, M 110

VeTOWUNBYH) MPU KOMHATHON
uiu npu 6ojlee HUBKUX TeMmIeparypax, [ — Monmbmcaumo, YCTORIUBYIO
npu 60jlee BHICOKUX TeMIlepaTypax, ¥ M § — COOTBETBETCTBEeHHO elile Gosee
BpicoKOTeMnepaTypHble Mogudukanuu. Tak, Moguduxamms o-Sn, umero-
mas kybUYecKkylo aiMa3onofobHyI0 cTPYKTypy, yeroiumsa Huxke 13,2°C, a
f-Sn, UMeOllas TeTPALOHANBHYIO CTPYKTYPY, YCTONUMBA B OOGBIYHBIX YC/I0-
BUSX BIJIOTb JO TEMIEPATYPI IJIaBICHUS.

Iepexo BelecTBa U3 HUBKOTEMIIEPATYPHOH (OPMBI B BBICOKOTeMIIepa—
TYPHYIO CONPOBOKAACTCS ITONJIOLIEHHEM TEMJIOTh, a Mpu OGPATHOM I1ponec—
ce — BhgeneHMeM Temnorsl. [logo6uble Temiopbie 3 dexThl HA3BIBAIOT
men.aomonl ﬂO.ﬂ?t.’IlO]?d?)tOZU NPEGP AW CHUL.

§ 4. XAPAKTEPHOE KOOPJAWHAILNOHHOE
YUCAO0 3JIEMEHTA
M CTPYKTVPA ET'O COEJUHEHUN
Panee 6bl10 MOKA3aHO, YTO /A HEMETAJIMYECKUX HJIGMEHTOB TPeThCrO
HEePHUOA B BBICUIMX CTENEHAX OKUCICHUS XADAKTEPHbI
TeTpadApUveckoro crpoedus (rabi. 13).

MoskHO mO/MAaraTh, 4TO U3 TETPA3APUUECKUX CTPYKTYPHBIX eamunn 0,

OKCOKOMIIJIEK C bl

OOCTPOCHBI TaKiKe MY BbICHIME OKCHABI W NOJUMEPHBIE OKCOKOMIJICK(DI.
)

(/H}')&BGILJII/IB()(Z'I‘b TAKOTO  [IPeANOJIOKeHU A HO[ITBPP?KH,'(K’TCH AKCITepUMEH—
TAALHBIMU AAHHLIMKA [0 CTDOCHUIO OKCH OB el DA QI
TSJALHBIMWU JAAHHBIMM 10 CTPOEHWIO ORCUHA0B O n\/-( o\/,, rUs W oilUy, i

Takke COOTBETCTBYIOUIMX MNOJMMEPHBIX OkcokoMmmiewcoB. Kax BugHo us
Tab1. 13, monexyna okenna xnopa (VII) Cl,O7 cocraBnena ua gByx okco-
xnoparielx  Terpasapos ClO4, o6begMHeHHBIX OJHON o6mel BeplLUMHOM
(aTomom kucaopona).

B owxeuge cepnt (VI) Terpasapel SO4 Ha o6pasoBanue MOCTHKO-
BbIX CBsi3eMl NPeJOCTARJIAIOT MG [Be BePIIMHBI, UTO NPUBOJAUT K IEeNHON
crpyktype (SOs).. Tlpu ucnmoabzopanuM Ha 06pa3oBaHUE MOCTHKOBBIX

cBsizef Tpex BepmiiH oxcodocdaraux TeTpadapos POy obpasyercs cio-
neras crpystypa (P2Os),.. M naxonen, SiO; uMeeT KOOpAMHALMOHHYIO

pemerky (5i02),, Ba c4eT MCIONB30BAHUA Ha 06PAa3OBAHME MOCTUKOBBLIX

CBsA3eil Bcex UETBIpEX ATOMOB KUCJIOPOAA KPEeMHEKUCTOPOUHOTO TeTpajapa

Si0,.

Yenomuenue cTpyKTyp B PALY OJHOTO U TOTO Ke KNacca cOGLMHCHUI
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06ycioBIMBaeT MOBLINIGHNE TeMIepaTyphbl IJIaBJIeHUA ¥ YMeHblIeHUe XUMU-
Yeckoil aKTMBHOCTM coeaMuenuil. Tak, B paccMaTpuBaeMOM PALY OKCH/IOB

CLO;  (SOz).  (P20s)a, (SiO2)s.,
T.mn, °C -93,4 62,2 580 1713

Pe3KO MOBBIDIACTCS TeMIIepaTypa IUIABJICHMs W MalaeT XUMuUeckasd aKTHB-
HOCTh. B 4aCTHOCTHM, CyLIECTBEHHO Pa3JIMYHO OTHOWIEHWE 3THX OKCUJOB K
soge. Baanmopgeiicteue Cl,O; ¢ BOmOi HemocpeCTBEHHO NPUBOIAMUT K O6pa-
soBanuio HClOy. JlocTarouno serko paspbiBatoTcs (BCJIACTBUe MTPOCTPaHC-
TBEHHOM MAOCTYMHOCTH) MOCTMKOBBIE CBA3M U B IENHOH Moan pukanuu
(SO3),, ¢ obpazosanuem H,SO4. Uro ke kacaeTcsa cIOUCTOR MoAnduRanuU

(PQOs)zm, TO ee B3aMMOAEACTBME C BOJOW MPOTEKAaeT JOCTATOYHO CJIOKHO.

ODUBCIUT K 1
OpuBCaIMT K P

H3POy4. Pa3spsis ke cBA3el MeXAy OKCOCHJIMKATHBIMU TeTpaS[LpaMM Tpex-
mepHoro nosmmepa (Si0;)3 B Bose mpaKTM4Yeckil He MPOMCXONUT, NMOITOMY

B O6BIYHBIX YCJIOBUSIX JJUOKCUJL KpEeMHUs B BOJIe HE PACTBOPSETCA.

PaccMoTpUM ellle OfUH MpUMep — CTpoeHite (TOPUAOB P-ONIEMEHTOB 5-To me-
puona TeFg, SbFs, SnFy u InFjz. Jns otux oneMeHTOB XapaKTEpPHO KOOPAMHALUOH-
Hoe 4ucJio 1ecThb, 4YTo OTBevdaeTr orc’rasupvlqecr(oﬁ CprKTypHOfl eIuHuIe.

JIisi aToMA TeJUIypa, UMEIONIEro WecTh BaJIeHTHBIX HIEKTPOHOB, KOOPAMHAIMOH—
HOe YKWIO WEeCTh peajiusyercsi B okrasApuueckoit Moiexyne TeFg Penusanus
OTOT0 e KOODANHAIIMOHHOTO YUCNA Y ATOMA CYPbMBI (TIATh SIEKTDOHOB) BOZMOXNHA
NUMUIL MpU 06 LEIMHeHUM OKTAsApOB B 1emHoi nonimep coctaba SbFs. Jlis onosa
(4eTHIpe ONEKTPOHA) OTO BOBMOKHO JIMLIL NPU 06Pa3OBAHUM CJIOMCTOTO IOJMMepa
cocraBa SnF4. U HakoHew, ansi MHAMS (TPU oJeKkTpOHa) — NpH 06pasoBaHuM
TpexMepHoro nommMMepa coctasa InFg (eM. puc. 69, B).

B coOTBETCTBUU ¢ YCJIOKHEHUEM CTPYKTYD B 9TOM PANY CBOWCTBA CYMIECTBEHHO
uamenstioresi. Tak, B 06bmHbIX yenoBusix TeFg — ras, SbFs — Bsiskast sunxocts,
a SnF; u InFy — kpucralnMyeckile BelllecTBa ¢ TeMmepaTypoli Bosronku 700°C u
nnasnediust 1170° coorBercrBento. YcslokHeHWe CTPYKTYPbI CKa3blBaeTCsi Takke Ha
YMeHbUIeHUU PACTBOPUMOCTU B BOJle U TTOHUNKEHUN XUMHMYECKON aKTUBHOCTH STUX
coeIUHeH WM.

Kak yxe yKa3splBajloCh, B MOArPYNNAaX XapaKTepHble KOOPAMHALMOHHBIE
YUesa IJIEMEHTOB ¢ POCTOM NMOPSIAKOBOTO HOMepa yBeauuusaiorcs. IlosTomy
npyU OZHOM M TOM Xe CTeXMOMEeTPUUYECKOM cocTaBe COeJUHEeHHs] UMeIoT
Pa3Hoe CTpOeHMe, a cJieloBaTeJIbHO, M pasHble CBOACTBA.
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PaceMotpum psift auokcuiio panemettos IV rpymmbr COg, SiOj, GeO,, SnO;.
Hasi C (IV) xapakTepHo KOOpAMHAlUMOHHOE wucio ABa, Anst Si (IV) — uerwipe, anst
Ge (IV) — uerbipe u mecrb, a gnst Sn (IV) — wecrs. TakuM o6pasoM, TONBKO
COCTAB AMOKRCHAA yTJi€poia COg OTBEYaeT yCTOWYMBOMY KOOPAMHAIMOHHOMY HUCHAY
ueHTpasibHoro atoMa u motomy COz MoHoMonexynsiped. Uro ske Kacaercsi octasib—
HBIX JIMOKCUROB, TO OHU JOJUKHBI OBITH IOJNMMEPHBIMU coenuHeHUsiMu. Koopauna~
[UOHHBIE KPUCTANIBLI OAHOM U3 Momuduxauuit GeOy OTHOCSITCSA K cTPYKTYPHOMY
tuny SiO; (cM. puc. 69, B), npyro#t Mogudbukayguu — K CTPYKTYpPHOMY TUIY PYTH-
na TiOg (em. puc. 69, B). Crpykrypy TMMa pyTuia umetor u kpucrainst SnOs.

§ 5. 30HHAA TEOPUST KPUCTAJIJIOB

Oneprermgeckue 308H. O6muii 0OAXO0A K PaccMOTPEHMIO MOHHBIX,
KOBAJIGHTHBIX U MeTaUIMYeCKUX KPMCTAJUIOB JAeT 30HHAA TeOPUS KpUCTail-
JIOB, KOTOpasi paccMaTpUBaeT TBepJoe TeI0 KaK eJMHbIA KOJUIEKTMB B3au-
MOREHCTBYIOmUX YacTHn. JTa TeOpusl HpefcTaBisieT cO60H TEOPUIC MOJe—
KyJISPHBIX Op6UTaNell [JI CHUCTeMbl ¢ O4YeHb 6oJibmIMM 4ducsom (~ 1023)
aTOMOB.

Kak u3BecTHO, B MpeAcTaBIEHUSAX TEOPUM MOJIEKYJIADHBIX Op6UTAIei
Opd B3aUMOAefCTBMU [ByX aTOMOB MPOUCXOAUT NepeKpbIBAHWE ATOMHBIX
opburaneit ¢ 06pa3soBaHUEM CBASLIBAIOIIMX U Pa3pLIXJIAOMMX MOJIeKyJIsp-
HbIX OpbuTaslell M Kax[oe Takoe aTOMHOe BHepreTHyYeckoe COCTOSHUE pac—
LIEMJIAeTCA Ha [Ba, B CUCTeMe U3 YeThl-
pex aTOMOB — Ha 4YeThipe, B CUCTeMe U3
BOCBMM aTOMOB — Ha BOCEMb W T.JI.
MOJIEKYJIAPHBIX cocTosiRUit. YeM 6ombime
aTOMOB B cUCTeMe, TeM Gosibule MOJIeKY-
Jsipublx coctosirmit. Mlycte us N aromos
obpa3yeTcsi KpUCTAUI, TOPAa Kamg0e
aTOMHOE COCTOAHNE CMECTUTCH DHepreTu-
4YeCKM U pacienuTcs Ha N cOCTOSHUM
(puc. 71). Tak kak uucno N ouenb =_
Besuko (8 1 eM3 Merayumdeckoro kpuc— 12 4 8
Tawia cogepkures 1022—1023  aromos), Yucao amomot
To N coctosruii cbnmmalores, obpasys P u . 71. Ilocrpoetite stenreride
IHEpLEMUNECKYIO aong{. OJHepreTudeckoe oot npup nncn’eﬂosil:rinbﬂoid
Pa3iuune COCTOSHMHA  3JIGKTPOHOB B [IpHCOENVHEHUU ATOMOR
OpesieiaX 30Hbl COCTABJIAET BCEro JIMNIb
10°2 5B, nosTOMy H3MeHeHWe OHEPIMH DJIEKTPOHA B 30HE MOXKHO
NpeJcTaBUTh KaK HeNpepbiBHYIO Mojiocy dHeprun. Op6urainyu sHepreTHdec—
KOU 30HBI, KPMCTA/IMYECKUe OPOUTATN ,MOXKHO CUMTATh AHAIOraMU MOJIe-
RyJAPHBIX OpOUTajlell, NPOCTUPAIOINXCS IO BCeMy KPUCTAIIY.
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Ha puc. 72 noka3aHO BO3SHUKHOBEHUe DHEpPreTUYeCKUX 30H KpUCTaslla
U3 3JHEePreTUYecKUX YPOBHeH AaTOMOB IO Mepe cOJMIKEHUs MOCJIeNHUX.
IpeanosokuM, YTO ATOMBI PACHOJIONKEHBl B ¥Y3/1aX HEKOH KpHcTalIndeckoi

MU, BO MHOTO pa3 OGOJBIIUMU, YeM B
pelleTKe PeaibHOr0 KpUCTalNjia. JHep-
reTU4ecKue COCTOAHMS TAKOro TUIOTe-
TUYECKOTO KPUCTAIJIA [PeACTABIIAIOT
c060il KBAHTOBBIE COCTOSIHUSA H30JIUPO-
owg  BAHHBIX ATOMOB. Coimkenne ke aTo-
r MOB OTBeYaeT MX B3AUMOAEHCTBUIO U
a IPeBPAllleHNI0 ATOMHBIX BHepreTuuec-
£ . KHUX ypOBHEeHl B DHepreTUYecKue 3IOHBI.

Mupusa U nosokeHUe DdHepreTHHec—
a1

£ Jona npobodumocmu

4E
ap Z

Kue 3on8! i)

KUX 30H ONpPeJe/IsiloTcsi DPaBHOBECHBIM
DPACCTOAHUEM T MEX/Y aTOMaMU.
Opburanu DHepreTUYecKON 3OHEI
3aNOJHAIOTCS  JIByMs  DJIeKTPOHAMMU,
Kak ¥ OpOUTAIU ATOMA U MOJEKYJIbI, B

nopsiike UX pacnojjOKeHuss no IHepru-

2
KUE J0Kb!

P u c. 72. BO3HUKHOBEHMe SHepre-

™Mueckux 3oH kpucramtor NaCl (a) M MU B COOTBETCTBUM C MNPUHIMIIOM

n Na (6) us oHeprernueckux ypos- Ilayau. CiegopaTesbHO, MaKCUMAIBHO

Hejt aTOMOB 10 Mepe MX COMKEHNS  pozyokHOe 9MCT0 DIEKTPOHOB B 30HAX,

@ — 30HBI He MEPEKpLIBAITCH; 6 — 30HBl  BO3HUKAIOMMX 3a c4UeT MepeKpbIBAHUs

TepeRPhIBAOTCH ATOMHBIX $, p-, d-, f, ... opburaseit,
COOTBETCTBEHHO paBHO 2N (s-30Ha), 6N (p-soua), 10N (d-3oma), 14N (f
30Ha), ... .30HA, KOTOPYIO 3aHHMAKT JJEKTPOHBI, OCYLUISCTBIAIOMME CBA3b,
HA3BIBAETCS gaiexwmuol (Ha puc. T2 cTeneHb 3aNOJHEHUsT BAJGHTHOM BOHBI
nokasada wWTpUxoBkoit). CBo6oaHAs 30HA, PAcNONIOKEHHAS HHEpreTUyec Ku
BbIlIle BAJIEHTHOM, HA3BIBACTCS 30K0U NPOGOJUMOCMU,

B 3aBUCHMOCTH OT CTPYKTYPbl ATOMOB M CUMMETPHM KPHCTa/VIMYeCcKOM
pelleTKN BAJIGHTHAS 30HA M 30HA MPOBOAMMOCTU MOLYT MEPeKpbiBaTh (pUc.
72, 6) unu He nepekpsBaTh APYr Apyra (puc. 72, a). B mociegneMm ciyuae
MEWKY 30HAMU UMeeTcsl JHepreTUYecKUM pa3pbiB, UMEeHYeMbIH 3anpeugenno
30n0t. B cOOTBETCTBUU ¢ XapaKTepPOM PACHOJIOKEHUs U 3aNOJHeHUs 30H
BELecTBA ABJISAIOTCA ZUBJIEKTPUKAMU (U30JIATOPAMU), MOIyNPOBOAHUKAMU
1 mposoarukaMu (Meranamu). lllupuna sanpepentoit 308s0 A F [uosesT-
PUKOB cocTasisieT Gosiee 3 3B, noqynposommms — oT 01 no 3 sB. B

]
%
@
D

30HA OTCYTCTBYET.

PaccMOTpUM xapaKTep 3aMOJIHEHWUs JHEPreTUYecKMX 30H MeTajjgudec-
KUX, KOBAJIEHTHBIX Y MOHHBIX KPUCTAJJIOB.
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Meranaugeckne KpUCTAJIN. Y 3JeMeHTOB ¢ OJHUM S-DJIEKTPOHOM B
KpUcTalaX BajleHTHAM 3OHA NOCTPOEHA U3 s-OpbUTalieldl UM 3alloHeH:A
b HanosopuHy (puc. 72, 6). CiepoBaTesbHO, NOPU HE3HAUUTEIHHOM
BO3OYIKIEHUN DHEPreTHYECKOe COCTOSHUE KAaKAOTO M3 IJEKTPOHOB MOKET
MEHATHCSL B IIpefie/iaX BCEll SHEPreTHUecKOd 30HbI, JTO MMEET MeCTo, Ha-
npuMep, Npu HPUWIMKEIUN K MeTalljy 3jeKTputeckoro noas. Torga smexr-
POHBl HAYMHAIOT JBUCATbCA B HANPABJICHUHU [0S, YTO ONpe/elseT 3JIeKT-
PUYECKYIO POBOIUMOCTL METAIUIOB.

B ciyuae 371eMeHTOB ¢ ABYMs BAJTEHTHBIMM 3JIeKTDOHAMM $-30HA 3allOJl-
HeHa. ONHAKO,ec/I S~ U P-yPOBHU B MBOIUPOBAUHBIX aTOMaX GIU3BKH, TO B
KpUCTa/JIaX cOOTBETCTBYIOMIME 30HBI MepexpbiatoTes. ClenoBaTebHo, U B
9TOM eJIyyae YUCI0 BaJCHTHBIX JIeKTPOHOB HEJIOCTATOYHO ST 3aNOJIHEH s
DHEPreTUYeCKUX YPOBHEH NepeKphIBAIOIMUXCS 30H.

TakuM 00pa3oM, MeTal/IMYecKue KPUCTANIBL 06pa3yIoTesl d/ICMeNTamHu,

JAEHTHbHIX IEKTPOHOB Majio 1O CpaBHEHMI)

B aTOMax mu"ﬁpl AUACIO B
¢ YMCIOM DHepreTUHecKu OJM3KUX BaNeHTHBIX opburaneit. Beaepcrsue
TOr0 XUMUYECKAA CBA3b B METANIMUYECKUX KPUCTANIAX CHILHO JI@JI0OKATH-
30BaHa.

KoBaneATHRE KpUCTAUIN. 3alloJHeHUe YHEPreTHUeCKUX 30H KOBAJICHT-
HOTO KpuUCTa/jla pacCMOTPUM Ha INpUMepe anmMasa, y KOTOPOro IMUpUHA
sanmpemeHHOM 30Hbl AE = 57 5B. DieKTpoHH ATOMOB YIJIepOAa IOJHOC-
THIO 3ANOJIHSIOT BANGHTHYIO 30HY. IlOCKOABKY Nepexoj 1eKTPOHOB U3
BAJIGHTHOM 30HBI B 30HY MPOBOJAUMOCTY TpeOyeT GOJLINONH 3HepTun BO36yK-
JIeHU5, KOTOpasi B OOBIYHBIX YCJIOBUSIX HE pealiu3yeTcs, a/iMa3 SABIseTcH
JUDTEKTPUKOM.

Kpuctaniuieckuit KpeMHU UMeeT TAKYIO Ke CTPYKTYPy, KaK M alMas.

CrenoBATENEHO, B KPHETALI

AOHTHAS 30Ha VKOMILIO
JISNOBATEJILHG, B Kpu T

U1 BAJICHTHAS 3CHA YHOMIICK

noHocTh0. OAHAKO ITMPUHA 3aNpPeLIeHHON 30HB B 9TOM CJIy4ae cOCTABJIA-
er Becero AE = 1,12 5B. Cnegosatensro, Ipn HeGOALUIOM BO3OYKICHUN
BAJIEHTHBIE DJIGKTPOHBI MOLYT MEPeXOAUTH B 3OHY IHPOBOAUMOCTH, T.0,
KpeMHU{l — MOJIYNPOBOLHUK.

Homanie kpucramnw. B wkpucranne xunopuga vatpus (cMm. puc. 72, a)
BaJleHTHbIe 37eKkTpoHbl aTomMoB Na (3s!) u Cl (3s23p°) sanmonssior Ba-
JICHTHYIO OJHepreTudeckylo 30HY 3p. B npejcrasieHud Teopuu HOHHON
CBA3M DTO OTBEYACT NEPEXOAY INEKTPOHOB oT atomoB Na kK aroMam Cl
4 obpazopanmo uonos Na* u Cl°. lockonbky 3HepreTMyeckoe pasiau-
4ue MeXAY BATEHTHON 3p-30HOH U cBOGOAHON 3s-30HOH Benuko (AFE
~ 6 9B), B obplunbix yciosusix NaCl 37eKTPOHHOW NIPOBOAMMOCTBIO He
abnagaer,

Mounekyasipane KpucTamm. B Mo/ekyJIsIpHBIX KPUCTAIIAX MOJEKyJIbI
CBA3aHBI APYT C APYrOM 33 CHOT MEKMOJIEKYJSPHBIX 3JIE€KTPOCTATUYECKUX

135



CUI; DuUepreTdyeckue ypOBHU JIOKAJIU30BaHbl B NpPeeNaX MOJNEKyIbl.
[lepexo, 2A€KTPOHOB MeXAYy MONEKynaMU B OOBIYHBIX YCJHOBUAX He MpOMUc-
XOJUT.

§ 6. HOJIYITPOBOJHUEKHN

Kak yjie u3peCTHO, B MOJYNPOBOJHUKAX [J1s Nepexoja 3NeKTPOHOB U3
BAJICITHON 30HB B 30HY MPOBOAUMOCTH Tpebyercs CpPaBHUTEIbHO He6Onb-
iwas oHeprus. [Ipu oTOM B pe3ysibTaTe MOIVIOMWEHUS KBaHTa JHepruu (Har-
peBaHHMe WM OCBelieHUe) CBA3b, O6YC/OBJIUBaeMas NapOd IJIEKTPOHOB,
pa3pLIBACTCA: OJAUH W3 3IIEKTPOHOB IePeXOJUT B 30HY NMPOBOAUMOCTU U B
JAHHOM DHEPreTHYecKOM COCTOSTHUM BAJIGHTHO# 30HBl BMECTO [BYX 3JEKT-
POHOB OcTaeTcsi OWH, T.e, 06pa3yercsi BaKaHCUMsi — TaK Ha3blBaeMad I10J10-
KUTEJBHO 3apsikeHHas AbIPKa:

—H—+hv=+++

BaNleHTHas AblpKa JJIEKTPOH
3oHa B BaNeHTHOH B 30He
30HE TIPOBOAUMOCTH

llpm HAJIOOKCHUU  JJIEKTDUYEeCKOTr 0 noJiA 3NeKTPOHHl, nepemennve B
30HYy [IPOBOAUMOCTH, NepeMeyarTesa K aHOny. B BasieHTHOU Ke B3OHe
SIeKTPOH, HaXoAAlUMiless PAAOM ¢ ABIPKON, IMepeMemaercst Ha 370 cBO60I-
HO€ MeCcTO, U ()(:B()6OJK}18.GTC)I HoBas /JBIDKa, Ha KOTOpYIO NlepeMeinaeTcs

clelyOmUi INEKTPOH, ocTaBJIAIOmMUA

jona npaﬂoduuug::"m oor nocie cebsi pbipky, ¥ T.4. (puc. 73).
\\ \\\\\\L\\\\\\;g\ ‘5_\\{\\\\ - Tlomo6Hblit gpeitd 31eKTPOHOB DKBUBA-

R \ N \ N JIeHTEH NepeMeeH o ABIDOK B

NPOTUBOMONOKHOM HalpaBJleHUU, Te.
46 x waropy. Takum oO6pasoM, NepeHoC
ANEeKTpUuJdecTBa B noJynpoBOAHUKAX

+ ™

OCYLECTBAACTCA  KAK  3JAeKTPOHaMMU.
nepeluenluMMM B 30HY rlpOBO;LI/[MOCTIA;
Banenmhuas 3oka Abipru TaK ¥ ABIPKAMU B BaJIGHTHOI1 30He, T.e.
" UMeeT MeCcTo asdeKkmpownad (n-TUna) u
P n e 73, 3onHas cxeMa cobeTBeH- B M P ( o )
HOM TPOBOAUMOCTH MOJYMpopodHn- OBPOURAL (pTMna*) npoBoOANMOCTE.
KOB Yucno 3aeKTPOHOB, NEPeXOAIUX B

“HOBCTUMOCTY . 8 CRenOBRaTelLyo,
1pOB fO0CTH, & CNeA0BATeNLHS,

U YHCJI0 ALIPOK yBenWYyMUBaeTcA ¢ IOBBIIIEHUEM TeMIlepaTypbl UK OCBe-
IIEHNOCTH. B stom CymecTBeHHOe OTIUYUEe MOAYNPOBOAHUKOB OT MeTallloB.

*
-~

=

=]

UT

UX 3JIeKTPUYECKaA MPOBOJUMOCTh CYIIECTBEHHO BO3PACTACT ¢ [TOBBILICHUEM
TeMIepaTyphbl, TOTJa Kak y MeTajioB, Ha060pOT, MPOBOAUMOCTDL € [HOBbILIE-
HUEM TeMIepaTypbl Najaer.

IIpu TeMnepaType abCONIOTHOrO Hynsi B OTCYTCTBUE NPYIUX BHEILIHUX
BO3JeACTBUN 5JAEKTPOHL B MOJyNpOBOZHUKAX He obnapaloT OHeprueit,
JOCTAaTOUHOU ANA NpeofOJIeHUs 3ampeineHHoi 30Hbl. [loatoMy nomyupo-
BOJHUK B 3TUX YCHOBUAX SBAAeTcH AUINEKTpUKOM. CiefoBaresibHO, Jlene-

'HMe BELIECTB Ha NOJIYNPOBOJHMKM U AU3NEKTPUKU ycioBHO. YeMm Gonuiie

INMpUHA 3alpeIneHHOM 30HBI, TeM BBl [OMKHA ObITH TEMIEDATYPA, 11PH
KOTOPOI‘{‘T BO3HUKaeT BHQKTPOHHO—HLIPO‘]HHﬂ pOBOIUMOCTS.

IIpu Hanuuuu B MONyNPOBOAHUKOBBIX MaTepUaliaX HPUMeceil COOTHOUIe-
HUe YUCia DEKTPOHOB U JBIPOK MOKET UIMEHATHCS, T.e. MOKET VCUIU-
BaTbCA UAU ABIPOYHAsA, UIU SJTHKTPOHHﬂ.ﬂ [MpOBOAUMOCTD. [Ipé’}l”().ﬂ())}‘\'MM.
4TO B KpUCTAINe KPEeMHUS B KAyecTBe NPUMECH UMEKTCH ATOMbl MBIHILAKA
(4524p3). Ilpu 06pa3oBaHUM CBsI3€H € OKPYKAIOWIMMU ATOMAMU KPOEMIHS
(3523p?) aToMBl MBIUBAKA UCNOJB3YIOT 4YeThIpe CBOMX 3MleKTpoHA. [laTsrit
Ke INeKTPOH CPaBHUTENBHO JErKO BO36ykAaeTcs W MNEpeXOiuT B 300y
npoBoguMoct. TakuM 06pa3oM, npuMech MBIIILSAKA YCUINBACT ¥ KPOMHUA
D7EKTPOHHYI0 NpoBonuMocTh. HaoGopor, BBemeHUe B KpUCTAL] KpeMHUS
aTOMOB 60pa (2522p!) OPUBOAUT K BaNEHTHON HEHACHIIIEHHOCTH ATOMOB Si,
T.e. YCWJIMBAET ¥ NOJYNPOBOJHUKA ALIPOYHYIO MPOBO/UMO

HederThl cTPYKTYp KPUCTAJUIOB TaKkKe BIMSIOT HA DJIEKTPUYECKYIO
[OPOBOJUMOCTE TNOJNYNPOBOAHUKOB, O6BIMHO BBI3BIBAS ABIPOYHYIO NTPOBOLU-
MocTs. B 3aBucuMOcTH OT mpeo6najaHUA TOrO HUAM MHOTO BHOA 11POBOJIM-
MOCTU pa3nuyaloT NONYyNPOBOAHMKMU TUNA N-TUIIA U [TONYIPOBO/IHMKY P
TUMa.

HeMeTa/IMuecKUMU CBABAMU, XOTA OHU HaUb60see 0TYETIUBO IIPOABISIOTCH
y BewecTB ¢ KOBAJIEGHTHBIMU CBA3AMU Masioii sHepruu. U3 mpocruix se-
IECTB MNONYNPOBOAHUKOBBIE CBOMCTBA B OGBIYHBIX yCAOBUAX HPOSBAAIOT
KpeMHUH, TepMaHUii, cesieH, Teanyp, 6op. M3 cnOKHBIX BEIECTB 0COGBIA
MHTepeC MpPeJCTaBIAIOT COSTUHEHUs, UMEIoIUe aliMa3ononobHyx KpueTas-
JIMYECKYIO PEelleTKy.

§ 7. TBEPIBIE PACTBOPH

Kak M B UHOMBMIYAIBHBIX KPUCTIMYECKUX BEIIGCTBAX, B TBEPABIX
PacTBOpax aTOMbI, MOHBl WIM MOJIeKyJbl yAEpKUBAIOTCA B KPUCTa/IIIYeC—

KO#l peleTke cujlaMUd MEKATOMHOIO, MeXUOHHOTO WM MeKMONEKYJIsiPHOrO

BzaumogeitcTeua. Ho kpuctamnvueckyio pelleTky TBeploOro pacTBopa
06pa3yioT YacTUUBl ABYX UAU 60see BELIeCTB, pa3MellelHble OTHOCUTENbHO
ApYr Apyra HeynopAao4eHHO. MHbIMU cnoBaMu, TBepibii pacTBOp Npeji-
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cTaBiiAeT coboil ¢
LWIEHWS YacTUIl Pa3IUyaioT
pacTBOpbI exedpenus (puc. 74).

(o]
b
0 0
o
a 2
P u c. 74. Trepavie pacTsopbl 3aMellleHMs (@) ¥ BHexpe-

Hus (6)

TBepable PacTBOPHI 3aMeleHUsT 06PasyloTesl B TOM cJiydae, ec/Ud Kpuc-
TaIJIMYeCKUe PEINeTKU KOMIIOHEHTOB OJHOTHUIHBI U Pa3Mephl HacTUL[ KOM-
nowentoB 6ausku (puc. 74, a). HeobxonuMbiM ycsioBreM 06pa3oBanus
TBEPJBIX PAacTBOPOB ABAAETCS TakKe U U3BECTHAR 6IU30CTh XMMUUYECKUX
CBOMCTB BemiecTB (OAMHAKOBBI THN XuMUdeckoi ca3n). Tak, B kpucranie
KCl xmopua-uosbl MOryT 6bITh MOCTENEHHO 3aMelleHbl 6pPOMUA-UOHAMU,
T.e. MOXKHO OCYIIECTBUTE MPaKTHUECKU HENPEPbIBHbIN Nepexojl BeliecTsa of
cocraB KCl k cocraBy KBr 6e3 3aMeTHOro usMeHeHust yCTOWUMBOCTUA KpuUC-
Tainuueckoi pemerku. CpojicTBa 06pa3ylomuxcs TBepABIX PacTBOPOB
sHenpepbiBHo MensitoTess of KClI k KBr. Hike npusenensl npumepsl HMOH-
HBIX, ATOMHBHIX, MOJIGKYJJDHHIX W MeTaJJIMYecKHX TBEPABIX pACTBOPOR
3aMelleHUs.

HerpephiBiible psifibl TBEPBIX
pacTBOPOB 3aMEHICHU A

Kpucrasumyeckas penterka

ATOMHO-KOBAJIGHTHAST ..o Si - Ge, Se — Te

VIOHHASE «oovviiiiiecee e . KCI - KBr, K3S04 — KyBeFy4
ATOMHO-METATTUYECKASA .....vee..ee... Ag — Ay, Au - Pt
MONEKYISAPHAA ovvveieriveceeiineeeeeneennn, Bro -1,

Ecsu pasMep yacTuu, OZHOrO U3 KOMNOHEHTOR He Npesbllnaer 2/3 pas-
Mepa 4acTull ApYyroro, TO BO3MMKHO 06pa3oBaHUe TBepIbIX pacTBOPOB
BHEJPeHUsi NyTeM MPOHUKHOBEHUs MEHbINUX MO Pa3Mepy YacTUL[ B MeXJ0-
y3JIUs KpUCTAJINYECKONH pelneTky, 06pa30BaHHON 6ojiee KPYNHBIMU HacTU-
uamu (puc. 74, 6). Teepable pacTBOpbI BHEAPEHUA, HAPUMED, 06pa3yIOTCs
OpU COBMECTHON KpMCTANIU3ALMKM dKejle3a M YIJIepofa, IpU aAcopbuyuu
HEKOTOPBIMU MeTajlyIaMUu BOILOPO#a U T.A. '
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O6pasoBanue TBepAbIX PACTBOPOB U3 KOMIIOHEHTORB CONPOBOKAACTCS
(kak U B ciiydae KUAKMX PACTBOPOB) 3HePreTMUecKUM 3¢dexToM, M3Mene-
HUeM OBIIEro 06heMa, a TakKe U3MeHeHMeM Dsifja CBOMCTB MCXOIHBIX KOM-
MOHEHTOB.

TBepable pacTBOPBI YALE BCETO MOIYYAIOT NPU KPUCTATIIUBALNM KU~
kux pactBopoB. Tak, TBepablit pacTBop Ag—Au o6pasyercs NpU KpucTai-
JU3aUMU KUAKOTO paclilaBa 3TUX MeTANJIOB; NPU COBMECTHON KPUCTALIU-
3alUM U3 BOAHOTLO DAcTBOpa WM M3 pacll/iaBa MOJYYAKOTCsi CMeliaHHble
kpuctanisl KCI—KBr u T.4.

I'1ABA 2. XUJKOE COCTOAHUE. }X{MJIKUE PACTBOPLI
§ 1. JKMJKOE COCTOAHUE

B3aumomeiicTBuss MexAy uacTUNMaMHU BELECTBA B KUAKOM COCTOSHUM
LOCTATOYHO CUJIBHBI, YTOGB IMPENATCTBOBaTh 6eCclOPALOYHOMY IMepeMerne-
HUKO YacTUL, HO BCe XKe HeJOcTATOUYHbI /A NpeKpallleHusA UxX epeMere-
HUSL OTHOCUTEJIBHO APYr Apyra.

[Mogo6io TBepAOMY Tely KUAKOCTH O6JIAfAeT ONPEACHEeHHON CTPYKTYy-
poii. Hampumep, ¢TpyKTypa *KMAKOW BOABI HAMIOMUHAET CTPYKTYpY Jblla:
monekynn H,O coeguueHbl apyr ¢ ApyroM NnOcpeacTBOM BOAOPOAHBIX
cBsA3eil, U MAJia OGOJBIIMHCTBA MOJIEKY/] COXPaHAETCA TeTPadJpUyecKoe
okpyxkenue. OEHAKO B OTJIUYMe OT JbJa B KUAKOW BOLE NpOsBIseTcs
AUWb OJKHUA MOPSAAOK — 3a cyeT UBrMba U PACTSIKEHUsT BOLOPOLHBIX
CBSIZel OTHOCUTE/IbHOE pPACHOJOKEeHUe TETPAIAPUUYECKUX CTPYKTYPHBIX
eAMHUL OKA3bIBACTCS HEYMOpsAAOUeHHBIM. KpoMe Toro, BeilencTBue mepeMe-
HIEHUs MOJIeKy/ 4acTh BOAOPOAHBIX CHSA3€H pa3pblBAETCS U COCTAB CTPYK-
TyprIX eJUHUL NIOCTOAHHO MeHsieTcs. Henpepbmm)e nepeMernesue 1acTUL
onpepe/isieT CHIbHO BBIDAKEHHYIO caMOAMGDODY3UIO KUAKOCTH U ee TeKy-
4eCTh.

ITo cTpykType *kUAKOe COCTOAHME SIBJSIETCSl NPOMEKYTOYHBIM MEKIY
TBEPJLIM COCTOSAHUEM €O cTPOrO ONpPeJeeHHON NePHOLUUeCKOH cTPYKTy-
poit Bo BceM Kpucrale (Haluuue HalbHero MOpPsifKa) U rasoM, B KOTOpOM
OTCYTCTBYeT KaKas—~IM60 CTPYKTYPa M JBUKEHUE YACTUI, 6ecnOpsifOuHO.
Otcioma [J1st ®UJKOCTM XapaKTepHO, ¢ OAHOW CTOPOHBI, HaJU4KMe ONpPeLe-
JIeHHOrO 06beMa, a ¢ APYroil — OTcyTeTBUe onpenenennoii dopubl. [lepsoe
O6CTOATENbCTBO COMMIKACT €8 ¢ TBEPABIMM TeslaMi, BTOpOe — ¢ rasaMu. Y

"KUAKOCTU BOIU3M TeMepaTypbl 3aTBEPAEBAHUs yNOPSJOYEHHOCTb BHYT-

peHHel CTPYKTYPBl CTAaHOBUTcs 6ojiee 4eTko Beipamennoi. Hanporus, mo
Mepe NpUGHIDKeHUs MKUAKOCTH K TeMnepaType KUIeHUs YCUIIUBAETCS
6ecnopsAI0OK BO B3aUMHOM PACHONOKEHUU YacTHUI.
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CTpyKkTypa M $U3NYECKUE CBOMCTBA XUAKOCTH 3aBUCAT OT XUMHUIECKOH
MHAMBULYaAbEOCTH OOGpa3ylolIMX €€ dYacTubi, a TaKkKe OT Xapakrepa u
WHTEHCUBHOCTH CWJl, [NeACTBYIOIUX Mexay Humu. Jid Bojel, kKak Mbl
BN, OOJBIIYI0O pOAL B AacCONMAllMKd MOJIEKYJl WIPaloT BOAOPOAHBIE
cBA3KM. Y HENONAPHBIX MOJIEKYJ B3aMMOAEMCTBUME ¥ B3aMMHEOE paclomoxe-

Maaue ronons. obmue
€ roBOpsA, O0iMe

Crrrer ey T R TR R YR e s R ETELIN TR

Hue o00yc/iOB/IMBAaIOTCA AUCNEPCACHBbIMM CHJIaMHK. riHaY
3aKOHOMEPHOCTH 00pa30oBaHus CTPpYKTYPHBIX ©IQMHMI, [JIA JKUIAKUX Tl
TaKHe JXe, Kak U OJIA TBepAbixX TeJ. Ornuumne 3aKJI0OYAETES B OTCYTCTBUH
JKECTKOCTH B CTPYKTYP€ M JaJIbHEro nopsiika B pacloNokKeHNH 4acThll.

§ 2. UOHUSALIUA MOJIEKVJT KU IKOCTHU

MHornie HeopraHWdeckue coeAuBeHEns (BOoJa, aMMHaK, COJM, INEI0YH U
Ip.) B XKMOKOM COCTOSHMM Paclafalorcsi Ha MOHB. PaccMOTpuM caMoyno#u-
3a1uio Boibl. MOJIEKYJIb BOABl CBA3aHbl APYT ¢ APYrOM BOJOpPOJAHON cBSi-
3pI0 U B3AMMHO .BAUAIOT APYyr Ha apyra. Ha cxeme skup#bM mpudrTom
BBIIGNIEHBl [IB€ MOJIEKY/bl BOJbl, HENOCPEACTBEHHO B3aMMOAEHCTBYIOMIKE

LPYT € OpyroM:

KpoMe Toro, stM Monekynsl HaxoAATCA B IONE JEHCTBUA COCEIHUX
MOJNIEKY/l U CBA3aHBI ¢ HUMM BOAODPOAHON CBA3bIO. TemyoBoe nBuxeBue
YJaCTUIL OTHOCHTEJIBHO NDYT APYra MOMKeT ocjJabuTh B ONHOM W3 MOJIEKYJ
casb O—H u pasopsarb ee. Paspuis cbnpoaomnaeTca nepexonoM NpOTOHA
K COCEJiHE/l MOJIEKYyJle 3a C4eT INpEeBpaleEnd BOJOpPOJNHOW CBA3M B KOBa-
JNIGHTHYIO N0 [NOHOPHO-3KUENTOPHOMY MEXaHU3MY:

|

Ly

H
| . :0:
H—O: ... H—0:| ag = 1 | J aq + l I
- | H—O—H H
H
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Nin
H;O ... HOH == OH} + OH"
B pesynsbrare moHnzauuu Mosnekyn H,O BOBHHMKAIOT runpaTHpoBaHHBIE

noust OH™ u OH3*. Ipu crosKHOBEHHU WX CHOBA OBGPABYIOTCS MOJIEKYJbI
BOJBI, T.€. Mpolecc MoHMBanuu obpatuM. IIponecchl MOHU3AUUK ¥ MOJIK3aA-
oMM NPOTEKAalOT HeNpepHBHO. Benencrsue npounoctu cessu O—H crenens
MOHU3AL MK BOAB! B OOIIEM HE3HauUTebHa.
AHanoruqHas KapTHHA caMOMOHM3AIMU WMEET MEcTO M B APYTUX KU~
KOCTAX, MOJIEKYJIbl KOTOPHIX CBA3AHbI APYr ¢ APYTOM BOLOPOIHBIMHU CBHA3H-
1, HApHUMep:

H3N ... HNH, = NH} + NH;
H.S ... HSH = SH; + SH-

NOj; ... HNO3 = NO3H; + NO;

H,S0, ... HySO, = SO4H} + SOsH-

B npuBeneHHBIX NpUMEpax TaKke OCYIECTBISAETCSA IEpexoj NpPOTOHA OT
O HON MOJIeKYNbl K Apyroi. B pesynbTaTe BOBHMKAIOT OTPUIATENbHBIA M
MOJIOKUTE/ILHBIA UOHBI, OKPY&KEHHBIe 000I0YKO HEeMOHW3UPOBAHHBIX MOJIE-

rkvn. B ofbmeMm cnvuae T
Y 111 clydae T

Peaknum, conpoBoxkgatoninecs nepeateii NPOTOHA, HA3HIBAKOTCA NPOMOAl-
muvecKuan.

B apyrux ciydaaX caMOMOHMBALMA HKUAKOCTH OCYIIECTBIAEGTCH 33 CHUET
nepelayu Kakux-yin6o Apyrux MOHOB, Hanpumep:

BrFy + BrF, = BrF} + BrF;

Mopo6Hble peakunn Ha3BIBAIOTCS @M PO OAUMULECKUALL.
§ 3. AMOP®HOE COCTOSIHUE

PenTreHoCTpYKTYDHbIE HCClENOBAHUS MOKA3BIBAIOT, 4YTO aMOop(dHOe
COCTOSIHME MONOOHO KMIKOMY, T.e. XapaKTepU3yeTcsl HENOJHOW YHOpszio-
YEHHOCTHIO B3aMMHOTO pacnojoxeBua dvactun. Ha puc. 75 npusesena
CTPYKTYpa cTek006pasHoro aAnokcuna kpemuns. Kak Busino, ynopsiiouen-
HOe B3aMMHOE pacloJIOKEHne CTPYKTYPHBIX eAWHWUI], XapaKTepHoe IJsd
kpuctamnmdeckoro SiO; (em. puc. 69, B), B crexnoo6passoM SiO, crporo

.
BepoATHOCTL CylIeCTBOBAHNS B BOJHOM PACTBOPE HETMIPATUPOBAHHONO UOHA

H* kpaithe mana (1:10190).
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ge BuiepxkuBaercsA. Beaencrsue sroro
CBSI3M MEXKIY CTPYKTYPHBIMM €IMHMUIA-
Mu HepapHonerHH. [loaToMy y amopd-
HBIX TeJ HET ONpele/ieHHOW TeMiepa-

BaHWA OHM MOCTENCHHO pasMAryaroTcA
¥ maaBsited. TeMmepaTypabiil uBTEp-
Ba/l 3THX INPOIECCOB A CHIMKATHBIX
cTexoJ1, RanpuMep, cocrabnser 200°

VY KpuCTATNIXYECKHUX TeJl NpU TeMIe-

P u c. 75. Ctpoerne amopdHoro ok-  parype IJIaBleHus COBEPIIAeTCsl TaKon

cuna xpemuusi (IV) 510, nepexoz, NPU KOTOPOM IalbHWH MOpsi-
IIOK MCYe33eT M OCTaeTcH NUIIL GAVKHMIA Nmopsaok. B aMopdHbIX Tenax
XapaKTep PpAacllojIOKEeHNs aTOMOB IpU HarpeBaHMM NMPAKTHYECKU HE MeHs-
ercs. VIsMeHBsieTcst NKLIb HOQBMXHOCTL ATOMOB — YBEJIMUMBAIOTCS MX KOJIe-
Gaus. CHauana OYeHb HEMHOIME, a MOTOM GOJIbIIOE YKCJIO AFOMOB NpPHOO-
PeTaioT BOBMOXHOCTH MEHATH coceneil. Hakoren, umeno aTux nepemes B

SHOBUTCH TAKUM e BONLITNM KAk ¥ B MHIKOCTH
AHOBUTCA TaKUM e OONLIINM, KaK ¥ B MHUIAKOCTH.

SHMHHIYY BPEMEHH ¢

CpaBBUTENbHO HENABHO Bay4yWwlich I0OJydaTh B CTEKJIO0OpPAsHOM coOC—
TOAHWN MeTajiibl. JINiA 3TOro Meransl pacmiaBisiOT M 3aTeM 3a OYeHb
KOPOTKOE BpeMsl OXNaxJaioT. Benencrsie ObICTporo oxnaxiesus B MeTal-
Jie He BO3HMKAeT IPABUIbHON KPHUCTANINYIECKON CTPYKTYpbl; OH CTaHOBUT-
¢ CcTEKJIOOOpa3HbM. MeTa/uiocTek1a OTIMYAIOTCH BBICOKOW TBEPAOCTHIO,

MBHOCOYCTOHYMBOCTBIO ¥ KOPPO3UOHHON CTONKOCTHIO.

§ 4. JKWJKUE PACTBOPBI

Xummaeckas Teopus pactropor JI. . Menneneepa. YKunkue pacTBopbi,
KaKk M KHIKHWe BemecTBa, 06alaioT BHYTPEHHEH CTPYKTYpoit 6imkHero
nopsigka. IIpu 3TOM cTpyKTypa pa30aBleBHBIX PacTBOPOB OJIMkKE K CTPYK-
Type PACTBOPUTENs, a KOHIEHTPUPOBAHHBX — K CTPYKTYPE PacTBOPEHBOTO
BEIIECTBA.

B KmakuMx pacTBOpax 4acTHIpl PAcTBOPDEHHOTO BEIIECTBA CBA3aHbBI C
OKPYKAIOWMMHI UX YaCTHIAMHU PacTBOPUTENA. DTy KOMILIEKCH Ha3plBalOTCH
coaseamany, a JNs BOOHHMX pacTBOpoB tudpamanu. Ilogo6Hoe npexcrabie-
Hue O pacTBopax BO3HMKIO eme B 60-x romax XIX B. B pesynprare patoT
.. Meupneneepa. Ha ocHOBa#MU 3KCHEPUMEHTATBHBIX (DaKTOB OH BbIJBH-
HyJ IPEeIoNoKeHre O CYMECTBOBAHNM B PacTBOpPAaX OINpEeJIeHHBIX XMUMH-
YECKMX COELVHEHMIl paCTBOPEHHOIO BELIECTBA C BOLON. JTa Mesl cOCTaBU-
7la OCHOBY XMMMYECKOji TEOPHH PacTBOPOB. XMMUYECKas TeOpHA PacTBOPOB
HPUHUMINAILHO OTIAMYAeTes OT (HuUBKYECKOl Teopuu, KOTOpasf paccMaTpu-
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Bajla PacTBOPMTE/b KAk MHEPTHYI0 cpelly M I[PHUpaBHMBala PacTBOPH K
HPOCTHIM MEXaHMYECKNM CMECSM.

PacTBopuMocTs. PacTBOpMMOCTS BELECTBA 3aBHCUT KaK OT €ro HpHpo-
IBl, TAK ¥ OT NPUPOAB PACTBOPUTEINS.

Tak, cTpykTypa Kuakoro GeHszona ONpPENENsieTcsi B OCHOBHOM JAMcIep-
CHOHBHBIM B3aUMOJEHCTBUEM HENONAPHBIX MOJNEKYJN, ¥ NPH BBEJEHWM B
6€H30J1 ZIPYroro BeIECTBa € HEIONAPHBIMKU MOJEKYJIaMH, HAlPUMEP rexca-
Ha, XapaKTep B3anMOJENCTBUS Meky MoleKkynaMu He Mensiercs. CTpykTy-
PY BOBHMKAIOMIETO PACTBOPA, KAK M B3ATHIX KUIKOCTEH, O6YCIOBNHBAIOT Te
K€ HeHanpaB/IeHHbpIe M HeHachlllaeMble AucHepcHoHHbe cuiibl. ClencTBue
3TOr0 — XOpOIIasg PacTBOPHMOCTh rexcasa B GeH30Ne U GEH30Ma B rekcaHe.
Ecnu ke BHecT 6eH30N B BOLy, TO pa3pbiB BOLOPOLHBIX cBA3eH (M Hapy-
II€HNE CTPYKTYPH BOAB) He 6yHeT KOMINEHCHpOBaH 0OpA3OBaHUEM 6oJlee
HPOYHBIX HOBBIX cBaseil. OTcioga sicHa NpUYUHA TNUIOXON PAacTBOPUMOCTH
6eH30M1a B BOJE.

B 0 e Bpems, cnupr (Monekyan koroporo 3a cyer OH-rpynn cpsza-
Hbl BOZIOPOJHOM CBSI3bIO) xopomo pacTBopsieTc B BOJI€, Tak KaK pa3phiB
BOAOPOAHBIX CBA3EH BOMbI \nan n CﬁﬁpTa) KOMNI€HCUPYETCHA 00 [‘EUU BaHueM
6oJ1ee IPOYHBIX BOJOPOAHBIX CBA3CH MEKIY MOJIEKYJIaMH BOJABI U CNUPTa.

B 3aBMcMMOCTH OT NPUPOAB! BELIECTB BOIMOMKHEL CJEAYIONIME cJydan:
Heorpasgu4yeHHasd paCTBOPUMOCTb (BOjga — CIUPT, KHUIKUe
K—Rb 1 KCl-KBr), orpadnuyeH Has (JacTUYBAsA) PACTBOPHMOCTD
(Bo1a — odup, xugkne Pb—Zn, LiCI-KCl), npakTuuecxoe
OTCYTCTBUE PACTBOPUMOCTH (BoJa — KOPOCUH, KUAKUC
Fe—Ag u LiF—CsCl). B nochenBux aByx caydasx MOMKET HMETh MeECTO
paccanBAHKE CMELIMBAEMBIX HIIKOCTEIA.

Hoanzanna M JMCCONMAIHA BEOIECTR B pacTBope. B pacTBopax, kak U B
MHAMBUAYATbHBIX JKUIKOCTAX, B3aMMOAEACTBUE MONEKYJ MOXKET COMpPOBOK-
JaTbesi MX MoHU3amuen. Pacmaz BeniecTBa Ha cONBBATHPOBAHHBIE VMOHBI MOJ,

MONeKyn

DACTERODUTENT HARLIBACTE
CKYZl PACTBOPHUTONA Ha2nBaercd

Q

I
PACMEOPAT WY IAEKTPOAUMUUECKOT OUCCOYUAYUEL.

Hpess o pacnmage BemecTBa B pacTBOpe Ha MOHBI 6bljla Bblcka3aHa
C. Appenuycom (1887). OcHOBONONOKHUKAMYI COBPEMEHHOI TEOPUH 3JIEKT-
POJIMTHYECKON JMCCONMALMMA KAaK INpOLecca, Bh3bBaeMOro coJibBaTailueil
Moneryn, ssasioress U.A. Ka6nykos u B.A. Kucrsikoekuit. B otanyue or
runore3pt uoHusaumu C. Apperuyca, He YYNTHBAIOlEHl B3aMMOJEHCTBUE
PACTBOPEHHOTO BEILECTBA C PACTBOPUTENEM, B MX TEOPUM K OObACHEHHIO
SJIEKTPONUTUIECKON MCCOUMALMI  1IPDUBJIEKAETCS XMMUYECKAass Teopus
pacteopoB JI.V1. Menneneena.

BoamoxkHOCTE M cTeneHb pacnaza Ha MOHBl ONpEENsieTcss TPuPOAOIE
PacTBOPEHHOr0 BEIECTBA M IPHUPOOAl pPacTBOPUTEIs. Pacnajy Ha MOHMI
CBSA3aH JINGO ¢ sIBNEHUeM ducconuanun (pazbenuHenus), nubo c sABneHUeM
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nonnaayuu (06pasoBaEus noHoB). Tak, Npu PacTBOPeHUM HOHHBIX COSU-
HeBMii (IIOCKOJIbKY OHM YK€ COCTOAT U3 MOHOB) MMEET MECTO JIMCCOLUANUA.
Ponb pacTBOpUTENs B 3TOM cllydae 3aK/IO4aeTcsi B CO3JaHUM YCNOBUM 1Jist
pasbeIUHEHUA KOHOB INPOTUBONOJOKHOTO 3HaKa M B INPENsTCTBOBAHUN
npouecey Jaoaudayuu. Jluccoumauus MOBHBIX COGIMHEHUI NPOTEKaeT Tem
jlerge, 4eM NoJspHee MOJIeKkylibl pacTBopurens. [Ipu pacnane KoBaJleHTHBIX
COeIMHEEHEUI Ha MOHBI NPOUCXOAUT reTepoJIMTUYECKUIl Pa3pbiB CBA3MU, T.e.
MOHUBAIUA.

Kaxpoe BenlecTBO B JaBHOM pacTBOPUTENe U IIpU JaHHBIX yCJIOBUSAX
XapAKTepU3yeTcst ONpEAeeHHOH cmenenyio uonusayuu. CTENeHpI0 MoHU3a~
MU BEIleCTBA B PacTBOPe Ha3bIBAETCs OTHOLIEHME MCIA MOJIEN MOHU3UPO-
BAHHOI'O BellEcTBa K ()Umemy qUCy MOJie €ii pacTBOPSHHOTO.

Ina MHOIMX coefuMHeRUi Haubonee CUIbHO MOHH3MPYIOIIMMU PacTBO~
pUTENAMU ABASAIOTCS BOZA, MUAKMe aMMuak M GTOpHi Bogoposa. OTu
COCIMHEHUSA COCTOAT U3 AUNOJIbHLIX MOJNEKYT M CKJIOHHBI K JOHOPHO-aK-
LHENTOPHOMY B3aMMOLENCTBMIO U 06pa30BaHUIO BOAOPOAHOH cBsizu. Hanpu-
mep, HCl xopouio uoHmsupyercs B BOAe, YTO CBA3aHO C INPEBpallleHUEM
Bogoponuoit cesizu H,O...HCl B nonopao-akumentopryio [H,O0—H]*

1—0: . H—Cl:| . [H—O—H
l ] aq = |
H H
H,O ... HCl == OH} + CI-

aq -+ [:Ql:]’

o aroit xe npuuuse HCl xopolo MOHUBUpYETcs B CUUpTe, aMMUAKE.
HaupoTus, B HUTpOGEH30/€ U [IPYTUX DPAacTBOPDUTENAX, HE CKJIOHHBIX K
IOHOpHO-aKuentopaomy BaauMopeitctsuio, HCl Ha moHbl npaktuuecku He
pacnajsaercs.

Horo—conmnparsl  (MoHO-rHApaTe). Cka3aBHOe Bbille IIOKABBIBAET, UTO
NpPU PacTBOPEHUU NPOUCXOANT KOMIJEKcOOOpasoBaHue, B PE3yJbTaTe uero
06pa3yloTes COMbBATUPOBAHHbIE KOMIJIEKCH — B BOJAHBIX pacTBOPaX THIpa-
THPOBaHHBIC aKBaKOMIUIeKchl. B mpocreilliux ciiyyasx o6pasoBaHUE KaTh-
OHHBIX AKBAKOMIIJICKCOB MOXHO OOLACHUTL AOHOPHO-aKLUENTOPHEbIM B3aUMO-
JeCTBUEM KaTHMOHA ¢ MOJIGKYJIaMU BOJbl, a AHUOHHBIX aKBAKOMILIEKCOB —
3a c4eT BOJOPOAHON CBA3K:

H OH, M
I I
K+ + 4:0—H — {H,0—K*—O0H,
CcBOGOHBIIA
KATHOH OH,
KaTHOHHBIM AKBAKOMILIEKC
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\ H [ HOH ]
I .
:A:” + 4H—0— |HOH.. A- .. HOH
CBOGOIHBIN :
AHUOH HOH

aHYOHHBINA aKBAKOMIIEKC

TIOHATHO, YTO aKBAKOMIJIGKCHI, B CBOK OYEPEelb, TMADPAaTMPOBaHBL, T.€.
BOKPYI' HUX KOOPAMBMDPOBaHB MOJEKyJbl BOJAH 38 CY€T BOLOPOLHBIX CBA-

K OOPAMHALMOHHOE UHCAC HEHTPaNbHLIX HOHOB B AaKBAaKOMIJIEKCAX B
(Te. npu ROCTATGHHOM KOMMHECT
BO,ILbI) B ()6[119M cjlyyae COOTBETCTBYET B3HAUYECHUIO XaPAaKTEPHOrO KOOpAMHA-
MOHHOTO 4Mclia KaTHoHa (akuenTtopa) u adnosa (mosopa). Tak, nns
uonos A3 Cr3*, Co?* koopausanuorHOe uucio o6LMHO DPAaBHO LIECTH, a
" pna Be? — dernipem. B pas6aBieHHBIX BOZHBHIX PACTBOPaX, CJI€JOBATEIb-
HO, 9TU MOHbl HAXOQATCA B BUIE I'MIPATUPOBAHHBIX KOMIJEKCHBIX MOHOB
tuna okrasgpudeckoro [Al(OH,)g]3*, Terpasnpuueckoro [Be(OH,)4]2*.
YacTo akBakOMIIEKCHl OKA3BIBAIOTCS CTONbL NPOYHBIMU, YTO BHIEIAIOT-
€Sl W3 PACTBOPOB B cocTaBe KpHcTanioruaparos, nanpumep AlCly-6H,0,
BeCl,-4H,0 u 1.1.
) [lpn o6b4HOi 3anucy ypaBHEHUIl JJIEKTPUYECKON AUCCONMUALNM KOOP-
1 AMHANMOHHAsA cdepa UOHOB He yKashHBaeTcsd U HA [PAKTHUKE NONb3YIOTCA
| YIDOTITEHHBIMY

VDABHEHUAMU, HAIDUMED!

i AlCly(p) == Al¥*(p) + 3CI'(p)
§ BeSO4(p) == Be*(p) + SOF (p)

Oneprerndeckmit acdert pactpoperus. [lpu pacTBopeHuu paspymaer-
»: €A CBA3b MEKIY MOJIEKYJaMU (ATOMAaMM, MOHAMU) B PACTBOPAEMOM BELIECT-
f Be u pacTBOpUTENie, UTO CcBA3AHO C 3aTpaTOi Hepruu. ONHOBPEMEHBO
TMPOTEKAeT IPONEece KOMIJIEKcO06pa3oBalns (CONbBATAllNM), T.€. BO3HUKAIOT
. CBABM MEKIY 4YacTMLAMM DACTBOPEHHOIO BELIecTBA U DACTBOPUTENS; OH
§ conpopokpaercs BuijenenueM sEepruu. OOmmit ke dHepreTHUECKUl -

. lbeKT PacTBOPEHNA B 3aBUCHMMOCTU OT COOTHOIUIEHUS KOJUUYECTB BhIJensie-

§ MOl U TOIJIONIAeMOil IHEPIMU MOXET ObITb KaK MONOXKUTEIBHBIM, TaK U
‘V; OTpuuaTeNbHLM. [Ipu pacTBOpeBUM ra3oB U KUIKOCTEl Telora oO6BYHO
| Bbilenserca. B uacTHOCTM, C BbAENGHUEM TENJIOTH NPOTEKAeT cMelleHue
- Bopbl ¥ cnupra. [Ipu pacTBoperny B Boje TBepibX BELIECTB TEMJIOTA MO-
®erT u BolaenaTecs — pacropesue KOH, Ca(OH); — u noraomarbes —
i pactBopese NHyNO;. [osromy marpesanue no-pasHomy ckasblBaeTcs Ha
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ux PacTBOPMMOCTH. Ecnn pacTBOpeHMNE BeIEeCTBa CONpOBOXKIACTCA

BBIJIE/IGHUEM TENJIOTBI, TO NpNU HArPeBaHWM €ro pACTBOPUMOCTL TiazaerT
(KOH). Ecnu ke BelzecTBa pacTBOPSAIOTCA € IOIJIOMEHHEM TEILIOTH, TO
3aBucu-

HarpeBaHue BLI3bIBaeT ypesindeBRne pactBopumoctu (NH4NOj).
MOCTBH DAaCTBODHUMOCTU B BOJle HEKOTODbIX conein or TeMnepaTypht
Ha puc. 76.

JiBoiicTBeHHAA UPUPOAA XUAKMX PacTBOPOB. Kpome dHepreTndeckoro
abdekTa pacTBOpeHne cONpPOBOKIAETCA TAKXKE M3MeHeHueM ob6neMa. Ha-
npuMep, NPy pacTBOPEHMM CHUPTa B BOLE OOLEM pacTBOpa yMEHbIIAeTcs
npuMepHo Ha 3,5% N0 cpaBHEHMIO ¢ OGMM 06HEMOM B3ATHIX BEINECTB 3a
cdeTr 06paaOBa}m5{ CONbBATOB.

[Ipu pacTBOpeHnM vmor‘;_(a Haémonae"rcﬂ U u3MeHeHnue okpacku. Hanpu-
iep, Geaslit cynbdar menu CuSO, oSpasyeT BOuHbIA pacTBOp CHHErO nBeTa
3a cdeT BOSHMKHOBEHUs TMPaTHPOBAHHBIX aKBakoMIlekcos [Cu(OH,)q)2*.

Bce atu caktel (sHeprermueckuit addexr pacrBopeHMs, nzMeHeHHE
06beMa U OKPacKM IIPH PACTBOPEHWN) FOBOPAT O TOM, YTO KM KUE pacTBO-
pbl caenyer paccMaTpuBaTh KaK XUMHUYECKUe COeIUHEeHN . OlLHaKO OT—
CyTCTBME y PacTBOPOB MNOCTOAHHOIO cocTaBa, T.e. OonpeneIeHHbIX LOOTHOLUF‘—

ACTBODEHHOrS Ben

¥ KOAnYEr
CpeHIore 1

C’ KOJAMYECTB& PAaCTBOPMTENA,
c6imKaeT UX ¢ MexaHUYeCKUMu cMecsiMu. Takum 06pa3oM, KUIKUE pacT-
BOpbl 3aHMMAIOT NMPOMEXYTOYHOE TOJIOKEHHUE MEKIY XUMUUECKUMH COelU-
HEHUSIMY HNOCTOAHHOIO ¢OCTaBa I MEXAHUYECKUMU CMECAMU.

O6pazoBanie pacTBOPOB MOXKET paccMaTPUBATLCA € IBYX CTOpOH: pusu-
HecKOM # XMMMYECKOH, U B pacTBOpax BUZHEe, 4eM Iae-1160, HaCcKOJIbKO
9TU CTOPOHBI €CTECTBO3HAHUSA cOJNMIKEHBl MEKY cO60ii.

ﬂmmompe,aﬁoe dnbrenve

[

Mac. donu,%
80+ RbNO3

Nn250,~10!-[2(/
ot \ : .

Jabrerue napa

Il
ty ot 24
Temnepamypa

Y ot S B ...
0 20 40 60 80 100t°C

P uc 76. 3aBucuMOCTb pacTBopu- P}‘l c. 77. 3aBUCUMOCTb gdBne}mﬁ

B BO4E HEKOTOPbIX coJley oT apa BOIbl ¥ pacTBOpa O

M
TEMIIEPATY Pbl TYpBI

146

\

\ TemnepaTypa 3aMep3aHus M KMIeHMs pacTBopoB. IIpu pacTBopeHun B
pacTBOpUTEIe HENEeTyYero BelIecTBa JlaB/leHKWe Iapa PacTBODUTENSA Hal
pacTBOPOM YMEHbIIAETcs, YTO BLI3HIBAET MOBBILIECHNE TeMIEPaTyphl Kuie-
HUS PacTBOPa 1 NOHIKEHUWE TEeMIePATyphl ero 3amep3aHis (no cpasHeHuIO
¢ YUCTHIM PAcTBOPHUTENIEM).

PaccMOTPUM M3MEHEHWA NABICHWS Napa ¢ TeMIoepaTypoil IJisi 4ucTOi
BOAM M IJiA BOZHOrO pacTBOpa HejieTydero Bemiecra (puc. 77). Kak Bugno
Ha puc. 77, KpUBas JaBlieHUs Iapa pacTBOPa JISKUT HUMKE KPUBOM JaBne-
HusA napa Bozpl. UMcras BoZa moj HOpMAbHEIM aTMOc(epHbIM J1aBjleHueM
wgunut npu 100°C (373, 15 K), Tak xak npu 2700 TemmepaType JaBileHne
BOJSTHOrO INapa pAaBHO BHelIHeMy naaBleHuto. [Jljig TOro uro6ul 3akunel
pAacTBOp, [aBlleHMe [apa PACTBODUTENs TAKKe IOJKHO ObiTh pPaBHO aTMO-
ecepuomy. OpHako 310 #“MeeT MecTo rnipu 6o0Jiee BLICOKOW TeMIeparype

i 9EM A0S 9HCTOrO pacTBOPUTENS L

HunkocTs 3aTBEpHEBaET, KOrga JaBlieHNE ee Napa CTAHOBUTCA DaBHBIM
ZaBJleHUI0 Nlapa cooTBercTBytomei TBepaoil dase. Ha puc. 77 supHo, uTo
JaBjleHue Napa Jibla IOCTUraeTcs y pacTBOpa Ipu 60Jee HU3KOH TeMnepa-
Type {,. [loHnxenue Temneparyphl 3aMep3aHHsi DacTBOPOB ObUIO BIEPBbIE

ycranonero M.B. Jlomorocosbiv (1748).

WUccnepoBanne cpoilcTB pas36aBiieHHBIX pacTBOPOB  HEJIEKTPOJIMTOB
HNOKa3ajl0, 4YTO MNOHWKEeHHEe [aBJeHHs Iapa, MNOBbIIICHNE TeMIepaTyphbl
KHUIEeHUS M HOHMIXKEHME TeMIepaTypsl 3aMmep3aHus OOyCJOBIEHBI TOIBKO
YUCJIOM pacTBOPEHHBIX YAaCTUL, B ONIPENEeSICHHOM obneMe HOAaHHOrO pacTBOpU-
TEJIsT ¥ HE 3aBUCAT OT NPUPOABLl PACTBOPEHHOroO BellecTBa. B srom sakaio-
JaeTcs CyIHOCT 3 aKOHOB Payas.

B ofmronm nune

BAanY CLHM.
i ODLICM BUAC 2aBUCUM

¥ TOBBIIGHUA TeMIlepaTypbl KUNEHHs Aty pasfaBNeBHbLIX pacTBOPOL OT
KOHUEHTPAIUM HEITEKTPOIUTA MOKHO 3amucarTh Tak: Aly = kse n At =
= kyc, rae k; u kx — k03bdPUIMEHTH PONOPUMOHANBHOCTY, 3aBUCAILNE OT

. OpHUpOAb PAacTBOPUTENs; ¢ — MOJNAPHAS KOHIEHTPAlUsA PacTBOPEHHOro
W BemecTsa.
p Koabdbunuents nponopuuonanbioct ky u k; HaBHIBAIOT COOTRETCTREH-

HO K‘[)’UOCKOT!H“( cKou M 35:‘//{1!067&20”11"{ cxott Kowcmanmaau. VUx 3HAYeHUs

JJIsd HEKOTOPLIX pacTBOPUTE/IEN NPpUBENEHBl HUXKE:

ks ks
& BOMa weviiiiiin it 1,86 0,52
il BEHBOM .eoiiiiieecv e 5,10 2,64
VKCYCHAS KUGIOTA < .eovevessesoreseeenesennnns 3,90 3,10

N B ypaBHenun niisi Ai! KOHUEHTPAUMUIO MOXKHO 3aMEHUTb OTHOLIEHVEM
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Maccesl m pacrsoperHoro semectsa B 1000 © pacTBOpUTeNns K MOJAPHOU
Macce M sroro sewectsa. Torga

At =k (m/M).

C noMowpio 91oii GOPMYIH HETPYAHO INOJCHHTATh MOJAPHYIO Maccy
BELIECTBA.

Il pacTBOPOB H/IKTPOJMTOB NOHVWKEHUEe TeMIIEepATyphi 3aMep3aHus U
NOBbILLEHNe TeMIEPATYPH KUNEHUs OKa3blBAIOTCS Beerja 6oJblle TeOpeTH-
4Yecky BulyMcieHdbix. HanpuMep, ans pacrsopa, coaepkamero B 1000 r
sogbt 1 Moms Na(Cll, nouwskenuce TemnepaTypei 3amepsarus (At; = 3,36°C)
noyTy 8 ABa paze Go/bilie, 4€M [/ AHATOIUYHBIX PACTBOPOB HEJJIEKTPO-
JMTOB. DTOT PAKT OCLACHAIOT yBeIHYOHUEM YMC/A YACTHI 33 cYeT HOHU-
BAlUE DJIEKTPoANTA. 13 ¢BOe BpeMs HONBITKM OObACHUTH YKA3aHHOE ABJIe-
BLIABHAKCHUIO ApPDEHHYCOM THIOTEe3bl MOHU3ANMH,
U3 BAXHEMILUX TeOpUHd COBPEMEHHOHN Xu-

HHE CIIOCOBCTBOBAMY
npeBpaTuUBIBCitca jlalee B OOHY
MHH.

Kucnore! # ocuoBanus. Kax Mbl BUZENTH, CAMOMOHHU3ANUA COSIMHEHMNI
Bonopona (1) B sIJKOM COCTOAHMN TPOUCXOAUT ¢ OOPA3OBAHMEM COTbBATH-
POBAHHBLIX IIOJOAUTNIGHBX U OTPULATEbHBIX HOHOB:

H,0 ... H,O0 == OH5 + OH-
NH, ... HyN == NHj + NH;

PacTeoperne o/nix U 1ex ke COeNMHEHMH B COOTBETCTBYIOMMX CpPelax
yeunusaer M0G0 X OCHOBHYW, JMG0 KHCJOTHYW ¢yHknpuio. Hampumep,
npu pacteopeunst B Boje HCl u HNOj; o6pasyioTesa ruapatupoBaHEble

HNOHBl OKCOHUA 1T COOTELTCTBYHOUME AHHOHBI!

H,0 ... ICI == OH; + CI
H,O .. HNOy = OH} 4 NO;

PacTBopenye 10X ke BCHIECTB B KUAKOM AMMHAKe CONPOBOXKJAETCS
06pa3oBAHNE COJNBBATUPOBAHHEIX MOHOB AMMOHMA H  COOTBETCTBYIOLIMX
AHUOHOB:

Nil, ... HCl == NH} + CI"
NH; ... HNO, == NH} + NO;

Kak Buauo us stux npumepos, mosexyast HCl u HNO; otnaor npoto-
HBl, T.e. ABJSAIOTCH KHCJIOTHHIMU cOeNUMHEeRuAMU. Monekynbl xke pacTBOpu-
Tenst (BOJAB M AMMHAKA) NPUCOGAUHAIOT NPOTOHBI, T.6. BAYT ceba Kak
OcHOBHBIE cOeAMNICHWA. B pesynpraTe nTOTO B3aUMOAEHCTBUS yBEJIMYUBACT-
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+ PR + [
¢A KOHIEHTPanMs HonmknTenbupnx nonos {OH3; — B Boge, NHy — B ®ua-
KOM aMMMAaKe) MO CPaBHEHHUIO ¢ YMCcThiM pacTBopuTeneM. CrazaHHOE NO3BO-
ssier cOpMyaNpOBaTh clleyiollee JacTHOe ONpeJeNeHne KUCIO0T: Kucaoma

poL0 YOES

i pacimeopenuu acmcs
PAYUL NOAOKUMEALHBLL UOHOE PACTREOMUMENR,
Veenuuenune dncna OH™-1oHOB (OTpUBATENBHBIX MOHOB pacTBOPUTEIA)

B BOJJHLIX pacTBOpaX MNPOMCXOJMT, HampHUMep, NIPpU pacTBOpeHWN aMMHaKa:

NH; ... HOH = NH{ + OH"-

Ha 6aze BbilleckasaHHOrO MOMXKHO JaThb cielylolee onpejenesue OcHO-
BAHUAM. OCHOGANUE — MO COLOUNENUE, NPU PACTREOPENUN KOMOPOLO YoEAU-
wUBAETNCS KOHYEHMPAYUS 0MPUYAMEALHBT UOHOG PACTRGOPUMEASL.

Mpu B3auMOEHCTBUM KMCAOT 1 OCHOBAaHUil JPYr ¢ APYrOM 06pasyioTcs
MOJIEKY/bl PAcTBOPUTENSA, T.€. IPOTEKAeT peakuus Hejirpanusanuu. Hanpu-
Mep:

B Boge H,Q; KOH + OH3Cl = KCI + 2H,0
B xkuaxoM ammuaxke NHg: KNH; + NH,Cl = KCI + 2NH;y

'’ TABA 3.TA30BOE U JAPYTUE COCTOSIHUS.
T'A3OBBIE PACTBOPHI

§ 1. TFABOBOE COCTOAHUE

XapakTepHasi OCOGEHHOCTb [A30BOIO COCTOSIHWSl 3aK/IIOYaeTcsi B TOM,
9TO MOJNIEKYNb (aTOMBI) ra3a He yAepsKUBAIOTCA BMOCTE, a CBOGOJHO IBU-
KyTes B o6beMe, 3HAUMTENBLHO NpeBhillaomeM o6beMm caMux gactun. CHib
MEXKMOJIEKYISAPHOTO  B3aUMOJIEHCTBUA HPOABISAIOTCSA, KOIJa MOJEKYJb!
NOAXOAAT APYT K Jpyry Ha J0ocTaTo9HO 6am3skoe pacctosuue. Craboe
MEXKMONEKYNSApHOe B3auMopeiicTBue OOYCNOBAMBAET Malylo IIOTHOCTb
Ta30B ¥ MX OCHOBHLIE XapaKTEpHBIE CBOJicTBA — CTpPEMJIGHME K Oe3rpaHuy-
HOMY paclUMpeHUIO ¥ CrOocOOHOCTL OKa3biBaTh JaBjleHre Ha CTeHKM cocyaa,
NpenATCTBYIOIIUE 3TOMY CTPEMJIEHMIO.

CocrostBHe rasa XapakTepH3YeTcs ero TEMNepaTypoii, NaBleHueM H

" o6bemom. 'as cunraercsi HaXOZAUMCS NPU HOPMATBLHBIX YCJIOBHAX, €CIH

ero temneparypa 0°C (273,15 K), nasnenne 1,01325-105 I1a.

BenenctBie cnaforo MeKMONEKyAAPHOrO B3aMMOJEHCTBMA TPU MabIX
NaBNeHMAX M BHICOKUX TeMIlepaTypax Bce TUIMYHBIE Ta3bl BEAYT cebs
OpubNU3NTETbHO OnuBakoBo. Ho yke npu OBLIYHBIX TeMmepaTtypax u
RAaBNEeHUAX HAYMHAIOT NPOsABAATCA WHIUBULYATLHOCTH ra3oB. CylecTBeH-

149



Hble pasNMyus, CBA3BaHHBIE ¢ NPUPOJON COCTABAAIOIIMX a3 YacTHll, Oco-
6eHHO CUABHO MNPOSBIAIOTCSA NpU OONbIIMX JaBNEHUAX U HUBKUX TeMIlepa—
Typax, T.e. B T€X yCJIOBUsX, B KOTOPBIX Ia3bl NPaKTUYECKU UCHONL3YIOTCA B
Texauke. [loBbllleHMe BHEIIHEro [aBjieBUs U INOHWXKeHHUE TeMIepaTyphl
c6nmmKaeT dYacTUIBl ra3a, [MO3TOMY MEXMOJEGKYNAPHOe B3aUMOZeNCTBIE
HaYMHAET NPOSABAATLCS B GONbIIEH cTENeHU.

§ 2. TA3OBBIE PACTBOPbBI

Kak B MHOMBUIYATBELIX BEIIECTBAX B I'asOBOM COCTOABUM, TaK U B
ra30BOM pacTBOpe MMEeT MECTO ¢ J1 a 6 0 ¢  B3auMOJEHCTBUE MEKIY MOJe-
KyJaM¥ cMeIIMBAEMbIX BEIecTs. B 060uX ciydadx AJ1A CHCTEM XapaKTepHO
Xa0TUYECKOe JIBUKEHUE MOJICKYJl M OTCYTCTBME OHPEAENEHHON CTPYKTYpbi.
[MosToMy ra3oBblit pacTBOP Npu OGBIYHBIX [AaBJIEHUAX CJELYyeT paccMaTpu-
BaTh Kak (U3MUYeCKyl0 cMecCh, B KOTOPOH Kai/blil KOMIOHEHT HpOABIAET
npucymue eMy UHAMBULYyalbHbe GU3MYeCKUe M XMMUIECKHe CBOVCTBA.

[IpumepoM razoBoit cMecn SIBAACTCA BO3LYX, KOTODHIH COCTOUT U3 pacT-
BOpeHHbIX aApyr B apyre (06. moau, %) asora (78), wuciopoma (21},
6aaroponHbiX; rasoB (0xon0 1), AHOKeMza yriepojia, NapoB BOABI If
HEKOTOPLIX ITPUMECEiA.

O6uiee napjieHue, OKa3blBaeMOE Fa30BOH CMEChIO, €CTh CyMMa JlaBJIeHMH
(HA3LIBAGMEIX NAPYUAABHLLUL), OKA3BIBAGMBIX €r0 COCTABHBIMM HacTAMMU.
Hanpumep, us obmero pasjenust sospyxa 1,01325-105 [Ia na gonto asora
(78 06. noneit, %) npuxopurca 101 325-78/100 = 0,79034-10° Ila, na
nonro kueaopoga — 101 325-21/100 = 0,21278- 105 Ila.

§ 3. INTASMA

CymecTBeHHbIC U3MGHEHUS NPeTepleBaeT BeNecTBO HpPU HArpeBaHUU 110
TeMHepaTyp MOpsnKa ThicAY ¥ MUJIMOHOB I'pagycos. B aTux yenosusx oo
[epexOiUT B MOHMBMPOBAHHBIA ras — mnasMvy. B obmieM ciydae niasma -—
3TO CMech GecripepblBHO NepeMemalomuxces aToMOB, 3JIEKTPOHOB, MOJOKU-
TeJIBHBIX MOHOB M Jaxe aTOMHBIX fAnep. [lnasma ¢ TemmepaTypoit nopsaka
10—100 Thic. rpazycop HaswiBaeTesl "X0s07HOI", ¢ TEMIEPATYpOil HOPALKA
MUIAMOHA rpagycoB — 'ropsdeir”. B nocnepHeM cilydae HedTpaslbHbIO
aTOMBI B NJIA3ME CYLIECTBOBATb HE MOI'YT, M OHa COCTOUT M3 CMECH 3JIEKTpO-
HOB, MOHOB M aTOMHbIX snep. Ilnasma B uesoM dNEKTPOHENTpaibHA, HO
0671a72€T 2NeKTPOHHON U MOHHO NMPOBOIMMOCTHIO.

B 3eMHBIX yc/iOBHAX NIa3MEHHOE COCTOSHUE Dean3yerTcsd B MOJHUAX U
CEBEPHOM CHUSHUM, 3JIeKTPUYECKON Iyre, CBETAIIEMCS BENICCTBE HEOHOBBIX
M aproHOBBLIX JjlaMIl, IJIaMEHU TOpeJku U ap. B cocTosHuu miasMel Haxo-

IMTCH OCHOBHAS Macca KOCMMYECKOIrO BEIIeCTBA — 3BE3Nb, TYMaHHOCTU.

MEK3BE3IHOEe BellecTBO U Ap. KomoccanbHbIM CryCTKOM IJIA3Mbl sIBJSETCA
. Conuie. B Macwmirabax Bcenennoit Teepable xosonHble Teja, HOLOGHBIE
galleir 3eMile, — 3TO JIMLIb PeIKOE UCKIIOYEHHUE.

Dusuka ¥ XUMUA IUIa3Mbl — BaKHeWIIMe U HanboJee MHTEHCUBHO
paBBMBﬂ}OUlVIeCﬂ obnactu HAayKHN He TOJILKO MOTOMY, 4YTO mnJia3Ma SABJ/IAETCHA
paubojee pacnpocTpaHeHHBIM BO BceJleHHO COCTOSHMEM BelecTBa, HO
Takke M 6s1arogaps MHOroOGeralomyuM MNepeneKTHBaM TNpaKTH4ecKoro
HMCTIOJIL3OBAHUSA PE3Y/bTATOR B 9TON obGyacTi. BeccnopHo, camas zaMan4u-
Bad U3 ITUX HEpCHeKTUB — OBJIa/IeHUe I'POMaJHOW 3Heprueilt Tepmosnep-

' HBIX peaKIUil, a TaKkike IPOBEICHUE XUMUUYECKUX CHHTE30B.

§ 4. IPYI'ME COCTOSAAHUA BEILECTBA

CyHecTBeHHBIC U3MEHEHUS BEUIECTBO NPETEPIEBACT NPU BbICOKUX BHEIMI-
aux gasnenusx. Tak, npu papienusx nopaaka 109—1010 Tla ymerbmaroTes
PacCTOAHUA MEKIY aToOMaM¥ B KPMCTAMJIMYECKOH DPelleTKe, paspyllaroTes
XUMUUECKHE cBA3U. [IpM 3TOM cO31atOTCS yesIOBUA AJA BOBHUKHOBEHUA

" HOBBIX CBAB3El, COOTBETCTBYIOIMX 60JIee IOTHON KPUCTANINUECKON CTPyK-

" type Bemrectsa. LIMpOKO M3BECTHBIMM NpUMepaMy YOLOGHOTO pOZA MOMM-

MOp(MHHX UpeBpameHUil NPU CBEPXBLICOKOM JABJICHUM SABJACTCA NEPEXO

rpaduTa B anMas, HUTpuJa 6opa B 60pa3OH, KBapua B Apyrylo Moauduxa-

., uuio (CTMINOBUT) ¢ IVIOTHOCTBIO, Ha 60% G6oiblueif, 4eM y NpUPOIHOTO
KBapia, u Ap. B HacTosimee BpeMs BOBMOKHOCTb TAKMX MOJMMOP(DHBIX
' IPEeBPAIEGHUA HAYMHACT LIMPOKO MCTOIL30BATHCA B TEXHUKE I71A IOTyue-
HUA CUHTETUYECKUX TBEPIBIX U CBEPXTBEPIBIX BEIISCTS.

[Ipu BLICOKMX M CBEPXBHICOKMX AaBJICHUAX W3MCHAIOTCH (DUBHUCCKHE
cBolicTBa BemecTs. Tak, B psifie cilydaes BemiecTBa, KOTOPLIG IpU OGBLIMHBIX

HABNOHUAX ABNSIOTCH W30AATOpaMy (HanpuMep,

)

cena), HPY CBEPXBBICOKOM
 RaBJleHWU CTAHOBATCA mnomynposofuukamu. [lomynposoguuxu ke npu
" (2—5)10'° TIa MOTYT mepexomuTh B MeTalimueckoe cocTosHue. [1o1061bie
fepexonbl UBYYeHbl y Teslypa, nouga, docdopa, paga coenqurenuit. Pacue-
< Tl HOKa3BIBAIOT, YTO JajibHEILEe IOBBIIIEHUE NaBJeHUS METAUIU3YeT BCe
" BemecTsa. MHTepecHble npespameHus npeTepnesaeT urtepbuit Yb. Ilpu
 Ranenun 1o 2-10° Ia urrep6uit — meTani, npu (2—4)107 Ifa — monynpo-
.. BogHuK, Bhime 4109 ITa — cHOBa MeTasI.
) Ncemenosanne moBeseHust BemecTs NPU BHICOKMX 1 CBEPXBBICOKUX
ABBJICHUAX UMEET 1 OONbINOE TEOPETUYECKOe 3HAaYeHUe NJA pa3sBUTHA
" Guauxu TBEPROTO TesA, reodUIMKN, KOCMODHBMKE U IPYIHX Hayk. Heene-
AOBaHMe BEMHOrO BeHECTBA IOJ BHICOKUM [ABJICHUEM UM IPU BBICOKOI
TeMrepaType 1aeT BO3MOMKHOCTb KaK 6bl MOIeIMPOBATH TMPONEcchi, MpOTe-
Kalonue Ha GONbIIOH INy6KHe BHYTPM 3eMJIM U B KOCMOCE, M MCCACLOBATH

COCG i

~PCTOAHNE B
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[lepeuncinesdapIMu  ipuMepaMy, KOHEYHO, He MCYEPIBIBAIOTCH COCTOA-
HUSA, B KOTOPHIX MOMKET HaxOAuTbcsl BemecTBO. DOpMbl OpraHu3anuu Be-
[€CTBa HEUCYEpIaeMHbl.

I'J1ABA 4. ®PU3UKO-XUMHUIECKUN AHAJIU3
§ 1. TEPMUYECKUI AHAJIN3

DU3NKO-XUMUYECKU)i aHAIU3 UCCACLYeT 3aBUCHMOCTb (DUBMIECKUX
CBOJCTB CHUCTEMB OT €e cOCTaBa WM BHEIUHHX YCJIOBHHA. DTO MO3BONSAET
06HApYXUTb U U3YIUTh NPOUCXOLAIINE B cUCTeMe XUMUYECKUe U3MEeHEeHU.
OU3NKO-XMUYECKUii aHAIU3 KaK METOJ MCCIeJOBaHuA Obill NpelJiomeH
M B. JloMoHOCOBBIM. DTOT MeToz LiMpoko ucnonb3oBan J[.M. Mennences
[pU U3y4YeHUU NAOTHOCTH pacTBopoB. OcHOBONONAralomue TEOPeTUYecKue
U HKCHepUMeHTAlbHbIe paboTH B ofnacT HH3MKO-XMMHUYECKOrO aHalusa,
IpeBPATUBLUKE €r0 B CaMOCTOSTENbHYIO HAy4HYK NUCHUINMEY, NPUHAlIe~
swar H.C. Kypgakosy.

O xuMHYeCKUX NPEBPAISHNAX B CHCTEM
n3MeHeHUsA Pa3sHOO6DPA3HBIX (PUBUYECKUX CBOMCTB — TeMHepaTyp INJaBlie-
HUA U KPUCTAIN3aluy, AaBICHUs Napa, BABKOCTH, IINIOTHOCTY, TBEPAOCTH.
MarHUTHBIX CBOUCTB, 3JIEKTPUYECKOH NMPOBOJAMMOCTH CHCTEMBEL B 3aBUCHMOC-
TH OT ee cocTaBa. PesynpTaThl uccnenoBaBus OGHYHO KU306pa)aloT B BHIE
IuarpaMMel ¢OcTaB — CBOMCTBO (IO ocu abepyce — cOCTaB, MO OCU OPAUHAT

— CBOJCTRO).

N3 pa3/iniuHbIX BUIOB ¢)M3MKO~XI/IMM‘{6CKOFO aHanusa OGonee ‘IaCTO_

NPUMEHSIOT TepMUYECKMil aHanus. B xoge aBann3sa cTpoAT M u3ydaor
Juaipanay nAAGKOCMU, KOTOPAH BhIPaMa-
eT 3aBMCHUMOCTb TEMHEpATyphbl IJ1aBIeHUA
CHCTEMBI OT €€ COCTaBa.

Yr1o6Bl MOCTPOUTH AMArpaMMy MNAaBKOC-
TH, 6epyT [Ba YKCTHIX BEIIECTBA U [OTO-

&0 BAT M3 HWX CMeCH pPa3jIn4yHOro COCTaBa.

Kaxzayw cmecy pacnnaBiagioT M 3aTeM

MEIJIEBHO OXNaxJalT, OTMeyasd 4Yepes

onpejelieHEEE  NPOMEKYTKM  BpEMEHU

TeMIlepaTypy OCTHIBAIOIIEro crnaba. Ta-

KUM 06pa3oM MONYyYaloT KPUBYIO OXJIax-

Temnepamypa

P e oo 7Q NpuBEIEHHE KpHBbLI
Hus. Ha puc. 78 npuBeleHbH KpuBb
OXNaKIeHUsT YUCTOro BemecTBa | M crja-
Ba 2. Tlepexon wwucroro BemecTsa U3

KUJKOrO B TBEpPJOE COCTOSAHHE COmpo-

Puc 78 Kpu

HUs:

e

2
£
{22
x

I
J:x

{ — YUCTOro BEMIECTBa; 2 — CMecH
ABVX BeleCTB
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' MEJIKHX KDUCTaNJIOB KOMIOHCHTOB, Ha3LIBACMYIO 28Mexmuxot.

‘BOXKIaeTcs BbiAe/eHUeM TeNJOTpl KpHCTAL/IM3anun, IO3TOMy, IIOKa BCA

MHUIKOCTL HEe 3aKPUCTAIM3yeTcs, TEMNepaTypa OCTaeTcsl HOCTOSHHOIL.
Jlaniee oxnaxaeHue TBEPAOro BeleCTBA HET PaBHOMEPHO.
Ilpu oxnaxneruu pacnnana (pacTBOpa) KpuBasf OXNaXAeHUsd HMeeT

e o aa Y

slit Bug (puc. 78, kpusasi £). B mpo

eiiilieM cilydae OXamie—

6ojiee CNOKE
HUS pacnJjiaBa JIByX BellecTB BHa4Yasle NPOUCXOJUT PaBHOMEPHOE NOHMKe-
HHE TeMliepaTyphbi, I0OKa M3 pacTBOpa He HaYMHAIOT BLIACAATLCA KpUCTAI-
JIBl OBOTO M3 BerecTB. Tak Kak TeMiepaTypa KpPUCTaJlNu3alui PacTBOpa
HUXKE, YeM YHCTOro pacTBOPUTENHA, TO KPUCTAN/IM3anMA OJHOIO U3 BelllecTB
M3 pacTBOpa HAYMHAeTcs BHILE TeMIlepaTypPbl KPuCTalIu3aLiiu paLTBOpa

¥ KDUCTAIJIOB QNHOTO U3 BEIICCTE COCTAB MUAKOTO

Mnw puinenenu
“TaJIJICB OAHOTC U2 BEHICCTB CO

IIpu Buinenenun Kpy
Ba U3MEHsSeTCA U TeMIlepaTypa ero 3aTBepleBaHusl HeNpepbLIBHO NOHMKaeT-
cAd [0 Mepe KpUCTAIAMBamuu. Bolaensiomascss Npu KPUCTAIIU3AINYT
TENJIOTa HECKOJIBKO 3aMeIJIAeT XOJ OXJaKACHUA W MOITOMY, HAYMHAA ¢
TOYKK b, KpyTusHA NUHUKM KpUBOH oxnaxAeHus yMenbliaeTes. Hakomer,
KOI'Zla pacnjiaB JeflaeTcsd HachlIeHHHIM OTHOCUTEIbHO OGOMX BCLIECTB
(Touka c¢), HauuHaeTCH KpHCTaLAU3anus OBOUX BEIECTB OJHOBPEMEHHO.
OTO OTBeUAET NOSBICHHUIO HA KPUBOH OXJIAKIGHUA TOPU3OHTAIBIOLO
yyacrka cd. Korga kpucTaniusamusi 3akaHYMBAeTCs, HAOJIONAETCS Nalb-
Helllllee NajeHne TEMIePaTyphl.

Ha ocOBaEMM KpUBBIX OXNaMIEHUs CMecell PasHOrO cOCTABA CTPOAT
AuarpaMMy IJIaBKOCTH.

Haubosee Tunuumsle Buist AMArpaMM IUIABKOCTH TpUBEJEHbl HA pHC.
79—83.

CucTeMBl ¢ 3BTEKTHYECKOH cMechlo. BerecTsa, INIOXO pacTBOPUMBIE
APYr B Apyre B TBEPIOM COCTOSAHWUU, NPU KPHCTANIU3ANMU UX DACTIAABOR
4acTo (Mpu ONpe/leVIeHHbIX COOTHOIICHUAX KOHIEHTPAIuil) 06pasyloT cMech

DeTeKTUKA
<&

MIOE JBTCKTU]

(no~rpeqecxn "nerkonnapkuit") xapakTepusyeTcsi TeMIePaTypoil IuiaB-

JeBust 60nee HU3KOM, YeM TeMIepaTypbl NAaBleHUsi ee KOMIOHEHTOB.

Hanpumep, Temneparyps nnasnesns Sn u Zn coorsercTBenso 232 u

3(1)9"(7, TOrZa Kak MX cnaas, cofepxammit 92% Sn u 8% Zn, naasutces npu
0°C.

Ha puc. 79 npusenena auarpaMma niaaBKocTH 1A cucTeMul Sn—2Zn, Te.

A BeniecTB, KOTOPble HEOrPAHWYECHHO PACTBOPUMBI APyl B ApPYre B su/I-

COCTOABUYU U HEPaCTBOPUMBI B TBEPIOM COCTOsHUM. KpuBas oxiaammge-
HUA ana nojoGHOW cucTeMbl NpejcTasiieHa Ha puc. 78 (kpusas 2). Ilpn
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MEJIEHHOM OXJIaX(eHWM DAacIUiaBa IMHKA ¥ Oj0Ba BHadYale KPUCTAIIHM3Y-
erca nu6o puHk, nu6o onoso. Hanpumep, npm oxnamAeHMM pacrijiaBa
(pacTtBopa) cocraa 60% Zn m 40% Sn B TBepmyio ady HaunmHaeT Bbile-
JATbCA [UHK. JTO IPOUCXOQHUT MO LOCTHKEHUH TEMIEPATypbl KPHCTalau-
3anMM MMHKA M3 PacliaBa, OTBeYaiomeil B3fAToMy cocTaBy (Touka a). Ilo-
CKOJIbKY PACTBOPbl KPHCTA/UIM3YIOTCH Npu Gojlee HUBKOH TeMneparype, 1eMm
yucTbie skMgKocTH (cM. puc. 77), TeMneparypa Hadajla BBIIEJICHUA LUHKA
M3 PacTBOpa JIEKUT HUWKE €r0 TOYKH KPHCTaliM3aiiu (419°C). Mo wmepe
BLIZLEJIGHMS [MHKA 1 OOOralIeHHs] pacTBOPA OJI0BOM TeMNepaTypa KpMcTall-
NU3ANMH PACTBOpa BCE 60Je€ TIOHMKAETCHA, M TIPH IBTEKTHYIECKOM COCTaBe
(92% Sn u 8% Zn) pacTBOp KpHcTanu3yeTcAd Kak eguuoe penoe. Ecau
OXJNa%/IeHUIO NOJBepruyTh pacnnas coctaa 92% Sn u 8% Zn, To cocras
TBep/0il (aszbl mpeicTaBnser coboit YHcTyio aBrekTuKy. [Ipm apyrux coor-
HOIIEHUAX KOMIOHEHTOB pacljiaBa o0pasyeTcs cMech IBTEKTHKHM U paHee
BBLINABIINX 60J1€¢ KPYNHBIX KPUCTANJO0B [IHHKA WU OJIOBA.

AHanorudHylo guarpaMMy NJIaBKOCTM HMMEIOT TaKKe CHCTOMBI COMNCIi,
manpuMep LiCI—KCl. Osrekruveckass cmech LiCI-KCl nnaeures npu
352°C, a temneparyphi naasnedust LiCl u KCJ coorserctsenno papubt 612
n 772°C.
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Py c. 80. JIMarpamma miaBko-
ety cucrembl HoO — NaCl

P uc. 79. inarpaMma fiaBKOCTH CHUCTEMBI
C BBTEeKTUKOU

Ha puc. 80 nokasana puarpamMMa KpPHCTaJJIM3alUH CONHM U3 BOIHOIC
pacTBOpa. DBTEKTHKA B CHCTEME BOIA — COJIb Ha3BIBAETCS Kpuorudpamo..
OprexkTndeckas cmech B cucreme H,O—NaCl coorsercreyer comepxannio
23,4% NaCl; temneparypa ee kpucrannmsanun — 21,2°C. Tak kak Jes
nnasurest npu 0°C, To no6ble KproruapatHsie cMecu Naassitess Hmke 0°C
Ony venonL3yioTest 115 NONYUEHHsT HU3KUX TEeMOEepATyD.
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Cucrema BemecTs, 06pasylomux XMMHUYEcKMe coefMHenHs. Ecam npu
CIJIABJIEHMH BELIECTBA OGPAa3yIOT XMMUYECKOe COeJMHEHHE, TO Ha JMarpaM-
Me IUIAaBKOCTH 3TO OTPaXaeTcsi MNOSBICHUEM MaKCUMyMa, OTBEYAIOIEro
cocTaBy dToro coenmuenus. Tak, B cucreme Mg—Sbh (puc. 81, a) Makcumym
OTBEYAeT TeMmiepaType mJaBneHus coeguHenuss MgsSb,. PaceMmarpupaemas
AMarpamMMa MNpeiCTaBAAeT coboif Kak Obl CoueTaHMe NMArpaMM IABKOCTH
cucreM Mg—Mg;Sh, m MgsSho—Sb.

Ecnan Ha puarpamve niaBKOCTH MMEETCSt HECKOABKO MaKCHMYMOB, TO
3TO 03HAYAET, YTO B CHUCTEME CYINECTBYET HECKOJIbKO coepuneHmii. Tak, Ha
OCHOBAHMM MaKCHMMYMOB HA [JMarpamMMe 3aTBEDIEBAHMSA B CHCTEME
H,O0—H;S0,4 cnenyer cmenare BbiBOm, 9TO B 3TON CcHeTeMme CYIECTBYIOT
coepnuenns cocrasa HpSOy, H;SO,4- Hy0, H,pSO, - 2H,0, HySO,4-4H,0 (pac.
81, 6).

Ecam B cucreme obpasyerca HeycroiumMBoe coeqmHeHMe, KOTOPOE TOJ~
HOCTBIO Pa3/IaraeTcs eme A0 AOCTHKEHUA TEMIEPATYDHL IJIABNCHUS, KpH--
Bas IUIABKOCTH mperepnesaer usnoM (puc. 82). Touka uznoMa orBedaer
TEMIIEPATYPE Pacniaja COSJMHEHMUs], a COCTAB ero MOKeT ObiTb HaiifleH, ecau
TPOZIO/UKUTL HIKHIOK BOTBb KDUBOH 10 ee MakcumyMa. Hampumep, xoz
kpuBLX B cucteme NaCl—BeCl; cBunerenscrayer 06 o6pazosan
YUBOIO COCMHEHNUA, OTBEYAIOMIEr0 cocTaBy V32B6C14

Cucrema BemecTs, oGpasylomX TBEepANE PpacTBOPH. XapakTepHas
OCOGEHHOCTb MOLOOHBIX CHCTEM 3AKJIOWAETCA B TOM, 4TO TEMOEparypa
A/aBJCHUS TBEPLOrO PacTBOPa JAHHOTO COCTABA HE COBIALAET ¢ TeMIepa-

0 H,S04°H,0
)
1000 ~10
© l. Mg5 ‘ Y
L ann . —20HH,S0,-4H.0
g quur g e q IVI
E‘ L ?‘3” H50,-2H,0
S o s
N §-#
. I~ -
R 600 5 50
~
~60
-70 L L L
Li W 40 6a 2 26 40 61 &1 10
H,0 2504

Mac. donu Sb,%

H,
Mon. Jomu H,S0,,%
a 14

Puc 8. [iuarpaMumbl miaBKOCTM cUCTeM ¢ HOBbIM XUMUYECKUM COeMHe-
HYem:

a— crcrema Mg - Sb; 6 — cuetema HpO — HpSO4

155



I 100
s o} \ o
N “ < wsal
N
E, sook \ % B Pacnrab 5
S
N ) N
S Jor = S 0 !
S g I T8epdan pasa
mof A S dhdd
Z I L 950 1 L H i
0 20 40 60 5 1w 0 20 40 60 0 70
NaCl BeCl, Ag Au

Mac. Gonu Au,%

P u c. 83. [lnarpamMma IIaBKOCTH
TBEPAOro pacTBopa

P uc. 82 uarpamma miabkocty cuc-
TeMbl ¢ HEYCTOMUUBBIM XUMHUUYECKUM CO-
ellHEHNEM

Typoii BaTBepAeBaHUA HKUIAKOLO pAcTBOpa (pacryiaBa) TOTO KE COCTaBA.
MosToMy Ha IQmarpaMMe TJIaBKOCTH HabIIONaloTcs nBe Kpusble (puc. 83):
BEpXHSAA OTPAKAET TEMIepaTypbi 3aTBEpP/eBaHus paclllaBa, HIDKHAA —
TeMmepaTypbl MJaBJI€HNA TBEPOTO pacTBopa. Hadano niabnenus TBepporo
pacTBopa ¢ copepxanueM 60% Au cooTBeTCTBYeT TeMIepaType TOYKuM 6, 4
Ha4amno daTBG‘pL[E'BaHPlﬂ pacrnjaBa TOrO e COCTaBa — TOUKE 1.

fipudenenupie quarpaMMbi MABKOCTH OTBE4YAKOT MpocTed
Yame, OJHAKO, BCTPEYAIOTCA AMArpaMMbl 6ojiee cJ0MHON
TAIONMe NPUBHAKN OTASNBHBIX MPOCTEANINX JMarpaMM.

OPMbI, CO4€-

Pasgen IV
iMeToabi uccnepoBaHma CTpOEeHUd BellecTB

H&y}(.d Ha4yuHaeTcs1 ¢ TeX [op, NaX HA'TMHAIOT UsMe-

psitb. TOYHAs] HayKa HeMBICIMMA, 6053 Mephl.

L Mendeaees

UudopMauuio 0 CTpOGHNM BEIIECTBA HOMYUAOT Ja OCHOBAHUH H3yde-
HUsS ero GUBMYECKUX U XUMUYECKUX ¢BoicT. Oco0yio poin JipH n3y4eRun
CTPYKTYpbl WIPAIOT MCCIEOBAHUA CHEKTPOB HONIOMICUNA M HCIyCKaHus,
Andpaknuy pasJUYHbIX UBJIYYeHUil, MAPHUTHLIX W OGJACKTPUYOCKUX B3au-
MOZECTBUT, MEXaHMYECKUX, TEPMUTECKUX. OHHEKTPICICCKHUX M IPYrUx
XapaKTepUCTUK BEIIEGCTB.

OKoHYaTe/bHOe BaKJIOYeHUe O
CONOCTABICHUS U B3aUMHON LpoBepku urdopMmanm,

HBIMM METOAMU.

BEUIECTBA  Jle1aloT  flocae

HONYICHHOR  pasiau -

CTPOCHUN

I'JI ABA 1. CHEKTPOCKOIIMYECKHE METO/ i
HCCJIEIOBAHUS

§ 1. OJIEKTPOMATHUTHBIA CIHEKTP 1 ATOMHBIE
WJIN MOJIEKYJISIPHBIE TPOILLECCHI

CrieKTpsl 3JIGKTPOMArHUTHOTQ UBJYHYEHUA, UCIIYCKAOMOTO, MOTJ0IIAEMO-
TO ¥ paccerBaeMOro BELIECTBOM, UBYYaeT pa3jienl (BHKN — CReXmpocKo—
‘Mus. KBaHT morsomaeMoit UM UCnycKaeMoil BeIecTBOM BHEpLuM COOTBeT—
CTBYEeT M3MEHEHMIO DHEpIUM NpU KAKOM—JIMG0 €QHMHHYHOM AKTE aTOMHOrO
Wiy monekysnsproro mnpouecca (raba. 14). Hanbonee KopoTKOBOJIHOBOE
u3nyyenue (y-U3/1yYEHME) COOTBETCTBYET siIEepHBIM lponcccaM. KpadTosbie

Hepexonbl BHYTPEHHUX IJIEKTPOHOB 4TOMOB U MOJCKYJ CONPOBOMK/AIOTCHA
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HTreE MM u3NyYeHUeM. DNeKTPOMArHUTHOE MBNYYeHHe yinTpaduone-
TOBOI M BMJMMOi O6JIACTH CHEKTPA OTBEYACT KBAHTOBLIM NEPEXOaM BHEII-
Hux (BaJeHTHBIX) 3JleKTpoHOB. KosleGaHMIO 8TOMOB B MOJIEKYJIaX OTBeYa-
eT HHGPAKpacHOe M3JYYeHHE, BpALIEHMIO MOJEKyN — JajbHee HH(ppa-
KpacHoe M3liydesre, clIMHOBOMY NEPEX0ly NEKTPOHOB M ANep — pajuou3-

JiydeHue.

Ta6nauua 14 ATouHbie WM MOJeKyISIDHBIE TTPOIECCH ¥
WIEKTPOMATHUTHBIA CIIeKTp *

Ipouecc CriexrpanpHas 06— |[InnHa Bon- BonHoBoe yyc-| DBeprusa KBaH-
nactb MBIyYeHnsi | Hbl A, €M |J10 V= i/},
Ml
SlnepHbie peakuun| y-Hanyuenne 10710 1010 1,24-108
IMepexonpr omexT-
POHOB:
BHYTDPEHHMX Pentrenopckoe 10°9-10°7 109-107 1,24-105
1,24-103
BHEUIHNX Vnbrpaduonero- |1076-1074 106-104 124-1,24
Boe U BUIMMOE
Komne6amus aromod Binxnee nudpa- | 1073 103 0,124
B MOJNEKynax KpacHoe
Bpamenne mone- |[lanbree undpa- 1072 102 0,0124
Kyn KpacHoe
CriHOBbIe Tepe-:
XOJIbI:
JIEKTPOHOB Papuouanyyerne 1071102 10-1072 1,24-1073
Anep > 103-105  [1073-107% 1,24-1079

* O7eKTpPOMArHUTEOe MAJyHeHWe MOXeT GBITh OXApaKTepu30BaHO 6O BOJHOBLI-
My, 6o SHeprerTMyeckuMMy napamerpaMy. K mepBbIM OTHOCATCS MIMHA BOJNHBI A,

~
4acToTa KonebaHWusA v 1 BOJHOBOe Yuciio v. BonHoBoe uncio TIOKa3biBaeT, CKOJbKO

BOJIH [JAHHO/ [7MHBI yKJIanbBaercest B 1 cM; naMepsercst v B cM™L.

Tio Auana3oHaM M3y4YaeMBIX BOJNH 3JI€KTPOMArHUTHOTO H3NyYeHUA
pasinvaloT: 1a4UA-CREXNPOCKONUI), PERMIENOBCKYI0, ONMUUECKY M pa-
duocnexmpocxonuso. OUTHYECKAN CHEKTPOCKONHS B CBOKO OYepelb MO pa3-
nndpakpacayio "

UHMODAF

IeJAercs HAa CHEKTPOCKONWIO BUANMOTO W3NYUYEHUs,
YABTPadHONETOBYIO.
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§ 2. PEHTTEHOBCKASI CITEKTPOCKONIUS

\ PerTrenoBCcKOE M3NyUeHME BO3HMKAET 3a CYET KBAHTOBBIX MEPEXONOB
BHYTPEHHNX 3/IGKTPOHOB aTOMOB. llOC/IeHEE CTAHOBMTCS BOBMOKEHBIM B
| pesynbTaTe OGJIyUEHMS BEIECTBA MOTOKOM 9NEKTPOHOB BBICOKOW 3HEpTUm
j MM JKECTKIM DEHTIeHOBCKMM M3/1yYeHUeM; MPU 3TOM IPOMCXOAUT BHIPHIBA-
;*‘(‘Hne SJIEKTPOHOB M3 BHYTPeHHMX JNIeKTPOHHBIX cjoeB. Ha ocBoGoausmuecs
OpOuTaNK NEPeXONAT ANEKTpoHb U3 Golee NaneKHX OT AApa CIOEB (puc.
“84), uro n CONMpPOBOX/IA€TCA BBHIJENCHUEM KBAHTOB DEHTIEHOBCKOIO M3Ny-
JOH U
“‘ HocKonpKy KBaHTOBEIE NEPEXO/IBI 3IICKTPOHOB B ATOMAX PaBHEIX dJieMeH-
JTOB OTJIMYAIOTCS OT JHEPrUH, PEHTIEHOBCKOE UBNIYHEHNe 3aBUCUT OT CTPOE—
HUs aTOMa. DTy 3aBHCMMOCTb BLIpakaeT 3a kKo e M o3 a (puc. 85):
(GAURBL GOAN PENMIENOGCKOIO UBAYHENUS AMOMOG RPONOPYUUONAABNSL AMOA-
HOMY HOMEPY INEMENMA:

/X =a(Z-1),

rae A — A/MHa BONHL; Z — aTOMHLI HOMep 3/IeMeHTa; @ ¥ b — KOHCTAaHTHI,

-
wmep, K Lo M),

Cepun n
" I_f n <
M —3 Ve
lL. L
L 2
o5t Ho
K b, e /
= 1"5 %7 A
a1t
K 1 T " i e |
10 20 30 40 50 60 70 80 7
Py c. 84. CxeMa BosHukHOBeRMS Puc 85 3apucumocth IMMH BonH

PEHTTEHOBCKOTO  CIIeKTpa
[JIaBHOE KBaHTOBOE YK CII0)

(7'- ~ PEHTT€HOBCKOTO M3JIYyYEHUSI OT ATOMHO-

TO HOME€pa BJIeMEHTOB

. Orrpuitie aToit 3aBucuMocTs Moz (1913) cuirpano BakEyio ponn
-TIPH BLIACHEHMH CTPOCHHA aTOMa (B YaCTHOCTH, HOXTBEP/IMIO €TI0 CIOUCTOE
CTpoerue), NOBBONMIO ONpeNeNuTh IKCIEPHMEHTAILHO ATOMHLL HoMep
MeMenTa M MOATBEPAMIO NPABHILEOCTH PACNIONIOKEHUs] DIEMEHTOB B Ile-
" MuoRuveckoit cucreme 1.1, Menneseesa. Ycranosnensas Mosnu saBucu-
NOCTE mosponmna paccUMTATH pEHTTEHOBCKHE CHEKTPH B TO BpeMsA elle
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OTKDHITHIX JIMIIb - BIOCJICACTBUN 371IeMEHTOB li‘pﬂﬂﬂ,
"I
peHus U Ap

s ToJiydeHUsl PEHTIeHOBCKOrO CIEKTpa (puc. 86) noTOK BIEKTPOHOB 2 us
katona ] HATIDABJISIOT Ha AHTUKATON 4 PEHTTeHOBCKO/ TPYOKM.

AHTHUKATO TIPUMOTOBJIAIOT U3  HPOCTOro
BelecTBa, CHEKTP KOTOPOTo XOTAT HCC/IeNo-
BaTh, WM ke HA [JIATMHOBbIN AHTMKATON
HAHOCAT Kakoe-JMbo coenMHeHMe UCCIIeNyeMoro
afleMeHTa. BosHMKawllee peHTreHoBCKoe U3JIy-—
yeHMe J aHTUKATOIA HANIPABIISIIOT Yepe3 Kpuc-
tamt (Mrpaoudit  posb nMdpaKLMOHHON P
Puc. 86. CxeMa peHTT€HOBCKON merkn) Ha  cpororpadueckyio IACTMHKY
Tpy6oKU
crieKTpa. B Hacrosilee BDeMsSI DEHTTEHOBCKMe CTEKTDBL yallle BCEro I0JIy4ator
BO36YKIAS BEIeCTBO KECTKUMMU PeHTTeHOBCKUMM JTyHaMu.

Tlocsie NMpOSIBNEHMsT Ha HEM BBICTYTIAIOT JIMHAL

AHANM3 pPEHTTEHOBCKOrO CHEKTpa (PEHTFeHOCIEKTPalbHBIM  AHAIHS)
AYECTREHHOTO M KOJUYECTBEHHOrO (110 MHTEHCUBHOCTIH

Ta6nuua 15 Dpdexrupinie 3apspl § aTOMOB HEKOTOPBIX Ccoe/ITHEHMA

BeutecrBo AtoM U ero ) Beutecrro AtoM 1 ero )

crelieHb cTeneHb

OKMCJIEHU 5 OKMCIIEHNUA
HCI H(T) 0,18+ CrCly Cr(II) 1,9+
NaF Na(I) 0,98+ CrClg Cr(1l1) 1,24+
NaCl Na(I) 0,92+ [Cr(NH3)6]Cls Cr(III) 1,?+
NaBr Na(I) 0,83+ K,CrOy4 Cr(IV) 0,2+
Nal Na(I) 0,75+ KyCr01 Cr(VI) 0,1+
MgCl, Mg(lI) 1,50+ KMnOy Mn(VII) 0,3+
MgBr, Mg(II) 1,38+ CaSOy S(VI) 0,4+
MgO Mg(11) 1,01+ KClOg CI(V) 0,74+
MgS Mg(1I) 1,05+ K3[Fe(CN)g) Fe(I1I) 1,0+
Si0, SyIV) 1,97+ 0502 Os(IV) 0,8+
SiS, Si(IV) 1,69+ K3[0s04) Os(VI) X (‘)§+
Co(NOs), Co(1l) 1,20+ K[OsO3N] Os(VIII) 1,0+

........ dberTHR!

PeHTreHOCIeKTPATIbHBI METOA MO3BOJIACT ONPEASTHTE SPPerTy
3apsAabl aTOMOB, a c1eIOBAaTeJIbHO, U THUIL XUMUYECKOM cBA3U B coeUHEH
¥ % ~ LT i
AX. ﬂ)‘[i{ 9TOro CPaBHUBAIOT pacInoJioxKeHe JIMHUR PEeHTreHOBCKOro CIIeRTD
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EM,SB Erg, 38
60t +3
40 K3FeFg
404 581 w2 K, Feo,
Ko[fetgy] g7
4 ssk NH,Fe (SO4), 12H,0
w0 (ZFO‘CO)\B,
74 Fe(CsHg),
Fe
FeS
98| 52 2

1

95 10 15 205
Por el 880 3aBHCIMOCTE DREPIMIT CHslsh
S ICRTPOHOR  ATOMa  Kedlesa or xb
QOETIBIOrO 343100 HA aToMe Jkernesa
COCIIHEH T

P 1 ¢ 87. 3aBUCUMOCTE DHEPTUM CBABH
16 WIeRTPOHOB ATOMOB a30Ta 0T ochdrer-
TUBHOTO 3apsijla ATOMa A30TA

cBOOOJHBIX ATOMOB W MX COCAMHCHMN. bl ATOM B COOAMHEHWEL 1iMeeT
COOTBETCTBYIOIMIA ODGCRTHBHLI 3apa)L 6. TO ABHIT CHERTPA ORAIbIBUOT
¢l CMEUIEHHBIMHI MO CPABHEHUIO O CHEKTpaMmi ¢BoGoanoro aroMa. o
BEJIMUMHE CMEILeHUS CHEeKTPANLIBIX JIMHHIT COOTBOTCTRVIOIIHMIE METO, 1aMIi]
pacdera onpedeasior 6. B orada. 15 npuBe e noayHeHnLIe TakuM 1y TeM
sHaueHus DPGHOKTUBHLIX 3APALOB ATOMOB A5 HCKOTOPLIX COCAITHEHTIN.

Kak Buauo u3 1abn. 15, cTenenn, ORucIeHns 51eMea B coe e 1o
BHAYCHMIO HE COBUALAET € 3apPsIOM HA dTOME.

06 5ToM  ske TOBOPUT MCWIEAOBANNE HHEPLII  CRAAL | s ateRTPOtn 03074 8
BABUCHMOCT 0T AhherrunsHoro sapstita #a atome (pie. ¥7)0 Tak, npu erepens
okuesedns aszora +5 B NaNOj atom azora umeer hderTMBHLIT 3apsAl neero
0,4+. Ilpu cremenn oxkucHena mene

3i 00w +2 5 coemnenisix Fe(CO)s u
Fe(CsHs), obdhexTUBILIL 3apsAll Ha aToMe wedesa Gnsor v b (pric. 88).

3HaueHuA 3 PeKTHBIBIX 3apsi/IOB, 1IOJAYICHHBIC DABTIHHYHBIMM MOTO/A

MU, PACXOAATCA, OAHAKO HMEIOIUEcst 31ATOHUA § ¢BH/IETONLCTBYIOT O TOM,

| 9TO ATOMBI B COGIHNEHMAX BHICOKHX 3APAJOB HE 1MEIOT U THCTO HOIHHIX
LCOCNIMHEHM I He CYUIeCTBYeT

§ 3. ONTHYECKAA CHERTPOCKO 1

OnTHUCCKIIE CHOKTPbI MOACKYA SHATMTCILHO CIOKLCE, QM CHOKTpI
ATOMOB, 1 COCTUAT HO W3 OTAeALHBIX 1iiit (eM. pre. 7), a 03 Hodoe (puc.

P80) . CromHOCTL MOV ADILIY (-
9). CromHOCTL MONCKYJ

WPOB 0Oy CJIOBAGHA TEM, NWTO B MOJOKYNE R EE
Hapsiy ¢ JBHIKEHHEM DJACRTPOHOE OTIO-

ik CHTeNLIO sLep np
ik aep n

=

S el 800 CHeRTD  MeTVeR: MO—
HHoe apmkeHMe caMuX sucp M Bpalla- Poes 39, ClleRTp MCIyCRAHUs MO
tt

ey 0T
Tennine JABIKCHNIC MOJMECKRVTLL KAk UeRO-
3 3
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4 ro. DTuM TpeM BuAaM JBUXKEHUA —

wgmmmm KBAHTOBBLIM I[I€pEX0jaM — COOTBETCTBY—
exod
” ry

” e ) M .
epexodsl 4 o JOT  DJIEKTPOHHBIA,  KoJebaTembHyIl
cocmoshue 1 BpAIllATeNILHBIH CTEKTPbI (em.

Tabn. 14).

Haubonbliee 3HaYEHUE UMEIOT IHEp-
ruu snexTponmkX mnepexosos (1—100
5B); u3MeHeHME JHEprMHM OJIEKTPOHOB
HAXOLUT CBOE BHIpAXEHUE B BUAMMON U
yAbTpaduoIeTOBoR 06IaCTAX CHEKTPA.
Duepruy KONEGATENIBHBIX NEPEXOAOB
(101—10"2 5B) cooTBeTcTBYeT H3IyHe-
%"M’””’”’”’”’f”"”’”” cnotwoe 1€ (norsomenue) B Gmwknelt undpa-

Bpawamensnole cocmosKue  KpacHOM 06JacTH. HauMenblllee 3HaYE—

negexods! HMe WMEIOT OJHEPrUM BpPAaIATENIbHBIX
P u c. 90. Cxema oJeKTPOHHbIX, Ko- T1EPEXOZ0B Moznekyn (1073—107 aB); um
NebaTenbHbIX M [ATEILHEIX  COOTBETCTBYET UBIYYeHue WU TOrjio-
oHEpreTHHECKNX YPOBHEl NBYXATOM- enye B  JaibHeil MH(paKpacHoil
HOM MOTIeKyIbl obnacTu uau gaxke B OBIacTU Paguo-
wacror (cM. Tabn. 14).

Inenmponnsiii nepexod

Ilpu BO36yxeHUM MOJEKYJbl B Heil MPOMCXOAAT CJOKHEIE JHepreTH-
weckue waMenenusi (puc. 90): DIEKTPOHB NMEPEXONAT ¢ OAHOrO ypOBHA
SHEprMM Ha [PYrOi, OJHOBPEMEHHO WM3MEHSETCA U CcucTeMa BOBMOMCHBIX
KONEBATEIbHEIX U BPAIATEIbHbIX ypOBHEH. DTO YCJIOKHAET CHEKTp M
06pasyeT Ty XapaKTepHYIO CTPYKTYPY HOJIOCATHIX CIIEKTpOB, KOTOpad pesKo
OTAIMYAET MONEKYAPHBIE CMEKTPbl OT JINHENHBIX CIEKTPOB aTOMOB.

Tlpy MCCIeNoBaHKY MOJIEKYJIIPHBIX CIIeKTPOB MOTIOLEHUS (puc. 91) ny4 cBeta
of MCTOUHUKA | HAMpamisercsst B MoHoxpomaTop 2 (TpusMa WJK nudpaKkIMoHHaA
pelieTka) Ui DAsJIOKEHMs B CIEKTD. Tly4YKy MOHOXPOMATMYECKOrO UINTyHEHU:H
COOTBETCTBYOIIEHN
najlee TpOMYCKAIOTCA MapasiieIbHO
Yepes TMycTylo (M 3arlosiHeHHYIO
pacTBopUTelleM) KioBery 4 U udepe3

INJIMHEBL BOJIHBI

KIOBeTy &, HAIlOJIHEHHYI0 MCcleye-
MbIM BemecrBoM (MM €ro pacrso-

P u c. 91. CxeMa snekrpoHHoro npubopa

poM B TOM ke PacTBOpPHTES
MydKa MoNajaT B NpUeMHUK J, rie
CPABHMBAIOTCA MX MHTeHCHBHocTH. Takojt mpollecc MOBTOPAIOT IS PABIIUYHbBIX

HOBbIX [JiMiH BOJH. C rnoMowble PagMoTeXHUYecKUuX cxem CreKTD aBTOMAaTU1ECKN

0

perucTpUpyercst B Bune Kpusoit Ha puc. 92.
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P u c. 92. Vrd pakpackbie criekTpbi K2SO4 1 KMnOy

Ilo ocu OpPAMHAT OTKIAABIBAETCA KOJMYECTBO MOIJIOIIEHHOrO (Mpomy-
IEHHOT'O) CBeTa NAHHOW 3HepruM, mo ocu abcluce — IHEPTUsl KBAHTOB,
BbipaxkaeMas AJIMHOIN BOJIHBI, JaCTOTOM KOjieGaHuil Wiu BOTHOBBIM YUCJIIOM.

Croexrpocxkonas Bupmumore ¥ ynprpaduoneroporo manmyuenns. Uayge-
HME OJJIEKTPOHHBIX MEPeXOAOB NPOU3BOJMTCA ¢ MOMOMIbIO BUAUMOTO U
YAbTPAPHUOTIETOBOrO U3NYYeHUA. DTO [aeT BO3MONKHOCTh ONPEA&IUTHL 3HEp—
U0 Tepexofa 3MeKTPOHOB B MOJNGKYJe, ee DHEePrUi0 UOHU3AINY U DHEePTUIO
XUMHUYecKoit cBA3u. IocseAnIO OnpeleNAOT Npu JefCTBUU UBNYYEHUA,
BHI3LIBAIOIETO A UCCONMANMIO MOJEKYJN. 3HAYEHUS OSHEPrud HEKOTOPBIX
XUMUYECKUX CBA3EH npuseneHs! B Tabn. 16.

Tabnuua 16 DHeprus HEKOTOPHIX MEKATOMHLIX CBSI3EH

Cssiab OHeprusi cesi- || Cesizh Oneprust cssi- || Cesisp OHeprust cpsi-
31, kJlk/Morb) sy, kJk/Moub 3u, kJlx/Mortb
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 427,8
H-H 435,1 H-F 565,7 C—-H 415
F-F 159 H—CI 431,6 Hg—Hg 7.5
Cl-C1 242,6
Tlo w2rpecTHLIM CHEKTDAM MOJNCKYI U LY
Mo uzpecTHnIM cneKTpaM MOJEKYN ¥ X PpParMeHTOB MOMHC CYRUTS: ©

ux TOPUCYTCTBUM B UCCHEAYEMOM CO€UMHEHHU U TEM CaMbIM NPENNONOXKUTH
€ro cocraB u CTpO€eHue.

C

1b¥
. Monekyn. Yacrora konmebanuit
OpenesnserTcs CAaBHbIM O6Pa3OM Maccoit KOJe6MIoUMXCSA aTOMOB U UX
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PYNNUPOBOK M JKECTKOCTLIO XUMWYECKON CBSA3U (€e cnOcOGHOCTHIO K pac-
TSKEHHUIO ).

ATOMBI MOTYT kojiebatbesi nbO BAOJID JIMHUU XUMUAYECKON CBs3U (udf
JIGHTHBIC KONeOaHus), JINOO 3a CIET U3MEHEHUsA BAJICHTHBIX yrioB (fedop-
ManMOHHBIE KOIeOaHUs1), KaK 3TO NOKa3aHO Ha NPUMEPE MOJIEKYJIbl BOJBI:

0 0
AR AN VRN
H H H H H H
™
V= 2657 ety = 3756 el » = 1595 o]

Jns kaX¥a0it U3 ATOMHBIX UPyNNUPOBOK (MOJeKyd M ux (pparmeHtos)
XapaKTepHbl ONpeJe/ieHHble BU/bB KOJeOAHUIA U COOTBETCTBYIOUIUE DTOMY
3HAYeHUsT BOJIHOBHIX 4uces. BOJHOBBIE 4YMcisia, XapaKTepHBIE MJisl BATCHT-
HbIX KOne6aHUi aTOMHBIX TPyHHOUPOBOK coeanMHenuit Gocdopa, npuBeseHbl
Ha puc. 93,

UK-cnexktpe

IlpucyrcTBue B

kR 5 (P=0) | T CUTHATOB CcOOTBETCTBYIOIUX ATOM-

BRRZ] D (P—0) HBIX TPYNIUPOBOK NO3BOJAET BBIC—
&=z V(P—F) -

;(PABE;;MU’—CH cTpykType coenunenuil. Ha puc. 92

A (P —P) MUHUMyYMbl Ha KpUBOIl TOKa3biBa~

foveres) 0T, OPU KaKUX BOJIHOBBHIX YHCIaX

V(P-8) U3JIyyeHue norjoculaeTcst B Hau-—

6onbiielt cTenenn. Bupa cmnekTtpos
STUX COeAMHEHUN uJeHTUUYEH. DTO

Lot oo a4 b 44
1400 1200 1000 800 600 400 200 0 - 2-
o6bsicHseTcst TeM, uto uoubl SO u

P uc. 93. BonHosble uucia, Xapakrte- :
pusyplMe BaJleHTHbIe rosebanns arom- MnQy, OTBeTcTBeHHBIE 3a CHEKTp,

HBIX TDYMINPOBOK COPMMHEHMT docdo- NMET OAMHAKOBOe TeTpadipuyec—

pa KOe CTpoeHue. TeTpasjgpuyeckue

) MOHBI U MOJICKYJIbl UMEIOT OJIY HAKO-

BBI€ BU/IBI BAJICHTHBIX U JeOpMauMOHHBIX KOJeOaHNil (OJMHAKOBHIK HabOp

BOJTHOBBIX YMcesT HOTJIOHIEHus1). BMecTe ¢ Tem kecTrocTu cBsaseir Mn—QO u

S—O pasnnyHb, a NOTOMY MaKCcUMYMbl MOMJIOHMIEHHS B CNIGKTPE HE COBNala-
IOT ~ 3HAYCHUA BOJTHOBBIX YMCEJl Pa3IUYHBEI.

§ 4. PAIUOCIIEKTPOCKOIINA

Cpent panocneKTPOCKONMYIECKMX METOOB GO/BbINOe 3HAYCHME UMEIOT
METO/bl MATHUTHOM PaJiMOCNEKTPOCKONUN — S0Pt MATHUMNGLT PEIOHARC
(AMP) u saexmponnnii napamarwumusd pesonanc (JMP). Du Meromst
OCHOBaHBl HA TOM, YTO B BeHIECTBE, NOMELIEHHOM B CUJIbHOE MAarHUTHOE
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noJe, UHAYUUPYIOTCA dHepreTuieckue yposuu szep (AMP) u anextponos
(OTIP), oTBevalOUe UBMEHEHUIO CIMHA AApa UM cHUHa 37eKTpoHa. Crau-
HOBBI€ DHEPTeTUYeCKue MNepexobl COOTBETCTBYIOT NOIVIOUIEHUIO KBAHTOB
paA1OBOJIH.

B okcnmepuMenTax N0 s1epHOMy MATHUTHOMy pe3OHaHCy (puc. 94) uc-
C/IeAYEMOE BeulecTBO [ NOMENlalOT B PE30HATOP, KOTODBIA pPacHOJOMNeH
MEXAY NOMI0CcaMi 3IeKTPOMarHuTa. Yepes pe3oHaTOp HpOMyCKAIOT pafno-
CHTHAJIBI, UHTEHCHBHOCTb KOTOPBIX OTMEYaeTCA PerdCTPUPYIOIUM Ipubo-
por 5. Hpy npoBeenny Mccef0BaHMs HaCTOTY DAZMOBOINH IO/ NEpIyBa-
IOT TOCTOSIHHOM, a HaNpsIKEHHOCTb MalHUTHOTO MOJIA IIOCTENEHHO TMOBbI-
AT,

Ilpu onpejeneHHON HANPSIKEHHOCTH MACHUTHOLO [OMS  COBTAIOTCA
YCTOBUSL /LMt CNMHOBOrO Nepexofia sifep. DTOMy MOMEHTY COOTBETCTByeT
DOTTIOUIEHUE BEUeCTBOM JHEPTMM PaJMOBOJH, YTO U OTMEYAETCH PErucTpU-
pyromMM OpHBopOM.

Pesynbrar uccienoBanns peructpupyercs B Bume KpuBoil MOMIOUICHMUS
(puc. 95), KOTOpasti BBIPaXaeT 3ABMCMMOCTH IOTNTOICHMSA U3TyuyeRUs OT
HANPAXKEHHOCTH MATHUTHOrO mosiA. CIUMHOBBIE NMEpexofibl AApA 3aBUCAT OT
COCTOSIHMS DIEKTPOHHON 060MOUKM aTOMa. I109TOMy pasHble MOJEKyJIB M
Pa3HBIE ATOMHBIE PDYNIMPOBKM B HMX TOIVIOULAIOT JHEPTUIO NPU Pa3HO
HANpSDKeHHOCTU MalHUTHOrO nojA. AHanu3 (QOpMBI U NOJONKEHUS] NUKOB
Ha KPHUBOU NOIVIOUICHMS NOBBOJSET JeiaTh 3aK/IIOUeHHe O CTPYKType
coenuuennit. Tak, aHanus KpUBOIH IOMVIOMICHUA B3TUJIOBOTO CNUpTa HOKa-
3HIBACT, 9TO MUKU (M. puc. 95) OTBEUAIOT CHMHOBBLIM EPEXOLaM MPOTOHOB
COOTBETCTBEHHO aTOMHBIX rpynnuposok CHj;, CH, u OH. Takum nyrem
NoATBepX¥AaeTcst cTpoermne Monekynn C,HsOH.

B Merome 51eKTpouHOro mapaMarHUTHOTO pesonanca (DI1P) ucnonssy-

/ n
N S
2
————{ ] i v/ \

Puc. 94. Cxema panuocnexr—
pockoNla A HccllefjoBaRUs
SAMP:

Puc. 95 Cnesxrp AMP
1 ~ amnyna obpasua; 2 — paauore- (]’IpOTOHOB) BTaHoJa
HepaTtop; § — neTteKkTop CoH:OH
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HOpUMEHAETCA [JIA MCCAeJOBAHMA NAPAMArHUTHHIX BEIIECTB, T.€. UMEIONMX
HenapHble 3JIEKTPOHBl. DTOT METOJ [UMPOKO MCHONB3yeTCs AJA oOHapyke-

nuy CcBOBONHEIX PaguKaJIOB U UOHOB B

HUSI U OODeneJIeHUs KOHIGHTDA
v v PeoeIecHNA KOH LEeHTpA,

pacTBOpax, AJisl yCcTAHOBJIEHUA XapaKTepa XMMHUUYECKOH CBA3U B KOMIJIEKC-
HBIX COCAUHEHUAX U T.J.

¢BOOO BAHBIX anUuKAJIO

Meroa DIP npumenserca amns
OH oD M3Y4YEeHUsA MEXaHU3Ma XuMUyec-
kux peaknuit. Tak, npu uccae-
JOBAHUM PEAKONM B3aUMOIeicT-
BUS BOAOPOAA ¢ KHUCJIOPOAOM
OBHAPYKUBAIOTCS CHEKTPHI,
npuseaeHHble Ha puc. 96. Dto
NOATBEPHKAAET, YTO peakuusd:
mexxny H; m O, mporekaer no
LENHOMY  MeXaHU3MY Jepes

P uc. 96. Cnexrpst 3IIP atomos H u O, 06pa30oBaHMe U yuacTHe B peak-—
cBOoGojIHBIX pajMkaioB OH u OD

H

— — —_— —_—
270 3250 "4280 5930 7250 8020 3

MM CBOGOJHBIX .PAJUKAaJIOB.
Mpu samene Hy va D; B cnekTpe NOABAAIOTCS CUTHAMBI, XapaKTepHHE IJis
aTOMOB aeitTepust U pagukanos OD.

fiBnenue mapaMarHuTHOro pesonaHca Ge1n0 orkpsito B Kasanu E.K. 3a-
BoiickuM (1944). flBieHue AgepHOrO MAarHUTHOrO pe3OHAHCA OBHApYKMIIM
amepuranckne dpusnku Hepcenn u Brox (1946).

§ 5. TFAMMA-CIIEKTPOCKOIIA

FaMMa-cneKTpockonus OcHOBaHa Ha 3¢ (eKTe Pe30HAHCHOrO MOrJIONe-
HMs ATOMHBIMM AZpaMu Y-kBaHTOB (sgexm Meccbayspa). llpu pammoax-
THUBHOM pacnaje Axep OOpa3yroTCsi U30TONB! B BO3OyXKIEHHOM COCTOAHUU.
Wx mepexon B OCHOBHOE COCTOSIHUE CONPOBOXKIACTCA y-U3NydeHueM. Hepoa-
6yKIeHHble aTOMHBIE s1ipa B CBOI OYepelb MOTYT HOIJIOIATb Y-KBAHTHI U
NepexomuTs B Bo3OyxmeHHOe cocTosinue. OMHAKO 3TO SIBJICHUE BO3MOXKHO
JUIlb B CTPOrO ONpeHeNeHHbIXK ycioBusx. HanpuMep, y-usnyuenue BO3-
Oyxmensbx Axep 5'Fe OXHON MeTannMyeckOil NIACTMHKU MOMKET MHOrJ0-
maTh HeBO3OyxaeHuble Axpa STFe apyroi nnactuuku. Ecam ke mceTounuk
M NpUEMHMK 7-JIyueil HaXOJATCs B padHBIX COGAMHEHMsX (HampuMep,
uctounuk S'Fe B Meranne, a nornorurens — B kpuctaine FeCly), To mor-
JIOIEHNe Y-JIydeit HabmogaTbeesa He Byner.

ITO OGBACHAETCA TEM, UTO DHEPrUs sJEPHBIX NEPEXOAO0B B3aBUCUT OT
pacnpefiesienns dJIeKTPpOHHOM NJIOTHOCTH BOKPYT AApa, T.e. B 33BMCHUMOCTH
OT BUJA COCAUHEHUs AJsi BO3OYMAEHUsS ANEPHBIX NEepeXOmoB TpebyloTces
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pasnudnbie sHeprinu. OQHaKo, MOCKOMbKY BAMAHWE HPHPOKBI XMMUUEC
OKDYKEHUsl aTOMa Ha CMELIEHMe sJEpHBIX IHEPreTHUEeCKUX ypOBHEH cpaB-
HUTEJILHO MAaJI0, MOMHO XOOUTLCs pPEe30HAHCHOrO MHOrJIONIEHUs Y-KBAHTOB,
KOJIbKO W3MOHWB WX osHeprumo. JisA 3TOrC [OCTATOUHC NEePEeMeIaTh
MCTOUHUK (MM THOrJIOTUTENb) Y-U3My4eHHs OTHOCHTENBHO INpPUEMHUKA
(ncTouHMKa) M3NyueRus. B aTomM ciyyae dHEpIMA Y-KBAHTOB yBEeIUIMBACT-
¢ WIM yMEHbIIAeTcA Ha BEIMYMHY KMHeTHMueckoil suepruu. Ilpu Hexoro-
pOil CKOpPOCTH JBMMKEHMsS HAuMHAETCs PE3OHAHCHOE MOrJIoleHue, T.e. Hab-
nmopaetcs ndpdext Meccbayspa. [lorsTHO, uTo addexT Meccbayspa MOKHO
HAGAIOAATh AMINb JJI5 U3OTONOB, JJIA KOTOpPBIX BO3MOXHBI OOYCJIOBJICHHbIE

Y-UBTyYEHMEM siTIepHbIE TepPEeXO/BL.

VeTaHOBKa JUIA M3ydeHMA 7J-Tormollenus (puc. 97) COCTOMT M3 KOHTeiHepa c
vcTounMKoM Hatywerus I (manpumep, simep STFe, 1198n, 1291, 129Xe, 49K n np.),
KOHTellHepa ¢ HUccleTyeMbIM obpaslioM 2 — [OTIOTUTENeM WBJIYYEeHNsi — U Perucr-
paTopa MpOLIEUIero Yepe3 MONIOTUTENb YU3Ty1eHus J.

Ha puc. 98 noka3aHbsl 4-pe30HAHCHBIE CIIEKTPH NOTJICIIEHUA HEKOTOPBIX
coenuuennit onosa. [lo ocu abcumee OTIOKEHA CKOPOCTb [BUIKEHMS M-
TOTHUKA Y-U3JIyUeHUs, MO OCH OpJAUHAT — OTHOCUTEJIbHASA WHTEHCUBHOCTH

-y

Pu e 97, Cxema ycraHoBkM
NPpU  W3YYeHMH TIOIJIOLIeHM 1

Y-KBAHTOB
<
Q a
\
AN
t
b 129
3 3 XeF,
4 g ! !
.
o 3 M\
S N ! !
>
~ g é’ Ioy28 i
S3 XeCly
E ) 1] t
{ 4 I ™ ' 1
5\l s W\
E S H H
S

Cxopocmy dbuwments

Puc. 98 7-Pesonaucubnt crexrp Cropocms dbumenus

norsotenna Snly (a), SnBry (6) u
SnCly (6). Wcrounnmk wanmyuerns
198n 5 Sn0O,

P uc. 99. v-PesoHancHble creKTphI
MontekyJ1 XeCly u XeFy
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IIPU]I](UU“(‘I‘() ’I(”})(‘i'» HOPJTOTHTCAL HBJ’Iy'{OHHﬂ, (:})alille“"e BUIA CHeKTpO—
rpaMM ¥ BHAYCHWI CliOPOCTM  JABMMKCHUS TO3BOJAET cjenaTs BBIBOL 06
YBETHUCHNKM  CTOICHN  BO3OYKIIEHM A ﬂ[[ep 0N0Ba B pﬂ/lv Snl,—SnBr,—
[SAval TT.. . . N
HARI VI STORD ¢ P

3aTh, UTO B YKAZAHHOM Psajdy BO3DACTAET CTelleHb MOHHOCTH CBA3M — Ha
ATOME DAORA BOSPACTACT NOJIOKUTEIbHBI 3apsi/l.

PaceMorpuy: elle 0400 TpAMep UCHoNL30BaHUA JPESOHAHCHON CHEKTPOCKONMY.
Ha puc. 99 noxasanws v-cnewrpol Modexy1 XeCly u Xel'y. Terpaxnopupn kceHoHa

Xe('ly obpasyercs npu paiioasTMBHoN pactaje siapa Woda 1291 wona 1Cly (Hanpu-
Mep 1 cocamyetn W)

» 120¥ e 4 .
e + 5ty

— XeCly + # + v

l;“)xe*

Y 9
el g

OOpasyIoiier s Hpil YToM o

kiaeHtsle aapa 129Xe sa cuer  yuanydeHnA
NepexoiAT b OCHOBHOE €OCTOSHNAS, o IOBBONAET CHSTL ’y-px‘;BOHaH('}{hIl'/l CIIeKTP

(em. pue. 99). Hrpeerdo, aro pon IC1) imeer kpajpathoe cTpoenme. Takoe e
CTPOCHUE YeraHoBIeHn 11 MonexyiLl Neby. Cpasliedne y-cnexTpos XeCly n Xeby
(em, pue. 98) nossomser caernaTs BbIBOA O TOM, 4TO KBaAPATHO® ¢TpoeHWe coXpaHsi-

ereA U node npeepamenns uons 1C1y B Monesyay XeClg. Anasioruutoe nccseno-
BAHMe NO3HAIIO 0bHapyauTh onclapl XeOz n XeOy, obpasyomuecs npu
paciage nsotortn X' coenumennst KOy n KIO4 coorsercTierto:

1O =4 XeOg + & + 4
[0 ¥ XeOy + F + v
r:’lMM'r\‘(‘II(\KTI)()FI\'”H)[H DO3IBWEACT  OICHUTL XapaKTep pacnpellefleHus

HICKTPOUHONM [JJOTHOCTII B COCAMHEHWH, BBISSCHUTB €ro CTpOeHue. Baxna

poib
¢

METOAA HCCIeNOBAHHA QA YyCTAHOBJAGHUA KOHUSHTpauuu u

OCTOFHUSL WICMCHTOR B Pylax 1 MEHepajax, /A YCTaHOBJIEHUS NPOMeXy-
TOHBIX CTRWH DPOXOKUEHUA PEAKIIMA 11 T.A4.
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r'JIABA 2 JAOPAKIMOHHABIE METO/IB HCCIEJIOBARWUA
MATHHTHBIE H3BMEPEHUS

§ 1. PEHTTEHOCTPVKTYPHLIM AHAJN3

B audpakuMOHHBIX METOJaX MCCIEAOBAKA CTPYKTYDH MCHOOJRAY KT
PEHTIeHOBCKUE JIYYM, MOTOK MNIEKTPOHOB WM HEUTPOHOB ¢ AJNUHON BOJIHDI
TOTO Xe IMOpANKA, YTO U PaccTOAHUA MEKAY ATOMAMH B MOMEKYJAX WK
Meky ATOMaMHW, HOHAMM M MojiekysamMu B kpucramnax. [foaTomy, npoxons
yepe3 BeIleCcTBO, dTU Jjydd AUGPArupyloT. BosHMKAwOUAA UPH 9TOM Ak=
GpakUMOHHAA KAPTHHA CTPOTO COOTBETCTBYET CTPYKTYpe UCCaelyeMoro
pernecTsa. PenTrenosckue siyuu (pentredorpadus) dame BCEro 1puMeHAIOT
OAA MCCHENOBAHUS CTPYKTYPBI KPUCTAINOR, AJIEKTPOrbl  (D1eKTPOHOIpa
us) — ANA UCCHENOBAHUA [a30B U KPUCTAIIOB, HEITpoHb (neATpouorpa-

¢Hﬂ/ =— OJA WCCHAenoBani mummr'reﬁ n THP{‘U'\};}X TON.
Veranoeka  Aas peuTrCHorpaq(mqe:-}\oro HCCHenoBaHUsL  CTPYKTY L
KPUCTAINIOB NOKa3aHa Ha puc. 100, a. PeHrrenopekne ayun uz p( HTFenone-

KO# Tpy6kU [ HampaBnsoTCA 1epes anaqopm My Ha kpuctana 2. Ilpoxogs
Yepes KPUCTALI, PEHTICHOBCKME JNY4Yd OTPAKAIOTCH OT ¥3A0B peeTH
(aneKTpOHHblx' 060I0YEK ATOMOB, WOHOB WJIH MOJNEKYJ), OTKIOHSIOTCA 1
uuTepdepupytor. JIMDpakuMOHHAS KapTHHa BOCIIPOU3BOJMTes Ha dorto-

nJIeHKe 5) B BuUIAE ('OB()K)’UHO(!TH IATCH — MAKCUMYMOB HHTE‘P(T)(’PGH[{HH
PEeHTreHOBCcKUX nydeit (puc. 100, 6)
N306paxenne Ha (GHOTONTEHKE -— PEHTIEHOTpAMMA -— [0 CYTH JAeila

NpeACTaBAAeT co60i ¢BOOOPABHYH) NPOCKIHUIO IIOMEHTOB KPUCTAILINYOC-
KO#t pellleTKU Ha GoTomneHKy. 1o nosoKenuio nsiTen Ha POHTICHOrpAMME
VCTAHARITURAKOT nnnr'rnanr"rnm HOE [\'Vlh’)'lh,k(‘nlfh" HACTUH B KDUCTILIE

YeTAHARNT A QCTDAHCTROHHOE DACHOJIOWEHMe TacTull B KDUC

PaciundpoBka peHTreHOrpamMM Jl03BOIACT OBPEACIIITL HAPAMOTPR KPHC-
TAUIMYECKON pelleTKU, MexXbALepHbie paccTossHusd U 2d(HeKTUBREE pa-
JAUyCh 06pA3YIOIIUX KPUCTALT TacTUil.

B 3aBHCHMOCTH OT METOAA PEHTIeHOrTPYKTYPHOFO HCCASMOBANUA PenT-

~HH

a

Py e 100, Cxema pentreHoBchoro vecisor-
HUSL KPUCTATTIOB (@) M pertreHorpamma { 6)
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P u c. 101, PerTreHorpaMmbl:

a — anMas; 6 — rpadut

FeHOTPAMMBI BBIMJIALAT MO-pasHoMy. Hampumep, oHuM MOTYT MMeTb BUA
COBOKYIHOCTH KOHIEHTpUYeCKMX auruit n mosoc (puc. 101). Kax supno na
PEHTreHOTpaMMax alMasa u Tpadura (puc. 101), qucio u xapakTep pacto-
JIOKEHUS JIMHUIA M TOJOC pPe3KO OTIMYAlTCA, YTO O6LACHAETCH XOpOIo
U3BECTHHIM PE3KMM pa3jfyMeM B CTPYKTYpe 3TMX &LIOTPOTHBIX MOAU(U-
Kaluii yriaepona.

B macrosimee Bpems cO3[aHBI pEHTTEHOBCKUE YCTAHOBKM, aBTOMATHYeC-
K1  pacmu@pOBLIBAIONIME PEHTTEHOrPAMMbl M JaXe BOCHPOM3BOAANIME
cTepeocKOTMYeckuil YepTedk CTPYKTYph uccneflyemoro seutectsa. Jliis
9TOrO ¢ NOMOMIBIO (DOTOINEMEHTa PErUCTPUPYIOTCA PEHTIeHOBCKUE JIyuw,
npetepnesimue AUPPaKUMIO HA KPUCTAIMYECKO! PEeIleTKe MCCIefYeMOoro
Bemectsa. MMnyabchl OTOP/EMEHTa ABTOMATMYECKU KOQUPYIOTCS U BBO-
OATCS B BJEKTPOHHO-BHIYMCIAUTENbHYIO MalluHy. Ha ocHoBaruu 3TOH MH-
dbopmanun  MammHa  co3paeT
MoneNlb OLHOII M3 BO3MOMXHBIX
CTPYKTYP ¥ 3aTeM xenaeT obpaT-
Hplil pacyeT, T.e. IO CTPYKType
pACCYUTHIBAET PEHTIEHOTPaMMY.
B cayyae mecoBmajenus paccyu-
TaHHOW WM 3KCHEepUMEeHTaJbHON
pPEHTIeHOTpaMM B MOJeNb aBTO-
MATUYECKH BHOCATCH  ONpeae—
JleHHble U3MEHEHUs U OOpATHBIN
pacuyer nosropsiercsa. M Tak pmo
Tex NOpP, NOKAa He JOCTUraeTes

coOT-

BETCTBUE MEXLY PEHTIeHOrpaM-
Mol m wmopeapio. IlocaenHiowo
3aTeM MOKHO BULETH Ha IKpaHe

371eKTPOHHO-/1y4eBo TpyOKU
Puec. 102. Crepeockomudeckuit ueprex uiau ke OBM  Breluepumsaer
MOJIeKysibl BUTaMUHA Bip, BBIMEPUEHHbI  cTepeocKOmMYECKMit yepTexK
9BM (puc. 102).
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AHaJIM3 PEHTreHOIpaMM NO3BOJIsET BBIACHUTD XapaKTep paclipeelleHus
37IEKTPOHHON IJIOTHOCTH B KpuUcTas/ule. TAKUM IyTeM y3HAIOT, ABISIOTCS
U Mcc/leiyemMble KPUCTAIIBl MOHHBIMM, KOBAJIEHTHBIMU UJIM MOJIEKYJIs PHBI-
mu. Ha puc. 103 nokasano pacnpepnesienue <
37eKTPOHHOM minoTHOcTM B Kpucramne LiF.

XapakTep pacnoOKEHUs KPUBBIX DaBHON [f§/%}%§
A\

)

9JIEKTPOHHOM IJIOTHOCTU (3apsAf 3/MEeKTPOHA
HA eNMHUNY O6HemMa) CBUAETENLCTBYET O
NPEeUMYIECTBEHHOM TNpPOABIEHMM  MOHHON

LS =
o —y
cBA3M. MMHUMYM 37eKTPOHHOi NJIOTHOCTH F%' ¢

MOXHO CYMTaTb TPaHUNEN MeXKIY HOHAMU e ﬁ W
Li* u F-. N7 \NZ
ATOoMHME ¥ HOHHHE paBycH. YCJIOBHO JJ

TpUHUMas, 9TO aTOMbi M HMOHBL UMEOT
dopMy mapa, MOXKHO CUMTaThL, 4TO MexL- P u c. 103. Pacnpenenenue onek-
ANEPHOE PACCTOsIHME d PABHO CyMMe paauy- 'i?;lmoﬁ IJIOTHOCTH B KpHcTasse
cOB JBYX cocegHUX dYactun., OYeBUAHO,

ecau  o6e 4YacTHUBl ONMHAKOBH, paauMyc kamjaoi paser !/od. Tak,
MeXBANEPHOe PAcCTOAHME B METAIMYECKOM KpucTaiie Hatpus d = 0,320
M. OTciofa MeTalIMYecKuit aTOMHBIM pajuyc HaTpus paser 0,160 nM.
Mexnageproe paccTosirve B Mosiekyae Nay cocrasiser 0,308 um, T.e.
KOBaJleHTHBI pajuyc aroma HaTpusA paser 0,154 uM. Takum o6pasom,
ATOMHBIE pPajMyChl OJHOTO M TOTO e OJeMeHTa 3aBUCAT OT THUHA
XUMUYecKoON cBA3KM. PasMepbl KOBAJGHTHBIX pPajMyCcOB 3aBUCAT TaKKe OT
nopsiika XuMmudeckoil cmsizu. Hanpumep, npu opuHapHOil, ABOMHOI U
TPOMHOI CBA3M KOBAJECHTHBIE pajuychl aToMa yriepoaa pasusl 0,077, 0,067
u 0,060 HM COOTBETCTBEHHO.

OddexTnuBEbIC paguychl aTOMOB U MOHOB B COCIMHEHMAX ONpEeNeIAIOT
1O pa3HOCTH MEXBLALEPHOrO paccTosuuss d U U3BecTHOro 3(hdEeKTMBHOrO
paguyca ofHOM u3 wacTui. Tak, pazHbIMU METONAMU YCTAHOBJIEHO, YTO
papuyc uona F~ cocrasasier 0,133 mM. PacmudpoBka e peHTreHOrpamm
kpuctasia NaF paer smagenue d = 0,231 mm. CrneposaTensso, papuyc
uoHa Na* pasen 0,098 uwm.

Pasmep sddextusHOro pammyca aTOMOB M MOHOB 3aBUCUT TAKIKE OT

ol

XADAKTEDHQU nJd Oa
pakiepion LR Aa

7%

14

CTDVKTYDE] KOODTUHANA

Har ugore uvuena (x. w.)
CTPYKTYPS! KOOpAMHANY 1a 1.

HHOIrC 4quos

(k.
Tak, ecnu mpu k. 9. 8 MeTaIMyeckuit paguyc atoMa Na pasen 0,160 um,

TO npu K. 9. 12 on pomxen cocTasuTs 0,189 Hm. 3HaYeHUs METAIIMYECKUX
bPaguycoB OGBIYHO NPUBOAAT AJA K. 9. 12, a MOHHBIX — JJIA K. 4. 6
(ctpykrypusiit Tun NaCl). B onpepenenun 3HaYEHMIt aTOMHBIX M MOHHHIX
PafuycoB TNpUHALJIEKUT ocobasd 3sacayra B. Tomppmmupnty, JI. Homumry,
H.B. Benosy.
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§ 2. DJAIEKTPOHOTPA®UYECKUN U
HEUTPOHOIPAO®UYECKHUN METO/BI

Ha puc. 104 nokaszana npuHuMOMalIbHAsA cXema 37€KTpoHorpada ans
U3YYEHUA MOJIEKYJ ra3os. IIOTOK 371€KTPOHOB, 06Pa3yIOMMXCA NPU CUIIb—
HOM HArpeBaHMM METAIINYECKON HUTH 4 M YCKOPEHHBIX Pa3HOCTbIO HOTEH-
nMajioB J, MPOXOAUT 4Yepe3d Kamepy. B kaMepy mojaeTcs HEKOTOpOe KOJM-
9ecTBO MOJIEKYNl uccaepyemoro semectsBa I. Berpewasch ¢ monekymamu,
NOTOK 271eKTpoHOB audparupyer. Peaynbrar nudpakuuv perucTpupyercs
Ha (oTorpaduveckoil INacTUHKe 2 B BUAE IAEKMPOHOLPAMALbL.

OnekTpoHOrpaMma ra3oB M KpUCTaJlIOB OpuBeaeHs! Ha puc. 105, ¢, 6.
DNIeKTPOHOTpaMMa COCTOMT W3 UEHTPAbHOTO NATHA M OKPYXKAOMmMUX ero
KOjlen, pPa3jIMYHON WHTEHCHBHOCTH. lleHTpasibHoe mNATHO 06yca0BIEHO
THHBIM INYYKOM 3
HOB, pAacCeAHHBIX NOJA COOTBETCTBYIOILMMM YIVIaMd K HEepBOHAYAIbHOMY
HANpPaBJIEHUIO NYydYKa. XapaKTep Kojiel, M MX HMHTEHCUBHOCTb 3aBUCAT OT
CTPOeHUs Mcclefyemblx Mojekyn. CoOTBETCTBYIOMME METOAB! paciundpoB-
KY Jal0T BO3MOMHOCTb YCTaHOBUTL (POPMY MOJIEKYJBl, B3aMMHOE PAaCION0~
JKeHue B Heil aTOMOB, BaJleHTHble YIJIbl M MEXbsJCepHbIEe paccTosHuA. Pe-
3YNLTAThl 3JEKTPOHOrPaUUYECKOro ONpPEeAENeHUA CTPYKTYPbl HEKOTOPbIX
MOJIeKyNl npuBefensl B Tabu. 17.

ANEKTDOHOR, 3 K

{TPOHCEB, 3

o
e
%

SKTDO-
1eKTpO

Ta6nuia 17 CrpykTypa HEKOTOPBIX MOJIEKYJ

Monexyna | [Jlnvna cBsiau, BM |  BasienTHbI yron DopMa, MOJIEKYJTbI
Cly CICl 0,200 - lanTenbHas
SO4 SO 0,143 0SO 120° Tlnockas TpeyronbHas
BF; BF 0,130 FBF 120° To xe
COCl, CCl 0,174 CICCl | 112°30° »

CO 0,117
PBr; PBr 0,218 BrPBr | 101° TupamunanbHasd
Py PP 0,221 PPP 60° TerpasapudecKkast
coly car | o017 10C : »
CS, CS 0,155 SCS 180° JlvineitHas

OJIEKTPOHHOE M3JIyYeHHe NPUMEHACTCA TaKiKe IJIA U3YYEHUs CTPOEHUS
KpucTaiios. M3yyaemoe BemecTBO HAHOCAT OYEHp TOHKUM CJI0EM HA IJIEH-
Ky, KOTOPYIO NPOCBEYMBAIOT JICKTPOHHBIM u3iydenuem. [IpuBeseHHble Ha
puc. 105, 6 snekTpoHOrpaMmbl (PONIBIM MEAM M Kese3a HOKa3blBalT OTIIM-
4YMe B CTPYKTYpax Menu (pelleTKa IPaHEeNEHTPUPOBAHHOLO KyGa) M kejesa
(pemeTka 06LEMHO LIEHTPUPOBAHHOTO Ky6a).
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P 1 ¢. 104. Cxema snekTpoHorpada: | |

{ — napbl UCCIIe/yeMOro BeiuecTsa; 2 — do- 4 )
TOMIACTHHKA; 3 — YCTPOMCTBO, YCKOPAKOILEE
BIIEKTPOHBY; 4 — UCTOYHMK BTIEKTPOHOB

CCly

Fe
6

P u c. 105. OneKTpoHHOIPaMMb!:

1 — rasos; 6 — KPUCTATIIOB

Jisia ucenemoBaHUsA CTPYKTYpPhl KPMCTAMIOB M KUJKOCTEH HPUMEHFAETC
Takke HeiiTpoHOrpadus. IlpeumyniecTBo HeHTpOHOrpadM NO CPABHEHUIO
npyrumu  AUM@APAKUMOHHBIMU  METOJaMM MCC/IeIOBaHUS  3aKJIIOYaeTcss B
BOBMOMHOCTHU ycT4HOBUTH NMPOCTPaHCTBEHHOE NMOJIOKEHUEe aTOMOB BOXOPOAA,
9TO0 OCOGEHHO IEHHO NPM M3YYEHHUU OUOTIOTMYEeCKUX OOLEKTOB M IOMOraeT
perieHnio GyHIaMEHTANBHBIX NpoGIemM MONEKYNAPHOU 6uonorum.
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§ 3. UCCJIEJOBAHUE BEINECTB B MATHUTHOM HOJIE

[lo OTHOMIEHUIO K BHEIIHEMY MarHUTHOMY HOJIIO pas3ianyalorT duaaar-
HUMHBE U NAPLMAIHUMHbE BElecTBa, [MaMarHUTHbIe BellecTBa OKa3blBa-
10T NPOXONAEHHIO MAarHWTHBIX CHJIOBBIX JIMHMIT 6O/blIee cCONPOTMBICHUE,
yeM BaKyyM, M HOJTOMY BHEIIHee MarHUTHOE IOoJie MX BhITalkuBaeT. [Tapa-
MarHUTHBIE BEIECTBa, HANPOTMB, NPOBOASIT MATHUTHBIE CUJIOBBIC JIMHUM
Jiydqiiie, 4eM BaKyyM, W HOITOMy MArHWTHOS HOJie BTATHBAST TaKME BeiliecT—
pa. ITomemenHple MeXIy NONIOCAMM CUIIBHOTO MAarHUTa, NEpBble OPUEHTH-
PYIOTCS NEpPHeHAMKYIAPHO chnoBeiM auHuAM (puc. 106, a), BTOpHEe —
BOJIb CHIIOBBIX NuHMi (puc. 106, 6).

Cronbp pasnuMvHOe MOBeAEHME aMa- U NapaMalHUTHBIX BellecTB 06yc-
JIOBNEHO PA3NMYHBIM XapaKTepPOM MX BHYTPEHHMX MACHMTHBIX moseit. Kak
M3BECTHO, BpaleHHe 3JIEKTPOHOB BOKPYr OcH €O3[1a€T MAarHuMTHOe Ioie,
XapaKTepu3yeMOe CIMHOBBIM MACHUTHBIM MOMEHTOM. Eciu B BeumecTse
MarHMTHBIE TOJIA TEKTPOHOB B3AMMHO 3AMKHYTH (CKOMIIGHCHPOBAHbI) 1 UX
CyMMaprlﬂ MOMEHT paBeH HyJ‘[l'O, TO ‘BeH_LGCTBO ABnAAETCA JUAMATHUTHBIM.
Ecnu gke MarHMTHBIC TOJNA BNIEKTPOHOB HE CKOMIEGHCUPOBAHBI M BELIECTBO
uMeeT CcOOCTBEHHBII MArHWTHBIA MOMEHT, TO OHO SBISIETCs HapaMar-

hig LTDOH. 1an:
JAUH 3JIeKTPOH, nap

HUTHBIM. Tak, ATOM BOIODONA UMEIONIUE O
HUTHBIM. 134K, aTOM BOIOPOIA, MMEIoMUE O

rEUTeH
Monekyna e H, auaMarHWTHA, Tak Kak NOpU OGpa30BaHMM XUMUYECKOi
CBA3M NMPOUCKOJAMT B3AMMHAA KOMIIGHCAMUS .CIMHOB 3JIEKTPOHOB.
OTHOIIEHNE BELIECTB K BHEIIHEMY MACHMTHOMY MOJIO MOMHO MCCIIEN0-
BaTb C IMOMOIIBIO YCTaHOBKM, u306pasennon Ha puc. 107. Haxomsameecs B
CTeKTAHHON aMIlyJie BEIeCTBO TapUPYIOT Ha BecaX. BKIIIOYAlOT 351eKTpo-
MaTrHUT U ONpPe/eNA0T BO3HMKAIONEEe IPU ITOM BTATMBAHUE MJIM BBITATKH-
BaHWe aMOyNbl, yPaBHOBemuBad Bechl. OYEBUAHO, YTO BTACMBaHME mapa-
MAarHUTHOrO BepiecTBa B MarHUTHOM nose OyneT Tem Gosblie, YeM GOJIblile
Y Hero HemapHHX 27MeKTPOHOB. Takum 06pa3OM, WIYYEHUE MATHUTHBIX

CBOMCTB TO3BOJIACT yCTAHOBUTH UMCJIO HENAPHBIX 3JIEKTPOHOB B BeulecTBe M
pacnipefieJieHhe 271€KTPOHOB HO OPOUTATIAM.

N 5

P u c. 106. IoBenetne B MarHHTHOM fiosle ia- Puec 107 Onpenenenvie
(@) 1 napaMarHUTHBIX (6) BemecTs MArHHTHOM BOCTIPHUMYHBOC-
™

XyMuyeckoe MpeBpallleHMe, XUMIUYecKasi PeaKLmMsl ecTb
[JIABHBIA rpefiMeT XWMHK. MsydeHue pasiIMyHBIX
CBOJCTB 3JleMEHTOB ¥ WX COeIMHEHUI, B YACTHOCTH,
CTPOEHUS] ATOMOB M MOJIEKYJl JaeT B CYWIHOCTM JJIs
XMMUM  BCHIOMOPATEIBHBIA  MaTepual, obserdalouuit
IMIABHYIO0 3334y — 3a7ady PalMOHaJIbHOTO yTIpaBie-
HUSA XMUMA9eCKMM TIpeBpanieHMeM... YeM riybse u
nofpobHee MBI BHAEM CBOVMCTBA BELIECTBA M €ro CTpOe—
HMe, TeM YyBepeHHee MoxeT MeACTBOBaTb XMMHUK B
CBOMX CMHTe3aX.

HH. Cenenos

XuMyyeckoe NpeBpaleHne — 3TO KayecTBeHHBIJI CKavyOK, NPU KOTOPOM
KCYe3al0T OJHMU BeliecTBa U 06pa3syiores apyrue. llpoMcxomsauas npu 3ToM
nepecTpoiKa 37eKTPOHHEIX CTPYKTYP ATOMOB, MOHOB U MOJIEKYJ CONPOBOM#-
JaeTcs BBIAEIEHMEM WM HOIJIOMIEHNEM TEWJIOTRI, cBeTa, DJIeKTPUYECTBA U
T.Il. — IPeBpAIEHNeM XUMNYEeCKOM DHEPruu B JAPYroi BUJ, DHEPTUU.

ckue spde
sHepreTndeckux sddexrax peakiuit UCHOAB3YIOTCA JJsi pacdeTa BHEPrun
MEKATOMHBIX M MEXMOJIEKYJISIPHBIX cBA3eM, ANA BHISICHEHHA CTPOGHUA U
PEaKIMOHHON CIIOCOGHOCTH BEIUECTB, AJsl YCTAHOBJIGHMS HANpaBiIeHUs
XMMUYIECKMX NIPOLECCOB, AJsl pacieTa IHEPreTndecKux OalaHCOB TEXHOIO-
IUYeCKMX HPOLECccOB U T.J.

CocTosinme cucteMbl (BelecTBa WJIM COBOKYNHOCTH BEIECTB) ONUCHIBa-
10T ¢ IOMOMIBIO PsALa mapaMeTpoB — TeMuepatyps! T, masieHus p, o6beMa
V, macesl m. JIA XapaKTepUCTMKM COCTOSIHUSL CUCTEMbl M MPOMCXOISIUIMK
B Heil U3MEHEHUH BaXXHO 3HATH TAKXKE U3MEHEHME TaKMX CBOWCTB CHCTEMBI,
Kak ee BHyTpeHHsiA sHeprust U, suranvnus H, surponust S, sHeprus 'm6-
6ca (. Tlo n3MEHEHUIO TUX CBOKCTB CMCTEMbl MOKHO CYAMTh, B JaCTHOCTH,
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I'JTABA 1. DHEPI'ETUKA XUMRYECKRX [IPEBPAHIEHUA
§ 1. TENJIOBOW DODOEKT PEAKIUNA

XUMUUCCKME PeaKHMU OGHINI0 IPOTEKAIOT ITPH MOCTOSIHHOM [ ABICHUK
(HanpuMep. B OTKpHITON KOAGE) Wiy NpH NOCTOsHOM o0beMe (Hanpumep,
B ABTOKJIABEC), T.C. ABIAAIOTCA COOTBETCTBEHHO M300ApHBIMKM UIIM MBOXOPHBI-
MH TPOICCCAMMU,

OuepretTuveckuii 3PPerT XUMMUYECKOro Hponecca BO3HMKAET 3a cYeT

W3MeHeHnA B CUcTeMe BH

T7 o . I 1 - S,
U WJM SGHTAIbIIMN i1, DHYTPEH—

TpeHHe#h JHepruu
HAS 3HEpTyUsl — ITO OOLIMI 3AIIAC IHEPIHU CUCTEMbI, KOTOPBIH CKJIIA/blBAET-
€Sl M3 BHEPrUM JBMIKEOHUA U B3aUMOJCIHCTBUA MOJIEKYJ, SHEPTHUHU JIBUKEHUA
W B3aMMOJIEHCTBUA sifiep M 2JICKTPOHOB B ATOMAX, MOJNEKYJI8X U KpUCTal-
J1aX, BHYTPUA/EPHOM DHCPIMK M Tl (T.¢. BCC BHJbI BHEPIUM KPOME KUHe-
THYECKOH OHepruy CMCTeMbl KAk [eA0TO M €6 NOTeHpUaIbHON JHeprun
[OJIOMKEH A ).

[Ipernonokum, 4T0 HEKOTOPAs CUCTEMA 33 CHET MOMVIOMLEHUsN TenoThl
() nepexoauT n3 coctosinus I B cocrosinue 2. B obmem cayuae nra Tensora
PACXOAYercsl Ha W3MeHCHHe BHYTpeHued suepruu cucremot A L7 it Ha coBep-
nienye paboTul IPOTUB BHOIWHUX cnt Wi Q = A/ + W

[Ipusesennoe ypabnenue BEIpaKAET R3AKOH COXpAHEHUA dHepPruu *.

[Tpesimonokum, 9TO cHeTeMA 3a CHeT HOTAOUWEHMsS TEINOTH () nepexo-
JAUT 113 HAYATLHOUIO COCTOSAHMA l B KOHCHHOE COCTOAHUC Q‘ TOTOA:

Alr= U, — U
Jast xuMutieckux peaxnuil noja paGOTOil HPOTHB BHEUIHUX CUJL TIOJpa-

3YMeBAETC A paﬁo'ra NpOTUB BHELIHero JABNEeHHSA. O6LIuH0 OHa COBEPIIIAETC s

paciiiipennsi ¢

TeMbE, alipiMep, TPU BBLICICHUM [aza B XO/e
pakiuu (puc. 108). PaGora NpoTHB BHOIUHErO [ABICHUA paBHA NpOU3BEle-
HUIO JIABJICHUS P HA U3meleHue obbeMa cHcTeMbr AV npu mepexoje ee U3

e

W=pAV: AV =

— Vi W=p(Vo— V).

[Ipu uzoxoprom npomecce (V = const), nockonvky uaMeHeHus ob6hema
cucrembl He npoucxoaut, W = 0. Torpa nepexony cucrembl M3 cOCTOAHUS
[ B cocrosinue 2 oTeeuaer papeHeTBo: Qy = Uy — Up = AU Takum o6pa-
30M, €CsIM XHMUUeCKasi DeAKIMA NPOTeKACT NPy NOCTOSAHHOM OOGheme, TO

*r
34K0H coXpaHe{Ms 2HEePrUU HAB3BIBAIOT TaKKe nepssal 3AKOHOAL me]),uodunu—
JUUKIL.
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BHewwee
| | naBneHve

P

CaCO4(k)

P 1 c. 108. Pabora, BLINOMHAEMas XMMUYCCKON CHCTeMON
IPOTHE BHEITHEro 1aBleHNs p (MopuleHb He eCOMBIN )

BbIJICJIEHVE UM MOTJIOHIeHUe TemIOTh QV CBA3aHO ¢ U3MEHEHUEM BHYTpEH-

HENl 3HEPTrUyU CUCTEeMBbI.
[Ipu usoGapuoM nponecce (p = cost) TEMIOBO# sdbdext (Qp paBer

Q=AU+ pAV, Qp= (Vo — W) + p(V2— V1)

nnu

Qp = (Us + pUp) — (U1 + pUh).

Bresem o6osnauenue U + pV = H. Torga Qp = Hy — Hi = AH.
Bennuuny H Ha3bIBaOT sHmMaarnuen. JHTAIBIUIO MOKHO paccMaTpu-
ar. ATANTHIG B i1 cucTempl. Takum 06pazOM; €ciaMu NpU

BaTh KK DHEPTHIO pPAacliMPEHHON cHUCTEeMBI
M30XOpHOM Nponecce IHepreTHuecknit 3P PexT peakuuu pabeH M3MEHEHMIO
BHYTperHeil anepruu cucTeMsl Qy = AU, To B ciyyae uzobapHOTO mponec-
ca Ol paBeH MBMEHEHMIO DHTANbIMKM cucTeMmbl Qp = AH.

Duepreruueckuil dPQeKT peakuuu, NPOTEKalomieii MpU NOCTOSHHOM
NaBleHMH, OTIMYaeTcd OT dHepreTuyeckoro d@eKTa peaKuuu, IpOTe-
Kaomeit npu noctosHHoM obbeme. [MonasnsAwmee GONBIIMHCTBO XUMU~
JeCKMX peakpuil TPOMCXOAMT Mpu NOCTOSHHOM J3BJEHUU. ITosTomy B
nanpHelilieM Mbl OyZeM OCHOBHOe BHUMaHWe YIENATh U306apHBIM TIPO-
LeccaM M OIeHWBaTh DHepreTueckuit 3P@PeKT peaknuuu HM3MEHEHMEM IH-
TAIbOUMA CUCTEMBI.
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§ 2. TEPMOXUMUYECKUE PACYETHI

Tennossie apdeKTsl peakumii ONPeReIAIOT KaK IKCHEPUMEHTANBHO, Tak
¥ ¢ IOMOMIBIO TEPMOXMMMYECKHX pacyeToB. Clienyer OTMETHTb, YTO HEBO3-
MOJHO onpesieNiuTb abcONIIOTHbIE 3HAYEH ST BHYTPEHHEl 9HEpruy U 3HTA/lb—
nun. OfHAaKoO J7IA TepPMOXMMMUECKNX pPacyeTOB 3TO HECYIIECTBEHHO, 10—
CKOJIbKY UHTepecyeT aHepreTudeckuil a¢pdeKT nponecca, Te. M3 M e H € -
H 4 € COCTOAHUSA CUCTeMbl — U3MeHenue 3wadenunn U n H.

llpu sxsomepuuxecxus peaklisx TewroTa BH A eAAeTC A,
VMeHbiaercs AHTANLONSA, UNN BHYTPEHUAS 3HEPrusl, CUCTEeMBl, U 3HaYeHUS
AH w AU pas unx oTpunarenshsl. Ilpu aur)omep./uunecnuz peaknusax
TeWIOTA MOTJAOUW aeTCc4H, Te. H n U cuctemsr Bospacraor, a AH u
A U MMEIOT NOTOKNTETLHEE AHAYCHU

Jns Toro YTo6sl MOMKHO 6bIJ10 CPaBHUTbL 3JHeprermyeckine 3PdeKTsl
Pa37IMYHBIX HPOUECCOB, TEPMOXMMHUYECKHE pacderhl O6BIYHO OTHOCAT K 1
MOJIp BeecTBa U YCJIOBUSIM, IDUHATHIM 3a cmandapmusie. 33 CTAHIADTHRIE

npuuuMaior gasnenve 101 325 Ila u Temmeparypy dwame scero 25°C

(298,15 K). CrangapTHple Tensosbie 2P@eKTs NPpMHATO 0603HATATE AH;%

SAT

N
(8 Uyggg)-

Tennosrte s ekl Maso UyBCTBUTEBHE K USMEHEHMIO TeMIepaTyphl 1 JaBiie—
s, Tak, 11s peakuun

C(rpacdur) + CO,(r) = 2CO(r)
yBesiAdeHne TemniepaTypbl oT 500 go 1500 K npuBoauT K yMeHBIIEHUIO TeIUIOBOro
acbdekra ¢ 173 po 165 kllx, T.e. Ha 5%.

Tpy yBennuenuu pasnexrns or 102 go 5-105 rila Tersooit oddexr peaxumm

1/2Nao(r) + 3/5Hy(r) = H3N(r)

yMeHblIaeTcs Beero Ha 5%.

HEHMA XHMHYECKMX peakuui ¢ yKasaHuWeM TenjoBoro G(bfpe}QTa
HaBbIBAIOT mepaoTumureckumy ypasnenusur. TepMoxuMuyeckoe ypabHe-
HUe peakyuu CHHTe3a 1 MOJIb BOAB! MMeeT BUJL

Hy(r) + 1/205(r) = HpO(k), AH,, = —285,83 1]l

B TepMoxuMuueckux ypaBHeMMAX ykasblBaeTcs TaKke ¢asoBoe cocros-
HHe M noauMOpdHast MOAM(PUKAUNS pearnpylomux U o6pasyonuxcs
BEIECTB: T — Ta3s0BOe, X — KHNIKOe, K — KpUCTaNINYecKoe, T — TBepHoe,
P — PacTBOpPEHHOE W Jp.
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3akon [ecca. B ocHOBe TepMoxuMMMUYECKMX PpACUeTOB JIEXUT 3aKOH,
copmyiuposannetit [.W. Teccom (1841): menaosot sgpexm sasucum
moasko om euda (RPupods) U cOCMOIHUS UCTOOKHT BEUWECTNE U KOHEUHHIT
RPOJYKMOB, HO He 3ABUCUM 0T NYMU NPOYECCA, TLE. OM HUCAL U TAPAXME-
Pa RPOMEKYMOUHBT CMAOUL.

Tak, obpasoBanue okcuia yriepofa (IV) 3 rpadura u wucropona
MOKHO paccMaTpMBaTh MM Kak HEOCPeCTBEHHBI pe3y/bTaT B3anMOmeli-
CTBMA POCTHIX BEULECTB

C(rpadur) + O,(r) = COy(r), AH,

WIM Kak pesyJbTaT npolecca, MNPOTEKAIOUIEr0 Yepe3 [POMEKYTOIHYIO

...... 6PA3OBARNA ¥ CropaHuA oxkcuna yriaepona (I
CTaiuio 00pa30BaHiA ¥ CTOpaHusA OKCHAS YIJICPpOLAa (11
Voo dony 1/ O (Y = COIrY / A
Crpagur) + 1/,0:(r) = CO(r), 8 iy
COMP L1000 = COS(rY. AH-
CO(r) /20r) COAr), &5
WY CyMMapHC
Clrpadur) + O,(r) = CO,(r), AH, + AH,4
(rpadur) -+ Oqfr) COy(r), &H; + B R;

Cornacro 3akony Iecca, temmopbie ekt o6pasosanua CO; Kak
HENOCPENCTReHHC M2 [POCTHIX BEIIECTB, TAK U Yeped [TPOMEXYTOTHYIO
craguio obpazopanus u cropaius CO pasunt AHy = AH, + AHs.
IlpuBeieHHble pACCyKACHNSA MOXHO NPEeACTABUTH B BU/JE TaK Ha3hIBae-
i 2 L NUTIH 01 ﬂum'nn/umm /nmr‘ 109) Paznmuuue B YPORHAX 3HTAIb-

OMM MCXOAHBIX BEIECTB, [POMEXKYTOUHBIX U P
KOHeYHBIX NpPOAYKTOB Ha JUATDAMME OTBEYACT  xfw/moms

TellTIORBIM adderxtam COOTBETCTRYIOIUX Ctommmmmie Oaf)
T Cizpa@um)+ Oa(7)
peakIuii.
AU 1y
flo suTanenuitnoik amarpamme (puc. 109) uin afy .
NPUREEHHOMY BRI DABeHCTBY HETPYIHO —/00t+ COIr)+ Yz O2lr)

BBIYMCJMTE OJAHY M3 BelMYMH AH, 3Hasd Jpe
npyrve. Kak wusBecTHO, Temsopble (et -zppf |44,
obpazosanus CO, (AH;) u roperns CO (A Hs) 24,
onmpefensIoTes  dKclepuMeHTalpRo. Tensosoit gl
ske ad¢ext obpasosarua CO (AH,) nameputh

CO,(r)
HEBOBMOXHO, Tak KaK PU FOPEHUM YITIepOAa B _ anl-
YCTIOBUAX HeHOCTaTka KUCJIOpona oOpasyeTcs
emeck CO u CO,. Ho rtensory obpasoBanus .
Pu e 109, OHranbnuitHas

CO Mo%kHO paccduTaTh MO M3BECTHEIM aHatde- oo " eenna rpa-
mnam AH, (—393,5 k[l /moms) u AH (—283,0 o

kllx/moms): AH, = AH — AHy, AH, =

= —110,5 ki /MOME.



Onranboua (Temwiora) o6pasoBamus. B TepMmoxmMumueckux pactierax
UIHPOKO HKCHOML3YIOT DHTANBLIMM (TemsnoThl) 06pasoBanus seiuects. llop
SHTa/bIHEH 06pPa30BaAHUSA MOHWMAIOT TEM/I0BOH 3P derT peakunn 06pa3oBa-
Hus 1 MOJIb BelllecTBa U3 HpocThx BellecTB. OGBHIUHO HMCNOMB3YIOT CTAH-

JAPTHBIE JHTAJNBIUK OGPA30BAHUA; UX 0GO3HAUAIOT AHOOP hag WM AH} 205
,29¢

(vacto opuH u3 uHAEKcOB omyckaoT). CTaH/APTHEIC DHTATLINN O06pa3ORa-
HUS TTPOCTHIX BELIECTB, YCTOMYUBLIX B CTAHAAPTHBIX YCJIOBUAX (ra3oobpas—

T a6nnual8 CraHgaprHast SHTAILIMA 06PA30BAHUS (AH” 29K)

HEKOTOPLIX BelllecTB

Beuecrso AH} 208 Bewecrro AHO/,%R

Kk /Mosb k ok /MouTb

Al(r) 326,3 H,0(x) 285,83
AlP*(p) -530,0 H,SO04(x) 8142
ALOs(x) -1676 K*(p) 251,2
AL(S04)3(x) -3442,2 KCl(x) 35,9
Clanuaz) 1,828 KCIOs(x) -391,2
CHy(r) 74,86 KNOs(x) 493,2
co(r) 1105 KOH(x) 425.8
COy(r) -393,5 MgSO4(x) ~1301,4
CaCO4(x) -1206,9 MgSO4-TH,0(x) | -3384
CaCly(k) ~795,0 N(r) 472,8
CaFy(x) 1220, NO(r) 90,25
CaO(k) -635,5 NOy(r) 33
Ca(OH),(x) -986,8 NO;(p) 2075
CI(r) 121,3 Na(r) 108,3
CI(r) 2336 Na*(r) 606,1
CI(p) -167,2 NaCl(x) 4111
H(r) 217,98 NaOH(k) 425,68
H*(r) 1536,2 NaapSO4(x) ~1384,6
H*(p) 0 o(r) 246,8
HBr(r) -34,1 Os(r) 142,3
HCK(r) 92,8 OH(p) -230,2
HF(r) -270,9 S(MoHoKR/MH. ) 0,38
HI(r) 26,6 SO4(r) -296,9
H3N(r) -46,19 SO4(r) -396,1
HNO3(x) 1743 SO4(x) 430.0
H,0(r) 241,82 Zn0(x) 3506
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HBIA KUCJIOPOJ, MUAKHIT GPOM, KpUCTaJUIMYECKHI HOM, POMOHYECKas cepd,
rpaduT ¥ T.4.), TPUHMMAIOT papHeIM HyM0. CTaHIAPTHEE OJHTAILIUU
06pa30BaHUs HEKOTOPHIX BelllecTB MPUBEAEHB! B Tabi. 18.

Cornacno 3akodHy [ecca Tensiopoit dddeKT peakIuu paBeH CyMMe oH-
TaNbOUii O6PA30BAHUA MPOLYKTOB PEAKIMU 34 BHIYETOM CYMMbl BHT&IbLIUMH
06pa30BaHiA WCXOAHBIX BellecTB. 8 peakuuu BUIA

aA + B+ ... =dD + eE + ..
remyioBoi addexr A H onpemensiercss paBeHCTBOM

+.)—(aAH,  + bAH,  + .)

AH = (dAR" A Tt

D+eAH

£, e

HIn

AH=YAH, . —YAH;

[fomex”

TdK O peaknuu BBaMMOﬂQﬁCTBM}I KPUCTAINTUYCCKOTO OKCHUAa AJIOMHU—

Tenyosoit adbdext B craHaapTHHIX yenosuax A M, onpenensercs ypabHe-

HUEeM

AHy = A

7, AL(SO)s — (AN + 3AH° ).

f, AlyOs f, SO4
CornacHo naHHbM Ta6i. 18 Tennosoi 3¢dexT 5TOi peaKuU cOCTaBAseT

AH,

os = 1 Moas (—3442,2 w/lx/Mons) — [1 moms — (1676,0 w[lx/mons) +

+ 3 momb (—396,1 w/lx/Mons)] = —577,9 w[lx.

Bor eme [Ba Tpumepa pacdeta TeIUIOTH peakiun *  (3HAYCHUS AH} 208

TIpuBeiebl Mo POPMyJIaMU BemecTs):

{

*He sl BeeX BelecTB YCTAHOBJIEHBI TOYHbIE BHAUEHMSA AH} 295 11PMBOIUMDILe
125

B DasHbIX JIMTEPATYPHBIX MCTOYHUKAX, OHM YacTO BechMa IPOTUBOPeYMBBIL Mooaro-

MY non AP o vuengs A L°  aianum osmraemoarrns
My pesysibTathi BhiuMIenuit AN ¢ ucnoassoBaliviem Bitp 9qg MOTYT COMSCTBEHHS

PacUUaTLeS. DTo OTHOCUTCS M K DACCMAaTpUBaeMbLIM Najiee pacieraM ASu AG
Paanuuarhed. ITO OTHO iTCsT M K PACCMaTpUBaeMpliM faJiee pactieraM A0 U 406



CaCOs(k) = CaO(k) + COq(r)

-1206,9 6355 3035
AH = [(-635,5) + (-393,5)] - (-1206,9) = 177,9 x]lx.
2KClOg(k) = 2KCI(x) + 30,(r)
2(-391,2) 2A4359) 0
Ao, = [2(435,9) + 0] - 20-391,2) = -89 4 s[5

aﬂ’l‘aJIbHMM OspaSOBaHMﬂ M3BeCTHbl [IPUMEPHO IS 4 ThIC. BeIleCTB B pasiny—
HBIX COCTOSITHMUSIX. D’I‘O TIO3BOJIAACT YMUCTO PACHETHBIM IIyTeM YCTAHOBUTEL ODHepPreTu-
Yeckne 3DPeKThl caMbIX pa3sHOoBPABHBIX MPOLECCOB.

[IpuBeieM HekoTopble MPUMEDH DacueTs QHepreTuyecKux o

43
=3
vl
2
]
k=]
w
=]
2
)
2
o
=}
L5

TennoBoit adhdexr pacTBopeHust BeuecTBa AH;acns

KOH(x) = K*(p) + OH(p)
4258 2512 -230,2
AH o= [(-251,2) + (-230,2)] - (425,8) = 55,6 x]lx.

pacts

KNOy(x)= K'(p) + NOs(p)
-493,2 -251,2 -207,5
AHL o = [(251,2) + (-207,5)] - (493,2) = 34,5 xIx.

Tennora (onTasbmMA) dbasoBoro nepexoa

Na(k) = Na(r)

0 108,3
AR = 108,30 = 108,3 w/lx.

SOs(x) = SOa(r)
-439,0 -396,1
A = (—396,1) — (—439.0) = 42,9 k[l
OHeprust IMCCOUMALLMH IBYXATOMHBIX MOJIEKYIl HA aToMbl (SHEPTUS XuMuUecKol
cBsisn — AH, = Ecp)

anc
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Cly(r) = 2CKr)
0 2(121,3)
AR, = 2(1213) - 0 = 2426 xJUx.
NO(r) = N(r) + O(r)
00.25 4728 2468
AN,

e = (472,8 + 246.8) - 90,25 = 629,35 rk[x.

SHeprusi TpeBpallleHusi aToMa B HOH (9HeprusA MoHusaumn AN

vonyat CPUACTBO K

BMEeKTPOHY Al{;ﬂ_cp).

AH, s = 1536,2 - 217,08 = 1318,22 Ik
Qr) + ¢ = Ci(r)
1213 2336

AH;!Lcp = (-233,6) - 121,3 = 354,9 x[x.

C nOMOLIBI0 TEPMOXHMHYECKIX pPacueToB MOKHO ONPefesIUTh IHEeprito
XHMHYECKIX Bs3€i, 3HEPFII0 KPHCTATLINYECKOH DPeIeTKH, JHOPTHK) Mek-
MOJIEKYJIAPHOFO B3aUMOJEICTBIN. HSHTAJNBNIIO PACTBODEHHUA II COIBBATA-
uun (ruapaTtauuu), sHeprernueckie 3gekTs! PazoBEIX npespalueluli 1
T.1.

Oneprus XMMHMICCKOR CBA3M. 3HAUCHUAMM JHEPLUU CBAIM YACTO NO.Tb-
IVIOTCR 1718 BLIUMCIOHUA TENIOBLIX 3HMEKTOR PeaKnMil, €c/M HeUIBOCTHE
SHTA1bIHI 06pa30oBaHUs BEIleCTB, yYacTBYIOMMX B peakuuax. Co 3Haue-
HHSAMHK Ke TerIoT oOpa3oBAHNsA, BO3TOHKM. AMCCOUMALMM U APYTHX JHep-
retityeckUX 9¢@eKTOB NOMB3VIOTCA AJA onpelesieHUs MNpPOYHOCTH Mek-
ATOMHBIX. MEKIIOHHBIN 1 MEAMOIEKYAAPHLIX B3AUMOLEACTBHIA.

BoiutteiuM aepruio xoMiyeckoii csasu H—Cl (EHCI = —_\HH__CI) B

MOJIEKYJJIe  XJOpMJa BOJOPOJ1a [0 W3BECTHOH JHTalbNilll O6GpPa3oBAlNA

_Xl!f HOL = —92.8 K,l;x/_\m.n, 1 JHEPrid  JUCCOLMALMI  MOJeR).1
HAQH, = 4350 wla/mom) u CL{AH, = 2426 [0 PYYANTIR T YA
ATOMBE.

Odpasosanite moaeryn HCL 113 npocTiX BELICCTB MOKIO  MLicTeHHO

s



pa36uTe Ha cTaIuM: Aucconranys monexy’a Cly u H, na atomsl ¥ oGpa3o-
sanne mosekya HCl ua aromo (puc. 110):

1/,Cly(r) = Cl(r), /24 H; , Cly

anc

1/2Hy(r) = H(r), ]>/2AH;M<'.HZ
Hy(r) + Cr) = HCI(r), AHIOI"CI

1aHalr) +1/:Clr) = HOU), MM )

B cootBerctsuu c¢ 3akoHoMm [ecca anreGpamyeckas cymMMa TeNJIOBBIX
abdeKTOB TpOoMexkyTOUHKIX cTazuii o6pazosaus HCl 3 mpocThix BelecTs

paBHA HTaNLIMM O6pasoBanua HCI:

1/2AH;MC012 + 1/,AH, Hy + AH;[—C] = AH°

aue FHCP
AHj o= AH o — /oAy Ol = oA H

° = (! — (217, 121,3) = —431,6 x/lxk /Mo,
AH:_ = (—928) — (2175 + 121,3) I/
.e. E°
T.e. 9HEPrUA cBAZM H—C
Q6paszoBanye XIOPUAA BOLOPOA M3 MPOCTHIX BEIIECTB — Mpolect K30~
Tepmudeckuii. CorsnacHo

AHY o = Ao = (/28 By e + /2D By Cla)

= 431,6 k/x/MOJIb.

SHeprusl, BLILEIAIOMaACA npH o6pasosannu’ csszeit H—Cl 8 1 moas HCI
(431,6 [l /Moab), nepexphiBaeT PacXoj, IHEprun Ha paspui cesseit H—H
u Cl=Cl B 1/2 moas Hp (2175 kllk/mons) u 1/2 moae Cl, (1213
K /LK /MOJIB).

TakuM 06Gpa3oM, 3K30TEPMUYECKUMU ABJIAIOTCA T€ PeaKUMH, MPH KOTO-
PHIX OPOAYKTH O6AafaloT 60JIee MPOYHHIMM XMMUUYECKHMH CBA3BAMHU, UYeM
MCXOMHBIE BellecTBa. YCJIOBMs BO3HMKHOBEHMs 3HAOTEpMMUYHOro addekra
peaKIMH, eCTeCTBEHHO, MpsAMO TpPOTHBOMONOKHbe. Tak, o6pasosanue NO
u3 Ny u Oy — nponece 3HA0TepMUUECKMIL:

1/aNg(r) + 1/204(r) = NO(r), AH}NO = 90,2 k]l /Momb.

B 3TOM catydae Ha paspuiB XMMUYECKUX CBASEl B UCXOMHBIX BEIECTBAX
B 1/, mons N, u B !/, momb O — TpeGyercsi GoJibille PHEPrMM, HeMm ee
BhIIENISIOTCS] IpU 06pa3oBanUM npoayKra, T.e. 1 Moms NO u3 atomos (puc.
111).
184

o

A H
Kiw/mons wK /mone
H(r)+Cl(r)
1600+
+
Jo0- N(+0)
o
7, Aﬂn 12001 ’/leiut 0
L 2 Mgyr H,
200 - 12040+ N (r)
[/ H-Ct
Hin+cun] | °o s
. /2 Hy S UL/ - so0+ Moy wo
00 0
Yo Hye 1, 1, 445
By ) 2 Mguc N,
’ ToHalri JyClolr w0l
o
Mena % Nz<,-,~+-/zo,(,r,‘——--’5’-55§-—-
HCL() 7 2 y T g
-100 =
P uc. 110. DHranpnuiHas
MarpaMma 06pazoBaHUA Puec 11i. OHranpiinithas AnarpaMma oo-

HC] u3 npocThIX Bemecrs pasopatiusi NO U3 NpocThIX BelllecTs

OHEpraA KpPHCTAUIMIECKON PEINETKH. OHEeprusi KpUCTALITMYeCcKOR
PeIleTKH OlEHUBAeTCS KOJHYECTBOM IHEPrMM, KOTOpOe HEOGXOIMMO 3aTpa-
TUTh AJIA PaspylIeHUs KPUCTAIMYECKON pOLIeTKM Ha COCTaBHble 4acTH W
YAaneHUWA WX ApYr OT Apyra Ha GecKOHeYHO G6oJjpiioe paccrosiive. Ilo
3HAYeHUAM IHEprMM KPUCTAITTMYECKON pEIIeTKH MOXHO CYAUTH O THIe
XMMHMYECKON cBA3M B BerectBe M ee 3HeprMU. ITOHSTHO, YTO HAUGOJIBIIYIO
BHEPIMI0 KPUCTANIAYECKON DELIeTKH MMEIOT MOHHbIE W MOHHO-KOBaleHT-
- HBle KPUCTa/Ibl, HAMMEHBIIYI0 — KPUCTALIbl C MOJIEKYJISIpHOM peIleTKoi
(ra6a. 19). MeTaibl N0 3HAYEHWAM SHEPIUM KpPUCTAITMYECKON DENIeTKU
32HUMAIOT NPOMEKYTOUHOE MOIOKEHUE,

Ta6anuu ald Oueprus (U;ss) HEKOTOPBIX KPUCTANIMIECKHX pellleToK

" Kpucrammuec-| Tpumep Usggr Kpucramnudec- [pumep Usggr
Kasi pellleTKa wJok/ Moy | kasi pemrerka & 1%/ Mostb
(—
"+ Honnas NaCl 785,1 Aromuo-Me- K 89,2
a LiF 1024 TaJUIM9ecKas Cr 397,5
KOH 790.5 Mosnexynsphas CHy 10,0
KNO3 684,5 ¢ IUCTIEPCUOHHBIM Hy 1,004
Aromuo-koBa-|{C(anmaz) | 715 B3AUMOJIEACTBUEM
JEHTHAA SiC 1250 MonekynsipHas H,0 50,2
¢ BOJODOIHON HF 29,3
CBS3bIO
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Ecnn ras, obpasylomuiica 8 pe-
aynbTaTe BO3TOHKM, COCTOMT U3 Tex
e YaCTHIL, YTO M caM KpHCTALI, TO
sHepruA KpUCTAIUYECKON peluer-
Kl cOBNa/aeT CO 3Ha9YeHHeM 3Hep-
FMH BO3rOHKM (cy6ammanun). ITO
OTHOCHTCA K MOJEKYNAPHBIM, aTOM-
HO-KOBATCHTHBIM 1l ATOMHO-MeTal-
auyeckiM KpMcrtaniam. Tarum 06-
pasoM. B OBTOM CJyYae 3HEpruio
KpUCTATTUIECKON peILeTKH MOXHO

)
K /Mone

00} Nalr)+ CItr)

)
500} o My par*Far

K yopurni Inal

Na+(r)+ler)

400

200 3

Na(r}+CHr)

x)+ 12 Clalr)

[4 ﬂﬁ;mu o Urac onpeAesInTh SKCHPPMM?HTaﬂbHO.
T - oeu) a DHeprua xe UOHHO! KpUCTALIH-
2001 YecKOM peleTKH IKCNEepUMEHTaNb-
400k NacCl{x) HOMY OnpeneleHuIo He NOAJNAeTCH,

TaK KaK TIIpd BO3roHKe HWOHHBIX

aTOMBbI

1151 pacuera SHepriM KPHUCTal/ i HeCKoH
pewerkn NaCl (uusn Bopna-Tabepa)

Pitc. 112, Ouranenuiias QUarpaMMa ... yoqexyner. Ho sHepruio MOH-

HOl  KpticTalIH4eckom
3
3

o

pelueTk

TaNbHbIX JaHHbIX [0 SHEpreTHKe APYTMX MpOlLeccos ¢ MOMOWBIO Tak Ha3bl-
paeMoro yuxaa Bopna — Iabepa. [lna xnopuiia HaTpUa 3TOT UMUK n3o06pa-
JeH B BUIE SHTANBNMITHOM AuarpaMMsl Ha puc. 112.

Kpucrannuaeckuit xJa0pui HaTpus (MOHHAR pelueTka) obpadyerci B
pesyiiLTaTe peaklii¥ KpUCTATIMHYECKOFO HATPUA 1 ra3006pas3HoOro X.1opa:

Na(k) = !/2Cla(r) = NaCl(k). AH"/.QM = —411.1 g% /M01b

Ten1080ii 5pEKT ITOTO NpOUECCa COOTBETCTBYET SHTATBIMM 05pa30Ba~
HUS KpUCTAIMYeC KOro NaCl(AH} 295)-

O6pasosanne NaCl 43 mpoCThIX BELUECTB MOKHO Takke NpPEACTABUTH B
Bi1e NOCAGLOBATENILHBIX CTaAWil NMOAYYEHHUA U3 KPHCTATLTHYECKOrO HATPHA
M ras006pa3’HOro MONEKYJIAPHOrO XJ0pa Fa3006pa3HbiX MOHOB Na* u CIr
(puc. 112)

BOSBFOHKA (ATOMU3ALMA)
Na{r) —  Na(r)

1 . = 108.3 xdx/Mo1p AN -
BO3M Na ’ HIOHN3 Na

HOHR3G LA

— Na*(r)
= 4958 & Tx/M0T0

WISKTPOHA
-+ C'I°(r)
= -351.4 xdx/Moab

TICCOUMALISA (ATOMMBAUISA)
-+ Cir)
= 121.3 xk/Monb Aan .

npitcoe iHeHie

Cly(r)

A=
/JAH;]H(‘

Cl p Cl

¥

M HOCIeAyIOllero MX B3aMMomedcTeusi ¢ 0Opa3oBaHMeM WOHHOTO XJopuia
HaTpus NaCl:

Na*(r) + CI(r) = NaCl(x), AH"

peur NaCl =U

NaCl
CornactHo 3akoHy ecca

AU

NaCl ~ —AH

pewr NaCl = —AHf,NaCI +ad +

Boar Na

LULAR AH° o
/2 e Cly + HMoHM:s Na + AHBn.cp cr

HO,&CT&BJ‘IS{S‘I ].[MCI)DOBBIE 3HAYEHUs, NOTYYUM

U? = 785,1 x/lx/Monb.
NaCl o1 wllx/
Q6 a3toM HOMOCPEACTROHHO CBUACTENLCTRYET JHTANLNUIHAS auar-

e
pamma (puc. 112).
OHEpruio MOHHOM KPUCTATMYECKOHM PEILeTKH MOXHO BBHIYMCIIUTH TaKke
10 U3BECTHBIM IHTANBNNM 06pa30BaHUA WOHHOTO COSTUHEHUS U SHTAJbIUH
06pa3soBaHMA COCTABIAIOMWMX €r0 HOHOB:

NaCl(k) = Na*(r) + Cl(r)

+ AR — AR

AR =AF
pent f.cr f,NaCl

fiNa*

Jl;1st paccMOTpPeHHOro MpuMepa COTJIACHO 3HAYEHMIM AH},

w1k /Monp (Taba. 19).

Onrancuoms (Temwnora) ruApaTanuM MOHOB. WHTEHCUBHOCTH B3aMMO-
AEHACTBAA MOHOB pacTBOPEHHOTO BEUIECTBA C MOJIKYJaMM BOZbl MOXHO
OXapaKTepU30BaTh BEIMYMHON anmassnuw (mentomst) wopamayuy A Hrypp
~— KOJMYECTBOM TEMJIOThI, KOTOpOe BblAe/sieTcsi npu mnepexoge 1 Moxs
MOHOB U3 BaKyyMa B BOAHEIA pacTBOp.

UNaCI = 785,1

3uauenue AH. MOMHO

SHaueHUe 4 Ay A
Hrppp MOMHO
SHTaNbIUKU JPYrUX MNpPOIECcCoB. ’I‘aKy pacTBOpeHHUe HOHHOTO CcOeqUHEHUs

MOXXHO MpeacTaBUTh B BUIAE ABYX cTagMi: pa3pyllieHUe KPUCTalJIM4ecKon
pemeTky Ha cBOBOAHEIE MOHEL W THUADATANMS HOHOB.
3akony ['ecca, TensnoBoi 3 deKT (JHTANBINIO) PACTBOPEHMS A Hpacrs MONM-
HO mpexncTasuTh B BUIe anrebpanmyeckoll CyMMbl 3HEpruu (BHTaJ'lbl'lMM)
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pa3pylIeHHs KPUCTANTHYecKON pelleTKy A Hpeys ¥ 3HTaTBIUM THAPATAUMH
nonoB A Hrypp:

AHpaCTB = AHpeux + AHrymp
Wiu

2CTR AHpﬂw

DHeprUA KPUCTAIINYECKONH pelleTKM M3BECTHA [AJIA MHOrMX HOHHBIX
COEIUHEHUIT; TEIIOTY PACTBOPEHMA BEIIECTB MOXKHO ONPeleJIUTE 3KcHepu-
meHTanbHo. IIpy pacyere O yKa3aHHOMY YpPaBHEHMIO HaXOOAT CyMMapHOe
3HAaYeHMe BHTAIBOMM TMIpPATAIMM KATHOHA ¥ aHHOHa. DHTAIRIHIO THApa~
TAgUM [JAHHOTO MOHA ONpefeNAoT MO U3BeCTHOM JHTAIbNHM TUAPATALUU
MOHA POTUBOIOJIOKHOIO 3HAKA.

HerpyaHo noragaTsCA, YTO 3HTaJpNUA THApATAUK 3aBUCUT OT 3apAja
W pa3Mepa MAPATUPYEMOro MOHa. B pAny MOHOB ¢ OJHOTHUIHOH 3JIEKTPOH-
HOi1 KOHGbUTYpamMeil SHTaNLIMA TUAPATAUMU BO3PACTAeT C YMEHbIICHHEM

pa3Mepa MOHa, HalmpUMep:

Li* Na* K* Rb* Cs*
Ty HM eereeeiceaiianannnnnesanees 0,068 0,098 0,133 0,149 0,165
AH, KK /MOB ... 5314 4226 -3389 -3138  -280,3

298,runp’

M C yBesJMYeHMeM 3apAfa MOHa, HallpuMep:

Na* Mg?* A3
7, HM . 0,098 0,074 0,057
AH;MP, KJIA/MOTD ..o 4226 -1953,9 -4694,5
PaspynreHMe KpUCTA/UIMYECKOHl peNIeTKU Ha CBOGOJHbIE WOHBI — IIPO-

nece supotrepmudeckuit (A Hpey > 0); ruapaTanms MOHOB — mpOHece K30-
Tepmuyecknit (A Hoypp < 0). Tarum o6pasom, B 3aBUCUMOCTH OT COOTHOLIE~
una sHaveHnit AHpew M AHpypp Temmosoit 3¢ddexT pacTBOPEeHMA MOXKET
UMeTh Kak IOJOXHTENbHOe, TaK M OTpUuaTelbHoe 3Hadenue. Tak, pacTBo-
peHHe KPUCTATIMYECKOTO TMIPOKCHAA KalUf CONPOBOKIACTCA BbIAEICHH-
eM TemnoTh, T.6. Ha paspylleHMe KpucTannMueckoli pemerxn KOH

Tpe6yeTci MeHbIle 3JHEPIUU (AH;C‘u = 790,5 Jlx/Mons), dem ee

BhIZleNAeTCA NpYU rUapaTalyy voHos K* (AH:‘unp Kt = —338,9 Jlx/Moub)

u vonos OH™ (AH® _ = —510,5 k/lxx/mMonp). Hanporus, pacTsopenune
rugp OH

KPUCTANTHYECKOTO HUTPaTa Kajlusl — Ipomecc 3HAO0TePMUUYECKUH, TaK Kak
188

Ha paspymweHue KpUcTaMyeckoil pemerku KNO; (AH;em = 684,5

k/JIk/Monb) 3aTpauMBaeTcad GOJIbIIE 3HEPrMM, YeM € BbLIeNseTcA NP THi-

patanuu wonos K* u NO; (AH ruap NO; = —309,6 [l /moms).

I'JI1 A B A 2. HAIPABJIEHHOCTh XUMHMYECKON

DRALTIIAIA
LA E

§ 1. OHTPOINUA

BonpminMueTBo nmponeccoB mpecTaBnsioT COGOH  ABa  ONHOBPEMEHHO
OpOUCXONAIMMX ABNEGHUA: Hepeflady HEprHM M U3MeHeHHe B YIIOpAIo4eH-
HOCTH DACNOJIOKEHUA HaCTUIL OTHOCUTENbHO ApYr apyra. Yactunam (Mose-
KyJlaM, aTOMaM, MOHaM) IpMcylie CTpemJieHHe K GecrnopsAaouyHOMY IBMike-
HMIO, TIO3TOMY CMCTeMa CTPEMMTCA MHepefiTd W3 60Jee yHOpALOYEHHOro
COCTOAHUA B MeHee yHnopAnoYeHHoe. Tak, ecyM, HanpuMep, Ga/JIOH ¢ Ta30M
COGIJUHMUTH C COCYIOM, TO I'a3 3 Ga/uIOHa 6YyLeT pacHpemelATsCA 10 BeeMy
o6vemy cocyna. [Ipu sroM cucteMa U3 6ojee YHOPAZOYEHHOTO COCTOAHUA
(¢ MeHBPIIMM 6eCOPAIKOM) MEPeXOMT B COCTOAHHE MeHee YMOpPAZLOYeHHOe
(¢ Gonpmum Geciopagkom). KomuuecTsennoit Mepoit 6ecnopanka ABaAercs
sumponus S. Ilpu mepexome cuctemMbr M3 6Gojlee yNOpsiZOYEHHOTO B MeHee
YHOPANOYEHHOe COCTOAHME 3HTponMs Bospactaer (AS > 0).

Tlepexon sxe cuMcTembl M3 MeHee yHNOpAJOYEHHOTO COCTOSAHUA B GOJjlee
YHOPANOYEHHOe CBA3aH ¢ YMEHBIICHMEM 3HTPONMM, M CaMONPOM3BOJBHOE
NpOTeKaHWe MOJOGHOTO mponecca MeHee BepOSATHO. Tak, ACHO, YTO B pac-

iipviMepe

0, 4TOOBI Ta3 cam co0oi coOpajcAd B
Sanyone. B cimyvyae mepexoma cHUcTeMbl M3 MEHee YHOPAZLOYEHHOTO COCTOA-
HUA B 6oJlee YNOpAJOYeHHOe SHTPONUA cHcTeMbl YMeHbwaetea (AS < 0).

Herpyauo noxa3ath, YTO SHTPONHA BO3PACTAET NpH NEpPEXOAe i AKOC-
TH B Hap, NPM paCTBOPpEeHWH KPUCTAIIMYECKOTO BemecTBa M T.n. Bo Beex
3TUX cIyYadAX HaGNwoJaercss yMeHblIeHMe HOPAAKA B OTHOCUTENBHOM pac—
nonoxenuu yactun. Hao6opor, B mponeccax KOHIEHCanUU U KPUCTANIN3a~
LMY BEIEeCTB SHTPONMA yMEHbIIACTCH.

BeposTHOCTE pasnMuHBIX cocTOAHMET BelnecTBa (ra3, KpUCTALTUYECKOS,
JKHAKOE) MOKHO ONMCATh KaK HEKOTOPOE €ro CBOMCTBO M KONMYECTBEHHO
BbIpa3HTh 3HaveHnueM sHTponuH S [B Jax/(K-monp)]. DuTpomun semects,
Kak ¥ MX 3HTa/bIIMM O6Pa30BAHUA, NPUHATO OTHOCUTH K ONpeHe/eHHBIM
yesoBuAM: 06b14HO K Temmepatype 25°C (298,15 K) u pasmenuio 101 325

o

Ha. Ourponmio mpu 3tMx ye0BMAX 0603HAYAOT Sy9s ¥ HABBIBAIOT CTaH-

NApPTHOM BSHTpOnMei. 3HauyeHUA cmandapmuot ILMponuu ANA HEKOTOPHIX
BelnecTs npUseneHbl B Ta6m. 20.
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T a 6 1 uu a 20. CrangapTHasi SHTPOIMsT (S;!)s) HEKOTOPLIX BEIECTB

5308 S 080 08
Betuecrso Ix/(Kx | |BemecrBo Tlx/(Kx | | BemecrBo T/ (Kx

XMOJIb) XMOJIb) xMOJb)
Ag(x) 42,55 Fe(x) 27,15 NaCl(x) 72,12
AgBr(x) 107,1 FeS(x) 60,20 ||NayCOs(x) | 1364
AgCl(x) 96,11 | |Ge(x) a1 o) 160,95
Agl(x) 155 | |H(p) 0,00 ||0sr) 205,04
Al(x) 28,35 | |[Hy(r) 130,52 ||0s() 238,8
AISh{x) 59,03 | IHNOx) 1566 1O (p) 10,86
BaCOu(x) | 112 HeN(r) 1926 || P(Gensit) 41,1
BaCly(k) 126 H,0(r) 188,72 || P(kpacubiit) 22,8
Ba(NOg)y(x,| 214 H,0(x) 70,08 Pb(x) 64,8
BaSO4(x) 132 H,0(k) 39,33 S(r) 167,7
C(anvas) 2,368 | |H,S04(x) 1569 |[Sur) 228,18
C(rpadur) | 5740 ||KCl(x) 82,56  ||Se(r) 377
co(r) 10754 | [KCI04(x) 142,97 |[Ss(r) 444,
COu(r) 213,68 | |[KOH(x) 79,32 ||SO(r) 248,1
CHa(r) 186,19 | IMgCOu(x) 8,7 |10s0x) 122,05
CaCly(x) 136 | |MgO(x) 26,9 |{Sh(x) 45,69
CaCOs(x) | 929 | [Nyr) 1999 |{Si(x) 18,82
CaO(x) 397 | [NH,NOa(x) | 151 Si0,(x) 42,7
Cl(p) 5654 | [NO(r) 2106 ||SiOz(er) 46,9
Cly(r) 2229 | [NOy(r) 2402 |{Sn(x) 51,65
CrO4(x) 71,96 N,Os(t) 178,4 ZnO(k) 43,64

CooTBeT¢TBEHHO cTelleHH 6ecropsifika OHTPOIMs BEIECTB4 B I430BOM COCTOSTHUM
3HauMTeNbHO GoJibille, YeM B KUAKOM, a TeM Gonee — d4eM B KDUCTAIUYECKOM.
Hanpumep, cranfaprias owTpomust Bomsi S, = 70,08 Tbic/(K-momb), a Bomsmoro

napa Sy, = 188,72 Jhi/(K-mons). V BemecrBa B aMOpdHOM COCTOSHUN SHTPOMHS
6onbine, yem B KpUcTaMueckoM (6osee YTOPSIOYEHHOM) COCTOSHMM, HATpPUMED
IUISL CTEKJIOBUIHONO M Kpucrainvdeckoro S0y craHnaprHble SHTPONMM paBHbL 46,9
n 42,7 Ik/(K-moms) coorsercrBeHHo. CraHfapTHas OHTpONMS rpacbuTa [5,740
Joxe/(K- Monb)] Gomblue, dem amvasa [2,368 Iix/(K-monb)], ommuatomerocst ocobo
KECTKOM CTPYKTYPoi. [IpU NAHHOM ArpEraTHOM COCTOSIHUM SHTPOMUS TeM 3HAYM-
TeNbHee, deM GONbile aTOMOB cogepiurcs B Monekyne. Tak, ourpormus Oj (r)
[238,8 Tlx/(K-monb)] Gonbiue, dem razoobpashbix O, [205,04 Jox/(K-momb)] u O
[160,9 Ilxe/(K-momb)].
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3HadueHUAMH SHTPONMM BellleCTB IOJIL3YIOTCA AJIA YCTaHOBJIGHUS U3MEeHe-
HUsSL 3HTPONOUMU CHUCTEMB! B Pe3yIbTATE COOTBETCTBYIOIMX IIPOLECCOB. Tak,
1A XUMUIECKOH peakuum

aA + BB + ... = dD + ¢E + ...
Y3MEHeHKe 3HTPONUM cHCTeMBl 6yJeT

AS® = (S + eS;: + )= (aS; + 05+ )

unu
AS° =18, —1S

npox nex”

O6 u3MeHeHHH 3HTPONUM B XMMHUYECKON PeaKlUUH MOXKHO CYAUTb IO
u3MeHeHuIo o6beMa cucTeMs! B xozde peakiuu. Hanpumep, B peakiuu

l 1/2C(rpadmr) + 1/,CO4(r) = CO(r), AS;,, = 87,8 /K

Habnionaercs ysenuuenve o6vema (AV > 0); crenoBaTenbHO, IHTPONUS
sozpacraer (AS > 0). B caydae ske peakuuu o6pasoBaHUs aMMHaKa U3
BOJOPO#a U a30Ta

=—1031 Ix/

a S S
720 N SRV 2098 P A

HA060pOoT, 06BeM cHcTeMbl yMensinaeTcs (AV < 0); caeposarensHo, 3HTPoO-
nus ymensinaerca (AS < 0).
Ecnn ke peaknus nporekaer MekAy TBEpIbIMM BElECTBaMU, HallpUMep
— o — .
Al(x) + Sb(x) = AlSb(k), AS,,, = —5,01 Ix/K

TO U3MEHEHUs 061>ema CHCTEMBI U ee 3HTPONHUHU IpaKTHIeCKU He IIpoUCXOo~
Aur. To ke OTHOCHTCA M K HpOHeccaM, B KOTOPbIX KOMMYecTBO (MOJb)
ra3006pa3HbIX BelliecTs He MW3MeHsieTcsi, HALlpUMep '

Clrmad N Ol — (O A Q
C(rpagurj + O(r) = COy(k}, A4S

Bospacranne HTPONMK B cMCTeMe HABOBEM INMPONUUNs.A $AKMOPOAL.
JTOT aKTOP NPOABNAETCS TEM CHJIbHES, ueM Bullle TeMIEpPATYDa.
Konuuecrsenno smrponuitubiii dakTop MOXHO OLEHMT, NPOH3BELCHHEM
TAS w Bupasuts B epuunnax sneprin ().
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WsMenenue 3HEepruM CUCcTeMbl Ha30BeM IHEPLEMUMECKUA WIIA IHINAAY-
NUURBLA ¢a1<:m0p0/u. KonuyecTBenHo ata TEeHOEeHIUs CUCTEMbl BBIDAKACTCH
Yepes TemsoBoit apdeKT mpomecca, T.e. 3HaYeHMeM A K.

§ 2. DOHEPTUSA 'MBBCA

CaMOnpoM3BOJIBHO, T.e. Ge3 3aTpaThl paGOTH M3BHe, CHCTeMa MOXET
[epexOfMUTh TONBKO U3 MeHee YCTOHYMBOIO COCTOSAHMsS B GOslee ycTOMUMBOE,
W3 paccMOTPeHHOTro cjeyeT, YTO B XUMHUYECKMX NMPOLECCaX O/JHOBPEMEHHO
NeNCTBYIOT ABe TeHIeHUWM: CTpeMJieHWe HaCTMIL OGBeMHUTHCS 3a cder
OpPOYHLIX CBA3ell B GOjee CJIOxHpe, 4TO YyMeH b a€T DHTaJdb-
M1 CUCTeMBl, M CTpeMileHHe T4CTHL, Pa3beIUHUThCA, 4TO Yy Be 1 U -
YusaeT OBHTPON MW VIHHMA CI0BaMM, NPOABIAETCS AeHcTBUE
IBYX NpAMO IPOTUBONONONKHHX (pakTOpoB — sHransnuiHoro (AH) n
sntponuitHoro (TAS). Cymmapaeiit 3@¢ekr dTUX ABYX NPOTHBOMOJOKHBIX
TeHJeHIMUI B Nponeccax, NPOTEKAIOWMX NPU HOCTOAHHBIX ' U p, oTpaxaer
nameHenue anepruu ['ubbca G*

AG=AH—TAS.

XapakTep M3MeHeHMsi dHeprMM I'm66ca mozpossier cy/uTh O TPUHIIH-
NUaJbHOM BO3MOXHOCTHW WM HEBO3MOXKHOCTH ocylecTBIeHU A npouecca.
VesoBUeM NPUHIMIIMAALHON BO3MOXHOCTH NpPOLECCca SBJISETCS HCPABEHCTBO

AG<O.

WHbIMU CI0BAMM, CaMOTIPOM3BOJILHO IPOTEKAIOT PEaKIMy, ec/ii 3Heprus
Tu66ca B MCXOMHOM COCTOSIHUM CUCTEMBI GOJIbIIe, YeM B KOHEYHOM. YBelu-
YeHue aHepruu ['n66ca

AG>0

CBUAETENLCTBYET O HEBO3MOXKHOCTH C4MONPOM3BOJILHOTO OCYLIECTBJICH Us
nmpouecca B gaHHBIX ycuoBUsX. Ecan xe

*3ra BeSIMYMHA HasBaHa Tak B 4ecTh AMepUKAHCKoro ydenoro k. Yuanapna
I'u66ca (1839—1903) — onxHOro Us OCHOBOMONOKHUKOB XMMUMECKOW TepMOJUHA~
vurn. Cornacio AH = AG + TAS uwacrs rtewtorsl TAS uger Ha cosgaHue
6ecriopsinka (6ecroniesHo paccenBaercs B OKpYkKaloOI0 cpefly) M IOITOMY He
MOKeT OBITH MCIIONb30BaHa IV1s1 cOBeplUIeHUsT pa()OTbl; €e Hal3BIBAIOT 4acTO C8I30H-
noti anepueti. Yacrb temnorbl A G Moker ObITh MCIONB30BAHA VI COBepIIeHUs

AG =0,

CUCTEMA HaXOJMTCSl B COCTOSIHUM XMMUYECKOTO paBHOBECUA.
OHTANLIMARNA M SHTPOUMAHHI (AaKTOpPH M HampasjeHue mpomecca. B
COOTBETCTBMM ¢ ypaBHEHUEM

AG=AH—-TAS

CaMOMPOU3BONLHOMY MPOTEeKAHMIO Ipouecca CIOCOGCTBYIOT YMeHblUIeHHe
3HTaJBIUYU U YBeJWYeHHe BHTPONUU CUCTeMBI, T.e. Korga AH < 0 u AS >
> 0.

[Ipn apyrux coveraHusix Xapakrepa usmeHenuit H u S BoamoxHOCTDH
npouecca onpejelsieT JU60 >HTANBIUAHLINA, TUG0 SHTPOHUIHBIA QaKTOp.
PacemoTpum nise cienyromue peaknuu:

CaO(x) + COy(r) = CaCOy(x)
Al = —178,0 wllk, AS;,, = —160,48 Ix/K.

30,2 kLK
CaCO3(k) = CaO(k) + COy(r)

AHy, = 1780 k]lx, ASS, = 160,48 Ix/K,

298

AG| 00 = —02,7 x]lx.

[lepBas peakuus 5Kk30TEpPMUYECKAs, MPOTEKAET ¢ YMEHbILEHUEM OGHEMA.

OAMOMHOCTE ATOM noaurum (ALY - N) Armoranaamns wothrmnisans =irms
SMOREQLTE 9TOM pearnii (LU < V) Clpensiisierca OeucTBHeM SHT

IUIAHOrO (aKTOpa, KOTOpOEe MepeKphiBAET NPOTUBOEHCTBUE 3HTPONUIAHOTO
dakropa (1o a6comorHoMy BHavenmo |AH| > | TAS|).

Bropas peaknus sHpoTepmudcckas, mporekaer c YBeIMYeHHEM OGbeMa.
Boamomnocrs sroit peakuun (AG < 0), nao6opor, ompenensiercs HTpO-
nuitibiM - QakropoM. Ilpu Beicokoit Temneparype 3HTpoOmMitHsll (akTOp
NePeKpLIBACT SHTANBIUAHLIN artop (r.e. |AH| < |TAS}) u peakuns
HpOTeKae’I‘ CaMOIIPOMU3BOJILHO.

Bausmne TemumeparypH Ha HanpamnenMe peaxnun. CornactHo ypaBHe-
HUIO

AG=AH—TAS

BAMsHWe TeMnepaTypel Ha A (7 onpenensieTcs 3HaKOM W Benuuuuoi AS. Ha
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puc. 113 mnokasaHa 3aBUCHMOCTH

o
/(J)«I/jg;}n AG psia peaknuit OT Temliepa-
0 Typsl *. JIna peaknun
[ 2C(rpadur) + Oy(r) = 2CO(r),
Gl AS>0
-2001

~4001 ,\i{:m’m: il MPOTEeKAKOel ¢ yBeJIMueHMEM

M SHTPONMH, MOBbILICHHE TEMNEPaTy-
~oay 2cory PBl IPUBOJMT K YBEIUYEHHIO OTPU-
natenpHoro 3HadeHuss AG. Beico-
KOTEMNEpATYPHBIA  pexum  Giaro-
Puc. 113. BasucuMocrs AGF DPARA  ppyarerpyer MpoTeKAHMIO MpONEC-
ca. [Jnsa peaknuu

-600

TR . L L
s00 1000 1500 2000 T X

OKCUJ0B OT TEMIIePATY Dbl

2Hg(x) + Op(r) = 2HgO(x), AS <0

NPOTEKAoMEH ¢ yMEeHbIIeHWeM JHTPONUM, C MOBLIIEHUEM TEMMNEPaTyphi
orpUnaTenbHoe 3HaueHne A G yMenbinaercs. CleoBaTebHO, B 3TOM 1y -
4ae BBHICOKOTEMIEPATYpHLIH PEXHUM MpPENATCTBYeT IPOTEKaHWIO Mpolecca.
Ilpu coorBercrBylommeil TeMnepaType AG mNpUOOpeTaeT MOJNOKUTEIBHOE
3HaUYeHWe, U TOTJa PeaknMsi JO/KHa MPOTEKaTh B O6PATHOM HaNpPABJICHUH.
Kak Bumno Ha puc. 113, uamenenue 3Haka AG anst oTOH peakuuyu JOCTU-
raercsi npy 500 K. Boime sroit TeMneparypsl peakiys NpPoOTeKaeT B 06paT-
HOM HAnpaBJCHUM!

2HgO(x) = 2Hg(k) + Ox(r), AS >0

Taxum obpasoM, NpM HU3KoTeMnepaTypHom pexume (mo 500 K) pryrs
OKHCIIAETCS KHCIOPOAOM, B TO BpeMs KaK TIPU BHICOKOTEMIEpaTyPHOM
peskume (Brime 500 K) oxena prymn pacnapaercsi ¢ BblelleHHeM KMCIIOPO-
na. OTH TpOHECCH MOXHO MCMOJIb30BATh /s NOMYyYeHHUs! KHUCIOpOAa B
NabOpPATOPUM. .

Ecay ke npy npoTekaHuu npomecca SHTPONUs CUCTEMb! He M3MeHseTcs,

10 8Hayenue AG OT TemmepaTypbl NpPaKkTHUecKH He 3aBMcHT. Tak, Ans

peaknuu

C(rpadur) + Oa(r) = COy(r), AS=0

*Eciu npene6peub BinsiEMem T Ha sHavemua AH u AS To upnBeaeHHas
saBucumocTs AG = f(T) sBisiercsi ypaBHEHMEM NpSIMOW, HAKJIOH KOTODOM ofl-
penensiercst 3HaxoM AS. Ha puc. 113 npu AS > 0 npsivas uzer BEus, npu AS <
< 0 — BBepx.
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saucumocth AG = f(T) Ha puc. 113 BelpaxkaeTcsi NpsMOi, NPaKTHYECKH
napaJyuenpbHoit ocu abeuuce.

llponeccsl, mporekaromme ¢ ymeHbilenMeM sHTanbnuu (AH < 0) u
yBenudenreM auTponuu (AS > (), npaktMyecku Heo 6paTu M b, B
aToM ciydae AG Bcerpa GyneT MMeTe OTPULATENBLHOS 3HAYEGHHE, KAKYIO ObI
TeMNepaTypy HU NPUMEHAJH.

K Heo6paTuMbIM mponeccaM OTHOCHTCS, HapUMeEp, pA3JIOKeHUe XJIopa-
Ta (V) xanus:

2KClO(k) = 2KCl(k) + 204(r)

AH = —894 k/lk, AS,, = 4943 ix/K

208

Crannapraas snepras ['n66ca o6pasopanus. Ilox cTangapTHOl dHepru-
eit T'u66ca o6pazosanus AG} NOHUMAIOT K3MeHeHre sHepruu ['M66ca npu

peaknuy obpazoBaEna 1 Monb BemecTBa, HAXOAAUIErocs B CTAHAAPTHOM
cOcTOAHUN. DTO ONpefieieHre MOLPadyMeBaeT, HTO CTaHAAPTHAs SHEprius
l'u66ca obpasopaHus NpPOCTOrO BEWIECTBA, YCTOHYHBOTO B CTAHAAPTHBIX
YCJIOBUAX, PaBHA HYJIO.

Wsmenenue sneprum I'n66ca, kak ¥ uBMeHeHMe HHTaIbLANH U SHTPOMHUH
CMCTEeMBI, He 3aBUCUT OT MYTH mpouecca. [losToMy AN peaknuu BUAA

aA + B + ... = dD + ¢E + ...

W3MeHeHMe cTaHNapTHON dHeprMM [u66ca AG® pasHO pasHOoCTH Mexnay
CYMMOJ CTaHAApTHAIX 2Hepruii ['M66ca 06paszoBaHus NPOAYKTOB peakuun U
CYMMOW CTAHAAPTHHX dHepruit ['M66ca 06pa3oBannsa UCXOLHBIX BEUIECTH:

AG = (dAGy + eAGy + ) — (G,

I f + G+ )

7A f
uwin

AG =BAG) oy —BAG,

Ionbsysacy 3HaYeHUAMU AG’} 208 TPUBEIEHHBIMH B Tabi. 21, BEIYMCIMM
v ros

A G e peakuuu

1 —
NO) +1/:04(r) = NOu(r)

A G = AGofaNoz - (AG},NO +1/8 G},Oz).

195

7%



T a 6 1y y a 2l. Craunapraas steprusi ['m66ca o6pasopanmst (AG},zss)

HEKOTOPHIX BelllecTB

Bewecreo AG},zQ&' Beuecrso AG}’ .
k% /Monb k[l /Momb
Al(r) 288,7 Hy0(%) 237,24
Al3*(p) -490,5 H,SO04(3x) -814,2
AlyO4(k) -1582 K*(p) -281,3
Aly(SO4)3(x) -3101,0 KCl(x) -408,0
Ba?*(p) 561,1 KCI03(x) -289,9
BaSO,(x) -1353,0 KNOj(x) -393,1
C(anumaz) 2,833 KOH(x) -380,2
CHy(r) -50,79 MgSO4(k) ~1158,7
co(r) 137,14 MgSO, - TH,0(k) -2868
COy(r) -394,38 N(r) 4555
CaCla(x) -750,2 NO(r) 86,58
CaCOs(x) 1128, NO(r) 51,5
CaFy(k) -1161,9 NO3(p) -111,7
CaO(x) -604,2 Na(r) 77,3
Ca(OH)y(x) -896,8 Na*(r) 575,6
C](I‘) 105,3 NaCl(K) -384,0
CI(r) -239,9 NaOH(k) -380,7
Cl(p) 11314 N, SO04(k) -1266,8
H(r) 203,3 o(r) 231,8
H*(r) 1516,99 04(r) 1627
H*(p) 0 OH(p) 157,4
HBr(r) 53,2 S(MoHokI.) 0,188
HCK(r) 94,79 SOy(r) 3004
HF(r) 2728 SO4(r) -371,0
HI(r) 1,78 SO4(x) -368,98
H3N(r) -16,7 5027(p) -744,93
HNO3(x) -80,3 ZnO(x) -320,88
H,0(r) -288,61 ZrOy(x) 1042,8

MopcraBnaa 3HayeHus AG}, yKa3aHHBIE NOJ CHMBOJIAMM BeIUECTB B

YPAaBHEHUM DEAKLUHU, NOIYIUM

AG,

298
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= 51,5 — (86,58 — 0) = —35,08 k/Ix.

Haiinennoe 3navenne AG, . o3nauyaer, 4to 06pasopaHue 1 Moab NO,

8

npH CTAHAAPTHHIX YCIOBHAX, T.e. MPH p o = po = p . = 101,3 klla u
2

02
o6wem nasaenun 303,9 klla, conposoxnanocy 6ut npu 298 K ymensmenun-
eM sHepruu ['u66ca cucremst Ha 35,08 kllx/Moas NO,.

Ilpu nons30BAaHHK 3HAUEHUAMM CTAHJADPTHON dHeprum ['M66ca Kpure-
pUéM N pHHLUNHaAbHON BOBMOKHOCTH TpOHEcca B
HECTAHAAPTHLIX YCJIOBHAX crnepyer NpuHATh ycnosue A G° € 0, a kpurepu-
eM DPHUHIOHUNMUANBHON HEBOBMOXHOCTHM OCylHeCTBIE-
HUA npouecca — HepaseHcTBO A G Y 0. Pasymeercs, ecitu AG” = 0, 10
3TO BOBCE HE O3HAYAET, YyTO B PeajbHLIX YCAOBHAX cHcTeMa Oyner Haxo-
NUTbCS B paBHOBecuu. TakuM o6pa3oM, BO MHOTMX CIydyafgx dHadyeHHsIMH
AG° MOXHO MONBL3OBaTheA JUIND AJA OPUOTMIKEHHON OLEHKH HalpaBlie-
HUA peaKnuil.

I'J1 ABA 3. XUMUYECKOE PABHOBECHUE
§ 1. KOHCTAHTA XUMHUYECKOI'O PABHOBECHUA

BonpmuHcTBO XUMHYecKHil peakuuii O 6 paTH M O, T.e. IPOTEKseT
OJHOBPEMEHHO B NIPOTUBONONOXHBIX HanpabiaeHusx. PaccvorpuM o6patn-
MYIO peaKiuio

2H,(r) + 0, = 2H,0(r), AH< 0, AS< 0

Mporekanue peakniy B IPAMOM HAMDABIEHAW COMPOBOKACTCS BbIJEJICHN~
em tennotsl (AH < 0). DHTPONUSA cucTeMbl mpu 3TOM yMeHbmaetesa (AS <
< 0), Tak kak B pesynbTaTe peaknMM U3 3 MOJDb ra30B 06pasyloTcs 2 MOJb
razos. Takum 06pa3oM, mABHKYILEH CHJIOH 3TOrO Hpouecca sABASETCA 3Hep-

-TeTHyeckui (PHTaNbIUIiHBIA) daKTOp.

Mporekanne paccMaTpuBaeMOil peaknuh B O6pPATHOM HANpaBIEHHM
CONpOBOXAAeTCA NOrnoueHneM temaotsl (AH > 0); 3HTPONMSA CHCTEMBI
Bospacraer (AS > 0). Takum o6pa3oM, ABHKYIIell CHJIOH 3TOrO mponecca
ABNseTcA 3HTPONMIHBIA daKTOp.

Mpencrasum cebe, uro mpu 2000°C u 101,3 klla B BakpbiTsIit COCY]
BBEJleHa cMech BOAOPOAa U Kuciopopa. Ilpoucxopur nponece 06pa3oBaHus
napos Boanl. Ero mporekanue obecneunpaer sHransnuiiHsiii dakrop. Ho c
HOsiBJIeHHeM NapOB BOAbI HAYMHAET [EHCTBOBaTh SHTPONUMHBIN (DakTOp —
uyacTe 06pazoBapmeiicA BOAbI pa3naraercsa Ha BOAOPOXL W Kucaopon. Bra-
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sxTponuiidoro ¢axkropa. Ho B kOHIle KOHIOB feficTBMe ITUX OBYX NpPOTU-
BOIOJIOKHO AefcTBYIOMX GakTopos ypasHosemuBaerca: AH = TAS, Te.
AG = 0. Hacrymaer xumuuyeckoe pasHoBecue. IIpM XMMHYECKOM paBHOBe-
CHM UMCTO 06pa3yioliMXcsd B eAWHUIY BPeMeHM Mosekyn (WMIW APYrux
YACTUI[) TIPM NPAMOA PEAaKIUM PABHO UYMCIIy MOJIeKysa (npyTMX dacTUu),
BCTYIUBIIMX BO B3aMMOJEHCTBUE PU OOPATHON DPEAKIMH, T.6. XMMUYECKOe
paBHOBecHe ABAAETCA Junaauveckua. B cOCTOAHMM XMMHUYECKOrO paBHOBe-
CHA CKOPOCMS NPLALOU PeaKyuy Pasra CKopocmyu o6pamuot peaxyuy.

Takum 06pa3oM, BelencTsHe O6PATUMOCTH IIPOLECCA MOTHONO IIpeBpa-
eHUA BONOPOAA U KUCIOPOAA B BOAY He NPOMCXOQUT: B PE3yIbTATe B3aM-
MOpeNCTBUA B COCYle NPUCYTCTBYeT CMeCh BCEX TpeX ra3oB — BOAOPOnA,
KUCIOpO#a M BOAs. OTO HaGNIONEHHMEe MOXHO OGOGLINTL: CaMONpPOU3BOIBL-
HOe MpOTeKaHUe XUMUYECKHUX PeaKUMid MPOUCXOOMUT A0 M3BECTHOrO Npepe-
J1a — [0 ycTaHOBIEHMA B cMcTeMe XUMMYeckoro pasHosecus (AG = 0). K
PAaBHOBECUIO MOXHO NMOJOATH ¢ NMPOTHBONMOJNIOKHBIX CTOPOH — KAK 34 CYeT
B3aUMOEHCTBUA UCXOOHBIX BeIeCTB, TaAK M 3a cYeT B3aUMONEACTBUA KO-
HEUHHIX TPOJYKTOB.

llocne HacTynaenua paBHOBeCHA KOHNEHTPALMM BewlecTB (MCXOOHBIX U
NPOJYKTOB) NPU NAHHEIX YCJIOBUAX OCTAKOTCA HEU3MEHHLIMH. JTH KOHLEHT-
DPALMM HA3LIBAIOT PAGHOGECHbLAU.

3akon peicTByiommx Mace. O cremenu TIyGMHBI NPOTEKAHWUA Npolecca
MOHO CYAUTb H4 OCHOBAHMU 3 a KO H4a JEeHCTBYWIMUX Mace,
KOTOPOMY MOAYMHAETCSH CUCTEMa B COCTOAHMM PABHOBOCHUA: %aACMHOe om
desenus npouseedenus PAGROGECHBIT KONYEHMPAYUT nPoodyxmoe peaxyuy na
npoussedenue PAGHOGECHHIT KONYENMPAYUL UCTOOHMT O6eUeCMe 0AIemcl
eeaununot nocmosunoi (Lynpg6epr n Baare, 1864—1867). Oty Bennunny
HA3LIBAIOT XOHCTMANMOU PaGHOGecus; ee 0603HavaoT K.

JAaa peakuuu

aA + B+ .= dD + ¢E + ...

B COCTOAHUM PABHOBECUSA BLINOJIHAETCA COOTHOIIEHUE

d
. — DL
¢ = [AFEP.
rae [A], [B], ..., [D], [E], ... — paBuOBecHbie KOHneHTpanuy sewects A, B,
.. D,E, ..;a b, .., d e .. —nokazarenu cTemeHu, B KOTOPYIO BO3BOTUT-

€A KOHIGHTPAIMA AAHHOTO BeUlecTBa — YMUCIEHHO paBHH kKodddHUmueHTam
nepen, GOpMyJION BeleCTB B yPABHEHUH PEAKIIMH.
[ns BBIpakeHUA COCTOAHMA PAaBHOBECUA NIPH B3aUMOIEHCTBUM MEKIY
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ra3006pa3HbIMM  BEIIECTBAMM Y4CTO BMECTO KOHIEHTPAUMA HCIOIB3YIOT
paBHOBeCHbIe MapiMalbHble NaBIEHUA PeareHTos *

e

d

0 - PD I'Em

p_pa p b
A B--

3Hayenua K. HAXOgAT myTeM pacdera WM H4a OCHOBAHUM DHKCIEPUMeH-
TAJAbHBIX JaHHBIX.
PaceMOTpUM pABHOBECHYIO CHCTEMY

Hy(r) + Iy(r) = 2HI(r)

CortacHO SKcmepUMeHTaabHBIM naHHbM npu 698 K (425°C).

p’l
. 2 - . HI
Kegs = —ﬂ— = 54441 ywin K = ————.
[Hz ] 1] Py P
2 2
KoHcTaHTa paBHOBeCMA — BaXkHad XapakTepMcTHka peaknuu. [lo ee

3HAYCHHUIO MOMHO CYAMUTL O HANDARISHMU nponecta Npu UCXOOHOM COOQTHO-
IIeHUM KOHIEHTPANUN PeardpyioliuX BellecTs, 0 MAKCUMaJbHO BO3MOXHOM
BBLIXO@ MPOAYKTA PEAKIMU TPU TeX NUIU MHBIX YCIOBUAX.

Bamsnde Ha KOHCTAHTY paBHOBECHs Temmeparyph. Koncranra xumuyec-
KOTO PaBHOBeCHS 3aBUCHUT OT MPUPOABI PeareHTOB M OT TeMmepaTypsl. OHa
cBA3aHA ¢ W3MEHEHMOM CTAHOAPTHOM 3HeprMM ['M66ca XMMMYECKOH Deak-
uuu A G° ypaBHeHMEM

AG" = —RTIn K, AGj(

wk/lk) = —5,71 lg Hjes.

lpusenennoe ypaBHeHue nossoiuAer mo senvuune AG° BeIYMCIUTL K, a
34TéM W PABHOBECHBIE KOHIEHTPAnUM (NApUUaTLHbe N4aBIEHUA) PEAreHTOB.
BoapmumM orpunarensusiM 3Havenuam AG (AG° < 0) oreyaoT Gombuine
sHayenus K (K » 1), T.e. B paBHOBECHOH cMecH NpeoG/afaloT MPOAYKTE!
B3aumozeiicTBUA. IIpy GONMbIIMX MONOKUTENLHLIX 3HadeHuAX AG° (AG »
> 0) B paBHOBECHON CMecH NpeO6I4N&IOT UcXonHble pearedTsl (K < 1).
Ecnu ywects, uro AG® = AH° — TAS® = —RTIn K, To mnocne
HEKOTOPOTO NMPeo6pPA30BAHUA MOTYIUM

*KoHncranra paBHopecus K, BhIpaXkaeMas dHepes PaBHOBeCcHble KOHIIEHTPAIUU
pearenros, u K, BhlpaXaeMas Yepes UX MApUUalIbHBle JABNCHUS, CBA3AHBI ypaB-
asan K = t(fp'nAn rne An —u

MU Sy Belitd) rae name

Hi

BpeMs peakuuM. B peakiuu, Ile KOJMYECTBO BelleCTBa [d30B HE H3MEHSETCH,
An=0u Kp = K.
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W3 3toro ypaBHeHust BUIHO, YTO KOHCTaHTa PaBHOBOCUS OUYEHb YyBCTBHU-
Te/lbHA K W3MEHEHUIO TeMmmepaTypsi. [/ 3HIOTEPMUYECKUX IPOLECCOB
NOBBILIEHME TEMIIEPATYPbl OTBEYAeT YBEIWYEHUIO KOHCTaHTH PaBHOBECHH,
M1 DK30TEPMUYECKUX — ee ymeHbllenuto. OT naBienus (eciM OHO He
OYeHb BEIMKO) KOHCTAHTa PaBHOBECHS HE 3aBUCHUT.

3aBUCHMOCTb KOHCTAHTLI PABHOBECUS OT DHTAALIUMHOIO ¥ SHTPONUHHO-
ro (aKTOPOB CBMAETEIbCTBYET O BIMSIHUM Ha HEe [IPUPOJbI peAreHTOB.

§ 2. IPUHIINI JIE IHATEJIBE

CocTosiHUe XUMHUYECKOTO PaBHOBECUs COXpaHsAeTcs NMpU JaHHBIX YCa0-
BUsAx moboe Bpemsa. flpu nsmeHeHun e yc/IOBHA paBHOBecHe HApPYIIASTCS.
Bnusiuve, OKa3biBaeMoe Ha PABHOBECHYIO CUCTEMY KaKMM—TU60 BHEIIHUM
BO3JieficTBUEM, HAPUMEp M3IMEHEHUeM KOHLEHTPALUYM PEareHTOB, JABJICHUS
UMY TEeMNEepaTyphl, MONKHO NPEeNCKAa3aTh, HOb3YACb N PUH L UM OM
Jle Mlatenbre (MpPUHUMUDOM DOLABUKHOFLO pPaBHO-=-
BeCHU A) ecau NATOOUAICI 6 PAGHOGECUU CUCTREMA NOOGEPLAELTNCA GHEUl-
HEMY G030€liCmouto, PAGROGECUE CAEULAECS 6 TAKOM NANPAGAEHUN, KOMO—

poce cnncoﬁcmnyem OC./l(l,ﬂJlCT”UO 3Moro 603
Tak, cornacno npusuuny Jle llarense, BBepenue B paBHOBECHYIO cUCTe—
My JIOMOJIHUTE/bHBIX KOJIUYecTB KaKOro-Mbo peareHTa BbI3LIBAET CIBUT
PaBHOBOCHUA B TOM HalIPaBJEHUM, OPU KOTOPOM KOHIEHTPAIMUSA 3TOTO Be-
LECTBA YMEHBIIAeTCS W COOTBETCTBEHHO YBEIMYUBACTCS KOHIEHTpauus
NPOAYKTOB ero B3auMofeicTsusA. JlOMycTHM, K paBHOBECHOM cUcTeMe

200(r) + 0, = 2004(r), K = [CO.)2/([COP[O:])

N06GaBleH KMUCIOpPOL. IJTO BHI3OBET yCH/IeHMe mpouecca O6pasOBaHUUS
okcupa yraepopa (IV). Ilponece 6ymer uATH [0 Tex mop, MOKa CHCTEMa HE

NPpUAET K COCTOAHUIO PABHOBECUS. B 3TOM HOBOM COCTOSAHUU XUMUYECKOIO .

PaBHOBECUs KOHUEHTPauuu (NapuuaibHbie TaBJIeHUs ) Bcex BeHlecTB OTIUY-
HBl OT Ha'yaJbHbIX, HO COOTHOLUEHHEe MEXJy HUMHU, BHIDAKAEMOE KOHCTaH-
TOW paBHOBecus, OcTaeTcss TeM e. TakuMm o6pasom, B cucreme, Haxomsi-
Hleiicsi B PABHOBECUM, HEJIb3A U3MEHHTh KOHIEHTPAaNUIO KAKOTO-HUOYIb U3
PeareHToOB, He BbLI3LIBasd M3MEHeHUs KOHUEHTPALUHU BCEX OCTAIbHBLIX.

Wamenenue napnenus BJIMAET Ha COCTOSHUE PABHOBECUA B TEX CIyqasX,
KOT/[la peaKuusi cOoNpoBOXAaeTcA M3MEHeHMeM oObema cucTeMbl. B coor-
BercTBud ¢ mpunuunom Jle Illatenve nopnilieHue naBieHus caBuraer
200

XUMUYECKOe pPaBHOBECHME B CTOPOHY PeaKLUUil, HAYUISH ¢ YMEHbIIeHUeM

e s TTnoe crmezemremczvrzs TanTTArrrra mAaanTanamoag OARNamuad 2anuUc NN
obbeMa. Ilpy NOHWKESHWW LA8BJieHWA IpOABAACTSA CCpaTHad 3aBHCHMOCTL
Tak, 1/ paBHOBecHOH cuctemb (mpu 298 K)
. [NO,]?
O,(r) == 9NO,(r). ! :[ 2]
R A SATTLNE [N204]

1 ob6beM 2 o 6mbeMa

npu nasnenuun 50,6 xfla cremens Auccoumanuu NoO4 cocTabiser 25,7%.
Mosuimienue papiesus Biasoe (no 101,3 klla) mpuBOAMT K YMEHbLIEHUIO
crenenu pucconranuu N,O,zm0 18,5%. NubiMu ciioBaMu, TIpY TOBbILIEHHH
[ABJICHUST PABHOBECHE CMellaeTcss B CTOPOHY I pPeBPalleHHsi NO; B N,Oy,
T.e. B CTOPOHY peakiuy, uAaylleii ¢ yMeHblIenueM o6bema.

Corsnacno npunuuny Jle [llatesnbe nopbilleHne TeMNepaTypbl BbI3BIBAET
CMeLIeHHWe pABHOBECUS B HANpaB/AGHWHM TOr0 M3 MpOLECCOB, TedeHUe
KOTOPOTO CONPOBOKIAETCS TOTJIOLEHUEM TENUIOTHI, a NOHMMEHUe TeMnepa-
TYpBl OeHcTBYeT B NPOTUBONONOKHOM Hampapjenun. Tak, B paccMoTpeH-
HBIX BBIlle PABHOBECHHIX CHcTEMAax

200(r) + O, == 2C0,(r), AH < 0
N,O4(r) == 2NOy(r), AH > 0

HoBLILIEHUe TeMNepaTypbl DpusoauT k pasiaoxenuio CO; u NyO4 coorser-
mmeTTIIa s e LI AT LS meNMTIen syt enocoBemaver nacBonor. cuntesy OO,
CTBEHHO, [IOHHWIKEHE TeMIISpaTyphbl CHOCGOCTRY ST, HalOOPOoT, CHHTE3Y L)
u N,Oy

UM3y4yenne XUMUYECKOrO PABHOBECH MMeeT GOJIbIIoe B3HAYEeHUe KAK IS
TEOPETHMYECKUX MCCAeJOBaHMil, Tak M /I POIICHHS NMPaKTHYECKUX 3akad.

Onpenensisi MOJIOKEHWe PaBHOBECHSA [JIA pa3jIM4YHBLIX TeMIepaTyp U LaBjie-
HUi1, MOXHO BbIOpaTh Haubojiee 6IaronpusTHbLIE YCJOBUS UPOBENEHUA
XUMUUECKOTO mpouecca. Ilpu okondaTenbHoM BLIGOpe yCIOBUI MPOBeeHUsA
npouecca YYUTHIBAIOT TAaKkKe UX BIMAHME HA CKOPOCThb mpouecca. Heobxo-
VMBI TAKUE YCJIOBUS, YTOOBI JOCTUra/icd MaKCUMAJbHO BO3MOMKHBIA BLIXO
IPO/lyKTa (CMELIeHNE XMMUUECKOTO PaBHOBECHA) NPY HaHGOMbIIeH cKOpOC-
Td Tpouecca ero o6pa3oBaHUs.

§ 3. KOHCTAHTA MOHU3AIIUN

DNeKTPONUTHYOCKAsT [UCCONMALM BEUIECTB B pacTBOpe — mponecc
obparuMuiii. [IpUMeHuB 3akOoH AEWCTBYIOUIMX Mace K TNponeccy pacnajga
coenuuenus K,A, B pactBope Ha uonbr K™ n A7

KnAn(p) = nK™(p) + mA™(p)
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MOy 4UM
Af _ [Km+ ] n [An>]m
‘ [KnAn]

B 3ToM cilyyae KOHCTaHTa PpAaBHOBECUSl XapaKTepPU3yeT WOHM3ALHUIo
£y

BeniecTEa B PACTBOPE, I[03TOM 2L,
OuyepuaHo, yeM 6GoJiblile KOHCTAaHTAa HOHM3aLUM, TeM 6ojiee MOHU3ZMPOBAHO
coeguHenue. IlOCKOMbKY KOHCTAHTA PaBHOBECHUSI OT KOHHEHTpapuu He

BABUCUT, KOHCTAHTA UOHU3AuUU NaeT 6ojiee OOLIYI0 XAPAKTEPUCTUKY CUJIbLI

xoucmanmol uUoHu

JIIEKTPOIUTA, UM CTOIeHb UOHU3ALUH.

OnHAaKO 3TO BEPHO UL IJIs1 ¢1abblX 3JIeKTPOJUTOB, PACTBOPLI KOTO-
PHIX COMEPHKAT CPABHUTEILHO HEMHOrO MOHOB. Y CHIILHBIX K€ JJIeKTPOJIU-
TOB BcJe[CcTBUE GOJBIIOTO 4HUC/Ia WOHOB 3aMETHO CKA3LIBAGTCS OJIEKT-
pocTaTu4ecKoe Bsanmoneﬂcmne HMOHOB [pYyr ¢ Lpyrom. BTO JulIaeT HWOoH
BOBMOMKHOCTH BecTH cebsl HezaBucuMO OT npyrux. CpoiicTBa 3JIEKTPOIMTA
OKa3bIBAIOTCS TAKUMH, KAk 6yATO 6b KOHUEHTPAlUs ero MOHOB MHasl, 4eM
Ha caMoM fese. Pe3y/ibTaToM 3TOr0 SBISIIOTCS OTKJIOHEHMe OT 3aKOHa
NEHCTBYIOIMX MacC U U3MeHeHUe BeJuuvHbl K Npu U3MEHeHUM KOHIICHT-
pauuy PacTBOPEHHOrO BelecTBa (B YacTHOCTH, npu pa3bapiieHUM pacT-
BOpa).

Jlns pacnpocTpaHeHUsl 3aKoHa [EMCTBYIOLIMX MACC Ha CUIbHBIE 3JIEKTPOIUTHI
BMECTO KOHIIEHTPAllMM BEIECTBA B BbIDAXKEHUE KOHCTAHTHI DaBHOBECUS MoICTARISA—
or efo 3P PeKTUBHYIO KOHIEHTpPal U (T.e MpoABIA0LYO
cebst B NEMCTBMU) — TaK HasblBaeMylo axmuexocms a. Hampumep, misi cuibHoro

o a"

Km* "A’VL’
K, = B
KnAm

Kak U KoHIIEHTpAlMIO, aKTUBHOCTH BHIPaXalorT B Moib/i. CooTHoLIEHME Mesiy
AKTUBHOCTbIO @ M KOHUEHTpallMed ¢ jaeTcsi BhIpaXenMeM e = fc, rue f— xoagdu-
yuewm axmuenocmy. OH XapaKTepUsyeT oNIMMME CBOWCTB DACTBODOB CUJIbHBIX
QVIEKTPOJIMTOB OT CBOMCTB pasbaBIEHHBIX DACTBOPOB 7abbIX OJI€KTPOJIUTOB. B.
fipefie/bHo pasfaBiieHHBIX pactBopaX (6MUMSKUX K "'MIeanbubiM') aekrpocraTuyec-
Koe B3aUMOJENCTBUE MOHOB IIPAKTUYECKU OTCYTCTBYET M3~3a UX YNAJIEHHOCTU ApYr
oT apyra. B sroM ciydae kooddUIMEHT akTUBHOCTH 6MM30K K eluHUue, T.e. @ ¥ ¢
AKTUBHOCTb U Koo DUIIMEHT aKTUBHOCTM ONPELENISIOT Ha 0CHOBAHUM OKCIIEPUMEH-
TAJIbHBIX JIAHHBIX.

IIpu obcysknenuy HowIeywiero MaTepuana IpUMeM, u4To KORIEHTPAIlMM pas—
GABJICHHBIX PACTBOPOB VIEKTPOJIUTOB CYLIECTBEHHO HE ONIMYAIOTCS OT UX aKTMBHOC-
TeN.
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KOHCTaHTH KHMCJIOTHOCTH ¥ OCHOBHOCTH. [IpUMEHMM 3aKOH [elcTBy-
JOIIMX MAace K MOHM3ALUM KMCIOTEI B BOAHOM pactBope. Hanpumep, nas
WOHUBANUU a30TUCTOM KMCJIOTHI

HNO, + H,0 = OH} + NO;
KOHCTaHTa paBHOBeCUs]

. [OH3][NO3]

a= [HNO,][H20] ©

geckd 1ocTosIHHas. [ToatoMmy
koHcTaHTy paHoecus k[H,O] = Ky. KoHcrauty pasroBecus Ky HasbipaioT
KORCMANMOU KUCAOMHOCTU

« - [OH3 ][N0}
¥ [HNO; ]

WM 1P YTIPOLIEGHHOW 3anucu

HNO, == H* 4+ NO;

i - 1 [NO]
“ 7 [HNG ]

KOHCT&HTy KMCJIOTHOCTU MOXHO ONPeNeUuTh O9KCIePUMEHTAJIbHO 110
U3MEpeHH10 SHQKTPM‘{GCKOﬁ IPOBONUMOCTHU pacTBOpAa.
O'{SBMIIHO, YTO 4YeM CHUJIbHee KUCJ0Ta, TeM €€ KOHCTaHTa KUCJIOTHOCTHU

= 5710, pKy = 3,29.

6onbuie (Tabn. 22).
JInist XADAKTEPUCTUKM CHJIBI KUCJIOTBL 4acTo BMecTo Ky NpUMeHsIoT
v o *
OTPUUATENbHBIN JECATUUHBINA JTOrapiudM ero YUCcI0OBOTO 3HAYECHUHA

pKy = —lgKx.

Jlnst caabuix KUCIOT 3HavyeHus pKy MONOKUTENbHBI, U 4YeM cjabee
KuciaoTa, TeM 6oabmie pKy. JIas cuibHBIX KUenoT pKx OTPULATe/bHBI (CM.
Tabn. 22).

MHOrGOCHOBHBIE KMCIIOTHl UOHUBUPYIOTCS CTYNEHYATO, M Kam[as CTy—
NEeHb KUCJIOTHOCTU XapaKTepu3yeTcsl CBOMM 3HAYCHMEeM KOHCTaHThI KHUCJIOT-
HocTu Ky u pKy, Hanpumep:

H;PO, = H* + H,PO;

*p — HayaJibHasA 6YKBa JIATCKOro CToBa potenz — MATEMATMYECKasl CTEMeHb.
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_ [H*][H, POy
o = THFO,

H,PO; == H* + HPO}

=17,25:103; pKiy = 2,12

_ [ [HPOf]

— .10°8: = .
Ko = B ETo= 63110 i =720
HPOZ = H* + PO}
+ 3-
K= ULIPOST 4o jpus. Ky, = 12,92

[HPOZ "]

Ta6auuna 22 Knaccudpuxanusi KUCIOPORCOREPXAMMX KUCIOT 10 MX CHIE
B BOJHLIX PacTBopax *

Tun kucnorsr|  Kuenora Ky pKx Cuiia KMCIIOT
3(OH)x, HBrO 2,06-107° 8,7 Ouenb cabble
HCIO 3,2-10°8 75
HIO 2,3-101 10,64
H;As0,4 6-10710 9,2
H3BO; 5,8-10710 9,24
H,Si0,4 2-1010 9,7
HgTeOg 2,0-10°8 7,7
S0(0H), HCIO, 1,1-1072 1,67 Cnabbie
HNO; 5,7-1074 3,29
H,CO, 1,32-10™ 3,88
HQSOg 1,3-1072 1,87
H;AsO4 6,46-103 2,19
H;PO, 7,25-10°3 2,12
HsIOg 3,1-1072 1,57
30,(0H),, HBrO; 2-101! 0,7 CubHBle
HCIO4 ~ -1
HIO, 1,7-107! 0,77
HNO3 4,36- 10 -1,64
HoMnO4 ~1071 ~1
H2504 1-108 -3
303(0OH),, HCIO4 ~-10 Ouenb CWIBHBIE
HMnO,4 2-102 -2,3

*B ra6uie NpvBenelbl sHaueHUA Ky 11€pBOi CTYHEHU MOHMBAIMM KHUCIIOT.
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Jlna HeOpraHUYeCKUX KHCJIOPOJCOASPKAILMX KUCJAOT [1epBasi, BTOpas U
TPeTbAd KOHCTAHTH KMCIOTHOCTM HAXOAATCA B COOTHOLICHHM, [PUMEPHO
paBHoM 1 : 107% : 1071°. B cnpaBep/MBOCTH yKa3aHHOIO COOTHOLIGHMS JIJISA
H3PO4 HOTPYAHO yOEANTBES, €CJIM COGOCTABUTEL NPUBEACHHLIC BHIIO 3HAYC-
HuA Ky, Kxz, Kxs. IlepBHii MOH BOHOpOJa OTPHIBAETCA OT MOJEKYJH
KHCJIOTHI JIerde, a MOoC/IeAyIolye Bee TPYAHee, TAK KaK BO3PACcTaeT OTpULA-
TeJBHBIN 3apsiy KHMCAOTHOrO ocTatka. (B wactaoctw, mostomy B pactsope

dacopuoit kucsoTh nonos PO3™ moutu HeT.)

CHia KHCIOPOLACOAOPHKAIMK KHUCJAOT 3aBHCHT OT CTPOSHUA MOJICKYJIBI.
DopMyAy KHCITOPOJCOAEPRKAMMX KHCJIOT B oOLIeM BUMe MOXKHO 3arnucaTh
O0n(OH)y, uMes B BULY, YTO B UX MoJekynaxX uMmetotes cBasu H—O0—0D u
97=0. Kak [OKa3HBAIOT MCC/IEAOBAHUA, CHJIA KUCJIOT [PAKTUYOCKU HE
saBucuT OT n (uuciaa OH-rpynn), Ho 3aMeTHO BoapacTaer ¢ yBeaudeHUEM m
(amcaa mecpszanubix B OH-rpynmb aToMoB Kuciopofa, T.e. €O CBABAMU
9=0). Mo neproit crynean nonusanuu kuciaors tuna D(OH), orHocsTes
K OdYeHb CiabbuiM (Ky = 108—10"Y, pKy = 7—10), Tuna DO(OH), —
crabeiM Ky = 1072—1074, pKyy = 1,5—4), tuna 30,(OH),, — k cuabubmm
u tuna I03(OH), — k ovend cumbubIM (Taba. 22).

Pesxoe BOspacTanue cuiim B DALY KUCJICT € yBOJMICHHMEM M MOMKHO
OOLACHUTL OTTACMBAaHUEM 3JIEKTPOHHOM IWIOTHOCTH oT- cBsizy H—O Ha
cBs3b D=0.

C yBeJlMYEHMEM CTeleHU OKUCJICHUs LEeHTPalbHOTG aToMa ) M3MEeHEeHue
COCTaBa O6pasyeMblX UM KUCJIOPOACOMEPHKaIUX KUCJIOT OTBedaeT yBeldge-

+4 +6 + 3 +5
auio m, nanpumep: H,SO3 u H,SO,; HNO,; u HNOj. [ostoMy ¢ yBenuue-

"HHMeM CTeneHu OKUCJICHUS LEHTPaJbHOr0 aToOMa CHJa KUCJIOT OOBIYHO BO3—

pacTaeT, HalipuMep:

1 +3 +5 +7
HCIO HCIlO, HCIO, HCl1O,
CI(OH) CIO(OH)  CIlOx(OH)  CiO4(OH)

pPAKx =725 pKx=197 pKy=-1 pKx=-5

B aToM mposABasercs o6mast 3aKOHOMEPHOCTb: C YBEIUYEHUEM CTENeHU
OKHCJICHUA YJIEMEHTa B PANY ero TMIPOKCHUIOB OCHOBHHE CBOMCTBA OC/Ia6e—
BafOT, KMCJIOTHLI® — YCUJIMBAIOTCS, HalipUMep:

+ 4
Mn(OH),

+ 2 . o+3 + 6 « 7
Mn(OH), Mn(OH); H,MnO, H;MnO; HMnO,
OCHOBAHWE  OCHOBAaHUe aM(oTepHOoe  KUCIOTa  KUCIOTA OYeHDb
cpenHeit cnaboe COe[IMHEHHe  CHJIbHAas CU/IbHaS

CHITBI
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O cune ocHOBaHMIL MOMKHO CYAUTH [0 3HAYEHHIO KOKCTMANMBL OCHOGHOCTMU,
KoTopylo obosnauaior K, W3 cpasnenuss K, rugpoxcunos LiIOH(K, =
= 6,75.107, pK, = 0,17) u NaOH (K, = 5,9, pK, = —0,77) BugHo, uTO
BTOPO€ OCHOBaHME CUIILHEE, 4eM N[EepBoe.

§ 4. KOHCTAHTA OBPAB/OBAHI/IH KOMIJIEKCA

KoMmiiekcHble coemvHEHMss B pacTBOpaX OOBIYHO HOHMBUPYIOTCA Ha
BHEILHIOK ¥ BHYTPEHHIOK cdepni:

[Ni(NHy)e]Cla(p) == Ni(NH3)2*(p) + 2CI"(p)

KoMniiekcHble MOHBI B pacTBOpaX B CBOK Ouepe/ib [OJBEpraioTcs B
GoJiblllelf MM MeHbLICH cTelleHU pacliaiy HA COCTABHLIE YACTHU:

Ni(NHg)3*(p) == NiZ*(p) + 6H3N(p)

O6 ycTOWYMBOCTU KOMIIGKCa MOXKHO CYAUTh O €ro ofLieil KOHCTaHTe
obpazoBauus f, (n — }coopnuﬂaumormoe YUCII0 KOMIIJIeKCOOOpa3oBaTesis ).
AHUA UOE {YNH Y2+ 5 sacmn o
i

ua noua Ni{NH;)2* 5 pactsope

Niz*(p) + 6H3N(p) == Ni(NH3)Z"(p)

obmas koHcTaHTa 06pasoBanus GymeT

[Nl(NH3 Vel

fo = TP [l = L0210%  lsfls = 8,01,

Koncranta ofpasoBanusi siBIsieTcsi MEpOfi KOMILIeKCOOGpasOBaHUs —
GonplileMy 3HAYEHUIO KOHCTAHTH COOTBETCTBYET GOJbIIAsi KOHLEHTPalus
KOMIUIEKCa NIPY PaBHOBECHU.

CpaBHeHUe KOHCTaHTH 06pa30BaHUsl KOMINIGKCHBIX UOHOB

Ag(NO2);
6,76- 10

Ag(NH;)3
147-107

Ag(5:05);"  Ag(CN),
2,88-101  7,08-101°

HOKa3bIBaeT, 9TO Haubojlee yCTOHUYMB U3 3TUX KOMILJIGKCOB [IOCTIENHUI, a
HaviIMeHee YCTOWYUB — I1ePBLLi.

O6pasoBanne KOMIUIEKCOB B DACTBOPE 3aKJIOYAETCS B I0CTE0BATeLHOM BHEI-
PEHUU JIMTaHJIOB BO BHYTPeHHI0l0 cepy KOMIUIEKCOOGDa3oBaTessi ¢ OTIIEIVIEHHeM

TIePROHAYANILHO KOODNMHUDCBAHHLIX MOJCKYJ DacTBODUTENA. Hallph
HepboHatalbHC KOODIAMHNPOBaNHLIX MOJICKYJ pacTBOpUTENA, HallpuMep:

Ni(OH)2* + H3N == Ni (OH,)s(NH3)2* + H,0

Ni(OH,)(NH;)2* + HyN = Ni(NH3)2* + H,0

Ni(OH,)Z* + 6H;N == Ni (NHz)2* + 6H,0

Haobopot, npy paclafe KOMIUIEKca Ha COCTaBHbIE YacTW B pacTBOpe IHPOMCXOAUT
3aMeHa JIMTaHIOB HA MOMNEKyMbl pacTBopuTess. TakvM o6paszoM, peakUMH KOMIUIeK—
c006pasoBaHMs U pacliafia KOMIUIEKCOB B pacTBope 110 cyTd fNeJia SBJIAIOTCA peak-—
UMAMY 3aMEIIeHUs JIMraHfoB, IIpy OoTOM KOHUEHTpauUsi BOABI NPAKTUYECKU He
MSMEHSIETCsl, TI0OTOMY B BHIDaXKeHUM KOHCTAHTHI 06pasoBaHUsl ee He BKJIIOYAIOT.

Tockombky 06pasoBanue U pachiali KOMIUIEKCOB B PACTBOPE NPOMCXOMAT CTYTIeH-
YaTo, KAXIOM CTYTIEHM OTBeuaeT olpefesieNHas CTyMeHyarasi KoHcTaHTa oGpagoba—
st komiuiekca. s uoka Ni(NH3)3* moxuo sanucars:

Nize + HN = NiNHp2, K = LiNHa)?Y) 1gK; = 2,67
¢ S T N2 ] [HN]
. —_ Ni (NH)3 ‘
Ni(NHz)2* + HgN = Ni(NH;)2*, K; = m‘[m‘n(h \gkrinm, IgK; = 2,12
[SRRANRAELE- BV § S S|
. - Ni (NHg)3') S
o = 2 =1 3)3 1gK; = 1,61,
NI(NHQ)2 + H3N Nl(NHQ) , K; [Ni(NHg )%*][HgN]’ gK; ;
] , — _  [Ni(NHp)i") o
Ni(NH,)2* + HyN == Ni(NH;)2*, = NiU(NH)a ] o ppe =g,
NS+ BN = ROV 4= w2 oy 7
[Ni(NH3)3') _
Ni(NH3)2* + HsN == Ni(NH;)2*, = s L oK = 0,63;
HNHGJg" o ol == NIONHE™ A6 = i (WH ) 21 ] 5
- 2+
Ni(NHg)2* + HgN == Ni(NHg)2*, Ks = [Ni(NHj)e ] 1gKs = —0,09.

[Ni (NH 3 ) 2* ] [HsN]

O6mas koHcraHTa 0OpasoBaHUsl KOMIUIEKCA DaBHa [IpOUBBENEHMIO CTYTIEHYAThIX
KOHCTAHT o6pasoBaBus

Be = KKKy Ky K5 K = E:ngHa & = 1,02-108, lg fs = 8,01.

Pacen

OTDEHHLIA MaTepuanr [NoKasLIBasT.
CaCCMOTPeHHLIM MaTepuasl [IoKasbiBacel, Y

1S
i

COeUHEHU WU IIpU OépaSOBaHMI/I KOMIIEKCOB B DPacTBOpE IIPOUCXOLAT CJIOAHbIE

pouecchl 3aMelleBus JIMTaHnoB.

XenarHble KOMIUIGKCHI 60710 VCTONUUBLI, UeM aHAJIOTUUHLIE KOMIUISKCh]

e MIVICKCEL  QoJIee YCTOUUMBEL, UeM aHaJIoru



[IOXOKMMM TI0 CBOJMCIBAM MOHOJEHTATHbIMM JMraHiamu. Hanpumep, sTuisennvamu-
HOBBI KOMIUIEKC HUKeJs (II) YCTOMYMBee, YeM aHAJIOTMUYHBIM aMMMaKaTHbINA, Bojiee
yem B 109 paa:

INi(NH,), 1™ [Ni(en),]?*
— T 2+ — H2 —r-*
H, C _H
NH, e \cz
/\—i-—7N H, H7C—N/\|— NH;
/
H;NK—{ \/Nﬂg HZC\N14<|.\/

H, H,N L
Nt

H,
g 308,01 gB3,=17,57

§ 5. KOHCTAHTA ABTOOPOTOJIM3A BOJIbI

[TpuMeHUM 3aKOH HEHCTBYIOLIMX Macc K CAMOMOHU3aUUHU BOJLI

H,0 + H,0 == OHj + OH-

H,0 = H* + OH-

Konctanra HMOHU3a M1 BOLbI

H*][OH] _

=L 16
K=o = 1810

MOKEeT OBITb BLIYMCIICHd, HalpUMep, NO JJIEKTPUHYECKON HPOBOLMMOCTH.
Kak BUIHO U3 BHIDAXEHUS KOHCTAHTHI MOHMBANUM, BOLA B OOLIYHBIX YCJI0-
BUSX MOHU3MPOBaHa KpaijiHe Mano. [103T0OMy MOKHO CYMTaTh, YTO KOHLEH-
tpanus Bogwl [Hy0] — menwuuma mocTostHHast; OoHa paBHa 55,56 Mouab/a

1000 r/n . ] )
————1t= = 55,56 Mosb/n|. VpaBreHue nisi KOHCTAHTLI MOHMBAMMM BOMIbI
{18 r/momb 1

MO¥KHO 3alUCaATh CJAenyromuM o6pa30M:

A{H,0] = [0

Cnenoparenbho, ¥ npoussenenue K[H,O] ans naHHOR TeMnepaTypsl HOCTO-

auHo: K{H20] = 1,8-10716-5556 = 1014, O6osHauuMm npousBejeHue
K[H,0] = K. Cnenosarensro, Ky = [H*][OH] = 10714.
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BenuuuHa Ky HasbiBaeTcsd uONHbLU npoudsedenuest 600v M SABIAETCH
NOCTOAHHOW HE TOJbKO AJIA YMCTOH BOJBI, HO U [Js pa3hGaBJeHHbLIX BO/L-
HBIX PacTBOPOB JIIOGbIx Bemects. C mnoBbllieHueM Temneparypsl Kj yseln-
4YMBaeTCst, ¢ NOHWKEHUeM — yMeHbaercs. OJ(HaKO JJIA pacyeToB, OTHOCH-
HMXcAd K KOMHATHOM TeMIepaType, MOKHO BO BCeX CJy4aAx IPUHUMATH
Ky = 10714,

WorHoe npousBegeHue Bogbl — BecbMa BaXHAd BENIMUMHA, TAK KAK

NO3BOJIAET AJIst JI060T0 BOLHOTO pacTBopa HaiiTv koHuentpamuio H* (OHY)

npu usBectHoit koHmentpanuu OH-, u HaoGopor. JIAsA 4ucTOM BOHBI KOH-
uenTpauus vonos H* (OH3) pasma kommemtpamuu uomop OH-, T.e. cpeaa

wepitpansuas: [HY] = [OH] = [ Ky = 107 mons /1.

Ecan koHuentpayus uonos H* Benme 1077 Monb/a1, a koHueHTpaim:
OH -noHOB Huie, To pacTBop Gyaer xucava. Haobopor, werownon pacr-
BOp COOTBETCTByeT KoHUeHTpauuu uoHop OH™ Beime 1077 moas/n npu
KOHIeHTpauuyu MoHoB H* Huke 3TOro 3HaueHus.

KoanuuecTBenHO® 0603HAUEHUE POAKUMU CPelbl MOKHO YHPOCTUThL, €CJIN
DPUHATH 32 OCHOBY Tak Ha3bIBaeMbIil 6000podubitl noxasameas pH, onpee-
JISeMblji KaK [qecATUYHBIH Jorapu@M KOHIEHTPanuu BOLOPOLHLIX MOHOB,
B3ATHI ¢ o6patHbM 3HakoM: pH = —g[H*]. Torxa

Heitrpanehas cpefia
Kucanast cpepa ... ... ..

[lenounasi cpesia . . . oot vve et

[IpakTiuecku peakumio cpenbl yAOOGHO ONPESENsiTh ¢ NOMOUIBIO WHOUK -
MOP0G — BEIIECTB, MEHSIOIMUX CBOM I[BET B 3aBUCMMOCTH OT OTHOCUTEIbHON
KoHnesTpauuu uonos H* u OH".

AHAJIOTUMHO MOXKHO BBIBECTM MOHHbBIE MPOUSBENEHMs] U VIS IPYTMX IKMKMX
BellecTs, HallpuMep aMMuaka (npu —33,4° C)

PTopulia Bogopoga

2HF = FH} + F;; [FHJ|[F] = Ky pk, = 11,7.

Benuuuny K HasbIBalOT KORCmanmoi a6monpomousa.
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§ 6. PABHOBECHE B TETEPOTEHHBIX CUCTEMAX

Koncranra pasEOBecHs. PaccMoTpuM mponecck, B KOTOPHIX Hapsiiy ¢
peareHTaMu B a30BOM COCTOSIHMM y4acTBYIOT peareHThl B TBEDIOM WK
MUIKOM COCTOSHUM, He OOpasyrowue npyT € APYTOM TBepAbIX PacTBOPOB.
Kouuempauuu HAacHIIEGHHbIX [1apoB mumcux Y TBepAbIX BEIUECTB (ra3oBas

PR BHEC 3T

OCTOsdIHHBIC. DlJlU[lC BHE 3

(asa) npu faHHON TeMmepa
UX KOHUEHTPAUUKM MOXHO BKJIOYUTH B EOHCT&HTy paBHOBECUS, a BbIpame-
HUe 33aKOHa [JeMCTBYOIMX Macc ynpocTdTh. Tak, [ peakuuu TepMudec—
KO aucconvanuy kap6oHaTa KadblusA

CaCOj3(k) = CaO(k) + COq(r)

BLIp&KEHMe /51 KOHCTaHTHl paBHOBecust MomHO 3anmucats: K = [CO,] nan
Ky, = pCO OTcroma BUAHO, YTO IpYU paBHOBECHH KOHNEHTPAIUA OKCH[A

yraepoga (IV) npu Kak[oil [aHHOH TeMIepaType — BeIUYMHA NOCTOSHHASA,
He zaBdcsulas oT cogepxanusi CaCO; u CaQ. CnenopaTenbHo, B 3aMKHY-
TOM cucTemMe NP [aHHOW TemmepaTtype KapbonaT Kadbnus Oyner pasia-
rarbcsi OO0 TexX 1op, NoKa pC02 He JOCTUTHEeT OHPQIIG.HEHHOI‘O 3HaA4YeHU,

HanpuMep:
Temneparypa, *C............... 762 808 870 904
Ma. ... v, 3 6 .
pCOz’ klla 13, 26 66,7 106,2

Anajornynoe BEIpaKeHME [yl KOHCTAHTHl MOJIYydaercsi iJisl BCEX peakuuii,
B KOTOPHIX TOJILKO OJJMH U3 KOMIIOHEHTOB HaXONUTCSH B TA30BOM COCTOSIHUU,
HAIpPUMep, [J/ifi TpPONSCCOB TePMHHMECKONW NHCCONMANHEA KPUCTALUTHY9OCKIUX
OKCHJIOB, CyIbPUIOB, TULPOKCUIOB, KPUCTAINIOTUAPATOB U IPYTUX COeLU-
HEHU. '

IIpoussenenne pacrBopumocTH. IIpUMeHUM 3aKOH gecTBYOMMX Mace K
[eTepOreHHON  CcUcTeMe — HACHIICHHOMY ~ PACTBOPY ~MalOPAacTBOPUMOTO
COSIVHEHMSA, HAXOAALLETOCs B paBHOBecud ¢ TBepnoii dazoii. Ecau mano-

a

pacTEopUMOe coenumenue K

PacTBOPHMOE COSNMH nere

na
miin P&
A™  To Mexay TBepnoii $a30ii U pacTBOPOM YCTAaHOBUTCA paBHOBECHE:

KnApn(k) = mK™*(p) + nA™(p)

[Ipu paBHOBeCHM B HACHILICHHBII PACTBOP NMEPEXOAUT B eUHUIY BpeMe-
HY CTOJILKO MOHOB, CKOJIBKO UX BHOBb BO3BPAILAeTCA B OCALNOK. JDTO paBHO-
BecHe XapaKTepusyeTcd KOHCTAHTOH paBHOBEcHsl, KOTOPYIO Ha3bIBalOT
nvouaeedemtcm Darmnmm/um‘mu U 0603HAYAOT ITP
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NP(KnAy,) = [KPfjmA™]n
Takum 06pa3oM, 8 HACLIWENHONU PACMEOPE MAAOPACTMEOPUMOLO COEOUNE-
HUS NPOU3GEJEHUE KONYEHMPAYUL €10 UOHOB G CIMENEHU CTMETUOMEMPUNEC-
XUz X053 Huyuenmos npu Jannol MEUNEPAMYPE ECMb BEAUUUHE NOCTROSH-
nas*.
IIpousBenenns pacTBOPUMOCTH HEKOTOPHIX MalOPacTBOPUMBIX COEJUHE-

L wai npuBesens! B Tabi. 23.

Ta6éaunma 23 I pacrBop TH HEKOTOPBHIX MaJIOPAcCTBOPH—
MBIX B Bojie coemunermit ipu 25°C
Coenune- 1P pIIP = -Ig IP| Coennne- [P pllP = - 1g TP
HUe Hue
AgCl 1,78-10710 9,75 CaCOg3 48107 8,32
AgBr 5,3-10713 12,28 CaF, 4,0-10™11 10,40
Agl 8,3-10°17 16,08 Cag(PO4)s| 2,0-10728 28,70
AgCN 1,4-10716 15,84 CaSOg4 9,1-1076 5,04
AIPO4 [5,75-10719 18,24 CuS 6,3-10736 35,20
BaCO; 15,1107 8,29 Mg(OH), | 6,0-10712 12,6
BaSO4 {1,1-10°10 9,97 PbS 2,5-10727 26,60

IIponsBenenye pacTBOPUMOCTH XapaKTepU3yeT pacTBOPHUMOCTDL BelllecT-
Ba: yeM Gosbiue IIP, Tem 6osbine pacTBopumocTb. Tak, COMJIacHO JaHHBIM
Ta6n. 23, B pagy AgCl—AgBr—Agl pactopumocts npu 25°C ymeHbiua-
ercs.

U3 nonsatua IIP BeITekaeT yciioBue 06pa3oBaHUsl U PACTBOPEHUS Ocaf-—
wos. Korga (K™|m{Am]n = [IP, cucreMa HaXOAWTCA B paBHOBECHH. Loan
xe [Km*|mAm]n > [IP uan [K*]mA™]2 < [IP, 10 cucTeMa cTpeMuTes K
HOBOMY COCTOAHUIO paBHOBeCH, npuBoAsilIeEMy B IepBOM cJaydae K BbIna-
JeHMIO OcajjKa, BO BTOPOM — K €ro pacTBOpennio. MHbiMuU clioBaMM, Tpyn-
HODACTBOPMMBIH 3/I€KTPOJINT BbIagaeT B OCaJOK, KOTJa INpOUBBeNeHue
KOHIIE@HTpauM# ero MOHOB B pacTBOpe CTAHOBUTCA 6 O J1 b Il € 3HAYEHUA

NP uwanpumer B cavuae AgCl xorna [Ag* 'll'(‘l-1 > P, Droro moxuc
1Y, Hapgpumep B cay Aghul, Korpa [Ag v > i JTOTC MONKHOC

. AOCTUTHYTh NpHGaBieHNeM U3GHITKA €KTPOAUTA, COQEpHKALIero MOHE Ag*

unun Cl. Takoit npueM Mcnoab3yercst AJisl Hau60jIee MOMHOTO OCAKIEHUS
BeLECTB.

*
nOCKDﬂbe PacTBop MaJIOpPaCTBOPUMOIO CO€IMHEHUA [loJlydaercsi O4YeHb pasz-—

. 6aBJ'IeHHbIM, TO AKTUBHOCTH KHOHOB B pacTBope MOXHO IPUPaBHATHL WX KOHIEHT-

panusm,
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PacTBOpeHUe Ocajka MpOMCXOAUT TOT/a, KOTAa [1pOU3BeieHNe KOHUSHT-
pauuif ero MOHOB B PAacTBOpE CTaHeT M € H b Il € 3HadyeHHs P, Te. B
nameM npuMepe, korga [Ag*][Cl] < IIP. 9TOro MOXHO QOCTUTHYTP, CBA3BI-
Bas OMH U2 MOHOB, NOCHLITAGMEIX OCAZKOM B DacTBOD, B KaKOe-IMGO [Py~
roe coeuHeHUe.

Yacro BMecTo 3Hadenuii IIP npUMEHSIIOT [OKa3aTeNlb PacTBOPMMOCTH
pIIP — oTpunaTenbHelil MorapudM MPOM3BEICHHA PacTBOPUMOCTH pllP =

T'JI A B A 4. XUMHUYECKAA KUHETHUKA

§ 1. CKOPOCTh XUMHUYECKOV PEAKILUH

BAWAHWES

OpgHa #3 OCHOBHBIX 3ajad XUMUM — H3Y4YuTb
(aKTOPOB Ha CKOPOCTh i MEXaHW3M XUMHYeckhx peaknuid. O mpunuunu-
aNbHOH OCYINECTBMMOCTH Ipoliecca CyIAT 110 3HAYGHHIO W3MEHEeHUA SHep—
ru [u66ca cucrembl. OnHakKo OHO HUYEro He TOBOPHUT O PEAJILHON BO3-
MOMHOCTU PeaknM¥ B JaHHBLIX YCJIOBUAX, He aeT NpeiCcTaBlIeHHst O CKO-
pocTH ¥ MexaHuaMme npouecca. Hanpumep, peakyust p3auMOEHCTBUA OKCH-
na asota (II) ¢ kucToposom

INO(r) + Oy(r) = 2NOy(r), AGj,, = —T0klx

NPOXOLUT OYeHb ObICTPO NpPH KOMHATHOI Temmeparype. B To BpeMs Kak
peaklus

AG,

2H,(r) + Oy(r) = 2H,0(r), hos = —458 K]k
XapaKkTepu3yolaiacs 3HAYUTEILHO 6OILIIMM yMeHbIneHneM 3Hepruu ['n66-
ca, B OGLIYHLIX YCJIOBUAX NMpaKTH4YecKU He nporekaer. CMech BOmopofa c
KHCJIOPOZIOM COXpaHseTcss NpH KOMHATHOM TemilepaType 6e3 3aMeTHOrO
B3AUMOMEHCTBUS OYCHDb JJIUTENLHOE BPEMs, HO B NPUCYTCTBMU KaTajlu3aTo-
pa unu npu 700°C mpouecc npoTeKaeT NPaKTHIeCKH MIHOBEHHO {cO B3pbI-
BOM).

Takum 06pasoM, pnJsd ONMCAaHUA XUMMYECKOH PpeaKuuu Heo6XonuMo
3HAaTb 3aKOHOMOPHOCTH €€ MNpPOTeKaHWsA BO BPEMEHH, T.e. €e CKOpOCTb M
MexanusM. CKOPOCTb Y MEXaHM3M XMMHMUYECKMX TNpeBpalleHuii u3ydaer

Paznesl XUMMU — PUMUYECKAL XUH

&
3
3
%
=]

W3y4eHnue ckopocTeii peaKnuil [O3BOJIAET BBIACHHTL MEXaHW3M CJIOK-—
HbIX XUMHYECKHX [MpeBpalleHuii. JTo, B CBOK OYepefb, CO3[aeT Nepcrex-
TUBLL [JI HAXOKIEHUS IyTeill yIpaBieHUs XUMUYecKUM IponeccoM. Boisice-
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HeHWe KUHeTUKH peakuuil nmosposiser OCYIecTBUTL MaTeMaTH4ecKoe HX
MOJE/IMPOBaHHE U € OMOIUBIO KOMIILIOTEPOB POIINTL 3aa4i ONTHMU3aLUH
¥ aBTOMaTH3aliyi X¥MUKO-TeXHO

Peakuyy MOTyT OBITH 10M0TENNbLUY U 1eTepOlennbiuu. ['OMOreHHBIE
peaKiUy 1POTeKalOT B OQHOPOAHOM cpeae (HalpuMep, B rasoBoii dase MM

AUIAKOM pacTBOpe). [eTeporenHsle peakuuu npoTeKaroT B HEOZHOPOHOI

TEXHOJIOTHHYECKUX MPOLECcCOoB.

cpefle — MEXJly BEWIECTBaMM, KOTOpbe HaXO[ATcs B Pa3HBIX (asax (TBep-

NOM M KMIKOH, razopoil U xkuaxoi u T.x.). Takum o6pasoM, romoresn-
Hble peaKn¥i NPOHCXONAT PaBHOMEPHO BO BCEeM Oﬁxeme, 3al0JIHEeHH OM
peareHTaMu, reTeporeHHeple — TOJILKO Ha HEKOTOPBIX I1OTPaHUYHBIX NOBEPX-
HOCTAX - HAa TpaHuue paspuena ¢as. [IpuiMepoM rereporenHoii peakuyuu
MOXKET CJIy)KUTb PeaKIUs MeK[Iy BeliecTBOM B Ta30BOi as3e W INOBEpX-—
HOCTBIO KUIAKOTO WKW TBEpOro Tenaa. ‘

C’K,‘OI)OMH’HO Peaxyuu Ha3biBaeTcsl YNCJIO 3JIeMEeHTapHbBIX aKTOB PeaKUMH,
NPOUCXONSANIUX B eUHUNY BPEMEHU B expuuune obtema (g"u FOMOTEHHBIX
peaKnuii) WK Ha equHMNe MOBEPXHOCTH pasjela (as (4 rereporeHHoi
peakuyu). CKOPOCTb peaKuUu OOLIYHO XapaKTepU3YIOT W3MEHEeHHWEeM KOH-
HEHTpanMK KaKoro-mubo U3 WeXOMHBIX MJIM KOHEYHBLIX NPOJYKTOB PeaKkuuy
B ©[MHHUIly BPEMEHU U Halile BCEro BHIPAKAIOT B MOJb/(cM? - MuH).

O cKOpOCTH peaKumyu MOMKHO CYIAUTh TaKKe IO CKOPOCTH H3MEHEHUS
KaKOro—Iu60 CcBOMCTBA CHUCTEMbl, HANpHUMep, OKPAacKH, B3JIEKTPUYECKOM
NPOBOAUMOCTY | NaBJIEHU s, CIEKTPa U T.J.

Ecny B MOMEHT BpeMeHM 7T) M T, KOHUEHTPAUMUS OLHOTO U3 KCXOILHBIX

BEIIECTB PDABHEBI ¢} U €2, TO CPENHIOK CKOPOCTh ¥ B MHTEpBaJIe BPEeMEHU 71 U
T2 MOXHO BbIPa3uTb TaK:

Iockonbky peds uier 06 y6bUIM KOHUGHTPALMU KHCXOLHOTO BEILecTBa,
W3MEHeHUe KOHICHTPauUK B 3TOM cllydae Gepercsi cO 3HaKOM MUHYC.

B xome XMMMYECKMX NPOLECCOB KOHUEHTPAamWH BEIECTB MEHSIOTCS
HenpepbIBHO. [[03TOMy BaXXHO BHATL CKOPOCTb peaKuud B SAHHBIJI MOMEHT
BPEMEHH, T.e. MINOGeNKyr0 cxopocms peaxyuu. IlociienHssi BhipaxkkaeTcs
NepBOi IPOU3BOJIHOM KOHIEHTPAUMU 10 BPeMeHu:

de
ia.

v =

Ecli CcKOPOCTb peaKuu¥ OeHWBaeTcs YBEJIUIGHMEM KOHUEGHTPALUU
OJIHOTO U3 NPOLYKTOB peaKuuu, To NPOU3BOLHAS 6epeTes co 3HAKOM ILIKOC.
Ha puc. 114 npusenen rpaduk 3aBUCHMOCTI KOHLEGHTPANUM HUCXOMHOTO
BelllecTBa OT BpeMeHH. B Kas/blii MOMEHT BpeMenu (Hanpumep, i) MTHO-
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BEHHAsA CKOPOCTb PEAKLUY paBHa TaHTeHCY
yIJIa HAK/JIOHA KPUBOH v = ig a.

Wccnenopanue CKOPOCTeR XUMMYECKUX
peakuuMii ¥ aHaqu3 NONOOGHLIX rpa¢puKoB
MO3BOJsieT MOJy4YuTh [EeHHbIC CBEleHUst O
MeXaHM3MaX PeaKuui.

CxopocTb XMMUYECKUX N peBpalleHuit
3aBUCUT OT T p ¥ p O J bl pearupyroumux
BOLECTB, UX KOHpLeHTpayuu#in ¥u
BHEMHUX ycJOBHUIMH

OueHp YACTO CTEXUOMETPUYECKOe ypaB-
HeHMEe peaKuuM He ONpe[eliser ee MeXa-
HuU3Ma. BOJILHIMHCTBO PEaKIUi COCTOUT U3

Kowyermpayua

Bpema
Puc 114. VisMeHenue KOH-
LLEHTDALIMM MCXOAHBIX BEILLECTB
B TIpolecce PeAKINI

psina 6ojiee NPOCTHIX 3/IeMEHTAPHbIX cTagum.
Jlaxe peaknuy ¢ OTHOCUTEIBLHO IPOCTHIM CTEeXUOMETPUUISCKUM ypaBHe-
HHEM YACTO OKAa3bLIBAIOTCS 60/1ee CIIOKHBIMU, YEM 3TO MOXKHO 61710 OBl 3AK~

. Hanpumep, peaknust
“““ EEEER

‘:
2
<
4
@®
®
g
=
=
w
£
<

§ 2. BHEPTUSA 'MBBCA AKTUBAIIMN

XuMuueckoe MpeBpalleHue MPOMCXONUT TOrAa, KOT[a BOSHUKAIOT yCl10-
BUsl [ TIepepaclpefeeHus JJIeKTPOHHOH IJIOTHOCTH CTOJIKHYBUINXCS
yacTiy. DTOT Mporece MPOTeKAeT BO BPEMOHU U Tpebyer 3aTpaThl SHEPTUM.
PaceMOTpUM B3auMOJieiicTBUE Ta3000pa3HLIX BelleCTB A, u By

Ag(l") + B’Z(F) =2 AB(F)

Xop 5TOr0 B3aMMONEHCTBUS MOXHO OXAPAKTEOPU30BaTh TPeMs NMOC/ICNO-
BATENbHLIMU COCTOSIHUSAMM CHCTEMBI:

A B A-B A—B
|[+] = ¢ ¢ — 4+

A B A-B A—B
HayajlbHoe  TepexollHoe KOHEYHoe
(ucxonuble (axtmBMpo-  (MPOAYKTBL
PearexThbl) BaHHbI PEAKIINHN )

DErpynnupoBKa aToOMOB, CO-

=0
n

[1POBOXK JAIOLLLA nepepac npeneneﬂnem anem‘ponﬂon NJIOTHOCTH. DHep-
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snas e 5 TL. K4 . ai mnzains
@ 1 uv0ca aRMmusayuy.

KOMIVIEKCA, HASHIBAIO

P
. HanmoMmuuM, yto sHeprusi ['n66ca cBsizaHa c 9HTaJbNHENl M BHTpPONHUEN
COOTHOIIIEHUEM

G=H—-TS
# .
Ananoruyso, sdeprusi ['ub6ca akrupanuu AG cBsA3aHa ¢ 3HTANALIUEN

# #
aktuBapuu AH u surponmuent aktupapuud AS OJHOTUIHBLIM BbIPAXKEHUEM:

AGT = AHF — TAS .

O6paszoBaHye aKTUBMPOBAHHOIO KOMIIEKca Tpefyer 3aTpaTbl SHEpruu.
BeposiTHOCTL TOrO, YTO NPY CTOJNKHOBEHMHU dacTUl, 0OpasyeTcss akTHBUPO-
BAHHBI/l KOMIIJIEKC U NPOUBOHIET PEeaKuus, 3aBUCUT OT JIHEPIUU CTATKH-
BAIOLIMXCA YacTHl. PearupyiorT TOMLKO Te U3 MOJEKYJ, dHeprus KOTOPBIX
A 3TOro foctarodHa. Takue MOJIEKYJbl HA3BIBAKOT aKMUGHLLAU. JHEP-
TYi0, HeOOXONUMYIO [IIs1 MepeXOo[a BElIeCTB B COCTOSIHUE aKTHBUPOBAHHOTO

. £
KOMILJIEKCA, HA3BIBAIOT snmassnuet axmusayun AH .
KpoMe sHTaIbIUY AKTUBAIUYU BAXHBIM YCJIOBUEM OCYLIECTBICHUS XUMU-

YEeCKOM peakpuy SABJAETCS IHMPonus axmusayuu AS:, Ona 3aBMCUT OT
Yyciaa M OPUEHTAUMM MOJIEKY7l B MOMEHT CTOJIKHOBEHMA. Tak, JOmycTuM,
YTO [1epepaclpeleeHUI0 DJIOKTPOHHONM IUVIOTHOCTH B AKTUBUPOBAHHOM
koMIiekce Aj...By 6/1aronpusiTCTBYIOT OpYMeHTALUM MOJIEKYJ IPU CTOJKHO-
BEHMM, KAK 3TO NMOka3aHo Ha puc. 115, a. IIpu opueHranuu xe Mmoiexysn,
KaK 3TO NOKas3aHo Ha puc. 115, 6, BepOsSTHOCTL XMMUYECKOTO B3aUMOEHCT-
BUSA ropasjno MeHblie, OHA CTAHOBATCS elle MeHblle [PU OpPUeHTamuu
MOJIeKyJl, TOKA3aHHOi Ha puc. 115, a.

DHepreTUvYecKue UBMEHEHUS B PeaTUpPYIOmell CcUcTeMe MOXHO MpelcTa-

Puc. 115. Brarompusrhbie (a) u webnaronpusATHbIE
(6, 6) opueHTanNM Moneky Ay 1 By mipu crokHOBeHUM
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BUTbL CXEMOIl, KOTOpas u3obpaikeHa Ha puc. 116. 3mec, TOPUBOHTalIbHAA
Och XapaKTepU3yeT XOa peaKiuu:

[ucxomnoe cocrosinme] + [Mepexognoe coctosmie] = [koneuHoe cocrosinme]

Mo ocu opaumaT oTiokeHa aHeprusi [u66ca cucremn. Mcxoanoe cocros-
HUe uMeeT 3Hepruio Gyay, KOHeuHoe Gyoy. PasHocTe sHepruii 'm66ca
HavyaJbHOTO M KOHEYHOro COCTOSHUII paBHa 3Hepruu ['ub6ca XUMUYECKON
peakuuu AG.

©

{53

0

O

=

—_

§A2+Bz A J____

2| G,

& AGI AB+AB
Gron

My peakumm
P u ¢. 116. Duepreruyeckas cxema Xofa peakuuu

A, + By = 2AB
CorsacHO 3TOf cxemMe B XMMUYECcKOe B3aMMOJEHCTBUE BCTYNAlOT
JIMIIb YACTULbl, OOJaalolMe HEOOXOAMMON 3Heprueii [M66ca akTuBanuu
#
AG .

Briciiast TOYKa MakcMMyMa KpUBOi OTBEYaeT COCTOSHMIO, KOT[a pearv-
PYIOLIYE MOJIOKYJIb HACTOJILKO COIMIKEHBl Y MCKAKEHH UX CTPYKTYPbI, 4TO
CTAHOBUTCHA BOBMOKHLIM 06pa30OBaHue NPOAYKTOB PeaKnUHU.

Oneprus ['u66ca akTHBUPOBAHHOTO KOMIJIEKCA BHILIE DHEPTUM Hadallb-
aKTHBalH¥ — 3TO
JIAET UCXOJHBIe BEIOCTBA OT MPOLYKTOB PeaKlIuu.

3aTpayeHHasd Ha aKTUBAauHIO MOJIeKYJ 3Heprus AH mpu obpasoBaHuu
NPOAYKTOB PeaKuUy 3aTeM INOJHOCTLI0 MM YacTUYHO BHelsercs. Ecan
Npy pacnaje aKTUBMPOBAHHOTO KOMILJIEKCA BHIJeJseTcss GOJbllle 3Hepru,
4YeM 3TO HEOOXONMMO [JIsi aKTUBAUU MOJIEKYJI, TO peaKLUs 3K30TepMudec—
kast (AH < 0). B npotusnoM ciyqae — angotepmudeckas (AH > 0).
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CKOpOCTh peakiyyl Hemocpe[CTBEHHO 3aBUCUT OT 4YucJia MOJIEKY], obia-
AALUX  3HEPTHel, N0cTATOYHON [Jisi O6pa3s0oBaHUsl AKTMBUPOBAHHOIO
KOMIUIEKCA, T.e. CNOCOGHBIX K XMMM4YecKOMy npeBpaiueduio. Yem 6oibiie
aKTHBHBIX MOJIEKYJI, TeM CKOPOCTb peaknuu 6onabuie. Oquu U3 nyTeii yBe-
ANYEHUs YUCcIa aKTUBHBIX MOJIOKYJ — HarpeBaHue.

JIs1 OCylecTBICHUS PeaKnMHM MOJEKYJIB NP CTOJIKHOBEHMH [OJDKHbI
6BITh ONpeleleHHHM O6Gpa3sOM OPMEHTHPOBaHB U OGIafaTh JOCTATOYHOM
aHepTrueil.

KoHcTaHTa CKOPOCTH peakimuM. 3aBUCUMOCTb CKOPOCTM peaKnudyd OT
TEMNIEPATYPHl, JHTAJIbUM AKTUBAIMHU M SHTPONUM aKTUBAMU ONpenenser-
csl CHENYIOMMM BHIPAXEHUEeM /151 KOHCTAHTBl CKOPOCTH PEaKIHH:

* %
b= 2o ~AH 1D, AS /R
rae Z — B NEPBOM NPUGIMKEHUM MHOKMTENb, OTPAKANIIME 0bliee Tucio
CTOJIKHOBEHU i MEXIY B3aUMOACHCTBYIOIIMMYU YacTHUIAMH B ©QUHULY Bpe-
menu; T — abcomoTHas TeMnepatypa;, R — MOJsipHast Ta3oBast NOCTOSIHHAR,
e — OCHOBaHUe HaTypaJbHBIX JOrapu¢MOB.
BeposTHOCTE TOTO, 9TO CTONKHYBHIMECS MOJIGKYJH OYAyT UMETh AOCTa-

+
) _AH J(RD)
TOYHYIO 3HEPTYI0 B3aUMOEHicTBUS, TPONOPHUOHATLHA, € . Bepo-
SAITHOCTh e UX HYXKHOW OPHMEHTAIMHM B MOMEHT COYAAPeHUs NPONOPLUO-
AS /R
HaJIbHa € .

Ws ypaBuenust anst k BuaHO, 4TO, Nockonbky T BXOAUT B NOKAa3aTelb
CTENEeHM, CKOPOCTh XUMMYECKOW PEeaKIMy O4eHb YYBCTBUTENbHA K U3MEHe~
HUIO TemnepaTyphl. Hampumep, npu nosbimenuu TeMmnepaTypwl Ha 100°
CKOPOCTh peaKmuu

Hy(r) + Ix(r) = 2HI(r)
Bo3pacTaeT npuMepHo B 1000 pas:

T,K.... 556 575 629 666 700
1,41-1072  6,43-1072

-

81
3

p—

W3 3TOr0 ypaBHeHMs nais k TaKiKe Clefyer, 4TO ueM GONbIIe 3HTATBIN A
8KTUBANMY, TeM SHAYUTEJIbHee BIUSHUE TEMNEPaTyPhl Ha CKOPOCTh Peak-
ouu.
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HU3M XMMWYECKUX PEAKIIA

B 3aBMCHMOCTA OT HPUPONB pPearupylonlMX BemecTs M ycioBuii UX
BBAMMOJEICTBUA B BIOMEHTapHBIX aKTaX peakuuii MOTYT IpUHUMATD ydac-
THE aTOMBI, MOJIEKYJBI, pagVIKaJbl M1 MOHBI. CpobonHbBMM pafyKalaMu
ABJISIOTCA EKTPOHEHTPANbHBIE HacTUIB, KOTOPEIC MONHO [npe/cTaBUTD
kak OCKOAKM Mosekya, Hanpumep -OH (ockonok or H,0), -NH; (ockomok
or H3N), -SH (ockonok ot H,S) u 1.x. K cBobOAHBM pajiKazaM OTHOCAT-
est ¥ cBOBOHHE aTOMBI.

Cpo60HbHE PaTUKalhl 4pe3BEMaiiHO PeaKIUOHHOCHOCOOHH, a IHEpTUS
[u66ca aKTHBAINUM PaIUKAIBHEIX DEaKuuil O4eHb Majla (0—40 /[l /monb).

QO6pasosanue CBOOOLHBIX pa/iMKaJIOB MONKET HpOMCXOAUTH B Ipomecce
pacniajia BelecTBa Y HalDBAaHMHU, OCBeIICHMM, oy, feiicTBUeM SIepHBIX
NBITy4eHUH, OT CUJIbHBX MEXaHU4eCKUX BO3MICHCTBUI, PU IEKTPOpaspile
y 1.1, CBOGOAHBE PAIUKATH POKLAIOTCHA TaKHe B HpOUSCce caMblX pa3HO-
06pa3HBIX XUMHUYECKMX [peBpalleHu . uTANBIMA AKTUBALMHU peaKuUi
AH ¢ y4acTMeM WOHOB TaKkKe HE3HaunTelbHa (0—80 w[lx/Mons). [n

OCYINECTBIACHMA Ke Peakuui HEeIIOCPeJICTBeHHO MEKIY MOJCKyIaMu 0OBIMHO
STabIINA AKTMBALUY, 1OITOMY TAKHUEe PEAKIUM BECbMa

aJbOUS aKTUB anuu

TpebyeTcs BBICOKAA
peLKHU.

Jlnsi TIpoTeKAHUS YIEMEHTAPHOrO aKTa peaklny Heo6XoMMo, 4TOOB! opbuTat
B3aUMOJIEMCTBYIOIMUX HACTUIL neperbIBa.rmcb U co3[aBaJlUch ycoBUA JUIA 1lepexo—
la VIEKTPOHOB ¢ SaHsTbIX opOMTalielt Ha cBoGomHylo, T.e. VA nepepacrpesenenis
IEKTPOHHO TUIOTHOCTM — PASPBIBA CTApbIX CBASel U ofpasoBaHus HoBbIX. Pac—

CMOTPUM MeXaHY3M DeaKmMM Mexay HQ[O':iD':O] n Ig[...r;“ya;‘o]. TlonyeTtuM,

Mostexyibr Hp ¥ I, crajkuBarorcs, Kak IOKasaHo Ha puc. 115, a, a coueranue
op6UTaleil MPOUCXOIUT Ha OCU Z. 1o OTBeYaeT CJeAYIOMMM KOMOUHAIIMAM opbura-

nert (puc. 117):
0 AHy) — o}lz) u o;{(Ha) — 77{l)
Coueranue 3aHATON Us—opﬁma.nn Hy u cBoboaHoi U;—opﬁwrajm I, npuBoaUT K

HyJleBoMY TiepekpbiBaniio. CileioBaTeNbHoO, TaKasd KoMBUHAIUA opbuTallelt K aKTy
XUMUeCKoTo BaauMoneitcrBusa He npusogur. Coueranue cBoBopHOM 0 -opbuTaM

I T EL I | G

OTUIECKU

Hy u samsroin *-opGurainr [y sHepreTHuecxky X
TesbHee Bojopopa). TakuM o6pasoM, B MoJeKyJaX H, u I, Her opburanei, KoTo-

pble MOIVIU Obl IPUBECTU K peakuuu HenoCpeJICTBEHHO Mex 1y MoJIeKyJIaM .
cTRUSA Rojopona C HoJIoM NoKa3aJio

5
X
oo}
=
<

Ho (MoJ VIEKTPOOTPULA~

JleranbHoe HsyHerHe
(puc. 118), 4ro BHawAsle MOJEKYJIBI Mona pacnajalTcsi Ha aroMbl:
[—LI—I1+I AH¢ = 150 xJlx
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Myts peakuunu

Puc 117. o, 0}-Opburamu Hy u ©*-,  Puc. 118, DHepremnueckas cxe-

o }-opburamu 1, Ma xofia peaxunu Hy(r) + Ip(r)

3aTeM NMpPOUCXOAUT TPEXMOJIEKYJISIpHAST PEaKIUsL:

I+Hy+1—>1---H=H---1 — HI + HI, AH = 18 xllx
NpoTeKaHUe KOTOpoft obecrieudBaeT NepexphIBAHUE 3AHSATOM BIEKTPOHAMU o g—0pbU-—

ranu Hy M 1Byx noitycBoboiHbiXx p-opOUTalielnt nBYX aToMoB | (51);). ITockouibKky Mon
QIIEKTPOOTPULATEIbHEE BONOPOJA, B AKTUBUPOBAHHOM KoMmilekce [-«+Hp---1
MPOMCXOIUT CMeleHre DVIEKTPOHHOM MJIOTHOCTH OT Movlekysbl Ho k aroMaMm 1 u

paspriBy cBsiau H—H.

llennsie peakmun. MHOrMe peakuyy NPOTEKAKT [0 HENHOMY MEXaHHU3-
My. Oco6GeHHOCTh HEHHBX peakuuii COCTOUT B TOM, YTO OAUH HEpBUYHBIH
aKT aKTUBAUMU INPUBOJUT K HPEBPaNIeHMIO OTPOMHOTO 4YHCjIa MOJIEKYJ
UCXONHHIX BemecTB. B kadecTBe nprMepa pajuKaIbHO-IEIHON peaKmuu
paccMOTpHM B3auMOJECTBUE XJIOpa C BOLOPOIOM:

Ha(r) + Cly(r) = 2HCl(r)
Tipu o6BIuHOl TeMilepaType M paccesiHHOM OCBENICHMM peaKuust [porte-

KaeT KpalHe eJijie; arpe: SHUCTBUU
T pariHe MENJIeHHO. Hpn HarpeBpaHuMyd CMecH a30B WJIM [eMCTB

: tx N i
cpeTa. HOraToro yIIE Tpad)!IO'Ie'l'OB!JMH JTydaMu (HpﬂMOH COJIHEUHHI, CBET

| TOpANIero MarHvusA le.), cMeCchb B3pBIBACTCHA. Kak nokasaau MHOTOYUCIIEH-

HBIE UC : ]
1€ WCCAENOBAHUA, 9Ta PeaKnUA HPOMCXONUT Yepe3 OTAeJbHBIe JJ1eMeH-

Tapabe nponecen. Moexie
pubie npoueccn. llpexie Beero 3a ¢HeT HOTVIONHIGHWA KBaHTa 3HEpTUH

KBaHTa OSHEpPTHH

. YAbTpaHONeTOBHX Jydent (u
’ y (uu 3a cuyer HarpeBaHMs) MOJIEKyNla Xjopa

AucconMupyercsi Ha cBOGOLHHE paaMKalbl — aTOMK XJIopa:

Cly + w=-Cl + -Cl
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Arom-papukan -Cl 3areM pearmpyer ¢ MOJIEKYJOil BOAOPOAa, o6pasys
monekyny HCl u avom-panukan -H. Ilocnepnnii, B3auMoneAcTBys ¢ MoJe-
kyaoit Cly, naer HCl u arom-panukan -Cl n 1.4 TakuMm 06pa3oM, IpeBpa-
IIEHNE WCXOAHBIX BEIIECTB B KOHEUHBH MPOAYKT NPOTEKaeT depes mHociae-
[OBATEIbHYIO LENb SJEMEHTAPHbLIX aKTOB, YTO MOKHO NPECTABUTL CXOMOH

-Cl + H,—= HCl + -H
+
Cl, =» HCl + -Cl
+
— H,— HCi+ -H
+
C

1, -+ HCl + -Clu 1.0

ILHHHB ey JieMeHTapHbIX XUMHAYECKUX aKTOB AOCTUIAeT COTEH ThICAY
asenbes. Tak, npu ocsemennn cmecd Hp u Cl; Ha Kaxjblfl [OMIOMEHHBINA
KBaHT 9Hepruy obpasyerca 10 cta Thiciu Monekyn HCIL

EcTecTBOHHO, BOBMOXKHH CTOJKHOBEHMA CBOGOIHBIX PafMKalIoOB U APYT C
JAPYrOM, YTO NPUBOAUT K OGPHIBY I€lei:

H- 4+ -H=Hy;Cl- + -:C1=Cl,

OnHAaKO 5TO IPOMCXOAMT JMLIL B cIydae, €c/id BbIAEJIseMas JSHEPrus
OTHMMaeTCs TPeTbUM TeJOM, YTO, HAIPWMEp, MMEeT MecTO MpH TPOHHOM
COyJapeHnn ABYX PALUKaIOB U Mosekyns (M):

Cl- + - Cl+M=Cl, + M

WIA NpH Tepefaye JHEPrMM CTeHKe cocyla. [03ToMy cKOpOCTH LEHHBIX
peaknuil OYeHbL YYBCTBMUTEIBHA K MOCTOPOHHMM TIpEMeCiM H K ¢opme
cocyAa.

Ilo memHOMy MeXaHW3My [POMCXOJUT TaKxe O06pasoBaHMe BOIBI U3
[POCTHIX BELIECTB.

Teopusi LEMHLIX peakuuii paspaGoraHa TpyhaMu Jaypeatos HoGesesc-
koit npemun H.H. Cemenona, C. Xunwensyna (Auriaus) u ap.

§ 4. DUBUYECKHUE METO/JBI CTUMYJIMPOBAHUS
XVUMHWYECKUX NPEBPAIIEHUN

KpoMme Harpesands Ha PeaKHMOHHYIO CNOCOGHOCTb BEIECTB CYIECTBEH~
JlaBJICHHE,

BosgeiicTeie cheta (BMAMMOTO, yALTPadHOJETOBOrO) Ha peaKkUuu Usy-
yaeT paspen xumMuud — @omozumus. DoToxuMuUUecKHe IIpOIEcCH BecbMa
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pasHoobpasukl. [ipu doroxumuyeckoMm AeACTBMM MOJEKYIB pearMpylomux
BEILECTB, TOIVIONAS KBAaHTHI cBETa, BO3OYkKIAIOTCs, T.e. CTAHOBATCA peaK-
IMOHHOCIIOCOGHBIMM WJIM paclafaloTcsi Ha MOHBI M CBOGOAHBIC paJMKaJslbl
(cM. cunres HCI).

Ha doToxummucckux npor
cBeTa Ha CBeTOYyBCTBUTENIbHbie Marepuain. [lIupoko mnpumensiores B
OPOMBILIJIEHHOCTH LeNHbie peakuuu (POTOXJIOpUpPOBaHUsA U GoTOCyIbPO-
XJIOPMPOBaHMs, POTOXMMHUYECKOES MOLUGIUIMPOBaHKAE NOJUMEPHBIX IJICHOK
u BoNOKOH. DOTOXMMMUS HETIOCPEACTBEHHO CBsi3aHa C OJHOW M3 BaKHEHLINX
Hay'-lHO—TeXH\PI'-leCKHX ﬂpO6JleM ~~ MCHOJb30BAHUEM COJIHEUHOMN JHEprum.
Coananne KCKYCCTBEHHRIX CUCTOM OCYIIECTRIAIOL

aHu LIX CHCTEM, O MUY TIpouecchi, AHATOIHY-

Hbie OTOCHMHTE3y B PACTeHUAX, MMeJO Obl 3HAYEHHE, KOTOpOe TPYAHO
NEePeOnEeHUTh.

BosapeitctByer Ha BelecrBo JaszepHoe uanydenue. Ero neicTsue Moxer ObIThb
Kak CbOTOXI’IMVl'{CCKHM, TaK U HYUCTO TEPMUUYECKUM.

ﬂﬂﬂ (bOTOXMMVl‘leCKOI‘O WHMIMUPOBAHUA XUMUYECKUX peaxumh Haubojlee Badx—
HOE €ro CBOMCTBO —- M3JydeHMe MOUIHBIX TIOTOKOB CBETOBOM OHEpPrMM B yBKNMX
CHEKTPaJIbHbIX MHTepBaJiaX. VICoNb3ysi W3NyveHUe ONPENEeJIEHHON [JIMHbI BOJIHbI,
TIOTJIOMAEMOE PEareHTOM, HO He BOBJENCTBYIOLlEe Ha IIPUMECH, MOXKHO OCYUIECTBUTH
nsbuparenbHylo peakiyio. Hanpumep, npy JiasepHoM oGTyueHMM CMecH METMIIOBOTO
M NeNTepPOMETUIIOBOTO CIMpPTa M 6poMa mpoucxomut 6pomuposatne rosibko CH3OH,
Ho He CD30D, Tak kak B pesysbTate obIydeHWsT NIPOMCXONUT CEJIEKTUBHOE BO3OYK—~
nexne mosekys1 CHzOH, KoTopbie JIErKo BETYNAKT B PEAKIMIO ¢ GPOMOM, TOMIA KAK
modtexysbl CD3OD He BosGyaknaiorea M He TIpETEpHeBaloT MPeBPAlICHU.

Tlpu ocBeuleHMM HENpO3pavHbIX TBEPABIX Tl MMIYJIbCAMM Ja3epHOro cBeTa
[POMCXOIUT MIHOBEHHbLI HATPEB, UCTapeHWe BEUlecTBa, a TIPU HGOMBIIMX MOLIHOCTSX
— obpasoBaHMe TWIa3Mbl. JlasepHoe MaydeHME WHUIMMPYET BbICOKOTEMIIEPATYpPHbIE
K IIa3MOXMMUYECKME TIPOLIECCHI, MCIADEHME W DPasdllokeHME HEJIeTYUMX BEmlecTB U
np. Tak, npu naszepHom Harpese KpeMHMs U repMaHusi B arMocdepe Bofopona, a
yriepona B aTMocdepe xyopa obpasylorcesi SiHg, GeHy, CCly. C nomourbio Mo~
HOTO JI&3ePHOTO MBJYyYeHUS OCYIIECTBIISETCS] CUHTES PasHOOOPA3HBIX YIJIEBOIOPOIOB
M3 rpacputa M Bofiopofa. IIpM Mcmosb3oBaHuM "OBBIMHBIX" METONOB MHMUMMPOBa~
HUSA PeaKUMi Hofo6Hble CHHTE3b! HEeBO3MOKHEL C IIOMOMIBI JABEPHOTO MINLYUEHNs
OCYIIeCTBIIEH TakkKe CUHTe3 ajiMasa U3 Ipaduta. st mepexoma rpadura B anMas,
KaK W3BECTHO, HeOOXONMMBI BLICOKME TEMIEPaTypbl M CBEPXBLICOKME NaBIIEHMS.
Takue yciioBUSi MOTYT GbITh JIOCTMIHYTHI TIPM HarpeBe, HalpPUMeD, BHYTPU MAacCHB~
HOTO CTEKJIAHHOro GJIoKa uacTui, rpaduTa, NOMEHEHHbIX B (POKYC JIMH3bI, coBMpato~

ylﬁeﬁ CBeT JIa3€PHOIO MMITYJIbCa. DBakHO NPUMEHeHME JIa3ePHOr0 MBNYy4YeHHs sl

KaqyecTBEHHOTO U KOJNMYECTBEHHOro aHaJIM3a BellecTB, A UCC/IENOBaHUSA MEXaHW3-
MOB XMMUUYECKUX PeaKIMil.

PenTreHoBckme Jyuu, raMMa—JIyuM, TOTOK HENTPOHOB W JIDYrMe MIIyHeHUs
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LBaKT B BemecTBe MIyGoKUe (UBUKO-XUMHUECKUe
Tak, npy NeACTBUM MOHUSU-

J3MEHeHUsl M MHULMUPYIOT PasHOOOpasHble PeaKiu.
DPYIOIMX UAIYHeHUl KUCIIopoa o6pasyerT 030H; OKCUILI MapraHia BbIIENAT KUCTIO0-
pol; U3 cMmecd a3oTa M KUCIopona WU posayXxa o6pasyloTcs OKCUIbl asoTa; B
NPUCYTCTBUU KUCTIOPOLa SO, nepexonut B SOg; NMPOUCXOIUT pasfiomeHue (paduo-
4u3) BOH, B pesyJbrare KOTOPOro 06pasyIOTCs MOJIEKYJIAPHBIE BOLOPOL, KUGIOPON
1 Tepokcup Bopopoja. BosHukaiomue Tpu pajuonnse cBobontble paankansl (*H,
-OH, -HO3) ¥ MonexyssipHble UOHBI (+Hp0*, -Hy0") crocobHEl BLISHIBATL pas-
JIMUHBIE XUMMUeckUe TIPEBPAIeHNsT PAaCTBOPEHHEIX B BOE BEWECTB.

XumuUgeckue TPOLECCHl, MPOUCXONsUMe ToN nefficTBAeM VOHUBUPYONUX U3TY—
YeHU T, PaduauUOHHAS PajnallMOHHO-XUMHUUECKME  PEaKIUU
WUCTIOJNIL3YIOTCH IS CUHTE33 BBICOKOMOJIEKYJISPHBIX opraﬂu‘{ec}cwx BelecTB U IJsA
ITo Mepe ocBoeHUsE ATOMHOJM GHEPreTMKM pajiMallMoHHAS

n3yqaer TUMUS.
N3MEHEHNsT UX CTPYKTYPBI.
XUMUsE Bee [IMpe TPOHMKAET B XUMUYECKY IO NPOMBIIIVIEHHOCTb.

XyMuuecKne TpeBpalleHus, TPOUCKOISIMUE N[l NeACTBUCM MEXaHUHECKUX CI,
MBYUAET UETAHOTUAUL. DIEMEHTAPHBIM MEXAHOXMMUIECKMM 3KTOM SIBNISIETCS] Pas-
DHIB XMMMYECKMX CBsi3ell B BellecTBe TOI JIefCTBUEM MeXaHUYECKUX Cnil (Ba.nbue—
parie, apodierne, TCpCTHpatue 1 1p.). Bosuukatonive npu STOM OCKOJIKH MOJIEKYJT
obpasyloT HoBble Tpoaykrhl. Hanpumep, mpu pacTUpaHiy NOPOIIKa COSTMHEHNST
coctapa V905 P20s5-4H,0  obpasyrores HsPO4 n Vy0s-HpO, t.e. nporexaer
CBoEOOPasHbIA AETAHOAUS.

V,05- Py05+4H,0 — 2H3PO4 + V0s-H20

MexaHoXUMUUECKMe TIPEBPAIEHNS WCIOIb3YIOTCs JUISA CUHTE3a M W3MCHEHUs
CBOMCTB OpraHuvYecKUux TIOJTUMEDPOB.

Eute 6oee cuibHBIE U3MEHEHUsT TIpETEpIeBaoT BelecTBa Noj NeNCTBUEM CBEpX-—
BBICOKMX naBieHuit. IlpuMep TomMy — obpasoBaHUue 6oslee TWIOTHBIX ¥ OoJlee TBep—
nbIx MonMduKalMil BellecTBa, Halpumep NpeBpalleHne rpauTa B ajMa3, HUTPUIA
60pa B 60pas3oH U T.J.

B nocfiefHue Tonbl PasBUTHe TIOJMYYWIa TuMlus YOAPHOLO CHRAMUSL. Tpu cxaruun
TBepIBIX TeN ¥ KUIKOCTeH yNapPHBIMU BOTHAMM, o6pasyeMbIMy, HampuMep, NeToHa-
I(Mel B3pHIBYATHIX BENIECTB NPY B3DHIBaX, B MUIWMOHHbIE JIOTU CeKYHIbI pasBUBa-
JoTcsi B BemecTBe odeHb Bblcokne pnabienus. Ilpu orom obpasyloTcsi aKTUBHBIC
yacTUIbl Kak DaJUKajbHOTO, TAK M MOHHOTO TUTIOB. TocsiencrBUsL NPOXOxAEHUT
Yepes3 BEU[ECTBO YNAPHOM BOJHBI MOTYT ObITh CaMBIMM PAs/MHHbIMU — pasznpobie-
HHe BEmecTBa, PAclaj CIoKHOTO BelecTBa Ha OTHOCUTENBLHO 6oJ1ee TIpOCThIE, HO M
reneir. K npumepy, chlpoit Kayuyk TIpU TPOXOKICHWN

o6pasoBaHUC TIOTUMEPHBIX llerner
ynapHo#l BOJHBI 33 NOJMU CeKYHAE NpeBpamaeTcsi B PESUHY; TON BosIENCTBUEM
yIapHBIX BOJIH aMUHOKMC/IOTHI TIPEBpalaioTest B NpocTenilme H6eskn n T.4.

CuiibHOE HATpeBaHMe TIPH TIPOXOXKIEHUM YNAPHBLIX BOJH TOSBOJAET OCYIECTE™
JIATH CIUIaBjieHUe MeTalIoB, pC3KO OTIMYAINUXCA TIO TeMHEPZiTypaM TIJ'IaBJ:IGHI/lﬁ u
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KuUIeHnsi, HATIpUMeD BoJibdpaMa M MapraHua, XOTs TeMIeparypa TUI3BJIeHUsl BoJb—
¢ppama 3380°C, a MapraHel KMUIMT yke Tpu 2080°C. [lpyrumu crnocobaMy TaKoM
CIU1aB TIONYUUTH He YIAETcsl.

B cBsA3M ¢ moucKaMu HOBHIX NyTeit NMpPOBE/eHWA NPOLECCOB B XUMUYEC-
KOH TeXHOJIOTUY Pa3pabaTHBalOTCsA METO/(Ll HallpaBJIEHHOTO peryanpoBa-
HuA PCEAKHUOHHON CIOCOOHOCTM BEHIECTB, HOITOMYy BecbMa HWHTEHCHBHO
H3y4aloTcs Iponecchl, NPOTEKAlomMe [Py pa3TUYHHX (U3NYECKUX BO3-
JNeACTBUSAX Ha BEMECTBO.

§ 5. KATAJIU3

OnuuM U3 Hau60Jiee PpACHPOCTPAHEHHHIX B XMMMUYECKON [HPAKTUKE
METOJ(OB yCKOPeHRUsi XUMUYeCKUX peaKIUil siBlsieTcA Karaaus. B mpucyrer-
BUM KAaTalu3aTOpOB MU3MEHAETCs NyTh, MO KOTOPOMy NpPOXOAMT cyMMapHasd
peakuusi, a [HOTOMY HM3MEHseTcs ee cKOpocTb. Kamgausamopst — 5T0 Be-
1ECTBA, UBMEHSIONME CKOPOCTh PeaKIMU 3a CYeT Y4YacTHsi B HPOMExyTOU-
HOM XUMUUYECKOM B2

AUMONEUCTRB

uts e

Muuec HY ¢ KOMIOHEHTAMU DeakIuiu, HO BOCCTA-
HaBJ}HBa}Oume nocjie Kadoro MUKJa IPOMEXyTOYHOTO B3auMOJEACTBUS
CBOM XMMUYECKUI COCTaB. YBEIMYEHUE CKOPOCTU KaTalu3UPyeMOi peak-
UM CBABAHO ¢ MeHblIeil 3Heprueit 'm66ca akTUBAUMM HOBOLO MYTH peak-
nuu.

Wsmenenne ckOpOCTM KaTalM3MpyeMOji peaknuu 3a CuYeT CHUKeHUs

" 3Hepl'UU AKTHBAIMU €€ OT/AEJbHBIX cTaJuii MOMXKHO paccMOTpPeTh Ha CJIe[ylo—

meM npumepe. JlonmycruM, Mexy BemecrBamu A u B BoaMoxkHO B3aumo-
neicteue ¢ obpazosanueM coegurerns AB (AG < 0):

A+B— A.B — AB
AKTUBUPOBaHHBIN
KOMIUIEKC

Ho B cuny Bhicokoit aneprun 'm66ca akTUBaIMM 3Ta peaKHUs IpOTeKa-

" T ¢ OYeHb MaJIoH é 7 i
2 OH, IPAKTHYECKU PABHOW HYNIO ckopocThblo. IlyeTs, HaiijieHo

Takoc Tperbe BemecTso K (Karaqusarop), KOTOpoe JI€rKO BCTyHaeT BO

'?txanmoneﬁcmue ¢ A (B cuny Opyroil Npupoasl pealMpyIOIUX BellecTs, a

£1ef0BaTe/IbHO, APYrO#, MeHblIei, YHepruu ['mb6ca akTuBanuu), 06pasys

enuHeH

=
o

BaHHbIA

KOMTIJIEKC
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o si\N
S 3 Npodyxmsr peakyuu
S H =
N s |_Herodnsie
= 4 | Bewecmba
5 S |
QU x |
£ i
L
® T
Myms peaxyuu Bpema
P u e 119. DHeprervueckast cxema P u c. 120. Xumuyeckoe paBHoBecue

B CUCTeMe B IIPUCYTCTBUM KaTaJM3a-
TOpPa U B OTCYTCTBUE KaTajinsaropa

XOfla PpeaKkluu B OTCyTCTBME U B
PUCYTCTEMN KaTalln3atopa

e = {OT A Th-Takii B
Coepunenne AK serko BsaumMozeiicTByeT C BelliecTBOM B (ONAThb-Taku B
cu/ly MHOW NDPUPOJH BEUIECTB M MajOd JHepruu aKTHBallMu), 06pasys

bt &

=

pemecrsa AB u

B+AK =& B..AK — AB+K
AKTUBUPOBAHHBINA
KOMIIEKC

CyMMHUpys Ba HOC/IEJHUX YPaBHEHMs, HOJYIUM
A +B=AB

T.e. B pe3yJIbTaTe PEAKMHU KATAIM3ATOP OCTAICA 663 N3MEHEeHUs.

Ha puc. 119 nokasana 3HepreTueckas [MarpaMMa XOJa peaknuu b-

orcyTerBue (kpuBas I) ¥ B HpMcyTcTBUMu (kpuBas ?Z) KaTaau3aropa. Oue-

SH

BUJIHO, B IpMACYTCTBA
CHMIKACTCS .

MockonbKy B BHPAXEHMH [Jisi KOHCTAHTHI CKOPOCTH peaKiuu (M. § 2)
sHeprus 'u66ca akTMBagMM BXOIMT B OTPUNATE/IbHBIN MOKa3aTelb CTele-
HU, TO Aaxe HebGONbIlOEe yMeHbIICHHE YHEPrin Fu66ca aKTHBAMHK BbI3bIBA~
er OyeHb GOJIpLIOE yBEIMYEHHE CKOPOCTA PeaKklUu.

B psige peakuui KaTaliusatop NOCTAaBisieT cBoGONHbBIE DPAJMKAJEL, Guaronapst
YeMY peaKlMsi NPOTeKaer Mo LENHOMY MEXaHW3My. Tak, peakuns OKNC/IEHUS co
KUCJIOPOAOM

200 + O, = 2C0,
2C0 + 0, = 2C0,
*
1 SHAYMTENIBHON CTENEHM YCKopsercst B NPUCYTCTBUM NEpoB BOIBI, TO BbI3BAHC
paBBUTHeM Lencit ¢ ydacTueM cBobonHbIx pammkaios *OH u -H:
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\OH + CO = CO; + -H
“H+ 0, = -OH + -O-

e ~, — N
LU+ -uUr = LUg

JeiicTBe KaTanM3aTopa Ha COCTOSSHUM XMMMYECKOTO DAaBHOBECHA HE
CKAa3bIBAETCs, TAK KaK KaTajli3aTop B PABHOM Mepe yCKOpsieT U NpsAMOi, u
obGpaTHbiil nponecc. Karannazarop yckopsier JMIIb JOCTHIKEHME XMMUAYECKO-
ro papHoBecds. Kak nokasano Ha puc. 120, B mpucyTcTBMH KaTajlusaTopa
PaBHOBECHHE KOHNEHTDAUMM KOMIOHEHTOB CHCTeMbl (Tyx) MOCTHralOTCA
GricTpee, YeM B ero orcyrcraMe (7).

Karanutuveckue peaknuy OYeHb pasHoobpassbi. Bo MHOrMX peaknmusx
KaTaIuTHYECKOe BIUsHUE NposBiserca B ckphToit dopme. Cropa mpexne
BCEro OTHOCATCA peakyudd B pacTBOpaX. Kak MB BUAQIM, HOJsApUBaLuMs,
Auccopman¥a ¥ MOHMBanMs BEIECTB B pPAacTBOPaX — BBl AKTHBALUU

AT nafiernuoys nasToAnUmana QMO LYY
AeH M,

BEINECTE — HPOHMCXONAT HOJX eM pacTBOpHTENA, KOTOpH

it IPpOHCX:

HO, UrpaeT B 5TOM cliyyae pOJib KaTajiM3arepa. bosbllioe BiAMsiHUE Ha
CKOPOCTb W HarpabJeHue nponeccoB okasspalor Mons OH} u OH".

ouenp
OYCeBY

1

B saBucuMOCTH OT arperaTHOro cOCTOSIHMSA KaTalu3aTopa W pearupyro-
IUX BEINECTB pasIMyYalOT KATalu3 toaotennsil U temepotennsid. [IpumepoM
FOMOTEHHOTO KaTajlu3a ABjsercs peakuusa okucienus CO (B rasosoit dase
B [IPUCYTCTBUHU TApOB BOJHI) KMCJIOPOJIOM, a Takike JelicTBHE pasHOOGpas-
HBIX (epMEeHTOB B GMOJIOrMYEcKMX Ipopeccax. ereporeHHO-karaluThHiec—
KUMHK ABJIAIOTCS Mpouecch CUHTe3a aMMMaka (KaTaluBarop KeJIes0), OKHC-
nenusi SOy 1o SO; (karanuszaTop HJaTvHa MKW OKCHJ BAHAJUA) U T.J.

OKHUCJIEHUSA SJIEMEHTOB

§ 1. YCJIOBUA OOHOCTOPOHHEI'O NPOTEKAHUSA PEAKIIUN

Pasnuualor peaknuy ¢ usMeHenMeM M 6e3 M3MEHEHUs CTEIEHEH OKMCIIe—
Hus sseMenTos. IlonsitHO, YTO Takoe HOppasjeeHHe yCIOBHO M OCHOBAHO
Ha (OpMabHOM NpH3HAKe — BO3MOKHOCTH KOJMYECTBEHHOrO OIpejlesIeHust

- YCJIOBHO¥ Be/IMYMHBI — CTEleHM (COCTOAHMA) OKMCAEHMA dneMenTa. Hems-

MEHHOCTb CTENeHH OKHMCJIEHHMs DJeMeHTOB IPM XMMMUECKHMX HpeBpaleHusX
BOBCE HE O3HAYAET, YTO He NPOUCXOAMUT HEPECTPOMKM 3JMEKTPOHHBIX CTPYK-
TYP B3aUMOJEHCTBYIOIMX aTOMOB, MOHOB U MOJiekyJ. KOHeuHo, ¥ B 3TOM
cllydae [pOTeKaHWe peakuuy O0sA3aTeNbHO CBA3aHO ¢ GOJBLIMM WIM MEeHb—

b LTUM M3MEeHEHMEeM XdapaKTepa MEeXKATOMHBIX, MeXHMOHHBIX ¥ MEKMOJeKyJIsip-

HbIX CBA3eH, a clefoBaresibHO, U 3P PeKTUBHBIX 3aps0B ATOMOB.
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Peakuuy 6e3 M3MEHEHHS COCTOSHUS OKUCJICHUS 3JIEMEHTOB dallle BCEro
HPOTEeKAIOT B Ta30BBIX U JKUAKIX PacTBOpax ¢ ydacTuem HMOHOB. Kak mus-
BECTHO, MOHHbiE peaknuu OOpaTHMMbi, M TeOpeTHYecKd KakKJIOoi cHucTeme
VMOHOB [IpY AAHHBIX YCJAOBHUSX OTBEYaeT OINpeie/IeHHOe COCTOSHUE PABHOBE-
cusi. CMemeHne XMMUYECKOTO paBHOBeCHsA (MHOTAA IPaKTHYeCKH HANEesO)
NPOUCXOAUT HPY YMEHbIIEHWU KOHHEHTPAUUM KaKUX-1u60 MOHOB 3a cYer
06pa3oBaHUsi OTHOCUTE/LHO Ma0 MOHMBMPYIOIIMXCHA MOJIEKYJ WA KOMI-
JIEKCHBIX HOHOB, MANOPACTBOPUMBIX WJIM JIETydnX COefMHEHUI (npasu.o
Bepmoaae). Tak, ipy He TpadM3alu Uy HOHHAs peakuus UAET B
CTOpPOHY OOpa30BaHUS MAaJO WOHUBUPYIOMMXCSH MOJEKYT pacTBOPHUTEN,
HallpUMep B BOJHOM pacTBOpE:

KOH(p) + HNOs(p) = KNOs(p) + H,O(x), AG;,, = -80 x/Ix

-439 -1 -393 -237

RbOH(p) + 1/oH,S04(p) = !/5RbsSO4(p) + Hy0(x), AG;q, = -80 i/l

-437 17 (-745) 17 (-1305) 237
/2 /4
(mon dopMmynaMu coepmuHeHMit ykasaHb uX cTaHAapTHble Hepruu ['u66ca
obpasosanus A G, ., B K/l /MOb).
Peaknuu HeilTpannsauuu MexAy cHJIbHBIMM KHMCJIOTaMA W MEIOYaMH
HPOTEKAeT aHAIOTWYHO, HE3aBMCHMO OT MX HPUPOAbI: U3MEHEHUE SHepruu
I'n66ca peaknuu cooTBETCTBYET HPOTEKAHMIO OJHOTO M TOTO Ke Iponecca:

H'(p) + OH" = H,0(x), AG;

0 -157 -237

. = 80 klx

88

niu

OH; (p) + OH" (p) ¥= 2H;0(x)

NH}(p) + NH;(p) = 2NH;(x)

XuMuyeckas peakuums HPOUCXONMT TaK¥kKe BCJAEJCTBUE OGpa3OBaHUS
c/1a00MOHUBHUPYIOMMXCST KOMIIIGKCHBIX MOHOB. Hanpumep, HepacTBOpMMBIit
B Bose Zn(OH), smerko pacTBopsiercsi B NPHUCYTCTBAM aMMHaka 3a CHeT
0bpasoBaHMs ycTONYMBOrO KaTmomHOro Kommnekca (lg 8, = 8,7):

- Zn(OH)y(r) + 4HaN(p) = [Zn(NHz)4](OH)2(p)

Tuapokcun umska Zn(OH), pacrsopsiercsi Takke B M36GHITKE MENOYM C

obpasopanueM annonnoro xommiexca Zn(OH)5™ (lg B, = 17,7):
Zn(OH)(r) + 2KOH(p) = Ko[Zn(OH)4(p)

Nlpu cmewenuu pacrsopos BaCl, u Na,SO,4 ob6pasyeTcsi MajopacTBOpU-
moe coefunenne BaSO, (pIIP = 9,97):

BaCly(p) + Nay,SO4(p) = 2NaCl(p) + BaSO,(x)
Ba2*(p) + SO3(p) = BaSO4(x), AG,, = 47 kllk

-561 -745 -1353

Peakuus 1pOMCXOAUT Takke HpU OOpaBOBaHUM JIETYUHUX COeNUHEHMIT,
yaanAommxcs U3 cepbi peakuuy, HallpuMep:

NayCOsu(p) + 2HCI(p) = 2NaCl(p) + CO,(r) + H,0(xk)

CO%(p) + 2H*(p) = COy(r) + HxO0(x), A Gy, = -103 xlax

-528 0 -394 -237

B 1poTHBONONOKHOCTL PACCMOTPEHHBIM PEAKIMsM CMELIeHHA pacTBOPOB
NaCl u KNOj; k xuMHUYecKkOMy B3aMMOJEHCTBUIO IPAKTUYECKHM HE HpHUBO-
AT

Honu Na* u K*, CI" u NO; B pacTBOpe OCTAlOTCA HEU3MEHHBIMHU.

§ 2. TUAPOIUS

Bez uameHenus crenesn (COCTOAHMA) OKUCIGHHS 3JEMEHTOB OGLIYHO
IpoTeKaeT 1udpoius.B o6mem ci1ywae noj ruApoIM3OM NOHUMAIOT PEaKIUU
OGMEHHOTO pa3/okeHNA MeK]Ay BOJAOH U COOTBETCTBYIONIMM COEMHEHHMEM.
Funponus apnsieTcs qacTHEIM CllydaeM €045604u3a — OGMEHHOTO PadIOKe-
HUS PaCTBOPEHHOTO BemecTBa M PacTBOpUTENA. MexaHH3M FUAPONM3a /15

a. Tax rexoons

TUINIOR COENUHOUUN BecLMa 13 <)
aK, rHApoeJIns

a
TUIOCB COCQUHOHHNY BECbMa pa

X

Da
Da

Pacnapgalomuxcsi B pacTBOpe Ha UOHBI, MOKHO DAcCMaTpHBaTh KaK pe3yilb-
TaT [OJSAPU3ANUOHHOrO B3aUMOJENCTBUS MOHOB € MX TMAPATHOH 060J104Y-
kKo, Xapakrep ¥ cTelleHb pacHafia MOJIEKYJ TMAPATHON 0GOJIOUKH 3aBUCAT
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OT IpPUPOAB KATHOHOB ¥ AHMOHOB — 4eM CHUJIbHEE LOJIpU3youwlee Je#dcr-
Bue MOHOB, TeM B OOJIbLIEN CTENCHU HPOTEKAEST FIPOJIA3.

HaltoMHMM, 9TO KATMOHBI B BOJHOM PACTBOpE CYIIECTBYIOT B BU/e Ka-
THOHHBIX aKBaKOMIUIEKCOB, OOPA3OBaHHBX 3a CHET JIOHOPHO-AKIeITOPHOrO
paaumogeitcTBuss K—OH,, AKBAKOMIIIEKCHI B ¢BOW OHepeb TN/PaTHpOBa-
Hbl IOCPENCTBOM BOJOPOIHBIX tBs3eil. MONHO CYUTaTh, 4TO 4YeM Bbille
3apAjl N MEHbIIe pa3Mepbl KATHOHA, TOM CHJIBLHEE er0 aKnenToplad crocod-
vocrs (mpoutiee cBsa3e K—OH,). Tem cuapnee nosapusyercs csass O—H

BOLOPOAHAA CBHA3bL

KOOP/JIMHUPOBAHHOA MOJIEKYIIbl BOADI H TEM CHJIbHEE
MeXy KOopAuHHUpOBaHHOR Mosmekyioir HyO B koMmniexce n MojeKynaMu
BOJIBI TUAPATHON 06OJIOUKM KOMILVIEKCA. Bee 3TO MOKET [IPUBECTH K PA3pbi-
By cesasu O—H B koopamimposantoil monaekyie H,O, k npespailenuto
Bojopoauoil ¢Bsizu H..OHy B kopajienTHyI0 ¢ o6pasosaineM uona OHY u

I'UIPOKCOAKBAKOMIICKC A 110 cXeMe

(-l +

OH, _H

H.0 0
ll\'"*/ N + OHg
1,07 | OH .
OH,
B cootpereTBUn € nocIen.
HOCTWU KaTUOHOB ()’IG.F]H'JGH eM JiM(ﬁ‘[)()B)

BOBMOXKHBL JIBA c/1ydas:
1) OTCYTCTBUE 3aMETHONO PABJNOKEHMS MOTOKYJ BOJIbt

Na* + HOH = peasunst npartiieckn He KACT

HomoGrbiM 06pa3oM BeAYT cehs ¢1afble akIeNTOpbl DJICKTPOHHLIX [dap —
KaTHOHBL LISTOYHBIX M UEIOMHO-3eMe/IbHBIX MeTaanos. MuEbMui croBamn,
KaTHOHE, 00pAa3yonIe CHIBHLIE OCHOBAHUSA — LIGHOYHN;

2) 06paTUMOe PazioKeHne MONCKYJ BOJABL ¢ 06pa3OBaHMeM I'M/POKCOaK-
BaKOMIIJIEKCOB

[AI(OH,)¢] + HOH == [Al(OH,)s(OH)]* + OH

wan
Al3* + HOH == AIOH?** + H*

N36niToKk nonos H* 06ycnioBaMBaeT KUCIAYIO CPELY PACTBOpA. DTOT Hanbo-
Jlee 4acTO BCTpedalolluiicsi cilydali XapaKrepen ANs IBYX- W TpexXs3apsi-
Hbix kKaTuoHOB (Cu2*, Fe2t, Fed* Cri*) r.c. KaTHOHOB, O6pPA3YIOIMX CJla~
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6ble OcHOBaHMA. O4eBMAHO, YeM OCHOBaHMe cnabee, TeM THAPOJIU3 NPOTe-
KAeT MHTeHCUBHEe.

O BIMSHUM TIPUPOJLI KaTHOHa (€ro pasMepa M 3apsifia) Ha CTENeHb MOHMBALMK
KOOPJAMHMPOBAHHBIX MOJIEKYJT BOJbI MOXHO CyJMTb IO 3HAUEHWIO KOHCTAHTBI KUC-
JIOTHOM MOHMBAIMKY AKBAKOMIJIEKCa:

niont i

PR |

] =

[Mg(OHo)g]?* [A(OHp)e]**  [Cr(OH)e}P*  [Fe(OHy)l**  [TI(OHy)g)3*
pKi... 114 4,95 3.90 2.2 1

Tlockombky rUApATALUMs AHMOHOB OCYINECTBASETCSA 3a YT BOROPOIHOI
CBSI3U, B pe3y/ibTaTe MOJAPUBAUMOHHOIO B3AMMOLLIICTBASL MOAULY KOMILJIOK~
COOBPABOBATENIOM (aHUOHOM) H MOJEKYy/1aMu BOJAB BOZROPOJHAS CBSABE MO-
JKeT NepeiTH B KOBaIeHTHYI0. IIpy 3ToM MoOkeT NPOMCXOHTL OTPHIB NPO-
TOHa OT MOJIEKY/Tbt BOAB U [IPUCOCIMHLEENEe €I'0 K AHUOHY!

(O”\\ /O "(n-l)‘
&) ,

Lo ~No-i)

z

R T -
l077* 0] .. .1i-0

|

i

HouaTao, 9To 4eM 6ojee OTPULATEABHBIN 3apsjl M MEHLIIE pasMep
aHMOHA, TeM OH GoJIEe CUIIBHBIA JOHOP JJEKTPOHHBIX MAP W TeM Jerue
OTPHIBAET LIPOTOH DT MOJIeKYJbt BOAbt. 1@k, 110 BO3PACTaHHIO NPOYHOCTH
BOJOPOJIHOU CBA3M OKCOAHMOHBL P-3J1EMEHTOB TPETHCTO NepHO/a pacnonara-
Wres 8 caepyonmmi pay: C10; < SO < PO¥ < Si04~

cenyomume Caydam:
1) orcyTcTBHE 3aMETHOTO Pa3’NONKEHUA MOJEKYN BOZbBL:

ClI" + HOH == peakyus npaktuuecky He nget

N()é + HOH == peakuus npakTHYeckn He MueT

HMopoGuriM  06pazom BeayT cebs caabbie JIOHOpPBl 3JEKTPOHHBIX Map —

' ORHO3apsAHblE AHHOHMI (CI, Br, I, NO;, ClO;); % 210l ke rpymie anno-
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HOB oTHOCATCA MoHb SO, SiFZ" M Apyrie KUCIOTHHE OCTATKM CHIIbHBIX

KUCIOT;
2) obpaTMoe pa3liokeHre MOJIGKYJ BOMHL:

COZ + HOH == HCO; + OH-

Mossnserca nabbrok Monos OH™| T.e. cpefa cTaHOBUTCA IHENOYHOMA. DTOT
clydaii Haubosiee XapaKTepeH AJIsi NOHOPOB CPefHeil CHIB — JJIs ABYX- W
MHorosapanubix anuonos (COZ, POY, SO, S%7 a rawke CN), T.e. kuc-

JIOTHBIX OCTATKOB CJAOBIX W cpejHeil cuibl kucaor. OdyeBUnHO, YyeM ciaabee
KHCJIO0Ta, TeM FHAPOJNM3 IPOTeKaeT UHTEHCUBHEe.

CymMapHRii 3¢ddeKT ruApPoIn3a olPeleAETCA NPUPOAOIHA HAXONAIMAX~
Cs B pacTBOpe KATMOHOB U aHMOHOB.

1. Ecnu coepHeHNe IpM WMOHM3amuM B pacTBope 06pa3yeT KATHOHB K
SHHOHBI, KOTOpbie ©/iabo NOAAPU3YIOT FHAPATHYIO 000/04Ky, THAPOJIA3
a:

HpaKTHYeckh He npoucxoduT 1 pH cpensl He usMmenserc

NaCl == Na* + CI"
Na* 4+ HOH = peakuus npakTuuecku He uuer

Cl" + HOH = peakuus npaktuieckn He upeT

B sToM ciyuae MOkHO ckasaTb, YTO COAM CHJIBHOTO OCHOBAHMS M CHJIBHOM
KHUCIOThI THAPOJIK3Y HE HOJABEPraloTCA.

2. Ecnu coepuHeHMe NP MOHMBamUMM O06Pa3syeT KATHOHB, KOTOpHE
NMOJIAPUBYIOT MOJEKYJbl THAPATHOMN oﬁonoq}m U aHUOHHI, CJ1a60 HOASPU~

kaTtuony. ou o
ATHCHY. upH o

moyv o6nan 3yeTCs
TOM OOpasyertia

KK cJdasA cpega:

CuCl, = Cu?* 4 2CI
Cu?* + HOH = CuOH* + H*
Cl" + HOH = pearius npaxTiiecky He nper

nin
CuCl, + HOH == (CuOH)CI + HCI

O6o6mas 5TOT HpUMEp, MOKHO cAeNATh BHIBOJA, YTO THAPOJAM3Y IO
KaTMOHY IO BEpHKeHbl COJM CAAGOT0 OCHOBAHMSA M CHIBHOW KMCIOTH.

3. Ecnu coepusenye npu PacTBOPeHUHM MOHUBUDYETCs HA CIAGONIONApH-
3yIOIye KaTMOHbI U CPeAHeNoJIsipU3YIoIMe aHUOHBI, TO MPOUCXOJAMT TUJ~
POJIA3 [10 BHMOHY M B Pe3yJbTaTe I'MAPOJM3a CO3JAeTcs M eJJd 049 H a a
cpepa:
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Na,CO3 = 2Na* + COY
Na* + HOH = peakius1 NPaKTUHeCKH He UpeT
COZ + HOH = HCO; + OH-

uan
Na,CO; + HOH = NaHCO; + NaOH

B srom caydae 0GoOHieHHO MOXKHO CKa3aTh, YTO TMAPOJW3 MO AHMUOHY
IPOUCXOJUT y COJIEHi CHILHBIX OCHOBAHME M CJIAOBIX KMCJOT.

4. Ecqu coejMHEeHHE NPH MOHM3AMUKM 06pasyer CpeAHENOdAspHU3YIonHue
KATMOHBI M AHMOHBI, TO NPOUCXOAUT THAPOJIU3 U M0 KATHOHY, X HO AHUO-
ny. llpu 3TOM 06biuHO HaGJIOAAETCA TMAPOJIU3 ¢ 06pa30BaHMEM MajlopacT-
BOPHMBIX CJIaGHX OCHOBaHMI U ciabbix KUCIAOT:

AlL(COys); + 6HOH = 2A1(0H);l + 3H,CO;,

Xapakrep cpeasl B 3TOM Cilydae OIPeAEIAETCs OTHOCUTEILHON CUIIOH
06pa30BaBIUIMXCA KMCJIOTH W OCHOBAHMA. JTOT CIy4Yaill THPO/IM3E MMEer
MECTO JIJIsi CoJieil CIa6bIX OCHOBAHMI M CJIA0BIX KUCJIOT.

Jlns caydaeB 2 u 3 crenesb ruposnsa (OTHOIIEHME KOMMAYEcTBa THAPO-
JIN30BAHHOTO BEINECTBA K OOINEMY KOJIMYECTBY PACTBOPEHHOrO BelIecTBa)
o6muHO HeBenuka. Tak, B pacrBope Na,COj3 ¢ xonnenrpaumeit 0,1 Moms/n
ona coctaBaser npu 25°C oxono 2,7%, a B pacrsope NaCN c¢ koHuenTpa-
mueit 0,1 Moab/n — oxono 1,5%. B cayyae 4 ruaponu3 HpoTeKaeT Ipak-
TUYECKH HAREJo.

Cornacdo npunnuny Jle lIIaTanbe cTeneHb mapomwa EO3pdCTae’]‘ c
‘M deTBUpH. (yBefl’
npu 25°C ana peaknuu

Na,CO,; + HOH ¥= NaHCO; + NaOH

npu KoHueHTpanuu coiu 0,1 Momb/a crenenb ruzposnnsa cocrasaser 2,7%,
a npu koHnedTpamuu 0,001 Monb/n — yxe 34%.
CrelieHb THAPOJIX33 BO3PACTAET TAKKe ¢ OBHLICHAEM TEMHEpPATYPhi.
CymecTBeHHO OT/IMYEH XapaKTep MAPOIM3a KOBAIEHTHHIX COeJMHEeHUH.
BonbunHCTBO cOeMHEHMIT HEMETANJIOB ¢ HEMETA/IaMM B BOJIE IPETeplieBa-
er Heo6paTUMOE MM POJUTHYECKOE PA3JI0KEHHE:

SiCly(k) + 3HOH(x) = H,SiOs(r) + 4HCI(p)

Tuaponns urpaer 6osblyi0 posib B KH3HEAESATIHLHOCTH JKMBBIX Opra-
HusMos. OH CYIIECTBEHHO BAMSIET HA reoXUMUYecKue npopecch. [uaponns
UIMPOKO KCHOJb3YeTcsi B XUMUYECKON [POMBILITIEHHOCTH.
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O6pasoBanve MHOTORJIEPHBIX KOMIUIEKCOB UpH rHApoymMse. [Maponns conpoBosk-
NBETCs CJIOKHBIMU TIpolieccaMi 06Pa30BaHUS IBYX— M MHOTOSIIEPHBIX KOMIJIEKCOB,
CBA3YIOMMMU MOCTMKaMU KoTopblx Moryt 6uite O, OH, NH,, NO,, SO%‘ n npyrue

aToOMbl W WX TPYNIMPOBKW. PaccmMOTpMM IMApOZN3 Mo KaTuOHY, NDMBONAIIMA K
NO/IMMEPUBALMM KOMIUIEKCOB 33 CueT MOCTMKOBbIX OH-rpymm.

Kak nepsyio craguio xatonHo#t monmMepusanmyu B pacTBOpaX MOXHO paccMaT—
PuBaTh BOSHMKHOBEHME NBYXbSANEPHbIX KOMIUIEKCOB, 06Da30BaHHBIX 3a cHeT 0&b—
CIMHEHUS OKTadNPUUECKNX (TeTPadIpUuecKuX) KOMIUIEKCOB 1O BeplUMHe, pebpy
w rpamn (cM. puc. 61). Huke mpusenens! cxempl oBpaszopanmsi IBYXbSNEPHBIX
KOMIITIEKCOB, pOJIb MOCTUKOB B KOTopbIX Mrpaior OH-rpynmb.

Jins koMnstekcoB kaTMonoB M2+

H 2+
[(H0)n-{M—OH]* + [H—O—M(OHZ)"J —

r H )
s ‘_(HZO)MM—O—M(OHZ)H.I J + H,0

MOH* + M2% — M, OH3+

Jlia KoMITiekcoB KatTMoHOB M3*

2+ 2+
/OH HZO\
(H20) oM + M(OHy),,- —
| n \OHL HO/ ( Z)n 2
H
N "
= | (H0)nMT SM(OHy)no|  + 2H;0
H
nim
M(OH)?* + M(OH)2* — My(OH)3*
Insi komivlekcoB kaTHonos M4+
OH 120 [H,0n_ 8
(H0)r MK, + HO—ZM(OHg)rs| —>
OH H, O

H 5
O

! H
- | (H20)p-sM——O——M(OH3)n-3 + 3H,0
~ -

\O/

H

M(OH)Z* + M(OH)¥* —» My(OH)5*

B IpMBeNeHHBIX IPUMEPAX NMMEPUBALNS TIPOUCXOIUT 3a CUET BIAMMOIEN CTBASA
OHR-rpynnbl onoro komilekca ¢ Mosekyioit HoyO npyroro ¢ oriienieHneM Momleky-
abl HoO n obpasopannem OH-moctnka.

Yucro OH-moctnroB B mumepe saBucut oT mpoutoctd cesizi O—H B koopau-
HUPOBAaHHOA MoJleKyJe Bonbl. QueBMIHO, 4YeM Bbllle 3apsil MOHA MeTaslla, TeM
npouHee cBsisb M0 un teMm 6onbme ocnabisiercst cBssb O—H B roopanHMpoBaH-
HOM MojleKyJie BOAbl. JTO HPUBOIWT K YBeindennio uncia OH-MocTiros W yBesn-
YeHHIO crellen rupposmsza. HanGonee tunmunble opMbl IBYXBSNEPHBIX KOMIIIEK-
COB B 3aBUCHMOCTH OT 3apsifia KOMIUIeKcooOpasoBaTesisi NpUBeNeHb! B Tabul. 24.

Ta6auua24. QopMul IBYXDSIIEPHBIX  I'MAPOKCOAKBAKOMILUIEKCOB

Hou merasng Komiexc Ipumepbt

M2+ My(OH)3* Cu,OH3*, BeyOH2*, ZnyOH3*, CdpOH3*, HgOHS,
Ni,OH3*, PbOH3*

Mae AL /O aMnmdt oo romdt ol At voramdt

N My{CH), Al(OH), , Inpy{OH)2 , Scp{(OH)z, Vo(OH)2
Cra(OH)4*, Fez(OH)g', COZ(OH)E'

4¢ 5 5 5+
M MZ(OH)g’ Th(OH)3*, Ce2(OH)3
AHanOTUHO MOKHO PAcCMATPHBATL OOPABOBSHNC MHOTCALEPHBIX IMIAPOKCO3KBa~

aTp ME 5,
KoMIlekcoB, Hanpumep, Tna Mg(OH)*, My(OH)}*, Mp(OH)Z>:

(H,0) 4 H
Ni (H,0) 4 Ni—O—N i (OHy)q
HO~" “\OH
| | HO OH
(H20) 4N N i(OHy)q
o~ (Hy0) 4 Ni—O—N i (OHy)s
H H
M3(OH)g* M4 (OR)i*
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(I)HQH o[H,H c[m,H OH,

RN e R

/}\O/I\O/I\O/l\

1o Tmo Hmo Yo
M,(OH);»

TMlpu olpepeneHHbIX ycnoBUsAX (BbiCokas Temieparypa WiM ToBblumerHbnt pH
pacTBopa) IOJMKOHAEHCALMS MOKeT IPUBOIMUTL K TIEPEXONy IMIPOKCONPON3BONHBIX
(Moctkn — OH-rpynnbl) B okconpousBogHbie (Moctuku — arombl O):

H H H
O /O\M/O\ -nH,0
M M —— 0—-M—O0—M—-0—
N N N

H H H

BIUIOTH 110 06pa30BaHUA CBOGONHBIX OKCHIOB.
To uto HasbiBaloT "ocHOBHOI cosblo” IpencraBisier coboil Mo CrpyKType Npome-
JKyTouHOE MEXNY ''HODMAJILHON COMBbIO" M TMIPOKCHAOM WIM OKCMIOM.

I'J1 AB A 6. PEAKOIUM C UBMEHEHHMEM CTENIEHEN
OKNCJIERUA 3JIEMEHTOB

§ 1. OKUCIUTEJbBHO-BOCCTAHOBUTENBHBIE PEAKIIUU

CreleHn OKUCIEHUA 3HMEMEHTOB M3MEHSIOTCA NPH OKMCIMTENIbHO-BOC—
CTAHOBUTEJIbHBIX peaknusax. M3MeHeHue CTeleHefl OKUCIEHUS DAEMEHTOB
NPOUCXOAMT 3a cYeT Hepexofa BAEKTPOHOB MJIM ATOMOB OT OZHMX JAaCTUL K
apyruM. HanpuMep, Hpu BbITECHEHMU NMHKOM MEIM U3 pacTBOpa €e COJNHU

CuSO4(p) + Zn(x) = Cu(k) + ZnSO4(p), AG,,, = —212 k/lxk

JJIEKTPOHBl OT aTOMOB IUHKA IepeXOoasiT K MOHAM Meau:

Cu?*(p) + Zn(x) = Cu(x) + Zn2?*(p)

Ipouece norepu gacTuieil HIeKTPOHOB HA3HIBAETCS 0XUCAeNUeA, a TIponece
NPUCOEMHEHNA BJIEKTPOHOB — B80CCMAKOGAeHUer. B peakuumsx 3T ABa
nponecca HPOTEKAOT OJAHOBPEMEHHO — OJHU YAaCTUNB OKMCIAIOTCA, ApYyTrae
BoccTaHaBAMBalOTesi.  Cllef0BAaTENIbHO, OKMCJIMTENbHO-BOCCTAHOBUTENIbHBIE
nponecchl NpecTaBiaAlOT cO60i €IUHCTBO ABYX HPOTHBONOIOKHBIX HpOmec—
coB. BemecTBa, nmpucoendHAIONME D1€KTPOHBI, Ha3BIBAIOTCA OKUCAUMEAS-
234

AU, & BEIECTBA, TEPSIONIME DJIEKTPOHBI, — 60ccmanosumersauu. B npuse-
nenHom npumepe Cu?* — okucauTenb, Zn — BOCCTAHOBUTEb:

Cu?* + 2e” = Cu; Zn — 2¢” = Zn?

B sTo0it peaknuy Menb HOHMKAET cTelleHb OKMCIEHMs, UMHK — MOBbILIAET.
2+ 0 0 2+
Cu — Cu Zn — Zn
B kadyectBe npMMepa OKMCJIMTENbHO-BOCCTAHOBUTENBHOW PpeaKIUU ¢
NEpEeXO0M ATOMOB MOXKHO PacCMOTPeTh CJAeAYIOmMii nponecc:

NO; (p) + HCIO (p) = NO; (p) + HCI (p)

MeroaoM MeYeHbIX ATOMOB YCTAHOBJIEHO, YTO 3Ta PEAKUMA OCYILECTBIISA-
ercsi 10 CAEAYIONEMY MEXaHU3MY:

O
+3 +1
NO; + HC10 — N...O—Cl| =
o |
H

+3 +35
N — N

O O + -1
a1 ol — | SNol| +nci
H

Kak BMAHO M3 NpuBefeHHOM cxeMbl, aToM Kucjopoia monekyasl HCIO
nepexoaut B cocraB NOj-#ona. B pesynsrate peakuun crenen» OKMCaeHMA

asora MOBHILIaeTcsA, a Xjiopa HoHWkaercs. B sroit peakmuu HCIO urpaer
posb okncaurens, a NO; — BoccTaHOBATENA.

TakuMm 06pa3oM, MOKHO AaTh cieylomee o606nEHHOe onpeleneHue
OKUCJIMTENAsA M BOCCTAHOBHUTENA: BELIECTBO, B COCTaB KOTOPOTO BXOAMT
JJIEMEHT, NOBLIIAIOMMIA CTeleHb OKMCIEHUA, HA3bIBAIOT 60CCMAKOBUMEAEN,
a Be[ecTBo, B COCTAB KOTOPOrO BXOAMT 3JJI€MEHT, NOHWIKAIOLIMN CTeleHb
OKMCJIEHMA, HAa3bIBAIOT okucaumesen. [JoHM*KEHne U NOBHILIEHUE CTEHEHNU
OKUCJIEHUA 3JIEMEHTOB HPOMCXOAAT OJHOBPEMEHHO U OOGYCJIOBAMBAIOT ApYT
Apyra. )
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HEHHI/I
AHOBUTEJIbHBIX PEAKIINI

Il pUMEHSIOT /1BA METO/Ia COCTABJEHUR yPABHEHMH /U5t PEAKIHM OKHMCTIE-
HUR — BoccTaHOBJaeHMA. OAUH U3 METOJOB OCHOBAH HAa MCIOJIB30OBAHUM
crereHeil okHceHnsi. [IOBBIICHUE CTENEHN OKHMCJEHHA ¥ OJHOTO DIIeMEHTa
M ee NOHWKEHHME y JPyFrOro D/AEMEeHTa NpoucxoAmT ojHospeMenHo. Tak,
Py B3aMMOJEHCTBUM aJIOMHHUS U Cephi

+3 -2

Al + S — AlS;
CTENIeHb OKMCJICHUA ATIOMUHAA MOBBULACTCA HA 3 eJAMHNUb!

2y

el n
(o — U =)

So
T+

-
1 —r
a CTelleHb OKUCJACHUS cepb; IHHOHMKACTCA Ha 2 eJIUHHIL
N 4
S—S (=2 —0=-2)

Yro6pl mocTaBUTL KOI(PEOUIHMCHTE B YPABHCHMU PEAKIMUN, HAA0 HARTH
KPATHOE /IR 4MCes, HOKA3blBAOIUX NOBBIUICRME W NOHUMKEHNE CTelcHed
OKHCJEHUA:

[ +3 -2
2A1 + 3S = 2A1 + 3§

Haiientsie Koo bUIHEHTH epeneceM B YPABHEHME DAk
2A1 + 3S = ALS;

PaccMoTpuM 6osiee CAIOMHYIO OKUCIUTENBHO-BOCCTAHOBUTEOIBHYIO Peak—
MIO:

+ 7 +2 v 2 + 3
KMnO, + FeSO, + H,SO4 — MuSO4 + Fey(SO4)s + KoSO4 + H0

B OPpUBEAEHHDBIX COCJUHEHUAX HIMEHAKT CTeleHb OKWCIeHMNA TOALKO

MADPAHRLII U Kenezo
MADPAHE M Keneso:
* 2

Mn — Mn|l

+ 2 + 8

Fe — Fe|b
KMnO4 — oxrumennrens, FeSO,; — poccranoButens. Ha 1 Moap atomos
Mn(VII) Tpe6yercs 5 moae aromos Fe(Il):
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+ 7 + + 2 +3
Mn + 5Fe = Mn + 5ke
Takum 06pasom, OCHOBHbIE KO3 PULUMEHTH ypaBHEeHUA — Kodddunmen-
TH IIPU OKHCAWTENe M BoccTaHoBurene — »ro 1 m 5. HywHO ommako,
y4ecTh, UTO B pe3yabTaTe peakumu obpasyerca Fe,(SO4)s, comepmammit 2
moutb atoMoB Fe(lll), mosromy ocnoBubie kKO3 GhUIHEHTH celyeT yIBOUT:

+ 7 +
Mn =& M 1] 2
+2
Fe — F 5110
+7 + 2 +3
2Mn  + IOFo = 2Mn + 10Fe

D w B

Haitaenable K09p@UIHERTH HOACTABAAIOT B yPABHEHUE PEAKIMU

+ 7 +2 + 2 +3
2KMnOy4 + 10FeSO,4 + HySO4 — 2MnSO4 + 5Fer(S04)3 +
+ K3504 + H.O

Ocranbubie k0dhOUUMERTH HAXOLAT NpH NoAcuyeTe GagaHca IAPyruX dne-
meHTOB (110Kka Gez H u O), B nannom cayvae aromos K u S:

Jance 110 6anaHcy ATOMOB BOAOPO/A ONpPEJesIoT YUCAO MOJAEH BOAHI:

2KMnO4 + 10FeSO, + 8HS0, = 2MnSO; + 5Fes(SO4)s +
+ KgSOzt + 8H,0

Jnst IpoBepKy UPaBHIIBHOCTH MOAOGPAHHBIX KO3(MEGUIMEHTOB TOCYATHIBA~
10T OajlaHC MOJEH ATOMOB KUCJIOPOJIA.
H()(K()Ubi\y pac(ManMBaLMdﬂ peakuMs IpOTeKaeT B BOJHOM DACTBOpE,

ee MOXKHO 11 ) vDABHOHMS,

MnOj + 5Fe?* 4 8H* = Mn?* + 5Fe® 4+ 4H,0

JIoBONIBHO WACTO COEIIHEHME, yYACTBYIOMICC B PEAKIMM, BHIIOJHAET HE
TOJMBLKO OKMCIUTENbHYIO MU BOCCTAHOBHTEIbHYIO PyHKIMIO, HO M CBA3bIBA—
€T NPOAYKTH PCAKIMH (CTENCHM OKMCICHHMSA DJIEMEHTOB HE M3MEHSIOTCS).
Hanpumep, npu BOCCTAHOBIGHMH OueHb pAa3GABIEHHOH a30THON KHCJIOTHI
OPOIIKOM NHUHKA
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+ 5 +2 -3
4Zn + HNOg + 9HNO, = 4Zn(NO3), + NH,NOg + 3H;0

0 + 2
Zn — Zn |84
+ 5 -3
N — N 241
+5 +2 -3
4Zn 4+ N= 4Zn + N

1 Mob MOJIEKYJl KMCJIOTH M3 AECATH, B3ATHIX AJIA peakuMH, pacXoayercs
Ha OKMCJIeHHe IMHKA, a OCTajJbHbE JEBATb — Ha CBsi3bIBaHUME 06pa3ylonmx-
csi B pe3y/ibTaTe peaKiMi MOHOB UMHKA MU aMMOHHSA.

TpuMepoM “peakliii, B KOTOpPO# BOCCTAHOBUTE]Ib WIpaeT TaKike pojb
cpenpl, ABIsieTcs B3auMojeitcTeue okcupa Mapraima (IV) ¢ xonmenTpupo-
BaHHON COJIAHONM KMCJIOTOM:

+ 4 -1 + 2 0
MnO, + 2HCI + 2HCI = MnCl, + Ci; + 2H,0

+ 4 + 2

Mn — Mn [2]1

2G1 = &1,]21
Mn + 2CI = Mn + Cl

Honno-3/1eKTpORALIE MeTofi. OHHO-3/IEKTPOHHMI METOJi COCTABJICHHUs
YpaBHEHMI OKMCJIMTENbHO-BOCCTAHOBUTE/NbHLX peaKklUid pUMEHsSeTCA ANA
HMOHHBLIX OKMCJIMTEJbHO~BOCCTAHOBUTEIbHBIX HMPOIECCOB M OCHOBaH Ha COC-
TaB/ICHAM YaCTHBIX YPaBHEHMH peaklMil BOCCTAHOBIGHNHs HOHOB (MOJIeKyT)
OKHMC/IATENIsi W OKHMCJIeHWA WMOHOB (MOJIEKY/) — BOCCTAHOBUTE/A c IOcie~
NYIOIMM CyMMHUpOBaHMeM MX B obmee ypaBHeHue. Jlis 3Toro HeoOXoAuMO
COCTABUTE MOHHYIO cXeMmy peaxiiuu. He uamensiomuecsi B pe’ysnbraTe peak—
MM MOHBI B MOHHYIO cXeMY He BKJIIOYAlOTCA.

BepHeMcs k paHee pacCMOTpEHHOMY IIpUMeEpY:

KMnOy4 + FeSO4 + HySO4 — MnSO4 + Fey(SO4) + KySO4 + H0
Honnas cxema peakummu:
MnO; + Fe?* + H* — Mn?% + Fe?* + H,0
Kak puauM, uonbl Fe?* okucasiores B uousr Fed*, a mombr MnQj Boccra-
HaB/IMBAIOTCA [0 MOHOB Mn?'. YacTHoe ypaBHeHME OKMCJIEHMS MOHa

BOCCTAHOBUTEJISA
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Fe?* — e — Fed*
BOCCTaHOBMTENb-  OKMCIIGHHAs!
Hasi popMa dopmMa

MnOj; — Mn2*
Jns 6analca aTOMOB HEOOXONMMO AOGABHTH MOHB BOMOPOAA, 9TOOBI CBsi—
3aTh aTOMbl KMCJIOPOAa B BOAY
MnO; + 8H* — Mn?* + 4H,0

A5 OalaHca 3apsfioB, KpOMe TOTO, B JIeBOM YaCTH YPaBHEHUA HYIKHO
n06aBUTh 5 MO/ 37ekTpoHOB. TorAa yacTHOe ypaBHEHHME pEaKIUW BOCCTA—
HOBJIGHUS OKUCIUTENA Oyner

Mn- L 8H+ 1 oo — Mn2+ L AH_ N

MnO) + &H* 4+ 0e” = Mn** + 4H,0
OKMCTIEHHAS BOCCTAHOBUTENLHASN
......... ast BOCCTaHOBHTENbLHANR
$opma dopma

Mpu sblBOAE OOINEro ypaBHEHMS DEaKUMH HUACTHblE YPAaBHEHMS HaAO0
TMOMHOXKMUTb Ha Takue KO3(P(PUIMEHTH, YTOOHl UMCJIO MOJEl HOTepsAHHBIX
3JIEKTPOHOB CTAJI0 PaBHO YMC/Y [ pUOGPETEeHHbIX:

Fe2* — ¢- = Fe?* 5

MnO; + 8H* + 5e” = Mn2* + 4H,0|1

IIpoBepka NMpPaRUTLHOCTH CcOCTARNEHHOrO

Ganancy aTOMOB U 3apsJOB B OOIIEM ypaBHEHHUN:

MnOj + 5Fe?* + 8H* = Mn?* + 5Fe3* + 4H,0

Ecnu B kavuecTBe cpefbi B3sTa cepHasi KHCJIOTa, TO YpaBHEHME peaKiyay
MOXKHO 3alycaTh:
2KMnOy4 + 10FeSO4 + 8H,504 = 2MnS0O,4 + 5F62(504)3 +
+ K,S04 + 8H,0
THEN OKHCHATENLHO-BOCCTAHOBHTONLANX peakmmit. Pasnuualor Tpu

THlla PEAKIMI OKIUC/IEHNA — BOCCTAHOBJICHUSA.
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1. OKMCIUTENLHO-BOCCTAHOBUTEIbHbIE PEaKLMH, [IPH KOTOPBIX MSMEHA-
JOT CTeNeHb OKMCJEHHUA ATOMBl 3JIeMEHTOB, BXOMSMIIMX B COCTAB Pa3HbIX
pelecTs. JIerko 3aMeTUTh, YTO BhILIENPUBEJEHHbIE PEAKLIUHU OTHOCATCA K
3ITOMY THNY PeaKuuii.

2. Peakuuy OKMCIMTEIBHO-BOCCTAHOBUTENLHOrO pacmajia BeIecTB, NMpU
KOTOPBIX CTElleHW OKUCIICHUsS] UBMEHTIOT aTOMBI Pa3HBIX 3JIOMEHTOB OJJHOIO
M Toro xe pemectsa. IIo TakOoMy MexaHU3My NpPOTEKAlOT PEaKLuM TepMHU-
YECKOTO pasiloieHus1 cOeJUHeHUl, HanpuMep:

+5-2 -1 0
2KCI103 = 2KClI + 30,

5 -1
I — cll2
-2 0
20 — 0,|3
-2 =1 [
+ 60 =2CI + 30,

3. Peakuyu caMOOKMCIEHMA — CaMOBOCCTAHOBJIEHMs, IPU KOTOPBIX
CTENeHb OKMCJICHUS OLHOTO M TOFO K€ 3JEeMEHTa M MOBBILIAeTCA, M IOHM-
saerca. JIODOGHEE peaKiMy HA3LIBAIOT €Ie PeaKUUAMU JUCTPONOPYUONU-
posanus. TlpuMepoM mpoliecca MOZOGHONO POJla MOKET CJIYIKMTb PeaKLMA
B3aMMO/ECTBAA XJI0pa CO MIEIOYLIO:

0 -1 +5
3Cl; + 6KOH = 5KCI + KCIOs + 3H,0

5
0 ¥5 !
3Cl, = Cl + 5C1

=
2
S
ol
D
»
g
=
=

ICTYIIAET U KaK OKUCIMTENb, U KaK BOCCTaHO-

BUTEJIb.

§ 3. HAITIPABJIEHUME OKUCJIUTEJbHO-
BOCCTAHOBUTEJbHBIX PEAKIIMA

O HanpaBleHMUd OKMCIUTENbHO-BOCCTAHOBUTEJbHLIX PpEaKLUil MOMXKHO
cyauTh no u3MeHeHuio dHepruy ['n66ca cucremei. Kpome toro, ana komu-
YECTBEHHOU XapaKTepPUCTUKH OKMCIATEIbHO-BOCCTAHOBUTEILHON aKTHBHOC-
TU BelEeCTB, HaXOJSIUIMXCA B PAcTBOPAX MJM CONpUKacalollMXcA ¢ HUMH,
HCIIOJIb3YIOTCA TaK Ha3blBaeMble 3/¢e1cmpoduue UIU OKUCAUMEABHO-BOCCINA~
HOBUMEADPHBIE NOMENYUAADBL P.
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Bhipaxkaerca ypaBHeHueM* —AG = nFyp, rIe n — KONMYECTBO BEIlecTBa
(Monb), NepefaBaeMOro B IpoLecce 57eKTPOHOB; F — nocrosinHaa Da-
pajes.

CymHOCT, BOSHMKHOBEHMS 3JIGKTPOAHOTO HOTEHHMAda 3aKJIYaeTca B
crenyiomeM. Ecnn nnactuHky meranna M morpysuTh B pacTBOp, cOmepkKa-
M ero MOHBI

M7 (p) + ne” === M(k)

TO MEXAYy MeTaJlJiIoM M pPacTBOpOM BO3HMKHET pa3HOCTb IMOTEHLUAJIOB,
Ha3bIBaeMas 9/ze1cmpodm,uu NOMEHYUAROAL. Jrta Pa3HOCTL 3aBUCUT OT NpU-—
bl MeTajlJla 1 KOHUSHTpauu1 (TO'{Hee aKTVlBHOCTV() HWOHOB B pacTBOpe, a

CraBfapTanil 3/1eKTPOAHNNA moTeHmmMan. [1s peakiuu, npoTeKamoreil
B CTAHJAPTHBIX YCJIOBMSAX, CBA3b SHepruu ['m66ca M 3JIEKTPOJHOTO MOTEH-
[MaJ1a BLIPAKAETCA YPAaBHOHUEM

C—=AG =nFp°.

Benuuuny ¢° HasblBalOT cmandapmusia 3aexmpoousia (oxUCAUMERBHO-
B0CCTNANOGUMEABHBLAL) NOMEHYUAA0A. SHAYCHUA CTAHAAPTHOTO 3IJTEKTPOI-
HoOro noTennyuana (kak u A G’) pacTBOpeHHEIX BEIIECTB OTHOCAT K PacTBO-
paM ¢ KOHueHTpanueil 1 mMoab/a, a ana razoobpasueix BemecTs — &k 101325
Ila. B kayecTBe cTaHAapTHON NpUHMMAaOT Temneparypy 25°C.

3HaueHMA DJNEKTPOAHBIX (OKMCIMTENLHO-BOCCTAHOBUTEIbHBIX) MOTeH-
L1AJI0B OGBLIYHO GEpYTCs OTHOCUTENBLHO CHUCTEMBI
=0

H*(p) + & == 1/,Hy(r), AGj,,

Tak kak AG®

7,208, HY(p) =0u AG

1,208, Ho(r) = 0, cTaHAAPTHBIA MOTeHNM A

‘o BTOR cmeTeMbl ¢no, = 0 (kak m AG®). Ora cucTeMa HasbiBaeTcA 6000pod-

HBLAL 3AEKTRP 000

Bogoposbiit 9MeKTpOL MPEAcTaBNAET COBOM NIATUHOBYIO MUIACTUHKY, MOKPHITYIO
‘d:“ TOHKUM CJIOEM DBIXJIO/ MOPUCTON MJIATHHBI (1A YBeJM4eHNA MOBEPXHOCTH OJIEKTPO~
' Ia) M ONYNIEHHYIO B BONHBIA DACTBOP CepHOM KMCIOTHI (¢ aKTMBHOCTBIO MoHOB HY,
paBHbIt enuEMie) (puc. 121). Yepes pacTBOp CepHOM KMGIOTHI MpOMYCKAOT
BOJIOpOJ TMOA aTMOC(EPHRIM NaBlleHMeM. YacTh NMOMIOMEHHOTO IVIATMHOM BOAOpONa
TIepeXOAUT B AaTOMHOE COCTOAHME, [09TOMY B HOBEDXHOCTHOM CJ10€ IIACTHHB

*~AG (Jx) = 96485 nE (B).
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) 4
a 25 5 i KOTOPHIX dk CranpapTHele NOTEHLHANb HEKOTOPHIX

Ta6nuua 25 Craupgapruvie SneKTpofHble MOTEHHMANB (,,, He
OKUCITUTENIBHO-BOCCTAH OBUTENILHBIX
OKVCNTELHO-BOCCTAHOBUTEIILHEIX CACTEM B BOJHLIX PacTBODaX cucTeM TpMBeneHsl B Tabi. 25. B pamy
" npuBeleHHbIX cucTeM yObiBaloIee 3Ha-
Oxucnennas popma Yuero BoccranoBiennas| @, .., B % YeHHMe OTPMIATEILHOTO NOTeHIMata H
OTEKTPOHOB Popma j BOBPACTAIOLICe BHAYCUHC MOOKUTEILUO
{ TO INOTeHHMajla OTBEYaloT MaJeHuIo
Li* le Li 3.0 i BOCCTAHOBMTENLHO# M POCTY OKUCIU-
Ca2* 2 Ca 287 " TenpHol criocoGHocTi. Hanpumep, cpas-
Nat le Na 271 | HeHMe cTaHJAPTHBIX NOTEHUMANOB CHC-
H, 2¢ 2H" 2,28 TeMbl
AR 3e Al -1,66 Fal 9¢ = 9F- > _987TB
o(r) + 2¢ (P), ¥% »
Mn2* 2¢ Mn -1,18 e
Zn2* 2¢ Zn -0,76 Ha(r) + 2¢7 = 2H'(p), #30s = =220 B p, 0 191 Cxema BOIOPOIHOTO
FeZ* 2¢ Fe 0,44 " BIEKTPOJIA
cdz+ . 2 cd 20.40 ' TOKashHBaeT, 4To0 y Mosekyn F, cunpHO
Zn2t 9 Zn 0.14 ; Bbip@KeHa OKMCTMTONIbHARA TOHIEHUMA, a y MOoHOB H™ — BOCCTaHOBUTENL-
Pb2+ 2¢ Pb 20,13 g mat
2H* e H, 0.00 & B cooreercTeuu co sHaueHmamu ¢° wHHK (@, = —0,76 B) — Gonee
SO% + 2H* 2¢ S0%" + Hy0 0,22 Q’ CHILHBIA BOCCTAHOBUTENb, YeM Menb (p,4, = +0,34 B), u, cesosarensHo,
- i
Cu?+ 2¢ Cu 0,34 4! 6ymeT BLITECHATH ee U3 PacTBOPOB, cofepikamux uoner Cult:
I 2¢ P 0,54 ;
Fed* le Fe2* 0,77 Zn(k) + Cu?(p) = Cu(x) + Zn2*(p)
Ag* le Ag 0,80
Hg?* 2¢ He 0,85 & Xa0p (9595 = +1,36 B) — Gosree cumbHbIA OkMeaMTENL, YeM 6poM (5., =
NO; + 4H* 3¢ NO '+ 2H,0 0,06 ‘ :
= +1,07 B), u, cremosaressHO, 6yaeT BLITECHATL GPOM M3 PpacTBODOB,
Br; 2e 2Br” 1,07 &' copepacanux uonnr Bro:
MnO; + 4H* 2¢ Mn2* + 2H,0 1,23 ‘ : . }
Cr,0% + 14H* 6e 208 + TH0 1,33 : 1/:Cly(r) + Br(p) = !/:Bry(r) + CI'(p)
Ch 2 201 1.36 i ITo 3HAaYeHUAM OKMCIATENBHO-BOCCTAHOBUTEIBHEIX IOTEHIMATIOB MOKHO
ClO; + 6H* e QI + 3H,0 1.45 '\ CYAUTh O HampaBleHUu M 6Ojiee CIOKHBIX OKUCIUTEIbHO-BOCCTaHOBUTENb—
3 © HBIX TIpolieccoB. Hanmpumep, nna peakuuu
MnO; + 8H* 5¢ Mn?* + 4H,0 1,51 S
MnOj + 4H* 3¢ MnO; + 2H,0 1,68 ) MuO;j + 5Fe? + 8H* = Mn?* + 5Fe® + 4H,0
F 2% . 9F- 2,87 HOTEHLMAIE! YacTHBHIX peaKUuil UMelOT c/eLyIoNie SHaYeH A"
" N Oxucnendas BoccraHoBeHHast CraHnapTHHIT
ycranapnusaercst papHoBecue !fo;H, ¥= H, a Ha rpaHume ImaTMHI U pacTBopa dopMa dopma TOTeHIUAT
cepHo¥t KucI0TH — paBHosecue H(r) ¥= H*(p) + €, 1.e. cyMMapHo B
MnOj; + 8H* 4+ 5 = Mn?* + 4H,0 1,51 B
1/oHy(r) == H*(p) + € : Fed*+ e = Fe?* 0,77 B
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Kak BUMM, CTAHAAPTHBI DACKTPOANLIT TOTCRIIIAN I UepBOU CHUCTE-
MBI BBIOIE, HOM JAJ5 BTODOH. CAC/URATONHHO [IPH KOHTARTE nepBas cucere-
Ma BHICTYIIHT B KA'ECTBE OKUCAATENS, BTORAS = B KAlCCTBE BOCCTAHOBATE-
. HBIMY c10BaMM, ACPBAast PCAKIHA NPOTERaeT ¢j10sa HAlpaBo, BTOpat —
CipaBa HATeBO, T.e. HOHEL Fe?* oKueasiores a0 wonos Fed® a uonnt MnO;

BOC B
DJICKTPOJIHBIE IIOTEHLUANBL He HBAAKTCSA 11eH3MeIHbIMI Onu 3aBUCAT
OT COOTHOMIEHHs KOHIeHTpaini “yHee aKTUBHOCTEH) OKMCIeHHOW ¢

bopM Ben

i gopM BO
pacteoputens, pH ecpens u gp.

3aBUCUMOCTE WIEKTPOJAHOTO HOTEHIMANIA OT KOHIEHTPALMA OKMCJIEHHOR
W BOCCTAHOBJIGHHON (DOPM M TEMICPATYPHE BHIPAKACTCA Ypaouenues Hepue-
ma:

©CTBA, 2 TAKME OT TEeMUEPATYDD,

=" 4+ gil_lll
p=v nfk

o
ot

HJin

BT\, o

(goce;
rae ¢° — CTAHJADTHLI DACKTPOAHBIH noteHudan nporecca: B — Moasiptias

rasoBag NOCTOAHHAA; T — abcosiornay TeMIODATYPA, 7 -~ WHCJIO MOTeH
TPOHOB, F == HOCTOAHH

IePEABAGMbIX B J@MCHTAPIOM NPciecrs DK
Dapanes; Coxuen ¥ Cpocer — KOHIEHTPALY OKUCACHIONR W BOC
hOopM pearcHToB (T U Y — KOI(PHENENTb 8 yPasiCHni Peaknui).

Jlaa 298 K (25°C) noc/ie HojcTaROBKY 3IATCHUMA NOCTONTIHBIX BeHUTHH
2] Q21 Mo MK caaeyr 06 AR5 Kal vr

[R = 8,31 Ia/(K-moun), ] 135 Ka yp

ABOBICHHOL

0,000

MnO; + 8H* + 507 = Mu? + 41,0
MOXKHO 3amucarb

0.059

5

@ = 1)51 -+ 1;’,

\
UMest B BH/Y, YTO KOHUEHTDAUMUA BOZBl —— BOJIUUHHA NOCTOAHHAA. ]_lJIf{

CTARNAPTHHX yeroBMiA. T.e. korga [MnO;] = {Mn?'] = [II'] = 1 moas/x.

p=¢ =151B.
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§ 4. XUMHYECKHE NCTOYHUKIL TOKA

Ecsiv npocTpAHCTBEHHO Pas/e/iuTh IPONECe OKUCJeHUs BOCCTAHOBUTEJIA
M NpoLecc BOCCTAHOBICHUA OKMUCAMTENSA, MOKHO MOJIYUIUTH JMEKTPUYOCKUI
TOK. B 9TOM ¢ilyyae OKHCIUTONBHO-BOCCTAHOBUTEILHEIC PEAKIMU OCYIHECT~
BJAIOTCA Ha NIEKTPOAaX, a XMMHUUYECKasd JHEPTHs HenocpecTBEHHO MPeB-
paulaercst B 3JeKTpUUeckylo. TeopeTuieckn Ina NOJYIeHUs IeKTpUYec-
KOW 3JHEPrUU MOXKHO NDHUMEHUTH JTI00YI0 OKHCAWTeNBHO-BOC ¢ TAH OBUTEI b
HYIO PeaKIjuio.

PaccMOTpUM mosiydeHMe TOKA 3a CHET CICAYIOnell maphl OKUCIUTEIBHO-
BOCCTAHOBUTEJILHBLIX CHCTEM:

Oxuesentiast  Bocetuiosnenian CTaHRapTHBII

hopna bopMa TOTeH N AT
n?t + 2¢ = 7n -0,76 B
Cu?r  2¢e = Cu + 0,34 B

CoracHo  3HaYeHUWsIM  CTAHJIAPTHLX MOTeHmUAdoR cucrteMa Cn2' 4+
+ 2¢- == Cu 1o otHowennio k cnereme Zn?t 4 207 = 7Zn OKUCIATESEM,
T.e. TPU UX KOHTAKTE HIEKTPOHBI OYAYT nepexoants of Zn k nonam Cu?*:

Zn + Ca?t = 7Zn? 4 Cn

2e”

Oxuncnerne Zn 1 Boceranopienue (2* MORFKO OCYLICCTBUTL HA BIEKT-
poax 1aawsanuveckoro dacuenma (puc. 122)) KoTopelil B JaHHOM caydae
COCTOUT M3 HUHKOBOTO ¥ MEJIROTO 3MEKTNO/IOB, TMOTDYHEHHBIX B DACTBODHI

coorsercTBeHO ZnSO,; u CuSO,;. Cocyapl ¢ pacTsopaMu coepuuensr U-
06pazHoOit  TPyOKoM, 3alOTHEHHOH KaKMM-THO0 971eKTpouToM. Korga
COSIMHAIOT IGKTPOABl METAINIECKUM [IPOBOJHUKOM, HAYMHAETCS OKUC-
JINTEJNBHO-BOCCTAHOBHTENLHAA peakipist. Ha wuskosoM anexrpose (anoje)
HPOUCXOUT HOTEPA AIEKTPOHUB ~- OKHCJIEHHE HUHKA; HA ME/HOM 3JIEKTPO-
e (XaTo/1e) IPOUCX OAUT IPUCOEAMHEHUE JNEKTPOHOB — BOCCTaHOBJICHU® HOHOB
Meaun

ano: Zn — 2¢ = Zn**

waron: Un?* + 2¢” = Cu

cymmapro: Zn + Cu<t = Zn?* + Cu

2e°



Tonnubo + Oxucrumens

=%\ Apodyxme:
- ﬂ,aqulll
———

P nc. 122. Cxema rannBaHUYec- Puc. 123. Cxema TOIUIMBHOrO 9Jjle-
KOro oJleMeHTa MEeHTa

3a cuer OKMCIMTETBHO-BOCCTAHOBHTEIBHON PEaKiMy IO BHEIIHeH nenu
(MeTasIMYecKUi OPOBOMHMK) TEYET 3JJIEKTPMYECKUil TOK OT LMHKOBOTO
SJIEKTPOA K MeIHOMY, a IO BHYTPEHHeH Henu (TpybKa ¢ 3JeKTPOJOM)

apwiyrea Mol SO HMHKOBBIA 37K acTROpAETCHA, A

o IOCTENICHHO D
pOA OOCTEeNCHHC P

Ha MEQHOM BBIAEJIACTCH M
Pasunoctn OKMCJIY[TE.HLHO—BOCCT&HOBM’IQH])Hle IIOTEHIMAJIOB  4YaCTHbBIX

o
peakuuil ONpefeNAeT 3JIEKTPOIBUKYIIYIO CHIY (@, TalbBAHMIECKOTO 3716~

MEHTa M B paccMaTpMBaeMOM cJjydae:

o = goéu — ga%n = 0,34 — (-0,76) = 1,1 B.

[lpo6reMa npeobpasoBaHMA XWMHUYECKOH OHEPrUMM HENOCPENCTEeHHO
B BJCKTPUYECKYI0 — OJHA M3 aKTyalbHBLIX 3a1ad HayKu M TeXHMKH. B
HacToAmee BpeMs BefyTcsd LIMPOKHe MCCIeOBaHUA O HCIOTB30BAHMIO
OKMCJIUTE BHO-BOCCTAHOBUTEVILHBIX peaKnyil TOpeHMs TOIJIMBA B TaK Ha-
3LIBAEMBIX MONAUBHLIT dAeamenmar. B KadecTBe OKMCIAKIMMXCA BELIECTB

MOYKHO IPMMEHATb 06bYHOe TOIJIMBO — YIoJb, KOKC, NPpHUPOJHbIE M MC-
KyCCTBEHHBI€ [ODIOYMEe ra3bl, B KadecTBe OKMUCIMTENA — KHCIOPOL P83t
BO3IYX.

B TOIJIMBHBIX 5J1eMEHTaxX, Kak M B OOLIYHBIX FallbBAHMYECKUX, 3JIEKTPO~
CTAaHOBUTENL {monnuen) ¥ QKUCHU TeNlbh, DA3-
Abl, K KOTOPbIM NOAai0TCH BOCCTAHOBMTE/ib (TUIMAMEL, & A2t
NeleHB MOHOMPOBOAAMMM 3JIEKTPOIMTOM (KMCJIOTaMH M IIENOY9aMH, pac-
[JIaBJICHHBIMH COJIAMM M 1p.). DJIGKTPOJB B CJydae MpUMEHEHHA rasoo6-
pasHBIX NPOAyKTOB A8RaroT OOW4YHO M3 I 1opucTHX TPYOHOK M Ijac-
tua. Tok00BpasyomMil IpoNece COBEpIIAeTca Ha IpaHuie CONPHKOCHOBES-
HUA DIEKTPOJA C BJIEKTPOJIMTOM.
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[Ipuanun paGoTel TOIJIMBHOIO 3JIEMEHTA PACCMOTPUM HA APUMeEpe mie-
JIOUHOTO BOJIOPOJHO-KUCJIOPOAHOrO anemeHTa (puc. 123). B stom cayuae
MCIIOJIb3YeTCA OKMCJINTEBHO-BOCCTAHOBUTEIbHAA PeaKIua

2Hy(r) + O(r) = 2H,0(x), AG s = —4T4 kllx

OCyHIeCTBIIAeManA 4epe3 ciieAylnue NPOMEKYTOYHBIE CTa/(MK: HA KaToae
TPOUCXOTUAT NPUCOCIUHEHNE JJIEKTPOHOB — BOCCTAHOBJIEHME KMCJIOPOa; Ha
aHOJ€e MPOMCXOAUT II0TEePA 3JEKTPOHOB — OKMCJIEHME BOAOpoO/a:

anon: 2H, + 40H" — 4¢- = 4H,0; raton: O + 2H,0 + de- = 40H-

Bosnukaomme Ha aHOAe 3JIEKTPOHLI MO BHEIITHEH [eNyu 3JeMeHTa mepe-
x0AAT Kk karony, a moHsr OH™ nmepememaiorca B anexrtponurte or kaTona K
aHoxy. TakuM 06pasoM, B MTOre OCYMIECTBIAETCA OKMCINTENLHO-BOCCTAHO~
BuTenbHas peawmua 2H, + O, = 2H,0, sHeprusa xoropoit B manHoM ciry-
Hae BBIJIENACTCA He B BM/E TEIUIOTHI, a HENOCPEACTBEHHO IPEeBpamaercsa B

p=|
=

X
(R}

$dexTUBHON PaGOTH TONIMBHLIX 3JE€MEHTOB MCTOJNB3YIOT KATATM-
3aTOPHl, KOTOPHE HAHOCAT Ha 3JIEKTPOAM. [lJia BOAOPOLHOrO BJEKTPOja
KaTajlu3aTOPaMy ABJIAIOTCA IUIATUHOBBIE METAJJb, a [IJIA KMUCJIOPOIHOrO
3/IeKTPoja — cmerlaHHbie kaTanu3atopsl u3 Co u Al uan Fe, Mn u Ag.

Bricokuit koahbuUnMenT 1enonp30BaHyA TOWIMER, HelpPepHBHOCT Aeii-
CTBUA M Jpyrue IpeuMYIEecTBa OTKPBIBAIOT MEpej, TOIJIMBELMMU 3JEMEHTa-
MM NEPCHEeKTHBbI HIMPOKOrO MCIIOJNb30BaHUA. TONMJIMBHBIE 3JE€MEHTH M-
NOJIB3YIOTCA B CIYTHUKAX M KOcMMYeckux kopabisax. OdeHp 3aMaH4MBO
TpUMeHEeHHMe TONJIMBHBIX BJIEMEHTOB BMECTO ABMIATeNeil BHYTPEHHEro cro-
paHuA Ha TPAHCIOpTE U T.A.



YACTb BTOPAA4
HEOPTAHUYECKAA XMMUA

Pazpenl
BeepexHne B XMMUIO aNeMeHTOB

Tombko NpH MOCPeACTBE TEOPUM BHaHMe, Clarasch B
CBA3BHOE [[€JI0e, CTAHOBUTCA HAy4HbIM SHAHHEM; cTpoit-
Hoe coefHeHre (PaKTUHECKOro SHAHKA ¢ Teopuen coc-
TaBiseT HAYKY.

A.M. Bymaepos

§ 1. TEOXMMUSA U KOCMOXUMMUA

CpenHee OTHOCUTENbHOE COZepXKaHue NaHHOro XMMMYECKOro 3JieMeHTa B
KaKOW-IMG0 MPHPOIHOH cvcTeMe (3BE3NIHI, Com{ev-maﬂ cHcTeMa, TJIaHeTHi)
Ha3bIBAETCA €ro paclpOCTPEHEHHOCTbIO MM xaapron ™. Conepxkanue sie-
MEHTOR OGbIYHO BHIpAJKAIOT B MAcCOBBIX MJIM aTOMHBIX 014X, B NpOLEeHTaX.

Xumugeckuil cOCTaB, 3aKOHOMEPHOCTH PACTPOCTPAHEHUA 1 PacIpesene-
HYA 37EMEHTOB Ha 3eMie M3ydaeT teoTuaus. 3ajauu STOH HayKH ONpesne-
ana B.M. BepHaickuil, KOTOpBI paccMaTpuBajl €e Kak Hayky 06 ucTropum
aTOMOB 3eMiy, KaK 4acTh KOCMU4ECcKOH XHUMMH. JlasibHeiilllee pa3BuTHE
FeOXMMIM TecHo cBasaHo ¢ paboramu A.E. ®épemana, B.M. Toappmmuara,
A.Tl. BuHorpazioBa u Ap.

PacnpocTpaHeHHOCTh M [eHe3uc XMMUYecKHX 3J1eMEeHTOB B KOCMoCe
M3ydaeT xocaoTuMus. Pe3ynbTaThi IeOXMMUHECKUX uccsieoBaHui ncnomi;
3ylOTCA JJiA OGBACHEHM MONyYaeMbiX cBeeHMil 0 KOCMMYECKUX Tesax.
cROIC CuEpEenb MaHHBIe KOCMOXWMMU NPUMEHAITCA /1A pelleHusi reoxuMu-

CBOIC C4epeAb LAaHHEe MOoxX

4YecKUX MpobieM.

*Haspanue npeiiokero A.E. @epcmaHoM B HECTh aMEPIKAHCK
®.V. Knapka, Berucimupliero B 1889 r. pacnpocrpaieHHOCTh MHOTHX xuuuqeclmx
2JIeMEHTOB B 3€MHOM KOpe.
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.r"‘," cynbbunubie ¥ cynbdaTHbie MuUHepa-

Iflayqeﬂne X¥MUYECKOr'o cocTaBa 3Be3]], IJIaHeT, 'I'yMaHHOCTeI/[ B OCHOB-

8HAJIM30M, HanpuMep, 61 o6HapyxeH siieMeHT renuit Ha CoJsiHie (1868) u
b coycrs 27 jleT OH 6biy Haiiged Ha 3emie. C NOMOLBIO CNEKTPAILHO-
rO aHA/IM3a ONpe/eIeH COCTaB JAATeKMX KOCMMYECKHMX TeJl.

HermiounTe/IbHO LeHHYI0 HayuHYI0 uHGOpMaunmio o PpUBMKO-XMMUUEC—
KOM XapaKTepe M coctaBe aTMocdepbl Apyrux IJIaHeT Aal0T aBTOMaTHyec-
kue Kocmudeckue craHuuu. MccmenoBaHus AyHHBIX NOPOJ, B YaCTHOCTH,
ABJAAKOTCHA OCHOBONOJIAlralOUIMMM [JIA Pa3BUTUA CEAEHOTUAMUU.

§ 2. XMMUYECKHUE DJIEMEHTHI B 3EMHO!1 KOPE

XapakTep pacnpocTPaHeHusl 3JEMEHTOB B 3eMHOI KOpe CXOJEH ¢ Xapak-
TEpOM MX KOCMMYecKoil pacmpocrpaHeHHocT# (cM. puc. 1). B cocras sem-
HO# KOpbI BXOAAT 88 xuMudyeckux siaemeHToB (Tabn. 26).

[IpakTiyecky OTCYTCTBYIOT KODOTKOXKMBYIIME TEXHeLMil, poMeTHuii,
actar, dbpaHUuMil ¥ TpaHcypaHoBbie areMeHTbi. OCHOBHBIMH B 3€MHOIf Kope
ABJAIOTCA BOCEMb 3J1EMEHTOB: KUCJIOPOJ, KPEMHMIi, AlIOMMHUA, HaTpHIi,
#eJies0, KaJlbLyii, Martwii, kanuit (puc. 124). Wix obmee comepskanue B

3eMHOII Kope cocTaBnser okoio 94,5%

(Mon. monm) mmm 98,5% (mac. nomu).
¢ 3a HuMu caepyior TuTaH, ocdop,
Boziopoy|, Maprader. CocTaB OCTaJbHBLIX
© (0.5.) snemento menbure 0,6% (Mac.
y  ROIH).

B BeMHoi1 kope npeo6aagalOT Kuc-
Il nmopommble coemuHeHMs, M3 KOTOPbIX
¢+ Hambosiee paclpOCTPaHEeHbl CMJIMKAThi,
4 €JaraiomMe Bce riaBHeilliye TOpHbIE
! HOpOZBI. 3aMETHO MeHee paclpocTpa-
N‘f HeHbl KapO6OHaThl, eme MeHblle —

P u c. 124. PacnpocrpaHenne XuMu-
YECKMX OJIEMEHTOB B 3EMHOI KOpe

Abi. Pag  snemedToB BeTpeuaerca B
fipupose B BHIe NpOCTHIX BelIecTB B
.f!‘&MOpOL[\HOM cocrosiuuu. B Tabm. 27 nokasaHbl HauGoJsiee 4YacTO BCTpe-
lajommpecst (GOpPMBI CyLIECTBOBAHUA JJIEMEHTOB Ha 3eMire.

B 3aBMcMMOCTM OT XMMM4ecKON NpPUPONBI 3/1E€MEHT MOKeT JUu60 MMeThb
coéc-rsenﬂme Mm{epanm, au6o comyTcTBOBaTh ApyruM sieMenTtaM. [eoxu-

PaBHOMEPHOCTb PaclpOCTPAHEHMA B 3EMHON uopeA Takue smeMeHTH Hasbi—
BalOT paccesunbiuu. PacnpocTpaHeHHOCT B 3eMHOM KOpe M HMCIO0 pa3HO-
BunHOCTel O6pa3yeMbix 3/1€MEHTOM MMHEpAJOB B NIPAMOI CBA3K HE HAXO-
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Ta6nuua 26. PacIpocTPaHEHHOCTh YIEMEHTOB B 3eMHOH Kope| (uo A.Il. Busiorpasosy) *
H He
0,15 ]4,6-1074
3,0
Li Be B C N ¢} F Ne
6,5-1079 6-1074 3:10¢ 0,1 1-10°2 | 47,2 [2,7-1072}1,6- 103
1,9-10721,2-1073 6-10"4| 0,15 |2,5-1072| 58,0 ]2,8-10°2
Na Mg Al Si P S Cl Ar
2,64 2,1 8,80 27,6 81072 | 5-10"2 (4,5-1072 0,98
24 2,0 6,6 20,0 {5-102 |3-102 |2,6-1072| 4-1076
K Ca Sc Ti \Y Cr Mn Fe Co ) Ni Cu Zn Ga Ge As Se Br Kr
2,6 3,6 6-104] 0,65 |1,5-102| 2-10°2] 9-102| §,1 3-10°3 8:103 [ 1102 51073 |15-107%| 7-10¢ | 5-10°4 | 6-105 |1,6-1074| 1- 1074
1,4 2,0 310 0,25 [6-107 | 8-103{3,2-102} 2,0 | 15-1078 32-107%13,6-1079 1,5-10°%) 4-107 | 2-107¢ |1,5-104| 1,5-1074]1,5-10°5] 4-10°5
Rb | S Y Zr Nb | Mo Tc Ru | Rh M Pb Ag | Cd | In Su | Sb Te I Xe
3,1-102] 4-102| 2,8-10] 2-10°2 | 1-107% | 3-10° 51077 | 1-107 0 L0108 | 5010°F | 141075 | 4-10°0 1410 | 1410 | 3-10°F | §-10°
7.10% | 1-10°2| 2,6-104 4-103 | 2-10°4| 61075 1-10°7] 1,7-10°8 16107 1,6-10°9 7,6-10°8| 15106 | 7-10°4 | 5-10°C [1,3-10°7 | 4-10°6
Cs Ba La | Hf Ta | W Re Os Ir o Pt Au | Hg | T Pb Bi Po At Rn
7.1044 | 5-102 | 1,8-10°9 3,2-104 3,2-1079 1-10¢| 1-10°7| 5-10°6} 1-107 S 51077 | 5-1077[7-10°6 | 3-10 |1,6-10"%) 2-10°5 [2-10714 7-10716
b 5-109|5,7-109 2,5-104  5-10°5| 1,8-10°5] 1-10°% {8,5-10°9| 5-10°77 | 8,5-10°9 5-108 | 5-10% 17-10°7 | 3-105 [1,6-1074|1,7-1076 [2-10715
Fr Ra Ac Ku Ns
1-10719 6-10710 :
5.10‘15
JlanTaHOMIBE Ce Pr Nd Pm Sm Eu Gd_ Tb Dy Ho Er Tm Yb Lu
45-10°3|7,4-1073|2,5-10°3 7-104 | 1,2-107 1109 11,5-10445-104(1,3- 104 | 4-10 | 8-10% |3-104 |1-10°¢
6104 |9-105 [3,5-107 9-10°5 | 1,8-10°5 1-1071 | 1-10°5 | 5-10° [5-10°6 | 5.105 [8-10°6 |3-105 |1-10°8
AKTHHOMIBI Th Pa U Np Pu Am N Cm Bk Ct ‘Es Fm Md (No) (Lr)
8-1074 |1-10°10 | 3-107¢ 1-10715 ’ ’
7-10°5 |8-10712 | 2-10°8 7-10°7

*
BepxHue ]_U/[¢pbl - MaccoBble A0ONM, HUKHUE - MOIAPHBIE N0 BJIeMEHTOB.




Bemne

Ta6nuua?i. opMsl cyriecTsoBaHIA 271EMEHTOB Ha

gaTeA. OveHb 1acTo M3 ALYX DICMCHITOB MCHEE PACHPOCTPAHEHHBINR 06pasy-
N - . 'S < er GOJbIIee YHCAO PasHOBMAHGCICH munepanoB. Tak, py6upmit [0,007%
7 z < ™~ » (MOJI. J10y11)] COGCTBEHHLIX MUHEPATOB LIPAKTUYECKH HE UMEET M ABJIACTCA
- ~ - PacCesHHLIM WIEMEHTOM. B TO e BpuMa ¢paBHHTENBHO MEHee paciipoct-
oo é &) @ - pauneHHaA Meab [0,0036% (mon. gonu)] o6pasyeT pasHOOGpasHbie COGCTBEH-
L ° 1943 00T ] HBbIe MHUHEpaJIbl, a TMOITOMY K PACCEAHHLIM 3JIeMEHTaM HE OTHOCHMTCA.
21, ° @ B 3eMHOI KOpe NOCTOAHHO IPOUCXOAMT MHOPHE XMMUYECKHME TPOLECCHI.
] ; ©n ©n = Pazo6parbcs B HUX — BHAYUT MOHATH, Kak 00pasyloTCd MUHEpPAJbl, TOPHble
g : 2l . - _ HOPOAB M pYAb, B KAKHX YCJIOBUAX CHU (POPMHUDYIOTCA. DTO, B CBOIO
g 5 EE n.é*;. < 7] ] ouepeslb, TO3BOJAET OlPeJe/IUTh HaMbOJIee BEPOATHHIC PAacIOJIONEeHN A
E\ z i MECTOPOXKIEHMI TONE3HBIX HCKONAGMBIX.
I~ 1 1
gl R =
::Z « ’S - I'JT1 ABA 2 ITPOCTHE BEHIECTBA
me | o5 E =
8 - - o § 1. CTPYKTYPA NPOCTHIX BEHIECTB
N o =
Coveranue aToOMOB OJHOrO U TOTO K€ HIGMEHTA ecTh RPOCMOE Beu,ecm-
3 E:“ l:i 60. B 3aBHCHMOCTH OT THHD XHMMYECKROH (BA3IM MOKIY ATOMaMM IPOCTbI®
BelyccTea M()['y']' 6]3]']‘1) AETHAARAMU U HERACTNAALAAUU, ,TIJU{ MEeTaJ1JIOB XapaK-
z = * TEPHA MOT&IMMecKas CBSAL, [ HEMOTALIOB — KoBalleHTHaA. Pezkoro
A - pa3Jm‘mx Mem:l,y MEeTAMNUICCIIMY M HIEMPATWI TITTCCKUMU HPO('T])]MM B~
° X '3 mecTBaMy Het. K MeTalliaM 1HpHMEIKAI0T METAINONOAOOHBE HPpOCTHe Beme-
© ] - [CTBA, K HEMETAITaM ~— HeMETAMICTOA00NbIE.
T e « " ODMH U TOT XKC BICMEHT MOKET 00PABOBHBATE HOCKOJLKO DPA3HBIX TU-
& l !; =} OB NPOCTHIX BEIUECTB, HASHIBACMBIX d4.loMponustal aoduduxanusuu.
= ° HO CBLILIG 3 HOCTel [pOCTBHIX BE TB. SiBiieHse adjio-
= B ITPOHUM MOXKOT OBITh OO0YCHOBNEHO NU60 PABIUHHBIM COCTABOM MOJIEKYI
_ {APOCTOro BelecTBa JIAHHOTO IeMeHTa (aazomponus cocmaea), JU60 cno-
3] ii E = = feoboM pasmewlenua Mosiekyd WIH atOMOB B KpHCcTAInax (aa20mponus
2 E s‘:‘gﬁopmu), Cnoco6HOCTh 3ICMEHTa K 0OPA3SOBAHMIO COOTBETCTBYIOUIMX AJI10~
> g = 3 E!'ponﬂux MoauduKanuil 06ycnOBIEeHA CTPOEHMEM aTOMa, KOTOpOe Ompe-
5 MenseT TUI XMMMUECKOH CES3M, CTDOSHME MOJOKYJ U KpMCTaNIOB.
Pl ] = % PaccMOTpUM [J1st TIpMMepa TUIIBL U CTPYKTYPY IpPOCTBIX BEUeCTB, 06pa-—
S OBaHHBIX 9JIeMEHTaMM TpeThero nepuoga. Tak, y p-snemenra VIII rpynnbi
3 - ‘Sé K § BproHxa (3s23p9), MMEIONIETO 3aBEPIICHHYI0 BAJEHTHYK O60JI0UKY
=° ; (‘Ary), MOJIeKYJIa OJHOATOMHA. Mexk/Jy 4TOMaMM aproHa BO3MOXHO TOJBKO
° 1aLedar4d ‘aresogdeX E ' -
] g = 5 @ = % AUcIIepcUOHHOe BaaumoeicTrie. TI0aTOMY B TBED/IOM COCTOAHMM KDUCTAN-
E Y ———— . & {lbx aproHa M €ro aHajloroB MOJIEKYJApHBIE (cM. pHC. /6(%, a) onu XaparTe-
E: s i ” = - EE 2 {PMBYIOTCA BLICOKMMM KOODIMHAUMOHHBIMM 4MclaMi (OOBIMHO KybMdecKas

I'paHEEI_],eHTpl/IpOBaHHaﬂ WUJIM MeKcaroHaJibHas pemeTlca).
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fina xaopa (3s23p%) ofvenurenne aToMoB (-CL:) B Mostekysy MO~

JKeT OCYIIECTBIATBLCSA TOJNBKO ONHMM criocoboM, a MMeHHO 3a cueT o6pa3o-
BAHUs /IBYXaTOMHON KOBAJEHTHOW MOJEKYJIbi Cl,, umetorueit popMy raHre-
nu. Kpucranasl xnopa o6pa3oBaHbl MOJEKYJIaMu nogo6HO KpHCcTajjiaM
noza (cM. puc. 66, 6).

[lo Mepe yBeqIMYEHMs YMcIa HENApHBIX IEKTPOHOB, NJIA 2JIeMeHTOB
CTAHOBUTCH BO3MOXHOM aljoTponust cocrasa. Tak, A/ aToMOB  C e p B

(3523p?), MMelOIMX B2 HEMapHBIX JJICKTPOHA (+S-), nanbonee TMOMHHO

o6beMHeHNe B 3MI'3aroo6pasHbie Ienu 1. B OOBIYHBIX YCJOBUAX ITOMY
cOOTBETCTBYeT reoMeTpuyeckas (popMa MOJIEKY/bl B B 3ursaroobpasHoi
LeMOYKH, BaMKHYTOM B BOCBMMYJIEHHOE KOJbLO Se(ID):

Kpome MoJekya Sg B COOTBETCTBYIOIMX YCJHOBUAX CYIECTBYIOT MOJEKYJIEl
cepbl B BMJE BMI3arco6pasHBIX OTKPBITHIX meneit S, u komen Se, Si, a

TaKsKe [aHTeIeBUIHbIe MOJIEKYJIb So.
Atomp ¢ oc dopa (3523p3), uMeromue TPM HENAPHBIX 3JIEKTPOHA

(-P-), obnenuHsI0TCA B MONMMEPHDIC IBYMEDHbIS cion P, ¢ mupaMupain-

HBIM paclpefielleHueM cBsideil (I); kpome TOTO, aTOMBI dochopa obpasytor
YeThlpexaToMHble MoJIeKy s Py TeTpasapuyeckon dopmst (1):

e oo oo (282
A K eMHHUu A )
p 8

JMHAaLMOHHas) cTpYKTYpa Si, THma anMasa (cM. puc. 65). Oto cTpoeHne

pHAasA (KOOD-

MOKHO OGBACHUTH B paMKaxX IpeJ/lcTaBleHusA O sp3-rubpuAN3aL UM OpOUTA~
Jieii aToMa KpeMHUA.
254

2

a

P u c. 125. Kpucrannnyeckue pelietki MeTaJios:

a — Kybuyeckasn OGBEMHOLEHTPUPOBAHHAS, 6 — KYOWMYECKAs IpaHeLeHTPUpOBAHHAS;
6 — PeKCaroHanbHas

OT KpeMHHUs K QJIIOMUHMIO M Jlajiee K s-BJIeMeHTaM MarHuio ¥ HaTpUIo
YuCAO BATIEHTHRIX BJIEKTPOHOB YMEHLNTaeTcA, & UUCJIO cBOGOJHBIX BaJIeHT-
HBHIX OpOMTajIell yBeIMuMBaeTcst. JTO NOHMUKAET NPOYHOCTh [(BYXIEHTPOBOM

. CBABM M YCHMJIMBAeT TEHAEHIMIO K 0Opa3oBaHMIO HEJIOKAJM30BaHHON, a B

npefiesle — METATJIMYECKON CBABHM (DIEKTPOHHOTO rasa).

IlockonbKy MeTanMYecKkas CBA3b HEHacHIlaeMa M HeHallpaBJleHa,
' METAJINIbI MMEIT KOOPAMHANMOHHBIE peHIeTKM ¢ MaKCHMAJbHO IIJIOTHOM
' ynakoBkOW. [JA MeTannMueckMx NpPOCTHIX BEHIECTB CaMBIX PasHOOGDAaBHBIX
MO XMMMUYECKOW NpUpoAe 5JeMeHTOB Hambojiee TMIMYHBI TPU THIIA KpMC-
TAIMYeckuX penteTok (puc. 125): ky6uueckas rpaHeneHTPUpOBaHHAA

g
, % (x.4. 12), rekcaroHanbHan (k. 4. 12) ¥ Ky6udeckan O6bEMHO LEHTPUPOBAH-

Hasa (k. u. 8).

Jsist GonBIIMHCTBA MeTaslyIoB XapakrepeH NonmumopduaM. 1o IIpexje BCero

i CBASAHO C TeM, YTO DHEPIUM KPMUCTANIMYECKUX DelIeTOK PAIIMYHBIX MeTajuihyec—

| KUX CTPYKTYP 6muakn. Tlonumopduam yame npossisercs y d- u fonementoB (B
ocobeHHocT!t 5f), ueM y s M p-oneMeHTOB. OTa OOYCJIOBIEHO DHEPreTvvecKolt
6nmsocteio (n — 1)d-, ns-, np-cocrosanuit y d-osementop u 6amsocthio Hf, 6d-, Ts-
COCTOAHUN Y 5 folleMEHTOB.

TakyuM 06naz0oM. B nenuosnr T
a30M 1eDUONY icTeMe MpyY nep:

] 373! M, B I <oft y
.‘&Tos VIII rpynnsi k s-aneMeHTam | Tpynnnl yMmeHblleHMe YMc/a BaJeHTHBL
W JIeKTPOHOB 06YCJIOBAMBAET 3aKOHOMEPHBIN Iepexoji OT HEeMeTAIOB ¢

o
J MOJIeKYNAPHRIMY KDPUCTANIUYECKUMU DelIeTKaMu (A!‘, Cly, P,) x uemeran-
i

\ eMeTaJl

. 71aM ¢ atoMHo-uenHok (S,.), atomHo-cioucroit (P, ) u atoMHO-KOOpAMHA-
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Ta6nuua 28 Crpykrypa NPOCTHIX BelleCTB

] — KyBUueckas rpaHeleHTPUPOBAHHAS, 2 — PeKCaroHaJibHasi, § — OOBEMHOLCHTPHPOBAHHAN, 4 ~— NpOdMe CTPYKTYphl, § —

anMasonofobHas, 6 — cioucrasi, 7 — UenHas, § — ocTpoBHas (MOJeKyJIAPHAS).

Tlepexo OT HApYHHOTO CMMBOJIa K BHYTPEHHEMY COOTBEICTBYeT [epexofy OT BBICOKOTEMIepaTypPHOM MOAMMUKAHMM K HU3~.

KOTeMIIepaTypHol U fajiee K MOAudbUKaLMY, CYUIECTBYIOUIEN NPU BBICOKMX AABIEHUAX.
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A
.., TeMIepaTypy (JIaBJeHUs HMEIT

' CTAH/1apTHOM

& u ponementor VIII rpynne

puouHoii (Si,,) cTPYKTYpaMm M manee K MeTATIMYECKMM KOOPIMHAIMOH-

prM kpuctainam (Al, Mg, Na). )
[IpymepHO Tak ke MBMEHAETCA CTPYKTYDA MPOCTHIX BOIIECTB M B ADYTUX

nepuonax cuctemsl .M. Mengeneesa. O6mmit 0630p cTpPOEHMA NPOCTBHIX
BeecTs fAad B Taba. 28.

§ 2. CBOMICTBA NPOCTEIX BEHIIECTR

Puaaudeckde CcBORcTBA. B COOTBETCTBMM ¢ XapaKTepOM W3MEHeHus
CTPYTYDBI M THUIIa XUMMYECKOH CBAZM 3aKOHOMEDHO M3MEHAIOTCA M CROWCT-

' Ba NMPOCTHIX BEHmIECTB — WX ILIOTHOCTBL, TEMIEPATYPhl IJIABNEHMA M KHMIIe—

HUs, 3JIeKTpMYecKas INpoBOAMMOCT: M Ap. Tak, aproH, Xjop u cepa B

~ TBEPAOM COCTOAHMHM ABIAIOTCA AMIIEKTPUKAMU, KPEMHMII — MONYIpPOBOMI-

HUKOM, a AJIOMMHMI, MarHMil M HaTpUMil — MOTAINMYECKMMM NPOBOJHU-
KaMM.

Mlepuonuyeckan 3aBUCMMOCTb CBOICTB OT aTOMHOIC HOMEpa aJleMeHTa y
NPOCTHIX BEllecTB MPOSABIACTESA CAOKHEe, 4eM y CBOOOLHBIX aTOMOB. JTO
OBBACHAETCA TEM, YTO CBOMCTBA NMPOCTHIX BEIIECTB He BCera OJHO3HAYHO
onpefensaloTeA NpUpooi 06pas3ylouyXx UX aTOMOB, 2 B 3HaYMTEILHOM Mepe
3aBMCAT TAKMKe OT CTPYKTYDPhl, THIA XMMMYECKON CBA3M, MEXMONEKYJIAPHO-
ro B3aMMOJeNCTBMA, YCJI0BMH 06pa3oBaHUA U MP.

Ha opuc. 126—128 nokazana
3aBMCHMOCTb OT aTOMHOTO HOMepa
3JIEMEHTOB  NJIOTHOCTH
BEeLIECTB B TBEPOM
TeMIepaTypbl

P, riem?
i v
)y 20,

UX [NaBAGHUA U w

sHTponuu.  Kak
BuAHO Ha puc. 127, reMmneparypa
NJIaBJEHMA MPOCTHIX BEIECTB B
mepuosiax BHayajle BO3pACTaer,
3aTeM najgaer. Haunmenbmyro

5F
Rh

[pOCTBIE BOLIECTBA € MOMEKYJIAp- C
HOM CTPpYKTYpOH, B 0coB6EHHOCTH
O HOATOMHBIE MpocTbIe BeIecTBa Al

{6naroponusie rassi). B o6bIuHbIX
yenoBusx — TpocTele  Benlectsa g
MOJIeKyAPHOFO ~ CTPOEHUA — ABJI-
AIOTCA [asaMy, AMAKOCTAMM WJIHM
OTHOCHTENBHO JIETKOM/IaBKM MU

=
NE
S[ e

L L o i
40 60 &0 700 Z
P uc. 126. 3aBucumocTs MIOTHOCTM HpOC-
ThbIX BeUIECTB OT aTOMHOI'0 HOMEpa 3JIeMeHTa
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P v c. 127. 3aBUCHMOCTb TeMIePATYDBl IWIaBJieHisi Npoc-
TBIX BellecTB 0T ATOMHOI'0 HOMeEpa BJleMeHTa
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P n ¢, 128, BaprcrMOCTh CTaHIAPTHON BHTPOMMU MPOCTHIX BEUIECTB OT ATOMHOrO HO-
Mepa AJeMeHTa

pepAbiMU Tenamu. Hambosee TyromnaBku anMas ¥ KpeMHUIA, MMelOue
KOBAJICHTHbIE aTOMHO-KOOPAMH allUOHHBIE PELIETKH.

N3 Merannos Hauboubiiyio TeMmHepaTypy IJIaBlIeHMss HMEIOT HpOCTHe
pentectBa d-sieMeHToB. [losaraioT, 4To B 3TOM NpOABIAETcsH KOBAIEHTHAs
cBsi3b (B8 cyeT d-3/IGKTPOHOB), KOTOpass NpPUCYTCTBYET B MX KpHUCTAJIax
Hapsly ¢ METaluIN4ecKoil cBA3LIO (32 cYET BHOLIHMX S-3JIeKTPOHOB). Ydac-
THe B 00pa3oBaHUU KOBAJIGHTHON CBA3M B Haubosblieil CTENeHH HPOABJIA-
ercsi y Hd-371eKTpPOHOB, MOITOMY B NOArpyNNax d-3JIEMEHTOB TeMmIlepaTypa
IUI8BJIEHMA ¢ POCTOM aTOMHOIO HOMepa MoBbilllaercsi (cM. puc. 127).

W3MeHeHre CcTaHAApTHHIX JHTpONMM NpOCTHIX BemecTs (cM. puc. 128)
MpOSIBJISIETCA B NEPUOAE IPAMO POTHUBOIOJIOKHO U3MEHEHUIO TeMIIepaTyphl
miaBneHus. B mepMonax cTaHAapTHasA SHTPONUA BHAYaJle YMEHBIIAeTCH, a
3aTeM BO3pacTaeT. B 3TOM HAXOQMT OTpakeHHe Iepexofi OT MATKOTo
MEJI0UHOTO MeTajlila K TBepALIM KOBAJIEHTHLIM IOJMMepaM (ajiMasy, KpeM-
HMIO, TepMaHHIO, CypbMe), a B KOHLEe NepHofa — K OJHOATOMHBIM 6J1arc-
POJHEIM rasaM.

XuMMYecKHe CBOACTBA HPOCTHX BeMEcTB. B XuMUYecKMX peaKkuusax
MeTaJlIbl OGBIYHO BHICTYMAlOT Kak BoccTaHoBUTenn. Hemeramnner, kpome
¢TOpa, MOTYT NpPOABIATL KaK OKHUCJIMTENIbHBIE, TaK M BOCCTAHOBUTEbHEIC
cpoitcrBa. [Ipu 3TOM xapakTep M3MEHEHMsT BOCCTAHOBMUTENIBHOH M OKUCIH-
TEJILHON 2KTUBHOCTM NPOCTHIX BELIECTB B IpyNNax U NOATPYNNAx CyIIecT-
BEHHO 3aBMCUT OT NpUpOALI NapTHepa IO peaKkLMu M YCJIOBME OCylIecTBIe—
Hiust peaknuyt. O6bIYHO B ryIaBHBIX NOATpYIIaX HOpOABIAeTcA 00wiad TeH-
AEHIMA: C YBEIMYEHUEM ATOMHOTO HOMEpa 3JIeMEHTa OKHCJIMTEeNbHbIe CBOli-
CTB2 HEeMeTaIoB ocjlabeBaioT, a BOCCTAaHOBMTENILHEIC CBOMCTBA METANJIOB
ycunupaioress. O6 5TOM, B 4acTHOCTH, CBHUAETEIBLCTBYET XapaKTep HBMeHe-
HUA cTaHNapTHOU sHepruu ['n66ca o6pasoBaHuA ONHOTUIHBIX COGIMHEHMIA.
Hanpumep, B peaknun oKuc/IeHMA XJIOPOM META/IOB [JIaBHOR MOACPYMIBI
II rpynnet

M(x) + Cly(r) = MCly(k)

OT Gepuiiisi K 6apyuio OTPUNATENLHOE 3HAYEHUE AG} yBeJIMYMBaETCS

BeCly(x) MgCly(x) CaCly(x) SrCla(x) BaCly(x)
AG; g wlla/Mome. . . -468 592 750 -781 811

UnbiMu cnosamu, B pﬂ,u,y Be—Mg—Ca—Sr—Ba BoccTaHOBMTENIbHASA *AKTHB-

HOCTEL IDOCTLIY BEIISCTE OTHOCHTSALUES XAODE NOBLIIISOT
IpOCTLIX BOIIOCTE OTHOCUTENLHC XICp2a HO

B peaknuax oxkMciieHus rajoreHaMy Kalblsa
Ca(k) + Haly(r) = CaHaly(k)

OT (ropa K HOAY OTPUIATENLHOE BHAYCHUE AG’f YMEHbBLIAETCA:
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CaBry(k)  Caly(x)

CaFyx)  CaCly(x)
-656 -529

AG},ZQB‘ kI /Momb . . L. -1162 » -750
Taxum o6pasom, 8 pany F;—Cl,—Br,—I, oxucaurensnan crocoGroctbh
NPOCTHIX BELIECTB OTHOCHTEJIBHO KallbUUs NadaeT. AG},zga mns HyO(r),

H,S(r), H,Se(r) u H,Te(r) paBmbl coorsercrsensHo —229, —34, +20 n
+85 k/lak/MOMb, UTO CBMAETENbCTBYET 06 yMeHbIIEHMM XMMNYECKOH aKTHB~
HOCTH 110 OTHOIIEHHIO K BOJAOPOAY B DALY KUCJIOPOA — C€pa — CelleH —
TEJILYP. .

Ilpu gpyrux napTHepax IO peakUuW M YCJIOBUSX ee NPOTeKaHUs psij
M3MEHEHUA XUMHUYECKOM aKTHBHOCTH IIPOCTBIX BEIUECTB MOXET OBITb UHBIM.
Tak, U3 UETOYHBLIX METAJIOB MO OTHOIICHNIO K ¢ropy (a Takke KMCIOPO-

ny) HauboJlee aKTUBOH JIMTHIA:
M(k) + 1/2F(r) = MF(k)

: LiF (k) NaF(x) KF(x) RbF(x)  CsF(x)
AG}Z%, kK /Momb . . . .. 584 -543 .-538 -523 -505
a MO OTHOUICHUIO K MOAY (a Takke 6poMy) — LE3HIt:
M(x) + !/2la(x) = MI(x)
Lil(x) Nal(k) KI(k) Rbl(k) Csl(k)
AGY} 4gq wll/Moms . . ... -267 -285 -324 -326 -334

J =Y

WsMereHne psAga XMMUYECKOH AKTHBHOCTH O6GA3aHO HEO[UHAKOBOMY
XapaKTepy W3MeHEeHUA B [aHHOM pHAIly 2/IeMEHTOB AaTOMHBIX M HOHHBIX
paguycoB, MOTEHUUAJNOB HOHW3ALWN aTOMOB, TENJIOT BO3[OHKH IPOCTHIX
BENIECTB, ¢ OAHOM CTOPOHBI, U JHEPruy KPHUCTAIJINYECKON pellleTKH coeau-
HEHUH — ¢ ApYyro.

O nepHOAMYHOCTH H3MEHEHMSI XMMUYECKONl aKTMBHOCTH NpPOCTHIX Be-

IECTB CBUAETENLCTBYET XapaKTep U3MeHeHHUs AH} " AG"f COOTBETCTBYIO-

HIMX OJHOTHIIHBIX COEIMHEHNI ¢ yBEJIMYeHHNEeM aTOMHOI'O HOMepa JJIeMEeHTa.
06 aroM e cBupeTebcTBYeT puc. 129, Ha KOTOpPOM IOKa3aHa 3aBUCHMOCTD
3HAYeHUs CTaHAAPTHOrO 3JIEKTPOAHOTO HOTEHUKANA .. HNPOCTHIX BEILECTH

B BOZHOM pacTBOpe OT aTOMHOTO HOMepa OJJIeMeHTa B INepuOANYecKoi
cucTeMe.

Ornomenue npocTrx Bemects K Boge. Ilockonpky XuMudeckue npomec-
Cbl YacTO NpOTEeKalOT B BOAHBIX CpeflaX, BaXKHO paccMOTperb OTHOIIEHue
NPOCTHIX BELIECTB K BOME M BOMHBIM PAacTBOPaM.

XuMnyeckoe cBoeoGpasHe BOAbI 3aKJ1OYaercsi B TOM, 4TO OHa ABJsETCA
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P 1 c. 129, 3aBUCKMOCT CTAHJAPTHBIX GJIKTPOIHBIX IIOTEHIIMATIOB POCTEIX BellecTs
B' BOJHOM Pa(‘TBOpC OT ATOMHOI0 HOMeEpa 3JieMeHTa
1 OKMCIINTENeM, N BOCCTAHOBMTEIEM, a TAKKe BBICTYIAeT B KadecTBE JUTaH~
Jla B Ipoieccax KOMIJICKCOOGpa3oBatus (PUapaTallul HOHOB).
B 3aBHCHMOCTH OT NPHUPOABI MPOCTHIX BEILECTB BO3MOMKHBI CIEAYIOWUE
BApUaHTbl XUMHYEcKOI'0 B3aUMOJAEHCTBUS UX ¢ BOJOM.
1. Oxwiciienne npocToro BewlecTBa BOROH, CONPOBOMLAIONMIESCs BbiJeJIe~
, HHUeM BOIOpOAa U 06pa30BaHWeM TMAPATUPOBAHHLIX KATHOHOB. DJIEKTPOI-~
Hbifi norennuan cucrembr 2H*(p) + 2e = Hy(r) anst Bomet (mpm pHT7)
cocrapiistieT @iz = —0,414 B. CiemoBaTenbHO, BRIEJEHHe BOAODOAA U3
BOZbI WMeEeT MecTO INPHU B3aMMOJEHCTBMM C HEUl MeTaljIOB, JJ1eKTPOJHBIN
NOTEHIMa/l KOTOPbIX XapakTepusyercss 60jiee OTpULATENBbHLIM 3HaYcHUEM,
« vem —0,414 B, nHanpumep:

2Na(k) + 2HOH(x) = 2Na*(p) + 20H (p) + Ha(r)

| 2Na(k) + 2HOH(sk) = 2NaOH(p) + Hy(r)

Jlannoe B3aMMOJENCTBHE XapaKTepHO /I8 INETOYHBIX M IIEeJOYHO-3e-
MEJIbHBIX METAJIOB. Peakius MAET ¢ 3aMeTHOH CKOPOCTBIO, ey 06pasyio-
Ouiics B pe3ysibTaTe peaKiuu MUApoKcH, pacTBopum B Boje. Obpasosanue
#e HepacTBOPUMOrO (MM MaJIOPAcTBOPUMOIO) THMAPOKCHAA Ha IOBEpXHOC-
Té Meraniia TOPMOBUT JlafTbHelflllee NpOTeKaHNe peaklUK, HallpuMep:

Zn(x) + 2HOH (i) = Zn(OH)y(r) + Hy(r)

Topmoskenue (wiu nosHoe NpeKpamesne) XMMUIecKOro Mporecca 3a cyer

NPOAYKTOB B3aMMO/ENCTBHA Ha3blBAGTCA NACCUGUPOGANUeM.
' A8



2. JlucnponopuMoHMpOBaHUE IMPOCTHIX BELIECTB, COIPOBOXK I AIOLIEOCs
ob6pa3oBaHNeM M'MAPATHPOBAHHBIX AHWOHOB:

Cly(r) + 2HOH () = OH}(p) + Cl*(p) + HCIO(p)

Ilo yxazanHOMY MeXaHWM3MYy BIaUMO,
Hanbosee a/eKTPOOTPULaTeNbHbIX daementos (Cl, Br, I).

3. BoccranopiieHne NpoCTOro BemecTBa BOAOH, COIPOBOXIAIOLIeecs
BBIICJIOHHEM KHUCJIopoaa M 06pa3oBaHieM MMApPaTUPOBAHHOIO aHHUOHA.

CpaBHIM 3JIEKTPOIHbIE NOTEHUATbI CHCTEM:
Oy(r) + 4H*(p) + 4e” = 2H,0(x), @5, = 1,23 B
Fyr) + 2¢ = 2F(p), ¢lq = 2,87 B

eHCTBYIOT € BO,

Ilo yrasannOMy Mexannamy BzaumogeiicTByer GpTOp:
2F,(r) + 2H,0(k) = 4HF(p) + Oy(r)

Pacreopenuble B Boze BemlecTBa MOTYT cHOCOGCTBOBATbH IPOABJIEHUIO
IPUCYUINX 3JIEMEHTaM TeHAeHIM K 06pa3OoBaHMI0 KATMOHHBIX WJIM aHUOH-
HBIX NPOU3BOAHBIX, AM60 TOPMO3UTb W MOAABAATh MX. Tak, uombl OH}

C10cO6CTBYIOT 06Pa30BaHMIo KaTMOHHBIX KOMILJIEKCOB M, Ha060pOT, MpendT-
CTBYIOT 00pa3soBaHMI0 aHMOHHBIX KoMIutekcos. Moubl sxe OH™ npensircrsy-
10T 06pa30BaHMI0 KaTHOHHBIX M CHOCOBCTBYIOT OGpPa3OBaHMIO aHMOHHBIX
KOMIZIeKcOB. (AHANOTMYHYIO pOJb MrPalOT U APYTHe OTPULATETbHbIE HOHEI
—CN°, F- 1 np.)

OrROmeBMe OPOCTHX BEMIECTB K pas6abneaHEM KHcaoTam. Ilopbinrenne
KoHeHTpauuu Moo OH} oTBewaer yMeHbIIEHMIO OTPULEATENIBHOTO BHAYE—

HUsA JIEKTPOAHOI'O IOTEHIAAIA CUCTEMbI:

H'(p) + ¢ = 1/3Hy(r).

MosToMy oOKMC/eHMe NPOCTBIX BemecTs 3a c4eT BBIAENEHHS BOAOPOa B
PaCTBOpPaX KHCJIOT NpoTeKaeT aKTHBHee, YeM B 4HcTOl Bome. K ToMy ke
YHCJIO MEeTaJlJIOB, BSaﬂMOﬂeﬂCTByIOHIHX ¢ KHUCJIOTaMU pPe3KO YBEeJINUNBaeTCs.
H3z6bITOK  MOHOB OH} npenarcrByloT 06pa3OBaHMI0 THAPOKCHOB, HTO

TaKXe CHOCOGCTByeT epexoay MeTalJIOB B KaTUOHHbIE aKBAKOMIIJIEKChI: !
Zn(x) + 20Hi(p) + 2H;0(:) = [Zn(OH,)q]**(p) + Hy(r)
HJIn
Zn(x) + H;SO04(p) = ZnSOy(p) + Hy(r)
B page ciydaeB npn BzauMOmeficTBUM MpOCTHIX BELIECTB ¢ KHCJIOTAMH
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BOpWMbIE INPOAYKTbHI, TOPMO3si-

ue manbHelilllee OKHcJIeHWE — BOCCTaHOBJeHMe. Hanpumep, cBumen He
PACTBOPAETCS B Pa3GaB/ieHHbIX KHCJIOTaX — CEpHOM, COJIAHOW WU Ap., Tak
Kak IpU B3aUMOAENCTBMH C HAMHM Ha NOBEPXHOCTH CBHHIA OOpasyloTcs
HepacTBOpuMbie B Boge ocanki PbSO,4, PbCl; u ap., npegoxpansiomue ero
OT panbHelilero okucyenusA. Hepacropumble NpoAYKTH Yaile Bcero oGpa-
3yloTcs npu BaauMmogeiicreun’ meramios ¢ HaPO4, HySOs, HoCOs, HF,
H

OrHOmIeEMEe DPOCTHX BEHICCTB K BOXHHIM pacTBOpaM mievouei. [lo-
ckonbky uonbl OH™ cnoco6erByioT 06pa3sOBaHMI0 aHMOHHBIX KOMILIEKCOB, C
BOAHBIMU PacTBOPaMM WIeJOYell MOLYT B3aMMOJENCTBOBATL IPOCTHIE Bellle-
cTBa TeX DJIEMEHTOB, KOTOpble CKJIOHHbl K 06Pa30BaHHUI0 aHWOHHBIX KOMIT-
nekcoB. OKUcCJIeHUE Ke NMPOCTHIX BELIECTB IPOMCXOAMT WM 3a CYeT BOJBI

S cq Bl mATeHREM BROFOBOTA)
1pOBOJK/AaETCA Bbiae/ieHHeM BOAOPOLAR;:

I

Zn(x) + 2H,0(x) + 20H (p)
Si(k) + H;00¢) + 20H(p)

MY 33 cYer JNCHPONOpPINOHAPOBAHMS:
Cly(r) + 20H(p) = CI'(p) + ClO~(p) + H,O(x)

TlonsTHO, YTO yKa3aHHble peaKUUHW NPOTEKAIOT TeM Jerye, 4eMm ycToi-
yupee OOpasyloulvecs KOMIIEKCHbIe aHWOHBI. Tak, IMApOKCOKOMIIIEKCHI
Han6onee ycroiumeu y Zn(ll), Al(III) n Be(Il), mosroMy ux npoctsie
BeIIECTBA [OBOJbHO JIETKO PACcTBOPAIOTCA B BOAHBIX pacTBOpaX Iesodeit. B
To xe BpeMs Fe, Co, Mn u gpyrue BcieacTsie HeyCTOHYMBOCTH [MAPOKCO-
KOMILJIEKCOB B3aNMOENCTBYIOT C PAacTBOPAaMM IeJioveit JIMIIb B MeJIKOpa3-
JAPOGJIEHHOM COCTOSSHAW M IPU AJNTEILHOM HarpeBaHUU.

OrromenMe NPOCTHX BEUIECTB K BOJHHIM pacTBOpaM 60jiee CHILHBIX
oxmcmareneii, em OH}. Ilpucymue sneMentaM TenAeHUUM K OOpa3OBaHKIO

(Zn(OH)4]* + Hy(r)
SiO% (p) + 2Hy(r)

1]

KAaTHOHHBIX WJIM AHWUOHHBIX NpPOM3BOAHBIX OCOGEHHO OTYETIMBO NMpPOABJS-
JOTCA IPU OKUCJICHUH NIPOCTHIX BELIECTB B BOAHBIX PAacTBOpaX 6ojiee CHUJIb-
HEIMH OKHC/IUTeNAMH, YeM Boma win Mombl OH}. Takum Gosee cHibHBIM

OKHMC/IMTEIbHBIM JleficTEMeM, HallpuMep, OOJlagaeT a3OTHas# KHcioTa. B

OT/IHYNE OT MHOTMX APYTHMX KHCJIOT OHa OKHUCJAeT Yanle Bcero He 3a cyer-

nona OH}, a 3a cyer amnona NO;. Xapakrep MpOmyKTOB BOCCTRHOBJIEHMSA

HNOj; 3aBucuT OT €e KOHIEHTpPAIMA ¥ AKTUBHOCTH IIPOCTOTO BELIECTBA. "
OnleMeHTBl, Yy KOTOPbIX YCTOWYMBa HW3Kas CTEleHb OKHUCJEHUA, NpH
B3anmopeiictenn ¢ HNO3 06pa3yioT akBaKOMILTIEKCHI:

0 +5 +2 +4
Cu + 2NO; + 40H? = [Cu(OH,)s2* + 2NO,
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i +5 w2 r2
3Cu + 2NOj + 80Hj + 6H0 = 3[Cu(OHy)6[** + 2NO

nnu
Cu + 4HNOj;(konn.) = Cu(NOs), + 2NO, + 2H,0
3Cu + 8HNO;3 (pas6.) = 3Cu(NO3), + 2NO + 4H,0

Ecan HNOj; kounestpupoBanHasi, To o6b4HO Bbigesstercs NO,, ecan
pazGasiendas — NO. )

IlpocThie BemecTBa 37IeMEHTOB, AJIA KOTOPLIX XApPAKTEPHA BEICOKAsA
CTelleHb OKUCJIeHUs, B pe3yJbTaTe B3aNMONEACTBAA ¢ KOHI@HTPHPOBAHHOM
HNO3 06b14HO 00pa3ylor KUcIOpOACOAEPHKALINe KUCILOTE. A30THAS Kuciio~
Ta NMpH 3TOM BoccTaHaBauBaercs po NO:

0 +5 +6 +9
S + 2HNO; = H,SO4 + 2NO
1] +5 + 7 +2
3Re + THNO3; = 3HReO4 + 7NO + 2H,0

Ioxo6HO a30THOI KUCIIOTE meiicTBYeT Ha IpOcTHie BellecTBAa W KOHJeHT-
PUpOBaHHAA CepHAaA KHMCJOTA, KOTOpAs caMa [pY 3TOM BOCCTAHABJIMABAETCH
qange Bcero g0 SO,:

0 +6 +2 +4
Cu + 2H,SO4 = CuSO,4 + SO, + 2H,0

0 +6 +5 +4
2P + 5H,S804 = 2H3PO, + 550, + 2H,0

§ 3. IOJYYEHHME ITPOCTHIX BEUIECTB

Mopapisiomee GONLIINHCTBO XMMUYECKHX JeMEHTOB Ha 3eMile HaXo-
AuTtes B Buie coepuHennit. IlpocToe BelecTBO M3 CAOMHBIX MOXKHO TIOJYy-
YUTb OKHCJIeHWeM WM BoccTaHoBIeHHeM. OKHC/IeHHeM MOMYYAKOT MpOcThie
BelllecTBA BJIEMEHTOB, CTelleHW OKHMCJIEHWd KOTOPBIX B COCAMHEHMUSAX OTpH-
naTebHbl, a BOCCTAHOBJIGHMEM — IIPOCTbIE BELIECTBA 3JIEMEHTOB, IIpOABJISA-
IONIUX B COSINHEHNN IOJIOKUTENbHEIE CTeeHN OKUCTIeHUS .

+ ORMCITNTENIBHO-BOCCTAHORMTENTRHEIE  NPO[PCChl  MOWHO  OCYIIOCTBASTE
U600 XUMUYECKUM, JUGO 3JIeKTPOXUMUYECKIM CHOCOGOM,‘ a TakkKe TepMU-
YeCKUM pa3JIoKeHHeM cOeMHeHNn .

XuMAIeCKAE METOAL [ONY9YeHUs NPOCTHX BEWIecTB. XUMuUecKoe
OKHMCTeHUe CcOeUHEHUA NPUMEHAETCHA B TeXHUKe NJIA IOJIydeHWs,
HapuMep, MPOCTbIX BelECTB TAKUX BbICOKOAJIEKTPOOTPUNATE/bHbIX 2716~
MEOHTOB, Kak O6poM M uogn;:
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INaBr + Cl; = 2NaCl + Br;

ATUM Me

MnO, + 4HCI = Cl, + MnCl, + 2H,0

Tpu X¥MHYecKOM BOCCTAaHOBJ GHHU M B KavyecTBe BOCCTAHOBU-
Tesls Yalle BCerO NpPUMeHAOT yroabh uau okeup yriepoaa (II). Takum
CII0COGOM MOMyYaloT kele30 (B AOMEHHOM Iponecce), BOLOPOJL M MHOTHe
IBeTHBIE METAIb (OJIOBO, CBUHEL, MUHK U Ip.): .

Fe;04(k) + 4CO(r) = 3Fe(x) + 4CO4(r)
H,0(r) + C(x) = CO(r) + Hy(r)

B kadecTBe BOCCTAHOBUTENS IPUMEHSIOT Takxke BOAOpOn. BoccraHoBIe-
HUe MCXONHOTO BellecTBa BOAOPOAOM OGeciiedlBaeT HaUGOJbLIYIO HHCTOTY
I0JIy4aeMOTO IIPOCTOr0 BellecTBa. BoccTaHOBIeHHe BOAOPOAOM UCNOJbL3YeT-
s, HalpUMep, Al noiydenus Bojbdpama nz WOs, odenb uncTOrO eje-
33 U3 er'0 OKCUJOB.

lIupokoe pacnpocTpaieHHe NOJYYWJIA MeTaJOoTepMUYecC -
K U e MeTOAb. B 3THX MeTofax B KavecTBe BOCCTAHOBUTENA MCIOJB3YIOTCS
aKTHBHbIE METAJJIbI, TAKAE, KAK AJIIOMUHWN, HATpHUi, Kaabnuil U ap. Huse

HpUBefeHbl HEeKOTOPbIE IPHMEPLl METAIIOTEPMUYECKUX peakiii:

OfLOM NOJIYYAIOT XJIOD:

amomorepmust: Cr,O4 + 2A1 = 2Cr + AlL,O4
marunitrepmus: TiCly + 2Mg = Ti + 2MgCl,
narpuitrepmusi: K,BeF, + 2Na = Be + 2NalF + 2KF

Yauge Bcero nojyuyeHue MeTAJJIOB CBOAUTCA K BOCCTAHOBJIGHHIO WX
OKCHUJOB, KOTOpbie MOJIy4aoT COOTBETCTBYIOLLEHl OOpabOTKON IPHUPOAHBIX
pyn. Ecam umexopHoil pymoit ABAAKTCA cyAb(UIHEIe MHHEPAJBI, TO IO-
cJlefiHNe NOJBEpTal0T OKUCIUTEILHOMY OGWUTY, HAIpUMep:

2ZnS + 30, = 2Zn0 + 250,

OfHKMM M3 HANpaBJIeHMII B MeTA/UIypruy SIBJISeTcsl TAK HasblBaeMasi XJIopHasl
MetajulypruA. B 5ToM Merope pynbl NOABEPrajoTcsl XJIOPUMPOBAHMIO U HyXHbIe
QIeMEHTbl UBBJIEKAIOTCA U3 ChIPbsS B Bujle XJIOPUAOB. XJIOPUABI pasielidior U B
JaJlbHeIeM TOABEPTarT BOCCTAHOBNEHMIO. TakuM nyTeMm, B 4acTHOCTH, MOJyYatoT
TUTAH U ODVIUe MeTallThi.

Metoapl nONyYeHUst MPOCTHIX BENIECTB, OCYHIECTBAAEMble IPU BBLICOKUX
TeMIepaTypaX, Ha3blBaIOT NUPOUEMALAYPLULECKUMU.

OxHclieHMe — BOCCTAHOBJIGHHME OCYIIECTBJAETCH NpH TepMHYECKOM
'Pa3JI0KEeHUN COelMHeHM:

2KCIO; = 2KCl + 30,  Zrl, = Zr + 21,
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II1s1 TIoNy4YeHUsi 0cob0 YMCTHIX BELIECTB IPUMEHSIOT 30Nyl naasky. Bemecrso,
HalipMMep MeTajul B BVXIIE-6pchA, HarpesarwT B cocylle ¢ OoIJHOTo KOHUa Jo
nnasnenus. [IpuMecu nydie pacTBopuMMBI B paclljlaBe, 4€M B TBEDLOM BellecTBe,
[OSTOMY OHM KOHLEHTPUPYIOTcA B pacliase. [Ipu MensieHHOM IepeMelleHuU UCTou-
HUKa HarpeBa BJIOJIb cocylla 30Ha pacliliaBlIEHHOIO MeTajlia BMECTE€ ¢ IpUMecsAMU
Takke cMemaercs. TakuM o6pa3oM IIPUMeCH KOHLEHTPUPYIOTCS B KOHLe OpycKa.
Bhiemuuit U3 30HE HarpeBa MeTajll Kpuctaiiusyercsi. Kokey 6pycka ¢ mpuMecs—
My orpesator. [Ipouece pacniaBleHusi ¥ KPUCTa/JIU3aLUUKU MeTallila MOXHO I10BTO-
PUTb U JOCTHYB elile 6osiee BHLICOKOV CTENEHM OYUCTKU MeTasa.

Bu6op BoccramosmTens. Boi6op TOro wim HMHOrO BOCCTAHOBUTENS AJS

MOJYYeHUA MPOCTOTO BEWIECTBA ONpeieNAeTcs MNP CONOCTABICHUHM BHAYe-
HUA sHeprunm I'm66ca 06pazoBaHnA COOTBETCTBYIOMNX coepuuennit. Ha
puc. 130 * npusesensl rpaduKkyn 3aBHCHMOCTH A Gy HEKOTOPHIX OKCHJIOB OT
TeMepaTypbl B COOTBETCTBUM ¢ ypaBuenneM AG = AH - TAS.

st tBepabix okenaos dunun AG ¢ NOBbIIIEHUEM TeMOEepATYphl UAYT
BBEpX, MOCKOJIbKY IPHCOEINHEHNE [a3006pa3HOro KHUCJIOPOAa [POCTHIM
BEIECTBOM CONPOBOKJAeTcs yMEHbIleHWeM O0beMa W COOTBETCTBEHHO
YMEHbIUEHHEM 3HTPONUN:

2
f M(x) + Os(r) — % M,0,(x)
Taxoit ke xapakrep uamenenus AG naémonaercsa nias H,0
2H,(r) + Oy(r) = 2H,0(x)

TOCKOJIbKY B 3TOM CIy4ae OObEM CHCTEMbI TAKXKE yMEHbIUAETCA. DHeprus
I'n66ca obpasoBanust razoobpasnoro CO, Ha060pOT, ¢ TOBLIIIEHNEM TEMIIe-
paTypbl yMeHBINAETCA, Tak KaK OKHUcieHnune rpaduta no CO conposoxpaer—
cA yBeJIMMEHHEM JHTPONNY (YBeTHYMBAETCH OGBEM CHCTEMBI):

2C(rpacut) + Oy(r) = 2CO(r), AS;,, = 184 Tx/K

[ocnepoparensuocTs pacnonokenus Juuunit na puc. 130 coorsercrsyer
HOBBIIIEHMIO YCTOWYMBOCTH OKCHIOB 1O MEpe YBEJIMYEHUA OTPUIATEIbHBIX
3HaYeHUA ux sHepruit ['m66ca obpasosanmus. [Ipocroe BemecTso, kKoropoe
obpazyer Gojlee yCTOWYMBBIA OKCHJ, SBJISETCS [O3TOMY NOTEHIMATLHBIM
BOCCTaHOBUTEJIEM /It MEHee ycTolunBoro okcupa. Muave rosops, okeup

*

3aBucuMocts A oT Temrepatyphl Ha puc. 130 npencraBieHa B yIpOIEHHOM
Biujle. 3[ech He yuTeHbl (asoBhle NpEBPALEHUs — IUIABIEHUE 1 KUIEHKE [IPOCTHIX
BEIUECTB U OKCUIIOB.
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6yleT BOCCTAHABAMBATLCA INPOCTHIM a0
BELIECTBOM, /1A KOTOPOro JIUHUA AG /M
06pa30BaHNA OKCH[3 PacHONOKeHa
Hmke. W3 paccMaTpuBaeMBIX OKCHIOB
ganbojiee OTpPULATENbLHOE BHAYEHHE
AG nmeer Al,O3;. CreposaTenbHo,
aJIIOMUHUA MOXKET BBICTYNaTh B Ka-
YecTBE BOCCTAHOBHTEJNA JIO60rO M3
3TMX OKCUAOB. BoccTaHoBUTENbHAA
cII0cO6HOCT  BOAOpOAa 6oiee or-
panndena. OH MOKeT GBITH HPUMEHEH
15t Boccranosaenna Cu,0 n HgO.

BoccranoBuTesbHAA — cnoCOGHOCTD
yraAepona ¢ yBINYEHHEM TEMIEpaTy-
psl pe3ko Bospacraer (auHmis AG
uper Bum3). Ilosromy yriepop mpu Ot
COOTBETCTBYIOUIMX BBICOKUX TeMIepa~
TYPaX MOXKeT GLITh HOTCHLHAIbHbIM I'66ca 06paBoBaHUA HEKOTOPBLIX OKCU-
BOCCTAHOBUT/IEM MOYTH BCEX OKCH jon'(ppacuere na 1 momk Og) of Temre-
nos. Tak, €ro BOCCTAHOBUTENLHAS paTypbi
cnoco6uocTh o otromennto k TiO; n HyO Moker mpoABHUTbCA NPH TeM-—
nepatypax seime 1600 m 750 K coorBeTcTBEHHO, T.e. KOrJa BCJEACTBUE
ycusienns sHrponniinoro ¢axropa smadenne AG pia CO . cranoBuTCA
6oJsiee oTpuLiaTeNbEbIM, YeM aas TiO; u Hy0.

Kak supno m3 puc. 130, smeprus I'm66ca o6pazosanua HgO npu muz-
KX TeMmepaTypax HMeeT OTPUIATebHOe 3HAYeHWe, 3 NPH BHICOKUX —
noJiokuTesnbroe. ClefoBaTelbHO, ITOT OKCHJ MOXKET 00pa30BaThCA TONLKO
OpH HU3KUX TEMIIepaTypax, a IIpU HarpeBaHWM OH pacnajaeTcAs Ha Ipoc-—
Thie BemecTBa. ll03TOMy, B 4YacTHOCTH, 'nIpu OGKuUre cylbPUAHBIX pPYA
OKCHJ, PTYTH He 06pasyeTcs, a METaJUl BbIAEIAETCA B CBOGOMHOM COCTOA-
HUM, HapuMep:

Puc 130. 3aBucumocts OHepruu

HgS + O, = Hg + SO,

AHamorMuHBIM 06pa3oM MoXHO cpaBHuTh 3HaveHue AG isl NPOLECCOB OKMCTIE~
HHMA NPOCTHIX BEILECTB CEPOif, XJIOPOM K IP. U HANTH HEOGXOOMMBIE yCIIOBUSA MOy~
YEHHMsT NPOCTHIX BELEeCTB BOCCTAHOBTEHHEM COOTBETCTBYIOWMX XJIOPUIOB, CYIbpUIOB
u np. Huske NpHBelieHbl PeaKLMK NOy4eHns BaHAIMS BOCCTAHOBICHHEM €ro OKCH-
Ia W QUXIOPAIA ¢ HOMOIUbIO BOAOPOIA:
= 54 Jlx/K

VO(x) + Hy(r) = V(x) + H,0(r), AHjqq = 190 kllig AS,
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VCly(k) + Hy(r) = V() + 2HCIr), AGjy, = 270 klli; ASyy, = 185 JTae/K.

0O6a npouecca sHpotepMuyeckyue. IIpM NoBBILIEHMM TEMIIEPATYPBl OHTPONMUAHBIL
akrop A BTOPON DEAKUMM CTAHOBUTCS Glaronpusarhee (o6pasylorcad 2 MOJb
rasa). [looroMy BoccraHopnenme BomoposoM rajorenuga pawausa (II) nporexaer
BHAYMTEJIBHO JIETHe, YyeM BOCCTAHOBJIEHME €ro OKCHAA. '

JInA OKOHYATEJBHOrO BLIGOpa CIOCO63 M YCIOBHMIA IOJNYHYEHUA NMPOCTHIX
BeLECTB BOCCTAHOBJICHMEM COGJMHEHMI HEO6XONMMO yHecTb BIUAHHE TeM-
NepaTyphl Ha CKOPOCTL PeakuyH.

IIpy NpOMBIIJIEHHOM [POM3BOACTBE B BHOOpe MeTona NOJIYYeHHA Be-
LIECTB pEIIAOMM ABAAETCA €ro 3KOHOMHYEcKasd O60CHOBAHHOCTb. Tak,
HECMOTPA Ha TO YTO yIJIepos (B BUAE KOKCA) MOXeT ObiTh IOTEHIMATbHEIM
BOCCTAHOBUTEJIEM OKCHOB IOYTH BCEX METANJIOB, MMeeTcA pAJ NPUYHH,

NpelATCTBYIOMMX elle GOllee MMPOKOMY ero ucnonpzopanmio. Taxumn
HpUYUHAMH ABJIAIOTCA BHICOKAA CTOMMOCTh HEOOXOAMMOrO I IPOTEKAHHUS
peakuuu Harpesa, TepMHYecKas HEyCTOMYMBOCTL (PYTEPOBKM INedeid, Tpy-
HOCTb MO aBJeHMS NMOGOYHLIX peaknuit ¥ np. Eciu K BemecTsy npenbas-
JIAIOTCA NMOBBIICHHBIE TPEOOBAHKA 110 HMCTOTE, JOPOTOCTOALIEN onepayuei
OKa3bLIBaeTCA YACTO NMOC/ASAYIOnad OYNCTHA OJIyYeHHOTO BellecTBa.

DNIEKTPOXMMHMIECKAE METOAH NOIYJeHAs] NMpOCTHX Bemecrs. Ilponecchi
3AEKTPOXMMUYECKOTO OKUCJIGHMA W BOCCTAHOBJIGHHS OCYIIECTBIAIOTCA Ha
3JIEKTPOAaX MpH 3JIEKTPOJIM3e PpACIIaBOB WJK PacTBOPOB COeJHHEHMI.
DNEKTPOXUMHUYECKUM (AHOIAHBIM) OKHCJIEHMEM MOJy4aloT (TOp, XJI0p U
KUCJIOpON. DIIeKTPOXHMUIECKHM (KaTOMHBIM) BOCCTAHOBJIEHHEM pPAacIIaBOB
COOTBETCTBYIOWIUX COEAMHEHHIA IOJYyHalOT IUEIOYHbIE M IIEITOYHO-3eMeNb-
Hble METa/Ibl, ATIOMHHKI K HEKOTOpble Apyrue.

DNeKTPONM30M pacTBOPOB COCAMHEHHH MOMKHO IOJAYHYUTL BOAOPOA H
GONMbIIMHCTBO d-MeTamios, Takux, kak Zn, Cu, Ni, Co u ap. DaexTpoxu-
MHUYECKOe BOCCTAHOBJIEHHE HCIONb3YeTcA Takke I paduHUpOBaHUSA
(ouncrkn) "coipuix" Meramsoe (Cr, Ni, Zn, Ag, Sn), nojyueHHbIX IpyruMuI
criocoGamu. Ilpu 3/eKTposnTHYECKOM padHHHPOBAHMM B KadecTse aHOLA
uenoJib3yerca  "chipoil!  MeTaul, B KayecTBe 3JeKTpoiuTa Geperca
COOTBETCTBYIONIEE COeJMHEHNE JAaHHOTO BJIeMeHTa.

Buibop pexnMa 3jekTposin3a NPOM3BOAUTCA KCXOOA U3 BHAYEHHi
MEKTPOLHOTO MOTEHUKANa COOTBETCTBYIOIIEN peakiiH, OCyLIECTBJIAEMON
Ha MEKTPOAAX.

PazjiefleHre NPOCTHX BEMECTB M OTAEJICHME HX OT NYCTOM NOPOKH.
PazgesieHne NpPOCTHIX BELIECTB, BCTPEHAIOUIMXCA B I[PUPOAE MOXKET Ocy-
LEeCTBAATLCA HE TOJBKO XUMHUYECKMMH, HO U PHBMHECKHUMH M MeXaHHudec-
KUMH METOIaMH.

OusnmyecKkHue METOAL pa3AeTIeHUA OCHOBAHbl Ha pa3lIHYUy
PUBKUECKUX CBOMCTB BEUIeCTB, HAIpUMEp HA Pa3fiMYNN TeMIepaTyp Kulle-
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HUA, NJI3BJIEHUA M 3aMep3aHusl, Ha Pa3JMYHON PAacTBOPUMOCTH, HA pasiu-
quM agcopbupyeMocty u np. U3 dusuyecknx MeTOOB NPUMEHAIOT pasie-
seHne  (PPaKUMOHNPOBAHHOW NEPEerOHKONM, BBIMOP@WKMBAHUEM; MeTOJLaMU
abcopbuumu K agcopbuuu U np.

OpaknUOHNPOBaHHAA [ePeroHKa, HallpuMep, IPUMEHAETCA IIA MOJIyHe-
HMA a30Ta M KHUCJIOPOJA M3 JKHAKOTO BO3JyXa. OTOT METOJ OCHOBAaH Ha
pas3M4NK TeMOepaTyp KUIeHHA JKUAKOTO a30Ta W KHCJIOpOJa: a30T, HMeK-
wui 60166 HM3KYIO TeMIlepaTypy KWIeHWsi, YeM KHCJIOpOJ, BBIKWIIaeT U3
KHAKOLO BOBAYXa B NEpPBYIO OYEpEefb, B PE3Y/bTaTe Yol
rallesue XHUIKOro BO3gyXa KueJopogoM. IIpn MHOTOKpaTHOM CHRIKEHUH U
HCIAPeHMU XKUAKOLO BO3AYXa MOIKHO HONYYUTB YHCTHIE a30T U KHUCJIOPOL.
TakuM e crocOGOM NMONYHAIOT U3 ra30BbLIX cMecell 6I1aropoHbie Ta3kI.

BriMopaxnBaHue NpUMeHAIOT AJA BbIEJIHUs BOAOPOAa W Tesps U3
NpUPOAHBIX Ta30BHX cMeceil. Ilpu oxnakpeHunm 5Tux cMeceil BemecTsa
NEpeXONAT B XKUAKOE M TBEPHOE COCTOAHKA [PU Pa3/INYHEIX TeMIepaTypax.
Bonopon u resmit — pemecTsa, Kunsmue npx Haubojlee HUBKUX TeMIepa-
TypaX, OCTalOTCA B ra30BOM COCTOSHUHM.

U3 MexaHMYecKHX METOOOB MOXKHO HAa3BaTh OTAEJIEHME IIPO-
MbIBaHUEM BOJOW 30/10Ta M aJMa3a OT MyCTOW NOPOAH. B 3TOM ciryuae
pa3jesieiie OCHOBAHO Ha PA3IMYHOW IUIOTHOCTH IOJYYaeMOrO BeIllecTBa U
NnycToll mopoH.

‘HbIE (BMUHAPHBLIE)

I'J1ABA3. OABYX
COEJVMHEHUA

§ 1. XAPAKTEPUCTUKA BMHAPHBIX COEAUHEHUN
MO THUIY XUMHWYECKOI CBS3U

Mo Tuny xuMudeckoit cBA3N OuHADHBE COSANHEHMA MOIYT ObLITh
MOHHBIMM, KOBAJIGHTHBIMM, METAJINYeCKUMH M CO CMEIIaHHBIM THIIOM
XUMUYECKON cBA3W. B cooTBercTBuM ¢ 33aKOHOMEpHBIM pa3BHUTHEM
3/IEKTPOHHBIX  CTPYKTYP aTOMOB XapaKTep XuMHYecKoW cBAsH (a
CJIJ[OBATENIbHO, CTPYKTYPhI ¥ CBOWCTB) ONHOTHIIHBIX COGNAMHEHHH B
HepuOgax M CPYlaX NEPUOLUYECKON CHCTEeMbl M3MEHsAeTcA B3aKOHOMEepHO
(puc. 131). Ha npuMepe OHHAPHBIX COCMMHEHMI 3JIEMEHTOB BTOpOTO
Neprosa MOXHO NOKa3aTh, YTO AJIA JIOGOrO W3 MPHUBEEHHBIX COeIMHEeHHIt
CTeneHb NOJAAPHOCTH XuMudeckoi cesizu or | k VII rpynne nocremenno
YMenbillaeTcs.

Li Be B C N 6} F
Qropuppt . . . . . LiF  BeF, BF; CF, NF, OF, (Fo)
Oxempsl . .. ... Li;0 BeO By03 CO, NyOs  (Og) -
Hurpuper . . . . . LigN  BesN, BN C3Ny  (Ny) - -
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P uc. 131. 3aBucrMocTh CBOMCTB 6MHADHBIX COENMHEHUH OT ATOMHOTO

o cTeMeHLIC CKUCIIeHUS:

HoMepa SieMEHTA ¢ MONOKNHTEbHONM CTENREHbLIO ORMCTIeHIs
a — CTRHAADTHOM OSHTPONMHU KPUCTAIMYECKUX XJIOpUAOB; 6 — TeMneparypsl
IUIABJICHUs OKCHUZOB;, @ — DHTanblIMK 06pa3oBaHusi XJIOPUAO0B; t — 3HEpruy 66—

ca 06pa3oBanust XJIOPUTOB
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Tak, B pany cbmpunbs TUO XUMUYECKOH CBSB3M M3MEHAETCA OT UOHHOTO
B LiF ¢ mocilegyiomuM yMeHbIleHHeM CTENeHN HOJApHOCTH cBsA3u B BeF,,
BF;, CF,4, NF3 u OF, 10 HenosnsipHoro koanesTHOro Bo Fy.

O6 U3MeHeHUU TUIa XUMUYECKO! CBABH B DALY OKCHJOB MOXKHO CYIUTH
N0 3HaYeHUAM 3P PeKTUBHBIX 3apALOB KUCIOPOJa B COSANHEHNAX

Li,O0 BeO B;03 CO, N20s
Db dexrtunnbiit 3apan § .

Ha atoMe kuciopopa . . 0,80~ 0,35~ 0,24~ 0,11- 0,05-
N e gt oaschoman cnafion e nran UL HO-
AVIMWYECKaA TIprpo ia CHIIBHO- aMPoTEP— THaso: cpeane CWJIBHC

(20079, ¢: A OCHOBHBI  HBIi KWCJIOTHBIY KUCJIOTHBIN KMCIIOTHBIA

B maBHBIX NOArpyMNIaX ¢ yBelIndeHMEM ATOMHOTO HOMEpa OJIEMeHTa CTeleHb
WMOHHOCTM CBSI3W B OQHOTMIHBIX coeNUHEHUAX OGBIYHO YBEJIMYMBACTCH, HAIPUMED:

L120 NaZO KZO RbZO CSZO
Db dexTUBHBIN 3apAN Ha aTo-

Me kucsopota § .. ... ... 0,80- 0,81~ 0,89- 0,92~ 0,96-

B cooTBercTBHM ¢ M3MEHEHHEM THIa XNMUYECKOH CBA3M U CTPYKTYpbI B
CBOMCTBAaX 6MHAPHBIX COeAMHEHWUN NMpOsABIgeTcsa Gojlee WIN MeHee OTYeT/H-
BO BbIpQXKEHHAst IepUOANYHOCTh. O6 3TOM, HAlpUMep, CBUAETE/NbCTBYET Xa-

~4Hs 295 ~BHg 2080
KX/ Mons 0O KAx/#M0Ab C1
4001

400

200

1
4 50 100
g

P u c. 132. 3aBucuMocTh OHTAIBINK 06PA3OBAHMS BBICIIMX OKCUIOB (@) n xs0pugos

(6) oT ATOMHOTO HOMepa. BITeMEHTa C IOJIOKUTETLHON CTeNeHbIO OKH CITEHH A
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paKTep H3MeHeHUA M0 MepUOAAM U TpYNNaM CTAHAAPTHOW 3HTPONMMH,
TeMIIepaTyphl IUUIABJICHNSA, JHTANLINN M dHepruu ['m66ca o6pazoBanns B
3aBUCHMOCTH OT aTOMHOIO HOMepa 3JIeMEHTa ¢ IOJOXKHUTETbHOR CTeNeHbIO
okucienns (cM. puc. 131). B n3MeHenuu napamerpoB OTYETINBO NpPOSABJISA-
eTcA TaK)Ke BTOPUYHAS NEepHOAHYHOCTL (puc. 132).

. CPABHEHME YCTONYMBOCTU BUHAPHBIX

B KadecTBe Mepbl CpaBHEHUS CTAOWJILHOCTH COEJUHEHUA MOMXHO MC—
NoJIL30BaTh 3Hepruio ['n66ca 06pazoBaHus cOeNHCHUIA.

Ha puc. 131, ¢+ nokasana sasucuMocts AG xnopupos ICl, or aToMHoro
HoMepa dieMenTa O. Kak BuanM, sHavenne sneprum I'mG6ea oGpaszopanus
B IIpefeTaX KakAOro Nepuoga MO Mepe pOCTa aTOMHOIO HOMEpAa 3JJIeMeHTa
D CraHoOBUTCS BCe MeHee OTpULRATENLHbIM. CllefoBaTeIbHO, CTabWILHOCTD
XJIOPUAOB B TOM )K€ HAlpaBJIeHUH YMEHbIIAeTCH.

MpuMepHo Takoit #ke xapaktep nameHennsi AG (B pacdere Ha | Monb atomoB
. TIEKTPOOTPULATEIBHOTO BIEMEHTa) MMeeT MecTo B C/ly4ae OCTAJIbHBIX IajloleHUIOoB,
' 'OKCHIOB, CyJIbdW 0B, HUTPUIOB.

B Xone kpuBBIX WIS pasHbIX TUIIOB GMHADHBIX COEQWHEHWI, €CTECTBOHHO, MpPO—
ABJIAIOTC U pasnuyusA. Tak, MakcuManbHasd cTa6WIbHOCTL Yy TalloTeHHIOB U
Cy/IbGOUAOE NPUXONMUTCS HA S-OJIEMEHTHI 1 rpynmbl, y okcuoB — Ha s-ojleMeHTH I
rpynnet. [lanee, y s-oieMeHToB B LesloM HauGollee ycToitduBbl (PTOPUADI, XJIOpPUABL
ycToturBee GPOMMIOB; B CBOX odepenb 6poMuAbl ycToitduBee HUTPUIoB. Takasd e
pasHMUa B cTaOWILHOCTM XapakTepHa NI GoJIbUIMHCTBA P-ANEMEHTOB, Ho BhIpame—
Ha MeHee DPe3Ko. y d-GJ'IeMeHTOB 3aKOHOMEPHOCTH cJIoK Hee.

§ 3. OCHOBHO-KMCJIOTHEIE CROMCTBA BUHAPHLIX
COEMHEHU U

B cooTBeTcTBUM ¢ M3MeHEHNEM XUMHUYECKON IPHPOIbI ITE€MEeHTa 3aKOHO~
MEPHO W3MEHAIOTCA M XUMUYecKHe CBOMCTBA COGIMHEHWIl, B YACTHOCTH MX
OCHOBHO-KUCJIOTHAS AKTUBHOCTb. 'Tak, B Clydae OKCUAOB B pALY
Li;0—BeO—B,03—C0;—N,05 10 Mepe yMeHbLICHUs CTEHEHH IOJIAPHOCTH
cBA3n  (yMeHbLIGHUS OTPULERTETbHOrO 3(P(eKTUBHOrO 3apsma aToMa
KHcoposa §) OclmabisoTes OCHOBHbIE M HADACTAIOT KHCJIOTHBIE CBOWCTBA:
Li;,0 — cunbho ocuéBHO# oxcuzm, BeO — amdorepnbiit, a B,03, CO, u
N,O5 — kucnotubie.

Kak mn3BecTHO, npu B3anMOpeiicTBMU OCHOBHOTO OKCHAA € KUCIOTHBIM
obpazyercsa coJib:
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Li,0 + CO; = Liy[COy)

OCHOBHBI KMCJIOTHBIA

AHaJIOTHYHEIM 06pa30M B3aMMOMEMCTBYIOT MEKAY cO60#M u Apyrue oJHO-
THNHBIE GMHAPHBIE COSIVHEHHUA ¢ PE3KUM pa3/iHYMeM B NOJIAPHOCTH CBABH:

LiF + BF, = Li[BF,]
Li,S + CS; = Li[CS3]

OCHOBHBI KMCJIOTHBIN

B srux peaknusx LiF u Li,S (mogo6uo Li,O) urparot posis OCHOBHBIX coe-
nunennit, a BFg u CS, (mopo6nro COy) - posib KUCITOTHBIX cOeHHEHHH.

B npuBeeHHBIX PEAKIMAX COENMHEHMA JIMTUS BBLICTYNAOT B KayecTBe [OHODOB
BIEKTPOHHBIX MAP - OCHOBHBIX COEMHEHWI, a coeluHeHusi 60pa u yriiepoia - B ka-
4ecTBe AKIENTOPOB ITUX MAp - KMCJIOTHBIX CoeMHEeHnT, HapuMmep:

F [

- l

akielnTop

JIOHOD

Kak BupuM, XuMpdeckas npupoja GMHapHBIX cOeJMHEHHH 00yc/IOBIeHa
XUMHUYECKOW NPHPOHON 3JIEKTPONONOKNTETBHOTO 3JJIeMeHTa: COedUHEeHHs
METAJIMYECKHX BJIEMEHTOB NpOABIAIOT OCHOBHBIE CBONCTBA, a HEMETAJIM-
YeCKMX DJIEMEHTOB — KUCJIOTHBIE!

Li Be B C N (6] F
LiF Ber BF‘; CFq NF3 OFZ -
Ligo BeO B203 002 N205 e -
L13N Be3N2 PN 03N4 - - _‘I
ocHoBHbIE aMdorepHble N
KHCJIOTHBIE

JliAa cpaBHEeHMA OCHOBHO-KHCJIOTHBIX CBOMCTB OHHAapHBIX COeJMHEHHH
MOJKHO BOCHOJIB30BaThCA AAaHHBIMUA 10 A G COOTBETCTBYIOMMX XMUMMYECKHX
peakumii. Huxke npuBenensl peakuuy B3auMMONEACTBHA OKCHAOB JIEeMEHTOB
3-Tro nmepuoia ¢ OKCHIOM HaTpus:

-175 k/Ix
-197 k/Ix

Na,O(k) + Al,03(k) = 2NaAlO,(k), AG, =
Na,O(k) + SiOz(k) = NasSiOs(k), AGy =
214

NapO(k) + 1/3P20s(k) = 2/aNaaPOy(k), AGjg, = -371 ki
NaO(x) + SOs(k) = NaySOq(k) A Gy = 522 vk
Na,O(k) + Cly07(r) = 2NaClOy(k), AG, =587 k]k

s
Kak Bupno u3 3Havennit A G xuMuvecknx peakumii, B pagy Al—Si—P—
—S—Cl no Mepe yCHIEHHA HeMeTANIMYECKUX IPM3HAKOB 3JIEMEHTOB KNC—
JIOTHBIE CBOMICTBA MX OKCHUIOB PE3KO BO3DAcTaloOT.

AHBJ'IOI‘M‘{HO MOXHO TIOKa3aTh, 4YTO B TOM Xe€ p}uxy QJIEMEHTOB KMCJIOTHLIE cBOVI-
CTBA BOBpACTAIOT U y APYTMX TUIIOB OHHAPHBIX COMHEHUI, HANpUMep:
NaF(x) + MgFy(x) = NaMgFy(x),  AG,, = -14 xllx
NaF(x) + 1/3AIFs(x) = ‘/3Na2AH‘5(K)
NaF(x) + 1/5SiFy(x) = 1/,Na,SiFg(x),

2% = -26 xJlx

Ghgg = 51 k]l

A OfHO
‘" NpU JIPYrUX peaklUMAX, HalpUMeP npH COJbBOJIN3e (MMAPONU3e), aMMOHO-
- muze ¥ np. Tak, 6MHApHEIE COeMMHERUA INETOYHBIX U m,enoqno 3EeMEJTLHBIX
METANIOB THODOJMAY NDAKTHYCCKH “ -

METAIVIOB FHJIPONHBY INPaKTHYCCKH H

3TOM HIEJIOYHYIO Cpemy:

bIX 3/IEMEHTOB IpOABJAAIOT OOILIlE

CBOMCTE #
CBUNCTB M

W
.
o
F
)
%
hel
-1
o
4]
=
<]
B
x
&
=
Ed
(¢
E)
=1

. NaCl + HOH == rugponus npakrudecku He IpoTeKaer
y Na,O + HOH = 2NaOH
Na,S + HOH = NaOH + NaSH

E Hao6opor, rupposns 6uHAPHBIX COENMHEHHH HeEMeTAIOB npoTexaet
HEOBPATUMO ¢ 06PaBOBAHNEM KHCJIOT:

BCl, + 3HOH = H3;BO; + 3HCI
B,0; + 3HOH = 2H,BO;
B,S; + 6HOH = 2H;BO;, + 3H,S

 AnanornyHo IaccHMIMPYIOT COEIMHEHUS, B KOTOPbIX B KadecrBe OKWCIMTE-
| JIe}i BEICTYTIaloT JiBa ONIEMEHTa, T.e. COSMMHEHMsI THIA OKCUI-TAJOTeHUfa, HUTPUA-
Tanoredufia, okcua-cyibouna. Hanpumep, COS — okcocyisdbun yriepoga (IV) —
i KuciotHoe coeqmierue. O6 oToM cBHIETENbCTByeT €ro oTHolleHWe K Bofe (Ipu
i- HarpeBaHuu) U K OCHOBHBIM COEIMHEHUAM:
N COS + 2H;0 = Hy,CO3 + H,S
Ca0 + COS = Ca[CO0,S]
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§ 4. METAJUIMYECKHE COEAVHEHUSA

XuMuueckoe B3auMOAEHCTBUE METAJIOB MeXIy cob6oif, a TaKke c Heme-
TaJIJIaMU, el IPOAYKTH MX B3anMOgedcTBIA COXpaHAIOT MeTaiIndeckne
cBOMicTBa, U3ydaeT OAUH U3 pa3feIoB HEOpraHU4ecKON XUMUH — AUeMalro-
TUMUR.

Ecan paciofiokuTh MeTayuIbl B HOpARKEe yCWIeHUd HUX XUMUYECKOro
B3AaNMOAEACTBUA APYL ¢ APYTOM, TO MOTYIUTCA caeayOmui pag:

a) He B3aMMOJeHCTBYIOUIME APYT ¢ ApyroM HU B JKUAKOM, HI B TBEPAOM
COCTOAHWY;

6) B3aMMHO PACTBOPAIOUINECA B KUAKOM COCTOAHMM, & B TBEPAOM COC—
TOAHNN O6pa3yIolue 3BTEKTUKY;

B) ofpasyomue Apyr ¢ APYTOM JKUJKNE W TBEP/ible PacTBOPHI smoboro
COCTABA;

r) obpa3sylompe Mexmy co6Ol OMHO WM HECKOJIBKO MeTasJINvecKkux
coeMHeHn, Ha3biBa@MBIX AeMa Ao M.

MeraniagccKae TEepAse pacTBOpH. MeTallbl XapaKkTepu3yoTes MOBbI-

[HEHHOf CKJIOHHOCTHIO PACTBOPATb METa/libl W B MEHBIIEH CTeNeHH HeMe-
rasibi. DTa CIOCOBHOCTb — CJAEACTBHE NPEebHOA HEeJIOKaIN30BaHHOCTH
MeTanIudecKoll ceaau. BenepcTBne medunnTa 3JEKTPOHOB (cM. puc. 72)
BACHTHA BOHA METATVIMYECKOTO KPHUCTaJ/la MOXET IPUHUMATE HEKOTOpOe
qHC/IO [OGABOMHBIX BJIGKTPOHOB, HE BHI3HBAA W3MEHEHHH CTPYKTyphi 1
MeTaJIMIecknx INpuspakos kpucraua. Hanpumep, B Kpucrayle cepebpa,
ATOMBl KOTOPOTO HMMEIOT II0 OJHOMY BaJleHTHOMY JJIEKTPOHY sl, aJIeKTpOH-

HaA KOHUEHTpanui (OT}iO]_[]eHPle oburero 4uciia BaJIGHTHBIX JJIEKTPOHOB K

ofuieMy 4Yuciy aTOMOB B kpuctalie) pasna 1. Ho oHa Moxer BO3pacTaTh

10 1,4 3a cyer 3MeKTPOHOB, BHOCUMbX aTOMAMHU APYTUX 3JIEMEHTOB.

IMogo6HoMy yBEIHYEHWNIO 3JIGKTPOHHON KOHUEHTpauun B BaJIGHTHON
sone 10 40% cooTBeTcTByeT NpeJebHAA PacTBOPUMOCTb METa/JIOB B CE-
pebpe; HallpUMep, TBepAblii pacTBOp Ha OCHOBE cepeGpa MOMET cOAepXHaTh
(Mon. monm, %): mo 40 Cd(s?), 20 In(s2p'), 13,3 Sn (s*p?) nam 10 Sb (s*p%).

Kak BuguM, 10 Mepe yBEIMYEHHS YHUC/Ia BAJGHTHBIX 3JIEKTPOHOB pact-
BOPMMOCTb METAJJIOB B cepebpe Majfaer. B caydae e pacTBOpEHUA B ce-
peGpe 30J0Ta (OANH BAJICHTHBIN 3JIEKTPOH s!) amexTpOHHAA KOHIEHTpPALNA
He N3MeHAeTcH, NO3TOMY 30JI0TO W cepeGpo pacTBOPAIOTCA ApYr B Apyre
HEOr paHU4YeHHO.

Tl vxman marr
MpubSasaenn

OnNTUMAJIBHO AONYyCTUMOro NpUBOANT K

JISKTDOHOR CRED
TPCHORB CBE P

SHepreTu4eckoil HEYCTOWYMBOCTH AAHHOIO THOA KpUCTAJINYECKON CTPYK-
Typhl MeTajlll — pacTBOPUTENL U K BO3HNKHOBEHUIO CTPYKIYpbl HOBOTO
rana. DTO yXe CBUAETENILCTRYET O NpPEeBPAlleHMn TBEpAOro pacTBopa B
NHTepMeTalJIMIecKoe coeJUHeHHe WM IpH IOJHOM 3aBeplUeHNN BaJleHT-
HOU 3OHBl — B COeAVHEHUE ¢ KOBAJGHTHOW WJIN MOHHON CBA3BIO.
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O6pa308aﬂne 3HepreTudecknux 30H BO3MOMHO JHAIHL IIpDU yCJIOBHHN 3Hep-

O U IIp!

T rmaTATTITE o A ve

e
PHIBAOIINXCA OpON—

raneii (cm. puc. 72). IloaToMy pacTBOPUMOCTDb BELIECTB B META/IaX B3aBHCHT
HE TOJIbKO OT YHCJIa BATIGHTHbIX 3JIeKTPOHOB, HO M OT MX THHA (s, p, d win
f) n sHeprerndeckoro cocroAnusa. BeseacTsne CIOKHON B3aMMOCBABH 3THX
GAKTOPOB B MHOTOATOMHBIX CHCTEMaX pAaCCYUTATh NMpejebHYyI0 pacTBOpU-
MOCTb IPHUBEJEHHBIM BbIIHE IIyTeM jJiA GOJbIIMHCTBA cly4aeB He NpejcTaB-
JIAETCA BOBMOMNHBIM.

Kak yke ykasHBanoOch, 06pa3OBaHMIO TBEPABIX PacTBOPOB 6J1aronpuAaT-
CTBYIOT GJIM30CTh XMMUYECKUX CBONCTB ATOMHBIX PAaJMyCOB M THIOB KpHUC-
TAIJINYIECKOR CTPYKTYPH Hcxomubix semects (cm. 4. 1, pasmen III, ra. 1,
§ 7). HecoGnomenne omHOro M3 3TUX YCAOBUA HPUBOAUT K TOMY, dTO
TBEepAbie PACTBOPbl MEXKAY KOMIOHEHTaMH OGpa3yloTcs JINiib B OrpaHUYeH-
HBIX NpejeaX KOHIEHTpanui WIH ke He o6pasylorcs ooGme. Hanpumep,
npefleyIbHas pacTBOPUMOCTh psAAa MeTaioB B Hukede (d8s?, r = 0,124 um)
BBIPANKAETCA B BUAE CIEAYIOUIEro pAga:

Co Fe Mn Cr \% Ti Sc Ca K

BanentHeie

ouekTpolbl ... d7s2 &2 B2 B! B 2L ds? 52 sl
Merannuyeckuit

pajMyc aToMa,

HM . . ...... 0,125 0,126 0,130 0,127 0,134 0,146 0,164 0,197 0,236

PacteopuMocTs, %
(Mon. pomu). 100 100 100 50 43 15 ? ‘ [IpakTuyecku
HepacTBOPUMbL

Binskue 1o XMMUYECKHM cBOMCTBaM U pa3MepaM aTOMOB HHMKeTIb, KO-
§aan, KeJie30 U MapraHern o6Gpa3ylOT ApPYr ¢ APYroM HeNpepbIBHLIA paAf
TBepabix pactBopoB. B pagy Cr—V—Ti no Mepe yBen4eHus pasindui
B XMMUYECKUX CBOMCTBAX PacTBOPUMOCTb MeTAUIOB B HHUKele INajaer.
’Karlbuuﬁ A KaJInil, KOTOpble pe3KO OTINYAITCA OT HUKEJA IO cBOWCTBAM
¥ QTOMHBIM pa3MepaM, TBepJbIX PACTBOPOB ¢ HUM NPAKTHYECKH He obpa-
BYIOT. :

i Mertajmueckdae cOSAMHEHHMA. B 1POTHBOIOJIOKHOCTD TBEPABIM pacT-
BOpaM WHTEpPMETANJINAb, Kak I[PaBUJIO, HMMEIOT CJOXKHYI KPUCTANIN-
HeCKYIO CTPYKTYPY, OTJINYHYIO OT CTPYKTYP MCXOAHBIX MeTaioB. CBOicTBA -
MHTEPMETAIUINOB TaKkKe CYIIeCTBeHHO OTJIMYAIOTCA OT CBOWCTB HCXOJHBIX

womIonenT™on  Tax n ofLigniiv  venon

XoMmionenTos. Tak, B OGHIYHBIX YCJAOB AH TCPMETAII M b

uay v oMU 0T
WAX HHTECpME T (O

YCTYHRIOT
YHCTBIM MeTA/VIaM I[10 3JJIeKTPUYECKON IPOBOAVNMOCTH W TEIJIONPOBOIHO-
CTH, HO NpPeBOCXOAAT MX 110 TBePAOCTH W Temneparype mjabjienna. Ha-
npumMep:

2177



T, SCoe e
DiteKTprYecKas NpoBOIMMOCTD * . . -
LInpuHa 3alpeleHHo 30HbL, aB ...

Mg fSn Mg,Sn

.. 650 232 778
| 8 0,1
- - 0,34

Bce 3TO IIOKA3bIBAET, YTO WHTEPMETALTUABL MOMHO paccMaTpuBaTh Kak
COGINHENNs ¢ cOYeTaHUeM Pa3HBIX THIOB XuMnUeckoit cszn (Meranjuyec—
KO, KOB&JIEHTHOH M nonnolt). OTHOCHTe/bHasA HOJA TOTO WJIA HHOTO
TANA CBA3M B Pa3HBIX METaINJAX MEHsAeTca IpH sTOM B IIMPOKHUX Ipe-

nenax.

Pasnoo6pasye THIIOB XMMHYeCKOH CBA3N A KPUCTAITMIECKHX CTPYKTYP
06ycJ0oBNNBAST Y METAIAANIOB [IMpOKM CIEKTP (PU3MKO-XMMUUECKHX,
2JIeKTPUYECKUX, MArHUTHbIX, MeXaHWHeckux n apyrnx csoiiers. Tak, ux
aeKTPUYECKHe CBOMCTBA MOTYT WHOLAA M3MEHATRCA OT CBEpPXIIPOBOJNMOC
TH B JKAAKOM T'&IMH JO IOYIPOBOAMMOCTH IpPH O6BLIYHBIX YCIOBUAX.

QAx

P u c. 133. Kpucraumiyeckas pelierka
CugAu (@) u B3auMHad KOOPAUHALMS
aToMOE B Kpucraie (6)

Mexannyeckne CBOMCTBA META-
NUAOB  BECckMA WYBCTBUTEIBHBL K
BO3NEHCTBUIO  TeMIlepaTyp. IIpn
OGLIYHLIX YCJIOBUSAX OOMBIIMHCTBO
Ipn  nOBHIIIEHHA  TeMIEPATYphl
MeTalJnAbl BeIyT cebs Kak Ifac-
Tpunsie Tena. OcHosHas NpUYUHA
3TOr0 — BO3pACTaHUE MO MeTal-

ANYecKO# CBSA3M NPU HarpeBaHWU.

MHoOrHe MeTaNIAAbl OTJIMYAIOTCH

BHICOKOJ Tem1oTof 06pa3oBaHus 1
XUMUYECKON CTOMKOCTBIO.

Merannunbl B Boje HE PAcTBOPSIOTCS,

Ho HekoTopble M3 HuX (N0J06HO HEKOTOPBIM MeTaniaM) ClocOBHBI PAacTBOPATHCA B
HEBOIHBIX PACTBOPUTENIAX, B YACTHOCTH B HKUAKOM amMuake. [Ipy 2TOM OHM BEIyT
ce651 KAK OMEKTPONMTHI, T.e. NIPU PACTBOPEHUW AAKOT HOHEL, BCTYTIAIOT B DeAKLMH

JBOJIHOTO OGMEHA:

2Ca(NO3), + K4Pb =

4Zn(CN), + 9Na

= CayPb + 4KNO3
NaZng + 8NaCN

HpM GJTQKTPOHMSE p?‘lCTBOpOB nnv pacm‘IaBOB MHTSPMET&IL/‘IM}]OB OTHOCUTEJIBHO
Gollee BIIEKTPOOTPULATELHBIN MCTAJT BEINENIAETCS HA AHOLE, 2 6oJee BIEKTPOIIONO-

UTE/bHBII — HA Kartoge. Hampumep, Mpy O7EKTpOIM3e aMMUadYHOTO pacTBopa

*3neck 1 Jajiee SJIEKTPUYEcKas MPOBOAMMOCTD PTYTH NpUHATA 32 eUHULY.
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NasPbg Ha kaTome BhInesisieTcsi HATpHil, Ha aHoge — cBuHel. [lpu oasekrponuse

e Hanfo
€. Haobo

TIpY B32VMONEVCTBMM METalloB B HEeBOAHBLIX PAacCTBOPUTEJISX, HANpPUMep B XUIAKOM
aMMUakKe, Moay4yarwTtcsi MeTalJInabl:

— Ha at

JAeTcA Ha Karone,

4Na + 9Pb = NasPby (sesenniit pactsop)
3Na + 7Sb = NagSby (kpacHbUI pacTBop)
3Na + 7Bi =-NagBi; (kopuuHeBbllI pacTBOp)

Cpeienust 0 cocTaBe W CTPYKTYPe METAIAAOB OOLIYHO MOJYYAKOT IKC-
nepuMenTanbHo. Ha pue. 133,64 nokasana KpucTaminyeckas pelieTKa
.CugAu. AToMBI 30JI0Ta 3aHUMAIOT BEPIIMHBI Ky6a, a aTOMbl MEH pacroja-
raloTcsl B LeHTpe TpaHeill. CiemoBaTeslbHO, KaXIbIA aTOM 30J0Ta HAXOANT-
cA B KOOpJMHAIMM ¢ 12 aToMaMu MeAH, a KAKILIA atoM Meau — ¢ 4 ato-
Mamu 3oitora (puc. 133, 6), uro orsevaer cpenneit popmyie CusAu.

I'JABA 4 TPEXOJIEMEHTHHIE COEJJMHEHN

=0

ﬁKaK Mbl BU/EIH, IIPU B3aUMOJENCTBUU PEe3KO Pa3jUYHBIX [0 XUMHAYEC~
KOW mnpupoje ONHApHLIX COeJINHEHNII 06pas3yloTcss HOBbHIE XUMHYECKHE

C
OeJIMHEeHU s, CPelyl KOTOPHX HauGoslee MPOCTHI 10 COCTABY TPEX3JIEMEeHT—
Hble COeJNHEHU s

NaF + BF; Na[BFd
NayO + CO; = Nay[COy

OCHOBHBIN KMCJIOTHBIN

Tlo i
TUIY XMMHYECKO! CBA3M MEXIY WX BHYTPEHHe# W BHellHe#l cdepa-

i\ MM 3TW COEJIMHEeHUs] MOrYT ObiTb MOHHBIMHM, MOHHO-KOBAJIEHTHHLIMH W KOBa-
;; ‘MIEHTHBIMUM. Ec/M aHMOHHBIA KOMIUIEKC JOCTATOYHO YCTOMYMB, TO paccMaTt-
i PUBaeMble COEINHEHUs [0 OCHOBHO-KUCJIOTHLIM CBOMCTBAM r[o,u’ot’mu Gunap-
: HbiM. Tak, np’onznonﬂme HIeJOYHBIX W IETOYHO-3eMeIbHbIX METAaNlJIOB
SABJIAIOTCA OCHOBHBIMH, 3@ IIPOM3BOJAHbIE HEMEOTAJINYECKUX 3JIEMEHTOB —

KHC
noTusiMuA. CKasaHHOe NOATBEPXKIAETCsA UX COJLBOJIM3OM N peaKlUusMHA

B3auMOIeNCTBUS 1T
013! N
. Bi POU3BOJIHBIX QHUOHHBIX KOMIUIEKCOB pPa3jiMYHONW OCHOB-

BO-KHC/OTHOM NP

POABL, HAapUMED:

RbNO; + INO; = Rb[I(N03)2]

OCHOBHBI KUCJIOTHBINM



RbNO; + HOH = rugposus mpakTuyecku He UAeT
OCHOBHBIMN
KMCIIOTHBIA

Ha yCTOﬁ‘{HBOCTb IIpOU3BOJHBIX AHYOHHBIX KOMIIJIEKCOB 60J1pII0€ BJIUA-

HMe OKasEBaeT MpPUPONa WOHOB BHemmelt coepel. Ilocrenunie B 6os1bIIel
HJIM MEHBINEH CTEMEeHU BHI3BIBAIOT KOHTPHOJIAPH3ALKIO (ocnaénenne BHYT-
HHOTO KOMILIEKca. IIpd 3TOM ueM BeIlle Yy aToMa
it cpasu (poime D0), Tem ero
npHee. B aTOM HeTpynHO
pacrafa cOOTBET-

peHHuX CBs3eil) aHuO
CKJIOHHOCTh K O6pa30BaHHUIO KOBAJIGHTHO
KOHTpIOJIApHU3YIOllee neficTBre, Kak MpaBuilo, cuilbHe
y6eIUTBCA, CONOCTABUB TEMIEPATyPbl U 3HAUCHUS AG,,

i1 B 5-3JIEMEHTOB
CTBYIOIIMX COGNMHEHHN, HanpuMep pacra/ia OKCOKap6OHATO

1l rpynnsr:
DCO4(k) = DO(k) + CO(r)

Ba Sr Ca Mg Be

Dnexrpoorpuuaressiocts 3. 0,89 0,95 1,00 1,31 1,57

BaCOs SrCO3 CaCO; MgCQO3; BeCOg

KapBoHAT . . .. o v v e e
TemnepaTypa pacrnajga kap6o-
Hata, "C........ ... .. 1300 1100 840 400 100
A G‘; og PAcCTAZA rapboHarTa,
216 183 130 65 -30

Ilpu marpesanun MgCO; (AG = 65 k[l /monp) pacnajaeTcs Ha MgO
n CO, yxe mpu 400 °C, Toria xak pacnaj BaCO; (AG = 216 k[lx/monn)
1a BaO u CO, cranoputes saMerHbIM Jumb npu 1300 °C.

L%t NaCl—AlICl3 KC1—-AlCl5 RbC1-AICl5 CsCl1-AlCl3
800
o0t
a0t
- -
5] | &)
L K G
g Sl & nan
0 b7t 55 66 70 & 20 70 60 G0 700 0 20 40 60 407000 20 40 60 4 100
NaCi 'AIC13 KC1 AICI; RvCl AICl; CsCl AlCl;

an. donu AlC15,7%
P u c. 134. JluarpamMma IJIaBKOCTH CUCTEM MCI - AICl,
280
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Biusinue mpupogsl aToMoB BHelmeit cepbl Ha YCTOMHMBOCTb COEAMHEHMI
MOKHO MOKa3aTh Takke Ha npnMepe ssanmogeiictensa AlCly ¢ MCl Kak noxasbisa—
0T auarpamMel TzaBkoctm  (puc. 134), B psgy NaCl—AICls, KCl—AIClg,
RbCl—AICl;, CsCl—AICl; ycroitumsocte coeunennit M[AICl4] noeeimaercs. Orto
COOTBETCTBYET  yMEHBLIEHMIO  KOHTPHONSIpUBYlOUlero  NEeHCTBUsI B psify
Na*—K*—Rb*—Cs"*, T.e. ycuneHuio TeHgeHunu kK 06pasoBaHMIO MOHHON CBSI3U.

TaxuM ke 06pa3oM MOXKHO OOBSICHUTH yMEHblIEHUE TEPMUYECKON yCTONYMBOCTU
N0 Mepe YBEJIMYEHUS ONIeKTPOOTPUUATENBHOCTH aToMa BHellHell cdepbl B pARY

KNO3;—GNO3—FNOy:

< _OF
]
I

O 0 0

o| H-O

—Og el
\‘N/

N

B KNOj nonet K* u NO; usomiposaHb! apyr or apyra. B xopanentHbix HNO;

u FNOj 3a cuer obpasoBanusi cesisu H—O u F—O B monHe NQOj Hapyuaercs
TpexcHee paclipefielleHne ONeKTPOHHOMR TUIOTHOCTH ( T—CBSA3BbIBAHME), UTO MPUBOAUT K
CHMKEHUIO ero ycroifumpocTd. Tak, eciu uoHHoe coeguHeHue KNQOj pasnaraercs
sniib Bbilre 400 °C, To kosajieHTHoe HNOj HaumMHaeT 3aMeTHO paaniaraThCs yme
nipu 06bIMHOM TemllepaType U ocewenn, a FNQjy cyulecTByer nuinb Npu TeMmmepa-—
Typax Huxke —5 °C.
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% Bernencreue  KOHTPMONApUSYIOmero AeficTBUsl BHEUIHell Chepbl KaTHOHHBIE

TIPOM3BOJAHBIE HEMETAJIMUYECKUY BNIEMEHTOB M CJIOMKHBIX aHMOHOB BECbMa HeyCToWdu-—

BbI ¥ M3BECTHbI [/ OTHOCUTEIBHO CJa60 OIIEKTPOOTPULATENBHBIX ONEMEHTOB MpH
HUBKMX crereHsx okucTenns I(IT), I(III), Te(II), Sb(III).

[logo6ubIM ke 06pa3oM OObsCHsETCS XOpOWIO M3BeCTHBIA (PAKT MEHb-
el yYCTOMUYMBOCTH KHCJIOT €O CJAOKHBIMU KHUCJIOTHBIMA OCTATKAMM 10
CPaBHEHHIO ¢ HX COMSAMH. MOXHO HalOMHHUTH, YTO, HalpUMep, coju
Na,CO;, K,CO3, KCIO3, KBF, Bnosue ycToitumBhbl, TOrAa Kak OLHOTHII-
Hble coenunenust Bopopona H,COs;, H,SO;, HCIO3;, HBF, Besencteue ux
HEYCTOMYMBOCTH B CBOGOLHOM COCTOSHUY HE MOJYUCHBI.

§ 2. CMEIIAHHBIE COEJUHEHUS, TBEPJBIE PACTBOPHI,
OBTEKTHKA

B 3aBHCUMOCTH OT NPMpPOABI MCXOIHBIX COSIMHEHMI OpH KX B3aHMO-
AECTBAM [IPYT € APYTOM BO3MOXHBI CJIGAYIOIIME BapUaHThl. BsauMopmeicr-
Bue pe3KO DPa3jIMuHBIX MO XUMHYECKOH HPHUPOIES COSNHMHOHUI NPUBOLUT K
* 06pa3soBaHMIO HOBBIX XMMHUYeCKUX coefuHenmit. IIpuMepr Takoro B3ammo-

' ReilcTBus 6BUIK pacCMOTpeHbl BhIIIE.
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Ilo Mepe yMeHbIUEHHS pas3/MYHA B XUMHAUECKOH NpPHpPOJe B3aUMOLeHcT-
BYIOIIMX COSNUHEHUA BO3MOXKHOCTH 06pa3soBaHud KOMIUICKCHBIX aHHMOHOB
YMEHBLIAIOTCS, [O3TOMY BOBHHKAIOT yXKe H60 CAUEULAHNBLE COCOUHENUS,
meepovie pAcMeopst, WK I6MEXMUKY.

CMeIuaHEbe COeHHEHHs MOJIyJaloTcsi IPU B3aUMONSHCTBHHM COSIUHC-
HUii 3J7eMEHTOB, B DPaBHOM Mepe CKJIOHHBIX K KOMILJIEKCO06pa30BaHHIO,

HaIlpUMep

CuS + FeS = CuFeS; (xaibkomupur)
MgO + Al,O3 MgAl,O4 (mnunens)

CcMelIaHHoe

il

coeIHEHN e

CMOIIAHHEIE COCUHEHHS — 9TO MOJIMMEpH, B KOTOPHIX aTOMBL 0GOMX
3JIeKTPOTIOJIOKHUTENbHEIX DJIEMEHTOB HIDPAlOT poJlb KOMIJICKCO00pa3oBaTe~
Jell, T.e. ¢ XUMHYECKOH TOUKH 3PEHHs] paBHOIEHHBI. Tak, ecau Kpucrann
KBF, BMeerT OCTPOBHYIO CTPYKTYPY U B HEM MOXHO BRIASHATL HOHH Kt u
BF;, TO cMemaHHOe cOeIMHEHUE CuFeS, (zaavxonupum) — KOOPAUHA~

[MOHHEBIA NOMUMEp. B €ro KpHCTAT/IMYECKOH pelleTke aTOME Cu u Fe 3a-
KJIIOUEHHl B TETPadApH M3 aTOMOB CePH — CTPYKTYpHbIe e[IHHUIb CuSy u
FeS4 (puc. 135), T.e. XaJIbKOIMUPUT CuFeS, — cMemanHbil cympdun Menm
(I1) u xesesa (II).

MgAl,04 (wnuneas) — cMemaHHHA OKCHI MarHus (1) n amomuuus
(1), TakXe KOODAHHAMOHHBIA TMOJHAMED. Ero xpuctaiel 06pa3oBaHEl
terpasapuueckuMun MgO4 U OKTadpUICCKUMH AlOg cTpYKTYpHBIMU €L 1-

+ 2+ 3 + 2
HEHHS COCTABA 1\2/[(16[02)2) rne M—Mg, Mn.
+ 3
Fe, Co, Ni; M—Al Cr.

Kpome cTpykTyphl THIa XaJbKOMUPHUTA W
MINUHEIH AJs1  CMEIIaHHBIX  COEMHeHu#
(cMemaHHBIX OKCHILOB, cyapdUnOB, rajloresn-
OB, HUTPHAOB M Ap.) BeckMa XapaKTepHb!
CTPYKTYpPHEIE THIIBI MJIBMEHUTA, MEPOBCKUTA U
np. (em. puc. 70).

Ecii  2/1eKTPONOIOKUTE/IbHBIE  DJIEMEHTH
B3aUMO/IEH CTBYIOMIUX COeIMHEeHU cIOcOOHBI

HamE BTITIRNRS O A AoTITE IS T33O
3ME

06pasoBEIBATE OAWSKHE O CTPOSHWIO, p&
py U YCTOWYHBOCTH CTPYKTYPHbie €ILUHULEL.
TO MOJY4alOoTcsi TBEpPIble DPacTBOPH  3aMe-
[EHU A

QCu @Fe Qs

P u c. 135. Kpuecranmu-
YecKas pelleTKa Xallb-
rxommpura CuFeS,

282

HUHaMi. AHAJIOTMYHBI N0 CTPYKTYype coein- '

O; + RbNO; = KNO; - RbNO,

+ RLbN O3 =KNO;

TBEPALIA pacTBOp

MnCl; + FeCl, = MnCl, - FeCl,

TBEPAbLA pacTBOp

CoefiMBenus BIEMEHTOB, GIM3KHUX IO XMMHYECKMM CBONCTBAM, HO pas-
JUYAKIMUXCA CTPOSHUeM U pa3MepaMHd aTOMOB (I/IOHOB), XHUMHUYECKH He
3331/INI()Il,el';[CTBleT7 a NalT MEXaHUYECKYK) CMEeCh KPHCTAJIJIOB — 3BTEKTHKY.
Hanpumep, sBTeKTHYeCKas cMech 06pa3yeTcsi NP COBMECTHOM }cpnc'ranm;—
sanuu KCI (rK+ = 0,133 um) u LiCl (rLi+ = 0,068 um):

LiCl + KCl = LiCl + KCl

OBTEKTUKA

Biusive NPUPOLH B3aHMOJEMCTBYIOIMX COEMMHEHHIA Ha Xapakrtep
06pasyloIMXes [POLYKTOB MOXHO [POUUIOCTPUPOBATE IUATDAMMAMH
octH coorsercreyomux cucreM (puc. 136). Tak, B
! .4eCKH OJIMBKMX M OJMHAKOBHIX [0 CTPYKTYPE COSIHHEHWH COCeIHUX dJe-
MeHTOB nepuoanyeckoi cucreMsl MnCl,—FeCl, o6pasyercs TBepamiit pact-
© BOP, TOPJIa Kak B cHCTeMe COS/MHONMI, I0BOLHO GIIMBKHX 110 XUMUYECKOil

TIPHPOJIe, HO CYMIECTBEHHO pasanuibX 10 crpykrype FeCl,—CuCl, (FeCl, —
cnoucras crpykrypa, CuCl, — uenHasi cTpykTypa), BOBHMKAET 3BTEKTHKA.
‘M HakoHen, B cHCTEME DE3KO pPasMUHBIX [0 XHMHUYECKOH MpHUPOJe
coeaunennit KCl—FeCl, Bo3HUKAIOT HOBEIE XUMHUYECKHE COSTHHOHHA.

FomONIn  WETINITI
CTOMC XHMM-~—

% t,°c t,°C
. L : 700
- s - 6ot
i 700 ok
r 600
r 500 %001
— 900 300
: ‘- —— Jo0 _ [ KaFeCl,
b 50 \ I:“Iogl om0 30 0
Mon. dony MuCly , % ) Uﬁ\;;; donu KCI, :/:u rW/tfm domy CuCly, ‘Z:qug
a 0 [

P u c. 136. JinarpaMMbl M/IaBKOCTU CHUCTEM!

a — TBepABIA pacTBOp; 6 — ¢ XUMUYECKUM COeIMHEHMEM; 6 — C OBTEKTMKON
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5. HECTEXUOMETPHYECKHE COEJIUHEHUA

™
L

JIAB

i

§ 1. COEJMHEHUA NEPEMEHHOT'O COCTABA

B nauane XIX B. Ilpyer B cnope ¢ Bepronse BHCKa3al YTBEpKICHUE,
4TO BELIECTBO, HE3ABUCHMO OT CIOCOGOB nosydenusi, o61ajaeT ONHUM U
TeM e COCTABOM. DTO yTBepXKIEHMe CTa/l0 OCHOBHBIM 3aKOHOM — 3QKOHOM
nocmosncmea cocmasa. Ha ocHOBaHUH JIAHHBIX O COCTaBE BelllecTBa CTPOM-
Jach ero xuMpyeckas GopMysa ¢ MOCTOSHHEIM KOJIHYECTBEHHBIM COOTHOIIE—
auem saementos (CO2, H20, CH,). TlosroMy coefuHeHNA TOCTOAHHOIO
cocTaBa 6LUIM Ha3BaHbl CMETUOMEMPUNECKUUY coedunenusau™. 3aKoH
NOCTOSIHCTBA COCTAaBA U CTEXMOMETPUYHOCTD COeMHEHUA HOJroe BPEMs
cyntanuch HesH6aempiMu. Onmako B Hadale XX B. H.C. Kypnakos Ha
OCHOBAHMYM CBOMX MCCHS[IOBaHMil TPHUINENT K BBIBOAY O CyIIecTBOBAHUU
HECTEXHOMETPHYECKUX COe/IMHEHMIl, T.C. XapaKTEPHU3YIOIUXCs [IePeMEHHEIM
cocraBoM. OH oTMewan, 41O 65110 GBI OMKU6KOI CYMTATh COSIUHOHUA Tepe-
MOHHOTO COCTABA... H9eM-TC DOJKHM U HCKIIOUMTEIHHHIM. Coennuenus

S TK M

nocrosimaoro cocrapa H.C. Kypnakos Ha3Ball dasvmonudauy B UecTb
S— TEODHIO K

JansTOHa, IMPOKO NpUMEHABLIEro ATOMHO-MOJIEKYJIAPHYIO TEOPHIO K
eercvs sagonusy. HecTexuoMeTpiueckue coeflHenus Gbuiy HadBaHbl

XKUMUYECKuM SBJACHUNAM
B uecTh BepTosne Gepmorsudany.

CoeIMHEHUAMY TOCTOAHHOO COCTaBa ABJAIOTCA BEINSCTBA MOJIEKyJIAp-
HOTO CTPOEHHUs, TOCKOJBKY COCTAB MOJIEKYH OAHOSHAHHO onpefeaseTcs
cTpOeHMEeM KX O6GpasylomuX aTOMOB. Eciu e KPUCTA/UINYECKOE BEIECTBO
JIMEOT ATOMHOE HJM HOHHOe CTPOSHHE, TO OHO XapaKTepu3yeTcHd 6ostee WIH
MeHee TIepeMEHHbIM cocTaBoM. IIpudmuoir 3TOTO SIBJAIOTCA TOYEUHBIE J1e-
dexTs! B KpHCTalIe. B peanibHOM KpuCTaie BO3MOXHBI TePEKTH ABYX
ruoB. PaccMOTpMM KPHCTALI [JBYX3JIEMEHTHOTO  COCNMHEHMT AB. B
HeaNbHOM ciydae B KpHCTajljle 3aHATH Bce ySibl KpHCTaIMYecKoil pe-
werky atomamy (wonamu) A u B (puc. 137, a). B peanbuoM xe KpUCTaJLIe
MoryT 6bITh He BaHSATH YBJIbl KPHCTA/UIMYECKOll DEINeTKM, OTBedalomue
atomy (uoHy) A umu aTomy (uony) B (pue. 137, 6) WM TOTO MJIK ApYroro.
KpoMe TOro, B MEXOY3IMAX PEIIETKH MOTYT pacrosaraThcs U3GBITOUHBIE
atomer (wonm) A u (umi) B (puc. 137, 6). .

PaccMOTpUM HEKOTOpHE TIPUMEDEL. OTYeTANBO HECTEXNOMETPHUYECKUM
COSVHEHMAMU ABJIAIOTCA OKCHI, M cynpdun xeinesa (I1). Oxcun xeneda
(i) mmeeT cTPyXTYPY THNA XnODUZa HATPUA M ero HeanM3UpOBaHHAA
dopmyna FeO. PeansHoe e coeluHeHUE ameer coctaB oT FeggO n0

SanE s wavsmOA T~

Feq,950. BelecTBo, TOYHO OTBEYAIOMIEE gopmyne FeO, Boobuie HeycTORY

*CrexyoMerpusi — OT rped. stoicheion — ocHoBaHUe, @IeMeHT W metrea —
Mepio.
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P u c. 137. JledbexThl KPUCTAIUIIMYECKOI PElIeTKM coemuHeHuss AB:

a — UReaNbHAs PelueTKa; 6 — pelleTKa C [OCTaTKOM aTOMO! 3 8 — pel K& ¢ WU30bITKO!
P 4 P HEJIOCTATK! 61
di( B B; HIET) M

BO M MOXE
po i T GBITh [OJy4eHO MWL B 0co6bIX ycsopuax. Takue coenunenus
.C. KypuakoB HasBan munumsiau. i
Cyasb
oo Xﬂecbpm wesnesa (11) FeS na camoM pmeme mmeer cocrap Fey-,S, te
PIMHEHNE HMEET HELLOCTATOK & aTOMOB Fe u ero cocras 6imsok k ¢ I :
Jje FegS7. o
Buo i
conor ;ﬁncra;nelxgn HOHHOW MOJeJIH H3GBITOK OTPULATENTHLHOrO Rapsfia B
C ax Fej. 0B) KOMIeHCHpyeTes
KpHCT 1-20, FerxS (¢ — nedmuur karTvomop) kommencupyer
NPeBPAIEHHEM HOHOB Fel® Fed*. Yro6 oo,
npeepaL B HMOHBI Fe®”. YTOOBl COXpaHHJIACH 3JIGKTPO-
PAIPHOCTb, Ha KaXXAyK BaKaHCHIO HMOHa Fe?' nomkno npuxonu
mBa nona Fe3* (puc. 138, a). - ) e

B kpucrs
pUCTANIaX ¢ NeDUIUTOM aHUOHOB aHUOHHBIC BAKAHCHH MOTYT 3aHH-

‘. MaTb 23JIe
. KTPOHBI U TEeM caMbIM KOMIIEHCHUDPOBATh U36BITOK MONOKUTEITHHOIO

3apsAna. i
an na Oﬁcynm‘w cienyonwil sKenepumenTanbHblil dakr. IIpu narpesa
U B I » 0
o ngax Harpua kpucraaiel NaCl cranopsarcs sesnroro msera, 1o
BACHATE cjleAylomuM o6pasom. [lpu pactBOpenum B Kpucranse

{
- Na
& Cl aToMB HaTpHUs MOHUSUDYIOTCA

Na — Nat* + ¢

Fe'— O0"—Fe&"™—0" Cl—Na— ClI'— Na’

Lo L1,

0“— — 0 —Fe" Na— 0 —Na— Cr
R
| —_— cl) -—Fle’_ (I) (I:r— Na'— CI'— Na'
. ) _ | Na* |
0 —Fe"— O"—F"  Nd— CI'— Na— CII'
a 6

P u c. 138. Karnouneit gedexr s rkpuctanse FeO (a)

M aHUOHHBIM HeeKT B KpuUcTajiyie Na JIeru;
( P! Cl, POBaH-
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'Mon Na* 3aHHMa€T KaTHOHHBIN y3eJ, a JIeKTPOH — aHHOHHBIA y3ea (puc.
138, 6). 3a cueT BO3GYKAEHUS INEKTPOHOB ITa CUCTEMA MOrJIONIAET CBET B
BUAMMOIl YACTH CMEKTpa: KPHCTAJUI PUOBpeTaeT OKpackKy.

CocTaBy OKCHA2 TUTaHa (1I) orpeuaer dopmysa Tip,8500,85. DTO 03Ha-
yaer, UTO M3 KAWKABIX COMM MeCT OJHO, IpPeAHAa3HaueHHOe AJA aTOMOB
06oMX BUIOB, Beerga mycryeT. IIOCKONBKY BAaKaHCHM PACHPEACTICHH B

" IPOM3BOJIBHOM MOPSA/KE, CTPYKTYpa OCTaeTCH ky6uueckoit (tuna NaCl) Bo
BCOM HMHTEpPBaJie COCTABOB. '

Cocraphl, YKJIaJbiBalOMecs BHYTPH IPaHHIHBIX 3HAUEHHI HApPYIUEHUs
CTEXHOMETPHUYECKOIO COCTaBa, HaB3BIBAIOTCA obaacmuio roaotennocmu. Eetb
COBMUHEHHS ¢ MIMPOKON O6IAcTbIO TOMOTEHHOCTH, HAIPHMEp, COCTaB OKCH™
aa tarana (1) TiO usmenserca or Tip,70 mo TiOy,3, a cocras cynbduna
curna (I1) PbS umeer BeceMa ySKyIO 0G/IaCTb TOMOIEHHOCTH: OT Pbyo, 99955
no PbSggggs. Kpucranimueckas pemerka Kapbuna THTaHa (THIA NaCl)
cOXpaHseTcsl, ecJii B Hell HelocTaer ake 40% arToMOB yIJIepoja; COCTaB
Kap6ua THTAHA MOXKET U3MEHATbCA OT TiCo,6 mo TiC.

& MMEIOT MOJIEKY/SPHOTO

Cpenu HeOpraHntiec u 95% 1
CTPOGHK?{ U, cJIeI0BATEeJIbHO, ABJISKOTCS HGCTQXMOMGTPM‘IGCKHMH coeIuBe~
ausimu. UacTO OTKJIOHEHHs OT CTEXMOMETPHYECKOTO cOCTaBa TAaK HEBEJIMKH,

1opuTe HE yraercA. (DTHUM-TO 06—

YTO TpH XMMAYECKOM BHAJN3€ MX yCTa
sicHSAETCA, UTO 3aKOH MOCTOSHCTBA COCTaBa CUMTA/IM COPaBeJIMBBIM Ha
[POTSIKEHHH CTOJb JLOJITOTO ppemenn.) OJHAKO HCCISNOBAHHE CBOHCTB
BELIECTB,. HAIPHMED, TeKTPHUYECKOH MPOBOAMMOCTH, OKPAaCKH, MATHUTHBIX
M APYTHX CBOMCTB, BHHYX/128T IPH3HATh HA/IHYHE EPEMEHHOrO COCTaBA.

Hau6osee OTYETAMBO MEPEMEHHBI COCTaB MPOABJIAETCA y coeIMHEeH Ul
d-5/IEMCHTOB — OKCHIOB, Ccy/lb(MHAOB, HUTPHUIOB, KapOMIOB, T'UIPHAOB
u Ap.

Coeutenys ePEeMEHHOTO cOCTaBa, KAK NpaBuio, 06J1a1al0T HHTEHCHB-
HOM OKpackoil, MpOSBIAIOT MeTaUInYecKue HiIn MOJIyIIPOBOJHUKOBBIE
cBoiictBa. 110 CPAaBHEHHIO ¢ COSAMHEHHAMH MOCTOSHHOLO COCTaBa Y HUX
66/1BIIAA PEAKIMOHHAA CIIOCOGHOCTD U KATAIMTHIECKAA aKTHBHOCTD.

Mpouece o6pasopanus aedeKToB KPUCTAJIHYECKOH DOIIETKH, KOHEUHO,
SHOTEPMIYECKUil, ¥ KAK BCAKOE PasyNopsI0veHHe CONpPOBOKZaeTcs BO3-
pacranuem surponHu (AS > 0). Iloaromy B cormacuu c AG = AH— TAS
pu JI06GOI TEMIepaType, OT/IMYHON OT aGCOJIIOTHOTO HyJs (T>0K), 8
peajibHOM KpHCTaJjle JIO/KHBI CYIecTBOBATb nedeKTHbBIe NOBHIHM W

oHpe MOMXeT pealH30OBATHCA

BakaHcuHM. 1lO/IHOE CTPYKTYpHOE YHOpPAZO
Auwb npu abeomoraom wyie (0 K).
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§ 2. COEJJUHEHUWSA BKJIIOYEHUSA

CB0eo6pasHbIMU  YIOPAAOYEHHBIMUE TBEPABIMUA PACTBOPAMHU BHEJPOHUS
THIA COAb — JIefi ABJSAIOTCS HEKOTOPHIC KPHUCTANJIOTMAPATHL ¢ GOMBILMM
qHeIOM Monexyn Boxel, HanpuMep Na,SO4-10H,0, Na,COjz-10H,O (mex-
mowdpams)). OHM HMEIOT CTPYKTYpPY JbJa, KOTOpas crabuiusupyercs
3a CYET CTATHUBAIOLIETO AEACTBUS 3JIEKTPOCTATHYECKU B3aMMOASHCTBYIOMUX
HMOHOB MPOTHBOIOJIOKHOIO 3Haka. Besesersue aTOoro Temmepatypa mjaB-
JIGHUS TEKTOIHJPATOB HAMHOI'O IIPEBHILIAET TEMIEPATYPY ILTABJICHUA JIbJA.

K TexTornaparaM npueInKaloTCsi TaK HASHIBAGMBIC COEOUNENUS BKAIOUe-
‘Wuf, T.e. CHcTeMbl, OOpa30BaBILMECS] B PE3YJIbTATe OOGPATHMOrO BHEJPEHUs
Mostexys opHoro pemecrsa ("roers") B cBoGopHble MONOCTH KpHcTalla
gpyroro Bemecrsa ("xossuua"). B cOeqMHEHUAX BKIIOUCHHS MEKMOJIEKY-
JApHOe B3aUMOJEHcTBHE MONEKya 'rocTsi" ¢ COCTABHBIMM YACTAMH KpPHC-
Taj/la UTPAET BTOPOCTENEHHYIO POJIb.

CoeMHEHUsT BRKIIOYEHUS  HA3BIBAIOT

| TAK)KE  KAAMPAMHBAYL ~ WAIA  [POCTO
oxagmpamanmu. K xaarparam, uanpumep,

OTHOCATCA TaK Ha3blBaeMble tudPamat
114308, KOTOpble o06pa3yioTes 3a cHer
U BKITIOWGHNA B MEMJIOY3EVIbHBIC TPOCT-
::; PaHCTBA KPHCTAIIA JIbja MOJNGKYI Cl,,
L CH,4, H,S, Ar, Xe, SO, uau gp. B on-
[‘(k HOIl M3 MoaMdUKAauui abna Ha 46 Mone-
\‘i,.KyJT BOJABI MpUXOANTCS 8 cBOOOIHBIX
[oJIoCTe;  OTCIO/la  CPeAHUIl  cocTaB

@X ©oH,0

], tuna  X-575H,0  wmnm okpyrsenno Py c. 139. Crpoerve KiaTpara coo-

i X:6H:0 (X — wmomexyna "rocrs"). tasa X-5,75H;0

1 Crpoesue rasoBoro ruppaTa 3TOO CcOCTABA [OKABAHO HA puc. 139.

‘Bche‘{achﬂ TaxxKe ruapatel rasos cocraa X-7,75H,0 (X-8H,0).
T'asoBble ruapaTsl — TBepABIe KPHCTAIIMYECKHE BOIOCTBA, HATIOMMHAIO

Hwe no Buemmemy BUAY cHer WM pixislii nex. IlepseiM 6wl momyuden

TH, .
q ruapar xnopa Cly-6H,0 (oeu, 1811) npu oxmammeHnu HacbIEHHOro
. XIopoM BogHOro pacrsopa o 9°C.

b
\ Bosbmon TEOPETUYECKU 1 TPAKTUYECKUIT MHTEpec IPeacTaBjIAloT asoBble
Knarpatel. Psap mpoueccor HedremoSbIBAOIEH i

1
AR MPOLECCOR Hex P

OOLIBAIONIEH, TABOBOH M HobTeXMMUYe
e, rasoBoit 1 HedTexuMubec

-y ofpasoBaHueM  YIIEBOZOPOAHLIX  MAPATOB,
Balowux TpyGonpoBosbl U annapaTypy. [lisi MpesoTBpalleHnsT STOro HeoHX0 Av—

o}
>
:|
3
>

MblilJIleHHOCT U CONIPOBOX JAETCA
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MO 3HATh yCIOBMS OBpasoBaHusi [MApaTos (TeMIepaTypy, AaBlene I npyrue
mapaMerTphbi) NIPH PasINUHBIX COCTaBAX rasoBoit pasbl.

O6pasoBakue ¥ 3aTeM paspylleHie rasoBBIX KIATPATOB UCTONB3YIOTCs], HAanpn-
Mep, 4151 pasiesieHnsi TasoB (YI7IEBOLOPOLOB, 6N1ArOpOAHBIX T'a30B), COSIUHEHMIi-
M3OMEpOB, A/ OTIPECHEHMs MOPCKOH BOAL KuiaTpaThl MCMONBIYIOTCA KAk yaoGHast
dopMa XpaHeHnsi TasoB — 1 ofbeM KJaTpaTa MOKeT copepxatb f0 200 obbeMos
rasa. ) ]

Onpectenne MOPCKOH BORBl OCHOBAHO Ha BBICOKOM CTaBUIIBHOCTU yTJIEBOAOPOA-
HBIX TAa30BbIX KJarpaToB. HarHeranmeM rasa B CONEHyIo BOAY (npu  Temmepatype
1,1 — 24 °C u pgasnesmu 0,4 — 7 MIla) mofy4alor TBEpAble YIIEBOAOPOAHbIE
KjarpaTel. Hampnmep, KpuUCTaJIOrMApaThi MpolaHa o6pasyiorcst mpu 1,7 °C n
0,4 MIa. BaTeM KpUCTaJIbl KJIATpPaTOB BHIAENAIOT, NMPOMBIBAIOT 1 pasjIarair npy
remneparype 7,2 °C u pamenun 05 Mlla. [lpy oTOM MOJyHaeTcst OMPeCHeHHas
Bojia; BBICBOGOAMBLIMIICS NPOMAH CHOBA MCMONB3YeTcs ANA 06pa3oBaHMS KJaTparta.
HPOLISCC OMpecHeHus MOPCKOIZ BOJABI OTUM METOJIOM BBICOKO BKOHOMUYEH.

KnaTpatst B OpHpOJe 4acTO BhIIL )
uia razos. Tak, B paiffoHax BeYHON MEP3JIOTHI 06HAPYKEHBl HA SHAUNTENIb-
HOMl IJIy6MHe B He/lpaX 3eMJIM TBepAble ra3oBble TMAPAThl METaHa — Ba¥-

=]
e

£

=

¢

¢

),

b

Hblil MCTOUYHHK HEHHOTO Chipbi.

Paszpen
Xumuna s- U p-anemMeHToB

5 ¥ p-DNEMeHTHl — 3TC 3JIEMEeHTHl I'JIaBHBIX MOATPYIN MeprOaMIecKOM
cucrembl JI.U. Menpeneepa. KaxJpit mepuos cUCTeMBl HAYMHAETCA [BYMA
s-9/1eMeHTaMM, a IMeCTb ero MOCHAeAHUX dJIeMeHToB (kpome 1-ro mepuona) —
3T0 P-IJIEMeHTH.

I')J1ABA 1. OBIIME 3AKOHOMEPHOCTH

§ 1. BHYTPEHHSSA ¥ BTOPUYHAS NEPUOAUIHOCTD

Y s u p-2/IeMEHTOB BAJEHTHBIMM FBJISIIOTCSA JIEKTPOHBI U OpOuTany
BHEHIHEro cJI0si atoMa. UMciIo BHEHMIHMX DJIEKTPOHOB PABHO HOMepy rpyn-
Mel, B KOTOpO# HaxopuTesa anement (kpome H n He):

pynra .

. 1 1 1 v \% VI VI VHI
OnekTpoHHasi KOHGUrypauust

BaJIEHTHOI'O (JI0A aToOMa ..

8 2 @p £p2 e2pp SEpt $pS s

B nepuopmge um rpyniax XapakTep WU3MeHeHMs ATOMHBIX
PafuycoB, JHEprMM MOHUBALMKM U CPOJCTBA K OJJIEKTPOHY aTOMOB (381
nokasan ma puc. 16, 12 u 13. Kak BuaHo u3 3Tux pucYHKOB, OpOUTa/bHbBIC
PaimMycel aTOMOB C YBEJMUYEHMEM aTOMHOIO HOMepa 3JleMeHTa B Iepuoie
YMEHBINAIOTCS], 4 JHEPrUA UOHM3AUMM B OOLIEM BO3PACTAET.

B moarpymnmax 351€eMeHTOB ¢ BO3PAaCTAHMEM ATOMHOTO HOMepa
2JleMenTa (YBEMMYEHME YMCAA INEKTPOHHBIX CJOEB) pa3Mepbl aroOMOB B
OBIEM YBENUUMBANOTCS, a JHEPIUA MOHM3aAUWM yMeHbiiaeTcA. Xapaxtep
U3MEHeHUs] CPOACTBA K 3JEKTpoHy (cM. puc. 13) B mepuopax # MOATpynmax
S~ u p-aneMeHTOB HDpoTtnBononoxked. M3 puc. 13 caenyer, UT0 371€KTpOOTPU-
HaTeLHOCTh BJIeMenToB npy nepexome B nepuoge or I x VII rpynne ypesn-
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yMBaercaA, a B INOATPYNIax cBepXy BHMU3 YMEHBIIAETCA. TakoBbl 061IHE

TEHEHU NN H3MEHOHHS DACCMATPHBACMBIX KOHCTAHT. .
B xapaKTepe M3MCHEHHsA CBOHCTB 3JIEMEHTOB 110 UepHOAY IpPOABIACTCA

E iHc GHYMpENHAS TIepUOAHYHOCTE, 2 M0
“
NOATpyHlle — emopuunad NePHOTUU-

HOCTB.
Tak, npH nepexoge OT S-3JIeMeHTa i
rpynnet K p-snementy VIII rpymmsr.
Ha KpHBOHM DHepru¥  HOHM3AIHH
aromoB (puc. 140) ¥ KpUBOH H3MeHEe-
#us ux paguycos (cuM. puc. 15, 16)
HMEIOTCA BHYTpEHHHE MaKCUMYMBI U
MHHUMYMBL. JTO CBHAETEJNBCTBYET O
BHYTPEHHEIIEPHOLHYECKOM XapaKTepe
M3MEHEHHsl ITHX CBOMCTB MO MepHO-
ny. O6bsicHeHHe OTMEYEHHBIX 3aKO-
HOMEpHOCTEH MOXHO JaTk ¢ [OMO-
B NPENCTaBIeHHA 06 3Kpanuposa-
nuu L0pa.
z Dddekr sxpasMpoBaHUA Anpa

> Ak
Pu e 140. XapakTep HW3MeHeHUs O6YCIIOBTIEH  ONEKTpOHAME BHYTpEH-
NepBoit DHePrUM WOHM3ALMKM ATOMOB - ’

B IOArpynmnax s- 1 p—3ﬂOM€HTOB

HHX CJI0eB, KOTOphie, 3al
0cNabAAI0T  NpUTSAKEHHe K  HeMy
opy 5B,
HeCMOTpsl Ha yBelAWdeHHe 3apAfia AApa, JHCPrUA HOHH3AMH

yMeHblIaeTcs:

ble, 3aC/IOHAA AAPO,

(=2}

pHemHero anekrpona. Tak, npu nepexome ot Gepunnus 4Be K

,Be(©329B) sB (8.295B)
E —_—— — E —_—
+ Z
2 + .
2s 2s

D10 06bACHAETCA TeM, 4YTO NPUTAKEHHEe K APy 2p-5JIeKTpOHA aTOMa
60pa Oc/ab/IeHo 3a cUeT YKPaHHUPYIOWIEro NeAcTBUsA 25-31€KTPOHOB.

TousiTHO, YTO 3KpaHMpOBaHME AJpa BO3PACTAeT ¢ yBEJINYEHHEM 4HCsa
BHYTPEHHHX 3JeKTpOHHBIX cy10eB. [loTOMY B MOArpynnax s- U p-dJIEMEHTOB
HabIoaeTcs TeHJEHIMA K YMCHBIICHUIO SHePIMM HOHU3alHH ATOMOB (eM.
puc. 15, 140).

YMenbmienue SHepru HOHMSalMH OT a30Ta 7N k xucaopopy sO (cM.
puc. 140) 06bsacHAETCA B3AUMHBIM OTTATKMBaHUEM [JBYX BICKTPOHOB OIHOM
7 TOM xe OpOUTAIN:
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N (14,533B) £ . 30 (13,625B)
N 4+
| 'H‘ 2p | -H- 2p
I oa2s Vo2

D¢pdexToM KpaHUPOBAHHA M B3AUMIOLO OTTAIKMBAHUSA 3JIEKTPOHOB
OLHON OPOGHTANIN OOBACHACTCA TaKKe BHYTpEHHENEepUOJUIECKHR XapaKTep
M3MEHEHHs 10 NepHOLY aTOMHBIX pasuycoB (cM. puc. 15) M TeHpeHuus K
YBEJIMUEHHIO B NOATPYIIE pALKYCOB aTOMOB.

B xapakTepe M3MEHEHHs CBOMCTB §- M p-3JIEMEHTOB B IOATPYNNax OT-
YOT/IMBO HAGMIONACTCS BTOpNUHasA repHonuunocts (cM. puc. 16, 132). Jlas
ee O6BACHEHHS NPHUBIEKAETCH TpPEACTABICHHE O NPONUKHOGENUN IAEKTMPO-
nos x %dpy. Kax 6pino nokasamo Ha pHc. 9, 37eKTPOH JNIO60# opburanu
OIpefenenHOe BpEMs HAXONWTeA B O6MacTd, 6auskoir k aapy. Wuemmu
CI0BaMH, BHEINHME 3JIEKTPOHB! POHUKAIOT K ALY 4Yepe3 C10M BHYTPeHHHUX
anextporos (puc. 141). Tak, BHemHuit 35-271€KTPOH aTOMa HaTPHUA obmana—
er BechMa 3HAUMTENHHOM BEpOATHOCTHIO HAXOAMTBCA BO/M3UM Anpa. Kow-
HEHTpa#sa AEKTPOHHOM MJIOTHOCTH (CTENeHb IPOHUKHOBEHUS BJICKTPO-
HOB) NpM OHOM M TOM e [VIABHOM KBAaHTOBOM UMC/le HauGONpllas AN s-
37EKTpOHa, MeHbIe — 1A P-3TEKTpOHa, ellle MeHblle /A d-3/eKTpOHa i
1.1. Hanpumep, npu n = 3 cTeneds NpOHMKHOBEHHA YOBIBaeT B MOC/EN0Ba~
TenbHOCTH 35 > 3p > 3d.

MonsATHo, 4T0 3 PeKT NPORMKHOBEHUS YBEAWUMBaeT NpPOYHOCTL CBA3M
BHEITHUX 3JICKTPOHOB ¢ SIAPOM. OTHM, B 4acTHOCTH, ONpeJe/IAeTcA MOpi-

Ty HM
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P u c. 141. PaguansHoe pacnpejee- P u c. 142. Bropuutonepuogudeckast 3aBu-
HUe 9JIeKTPOHHON IIOTHOCTU B aToMe CUMOCTH DAANYCOB BHEMIHMX p-opOuTaseit
HanMﬂ OT ATOMHOIO HOMéepa p-BJieMeHTa
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JIOK 3aMOJIHEHHsA B MHOTORTEKTPOHHEIX aToMax s-, p-, d-, fop6urayein npu
nauHoM n. Benenmcrsue Gosee ray6OKOTO NPOHHKHOBEHHA S-3JIGKTPOHBI B
OoNnblIel CTENeHW SKPAHUPYIOT ALPO, YeM P-3JEKTPOHBI, a IOc/efHHe —
CHIIbHEE, UeM d-3/IeKTPOHBI, H T.1.

Monbaysick mnpencraBieHneM O MNPOHUKHOBEHHHM 3JIGKTPOHOB K SAIPY,
paccMOTPHM XapaKTep M3MeHeHusl pajuyca aTOMOB 3JIGMEHTOB B IOArpylmne
yraepoga. B pagy C—Si—Ge—Sn—Pb mnposensercsa ofimas TeHaeHuus
yBelnuenus paauyca aroMa (puc. 142). OpHako 5TO yBelMUCHHE HMEET
HEMOHOTOHHBIA xapakrep. Ilpu nepexome or Si k Ge BHemHHe p-3NeKTPO-
HBl TIPOHHMKAIOT 4Yepe3 3KPaH U3 NEecATH 3Jd-3JIeKTPOHOB M TeM CaMbiM yI-
POUHAIOT CBA3b C SAPOM M CXHUMAIOT 3JIEKTPOHHYIO OGONOYKY aroma.
YMenbuienne pasmepa 6p-opburanu Pb 1o cpaeshenuto ¢ 5p-opburansio Sn
06ycIOBJCHO NPOHUKHOBEHHOM 6 p-3/IOKTPOHOB NOf, JBOHHOM BKPaH [NecATH
5d-3MeKTPOHOB U YeThpHaaUaTH 4 f-3IeKTPOHOB.

OTHM ke OOGBACHAETCA HOMOHOTOHHOCTb B M3MEHEHHH SHOPI'MM HOHM3a—
uuu aroMoB B psay C—Pb u Gonbulee 3HaueHue ee anst Pb mo cpasHenuio
¢ atomoM Sn (cm. puc. 140).

§ 2. CTEIIEHW OKWUCHAEHWA s- 1 p-DJIEMEHTOB

O HEMOHOTOHHOM XapaKTepe M3MCHEHHUsS CBONCTB B TJIaBHHIX IOATPYI-
max cBU/IETeNIbCTBYET, HallPUMep, XapaKTep HM3MEHEHHMS DHEepPTeTHUECKOTO
pasiiuYMA BHEMHHX s- M p-opburaneil (1abn. 29), cremeHeil OKHceHUA
(ra6n. 30} m woopAMHANMOHHHIX wicen (tabm. 31) s- u p-571eMeHTOB B
33BUCHMOCTH OT UX aTOMHOTO HOMEpA.

V aromor

........ & U p-2/IeMEHTOR AJIEeKTPOHEL!

VVVVVVV DOHBI
pHemuero cjos. [lpu ydacTum B 00OpasoBaHUM cBsi3el BCeX BaJleHTHBIX
3JIGKTPOHOB 3JIEMEHT MpOABJASET BBRICHIYIO CTENeHb OKHCJIEHWA, KOTOpas
UYUCJIEHHO pPaBHa HOMePy €ro Tpyllsl B IePHOAUYECKOR cHcTeMe.
OHepreTryecku OTHOCHUTENIBHO 60Jiee CTaOHIbHBI COEIMHEHHS, B KOTOPBIX
3JIeMeHTsl HEYeTHBIX rpynil NPOABIAIOT HEUETHBIE CTENEHH OKHCJICHHS, a

3JIEMEHTHI JeTHBIX T'PYII — YETHbIe cTeleHn oKuclenus (Tabn. 31):

ns np

I S BT
i

L - +1-1 I +2,-2
+3 +4
+5 +6
+7,
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T2a6auia 20 OHeprermieckoe paxmume (oB) BHemmx
aTOMOB QVIEMEHTOB IJIABHBIX NOJIPYTIT

> M p-opOuTaieH|

[lepvioa I'pynna
1 I m v ' Vi Vil Vil
2 Li Be B C N |O F Ne
19 2,8 4,6 5,3 6,0 | 14,9 20,4 26,8
3 Na Mg Al Si P IS Ci Ar
2,1 2,7 45 5,2 56 |98 11,6 13,5
4 K Ca Ga Ge As | Se Br Kr
- - 5,9 6,7 6,8 | 10,4 12,0 13,2
5 In Sn Sb | Te I Xe
' 52 |58 6,6 |88 10,1 -
6 Tl Ph Bi | Po At Rn
@ o | anlay  |ae | -
Taédauua 30 Crelnenn OKMCNCHUS $- U P-ONEMEHTOB
XapakTepucTuKa [pynma
BleMeHTa
I 11 ur v v VI VIl Vil
BaneHtHble aiiexr-| s 2 | s2pt | osp? | s2pP | pt s2p° s2pb
boHB! )
DilemeHT Li Be | B C N o} F Ne
Crenenn oxucie- | 1 2 3 42153 2 - -
HUS -4 -3 | -2 -1 ~
DnemeHT Na Mg Al Si P S Cl Ar
Crenenn okucie- | 1 2 3 427153164 11,357 ~
Huist -4 -3 | -2 -1 -
Anemenr K Ca| Ga | Ge | As Se Br Kr
Crenetu oxkucie- | 1 2 3 4,2 153164 (1,357 2,4
s BV O I -
OnemeHt Rb Sr In Sn | Sb | Te [ Xe
Crenenn oxkncie- | 1 2 3 4,2153]6,4 {1,3,57 R,46,8
Hus —4 -3 | -2 ~1 -
OnemeHT Cs Ba | TI | pb | Bi Po At Rn
Creneny oxucrie- | 1 2 1,3 2,413,546 |57 (24,86, 8)
Hus -4 -3 | -2 -1 - _




Ta6nuua 3. Dropo- u oK JEKCHI PhIX TOB
pynna £ % g
=
N t‘g o ®©
= £8s
2 =)
&| o I / ' m |57 E
2 IV A VI VII VI | & B
385
MR A
2 | BeF2” | BF; | CFY NF? 4
3 ARy | siFr | PF; SFe | CIFy 6
4 GaFy GeFZ AsFy SeF? 6
2 BOI | cor | Noj 3
3 Sio4 POY" 502 - | Clo; 4
4 GeOf i AsO¥” SeO% - | BrO; 4
5 Sn0%" SbOZ- TeO§" | 10%" XeO41 6

Tlpu nepexope or [ k VIII rpymme BhiCIIAas cTENEHb OKUCICHUA 3JIEMEH-
TOB IJIABHBIX HOACLPYIIl CTAHOBHTCSA BCE MEHEC YCTOHYMBOM. ODTO MOXHO
06bsACHATH yBelnudenreM npu nepexoxe or I k VIII rpynne sseprerutecko-
rO Pa3/IHYUA MeXIY s~ U p-OpGHTAJIAMHI BHEIIHEro cj0s aToMa, a Clef0Ba-
TEJIBHO, YMEHBIIEHHEM BOBMOXHOCTH YYacTHs B OOPa3sOBaHMM XHMHYECKOM
cBsA3H Ns’-37ekTpoHoB. Tak, peskoe yBeIMUYeHHe IHEPIETHUECKOIO pasJid-
U Memay 3s- U 3p-opbutansmu B psapy Si (5,2 2B) — P (5,6 3B) — S
(9,8 sB) — Cl (11,6 3B) NpuBOAHT K PE3KOMY YMEHBILIEHHIO YCTOHYUBOCTH
06pa3syeMEIX HMH OKCOHOHOB:

Si0y PO SO CIO;

B xapakTepe W3MeHEHUS OHEPTeTMHYECKOTO PasiiMuusi ns- U np-opburtaleir B
MOArpyTile TIPOSIBNSETCA SABHO BbIpaXeHHasl BTOPUYHas IepuognyHocTs. Kak BML(HO-
U3 1abn. 29, SHepreTMUecKasi PasHOCTb MeXAy NS— U Np-yPOBHSIMU [JIsl BIEMEHTOB
4-ro mepuoga BhIIE, YeM AJIs1 QJIEMeHTOB 3-ro u HTo mepuogos. CrnegoearenbHo,
COCIMHEHMS, OTBEualollMe BhICIel CTEleHN OKMCIEHUA y 3p- u Hp-onemeHros,

MEHTaJIbHO yCTaHOBJIECHHBIE Dsigbl yCTOﬂ‘{MBOCTM TUII&

PCls > AsCls < SbCls;  SFg > SeFg < TeFg; ClO; > BrO; < I0;
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OcobeHHO BEIMKO pasiuuue Memay
anBumaner (nuce 1A'{\

BHEprusi G- u Ulmyvvua-ucn \p¥C. 152

Enybns 98 o, 98 DruM oObsicEsieTcs TOT aKT, 4To A1 p-
£ SF, Sef TeFs g5 aeMeHTOB 6-TO [EpMOJa BBICIIASA CTeleHb
OKMCIeHUs1 Heycroiunba. [lockolbky 652

DIEKTPOHBI  p-olleMeHToB  6-ro  mepmona
IPMHAMAIOT Y4acTHe B XMUMUUECKol CBA3N
¢ 6OJIBIIMM TPYAOM, OTOT (pdEKRT Moy uil
nassanne "odert uHeprHoi 6s-mapbl’.
Kak BuapHo us puc. 143, cpegnsia ouep—
™Ms ¢BAAseit B rekcadropujax p-oJleMeHToR
VI rpynnbl ¢ yBeJMYeHMEM aTOMHOTO HoMe-

P u c. 143. Ouepreruyeckoe padim-
yMe s ¥ P-yPOBHEHl AaTOMOB p-olie-
menros VI rpynmsl  cpeansisi oHep-
Ml CBA3M B MOJIEKyJlaX HMX TeKCa- jefoBaTe/IBHOCTM K MBMEHEHUIO SHEpreTy-

pa oMeMeHTa M3MEHSIETCA B OOPaTHOM noc-

bropunoB YecKoro padIMuMs ns- M mp-opbuTalein
(em. TaGi. 29).
§ 3. KOOPJWHALMOH IE YHCJiA s-

U p-2JIEMEHTOB

BaZleHTHBIMU y & U P-3JIEMEHTOB ABJAIOTCA OPOUTATH BHEIHEro SHep-
PeTMUECKOTO ypOBHA, T.e. OJHA Ns- H TPU Np-OpOUTAIH. V spementos 3-T0

‘M [OC/IEeAYIOero MepHoJoB, MPaB/a, MMEIOTCs BaKaHTHBIC nd-op6uTaNIH.

Onnaxo, Kak TMOKAa3bIBAIOT Pacdersl, 2TH OpOUTald IHEPreTHUdecKu JIEHAT
CTO/Ib BHICOKO, YTO BO3MOKHOCTH HX yYacTHsi B OGPa3OBaHMM CBA3U BECHMa
HEe3HAYUTEJIbHA.

PaccMOTpHM 2HEpreTHUeCKylO AUarpaMmy OKTadIpHHYeCKOil MOJEKYJIIBl
rexcadropuna cephi SFg (puc. 144). Oua nokassiBaeT, 4TO CBASH B ITOH
MoJIeKyJle 06pasyloTes 3a CUeT OJHOM 35~ u Tpex Jp-opOUTATIeil aTOMa CEphl
U mecTH 2p-Op6uTATeil mecTH aToMoB ¢ropa. Ilo sHepreTHUecKHM yCIOBH-
aM 3d-op6uTany aToMa cepbl B 006pasOBaHMM MOJICKYNAPHBIX op6uTanei
Y4acTHs IPaKTHYECKH He IPUHKEMAIOT. JIpena/iiaTh BAJCHTHHIX JIEKTPOHOB
Mostekybl SFg pacmosiaraloTesi Ha YeTHPeX CBA3BIBAIOMMX U JIBYX HECBSI—
3BIBAIOIUX OPOUTAIAX:

I 06bACHEHHs CTPOCHHSA M CBOWCTB p-3J€MEHTOB B HACTOALIES BpeMA

0 MPUMEHAIOTCS npencraBjieHuss O IBYX- U TPEXUEHTPOBBIX 0p6ﬂTa-

nsix. JIByXUeHTpoBasi ABYX3JIGKTPOHHAs CBA3b OGpasyercs 3a cHeT Hellap—

oy
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Puc. 145, Oueprervueckast gua-
rpaMMa opburasieit JUisl ABYX1EHTPO~
BOIO JIBYXGieKTpoHHoro (@) u Tpex-
HeHTPOBOIO YeTEIPEXBIIEKTPOHHOTI'0
szanmojeiicTsns (6) '

P u c. 144, Oxeprernueckas Iu-
arpaMMa opOuTaslell OKTadApU-
geckoil Moexysel SFg

HBIX JICKTPOHOB IenTpanbHoro aroma (A) u muraiga (L). HanoMuum, urto
3TO OTBEYAET 06pa30BaHMIO IBYXUEHTPOBLIX CBABLIBAKOIIEH

v, ¥
‘/)A + wL
U pa3puxAAKIeil

V. &) —
1/.-\ 'Z)L

MoJlekynsapHbIX op6uraneil. Ilpu sTroM napa s/neKTpoHOB 3aHNMaer cBA3bI-

BaOILYI0 OpOUTANb, a PA3PLIXJSIOMAs Op6uTals BakauTHa (puc. 145, a).

Tak o6bsicusiercs, Hanpumep, 06pa3oBaHNe CBA3€ B MOJIGKY/1aX

CIF SFo PFg4
CI—F S—F p
| VRN
F F F F

33 CYET y4acTHA OJHOrO 3IEKTPOHA X10pa, ABYX DJIEKTPOHOB CEPhl U Tpex
a1eKTpOHOB docdopa:
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TpexueHTPOBast YOTHIPEX3JIEKTPOHHAA CBA3h BOBHUKAET 3a CUET 3JIeKT-
POHHOM naphl HEHTPAJIbHOIO aTOMa W JIByX HeNapHHIX 3JIGKTPOHOB JBYX
JIUFaHI0B, pacloyiokerHuX o oaxof auauu. CornacHo reopuu MO ato
OTBEYaeT O6PA3OBAHUIO TPEX MOJIEKYJAsApHHX op6uraneil. Opma W3 sTuX
op6uTaneil TPEXUEHTPOBasA CBA3bIBAIOIAA:

e Yrps

Apyras — ABYXIEHTPOBas HECBA3bIBAIOINAA

\I’gwrp

3s +1+
.H.

U TPeTbsl — TPEXUEHTPOBasA pa3phiXJdiomas:

V. ¥ 1»l}u.a _ 1/’rp .
Yersipe 37IGKTPOHA TaKOWl CBASH pacHpeAeIAIOTeS Ha CBABLIBAIOWEN H
itecBAsbIBatomel opéurannx (puc. 145, 6). DTum obecneunBaercss yeToidn-
BOCTb TPOXIEHTPOBON 4OTHIPEX3IEKTPOHHOM CBA3M. ,

TpexnenTpoBas 4eTHPeXaJIEKTPOHHAsA cBA3b NOAY4N/Ia Ha3BaHUe iunep-
saaenmuoi. IlpepcraBienne O TUNEPBAJICHTHON CBASH MCHONB3YIOT IS
OGBACHOHHA CTPOSHUA U O6pa30BaHUs COSJHHeHMI, B KOTOPHIX KOODAUHAa-
uuonHoe uncao p-saeMenta (V—VIII rpynmer) 6onbume uucna ero nemap-
HBIX 3JICKTPOHOB, HANPUMEp, ¥ XJ0pa U kcesona ecte coepuuenuns ClF; n
CIF5; XeF,, XeF,, n XeFs, Torma kak y x/0pa Bcero Jullib OOMH Hemap-
HBIIl 97IGKTPOH, a y KCeHOHa HellapHBIX 3JIGKTPOHOB BOOGIIE HeT:

Bkt
3p -H. 3p

BHlIle NpEeJCTaBICHUAM OAHa U3 CBA3e B MOJeKyJe JBYXIEHTpOBas
aByxanexrponias (kak u B CIF), a gpyras TpexyeHTpoBas derbipex-
lexkTponHan. JIJIa 06pa3oBaHUA MOC/AEAHENH aTOM X/10pa INPEefOCTaBIAeT
ONHY M3 3p-3/eKTpoHHHX nap. [lockonbKy p-Op6UTANM DPACIONONKEHBl B
aTOMe B3aMMHO Nepnenaukynspuo, Monaexkyna CIF; umeer T-o6pasmyio
¢dopmy (puc. 146).
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&ci P u c. 147. BnusiHue Mexbsgep-
Puc. 146. Crpoenne Monery/bl HOI'O PaCccTOSIHMS Ha creleHb Tie-
CIFs PeKPbIRAHUS PT-PT-CBA3EN

B pesynbTaTe B3aMMHONO OTTAKMBAHUS OJIEKTPOHOB BAaJleHTHBIA YIroll FCIF
neckolibko MeHbile 90°. Paccrosmue CIF mpu ABYXUEHTPOBOM B3AUMOJENCTBUU
ropode (0,16 nM), uem npu TpexuenrposoM (0,17 HM). [loHsTHO, |TO CBA3K CIF
MpU [BYXUEHTPoBoM B3auMojleifcTsun mpouree (2561 k]l /Monib), “eM Tpu Tpex-—
ueHTpoBoM (174 ]l /Monb).

[pocTpaHcTBeHHas koHdurypaunsi monekyibi CIFg HaxoIuTcs B MOJIHOM cOTsia—
CMM € MOJINIbIO JIOKAJIMBOBAHHBIX OEeKTPOHHBIX Map (cM. Tabn. 9). B monexyze
ClF3 Tpu oMNeKTPOHHbIE TIaPhi y4acTByioT B CBsi3M (OHa Mapa 3a cueT JByXUeHTPo-
BOro B3AMMOAENCTBUS, [BE MAPhl — 3a CHET TPEXUEHTPOBOTO B3aMMOEHCTBMUS) M
JiB€ Tapbl OCTAlOTCs HeloJeJIeHHLIMU TIpU aToMe XJiopa. BSHMMHOC OTTaJIKUBaHUe
NATU OJIeKTPOHHBIX Map OTBe4YaeT PacioNIOKEeH N0 UX B BeplIUHaAX Tpl/ll'()HaJIbHO]‘/‘l
Gunupamnbl (cM. puc. 51).

Paccy®[asd aHaJOrMUKO, MOXKHO NOKa3aTh, 4T0 Moiekyiaa CIFs o6paso-
BaHa 3a CUeT KOBAJEHTHOH U ABYX TUIEPBANEHTHLIX cBszell. PopMa Moie-
KyJbl — KBafpaTHasi nupamuia (cM. puc. 51).

YeTbipexaneKTpoHHbe TPEXUEHTPOBEIC CBA3M MCHEE NPOYHH, UeM ABYX-
JNEKTPOHHBIE [BYXUEHTPOBbE, — CKa3blBaeTCs B3alMHOE OTTalKUBaHHe
IEKTPOHHBIX Tap.

O6pasoBanue runeppain
HOHM [UIOTHOCTM OT UEHTPAIbHOIO aToMa (er{op) Ha Jur
(cM. puc. 145, 6). looromy B ponu aurannos sddextnsHee B

’
IOT HauBOIes AMEKTDOOTDUNATEILHEIC ATOMEI (dwnn kucnonon). DTuM Ke
10T Haubosiee 3JIeKTPOOTPULLATEILHEIS MEL TOp, KMCA0pOR). ITUM Ke

06bACHAETCS CTAONIN3aMA BbICIUMX CTEIEeHEH OKMCIEeHUs NEMEeHTOB B UX
$TOPO- U OKCOCOENUHEHUSIX.

QueBniHO, UTO B OJHOTUIHLIX MOJEKYJIaX TUn

1IAHO, YTO B OHO
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T TIEp
aH 1Bl (amzen'rop)
BCEro BLICTYTa-

DBAJIEHTHAS CBS3L 6vner

B3k 6y
NpouHee, €cJAM LEHTPalbHBIN atoM (LOHOpP) MMeeT MEHbIIMI MOTeH AT
MOHUBaUN. O'rclona SCHO, TIOYeMY, HANPUMEp, AJIS Cepbl MBBECTEH TeTpa-
dropun SF, A Kak Noao6GHWe coeuHeHunst
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naxe rexcadropun SFg
rexcaropuy, ol

15 KUCIOPO/ia HEM3BECTHBI. DHEepPrusi MOHU3ALMK ATOMa KUCIOPOAA CTOb
pennka (13,6 3B), wro maxe ¢rop (17,4 3B) uespdertnpen kak Jmrany
NPy NOCTPOEHUM TUIEPBAJEHTHOW cBs3M. Tak ke MOKHO OOBSACHUTHL OT-
cyTcTBHMe Y a3ora NeHradropuma, Torpa kak nas pocedopa coenunenue PFq
BIIOJIHE YCTOMYMBO.

Cnengyer OTMETUTH €I€ ORHY OCOGEHHOCTb 3JIEMEHTOB 2-TO mnepuopa:
15t HUX XapaKTepHO 06pasoBaHue pr—pr—cBsiselt. [Ij1s DJ1eMeHTOB 3-ro u
HOCIEAYIOIUX TIePUOLOB ITOT TUI [EpEeKpPHIBaHUsT OpOUTATENl HE XapaKTe-
pet. O6bsAcHsACTCA DTO TEM, UTO ¢ YBIUYEHUEM PasMEpOB aTOMOB BOSMOK-
HOCTb NEPEeKphLIBAHUA TaHTEJIEBULHLIX P-OpOUTaseil GOKOBBIMU MX YacTsMU
pesKo yMenbmaercs (puc. 147).

Benenerue yeToiiunBoCTH pr—pr-cBA3€H NS YIIEpOLa M a30Ta XapaK-

TepHbl OKcoanuonHbe KoMmiexcsl CO3™ u NO3 mI0cKoTpeyroasHOro crpoe-
unsa. [as kpemuusi u dochopa ke ycTORYMBBL OKCOAHNOHHEIE KOMIIEKCHI

Si04", POY", umeromue terpaspputieckoe cTpoenne {cM. Tabi. 31).

Jnsa s-onemenrtor 1 u Il rpynn (sueprust MOHM3aUMu aTOMOB Maja) B
OCHOBHOM XapaKTepHbl MOHHble coenuHeHUs. KoopaMHanuoHHbIE 4Mcna UX
HOHOB uMeloT Gosbuine 3HadeRus (6, 8) H ONPENENAITCS COOTHOUIEHUOM
PasMepOB MOHOB MOHHOrO KpHcTaila (cM. puc. 57, 58).

Ir'JIABA 2 BOJOPOJ

CucreMaTueckoe M3ydeHue CBOCTB H/EMEHTOB HAYHEM ¢ UBYUeHUs
CBOWCTB BOJOpPOA2, HMEIOMIEr0 IO CPaBHEHMIO C JPYTUMH 3J1€MeHTaMu
Hanbosee mpocToe cTpoeHue artoMa. Ero 3sieKTpoHHast Koudburypanus B
ocHOBHOM coctostHnu 1s!. [IpocToTa 3€KTPOHHOR CTPYKTYpHI aTOMa BOIO-
pona, KOHEYHO, HE O3HayaeT, 4TO ero XMMMsi Haubosee npocra. Haobopor,
OHa BO MHOTOM OTJIMYaEeTCsA OT XUMHM APYTUX 3IEMEHTOB.

OcHOBHast 0COOEHHOCTL BOLOPOA 3aKITIOYACTCA B TOM, 4TO B OTIMYME
OT BCeX JPYTUX 3IJIEMEHTOB (KpOMe IeJisi) B €r0 aTOME BAJIEHTHBIA 3J16KT-
POH HaXOAUTCS HENOCPEeNCTBEHHO B cgepe NeACTBUsA aTOMHOrO siipa — y
HEro HET MpPOMEKYTOUHAro 3J1eKTpoHHOro ciosi. Hogomurenwno sapsken—
Heli Mod Bopopopa H* mpencrabiser co6oii 3/1eMEHTApHYIO YacTHLy npo-
oM.

Oco6enHocTh CTPOEHU 3IEKTPOHHON 060JIOYKA aTOMa BOLOPOAA (KaK U
TeJTUA) HE NO3BOJAET OAHOBHAUHO pEINThb, B KAaKO Ipylie nepuomgmyec—
KO CHCTEMBbl OH JOJIKEH HAaXOOUThes. JEHCTBUTENLHO, €clln UCXOmUTh U3
dHcila BAJIEHTHHIX 3JIEKTPOHOB €r0 aToMA, TO BOLOPOA HOJKEH HaXOIUThCS
B | rpynne, 4To mopTBepxiaeTCA TaKKe CXOACTBOM CHEKTPOB IMEJOYUHBIX
MeTasiioB U Bogoposa. Cu mEeNoYHbpIMH MeTaljlaMi c6JIMKaeT BOLOPOJ| ¢
€ro cMOcOGHOCTh [1aBaTe B PACTBOpaX THUAPATUPOBAHHBIA IOJOKUTEIBLHO

299




onmozapsaanbit non H* (p). Onuako B COCTOAHMM  CBOOGUAHOTO  HOHA
H* (r) —'npoToHa — OH He MMeeT HM4Yero OOIIero ¢ MOHAMM WITOYABIX
MeTasioB. KpoMe Toro, sHeprusi MOWMB3AIHK ATOMa BOJOPOJA HAMHOTO
6OJIbIie PHEPIMHA MOHMBAIMY ATOMOB INEJOUHBIX METAJUIOB.

Ecny ke MCXOAUTHh U3 TOTO, UTO [JIS 3ABEPIHEHUS BHEIIHeTO DJIEKTPOH-
HOTO cNOA aTOMY BOAOPOJA HE XBATACT OQHOIO 3MEKTPOHA, TO BOAOPOJ
cnepyer nomectuts B VII rpynme. KpoMe Toro, kKak M aTOMBl FAJOTEHOB,
ATOMB!I BOAOPOJA XaPaKTepU3YIOTCsi BLICOKUMM B3HAUCHMSIMU DHEPTUM MOHU-
3anMu. BMecTe ¢ TeM BOJODOA — 3JEMEHT 0cobhlit, U paaMellleHue ero B
TOM UM WHOU rpyiime TabnuIbl B 3HAYUTENHLHON Mepe YC/T0BHO.

DHeprus MOHU3ANKM aTOMa BOAOpoAa (1312 w/lac/Monb) cToab Benuxa.
910 coepuHenus Bojopopa (1), pame ¢ TAKMMHU CHIILHBIMU OKHCJIHUTEIAMIL.
kak GTOp M KUCJHOPOX, HE MOryT ObiTb MOHHLIMM. Fenu ke nonycTurnb
06pa30BaHMe B cOeIUHEHNAX MOHOB HY MX WCKTIGUUTENBHO BBICOKOE TTOJ5-
pusyollee AeiicTBHE Bce PABHO HPHUBEIO Obl K OOPA3ORAHUIO KOBAJENTHOMN
csasy. o atum ke npuunnam nonel H' Be MOTYT cyulecTBOBATE B ¢BOHOI-
HOM COCTOSTHMM NP OOBIYHBIX XUMK'IecKUX sBicHusax. Cneunduka crpoe-
HUSA ATOMa BOAOPOda OOYCJOBAMBAET OCOBLIA HNPHCYWMA TOALKO COCJIMHE-
nusM Bomopona (1) Bua XMMU4ECKON CBABH — 6000pOONYI0 (GL3h.

Mponece 06pa3oBaHusA OTPUUATENHHOTO #“oHa H™ w3 atoMma sw30TEpME-
yeckuit (cpoacTBo k amekTpory (.75 3B), nonromy aas Bogopoia B oeTene-
HU OKKCJEHUS —1 BOZMOIKHSI MOHIILIC COCAUHCHUS.

Takum 06pa3zoMm, BOAOPOJ — HeMeTalniceckuil adement. B cocjume-
HUAX OH MOXKET MMETL cTeneny okuciaenus —1 1 +1. :

Bogopon mupoko pacnpoctpanes B npupozge. CopepmaHue €ro Ha
3emie 3,0% (Moa. gonu). O BXOAUT B COCTAB BOILL, LHUMI. KAMENHOTO H
6yporo yris, HedTu M T.JI., & TAKKC BO BCE KUBOTHHE M PACTUTENBHBLC
opraHusMel. B cBOGONHOM COCTOSHEU BOAOPOL BeTpeaeTcy KpaitHe peiko
(B BysiKaHMUECKNX M APYLUMX HOPHpoJHbIX raszax). Bojopog -- caMmblit paci-
POCTPAHEHHBIH HJEMEHT KOCMOCA: OH COCTABJAET /O MOJOBUHBL Macchbl
ConHia u GONBIIMHCTBA 3Be3[. ['MraHTcKue IJ1aHeThl COJHEeYHOR cHCTeMbl
HOuutep u CaTypH B OCHOBHOM cOCTOAT u3 Bojopoita. OH NnpHcyTeTByeT R
A'runr‘rhphn pAfA [TAaHET, B KOMETAX, TAROBHX TYMAHHOCTAY U MEKIBEITHOM

Qepe pAna aHeT, B KOMeTAX, T'a30BRIX TYMaHH CTH

rase.

Bogopon riMeeT UBOTONEL ¢ MACCOBLIMIL UUCHAMM COOTheTCTRenHn 1, 2 u 3

q 2n (ZH) T (';H)

(p)e (p + n)e (p + 2nje

TPOTHH HelTepiit THUTHMI
[lpotnit 1 HeATepuil — CTAGUILHBIC M30TOTLL  HOPMANBEBIL M30TONRLIA cocTab
NDPUDOIHBIX COENMHEHMI BOIODOAA COOTBETCTEYET oTHouleHuio 1:H = 1:6800 (nc

300

uncy atoMoB). Tputuit GeTa-pafivoakTHBeEH, NePUOX MONypaclana T / = 12,26
2
roja:

IT = 3He +

nOﬂaFaIOT, YTO BTa peakuusi — TTIABHBI MCTOYHMUK H3OTOMA gHe, HaﬁﬂeHHOro B
arMocepe. Copepitave TpuTUsi B aT™MocdepHOM Bojopofie cocrabisieT 4-10715%
(Mon. nonm) u B atMocdepnbix ocapkax ~ 3-10718% (mom. pomu). OueBuumo, on
obpasyeTcst B pesyiibTaTe sJiepHbIX PeaKiUif, BbI3BAHHBIX NEHCTBUEM KOCMUYECKUX
ayuett. TPUTUI MOXHO MCKYCCTBEHHO MONy4MThb No peakumu SLi (n, o) 3T.

UpocTie BemiecTBa. MMesi onuH 31eKTpoH, BOAOpon OGpasyeT nHIlb
JABYXATOMHBIE MOJIEKYJIbl € BIeKTPOHHON KOHUrypalneil HeBO36YX I eHHOrO

cocToAnUA o5 TIpy 5TOM BOIMOMKHE! MOJIOKYJBI JIGFKOTO BOLOPOAA ~— Mpo-
s Hy, Tsxenoro sopopona — neiirepust Dy, Tputusa Ta, nporopeiirepus
HD, npotorputust HT, petiveporputus DT.

Monekynb BOJOpONA OTNMYAIOTCA GOJBIION TNPOYHOCTLIO M MAOil
TONAPU3YEMOCTBIO, HE3HAYMTENBHBIMU pPa3MepaMH HW MalOil  Maccoit, a
c/IeIOBaTeNBHO, M 60MbIION MOABUMKHOCTBIO. [loaTOMY y BOZOpPOAA OYeHB
HU3KMe TeMrepaTypel miapienus (—259,1°C) u kumenust (-252,6°C); om
yCTynaeT B 3TOM OTHOIUEHMH JHIIb refnio. 1o TeM ke IIpNYMHAM OH OYeHb
HE3HAYUTENIBHO PacTBOPAETCSA B BOJE M OPTARMYECKUX DPACTBOPUTENnAx. Y
TBEPIOrO BOAOPONa (cM. Taba. 28) MOnmekynsApHas pemeTka. Benepcrene
BBICOKOH sHeprum amcconmannu (435 k/k/Monb) pacnag Monekyn H, ma
aTOMB OPOMCXOJAUT B BAMETHOW cTelleHM JHINL [PU TeMIlepaType Bbilile

2000°C.

CorniacHo TeopeTMYeCKUM NPEACTAaBIEHUAM IIPY OTPOMHBIX TABJEHWAX BOLOPOX
HOJKEeH INepeXonUTh B METaJUIMYECKOe COCTOsIHUE. B BTUX YCJIOBUAX NOJVKHO pouc—
XOIMTh NpeBpallleHle MOJeKYIsiPHOTO BOLZOPONA B ATOMHBII M LOKHA 0OpasoBbl-
BaTbCsA KPUCTAUTMYECKAs DeIleTKa, B y3/IaX KOTOPOA HAXOLATCS MPOTOHBI, & BJIEKT-
POHBI CTAHOBATCS OCLIMMM JUIA BCEro KPUCTAJUIA; TAKOH KpUCTalsl HOJKeH obsia—
JAaTh MEeTalJIn4YecKod POBOXUMOCTDIO.

TlockonbKy n7ist BOMOPOAA BO3MOXKHB] IOMTOKHATENLHAS 1 OTPUIATENIbLHAS
¥ OKMCJIEHMs, BOJOPOZ, MOXET NMPOABNATE W BOCCTAHOBUTEJNBHLIE, U
OKHCNHUTENbHBIE CBOMCTBA. B OGBIYHBIX yCIOBUAX 6IarOfaps ycTOMIMBOCTH
Moneuyn OH CPAaBHUTENILHO MAJIO aKTHBEH M HeNOCPeNcTBEHHO B3aMMOIeii-

T JIMiIb €0 pTOopoM. IIpm HarpeBaHWM e BCTYaeT BO B3aMMOMIeN-
CTBMe ¢ MHOIMMHU HeMeTa/llaMU — XJIOpOM, GPOMOM, KHCJIOPOIOM u IIp.,

Halpumep:
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2HCI (r), AH, = -184 x]lx
2H,0 (r), AH,, = —484 kllx

208

Hz (I‘) + Ulz (I‘)
2H2 (1") + Oz (I‘)
OTH peakuUU POTEKAIOT € BLIJEJEGHHEM OGONBILIOTO KOJMYEcTBa TEII0—

Thl, YTO CBUAETENLCTBYET O BLICOKON aHeprum (mpounoctu) cpaseit H—CI,
H—O. [lostoMy BOmOPON npoABAAET BOCCTAHOBMTEIbHBIE CBOWCTBA U 110

OTHOLIGHMIO KO MHOTMM OKCH/aM ¥ TalOF@HW[aM, HallpiMep:
+2 0 0 + 1 +2 0 0+l
CuO + Hy = Cu + H,O VCl, + Hy = V + 2HCI
Ha 3ToM OcHOBaHO IIpUMEHeHue BOAOpPOJa B KaudecTBe BOCCTaHOBUTEIA
A Noay4deHusa psajaa IPOCTHIX BellecTB U3 OKCUIOB U MaJIOTeHU10B.

B kayectBe oOkmcaMTeNst BOAOPOA B3aMMOJeficTBYeT ¢ aKTUBHBIMM Me-
TaJLJ1aMK .

0 -1
9Na + H, = 2NaH

Coepuuenns Bonopoza (—1). B rex caywadx, Korga BojOpoJ BLICTYHAeT
B KayecTBe OKMCJIMTENst, OH BefeT cebs KaK rajore, 06pasysA aHajlOryd-
HBIE TATIOTeHUIAM 1 0pudsl.

Opnnako B OTIMYMe OT 06pa30OBAHUS TaJloPeHUI-MOHOB 06pasoBatve MonoB H-
n3 Mosexyn Hy — mpouece sHpoTepMudeckuil. Juraibnus obpasosanusi H™ cocras-
aser 144,7 kax/Monb:

Holly (r) = H(r), AH, = 2175 x[lx
H(r) + ¢ = H (r), AHyy = -72,8 wllx
1/Hy (r) + € = H™ (1), AH,,, = 1447 xlIx
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HOSTUM}" OKUCIIMTe/IbHAA aKTUBHOCTH BOAODOJIA CYLLECTBEHHO YCTYIAeT laJlOTe€HaM.
[To oroit ke NpUuMHe SICHO BBIPAKEHHBI MOHHBL XapakKTep MpOABIAIOT JTUUb
TUAPUIB! Hauboslee AKTUBHBIX METAJUIOB — LIEOYHBIX U HIEJIO4HO—3eMeJIbHBIX.

Nounubte runapuasl, Hanipumep KH u CaH, npencrasasiior coboit 6eabie
KPUCTAIMYECKHME BEILECTBA C BBICOKMMU TEMIEPaTyPaMM IIJIaBIEHMA, T.e.
comu. Ux pacliaBbl XapaKTepU3yIOTCst BBICOKOM 3JEKTPUUECKOM IpOBOLU-
MOCTbIO, IIPM 3/eKTPOIH3e PACIJIABIACHHBIX U PUAOB BOLOPOH, BbIAENAETCS
Ha aHogme. 'mapuasl s-seMeHTOB | rpynnel, Kak u GONBIIMHCTBO MAIOreHH-
JIOB 3TUX 3JEMEHTOB, UMeIOT cTpykTypy TMna NaCl. B xuMmmueckoMm OTHO-
[IeHUH KOHHBIE M'MIPHUIABl BEAYT ce651 KaK OCHOBHBIE COSIMHEHMA.

K KOBaleHTHBIM OTHOCSTCA THAPUAB MEHEe 3JIEKTPOOTPUATENBHBIX,
YeM caM BOJOPOJ, HEMETANIMYECKMX 3JIeMEHTOB. K KOBaleHTHBIM OTHOCAT-
csA, HanpuMmep, ruapuab cocraBa SiHy u BHj;. Ilo xuMuyeckoit npupone
PMAPUIB HEMETAIIOB ABIAIOTCS KUCIOTHBIMU cOEU HEHUAMU.
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Pa3nuume B XMMHUYECKON NPUPOJE TUIPUIOB MOMNHO JIEFKO YCTaHOBMTb
00 UX MOBEIEHMIO NPU TUAposin3e. XapaKTepHON OCOGEHHOCTLIO TMIPOAn3a
FMAPUAOB FABJIISIETCSA BbleJIeHMe Bopopona. Peakuysa nporekaer Mo OKMCIN-

“TEJILHO-BOCCTAHOBUTEILHOMY MexaHu3My. OTpMnaTeNlbHO IO/ PU30BaHHBLH

- +1
atroM H B ruapume M NOJOKMTENBHO NMOJApu30BaHHbiil atoM H B BOme
NEPEXOAAT B COCTOSIHUE ¢ HYJIEBOH CTENEHbIO OKUCIIEHUA:

-1 K 0 -1 + ] 0
KH + HOH = KOH + Hy, SiHq + 3HOH = H,SiO; + 4H,

OCHOBHBI KUCJIOTHBIM

3a cuer BHENEHUA BOAOPOAA TMAPOJIU3 IIPOTEKAET HOMHOCTHIO U HEO6-
patumo (AH < 0, AS > 0). Ilpu sToM OcHOBHBIE TMAPUIABI OGPa3yloT
HIEJI0Yb, 3 KUCAOTHHE — KHCJIOTY.

Pasnuuue MeXny OCHOBHBIMU M KUCTAOTHBIMM THIDHIAMU OTHETIUBO
NPOABIAETCA TaKkKe IMPH UX B3aMMONEHCTBUM Meky coboit, HalipuMep:

LiH + BH; = Li[BH
OCHOBHBI/ KMCJIOTHBIfi TeTparuapuuaobopar
JUTUSA
H
H: + B:H —
H

JIOHOD  AKILENTOp

TMoHsATHO, YTO 3Ta peakiusi MOXKET NPOTEKaTh JUINb B HEBO/HBIX Cpe-
ax, HalpuMep B adupe.

Cravpapreblit nmoresnyan cucrems! !/oH,/H™ pasen —2,25 B. Cneposa-
TenpHO, MOH H™ — opgMH M3 caMblX cUABHBIX BocctaHoBuTeneil. Iloaromy
MOHHBIE, 8 TaKke KOMIJIEKCHBIE TUIAPHUIBl — CHJAbHBIE BOCCTAHOBHUTEJM.
OHY IUMPOKO MPUMEHSIOTCA AJA IIPOBENEHUMA DPasiMYHBIX CHHTE30B, ANA
NO/Iy4eHMs BOAOPOAa M B xuMuueckoM aHanu3e. ['mapun kansuus Cals

'MCHOMB3YIOT, KPOME TOro, B KauecTBe OCYIIMTENsl A/ yNAJleHUs cJef0B

BJIaru.

Coeppnermst  Bopopoga (1). llonoxurensHas NOAAPH3auUA  aTOMOB
BO}[OPOI[& Haﬁmoz[ae'rcyl B €ro MHOIO4YMcJ/JIeHHBX CO€JUHEHUAX ¢ KOBAJIeHT-
Hoit cBA3BI0. [IpM 06bI1uBBIX yeaoBusax — sto ras3sl (HCL, H,S, H3N), smun-
xoctn (H,O, HF, HNOj3), teepasie semectsa (H3PO4, H,Si03). Ceoiicrea
3TUX COEAMHEHMI CUABHO BaBUCAT OT NPUPOAH 3JIEKTPOOTPUIATENLHOTO
a7eMeHTa. B wacTHOCTH, ANA coenuuenMii, conepkammx ceasu F—H, O—H
u N—H, oco6o xapakrepHa somopopHas cBa3sb. Beaemersue sroro HF u
Hy0 B O6BIYHBIX YCHOBHAX — MULKOCTH.
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P uc. 148. Teuneparypbi niasnennsi (a) u kvmenust (6) BOjI0POAHBIX
coevHenuit p-oseMenroB VII, VI, V rpynn
Eciu cpaBHUTL TeMIepaTypbl IVIABIEHWA UM KUIIEHUA OINHOTUIHBIX OUHADHBIX
COENMHEHNIT BOLODOKA € oJleMeHTaMyu HaHHO¥ rpymnbi (puc. 148), To BuuHO, 4YTO
BGlencTBUe obpasoBanmsi Bogoponnbix cesizer HF, H,O u H3gN nposmisnor ano-
MaJIbHO BBICOKME TeMIepATYPb! IUIABIEHUST ¥ KUIEHWA. AHAJIOTMYHBIA XOA KpUBBIX
HAbOf@eTest U IVIs DHTATBIUI HCTIADEHUST STUX COeIMHEHMIA.

BesieicTBHe cnoco6HOCTH 06pa30BbIBaTh BOJOPOJHBIE CBA3U M BCTYHATh
B JIOHOPHO-aKIeNTOpHOe B3auMopeiicTeue xkunkoctn HF, H,O wm H3N
SIBJISIOTCS XOPOIMMY MOHUBUPYIOLMMH PacTBOPUTEIAMM.

Crened, M XapakTep OCHOBHO-KMCJIOTHOM MOHU3AaIUM B cUCTEMe M3
NBYX coenvueHMit sogopona (I) 3aBUCAT OT MX JOHOPHO-aKUENTOPHONR aK-
TuBuocTH. Tak, B pagy HF—H,O0—H3sN B cooTseTcTBMM ¢ yMeHbllleHHEM
YMcsia HEMOAENEeHHRX 3JIeKTPOHHHX I1ap BO3pacTaeT CPOZACTBO K IMPOTOHY.
Mockomsky cpomerso k mporony y NHy 6ombme (9,3 3B), uwem y H,O
(7,9 aB), kmMcyIOTHL — ciiabple B BOAHBIX PacTBOPaX, B JKMIKOM aMMHaKe —
cusibble. Hanpumep, HCN B Bose — OyeHb cjiabad KMCJIOTa, a B 2KMJIKOM
aMMMaKe MOHM3UpyeTcsa ouTu Tak xe, kak HNOjz B Bome. B suakom aM-
MHaKe KMo ic [

Bopna npu pacreopenuu B HF Beper cebsa kak ocHoBaHMe.

[pucymasi Boopoxy, Kak HeMETAJUIMYECKOMY OSJIeMeHTY, TeHAeHIUSA K 06paso~
BaHUIO AHUOHHBLIX KOMILIEKCOB — mdpaleﬂumoo peajmsyeTCH, Hanpumep B CJlefyro—
IUX peaKIUsiX:

KF + HF = K[HF,);
U TOPOrUAPO-
reHaT Kajus

KNO; + HNO; = K[H(NOj),]
JAUHUTDPATOTU PO~

TeHaT KaJiust
304

i

{MAPOreHaT-KOMIVIEKChl 06DA3yloTesi 3a CdYeT BOJOpORHOM cBsAsu: (F+--H---F];
O,NO- - -H- - -ONO,J".
)

Oy umeror nuneitioe crpoenre. X o6pazoBanue MOXKHO OGBACHUTL CIenyro—

. muM o6pasoM. Op6urtamu unona HF, BoshMKaloT 3a cder NMHeHOM KOMGMHAIMK
opbuTaNM llenTpaibhoro artoma s (ls-opburans H) wu rpynnosbix op6uraneit
nepudepuyeckux atoMoB Y1, ¥p (2p,opbutanein gByx atomos F):

e N =
O O

AN A Ln
NN

¥

¥s

Ilo ycnoBusM cUMMeTpUM CoYerahue U ¥ - y—opburaieit NpUBOTUT K 06paszo-
N
BaHUIO CBA3bIBAIOLILEH o5 pa3pbIXAsiolleil MOJIeK Yy TpHON :7:—op6wra.rm MOHA HF;
. (puc. 149):

v (‘75) ~ s +
v ((7;) ~ s — Y.

+ Jlns rpynnoBoit opbuTanu Y, NOAXONAMIEH N0 YCTIOBUAM CHMMETpUM OpBUTanm

LeHTPAIbHOTO aToMa HeT, NoatoMy B mone HF) op6utaib 1 urpaer poib necBsabi-

t Batomeit (puc. 149). Yerbipe vitextpona (onmuu ot atoMa H, pBa or nsyx aromos F

A

AGH MGHF_ AG
E — F R
i \
e \\ 5;‘
s\ \
\
\n

a s
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¥ ONMH 3a CYeT 3apsifia MOHA) PACIDENEJIFK
- U HecBAabIBaoOlEN 0°-op6uTalsax. HaxosmeHue oleKTPOHOB HA MOJEKYJIAPHOH
HeCBSI3bIBAIOILE 0°-OPOUTAM COOTBETCTBYET KOHIEHTPAMK M3OLITOYHOTO OTPHIla-
TeBbHOTO mpﬂﬁa Ha KOHUeBLIX aroMax. CllefloBaTelbHO, I'MAPOTeHAT-MOHBI THIA

HX3 nomxubl 6bLITL Hauboslee CTAGUIBHLIMM B TOM cilyyae, Korna X — naubonee
SUEKTPOCTPULATENbHEe aTOMB! Mmy ux rpynmuposxm. Tag, B uome HF 2 cRA3L

[OYTH B TpU pasa MpoyHee MeKMOJIEKYJISPHOM BOLOPOIHOM CBSSK.

BOHBLLIMHCTBO TUAPOTreHATOB MOMeT cyuecTBoBaTh JIMIIL B HeBOIHBLIX WIH
HACBHIIIEHHBIX BOJHBIX PACTBOPAX, & TaKke B TBEDUOM COCTOSHUM.

AroMBI BOLOPOKA BXOLAT TaKkxke B cocraB ruppocoseit tuna NaHS, NaHCOs.

NaHSO4. Tpynnei HS, HCOjs, -HSO4 wmoryr cylllecTBOBaTh B BiLe CBOGOIHBIX
HOHOB, HA3bIBAEMBIX COOTBETCTBEHHO udpocyasPud-, 1udpoxapbonam- u wopocyLs
gam-vonamu. CTPyKTyDa TAKMX cOJIeHl B TBEDIOM COCTOSIHMM TaKxke 06yCIoBINBa-
eTcsA BOROpOAHOUM cBsidblo. Hude cxeMaTuuecKM NOKasaHa CTPyKTypa M gpoKap6o—
rata narpusi NaHCOs:

0O OO0 00

oo O o 8 o 8

O OO0 OO0 O
Ona* ec 00 «H

Merammyeckne CoeRUHEHHsT BOROpoAa. MeTainyeckKuMu CBOMCTBaMu obmajna-
10T BOXOpPOJHBbIE CBA3U coefuHeHn A d‘ " f‘OJleMeHTOB. STM COCIUHEHUS TMOJYyYarT—
CA B BUZE MeTaslVIoNoJOoOGHbIX TeMHBIX MOPOIIKOB WM XPYIIKONA MAacCChl, WX JJIeKTpU-
yecKast IIpOHOﬂPIMOCTb U TeluionpoBOAHOCTH TUIIMYHBI TS MeTaJlJloB. 9’1‘0 TUIPUABI
HeCTeXMOMEeTpUYECKOro CcoCTaBa. MueaﬂmsmpoBaHHbm COCTaB MeTAWINYEeCKUX TMIpU—
XOB uame Bcero oTBeyaer dopmysiam MH(VH, NbH, TaH), MHx(TiHz, ZrHp, HfHo,
ScHy) u MHg(UHg, PaHs).

O xapaxTepe CBSI3M B TUMAPMAAX d- M fONEMEHTOB CyulecTBYWOT nBe Teopuu. B
COOTBETCTBMU € ONIHOM M3 HUMX BOLOPOJ BXOIMT B pelleTky B Buze Mona H, a cBoir
BJIeKTPOH OTHAeT B 3OHY NPOBOJAMMOCTM MeTajlnudeckoit cTpykTypbl. Corsnacho
LpYTOit TeOPUM aTOMBI Bojopoja GepyT OJIEKTPOHBI W3 3BOHLI [POBOAMMOCTH U
HAXOJATCS. B KPUCTAJUIMHECKON pellefke TMAPHa B BUJe ruuapup-vonoB H™. Mok~
HO HIyMATb, YTo B llepHojuieckoii cucreMe oT I k¥ V rpynme uMeer Mecro nocTeneri—
HBIA Tlepexos 0T MOHHBIX IMIPUIOB (THIIA CoJleft) K BeulecTBaM, B KOTOPbIX BOJOPO.
HaxopuTess B Bune H*.

Crepiyer 0TMETUTB, 4TO TlepBble TpY MeTajlla KajX(Joro ceMeicTBa d-3IeMeHTOB
(r.e. Sc, Ti m V; Y, Zr u Nb, La, Hf u Ta) norsouiaror Bogopox co 3HAUUTEABHBIM
HanpuMmep, oHTalbnuu o6pasoBaHUs HEKOTOPBIX
TUAPUAOB UMeloT Cllefylolue B3Ha4YeHUS:
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9K30TEpPMUYECKUM  PdeKTOM.

ScHp Y
—69 -1

LaH, iHy  ZrH,

v AHG e kIli/ Mo 86 208  -144 169

d-Meramnpt VI—VIII rpynn mo oTHOWIEHMIO K BOZODOAY MAaJOAKTHBHBL Tak,
sHTaJbIYs o6pasoBanus FeH, Bcero 0,84 xIk/monb. UckioueHue cocrapmsier
naJvIaiuil, KOTOpBIM TOrIoUaeT BOJOPO)| OHeHb AKTUBHO. AHOMaJlbHOe MOBejeHUe

MANIATGS CBASLIBAIC S Y
oHPUrypauuen (4d'° —

HaIaqusa

"npoBan” HBYX 5s-ONEKTPOHOB).

TUapHaBl MeTalioB o6pasyloTesi M3 MpOCTHIX BEWleCTB ¢ MOHUKEHTEM BHTPOTIHY,
TaK KaK MCXOJHble BellecTBa TBEpAoe U rasoo6pasHoe, a KOHEUHbI MPOAYKT TRep—
nont. [losToMy cuHTe30M u3 BoJopofa ¥ MeTalsla MOXHO TOMYUUTE TOMBKO Te
coefMHEHNs, 06pa3oBaHie KOTOPBIX CONPOROXKIAETCS BbINEJIeHWeM GOMNbLION0 KoIh-

gecTBA rennorel. B mporueeoM cnyuae runpuner 4 u f

777777 TRHOM INDUS

JIMIUb KOCBEHHBIM [TyTeM.

Merammuyeckue TUAPUIOBl MCIOIBIYIOTCA KaK BOCCTaHOBRATENRW NJIsT TIOJ1YV eHU 51
TMOKPBITUSA 13 COOTBETCTRYIOUIEr0 MeTallla, a Takke MNMs IOJTyYeHWs MeTajllloB b
BUzie NOpOIIKOB. B mocienneM ciydae merasn, Hampumep Ti wimys V, Hacbumaror
BOZOPOLOM, 06Pa3OBABIIUMAC XPYKUA THADKI PACTUPAIOT B NOPOLIOK U HAFPeBaloT
B BaxKyyMe, B pesynpTare 4Yero [ojiy4alorT MOpPOMIOK MeTaslla. BCH(:‘IIC’I‘BM@ JacTuy—
HOCTM UMCTBIX MeTaJUIOB MOMYYMTH WX NOPOLIKM HPOCTHIM PACTHDAHMEM MeTAUIOB
He ynaercsi. [Wupua ruTaHa OpeicTaBisier BHTEpEC B KauecTBe Xpannimuga
BOJOPOAA.

Honyvenne u npumenenue Bogopona. [0CKONbKY B COSIMHEHUAX BOLO-
POJI, MPOSIBAAET CTEHEHM OKMCIeHUA —1 u +1, ero nonyuesue B cROGOLHOM
COCTOSIHMM OCHOBAaHO Ha CIEAYIONMX OKHCIUTENbHO-BOCCTAHOBUTEN bHDIX
nponeccax:

-1 +1 0
QH—H, 2H—H,
ORKHCIeHue BOcCCTaHORBIEHKIE
W3 runpunos somopon ofpasyercs u Hpu ruapoiuse, HAIPHMEp:
SIS 0
) ;
CaH; + 2H,0 = 2H, 4+ Ca(OH),
-1+ 0
H+H=H,

OGBI4HO ke NOMYYaroT BOJOPOA, W3 COeANHEHHi sogopoaa (I). Tak, B

NaBOPATOPHBIX YCJIOBUAX OrO MONYYAlOT B3aMMOIEHCTBMEM MUHKA ¢ COJIsie

" HOM Miv CepHOM KMCAOTOM:

0
Zn + 2H* = Zn? + H,
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B 1pOMBIIIEHHOCTH BOAOPOJ, HONYHalOT IIaBHBIM 06pa30M U3 NMpUPOI~
noonykToR rasudUkanuy TOIWIWBa (BOAAHOrO M

HbiX M [ONYTHBIX ra3o0B, [IpCAYKTOR Tasi@EuKalizi®
MapOBO3YILIHOT O rasoB) M KOKCOBOTO ra3a. IlpoussoacTBO BOAOPOJA OCHO-
BaHO HAa KaTaIUTUYECKUX peaKuuax B3aMMOJENCTBUA ¢ BOAAHBIM MapOM
(KOHBepCMV[) COOTBETCTBEHHO YIJIEBOJOPOLOB (IVTaBHbBIM OGpa3oM MeTaHa) K

okeupa yriaepona (I1), nanpnmep:

= 206 w/lx

+1 +1 0 .
CH4 + H,0 CO + 3H,, AHZQB

= 41 x/Ix

+1 ° 0 .
CO + H,0 e 0, + Hy,  AHG,,

Bonopon NONyHalOT TaKie HemoJHBIM OKMCJIEHMEM YIIeBOJOPOIOB, Ha~
npuMep:

+1 0 .
9CH4 + O, = 2C0 + 4H,, AH = -T1 ki

B cBABM ¢ YMeHbIIeHHeM BallacOB YIIEBOLOPOJHOTO Chipbd GOJbLIIOH
MHTepec MPUOGPETAeT MeTON ITONyHeHHs BOAOPOja BOCCTaHOBJICHHEM BOL-

HOro I1apa PacKaJieHHbIM yTJIeM

+1 [ .
C+ H,0=CO+H, AN, =131 xllx

Tpu 3ToM 06pasyerca iewepamopHuitl 1a3. 3aTpaThi JHEpPruM Ha €ro
[10JTy4eHHe MOMKHO CKOMIEHCUPOBATh 3a CY€T PeaKuMu HelONHOro OKMC/Ie-

HMA YrJis:

C +1/:0, = CO, AHS,, =-110 kjlx

Ilpy KOMGHHMpPOBaHUM ITHUX IPOUECCOB IOJIy1aeTca 800snotl 2a3, cOC—
Tostmuit B ocHoBHOM u3 cmecn Hp u CO.

Boaopos, 110JIy4aioT Takke 371eKTPOIM30M BOJBL.

W3 ra3oBbiX cMeceil ¢ GOJBIIMM COJepkaHUeM BOJOPO/ia ero BHIAEIAIOT
[IIy6OKUM OXJIaMJIeHUEM CMeCcH.

Bonopos MUPOKO MCIOAb3yeTca B XMMMUECKON MPOMBILIIEHHOCTH 1717
CHHTe3a aMMMaKa, MeTaHOJa, XJOpMIa BOAOPOAa, AJA TMIpOreHM3auun
"TBepJAOTO M KMIKOrO TOIJIMBA, XHUPOB M T.J. B cmecu ¢ CO (8 Buze
BOAAHOLO Ta3a) IpMMeHseTcAd Kak romumso. [Ipu ropenuu Bomopoda B
KMeITOpoZle BO3HMKAET BHICOKasn TemuepaTypa (10 2600° C), nmospossoman
cBapuMBaTh M pa3pe3aTh TYrOMJIaBKMe MeTasljibi, KBapi M Ip. K nxuin
BOZLOPOJ, MCIIOJIb3YIOT Kak OAHO W3 HaiGosiee 3(PPEKTUBHBIX PeaKTHBHEIX
TOILJIMB.

B HacTosimee BpemA Ipo6JiemMa MCIONB30BAHUA BONOPONA npuobpena
0coB60e 3HAYCHME. DHEPreTUdecKHil KpusMc, MpobJieMa 3alUUTHl OKPYKato-
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“m,ei/l cpepl OT HeMpPephBHOTO M YIPOKAIONIero 3arpA3HeHUA HedTbio U
ﬂn(\TTVRTﬂMI/]

DAY

CcTOPAHUSA OpraHUYecKUX TOINIUBR — Bce 3TO r’rMMv,mmM
pe3koe BOBDACTAHMe HMHTEpeca K BOJOPOAY KaK 'IKOIOrMHecKH yucTomy'
ropioveMy. Bomoponm — oOcHOBa XMMHMYECKOW TEXHOJIOTMU M IHEPreTHMKH
6yAymero.

B aToMHO#l 3HepreTHMKe [ OCylUECTBIAGHUsS ANEPHBIX peaKuMil cCMHTe3a
reJius MMeloT 60Jbiloe 3HadYeHMe W30TOHB BOAOPOAa — TPUTUN M [eii-

TEpUIi.

I'JLA B A 3. p3JIEMEHTHI VIl TPYIIIL NEPUOJIMIECKON
CUCTEMBI .M. MEBJIEJIEEBA

K ouevenrtam raasnoit noarpynnnt VII rpynne orsocatest ¢grop F,

' xnop Cl, 6pom Br, noa I, avtar At:

Foo1s22522p°

Ol 2:22p63523p5

Br 'ﬁs"ip%d“’éis%]ﬁ
[ 4s24p54dl05s2hp5
At 4624 p044104 fiaf g2

165 d106 526 pS

CooTBeTCTBOREO  DNEKTPOBUON  Kondurypanun aTtomoB (OaMHaKOBad
(CTPYKTYyPa BHEIIHOI'O ¥ IIDE/IRHEIIHErc 2JeKTPOHHBX ¢JI0eB) 6poM, HOx M
acTaT OOBEAMHAIOT B HOATPYHIlY 6poMa; PTOP ¥ XA0p OTHOCAT K THIHYec—
KuM oseMenraM. OCHOBHBIC KOHCTanTh p-daeMmedToB VII rpymnbi npuse-

AEHbl HUMC:

ol 1:CI 3sBr sal 8sAt
- BastelTeie 2iiekTponnt ... 25225 3s23p0 4524p>  Bs¥pt  65%6p°
AromHast Macca ... oo 18,088 35,453 79,909 126,904  [210]
Kopaireltublit panuyc aro-

Ma, HM .o, 0,064 0.099 0,114 0,133 0,144
Pamuyc vona O, uM ... 0,133 0,181 0,195 0,220 0,23
YeIoBHBI paMyc MoHa

D, uM 0,026 0,039 0,050 0,062
CpomeTBO K DIEKTPOHY, ¢ X 3,6 3,5 3,3 -
SHe])rVIﬁ MOHU3ALUU i
20— D% BB 17,42 12,97 11,81 10,45 9,2
Conepxanue B 3eMHOU KO-
pe, % (Mom. omu) ........... 2,8:102 2,6-1072 85102 4-106  Cnempl

Kax Buano us smux ganspx, B pagy F—Cl—Br—I—At paguyc aTomos
YBEIMunBaeTcA, a FHEPIUSA MOHU3ANMN YMEHbIIaeTcAd. JTO CBUAETENLCTBYET
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06 OcabICHNN NIPU3HAKOB HEMETAIJINYECKOro dJIeMeHTa: TOp — Hanbosee

o
o
&
]

APKO BHPANKEHHH ITEMEHT-HEM
npu3HaKky 2JIeMeHTa-MeTalla.

§ 1. ®TOP

@TOp B HEBO3GYHJECHHOM COCTOSHHN MMEET SIEeKTPOHHYIO KOHpUrypa-
MIO: .

[15%)2522p°% : -H- -H— +
T

2s

HanuumeM OHONO HENapHOTO BJIGKTPOHA O6YC/IOBIMBAeTCA CXOACTBO
¢ropa ¢ Bogoponom. Onnako pasiuine B 0O6LIeM Yuciie BATTeHTHBIX IJIeKT-
pOHOB 1 op6UTaneil MPENONpPeeAeT 3HAYUTIBHOE OTINYNe ITUX IJIEMEH~

T0B Apyr or aApyra. CTeneHb OkmcJIeHHs PTOpa Kak CaMOIO dJIEKTPOOTPH-
LATETBHOPO 371eMeHTa (4,0) MpUHUMaeTcs pabHO# —1.

@TOp — MOBOJILHO PACpPOCTPAHEHHBBIN 3JIEMEHT, M ero cOAepHkaHne Ha
Semste cocrasiser ~0,03 % (mon. momm). U3z Munepaios ¢ropa Hamn 60J1b-
wee anadenme umeior CaF, — naaeuxoswi wnam (parcopum), NagAlFs —
xpuoaum n Cas(PO4)sF — $mopanamum. PTopucThie cOCANMHEHN CONCD-
JaTcsi B OpraHnaMe desoBeka (B OCHOBHOM B 3y6aX M KOCTAX). B npupone
BeTpedaercsi TOpko ofmH msoronm OF. McekyccTBeHHO MOJyHeHbi MaJIoyc-
TOMYMBHE H30TONH (¢ MaccoBBIMM umcIaMu OT 16 no 21).

Tlpoctoe BemectBo. DdTOp O06pasyeT NBYXAaTOMHBIEC MOJIEKYJIbI F,, urto’

COOTBETCTBYET BJIEKTPOHHOM KOHUrypauu (cM. Tab1. 8):

2525274 14
oo 2olny mt
MockobKy Ha CBA3HIBAIOIMX OPOUTANAX MMeeTCA Ha JIBa JJIOKTPOHA
GoJIbille, YeM Ha Pa3pHIXJIAOILAX, MOPANOK CBA3M B MOJeKyTIe F, npunn-
MaeTcst PaBHBIM 1:

P

Mosekyita ¢propa F, nMeer OTHOCHTENBHO HEGOABIIYIO MacCy W N0CTA~
TOYHO NOARHNHA, 1109TOMY GTOP B OOBIYHBIX YCJIOBUAX — ra3 (cBerio-
HKEJITOTO [BeTa), 06/IafaeT HUBKON TeMIEpaTypod mJiaBllednst (-223°C) u
kunenus (-187°C).

Mrop MCKITIOYATETLHO AKTHBEH XMMHYECKH, OH — CHJIbHEAMH OknCIn-
Tesb. BblcOKasi XMMHUYECKaA aKTHBHOCTH (TOpa OOGBsCHAECTCA TeM, UTO ero
MOJIeKyJia MMeeT HM3KYIO dHeprmio aucconmnannyn (159 k1 /MOnB), B TO
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BpeMsi KaK XUMU4YecKas CBsi3b B 6OJBITNHCTBE COEAUHEHM TOpa OTJIMYa-
amna AATEITIATE TT

i
evcs Goapmioll npoynoeTsio (mopazxa 200—600 x L /mons). Mo obpaznomy

poipaxennio axan. A.E. @epemana, ¢rop "Beecveparommii'". B armocdepe
bl
¢ropa TOpAT Takne CTOMKME BOIECTBA, KaK CTEKJIO (B Bume BaThl), Boja:

SiOy + 2F; = SiF4 + Oy 2H,0 + 2F; = 4HF + Oy

B sTix peakiusax B KayecTBe OJHOTO M3 NPOAYKTOB ropeHus o6pasyer-
¢ KUCAopoj, T.e. PTOp Kak OKNCIUTENb CHIIbHEE KUCJIOpOaa. .

HcknoynTelsHO aKTUBHO NpOTeKaeT B3amMojelicTBue ¢ropa ¢ 60i1b-
IMUHCTBOM npocTeiX BemecTB. C cepoit u docdopom OH B3auMmopeiicTByer
paske TpM TeMmepaType kuakoro soaayxa (—190°C):

S+ 3F; = SFs, AH,, = -1207 x][lx
2P + 5F; = 2PFs, AH,, = -3186 x[lx

(DTOP OKHUCJIAET JlaxKe TaK Ha3hHBaceMB€ 6nar0pomiue Ta3sbl:

Xe + 2F, = XeF,, AH,, = 252 x[lx

208

HenmocpeacTBeHHO PTOp He B3aMMOAEHCTBYET JIMILIB ¢ Te/TMEM, HEOHOM W
apTOHOM.

Coeppuensst ¢rropa (—1). B cooTBeTCTBMM ¢ 3aKOHOMEPHBIM N3MEHEHMEM
XapaKTepa 3JIEMEHTOB [0 IepUOAaM W IpyNaM NepuoANYecKONl CUCTeMH *
3aKOHOMEPHO M3MEHAIOTCA W CBOMCTBA (PTOPUAOB, HANpUMep:

OcHoBHO-KM CJIOTHASE NaF MgF, AlF; SiFy PFy SFg (CIFs)
npuposa ocHoBHasi  amdorepHasi KUCTOTHAST
AHVOBHBIE KOMIUIEKCBI  — - AIFE SiF¥ PFg SF2 (CIFg)

; Hounse dpropuas — KpueTaniuyeckue BemiecTBa ¢ BBICOKOH TeMlepa-
" Typoit miassienusi. Koopaunanmonunoe uneno ¢ropup-uona 6 (NaF) wim
» 4 (CaF;). KoBanenTrre GTOpuaB — rassl Wi KuaKOCTH.

I+ TlpoMexyTouHOE TOJOKEHNe MEXY HOHHHMM W KOBATEHTHHMH (PTOpH-
AaMi 3aHNMAlOT (PTOPHAB ¢ BHCOKON CTENEHBIO MOJNSIPHOCTH CBA3HM, KOTO-
"PHle MOXHO Ha3BaTh WOHHO-KOBAICHTHHIME coefnHeHusMu. K mocmemuum
'OTHOCATEs, HapuMep, kpucrandeckine ZnFy, MnF,, CoF,, NiF,, B koro-

.PHIX 3(pdEeKTHBHbE 3apAAN METAIMYECKNX 3JIeMeHTOB cocTaBisior 1,56;

1T812. 1
LHVY,

AR 1 AN o
1,70, 1,3V COUTBETLTBCHHO.

MHorne GTOpUAL METANIOB B HU3KHUX CTENeHAX OKHMCJICHUA MOJyYaroT
AeiicteneM pacTBopa HF Ha okemab, ruapokcmasl, kap6oHaTsl M 1p.,
Hannuuon:

HanpuMmep:
JHF + Al(OH); = AlF; + 3H,0
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N . JRp— crroT ~ hy
HOJIYYaloT (PTOPMPOBAHMEM NPOCTHIX BEILECTB WMJM HHBIIHX
Halpumep:

CIF + F, = CIF,

BO/BIIMHCTBO KPUCTAIMYECKUX (PTOPUIOB HEpacTBOPUMO B  BOJE.
Xopowo pacTBOpPAIOTCA JIHIL (HTOPUABL $-3/1€MEHTOB I rpynon (kpoMe
LiF), a Taxxe AgF, HgF;, SnF; u Hexoropnie Apyrue.

[lo XuMM4Yeckoil NpUpoJe MOHHBIE (DTOPHUAB ABIAIOTCA OCHOBHBIMU
COSNMHEHUAMN, a KOBaTeHTHBE (bTOpUAb — KHCIOTHEMM. Tak, B peakimnn

2NaF + SiFy = Nay[SiFg]
OCHOBHBIt KMUCJIOTHBIN TreKcadTOpOCHIINKAT
HATPUS

Mo Mepe ycUJIeHMs KUCJIOTHOM MPUPOAB (PTOPUIAOB, HalpuMep B pady
MgF,—AlF;—SiF 4, ux B3aMMONEHCTBHIO ¢ OCHOBHBIMU dbTOpUaaMHU OTBEYaeT

YBEJINYEHHE OTPULATELHOTO 3HAYEHUs AG*:
NaF(k) + MgFy(x) = NaMgFa(x), AG;,, = 14 xllx
NaF(k) + !/sAIFs(k) = 1/sNasAIFs(x), AGh,, = ~26 rllx
NaF(k) + 1/2SiFa(r) = 1/oNa,SiFg(k), AG}e = 51 xllx

OcHOBHbIe (PTOPMAL NpU THAPOTIM3E CO3MAIOT INETOUHYIO cpeny, a
KMCJIOTHBIE PTOPHIB — KUCIOTHYIO:!

SiF, + 3H,0 = H,Si04 + 4HF

KUCJIOTHBIA .

Amdoreprble (PTOpUAbI B3AMMOLEACTBYIOT KaK ¢ OCHOBHBIMM, TaK U C KUCIOT—
HBIMM GTOPHUAMM:

2KF + BeF, = Ky[BeF ]
KaK KUCJIOTHOE
coefluHeH e

BeF, + SiFy = Be[SiFg)
KaK OCHOBHOe
coeuHeHne

. - ~ , S PN
Komnyexchble ¢Topunbl BecbMa pasHOOOBpas3Hbl (CM., HalpuMep, Tabil. o1).

KoopinHAllMOHHOE 4YMCNIO o TOPY ISt OJIeMEHTOB 2-To mepuoxa paBHo 4, wist
2JIeMEHTOB [PYyrMX I[epHOJOB KOOpIMHAIMOHHOe uHMcio 6. Kpome Toro, nmeroTcs
KOMIUIeKCHble (bTOPHJBI, B KOTOPBIX KOODIVHAIMOHHOE HHCIO KOMILIEKC006pasoBa~
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rensi paBho 7, 8 m 9, nampumep: Kj[BeF4}, Ks[AlFg], Ky[NbF7], Ky[WFs],
Kj[Reky).

OTH e TpUMepbl TOKaSBHIBAIOT, YTO BO (DTOPOKOMIUIEKCAX CTABMIIUBUDYeTCSt
BBICIIASA CTeleHb OKUCIEHUA LEeHTPAJIbHBIX aTOMOB.

[IpousBostble PTOPOKOMIVIEKCOB IIPENCTABIAT COBOM MPeUMYIIECTBEHHO HOH-
Hble COe[VMHEHMs JIM6O OTHOCATCA K cMellaHHbiM dropunaM (HanpuMep, BeSiFg).
Coenunenns ¢ BopopopoM tina HBF4, HPFg, H,SiFg B cBoGogmoMm cocrosmmu
HeycToM4uBbL. UX BORHBIE PACTBOPBI — O4YeHb CUJIbHBIE KMCIOThE.

Monekyna ¢ropuna somoposa HF cuiabho momsipna (g = 0,64-10729
Ki-m, 51-1 = 0,4+, 6F = 0,4—) ¥ uMeeT 60/ILINYI0 CKJIOHHOCTb K Aaccolya-

UM 3a CYeT BOLOPOIHBIX CBA3EH B 3UI3aro06pasHble enu:

IloaToMy dbTOpPHI BOZOPONA B OGLIYHBIX YCTOBUAX — GECIBETHAA HKMKOCTH
(r. mn. -83,4°C, 1. kun. 195°C) ¢ peskMM 3amaxoM, CHIBHO ABIMALLAS Ha
BO3JyXe€. )

®ropun BOAOPOAA O6BIYHO MONYy4aoT NeUcTBUEM CepHOU KHUCJIOTHI Ha
dutioopur:

CaF; + H,S04 = CaSQ, + 2HF

Haxe B cocrosinm rasa ¢TOpUA BOXOPOTA COCTOMT H3 CMecy TOMMMEPOB HyF,,
H3F3, HqFy, HsFs, HeFe. Hpoctble Mosexymel HE cymectsyior MmIlb NpY TeMiepa—
TypaxX Bbillle 90°C. BerenctBue BBICOKOIA NPOYHOCTH CBSABH (oHeprust JUCCoUnAL Y
’565 kJl#/Monb) TepMuuecknuit pacag HF na atoMbl CTAHOBUTCA 3aMeTHBIM BbIlle
3500 C.

‘i Co6erpentast nonusayus sunkoro HF nesmauurenswa (K = 2,07-10711), Ona
,l'lpomcxonwr IyTeM Tepexojia MpoToHa (MJIM COOTBETCTBEHHO (PTOPUA-MOHA OT OXHON

Moriexysibl K IpyTot, CONPOBOXJAIOUIErOCA NpPeBpal€HMeM BOXOPOXHON CBS3U U3
@le}imonexynﬂpﬂou B MeXaTOMHYIO ¥ B KOBaJleHTHylo. [Ipy 5ToM 06pasyloTcest colib-

)MTMPOBaHHBIe Ppmoponuti-vion FHQ u pmopowdpoienam-non HF; no cxeme
H—F:.-H—F---H—F == [H—F-H]* + [F---H---F]
wm

[y

HF:.-HF---HF == FH} + HF;

HKupratit drTopny Bofopona — CHITbHBLL MONUBUDPYIOIUIA pacTBOPUTEID.
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B Hem Xopollo pacTBopsioTcs Bofa, Ppropusl, cyJibpaThl U HUTPATHI $-0JeMeH—
ToB | IpyNmBI, HECKOJIBKO Xyke AHAJIOTMUHbIE COSJMHEHUA soneMentos II rpynubL
[Ipi ©TOM pacTBOPEHHBIE BelllecTBa, OTHMMas OT MOJIEeKYJ HF npoToHbI, yBeJH4HMBA-

10T KOHIEHTPALMIO OTPHIATENBHBIX MOHOB (HF3), T.e. penyr cebs Kak OCHOBaHMA.
Hanpumep:
KNO; + 2HF = K* + HNO; + HF;
Jlaske HCl u HNO3 B oTHX yCIOBUSIX BenyT cebs1 KAK OCHOBAHUSA:
HCI + 2HF = CIH; + HF;
HNO; + 2HF == NOzH; + HF;

a nuuddepeHTHBI B Bojle STUIIOBBIA CIUDPT B HCHIKOM dropuae BOTOPONA OKABbI-

BaGTCS TAKWM JXe ChJlbHbIM ociiobaties, rak KOH B soze:

up == (LH.OH) + HF
2HF OH; + H

C,Hs0H + 2H C,HsOH3 + HE;
B sugkom HF Bengyr ceBsi Kak KUGIOTHI BellecTBa — AKUENTODPRI dropun-
vonos, Hanpumep BF3, SbFs:
BF, + 2HF = FH; + BF}
SbFs + 2HF = FHj + SbFg

[Ipy PAcTBOPeHMM -KUCJIOT YBESIMMBACTCHA KOHUEHTDAUNSA [0JI0KHUTETBHEIX dropo-

nuriaiotos FH.
AMmdorepHpIMM coenternsaMu B okuaxoM HF sABistiorest, HanpuMep, dropHar
amomuumna 1 xpoma (I11):
3NaF + AlF; = 3Na* + AlFg
KaK KU CIO0THOE
coeIMHEHN e
AlF; + 3BF: = AR* + 3BFy
KaK OCHOBHOe
coeHeHHne

MDropun BOLOPOA HEOTPAHMYEHHO PAacTBOpAETcA B BOLE. Tlpn 21oM

+ .
npouceXoquT Monusauus mosnekyn HF ¢ obpasopaHneM HOHOB OH; n F~.
locnennne, B3anmMoseiictBys ¢ Monekynamn HF, o6pasyior ¢roporuapore-
HaT-MOHBI:

HF + H,LO=OH; + F", K =72-10"
HF + F- = HF;,
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WM CYMMapHO
2HF + H,0 = OH; + HF;

Pacteop HF (droposopoponsas kmucnoTa) sBisieTcs KUCTOTOH CpegHeit
CHJIBI.

B pactope conepsarcst Ttakie KommJleKcHele WoHnl HoFs, HsFyq, HpFpe.
. TlosToMy TpM HeATpaiM3alMi PacTBOPOB PTOPOBOJOPONHON KHCTOTHI 06pasyloTes
i He dropuyel, a droporunporedatst Thna K[HFo) (1. mr 239°C), K[HoFs] (1. mu
62°C), K[HgF4] (r. mn 66°C), K[H4Fs] (1. mn. 72°C). Otu coenmuenns, xax
[PaBUJIO, XOPOIIO KPHUCTAIUIM3YIOTCsI M IUIABATCs Oe3 pasiiokenusi. [upporexar-
! MOHBI MMeloT sursaroobpasyio dopMy. OHM 0OpasoBaHbl 3a cuer BOZOpOHON

| cesasy. TepMideckoe pasiioskeHie (DTOPOrMAPOTEHATOB HCTOIB3YeTCs IS TOMyde-
- wust HF:

K[HpFpe1] = K[H,,1F,) + HF

XapakTepHasd OCOGEHHOCTL (TOPOBOAOPOMHOM KUCIOTH — €€ CII0cO6-
HOCTb B3aMMO/IefiCTBOBATL ¢ JIMOKCHIOM KPEMHUs:

SiO2(k) 4+ 4HF(p) = SiF4(r) + 2H,0(x)

HosToMy ee OGBIYHO XPAHAT He B CTEKISAHHOW nOCyne, a B cOCylaX U3
flcBUHIA, KaydyKa, IOAMITHIeHa uiaK napaduHa. OHa TOKcWYHA, MPU MOMa-

DOTOPOBONOPONHAA KHCIOTA INPUMEHAETCA [JA TPABICHUSA CTOKJIa,
Fynanenis IeCKa ¢ METATTMYECKOrO JIUTbA, MONyYeHus (GTOpUAOB U T.n.
fDTopus BOAOPOIA B OCHOBHOM MCIONB3YeTcs B OPraHUYeCKOM CUHTE3e.

Homygenne u npumenenme ¢ropa. Us-3a BLICOKOH OKUCIMTETLHOM
BKTMBHOCTH (DTOPa M GOMNBINOH IIPOYHOCTH €r0 cOeNMHEeHNnH GTOp Hmomyda-

Besencreue BHICOKONM XMMMYECKON AKTUBHOCTM (PTOP BEI3BIBAET KOPPO-
@BUIO MOYTH BceX MaTepuajoB. B kadecrTBe Marepuasa anmnapatypsl [oias

ROJTy YeHU St Cb'ropa, €ro XpaHeHUsA U IepeBO3KHM HcIIONb3yeTcsi HUKenb (M
BI'O CI1TARKL }(;()'ropuﬁ VCTOUYUR K He_‘)‘vc'rnmm drTo

D3 33 cYeT O0BDA3ORaAHUS
TITARH ), TODEINM YCTOUYUR K ACTBHIO (PTOp2a 3a cYeT O6pa3OBaHMA

damnTHoi rtenkn NiF,. B nenoMm npo6Gnema srta paspemena, u ¢Top B

|
NIBITUX KOJMUYECTBAX [€PeBO3UTCA B aBTOIMCTEPHAX.

‘W Ilupokoe npuMenenne GTOpa HaYaIOCk B CBRAAU ¢ PAGOTA)

Menuio n30Tonos ypana (8 suge 2UFg m 238UFg) nnddysnonnniM mero-
JAoM. B macrosiiuee Bpemsi TOp INMPOKO NMPUMEHsTCA A CHHTE3a pad-
%"""H"‘X XaJaleHTOB M IOJNIMMEPHBIX MATepHalloB — (TOPONIACTOB, OTAM-
A MBIIUXCsA BHICOKOM XMMHUYECKOH cToikocThio. JKumaKuii drop U pan ero
€OeIMHeHIIl TPUMEHSIOT B KAYECTBE OKMCITMTENeHl PAKETHOrO TOILHBA.

U 10 pagne-

315



§ 2. XJIOP

8 2. A

X10p — HEROMHBLA HJIEKTPOHHBI AHATIOT dropa:

# 4+

[1522522p®] 3523p°

3s

ATOM X/10pa UMeeT OJMH HernapHbI BJEKTPOH, ICM H HPEeIONPeeNAeT
¢ ero exocTBO ¢ (PTOPOM M BOAOpoAoM. B 10 ke BpeMa y XJ10pa 10 cpak-
HEHUIO cO (PTOPOM GOJIBIIE Pa3Mep BAJCHTHBIX opbuTaieil, ropasio MeHb-
(e 3HAYEHHe BHEPIMM MOHMBAIMM Ey, 3AMETHO GOJBIE CPOTCTEO K DIERY
pony E,, 60/bIIasA NOJIAPH3YEMOCTE ATOM.

Tops, 1M I J Pt
........ 0,036 3,45
Clooeeins 0,072 3,61
B 607bIIMHCTBE COCAHHEHUIT XIOp KAk CHiblity SAORTHOUTH

anemenT (D0 = 3,0) BBICTYNAET B OTPUIATCALHON (TCLEHN] oKHCaCIUA !
B coemMHeHMAX ke ¢ 6oilee dMEETPOLTPHUATETBHRIMU dropom, wmnenop
JIOM U a3OTOM OH MPOSBIAET HOAOKHTETLABIC CTENCHU OKMCTEHUA. Ocot -
PaBsHOOGPA3HEl COCNMMHOMHA XJIOPA ¢ KHUCIODONOM. B KOTODLIX cTenen”
oxMenenus xnopa +1, +3, +5 v +7, a raxke +4 1 +6.

XA0p — THRMYHBIA HEMeTAUIMYeCKHT] BIeMeHT. CAesoBaTeILHO, AL
Hero HanGoiee XapakTepHa TEHCHIMA PN XUMUICCKUX IpeBparlieHit:
06pazOBLIBATh MPOCTHIE H CJAOKHHE AHUOHBL.

X/10p OTHOCHTCA L AOBOTHHO PACTIPOCTHAHCHILIM HA 3eMie DJIeMeRTa
BeTpedaeTcs OH FABHEIM O6Pa3oM B BHIE X 10 D 10 B — COGAMUCH
¢ Hanbo/Iee YCTOMIUBLIM COCTOSHHCM OKUCTEHMS XA0p. Ha HHX ,fla“,()(‘)"“'
BaxcabiMM MUHepasiamu apnaworea NaCl — wawennas cotb, NaCl-KCl
cuaveunum, KCl-MgCly-6H,0 — waprarawm. B orpoMHOM KOJHYEUT:
XAOPHIbI COMEpHKATCH B MOPCKOM BOJE., BXOAAL COCTABION MACTBIO 8O
SKMBBIE OPTPAHWBMEL M 1ID.

B npMpOAHBIX COEMMHEBMAX XIOp HaXOQWTCA B BILAE U3OTONOB
(75,53%) u 37CI (24,47%). KpoMe T0ro, HCRYCCTBEHHO TOAY U@L €ro

3

IMOAKTURHBIE
a IIpocToe BemecTBO. MoOnexyna Xnopa, MOf06HO MOTEKyIle PTOpa, B
XaTOMHa. JHEpPIUsA JANCCONMALMU MOJISKY/1bl Cl, Gonpme (243 w /L /Mony
wyem F, (159 x[l#/Monb). Pacnam MOJNEKY/sl XTOpa Ha ATOMDI CTHUHOBWTC 7
3ameTHbIM, HaduHas ¢ 1000°C.

316

Béabmyro ycroituumsocTe Mogexkyas Cl, no cpaBHenuio ¢ F, moxHO

0OBACHUTL TeM, YTO B MOMEKyJe [y HecBA3BIBalOME 3JIEKTPOHBl OTTAIKHU-

_ BalOTCA APYr OT Apyra cMibHee, YeM B 60jiee KPYRHON NO pa3MepaM MoJie-
ryae Cls.

CornacHo npyroit Touke 3peHusi B Mosekysie Cls, B ornmume or Momekynbl Fo,
uMeeTcsl TCBsAsbiBaHue. [loceniHee BOBHUKAET N0 JNOHOPHO-AKI[ETITOPHOMY MEXaHUZ-
My 3a cHeT HeNoje/leHHOi 9JIeKTPOHHOM Napbl OHOrO aToMa U cBobonHoN 3d-opGu-
ranu apyroro. Cumraercsi, uto mopAnok ceszu B Moekyne Cly cocrapmser 1,12,

B OGHIYHBIX YCAOBMAX XJIOp — a3 KeATO-3eJIeHOrO nBera (T. ni. —
-101,0°C, 1. kun. -34,2°C). OrpanudenHo pactsopsiercsi 8 Boge (1 o6beM
BOJBI PacTBOPsAeT OKOJNO 2 06beMOB X/opa). IIpu Ox/1amJeHNMM U3 BOXHBIX
* pacTBOPOB BHIJENAIOTCA KPUCTATIOTHAPATH, SABAIOIMECs KJaTpaTaMy
npubauaurensroro cocrasa Cly-6H,0 n Cly-8H50.

Xn0p — aKTUBHBIA OKUCTUTEND:

1/0(r) + ¢ = Cl(r), AGS,, = —240 x/lx
) 1/yCly(r) + ¢ = CI(p), AGhg, = ~131

r OH BecbMa DHEPIMYHO pearupyer ¢ MeTANAaMU U GOMLITMHCTBOM HeMeTall-
Y 0B (3a mcxmovenmem Oy, N, M 671arOpomHBIX ra30B), JErKO OKMCJIAET
MHOTHe CJIOXKHbIe cOeMHEHUsi. BOCcTaHOBUTeNbHBIE CBOWCTBA XJIOP IMPOsSB-
JIsleT JUIbL NpU B3auMofneiicTBMu ¢ GTOpoM. BeTynaer Takxke B peakupuu
AMCnPOHOPUMOHUPOBAHUA, 715 IPOTEKAHMs KOTOPHIX HaMGoJee 6aaronpu-

SATHA 10©T0YHaA cpefla, cnocobeTByIOmas 06Pa30BaHUIO NPOCTBIX U CJIOMK-
~ HBIX aHMOHOB:

3Cly + 60H™ = 5CI" + ClO3 + 3H,0
3Cl; + 6NaOH = 5NaCl + NaClO3 + 3H,0

Coepunenns xnopa (-1). Xapakrep XUMHYecKkOil CBS3M, a CITEIOBATENIb-
X“ HO, M CBOWcTBa XJIOPUAOB, Kak U (PTOPUOB, 3aKOHOMEPHO M3MEHSAIOTCST NO
rpynnaM M nepuofam snemeHTOB (cM. puc. 131). Tak, B pany xmopumos
DIeMEeHTOB [aHHOIrO Nepuoja TUD XMMHYECKOHM CBA3M M3MeHsieTcs OT npe-
HMyHeCTBEHHO MOHHONH B XJIOpPMIaX TMIUYHBIX METaIIOB 0 KOBaJIEHTHOM
.B xnopunax Hemerannos. MouHble xnopuas — TBepAble KpUCTALINYECKUE

A
{
)

i BElIecTBA ¢ BHICOKMMM TeMmrepaTyDaM¥ D/IaBIEHUS, KOBANGHTHHIE XJIOpH-
()

y, bl — Fa3bl, HMIKOCTH MM Ke JIerKORJaBKMe TBepAble BelnecTsa. IIpoMe-
_ YTOUHOE MONOKEeHNe 3aHUMAIOT MOHHO-KOBAJICHTHBIE XJIOPHIbI.

Wounrte xnopunm (xmopumm MEeTAJLIOB) NPOSARIAIOT OCHO

BHEIE CROU-

« (TBa, KOBAJICHTHBIE XJIOPMIbI (XIOPUIbL HEMETalIOB) — KHCIOTHbI®, Ha-
. Bpumep:
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NaCl MgCl, AlCly  SiCly PCls  (SbClo)
T, “C e 800 714 193 -70 159 -
KM c10THO-OCHOBHBIE CBOYCTBA (sosr.)
O ¢HOBHbIE AMdoTepHbIf KuneorHbte

NTTOPHIA ovvervrensreeresoinenines

OCHOBHbIC XJOPHABI THAPOIM3Y NPaKTUYecKH He HOABEPTaloTCH, a

KUCTOTHBIE THAPOJMU3YIOTCA IMOJHOCTBIO M HEOBPATMMO ¢ 06pa3OBaHUEM
KHUCJOT:
SiCl, + SHOH = H,SiO3 + 4HC1
Pasiuume CBONCTE XJIOPUIOB DA3HOTO THUNA NPOABJNACTCHA TaKHKe B
peaKknuAX MeKAy cO6OM, HanmpuMep:

KCl + AICl; = K[AICL]

OCHOBHBI KMCJIOTHBIR

Cl) apnstores

Amdorepnbie

Ilpu 5TOM OCHOBHBIE XJOPHIbI (3a cuer X
JOHODAMHM DJICKTPOMHBIX [1ap, a KMCJIOTHBIE — AKUEMTOPaMH.
X,J'XOpJM,I[bl B3AMMONENCTBYIOT Kak ¢ KHCJIOTHBIMM, Tak M C OCHOBHBIMIT CO€-
M HEHUAMH .

BoJbUIMHCTBO XJOPULOB METal/IOB XOpOLIO PACTBOPUMO B BOMC
nexsmouenner AgCl, CuCl, AuCl, TICI n PbCly).

XA0puabl NOMYYalOT XAOPUPOBAHMeM IPOCTBIX BEIECTR X/IOPOM

(3a

nau

CYXUM XJOPpHUIOM BOJIOpOAA:

2Fe + 3Cl, = 2FeCly
Fe + 2HCI(r) = FeCl; + Hz
B3anMoTelicTBIeM OKCHOB ¢ XJI0poM (1160 ¢ XJIOPUAAMM, HACTO ¢ CCly) B
[APUCYTCTBUM yTJIst:

TiO, + 2Cl, + C = TiCl; + COq

~

BombIioe MpUMeHeHHe B TeXHMKE HMeeT XJOpMA BOLOPOAA HCIL: B

) o el _
o6bibix yeaoeuax HCl — GecupeTHHN Ta3 (r. mn. — 1142 C, T. kuN.

85,1°C). B npOMBIIJIEHHOCTU €ro noaydaior CUHTE30M H3 MPOCTHIX Be—

11EeCTB!

Ha(r) + Clo(r) = 2HCI(r), A& =19

Xs10p#1 BOJOPOAA OUeHb XOPOIIO MOTJIOIIAETC M '
20°C norsomaer okoao 450 o6vemos HCl). Bopmbiit pacTBop HCl — cnab-

nan kueaoTa (pKa, = —7,1), HasbiBaemasd coasnoti. Kak cuibpHasi KucaoTa

318

[ i

HCl HaxonMT WMpOKOe NpUMeHeHHe B TeXHMKe, MeJHIMHe, J1a6OPATOPHOI
npaktuke. XJOPOBOLOPOAHAA KHCJIOTA BXOAUT B COCTAB JKETyJOYHOTO
COKa.

Mpu peftcTBUM CHILHBIX OKUCIIMTENEH WM NIPH DJIeKTPOM3e XIOPUIbI
MPOSIBASIIOT BOCCTAHOBUTEIbHBIE cBOicTBA., TakK, KOHUEHTPUPOBAHHAS COMA~
Hadg KHUCIOTa IPOABJIAET BOCCTAHOBUTENLHBIE CBOWCTBA NMPU AeHCTBMM HAa
Hee okcuma Maprasia (IV):

' MnO; + 4HCl = MnCl; + Cl, + 2H,0

OTo#l peakuMell MOIb3YIOTCA B 1a6OPATOPUM JJift TIOAYIEHUA XITOpPa.
[lpu Harpepanum xs10puz BONOPONA OKHMCJIAETCH KHUCIOPOAOM (KATANM-
3arop — CuCly):

4HCI(r) + Oy(r) = 2H,0(r) + 2CIy(r)

Peakuus conpoBoXIaeTcst yYMEHBIIEHUEM 3HTPOT
cortacio AG = AH — TAS c ysenuuennem temmeparypbl AG peakuin
npuo6peTaeT MONOKUTENFHOe 3HadeHWe W Mponecc MNPOTEKaeT BJIEBO.
JTOT NpUMep MJITIOCTPUPYET OTHOCHTENLHOCTh HAMIMX IOHATHH O cpas-
' HUTOJIbHOM  OKMCJIMTeNbHO-BOCCTAHOBUTENBHON  AKTMBHOCTH  BEIIlECTB.

. B paccmatpuBaeMoM ciiyuae npn HeBLICOKMX TeMmepaTypax 6oJee CHIIb-
HBIM OKMCJIMTENIeM OKa3biBA®TCsH KUCJAOPOM, NPH BHICOKMX TeMIepaTypax —

XJ0p.

mu  cucremer. [oaromy

Coenunenus xnopa (I). Crenens oxucnenus xaopa +1 nposBAAeTCA BO
¢ropune CIF, okeune CL,O u mutpuge CI3N, a Takie B COOTBOTCTBYIOUMX
uM annonax [CIF,]", [CIO]" u [CIN]2-:

CIF
[CIF,)

ClL0
[C10)

CI;N
[CIN]2-

O6mmit 0630p GMHAPHBIX COBAUHEHMIl XJI0pa (I) npusenen B Taba. 32.
W3 6unapabix coepmuennit xmopa (I) OTHOCHTENBLHO yCTOWYMB JIMIND
* CIF — c1a60 9K30TepMUYecKOe cOemMHEHMe. Mounodropun xmopa o6pasy-
€Tca npu Harpesanmu cyxux Cly u F, (swbume 270°C). Hurpupm CI3N u
oxenp ClyO — supoTepMuYeckie coeMBeHUst U HeycTONIMBE. OKCH]L Cl,0
PacirafiaeTcst CO B3DHIBOM Cl; u O, opu
CONPMKOCHOBEHMM ¢ OPraHMYECKUMH BEIECTBAMM M [laxe NpH HepeiuBa-
HUM B KUIKOM cocTosinuM. Tlockonbky sHeprus ['M66ca o6pasosanusa Cl,0
1 CI3N — BenmMuMBa MOJIOKHMTEIBHAS, ITH cORTMHEHUS NOIYYAIOT KOCBEH-
HBIM yTeM.

Ha OPU HeBOJILINOM HArpeBaHMM
SBAHUH,
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Tabnnua 32 Bunape coemmernsi xiopa (1)

Coenu- Crpykrypa z o &) ArperaTHoe R 2
HeHlue MOJIEKY Nbl é ° - COCTOSIHUE B é E g} g
=2 = g | obvrumbix yc- :‘;; :‘;?
EL : : JIOBUAX E r?-‘( a E‘(
®ropua 0,16 M 0,22 |-154 | -101,1] Becuser- -50 |-51
CiF Cl—F HbIH ras
rafTesIbHast
Oxeng \»\6"0 ' 0,26 |-121 | -3,8 | Menro-xo- | +76 {+93
Q- .
ClL,0 : pUYHeBbIt
Cl ¢ Ci ra
yriloBast
Hurpun / N - =27 | +71 Temuo-xen- [+230 { —
CisN = \ Toe Jieryuee
MacsIo
TPHroHATILHO-TIMpaMy-
JaTbHAST

Bunaphple coesMHeHMst Xa0pa (1) MMEIOT KHCJOTHBIA Xapakrep, 9T
18

NONTBENIKNaeTe S, HADUMe

eHUAEeM K BROJIe:
OOAT

n
CPMABCTCS, HAllpMMeEp, 1) HOIIeHAeM

C1,0 + HOH = 2HCIO
CIF + HOH = HCIO + HF
ClN + 3HOH = 3HCIO + H3N

Mpoussonssie oxcoxopar (I)-anmona ClO°, naswiBaemsle 1unoTa0puMa

s, BeycToluuBbl. VX pacTBOpEI MOYYaloOT, NPOMYCKas XJIOp B OXJIak1ae:

20H" + Cl, == CI" + ClO” + H,0
2KOH + Cl, = KCl + KCIO + H,0

Oxcoxnopar (I) sogopopa HCIO ussectest TOJNBKO B DasGaBIeHHbLX
pacTBOpax. JTO zappHosamucmas Kucaoma; O6pasyeTCR OHA HAPSLY (¢

e XJI0Dna:
€ XJiopal

>
2
=
X

Cl, + HOH == H* + CI" + HCIO
Cl, + HOH == HCl + HCIO

XnopHoBaTHCTaR KUCAOTa caabast (M. Taba. 22).
Ilpoussoanste xnopa (I) — cunsusie oxucaureau. QcoGEHHO arpeccUBeH

CIF, xortopeiif pearupyer ¢ seiie

CTRAM I Ennee
C BEIlieCTBaMu €iiie O0Jiee IH

ePrdHO, YeM CBO-
6opunit prop. Ha sToM ocHoBaHO ero npumesenne B kauecrse GTOPUPYIO-
HIero areHTa. [MIOOXJOpHUTH NPUMEHSIOTCA B KAadYecTBe OTOENHBAIOIIEro
cpe/lcTBa.

Hanbonpmnit npaktuueckuit naTepec (kak oTGEMBAIONIEE CPeCTRO,
CPE/CTBO /IS [eras3aljy, AELIeBsl OKMCAMTENs) NPeJCTaBAsieT PUIOXJI0~
pur kanbuust Ca(ClO),. Iomyuaercs oH npM B3aMMOAEHCTBMHM Xa0pa c
PUAPOKCHIOM KallbLlHsi:

2Ca(OH), + Cl, = Ca(ClO); + CaCly + 2,0

Kax BMAHO U3 NPUBEZEHHOTO YpPaBHEHWS PEAKLMM, OJHOBPEMEHHO «
Ca(ClO); obpasyercs CaCly. TlosToMy HOMydaeMmblis B TEXHMKE TNPOLYKT —
beauarias MU TAOPHAZ UIBECME — MOMKHO PACCMATPUBATH KAK CMELIAHHOE
coepunenne Ca(ClO)Cl, t.e. runoxnopur — xnopus kameuus. Cogepxanue
Ci(1) B 6eannbHoil U3BECTH OGLIYHO YCTAHABIMBAIOT 10 KOJMYECTBY XJIopa,
BBLACJIAEMOrO IPU B3AHMOACHCTBUY €€ ¢ COJAHOH KUCHOTOM:

+ 1 -1 0
Ca(Cl0)Cl + 2HCI = CaCl, + Cl; + H,0
W3 nponspoanbix AndTOpOXIOpAT ()-koMnuiekca uBBECTHLI KPUCTATIMHECKHE
+1
Beiectsa tuna M[CIF,) (M — menounoit Merann). Iloctennne obpasyrores npu

BIAUMOAENCTBUN OcHOBHBIX dropupos ¢ CIF B Heponublx pacrsopax (mpu 175°C,
10 MITa):

MF + CIF = M[CIFy]

Coepunennst xnopa (I). Crenent okunclenust xjopa +3 NMposBASerca 8 Tph-
¢ropune CIF3 u rerpadropoxnopar(lll)-aunone [CIF4]", a rakke B mmokcoxio-

par(ilj-amnone [CIO,]™

ClFy -

[CIF4] [ClO4
| ‘1
M(CIF4] M(CIO,]

+
Tpucropun xnopa — 6nenHo-sentenoe pemecrso (1. 1. —76,3°C, 1. Ku.
11,6°C), Momer 6bitb Tomydeo npu Harpesarun CIF ¢ uabbiTkom ¢ropa. Ilo

Xumiieckoit npupoge CIFy — coenunenme kuciorHoe. Tak, UBBECTHBI COMU ~—
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TerpachropoxJioparbl (111) kanisd, pyOumAsA W Uesns Tiia M{CH
jorest pK bropuposaknn MCl wam npu BsanMogeiictsu ME ¢ sumioum ClFa:

MCI + 2F, = M[CIFy]; MF + CIF; = M[CIF,]

Mpoussogivie ClOz-aHWoHa HasbIBATCS TA0pumaay. XJIOPUTHL [IETOTHBIX
MeTasioB NPeICTABAAIOT coboii Genble KpUcTaJUlkdeckue BenjecrBa. [noxcoxsio-
par (111} Bogopoga HCIO, B cBoGogHOM COCTOSIHMM He mofiyden. [lake B BomHOM
pactBope HCIQ, 6bictpo pasnaraercst. Pacrsop HCIO; — wuesora cpenhed cnibl
(Ka = 1:1072), HasbiBaeMast zuopucmot. [Ipyn HArpeBAHUM XJOPUTHI IUCIPOTIOPUHO=-

HUPYIOT:
+3 -] +5
3NaCl0, = NaCl + 2NaClOj

M PAWIATAIOTCs ¢ BblaeJeHrneM KUcopona:

+3-2 -1 0
NaClO; = NaCl + Oy
B NpUcyTCTBUM  OPraBKYECKUX Bemlects TBepible OKco-~ W dropoxsoparst (I11)
B3PBIBAIOTCS OT Y Iapa.
Tpudropup xnopa v terpadropoxioparsl (II1) mpuMensnores kax dropupyio—
mue arentsl. M3 xsopuron Haubosbiiee sHadehne hmeer NaClOg, npumensieMmbiin
1pu oT6eJIKEe TRAHE U OyMAMKHON MACCHI.

Coepmuenus xnopa (V). W3 coeantennit, B KOTOPLIX XJIOp NPOABISACT
crenenb okucaenust +5, ussecthnl netadropua CIF;, okcorpudropua
CIOF,, amoxcodpropua ClO;F u nupoussoansie Tpuokcoxiaopat (V)-aknola
[ClOg]", auoxcoaudropoxaopart (V)-aruona [ClO.F,]", tpuokcodropoxiio-
pat. (V)-anuona [CIO3F]?, okcorerpadropoxaopar (V)-anuona [CIOF 4]

CIFs  CIOF;  CIOF ~ -
[CIF"  [CIOF," [CIOJF)  [CIOSFP €O,

+ 1 + 1 + 1 +1
- M[CIOF,] M[CIO,F)] M,[CIO;F]  M{CIO,)

Monekyna CIFs umeer dopMmysy TerparoHanbHOM nupamuast (eM. pue. 51, u).
ertadbropna x10pa — ManogUccolMMpyoas kuarocts (1. wi. =93°C, 1. kum
~13°C), yeroitaue o 200°C. Ero nosyuator dropuposaimem CIF; (mpu 350°C u
25 MITa):

ClFy + Fy = ClIFs, AH,,, = <33 x/lx
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Oxcorpudropug xiopa CIOF; — 6ecusetsoe Bemecrso (1. w1 —44°C, 1. xun.
27°C), obpasyercst upu geiictsun Ha cMech ClF3 m OF, yabrpadmoneropsix y-

ven:

2CIF; + OF, = CIFs + CIOF,
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D10 coequnenue Jerko pasnmaraercs Ha ClF; u O,. fBngercs kMcIoTHBIM Coequne~
HMeM.
D1 FT PN JE AP TRIT8 TR AN S-S || =
AMORCOETOPUI X0pa LiUol \ZAOPUA@mopuo) — OECUBETHBLIM JOBOJIBHO YCTOVI—
quBblA ras (1. nr ~115°C, 1. kun. -6°C). Iosy4ator ero cropuposanrem ClO,.
XnopHihTopu — KHCIOTHOE CoeuHenue; ero TMIposM3 Maer Mo cxeMe

CIO;F + H,0 = HCIO; + HF
[pyu B3aumogeiicreuu CIO2F u CsF nostyuaerest cosb
CIOSF + CsF = Cs[CIOF,]
BHaunTesbHo Goslee yeTouMBEl ot — nponsBoftble [ClOsF]? ~anmoma.
Okcmp xaopa (V) neussecten. Iponssomsie [ClO,]" waswisaror zaopa-
maan. U3 nocreannx Hambonbinee NpakTHYECKOE 3HAYEHHE MMEET XJIOpaT

kamua KClO; (6epmoaemosa coas). Ero nomyuyator mponyckanueMm xjiopa
yepes ropsuuii pactsop KOH:

60H" + 3Cl, = 5CI- + ClO; + 3H,0
-1 +5
6KOH + 3Cl, = 5KCI + KC103 + 3H,0

nav  3jteKTponusoM ropsivero pacreopa KCl. Tlockoavky KCIO; wma-
JIO pacTBOPUM B Bojie, ero jerko oraensior ot KCl oxnaxzgenuem pact-
BOpA.

Tpuoxcoxaopar (V) sogopoga HCIO3 B cBOGOAHOM COCTOSIHUM HE
seigenien. Ho (8 otuune or HCIO u HCIO;) usBecTHbl ero KOHNEHTpHpO-
Bakibie pacteopsl (10 40%). B Boampix pacTsopax HCIO3 — cuspkas
KHUCOTa, HadblBaeMass Taophosamot. Ee OOBIMHO NOnywaoT 0OMeHHOI
peakpuein:

Ba(ClO4g)5(p) + H2S04(p) = BaSO4(k) + 2HCIO4(p)

X70pHOBATAS KMCOTA [0 CBOWCTBAM HAIIOMHHAET ABOTHYIO KHCJOTY, B
HACTHOCTH, €€ CMech C COJIAHONW KHUCJIOTON — CHJBHBIA OKMCIAHTE b (THMA
"wapekoit Boaxu").

[Ipw narpepannu xmopatel(V) AMCOPONOPHUOHUPYIOT:

+5 +7 =1
4KC103 = 3KCIO4 + KCI

4 B IPACYTCTBMUA KATAIU3ATOPA PACMALAIOTCA ¢ BhlEEHHUEM KHAcaopoaa:

+

5 -1 0
2KCi0; = 2KCI1 + 30,
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Iipu Harpesanuu Tpuokcoxnoparsl (V) — cuipHble OKHcauTeNu. B cMecu ¢
BOCCTAHOBUTENSIMU OHU OOPA3YIOT JIEPKO B3DHIBArOIMecsi cocTabbl. Bepro-
JIETOBY €OJIb MCHOJB3YIOT B IPOMSBOJCTBE COMYEK 1 cMecu s (efieppep~
koB. Xqopar HaTpusi NaClO; npuMensiercsi B KadecTse cpencTsa A/
60prOBl ¢ COPHAKAMU.

Coepunenma xnopa (VII). Bplcwas cTeneHs OKucjeHust xiopa +7
NPOABNAETCH B €10 OKCUIE, PsiJle OKCOPTOPMAOB U OTBEYAIOMUX UM AHUOH~
HbIX KOMIJTEKCAX:

Cl,04 CIOsF ClO,F 4 CIOFs (CIFy)
[Clog  [ClOsF2)  [ClOoF4) - -
+1 «1 +1
MCIiO4 MCIOzF,  MCIO,F 4 - -

Oxcug, Xnopa (VII) Cl,0; — 6ecnpernas sxuakocts (1. mi. —93,4°C,
1. kun. +83°C). [lomyuaercs npu HarpepaHuu cMecu okcoxsiopara (VII)
BOAOPOAA M OKCM[a Gocdopa (V):

2HCI0, + P,Os = CL,0; + 2HPO,

Monekyna Cl,0;7 nomsipaa (g = 0.24-1072° Kn-M). B Heir corsacao
SJEKTPOHOTPaUYECKOMY — MCCHENOBAHUIO [ABa TETPA’dApPa OObEAMHEHb
HOCPE/ICTBOM aTOMa KMCJIOPOIA:

Q2 1
1150
O\ Q%\/\—\
o—c” 1 >0
/ Cl
0,14 um E) O/X

Oxeun Cl,0; OTHOCUTEIBHO yCTOitMUB, HO npu Harpesanuu (Bwille 120°C)
passiaraercsi co B3PLIBOM.

Terpaoicoxaopar (Vilj-uon ClO] nMeer TeTpasaputeckoe cTpoeHue,
4TO B paMKax TEOPHU BAJIGHTHLIX CBS3€H COOTBETCTBYET Sp3-TMOpMAM3aliuy
BAJIGHTHBIX OpOUTaliell aToMa XJIOpa, cTAOMIM3UPOBAaHHON 3a CYeT T—CBsi-
3eit.

Terpaokcoxioparsl (VII) (HeyzauHO Ha3bIBaeMLIE eIlle RepTraopamanu)
BECbMa MHOTOYMCIEHHL. BOABLIMHCTBO MX XOpPOMIO pPAacTBOPUMO B BOJE.
Terpaokcoxaopar (VII) Bogopoaa HCIO4 — Gecupernasi xuaxocts (T. UI.
-102°C), cnoco6uas B3puBatbes. CrpoeHue mosekysnst HClO4 npusegeno
HUXe!

O

0,14 HM

H
\ 132
36 _HM |
Lo ~

B skxuakom HClO4 MOsekyisl AUMEPU3OBaHB 3& CYET BOJAOPOAHON CBSABU:

O AO—H. . .0 e
~ ~ 7

Cl cl
o No....—0” o

Terpaokcoxiopar (VII) sogopoaa xopouwo pactsopuM B Boje. Pacrsop
SIBASIETCS TAOPHOU KUCAOMOL:

H,0..HCIO, = OH; + ClO;

Benepcrsue nonusanuu HCIO, pacTBOpbl KUCAOTBI BIOJIHE yCTOWTHBEL
XJI0pHAS KUCJIOTa — OJHA U3 HaubO/Iee CUAbHBIX KucaoT. Ee noayuaror
aeficTBueM koHueHTpuposannoit H,SO, na KCIO,:

KClO4 + H,S04 = HCIO4 + KHSO,

WsbecTHsl MHOrouncnennsie okcoxaoparsl (VIT). B wactHocTd, wpuc-
rannoruapar HCIO4-HoO  siBasiercsi nepxsioparom  okconusi [OH5]ClO,.
Ero nosysaror snekrponusom pacrsopa KCiOjz. Ilepxnopathl B 0CHOBHOM
OPUMEHSIOTCS B [IPOMBBOJCTBE B3PHIBYATBHIX BEIECTB B PEAKTUBHON Tex-
HUKE.

Monekyna ClOgF umeer ¢opmy neckombko wckakensoro terpaona (p =
= 0,006-10729 Kir-m). B 0OBIMHBIX ye/lOBMAX TPUOKCOGTOPHA XMOpa (nepraopus—
fmopud) — OGeclBeTHLIR T cmn —147.8°C, 1orun. —46,7°C), B ommine
Cl,07 obnagaer BBICOKOW TEPMUUECKOM M TMAPOANTHUECKON CTOMKOCTBIO: YCTONUMB
a0 500°C u'ne ruapoamsyercst maxe npu 260°C. Kucmorsas NPUPOAA €ro NposiB—
JISIeTCS IPDU B3aNMOAEHCTBUM C KOHLLEHTPUPOBAHHBLIMN PACTBODAMMN LIETOYEN :

<
=3

>

CIOsF + 2NaOH = NaClO, + NaF + H,0

CIO3F, rak n ClyO7 — CUABHBIN OKUCAUTEND.
HApyrue okcodropumst xmopa (Vi) — ClO,F3 u ClOFs — majnoycroiumBbie
raspl. Homyuaior nx okmciennem GTopraaMu KMCIOpOa HNBIIMX dTOPUAOB XTopa:

CIF + O,F, = CIO,F3; CIF; + OF,; = CIOFs
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Crenenb OKMCIeHUsT +7 y XJIOpa NPOSABTIAETCS TAKKe B HeKOTOPBIX KATUOHHBIX

xommiexcax rtuna  CIF§  n ClOoF3.  Mx  npomssomssie  [CIFg}*[PtFg],
[ClOoFo)* [PtFg] 06pd,3y10’1‘€ﬂ le/[ B3AMMORENMCTBUM CUIbHelllero oxucaunterns PtFg

¢ PANOM O,

3BECTHLl TAKXKe KAaTUOHHBle KOMILTeKchl XJopa M B Opyrux CTETIeHsIX OKMC—

JleHHs1  XJopa, Hanpumep CIF;, CIF;, CIOF;, ClO3. Karvonuble koMmiekchl
xnopa (Kak n kaTwoHbl co cisiaamMu N—F, N—O, O—F) umeior HusKylo SHepruio
CBA3HM, I09TOMY IIPelCTaBIAIT 60BHIOR WHTepeC KaK cOCTaBHbBie YacTh BHeproeM-
KUX coelnHeRMi. K oHeproeMkuM BemectBam oTHocsrest Tarske ClFy, Fa, OFp,

C1,04.

B psaay ClO—ClO;—Cl03—Cl0; no Mepe ypejMUeHUs CTENEHU OKHUCIe-
WA XJ0pa YCTOMUUBOCTL AHMOHOB BOBPACTAET. DTO MOKHO OOBSCHUTb TEM,

aro npu nepexope or ClO™ k ClOj ysenunuBaercs 4UCIO 37EKTPOHOB,
OPUHUMAIOUUX y4acTHe B oOpaszosanuy csaseir. Ocob0 ycTofuuB HOH

ClO;, B KOTOPOM BCe BaJICHTHbIe DJIGKTPOHBI ATOMA XJIOpPa NPHHUMAIOT
yuacTHe B OOpa3sOBaHMY CBs3eN:

ow . 0« 40 On. 0 0y 40
et sa?’ o D¢
S - . 0 . \\0 O’/ \\O

[To aroit xe NPpUYMHE BBICOKO }'CTOﬁ'{l1BbI TETpad A puiecKue MOJIEKY1a
CIOsF u uon [ClO5F]?.

[onarator, urto B psgy CIO™— 103—Ci04 wospactaer poiib T-CBABbIBA~

uns. Tax, ecm B ClO™ mopsigox cestau pasen 1, To B none ClO3 on cocrabisier
1,5. Tosbimenye nopsigka cBsasu ClO™ coOTBeTCTBYeT yBeMYeHUIO CPelHed DHEpruu

CBAZM M yMeHbIIAeT MexbsimepHoe paccrosiiue. Tak, d(‘IO B ClO™ cocraiisier

0,170 nv, 8 C10; — 0,145 nm.

Benepersue noselmenys yeroiyusoctu B psagy ClO—ClO;—ClO;—Cl04
YMEHbBINAGTCH OKUCIUTENbHAS aKTUBHOCTL. TakK, runoxnopmu BCTYNAIOT B
OKMCJIN JIbF
PaTel B pa(tTB()pax OKHCHASOT TOJ

MTbHO-BOCCTAHOBHTEN

ClOs + I" + Hy0 — peakuus He uger

ClO; + 61" + 6H* = CI" + 31, + 3H,0
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Oxucnurensuas ke cnocob6rocTs nona ClOj B pacTBOpax DpakTUYCCKH He
NPOSABIIAETCS.

HedopManys (BO3OYKIEHUE) aHMOHOB MOKET NPOUCKOIUTH TAKIKE NPU
NOCTATOYHO CUIhHOM Harperauuu. [losromy rpuoxcoxnmoparer (V) megyr

RHO D un TOMY 1

v parel (V} megyr
ce051 KaK CUIbHBIE OKMCIIUTENN faXke B LIGNOYHON cpepe:
0\5 + 4 -1 + 6
KCIO3 + 3MnO; + 6NaOH = KCI + 3Na,MnO, + 3H,0
CIUVIaB/IeHne

llo Mepe yBelM4YeHUA  CTENEHM  OKMCAEHMS  XJiOpa B pALY
HCIO—HCIO,—HCI0s—HCIO4 cuita kuenor Bospactaer (tabn. 22):

HCIO  HCIO, HCIO;  HCIO,
Y QT 75 1,97 ~-1 ~-10

OTOT (BAKT MOKHO OOBACHATL TeM, YTO MO MePe YBEeJIUYEHMS Sucaa
atoMoB kuenopona B psny ClO"—ClO;—Cl03—ClO; npousocts csasu O—

C ONpefeeHHBIM aTOMOM KHCTIOpOaa ocJlabeBaer.

Coepprienmsi xnopa (IV). Ora crellenb OKMGIeHMS XJ0pa TPOSBISICTCA B €50
mrokcune ClOp. JInokena xyopa — sefleHosaTo—kets#t rag (1. wr -59°C. 7. kum.
9,9°C) ¢ peskum  samaxoM. CoegMHeHMe SHIOTEPMUUecKoe (AH} = 105
k/lk/Monb). Mosexyna ClO, nMeer yriobyio dopmy [£OCIO = 118", d(ClO) =
= 0,147 ], nostoMy ona nonspra (u = 0,56+ 10729 Ka-u):

0]

A, TAK KAK NMEET HEYETHOE "TMCIIO IIEKTPOHOB.
TakuMm o6pasom, ClO; — BaJleHTHOHEHACBIIEHHOE COERMHEHNE; BO3MOKHBI ero
NPeBpaleHns ¢ MpucoeInHeHHeM WM TIoTepeit SJeKTPOHA:

+4 +3 +4 +5
ClO; + € = Cl10;, ClOy — ¢ = ClO;

Hanbonee cunbho nposensiercst nepsas tennenums. [lostoMy ClO, — CHIbHBIM
okMennTedls. [IpuMetsiercst niist orGenkn GyMakHOW MACCH M B HeKOTODBIX ApYrMX
TeXHOJOTUHYeCKUX npoueccax.

[Ipucoenunente 1 MoTepsi BIEKTPOHA Jlere BCero peajiusyercst MpU ZUCHPOIIOp-
unornposatnu ClO, B memnounsix pacrBopax:

+4 +3 +5
2C10; + 20H" = C10; + CIG; + H0

lpn sroM 06pasyiores nme conm.



CylIecTBYIOT U IpyrMe okcuusl xjopa, HanmpuMep ClyOg. Oro TeMHO-KOpMUHe-
+5 .
Bast WMAKOCTb. B kpucrammueckom cocrosiavy ClyOg nocrpoen wa uouon ClO; u

+7

Cl0Oy. Tonyuator ero oxucnenviem ClO; osonom. [lpn oberuHbix ycnosusx ClyOg
NIOCTElleHHO pa3/araercs. OHeprMuYHO B3alUMOJelcTByeT ¢ BoJoi, obpasysi nBe
KUCIOTHI:

Mpu com 1505 BapbIBaeTCs.

Tlony4ator cBOOGOAHBIA XJIOp OKMCJICHUEM XJOPHAOB: B JTaOOpaTopud —
XUMHYCCKUM OKMNCJICHUEM KOHHQHTPMPOB&HHOﬁ CONSTHOM KHCJIOTHI, B TEXHU-
K€ — 9J1eKTpoiu3oM soaHoro pactsopa NaCl ¥ — Kak NOGOYHBIH I POAYKT —
IIpH NOJIy9eHUM HaTpus siekTposmsoM paciiasa NaCl. Xuop npumensior
JJIS cCTepUIn3aluu NHTHEBOH BOJABI, ILLHUPOKO HMCIOJIB3YIOT B KayecTse
OKMCJIUTENIsE B CaMBIX pa3HOOOpa3sHBIX OTPac/siX XMMHYECKOH NpOMBIIIIEH-
HOCTH. BakHa €ro posib B META/UTYpTHMM IIBETHBIX METAJJIOB.

§ 3. IOAI'PYIIIIA BPOMA

Artomet 6poMa Br, nona I u acrara At MMEOT OMH HENapHBIHR TEKTPOH
(5%p5), MOYTOMY NpPOABJAAIOT GOJBIICE CXOACTBO ¢ THINYECKHUMH 3/1€MEHTa-
mu. Ho Dpy BEICOKHX CTENEHAX OKMCJEHUs JIEMEHTH MOArPYNNH 6poMa
CYIECTBEHHO OTJIMYAiOTCS OT XUMHM (PTopa M XJIopa.

O/IeMeHTH NOATPYNNH 6poMa NPOSABASIOT CTENEHN oKHcaeHus —1, +1,
+3, +5 1 +7, u3 KoroprX Haubosiee yeroituups —1 ¥ +5.

Bpom u ero ananorm — Hemeraumyeckue siemeHtsl. Ho ¢ ysenmue-
HHEM YHC/JIa 3alOJTHAEMBIX SJIEKTPOHHBEIX CJIOEB aTOMOB HEMeTa/lIM4ecKHe
npuanaky snemenToB B psany Br—I—At ocnabesator. Q6 aTom, B uacTHOC-
TH, CBH[LQTQJ'IBCTB}'QT YMEHbILICHHE OSHEPruHd MOHM3allMM U CpPOACTBA K
9JIeKTpoHY. Mo ¥ acTaT NpOSBJAIOT faXe 3aMETHbEe NpH3HaKM aM@oTep-
HOCTH.

BpoM ¥ wmoa — JOBOJBHO paclpOCTPaHEHHBIE Ha 3EMJIE 3JIEMEHTHI.
TIpuponHsIi 6pOM COCTOMT W3 ABYX cTabuisaHX HaoTonos 9Br (50,56%) u
82Br (49,44%), uwon — u3 ommoro maorona 127, Ilomyuenn Takke HCKyccT-
BEHHBIE H3OTONBL. ACTaT B NPHUPOsE NPaKTUYECKH HE BCTPEYaeTes.

Ero nosmy4aloT MCKyCCTBEHHBIM IIyTeM, HampyMep 60M6apIvpoBKOll aTOMOB
BUCMYTa sIIpaMy Telust:

20915 211
5381 (@ 2n) g5 At
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CuHresupoBaHo okojio 20 palyoakTHBHBIX W30TOMOB actaTa. Bce oHm nmeror

KODOTEWII MepWoll MONYPACUAlNa; caMblil NOMFOXVBYIIMIA us Hux 1At (Tl / =
2

= 8,3 4). [looToMy acraT He MOKET GbITb [OJlydeH B BaMeTHBIX KOJIMYecTBaX W ero
CBOMCTBA M3y4eHbl HEJOCTATOYHO.

BpoM 06BIYHO COMYTCTBYET XJIOPY B €r0 KalMitHBIX MuHepasax. BpoM u
HOJ, HaXonATcsl B MOpcKolt BoAe M HepTSIHHX O6YpPOBEIX BOAAX, OTKyna HX
[JIaBHBIM 06pa3OM M [O6bIBAIOT. HHYTOKHBIE KOJIMYECTBA acTaTa OOHapykKe—
HEl B IPOXYKTaX €CTECTBEHHOIO paaMOaKTHBHOTO paclana ypaHa M TOPHS.

IIpocThie BemecTBa. Hexompué CBEEHHUs] O FaJloreHax, a TaKXkKe BONO-
pona NpUBENEHB HUKE:

H F Cl Br 1 At
~259,1 -219,7 -101 -7,2 113,6 244
-252,6 -188,2 -34,1 59,82 184,35 309

o3, HM ... 0,074 0,142 0,200 0,299 0,267 -
AHpe 3y, k&l 1ons .. 435 159 243 199 150,7 117
A 51-10710 9,2-10%  1,6-107 3,3-10°5 3,0-103 -

=29),B i -2,25 2,87 1,36 1,07 0,54 -

Moutekynsl 6poMa M €ro aHajloros ABYyXaToMHH. Kak BHAHO M3 NpuBeneH-
HEIX NaHHBIX, B psAay Bro—I,—At; ¢ ysesinmyeHUEeM M&KbsiIEPHOLO pacCTOsi-
HUA dyp SHEPrMs puccolManuu Mmodekyn A Hppe 5, YMeHbliaerci. JTo

06BACHSIETC A yMeHbLI€HUEM NJIOTHOCTH NEpeKpPBIBAaHU A CBA3YIOIMX 3JI€KT-
POHHBIX 06JIaKOB. B 3TOM pAny NMoJisipH3yeMOCTh MOJIEKYJI YBEIMYUBAETCS,
a CJIefOBAaTENIBHO, YCHJIMBAeTCS CNOCOBHOCTh K MEKMOJNIEKYJISIDHOMY B3al-
MO CTBHIO, IOITOMY BO3PACTAIOT TEMIEPaTyphi IJIaBJCHHS M KHUNEHUs. B
OOBIYHBLIX YCJIOBUAX O6POM — KPacHO-KOPHYHEBas JKHIKOCTb, MO — YEPHO-
uosmeroppie  KpHCTAIBl C METAJJIMIECKHMM OJIECKOM, acTaT — TBEpAoe
"0 BHA.

PacTBOpHMOCTE TajlOr€HOB B BOAE CPaBHUTENBbHO Mala. llpu oxnakne-
HUY BOJHBIX PacTBOPOB BBIACJAOTCA KPHCTAJIOTHAPaTEl KJIATPATHOIO
tina J3+8H,0. Tajiorensl Jsydme pacTBOpPAIOTCA B OPTaHUYECKHX PaCTBO-
puresnax (cnupt, 6eH30s, 3QHp, cepoyriaepon M APp.). JTUM NOIB3YIOTCS
st u3Bnedenus Bry, v I; U3 pasiimuHBIX cMecei.

BpoM ¥ HOx — mOCTATOYHO CHIIBHBIE OKMCJIMTENH, XOTs M YCTYNAOT N0
aKkTHBHOCTH ¢Topy M xjopy. B psgy F—At cmumkaerTcst okucawrenbHas
aKTHBHOCTh NpOCTHIX BemecTs. Tak, usmenenue suepruu [u66ca B peakuu-
AX B3aUMONEHCTBUS rajloTeHOB C BOAOPOAOM
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1/,H, + !/,Hal, = HHal
OTBeYaeT CJIeAyIOUINM 3HAYECHHUAM:

HF HCI HBr HI
AG] yog) KIH/MOTD wovvvvsrivvniaens -273 -95 -53 1,8

BzauMopeitcTBue ¢TOpa ¢ BOAOPOAOM MPOTEKaeT €O B3PHIBOM Jaxe Ha
xonopy, obpasopanue HBr u3 mpocTsX BEHIECTB NPOMCXOAMT JIMIIL IpH
JOCTATOYHOM HarpeBaMM, a o6pasosanue HI — npu TakoM Harpesanuu,
YTO 3HAYMTENbHAS YaCcTh €ro TepMUuecKH pasiaraercs. O6 yMeHbIICHUH
OKMCJIUTENHHON AKTUBHOCTH MOJIEKYJI T'aJIOPEHOB ¢ YBEJIMYEHHUEM ATOMHOrO
HOMEpa 37eMEeHTa CBUAETEeNbCTBYET TaKKe COOCTABICHUE UX CTAHJAPTHEIX
3JIEKTPOAHKIX MOTeHUaIOB (cM. Tabi. 25).

HanpoTus, cnocobHOCT OKUCHATHECS (T. € BOCCTAHOBUTENILHAS AKTHB—
HOCTb) B pAxy Bro—Il,—At, 3aMerno mossimaercs. Mon, nanpumep, okuciIsi-
eTcsi KOHIEHTPUPOBAHHOM a30THOM KUCIOTOM:

0 +5 +5 +2
3I; + 10HNOQz = 6HIO; + 10NO 4+ 2H,0

PP o T a nue
CRACHHOCTH OpOMa ¥ ¥OAa K plarpHdaM MO

-1 .
3, + HOH = H3 + HHO
K= [HO] [HD0]
[3:]

B pany Cl;—Bry—I, sametno ymenbmaerces: 3-1074, 4:10% u 5-10723 coor-
seTcTBenHO. ClIeOBATE/IFHO, PABHOBECHE PEAKIMHM B3aUMOAEHCTBUA rajlore-
HOB ¢ BOJOI NMpY Nepexolie OT XJI0pa K HOAY Bce 6oliee cMemlaeTca BIEBO.

OxHCTUTeNEHYI0 AKTURHOCTE 6pOMA M WONA HIMPOKO WCTONK3YIOT B
Pa3sIMYHEIX CHHTE3aX U AJIs aHaJu3a BemlecTs. VoA NPUMEHSIOT KaK aHTH-
CENTUYECKOE U KPOBOOCTAHABIMBAIONIEE CPEACTBO.

BpoM ¥ MOZ HOMYdaloT, OKMCAAA GDOMMIB M MONHUAEI, HANPHMEp, IO

peaknuu

-1 +4 0 +2
2Nad + MnO. + 2H,SO, = 3; + MnSO,4 + Na,SO, + 2H,0
Tlpu nonyyenunm 6poMa B KadyecTBe OKUCTAUTENA YacTO  MUCIONB3YIOT

XJIOp:

-1 -1
2KBr + Cl, = 2KCl + Br,
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Coepumenis GpoMa, HOXa, acTaTa  —AGfpe,
(-1). Bpom, uom u acrar c wmemee AW/Mons

AMEKTPOOTPUIIATE/ILHEIME, 4YeM OHHU
caMmy, 3JIeMEHTaMy 06pasyioT 6poMu- a0t
Apl, uonuael, acratuin. CBsi3p Q*.,
D—Hal B pany dropur—xaopun— 7001 3F;
6pOMUA—UOAUN A5l ONHOTO U TOro ook
JKe JMeMeHTa OGH4YHO ociabeBaer M
Habmofaercsi yMeHbLIeHHe YCTOWYM- 001
poct coegunenuii. O6 arom, B yacT- ) A
HOCTY, CBUJETENbCTBYET CpPABHEHUE o Ql\{
CTAHJAPTHHIX DHTAABNUNA U DHepruit Jok S.Br2 3C1,
I'n66ca o06pa3oBaHUs TaJlOTEHUAOB Sl
ONHOTO ¥  TOTO e  DIIEeMEeHTa 2001 31, ¢
(puc. 150).

B orimune or dropumos Gpomu- 10
Abl M UOAMIB. U3BECTHHI TJIABHBIM aq e L

Ti V Cr MnFe Co Ni Cu Zn
P un c. 150. 3neprusi [66ca 06pasoBa-
HUSE IMrasioreku o8 3d-ojieMeHTOB

06pa3oM ISl 37IEMEHTOB HUBKUX
crenedeit  okucienus. Hanpumep,

dTOpUABI M XAOPUABI U3BECTHHI NJIS
a a (YT 1376 e 1318

nANY AMATTATIath avevae rartira U arr A T e Yeore
crencner ORulaeHHA YpaHa (vlig, vully, ULls, Ulilg), TOTAa Kark

i
nomunbl uasectHsl symb pas U(HD) 1 U(IV) (UBrs, UBry u

=

6poMu bl
Ul,, Uly).

Kak u dropupgbl ¥ xinopupsl, 6pOMULE ¥ UONUAE MOTYT GBITH MOHHBI-
MY, MOHHO-KOBAJIGHTHBIMH ¥ KOBaJICHTHBIMM coefuHeHusMu. IIpeuMymect-
BEHHO WOHHBIMMU SIBJISAIOTCS NPOU3BOAHEIC MIENOYHBIX M UIEOYHO~3EMesIb-

ueiX Merannos. Bpomuns

1 ULl HOMOTANIUNOC KUY SICMOHTOE s BJISIE0T—
DPOMHALL M MO AL HeMCTAIVIHUSCHUX 3JIe

MEHTOB SIBASIOT
¢l IpeUMYIIeCTBEHHO KOBAJIGHTHHIMK. B psiiy rajioreHuaos OZHOTO U TOrO
e DJIeMEeHTa C NOBBILIEHUEM €ro CTeleHH OKHUCIIEHUs yCHITUBAETCs KOBa-
JIGHTHBIA XapaKTep CBA3U.

PacTBopuMOCTE B Bol€ MOHHBIX TaslOT€HIOB U3MeHseTcs cleyou M obpasoM:
vonua > 6pomup > Xnopunp > dropun. [loHukeHue pacTBOpUMOCTH B BToM Dsiny
OObsCHseTCA TeM, 4To (HAKTOPOM, ONpENesSIOUM  DACTBOPUMOCTD,  SIBJISIETCS
OQHEPIUS KPUCTAJUIMYECKOW DELIeTKU, KOoTopasi ¢ yMeHblleHWeM WOHHOTO pajnyca
rajoreHa BO3DACTAET. JTOT NOPSINOK COGJIONAETCSI Y TaJlOrEHWNIOB LIEJIOUHBIX W
LEI0YHO-3EMeNbHBIX MeTaJIoB U JlaHTaHouuoB. B nocnemuux nByx ciydasix ¢pro-
PUIBL NPAKTUYECKU HepacTBOpUMBL [I/Isl rajloreHMnoB, B KpUCTA/IaX KOTODBIX B
JIOCTATOYHOW MEpe [MpPOABAAETCA KOBAJEHTHasl CBsSb, DACTBOPUMOCTbL (hTOpUIa
MOMET OKAa3aThCs OOMBIION, & DACTBOPUMOCTh MONWIA MAaJloil, Kak, HallpuMep, B
st Ag(I) n Hg(II).
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BoJsIMUECTRO 6POMH/IOB M HOLMAOB XOpOIUO pacTBopsiercs B Boje. Kak
¥ [JIA XIOpUAOB, HepacTBOpuMbl AgD u Pb3,.

Hopo6ro ruppunaM, GrTopHAaM UM XJOpHAaM, OPOMHZAB M HOAUNLI B
33BHCHMOCTH OT NPHPOJBL 3JIEMEHTa B NOJIOKUTEIHHON CTENEHH OKHMC/IHUs
MOTYT 6pITh OCHOBHBLIMM (FaJIOT€HHIBl HIETOYHBIX M MIENIOYHO-3eMENLHBIX
METaJioB) M KHCJIOTHBIMK ([aJIOPeHHABl HEMETaJIHIeCKHX 3/TEMEHTOB).
TpuMepsl 6POMHIOB U HOXMAOB Pa3HOM XUMHYECKOH NPUPONLL H UX MOBe-

JeHHe NpH ruAposinde NPpUBEJCHBl HHKE:

MUJOB [ HONHIOB NI DOAB/SIETCA

KBr + AlBr; = K[AIBr,)

2K + Hgl, = K,[Hgly

OCHOBHBI! ~ KMCJIOTHBIN

Takue peakiuy Mexay GpoMHIaMy WIH HOAMIAMH NPOTEKAIOT peke,
YeM MEKAY COOTBETCTBYIOMIMMH (TOPHAAMH WM XJOPMIAMH, K TOMY e
BHICHIME KOODIHMHAIMOHHBIE UTHC/IA KOMIUIEKcOO6pa3oBaTesiell OOBIYHO He
JLOCTHUTAIOTCA.

Hekoropsie KOHCTAHTEI TaJIOT€HHAOB BOXOPOAA IPUBEAEHBI HUKE:

HF HCl HBr HI
AH}, KK/ MO ......... L. =270,9 -92,8 ~34 +26,6
Auf ki /MOTb . -272,8 -94,8 -53,2 L L8
..................... 2 0,12 0,141 0,160
dHHal 0,09 8
....... 431 364 297
HHal wJla/Moitb 565 3 6.
101029 KoM cooiviernene 0,640 0,347 0,263 0,127
T. o, °C e, -83,4 -114,2 -86,9 -50,9
T. kum., “C e 19,5 -85,1 —66,8 ~35,4
Ky oot 6,6-10¢ 1-107 1-10° 1,6-10M
Kuie,208 weveervcemreaeeiunnn 10793 1031 018 3
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Tlpy OBEIMHEIX yC/IOBHAX TaJIOTeHHAB! BOAOPONA — raspl. Tepmudec-—
kas yeroirdusocts B psaxy HF—HI ymenpmaercst. Kax BupHO 13 suagenmit
Knue = [H][Haly)/[HHal]2, HF u HCl owems ycroitumeer, HBr ycroii-
quB Npu o6pluHOM Temneparype, HI ueycroityus. 3ro 06yc/OBIEHO yBe-
nuyeHueM pasMepa atoMoB B psaay HF—HI u ymensiienuem npouxoctd
CBA3M.

Monexynst HHal nonsipusr: 8 pagy HF—HCI—HBr—HI siexrpudecicuii
MOMEHT QUNOIA YMEHBUIAETCH, HO NOAAPHU3YEMOCTH MOJIEKYJI yBEIHUUBAET-
ciA. [lostomy B psany HCl—HBr—HI temneparypsl NiaBiesust ¥ KHUNEHHA
raJlOreHMIOB BONOPOAa MoBeILialOTes (cM. puc. 148). Bpomup w wopmn
BOJLOPOJa OYeHb XOPOHIO pacTBOpuMbl B Bone. Kak BHIHO mo 3HavYeHusAM
K,, ¥X pacTBOpHl — CWJILHBIC KMCJIOTH, HA3HIBAEMBIE COOTBETCTBEHHO 6po-
#08000poorot U uod0800opodnoti. B psany HF—HCI—HBr—HI cuira kucior
YBENIUYHUBAETCSH, UITO B OCHOBHOM ONPEJE/IAETCA YMEHLILEHHEM B 3TOM DALY
npounocty cBsa3y H—Hai. Oco6o npounas c¢sasp B Momexyne HF, nosromy
dTopoBONOPONHAA KHCIOTA BHAUUTENIEHO cjlabee NPYTUX TallOreHOBOLOPOA-
HBIX KHCJIOT.

C ybesindeHueM MeKBAJEPHOIO PACCTOAHUSA M YMEHbLICHUs 3Hepruu
cesasu B piagy HF—HCI—HBr—HI ycroituusocts Mosekysn chHukaerca. B
ITOM K€ PALY BO3PACTACT BOCCTAHOBUTENILHAA akTUBHOCTh. Hanpumep, nms

2HHal(r) + H;804(x) = Haly(r) + SO5(r) + 2H;0(x)

u3meHeHHe sHepruu [u66ca cOOTBETCTBYET 3HAYEHUSAM:

AL o TTawe Jromore A0 1nK 2K aQ

Alagy KAR/MOTD o 40V 1o w —00
Orecwona enenver uto HE . M HE DEATLVIOT T oo oo
UTCICAa CICAYST, YTO iy W nli ¢ 1120\.'4 HE pearupyioT, a ni BTTYyHa&eT

B OKHC/TMTEJHbHO-BOCCTaAHOBUTE/bHOE B3aumMoneficTsue. Tak ke ramoresoso-
AOpOEl OTHOCATCA K KOHNEHTpMpoBaHHOH cepHoll kuciore: HF u HCI ¢

xonnentpéposannoit H,S0, ne ssammMopefictsyor, HBr

H,SO4 npu uarpepanmu po SO, a HI — 1o SO,, S u gaxe H,S:

CCTAHABIIHBAET

-1 +6 -2
SHI(r) + HaSO0, () = 415() + HaS(r) + 4H0(x)
AG,,, = -290 x]Ix

298
Tlosromy HBr u HI peiictBueM cepuoit KHC/IOTH Ha MX COJTH He NOIYUYAIOT.
B ommmume or dropuma M xnopuaa Bogopoia 6pOMEA ¥ MORHI BOLOPONA
O6BIYHO TMOMYYaOT MHMAPOIUTHYECKUM pa3/loKeHUeM GPOMHIOB ¥ HOXHAOB
docdopa(Ill).

Coepurennn 6poma (I), moga (I) u acrara (I). Crenens oxucienus +1
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y 6poMa ¥ €ro aHAJOrOB NPOSBJIAETCA B COSAMHEHUAX ¢ 6O/IEe IEKTPOOT-
PULATENILHBIMY TAJIOT€HAMU M KHCIODOJOM, HalpuMep:

F IC1 1Br

BrF BrCl Br,O -
F, ICl, IBr, 10°

Bri, Bril, BrO”

1
I

Bunapubte coenuuennsi 6poma (I) u noma (1), kpome BryO, obpasyiores npu
HeMOCPEe/ICTBEHHOM ~ BBAKMONIENCTBUY TNPOCTHIX BellectB. 3a uckmodenneMm [Cl

(AH,, = ~12 x[ix/monb), ohn odeHb Heycromumshl, BrF, BrCl — raset (coor-
BETCTBeHHO KpacHoro u Xxearoro ppeta), BryO — kpacho-kopuuHeBasi RKUAKOCTE,

ICI (kpackbtit), IBr (cephlit) — JierkolLTaBkue TBep/ble BElECTBA.

Bunapoie coenunenusi 6poma (1) w wmoma (I) ABIAIOTCA KHCAOTHBIMM
coeaunenusamu. 06 3TOM, B YaCTHOCTH, CBHISTEJHCTBYET UX OTHOUICHHE K
BOZE

Br,O + HOH = 2HBrO; ICl + HOH = HIO + HCI
M B3aUMOJeitcTBHE ¢ ONHOTHIHBIMHE NPOU3BOAHHIMY MIIOYHHX U MIEIOYHO-

3€MeJIbHBIX METaJJIOB, HallpUMep:

Csl + Atl = Cs[AtlL]

nuuonoacrarar(l)

KCl + ICI = K[ICL);
nuxsopoyonar(l)

Vonuasl 1menouHbIX MeTansoB O4YeHb CKJIOHHBI B pacTBopax NpUCOeaUHSTH
MoJIeKYJIbl TaJIOTeHOB ¢ 00OpasoBaHueM mosuoauaoB. ONHY U3 TakuX peaKinit
MOXHO PacCMATpyUBaTh Kak B3avMMOMENCTBUE OCHOBHOTO MOIMIA LIEIOYHONO MeTallia,
¢ KMCIOTHBIM MoauoM vona (1):

1wl el i A
Kl + II= K[l I'(p) + Io(p) = I3(p)
nuuopononar(l)
Crpoenne ymHeitnbix noHos tvna [ICly]", [115]” Mokuo 06bsicHuTh obpasoBatneM

TPEXI[EHTPOBLIX MOJeKYApHBIX opbutaneit (cM. puc. 145).

Tlpousonusie 30O (runo6poMuTHl, THNOUOAKTH) MO CBOMCTBAM M CHO-
cobaM MONy4eHMsI NOXOGHB rumoxioputaM. Ilpy HarpeBaHWM OHH JIETKO
JUMCII POTIO PLHOHHPYIOT:

+1 -1 +5
3K90 = 2K9 + K930,
nnu pacnanarres, BeIAeNsass KUCITOPOX:
+1 -1 0
2K90 = 2K93 + O,
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Orcobpomar (1) HBrO u oxcomonar (I) Bomopona HIO wusBectubl tosmmko B
pasbaBIeHHbIX BOmHBIX pacrBopaX. Mx pacreopbl, mopo6so HCIO, — ciabble kne-
zotel — 6pownpsamucmas (pKy = 8,7) v uoonosamucmas (pKy = 11). Kak n
HCIO, npy HarpeBaHuy ¥ Ha CBETY OHM DAMIATAIOTCS:

H30(p) = H3(p) + /,04(r)
Usmesiennie AG,, B aroM npouecce st HCIO cocrabnser -51,4, mist HBrO paswo

-5,2 v mast HIO paBho +54,5 kllx/Monb. OTo OTBEHaeT pOCTY OTHOCUTEIBHOM
yeronuyBocty B psity HCIO—HBrO-—HIO.

Tpoussogusie 6poma (1) u woga (I) — cHIBHbIE OKHCAWTENH.

Coemierms 6pora (III) u moma (II). Crenenn okvcnennst +3 6poma u vona
TPOSIBIISIETCA B TPUFAZoFeHWAaX M OTBEYAIOWMX MM aHMOHaX:

BrFy(x) IFs(r) ICly(r)
[BrFy”  [IF]”  [ICL]

Oxenast O (111) HewsBectHbl, a orBevalourve wM ahvonbl BrO; u 10; Heycroi-
YMBBl U JIETKO JMcHponopuyonupylor. st wuopma (III) wsBectspl ycroitumprie
wenrrie coenierus [(Cl04)s, I(NOs)s, [(I03)s.

vpponus coemuuennin Br (I11) u I (111) conpoBokfaeTcst AMCIPONOPLVOHRPO—
BaHueM, HalpyMep:

BrFy + 2HOH = HBrO, + 3HF
3HBrO, = HBrO; + HBr

+3 +5 -1
3BrFy + 6HOH = 2HBrO; + HBr + 9HF

AnanoryuHo ruapo/iMayiorcst coefiienns tvma I(NOg)s:

+3 +5 ~1
3I(NO3); + 6HOH = 2HIO; + 9HNO; + HI

Tipoussognbie 6poma (I11) u moma (III) — cusbHble okucnurenu. Tpudropun
6poMa NpuMeHsieTcsl Kak (pTOPUPYIOIMIA AreHT.

Coepunenma 6poma (V) u wona (V). Bpom ¥ wox nposBisior cTeneds
OKHC/ICHHA +5 B C/IGAYIOMMX COSAMHEHHAX U OTBEYAIOMUX HM aHHOHAX:

Bl‘Fs BI‘OZF - IF5 IOzF 1205
BrF; - BrO; IF; 10.F; 10;

®ropunel, oxeun u oxcopropuas 6poma (V) u woma (V), a rakke
okcupn uona (V) Gecupernnt; 370 wuaxocry (BrFs, IFs, BrOoF) umu tsep-
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ABJASIOTCS KUCJIOT-
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Jible BellecTBa. Mo KHCcAOTHO-OCHOBHBIM CBO!

HbIMH. Bosiee MM MeHee 3HEPrHYHO BIAUMOAEHCTBYICT € BOZLOM, OOpa’ys
KMCJIOTBI:

1205 + HQO = 2HIO;
BrFs + 3H,0 = HBrOs + 5HF
10,F + H,0 = HIO; + HF

(' OcHOBHBIMM COSIMHEHUsIMH OHM JAIOT CO/H, HallpUMep:

KF + IFs = K[IFq]
6KOH + IFs = K[I03) + 5KF + 3H,0

TMpoussonusie [J0;]” nasplpatoTes fponamant M wodamanun. AHUOHBI
[303]" BecbMa ycTOMHMBRHI, NOITOMY WMEHHO HX NpOU3BOJHBIE OBBIYHO
06pa3yloTcsi B BOJHBIX pacTBOpax MNpH neficTBMM Ha CcOeAMHEHHs Opoma,
HONa M acTaTa CH/BHBIX OKHCJAMTENel:

0 +5
Br, + 5Cly + 6H,0 = 2HBrO; + 10HC1
98t 4+ SHCIO + H,0 = 2HAtO, + 5HCI

Boauble pactsopbl HBrOz — 6po.unosamas (pK« = 0,7), HIO; — w0 OHO-
samas (pKyx = 0,8) xHcnoThI. B psany HClO3—HBrO;—HIO; xucioTHbI®
cBOICTBA HECKOJBKO OCa6eBaloT, a yCTOHUMBOCTS, Hao6opOT, NMOBHLIIAETCS.
Tak, ecaim HCIOj3 cymecTsyer TOJNbLKO B pacTBOpe, TO HIO; MOXHO BbIAE—
UTb B CBOGORHOM cocTosHHMM. TBepabli TPHOKCOMOAAT (V) sopopona —
Gecuperbie kpueransl (1. mui. 110°C). Ero moxuo BRIAIHTE nelcTBreM
Ha HOMaThl cepHoit kucotod. [Ipy Harpesanuyu HIO; nonyuaercs 1,05,

Vonarsl pyrHX 3J€MEHTOB TAKKE 3HaUMTEJIbHO yCTOHUMBEE COOTBETCT-
BYIOIMX XJIOPaTOB M OpOMaTOB. B 4acTHOCTH, HEKOTOpHI® M3 HOJATOB
serpeuatoresi B npupone: KlOz — kaw mpumeck K YHAHHACKOM CeJuTpe,
NalOj — B BHIE CAMOCTOSTENILHOTO MUHEpajla aaymapuma.

[lpy cHnbHOM HarpeBanWM GPOMAaThl M HOJaThl padjiaralores, BLIZEI5IST
KHUCIOPO.

Coenumenua 6poma (VII) u moma (VII). B psany cOeHeHUH
CI(VI)—Br(VII)—I(VI]) oruerauso NpoABAsfeTcs BHYTPeHRT nepHo-
nuMuHOCTh. B oTnmume oT Ol u | cremens okucienus +7 mjs Br e xapak-
1M OKMCTIeHHsT IS uona W 6poMa M3BeCTHBL

y - IF, 10:F -
- BrO; - - 10%"
Penra¢gropuntt BrF; um IF; — ouesb PeaKIOHHOCTIOCOOHLIE  Ta3bl.
Tpuokcobropua uona 10sF — Genoe kpucTayindeckoe BEIECTBO. OTH
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(TOPUAB M OKCOPTOPUABI ABISAIOTCSA KHCJIOTHHIMU COCLHHEHUAMH, O JeM
CRUIETEILCTBYET X THAPOJIN3, HallpuMep

IF; + 6H,0 = H5106 + THF

5- -

B wone 103 pocTHraercss XapakTepHOe [Jisi DJIEMEHTOB D-TO Mepuona
KOOPAMHAIHOHHOE YHMCJO MO KUCIOPOLY, PaBHOe ILIECTH. JTOT MOH MMeEeT
$opMy OKTad[pa C aTOMOM MOZa B IEGHTpE (dIO = 0,185 nm). Iekcaokco-

uopart {VII) sonopoma HslOg — Gecnpernoe KpHUCTAIIMYECKOE BeLIECTBO
(r. na. 122°C), pacrsopumoe B Boze. Kucnornsle csoficrsa Hs5106 (uodnas
xucaoma)* BbIpakenbl HecpasHenno ciabee (pKix = 3,2, pKx = 6,7,
pKsa = 12,6), yem HClO4 (pKx ~—10). llpu uefirpanusanuy nopsolt Kuc-
JIOTBI O6BIYHO O6GPa3yIOTCs KHC/ble COMH.

Fekcaokcomonarel (VII) (nepuodame) nomyuator ua okcowopmatos (V)
au6o NPH UX IHCIPONOPIHOHHPOBAHUY

_ +5 +7 0
0Ba(103)2 = Ba5(10(,)2 + 41, 4+ 90,

Au60 NPU OKHUC/IEHHH XJIOPOM B IEJIOUHON cpefe

+5 +7
K103 + Cl, + 6KOH = K5106 + 2KCl + 3H,0

160 2/IEKTPONIUTHYECKHUM YTEM.

lexcaokcononar (VII) Bogopoaa nonyyaror o6MenHOf peaknyei
Bas(10¢)2 + 5H2S04 = 5BaS04(k) + 2Hs106

B ceoonnoM coctosnun Terpaokcodpomar (VII) HBrO4 ue sbipenen.
Mosyuenb ero BonHbIe pacTBOPE — 6pounas xucaoma. Ilo cune ona npu6-
JIHKAeTCs K XAOpHOH. BpoMHasi KHCI0Ta — CHIIBHBIA OKHCIUTENb.

Terpaokcobpomarsl {VII) (nepbpowams) o6pasyrores npH OKHCIEHUH
Tpuokcobpomaros (V) B u1es109HOM cpene, Hanpumep, GTOPOM:

+5 +7
NaBrOj; + Fy + 2NaOH = NaBrO4 + 2NaF 4+ H,0

Coenunendsi 6poMa M MONa B OCHOBHOM IIPHMEHSIOTCA B NPOU3BOJCTBE
JIeKapeTB, AJ1s1 CHHTE30B M B XMMHUYECKOM aHa/lu3e.

* Ornocurest k kucnoram tna J0(OH)p (em. rabm 22), a HCIO4 — x wuc-
Joram tvna D0g(OH)yp.
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T ADRDA A ANEMEBHTERI
AxLas A

1 Ji a0 n 4 ool o2 va I E RV Y LURON

CUCTEMBH J1.1. MEHJEJEEBA
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K p-amemenrtaM € BIIeMEeHTH — KHCJIO-

¥
poxn O, cepa
nosionuii Po:

pYNNE! OTHOCATCS TUNHYECKD

M 5TeMeHTbl MOATPYNNH cesena — celen Se, temnyp Te,

0 1s22522p

S 2522p53s23p4

Se 3s23p53d!04s524p1

Te 4524p64d105525p1

Po 4524p64d104 145525 p65d106526p*

Hekoropseie cBefienust 066 STUX 3JIEMEHTaX [PUBEJIEHBI HUKE:

50 165 34Se s2Te gaPo

... 15,9994 32,064 78,96 127,60 [210]
2522p%  3s23p? 4s524p?  5s25pt 6526 p1

AroMHan Macca
BaneHTHbIE BMEKTPOHLI .
KoBasteHTHLII paguyc ato-

M8, HM oonvineenieneniinaeeneneaens 0,066 0,104 0,114 0,132 -
Merammyeckuit paauyc aro-

M2, HM vevirienneeeannnesanennenns - - 0,16 0,17 0,17
VcnoBHbI paguyc voHa

D2 HM e 0,136 0,182 0,193 0,211 -
VenoBHbIA pasnyc nona

D HM e - 0,029 0,035 0,056 -
Oueprust voHusauyu 0 —

= D%, 9B 13,62 10,36 9,75 9,01 8,43
Cpoacreo k anektpoHy, oB... 1,47 2,08 2,02 ~2 1,35

Copepxanve B 3eMHOM KO-
pe, %, (Mo o) ..o 58,0 0,03 1,5-10"5 1,3-107 2-10715

Kak BumnO U3 NpuBefeHHHKX HaHHBX, B paay O—S—Se—Te—Po ymens-
HIAIOTCS JHEPrMM UOHW3ANMHU, YBEIMIMBAIOTCA DPAa3MEphl ATOMOB M MOHOB.
310 ocnabisier HeMeTa/UIMYecKUe NPU3HAKH BJIEMEHTOB: KUCIOpoj — e
MEHT-HEeMeTaJlJi, ONOHUI — 3/IeMEeHT-MeTaJLI.

§ 1. KHCNIOPOJI

OnexrpoHHas KOHHUIypanus HeBo3OyKIEHHOTO aTOMa KHCIOPOAa
1522522p1:
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Tlono6Ho ¢ropy, kucaopon OOpasyeT COeAMHEHWS MOYTU CO BCEMU
3JIeMEeHTaMM (KpOMe Tejlusi, HeOHa M aprona). IIoCKOAbKY 1O 371eKTpooTpU-
HATEIBHOCTH KUCIOPOJ, YCTyaeT TOJAbKO (DTOpY, CTeHNeHb OKWCAEHUs KuC-
JIOpOJa B NOJABJSAIOIEM GOJbUIMHCTBE COBAMHEHUH paBHa —2. KpoMe Toro,
KUCJIOPOJ HPOsIBJISIET CTENEHU OKuciaeHust +2 u +4, a takke +1 u -1 B
coeiuHeHUAX co cBaspio O—0.

Kucnopoy — caMpiii pacnpocTpaHenHbiii aneMent [58,0% (Mos. nosn)
na 3emne. Cocrout u3 Tpex crabuabHEIX usoronos: 160 (99,759) %
(Moa. pom), 170 (0,037) u 80 (0,204). HonyueHn Takke MCKyCCTBEHHblE

© U30TOMNbI.

BenenerBue KOMMYECTBEHHOTO MpeobiafaHusi U 6OJLIIOH OKUCIUTE b~
HOM AKTUBHOCTM KMCJAOpOx Npenolipenensier (OpMY CyIIECTBOBAHUA Ha
3emle: XMMUYecKMX 31eMeHToB. V3BectHo cpbime 1400 MuHepaJsioB, conep-
KAMMX Kueaopon. Ero sHaueHne 61710 0COBEHHO BEIMKO B NMEPUOH, 06paso-
BaHUs 3eMHOIM kopbl. [Ipegnosaraercsi, 4to kuciaopon 3emau ofycsosien

. NeATeJbHOCTbLIO 3€JIeHbIX pacTeHUi.

B npouecce dorocuntesa yrieBonos
nCOy + mH,0 = Cn(Hgo)m + 10,

83 cueT JesITeNbHOCTY BETeHBIX DPAcTeHUM M GaKTepyui eXerofHO MOTJIOLLAeTCs!
oxosio 300 Mapa. T CO,, Beigensieres 200 mipa. © Og, cunTesupyetest 150 mMapa. t
opranvveckux BeurecTB. [Ipu oroM koHcepBupyeTcst B opMe XMMMYeCKON SHEPTUN
'45-10'8 kI comHeuno#t oHeprmm. ExeromHo mnoTpebiseMas mpU  HOTOCHHTesE
'®Heprusi ColiHua BO MHOTO pa3 TpeBLIAET KOMMYECTBO OHeprHU, MNoTpebiisieMoi
. 4eI0BEYECTBOM.

IIpocTie Bemecrpa. Haubonee ycToiuuBa [BYX4TOMHAs MOJeKyJaa
kuciopoga Op. OHa NapaMaCHUTHA, TaK KaK UMEET 1Ba HENAPHLIX 3JeKT-
poHa:

. 2 5*2 g2 4 *| ¥l
oot oL, T Ty,

B momekyne O; Ha 8 cBA3BIBAIOIUX 2TEKTPOHOB NPUXONUTC 4 pasphix-
JIAIOMUX, NOITOMY NOPSIOK CBSI3M Ha HEH paBeH aBYM. YUUTLIBAsA Mapa-
MarHeTusM M NOPAAOK CBS3U, cTpoeHUe Mosekyabl Oy MOXHO HPEACTaBUThL
CXeMaMu:

020: win :635:
339



0,

T
1o

BcenenctBue KpaTHOCTH CBABU  MeXBbAAEepHOe pacc*romme B

(0,121 BM) MeHbIE JUIMHBL onunaproii cesu O—O (0,148 HM).
oTol ke mpuunHe Mosekyaa O, BechbMa YCTOHUMBA; ee dHEprus AMccolMa-
nuu pasna 494 k/lk/Monb, TOrAa Kak 3HEprus onnbapHoi cessu O—0
seero 210 k/Ix/monb. JuccounnpyioT MOJEKy/1bl O, aumpb shine 1500°C.

Moiekyabr Oy caa60 MNOMAPUBYIOTCA, MOITOMY MEXKMOJIEKYIAPHBIS
CBSIaM MEKAY HUMM OueHb caaGbl. Tlo oTOfi MpUumMHe TeMnepaTypbl miiapie-
aua (-218,9°C) u kunenus (~183°C) kucaCpOaa OUEHb HUBKHUE. On n1oxo
pacTBopsierca B Boge (5 o6wsemon O B 100 o6wemax H,O mpu 0°C). HKun-
Kuil ¥ TBepAbIA KMCAOPOJ NPUTATMBACTCS MATHWTOM, TAK KaK ero MO/eKy=
7Bl TapaMarHUTHB. TBepAblil KMCJIOPOI CHHEro Lpera, a KHUJKUA — POy~
6oro. Oxpacka 06yc/IOB/IeHa B3aUMHBIM BIUSHUEM MOJIEKYJI.

AJutoTponuueckyo MOAMGMUKAIMIO KHCI0pOaa — O30H O3 MOMXHO pac—
cmatpuBath Kak coenunenne O(IV) — OO;.

Kucopoz NIpn HAPDEBAHHM M B NPUCYTCTBUM KATA/IM3aTOpa NpOABIACT

BLICOKY10 XUMUYECKYIO aAaKTHBHOCTD. C 60JBIIUHCTBOM NPOCTHIX BellecTB OH

OKCUNEL o OTHOLIe-

{CHU B

HUI0 K GTOpY NpOSABAsieT BoccTaHOBUTEbHEIE CBOMCTBA.
Kucopos noyualor pekTHdUKanueil KUIKOTO BO3/yXa, a TakiKe Kak
B na6opaTtopumn AAdA ero

eKTpon3e BOJH.

nobouHBIA TPOAYKT NpPH 37
HOAy4eHHA HCIOJL3YIOT TepMHYecKoe pasJiokeHne 6oraThlx KHCJIOPOAOM
coepunenuit (KMnOy4, KCIO;).

Coepuuenns xuciopopa (-H). Kax yke ykasnisamock, o6pasoBaHUe
[IBYX- M MHOTO3apsiiIHBIX OJIHOATOMHBIX aHHOHOB 37 3HepreTMYecKU HeBbI-
roaso. IlostoMy He cymecTByeT coeiMHeHMI1, coAepKalluX HOH 0?2, [axe

B KPUCTAJUIMYECKUX OKCHUAAX Haubonee aKTUBHBIX METAJIIINYeCKUX JJIeMeH- .

o8 Tuna NaoO u CaO 3dbeKTUBHBIA 3apsi/ aTOMa KUCIOPOAa COCTABIIACT

Bcero 1-.

Cocrab KpucrTa/utideckux oxcuos (B ocobeHHOCTH d-oseMenToB) B Gosbllent
WM MeHbleit creneru nepeMennbnt. Tak, wist MnO oH u3Mensiercs B Mpefenax ot
MnO no MnOy s, a st Mn,03 — or MnOy 5 no MnOy 6. Eciu B oxenuax conep-
KAHME KMCIOPONA BBIIE CTEXUOMETPMUYECKOro, OHW IPOSIBIAIOT JBIPOUHYI0 IPOBO™
MMOCTB, 3 €M conepralie MeTajlla pblllie CTeXMOMETPUYCCKOro, T0 — OJIEKTPOH—

Hyo. TloMyNpOBOAHMKAMY ¢ JBIPOYHOM NPOBOTUMOCTHIO ABJIAIOTCH MnO, Cuy0,

FeO u np. Psim oxcuzos, coctaB KOTOPhIX HE MONIMHACTCH OBBIYHBIM TIPABUJIAM

cremenent oxycmerns (maipumep, CrsO, TisO, Tiz0) — Merammyeckue cOenn-

HeHUA.

opona — rOJIa. AKajeMUK

BaxneiiiinM W3 OKCHAOB ABJ

n

A.Il. Kapnunckuit HazBaJl BOAY ''caMbiM /J[ParOUEeHHBIM HMCKONIAeMbIM ' -
Bopa cocrapisier 50—99% Macchl JII060r0 KUBOTO CYIIECTBA. Kposb yeso-
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poasl. [lpu mpomonku-

w neans 265 ™ noann
T OKOJO 25 T BOADI.

peKa colepkutT 6onee 1/s Bombl, Myckyasl — 35%
TesIbHOCTH =

B HacTosillee BpeMsi BOJHBIE pecypchl BO MHOTMX cTpaHaX MHpa CTaJii
paKHBIM (PAKTOPOM, JMMHUTHPYIOIIMM pa3BUTHe HpousBomcTa. [lpu aToM
omHOI M3 CephesHBIX Npob/ieM YejlopeyecTBa ABJIAETCA CHabkeHWe Hacesle-
Hus OpecHoil Bomoi. B ceaAsu ¢ GypHBIM Pa3BUTHEM IPOMBIILIEHHOCTH U
pOCTOM HacelleHMs pacxof, BOAbl Bce yBemuuusaeTcs. [leppocrenensoe
s3padeHre NPHOGPeTaloT BOMPOCH OXPaHbl BOAHBIX MCTOYHHKOB OT MCTOIIE-
Hyisi, 8 TAKKE OT 3arpsIBHEHHMs CTOYHBIMK M NIPOMBILLICHHBIMU BOAaMU. JTa
npo6/ieMa peliaeTcs MyTeM CO3ZaHUA TAKUX TeXHOJIOTMHECKMX TPOIECCOB,
B KOTOPHIX OTpaGOTaHHasi BOJa He
c6pachIBaeTCsl B BOJOEMB, a mocje
OYMCTKH CcHOBa BO3BpaliaeTcd B
TeXHOJIOTMYeCKUii nponecc.

Kax YKa3BIBAIOCH (em.
puc. 51), Mozmekyna BOAH WMeeT I N s
yraosyto ¢opmy. CorsnacHo Teo- ‘{,l/} fl,:A
pu¥l BaJICHTHBIX CBs3€il B MOJIEKY-

mrrrr TN mam romanare o

3HM VU JieT 4Y&JiOBeK Bbl

Opburanu Opbutanu
o H,0

Op6utanu

I
e opbu- LA B S
/

Hbi

TAIM aTOMa KHUCJIOPOJa yUacTBYIOT
B 06pa3soBaHMM JABYX CBszeil \l]\’ /i
O—H. Ha pByx apyrux spi-ru6- X I
PHAHBIX OPOUTAISAX PACIONOKEHbI
[BE HECBS3bIBAIOLIME HJIEKTPOH- I
Hele maphl (cM. piuc. 51). Bament- 25 {
Bui# yroa soasl ZHOH cocrasasier \
104,5°. N,
» \! o, |

- B paMkax Teopuu MoJieKyJsip-
HeIX opbuTaneil paccMOTpPeHHas
MOJIE/Ib MOJIGKYJBl BOZbI COOTBET-

P 1 c. 151, OHeprerMueckas auarpamMma
opbutaneit Mmosexysnsl HoO

CTByer pacnpefe/leHHH0 BOCBMH  BaJIGHTHBIX  3JIGKTPOHOB IO JIBYM
CBABBIBAIOUIMM M JBYM HECBA3BIBAIOIMM MOJIEKYJIAPHBIM opbUTaIAM
‘(pﬂc. 151):

2 52 5°2 g°2
; 0% ol ot mr

2

Takoe o6bsicHeHMe HoATBEpKAACTCS HaluuueM y Mosekyasl H,O werslpex

| MepBLIX moTeHnmatop noHMsammu (27,3; 16,2; 14,5 n 12,6 »B).

() o AT TROTIA T MO T ST Ty i T et
) U TIOBHMILWKA TEOPHK MOJIERYJIAPHBIX upﬁym‘ el CTPOEHWE MOJIeRYJibi HzO MOKHO
b&b\ﬂCHI/lTb GIeOyouuM 06p8.30M‘ BzanmHoe pacriojiokene aToMoB BollopoAa M
KHcoposa B MosiekyJie BOIbl MOXKHO TPEeACTABUTH CXEMOI
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L—\—PZ
Hy l Hg

x .
Moutexysisipiible opbutamt H;O obpasyrorest sa cder 2s- 1 2p-opburainieit atoMa
kucopoga 1 1s-opburarneit IByX aTOMOB BOLOPOZA. Xapaxtep IepexpbIBaHMsA 9THX
opburarieft TokasaK Ha puc. 152.
IlepexpuBanue 2p ~opburaneit atoma O u 1s-opburasein nByx aromos H mpuso-

IUT K BOSHUKHOBEHMIO MOJIEKYJISIDHBIX Oz U a;—op6ma.neﬁ. Kak BugHO U3

puc. 151, xapakrep nepexpbiBaHusi 2s- 1 2pg-opburaneit O oanHaxos. B pesynbra-
Te 0BpasyioTcst TPU MOJIEKYJIApHble 0pOUTANIM: CBASBIBAIOINIAA O IOUTH HECBISHI
BaoIast 47; U Pa3pHIXJISOAas as*. Op6uralh 2p, pacrojioxeHa MepreHIMKyIAPHO

nockoetn pacriostokerus atomos H n O, ¢ 1s-opbutarnsiMu atoMoB H He mepeKkpbl-

L, o
.

Baercsi U B Mostexysie HoO urpaer posib HecBsBBIBAIOIEH MOJIERYJIPHON T,

pona M IBYX opbuTalleif aTOMOB BOJ0POla NPUBOIMT K 06pa30oBaiMIo ABYX CBAIbI-
*
BaromuX (05 U 0,), IByX HecBsiabBatommx (05 1 1r;) ¥ IBYX paspbIxstiomux (o7 1

05*) MoKy IAPHBIX opburaned (cu. puc. 151).

B cooTBercTBUM € anpO}lOf/[ 3/IGMEHTA B IIOJIOKHTENLHON CTeleHU

OKMCJIGHMST XapaKTep OKCHOB B NepHojaX W TIpynnax HepUOgNIECKOM

CHCTEMBI 3aKOHOMEpHO H3MeHseTcA. B mepmoziaX yMeHBUIAeTCs OTPHIla-
TeNbHBIN 3p(eKTHBHBINA 3apAf Ha aTOMaX KHUCJI0pPOAa §o ¥ ocymecTBasAeTCs

®

x x
Puc B 25,
JISIMM IBYX ATOMOB BOLOPOJA MOJIEKYJIbI BOIbL
342

oy

noCTeNeHHbIH epexoj OT OCHOBHBIX Yepe3 aM(OTepHBle OKCHUAB K KHCJIOT-

Na,O MgO ALO; SiO, P,0s  SO; Cl,07
OddexTuBHbIN 3a-

PAR 60 oo 0,81-  042- 0,31- 0,23 0,13~ 0,06- 0,01-
KHc0THO-OCHOBHBIE OCHOBHbIE amdo- KUCTIOTHbIE
CBOWICTBA OKCHUIIA «....... cuMbHO  wrabo TepHBIt  citabo cpeniHe CUIIBHO

Pasnuuue B cBOJCTBAX OKCHAOB pA3HOTO THUIMA NPOSBISETCA NPU HUX
B3aMIMOJICHICTBHHU C BOJOM:

NazO + H,0 = 2NaOH; 3H,0 + P,0; = 2H,PO,

OCHOBHBIU KUCJIOTHBIN

a TaKXe IIPU B3aUMOJIeiCTBUUM OKCHUIOB Pa3HOro THma Apyr ¢ Apyrom:

3Ca0 + P205 = Cag(POA)g

OCHOBHHIII KU CJIOTHBIA

AmdoTepHBle OKCHABI ¢ BOAOW He B3aMMOJCSHCTBYIOT, HO MOTYT pearupo-
BaTh U C KUCJIOTAMHM, ¥ C LIEJOYAMU:

ALOj; + 6HCI + 9H,0 = 2[Al(OH,)6]Cl;

OCHOBHBIA

6NaOH + Al,Og + 3H,0 = 2Na [Al(OH)g]

KUCJIOTHBIN

& Npyl CIVIABMCHUM — ¢ OCHOBHBIMM M KM CJIOTHBIMA OKCHIAMU.
CpaBHITE/IBHYIO KOJIMYECTBEHHYIO OLEHKY OCHOBHO-KMCJOTHON AKTHB-
HOCTH OKCHMJOB MOXHO [aTh Ha OCHOBaHMM 3HadeHuil AG coOTBeTCTBYIO-
WEX OZHOTHIHBIX PpeaKIMii. YMEHbIleHWe OTPUUATE]BHOTO 3HAYEHUS
© AG;,, B peaknusx

Na,O(x) + H,0(x) = 2NaOH(k), AG o, = =148 k]lx
MgO(x) + HO(k) = Mg(OH),(x), AG, e = 27 w]lx
1/3A1,05(k) + HoO(x) = 2/3AI(OH)5(x), AG,,, = +7 k]lx

'C:VIJJ.QTGJIBCTByeT 06 ocnabaeHuM  ¥UX OCHOBHBIX CBOMCTB B  psdy
NI AN - -

NaU—MgO—ALLO;, a Takke 06 UX CHOCOOHOCTH B3aUMOAECTBOBATH ¢
Bonoit. B pagy P,0s—S05—Cl,04
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1/,P,05(x) + HoO(k) = 2/ HgPOy(x), AG,,, =-59 1l
SO(K) + HeO() = ByS04(m), G, = ~T0 xllx
CLOs(r) + HO(x) = 2HCIO, (%),

70, = =329 k/x
AG,, 329 kI
.
gaobopor, HabafomaeTcs yBeaudenue oTpuIaTeIbHOrO 3Ha4eHusi DG

4TO CBUETENBCTBYET 06 YCUIeHNN ¥ OKCHIOB KMCIOTHBIX CBOMCTB.
CoepMHeHAS HEPOKCHIHOTO THIA. CponcTBO K 3/1€KTPOHY MOJIEKY/IbI 0,
cocraasier 0,44 3B, a ee aHeprus HOHU3ALUU 12,08 »B. llpun xuMuvecKnX

npeBpalennax MOJIEKYJ/1a 02 MOXKEeT IIpI/[COQﬂI/lHHTB W1n TepATh 3J1eKTPOHB!

2- - +
¢ 06pa3oBaHMeM MOJIEKY/IAPHBIX HOHOB THIA 0%, 0; u O3 (taba. 33).

Ta6auna 33 Mopsimok, WMHa U BHEPTUsI CBA3N monexysl Oy

_ 2-
U MoJeKysIpHbIX MoHoB O3, Oy u (01

MonexynsipHble 0pbUTA- 03 0O, (o2

[0—0J

A pi A 1

4 —
44
R
_H.
o

US
TMopsAnok ¢BsA3H 2,5 2 1,5 1
MexbsilepHOE PaccTo- .
sIHUe, HM 0,112 0,1207 0,132 0,149
DHeprusl AMCCOLUALNHY,
Kk ox/ Mosib 642 494 394 210
Noun Jnoxcure- - Cynepoxena- | Ilepoxenn-

HUI—

* A T TT 1/ iOAEK VAL
Kak suaHo u3 Tabil. 33, yaa/eHue 3eKTPOHa ¢ T —OPONTAIM MOIEKy A

+ e
O, COOTBETCTBYET MOBHILIEHNIO NOPAKa CBASH (8 O3), a mMOsBJIEHUE DJIEKT
344

pOHOB Ha 7 *-op6UTan¥ NPUBOLUT, HaOGOPOT, K YMEHBUISHHIO MOPALKA
cBA3M B MOJIGKYJAPHHX uoHax O3 u O3 B cooTsercTsuu c 3tuM B pAny

O}———OQ—OQ—OE' PACCTOsIHME MKy aTOMaMu KUCJIOpOia YBEIUYMBaeTcs, a
cpenHsis SHEPLUs CBsI3M YMEHBLIAETCS.
IIpucoepvHeHNe OAHOrO 3JEKTPOHA K MoJsieKyse O, BHI3bIBaeT 06pa30Ba-

gue nadnepoxcud-uona Oy
050: + e = 001

Ilpoussoanbie pagukana O, Ha3LIBAOTCA Radnepoxcudaau; OHU U3BECT-
L 2 )

HBl /U151 HanboJiee aKkTuBHBIX uiesounbix Merasios (K, Rb, Cs). Hagnepok-

cuAbl 06pa3ytoTesi MpH NPsIMOM B3aUMOIEMCTBUM IPOCTHIX BELISCTB:

K + O; = KO,

Henapuwiit asiektpon nona O, 06ycsIOBIMBaET NapaMarHeTW3M Hajanep-
OKCHJOB M HalMyMe y HUX OKpacku. HagmepoKcupabt — OYeHb CHJIbHBIE
okuciurean. OHu 6YPHO PearupyioT ¢ BOJIOM C BLIEIGHUEM KHUCIOPOJA.

Ilpucoenunsia nBa anexrpoHa, monekyna O, npespamaercsi B NEPOK-

cup-nod OF, B KOTOPOM aTOMBI CBA3aHBI OJHOM ABYX3JIEKTPOHHOM CBABBIO,
M MO3TOMY OH NUaMarHWTeH:

:00: + 2e = [0_0]2

NMpoussoanse OF HasbBaloTCs nepoxcudaut.
Ilepokcuapt 06pa3yoTcs npyu OKMCJIEHUN PAJIA METAJIOB, HallpUMep:

Ba + O; = BaO,

HanGosburee mnpakThyeckoe B3Ha4eHUME WMMECT NEPOKCH (HepeKVlCL)
Bogopoga H,Op. CrpoeHue MOJIEKyJIb! MOKa3aHO HUIKE:

Bueprus ceaszu 0—O0 (210 k[ /MONIB) 3HAYMTENBHO MeHblLIEe 3HEpruu

cBasu O—H (468 x/Jlx/Momb).

. Bcernencrene HecuMmerpuyHOro pacmpesedenus cpaseir H—O Mouekyia

H,0, cunbmo monspua (p = 0,7-10729 Kn-m). Mexay mosexynamu H,0,
345



BO3HUKaeT IOBOJILHO IIpoYHasa pomoponHas CBA3b, npuponAmaid K ux

accoupamuit. T1o3TOMy B OGBIYHBIX YCJIOBUAX IEPOKCHA BOLOpOAa — CHPO
moobpasHas KUIKOCTh (na. 1,44) ¢ noBoibHO BHICOKOI TeMiepaTypoi
kumenns (. kan. 160,2°C, 1. 1. 0,41°C). Ona umeer 61eqHO-TONYBY10
OHM3MPYIOIHIA PAcTBOPUTEIIb.
X 6yarogapsi BO3HUKHOBEHHIO
eyigeTcsi B BUALE HeycTOM4M-
-52,0°C). B mnaboparopun
(mocennuit

oxpacky. Hlepokcun BOROpOAE — Xopomuit
C Bomoit cMeriyBaercs B JIIOObIX OTHOUIHUS
HOBBIX BOJOPOAHBIX cBsiseli. U3 pacTBOpPOB BHIA
BOrO KpUCTAJJIOTUApaTa H,0,+2H,0 (7. mi.
06bI9HO ucHoNbayloTesd 3%-HElE U 30%-npie pacreopbl H20:
HaBBIBAIOT NePLUoposet).

B BOgHBIX pacTBOpaX MMEPOKCH]| BOAOPOAA — cnabas wuesaora (pKa =

= 2,24-10712):
H,0 ... H,0, == OH} + HO,
rujponep-
OKCUA-UOH
1,0, + 2NaOH = Na0; + 2H:0

-panuKal MOXET, He H3MeHSAACH.

B XuMHYeCcK#X
flepexon Tk B Apyrie coenuHenud, Halnpumep:

BaQ; + H,S04 = BaSO4 + H,02

Hocsenuss peakuus HemojbdyeTed Ul MOTyHeHnsd HepoKCHAa BOJAO-

pona.

Yame, onHaKo, MPOTEKAIOT peaKuii, compoBokaalomMecs pa3pynieHi-

eM ceazu O—O uiy u3MeHeHVeM 3apsina HOHA 0%
TpaKTOBATH KaK IPOSIBJIHME HMOHOM 0% OKHCANTENBHBX M BOCCTAHOBH-

TeJIbHBIX CBOMCTB:
-1, -2
0% — 20 (oxncanrenn)

-1 0

0% — O (BoccraHoBUTEND)
B fepBoM ciIyuae MePOKCHABI MPOABIANT OKMCINTEILHEIS cBOMcTBA, BO
BTOpOM — BOCcTaHoBMTeNbHbE. Hamnpumep:

-1 -1 0 -2
9KI 4 Na,0, + 2H,S0, = Iz + NaSO4 + K,SO4 + 2H,0
OKUCIUTEND
+ 7 -1 + 2 G
SKMRO, + 5Ha0; + 3HS0, = 2MnSO; + 50z + KoSO, + 8H;0

BOCCTAHOBUTEb

346

DT Mpouecchl MOMKHO

H,0; + 2H* + 2¢ = 2H;0, Ej,, = 1,78 B

O + 2H* + 2¢° = Hy0y, E;

205 = 0,68 B

Tak, IPU NeACTBMM KOHWEHTPUPOBaHHBIX 'pacTBopor H,O, Ha 6ymMary

Y,
onnmcg WK IPyrie ropioyie BemecTBa OPOUCXOOUT UX caMOBOCIIaMeHe-
_aue. BoccraHoBuTeNbHBIE CBOiiCTBA [IEPOKCHA BOAOPONA NPOABISET [0

OTHONIEHUIO K TaKUM CIJIBHBIM OKMCIUTENAM, Kak MoHbsl MnOj.
Jlna mepokcuzia BOLOPOaa XapaKTepeH Tak:kKe paclaj 1O THHY JMCIPO-
NOPLHOHMPOBAHUS: ’

-1 -1 -2 0
H,0, + H,0; = 2H,0 + O,
JToT pacnan ycKopsieTcsd B NPUCYTCTBUU npuMeceil, fIpy OcBeleHuu, Har-

peBaHUH U MOXKET MPOTEKATE CO BIDLIBOM. JI0BONIBHO yCTOMUYUBHL TOJMBKO
oyenp yucThiit HyOp u ero 30—65%-nsie pactsopnl. Ilepokcuy Bomopona u

AELITEG o .

Opbi OOBIYHO XPaHAT B
nM3anyy 106aBISIOT UHIHGUTODH.
B 3
o,rﬁenouﬂue PacTBOPHl MEPOKCHAA BOLOPOAA MIMPOKO MCIOJB3YIOTCS AJs
K ;
or 1:1/{ PasIUYHBIX MaTepHaloB, sl 06e33apaKUBAHUA CTOYHHX BOJ,
ep}c{):c [l BOJIOPO/IAa IIPHMEHSIOT KAaK OKUCJMTENb PAKETHOTO TOIIMBA
CJIOTH, B KOTOPHIX MMeeTcs IPYII V
> upoBka —O—0O— HasbIBAIOT -
coxucaomany: , e

erG PacTBODE

10cyae

=

TEeMHO

=
T
o

XOM0A€, pJisAd cTabn-

H 0 ™
No—o0n TN
. 0 —0 o
\ HNO, H,S0,
. NepOKCOa30THAA MePOKCOCepPHast
KUUI0Ta KU cJIoTa

IIpy rugponus
€ IIePOKCOKHUCJOT 06pasye:
pasyeTcs [epOKCHA BOAOPOAA, YTO

i

Y HCIIonb3yerce. s

¥ X YeTes AJIA ero MOJy4eHusl B MPOMBIITIEHHOCTH.
s o

':“Ho apPaKTePHBIM CBOMCTBOM MEPOKCUIHBIX COEIUHEHUIl sBIsAETcs clocob—
yHOCT a:

W b 06Pa30BBIBATh NEPOKCUI BOAOPOAA IIPH B3aUMONEICTBHM ¢ pazbaB-

) IEBHBIMU PACTB
: OpaMK KMUCJIOT, a :
o PACTROS , TaKXKe BBIJEJIATH KI/I(,JIOPO}I IIpru TepMu-
KOM DPasJICKeHHH.
Coe,
v qumemm wucaopopa (M), kmenopona (I) u wwmenopoma (0). Dru
. HU OKMCJIeHUA KHCJIOPOAa NPOSBI
‘ SIOTCSL B €70 COeNMHEHUAX ¢ -
_POM, Hanpumep: o
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(0]
— ||
F O F i
1 1,7 ™~ 0,7 'I
=0 _PN—0 F
/O\ /O P \0/ .\
OF, 0,F, NO3F CIO4F

Judropun KucI0poAa OF, mnofydaloT mpu OBICTPOM NpOMyCKaHUH
¢ropa yepes 2%-HEIH pacTBOp EI0TH:

9F, + 2NaOH = OF, + 2NaF + H,0

Nudropun kuciaopona — SIIOBUTHII ra3 6aegHO-KeJITOr0 I BeTa; TepMHU-—
YecKH YCTOMUYMB, CHJIBHBIA OKHCJHATED, s exTHBHEIL  PTOPUPYIOWIHA

areHT.
Juvoxkcuau
BEIIECTB B BJIGKTPHYECKOM Da3psife:

McTBUU MPOCTHIX
¢ropun O,F, obpasyercss npHu B3aMMOeHcTB p

e L T R N=i
Lo

i TOW 3KOil 3Hepruei
CoenviHeHne KpaiiHe HeycTOMYUBO, HTO onpepenseTcs HU P

pasphia cpssu OF (75 kI /MOTB).

: o
Tomydenn! Taxsie MOJMOKCHIGTOPHIB] THIA 04F3, OsF; u OgFy, cymectsyo-
e JMIIb TpY HUBKOJ TeMIIepaType (-190°C). INpenronaraior, 4T0 MX MOJIEKYJIE
0] F
O\ 7N\ O/

MMeloT IelHoe CTpoeHue, Hampumep: I O
BOCTb OKCHAM(TOPUIOB YMEHbIIAeTCS ¢ YBEMHUCHMEM HHCIA aTOMOB B MOJIEKYJl¢

OnF (n = 2-6).

TepMudecKkas yCcTOnHM-

DHeprusl MOHU3ANNH MOJCKYJIbI O, noBosnbHa 3HaYMTENbHAS (12,08 5B)

OpHaKo NpHU B3aUMOJEACTBUH, O, ¢ cuNBHEHNINM OKHCIUTENEM PtFg obpa-

. _
3yeTcsl cosenofobHoe BemecTBo O3[PtFg]

O3[PtFg] =

BOCCTAHOBUTENDb

O3[PtFs)

non O} (duoxcurenua):

B KOTOPOM pOJIb KAT

348

n
'D
S
3
v
5
R
»)
0
i)
o]
*)
o)
(=]

Fexcagﬁmopomlamzm am (V) anokcurenmna O,[PtFg] — napamaranrtaoe
a, noa ¥ pu 219°C. Cunres

BET JIABMTCA ¢ PA3JIOKeHHeM I Cunre

3TOrO cOeNUHeHUs }caﬂanc}mM yuebiM H. Baprtaerom B 1962 r. mocayskua
TOJYKOM K CHHTO3y COSJUMHEHMI KCEHOHA, 3HEeprusi MOHUBAMUM KOTOPOTO
6/1M3Ka K TAKOBOM MOJIEKYJIBl KHCJIOPOJA.

CuHTe8  MMOKCMIeHUJIBHBIX  COJIE!l  MOMKHO  OCYNIECTBJSATH  HarpeBaHMeM
(mpu 150—500°C) cMecu kucIopoga, ¢Topa U TOPOMIKA  COOTBETCTBYIOLIETO
MeTaJlla:

02 + 3F; + M = O3[MFg]

roe M — As, Sb, Bi, Nb, Pt, Au, Ru, Rh.
B Bogie 9Ti CcOeMHEHNsT PaBIlaraoTcsi, BHLIEISSI KUCTOPOM:

2C10,F + H,0 = 2HCIO, + 2HF + O,

Hpnnssonﬂue € IOJIOKHUTENBHOM
ABAAICTCS ¢ 3
3d)¢)eKTHBHble OKHUCJTATENN deeTHoro TOIJINBA.

Coepunenus kuciopoma (IV). B kauecTBe mpomsBofiHOro, B KOTOpOM

KHMCIOPONA NpodpageT cTenedL oOXHcacHusa +4 MOKHG DA
........ po npodendgeT cTeneHb OKHCASHMA —+4, MOMKHO ps

v

annoTponuyeckyto Monudukanuio kucaopona — 03 o H Oz (00,).
Monekyna Og nuaMarHuTHa, uMeeT yrioBylo GopMy U obaagaer HeKo-
Topoii noaspHoctbio (= 0,17-1072% Kn-m). Jnuna cpssu dOO (0,128 um)

ABIAETCS] TIPOMEKYTOUHON Meskay NIMHOM onuHapHOi cBsisu (0,149 M) n
asoitHoM cBasu (0,1207 um). IlosTomy MokHO cuuTaTh, uTo B Monekyie Og
fopsinok cBa3u 1,5 u cTpoeHme moiiekynbl O3 M306pa3uTh cJjepyomein
CTPYKTYPHOIi dopMymoit:

ﬂﬁo

gy O

Jinist onucaHUs pacripefieNlenist SJISKTPOHOB 10 OPOUTANAM Monekylbl O3 MOKHO

BOCIIOJIB3OBATECS  OHEPreTMHeckoll  QUarpaMMoii  MOJIEKYJAPHBIX  opGuraelt
yrosikoBo Monehynbl N ((,M puc. 163).
v Teniden
y Tiepudepi-
YEeCKUX aTOMOB.
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O30H — Ta3 CMHEro IBeTa ¢ Pe3KMM pas3/pakaloliM 3amaxoM, OYeHL
TokcuueH. MKuaKUA 030H — TEMHO—CHMHsA KHAKOCTE, TeMHO—
¢puoneToBble KPUCTATLIBL (1. . =192,7°C). Mockoabky MOTCKYJIa 03 obna-
7aeT HOMAPHOCTHIO M GosbIIel NOAPUBYEMOCTDIO, 030H MMeeT 6oJjiee BHICO-
KyIO TeMIepaTypy KMIeHHs (-111,9°C), 4eM KuCJIOPOA. DruM ke 0O6BACHSI-
ercst 66nbIIas MHTEHCHBHOCTb OKDACKH O30Ha M JIyuuIad ero pacTBOpH-

MOCThb B BOJE.

OzoH 06pasyeTcsi B IpoOLeccax, cOINPOBOKAAOIMMXCH BHII€/IGHHEM ATOM-
HOFO Kuciopoaa (pajuosu3 BOMIBI, PasiokeHue NepOKCHAOB ¥ APp.), 8
Takke NpH [AeicTBUH Ha MOJIEKY/IAPHBIA KMCJA0POZ, TOTOKA 3MEKTPOHOB,
NPOTOHOB, KOPOTKOBOJIHOBOTO M3Jy4eHus, T.e. 3a cuer pagMOXMMUYECKUX
u (HOTOXMMHMYECKUX PpeaKuui. Ilensyo peakumio OGpasOBaHUA O30HA M3
KUCJIOPO/ia MOXKHO NPeACTaBUTh cXeMoii

0y + hv— 0}, 0] +0,=03+:0-, -0+ 0:=0;5

AG,, =325 kDK

BEHHBIX YCIOBUSIX 030H obpasyeTrcs u3 aTMOc(hepHOro KHcjI0po-
1a npu CpPO3OBHIX pas3psnax, a Ha BBICOTe 10—30 kM — non AeicTBUEM
yABTPaMONETOBBIX CONHEUHBIX Jyuef. O30H 3a7epkuBaeT BpefHOe A
KH3HM yJAbTpaduoneropoe Ma/yueHne ConHna ¥ TOrJIOmaeT uHgpakpac-
Hoe u3MyueHWe JeMiH, IpemnsiTcTByd ee OXJIAKIOHHIO. CnenoBaTesNbHO.

" o3oHHBL TIOsic" WrpaeT GOMBIIYIO POJb B ObecneueHnn KUSHU HA 3emne.

B TexBuKe 030H NoJy4aloT B O30HATOpax necTBUeM THUXOro ANEKTpHU—

YeCcKOro pa3psiia Ha KHCJIOPOA.
O30H — BeecTBO JHIOTEpMUYECKOe (AH‘}298 = 142,3 x[lx/Monb,

AG"/ 20s= 162,7 k/lx/Monb). Ho Tem He MeHee B OTCyTCTBUE KaTajIn3aTo-
,

pos unn 6e3 yabTpaduoseToBoro 06mydeHns ra3oo6pasHblil 030H pasJlara-
ercst ZOBOMBHO MEJJIeHHO [axe NpH 250° C. Kuakunii 030H U ‘ero KOHLEHT-
pupoansble cMecn (70% Oj) B3pBIBYATHL.

OKUCIUTENBHAS AKTHBHOCTh O30Ha 3aMETHO Bblle, YeM 0,. HanpuMep,
yoke Npy OGBIMHBIX YCTOBMSAX OH OKUCJsAT MHOTME MAOAKTHEHHE opocThIe
semectsa (Ag, Hg u np.):

8Ag + 20; = 4Ag0 + O2

N BEanon nrien
O 6osee BRICOK
TaKke cpaBHEHMe WX CTaHJAPTHBIX BNEKTPOJHBIX NOTEHIMANOB AJd BOI-
HBIX PAcTBOPOB, HalpUMep:
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O4(r) + H2O(k) + 2¢” = Oy(r) + 20H (p), El,, =124 B

Oa(r) + 2H,0(x) + 4e = 40H(p), E,, = 0401 B

298

N1 KONIM4ecTBeHHOTO ONpeesieHus 030Ha MOMKHO MCIOJNB30BATH peak-
11O ero B3auMopeicTsus ¢ pactsopoM Kl:

21" + O3 + Hy0 = Iy(x) + 20H" + O,

CponcTBo K 371K
pon eKTpoHy 030Ha 0K0J10 180 k[l /MOJB, IO3TOMY OH MOXKET

nepexoauTh B o3onud-uod Q. B uacTHOcTM, npu peiicTBuuM 030Ha Ha
WEJOYHbIe MeTAIbl 06Pa3yloTesl 030HU0bL:

K + O3 = KOy
O30HHUIB — 3TO COSAMHEHUs!, COCTOSMIUE M3 NOJOKUTENBHO 3apPsikKeH-
HBIX HOHOB MeTalljla M OTpHHATelbHO 3apsiskeHHbX MOHOB Q3. Hamnune B

'noHe O HENApPHOIO 3JIeKTpOHa O6YCHOBIMBAET NAPaMarHeTH3M M Haludue
 oKpacku y 030HUA0B. OBGBHIYHO OHM OKpalleHbl B KPACHBIH 1BET.

‘ Kak cunpHB OKpcauTenk, K TOMy ke dkonoruuecku "umernii" oz0H
s MCTIONB3YeTCS /71 OLMCTKH NUTBEBOI BOIBI, [JIsl AE3UH(EKIUN BO3AYXa, B
| Pa3/IMYHBIX OPraHMYecKMX CHHTe3aX, AJIA OYMCTKH MOpeil OT pasnwr.of/‘[
HedTH.

§ 2. CEPA
i ATOM cephl S, Kak M aTOM KHCJIOPOA, UMEeT LIecTh BAJIGHTHBIX 3JIEKT-
" POHOB: 3s23p*. Cepa — TUNMUYHBI HeMeTa/MdecKuii aaemeHT. Ilo anexTpo-
jOTpHuaTeJleOCTI/[ (90 = 2,5) oHa yeTymaeT TONBKO TANOTeHAM, KHCJAOPOLY
iaao'ry. HaubGonee ycToiiuuBbl 4eTHBe CTeNEHW OKUCJCHUS cebm (-2 +21
‘+4, +6), 4ro 06bsicHsAETCS yuacTheM B OOPa3OBAaHUM XMMUYECKUX Cl;ﬁfiei;
JABYX HemapHBIX 3JIGKTPOHOB, a TaKe OJHOW WM [ABYX 3JEKTPOHHBIX Map:

o Haubonee xapakTepHbl 1Jis1 cepbl HUBLIAS WM BBICIIAA CTeNeHU OKHCJIe-
{H¥s. U3BecTHE cOeiMHEHMS CepPHl IOYTU CO BCEMH 3JIEMEHTaMU.
Cepa — BecbMa paclipOcTpaHeHHBI Ha 3eMJjle 3JeMeHT.
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Cepa — 6HOreHHBIf 3JIeMEHT, BXOJHUT B COCTaB 6esikos. OHa COMEPKUTCS
B HedTH, YLJISAX, IPUPOAHBIX Ia3ax.

B cOOTBETCTBHE ¢ XAPAKTEPHBIMM CTENeHAMH OKMCJIeHHS cepa B OpMpo=

\

Zie BcTpedaeTesl B BUAe cyIbGuIHBIX (ZnS, HgS, PbS, CusS, FeS,, CuFeS,
u ap.) ¥ cyabdaTHBIX (NazS04-10H,0, CaS04-2H,0, BaSO, u ap.) MuHe-
pasioB, a TaKXKe B CAMOPOJIHOM COCTOSIHMH.

lpoctsie Bemectsa. Cepa cYIIECTBEHHO OTIMdaeTcd OT KHCJIOPOJa
CHOCOBHOCTHIO 06Pa30BbIBATh YCTONYHBBIE TOMOLENH.

310 MOKHO OOBSICHUTH TeM, 4TOo [Be CBA3M B TOMOUENHU S—S—S oxraspiBarOTCH
npountee (2260 x[lok/Momb), HeM CBAIN B MOJIEKYJIE S, (420 x]lx/momb). B ciytae
Ke KICITopofa, HaobopoT, cBsi3n B MoOJlexyJie 0, npountee (494 1Jlx/Monb), Hem aBe
cBsian B romonemn O—0—0 (2:210 w1/ Momb). TOMOIeny cephl UMEKT 3Mr3aro=
obpasHylo PopMy, MOCKOJBKY B X 06pasoBaRNM TPMHUMAIOT YHacTve SNeKTPOHEL
B3AVMHO TEPHIEeHANKYJISAPHO PACToJIOKeRHbIX p-opbuTanen aToMa:

S S

Haubonee cTabUabHB UUKIUYECKUE MOJEKYJIBI Sg, umetouine GHopMy
KOPOHBI:

Kpome TOro, BO3MOMKHBI MOJIEKYJIB! ¢ 3aMKHYTBIMU (Se, S4) M OTKPBITHI-

Mu memsMu S_. B OGBIUHBIX YCTOBMSX YCTOHIMBEL poMbudeckas -5

(n. 2,07 v/eM®) U YACTMHHO MOHOKJIMHHAZA B-S (m. 1,96 r/em?) momudu-
Kanuy cepbl. VX KpHCTabl OTIMYAIOTCS B3AUMMHON OpHMeHTaL Vel KOJbLe -
BBLIX MOJIEKYJ Sg. )
Ha puc. 153 nokasana BHewmHsist popMa KpHMCTaJIIOB pom6uuecKor |
MOHOKJIMHHO! cepbl. PoMbuieckas cepa KeJITOrO, a MOHOK/IMHHAA 6JIeAHO~
KeNTOro mpera. MasnoycToiiunsasd B OOGBIMHBIX YCJOBUAX NAGCTUNECKAL
cepa cOCTOMT M3 HEPeryJspHO PaclioomeHHBIX 3Ur3aroo6pa3HbIX LeNQden
S, (rme o HOCTHraeT HECKOJIBKHUX ThicAY). Jlpyrue HeycTORunBbIS Moaudu-

KamUM cepbl MOCTPOSHBl M3 MOJIeKy1 S; (nypnypHas), Sg (opaHikeBO-xkel-
Tasi) U Ap-

s . P
MonorunKas cepa miiaburcsi npu 119,3°C, a pombudeckas — mpu 11£,0 4

° o

0BpasyA JIErKONOABHIMHYIO KHUAKOCTE KKEJITOTO [BETa, KOTOpas npu 160°C remmeer

LHHYO

ee BsiskocTh mobblluaercss, u mpu 200°C cepa cTaHOBUTCA TeMHO-KOPUYHEBON 11

BASKOM, Kak cMosla. JTO OGBsCHsIercsl paspyllleHMeM KOJNbIEBBIX MoJleRysn Sg b
352

n,
1107

510°F

B-S 160 200 250 300t
Puc 1?3. Qopma KpUCTAVIOB poM- P u ¢. 154. WameRenne oTHocUTEN b~
buteckont (a-S) M MoROKAMHHOM (B~  Hoit BsiskoctM cepbl (n = 1 mpm
S) cepbr 100°C) npyu noBHIUEHNN TeMMepa-
TYPbl

06pasoBaHMeM MOJIeKYJl B BUIe JUIMHHBIX pereit S_ M3 HeCKONbKUX COTEH ThICAY

I

- oy -
aromoB. JlanbHeilee Harpepaiue (Beimite 250°C) Befer 1 paspbIBY ueret, M xui-
™

i enems eravonuees Gonee nonsicirold. Ha pue. 154 noxasa

Tb (HOBA CTaHOBWITCHA 0OOJiEe rna puc. 1504 NoKasaha
3aBUCMMOCTb BsASKOCTH KMAKOA cephl. (Oxono 190°C ee BsA3KOCTb NPUMEPHO B
9000 pas Gosblue, yem npu 160°C).

Mpu 444,6°C cepa sakunaer. B 3aBMCHMOCTM OT TeMIepaTypbl B ee fapax
oBHapyUBalOTcsA Mosekysibl Sg, Sg, Sq 1 Sp. MaMerenMe cocTaBa MoJlekysl BBISbIBa—
eT U3MeHEHME OKPACKM I[AaDOB Cepbl OT OPAHKEBO—KEJNTOro [0 COJIOMEHHO—KEJITOro
nsera. [lpu remmneparype Bbmue 1500°C moslexysibl Sp OMCCOUMMPYIOT Ha ATOMBL.
Mostexynbl S, nMapaMarHUTHEL M TOCTpoeHbl aHajormuto Mosexyie Oj. Bo Beex
JIPYTUX COCTOSIHUSX Cepa AMAMArHUTHA.

B Boge cepa mpaKkTHUecku HEPAcTBOPHMA; HEKOTOpHIE ee MOaupuKanuu
PAcTBOPSAIOTCS] B OPTaHUYECKUX KUJKOCTAX U B 0COGEHHOCTH B cepoyrie-
poze.

Cepa — 10cTAaTOYHO AKTHBHBIN HeméTaun. Jlaxe mpu yMepeHHOM Harpe-
BaHUM OHA OKMUCJISOT MHOTME MpOCThie BelmecTBa, HO ¥ caMa JOBOJIBHO
JIErKO OKHCJsieTcss KUCIopofoM ¥ raiorenamu. IIpu HarpepaHum B Kumis-
el Boje M 3HAYMTENBHO JydUle B KUISAIIMX pacTBOpax Iuejodeit cepa

. AU CTIPOTIOPLIUOHUPYET:
0 -2 +4
ag —_ , .
3S + 6NaOH ¥ 2NasS + NaySO; + 3H.0

Clony TomvaaIT Fiartaii afnazan "aiTTABKOE AMC
Lepy nojgay4da >

10T TJiaBHBIM 00pa30M BbIIUVIaBKOM Camupﬁ/ji—iﬁﬁ cepbi HEe

&

MOCpeACTBeHHO B MecTaX ee sajieranusi nop 3emieit. OHa npuMensiercs B
MPOU3BOJACTBE CEPHON KHUCIOTHI, AJIA BYJIKAHH3AIUU KaydyKa, KaK UHCEeK-
TULKJ B CEILCKOM XO3AMCTBE U T. .
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Coepuneansa cepul (—II). Han6onee 3aMETHO CXOACTBO Cephl U KHMCJIOPO-
Oa B COGQMHEHMAX, B KOTOPHIX OHM NpOSBJAIOT CTElleHb OKMC/IeHUs —2.
OKCHAaM OTBEYAlOT cyIb(PuIb, MMAPOKCHAAM — IHAPOCYIb(HIBI, OKCO-
KNCIOTaM — CyJIbMOUIOKHCAOTH (THOKUCIOTH), HanpuMep:

Na Mg Al Si P S
Cyabdum ............ Na,S MgS AlSy SiS, P2Ss -
OKCUI oooveriniin Nago MgO Alzo;g S)Oz P205 SO3
Pugpocyandun ... NaSH  Mg(SH), [AK(SH)s]  H4SiS4 H3PSy -
Cugpoxens ......... NaOH Mg(OH); Al(OH);  H4SiO4 H3zPO4 H,S04
KueiotHo-ocHoB-
Hasl IPUpPOJA .... OcHoBHas AmMddotepHas KucsotHas

Xumuueckas NpUpoaa ONHOTHIHBIX cynbPHIOB U OKCHIAOB, TUAPOCYJIb-
$unoB M IUAPOKCHAOB 3aKOHOMEPHO H3MEHseTcs B Ipenejax NepPUOAa.
Cynabdunabl, Kak U OKCHAB!, GHIBAIOT OCHOBHBIMH, KMCJIOTHBIMU U aMdoTep-
geiMu. OCHOBHBI® CBOJMCTBA MPOSBASAIOT cyabdHab Hauboslee TUMNMYHBIX
MeTaUTUYeCKUX 3JIEMEHTOB, KHWCJIOTHHE — CyAb(uabl HeMeTandecKux
neMeHTOB. Paznuune XUMUUYeCKO# HPUPOAB Cyib(UI0B NpOsiBAAETCS B
PeaKIMAX cOJMBBONN3a M MPH B3aUMONCHCTBIH cyab(UIOB Pa3HOM KHCI0T-
HO-OCHOBHOU npuponbl Meskny co6oit. Tak, cynbdunsl s-smementos I rpyn-
nel (K&K M MX OKCHABI) PACTBOPHMH B BO#E M IIPM IHAposuse o6pa3yloT
HIENIOYHYIO cpeny:

Na,S + HOH == NaSH + NaOH

Cynbduas HeMEeTaUIMYeCKUX 3JIeMEHTOB OGBHIYHO THIPOJM3YIOTcA Heob6pa-
THMO ¢ 06pa30BaHNeM COOTBETCTBYIOLIMX KHUCJOT:

SiS; + 3H,0 = H,SiO; + 2H,S

AMdoTtepHrie cynbGuan (KaKk U OKCHABI) B BON® HEpPACTBOPUMEI, HO HEKO-
Tophle n3 Hux, HanpuMep cyabodun Al (I1I), monHocThIO rUAPONUBYIOTCA:

Al,S3 + 6H,0 = 2A1(OH); + 3H,S

TIpy B3aUMOJEACTBAM OCHOBHBIX M KHCJOTHHX cynbduAoB 06pasylorcs
cosm (THOCONM), HapuMep:

NaZS + CSQ = N32CS;;
TpUCYIbOUI0-
kap6onar (I1V)
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OTBG‘la}OlL(He THOCOJIAM THOKKUCJOTH 0BBIYHO HeyCTOI?[‘{MBbI

TuMO pasnaralores ga H.S u ecore nmi cvinbug. T

W
=
g
P

s ga H,;S w coorperereyronmft cynndun.
NefcTBUM KHUCJIOTH Ha cyAb¢puuokap6oHaT obpasylomiasicss KHCI0Ta pas-
naraeTcsi:

Na,CS; + H,SO, = NaSO4 + H.CS;
H,CS3 = HyS + CS,

DTOT pacnajg aHaJOrM4eH pas3okKEeHNIO0 KUCIOPOACOAEPKAUMMUX KHUCIOT
Ha KHUCJIOTHBIA OKCHUI U BOAY:

H,CO; = H,0 + CO,

Cynbduab MMEIOT XapakTepHylo okpacky, HanpuMep Cu$S, NiS, PbS —
gyepHele, MnS — TtesecHoro nsera, ZnS — Geastil. Pazimune B okpacke u
PACcTBOPUMOCTH CY/Ib(PUAOB B pasHHIX Cpefax UCHONb3YIOT B aHAJUTHYeCc—

KO¥ MpaKkTHKe Ui 06GHapyXeHia U pasiefiednsi KaTHOHOB.
Monekyna cyneduna Bogopona H,S mmeer yriosywo dopmy (¢HSH =
= 92°, dSH = 0,133 mm), nostomy ona noasipaa (g = 0,34-1072% Ku-wu).

Croco6HocTh 06pa3oBhBaTh BopoponHHe cBsisu y H,S Bhipaskena ciabee,
yeM y H,0. Ilosromy cepoBomopom B 06BIYHBIX ycoBHAX — ra3d (T. MJL
-85,6°C, T. kun. —60,75°C). CobcrBenHas moHmsanua HoS B kuakom coc-
TOSIHU U

H,S ... H,S = SH; + SH-

HIUTOKHO Majta. MonHoe mpoussenenne cymbdupa sompopona [SH3}[SHT] =
= 3-10733.
3amerHo ayuite H,S monusupyercsi B Boge:
H,O ... H,S == OHj + SH-

Ero sonmeiit pacteop — caabas kuesora (Kz = 1-1077), HasbiBaemas
ceposodopodnoti. Cynbdun Bogopona uMeeT HENPATHLIM 3aMax u
OYeHDb ANO0BHUT.

O6bruno H,S monyuator peiictsueM pas6asaessoir HCl va FeS. Hepacr-
BOPUMEBI@ CYNbGUABI HOMYHaOT [0 O6MEHHHIM PEaKIUsM B PacTBOpe:

MnSO4 + NayS = MnS(1) + Na,SO,
CIISO4 + HoS = CUS(T) + HZSO4

Cynbdupbl, Kak npOMsBOZHBIE HU3IIEH CTENeHM OKUCICHHS Ccephl,
[IPOSABASAIOT BOCCTAHOBUTEIbHEIE CBOMCTBA.
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Tak, mepexon S — S, 57 — SO% xapakrtepusyercs cJenylomuMn
3HAYCHMAMH @)oo

S + 2¢ = S7, cae = —0,48 B

- o o - PN o A1E T
SO5 + BH™ + 8¢ = 5% + 4HaU, ¢, = U,10
B 3aBUCHMMOCTH OT YCJIOBUil NPONYKTaMH OKHCJIEHUS CYJbPUIoB MOTYT

66T S, SO7 u HySOy:
+ 7 -2 + 2 0
2KMnO, + 5HsS + 3H;S0, = 2MnSO4 + 5S + K,SO, + 8H;0
-2 0 +6 -1
H,S + 4Br, + 4H,0 = H,;SO4 + 8HBr

Cynbduibl MeraaiudyecKuX 9JeMeHTOB, Kak M MX OKCUABL, UMEIOT MepeMeHHbI
cocras, Hanpumep FeS; o—FeS 14 (cp. FeOy 04—FeOy 12). Prusuteckne CBowcTBa
cynbPUNOB, Kak U OKCHIOB, O4eHb pasHoobpasubl. Tak, TiS; obsagaer Meraym-
4eckoit 11poBoMMocTbIo, ZrSy — nomynposogkuk, HfS; — nnoenexrpuk.

B noarpynnax nepuogMueckoit cUCTeMbl OKPacKa CyJsib(UI0B OJIEMEHTOB CTaHO-
BUTCA MHTEHCMBHee ¢ POCTOM MX ATOMHOrO HOMEp4, HampuMep:

As;S; KenTbit ZuS Genblit GasSy HKeNThIN GeS; 6enbliit
SbyS; opankerblit  CdS smentbit  InySs  KenThit SnSy kenThIA
BisSy depHblit HgS uweptbiit  TloS; depHBIN PbS  4epHblit

Hepcynsdmupu. Tennennus cepbl 06pa30BbIBaTh TOMOLENH pealu3yercs

+ 1
B MHOTOMMCJIHHBIX nepcyasgudar (mommeynsdunax) tuna M,S,. Ilocaen-
HUe [OJY4alOTCsA 0pPH B3AUMONEACTBUM CePBl ¢ KOHIEHTPHPOBAHHBIMU
pacTBOpaMH OCHOBHOIO cyabduna:

NasS + (n — 1)S = NasS,
TlepcynbpuA-NOHEl MMEIOT LENOoYeYyHOe CTPOeHNUE:

S_]* s S|~
st [S’ \S] sy [S/ \s/}

[lomyueHdr MHOrouMc/eHHble Nepcynbduabl Bogopona tunia H.S, (rme
3), HasbiBaeMble MHOTOCEPHUCTHIMHM BONOPONAMH WK CYAb@anau.
IT0 — KeNTHe MacAssHUCThIe KUAKocTh. [10 Mepe yBennueHusi coepxaHusi

cephl Okpacka mepcynbduAOB MeHsercs oT xentoit (S37) mo kpacHoi (S3).
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Cwmech cynbdaHoR obpazyercs Npu AeiCTRUY @)
KHMCJIOT Ha NOAUCYIbMUABl aMMOHHMS HJIA
HaTpusA:
(NH4)2S, + 2HCI = H,S, + 2NH,Cl C
=
Tlepcyavdun sogopoma HyS, — amanor
nepokcuZia BogopoAa. Ilepcynsdupel BeTpe-
yaloTcss B mpupope. HampuMep, wupoko
pupon puMep, p @ Fe Os

pacnpocTpaHeHHBT MuHepan nupum FeS,
- n 5 { . oo
npencrasasier coboit nepcyabdun xenesa (I1) F 1 ¢ 165 Kpuctanmiseckas
, BRENEN petitetka mupura FeS,
(puc. 199). B : -
Hepcyapbunsl, 1oxo6HO mepokcnpaM, TMPOABIAIOT BOCCTAHOBUTENbHHE

Y OKHCJINTEIbHBIE CBOICTBA, a TAKkKe NMCIPONOP LUOHHPYIOT:
Nazé; + SnS = Snéz + Na;é (S% — OKMCJIMTEID)
4Feé; + 110, = 2Fe,04 + é§02 (S5 — BoccranoBuTeNs)
NayS; = NayS + § (S%i — OKUCIINTENb, BOCCTAHOBUTEID)

Coenunenus cepu (IV). Crenenb okucenus +4 y cepbl nposiBisercs B
ee Terparaioreangax SHaly, okcopuranorenmgax SOHal,, anokcuge SO, a
TaKkKe B OTBEYAIOMMX WM aHMOHAX:

SF;,  SOHal, SO,
[SF5]”  [SOoF]"  [SO4)*

B Mosekynax, a Takike B aHMOHHBIX koMmuekcax cepbl (IV) y aroma
cepbl MMeeTcsi HemoneseHHas -(HecBsi3blBalOlmlasi) 3JIGKTPOHHas mapa. B
COOTBETCTBUU C YMCJIOM O-CBASBBAIOMIMX U HeCBS3BIBAIOIIMX 3JIEKTPOHHBLIX
nap aToma cepbl Monekyasr SHaly uMetor ¢dopmy umckameHHOro TeTpasnpa,

e}

MYy, T. €. OTHOCATCA K
puc. 51) cooTBercTBEHHO:

OeMHEeHUAM THUIIa ABqE AB;E, AB:E (cm.

F
0,165 HM .
101,52 F o w8 %%,
F S7 N VA
0,155 um\] ¢ o6 X
173/° a
F
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Terpadgropun cepbl SFy — Gecusernbiit ras (1. mr. -121°C, 7. xun. -37°C). Oxco-
auxsopua cepbl SOCl, (TMORMIIXIOPUA) — GeClBETHAR KUAKOCTb ¢ PE3KUM 3alia-
xoM (r. L -99,5°C, 1. xun. 75,6°C). 3 coemMieHus MPUMEHSIIOT TIPU XUMHUEC—
KMX CMHTE3aX.

XuMnuecKkuii XapakTep GMHApHHX coeavHeHuil cepbl (IV) KucOTHBIIA.
Bonsnlit pactBop SO, Ha3BIBAIOT ceprucmot KUCJIoTON. B HeM NpucyTcTBy-

o1 aguonsl HSO; u SO5 . )

Us coepubennit cepnl (IV) naubGosbniee 3HadeHne MMeeT J M O K -
cu g ceppl SO, (ceprucmuti 1a3). Crpoenne Monekyas SO, aHaJOrM4HO
cTpoenunio Moiekyib ozoHa O3(00,), Ho MojleKyJa OT/IHuaeTcs BBICOKOM
TEepMUUECKON YCTOWYMBOCTEIO. B OGBIYHEIX YCJIOBHSX IMOKCHJ Cephbl —
GeclBeTHBIl ra3 ¢ XapaKTepHBIM pe3kuM 3zamaxoM (1. mi1. —75,5°C, 1. kum.
-10,1°C). B TexHuKe ero mojy4aloT CHKHUTaHHeM cepHl M 0GKUIOM MUPUTA:

AT
ar

Q '
€39

N

.'
-
—

Boabmne kosmuectBa SO, o6pasyloTcss mpu CKUFaHUM TOMJMBA U NPHU
obure cynbpUAHHX Py Ha MeTaJUIyprU4ecKUX NPeAlpUATHAK. Y THIN3a-
unst SO, — ofiHA U3 BaXHEHIINX MPOGJIeM XUMHUYECKO# TeXHOJOTHH, Mpo6-
JIeM BalIMTBl OKPY®alowmei cpebl.

PacTBOpUMOCTh AMOKCHAA cepbl B BOAe BechbMa BeJMKa (MpH OOBIMHBIX
yeqoBusx okosno 40 o6bemo SO, Ha onun o6vem H,0). BoaHslit pactBop
SO, HasblBaeTcs ceprucmott xucaomot. OCHOBHas Macca PacTBOPEHHOro
SO, HaxoguTcst B pacTBope B rupparmposaHHoii ¢opme SO, nH,0O. Tlpu
oxnamneﬂnu PACTBOPOB MOMHO BBIAENIHTH KPUCTAJUIOMMAPAT KJIATPATHOrO

Tuna Ooubauzurensuoro cocraea SO, 7H.O. Jlume HeBonniias 4acTh

IPUGAMIHTEIIBHC cocraga SO, -7H,0. Jlum He6( 18CTEH
PAacTBOPEHHBIX MOJIEKYJl B3aMMOJENCTBYeT ¢ BOAON MO cxeMme
SO, + H,0 == H* 4+ HSO; = 2H* + SO}

YkazaHHOe paBHOBecue B NPUCYTCTBUM IIEIOYM JIEFKO CMellaercsi B

cTopony obpasoBadus aHmoos HSO; n SO3". Ipu sroM o6pasyioTes

+ 1 +1
tpuokcocynbgpate (1V) aByx tunos M,SO; (cynsdure) 1 MHSOy (rup~
POCYAbGUTH):

NaOH + SO, = NaHSOj;; 2NaOH + SO, = Na,SO; + H,0
B Bosie pacTBOPSIIOTCA JIMIIB COJM S-371eMeHTOB | PpYNILl W PHAPOCYJIb-
+2
gurel Tuna M(HSO;),. HepactBopuMble cynbduThl MosyualoTes 00 06-
MEHHBIM PEaKIUsIM B pacTBOpe:

Na,SO3 + CuSOy4 = CUSO:;(T) + Na,SOy4
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HeiicTBre KMCIOT Ha cynbGUTH conipoBokaaercs BelpeleHneM SO,. Ha
3TOM OcHOBalo foiaydenue SO, B nabopaTopum.

Cynbdut-on SO%V VMeeT CTPYKTYPY TPUIOHAJIbBHOW NMUMPaMUAbl ¢ ATOMOM Cepbl
B BeplllnHe (CM. puc. 51, 5) [lockornbKy HeNojmeleHHaA Napa aToMma Cepbl pocT—
paHCTBEHHO HallpaBJjleHa, MOH SO? — aKTMBHBIY JOHOD BJIEKTPOHHOU Naphl U JIeTKO

nepexoIuT B terpasapudeckue uoiisl HSQ3 u SO3 . Mon HSOZ cymecrsyer B Bume
IBYX IepexofsiuX ApYT B APYTa UBOMEDHbIX (hOpM:

JH
ey //
~1 L
2 S\\\ -~ ~S§
H—0~" ‘\(;O o7 ‘\00

siBNeHue oOpaTMMOW W30MepHH, TIPU KOTOPOW [Ba WM Gojlee M30OMEpa [epexonsT
Opyr B Opyra, HasbiBaercs maymoaepued. [losrydeRbl npousBoiHble 0GeUX TayTo—

MepHBIX dopM noHa HSOj3.

Jerkocts nepexona mona SO B mon SO3 obycioBnuBaer ero noBoMb-
HO cUJbHBble BOCCTAHOBUTEJILHBE CBOMCTBA:

SO + H:0 + 2¢” = SO + 20H", ¢}, =093 B

cyNb}UTE B PacTBOpaX MOCTENEHHO OKUCIAITCS

3 -rvz—‘i?SO
u S

2-
4
BoccraHoBUTENIBHBIE CBOMCTBA MpPOSIBJIAET O,, KOTOpBIH, HanmpuMep, Ha

COJIHEUHOM CBETY OKMCJIAETCA XJIOPOM:

+4 9 *6 -1

SO; + Cl; = SO,Cl,
lpu BzauMopeiicTeuu ke ¢ 6osiee CHIBHEIMUA BOCCTAHOBUTENISIMU [POM3BOJ-
Hele cepsl (IV) nposBisiior oknenuTenbHbie CBOiCTBA:

+4 -2 0

SO, + 9H.€ = 3S 1+ 9H.O

OV T L0 = o5 T anzU
Moy garnesauuy cvILONTL AHCHIDONODHBOHEDVIOT
:iPH HarpeBsHHY CyJILPUTH AHCHPOOOPLHMHOHMHpPYIOT
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Jlpokens, cepel TPUMEHSIIOT [Jlsi TOJIyYeHMst CEPHOW KUCJIOTH, & TaKxke
B OYyMaXXHOM ¥ TEKCTUJIBHOM MpPOM3BOIACTBAX B Ka4Y6CTBO 0T6EeNMMBAIOILEro
CpejCTBa, AN KOHCEPBUPOBAHW N71040B U Ap. Huaxui SO, ucnoas3yoT
B KayecTBe HEBOJHOrO pACTBOPUTENS sl NPOBEAEHMA PadNUYHBIX CHHTe-
30B. JIst TOM ke mean ucnonb3yioT okcoauxaopua cepsl (IV) SOCl,.

Ha knenoTHmix cpoitcteax SO, u enoco6uoctu S(IV) okucasTtbess A0
S(VI) ocmopano 6GonbmuHeTBo cnocobos yrunusanuu SOp. U3 ropauux
OTXOAAIMX radoB MOXHO oTaenuth SO, Mo peaknuu

CaC()3 +S()2 + l/202 = CaSO4 + C02

CormacHo mpyromy crocoBy SO, Mormolmaercs paciyiabieHHolt cMechbio KapboHa~
TOB 1HEJIOYHBIX METAJIJIOB:

M2COq + SO, + 1/305 = M3S0, + CO,

Cymbdarsl najee Boccradapmmsator yriem (800°C):
M,S04 + 2C = M,S + 2CO,

Tasee ocyuecTBIsieTcs peredepaltusa cynbounos (npu 400°C) AMOKCHIOM yriepo-

Ja U BOASHBIM NapoM:
MQS + COZ + HQO = Mgco'g + H,S

O6pasylomuitcs: cepoBOJOPOS OKMCIISIOT A0 cepbl (B IPUCYTCTBAM KATa/lM3aTopa):
H,S + 1/,0, =S + H,0

Coepunermst ceput (VI). Kak u y apyrux p-sneMedtoB 3-ro mepuoa,
MaKCUMAJIbHOE KOOPAMHAIMOHHOE YMCJO COpbl MPU BhICIIEH CTENeHN OKHCc-
JIeHWsl paBHO LIECTH, a ee HAUG0JI€e YCTOWYNBOe KOOPAMHAIMOHHOE YUCI]IO
yersipe. CreneHb OKHcneHUs cephl +06 NposBnAercs B COEAMHEHHAX C
Haubosiee DIEKTPOOTPUIATELHBIMU dreMeHTamMu: B rexcadropuge SFs,
rpuokcuae SOz, okco- u auoxcopuranorenngax SOF,, SO,Hal, a raxxe B
OTBEYAIOUIUX UM aHUOHHBIX KOMILIEKCAX:

SFG SOFq SOgHalz 503
- - SOsHal  SO%

Monexynn SFg, SO;Hals, SO; MMEIOT COOTBETCTBEHHO OKTA3APUYECKOE,

HCKAXKEHHOe TeTPa3’apHUuecKoe, MI0CKO-TPEYrOIbHOe CTPOEHHE:

) =0
l Cl =
-
FR— 01T w b
AWM, 3\9‘\ P \{
2;-,—aé\~._ o, W
Fl(—.___ SFHA X0
[ 0
F
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B obbrumbix yenorusax ¢ropup cepbl (VI) — ras, a okcorajoresrgsl
ceprl (VI) — suakocr niam rassl. Kak u SOg, ORM — THOMYHBIE KHCIOT-
HbI® COEJIMHEHUsA. BOJBIIMHCTBO MX J1erko ruaponusyercs, o6pazys Kuc—
JIOTHI:

Sog + HQO = HzSOq
S0;Cl; + 2H,0 = H,S0, + 2HCL

Fexcagropun SFe (1. mn. —51°C; 1. Bosr. —64°C) oTnuyaeTcss BHICOKOM
XUMUYECKOU cToiikocThio. Tak, HAa HEro He AEHCTBYIOT HA BOJAA, HHU LIETO-
YU, HM KUCJIOTHI, HOCMOTpsi Ha TO, YTO ruapoius SFg xapakTepusyercs
GOBIIMMK OTPULATE/ILHBIMY 3HaYeHUsAMU A G, HanpuMep:

SFe(r) + 3H,0(r) = SO4(r) + 6HF(r), AGg, = —460 w/lx

Huskas peakuuoHHas cnocobHocts SFg o6bAcHseTcs KuHETHMYECKUMU
(pakTOpaMu, 06YCIOB/IGHHbIMM BAaJEHTHbIM M KOOPAWHALMOHHBIM HACHIILE-
HUEM IeHTPaJbHOTO aToMa MoJnekynsl SFg u ee BbIcOKOIl sHEeprueit nounsa-
uau (19,3 9B). SFg sABNsteTcs AMATEKTPMKOM, KOTOPBIH 6GJarofapst XUMH-
YeCKOM WHEPTHOCTH U GONBIIOH MOJNEKYNASAPHOM Macce UCIONB3YIOT B Ka-
4ecTBe ra3o06pasHoro M30AATOPA B TEHEPATOPax BHICOKOTO HANPSKEHUA U
JIPYTUX D7EKTPHYOCKUX NPUGOpax.

JMosonbHo uuepren u SOF, (cymbbypundropun, 1. mn. -135,81°C, 1. kum
-55,37°C), xotopeiit paanaraercst IUWb PAcTBOpaMy Wesiouei. Hanpotus, cysibdy-
punxsiopun (1. mr. -54°C, 1. kun. 69,5°C) sejencTeMe THMAPONMBA ABIMUT Ha
BO3yXeE.

Mockonbky ans cepbl (VI) Hambosnee XapaKTepHO KOOPAMHALMOHHOE
uncsio 4, monexyisl SOz cyIOCTBYIOT ML B Ta3oBol ase. [pu oxnax-
JIeHNU OHM MONUMEPU3YIOTCA B KOJIbIEOOPA3HbIE WM OTKPHITHIE BUr3aro06-
pasHble menu:

N N> 0 Qin 4 ('T gl)
N NS » oo | | o
7 SN NN
1 ¥o” | [ o & i i
(o] O~ -0 =0 I} 0
0/’ \\o
80, (S03)3 (SO3)
MoHoMep TprMep noakMep

KCHJ CEPbl CYIIECTBYeT B BUAE HECKOJBKUX MOgupUKa-
umit. [lpn  wonpencauuu mnapos SO; ofpasyercs Jneryuas HUAKOCTD
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7. wun. 44,8°

). cocTosAmAs MPEUMYIIECTBERHO U3 WMKIMYECKUX TpUMep—

/2l

S03)s.

o
&
{

—

HBIX MOJIEKYJ

Mpn oxnaxpennut SOz sarBepiesaeT B Npo3patiHylo Maccy, HANOMUHAIUIYIO
sieq. Do TAaK HA3biBaeMadA 26006U0HAL woougunayus ¥SOz. Ilpyu XpareHun oHa
HOCTENeHHO NpeBpallaercss B MOIMbUKalMio, 110 BHEWHeMy BUAY HaNoMMHAIOULY1o
acGect. Acbecmosudnas aodugurayus o-SQ3 cocrouT M3 AUT3aroobpasHbIX llenen
(SO3),, pasyMdHOM [JIMHBL BelleicTEMe HEOJHOPOGHOCTH COCTaBa acbecToBMAHas

MoTUPHKALLAS He UMeeT CTPOTO ONpefeVleHHOM TeMIepaTyphbl IUIABJIEHU .

CrpyKTypHbIE OCOBEHHOCTH Momuukauuit SOz 06yCIIOBIMBAlOT pasifuie UX
HUBMUECKUX CBOMCTB M XMMUUECKO! aKTMBHOCTH. Tak, B NPOTHBOIOJONKHOCTH
SbIOBMAHOM acGecToBUAHAA MOAMBUKALMA MeHee JieTyda 1 ¢ BOAOi B3AMMOLEACT—
ByeT MeHee aKTHBHO.

cepbr (VI) mosyyaioT OKuCICHHEM SO, B IpUCYTCTBUM
HA WM OKCH[ BaHA[WA):

Terpasspuueckue —CBA3H Cepbl (VI) BOBHMKAIOT TaKxke IpU B3aNMO-
neiterBiun SOz ¢ HEKOTOPbIMU COCAUHEHUAMH BONOPOAA, HanpuMep ¢ BO-
noit, rasoo6pasasiMu HF, HCl

H,0 + SO; = Hy[SO); HF + SOz = H[SO:F]

Bee muorounciennasie M cyabdar (VI)-MoHOB MMEIOT TeTpadAputiec-
KYI0 KOH(UTYpaIuio:

O~> <O 2 Oy, .oS|% Os
\S\
o” o 0” 0 (o
SO%” SOs5% SO3F- SO3(02)*
TeTpaokcocyibdar  CyJbbUROTPH- bTOPOTPUOKCO-  TEPOKCOTPHOKCO-
oKcocyibdar cyibdar cynbdar

_________ O T 1
oy

Terpaokcocyisgar (VI) Bogoposa H,SO4 — MacaARUCTAA HKAAKOCT
1pu 10,4°C. Ero mosy4aior Npn OXJIa%/eHAN KOHIEHTPUPO=
BAHHOM CEpHOM KHMCJOTH. B TBEpAOM M KMAKOM COCTOZHHM MOJEKY:bl
H,SO, cBa3aHbl BOAOPOAHBIMU CBAIAMU. Hupknii 1,50, — uocnusupye
it pacTBopuTeas. Ero coBCcTBeHHas HOHMBAUMA HE3HAMMTEIbHA U BRIpA-
KaeTcs ypaBHEHNEM
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aMenzamims
aMep2aniars

=

<

H,S0, ... H,S0, == SO4H} + HSO;, K =2,7-10%

B Bogmbix pactBopax H,SO, — cuibHas [ABYXOCHOBHasi KHMCJIOTA (Kia =
=1-103, K3, = 1,2:1072).

Bazanmogeiicree HySO4 ¢ Bomoit compoposkcjaeTcsl BblgeleHMeM 60JBbIIOrO
KOJIMYeCTBA TEIUIOThl 3a cueT oOpasoBaHMsi rMapaTos. [looToMy cmewMBaTbL KOH-
nenrpuposannylo HySO4 ¢ Bomoit clegyeT oOueHb OCTOPOXKHO, BIMBAS CepHYO
KUCITIOTY TOHKOUW CTPYMKOM B BOAy, & He Hao6opoT. KOHLEeHTpUpOBaHHas cepHasi
KUCJIOTa TIOTJIOLaeT Napbl BOABI, M IIODTOMY €€ IIPUMEHSIOT B KaueCTBe OCYIIUTEJIs:
OHa OTHMUMaeT BOAY ¥ OT OpraHMuYecKHX BemecTe, obyrimeasi ux. [Ipy oxmnaxneHuu
pasOABIEHHON CepHOW KM CJIOTOW BBIAENSIIOTCST KPUCTAJTIOTMIpaThl (cM. puc. 81, o’)

CepHYIO KUCJIOTY MONY4aloT pacTBopeHueM SOg B KOHIEHTpPYMpOBaHHOHN
H,SO, B BUze oneyMa, cogepxkamero 20—65% SO;.

Boapmuncerso cyabdaros (VI) xopomo pacTsopumo B Boge. Ilaoxo
pacTBopumbl  TeTpaokcocyabgatel Ba(Il), Sr(II) u Pb(IIl). Ha soamsex
pactBopoB okcocyabdatel (VI) 06biYHO BHIAENAIOTCA B BUAE KPUCTANIO-
THJ HEHH ¥
KYnopocan.

AT AvYEror T oy oy ) P
cenuneana Tuna CuSQ4 5H,0, FeSO,;-7TH;0 xassizarores

Beasoanbte Terpaokcocyibdarbi (VI) nosyuaior esanmuonmeiicreMeM SOz ¢
COOTBETCTBYIOIMMM XJIODUIAMA B HEBOAHBIX cpefax (nanpuMep, B xumkom SOj

Wim SOQC[Q)Z
CuCl, + 2503 = CuSO4 + SO.Cl,

Tpuokcodropocyibdar Bosopoma H[SO3F] (@mopcyavporosas wucaoma) u
Tpuokcoxiiopocyiibdar Bogopoga H[SO3Cl] (zaopcyavgonosas xucaoma) — xni-
koctu. B BomHoM pacreope H[SO3F] — ouenb cuibHast kueiora (nonoGnas HCIOy)
— TMOpoTMayeTcs MelneHHo, B To Bpemsi kak ruaposma H[SO3Cl] nporekaer ouensb
SHePrUUHO.

Mpyu xunsivernn pacteopa Tpuokcocyabdara (IV) marpus ¢ mopoukom
cepbl 06pasyercs cyabpunoTpuokcocyabdar (VI) narpusa:

ﬂ 2- | s 2-
h

S&ss + 5 — Sas
7 \,.0 7 \..0
AN A
4 L

SO + S = SO,87

CsoitcTBa cynbhumoTprokcocyabdator (muocyaspamos) 0GycrOBINBaA-
I0TCA IpUCYTCTBMEM aTOMOB cephbl B ABYX PA3HBIX CTelleHAX Okucienus (+6
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u —2). Tak, HaM4YMe aTOMa cepbl cO CTENEeHbIO OKMCICHUA —2 omnpenenser
soccTaHOBUTENbHBIE cpoiicTea SO352°-HOHA:

- 0 [\] -1
Na,S0:8 + Cl, + H,0 = NSO, + S + 2HCI

Tuocynsdar popopona HySO3S meycTofiuume u npu MONYYeHMH paclaja~
ercs:

N'szOgS + HzSO4 = NaZSO4 + HQSOSS
+6 -2 +4 0
H,S0;S = HyS0: + S
M3 TtuocyabdaroB HauGodbliee TPUMEHEHUE  UMEeT wnocyasPum

NayS,03-5H,0 (8 dororpadun, Menuunne).
Onaum u3 nurangos s cyabgpar(VI)-noHe MOXKET 6BITh NePOKCUL-PaLN-

ran 05

0-0 ol
o>b<’o

INpoussopnsie SO3(0,)2-nona (SO¥) maswmiBatoTcs mepokcocybdaraMu
(VI), a pacreop H,SOs — nepoxcoaonocepnotl xucaomot.

Toao6HO okenay cepbi (VI), MonMMepHBEIMA MOTyT OmITH M CyJlbdar-
MOHbBI, MOCTPOEHHBIE U3 TETPAdIPUIECKUX CTPYKTYPHBIX €VHUIL S0O,. Tak,
npu pactsoperud SO3 B KOHIEHTPUPOBAHHOW CEPHOM KMCJI0TE ob6pasyercs
1esas cepusi NOJIMCEPHBIX KUCIOT:

(6] (6]

o ~ TR T
HOU U nu ” U\” Un
\S< \S/ S/
HO X0 Il Il

(6] (6]
H,50, H,S5,07

AMcyIbhaT ROAOPOAA
(nBycepHas KHCIIOTA)

cynedar Bogoposa
(cepHas kucmoTa)

0 0 0
HO\|S| /o\! /o\lsl _-OH
1 11 1}

1l il i
o] 0 0
H,S501

TPUCYTIbGDAT BOROPOAA.
. (TpucepHasi KMCIIOTa)
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(6] (6] (6] (6]
Ho\! /o\g /o\lsl /o.%l _-OH

I I o
6} O 0} 0}
H,S04-nS0;
NoHUCYIb AT BoAOPOA
(nomucepHas kuciora)

Cumece H,SO4, H,S;07, HypS30p0, HaS40p3, ... — rycras Macnsaucras
HUAKOCTD, JBIMAINAA Ha BO3AYXe (oseya), IIMPOKO UCHOMB3YETCS B IPO-
mpinennocta. Iop meitctBineM Bozst cBsasn S—O—S pasphlBaloTcA U nOAU-
CEepHbIe KUCJIOTHI MPEBPAILAIOTCS B CEPHYIO.

Terpasnpudeckne CTPYKTYpHBIE €HHUIB B CYNbpAaTAX MOrYT 06beIU-
HATBCSA TaKkKe MOCPECTBOM ATOMA WM IENOYKN U3 aTOMOB CEpbi:

(¢}

0 0 0 |_-ou

Ho\lsl /s\lsl _~OH HOJ]_-S~_ /ﬁ
S S

I 1] I 0

1 1 I ~

(6] (6] 0

HZSROG H25405

cynbdu gocynnbar nepeynnbUAoAUCYabdaT
Bofloposia (Tpucyibdo- BOJOPOAA (TeTPaTHOHOBAs

HOBAs KMCITOTA) KMCTI0Ta)

Coenunenns obmeit popmynw H,S;06 (z = 3:6) maswaoTea noau-
muonoesuu xucsomany, a HySo0g — AUTHOHOBOM KMCIOTOI.
Ponpe MocTHKA, 06BOMHSAIOMEr0 TeTpadipudeckie CTPYKTYPHbIE eAUHM-

BT, MOXET UrpATh TAKXKE NMEepOKcUIHAS rPYNNUPOBKA 3TOMOR!
0}
0 | _-oH
HO\”/ N 3
S o” ||
I\ 0
n
O
H,S5,04

NlepoKcogucynbdar Bogopoaa
(nepokconncepHast Kuciora)
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IlepokcogncepHas KUCAOTA H,S,0g monydaeTca TIpU
. o
CEepHOI KMCJIOTH WJIM TUAPOCYNB(ATOB. Lpu 5T0
peakius

ANEeKTPOINU3e
a

9HSO; — 2¢” = H,5;04

IlepokcogucepHas KUCIOTA H,S,08, Kak M IEPOKCOMOHOCEpHAA H,S0s,
PU/POIN3YETCS € 06pa30BAHMEM NEPOKCH/A BOAOPOAa:

HQSzog + QHZO = 2H2504 + Hzoz
H,S0;5 + H,0 = H,S04 + H,0,

UM TMONBIYIOTCS A4 MONYYeHHS MePOKCHA BOAOPO/A B TEXHUKE.
Hepoxcocynbdarsl (VI) — CHIbHBIE OKHCTUTENN:

S,08 + 2e = 2507, 5 = 201 B

OHM MCTIONb3YIOTCA TpU MPOBEAEHUN XUMUIECKOTO aHAJIN3a U CUATE3A.

KUCOTH OGYrIUBAIOT GyMary, caxap v faxe napaduH.

3. 110 VIIITA CEJTEHA

Cenen Se, Tennyp Te u nomonuit Po — umeior KOH(UIYpPauuio BaJeHT-
HBIX 271€KTPOHOB s2pi.

B o6pasoBaHue CBA3ell y CEJIGHA M €ro aHAJIOrOB BOBJIEKAOTCA Hellap-
Hbie 376KTPORH, & TaKXke OJHa WU [Be DJIEKTPOHHBIE MApbl. Tostomy y p-
snementos VI IPyNIbl HAaGMIOLAIOTCA YETHBIE CTENEHN OKNC/ISHUA: -2, +2,
+4, +6.

B noprpynme ceiieHa, Kak M B JAPY'HX INOATPYNIaX p-d/EMEHTOR, €
yBenuyeHneM pa3MepoB aTOMOB Ha6ofaeTca 06ad TeHACHIMA K YBEIN-
YEHUIO XapaKTepHOr0 KOOPAMHANMOHHOIO YUCJIA. Tak, AN cepbl U ceNlena
Han6oMee TMIMYHb KOOPAMHALMOHHHE 4Hcia 3 U 4, a Ans Telnypa — 6,
unorpa gaxe 7 u 8.

Ilpu BHCIIEH CTENEHU OKUCIEHUA B pAAY S—Se—~Te—Po oTyernupo
Ha6MIOAAeTCA BTOpMYHAA TEPHOZMYHOCTh B M3MEHEHMHM CBOHCTB COCAMHE-
uuit (cM. puc. 142).

Cenen 1 Tennyp — paccesHHBIe, a TMOJIOHMA — PELKMA OEMEHTH! (eM.
ta6n. 26). IlpupoaHuil celen cOCTOUT M3 ILIECTU YCTOMYMBHIX MBOTOIOB,

Tesnyp — u3 cemu. IHomydersl Takske pajiHOAKTUBHBIC M3OTOIEL ceneHa u
rennypa. [OJOHMIA CTAGUIBHHIX M3OTONOB HE HMEeET. JiJisi HEro W3BECTHO
CRHINE ABAAIATU DANUOAKTUBHBIX U30TOMOB.

Co6eTReHHbIE MUHEpPaJibl celeHa U TeJiypa BCTPEdaloTcsi peAaKo. Yaie
Beero Se u Te COMYTCTBYIOT caMOpPOJHOM cepe U B BUAE CENCHMJIOB U Tes-
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NYPUAOB TMPHUCYTCTBYIOT B cynbpuAHBX pyaax. Ilonmormit copepxutes B
YPAHOBBIX U TOPUEBHIX MUHEpaJiaX Kak MPOAYKT pachafa pajroaKTHBHOrO
pAjfa ypaHa.

Hpoctre semectsa. B pagy O—S—Se—Te—Po Tun ycToituuBhHIX MONIe-
KYJl M3MEHSETCA: OT ABYyXaTOMHHX kucaopoga Oj, 3aTeM nMKIMUECKHX Sg
1 Seg 1 uennbix monekyn Se  u Te 10 MeTannnyeckoro KpucTajiiaa I0JO-

HuA (cM. Tabn. 28).

Kak u cepa, cenen uMmeer nonumopg-
Hele Moaudukanuu. Hanbomee ycToiiwuB
reKCcarOHaJlibHBlA MM cephit  cesed. Ero
KPHUCTAJIb  O6PA30BaHbI  3UI'3aro06pasHbIMU
uersivn - Se_ (puc. 156). Tpu  6picTpoM

OXJIAKACHUM IKUIAKOTO CejieHa TOJydaeTcA
KPACHO-KOPUYHEBast  CTEKJOBUAHAA  MOAM-
¢ukanns. OHa 06pa3oBaHa HEYNOPAAOYEHHO
DACTIONONKEHH MU MONIeKYMamu  Se | paBHOM

nauabl.  Kpucrannnueckue pasnoBUgHOCTH
KPAacHOTO CeJleHa COCTOSIT M3 MUKIMYECKUX
Monekyn Seg, MOJOBGHBIX Sg.

Cepniit ceten — mnonynpoofauk (AE =
= 1,8 3B). Ero snexTpuyeckas mnpoBoau-
MocTh pesko (mpumepHo B 1000 pa3s) Boa-
pacTaerT npu ocpemeHun. omynpoBOsHUKOBEE CBOMCTBA MPOSBIASET KU~
KMl cesien.

Y Tennypa ycroiiuuBa rekcaronanbaas Moauduranus (puc. 156).
OTo cepebpucTo-6en10e MeETanNONOf06HOe KPUCTAJIMYECKOE BELIECTBO.
OpHako OH XPYNOK, JIEFKO pacTupaercsi B nopouok. Ero snekTpuveckas
NPOBOAMMOCTb HE3HAUYWTEbHA, HO NPU OCBEHMICHMM YBENUYMUBAETCH, T. €.
Tesnyp — nomynpopogauk (AE = 0,35 3B). Amopdnbiit Tennyp (kopuuHe-
BOrO 1[BeTa) MeHee ycToifums, yeM amopgHbiit cemed, u npu 25°C mepexo-
OUT B KPpUCTaJINHIECKUI.

Bynyun usoMopdHBIMH, TeKcarOHaZbHBIE CEeH M TEJUTYyp 06pa3yloT
Mexy co60il HenmpepbIBHBIA psAL TBepABIX pacTBOpoB. IIpu BBICOKHX TeM-
neparypax Mapbl CeJIGHA W TeIypa COCTOST W3 MapaMalrHUTHBIX MOJIEKYJ
Sey n Tey. Ilpn moHm*KeRnn TemmepaTypbl OHM MOAUMEPUBYIOTCA B MOJIEKY-
b g, g ¥ g

MonoR Mt — MATKUIT MeT:

]
)

P u c. 156. Crpykrypa rekca-
FOHAJIBHOTO CeJIeHa U TeJULypa

> Ty

ArKui mMetann cepebpucto-Genoro nsera, no dusn-
YECKUM CBOHCTBAM HAIllOMUHAIOMIUMA BUCMYT U cBuHern. Kak BugnO, B psagy
N o o T D ~
U—5—Dde—Te—P0 cTpyKTypHBIE M3MEHEHUS M OcaabjieAue KOBAJICHTHON

CBA3N D—3 COOTBETCTBYIOT M3MEHOHMIO (PU3MUECKMX CBOMCTB; Tak, KMCJIO-
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pOJ ¥ cepa — JMBJIEKTPUKH, COJIEH W TeNyp — 101y IPOBO/IHUKH, & 110710~
HHUil 06Ja1aeT MeTalJInIecKon MpPOBOJIMMOCTDIO.
HexoTopbie KOHCTAHTH MPOCTHIX BELIECTB p-onemento VI rpynibl

TpUBeJeHbl HUXKE!

0, N Se Te Po
(poM6.) (rexc.) (rekc.)

1,27* 2,07 4,82 6,25 9,3
-218,8 119,3 221 450 254
182,97 4446 6853 990 962

205,0 31,9 42,1 49,5 =

5;;,48, Tox/(K- Momb) ..

Gy O+ 2HT + 26 = HD, B 123 017 040 072 -

B pagy O—S—Se—Te—Po yMeHbIIaeTcA OKMCHUTENbHAA M BO3pAcTaeT
BOCCTAHOBUTEbHAA AKTHBHOCTb, O HeM, B HAaCTHOCTH, CBUJETEIbCTBYET
COTOCTABIGHNE DIEKTPOAHHX N0TeHIManoB. O6 2TOM ke MOKHO CYAMTH TO
xapaxTepy woMenenni A ONHOTMIHHX peakuMid ¢ yIacTHEM [pPOCTHX

pemecTs. Tak, M3Menenne SHEprun Tu66ca B peawnuu Hy + 2 = H,2
OTBEYAeT cJe/lyIOMUM 3HAUCHUAM:

H,0(r) H,S(r)  HaSe(r) HyTe(r)

AGY, K]lx/Moms -229 34 +20 +85

CesieH 1 TeJ1yp ¢ BOJON M pas6aB/eHHBIMU KUCIOTAMU HE pearupyror.
Ilononuit pearupyer ¢ coNAHOR KHMeJI0TOf KaKk TUMMYHBIA Meral:

Po + 2HCl = PoCl; + H,
[logo6ro apyrum meMeraiaM, Se n Te oxucasiored KOHIEHTPUPOBAH-

noit HNO3 mo kucnor. Ilosonuit ke B 9TUX ycJOBUAX obpaayer conenoaot-
HOE cOe/IUHEeHne:

Po + 8HNO; = Po(NO3)s + 4NO; + 4H,0

Ilpu KMNAYEHUU B LIENOYHEX PacTBOpax Se u Te, nogo6HO S, AMCTPONOp-
LMOHMPYIOT:

+4 -2
3% + 6KOH = K;20; + 2K;9 + 3H,0

Ilpi HATPEBaHHH ceJIeH, TEMIYp W TOJOHMIA JOBONBHO JIETKO OMMCLIIOTCA
KECIOPOAOM M TaJIOTeHaMM, TDHU CTNABICHMU B3aWMONEHCTBYIOT ¢ METas-

* Jl/158 TBEPAOTO KMACIOPOJA.
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Cenen w TeJulyp W3BJEKAIOT U3 OTXOJOB MPOM3BOICTBA CEPHON KHCJIO-
TH, HaKaIIMBAWOMIMXcsl B IBUIEYJIOBMTENAX, U MR AHOXHOTO IinaMa, obpa-
3yEMOr0 [MpH 2JIEKTPUYECKOH OuYMCTKE [BETHHX Meraynoe. Has sroro
OTXOJbl U IlJIaM OKHMCJISIOT, HanpuMmep, ¢ noMomibio MnO,. O6pasylomuecs
npu 3toM SeO, u TeO, pasaensaior U BOCCTAHABIMBAIOT JUOKCU/IOM cepbhi:

D0, + 250, = D + 250,

Uszoron 219Po monywalor B aTOMHHX peakTopax OGIyuYeHHEM BUCMYTa
HEATPOHAMMU:

209Bi (n, 7) 21°Bi _"ﬁ_; 210Pg

Kak MoJIynpoBOJHUKHU ceJIeH U TeJUIyp HCIOMB3YIOTCsl [J1A W3roTOBJE-
HUsL OTOZJIEMEHTOB ONTUYECKUX M CHIHAIBHHIX Npubopos. Kpome Toro,
celleH UCIOJIB3YIOT B CTEKOJBHON MPOMBIIIJIEHHOCTH A NOJYYEHUsS cTe—
kos py6unoBoro npera u ap. Maoron 210Po (7|, = 138,4 nus) npmyes ot

/2
KaKk MCTOYHUK 0-YacTHUIL.

Coepurerns ceneHa, Tennypa u moionms (-II). ¥V cenena, reanypa n
NONICHUS cTENEH: OKUceHUs —2 NPOSBIAeTes COOTBETCTBEHHO B ceaenudar
MEAAYPUTAT U NOAOKUCAT — COEIUHEHUAX ¢ MeHee DJIeKTPOOTPHUIATEbHbI~
MM, YeM OHM caMH, dJleMeHTaMU. B aTuX Tunax coepuBeHUlt mposiBisercs

AHaJIOrus 3JIEMEHTOB ceJieHa U TeJUlypa ¢ KHcJIOPpOJOM U cepoil. HaanMep:

Oxeuasl .
Cynbdunst

H,O Na,O CO, Cenennnst
HyS Na,S CS;  Temnypuast .

.HySe NajsSe CSey
H,Te NayTe CTe,

Ilo MeromaM MOJyYeHHs, KPUCTANINYECKOM CTPYKTYPE, PACTBOPUMOCTH
M XMMHUUYECKUM CcBOMCTBAM cEGHUIB M TEUIyPHUAb AHAJOTUYHHE cyNbdu-
zaM. Cpeau nux umerorca ocnoeube (K,Se, K,Te) n kucnoranie (CSe,,
CTe;) coennuenus:

KiSe + H,0 == KHSe + KOH; CSe, + 3H,0 = H,CO; + 2H,Se

OCHOBHBII KUCJIOTHBIA

BenepcrBue GonblIMx pasMepoB M HUBKOM 3JIEKTPOOTPUIATENBHOCTH
-2 -2

atoMoB Se 1 Te B kauecTBe NHMranfop Bhcrynaior penko. [osromy peax-

MUK MEKAY cOeBHAAMH W TeM Go/iee MEKAY TeUypulaMil pasHON XUMH-

YEcKOH NMPUPOJIH HE XAPAKTEPHHI.
B coorBercTBUM ¢ ycHNeHMeM MeTalMYeCKUX NPU3HAKOB MPOCTHIX
Bemeetd B pany O—S—Se—Te—Po Bospacraer ckJOHHOCTh K 06pa3’oBaHUIO
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coefMHEHNH TUiia METaJJN/
— MOJYNpOBOAHUKH. Haun6onbliee NpuMeHenue B KayecTBe MOJYNpOBOAHNA-

KOB HMEIOT CeJTeHM/bl M TyJUITy pUABL 5IEMEHTOB TOATPYIIbI IMHKA.
Cenennpn Bojopopa HpSe M TemnypuA ponopona HyTe B 06bIMHBIX
yenoBUAX — Taghl ¢ OUeHb HEIpUATHBIM 3alaXoM, N0 CTPYKType M CBOM-

crpaM nanomuaaioT HoS:

Hzo HQS ste HzTe
T. nn., ° 0 -85,6 65,7 -51
T. k1., 100 -60,4 -41,4 -2

B 0,133 0,146 0,169
dHH’ HM 0,096
ESH' K%/ MOTIb 463 347 276 . 238
<HOH 104,5° 92,2° 91,0° 90°
AH;%, K /MOTb -285,8 -21 - 33 99,7
A(;'“;%, Kk /MOJIb -237,2 -33,8 19,7 85,2

1,8-1016  1-1077 1,7-101¢  1,0-1073

, B pALY HZO—HZS—HZSe—HZTe
Mo Mepe yBeaudeHUs AMMHBL U yMEHbLIEHUA SHEpPruu CBA3N OH ycroiun-
BOCTH MOJIEKYa Majaer. B ornuume oOT oKenzia W cynbduia BOAOPOAA €ro
COMEHUA W TeNTYPUA — DHAOTEPMUHECKHUE coeMHERns (AH} > 0). Hpu

a1, B BOJHOM PacTBO)

narpesanun HyTe nerxo pacnafaercd, a BOOPOAHOE COCAMHEHNE MONORNA
pasjiaraeres yke IpH TOMyYeRnH. Cenenup W TeIypUs BOLOPOAA MOKHO

[OAy4NTh AeicTBUEM BOJBI WA KUCJIOT Ha CeJIeHUABI M TeJTypribl HEKO— |

TOPBIX METAJJIOB, HAaNpUMep:
Al,Tez + 6H,0 = 2A1(OH); + 3H,Te

Pacreopnt B Boxe HySe u HyTe — cnabble KUCAOTH (ceaen06000podnat
U meaaypocodopoonas). Kak BugHO W3 B3HAYeHMA KOHCTaHT HOHU3AUUH
Kal, B pAAY H,0—H;S—H;Se—H;Te cuna Kuc/0T BOBpACTALT, YTO 06DBACHA=
ercsA yMeHbIIeHHEM SHepruu CBA3U SH. B aTOM K€ psiAy pacTeT BOCCTaHO-
puTenbHas cnocobrocTs HpD. :

ClesienHA BOAOPOAA U €ro MPON3BOAHbIe A 1 OB I T Bl

Coenmaenmn cenena (IV), rewrypa (IV) m monopmst (1v). Crenenb

oxucienns +4 cenena, Te/UTypa M TOTOHUA npoABmsieTc B JUOKCHAAX

90, TeTparaloreHujax DHal,, oxcoaMranoreRn/iax DOHal,, a TaKke B

2-
COOTBETCTBYIOUIMX WM aHHORHBIX KOMIITeKcax, Halnpumep THIIA 203,

DHal?". Jlna mononus (IV), xpome TOTO, XapaKTepHBbI conenofobHbIe coe-
annenns tana Po(SO4)z, Po(NOs)s.
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B oTnnume OT cepbl y cemeHa W €ro aHanoroB auoxcugbl I0; B 0ObIY-
HHX YCHOBASX — MONMMEPHBIS COSINHERNA .

B pagy SeQ;—Te0,—Po0, oruernuso Habmofaercs OcnabneHUe KHC-
notabix cpojicTB. Tak, SeQ, nerko pacTBopsiercss B BOjge, 00pasdyd cesentic-
myro kueaory HySeOg:

SeO, + H;0 = HySe0;

o p
JIMOKCU Tenypa B BOAEe HE PAacTBOPsETcs, HO B3aMMOJEHCTBYeT C PacTBO-
paMM LIeJI0Yeil:

TeO, + 2NaOH = Na,TeO; + H,0

HO
,Jl KCHUJ ke MOJIOHUA C [esiodaMu pearupyer TOJbKO NMpHU CIJIaBJIeHUH, a
)

. € KACJIOTaMU B3H.PIM0,U,€I7[CTBye’I‘ Kak OCHOBHBINA OKCHUJ:

PoO; + 2H,S04 = Po(S04); + 2H,0

I[pOHBBO}leIe O a H o
3 Ha3bIB TCA CeACHUMAMLY, MEAR maau noao-
3 3 aKy’ CAAYPU an

B60Tnuque or H,SO0; tpuokcocenenar (IV) sogoposa H,SeO; Brisenen
B CRBO 3
! BOGOHOM C?CE‘OHHPIM. DTO — TBepOe BEmEecTBO, KOTOpPOe JIETKO Tepsier
ay (npu 70°C) u npespamaerca B SeO;. AHaNOrMYHOe cOeJMHEHUME
T a—
ennypa — HyTeOz CKIOHHO K NMONUMEPU3AIMM, U TOITOMY NPHU ACHCTBUU
KHUCJOT Ha TEJUyPUTHl  BbIJE
nAeTcst  OCajlOK  NEePEeMEHHOr0  COCTAaB3

TeO,- nH,0. g e

TerparanoreHu bl

KpOM —

oo AH, kpoMme xuakoro SeFy — TBepjble BemecTBa (T. ILI.
5 . Onu 06pasyloTcst IpH B3aUMOJAGACTBUM MPOCTHIX BEIECTB.
YAYYM KHCTIOTHBIMU coepumennsimu, JHaly poBomero nerxo (B ocoben-
noern SeHaly) rugponusyrores:

SeCly + 3H,0 = H,Se03 + 4HCI
U B3aMMOJEACTBYIOT ¢ OCHOBHBIMHU TaJIOTEHULaMU:
9KI 4 Tel, = Ky[Telg}; 2KCl + PoCly = K,[PoClg]
Okcnp SeO, n Se03 10 cpasrenmio ¢ SO, u SO3™ nposBasIOT B 6071b-

et
eil CTENeHH OKUCIUTENbHbIE CBOMCTBA, YeM BOccTaHOBUTenbHbie. Hampu-
Mep, SeO, nerko okucssier SOy

2502 + SeOz = Se + 250;

JIst 2(1V
Jl1a okucnmenust ke npousBOAHBIX JH(IV) HEOOXOAMMEI CUJIBHBIE OKHUC-

JIUTENN.
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Coenpmenns cenena (VI), rennypa (VI) u mononis (V). das cenena

(V1) n Tennypa (VI) nsBecTHbI OMHAPHBIE cOeMHeRUs ¢ KUACAOPOAOM X
dropom:

SeOQ; TeO; SeFg TeFg
SeO% TeOY - TeF;7

Coenunenusi noforus (VI) HeycToH1uByL. .

Kak u SO, TpHOKCHJL COICHA SeO; (T. nu. 1{8,5 C, T. pasa.
> 185 °C) — 6eJ10T0 1BETa, USBECTEH B BUAE CTEKJIOBUAHOM M ac6ecTOBUA-
poit moguduranuit. C pogoi SeO; B3aUMOZEMCTBYET O4YeHb IHEPTHIHO,
06pasyst Ceaenosyr KUCIOTY H,Se0y.

TpUOKCHA TEJLIIYpa TeO; Takke UMEET [Be moauduranuun. B Boge
HpaKTUYECKH He pacTBOpsercs, HO B3AUMOZEHCTBYET CO IENOYaMHU. ’(l“)pu-
okcnp ceena SeQz MONy4aloT JefcTBHEM SO, na cenenarsi (VI), a TeOg —
06€3BOKMBAHNEM TeKCAOKCOTENIypaTa (VI) pomopona:

HTeQs = TeOs + 3H:0

U4 = Qg; T

Terpaokcocenenar (VI) Bopopoaa H,SeQy — Genoe KpUCTAIHHEECKOC
pemectpo (1. w1, 62,4 °C). Kax u HyS04, on ;K'«}Lmo NOTJIONAET BOJZSy,
06yranBaer OpranMyeckue BellecTBa. Ero BOjHBIA pacTBOp — CHJIBHAA
(cesieHOBas) KHMCIOTA (Ka1 = 1:10%, Kaz = 1,2:10°2). Wz pacTBOpOB BbIAE-
JISAIOTCA KPUCTAJJIOTH /L PaThl (H2Se04-Ho0, H,Se04-2H,0, H,Se0,-4H,0),
ABJAIOMMAECS CEICHATAMU OKCOHMA.

Ilna rennypa (VI), xak u gzt Apyrux p-37eMeHTOB 5-TO NepHoaa, .

ycTOHYMBOE KOOPAMHALMOHHOE MO 1O kuenopony pasao 6. IlponsBos~

abie rexcaokcoreltypar(VI)-noda TeOf o6pasyloTest TpH CIVIABJICHUH CO
memnoyamu npoussoinbix Te (IV) B npucyreTBuu OKHcUTENEN.
Texcaokcorenaypat (VI) Bogopoaa HeTeOg — 6€10e KpUCTATINIECKOS
BEIECTBO, XOPONIO PACTBOPUMOE B TOpsued BOAE. Tennypopasi KUCIOTA
ouent cnabas (Kuy = 2-108, Kaz = 5-10711), Tlpu nelTpanusanum HeTeOg

+ 1 g
IeI0YBI0 06PasyIOTCs OKCOTHPOKCOTeIIYPaThL, HanpuMep M[TeO(OH)s],

+ 1 i
M,[TeO,(OH),). Tlomyuensl Takske HPOUIBOAHBI runa AgeTeOs, HgzTeOs.

Tekcadgropuas SeFs (1. O3 -466°C) u TeFs (T. BOST.
_38.6°C) — GecrpeTHble rasbl; MX MOJIEKYJbI MMEIOT dopmy owrazmpar.\B
ornuuue or SFg u SeFg rexcadTopuy TeIypa JErKO TUAPOTUIYSTCH. JIB
06y COBISHO KOOPAHARHORROH HEHACHINERHOCTRIO TeNYpa:

TeF¢ + 6H20 = HGTQOG + 6HF
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Tlo oroit xe npuuune TeFs paer droporemnyparsl (VI), nanpumep
Csy[TeFg], Ba[TeF;],, Ba[TeFg).

Coenunenuns ceena (VI) menee ycrtoitumsbi (cM. puc. 143), yem coor-
perctBylomne coenunenus cepui (VI). Tak, npu uarpepanun SeO; u
H,SeQ, pasnaralorca c pbigenenneM kucaopoga. Ilogromy HySeO4 — 6onee
cubAbIN okucauTens, yeM HpSOy4:

Se0% + 4H* + 2¢ = H38e0; + H 0, ¢4, = 1,15 B
SO%" + 4H* + 2¢” = HoSO4 + Ho0, ¢, = 0,17 B
Hanpumep, H,SeO, OKMCHAAE€T KOHUEGHTPUPOBAHHYIO CONSHYIO KUCIOTY:
H,Se0, + 2HCI == H,8e0; + Cl, + H,0
3a cuer BbifeneHuss aroMuoro xjopa cmech H,SeO4 u HCl — cunbrein-

OIM#A OKMCHUTENb, PACTBOPAST 3040TO U miatuHy. OKUCIUTeNbHBIE CBOM-
crra v HoTeQ: Brinas ee, uem y H,SeQy

TBA Y Ilglellg BEIDA 1eM Hadelly.

IToMMMO HOAYHPOBOJHMKOBOI TEXHHUKU COEJUHEHHUs CEleHAa U Telnypa
HCHONB3YIOTCA B XMMHUYECKOM CHHTE3€, B YaCTHOCTHU, [JIs MOJNyYeHUS pad-
HOO6GDA3HBIX CEJIeH- M TEJIYyPOpPrandieckiX coennHennit. MHoOrue coeiuHe-

HUS celleHa U Telnnypa ToKkcuuHbi. IlonoHMil eme omacHee BBUAY €ro pa-
[IMOAKTHBHOCTH.

I')1 ABA 5 pDJIEMEHTH V I'PYIIIILI DEPHOJWYECKON
CHUCTEMBI O.A. MEH/IEJIEEBA

OnemenTs! raapHO# nmoarpynnst V rpynmel — asor N, ¢ocdop P, mb-

mbsAk As, cypbMa Sb, Bucmyt Bi. CornacHo 2/1eKTPOHEBIM KOHQPUPYTALUsIM
UX aTOMOB

N  1s%2s22p3

P 2522p83523p3

As 35?3p53d104s24p3

Sb 4524 p64d105525p3

Bi 4524644104 fiah 625565 4106 263
as30T U pocdop OTHOCAT K TUNHYECKUM 3JIEMEHTAM, a MBIIIbAK, CypbMy H
BUCMYT OOBEAUHAIOT B NOArpynny wumksaka, Qcpopnble

teMenToB V Tpynnbl NPUBEAECHBI HUXKE:

ICTAHTRL -
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7N 1P 33As 515b s3Bl

74,92 121,75 208,98
ATOMHAS MACCA «.cvnrvernireneress 14,01 30,97 s :
BaJieHTHbIE BIEKTPOHBI .-c.e..- 2s22p3 3s23p%  4s%4p° 5s25p3 6526 p
AToMHBUI pajuyc:
MeTaJIM4eCKUM, HM ........ 0,071 0,13 0,148 0,161 g,iiz
KOBAJIEHTHBIN, HM ...voeeenne 0,070 0,110 0,118 0,136 ,
YcnoBHbI PAANYC
noHa D37, HM weovrirniieniee 0,148 0,186 0,192 0,208 0,213
MoHa D%, HM ..oovinrinenins 0,015 0,035 0,047 0,062 0,074
Oneprus vornsauny ° = )
= D 0B e 14,53 10,484 9,81 8,639 7,287
Cogepranye B aeMHoit Kope, % ) ) .
(MOTL. JOTH) woveveeecenrnnenenses 0,25 0,05 15-104 5-1076 lzg 19 6
[IpUpPOJHBIE UBOTOMDI ..covnvnve 14N 3Ip 5 As 121Sh 209Bi
(99,64%)  (100%) (100%) (57,3%)  (100%)
15N 123G}
(0,36%) (42,7%)

—Sb—Bi ps bI

Kak BMAHO M3 MPHUBEJEHHBIX [AHHBIX, B PAAY As—Sb—B1 pasmepl
ATOMOB ¥ HMOHOB YBEJMYMBAIOTCS, SHEpruu HMOHU3ALMK - yMEHBIRAITEsA.
1M 06ycI0BNEHO ocabienne MpU3HakoB HEMETAVIMYECKUX 3JIEMEHTOB 1

ycunenue NpHU3HAKOB MeTaJIIMIecCKUX J1EMEHTOB.

§ 1. ABOT

Asor (1s22s22p%) — TUIMYHBIA HEMETALIMIECKMI 3JIEMEHT, 10 BJIEeKTPO-
orpunatensroctd (3,0) ycTymaer JMiib Topy ¥ KHCJOPOAY. Crenenu
OKHCTeHMA a30Ta B coeguuenmax -3, -1, +1, +3, +5, a Takxke —2, +2 U
+4.

[IpMpOAHBIA @30T COCTOMT W3 :
(99,635%) m 5N (0,365%). Coaepsanue a30Ta Ha Semsie cocTapnAer
0,03 % (mon. ponu). OcHOBHasi Macca €ro BXOAUT B COCTaB a'rmoctpe!.)m
[78% (06. aonn)] B BUAE MPOCTOrO BEILECTBA. W3 MuHepanoB MpOMbILIIIEH-
Hoe sHauenne umeror ummitckad NaNO; n uapuickas KNOj cenntpsl.
A3SOT BXOAMT B COCTAB GEJKOBBIX Tel BCEX PaCTUTE/IbHBIX M JicPIBO:l‘I-?:I?{
OpraHU3aMOB, OGHAPYXKEH B FA30BBIX TYMAHHOCTAX M coHe4noi aTMocdepe,

ByX YCTOMYMBLIX H3OTOMNOB: 14N

Ha Ypane 1 HenTyHe W Ap- N
IIpocToe BemecTBO. DJIEKTPOHHA KOH(UTYPAIMA MOJIEKYJIHl a30Ta N

2 g*2 i g2

05 05" Try T
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YTO OTBEYAET TPOMHON CBA3M MEXAY aTOMaMM a30Ta: N=N (dNN = 0,1095
aM). Benegersie sToro Momexyna N,y HCKIIOUUTENIBHO IpOMHA:

N, = 2N; AH,, = 945 wllsk, Koy = 107120

298
TNaxxe npu 3000°C cTenenb AMCCONUALMM MOJEKYASPHOrO a30Ta HA ATOMBI
pocturaer seero nums 0,1%.

Bceneacrsue npounoctn Mosmexynsl N, MHOrHE COEJUHEHUA a30Ta BHIO0—
TepMuynbl. KpoMe Toro, saTponust ux o6pazopanus oTpunaTenvHa (N, —
ra3). OTciofia MONEKY/APHBIA a30T XMMHYECKN MAaVOAKTHBEH, a COeJUHe-
HUs a30Ta TEPMUYECKU MANOYCTONYMBBL U OTHOCHTENBHO JIETKO PasiaraiT-
cst npy Harpesanuu. Ilostomy azoT Ha 3emse HaXOQUTCs r7IaBHBIM 06Pa3oOM
B CBOOOAHOM COCTOSIHUH.

Monexyna asora N, cna60 nonaspusyerci. CHabnl B3anMOAeNCTBHA
Mexm Ay MosekynaMu N, O4eHb ciabsie M He MOTYT IPEMsiTCTBOBaTh 6ecno-
PAJOYHOMY [ABWXKEHMIO MONEKYN (SHTanbOUHBI (DAKTOp NPOsBIAETCs
3HAYMTENbHO cylabee, yeM SHTponuitHsii). [looToMy B OGBIYHBIX YCIOBHAX
MOJIEKYNsIpHBINA a30T — ra3. Temneparypsl minapneaus (-210,0°C) u xume-
aus (—195,8°C) a3zoTa oueHr HUBKME; OH IJIOXO PACTBO
IPYTUX PACTBOPUTENSX.

B OGBIYHBIX YCIOBHAX a30T HENOCPEACTBEHHO B3aMMOMAEHCTBYET JUIIb €
nutheM ¢ obpasoBanuveM LisN. [lpu akTuBauum monexyn N, (Harpepanuem,
JefiCTBUEM BJIEKTPOpa3pAfia WIM HNOHM3MPYIOUMX H3TYYeHHil) a30T O6bIY-
HO BBICTYNA€T Kak OKUCIMTENb U JUIIb NPHU B3aUMOAEHCTBUU ¢ PTOPOM U
KHUCITOPOAOM — KaK BOCCTAHOBHTENb.

B npoMHIIJIEHHOCTH a30T MONYYAOT PPaKIMOHMPOBAHHON TEPeroHKoi
JKUIKOrO BO3/yXa, B NaGOPATOPUM — TEPMUYECKNM PasjIOKEeHUeM COeAuHe-
Hui, Jame Bcero NH4NO,:

Ocroprasi Macca IOJy4aeMOro a30Ta UCHOJB3YETCA AJIA CUHTE3a aMMHAaKa;
a30T NPUMEHAIOT TaKke AJIA CO3LaHMA WHEPTHON aTMocdepsl B XMMHUYec—
KHUX M APYruX [POU3BOJACTBAX.

Coenmnenma asora (—III). Mpu BLICOKKX TeMnepaTypaX asoT OKMCJAET
MHOrMe MeTaJlIbl M HEMETAJIbl, 06pa3ysi H U T p U A B

3Mg + Ny = MgsN,; 2B + Ny = 2BN;  3H; + Ny = 2HyN

CpoficTBa HUTPUAOB 6OJI€e WM MEHEE 3aKOHOMEPHO H3MEHAIOTCA IO
HepUoiaM U rpynmnaM MepuoAndeckoil cuctemsl. Hanpumep, p Manbx Inepu-
OZlaX HaGJIOAAETCSA NMEePeXO/ OT OCHOBHHIX HUTPUOB K KUCIOTHBIM:
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NagN, MgsN, AIN SigN4, P3Ns, SqNg, ClgN

OCHOBHBIE aMdoTepHbIA KMCTIOT HBIe
sampumep LigN 1 MggNo, — Kpuc-

Hutpuast s-saementos | u II rpynn,
Hanpumep,

raindecKde BEIeCTBa. XMMHUYecKM OHM JOBOJBHO aKTMBHBI.
JIETKO paaJiaraloTcsl BOOi, 06pasys mesnodb 1 aMMHUaK:

LizN + 3HOH = 3LiOH + H3N

OCHOBHbBIH

Kue coeguHeAWsA. B cBoOOAHOM

Hurpuasl TajoreHoB — 3HAOTEpMHUYEC
JIETKO

cocTosHIN BhmeneH mumb xkupakuit ClgN (AH} = 229 x/lx/Momnb),

pasnarafomuiicsi co B3pbiBoM. Ilo xuMudeckoit Ipupoae 570 KW CcJIOTHOE

coeuHenne:

n SizNg4, GegNy — TBepjble MOMTUMEPHBIE BEIECTBA C
U IAABNEHU (2000—3000°C); oHK NU60 ANINEKT-

Z

Hurpuzus BN, Al

ICOKUMM TeMIepar

BecbMa pasHOOGDASHBI HUTPUAEL d-GIIEMEHTOB. D10 KpUCTaJUIMuecKHe Bellecrba
nepeMeHHoro cocTaBa. Yaute Bcero BerpedaloTcs HUTPHABL mma MN (TiN, VN,
CrN) n MaN (NbgN, CryN, MopN). Ony nposmastior MeTajlIMyeckie CBOMCTBA!
06NafAloT  MeTaIMHecKUM OleckoM M SIEKTPOHHOM MPOBOAMMOCTBIO. HUTpHIB!
STOr0 THMA OTIMYAIOTCH BBICOKOH TBEPAOCTBIO M TYTOIMIABKOCTBIO, YACTO MpeBbilla~
folell TYTOMIaBKOCTE MCXOJHOTO MeTasla:

Ti Zr Hf Vv Nb Ta

T. o, "C e 1668 1855 2230 1920 2570 3014
ZrN HIN VN NbN  TaN

T. o1, °C 2950 2982 2050 2573 3090
AG ., K&/ MOTE ...... -308 -336 -340 —224 -215 ~218
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BOJBUIMHCTBO HATPHOB d-GIIeMEHTOB XMMUUEcKM OueHb CTOMKM: OHM He paspy-
MMAIOTCA  PACTBODAMY KMCJIOT, DACILTABIEHHEIMM MeTajlIaMM, yCTOMHUBEL NpPOTUB
oxucienna Ha Boagyxe. Ile e ocoBeHHOCTH MO3BOJISIIOT  MCHOJIB30BATh
HUTpUEH! B KauecTBe BBICOKONPOYHBIX MarepHalioB. [Momy4eHbl Takke OMHApHbIE
HATPUABI d-0JIeMEeHTOB, Mo COCTaBy oOTBedaroule OOLIYHBIM CTEMeHsIM OKMCTIEHI 5

aneMeHToB, HanpuMep ZrzNy, TagNs.
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W3 BuTpuaoB Hambosbliee MNpaKTUYecKOe JHAUEHWE WMeeT HUTPUI
pojopora NH; — amMuak. B 06HUYHHX ycaoBMAX 2T0 GecnBEeTHBIA a3 c
PEe3KUM yaymaiomuM 3anaxoM. Monekyna NH; uMeer dopMmy rpuroHanib-
HOM TYPaMUJIbE (dNH = 0,10 um, ZHNH = 107,3°). CornacHo Teopuu Ba-

JICHTHBIX CBA3EH 3T0 OTBEYaer spi-rumbpuansanuu BAJIEHTHBIX opburamneit
aToMa asora. M3 uersipex sp?- rubpupHEX op6uTasieil a3oTa TPU yUacTBY-
0T B 06pa3oBaHum Tpex o-cBssdeil N—H, a yerBepTyio opburajb 3aHuUMaeT
HecBA3bIBAIONlad 3JEKTPOHHAA NMapa. B TepMumHaX Teopunm MONEKYISPHBIX
opbuTaieit 9T0 COOTBETCTBYeT B3alOJHEHWMIO TPEX CBASHBAIOMMX W OJIHOM
MOYTH HECBA3BIBAIOILEN MOJEeKyNapHON o-0p6uTraniu:

aiaia;a";?

Ha puc. 157 upuBenena sHeprermueckasi
gMarpaMMa opGuTasiell MOJEKYIh aMMUAKa. o,;ﬁ;]:ruu Opluranu  OpBaranu
W3 ceMu HMCXOmHBIX aTOMHBIX oOp6MTaNel , a:{ " i
(2s-, 2pg-, 2py~ M 2propOuranieit asota M g /—Ts‘F
1sopburaneit Tpex aroMoB BOZOpPONA) /iax 2 \:\
BOSHHKAST CEMb MOJSKYJApHBIX OpOHTasiei: » //,'l \\r%sﬁ'__
TpU 0, TPM 0* U OfHA HecBABBLIBAIOWAS 0. N Tn—‘——

z A e

B cooTBETCTBUMM ¢ XapaKTepoM pacrpe- /X|\/ ‘ ////I
JIEJIEHN ST DJIEKTPOHOB MO OpOMTAsIsAM MoJe— //‘f\ * /
kysna NHz umeer Tpu rnepBerx norexymaa 2 ) \l \"H—H"/ /
vonmsaumn (22,4, 15,2 » 10,5 oB), uro N Voo /
OTBeYaeT y4asleHUIo BeKTPOHA ¢ OJHOro U3 AN /
TPEX 3aNONHEHHBIX ODHEPreTMYeCKUX YPOB— o,

Heil.
P uc. 157. Onuepreruueckas aua-
rpaMMa opGuTajiel MUpPaMyUAaIbHON

[lockonbky HecBA3HBatOmEe HBYX-
MOJIERKYJIbL 6e3 7CBASLIBAHUS Ha

SMeKTPOHHOE O0671aKO OTYETAMBO OPM-  mpumepe NHj
CHTUPOBAHO B MPOCTPAHCTBE  (CM.
puc. 51), wmonexkyna NH; — pesko

/BLIDAKEHHBIA OHOP B/MEKTPOHHOM NMaphl U 06/najaer BECOKOM NOMAPHOC-

w10 (g = 0,49-1072% Kn-u).

i Ilonsprocth tcBssm N—H o6

0 VCHOBNUBAET MeX MONEKY

{BOLOPOXHYIO cBa3b. Il e

f,n ° QQ};V‘ . llosroMy remmeparyper naapnenns (—77,8°C) n kune-

e N el

ua (~33,4°C) aMmmaKa [jOBONBHO BBICOKM; OH XapaKTepuayercs 3Hadn-

{TENIBHOW SHTANbNMEH MCMAPEHNS W JIETKO ckmkaercsa. Ha sTom ocroBano

‘€F0 NMpUMEHeHNe B XOMOAMNBHBLIX MallvHaX. JKMIKMiA aMMUak XpaHsT B

"CTANLALIX 6annonax

FranpHLX CaasnoRaX.

N Cpenn BOZOPOZHBIX COe/MHEHMI p-dmeMenToB V IPYNIH aMMMAK 3aHM-
aeT T

] T Takoe ke ocoboe monokenue, Kak BOJA CPeld BOJOPOMHEIX COeJUHe-

Rion



nuis p-amemento VI rpynmsr u kak $TOpHA BOAOPOAA CPEAM rajoreHoBo-

OPOAOB.
Co6cTBEHHAsT MOHN3BAIMS aMMHUaKa

H H *
H—I!I H—|‘~'——‘ H—I!J—H | /H
| | N

H H

aMMOHMI-MOH  AMTMIAPOHUTPUI-MOH

N ;
HUUTOXHO Majla, ¥ MOHHO® IIPOM3BECHME AMMUaKa [NH{][NH] cocrasnser
seero ammb 2-10733 (npu —50°C).

Muakuii aMMHUaK, KaK ¥ BOAA, — CHJIBHO MOHNBUPYIOLIMA pdCTBOpM—

rens. Ilpn sroM npoussonaeie NHY B skuakoM amMuake (nos06HO TMpOU3-
sopubiM OHS B Bose) BemyT cebsl Kak KUMCJIOTH (aumonoxucrOML), & NPO=

napogasie NH; (mopo6HO mpon3BOAHBIM OH" B BOAE) — KaK OCHOBaHWA
\u,um,,,w{,-m“z,\gannna\ “Annumpn CUJTBHBIMM KHMCJIOTAMM B XKHUIKOM aMMHMaKe
apnsitorea NH,4Cl, NH4N03 4 ocrosaansimu — KNH,, Ba(NHy)z. Jurna-
porutpuap Zn(NHz)z, Al(NH,)3 Beayr ce6s kak aMOTepHbIE COEYHEHNA.

[ponssoansie NH; masbiBatorcs TaKske anudanu, a npoussogasie NH?™ —
wALUO AL,

Huxe npuBeneHe! HekoTOpble THMB! peaKUUA B KAAKOM aMMMaKe M, JJIA cpab- .

HeHUs, B BOje.
1. Peakuuy HeUTpajM3alUU MEXAy aMMOHOKUCIIOTOX ¥ aMMOHOOCHOBaHMeM

KNH, + NH,Cl = KCI + 2H3N
KOH + OH3Cl = KCl + 2H,0

2. PactBopeHine B AMMOHOKMCTIOTE HEDACTBODUMOTO B HKMAKOM aMMuaKe OCHOB™
Horo u aMdoTepHOro HUTPUAA, TMAPOHUTPUAA, AMTUAPOHUTDUAA: ’

CagNy + 6NH,CI = 3CaCl, + 8H3N
CaO + 20H;Cl = CaCl, + 3H0
Zn(NH,), + 2NH,Cl = [Zn(NHj3)4]Clz

Zn(OH); + 20H,Cl = [Zn(OH2)4]Cl

3. PacTBopeHue B AMMOHOOCHOBAHMM HepacTBODMMOTO B KUIKOM aMMMaKe
KICII0THOTO M aMdoTepHoro HUTPUAA, TMAPOHUTPUAA, AMTUAPOHUTPHUAA:
378

6KNH; + C3Ny = 3K2[C\12] + 4H;3N
2KOH + CO, = l\g[l_;Uﬁj + H,O
2KNH, + Zn(NHp), = Ko[Zn(NHy)4}

. 2KOH + Zn(OH); = Ky[Zn(QH),]
4. AMMoHOM3 BellecTsa, pacTBOPEHHOrO B KHUAKOM aMMMAaKe:

PCls + 8H3N = PN(NH,), + 5NH,CI
PCly + 9H,0 = PO(OH); + 50H,Cl

SO:Clz + 4HgN = SOH(NH,), + 2NH,Cl

SO;Cly + 4H,0 = SO5(OH), + 20H,C)

5. Bsanmopgeiicraue MpOCTOro BelecTBa ¢ XUAKUM aMMMAKOM, aMMOHOOCHOBa-

HUEM, aMMOHOKUCIIOTON:

2K + 2H;N = 2KNH, + H,
2K + 2H,0 = 2KOH + H,
Mg + 2NH,CI + 4HgN = [Mg(NH3)]Cl, + H,
Mg + 20HsCl + 4H,0 = [Mg(OH,)]Cl, + H,
)

JAAKUIA AMMUAK KAaK PACTBOPHUTEJNb LIMPOKO MPUMEHSeTCs [AJs MpOBe-
JEeHUs PA3IMUYHBIX CUHTE30B.

AMMBnaK O4eHb XOPOLIO PACTBOPAETCS B BOAE (mpu 20°C B oiHOM 06BE-

. Me HyO pacreopstercst oxono 700 o6wemos’NH3). Xopomas pactsopumocTs
06bACHAETC 06pa3OBaHMeM BOJLOPOLHOM cBA3M Mexay Monexkyaamun NHjz u
i HQO Hockombky Monexyna NHy — nyummii akmenrop mporona, uem H,0,

TO B pacTBOpE MMEET MecTO MOHU3AU:

H H 1+
I | -
H—T:”.H—o; = [H—N—H| + |[:0:
I I
H H H 1!1

Hosenenne monos OH- cosmaer wmenounyio cpeay pacreopar Ho, kak

3TO BUAHO M3 3HAUEHUA KOHCTAHTH OCHOBHOCTH

. _ [NHi} [OH)
K. = [_"__ - .10-5 —
o = Ny, 0 = b8 107 pho =476

| PeaKiuMsl NpPOTeKaeT B HE3HAYMTENbHOW CTeneHW. B pacrBope ¢ MONApPHOI

KOHIEHTpauMell aMMUuaKa 1 MOJIb/Nl MOHMBMpYeTCs, HApUMep, BCEro NMUIh
0,4% monekyn NH3 u H,0.

. [Ipu B3aumopeitcteuu nonos NHj u OH- BuoBb 06p43y10'rm MOJIEKY B
3N u H,0, Mexy KOTOPHIMM MMeeT MecTO BOZOPOZHAA cBA3b. CreqoBa-
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snio. noutoe coequnenne NH,OH (rupgpoxenp aMMOHHS) He CYIIeCTBY-
OH;OH u RUrHAPOHUTPUA 7, K

TEJibHO, Wi
er, KaK He CyLIECTBYIOT THAPOKCHIL OKCOHUS
ammonna NH NH;.

2501

3 BOIHBIX PACTBODOB aMMHMaKa BbIIENSIOTCH 1Ba kpucrannornapara (puc. 158) -
NH3-H,0 u INHg- H,0, ycroidusble JiMillb MPH Huakoi TeMnepatype. Molekybl NH,-H,O :E.;
aMMMaKa M BOIbI CBS3aHbI B KDUCTIOrHIpaTax BOIOpONHOI cBsAsbio. TaK, 200k 2NH,-H,0 =
NHy-HpO wmeer cTpyKTypy, B KOTOPOM OCHOBOW SBJISIOTCS len W3 MOTIekyI \/ 3
BOJIbI, OGLEMHEHHBIX BOJIOPOMHBIMM CBASIAMM. e O6beNMHAITCS MEKIY coboit B S
TpeXMepHYI0 DeUIETKY MOJIeKyJlaMi  aMMUaKa TaKke TOCPEICTBOM BOLOPOIHBIX £
cBsizei: 150F S
Ny S 0 07 207 305 40 505 08
NH, NH3 0 720 40 60 80 100 404’//9//1/5;70 Nla
! H,
’ : ,0 Mon. 3o Wy, % NH, Puc. 159. PaBHoBecHas KOH-
H H Jllxempaunﬂ aMMVl(aKa B a30TOBO-
oponnoit eMecut (3H, + Nj) kak
! N P e 158. lnarpamMa cocros- bYHKUMA NaBIeHUsT U Temfr)lepa-
H—O...H—0...H=0.. .10 nus cucremst HyO — NHj Typbl ’
| !
III H B oo
i POMBILICHHOCTH aMMHMaK MOJI
1 YaloT CHHTE: .
tn [iIH 1 M 30M M3 MPOCTHIX BEINECTB:
3 —
s s /2Na(r) + 3/2Hy(r) = NHg(r), AH;,, = —46,19 x]lx
¢ )
. N
Houp NHj 3HauuTesipHO Jerde 06pasyloTcsi NPH  B3aMMOJeHCTBUN ASS,, = -103 Lx/K
aMMMaKa ¢ KUCJAOTaMH, HanpuMmep: IIo
CKOJIBKY JHTAJIbNUA OOpa30BaHUA a
T MMHWaKa HeBe.
NH, + HCIO4 = NH,CIO, COMPOBOKIACTCA YMEHBIIIL JIMKa, a ero cUHTe3
larerd YMeHbIICHHEeM YHTPONMM B COOTBETCTBMM ¢ mpuununom Jle
N N aTenbe
Tlpu 5TOM UeM cuJIbHEe KUCIOTH, TeM YCTOMTuBee X aMMOHMiiHbBle IPOU3~ " aom , mponecc nposoaaT (puc. 159)
BBICOK 7 ]
popbie. Hampumep, B pAAY NH,F—NH,Cl-NH,Br—NH,I Tepmuieckasn yfno oM masnesnu (107—10% Ta). Jlns g Ro
N . CHUST
YCTORUMBOCTE COJIeN pospactaer. [logtn Bee coau aMMOHMS XOPOLIO pacT- Top pB PeaKnuu NpUMEHAIOT KaTalu3a- § Os
. Kat
BOPUMEL ¥ TIOJHOCTHIO JIACCONUMPYIOT B BOJE. Mlpu ¥X CUAPOJIM3E HOHBI iecrse KaTanmMsaTopa wamboms- §| Fe
R UIyl0 aKTWBHOCTH MpPOSBISAIOT OPOCTHE S
NH3 n OH- cBs3EIBaIOTCA B IUAPAT aMMuaka 1 BO3HMKAET KucJasd cpefal - BelllecTBa 3JIEMEHTOB IOATPYNNBLlI Keje3a S
i . . (puc. 160). $
NH;, + 2HOH == NHj -+ HoO + OH}, Kags = 5,5:107° : ffen ). B rexiike o6uHO npumensor ¥
. ; e3Hblii  KaTaausatop (¢ Ao6aBieHueMm %’
Tlpy WarpeBaHWU aMMMaK MpPOSBJAET BOCCTaHOBUTEJIbHble CBONCTBA, § axrusatopos). Ilponece sexyr mpn 450— §
OKHMCJISiISich OBBIYHO 0 CBOOOIHOTO a30Ta: t500°C. S
-3 ) 0 . a2 r AMMuak BblmesisieTcsi TaKkKe MpU KOKcO- 5
4NH; + 30, = 2Ny + 6H0, fgzgs = 1V77 | BAHWM KaMeHHOro yrusi. B na6opatopuu ero A welld HOMED 3,
A oA NoMyqalo it N
Dra peaknus Heobparuma (AH <<V, AS > 0). 'EMM};H OT  AGHCTBHEM  merouedl  Ha
O Do~
Ha BOCCTAHORUTENRHON CMOCOOHOCTH NH; ocHOBaHO NMpUMeHeHne NH,C! Box1 UnHple cod. UCHOBHAs Macca MpOM3- ° * ™ 160. BaBucuMocTb KaTa-
- HUMOTO JIATU YECKOU
(nauamups) ANA OTUCTKH OT OKCUIOB MOBEPXHOCTH METANJIOB TIpH Naiike: noxty aMMHUaKa  HUCHOJNB3YeTest  fis | G}f 1 aKTMBHOCTH  psAja
YeHUsl a30THOM KMCJIOTH U a! A i 2NHg =
30TUCTBIX = °
3Cu0 + 2NH,Cl = 3Cu + 3H0 + 2HCl +N: "YAOBpeHUNt — KUIKOT Ny + 3H, (800°C, 1-105 Tla)
- 0 aMMMaKa M ero OT aTOMHOro HoMepa mJIeMeHTa
381
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5. NH,NO,, (NH4);SO4 1 ap. Boaneiii pacTsop aMMHUaKa
) — BaKHbI peaKTuB A1 NIpOBEEH s PASJIMUHEIX peaK-

v BacTBONO
BOpPC

BOAHBIX PaclT

(enunaunas 60da
nui.
Coenpmenms asora (—II). Asor, kax u KMCJIOPOZL, 06pa3yeT cOeAMHeHUs
mepHu TP u b IlocrenHue MOKHO paccMaTpu-

HOT'O THUIIa —
s s npu nocJenoBaTe1b—

BaTh KAk ITPOW3BOJHbBIE DPaJUKalOB, 06p a3y UXC
HOM pa3pbiBe cBA3EN B MOJIEKyJIe Nj:

- o ~ N/
N=N —R=H— NN
0,110 0,125 0,145

NpejcTaBUTEeM [EPHUTPUIOB  FABJIAETCH nepHUTPUL,
wopasunon WIH Juamudoa. MoJexyna

p=20 6210729 'Ki-M), ee CTPYKTYpa MoxeT 6BITh

[IpocTeifmuM
somopopa N,H4, HaspiBaeMbll

ruppasusa noispHa (
npeacTaBeHa cxeMoi

—————N
N\O,l45 HM
H

o 5
C'uapa3sul — GecnBeTHas KUAKOCTH (r. ma. 2°C, T. Ku. 113,5°C), Mosexy
Sl KOTOPOil COeAMHEHBI BOJOPOAHON CBA3DLIO.
KUAKOTO TUAPa3UHa

NoH,. .NoHy = N,H; + N,H3
H +

NoHy- - NoH, == H—N—KN—H| + [H—N—N:]

| H ||
H H H
rUApasOHUN-1OH U 1pasua-MoH
He3HauUTE/bHa. ) L
I'mapasud — xopoiituli MOHU3UPYIOLIMI pPacTBOPUTSIb. L BUATE

CIUMpTOM OH cMelmuBaercs B MOBBIX COOTHOIEHUAX. BoaHble pacTBOPHL ero
[MOKAa3bIBAIOT IIEJOTHYIO cPeAy:

N,H,- - -HOH = NoH; + OH-

N,H}---HOH = N,H{" + OH"

382

CobcTBeHHAsl MOHMBAnuA

ABjisisice AOHOPOM [ABYX JJ€KTPOHHBIX Map, THAPA3UH ¢ KUCIOTaMu
obpa3yeT ABa PALa TUAPA3OHUA-TIPOU3BOAHBLIX, NPEACTABIAAKIMMUX cO60ii
conu, Hanpumep [N,Hs]Cl, [N,Hg]Cly, [N3He]SO,.

PacTtBopsl TuApasuHa MNOJYYalOT OCTOPOXKHBLIM OKMCJIGHUEM aMMUaKa
TUNOXJIOPUTOM: :

-3 - 4 ’
2NH; + NaClO = N,H, + NaCl + H,O

luppasuH — 3HAOTEPMUYECKOe COeMUHEeHUe (AH} 08 = 96 w Lok /Moun,
A }‘298 = 149 k/lx/Mone). MuapasuH U npou3BOAHbIE TUAPa30OHUA-MOHOB
3HAYUTEILHO MEHee YCTOWYMBHI, YeM aMMMAaK M ITPOU3BOAHLIC AMMOHWA.
Tuapa3suH — cUIBHBIA BOCCTAHOBUTE D!
-2 0
4KMnO, + 5N,H, + 6H;SO,4 = 5N; + 4MnSO,4 + 2K,SO,4 + 16H,0

Ha Bo3pyxe NoH4 Mosker roperb ¢ 60/bLINMM BbIZETEHUEM TEMJIOTHI:

NyHy() + Oo(r) = No(r) + 2H,0(x), AH,, = —622 x]lx
N S N N s N - )
HEepHATPUA BOAOPOAA cocTaBa N2y (Juuuu0) OHYCHbp HeyCTOMYUB, HO
U3BECTHEI €r0 MHOTQUUCJICHHbIe OPTaHMYeCKHe TTPOU3BOJHBIE,
Coenmpennst azora (—-1). IlpoMexxyTouHoe mosiokeHue MexIy NEPOKCH-

JOM ¥ MEepHUTPUAOM BOJLOPOAA MO COCTABY M CTPYKTYpe 3aHUMAET 1udpox-
CURAAUUN:

H H H H
0—0 O—N -7
TIepOKCU Bonopoﬂa TUAPOKCWIAMUH I‘MJIPH,SMH
Punpokcunamun — 5710 6esoe kpucrammudeckoe semectso (r. mi. 33°C,
AG} = —17 k][lx/Moib), o6pasyeTca npu BoccTaHOBIeHuu pactBopa HNO,

aTOMHEIM BOJOPOJAOM B NPOmECCe JIEKTPOIN3a:
HNO; + 6H = NH,0H + 2H,0
NH,OH — noHOp 3/IeKTPOHHO# naphl; 06pa3yeT BOXOPOAHEIE CBA3M, C

BOJOI cMelluBaeTcA B JIIOOBIX OTHOLIeHuAX. 1lomo6no NH; u N,H, B BOme
NH,OH — cia6oe ocHosanue (Ki, = 8,9-1079):
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B
|

TML[pOKCVUlaMMOHMﬂ—MOH

C xuenotamu faer comm Trugpokcuaammonua [NH;OHJ*, manpumep
[NH3;OH]CI, [NH;0H]NO;, [NH30H],S04

NH,OH + HCI = [NH,0H]Cl

Conv THAPOKCUIaMMOHUS — YCTOUMBEE OecliBeTHbIC KPHMCTAMYECKUe

BelllecTBa, PaCTBOPUMEIE B BOAE.

B pagy H;0,—NH;OH—N;H; oxucauTenbuas akTMBHOCTb NajaeT, a
BOCCTaHOBUTENbHaA Bo3pacTaeT. Tak, ecnn gasi H,O, waubosee xapakrep-
Hbl OKMCAMUTEJbHBIE cBOlicTBa, a guas NoHy — Boccranosu
NH,OH B meJo4HOW cpefe sBISIETCS CHTbHBIM BOCCTaHOBUTENEM, a B
KMCJION cpefle OTYETIMBO NMPOABIAET OKUCIUTEIbHBIE CBOHCTBA!

-1 0
2NH,0OH + I, + 2KOH = N; + 2KI + 4H,0

BOCCTAHOBUTEJb

-1 -3
INH,0H + 4FeSOy, + 3H,S04 = 2Fex(SO4)s + (NH4)280,4 + 2H,0

OKUCTIMTEIb
Kak u nepokcup pogopoga, NH,OH nerko pasnaraercs (B ocobernocTU
i aTanAaT )l o MAVAITIMEY TUATTNATTANIIUATWANOBAT T GO N
ipi HarpeBaH#M) [0 MEXaHW3MY AMCHPONOPHMOHNPOBRHKA

-1 30
3NH,OH = H;3N + N; + 3H,0
OKMCIATEN b~
BOCCTaHOBUTEID

TuApOKCHIaMUH W COJMM THUAPOKCHIBMMOHUA IPUMEHSAIOTCA IJIABHBIM
06pa30oM B OPraHnveckOM cHHTe3e.

Bynayun pgosopamu snektponubix map, NH,OH u N,H,, kak n NHi.
MOT'YT BXOZMTb B KadecTBe JMUIaHAOB B KOMIIEKCHble coequHenns. Hampn-
mep: [Co(NHj)e]Cls, [Co(NH,OH)|Cly, [Co(N2H,)6]Cls.

Coenmaenna azora (III). Jlnsa azora B cTenedu oxuciiedus —+3 u3BecTHbI

eHmd a3ora (1)

dropua NF;, oxenn N,Os, okcoranorenuzsl NOHal; a Taxike mpousBoa-

uele anuona NOs.

Tpudropuspg asora NF; B OGLIMHBIX ycsloBUAX — GeciBeTHbI Tai
(r. kun. -129°C, 1. mn. —209°C). Hony4aloT ero mpu OKMCJICHUM aMMHUaKa
384

¢ropom. Monekyna NF; umeer nupamupanpsoe crpoedne (cM. puc. 55). B
ornuune or NHjz snexrpuueckuis Momedt gunonss NF; ouedr Man (Bcero
0.07-1072 Ki-nm). Duexr NF

Ki-M). On x csoficts NFy

nposasnsAer. [lo OTHOWIEHMIO K HarpeBaHMIO M pa3lIMUYHBIM XMMUYECKUM
BO3JIEHCTBUAM TPUQPTOPUZ BeCbMa YCTOMUMB, BCTYNAeT B PeakilMM TOJIbKO
seime 100°C. B Boge OH NpaKTHYECKM HEPACTBOPUM, IMAPONU3 HAYHUHAET
NpOTeKaTh JMIIbL NPU HNPONYCKaHUU 3N1EKTPUUYECKON MCKPBI uYepe3 cMech
€ro ¢ BOASAHBIM napoM.

Ok cu g asora (III) NOz (Tpuokeua mna3oTa) cyIlecTBYeT TOJIBKO B
TBEPAOM COCTOSAHMM NPM HU3KMX TeMIepaTypaX. B BUJe KHMIKOCTH M mapa
B 3HAYMTEIHHON CTENEHH JMCCOIUMPOBaH:

N;O; = NO, + NO, AG,,, = -14 xllx

208
Ero nonyuator oxnaxpgennem cvecu NO

KDACHON CIEeKTPOCKONUY, KPUCTS

)

¢ NO. Cornacuo naHdbIM MHPpPpa-
C'

OCTOAT U3 MOJEKY]

ARupkuit NyOs cunero usera, samepzaer (mpu —100°C), 06pasys kpuctasn-
JIBI CBETIIO-CHHEN OKpPacKu.

Oxcenn asora (1II) — KucsoTHBIA OkCU, JErKO NOTTOMAETCA INEIOTa—
mu, 06pazya wutparst (1) (numpumer):

N;O; + 2NaOH = 2NaNO, + H,0

Monexyasl okcoramorenu aos asora (lII) (ranorenuas HUTpoSU-
J1a) UMEIT YIJIOBYIO (hopMY:

. 9,113 HM,,
F 03
é’\(
2/ }
<* W -

F

B 06b1HBIX YCIOBUAX 9TO OTHOCUTELHO MANOCTOMKUE rasoobpasHble BelllecTBa. B
psny NOF—NOCI-NOBr ycroituuBocts coemuuenuil nagaer, a NOI nosnyuuts e
yranocs. Ilo xuMudeckoif npupofe (GTOPUN, OKCOraJloreHUAbl, KAK U OKCHA a3oTa

(IIT), — KUCAOTHBIE COENMHEHUSA, O HeM CBUAETELCTBYeT, HAIPUMED, MX OTHOLICHUe
K Boje:
NOCI + H,0 = HNO; + HCI
N0z + HoO = 2HNO,

Huoxconurpat (III) Bosopoga HNO, ussecren numb B BOZHOM pacTBO-
Pe, KOTOpbIi siBaseTcA Kucnotoit (K, = 4-1074), uaspiBaeMoit azomucmori.
385

13 OGuan u neoprannueckan xummust



Nuokconurpar (I11), unu numpum—uon NO; umeeT yrioByio hopmy:

N -
(0} o

Hutparp (I11) menouHsIX MeTanios NOMyYaloT IpU PacTBOPEHUU N,O3
B LIEJIOYEX.
Tpouzsopusie azora (II1) npoABIAIOT ¥ BOCCTaHOBUTENBHBIS, U OKMCJIN-

TeJIbHBIE CBOMCTBA:

+3 +2
INaNO, + 2KI + 2H,80, = I, + 2NO + K,S0, + Na,SO, + 2H,0

OKUCTIUTENb
+3 +5
2KMnO, + 5NaNO;, + 3H,S0, = 2MnSO,4 + 5NaNO; + K,S0, + 3H,0
BOCCTAHOBUTEJIb
KpOMe TOrO, OHU CKJIOHHBl K peaKnuAM IIVICHPOHOPHPIOHV[[JOB&HV[}!C
+3 +5 +2
3HNO, == HNO; + 2NO + H,0

Coenunenusi asora (V). Crenenb OKucjleHMs +5 a30T NpOSBJsAeT B

okcuge N,QOs, okconurpuae NON, nuoxcodropuge NO,F, a Takke B Tpu-

oxconutpar(V)-none NO; u punnTpumonutpar(V)-uowe NNz Bee amu
cOeIMHEHUS MOXHO pAaccMaTpUBaTh KaK MPOUBBOAHBIE UETHPEX3apsJHOrO
uona N*:

Xapakrep rubpumsanmyu Ipocrpancrsennas TipyMeps! coeptunenHmit

opburanen N* KoHpUTypanus

25 2p
sp? + + + + TpeyronsHast 4bliIO;

sp + + + + JluHeitnas QX%NQ, +IEION

——

Okcup asora(V) NO; — Genoe KpucTalIudecKoe BeIIECTBO

(r. Boar. 33°C), obpasosantoe wonamu NO; u NOj3: [NO3][NOj] — murpar
HATpOUIIa,
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Ero moaygaror ocroposmsbiM obessoxkusanuem HNOj; (wanpumep, c
nomompio P,0s) unn okucnesmem NO, o30HoM. B 06piaspix yenoeuax
N2Os (AG‘}’Z% = 114,2 x/Ix/mons) nocrenendo pasnaraercst Ha NOy u Oy,

npy Harpesaiuu B3PbLIBAETCA.

Oxcouurpup asora (V) NON (N;O — okcup asora (I), "sece-
asmuii ras") nonydaercs pasjiokeHueM aMMOHMIMHOA cequTPEl (mpu
250°C):

NH4NO;3; = N,O + 2H,0

310 GecuperHsiii ra3 (T. mir. ~91°C, 1. kun. —88,5°C) co cs1abpiM NPUATHBIM
3amaxoM. B cooTBeTcTBMM ¢ sp-rubpuaMsanMeii BaleHTHpIX opbuTanei N*

MOJIeKYna umeeT JimHeiuoe crpoesme (7 = 0,05-1072% Ki-m, dNN = 0,113

HM, dNO = 0,118 um). Ero crpykrypy MOxHO mepeaTh cxemoii:
:0=N=N
OTO COOTBETCTBYET HI€KTPOHHOM KoHdurypanuu (cum. puc. 42):
o2 o2 w;‘y w;fy.
Yixe npu ciabom Harpesaumu okcwun N,O (A G} = +104,1 ®/lx/monn)

pacrajaercs, Bblaenss KUCJIODOX,. HOBTDM_Y R HeM MOTYT ropeTh yraepo-
AUCTbI€ BellecTBa, a €ro cMecu c BOD.O‘pOD,OM U aMMWaKOM B3pbIBAIOTCA.
Oxcounrpup asora (V) pacTBopsieTcs B BOE, HO YCTOMYMBBIX COCMHEHMI
He obpa3syer.

Orcodbropunp asora (V) NOF (propus HuTponsna) — Gecuper—
HbIA Ta3 CHIIbHBIA OKMC/MTENb. JTO KUCJIOTHOE cOSAUHeHHWe — BOJOWM pas-
naraetcst Ha HNOg u HF.

Tpuorcomurpar (V)uou NO; umeer popMy niaockoro Tpe-
yromsauka (LONO = 120°, dNO = 0,122 um):
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TIpu o6bubx yenoBusax HNO; — Gecusernas xumkocts (ni. 1,52 r/em?),
kunamas npu 82,6°C, a npu —41,6°C saTBepaeBatomas B DPO3padHyio
KpUCTaTNIecKy0 Maccy. -
Cobcrpennana uonwsamus kuaxoro HNO; Hespauutesnssa. C sojgo#t
HNO; cMemusaercs B J06HIX OTROUIeHMAX. Ero pacTBOpbl — CHJIbHAA
KUCJI0Ta, Ra3biBaeTcsi azomnot. B s1a60paTOpHU a30THYIO KUCJIOTY DOJIyYa-
JOT [ecTBYEM KOHIEHTPHPOBAHHON COPHOH KUCJIOTH HA HHUTPAT HaTpus.
NpoMpinieskoe npoussogctso HNO; ocymecTsnserca no crtagusiM: OKuc-
nedane NHj; 8 NO Kucii0pogom Bo3ayxa Ba NJaTHHOBOM KaTajluzaTope:

4NH3 + 50, = 4NO + 6“20, ]{298 = (168
okucneane NO B NO,
2NO + Og = QNO’_T

W B3aUMOJAENHCTBME NIOCAEAHEr0 ¢ BOJOI:

2NO, + H;0 = HNO; + HNO,

3HNO; = HNO; + 2NO + H,0
AzorHas kuci0oTa O6NajlaeT CHJIBHO BHIDAKEHHBIMH OKUCIUTENbHBIMU

CBOWCTBaMU:

NOj; + 4H* + 3¢ = NO + 2H,0, ¢}, = 0,96 B

NO; + 2H* 43¢ = NO, + H,0, ¢}, = 0,78 B

OHa pa3spywmiaeT XMBOTHBIE K pacTH-

TeNbLHBE TKaBW, OKUCHACT [O4YTU BCe
| NOy/

=% ¥ MeTalIl ¥ HeMeTawik. OOpasoBalue
QA NO TeX MJAM WHBIX IPOAYKTOB B3auMOJeli-
Z 60 CTBUA  338BHCUT OT  KOHIEHTpauuu
-§ NH{NOy HNQj, akTUBHOCTY NPOCTOrO BelllecTBa
g u temneparypsl. Ha puc. 161 mokasano
g BIUAHNE DJIOTHOCTH (KOHHEHTPAUMM)
§- HNO; na xapakrep obpasylomuxcs
3 N:O OPOJyKTOB €€ BOCCTAHOBNEHHS NPH

S W N
[T YA ¥ A}

p3aMMojeiicTeun ¢ kenesoM. Jocra-
TOYHO pa36aBlIeHHAs KUCJIOTA B OCHOB-
HOM BoccTaHasaMpaeTcs g0 NH4NO;z; ¢
NOBHIIEHAEM ©6€ KOHOEHTPaluM CTaHO-
Puc. 161. BiusiiMe nioTHocTH: BUTcS Oollee XapaKTepHHIM 06pa3oba-
HNO3 Ha xapaktep NpoayKTOB €e yye NQO; konmeHTpuposakkas HNO,
BOCCTAHORTIEHU HceslesoM poccranasausaercs 10 NO;.
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[nomugcms HNO; , 2/cm3

Cumecy opHoro oovema HNO; n Tpex o6bemos HCl Hasursator wapcroi
s00xot. Ee cuiibHOE OKMCIUTENbHOE [eHcTBUe OOYC/IOBACHO O6pasylouinM—
¢ XJIOPOM:

3HC! + HNO; = NOCI + Cl; + 2H,0

Oua PacTBOpRET NJAATHHY, 30JI0TO M APYrue HEaKTUBHBIE METANJbI, NEPEBO-
AA UX B KOMIUJIEKCHBIE XJIOPHUAbI.

Hurpar-iion NO; B HeATpanbHOI cpese OKMCINTENLHBIE CBOACTBA Tpak-
THYECKU He NPOsABIAET /

NO; + H,0 + 2¢ = NO; + 201", 5., = -0,01 B
HO ABJIAETCA OKUCIINTENEM IIDU CHJIABIEHUN!

Cry03 + 3NaNO; + 4KOH = 2K,CrOy + 3NaNO, + 2H,0
Tpuokconutpar(V) BOROPOAa NPM HAarpeBAHMU W OCBEIUEHUH JETKO
pasnaraercs:

4HNOj3 = 4NO; + O, + 2H,0

TOrfia KaKk HATPaThi GOJIbIIMHCTBA APYLUX HIEeMEHTOB YeTowinssl. HuTpaTst
METa/UIOB PacTBOPMMBbI B BOAe. Bombuloe 3HaucHME MMEIOT HMTPATH Kak
ynobperns (0cOGEHHO KalMHHAS M AMMOHHIHAR cenuTpsl). A30THas Kic-
JI0Ta IpUMeHseTes AMA NOTYUeHUs MUHEPAIbHLIX YAOBPeHMt, B3PLIBYUATHIX
BOIICCTB, OPraHMYecKMX KpacuTeslell, IUIACTMUECKMX Mace M B APYLuWX
MHOTOYMCIEHHBIX NPOU3BOJCTBAX.

Huusurpunouurpar (Vjuon, umm asug-monm, NNj, (N;)

" uMeeT NUMHeHHYI0 hopMy (dVN = 0,115 um):

[5-n-3]

Pacnpenencnue BaneHTHBHIX 3JEKTPOHOB 1O MONEKYJIAPHLIM opbutansM
OTBevaeT 2NEeKTPOHHON KoHburypauuu (cum. puc. 45):

(25,)7 (25,)? (05)2 (02)? (75,4) (7], )%
CrpykTypa MONeKynbl AMHUTPUAOHUTPATa (V) Bopopona HNN, uam HNy:

H

1108,
_[%,102 HM
N

0,1130M
N —
0,124uMm
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B o6brunbix yenopusx HNN; — 6ecupersas nerydass RuaxocTe (T. I
-80°C, 1. xumn. 37°C) ¢ peskum 3Bamaxom. [Ipm yzape wium HarpeBaHuu
HNN, u psajg Apyrux adumoB pacnagaloTcs co B3puiBoM. Ha aTOM OcHOBaHO
npuMenenue asuga csuina Pb(N3), B kauectse geronaTopa. OTHOCUTEINBHO
YCTORUMBHI MOHHEIE a3u/(bl, KOTOpHIe npy HarpeBanuu (no 3002C) pasiara-
10Tcs 6€3 B3phiBa:

- 2NaNN,(k) = 2Na(x) + 3Ny(r)

Ora peakumst MUCHoNb3yercsi Asl TOJIydeHus 0ocobo uMcroro asora. Boaubiit pacrsBop
HNN; — asomucmosodopodnas kuciora (Ka = 2-107), no cune bnuskas k ykcyc-
noit. B pasbamnenHbix pacrBopax HNN, npakruyecku ycroitumsa. Ee momyuator
B3aUMOJeICTBUEeM TMIPA3MHa U a30TUCTON KUCJIOTHI:

H,N, + HNO, = HNN, + 2H,0

UcxomnbiM NpOAYKTOM sl NONY4YeHMs ApYTMX asupoB sipnsiercsi NaNNj,
koTopbiit Mony4ator peitcreueM N,O na NaNH, npu 200°

NaNH; + O=N=N — NaNN,; + H,0

Wou NN, — okucaurens. [lo okucaurenpubiM cpoiictBam HNN, uanmo-
muuaer HNOj. Tak, eciau npu B3anMopeiicteuu ¢ Merautamun HNO,; maer
okcup, azora (IT) u Boay, To HNN; o6pasyer N, ("aurpun asora") u HsN:

+5 0
Cu + 3HNN, = Cu(NNy); + N, + H3N
+5 + 2
3Cu + 8HNO; = 3Cu(NO;), + 2NO + 4H,0

Cmect HN; n HCl, nogo6uo mapckoii Bogke, — CWJIbHBIA OKYCIUTEIb
3a cqeT o6pa3ylomerocs Xaopa:

HN; + 3HCl = NH,C! + Cl, + N,

OrBevatomlnit cremeHy okucienusi +5 nexnradpropyuy asora He nomydeH. [lonara~
10T, 4TO BCJIEACTBME GONMBIUIOrO 3HAUEHMS] OHEPrHM MOHMBAUMM ATOM a30Ta He CKJIIO-
HeH K 0o6pasoBaHMIO IHIlepBajieHTHbIX cBsidell. s npoussonubix N(V) cuuresupo-

BaHLl MHOTOYMC/IEHHble cOnM MoHa gmopammonus NFj, nanpumep: [NF,)BF,,

]9Fs (2—P, As, Sb, Bi), [NF,),9Fs (2—Ti, Ge, Ni u ap.). O conm —
Hbie OKHCTATENHN.

Coepnpennst asora (I), asora (II) u asora (IV). [lna asora, kak u ais
X/I0pa, XapaKTEepHbl JOCTATOYHO yCTOMYMBLIE OKCHAB C HEYETHBIM UYHCIIOM
anektpornoB NO u NO,. Mx MOxHO paccMaTpuBaTh Kak yCTOWYUBBIE CBO-
390

6opHble pagukanbl. O6a OkcMaa — OHAOTEPMUYECKUE COSIUHEHUS: WX
cTaHapTHbIE 3HTAJIBIUSA AH"f u sueprus [u66ca obpa3oBaHus AG} uMe-

0T MTOJIOJKUTEJIbHOE 3HaYEHUe.

B 06nrmupIX veoBuSESX O K C U I a30T
£ OOBIMHLIX YCHOBHAX OHK CH A 8307

ol

|
I°y
&
:
)
&
5
=4

2
v

m a (I)
(t. mn. -163,6°C, 1. kum. -151,6°C). B naboparopuy ero nosyq4arT ge-
cTBUEM pa36aB/ICHHOW a30THON KUCJIOTHl HA MeAb, a B NPOMBIIMIJIEHHOCTH —
OKMCJICHWEM aMMuaKa Ha [JIaTUHOBOM KaTtanusarope. B orimyue or Becex
OocTalbHbIX OKcujgoB a3ora NO o6pasyercs NpsiIMBIM B3aUMOJEICTBUEM

NpOCTHIX BEMIECTB:

NQ tecyy HBI

1/2Na(r) + 1/204(r) = NO(r); AHy,, = 90,3 w]lx,
ASS, = 8,7 IIk/K, Kjg = 5-10731

298

Cunres NO u3 npocThIX BemecTB

COMPOBOMKIAAETCA BO3PACTAHMEM IHT—~ /@x‘}frfaﬂo

ponuu cuctemul. IlosToMy B cooTser-

crBuM ¢ ypasHesneM AG = AH — sk

— TAS mpu cOOTBETCTByIOmeEH TeM- N20,
nepaType AG MOkeT cTaTb OTpULA~ 20

TeNbHOU BeJIM4MHOM (puc. 162). Ilpu 200 go
ATUX YCJIOBUAX Ha'{MHaCT} AOMKHVIPO* 150+

BaThb OHTpOnuiHbl  aktop. Ilo- O,
ckonbKy AS mpouecca oueHn He3dHa- 100

YUTEJbHO, TO OTpUIATEJbHOE 3Haye- 5ol

une AG pocTuraeTcs NpH BBICOKMX NO
TeMnepaTtypax (mopsazaka 3000°C). or

Jnsi Beex ke OCTANBHLIX OKCHUIOB
a30Ta OpM  BceX  TeMIlepaTypax '
AG — pemrauna TOJIOKUTENbHAS Py ¢ 162, 3aBUCUMOCTb CTAHJAPTHOM
(puc. 162), tak kKak AS mnpomecca sHepruu ['bGca oBpasOBaHUS OKCULOB
06pa30BaHNA UX U3 NPOCTLIX BelecTB a30Ta OT TEMIEepaTypbl
UMeeT  OTPULATENIBHOE  3HAUYCHME.
[TosTOMYy NpsAMOIA CMHTE3 APYTUX OKCHAOB HEBO3MOJEH.

Monekyna NO mapamarauria. CorjacHo TeOpuM MOJEKYIAPHHX Op6U-
taneir B NO ogun U3 3JIGKTPOHOB HAXOmMTCs Ha w;—op6wra.nu (ra6a1. 34):

A - X vl
g 500 1000 1500 2000 T,K

2 o*2 g4 2
LA

*1
T

T. e. nopaaok ceA3u B NO cocraBaser 2,5. CrpykTypaywo dopmyny NO
MOKHO U306pa3uUTh cJeNyommM obpasoM: N=O: .
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Ta6nuuya 34 Topspok, Imua U oHeprusi ces3u Movtekyn Ng, NO u
MoNeKynApHbiX Modo NO*, NO~

Mousnekysipasle opbutanu NO* Ny NO NO-
1 cBoiicTBa. (NSO} [NEN] [N=£0] [N=0]

e —— —— = 4+
o
" A HH
W n

+

(A

s

B g =

"
[Topsigok cBsiau 3 2,5 2
MexbsgepHoe paccrosi-

Hue, HM 0,106 0,11 0,115 0,118
DHePrusi ANCCOUNALNN,
o/ Monb 1046 941 678 -

Honobnas crpyxtypa Mostekynnl NO Xopolo corlacyeTcs ¢ ee OJeKTPUHECKUM
MomentoM aumons (0,02-1072% Ki-uM), a Takme MEKBSNEPHBIM DACCTOAHUEM, MPO—
MeMYTOUHBIM MeXy 3HadeHusAMU NS IBOMHON M TPOWHOW CBA3U:

[Nz=0:} [[Nz=0] [N=O:]*
dNO = 0,118 1M dNO = 0,114 1M dNO = 0,106 uM

BeniencTBne noBbIlIeHHONM KpatHOCTH cBaA3u Moaekyna NO nocTatodso
yCTOHUMBA, M €€ pachmaj CTaHOBUTCA 3ameTHbiM auiurs npu 500°C. Oxrecupg
m

azora (II) — xumuyeckn axtmBHOe coemumenue. C BomoOpoaoM 0Opa3yer
rpeMyuyio cMech. JIerKo OKMCIsIeTesi KHCJIOPOAOM, TajloreHaMu:

INO + O; = 2NOy,  AGS,, = ~70 klk
2NO + Cl, = 2NOCI, AGS,, = =37 wlx

208

B monekyne NO HenapHbiil o€KTPOH HAXOAUTCS HA BHEPreTMYecKU HEBLITOTHON
7*-OpouTAIM, [09TOMY He MoxkeT o6pasoBblBaTH ycroiumBoit cBsisu N—N. Orum
obbsicHsiercst HeckonhocTs NO gumMepusosatses B NgOg B OOBIMHBIX yCJIOBUAX.
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TBepasiit okcua asora (I1) cuHero usera cocrout U3 HEYCTOWUUBLIX RUAMATHUTHBIX
mosekyn N,QOs.

Ho okeup asora (I1) slerko pearupyerT ¢ HpyruMM CBOGOAHBIMU DaIUKaTAMU.
[ToaToMy OH sIBASIeTCA MHIMOMTOPOM LENMHbIX peakuud. Eciu peakuust nporexaer
N0 paAUKalbHO-EMHOMY MexaHuaMmy, To gobamnerue NO upuBogur k obpbisy
Herei 1 PesKoMy 3aMe[VIEHUI0 PeaKuuu. :

oo nna N

TakOBOW AJidA v

n e H
(15,58 »B) u O, (12,08 »B). Monexyna NO moOxeT TepsATh HemapHbIH
3JIEKTPOH ¢ T *-op6uTanu, o6pasys numposua (Humposonut)-uon NO*:

Nz0: — e — NSO

Wou NO* usosnexrponen mosmekyie N, B ormnmume or NO non NO*
AuamariuTeH. Ero cTpoenmne cOOTBETCTByeT 37M€KTPOHHON KOHQUrypalun
(em. Taba. 34):

2 g *2 p4 2
oy ot T, 0%

Hponssogusivu  uona NO*  ssasiiorest, nanpumep, [NOJCIO,.
[NOJ;SeOQ4. Or10 conenopobhusie semectsa. Jlerko pasinaraiotes Boaoi. Mx
MOKHO HOsyuuTh B3anmopeiictsueM NoOj ¢ KOHUEHTPHPOBAHHBIMU KHMCJIO-
TaMH, Hanpumep:

N;O3 + HySeO4 = (NO)3SeO4 + H0

an BSaVlMO}:[e]Z(‘.TBMM C Ham6o.nee AKTUBHbLIMU MeTaJlJlaMi B KUIKOM aMMUlake
NO cam BblcTynaeT Kak OKMCIUTENb:
Na + NO = Na*NO"
:NZO: + ¢ = [[N2O]

Mpouspontsie NO* HeycToM4YuBL U UBY4EHLI HEIOCTATOYHO.

JdAunoxcup asora NO, — ras 6yporo nsera (T. mi. —11,2°C, 1. kun.
21°C), TokcnueH. Ero Mosexkysia mapaMarsiuTHa, MMeeT YIiioByio Gopmy:

_N3&,,
iy
Br °
Janna csasu dNo (0,120 M) MMeeT MpOMesyTOUHOE 3HAUCHHE MEKIY

anuuoit opunapuoit (0,143 nuM) u gsoinoit (0,118 nM) cpsizeit. 310 oTBena-
€T MopAaKy cBsisn 1,5:
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N,
N
(0] 0]
DHepreTutdeckasi JUarpaMma opéuraneit Mostexysisl NO, mpusenena na puc. 163.
CeMHazuaTh BaJleHTHBIX O€KTPOHOB Monekynbl NO; 06pasylor KoHdUrypanuo

2 2 9,2 £°2 ool
2sA ZSlzgo'gﬂgn‘;QpIAQprB LA

Op6yranu N Opburanu NO, Op6utann O 06LL[E€ YU CJIO CBASBIBAIOIIMX BJeK
L o2 g2
poHOB paBHO wWwecTu: 0% ol 1r2y, 4To

/ % \\ COOTBETCTBYeT cpejHeMy MOPSAKY
£ / ) cBsizu 1,5, OcTajibHble BJEKTPOHBI
1/ 2 \\ s
274 20y 2, ’//f \\\\\\ UTpalT poilb HECBSIBbIBAIOUIMX.
- é\’ o \\\ . B TepMMHAaX Teopuu BaJleHTHBIX
(VAN i o a B NO HHO
VR -~ CBSI3e/l ATOMY Aa30T: 2 MO
t\ l =g MIPUIHACATH SPP-TUGPYANBALIMIO
[ .
\ 7 i1 (koTopast
I\ 20, 205, /] 2, BATENTHBIX  opurae (koTop:
2 \\ v/ BO3HMKaeT 3a cueT 2s-, 2py, 2py-
N .l:I onBurarein) nHY Uz TUBDUNHEI
VL 7/ opburaneit). Opuy pu Al
vV ™ /) .
\ /1 sp?-opburtanent (0 -op6uTaih) 3aHU-
\ !
\ — -
\ e, MaeT HeEADHbL  IEKTPOH, JiBe
\\ ,I ApyTMe Sp-OpOUTalM y4acTBYIOT B
o 25 obpasoBanuu AByX o-csizeit N—O
A i
25, ,,%,2s —— (orBeuaer coueramurR Oy M 0
et . ’ s -
B —— opburareit).
1n Kpome Toro, 2p,opburans azora
P u c. 163. Dnepretuyeckass qyarpamMma op- y Zpy—op6m°a_rm ABYX  aTOMOB
- Guranett mornexyset NOy KUCJIOPOAa Y4YacTBylOT B o0pasoBa-

HUY NIeTOKANMA0BARHON T—CBs3U (7, ~opburams).

TakuM ke obpasoM obbscHsiercst crpoerue monekyn Cl,O, Os, ClOz, SO,
OF,, NO; u np. Tak, uow NO; uMeer olekTpoHHy10 KOHGHIypanuio:

2 2 g2 2 °2 g°2
23A ZSB ol 2 L 2piA 21)218 T2 ot

Tlpu motepe 0~onekTpoHa Monekyla NO, mpeBpainaeTcsi B HUTPOHUJI-HOH NO3.
Mocnennuit UMeeT TUHEHMHYIO CTPYKTYPY (dNo = 0,115 nm):

[0=N=0}*
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HuTpoHuI~1oH U3087eKTpoHeH JInHeitHbIM MolekylNaM Tuma CO, (cu. puc. 41):
2 962 o2 g2 72 12 1°2 1°2
2.5‘A QsB o} of M om T TP
Monekyne NO, paxe B napix 4acTU4HO AUMEPU30BAHbI:
2NO, == N,0y, AH,y, = ~55 k]lx

6yphlit, 6ecI1IBETHBII,
mapaMariuTen OuUaMarHuTeH

upkwit v TBepAbIl AMOKCHA a30Ta 6ECHBETEH, COCTOMT W3 MJIOCKUX
monekyn N,Oy (rerpaokeupn auasora):

0 /0
B o
o \
o~
> o

&
Monexyna NO, Moxer Tepsarh (sHeprus uonusamuu 9,78 oB) u upuobperats
AMEKTPOHBI (CPOJICTBO K BJIeKTpoHy 2,5 5B): s

+4 +5
NO; — ¢ — NOj (HumpoHun-uon)

4

NO; + ¢ — NO, (numpum-uon)
Ykasannsfe Tpespamenus oNpeAesioT crocobHocts NOp K AMCIIPONOpLMOHIpPOBa-
HUIO NpU BIAUMOJAENCTBUM € Bojoi 1 pacTBopaMy 1leflodei:
+5 +3
2NO; + HOH == HNQO;3 + HNO,
2NO; + 20H" = NO; + NO; + H,0
Hutponni-uon NO; o6pasyercs npu camonoruzanui xkuakoro HNOg:
2HNO; == NO; + NO; + H,0

s npousBomHbIX HuTpoHui-uona NOJ MOXHO yKasaTh [NO,]CIO4, TBepnstit
oreun asora (V) [NO3INO3 u np. Comu HMTpoHMA — KpucTaTuuecKue BeliecTsa,
XUMU4eCKU O4€Hb AKTUBHBL, ObICTPO MMAPOIU3YIOTCA Biaroit Bosayxa. Cosd HUTpO~
HUS MOXHO HOJIYYKTD, HallpUMep, 110 PeaKIuy

N;0s + HCIO4 = NO,CIO, + HNO,

Juokcun asoTa XuMUdeCku aKTUBEH; B ero atMocdepe TOpST yroib,
cepa, ¢ocdop. B nabopatopuun NO, monyuaior B3anMomeiicTBMeM Mead c
KOHIIGHTPMPOBAHHON a30THOM KMCHAOTOM:

Cu + 4HNO, = Cu(NOj), + 2NO, + 2H,0
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M TePMUYECKMM pa3JjoxeHueM pAaa OoKcoHuTpaTos (V), HanmpuMep:

2Pb(NO,); = 2PbO + 4NO, + O,

JIMoKcuA a30Ta UPUMEHAIOT KAK HUTPYIOUIMA areHT, B YaCTHOCTH aJA
nojydenus 6esBoAHBX HUTPaToB; NyO4 — OKMCAUTEN b PAKETHOTO TOMJIUBA.

§ 2. DOCOOP

Docop P (1522522p83s23p3) mo umcsly BATEHTHBIX DJIEMEHTOB ABJACTCA
aganorom asoTa. OAHAKO Kak 3/eMEeHT 3-r0 nepuoaa OH CyLIecTBEeHHO
OT/IMYAeTCA OT a30Ta — 3JeMeHTa 2-r0 mepuoaa. JTo OTJIMYHMe COCTOUT B
ToM, uTo y (ocdopa 6oJblle pasMep aTOMa, MEHbIe YHEPrUsA MOHUBALMH,
60JbIIIee CPOJCTBO K JIEKTPOHY U GoJiblIasi MOJIAPU3YEMOCTL aTOMa, ueM Y
asoTa. MaKcHMalbHOe KOOPIMHALMOHHOe unelo docgopa mwectb. B oram-
qie oT azora AaA docdopa (Kak W ANA APYTMX 3]1€MEHTOB 3-T0 meprona)
pT — pr-CcBA3bIBAHME He XapaKTepHO (cM. puc. 147).

®ochop B COeNUHEHUAX NPOABIAET CTENEHN OKHUCHEHUst OT —3 10 +5.
Hanbosee xapaxTepHa cteneHb Okucilenusa +5. [aa docdopa nauboiee
IPOYHbl CBAZK ¢ (PTOPOM M KUCJIOPOJOM.

B 3eMHOIl KOpe B cOOTBETCTBUM € €ro YCTOMUMBOA CTENEHLIO OKUCJIEHU
docdop comepxuTca B OCHOBHOM B Buie ¢ocgaros (V). Haubonee pac-
npocTpaHenbl MuHepalbl wopokcuaanamum Cas(PO4)3(OH), gmopanamum
Cas(POy4)3F. ®ocdop BXoguT B cOCTAB XXKHBBIX OPraHU3MOB. ['MApPOKCHI-
anmaTUT COCTaBAsET MHHepMLHy}O 4acTh KOcTeil, ¢gropamatur — 3y6oB, a

w
=
©
-3
[+
ES

Z

03ra U HEPBOB.

O6mee conepxanue docdopa B aemuoit kope 0,056% (mon. goau). Ox |

1y mouponuniit wzoron 1P Ig YUeHEI ero ucKyce
i OpUpCRHBIM H2OT llonyueHn €ro MCKYCCTBEE

Huie PaJHOaKTUBHBLIE H30TOIMbI.
Hpocreie BemectBa. AToMbl (ocdopa 0GBEAMHAIOTCA B IBYXaTOMHBIE
P,, uerhipexatoMmuble P, u noaumMepusie P, mosekynsi. Monekyiws P;

)

(dpP = 0,19 M), mocTpoesHble aHANOrMUHO N,, CYIECTBYIOT JIMIUL NpH

TeMIlepaTypax Bblllle 1000°C.

B kMaKoM M pacTBOpEHHOM COCTOSIHMH, a Takike B [1apaX [pH Temillepa-
Typax Hike 1000°.C ycTofuMBEl 4eThipeXaTOMHBle MOJIEKYbl P4, uMelomue
¢opmy Terpasppa (cM. Tabm. 28). Ilpu KOHpeHcauum mnapoB obpasyercs
Geawiti docgop (nn. 1,8 r/em®). OH umeeT MONEKYIAPHYIO KpUcTalJudec-
KYIO pelieTKy, B yajlaX KOTOpOil HaXOAATcs Mojlekyast Py Benwiit doc-
¢op — MATKoe OGecuBeTHOe BOcKOOGpasHOoe BeutecTBO. OH  JIETKOIJABOK
(r. mn. 44,1°C, 1. kun. 237°C), neTyu, pacTBOpseTcs B cepoyriepoje U B
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psaje opranudeckuX pactsoputenedi. Benwiit ¢ochop upessmuaf-
HO AAO0OBUT.
B wmonekyne P4 casu P—P (d = 0,221 um, EPP = 200 k[lx/mons)

.n
=
iz
)
)
=
-

OOBONBHO JTerkKO Da3DHLIBAKOTCH. QT!/!M 5 23 ] < X A a8
aKkTHBHOCTh 6e10ro ¢ocopa M CKIOHHOCTL MEPEXOANTh NPU XpaHeHuH (B
ocobeHHOCTY NPy HarpeBaHMy) B Gonee cTaGMIbHWE NONMMEPHbIE MOLH(pH-
KanHu, HanpuMep:

BBICOKAS XMMMYeckas

P (6enuit) —» P (xpacanit), AH, . = -18 x[x

Yepuni $ocdop nmeer aToMHO-cJIOMCTYIO pewnetky (puc. 164) ¢ xapak-
TepHBIM aNa Pochopa NupaMUABNLHBIM pacnosoxkenueM cpaseii. [lo sHem-
HeMy BUNY 4epHwtit docdop (ma. 2,7 r/em?) moxoxk Ha rpaduT, HO sBIAET-
cs nonynposogaukoM (AE = 0,133 3B). Ero MokHO nmomyeuTs U3 6enoro
npu 200°C u 1,2-10!0 [Ta:

P (6ensift) — P (ueprniit), AN H o = -39 xJx

CymecTsyeT HeckoIbko GOpM xpacnoto docgopa.

OHH — TNOJIMMEpHBbIE BelllecTBa, COCTOSIIUE U3 nUpaMUaNbHO CBA3aH-
HbIX aTOMOB.

Jns nepesona kpacuoro ¢goceo-
pa B XKNIKOE, 8 TAKXKE B PaCTBOPEH-
HOe COCTOAHME HeOGXONUM pasphip
cBsi3ell B NONMMEPHBIX MONERYJax.
flosromy nonumepHbie Moaudmka-
UMK MMEIOT BBICOKME TeMNepaTyphl
NJ1aB/IeHUs, TIpaKTU4ecKH He pacT- P u c. 164, Pacnonokenne atomop B
BOpAIOTCA HM B OJHOM M3 pacTBo- KPHCTalle depuaro docdopa
puteneft. Ilpu Bosromke kpacuoro
doctopa (423°C) B nap nepexomsar Momekymm Pj, koropwie 3aTeM pekom-
Gunnpylores 8 Moekynn P,. TakuMm obpasom, npu kompeHcanum napos
obpasyercs 6esad, a He KpacHas MOAUGMDUKAUMSA.

Kpacabift 1 ocobenno aepubiit Gochop XUMHUECKM HAMHOMO yCTOHYMBee
Geqioro. Tax, ecnn Genvit dochop Ha BOsAYXe CaMOBOCIIAMEHSETCS NpH
50°C. To kpacupift — uime 250°C. a wepnnit — Boiwe 400°C. B oramume
o7 5601016 PocPopa ero BLICURUTIUIMMEPHBIE MOAMPHKALII HE A,J0BATHI.
Beaenersue sbicokolt xumndeckoi akTusHocTH Genrblii bochop XpaHAT OOZ,

" BOZLOM M 1O BO3BMOXHOCTH B TeMHOTe.

Moedhon nnOSALRARET I,
> OCPOP npOABJIACT BOCCTaHOBMTE Ik i€ W OKWCIWTE/IbHbIE CBOMCTBA.
Ol nerko OKMcaseTcs KUCAOPOLOM, I'alloreHaMH, cepoit 1 ap. llpu mepoc-

TaTKe OKWEAUTENA OB6BIYHO 06pa3yioTcs coemutennsa docdopa (HI) (P,0;,
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PHals, P3S;), npu usbbitke — coepnuenms docdopa (V) (P205, PHals,
P3Ss). Oxuciurensnas akTUBHOCTh Gochopa MposBiIsAeTcs MNP B3AMMO-
nefictBuM ¢ MerasutamMu. Ilpu HarpeBaHuu B BOAe ¥ B OCOGEHHOCTH B IIE~
JIOUHBIX pacTBopax (ochop AMCIPONOPHUMOHUDPYET.

B Texuuke ¢ocdop nosyualor mnpokanuBaHueM d¢ocdara Kanbnus ¢
gax npu 1500°C:

0 +2 0
(1) + 10C(k) + 6Si0y(1) = 6CaSiOa(1) + 10CO(r) + Pa(r);
AH >0, AS>0

b
Q
o
o
P
o
o
-
i’
o

Ota peaknys SHAOTEPMMUYHA, HO CONPOBOXKIAAETCA YBEJMUEHHEM DHTPO-
nun. TeMmneparypa, npi KOTOpO#l OHa POTEKAeT, ONpeAeNsieTcs ycJIOBUEM
TAS > AH. llpu koHAeHcanuy BhIAENAOLIMXCA MapoB obpasyercs Gesblit
ocop, KOTOpHIH puTesbHbIM HarpepauneM npu 280—340°C nmepesonsT B
kpacuuii. OcHoBHAA Macca KpacHOro ocdopa UCHONB3yeTCsl B CIMYEUHOM.
NPON3BOACTBE.

Coepunerna ¢ocdopa (—II). IIpun Harpeanun Gocdop okuciseT
TMOUTH BCe METasllbl, 0bnazvs /finr-rli'uﬁw Mochuns:

148 {eTaJlJIbl, 00pa3yda ¢ghoc COUAEBI

sanementor Il TPYIINEL
ocraBa 33P; conenonoﬁubl JIErKO pas3jiaraloTcs BOAOM:

MgsP; + 6H,0 = 3Mg(OH); + 2PH;

@ochupst d-snementos (o6biuno TMona MP, MP,, M3P) umeror cepeiit
WM YEepPHBIA NBET, MeTAIMUYECKMii OJIECK M 3JIEKTPUUECKYIO NPOBOAM-
MocTs. @ochUAbl ITOTO TUIIA XUMUUECKH MAJOAKTHUBHLIL.

KosanenTueiM docdunom ssaserca docdhun sogopona PHs (pocgun).
C Boaopopom docdop npakTudecku He B3aumogeiictByer. ®ochun
(A G} = +13,4 x[l/mMonb) nonyuaoT kocBeHukM nytem. O6pasyercsi PHj

OpU TUAPOJIM3e HEKOTOPHIX (POCHUIOB, a TakkKe NpU AMCIPONOPIMOHMPO-
BaHun ocdopa B meENTOUHOR cpene MPU HarpeBaHMM:

0 +1 -3
2P4 + 3BB(OH)Z + 6H,0 = 3Ba(POzH2)2 + 2PH;

Monexyma PHj, xak u NHjz, uMeer dopMy tpuronanpHom mupaMunsl (de =

= 0,142 nM, <HPH = 935°). Ee onexTpuyeckuit MOMEHT NUIO/IS 3HAYUTEIHHO
menbite (0,18-10729 Ki-M), 4em y Moiexynel NH3. BogmopoaHas cBsiabp Meskny
voneryitamMu PHy mpaktudecku He nposBisiercs, MoOToMy ¢ochUH XapaKTepusyer~
¢ Gosee HuskuMU TeMreparypamu mwiatenus (~133,8°C) u kunenus (-87,42°C),
ueM amMuak. QocduH — 4pesBblvailHO SIIOBUTHIN Fa3 ¢ HENPUSTHLIM 3aIlaXOM.

ry - T . vyt
fipeBpamienve mupaMupaneHolt Moslekynsl PHjz B reTpasnpuyeckuil uon PHy
JOJIAHO COIPOBOMATCS CYIieCTBEHHBIM MaMeHeHueM pasientHoro yria ZJHPH (or
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93,5 1o 109,5°), MOATOMY QNEKTPOHOLOHOPHEIE cBoitcrBa PH; s3HauuTesnpHo ocnabie-
Hel Mo cpaBHeHuto ¢ NHjy. Tak, dochuH B Bone pacrBopsiercsi, HO CoefHEHUIl npu
9TOM He 00pasyer.

OneKTpOHOMOHOPHBIE CBOVCTBa hochuH MposIBIsAeT TOJIbKO IpU AeHCTBUU Ha HEro
Hanbonee cuipHbIXx AoHopoB mpotosos (HCIO, HI), Hampumep mpu cMewenun

e menfnangae P o TIT.
Ta3000Pa3HbiX 113 W 111

PHy(r) + HI(r) = PH4l(k)

[Ipu sroM 06pasyoTcsi MasloycTOMUMBLIE GeciiBETHbIE KPUCTAIUYECKUE BellecT-

.
Ba — mpousBoiHbple MoHa PocPonus PH,; Comn docdonusi nerxo pasnaratorcst
BOLOM. '

DocdhuH u npousBoansie GhochoHMsT — CUIIbHBIE BOCCTAHOBUTENM.

Coemumenust docopa (I). Mo cpasuennio ¢ PH} oTHocurensio 6omee
YCTOWUMBEL KOMILJIGKCH, B KOTOPHIX Hapsay ¢ aroMamu H pons nuranpos
urpator aromsl O. [locnenuune 3a cyer T-CBA3LIBAHUA CTAOMIUBUPYIOT Spi-
rubpuaHOe cocTosinue ochopa:

H\{;/H * H>1<H H> /O \,5<O
1~ \n ~o o
docdonHut-1oH cbocqmﬂa'r—mor{ (bocobm'—uou q;oc(ba"r-uon

Bee 5T MOHBI MMEIOT TeTPadApHUYECKOe WM HEKaKeHHO TEeTPadfpHUeckoe
cTpOeHue. VYUMTHIBas pas3inuMe B JIEKTPOOTPUIATEIBHOCTAX AaTOMOB,
MOKHO CUMTaTh, UTO CTENEHb OKUCIeHMs (ochopa B yka3aHHOM pAAY
uaMensercsa or —3 no +5.

B kauecrse coepunenuii gocdopa (1) MOKHO paccMaTpUBATL MPOUBBOI-
usie [PO,H,j-komnnexkca (gpocpunam-uon). Ero BomoposHOe NpOU3BOAHOE
H[PO,H,)

H-O~_ __0
1~ N1

Docgunosas xucaomae B OCBHITHBIX YCHOBUAX — GECIBETHOE KPUCTATIU-
4eckoe pemecrBo (1. mir. 26,5°C), xopowo pacrBopumoe B BoAe. Boamsrit
pacteop H[PO,H,] — cuipHas ognoocuosuan kuciora (K, = 7,9-10°2).

Ee conu dochunarsl xopoto pacreopuMel B sose. Kak kuciora, tak u

€e COJIM — CUJIbHBIE BOCCTAHOBMTENM, OKUCISIOTCS O rmcmbombaTon (v).
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@QocuHATH NPUMEHAOT B KauecTBE BOCCTAHOBUTENEH, Halpumep, iipu
XUMUYECKOM HUKEIMPOBaHUM:

+1 0 +5 R 0
Ni2* + [PO,H,) + 2H,0 = Ni + PO§™ + 4H* + H,

Coeaunenus docdopa (I) npakTuuecku He MPOSBISIIOT OKUCTUTEIBHBIX

CBOWCTB, HO

Coenmaennst ¢ocdopa (III). V npoussonunix docdopa (III) s obpaso-
BaHWM CBA3€H MPUHIMAIOT yuacTHe TPU MJIM ueThipe spi-TubpuyHbie op6u-
Tany atoMa docdopa, UTO COOTBETCTBYST NUDAMUIATRHOMY U TeTPadliDU-
JecKOMY pacnojioxeHuio cpsseil. Tak, Monekyla TpuUTraJOTeHHU -
n a ¢ocpopa PHaly (kak u Hi;P) npencrasnser coGoil TPUTOHATILHYIO

nupamMuay ¢ atoMom ¢ocdopa B BeplIUHE (de113 = 0,155 — 0,255 uwm,

/HalPHal ~ 100°)
5
4>~——
Hal<€=227 0
Hal

Hal
7/

Orxcun docpopa (III) P,O; cymecTsyeT B BUAE HECKOIBKMX
MoaMPUKAIMIA, TOCTPOSHHBIX M3 MUPaMUIATBHBIX CTPYKTYPHBIX €LMHMUIL
(puc. 165, a). O6piunas ¢opma P,0; uMeer MOJIEKYJNAPHYIO pelleTky,
o6paszoBanny1o Moexydamu P4Og. Ota dopma serkomiaska (T. wi. 23,8 C.
1. kun. 175,4°C), He3HauMTeNBHO pacTBOpMMa B cepoyriepone. Moiekysa
P,Og¢ coctour u3 uernpex nupamup POj, cOSAMHEHHBIX 4Yepe3 aTOMBI
kucaopona (puc. 165, 6). Jpyrue momudukamuu P,0; — noanmepuble

COeNUHEHU .

©
/g//;%\q
. 1% \
<o =
OQ\\\\ Ve O\P/O/
e

P u c. 165. Mupamunanbnas CTPYKTYpHasl efquHMIa
(@) v crpoenue MonexybI P4Oq (6)
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flo xuMnueckoii npupose GuHapubie coepuHenus Gocedopa (II1) spis-

pup
¥OTCsET KUCJIOTHBIMH, O 4eM CBI/IﬂeTeJIbCTBye’I‘ ux FHILPOIIV[-'B:

P,0; + 3H,0 = 2H,[PO;H]
PCl; + 3H,0 = H,[PO,H] + 3HC1

U XapaKTep B3aUMOOEHcTBUS ¢ OCHOBHBIMU COEIMHEHUSIMMU:

4NaOH + P,05 = 2Na,[PO.H] + H,0
3Na,S + P,S; = 2Nay[PS,]

IIpu rugponuse obpasyercs gocdonopas kucaora Hy[POzH]:

B0 _-0-H
B o

a NIpM B3aMMOIEHCTBUM ¢ OCHOBHBIMH COGIVHEHUSMU — COOTBETCTBYIOIIUE
docdars (1II). Ipoussoauee nona [PO3H]?" Hasepatotes pocdona remm

BoapmmueTBo U3 HUX, Kpome cojeil s-onementos | rpymmel, B BOme
PacTBOPSETCSH MJIOXO.

B o6eranbix yenosusix Hy[POzH] — 6ecuperroe, THTpOcKkomUyYHOe, JETKO
pacTBOPUMOE B BOAE TBepAoe eemectso (T. mi. 74°C). B BogHoM pacTope
JBYXOCHOBHAs @ocdonosas Kucaota. ITo KucaoTa cpefHeil cuibl (K =
=1,6-1073, Ka = 6,3-1077). O6b1uHO ee nonywator rugposuzom PClg.

Coenunenus ¢ocgpopa (III) — D0BONBHO CcUIBHBIE BOCCTAHOBUTENH.
Ouu, HaupuMep, BOCCTAHABIMBAIOT MAJOAKTUBHEIE METAJIB M3 pPacTBOPOB
ux coqp;m-[el-mﬂ:

+3 +5
HgCl, + H,[POsH] + H,0 = H3PO, + Hg + 2HCI

DocdoHoBas KUCIOTa OKUCIIETCS 10 docdopHOil rasoreHamMu, AUOKCUIOM
230Ta U APYTUMU OKUCIUTENAMH. TpUralloreHUB OKUCAAOTCA PTOPOM U
xnopom go PHalg, kucnopogom no POHals u . 1.

Coegnnennsi ¢pocdopa (V). Qochop npospnser creneHs OKUCISHUsS +5

-B COeMHEHUSIX ¢ PajloreHaMHy, KUCJIOPOIOM, CEepofl M a30TOM:

PHals PgOS PzSg, P3N5
PFg POy PSy PN,

a TaKXe B COeJMHEeHUAX CMEIIaHHOTO TUMA:

POHal; P,05S, PON PNHal,

PO,F2  PO,S5 PO,N>» -
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Tlnst doedopa (V) xapaKTepHbl KOOPAUHALUOHHKIE yucna 4 u 6, pexe

5. CiemopaTesibHO, GONBUIMHCTBO U3 yKa3aHHBIX BBIUIE COCAMHEHUM FBjA~
JOTCsl MOJUMEpHBIMU, TaK KaK HUX npocTefmu# cocTas HE oTBEYaeT XapaK-
TepHOMy AJA ocdopa (V) xoOpAUHANHOHHOMY THCIY.
OTHOCUTENBHO 60JI€e MPOCTHl MO CTPYKTYpe I eHTaraimn o
Y-
s Qochopa PHals. Mx Mosexyssl NMEOT ¢opMy TPUTOHAIBLHON 6MI

paMuaBL:

OreHu-

B o6punbix yenosuax PFs — ras (1. nin. -93,7°C, . kumn. 84,6°C), PCls

(r. Bosr. 159°C) u PBrs (7. m. 106°C) — Teepapie semiectsa. Oropun u
wenToro) nsera. B coorser-

uorg (unu
e (1

xnopup 6eciperhbl, a PBrs — kpacHo
CTBAM C YCTOMUMBHIMU 3HAYEHMAMM KOOPIMHAMOHHBIX HHCE] docdopa

. -

(V) xpucraiisl PCls nocTpoeHbl U3 MOHOB PCl; u PClg (pacnonokeHHbIX B
RS

KPUCTALIMYIECKON pellleTKe nogo6uo monam Cs* u Cl™ s CsCl). Kpucramist

PBrs cOCTOAT U3 MOHOB PBrj u Br', a PCL,F — u3 PCl; u F.

entaranorenuap docdopa (V) — TUIMIHO KUCIOTHBLE coepuuenus. B

4aCTHOCTH, OHM 60jlee MM MeHee JIErKO TUAPONN3YIOTCH, o6pasyst KUC-

JIOTHI:

PHals + 4H,0 = HsPO4 + 5HHal
B neponubix pacteopax PFs paanmomeficTsyeT ¢ OCHOBHBIMU (TOPUIAMHU:
KF + PFs = KPFs

a ¢ xuaxuM HF maer texcapmopopocPopryro KUCIAOTY

HF + PFs = HPFs

Crobonustii HPFg neycroituns. Ero sopubie pacTsopbl — OYeHb CUJIb-
nas kueaora tuna HCIO4.

BunapHble COEIVHEHN docgopa (V) ¢ KUCAOPOAOM, cepoit, a30TOM
nomuMepHel. Bce OHM TMOCTPOEHBI W3 TETPasJpUHeckux CTPYKTYPHBIX €1M-
wun, tuna PXy (POy, PSy, PNy):
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o

5

Oxcup docdopa (V) P,Os B napoo6pasHOM COCTOAHMM MMEET COCT4B
P4Pio. Monexynn P4Pjy cocroar us wernipex terpasapos POy, kaxmsiil us
KOTOPBIX CBA3ZAH C TPEMsA COCEIHUMY yepe3 O0IMe aTOMbl KHUCJIOPOLa:

W

\b'“\ P,

N
0\
~P—¢ ’139!‘11\,

(o)

Teepapiit P,Os umeer HECKONbKO MOAUMDUKALUMH, OTAMYAIOUIMXCA Xa-
pakTepoM pacnonoxenusi terpasapos POy. Ilpu okucenenun Gesloro doc-
dopa obpasyerca neryuas Moaubukanus P,Os ¢ MonekynspHOl KpucTai-
JINYECKOM pemIeTKOM, B y3Jax KOTOpoi HaxomsaTcs Moneryiasl P4Ojp. Ora
MonuuKanus Jierko Bosrousiercs (T. Boar. 359°C), MCKIIOUMTENBHO aK-
TUBHO B3amMofeicTsyer ¢ Bopoil. pyrue monpndbukanuu P05 nonumepnsl
— o6pasoBaHbl GeckoHeUHbIMU cn0sMu TeTpasapos PO4. Onu umetor Gonee
BBICOKYI0 TeMuepatypy nnasnerus (~580°C), XuMUUecKr HECKOJIBKO MEHee
AKTUBHBL. ’

Oxcun ocdopa (V) P,O5 nonyuawor csxuranueM ¢ocdopa. Texuudec—
KUH TIPOAYKT UMeeT Buj, 6en0il cHeroo6pa3HOH Macchl, OGBIYHO COCTOA LN
U3 cMecu pasHbix popm P,0s.

Oxcup ¢docdopa (V) ouenb akTuBHO B3auMmopeiicTByer ¢ Bopoii. Ero
HCMONABIYIOT A5 OCYLIEHUs Ta30s U kupkocreii. OH MOXeT OTHUMATh BOAY
Y pasau4HBIX Bemects; HanpuMep, mpespamtaer HNOj3; 8 NyOs u name
H,SO4 8 SO3. B kauecTse xopoluero mervpaTUpyrOIUErO CPeicTsa OKCH[
docdopa (V) MUPOKO UCHOABIYETCA B XMMUYECKOM CHHTE3e.

Mpoussoguvie P;Os — orcodocd aTh BecbMa pasHOOOPa3HbL.
Bonpmoe MuOroo6pasue okcodochaTos O6BACHASTCA TEM, UTO TETPadApU-
YCCHUE CTPYKTYpHbie epunuipi POy MOTyT OGbeIMHATBCA ¢ COCEAHWMH
eauuaunamMu POy mnocpeacTsoM oOfHOM, OBYX WAM TpeX BepumldH (CM.
Tabs. 13):
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00—
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OHPAZOBARMID  JIHMEPHOTO oxcodocdar-nona

P \\00‘ ——0 ‘?\OO”‘

Meppriit caydait OTBedaer
PZO?—, BTOPOR ~— OOLEJMHEHUIO rerpasapos POs B uenv (OTKPBLITYIO MIAU
BAMKHYTYIO), TPOTHil ~-= 06PABOBANIIO PAABCTRICHIION 1181, Ha nocireinem
npHHENANE OGBE/IUHERNsE OCHOBAHA, B

woanduranui P;0s. Ociopibie TN oxcopocdar 1V
uc. 166. Bee 310 moxasplBaeT. TO oxcodocdater (V) p
KOTOpLIC MOLYT MMeTDh TULTL LOTHO® ¢Tpoenne.
Vit netrsio (s 2-10 atoMon P) hasbBaioT-
aemagochamann. Doc=
noanaenmagocda-

QACTHOCTU. CTPYKTYpPa CAOUCTHIX
J-NOHOB MPUBE/EHML
Ha p a3HOOOPA3HEe,
qem okcocynsdatsl (V1),

Oxcodoedatii (V) ¢ OTKPBITC
e moaugocdamantt, UMKIMYECKOrO CTPOeHIA ==
datel ¢ GECKOHETHOM OTKPLITOH  MEeNulo  HasbiBATCA

maan.
¢ %P Y
3- 4 Y
[PO,1 P,0,]
[Py O3n41 ](n«z)»
e! 02 e3

P uc 166. Crpoetiue oxcodocdat (V)-MoHOB W CIOUCTOH Mo AubUIALIT

P.0s:

P05t

3 — kowuesoid aToM O

{ — atoM P; 2 —~ MOCTMKOBBIH ATOM O;
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TonudocdaTsl NPeACTaBASIOT OO0 COMM AHMOHOB ODILER PopMyiisl
+ 1

o— —~ o ey - r ‘~.]~» ~ N
[PrnOspei] (2 7. Hanpumep, My4P,07 — nudocdar (nupopocgpam), M
— tpudocdar: )

>3010

o CI)‘ o~ 0 O
’O-ﬁ—O—ﬁ—O‘ = (0-P—0—-P—0-P-0O"
i
o O 0O 0 !)l
P07 P,O%

nudocdar-uon TprdochaT-HOoH
K MeTadocdaTaM oTHOCATes coau annoros obuieii dopmyasl [PrOyzq]™

+1 + ]
Hanpumep, M3P304 — tpumeradocdar, M4P 40, — terpameradocdar:

_. 0 o]
_ O\”/O " o~
O>p/0\n/0 P \P/
l\ ~ 4 A
o | [To o o
0 ) \ /
~p” /‘P P
-0~ No -0 ||\n/”\0'
— o - 0
(PO ] (PO, 4™
1pumeTtadocdar - Terpameradocdar—
HOH HOH

| Y aepes . - !
IIpocreitiune mo coctaBy okcodocdarst nmelor Gopmyrut MyPO; n

2 + 1 + 2 i1 + 2
M3(PO4‘)2, M4£)QO7 u MyP,0: MPOs u M(POs)o. Tak, nipu s3aumoyeit-
ereun CaO ¢ P,0g obpasyioresn Cag(POy)s, CayPy07, Ca(PO3), (puc. 167).

Ca0 + P,05 = Ca(POL), Lt
2Ca0 + P,05 = CayP,0; a0
3Cdo + P205 = Cag(PO4)2 1600
) 1600
Ipocteitiunm  npegcraButenieM  okcodoc-
datos  (V : o 5
) Boxopona seaserca HyPOy. g
Mosnexyna H3PO, umeer dopmy uckamen- 12y < \%
Horo terpasjpa (d_ = 0,152 um, d = oy gl 3 X
. PO P—OH wnl 3 % 7\
= (3%151 uM, (O=P—OH 112° u 5 8
s . 1 i L
ZHO—-P—OH 106°). B reepmom u muaxom 2504050 670 4
OKkcodocaTe  BOAOPOAA sPOs (1. na. o Mac.. donuP05 % P20
. 2 5’ ‘o

42,3 C) MOJIERY. Obe, qeT 7 Marpa a ndaB-
s yaAbpl OOBEOAUHAKOTCA 3a CUe P 1 e, 167. duarpamma noe
‘BOIOPOJHBIX CBsI3€M: LOCT ‘ e r‘e bl M— P 0
X roetu cieremsl CaQ 205
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P,

. N
\\H\O/ \ \i‘i

0~
UM ke OGYCHOBIEHA NOBBILEHHAN BASKOCTE KOHIEHTPMPOBAHHBIX pacT=
Bopos PocHOpHON KUCIOTHI.

Bce okcodocdaThl BOLOpPOSa — TBEpble BEMIECTBA, XOpouio pacTBOpU-
spie B Boje. WX pacTBOpBl ABJIAIOTCA KHCIOTaMil CpeaHeH CI:JIL])(;UIS[
oprodocopoit kucaoTH Kz = 7.25-103, Ky = 6,31-108, Kag =
= 1,26-10712). OprodocopHyr0 KHCAOTY HMOTYyHatoT OGBIYHO B BUAE CHUPO-
=1, y 7 -
noo6paszsoro 85%-HOro pacTBOpa B3aMMOZLEHCTBIEM ¢ocaTHEIX MUHEPa:
JIOB € CEPHOil KUCJIOTOM:

Cag(POy); + 3H,50, = 3CaS0, + 2H3POy
a dochopa (V). OprodocdopHas kucaoTa —

@Pocpopa

KOHEYHBIH IPOAYKT U pONN3a BCeX coennHenuit pocpopa (V), Hanpumep:
POHal; + 3H,0 = H3PO, + 3HHal
P255 -+ SHZO = 2H3FO4 + 5HQS
H4PS, + 4H,0 = HsPO, + 4H,S

n
an

IoangocdopHble KUCTOTH
06pa3yloTes IpHU B3aUMO 1M~
creuu P,05 ¢ oprodocdop-

us puc. 168, B  cucTeMe
P,05 — H,0 mo mepe ysenu-
wyenusi comepkanms  PyOs
cogepxaune H3PO, yMeHb-
Mac. donu ,05.% maerces1, a NoandochopHBIx
KUCAOT yBeﬂHqHBEETCH.

Us oxcodocdaros (V)
HanGonpmee  IPaKTUYeCKOe
3HayeHUe HMEIOT IPOU3BOI-

Mac. Bonu Kucnom, %

P u c. 168. CocraB ¢docdopHbIX KMCIOT B 3aB1-
cuMocTH oT conepianus B pactBope P2Os

e auvonos POS (Bocdamay)
HbIE aHUOHOB 1'\Ug (Ul ncoy
4

npoussoguble Na*, K*, NH}. Kak npasuio, GpocdaTsi 6eCiBETHEI.
OcuoBHas Macca (ocdaTOs IPUMEHAETs B KauecTBe YNOOPeHUH.
. b . —

Ca(H,P0y),2H,0 cocTasnser OCHOBY cyncpgocpama, CaHPO4 2H,0

Moo
aK,

406

Hoi kuenoroit. Kak mupHO .

npeyunumama. WX monywaror pasnoxenueMm (ochopuTa KUcAOTaMU
H,S0,, H;PO, coorsercreenno

ayslUyg, O3r Uy

Cas(POy), + 2H,80, = Ca(H,P0,), + 2CaS0,

cynepdocdar
Cag(PO,); + HsPO, = 3CaHPO,
NpeLUnITaT

CMmemiaHHBIMU a30THODOCGHOPHBIMU YAOOPEHUAMU ABJIAIOTCA TaK Ha3blBae-
mble ammopoc — cmecs (NHy )H,POy u (NH4),HPO, u asodocra — cmecs
ammodoca ¢ KNOj.

®ocdarbl B OTIINYME OT HUTPATOB OKMCJIMTEJIBHBIE CBOWCTBA HE MPOSB-
JISIOT.

Cyanb dun oochpopa (V) PySs nonobro P05 cymecTsyer B Bue Heckomb-
kux Momudurauuin. Hambonee mpocrasi ¢opma cocrour us monexyn PySyp, mo
Amrasramaria nrra warcrr e D) Mavinn sen amemaarmsa snranm arvsanacas boas D M Q
CTpyKType ananoruuHbix Py0jo. Takoe e crpoeriie uneeT oKcocydbpun PyCeS,.

Cyabounodocdatst (V) MoKHO NMOJYUNTh B3aUMONEACTBHEM CybhA0B MeTal-

noB ¢ PySs unu cnnaBneHreM Mera/uta, KpacHoro ¢ocdopa 1 cepbl. PacrBoprmble

+ o
cynbdupodocdarsl (NHy, K*, Na* u ap.) nocremenHo pasiaraiorcsi BOZOM ¢
BblnenenreM HoS, nepexons npu 5ToM B coOTBeTCTBYIOLIME OKcocylbdunodocdaTbl
U B KOHeYHOM UTore B okcodocdartsl. Hampumep:

NagPS; — NagPOS; — NagPO,S; — NagPO3S — NagPO,

Crpyktypa HuTpuaa docpopa (V) PsNy usyuena nemocratouso. ITo
6ejioe, TBepHoe, XMMHUYeCKH oveHb ycToMYMBoe BemecTBo. B peaKuuu BeTyliaer
JIMIIL TIPA CHITbHOM HarpeBaHuu (500—700°C).

Wspecren Tarke amopdHelit npoaykr cocraBa (HqPNg)s, koropblit, oueBuiHo,
smnsercsa ananorom (HPOg); — Meranurpunodocdatom (V) Bomopoza:

OtBevalomuit kucotHoit pynkumuu P3Ny anuon PN, nonvMepen, uMeer crpyk
2

bi Li* pacnonoxkenbl B Iy

TPEXMEepHON CeTKW KOoOPAMHALMOHHoTo HoHa PNj.

407



OKCOTpPpUTLalOTrEeHUTOB docdopa (V) POHalg

Monekynst - nasapa (d =
‘PO

(g/)ocgﬁopuma.wzenudu) puMeroT (POpMYy HMCKAkKEHHOTO TeTpadshpa

= 0,152 um, d = 0,199 um, <HalPHal ~ 100°):

= 0,145 uwm, d

PF PCl

(n = 0,6-107% — 1,2-10°2° Ki-m). B oGeru-
-39°C), POCl; (r. ma. 1°C, . xum.
— TBEpOe BElecTBO. Xaopug
PCl; ¢ HegocTaTKOM BOZBI

Moaexyns POHalg nonspHubl
ubix yesosuax POF3 — ras (T. L. )
107°C) — xugkocts u POBrs (1. ma. 56°C)
¢ocpopuna POCl; obpasyerca mpu THAPOAU3E
UM mpY HAPEBaHMM CMECH P,0;5 u PCls:

P,0s + 3PCls = 5POCls

Ocobasi crionHocth PCls nmepexondTh B POCI; ucnonb3yercsi

oty
.................. wen gnst npespamennsi HoSO4 B XJIOPCY/IbGOHOBYIO  KUCTIOTY
cHHTE3aX, HanpuMep X718 INpespall

HSO;Cl 1 cynbcbypunx}xopun S0,Cly:

B padiiiiHbiXx

SO,(OH), + PCls = POCl3 + SOx(OH)CI + HCI
SO,(OH)CI + PCls = POCls + SO:Cly + HCl |

Oxcodpropuny docdopa. (V) POFg coorBercrsyior ropodocdarsl BOLOPOLA

POgF] u H[PO,Fy], spnsiomuecs B pole OteHb CUTILHBIMA  KMCTIOTAMU.

- H T
o il puu P,05 ¢ pacreopom HEF:

Onut obpasyloresi Hapsany ¢ HPFg npu B3aMOLENCT
2P,0s + 15HF = 2HPFg + HPOsF + HPO,F; + 5H,0

Comu Hy[PO3F] Bo MHOTOM HAMOMMHAIOT cymbdaTsl, a Conu H[PO,F;] nepxio-
pari1. Waecren tawxe H[POCly] (1. mn. —28 C). . .

Cynbdunoranorenupl poodopa (V), nanpumep ragoobpaseit PSF3, oxuuku
PSCls, tBepusie PSBrg u PSIy, mo crpykrype nopo6upl POHalg.

BeciMa pasHooGpasHBl O CTpYKType HUTpH aorastor eHU 1 bl

Hal, (dochonumpunraroenudsy). HUATPUROXTOPULB!

(V) cocraBa P aly (Peocponumpunar

¢ocpopa (V) coctaBa ¢ NI :
PNCI, o6pasylorcsi Ipu HarpeBaHnU NH4Cl u PCls non pasieHdem:

NH4Cl + PCls = PNCl; + 4HCl

Monekyas. PNCl, cocrosT us TeTpasipoB PN,Cly, o6benrHEHHBIX B KOJbUA

WM 3ur3aroobpasnylo Uenb:
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‘CI\P/CI CI\P/CI Cl\ /Cl
P AN I//P\
M N’ \N fr \

| T;] \\ Vi N 4 N //

o 1« 144 Nyt N

C N el o \c1 01/ \01 o \c1
BonbunHero docdonurpunxaopuaos PNCl, — Teepasie Bemectsa. OHU 061a1a10T
BBICOKON XUMUYECKO#H YCTOMYMBOCTHIO, HO PasyaraloTcsi BoLoi. BricoxoMorexysmsip—
Hble POCHOHUTPUIXIOPUIB! ¢ MONIEKYJIaMU B BHjle GECKOHEUHbIX M3OTHYTHIX ILenedt
0 MEXAHMYECKUM CBOMCTBAM HANlOMMHAIOT Kay4dyK.

Orcouutrpuin docpopa (V) PON obpasyercss npu ammoronmuze POCl;:
POCl, + 4H;N = PON + 3NH,CI

1o amopdHEit TepMocroitkuit (1o 750°C) Genblit OPOIIOK, HEPACTBOPUMBIA HU B
OIHOM U3 OBBIYHBIX PACTBODHTENIEL.

[Ipusenennsiit 0630p [AI€KO HEe MCUEDPNHIRAET BCErO MHOrOO6pARMs
HeopraHuvyeckux coeguHeHuit ¢ocdopa. Eue 6Gosmee paznoo6pasubl ero
IEMEHTOPraHUYECKUEe COSIUHEHUA, B M3YYEHUM KOTOPHIX Ocobas 3aciayra
npunannexut A.E. Ap6ysosy. Coenunenns dbocdopa MMPOKO MPUMEHSIOT
B KayecTse YAOODeHWil, s 60pbOLl ¢ BPEOUTENIAMU CEeNbCKOXOBSCTBEH-
HBIX KyJBTYp Y CODHAKaMM, B MENMIMHE, NMPOUBBO/JCTBE IJacTMace, MOIO-
[MUX CPeCTB U AP.

© § 3. IIOATI'PYIIIIA MbIIULSKA

. Mbuubak As, cypema Sb n sucmyT Bi — nonsple 51eKTpoHHbIE aHATOTH
‘c koupurypanmeit s?p. Ilo Mepe ypenuuenus pasMEpOB aTOMOB B pAny
‘,As—Sb—Bi 3HAYEHHUs YCTONYMBEIX KOOpAVHAIIMOHHBIX YMCEN BO3PACTAIOT.
i‘:CTeneHH OKHCJICHUS MBIIIbSKA, CyPhMBl M BUCMYTa paBHBI —3, +3 u +b5.
;Besesereue oco6oit ycroitunsocTy koudurypanuy 6s2 s BUCMyTa Hau60-
[Jlee XapaKTepHa cTEeNeHb OKUCICHUS +3.

Copepxanye B 3eMHOl KOPE MBIIbAKA, CYPbMBL I BICMYTa CPAaBHUTE/ b~
;

F:o HEBENUKO (cM. Ta6sl. 26). OHM OB6BIYHO BCTpeUarOTcsi B BUAE cynbdu-

BIX MUHepanon: As,S; — aypunuwuwenwm™, AsyS; — peaawrap, SbySg —
Efypbmﬂnuﬂ 6aecx (anmumonum), BiSs — eucuymoswt Gaeck (oucaymun),
P TakIHKe FeAsS — A UWBAROGH ??Aﬂfeda‘n ((}pceﬂonupum).

v lipocthe BemecTBa. B pany N—P—As—Sb—Bi oruyerniuso nabmopaercs
(yCUIeHNEe META/NIMYECKUX NPUBHAKOB NPOCTHX BemecTs. B uacTaocTy, B

* Mumepan As;S; Mosyuwsn cBoe HasBaHMe MO MHTEHCHBHON S0JOTUCTON OK-—
PPacke.
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aTOM DALY YCTONYUBOCTH HGMQ’!‘&JUIMI{SCKHX’ }v;onmimnauuﬁ "naf;jeﬂrima
METATTHYECKH Kak u @OiPop,
METAJUTMYECKUX BO3pacTaeT (cm. Tabi. 28). Mpmubak, S
YMeeT HECKOJIBbKO aJIJIOTpoanec:m)( ngpga}.]e'gguﬂeib;:i;ﬁq;xaﬂ o
napa (COCTOAIIEr0 U3 MOJIEKYT AsS4) O pa e dor-
_ meammit asiwsax (o7 2,0 v/emd), usoMopPHBIA y

g;;u;]xnoﬂrﬁuo eMy pacTBOpUMbIA B cepoymepo?,e. Ora Mou:(iﬁ:an:gz
MeHee yCTOUuMBa, UeM Geblit docdop, U mpH ASACTBUH CBeTb“Kaumo "
¢1a60M HarpeBaHuy JIETKO MEepeXOauT B MeTallIN4ecKylo Mo?mmmm o
cepuitl asrwssx. Hemerananmaeckal MopubUKanusa CypbMbl :cme HeMefMA
AL0) e MeHee YCTOUUMBA, IOM JKEeATHI MBIILIBAK. Y BUCMYT

nyeckasd MogudUKanUsA HeU3BECTHA 5006;7121)12'{"%[6 © obmambx yenom-
Ax MOAMGUKAUMU — CEpBlil MbIIIb=
AK, cepad CypbMa M BUCMYT — MME-
JOT METAJITMYECKMi BUJ, BJIEKTpH-
YeCKyI0 MPOBOAMMOCTE, HO XpYIKH.
Ouy uzoMOndHE, UMEIOT CJOUCTYIO

Ouu nsoMopdHB!,
crpykTypy (puc. 169) Tvma 4epHOro
docdopa. Kaxppit us ayTOMOB nu-
paMMIATIEHO CBA3AH C TPEMA COCE-
P uec. 169. Cuoncras CTPYKIYpa Mbl  puvu no cj70l0 M UMeeT TpH 61—
WIbsIKA, CYPbMbI, BUCMYTa

SKAIIMX COCCIHUX aroma B JIPYroM
cioe. B pany As—Sb—Bi pasnuuue MeXBANEPHBIX paccTOAHUNA Bl;}::{r;ﬂﬂli
MEKAY CIOAMU YMEHbBIIAETCSA (0,063—0,050—0,037 HM)," T. €. MpO VK{; ‘
[HOCTENeHHO MpUOIIKEHe K XapaKTepHOMY JUJ1d METAIMYECKUX CTPYKTYP

i eTpOoB
PaBEHCTBY MEXDbANEPHBIX paccTOAHUM. Bnaropaps 64u30CTH NapaMeTpOn

¢ MbIIbS-
KpUCTAJLIMYECKUX PEIeTOK CyphMa 06pasyer TBep/ble PacTBOPEI
T.

KOM ¥ BHCMYTOM, HO TOCJIeHUE APYT ¢ APYTOM UX He 06pa3yo S

HeKOTOpble CBEJIGHMA O MpOCTBIX BEIECTBAX p-2J1EMeHTOB pYIIb

npHBeACHbL HUKE:

Ny P As Sb ) Bi
YyepHbI cepblil cepast
0,978 * 2,69 5,7 6,68 9,80.
—él(),() 1000** 817*** 6305 2714
T. xum, °C ... —195,8 453 615 1635 1552

(BOsroOHKA) (BosronKa)

* B TBepIOM COCTOSHUM.
** [pu 1,8-10° Ila.

* kK npl/l 3:6.106 Ila.
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- 15 1,2 0,12 (merann)
BHYTDH cJiosl
MeXIY CI0AMU

S9g Hokt/(K-Monb) ...

. 0,210 0,251 0,288 0,310
0,368 0,314 0,338 0,347
199,9 22,7 36,6 45,69 56,9

B 0o6biunbIx yenoBuAx MeTaNnMdeckue MOAMOUMKAIMM YCTOMYUBB MO
OTHOIIEHMIO K BO3AYXY U BOAE. B 3JIeKTpOXMMUYECKOM pANY HaNpsKeHuil
OHU PacmoJIOKEHB! MOcje BOXOPOAa. IIpy B3aMMOmEHCTBAU ¢ KOHIEHTPUpPO-
BanHO# HNO3 MBIIBAK IIepeXoquT B MbILIbAKOBYIO KUCJIOTY:

0 +5
3As + 5HNO; + 2H,0 = 3H3As04 4 5NO

CyppMa B 3THX Ke ycnoBusAx o6pasyeT [-cyppMmanyio kuciory HSbO,
(Sb;05- nH,0):

0 +5

35b 4+ 5HNOj3 = 3HSbO; + 5NO + H,0
BucMyr ke B KOHUEHTPUPOBAaHHOW a30THOW KHUCJIOTE MacCUBUpyeTcs, a C
pa36aB/IeHHO JaeT HUTPAT, T. €. Befer ce6A KaKk MeTajl:

0 +3 .
Bi + 4HNO; = Bi(NOs); + NO + 2H,0

Jns monydeHus Mblubsika, cypbMbl M BUCMYTa MX NPUPOXHbIE CYAbdU-
Abl OGKUTAOT; 06pa3YIOUIMecs IPH B5TOM OKCHIB BOCCTAHABIMBAIOT YIIIEM:

29253 +-902 = 6502 + 29203
3203 +3C =29 + 3CO

Muimbak, cypbMa M BUCMYT CYIECTBEHHO OTIMYAIOTCA MO CTPYKTYpE OT
TUIUYHBIX METa/UIOB U MO3TOMY C MeTajljaMyl TBEpAbIe pacTBOPH! O6GBIYHO
He 06pasyloT. boslee xapaKTepHO BOBHMKHOBEHHE 3BTEKTMUECKUX CMECEfi.
‘Tak, cnnas cocrasa 60% Bi u 40% Cd nnasutcs npu 144°C. lupoxo
‘mpuMenseMbiit cnaas Byda, TemnepaTypa msasnenus koroporo 65—70°C,
T. & HWXe TEMNEpaTyphl KUNEHWsA Boful, comepxur 50% Bi, 25% Pb,

12,5% Sn n 12,5% Cd. Cntas cocrasa 41% Bi, 22% Pb, 11% Sn, 8% Cd u
18% In nmasurca suum mpu 47°C. Cn

BRUCMYTa 3BTEKTUYECKOTO

€OCTaBa MPUMEHSIOTCA B ABTOMATMYECKHX OPHETYNMTONAX M B KauecTse
AUPUAILOEB.

+ MBIIBAK ¥ cypbMa UCTIONB3YIOTCS TIABHBIM O6PA30OM B KauecTe 1nGan—
KM K CBUHLY AJIA NIPUAaHUA €My MOBHIILEHHOH TeepaocTd. Baxnoe 3Haue-
Hye uMeeT munopadexui cnaas, copepmammit 25% Sb, 60% Pb u 15% Sn.
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acuyra (-111). B xauecTse coneno-

nawm

CoenuneHns MBIILAKA, CYPHMH H B Y
; AK, cyppbMa H BHCMYT HpPULAD/AARIL

NOBHBIX COSAMHEHNH, B KOTOPHIX MblHIb! . P
cTeneny okucaeHus —3, MOXKHO paccMaTpUBaTh apCenuob, cmu

{ I, U
oHudM) U eucAymuds S-3NEMEHTOB [ u Il rpynn (k33,uCa332‘ Mgs 20B
ap.). B GonbuuumHCTBE dKE APYTHX cydae MpH B3aWMOASHCTBUH ma:l?ec
© MLIIBAKOM, CypbMOI W BHCMYTOM 06pasylorcd COSAUHEHUsT MET
KOTO TUIA.

— nony-
Cru6uapl ¥ ApceHU[bl P-QIEMEHTOB W o7leMeHTOB NOATPYNNbI UMHKA y

Uo6Mu 0B U
NpoBO AHUKU B pAny OJHOTHITHBIX HUTPHU OB, Q)Ocq)l/l!.IOB, apceHuaos, CTl 6u I .
- 7 eT O
BUCMYTUIOB IvpuHa 3anpelneiHon 30Hbl yMeHbUIaeTcs, yTo CBUIETEJILCTBY!
yBenUYeHHU [0 L]EﬂoRa.’IMSOBaHHOﬁ CBA3U. HanpuMep:

AIN AlP AlAs AlSb
3,8 3,0 2,16 1,6

ax L OMUTY

BoAbLMMHCTBO APCEHH0B, cTUOMAOB W BUCMYTH

pasJiar aeTca KUCJa0TaMi.

Ocnabnenue NpUBHAKOB  HEMETAJUIMUECKUX 57eMeHTOB B PAAY
coepuHeHMAX € BOAOPOAOM H3O.

OBOJILHO JIEFKO

32
[=}
w
)=

—Sb—Bi mposBaseTcs Takxe B HX
é:piﬂue Moﬁexyn H;D anaqoruiHO CTPOSHHIO NH; u PHa.PHZ T)S:i%e;
yBenMUEHUs DasMepoB 37EKTPOHHHX 067aKoB B DALY N-—“ —As i
Y IDpPOUYHOCTb CBA3M D—H ymenbiaercd. Ilo aroit xe npulnm(
HecBABHBAIOILEE JBYXITEKTPOHHOE 061aK0 CTaHOBI/IT’Cﬂ‘ npocgpaacmtzr;n;
MEHee HANpaBJIEHHbIM. 3HaUeHHEe panentroro yraa ¢HOH mpnbmmxaet -
90° u nabaiopaerca yMmeHbLUeHUE 5/IeKTPUUECKOro MOMeHTa ANROJIA MORE”
KNB 5TOM K€ PSAY YMEHbLIAIOTCHA SHTalbIHi o6pasopanus. Huxe mpuse-
neHB HEKOTOphIe cBefeHua o BOJIOPOAHBIX COSAMHEHUAX P-37N1EMEHTOB

HoASIpHOCTH

V rpynmnsi:
NH; PH3 HjAs H3Sb
0.102 0,144 0,152 0,171

107,30 933 9 91°
380 323 281 256
0.48 019 007 0,04

778 ~133,8 -116 -8

_33 -87,7 -62 -18

46,18 +54  +664  F145

~16,7 +13.4 +68,9 +147,6

B 06uunbiX yenosuax apcun HsAs, cmubun H3Sb u eucaymun Bilg —
r23006paRHEe BEIIeCTRA ¢ DeaKnM 3anaxoM. ApcuH, ¢tubud U 0cOGeHHO
BACMYTHH CHJILHO 3HAoTepMU4HH. [Ipy HarpeBannu OHM AOBOJNLHO JIETKO
pacnajialoTes ¢ 06pa3OBAHYMEM Ha CTEHKAX COCYAa YEPHOrO OCajIKa ¢ MeTas-
nuyeckuM  6neckoM  (mpocthie  BemecTsa  As, Sb, Bi). B paay
- HzAs—H,Sb—BiH; ycrotumsocTs Manaer, BCJAEACTBUE YEro BUCMYTHH He-
N0OCTATOYHO M3y4eH. Bce OHM — cHAbLHBIE BOCCTAHOBUTENH.

O6pazyiores H3D peiictBneM pasGaBleHHBIX KHUCAOT Ha AapCeHUAH,
¢TU6M Bl ¥ BUCMYTUBI:

a TakXKe AeHCcTBHEeM [UHKa HA NOJKHUCAEeHHbIe PACTBOPHI COQJJ,MHGHPIFII
As,03 + 6Zn + 12HCI = 2H;As + 6ZnCl; + 3H,0

Apcun (B MeHbuel cTereHH CTUGHH U BUCMYTHH) OY€Hb TOKCHYEH.
IockoAbKY LUHK IIOYTH BCErfa cOAEpXUT HeGOMbIIME KONNYEecTBa Mbl b~
Ka, ONACHO BABIXaTh BOAODOM, BHIIENSIOWMIACA NPH ASHCTBUM KUCJAOT Ha

MOMEHT AunoJs MOMEKY] apcuHa M cTubuHa 6AMB0K K HyJ0. OTO
CBU/IETEJILCTBYET O TOM, UTO cBA3b O—H G1M3ka K HeNoAsApPHOW, a HecBsA-
RLIBAICIHNAS B

3biBAICIAA 3JSKTPOHHAS [apa [pPOCTPaHCTBEHHO IPaKTUUeCcKH He HallhaR-

nena. Hoaromy 8 pany HgN—H;P—AsH3;—SbH;—Billy anexrponononopuste
cBOficTBa MOJeKy/n ocsabeBalorT. Tak, ewid NPOU3BOAHLIE AMMOHMA NH}

BIIOJTHE YCTOHUMBLI, TO apconut-noH AsHj o6HapykeH JUIIb CHEKTPOCKO-
mirveckn (B cMecu AsHz u HI npu muskoi Temneparype).

Coeaunenns mumbsika ([I), cypemut (1) u pucmyra (II). B crenenu
okucaenusa +3 atomul As, Sb u Bi coxpansiioT HecBA3HWBAIOHIYIO 3JE€KTPOH-
HYIO Napy; MX KOOPIAMHAaIUOHHKE uhcaa 3, 4. 5 ¥ 6. DTUM KOOPAMHAUHOH-
BBIM JIiC7aM OTBEYalOT CTPYKTYpHbIe €AMHHMUbI B BHIE TPHLOHAJIbHOK
nupamuasl (tun ABzE, em. puc. 51, 6), vckakenHoro Terpasmpa (THI
ABJE, oM. puc. 51, d), terparoHanbHol nupamunb (tun ABsE, oM. puc.
81, u), uckaskennoro oxkradapa (tun ABgE) coorercraenno.

CreneHb OKHCJAEHWA +3 Y MHUIbAKA ¥ €ro aHANOrOB IpOABIAETCA B
ranorenngax IHals, okengax 3,03, cynvdpuaax I,S;. Bunapuue coenune-
‘Hus u rugporcuant I (I11) amdorepus. OrBeyalomme KMCTOTHHM NPUIHA-
‘kaM coeaunennit J (I1I) aHMOHHBIE KOMIIEKCH MMEIOT COCTaB '

3“3]3 3203 3(01‘{)3 3353
3Hal; 90; O(OH); 98,

B paay opmotummmx coexunenuit As (IIN)—Sb (IIN—Bi (I} kucnorae
TIpU3HaKy OC/12a6eBalOT W HAPACTAIOT OCHOBHbBIE.
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BaaUMoleiicTBUeM TNpPOCTbIX BellecTs,

Oxecuas 03 nonydaloT NPAMBM
SbyO5 Takske OKMCIIEHMeM CYPBMbL pasbaplieHHoON

HNOj, a BipOs — repuutieckiM

paaiosenner Bi(NO3)z-

As (I11) k Bi (1II) cymecrsenHo naMetsi-
nipukanuit AspO3 ¥ Sb,O3 nMeloT, Kax
vonekyn 3306 B BolcorkoTeM—
cBsi3aHpl B GeckoHedHbie CIBO-

CrpyKTypa OKCHJIOB NpH Mepexone ot
ercst. Kpucraibl HUSKOTEMIIEPATYPHBIX MO,
1 P03, MonekyJsipHylo pellerTky, [TOCTPOEHHYIO U3
nepaTypHoil MomMdUKALNM Sb,O3 nupamuabl SbOs

eHHble lenn:

o o 0
N e sy
~ cf/ v

K ~N K
Sb, b

Sh.
0// \\0//’ \\0// ~

i E ' eHHOM
Owxeun Bucumyra (111) BizOg mMeer KoOpAMHANMOHHYIO pellieTKy ¢ UCKAX, 4
OKTaoIpo-TeTpaoipHyecKoi KOODAMHAILMENA aTOMOB. Paanuuue B CTPYKType, ecTecT—

BeHHO, cKa3blBaeTcsi Ha CBOW CTBAX OKCHAOB!

ASgOg Sthg BigOg
6eJIblit 6enplit HKENTHIN
274 656 820
460 1456 1010
(cy6u.)
AH},zas’ KK/ MOTIB v —653 —-699 -578
AG},zgy KJIK/MOTB vevenneines 574 ~619 —-498
PacrBopUMOCTH B BOJIE, _
MOIIB/T coecvnunnssisnisesssesnnsnises 9-1072 3-107° 2:10°¢
Beasir mviwssx As;O3 — NpeUMymiecTBeHHO kucaoTublit okeuz. On

pacTBOpAETCA B BOAE U IEJIOHaX, HO B oruyue ot P,0O3 B3auMOMIe# CTBYET

TakKe ¢ TaJIOreHOBOJOPOJHBIMU KHCTOTaMu:
" As;O3 + 3H,0 = 2H3As0;
As,04 + 8HCI = 2HAsCls + 3H,0
Oxenn cypsmbt (II) SbyOs B BOAE TMpaKTUUecku HE paCTBopﬂeTCﬂ, HO
B3AMMOLEHCTBYET CO LIENOYAMH, 3 TAKKE C CONAHOM KHUCJIOTOM. '
Baaumoneiicteie As;O3 u Sb;Os ¢ pacTeopamu meNnoye MpUBOAUT K
‘ -
06pPABORAHMIO COOTBETCTBEHHO T'MPOKCOAPCEHATOB (IIT) (wudpoxcoapcex
mo6) ¥ THAPOKCOCTUOATOB (11I) (wwdpoxcoanmuaonumos):

5,05 + 2KOH + 3H,0 = 2K[3(OH)4]
414

Hao6opot, Bi,0; nerko B3auMopeiicTByer ¢ KucaoTamy, o6pasys pasHoo6-
pasuble conu Bi (III), B Bone He pacTBOpsiercs, co mesoyaMy NpaKTHYECKH
He pearupyer.

AHAJIOTUYHO UBMEHSIIOTCA CBOMCTBa U B PAAY rU A pOKc UM 0B B
orauune oT H3POjs ruppokeuant As(OH); u Sb(OH); amdorepus: y mep-
BOrO MPEeo6JIAAOT KUCJIOTHBIE CBOMCTBA, Y BTOporo — ocHosHble. IIpu sTom
M KHCJOTHafA, u ocHosHas woHmsanmu D(OH); B pacTsope BbIpasmeHbl
cnabo.

B cpoGomuom coctoanuu As(OH); He BbijesieH, B BOJHOM pacTBOpe
BefieT cebsa Kak cnabana kucaoTa H3AsOs, HasbiBaeMadA usiwsIK06UCTOU.

Tuppoxcunpt Sb (III) u Bi (I1I) B Boge npakTUUecKu He PaCcTBOPSIOTCS.
Ouu nmosyyaloTesa B BUue GeJbIX OCAJKOB MEPEMEHHOro cocTtaBa J,03-nH,0
nmpu AeHCTBUY mesloueil Ha KaTtuoHHsle npoussopHsie O (III):

Bi(NO3); + 3KOH = Bi(OH); + 3KNO;

WM KHMCJOT Ha aHUOHHbIe npousBogHsie D (I1I):

Na[Sb(OH),] + HCI = NaCl + Sb(OH)3 + H,0

Mpu cnnapnenun 9;05 umn I(OH); co menouamu 06bIYHO 06pasyrOTest

+

(memaanmumonumsy) cocrasa MDO,. Oxcopuemyratst (II1) neycToiunse.
Ocnabiennie KHCHOTHBLIX NpPU3HAKOB MpPOABIAETCA Takke B pPsAy

cyanbsdupgon I;5; enrmit As,S;, opammesblit SbyS; u wepro-6y-

puiit BiyS; — TBepavie BemecTsa, HepacTBopuMbie B Boge. Cyabpuns o6pa~

3YIOTCsl HEMOCPEeACTBeHHbIM B3aWMOJIEACTBUEM MPOCTHIX BEIIECTB MM JIEii-
CTBUEM CepoBOfOpOa Ha pacTBopumble coegunenus O (III) B kwucnoi
cpepne:

2Na[As(OH)4) + 3H,S + 2HCI = 2NaCl + As,S;| + 8H,0
2Bi(NOs)s + 3H,S = Bi,S; + 6HNO,

‘Cynbduas As (III) u Sb (Ill) — npeuMymECTBEHHO KUCJIOTHBIE COENMHE-
Hus. OHu JIerko pacTBODSIIOTCS B MPUCYTCTBUAM OCHOBHBIX CY/Ib(pUAOB €
;pépasonauuem cynsdpunoapcenatos (III) u cyapdpunoctudaros (I1I) Tuna

'(* 1 +1
- M3S; u Mg0S:

ogax

Pacteopstorea As;S; u Sb,S; u B me .

) Cynbdup sucmyra (III) BizS; KucioTHEle cBoilcTBa B pacTBOpaX He

F:poasnﬂe'r, C OCHOBHBIMU CYNb(DUAAMH B3aUMOEHCTBYET JMIIb NPU CIJIaB-
eHUU.
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CoenvHennsi 3,53 XapaKTePU3YIOTCs CPaBHUTENHHO HEBONBIINMU 3HA-
geHusMU oHepruit ['nb66ca 06pa30BaHUs; NOBOJLHO JIEFKO NEPexXOisT B

DN AR, » ACL, nog ox
J2U3, Jrz U Jlig OpHA OKHC

npuMep:

JOpOJOM, (DTOPOM U XTOPOM, Ha-

2Sb,S; 4+ 90, = 2Sbhy03 + 650,

B ornuune or As,S; cyasbunpt Sb (III) u Bi (III) pacTsopsawoTes B
KOHHEHTPUPOBAaHHON CONAHON KUCJIOTE: )

Sb,S; + 8HCl == 2HSbCl4 + 3H,S
Cyasdunoapcenarst (1)  (muoapcenumst) u  cynsdumocrudarsr (1)

(muoaumumouumu) B TBEP/IOM COCTOAHUU BIOJIHE yCTOl“’I‘II/[BbI‘ HO €OOT
BETCTBYIONLME UM TUOKMCJIOTHE NPU MOJIYYEHHUH pacnalaioTesi:

| 2HAsS, + 2NH,C
2HAsS, = As,Ss + HyS
- INH,AsS, + 2HC] = ZNH,Cl + As,S; + H.S

il

AsS, + 2HC

TpuramToreHdu /b 3JCMEHTOB NOATPYNNL Mblibsika DHal

MoneitcTBeM MPOCTHIX BEIHIeCTB NMPU HeAOCTATRE allOTeHA

n

Monexynel DHaly, kak u PClg, umeror nupamMupansHoe crpoerue. B coor
BETCTBUM C YBEJIMYEHWEM Pa3MepOB aTOMOB TAJIOFCHOB B PiAY MOJEK) i
3F;—3Cl3—3Brs—21; MexkbAAEPHbIE PACCTOSIHUS YBENUYUBAIOTCH, JHOPr

NYyYaT B

cBsizel, AMTAIbNUs W sHeprus [u66ca 06pa3oBaHUs YMEHRINAIOTCA.

60NBIIMHECTBA TPUTAJOTEHUI0B 3JE€MOHTOB NMOATPYNNAl MbIHIbAKA KPUCTAL
JIMYECKUE PELIeTRY MoJeKy/IspHbe. TpudTopu BUCMyTa UMeeT KOOPAUH?A
IMOHHYIO PelIeTKY U MO3ITOMy Haubonee Tyromiasok (730°C).

Mopobuo 3,05 u 3,Ss, ranoreHuael As (1) — xucnoTHBIe cOCAMHCHN,
rajIoreHu bl Sb’(HI) u Bi (I11) nposasasioT cBoitcTBa coneit. ipu rusponn
3e AsHaly o6pasytoress kucaorsl. Onnarko B oramune ot PHaly ruaponn -
AsHaly o6patum:

AsCly + 4H,0 == H[As(OH),] + 3HCI

FugponuTuyeckoe pasnokeHue TajloreHuI0B Sb'(ILI) u Bi (111) raws:
npeobnafaeT Hal MX 3JNEKTPOJIUTHUECKON aucconmanumeit. Tuaponus rWiucet
SHEPTUYHO /IO OKCOTAJIOTeHUI0B, HAIPUMED:

SbhCl; 4+ H,0 = SbOCI + 2H(]
Kucnorras npupona DHal; npospisercs: Takke npy B3aMOIefic TBUY ¢

OCHOBHBIMU TasoreHuzamu. [lpu 3ToM 06pasylOTCst COOTBETCTBEHHO Tanor¢
Hoapcenats! (I11), ramorenoctu6ater (I11) u ranorenoBucmyTtatet (1) wan

“ 1 +1
Beero coctasa Mg[DHalg], Mp[OHals) 1 M[DHaly] (puc. 170).
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Mon [SbHalg] ™ umeer dopmy meckonsko uck
(kar u IFs) — popmy KBAIPATHON FUPAMMIbIL

a 3-
Clac=-= a
P
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Taroe e, rxak B ShF: pacnosomenne cusizell HabMIONALTCS B TeTPAMEPHOM uone

[SbCl)a.

Oxcoranorenwuam Sb(IlI) u Bi (Ill) cocrasa DOHal B obbmHEX
YUI0BUSIX — TBepIble, HepacTBOPMMEIE B BOJe HBeHlecTsa ¢ KOOPAMHAIMOHHO—CITOUC—
TOJl DELIETKON, CTPYKTYPHO COBEPILEHHO OTJIMUYHBIE OT AHAJOTUYHBIX CO€IMHEHM
docdopa (IH) u Mbmnska (I11). Pacronoketne aToMols B cioe kpucranna BiOC
ToR&34aHO Ha puc. 171,

Ocnabnenne nemeramnuueckux cpoitcts B psumy As—Sb—Bi [POsIBIIsIeT-
CA TaKKe B M3MEHOHUM YCTOHYUBOCTH CO/Iefi M CONeNONOGHBIX ¢OeMMHEeHHI
3 (). TNocnepune ans As (111) HeycToiuuBb M B CBOGOXHOM COCTOSIHMU
HEe Bbimerenr, a Juts Sb (Il) ussectrer cyabdar Sby(SO4)s, HmTpar
ShINO ). af wesoTopeie Apyrue. B Bojie 3TH cOeIMHEHNA SHEPrUyYHO pasia-
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ratoresi. OTHOCUTENBHO yCTOHMYMBBL KOMIUIEKCHBIE ctubarhl (I1I) s-amemen-—

+
ToB I rpynmel, HanmpuMep cyibdatocTnbatst (I1I) l\lll[Sb(SO4)Z].

Conu Bi (IIl) BecbMa pasHOOGPA3HBL U yCTOHIMBLIL.

Coepnnenns As (III) gosonbHo nerko okuchsiores. Tak, As,Sz Okunc-
sisiercs nepeybduioM aMMOHUA:

AsySs + 2(NHy)2S; = AsySs + 2(NHy),S
a AsyOg — a30THOM KUCIOTOI:
3As,05 + 4HNO; + 7TH,0 = 6H3AsO4 + ANO

V npoussogueix Sb (III) BoccTaHOBUTENBHAA AKTUBHOCTH MPOABJIAETCA
B MEHBIIEH cTemeHu, OAHAKO Sb,S; TakKke OKucasiercsa mnepcybduioMm
ammouunsA. Okucaenue xe coegnnennit Bi (III) sBosmoxHO nump HauGosee
CUIBHBIMU OKMCJHMTENAMU B CHJIBHOIIENOUHON cpefie, HApUMep:

BiCl; + Cl, + 6KOH = KBiO; + 5KCI + 3H,0

Coepunenus wumnaka (V), cypemut (V) n sucmyr
As (V)—Sb (V)—Bi (V) ycroiiunsocts coefiunenuii s nenom mamaer. llpu
9TOM B M3MEHEHWH CBOMCTB MPOABASAETCS BHYyTPEHHSA MEPUOJUIHOCTE (CM.
puc. 142). Ilpu paccmorpeHuu HoArpynn 6poMa u ceneHa (cM. puc. 140)
6HIO TIOKa3aHO, YTO BHICHIAA CTENEHb OKHCICHMA B ITHX INOATPyNmax

nan6ojee XapaKrepHa AAsA P-J1eMEeHTOB H-ro nepuoma, T. €. ansf I u Te.

a (V). B pany

J- F

HaumeHee ycTOi4mMBa BBICINAS CTENEHb OKMCIEHUS [Jsi P-dJeMeHTBO 6-To
nepuoga, T. e. gas At n Po. [logo6Hast 3aKOHOMEPHOCT, XOTS ¥ BHIPaXKEH-
Hasi MeHee OTYeTIMBO, NPOABAAETCS W B NOATPYIINE MBIIbAKA; CTENeHb
OoKneseHus +5 Haubonee xapaKkTepHa s Shb, Menee xapakTepna pas As u
Heycroiiuusa y Bi.

Jnsa sucMyra (V) nonyden nume ¢ropun BiFs, nas mpiubaka (V) u
cypeMbt (V), kpoMe Toro, uasectHsl okenzbl 3705, cynbdunpt 3,5s, a nna
cypeMbl (V) — emwe n xnopug SbCls.

Ilo xuMuveckoi npupoie GuHapHble cOoeluHeHus Mblmbsaka (V) u ero
aHajloros KucnorHsie. VIM cOOTBETCTBYIOT aHMOHHBIE KOMIIJIEKCHI, MPOCTE~

mue us koropex JHaly, 3037, 3(OH);.

Oxcupge 3,05 B O6BIYHBIX yCHOBUAX — Teepabie pemecrsa. Ilo
ernovKTYDe 1 croiieream Ac,O: manomuuaer P.O-. moROILHO XODOIIO DacT—
crpyKType 1 cnoficraam Ag,O5 uanomuuaser P,0; poeonpue xepomuo pacr

As,05 + 3H,0 = 2H;As0,

Sb,O; (kenroro nsera) B BOJE pAaCTBOPMM MaJyO, Jydile B 1eJOYHBIX
pacTBOopax:

Sb,0s 4+ 2KOH + 5H,0 = 2K[Sb(OH)g)
418

Bonpmmnerso okcoapcenaros (V) u okcocrubaros (V), o6pasyromuxcs
npu crnasineduu As;Os u SbyOs co menouamn 1 OKcuZaMu MeTajIoOB,
MOJIMMEPHBI.

CTpYKTypa OKCOAPCEHATOB OOLIMHO TojobHa cTpyKType okcodocdatoB (V). Ilast

+1 +3 +2
okcoctubaros (V) MSbOz, MSbO,, MyShyO; naubonee xapaxTepHa oKTasyph-
4eckasi cTpyKTypHas exqunuia SbOg. Yamie Bcero mojMMepHBIE BUCMYTATHI OTBEYa~

+1
jor coctaBy MBiOj.

+ 1
W pacTBOpoB O6HIYHO BBHIZENAOTCA TeTpaokcoapceHarsl Tuma M3;AsOy

+ 1
u rekcaruapokcoctu6atel Tuna M[Sb(OH)g). logo6no docdaram, apcena-
Thbl, CTM6ATBl U BUMCMyTAThl, KaK NMPaBUIO0, TPYAHO PACTBOPMMBI B BOJE.
N3 cooTBercTByIOmMUX COSOMHEHUIA BOZOPOAA B CBOGOIHOM COCTOAHMU

CUN oyt TV A Gl f i iaiis g o oo N
LV ) BOAOPULA [3ASUy (ABUBAROGUX KNLJIOTA )

[iofyHeH JIMiib OKcoapceHar
— TBepOe pacrBopumoe B Boze Bemiectso. HizAsO4 monyqaroT oknciaeHneMm
As nnu As;O3 asoTHoil Kucjoroil. Mbunbskosas Kucnora (K = 6-1073)
cnabee Gocgopnoit. Hpu nonbitie moayuedr / BIX KUCHOT 06pasy
eTcss OcaZloK HeompeleneHHoro cocrasa SbyOs-nH,0. He shIgenenst B
cBOGOZHOM COCTOSIHUM W BMCMYTOBBIE KMCJIOTBI. .
Cyasduags DySs BO MHOrOM HallOMUHAOT OKeunbl D,0s5. Henrhrit
As,Ss u opanxesbiii SbySs ¢ BOHOI He B3auMOefcTBYIOT; 6yly4n KU cIOT-
HBIMU COCJMHEHWSIMU, OHU PACTBOPAIOTCA B NMPUCYTCTBHM OCHOBHBIX CyJib-

dugos u NIpu AefcTBUM HETOTeH:
3255 -+ 3Na25 = 2Na3954

Cynabdupbl 3,55 MOKHO MOAyUNTh AM60 B3aUMOAEHCTBUEM MPOCTHIX
BerecTs, A160 ocamjeHuem npu peitcrsun HpS Ha mpoussomurie D (V) B
KHCJIOil cpepie:

2NagAsO4 + 5H,S + 6HCI = AsySs + 6NaCl 4+ 8H,0

Cootsercrayrompue cynbbunoapeenats (V) u cyasdunocrubars (V) (muo-
AHMUALONAMB) BOLOPOLA B CBOGOIHOM COCTOAHUM HEyCTOHMBbI.

Monekynst nmeHrTaranorenupgos OHAl;, kak wu PHals,
UMEIOT pOpMy TPUTOHATBHOM Gunupamupbl (cM. puc. 51, 7).

B 06bidHbIX yca0BuAX AsFs — ras (1. 1. —80°C, 1. kun. -53°C), a
SbF; (1. mn. 8°C, 1. kun. 142°C) u SbCls (1. ma. 3°C, r. kum. 140°C) —
suprocry; BiFs — meepnoe semectso (1. ma. 151°C, 1. kun. 230°C). Pea-
KOe NOBBIIIEH e TEMIIGPATYD IaBJCHUS W KUIEeHus mpu nepexome oT AsFy
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% SbFs o6ycnopinBaeTcs acconuanyeil Monexys SbFs 8 nonmveprbie nenw,
06pa30oBaHHble  OKTa’ApPUYECKUMHU  CTPYKTYPHBIMM  @QHHUIAMU SbFe
(—SbF 4—F—SbF,;—F—). Tlenraranoreny/isl — TUIMYHbE KACIOTHBIE COCM-
uenus. lpu szauMogeiicrsun ¢ sogoit DHals fatoT KMCJIOTH, ¢ OCHOBHBIMU
rajoreHnAaMu 06pa3yloT rajoreHoapcenarh (V) u ranorenocTu6arhbl (V):

KF + DF; = K[JF)

Menracdpropuapt OF5 — cwibHble akientopsl hTOPUA-MOHA; [PU BIAUMOfeN-
creun ¢ OFy ocHOBHBIe CBOMCTBa [POSIBNAIOT JaXe TakuMe COe[IMHEHMS], Kak HF,
0,F,, NoFy, NoFy, ClFs u ap.:

2HF + SbFs &= FH3 + SbFg
CIFs + SbFs = [CIF,)*[SbF¢]"

WNasectupt taxke npoussomrbie [AsClg],, [SbBrg]", [BiOFs)>", [AsFs(OH)]™
1
na M[DOF,] o6pazopakbi NOMMMePHBIMY aHMOHAMU B BuJle Lenu

DARORA

OKTaBAPUYECKUX CTPYKTYDPHBIX eJUHUIL

NAKNAKNA
—As—0—A s —0O~—As—0O—
N o N o S
I U T S SN
Coenunenus Buemyta (V) — cuibHble oxucanTenu. OHu, Hanpumep,
npusoaaT Mn (II} 8 Mn (VII):

2Mn?* 4 5BiO; + 14H* = 5Bi%* + 2MnO4 + TH,0

[Ipous