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NPENJUCIIOBHUE

B xi1accHYecKuX YHMBEpCUTETaX POCCHH XHUMUYECKOE 00pa3oBaHUE TPAIUIIHOHHO
HaYUHAETCA C Kypca HeOpraHM4YeCKoi XMMUH, COAEpXaHHE KOTOPOro CYLIECTBEHHO
OTJIMYAETCS OT OMHOUMEHHOIO B GOJILIIMHCTBE 3apyOeXXHBIX YHUBEPCUTETOB. TaM,
Kak NpaBWIO, HEOPraHMYECKON XMMHUH, MpelioAaBacéMoOi Ha CTapllIMX KypcaxX, npel-
LIECTBYET H3ydeHUE HU3NIECKON, aHANTUTUIECKOH U OPraHH4eCKOM XMMUH, KOTO-
pule GOpMHUPYIOT PyHIAMEHT XUMHYECKUX 3HaHUI. HeCOMHEHHO, YTO OTEYECTBEH-
HBIM ONBIT XUMHUYECKOro 06pa3oBaHus 00jiee COOTBETCTBYET UCTOPUUECKOM JIOTHKE
pa3BUTUS XUMHHU, HO OIHOBPEMEHHO CO3IAeT HEMANO TPYIHOCTEH, 00YCIIOBICHHBIX
OTCYTCTBHUEM Y CTYAEHTOB-TEPBOKYPCHUKOB (HPU3MKO-XUMHYECKOM ITONArOTOBKH, HE-
00XOIMMOM IS U3yYEHUI OCHOB HEOPraHUYECKOH XMMHH Ha YPOBHE COBPEMEHHBIX
TeopHH ¥ MpEICTaBICHUI.

O6pasoBaTesbHbBIN cTaHaapT 1o cnerransHocT 011000 «Xumusa», IpUHATHIA B
1999 r., Ho Moka He OGeCIeYEHHbIN B MOJHOM Mepe ydyeOHoIt JHTEepaTypoi, MpH-
3BaH B ONPEIEICHHOI Mepe YCTPaHUTh 9TH HELOCTaTKH.

MHorue yueGHHUKH 110 HEOpraHUIeCKOi XUMUHM HECOMHEHHO 3aCTyXMBAaIOT BHU-
MaHUs. K HUM OTHOCHTCS, B YaCTHOCTH, KHUIH, HanucaHHbie H.C. AXMETOBBIM,
S.A. Yraem, M.X. Kapanetesauuem, C.H.dpakuasiM, A. B. CyBopoBeiM, A.b. Hu-
xosibckuM. ITpemsiaraeMelii BalieMy BHUMaHHIO Y4eOHUK CO31aH KOJUIEKTUBOM IIpe-
noxapaTesieif Kadeapbl HEOpraHMYECKOW XUMHH XMMHYecKoro daxynerera Moc-
KOBCKOTO TOCYIapCTBEHHOro YHUBepcuTeTa UM. M. B. JJoMOHOCOBa Ha OCHOBE MX MHO-
TOJIETHETO OIIBITAa U MOJHOCTBIO COOTBETCTBYET TOCYIapCTBEHHOMY 00pa30BaTEIbHO-
My CTaHIapTy o crenuanbHocTH 011000 «XuMus» U IporpaMMe MoAroToBKU Gaka-
JIaBpOB 10 HamnpasieHu10 510500 «Xumus». YueOGHUK u3gaeTcs B Tpex ToMax. B mep-
BOM TOME UITOXEHBI PU3NKO-XUMHUUYECKHE OCHOBBI HEOPraH nuecKoii xumun. Bo BTo-
pPOM TOME OYIET pacCMOTPEHA XUMHS JIEMEHTOB IIaBHBIX rpyrmn Ilepuonnyeckoi
cucreMsl 25ieMenToB J1. 1. MenneneeBa. HakoHelr, B TpETheM TOME IIPEAIIONAraeTcs
paccMOTPETH XUMHMIO d- U f-3ieMeHTOB. OCHOBHOE BHUMAaHHUE YIEICHO YCTAHORBIIC-
HHIO B3aUMOCBSA3EM MEXIY CTPOSHHEM BEIIECTB U WX NIPEBPAIlICHUSIMH B HEOpraHH-
YeCKMX CUCTEMaX JUIS pavIMYHBIX 1eMeHToB Ilepuonudeckoii cucreMsl. IToHuMa-
HUE 3THX B3aHMOCBS3€i OTKPBIBAET MyTh K CO3MaHUI0 HEOPraHWYECKHX BEIUECTB U
MaTEPHAJIOB C MPUHIMITHANEHO HOBHIMH (hyHKIIMOHAJIBHBIMU H KOHCTPYKUIMOHHbI-
MH CBOMCTBaMH. SIpKMM MOATBEPXKICHHUEM TUTOAOTBOPHOCTH TaKOI'o MOAX0Ja ABJIA-
eTcs MOSBJIEHHE HOBBIX MOKOJIEHHII CBEPXIIPOBOASIIUX KYIPaTOB, MAaHTaHUTOB C
KOJIOCCANLHEIM MAarHUTHBEIM CONPOTHUBIICHUEM M HAHOKOMIIO3UTOB C IONYIIPOBOI-
HUKOBBIMU KBaHTOBBLIMHU TOYKAMH, B CO3JaHHe KOTOPBIX 3HAYUTEIbHBIN BKJIal BHE-
CJTH COTPYIHUKU XMMHUYeCcKoro (akyibTeTa U dakysibTeTa Hayk 0 Matepuanax MI'Y.
OCBOEHHE TEOPETUYECKOTO MaTepHasa 1o HeOPraHM4eCKoi XMMHH HEMBICTMMO 6€3
3KCIIEpUMEHTAILHOM paboTE B TaGopaTopuu. B eAWHBII METOMUYECKNI KOMILIEKT
BMeCTe C JaHHBbIM Y4eGHHMKOM BXomWT «[IpakTMKyM MO HEOPraHWYECKON XUMHH»,
HAaNMUCAHHBIHM KOMIEKTUBOM aBTOPOB Nox pexakumeit akagemuka 0. [1. TpeTpsakosa.
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IMpu HanWcaHWM y4eGHHMKA IIOMMMO LIHPOKO M3BECTHBIX KHHUT H. C.AxMeToBa,
b.B.HekpacoBa W Ipyrux, JaBHO CTaBLIMX KJIACCHYECKMMHM, aBTOPhI aKTHBHO HC-
HONB30BAIM ONBIT TOCHEIHMX W3maHHWil yueGHukoB IT.OTkunca, H.I'puHByHa,
Jix. Xpion, K.XayckpodT, 4acTh M3 KOTOPBIX IPAaKTHYECKH HCU3BECTHA pocCCHii-
CKOM CTYyZEHYECKOH ayIMTOpUH IO NPUYHHE OTCYTCTBHA NEPECBOLOB Ha pYCCKUI
SI3BIK.

Yue6HUK MpeaHa3HayeH [Jisl CTYIEHTOB XMMHMYECKUX (haKyJIbTeTOB YHUBEPCHUTE-
TOB M TEXHWYECKHMX BY30B, OYIET IOJNE3CH.acCIUpaHTaM, HaydHBIM PaGOTHUKAM H
Y4aIMMCs CTapLIMX KJIACCOB, HHTEPECYIOIMMCS XUMUEH.

ABTOpBI CTAPAIUCH YYECTh OOraThlil OMBIT M TPAIHIIMM TIPENIOAaBaHUs HEOpraHHU-
yeckOM XMMUHM Ha XUMMYecKoM (haxynbrere MI'Y, MarepHanbl METONUICCKHX TIO-
cOBHi, HAMMCAHHBIX MpenojaBate/siMu Kadpeapsl — W. 9. I'pa6oem, H.A.1o6pbI-
aunoit, U.A. IIpecusakosnM, B. Y. ITyriseseiM, M.T. PosoBo#, I'. B. lllnan4yeHKoO,
A. B .IlleBesibkoBbIM. IIeHHBIE COBETH M KPUTHYECKHE 3aMEYaHUS ObUIH MOJMY4YCHBI
OT MHOTMX IIperofaBareeif ¥ COTPYAHUKOB Kadeapbl HEOPraHWMYECKOH XUMHH —
A.W.Xuposa, E.A.JlaByr, U.B. Mopo3oBa, H.H.Oxeitnuxosa, B.U.Ilymisesa,
M.T. Po3oBoit, A.M.TacekoBa u Ip. ABTOpbI OCOGEHHO Gi1arofapHbI A. B.IlleBens-
KOBY, O3HAKOMHMBLIEMYCSI C TEKCTOM PYKOIUCH ¥ CHEJTABUIEMY MHOIO MOJIE3HBIX U
IIEHHbIX 3aMeyaHHit. ITpu nopGope WITIOCTpalMil U TEXHUIECKOH IIOAIrOTOBKE PYKO-
MHCH HEOLIEHUMYIO ToMotb okasanu A. B.JIykaums, C. 5. UctomuH, P. B.IlanuH,
C.W.Munuuk, WU.T.Tumoxun, M.II. Hukudopos, K.C.Hanonsckui, C.H.Cas-
suH, JI. B. Boposckux, B.A. Bepiu6, IT. M. Cronsipos, K. M. Tpodumos, I1. C.bep-
nonocos, C.H.CeMeHOB.

ABTOpBI 6J1aroapsT PEIEH3eHTOB KHUTH — 3aBeyIonIero kagenpoil HeopraHu-
YeCKOf U aHATMTHYECKOM XMMHUH TBEPCKOro rocy1apCTBEHHOTO YHUBEPCUTETA MPO-
deccopa U.IN1.TopenoBa u mpodeccopa BICIIEro XMMHYECKOIO KOJIICIKA PAH
A.B.SIpocnaBuesa.

CBOM KPUTHYECKHUE 3aMeYaHHsl ¥ NPEMIOKEHHUS 110 YITyJINEHUIO PYKOIIUCH aBTO-
pHl TIPOCAT HAMpPaBIATH 10 axpecy: 119899 Mocksa, BopoGreBnl Topel, MI'Y, xu-
MUgecKuii haxyibTeT, Kadenpa HEOPraHUIECKON XUMUH.

Asmopwt




OBPAHNIEHUE AKAJEMMKA 10.J.TPEThbSAKOBA
K MOJIOJEXH

TpynHO cKa3aThb, OTKyJa OepeT Hayajao HeopraHUuyeckas XMMHUSI, HO HECOMHEH-
HO, YTO K €€ HCTOKaM MOXHO OTHECTH HEATeJIbHOCTh MEPBOOBITHOIO YejIOBEKa,
OpOCHBIIIETO B KOCTEP KYCKH IpHpoaHoro reMatuta Fe,03; U, TeM CaMbIM, BIIEPBHIC
OCYIIECTBUBIIETO BOCCTAHOBJIEHHE €r0 YIJIEPOIOM B COOTBETCTBHM C YPaBHCHUEM
XMMUYECKOH peakIuu '

2Fe,0; + 3C = 4Fe + 3CO,

OcBoOeHHE YETIOBEYECTBOM OCHOB METAJLTYPIrUM O3HAMEHOBANO PEBOIIOLIMOHHBIH
MEPeJOM B HCTOPUH LIMBUJIM3alIMH — TIEPEXOJ OT OPOH30BOI'0 BEKA K XKEJIC3HOMY.
M xoTs ¢ Toro MOMeHTa MPOIIUIO HECKOIBKO THICSUENICTH M, 3Ty PEaKUHUIO UCCIEOYIOT
U 1o ceit AeHb. Bo-NepBhIX, U3-3a €€ UCKIIOYUTEIbHONM BaXKHOCTH B COBPEMEHHOM
METAJUTYPrUi U METAJUIOBEICHUH, 4, BO-BTOPBIX, U3-3a MOABJICHUS HOBBIX (PUUKO-
XUMHYECKHUX METOJOB MCCIACIOBAHUS COCTaBa, CTPYKTYPHl U CIIEKTPOB IPONYKTOB
BOCCTAHOBJICHHMA KakK B 00beMe CUCTEMBI (10 HAHOMETPOBBIX pa3sMEpOB — IOPsIKa
10~° M), TaK ¥ BO BpEMEHHM (10 MUKOCEKYHIHBIX MPOMEXYTKOB — mopsaka 10712 ¢).

Ho xene3o — nuls OIMH U3 XMMHYECKHUX MPOAYKTOB, IIOTYYEHHBIX YEIOBEKOM.
OOfmee Xe YMciI0 XMMHYECKHUX COeAMHEHU T, CHHTE3UPOBAHHBIX MCKYCCTBEHHO MITH
BBIIEJIEHHBIX U3 MIPUPOJHOrO CHIPBSA, COCTaBIAeT OKOJI0 20 MJIH ¢ BO3MOXHBIM IIE-
PHOJIOM YIBOCHHS UX YMC/Ia, PAaBHBEIM 8 romam.

Eciu Xe NpuHSITE BO BHUMaHHUE, YTO XMMHKAM MPUXOAUTCSA UMETh JEJIO HE TOJILKO
C YUCTHIMU XUMHUYECKUMH BEIECTBAMH, HO M C Pa3HOOOpa3HBIMM PacTBOpaMHu U
MEXaHUYECKUMHU CMECSIMH, TO YUCIO OOBEKTOB XUMHYECKOIO UCCIICAOBAHUS CTAHO-
BUTCS HEONpeAcieHHO GOJBLUIMM U, HECOMHEHHO, TpeOyeT CUCTEMHOIO MOIXOIa,
OCHOBaHHOI'O Ha TPaMOTHOM HUCHOJIBL30BaHUM (PyHIAMEHTAIBHBIX XUMUIECKHUX 3aKO0-
HOB, YCTAHOBJIEHHBIX B pe3y/ibTaTe 00001ieHUS MHOMOYUCIEHHBIX 3KCIEPUMEHTANb-
HBIX JAHHBIX. B MX YHCIIO BXOAST OCHOBHBIE 3aKOHBI XMMHYECKO# TEpMOTMHAMMKH U
KWHETHKH, nepuonudeckuit 3akoH . . MeHneneeBa U ero rpadpuyeckoe u3obpa-
keHUe B BuAe [lepuoaudeckoii CUCTEMBl XUMHUYECKUX 3JIEMEHTOB, KBAHTOBLIE 3a-
KOHBI, OIIMCHIBAIOIINE TTOBEICHUE MUKPOOOBEKTOB, BKIIIOYAsA 3JEKTPOHEBI, aTOMBI U
MOJIEKYJIbl, MOJIETH XHUMHYECKOH CBSA3H B MOJIEKyJaX, KPHUCTaUIaX, KOOpIWHALIM-
OHHBIX COCTUHEHUSX U T. 1.

Bce oHM B TOIf MJIM MHOM Mepe paccCMaTpUBAIOTCS B HACTOAIIEM y4eOHHUKE, XOTA
orpaHHdYeHHas MONrOTOBKA CTYIEHTOB-NEPBOKYPCHUKOB IO MaTEMaTHKe, (PU3UKE U
MeXaHHKe, €CTECTBEHHO, 3aCTaBWJIa aBTOPOB OTrpaHUYUTH HUINOXKCHHE TCOpETHYEC-
CKMX KOHIUECIUMH HIOCTATOYHO 3JIEMEHTAPHLIM YDOBHEM.

IIpu Bcex YyCHOBHAX ClIeNyeT UMETh B BHUIY, YTO XHUMHS — He MaTeMaTHKa W
MOMUMO JIOTHYECKUX MOCTPOCHUH TpeOyeT OOLIMPHBIX SMIIUPUYECKUX 3HAHUU U
HHTYMIIMH, POJIb KOTOPOM HMCKITIOYMTEILHO BaXHa. B XMMMH MO-IpeXHEMY CyLle-
CTBYIOT TakMe 00JIaCTH HCCIEeIOBaHUS, YCIIeX B KOTOPHIX OMPEACIsCTCS TBOPYECKH~
MH CITOCOGHOCTAMH OTHEIBHBIX JWYHOCTEM, M B 3TOM OTHOLLIEHUH XHMHUYECKOE TBOP-
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YECTBO OKA3BIBAETCA CPOTHHU XYHOXKECTBEHHOMY. B 3TOi CBI3H YMeCTEH BOIIPOC, CKOJIb-
KO HaIO ITO3TOB MJIH XYIOXHHKOB, CIIOCOGHBIX CO31aTh TBOPEHHE, COU3MEPHUMOE C
tparegusamu Y. Illekcrupa win Tunmana. DTOT XKe BOMPOC MOXHO aipecoBaTh U MO
OTHOLIEHMIO K OTKpHTHAM M.JloMOHOCOBa u A.JlaBya3be, A. ABorampo u W. Bep-
nenmyca, K. IIpycrta u H. Kypuakosa, [I. Tu66ca u C.Appenuyca, . Menneineepa
u P. Xoddmana, A.Jle Ilatenne u M. Kiopu-CknanoBckoit, JI. ITomuura u W. Ipu-
roXWHa U MHOTHMX APYTHX XUMHKOB-HCCIIEIOBaTeNeH,

B 3akimodeHue CledyeT OTMETUTh, YTO B YCIOBUAX HedUnuTa 3HEPIUH, MUHE-
PAIBHOIO ChIPbS, BOOHI M 3KOJIOTMUYECKH YMCTONH OKpyXalouleil cpeapl 4einoBeye-
CTBO HE B CHJIAX CIIPAaBUTLCA C COLUMANBHBIMHU pobiieMaMH 0e3 MHTEHCUBHOIO pas-
BUTUS XMMHUHM M TIpUMEHEHHS ee JOCTIXKeHMH. JJOCTaTOYHO cKa3aTh, YTO CBHILIC
90 % moTpebnsieMoil 3HEprHH OGHIECTBO TIONYYaeT, MUCIOJIBb3YA XHUMHYECKHE ITIpe-
BpameHus. M eciiM coBpeMeHHas SHEPreTHKAa CO3MAaeT MHOXECTBO 3KOJIOIMYECKUX
npoGieM, TO BHHOBATa B 3TOM OTHIOAb HE XUMHWUYECKasl HayKa, a HeTpaMOTHOE WX
HeHOGPOCOBECTHOE MCIIONL30BAHUE TOIO, UTO SBISICTCS TMPOAYKTOM €€ HesITeJIbHO-
CTH, Oy TO XHMHUYECKHE TPOIIECCH], TPOLYKTH WJIM MaTepHAIEL.

Akanemuk IO. 1. TpeThskoB



NPEJUCIIOBHUE K IIEPBOMY TOMY

B nepBom ToMe (aBropsl M. E. Tamm, 1O. 1. TpeTeaK0OB) paccMOTpeHH (DU3UKO-
XMMHUYECKIE OCHOBEI HEOPraHMYECKOH XUMHH, HEOOXONMMBIE IS IIOCHELYIONIEro
HU3NIOXEHUSA XUMUM JIEMEHTOB, MIPOCTHIX BEIECTB M COSIUHCHHIA.

B niepBoit 1aBe KHUTM UIMOXKEHBI OCHOBBI XUMHYECKOM TEPMOIMHAMUKY U OITU-
CaHO X NPUMEHEHUE K pa3HOOOpa3HHM GU3NKO-XHMUYECKNM CHCTEMaMH M IIpe-
BpamICHUAM, BKIIOYas (a30BbIE paBHOBECHS, OKWCIHUTEILHO-BOCCTAHOBUTEILHEIE
W KUCJIIOTHO-OCHOBHBIE peakiiMu. BrepBrie B yueOGHHKE 110 HEOPraHUYECKON XUMUHU
BBEACH pa3leil, NOCBAIICHHHN HaYyalbHEIM NPEACTABICHUAM O HEPABHOBECHOM Tep-
moavHaMuKke. Jlajee paccMOTpeHH HaubGonee obniue MoMoXEHUS XMMHYECKON K-
HETUKU, B TOM YHUCIE U 1 TBepaodasHbIX peaknuil. JIMIIb 3aTeM CJIeOyioT pasge-
JIBI, TOCBSIMIEHHEIE COBPEMEHHHIM TPEACTABICHUAM O CTPOCHHMH aToMa H XHMHYE-
CKOM CBsA3U. B 3TO# YacTH nocTaTouHO MoApoGHO LIS y4eGHHMKA [0 HEOPraHUIEeCKON
XMMHH U1 CTYOEHTOB MJAILINX KypCOB MATOXKEHEI BOIIPOCH CTPOSHHA TBEPIOIO
TeJIa U KOMIUIEKCHBIX COeAWHEHU. B KHUTe TakKe pacCMOTPEHBI HEKOTOpPBIE OT-
JEJIBHBIE ACNEKTH PATUOXUMUM, TPOUCXOXICHUS XUMHYECKHX 3JIEMEHTOB H TEOXU-
Mui. IIpuHATas MoCIeg0BaTeILHOCTE UATOXEHUA MaTepUalia COOTBETCTBYET MHOTO-
JIETHEM IPaKTHUKE MPENOAaBaHUS HEOPraHMYECKON XUMHH Ha NMEPBOM Kypce XUMH-
yeckoro ¢axynerera MI'Y.

Kaxnerif pasnesr KHUTY CONPOBOXIAETCH MOIPOBHBIM pa3bopoM 3aad, a B KOH-
i€ BCEX IVIaB IIOMEIEHEI BOMPOCH! U 3ananus. B ITpunoxXeHnsx pHuBeaeHbl TaGIULIBL
TEPMOAMHAMUYECKUX BEJIUYWH U IPYTUE BCIIOMOTraTeNIbHEIE MATEPHANIEL.
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Fnasa 1
HAYAJIA XUMHWYECKO TEPMOJIWHAMMKU

Xumuyeckass TePMOIMHAMHKA — pPa3lesl XUMUHU, U3Yy4daloluii 3HEPreTUKY XU-
MHYECKHX M (HPa30BBIX MpPEBPAIEHMI, HANIpaBICHHWE MPOTEKAHUA MPOLECCOB B du-
3UKO-XHMHUYECKHX CHCTEMaX, XMMUYECKHE U (ha30BbIE PABHOBECHSI.

TepMonuHamMuka (IOCIOBHO — HayKa O IBWKEHWM TerUia) 0asupyeTcsl HE Ha
MOCTYJIaTaxX, a Ha 3KCIEPHMEHTAJIbHO MOATBEPXIEHHBIX OOBEKTUBHBIX 3aKOHOMED-
HOCTIX, ChOpMYJIHPOBAHHBIX B OCHOBHHIX Hayanax. [lepBoe Hayano TepMOIUHAMH-
KM ABJIAETCA BBIpAXKEHUEM 3aKOHA COXPAaHEHHWS SHEPIWH, a BTOPOE YKa3hIBaeT Ha-
MpaBJIeHHE CaMOIPOM3BOJILHOIO MPOTEKaHMA Mpolecca. Ha OCHOBaHUU TepMOIU-
HaMMYECKHX PacyeTOB MOXHO, HAllpUMEP, YTBEPXKUATh, UYTO PEaKIUs

2H2 + 02 = 2H2O

OTKPHIBAIONIAA ITYTh K CO3NAHHI0 SKOJIOIMYECKH YUCTON BOMOPOINHON 3HEPIrETHKH,
NPpUHUMIHAIEHO BO3MOXHA NpH 1060l Temneparype Hioke 5000 K u naBnmeHuwu,
6mu3koM K 1 atM. BMecTe ¢ TeM, XOpOILIO U3BECTHO, YTO CMECh BOIOpOIA ¢ KHCIIO-
POIIOM B ITHPOKOM MHTEPBAJIE COCTABOB U TEMIIEPATyp OCTACTCS XUMHYECKU HEU3-
MEHHOM, €CJIH HE YBEJIUYUTh CKOPOCTh B3aUMOIEHMCTBUS BBEIICHUEM KaTalM3aTopa,
HanpuMep, TUTaTHHBI. TepMOIWHAMHKa, OTBeYast Ha BOIIPOC O BO3SMOXHOCTH IPOTeE-
KaHHUA Ipoliecca, HHIEro He TOBOPUT O €ro CKOpOCTH. CKOpOCTh XUMUYECKHUX Peak-
LM U3y4aeT XUMHYECKasi KNHETHKa, U 00 3TOM pedb MoineT B II. 2.

1.1. DHEPTETUKA XUMHYECKHUX M ®A3OBBLIX IIPEBPAIIIEHUN

1.1.1. OcHOBHbIe MOHATHA XHMHYECKOH TePMOJIHHAMHKH.
Ilepeblii 3aKOH TepMOIHHAMHKH

OCHOBHEIE TTOHSTHSA XUMHUYECKON TEPMOIUHAMHUKH MB!I BBEIEM, O0paTUBLIUCH K
KOHKpeTHOMY nipumepy. IIperncraBuM ceGe, YTO B 3JIaCTUHYHOM U FEPMETHYHOM pe-
3WHOBOM OaJUTOHYHMKE HAXOIMTCS HACHIIECHHBINA pacTBOp COJH, HEPAaCTBOPCHHAs
coJib B (POpME KPUCTAIUIOB U T1ap Hal pacTBopoM (puc. 1.1, a).

ConepxuMoe GaJUTOHYMKA ABIAETCH OGBEKTOM HUCCIIENOBaHMs, OGLIYHO Ha3bIBa-
.€MBIM TEPMOIUHAMHYECKOM cucTemoit. Torga Bce, YTO HAXOOUTCS BHE CUCTEME,
COCTaBJIAET OKPYXAIOIylo cpeny. B Gojiee 061eM citydae, mepmoouHamueckas cu-
cmema — 3TO COBOKYITHOCTD TeJI, CIOCOOHBIX OOMEHUBATHCS APYT C APYTrOM SHEPIH-
€l M BEILIECTBOM M I10-Pa3sHOMY B3aMMOJIEHCTBYIOIINX C OKpyXatomieit cpenoil. B pac-
CMOTPEHHOM BEHILIe IpuMepe (puc. 1.2, a) cucrema MOXeT OOMEHHMBATBCS C BHEITHEN
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CPEIIOii TOJTBKO SHEPTUeil, HO He BEILECTBOM.

Takue cHCTeMBI IPUHATO HA3BIBATE 3aMK-

‘ e HymbiMu, UMM 3axpoimeimu. B oTymame ot
w HHX, CHCTEMBI, KOTOpPBIE MOTYT OGMEHM-
BaTbCsA C OKPYXAIOLIEH Cpenoil U 3HEpru-

P, WV, T =" €, M BEIIECTBOM, Ha3bIBAIOT OMKPsIMbIMU
PV, T, (puc. 1.2, 6), a Te, B KOTOPBIX HUKAKOIA

OOMEH HE BO3MOXEH — U304UPOBAHHbIMU

a 6 (puc. 1.2, ¢). IIpuMepoOM OTKPHITOM CHCTe-

MBIl ABJISAETCS JIIOGOH XHBOW OpraHU3M,
NOTIOMEHMM TeILTOTHL: KUSHENCATENIBHOCTh KOTOPOTO TOMIEPKU-
@ — HayabHOE COCTOSIHME; 6 — KoHeuHoe co- PacTCHA TOJIBKO 6naronap;1 HCTIPEPLIBHOMY
CTOSHME OGMEHY ¢ OKpyXalonuieil Cpemoii KaKk Berle-
CTBOM, TaK M 3HEPrUeit (MpoLeccH abIXa-
HUS, TUTaHUsI, OUOreHe3a, MeTabou3ma).
HTak, 06bEKT McclleHoBaHus SICEH. O6paTHMCS K paCCMOTPEHHIO napaMeTpoB —
BEJIMUH, XapaKTePU3YIOmMxX cucTteMy. OHH HEJIITCS Ha 1Be rpynnel. [Tepyio co-
CTABJIAIOT TaK HA3bIBACMBIC UHMEHCUBHbIE TIAPAMETPDI, BEJIMUMHA KOTOPBIX HE 3aBH-
CHT OT KOJIMYECTBa BemecTBa. K HUM oTHOCsATCS, B 4aCTHOCTH, Temmneparypa (7T'),
hasyieHue (P), MOJISIpHAs KOHIEHTpaLKs (C). BTopyio rpynmy coCTaBISIOT 3Kcmen-
CUGHbIE TIADAMETDHI, 3aBUCSIIUE OT KOJIMYECTBA BEIECTBa, HalpuMep, Macca (m) u
ob6beMm (V).
9To npousoiner, eciu GayTOHYUK HarpeTs, T.€. K CHCTEME MOIBECTH SHEPTHUIO B
BUIE TETUIOTHI (puc. 1.1)? Bo-nepshix, TeMmeparypa MOBBICHTCS OT T\ no T,. JTro6oe
U3MCHCHUE OIHOIO WJIM HECKOJIBKYX IapaMETPOB CHCTEMbI HA3bIBAIOT mepmoouHa-
Muneckum npoyeccom. IIOBBILIEHNE TEMIIEPATYPDI, B CBOIO oYepenh, BEI3OBET U3Me-
HEHUC 6HympekHed snepeuu cucteMsl (U). BHyTpeHHss SHEPrus ONpPENCIAETCH CyM-
MapHbIM 3al1aCOM COCTaBJISIONIUX CHCTEMY MOJIEKYIL, aTOMOB, 3JIEKTPOHOB, SIIEP U
T.1. ¥ CKJIalbIBaCTCA B OCHOBHOM M3 KMHETHYECKON SHEPrum YKa3aHHBIX YaCTHII U
SHEPTVM B3aMMONCUCTBUSA MEXIY HUMH. A6coaomuoe 3naueHue BHYmMpeHHell Hepeuu
HU usmepumbv, Hu paccuumams Heab3si, MOXHO ONPENENNTD TOJBKO 66 U3MEHEHUE B
PE3yJIbTaTe KaKoro-iumbo mpouecca. Heo6XonuMo UMeTh B BUIOY, YTO U3MEHEHUC
BHYTPEHHEH SHEPrUM 10601 CHCTEMBI 1IpH TIEPEXONE U3 OXHOIO COCTOSIHUS B Jpy-
TO€ HE 3aBUCHUT OT IIyTH IEPEXONa, a ONPEAENAETCS TOJIbKO HAYANBHBIM M KOHEY-
HBIM COCTOSIHUEM. B Halrem npumepe 3To 3HAYHT, YTO MOXHO CHAaYaa HarpeTh co-
ACPXUMOe GAITOHYMKA IO TeMIlEpaTyphl T 3 > T, a IOTOM CHOBa OXJIAIUTh GAJIOH-
MK 1O TeMIIEPaTypHl T, IIPU 3TOM H3MEHEHHE BHYTpPEHHEH SHEPIUU CUCTEMBI Gy-
ACT TaKUM XK€, YTO U NPU HarPEBaHUU JO TEMIIEPATYDPHI T,. 910 O3Hayaer, yTO
BHYTPCHHSIST SHEPTUS CUCTEMB SIBISIETCH QyHKYuUell cOCMOosAHUsA, T. €. HE 3aBUCHT OT

MyTH TIpOrIecca;

Puc. 1.1. IpuMep u3MeHeHus B cucteMe npu

m E m E m E

a 7] I
Puc. 1.2. Ilpumepsl 3akpritoit (a), OTKPHITOM (6) M H30JMPOBAHHOM (8) cUCTEM
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AU=U, - U, (1.1)

e MHAEKCH 1 U 2 — CUMBOJIBI HAUAIBHOIO ¥ KOHEYHOTO COCTOSIHUSI CUCTEMBI.
3aMeTHM, YTO MPY HarpeBaHWM OAUIOHUYMKA U3MCHSCTCSI HE TOJIBKO TeMIIEpaTy-
pa, HO U KOHIEHTpAIUsi pacTBOpa — YacTh COJNU JOIOJHUTEIBHO PAaCTBOPACTCA U
YBETMYMBAETCS KOJIMUECTBO 1apa, T.€. IPOUCXOIUT IepepacipeleICHUe Macc.
3a cyeT YBENTUUEHHUS KOIUYECTBA [apa CHUCTEMa COBEPINACT pabomy paculuperus:

A= PAV. (1.2)

Ec/Ti BHellIHee AaBleHUe NOCTOSTHHO, HarPEBAHUE BBI30BET yBEJIMUeHUE 00beMa
Ha BETMUMHY AV — GaUTOHYUK pasfyeTcs Nogo6HO BO3MYLIHOMY LIapy.

U, HakOHEll, NTPOU3OMIET PacTSKEHNE CTEHOK PE3NHOBOrO Ga/lTOHYMKa — CH-
cTeMa copepumt paborty (W).

Takum o6pasom, mensoma (), cOOOLICHHAs CUCTEME WU3BHE, pacXomyeTcs Ha
yBeIM4YeHE BHyTpeHHei sHepruu (U), cosepiueHne paboThl paclIMPEHUS (A4), apyrux
BuzOB pabot (W) (B HallleM ciTydae PacTSIKEHUE CTEHOK GajloHYMKa) 1 paboTHl 110
nepepacrpec/IcHUI0 Mace BelecTB B cucteme (£):

Q=AU+A+ W+ E. (1.3)

[TonyyeHHOE ypaBHEHWE €CTh HU YTO MHOE, KaK BBIPaXCHHE NEPBOIO Hayala
TepMOOUHAMUKY, SIBJISIOLIErOcs YacThI0 BCeOOLIEro 3aKOHA COXPAHEHUST SHEPTUH.
Ilepeoe nawanro mepmodurnamuky MOXHO cHOPMYTHPOBATD CIEAYIOLIUM oOpaszoM:

3aKoH coXpaHeHus MaTepus. 3aKOH COXPAHEHUS DHEPIHH SIBJISICTCS YacTHBIM CIIy-
yaeM BCeoBIEro 3aKOHAa COXpaHCHMSl MaTepuu (Maccel W SHepruu). Macca (m) u
sHeprus (E) CBSI3aHBL APYT € APYrOM YPaBHEHMEM DiHIUTEHa:

E = mc?,

e ¢ — CKOpPOCTb CBETa B BakyyMme (2,998 - 108 m-c').

DHepreTuyeckue 3GOdEKTh, KOTOPbiE CONTPOBOXAAIOT XMMUYECKHUE peaKlUM, Ha-
XO#ATCS B MHTEPBAJIE OT SAMHMUIL 10 THICTY KJX/MOJIb. DTOMY COOTBETCTBYET UPE3BBI-
yaitHO MaJloe U3MEHEHME Macchl. Harlpumep, Ang aucconaly OQHOro MoJIst xjaopa
Ha aTOMBl HEOOX0aMMO 3aTpaTuTh 242,8 KIx. MaccoBblil 3KBUBAIEHT 3TOH HEPrUU
cootBeTcTBYeT 2,7 107 1, T.¢. mpubau3uTensHO 1/200000 YacTH Macchl NEKTPOHA.
To3ToMy B XMMHMM MOXHO TOJIB30BaTbCA HE3aBUCHMMO KaK 3aKOHOM COXPaHEHUs Mac-
CBI, TAK ¥ 3aKOHOM COXPaHEHMS 3HEPIHUU.

JedekT Maccel HAUMHAET CKa3bIBATHCS B SIIEPHBIX PEAKLUSIX, I IHEPreTUIECKHE
3¢ beKTh 3HAYMTEIBLHO Bble. JIMana3’oH 3HEPTruii, COOTBETCTBYIOILMX Pa3/IMYHBIM
COCTOSTHUSIM U Npolleccam, MUTIOCTPUPYETCs cleayloleil cxemon:

1073 1 103 109 1016 E, x[Ix/Mons
{ L | t 1
DHeprus CBA3U DHeprust XuMHu- DHeprus y-U3my4yeHH, DHeprus
aroMoB B He (X.) 4ecKux peakuuit ANEePHBIX peaKLi B COBPEMEHHBIX

YCKOPUTENAX




HepeI[KO HepBbeI 3aKOH TEpMOIMHAMUKU aHAJIUTUYECKHU BBIpaxaeTcs YPaBHEHUEM:
AU= Q_Apacm_ I/V’ (14)

rae Ape,, — pabora paclunpeHusi; W — npyrue Bugsl pabor.

BaxHo orMeTuTh TO OOCTOSATENLCTBO, YTO HU PaGoTa, HU TEIUIOTa He ABISIOTCS
(YHKLMSAMU COCTOSTHMUS, T. €. 3aBHCST OT NyTH TIPOTEKaHUs TIpoLiecca TOTO6HO ToMy,
Kak JuinHa noporu ot Mocksbt 10 IeTpo3aBonacka 3aBUCUT OT TOTO, €XaTh JIK Yepes
[Tetep6ypr wim yepes Bonorny.

IToMHuMO paccMOTpeHHBIX BbiILie (YHKIMH B TEPMOTUHAMUKE BBOMSIT BEJTUYNHEL,
KOTODBIE TOXNECTBEHHEI CyMME HECKOJILKMX TEPMOIMHAMHIECKIX napaMeTpos. Ta-
Kad 3aMCHa BO MHOTOM o0JieryaeT pacyeTsl. Taxk, GbYHKIMIO COCTOSIHUSA, paBHYIO
cymMme U+ PV, HaswuIBaIOT sumansnuels (H):

H=U+ PV, (1.5)

OyeHb MHOTHE XUMUYeCKUe TIPOLECCHI IPOUCXONAT NPU MOCTOSHHOM IaBICHUN
(MX Ha3BIBAIOT U306apHbimu). U3sMeHeHMe SHTAJILIIUK U300apHOTO MPOLIECCa BHIPAXKa-
€TCs ypaBHEHUEM

AH = AU + PAY, (1.6)

Ilpu P = const u B OTCYTCTBHE IPYTUX BUIOB PaGoT, KpoMe paboTH pacurupe-
HUsl, TENJIOTa PABHA U3MEHEHUIO SHTAJILITHU:

Q, = AU+ PAV = AH. (L.7)

Ecmy mponecc [TPOMCXOMUT NPU TIOCTOAHHOM 00BeMe (V = const, u30xopHuiii
NIPOLECC) U B OTCYTCTBUE APYTUX BUIOB paboT, BLIIEMBLIASACS MITH MOMIOIEHHAS
TETJIOTa COOTBETCTBYET U3MEHEHUIO BHYTPEHHEM 3HEPTUH:

Qv = AU. (1.8)

Cootnowenns (1.7) u (1.8) nosBossior OLCHUTH TAKWE OCHOBONOJIATAIONINE B
TCPMOIMHAMUKE BEIMYMHDI, KAK U3MEHEHHE BHYTpEHHeH SHEPTUU U SHTAIBIUH,
HCXOIsl U3 IKCMEPUMEHTANIBHBIX 3HAYEHUI TeTUIOBBIX 3(pPEeKTOB peakiuit.

Benumnnt AH u AU noctatouno 3aMETHO OTVIMYAIOTCA APYT OT JAPYra TOJBKO B
Npoueccax, Npu KOTOPBIX H3MEHSETCS KOJIMYECTRBO razoo0pasHbIxX Beutects. Harpu-
MEp, B pCaKUUU OOpa30BAHUST aMMHAKa

Ny(r.) + 3Hy(r) = 2NH,(r.)

AH MeHblie AU Ha BEIMYUHY PAV,
Ipennonaras, 4yTo raser BENYT cebst KaK MAEaNbHBIE, UISI PACYETd MOXHO HC-
NOJIB30BaTh ypaBHEHUe MeHneneeBa — Knaneitpona

PAV = AnRT, (1.9)

TIe An — M3MEHEHHWE YUCIIA MONEH Ta3006pasHbIX BEUIECTB B pe3YJbTaTe NMPOTEKa-
HUS peakiiuu.

B toM cimyyae, korna B peakimn Y4acTBYIOT TOJIbKO KOHIEHCUPOBAHHEIE (ha3bl
(Kuzmkue U TBEpABIE), U3MEHEHHE OGBEMA CTOIE HE3HAYUTEITBHO, YTO UM MOXHO
npeHeopeyb. Tak, IIpH pacTBOPeHNH 6E3BOIHOrO CY/bhaTa MeIu B BOIE U3MEHEHUS
BHYTPEHHEW SHEPIUU U SHTAIBIMUU OJMHAKORBEL.
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Hpumep 1.1, Onpenesinte BeIUYMHY U3MEHEHHUS] BHYTPEHHENH SHEPIUU B pe3ysibTaTe pe-
akuuu obpasoBanua 2 Moib NH;(r.) us mpoctbix Beutects npu T = 298 K, ecin AH =
=-92,28 k/Ix.

Pewenue. Kax 6bUIO YKa3aHO Bbll€, CUMTad ra3 MACAJbHBIM, BENUUMHY PAV MOXHO
paccuuTath Mo Gopmysne (Mypon = Mucx) RT = (2 — 4) - 8,31+ 298 = - 4952,79 JIx. Yuutbinad,
yto AU = AH — PAV, nonyunum AU = 92,28 k/Ix + 4,95 kIx = —87,33 k/IX.

1.1.2. TenzoBble 3P deKkTH U TepMoxuMuIecKHe ypaBHeHHs. 3aKoH I'ecca

Pasgen XxuMUYECKOM TEPMOAUHAMHUKH, B KOTOPOM M3Y4YalOoT TEIIOTHI XMMHYe-
CKHMX peaKUMH U 3aBUCUMOCTD X OT Pa3IMYHEIX (PUIUKO-XUMHYECKUX NapaMeTpoB,
TETUIOEMKOCTH M TEIUIOTH (ha30BHIX TEPEXONOB, HOCUT HA3BAHUE TEPMOXHMHU.
B TepMOXMMMHM TIONB3YIOTCS MEPMOXUMUHECKUMU YPAGHeHUAMU DEAKLMMI, B KOTOPBIX
006513aTeJIbHO YKA3BLIBAIOT arperaTHOe COCTOSTHUE BEIECTBA, a TEMJIOBOH adeKT pe-
aKIMU pacCMaTpUBAIOT KaK OJMH U3 MpOonyKTOB B3auMoneiicteud. Hanpumep, peak-
uys 00pa3oBaHUs BOJBI U3 IIPOCTHIX BEIIECTB MOXET OBITH BEIpAXEHA TEPMOXUMU-
YeCKHM YpaBHCHHUEM:

H,(r.) + 1/20,(r.) = H,O(r.) + 242 KJIx.

DTO 3HAYUT, YTO NpH 00pa3oBaHMU | MOJNBL razo00pasHOM BOIBI BBLIEISAETCA
242 kJIx TerutoThl. I1pu 3TOM U3MeHeHue SHTaNbNuu AH = -242 xJIX.

TIpOTHBONIONOXHBIE 3HAKU BeTWYUH AH 1 Q 03HAaYaloT, YTO SHTAIBIUS XapaK-
TepU3YET TEIUIOBHIE U3MEHEHUS] B CHCTEME, a TEILUIOTA — B OKPYXalolIeH cpenel.

TIpu 3x3omepmuueckom npouecce Q > 0, AH < 0, a npu sndomepmuneckom —
Q < 0, AH > 0. BaxHocTh y4eTa arperaTHOro COCTOSIHHS OOBACHSETCA TE€M, YTO
MepeXo U3 OJHOIO arperaTHOTrO COCTOSIHUSI B JAPYTO€ CBA3aH C SHEPreTHYECKUMU
3aTpaTaMH, HarpuMep:

H,0(r.) = HyO(X.) + 44 kJIx.

CilenoBaTeNbHO, TETUIOBO 3deKT 00pasoBaHus XUIAKOK BOIALI OTIMYAECTCS OT
razoo0pasHoil Ha BEJIMUMHY TEIUIOTH UCTIAPEHUS:

Hy(r.) + 1/204(r.) = HyO(x.) + 286 kJIX.

TeruioBble 3¢ MEKTH peakIM¥ MOXHO HE TOJBKO U3MEPATH, HO U PACCYUTHIBATD
nio 3akouy lecca:

DTOT 3aKOH OBUI YCTAHOBJEH 3KCMEPUMEHTANBHO B 1840 r. pycCKUM XMMHMKOM
I. . TeccoMm. Tecc noapasyMeBal IO TETUIOBEIM 3(h(PEKTOM peaK U TeToTy, KO-
TOpasi TIOIJIOIAETCS WJIM BBUIENAETCH B pe3yJbTaTte peakuuu, Npoxonsuiei 6o
TIPU TIOCTOSTHHOM 00beMe, JIMGO NPU NMOCTOAHHOM JABJICHUU U B CIIy4ae, €CJIA TEM-
NepaTyphl UCXOMHLIX BEIIECTB U IPOAYKTOB PEAKIIMU paBHEL SICHO, YTO 3TO YTBEPX-
JIEHUE SBISEeTCS NMPSAMBIM CJEACTBHEM TEPBOro 3aKOHa TEPMOIMHAMMUKH, TaK KakK

! D10 yIBepXKICHNME CIIPABEIIMBO ISl CIyyasi, [Ae OTCYTCTBYIOT APYTHE BUAB paboT, KpoMe paGoThl
paclvipeHus.

13



TenjoBele 3ddektnl @, = AU, a 0, = AH, a U3MCHeHHs BHYTPEHHEH SHEPrUM U
SHTAJIBITHU HE 3aBUCAT OT IYTU NMPOTEKAHUS TpoLIecca.

OcHoBrIBasich Ha 3aKoHe [ecca, U3MeHEHUs SHTANBIIUH, BHYTPEHHEN SHEPIUU U
APYTUX QYHKIMIA COCTOSHUSI MOXHO BBIYMCITUTE IBYMSI OYTAMH.

Bo-mepBrix, AH peakunu MOXHO paccyuTarh, 3Has U3MEHEHUE SHTATLIMM Ha
NPOMEXYTOYHBIX CTAllUAX WIW UHBIE TYTU NIOTYyYEHUsI TIPOAYKTA PEAKIIMU U3 OIHOTO
1 TOTO Xe UCXONHOro BeuectBa. ITycTs HEOOXOMUMO ONpeneNuTh U3MEHEHHE SH-
TaNbNUU AH, IpY peakuuu rasoo6pa3HoOro aMMHUaKa C PacTBOPOM XJIOPOBOIOPO.I-
HOH KMCJIOTH

NH;(r.) + HCI(p.) = NH,Cl(p.),

€CJIM U3BECTHBI BEJIMYUHEI A H clenyomux peakumii:
1) o6pasoBaHMe TBepIOro XJIOPUIA AMMOHHUS U3 rasoo6pasHoro aMMHUaKa U XJjio-
posonopona (AH)):

NH;(r.) + HCI(r.) = NH,CI(1B.); €Y

2) obpasoBaHue pacTBOpa XJIOpUHA AMMOHUS (aq or nat. aqua — Boxa o3Hayaer
PaCTBOPEHHE B BOKE C 00Pa30BaHUEM GECKOHEYHO pa3baBIeHHOTO pacrBopa) (AH,):

NH,CI(tB.) + ag = NH,Cl(p.); 2
3) 06paszoBaHie PAacTBOPA XJIOPOBOZOPOIHON KUCIOTHI (AH5):
HCI(r.) + ag = HCI(p.). 3)

KoM6unupys peakmuu 1, 2 u 3, MOJIyYaeM WHTEPECYIOUYIO HAC peakuuIo, JUIs
KOTOPpOIA:

AH, = AH, + AH, - AH,,

Hcxonnsie
BeILEeCTBA

Iyt 2

E .
-AH; NH;(r.) + HCI(r.)

AH,
Iyt 1 NH;(r.) + HCI(p.)

NH,Cl(s) |

AH,
NH,Cl(p.)

IponyxTht
peakiuu

a 7]

Puc. 1.3. Cxema (a) u sHTANBNMIHAS auarpamma (6), WUIIOCTpUPYIOHINE U3MEHEHUE DH-
TaJiblIMM NIPU B3aMMOACHCTBUY Ta3000pasHOrO aMMMaka C PacTBOpOM XJIOPOBOAOPOAHOIA
KUCJIOTbI
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Ha puc. 1.3 npencraBneHa 3HTAIbNUITHAA TuarpaMMa, KOTOopass WUIIOCTPUDYET
[IepeXoabl CUCTEMEI U3 OJHOTO COCTOSIHUA B IPYrO€ B Pe3yIbTaTe OCYILIECTBICHUS
YKa3aHHBIX BBIIE XHMUYECKUX peakuuil. OTa 1uarpaMMa rokasblBaeT, 4YTO U3MEHE-
HHe SHTAIBIIUU 3aBUCHUT TOJBKO OT ITOJIOXEHUS YPOBHEN 3HEPIHU, XapaKTepU3YIo-
[LIMX PA3IMYHbIE COCTOSHUSA CUCTEMBI (aOCONMIOTHBIE BEIMYUHBI 3THX SHEPrUil 3Ha-
yeHHs He uMeloT). [Togo6HbIe TarpaMMBbl TOMOTAIOT ONIPENETUTh SHTAIBIIUN MHO-
I'MX NPOLECCOB, B YACTHOCTH, 3HEPIHil 06pa3oBaHUA KPUCTAUIHYECKUX PELIETOK
(kb bopHa— labepa) U 3Hepruil CBs3U.

DKCIEPHMEHTAJIBHOE ONpeeJieHe TEIUIOTH peakuMu. TeroTsl peakuui, B TOM
4yucjie TETUIOTH 06Pa30BaHUA U CrOpaHUs BELUECTB, ONPEAL/AIOT MPY MOMOLIN KaJio-
pUMeTpoB pasinyHoro thna (puc. 1.4). Kasopumerpuueckas 6oMGa NPeACTaBIseT Co-
60i1 3aMKHYTbII COCY/l, XOPOLIO TEPMOCTATUPOBAHHbIM, YTOObI TEILIOTA peakUK pac-
XOJI0BaNach TONBKO HA YBEIMUYEHUE TEMITEPaTypbl BHYTPU KanopuMmerpa. Bo BHYTpeH-
HIOIO EMKOCTbL GOMOBI MTOMELIAIOT pearupyloime BeecTsa, 1 peakuuio HHAULMHUPYIOT
PasiM4HbIMU CNIOCOBaMM, MHOTAA C TMOMOLLBIO UCKPbl. TeMIlepaTypy B KaJlOpHMETpe
U3MePSTIOT TEPMOMETPOM Wi TepMomnapoM. TakuM crocoGoM U3MepeHbI TEILTOTbI 06pa-
30BaHUs] MHOTHX Thics4 BewecTB. ONHAKO CYLIECTBYIOT BELLECTBA, KOTOPbIE HE MOTIYT
GbITh MOJYYEHB! MPAMbIM B3auMoaeiicTBUeM MpocTbix BewiecTs. Ternsiorkl 0OpasoBa-
HUS TaKUX COCAMHEHHII MOXHO PacCuMTaTh, MCIOJb3ysl 3akoH ['ecca. MOXHO Takxke
U3MEPUTDb TEIUIOTY PA3/IOXEHUs] MHTEPECYIOLLETO HAC COEAMHEHMS], HAITPUMEp, OKCHIa
xiopa(lV):

ClOQ = 1/2 C12 + 02.
OueBUAHO, YTO TEIUIOTHI npsAMoid U O6paTHOﬁ peakuyy CBsAI3aHbl COOTHOLUECHHEM!

an = *Qoﬁp'

HicTopryeckn 5TO COOTHOLUEHUE Ha3bIBaIOT 3axonom Jaeyazee— Jlanaaca.

3HAuNTENbHbII BKNA B pa3BuThe TepMoxuMuu BHec B. @, Jlyrunun (1834—1911),
co3aaBLIKil B MOCKOBCKOM YHMBEPCHUTETE [EPBYIO OTEUECTBEHHYIO 1abopaTtopuio Tep-
MOXMMHH, HOCHILYIO ceituac ero umsl,

Puc. 1.4, Cxema npocTeiflliero Kaiopumerpa:

1 — tepMonapa; 2 — WcclienyeMoe BemecTso; 3 — npucrnocobie-
Hye I MHWLHAPOBAHMS peakuny; 4 — IepMETHYHBIA cocyn;
5 — Boja

A

Bo-BTOpEIX, AH peakuuu MOXHO pacCUNUTATh, UCTIOJb3Ys] BEMMYUHLL IHMAAbRUL
o6pazoganus peaTUPYIOIIMX BEILIECTB U MPOAYKTOB peakuuu. g pacuera usMeHe-
HUSA SHTAIBNUI peakuuii He 00g3aTE€MBLHO TaOyIUPOBATL BCE M3BECTHHIE TETLIIOTHI
peaKLMit; JOCTATOYHO 3HATH TOJILKO T, KOMOMHAnMeil KOTOPHIX MOXHO TONYYUTh
BCe OCTAaJILHEIE.

B KayecTBe TaKUX peakuMil BRIGpaHH peakIiuy 00pa3oBaHus | MOJIb COETUHEHUS
W3 MPOCTHIX BelliecTs npu TeMnepatype 25 °C (298,15 K) u B cmandapmuom cocmos-
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Ta6uauua 1.1

Cranpaprabie 3HTAILIHH 00pa30Banus HeKOTOPbIX BemecTs (kIDK/Moib)

BeuiectBo Ae8 BewiectBo Ae8 Bewiectso Agi5gg | BemectBo | A3
Al(r.) 326,3 || Cli(r.) 121,3 || NHs(r.) -46,19 {| H,O(r.) | -241,82
AP*(p.) -530,0 || Cl-(p.) -167,2 | NHi(p.) | -132,4 || H,O(x.) | -285,83
AlF;(tB.) -1510 [ HCI(r.) -91,8 || NH,Cl(r8.) | -314,2 || H,O(1B.) | -291,85
AlBr;(18.) -513,4 || HCI(p.) ~166,9 || N,H,(r.) 95,4 | H*(p.) 0
ALO;(1B.) -1676 | ClOy(r.) 105 NO(r.) 91,25 [ OH-(p.) | -230,19
Fe(r.) 416,31 || CL,O(r.) 75,7 NOy(r.) 34,2 || Os(r.) 142,3
Fe3*(p.) -46,39 || HBr(r.) =34,1 || N,O,(r.) 9,66 | SO, (r.) -296,9
FeO(18.) -272,4 i HI(r.) 26,57 | HNOs(r.) -135,1 || SOs(r.) -396,1
Fe,0s(18.) -822,2 | ICI(r.) 17,41 | NOs(p.) -207,5 [ HyS(r.) -20,15
Ca(OH),(18.) | -985,6 [ COy(r.) -393,5 || PCl3(x.) -319 || CaO@B.) | -634,9

Huu', T.e. npu naenenun 1 atm (101 325 T1a). Hanpumep, mis XJIOpa CTAHHAPTHOE
COCTOSTHUE — 3TO NBYXaTOMHEIN Ta3, Jjisl CEPEl — TBEPHOE BeIECTBO, €r0 pOMOHU-
YyecKass MOTUMUKaUMs, IS OpOMa — XWIKOCTD.

OHTAIBNNA 0OPa30BaHMs IIPOCTOTO BELIECTBA NPUHATA PaBHOMN Hymo. CTaHnapT-
HEBIE SHTAJIBIIUK OOPa3OBaHUs BEWIECTB (A#d5gg) CBEIEHBI B TaGIULBI, NOTOGHHIE
Tabn. 1.1 vwm nput. 1.

Hanpumep, 3HTanbnusi 06pa3oBaHus TPUXIOPUAA Hochopa — 3TO U3MEHEHHE
SHTAILIIUU B PE3YNbTaTe PeaKIUHU:

P(tB.) + 11/2ClL(r.) = PCl;(xk.).

AHaIM3UPYs TaHHbIE TAOIUIBI MOXHO 3aMETUTD, YTO BeJIWYMHBI SHTAIbINI obpa-
30BaHMs CWJIBHO OTIMYAIOTCH KaK M0 abCOMIOTHOIM BEJTMYHHE, TaK U No 3HaKy. Co-
CAMHEHUA, UMEIOLINE TOJIOXUTEILHEIE SHTANBIIUN O0Opa3soBaHUs, WHOINA Ha3biBa-
10T 9H0omepmureckumu. DHEPTUS CBA3H B TAKMX COETUHEHUSAX MEHBLIE SHEPIHii CBsI-
31 B MOJIEKYJIaX UCXOIHBIX NPOCTLIX BEIECTB. UX CHHTE3 U3 MPOCTHIX BEUIECTB TGO
HeBosMoxeH (CL,O, NO,), nubo npoTekaeT ¢ GONBIIMMH SHEPTETUYECKMMHU 3aTpa-
taMu (O3, NO).

OHTanbIMA 00pa3oBaHus raszoobpasHbix Metawio (Fe, Al) He paBHa HYTIO U
NPEACTABIISAET COOOI MSMEHEHUE SHTAJIBIIUU NEPEXOIA U3 TBEPIOIO COCTOAHUS (CTaH-
AapTHOrO) B ra3zo00pasHoOE, T.€. SHTANBIUIO UCTIAPEHUS (ATOMU3AIMM). DHTAIBITHS
00pazoBaHus eudpamuposanioeo nona H* paBHa Hysmio:

H'(r.) + ag = H*(p.)

DHTaJNbIIHH 06pa303a}m;1 APYTUX TUAPATUPOBAHHBIX HOHOB pACCUUTEHIBAIOT OTHOCU -
TEJBHO 3TOM BEJIMYUHEI.

! CrangapTHOe COCTOSTHHE (0GO3HAYAETC 3HAYKOM ) — noHsATHE OTHOCHTENBHOE. B 3aBMcHMoOcTH
OT KOHKDETHBIX CJly4aeB CTAHAAPTHBIMU MOTYT CUWTAThCsl, HAMIPHMED, PAcTBOPbI ¢ AKTUBHOCTBIO Pac-
TBOPEHHOrO BEIECTBA, PABHOI eAnHMLE, MM60 GeCKOHEYHO pasGaBieHHble pacTBOphl. OIHAKO B Tep-
MOJMHAMUYECKUX pacyeTax 3a CTAHAAPTHBIE COCTOSAHNSA OGBIYHO NMPUHUMAIOT AaBIeHHE ra3006pasHbIX
KOMIOHEHTOB 1 arM, a [uifl pacTBOPOB — aKTMBHOCTh KOMITOHEHTOB, PAaBHYIO €AMHMLIE.
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3Has 3HTAJIBIMHU 00pa30BaHUS BCEX UCXOIHEIX Be-
LIECTB U MPOLYKTOB PEaKLUUH, MOXHO BBIYUCIUTH
U3MEHEHHE SHTAJILIIUU JTI000H peakunu A, H° B cTaH- SArHye
JapTHHIX YCIIOBUSX TIO (hopMyIe:

E IlpocTsle BemecTBa

Hcxonusle ZArHipon

AH =Y VA H =Y v,A He,  (1.10) BeweCTBa | g
i J

TIE v;, v; — CTEXMOMETPHUYECKHE KO3(D(HULIMEHTEI B ypaB- [IpOXYKTH! peaKluH
HEHUH peakiMM; j — HCXOHHBIC BEIECTBa, | — Mpo-

IOYKTHI peakiivy. DHTanbnuiiHag quarpamMma (puc. 1.5) Puc 1.5. Daranenuitnas aua-
MIOATBEPXKAAET COrNIACOBAHHOCTL ypaBHeHUs (1.10) ¢ rpaMMa, WIIIOCTPUpYIOwas
MEPBHIM 3aKOHOM TEPMOIUHAMMKY M 3aKOHOM I'ecca.  PAacieT USMEHCHUSA SHTANLIUH
OCHOBHIBasACh Ha 3TOM ypPaBHEHUU, U3MEHEHME 3H- PCAKUHMH C HMCIOJIL3OBAHNEM
TJIBIIAU TIPU pEaKIIUU B3aUMOIECUCTBUS ra3oodpas- OHTAIILIHH 0OPa3soBaHus
HOro aMMHaka c pacTBOPOM XJIOPOBOJOPOIHOM KHC-

JIOTBL MOXHO PaCcCYMTATH TAKXKeE MO (QopMyJie:

A" = AH(NHi(p) + AH(CL (p.)) - AH(NH;(r.)) — AH(H'(p.)) -
- A (CI (p)),

a ¢ y4eToM Toro, 4To mno onpexnenaenuo AH°(H(p.)) = 0
AH® = AH° (NH;(p.)) — AH (NH;(r.)).

Boob1ue npu TepMOXMMHYECKUX PACUYETaX OYEHDH BAXHO BHIEJMTEH MPOLECCHI,
JUIS] KOTOPBIX U3BECTHBI CTAHIAPTHBIC W3MEHEH NS SHTANbNuUA. 11 HEKOTOPEIX Iporec-
COB OHHM MMEIOT HAa3BaHWs, CIOXMBIIMecs ucrtopudecku: NaCl(tB.) — Na*(r.) +
+ CI'(r.) — auepeus xpucmanauveckoii pewemru (xjopuna Hatpus); Na(r.) — e —
— Na'(r.) — suepeus (nomemnyuan) uonusayuu nampus; Cl(r.) + e — CI'(r.) —
3Hepeus cpodcmea K nekmpory amoma xaopa, Na*(r.) + ag — Na'(p.) — suepaus
eudpamauyuu uona Na*.,

Ilpumep 1.2. Onpeaenure sHepruio (AHTAILINIO) cBsA3u H—O B Monexyne BOAbI, €cid
M3BECTHO, 4TO A5 HyO(r.) = -242 x/Ixx/Monb, a aHeprid (IHTANLIKMH) AUCCOLUALIUN
mosiekyst Hy u O, paBHbl 435,8 1 495 xJI3X/M0jib COOTBETCTBEHHO.

Pewerue. C HEKOTOPBIM NMPUGIIKEHUEM MOXHO CUMTATh, YTO U3MEHEHHE SHTANLIUU B
peakuru JUCcCouMaLUi MOJIEKYJ/bl BOJIbI Ha aTOMbI PaBHA 3HEPruM ABYX cBaseil H—O:

H,O(r.)) = 2H(r.) + O(r)AH = 2Ey4_o
KoMmGUHUpys peakuuu, OIS KOTOPbIX U3BECTHBI 3HAUeHUs AH:

H2(F.) + 1/202(F.) = HQO (F) A/Ho H20 (F)
H,(r.) = 2H(r.) AH, H,
0,(r.) = 20(r.) AH,, O,

nomydaeM, yto 2Ey_o = AHy, Hy + 1/0AH, 0, — AH° HyO (r.) = 435,8 + 247,5 + 242 = 925,3 k[Ix,
a, cleaoBaTesibHO, SHEPrus cBia3u Ey_qo = 463,65 xJIxk.

It

1.1.3. TemnepaTypHast 3aBUCHMOCTH HTAJIBIIHH

Ho cux nop BCe HallM pacCyXXACHUS KacalucCh TAKMX TIPOLIECCOB, MPU KOTOPHIX
TeMIIEpPATypa PpearcHTOB W MPOIYKTOB B3aUMOJIEHCTBUA OBUIa onuHakoBa. OMHAKO
BHYTPEHHSISI SHEPTUs CUCTEMBI, & COOTBETCTBEHHO, M SHTAJBIIMUA JOJXHE U3MeE-
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HATLCSA ¢ TeMmnepaTtypoit. KpoMe Toro, mutsi HarpeBaHUst pasJMYHbIX BEILECTB TPeOy-
€TCA pa3Hoe KOJUYECTBO TeTUIoThl. MTak, cyliecTByeT CBOMCTBO BEIIECTBA, ONpene-
JIFIONIEE €r0 CIIOCOOHOCTh HATPEBATLCH. DTO CBOMCTBO — menaoemkocms (C).

TeroeMKOCTb MEHSETCH C TEMIIEPATYPOM JOCTATOYHO CIOXHBIM 00pa3oM, YTO
OOBIYHO BBIPAXAIOT SMIMPHYECKUM MTOIHHOMOM:

c=a+bT+dT?*+ ....

(1.11)

3uaveHus a, b, d popmynnt (1.11) A5t HEKOTOPBIX BEIECTB IPUBENEHBI B Ta0I. 1.2.
Kak BUgHO U3 TAGIULBI, TEMIOEMKOCTh MAJIO MEHSIETCS C TEMIIEPATYPOM, UTO CTIpa-
BEIUTMBO JUIST TEMIIEPATYpP BHILIE HEKOTOPOU TeMmepatyphl (TemriepaTypbl debas) u
BIAJIM OT TeMneparyp (a3oBBIX NEePeXodoB. TeruloeMKOCTH MNMpPOCTBIX TBEPALIX Be-
[eCTB, comiacHo 3akoHy Hiomonra u Iltu, mpu 298 K npubGIM3UTENBHO paBHBI
25 Ax/(momnb - K) (cM. Taba. 1.2 u npui. 1).

3aBUCUMOCTD TETUIOEMKOCTH OT TEMIIEPATYPEI HE SBIAECTCS HEMPEPHIBHOMN U IIpH
Temmeparype (ha3oBbIX NEPEXOIOB U3MEHSETCs CKauKoobpasHo (pHc. 1.6).

O6BLIYHO UCTIONB3YIOT BEIMYNHY TETUIOEMKOCTH MPU MOCTOSTHHOM JIABJIEHHU WX
obbeMe, Torma:

¢, = dH/AT; ¢, = AU/AT. (1.12)

'pacduuecky yBeJudYeHUE SHTATBITMN TIPU U3MEHEHUH TeMriepatypbl ot Ty 1o T,
paBHO TUIOI@RN Tox KpuBoit ¢,(T) (puc. 1.6), a aHATUTUYECKH ITO U3MEHEHHE
SHTAJIBITUU MOXHO ONIPENETUTh Mo hopMyIie:

U
Hypy = Hy + [ ¢,dT + 3 AHgn, (1.13)
T

roe ZAqu — CYMMa U3MeHEHHUs SHTAJILIINU NP Ha30BBIX NEPEXOIAX, IPOUCXOIA-
HUX B JAHHOM MHTepBaje TeMneparyp. Hanpumep, Ui onpeneeHus: YBEIUYEHUS
SHTAJIBMUHU TIpY HarpeBaHmnu soxabl oT 298 K no 400 K Hano yuyutsiBath AH, .

Tabauua 1.2

Tem0eMKOCTH HeKOTOPbIX BemecTs (P = const)

. 3HauyeHMsT NOCTOSIHHEBIX g, b, d B hopmyste (1.11)
Bewecrso A /(;P(;nb‘ K) Bewecteo a, b, 4

Hox/(mons - Ky | Jiox/(monn - K2) | JIx/(Mous - K3)
Ag(1B.) 25,4 O,(1.) 25,503 13,612 1073 | —42,533- 107
Al(TB.) 24,4 N,(r.) 26,984 5,910+ 107 | -3,376- 107
H,0(x.) 76.3 COy(r.) 26,648 42262103 | -142,.4-107
Fe,0;(1B.) 103,9 H,O(r.) 30,206 9,936 107 11,14-107
NaCl(tB.) 50,5 H,O(x.) 39,02 76,64 - 1073 11,96 - 10° **
HCI(r.) 29, 14 H,O(TB.) 4,41 109,87 107 | 46,47 105 **

* TeroeMkocth npu 298 K.
** KoadoduuneuT d B ypasHeHHH ¢, = a + bT + d/T2
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AHAJIOTUYHO MOXHO OMpPEXETUTL U3MEHE-
HUE SHTAIBIHUM PEAKUUU TIPU TEMIIEPATYpE,
oTMYHOM 0T 298 K, T.e. BBeCTH nonpaBKy Ha
peaibHYI0 TEMIIEPATYPY, UCTIONB3ysa KaK Tep-
Boe TNpUOIMXeHne A.Hjg, pACCUNTAHHOE U3
TaOJIMYHBIX 3HAYEHU I SHTAIBNUMA 0Opa30BaHMU.
Torna:

¢,(x.) c(r.)

|
|
|
| !
| |
| |
| |
I |
Ton T T

Puc 1.6. 3aBUcUMOCTb TEMI0EMKOCTU

')

AHp = A Hyog + [A,¢,dT + Y AH g —
2 :

' ’ OT TEMIIEpPATypbl

- Y AH,,, (1.14)

T Ac, = ) ViCy — D V;Cy 3 | —TIPOIYKTBI PEAKINM; j — HCXOIHbIE BELIECTBA; V —
i J

CTEXMOMETPUYECKUE KOI(DODOULIMEHTH! B YpaBHEHHUHN pEaKLUU. DTO ypaBHEHHUE HA3bI-
BaloT ypasnenuem Kupxeogha M, cTporo roBopsi, OHO, KaK M 3akoH lecca, siBisieTcst
MIPSIMBIM CJIEACTBMEM NEPBOro 3aKOHA TEPMOIMHAMUKHU.

XOoTs 3HTANIbNUSA BEWIECTBA BCETa PACTET C MOBBILIEHUEM TEMIIEPATYPHI, H3Me-
HEHUE DHTAILIVHN peakyuy TIpU U3MEHEHUM TeMIIEpATypbl MOXET OBITh HE3HAUM-
TEJBPHBIM M KaK TIOJIOXKUTENBHEIM, TaK U OTpUUATENBHBIM (puc. 1.7), Tak Kak B
ypaBHeHue (1.14) BXOIUT pasnocms TEIIOEMKOCTEH. DTO MO3BOJIUT B JANIbHERIIIEM
NpeHeOpeYb USMEHEHWEM 3HTAIBIIMU C TEMIIEPATYPOM U OYeHb OOJIErYUT pacUeThL.

Ipumep 1.3. Onpenennte u3MeHeHne sHTaAbINU OKcUaa cepbi(IV) u peakumn o6pa3so-
BaHMA XJIOPUCTOTO cynbbypuna:

SOQ(F.) + CIQ(F) = SOQCIQ(F)

pU U3MEHCHUM TeMrepatypbl oT 289 10 389 K, eciau usBectHo, 4to s okcuaa cepbi(1V)
A 98 = =296,9 k]I /Monb, ¢, = 39,9 JIx/(Monb - K), m1s xopucroro cynbdypuia Ad5gs =
=-363,0 xJIx/Monb, ¢, = 77,4 IIx/(Monb - K), a ans x1opa ¢, = 34,9 Ix/(Monb - K).
Pewenue. ameHeHue aHTaIbINK peakuyuu npu 298 K, paccuntanHoe o dopmyse (1.10),
cocrapnsieT A Hyg = —66,1 kIx. Insa okcuiia cepbi(IV) npu U3MeHEHUM TEMMEpPATyphbl Ha

<, AH®
1
A HT, /—-—T\
. 2 i
T 7, T T, T
a 17

Puc 1.7. [IpuMep 3aBUCUMOCTH OT TEMMNEPATYpbl TEMJOEMKOCTH UCXOAHBIX BELLECTB U Mpo-
AYKTOB peakuuu (@), U U3MEHEHUS SHTaNbNUU peakuuu AHy (6):

1 — wcxogHele BellleCTBa; 2 — TMPOAYKTH PEaKilnu
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100 K BeavuyMHA SHTANBIUN YBEJIMUMTCH HA BEJMYMHY, PaBHYIO (T, = T\) =39,9-100 =
= 3990 [IIx/Monb. [ns pacuera A H 3 clienyeT ucnons3oBath dopmyny (1.14):

AH39 = A-Hgs + [6)(SO,Cly) - ¢(SOy) - ¢, (CI)I(Ty = T) =
= ~66 100 + 2,6 - 100 = ~65 840 .

TakuM 06pa3oM, XOTS SHTAIBIHS KaXKIOTO U3 PEareHTOB U3MEHSAETCS 3HAYUTENILHO (TTOKa-
3aHO Ha npumMepe SO,), noBuillleHHUe Temneparypbl Ha 100 K npuBoauT K YBEJIMYEHUIO H-
TaIbIIMU peakUuu Becero Juiub Ha 0,4 %.

KonTtpoJibHble BOpochl

1.1. K xakoMy TUITy MPUHAINIEXUT KaXJaas U3 MEPEUUCICHHbBIX CUCTEM:

a) OTKpHITHIM CTakaH ¢ PacTBOPOM COJIM;

6) 3anasHHasi aMIlyJia ¢ KpUCTAJIaMM MEIHOTO KyIopoca;

B) 'épMETUUYECKH 3aKPBITHIH TEPMOC ¢ TOPAYMM YaeM;

r) Koluka?

1.2. Camorner coBepiuaet nepesier Mocka— Ilapux. Kakue U3 nepeunciieHHbIx HUXE Ma-
PaMeTpoB ABIAIOTCA QPYHKUMSIMU COCTOSTHUS AAaHHOTO MapllupyTa: a) NMpoilaeHHOe paccTos-
Hue; 6) U3MEHeHHUe reorpaduyeckoil LIMPOTH; B) KOJIMYECTBO M3Pacxo0BAHHOIO TOIUIMBA;
T) BBICOTa mojieTa?

1.3. Kak cooTHocsTCst Benuunnbl A, U° n A H® cieayionmx npoLeccoB: a) pacTBOPEHUE B
Boge NaCl(1B.); 6) cropanue 1 mons Merunamuta CH3NH, nipu 7= 400 K; B) B3aumoneii-
CTBUE METAJIMYECKOTO XKEJiE3a ¢ XJIOPOM ¢ 0Gpa3soBaHUEM TBEpAOro TPUXIOpUAA XKejie3a
npu T'=450 K; r) repMuueckoe pasnoxerue 6pomuna Bogopona rpu T'= 300 K. Paccuuraii-
T€, HACKOJBKO OHU OTIMYAIOTCs APYT OT Apyra.

1.4. CrannaprtHasi 3HTaNbNUs oOpasoBanus BsHg paBua 62,8 k/1x/Mosb, UaMenenuio sx-
TaJblIMM KaKON peakiu COOTBETCTBYET 3Ta BeJinyuHa?

1.5. Onpenenute AH° NO, vcrnosib3ysi NPUBEAEHHBIC HUXE JAHHBIE:

4NH;(r.) + 50,(r.) = 4NO(r.) + 6H,0(xk.), A H 35 = ~1170 xJIx
4NH;(r.) + 30,(r.) = 2N, (1) + 6H,O(Xk.), A H 55 = ~1530 xlIx

1.6. Uctrionp3ys nannble Tabn. 1.1, paccumraiite cTaHAapTHYIO SHTABITUMIO MCIIAPEHUs BOAH,
€CJIN U peakLMu

CaO(18.) + H0(r.) = Ca(OH),(18.), AHjes = —109,1 K%

EcTtb 211 Apyroit MyTh pacyeTa HTAIBIIUM UCIIApEHUs] BOABI C UCIOJb30BaHUEM JaHHBIX
Ta6m1. 1.1?7 :

1.7. Tennota ucnapeHuss Boabl npu 35°C paBua 2421 kJx/kr, a npu 25°C paBHa
2444 x[Ix/kr. OLEHUTE CPeAHEe 3HAYCHHE TeIUIOEMKOCTH (¢,) BongHOTO Mapa B UHTEpBane
Temneparyp 25—35°C, ecan ¢,(H,O(x.)) = 75,3 [Ix/(monb - K).

1.8. OueHuTe BennumnHy 3Hepruu cBsg3u N—N B Mojiexysie ruapasuna (N,H,), ucronesys
naHHble Tabn. 1.1 u sHTanbenuu auccouvaumn H, u N,, KOTOphle paBHBI COOTBETCTBEHHO
431,6 u 950,5 k1x/Mo7b.

1.9. Onpenennre cTaHAAPTHYIO HTANBNNIO 0Opasosatug Al,O(TB.) npu T= 850 K, ecnn
MoJibHBIE TelnoeMKocTH (JIX/(Monb - K)) paBHB COOTBETCTBEHHO:

c,(Al(1B.)) = 20,67 + 12,39 1077,
c,(05(r.)) = 31,46 + 3,39~ 10°°7T,
c,(AL,Os(1B.)) = 114,56 + 12,89 10T,
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1.2. HAITPABJIEHHUE INTPOLECCOB B ®U3NKO-XUMHNYECKHUX
CHUCTEMAX

1.2.1. DHTpONNA M BTOpPOE HAYAI0 TePMOTHHAMHUKHU

PaHee OBITIO TIOKA3aHO, KakK He MpuGeras K 3KCIIepUMEHTY, MOXHO OIpeIeTUTD
TeTIoBOi 3deKT rnpouecca. Takue 3HaHUd HEOOXOTUMBI, HO OHH He JaloT BO3-
MOXHOCTH OTBETUTL Ha Hanbojee BaXHHI IJI HAC BOIIPOC: IMOMAET JU IIpolecc
CaMOIIPOU3BOJIBHO — 6€3 BO3MEUCTBUS U3BHE — WJIM OH IPUHIUITHAILHO HEBO3MO-
XeH. YToOBl mOmoONTH K OTBETY Ha HEro, CJIEAYeT IMO3HAKOMMTECS C €lle OTHOM
(hyHKuMel COCTOSTHUSI CUCTeMBI, Ha3BaHHOU sumponueii (S) W aBnslomeiicss CTONb
Xe yHIaMeHTaJIbHOW W YHUBepCAILHOM, KaK 3Heprusa. B kiaccuueckoil Tepmonu-
HaMUKe I10J] SHTPONUeH ITOHUMAIOT TAKOe CBOMCTBO CUCTEMBI, U3MEHEHUE KOTOPO-
O 1pU 06paTUMOM! TIporiecce YUCIEHHO paBHO OTHOLUEHUIO TEIUIOTHI K TEMIIEPATY-
pe TIpOTEKaHUs TIpoLecca:

AS = O/T. (1.15)

Harnpumep, npu ucriapeHuH Boabl B ycaoBusx KureHus (7= 373 K, P=1 atm)
W3MEHEHHE SHTPOIUU paBHO AS = AH,../373 = 44000/373 = 118 Ax/(Mmonb * K).

OAHAaKo CyTh 3TOU (PYHKIUH COCTOAHUSA YIAIOCh TOHIThH MHOTO TI03Xe, YeM OHA
Oblna BBeneHa P. KitaysnycoM B K1accHYeCKYIO TepMOIUHAMUKY. B cTaTucTUYeCcKOl
TEPMOIUHAMMKE OITEPUPYIOT IIOHATUSIMU MaKpOo- U MUKPOCOCTOSTHU I cucteMbl. Han-
0oJiee HaIMSIAHBIM IIPUMEPOM MOXET CIYXKHThL KOpOoOKa ¢ suyeiiKaMu, B KOTOpPOii
HaxXCAATCA aphl. HalpruMeEp, B ACBATH AYCHKAX HAXONATCH YEThIpEe luapa — 3TO
Moxenb MakpocucTeMbl. IIIapel MOXHO pasoOXUTh 110 adyeifkaM 126 pasindHBIMU
criocobamMu (puc. 1.8), KaxXablil U3 KOTOPHIX SIBISIETCS MUKPOCOCTOSIHUEM.

Yucmo MUKpPOCOCTOSHUM, ITIOCPEICTBOM KOTOPHIX PEaju3yeTcss JaHHOE MaKpoco-
CTOSIHUE, CBSI3aHO C MepMOOUHAMUHMECKOU 8ePOAMHOCHbIO. DHTPOIIUS OIpeeseTCs
TEepMOIMHAMUYECKO! BEpOSTHOCTBIO: OHa TEM BEIIIE, YeM GOblle CIIOCOG0B pea-
JIM3aIUH MaKpocoCTOsSIHUS. T103TOMy CUMTAIOT, YTO SHTPOITHUS — Mepa Heylopsao-
YEHHOCTH CUCTeMBI. MaTeMaTHYeCKM CBA3b SHTPOIIMHU C YMCIIOM MHUKPOCOCTOSIHUI
yctaHoBua JI. bonsuMmaH B KoHue XIX B., BEIpa3uB €€ ypaBHEHUEM:

S = klngy y, (1.16)

TIE qy,y — TEPMOIUHAMUYECKAs] BEPOATHOCTh JaHHOILO COCTOSIHMSI CUCTEMBI ITPH
onpeeJIeHHOM 3arace BHyTpeHHelt sHeprun U u oobeme V;, k — nocrossHHas bonbi-
MaHa, paBHasa 1,38 1072 Ox/K.

ITpumep c wapaMu, KOHEYHO, OYEHBb HarjsaeH, HO M KOBapeH, TaK KakK Ha
OCHOBaHUM €10 WHTYUTHUBHO TIOJ YIIOPSIIOYEHHOCTELIO CUCTEMBI MHOIIA [TOHUMAIOT
PACITOJIOKEHHME YACTHIL B IIpoCcTpaHcTBe. OMHAKO B HEMCTBUTEILHOCTH IO TEPMOIH -
HAMUYECKMM COCTOSTHHEM CHCTEMEI ITOApa3yMeBaeTCs IJiaBHBIM 06pa3oM pacripee-
JIEHUe 4acTHLI (HaripuMep, MOJIEKYJ) [10 BO3SMOXHBIM YpOBHSIM 3Heprun. Ha puc. 1.9
ITOKa3aHO, KaK MOTYT pacIloaraThCsl YETHIPE YaCTUIIBI 10 YPOBHAM 3HEPTHU B CITy-
yae 0oabLoi (a) U Manoit (6) pasHULBI MEXIY SHEPTETUYECKUMHU YPOBHSIMHU, €CITH
o0uuMii 3arac aHepruu paBeH Eg. 715 CUCTEMHBI C JANI€KO OTCTOSILUMU APYT OT JApyTa

! B TepMoanHaMuKe o6pamumbim Ha3bIBAIOT TAKOH MPOLECC, KOTOPHIA NMpPOBOANTCH GECKOHEUHO
MEUTEHHO M TakK, YTOOBI CMCTEMA HaXOAWJIach BCE BPEMS TTPAKTHYECKH B COCTOSHWM PaBHOBECHS.
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Puc. 1.8. Bo3aMOXHBIE CITOCOOB! PACIIONOXEHUS YETHIPEX 1IapOB B AEBATH SueiiKax

YPOBHSIMM CYHLIECTBYET JBA BAPMAHTA PACTIOJIOXKEHUS YaCTUL, a ¢ OIM3KO pacmosio-
JK€HHBIMU — JIEBSITD, T.€. SHTPONUS MEPBOM CUCTEMBI MEHBIIIE, YEM BTOPOIL.

B cirydae peanbHBIX YaCTUIl YPOBHU KOJI€0aTeIbHOM SHEPTAN PACTIONIOXKEHE] TATbLIIE

IpYT OT Apyra, YeM YPOBHU BPAIlaTeJbHONI 3HEPTUU, 4 T€, B CBOIO OYepe/ib, 3HAYM -

TEJILHO peXe YPOBHEH TocTymarelbHON 3Hepruu. ITosroMy cucTema

, B KOTopoit

YaCcTULIbI MOTYT KO0J1e6aThCs TOJIBKO 0KOJIO HEKOTOpPOTO COCTOSAHUSI pABHOBECHSA (KpI/I-

CTaJUIbI), UMEET Tropa3o MEHBIIYIO DOHTPOIMUIO, YEM XUAKOCTU, TaK KakK B MOCIEa-

HEM clIyyae BO3MOXHO W BpaineHue. ['a3bl, COOTBETCTBEHHO, UMEIOT CAMYIO GOJb-
LIYIO DSHTPOMUIO, TAK KaK IS MX YAaCTMI] BO3MOXHEI BCe TP BUIA IBUXECHHUS.

BesikoMy BelLECTBY MOXHO IMpUITMCATHL OMNpenesieHHOe abCONIOTHOE 3HAYEHUE
9HTPOIUU. DTO BOZMOXHO, TaK KaK B UI€AIbHOM KPUCTAJUIE TIpU aGCONIOTHOM HyJle
aTOMBI TOJKHBI HAXOAUTHCSA B ¢AUHCTBEHHOM, CAMOM HU3KOM SHEPreTHUUECKOM CO-

HHA HICAILHOIO K

et

Durpo

CTOSTHNU, BEPOATHOCTH KOTOPOTrO paBHA €AUHUILIE, & SHTPOIIMS COOTBETCTBEHHO HYJIO.

E
E
E

Puc. 1.9. 3aBucuMocTb TepMOTMHAMUYECKOH BEPOATHOCTH OT pa3HULIBI MEXIY SHepreTHye-

CKHMH YPOBHSIMU TIpM OJMHAKOBOM OOLLEM 3arace SHepruu
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DT0 yTBEPXIAEHWUE HA3BIBAIOT HOCMYAAMOM g
Iranka vyt TpEeTBUM 3aKOHOM TEPMOIUHAMU-
ku. CieayeT OTMETUTD, UTO 31eCh pedb UIeT 00 .
WIealbHBIX KpUCTaIax, He cojepXalux npu-
Mecelt 1 He umelonmx nedekroB. Crporo ro-
BOpSI, TAKME BEIIECTBA HEBO3MOXHO TTOJTYUYWNTh,
a HTPOTIUS PEAJIBHBIX KPUCTAJIJIOB JaXe TpH .
0 K omivM4yHa oT HyJIsI, XOTS U MMeeT OYeHb
HEOOJBIIIOE 3HAaYSHUE. AS,,

KoHeuHo, HTpONIUY BEILECTB OOLIYHO HE TB.
pacCUUTHIBAIOT HAa OCHOBAHUMU YpPaBHEHUS
Bonpumana. MIx ompenessior 1o ypaBHEHUIO T T T
KJ1aCCUYECKON TepMOAMHAMUKY C yUETOM TETI-
JIOEMKOCTH JaHHOro BeulecTBa U TeruioT ¢da- Puc. 1.10. 3aBUCUMOCTE SHTPONUY He-
30BBIX IIEpeXxoa0B. PaccMOTpuM, KaK M3MEHsI- KOTOPOro BellleCTBa OT TeMIlepaTyphi
€TCSI SHTPOIIM HEKOTOPOIO BEIECTBA NpH 1o~  (TB. — TBEPOE BELIECTBO; XK. — XKHA-
BBILICHUN TeMIlepatypsl (puc. 1.10). KOCTb; I. — raaoo@paaﬂoe BELLECTBO)

ITpn narpesanum Bhimre 0 K 1 1o TeMrnepa-
TYpHI TUIABJIEHUSI SHTPOIHUS BEIIECTBA BO3pAacTaeT TpeXe BCEro 3a CUET YBEJIWYe-
HUS pacTipeieJIeHNsT YaCcTH1L TI0 Kojie0aTeIbHBIM YPOBHSIM 5Hepruu. B 3ToM uHTEpBa-
Jie TeMIiepatyp IJisi oOpaTuMoTro HarpeBaHus TpY NOCTOSHHOM JaBJIeHUU SHTPOIIHUS
MOXeT OBITH paccynTana 1o dopmyne:

ASKVIH

T c,
Sr, = Sr, +£7dT. (1.17)

DTo BBIpAXEHWE OCHOBAHO HA TOM, UTO TEIUIOTA IIpolecca IPH IOCTOSTHHOM
JABJICHUMW paBHA U3MEHEHMIO SHTANBIIUU (CM. noapasn. 1.3), KoTopasi, B CBOIO oUe-
penb, OTIpeaessieTcs U3 TeIIoeMKOoCTH. [Tpu TeMIieparype TulaBjieHUs SHTPOIINS YBe-
JINUUBAETCSI CKAYKOM, TaK KAaK TOSBISETCS BO3MOXHOCTL BPAallaTeIbHOIO JIBUXKE-
HUSI, ¥ KOJJUYECTBO BO3MOXHBIX COCTOSTHHM Bo3pacTtaeT. IToCKoJIBKY TIaBIeH e TTPo-
HWCXOJNUT NMpH TIOCTOSTHHOW TEMIIEPaType, TO NPUPOCT IHTPOIIMU MOXHO OTIPEAEIUTD
no dhopmyIe:

AS=AH, /T (1.18)

M3MeHeHWe SHTPOINIMM TIPY HAaTPEBaHUM XUIKOCTU PacCUMTHIBAIOT I0 (hopMyIie
(1.17), noacTapnsiss 3HAUEHHUE TETUIOEMKOCTH XUIKOCTH. [1pH UCTIapeHU W SHTPoNUSsI
BHOBb YBEJIMUMBAETCS CKayKoM, TpUYeM 3TO YBeJIWYEeHUE 3HAUYUTEJBbHO OOJIbIIE,
yeM TIpH TUIaBJIEHUH, TIOCKOJLKY YHUCIIO COCTOSTHUM TIpU UCNapeHUH pe3Ko Bo3pac-
TaeT. 3aTteM TIPOMCXOJUT HarpeBaHWe Ta3a IpH IIOCTOSTHHOM aaBieHun. Utak, sHT-
porius J1oO0ro BeiecTBa NMpu HeKoTopol Temrieparype T MoXeT ObITh paccyuTaHa
o ¢opmyie:

Teun
Sp =S, + jc”(;B)dT jc(T Dar + Tc( VAT +3 AHyu /Tyn. (1.19)

0 TnJl KM n

3Ha4YeHUsI SHTPONINH Pa3NMUYHLIX BerecTB rpu 298 K u maBneHnn 1 at™ (S5)
cBeneHbl B Tabnmuubl (Tabn. 1.3 v nipui. 1). DHTpoNuM NpOCTBIX TBEPABIX BEILECTB
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Tab6muua 1.3

CrangapTHsle 3uTponuu HexoTopsix Bemects (JIx/moas * K)

Beuiectso 508 BewectBo S%s Bewectso S8%s Beuectso 898
Al(r.) 164,4 | Cl(r.) 229,9 | Ny(r.) 199,9 | H,O(r.) 188,72
Al(1B.) 28,35 (| Cl(r.) 165,1 |f NH,(r.) 192,6 (| H,O(x.) 70,08
Al*(p.)* =301 Cl(p.) 56,54 || NH3(p.)* 114,4 | H,O(t8.) 39,33
AlCL(1B.) 109,3 (| HCI(r.) 186,8 || NH,Cl(tB.) 95,8 [[Hy(r.) 130,6
AlBr,(1B.) 180,2 || HCl(p.) 56,5 [ NO(r.) 210,6 || H*(p.) 0
AlLO.(1B.) 50,92 | Cl1O(r.) 257,0 | NO,(r.) 240,1 [ OH-(p.) -10,87
Fe(r.) 180,4 | CLO(r.) 266,2 || N,O,(r.) 304,3 || O,(r.) 205,04
Fe(tB.) 27,15 | Br,(r.) 245,5 || HNO,(r.) 266,9 | O,(r.) 238,8
Fe*(p.) -309,3 | Br,(x.) 152,2 || NO3(p.)* 147,3 || SO (r.) 248,1
FeO(1B.) 60,75 | HBr(r.) 198,6 || P, (1B.) 41,1 SO,(r.) 256,4
Fe,0,(tB.) 87,4 HI(r.) 206,5 Pxpac(TB.) 22,8 || H,S(r) 205,7
NaCl(tB.) 72,12 || CaO(1B.) 39,7 || COLr.) 213,68 | CaCO,(tB.) | 92,9

* Ilnsi MOHOB B PacTBOPE SHTPONHUsSI U3MEPSIETCS OTHOCHTENIbHO 3HTponuM uona H'(p.), KoTopas
MIPUHATA 32 HOJIb, IO3TOMY 3HTPOIMHUH HEKOTOPHIX MOHOB OTPHUUATEILHEI.

COCTaBILIOT Aecsa KU I /(Mons - K). 1t Ta3006pa3HbIX BEULECTB SHTPOIIHS 3HAUM-
TEJBHO BBIIIE — TIOPSAAKA HECKOJBKUX COTEH W 3aBMCUT OT MAaccChl YACTHII U UX
reoMeTpUYecKOro ctpoenus. Tax okcun yrrepona(IV), Monekyna KoTOporo IUHeH-
Ha, UMEET SHTPOITUIO MEHbIIIe, YeM MPUOIN3UTENIEHO PABHBIM €My IO MAcce OKCUI
azota(IV), uMeromnit HeMMHetHOe CTpOoeHUE. DTO MOXHO OOBSICHUTDL TEM, YTO Y
MoJekynsl NO, Gonbliie BpanaTeIbHbIX CBOGOI.

Ha ocHOBaHMM NaHHBIX O CTAHAAPTHOM SHTPOIMMH BELIECTB MOXHO PAaCCUMTATD
W3MCHEHUE SHTPONUU PAa3IUYHBIX XMMUYECKUX NMpolieccoB. TTOCKONBKY SHTPOITHS
ABNAETCA PYHKIMEH COCTOSTHUS, TO e¢ UBMEHEHME HE 3aBUCUT OT IyTH Mpoiiecca U
PaBHO PA3HOCTH SHTPOMHUI MPOAYKTOB PEaKIIMM U UCXOAHBIX BEILIECTB.

AS =D v S =Y v 8. (1.20)
i J

Bo MHoOrux ciyyasix MU3MEHEHHEe SHTPOIMMU MPOLIECCa MOXHO OLIEHUTDH Kaue-
CTBEHHO:

e DHTPONMUS BCETNAa YBEIMUMBAECTCS TMPU TEPeXole U3 KOHIEHCUPOBAHHOIO CO-
CTOSIHUA (TBEPAOrO MM XMIKOro) B MapooOGpasHoe, HAmpumep, Sios [(TB.) =
= 117 xIx/(monb - K), a S5 [(r.) = 260,6 Ix/(Moms - K);

e DHTPOIUS BO3PACTaeT MPU PACTBOPEHMM TBEPOOTO WIM XHUIKOTO BEIIECTBa,
MpUYeM yeM OOJIbIIEe CTEMEHD IMCCOLMAMM, TEM 3aMETHEN YBEMUNBAETCS SHTPO-
nus. TTpy pacTBOpeHUH ra30B, HAMPOTUB, SHTPOMUSI YMEHBIIACTCS:

Bewecmso CH;0H (x.) HCOOH((x.) NaCl(tB.) HCI(r.)
S305(TB., XK. WIHU T.) 127,0 129 72,4 186,7
Ss(p.) 132,3 164 115,4 55,2
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e YemM ciioxHee cocTaB BellleCTBa, TeM Goublie ero sHTponusi. Hanmpumep, mis
OKCHIOB Mapraniia MnQO, Mn,0; 1 Mn;0, 3HTponus paBHa COOTBETCTBEHHO 61,50;
110,5 u 154,8 Ix/(Monb - K);

e B XMIYeCKHMX peaKIIMAX IHTPOIHS BO3PACTAET, €CIIU B PE3YIBTATE UX YBETUUU-
BaeTcd KOJWYECTBO ra3o00pasHbIx BemecTB. HanpuMep, B peakiiuu TepMUYECKOTO
pasiioXeHUs KapGoHaTa KaJIbIIUs:

CaCO;(1B.) = CaO(1B.) + CO,y(1.)

SHTPOMHUA Bo3pactaeT: A,S° = $°CO,(r.) — $°CaCO;(1B.) - §°Ca0O(18.) = 231,68 +
+ 39,7 - 92,9 = 178,48 Ix/K.

Bmopoe nauano (3axon) mepmoduramuku perTaMEHTUPYET MPUHIIUITHATIBHYIO BO3-
MOXHOCTB NPOTeKaHUS pasIUyHBIX npoieccoB. B cepenune XIX B. aTOT 3aKOH OBLT
chopMyMpoBaH B BUIE HECKOJIBKHX mocTynaroB. Haubonee U3BeCTHBIE U3 HUX CJle-

AYyIOLIHeE:

JpyruMuy cioBaMH, NMPOIECCH NMPOTEKAIOT CAMOMPOU3BOJIBHO JIUIIL B CTOPOHY
MeHee YITOPSIIOUEHHOTO COCTOSTHUS, T. €. HapacTaHus 6ecriopsinika. UMeHHO 1mo3ToMy
HUCMAapeHNE XUIKOCTH, PACTBOPEHHE COJIM B BOJIE WJIM CMEIIIEHUE ra30B [IPOUCXOIUT
CaMOIIPOM3BOJIBHO, 4 BMECTE C TeEM OOparHbBle mpoiliecchl 6e3 oOMeHa 3HEPTUEN ¢
OKPYXaIoIIE Cpenoit HEBO3MOXHBI. ClenoBaTeIbHO, YBEIUYEHHUE SHTPOITUH SIBJISI-
€TCsl KPUTEPUEM CAMOIIPOU3BOJIBHOTO MPOTEKAHUS MPOLIECCOB TOJIBKO B MU30JUPO-
BaHHBIX CUCTEMAX, T.€. HE OOMEHHUBAIOIIMXCS YHEPTUEN ¢ BHELUHEH CPenoil, a 310
JNIOBOJIBHO PENKUIA ciydyail, B OTKPBITBIX M 3aMKHYTBIX CUCTEMAaX, KpoMe M3MEHEHU S
JHTPOIIMM, HA HATPABJIECHUE MPOLECCA BIMSET €€ U USMEHEHUE DHTAIBITHM.

Pynoasd Knaysuyc (1822 — 1888). Hemeuxuii ¢pusux.
Been noHstue surponuu. O606muB pabotei Kapho,
P.Knaysuyc onpeaenun ¢yHkuMio S, KoTopas 3aBUCHUT
TOJILKO OT HAYaJIbHOTO U KOHEYHOIrO COCTOSHMA obpaTH-

d
Moro npouecca ¥ d.S =—Q. ITpu stom oH nucan: «[Tpen-

Jlaralo BeJIMUMHY S Ha3BaTh SHTPOIMHUEH OT IpedyecKoro
tponn — npeobpazoeanue. S1 crieLMANBHO TaK 1MoxoGpat cjo-
BO SHTPOIMNHUS, YTOOBI OHO OBUIO CO3BYYHO CO CJIOBOM 3HEp-
[US, TaK KaK 5TU ABE BEJIMYMHBL HACTOJIBKO CXOOHBI IO
CBoeMy (PUINYIECKOMY 3HAUECHUIO, YTO CO3BYUUE UX KaXKETCA
MHE TOJIE3HBIM>.
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Ilpumep 1.4. Onpenenute uzmeHeHue sutpornuu 1 Moyt NaCl nipu HarpeBanuM ot 25 °C
a0 850°C u sHTponuIO Xnopuma HaTpusi MpU 3TOH TEMIIEpaType, ¢CIH M3BECTHO, UTO
c,(NaCl(tB.)) = 45,94 + 16,32 103 T (xx/(Mo75b - K), ¢,(NaCl(x.)) = 66,53 IIxx/(Mors - K),
T, =800°C, AH;, = 31,0 xllx/MoJb.

Pewenue. B cootBeTcTBIM C© ypaBHeHUEM 1.19 pazobbeM mpoliecc HarpeBaHUsA XJI0pHAa
HAaTpus Ha TpU 3Taria:

1. HarpeBaHue oT KOMHATHOM TeMIIepaTyphl 10 TEMIICPATYphI IUJIaBJICHUA:

973
AS = jc"(m)dT 45, 931n£98+16 32107 (973— 298) = 54,34 + 11,02=

298

= 65,36 Ix/(moJb - K).
InaBnenue npu 7T =973 K:

°

AHp, 31000
T 973

HarpeBanue pacrniaBa no temneparypei 850 °C:

AS, = = 31,86 JIx/(monb-K).

as; = 2% 41 - 66,5310 192 333 1/ (oK),
973 973
C10XMB NOJIy4eHHbIE BEJIMUMHBI, MTOJyYUM MCKOMYIO BEJIMYUHY U3MEHEHMS SHTpPOIMU:
AS=AS| + AS; + AS; = 65,36 + 31,86 + 3,33 = 100,55 dx/(mons - K).
Outponus NaCl ripu temneparype 1023 K Gynet paBHa:

Siozs = Sagg + AS = 72,12 + 100,55 = 172,67 Ix/(mons - K).

1.2.2. Dueprun I'u6oca u I'eabMronbua. Kparepuii caMonponsBoabHoro
NPOTEKAHAA NMPOLECCOB

Kakue xe npoieccsl MIyT caMoNPOU3BOJBHO B HEU30JIUPOBAHHEIX cUCTEMax?
ITpu B3aMMomeiCTBUY BOLOpOAA C KUCIOPOIOM CaMOIPOM3BOJIILHO oOpasyercs
BoOJIA:

2H,(r.) + Oy(r.) = 2H,0(r))

B 51011 peakiiMM 3HTPONUST YMEHBIIACTCS, HO BBIIEIAETCS GOJIbIIOE KOIUIECTBO
TertoTe (AS < 0, AH < (), T.e. caMOTIPOM3BOJLHOMY THPOTEKAHHUIO TIPOLECCA
CMOCOOCTBYET YMEHBIIIEHUE SHTAJIBIIUH.

CaMonpor3BOIBbHO TPOUCXOIUT U PACTBOPEHME XJIOPUAA AMMOHMS B BOJIE:

NH,CI(1B.) + ag = NH;(p.) + CI'(p.)

BTOT NpoIIecC CONPOBOXKAACTCST TOHKEHUEM TEMIIEPATYPHI (TTOMIOMIEHUEM TeTT-
JIOTBEI) U YBEJIMYEHUEM IHTPONUU (AS > 0, AH > 0), IpUYeM IJITaBHYIO POJIL UTPAET
nociaenHuit paxrop. TakuM o6Gpa3oM, MOXHO CKa3arb, 4To JIoGas cucTeMa crpe-
MUTCH K MUHUMYMY SHTaJbIIUHA M MAaKCUMyMY SHTpOTIMM. B TepMogyHaMuke BBO-
JIUTCSI HOBasl QYHKIMS, CBA3LIBAIOIAN 1BE npenbmymnx BEJIMYMHBI — 3Hepeus Tub-
bca (G):

G=H- TS. (1.21)
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OCHOBHAY LIEHHOCTD 3TOi (YHKIIMY 3aKTI0UaeTCs B TOM, UTO €€ UBMEHEHWE TTPU
MMOCTOSHHOM TEMIIEPATYPE U JABJICHUY OIpPEnessieT CAMOTIPOU3BOJIBHOCTE IIPOLIEC-
COB:

AG = (AH — TAS) < 0. (1.22)

Y1o6bI TIOHATD, KAKOW CMBICT UMeeT BeTMUMHA AG, BepHEMCA K BbIpaXKeHUIO Iep-
BOro Hayaja TepMOINHAMWKHU:

AU= Q - Ay, + E. (1.23)

Ecnu mpoilecc o0paTUMEIA, TO, COIJTACHO BTOPOMY 3aKOHY TEPMOIMHAMUKH, TEm-
JIOTY MOXHO BBIDA3UTh TIPOU3BEICHUEM TEMIlepaTypbl HA U3MEHEHUE DHTPOIINU!

AU= TAS - Ay, + E. (1.24)

Torma B clyyae TOCTOSHCTBA HABJICHUST Ta YaCTb BHYTPCHHEW SHEPTUH, KOTOpPas
MOXET TIPeBpATUTLCS B M0JIE3HYIO paboTy E (B TOM UMCIIe UCTIONB30BATLCS Ha Tiepe-
pacrpenelieHe Macc B CHUCTeMe, T.€. HA XUMHUYECKOe TNpeBpalleHne), paBHa n3Me-
HeHUIo 3Hepruy I'nboca:

E=AU+ PAV - TAS=AG. (1.25)

TakmM 06pa3oM, BeTHUNHA A G XapakTepu3yeT Ty 4aCTb U3MEHEHUsI BHYTpEeHHEN
SHEPTUH, KOTOpAash MOXeT OBITh IIpeBpallcHa B TIOJIE3HYI0 paboTy.

Xumuyeckuii morennHan. Ta yacTh SHepPruu, KOTopasi pacXoayercsd Ha Iiepepacripe-
nefleHue MacC B CHCTeMe, T.e. Ha COBeplIeHHE XMMMYECKOH peakinu, MOXeT OBbITh
NpeACTaBieHa B BUAEC CYMMbI IIPOU3BENEHMI:

E = Xpn,

rae An — WM3MEHEHUE KoJM4YecTBa BellecTrBa, a p — XUMUHECKULl nomeHyuan. le/I
IOCTOSAHHOM JaBJICHHU U TEMIIEpaType:

AG = YpAn,

W3 3r10ro BeIpAXKEHUS ClIeAyeT, YTO XMMMYECKUI MOTeHUHa]l HEKOTOPOro BellecTBa
XapakTepu3yeT U3MecHeHMe 3Hepruu 'ub6ca rpu nobaBrneHUH 3TOro BELIECTBA B CH-
cTeMY IIPU MOCTOSIHHBIX AABJIICHUHU, TeMIlepaType U KOJIUYecTBE APYTUX BElECTB:

u;=(dG/dn), =G;.

JpyrumMu cloBaMu, XMMUYECKHMI MOTEHUMal MHAMBUAYAJIbHOIO BELECTBA — 3TO
MoOJIbHOE U3MeHeHUe sHepruu 'nb6ca G; npH MOCTOSIHHOM AaBJICHUM U TeMIleparype.
ITo3TOMy B OCHOBHOM TEKCTE Yalle BCEro MCIIOJIb3YeTCs B OCHOBHOM 3Heprus I'mbbea.
Hna gpyrux ycnoBuii, Haripumep V, T = const, XUMHYECKUH NOTEHLIMAN ONpenessacT-
Csl YpPaBHEHHUEM:

IIpu ycmoBuM NMoCTOSAHCTBA 0GBheMa TOIb3YIOTC TePMOAMHAMHYECKOH DYyHKIM-
eit, KoTopast Ha3bIBaeTca IHepeuei Teavmeonvya (F):

F=U-TS (1.26)
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G PaBHosecue (AG=0)

3 H
\ G s
, U PV
\ F TS PV
Puc. 1.11. CooTHotreHue Mexny hyHk- Puc. 1.12. 3aBucumocts 3Hepruu I'nébea (G)
uuamu U, H Gu F OT CTENCHW NMpPEeBpaLLCHUs PEareHToB (o)

B XUMHYeCKOM npouecce

B usoxopHoM mporecce nosesnag paboTa onpenensieTcs U3sMeHeHUEM SHEeprun
Tenbmroneua, a yernosuem CaMOTIPOU3BONBHOCTH TPOLIECCA SIBISIETCS €€ YMeHbIIle-
HUe AF < 0. B XUMUM 0GBIYHO MTONB3YIOTCST SHeprueit I'mobcea, TOCKOJIBKY yarie
BCETO XMMUYECKHE PeakUMM TPOBOIAT IPH MOCTOSHHOM (atMocdhepHOM) nasne-
HuW. [ns niponeccos, HPOTEKAIOIUX B KOHAEHCUPOBAHHOM ase, U3MeHeHUS 3HEp-
ruit 'n66¢ca v TenbMronbia NPpaKTUYECKH coBnanaT. CoOTHOWEHUS MeXIy Hau6o-
JIEC HacCTO MCIONb3YyeMBIMU TEPMOIUHAMUYECKUMU GYHKIMSIMU TIpencTaBieHbl Ha
puc. 1.11. Cuenyer otMeTuTh TOJNBKO, YTO aGCOMIOTHLIE 3HAYEHUS] STUX byHkumit
ONIPENETINTh HENb35, TaK KAK OHU BKJIIOYAJOT BHYTPEHHIOIO sHepruio. Ha pucynke
9TO OTPakC€HO Pa3PBIBOM HA COOTBETCTBYIOLIMX OTpe3Kax.

Wtak, B HEM30MUPOBaHHOI cHCTeMe TIPOLIECC NPOUCXOMUT CAMOTIPOU3BOJILHO,
€CJIN €MY COOTBETCTBYET YMEHBIIIEHUE SHeprum I'mb6ca. Korma xe Takoir rpouecc
3aBepIunTes? B xone npeBpaieHus o6s3atebHo HAaCTynaeT MOMEHT, KOTJa SHEPTUs
I'66ca nocTurHeT MUHUMATLHOO 3HAYEHUs, M000e naNbHelIee U3MeHeHUe CO-
OTHOIICHUA KONUYECTB BEIIECCTB HEMU3BEKHO MpUBEIET K yBenUueHuo G. Ha
puc. 1.12 npencrasnena saBucuMocTs SHepruM I'mb6ea oT cooTHOMIEHN peareHTOR
B XMMHMYECKOM nipouecce. Cocmosinue cucmemL, komopomy coomeemcmeyem AG = 0,
Haswvlearom paerogecuem.

B Ta6n. 1.4 nepeunciens YCJIOBUS PABHOBECHS U CAMOIIPOU3BOILHOTO MpoTeKa-
HUSI TIpOLIeCCa [UT Pa3HOTO TUTIA CUCTEM.

ToHaTue XUMHYecKoro moTenMana BBes B cBOEit pa-
6ore «O pasHOBecuun FeTCPOT€HHBIX BEIIECTB» aMepUKaH-
CKUii QU3MK-TEOPETHK, OMUH U3 OCHOBOIOIOKHUKOB Tep-
MOIWHAMUKM U CTATUCTUYECKON MeXaHuKu JIK. Yuwnapn
T'u66c (1839—1903). B 310i1 craThe oH pa3pabortan teo-
PUIO TCPMOAMHAMHYECKUX MOTEHLIMANIOB, 10Ka3aJ NpaBu-
1o da3 (obuiee ycnoBue paBHOBeCHs reTEPOTeHHBIX CHUC-
TEM), CO3MaNT TEPMOTMHAMUKY MOBEPXHOCTHBIX SBJICHUIA
H JMEKTPOXUMHUECKHUX NIPOLIECCOB; 0GOBLLIT IIPHHIUIT SH-
TPOITHH, MPUMEHUB BTOPOE HAYAIO TePMOTMHAMUKH K
LIMPOKOMY KpYTY NPOLIECCOB, W BbIBEN (hyHAAMEHTAIbHbLE
YPaBHEHUsI, TIO3BOJISIIOLIME ONPENENATL HaNpABIeHUe pe-
aKLUMA M yCIOBUSI paBHOBECHS! JUIA CMeceil JIIo6oi CIIOX-~
HOCTHU. MHorue uneun COBPEMEHHOW PaBHOBECHOM TepMo-
AWHAMUKH GepyT Hayaslo U3 3TUX paoT Jx. T'u66ca.
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Tabnawuua 14

Kpurepnu Bo3MOXKHOCTH CAMONPOM3BOJILHOIO MPOTEKAHHA MPOLECCa

Orpa}mqe}mﬂ, I/I3OJIHpOBaHHaf{ HCHE}OJII/IpOBaHHaH CHUCTEMA
HaKNaabIBACMBIE Ha CUCTEMY CHUCTEMa T; P=const T; V = const

DyHKIUSA COCTOAHUSA S G F
Onpenenedyie U3MeHEHUS AS = Quo/T AG=AH-TAS AF=AU-TAS
(hbyHKLIMM COCTOSIHMS
Kputepuii camonpous- AS>0 AG< 0 AF< 0
BOJILHOTO TIPOTEKAHHSA
npouecca
Ycnosue paBHOBeCHs AS=0 maxkcumym S | AG=0 muaumym G |AF=0 muHumym F

1.2.3. Pacuer u3MeHeHus sHeprun 'n60ca B pe3yasTaTe XHMMUECKMX peaKiMii.
AnarpaMmsl DmMHrémMa

Hrak, 111 perieHus: MoCcTaBIeHHOM HAMU 334y — OTIPeAEIeHUS BOZMOXHOCTH
NpOTEKaHUs peakUUMU — HEOOXOMUMO OINpeAeSUTh OTBeyalollee eil M3MEHEHUE
oHepruu T'nu6oca. Kak paccunrats 51y Benunny? IlepBBIM NMpUOIIKE HUEM SIBISCTCS
pacyeT CTaHHAPTHOTO 3HaueHUST AGjgg, T.€. AG U CTAHTAPTHLIX YCIIOBUi (P = 1 aT™,
C=1 monp/m) u T = 298 K. IIpu 3TOM cCjemyeT YYWTHIBaTb, YTO 3Heprus I'u66ca
ABJIETCA (DYHKIMEN COCTOSTHUSI U, CIIEIOBATEIBHO, €€ UBMEHEHHUE 3aBUCUT HE OT IyTU
MpOTEKaHU TIpoliecca, a TOJIBKO OT HAYaJbHOIO M KOHEYHOIO COCTOSHUI CUCTEMBL.

ITepBuiif crioco6G pacyera aHATOTMYEH METOLY OLEHKHM U3MEHEHUsS SHTATBITMH
PEAKIIMHU MO Ta0yIMPOBaHHBIM SHTATBITAAM 00pa30BaHMS Pa3IMYHbIX BemecTs. B cxon-

Tabnuua 1.5

CranaapTabie BeJHIHHBI A,G 395 HEKOTOPBIX BewecTs (KIK/MOJIb)

Beurectno AGog BeurectBo ArGo9s BeurectBo ArG g BewrectBo | A/Gs
AgCI(TB.) -109,8 | NaCl(tB.) | -384,1 || NH,(r.) -16,71 || H,O(r.) -228,61
Ag,O(tB.) -31,1 | NaF(t.) | -543,3 | N,H,(r.) 159,28 || H,O(x.) [-237,24
AB*(p.) -490,5 | LiF(tB.) -584,1 | NH,CI(tB.) | -203,2 || H*(p.) 0
AlClL (tB.) -628,6 [ Cl(p.) -131,4 | NO(r.) 86,58 | OH-(p.) |-157,42
AlBr(1B.) -490,6 (| HCI(r.) -94,79 || NO,(r.) 51,5 || O,(r) 162,7
Al,O,(tB.) —-1582 || HCl(p.) -131,2 | N,O,(r.) 98,29 | H,O,(x.) | -120,4
CaO(1B.) —-604,2 | ClOL(r.) 122,3 | HNO(r.) -74,8 | H,S(r.) -33,8
CaCOy(tB.) ~1128,8 [ CLO(r.) 93 P (T8.) 0 H,Se(r.) -19,7
CO,(r.) -394,38 | HF(r.) -272,8 || P, ..(1B.) -11,9 || H,Te(r.) —
FeBr,(1B.) -246 | HBr(r.) -51,2 || P,O,(tB.) |-2697,8( SOLr.) -300,2
Fe,O,(tB.) -740,3 || HI(r.) 1,78 || PH,(r.) 13,39 || SO,(r.) =370

29



AG ] Hble TaGauuH (Ta6n. 1.5 v npui. 1) cBefeHs U
L BEITMIUHBI A;G93 U TOUHO TAK Xe MPUHSTO, YTO

\2/ IS TIPOCTBIX BelecTB AsGgg = 0.
/ \< = A Gy =Y Vil (Grog =D v ;A ;Gagg.  (1.27)
i J

4 AHaIM3 TTONOOHBIX TaOJIMII MMOJIE3EH TTPU CO-
\ MOCTABJIEHUU CBOWCTB OJM3KUX [0 CTPOCHMIO
coenquHeHuil. OcobeHHO MHOOPMATUBHO TaKoe
cpaBHeHUe 1 OMHApHBIX COEAVHEHHWMH, IM0-
CKOJILKY MO3BOJISECT OLEHUTH BO3MOXHOCTH MX
mocTH (Xgegiﬂf:Mi}e’;g; 33})}:"66% CHMHTE3a U3 MPOCTHIX BELIECTB. Hanpumep, cpem
I— AH>0, AS<0; 2— AH<0, AS<0; BOMOPOIHBIX COeMMHEHMI ameMenToB 16-it (VI)
3— AH>0, AS>0; 4 — AH<0, AS>0 TPYNIBI BO3MOXHO TMOJYy4YeHUE U3 MPOCTBIX BE-
wecTB (A/G3g < 0) Tonbko H,O u H,S, Torma
Kak s 6onee Tsoxenbix aHatoros (H,Se u H,Te), HanpoTUB, BepoATHO CaMOMpPO-
M3BOJILHOE Pas3lIOXeHUE B CTAHAAPTHLIX YCJIOBUSAX.
Bropoii croco6 OCHOBAH Ha pacueTe CHavala BeTUUUH A.H3gg M A,S9g TS AH-
HOTO TIPOI[eCcca, a MOTOM, MCXOIsl U3 HUX — BEJMYMHBI A,Gag 110 GopMyITe

AGog = A HAgg — 298+ AS . (1.28)

JIaHHBIA CHOCO0 XOpOUI TeM, YTO MO3BOJISET OLEHUTh, KaK M3MEHMUTCS 3HAaK
A,G° TIpY U3MEHEHUHU TeMITepaTyphl. XOTs SHTAIBIIMA U SHTPOITHSI BeIECTB 3aBUCAT
OT TEMITEpATYpPhI, HO, KaK GBIIO MOKAa3aHO B MpuMepe 1.3, [uid peakuy U3MEHEHNE
BEJIMUMHHE A,H° He3HAaUMTEJIBLHO (TO Xe MOXHO MOoKa3aThb M Ui A,S°), MOITOMY
MPUOTIDKEHHO CYMTAIOT, YTO B HEKOTOPOM MHTEpBaje TeMrepatyp A, H° v A.S° —
BEJIMYMHBI IPAKTUYECKU MOCTOSIHHBIE.

Ha puc. 1.13 nokasana 3aBUCUMOCTb U3MeHEeHMs 9HepruM ['mb6ca ot TeMreparty-
PHI TIpY Pa3IMYHBIX COYETAHMSIX BeIMIMH A, H° U1 A,S°. Koraa oTBeT 0 BOSMOXHOCTH
CaMOIMpPOM3BOJILHOTO NPOTEKAHUS Mpowecca HeoqHo3HaueH (AH > 0 u AS > 0 win
AH < 0 u AS < 0), ciaenyeT yUUTBIBATD, YTO TPU BbICOKUX MEMRepamypax OCHO8HYH
pOAb uzpaem IHMPORULHbIE Pakmop, a npu HUKUX — dHMAanbhulnbid. Pe3ynbraThl
aHaTM3a 3aBUCUMOCTEH, MPUBEAEHHEBIX Ha pyc. 1.13, cyMMHpoBaHBbI B Tab. 1.6.

U, HakoHell, TpeTHil crocob pacuera A,G° OCHOBaH Ha KOMOMHALIMK 3HAYCHWIA
A,G° XOpomIo U3y4eHHBIX peakiuii. HanpuMep, eciiM U3BECTHBI 3HaYeHUA A, G° s
peaxkii

Puc. 1.13. Bo3aMoXHBbIe TUITBI 3aBUCH-

CO) + 1/20,(1)
4Fe (tB.) + 30,(T.)

TO U1 peaKIIu

-256,2 xJIx,
-1482,1 kX,

CO,(r) AGY
2F6203 (r.) ArGE

Il

Il
1l

Fe,O;(1B.) + 3CO(r.) = 2Fe(1B.) + 3CO,(1.)
AG° = 3A,G - 120, G5 = =27,7 xIIX.
IMocnenHUIT CrIOCO6 MCHONL3YeTC IS OTIpENeNIeHUsT TEMIIEPATYPEl BOCCTAHOB-
JIEHUS OKCHIOB METALIOB yrieponoM, CO WM MeTaTaMU C MIOMOLIBIO duazpammot
Innunzema, Xapakrepusyloueil 3aBUCUMOCTU A,G° OKCUIOB OT TeMIepaTyphl

(puc. 1.14). Ha sT10if nuarpaMme oObIYHO M300paXaroT TeMIepaTypHbIE 3aBUCUMOCTH
A,G° peakuuii OKMCIIeHUs MeTauioB, yriepoaa U CO KUCIoponoM (B pacuere Ha
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Ta6nuua 1.6

BeposATHOCTh CAMONPOU3BOJILHOIO NPOTEKAHHA XMMHIECKHX peaknuii

BosmoxHbIe KoMOHHAUMH | BeposTHOCTS CaMOTIPONU3BOIBHON TIpHMep XUMU4ECKof peaKiHH
AH nAS® peaxiuy pumep

A >0,4,5°>0 BosMoxta npu Bbicokux T 2Cu,0(1B.) =4Cu(1B.) + O5(1.)

AH >0, A,85°< 0 Heso3moxua uy ipy kakux T [30,(r.) = 20,(r.)

A <0, A,8°>0 Bosmoxua nipy mobeix T 2C(1B.) + O,(r.) =2CO(r.)

A< 0,4,85<0 BoamoxHa nipy HU3kux T 2NO,(r.) = N,O,(r.)

1 Monb O,) B MpenronoxeHun, uto A, H° 1 A,.S° He 3aBUCIT oT TeMmnepaTyphl. Mano-
MBI Ha TIPSIMEBIX COOTBETCTBYIOT TeMIICpaTypaM IUIABICHUS OKCUIOB METAJUIOB.

W3 auarpaMMbl DJUTMHrEMa CleayeT, HampuMep, yTo rpu 298 K oxcHn HUKeA
HEJb351 BOCCTAHOBUTD YITICPOIOM:

2Ni + 0, = 2NiO AGS
2C + 0, = 2CO AGS
NiO+ C=Ni+CO AG;=1/2(AG5 - AGY)

Ipu 298 K AG; < AG3, cnepoBatenbHo, AG3 > 0, u peakims He uaet. [Tpoiece
TEPMOIMHAMUYECKU BEPOATEH B CTAHIAPTHBIX YCIOBMSX, eciu AG3 < 0. M3 rpadu-
Ka CREIYET, 4yTO TaKoe BO3MOXHO nuiub ripu 7 > T, (680 K).

4/G", KlIx

+250

Zn0  CO—-CO,

-500

- 1000

1l 1 1 1 1
500T, 1000 1500 2000 7, K

Puc. 1.14. 3aBucuMOCTb A;G" HeKOTOPBIX OKCHIOB OT TeMIlepaTyphi (IarpaMma DILTMHIeMA)

31



o

JIo cHX TIop Mbl OGCYKIaJIN BO3MOXHOCTh PacieTa U3MEHEHHN SHEPTIH Tu66cas
craHgapTHeiX yernosusx (P = 1 atM, C = 1 Monn/i). Kakylo nHopmanmio MO)KHOE
MIOJIYYNTH U3 STUX TAHHBIX? 1

1. Bt AG® < 0, peakuyst BO3MOXHA B PealIbHBIX YCHOBUSX, a ecnu AG® > 0,
TO BO3MOXHA JIMIIEL 00paTHAas peakuys.

2. Ecnu |AG?| He mpespimaer 40 kX, TO, M3MEHsS YCIOBUs (JaBICHUE WM
KOHIIEHTPALMIO), MOXHO JOOUTHCS, YTOOB AG CTalo MEHbLIE 0.

3. Eciu AG° = 0, 3To He 03HAYAET, YTO B PEATHLHBIX YCAOBHSX NIPOLIECC SABJISIETCHA
PABHOBECHBIM.

Hpumep 1.5. Bo3MOXHO JIM B CTAHAAPTHBIX YCIOBUSAX TOJYUUTh XT0P B3aUMOIENCTBUEM
okcupa MapraHua(lV) ¢ xJ0poBOXOPOXHOI KMCIOTOM?

Pewenue. TIpexne Bcero paccynraeM A,Grog peaKLMK, UCTIONb3Ys TaGINYHBIE 3HAYEHUSA
AiH %9s 1 Sgg.

MnO,(18.) + 4HCI(p.) = MnClL(p.) + Cly(r.) + 2H,0(x.)

AH%s = 20/H 5%5(Hy0) + AfH595(Cly) + AH 5(Mn? (p.)) + 2AH 5%3(CL(p.)) -
~ AH59(MnOy) — 4AH 5(H' (p.)) - 4AH 505(CI7(p.)) = 2-(-285,84) — 223,01 + 521,5 +
+2-167,2=61,21 xJ1x;

A,S%s = 2855(H,0) + S393(Cly) + S50s(Mn2*(p.)) + 28595(Cl(p.)) - S5(MnO,) -
— 4850(H* (p.)) — 48565(CI (p.)) = 270,08 + 222,9 + (-74,89) — 53,1 - 2~ 56,54 =121,77 Ix/K.

HanoMHMM, 4T0 AH 59s 1 S93 MOHOB OMPEAENCHB OTHOCHTEILHO COOTBETCTBYIOLIMX BE-
mwann g HY(p.) M, cooTsercTBeHHO, AH 59 (H'(p.)) = 0, Sogs (H'(p.)) = 0, a S
HEKOTOPBIX MOHOB METAIIOB MOTYT ObiTh < 0.

A,Gios = AH e — 298 A,S3gs = 61210 — 298 - 121,77 = 24922 JIx.

B CTaHHapTHBIX YCIOBHAX, T.e. npu KoHueHtpaunu HCL, paHoi 1 MOJIb/J1, 3Ta peaKkuus
CaMOIPOM3BOJIBHO He MoileT. Bonee Toro, OMHUM M3MEHEHMEM TEMIIEPATYPHI, d OHO TIpH
paGore ¢ pacTBopaMu He MoxeT npesbiats 100 °C, Henb3sd M3MEHMTDb 3HAK A,G°. OmHako
abcosmoTHasg BeIMYMHA A, G° HeBeNMKa, O3TOMY NPH M3MEHEHHWH KOHLEHTPALIMM HCl Bo3-
MOXHO H06uTECH A,G < 0. JIeiiCTBUTENLHO, XJI0Op MONYYaloT TAKUM CHOCOOOM, MCHONb3Ys
KOHLIEHTPHUpOBaHHYIO Kucnory (10M).

1.2.4. 3apucuMocTh H3MeHeHus 3neprun I'n60ca
OT peajbHbIX YCJOBHI OCYIIeCTBIEHHA XAMHYECKONH peakiun

Bo3HMKAeT BOIIPOC, KAaK peajibHble YCIIOBHS NIPOBENEHMs XUMUIECKHMX MpoLec-
COB, B TOM YMCJie BeIMYMHBI TABIEHNST N KOHLIEHTPALMH PearupylolinX BElIECTs,
BJINAIOT Ha BEPOSITHOCTh CAMOTIPOM3BOJIBHOTO TIPOTEKAHMS PeaKUMHU, KaKuM 00pa-
30M HaJ0 MEHSTH HTH TIapaMeTphl, YTOObI peakuusl Gbia BOSMOXHA, U KaKOI BHI-
XOJI TIPOLYKTOB CJIEAYET OXUAATh B PE3yJITaTe TOTO WIK MHOTO TIpoLecca.

HeTpyqHO MOKAa3aTh, YTO TIpM M3MEHeHNH JaBieHns oHeprus I'nGoca MeHseTcs
CIIeAyIoUMM ob6pasom '

G = G° + RTIn(p/p"). (1.29)

I Iuddepennpys ypasuenwe G = U + PV - TS v ncnoibsya anuddepeHIHANTBHOE BbIPAXCHHE
epBOIO W BTOPOIO 3aKOHOB TepMmoanHamuku dU = TdS - PdV, MOXHO yOeAUTBCS, YTO NPH MOCTO-
aHHol Temneparype dG = VdP. Torna o MACIbHOTO ra3a dG = (RT/P)d P vi nocne WHTETPpUPOBAHNS
nonayyaeM G, = G+ RTInp,/p;.
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ITockonbKy CTAaHIAPTHBIM SIBISIETCSI COCTOSIHME, IS KOTOpOro p = 1 at™, TO
OTHOUIEHNE p/p° YMCIAEHHO PAaBHO JABJIEHWIO, BEIPaXeHHOMY B atMocdepax. Drto
OTHOLIIEHWE HA3LIBAIOT akmuenocmbio (a). AKTUBHOCTL — BeJIMUMHA Oe3pazMepHas.
st KOHOEHCHPOBAHHOTO COCTOSIHMSL (KUIKOCTEH M TBEPABIX Tesd) IO AKTHBHO-
CTBIO BE1LIECTBA IIOHMMAIOT OTHOLIEHHE €r0 KOHIEHTPALMHN K KOHIIEHTPALMN B CTaH-
JapTHOM cocTostHUH (Ta6nm. 1.7). Torma anst jir060T0 BEHIECTBA 32aBUCUMOCTE MOJIBHOI
sHepruu I'm66ca or peaybHbIX, HECTAHIAPTHBIX YCIOBUIA [P 3a1aHHOM TeMIIepary-
P€ MOXHO BHIPa3UTh YPABHEHUEM:

G = G° + RTlna. (1.30)

B ra6m. 1.7 nokasaHo, KaK OIPEeNeNsioTcs aKTUBHOCTH, KOTOpBIE HEOGXOIMMO
YYUTBIBATE TIPH pacyeTe U3MEHEHUS d3Hepru [mo6ca B peajbHBIX YCIOBUSIX.

s XMMHUYeCKOH peakuMd, Harpumep, IIPpU CHMHTE3e MOIOBOIOPOIA, 3aBHUCH-
MOCTb A,G OT peaslbHBIX YCJIOBUI MOXHO BBIPA3WUTh CJEIYIONIMM 06pa3oM:

Li(r) + Hy(r.) 2 2HIT.)
AG = 2G(HD - G(I)) - G(Hy),
AG = 2G°(HI) + 2RTIna(HI) - G°(;) - RTIna(l) - G°(Hy) — RTIna(H,).
CrpynnupoBaB WieHs! MIOC/IEIHET0 YPABHEH WS, TIOJyYNM BBIPaXeHHe, HA3BIBAEMOE
M30TePMOI XMMNYECKOM PEaKIIVIM:

2
AGy = AGy + RT In—2HL_ |
alzaH2

B 06]11€M BUOE O IIpOI/ISBOJILHOﬂ PE€aki 310 YPaBHEHUE UMEET BUI.
vj
114

AGr = AGy + RT In| £ , (1.31)

[1a"

i
Ine j — MPOXYKTHI PEAKIMH; i — MCXOMHBIE BEMIECTBA, v — CTEXMOMETPHYECKHUE
KO3 OUIMEHTH! B YpaBHEHMH PEAKIIMMN.

Tab6nauua 1.7

Cranzapranie COCTOSHHSA M AKTUBHOCTH, NPUHATHIE IS pacyeros neprun 'n66ca
U KOHCTAHT PABHOBECHS

Beutectso CraHIapTHOE COCTOSHHUE AKTHUBHOCTb

T'a3, yucTeiit Wik B cMecn | ITapuuanbHOe gaRiieHMe rasa a=p/p
p'=1amm

Yucras XKMIKOCTL WK Yucras XUZKOCTh WK TBEPLOE a=1

TBEPHLOE BElLIECTBO BELECTBO

PacrBopurens B pasbas- UucThil pacTBOPUTEND a=1

JIEHHOM PacTBOpE

BeuiectBo B pactBOpe KoHueHnTtpauus pactsopa s pa3baBie HHBIX paCTBOPOB
1 Mons/n a = ¢ (YNCIIEHHO)

2 Heopranuueckast xumust, tom | 33



TabGuauira 1.8

3nauennus A, Gz PEAKUHH CHHTE32 HOKOBOJOPOAA IPH PAITHIHBIX

COOTHOLIECHUAX PCArcHTOB

HoMmep onbrra aH, ap aHl RTInQ, klix | AGy, KAX

1 1,0 1,0 0,1 -11,42 -27,22

2 1,0 1,0 1,0 0 -15,81

3 1,0 0,02 0,5 6,27 -9,55

4 0,0 0,02 0,91 15,81 0

5 0,4 0,0061 1,2 15.81 0

6 0,01 0,01 1,5 24,87 9,02

7 0,1 0,01 12 18,41 2.86

YT06BI MOHATH, KaK HA OCHOBaHWM ypaBHeHUs (1.31) MOXHO CyIUThL O Hampas-
JIEHWUH TIPOTEKAaHUA Mpollecca, pACCMOTPUM BapUaHThI ¢ Pa3HBIMU TapLMaibHEIMK
NABJIEHUSIMM MCXOOHBIX M KOHEUHBIX IMPOAYKTOB MpH CUHTE3€ MOTXOBOAOPOLA. Hnsa
9TOM peakunh A,G59g =—15,81 kJIx. B Ta6s. 1.8 mpuBeqeHE! HaYaNbHbIC aKTHBHOCTH
pEareHTOB, HAXOISILIMXCS B CMECH; BHIYMCICHHBIC HA OCHOBAHUH STHX NaHHBIX 3HA-
YEHMS

2
RT In -2
a12 aHz
a TAKKe BETMUMHBI A,Ghgg, PACCUUTaHHBIE TIO (hOpMYIIe

Kax BUIHO 13 Tabuipl, B onbiTax (1 — 3) wis peakinu o6pasosanms HI A, Gagg < 0
W, CJIEOBATEIBbHO, 3Ta Peakiysi NAET CAMOTIPOM3BONIBHO. ECIN peaibHbIe NaBIeHNS
napa KOMIIOHEHTOB COOTBETCTBYIOT OMBITaM (4 — 5), A,Ggg = 0 11 IpoLiecc pasHOBe-
CeH, T.€. aKTHBHOCTH BCEX BEIECTB HE N3MEHSIOTCS BO BpeMeHH. [1Jist OTIBITOB 6—7)
A,Ga9 > 0 1 cCAMOTIPOKU3BOIBLHO MOXET MATU TOJIBKO OOPaTHBIA NMpOLECcC — pasio-
xenne HI (A,Grpan = —A,Gosp). TaKUM 06pa3oM, MEHsAS COOTHOILUCHUS pEarcHTOB,
MOXKHO 3aCTaBUTL pEakLMIO UITHA B TY WIK IPYIyIO CTOPOHY.

=RTInQ,

Ipumep 1.6. OnpenesuTe, NpU KAaKOil TeMIepaType CTAHOBUTCA BO3SMOXHbBIM pa3nioxke-
HHe KapOoHaTa Kaiblus npu gapieHun CO,, paBHOM 0,1 aTM, ecnu:

CaCO;(tB.) CaO(tB.) CO,(r.)
AfH%gg, KH)K/MOJI]) —1206,9 —635,5 —393,5
S508, K/ (Moib - K) 92,9 39,7 213,7

Pewenue. 1151 peakiiuu
CaCO;(1B.) € CaO(tB.) + CO,(r.)
ypaBHEHUE U30TEPMBI XUMHUYecKoil peakuuu (1.31) nMeer BUI:
AGr=AGr+ RT Inp(COy),

TaK KaK aKTUBHOCTU YUCTHIX (He 06pa3yloiux pactsopos) Teepabix Belects CaO n CaCoO;,
paBHBI eaMHULE, 4 aKTUBHOCTh CO, YNCICHHO paBHA NAPLUATLHOMY napneHuo!. Yciosue

! Hapuuaﬂbnoe daenexue Ta3a B CMECH Ta30oB PaBHO TOMY JAA&BJICHHIO, KOTOPOE uMeJ Obl 3TOT ra3 B
OTCYTCTBUH APYTUX JIETYUUX KOMIIOHEHTOB; p; = X; PoGux’ rae x; — MOJibHasi J0Jis1 JAHHOTO rasa B CMCCH.
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CaMOINPOMU3BOJIBHOTO pasNoxeHus KapOoHata Kanbuusi: AGr < 0. BRITOTHUB HEOGXOAUMBIE
npeobpa3oBaHua U cuutasi, uto A, H®, A.S° He 3aBucAT oT T, MOTyduM:

AHies — TAS5 + RT Inp(CO,) < 0,
T > A H3/(A,S%s — R Inp(COy)),
T > 990,5K.

CrenoBarenbHO, pasnoxeHne KapOOHaTa KalbuUs TIPU JaBIEHUH CO,, paBuom 0,1 arm,
BO3MOXHO TIpU TeMrnieparype, npesbimawomeil 990,5 K (717 °C).

1.2.5. Ycnone XHMHYECKOTO U Mexk(pa30BOro paBHOBECHs, KOHCTAHTA PABHOBECHS

Kak yxe HEeomTHOKPaTHO OTMeYayioch BHIILE, YCIOBUE PABHOBECHS BbIpaXaercsi
ypasHeHreM AG = 0. Tenepb pacCMOTPHM, KAKUX X€ COOTHOIIEHUIT peareHToB BO3-
MOXHO NOCTUYb B PE3YJIbTATE KOHKPETHON XMMHYECKON PEAKIMM WM KAKMX-JIMG0
IpYruX (GU3MKO-XMMUYECKUX TPOLECCOB (IMCCONUALNS B pactBope, MexdasHbIe
paBHOBecwst). U3 ypaBHenus (1.31) criienyer, 4To B COCTOSTHUM PaBHOBECHS

[14/
AGr = AG; + RTIn| < =0

[1a"

H CJIEQOBATENbBHO,

I14'
AG; =-RTIn| £ | = _RT InK. (1.32)
[Ta"

i
i

B ycnoBusix paBHOBECHS! COOTHOLIEHHSI KOMITOHEHTOB He M3MEHSIOTCS BO BpeMe-
HU, 2 UX aKTUBHOCTH U3 MEKYUUX CTAHOBSITCS PABHOBECHbIMU.

OtHoleHne NPON3BeneHNUS AKTMBHOCTEN NMPOIYKTOB PEAKIAN K NMPON3BENEHHIO
aKTUBHOCTH MCXONHBIX BEIIECTB, B3ATBHIX B CTENEHSIX, PABHBIX CTEXHOMETPHYECKIM
KO2(OUUMEHTaM, Ha3bIBAIOT KOKCHAHMOL PABHOBECUS:

[1e
J

[1a"
i

Koncranra paBHOBeCHS SIB/IsIETCS KDMTEPHUEM MOJHOTHI IPOTEKAHIS peakuun. Be-
mmunHa K 6espasmepHa. Ecim K > 1, B paBHOBECHOI cMeCH MpeodNafaloT MPOIYKTH
peakumy, a, ecit K < 1, To B Heit npeobianaiot pearents. Hanpumep, K peakipm
cuniresa HCI u3 nipocteix Bewects mpu 298 K pasua 2,5 102, uyrto coorsetcTBYeT
PaBHOBECHOMY [NaBNeHMIO Xytopa M Boxopona ~107'7 arm npu masnennn HCI, paB-
HoM 1 arM. g peakumy CiHTe3a CeJICHOBOOPOMA U3 MPOCTHIX BelecTB K= 3,5 1074,
a, CJIENOBATE/IbHO, NPK aB/ieHn Bofopona | atm nasnenne H,Se =~ 3,5 10 atm.

KoHcTanTy paBHOBECHST MOXHO ONpPENesnNTh 3KCIEePUMEHTANBHO JIGO paccum-
TaTh U3 TEPMOANHAMUYECKUX JAHHBIX 110 (hOPMYJIE:

K = e G /(RT) (1.34)
35
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KoncranTtsi papHoBecHa. COIMIACHO 3aKOHY AEUCTBYIOIMX Mace (3aKoHy I'ynbnbep-
ra u Baare), KoHCTaHTa paBHOBECHS MOXET OBITh pacCYMTaHa M3 KOHLEHTpalUMi pe-
ArMpyOLMX BELECTB (MONAPHON WIM MOJBLHOM MONMM) WIM NapUMAIbHBIX NaBIECHUIL.
DTH KOHCTAHTHL MHOIIA HA3BIBAIOT KOHIIEHTPALMOHHBIMU B OTINMYME OT MepMOOuHa-
mumeckux K, B KOTOpbIE BXOAAT aKTMBHOCTH KOMITOHEHTOB. Konuenmpayuonnbsie KoH-
cmanmbr BNS peakinii B Ta30BOi ¢hase, BRIYMCIEHHbIE ¢ UCTIONBb30BAHMEM KOHLIEHT-
panmit K, ¥ mapuMaibHBIX JaBieHuit K, CBA3aHBI APYT C APYrOM ypaBHEHHCM:!

K. = K(RT)*,

rae An — M3MEHEHME YMCIIa MOJIEl B pe3y/bTaTe PeaKLMHu.
W3 TepMORMHaMUYECKHX TAHHBIX MOXHO pacCUMTATh TONIBKO TEPMOANHAMUYECKYIO
KOHCTAHTY pAaBHOBECHS.

SRS 2

Kak BugHo n3 ypaBHeuus (1.34), KOHCTAaHTA paBHOBECHS 3aBHCHUT OT TeMIIepa-
Typsl. C yueToM Toro, 4to AG® = AH® — TAS®, NOBBILIEHNE TEMIIEPATYPHI TPUBOIUT
K yMeHblIeHno K s sk3orepmudeckux peakimit (AH < 0) u x yBenmuenuio K
IUTs SHAoTepMuYeckux peakumii (AH > 0). I3MeHeHe aKTHBHOCTH KOMIIOHEHTOB
peaklMM ¥ M3MEHEHNe TaBieH!s BIUSIOT He Ha BeIMYMHY K, KOTOpas MOCTOSHHA,
a Ha MOJIOXKeHNE PABHOBeCHs (CTereHpb MpeBpallleHsI peareHToB). OTo BIMsSHUE pe-
IAMeHTUDPYET npuryun nodsuxcrozo pasrogecus Je Ilarenne:

&

B raon. 1.9 mokasaHo, Kak BJIMSET Ha CMEIeHNEe PABHOBECH ST N3MEHEHUE TEMITe-
paTypel, JaBJIeHUS] M KOHIIEHTPALWMM PearupyromnX BelECTB.
DKCIMEPUMEHTAILHO YCTAHOBIIEHHYIO 3aBUCMMOCTh K OT TeMmeparypsl 4acTo

MCHONB3YIOT VIS OMpeaesieHNsl TepMOIMHAMUYECKUX TapaMeTPOB PasIMYHBIX IPO-

Ta6nuua 1.9
Bausirue pazauynbix (GAKTOPOB HA NMONOKEHHE PABHOBECHS
BHewmHee X H3mMmeHeHKe cocraBa IpumMeyaHue
BO3ACHCTBYE peaKkUKOHHON CMECH
VYeenuuenue TeM- | aMensietcs B cropoHy snpotepmMu- | Bniusinue TeM 6onble,

nepaTyphbi

YBenuyeHUe gaB-
JIEHUS

VBennyeHue KOH-
LEHTPALIMKM UCXOM~
HBIX BEILIECTB

VYMeHBILIeHHE KOH-
LIEHTpALIMH TTPO-
JIYKTOB peaKiuu

He uzMensiercs

He usmensercs

He uzmensiercs

YECKOro nporecca

B cropony yMeHbUIEHUS
00BeMa ra3o00pa3HbIX
BELIECTB

B ctopony o6pa3oBaHus
NPOLYKTOB PEakiMH

B cTopony 06pa3zoBaHUs
NIPOAYKTOB PEAKLIMH

yeM Gonbiwe |AH)

BaxkHo ang peakumi ¢
y4aCTUEM ra3000pa3HbIX
BE1IIECTB

HMmeeT Gonpliioe 3Have-
HUE JIJIs1 peaKiyi B
pacTBope

Hmeert OonbLIOE 3HAYE-
HME IS peaKuuii B
pacTBOpe
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Ilonsttne o mepaBHOBecHol TepMoaunamuke. Kiacciueckas TepMOIMHAMMKA pac-
CMaTpHBaeT 0OpaTMMble PABHOBECHBIE MPOLIECCH B U30JIMPOBAHHBIX M 3aKPHITHIX CH-~
creMax. B To Xe Bpemsi GONBIIMHCTBO peabHBIX CUCTEM SBISIOTCA OTKPHITHIMAU. TIpo-
LECCHI, IPH KOTOPBIX CHCTEMA IIPOXOAMT Yepe3 HePAaBHOBECHHIE COCTOSHMS, pacCMaT-
PUBAET Hepasiogechan mepmodunamuxa. OCHOBHOE OTIMYME HEPABHOBECHON TepMO-
AMHAMMKH OT PaBHOBECHON 3aKITIOYAETCH B CIEAYIOLLEM.

Bo-nepsbix, TepMonMHAMMYECKHe MapaMeTphl U3MEHSIOTCS BO BPEMEHM — CYIIE-
CTBYIOT IOTOKHM Macchl ¥ 3Hepruu (J). Bo BTOpHX, TepMORMHAMMYECKHE TAPAMETPHI
MMEIOT PasjIMYHbIC 3HAUEHHUS B PA3TMYHBIX TOUKAX CHCTEMB — BO3HMKAIOT FPAIMEH-
TH 3THX BETWYUH (X).

Hanpumep, eciu oKalbHO HarpeTb OfHY YacTh COCYA C Ta30M (CO3ATh IPAMEHT
TEMIIEPATYP), IUIOTHOCTb I'a3a B 3TOM YACTM CHCTEMbI YMEHBIIMTCI U BO3HUKHET TO-
TOK MacCCHI Ta3a B 9Ty o6nacThb. [l BceX HEOOPATUMBIX MIPOLIECCOB MOTOK SHEPTHU M
MacCChl IpAMO MPONOPUHMOHAJIEH TPAIMEHTY COOTBETCTBYIOILMX MOTEHMAIOB (HaBie-
HMS, TEMIIEPATYPhl, KOHLEHTPALIMM M T.1.):

Ji= LX.

HpyruM BaXXHBIM TIOCTYNIATOM HEPABHOBECHO TEPMOIMHAMMUKH SIBJISIETCS YTBEPXKIE-
HUE, YTO U3MEHEHHE SHTPOIIMM B OTKPBITBIX CHCTEMAaX MOXHO BHIPA3UTh COOTHOLLIEHHEM

ds = dS] + dSz,

e dS; — M3MeHeHUe SHTPONMM, BBIBBAHHOE B3aMMONENCTBHEM C OKpyXaloweil cpe-
1o, a dS, — BHYTpeHHMMH Tponeccamu. VisMeHeHMe SHTPOIMM BO BpEMEHH (IIPOM3-
BOACTBO IHTPOTIMM) BHIPAXKAETCS MOMOOHBIM ypaBHEHMEM:

dS/dt = dS,/dt + dS,/dr.

J151 OTKPHITBIX CUCTEM MPU TOCTIDKEHMHM PABHOBECHOTO WM CTALIMOHAPHOTO COCTOSI-
HHsl UBMCHEHME SHTPOINMH BO BpeMeHHU OTCYTCTBYET: dS/dt = 0. BosHukiuast u3-3a Hepas-
HOBCCHOCTHM BHYTPHM CHCTEMBI 3HTPOIIMS JO/DKHA BBIBOIMTHCS B OKPYXAIOLIYIO CPELy.

Taknm obpasom, nocrynarsl 0 JIMHEHHOM COOTBETCTBMHM MeXIy ITOTOKOM M Ipa-
AVNCHTOM MOTEHIMATA U O JIOKATBHOM PaBHOBECHMM M MUHMMYME IIPOM3BOACTBA SH-
TPOTIMHK AAIOT BO3MOXHOCTD PACTIPOCTPAaHUTD 3aKOHOMEPHOCTH KJIACCHYECKOH TEpMO-
AVHAMWKH HA MOAABIAIOLIEE OONBIIMHCTBO PEATBHBIX OTKPBITBIX CHCTEM.

Enle onHoi1 0COGE€HHOCTHIO HEPABHOBECHEIX TIPOIECCOB ABIAETCS BO3MOXHOCTD MX
HEIPEeACKa3yeMOTo pa3BuThA. ECIM B 3aKpBITHIX cHMCTeMax mpolecchl auddy3un u
pasanuHble GIYKTYanuu (IMCCUNTATHBHAIE IPOTIECCHI) TIPHBOIAT K OTHOPOIHOMY paB-
HOBECHOMY COCTOSTHHIO, TO B OTKDBITHIX CHCTEMaX Te Xe IPOLECCH MOTYT MPMBOIHTD
K HOBBIM HEPABHOBECHBIM YMOPSAAOYEHHBIM COCTOSHM-
M — duccunamusnbim cmpykmypam. TIpuMepoM TakuX auc-
CUIIATUBHBIX CTPYKTYP M BOSHUKHOBEHMS nopadka uepe3
daykmyayuu MOTYT SIBIATBCSA KoJleBaTeNbHbie peaKiyu.
IToapo6Ho TakMe peakMu ONMMUCAHbI B 1. 2.

Bonbloit BKIan B pa3sBuTHE HEPABHOBECHON Tep-
MonuHamuku BHec H. P. Ilpuroxun, naypeat HoGenes-
cKot mpeMum 1977 T., KOTOPHIl YTBEpXKIAI, YTO <«B
Mool HEPaBHOBECHOM CHMCTEME CYIIECTBYIOT JIOKATb-
HBI€ YYACTKHM, HAXOAAIIMECS B PABHOBECHOM COCTOS-
HUU. B KiIacCcH4ecKoil TepMOAMHAMMKE PABHOBECHE OT-
HOCHTCS KO BCEIl CUCTEME, a B HEPABHOBECHOI — TOJb-
KO K €€ OTHENIBHBIM YacTsAM».
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Ink, neccoB. B pesynbrare orapuMUpOBaHUs ypaBHE-
ASIRL Hus (1.34) mony4yaloT COOTHOLIEHWE

AGr _ _AH" AS°
T RT R’
13 KOTOPOI'O ClIEYET, YTO B HEKOTOPOM MHTEpBae
temMnepatyp, rne A H°, A,.S° He 3aBucar or T, ume-
eT MECTO JIMHeHas 3aBUCUMOCTh In K 0T 06paTHOM
temmeparypsl (puc. 1.15). TaHreHc yrina HakjioHa
npsimoit (tgo) paBeH —A.H°/R, a OTpPE3oK, OTCe-
Puc. 1.15. 3aBuCHMOCTb KoHCTaH-  KAEMBbIH Ha OCH ODIMHAT, paBeH ASYR.
Thl PABHOBECHS] OT TEMIIEPATYPBI B 3axinioyeHne BEpHEMCA K BOIIPOCaM, chopmy-
JMPOBAHHBLIM B Hayase moxpasy. 2.1.

e OnpenennTh BEPOSITHOCTh CAMONMPOU3BOILHOTO MPOXOXNEHUST MPOLecca MOX-
HO, paccunTaB AG no dopmyne (1.31) 1 Mcnone3ys

a) TabINYHble TaHHbIE O CTAHAAPTHBIX TEPMONNHAMIYCCKIX GyHKIUSIX pasiny-
HBIX BemecTB (A 595, Soos, /G298, Cp);

6) peaNbHBIE YCIOBHS IIPOBOJMMOTO Mporecca (TeMnepaTypa, akTHBHOCTH KOM-
HOHEHTOB).

o OnpenennTh TEOPETMYECKN BO3MOXHBIH BBIXO[ MPONYKTOB PEaKIUU MOXHO,
ucrnonp3ys ypaBHeHue (1.34) 1 paccunTaB KOHCTAHTY PABHOBECHA. H3MeHeHue TeM-
HepaTyphl, JABIEHIS M KOHLEHTPALMI PearnpyioLinX BEIECTB MO3BONAET CMEILATD
[ONOXEHNE PABHOBECHS, T. €. YIIPABJIATH MPONECCOM.

o IToslyyeHHbIe JaHHbIE HUYETO He TOBOPAT O MEXaHU3ME peakuyi 1 0 pearbHOi
CKOPOCTH IIpoLiecca.

o TIpecTaBNeHHbIN BBIILIE MOIXON K OMUCaHUIO PABHOBECHBIX MPOLECCOB € HE-
KOTOpBIMM crieni(puyecKMMU 0COOEHHOCTSIMUA NPUMEHNM K (ha30BbIM PaBHOBECH-
sM (CM. TJ. 3), PaBHOBECHSM B OKHCIHTENbHO-BOCCTAHOBHUTENBHEIX DEAKIMAX
(pasn. 1.4), mpolieccaM JMCCOLMALIMM B PACTBOPE M KMCTIOTHO-OCHOBHEIM paBHOBE-
cusiM (pasg. 1.5).

InkK =-

(1.35)

T

Ipamep 1.7. Onpenenure KOHCTAHTY PABHOBECHS Y CTENEHD NPEBPALLCHHA PEAKIIMM JMC-
commanyu N,O, mpu 7=298 Ku 7'=350 K u o011eM gapjieHuu 1 aT™, €CjiM U3BECTHO, YTO
JUISl peaKIuu

N,O,(r.) 2 2NO,(r.)
A, H3s = 58,04 KIIX, A,S30s = 176,6 Jx/K.

KaK M3MEHUTCS CTeNeHb MPEBPALICHUS TIpY yBETMYCHMH IaBIeHMs 10 2 aTM?

Pewenue. CHadana paccuuTaeM 3HaueHms AGigg M AG350 110 hopMyste (1.31) 1 nomyumm,
4To AGSeg = 5,38 KIIXK, AG3sy = 3,77 x[Ix. lanee, uCIosib3yst ypaBHeHUE (1.34), paccuutaem K:

nipu 298 K K = exp(-AG5s/RT) = exp[-5380/(8,31 " 298)] = 0,11,

npu 350 K K = exp(-AG3s/RT) = exp[3770/(8,31- 350)] = 3,65.
Yro6bl OTBETUTH HA BOTMPOC O CTENEHU TpPEBpallleHMst, HAYHEM C BbIBOAA COOTHOLUCHMA,
cBa3bIBarolLero K co creneHbio npespalueHus. OTMETHM, YTO 3TO COOTHOLIEHME CIIPABEIIM-
BO TOJIBKO ISl peaKiuii B ra3oBoil haze ¢ ONpeaeNeHHbIMI CTEXHOMETPIIECKUMHU koaddu-
[MEHTAMM, XOTA METOJ pacyeTa YKa3aHHOM 3aBUCHMOCTH BE31E OMMHAKOB!

_ o, _ 4a’P? (1+a)  402P

Tayo, (I+a) (I-a)P (1-0?)
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Peuns 510 ypasHenue, nmomyunm, uro npu 298 K o = 0,167, a mpu 350 K o = 0,69. Ciegosa-
TEJILHO, IpU KOMHATHOM TeMieparype 16,7 % monexyn N,O, noxpepraercs JUCCOLMALMH, a
TIpM MOBBILICHUM TEMTIEPATYphI Ha 52° pacnanaetcs 69 % N,O,. ITpu HarpeBaHMH paBHOBE-
CHUE CMEHIACTCS B CTOPOHY SHIOTEPMMYeCKOro mpouecca (A Hiqg > 0). Tlpu noBbiLeHUM
nasneHMs K He U3MEHSETCS, a U3MeHSeTCs CTerneHb npespawienus. Ipu 350 Ku P=2 atMm
BEJIMUMHA o cocTaBnsieT 0,56, T.e. MOJIOXEHNE PABHOBECUS CMEIHAETCS B CTOPOHY yMeHbLIE-
HU YyMCjIa MOJIEH rasa.

Bennunna N,O; (r.) 2NO, () Cymma
Yucio moreil B Havase peakimu n 0 n
HKCno MOJIel B COCTOSTHMH PABHOBECHUST n(l -a) 2na n(l + o)
MornbHas 10N B COCTOSHUM PABHOBECHS (I -w)/ +a) 20/(1 + &) 1
INapuyanbHoe gaBneHe B COCTOSHIUI PA -}/ +a) | 2Pa/(1 +) P
paBHOBECHsA

Konrponbanie Bonpocei

1.10. IIpexckaxure, He NPOBOAA BLIMHCIEHMIT, KAK M3MEHMHTCS SHTPOMHS TIPH NMpPOTEKA-
HHUM CIIEAYIOLUMX peaKLHii:
a) CO(r.) + Cly(r.) = COCly(r.)
6) NH4,NOs(tB.) = N,O(r.) + 2H,0(r.)
B) Ba’'(p.) + SO (p.) = BaSO,(Ts.)
r) Ha(r) + Ch(r.) = 2HCI(r)
1.11. BBIYMC/INTE M3MEHEHME SHTAILMUM NpU: a) TUIaBJIEHMKU | MOJS BOABI (AH,; =
= 6,02 klIx/Monb, T =273 K, 6) kuneuun 1 Moyst Boxsl (AH,,, = 40,7 kIx/Monb, T =373 K).
OGbsicHuTe pasHMuy B 3THX 3HAYeHMsX. [ cepoBopopona ASy., = 88 IIx/(monb - K). Kak
OOBACHUTDL PAasHMLY B BeJMUMHAX AS, A1 H,0 n H,S?

1.12. Onpenenure, BO CKONBLKO pa3 U3MEHUTCA A,S° B MHTepBajie Temnepatyp 298 — 398 K
s peakuuu SO, (r.) + Cly(r.) = SO,Cly(r.), eciu M3BECTHO, YTO

Bewecmeso SO, (r.) Cly(r.) SO,Cly(r.)
8398, Ax/(Mons - K) 248,1 223,0 311,3
¢, Ix/(Mons - K) 39,9 34,9 77,4

1.13. UsBecTHo, yto npu Temneparype 7 < 300 K peakums
H,O(r) + 2NO,(r.) + 1/20,(r.) = 2HNO,(r.)

UIET CAMOTIPOM3BONIbHO. CuMTasi, YTO A,S° M A, H{° He 3aBUCAT OT TEMIIEPATYPHL, U HE TIPOBO-~
Ad pacieToB, naiiTe OOOCHOBAHHbIE OTBEThI HA CIIEAYIOIME BOMPOCHI:

) KaK U3MEHMTCS SHTPOTIMA B 3TOM MNpoLecce,

0) KaK M300pa3UTh CXeMAaTHYeCKH 3aBHUCHMOCTD A.G° OT TeMrepaTyphl,

B) SIBJISIETCS JIM 3Ta PEaKuMsl 5K30- WK SHAOTEPMHUYECKOM?

1.14. Ha ocHoBanMM quarpaMmsl DUTHHreMa (CM. puc. 1.14) onpenenuTe, BO3IMOXHO JTH
BOCCTAHOBUTb OKCHJI MATHUS TIOMMHHMEM U, €CJIM 3, TO NPU KAKMX YCIOBHSX.

1.15. Ha ocHOBaHMM TepMOIMHAMUYECKMX PpacyeToB, MCNOJL3Ys JAHHBIe Ta0n. 1.1 u 1.2 u
CuMTasd, YTO BENMYMHEI A,.S° U A, H® He 3aBUCAT OT TeMIIepaTypel, OnpeaenTe:

a) M3MEHEHUE PHTAIBIMM TIPH Pa3IOXeHUM Fe,03 1o FeO B craHaapTHBIX yClOBHSX;

6) siBnsierca i Fe,O; OCHOBHEBIM NPOIyKTOM NIPH OKMCJIEHUH METAJUTMYECKOTO KeIe3a B
CTaHNAPTHLIX YCIOBUSX;
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B) KaKoil M3 OKCHIOB MpeMMylIeCTBeHHO o6pasyeTcsa npu 500 K.

1.16. [JoJKHA M peaki(isl BCEraa MPOTeKaTh CAMOIPOM3BOIILHO MPU JIIOObIX IKCIIEPHMEH -
TAILHBIX YCJIOBUSAX, ecu I Hee A.G° < 0?

1.17. Ucnionp3ys naHHsie Tabn. 1.1 u 1.2 u cuuras, 4to A,S° 1 A, H° He 3aBUCAT OT TeMIIe-
paTyphi, ONpeaeiure, OyaeT a1 CaMONIPOM3BOJIBHO MATH PEaKIMs

2S0,(1.) + O5(r.) = 2504(r.)
npu 1000 K, ecnu nmapuuaisHbie JaBIEHUsS KOMIIOHCHTOB CMECH PaBHBIL:
Pso, = 0,5 at™, po, = 0,8 at™, pso, = 0,9at™.

1.18. 0,2 monsa Br, Harpenn po 1027 °C. Ompenenure, Kakoil 00seM 3aiiMeT 3Ta CUCTEMA,
Haxoaswasica B paBHOBeCHH nipH Py, = 0,5 aTM Npu CIAEAYIONIMX YCIOBHSX:

Bry(r.) Br(r.)
AfHEgg, KH)K/MOJI]) 30,9 11 1,8
AS%9s, X/ (Monb - K) 245,5 186,9

1.19. Onpenenure A.H 7 peakuuu
MgCO;(1B.) = MgO(1B.) + CO,(1.)

eciu Tipy 490 °C paBHOBECHOE MapLMaNIbHOE AasieHue napa CO, pasHo 79 rlla, a npu 540 °C —
996 rlla.

1.20. Ta3006pa3Heiil TPUGTOPUI XI0pa NPH HACPEBAHUHM pas3iiaraeTcsl Ha MOHO(TOPHI
xjiopa 1 ¢TOp.

a) Orpezenure, OyneT I CAMONIPOU3BOJILHO MATH peakuust paznoxenus npu 800 K, ecnu
napUyMaIbHBIE JABIEHUSA KOMIIOHEHTOB B CMECH COCTABIISIIOT COOTBETCTBEHHO Pip, = 0,07a1Mm,
Par =0,5ar™, pg, =0,3atM; ©) onpenenure CTeneHb AMCCOLMALMM CIF;(r.) mpu 800 K
1 paBHOBECHOE faBieHMe Iapa dropa B cucTeme, ecim obuiee JaBieHUE PABHO 0,8 aTMm;
B) OOGBICHHTE, KaK M3MeHMTCH creneHb pasnoxenms: CIF;(r.) mpu ysenmuenuu oObeMa
CUCTEMBI

ClF;(r.) CIF(r.) F,(r.)
ArH 595, KIIXK/MONB -157 -50 0
85598, X/ (Monb - K) 281,5 217,8 202,9

1.21. BeiupcuTe KOHCTAHTY AMCCOLIMALIMM MYPaBbMHOM KMCTIOTHL, €ClIU ArG39s HCOO™ (p.)
u HCOOH (p.) cooTBeTcTBEHHO paBHbl —334,7 u —356,1 kJIX/MOJb.

1.22. YcTaHOBMTE, KaKas M3 XUOKOCTeH nMeeT OOJblIee NaBJICHUE HACBHIICHHOIO mapa
npu 298 K: Boga, GeH30M MM MypaBbUHasl KMCIOTA MpU CNEAYIOIMX YCIOBHSX:

H,0(r) H,0(x.) CeHe(r.) CsHg(x.) HCOOH(r) HCOOH (x.)
AGes, KIIX/Mons  —228,6  -237,2 129,65  124,5 -335,7 ~346,0

1.3. ®A30BBIE PABHOBECUA U ®A30OBLIE JTUATPAMMUBI

OmHa U3 BaXHEHIINX 33134 HEOPTaHHMYECKOM XMMIUHA — CUHTE3 BELECTB C 3a1aH-
HBIM COCTaBOM M CBoiicTBaMH. JIJisl oripemeNneHusI IyTH CUHTE3a, BBIIENICHS U OYH-
CTKH XMMWYECKUX BELIECTB ITOJIE3HO 3HATH YCAOBUS paBHOoBecHs ¢as. K ¢a3oBeiM
PaBHOBECHSIM OTHOCATCS TaKMe MPOLIECCH], KaK HcrapeHne (A(kX.) 2 A(r.)), mnas-
nenmne (A(TB.) 2 A(Xx.)), pactBopenue (A(TB.) + aq 2 A(p.)), nonumopdHsie
npespameHnsa (S(pom6.) & S(MOH.)) U T.H.
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JIro6B1e MpoHECChH! B PABHOBECHOM TEPMOIUHAMMYECKOM CUCTEME MMOTINHAIOTCSA
dyHIaMeHTAILHOMY YpaBHEHUIO, OOBeIMHAIOILEMY HEPBLIA K BTOPOM 3aKOHBI TEp-
MomuHamMuku (1.24), nuddepeHumnanipsHas GopMa KOTOPOIO ¢ YY€TOM COOTHOILE-
uusa E = YpAn nmeer Bun

dU =TdS - PAV + 3 pdn;. (1.36)

MoxXHO NCONB30BATh APYIUe TePMOINHAMMUecKe QYHKLUHT 1 TTOJYYATH SKBH-
BaJICHTHBIC YPaBHEHMS, KOTOPHIE, KaK 1 ypaBHeHue (1.36), Ha3LIBAIOT ypaeHeHUAMU
cocmosnus. Hanpumep, npn BHIGOpEe B KauecTBe TNepeMeHHHBIX TeMmeparypsl (7)),
JasneHus (P) 1 KonuuecTsa Mojeit (1) MOJIYYHM:

dG = -SAT +VdP+ Y wdn,. (1.37)

YcnoBreM paBHOBECHS TP BHIOPAHHBIX NapameTpax ABJIAETCS PABEHCTBO HYITIO
n3MeHeHUs sHeprun I'mb6ca. C nomoiupio ypasHeHUA (1.37) MOXHO OIpeIesINTh
yCJIOBHSA, T.€. TeMneparypy (T), naBinenue (P), KOHLEHTpauun'!, P KOTOPHIX CU-
CTeMa HaXOOUTCSI B PABHOBECHH. [€OMETPUYECKH YCJIOBUS paBHOBecHd (a3 mpej-
CTaBJSIOT B BUIE (ha306bix duazpamm.

OCHOBHOH BOINpPOC, KOTOPHI Yaile BCEro MPUXOMUTC PelliaTh XMMUKaM-Heop-
raHNKaM, — KaK Ha OCHOBAHMHU (Pa30BBIX TUATPaMM MOJIYYNTh HHGOPMAITIO O Xa-
pakTepe B3aMMOIECTBUA BEUIECTB, ONPEIEIUTD YCIOBUS MONYYCHUA U BBIIEIeHUA
BEILECTB B YACTOM BUJE. B CBA3M ¢ 3TUM MCKITIOUMTE]HHO BAXHO HAYYHTHCA «IH-
Tarp> (ha3oBYI0 JUArPaMMYy, T.€. MIOHUMATh CMBICH €€ 3JIeMEHTOB — JIMHUIA, TOYeK,
MMOBEPXHOCTEH; ONPENENATh 00/IaCTH yeTOMYMBOCTH (a3, a TakKe MpOrHO3NpPOBaTh
M3MEHEHMe Yncna (a3 1 MX coCTaBa PY U3MEHEHWH TeMIIEPATYphl K NABIEHHUS.

1.3.1. Ilpasuao dmé I'n66ca

Yacro sKcrnepuMeHTaTopaM B paboTe HEOOXOMMMO PellaTh TAKHE MPAKTUYECKHE
3a1avd, KaK NPUrOTOBJIEHNE U COXPaHEHWE PAacTBOPOB (MOXHO JIM HE3aBUCHMO Me-
HATb TEMIIEPATYPY M KOHLIEHTPAIWIO TaK, YTOOB! KPUCTAJUIBI COJIM, HAXOOAIINECS B
PaBHOBECHH C PACTBOPOM, COXPAHWINCH?), CUHTE3 MaTepualia ¢ 3alaHHBIM COCTa-
BOM (MOXHO JIM COXPAHUTh B PABHOBECUHU TIPH (DUKCHPOBAHHOM JABJIEHUU KHCIIO-
poma cmech Fe,O5(tB.) + Fe;O4(TB.), ecnm Oymer n3MeHeHa temneparypa?).

JJis 3TOro Hazfo YMETh ONPENENSTE YUca0 cmeneHel c600600bi, T. €. YUCIIO HE3ABH-
CHMBIX IMaPaMETPOB COCTOSTHUS CUCTEMBI (TEMIEpaTypa, NaBjleHne, KOHIIEHTpaLu),
KOTOpHIE MOXHO M3MEHSITh HE3aBHCHMO JIPYT OT ApYyra, He MU3MeHss MPUPOIbI 1
yrcna $pa3, HAXOAAUIMXCS B PABHOBECHH.

ITpu onucannm ¢azoBbIX pABHOBECHI UCHOJB3YIOT TAKXKE NOHATUA (a3a Vi KoM-
ROHEHmM.

PaccMOTpUM 3TH NOHATHSA MOAPOOHEe Ha MBYX MPUMEPAX, YITOMAHYTHIX BbIlIE:

a) CHCTEMa COCTOMT M3 HEHACHIICHHOTO pacTBOpa XJIOpUOA KaTUA B BOLE U
HACBIIEHHOr0 BOISTHOTO Mapa Han HHUM;

6) crcTeMa COCTOMT M3 CMeCH TBepabix okcumos Fe,0,, Fe;0, 1 razoobpa3Horo
KHcnopoaa.

' TIpn onuncavuu (Ha3oBIX PABHOBECHIT BMECTO KOJNMYECTBA MOJCH WCHOJB3YIOT MOJBHBIC AOIU
(x), toe x; = n;/Zn;, 1 Torna BennuuHel G, S, V OTHOCATCA K OMHOMY MOJIO KOMIOHEHTA i.
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Jpyrumu ciioBamMH, (pasa — 310 Ta 9acCTh paBHOBECHOM CHCTEMBI, KOTOPAsk HMECT
OIMHAKOBEIE TEPMOANHAMUIECCKHUE cBoiictsa. Ec/ii crcteMa COCTONT M3 OIHOH (a3sl,
OHa Ha3pIBaeTcs OXHO(MA3HOM (TOMOTeHHO#), a €CJIM M3 HECKOJIbKHUX, TO, COOTBET-
CTBEHHO, IBYX-, TpeX- HJHM MHOrodasHoit (rereporeHHoit). Tak, B TIpuMepe (a)
cucTEMa COCTOMT M3 ABYX (a3 — XHMAKOM (pacTBOp) U raszoo6pasHoit. Cucrema (6)
COCTOUT M3 Tpex (a3 — ABYX TBEPABIX (OKCUL xenesa(I11) Fe,O; n oxenn xenesa(ll,
1) Fe;0,) u ra3000pa3Hoii (KUCIOPOX).

TepMOXMHAMUYECKAs] CHCTEMA OOBIYHO COCTOUT U3 XMMUYECKUX BELICCTB (co-
CTaBJSTIOIINX BeLIECTB). BelecTa, KOTOpbie HEOOXOAMMBI M XOCTATOHBI UL OMpe-
JeJIEHHs] COCTAaBa U CBOMCTB JIIOOBIX (ha3 CHCTEMBI, HAa3bIBAIOTCST KOMNOHEHMAMU.

Ec/IM B CHCTEME HE TIPOUCXOIST 00paTUMBbIE XUMUUECKUE PEAKIIMH, TO MOHATUE
KOMIIOHEHT COBIAZAET C MOHSITHEM BEIECTBO, M BCE COCTABJISIOLIME BELIECTBA 5B~
stI0TCsT KOMMoHeHTaMu. Tak, B cucteMe (a) eCTh B2 KOMIIOHEHTA (xJI0pHA KAJHS K
BOJIA).

Ecam ke B CHCTEME UMEIOT MECTO XMMHUYECKUE PEAKUUU, TO Ul ONMPEACICHUA
KaueCTBEHHOTO M KOJMUYECTBEHHOTO coctaBa (a3 Heobs13aTesIbHO 3HATH BCE COCTAB-
JISTIOIIME BELIECTBA, TAK KAaK CYLIECTBYIOT yPaBHEHMUS, BRIPXKAIOIIMC YCTOBHS XM~
MU4ECKOTO PAaBHOBECHS ¥ CBA3BIBAIOILME MX TEPMOAMHAMUUYCCKHUE (byHKIMU, Ha-
NpUMeEp XMMUYECKUE MOTCHIMANBL. B o01IeM ciyuae, 1HciIo KOMTIIOHEHTOB OTIPEeRe-
JISTOT TTyTEM BBIMMTAHUST U3 OOLIET0 YKCiIa COCTABMSAIOIMX BEILECTB, VIMEIOIIHMXCS B
CUCTEME, YHMCJIA HE3aBUCHUMO MPOTEKAIOIIMX XUMUYCCKHUX peakuwnii. B cucreme (6)
eCTh TPY XMMHMYECKUX BelecTBa — Fe 03, Fe;0, ¥ KHCIOPOJ, KOTOPBIE CBA3AHBI
peakuuen

6Fe,0;(1B.) 2 4Fe;0,(1B.) + O(r)

CJIENOBATEILHO, YHCI0 KOMIIOHEHTOB PaBHO JABYM. Bp160p KOMIIOHEHTOB TPOU3BO-
neH (Fe,03 u Fe;0,, mubo Fe,03 u Oy, 6o Fe;04 1 Oy), a UX YUCJIO B paBHOBEC-
HOil cucTteMe (PUKCHPOBAHO (B XaHHOM ciy4yae — IIBA).

ITo KOAMYECTBY KOMITIOHEHTOB CHCTEMBI MOAPA3AEsioT Ha OXHO-, JBYX-, TPEX-
KOMITOHEHTHEIE U T. I.

Yucio creneHeii csoboxbl, a3 U KOMIIOHEHTOB B CHCTEME, HaXOHSIIIEHCS B
PaBHOBECHH, HE MOXKET OBITh MPON3BOJIHHBIM. Ono noguuHsiercs npaswty dhas F'uodca:

4

Ipasuio a3 rmoMoraeT OTBETUTH Ha WUHTEPECYIOUIUI 3KCTIEPUMEHTATOPA BOII-
poc, HarpuMep, 00 YCJIOBMM COXPAHEHMs PacTBOPA HEHACHILCHHLIM, T.€. onpele-
JIUThH, MOXHO JI HE3ABMCHMO U3MEHATh TEMIIEPATypy M KOHLICHTPALIMIO TaK, 4yTOOBI

! B o6uieM crydae roBOpsAT, 4TO (ha3a — 3TO BEWIECTBO WIK pacTBOp, CBOWCTBA KOTOPOTO IPHU Tepe-
XOIE OT OHOrO COCTABA K APYroMY MEHSIOTCS HETlpepbiBHO. Tak, pacTBOPbI, NMCIOIINE Pa3HYIO KOHIEH-
TPALMIO, HO ONWHAKOBbIM KAUECTBEHHBIH COCTaB, OTHOCATCA K omHo# ¢ase (cM. nogpas. 1.3.3).

2 Yycno 2 B ypaBHeHuu ['n6Gca o3HayaeT, YTO CHCTEMA HAXOMMTCA TMOL BJAUSHUEM BYX BHELI-
HUX TIONEl — TEMIEpaTyphl M [aBleHusi. B ciyyae JOMONHUTEILHOFO BHCIIHETO HOJ, HallpuMep,
MarHMTHOFO WIM 3JEKTPHYECKOro, ypaBHECHHE IPUHUMACT BUI C=K+3-0®.
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yuciio (a3 ocTaBaIOCh MOCTOSSHHEBIM (T. €. ONMPEASIUTh YUCIO CTeTeHeH cBOOOIRI).
Tak, B cly4yae ¢ pacTBOPOM XJIOPHZA KaJusl CUCTEMAa COXEPKUT JBa KOMIIOHEHTA
(KCl'u H;0), gBe dasel (pacTBop U Map), ¥, COOTBETCTBEHHO, UMEET XBE CTEHEHN
cBoOonbl (C=K +2 - ® =2 + 2 -2 =2). D710 3HAYUT, YTO MOXKHO HE3aBUCUMO
U3MEHSITh B HEKOTOPBIX Tpexeiax U TEMIEepaTypy, U KOHLEHTPAUIO COJIH TaK, YTO
pacTBOp XJIOPUIA KATUSI OCTAECTCS HEHACHIILICHHBIM.

BoiBox npasuna ¢a3s. s Toro, 4ToObl BbIBECTH ypaBHeHHe (1.38), mpeacraBum,
4yTo cucteMa cocTouT M3 K xoMnoHeHToB U @ das. Kaxnag ¢asa xapakrepusyercs
ypaBHeHHeM coctossHus (1.37):

dG = -SAT +VdP + 3 udn;.

Dro ypaBHeHue coaepXuT (K — 1) + 2 nepeMennbix (7, P ¥ MONLHLIE SOIH KOM-
TTOHEHTOB #;, IPUYEM Zn[ =1). Torpa uMcno nepeMeHHbIX U Bcex das paBHo O(K -

i
— 1) + 2. B ycnoBusix paBHOBECHS JUTSI KaXIOT0 KOMIIOHEHTA LOJIKHO BLIMTOJIHATHCS
YCJIOBHE PABEHCTBA XMMHUUYECKHX MOTCHIIMAIOB B Kaxaoi ¢ase:
M _ @, = — P

Hi " =W =07 ==l
rje BEpXHUI HHAEKC yKasbBaeT ¢asy. Beero s kaxnoro KOMNOHEHTa HMEET MECTO
(® - 1) ypaBuenue, a 1is Beex K komnoHentoB — K(® — 1) ypaBHeHuit. [TocKonbKy
YHMCJIO HE3aBHCHUMBIX ITEPEMEHHDBIX PABHO PA3HOCTH MEX/Y OOLIMM YHCIIOM MEepEMEH -
HbBIX M YHCJIOM YPAaBHCHUM CBSI3H, TO YMCJIO CTETNIEHEH CBOOOABI paBHO:

C=0O(K-1)+2-KP-1)=K+2-®.
B Gonee obureM BuAE MpaBuiIO (a3 3aMMCHIBAETCS CIEAYIOLMM 00pa3oM:
C=K+2-®-gq, (1.39)

TJIC oL — YHMCJIO OTPAHUYCHHUN, HAKJIAAbIBAEMbIX Ha YHCJIO CTeTIeHe i cBoGoakl. Hanpu-
MEp, B CHCTEME, TpEACTaBisioued coboit azeorponHyio cmech HCI u H,O, ecTh
JOTIOJIHUTEIIBHOE YCIIOBHE: COCTABLI XXUIAKOW M ra3oBoit ¢a3 oAMHAKOBbI x(X.) = x(T.)
(KOHILIEHTpALMS XJIOPOBOAOPOAA B PACTBOPE X (K.) paBHA KOHLEHTPALMH XJIOPOBOLO-
poza B rasoBoit daze x(r.)). CrnenoBareIbHO, o = | ¥ YKCIIO CTeneHel cBOBOAH B 3TOM
CHCTEME Ha 1 MEHbILIE MO CPABHEHHIO JIIOOBIM APYTHM COCTaBOM pactsopa (C=2+2 —
-2 -1=1). Ilpy usMeHeHUH, HATIPUMED AABJICHUSI, TEMIIEPATYPa KUTIEHHUS U COCTAB
aszeorpona OyayT MEHSTLCS BITOJIHE OINPEASIICHHBIM 00pa3oM.

ITpaBuno ¢a3 Takke MO3BOJISET OTBETUTH HA BONPOC, MOXHO JIM COXPAaHUTH B
paBHOBECUH NMPU GUKCUPOBAHHOM JABIEHUU KUCIOPOLa MEXAHUYECKYIO CMECH TBED-
aeix okcunos Fe,0; u Fe 04, ecnn MIBMEHSIOT TeMnepaTypy. B cucreMe — xBa KoM-
MoHeHTa U TpU ¢dasel (cM. BeiLIe). B cooTBEeTCTBUU ¢ NMpaBUIOM (a3 cUcTEMA UMEET
oznHy creneHb cBobonel (C=K +2 - ® =2+ 2 -3 = 1). [Toatomy, 4ToOBI CHCTEMA
HaxoAWIach B PaBHOBECHM, KaXIOMY IPOU3BOJIBHOMY 3HAYEHUIO HABJICHUS napa
KMCJIOPOAAa YOJDKHA COOTBETCTBOBATH BIIOJIHE OTIpeRe/IeHHast TeMrieparypa. CilexoBa-
TEJIbHO, COXPAaHUTh B PABHOBECHH NMpPU (PUKCUPOBAHHOM AaBJICHUH KHCIIOpOKa CH-
cTeMy, cocrosinyio u3 Fe,0;(1B.) u Fe;04(TB.), ecnu Oyner U3BMEHEHa TeMMeEpary-
pa, HEIb3s.
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1.3.2. ®A30BBIE PABHOBECHA
B OAJHOKOMIIOHEHTHBIX CUCTEMAX

TTocae Toro, XKak oOCYXIeHpI OCHOBHBIC MOHSITHSI, UCMOJIB3YEMEBIE MIPH OIMHCa-
HUK (PA30BLIX PABHOBECHIL, MOXHO paccMOTpeTh (hasoBBIE AMAarpaMMBl OJHO-
JIBYXKOMITOHEHTHBIX CUCTEM C LIETBIO PACKPHITH CMBICIT OTAEIBHEIX 9JIEMEHTOB 1Ha-
rpaMMBl — JIMHUIA, TOUEK, TOBEPXHOCTEM; ONPEIETUTh 00JIaCTH YyCTONYMBOCTH (a3,
BBISICHUTB, KaK M3MEHSETCS YUCIO U cocTaB da3 Mpy U3MEHEHHH TeMIlepaTypH U
JIABJICHUSI.

®dazoBple AMarpaMMbl U300paXaioT B KoopauHatax P— 7—x, rue X — MOJIbHHIC
JIOJIU KOMITOHeHTOB. Takoit BRIOOp KOOpAMHAT O00YCIOBJIEH NEPEMEHHBIMA B ypaB-
HeHnH coctossHud (1.37), a Takkxe TeM, YTO IaBJICHUE U TeMilepaTypa — peajibHBIC
MapaMeTpsl, KOTOPBIC BIHSIOT HA COCTOSTHHE PaBHOBECHS M KOTOpPHIE MOXHO HE-
MOCPEJICTBEHHO U3MEHSATE. B Cllyyae 0JJHOKOMITOHEHTHHIX CHCTEM X = 1 ¥ (pasoBbie
JIAarpaMMBl MIPeICTaBIIsIOTCS B KoopauHatax P— T.

®a3oBaa AuarpaMma Boapl. B KauecTse nMpuMepa OIHOKOMITOHEHTHOM CHCTEMBE
paccMoTpuM (ha3oBylo AMarpaMMy Boibl. B obGiacTu Temrepatyp ¥ JaBJICHUH, TIe
NpPaKTUUECKH HET IMCCOLMALIMK BOJIBI Ha IPOCTHIE BelllecTBa U aToMbl, H,O MoXHO
paccMaTpMBaTh KaK OJHOKOMIIOHEHTHyI0 cuctemy. Ha puc. 1.16 mpencrasneHa
P— T-pnarpaMma BO/JIbI.

B naHHOI cHcTeMe BO3MOXHEI TpH AByX(a3HbIX M 0{HO Tpexda3Hoe paBHOBECHS.

AByxdazHbie paBHOBECHS:

1) H,O(x.) 2 H,0(r.) — ucnapenune (xoHaeHcauust). s 3T0ro paBHOBECHS
3aBHCHMOCTD JIaBJIEHHsI HACHILIEHHOTO Mapa oT TemnepaTtypsl P = f|(T) MOXHO onpe-
JIETTUTh 3KCIIEPUMEHTATLHO WM PAacCUNTaTh, HANpUMeEp, 1Mo ypaerenuio Kaaysuy-
ca— Kaaneiipona":

dP _ AHyn (1.40)
dT TAVy,
B koopauHarax P— T 3To paBHOBecue onmuchiBaeTcsl ypapHeHueM (1.40) u rpa-
dbuueckn nzobpaxaercs auHuen OA Ha puc. 1.16 — kpumuueckaa mouka, T.€. NIpA
TaKHX 3HaueHWsIX Py T pasnudus B CTPYKTYPE M CBOMCTBAX XKUOKOCTH U flapa ucue-
3a10T (Wi BoAbl Pypyr = 218 at™, Ty = 374 °C).

s omnpenesieHUs AaBJIeHUS Mapa MpH MOCTOSHHON TEMIEpaType MOXHO HCITOJb30BaTh
ypaBHEHHE M30TEpMbl XMMHUYeCcKOi peakunu (1.32):

AGy = AH'. ~TAS:e + RT 1n- 2220 _ ¢
auyo (K.)

! D10 ypaBHEHME BBIBOIAT M3 ypaBHEHHUsl COCTOSHMs (3.2) MpH YCIIOBMK paBHOBecHs, T.€. MpH
dG = dG(x.) - dG(r.) = 0 u, cnegosarenbuo, dG(xk.) = dG(r.). J1ss OnHOKOMITOHEHTHO| CHCTEMBbL
dG(x.) = —-S(x.)AT + V(x)dP; dG(r.) = =S(r)dT + V(x.)dP u, clefoBaTelbHO,

P S(r) -S(x)  ASyen AH e
dT  V(r) -V (x) AV TudV'
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TakK Kax Bupo (T.) P F, amv
220 - py
anyo ()K ) 0 A
1
AH, ., —TAS,
pH20= exp {_ VICHRT HCIl }-
6107 |——————-
I
I
HoncraBus B mocieaHee ypaBHeHHe 3HaueHUs] AH, = }
= 44,2 xJ/Ix/Monb, AS;e; = 118,8 Ix/(Mons - K), mosyynm, 0,0076 T,°C
4TO JaBJIEHHWE HACBIILEHHOrO napa Boanl npu T = 298 K pas-
HO 3,2- 102 aTm. Puc. 1.16. P— T-dasoBas

2) H,0(18.) 2 H,0(r.) — cybnumanus (Kpucra- JAuarpamMMa BOJBI

JiM3anus U3 napa). s 3Toro paBHOBECHS TAKXKE MOX-

HO PaccYMTaTh 3aBUCUMOCTD JaBJIEHHS HACHIIIEHHOTO mapa ot TeMneparypsi P=£(T)
no ypasHeHHIo (1.40). B xoopaunarax (P— 7T') ata 3aBUCHMOCTb rpadUuyecKyl Npeji-
crapieHa JuHued OC Ha puc. 1.16. Jlunus OC naumHaetca nmpu P=0u T=0, a
KOHYaeTcsl B TpPOMHOU Touke O (CM. HHXE).

3) HO(18.) 2 H,0(x.) — raBnenue (Kpucrawmusanus). Jas 3Toro paBHOBe-
CUSI 3aBUCHMOCTh TEMMEPATYPH! TUIABICHHS OT BHEIIHErO JABJIEHUS MOXHO JIOO
OTIPENICITUTD SKCIEPUMEHTAIBHO, U3MEDSIS TEMITEpaTypy IUIaBIEHHUS JIbAa, HaXOas-
hierocst NOJ JaBJICHUEM MOPILUHS, MO0 paccyuTaTh 1o ypasHeHuio Kiaysuyca—
Knaneiipona. B xoopnunatax (P— T') 3Ta 3aBUCHUMOCTb NpeACTaBIIsieTCs TuHuelt OB
Ha puc. 1.16. B cmyvyae Bomel uHus OB uMeeT OTpULATENBHBIT HAKIOH, TaK KaK
U3MEHeHHe 00beMa npu dasoBoM nepexone AVy,, = Vy — ¥, < 0 (MonbHBIN 06beM
Jipa 60Jblie MOJIBHOTO 00bheMa XKUIKOM BOAEI).

JIro6as asyxdasHas OMHOKOMITOHEHTHAs! CUCTEMA UMEET OIHY CTENEHb CBOOOIBI
(C=K+2-d=1+2-2=1), nostoMy Ha AMarpaMme 3TH PABHOBECHUS TPECTAB-
JICHB AUHUAMU.

TpexdaszHoe paBHOBECHE:

H;O(18.) = H,O(k.) 2 H,O(r.) — B paBHOBECHH HaxoAATca Bce Tpu (assl. Ha
mnarpamme (P— T') 3t0 paBHOBecHe MpecTarisiercs Toukoi O (cM. puc. 1.16) nepece-
YEHUS TPEX JIUHUM ABYX(a3HbIX paBHOBeCH. J[JI1 BOABI KOOPAUHATH 3TOM TOYKU —
ycnoBue paBHoBecHs Tpex daz — T'=0,0076 °Cu By, = 0,006 atm. Takum oGpasom,
mo0bas OTHOKOMITOHEHTHAs CHCTEMA B CIy4ae Tpex(a3HOTO PaBHOBECHSI HE UMEET
creneHeit cBoGoapl (C=K +2 - P =1+ 2~ 3 = 0), ¥ mo3TOMy Ha AUarpaMMe 3TH
PaBHOBECHSI MPEACTABICHB TOYKaMH. Koopdunamb: mpoiinoid mouxu — amo ¢gynda-
MEHMAanbHAs XapaKkmepucmuKka selecmsad.

O6macru 1, 11, Il Ha auarpaMme OMpemeNsiOT YCIOBUS CYLIECTBOBAHHMS OHO-
¢asupix cucrem: I — tBepmoit daswi, I — xunxocty, 111 — rasosoit dassl. Hanpu-
Mep, NpU TEMIIEpaType U MaBIICHUH, COOTBETCTBYIOLIMX TouKe (1), B cUcTEME cyllle-
cTBYeT ofiHa ¢hasa — razosas (B JaHHOM CJIy4ae, BOASHOM map).

Jro6as ogHoda3Hast OMHOKOMITOHEHTHAs! CUCTEMA MMEET JIBE CTENMEeHM CBOGO/IBI
(C=K+2-®P=1+2-1=2), u 109TOMY Ha AUATPAMME OHA MPEACTABICHA B BIIE
nAocCKocmu.

B 0IHOXOMNOHEHTHEIX CHCTEMAX MOTYT CYILECTBOBATH HECKONBKO TBEPABIX (a3,
HanpuMep, anMa3 ¥ rpadut, poMOuueckas ¥ MOHOKITMHHAS cepa, XeJe30 ¢ KyOu-
4eCKOH 0OREMHOIIEHTPUPOBAHHOM U F€KCArOHANBLHOM KPUCTAUTHYECKOM pELIEeTKOM.
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HM3BecTHO HECKOJIBKO MogudUKalui abaa, cy-

P, atm
HIECTBYIOIMX NMPU BHICOKUX HaBieHUsix (P >
> 2000 at™m)'. D1u da3pl OTAUYAIOTCH APYT OT
JpyTa 110 CTPOEHUIO (IO TUMY KPUCTAIINYEC-
KO# peIIeTKH) U, COOTBETCTBEHHO, MO ILIOT-
1000 HOCTU U JpPYrUM (UNYECKUM U TEPMOIMHA-

MMUYECKHM CBOYCTBAM U Ha3bIBAIOTCS HOAUMOD-
GHbIMU MOOUPUKayUAMU.

Da3oBas quarpamma cepel. Ha puc. 1.17 npen-
cTapyieHa ¢azoBasi quarpaMma cepbl. Ha ool au-
arpaMMe MMeeTcsl YeThipe oxHodasHpie obnac-
t™1: S(pom6.), S(MoH.), S(k.) 1 S(r.), LecTb
JIMHUMA aByx(a3HpIX paBHOBecUii: S(pom0.) &
2 S(MoH.) (iuHust AC), S (MoH.) 2 S(xk.)
(muus BC), S(pomb6.) 2 S(k.) (mmHus CD),
S(pom6.) 2 S(r.) (nuaUss OA), S(MOH.) 2
2 S(r.) (uaus AB), S(x.) 2 S(r.) (MuHUA
BE) 1 TpU TOYKH, COOTBETCTBYIONIUE YCJIOBU-
M Tpexda3HbiX paBHOBecHii: S(pomMb.) 2
Puc. 1.17. P— T-dasopas amarpamma 2 S(MoOH.) & S(r.) (touxka A), S(MOH.) 2

Cephl 2 S(x.) 2 S(r.) (rouka B), S(pomb.) 2

2 S(mon.) 2 S(x.) (touka C). KoopanuHartet

TpoiiHOIt ToUKN C OYEHDb OTIIUYAIOTCS MO HABJIEHUIO OT KOOPAUHAT APYTUX TPOUHBIX

Touex B 97001 cucreme (7' = 151°C, P =288 atM), noatoMy Ha puc. 1.17 nuzobpaxeH
pas3phiB 1o ocu P.

IIpu papneHuU HIDKe aTMOCchEpPHOro HaKJIOH JUHUIT nByxda3HBIX paBHOBECUI
AC n BC npakTU4eCKH BePTUKAIBHBIN, HEMHOIO MOJIOKUTENBRHBIN, TaK KakK fu1oT-
HOCTh MOHOKJIMHHOM Cepbl MEHBIIIE TNIOTHOCTH pOMOUYECKON U 0OMbLiE IIOTHO-
CTU XUEKOCTH (cM. ypaBHeHUe (1.40)).

IIyHxTipOoM Ha guarpaMme 00O3HAaYEHBI TUHUU METacTaOWIHLHBIX PaBHOBECHIA:
S(pom6.) 2 S(r.) (muus A0*), S(pomb6.) & S(k.) (muuust O*C), S(k.) 2 S(r.)
(mHust O*D). Takue paBHOBECHUs] MOTYT OCYUISCTBISIThCSI, HAIIPUMEp, MpU OBICT-
POM OXJIAXIEeHUM pacillaBa, Korxa cpa3y obpasyercss poMOuuecKasi cepa, MUHYS
MOHOKJIMHHYI0 dazy. O6macts CO* B npeacTapisieT 00/1aCcTh CYILLIECTBOBaHUSI TEPEOX-
JAKIEHHOUN KUAKOCTH.

Hpumep 1.8. Onpenenrre KOOpAMHATH TPONHON TOYKH IS MOLA, €CJIM U3BECTHA 3aBUCH-
MOCTb A2BJICHHST HACBILIEHHOI'O Mapa Hajl XXUIKUM HOAOM:

lg P (MM pr. c1.) = -2432/T + 8,185 v Hag tBepabiM I,: lg P (MM pT. ct.) = ~3327/T+ 10,5.
IMocrpoiite da3zoByo auarpamMmy noga B uHrepBaie temrepatyp 300— 500 K u gaBneHuit
60— 780 MM PT. CT., CYUMTasI, YTO B ITOi O0JIACTH TeMIIepaTypa IJIaBjeHHs UOAA MpaKTHYe-
CKH HE 3aBHCHT OT JaBJICHHS.

MoXeT JIM CyuiecTBOBATb MO B BHAE XHAKOCTH IMpH atMochepHoM gaBieHun? Onpene-
JINTE TEMIEpaTypy KUNeHus noja npu P = 760 MM pT. CT.

Pewenue. B TpoliHO# TOUKe AaBleHHE Mapa Hal XWIKOCTbIO M TBepAaoi ¢a3oil paBHBDI,
noatomy: —-2432/T + 8,185 = -3327/T + 10,5. PeluuB ypaBHeHUE, ONPEACIUM TEMIIEPATYPY

! Ha puc. 1.16 npyBeneHa nuarpaMma BOObl I1pH HU3KUX AaBJIEHUsX, rae YCTONYMBA TOIBKO OgHA
MonMpUKaLUA JIbaa.
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TpoiiHo# Touku: T = 386 K (113°C) u, nonctaBuB P, MM pr. cT.
3TO 3HAYEHHE B OAHO M3 YPABHEHWI HABIEHUS
HACBIIEHHOTO Tapa, HalaeM, YTO B TPOMHOM TOUYKE
P=78,3MMpT. cT.

Hpu T'=298 Ku P =760 MM DT. cT. HOA cyle-
CTBYET B BUAE TBEpAO# (asbl (Touka [ Ha puc. 1.18), 760-——*1———
ONHAKO, TAK KaK HABJAEHHE B TPOMHOMH TOYKE HUXKE
atMOCEPHOrO, NMPH aTMOCHEPHOM AABIEHUHM WO
MOXET CYLIECTBOBATD U B BUAE XKMAKOCTH (B obylacT
Temneparyp 368 — T, Ha puc. 1.18). Temneparypa ku-

I(B.)

; 78—
nenust (T,;) — 3TO TeMIepaTypa, MpH KOTOpPOil AaB- /I
JIEHUE HACBIIEHHOIO 1apa Hal XHAKOCTBIO CTAHO- :
BUTCSI PABHBIM BHEIUHEMY HABJICHMIO. [TOACTABUB B 386

YPaBHEHHME [UISl HACBILIEHHOTO Mapa Hal XHAKOCTBIO
BETMUMHY AaBJeHHss 760 MM pr. ct., monyyum jusi  PMc 1.18. P— T-hasosas auarpamma
HOTa Thopy = 459 K (186 °C). noza

1.3.3. ®a3oBbie paBHOBeCHS B JBYXKOMIIOHEHTHBIX CHCTEMAX

®a3oBbie AUArpaMMbl IBYXKOMIIOHEHTHBIX (GHHAPHBIX) CHCTEM HUCHONB3YIOTCS
AJIs. OTIPEREIEHN S XapaKTepa B3aUMOAEH CTBUSI KOMITOHEHTOB, a TAKXKE YCIOBUIl CHH-
Te3a Pa3NIUYHBIX XUMUYECKUX COEXUHEHUIA.

B IBYXKOMIIOHEHTHBIX CUCTEMAX, KPOME XABJIEHUS U TEMIIEPATYPHI, ST XapaK-
TEPUCTUKU (Pa3 HEOOXOAMMO 3HaTh etle U coctas. OGBIYHO IS ONMUCAHUSI COCTABA

UCTOJIB3YIOT MOJIBHYIO JXOJIIO KOMIIOHEHTA X; = Zn—’n J7s1 xByXKOMITOHEHTHBIX CH-
(]

creM: I =2, a x; = | — x,. TakuM 006pa3oM, papHoBecUsT (a3 B IBYXKOMITOHEHTHBIX
CUCTEMaxX FeOMETPUYECKU MOTYT OBITh MpencTaBieHbl B BUAE OOBEMHON P— T— x-
MarpaMMBl, rie X — MOJbHAs [0js1 OZHOTO U3 KOMITOHEHTOB. Takue o6neMHble P—
T'— x-guarpaMMbl CIOXHBI, TO3TOMY OGBIYHO TIONB3YIOTCS UX CE4EHUSIMU fpy Io-
CTOSTHHOM JNABNEHUM — (T—X)p-aMarpaMMaMi — U NPU NOCTOSHHO} TEMITEPATYpe —
(P—Xx)r-IuarpaMMaMH, a TAKXKe MPOEKLUsIMU Ha ruiockoctd P— T, T—x u P—x.

B HecnieLasbHOl IMTEpaType Yallle BCEro HCTOIb3YIOT (T—X) p-muarpammsl. Jans-
Lie MBI 6yneM pacCMaTPUBaTh TONBKO UX W HAa3bIBAThH MPOCTO T — X-AUATPAMMAMIU.
[lo xapaxrepy B3auMONENCTBUS ABYX KOMIOHEHTOB APYT C IPYTOM MOXHO Bblge-
JTUTB TPU cydast:

1) KoMnoHeHTs A 1 B HEOrpaHUYEHHO PacTBOPSIOTCSA OAUH B IPYTOM, T.€. 00pa-
3YIOT HEOrpaHUYEHHbIE pacTBOPLL. Tak BenyT ceOst moyTu Bee raspl. JUist KUEKOCTEH
9TO CIIpaBe/UIMBO NANIEKO HE BCErla, eUIe PEXE 3TO HAOIIOHAETCS Uisl ABYX TBEPAbIX
BellecTB. MOXHO yTBEPXIATh, YTO MAEANbHBIE PACTBOPBI OOPA3YIOTCH, KOMA HET
TPEAITOYTEHUST BO B3aUMOJEHCTBUM ATOMOB KOMIIOHEHTOB, T.€. Epp & Epp ~ Exp.

2) KOMNIOHEHTH! 00pa3yioT XMMUYECKOE COSIMHEHUE, KOTAA B3aUMOIEICTBHE
A— B npeanoyturensHeit, T.e. Exg > Egg ~ Eas.

3) KoMNOHEeHTHI HE B3aUMOAEHCTBYIOT APYT C APYIOM U He 00pa3yioT pacTBOPOB.
Takoii cnyyait BO3MOXEH, €CIIU MPEBATUPYIOT B3AUMOXEHCTBUS A—A U B — B, T.e.
Exa = Epg > Epp.

CHcTeMbI ¢ HeOrpaHHYEHHOH PACTBOPHMOCTHIO B TBEPIAOH, XKWIKOH U ra3onoii ¢ase.
PaccMoTpum cHavana T— x-puarpammy cucreMsi A— B, B KOTOpO# BO Bcex dazax
oGpa3yiorca pactBopsl (puc. 1.19). [IpuMepoM TaKoil CUCTEMBI MOXET CIYXXUTDh CU-
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cremMa Ag—Au uiau PbTe—SnTe. Ha Bepru-
KTpHBIX JUHUSX, COOTBETCTBYIOIINX YHUCTHIM
KOMITOHEHTaM, HaxoasTcst Touku O u O*, co-
OTBETCTBYIOIIUE TEMIIEPATYpaM KUIEHUS A U
B npu gaBneHuun P'. AHamoruuHo, Touku Q u
(Q* COOTBETCTBYIOT TEMIEPATYPAM FLIABJICHUSI
YUCTBIX A U B. B 08yxKomMnoHeHmHbix cucme-
Max cocmasst pa6HOBECHbIX (a3 HEOOUHAKOBbL.
Ha muarpamme 370 NMPUBOAUT K TOMY, YTO
Touku O u O coeauHEHBI ABYMS JIMHUSMU,
o0pa3yloliuMK GUTYpy B BUIE JICTIECTKA, KO-
TOpasi OrpaHU4YUBAET 00JIACTH COCYLIECTBOBA-
HUs xByX (a3, B JTaHHOM ciy4yae XHUOKOH U
razoobpazHoit. Jlunus Q—d— Q* coorBeT-
CTBYET COCTaBY PaBHOBECHOM XKUIKOCTH, a JIU-
HUsg Q—d*— Q* — coctaBy paBHOBECHOrO
napa. Jluauio Q—d— @* MOXHO TakKXe pac-
Mom.7% A cMaTpuBaTh KaK 3aBUCUMOCTH TEMIICPaTyphl
Puc. 1.19. T— x-nuarpamma cucrems KHTEHMS OT COCTaBa pacTsopa. Hanpuwmep,
A— B ¢ HeOrpaHUueHHOIi pactBopumo- KUIKOCTb, COIEPXAIUast X, MON.% B, xumur
CTBIO B TBEPEOii, XuaKoii u rasosoii 1NPU T'= T3 (Touka d), MpH 3TOM COCTaB PaB-
dazax HOBECHOr0 Iapa COOTBETCTBYET TOUKE d*
(x; Mo.% B). Ilpu kunenuu nap gceeda oboea-
wien Goaee aeekoxunauum komnonenmom. To xe
CaMO€ MOXHO CK434Th U 0 PABHOBECHHU «TBepas paza & XuIKocTh>. JIMHUS aukeudyca
O—a*— O* v iuHUs coaudyca O— a— O* ONpenessIIoT COCTaBbi PABHOBECHBIX KU~
Koi U TBepHoil (a3 B 3aBUCUMOCTU OT TEMIEPATYPHl. JIMHUIO coIn1yca MOXHO TaK-
K€ paccMaTpuBaTh Kak 3aBUCUMOCTh TEMIIEpaTyphl Hayaia MJIaBJIeHUs] OT COCTaBa, a
JIMHUIO JIMKBHIyCA — KaK 3aBUCUMOCTH TEMIEPaTyphl HaYaaa KpUCTAUIU3ALUUA OT
cocrasa. Hanpumep, TBepaplil CIJIaB cocTaBa x; MOJI. % B HayHeT MJIaBUTHCS TTPU
T= T, (To4Ka @), IPU 3TOM COCTaB PABHOBECHOM XUIKOCTH COOTBETCTBYET X, MON.% B
(Touka a*). Takum obpa3zoM, Ha T— x-gUarpaMMme TPEACTaABICHB TPH OgHOMA3HBIE
obnactu (T., X., I.) U ABe aByXgas3Hpie (T. + X.) U (K. + T.).

Taxue qUarpaMmpl IIMPOKO UCTIONB3YIOTCS TIPU ONPEACICHUHU YCIO0BUI OYUCTKU
BellleCTB (ITeperoHKa, 30HHasl IiaBka).

CHcTeMBbl 3BTEKTHYECKOTO THIIA ¢ HEOTPAHWYEHHOHW PACTBOPMMOCTBIO B KMIKOH
tdase ¥ orpaHMYEeHHOH pacTBOPMMOCTBIO B TBepaoii ¢aze. Ha dasosoit nuarpamme
MOXHO BBIICIUTHL TAKyI0 00J1aCTh, KOTOPAasi HE COACPKUT PABHOBECHM C yYacTHEM
napa (KOHAeHCUpOBaHHasl cucTeMa). Eciiu 1apieHUe BRIOpaHO TaKUM 00pa3oM, 4TO
MHUHHMaNbHAsl TEMIIEpATypa KUMEHUs (B JaHHOM npumepe T,,,(A) — touka Q Ha
puc. 1.19) Bpllte MakCUManbHOU TEMMEpaTypHl IUIABJICHUS (B IAHHOM MpUMEpPE
T..(B) — Ttouka O%*), To NpU TeMIepaTypax HUXEe MUHUMAIBHOU TEMIEpPaTypbl
KHUTICHUs cUCTEMA SIBIIsSIeTCS] KOHICHCUpOBaHHOU. B nanpHeiieM OymyT paccMoTpe-
HbI TOJIBKO T~ X-yarpaMMbl KOHACHCUPOBAHHBIX CUCTEM.

Korna pactsopuMocTs B TBepaoi dasze Mana (MeHee 0,5 Mon.%), 00J1aCcTh, COOT-
BETCTBYIOLIAS 9TOH (hase, BHIPOXKIACTCS B IUHUIO. DBTEKTUUECKME CUCTEMBI C HEO-

! P — nmaBnieHHe, Uil KOTOPOFO MOCTPOEHO AaHHOe ceueHue (7'— x)p, 0ObIUHO paBHOe 1 aT™.
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Ipocreiimasn o6bemuass P— T— x-anarpamma. Taxast quarpaMMa JABYXKOMMOHEHT-
HOIf CHCTEMbI, B KOTOPO KOMITOHEHTHI 00pa3yloT HEOrpaHHYEeHHbIC PACTBOPLI B TBEP-
JI0M, XMIKOM 1 ra3oBoi dasax, npeacTasieHa Ha puc. 1.20. Dra guarpaMMa orpaHu-
yeHa rIockocTsaMu P— Tiipu x = 1 u x = 0, Ha KOTOPBIX H306paxeHbl P— T-quarpam-
MBI ONHOKOMITOHEHTHBIX CHCTEM (KOMITOHeHTa A(x = 1) M KoMmoHeHTa B(x = 0)).
Mpu nmepexome OT OTHOKOMITOHEHTHOM CHCTEMBI K IBYXKOMITOHEHTHOH JIMHHUH JBYX-
($a3HOTO PABHOBECHST «XMAKOCTb & raz» OD u O*D* mpesBpalaroTcs B ABE MOBEPX-
Hoctu OLO*D* 1D u OVO*D*upD. O61acThb BHYTPH 3THX NIOBEPXHOCTEH COOTBETCTBY-
eT AByx(a3HOMY paBHOBECHIO — COCYILECTBOBAHHIO KHMAKOCTH M Tiapa. BepxHsis no-
BEPXHOCTb ONPEAEIISICT COCTABBI PABHOBECHON KUAKOH a3bl, 8 HYKHSSA MOBEPXHOCTh —
COCTABBl PABHOBECHOM TrazoBoi (asbl.

To ke CaMoe MOXHO CKa3aTh U O PaBHOBECHAX «KXKHIKOCTb & TBepaast dasa» (Ho-
BepxHOocTH OLO*E *IE m OSO*E *sE) w «tBeppast dasa 2 ras» (MOBEpXHOCTH
0S0*C*sCu OVO*C*1vC).

TpexdasHoe paBHOBecHe Ha 06beMHOM P— T'— x-nuarpamme JIBYXKOMTIOHEHTHOI
CHCTEMBI TIPEACTABIISETCS B BUAE TPEX JIMHUI, COOTBETCTBYIOLIMX COCTaBAM PaBHO-
BecHBbIX (ha3: TBepaoit (OSO*), xuaxoit (OLO*) u rasosoit (OVO*).

Ha puc. 1.20 npeactasneno (T—x)p-cedeHne P— T— x-AnarpaMMbl 3TOH Xe CH-
cTembl A— B NpH AaBIeHMU BOJBIIEM, YeM JABJICHHUS B TPOHHBIX TOYKAX OHOKOMIIO-
HEHTHbBIX cucTeM O* u O (P= P, =const u P, > Py > Py.).

P P

E* D* P=const
2 @ v
0* . [ ~
P -
: * T \(V E D
C Gl L \\*
Puc. 1.20. Cxema P— T—x- /'/)B—-—__.'_S.L, ) -
JUarpaMmbl cucTeMbl A— B ¢ /// . 0
HEOrpaHMYCHHOM pPacTBOPH- [ s
MOCTbIO B TBEpHOU, XMAKOM CE7%
W rasoBoii ¢asax A =

- i : = e RS

rpaHU4eHHOM pacTBOPUMOCTBIO B XMAKOH (asze M MPaKTU4eCKU He o0Opasyorie
TBepABIX PaCTBOPOB XapaKTepHBI 11l KOMITOHEHTOB, CYIIECTBEHHO pasiMyaroiumnxcst
no cTpykrype, Hampumep, NaCl—CaCl,, LiCI—KCl. Ha puc. 1.21 mpencTtasaeHa
T— x-guarpamma cucremnl LiCl—KCL

B 1BYXKOMIOHEHTHOIT CHCTeMe JAHHOTO THIIA MOXHO HabIoxaTh TpU xByxdas-
HBIX paBHOBecust (A(TB.) + X., B(1B.) + X. u A(TB.) + B(1B.)) 11 0xHO TpexdaszHoe
(A(1B.) + B(TB.) + X.).

Ipu no6asnenun LiCl k KClI (1 Hao60poT) TeMnepaTypa IUIaBJIEHUST CMECH T10-
HiDKaeTcst (CaexcTBUE 3aKoHa Payrs, cM. moxpasa. 1.5.2). 3aBUCHMOCTh TEMIIEpaTyphl
Hayaja KpUCTALIM3AlMK PacllylaBa OT €ro cOCTaBa MpeJACTaBIeHA HA AUaTpaMMe Jin-
Hueit TuKkBUIyca a — E— b). Tlpu oxiaxXaeHuH pacruiaBa HUXKe TeMIepaTyphl JJMKBU -
[yca U3 paciuiaBa KpUCTaUM3yeTcs: YncTeiit KommnoHeHT LiCl (obnacTs pacriasos,
orpaHu4eHHast TMHUIMU @ — E v ¢ — E) WM YUCTHIA KOMITOHEHT KCl (o6nacth pac-
UIaBOB, OrpaHMYeHHas TUHUSIMU b— E v d— E). B 311X obnactsax cucremMa nByxdazHa.
Tax, ecti OXJIAIUTh pacruiaB cocrasa x| (1) no Temmepatyppbl T}, TO OH CTaHET HaChl-
LLIeHHBIM OTHOCUTeNbHO KoMmnoHeHTa LiCl u npu T'< T B paBHOBECHU OyIyT Haxo-
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800
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600

400

LiCl

X,

Ef  KCI(tB.) + X.

4

I
LiCl(ts.) +
{
|
|

LiCl(tB.) + KCI(1B.)

L

d

X 1 N
20 x40

60
moi. % KCl

80

KCl

Puc. 1.21. T—x-nuarpamma cucremn LiCI—KCl

nuteest kpuctamibl LiCl u pacrias,
COCTaB KOTOPOTO OMpEREnsieTcs u-
HUei nuksunyca a—E. Takum oGpa-
30M, JIMHUIO JIMKBUEYCA MOXHO OIl-
PEXEIUTD KaK TEMIIEPATYPHYIO 3aBH-
CHMOCTb pPacTBOPUMOCTU TBEPHOIO
LiCl B pacninaBe (3aBUCMMOCTB KOH-
LEHTpaLMK HACBIIIEHHOTO PacTBOpa).
ITo moctikeHUM TouxkK E cOcTaB OX-
JIAX1aeMOro pacruyiaBa CTaHOBUTCS
HAaCBILIIEHHBIM HE TOJBKO MO OTHO-
ueHuro K teepromy LiCl, HO 1 x
tBeproMy KCl, xoTopuiil HayuHaeT
KpUCTALIU30BaTECS. [Tpn 31OM B pas-
HOBECUU OKa3BIBAIOTCSA TPU Ha3hl:
pacruias, LiCl(1B.), KCI(B.). Touyxa
E HasbiBaetcst sgmexmuueckoil, a TeM-
neparypa, COOTBETCTBYIOWLIASI 3TOM

TOUKe, — memnepamypoi semexmuxu (T,)!. TIpu noctrokernun T, u3 pacruiasa io60ro
COCTapa NpOUCXOQUT KPHUCTAIUTH3ALIMS BTOPOTO KOMIIOHEHTA, M HIXE 3TOH TeMmepa-
TYphl (Ha AMarpaMme 31O U300paxaeTcst FOPU30OHTAJIBHOM NPSIMOif) B CUCTEME COCY-
tiecTByroT nBe TBepabie daspl: LiCl(tB.) u KCI(TB.).

CrpykTypa 3BTEKTHYECKOIO M HEIBTEKTHYECKOro ciaBa. YeM OTIMYaloTes o0pa3s-
UBI, TIOJIY4CHHBIC NMPY KPUCTALIM3aUMHY 3BTEKTUYECKOTO pacriaBa E M paciiiasa rpo-
M3BOJILHOTO COCTaBa, HampuMep x,? Ilo ¢hazoBoMy coctaBy 3TH 06pa3iibi ONWHAKOBHI,
00a cocToAaT M3 ABYX (a3: A(TB.) u B(rB.). Mx pasnuuMe onpenensieTcs He KpUCTALIH-
UECKOMH CTPYKTYPOH, a XapakTepoM pacripesiesicHusi a3 B 06beMe oOpasna. Ero o6biyHO
Ha0oNaloT, UCTIONB3YST MUKPOCTPYKTYPHbIE METOMbI UCCTEIOBAHMUSI, Tlpu KpUCTAIIHU-
3auuu paciuiasa E oBpasyeTcst nByxdasHasi cMech, COCTOSILUAS M3 OUCHD MEJTKMX KpH-
CTa/ukoB A ¥ B (puc. 1.22, a). [1py KpucTamtusalnuym pacriaBa cocTasa X| KPYITHble
KPUCTAIbl A, BBUICTMBIUMECS 0 3aTBEPAEBAHMS SBTCKTUKH, BKpAalUIEHbl B TOHKYIO

MEXaHHYECKyIo cMech A + B (puc. 1.22, 6).
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Puc. 1.22. CrpykTypa 3BTeKTUUECKOrO (a)

M HE3BTEKTUYECKOro (6) criiasa

Haubonee pacnpoctpaneH ciyuait, koraa B TBEpOii paze KOMMOHEHTHI OrpaHu-
IeHHO pacTBOPUMBI 1pyr B apyre. [Ipu o6pa3oBaHuM TBEPABIX PACTBOPOB B T—X-
ZMarpaMMBbI N3MEHUTCS: OHM OYIyT COMEPXKATh 9AEMEHTHI AWarpaMM (cM. puc. 1.19 u
1.21). Paccmorpum T—x-guarpammy cicteMsl Pb—Sn (puc. 1.23).

! B cucTemax «cosib— Boma» IBTEKTHUECKYIO TOYKY HA3BIBAIOT KPUocuopammoll,




B aroit cucreme obpasyiorest TBepable 7, °C
pacTBOPHI KaK Ha OCHOBE CBHHILIA, TaK a00l
¥ Ha ocHoBe osioBa. Ilpu moOGaBreHUH o
He6OJIBIIOr0 KOJIMYECTBa OJI0BA B CBH- T X.
Hell HoBas TBepias ¢da3a He MOosABsieT- 3001 2 7
csl, KPUCTAJUTMYECKas: PELIETKA OCTaeT- K. . A
cs1 T4 XK€, YTO U Y YUCTOTO CBUHIA, OX- 200} a 4 EAx.cf *
HaxKo 00BEM PEIIETKH HECKOIBKO U3Me- o5 wrp o7 \ 5
HSIETCS 34 CUET 3aMELICHUS] HEKOTOPBIX pp —2 b, . - ,d Sn

20 40 60 80

aTOMOB CBHMHIIA HA ATOMBI OJIOBA. JInHnsa
Mo, % Sn

T,—a— b Ha puc. 1.23 orpaHnymnBaeT 00-
JIaCTh TBEPABIX pACTBOPOB HAa OCHOBE  pyc, 1.23. T—x-anarpamma cucteMbl Pb—Sn
CBHMHUA (o) B ONpenesieT NpeneaibHYy0
KOHILIEHTPALINIO OJIOBA B TBEPXOM pac-
TBOpE o MIpM Pa3IMYHBIX TeMneparypax. Tak, npexeibHas paCTBOPHMOCTb 0JIOBA B
ceuHLe (20 at.% Sn) HaOnromaercst mpu T = 183 °C (remnepaTypa 3BTeKTHKH). JIn-
uust Th— c— d orpaHNYMBaeT 061aCTh TBEPABIX PaCTBOPOB Ha OCHOBE 0710Ba (B).
Kak yxe oTMeuanoch B moapasx. 3.1, st OonpeneneHust yCIOBUiA CHHTE3a BaXHO
3HATh, CKOJIBKO CTENeHel CBOOOAL uMeeT cucTeMa. Jist nojcyera Yucna CTeneHei
cBOBOIBl U, CEXOBATENBHO, YMCIA HE3ABUCHUMBIX MIEPEMEHHBIX B CHCTEME MOXHO
TIPUMEHHTH NpaBmio (a3 (ypasHerue (1.38)). [TocMOTpHM, CKOJIBKO CTeMeHel cBoGO-
1Bl MMeeT cucteMa Pb— Sn npu pa3HBIX COCTaBaX M TeMIepaTypax (B pa3HbIX TOYKax
Ha gmarpamme). OueuaHo, yto K = 2 (xommoHeHTsl Pb n Sn). Tak kak cucrema
paccMarpuBaeTcst ipu P = const, a 370 YCJIOBHE SIBJISIETCS TOMOJHUTENBHBIM Orpa-
HUYEHMEM HA YHUCIIO CTENEHENl CBOGOIBI, TO MpaBuUio (a3 BeIpaXaeTcsl ypaBHEHU-
eM: C=2+2-®@® —1=3 - ®. Pesynprarsl NojxcueTa YHUCia CTENEHEH CBOOOXBI B
Pa3TMYHBIX 001ACTSIX IBYXKOMITOHEHTHOI CHCTEMBI MpuBeaeHb! B Tab. 1.10.

Ta6auua 1.10

Yucio creneneii ¢BoGOABI B ABYXKOMIOHEHTHOH cHcTeme npu P = const

Hueno creneneit O6acTb Ha AMarpamMme Hucno CocTaB paBHOBeCHbIX (a3
cBoGonsi (C) a3z (D)
2 a) MpH TeMIepaType BhLILIE JIMHUU 1 JKuaxocTthb (pacruiaB Wiy, 4To
Juksugyca (1)* TO XK€, pPacTBOP)
0) B 00JIACTHU COCTABOB OT YMCThIX 1 TBepabiit pactBOp (o WU )
KOMITOHEHTOB JO TPaHULl TBEPAbIX
pacTBopoB (5 u 6)*
1 a) Ha JIMHUM JIMKBUAYCA U B 0bJia- 2 Pacrninas v tBepnoe BelECTBO
CTSX HUXE JIMKBHAYCA 10 JIMHHUU (TBepAble pacTBOPbI o UJIU )
3BTEKTUKH (2 1 3)*
6) HMXe IBTEKTYECKOH JIMHuM (7) 2 Teepasie dasbl o u B
0 a) Ha JIMHUY 3BTEKTHKU (4)* Pacnnas (coctasa E) u nse
TBepAbic dasbl a U B
6) B TOUYKAaxX IUIABJIEHHS YUCTBIX 32 | TBepablit M KUAKHUH CBUHEL]
seuiectB (71U 1)) (unu onoBo), 3aeck K =1

* YKasaHbl TOYKHM Ha puc. 1.23,
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B Tex obnactsx, rae cucteMa MMeeT ABe CTEIIEHH CBOGOIBI, MOXHO IIPOX3BOIBHO
M3MCHSATH TEMIIEPATypy U KOHILIEHTPALMIO pacTBopa (pacmiasa), U IIPU 3TOM OHA
ocranercs oqHo¢asHoi. Ecnu cuctema MoHoBapuanTHas (C = 1), npu TPOU3BOJIb-
HOM M3MCHEHUM TEMNEPATYPhl KOHIIEHTPALMs HACHILEHHOIO PacTBOpa (paBHOBE-
CHe «TBepaast ¢aza 2 pacTBOp») U3MEHSIETCS CTPOTO ONpPEACTEHHBIM 06Pa3oM, Co-
OTBCTCTBYIOIUMM TMHUM JIMKBUIYCA, a KOHLEHTPALIMS TBEPAOIO PacTBOPa — JIMHUU
NpeJeNsHOro cocrasa (ab u cd).

Cocras u TeMmeparypa 9BTEKTUKH, KaK ¥ TEMIIEPATYPbI IUIABIECHUS KOMIOHEH-
TOB, SIBJIAIOTCS BAXKHBIMU XapaKTEPUCTHKAMUA CUCTEMEL.

CyluecTByeT OrpoOMHOE YMCIO GUHAPHBIX CHCTEM, KOMITOHEHTHI KOTOPHIX IIPU
B3auMmoJencTBUN 00pasyloT coeauHeHus1. B aToM ciyyae Ha quarpamMMe mosiseTcs
00acTh CYIIECTBOBAHMA XMMUYECKOTO CoequHeHus. Ecmu PacTBOPUMOCTD KOMITO-
HEHTOB B 00pa30BABLIEMCS COEAMHEHNH MaJla, 06IaCTb BEIPOXIAETCS B BEPTUKAND-
HYIO JINHUIO.

CucTeMbl ¢ XHMHYECKMMH COEIMHEHHMAMH, MIABSIHMHCS KOHIDY3HTHO MJM WH-
KOHIpy3HTHO. ITpy mocTpoeHun hasoBsIx guarpaMM, KOMIIOHEHTHI KOTOPHIX 06pa-
3YIOT XUMUYECKHE COCAUHEHMUS, BAXXHO YCTAHOBUTD XapakTep IUIaBICHUS JaHHOTO
COCAMHEHUs. ['OBOPSIT, YTO COEAUHEHNE MTABUTCS KOHZPYIHMHO, ECIIA COCTAB Pac-
IU1aBa B TOYKE IUIABJICHUS COBIANAET C COCTABOM TBepaoit ¢asnl. ITpuMep Takoit
CUCTEMBI NIpeAcTaBieH Ha puc. 1.24. KommoHenTsl ZrCl, u KCI xuMuyecku B3au-
MOJICUCTBYIOT OPYr C APYTOM M 06pasyior Hosylo ¢asy K,ZrCl,. CoenuneHue
K,ZrClg, conepxauiee 66,7 mon.% KCl, mraBurcs KOHTPY3HTHO IIPU TEMIIEPATY-
pe 800 °C.

B oTOM crydae muarpaMMy MOXHO MBICIEHHO PasielUTh Ha IBC IUarpaMMEl ¢
IIPOCTHIMH 3BTEKTHUKaMHU (CM. puc. 1.21), a umenHo ZrCl,—K,ZrCls u K,ZrClg—
KCI. CrnenosarensHo, B cucreme ZrCl,—KCl cyluecTBYIOT ABE 3BTEKTHKH E uE,
HekoTopbie oT/MYMs KacaloTCs TUIIL PABHOBECHIT C y4aCTHEM COeqUHEHUS. B TouKe
A, oTBedaoUIeil TeMIreparype IiaBleHUs K,ZrClg, uncno crereneit cBo6oas! pas-
HO HYJIO, TaK KaK HaKJIAIbIBAETCS AOMOIHUTENBHOE YCIOBHE: X (X.) = x(TB.). Pa3a
K,ZrCls HaxoauTcst B paBHOBECHU C pacIuIaBoOM B obnacTsix I u I1, rme cocraBm
PAaBHOBCCHBIX pacIlIaBOB OMPENCNAIOTCS TUHUAMU TuKkBuayca E,— A (o6nacts I) u
E,— A (o6nacts II).

B cnydae, ecnu nipu HarpeBaHuM co-

€IUHCHWE pasnaracercs ¢ 00pa3oBaHUEM

T Ipyroit Teepaoit pasu u pacriasa, ropo-
PAT, YTO OHO IUIABUTCSI UHKOHZDYIHMHO

(c pasnoxenuem). OGBIYHO TaKHe COeqU-

T, HEHUs o0pasyloTcad B CUCTEMAX «COJIb—
BoJa». Ha puc. 1.26 npeacrasnen ¢par-

MEHT nuarpammel cucteMsl NaCl—H,0.

T, B kpucramroruapaTe comepxurcs
33,3 Mon. % NaCl, 4T0 COOTBETCTBYET

KCl 30 20 0 80 ZrCly - dopmyne NaCl - 2H,0 (33,3 mon. % NaCl
mon. % ZrCl, 1 66,7 mon. % H,0, n(H,0) : n(NaCl) =

=2:1). Ilpn HarpeBanuu NaCl - 2H,0 go

Puc. 1.24. T— x-anarpamma cuctemst ZrCl,— TeMnepatypsl 0 °C KpucTauioruapar pas-
KCI: naraeTcsl Ha G€3BOAHYIO TBEPAYIO COJNb

I — pacnnas cocrasa 10 Mon.% KCl NaCl u pacrnaB (HacHILEHHBI PacTBOP
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0061acTh FOMOFeHHOCTH. B XMMHUUYECKOM COSIMHEHHUH MOXET PacTBOPATHCSA HEKOTO-
po¢ JOIOJHUTEIBHOE KOIMYECTBO TOTO MJIM MHOTO KOMIIOHEHTA (Tak Xe Kak MpH
o6pasoBanuM TBepabix pactBopoB). Hampumep, cynbdui cBHHLA MOXET COACPXATh B
M30BITKE KaK CBHHEL, TaK U cepy, 4To Bhipaxaetcs ¢opmynamu Pb S u PbS,,;. Co-
OTBETCTBEHHO, 06JIaCTh TEMIIEPATYD M COCTABOB, B KOTOPOii CYLICCTBYET JaHHOC XU~
MHUYECKOE COeNMHENHE, Ha3bIBaloT 06acThio roMorenHocty. Ha puc. 1.25 cxemaru-
YeCKH mpeacTapieHa T'— X-AuarpaMMma CUCTEMBI C COSIMHEHMEM, HMEIOLINM 001acTh
romoreHHocTH. CoCTaB COEAMHEHHSA, COOTBETCTBYIOLUMIt 3aKOHY KPaTHBIX OTHOLIC-
uuii, HanpuMmep, PbS, NaCl, Fe,0;, CaTiO;, Ha3bBaIOT cmexuoMempu4eckum co-
cmaeom. BpiBaeT, 4TO CTEXMOMETPHUYECKHIA COCTAB He MOMagacT B 061aCTh FOMOreHHO-
cTH, Hanpumep, (asa, KoTopyro NpHHATO cuuTarh okcuaom xenesa(ll), Bcerna nme-
er aehuuut xenesa Fe,O (cm. Takke . 4, pasa. 5). Mcropuyeck# cocaMHCHU,
HOJYMHSAIOLIMECH 3aKOHY KPAaTHBIX OTHOLLUCHUIA, HAa3BIBAIOT 0aA6MOHUOAMU, A COCIH-
HEHHS, 061a1aloLUe 3aMETHON 06J1aCTbIO TOMOTEHHOCTH, — 6epmoanudamu.

CrexMoMeTpUYeCKHit
coctaB PbS

T I O6aacTh

| rOMOT€HHOCTH

X.

PbS(1B.) + X.
- PbS(1B.) + X.
Pb(ts.) + PbS(TB.)
PbS(tB.) + S(1B.)
Pb N
<—-—§ §——>

Puc. 1.25. Cxema T— Xx-jyarpaMMbl CHCTEMBI C COSJMHEHHEM, MMCIOIUMM 001acTh
TOMOI¢HHOCTH

Te°C

X. NaCl(1B.) +X.

%+ NaCl- 2H,0 (18.)|NaCl . 2H,0 (15.) + NaCl (18.)

Jlén + NaCl-2H,0 (18B)
: : 1 1

1. L. 1
H,O0 10 x, 20 x; 30 40 —Moin. % NaCl

Puc. 1.26. ®parment T— x-nuarpammbl cucremMbl H,O—NaCl
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XJ10pulia Hatpust), copepxauit 22 moit. % NaCl (Touka 1), T.e. MIPOUCXOIUT pPeak-
us

NaCl - 2H,0(tB.) 2 NaCI(TB.) + pacTBOp

IIpu 3TOM CocTaB 06pa3oBaBLLeiics XUIKOIT (a3l He paBeH COCTaBY UCXOIHOM TBEP-
noii ¢aswl (x(X.) # x(18.). Takoit mpotiecc Ha3bIBaeTCH WHKOHTPY2HTHBIM WK TEepU-
TEKTUYCCKUM TUTaBIICHUEM, @ COOTBETCTBYIOILAsI TEMIIEpATYPA — nepumeKkmu4eckol.

Belllie TeMmepaTypbl MHKOHIPY3HTHOTO TIJIABJIeHUS B CUCTEMe CYIIECTBYET TOJb-
KO ofHa TBepnast (paza — NaCl. »

Ipu oxnaxneHuu mMoGOro pacTBOpa, COCTAB KOTOPOTO OTBEYaeT YCIIOBHIO
x > 22 mon.% NaCl, nanpumep, 40 mon. % NaCl npu TeMIlepaType NepuTeKTUKU
(0°C), npoucxonut peakiust 06pa3oBaHus Kpuctamnoruapara. Ilpu 370l Temnepa-
Type B paBHOBECHM HaxOAmsITCs Tpu (asbl: pacTBOp, Ge3BOMHAS CONb M KPUCTAILIO-
TUIpAT, 4, CTIEAOBATEIBHO, B CUCTEMe YMCJIO CTeleHel cBoOOmBI paBHO Hymo. Huxe
TIEPUTEKTHYECKO TeMIepaTyphl IMarpaMma uMeeT BUI OGBIYHOI [UATPAMMEI C 3B-
TeKTUKOM.

Tepmudeckuit aHanu3. BosHukaeT BOmpoc, Kak 3KCNEePUMEHTANbHO MOCTPOUTH
¢aszoByio nuarpammy. OCHOBHBIMU MeTOIAMM MCCIICIOBAHUS SIBISTIOTCS TepMuye-
CKuii (OnpesiesiecHUe TeMIlepaTyp JUKBUIYCA U TeMIEPATyphl 3BTeKTUKH) W PEHTTe-
HO(a30BbIiT aHaJ M3 (TPAHUIIBI CYLIECTBOBAHMS TBepAbIx da3). TepMuyeckuit aHau3
B CaMOM 001IeM BHJle 3aKITIOUAETCS B ONIPeeSICHUH 3aBUCHMOCTH TeMIlepaTypHl 00pas-
1a OT BpeMeHM NPY OXJIAXICHUU PaCnjiaBa (MIIu DM HarpeBaHUM TBEPLOTO 06pa3-
ua). Hanpumep, Ha puc. 1.27, a npencrasneHa cxema T— x-myarpaMMBl CUCTEMEBI
A—B c coenuHeHueM AB u orpaHuTe HHO pactBopumMocThio A B B. Ha puc. 1.27, 6
M300paxeHs! rpaduKH 3aBUCUMOCTH TEMITIEPATYPBI CUCTEMBI OT BpEeMEHHU TIpU OXJIaXK-
ACHWM PacCniaBOB COCTaBa x; (Touka [), x, (Touka 2), x; (Touka 3) u x, (Touka 4).
WHorna takue rpaduku HasbIBAIOT Kpugsimu oxaaxcdenus.

Ha xpusoit I npu T = T, (teMnepaTypa JIMKBUIYyCa) HAOJIOOAETCSI W3JIOM,
KOTOPBIi 00YC/IOBJIEH TeM, YTO OTBOAMMAS OT CHCTeMbI TErIoTa YACTHUHO KOM-
TICHCUPYETCSI TeTNOTON KpuCTa/uu3anuu BeiecTsa A. TIpu 10CTHXEHUHN TeMmepa-

T 1 2
? ?
|'
}

Ty I
|
! .
| 4
: )
17" PL

T, ; !
|
|
| |
! |

A T

a 6
Puc. 1.27. Cxema T—x-muarpaMMsl cucremMsl A— B (a) n xpuBble oxnaxnenus (6)
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Puc. 1.28. 3aBucumocts auddepeHumnana mioTHOCTH  dp
or cocrasa s cucremsl H,0—H,S0, (o 1. . MeH-  dx
JIeJICCRBY)

Du3uKo-XMMHYECKHIl aHamu3. TepMUUEeCKUIl M PEHT- \}/
reHoda3oBblil aHATIU3 SABJIAIOTCS OCHOBHBIMM METOAAMH ol o ol o
husznko-xuMuueckoro aHanusa, Kpome HUX Uist MOCT- E} = = R
pocHHs (Pa30BBIX AMATPAMM MCIIOJb3YIOT METOABl MUK- 2} ‘i ‘1 -
POCTPYKTYPHOrO aHajaM3a M MCCIEHOBAHME Pa3JIHMYHBIX o g e 2
CBOMCTB, YYBCTBUTENIBHBIX K M3BMEHEHHIO COCTABA: TBEP- ‘:I’%.} T = o

|

JOCTH, DJIEKTPOIPOBOAHOCTH, TUIOTHOCTH, [MOKa3aTeins
npenomieHus U T.4. TlocTpoeHUe AMarpaMM «CocTaB— macc. % H,S0,
CBOMCTBO» IMO3BOJISIET BHIAICHUTL 00JIacTU CylUECTBOBa-

HMA pasnuyHbIX ¢a3, Tak Kak Mpu HEeMpepbpiBHOM U3MEHEHUM MMapaMeTpos, olpeae-
JIAOLUMX COCTOSTHHUE CHCTEMbl, KaKoe-JIM60 CBOMCTBO (ha3bl UBMEHSIETCS HEINPEPBLIBHO
(npvHuMn HenpepbisHoctr). Hanpumep, 1. M. MeHnenees BliepBble OIMPENENIMI CO-
CTaBbl TMAPATOB CEPHOI KHCIIOTH, M3yuyast 3aBUCHMOCTL [UIOTHOCTH PacTBopa OT CO-
crasa (puc. 1.28). T'unparsl ¢ ogHoO#M, IByMsI M LIECTBIO MOJICKYJIaMH BOIbI BITOCTICA-
CTBUU ObUIM BBHIIENCHBI B TBEPAOM BHIE.

(=]

100

HcxnoyurenbpHas pojiib B pa3BUTHH PU3UKO-XU-
Muyeckoro aHanusa npuHamnexur H.C.Kypnakosy
(1860 — 1941). VM GbIM OTKPBHITH MHTEPMETAIIIIMYE-
ckue coenvHeHus B cucreMe Au—Cu, yCTOHYHMBEIC
TOJIBKO TIPH TeMIICpaType HaMHOro HMXe TeMIlepa-
TYpb! 3BTCKTMKH. DTH COeMHEHMUsI Ha3blBaloT dasza-
mu KypHakosa. B 1937 — 1941 rr. H. C. KypHakoB siB-
NIANCs 3aBenylomnM Kadeapoit HeopraHuM4eckoi Xu-
MHM XuMudeckoro dakynsrera MI'Y M onHOBpeMeH-
Ho Bo3maBnsan MHcTutyT 06lueit u HeopraHuue-
ckoit xuMuu PAH, KoTopbiI#i TEMEPL HOCUT €0 UMH.
Poccuiickas AkaneMusi HayK KaxXable MATh JIET [PH-
cyxnaer 3ooryio Mmeaans 1 npemuto um, H.C. Kyp-
HaKOBa 3a Hay4YHble JOCTHXCHHUS B U3yuyeHuH ¢a3zo-
BBIX OMarpaMM M Pa3BUTHM (PU3MKO-XMMHUUYECKOro
aHanusa.

TYphl 3BTEKTUKHU (7T,) Ha KpUBOU oXJIaxIeHUs] HAOIIOMAETCS MJIaTO, KOTopoe CO-
XpaHsleTCsi IO TEX TIOp, ITOKa BeCh pacIliaB He 3akpHUcTaniausyeTcs. Iliaro Ha Kpu-
BBIX OXJIaKIEHHUsI TIOSIBIISIETCST BCET/la, Korjla cucteMa HouBapraHTHa (C = 0). ITocie
TOTO, KAaK BECh PACIllaB 3aKPUCTAIIM3YeTCsl, IPOLECC oXJIaXIeHUsT IIPOILOTIKHUTCS.
B ta6n. 1.11 npeacrasieHbl 0COOEHHOCTH KPUBBIX OXJIAXIEHUS, U300paKeHHBIX
Ha puc. 1.27, 6.

PaccMOTpUM Telleps, KAK MOXHO UCIIOJIb30BaTh (ha3oBble JUarpaMMbl JUIS peile-
HHsl KOHKPETHBIX 33/1a4.
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Ta6auua 1.11

Onucanue kpusbix oxaaxnenus (x puc. 1.27)

Ne Touxku Ipoueccr, mpoucxonsALIde MPH 3THX I;[IZMISIJH;;:: Onpenensemsle
obpa3ua | Ha fuarpamme TeMrepaTypax OXTAXIE HHST TeMIepaTyphl
1 I Hayano kpucrammmsauum H3ziiom JIukBuayc
1" Kpucrannusauus sBTeKTUKU [Tnaro DOBTeKTHKA
(C=0) ‘
2 2 Kpucrannnsauus 3BTeKTUKM ITnaro DBTEKTHKA
(C=0)
3 3 Kpucrannuzauus coenyHeHust AB | TTnaro InaBneuwue co-
(C=0) enuHeHUs AB
4 4! Hayano kpucrannusauuu teeproro | Uanom JIvukBunyc
pacTBopa
4 TlonHoe 3aTBepacBaHMe pacTsopa Hziiom Conuayc

Onpenenenne xapakrepa B3auMoneiicTBIs KoMIoHeRToB. Da30Bbe IUarpaMMBsl 1103~
BOJIAIOT YCTAHOBUTH KOJIMYECTBO U COCTAB OOPa3yIOLINXCSI B CUCTEME COEqUHEHUIA, |
MX YCTOHYUBOCTD, BO3MOXHOCTh OGPa30BaHUsI TBEPABIX PaCTBOPOB. Hanpumep, Ha §
OcHOBaHUM (a30BBIX guarpamm cucteM BeF,—NaF u BeCl,—NaCl (puc. 1.29, o) §
MOXHO CHENaTh BbIBOI 00 OTHOCUTENBHOM YCTONINBOCTU DTOPUIHBIX U XTIOPUIHEIX §
KOMIUIEKCOB 6epuiutust. PTOPUIB HATPUsI ¥ OepITIHs 00pa3yIoT 1Ba CoefUHEHUS — §
NaBeF; u Na,BeF,, koTtopsle 10CTaTOYHO YCTONYMUBBI — TIABSITCSI KOHTPYSHTHO §
Tpu Temnepatype > 400 °C. B cucreme xe BeCl,—NaCl cymiecTByeT TonbKo onHO §
coenuHeHne Na,BeCl,, mnapsieecst UHKOHTPysHTHO 1tpu 7' = 300 °C. Takum o0pa-
30M, (a30Bble nUArpaMMbl OATBEPXIAIOT TOT (aKT, YTO dropugHBIE KOMITIEKCHI
Gepuiutus Gonee YCTOHYUBBI, YeM XJIOpUIIHEIE,

Ha ocHoBanuu dparmenToB! hasoBbix grarpamMm cuctem Ge—Se, Sn—Se u Pb—
Se, npencraBneHHbIx Ha puc. 1.29, 6, MOXHO CYyIUTh 00 U3MEHEHUH YCTOHYMBOCTU
COCOMHEHUIT B pa3iIMYHbIX CTENEHSIX OKUCIEHUS B oarpyrine Ge—Sn—Pb. B cucre-
Me Ge—Se cymectByer gBa coenuHenuss GeSe u GeSe,, mpuyeM MOHOCENEHU
MEHCE YCTOWYUB, YEM NMCEJIEHUM, TaK KaK IUIABUTCS C PasioXeHUeM npu 6Gonee
HU3KOH Temneparype. B cucreme Sn—Se 06a coeuHeHHUSI YCTONYMBE — IIABSTCS
npu 7> 800°C, a B cucreMe Pb—Se CyILecTBYeT TONBKO OOHO coeauHeHue — PbSe,
DTO MOATBEPXKIACT YBENMYEHUE YCTONYMBOCTH COETUHEHMUIT CO CTEMEHBIO OKHCJIE-
HUS +2 B 14-if rpynimie TTeprognyeckoir CUCTEMBL.

Onpenenenmne ycaoBuii mONyYeHHs H BbUACICHHS XHMHYECKHX CoeMHennii. 7— x-
miarpamma NaCl—H,O (cM. puc. 1.26) nossonser onpenenurs YCJIOBUA NOonyyeHUs %
kpucrayoruapara NaCl - 2H,0. Kpucranmoruapar pasnaraercs IIpU TEMIIepaType
Beile 0°C, cnemoBaTeNbHO, 9TO COETMHEHUE ClEdyeT CHHTE3UPOBATh ITpU 6GoJee
HU3KOI TEMITEpaType.

C npyroit cropousr, NaCl - 2H,0 KPUCTAJUIU3YETCST U3 paCTBOPOB COCTaBa X, < x <
< Xi. Xy ¥ X, (3BTEKTUKA) — 3TO TPAHUYHBIE COCTABEL pacTBopa (IMKBUIYC), KOTO-
PBI{ HAXONUTCS B PABHOBECHH C KpUCTALIOrHApaTtoM. Hanbonbuiuit BBIXOJI IPOAYK-

! TlyHKTHpHbIE TUHMH U OOpEBIBBI JIMHUA Ha gMarpaMmax O3HayaloT HEIOCTaTOYHO U3YYEHHble U
HEMUCCIIEJOBaHHbIE OOMACTH.
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T, °C
\
\
[
[72]
K
Puc. 1.29. T—x-quarpaMmMbl CUCTEM: o
a — BeF,— NaF u BeCl,— NaCl; 6 — Ge—
Se, Sn—Se u Pb—Se Pb Se
Mo1.% Se

Ta BO3MOXEH, €CJIM OXJIAXIATh PACTBOP COCTaBa X;, & OXJIAXICHUE BECTH JO TEMITE-
parypsl HE HUXE IBTEKTHYECKOH, TaK KaK MHaye ITOTYYMTCH CMECh KPUCTA/UIOB
NaCl- 2H,0 u nppa.

OnpesiesicHHe YCIOBHI OYMCTKH BemecT. Mcronb3ys ¢asoBylo [MarpaMMy CUCTe-
Ml HNO3;—H,0 (puc. 1.30), MOXXHO ONpEaeNTUTh BO3MOKHOCTD ITOJY4CHHS 100%-1t
HNO; 13 40%-ro BOZHOrO pacTBopa MyTeM MEPETOHKU. A30THas KMCIOTa U BOAA
06pa3yioT HelPEePBIBHBII PST XUIKMX PACTBOPOB. B cucTeMe MMeeTCst a3eoTport (Co-
CTaB XUIKOCTU PaBEH COCTaBY 1apa), KOTOpBIit npy P =1 aTM COOEPXKHUT 68,4 Macc. %
HNO, u xunut nipu T'= 120,5 °C (touxa d). ITpu Harpepanuu 40%-ii pacTBop a30T-
HOI KUCJIOTHI KUITUT IIpH TeMreparype Ty (Touka b), IpH 3TOM Iap oboraiiaercs
BOIOM (TouKa c). [To3TOMy NpH IEPEroHKE COCTaB XXMIKOCTH B ITEPETOHHOM Konbe
GyaeT oboramarbcst KUCIOTOM (COCTaB XUIKOCTH U3MEHAETCS BAOL IMHUN bd). Cne-
JOBATENBHO, U COCTAB Iapa (OTroHseMas XKUAKOCTb) ToXe GyAeT U3MEHATCS B CO-
OTBETCTBUU C MUHHUEI cd. TIpy JOCTHXEeHUHU COCTaBa, OTBEYAIOINEro KOHLCHTpau
azeoTporna (Toyka d) XUIOKOCTH IeperoHseTcsa 6e3 U3MEHEHUsT COCTaBa. Takum
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0bpa3oM, neperoHkoit 40%-ro pactsopa |}
HEJIb3s TONYYUTh yucTyio (100%-10) asor- &
HYIO KHCJIOTY. '

} ITpumep 1.9. (a) Onpenenure, Kakoe u3 Be- §
1 wects (ZrCl, unu K,ZrClg) 6ynet KpucTayiiu- 3
} ' 30BaTbCA MMPH OXNAXIACHUM paciuiasa, comep-
I xkamwero 10 mon. % KCI. (6) Onpeaenure 06-
|
I
|

JlacTb COCTAaBOB PACTBOpA, M3 KOTOPOro MpH |
OXJIAaXACHUHM Kpuctanausyercs tonbko KCI u
TEMIIEPATYPBbI, [PH KOTOPBIX 3TO MPOUCXOIHT.

Peutenue. (a) Mpu oxnaxaeHum us pacrna-
Ba, COCTAB KOTOPOIO MpeAcTaBieH hUrypaTus-
HO# Touko# (/) Ha puc. 1.24, npu Temnepary-
pe 7| HauMHaeT KpUCTANIM3OBATBLCH YUCTHIHA
ZrCl,. Ipu temnepatype T < TE2 obpasyercs
emech ZrCly(tB.) + K,ZrClg(tB.).” (6) Xnopun
Kanus 6YAeT KpUCTaNM30BATLCS M3 paciinaBoB cocTtaBa 100—95 mon. % KCl (coctaB F))
NP OXNAXACHUM MX HUXE TEMIEPATYPhl TMKBUAYCA U IO TEMIIEPATYPhl SBTEKTHKH.

H,0 * HNO3
- Macc.% HNO,

Puc. 1.30. T—x-nuarpamma cucremer H,O —
HNO,

KontposbHbie Bonpocsi

1.23. Onpenennre umncno has, He3aBUCUMBIX KOMIOHEHTOB M CTENCHE ¢BOGOIHI B CUCTE~
Max, COCTOSIIUMX H3:

a) HachlIEHHOro pactsopa Na,SO,, kpucrannos Na,SO, - 10H,0 u BogsHOrO napa;

6) HacbimeHHoro pactBopa KNO;, nbaa, TBEPAOH CONIM M HACBILLEEHHOIO BOAAHOIO Tapa;

B) pactBopa HCI aseorponHoro cocrasa u napa;

r) 1Bepaoro CaCO; U paBHOBECHLIX MPOLYKTOB €r0 TEPMHUYECKOTO Pa3OKEHHUS.

1.24. N306pasute cxemaruuecku P— T-¢ha3oByio avarpammy Boabl. IloctaBbTe Ha Heit
(bHIYPaTMBHYIO TOYKY, COOTBETCTBYIOLIYIO A4BIEHMIO | atM u temreparype 120 °C. Kakos
¢ha3oBblit cocTaB Takoi cucreMbl? Kax GyneT M3MeHATbC NaBieHUE B TAKOH cHCTEME rnpu
V' = const, a takxe uyucno ¢dasz 1 cTeneHei cBOGOLLI NpH MOHUXEHUU TeMIeparypbl? HU3o-
GpasuTe KpHBYIO M3MEHEHMS AaBNeHMs Ha P— T-nuarpamme.

1.25. Onpenenure teMrepatypy KMNEHMs BOAbI B aBTOK/IABE npu gasineHuu 2 at™. Heo6b-
XOAMMBIC TCPMOAMHAMHUYCCKHME BEJIMUMHEI MpuBeaeHbl B Tabn. 1.1 u 1.2.

1.26. Vicnonp3yst ripeacraBieHHble HUXE JaHHbIE, M306pa3UTE CXEMATHYECKH B KOOPAH-
Harax «temneparypa—cocras» (asosyro auarpammy H,SO,—H,0.

Cocmas, mon. % H,0 T, °C Tun gaszosozo nepexoda
100 100 Kuneuue H,0
10 339 Kuneunue azeorpona
0 280 Kunenue H,SO,

a) Insi Xaxaoi obnactu auarpamMMbl yKaxurte ¢aszoBblil COCTaB M paccyuTaiTe 4Mcio
CTEIEHEN cBOGOMHI.

6) Hanummre xuMuyeckoe ypaBHEHHe, OMUCHIBAIOLICE (dasoBoe paBHOBecHE B TOYKE
43C0TPOIIa, U YKaXHUTE YUCIO CTENEeHeN cBOGOALl B 3TOi TOUKE,

B) KakoB cocraB 0TroHsieMoit XXHAKOCTH MpH Havase MEPEroHKH pacTBopa, CopepxKalLle-
ro 50 % H,S0,?

1.27. Wicnonb3ys npeacrasieHHble HMXE DaHHbIE, 13006pa3uTe CXEMATHUECKH (a30BYyIO
Anarpammy NH,HF,—H,0 B xoopanHarax «remrneparypa— cocras».

a) Ilns Bcex obnacreit uarpaMMbl YKaxHTE UX (hazoBbIit cocras.

6) OGbsicHMTE, YTO BLIPAKAET IMHUS, COCAMHSIOLAS TOYKH TUTABICHUS JIBAA U 3BTEKTHKH.
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T, K T, K
1400

1200

1000

LaF; SrF,

6

Mon.% SrF,
a

Puc. 1.31. T—x-nuarpamma cucremn LaF;—SrF, (@) u kpuBas oxnaxaenust (6) (k 3agaye 1.29)

B) Hapucyitte KpuByI0 oxJlakaeHUsT pacTBopa, copepxawero 33 mMoi1.% NH,HF,, B ko-
OopAMHaTax «TeMIeparypa— BpeMsi» U OObSICHMTE, KaK U3MEHSIETCS YHUCJIO CTeleHel cBo6O-
Il TIpH OXJIAXKICHUH.

r) Paccuuraiire, cxonbko rpaMmoB kpuctamimdeckoro NH,HF, MoxHO nonyyurts rpu
oxnaxaeHuu 256 r sroro (33 mon. % NH,HF,) pacreopa mo 0°C.

T, °C Cocmas pacmeopa, Cocmas pagHoeecholi
moa. % NH,HF, meepdoli pazot
0 0 H,0
-9 4,9 H,0O
-15 8,5 H,0 + NH,HF,
0 11 NH,HF,
60 33 NH,HF,
100 65 NH,HF,
126 100 NH, HF,

1.28. Ecau pactonuThb yacThb TBEpAOM (hasbl, obpasoBasiieiicsa rpu oxnaxieHuu go —15°C
S Mon. % pactBopa NaCl, To noay4yaercsi pacCTBop, COCTaB KOTOPOTO OTIMYAETCA OT MCXO/I-
Horo. OOBACHUTE 3TOT (HAKT, UCIOJIB3YS AUarpaMmmy, fpMBeAcHHYIO Ha puc. 1.26.

1.29. Ha puc. 1.31 npencraBneHa guarpamma cucteMbl LaF;—SrF, u kpuBas oxnaxiaeHus,

a) YKaXMTE, KaKMM M3 YKa3aHHBIX Ha guarpaMMe COCTaBOB (a, b, ¢, d, ¢) COOTBETCTByeT
3TOT THUIT KPUBOY OXJTAXKICHUS;

6) uis Touek 3, 4 NMPOJOIKHUTE 3aroNMHeHUE TabJIHILIBL:

Homep Touku | Ywcro a3 Haspanue das qncggo‘éf;b‘i”m ypaBHg::gée%ilgCg::iOmee
1 2 XK. + o(TB.) 1 —
2 2 X. + B(TB.) 0 B(1B.) =x.
3
4

1.4. PABHOBECHS B OKHCIIMTEJIBHO-BOCCTAHOBUTE/IBHBIX
PEAKIIMAX

OKHUCIIUTEIBHO-BOCCTAHOBUTEIBHEIE p€akuuy, T.€. pCakluH, B KOTOPBIX ITPOUC-
XOJIUT U3MEHEHUE CTENECHEN OKHUCIICHHS, MOXHO YCJIOBHO pa3f€/uTh HA IBC I'PDYII-
MBI IPOTCKAKOIINE B OTCYTCTBUE pACTBOPHUTEIIS U IIPOTCKAKOLINE B paCTBOpE, yailie
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BCEro B BOGHOM. KOHEYHO, HE3aBUCHMMO OT TaKOTO AeJEHUS BCE PEaKIlMK MOAIMHS -
I0TCs1 OGUIMM 3aKOHAM TEPMOAMHAMUKH, OITUCAHHBIM B pasg. 1 u 2. OgHako peakiu
B pacTBOpax 061analoT HEKOTOpOi crienuduKoii, mobyxnawieit paccMOTpeTh UX
donee noapo6HoO.

1.4.1. OcHoBHble nOHATHA. CTaHAADPTHLIH OKHCAMTENLHO-BOCCTAHOBHTEIbHbII
MOTEHIHAJ

B oKuncIUTENBHO-BOCCTAHOBUTETBHOM IPOIIECCE BCETAA YYACTBYIOT ABE (COMPpSI-
KEHHBIE) Maphl, KaXash U3 KOTOPHIX BKIIOYAET OKUCITUTENb U BOCCTAHOBUTEID:

01 + B2 - 02 + Bl
(Cu® + Fe? - Cu® + Fe?)

/ \

OkuceHne BoccranossiieHne
O, + e—> B, B,-e—> O,
(Cu* + 2¢— CuP) (Fel - 2¢— Fet)

B nepsoit mape Cu* amnserca okucnureneM, a Cu’ — BoccraHoBuTeneM, Bo
BTOpOit okucuTens — Fe*, a Boccranourens — Fe®, XoTs Hellbas IIPOBECTH OKHC-
TIEHUE 6e3 BOCCTAHOBJIEHHA, U HA06OPOT, 3TH ABA IIPOLIECCA BO3ZMOXKHO PA3HECTU B
NIPOCTPAHCTBE.

Yro momyyures, ecau B pacTBOP COMM MeTayia (HanpuMep, Meau) ITOMECTUTH
TUTACTUHKY U3 TOTO Xe MeTajuta? B 3TOM cllyyae yCTaHaBIMBAETCS PABHOBECHUE:

Cu®(p.) + 2¢- 2 Cu’(rB.)

ITponeccy 06pa3oBaHus HOHOB CITOCOBCTBYET YBETUUCHUE SHTPONUU (IHTPONUS
VOHOB B PacTBOpE ropasno 6oJblIe, YeM SHTPOIUS MeTasna) U 06pa3oBaHUe M-
paToB, a IMPENATCTBYIOT MPOLECCH WOHU3AUUM (PHEPrusi MOHU3AIMUHU JOCTATOUHO
BBICOKA) Y paspylUeHUsT KPUCTAUTMYECKOI pelIeTKn. B COCTOSHUM paBHOBECHS Ha
TUTACTUHKE JIOKATTU3YETCS TIOJIOXKUTENBHBII 3apsia, KOTOPHIf KOMITEHCUPYETCS MPo-
TUBOMOHAMH, HaXOAAIIMUMUCA B pacTBOpe. Tak
BO3HUKAET 060UHOU 3neKmpuveckuii caol, Xapak-
TEPUBYIOIIUICI HEKOTOPHIM CKAyKOM ITOTEHITUA-
J1a Ay, KOTOPHIf 3aBUCUT OT IIPUPOILI MeTaslia,
TEMIIEPATYPBI U KOHIIEHTPAIIUY UOHOB METAJLTA B
pactBope. BenuuMHy A@; Henb3sd HM WU3MEDPUTD,
HU pacCyuTarh.

OnHako, eciy Takoil noaysnemenm cOeqUHUTD
MTPOBOJHUKOM C APYTUM I10JTy3JIEMEHTOM (Halpu-
mep, Fe?*(p.) + 2e 2 Fe'(1B.), Ag,), TO MexXIy
HUMHU OyZIeT MPOTEKATh INEKTPUIECKUIT TOK, 06Y-
CJIOBJICHHBIY pa3HOCTBIO MOTEHIMATOB (puc. 1.32).
Onexrpoasikymas cuna (E) nponecca, Hampu-
Puc. 1.32. Cxema rajipbBaHHYECKOTO Mep, peaxIuu:

S3JIECMEHTa Ha OCHOBE Maphbl MeTai- 2% 0 0 2%
JIOB Meb— Xee30 Cu™ + Fe" » Cu’” + Fe
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OyIeT paBHa C BHICOKO CTEIIEHbIO IPUOIVDKEHHUSA Pa3HOCTH IIOTEHLAJIOB IIOMy3JIe-
MEHTOB:

E=A(p1 —A(pz. (141)

BOT 3Ty BeUYUHY — 3MEKTPOIBIIKYILYIO CWIY — U3MEPUTh MOXHO! [ToaToMy
JUISL XapaKTEPUCTUKH TONY3IEMEHTOB (OKUCIUTENBHO-BOCCTAHOBUTENBHBIX I1ap)
KCTIONB3YIOT BenuuuHy DIC MeXny naHHBIM ITONYy3JIEMEHTOM U TaK Ha3bIBa€MBIM
SIEKTPOIOM CPaBHEHUS. 3a 2)IEKTPO/ CPaBHEHHsI IPUHSIT CManOapmHubill 6000pOOHbLl
anexmpod

2H*(p.) + 2¢” 2 HY

VCIOBHO IIPUHSATO CYUMTATh, YTO A@o = 0 TIPY 1aBJIeHWH BOIOPONA, PAaBHOM 1 atM,
u aktuBHocTH H*, paBHoii 1 (¢ = C = 1 Monb/n) (puc. 1.33).

DIC nenu, CoCTaBJIeHHON U3 CTaHAAPTHOIO BOAOPOIHOIO JIEKTPOnA U U3yyae-
MOTO 2JIEKTPOA, HA3HIBAIOT 34eKkmpodnsiM nomeryuanrom nocnegHero. Eciau aktus-
HOCTH (KOHLEHTpAUWH) UOHOB PaBHBl E€IMHMIIE, TO ITOT IMOTCHUMUAI HasbIBaroT
cmandapmuvim (E°). Tak, IU1s1 OKUCTUTEBHO-BOCCTAHOBUTEIEHOM TTaphl Cu? /Cu pu
[Cu®] = 1 Moms/n:

E = Ag, - Agy = E° (Cu**/Cu). (1.42)

VpasHenue (1.41) Is1 OKUCIUTEIBHO-BOCCTAHOBUTEILHOIO TIPOLIECCA B LIEJIOM
MOXHO 3aIlicaTh TaK:

E°= E°(Cu*/Cu®) — E°(Fe’/Fe’) (1.43)
Uy B boJiee oO1IEM BUAC:
E =E, - E,, (1.44)

rae E,, — 2MeKTPOmHbIil MOTEHUHa)l IIaphl, BHICTY-
namleil B KayecTBe OKUCITUTENSA; E, . — 3JIEKTPOI-
HBIA TIOTEHIIMa Haphl, BRICTyIAOIEe KaKk BOCCTa- J'\
HOBUTEND. H, (r.)
2
DIC rajbBaHUIECKOTO NIEMEeHTA ¥ 9Heprus1 ' no-
6ca IaHHOTI'O Mpoliecca CBA3aHBl YPaBHEHUEM:

AG = —nFE, (1.45)

rJe n — YKCJIO JIEKTPOHOB, YYaCTBYIOUIUX B IIPO-
necce; F— yucno Papanes, pasHoe 96 500 K. Cre-
NOBATENBbHO, OKUCAUMEAbHO~B80CCMAHOBUMENbHLU
npoyecc mepmoduHamuvecku goamoxcer, ecau E > 0.

Wtak, 1 onpeneneHUs] BOSMOXHOCTA IIPOTe-
KaHUsI OKUCIUTENHHO-BOCCTAHOBUTEIBHOM PeaKlUuu
HEObXOonUMO 3HATh CTAHAAPTHHI 3JIEKTPOIHBIH IO~
tenuuan (E°). Cnenyetr IOMHUTS, YTO:

o geaununa E° omuocumces Kk npoyeccy 60ccmaHog-
senus (T.e. E°(Cu®/Cu”) cooTBETCTBYeT peakuuu \ ?e"ffﬂom'
Cu* +2e- —» Cu%;

e 3navenus E° npusoosmes é pacueme Ha 00uH 31€K-  Pyc. 1.33. CxeMa CTaHJApTHOro
mpon (le); BOJOPOAHOro MEKTPOAA
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. . o 0
* cmandapmmubili 6000poOHbIE homeHyuan pagen Hyao E (H'/H;) = 0 B,
® BeAUMUHA INEKMPOOHO0 ROMEHUUANA 3A8UCUM OM MeMNEPamypsl U AKMUEHOCMU
komnonenmos E = f(T, a;), toe a;= c;, p;.

Xropocepedpanbiii anexTpoa. Yacto B KauecTBe 3/IEKTPOLA CPaBHE HHs NOJBL3YIOTCSH
HC BOIOPO/IHBIM 3JICKTPOJIOM, KOTOPBIA NOCTATOMHO IPOMO3NKMIA, a XJIOpOcepedpsi-
HbIM WM KAIOMEIBHBIM 3JIEKTPOAOM. B 3THX 35ieKTponax mioxo pacTBOPUMBIiL XJ10pH
(AgCl, Hg,Cl,) naxonMTcst B KOHTAKTE ¢ HACHILEHHBIM pactBopoMm KCl. OcHoBHOe
AOCTOMHCTBO TaKMX JJIEKTPONOB — CTalUJIbHOCTL BO BpeMeHU. B cityuae xaopocepet-
PsIHOTO 3JIeKTPOJd KOHUEHTpalMst HOHOB Ag” onpenensieTcst BesnumHoil [1P:

[Ag"] = TTPxye/[CT].

Ipn GuKCHPOBaHHON KOHIEHTpaLUK HOHOB Cl (HacblLLEHHBINH PaCTBOpP) 3Ta Be-
JIMYMHA NOocTosTHHA. TloTeHMan xopocepebpsiHoro snekTpona pasex +0,23 B.

ITpamep 1.10. Bo3MOXHO M B CTAHAAPTHBIX YCIOBHSAX MOJYYUTh XJIOP, OKUCJISIST XJIOPOBO-
NOpOAHYI0 KHUCIOTY: a) oxcuaoMm Mapranua(lV); 6) nmepmauraHaTom xaaus? (cpaBHUTE C
npumepom 1.4).

Pewenue. Paccuntaem A,G° peakimu, UCTIONb3ys TaGIUUHbIE 3HAYCHUST E° (MnQ,/ Mn2+),
E° (MnO;/Mn*) u E° (Cly/C).

a) st peakumu MnO, + 4HCl = MnCl, + Cl, + 2H,0

E; = E°(MnO;/Mn2+) - E°(Cl,/CI") = 1,23 B~ 1,36 B=-0,13 B,

AG® = -nFE; = -2-96 500 (-0,13) = 25090 JIx;

6) [Uia peakuun 2KMnO, + 16HCl = 2MnCl, +5Cl, + 8H,0 + 2KCI

E; = E°(MnO;/Mn?*) - E*(Cly/CI')=1,51 B- 1,36 B=10,15B,

AG® = -nFE; =-10-96500-0,15 = —144 750 JIx.

Takum o0pasoM, B CTAHAAPTHBIX YCIOBMAX OKMcienue HCIL okcuaoM Mapradua(Iv)
TEPMOIMHAMUYECKHM HEBO3MOXHO, a C MEPMaHraHaTOM KIS Peakuus MAET CaMONpOM3-
BOJIBHO.

1.4.2. ®opmsl npencTaBIeHHs CTAHIAPTHLIX J1EKTPOLHBIX TOTEHIHMAJIOB.
HMuarpammer JIarumepa. JTuarpammel ®pocra

CyLuecTByer HECKONBKO (GOPM INpeAcTaBieHUs CTaHAAapTHEIX 3JIEKTPOIHBIX ITo-
TEHUMAJIOB: TabJNHULbI, auarpamMsl (psast) JlaTuMepa M AMarpaMmbl OKHUCITHTEb-
HO-BOCCTaHOBHUTENIbHBIX COCTOSIHUI (quarpammel @pocra).

Tabanme. B Tabiuiax npuBeseHsl CTaHAAPTHBIE 9JIEKTPOAHEIE TTOTEHIIHAJIBI OKHC-
JINTEJIbHO-BOCCTAHOBUTEBHBIX TTAp, B 3aBUCUMOCTH OT (hOPMBI 3aITUCH OHU OTHO-
carcs k 3HadeHuto pH = 0 (kucnas cpena) unu pH = 14 (uenounas cpena)!. Hampu-
MEp,

mst pH =0 HCIO + H* + 2¢- - CI + H,0 E°(HCIO/CI') = 1,50 B
MnOj + 4H' + 3¢” > MnO, + 2H,0  E°(MnO;/MnO,) = 1,69 B
mis pH = 14 CIO™ + H,0 + 2¢ — CI™ + 20H" E°(ClO/CI') = 0,88 B

MnO; + 2H;0 + 3e” — MnO, + 40H™  E°(MnO;/MnO,) = 0,60 B

! 3aBUcumocTs E° OT KOoHIeHTpaimu H' B pactBope OyaeT paccMOTpeHa B nmojapasn. 4.3.
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Taxkas dhopma IpeacraBieHUs 3HaY€HUI CTAHAAPTHEIX 3JIEKTPOJHBIX MTOTEHIIHA-
JIOB TPOMO3/IKAa M YacTO He COJMEPXKUT BCEX BO3MOXHEIX BAPUAHTOB OKUCTUTEIBHO-
BOCCTAHOBHTELHBIX ITONYpPEaKIUi.

Jduarpammer Jlarumepa. 3HauuTeIbHO yOOOHEE M KOMIIAKTHee NIl TIpe/ICTaBIIe-
HUSI CTAHIJAPTHBIX 3JIEKTPOAHEIX MOTEHIIMAJIOB UCIIOJL30BATh JUATpaMMEI (psSIIbI)
Jlatumepa (mpwt. 2). JInarpamma JlatimMepa B COKpallleHHOM BUIIE NPEICTABIISIET CTAH~
JapTHBIE 3JIEKTPOAHBIE MOTEHUHAIBl MEXIY pasNUYHBIMA (OpMaMH OOHOro 3e-
MEHTA C pa3HbBIMH CTEMleHAMU oKucieHus. Hanmpumep, mnst MapraHua:

a)ypH=0

0,56 2,26 0,95 I, -1,18

MnO7 —2%5 MnOZF 2225 MnO, 22> Mn¥ 21, Mp2 > Mn
6) pH = 14
Mno,;_o’_%> Mnog—_o’_m> MnO, EUILEN Mn,0, -0,23 Mn(OH), -1,56 Mn

B sroil nnarpamme Takas 3anmuce MnOg —% MnO?{ 0O3Hayaer, 4To /IS TOo-

Jypeakiiu
MnO; + e —» MnOj~

CTAHAAPTHBIN 3MEKTPOMHEII MoTeHIMan mapsl E°(MnO;/MnO7") pasen 0,56 B. Ha
JHuarpaMMe yUuTeHsl Te (POpMBI, B KOTOPBIX MapraHel] B JAHHOM CTEMTeHN OKHCIEHUS
[IPUCYTCTBYET B BOOHOM pacTBOpe Ipu JaHHOM 3HayeHun pH. Hampumep, Mn(111)
TIPUCYTCTBYET B BOJHOM pacTtBope rpu pH = 0 B Buyie uoHa Mn*, a pu pH = 14
B (hopme Mn,0,.

C nmomolupio quarpaMmel JIaTuMepa JIerko BEIYMCIHUTD 3JIEKTPOIHBIN ITOTEH A
JI000I OKUCTUTENBHO-BOCCTAHOBUTENLHOI Mapsl AJIsl JAHHOTrO 3JieMeHTa. B Kave-
CTBE MpUMepa ollpeaeuM Beanduny E°(MnO;/MnQO,). 3amerum, uro GyHkuus F
He obnajlaeT CBOMCTBOM aAMUTUBHOCTH, CKJIAIBIBATE MOXHO TOJIBKO BEJIMYUHEI nkE,
KOTOpBIE MpOITOpUHOHANBHBI AG. TTosTomMy

3E°(MnO;/MnO,) = E°(MnO;/MnO?) + 2E°(MnOZ/MnO,)

U, ciegoBarensHo, £°(MnO,/MnQO;) = 1,69 B. B ob6uieM cityyae 371eKTpOIHELIE T10-
TEHLHAJIBl Ha tuarpamMe JlaruMmepa CBA3aHBI COOTHOLLIEHUEM:

Ef = (nEy + mEy)/n, (1.46)

roe E; — sneKTpOmHBIi MOTEHLIMAT OKUCTUTELHO-BOCCTAHOBUTEIBHOM TTapkl, a n; —

. pasHHLA CTEIEHEN OKUCIIEHUsT TaHHO COMPSIXXEHHONW OKUCITUTEJIBHO-BOCCTAHOBH -
TEeJIBHON Mapel (OOBIYHO YHCIIO 9JIEKTPOHOB, KOTOpbIE YYACTBYIOT B 3TOM IIPOLECCE).
Hekoropsle nnarpammel JlatuMepa IpuBeAeHbl B IIpUIL. 2.

Juarpamma ®pocra. [InarpaMMpl OKHCIUTEBHBIX COCTOSIHMIA, Yallle HasbIBae-
Mele auarpammamMu Dpocra, peacTaBnsOT coboil rpadbuueckoe n306paxKeHHe psi-
JoB Jlatumepa. Ha ocu aGcumcc oTKIagslBalOT 3HAYEHUS] CTENEHEH OKUCIIEHUS A
paccMaTpuBaeMOro XMMHUUYECKOro 3jeMeHTa X™, a Ha OCH OpAUHAT — BOJILT-3KBH-
BasleHT (nE)' maper X™/X°. PaccMOTpHM MPUHIMIT ITOCTpoeHUs auarpamMmsl dpocta
g MapraHua, IpeacraBjleHHoON Ha puc. 1.34.

U Boasm-akeusasenmon (nE) Ha3plBAIOT MPOM3BENEHME CTAHAAPTHOTO 3NMEKTPOAHOIO MOTEHI(MANA
(E) nonypeakuuu X™ + ne” — X° Ha creneHb okucneHus (n).
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nE, B
6 -
MnOj;
4 -
2 L
0 ‘1 CreneHn
OKMCIIEHUS (1)
\ Mn2+
\ //anO;
-2F N\ o _x
\ Y= _~" MnO?
— e —X
Mn(OH), M0, MnO:

Puc. 1.34. Tnarpamma ®pocra s Maprasua;
o — npd pH 0; x — npu pH 14

1. Hayano KoopauHaT COOTBETCTByeT OYCBUAHOMY yciaoBuIO: nE = 0 g mapsl
X" /X% npu n = 0, T.e. wigs Mn®,

2. Ins morydeHust KOOpAWHAT APYTHX TOYEK Ha anarpamme ®pocra craHIapTHEII
9JIEKTPOAHBII ITOTEHLIMA CONMPSIXKEHHOMN Maphl «OKHCJIUTE/Ib — BOCCTAHOBUTEIb», B
KOTOpPOi1 BOCCTaHOBIEHHOHN (HOPMOI ABISETCSI COCTOSHUE CO CTEITEHbIO OKHUC/IEHMS
HOJIb, YMHOXAIOT Ha CTETIEHb OKUCIIEHUsI OKUCIEHHOI dopMel. HarmpuMep, 3Hauenme
BOJIBT-9KBUBaJIEHTa ;I Mn?* pasuo E *(Mn*/Mn°)2, a st MnO, E°(MnO,/Mn°)4.

Bce 3HaueHMs: KoopaMHAT TOYEK AMArpaMMBbl ®pocra wis Mapradua ripu pH 0
[IpUBEACHH B Tabi. 1.12.

Ha awarpamMMe OKMCIMTENBHBIX COCTOSHUI HAKIOH JIMHUMH (tga Ha puc. 1.34)
PaBEH CTaHOaPTHOMY 3JIEKTPOXHOMY ITOTEHLMATY COOTBETCTBYIOLIEN COIMPSIKEHHOIK
OKMCTUTETbHO-BOCCTAHOBUTENBHOM maphl. Tak, B laHHOM cityyae tga = E°(Mn* /Mn*).

Tabnuua 1.12

3HaveHns BOILT-IKBHBAJEHTOB JUIA OKMCAHTEbHBIX dopm mapranua

Dopma CreneHb okucHeHUA (1) E*(Mn"/Mn°) nk®
Mn 0 0 0
Mn?* +2 ~-1,18 -2,36
Mn?* +3 -0,283 -0,85
MnO, +4 0,025 0,10
MnO#- +6 0,77 4,62
MnO; +7 0,74 5,18
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CnenoBarenbHo, quarpamMma ®Ppocra xapaKrepusyer OKMCIUTENbHYIO CIIOCOGHOCTD
COeIVMHEHMHN C PasIMYHBIMU CTENIeHAMH OKHUCIEHUA.

Kakyio xe nH®OpMaLo MOXHO MoJy4uTs u3 auarpamm ®pocra, He ITPOBOAS
HHKAaKUX pacyeToB?

Bo-1iepBBIX, MOXHO OIpefe/IUTh Haubosee YCmouvUgy0 cimenets OKUCACHUS HAe-
MeHma TIpU JTaHHON KHUCIOTHOCTH cpenHl, el OoTBeyaer MHHHUMYM Ha KpPHBOH
(puc. 1.35, a). s MapraHna B KUCIO#M cpene Takoit opMoit sisisiercst M. Jleit-
CTBUTEJIBHO, TIPY BOCCTAHOBJIEHUHN BceX (hopM MapraHua B KUCIOH cpefie 1 OKHCIe-
Hum Mn® o6pasylorcs coennrenms Mn?. B menouHoit cpene HanboJiee yCTONIHUBOMH
dopmoit apnsgerca Mn,0;. TIpu KoHTaKTe ¢ Kucjopomom Bozgyxa Mn(OH), nerko
OKucIIsieTcs, oopasysa Mn,0; (cM. puc. 1.34),

Bo-BTOpBIX, MOXHO OTIpENESTUTD HopMbl, HEYCMOUHUEbIE NO OMHOWEHUIO K Npolec-
cam ducnponopyuonuposanus. Eciv KoopauHaTa TOYKH, COOTBETCTBYIONIEH JaHHOMY
OKHCJIUTEJIBHOMY COCTOSHHIO, HAXOAUWTCS BHILIE JIMHUM COETUHSAIONIENH JI00Ble CO-
cemHue To4KHU (pHc. 1.35, 6), To 9Ta hopma aucnponopuuoHupyer. [ToscHUM 310 Ha
pUMepe peakUuMu gucriporiopuvionupoBarius Ko;MnO, B kuciioi cpene:

3MnO; + 4H' —» 2MnOj + MnO, + 2H,0

Ecmu E; = E° (MnOf‘/MnOz) - E (MnO;/MnO}) > 0, To 3Ta peaKumsi BO3-
MOXHa. B lIaHHOM cyuae E°(MnOZ- /MnQO,) > E° (Mn04/MnO4 ) — HaKJIOH JIU-
HUM MnO? "—MnO, TIpeBBIlLIaET HAaKJIOH JUHUU Mn04/MnO4 Ha puc. 1.35, n,
cienosareasHo, E; > 0.

B-TpeTbHx, MOXHO OIpeneINTh npodyKmb: peaxuyuii 63aumodeiicmeus 0syx coedu-
HeHUl In1eMenma 6 pasuuix cmeneHax oxucaenus. [lpy peakuuy mosryyaercs: coeamHe-
HHe, KOOpIWHATA KOTOPOro Ha JuarpaMMe HaxoaMTcs HUXe JUHUY, COeTUHSIOMEN
KOOpIVHATH pearupyoowmux seuiecTs (puc. 1.35, 6). Tak, nmpu Bzaumozneiicrsun MnO;
¢ Mn* obpasyercd MnO; (cM. puc. 1.34), Harpumep:

2KMnO, + 3MnSO, + 2H,0 = 5MnO, + K,SO, + 2H,S0,

B-yerBeprhIX, qarpaMMel PpocTa MOMOraoT CPABHUBATE OKUCAUMEAbHO-80CCIA-
HOBUMENbHYI0 cnOCOOHOCMb TIONOOHBIX COeAVHEHUWH ITPY aHANIN3e N3MEHEHUS CBOMCTB
B rpynrax Ileprogndeckoit cUCTEMBI 3JIEMEHTOB.

HauGonee
nE o nE o nkE @
ycroiuusas ®opMa, HeycTOHYMBasA K OPMbi, CKJIOHHBIE K
dbopma JIMCIPONOPLMOHUPOBAHHIO CONpPONOPLUAOHUPOBAHHIO
7
CreneHb OKMCIIEHUSA CreneHb OKMCIIEHUSA CTeneHb OKMCIEHUS
a 6 [

Puc. 1.35. Cxemsl auarpaMM @pocTa, WUIIOCTPHPYIOLLME Hanboiee CTAGHIBHBIE OKHCIIH-
TeNibHbIe GOpMBI (a), HOPMBI, CKIIOHHBIE K PeakLH JUCTIPOTIOPLIHOHMPOBaHuUA (6), 1 dop-
MBI, CKIIOHHBIE K peakiusAM CONPONOPLHOHHPOBaHUS (8)
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nk ITokaxem 3T0 Ha mpuMepe 16-if rpynmel. Ha

2 puc. 1.36 npexacraBieHH guarpaMMe (Ppocra st

Ve cepH M cejieHa. UToOHl cOMOCTaBUTEh OKHCIINTESb-

/ Hyl0 criocobHocTh cepHoit (H,SO,) m ceneHo-
/ Boit (H,SeQy,), win ceprucroii (SO, - H,0) u ce-
/ JeHuctoit (H,SeO;) KHCIOT, CpaBHUM HAaKJIO-

d 1 HH COOTBETCTBYIOUIMX JIMHUU Ha JHarpaMme
®pocra.

Kak suaHo u3 puc. 1.36, tga > tgp u, cie-
JIOBaTeJbHO, OKUCJIWTENbHAS CIIOCOOHOCTH Cce-
JIEHUCTOM KMCJIOTHI BHIILIE, YEM Y CEPHUCTOM:
, E°(H,;S¢0,/Se) > E°(SO,/S). Takoe cpaBHEeHHe

6 CremeHp  TAaKKe ITO3BOJISIET OMPENE]UTh BO3MOXHEIE TIPO-
OKHCICHWA  nykTH peakKuMu okcupa cepH(lV) m cejieHMC-
Puc. 1.36. Ouarpammel ®pocra g TOW KMCIIOTBL
cepst (1) 1 cenena (2) g pH = 0 O6a coennHEHMsT MOTYT OBITH KaK OKUCJIUTe-
JieM, TaK M BOccraHoBHTEeleM. OgHAKO CeIeHu-
cras KucJjiora 0oJjiee CHUIBHBIM OKUCIINTENb, U TI0-
3TOMY B3aUMOJENCTBHE 9THX COSIUHEHMI IPOTEKAET B COOTBETCTBMM C YPaBHEHH -
€M peakUuu:

2S0; + H,5¢0;5 + H,0 = Se + 2H,S80,

IIpoxykToM BOCCTAHOBJICHMS CEJIEHUCTOI KHMCJIOTH OYIET cejieH, TaK Kak cre-
NHeHb OKUCIEeHUs HOJIb [UIsl CelieHa Hauboiiee ycroiunBa (HaxoguTcsa B MUHUMYMeE
Ha guarpamme Ppocra).

Tak, comocraBiieHue aByx auarpaMm dpocra MO3BOSET CIEIATh BHIBOJ O MPO-
IyKTax peakuuy. Ha 0oCHOBaHWM HaKJIOHa JIMHUIT MOXHO TaKXKe 3aKITIOYUTh:

® YTO OKMCJIMTEJIbHASA CIOCOOHOCTh CEPHOU KHUCJIOTH MEHBlIle, YeM CEPHUCTOI,
a ceJIEHOBOU OOJIbliIe, YeM CEJIEHUCTOM;

e HauboJslee YCTOWYMBEIMU (HOpMaMU O0OMX 3JIEMEHTOB SIBJIAIOTCS MPOCTHE Be-
HIECTBA;

e Cpeay COeAUHEHMI CO CTENEHbIO OKUCIIEHUS —2 HanboJjiee CUIIbHHIM BOCCTAHO-
BUTesaeM sBisierca H,Se.

Yem OoJblile OTPULIATENBHHIN HAKJIOH JIMHUM, COSOUHAIOIIENR TaHHYIO (OpMY C
¢bopmoii B GoJiee BHICOKOU CTENIEHN OKHUCIIEHHS, TeM 00Jjlee CHIIBHBEIM BOCCTAHOBUTE-
JIeM OHa sBjisiercs. B HauleM ciydae stor HakIoH A H,S paseH tgy, a mma H,Se —
tg Q.

ITpumep 1.11. Ucnionesys auarpammy Jlatumepa, orpeaesinre BO3MOXHOCTh PEAKIMU JUC-
IIPONOPLIMOHUPOBAaH U MnO,f' npu pH = 14. OtBet nmoaTBepauTe pacuerom E,.

Pewenue. Ecnu Ha guarpamme JlaTHMepa MOTEHIHMAN CIIpaBa OT paccMaTpuBaeMoil ¢op-
MBI 6oJBIlIE, YeM MOTEHLMA CJieBa, TO 3Ta ¢opMa CKIOHHA K AUCIIPOIIOPLHOHHPOBAHUIO.

Tak, ecnin A i) B i) C, To ans peakuuu B = A + C anexTpoauxyiuas cwia E, paBHa
E,- Ein E,>0npu E, > E,. B HalleM ciiy4ae peaKuus JUCIIPONOPLIMOHUPOBAH U
3K;MnO, + 2H,0 = 2KMnO, + MnO, + 4KOH

TEpMOXMHAMHUYECKU BO3MOXHA, TaK Kak E, = 0,60 - 0,56 = 0,04 > 0. JeiicTBUTEIbHO, MaH-
raHat KaJiMs YCTOHYMB TOJBKO B CHIIBHOLUENOYHOU cpeae, a pH = 14 coorBercTBYeT 5%-MY
pactBopy KOH.
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1.4.3. 3aBHCHMOCTD 3/1IEKTPOIHOIO MOTEHIHMANA OT pPeabHBIX YCIOBHIA.
Ypasuenne Hepucra. Auarpammer £—pH

Ypasuenne Hepucra. JIo cux mop peys 1NUIa 06 OKUCIHUTEIBHO-BOCCTAHOBUTEN b-
HBIX ITPOLECCax B CTAHIAPTHBIX YCIOBUSIX, T. €. IIPU aKTUBHOCTSIX KOMITOHEHTOB, paB-
HBIX eAMHULE. 7151 ydeTa pealibHBIX YCIOBHIA Hall0 UCTIOIB30BATH YPaBHEHHNE U30TED-
MBI XMMH4Y€ECKOI1 peakunu (1.31). YuursBas cBsi3b 9Hepriuu I'n66ca u 3,1eKTpOJHOTO
noreHumana (1.45), 3aBUCMMOCTB TOCJIEAHEr0 OT aKTUBHOCTH PEAareHTOB MOXKHO
BHIpa3uTh YypaBHeHUeM HepHcra: :

I1a7
E=E° —El / (1.47)

i@ |

TAC j TPOAYKTHL PEAKLINY; i — UCXONHBIE BEIIECTBA; v — CTEXMOMETPUYECKHE KO3(-
(GULMEHTB! B YypaBHEHUM PeaklUUH; # — YUCJIO 3JIEKTPOHOB, YYaCTBYIOLIMX B xaH-
HOM OKHC/IUTE/IBHO-BOCCTAHOBUTEIBEHOM ITPOLIECCe. AHAJIOTHYHOE BHIPAXKEHHE MOXKHO
3arucarb U Ui nosrypeakuuit. st ynoGerBa pacuetoB BBomat Koadguuuent 0,059,
BKIIIOYAIOLIHIA ITEPEX0] OT HAaTYPAIBHOTO JioTapudmMa K AECATHYHOMY U YHUCIEHHOE
3HayeHne RT/F, cooTBeTcTBYyIOLIEE KOMHATHOI Temmepartype (7 = 298 K). B atom
ciy4yae ypasHeHUe HepHcra npruobperaer Bum:

0,059 10 Gnoc (1.48)

aOK

E=F -

THE dyyc — AKTUBHOCTH BOCCTAHOBJIEHHOU (DOPMH; @y, — AKTHBHOCTEH OKHUCIEHHOMN
¢dopmel. Hanpumep, wist nomypeakumu

Fe* + & — Fe**

TIox, OKI/ICJ'ICHHOI/I ¥ BOCCTaHOBJIEHHOU OPMOIf MOAPa3yMeBaIOT gy, = a(Fez‘“), Qo =
= a(Fe™), a 11 monypeakuum:

HCIO; + 5H* + 5¢- — 1/2Cl, + 3H,0
Agoc = a3 (Cly)a*(H,0), a ay = a(HClO)a*(H*).

Banbrep ®@punpux Hepucr (1864 —1941) — Hemenkuit yde-
HBII1. U3BecTeH cBOMMU paboTaMu B 06/1aCTH GU3NIECKOI XM~
MuH pacTBopoB. B 1898 r. M paspaboTaHa Teopus raibBaHHuYe-
cKoro anemeHra. Haubonbuiyio ussecrocts HepHety nipunec-
JIK TEpMOIMHAMMYECKHE HCCIIEN0BAHUS BELIECTB NPH HU3KHMX
TeMriepaTypax, B pe3yjbTate KOTOPhIX OBLIO YCTAaHOBJIEHO, YTO
NIpH TeMIiepaType abCOMIOTHOTO HyJISl SHTPOIMS OJHOPOIHOrO
TBEPAOro Tejla CTPEMMUTCS1 K Hymio (TeruoBas TeopeMa HepH-
cra). B 1920 r. B. HepHer 6611 ynocroeH Hobenesckoit mpeMui.
IToaxxe HepHcr saHuMainicsa u3yd4eHueM obpasoBaHus NO us
TIPOCTHIX BELUECTB, Pa3paboTKOil OCHOB CHHTE3a aMMHaKa (Co-
BMecTHO ¢ @.Tabepom), BrepBhE NMPOBEN MEKTPONU3 PaC-
IUIaBa TMAPHJA JTUTHS.
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3aBucuMoOCTh 3JeKTpoaHoro norennuana ot pH cpensi. Kak BUOHO U3 paccMOT-
PEHHOTO BHIIIE MPUMepA, VIS CONPSDKEHHBIX OKHCIUTEIBbHO-BOCCTAHOBUTEIBHEIX
[ap C yJyacTheM OKCOAaHHOHOB U OKCHUIOB OoJblIOEe 3HAYEHHE MMEET aKTUBHOCTD
HMOHOB Bogopoa, T.¢. pH pacTsopa.

B Tex ciyuagx, Korga XOTAT OINpeneUTh BIUSHUE Ha 2JEeKTPOAHBINA IMOTEHIIUAI
(1, B KOHEYHOM HMTOre, Ha BO3MOXHOCTb ITPOTEKAHUSI OKUCIUTEIBHO-BOCCTAHOBH -
TEJHLHOM peakiUMH) TOIBKO KHCJIOTHOCTU Cpelbl, CYUTAIOT BCE aKTUBHOCTU KOMITO-
HEHTOB, Kpome H', paBHHIMM eIMHHIIE, KaK U B CTaHOapTHOM coctositHUu. Torma
3aBUCHMOCTD 3JIEKTPOSHOTO MOTeHI{HaIa oT pH MOXHO BBIPa3UTh YpaBHEHUEM!

E= E° - 0,059v/n (pH), (1.49)

rae v — MoKasartesb CTeneHu misd akTuBHocTn H' B ypaBHeHuw (1.47).

Terrepb CTAHOBUTCSI TTOHSITHO, ITOYEMY 3JIEKTPOAHBIE MOTEHIIUANE B KUCJION H
LIEJIOYHOHN cpesie Uil OOHUX U TeX Xe COMPSKEHHBIX map pasnuyHble. Hanmpumep,
s nmapel MnO3/MnO,

MnO; + 4H* +3¢- - MnO, + 2H,0, E°=1,69 B(pH 0)
Hcmons3ys ypaBHeHue (1.49), wig pH 14 monyuyaem:
E=1,69-0,059-4/3-14=1,69 — 1,10 = 0,59 B.

Dra BesMYMHA paBHa 3HaveHUI0 £°(MnO;/MnO,) mist pH 14 (cMm. psan Jlatumepa),
KOTOpOE CYMTAIOT CTAHAAPTHHIM, TaK KaK OHO COOTBETCTBYET ITOJYpeaKIIHK:

MnOj; + 2H,0 + 3¢ —» MnO, +30H™

mpu a(OH™) = 1 (cm. mogpasn. 1.5).

Hcnonw3ys cooTHouleHust tuma (1.49), MOXHO OL€HHTh JHAITa30H 3Ha4YeHU
pH, nIpH KOTOPBIX BEPOSATEH OKHMCJIUTEIBHO-BOCCTAHOBUTEIBHBIH ITpoOLeCcC, HalpH-
Mep, BO3MOXHOCTD ITOJYUHUTh XJIOP, OKUCJSIS XJIOPOBOJOPOJHYIO KHCJIOTY OKCHIOM
mapradua(lV) (cpaBHuTte ¢ mpuMepamu 1.4 u 1.10). D10 menawT, peliasl ypaBHeHUeE
(1.47), wiu ananmmaupyd rpaduk B koopauHatax £—pH (puc. 1.37).

JIvnmst 1Ha rpacd¥Ke TTpeCTaBIsAET COGOM 3aBUCHMOCTB MoTeHIMana F(MnO,/Mn™)
ot pH (E= E° - 0,118 pH). IoteHyman E°(Cl,/CI") = 1,359 B He 3aBucut ot pH u

TTIO9TOMY IIpecTaBlleH Ha rpa¢duKe TOPU30HTAIBHOMN
E B JIMHKeHR 3.

Touka A rmepece4eHUs 9TUX JUHUNA COOTBETCTBYET
3HayeHuo pH = —-1,09. [Ipu Gosplieil KUCIOTHOCTH
peakyusl BO3MOXHa, TaK Kak F(MnO,/Mn*) >
> E°(Cl,/CI).

JInHUS 2 cOOTBETCTBYET SJIEKTPOTHOMY ITOTEHI{HU-
any mapsl Br,/Br~. 13 rpaduka BUIHO, YTO BOCCTa-
HOBJIEHHE O0pOMOBOIOpPOJa BO3MOXHO B MeHee KHUC-
Joii cpene (pH < 1,4). Muorma sTo OHBaeT o4eHb BaX-
HO 3HaTh, TaK KaK IIOMOTaeT OIpeAc/]UTh YCJIOBHS,
MMPU KOTOPHIX CEJIEKTUBHO MOXHO OKWCIUTEH OJHO
BEIECTBO B IIPHUCYTCTBUM JPYT'OrO BOCCTAHOBUTEJIS.

/r—-
W
(Y

7
7

e e '0__-:—-
Ll ==
e
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[ 8]

6 10 pH

Puc. 1.37. 3aBucumocts £ — pH
JUIS. 3NeKTPOAHBIX MOTEHLMa-

JIOB: B ganHOM ciydae okcuuoM MapraHua(lV) moxnHo
I — MnOy/Mn¥; 2 — Br,/Br; OKHCIHUTh OpPOMHUI-HOH B IIPUCYTCTBHHU XIOPUI-HOHA
3 — Cl/CI- B quamna3oHe 3HavyeHuit pH ot -1,09 go 1,4.
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OueHb BRXXHBIM C ITPaKTHUYECKOU TOYKH 3pe-
HUS SIBJISIETCA OTpe/ieIeHUe YCTONYUBOCTH TOTO
WM MHOTO COeTMHEHUS OTHOCUTENBHO PaCTBO-
putend. IlockonbKy B pacCMaTpUBaeMoOM CITy-
yae pacCTBOpUTeJIeM SIBJIIeTCS Boaa, Halo I0-
HATh, He OymeT JM JaHHOe BelleCTBO Oollee
CUJIBHBIM OKMCNINTeNeM, YeM napa O,/H,0 wim
Oonee CHWJIBHBIM BOCCTAaHOBHTEJIEM, YeM Iapa
H,0/H,. Ecnu Ha rpaduKe ITOCTPOUTD TMHUH,
oTBevawomye 3apucumoct £(0,/H,0) or pH
(iuHMS 5 Ha puc. 1.38) u 3aBucumocts E(H,0/
/H,) or pH (muHus 2 Ha puc. 1.38), TO Bce
BelIECTBA, JJIST KOTOPHIX 3JIeKTPOIHbIE MTOTEH-
MBI HAXOISITCA B 00JTACTH MEXITY STUMM IIpsi-
MBIMM, OYZYyT YCTOMYMBHI IO OTHOUICHHIO K
pacTBOPUTEINIO.

Econ E(X/X') > E(O,/H,0), To X Hey-
CTOWYMB B BOMHOM pacTBOpe B JAHHOM JUara-
30He pH ¥ okucaser Boxy ¢ BelmeaeHUeM O,.

Puc. 1.38. Mntroctpauusi pa3jinyHOTO
B3aUMOJICHCTBUSA COeIMHEHUN Xene3a
C BOJOH:

1 — E(Fe¥/Fe%; 2 — E(H,O/H,); 3 —
E(Fe¥/Fe%*); 4 — E(FeO}/Fe3); 5 —
E(O,/H,0)

Juarpammol ITyp6s. Chenyer oTMETHTD, YTO

Ha Heil oTcyTCTBYIOT M'MIApOKCO-MOHBI THIIA
[Fe(OH)]2+, [Fe(OH)]’*. T'opu3oHTaNbHAA K-
HUA ab Ha nuarpaMMe COOTBETCTBYET Iape
Fe3+/Fe2+, 9JIEKTPOJHBIN MOTEHLIMAJ KOTOPOU
He 3aBHcHT oT pH (cpaBHure ¢ puc. 1.38). Bep-
TUKaJIbBHBle TUHUU (bc ¥ de) npui pH = 3 u
pH =9 cOOTBETCTBYIOT YCJIOBHSIM OCAXIEHUS
Fe(OH); u Fe(OH), coorseTcTBeHHO. JIMHUA
be cOOTBETCTBYET 3aBUCHMMOCTH OT pH noreH-
umana napsl Fe(OH),/Fe®, a nunusa ef —
napsl Fe(OH);/Fe(OH),.

Ha ocHoBanuu nuarpammel [1yp63 Mox-
HO OMNPENeUTh NMPOAYKTHl OKHMCIUTENBHO-
BOCCTAHOBMTEJBHEIX peaKi Uil B pa3HbIX cpe-
nax. Hanpumep, eciu B pacrsope rpu pH < 3
NMPUCYTCTBYET OKHMCIAMTENB, Y KOTOPOTO
E > E(Fe¥/Fe), to Hanbonee ycTOMYMBOI
¢opMo¥i cyliecTBOBaHUSA Xelesa byner Fe™.
IIpu 6onbux 3HayeHusax pH mra crabuiu-
sauuu Fe(IIl) HeobxonuM ropasno 6osee
cnabblii OKMCIHUTEN D,

saBucUMocTh F ot pH umeer dopmy

NMpSMOH CpaBHUTEJNBHO PENKO, KOrna (hOpMBl CYLLIECTBOBaHHA 0O60OMX MapTHEPOB CO-
MPSAXEHHON OKUCIUTEIBHO-BOCCTAHOBUTENBHOM Mapbl U B KMCJION, U B 1LIEJOYHOH
cpene onUMHAKOBHI, HarnpuMmep, MnO;/MnO, wiu NO;/NO. Eciu npu HEKOTOpOM
3HaueHuH pH npoucxonut obpazoBaHue MIO TUCCOLMMPOBAHHOM KMCIOThI MJTH OCalIKa
I'MIpOoKcHaa, Ha rpacduke Habiaonaerca usnoM. Quarpammbl E—pH c yueTtom Beex
¢opM CyIIECTBOBAHUS MOHOB B pacTBOPE HA3BIBAIOT duazpammamu Ilyp6s.

Ha puc. 1.39 npencraBieHa ynpoumeHHada auarpamma [lyp6s nns xenesa.

E B

Fe(OH);(rB.)

1 35 7 91113 pH

Puc. 1.39. Auarpamma I[1yp6s (E—pH)
JUIA XeJie3a B BOIHOW cpejsie
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Ecmu xe E(Y/Y') < E(H,0/H,), To Y' MOXeT B3aUMOAEICTBOBaTb C BOHOH C
BeiieneHHeM H, HampuMep, WOHBI Xeje3a yCTOWYMBEL IO OTHOIIEHUIO K BOZE:
E(Fe*/Fe*) = 0,77 B (tunus 3 Ha puc. 1.38). ®eppar(VI)-HoH B KuCIOi cpefe
HEyCTOMYUB U pasljiaraercs ¢ BHIETEHUEM KUCTOPOAa MO peaKUuu

4K2FCO4 + 10H2804 = 4K2804 + 2F32(SO4)3 + 302 + 10H20

TaK KaK E°(FeOZ /Fe*) = 1,70 B (munus 4 Ha puc. 1.38).
MeTaIUdecKoe Xene30 PacTBOPAETCS B KMCIBIX BOJHBIX PaCTBOPax C Bhlfene-
HMEM BOIOpPOIA: :

Fe + HzSO4 = FCSO4 + H2

taK KaK E°(Fe*/Fe) = -0,44 B (unus 1 Ha puc. 1.38).

3HayeHUe 37CKTPOIHOTO IIOTEHIMANA 3aBUCHUT He TOJBKO OT BEMUYMHBI aKTHB-
HOCTU BOJOPOAHBIX MOHOB, HO M OT aKTHBHOCTH ApPYTUX peareHToB. OmHAaKoO, TaKk
KaK 3Ta 3aBUCUMOCTb JIorapu¢MUIecKasi, yKazaHHOe BJIUSHUE OLIYTUMO JIMILG IIPH
OYEeHb CWILHBIX (Ha TOpAIKM) U3MEeHeHUsX. Tak, MOXHO MeHATh KOHLEHTpaluu
HOHOB, CBSI3BIBasi MX B TPYAHO pacTBOPUMBIE OCAIKM WK B KOMIUIeKcH. Hanpumep,
st xenesa E°(Fe* /Fe**) = 0,77 B. B memnounoii cpene (npu pH = 14, T.e. [OH] = 1)
xene3o(I1) u(I11) cyiuecrsyeT B Bune ManopactBopuMblx runpokcunos Fe(OH), u
Fe(OH),. B sTom cityuae

TTP'ke(on
[Fe*] = W;(_]—,)’ = MPpomy, = 3,2-10°%,
+ HPF OH
(Fe™]= [TIC{(‘TZ)Z" = MMPre(om), =1-107°.

CoracHo ypaBHeHUIO (1.48) 3/1eKTPOAHBINA MOTEHIMAN PaBEH:
E = E°(Fe*/Fe™) - 0,059 lg[Fe**)/[Fe*] =
= 0,77 - 0,0591g(1 - 107%/3,2-10%®) = -0,56 B

KoMIu1ekcoo6pa3oBaHHe TaKKe YMEHBINAET KOHIIEHTpPallMM MOHOB MeTajlia 3a
CYET MX CBA3BIBaHMA B KOMIUIEKCHBINM MOH?, HATIpUMED:

Fe** + 6CN™ 2 [Fe(CN)¢]>

Toraa B npucyrctBuu 1 M pactBopa KCN KOHUeHTpalus UOHOB Fe** u Fe*
paBHa:

1,3-107%,
1,3-107%,

[Fe*] = [Fe(CN)g 1/(Kyer (CNDI®) = 1/Kyer
[Fe*] = [Fe(CN)§ 1/(Kyr[(CNDI®) = 1/Kyer
a MEKTPOIHBIN ITOTEHIIUAN:
E = E°(Fe*/Fe¥) - 0,059 Ig[Fe*]/[Fe*] =
= 0,77 - 0,0591g(1,3-10"%/1,3 - 10*) = 0,357 B.

L TIP — npou3sBeleHHe pacTBOPUMOCTH, CM. foapasa. 1.5.3.
2 KOHCTAaHTy 3TOrO0 PaBHOBECHsi Ha3bIBAIOT KOHCTaHTOM ycToituMpocTH (K,..), noapobHee cM.
noxpasn. 4.7.3.
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Hpumep 1.12. Onpeneaunte, 6yper an HNO, BoccTaHaBAMBaTBECA HOAUA-HOHOM 10 NO
npu pH = 3 (mipy ycaoBUH, YTO aKTHBHOCTH BCEX OCTAJIBHEIX YaCTHUIl B PacTBOpE paBHBI
enuHune), ecan E°(HNO,/NO) = 1,00 B, £°(I,/1") = 0,536 B. OTBeT MOATBEPAUTE PACYETOM
A, Ghgs.

Pewenue. 111 MHTEpeCyOLIEN HAC peaKiluU

2HNO, + 2KI + H,SO, = I, + 2NO + K,SO, + 2H,0
WJIM B COKpalieHHO-HOHHOMI dopMe:
2HNO, + 2" + 2H* = I, + 2NO + 2H,0

BJC npu pH = 3 MoxHO paccyuTath 1o copMyae (1.47), a E; — no dopmyane (1.44) u,
CAenOBaTeABHO:!
0,059

£, =(1,00-0,536)- == lg[H"]” ~0,464-0,059pH=0, 287 B.

Hns pacuera A,.Gyg UCTIONB3YEM opmyay (1.45):
ArGhgg = =296 500 - 0,287 = 55391 Ox.

OrpunartenbHast BeJUYHHA A,Ghgg YKA3HIBAET Ha TO, YTO peakuMs TepPMOAMHAMUYECKH
BO3MOXHA NpHU JAaHHOM 3HayeHMH pH.

1.4.4. XumMugeckne HCTOYHUKH TOKa. DjaekTpoau3. Koppo3ns

MBI TOJIEKO YTO IMOKA3aJId, KaK C TMTOMOLIIBIO CTAHAAPTHBIX 3JIEKTPOAHBIX MTOTeH-
HMAJIOB BO3MOXHO ITPEACKAa3aTh TEPMOAMHAMUYECKYIO BePOSITHOCTE IIPOTEKAHUS TOU
WV MHOM OKHUCIUTEJbHO-BOCCTAHOBUTEJILHOM peakiui. OCTaHOBUMCS Tereph Ha
TPeX MMPaKTUYECKN BaXKHBIX ACMEKTaX, TeCHO CBSI3AHHBIX ¢ OKHUCJIHTEJILHO-BOCCTA-
HOBUTEJIbHEIMU TTPOLIECCAMU; XUMHYECKHX UCTOMHUKAX TOKa, 3JIEKTPOIU3e U KO-
po3uH.

XumMuageckAe HCTOYHHKH ToKa. [IpOoCTeMIIIMM UCTOYHUKOM TOKA SIBJIAETCS TIbBa-
HUYECKHUII 3JIeMEeHT (CM. Ttoapasn. 1.4.1). B HeM sHeprusi XHMUYeCKOM peakLUH IIpe-
obpa3zyeTcs B 31eKTpudecKylo paboty. [Ipu coeaiHe HUY Yepe3 BHEIITHIOW LElh ABYX
TIOJIy3JIEMEHTOB Ha 3JIEKTPOAE C MEHBIIUM 3HaYeHUEM 3JIEKTPOJHOTO IMOTeHIHUANa
[TPOUCXOIUT ITPOLIECC OKUCIEHUA — 3JIEKTPOHEI IIEPEXOAAT BO BHEIIHIOW LEMNE. DTOT
SNIEKTPOX SABJIsieTcs anodom (cM. puc. 1.40 u Tab:. 1.14). Ha snekrpoae ¢ 661bIIuM
57EKTPOXHBIM MMOTEHHHUAJIOM WMIET ITPOLIECC BOCCTAHOBIEHMS, T. €. 3aXBaT 3JIEKTPO-
HOB U3 BHEIIHEH LIeTTU. DTOT 3JIEKTPOJ Ha3BIBAIOT Kamodom. MeXITy IoJyajieMeHTa-
MU 06513aTEJIBHO JOJDKEH HaXOMUTHCA COJIEBOM MOCTHK WM IIOPUCTASI ITEPETOPOAKA,
rosposisioniast AMGGyHIUPOBaTE AHHOHAM U CHIDKAIOWIAsS PasHOCTh ITOTEHLIMAIOB
MeXnRy aBymsi pacteopamu. KimaccuueckuM npumepoM MPOCTEMRINEro TaJibBaHWYe-
CKOTO 3/IEMEHTA SIBJISIETCS MEAHO-LIMHKOBHIN 371eMeHT Jdanuais.

IIpuHLMIT AefACTBUSA TI0O0TO XUMUYIECKOTO UCTOYHUKA TOKA OXUHAKOB, TIOCTIEN-
HHME OTJIMYAIOTCH JUINb paboyUM BeHmIECTBOM H, KOHEYHO, pabOYMMU XapaKTepH-
CTUKaMU: BBIXOAHBIM HAaIIPSDKEHUEM, €MKOCTbIO, BO3MOXHOCTRIO ITepe3apsakKu.
B Tab. 1.13 npeacraBiaeHb HEKOTOPBIE TUITHI XMMHYECKUX UCTOYHUKOB TOKA.

DaekTposm3. OKUCIUTETBHO-BOCCTAHOBUTEIBHBIE PEAKUMU B YEM-TO IPOTHUBO-
TTOJIOXKHEIE PEaKUMsIM, IIPOTEKAIOMIUM B raTbBaHUYeCKOM 3JIEMEHTE, ITPOUCXONSAT
pH 3JieKTponuse. Ecim K ajeKTpoaaM, MOMeleHHBIM B PacTBOP COJIU, HAIPUMED,
XJIOpHJa MeIu, NIPWIOXKUTH Pa3HOCTh MOTEHLUAIOB GOJIBIINYIO, YEM AAeT COOTBET-
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THILI XHMAYECKHX HCTOYHHKOB TOK2

Ta6nuua 1.13

Tun Tpouecchl, MpoNCXoasIMe Ha WIEKTPOAAX
UCTOYHHMKA IMpumeyanue
TOKA Anox (-) Karox (+)
Cyxoii Zn-2e — Zn* 2MnO, + 2NH{ + 2e-— |Ilepesapsiika HEBO3-
3JIEMEHT — MnyO; + 2NH; + H,O |moxHa, E =1,2—1,5B
CeunuoBBl |Pb + SO - 2~ — PbSO, |PbO; + 4H* + SO} + BosmoxHa nepesa-
aKKyMYJIsI- +2e”— PbSO, + 2H,0 |psanka, E=2B
TOp
DnemeHTH ¢ |Ag - e~ — Ag' Agt+1/,1,+ e — Agl | BosmoxHa nepesa-
HCIIO/Ib30Ba- psinka, E=1 B.
HHUEM TBEP- Heobxonum cootseT-
JBIX AIEKTPO- CTBYIOLLUI TBEPABIA
JIUTOB SNEKTPONIUT — Agr —
MPOBOIHHK
Tomnususie (H,-2e” — 2H* 2H* + 1,0, + 2¢" > Tlepesapsiika HEBO3-
3JIEMEHTBI - H,0 MOXHa.
Bo3MOXHBI KaK XHI-
K¥e, TaK M TBepIble
WTEKTPOTUTEI

CTBYIOILIMI raibBaHUYECKUI JIEMEHT, TO Ha KaTole OGylneT BHIEIATheS Melb, a Ha
aHole — ra3oo0pa3HHI XJTOp.

Inexmposu3 — OKUCIIATEIIBHO-BOCCTAHOBUTENIBHBIMN ITPOLIECC, TIPOMCXONSIIHI TIpU
TPOXOXIAEHHUH 3JIEKTPUYECKOIO TOKA Yepe3 PacTBOP MJIM pacIuiaB 3jiekTposinta. Ha
puc. 1.40 npuBeneHa cxeMa NMpocCTeiiileit 2IEKTPOJIMTUIECKOM TUSHKH, a e€ OCHOB-
HbIE€ XapaKTEpUCTUKHN — B Ta6j. 1.14.

B kauecTBe 371eKTposIfTa O6BIYHO UCIIOJIB3YIOT JIM60 pPacIuIaBhl, IM60 BOIHEIE
PACTBOPHI.

a 6

Puc. 1.40. CxeMbl 3IEKTPOXUMUYECKOH U SIEKTPOIUTHIECKON SueeK:

a — aneKTponuTUyecKas syeiika (BJC npukiianpiBaeTcs K sueilke U3BHE); 6 — NEKTPOXMMMYECKAs
ayeiika (OJIC BrpabaThBAacTCS UCTOYHUKOM TOKA)
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Ta6nuua 1.14

IIponeccrl, mpoucxoasmue Ha IJEKTPOAAX B rajibBAHAIECKOM 3JIeMEHTe
H B 3JIeKTPOJIUTHYECKO# Aueiike (k puc. 1.40)

XapakTepucTika DNEKTPONUTHYECKAA SAUeiKa TansBanunueckuit anement (BIC
3JIEKTpOJa (3ACnpuknagbiBaercs K sUeike) BbIpabaThIBAETCA MCTOUHUKOM TOKa)
Dnexrpoy, AHoJ Karon AHoOJ Karon
JHak 3J1eKTpOIa + - - +
Hanpaenenue |Bo BHEIIHIOW M3 BHelHe i '| Bo BHELITHIOKO M3 BHeurHe i
TIOTOKA Lelnb MU LeTb Henu
3IEKTPOHOB
IMonypeakuust | OxucnaeHune BoccranoBnenune |OxucieHue BoccranoBneHue
2CI- - 2e~ - C1) [Cu? + 2e- > Cu® |Zn - 2e~ — Zn* |Cu? + 2e- - Cu°

Inexmpoau3z pacniaea: B paciiiaBe 3JIEKTPOJIATA BEIIECTBO JUCCOLMUPYET Ha HOHHI,
HAIpUMeD, B paciblaBe XJIOpHAA HATPHS:

NaCl 2 Na’ + CI’
Ha sniekTponax npoucxonsT ceIyIomie PeaKIiu:
anon (+): 2CI" - 2e- —» CI3
karoz (-): Na* + e — Na°
CyMMapHas peakI[usi, TIPOXOSIIAS TIPH JIEKTPOIIH3E:

2NaCl(x.) KO HNa(x.) + Cly(r.)

Onexmpoau3 600nbix pacmeopos. TIpoiyKThl, BHIAEISIONTNECS Ha JIeKTPOLaX, 3a-
BHCSAT OT NIPUPONEI UOHOB, HAXONSIIHXCS B PacTBOpE.

BoccranapnuBaeMEIt Ha kamode NIPOMYKT OTIPENENIIETCS CTAHAPTHRIM 3JIeKTPO/I-
HBIM TIOTEHLMAJIOM METaUIa (€ro IOJIOXeHHEM B PSANY CTAHJAPTHBIX 3JIEKTPONHEBIX
TIOTEHIIUAIOB).

Li Rb K Ba Ca Na Mg Al | Mn Zn Cr Fe Co Pb H| Cu Hg Ag Pt Au

BoccranaBnuBaercs Tonbko  BoccraHaBiauBaeTCs BoccraHaBnmuBaercs
BOZIOPOJ, BOIBI METAUT ¥ YaCTUYHO TOJIBKO METaJlI
BOIIOPOJ, BOBI

IIpn BoCCTaHOBIIEHMHM BOmoOpona TpeGyeTcss HECKOJIBKO GOJIbllEe 3HEPrHM, YeM
TOM, YTO COOTBETCTBYET 3JIEKTPONHOMY MOTEHLMANTY (IIepeHAIIPSIKEHUE).

OxucIsIoneecs: Ha aHONIE BEIECTBO TAKXKE ONpeNeIsIeTcsl NIPWIOXEHHBIM Ha-
NPsDKEHHEM U 3JIEKTPONHBIM NOTEHIIMAJIOM COOTBETCTBYIOIIETO HOHA. 06H‘{HO Ha
I/IHepTHOM aHoze (Pt, C) oxucnsmorcss aHHOHH GecKucaoponHeix Kucior (CI,

, S mm KI/ICJIOPO,H BOIBI, €CJIM B PACTBOPE €CTh AHMOHB KHUCJIOPOLHBIX KI/ICJIOT
(NO3, SO o)L,

! TIpu omnpeeneHHbIX YCNOBUAX HA AHONE IPOMCXOIMT TAKXKE OKMCTEHME AHMOHOB, HAIIPUMED
obpa3oBaHue MEPXIOPAT-NOHA U3 XJIOpaTa, nepcyindara u3 ruapocyisdara.
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ITpu ucnosnw3oBanum pactopumoro aHona (Cu, Ag, Ni, Zn) uMeeT MecTo cle-
OYIOLHM TIpoIiecc:

A%anorn) — 2e~ — A¥(p.)

B 3aBHcUMOCTH OT IPHUPOIEI KATHOHA M AHHOHA Pa3/IMYaloT YEThIpe TUIA PACTBO-
POB, 1O pasHOMY BeAYILIMX ceOs npu aekTponwuse (Tabi. 1.15).

DJIEKTPOJIM3 IIHMPOKO HUCTIONB3YETCS IS MOAYYEHUS] MHOTMX NPOMBIIUIEHHBIX
nponykros. Hanbosnee pacripocTpaHeHHBIM CITOCOGOM ITPOM3BOACTBA AMIOMUHUSA SB-
JIIETCST SJIEKTPOJIN3 paciiaBa OKcHIa alioMuHus B kpuoimre (Na;AlFg). ®Top —
OIIMH U3 HauboJlee CUIIbHBIX OKHUCIINTENeN — TOJy4aloT UCKIIIOUMTENIBHO 3JIEKTPO-
JIM30M paciuiasa 6udTopuna kanvs. Hanbonee mpocToil MpOMBILUIEHHEBIH CrIoco6
TOMYyYEHMS 1EeJIoYe — SJIEKTPOJIN3 BONHOIO PacTBOPAa COOTBETCTBYIOIHX COMEH,

Kopposns. OnHUM U3 BeCbMa OLYTUMBIX ITPOSBIEHUI OKUCIINTEIbHO-BOCCTAHO-
BUTEJIBHBIX NIPOIIECCOB SABIAECTCS KOPPO3UA — HPOYECC OKUCACHUS Memdaiiog noo eau-
sHUem enewneli cpedbl. Yane Bcero OKHCIMTENEM B IIPOLIECCE KOPPO3UU SBISETCS
BJIXXHBIM BO3YX WM PACTBOPEHHEIN B Bole Kuciopon (puc. 1.41, a).

Kak Bunno u3 mmarpamm EF — pH (cM. puc. 1.38 u 1.39), Xesne30 crioco6HO
OKHCJISAIThCS KHCJIOPONOM B BOIHOH cpelle MpaKTU4eCKH MPH Jo6oM 3HayeHuu pH.
OcHoBHasl peakiysi MOXeT GBITh 3anMcaHa CJIEIYIOIIMM 06pa3oM:

4Fe + 30, + 2XH20 = 2(F6203' XHzo)

B citydae KOHTaKTa IBYX METAUIOB BO3HMKAET raibBAHUYECKas Napa, B KOTOPOit
GoJiee aKTUBHBIN METaJJI OKUCIISIETCS, @ BHICBOBOXAAIOIMECS IPU 3TOM 3JIEKTPOHH
NepexolsIT Ha MEHee aKTUBHBIM METaJL, Tlie IIPOHUCXOIHUT ITPOLIECC BOCCTAHOBJICHUS.
Hanpumep, ecim 1oTpoHYTBCS MeIHOM MTPOBOJIOKOM N0 IIMHKOBOI IUTACTHHKH, TTO-
MEIIEHHOM B PaCTBOP CEPHOU KHUCJIOTHI, CKOPOCTh PaCTBOPEHHS I[MHKA PE3KO YBeE-
JIMYUTCS, a ITy3BIPbKU BOJOPOIA OYAYT BHIAENATHECS Ha ITOBEPXHOCTH MEIU.

BTO ABNIEHUE NPUBOAUT K MEHBIIIEH KOPPO3UITHOM YCTOMYMBOCTH HEIOCTATOUHO
YUCTBIX METAJUIOB WM MECT KOHTAKTa JIByX pa3HBIX METAJIOB. BMecTe ¢ TeM, OHO

Ta6nuua 1.15

DneKTpoan3 cojieif ¢ pa3HbIM THIOM HOHOB

Ipouecc

Ipymep

Ipumeyanue

1. Pa3spsaxalorcs KaTuoH
Y aHHOH COJIH

CuCl, + (H,0) —» Cu+Cl,
Karoq (~); Cu?* + 2e- —» Cu®
anon (+): 2Cl- - 2e-— Cl,

KoHueHTpanus conu
yMeHbluaeTcst

2. Pa3psiKaloTcss KATHOH
COJIK U BOJIa

2CuSO, + H,0 - 2Cu + O, + H,SO,
karon(-): Cu* +2e- - Cu®
anon(+): 2H,0 - 4e- —» O,+4H*

HN3MeHsercst KauecT-
BEHHBIM COCTaB pacT-
BOpa

3. Paspsixalorcst aHHOH
COJIM ¥ BOJia

2NaCl + 2H,0 —» 2NaOH + Cl, + H
Karoz(-): 2H,0 + 2e- —» H, + 20H-
aHon(+): 2Cl- - 2e- - Cl,

2

H3MeHseTcs xaqecT-
BEHHBI COCTAaB pacT-
BOpa

4. Honrnl conu He paspsi-
XaroTcs

(Na,S0O,) +2H,0 - 2H, + O,
karon(-): 2H,0 +2e~ —» H, + 20H~
axon(+): 2H,0 - 4e- - O, + 4H+

Konuenrpamus conu
YBEJIMYMBAETCS
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HCIIONB3YETCS TIPU 3alUTE OT KOPPO3UU HEKO-
TOPBIX METAJUIOB ITyTEM HaHECEHUS Ha HUX CJIOS
Goree aKTHBHOTO MeTaJlTa (OLIMHKOBAaHHOE Xe-
ne3o, puc. 1.41, 6), BBemeHUS HEOOXOIMMBIX
KOMITOHEHTOB B CIUIaB (HepXaBeloulasl CTajib),
WITH TTyTEeM TIPUCOENMHEHUS] MAaCCHBHOTO aHOIa
M3 aKTUBHOIO METaJl/Ia, Jalle BCEro MarHust WiIx
LMHKa (TIPOTEKTOpHAs 3a1MTa, puc. 1.41, 6).

HApyruM crnocoGoM 3alllMTBl OT KOPPO3UHU
SIBIISIETCS MOKPBITHE HMOBEPXHOCTH MeTaja
IUIEHKOM BEINECTBA, TIPEMATCTBYIOIIEH MPOHUK-
HOBEHHUIO arPeCCUBHOM CpPelBbI.

Hexoroprle MeTayuibl, HalpuMep, allOMH-
HUH, UMEIOT €CTECTBEHHYIO 3aIHTy B BHIE
IUIEHKH OKCHIIa, OY€Hb IUVIOTHO MOKDPHIBAIOIEN
TIOBEPXHOCTH MeTaju1a. JUTa yBeIude IS TOJIIIH-
HBI IUICHKU U3IENTHS U3 aTIOMUHUSA HCIIOIb3Yy-
I0T B KayecTBe aHOIA (aHOIMPOBAHHBIN amio-
MUHU, puc. 1.41, 2).

IIpumep 1.13. Onpenennrte CTaHAAPTHOE 3HAaYe-
Hye BJIC UCTOYHMKA TOKA, NIPENCTABIAIOLIETO CO-
601 ranbBaHHYECKHU DIMEMEHT, COCTOSLIMHI K3
LMHKOBOTO M HHKEJIEBOrO IIONY3JIEMEHTOB, €C/IH
E°(Ni**/Ni) = -0,25, a E°(Zn*/Zn) = -0,76 B. Ka-
KH€E peaki[MM NIPOTEKAKT Ha anekrponax? Kakoit us
METAJIJIOB CIYXXMT aHOIOM?

Pewenue. CTaHIapTHBIN 3JIEKTPONHBIN ITOTEHIHM -
aJl uMHKa 6oJjiee OTpHIIATENeH, 3HAYUT MHK Oojiee
CWIBHBIII BOCCTAHOBMUTEND, H Ha IITHHKOBOM 3JIEKT-
pone 6yneT MpOXONUTb OKUCIEHHE: Zn — 2e~ — Zn?*,
IIMHKOBBIH 3NEKTPO] CIYXMT aHonoM (-). Huxenn,
KaK M€Hee CWIbHBIH BOCCTAHOBUTEND OY/IET BOCCTA-
HasiauBatbest: Ni%* + 2e~ — Ni. [TonHoe ypaBHeHHe
peaxiMu;

Zn + Ni* - Zn* + Ni

BJIC aneMeHTa paBeH:

H*, O, Fe2+ PxasuuHa
\/ \ (F6203 ° tz O)
7
Fe
FeZ+
Sn T
"MA
Fe
a
Zn Zn2+
MA
Fe
7

Puc. 1.41. Kopposus (a) u 3auuTa ot

KOppo3uH {6 — OILIMHKOBaHHOE Xe-

JIe30, ¢ — MPOTEKTOPHAS 3alllUTa, & —
aHOINPOBaHHbIA ATIOMHUHMI)

Espc = E°(Ni**/Ni) - E°(Zn*/Zn) = -0,25 — (~0,76) = 0,52 B.
CxeMaTHYECKH TAaKOH XMMHYECKHI MCTOYHUK TOKa 3aITMCHIBAIOT Tax:

(-)Zn(tB.) |Zn*(p.)|IN#**(p.)| Ni(18.) (+)

KonTposbasie BOMpocH

1.30. Bo3aMoOXHa 11 OKMC/TUTEIBHO-BOCCTAHOBHTENbHAS PEAKLINS:
2Fe” + 2Hg? = 2Fe** + Hg?'
eCln E°(Fe3+/Fe2*) =0,77 B, a E°(Hg2*/Hg22+ = 0,92 B. Paccunraiite A,G° 1 KOHCTaHTY

PABHOBECHS 3TOU pEaKIHH.
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1.31. Tlpy B3aMMOIENCTBUH ITEpMaHTaHATA Kausl ¢ 6pOMOBOIOPOIHOM KHCIIOTOH B pac-
TBOpE BO3MOXHA peaKIIus

2KMnO, + 16HBr = 2KBr + 2MnBr, + 5Br, + 8H,0

a) Mo NPHMBEAECHHBIM HMXE JAHHBIM ompenenure A,G°;

6) 3Hast, uto E°(Bry/Br-) = 1,087 B, onpenenure E°(MnO;/Mn*);

B) OLEHHTE, IIPY KAaKOM MAKCHMAIPHOM 3HaYeHWM pH TepMoOMHAMHYECKH BEPOSTHO
OKMCJIeHHe 6pOMUI-MOHA MMEPMaHraHATOM KaMsl. (AKTMBHOCTh BCEX KOMIIOHEHTOB, KpOMeE
H', paBHa 1.): :

MnO;(p.)  Br(p.) Mn> (p.) Br,(X.) H,0(x.)
ArHygg, KJIX/MoNB -543 -131 ~223 0 286
S598, Ax/(Momb - K) 191 83 =75 152 70
1.32. Ucnone3ys nuarpammer Jlatumepa (uis pH = 0):

0,%68, 1.0, L7310
H,10, 16Y 10, 1,053, |-
1,08

a) HalauTe Heu3BecTHOe 3HadeHue E:;

6) Onpenennre Hanbonee TEPMOLUHAMUYIECKH BEPOSATHBIE MPOAYKTH peakuuu H,0, +
+ I, — ... (OTBET MOATBEPANTE PACYETOM COOTBETCTBYIOLIMX 3HaYeHHUit E°);

B) Hanuiuure ypaBHeHUe peakiuu ¥ paccumraiite Uit Hee A.G°.

1.33. Beruucnure 3navenue E(MnO;, /Mn?), ecin [Mn*] = 0,0001 Monb/n; [MnO,] =
= 0,01 mons/n; pH = 2 (s pH = 0 BenuunHa E°(Mn04'/Mn2+) = 1,51 B).

1.34. Vicnione3yst NpUBENEHHYIO HiXe auarpammy Jlarumepa mis uona (pH =14), mo-
cTpoiite nuarpammy Ppocra:

110228 107213 1o- 0% 1, 0535, |-

a) Onpenenure, kaxkas 13 GopM HOJIAa HEYCTOWYMBA K JHCIPOINOPIIMOHMPOBAHUIO B LIE-
JIOYHOH cpelle; HAIIMLINTE YPaBHEHHE peaklMM U pacCUMTAiTe U1 Hee 3HaueHue E°.

6) Onpenenure, Kakoe COSAMHEHNE HONAa 0O6MANAeT HAUBONbLIEH OKHUCIUTENBHOM CIIO-
COBHOCTDIO, a KaKoe — HauboJiee yCTOWYHUBO B 1LENOYHO cpene.

1.35. Wicnionb3ys NMpUBEIEHHYIO HIXe auarpammy JlatuMepa s xobansra mpy pH = 0,
OIpENENINTE, KAKME M3 COENMHEHMIT KODaIbTa ABNSIOTCS HEYCTOMYMBBIMU 110 OTHOLUEHHIO K
pacTBOpUTENIO (BOIE):

1, ~0,20,

Co0, L4 » Co* 92; Co* > Co

1.36. Berumcnure 3nauenus [1P(Ag,Mo0,), MCHONB3ys CTAHNAPTHEIE MOTEHI[MANIBI
peakumi:

Ag,Mo00,(1B.) + 2¢ — 2Ag(tB.) + MoOZ (p.) E; =0,486B
Ag'(p.) + € > Ag(tB.) E; =0,799B
1.37. KaxkoBo 3HaueHue DJAC ralbBaHUYEcKOro 3JIeMEHTA
()Zn(18.) |Zn* (p.)||Cu® (p.)ICu(1B.) (+)

€CJIM KOHUEHTpPaMK HOHOB METAJIOB paBHBI 1 Monb/n? Kak Oyier U3MeHSThCs Halpsixke-
HHE II0 Mepe MCIIONb30BaHUA 6aTapen? Kaxoao2 COOTHOLLECHUE KOHILIEHTPAaUW UOHOB MeIH
U IIMHKA NpH Hanpskenuu 1,0 B, ecmu E°(Zn™"/Zn) = -0,763 B, E°(Cu?*/Cu) = 0,337B?
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1.38. ToyeMy Ha XeJe3HBI GONT He ClefyeT HABMHYMBATh MENHYIO raiiky? Ykaxute
MPOIYKTHl KOPPO3HHM, €CIM B KauecTBEe arpeCCUBHOM Cpeisl BLICTYIAeT: a) Boaa, 6) Boxa ¢
PACTBOPEHHBIM KUCIOPOIOM.

1.39. Ilpu oumcTKE MEOM METOIOM BIEKTPOIHOr0 pabHNPOBAHUA OUUILAEMBIH CIMTOK
UCIIONB3YIOT B KAuyecTBe aHOHa. B pesyipTaTe 3JIEKTPOIM3a Ha KaTOIE BRIIENACTCS YMCTas
Menb. ONMUILKUTE MPOLECCH, IIPOUCXOIsALINe Ha aHone U KaToze. IloueMy B 3TOM ciydae Ipo-
WCXOIUT OUYMCTKA OT NpuUMeceil MHKA U cepebpa? B kakMe BewecTBa NMpPeBPalialoTcsl 3TU
MpUMeECH IIpU 3MIeKTponu3e?

1.5. PABHOBECHSA B PACTBOPAX

1.5.1. OcHoBubIe NTOHATHS

CucTeMsl, COCTOAIINE U3 HECKOJIBKMX KOMIIOHEHTOB, B 3aBHCUMOCTH OT cTelle-
HHU ITUCTIEPCHOCTH (BETMUMHBI YACTHI]) MOAPAa3esioTCs HAa reTeporeHHble, MUK-
poreTeporeHHsIe ¥ roMoreHHble (puc. 1.42).

ITo arperaTHOMy COCTOSTHHIO PAaCcTBOPBI PA3AeiIsSIIOT Ha XUIKHE, TBEpIbIe U ra3o-
obpasHsble (puc. 1.43). HauGosee 3HaYUTENBHYIO POJIb B XUMUH U OCOGEHHO B GHOXH-
MUH UTPAIOT XUIKME pacTBOpHl. JKuakue cpelsl (pacTBOPHI M paciulaBbl) CO30Al0T
MHOTO NIPEUMYILIECTB JUIS OCYIIECTBIEHUS peaKIMit — UX COCTaBHBIE 9acTu (MoJe-
KYJIbl, MOHBI) MMEIOT BBICOKYIO AUPGDY3MOHHYIO NOIBIXKHOCTD U, B TO Xe BpeM,
pacTBOp 3aHUMAET OrpaHUYEHHBIH 00BEM, HAIIpUMED, 1O CPABHEHHIO C Ta30BBIMU
CMECSIMU.

B panmpHeilllieM MBI COCPENOTOYHM BHHMAaHUWE B OCHOBHOM HAa MCTHHHBIX, XHII-
KHX PacTBOpax, B KOTOPHIX PacTBOpUTEJNIEM sIBJIsseTCsl Boga. KoHeyHo, B 3aBUCHMO-
CTH OT NOCTABJIEHHBIX 3aa4 pacTBOPUTEJIEM MOTYT SIBJISTHCS U APYTU€ BEILECTBA.
Hanpumep, IIpH BEICOKHX TeMIIEpaTypax 4acTo IIPUMEHSIOTCS PaCTBOPEI B paciUiaBe.
Tak, npH NMPOU3BOICTBE ATIOMHHMSI OCYLIECTBISIIOT 3JIEKTPONM3 pacTBopa Al,O3 B
paciuiaBlienHoM Kpuonute Na;AlF;. MHOrne peakiiMOHHOCIIOCOGHBIE BEINECTBA CHH-
Te3UpPyIOT B HEBOAHBIX pacTBopax. Hekoroprie 6€3BOIHBIE TaIOreHUIB NOTYYAIOT B

T'oMoreHHbIE MUKpPOreTepPOreHHLIE TeTeporeHHbIE
| | | |
- _ . _ 3M€E
10-10 10° 108 10”7 Pasuep
YaCTKhU, M
HcTuHHBIE Koons: CycreHanHu,
PacTBODBI 3Mynbc]/lﬂ

Puc. 1.42. Kiaccudukaiyst [MCIIEpCHBIX CUCTEM II0 pa3MepaM YacTUIL

77



Tsepabie:
cruiasel (Mg-Al),

l'aszoo0pa3Hble:
B031yX (O2,N2,COAT)

Al CrO;
XKuakue
X.— TB. K—X X, —T.
H,0 — NadCl, H,0 — C,Hs(OH), H;0 — CO,,
H,0 — CpH» 0y, H,S0, — SO;, H,O0 — H,S,
CCly— 1 H,0 — H,S0, H,O — HCI

Puc. 1.43. Knaccudukauust pacTBOpoB

cpelle abCcOMIOTHOTO CIUPTA, a coenuHenus THna SgSbFy — B xunkoM SO,. OnHako
BoJA ABJISETCSA CAMBIM PACHPOCTPAHEHHBIM PACTBOPHUTEIEM.

Haunem ¢ o6cyXIeHHs cBOMCTB pPacTBOPOB, OMUCHIBaeMBIX ¢a30BBIMH PAaBHO-
BECUSIMH, BKIIIOYAS pACMEOPUMOCb, KoAAUamUGHble Cé0licmaa, a 3aTEM PacCMOT-
PHM TIPOLIECCH, TIPOXOISIIME B PACTBOPE B PE3YJIBTATE IAEKMPOIUMUHECKOL OUCCO-
yuayuu.

Ilycts B 6unHapHoit cucreme A— B (puc. 1.44) B — pacTBopuTelib, B OGBIYHEIX
YCJIOBHSIX XMAKOCTh, HalpHUMeEp, BoAa; A — PacTBOPEHHOE BEIECTBO, HAHMPHMED,
coib KCl. B 310# cHcTeEME CYIHECTBYET ABa BUIA NByX(ha3HBIX pABHOBECU, KOTOPHIE
Hac MHTEPECYIOT:

1) paBHoBecue A(TB.) 2 A(p.), YCIOBHUSI TaKOrO PaBHOBECHS HILTIOCTPHUPYET
T— x-guarpamma cucteMsl A— B;

Cucrema A—B

) By 1
Box) SB_i: ;i
1Y

—_— A(TB.) & pacTBOp

Aas)_| B(x)+A@-p) | —

P, T'=const P T

g KomnuraTusHeie
CBOMCTBa PacTBOPOB

A(TB.) + pacTBOp
A(1B.) +B (TB.)
B MONL% A A

/
A von.% B B B(tB.) + pacTtBOp

Puc. 1.44. CxemMa paBHOBECHIi, CYLIECTBYIOLIVMX B HACHIIIEHHOM BOJHOM PaCTBOPE COJH

78




2) pasuosecue B(p.) 2 B(r.), ycnosus storo E
PaBHOBECHY ONPENCIIAIOTCS P —x—ﬂﬂarpaMMOﬁ CH-~ A*(r.)+B(r.)
creMsl A—B.

CBolicTBa paCTBOPOB, KOTOpHIE Ha3bIBAIOT KOJ-
JIMTaTUBHBIMH, OOBIYHO OTHOCSTCS K OYeHb pas- U*
GaBJICHHBIM PACTBOPAM H B OCHOBHOM XapaKTepU3y-

for paBHoBecusa Tumna B(p.) 2 B(r.) u B(p.) 2 AHrunp(A")

- +

2 B(tB.). L AB(1B.) + H, O AHro(BY)
Koanueamuenbimu Ha3BIBAIOT TaKWe CBOUCTBA

pacTBOPOB, KOTOPHIE 3aBUCST TOJIBKO OT KOHIIEH-
TpaLMH PAacTBOPEHHEBIX YacTHI[, HO He OT UX CO-
crtaBa. K 5TUM cBOICTBaAM OTHOCATCA: 1) ITOHU- A*(p.)+B(p.)
JXKEHHE NaBJICHHUA Iapa Haja pacTBOPOM; 2) NMOHH-
XeHUe TeMITepaTypbl 3aMep3aHus; 3) ITOBHILIE-
HHe TEMIepaTyphl KUIEHUS; 4) ocMoTHueckoe FPHC. 1.45. DuTanbnuiiHas imarpam-
naritenue. Jlamee MBI GylieM paccCMaTpMBaTh ux B M2, WLUIIOCTpHPYIOLUas pacTBope-
IPUMEHEHNM K PAcTBODaM Helemy4ux BellecT,  HAC KPHCTALIMYECKHX BCLICCTR
T. €. JaBJIEHHE Napa KOTOPHIX HAI PACTBOPOM IIpe-

HeOGpexXuMo Mao.

Pacmeopumocmyio Ha3BIBAIOT CITOCODHOCTH NaHHOIO BEILUECTBA PACTBOPATHCS B
TOM WK MHOM pacTBopuTee. KonnuecTBEeHHO pacTBOPUMOCTD XapaKTEPU3YETCs KOH-
LIEHTpanuei HachIIEHHOro pacTBOPA IIPY OIpelleIeHHOM TeMIiepaType U JaBJICHUH.
Ha T— x-aparpaMMe pacTBOPMMOCT ONMCHIBAETCS JTIMHUEH TUKBITYyca (CM. puc. 1.44),
YTO COOTBETCTBYET paBHOBECHIO A (TB.) 2 A(p.). B coOTBeTCTBUM € 3aKOHAMHU Tep-
MmonuHaMuku (ypaBHeHms (1.32), (1.35)) pacTBOPHMOCTE ONPENE/ISAETCS BEIHIH-
HOI AG® pacTBOpEHUS:

AH, pacTs

AG;acm = AH;acrn - TAS;acm-

IIpu pacTBOPEHMM TBEDABIX BEIIECTB SHTPOIMS, KaK IIPaBUIO, YBEJIMYUBAETCS
(ASpacrs > 0), TaK Kak BO3pacTaeT HEYMIOPSAOYEHHOCTh CHCTeMBI. [IoaToMy Ha BETH-
YUHY U 3HAK AGpycrs, @ CIENOBATENFHO, M Ha BEJIMYMHY DPACTBOPHMOCTH B IIEJIOM
3HAYUTEIBHOE BIMSHHAE OKA3BIBAET M3MEHEHHME SHTATLITHH. I KPUCTAIUIMYECKUX
BeecTB A Hj, ., MOXHO WLTIOCTPHPOBATh SHTATBIMIHBIMY AMarpaMmamu (puc. 1.45).
Kax BuiHO U3 piCYHKa, AHj,crp 3aBUCHUT OT COOTHOIIIEHUSI BEJIMYMHBI SHEPIUHU KpPH-
cTa/uTdecKoit peiteTKH (U°) M OT CyMMBI SHTaIBITHIA THAPATAIMU MOHOB. YeM BHILIE
SHEPrusa KpUCTAUINYECKOM PEIIETKH M MEHBIIIE SHEPTHsl TUApATAINK, TeM GoJble
BeNINYUHA AHp,r, ¥, COOTBETCTBEHHO, A Gy,ory ¥ TEM HIDKE PACTBOPUMOCTD. 17151 MOH-
HBIX KpucTawios: U ~ 1/(r,+ r.) (cM. ioppasn. 4.3), a AHy,,, ~ (1/r,+ 1/r.). Marte-

Ta6numa 1.16

PacTBOPHMOCTb TraJI0TeHHIOR eN0IHbX MeTaoB (r na 100 r Boab)

Honsl Li Na K Rb Cs
F 0,3 4,1 95 300 565
Cl 78 36 34 91 186
I 165 179 144 152 78
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AG'aers,
KJIx/moB)
50
Cel, Brys Cy,, MOTB/N
MOJIB/J
0,02
0 0,2
0,01
-50 0.1}
R M Na*  K'Rb* Cs* 20 60 100
50 100 r(MY), nm T, °C
Puc. 1.46. 3aBicumocts sHepruu T'nb6ca pac- Puc. 1.47. Temneparypuasi 3aBHCHMOCTb
TBopeHUA (AGp,cr;) HEKOTOPBIX COJNEH 1we- PacTBOPMMOCTH TaJIOT€HOB B BOJE

JIOYHBIX METAJIJIOB OT paguyca MOHa

MaTHYeCKN MOXHO IOKa3aTh, YTO HAMMEHBINYIO PaCTBOPMMOCTb MMEIOT KPUCTAN-
JIBI, Y KOTOPBIX PafMyCH AaHMOHA U KaTHOHa Ou3Ku (r, ~ r_). Tak, cpelu rajJoreHu-
AOB IIEIOYHBIX METAJTIOB HAUMEHBLIIAS PAaCTBOPUMOCTD Habmonaercs: y hropuna TTHs
(cpemn GTOPUIOB), Yy XJIOPUIOB HATPUS M Kalus (Cpenu XJIOPHIOB) M y HOAUIA
uesus (cpeny noaunos) (Tabi. 1.16 u puc. 1.46). [I1a meiouHO3eMETbHBIX META/LIOB
U3 KapboHATOB HallMeHee PacTBOPUM KapGoOHAT KaJbI¥sl, a U3 CY/IbDATOB — CYJIb-
dat Gapus.

Ot™eTuM, 4TO B GOJNBLIMHCTBE CIyYaeB TIPU PACTBOPEHHM Ta3oB ASpeers < 0, a
AHgcry > 0. PacTBOPHMOCTD Ta30B OGBIYHO YMEHBILAETCS C YBEIMYEHUEM TeMIIepa-
TYPBL M TOHIDKeHUEM aBiieHys. Ha puc. 1.47 nipencTaBieHb! m3MEHEHHs pacTBOpH-
MocTH ranioreHos (Cly, Br,, I,) B Bone npu yBenmyennu Temneparypsi'. Kak BIIHO
U3 PUCYHKA, PaCTBOPHMOCTH ra3o06pa3HOro XJiopa yMEHbIUAETCS TIPH TTOBHILEHHM
TEMIIEPATYPHI, YTO XapakTEPHO AJI ra3oB. PacTBOPUMOCTEH KPUCTALIMYECKOrO HOIa
YBEJIMIUBAETCA C YBEIMYEHUEM TEMIIEPATYPhl — 3TO OOBACHAETCS SHAOTEPMUUHO-
CTBIO NMPONECCA PACTBOPECHUS U3-32 SHEPreTHIECKUX 3aTpaT Ha Pa3pyIEHHe KpIC-
TA/UTMYECKON PEIUETKH. PacTBOPMMOCTD XUIKoro 6poMa B BOe Malo 3aBHCHUT OT
TeMIepaTypsl. Ha pacTBOpUMOCTB pa3IMyHBIX BELIECTB CYIIECTBEHHOE BIMSAHIE OKa-
3bIBaeT NpUpozia pacTBopuTens. HenonsipHble BenecTsa Myyilie pacTBOPSIIOTCH B He-
TIOJIIPHBIX pacTBoputensix. Tak, pactBopumocts uona B CCl, B 85 pa3 Goublie, yem
B Boje. PacripeiesieHe pacTBOPEHHOrO Moa MEXIY JBYMs HECMEIIHUBAIOIIIMMIICS
PacTBOPHUTENISIMHU OIPENETISIETCS KOHCTAHTOM paBHOBECHS:

[I(CCl)]

L, (pom)] (1.50)

Ly(BomH.) 2 I,(CCly); K =

! TIpu pacTBOPEHHMY TrasiOreHOB B BOIE IPOUCXOMMT X YACTHYHOE IUCMIPOTIOPLIMOHUPOBAHMUE, Of-
HAKO KOHCTAHTAa PaBHOBECHs 3THX PEaKUMA HACTONBKO HE3HAMMTENbHA, YTO B HAHHOM CIIyYae STOT
MIPOLIECC HE YYUTHIBAETCH.
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OTa BeIWYMHA, Ha3plBaeMasi koagguyuenmom  1,°C
pacnpedenenus, He 3aBUCUT OT KOHITCHTPAIUH. 60 A
Ha 3ToM 0CHOBaH MeTOI 3KCTPAKIIHK, UCIIOJb-
3yeMBIH JUIsT pa3nesieHUs 1 OYUCTKHU BEIECTB.

K2Cr207(TB) + X,

IIpumep 1.14. JI1g9 OYMCTKM JUXpoMaTa Kaius C B
OT HE3HAYUTENIBHOTO KOJIMYECTBA cyNbdaTa Kaius
METOJIOM NEPEKPUCTALIU3ALMU GBUT IPUIOTOBIEH  _( ¢3
’

HachlueHHsIi mpu 60 °C pacreop K,Cr,0;, B 100 mn K2Cr;070hy + HyOm)
Bozbl. 3aTeM 3TOT pacTtBop oxyamwin no 0 °C. Pac- ;
tBOopuMOcTh K,Cr,0; ripu 60 °C paBHa 31,2 r, a nipu H,0 At

0°C — 4,43 r Ha 100 r pactBopa. Kakoe Makcu- mace.% K,Cr,0;

MaJIBHOE KOJIMYECTBO COJIM MOXHO IIOJTYYHTh B 3TOM
ciayyae? YKaxXuTe Ha cXeMaTwdecKod T—X-IHa-  Ppyc. 1.48. ®parmeHT T— X-AHArPaMMBI
rpamme K,Cr,0,—H,0 durypaTusHbIE TOYKH, OT- H,0—K,Cr,0; k npuMepy 1.14
BEYAIOL[WE HAYaTly ¥ KOHLY OIMCAHHOrO IpoLEC-

ca. Ha 4eM ocHOBaHO HCIIO/IB30BaHME METOMA Te-

PEKPUCTAIUIM3AIMH IS OUUCTKH BEIECTB OT PACTBOPHUMBIX IIpUMeCei?

Pewenue. Tlpn 60 °C B 100 r Bonsl pactBopstercst 31,2 100: 68,8 = 45,4 r K,Cr,0,. Ha
T—Xx-puarpaMMe HacCbIIIEHHBIH IIPH 3TOM TEMIIEpaType pacTBOpP COOTBETCTBYET TOYKE A,
JieXawen Ha TMHuY JiukBuayca (puc. 1.48). ITpu 0°C B 100 r Bozsl (ee KOMMYECTBO HEU3MEH -
HO) pacTBopeHo 4,43 - 100: 95,57 = 4,63 r nuxpomara xanus. CenoBaTelbHO, B 0CaIOK BhI-
niasio 40,8 r conu. IIpu 0 °C MbI UMeeM reTeporeHHyIo cMech (Touka B), conepxamyio K,Cr,0,
M HacBIIEHHBII pacTBOp (Touka C). OYHCTKA OT PAaCTBOPHMBIX MpHUMeEceil BO3MOXHA, TaK
KaK pacTBOP OCTA€TCSI HEHACHILEHHBIM 10 OTHOLUEHMIO K IIPUMECH, K OHA IOJTHOCTBIO OCTa-
€TCSl B PaCTBOPE.

1.5.2. KoanMraTupHble CBOMCTBA PACTBOPOB

PaccMOTpuM paBHOBecusl, cBsi3aHHBIE C (Ha30BBIMU MEPEXONAMU PAacTBOPUTENS
(Tym 2, cM. puc. 1.44):

B(p.) 2 B(r.) u B(p.) 2 B(1B.).

Ilonnkende naBienns napa. PaBHOoBecHoe NaBjeHMe Mapa Hal PaCTBOPOM oflpe-
nensieTcst 3akonom Payas:

DTO ypaBHEHHUE CIIPABEUTUBO JUIST UOEAAbHbIX pACME0opo8, T. €. PACTBOPOB, B KOTO-
PBIX HET MIPERTIOYTEHNS TIPH B3AMMOIEHCTBUM MEXIY YaCTHIIAMH PACTBOPHUTENS U
pacTBOpeHHOro BeiecTBa!. CTPOro roBopsi, HM ONMH PealbHbIH pacTBOP HE YIOB-
JIETBOPAET KPUTEPHUIO UIEATBHOCTH, ONHAKO C IOCTATOYHOU CTENEHBIO NOCTOBED-
HOCTH 3aKOH Payiiss MOXXHO NMPUMEHSTH K OYeHb pa36aBIeHHBEIM pacCTBOPaM.

Ha puc. 1.49, a uzobpaxeHa P— T-npuarpamMma BOIH, Ha KOTOPOH HaHECEHbBI
JIUHUM 3aBUCUMOCTH JaBIECHHS flapa BOIH Hall paCTBOPAaMH Pa3IMYHOM KOHIIEHTpa-

! Cwm. Taxxke nompasn. 1.3.3: Exs ~ Egg ~ Egp.
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PBHCUJ

A+ B

B x x A
Mon.% A

a 6

Puc. 1.49. P—T- (a) u T—x- (6) muarpammei, WiocTpupyomue 3akod Payns (T, T,
T, — Temneparypsl 3aMep3aHus; 7), T, — TeMIepaTypsl KUIIEHUS)

unH. MOXHO CKa3aTh, YTO 3TO NPOEKLMH JIMHUIA [1apa, T. €. 3aBUCHMOCTH Py =f(T),

— T—x-nmuarpaMMel cucteMbl A— B mwis x = const Ha IJIOCKOCTD, COOTBETCTBYIO-
LIYI0 YMCTOMY KOMIOHeHTY B. JInHuA O—A cOOTBETCTBYeT MABIEHUIO napa Haj
YUCTOH BOAOM, a JIMHUA O* —A* — maBleHUIo napa BOIBI Hall pPacTBOPOM C MOJIb-
HOU [10JIefi pACTBOPEHHBIX YACTHII, PABHOI! x;. CoracHo 3akoHy Payiisi, npu omHO#
Y TOH Xe TeMIepaType AaBJIeHHe Mapa Haj PacTBOPOM MeHbIIE Ha BEJIMUMHY AP,
ITpu yBesMYEHUY KOHUEHTPAIMH PACTBOPEHHOTO BEIECTRA (x; > x;) maBnmeHue po-
NOJIKAET NMOHMXKAThCA — JIMHUA O**— 4™ neXuT Hike duHuu 0* — A4*,

IloBbimenne TemMuepaTypsl KMIICHHA; IOHMKEHHE TeMuepaTypbl 3aMep3annsa. U3
rpaduxka (cM. puc. 1.49, a) Takxe BHIHO, 4TO TeMIlepaTypa KUIIeHUs! PaCTBOPA BhILIIE
TEMIIEPATYPBI KUIIEHUSA YUCTOTO pacTBOpuTens. IToq TeMnepaTypoil KumeHust mom-
PasyMEBaeTCs Ta TEMIIEPATypa, NPU KOTOPO#i IaBjleHUe HACKIILEHHOTO 11apa PaBHO
BHELIHEMY NaBieHuU10. [1o3ToMy OHa pasiuyHa: I YHCTOM BOAL — 3TO TeMIieparTy-
pa T,, a a1st pactBopa — 7.

Jl1st pa3baBiieHHBIX PACTBOPOB NP MOHIDKEHUU TEMIIEPATYPHI HIKE JIMHUY JIUK-
BHUAayca (puc. 1.49, 6) nepBbIM HaYMHAET KPHCTAUIM30BATHCS YHCTHIH pPacTBOpUTEND
(B maHHOM ciyyae Jex). DTO MPOMCXOONT TOIMA, KOTIA NABICHHE rnapa Hall pacTBO-
POM CTaHET paBHO HACBILEHHOMY Tapy Hamo JbpioM (JHus O— B). Temneparypa
Hadajla KpHCTAJUTU3AUNH JUIS PACTBOPA COCTABA X; COOTBETCTBYeT TemmepaType T, a
mnst cocTasa X, — Ty Ilpu yBenudyeHUN KOHUEHTPAIMH PACTBOPEHHOTO BEIECTBA
TEMIIEpATypa 3aMep3aHMs YMEHBIIAETCH, YTO XOPOLIO BHAHO KaK Ha 7 — X-mua-
rpaMMe (cM. puc. 1.49, 6), Tak u Ha P— T-guarpamme (puc. 1.49, a).

Taxum o6pa3oM, noseuuenue memnepamype: Kunenus PacTBOpA U NOHUNCEHUE meM-
hepamypbl 3amep3anus 110 CPABHEHMIO C YUCTBHIM PACTBOPHTEJIEM, SIBIISIETCS CJIE[-
CTBHEM 3aKOHa Payisi. MateMaTH4ecKH 3TH U3MEHEHHUS TEMIIEPATYPHl MOXHO pac-
CYHTATDh MO PopMyIIaM

AT = Kmmi; (1.52)
ATom = Em, (1.53)
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[1Ie M — MOASAbHAA KOHLICHTpAIUS PACTBOPEHHOTrO BelllecTBa (KOJIMYECTBO MoJeit
storo BemectBa B 1000 r pactBoputess); K — KpHOCKONWYecKasds KOHCTaHTa; E —
56yuocKonmYeckas KoHCTaHTa. Kprockomuueckast ¥ 30y IMOCKOITYecKast KOHCTAHTHI
XapaKTepU3yI0T PACTBOPUTEJIb U He 3aBUCAT OT IIPUPOIbI PACTBOPEHHOTO BEIECTBA.
B Ta6i. 1.17 npuBeneHbl KOHCTAHTHI U1 HANG0JIee YaCTO UCHONb3YEMBIX pACTBOPH-
TeJei.

Taobnuua 1.17

Kprockonnyeckne u 30y1MOCKONHYECKME KOHCTAHTH HEKOTOPHIX PaCTBOPHTEEH

PacTBOpHTENH Tom» °C E T °C K
Boxa, H,0 100 0,52 0 1,86
benson, CgHg 80,1 2,53 5,5 5,12
Xnopodopm, CHCl, 61,7 3,63 -63,5 4,70
Cepoyrnepon, CS, 46,2 2,34 -111,5 3,83
Tetpaxmopun yrnepona, CCly 76,5 5,03 =23 30

Tepmonunamuyeckwmii BoBoJ 3aKkona Payns. BenuuuHy NOHIDXEHUA JaBJIcHUA NTapa
pacTBopUTensl Hag pacTBopoM (popmyna (1.51)) MOXHO pacCUMTATh U3 YpaBHEHHUS

AG = Gy(p.) - Gg(r) = 0,
BBIPAXKAIOWIETO YCIOBUE paBHOBecus B(p.) & B(r.).

Y4uThBast, 4o Gg(r.) = Gg(r) + RT In pg, a Gz(p.) = Gy(x.) + RT In xg, MOXHO T0-
NYYHUTD:

Gp(r.) - Gy(x.) = RT In p, - RT In xp.
Tax xax 1s1 yucToro pactsoputens (cM. roapasn. 1.3.2)
AG® = Gj(r)- G3(x.) = RT In pj,
rae p° — JaBjeHUe Mapa YUCTOIo PACTBOPUTENS NMPH JaHHOU TeMmepaTtype, HojydyaeM:
RTInpg — RTInxg = RTInp3.

3aMeHUB xp = 1 — X, IIe X, — MOJIbHAS A0S PACTBOPEHHOTO BEWECTBA, NPeNblIyILEee
BBHIpaXeHHe npeobpasyeTcs B

RTIn(pg/pp) = RTIn(1 - x,).
CrnemoBaTenbHO, pg/pp = | — xo WK (pg — pp)/Ph = Xa, 2 3T0 U ecTb popmyna (1.51).

OcmoTnyeckoe AaBienne. Eie 0MHUM KOJUTMTaTUBHEIM CBOMCTBOM pacTBOpA SAB-
JISIETCSL OCMOTHYECKOE NMaBlIeHHe. DTO CBOWCTBO TPYIHO WITIOCTPUPOBATh (a30BOii
JuarpaMMoi, HO OHO TaKXe CBSI3aHO C YCIIOBHEM DAaBHOBECHS MEXIY YMUCTHIM pac-
TBOPUTEJIEM M pacTBOpoM. Ecim B cocyn ¢ pacTBOpHTEJIEM BHECTH €MKOCTh C pac-
TBOPOM, OT/EJIEHHBIM OT YMCTOrO PACTBOPUTENS MOJIYIIPOHUIIAEMOI MIEPETOPOAKOMN
(HenmpoHMLIAEMOMN ISt MOJIEKYJl PACTBOPEHHOrO BEIEeCTBAa M MPOHMIAEMON JIUIIbL
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IUTSL MOJIEKYJT PacTBOPHUTENS), TO M3-3a
Pa3HOCTH MOJLHBIX 3Hepruit [n66ca (xu-
MHUYECKHUX MOTEHITHANIOB) PacTBOPUTEIS
B 3THX COCyJax:

Gy(p.) < Gp(x.) (1.54)

MOJIEKYJIBI pacTBOPUTENS OYAYT Iepexo-
OuTh B pactBop (puc. 1.50). Do siBneHne
HasplBaeTcHd ocmocom. OCMOC MOXHO I10-

[oTox
PACTBODHTENS JaBUThL, €CIM CO3OaTh B COCyme C pac-
a 6 TBOPOM M36BITOYHOE MaB/ieHUe (Ha PUCYH-

Ke — 3TO JaBlieHne cTonba pacrsopa h).
Bennuuna pgapiieHUsT, KOTOPYIO Hamo
a — Hayayo 3KcllepuMeHTa; I — moynpoHuuae- CO31aTh, YTOOLI NpenoTBPaTUTh IIHQ)Q)Y'

Masg MeMOpaHa; 2 — Bola; 3 — KOHHEHTPUPOBaH-
HBIl pacTBOp; 6 — KOHEl JKCIlepUMeHTa; h — 3MI0 PaCTBOPUTE/IS HEPE3 MOJTYTpOHMIA-

BHICOTA CTONGA XMAKOCTH, COOTBeTCTByiolero CMYIO MEPETOPONKY, HA3BIBAIOT OCMOTH-
OCMOTHUYECKOMY JaBJIEHHIO YeCKNM HaBleHUEM (7).

TIpu ManeIx KOHUEHTPAIUIX PacTBO-
PEHHOTO BEILECTBA, T.€. B YCIOBUAX, OJU3KUX K WACAILHBIM PAacTBOpPaM, OCMOTHU-
YyecKoe fmaBjieHue ompenensercs ypaerenuem Banm-Togga:

n = CRT, (1.55)

rme C — MOIbHAs KOHIIEHTpallMsl paCTBOPEHHOTO BelecTBa; R — YHUBepcalbHAA
rasoBas IocTossHHas; T — TeMmeparypa.

ApjleHNEe ocMOCca UIpaeT HUCKIIOUUTENBHO BaXXHYIO PONb B XHU3HENEATeIbHOCTH
Pa3THYHBEIX GUOTOTMYECKNX OOBEKTOB, TaK KaK CTEHKM KJIETOK SIBIISIOTCH KaK pas

Puc. 1.50. OnsIT, WUTIOCTPUPYIOLIMI OCMOC:

OnpeaeneHne MOJEKYIAPHBIX MACC HEJETYYHX BEINECTB HA OCHOBE KOJUIMTATHBHBIX
cBoiicTB. TTOCKOJIbKY KOJ/UIMTaTHBHBIE CBOMCTBAa pACTBOPOB HE 3aBUCAT OT NMPHPOIBI
pacTBOPEHHOTO BEWIECTBA, S0YIHOCKONHIO (OIpEAe/IeHHE TEMIIEPATyPhl KUITCHUS pa-
CTBOPOB), KDHOCKONUIO (ONpeeieHHe TeMIepaTyphbl 3aMeP3aHusi paCTBOPOB), OCMO-
TUUECKOe AAaBJICHUE U AaBIeHHe HaChIIEHHOTO Mapa pacTBOPUTENS MOXHO MCHOJb-
30BaThb AJIS1 ONIPENETeHHsT MOJIEKY/ISIPHBIX MacC pa3IMYHbIX BEWECTB. PaCCMOTpHM BO3-
MOXHOCTH 3TOTO MeTola Ha MpumMepe Kpuockonuu. Hanpumep, U3BECTHO, YTO pac-
tBOp 0,1155 r 6esoro pocdopa B 19,03 r Gersona 3amepaaer npu 5,15 °C. [lna yucroro
6ensona T, = 5,4°C, a K = 5,1. Ha ocHOBaHHHM 3THUX JaHHBIX MOXHO ONpEIEIUTh
cocTaB Mosekyibl Gestoro docdopa. Vcnonnsys gopmyny (1.52) u onpeneneHue Mo-
JISUIBHOCTH PACTBOPA, MOXHO ITOJIYYUTh CJIEYIONIEE BhIPAXEHHUE!

AT, = K(1000- a)/(M- b),

rne K — KpHOCKOMUYeCKas IMOCTOAHHAS; @ — Macca paCTBOPEHHOIO BEWIECTBA; b —
Macca pacTBOpUTENs; M — MoJsipHasi Macca paCTBOPEHHOTO BEHIECTBA.
IToncrapisisa faHHbIE SKCHEpUMEHTA B 3Ty QopMyily, MOIyYUM:

5,4 -5,15=5,1(1000- 0,1155)/(M - 19,03)

CrenoBaTenbHo, M — MoysipHas Macca Genoro dochopa pasHa 123,8 r-monb. Ilo-
CKOJIbKY aToMHas Macca ¢ocdopa pasHa 30,9, To Monekyna 6enoro gocdopa umeer
cocrasB P,.




TMOJIyITPOHHUIIaEMBIME TIeperopoakaMu. B HeopraHMyeckoil XMMUK IIPUMEPOM OCMOca
MOXET CIYXHUTEH (GOPMUPOBAHUE «HEOPTAaHMYECKOTro cajfa» NpH BHECEHWH KPUCTaN-
JIOB COJIel MepeXOqHbIX METAJIOB B PacTBOP CHJIMKATa HAaTpHs, rae obpa3oBaBlias-
cq B HayaJie IpOIecca KopKa TMAPOKCHIOB U CHIMKATOB CIYXWT ITOMYIIPOHUIIAe-
MO MeMOpaHOi.

Bce npuBeneHHbIE BhIlIe 3aKOHBI, KaK yXe ITOJYePKIBaIOCh, CIIPaBeATNBbI TOJIBKO
IDIST AACATIBHBIX pacTBOpoB. OOHAKO UX MOXHO MCIOIB30BaTh U UL peallbHBIX pac-
TBOPOB, BBels IOIMPaBKy Ha HEWIEAJIbHOCTb. DTa IOINpaBKa HA3BIBACTCS W30MOHU-
yeckum ko3gguyuenmom (i) U paBHA OTHOLIEHUIO peaJIbHO HabogaeMoi BeJIyu-
Hbl TOTO WIKX UHOTO CBOMCTBA K pacCYUTAHHON IIPU YCIIOBUU WAEATLHOCTH pacTBOpaA:

7I:pea.n/ﬂ:u.u = AT3aM. pea.n/A TaaM. = ATKHH. pea.n/A TKMH. wr = APpea.n/APm.I =1 (156)

DTO OTKJIOHEHME MOXET OBITH BEI3BAHO KaK B3aHMOIEHCTBUEM YACTUIL B pacTBO-
pe, TaK ¥ pacrnagoM pacTBOPEHHOTO BelllecTBa Ha MOHBL. TO, YTO U1 MHOTHX pac-
TBOPOB 3JIEKTPOJIMTOB BEJIMYUHA [ > 1, ABASETCA NMPAMBIM N0Ka3aTeJIbCTBOM 3JIEKT-
POJIUTUYECKON OUCCOIAAIIMU.

Ilpamep 1.15. OnpenenuTe, B KakoM ofbeMe BOAB! CIELYET PaCTBOPUTb 1 MoJib caxapa,
4To6bI NOJIYYUTh PACTBOP, U30TOHUYHBIHM 0,1 M pacTBOpY XJ10pHIa HATPUS, KaXylascs Cre-
MeHb JUCCOLMAUUU KoToporo pasHa 0,9.

Pewenue. U30TOHHYHOCTb PACTBOPOB O3HAYAET, YTO OHU UMEIOT OAMHAKOBhIE OCMOTHYE-
CKHe JaBjIeHUS, OTUHAKOBOE MOHIDKEHKE NAaBJIeHUs] Napa HaJ pacTBOPOM U JpYTUe KOJUIMIa-
TUBHbIe cBoicTBa. [t 0,1 M pactBopa NaCl ocMOTHYECKOE TaBIeHUE MOXHO ONIPEAEIUTD HO
dopmyne n; = iC;RT, a wia caxapa — no ¢opMyre m; = C,RT. CiaexposartenbHo, PacTBOPH
H30TOHUYHBMI (1, = T,), ecnu iC, = C,. ISt 3/IeKTPOJINTA, Pacragalouerocss Ha 2 uoHa, i=1+a
(ypasHeHue (1.59)), 1 B gaHHOM ciyyae i = 1,9, KoHueHTpauus caxapa JonXHa GbITh paBHA
0,19 Moub/i. BTO BO3MOXHO, €CJIM | MOJIb PacTBOpPeH B 5,26 JI BOmbl (IIPH ILUIOTHOCTH Pac-
TBOpa, paBHOU 1 /™).

-1.5.3. DnekTposMTHIECKAN THCCOLHALMSA

o cux mop mpu o6CYXIEHUN CBOMCTB PACTBOPOB MBI He 00palllaii BHUMaHUS
Ha IPOIECCHI, KOTOPBIE IMPOUCXOASIT C BElIECTBOM IIPU €ro pacTBOPEHUH, a Orpa-
HUYUBANIMCH JIMIIb KOHCTATAI[HEH TOTO, YTO B PACTBOPE €CTh HEKOTOPLIE abCTpaKT-
HHE «4acTHULb». B 1eMICTBUTENbHOCTH, IIPU PACTBOPEHUU MOJIEKYJIBI PAaCTBOPUTENS
B3aMMOJEICTBYIOT ¢ MOJIEKYJIaMH PacTBOPeHHOTO BellecTBa, 06pa3ys COJIbLBATHI
B yacTHOCTH, IIpY PacTBOPEHHH MOTYT 06pa30BbIBaThCcsl MOHBL. HarnpuMep, npu pa-
CTBOPEHHH TIOX [EHCTBUEM pacTBOpuTess (Bombl) MoHBI Na™ u CI, cyluecTBOBaB-
e B HoHHOM KpucTtayte NaCl, rmepexomaT B pacTBOP B BUIE COJIbBATHPOBAHHBIX
(TMIpaTHpPOBAaHHBEIX) MOHOB, KOTopble 0603HayaT Na'(p.) u CI'(p.). Takxe HOHBI
06pa3yioTcs 3a CYeT B3aUMOJEHCTBUS MOJIEKYJ PACTBOPEHHOTO BEIECTBA U PACTBO-
purens. Hanmpumep, nipu pactBopeHur HCl B Boage o6pa3yroTcsi THAPATHUPOBAHHbIE
uonsl H;0%(p.) u CI (p.).

YacTHYHEBINA WIK MOJHBIM pacal pacTBOPEHHOIO BEIIECTBA HA MOHEI B pe3yJibTa-
Te B3aMMOAEHCTBIA C PACTBOPHUTEIIEM HA3BIBAIOT 94eKMPOAUMUYecKol Ouccoyuayuen.

OnHOoit 13 OCHOBHBIX XapaKTePUCTHK 3JIeKTpOJIUTHYECKO THCCOIMAIINHU SIBIISTET-
cs1 cmenenb duccoyuayuu (o), KOTOpast paBHa OTHOUIEHWIO YMCJIa paclaBlIMXCS HA
HOHBI MOJIEKYJI K OOIIeMY KOJIMYECTBY MOJIEKYJ PAaCTBOPEHHOIO BELECTBA.

CreneHb AUCCOMAIMA 3aBUCHT: a) OT INPHUPOABI PACTBOPEHHOrO BELLECTBA,
0) mpuUpoAbl PacTBOPUTENS (Er0 AUIIEKTPUYECKON NMPOHUIAEMOCTH U IOJSIPHO-
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CTH); B) KOHIEHTpAMX pacTBopa (4eM MEHbLIEe KOHIEHTpalus, TeM OOJblie CcTe-
MeHb OUCCOLMALIMN); T) TeMIlepaTypHl; 1) HaIU4Ms OMHOMMEeHHOro uoxna. Harpu-
MED, UI YKCYCHOM KMCIIOTH

CH,COOH 2 CH,COO™ + H*

npu gobapieHnu aneTaT-uoHOB (CH3;COO™) nonoxeHue paBHOBECUS CMENIAETCH
BJIEBO, B CTOPOHY 0Opa30BaHMUsA HeOUCCOMUPOBAHHEIX MoseKya CH;COOH.

ITockosbKy mpouece 3JEKTPOIUTUYECKOH AUCCOUMAalMU 06paTUM, B PacTBOpe
yCcTaHaBJIUBAETCS PABHOBECHE!

AB(p.) 2 A'(p.) + B (p.)

Ero xapaxTepu3yioT KOHCTaHTON paBHOBEeCHs, HA3bIBAEMOW B JAHHOM cllydyae
Koncmarmou duccoyuayuu K, :

K = Koo = 28 % _ exp(— AGr ) (1.57)
aaB RT '

TTo creneHu mUCCOLMALMH JIEKTPOIUTH MOAPA3NE/SIOT HA CUIIBHEBIE U clabkie.
Caabbimu CUATAIOT 3JIEKTPOJIUTH, KOTOPHIE NPpU KOHUEHTpauun okono 0,1M uMmeror
o < 0,03. Cuabubie SICKTPOJUTHI HOYTH MTOJTHOCTBIO TUCCONMUPYIOT HA MOHBI, ISl
HUX o > 0,3. OqHAKO OTIMYUSA CHJIBHBIX U CJIAGBIX 3JIEKTPOJIMTOB MPOSBISAIOTCS He
TOJIBKO B 3TOM.

Cna0bie 21eKTpoanuThI. B pacTBopax cnabhiX 3MeKTPOIUTOB KPOME HOHOB IIPUCYT-
CTBYIOT TaKX€ U HEAUCCOLUMPOBAHHLIE MOJIEKYJbl. 1TO3TOMY, B OTIIMYME OT CHUJIb-
HBIX 3JIEKTPOJIMTOB, IS HUX MOXHO ONpPENEUTh KOHCTAHTy OMCCOUMALMU, KOTO-
pasi, KaKk U3BECTHO, B OTVIMYHE OT CTelleHU MUCCOIIMAIMU, He 3aBUCHT OT KOHIEH-~
Tpamyu U ABJISIETCH IIABHOM XapaKTepHUCTUKON OTHOCUTEILHOM CHIIBI WUIH CTA00CTH
3IeKTponuTa. st cinabbix a1eKTpoiauToB Ky y,q. < 10™. Crenensp auccounanuu (o) u
KOHCTaHTa paBHOBecUS (Ky,c.) I 3JEKTPOIUTOB, paclaJaiolllixcs Ha ABa MOHA,
CBSI3aHBI COOTHOIIE HHEM:

Kipee = Co?/(1 - o), (1.58)

rae C — obmas KOHIEeHTpauus ajieKTpoiuTa (Mos/i). s pa3GaBie HHBIX pacTBO-
POB cJabBIX 3JIEKTPOJIUTOB MOXHO C HOCTAaTOYHON TOYHOCTBIO MOJIb30BAThCS KOH-
LEeHTPaLUsIMH, & He aKTHBHOCTSIMH.

OKcnepUMeHTAILHO CTeleHb JUCCOIIHAIIMY JIerde BCero OIpeaeIuTh AByMSI CIIOo-
cobamu:

1) no 3Ha4YeHUIO U30TOHUYECKOTO KO3 PUIMEHTA i, IIPH YCIOBHH, YTO OTKJIO-
HEHUE OT UIEeAUTBHOCTH CBI3aHO TOJBKO ¢ nucconuanueil. Eciu Monekyna snekTpo-
JIUTA pacrajgaeTcs Ha # HOHOB, TO NpHU 061eit KoHueHTpauun C KOJIMYECTBO YaCTHI]
B pactBOpe 6yneT paBHO (1 —a)C + noC, a H30TOHHUYECKUH KO3PPUIHEHT MOXHO
MOJIYYUTh, pa3neiiuB 3Ty BeJMuuHy Ha C. Otcrona:

a=((-1)/(n-1) (1.59)

2) o MOJISIpHOY (MM SKBUBAIEHTHON) 3JIEKTPONPOBOTHOCTU A. CTeNeHb QUCCO-
IUALMU paBHA OTHOLIEHWIO MOJISIDHOM 3JIEKTPONPOBOIHOCTH TIPU JAHHON KOHIIEHT-
paMy K MOJISIPHOM 3JIEKTPONPOBOTHOCTA OECKOHEYHO pa30aBICHHOTO PACTBOPA A,

=2/ Ay (1.60)
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Puc. 1.51. 3aBUCUMOCTD MOJISIDHOM 3JIEKTPOMPOBOIHOCTH OT KOHLUEHTPAITMM PACTBOPOB TSI
cnabuix (1) U CIbHBEIX (2) IEKTPOIUTOB

3aBUCHUMOCTh MOJIbHOM 3JIeKTPONIPOBOAHOCTH OT KOHIEHTpanuu (puc. 1.51) un-
JIIOCTPHUPYET BAXKHOE OTIIMYHE CHIBHBIX JIEKTPOJIUTOB OT ¢1abniX. Tak, OpH HU3KHX
KOHUEHTPALIMSX MOJBIPHAsA NPOBOIMMOCTE CHIBHBIX 3JIEKTPOIMTOB HPONOPLMOHAILHA
KBaJIpaTHOMY KODHIO M3 KOHUEHTPAIIMM U BHIpAXaeTcs SMIMPUYECKUM YpaBHEHH-
eMm KoJbspayuia:

A=A, —ANC. (1.61)

Crabble 3/1eKTPOJIUTHI He TTOMYMHSIOTCS 3TOMY YPaBHEHMIO.

CunbHble 31eKTPOIMTBI. PacTBOPHI CHILHBIX 3JIEKTPOJIMTOB He CONEpXKAT HeIuC-
COLIMHUPOBAHHEIX MOJIEKYJI, a MIPOIECCHI aCCOIMALINY TIPUBOAAT K 06pa30BaHMIO THI-
PaTAPOBAHHBIX MOHOB M MOHHEIX Nap, TIO3TOMY IIOHATHE KOHCTAHTALI JUCCOAAIUN
K 3THM pacTBOpaM He NpuMeHUMO. OgHAKO pacyeT CTeNeHW JUCCOUMALIMY 110 MO-
JISPHOW 3JIEKTPONPOBOIHOCTH WIM KOJUIMTATMBHEIM CBOMCTBAM IIOKA3BIBAET, 4TO
a < 1. OTa BeJIMYMHA HA3BIBACTCS KANCYUelicss cmenenbio duccoyuayuu (). Ipuan-
Ha ee OTJIMYHA OT eAMHMUBI CBA3aHA C JOCTATOYHO CHILHBLIM KYJIOHOBCKHM B3aUMO-
NEACTBMEM KaK MOHOB C PAacTBOPHUTEJIEM, TaK M MOHHBIX Iap MeXIy coBOif, 4To
MPUBOINT K 3aMETHOMY TOPMOXEHHIO OABUXEHMSI HOHOB B 3JIEKTPUYECKOM MOJIE.

N3-3a cWIbHOTO B3aMMO/IEICTBUS MOHOB B PAacTBOPE MPH TEPMOANHAMUYECKOM OITH-
CaHWX CHCTEMbI BMECTO KOHLIEHTPALMI HEOOXOIMMO TTONBb30BAThCA akmugHocmamu (a):

a=yC, (1.62)

rae y — KO3G@HUUMEHT aKTUBHOCTH — Mepa Pas3jinyMs peaIbHOTO M WAEATLHOTO
PacTBOpOB, T.€. B3auMoneicreua yactuu B pacteope. (Ilppy C -5 0,y > 1, a —» C)
Koadh¢uumeHT akTHBHOCTH TeM GoJiblile, YeM 60JIblile HOHOB B PACTBOPE, TIO3TOMY
OH 3aBHUCHT OT BEJIMYMHBI, Ha3bIBAEMOM uonnoil cunoli pacmeopa (I):

I=), 20, (1.63)

rne C — KOHIEHTpauust; 7 — 3apsii BCeX MOHOB B PAaCTBODE.
CornacHo TeopuM pa3baBleHHBIX pacTBOpoB Je6as — XioKKeas Ko3PUIHeHT
AKTMBHOCTH CBSI3aH C MOHHOIN CWIOW ypaBHEHHEM:

~lgy=Az* VI, (1.64)
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Tabauua 1.18

IIpameps! CHABHBIX B cHaGbIX MEKTPOAATOB B BOAHBIX PACTBOPAX

DNEeKTPOTUTHI CutbHEIE Cnabbie
Kuciotsr HCI, HBr, HI, HNO,, HCIO,, H,S, HCN, HNO,, H,SO;, HCIO,
H,S0, H,CO; u opraHuyeckue KUCIOTH

OcHoBaHUs KOH, NaOH, Ca(OH),, Ba(OH), |pacrBopumsbic: NH;, aMUHBI;
: HEPACTBOPUMBIE: OOIBUIMHCTBO
THAPOKCHIOB MeTayuioB (Al(OH);,

Zn(OH),)
Comnu NaCl, Ca(NO;), — HouTtH BCe HgCl,; XoMIUTEKCHEIE HOHBI,
COJIM, B TOM YHCIE U KOMIUTeKC-  |Hampumep: [Cu(NH;),]* 2Cu? +
uele: [Cu(NH,),]SO, & +4NH,
2 (Cu(NH,)]* + SO
OcHoBHBIE Kaxyiasics creneds guccouma- CreneHb nUcconauuu (o),
XapaKTePUCTUKU | LUHU (O, ), AKTHBHOCTE (@), KOHCTaHTa AuccouMauui ( Kyee),
k03(hPULMEeHT aKTUBHOCTH (Y), koHueHTpauus (C), npu GOIBILKMX
HOHHaA cuia pacteopa (/) KOHUEHTPaUMsiX — aKTUBHOCTb (4)

rae A — K03 PULMEHT, XapaKTepU3YIOIIUHA pacTBOPUTENDb (st Boxbl A = 0,5 npu
298 K).

Tax, nanpumep, ms 0,01M pactsopa NaCl uonHast cuna pacTeopa pasua 0,01,
KO3(p(PUIMEHT aKTUBHOCTH y = 0,89, a nipu Gosblieit KoHneHTpanuu NaCl cTeneHb
B3auMozecTeusa ypeauuutes 1 B 0,1M pactsope y = 0,69.

B Ta6:1. 1.18 npuBeaeHsI NPUMEPH CHIIBHBIX U CJIAGBIX 3JIEKTPOJIUTOB B BOAHBIX
pacTBOpax U OCHOBHBIE IapaMeTPhl, KOTOPHIE XapaKTepU3yIOT TaKhe PacTBOPHIL.

IIponssenenne pacrsopuMocTd. OnuuM U3 crerMUIecKUX PaBHOBECHIN, KOTO-
pble BO3MOXHBI B BOOHBIX PACTBOpPAX, SIBJSIETCS paBHOBECHE TBEPHOOrO IUTOXO pac-
TBOPUMOTO BEIIECTBA, KOTOPOE MNPU PACTBOPEHHH 00pa3yeT HOHBL, T.€. SBIISIETCH
CHJIBHBIM 3JIEKTPOJIUTOM.

PaBHOBecHe B HACHIILIEHHOM PacTBOPE MalIOpPacTBOPUMOTIO CHJIBHOTO 3JIEKTPO-
JIATA MOXHO 3alMcaTh CIeAYIOINUM 06pa3oM:

AB(1B.) 2 A'(p.) + B (p.).
KowncranTa 31010 paBHOBECUS Ha3BIBAETCS npouseedenuem pacmeopumocmu (ITP):

_ aA+Cl -

K =

=CyCy =TIPpg =exp(—§gr} (1.65)

9AB,

B aTOM ypapHeHMM NpeoGpa3oBaHUs CHeNaHbl B IIPEATNIONOXEHIH, YTO axp = 1,

Aonory = C, TaK Kak C < 1. Mcnionk3ys ypaBHeHMe U30TEPMBI XMMUYECKOH peakLui

(1.31) mnst 3TOrO paBHOBECHS!, MOXHO OINPENE/UTDh YCIOBHS BBINAZEeHUS U pacTBoO-
peHus ocazgka, ecnid €' — KOHIEHTPAIMd MOHOB B PACTBODE:

PacTBOpeHne npoucxonuT caMonpousBoneHO: AG = AG® + RTIn(CL,Ch) < 0

AG = —RTInITP + RTIn(C,,C,) < 0
YcioBue BBIMageHUs OCanKa; Ci. Gy > TIP
Ycrosue pacTBOpeHHs ocamKa: Ci.Cy. < TIP
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IIpumep 1.16. PacTBOpuMOCTS Cy/Ib(aTa KalbLusA B Boae paBHa 1,06 r/i1. Kakosa pacTso-
PUMOCTB 3TOro coenuHenus B 0,1M pactBope cyiabdara Kanus?

Pewenue. Cynpdar kanbuus CaSO, — ManopaCTBopnMoe CoeqUHEHHE, OHO XapaKTepu3y-
€TCS MPOU3BEICHUEM paCTBopnMocm IIP = [Ca2+][SO4 ]. B HachIlLIeHHOM PacTBOPE YUCTOTO
cynbdara xampuust [Ca*] = [SOZ] = 1,06/ 136 0,0078 moub/n, Tak Kak M(CaSQO,) =
= 136 r/monb. CrenosarenbHo, ITP = 6,07 107!,

B pactBOpe cMecH cynb¢aTOB Kalusi U KaTbUHs, [Ca%] = [SO "]. 3HayeHuUe [Ca *1 cooTtser-
CTBYET PaCTBOPEHHOMY Cyib(daTy KalbL M, a [SO4 ] paBHO cyMMe KOHUEHTpaUMii Cyibdar-
HOHOB, 0Gpa30BaHHBIX B PE3yJIbTATE PAaCTBOPEHMs Kak cyibdara Kajus, TaK u cynbdara
Kansums. Ipu manoit PacTBOPUMOCTH CaSO;, MO)KHO 'CYUTATD, uTo [SO4 1= C(K;804) =0,1.

Cnez[onaTeJn;Hoi [Ca] = ITP/[SOZ ] = 6,07 10 5/0,1 = 6,07 10, a pacrBopumocts CaSO,
paBHa §,25-107° r/n1. BeemeHue B pacTBOp OOZHOMMEHHOIO HOHA nom/m(aeT pacTBOPUMOCTb
COJIeii.

1.5.4. KnucJIOTHO-OCHOBHbIE paBHOBeCHA. TeOpHM KHC/IOT H OCHOBAHMH

MHOXecTBO peaxkiinii, MPOXOAAIIMX 6e3 U3MEHEHMS CTETIeHEN OKWCIIeHUS 3Jie-
MEHTOB, OTHOCSITCSI K KHCJIOTHO-OCHOBHBIM paBHOBecHsIM. X MOXHO KiaccupHUIIn-
poBaTh MO-Pa3sHOMY: B 3aBUCHUMOCTU OT TOI'O, YTO MBI IIOHUMaeM I0J TEpMUHAMH
«KHCJIOTa» U «0CHOBaHUe». Haubojiee pacnpocTpaHeHHble OIpelelieHUs KUCIOT U
OCHOBaHUi NpuBeleHb! B Tabn. 1.19. Bonpoc He B TOM, Kakas U3 3TUX KOHIICIITUH
«IIpaBWIbHasA», 2 B TOM, HACKOJIBKO OHA MOAXOAUT K KOHKPETHBIM YCIIOBUSIM.

TTockonbKy HamboNee pacHpocTpaHeHHBIM PACTBOPUTEIEM, B KOTOPOM IIPOBO-
IST XMMHAYeCKHe peakluu, sIBJISIeTCs] BOa, TeOpus AppeHuyca Yalle BCero UCIoib-
3yeTcsl B Ka4eCTBe IepBOro NnpubimmkeHus. Teopuss bpencrena—Jloypu 1Mo3BoJisieT

Ta6nuua 1.19

OcHOBHBbIE onpeaeIeHHs KHCIOT H OCHOBAHHIi

Teopus Kucnora OcHoBaHHKe

AppeHuyca Juccouuupyer ¢ obpasoBaHueM | JIMccouuupyeT ¢ 00pasoBaHHEM
uonos H* (HNO, u 1p.) nonos OH- (NaOH u ap.)

Bpencrena—Jloypu | Joxop nporonos (NH/, HCl, Axuenrop nporonos (NH,, OH-,
[Cu(H,0),*) PO} u np.)

JIykca— @nyna Ax1enTop okCua-uoHoB (Si0,) JloHop oxcua-uoHoB (Ca0)

(peakuuu B pac-

TUIaBe)

CotbBO-CHCTEM IToBBIILIAET KOHIIEHTPALIMIO TToBbIlIaeT KOHLIEHTPALIMIO aHUO-
KaTMOHOB pacTBoputens (SbF HoB pacteoputess (KF B BrF,)
B BrF,)

JIsrouca AKIIENITOpP FTEKTPOHHOW Naphl JIOHOp 37IEKTPOHHOM Hapsl
(BF,, Ag* u 1p.) (NH,, F-u np.)

YcaHoBuya HoHop katHoHa (B ToM yncie H*) | JIoHop aHHOHA (B TOM YHCIIE
WIHN aKLEeNTop aHUOHA (B TOM IEKTPOHHOM Napbl) WIM aKlIer-
YHCe MEKTPOHHOMN naphl) TOp KaTHOHa (B TOM yucie H*)

! UHorna MonbHasa XKoHUEHTpauus obosHavaercs: [x] = C,
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PacUIMPUTh 3TH TPEACTABACHUS U, YTO OYEHb BAXHO, KOJHUYECTBEHHO OMMCATH
KHCJIOTHO-OCHOBHBIE PABHOBECHSI, TIPUYEM TP UCTIONb3OBAHUH BOIbI B KAUECTBE
PacTBOPHTENSI 3TU PaCyeThl MIOJHOCTHIO COOTBETCTBYIOT TeOpHH AppeHuyca. [To-
9TOMY OCTaHOBUMCS 6ojree MONPOGHO Ha MPOTONMTHYECKOI Teopud BpeHcTena —
Jloypu.

CrenyeT oTMeTHTSb, 4TO CBOGOIHEIE POTOHBI H* He MOTYT CyliecTBOBATD B pac-
TBOpe. JIuaMeTp NMPOTOHOB HAacTOMBKO Ma (10713 M), a 3neKTpruecKoe TIoe BOIM3H
HUX CTOJIb BEJIMKO, YTO OHU IIPUTATUBAIOT 06ble MONEKYITBI, CONEPXKALIMe HETIONe-
JIeHHBIE 3IEKTPOHHEIE Napel. Hampumep, B BOTHOM pacTBOpe CyLIeCTBYET MOH M-
pokconus (H;0%), 06pa3oBaHHEIA 110 peakin

H+ + Hzo = H30+

OTa peakuUMs CONPOBOXNAETCS 3HAYUTETBHBIM BbIeTeHHEM SHEPTUH
(1300 x[I/MOJIB), YTO TIOATBEPXKAAET HEBO3MOXHOCTD CYIIECTBOBAHU ST HETUIPATH-
POBAHHOTO NPOTOHA. MOH IMIPOKCOHMS TIPUCYTCTBYET B KPUCTAITMYECKHX PELIET-
KaX HEKOTOPBIX KHCIIOT (HallpuMep, XJIOPHOIT) B KauecTBe KaTMOHa. B MoHax rumpo-

'KCOHMSI BCE TP MPOTOHA SKBUBATCHTHHL. B BOJHOM PacTBOpE 4acTHI[bI H;0* crio-
COOHBI THAPATUPOBAThCS AANbIlE ¢ 06pa30BaHMEM 60JIee CIOXKHBIX HWOHOB, HaIlpH-
mep, HoO,. B HEBOIHBIX pacTBOPHUTESIX TIPOTOH TaKKe CyLIECTBYET B ¢popMe acco-
oMaToB: B aMMuake — NHY, B 3Tanone — C,H;OHy.

Teopus Bpencrena — Jloypn. [IpotonuTiueckas Teopust bpercrena—JIoypu kak
pa3 ¥ OCHOBBIBACTCST HA TOM, YTO MPOTOH HE MOXeT CYIIECTBOBAaTh B CBOGOMHOM
Bue. OCHOBHBIE TIONIOXEHHST 3TOM TEOPUH CBOIATCS K CIEAYIOLIAM YTBEDPXKACHUSIM:

1. Kucaoma — 3T0 BemiecTBO, KOTOPOe CKJIOHHO OTAaBaTh TIDOTOHBI, T. €. CIIYXUTh
HX IOHOPOM, & 0CHO8aHUe — AKIIETITODP TIPOTOHOB.

2. KucnotaMu ¥ OCHOBaHMSIMH MOTYT GBITh KaK HENTpAJIbHEIE YaCTHUIILI, TaK U
HWOHHI.

3. Kaxnoii KHCIOTe COOTBETCTBYET OCHOBaHME. DTH TIapbl HA3BIBAIOTCST CONPANCEH-
HbIMU napamu Kucaom u 0CHOBAHULL

A2H +B
Kuciora OcHoBaHue
(acid) (base)

JaHHOEe paBHOBeCcHe He MOXKET XapaKTepu30BaTh HCTUHHYIO PEAKIINIO, TaK KaK
H* e CYLIECTBYET He3aBUCUMO. OOS3aTeIEHO NODKHA GhITE BTOpas Tapa cONpsKeH-
HBIX KMCJIOT U OCHOBaHUIL:

H+
Al +B2(._._)A2+Bl
L ]

ConpsixeHHbIe Maphl

IIpMMepbI COTIPSKeHHBIX Map KUCIOT U OCHOBaHWI TIpUBENeHbl HIKE.

CornpsxeHHast HCI NH; H,0 H;0' H,S0, HSO; Al(H,0)¢*
KHCJIOTa
ConpsixeHHOe cr NH; OH" H,0 HSO; SO;”  [A(H,0)s(OH)*
OCHOBaHMe
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HMoxannec Hukonayc Bpencren (1879 —1947) — natckuit dusukoxumux. Tomac Map-
tan Jloypu (1875 —1936) — aummuiickuit xumuk. He3aBucumo apyr ot apyra npakTHYeCKH
OIHOBPEMEHHO CHOPMYIHPOBAIH OCHOBHBIC MOJIOXEHHS HPOTOIUTUYECKON TEOPUU KUCIIOT
M OCHOBaHMI. BpeHcren, ocHOBHBIE Pa0OTHI KOTOPOTO HOCBSLICHB TEPMOTUHAMUKE PAaCTBO-
POB U KMCJIOTHO-OCHOBHOMY KAaTaju3y, pa3paboTal AeTalu U KOJHYECTBEHHOE OMHCaHHE
MPOTOJMTHYECKOI TeopuHd. OCHOBHOM 00JIaCThIO HAYYHBIX UHTepecoB Jloypu OBUIH oNTUYE-
CKU aKTHBHBIE OPraHHYECKHE COCAUHCHUSA.

C Toyku 3peHus Teopuu bpeHcrema—Jloypu, KWCIIOTaMH SIBISIIOTCS TWOpATH-
pOBaHHBIE HOHBI METAJUIOB, TaK KaK BoIa, HAXOAAMIAscs BO BHYTPeHHeEH cdepe
TaKMX MOHOB, MOXET CJIIYXHUTh JOHOPOM IPOTOHOB.

IIpoTronurmdeckas TeOpHs MO3BOJSET C €AMHBIX MO3UITAI ONUCHIBATH TaKUe Mpo-
[eCChI KaK JUCCOIUAIIUSA B PA3IMYHBIX PACTBOPUTENAX, aBTOMOHU3AIUS U THIPOJIN3.
IIpumMepsl paBHOBECUIA, MpuUBeAcHHEIE B Tabn. 1.20, cBUAETENBLCTBYIOT O TOM, YTO
KHCJIOTHO-OCHOBHBIE CBOMCTBA JAHHOTO COCAMHEHUS 3aBUCAT OT CBOMCTB KOHKYPU-
pyoIlei conpsoKeHHON mapel. Tak, B BOOHOH cpele YKCYCHasi KUCIIOTa SIBJISIETCS
KHCJIOTOM, a B CEpHON KHMCIOTE — OCHOBAaHUEM.

TatGauua 1.20

IIpuMephl KHCJIOTHO-OCHOBHBIX PABHOBECHIH

A +B,2A,+ B, [IpumeyaHue
HCl + NH,&NH; + CI- Heitrpanusauus
H,0 + H,O2H,0* + OH~ . ABTOMOHH3aLMs! (ABTONPO-
NH, + NH,2NH; + NH; TOJU3)
CH,COOH + H,0&2H,0* + CH,CO0- Jluccouyanuus B pa3iMyHbIX
H,SO, + CH,COOH 2 CH,COOH; + HSO; PaCTBOPUTENSAX
H,0 + NH,&NH; + OH-
H,0 + S~ = HS- + OH- T'uaponus
Al(H,0)}* + H O 2 H,0" + [Al(H,0),(OH)]*
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KomnyecTBeHHOI XapaKTepUCTUKON CHUJIBI KUCIOTHI SIBISETCA KOHCMAHMA KUC-
aomuocmu (K,), T.e. KOHCTaHTa paBHOBECHS PEaKIIUHU:

A2B+H'
B[4
K, =[—g[A—]]- (1.66)

ITockonbKy Takoe paBHOBECHE BO3MOXHO JIMINb TIPH HATMYUM APYTON COMPSi-
>KEHHOM Taphl, U3MEPUTh aBCOMOTHOE 3HaueHUe K, HeNlb3ss. MOXHO TOJIBKO OTIpe-
JAECTUTH 3HAYCHUE KOHCTAHTBI KUCIOTHOCTH OTHOCUTENBHO KaKOTO-THO0 cTaHaapral.
B kayecTBe cTaHZapTHOTO IPUHNUMAIOT PaBHOBECHE:

H:0' 2 H,0 + H K, =1
Torma wis m06GOTO KUCIOTHO-OCHOBHOTO IpOLECcca:
A +B, 2A,+B;
k- M]B]_ K,

[Ai][B:] K,

CrenoBatensHo, 1Sl M0G0 KMCIOTHI A TIDM B3aUMOIEHACTBUH C BONON KOH-

CTAHTBI KUCJIIOTHOCTH T€ XK€, YTO B TEOPHUH AppeHHyca, U COOTBETCTBYIOT IpHBE-
ACHHBIM B CTIPaBOYHOM JuTepartype (cM. puc. 1.53 u ta6r. 1.21):

A+ H20 (__) H:;()+ + B

(1.67)

©_ H0IB] K,
[H0l[A] ~ Ky

=K, (1.68)

1 MHOTOOCHOBHBIX KUCJIOT, KOTOPBIE MOTYT TIOCJIEI0OBATENBHO OTAABATh He-
CKOJIbKO NPOTOHOB, TIepBasi KOHCTaHTa KUCIOTHOCTH BeeTna GoJIblle MOCaeayIOLIMX.
DTO CBsI3aHO C YHCTO 3JIEKTPOCTATHYECKUM 3aTPYHEHHEM OTPHIBA TIPOTOHA OT OT-
PULATENIHO 3apsKEHHOTO MOHa. ISl OKCOKMCNOT, Y KoTophix OH-rpynmnsr npuco-
CAMHEHBI K ONHOMY M TOMY Xe aToMy, pK,, o0syHO Gonbiue pK,, Ha 5. Hanpumep,
st oprodocopHOIl KUCTOTHI 3HAYEHUS pK,, paBHml 2,12; 7,21; 12,67 msa i= 1,2, 3
COOTBETCTBEHHO. DTO O3HAYAET, YTO B BOAHOM cpesie B 3aBUCHMOCTH oT pH nipeo6-
7IaIAI0T pa3sHbIe KUCTOTHO-OCHOBHEIE paBHOBecHsl. Ha puc. 1.52 n306paxXeHo OTHO-
CUTEIBHOE COACPXKaHUE PA3TUYHBIX HOHOB OpTO(OochHOPHOI KICTOTBI KaK PyHKIHS
PH, e x; — nons naHHOTO MOHA B cMecH. Hanpumep:

N [HPO; ]
fP0% " [H;PO,]+[H,PO; ]+ [HPO. |+ [PO} |

W3 rpadmka BUIHO, YTO NPU HU3KUX 3HAYEeHUsIX pH 1osst moHa PO} NpeHeOpeXu-
MO Maja, HO 3TOT HOH HaYWHaeT NoMHHUpoBaTh Ipi pH > pK, . IpoToHMpOBaHHbIE
VOHBI NPEUMYIIECTBCHHO TPHUCYTCTBYIOT B pacTBope, Korna pH mMeer 3HaueHue,
TIPOMEXYTOYHOE MEXIY COOTBETCTBYIOIIUMHU DK

! 3amernTe AHAJIOTHIO C OKUCIMTEIbHO-BOCCTAHOBUTEILHBIMH PeakuusaAMH, o€ NOTCHUHAT OKHCIIH-
TEJIbHO-BOCCTAHOBUTEJILHOM nappl U3IMEPSACTCA OTHOCHTEJILHO CTaHAAPTHOIO BOJOPOOHOTO 3JIEKTpOaa.
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KoHCTaHTHI KMCJIOTHOCTH HEKOTOPBIX KMCJIOT

Ta6nuua 1.21

Conps- Conps-
Kucnora octonarme| PK Kucrora octosante | PK:
B (B)
Honosonoponuast HI I- ~-11 |Hon ammonus NH; NH, 9,25
Xnopuas HCIO, Clo; -10 HIIMaHHUCTOBOROpONHAS CN- 9,31
HCN
Bpomosonoponuast HBr Br -9 |Tumpokap6onar-uon HCO; Cor 10,32
XnopoBonoponuass HCI Cl- -7 | Xnopuosatucras HCIO ClO- 7,53
Cepnas H,SO, HSO; -2 [[Tumpocynsdun-uon HS- S* 11,96
Hon ruapokconmnsa H,0* H,0 0 |Tuzpodocdar-uon HPO PO} 12,67
Cepuucras H,SO, HSO; 1,81 Boma H,0 OH- 14
TI'uapocynbdaT-uon SOx 1,92 |HWon xeneza(Ill)* Fe(OH)* | 2,13
HSO; Fe(H,0)*
®ocdopuas H,PO, H,PO; | 2,12 |Hou amomuuus* Al(H,0)* | A(OH)* | 5,14
®roposonoponnast HF F- 3,45 |[Mon meau(I)* Cu(H,0)* | Cu(OH)" | 7,53
Yronsuas H,CO, HCO; 6,37 [Hon kanbuus* Ca(H,0)* Ca(OH)* | 12,6
Ceposonoponnas H,S HS- 7,04 |HWon uuuka* Zn(H,0)* Zn(OH)* | 9,6
Hurunpodocdar-UoH HPO2 7,21 |Hou xenesa(Il)* Fe(H,0)** | Fe(OH)* | 10,11
H,PO;
Bopuast B(OH), B(OH); | 9,14 |Hou natpus* Na(H,0)* Na(OH) | 13,23
Ammuak NH, NH; 34

* B ruapaTHpOBaHHEIX HOHAX METAJUIOB YKa3aHa TOJIBKO Ta MOJIEKYJa BOJIbI, KOTOpasl TepsieT NPOTOH.

Ha puc. 1.53 npencTaBiIeHO COOTHOLIEHUE CHIBI HEKOTOPBIX KMCJIOT ITO IIKasre
pK,. ConpspkeHHbIE UM OCHOBAHWSI paclioyiaralores 1o 1kane pK,. Koncmanma oc-
Hoenocmu (K;) pacCUNTBIBAETCS aHATIOTMYHO KOHCTAHTE KUCIOTHOCTH (CM. opmyrty

(1.68)):
B+ H,0 2A+OH"
. _[OH1[A] _[OH][H;0*] _ K,
*~ [H,0](B] K, X,
(1.69)

JIpyTUMH CJIOBaMH, KOHCTAHTa KMCIIOTHO-
CTH CBSI3aHA ¢ KOHCTAHTOU OCHOBHOCTH CO-
NPSDKEHHOTO OCHOBAHUSI COOTHOLLUEHUEM:

pK, + pK, = 14. (1.70)

YeM cWIbHEl coNpsDKeHHas KHCIOTa, TeM
crabee CONPSKEHHOE OCHOBAHME.

1,0

H,PO, [H,PO;\ [HPOX\ [PO}
0,5}

0 1

0 7 14 pH

Puc. 1.52. 3aBUCHMOCThH OTHOCHUTE/ILHOTO
COIEPXKAHUs Pa3IMYHBIX HOHOB OpTOdOC-
dopnoii kucnorsl ot pH
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pK, pK,

[
g NH, NH;
g ,
gl 30p =
5 T3
U = 8
o)
(8]
(=]
g
0 O
pK,=pK,

9 H,S0, HSO;
_7 HC1 cr
o CH;COOHj CH,COOH
-10 HCl0, Clo;
HI : I

Puc. 1.53. IIIkana OTHOCUTEIBHOM CHIIB KUCIOT Y OCHOBAHMI

Ha puc. 1.53 BrineneHa 06;1acTh MEXITY CONPSDKEHHBIMU ITAPAMH H;0'/H,0 (pK, =
= 0) u H,O/OH™ (pK, = 14), T.e. KOHCTAHTOI KHUCJIOTHOCTH U OCHOBHOCTH BOJIE.
Kakyio nadopmanuio MoXHO IOYEPITHYTh U3 3TOrO pUCYyHKa?

Bo-nepsbix, Bce kucnoTsl, umerommme pK, < 0, T.e. Gonee CwibHBIE, yeM H,0",
B BOIHOM pacTBOpe OYAYT CHIBHBIMU KUCTOoTaMU. JUmst Hux peakimn Tuna HA + H,0 =
= H;0" + A” uxyr npakrimyecku 1o KoHa (K > 1), ¥ KMCIOTHBIE CBOICTBA TAKVX
PaCTBOPOB OTPENENAIOTCS UCKIIIOYNTENIbHO cBoiicTBamMu H;O*. Hanpumep, Hu onuH
9KCTICPUMEHT, NPOBOAMMEIA B BOJIHOM pacTBOpe, HE NMO3BONAET ONpENeTHTh, Ka-
Kasg u3 kucnor — HBr win HI — sBnsiercst Gonee cwbHoit. TOYHO Tak e BCe
OCHOBaHU, I KOTOPBIX PK;, < 0, B BONHOM pacTBOpe ABISIOTCS OUYeHb CHIBHBIMIL.
Wx cBoiictpa onpenenstiorest cBoiictBaMy noHOB OH™, ITOCKOJIBKY CHJIBHOE OCHOBA-
Hue NONTHOCTBIO NPOTOHUPYETCS] BOAOM, HalpuMep:

KNH,(t8.) + H;O(x.) = K'(p.) + OH (p.) + NH;(p.)
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TOBOpSAT, YTO MO OTHOLIEHHIO K KMCI0TaM, 6onee cuiibHBIM, yeM H;0, u ocHo-
BaHMAM, 6oinee cwibHBIM, e OH™, BoIa OKa3bIBACT Hugeaupyrouee delicmeue, T.e.
CBOICTBA TaKIX pacTBOPOB omnpenensiores noseneHrem H;0" o OH™.

Bo-BTOpPBIX, KUCJIOTHI M OCHOBAaHWS, IUIsl KOTOPBIX 3HaUeHUs pK, U pK, HaxomsT-
cs BHyTpH uHTepBana 0 < pK < 14, Boxa siBiseTcs JuggepeHuupyrouum pacmeopu-
menem. Bémiau ocu pK, = pK, KicioTa U cONpSKEHHOE €l OCHOBaHHE SIBIISIIOTCS
craoeiMu (H,CO,, H,S, [Cu(H20)6]2+). Huxe 3101 OcH pacnosararoTcst KMCIOThI
cpenneit cunnt (H;PO,, HSO;, [Fe(H,0)4]*"), a BbIIE O4YeHb c1abbie KUCIOTHI U,
COOTBETCTBEHHO, OocHoBaHuUsA cpenHeir cwisl (Ca(OH)', PO}, [Fe(OH)]".

B-TpeTbix, Ha OCHOBAHWM AHarpaMMel (cM. puc. 1.53) MOXHO OIpenesuTh, Ka-
KOt HeBOIHBII PAaCTBOPUTEND MOXET ObITh AU depeHIIUPYIOIIHUM 10 OTHOLIEHHIO K
TOit WM MHOI KucioTe. HanpuMep, B o6macti, orpaHndeHHoi K,(CH;COOH) u
K,(CH;COOH), 100%-s ykcycHast KUCJIOTa siBisieTcsl quddbepeHIMpPYOIM pac-
TBOPHTENIEM JUTA XJIOpOBOAOPOnHOi KucaoTsl. B Boge HCI siisteTcst CUIIBHOM KHCTO-
TOH, ¥ peakHMsI C paCTBOPUTENIEM MAET IMPAaKTHYECKH A0 KOHIA!

HCI + H,O 2 H;0* + CI'
B cpene ykcycHoii kuciotet HCl — cna6ast kuciora M peakius obparuma, K < 1
HCl! + CH;COOH 2 CH,COOH; + CI'

B cpene cepHoii kucmotet HCl — oueHb cnabast kucnora, a noH CI” — cuiibHOe
ocHoBaHHe. JIo KOHI[a UAET peaKiysl:

H,SO, + CI' 2 HCl + HSO;

JUtst CWIIBHBIX OCHOBaHMI mrddepeHIMPYIOIAM PaCTBOPHUTENIEM SIBIISIETCS aMMHaK
wm gpumetwicyasbokenn (CH;),SO. ‘

AsTonporonu3 Boasl. Oco60 ceLyeT OCTAHOBUTHCS Ha PaBHOBECHH aBTONPOTO-
JIM32 BOJBL:

HZO + Hzo 2 H30+ + OH™
A B, A, B,

TepMomMHaMUYecKasi KOHCTaHTa paBHOBecHsT! (aKTUBHOCTD BOJIBI paBHA €IMHU -
11, a aKTUBHOCTH MOHOB — HX MOJBHOM KOHIEHTpPAIMH) Ui 3TOM peakiMH ycTa-
HOBJIeHa 3KkcnepuMeHTanbHO. I1pn 298 K oHa cocrasnserT:

K=[H;O0'][OH]=1-10"" (1.71)

Ee Ha3bpIBaIOT uoHHbIM npouseedenuem 600bt 1 0003HaYa0T cMMBOIOM K,,. C TOUKH

3peHUsl NTPOTOTUTHYECKOM TeopuH (ypaBHeHHUe (1.68)) KOHCTaHTa paBHOBECHS pe-

aKI[MH{ aBTONPOTOJIM3a paBHa KOHcTaHTe KucaoTHocTH Bogs! K, (H,0) (cM. puc. 1.53).
Ha ocHoBaHuH BennuMHB K, onpenensiercs mkana pH:

HeiiTpaibHBblit pacTBop [H;0'] = [OH] [H;0'] = 107 pH 7
Kuceiit pactBop [H;0°] > [OH7] [H;0'] >107 pH < 7
Ileno4HOM pacTBOD [H;07] < [OH7] [H;0']1 < 107 pH > 7

(HanomuuM, uro pK, = -lg K,, pH = -Ig[H;0"].)

! KOHUEHTpanHoOHHAas KOHCTAHTAa AMCCONMAUMH (C YYETOM KOHUEHTpauMK YHCTOH Bogbl B 1 1)
pasHa 1,86- 107", .
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H3mepenne pH. Yame scero pH pacTBOpoB u3MepsioT NPU NMOMOMIM KMCJIOTHO-
OCHOBHBIX UHIMKATOPOB JIM60 NNOTEHLMOMETPUYECKU. [Tomenyuomempus 0CHOBaHA Ha
usMepenuu D/IC, BO3HUKAIOLICH MEXIY KaKUM-1160o JIEKTPOAOM, YYBCTBUTEJILHLIM
K KOHUeHTpauuu H;O" (HanpuMep CTeKIstHHbIM), U SJIEKTPOIOM CPABHEHUS. DJIEKTPO-
ABIXKYUIYIO CUJTy MOXHO COOTHECTH € BENUYMHON PH, M 9T 3HaYeHUS HEMOCpei-
CTBCHHO CYMTHIBAIOTCS €O LUKaJIbI NpUGOpa, HasbiBaeMoro pH-MeTpoM.

B xayecTBe KHC/IOTHO-OCHOBHBIX HHAMKATOPOB O6BIYHO BLICTYNAIOT c/tabblie opra-
HHYCCKUE KUCIIOTHI, Y KOTOPBIX OKPAcKa MOJIEKY/ISIPHON U AHUOHHOM dopMBI pasitny-
Hbl. Hanpumep, jlakmyc — ciabasi KHCIO0Ta, KOTOPYIO MOXHO YC/IOBHO NPEACTABUTh
¢dopmynoit HL, B pacTBOpE NPOUCXOIUT KUCCOLUALIMS:

HL + H,0 2 H;0" + L~

KpPacHBIH CUHMH

B xucinoit cpene (Ipu U3GLITKE MOHOB TMIPOKCOHMST) PABHOBECUE CMELIAETCH B
CTOPOHY HEAMCCOLIMMPOBAHHBIX MOJIEKYJ/I, U OKpPacKa PacTBOpAa KpacHas. B mienouHoii
cpene (Tpv U3OBITKE TMIPOKCHAHBIX HOHOB) MOHBI H;0" CBA3BIBAIOTCS C obpazoBa-
HMEM MOJIEKY)I BOAbI. PaBHOBECHE CMEIACTCS BIPABO B CTOPOHY 0GPa30BaHUs aHUO-
HOB, U PacTBOpP NPUOOPETACT CUHIOK OKPacKy. MI3MEHEHUE OKPACKH NPOUCXOMUT B
unrtepsane pH ot 6 1o 8 (Tabn. 1.22). Pasnuunsie WHOUKATOPHI MEHSAIOT OKPAcKy NMpu
pasHpiX 3Ha4eHUAX pH. YHUBepCaNbHbI MHAMKATOP — 3TO CMeECh WHOVKATOpOB, KO-
TOpast NOCTENEHHO U3MEHAET OKPACKy B IIMPOKOM UHTepBaie pH.

Tabnuua 1.22

KHca0THO-0CHOBHBIE HHIMKATOPHI

Oxkpacka HMHrepBan
Hrukatop HL L pks pﬁ

TUMONOBBIN CHHMIA * Kpacuag XKenras 1,5 1,2—2,8
MeTHIIOBBINH OpaHKeBbIi KpacHas XKenrasa 3,7 32—44
BpoMKpeso010BbIit 3e1eHbII’ XKenras Cunsas 4,7 3,8—5,4
MeTWI0BbIi KpacHbIiH XKenras KpacHasg 5,1 4,8—6,0
BpoMTHMOOBLIN cUHMIT Kenrasa CuHss 7,0 6,0—7,6
TUMOJIOBBIN CUHUI** XKenrasa CuHss 8,9 8,0—9,6
OcHondraieun becusetHas Manunosas 9.4 8,2—10,0

* IlepBas o6nacTh nepexona.
** Bropas oGmacTh nepexofa.

Tunponus. IIpoTonutuueckass Teopus bpencrena— Jloypu mossonser paccmar-
PHBATE NPOLECC THAPOIU3A COMei KaK YaCTHBII CTyyaif KUCIOTHO-OCHOBHOTO PaB-
HoBecus. HanmoMHUM, YTo 1oJ1 eudpoausom cosleil TOHUMAIOT OOMEHHOE B3auMOoJIeii-
CTBUE WOHOB C BOJIOH, B Pe3yJIBTaTe KOTOPOrO NMPOMCXOANT uaMeHeHue pH cpembr.
I'inponus no aHUOHY BBIpaXKaeTcsl ypaBHEHUEM THIIA:

A, 1B,
CH,COO + H)O 2 CH;C(I)OH + OH™
B; Az

K.=K= Ka|/Kaz = Kw/Kaz; pK. =14 - Pk,
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KoHcTranTta ruapoausa K, mo cyT gena sipisieTcsi KOHCTAHTOH OCHOBHOCTH COIIPSI-
XeHHoro ocHoBaHuss CH,;COO"™,
I'apoaus Mo KaTUOHY BRIpaXaeTcsi ypaBHEHHUEM THIIA!

B |A,
[Fe(H;0)¢l* + H,0 2 [Fe(H,0)s(OH)]? + Hi0*

Al Bl

K'l‘ =K= Kal/Kaz = Ka| = KW/K'b]; pK'r = pKa = 14 - pr

B naHHOM ciIyyae KOHCTAHTA TMAPOJIHM3a — 3TO KOHCTAHTA KUCIOTHOCTH COTIPSKEH-
HOI KUCJIOTHI [Fe(H20)6]3+. JIuarpaMMa, IipuBeieHHast Ha puc. 1.53, mo3Bosser coe-
J1aTh BBIBOABI O ITOJIHOTE IPOTEKAHUA TMAPOIM3a I KUCIOT U OCHOBaHUIA, Haxo-
ISIIMXcs BHYTpU obnact nuddepeHumpyronero aeidcTsus Bonbl. YeM cnabee Kuc-
JI0Ta, TeM CWIbHee TMIPONIHU3 110 aHMOHY, YeM cjabee OCHOBaHMUE, TEM CWIbHee
THAPOJIN3 IO KATHOHY. PaBHOBECHe IMIpOIIA3a IIOYTH Beera CMeLeHo BieBo: K, < 1
(MCKJII0YEHHE COCTABIISIOT CIydau, KOTa COTH TMIPONU3YIOTCA U 110 KaTUOHY, U IT0
aHHWony, HanpuMep Al,S,). OnpeneanTs HATUYUe THAPOINA3a MOXHO 110 H3MEHEHUIO
pH pactBopa.

Hanpuwmep, st pacyeta pH pacTBopa aierata HaTpusl BOCIIOJIB3yeMCS BEIpaXe-
HUEM KOHCTAHTHI TMIPOIN3a;

_ [OH"][CH;COOH] _ X,

K .
r [CH,COO" ] K,

CuuTas KOHLEHTPAIMIO COIM paBHOM C, momyyaem:
[OH)? = (C” [OH)) * (K, /K,), a npu [OH] < C MOXHO ITONararh, 4To

2pOH = -IgC+ 14 — pK, wii pH = 14 - pOH = 7 + 1/5pK, + 1/21gC

Torma mnst 0,01M pacteopa NaCH,COO pH =7 + 2,38 - 1 = §,38.

Tuaponus ycwinBaeTcsl pU pa3baBiieHWM, HarpeBaHWM WM J00aBJIEHUM Be-
mecTs, cesisbBaowux uoHsl OH™ (wim H,0). Hanpumep, nipu B3auMoneilcTBUU
pacTBOPOB XJIOpUa ATIOMUHUSA U KapOOHAaTa HaTpUsl IPOUCXOAUT B3aUMHOE yCHIIe-
HHUE TUAPONU3a, U PeaKIMsl WIAET JO KOHUA:

2AICL, + 3N2,CO; + 3H,0 = 2Al(OH); + 3CO, + 6NaCl

Koppensuus Mex1y CTPOeHHEM U CIIOH KUCHOT. MOXHO ITPEACKA3aTh OTHOCUTE)Ib-
HYIO CHJIy KMCJIOT, OCHOBBIBAsICh HA CTPOCHMM MOJICKYJIBl KUCIOTBI U NPUPORE LICHT-
pasnbHoro atoMa. st 6eckuciopoaHbix KucioT HX (rne X — ranoren) v HoX (roe X —
XaJILKOTE€H) CHJla KMCJIOTHL TEM BbIlIE, YEM MEHee NpoyHa cBash X—H, T.e. yem
6ombiue paauyc atoma X. ITo sroit npuunte B pagax HF—HCl— HBr—HI u H,S—
H,Se—H,Te cuna xucjoT yBenuuyuBaeTcs. [ KUCIOPOAHBIX KMCJIOT COCTaBa
H(0H),0,, cuna K1CIOT TeM BhIlLE, YeM Oonbiue BenmyuHa m. (ITpasuna Jl. ITonuHra:
(a) pK, = 8 — m; (6) W1sT MHOTOOCHOBHBIX KUCJIOT IPYU JUCCOLMALMU KaXIOTo Mo-
CJICAYIOEro MpoToHa pK, yBenuyupaercs Ha 5.)

4 Heoprannueckas xumusi, ToM | 97



Teopus coabBo-cucrem. Teopust BpeHcrena—Jloypu Mo3BosseT OMUCHIBATE MPO-
LIecChl, NMPOTEKAMMUE TOJILKO B MPOTOHHBIX pacTBOpUTEAX. OgHAKO MHOIME peak-
LIMM, KOTOPBIE MOXHO OTHECTU K KHMCJIOTHO-OCHOBHLIM PaBHOBECHUSIM, ITPOXOISAT B
arpOTOHHBIX pacTBOpUTENAX: XuakoMm SO,, SOCIl,, BrF; u gp. DT BewecTsa B Xua-
KOM COCTOSTHUU YaCTUYHO JUCCOLMHUPYIOT, HAlpUMED:

2S0, 2 SO™ + SOF
2BrF; 2 BrF; + BrF,

CorylacHO TEOpUU COJILBO-CUCTEM, KUCAOMA €CTh PACTBOPUMOE BEUIECTBO, KOTO-
po¢ IpY JUCCOLMALMU WIM B PE3Y/ILTATE B3aUMOACHCTBUS C pacTBOpUTENIEM obpasy-
€T KaTUOH, XapaKTepHbIH 1Sl pacTBOpUTENs. OcHosanuem Ha3bIBAIOT BELIECTBO, KOTO-
poe B NOROOHBIX Ciiyyasix oGpa3yeT aHMOH, XapaKTepHbIi s pactsopuTens. Hanpu-
Mep, npu pactBopeHuu SbFs B BrF; mpoucxogur peakuus

SbF;s + BrF; & SbFg + BrF;

B naHHOM citydae neHTadTOpHA CYpbMBI ABJISIETCS KHUCHIOTOM. B 3TOM € pacTBOpH-
tesne CsF sBnsieTcst OcCHOBaHUEM, TaK KaK ITPU €r0 pacTBOPEHUU ITPOUCXOAUT PEAKLIUA

CsF + BrF; & Cs* + BrF;

CorylacHO TEOpUHU COJILBO-CUCTEM IIPU PEAKIMU HeATpanu3auy (B3auMOLeHCTBUM
KHCJIOTHL M OCHOBAHMS) NMPOUCXOAUT OGPAa30OBAHUE MOJIEKYJI pACTBOPUTENA:

CsBrF, + [BrF,]SbF, = CsSbFg + 2BrF;

DTa TEOPUS TAKXKE NPUMEHHUMA U K TIPOTOHHLIM PACTBOPHUTECISAIM. O‘-ICBI/UIHO, 4YTO B
XKUOKOM aMMHUaKe aMHuIbl ABJISIOTCA OCHOBAHUSIMU, a COJIM aMMOHUSA — KUCJIOTaAMMU:

NaNH, + NH,CIl = NaCl + 2NH;,

OcHoBaHue Kucimora Conp PacTBOpHTEND

Teopus JIstouca. CyiiecTByeT MHOXECTBO PEAKIHiA, OTHOCAIIMXCS K KUCIOTHO-
OCHOBHBIM B3aUMOJEHCTBUSIM, IPOXONSIIUM 6e3 nepeHoca npomoHos, HallpuMeD:

NH3 + BF3 = NH3BF3

s onMicaHusi TaKMX peakiuil Hanbonee obuieil saBnsiercss Teopus JIbonca, B
COOTBETCTBUH C KOTOPOW Kuca0ma — 3TO BEIIECTBO, CIOCOOHOE NPHUCOeIUHATD IJIEK-
TPOHHYIO Napy, & OCHOGAHUe — BELLECTBO cNIOcOOHOE OTHABaTh 3JIEKTPOHHYIO Mapy.
IIpu 3TOM 06Gpa3yeTcst KOBaJeHTHAS CBA3b:

Kucaoma Jvrouca Ocnosanue Jviouca
AlCl, + cr - [AICL, T
H+ + OH2 —> H:;O+
Ag* + 2CN- - [Ag(CN),I”
BF3 + NH3 —> NH3BF3

OcHoBaHusMH JIb0Mca MOTYT GBITh YACTHIIBI, UMEIONME B CBOEM COCTAaBE aTOMBI
C HEIoAeNCHHBIMH 3JIEKTPOHHBIMU napamH, Takde Kak:0,:N,:F, :Cl (OH", NH,,
F7). Kucnoramu JIptonca Moryt OBITh KOOPAVMHALIMOHHO HEHACHIIIEHHBIE YACTUILIBI,
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Teopus MATKHX M JKeCTKHX KMCJIOT U ocHoBanuii. Teopusi, paspaGoranHas IMupco-
HOM (B OTAMYME OT Teopuu JIpioMca), NMOCTYIMPYET, YTO CBA3b MEXAY KHCIOTOH M
OCHOBaHHEM MOXET ObITh U HE KOBAJEHTHOMN. Taxk, 1o [TUPcOHY KUCIOTHO-OCHOBHOI
peakuuei apiserca obpa3oBaHue Kpyuctaummdeckoit pemerkd NaCl wnu PbS us co-
OTBETCTBYIOLIMX MOHOB. OCHOBHAs! UICH 9TOH TEOPUU BasupyeTcsa HA MPEACTABICHUAX
O CYLICCTBOBAHMU MSATKMX M JKECTKUX KUCJIOT U ocHOBaHMi. K XecTKuM oTHocATCS
YacTMULI C PCAKUMOHHBIMU LEHTPaMH, 00iagaromuMy Maio nebopMUpyeMoii IJIeK-
TPOHHOH CTPYKTYPOH, & K MATKMM — MMEIOLIME CTPYKTYDPY C BHICOKOH MOJISPU3YEMO-
CThI0. B TEpMMHAX MeTOna MOJIEKYIIPHBEIX OPOUTANEH 3TH MOHATUS UMEIOT GoJiee Tou-
HOE Y KOJIMYECTBEHHOE OoNucaHue (CM. I, 4).

Kucaomw OcHxosanus
Msrkue Cu', Ag", Hg?, TI', SnCl, I-, S, CN™ R,P, CI”
XKecTkue H*, Na*, Ca¥, BF;, SiF, NH;, F, OH", 0%, SO}
Haubosee NpoyHbIe COSUHEHHUS MOMYIAIOTCS IPH B3aUMOIEHCTBUM XECTKUX KUC-

JIOT C XXECTKMMHU OCHOBAHUSAMU U MATKHX KUCJIOT C MATKUMM OCHOBaHUsIMU. Harpu-
MeEp, peaKklus

HgF, + Bel, = BeF, + Hgl,

HICT CJICBA HAlNIPaBO, €/ COOTBETCTBYET M3MEHEHUE HTANbIMU AH = ~397 kIIX.

MMEIOLIME B CBOEM COCTABEC ATOMBI C BAKAHTHBIMH 3JIEKTPOHHBIMH opoutaisiMu (HY,
Al B AICl3, Sb B SbF;, B B BF;). OnHako Teopus JIbiorca He MO3BOMSIET TPOBOIMT
KOJIMYECTBEHHO OLIEHKH CHJIBI KMCIIOT U OCHOBAHHIA.

ITpumep 1.17. Hanuiuure Bce KUCIOTHO-OCHOBHBIE PABHOBECHS, UMEIOLIME MECTO B BOJI-
HoM pactsope NaHSOQ;, 1 ykaxuTe cONpsiKeHHbIE Mapbl KUCJIOT U OCHOBAHMIA.

Ouenute 3Hayenue pH pactsopa (<, >, = 7), ecnu pK, (HSO;) = 7,2, a pK, (H,S0,) =
= 1,75.

Pewenue. B pactope cyuectyor nonst Na(H,0)* u HSOj. Cornacuo Teopuu BpeHcre-
na—Jloypu, uon Na(H,0)" srnsieTcst ouenn cnaboit KUC/IOTOI U PABHOBECHE:

Na(H,0)" + H,0 « NaOH + H,0"
Al BZ Bl AZ
TNOJTHOCTBIO CMELUEHO BJIEBO.

Hon HSO; moxer GbITh KaK OCHOBaHMEM, TaK M KMCJIOTOI, IMOSTOMY B BOOHOM PacTBOpe
HUMEIOT MECTO CIICAYIOLIUE PABHOBECHUS:

HSO; + H,0 2 H;0" + SOF K, = K, (HSO3),
Al BZ AZ Bl

HSO; + H,0 2 OH™ + H,S0, K, = K,/K,(H,S0y).
B, A B, A,

YTo6s1 oueHNTS 3HAaueHUe pPH, HamO MOHSTH, KAKas U3 ITHX IBYX peakuuii uaer B 60j1b-
ICH CTENEHM, TaK Kak IepBas YBEJMYUBACT KOHUECHTPALMIO HOHOB TMAPOKCOHUS B PACTBO-
pe, a Bropasd — KOHUEHTPAUI0 HOHOB TMIPOKCUJIA.

CpaBHUM 3HaueHUS KOHCTAHT paBHOBecust K u K. Io ycnosuio pK, = 7,2, a pKy=14 -
- 1,75 = 12,25. CnenosarensHo, K| > K,, B pacTBope npeoGiagaer nepsas peakuusi, 4To
NPUBOOMT K YBEJMYCHUIO KOHUEHTPAUMM HOHOB T'MAPOKCOHMS W, CJEIOBATEILHO, Cpeaa
saBjsieTca Kucnoii: pH < 7,
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KoHTpoabHbIe BOAPOCHI

1.40. ITpu oxnaxnenuu go 20 °C HacwuueHHoro npu 100 °C pactBopa Beiaenwiocs 35,4 r
KNQO;. Cxonbko ObUIO B3ITO BOABI U COJIM, €CJIM U3BECTHO, YTO PACTBOPMMOCTH CONMM Ha
100 r pactsopa coctapnseT 71,1 r pu 100° u 24,1 r npu 20°.

1.41. Onpenenure UBMEHEHUE SHTANBLIIUM NpU pacTBopeHuu TeepaniXx LiF u Lil B Bozxe,
€CJIM IHEPTrUU KPUCTALINYECKUX PELLETOK PABHBI COOTBETCTBEHHO 1044,3 u 746,6 KX/MONb,
a AH,,,, voHoB paBHBI —531,36 kIx/Momb (Lit*); —485,34 xx/Mons (F); —280,33 kx/Monb
(I"). Kakoit BLIBOI MOXHO CHIE/IaTh O PACTBOPUMOCTH 3THX CoOJieit?

1.42. TMoyeMy BOOHBIN PAacTBOp, B KoTopoM Maccosaa mona NaCl cocrammser 0,86 %,
HasbiBaeTcs duzuosornyeckumM? Kakoit usronoruyeckoi XXKuaKocTH OH U30TOHHYeH? T1o-
4YEMY paHBl NPEINOYUTAIOT NMPOMBIBATH 9TUM PAacTBOPOM, a HE BOmOii?

1.43. Hdaenenue napa Han 4%-M pactsopoM KCl u gapjienue napa 4YMCTOM BOgBI NpU
temneparype 20 °C paBHB coOTBETCTBeHHO 2297 1 2338 [Ma. Haitnute ocMoTHuecKoe naBiie-
Hue pactBopa KCI npu Toil Xe TeMneparype, ec/ii ero ruioTHOCTSs pasHa 1,026 r/mir.

1.44. Y xakoro U3 NpUBEICHHBIX HUKEC PACTBOPOB BhIIEJICHUE Jibaa ITPOU30HAET Npu 60-
Jiee BHICOKOI TeMIepaType: NepBuiii pacTBOp comepxuTt 22,5 r caxapa (C;;H,,0y) B 450 r
BoIbl, BTOpoil pactBop comepxut 3,0 r KCI (o = 0,78) B 400 r Bon?

1.45. B muctwutupoBaHHoi Boze pactBopuiu 1,71 r Na,SO;- 7H,0 ¢ o6paszosauvem 100 mi
pacteopa. 3HaueHue pH 3toro pactsopa paBHo 10;

a) HaNMIIMUTE YPaBHEHUE IHOPOIM3a B MOJHOM, HOHHON M COKpaleHHO-UOHHOM (opMe;

6) onpenenure K, (HSO3), npu yciioBuM, 4TO BTOPOH cTaAueil ruapoimM3a MOXHO Ipe-
HeOpeyb.

B) ONpEJeINTE, KaK UBMEHUTCS 3HaueHue pH pactsopa npu npubGasneHuu K Hemy 0,755 ¢
CaCl,, ecnmu [TP(CaS0;) = 1,3 10°®. OtBer moxTBepmMTE pacyeToM.

1.46. Onpegenure 3HAYEHUE 7pH, NPy KOTOPOM MNOJ JEHCTBHEM CEPOBOLOPOLA HAYHETCH
ocaxneHue FeS (ITP = 3,4- 107" ) u3 0,001 M pactBopa FeSQ,, eciu cTreneHs quccoLMaiu
conu pasHa 0,8. K,(H,S) =107; K, (HS") = 107"; [H,S] = 0,1 Mos/n.

1.47. Paccuwuraiite, Oyner v ocaxngateca Mg(OH),, (ITP = 6,8 10"2), eciu k 0,01M
pactBopy MgCl, n106aBuTh paBHbIit N0 06beMy: a) 0,01 M pactsop NH;* H,0, K, = 1,8+ 1075
6) pactBop, coxepxatuii 0,01 mons/n NH; - H,O u 0,1 mons/n NH,CI.

1.48. Micnionb3ys maHHbIe Tabu. 1.21, oueHute 3HayeHue pH (>, <, = 7) 0,01 M pactsopos
ruapo- u guruapodocdara HaTpust.

1.49. Kak usmensierca cuna Kuciot B psgax (a) HCIO—HCIO;—HCIO,; (6) HCIO,—
HBrO,—H;104; (8) H;PO,—H,S0,—HCI0,?

1.50. B xauecTBE HEBOAHOrO PACTBOPUTEJISI HHOrIA UCIIOIB3yeTC cepHas Kuciora. Hanu-
LIMTEC YPAaBHCHHE PEAKLMM, BhIPAXAIOLIEH TUCCOLMAIIMIO a30THOM KMCJIOTHI B CPElE CEPHOIt
KHCJIOTBI.




IF'naBa 2

OCHOBBI XUMHWYECKON KMHETUKH Y MEXAHU3MbI
XUMMYECKHUX PEAKITUN

XuMmuyeckasi TepMOIMHAMUKA, OCHOBHBIE ITOJIOXKEHUS KOTOPOUM pacCMOTPEHEI B
MpebIAYINEH TVIaBe, ITO3BOJISET ONIPENEIIUTL HPUHYUNUAADHYIO B03MONCHOCHb TIPOTE-
KaHus TporeccoB. s 3Toro HeoOXoouMo 3HATh TOJBKO HA4YajJbHOE U KOHEUHOE
COCTOSIHMA cucTeMbl. CKOPOCTH pPeaKIiIvii, a TAKKe OTAEIbHbBIE [IPOMEXYTOYHBIE CTa-
IUU B3aUMOIEHCTBUSA PEAreHTOB HE SIBJIAIOTCA IIPEIMETOM TEPMOAUHAMHYECKOTO
uccnenoBaHus. IIpyHIMNIMATEHAS BO3MOXHOCTDE MPOTEKAHMS XMMUYECKON peaKLuu
ele He 03HAYaeT, YTO OHA MAET Ha caMoM fdene. KiaccuyeCKUM MPUMEPOM MOXKET
CIIYXUTh OKHCJIEHUE OPraHUYECKMX BEILIECTB, KOTOPOE TEPMOAMHAMUYECKH BO3MOXHO
Jlaxe IMpu HU3KUX TeMnepaTtypax. Eciu 661 9TH IpOIECCHI TPOUCXOAWITH ¢ 3aMETHOK
CKOPOCTBIO B OOBIYHEIX YCJIOBUSAX OKDYXAIOLIEH cpenbl, TO ObUT ObI HEBO3MOXEH
caM ¢hakKT CylIeCTBOBAHUS XUBBIX OPTAHU3MOB.

XuMuueckass KWHETUKA U3yYaeT 3aKOHOMEPHOCTU NPOTEKAHUA XUMUUYECKUX PeE-
aKiuii Bo BpeMeHU. Ha OCHOBaHUM 3TUX UCCJIefOBAHUIT BO3MOXHO ONITUMU3UPOBATh
XUMWUYECKHE MPOLIECCH, 4 TAKXKE U3yYaTh UX MEXAHU3M, T. €. OIIPEAEIIATh IOCIEen0Ba-
TEABHOCTb NPOMEXYTOYHBIX CTAIUIA.

2.1. OCHOBHBIE IOJOXEHASA XUMHUYECKO KHHETUKA

ITockonbKy XxuMuUuecKasl peakilusi — 3TO INPOLECC, IPU KOTOPOM NMPOUCXOUT
pa3phIB CYIIECTBYIOIMX XMMUYECKUX CBsI3eil 1 00pa3oBaHuE HOBBIX, TO IJIS OCYLLE-
CTBJICHUSI TAKOT'O Mpoliecca He0OXOAUMO:

e CTOJTKHOBEHUE PearupylolIuX YacTull (ATOMOB, MOJIEKYJI, HOHOB);

e HATMYME Yy ITUX YACTUI[ JOCTATOYHOTO 3arnaca 3HEpruy;

e ONTHUMAJBHOE PACHOJO0XEHUE YacTUIl OTHOCUTEIBLHO APYT APYra B MPOCTpaH-
CTBE.

CronKHOBEeHUE IBYX WU O0Jlee YacTHIl, 00IaIaI0NIHX TOCTATOUHO OOJBIION SHep-
THEN, MO3BOJISIET TIPEOAOJIETh B3AUMHOE OTTAIKMBAHUE 3JIEKTPOHOB U 00ECIEUUTh
HEOOXOMUMYIO JUTS B3aMMOACHCTBUS CTeNEHb KOHTaKTa. IIpy 3TOM NpOUCXOIUT XU -
MUYecKasi peakius.

PaccMoTpuM ajieMEHTapHEIE NpolecChl B3auMopaeiicTeusi MojeKynsl H, ¢ aro-
moM Br, pacnionoxXeHHBIMU BROJL ogHoU npsimoii: H—H—Br.
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IIpy yMeHBUIEHUM DAcCTOSTHMSI MeXIy aTOMaMM CHadala Tpeo6IagaioT CHIbI
OTTaJIKMBaHUS 3JICKTPOHHBIX 0060/I04EK YaCTUL, U JIMIIb I10C/E MPEONOTIEHUS STHX
CHJI flaJTbHelnee cOmpxeHne MPUBOINT K 06pa30BaHMIO HOBHIX CBsiselt. Ha puc. 2.1, a
TIPEACTABIICHA MOBEPXHOCTH MOTCHIIMAIBHOM S9HEPIMH B 3aBUCHMOCTH OT PACCTOSTHUMIA
r(H—H) u r(H—Br). IToTeHunanpHast 3HEPTUs BHIpaXeHa B KJIX/MOJb. ITynxrup-
Has JINHUSI, NPOXONAIIAs 110 «YIIEAbIO», OKa3bIBaeT Aymb peaxyuu, a Touka 2 —
«II€peBA» — MUHUMAJIBHYIO 9HEPTUIO CUCTEMBI, JOCTATOYHYIO U TIPOXOXIECHUS
peakuunu. IloTeHUMaNpHBIE AUarpaMMBI, MOZOGHBIE U306paXKeHHOI Ha puc. 2.1, a,
JOCTYTIHBI TOJIBKO JUII HEMHOTUX cUcTeM. [ToaToMy [T KaueCcTBEHHOTO OObSICHEHUS
3aBMCHMOCTH SHEPTUH OT MYTH PEAKIHUH IONB3YIOTCS YOPOIIEHHBIMH IpadMKaMH,
2HaJIOTMYHBIMM NPUBEACHHOMY Ha pHC. 2.1, 6. MUHUMAaNBHYIO 3HEPTHIO, HEOGXOMM-
MYIO JUTsl IPOTEKAHUS! PeaKUWH, HasbIBaIOT 3xepeueli akmusayuu E,. PasHua Mexmy

0,25

T 0,20

ry-pr

0,15

0,05

ITyTs peakuuu

7

Puc. 2.1. TloBepxHOCTb MOTEHLMANBHOI 3HepruM cucTeMbl H, + Br (IMHUM paBHOM NOTEHLIM-
a1bHOM dHEpPruM NpoHymepoBaHbl B KI[X/Monb) (a) U NMpoduib NOTEHUMATBHOM 3HEpruu
BIOJIb ITyTU peakuuu (6):

1 — HayamsbHoe COCTOAHHE CHUCTEMBI, 2 — MEPEXOAHOEC COCTOSIHHUE; 3 — KOHEYHOE COCTOSIHHE
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SHEprued MCXOAHBIX U KOHEUHBIX NPOMYKTOB COOTBETCTBYET M3MEHEHHIO SHTAJb-
nuu peakuuu (AH).

Ha npakThke CKOpoCcTh peakuuy (BO BCAKOM Clydyae, U TOMOTEHHBIX CHCTEM)
OrpenessAeTC U3BMEHEHMEM KOHLIEHTPAIIMH pearupylolMx BEIeCTB B EANHUIY Bpe-
Menu. Hanpumep, Ha puc. 2.2 uzobpaxkeHa 3aBUCMMOCTb KOHLIEHTPALMHU NEPOKCHAA
BOAOpPOAa OT BpeMEHH UL peakiuuu

2H202 = 2H20 + 02

3a MpOMEXYTOK BpEMEHHM At = 1, — 7; KOHUEHTPAIHsI IIEPOKCHIIa BONOPOJA N3Me-
HsteTcs Ha BenmMIMHY AC = C, — C;. CKOpOCTb PEaKINH v B 3TOM IIPOMEXYTKE Bpe-
MEHH MOXHO pacCYUTaTh 110 GOpMYyJIe, KOTOpast Ha3BIBACTCS KUHEMU1eCKUM ypasHe-
HUem:

CpEnHsIs CKOPOCTh

v = -AC/Ar, 2.1
MIHOBCHHaA CKOPOCThH
-dC/dr. (2.2)

3HaK MHUHYCa B IIpaBOif 4aCTH YPaBHEHUSI COOTBETCTBYET TOMY, YTO CKOPOCTB Ipo-
LI€CCa NOJDKHA OBITh BETMYMHOM NMONOXUTENbHOM. OHAa MOXET GHITh ONpeaeneHa TaK-
XK€ 110 UIBMEHEHUIO KOJIMYECTBa KUCI0POaa, BBIIEMSIONErOCd B eMUHUIY BPEMEHH,
TpuyeM:

v

_ dCo, __ dCy,o,
de 2dt

CKOpOCTb peakuiy He 3aBHCHUT OT TOTO, 110 KaKOMy BEILECTBY e€ uaMepsioT. Lludpa
«2» B 3HaMEHaTesNe ypaBHEHUS (2.3) COOTBETCTBYET CTEXHOMETPUYECKOMY KO3 dhH-
LUVEHTY B ypaBHeHUU peakuuu mist H,0,.

CKOpOCTb XMMHUYECKOIM peakiMy 3aBUCUT OT MHOTHX (paKTOpOB:

¢ IIPUPOABI PEATUPYIOIIVX BENIECTB;

e KOHLIEHTPAIIUY pearupyionix BeIecTs;

® TEMIIEPATYPHI;

(2.3)

1)02

C, 10° monms/n

220
200
180
160
140
120
100
0 —————=
60
40
20

4 1 L T
0 20 40 60 80 100 120 140 160 T, C

Puc. 2.2. Nsmenenne koHueHTpauvn H,0O, Bo BpeMeHH (tgo. — MIHOBEHHAst CKOPOCTE B TOUKE A)
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® HaJIMUMSA KaTaJau3aTopa;

e BCJIMYMHHI MTOBEPXHOCTH pasfesa (I TeTepOTreHHBIX peaKiuii);

* IIPOYMX SHEPTETUYCCKUX BO3ACHCTBU (CBETOBOIO, PAJUALIMIOHHOTO O0IyYeHs
" ap.).

Baxneiiniee BIMssHME Ha CKOPOCTh XMMHUYECKOM PEAKIIUU OKA3bIBAET KOHUEHN-
payus peareHToB. YeM OHa BBILIE, TEM Yalle MPOUCXOIAT COYAaPEHUS PEarupyIOIHX
YaCTHLI, B TOM YHCIE 3(PGEKTUBHBIE U TEM BHIIIIE CKOPOCTh pPEaKLMHU. 3aBUCHUMOCTD
CKOPOCTH peaKUMHU OT KOHLEHTPAIMH pearupyoliX BEIIECTB BRIPAXKAETCA OCHOB-
HBIM 3aKOHOM XMMUYECKON KMHETUKH — 3aKOHOM Oelicmeus Macc.

T

B obmem Bune s ckopocty peakuuu AB + C — A + BC BripaxaeTcsd ypaBHe-
HUEM:

v = k[C]"[AB]", (2.4

rae [C], [AB] — MospHBIe KOHLIEHTPAllMM peareHTOB, (MOJb/N); kK — KOHCTaHTa
CKOpOCTH peakuy¥, paBHasg CKOPOCTH peaKIMHU NPpHU KOHIICHTPALMAX pearupyIommx
BENIECTB, paBHBIX | MOJB/J; BESTMYUHEL m W n (IIOKa3aTeNu CTETleHel) Onpenesns-

Mexanu3m B3anmoaeiicteua H, u [,. [loaroe BpeMs CyuTaI, 4yTO peaklys MOAA C
BOIOPOIOM sIBJIAETCs OUMOJIEKYIAPHOI 3MeMeHTapHOl peakuueit

I, + Hy = 2HI, v = k[H,][1,]

OnHako nosgHee ObUIO BRICKAa3aHO TIPEATIONOXEHHE, YTO 3T PEaKL U HE ABJISAET-
Cs1 AJIEMEHTAPHOM, a COCTOMT U3 ABYX CTalMii:
a) obparuMoit nuccoumanuu I, 2 21, K = [11¥/[1,];

6) TpuMostekyJapHoro Baaumoneicteus Hy + 21 = 2HI, v = &'[H,][1]?
WIH C Y4E€TOM KOHCTaHTHI paBHoBecusa v = k'K[H,][1,].

TakyuM 06pa3oM, ABa Pa3TMYHBIX MEXAHM3MA PEAKLIMM TIPUBOAAT K OJHOMY U TOMY
XK€ KMHETUYECKOMY ypaBHEHHIO. YTOOBI NMPOBEPUTH MPaBUJIBHOCTD TIPEATIONOXEHM,
PEaKLMOHHYIO CMECH OOJIyYHJIH CBETOM C JUIMHOM BOJIHBI 578 HM, BHISBIBAIOLLIUM AUC-
counanuio noaa. OKasajnoch, yTo CKOPOCTh peakiiiy 06pa3oBaHus Moja IIPOIIOPLIHO-
HaJbHA KBAaJApaTy KOHLEHTpaUMM aTOMAPHOTO HOMA, YTO CBHUIETENBCTBYET B IOJIB3Y
TPUMOJIEKYJIIPHOTO MexaHn3Ma, O1HaKO TPUMOJIEKYJIAPHBIE PeaKLIMY O4€Hb PEIKH, 1
TPUMOJIEKYJIAPHYIO CTAAUIO MOXHO TIPEACTABUTDH B BUJIE ABYX GUMOJIEKYIAPHBIX TPO-
11€CCOB:

H, +1=H,I
H,I + 1 = 2HI

B Hacrosluee BpeMs JaHHBI MEXaHU3M sBliseTcs obluenpuHaTeiM. Eciu nepsas
U3 CTaAuM MnpoTekaeT 6bICTPO U 06PaTUMO, TO BhIpaXXeHUe IJIss CKOPOCTH OYIeT TaKUM
e, KaK ¥ UIsi TPUMOJIEKYJIAPHOM peakuuu. STOT IpUMep rOBOPHT O TOM, 4TO HUKOT-
Jla HeNb3s OBITh YBEPEHHBIM, 4TO TpPEATIoNaraeMblil MexaHu3M BepeH. MOXHO JHIIb

YTBEPXKAaTh, 4TO IOKAa HET JAaHHBIX, ONPOBEPralolINX NMPUBEAEHHBIE BBEIBOJABI O BO3-
MOXHOM ME€XaHU3ME peaKlluu.




I0TCA IKCIEPUMEHTAIBHO U AANEKO HE BCErna COBMNAAAIOT CO CTEXMOMETPUYECKIMU
K03hdUIMEHTaMI YpaBHEHHS XMMHYeCKON peakiiii. CyMMy KO3(bGbHIIMEHTOB M + K
Ha3bIBAIOT HOPAOKOM PeaKiyuu.

Tak, HanpuMep, AN peakuuH pasIOXKeHUsT IIepOKCHIA BOLOpOIa CKOPOCTh pe-
akiy¥ paBHa: v = k[H,0,]!, T.e. COOTBETCTBYET peakilMy IIEpBOTrO MOPALKA, XOTA B
YPaBHEHHME peakiuM pa3loXeHUs nepokcuaa sBomopoma H,O, BXOOHUT CO CTEXHO-
METPUYECKUM KO3 PHUIIMEHTOM 2.

Yacro uccaenyoT U3MEHEHUE KOHIICHTPAIIMH TOJTBKO OMHOTO KOMIIOHEHTA, U U3-
3TUX JAHHBIX TTOJIyYaIOT 3HAUCHWUE nopAadka peakyu no 0GHHOMY peazeHmy, T.€. TONb-~
KO BEJIMYUHY m WIM n B ypaBHeHMH (2.4). EcM cKOpOCTh peakiuu He 3aBHCHUT OT
KOHLIEHTPAIIMU JAHHOTO pearcHTra, FOBOPST, YTO MOPSAOK peakuyH MO 3TOMY Be-
1IECTBY paBeH Hya1o. Yarie Bcero 3To HabmonaeTcsl Ipy GoabIHOM U30BITKE OHOTO
U3 peareHToB, KOrmna OH OMHOBPEMEHHO CITYKMT U pacTBOpHUTeaeM. Hanmpumep, pe-
aKIUs TUIPOIN3a CIOXHOro 3¢hupa UMEET HY/ICBON MOPSIOK IO BOJE.

TonsKO B TOM Cllyyae, €CTH ypaBHEHHME PEeakIMi COOTBETCTBYET JI€MEHTAapHOMH
CTagyiu, m U 1 PaBHBI CTEXUOMETPHUYECKUM KO3ddHUiMeHTaM. PasHuIIa MexXny Mo-
PAIKOM peakiuu U CTeXUOMETPUUYCCKMMM KO3(h(HUIMEHTAMM B YPAaBHCHHUM peEaK-
LU OOBSCHAETCS CAOXHBIM MEXaHU3MOM XMUMHUYECKOro B3aumMoneictBus. ITpakTu-
YeCKHM J106ast XMMHYECKasl peakiys COCTOUT U3 HECKONIBKHUX 3IEMEHTAaPHBIX CTaJIMIA.
CKOpOCTh peakiMM B LEJIOM OymeT ONpeaeiasTsCs CKOPOCTBIO CaMOil MEIJIEHHOM
CTalUU — Aumumupyroweil.

CyMMapHO€ YHUCAO YaCcTHI, YYACTBYIOIINX B IEMEHTAPHOM aKTe peakiuH, Ha-
3BIBAIOT MOoAeKyAspHocmbio. Yaiie BCero BCTPEYaloTCs] MOHOMOJIEKYISIDHBIE ¥ GUMO-
JIEKYISIpHBIE peakiuU. TpUMONeKy/IIpHbIE peakiMM, XOTS U U3BECTHBI, OYEHb PEl-
KH, TaK KaK BEPOSTHOCTb OMHOBPEMEHHOIO CTOTKHOBEHHSI TPEX YaCTHUI] BECEMAa MaJia.

ITopsanok ¥ MONEKYASIPHOCTh PeaKIM — COBEPHICHHO pPasHEIE MOHATHS, OTpa-
XKAIOIUE PAa3NUYUE MEXAY MOMHOM CTEXUOMETpHEN peak i (CyMMapHBIM ypaBHE-
HMEM) U ee MeXaHU3MOM. EC/IM MOpsSiIoK peakMy COBIAAAET ¢ CYMMOI CTEXHOMET-
pr4ecKuX KO3(pOUIIMEHTOB, 3TO €11I€ HUYEero He TOBOPUT O MEXaHU3Me IpOIecca.

ITopsimok peakiMy yCTAHABIMBAETCA 3KCIIEPHMEHTAIBHO TIpH 06GpaboTKe JaHHBIX
KAHETMYECKUX UCCIeMOBAaHUI ¥ OCHOBaH Ha pelIeHUH KUHETUYEeCKOro ypaBHeHUSI:

—-dC/dt = kC". (2.5)

AHanmu3upys 3TO ypaBHEHHeE, MOXHO COENaTh BBIBOM, YTO B 3aBUCHMOCTH OT
NopsAnKa peakuu JTUHEHHBIMU SIBASIOTCS TpadMKH B PAa3TUYHBIX KOOpAMHATaX
(tab. 2.1).

Tabauuna 2.1
Kunernueckne ypaBHeHHs 1A PeaKunii ¢ PAIHYHBIM NOPANKOM
TMopsinok peakuMu KuHeTHYeCcKOe ypaBHEHHE Kog;)::;[ﬁt;; ng;pﬁg:fux
0 -dC/dr =k C-1
1 -dC/dt = kC InC-<
2 -dC/dv = kC? 1/C-1
n -dC/dr = kC" 1/ C—1
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InC

InC 17C 1

1,0
g -
0,5
T T
a 6 5 10 20 30 45T, C
Puc. 2.3. I'pacduk 3aBucumoctu C = f(t) mis Pnc. 2.4, Tpabuk 3aBucumoctn InC—r
peakuuu panoxennss H,O,: (k npumepy 2.1)

a — B KoopauHarax InC—r1; 6 — 1/C—1

O0bpaboTaB pe3ybTaThl SKCIIEPUMEHTA TI0 Pa3IOKEHHIO TTEPOKCHIA BOIOPOaa (CM.
puc. 2.2) u nocrpouB rpabuku B KoopauHatax InC—+t (puc. 2.3, a) u 1/C—=
(puc. 2.3, 6), ybexnaeMcs, 4TO 3TO peakuus 1-ro ropsuaka.

BeanunHy KOHCTaHTHI CKOPOCTH k£ MOXHO OIPENETNTh KaK aHATUTHYECKHA — U3
ypaBHeHMA (2.5), TaKk U rpadUIeCKd — MO BEIMYMHE HAKJIOHA 3TUX NPAMBIX (tg o)
Ha rpaduKax B COOTBETCTBYIOIIMX KoopauHaraXx. KoHCTaHTa CKOPOCTH peakilMy 3a-
BUCHT OT TEMITEPATYPBI M IIPUPOIAEI pEarvMpyIolNX BEIIECTB.

ITpamep 2.1. B pactBope, copepxailieM BELIECTBO A, IPOUCXOAUT PEAKLIMS, IPHYEM KOH-
LIEHTPaLMs A YMEHBIIAETCSI BO BPEMEHH CJIEAYIOILMM 06pa3oMm:

1, C 0 5 10 20 30 45
C, Moub/n 5 4,35 3,70 2,74 2,03 1,30

OrnpefenuTe MOPAIOK PEAKLMH 10 BELIECTBY A U KOHCTAHTY CKOPOCTH PeaKIMH.

Pewenue. 1 onpeneneHns nopsjaka peakiuu Haxo yoenuTbes, B KaKMX KOOPAMHAaTax
3aBUCHMOCTbh KOHLIEHTPAUMH OT BPeMEHHU HMMeEET JIMHEHHEBIH XapaKTep: paccyMTaeM 3Haue-
Hua InCwu 1/C.

T, C 0 5 10 20 30 45
InC 1,61 1,47 1,31 1,01 0,71 0,26
1/C 0,2 0,23 0,27 0,365 0,49 0,76

Kak BUAHO M3 pacyeToB, JUHEHHOM sBJIsieTcs 3aBUCUMOCTD In C OT 1, cJIenoBaTesbHO, 3TO
peakLysi nepBoro nopsjaka. KOHCTaHTy CKOPOCTH peakLMM MOXHO IIOJY4YUTbh, PacCYyMUTaB
TAHTEHC YIVIa HAaKJIOHA MOoJIydeHHOH npsiMoii. JIsi HUBETMPOBaHUSI BO3MOXHBIX OIIMOOK 3K-
CTIEPHMEHTA JIyYLIIe OTPeeSITh STy BEJHYMHY rpaduyeck (puc. 2.4): k=tga =0,03 ¢\,

2.2. 3ABUCUMOCTDb CKOPOCTH PEAKIIMM OT TEMIIEPATYPbI

IIpy MOBHIIEHWH TEMIIEPATYPEI CKOPOCTh peaKIuid, KaK MpPaBWJIO, YBEITUYNBa-
eTCs. DTO BHI3BAHO HE CTOIBKO BO3PaCTaHNEM CKOPOCTH ABVKEHMUSI MOJIEKYJT, CKOJTBKO
YBEJIMYEHUEM YNCIa YACTHIl, SHEPTHs KOTOPBIX MPEBHIIIACT SHEPTUIO AKTUBAIUH.
Ha puc. 2.5 n3obGpaxeHo pacnpeaeieHine YaCTHUIL 10 SHEPTUAM TIpH Pa3TUYHBIX TEM-
repaTtypax. DHeprud akTUBarMu E, pa3TuyHbBIX XUMHYECKUX PeakiMi KoaebreTCs oT
enVHULL 0 COTeH KIXK/MOJb, OMHAKO OORIYHO OHA 3HAYMTEHFHO NMPEBHIIIAET CPei-
HIOIO KUHETHYECKYIO SHEPTUIo YacTHL, TOMBKO HebOobIIast YaCTh MOJIEKYJT 001afaeT
3HeprHeil, mpesrlawmeii £, (3aliTpuxoBaHHast 0671acTh Ha puc. 2.5). [Ipu nossie-
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HHUM TEMIIEpaTypsl MakKCUMyM KpHWBOI pac- N/N,
TIpeesIeHUs] CMEIaeTcsl B 06J1aCTh OOMBITUX L>T%
SHEPTHH, ¥ KpHUBAast HECKOJIBKO CIIaXUBACTCH.
KomuuecrBo vactuil, obnamaionmx F > E,,
pe3KO BO3pacTaeT, YTO NPUBOMUT K YBEJIH-
YEHUIO CKOPOCTH PEaKIM NPUMEpPHO B 2 —
4 paza NpHM yBETMYEHUH TeMITEpaTyphl Ha KaX-
IIbIe IECSATh TpamycoB (npasuso Banm-Togga).
3aBHCHMMOCTh KOHCTAaHTH CKOPOCTH pe-
aKLUM OT TEMIIEPAaTyphl BEIpAXKAETCH ypas-
Henuem Appenuyca. Puc. 2.5. PacnipenesieH1e YacTHIL 110 3HEP-
—E, T, T.: l

k= koe—ﬁ. 2.6) rusiM Ui temmneparyp 17, u Ty; A —

JIOJIA YacTHI[ ¢ JaHHOH 3Heprueil £

,, E

rne ky = Z4y- P, Z, — 4wncio, npornopimo-
HAIBHOE KOJIMYECTBY COyNApeHUH, 3aBUCS -
11Iee OT MacCHl M pasMepa 4acTull, a P — CTepUyYeCKUii MHOXUTENb, NMOKa3kIBalo-
1M BEPOSITHOCTH CTOJIKHOBEHMII B HANPaBIEHUH, KOTOpOe 01aronpusTHO IS Ie-
pepacnpeneneHms cesa3eil. OCO6eHHO 3TOT (haKTOp BaXEH AJisI 60OJIBIINX pa3BETBIICH -
HBIX MOJIEKYIL.

Caanre Appennyc (1859 — 1927). llIBenckuit GU3NKOXUMUK,
OCHOBHEIE PabOTEI KOTOPOTO MOCBSIUEHE YYEHUIO O PacTBOpax
M KMUHETHKE XMMHYECKHUX peaKIuii.

On nonyunn HoGeneBckylo peMHio 1o XuMuM B 1903 rony
3a CO3[aHME TEOPHH 3MEKTPOJUTHYECKOM arccouanuu. Takxke
UM ObU1a paspaboTaHa ofHa U3 HanboJiee U3BECTHBIX TEOPHUI
KHUCJIOT U ocHoBaHMi. OnHako, ele 60JIbIIYI0 U3BECTHOCTh UMe-
IOT ero paGoThl B 06,1aCTH XUMHUYECKOM KMHeTHKU. C. AppeHuyc
BBICKA3aJ1 MBICJIb, YTO PEaKLIMOHHEIMU SBJISIIOTCS HE BCE, a TOJIb-
KO aKTMBHEIE MOJIEKY 1bl. OH BBEJI TIOHSTHE 3HEPrMy aKTUBALMU
U BBIBEJI YpaBHEHUE 3aBUCMMOCTU KOHCTAaHTHl CKOPOCTU peak-
LIMU OT TEMIIEPATYPhl, HOCSIIEE €ro UMs.

HccnenoBaHue TeMITEPATYPHBIX 3aBUCHMOCTEH CKOPOCTEH XUMHUYECKHX PEaKIMit
MO3BOJIIET ONIPENE/IUTh SHEPTUY aKTHBALIMK '

Ink = Inky — E,/(RT). 2.7

DHeprusl aKTUBALMU ONpPeneNnsieTCss KaK TRHTCHC yIila HaKJIOHa NpsiMoil B KOOpIaU-
Hartax Ink—1/T.

CKOpOCTh 3IEMEHTAPHO Peaki[My BCETAA YBEJIMYUBACTCH IIPH BO3PACTAHUU TEM-

niepatypbl. OMHAaKO CYILIECTBYIOT PEaKIIMH, CKOPOCTh KOTOPHIX BO3PACTaeT NpHY OXJIax-

IEHVU W, CIIENOBATEIbHO, QHEPTrUsl aKTUBALMM TaKUX DEaKIIMi, NOJyYeHHas W3
oneita ( F,;), OTpULIATEIBHA, YTO NMPOTUBOPEUUT 3APABOMY CMBICTY. OTO BO3MOXHO

! Crioco6 onpejeeHdsl aHATOTHYEH pacyeTy AH peakiuu 10 TEMIepaTypHOU 3aBUCUMOCTH KOH-
CTaHTHl paBHOBecHd (CM. nogpasy. 1.2.5).
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Ink JIULIB B TeX CIy4asiX, KOIma MeXaHW3M peakLuu
HE OTBEYAET CTEXMOMETPUUYECKOMY YPaBHEHHIO.
Hanpumep, cKopocTh peakuuu

-8 2NO + 0, = 2NO,
NMpYU YMEHBIICHUN TeMIIEPaTYPhl BO3PACTaeT U

- 10 L
paccyMTaHHad SHEpPrus aKTHBauHUM pPaBHa
_lk —4,2 xJIX/MOJb. DKCIIEPUMEHTATHHO JOKA3aHO,
YTO NEepBOM CTaAMUEl 3TOHM peakKuHuU SBISETCS
14} 006pa3oBaHNe MATOYCTOHYHNBOTO AUMEPa:
2,96 3,14 3,36 3,66 1/T-10° 2NO 2 N,0,
AH = -16 xIIx, [N,0,] = K[NO]?

Puc. 2.6. T'paduk 3aBHCHMMOCTH
Ink—1/T (x npumepy 2.2) Bropas cragus, onpenendionast CKOpOCTb peak-
MU, — OKUCJIEHUE IUMEpa:

N,;0, + 0, = 2NO,
CKOpOCTb 3TOi peaKiMy paBHa:

v = kK[NOJ?[0,]
YuutniBas, yto K = exp(AS/R) - exp(-AH/RT), TeMneparypHasi 3aBUCHMOCTH Ha-
OmonaeMoil KOHCTAHTHE k' CKOPOCTH PEaKLIMU BHIPAXAETCH YpaBHEHHEM:

k' = kK = ky' exp(=E, /RT) exp(-AH/RT).
JpyruMH cnoBamu, UCTUHHAsI SHEPTUS aKTUBALMU BTOPOl CTAJMM PEAaKIMH paBHa:
E, = Fyy — AH = 11,8 IIx.

BOra peakiysd, KOTOPYIO JOJIT0e BpeMsl B COOTBETCTBUU ¢ KUHETUYECKUM ypaBHe-
HHUEM CYUTAIH TPUMOJIEKYJIAPHOI, Ha CaMOM Jfiejie SIBJISIeTC GMMONEKYIAPHOI, a ee
CKOPOCTH BO3PACTaET ¢ MOHWXKEHUEM TEMIIEPATYPHI, TaK KaK KOHLEHTPaLuI JUMe-
pa YBEJTMYMBACTCH IPH OXIaXICHUH (I peakuuu guMepusanuu AS < 0, AH < 0).

ITpumep 2.2. TemneparypHas 3aBUCMMOCTb KOHCTAHTBI CKOPDOCTH PeaKLUH
N205 = 2N02 + |/202
XapaKTEePHU3YeTCs CIAEAYIOLUMMH 3KCTIEpPUMEHTaNbHBIMU JaHHBIMH:

T, K 273 298 308 318 328 338
k, ¢t 7,78-1077 3,46- 1073 1,35-10* 4,98-10* 1,50-10 4,87-107

OnpenennTe SHEPTUIO aKTHBALH.

Pewenue. [Ins onpenenens 3HEPTHN aKTUBALMH HAlO MOCTPOUTh rpadyK 3aBUCHUMOCTH
KOHCTaHTBI CKOPOCTH OT TEMIIEpaTYpHl B koopauHarax (Ink—1/7). CHa4ana onpesenuM Ko-
OpPIMHATHI TOYEK:

/T 3,66-1073 3,36-10°  3,25-10°  3,14-107? 3,05-103 2,96-1073
Ink ~14,06 -10,27 -8,91 -7,60 -6,50 -5,32

Ha puc. 2.6 npencrasineH rpaduk, MOCTPOEHHEIN 10 3TUM AaHHBIM, TOYKH [OCTaTOYHO
XOPOIIO JIOXKATCA Ha MPSAMYIO, TTO3TOMY TAHTEHC yIJla HaKJIOHa MOXHO PacCYMTaTh IO JI0-
OBIM JIBYM TOYKaM:

—E,/R = (Alnk)/(A1/T) = (-14,06 + 5,32) /(3,66 - 2,96) - 10~ u E, = 103 800 Ix/Morb.
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2.3. TOMOTEHHBIN 1 TETEPOTEHHBIN KATAJIW3

OmHMM U3 BaXHEHIINX CIIOCOGOB BO3NEHCTBUS Ha CKOPOCTh XUMHYECKNX peaK-
LU ABAsIeTCA UCHOMB30BAHUE KaTaTu3aTopoB. Kamanuszamop — BELIECTBO, U3MEHS -
olee CKOPOCTh XMMUYECKOM peakiMy M He pacXOAylolieecs B NpoLecce B3auMo-
IecTBUs. BaMsAHMe KarajMsaTopa Ha CKOPOCTh XMMMYECKOM DEakiMM HaskIBalOT
rxamaauzom. Katanusatop cneidHUdecky IeHCTBYET Ha ONpEeAEIeHHBIE peakKy 1
COBEpIIECHHO He BIMSET Ha ApYyTHE.

B 3aBMCHMOCTH OT (pa30BOrO COCTOSIHMA PEAarupyolNX BEIECTB U KaTaTu3aTopa
Pa3TMYaloOT IBa BUAA KaTaau3a — 20MO2eHHbili U cemepocennbiii. ECIM peareHTH U
KaTaJIHu3aTop HaxOOATCA B OMWHAKOBOM arperaTHOM COCTOAHUU M MEXIYy HUMHU HET
MOBEPXHOCTE pa3mesa, TO KaTaJili3 — rOMOreHHBIN. [IpH reTeporeHHOM KaTamn3e
peakLys NIpOTeKaeT Ha TTIOBEPXHOCTH pasfena AByX (a3, 0aHa U3 KOTOPHIX SIBIISETCS
KaTanu3aTopoM. B Ta6a. 2.2 nmpuBeaeHbBI NPUMEPHI HEKOTOPHIX KAaTAJIMTHYECKUX peak-
1917078

JleTaabHBIM MEXaHU3M NECTBUS KAaTATH3aTOpa OYeHb CIIOXeH. OIHAKO MOXHO
CKa3aThb, YTO B CJIydyae TOMOTEHHOTO KaTajJu3a KaTaIU3aTop, B3aUMOIEeHCTBYs C pe-
areHTaMH, o6pa3yeT ¢ HUMH ITPOMEXYTOYHBIE CoeqHeHs (unmepmeduambr). B wrore
BEJIMYMHA SHEPTUMM aKTHBALMM peakuHUM C yYacTHMEM KaTaJIM3aTopa OKas3hIBacTCHd
HIDKE YHePrMM aKTHUBAIMH TaKOil Xe peakuiH NMpH ero oTcyrcTBUU. IIpakTuyecku
peakwuyst MeT 1o apyromy nytu (puc. 2.7). Hanpumep, oxuciaenne okcuaa cepbi(IV)
Ge3 kaTtanusaropa (puc. 2.7, a) U ¢ KataauzatopoM (pHc. 2.7, 6) NPOUCXOAMT IO
pasHBIM MexaHu3MaM. Be3 katanusaropa:

SO; + 1/202 = SO3

Ota peaxkiys MMeeT SHePTUI0 aKTUBaUUU E,, B TO BpeMs KaK B NPUCYTCTBUH
KaTaJIMU3aTopa PeaIu3yeTCs cepHsl NpeBpalieH!, KaXkI0€ U3 KOTOPBIX XapaKTepH-
3yeTcs CBOMM 3HaueHueM FE,. CHayaia NpoUCXOOUT B3aMMOJECHCTBHE KaTaIu3aTopa
(NO) ¢ xucnopomom: NO + 1/,0, = NO, (E,,). 3aTeM NPOMEXYTOYHBI MPOXYKT
(NO,) B3aumoneiicteyet ¢ okcunoM cepri(IV): NO, + SO, = SO; + NO (£,)).

B 3TOM ciyyae KaTaaus3aTop BHICTYNIAET B PO NEPEHOCUMKA OKUCIUTENS.

B xaranurnueckoM npouecce E,, v E,, < E,. YMeHblienue E, COOTBETCTBYET
3HAYUTENLHOMY YBEJIMUEHHIO YMC/IA YacTHL, 06MafaroliX SHEPrueH, MpeBbIia-
1eil SHEPTUIO aKTUBALIMM, ¥ IPUBOOUT K BO3PACTAaHUIO CKOPOCTH PEaKUMH.

Tabnuua 2.2
IIpaMepBi rOMOreHHOTO0 H FE€TEPOreHHOr0 KaTanu3a
Karanuzarop

Peakiius — -
FOMOr€HHbIH | reTeporeHHbIH

SO,(r.) +'/,0,(r.) =SO,(r.) NO(r.) V,0,(18.)

H,0,(x.) = H,0 (x.) +'/,0,(r.) K,Cr,0,(p.) | MnO,(18.)

RCOOH (p.) + ROH(p.) = RCOOR, (p.) + H,0 (x.) H,0*(p.) —
CH,(r.) + H,(r.) = CH,(r.) — Ni (18B.)
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HcxonHnle Hcxonunie I'IpOMe)Kyroqﬂoe\

BeluecTsa '  TIpOyKTHt " |BellecTBa  COefMHEHUE
ITpoMexyTOYHOE \ peaxLmu (MHTEpMEHAT) \ |[Ipoxykrsi
COCAUHCHUE \ peaKumu
(uHTEpMeauar) e
ITyTs peakuuu ITyTs peakiiuu
Puc. 2.7. DHepreTHyecKkas AMarpamma npo- Puc. 2.8. OHepreTnyecKas auarpaMma mnpo-
Lecca 6e3 karanmsatopa (/) M ¢ KaTa- uecca 6e3 nuruburtopa (/) U ¢ HHrUGUTO-
Jn3atopoM (2) poM (2)

IIpu reTeporeHHOM KaTajau3se CHIXKeHHe E, mocTUraeTcs B pe3yinTare ancopOouun
peareHTOB Ha TTOBEPXHOCTHU KaTaJIM3aTopa, CIASACTBHEM 4Yero SIBIISETCS OCNablIeHue
XUMHWYECKMX CBA3EH B aiCOpOMPOBaHHBIX MOJieKynax. HanprumMep, TIpH «10XUTaHUN»
okcuna yriepona(ll) BEIXIOMHEIX Ta30B KUCAOPOIOM TIPOMCXOMUT afcOpPOLM ra30B
Ha MOBEPXHOCTH IUIaTUHOBOIO Kataiu3aropa. Peakiys ancop6upoBaHHEIX MOJIEKYT
rasoB ¢ OCJAaGIeHHBIMU BHYTPUMOJIEKYASPHBIMM CBSA3SIMHM IIPOTEKAET ¢ MEHBIIEH
3Heprueil aKTUBar M, YeM aHAJTOTUYHA peakiys B Ta30BOM cpene. 3aTeM NMpoMCXo-
IHT aecopbumsa o6pa30BaBHIMXCS MOJIEKY/T C TTOBEPXHOCTH KaTajaHU3aTopa.

Karanus urpaet BaXHyI0 poJTb M B BMOXHMHYECKHX MTporeccax. B poay KaTanusa-
TOPOB TaM BBICTYNAIOT (DePMEHTHI — CJIOXHBIE GEKH.

CyliecTByIOT BellecTBa, KOTOpHIE, HAlIPOTUB, YMEHBIIAIOT CKOPOCTh PEaKINH,
MX HAa3bIBAIOT unzubumopamu. OHU U3MEHSIOT NyTh peakuuu (pHc. 2.8), mepesons
VICXOHBIE BEIIECTBA B UHTEPMEAUAT (3Ta peaKuys UMeeT HeOOBIIYIO HEPTHIO aK-
THBauvM E,, < E,). DHeprus akTHUBanMu TIpoIecca IMepexofa MPOoMeXyTOYHOro
COenMMHEeHNs B KOHCYHBIN MPOXYKT OKA3bIBACTCSH YPE3BHIMAiHO 60nbuIoN (£, > E,),
M TaKOW IpOIecC CTAHOBUTCSI MAJIOBEPOATHEIM. B pe3ynbTaTe MHTEpMEANAT CHOBa
pacniazaeTcs ¢ 06pa3soBaHUEM MCXOMHEIX BellleCTB.

IIpumepoM MHTUGHUTOpA TS PEAKLIMM PAa3IOXeHUs TIEPOKCHUIA BOKOPOAA MOXET
CITykUThb (bochopHasg KUCIOTA.

ITpamep 2.3. DepMeHT Karalasa CHIKAET SHEPIUI0 aKTUBaLMHM peakuUHMH PalioXeHHs
nepokcuaa Bogopona ¢ 75 kIx /Mo g0 21 kIx/Monb. Bo CKOMBKO pa3 yBEJIMUUTCS CKOPOCTh
peakuuu npu T = 298 K?

Pewenue. KoHcTaHTa CKOPOCTH PEaKIUHU CBA3aHa C BETUMYMHOM 3HEPTUH aKTUBALIMH ypaB-
HeHMneM (2.7). OTHolEHHE CKOPOCTER PABHO OTHOLIEHHIO KOHCTAHT:

-E, f
Kyar err BRI 222-32311000 2.8 9
=—-—E =g RT = O =g =3,310
~&a
eRT

Kartannzatop yckopseT mpolecc pa3IoXeHHs TMEpOKCHia BOAOPOAA MPHUMEPHO B MM~
Jivapj pas.
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2.4. MEXAHU3MbI XUMHWYECKUX PEAKIIUW

MexaHU3M XMMMYECKUX peaKLMil BO MHOTOM 3aBUCUT OT 3/IEKTPOHHOIO M reo-
METPUYECKOTrO CTPOEHHSI MOJIEKYJT pearvpyoluyx seuiects. IloaTomy, umes obume
MpEeICTaBICHUS O BO3MOXHBIX MEXaHN3MaX PEaKUMH M CTPOCHUM MOJIEKYJ, MOXHO
CIE/TaTh BEIBOZ, GYLET TN JaHHOE BENIECTBO MHEPTHRIM WK aGwIbHEIM'. KoHeuHo,
rogyac G6IBaET OYEHB CI0XKHO WX HEBO3MOXHO MOJYYUTH NOATBEPKIACHNE BBIIBH-
HYTOMY NpEAINONOXEHUI0. PAcCMOTPUM HEKOTOPHIE OOIIME IIPENCTaBICHUS:

e O MEXaHM3Me Pa3pHIBa CBSI3U; ’

e 0 GUMOJIEKY/IIPHOM WM MOHOMOJIEKYISIPHOM MEXaHM3Max peaKIMi 3aMerne-

HUS,

e 0 MEXaHM3Me OKHCIUTEIBHO-BOCCTAHOBUTEBHBIX PeaKIUH.

CBS13b MEXIY AByMs aTOMaMU MOXET Pa3phIBaThCS MO TOMOJIUTHYECKOMY MeXa-
HU3MY, T.€. C 06pa3oBaHNEM IBYX PaIUKAIOB:

A:B—> A- + B,
WIN TETEPOTUTHIECKN — C 00pasoBaHMEM HOHOB:
A:Bo> A" +:B".

JI1si TOMOTUTMYECKOTO pasphiBa CBA3M TpeOyeTcsl 3Heprusl aKTUBaLMH, GiTu3Kast
K BeJIMYMHE 3HEPTUM 3T0il CBA3H. [Ipy reTeponMTHYECKOM MEXaHU3ME 3Ta SHEPrud
elre GoJsplle, TaK KaK HEOGXOIMMBI 3aTpaThl Ha oOpasoBaHMe MOHOB. Iloatomy B
rasoBoii (base yale MPOXoIAT peaklUK ¢ 06pa3oBaHUEM PAANKAIOB, a B pacTBOpE,
e BeJMKa 3HEPTusl copBaTaluy, — ¢ o6pa3oBaHneM HOoHOB. IIpuMepoM npouec-
COB, IIPOXOAAINUX MO PAIUKAIBHOMY MEXaHU3MY, SBISIOTCH LEMHBIC PEAKIIHH.

Ilennbie peakuuu. DTO NOCIENOBATEBHEIE PEAKIIMH, B KOTOPBIX NOSIBJICHUE MTPO-
MEXYTOYHOM aKTMBHOM YaCTHIIBI (4Yallle BCETO paJMKasa), BRI3bIBAeT LEb NpeBpa-
LIEHUHA MCXOOHHIX BElecTs. IIpyMepaMu TaKuX peaKuHMil MOTYT CITYXHWTh PEaKIUu
OKUCJTEHUST MOJEKYISIPHBIM KUCIOPOIOM, B3aMMOIECHCTBHE BOXOPOJA C rajoreHa-
MU, TEPMHYECKOE PA3IOXKEHNE 030HA M OKCHIOB XJI0pa, PeakKuM pajiMoaKTUBHOIO
pacriaga.

JTo6as LernHast peakiius COCTOUT U3 TPEX CTAAUMA: 3apOXIeHHE, NPONOKCHUE U
o0peiB uenu. Ha nepBoi cranuu o6Gpa3yroTcd aKTHUBHBIC YaCTHUIIBI, B PE3YNbTaTe
B3aUMOAEHCTBHS MOJEKY/T MCXOIHBIX BEIIECTB, BHELIHETO BO3ACICTBHUS (CBETa) WK
CrieMaTbHEBIX BEIIECTB — MHUIIMATOPOB CBOOOAHBIX panukaitoB. Ha Bropoi ctannuu
MPOROJDKEHNE LIENT MOXET GHITh HepazsemenentbiM, KOTaa B KaXIOM akTe o6pasy-
€TCS CTONBKO X€ PAIUKAIOB, WIN pa3gemeneHHbim, eCli B pE3yIbTaTe OCYIIECTBIIE-
HUsl IIpoliecca YHCIIO aKTUBHEIX YaCcTHIL Bo3pacTaeT (puc. 2.9).

U HaKOHELl, TpeThs CTaAus — PEKOMOMHALUs panvKagoB. O4YEHb 4aCTO TaKHe
nporecchl IPOXOIAT Ha CTEHKaX COCyaa WM ¢ yyacTheM npumeceid. [lostomy oTiiu-
YUTENHFHOI OCOOGEHHOCTRIO LIETTHBIX PEaKuUil ABISETCHS 3aBUCHMMOCTD CKOPOCTH OT
o6beMa ¥ GOpPMBI peaKLMOHHOTOo cocyna. B Tabi. 2.3 npuBeaeHs! NIpUMEpHI pasiny-
HBIX CTAIMI Hepa3BEeTBICHHON W Pa3BETBICHHOMN LIENMHON peaKLIMH.

! C TepMOIMHAMUYECKOH TOYKH 3PEHHS COEAMHEHHUE MOXET GBITh CTAOMIILHBIM HJIM HECTAGHIBHBIM
OTHOCHMTENILHO KaKOTO-JIMG0 MpoLiecca, a MO CKOPOCTH NpeBpallieHHs] BELECTBA ACIATCA Ha Aa6unbibie —
6BICTPO B3aUMOJICHCTBYIOILME U UHEpmMHbie — DEarupyole MeUIEHHO.
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TaGauua 2.3

ITpumepsl Hepa3peTBICHHON H PA3BETBICHHON LEMHOH peaKnuy

C N Hepa3sperBneHHas peakuus PasBersiieHHas peakuust
TARHH UCTIHBIX peaKLii H, + Br, = 2HBr 2H, + 0, =2H,0
3apoxaeHue Lenu Br, > 2 Br H,+0,—>2-0OH
H, +0, > H* +HO,
IIpononxeHue uenu Br- + H, > HBr + H- ‘OH + H, > H,0 + H-
H- + Br, » HBr + Br PasgseTBneHue uenm:
H- +0, > -O- +-OH
‘O* + H, » H*+ OH-
OO6prIB LU Br- + Br* + M* - Br, H-+H:-+M 5 H,

* M — TpeTbsi yacTHLA WIM CTEHKAa COCY/a.

HUHrepecHoit 0cOGEHHOCTBIO LEMHBIX PEaKLUi ABIAETCS TO, YTO OHU MIPOTEKAIOT
O4YeHb OYpHO, TIOPOI1 CO B3PLIBOM, HE BO Bcell 061acTH JaBieHUIA U TeMIepaTyp, a
JIMIIb B HEKOTOPOM UX MHTepBase. Ha puc. 2.10 npuBeaeHs! nipeaensl BocruiaMeHe-
HUA cTexnoMeTpuyeckoit cvecu H, u O, s onpeneneHHoi GOpMEI U MaTepUaia
cocyna. I'peMyyast CMeCh B3pbIBa€TCs TOJIBKO TIPH ycioBusX (P, T), COOTBETCTBYIO-
HIUX TOYKaM BHYTPH IOJYOCTPOBa BOCIUIaMEHEHHMSI: HILKe TIEPBOTO Tpeesia Ipeos-
JamaeT peKOMOMHalMs Ha CT€HKaX COCY/Ia, a BHIIE BTOPOTO — PEKOMOWHaLUS B
o0beMe M Ha NIpUMecHX.

Yro0BI MOHATH, KaK CTPOEHHE MOJIEKYT BEIECTBa BIMSET Ha €ro peaxkIIMOHHYIO
CIIOCOGHOCTB, PaCCMOTPHMM IIPOLIECC THAPONH3a TETPaxJIOPUIOB YIIEPONa, KpPeM-
HUS U 0JIOBa:

BCl; + nH,0 = 30, xH,0 + 4HCI

OTa peaklMs TePMOOMHaMUYECKH BO3MOXHa (A,G° < 0) IS XJIOPUIOB BCeX
TpeX 31eMeHTOB. OHaKO, €CIIM TeTPAXJIOPHA YIIEPOIa IPAKTUYECKH He B3aUMOICH-
CTBYET C BOJOM, TETPaXIOPUA KPEMHHUS MTHOBEHHO TIOTHOCTBIO THAPOJIM3YETCS JakKe

P, atm

10k B3priB
a

6 ! 400 T 500 600 T, °C
Puc. 2.9. Cxema passeTmIeHHOI Puc. 2.10. TIpenensl BocruiaMeHeHUS
(a) ¥ HepasBeTBjieHHON (6) s peakuuu H, + 1/20, = H,0

LIETTHOM peakuyu
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O4YEHb MaJIBIM KOJUYECTBOM BOIEI, a TETPAaXJIOPU OJIOBA, XOTS U B3aNMOIEHCTBYET
nono6Ho SiCly, HO TaKKe MOXeT 00pa3oBaTh TBepable THApPaThl. CKOpee BCETO 3TO
MOXHO OOBSACHUTb TEM, YTO THAPOJIU3 TETPaXJIOPHIOB KPEMHHUS M OJIOBa MIET TIO
OMMOJIEKYISIPHOMY MeXaHU3My HyKieodusHoro 3amenieHus (Sy2), Ha IepBoit cra-
JUU KOTOPOTO NMPOMCXOAUT NPUCOETUHEHNE BOOBI K L[EHTPAIbHOMY aTroMy:

H,0 + SiCly —» [H,0—-SiCly] —» HO - SiCl; + HCI

PasHuua B moBeneHUM COEAUMHEHUI 0JI0Ba U KPeMHUs 06yCI0BIeHa JIUIIbL Pas-
JryueM sHepruit cBsa3u 9—O0. B ciayuae xe yraepona Takoi MeXaHU3M B3aUMOACH-
CTBHMSI HEBO3MOXEH, TaK KaK H3-3a MaJIOTO pa3Mepa aroMa yriiepoja aTaka 3aTpyaHe-
Ha CTepHYECKH, K TOMY XK€ yIJiepod HE UMEET MOIXONSIIEH Mo 3Heprui ¢cBoOOIHOM
op6uTany. Bo3MoXHO, YTO NpH BBICOKMX TEMIIEPATypax, KOIJa THAPOJIN3 TETPaxJIo-
puna yriiepoaa Bce e UMEET MECTO, MEXaHU3M 3aMeHIeHUS SIBJIIETCS MOHOMOJIEKY-
JIAPHBIM nporeccoM (Syl). CxeMa peakiivu B 001eM BHAE MOXET OBITh IIPeACTaBIIE-
Ha ypaBHCHHEM:

AB+C—-5A+B+C—H>AC+B

IMpuMepe! peakuny 3aMeleHNsT KOMIUIEKCHBIX COeNUHEHUI U MpeacKa3aHue Ux
J1abMJIBHOCTH WK UHEPTHOCTH OymyT pacCMOTpeHE! B nozapasn. 4.7.4.

PaccMOTpHM MeXaHU3MBI 3JIeMEHTapHBIX OKHCIUTENBHO-BOCCTAHOBUTEIBHBIX
npoueccoB. Mx MoxHo noapa3nenuTs Ha BHelHecdepHble U BHyTpHchepHBIe. BHel-
HechepHBIE TIPOLECCH UAYT NOCTATOYHO BLICTPO 63 06pa3oBaHUs YCTOMYMBHIX MO-
CTUKOB. IIpUMEpPOM CIyXWT peakuus MaHTaHaT-HOHOB C I€pMaHTraHaT-HOHaMW,
COIEPXAUIUMHU MeYeHbIi atom Mn*:

MnO; + Mn*0}” - Mn*O; + MnOZ"

Huxonait Hukonaesny Cemenon (1896 — 1986). Pycckuit
¢usnkoxuMuk. B 30-e ropst XX crosieTus paspaboran Teo-
PHIO pa3BeTBJIEHHBIX LeMHbIX peakuunil. Ero ocHoBHas paboTra
«llenHple peakuMM» BKIIOYAIA TAKuE Pa3fielibl, KaK: TEOpe-
THYECKHEe OOOCHOBaHMs LIETTHOM TEOpWH, LIEIHBIE peaKLIMu
FajJloreHOB, LUEIHLIE PEAKIMH OKUCIIEHHS, LeTHbIE peakLnu
patoxenns. B sToit paGoTe GBUIM pacCMOTPEHB MHOTHE PE-
aKuuM, B 9acCTHocTH, obpa3osanne HBr, doroxuMuueckoe
pasnoxenne H,0,, okucneHue yrinesonopogos. 3a UK 3THX
pabor H.H.Cemenos u C.H.Xunwenopyn (Beanko6pura-
Hug) B 1956 r. 6vUin ymocroeHsl Hob6eneBckoit npemum.
H.H. CeMeHOB sBNssICS OCHOBATE/IEM 1 GECCMEHHEIM PYKO-
BOAMTENIEM KadeApbl XHMUYeCKOM KWHETUKHY HA XHMHYECKOM
dakynsrere MI'Y.

BuyrpucdepHble peakiMy NpoTeKaioT 6ojiee MEIEHHO ¢ 06pa3oBaHUEM MOCTH-
KOB, Y€pe3 KOTOphIE IIPOXOAMT IMepeHoc 3JeKTpoHOB. HanpuMep, peakuus

[Co(NH3)sCl** + [Cr(H,0))** + SH* — [Co(H,0)]* + [Cr(H,0)sCl]** + 5SNH;
npoxoaut 4yepes uHTepMenuar [(NH;)sCo...Cl...Cr(H,0)s]*, comepxamuit omHo-
BPEMEHHO aTOMEI KobajibTa U XpoMa, COeIMHEHHBIE aTOMOM XJIOpa.

SJICMCHTapHI)IC OKH CJINTEJIBHO-BOCCTAHOBHUTEJIBHBIC ITPOLIECChI MOXHO pa3aeIuTh
TaKXe IT0 KOJIHYECTBY IIEPEAaBacMbIX 3JIEKTPOHOB Ha OOHO3JJIEKTPOHHBIE U JBYyX-
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KonebaresbHbie peakuun. CywiecTBylOT XHMHMYECKME peaKLMH, NIPH IPOTeKaHUH
KOTOPBIX IPOUCXOOUT NEPHOAHIECKOE H3MEHEHHE KOHLIEHTPALIMil pearupyolux Be-
utects, Haubonee U3BecTHOI KosieGaTesibHOM peakumeit spnsercs peakuus besoyco-
Ba— ’KaboTHHCKOTO, BIEPBble HccienoBaHHad B 60-x rogax XX Beka. Drta peakius
NIpeACTaBseT coGon KaTaJIMTHYECKOE OKUCIICHHE MAJIOHOBOI KUC/IOTH 6pOMAaT-HOHOM
B pucyrerBun Ce™ B KMCIOM BOTHOM pactBope. KosebaHusi KOHIIEHTPALMii 3aMETHBI
MO NEPHOIHYECKOMY MCUYE3HOBEHMIO U IOSIBJICHMIO XeJTOI OKpacKH, BEI3BAHHOM HOHAMM
Ce*. TaxKe epHOAMYECKH U3MEHSIIOTCS TeMIEpaTypa M KOHLEHTPALNM APYriX Mpo-
IYKTOB, SIBNISIIOLIMXCA WHTepMenuatamu (Br', Br,) (puc. 2.11). Uis o6bsicHeHMs KoJte-
6aTeJIbHBIX U3MEHEHHI1 TIPEUIOXEH MEXaHW3M, BKIIOYAIOLUWI CIAEOYIOIIME CTaIUH:

1) BrO; + Br” + 2H" -» HBrO, + HBrO
2) HBrO, + Br + H" » 2HBrO

3) BrO; + HBrO, + 2Ce +3H >
- 2HBrO, + 2Ce* + H,0

4) 2HBrO, > BrOj + HBrO + H*

5) nCe* + BrCH(COOH), - nCe** +
+ I'IpOLIYKTbI OKHUCJIEHHS.

BpoMManoHOBas Kuciiota o6pasyercs
B pe3y/bTaTe peakluu

CH,(COOH), + HBrO —
— BrCH(COOH), +H,0

O6uiee ypaBHEHHE MMeEET BHI!

2BrO; + 3CH,(COOH), + 2H* -
— 2BrCH(COOH), + 3CO, + 4H,0

D10 Haubosee ynpOILIEHHBIH BapUAHT
MexaHu3Ma. bosiee no3pHUE MONEIH BKITIO-
qaror no 22 craauii [19].

Puc. 2.11. 3aBUCHMOCTb KOHLEHTPALUHK
Br~ (a), Ce** (6), Br, (6), 6GpoMMaTOHO-
BOI1 KMCJIOTBEI (2) U M3MEHEHHUS TeMIle-
patypsl (AT) (3) oT BpeMeHM WIS KoJjie-
6arenbHOi peakuuu benoycosa— XKa6o-
THHCKOTO

SJIeKTpoHHEBIE. JIBYXa/ieKTPOHHHIM TlepeHOC, KOTOPBIM Yallle BCEro MMEET MecTo
B XUMHH p-3JIEMEHTOB, IPOUCXOOUT JOCTATOYHO MEMJIeHHO M YE€pE3 MOCTUKOBhIE
aTOMBI, ITOMO0HO peaKIUu:

SO3™ + HCIO — [0;S—Cl—OH] — CISO; + OH~
Iocnenyroneit cragueit ABIAETCS THAPOINU3 XJIOPCYabdaT noHa:
CISO; + H,0 — SO + CI” + 2H*
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Ecnu okucnuTenb U BOCCTAHOBUTENb U3MEHSIOT CBOIO CTENIEHb OKHUCIEHHS IIO-
pa3HOMY, TO TaKHe peaKIUU Ha3bIBalOT Hekomnaemenmapusimu. X MexaHU3M ellie
bojyiee cIOXeH U BKIIOYAeT HECKOJBKO 3JIeMEHTapHBIX cramuii. IIpuMepoM Takoi
peakuuu Moxet ciryxutb okucieHue Cr(IIl) nepcynbsdar-noHoM, KOTOpEIi ABIIS-
€TCS OYEHBb CUJIBHBIM IBYX3JIEKTPOHHBIM OKHCIUTEIEM:

Cr2(804)3 + 3K28208 + 7H20 = K2C1'207 + 2K2804 + 7H2804

DTa peakiusa OYeHb MEJIeHHAs U KaTanu3upyeTcsd noHaMu Agt. Bo3MOXHHBIIT Me-
XaHU3M B3aUMOJCHCTBUSA — NBYXJICKTPOHHOE OKHUCIIeHUEe cepebpa

Ag" + S,08” — Ag* + 2507
OBICTpas peakius
Agh + Ag — 2Ag%
M, HaKOHell, ONHO3JIeKTpoHHOe oKucieHue xpoma(lll) nonamu Ag2+ [12]:
2Cr* + 6Ag* + 7TH,0 = Cr,0% + 6Ag' + 14H*

2.5. KHHETHKA TBEPIO®A3HHIX PEAKITUN

Jlo cux mop Halllu paccyXAeHUs Kacajuch roModa3HbIX peaKLUi, 1l KOTOPBIX
BO3MOXEH HENOCPEJCTBEHHEBIA KOHTAKT OTHEIBHBIX MOJIEKYJ Wi HOoHOB. ['opasno
Gonee CIOXHBIMU ABISIIOTCS MEXaHU3MBI TeTepocha3HBIX TTPOLIECCOB, B KOTOPHIX OCO-
Oy10 poNb UrpaeT naouyads nogepxHocmiu COTIPUKOCHOBEHHS peareHTOB U CBOMCTBa
3T10i1 nosepXHoCTHU. Ilpu 3TOM XOTS GBI OHa U3 ha3 MOXKeET OBITH XHUIKOM WU ra3o-
BOWM, WJIM BCE PEareHTHI SBJISIOTCA TBEpABIMU BerecTBaMu, OCHOBHBIE OCOGEHHOCTU
TBepaoda3HBIX peakiUif CBOASTCA K CIECAYIOIEMY:

e peakiys NPOUCXOOUT Ha MOBEPXHOCTH pasfeia (a3,

¢ JOCTaBKa pearvpyloniix yacTUIl B 30Hy peakIIUM 3aTpyJHeHa;

¢ B [IPOLIECCE PEAKIIUM NTPOUCXOIUT OGpa3oBaHUe HOBOM (a3Hl.

Pearupytorye yacTUIB pa3aeaeHE B IIPOCTPAHCTBE, U CKOPOCTh UX ITEPEMEILE-
HUA 4depe3 cioi TBepaoda3Horo npoaykra (CKopocthk nuddysnn), Kak IpaBuio,
OYCHb MaJa.

Takum o6pasoM, aumumupyroweli cmadueii meepdoghasHbix peakyuii wawe ecezo
saenaemcs Jughghyzus peazenmos 6 caoe npodykma, pasnensiomeM peareHTel. CKOpocTh
nudoysuu (dn/dr) 3aBUCHUT OT IUIOHIAAM TIOBEPXHOCTU pasfena (S) U rpagveHra
KoHueHTpauuu guddynnupyromero semectsa B cinoe (dC/dX):

dn/dt = ~DS(dC/dX), (2.8)

roe X — romuuHa cinos; D — koaddumeHT nuddysud, KOTOPHH 3aBUCHUT OT
TeMIepaTypel, IpUuponsl gUbOYHIUPYIOIETO BEIECTBAa U CBOMCTB Marepuana, de-
pe3 KOTOpEI npoxoguT nuddysus.

Koaddunmnents muddysnn pasauyHBEIX aTOMOB WIM HOHOB B TBepmoil dase
Ype3BHIYAHO MaJIl U HaxoaaTca B npenenax or 1078 go 1071 cm?/c. CnegoBarens-
HO, I YBEJIUYEHUSI CKOPOCTH JOCTaBKU peareHTOB B peakIMOHHYIO 30HY Liese-
coobpas3Ho:

¢ TIOBBICUTE TeMIlepaTypy (KoadduuueHT nuddy3nn 3KCIIOHeHITUAaIBHO BO3pa-
CTaeT C POCTOM TEMIIEPATYPHI);
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* U3MEJIbYHUTh YACTHLBI PEAKIITMOHHOM CMecH (YTOOBI YMEHBIIUTD TOMIIUHY CIIOS,
pasmessIIonEro peareHThl);

® HCIIONB30BaTh PEAreHTHI C MOBLILIEHHOH PeakiIMOHHOM CIIOCOOHOCTEIO (HAIMYNeE
JeDEKTOB CTPYKTYpPHI YBeTIMUMBaeT CKOpocTh Auddy3nn Ha MHOTO TIOPSIKOB).

CkopocTb TBeprodasHbIX PeakIuil CYIIECTBEHHO 3aBUCHUT OT OCOOEHHOCTEM CTPYK-
TypBI TIPOAYKTa B3aUMOAEHCTBUS — HOBOM ¢a3nl. IIpn ee obpasoBaHUU, ¢ OTHOM
CTOPOHBI, BBILEIAECTCA IHEPIUs (3HEPIUs CBSA3U), a C OPYTOM — TpaTUTCH 3HEpTUs
Ha oOpa3oBaHUe HOBOI1 MOBEPXHOCTU. Bbimensomascs Heprus MpornopuuoHaibHa
KyOy TUHEHOro pa3Mepa YacTHUll, a IHEPIust, 3aTpaylBaeMasi Ha o6pa3oBaHue I0-
BEPXHOCTH, TIPOIIOPLIUOHAJIbHA KBaApaTy JUHEHHOTO pa3Mepa JyacTul. Beiaeacrsue
3TOTO IUIS1 OYEHb MaJIEHbKUX YacCTULl TIPEBAJIUPYIOT 3aTPaThl 3HEPTHUH, CBA3aHHBIE C
HeO00XOMUMOCTBIO IPEOIOJIETE HEKOTOPLIi 2HEpreTHYecKuit 6apoep. M3-3a aToro mu-
MUTHUpPYIOIIEH cTanueit rerepodasHoi peakiiud MOXET SBIAThCA oGpasoBaHUE 3a-
ponpieit. TonpKko nocne JOCTIKEHUS OTIpeeIeHHOTO KPUTHUYECKOI'O pasMepa qallb-
Hefee dopMUpoBaHUe HOBOU (ha3nl (YKpYTTHEHHE 3apOIbIlIeil) HIeT CaMOIIPOU3-
BOJILHO.

XapakTepHBIN BUA KHHETUYECKOM KpUBOit TBepnoda3HOM peakiiy (3aBUCHMOCTh
CTETIEHU TIpeBpanieHus (o) OT BPEMEHHU) mpeacTaBieH Ha puc. 2.12. Cragua [ —
UHOYKYUOHHbII nepuod, BO BPeMSI KOTOPOTO CKOPOCTh PEAKLIMM Majia, COOTBETCTBYET
HayajibHOMy oOpasoBaHuIo 3aponbiieii. Cranusa [1 cooTBeTCTBYET TIpoLieccy pocma
3apodbiueli — 3TO CaMblit OBICTPEIN NIEPHOM peakIuu. Jlajiee 3apoablLId CIUBAIOTCS B
HETIPEPLIBHEINA €10 IpOAYyKTa, CKOPOCTh PEAaKIMM YMEHBIIAETCS, U C 3TOTO MO-
MEHTa onpeaeisaercs dugg@ysueii peareHTOB Yyepes 3ToT cioit (cragus I11).

g Toro 4yroOBl COKpaTuUTh WHAYKLUOHHBINA NepHon (YBEIHMYHTh CKOPOCTb) B
peaKIMOHHYIO CMECh MHOTIIa BBOJAT MEJIKHe KPUCTAUIMKY MMPOAYKTa peakiuu. OHU
BLICTYTIAIOT B POJIM 3apONBILIEH, U MPOLIECC Cpa3y HayMHaeTcs Kak OBl CO BTOPOM
CTagUu. YMEHbIIEHUS UHIYKIIMOHHOTO IIEPHUOIA MOXHO OXHAATh, €CIN KPUCTAITH-
YeCKas CTPYKTypa IOJy4arolIerocs MpoayKTa aHaJIorTUYHa CTPYKTYype OQHOTO U3 pe-

areHToB (moapoOHee O CTPOCHUHU TBEPIAOIO

TeNna cM. nonapasn, 4.7.4).
3apoasin AB Apasn )

IIpumep 2.4. TpetoxuTe ONTHMAJIBHBIE YCIIO-
BUS CHHTE3a MarHui-alloOMHHUEBON IMMHEN
MgAl,0,.
| Pewenue. BO3MOXHO HeCKOJILKO BAPUAHTOB CHH-
L Te3a. EcjiM CMHTE3 NpOBOAUTE HEMTOCPEACTBEHHO U3
OKCHIIOB:

11 MgO + A1203 = MgA1204

TO:
a) B KaYecTBE HCXOIHOIO peareHTa Cjenyer
ucnosb30Bath y-Al,O;, MMEIOLUI CTPYKTYpY Hc-
KaXEHHON HITIMHEH,;
= ©) MCcXONHEIE BelliecTBa HEOOXONUMO TLIATE b~
HO HU3MEJIBYUTDb U CIIPECCOBATh B TabJIETKH;
Puc. 2.12. 3aBUCUMOCTE CTETIEHH TIpeBpa- B) TEMIIEPATypy CHHTE3a CJAeAYyeT IIOBBICHTD 10
LWEHUA o OT BpeMmeHu Ui TBepaodas- 1500 °C (mubdysua cTaHOBUTCA OLIYTHMOI IIpU
HBIX peakumit (I — MHIYKLIMOHHBII le-  TeMOepaType, cOCTaBIALLEH 2/5... 3/4 OT TeMIie-
puon, I — pocr 3apopeimeit, III — paTypsl niaBjienus nponykra — npasuro Tam-
Mo oy3roHHas 06sacTb) MaHna);
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r) IUid MHTEHCUDMKALIMM TIPOLecca 11eJeCO00pa3sHO NPOBOAUTL IOBTODHBIE LIMKIBI U3-
MeJIBYEHUSA — IIPECCOBAHUA — OTKHUTa (IIPM STOM IPOMCXONUT YMEHBHIEHHE CJIOS TIPOAYKTA
Ha 4YacTHLAX, 3aTPYAHAOMX qudGy3HI0 PeareHTOB).

BTOpOi1 crioco6 CHHTe3a 3aKJII0YaeTCs B IPUIOTOBICHUH OYeHb TOHKOM CMeCH pearvpy-
fo1Mx Bewects. HanpuMep, e eMeath HUTpaThl Mg(NO;),- 6H,0 1 AI(NO;);- 9H,0 u
HArpeTh, TO OHM DACIUIABATCA B COOCTBEHHON KPHCTAINIM3ALMOHHON BOAE, M NPOU3OMIET
nepeMelIMBAHME «HA MOJIEKYJIIPHOM YpOBHe». I1ojlyde HHBII 1J1aB HUTPATOB IpH TeMIIEpaTy-
pe ~600°C panaraerca ¢ 06pa3oBaHHEM BBICOKOIMCIIEPCHOM, OYEHb PEAKLMOHHOCTIOCO6-
HOI cMecH oKcuaoB. Orxur 310it cMecH nipy 1300 °C npuBOAMT K 06pa3soBaHMIO IITIMHEH 32
JOCTATOYHO HEeNPOAOIKUTEIBHOE BpEMs. :

KoHTpoJbHbBIE BONPOCH

2.1. Xuopua prytu(ll) pearupyer ¢ oKcajaT-MOHAMH B PacTBOpe 110 YPAaBHEHHIO:
2HgCl, + C,07™ = 2CI" + 2CO, + Hg,Cl,

Hcnonb3ys NpUBENcHHBIE HUXE NaHHBIE, ONpPEeJEsHTe: a) 3aBHCHMOCTh CKODOCTH De€ak-
LMY OT KOHLEHTPALIMM PEareHTOB; 6) MOPSAAOK PeaKUHUH B LIEJIOM U 1O KaXIOMY PeareHTy;
B) KOHCTAHTY CKOPOCTH DeaKiMH; I) CpPaBHUTE IOJYYCHHBIE PE3Y/IBTATHL CO CTEXMOMETPU-
YeCKMM ypaBHEHHEM W CliesiaiiTe BBIBOL.

Homep C(HgCL), C(C,07), v,
9KCNepMMEHTa MOJIb/JT MOJIb/J1 MOJIb/(J1* MMH)
1 0,0836 0,202 0,52-10*
2 0,0836 0,404 2,08-10
3 0,0418 0,404 1,06-10

2.2. OnpenenuTe MOPSIOK MO BEIIECTBY A MU KOHCTAaHTY CKOPOCTH HEKOTODOIi peakuuy,
€C/IM COHepXaHHe A U3MEHAETCH CO BpeMeHeM ClenyloiMM 06pasoM:

T, C 0 5 10 20 30 45
C,, MOMB/N 2,5 2,41 2,33 2,16 2,00 1,74

~2.3. K peakiuusM Kakoro IIopsiika OTHOCUTCA palMoaKkTUBHbIHA pacnan? Ilepuopn nonypac-

naga ymiepona “C pasen 5570 ropaM. CKOJIBKO BpeMEHH NOTPeOyeTCA, YTOOBI COnepXKaHUe
14C B 06pasiie yMeHbLMI0Ch Ha 0,5 %7

2.4. Ucnonb3ys NpUBeeHHbIE HIXE JaHHbIE, ONPENEIMTE SHEPTUIO AKTUBALIMH peaKiIMU.

k 0,182 0,466 1,35 3,31 10,2 22,6
T, K 305,0 313,0 321,1 327,7 343, 6 353,0

Kak u3aMeHHTCA yrojl HaKJIOHA KpUBBIX Ha rpaduke (Ink — 1/7) npu nepexone OT peakiiHii
¢ MaJIoit 3Heprueil akTUBAlMU K peaKuMsaM C GoJbllieit 3Heprueit akTMBaLUu?

2.5. HapucyitTe 3HepreTMyeCKylo qMarpaMMy HIOTepMHYeckoil peakuuu. Kak cooTHo-
CATCH 3HEPTUM NpSIMOil U 06paTHON peakuMit?

2.6. Ina pacreopenus Kyouka NaCl ¢ pe6bpoM 1 ¢M B 6OJIBLIOM KOJIHYECTBE BOABI IIPH
HMHTEHCHBHOM IepeMelIMBAHMM TpeGyeTcsa 6 4. CKOIbKO BpeMEHH HEOOXOOUMO JUISL PACTBO-
DEHHUS B TAKMX XK€ YCIOBHSX OPOIIKA, HOJY4EHHOrO H3MeJbueHHeM 3Toro obpasua Ha 10%
ONUHAKOBBIX KyOMKOB?

2.7. Peakuusd pa3noxeHus razoo6pasHoro okcuaa azora(V)

2N205 = 4N02 + 02

ABISIETCA peakuMeil Nepsoro nopsaxa. [peanosiaraeMbiii MEXaHH3M 3TOH peaKLMH BKOYA-
eT CJedYIOILHUEe TIPOLIECCH;
a) pasHosecue N,O; 2 NO, + NO;,
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6) Memtennyio peakumio NO, + NO; = NO, + 0, + NO,

B) GeIcTpyIO peakumio NO + NO; =2NO,.

Hokaxure, 4TO STOT MEXaHM3M He POTHBODEUMT SKCIEPUMEHTAIBHBIM JAHHLIM,

2.8. O6bACHHTE, OYEMY HUKEJIB ILTIOXO OKUCIAETCA TIPH HU3KUX TEMIEPATYPAX H JOBO/b-

HO XOPOLIO IPH BBICOKMX, & XEJIe30 JIeKO MONBEPraeTCsl KOPPO3HM HAXE NP KOMHATHOM
TeMIIepaType.




IF'naBsa 3
CTPOEHUE ATOMA U NMEPUOINYECKHUN 3AKOH

HM3ydyeHHe cTpoeHUS MOJIEKYJl U MEXaHU3MOB XUMHUYECKHUX PeakIlMi ¢ UX ydac-
THEM HEBO3MOXHO 0€3 MpeaBapUTeIbHOIO 3HAKOMCTBa CO CTpoeHMeM atoma. Co-
BPEMEHHEBIE TIPEACTABICHUS 00 aTOMe OCHOBaHbI Ha 3aKOHaX KBAHTOBOM MeXaHUKHU.
Huxe 6ynyT UCNIOIb30BaHBI HEKOTOPEIE TIOOXEHNS COBpeMeHHOH dHU3MKHU, oIHa-~
KO 06€3 CTpOrux MareMaTU4YeCKHX JOKa3aTelIbCTB Ha YHCTO KayeCTBEHHOM YPOBHE.
HM3ydyeHHe CTpOeHHUsI aToMa IO3BOJWIO IO-HOBOMY HHTEPIIPETUPOBATh NMEePHOMM-
YeCKMU 3aKOH, OTKPBITHIN [. Y. MenneneeBbIM, OOBSICHUTh 3aKOHOMEPHOCTH U3ME-
HEHHS CBOIMCTB 3JIEMEHTOB M COCOIUHEHWI B MOATPYIINAX U Iepuonax.

3.1. CTPOEHHE ATOMA

3.1.1. CospeMennoe npeacTaBjieHRe 0 CTPOSHHH aTOMA

IToHsiTMEe aroMma ObUIO BBEeLEHO B MIyOoKo# apesHocTH. EcTrecTBeHHO, MOMENHN
CTPOEHMS aTOMa U3MEHSUIMCh C pasBUTHEM €CTECTBO3HAHUS B II€JIOM M (DU3UKHU B
yacTHOCTU. MBI OCTAHOBHUMCS TOJIbBKO Ha COBPEMEHHOM IIPEACTABJICHUH, KOTOPOE
CIIOXWIOCh B Hayane XX B., KOrga ObLIM OTKPBITHI 3JIEMEHTAPHBIE YaCTUIIBI — CO-
CTaBHBIE YacTH aToMa, a TakKKe pa3padoTaHbl OCHOBHEIE ITOJIOKEHHMS KBaHTOBOI
MeXaHWKH, TIO3BOJIUBIIEH aleKBaTHO OMKCaTh CBOKMCTBA MUKpOMUDPA. Amom — Xu-
MHYECKU HeeUMas, 3J1eKTpOHeTpasibHas yacTuLa, CoCTosIIAasA U3 HyKJIOHOB (T1po-
TOHOB, HCUTPOHOB) U 3MEKTPOHOB.

Ta6auua 3.1

CBoiCTBA HEKOTOPBIX DJIEMEHTAPHBIX JACTHI

Yactuua Cumsor* Macca, a.e.M. Macca,** r 3apsan***, e
Tpoton ip 1,0073 1,67 10 +1
Helitpou n 1,0087 1,67 10 0
DJIeKTpOH e 0,00055 9,1-102% -1
Tosurpon e* 0,00055 9,1-1028 +1

* BepxHuil mHAEKC 0603HaYaeT MaccoBOe YHMCIO, a HHXKHUU — 3aps.
** B xayecTBe-aTOMHOMN €MHMIBI MacChl MPUHATA !/}, Macchl atoMa u3oromna 12C,
*** DeMeHTapHBI 3apsa e = 1,602 10°Y K.
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OCHOBHBIE CBOWCTBa (3apsi U Mac-
€a) 3THX YaCTHUI] IIpUBeAEHEI B Ta6. 3.1.
B neiicTBUTE TBHOCTH HYKJIOHBI HE SIB-
JIAXOTCS HENEIUMBIMH, a, B CBOIO 0Ye-
penb, COCTOAT U3 KBapKob. OmHAKO
NpU XMMHUYECKUX B3aUMOAEHCTBUIX
CTPOEHUE HYKJIOHOB HE HMMEET 3Ha-
yeHUsl. Kpome 31eMeHTapHBIX YacTHIL
* CYLLIECTBYIOT aHTUYACTHILIBIL: JIEKTPOHY
COOTBETCTBYET IMO3UTPOH, KBapKy —
Puc. 3.1. Crpoenue atoma AHTHKBapK, HEUTPUHO — aHTHHEMNT-
puHo. HekoTophie U3 HUX OyayT yIo-
MSIHYTBI TIpY 60Jj1e€ oapOOHOM OIMU-
CaHMM CBOVCTB siipa U palMOaKTUBHBIX MPEBpalUeH Uit (cM. pasz. 3.1.4).
ITpoToHBI U HEUTPOHHI B aTOME OBPA3YIOT MOOXHUTETBHO 3apSDKEHHOE S1po. B HeM
COCPEenoTOYCHA NMPakTUYECKH BCA Macca aToMa.
3apsin sapa (Z) oNpenessieTcst YUCTOM TIPOTOHOB. DIEKTPOHBI B ATOME 3aHUMA-
IOT OKOJIOSIIEPHOE MPOCTPAHCTBO, KOTOPOE B HECKOJIBKO THICSIY Pa3 MpPeBHILIAET pa3-
Mep camoro siapa (auamerp sapa nopsiaka 10712 cm, a quameTp atoma — 1078 cwm).
3apsin sapa, C TOUKM 3DEHMSI XMMUM, SIBISETCS OCHOBHOM XapaKTEPUCTUKOI aTo-
Ma, TIOCKOJBKY OH OIIPEHEINSIET YMCIO IEKTPOHOB. XMMHYECKUE K€ CBOMCTBA Be-
IIECTB 3aBUCAT UCKITIOYUTENIHHO OT IEKTPOHHON CTPYKTYPHI COCTABIIIIOINUX UX aTO-
MoOB (puc. 3.1).

Huase Bop (1885 — 1962). Brinaromuiics aatckuit du-
3UK, OCHOBONOJIOXXHHK COBPEMEHHOI KBAHTOBOW TEOPUH.
H. Bop co3nan nepByio KBAHTOBYIO MOIEIIL CTPOEHHS aTO-
Ma, MHOTHE 3JIEMEHTBI KOTOPOl BOLIK B COBPEMEHHYIO
KBaHTOBYIO TEOPUIO: YPOBHM 3HEPIUH, KBAHTOBBIE YMCIA
u T.4. OnHako He MeHbIlee 3HaUYCHHUE MMEET BIusHHE
H.Bopa na creayomee nokonenue GpU3MKOB, BKITIOYas
B.Teisen6epra, I1.Qupaxa, B.Tlayau u D. Oepmu.

Xumuneckuil snemenm — 310 BUI aTOMOB, XapaKTEPHU3YIOLUIICS OTIpee/eHHBIM
3apsimoM sAapa.

3.1.2. DneKTpoHHOE CTPOCHHE ATOMA

DIIEKTPOHHOE CTPOEHHE ATOMA ONPEAENSETCS, B TIEPBYIO OYePeNb, SHEPTHEIT S/1eK-
TPOHOB M BEPOATHOCTHIO UX HAXOXIEHUS B KaXKIOWU TOYKE NMPOCTPAHCTBA BOIM3M
Anpa. Jl1si TIOHUMaHUS TIOBEJIEHUS IEKTPOHOB B aTOME BHAYANE PACCMOTPHM Hx
ONUCAHUE Ha SA3bIKE COBPEMEHHOM KBAHTOBON MEXaHUKH.
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Bo-miepBBIX, Bce MUKPOYACTHUI[B, BKIIOYasA 3JIEKTPOHBI, 001a1aoT CBONCTBaMU,
KaK YacTHUIIbl, TaK U BOJHEI (KopnyckyaapHo — 60aHoeou dyasusm). Macca (m) moboit
YaCTHIEI U €€ CKOPOCTh (v) CBS3aHEI C ITUHON BOMHE (M) ypagHenuem de bpoiiis;

7»=£, 3.1
my
e h — nocrosiHHas [TnaHka (6,62 107 Ix - c).

Macca U 3apsn 3JeKTpoHa OBUIM OTIpeAesIeHHl elle B Havane XX B., a JoKa3a-
TeLCTBOM BOJHOBEIX CBOMCTB 3JIEKTpOHa MOCTyxXHIa qudpakiius NPy MPOXOXIe-
HHUM TIOTOKA 3JIeKTPOHOB Yepe3 KPUCTAJTTNYECKUE BelecTsa. JJIMHa BOJIHEI 3JIEKT-
poHa, YCKOPEHHOI'O B 3JIEKTPUYECKOM IIOJIe, COM3MEPUMa C PacCTOSTHUEM MEXIY
aToOMaMM B KpHCTaJlJIe, U TIO3TOMY IO OTHOLUEHUIO K IyYKy 3JIEKTPOHOB KPUCTAILIT
IeicTByeT KaK TU(PaKIMOHHAsA peLIeTKa.

Bo-BTOpEHIX, HEBO3MOXHO OQHOBPEMEHHO TOYHO OTIPEAETUTD MOIOXKEHUE (KOOP-
IUHATY) U UMITYJIbC 3JIeKTpOHa (npunyun Heonpedenennocmu Ieiizenbepea). Tlorpei-
HOCTH B OIpenejeHNH KOOPOMHATH (AX) U UMIynbca (Amy) CBsi3aHBEI COOTHOLUE-
HHEM:

zsx-Amz)z—zfl—:l,OS-lO'34 Jx-c. (3.2)
T

Hanpumep, npu ckopoctd 108 cM/c ¥ TOYHOCTH OTIpeaeeHUS TIONIOXKEHUS JEK-
tpoHa 10-1° cM HeolpeneTeHHOCTL B CKOPOCTH JOCTUTHET KOJIOCCAIBHBIX 3HAaYEHU
nopsinka 10° cm/c. B KBaHTOBO#M MeXaHHKE OTIEPUPYIOT TIOHSTHEM BEPOSITHOCTU Ha-
XOXJI€HUsI 371eKTPOHAa B JaHHOM TOYKe ITpocTpaHcTBa (dV).

B-TpeTbux, 3Heprus 3MeKTpOMarHUTHOIO M3NYYCHHMS (B TOM YUCIE U JIEKTPO-
HOB) U3MeHsEeTCS He HENIPEPLIBHO, a TIOPIUAMU — keanmamu. I3aMeHeHUE SHEprUU
3J1eKTpOHa oT E| 1o F, conpoBoXaeTcs MONICHIEHUEM CBETa C YacToToH (v ), onpe-
nensieMoi ypasnenuem Ilnanka:

E, - E = hv. (3.3)

ITpuBeneHHEIE BEILIE TTOJIOXEHUS TTOKA3bIBAIOT, YTO IBMXCHHUE JIEKTPOHA B aTO-
M€ HEJb3s1 paccMaTpHBaTh KaK OOBIYHOE ITepeMeleHIe, TIPUBRIYHOE TSI OTIMCaHUSA
B paMKax KjlaccH4eckoi MexaHuku. B 1926 r. aBcrpuitckuii ¢dusuk 3. HIpequHrep
TIPeUIOXUI OTTUCHIBATE ABUXXEHHEe MUKpPOYaCTHI] C TIOMOIIbIO YDaBHEHUS!, KOTOPOE
CBSA3BIBAJIO SHEPIUIO, KOOPOUHATHL U 804H08YI0 @yHkyuio (¥) — BEIUYUHy, Xapak-
TEPU3YIOLLYIO CBOIMCTBA KBAHTOBOM cUcTeMH. Ypasgrenue Illpedunzepa siBnsiercs QyH-
JaMeHTaJIbHbIM YpaBHEHHEM KBaHTOBOM MeXaHUKM:

2 2 2 2
6‘P+6‘P+6‘P+8nm(E_U)\P=O, 3.4)
2 oy ozt h
TIe X, y, T — KOOPAMHATH yacTuilbl; E — ee monHas aHeprus; U — noreHuuagbHad
3Heprusa;, m — Mmacca;, # — rnocrosgHHas IlmaHka.

Ksaznpar BonHOBO# GyHKUMH ¥, ), | TIPOTIOPLIMOHANIEH BEPOATHOCTH HaXOX/Ie-
HHS 3JIEKTPOHa B HEKOTOPOM OOBEME, OKPYKAIOIIEM TOYKY C KOOPAMHATAMU X, ¥, Z.
DTy BeJIMYMHY HA3BIBAIOT TAKXKE 3AeKMPOHHOU NAOMHOCMbIO.

YpasHeHue [IpeayHrepa TOYHO peLieHO TOMBKO IS aTOMa BOAOPOa U BOIOPO-
JOTMONOOHEIX MOHOB, T.€. IS Caydas OQHOIO 3JIEKTpOHa, Haxomsulerocd B chepu-
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4eCKOM noie sinpa. OqHaKo, HaM MHTEepPeCeH He CTOJIBKO MaTeMaTUIeC KUl BUJI ypaB-
HEHHA, CKOJIBKO MH(MOPMALIMS, KOTOPYIO MOXHO U3 HEro U3RJeYUn.

IMockonbKy BosHOBag byHKIMsS ¥ SBISeTcs HeHabJroaeMoit BeJIMYMHOI, pac-
CMOTPUM HEKYIO aHAJIOTUIO — IOBEJCHUE JIEKTPOHA B «ITOTEHIIUATBHOM SILIUKE»,
LlI€ BOJTHOBYIO (DYHKUMIO MOXHO CPABHUTb C aMILTUTYIOM CTOSYEH BOJTHBI (puc. 3.2).
PelueHue BOMHOBOro ypaBHeHMS B JAHHOM Ciyyae umeeT Bun ¥ = Bsin (nnx/a), a
ITOJIHAST SHEPIUS:

n2h?
8ma’
rae a U B — KOHCTaHThI.

Takum 06pa3om, ypaBHeHHE NMeeT HECKOJIBKO pelIeHunt IpUu pas3IMIHbIX 3HAYE -
HUSIX 1 (IPUHUMAIOIIETO [eIOYUCTIEHHBIE 3HAYEHUS OT 1 10 ). DTy BeJIMYUHY Ha-
3bIBAIOT 21A6HbIM KEAHMOBbIM YUCAOM.

Ipu pewenun ypasHenus IlIpeguHrepa s BOJIOPOAONOMOOHOIO aTOMA MOSIB-
JIHIOTCS ele NBa KBAHTOBBIX YHCNA — opbumaavhoe (1) U maznumuoe (myp). Takum
06pa3oM, BHI BOJHOBOM (DYHKIIMU B IeKApTOBOH CHCTEMe KOOpAMHAT (X, ¥, 2)
3a1aeTCA TPEMS keéanmosvimu wucaamu (n, 1, m)).

Tak Kak Bogopononono6Hast cucTeMa NMeeT C(hepUIECKYIO CUMMETPUIO, TO BOJI-
HOBbIE (DYHKIIMK BBIPAXaIOT Yepe3 chepudeckie KoopauHatel (r, 8, ¢) (puc. 3.3):

‘{J(xa Vs Z) - ‘{J(r, 0, (P) = R(r)Y(e’ (p)a

rxe R(r) — panuaiibHast cOCTaBISAOMAs BOJTHOBOIM (yHKLMM, OTBeYaowas 3a xa-
PakKTep N3MEHEHUS 3JIEKTPOHHOM IUTOTHOCTH 10 Mepe YIaJeHUs OT SApa; Yo, ¢) —
YIJIOBag COCTABIAIOINASA, ONpeaensoas GopMy ¥ OPUEHTALIMIO 3JIEKTPOHHOTO 06-
JlaKa.

O6sacTb MpOCTpPaHCTBA, B KOTOPOI BEPOSTHOCTD HaXOXJIeHUS 3JIeKTPOHA CO-
CTaBJISIET He MeHee 95 %, Ha3bIBaeTCH amomHoil opbumanvio. OHa XapaKTepU3yeTcs
ornpeaieleHHOM (hopMoii 1 paccrostHueM ot sapa. Kaxnas opburasb (BOJIHOBas (pyHK-
LI1sT) BOJOPONONOIOGHOM CHCTEMBI XapaKTepU3yeTcs TpeMs KBAaHTOBBIMH YUCIIAMU
(tabi. 3.2 u puc. 3.4).

z
v E
n=3
_________ n= 4
n=3 I/ n=3
n=2f~E = n=2
=1l T n=1
a 7]
Puc. 3.2. PellleHne BOJIHOBOrO ypaBHEHMS 11k Puc. 3.3. Chepnueckas cucrema
Cy4Yast «3JIEKTPOH B MTOTCHIHMAIBLHOM SILITHKE»: KOODIMHAT (ITOJIOXEHUE TOYKH A
@ — 3aBUCHMOCTDb BOJIHOBOI (byHKIMH OT paccTosi- B NPOCTPAaHCTBE OMNpeaessieTcs
HHUS;, 6 — DHEeprus Ui pa3HBIX 3HAYEHUH n PacCTOSIHUEM r U yIJIaMHu ¢ U 0)
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Tab6bnuua 3.2

KsanToBbIe YHCIA, XapAKTEPU3YIOMIME JJIEKTPOH B aTome

KsaHTOBOE YHCIIO

IMTpuHuMaeMbie
3HAYEHUS

Xapaxrepu3yeMoe CBOMCTBO

IMpumeyarue

I'naBHoe (1)

1,2,3, .., »

BHeprus (F) ypoBHS.
CpenHee paccrosiHue (1)
oT Anpa

N = © — OTCYTCTBHE
B3aUMOICHCTBUSA
¢ sagpom, E=0

Opb6utaneHoe (/)

0,1,..,@#-1)
BCECro # 3HaA4YCHHE
I JaHHOTO 1

Op6uTansHBIE MOMEHT
KOJIMYECTBA JBHXKEHHSA —
dopma opbuTanu

OOGBIMHO KCITONB3YIOT
6YKBEHHBIE CHMBOJIBL
:01234

spdfg

MarHutHoe (m))

-4 ..,0 ..,
Bcero 2/+ 1
3Ha4YeHHe

U1 JaHHoro [/

OpueHTauus MOMEHTa
KOJIMYECTBA ABVDKCHUS —
pacIoyioxXeHue opouTtann
B IPOCTPAHCTBE

ITpu nomelieHny B
MarHUTHOE IT0JIe
opburanu ¢
Pa3nTUYHBIMU M,
HMEIOT Pa3Hylo
SHEPTUIO

CriuHoBoe ()

1
t'/s
HE 3aBUCHUT
OT CBOMCTB opOuTanu

OpueHTauust coGCTBEH-
HOTFO MarHATHOTO MO-
MEHTa

O603Havator T win |

Kpome Toro, 3/1eKTpOH B aTOMe UMeeT elle ofHy hyHIaMeHTaIbHYIO XapaKTepu-
CTHKY, He CBA3aHHYIO CO CBOHCTBaMM OpOUTANH (M, CJie[OBaTe/IbHO, C YpaBHEHUEM
[IpeneHrepa) — COGCTBEHHBINf MarHUTHBIA MoMeHT, wiu cnun (m,). Y BeKropa
CIIMHa MOXeT OBbITb JBa HallpaBJIeHUs! [0 OTHOLUEHHWIO K BHEIUHEMY MarHUTHOMY
TTOJIIO.

Ha puc. 3.4 noka3aHa opMa s-, p- U d-opOuTaieii U oJHOM U3 f~opOuTaneil, «+»
WIH «—» O3HaYaeT 3HaK BOJHOBOH (pyHkuuu. PamuanbHOe paclipemesieHUE 3JIeKT-
POHHO¥ TUTOTHOCTHU NpeACTaBIeHO Ha puc. 3.5. 1s-, 2p-, 3d- u 4/~0p6UTaIN UMEIOT
OTMH MaKCUMYM Ha KpUBOM pacIipefesieHus, a BCe Apyrue — 1o HeCKoJbKo (n — 1)
JOTIOJIHUTEJIbHBIX MaKCUMYMOB. KOJIMYeCTBO MaKCUMYMOB Bo3pacTaeT ¢ yBeJIMde-
HHUEM 3Ha4YeHHA IVIaBHOTO KBaHTOBOTO YUCJa. Tak, HanpuMep, 35-opOUTaIb UMeeT
TPU MaKCHMyMa, T.€. CYLUIeCTBYeT BepOSITHOCTh HaXOXIEHMS 3JIEKTpoHa OJIIKe K
AApY, YeEM Ha PacCCTOSSHUH #, COOTBETCTBYIOIIEM JaHHOU OpOUTAIIH.

Ha puc. 3.6, a npeacrasieHo pacrpeselieHie 10 3HEPIUAM opGUTaeil BOTOpo-
Jorono6Horo aroma. Cuuraror, yto E'= 0 UMeeT 3JIeKTPOH, He CBA3aHHBIHA C SApOM,
9YTO COOTBETCTBYET # = o0, YeM GJMXKe K sSAPY pacCIioioXeHa opOUTasb, TeM 6oJlee
OTpHLIATEIbHO 3HaYyeHMe ee 3Hepruu. ITo Mepe BospacTaHUS »n pa3HMIla B SHEPIUAX
YpOBHEl yMeHblUIaeTCs (CpaBHUTE C puc. 3.1).

OnHako B aToMe OOBIYHO IPUCYTCTBYIOT He OJUH, a HECKOJIBKO 3JIEKTPOHOB.
YT1o6bl yyeCcTb B3aUMOEHCTBUE 3JIEKTPOHOB APYr C APYrOM, BBOIUTCS ITOHSITHE
agpexmuenozo 3apada 20pa (Zyyy): Ha 3IeKTPOH BHEWIHETO YPOBHS €M CTBYET 3aps,
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1=0
)

=1
()

=2
(d)
V4
=3 IIpumep onHoit
) U3 ceMH opOuTaieit
Iy -3y

Puc. 3.4. ®opma s-, p-, d- u f~opburaieii

MEHBLINI UCTUHHOTO 3aps/1a AApa, BHYTPEHHUE 3JIEKTPOHBI 3KPAHUDPYIOT BHELIHME.

OKpaHupylollee AeiCTBHE 3JIEKTPOHOB Pa3HbBIX IOXYPOBHEH HEOAUHAKOBO (CM.
puc. 3.2).
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4nr’RH(r) 4nr? R 4nr’RH(r)

s s

a 7] 8

Puc. 3.5. BepoaTHocTb pacnpeeieHUs 3NeKTPOHHO IIIOTHOCTH 1A 1s- (a), 2s- u 2p-opbu-
taneil (6), nna opburaieit atoma HaTpusi (8)

Taxkoe OXHO3JIEKTPOHHOE IPUBIMXEHNE CBOJIUT OITUCAHWe MHOTOJIEKTPOHHOIO
aToMa K paCCMOTPEHMIO CUCTEMBI, COCTOSIIEH U3 OJHOr0 JIEKTPOHA, HAXOIAIETo-
cs1 B noJie syapa ¢ 3O MOEKTUBHBIM 3aPSIOM Zygg,. ITABHBIH Pe3ybTaT TAKOrO MPpUBIN-
KEeHUS CBOIUTCS K CIIeIYIOLIEeMY:

1. B MHOro3JIeKTpPOHHOM aTOMe IOXYPOBHM UMEIOT Pa3IMYHYI0 IHEPTHIO (IS
JTAHHOIO 3HAa4YeHUsA n 3Heprus nonypoBHA s < p < d < f). A1 oqHO3IEKTPOHHOIO
MPUGINXKEHUS UX paclipejeseHue 10 3HepIUsIM IToKa3aHo Ha puc. 3.6.

2. 3aBUCUMOCTb 3HEPTMU OpOUTAIMN OT 3apsiaa siApa HOCUT CIOXHBIN, HEMOHO-
TOHHBIN Xapakrep:

& C POCTOM Z 3HEPTrUU BCex OpOUTaNiell MOHUXKarTcs (CM. puc. 3.7);

e B NIpefeiax ogHoro nepuoaa [eproauyeckoit TaGAUIbI pA3HUIIA SHEPTUI MO -
ypoBHeit (AE,_,) Bo3pacTaet (puc. 3.8);

e IIPU 3aNOJHEHHUU 3JIEKTPOHAMU
d- v f~opbuTtajieit Ux pacrioJoXeHue 110 E
CpPaBHEHMIO C OMHORJIEKTPOHHBIM MIpU- A=
GJIIKeHHEM CYIIECTBEHHO U3MEHSeTCs
(cm. puc. 3.7). n=

PaccmorpuM, Kak pacmnpegensiioTcst  #=5
3JIEKTPOHEI B aTOME 110 OPOUTAJISIM, T. €.
SAeKMPOHHYIO KOHGueypayuio MHOTo-  n=4
3JIEKTPOHHBIX aTOMOB B OCHOBHOM (He-
BO3OYXKIEHHOM) COCTOSSHUM. s mo-
CTpOEHUS IEKTPOHHOM KOHDUTYparuu
aToMa BOCHOJb3yeMCs CIeIyIOLIUMHU
MIPUHIIUTIAMU 3aTNOJHEHUsS opOuTaneit
3JIEKTPOHAMU: n=2

1. Ilpunyun naumensvuieii 3Hepeuu’. B
MHOTO3JIEKTPOHHOM aToMe CTabOMNbHOM
SIBJISIETCS Takast KOHUTypawus, st Ko-
TOPOI HOCTUTaeTCsi MUHUMYM TMOJHOMN
3Heprun. B mepRyro oueperb 3aroIHI0T-
Csl opOuTalM C HAUMEHBILeH 3HEPIUe  Pyc, 3.6. PacnipeneneHue opburaneit Bogxopo-
(cM. puc. 3.5), T.e. BEITIOMHSETCS TTOCJIe-  [omof0GHOrO aTOMa Mo SHEPrUsM; 1 — IJIaB-
JTOBATEJIBbHOCTD: HO€ KBAHTOBOC YHUCIIO

n=3

n=lf—nmemnaan —Is
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ls <25 < 2p <35 <3p<ds<3d<
<4p < 55 <4d < 5p < 6s < 4f <
<5d<6p<7s<6d<sf

DHeprusi opbuTaneil ypenuuuBaeTcs
B TIOPS/IKE BO3pacTaHUs CYMMblI KBaH-
TOBBIX YHCEJ M + /, a TIPM OMUHAKOBOIX
CYMM€ 3THX YUCE]l — B TOPsiAKE BO3pa-
CTaHUA [JIABHOTO KBAHTOBOTO YHCJIA
(npasusa Kneukosckoeo).
2. Hpunyun Iayau: B aToMe He cylue-
n=3 N CTBYET JBYX 3JIEKTPOHOB, COCTOSIHUE KO-
ok TOPBIX OTIUCHIBAETCH OMHAKOBBIM HaGO-
¥ POM KBaHTOBBIX 4ucen (n, /, m;, m;). Cre-
n=2 JOBAaTENbHO, Ha OJHON opOuTanu (OHa
¥ XapaKTepU3yeTCsl TPEMS KBAaHTOBBIMU
3 YUCIAMU: n, I, m;) MOXET HaXOIUThCS
1 He 6oJiee IBYX 3NIEKTPOHOB ¢ PAa3HBIMHU
3 3HAYEHUSIMU CITMHOBOT'O KBAaHTOBOIO
% yucia (T u ).
1s 3. Ilpasuno Xynda: B Tipenenax omHoO-
25 50 75 100 2 TO TTOAYpPOBHH (T.€. Ha OPOUTAINX C OI-
HUM U TE€M Xe€ 3HAYEHHUEM /) 3JIeKTpO-
HBI pacTIpeNeNIoTCs TaK, YTOOBI CyM-
MapHBIA CIIMH (2m,) 6bUT MAKCHUMAJIEH.
3TO 3HAYUT, YTO CHAYala Ha KaxIoi
OpOuTaIM TaHHOTO TIOXYPOBHS PAcIIOJIaraeTcs o OIHOMY 3JIEKTPOHY. JIMIIb TTocie
TOTO, KaK BCE OPOMTANU OynyT 3aHSTHl HAIOJOBUHY, Ha HUX MOXET MOSBUTHCS
BTOPOH 3JIEKTPOH. DTO NMPABMIIO SIBISIETCH YACTHBIM CIIydaeM MPUHIIWIIA HAUMEHD-
et 3Heprur. OpOUTaIU ¢ OMUHAKOBBIM 3HAYEHHEM | UMEIOT O/IHY U Ty X€ 3HEPTHIO
(6b1podrcOennbie opbumanu), a njist CIApUBAHUS 3JIEKTPOHOB TPeOYeTCs IOMOIHUTETbHAS
SHEPTUs (3Hepausa chapueanus).

n=5

n=4

n=1

Puc. 3.7. 3aBucumocts sHepruv op6uTaeit or
3apsfa siipa (n — IJaBHOE KBAaHTOBOE YHCIIO)

H He Li Be B C N O F Ne Na

2s

+
-+
it

1920F —H— 2p #H'H'H'

E, xIx/mMonn

T
—
@

[yl
Py
[\

b

2880
_H_
__4_ 2s
s

3840

Puc. 3.8. 3MeHeHue 3Hepruu 1s-, 2s- u 2p-opbutaneit y aTomoB 2-ro nepuona [lepuonnue-
CKOW CHCTEMBI
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Ta6nuua 3.3

Ilpumepsl NOCTPOEHHs 31EKTPOHHBIX XKOHPHUrypaunii aToOMOB

DneMeHT | DnekTpoHHas KOHpUIrypauus IMpumMensieMble npaBuIa
,He 1s? 1. IIpyHUMNT HaUMEHBILIE SHEPTUH
2, MpuHyun Haynu
sLi 1s22s! 1. IIpyHUMI HaMMEHbILIE il SHEPTUM
2. lNpunyun Maynu
N Tt (2p) |Mpaeuno Xyuna: Ha 2p-0OpBUTANIAX PACITIONOXEHbI
LT (2s) TPH JIEKTPOHA C ONMHAKOBBIMU CITMHHOBLIMH
1522522 p3 KBaHTOBLIMU YHCIAMU
K 1522522p83523pS4s! TpuHumn HaumeHbILeH sHeprum: By, < Eyy
2Cr T| (45) |1. Hpasuno XyHna

(T2 I11t] @@ |2. «IIpockox» 3NIEKTPOHA — TEPEXOL ONHOTO
1522522p%35%3p63d54s' | s-amexTpoHa Ha d-Op6HTANIb, TAK KAK CUMMEM -
putrsie konguzypayuu d> v d'° owens yemoiinuent

sLa [Xe] 5d'6s? 1. YKa3bIBalOTCst TOJBKO BAJIEHTHBIE 3/IEKTPOHBI,
KOH(QUTYpauusi BHyTPEHHUX 3JIEKTPOHOB
0603HaYaeTCsl CHMBOIOM COOTBETCTBYIOLLETO
MHEPTHOTO rasa

2. «AHoManus» (5d', a He 4fY) cBs3aHa ¢ Gnuzo-
CTBIO 110 3Hepruu (n— 1) d- u (n- 2) f-opburaneit

B Ta6s. 3.3 npuBeneHbl MPpUMePHI U IIPUHIUIIB TIOCTPOSHUS STEKTPOHHBIX KOH-
¢burypanuii HeKOTOPbIX aTOMOB. TaKoit MOAXO/ K OMUCAHMIO TIOBEIEHUS TEKTPOHOB
B aTOME BITOJIHE HOCTATOYEH Jist OOBSICHEHUS OCHOBHBIX CBOMCTB aTOMOB U MOHOB.
OnHako CyLIeCTBYIOT HEKOTOPbie 3KCIIEPUMEHTabHBIE JAHHbIE, HATIPHUMED, CITeKT-
Pbl MOIIOIIEHUST KOMIUIEKCHBIX COEAMHEHNUH, KOTOPEIE HEeJb3s MHTEPIIPETUPOBATD
TOJIbKO HA OCHOBAaHMU TaKOro onucaHus. i nx oobsicHeHUS] HeOOXOAUMO YYUTHI-
BaTb MENCINEKMPOHHOE OMMAAKUEAHUE U CHUH-0pOUMAansHble 83aumodelicmeus, KOTo-
pbie CITOCOGCTBYIOT CHATUIO CHJIBHOTO BBIPOXIEHUS JTIOGOM 3J€eKTPOHHON KOH(DHU-
rypauuy. C yyeToM Takux B3aUMOIEHCTBUIA it 60Iee ITOTHOM XapaKTePUCTUKH 3TeK-
TPOHHOTO cocTostHUA B 1925 1. Paccenom n CayHnepcom Gbia NpemioxkeHa cxeMa
0003HaYEHUS C MTOMOILIBIO TepMOB [5].

Ipumep 3.1. M306pasute 31eKTpOHHYIO KOHbMrypauuio atoMa Ti u uona Ti** B ocHOB-
HOM COCTOSIHMM. 115t BaJIEHTHBIX 3JIEKTPOHOB 4TOMa TMTaHa YKAXMWTE BCE KBAHTOBBIC YHCJIA.

Pewenue. Y atoma Ti 22 3n1eKTpOHa 1 COIIACHO MPUHLMITY HAUMEHBILEH SHEPIUM U IPUH-
uuny [laynu snextpoHHas KoHUrypauust TuTaHa 1s22s22p%3523p%3d%4s? unu B cokpaleH-
HOit dopMe [Ar]3d%4s% Ina uona Ti’* snexTpoHHas KoHG®urypaums [Ar]3d', Tak kak
4s-37IEKTPOHBI UMEIOT MEHBIIYIO S3HEPTHUIO (CM. pUC. 3.7) M NEPBLIMU YAAISIOTCS B IPOLIECCE
MOHM3aUMK. BajeHTHBIMU 3/1EKTPOHAMH aTOMa THTaHa SIBISIOTCS OBa 3d-31€KTpOHa U ABA
4s-311eKTpOHa. [Insi Kaxnoro u3 d 3NMEKTPOHOB n = 3; [ = 2; m, = +1/7 (3MEKTPOHBI UMEIOT
OOMHAKOBbIM CIIMH COIIacHO NpaBwily XyHIa); Y HUX OTJIMMAIOTCS MarHUTHbIE KBAHTOBbIC
YHCNa: y OOHOrO My = +2, a y Apyroro ny = +1 (XO0Ta OpOMTanM BLIPOXIEHBI, 3aHSTH TE
OpOMTaIH, U1 KOTOPBIX 3HAYEHHE Tm; MAKCUMaJIbHO). [Ist KaXAOro M3 S-37IEKTPOHOB 1 = 4;
['=0; m;= 0, y HUX pa3nuyaioTCs CIIMHOBBIC KBAHTOBBIE YMCIIA: ISl OMHOTO 3JIEKTPOHA M, =
= +1/2, a una apyroro — my= -1/,
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DdrpexTuBnblii 3apsan sapa. 3apsn, AeHCTBYIOLIMI Ha 37IEKTPOH CO CTOPOHHI Spa
(cTeneHp 9KPaHUPOBaHHS), 3aBUCHT OT THITA ATOMHOI OpBUTAJIN, YTO CBSI3aHO C pa3-
JIMYHOM MPOHUKaKILEH cmocobHOCTRIO opbuTaeit. PACCMOTPUM 3TO NMOJIOXEHHWE Ha
npumepe HoHa Na*. MYHKUMA paauaibHOTO pachpeaeeHNs SIeKTPOHHOMN [UIOTHOCTH
4rr’R*(r) (BEepOATHOCTh HAXOXICHHsS 3JIEKTPOHA HA ONpPEIEICHHOM PACCTOSIHHUH OT
AIpa) npeJcTaricHa Ha puc. 3.4, 6. B kauecTBe «3kpaHa» B JaHHOM CJIyyae BHICTYNAIOT
MIOJTHOCTBIO 3aIT0jIHEHHEEe opbuTany 1s?2522p® (3amTpuxoBaHHas o6aacTh). DYHKyUSA
3s-opbuTany MMeeT ABa BHYTPEHHHX MAKCHMyMa, PacOJIOXEHHEBIX B TOll xe ob6na-
CTH, YTO ¥ CYMMapHasi PYHKLMS BHYTPEHHHX 3JIEKTPOHOB. DTO 03HAYAET, YTO S-3J1eK-
TPOHBI MaJI0 3KPaHHUPOBAaHB M Ha HUX IOelcTByeT 60apliof 3¢dhdheKTUBHBII 3apsm.
3p-opbuUTany UMEIOT Ha OJUH BHYTPEHHUII MAKCHMYM MEHBIIIE, T03TOMY OHHM JIyYILe
3KPaHUPYIOTCS BHYTPEHHUMH 3JIEKTPOHAMU (3HAYEHHUE Z,pq MEHBLIC). M, HakoHell,
3d-opbuTany UMEIOT TOJBKO OJMH MaKCHUMYM, [OJHOCTBHIO PACIONIOXEHHBIN 34 «3K-
PaHOM», OHM MakKCUMaJIbHO 3KpaHupyoTcs. UTak, pa3inyHas cTereHb 3KpaHHpPoBa-
HUS HNPUBOLWT K TOMY, YTO 3JIEKTPOH Ha Pa3lMYHBIX MOAYPOBHSX HCITBITHBAET Ha
cebe pasnnyHblil 3ddeKTUBHBI 3apsan;

Zyp(S) > Zopa(np) > Zypy(nd) > Zypy(nf).
DpdeKTUBHBIA 3apsAn CBA3aH C UCTUHHEBIM 3apsSioM siIPa COOTHOILEHHEM
ZBQ)CD = Z - S’

rie S — KOHCTaHTa 3KPaHWUPOBAHWS, 3aBUCHLIASA OT 3JEKTPOHHON KOH(pUIypauuu
aToMa M TUna OpbHUTaNM, HAa KOTOPOU HAaXOOUTCS 3JEKTPOH.

S n<n-1 n'=n-1 n' =n n > n
ls —_ _— 0,30

ns, np I 0,85 0,35

nd, nf 1 1 0,35

KoHcTaHTy 3KpaHHPOBaHHSI MOXHO OIPEIENHUTh MO 3MIUPHUYECKUM NPABHIAM
IIx. Cneiitepa. CornacHO UM KOHCTaHTa 3KPaHHUPOBAHUS CYMMUPYETCSI 1O BKJIaJaM
PasIMYHBIX OpOUTANEH, rIe n' — rJaBHOE KBAHTOBOE YMCJIO BHYTPEHHelt opOHTAaNy.

Hanpumep, nna 3s-anekrpoHa atoma Na ko3hpHUMEHT 3KPaHHPOBaHUS CKITAbI-
BaeTCA U3 BKJIAAOB IBYX 1s-371€KTpOHOB (2 1) U BoceMH 2s, 2p-371€KTPOHOB (8 * 0,85)
U, cnenosartesipHO, paBeH §,8. CooTBeTcTBEHHO 3(¢GEKTUBHEBIN 3apsaa sapa, BIUAIO-
Ui Ha 3s-37€KTPOH Hatpus, paseH 11 — 8,8 = 2,2,

i
!
i

3.1.3. OcHOBHEBIE XapAKTEPUCTHKH ATOMOB

B npeauiecTBytomux noapasmaenax Mbl pacCMOTPEIH MOJEb, KOTOpas MPpU3BaHa
00BSICHUTD 3KCITEpUMEHTANIBHBIE JaHHble. KakoBHI Xe BaxXHeflIe XxapaKrepUcTUKN
atoma? K HUM OTHOCSTCS:

e pasMep aToMa, ero paauyc,

e 3HEPreTUYECKHME XapaKTepUCTUKH, BKIIIOYASA MOTEHIIMAA MOHU3ANUU U CPOJI-
CTBO K 3JIEKTPOHY,
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Ban-gep-Baanecos KoBaneHTHbBII

pamuyc (ry) pamuyc (ry)
d K =b , Tae b—una cBs3n
y= 2 2
a 7]
Merannuyeckuit
pazuyc (r,)

Puc. 3.9. AToMHBIE pafuychr:
a — BaH-A€p-BaaJIbCOBBI; 6 — KOBQJICHTHDbIE; 6 — METAJUTUYECKHE, 2 — HOHHBbIE

® CIIEKTPaAJIbHBIE XaPAKTEPUCTUKH (CIIEKTPBI UCITYCKAHUS U TOTJIOIIEHUS),

e MAarHUTHBIE CBOICTBA.

AToMHBIE pasHyChl. ATOM HE MMEET TOYHOTIO pa3Mepa, TaK KaK ero 3JIEKTPOHHAS
TUIOTHOCTb CHJIBHO pa3MBbITa (CM. puc. 3.5). [Tosromy paguyc aroma — ycaoBHOE Io-
HATHE, 3aBUCALIEE OT Crtocoba ero onpeneneHus. Pasnuyaior xosarenmusie, Meman-
AuuecKue, 6an-0ep-6aanscossi u uoHHsie paduyce. VX ONpefensioT KaK MoMyCyMMy
COOTBETCTBYIOLUX PACCTOSTHUM MeXIy SAPAMU COCEIHUX aTOMOB (puc. 3.9).

Panuycol pasnuyHBIX TUITOB 3HAYUTENIBHO OTJIMYAIOTCS APYT OT JIpyra; ;g aro-
moB Na u Cl ato wunoctpupyer ta6n. 3.4. MoHHBIE pagdychl MOTYT 3aBUCETh OT
KOOPINHAIIMOHHOrO Yucia uoHa. Hanpumep, MoHHBIE paguych Ca” s koopau-
HAIMOHHBIX 4ucen 6, 8, 12 paBuH coorsercTBeHHO 0,100; 0,112 u 0,135 uwm. Io-
CKOJIbKY METOAMKM pacyera paanyCcOB MOHOB HECKOJBKO Pa3NUYHBI, CYLIECTBYET
GosbLIOE YUCIIO TAGMUI MOHHBIX paguycoB. HauGonee U3BeCTHEI raoaunbl ITomuH-
ra, a rakxe lllennona u Iproutra (pua. 4, 5).

Tabnuua 3.4
Conocrapienye pasHbIX THIOB PAAHYCOB HATPHA H XJI0pa
Panuyc, um
ATtoM ~ - —
KOBQJIEHTHBIA METATHYECKUH | BaH-Aep-BaabCOB HOHHBII
Na 0,156 0,190 — 0,095 (Na*)
C1 0,099 — 0,185 0,181 (Ci")
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E, B PaspaGoTaHbl Takxe TEOpeTHYECKUE
———————————————————————— CITOCOOHI OTTpeie/IeHUs PaIHyCOB ATOMOB,
OCHOBAHHBIE HA pacyeTe aTOMHBIX BOJI-
Ii(Li) I,(Be) L(B)  HOBBIX GyHKIMHA. Takue paguycsl Ha3bl-
BAIOT opbumansHsimy. 3aBUCUMOCTb aTOM-
sal 25 HBIX PaJHyCOB OT ITOPSLIKOBOTO HOMepa
Li 3JIEMEHTOB, PaBHO KaK M 3aBHCHMOCTb
PR D P +2p MMOTEHI(HAJIOB MOHU3ALUM, CPOJACTBA K
3JIEKTPOHY M 3JIEKTPOOTPULIATEJIbHOCTH,
OyIyT 06CYXIEHB! B CIIeoyIoleM paselie.
Be *H—2s ITorenmman nonu3zaumn, MUHUMaTbHAs
B 3HEPrusi, KOTOPYI0 HeOoOXOQUMO 3arpa-
THTB JUISL yIATCHHS 3JIEKTPOHA U3 aTOMA,
HAaXO/SILEeT0Cs B OCHOBHOM COCTOSIHUU,
HA3bIBACTCS NEPELiM NOMEHYUANIOM UOHU-
sayuu (1)):

X(r.) » X*(r.) + e~

IlepBEIit MOTEHIMAT MOHU3AIMKU aTOMa paBeH SHEPruU BBHICHICH 3arOJTHEHHOMN
opbuTaiu, B3ATOM ¢ oOpaTHBIM 3HakoM. Ha puc. 3.10 nokaszaHa sHeprerudyeckas
JuarpaMMma BaJIeHTHBIX 3JIeKTpoHOB Li, Be u B u niepBble noTeHMAaNbl HOHU3AIUT
3THX aTOMOB.

Bropoit, TpeTHit U T. 1. TOTeHIHATB HOHU3AIMH COOTBETCTBYIOT HOHU3AIUM Ka-
THOHOB, cienoBaresibHo, I} < I, < L ... < [,. Hanpumep, I ajlOMUHUS 3TU
MMOTEHIMAJIBI B 3JIeKTPOHBOJIBTAX (3B) cooTBeTCTBREHHO paBHHI: 5,98; 18,82; 28,44;
119,96. 3HayeHUs MEPBBIX [TOTEHIMAIOB HOHU3ALMH HEKOTOPHIX XUMUYECKHX 3JIe-
MEHTOB IIPUBEJEHHI B TabuI. 3.5.

Cpoxncrso K 3aeKkTpony. CrloCOGHOCTE aTOMAa IPUCOEIUHATD JIEKTPOH C 00pa3o-
BaHUEM OTPMIATEJIBHO 3apSKEHHOTO MOHA KOJMYECTBEHHO XapaKTepU3yeTcsl u3Me-
HEHHWEM SHTAJNbIIMK (3HEPrueit) Imnpoiecca:

X() +e = X ().

| S———— Lo

Puc. 3.10. DHepreTnueckasi auarpaMma Ba-
JIEHTHBIX 3JIEKTPOHOB W TIEPBHIE ITOTEHLHA-
a6l noHu3ayuu mis Li, Be u B

Ta6nuua 3.5

IIepBHe MOTECHIHANBI HOHH3AUHH HEKOTOPBIX JJIEMEHTOB, 3B

H He
13,6 24,58
Li Be B C N o F Ne
5,39 9,32 8,30 11,26 14,53 13,61 17,42 21,56
Na Mg Al Si P S Cl Ar
5,14 7,64 5,98 8,15 10,48 10,36 13,01 15,76
K Ca Ga Ge As Se Br Kr
4,34 6,11 6,00 8,13 9,81 9,75 11,84 14,00
Rb Sr In Sn Sb Te I Xe
4,18 5,69 5,79 7,34 8,64 9,01 10,45 12,13
Cs Ba Tl Pb Bi Po At Rn
3,89 5,21 6,11 7,42 7,29 8,43 10,75 10,74
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Puc. 3.11. DHepretuyeckas AMarpaMma, WUTIOCTPUPYIOLLAs CBSI3b 3Hep- E
CUH CPOACTBA K 3/MEKTPOHY (A,) ¥ 3NeKTPOOTPULATENLHOCTH (%)

Takoit npolecc MOXeT OBITh KaK 3HAOTEPMUYECKUM, TaK U S— 1
3K30TePMHUYECKUM. B HEOpraHM4IecKoit XUMUM yallle HoMb3YIOTCs A R
TePMUHOM cpodcmeo k anekmpony (A,). ToBopsT, uTo atoM X umeeT

Gornblliee CPOACTBO K JEKTPOHY, YeM Y, eclim mpouecc MpUco-
€IMHEHUS 3JIEKTPOHA K aToMy X Gosiee 9K30TepMHYEH, yeM K Y. “
DKCNEPUMEHTAIBHOE OIPE/IENIEHHE SHEPTUU CPONCTBA K BJIEKT- ‘H’"‘

POHY COINPSIKEHO C OOJIBUIMMU TPYTHOCTSIMH, TIO3TOMY OGBIYHO

€€ ONPENC/IAIOT U3 TEPMOAMHAMUYECKUX JAHHBIX (ITo 1Ky BopHa — aGepa). Duep-
THSA CPOJICTBA K 3JIEKTPOHY XapaKTePU3YyeT SHEPTHIO IIEPBON HE3aIMOJHEHHOM WIH
YaCTUYHO 3aITOJIHeHHOM opbuTanu atoMa (puc. 3.11). Kak u B cilyyae noTeHumanos
MOHHU3ALUY CYILECTBYET BTOpas (M T.[.) HEPTUH CPOACTBA K 3JIEKTPOHY, T. €. SHEp-
rMy 06pasoBaHUst HOHOB X . DHEPrHsi IPUCOEIUHEHUS BTOPOTO 3JIeKTPOHA BCErNa
MOJIOXKUTENIbHA, HANIPUMeED, Juid Kuciopona E, =-1,461 3B, a E, = 8,75 sB. O6b14HO
BEJIMMUHOM CPOACTBA K 3JIEKTPOHY HA3BIBAIOT 3Ty SHEPIUIO, 632mYi0 ¢ 06pamubiMm
3rakom. B Tabi1. 3.6 npencTaBeHbl 3HAYEHUS CPOJICTBA K 3IEKTPOHY HEKOTOPbIX ATO-
MOB.

MarnuTubiii MOMeRT. MarHUTHbIE CBOICTBA 4aTOMOB, HAIIPHMeD, XapakTep ux B3a-
UMOJIEUCTBHS C BHEIIHUM MAarHUTHBIM TI0JIEM, OTIPENENSIOTCS dpdexmusnuim maz-
HUMHBIM MOMEHMOM (Ms4). 1st erkux atoMos (Z < 30) ¢ 1OCTATOYHOI CTeNeHbIO
TOYHOCTH MOXHO CUMTATh, YTO OCHOBHOM BKJIaN B 3TY BEJIMYMHY BHOCUT COGCTBEH-
HBI MarHUTHBIA MOMEHT 3JIEKTPOHA, ISl TSXKeJIBIX aTOMOB TJIABHYIO POJIb UIPaeT
CITUH-OpOHUTaNIbHOE B3auMopelicTBre. B epsoM ciryyae 3¢hdbeKTHBHBII MarHUTHBI
MOMEHT atoMa B exMHMIIaX Mb (MarHeToHBI Bopa) paseH

Hogey =2+/S (S +1), (3.5)

rae §=2Xm; — CyMMapHBIil CITMH aToMa.
ITockoNbKY B CyMMapHBIit CITHH aTOMa BKJIafl BHOCAT TOJIBKO HECTIAPEHHBIE dJTeK-
TPOHH (1), TO

Happ =1 (1 +2). (3.6)
Ta6nunua 3.6
CpoacTso x 31eKTPOHY HEKOTOPHIX aTomoB (3B)
H He
0,754 -0,54
Li Be B C N o F Ne
0,618 -0,5 0,277 1,263 -0,07 1,461 3,399 -1,2
Na Mg Al Si P S Cl Ar
0,548 -0,4 0,441 1,385 0,747 2,077 3,617 -1,0
K Ca Ga Ge As Se Br Kr
0,502 -0,3 0,30 1,2 0,81 2,021 3,365 -1,0
Rb Sr In Sn Sb Te I Xe
0,486 -0,3 0,3 1,2 1,07 1,971 3,059 -0,8
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PoTo31eKTPOHHAS
CTIEKTPOCKOTIHS

E,

Ily4ok e
£\ s

CrieKTpocKonus B

BuauMoit unn YO - obnacty

(CNeKTp MCIyCKaHNs)

—¥

Puc. 3.12. BzaumoueiicTBie aTroMa C ITOTOKOM 4acTHL, Ucronb3yemoe B Y® u ¢oroasiekr-
POHHOI1 CNIEKTPOCKOIUH

ATOM WIM WOH, BCE DJIEKTPOHBI KOTOPOTrO CIapeHHBl U, CIeAoBaTEIbHO, 3ddeK-
TUBHBI# MarHUTHHIII MOMEHT KOTOPOTO paBeH HYIIO, HA3BIBAETCS JUAMAZHUMHbBIM,
IIpy BHECEHMM B MAarHUTHOE T10JIe IMAMAarHUTHBIE BEIIECTBA BHITAJIKUBAIOTCS .

ATOMBI UM HOHEI, obyanamoimue 3¢ ¢GeKTUBHBIM MarHMTHBIM MOMEHTOM, OT-
JIUYHBIM OT HYJIsI, T.e. UMEIole HecllapeHHEIe 3JIeKTPOHBI, Ha3bIBAIOTCS napamae-
Humusimu. Takye BelecTBa BTATUBAIOTCS BO BHelllHEE MATHUTHOE TIOJIE.

DKCNepUMEeHTAIbHBIE TaHHBIE O BeIUYMHE 3¢ GEKTUBHOIO MATHUTHOIO MOMEH-
T4 MO3BOJISIOT ONPEREINTD KOJTUUECTBO HECTIAPEHHBIX 3JIEKTPOHOB B aTOME.

Aromnbie cnekTpsl. [Ipy n3ydeHNH B3aMMOEiCTBYS BelLIeCTBA C U3TyYeHUEM pa3-
JIMYHOYM 3HEPTMU MOXHO ITOJYYUTh Ba)KHbIE CBEJICHHSI O CTPOEHHH ero aroMa. s
OIpeaesIcHUS] SHEPIrUM SJIEKTPOHHBIX YPOBHEHM aToMa UCIOJIB3YIOT CIIEKTPOCKOITUIO
B BUOIUMOMN WIH yIbTpadyoIeTOBOM 06JaCTH U POTOIIEKTPOHHYIO CIIEKTPOCKOIIUIO
(puc. 3.12).

Korna HenmpephIBHBIH ITOTOK CBETOBBIX BOJIH (HanpuMep, Oelnlil CBET) MPOXOIUT
yepe3 BELIECTBO, aTOMBI IMOMIOIIAIOT U3JIYYEHMHE OIpeAcieHHON IITUHBI BOJIHHI,
3HEPIUsi KOTOPOTrO COOTBETCTBYET pasHUIIE B 9HEPIUsAX SJIEKTPOHHBIX ypoBHeit. [Ipu
3TOM B3JIEKTPOHHBI TIEPEXONAT B BO30YXAeHHOE cocTosiHUEe. Ecu npoaHatu3upoBaTh
CTIEKTp U3MYYeHUs!, TIPOIIEAIIero Yepe3 BellecTBO, TO B HeM OyleT OTCYTCTBOBATh
U3TydYeHUe ompeneneHHON YyacToThl. [lomydeHHEBIe TAKMM 00pa3oM CIIEKTPHI, TIpe-
cTapisiole coboil 3aBUCUMOCTh MHTEHCUBHOCTH U3JIy4eHUs OT YACTOTHI, Ha3hIBa-
10T cnekmpamu noeaoujenus. Ecv Xe cHayaia KaKuM-1u60 06pa3oM BO30YIUTD 3JEK-
TPOHBI B aToMe Ha 0oJiee BHICOKHE YPOBHH, a ITOTOM UCCJIENOBAaTh CIIEKTP U3TyJyae-
MOM 3HEPTUHU (cheKkmp UChYCKAHUA), TO B HeM OyIOyT HaOMIOAAThCA TUHUU, COOTBET-
CTBYIOLIME JJIMHAM BOJIH C Heprueil repexola SJMeKTPoHa ¢ BO30OYXIeHHBIX YPOB-
Hel Ha OCHOBHOH. TakuMM 00pa3oM MOXHO OIpENeSINTh SHEPIUu 0oJice BBICOKHUX
ypoBHE. MHTepeCcHO, UTO TOJYKOM K OIpENEICHUIO CTPOCHUS aToMa TOCHYXWiIa
TIOTBITKA OOBACHUTD JIMHEHYATHIH CIIEKTp UCITYCKAHUSI AaTOMOB BOIOPOJA.

H7st onipeniesieHUst Hepruif BHYTPEHHUX, 3aTIOTHEHHBIX OpOUTaieil UCTIONB3YIOT
gomoanexmporuyro cnekmpockonuro. IIpy 3ToM aToM 06JTydaeTcst HOTOKOM (POTOHOB

! TlpuMepoM MIEaTbHOTO JMAMATHETHKA SBISIOTCS CBEPXTIPOBOAHMKM, TO3BOJAIOLINE HaOMOAATh
addeKkr «mapeHuss» HaX MarHUTHBIM TIOJIEM, TOMYYMBIIXM Ha3BaHNe «rpoba Maromeras.
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C 3Hepruei Ej, 4TO NMPUBOAUT K 3MHMCCHM (MCIYCKAHMIO) 3MEKTPOHA M3 00pasia.
H3mepus sHepruio (E,) 3TOro 3ieKTpoHa, MOXHO OIEHUTDH SHEPrUl0 YPOBHA B
atoMe E, (sHepruio opOuramy), ¢ Kotoporo oH ynaneH: E, = E, - E,.

Ilpumep 3.2. TlepBblit MOTEHUMANT MOHN3ALMU ATOMA KHMCJIOPOJA MEHBILE, YeM y aToMa
azoTa (cM. 1abi. 3.5). Kak oObICHUTD 9TO sBIeHHe?

Pewenue. Buewunnmy opbuTansaMi KMCJIOpOaA ABISIOTCS 2p-opbuTanu. Mx sHepris Huxe,
uem y 2p-opbutaneit asora (cM. puc. 3.8). OxHaKo y KHCI0OpOAA B OTJIMYHE OT a30Ta MPOUCXO-
AUT CrIapUBaHHE JJIEKTPOHOB Ha BHEIUHEM YposHe (2pY). DHeprus criapuBaHus oKa3blBaeTCs
Gostbiiie pa3HULIBL MEXY SHEPTUSIMU yposHeit 2p (N) u 2p (O). B pesybrarte 3T0Oro nojinas
IHEPrUd aToMa KUCJIOPOa MOBBILIACTCH, U SHEPIUS MOHU3AUMH CTAHOBUTCS MEHDILE, YeM
y atoMa a3sora.

3.1.4. Ctpoenne aTomMHOro sapa

YacTuipbl, U3 KOTOPHIX TIOCTPOEHO SIAPO aTOMa, — HEUTPOHHI (1) ¥ IPOTOHBI
(p), KaK yXe OTMEYaIoCh BHIIIIE, COCTOAAT U3 elie 6oJiee MeIKUX yacTull. MIX B3auMo-
AeUCTBUS U3ydaeT PU3NKa 2IEMEHTAPHBIX YACTHIL U HU3MKA BHICOKUX 3Hepruit. st
XMMMH BaXXHO 3HATh CTPOEHUE SIipa — 3TO MTOMOTaeT OOBSICHUTD SBIEHHE PASNOaK-
TUBHOCTU. KpoMe TOro, MHOTHMe MeTOIbl UCCIeNOBaHUS BEIIECTB, UCTIONb3YeMBIe B
XUMUH (IIEPHBIA MarHUTHBIN pe3oHaHc — SIMP, siiepHBIit KBapYIONBHBIIA pe3o-
HaHCc — SKP, snepHslit y-pe3oHaHc ITP) ocHoBaHBI Ha CBOMCTBAX aTOMHBIX siaep.
IToatomy, He BRaBasch B 06J1acTh GU3MKU SNIEMEHTAPHBIX YACTHII, PACCMOTDHM He-
KOTOpBIE CBOWCTBA AaTOMHBIX SIAED.

XUMUYECKUH 3IEMEHT XapaKTePU3YeTCs 3apsiioM sIPa aTOMa, T. €. KOJMYECTBOM
NpoToHOB. OMHAKO sIpa aTOMOB OJHOTO M TOTO Xe 3JIEMEHTa MOTYT COAEPXKATh He-
OIWHAKOBOE YMCJIO HEUTPOHOB, UMETh Pa3HOE MACCOB0€ HUcA0. ATOMBI ¢ OOUHAKO-
BBIM YHCJIOM IIPOTOHOB, HO Pa3IMYHBIM YMCJIOM HEUTPOHOB HAa3BIBAIOT U30MONAMU.
OO6r1yHO Mpy 0603HaUYEHNUM U3OTOTIOB Y CUMBOJIA SJIEMEHTa YKa3bIBalOT IBa MHICK-
Cca, BEpXHMI1 XapakTepu3yeT MaccoBOe Yucio (A), a HUXHUI — 3apsn sapa (Z):

MaccoBo¢
YHUCJIO

]go
3apsig siApa

OuesunHo, 410 A = Z+ N, e N — 4ucio HeHTPOHOB.

Hanpumep, 06o3HaueHne lgO O3Ha4YaeT, YTO U3OTOII KUCIOPOAa UMEET 8 TIPOTO-
HOB (3apsill siApa), CyMMa NPOTOHOB U HeWTPOHOB paBHa 16 (MaccoBoe 4MCIIO) M,
CJIEIOBATEJBLHO, B 3TOM U30TOTIE 8 HEUTPOHOB.

HyxyioHbl B snpe, MONOGHO 3/EKTPOHAM B aTOMe, HAXOMSITCS HA DasMUHBIX
SHEPIeTUUECKUX YPOBHSIX ¥ UMEIOT COOCTBEHHBIN MarHUTHBIN MoMeHT. [lepexon ¢
OZHOTO SHEPTeTUYECKOTO YPOBHS Ha APYToi COOTBETCTBYET OTIpeAesIEHHON SHEPIUU
y-u3nydeHust. CyMMapHBIif MAaTHUTHBI MOMEHT, OTIpeleNsieMblii AePHBIM CITHHOM,
MOXeT NPUHUMATh 3HaueHUsl, KpaTHBle !/,. JIIst sfiep ¢ CyMMapHBIM CITMHOM He
PaBHBIM HYJIIO MOXHO CHSITh BHIPOXIEHHE, TOMECTUB UX B MATHUTHOE (UCIIONB3YeT-
cs B SIMP-cniekKTpocKONMM) WM B 3NEKTPUYECKOE TOJe (UCIONB3YeTcs B
AKP-cniekTpocKonnm).

Bsanmore#cTsie HYKIOHOB B siIpe He SABJISETCS IEKTPOMATHUTHBIM, €0 Ha3biBa-
10T CUbHBIM 63aUMOOelicmeuem, KOTOpOE NEACTBYET Ha OYeHb KOPOTKHX PACCTOSTHHSIX.
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E, MsB DHEpPruIo CBSI3U HYKJIIOHOB B sIIpe Xapak-
1ok TEPUIYIOT deghekmom MAccol, T. €. Pa3HOCTHIO
MeXIy Maccol smpa U CyMMOIT Macc CBO-
0OMHBIX HYKJIIOHOB, 00pa3yIoIUX SIpo.
Hanpumep, macca siapa reaust He (2p,
2n) paBHa 4,001506 a.e. M., a cyMMa Macc

4 IBYX CBOOOJIHBIX ITPOTOHOB U ABYX CBOOOI~
HBIX HEUTpOHOB (cM. Taby. 3.1) paBHa

2 } 4,031882 a.e.Mm. CrnenoBatenbHO, AedeKT
H Macchl coctapisiet 0,030276 a.e. M., UTO B

1 1

00 2080 120 160 200 240 A COOTBETCTBMHM C ypaBHEHWeM DHHLITE-
Ha (3.7) 5KBUBAJICHTHO YHEpPTrUU CBA3U

28,2 MsB (1 MsB = 10° 3B).
Puc. 3.13. 3aBUCHMOCTb 3HEPIHH CBSI3H (HA
OINH HYKJIOH) OT MaccoBOro uucia (A4) AE = Amc?, 3.7

rme Am — nedeKT MaccChl; ¢ — CKOpOCTb
cBeTa.

CrenoBaTe/IbHO, SHEPTUS CBSI3U, TIPUXOASLIASCS Ha OOUH HYKJIIOH B siipe aTo-
Ma reaust, 6auska K 7 MasB. Ha puc. 3.13 npencrasiieHa 3aBUCUMOCTH DHEPTHUH
CBSI3M HYKJIOHOB B siipe OT MAacCOBOIo yMcia aroMa. Kak BUIHO U3 rpaduka, sHep-
TUS CBSI3M B siApaXx HeoAUHAKOBa, HAUOOJBIIEro 3HaAUEHUsI OHA NOCTUTAET Y sapa
*Fe.

CooTHollIeHWe HEUTPOHOB U TIPOTOHOB B sJIpe HE MOXET OBITh MPOU3BOJLHBIM.
MaccoBble YHc/ia CTAOMIIBHBIX U30TOIIOB YKJIAIBIBAIOTCA B TOBOJIBHO Y3KUE TIpeAeJIb
(puc. 3.14). Kax BUOHO U3 PHUCYHKA, IUISL JIeTKHX 3JieMeHTOB (Z < 20) Haubosee
CTAOUNBHBIMU SIBISIIOTCSI U3OTOITBI C paBHBIM YMCJIOM IIPOTOHOB U HEHTPOHOB (‘%C,
lgO). ITo Mepe Bo3pacTaHMsI aTOMHOTO HOMepa YMC/IO HEUTPOHOB B YCTOUMBEIX
siIpaX CTAaHOBUTCS Bce OOJIbIlle 110 CPAaBHEHUIO C YUCIOM MPOTOHOB (Z%Pb, l%Au).
30Ha yCTOMYMBOCTHM 3aKaHYMBaeTcsi M30TomoM ‘33Bi. Kpome Toro, Hambosee
CTaOMJIBHBIMM SIBIISIIOTCS. U30TOTBI C YETHBIM YUC/IOM HEWTPOHOB WJIM TIPOTOHOB
(1ab. 3.7). Ocoboit ycTOMYMBOCTHIO 001aKaI0T SApPA, ISl KOTOPBIX KOJIMYECTBO HEM-
TPOHOB WJIM IIpOTOHOB paBHO 2, 8, 20, 28, 50, 82, 126. Ilpeanonaraercss, 4To 3TH
Mazuveckue wicag HyKJIOHOB COOTBETCTBYIOT 3aBEPIlICHHBIM SIIEPHBIM YpoBHAM. Ha-
TpuMep, K TaKuM simpaM oTHocstest He (2p, 2n), O (8p, 8n), Si (14p, 14n), Pb
(82p, 126n). YCTOMYUBOCTS siiep BIUSET Ha paclpOCTPAHEHHOCTD 3JIEMEHTOB B 36M~
HOI1 Kope (cM. noapa3sn. 3.2.4).

PanmoaxkmusHbiit pacnan. Heycroiraypele U30TOIIH B OTJINYME OT CTAOMIBHBIX TION-
BEpPTraloTCs pagUOaKTUBHOMY pacnany. BoJBIIMHCTBO 3JIEMEHTOB, CYIIECTBYIOLIUX B
TIPUPOAE, COCTOUT U3 YCTOMUYMBBIX U30TONIOB WJIM CMECU YCTOMUMBEIX U paguoak-
TUBHBIX H30TOIOB, THUIIBI pafHOaKTUBHOTO pacllafa IpuBeaeHbI B Ta0l. 3.8.

Ta6auna 3.7
KoaxuecTBo yCTOHYHMBLIX M30TONOB C YETHHIM H HEUYETHBIM YHCJIOM HYKJIOHOB B sipe
Hzoronst YeTHOE YNCJIO TIPOTOHOB HeueTHoe unciio NnpoToHOB
YeTHOE YNC/IO HEHTPOHOB 166 57
HeuetHoe ync/10 HEUTPOHOB 53 8
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THOB paaMoOaKTHBHOTO pacnana

TaGauua 3.8

Tun OGpasyioiuuiicst
Hcnyckaemast yacuua | Ilpouecc B sixpe Ipnm P
pacnana y u pougcc B siap prMep WTEMCHT
o o-vactua — simpo | TMoteps smpom | 26Ra — 222Rn + $He 3apsia sipa MeHb-
atoma resius 4+He O-4aCTULbI 1IIe Ha 2, Macco-
BOE YMCIIO MEHb-
. ure Ha 4
B~ DJeKTpoH (e7) on— p+re +v4 C o "N +e |3apan sapa Gonb-
me Ha 1, macco-
BOE YUCIIO TO Xe
1 1 38 8
B* TTosutpoH (e*) > p+e +v* 19K - 138Ar + e* |3apanm sapa MeHb-
e Ha 1, macco-
BOE YUCJIO TO Xe
T - 1 7 N
K-3axsar | 3axsar sapom p+e o gn sRa+e = ;Li |3apsn smpa Menb-
3JIEKTPOHA e Ha 1, macco-
BOE YUCIIO TO XKe
Y DnexrpomaruutHoe |Ilepexon siapa Ha | QOOBIYHO cOrpo- He Bo3bIBaeT U3-
U3NTydeHUe BBICOKOIA | YPOBEHbC MeHb- |BOXAAeT Ipyrue MEHEHMS B CTPOE-
SHEPruu 1Ieif Heprueit BUIBI pacriaga HUU Apa

* ¥, v — aHTHHEHTPUHO ¥ HEITPHHO — 3JIEMEHTApHbIE YAaCTHLb!, HE UMEIOLLME 3apslad U MacChl

HOKOA 1 OTNINYAIOIUNECSE CIIMHOM.

Kak BunHO u3 puc. 3.14, panoaKTUBHbIE U30TOIBI, HAXOASAILIMECH BbIiE 001acTH
YCTOMYUBOCTH, pacnanalorcsi ¢ UCIIyCKaHWeM TIO3UTpPOHA WM B pe3yipraTe K-3a-
XBaTa, a U30TOIIB, JieXallue HIXe 001acTU yCTOYMBOCTA, — B pe3y/pTaTe B -pac-
naga. [Ipu GonpiMx 3HAYEHUsX MACCOBOTO YUC/a (6OJIBIINX, YeM Y BUCMYTA) TIpe-

KosnuecrBeHHbIE XapaKTEPHCTHKH PATHOAKTHBHOCTH. BeIMuMHOI, XapakTe pu3ylo-
e paguoakTUBHOCTD, SIBIsieTCs nepuod noaypacnada. TIpouecc pacrana saep coort-
BETCTBYET KHHETHUYECKOMY YPaBHEHHUIO MEPBOTO MOPSAKA (CM. FiL. 2):

N= Noe-kr,

roe Ny — 4MciIo sinep B MOMeHT BpeMeHU t = 0, a N — B MOMEHT BpEMEHHU T, k —
KOHCTAHTa CKOPOCTH PaJMOAKTUBHOrO pacriana.

JUts peakuMit nepBOro nopsiaka BpeMsi, 38 KOTOPOE pacriajieTcs MOJIOBUHA Belle-
CTBa, HE 3aBUCHUT OT €r0 HA4YaJbHOIO KOJIMYECTBA U PABHO:

11/2 = 0,6931(

DTO BpeMs Ha3bIBAIOT nepuodom noaypacnada. Tlepuonsl mojypacnaaa MOTYT cO-
CTaBJISITb OT OJIEH CEKYHABI 10 MWUIMOHOB JjieT. Hanpumep, mis topusi-232 nepuon
nojiypacriaaa coctasisier 1,39 1010 xer, a mna nononus-212 — 3 - 1077 cexyHabL.

AOGCOJIIOTHAsT PAIMOAKTUBHOCTh BELECTBA U3MEPSIETCS B €IMHUIIAX, HA3bIBAEMBIX
kropu (K10). OIMH KIOpH COOTBETCTBYET CKOPOCTH pacnaia 1 r panus-226, 1.e. 3,7 - 107

pacrajaoB B CEKYHAY.




Opuect Pesepdopa (1871 —1937). OnmH U3 caMbIX Bbl-
Jaouuxes yyeHslX XX B. OH yCTaHOBWI HAJIMUHKE ABYX
THUIOB PAJANOaKTUBHOIO U3NyueHUs (a- U B-nyuelt), no-
Kasajl, YTO 0-YaCTHULbI SIBJIAIOTCH IBYX3apAAHLIMU HOHA-
MU TeJivs, NPeUIoXUN MJIAHETAPHYIO MOJE/b CTPOCHMS
aTOMa W, HaKOHEL, BBICKA3aJ MPEATOJIOXEHHUE O Cyllle-
CTBOBAHWM IpOTOHA U HeitrpoHa. B 1908 r. Pesepdopn no-
styunn HobeneBCeKylo MMpeMHIo 3a UCCIIEJOBAHUS PauO-
AKTHUBHOCTH. .

obnanaer — o-pacnan. CaMmble TsDKeNbIe siIpa CIIOcOGHBI IIPpeTepIieBaTh CAMOIIPOU3-
BOJIBHOE JieJieHUeE.

PamnoaxTuBabie paapl. Berpeuaroiyecst Ha 3eMiie pafiHOaKTUBHEIE SIeMeHTHI SIRJISI-
JOTCs MPOLYKTAMH pacllafia TpeX AoCTATOYHO NONTOXUBYILUX M30TOIOB: ypaHa-238
(112 = 4,5 10° 1ier); ypaHa-235 (1), = 7 - 108 stet) u Topusi-232 (1,5 = 1,4 - 10'° nier),
KOTophIe ABJAIOTCS TpeAllle CTBEHHUKAMU IIPUPOHBIX padUOaGKmMUGHbIX pAdos.

Ha puc. 3.15 npeacrasieHs! aBa psina, HAYUHAOIIUECS PafUOaKTUBHBIMU U30TO-
TIaMM ypaHa ¥ 3aKaHYUBaoLMecs cTaOMIBHBIMU U30TOTIAMU CBUHIIA. DTOT PUCYHOK
NIpelcTaBlsieT co00H yBeIMdeHHBIA (hparMeHT rpaduKa, IpUBEACHHOTO Ha pHc. 3.14.

ITockonbKy painoakTUBHBIE 3JIEMEHTHI B MPOIIECCe MIPeBpalleHus TIpeTepleBa-
10T TOJIBKO o- W B -pacliaf, Macca sIpa UsMeHsieTcsl JIMIIb Ha 4 eqUHUIB. B psany
ypaHa-238 TUN simpa 1o Macce paBeH (4n + 2), B psany ypaHa-235 — (4n + 3), a

o N o o
(=] — ~ w
T T 1 T

Psn ypana-235

oo 00
00 O
T T

[
-
1

YHCIo NpOTOHOB
(=9
T

oo oo =]
S
T 1

Pan ypana-238

06 0o Do
e ]
T T T
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100 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146

Yucno HeATpoOHOB

Puc. 3.15. Panpl pannoakTHBHOTO pacnana ypaHa-235 u ypana-238
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Topusi-232 — 4n. PomoHAYaIbHUKOM €LIE OTHOTO PaAXOaKTABHOIO psla C TUIOM
siIpa o Macce, paBHBIM (4n + 1), sBisieTcst HeNTyHU-237.

Anepusie peakuun. [Tpy 6o0MOGapIUPOBKE Pa3TUYHBIX U30TOOB XUMHUIECKHX 3JIe-
MEHTOB YaCTHMIIAMHU C BBICOKOM SHeprue# (HeHTpoHaMM, NTPOTOHAMMU, o-YaCTUIIA-
MM, SIIpaMM AeiiTtepust M GoJjiee TSKEIBIMU SIpaMU) ITPOUCXOAUT 00pa3oBaHUE AP
JIPYTHX DJIEMEHTOB — A0epHbie peaKyul.

B pesynbrate ocyiecTBIeHUS SIAEPHBIX peaKIluit OB ITOTy4eHbl MHOTYE XUMU-
YEeCKHE DJJIEMEHTHI, He CyLIECTBYIOLINE B IPUPOJIE, B YACTHOCTH, BCE 3JIEMEHTEHI,
cieaylomye 3a ypaHoM B [leproanyeckoif cucTeMe XMMHUYECKHX 3j1eMeHTOoB. [lep-
BBIM 3JIEMEHTOM, MOJYYEHHBIM CHHTETHYeCKNM ItyTeM B 1937 r., Obun TexHelmit
(Tc), nopsinkossiit HoMep 43. Ero nomyuuinu obaydeHUEM MOJTUOIEHA simpaMu e~
TepUs — AeUTpoHaMM ":

98 2 99 1
sMo+ {H - 3Tc+ ¢n

TpaHcypaHoBBIe 2eMEHTHI (Z > 92) nonydaroT 60MOapaUpOBKOM TsDKEIBIMU
anpaMu. HanpuMep, cunres 3neMeHTa 99 — siHIITEHHUS — OBUT OCYIIECTBIIEH 1O
peaxIuu:

238 14 247 1
»U+ 7N = “50Es+54n.

K sanepHBIM peakiaM OTHOCHAT TAKXKe DPEaKIUU A0epHoeo OedeHus N A0epH020
cunmesa. [1pu GoMOapIMpPOBKE HEMUTPOHAMU TSLXeJble Aapa pacieIUISIoTCs Ha OC-
KOJIKM — sipa 0oJiee JIerKNX 3jieMeHToB. [1py aTOM BRIIENsIETCS TPOMaTHOE KOJIUYe-
cTBO 3Hepruu. OMHUM U3 yTeH nefieHUs ypaHa-235 sIBisieTCs simepHast peaKkityst:

235 1 139 94 1
U+ gn— 'gBa+ 3 Kr+3n

IMockoabKy B pe3ynbTare AcJIeHUS sinpa ypaHa o0pasyeTcsl TP HEUTPOHA, Najb-
HeMlllee pasBUTHE peaKIMM MOXET WATHU MO LIETTHOMY MEXaHU3MY (IIeITHasl siAepHast
peaxiys).

B peakuusx synepHOro CUHTE3a ITPOUCXOIUT CIMSTHUE aTOMHBIX siiep JIETKUX U30-
toroB. [IpyMepOM MOXKET CJIYXKHTh CUHTE3 sIIEP Te/Usl U3 U30TOTIOB BOJOpOJa:

H+3H > %He + ¢n.

Takue Nporuecch CONMPOBOXIAIOTCS BRIACJIEHHEM OTPOMHOTO KOJTUYECTBA JHEP-
MU, YTO IIPUBJIEKAET K HUM O0Jbllloe BHUMaHUe. OXHAKO 3TU peakllMy, Ha3biBae-
MBIe TepMOsIIE PHBIMH, ITPOTEKAIOT JIMIII TIPY OYeHb BBICOKMX TeMItepaTypax — 00-
Jlee MIWUTMOHA TpagycoB. Takye YCIOBHS OCYIECTBUMEL TOJIBKO B HEAPAX 3BE3, ITPU |
ATOMHOM B3pBIBE WM B MOLLIHOM I'a30BOM pa3psine. TpymHOCTU B MMONBITKAX UCKYC-
CTBEHHOTO OCYILECTBJIEHUS TEPMOSIEPHBIX TIPOLIECCOB CBA3aHBI € IIPOOIeMOH KOH-
LIEHTPAIUH BEICOKOTEMITEPATYPHOM TJIa3MBI C TOMOIIBIO CBEPXMOILIHBIX MATHUTHBIX
MOJIEH.

ITponcxoxiuenne 3nemenToB’. SInepHble peakilvu, NMpoxonsiuue Bo BceleHHOIH,
TIpUBETN K 006pa30BaHMIO GOJIBIIOrO yuciia 31eMeHToB (puc. 3.16). Ecnu coBpeMeH-
Hasl TouKa 3peHusi o6 oGpasopaHUM BcenreHHO! BepHa, TO NMPUMEPHO yepe3 2 4

! B ypaBHEHMAX AIEPHBIX peaKunil CyMMa 3apsfoB W CYMMBbl MacCOBBIX YHMCEJl CIIpaBa ¥ cleBa
PAaBHBL.

2 TToapo6uee cM. Kumry P.JIx.Teitnep. TIpoucxoXaeHne XMMUYECKNX 3neMeHTOB. — M. Mup,
1975.
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lMexaaea;moe BEHIECTBO

OHIEHCALWS
B pesynbrare
OXJIAXICHN S

| TMepsnunas 3pesna |
TpaBATaLIMOHHOE 1 Hcnyckanne
cxarne | MaTepuu

3Be3/ia IaBHOM T
TOC/IEIOBATENBHOCTH . Cunresrems,

Hcnyckanne
| Kpacusiit ruraur - MaTepun

VHTE3 SICMEHTOR

TpaBuraumontoe 3pBIB CBEPXHOBOH
ckatme 3BE3ABI

bensit |HeitrponHas| |2 ngreaﬁanqgmeqégsgg

KapJINK 3Be3aa e Z>

Puc. 3.16. TlpoucxoxneHre XUMUYECKUX SJIEMEHTOB

nocne Bosplioro B3psiBa TeMIepaTypa ynana HacTOJIBKO, YTO OCHOBHAst Macca Ma-
TepHH COCTOsIA U3 aTOMOB BoiopoJa (89 %) u renus (11 %). KonmeHcanus aToMOB
BOZOPOAA U TeJIUS TIPUBEIa K 00pa3oBaHUIO TIEPBUYHBIX 3Be3/. KoJtanc 3Tux 38e3.
MoJ, AeICTBUEM TPABUTAIIMH BBI3BAJI TIOBBIIEHHE TEMIIEPATYPH U IUIOTHOCTH, 4YTO
TIPUBEJIO K CIIUSIHUIO SIZED, T.€. aaepHoMy cuHTe3y!. [TepBUYHEBIE SIIEPHBIE pEaKIIM
NpaKTUYeCKU UAEHTUYHH TeM, KOTOphIE U3Y4alOoTCd B TMOCJIEIHEE BPEMS B CBA3U C
po6JIeMOM YIIPABNISIEMOTO SIIEPHOTO CHHTE3A.

B 3Be3nax o6pa3oBanuch 371eMEHTH ¢ ATOMHBIMH HOMepaMH 10 26. OHH sIBIISTIOTCS
MpOXYKTaMH SIIEPHBIX peakivMif, Ha3bIBaeMBIX «sIIePHHIM ropeHueM». Takne peak-
LMY TIPEICTaBISsUTH cOGOM CIOXHBIM IIMKIMYECKUI TIPOLIECC C YUYACTUEM SIIEP BOLO-

polia ¥ TeJIUsI ¥ KaTATU3UPYEMEBIH siipaMu YIJIepoAa — TaK Ha3bIBaeMBIN yenepooHbiii
YUK

1
2c L Ho5BN+y
13N 13 +
INo>GC+e +v
1
Be+ 1 HSUN +y
lgN + }H —)130 + 7
lgO —>]75N +é"+v

4
lgN + 11H —)126C +,He )

> 41H — YHe + 2¢* + 2v + 3y

bBonee TsKenble 271eMeHTH 0O6pa3yIOTCst B 3aMETHBIX KOJMYECTBAX, KOIa 3aBep-
LIATCS peakiiiy ¢ Y4acTUEM BONOPOMHBIX siep. K 3TOMy BpeMeHM NMpOUCXOAUT
yBeJIMueH!e IUIOTHOCTU 3Be3MHOro BemecTsa no 108 kr/m3, uto B cTO THICSY pa3
GoJibllIe IIOTHOCTH BOABI, M OTHOBPEMEHHO TeMIIepaTypa nosbiiiaeTcs 1o 103 K.

! SlmepHble peakiny MPOTEKAIOT JOCTATOYHO GHICTPO NpK TEMIepaTypax B Anama3oHe 5— 10 MK
(1 MK = 10° K).
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B Takux 4pe3BEIYaitHO XXECTKUX YCIOBUAX CTAHOBUTCH BO3MOXHBIM CUHTE3 C Y4aCTH-
€M siiep Teyusl.

OneMeHTHI, OoJlee TsKeNble, YeM XXee30, 06pas3yloTcs B Pe3Y/bTaTe SIEPHBIX
peakiuit ¢ 3aXBaTOM CBOOOMHBIX HEUTPOHOB. Ha paHHell cTaguy 3BE€3MHOM IBOJTIO-
LM CBOOOJHBIX HEUTPOHOB HE CYIIECTBOBAIO, OHU MOSIBUINCEH TI03Xe B PE3Y/IBTaTe
MPOIIECCOB, TIONOOHBIX peakilMu:

2 4 26 !
oNe+ 5He » Mg+ jn.

[Mox neitcTBMEM MHTEHCHBHOrO MOTOKA HEWTPOHOB, KaK B CJIyYae CBEPXHOBBIX
3Be3] (B3pHIB 3Be31), 00pa30BaBIINeCs sApa CIIOCOOHBI M AATBILIE 3aXBATHIBATh Hell-
TPOHBI, YTO MIPUBOIUT K IOSIBJIEHUIO BCe 0OsIee TSKENBIX U30TOIIOB.

IIpumep 3.3. Hanuuure ypaBHeHHs sIepHBIX PeakUMit NpeBpallieHMs] U30Toma gf)Zn B
gglGa, €CJIM U3BECTHO, YTO M30TON LIMHKA IOIJIOLAeT HEHTPOH, a 3aTeM IIOABEpraeTcs
B-pacnany.

Pewenue. I1py nornoweHMH HeATPOHA MACCOBOE YMCIO U30TOMA YBEJIMYMBAETCSA Ha 1, a
IPHU UCIYCKAHWU B-YacTHUBL (3JIEKTPOHA) 3apsijl sApa yBeJIMYUBAETCS HA €AMHMULY, a Mac-
COBOE YHUCJIO OCTAETCH TEM XKe:

$Zn+ dno §$Ga+e

B NEeUCTBUTENBHOCTU 3TOT nmpouecc COMPOBOXAACTCA TaKXe UCITYCKAHUEM HeﬁTpHHO H
Y-U3JIyYEHHEM, YTO HE BJIMSECT HA MAaCCOBOE YUCJ/IO U 3apsl O6p330BaBlUCI‘OCH H3o0TOoIMAa.

3.2. TEPMOIUYECKUMN 3AKOH U NEPUOJIUYECKAA
CHUCTEMA DJIEMEHTOB

3.2.1. Tlepunoangeckmii 3aKon

He BraBasick B UCTOPUIO OTKDBITHS NEPUOIMYECKOTO 3aKOHa, OTMETHM, YTO OH
ObL1 BriepBble copMynupoBaH B 1869 r. 1. 1. MeHeneeBbIM, KOTOPHI CuMTal OC-
HOBHOM (DyHIaMEHTAIBHOM XapaKTEePUCTUKON 3JIEMEHTa €r0 AMOMHYI0 MACCY:

Jmurpuit Usanosny Mennenees (1834 — 1907). [Mouc-
THHE BeJIMKUH ydeHblit. Her, kaxercs, HU oHolt o6s1acTi
XUMUH, B KOTOPYIO Obl OH He BHec cBOM BkJiaf. Haubonee
H3BECTHHIE €ro pabOThbl, KPOME MEPHONMYECKOTO 3aKOHA,
9TO OTKPBITUE «TEMIIEPATYpPbl a6CONIOTHOrO KUNEHHS»
(KpUTHYECKOI TOYKH), pa3paborka (GU3MKO-XMMHUYECKOM
(ruppaTHOR) TEeopuu pacrBopoB, GOPMYAUpPOBKa 0606-
LUEHHOrO ra3oBoro 3akoHa. Ele OmHUM rJ1aBHbIM [EJIOM
csoeit xu3Hu J. . Mennenees cuuran yue6HUK «OCHOBH
XUMHH»,
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.. MenzneneeB npeactaBui 3TOT 3aKoH B (opMe Ileproanyeckoil CUCTEMHI,
PYKOBOIACTBYSICH HE TOJIbKO U3BECTHBHIMH aTOMHBIMU MaccaMM 3JIEMEHTOB, HO U B
3HAUUTENBLHOM CTETIEHU UX XUMUYEeCKMMM cBoiicTBaMy. Takoif Ioaxom Imo3BoJIuT:

* YTOYHUTH ATOMHBIE MacChl MHOTUX U3BeCTHEIX MeH/eneeBy 3J1eMeHTOB,

¢ NIpeCKa3aTh CyLIECTBOBAHUE U CBOMCTBA HEU3BECTHHIX B TO BpeMs 3JIEMEHTOB
repMaHus (9KacUIULMi), raums (3Kabop) M CKaHIUA (3KAUTIOMUHUM).

PazButue dwmsuku B Havase XX B. TIPUBETO K OTKPHITHIO CIOXHOTO CTPOEHUS
atoma. g nanpHeiniero noHuManus [leproauueckoil CUCTEMBI 3JIEMEHTOB BaX-
HEWIIYIO POJIb CHITPAJIO OTKPHITUE aHrmuiickoro ¢usuxka I'. Mosnmu. OH, uccrenys
4acTOTBl pEHTT€HOBCKOIO U3NYy4YEHUSsT, UCITyCKAEMOTO dJIeMeHTaMM TIpU UX GoMbap-
JIUPOBKE 3JMEKTPOHHBIM IYYKOM, YCTAHOBUJI, UYTO IOPSIIKOBHIH HOMep 3JeMEHTa B
Ilepuonnyeckoit TabnauIle COOTBETCTBYET 3apsiay sAApa aToMa. Mues nepruoguuHoCcTH
CBO¥CTB XxuMH4eckux aaeMeHToB .. MeHneneeBbIM MOTHOCTRIO TTOATBEPAUIACD,
CTany OOBSICHUMBI NIepeCTaHOBKHU 3JIEMEHTOB B TaONIUIIE BOMPEKM TMOCHEIOBaTE/b-
HocTH aToMHBIX Macc (Ar ¥ K; Co u Ni; Te u I). Okasanoch, YTO OCHOBHBIM CBO¥-~
CTBOM aToMa JIIo00oro U3 XMMUUYECKHX 3JIEMEHTOB SBJIsIeTCs 3apA0 A0pa U, cliefoBa-
TENbHO, GOPMYITUPOBKA MepUOAMUECKOr0 3aKOHA HYXAaeTcsl B KOPPEKTHPOBKE:

ITpuynHa TIEPpUOAUYHOCTH CBOMCTB 3JIeMEHTOB OKOHYATENbHO CTaja IMOHSTHA
TONBKO TTOCTIE OTpeAe/ICHUS 2MeKTPOHHOIO cTpoeHUs atoMa. OHa OCHOBaHa Ha CXO0u-
CTBe KOH(MUTYpalMi BHEIIHUX DJIEKTPOHHBIX OpOUTaIe aTOMOB B HEBO3OYKAEH-
HOM COCTOSTHHH (3aHMMaAIOLIME UX 3JIEKTPOHBI OTBETCTBEHHBI 3a XUMUYECKUE CBOM-
CTBa) W ONpedensieTcsl TepUOIUYHOCTBIO TIOBTOPEHMST CTPOEHUST BHEIIIHUX 2JIEKT-
POHHEIX YPOBHEN.

Tak, sneMmeHToI-rasioreHsl (F, Cl, Br, I, At), obnanaiomye MoxXoxXUMU XUMU-
YeCKMMHU CBOMCTBAMHM, UMEIOT Ha BHEITHEM 3JICKTPOHHOM YPOBHE CeMb 3JIeKTpO-
HOB (ns?np’); wenounsie Metaiel (Li, Na, K, Rb, Cs, Fr) — oaMH 31eKTpoH
(ns'), snemenTs V, Nb, Ta — ITh 371eKTPOHOB COOTBETCTBYIOLIMX KOH(MUTYpaLIMK
(n - Dd3ns?.

Ilepuonnueckas cucTeMa 3JIEMEHTOB SABISETCS IpadUYeCKUM BbIPaXKEHUEM ITe-
PUOAMYECKOro 3aKOHa.

3.2.2. Crpykrypa Ilepnoaudeckoi Taduipbl

CymectByeT Gonpilioe Yuciio BapuaHToB [lepronnueckoif TaGMULILI XUMHUYECKIX
a5reMeHTOB. HanGonee pacnpocTpaHeHb! KileTouHble BapuaHTHl [lepruonnyeckoit 1ab-
JIUIIBI: ¢ KOPOTKUMH (BOCeMb TPYITN) U JUTMHHBIMU ITEpUOAaMU (BOCEMHAILIATh TPYIIN).
IMpu onucaHWH XUMHUU 3JIEMEHTOB HAMM OyJIeT UCTIONE30BaH B OCHOBHOM JUIMHHO-
MEpUOOHBIH BapuaHT, pekoMeHAoBaHHbIT MIOTTAK! M cxeMaTu4ecKH IpencraB-
JIEHHHBI Ha puc. 3.17.

! UIOTIAK — MeXayHapoaHblit COI03 TEOPETHYECKON U MPUKIALHON XUMHUH — MEXAYHApOAHasl
HeNpaBUTEJILCTBEHHAS OpraHU3alis, 3aHUMaloIasAcsa pa3paboTKoit 061X MPHHIMIIOB U MpaBUJl HO-
MEHKJIaTYPbl XMMHUYECKHX COCAMHEHMIt, TEPMHHOMOTMHM, CUMBOJMKH, a TakXe cTpykTypsl [lepuoau-
YeCKOM CUCTEMbI 3JIEMEHTOB,
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Puc. 3.17. O61as crpykrypa [epronanyeckoil TaGmIuLbI (IUIMHHOMEPUONHMIA BApUAHT)

DIIEMEHTHI PaCTIONATaloTCs B TAGIULIE B MOPSIIKE BO3PACTAHUS 3apsiaa siapa. Bep-
THKATIbHBIC PSIIbI HA3BIBAIOT epynnami, a TOPU3OHTANIBHEIE — nepuodamu. T1o Tvmy
BAJICHTHBIX OPOUTAJIEH BCE DMIEMEHTHI JENATCS HA GJIOKU: S-6/10k OGBEAMHSET 3Jie-
MEHTbI, UMCIOLINE KOH(MUTYpalMIO BHEIMIHUX OpOuTaieit ns' u ns?, y sneMeHTOB
P-6a0Ka TIPONCXOINT 3aTIOJIHEHUE P-TIOXYPOBHSI, d- U J-610Ku OOBEIVHSAIOT SMIEMEH-
TBI C 3aNMOJTHAIOWMMMCS, COOTBETCTBEHHO, (1 — 1) d- u (1 — 2) f~op6utansmu. O6brd-
HO f~37IEMEHTHI BBIACNAIOT B OTACTBHBIE CEMECTBA AaHMAHOUO08 (4f) v axmunoudos
(5/). OnHako He Bce 3MEMEHTHI 3THX CEMEHCTB SBJISIOTCS J-9NeMeHTaMH, 4TO To-
ApoGHo 6yaeT obcyxaaTecsi B 111 ToMe naHHOTO yyeGHMKa.

Tleprozbl OGBEAVHAIOT JIEMEHTH, B aTOMaX KOTOPBIX TIPOMCXOIUT TTOCTEIOBA-
TEJIbHOC 3aIOJTHEHUE ONMHAKOBBIX SICKTPOHHBIX YPOBHEi. TIpu 9TOM HOMep nepuo-
Aa COBMAACT C IIABHBIM KBAaHTOBHIM YMCJIOM BHEIIHETO 3JIEKTPOHHOTO YPOBHSI.
HaripuMep, 2-it mepuon o6bseanHseT SJIEMEHTHI, Y KOTOPHIX 3alOHSIETCA BTOPO
YPOBeHb (25 v 2p) ot nmutus (Li 2s') no aprona (Ar 25%2p% — Bcero 8 a1eMeHTOB.
Y 31eMEHTOB 6-T0 Neproa BHELTHUM 3IEKTPOHHBIM YPOBHEM SIBISETCS LICCTOMN (6s
¥ 6p); BCero B 3ToM Neproze 32 aMeMeHTa, BKITIOYAst TAHTAHOMIBL. KaxKbrii IepUoxn
34BCPLIACTCS SNIEMEHTOM, OTHOCSILIMMCS K MHEPTHBIM (611aropoAHbBIM) rasaM. Y aTux
9JIEMCHTOB 3/ICKTPOHHAS KOHDUIYpanys ns2np®, B nanbHellIeM yxXe HaYHeTCs 3a-
nomHeHue (# + 1) ypoBHsi. Pasinuune B MOCIEI0BATENbHOCTH 3ATOTHEHUS BHEIITHIX
U Gosnee GIM3KHMX K SIAPY SNEKTPOHHBIX YPOBHEH OGBACHSET IPUYMHY Pa3TMYHOI
MTAHEBL NTEPHOIOB: 1-i MEPHON CONEPXHT TONBKO 2 3JIEMEHTa, 2-H M 3-H — o
8 DIIEMEHTOB KaXIbiii; 4-it u 5-if — 1o 18, 6-if — 32 3/eMeHTa. HesasepieHHbIi
7-/ mepuon MMeeT NMoka 24 aneMeHTa. B HacTosllee BpeMs MOCIIeAHUM JIOCTOBEPHO
M3BCCTHBIM SIEMCHTOM SIBISCTCS mapMiutantuii Ds (Z = 110).

I'pynnbl oGHLEAMHSIOT aTOMBI SIEMEHTOB, MMEIOLIMX OJMHAKOBOE KOIMUECTBO
SJICKTPOHOB Ha BHELIHEM YPOBHE. B KOPOTKOM BapuaHTe TaGIUI[BI IEPUOABI OGBIYHO
0603HA4al0T PUMCKHMH, 4 B JUIMHHOM — apaGCKUMU nudpamu.,

B kopomrom eapuanme Tlepuonudeckoii TaGINLbI, MPENCTABIEHHOM Ha TIEPBOM
¢op3sane 9TOro ToMa, HOMEp TPYIIIIL IS S- U P-3IEMEHTOB COOTBETCTBYET OGILIEMY
IMCITy 3JICKTPOHOB BHELIHETO YPOBHS. HarpyMep, y 271eMeHTOB rpymms! V Ha BHEl-
HEM YpOBHE MNATH 3ICKTPOHOB: a30T 2522p3, docdop 3s23p3, MBbsK 4s24p3, Buc-
MYT 6526p3. DIEMEHTHI 5- M p-GIIOKOB OGBEANHAIOTCS B TIABHBIE noarpymel. s
d-27IEMEHTOB HOMED TPYIIIBL B O6IIEM ciyyae (st MEPBHIX 6 3JIEMEHTOB KAKAOTO
CEMENCTBA d-2JICMEHTOB) paBeH OBLIEMY YHCITy NEKTPOHOB Ha (1 — 1)d- ns-ypoBHe€.
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Hampumep, y aroma ckaaus (Sc 3d'4s?, rpynna III) — Tpu ameKTpoHa; y atoma
xpoma (Cr 3d°4s!, rpyrma VI) — wmiecTb 2€KTPOHOB, a y aTroma xene3a (Fe 3d%4s2,
rpynma VIII) — Bocems. Llunk (Zn), xagmuit (Cd) u pryrs (Hg), y KOTOpHIX d-
YPOBEHb 3aBEPLIEH, ¥ BHELTHUMHU SIBISIIOTCS HS2-3JIEKTPOHBI, HAXOOATCS B IPYITIE
II. TTo To# xe mpudynHe anemeHTs Meab (Cu), cepebpo (Ag) u 3010T0 (Au), MMEIO-
1IME 33 CYCT «IIPOCKOKa» 3MEKTPOHOB KoHurypanmio (n — 1)d¥ns!, otHOCST K
rpynne I. Ko6ansr (Co), nukens (Ni), poauit (Rh), nammagwit (Pd), npummit (Ir) u
maatvHy (Pt) o6eraHO moMemnaroT BMecTe ¢ Fe, Ru, Os B rpynny VIII. Bee d-anemen-
Thl 06pa3yroT MOOOYHEIE MOATPYINEL. JIAHTAHOHABI U AKTHHOHIE TakXe Kak u La
(5d'6s%) n Ac (6d'7s% nomemaiot B mo6ouHylo moarpymmny rpyrmms: I11.

3.2.3. IlepuoauyHOCTHL H3MEHEHHS CBOHCTB 3JIEMEHTOB

K yncny BaxHEHIINX CBONCTB 3/IEMEHTOB, OMpEAEIAEMBIX JIEKTPOHHBIM CTPOE-
HHMEM aTOMa, OTHOCSTCS pamMycHl (r), MOTCHUWAIH MoHu3auuu (I), cpomcTBO K
QNIEKTPOHY (A,), 2IEKTPOOTPULIATENBHOCT (}), CTENMEHW OKUCJICHUS SIEMEHTOB. Bee
OHU 3aKOHOMEDPHO MEHSIOTCS TIO TIEPHOLAM M IpYIIIaM.

Ha puc. 3.18 mpeacrasneHa 3aBUCHMOCTb BeJIMYMH PAIMyCOB aTOMOB OT 3apsia
snpa. 1 aTOMOB METAJUTOB MPUBEACHB! METAIUIMYECKHE PALUYCH, a IS HEMETAN-
JIOB — KOBaJICHTHHIE. Kak BUIHO M3 PUCYHKA, U3MEHEHHE PAIMyCOB HOCUT MIEPHO-
AVYeCcKUit xapaktep. OCHOBHas TEHACHUUS B MEPUOAAX — YMEHBUICHUE PaJHyCcOB
4TOMOB, a B IpyInax — UX yBeandeHue. [TonobHoe N3MEHEHNE aTOMHBIX PagUyCcOB
OGyCNOBNIEHO YBETUIEHHUEM B Tieprose 3 hEKTUBHOTO 3apsiia sIpa, CTPEMSILErocs
«CXKaTb» aTOMHBIC OpOUTAIN. JIeHCTBUTENBHO, IS KAXIOro IMIaBHOrO KBAHTOBOTO
9KCIa 7 CTEMICHD 9KPAaHUPOBAHUS BATCHTHBIX 9NIEKTPOHOB YBEJTMYMBACTCS C BO3pa-
CTaHWEM 3HAYCHHUS OpOUTAILHOrO KBAHTOBOTO Yucna: f > d > p > s, cMm. pasg. 1.2
3TOM MIABHL. Y d- U f-3IEMEHTOB MO 3TOi X€ MPUYMHE TIPOMCXOOUT MEHEE PEe3KOe
HU3MEHEHWE PAIMyCOB, YTO IMPUBOAMT K MOSBJICHHUIO Ha KPUBOI JIOKAIBHBIX MAKCH-
MYMOB.

H3meHeHue paauycoB B rpyIinax MEHbIUE U3MEHEHUS MX B TIEPHOLAX U OHO He-
paBHOMepHO (puc 3.19), 4TO CBA3aHO CO 3HAYUTENILHBIM YMEHBUICHUEM DPAIUYCOB
NIpY 3AIIOIHEHUU d- U f~opbutaneii (d- u f-cxcamue).

r, HM
0,15}
0,10}
0,05}
0 . . 1 . . 2 3 4 5 Homep
0 20 40 60 80 100 Z nepuona

Puc. 3.18. 3aBucumocts panuyca aroma (r) Puc. 3.19. 3aBucuMocTs pannycos aToMoB ()
OT MTOPAAKOBOTO HOMEpa 3JieMeHTa (Z) OT 3apsifia apa 1o rpymnmnaM U rnepuosam
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Puc. 3.20. 3apucMMOCTb BEJIMYHMHEI NTEPBOTO MOTEHLMANA MOHU3ALMM (];) OT IMOPSAKOBOTO
HOMepa 3JleMeHTa (Z)

Ha puc. 3.20 npencrapieHa 3aBUCHMOCTb U3MEHEHMS TIEPBOTO MOTEHIIMAA HOHH-
3aumu (/;) atoMa ot 3apsiga suipa. OHa TaKkke HOCHT TIepHOIMYECKUIl XapaKTep.

IMo nepromy Benuumua I; B 06IIeM YBEIMYUBAETCA, 9TO OOYCIOBJIEHO POCTOM
addexTuBHOrO 3apsaa simpa. JIoOKaTbHble MUHUMYMBI CBA3aHBI C OCOGEHHOCTAMM
9NICKTPOHHOM KoHdurypauuy atoMoB. HanpuMep, I, yMeHblIAeTCA NpY Hayasle 3a-
NoNMHeHuA p-opburaneit (B, Al, Ga 1 T.1.) v IpU MOABJIEHUH CMTAPEHHBIX JIEKTPO-
HOB Ha BHEWIHUX p-op6utansax (O, S, Se u T.x.).

B rpynmnax a4 s- v p-3MeMeHTOB BeTWM4MHa I; yMEHbIIACTCH, a IS d-3IeMEHTOB
MU3MEHAETC HEMOHOTOHHO, YTO OOBACHSAETCA yBeMMICHUEM 3 GhEKTUBHOTO 3apsina
AApa Npy HE3HAYUTETBHOM M3MEHEHUHM pafuyca Mo Mepe 3aroHeHus d- U f~ypoB-
Hel, a TakKe pasnMYHOMN CTENMEHbIO 3KpaHUPOBaHUA (3hhekm unepmnoii s-napot).

IBTHMH b dEKTaMM TaKKe MOXHO OGBACHHTL HEPABHOMEPHOE M3MEHEHHE IO
TPYINIaM y 3JIEMEHTOB p-6Ji0Ka paauycoB (cM. puc. 3.19) u cyMMBI TMepBBIX Tpex
MOTEHUUANTOB noHu3auuu (puc. 3.21). Hanbonee 3aMeTHBI OTKIIOHEHHSA Y JJIEMEHTOB

Il+12+13, 3B

Howmep nepuona

Puc. 3.21. MameneHre cyMMBl TpeX NEpBHIX NMOTeHUMANOB WoHM3auuu (I + b + L) nns
aneMeHTOB 13- (6), 14- (a) u 15-ii () rpynn
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C 3alOJTHEHHBIMY TPEeJBHEMIHUMM 3d- U 4f~0pOUTATIAMHU, KOTOPHE UMEIOT TONBKO
OIVH MaKCUMyM Ha KpHUBOH paniHaibHOTO paclpeleieHUs 3JIEKTPOHHOM IVIOTHOCTH.
Taxkass HEMOHOTOHHAsI 3aBUCUMOCTh HaGTIONAETCS B OCHOBHOM TOJIBKO JUISI Hadyata
p-6moka (13(IIT) n 14(IV) rpynmel) M MpakTHYECKM HE 3aMETHA UISl SJIEMEHTOB
KOHIIa NMEepUOJIOB.

IToMMMO 3HEPreTHYECKHMX XapaKTepUCTUK aTOMOB, PACCMOTPEHHHIX paHee, B
XVIMUH HIMPOKO MCIIONB3YIOT MOHATHE — 34eKMpoompuyamensiocmu, DiaeKTpoOOTPHU-
LATEJIBHOCTB () XapaKTepU3yeT CMIOCOGHOCTh aTOMOB TMPUTATHUBATH K ce6€ 3IEKTPO-
HBI, CBSISBIBAIOIIME UX C IPYTUMM aTOMaMH B IreTepOaTOMHOI MoJiekyiie. CyniecTBy-
€T MHOTO CITOCOG0B, MO3BOJISIOMIMX KOTHYECTBEHHO OLIEHUTh BEIMYUHY SIEKTPOOT-
pHLATeIBHOCTH. J[O CHX TTOp B XMMWYECKOM TUTEpAType Yallle JpYrMX UCTIONb3yeTCs
HIKajla JIEKTPOOTPUIIATENILHOCTH TI0TMHTa, KOTOPHIH BIIEPBHIE BBEJ 3TO MTOHSTHE B
1932 r. llikana ITonMHra OCHOBaHa Ha aHAIU3e SHEPTU CBA3U TOMO- M TeTeposiIep-
HBIX MOJIEKYJ1. P. C. MaJuTMKeH npe/UToXKIUT ONPEACSIT SEKTPOOTPHLATENBHOCT (,,)
KaK TMOJyCyMMy MOTEHLIMAa MOHU3ALUM M CPOJCTBA K 3JIEKTPOHY:

ww = oI+ A). (3.8)

Celiyac HanGoJsee MOMYNSAPHA IIKANa 3J€KTPOOTpMLATENbHOCTH Omnpena— Po-
XOBa, 3HAYCHWS B KOTOPOM pacCYMTAHH NMOmo6HO [lomuHry, HO ¢ yyeToM 3ddex-
TUBHBIX 3apsIl0B, YTO OCOOEHHO BaXXHO I TSKENBIX 3JIEMEHTOB.

3HaYeHUs 3NIEKTPOOTPHLIATEIBHOCTH, TIOJIyYEHHBIE PA3HBIMU CIIOCOGaMM, He CO-
BIIAJAIOT AAXE MPH BBEACHUM MOMNPABOYHEIX KO3ddHumeHToB (npuia. 3). OgHako
o01IHe TEHAEHIIMY B U3MEHEHHH y 10 [Teproauyeckoii Tabmuie coxpaHsiotes. Hau-
Gosee 371€KTPOOTPHLATENBHEIMY SIBJISIIOTCS 3JIEMEHTHL C BAJIGHTHHIMU OpGUTAIAMH,
GIU3KMMH K 3aBEpPLICHMIO (TAJOTEHHI), a HAaUbOJee MEKTPOTNONOXHITSIBHBIMU —
SJICMEHTH ¢ MUHUMAJIbHBIM YUCJIOM 3JIEKTPOHOB HA BAJIEHTHHIX OpOHTaIax (ie-
no4yHele MeTayuiel). Ha puc. 3.22 npeacraBneHO M3MEHEHME 3JIEKTPOOTPUILIATEILHO-
ctu (1o ITonvHTy) B 3aBUCHMOCTH OT MOPSAKOBOIO HOMEpa 3JIEMEHTA.

TMone3ysace neprognyecKoii TabmuLei, MOXHO B TIEpBOM MpPHOTKEHUHN OTIpe-
JIEIUTh OCHOBHBIE BO3MOXHBIE CTETICHU OKUCIEHHS 3JIEMEHTOB.

MakcuManbHast TTOJIOXHUTEIbHAS CTENEHb OKUCIEHMS 3JIEMEHTOB B MONABIISIO-
weM GONBIIMHCTBE CIIydaeB YMCJIEHHO PaBHA HOMEPY IPYMNBI B KOPOTKOTIEPHOI-
HOM BapuaHTe Tabmuun. HMcxmoyenne coctaBisiior ameMeHTs rpymns VIII (Fe,

1
0 20 40 60 80 100 Z
Puc. 3.22. 3aBMcUMOCTD 31EKTPOOTPULATENLHOCTH ()) OT MOPSAAKOBOTO HOMEpPa 3MeMeHTa (Z )
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Co, Ni, Rh, Pd, Ir, Pt), uneprusie rass (He, Ne, Ar, Kr), xucnopox O u ¢prop
F, 1011 KOTOpBIX MaKCHMaJIbHasl CTETIEHb OKMCICHHS MEHbLIC HOMEpa TPYIITIEL; a
TAaKXE JIEMEHTBI MOGOYHOI TMOArpynmsl Nepsoii rpynmsl (Cu, Ag, Au), Wi KOTO-
PbIX MaKCHMaJIbHasl CTETICHb OKUCIIEHUS 6OMbllie HOMepa rpymisl, HarpuMep, st
xopa (Cl) n maprania (Mn), Haxonsammxcs B VII rpyme, MakcHMMalbHas cTeNeHb
OKMCJICHHSI paBHa +7 (MX BBICIUME OKCHIBI UMEIOT hopMysisl Mn, 0, u CL,0,). CBoii-
CTBa 3TUX COCAUHEHMIT TAKXKE BO MHOTOM TTOXOXH.

MunnManbHast OTpULIATENBHAS CTENCHb OKHCIIEHUS IS JIEMEHTOB rpynr IV—
VII rnaBHBIX MOATPYMIT MOXET GHITh ONMpeAeieHa ynciaoM 8 — N, rae N — HOMED
rpynnel. Hanpumep, mna rpynmst V (asor, dochop ¥ p.) Takas cTeneHb OKUCTe-
HuA paBHa -3 (NH;, Ca;P,); wist rpynmst VII (ranorensr) pasHa —1 (HF, KCD.

Ilpumep 3.4. Muubsak As HaxoouTcs B 4-M HMepHOne M Ipymme 15(V) Mepuonuyeckoii
TabmuLbl. HanuuiunTe 31eKTpOHHYIO0 KOHOUIYPALIMIO BAIEHTHBIX SJIEKTPOHOB aTOMA B OCHOB-
HOM COCTOSAHMH, MPEACKAXUTe HOPMYJIY ero BBICILETO OKCHAA U BOJOPOIHOTO COeIMHEHUS.
CpaBHute paguyc ero aroma ¢ paaguycoM atoma ¢ocgopa.

Pewenue. MPBILIBAK OTHOCUTCA K p-3JIeMEHTAM, [TTABHOE KBAHTOBOE YHCJIO €T0 BHELIHHX
SJIEKTPOHOB PaBHO HOMEPY NMEpUOAA, a MX KOJMYECTBO — HOMEPY TPYIIBL, B YETBEPTOM
Neprose NPOH3OLLIO 3anojHeHUe 3d-noaypoBHs. Clef0BaTeIbHO, SJEKTPOHHA KOHbUTrYy-
paLmst MblilibsiKa: As [Ar] 3d'%4s%4p’. MakcumanbHas CTeneHb OKMCIEHHS 3TOrO SJIeMeHTa +5,
thopmyna ero BeiciIero okcuaa ~— As,;Os. MUHMMANBHAS CTeNEeHb OKHUCICHHS paBHa -3 U ero
COEAMHEHHE C BONOPOAOM HMmeeT dopmyny AsH;. Papuyc aroma Mblubaka Goiblie, dem
aroma docdopa.

3.2.4. PacnpocTpaHeHHOCTDb 3J1€MEHTOB. 3AKOHBI T€OXHMHH

ITeproanyeckast Tabuna JaeT MePBOHAYATBHBIE HEOGXOXUMBIE CBEACHHS O CTpo-
CHUU ATOMOB 3JIEMEHTOB 1 00 MX XUMUYECKMX CBOHCTBaX. OIHAKO OCTAETCH HESICHBIM,
KaK XHMHMYCCKHME 3JICMEHTHI PACTIPOCTPaHEHB! B Npupoae. CpegHee OTHOCUTETEHOE
COMepXKaHUC KAXAOTO EMEHTA, BBIPAXKECHHOE B aTOMHBIX WU MACCOBBIX NMPOLCH-

Tax, Ha3bIBalOT €ro pacnpocTpaHeHHO-
lg kb CTBIO WIH Kaaprom. Takoe HasBaHue GLUIO

108 e npeanoxeHo A.E.®epcmaHoM B yecTh

aMepuKaHcKoro reoxumuka @.Y. Kiap-
8 o Ka, KOoTopelil B 1889 r. BeIYMCIMI pac-
ol Fe  OmemenThic IIPOCTPAHEHHOCTh 31€MEHTOB B 3€MHOIA

yeTHLIMY Z Kope. KonanyecTBo aToMOB pasiIuyHBIX
3JIEMEHTOB, NMPUCYTCTBYIOUIUX B TOM WITH
MHOM KOCMUYECKOM OOBhEeKTE, CBA3aHO cO
CMPOEHUEeM U npoyeccamu HpespaujeHus
Xe Pb amomubix sdep. Bmecre ¢ TeM, (¢popMbl, B

[ Dnementn ¢ Th KOTOPHIX 371EMEHTBI BCTPEUYAIOTCSH B [PU-
| He4yeTHbiMM Z V\/\a

2 AN poae, ompeneassercss UxX XUMHUYECKUMU
- 9]
10 20 30 40 50 60 70 80 90Z

CBOHCTBaMH,
ConepxaHHe pasIMYHBIX SIEMEHTOB B

Puc. 3.23. PacnipocTpaHeHHOCTb 3/teMeHToB Bo  KOCMOCE M Ha 3eMJTe HECKOMBKO pasiny-
Beenennoit (Ig k — norapudm atomupix kiap- HO, OXHAKO CYIIECTBYIOT HEKOTOPHIE 00-
KOB; OTHOCHMTENIEHOE COIEpXaHMe KpeMHus1 LIME 3aKOHOMepHocTH. Ha puc. 3.23 u

HpUHATO 3a 1 - 109) puc. 3.24 TNpUBEJEHB KPHMBBIE pacIpo-
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Puc. 3.24. PacripocTpaHeHHOCTb 2JIEMEHTOB B 3eMHOIf Kope (Ig ¥ — jorapudm aTOMHBIX Kjiap-
KoB o PepcMany)

CTPAaHCHHOCTH XMMHWYECKHUX 3JICMECHTOB BO BCENICHHOI M B 36MHOW KOpE COOTBET-
CTBEHHO. I3 3THUX pMCYHKOB CIEAYET, YTO PACIpPOCTPAHCHHOCTh XUMHUYCCKUX 3JE-
MCHTOB HEpaBHOMCPHO YMECHBLIACTCS MPH YBEIMYCHWH 3apsiia sigpa; OTHOCUTENb-
Hasl pacrpoOCTPAHCHHOCTD JIEMCHTOB C YCTHBIM MOPSIIKOBHIM HOMEPOM BHILLE, YEM
C HCYCTHBIM (Ha 3eMJIC SJICMCHTHI C YCTHBIMH TTOPSIIKOBBIMM HOMEDPAMU COCTAaBJIA-
10T 86 % Macchl 3eMHO# KOPBI); Ha KPUBBIX PACTIPOCTPAHEHHOCTH 3JIEMEHTOB HME-
I0TCS IEPHOIUYECKH TTIOBTOPSIOUINECS MaKCUMYMBI, COOTBETCTBYIOIIHE SAAPaM C TaK
Ha3BIBACMBIMU MdAeuyecKumMu 4ucaamu TIPOTOHOB M HEHUTPOHOB, HANpUMEpP, TeIHH
(2p, 2n), xucnopoxn (8p, 8n), xpemuutt (14p, 14n), kansuwmit (20p, 20n) 1 cBUHEN
(82p, 126n); MOBBLIIECHHOM PACTIPOCTPAHCHHOCTBLIO XapaKTePU3YIOTCS 3JIEMEHTHI C
MOPSIIKOBEIMM HOMEpPaMU OT 22 (TMTaH) 10 28 (HMKENb), 4TO OOYCIOBJIEHO BHICO-
KOU HEeprueii CBSI3M HYKJIOHOB B 3THX sigpax (cM. puc. 3.13). 2Kene3o cooTBeTCTBYET
MakKCHUMYMY Ha 3TO¥t KpMBOM, YTO CBUACTECNILCTBYET O HAaWOONMbLICH CTaOMIBHOCTH
€ro sep MO CPABHEHMIO CO BCEMU OCTaJbHBIMM.

Paznuuus B pacnpoCTpaHEHHOCTH 3JIEMEHTOB Ha 3eMJie M Bo BceeneHHoI cBsIza-
HBl C TpOLIECCaMM, NTPOMCXOAWUBLIMMM B XOAEC 3CMHOW 3BOJIIOLIMH, HAllpUMEp, pa-
JUOAKTUBHBIM pacraj MpUBEI K MOBHILICHHOMY COACPXAHUIO CBHHIIA, a JMCCUIIA-
M MHEPTHBIX ra3oB MpHBENa K YMEHBUICHHIO UX comepXaHus. OCHOBHYIO MaccCy
3eMHOI KOpH (Tutocdepy, atMmocdepy, runpocdepy u 6uocdepy) COCTABISIOT KUC-
nopon (atoMHbIit Kiapk 58,0), kpeMuwmit (20,0), amoMunuii (6,6), xemeso (2,0),
Kanpuwmit (2,0), Hatpuit (2,4), kami (1,4), marawmit (2,0), turan (0,25), yrepox (0,15)
u Boxopox (3,0). OcTalapHBIEC JIEMEHTH COCTABJISIOT MEHEE OMHOTO MPOLICHTa. De-
MEHTBI, Ki1apku KoTopeix < 0,01, Ha3uBaloT pedkumu. Ecnun aneMeHTH o6namaoT
cnaboit crmrocoGHOCTBIO OOpa30BEIBATH MUHEPAJIBI, MX HA3HIBAIOT PACCEIHHbYMU.
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Knaccudukauus anrementosn

Ta6auua 3.9

110 XHMHYECKOMY COCTOSIHHIO B npupoae

Knace Xumnueckas ¢opma OCHOBHBIE 2]IEMEHTBI OcHogHble MecTa
p JTOKAJIU331HUHU 3JIEMEHTOB
AtModwibHBe  |Ta3mnl BriaroposHsie rasei, wac- | Boznyx
myHO O, N, H
Cunepodunsisie | ITpoctrie Beme- Fe, Co, Ni, Au, niatu- |3emHoe su1po, Ha rmo-
CTBA — METAJUIBI HOBBIE METAJUILI, YaCTU4Y~- |BEPXHOCTH B BUIE
HO Mn, Re CaMOpOAKOB
XanbkodwibHele | Cyabhuabi Cu, Ag, Zn, Cd, Hg, CynbpuoHbE MUHE-
Ge, Sn, Pb, As, Sb, Bi, |panu
Se, Te, In, Tl
Jluropuneee | Cunukate ¥ rugpa- | DneMeHTh rpynn 1, 2, 3, [OKcHabl, CHIMKATHI,
TUPOBaHHHIE HOHBI |4, 5, 6 TabuMuKL MeHne- cosieo0pa3HEle MHHE-
Jeesa, O, C, Si, P, rano- | panei, Mopckue omno-
TeHBbI XKEHUSA, MOPCKas BOJa,
CONEeHbIE BOJH

B 3aBMCHMOCTH OT XUMHYECKMX CBOICTB 2/IeMEHTOB OHU BCTPEYAlOTCA B pa3HbIX
¢dopmax. B 20-x r. XX cronerns B. M. FonpmuumuT TIPEUTOXKMIT KITaCCU(UKaLIMIO J1e-
MECHTOB, KOTOpAsk MPMMeHSAETCsl M B HACTOSLee BpeMs (Tabi. 3.9).

KonrpossHbie Bonpocst

3.1. KakoBa MakcHMaJlbHasg €MKOCTB S-, p-, d- ¥ f~nionypoBHeii?

3.2. Hanuunre 31eKTpOHHYIO KOH(UIyparmio atoma Cr ¥ HoHa Cr B HEBO3OY>XAEHHOM
COCTOAHMH U YKaXHUTe BCE KBAHTOBbIE YMCJIA BANEHTHbBIX 3JIEKTPOHOB aTOMa XpOMa.

3.3. PasmecTuTe B NOpsAAKe yBETHYEHHUS SHEPruH 2s-3J€KTPOHOB aTOMBbl 3neMEHTOB; He
(£=2),0(Z=8), Na (Z=11), Cl (Z = 17).

3.4. B npuBefleHHBIX HUXe MApax BeGepuTe YacTHILy, JUIf KOTOpOH 3HaueHHE MEPBOro
NIOTEHLMANa HOHU3aUMK Haubosbluee: a) Ne, Na; 6) S, S*; B) C, N; r) Na*, Mg*; m) N, O.

3.5. O6BACHUTE, MOYEMY MEPBbIE MOTEHIUANbI WOHU3ALMH MEPEXOAHBIX 3JIEMEHTOB 4-T0
Nnepruoja UMEIOT OJIU3KHE 3HAYCHMUS,

3.6. B Kax1o0i U3 nMpUBeNEeHHBIX nap BhIGEpUTE YaCTUIly, UMEIOLLYIO GONBIINIA pafnyc:
a) Fe™, Fe¥; 6) S, Se; B) C, N; 1) Na', Mg®; 1) O, O e) Nb, Ta.

3.7. PaccuMTaiiTe BenMuuHy 3pdEKTUBHOIO MArHUTHOIO MOMEHTA B MarHetoHax bopa
s cneaytownx wonos: Cl7, Ca', Na’, TI', Cu*, Sn*, Fe?, v, Vkaxure, Kakue U3 3TUX
UOHOB ABJIAIOTCS MapaMarHUTHBIMM, a KaKUe JUAMATHUTHBIMU,

3.8. Hanmuuure ypaBHeHMS cnemyiowux SAACPHBIX peakunMil: a) B3aumopeiicteusg N ¢
*He ¢ oGpa3sosanuem '70; 6) Bzaumoneiicreus 2C u 'p ¢ oGpazosanmem '*N; B) B3aumoneii-
ctBus "N U 'n ¢ o6paszosanuem *H u 2C.

3.9. MUcnioneays taba. 3.5, usobpasure rpaduk 3aBUCUMMOCTH 3Ha4eHMSI IEPBOTO IOTEH M-
a1 MOHM3ALIMK OT NOPAAKOBOTO HOMepa JUlsl 31€MeHTOB 1-0i rpynmbi. OGLICHMTE HepaBHo-
MEpPHOCTb U3MEHEeHUs .

3.10. OnoBo Sn HaxoouTCs B 5-M mepuoae rpynre 14(1V) Iepuoanueckoii TaGauus,
Hanuuvre anekTpoHHYI0 KOHDUTYpaLMIo BaNteHTHBIX 3JIEKTPOHOB atOMa B OCHOBHOM CO-
CTOSTHMH, MPENCKaXHTE (POPMYJTy €ro BHICIIETO OKCHUIA M BOLOPOLHOIO COETMHEHMS. Cpas-
HHUTE paauyc ero atoma ¢ paauycoM aToMa CBHMHIIA.




TF'nasa 4
XUMHNYECKAS CBA3b U CTPOEHUME BEHIECTBA

Cpob6onble aTOMBI GOJBLUIMHCTBA 3JIEMEHTOB CTPEMSTCS OOBEAUHATHCS APYT €
IpyroM, o6pa3ysi CUCTeMbl ¢ GoJiee HU3KOH OHEPrMed — MOJIEKYJIbl, LIEMH, CIIOH,
KapKachl,

4.1. IPUPOJIA XUMUYECKON CBA3U

TTonasnsioliee GOMBUIMHCTBO BEWIECTB B Fa3000pa3HOM COCTOSTHAM MMEIOT MO-
JeKyJISIPHOE CTPOEHUE, UX MOJIEKY/Ibl COCTOSIT U3 ABYX U Gonee aToMoB. Hckmoue-
HME COCTABJSIOT 6JaropoJHbie ra3bl, MOJIEKYJIBl KOTOPBIX OAHOATOMHHBI.

7 S 3

Ota nipes

& &

ATOMBI 06pa3yIoT MOJIEKYNTY, TOCKOJIBKY IPY COMMKEHUHM aTOMOB 0011@ast SHEPTUA
cucTeMb! (ITOTEHLMATBHAS M KMHETHYeCcKast) yMeHblaeTcs. CpaA3b Mexiy aroMaMu
HAa3BIBAIOT XuMu4eckoli ceasbio. OHa UMEET NCKTPOCTATHYCCKYIO MPUPOAY, T.€. OCHO-
BaHa HA 3NeKTPOCTATUYECKOM B3aMMOAEHCTBUM BCEX SIIEP U NEKTPOHOB, NPUHALIC-
xaix monekyie. Ha puc. 4.1 moka3aHo U3MEHEHNE SHEPIUM CUCTEMBI TIpY COIMXKe-
HUM JBYX aTOMOB BOZOpoza. Ha HEKOTOPOM PacCTOSHUU (7;) HAUMHACTCS B3aMMONEH-
CTBME MEKTPOHA NEPBOro aroMa (e;) ¢ sIPOM BTOPOTO, a 3JIEKTPOHA BTOPOro atoMa
(e3) — ¢ sapoM TiepBoro. OT0 B3aUMOJCHCTBUE PACTET
Mo Mepe cOMKEHUS] aTOMOB, HO HAa PACCTOSHUU < Iy E
3aMETHYIO POJIh HAYMHAET UTPaTh OTTAIKMBAHUE SIIEP,

YTO MPUBOJAMT K MOBBILIEHHUIO SHEPTUU cUcTeMBL. Pac-
CTOSIHUE 7, NIPU KOTOPOM CHCTEMA MMEET HAaUMCHbB-
LIYIO 3HEPTHUIO, COOTBETCTBYET PACCTOSTHUIO MEXIY aTO-
MaMM B MOJIEKYJE, & COOTBETCTBYIONIAs €MY JHEPrus 7 "
Ha3blBaeTCs auepeueli ceéasu (Ey). T

TouyHOe OonMUcaHHE ITOBEACHMS 3JEKTPOHOB B MO- {

|

nexyne (pewenue ypaHenus LIpeavnrepa st cuc-  E,
TEMBI, COCTOsIEN U3 GOIBLIOrO Yucia 3NCKTPOHOB B -
MOJIE HECKOJBLKMX SIIEP), T.€. ONMUCaHUE XMMHUUYECKOM
CBSI3U, NPAaKTUYECKUM HEBO3MOXHO. PacnpeneneHue pyc. 4.1. UsmeHeHue SHeprum
3NEKTPOHHOM TUIOTHOCTH B MOJEKYN€ MOXHO OJHO-  cucTeMbl M3 JBYX aTOMOB BO-
3HAYHO PACCYMTATD TONBKO Ui Mona Hj. Paspurue unc-  nopona B 3aBUCHMOCTH OT pac-
JIEHHBIX METOJIOB MO3BOJSIET ONPENEASATh CTPOCHHUE CTOSTHHUA
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DINEeKTPOHHAs! TIIIOTHOCTD
TIONTHOCTBIO CMELIEHA K
OZIHOMY M3 aTOMOB

DNeKTPOHHast IUIOTHOCTD

COCPENOTO4EHA B NPOCTPAHCTRE

MEXIy aTOMaMu

Koasieimasn
CBAIL

DNeKTPOHHAs! IIOTHOCTD

PaccpeoTOyY€eHa 110 BCeMy

KpHCTaLTy

Meraim myeckan
 am

Honspuas ceasn

Puc. 4.2. TUnbl XMMUYECKOI CBA3U

HenokanuzoBaHHas
CBA3b

150

Ilkana Dusuyeckoe
3HEpruit, SIBJICHHE
kx/monp
106 DNEeKTPOHHBIE TIEPEXOnbI:
-{ BHYTPEHHME 3JIEKTPOHHI
103 BasieHTHbIE 3/1EKTPOHBI
102 d—d u f—f-nepexosbl
1 Konebanusi monekyn
10! Bpawenue monekyn
103 ITepeopuenTtanus
| 3NeKTPOHHBIX CIIMHOB
10-5 IMepeopuenrauus saep-
-~ HBIX CITMHOB

CriexTpajibHBIit
METOa

PenrrenoBckas
CIIEKTPOCKOITUS

Y®-criekrpo-
CKOTIUS

CrniexTpockomnus

BHIUMOTO
H3Ny4eHUsn

HK-cnexrpo-
CKOMIUS

MiukpoBonHo-

_Bast CIIeKTpO-

cKonus

DI1P-cniexrpo-
CKOMUs

SAMP-cnexrpo-
CKOITHUS

CnexTpajbuble METOAB HCCIEA0BAHMA. PasIMuHbIE aCMeKThi CTPOEHHUS aTOMOB U
MOJICKYJI MOXHO HCCJIENOBaTh C MOMOLLBIO CIEKTPANIbHBIX METONOB. B MX OCHOBe Je-
KUT €NVHBIA NPUHLUMIL IIPU ONpeleleHHbIX YCIOBUSX BELECTBA CHOCOGHBI MO0~
11aTh SHEPrUIO 3JIEKTPOMArHUTHOTO U3NnydyeHus E = hcd™!, rae & — nocroguHas [Tnay-
Ka, ¢ — CKOpOCTb CBeTa, A~ — BONIHOBOE yMCIIO (MHOrga 0603HavawT V).

B 3aBrcuMOCTH OT npoueccoB, NporcxoadLInX B BELUECTBE, MTOIJIOIAETCS U3Jyye-
HHE C pasInyHOl 3Heprueit. B cBA3M ¢ 3TuM paspaboTaHbl padiMuHbIe CNEeKTpanbHbIE
METONbI UCCIIENOBAaHUA, NMpEACTABIeHHbIE HUXE.

O6nacTb NpUMEHEHUS

Onpenenenue sHepruu
MOJIEKYJISIDHBIX 1 aTOM-
HbIX opburaneit. Mc-
TIOJIL3YETCS VISl JIEMEHT-
HOTO aHaNu3a

Onpeneneuye aHepruu
BHELIHMUX 3HepreTHye-
CKMX YpOBHei, 3Hepruu
cBs3u. Mcnonbsyercst B
4aCTHOCTH ISt OTpesne-
JIEHUs! CTPOEHMsI KOMII-
JIEKCHBIX COeAMHEHUIT

Hcrnoneayercst st onpe-
JeTEHUS] JUIHH CBSI3H,
TeOMETPHYECKOTO CTpoe-
HUSA

Haer undopmauuio o
CTETIEHH OKHUCJIEHUs] U
OnmkaitinemM oxkpyxe-
HUH

OnpeneneHue B3aUMHO-
IO pacnojioXeHMs aro-
MOB B MOJieKyne (CTpyK-
TYPHBIX Tpyni)

CyliecTByIOT BapHaHTBI 3TMX METOLOB, 3BMEKTHBHbIE MIPH ONPEACIEHUH CTpOe-
HHA KaK ra3006pa3sHbIX M XKHIKUX, TAK M TBEPIbIX BEILECTB.




MOJIEKYJI, UCIIONL3YS pa3IMYHbIE KBAHTOBOMeXaHndecKue npubmkenus. [1o xapak-
TEpy paclpeAesICHUs] JIEKTPOHHOW TUIOTHOCTH MEXIY B3aMMOIEHCTBYIOIIMMU aTo-
MaMH [TPHUHSTO PA3/IMYATh HOHHbLEH, KOBANEHMH b U Memaniu4eckuil TUTT CBSI3M (puc. 4.2).

Ipy cOMMXKEHUM MOJIEKYJ TAKXKE BO3HUKACT XMMMYECKas CBA3b. MEXMOIEKY-
JIIPHBIE CBSI3M OTIMYAIOTCS OT MEXATOMHBIX 3HAYMTEIRHO MECHBUICH MTPOYHOCTLIO.
I1pu pa3priBe MEXMOJNIEKYSIPHEIX CBA3eil M3MCHSIOTCS HE CAMM BEIIECTBA, a UL,
HaIIpUMED, WX arperaTHOE COCTOSHUE.

K yncny dyHIaMEeHTaIBHBIX XapaKTEePUCTUK MOJIEKYJIEI OTHOCATCS €€ TEOMETPH-
4YeCKOE CTPOEHME U IPOYHOCTh. [ €OMETPUYECKOE CTPOSHUE MOJIEKYITBI OITPENeITSICT-
C MeNCBA0EPHLIMU PACCMOAHUAMU T W 8aAneHmMHbIMU Yeaamyu (YIIIaMU MEXAY IPSIMEI-
MM, IIPOXOIAIIMMHM 4Yepe3 spa aTOMOB, CBA3aHHEIX XUMHYECKOI CBA3BIO):

O—H ron = 0,096 um

l —_ o
H <« HOH = 104,5

XapakTepuCTUKON MOJIEKYJBI, ONPEAECTSIONIEH €€ ITPOYHOCTD, SABISACTCS 3Hepeus
cea3u. Hanpumep, B MOJICKyJIe BOJBI JUIST pa3phbiBa CBs3¢#t ¢ 06pa3OBaHUEM ATOMOB
(H,O = 2H + O) neobxoauMa sHeprus, paBHas 928 xJIX/MoJb. YYuTHIBasA Ha-
anyme AByx ceA3deit O—H, sHepruio Kaxaoi M3 HUX MOXHO CUMTATh PaBHOIA
464 xJIx/MoNb.

Kpome Toro, Mosekysna XxapaKTepU3YCTCS dHepeuell uOHU3ayuY, ONPEHeIIoWen
[IPOYHOCTEL CBSI3M DJICKTPOHA, MACHUMHbBIM MOMEHMOM, YKA3BIBAIOIMM Ha KOJIIMYe-
CTBO HECIAPEHHBIX JIEKTPOHOB B MOJICKYIIC, U QUNOABHBIM MOMERMOM, ONPENEITAIO-
MM ITOJIIPHOCTh MOJIEKYJILL. LIBeT BeluecTsa, Win, B OOLIEM CHIy4yae, CIEKTPHI I10-
mroleHus B YO u BUAMMOIt 061acTi JaloT HHGOPMALIHMIO 00 SHEPTUM 3NEKTPOHHBIX
ypoBHEY B MoJieKyne. OOBSICHUTE CYLUECTBYIOIUNE SKCIIEPUMEHTAIIbHBIE JAHHBIC O
CTPOCHHM MOJIEKYJ M IIPEACKAa3aTh MX CBOMCTBA MPU3BAHBI MOAEIHM XUMMUYCCKOM
cBs13n. Jamee Mul pacCMOTPUM KaXIbIT THIT XMMHYECKOR CBA3M.

4.2. KOBAJIEHTHAA CBA3b

J1s1 ormrcaHusa KOBAICHTHOI CBS3HM CYIECTBYIOT JBa OCHOBHBIX METOAA: METOZ
BaJieHTHRIX csizent (MBC) u Metoa monekynspHbix opouraneit (MMO). OcHOBHEIE
0COOEHHOCTH 3THX METOHOB IIPEACTABICHEI B Tabj. 4.1. B nanbHeitiem oba MeTona
GyIOyT pacCMOTPEHEI ITOAPOGHO.

Tunsdepr HunwtoH Jinione (1875 — 1946). AMepukaHCKUi
¢usuxkoxuMuk. Ero paboThl CBSI3aHbI ¢ XMMUYECKON TEPMO-
JUHaMMKOI M Teopueil cTpoeHus BellecTBa. Been B TepMo-
JUHAMMKe ITOHATHE aKTUBHOCTH, paspaboTan Teopuio 0600-
LIEHHBIX 3JIEKTPOHHBIX ITap B MOIE/ISIX KOBAJIEHTHOM CBSI3U
(cTpykTypni JIblouca). B 1926 r. npakTiuecKn OIHOBPEMEHHO
¢ BpeHcTenoMm M JIoypH MNpEIOXKWI HOBYIO KOHLENLUIO
KUCJIOT M OCHOBaHU, B KOTOPOIl OCHOBOH SIBJISIETCS Mepe-
Jaya 3JIeKTPOHHO naphl: KMCIOTH JIbloca — aKLenTophl, a
OCHOBaHus! JIbloMca — JOHOPH 3IEKTPOHHO#M napet. B 1930-x .
JIslouc paspaboTan METOH NOJyYEeHMS TAXENOM BONbI.

151



Tabnuua 4.1

CpaBHuTenbHas XapaKTepnCTHKA METONOB BANCHTHOMH CBSI3H 1 MOJIEKYApPHBIX opOuTaNeit

Ha3spanue . MeToa MonekyaspHbIX opGuTaneit
MeTOxa MeTon BanenTHbIx cBa3eit (MBC) (MMO)

CytbMeTofa | CBA3b OCYILECTRASETCS 33 CUeT napet | B Monekysie obpasyeTcsi cobCTBEHHas
MEKMPOHOE, HaXONSILMXCS Ha CUCTEMA MOAEKYAAPHBIX opbumaneil,
opbutanu, obpa3oBasileiics 3a cyeT |Ha KOTOPLIX HAXONATCA 8ce anexm-
NIEPEKPHIBAHUA 08YX aTOMHEIX | poms! naHHO# MONEKYITBI
opbuTaneii

Onucanue |BonHosas dbyHKuus JJIEKTPOHOB, B npubamxeHun IuHetHOM KoMOU-

NOBENEHUsT | 06pasyroLMX CBA3D: ' HallM1 aTOMHBbIX opbuTaneii (JIKAO)

SNMEKTPOHOB |V = ya(Dwp(2) + wa(@wg(l) + MOJICKYJISIDHBIE OpOUTATH 06pa3yioT-

B MONEKyne |+ ya(l)wa(2) + ywe(Dye(2), Csl U3 aTOMHBIX:

aACYET BOJI- |INE a4 U Y — BOJIHOBBIE 15074 =

(pacu AC Wa M Y GyHku ¥ =cya + 0y

HOBOH (hyHK- {aTOMOBA U B, 1 u 2 — HOMEpa W c

LUH) SJICKTPOHOB, YYaCTBYIOLLMX B CBSI3U I=6GYA~CGVs

Cummerpust |Opburanu o-, n- u S-cumMeTpUH MO umeror 6-, - u 8- u Gonee

opbutaneii  |06pasyloT COOTBETCTBEHHO G-, M- CJIOXKHBIE TUIbl CHMMETPUM
U §-cBasu

Yucno cea- |KonuuecTso OB1LMX EKTPOHHBIX Her nouatus yucna ceaseii

3¢t nap

[Mpounocts  |Onpenensierca penuymHOI nepe- Onpenensercs pa3HOCTbIO SHepruit

MOJIEKYJIEI KpbIBaHUS AO* S7IeKTPOHOB HAa MO* U ucxogHsix AQ

T'eometpust  |Onpenensiercs HarparIeHUEM B Onpenenserca Kak NMoNoXeHUe aTo-

MOJIEKYJIBI | IpoCTpaHCTBE AO, Y4aCTBYIOIUMX B |MOB B NIPOCTPAHCTBE, IIPU KOTOPOM
CBSI3U SHEPrusi CUCTEMbl MUHUMAJIbHA

* AO — aromHble op6uTann, MO — MOJIEKYJIsIpHbIE OpGUTAIH,

,HaHHBIC METOIBI ABISIOTCH AJIPTEPHATUBHBIMU, KAXABIA U3 HUX UMeeT CBOH n0-
CTOMHCTBA U HEHOCTATKH. BHGOp TOro Wi UHOIO MeToja 3aBUCHUT OT 3ajav, CcTo-
AIINX NIEpe]] UCClieIoBaTesIeM.

4.2.1. MeTox BaJleHTHBIX CBA3eii

Meron BaleHTHBIX cBsI3eli (MBC) MoxHO paccMaTpuBaTh Kak COBpEMEHHOe pa3-
BuTHe Teopuu JIbionca, B cooTBeTCTBMM ¢ KOTOPOI 1Ba aToMa COBMECTHO BJAEIOT
OHOM WJIM HECKOJIBKMMM NapaMu 1eKTpoHoB. Hanpumep, mig HCl u NO 3nexr-
POHHBIE CTPYKTYDPHI JIbIOMCA BRIMISAIAT TAK:

H: C] N;‘x(;:

TE «» — JJIEKTPOHBI, NMPHHAUIEXALIHE OJHOMY aTOMY, a «» — IIpyroMmy.
CornacHo MBC cBa3b o6pasyercs TIPH NEPEKPBIBAHUM 3JIEKTPOHHBIX OpOUTANIEH
ABYX aTOMOB U OOBEAWHEHHH [BYX 3JIEKTPOHOB — BO3HHKAET JABYX3JIeKTPOHHasI,
ABYXUECHTPOBasl CBA3b (2e, 2¢). U3BecTHEI nBa mexanuzma 00pa30BaHMUA TaKOM CBSI3U:
160 oba aToMa MPeIOCTABISIOT B 06Iuee MOJTb30BAHME MO0 OJHOMY 3JIEKTPOHY,
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b0 onuH atoM (Joxop) TIPEHOCTaBIAET Op6uTanu aToMos H
napy 3JIEKTPOHOB, a Apyrou (axyenmop) —

H—N:—oH*
MycTyl0o opOuTaNb (JIOHOPHO-aKUEeNnTop-
HBIIf MeXaHWU3M). Pe3ynbTaT OvH M TOT Xe: OGveautcHHas H
JBE OpOUTANM NMEPEKPHIBAIOTCA, M HA HUX OPGHTan MoNEKYTH H +
HaxonaTca nBa anekrtpoHa. Hanpumep, B H_IL_H
HOoHe aMMOHMA TpH cBsa3 H—N obpazo- Ticop AxiITOp |
BaHBI NEPEKPBIBAHUEM OIHOITEKTPOHHBIX H

00JIaKOB, a YeTBepTass — IO JOHOPHO-aK- '

LIENTOPHOMY MeXaHW3My. B peayibTaTe Bee Puc. 4.3. Ira MexaHu3Ma obpaszoBaHus KoBa-
YeThipe CBA3W HEPA3JIMYNMBI U PaBHOLIEH- JICHTHON CBASH

HbI (puc. 4.3).

B MBC koBaJieHTHast CBA3b XapaKTEPU3YETCS HACHIUAEMOCIbIO, HOAAPUIYEMOCHBIO
U HANPABAEHHOCMBIO.

Hacenmaemocts cBasu. KomuecTso ¢Ba3eit (0606111eCTBIEHHBIX AP 3TEKTPOHOB),
KOTOpbIE HMEET aTOM, OTIPEICIISIETCA YUCIOM OpOuUTaIed, CTOCOOHBIX Y4aCTBOBATh B
obpazoBaHuyn cBa3u. Hampumep, atombl Gopa, yriepona, a3oTa Ha o6pa3oBaHHe
CBSI3€il MOTYT MCMNOJIb30BaTh TOJBKO YETHIpEe OpOUTANH (25, 2p), MO3TOMY ITH Jie-
MEHTBI MaKCUMAJIBHO YeTBIPEXKOBaJIeHTHHI. [Ipy 3TOM, YTOOBI 06Pa30BaThL 4ETHIPE
CBSI3M, aTOM 60pa MCMOJb3YET MYCTYI0 2p-opOuTaib Kak akuentop: [BF,]”, a atom
a30Ta — 3aMoJIHEHHYIO opouTaib Kak qoHop: [NH,]". B cryuae HezanomHeHHBIX O1u3-
KHMX O SHEPIUM d-opbuTasieit oHU Takke (B pamkax MBC) Moryr y4acTBoBaTth B
o6pasoBannu cea3n. Hanpumep, Bo ¢dTopune cepri(VI) B 06pa3oBaHUHN CBSI3M y4ya-
CTBYIOT 3d-0p6uTaid, a B MOHe rekcaaMuH Hukena(ll) — 4d-opburaym'.

B 3aBUCHMOCTH OT CHMMETPHH OpOHTanei, oOpa3yroilUX CBA3b, Pa3jiMyaoT o,
n- 1 8-cBa3u. CxeMa 06pa30BaHHsA TaKKMX CBsI3ei npuBeneHa Ha puc. 4.4. Opburanu,
06pasyioiie c-CBsI3b, UMEIOT IWIMHAPAYECKYIO CHUMMETPHIO OTHOCHUTEJIBHO JIU-
HHUH, coenuHsIomieit supa. Takas cBA3b MoXeT 00pa30BaThCs IIPH NEPEKPLIBAHUH S-,
p-, d- ¥ f~opburaneit. Ins opburtaieif, 06pa3zylomux n-cBA3b, JHHUSA, COCINHSIO-
as Anpa, ABJIAETCA OChI0O CUMMETPHM 2-TO MNOpPsAKA, U NPH 3TOM NMPOUCXOIUT
MHBEpCHA 3HaKa BOJIHOBOM GyHKUWH (TIPH nMoBopoTe opbuTany Ha 180° usmeHseTcs
TOJIBKO 3HaK BOJHOBOM GyHKuMH). Takoit BUA CBA3M NOJIy4aeTCs: NIPH NEPEKphIBa-
HUHU p- U d-opbutaneit. Hanbonee penkuit BuI CBI3M — §-CBA3b 00pa3yeTcs Npu
repekpeiBaHUM d-opOuTasieif, KOTOpblE CUMMETPUYHBI OTHOCHUTENIBHO TJIOCKOCTH,
npoxonsiued nepneHIUKYIIPHO TUHAM, COEANHAIOEN sapa.

IIpounocTs cBa3n. B paMKax MeTo1a BAJIEHTHBIX CBA3€i1 NPOYHOCTh CBA3H ONpee-
JIgeTCs CTENeHblo NMepeKphIBaHUA OpOuTasieil, o-CBI3b BCeraa NMpoyHee n-CBS3H, a
KpaTHas CBA3b (IBOMHaA: o- U n-, TPOMHAA: c- U 2n-) BCETAA NPOYHEe ONHHAPHON
(c-) (Tabn. 4.2).

TMpoYHOCTL CBA3€H, KaK NMpPaBWJIO, YMEHBIIAETCS ¢ POCTOM pajnuyca aroma. Ha-
npumep, B paxy monexyn H,0, H,S, H,Se, H,Te c poctoM pannyca ueHTpaabHOro
atoMa O (O, S, Se, Te) npouyHocTh cBsSI3M D—H yMeHbIaeTca, X 3HEPIUH COOT-
BETCTBEHHO paBHbI 463, 347, 276, 238 kIIX/MoJb.

Hoaapuocts ceazu. Ecom cBA3b 00pa3oBaHa ABYMsI ONMHAaKOBBIMHM aTOMaMH, TO
3JIEKTpOHBI B PaBHOI CTeNeHN NMpHHamexaTr 000MM aTOMaM U MOJIEKYJIa HenoAsap-

! Cnenyer eilie pa3 NMOAYEPKHYTh, YTO y4acTue d-opOutaieil MpeHeGpeXuMO MaIO AaxXe B pamkax
Monenn MBC.
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Puc. 4.4. Cxema o6pazoBanus o-, - U 8-CBA3U

nas. B ToM ciyyae, Korna cBa3b 06pa3oBaHa ABYMSI Pa3HBIMH aTOMaMH, JIEKTPOHHAsI
TUIOTHOCTB CMELI€Ha B CTOPOHY 60JIee 31eKTPOOTPULIATEBHOrO aToma. Takas CBasb
HasbIBaeTCs noaspuoi. Hanpumep, B Monexyne HCI SJIEKTPOHHAsA Mnapa CMemieHa K
aTOMy XJlopa, Ha KOTOPOM BO3HMKAET 3G EKTUBHBIN OTPHLIATENbHBIIH 3apsan (8-),
4 Ha aTOMC BONOPO/Ia — PaBHBIN €My NOJIOXUATETbH b (8+). Bermyuna sroro 3apsa
mnst HCI paBHa 0,18 abconmoTHoro 3apsina anexTpoHa. Ilpu yBennuyenun pasHoctu
SJIEKTPOOTPHLATE/ILHOCTE ! aTOMOB, 06pa3yoinX cBA3b, 3bEKTUBHBIIH 3aps yBe-
JTMIUBACTCS, M B NIPEACTBHOM CITy4a€ MOXHO CYMTATh, YTO SJIEKTPOHBI TTOJTHOCTEIO
TIEPEXONAT K GoJiee 91EKTPOOTPULIATENLHOMY aroMy. [IpenenpHBIM cityyaeM nomsip-
HOM KOBaJICHTHOM! CBSI3W SIBJISIETCS MOHHAS CBSI3b.

Hanpasnennocts cBsisu. I'eomerpus MOJICKYJIBl ONPENENAETCA B3aUMHBIM Pacro-
JIOXEHNEM B MPOCTPAaHCTBE OpbOuTaeit aToMa, 06pa3yommmx XHUMWYECKYIO cBA3b. [1o-
CKOJIBKY CBf13b BO3HHMKAET IPH MePEKPHIBAHUM aTOMHBIX opbuTainei, a oHu cTporo
HAaMNPaBJICHBI B IPOCTPAHCTBE, TO KOBAJEHTHBIE CBA3H MMEIOT BIIOIHE ¢ukcupopau-

Tabnuua 4.2

DHeprun cBA3M PazIMIHON KPATHOCTH

Casi3b Monekyna KpatHocTs cBsi3n SHEE;‘:/HM%?IT"’
Cc—-C C,H, Onunapnas (o-) 348
C=C CH, Hpoiinas (- u n-) 614
Cc=C CH, Tpoituas (o- 1 27-) 839
N—N N,H, Onuuapnast (o-) 160
N=N (CH,N), HBoitHas (o- 1 n-) 415
=N N, Tpoiinas (o- u 2n-) 946
C-0 CH,OH Onunapuas (o-) 358
=0 (CH,),CO I Boitnas (c- u n-) 745
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HOE HarmnpaBlIeHHE, KOTOPOE OMNpeHeseTCs] MAaKCUMAIbHON CTENEHbI0 MEPEKPhIBa-
HUA opbuTtaneit. s reoMeTpUH MOJIEKYJBI BaXKHBLIM SIBISIETCSI TOJIBKO MOJIOXEHUE
o-cBa3u. Hanpumep, Monekyna cepoBonopona H,S — HenuHeitHas, Tak Kak CBA3b
oOpasoBaHa JByMs p-OpOWTAISIMHU CEphbl, HAXONAIIMMHICA o yrioM 90°.

OHako B HEKOTOPHIX CITyyasX BO3HMKAET HECOOTBETCTBUE MEXIY PEATbHOM reo-
METpHE MOJIEKYNTBI H IIPEIoJIaraeéMbiM HanpaBieHUeM opOuTaeil B MpOCTPaHCTBE.
HanpumMep, u3 3kcrneprMeHTa M3BECTHO, YTO B Mosekysie MetaHa CH, Bce cBs3n
C—H paBHoueHHB W HampableHH nox yriioM 109°) Torma Kak, €ciad Obl CBSI3b
OCYIIECTBJISANIACH «YHCTEIMA» p- U S-OpOUTAISAMH YTIIepoaa, TpH CBA3H ( p) ObIIM OBl
HanpasleHbl o yriaoM 90°28‘, a HampaBieHne 4eTBepToi (s) ObLIO ObI HEONpene-
JIEHHBIM, TaK KakK S-0pOuTanb uMeeT chepHuecKyro CUMMETpHIo. sl yCTpaHeHUs
BO3HHUKILIETO MTPOTUBOPEYHA B METONIE BAJIEHTHBLIX CBA3eH BBEACHO NMOHATHE 2ubpu-
Ousayuu. THOGpUIH3aIINg — cMellleHHe opOuTaei mo aHeprud U ¢opme. B npuse-
JICHHOM TIpHUMeEpe C METaHOM TIPM B3aMMOJCHCTBMM aTOMOB BOIOPOHa C aTOMOM
yTiepona opOuTaIH yriepona (s ¥ TpH p) 06pa3yroT YeThIpe ONMHAKOBBIE OPOUTAIN
(sp3-rubpuaHbie), KOTOPBIE U NMEPEKPLIBAIOTCA C S-OPOUTATAMU Bogopoaa. s 06-
pa30oBaHMUS TMOPUIHBIX OpOUTANIEif HEOOXOMUMBI OMNpPEAENICHHbIE 3HEPreTHUYECKUE
3aTpaTel, HO OHM KOMITEHCUPYIOTCSA, TaK KaK 3HEPIUs CBA3M C Sp>-THOPUIHBIMA
opOUTAIIMH OOJIBIIIE IHEPTUH CBSI3H C «UYHCTHIMU» p-opouTansaMu. Cxema obpa3oBa-
HUA Sp*-rUOpUIHLIX opOUTaIeii MpeacTaBieHa Ha puc. 4.5.

Puc. 4.5. Cxema o6pazoBaHus sp>-rMBpUAHBIX opbUTaneit
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B eubpudusayuu napady c op6umanamu Uenmpanbro2o amoma, o6pazyiowuMu c-cea3u,
yuacmeyiom u nenodenennsie napel snexmponos. Tax, npu 00pa3oBaHWH MOJEKYIbI
oxcuaa yrmepoaa(I'V) us yetbipex opburaneit atoma yrepona s- ¥ p-opoutanu obpa-
3YIOT G-CBA3b € COCEAHMMH aTOMaMU KHCIOPOJa, a IPYTHE JBe p-Op6UTain o6pazy-
10T n-CBA3b (O=C=0). Tonbko opbutany, bopMupyoiLe G-CBA3b, CMELIMBAIOTCH,
HaBasi THOPUIHBIE Sp-0pOUTaTi. OCHOBHBIE THITHI rHOpUIN3aLH NIPUBEICHBI B TA6I.
4.3 (moxmpasn. 4.2.2).

PaccmotpuM, kak ¢ Touky 3perus MBC MOXHO OMHUCaTh CBA3b B MOJeKyJie SO,.
Onpenennm, Kakne OpOUTATH CepHl 1 KHCJIOpOIa MOTYT y4acTBOBaTh B 06pa3oBa-
HUM cBA3K. C OXHUM U3 aToMOB O BO3MOXHO 00pa3oBaHWe - W m-CBSI3W 3a CYET
TIepeKpHIBaHNA p-opbuTaeit Kucaopona u cepbl. Co BTOPHIM aTOMOM O BO3MOXHEL
JiBa BAPMAHTA 0OPa30OBaHUs G-CBSI3H: aTOM BO36yxzaeH (O* 2p22p2) W B3aMMoOIeii-
CTBHE NMPOMCXOAUT NO JOHOPHO-aKUENTOPHOMY MEXaHU3MY (cepa — JIOHOp, KHCJI0-

Ta6nuua 4.3
IIpocTpancTeennas koudurypanua Monekyn
MBC Mognens Mnnecnin
Tun Yucno
STEKTPOHHBIX FeomeTou
Dopmyna mﬁgi- nap Tun Pacrionoxenue Monel:;;mf Tpumep
monexysmer [ A Hecpsi- | MONEKYIIBI |  3/IEKTPOHHBIX T1ap
) Cea3sel- 3LIBAIO-
BMBC BaIOILIUX X
AB, sp 2 0 AB, | Jluneitnoe JluneitHas BeH,
AB, sp? 3 0 AB; | TpeyronsHoe TpeyronsHas BCl,
2 1 AB,E Yrnosas GeF,
AB, sp? 4 0 AB; | Terpasapuueckoe || Tetpasnp CH,
3 | AB;E TpuronansHasi | NH,
nupamuia
2 2 AB,E; Yrnopas H,0
AB; spd 5 0 ABs | TpuronansHo-6u- || Tpuronanshasi | PF;
nupamMugansHoe || GunupamMuaa
4 1 ABE HucheHoun SCl,
3 2 AB;E, T-o6pasHas 1Cl,4
2 3 AB,E; JuHeitHasn XeF,
ABg sp3d? 6 0 ABg  |Okrasnpuueckoe || Oxrasgp SF;
5 l ABE KsanpartHas IF;
nupammuaa
4 2 AB,E, Kganpar XeF,
AB; spid? 7 0 AB; |[leHraronansho- | IMeutaronans-| IF,
Gunupamunane- Hag Gunupa-
Hoe Muza
6 | ABE Onnowanoy- | SbFg-
HBIW OKTas3Ip
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pon — akuenrop) (puc. 4.6, a); omuH S P S P
5TeKTPOH TOJHOCTBIO Tepelies OT cephl O 0
K KUciopony (puc. 4.6, 6). oi " op ™

Pe3onanchsie cTpykTypbl. O6a KHCITO- S s+ [t]

oma B Moinekyle SO, Hepa3TWYUMBL, U .

p N 2 HEP > "0 o~ [H]
MO3TOMY CTPOEHHE 3TOH MOJIEKYIBl MOX-

HO MPeACTaBUTh B BUJIe HECKOJIBKHUX TIpe- a 6
IeJIBHBIX KaHOHUYeCKUX (hopm:

Puc. 4.6. BapuanTsi (a, 6) Mexanu3ma obpa-

& 30BaHUs CBsI3M B MoJiekyne SO,

N
S S¢ S.
o o o 0o o

Crpenky Mexay 3TUMH (OpMaMM NMOKAa3LIBAIOT, YTO OHH HAXOISTCS B pe3oHaH-
ce, 1 4TO 3JIeKTPOHHOe COCTOSTHUEe MOJICKYJIBLI TpeACTaBlisieT COOOU pesonanchbill
eubpud. PeansHas mojekyina SO, He UMeeT HM OOHOU M3 MpUBedeHHBIX CTPYKTYD B
YHUCTOM BUJe. B3siThle camu 110 ceOe, OHH SIBISIIOTCS BBIMBICJIOM, HO YIOBJIETBOPH-
TeJIbHOE OITMCAHHWe MOJIEKYJIhl MOXHO MOJYYUTDb, eCTH IMPedIIOI0XHUTh, YTO MOJIe-
KyJa CyLECTBYET B COCTOSTHUH, SIBJISTIOIIMMCST THOPHUAOM 3THUX CTPYKTYp. Takoe Tipe/-
MOJIOXKEHUE MOATBEPXKAAETCS pacdeToM (cM. Tadmn. 4.1), rne BoaHoBasi (hYHKIMSA CKa-
IBIBAeTCSl U3 CYMMbl KOBAJIEHTHBIX © MOHHBIX COCTABJISIONHX.

Yacro Mosekymy SO, MpeAcTaBIsSIOT GOPMYITO:

2N
O O
B maHHOM ciIydae mpeanosnaraloT, YTO m-OpOHTAjIb 0e10KAAU3068AHA MEXIY BCEMHU
TpeMsl aTOMaMH.

B monekyne SO, y aroma cepbl B TMOpHiH3aili MOTYT y4acTBOBATh JiBe p-OpOu-
Tajii, UCNONb30BaHHble Ha 00pa3oBaHWe ©-CBSI3M, M OIHA S-OpOMTa/ibh, UMeloIas
HenoeJIeHHYIO napy 3J71eKTpoHoB. ClleTOBaTeIbHO, aTOM CePhl HAXOOUTCS B COCTO-
SHUU sp’-rubpunusanuu, U yron OSO 6nmusok 120° (B meitctButenbHocTH 119,57).

Taknm o6pazom, MBC no3BoJisieT 1OCTATOYHO HATJISIHO NPeACTaABUTh CTPOEHHE
MUCKPEeTHBIX (He CBSI3aHHBIX MeXAy c000it) Moekyn. OCHOBHOI HeJOCTaTOK 3TOTO
METOA 3aKJII0YaeTCs B MPeANOJ0XKEeHUH JIBYX3JeKTPOHHOM, IBYXIIEHTPOBO! CBSI3HU.
IToaromy MBC He MoxeT Oe3 rnpuBiIedeHUST TOMOTHUTENIBHBIX YCIOBUM OOBSICHUTD
CTpOeHMe:

¢ HEKOTOPBIX MOJIEKYJISIPHEIX HOHOB,

® 3JIeKTPOHOIe (GUIIMTHHIX MOJIEKYJI, HaripiMep 60OpaHOB (IBYX3JIEKTPOHHHIE TPEX-
IICHTPOBLIE CBs3H, 2e, 3¢),

® «3JICKTPOHU3OLITOYHBIX» MOJIEKYJ, HalpuMep, B COeIMHEHUAX OJIaropOIHBIX
ra3oB (TPEeXLEHTPOBLIe YeThIpeX3JIeKTPOHHLIe CBA3H, 3¢, 4e).

B pamkax MBC tpynHO 00BbSICHUTL MHOTHE MAarHUTHBIE, CITEKTpajbHble M SHepre-
THYECKHE XapaKTePUCTUKH MOJEKYII.

bonee yHHBepcanbHBIM METOIOM OIMMCAHMSI XMMHYeCKOM CBSI3H SIBISIETCS METOL
MOJIeKYJISIpHBIX opOuTaneit (MMO). OxHako, cHayaia OCTaHOBUMCS Ha Mozenu -
JIECTTH, 4acTO MpUMeHSIeMOM sl OMNpeAe/leHUSI TeOMeTPHYECKOTO CTPOEHHST MOJIEKYI
Y OCHOBAHHOM Ha NMpeACTaBJIeHUM O B3aMMHOM OTTAJIKUBAHWH 3JIEKTPOHHBIX TIAp.

IIpumep 4.1. Onpenenvte ctpoenue yactull NO,, NO; u NO3, ucrosib3yss MeTo/ BAJICHT-
HbIX CBSI3€il.
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Pewenue. Non NO; u30371eKTpOHEH MojieKyie SO,, IO3TOMY MMEET TaKOe XK€ CTPOEHUE:
aTOM a30Ta HaXOAUTCS B COCTOSIHUM Sp>-rUBPUAM3ALIIM, YacTULA yrJIOBasA, BAJICHTHBIN yroJ
6au3ok 120°. OnHa sp?-rubpumHas OpOMTANDb 3aHATA HEMOAEJEHHON Mapoi 3JIEKTPOHOB, a
T-OpOUTANIH 1eJIOKANIM30BaHbI MEXIY BCEMU TPEMA aTOMaMu. Pe30HaHCHBIE CTPYKTYPHI UMe-
10T BUA;

Monekyna NO, comepxut Ha sp*-ru6pumHoit opbuTanu, He y4acTsylowWEl B 06pa30BaHUK
CBA3M, Ha OJMH 3JJICKTPOH MEHBIUE, MO3TOMY BaleHTHRIH yron ONO B Heii Gonmbe 120°
(132°).

Hox NO; uMeeT ewe Ha OAMH 3NMEKTPOH MeHbLUE. OH U303TEKTPOHEH MOJIEKYJIE CO,, u
HETBIPE ICKTPOHA aTOMa a30Ta 06pa3yIoT M0 ABE G- U T-CBA3M C aTOMAMM KHCJIOpOa. ATOM
a30Ta HaXOAUTCA B COCTOSTHUU Sp-TUOPUAM3ALMH, YacTHLA JIMHEHHAS (£ONO = 180°).

4.2.2. Teopus B3aHMHOTO OTTAIKMBAHHSA 9JIEKTPOHHBIX map (Moxens I'wiiecnn)

Mopnens I'mnecnin, kxak ¥ MBC, ocHOBBIBaeTCS Ha TIPEANONIOXEHUH O TOM, 4TO
CBA3b OCYLICCTBIIAETCA 3a CYET Maphl 3MIeKTPOHOB, a TeOMEeTPHYECKOe CTpoeHHE
MOJIEKYJT WJI MOHOB OTIPENENAETCS] OOIIMM YHCIIOM 31eKTPOHHBIX Nap, OKpYXKalo-
LMX LeHTPAIbHbIN aToM. [T 3TOM TODKHBI BHINOTHATLCS CIIEAYIONIHE rpaswia [2]:

* 9JICKTPOHHBIE Naphl TOAE/ICHHBIE ¥ HETO/IeIEHHBIE PacTIONaraloTcs BOKDYT LIEHT-
PaJIBHOTO aTOMA TaK, YTOOBI UX OTTAIKMBaHWe OBLIO MHHUMAJIBHEIM, T. €. HA MaKCH-
MaJIbHOM YIajieHuH APYT OT Jpyra;

® HCTIONe/ICHHAs 37IEKTPOHHAS Napa 3aHUMaeT GOJNBIINIA 06beM, YeM MNOeleH-
Has;

s 00BEM, 3aHMMAaeMBlit CBA3BIBAIOIIECH 3/IEKTPOHHOM napoil, tem MeHBblIIe, YeM
Goblile 3MEKTPOOTPULATENLHOCTD aTOMa, CBA3aHHAS C LIEHTPAJIBHBIM;

* ABe JNEKTPOHHBIE Napbl IBOMHOM CBA3M 3aHUMAIOT GONBLIMI 06BEM, YeM OHA
9JIEKTPOHHAS I1apa ONUHapHOM CBSI3U.

B 1a6n. 4.3 npuBeneHo ormcanue NPOCTPaHCTBEHHO! KOHOUIYpalU¥ MOJIEKYJT C
TOYKHM 3peHust MBC (tun rubpunmsaunn) u monenu I'utecnu.

Ha ocHoBaHMM 3THX npaBun MOXHO MpeCKa3aTh FEOMETPHIO HE TOJNBLKO MOJIe-
KyJ1, HO ¥ MOHOB. [TokaxeM 3TO Ha NpuMepe MOHA ICl;. LeHTpanbHblit aToM Hoaa
HMeeT o011ee YHCIO0 BHEITHUX SJIEKTPOHOB, paBHOE NeCATH (7 «CBOMX», 2 — XJIopa
1 1 311eKTPOH — 3apsit HoHa). OHYM 06PA3YIOT MATH 3JIEKTPOHHBIX 1ap, JIBE U3 KOTO-

PBIX NMONENCHHbIE Y TPH HENOJEeNeHHbIE. THIT MOJIEKYIIBI COTIACHO
monenu I'mtecnin AB,E;, rae A — neHTpanbHBIA atom, B — 1o-
§Cl |7 neneHHbie nmapsi 3nekTpoHOB, E — HenogeneHHbIe napel. [1g1e nap
SJICKTPOHOB PACNOJNIOXEHBl BOKPYT aToMa B BEpPIIMHAX MEHTAro-
HaJlbHO! OMnuUpaMunbl. [IBe 31eKTPOHHBIE rnapei, odpasyomrme
LIQ CBA3b, HAXOISTCA OJIHA HANPOTHB JIPYTOif, a HeMO/ie IeHHbIE TTaphl —
g B 9KBAaTOPHAJIBHOM MJI0CKOCTH (pHc. 4.7). Takoe nonoxXeHWe Herno-
AENEeHHBIX nap OOYCIOBIEHO TeM, YTO OHM 3aHHMAIOT OONBIIIMIL
J 00b€M, ¥ B 3TOM CJIyYae PacroNOoKeHb OTHOCHTEBHO JpyT npyra
nox ymowM 120°, a He 90°. Takum 06pazoM, peanbHas reoOMeTpHA

Puc. 4.7. Teomer- HMOHQ — JIMHeHHas1, BaJieHTHBIN yron Cl—I—Cl pasen 180°.
PHYECKOE CTpoe- Meron I'mitecrin BecbMa OrpaHM4eH W JOCTATOYHO XOPOIIO
Hue uoHa ICl;  ONMCBIBAET JIMLIB CTPOEHHE MOJIEKYNT U MOHOB p-3JIEMEHTOB C 60JTb-
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LIMM KOJTMYECTBOM OIMHAPHBIX CBSA3€i, HAIPUMED, MEXTATOTEHHBIX COCMHEHUN 1
raJIoreHuaoB 61aropoaHeIX razos. K HenoctatkaM Monenu I'mutecn OTHOCATC!

e HENMPUMEHHUMOCTE K OONBLIUHCTBY COENMHEHUH d- U S-3JIEMEHTOB;

e HEMPUMEHUMOCTE K COSIMHEHUAM C CYHIECTBEHHOMN 10JIeil HOHHOCTH CBA3M,

e HEBO3MOXHOCTD TIPEJCKA3aTh FeOMETPHIO MOJIEKYJT M HIOHOB C «MHEPTHOM» (He
I/IMC}OIJ.[CI/I CTEPEOaKTUBHOCTH) HETIOETIEHHON MIEKTPOHHOM napoi. Tak, HOHBI PbIs,
TeClz” uMeloT KOH(DUTYpALMIO NPABHJIBHOTO OKTA3/[pa, TOTAA KaK OTHOCATCS K THITY
AB6E;

e HecrtocOBHOCTh OOBSICHUTD CTPOCHHE YaCTHLL, COAEPKAIIMX 3JIEKTPOHBI HA pa3—
phIXISTIOLMX opbuTanax. Hanpumep, BaneHTHBI yron B uowe ClO; pasen 1117,
no Metoxy I'myutecrin 3Ta yactvua oTHocures K Tuny AB,E; n yron 0—CIl-0 non-
XeH OBITh <109°.

4.2.3. MeTon MOJIEKYJIApHBIX opOuTaneit

MeTon MoneKyIsapHBIX opoutaneit (MMO) HanboJsiee yHUBEpCaeH M MO3BOJACT
ONMUCHIBATH CTPOEHHE BELECTB C JIIOOBIM TUIOM XUMHUYECKOM CBSA3M 38 MCKIIIOYEHH-
eM cHabbix MEXMOJIEKYIAPHBIX B3auMoneicTBuit. Ha KauecTBEHHOM YpOBHE 3TOT
METOJI JOCTATOYHO TPOCT, 8 COBPEMEHHOE Pa3BUTUE BHIYMCIUTENBHON TEXHHUKH I10-
3BOJISIET JIETKO 1 GBICTPO NPOBOAWTH MOTYKOJIMYECTBEHHBIE pacueThl. OCHOBHAs 1zes
MMO 3aKioyaeTcss B TOM, UTO 6ce 31eKMporbl HAX00AMCA HA MONEKYAAPHbIX 0pOU-
mansx, eOunbix 0a éceli cucmems: 30ep U 3NeKMPOHOE OAHHOU MONEKYNbL. Jis onpene-
JIEHUs] BOJTHOBBIX GYHKIMIT MOJIEKY/ISIPHBIX OpPOUTANIeit MCNONb3YIOT MPUOIHXKEHHE,
Ha3bIBAEMOE AuHelinoll Kombunayuelii amomubix opoumaneii (JIKAO): MonexyisipHast
BosiHoBad (yHkimsa (MO) nomyyaercs NPOCTEIM CJIOXEHUEM WM BHIYUTAHUEM aTOM-
HBIX BOTHOBBIX GyHK1uMH (AO):

\III =qQya +tCV¥s, } (4 1)
Y =cya —GVs,

rae ¥, ¥;; — MOJNEKY/ApHbIE BONHOBbIE QYHKUMH; Vs, Wp — BOTHOBBIE QyHKUMH
aToMoB A U B; ¢, ¢, ¢3, ¢4 — HOPMHPOBOYHBIE MHOXHTENH, YKa3blBalOIKE HA
BEJTMYMHY OTHOCHUTENBLHOrO BKiana raHHoit AO B MO.

CylLiecTByeT HECKOJIBKO TPaBWJI, MO KOTOPbIM MOXHO ONpeNe/NuTh B3aMMHOE
DAcroJIOXEHHE MOJIEKYJIIPHBIX OpOHTANIeN 110 SHEPTUAM, aHATIOTUYHO pacnpenesie-
HMIO 3JIEKTPOHHBIX OpOHTATIEH B aTOME:!

e MO, koTopas nosyyaeTcs npy crnoxeHnn AO, uMeeT bojiee HU3KYIO SHEPTHIO,
gyeM ucxonHbie AO 1 Ha3bIBAaETCH ceA3biearoueli, a Ipyu BBIYUTAaHUK — OoJiee BBICO-
KYIO 3HEPIHIO Y Ha3bIBAETCS pa3pbixadroujed.

o C o6pazoBaHueM MO moryT BzanumoneiicTBoath AQ, UMEOILME cX00HYI0 CUM-
Mempuio I GAUBKYI0 SHEP2UID.

¢ KomuectBo MO B MosiekyJjie paBHO cyMMe AO cOCTaBISIOLINX €€ aTOMOB.

e Tpu 3anonHeHnd MO 37€KTPOHAMH BHIMOMHAIOTCA NMPUHLMI HAaUMEHBIIEH
9Hepruy, NpuHuMn Ilaynu 1 npasuno XyHaa (cM. noxpasi. 3.1.2).

JIyist IByXaTOMHBIX MOJIEKYJI CUMMETPHST MOJIEKY/IAPHBIX OpbuTanei (o, n 1 8) u
aTOMHBIE OPOHUTATM, B3aHMOAEUCTBHE KOTOPHIX BO3MOXHO, ONPEIENSIOTCS TaKXe
Kak M B METOJI¢ BIGHTHBIX CBsA3ell (cM. puc. 4.4). B cryuae MHOTOaTOMHBIX MOJIEKYJT
CHMMETpPYSI MONIEKYTISIPHBIX OpOUTANIet ApyTasi, €if COOTBETCTBYET CBOS CHCTEMA 060-
3HAYEHUH.
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PoGepr Cannepcon Mainuken (1896 — 1986). AMepUKaHCKMIA
(U3MKOXMMMUK, TEpBbIM BBEJ MPEACTaBIEHHE O MOJIEKYJISIPHBIX
OpOMTANISIX, NPUMEHWI KBAHTOBYIO MEXaHUKY K ONUCAHUIO XH-
MHMYECKOH CBSI3M M MHTEPIPETALMH MOJEKYJISPHBIX CIIEKTPOB,
ucnons3osan OBM mis pacueta pasnuuHbIX coeauHeHu. Ma-
JIMKEH NPEAJIOKWI ONpeAeeHUE BNEKTPOOTPULATEILHOCTH KaK
NOJIyCYMMBI NOTCHUMATa MOHM3AIUMM U CPOACTBA K JICKTPOHY.
Harpaxaen HoGenesckoit npemueil o xumuu B 1966 r. 3a teo-
PETUYECKHME UCCIIENOBAHUA TIPUPOIBLI XUMUYECKOH CBSI3U U MO-
JEKynapHoOi crpykTyphl. MHorna P.C.MamwukeHa nyrawor ¢
P. 3. MwimkeHOM — amepMKaHCKUM bu3uKOM, orpeneauBIIMM
3apsJl 2/eKTpoHa U ToXe HoGeneBckuM saypeatom.

JIByXaToMHbie FOMOsAEPHBIE MOJIEKY.TH!. PaccMoTpuM npuHUmIe! moctpoeHus MO
Ha TIpUMEPE TOMOSIEPHBIX IBYXaTOMHBIX MOJIEKYJT 3JIEMEHTOB 1-ro ¥ 2-ro 1mepuo-
noB. [IpocTeitiieit siBnsieTcst MONeKyna Boxoposa H,. U3 nByx 1s atoMHbIx op6HTANCit
00pasyeTcs NBe G-OPOUTANU, OMHA U3 KOTOPHIX — CBA3BIBAIOIIAS ¢ MMeeT 6ojee
HU3KYI0 3Hepruio, 4yeM AO, a mpyras — paspelxisiomas c*, — 60jee BBICOKYIO
3Hepruto, 4YeM AO (puc. 4.8).

JIBa 31€KTPOHA MONIEKYJTbl, COMIACHO IPHHLIAITY [Maynu, HaxonaTCs Ha CBSI3BIBA-
Io1e il OpOUTATH, ¥ IHEPIUS MONEKYJIBl B L[eJIOM HIKE 3HEPIUU HEB3aUMOIeHCTBY-
fonyx aToMoB. M3 3HepreTH4ecKoii TMArpaMMBbI BUIIHO, YTO BO3MOXKHO CYLIECTBOBa-
HUe MOJIeKyIsIpHbIX HOHOB H; 1 H3. YcTaHOBIeHO, YTO TakMe HOHBI CYLLeCTBYIOT B
HeVCTBUTENBHOCTH, M 3HEPTHUS CBSA3M IS KATHOHA M aHMOHA paBHa COOTBETCTBeH-
HOo 254,98 xJIx/Monb u 142,12 xJIx/Monb (s Monekynbl Dy = 423,4 kJIX/MoOnb).
OHeprus CBA3M KOPPeUPYET C BETMIMHON KPATHOCTH (TIopsinka) CBSI3M, KOTODYIO
PacCYMTBIBAIOT KaK IOJIYyPasHOCTh YHC/IA EKTPOHOB Ha CBSI3BIBAIOIHUX W Pa3PhIX-
JAI0WKX opoUTaIax. st 060MX MOJIeKYNSIPHBIX HOHOB BOIOPOAA KPaTHOCTD CBA3U
paBHa 1,5. MoH, y KOTOPOro oauH 3/1eKTpOH HAXOMUTCS Ha paspeIXyIAOmet opbura-
1, MeHee YCTONYMB, YTO ABAAETCA NPOsBIeHUEM 3 deKTa pasphIXIeHus. Obpaso-
6aHUE HACMUY, UMEIOWUX INeKMPOHbI HA PAPLXAAIOWUX OpOUMAnsx, éce0a nepee-
mu4ecKu Menee 6bi200H0, HeM 4ACMUY, C INCKMPOHAMU MOABKO HA CEA3BIBAIOUUX OPOU-
mansx.

Y aTOMOB 3/1eMEHTOB 2-T0 NepHOoLa MOABJIAIOTCS P-OpOUTANM 1 TTIO3TOMY CTaHO-

BUTCSI BOBMOXHBIM 00pa3oBatie MO kak

A0 MO AO c-, TaK ¥ n-TUNMa. Ecny B3amMoneiicTBre

g (B (H) H) TIPOMCXOIMT BIONbL OCH Z, TO p,-OpOHTa-

Fovi-v, JU JAK0T G5 U G* MONEKYJIAPHBle OpGH-

—~ Tallu, a Py~ ¥ p,~aTOMHbIe OPOUTAIH JAIOT

Is +</’ R op @’ ) MO JiBe nep- U n*-MO. Buuepbiu 6 snepeuu
AN npu 06pazoeanuu n-opoumanu 6ce20a Meto-
\‘H”c’r v V2 we, 4em npu 00pazosanuu c-opbumanu
e (puc. 4.9). :

. 5 Ha puc. 4.9 npexcraBieHsl 3HepreTu-

yeckue auarpaMmbl MO monekyn F, u

Puc. 4.8, DHepretuueckas nuarpauma MO mo-  N2. OT/IM4HMe B monoxeHnu 2s- u 2p-op-
JIEKYJNIbI Bofoposa (a) u CxeMa ob6pasoBanuss  OMTaneil atomoB N u F 3akmouaercd B
os-opbuTaneii (6) TOM, 4YTO opOuTtanu ¢TOopa Kak 6Gojee
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Puc. 4.9. Duepretuueckue auarpammsl MO motekyn F, (a) U N, (6) v (OTO/IEKTPOHHBIH
criekTp Monekyabl Nj (6)

3NIEKTPOOTPULIATEIBHOTO aTOMa HAXOAATCS 3HAYMTEIBHO HUXE MO JHEPrvH H, ca-
MOe TNIaBHOE, pa3HHULA B SHEPIUsX S- U p-opburaneit AE;_, y ¢dTopa ropasno 601b-
1ie, 4eM y a3oTa (cM. puc. 3.8, . 3). Benenctsue aroro y ¢propa c-B3auMoneicTBye
2s- ¥ 2p-op6HTAaNelt MpaKTUYeCKH OTCYTCTBYeT. Takoe B3aMMOIENHCTBUE OpOUTalel
HabnonaeTcsl TOJIBKO y Monekyn O, u F,.

JUist a30Ta pa3HHLA 3HEPTUi 25- ¥ 2p-opOuTasneil MeHbllle, U B 00pa30BaHUH
BCEX YeTHIPEX o-0pOUTasieil B ONpenesieHHOM CTeneH! (C pasHbIM BKJIALIOM, T.€. KO-
a¢pbunuentamu ¢; B popmyne (4.1)) NpuHUMAIOT yyacThe BCE YETbIpE aTOMHBIC
OpOHUTAIH, MOAXOAALIME N0 CUMMETPHH (S U p,). B pesynbraTe Takoro B3auMonei-
CTBUS 20-0OpOGUTaTb CTAHOBUTCS GOJiee BHITOIHOM, YeM oy*, a 36 — MeHee BBIIOI-
HOH, YeM O

YKa3aHHoe pacrnionoxeHne MO moarBepxaeTcsi METOIOM (POTOR/IEKTPOHHOM
crieKTpockonuu (puc. 4.9). PacyeTsl nMokazaid, YTO B 3TUX MOJIEKYJIaX B3aUMO/EH-
CTBMe BHYTPEHHHUX |s-0pOUTaieil He3HAYHUTENbHO, U MX C NOCTaTOYHOM moneit mo-
CTOBEPHOCTH MOXHO CUMTATh HECBA3bl6AIOWUMU, T. €. HE UBMEHSIOIMMH CBOIO SHEP-
TUIO NpY 06Pa30BaAHUM MOJIEKYJIBl ¥ HE BHOCSIMMM CYILECTBEHHBIA BKJIAJ B XUMH-~
YeCKYIO CBA3b; B JaJbHEMIIIEM OHU yYUTHIBAaTbCA HE OynyT.

Kakyro uHdopMaIyio o CTPOeHUH M CBOMCTBAX MOJIEKY/T MOXXHO U3BJIEYb U3 SHED-
reTuyeckux puarpamMm MO?

IIpourocms monexys (3Heprus IACCOLIMALINHN) OTIPEAEISeTCA BEIUIPHILIIEM SHED-
I'uM Npu o6pa30BaHUU MOJIEKYJIBl M3 aTOMOB U KOPPENMPYET C BEJIMYUHOHN Kpart-
Hoctu (nopsiaka) casu (KC). Tak, mis ¢ropa KC = (8 — 6)/2 = 1, a mns azora
KC = (8 - 2)/2 = 3. Monekyna N, 3HauuTenbHO npoyHee F; (cm. Tabn. 4.4).

Mexcamomusie paccmosnusa Taxxe KoppenupyoT ¢ BeauunHoi KC. Hampumep,
i Monekyael O, u MoJekyssipHoro MoHa O; MeXaTOMHBIE PACCTOSTHHUS PaBHBI
0,121 uM u 0,134 HM, a KPaTHOCTb CBSI3M cocTaBiseT 2 U 1,5 COOTBETCTBEHHO.
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Tabnuua 4.4

CBoiicTBa M 31€KTPOHHBIE KOHDHIYPAIHH ABYXATOMHBIX MOJIEKYJl 3/IeMEHTOB 2-ro mepuona

DJIeKTpOHHAS Monexynet
KOHUTypauus L, (B, | B, [ G | N, | O | F, | Ne,
4o+ —...
2n* ——
3c —. —— -
: S T Y D vt S
20* - T g i
4 ¥ g o
- | R L
A
KparnocTs cBs13u 1 0 1 2 3 2 1 0
BHeprus ceasu Dy, xJIx/Moib 99 — 276 | 595 | 942 | 494 | 155 | —
MexxaToMHOe paccTosiHue 7, HM 0,268 — {0,159 0,124 0,110} 0,121 0,142 | —
Iorenuman nonusauuu I, 3B | 5,0 — 11,4 | 15,58 12,08 15,69| —
MaruuTtssle cBoiicTBa Oua- | — |mapa-| Aua- | nua- | mapa-| mua- | —
MarH. MAarH. | MarH. | MarH. | MarH. | mard.

Maznumnsie ceoticmea monexyn ONPeAeNAIOTCH, TaK K€ KaK ¥ IJIsT ATOMOB; MOJIe-
KYJIBL U MOJIEKYJISIPHBIE MOHBI TIADaMATHUTHEI, e€cJIM UMEIOT HecTlapeHHbIe 3JIEKTPO-
HBl, M IMaMarHUTHBI, €CJIM Bce IEKTPOHBI clapeHbl.

Dnepeemuveckue u cnekmpanvhsie XapaKTePUCTUKH OTIpeIeIsSIIoTes SHeprueit MO,
Tax, norenunan nonusanunm (1;) paseH no MOIY/IIO SHEPIMU BepXHEH 3arojIHeH-
HOH MoJeKysipHO# opGuTanu (B3MO)!. s MOJICKYJIBI a30Ta TIOTeHIIMAI NOHU3a-
LMK BBIIIIC, YeM IUIS aTOMa, a Y (propa — HUXe, TaK KakK y aszora B3MO seinsercs
30-cBA3BIBAIOLIAs OPOUTANB, JieXaras 1o SHepriu Huxe AO, ay dropa — n*-op6u-
TaIb ¢ 3Heprueil, 6omnbpieil yem AQ.

! BepxHsis 3anmosnHeHHas MonekynspHas op6utans (B3MO) uacto o6o3HauaeTcs aHIIMACKON a6-
6pesuatypoit — HOMO (highest occupied molecular orbital), HUXHAA cBoBogHAA MOJIEKYJIAPHASA
opbuTans — LUMO (lowest unoccupied molecular orbital).
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B Ta61n. 4.4 nipeacTaBiIeHbl 3IEKTPOHHBIE KOH(MUTYPALlMA F'OMOATOMHBIX MOJIEKYJT
3JIEMEHTOB 2-TO TIepMoIa M TIPUBENEHBl HEKOTOPhIE MX XapakTepucTuku. Cremyer
y4ecTb, YTO IIPeICTABIEHHBIe JAHHBIE OTHOCSTCS K HEBO3OYXIEHHBIM COCTOSHUAM
monekyn. Hanpumep, monekyna O, TOMUMO OCHOBHOI'O MOXET CYILIECTBOBATh B IBYX
BO30YXKIeHHBIX COCTOSHHAX, B KOTOPHIX OHA qraMarHuTHa. OHAKO 3TU COCTOSHUSA
“MeloT 60oJiee BEICOKYIO SHEPTHIO.

I'eteposepusle AByXaTOMHBIE MOJEKYInl. BaxHelilllee oTnnunie TeTeposIepHBIX
JIBYXaTOMHBIX MOJIEKYJT OT TOMOSIIE PHBIX 3aKJTI0YAETCS B Pa3IMYHBIX S3HEPTUSAX aTOM-
HBIX OpOuTANIel B3aUMOIEHCTBYIOHINX aTOMOB. PacCMOTPUM B KayecTBe TIpUMepa ABe
MoJeKysbl, cogepxkamme atom Bogopona (LiH u HF), u monekyny NO, obpa3so-
BaHHYIO aTOMaM¥ 3JIEMEHTOB 2-TO Ieproja.

B monexynax HF u LiH o 3Heprum B3aumoneiicTBoBaTh MOryT 1s-opburans H,
2s- n 2p-opburanu Li wim F, a mo cummetpun — 1s-opburtans H 1 2s- u 2p,-opburanmn
Li win F. B3aaumoneiicteue tpex AO npuBomuT K obdpazoranio Tpex MO o-THIA.
OnHa U3 3TUX OpOUTAIEl ABIAETCS CBSI3BIBAIOLIEH, BTOpAas IPAKTHYECKU HECBSI3BI-
BaloHiei, T. . He TIPUBOINT HU K BBIMTPBIITY, HU K TIPOUTPHILIY B 3HEPIUU T10 CpaB-
HEHUIO C aTOMHBIMH OPOUTANISIMU, a TPEThSI — DPa3PBIXJISIONIAs.

OpbuTany p, 1 p, He UMEIOT TIOIXONALMX 110 SHEPTUHM U CUMMETPUY OpOHTAIeH
BOZOPOIA M TIO3TOMY He B3aMMOIeHCTRYIOT ¢ opouransmu H 1 ocraloTcss HeCBS3bI-
BAIOIMMU, ABaXIHl BEIPOXACHHHIMH, UMEIOIIMMH T-CUMMeTpHo. PacnipeneneHne
MO 10 sHepruaM 3aBucUT OT 3Hepruil AO. B ciyyae Monekysabl TMApKHIA JIMTHS
(TIpUCYTCTBYIOMLIEH B Ta30BOI (base) HeCBA3BIBAIOLIEH ABIsIETCS 206-0pouTaib. B Moe-
kyne HF u3-3a 6onbioit pasuuns! B sHeprusx (E,(H) = 13,6 aB, E)(F) = -40 3B,
E,,(F) = -17,4 3B) HecBsaspBaome# spasercss lo-opburans. Ee sHeprus npakTu-
YyecKM He oTIndaeTcs oT sHeprum 2s-opoburanmu F. CooTBETCTBYIONNE IHEPreTHYE-
CKMe JuarpaMMBl TIpeACTaBleHbl Ha puc. 4.10, 13 KoToporo cjieayeT, YTO KpaTHOCTh
CBSI3U B 06eMX MOJIEKy/ax paBHa equHuue. Oquako y monekynsl LiH cBsi3siBaromas
opOuTAIb HAXOOUTCS TIO SHEPTUH Oyike K opOUTaNN BOAOpOIA, U B €€ 00pa3oBaHue
Gonblinii BKIag (B ypaBHeHUH 4.1 KoadduumeHT cy > cp;) BHocut AO Bopopoza.

E AO MO AO E AO MO AO
(H) (HF) () (H) (LiH) (LD
3o+
,—3 o* l/—‘t: <
,,/ AN ’/ \\\‘\ N
sk T
\\\\\\\ _H_ _H_z[::\:\:\)-H- % + 2p /,’ /"_2‘;::-_-;/7’;\7—*_ 2s

17
s Il/
”AH- 2s ls-‘-g\ V4
e ~ ”

a 6
Puc. 4.10. DHeprernueckas auarpamma MO monexyn HF (a) u LiH (6)
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AO MO AO Benencteue 3Toro 37€KTPOHBI GOJIBIIE

E
™) (NO) O COCPEIOTOYEHHI Y aTOMa BOOPOIA — MO-
7 *\?f’* JIEKyna TionisipHa, atoM H nMmeer yacTny-
AL 2R N o o
/;,vl-}- —*\:\1\\\\\ HBIHM OTpULATENbHBL 3apsia. B Mosniekyne
24 + _‘_‘:' s VN, ¢ropoBonopoa CBA3LIBAOLIASA OPOUTATL
\\‘\\‘I \ . 2 -
N _%_30__;_,_.,, + +2 20 cocpenoroyeHa y atoma ¢ropa, Ko
\ - o o 7
A A TOPBIt HECET HEKOTOPBI OTPHILIATE b~
I)( A, In SN o
AN ,,2/ \ HBII 3apsid.
2s -ﬁ’e\—\-“\‘ \‘\’ 7 \ PaccmotpuM Tenieph cxeMy MOJIEKYJISIP-
N N o
N\ AN .HBIX opbuTaneit Monekyisl NO (puc. 4.11).
AR N o
O SN BOHeprus p-opouraneit O u N mourn
\\‘ // ——‘%2‘; p
\\H_' ————— OIMHAKOBa, a pasHMua AE,, y aroma
lo KHCJIOpOJa 3HauYMTeNIbHO Gospirte. [Toato-

MY B 00pa30BaHNM c-OpOUTANIEH TIPHHI-

Puc. 4.11. DHepretuyeckas auarpammva MO MaloT yyacTHe BCE OpOUTAIM, CXOTHBIE TIO

Mojiekynst NO cumMmerpum (2s 1 2p), KakK U B Clyyae

MOJIEKYJIBI a30Ta. ATOMHBIE opOuTaIHN

T-CUMMETPUM (Py, p,) 0OpPa3yloT TIO IBE T CBA3BIBAIONIME M T Pa3PhIXJISIONIME MO-

JIEKyJISIpHBIEe opbuTanu. Kak BUTHO M3 pUCYHKa, Y MoJieKyJibl NO ecTh OMH HecTia-
PEHHBIN 37IEKTPOH Ha 2n*-opburanu. [TosTomy:

e TaKas MOJIEKYNAa IOJDXHA JIETKO TEPSATh OJUH 3JIEKTPOH C 00pa3oBaHHEM HOHA
NO", TaK KaK 3To NIPpUBOINT K YBEIMUEHHNIO KPaTHOCTH CBSI3U € 2,5 10 3 1, COOTBETCT-
BEHHO, YBETMYCHUIO TIpOYHOCTH YacTrubl. HeictBurensHo, Dy (NO) = 631,6 x/Ix/Moib,
D, (NO") = 1046 kIx/monb,

[ \\\\ ‘ \\\\\

a 7]

30

//"el

20

loj
\*a,

130 ® 60

Puc. 4.12. Cxema 06pa3oBaHNs MOJIEKYIApHOro noHa Hi:
a — JIMHE}{HOro; 6 — TPEYToJIbHOTO; 6 — 3aBHCHMOCTb 3HEpPruu opbutaieil E oT yria ¢
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e Moniekysa NO sBisieTcss CBOOOIHBIM paIMKaJIOM M HOJIXKHA JIETKO BCTYIaTh B
peaxkiuuu, TIPOXOASHIME TI0 PAIMKAIBHOMY MEXaHU3MY;

e Mosiekysia NO MOXeT JMMepU30BaThCs, OMHAKO TTONYYEHHBIA IUMED HECTOEK,
TaK KaK CBOOOMHBIN 3JIEKTPOH HAXOAMTCS HA Pa3phIXISIoLe opouTaiu.

TakuMm o6pa3oM, MeTOIN MOJIEKYISIPHBIX OpOuTajleid MOXKHO MCIIONIBb30BATh IS

TIpeACKa3aHus CBOMCTB MOJIEKYII.

I'eomeTpusa MoJekylx. [IpuMeHeHMe MeTONAa MOJIEKYJIAPHBIX OpOUTANIeH UTs OTIH -
caHus MO6BIX MHOTOATOMHBIX MOJIEKYJI He BXOAWT B 3aJayM Hallero yyeOHMKa.
OrpaHn4mMMcsl TeM, YTO pasbepeM TIPOCTEHIIMA claydaid TpeXaTOMHOW 4acCTHIIBI
Hj, uyTo6BI mokasath, Kak Metox MO ucnonb3yercs VIS OTIPEACSICHNST T€OMETPUH

YacTHII.

Jlnst MonekynsipHoro noHa Hji MOXHO TIpeATIONOXUTh MO0 JMHERHoe, Jbo
TpeyroJibHOe CTpoeHME. B nmHeltHoM YacTuie u3 Tpex 1s-opburaneir H Bo3MOXHO
06pa3oBaHueE TPeX G-OpOUTaJIeil — CBI3HBAIOMIEH, HECBA3BIBAIOLIEN U Pa3PhIXJISIO-
weit (puc. 4.12, a). JUis TpeyroJibHON YacTUIBI TOXE BO3MOXHO 00pa3oBaHUe TpeX

HOM Yactuusl Hi.

owei B ciryyae 3¢, 4e-CBSI3M.

E AO MO
(Xe) (XeF,)
/_\G.

AO E
(F)

aTOMOB

DneKTpoHoAeUIHTHBIE H JNEKTPOHOH3GEITOUHbIE MOJEKYAbl. ONHHUM K3 JOCTOMHCTB
metona MO spiseTcsi 06BICHEHHE BO3MOXHOCTH 06pa30BaHUs SJIEKTPOHOAEHUIIUT-
HEBIX MOJICKYJI THIIa GOPaHOB M SJIEKTPOHU3OBLITOYHBIX MOJIEKYJI, HanpuMep GTOpHIOB
kceHoHa. Ha puc. 4.13, 6 npencraBneHa dHepreTiyecKas auarpaMma MO mst dpar-
menra B—H—B. OHa aHaJOTMYHa fuarpaMMe, IpUBEACHHOMN Ha puc. 4.12 pnist TMHeH-

DNEKTPOHOM3OLITOYHBIMY OGBIYHO HA3BIBAIOT YAaCTHLBI, B KOTOPHIX JIEKTPOHOB
GOJBLLE, 46M HEOGXOMMO I 00Pa30BaHKs IBYXYICKTPOHHEBIX, ABYXLIEHTPOBBIX CBA3CH
(MBC). Hanpuwmep, B moliekyne XeF, y aToMa KCeHOHa uMeeTcsl 8 BAJICHTHBIX 3JICK-
TPOHOB, a y atoMoB (dropa 1o 7. {narpamMa MO Takoil MOJICKYJIBI TIPSACTAaBIIEHA HA
puc. 4.10, a. 3xech, TaK Xe KaK W B IPEABIAYLIEM CIIyyae, MEXIy TpeMsl aToMaMu o6pa-
3YI0TCA JICTIOKAIM30BAHHEIE MOJIEKYJISIpHBIE opOUTau., OfHAKO Ha HUX PacIONOXCHO
4 3JIEKTPOHA, YTO COOTBETCTBYET mpexyeHmpoeotl yembipexanekmponnoi cessu (3¢, 4e).

Kax BUIHO M3 PUCYHKA, 06€ YaCTHI[B YCTOMYMBH, TaK KaK JICKTPOHBI HAXOAATCS
Ha CBSI3BIBAIOLICH OPOMTAIHU B ciiyyae 3¢, 2e-CBSI3HM M Ha CBSI3bIBAlOLICH M HECBA3LIBA-

AO
(H)

MO
(B;Hg)

AO
(B)

Puc. 4.13. ®parMeHT 3HepreTudeckoil auarpaMMer MO JuHeitHoM Monekynb XeF,
(a) v Monexyisl B,Hg (6); 3Ha4KOM «}» 0603HAUYEHBI TPYIITIOBbIE OPOUTAIH KpallHUX
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MOJEKY/IAPHBIX OPONTAIE: ONHON CBA3BIBAIOLIEH a' M ABYX Pa3phIXISIOILNX €', MMe-
IOLIMX UHYIO CUMMETPUIO (puC. 4.12, 6). DiIeKTPOH, HaxoisIMiics Ha opbuTany a',
nMeet Gojiee HU3KYIO SHEPTHIO, YeM Haxomsiumiics Ha lo, noaromy it Hi Gosee
BBITOJIHA TpeyroyibHass KoHdurypauums. JIeHCTBATeIBHO, B ra30BOi (hase CHIEKTpalib-
HBIMU MeTonamMu o6HapyxeH MoH H3 uMeHHo Takoif ¢opmbl. EcTh ocHOBaHUS pe-
TiojiaraTh, YTo B3aMMozelicTBue neittepus D, ¢ cynepxucioroit HF + SbFs mporekaer
uepe3 0bpazoBaHue IIpoMexXyTouHoi Yactunsl [D,H]". ITpuBeseHHbIA TIpUMEp MHTE-
PECEH TEM, YTO NMOKA3bIBAET BO3SMOXHOCTh 00pa30BaHMsI IeTOKATU30BAaHHbBIX Op6u-
Taneit. Takaa opburanb obbeqMHSET Bce TP aTOMa, a He JBa, KaK B Cciy4ae OOBIY-
HOW ABYXLIEHTPOBOI CBA3M. Tak, B yacTuie H3 tpu aroma cBsi3aHbBI JBYMS 3JIEKTPO-
HaMM. DTO NIPOCTEHIIMI CITydaii mpexyenmpogoii 08yxaneKmporHOU ces3u (3¢, 2e).

IIpumep 4.3. Kakas us vactun, CN win CN”, umeer Gosbliee MEXDbSJIEPHOE paccTos-
Hue? Ipusenure npuMep roMosiIepHOIL U TeTEPOSIEPHOI MOJICKYJIH, U303JIEKTPOHHOM aHU-
- oHy CN".

Pewenue. Dnexrponnas kondurypauust monekys CN: 16226721736, a kpaTHOCTS CBAI3M
B Helt KC = (7 - 2)/2 = 2,5. Braronaps HalMuMIO HeCapeHHOro 35eKTpoHa yactuua -CN
nerko obpasyet aumep (CN,). Y nona CN™ Ha oiMH 37eKTpOH Goblile, TIPUYEM OH HAXOAUT-
sl Ha 30-CBA3BIBAIOLIEH OPOUTAIH. DIEKTPOHHAs KOHOUTYpalus 3Toro uoHa 162262114362
v KC = 3. [l yacTul, COCTOSIIMX U3 OAMHAKOBBIX aTOMOB, D0JIbILE MEXbBSIEPHOE PACCTOS-
HHC y YaCTHLBI C MEHBLLUEN KPaTHOCTBIO CBA3H, CIIEL0BATENbHO, y MoseKynbl CN. (HeiicTBu-
teibHO, r(CN) = 0,117 uM, r(CN") = 0, 114 uM.) MN3031eKTPOHHBIE YaCTHIIBI COXEPXAT
PAaBHOC KOJMYECTBO JJIEKTPOHOB; aHHOHy CN™ M303J1eKTpOHHB MOJIeKYbl N, u CO,

4.3. HOHHAA CBA3b

Ilpu B3auMozelicTBM HauboJiee 3NMEKTPOOTPULIATENBHBIX aTOMOB C Hauboliee
3JIEKTPOTIOIOXKUTENIBHBIMU 00pasyeTcs CBSA3b C 60JIBIION CTENEHBIO TIoNspHOcTH. Ha-
npyMep, B razoobpasHoit Monekysie NaF adbdekTHBHbIE 3apsiIpl Ha aToMax HaTpus
¥ ¢ropa pasHsl +0,84 11 —0,84. BrekTpUYECKOE TI0I€ pABHOMEPHO pacripenesisieTcs B
TIPOCTPAHCTBE, TOTOMY B3aMMOIEHCTBME IBYX MOHOB IPYr C IPYroM He MOXKeT
MTOJTHOCTBIO KOMITEHCUPOBATh MX 110Jis1. OHM COXPaHSIOT CITOCOGHOCTD MIPUTATMBATD
VOHBI IPOTUBOTIOJIOXKHOTO 3HaKa TI0 PYTUM HanpaBieHUsIM. DTO IPUBOIUT K TOMY,
YTO TaKUE€ aTOMBI JIETKO 06pa3yloT TBep/ble BEIeCTBA, CTPYKTYPHBIMM eIMHULIAMU
KOTOPBIX ABJISIOTCS] HOHBI. VIX Ha3bIBAIOT uonHbiMu Kpucmannamu. Tlogpo6Hoe CTpoe-
HI€ TBEPAbIX BEILECTB OyneT 06CyKIaThes B IToapas. 4.6. 3mech Xe Mbl OCTAHOBUMCS
Ha BOTIPOCAX OOLIeil XapaKTepUCTMKN MOHHOMN CBSI3M: TIPOYHOCTH, TIPOCTPAHCTBEH-
HOM paCTIOJIOXKEHUH MOHOB, 3JIEKTPOHHOM CTPOEHUM,

IMpounocts. [TpOUYHOCTH MOHHBIX KPUCTALIOB MOXHO OTIPEJENIUTD, YIUTHIBasI KY-
JIOHOBCKOE B3aMMOJIeHcTBUE UOHOB (E,y,) ¥ OTTAIKMBaHME UX NEKTPOHHBIX 060-
nouex (Eyr,). DHeprus KyJIOHOBCKOTO B3aMMOIEHCTBHS paBHa
3 Az+z—e2

Egyn = (4.2)

4negr
The ', T — 3aps/ibl HOHOB; ¢ — 3apsi EKTPOHA; £, — IMBJIEKTPHYECKAs MpOHMIIA-
EMOCTDb B BAKYyMe; r — MEXDSIZIEPHOE pacCTOsIHUE; A — KoHCTaHTa MagenyHra, xa-
pakTepusyloias reoMeTPUIO B3aMMHOT'O PACTIONIOKEHUSI MOHOB B KPUCTAJUTMYECKOM
peleTke.
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DHeprus OTTAIKMBAHUS 3AEKTPOHHBIX E

obosouex nponopunoHaisHa 1/r", tae n — Na*(r.) + CI(r.)
BeJIMYMHA, 3aBUCALIAA OT 3JIEKTPOHHOM 1.Cl . )
KOH(UIypauy NOHOB. DHEPruIo KpUCTa- I p Na'(r) + CI'(r.)
nuyecKoit petieTkn U° 11T MOHHBIX KpHUC- Na(r.) + CI(r.)
(r. (r.
TAJJIOB MOXHO BBIYMCIIMTE IO YPAaBHEHUIO — - .
. . [ o
Bopua—Jlanne: ! zAH’f Na(r.) + /,Cly(r.) .
. ANyz'zer( 1 AR
=4 * —_— 2

v dmer U (4.3) *|Na(r8) + 1,Cly(r)
WIHA pacCcyuTaTh M3 TepPMOIUHAMUYECKUX ArHyact
JIAHHBIX N0 LMKy BopHa—T"abepa (puc. 4.14). NaCl(ts.)

B ToM.cityyae, ecim nojiydeHHBIe 3HaYe-
HUS DHEPIUM KPUCTAIINYECKON pelIeTKH
6JIM3KY APYT APYTY, MOXHO C JOCTATOYHOM Puc. 4.14. CXCME OTpeeJieHUs] 3HEPTHHU
JOJieit JOCTOBePHOCTH CYMTATH COeNUHeHHe N PHCTATIHICCKOM PeILICTKI NaCl no nuk-

iy bopua— Fabepa:
noHHBIM. Hanpumep, s kpucrawioB NaCl . i i
3HAYeHUSA, pacCUUTAHHEIE IBYMS 3TUMH U = ~OyHaci + A + 1/28H e + Iy — Eqy
criocobaMM, paBHBl COOTBETCTBEHHO 756 u
786 xIIx/monb, a mna AgCl — paccumranHoe no ypasHeHuto bopHa—Jlanne:
784 xJIx/Monb, a no uukiy bopHa— I'abepa: 951 x/Ix/Monb. CienosaresbHO, XJ10-
PMII HATPUSI MOXHO CYMTATh MOHHEBIM, a XJIOpUI cepebpa — HeT.

Koncranra Maaenynra. Kysi0HOBCKOE MpUTSXXEHHE M OTTAJIKUBAHUE MEXIY HOHa-
MH B KDUCTAJLUTUUECKOMH pellleTKe YUUTHIBaeT KoHCcTaHTa ManenyHra. PaccMorpum pe-
wetky TMna NaCl (puc. 4.15). PaccrosiHue Mexay COCEIHUMH HOHAMHU HAaTPHUS U XJI0pa
PaBHO CYMMe MOHHBIX paanycoB 7. Kax el MoH HaTpus
(v xJ10pa) OKPYyXXeH 1UECTBIO HOHAMU NPOTHBOMOIO0X-

HOI'O 3apsijia Ha PacCTOSHUM F U JABEHAALATHIO HOHAMU r 2

TOTO Xe 3apsifia Ha pacCTOSIHUM 2. Crnenyroouifie Bo-

CeMb MOHOB MPOTHUBOITOJIOXHOIO 3apsiia pacroJIOXeHH B
ykxe Ha paccrossHuM rv3 u T.4. ITocKoNbKy 3Heprus \

KYJIOHOBCKOT'O B3auMOfeiicTBHS 0DpaTHO MpPOIMOpPIIHO-
HaJbHA PacCTOSIHUIO, TO B JAHHOM CJIy4ae

E~1/r(6—12/x/§+8/«/_—...).

Bripaxenue B CKOOKax M eCTb KOHCTaHTa ManenyH-
ra (A), He 3aBUCALAs OT NPUPOLH MOHOB, a onpefens- LHC. 4.15. Paccrositus Mex-
eMasi TOJIbKO THMIOM KpHUCTAUIMYecKOH pewerku. [nsa AY aTOMaMM B CTPyKType
kpuctawios tuna NaCl senuunna 4 = 1,7476. NaCl

IIpocTpaHcTBEeHHOE paciioioXXeHHe HOHOB. Bciie ICTBIE paBHOMEPHOI'O paclipesie-
JIEHWsI 3JIeKTPUYeCKOro Mol B IPOCTPAHCTBE MOHEI CTPEMSATCS OKPYXUTD ce0sT Kak
MOXKHO GOJIBHIMM YMCJIOM NPOTUBONOHOB. IToaToMy kKoopdunayuornnoe vucao (4UCIO
OnXaWHINX coceleli) B MOHHBIX KPUCTAUIAX ONpeesisieTCs He 3JIEKTPOHHBIM CTPO-
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Ta6nuuna 4.5

3aBHCHMOCTB THNA CTPYKTYPHI OT COOTHOMIEHHS MOHHDBIX paauycos

CooTHollleHHE rjr, KOOM::?;:OHHOC Tun ctpykrypsl IMpuMeps! coennnHenuit
< 0,414 4 Cdanepur (ZnS) CudCl, CdS, InAs
< 0,732 6 NaCl LiCl, KBr, TiO, PbTe
< 1,37 8 CsCl CaS, CsCN, NH,CI

CHHEM UOHOB, a OTHOCUTEJIBHBIMU pa3MepaMM aHMOHA M KaTHOHA. B Tabt. 4.5 npen-
CTaBjIeHBI COOTHOLUEHMST MOHHBIX PAIUyCOB M COOTBETCTBYIOLIHE MM KOOpIMHAIA-
OHHBIC YMCJIa, a TAKXKE TUTBl KPUCTAUTMYECKUX PEUIETOK HEKOTOPHIX XMMMYeCKHIX
COeIMHEHMIA.

DNeKTPOHHAA CTPYKTYpa. DIEKTPOHHYIO CTPYKTYpPY TBEPIABIX KPUCTALTUYECKHIX Be-
INECTB TAKXKE MOXHO paCCMaTpMBATh C TOYKHU 3PEHUS METONA MOJIEKYJISIPHBIX opou-
Tajiei. Tak, pu B3aUMOIEHCTBUM aTOMHBIX opburaneit IByXx aTOMOB 06pa3yloTcs
IB€ MOJIEKY/ISIPHBIE OpOUTANN: CBS3EIBAIOIIAS U Pa3pRIXIIAIONIasa; TIpU B3aUMOJCH-~
CTBUMM Tpex opburaneit Tpex atoMoB — Tpu MO, a ipu B3aumMoneifcreuu N opbura-
Jiel, puHamIexkammx N atomaMm KpucTauia, — N pacIiosioXeHHBIX OJTM3KO TI0 3HEp-
TUY MOJIEKYJISIDHBIX opOuraneii (puc. 4.16). DT opOUTAM OTBEYAIOT HEKOTOPOMY
ANaNa3oHy SHEPTHiA, KOTOPHI Ha3BIBAETCS SHEPreTHYECKONH 30HOI. Hpyrue atom-

HauGonee
pa3phIXIAIoIas

Hau6onee
a CBsI3bIBAIOIIAS

Hawnbonee pasprxsioman

4 3oHa

Puc. 4.16. Cxema o6pazoBanus MO B KpUCTaJUIe (4) W 9HEpreTHYecKasi auarpamma (6)
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HBle opbuTanu, B3aMMOIeNCTBYA, obpa-
3YIOT IPYIYIO 30Hy. MeXIy TaKiuMM 30Ha-
MM CYIIECTBYeT 3anpeusennas 3ona (E;). Ha
puc. 4.17 nipeicraBiieHa SHepreTHYecKas
InarpamMmma MO monexkynsr NaCl (8 razo-
BOH (pase) M 30HHAS MOIENb KPHCTaNa
NaCl. HuxHsist (3anioiHeHHas 3/1eKTPOHa-
MM) 30HA HA3BIBAETCS] 8AACHMHOU 30HOU,
a BePXHAS (TIOTHOCTBIO TTyCTast) — 30HOU
npogodumocmu. PeHTreHO3MeKTPOHHBIN
criekTp' (puc. 4.17, 6) nokassIBaeT 3HeP-
THIO JOCTATOYHO JIOKaJTM30BaHHBIX Ha XJIO-
pe BaJeHTHBIX 30H Kpucrayuia NaCl.
Bosb110it 3HEpreTHYECKMIA 3a30P MEX-

E E
NaCl(r.)
— , 9B
e \
Ky e AY
-—(\ \\\ Eg
\\\\ \\
NS \
AN \ ¥4 -8,5 —=3p
\‘v&ajt-:;% -19,3) = 3s
NS
Na. } c
a 6 6

Puc. 4.17. Cxema sHepreTHyeckoit guarpam-
Mel MO wmonexynsl NaCl (g); sHepreTude-
CKUX 30H (6) M PEHTTEHOB3JIEKTPOHHOTO
cniektpa kpucrawia NaCl (¢); E, — 3anpe-

Iy 9TUMU 30HaMU (GONBIIAS IIMPUHA 3a- IelHasi soHa

TIpEHIEHHOM 30HBI) YKa3bIBaeT Ha TO, YTO
XJIOpUA HaTpus — Iu3JeKTpuK. IlonpobHee pasnuuus MeTaI—IONYTIPOBOJHUK—
IUIEKTPUK OyleT o6CyXIaThcs B CIeAyIONIEM pa3zere.

TIpumep 4.4. Paccyuraiite SHepruio KpUCTAUTHYECKOM peietkn MgO (CTpYKTYPHBIH THIT
NaCl) no uuxkiny BopHa-—Ta6epa u no ypasHenuio bopua—Jlange. Kakoil BbIBOI MOXHO
C/ieJIaTh O MOHHOCTH CBA3M B KpUCTAJUIE€ oKcuaa MarHusa? He rnpoBofst OMOMHUTEIBHBIX
PacyeTroB, NMPEATOJOXUTE, Y KaKOro U3 BELECTB MTOPHAA HATPHUA WIM OKCHAAQ MArHUs —
Gosee nMpoyHas KpUCTAUTMYECKAs PeLLUeTKa,

Pewenue. Dnepruio KpucTajuinueckol pelieTky no nukKiy BopHa—labepa MOXHO BHI-
YUCJIUTE 11O hopMyIie

U;\ng = _AfHT\ng + AaTH?\dg + 1/2A1mccHz) + (Il + I2)Mg + (El + E2)O =
=602 + 146 + 249 + 733 + 1447 — 141 + 798 = 3834 x/Ix/Monb.

Jns eiuvcnenuii no ypasHenuio BopHa— JIanne Heo6GXoqMMO HCIOJIB30BATh BEIMYMHB!
B enuHunax CH.

Jlainyc ITonmar (1901 — 1994). Amepukanckuii yueHniii. BHec
00JIBLLION BKJIJ B HCCIIEAOBAHME TPUPONEI XUMHUECKOH CBA3H.
B obnacTu KpHCTAINIOXMMUKM UM COCTABJIEHB TAGIHLIBI HOHHBIX
PaanyCoB, ONpeae/IeHsl npaBuna o6pa3oBaHUsi HOHHBIX KPUCTAN -
JIMYECKUX CTPYKTYP, BBEACHO NOHATHE «1€HEKTHON CTPYKTYPHI».
OH pa3paGoTasl TakXe METOJ BAJICHTHEIX CBSI3CH, TEOPHIO Pe30-
HaHCa, BBEJI MOHATHE M COCTABMJI LUKAJIY 3JIEKTPOOTPUIATEb-
HOCTH 3J1eMeHTOB. B 1954 r. «3a ucciienoBanue rnpupoasl XUMH-
4ECKOM CBA3M M €€ NPHUMEHEHUE [Tl ONpPEedeNeHUS. CTPYKTYDHI
CJIOXHBIX coeauHeHui» JI. [Tommur nonyynn HoGenesckyio mpe-
MHI0. B Gonee noannee speMs JI. [ToJMHT 3aHUMANICS UCCIEnOBa-
HUAMH B obiacti 6uooprannyeckoit xumuu. B 1962 r. emy npu-
cyxaena HoGenesckast npeMus Mupa.

! PeHTreHO3/IeKTPOHHAs CIEKTPOCKOMHUA AHATOTHYHA GOTORIEKTPOHHOI C TOil pasHUueH, UTO [is
«BBIOMBAHHs» DJIEKTPOHOB B Heil Mcrons3yercst He Y®-3Heprus, a 9Heprus peHITEHOBCKOTO H3JTyye-
HU.
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2
N A 2
po - Nadld e?
dreg(r, +1.)

&

_1,08-10°"
T 2,36.10°%

_6,02-10% -1,7476- 22 (1,602. 10719 )2
4.3,14.8,85.10712(72 + 140). 10712

(-4

-0,857=3922 000 Ix/monb.

PacxoxneHue B 3THX BEIMYMHAX HE MpPEeBHILAET 2%, MOITOMY MOXHO CYMTATh, YTO cTpoe-
HH1e MgO XopollUo ONMUCHIBAETCS MOHHOH MOIEJIBIO,

Y ¢ropuna HaTpHs U OKCHAA MAarHHsL KDUCTALTHYECKAS PEILETKA OHOTO THIA, BCE MOHB
HMEIOT 3JIEKTPOHHYI0 KOHuUrypaluio Ne, Mo3ToMy CyMMa MOHHBIX PagUyCcOB [OJDKHA OTIIH-
YaThCsl He3HaYuTeNbHO. OCHOBHOE pasiiMyMe — B 3apsaax MoHOB. CliexoBareibHO, Gojee

MPOYHOH ABisieTcs peluerka MgO.

4.4. METAJLIMYECKAS CBA3b

Merajunyeckoit 06EIYHO Ha3BIBAIOT CBSI3b MEXIY aTOMAMM METAJJIOB B TBEPIOM
coCTOSTHMU. B razoBoit daze MeXXIy aTOMaMM METaJUIOB UMEET MECTO OBBIYHAS KOBA-
JIEHTHas1 HenoJisipHas cB3b (cM. Li, B Tabn. 4.4). [Ipu 06pazoBaHuy TBEPIOTO Belle-

E 1
Ypoeens ®epmu

E

E

i

8

Puc. 4.18. CxeMa sHepreTHuecKux
30H:
a — B MeTavie: /] — 30Ha NpoBoaU-
MOCTH; 2 — BaJIEeHTHasi 30HA (YACTH4-
HO 3aMOJIHEHHAsi WM IepeKphiBalo-
miascda ¢ 30HOM NPOBOAUMOCTH); 6 —
B ITOJIyIPOBOAHUKE; 6 — B NHIJEKT-
pHKe; ] — 30Ha NPOBOAMMOCTH (ITyc-
Tast); 2 — 3anpeuieHHas 30Ha; 3 —
BaJIEHTHas 30Ha (3aMoJIHEHHAs)
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CTBa, TAaK XX€ KakK B JIIOOBIX KPUCTAJIIAX, 00Opa3yioT-
Co HepreTHYecKUe 30Hbl — OeJIOKATM30BAHHBIE MO-
JIeKyJIsIpHBIe opOuTan. B oTMYMe oT HOHHBIX KPU-
CTAJUIOB, PACCMOTPEHHBIX BHIIIE, SHEpreTUYeckKue
30HBI B METAUTMYECKNX KPUCTAIIAX 3HAUUTENBHO
IMpe M 1axe MOTYT MepeKpbIBaThest (puc. 4.18, a),
YTO CBSA3aHO ¢ DONBIION CTENEHbBIO MePeKPhIBAHMS
ATOMHEBIX OpOUTaIell METAJUIOB M X BLICOKAMM KO-
OPAMHAUUOHHBIMH YHCJIAMM.

DnexmponposodHocms — OCHOBHOE OIpeiesisi-
IoHIee CBOMCTBO BEHIECTB C METAIMYECKUM TH-
noM cBsi3n. CBOGOIHOE NepeMeleHHe 3IeKTPOHOB
BO3MOXHO, KOTZa B Mpenesax 3HepreTHyecKkoit
30HBI €CTh YPOBHH, He 3aHSTHIE 3JIEKTPOHAMH WU
3aNoJHEHHHBIE HANIOJIOBUHY. DTO BO3MOXHO, €CJIU
30Ha 3alojiIHeHa HenomHocTblo. Hampumep, y n
aTOMOB HaTpus (3s') BaJleHTHast 30HAa MOXeET BMe-
aTh 2n 3JIEKTPOHOB, a B Hell HaXOAMTCS TOJBKO
1 371eKTpOHOB. C IpYyroi CTOPOHH, NP NMepeKpPEI-
BAaHMH IOJIHOCTHIO 3aNIOJTHCHHOIT 1 CBOOOHOM 30H
TaKXe MOABISETCS BO3MOXHOCTh CBOOOIHOIO Ie-
PEMELIEHUST 3JIEKTPOHOB. DTOT BaAPUAHT, HAIPU-
Mep, OOBSICHSIET METAJUIMUECKIE CBOIICTBA DNIEMEH-
TOB IpyNnns 2.

Onucanne XUMHYECKOI CBI3M B METAJUIAX C TMO-
3ULUIA 30HHON TEOPUU B OCHOBHOM COIJIACYETCS C
NIpeICTABIEHUEM O TOM, YTO B MeTalIaX CBA3b oCy-
LIECTBJISIETCSI C YYaCTHUEM «3JIEKTPOHHOIO ra3a» —
J€JIOKATM30BaHHBIX 3JIEKTPOHOB.




CBsI3b B METANIMYECKMX KPUCTANIAX, TAK X€ KaK B MOHHBIX, SIBJISIETCS HEHa-
NpaBleHHON W HeHachlaeMoit. IToaToMy aToMbl MeTanna yaie Bcero o6pasyioT
TUIOTHEWIINe YIIaKOBKY (CM. Nnoapasy. 4.5), KOOpAMHAUMOHHBIE YKCIa Y HUX 60Jib-
mue (06sryHO 12).

TTpo4HOCTb METAUTNYECKNX KPUCTAIUIOB OMNPEAENseTCs] pa3sHOCTIO SHEPIHii 37eK-
TPOHOB B KpUCTaITe U B H30IUPOBAHHBIX aTOMAX, YTO, B CBOIO OYepeb, 3aBUCHT OT

Bemecrsa co cBoiicTBaMu MeTalL10B. MeTaJuIMueCKMMHU cBOWCTBAaMH MoryT 06jia-
IIaTh BELUECTBA, KOTOPbIE B OOBIYHBIX YCIOBUSX ABJIAIOTCS TUMMYHBIMU HEMETALIAMH.
Y7068 NOHATE 3TO SIBJICHUE, PACCMOTPHM PHC. 4.19, Bennuuna nepeKpbiBaHUs 3Hep-
TeTUYECKMX 30H 3aBUCHT OT PACCTOSIHMS MEXAy aroMaMu. Tak, mis HaTpUS NPH HEKO-
TOPOM PAacCTOAHMHM 7y 35- U 3p-30HBI MEPEKPHIBAIOTCH, a 2p- U 2s-OpOMTAIM AaXKe He
o6pa3yIoT 30H, a ocralorcs B Buie JUcKpeTHBIX AQ. Eciu 6b110 GBI BO3MOXHO COMH-
3UTBb aTOMBI Ha PAcCCTOSAHME F < 1y, TO U 3TU opOHTaNH 06pa3oBaiu OBl NePEKPHIBAIO-
uecs 3oHbl. ClienoBatesbHO, 4TOGH BEILECTBO O0JIafalo METAUIMUECKHMHU CBOM-
CTBaMH, HEOOXOAMMO COJIM3UTBH aTOMBI, Yero, B YaCTHOCTH, MOXHO AOGUTBCS BO3-
IeHCTBUEM BBICOKHX HaBieHuil. JlaxXe Takoil TUMHMYHBII HEMeTAUT KaK HMOI MOXET
MepelTH B METAUTMYECKOE COCTOAHMUE TpH gaBlienuu 21T T1a.

MeTajutnyeckoil MpoBOAMMOCTBIO MOTyT OGJIAaTh HE TOJIBKO MPOCTHIE, HO U CIIOX-
HBIe Bewecrsa. IJ1aBHoe, YTODB! B pe3y/brare B3aHMMOJEHCTBUA aTOMHBIX opOuTanei
obpasoBanack 30Ha, YaCTHYHO 3aNoOJIHEHHAs 3aekTponamu. Hampumep, okcun
tutaHa(ll) ABnsieTcd MeTanyioM, €ro NMPOBOAMMOCTE TpH 25°C HMMeeT MopaioK
105 Cm - m~'. B kpucranie TiO co crpykrypoit NaCl BO3MOXHO B3aUMOZIeiicTBIE dyy,
d, d,-opburaneii TMrana ¢ o6pazoBanueM d-30HbI (pHc. 4.20). EMKOCTB 9TOi 30HE
COOTBETCTBYET 1IECTH 3JIEKTPOHAM Ha OJMH aTOM TUTaHAa, 4 HAXOJIUTCS B HEMl TOJIBKO
MO [Ba 3JIEKTPOHA OT KaXaoro aromMa. CienoBaTelbHO, 30HA 3alOJHEHA YacTUYHO,
4TO O0YCJIOBIIMBAET METALUIMYECKYIO TPOBOAMMOCTE OKCHIAA TUTaHA. CaMOCTOSATE N b-
HBIH MHTEpeC MpPEeNCTaBIsIOT OKCHAHBE 6pon3nl Tna Na,WO; wmu Li,Co0,, Takxe
HMeIoLIMEe METAJIMYECKYIO MPOBOAMMOCTD, KaK MPaBWJIO, COYETAEMYIO C BLICOKOMH
VOHHOM NPOBOIUMOCTBIO (3IEKTPOHHO-HUOHHBIE NMPOBOAHMKH)'.

E
r h r a 7]
Puc. 4.19. 3aBUCHUMOCTD CTeMEeHHU Puc. 4.20. CxeMa nepekpbiBanus d-opbura-
TepeKpbIBaHUSA YHEPreTHYECKUX Jed (a) 1 cTpykrypa 30H (6) B KpHcTa/L1ax
30H OT PacCTOSIHUS okcuna turana(ll)

' O6 21EKTPOHHOM M MOHHOI NPOBOXMMOCTH TBEpABIX BEILECTB CM. xHury A.K.HWsanos-11lun,
W. B. MypuH. HoHuka tBeporo Tena. — CI16.: Uan-Bo C.-Ilerep6. yH-Ta, 2000 T.
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CTPYKTYDPEI SHEPTETHYECKUX 30H. B KpHcTa/iax HauBBICIHUNA SHEPreTUYECKUIM Ypo-
BEeHb, KOTOPHIA 3aHMMAIOT 351eKTPOHEI IIpH 0 K, Ha3bBaeTcs yposnem Depmu. DHEp-
rust GepMu UrpaeT Ty Xe poJib, YTO ¥ SHEPTHSA BHICIUEH 3aITOJHEHHON OpOUTAIHN B
HM30JIMPOBAaHHOMI MOJIEKYJie — OHa OTIPEAC/SIET SHEPTUIO, HEOOXOIUMYIO ISl yaaJie-
HUS 2JIEKTpOHA (paboTy BHIXOAA).

B ToM cirydae, eciit BaJIeHTHast 30Ha 3aIOJIHEHA TTOJIHOCTBIO, BELIECTBA HE 06/1a-
JAlIoT METAUTHYECKOIN TTPOBOAMMOCTEIO, U UX 3MEKTPODU3NIECKIE CBOMCTBA B OC-
HOBHOM 3aBHCSIT OT BEJIMYMHBI 3anIpeIeHHOM 30HEI. [IpH 5TOM rpaHHIa MEXIY 110~
JIyIIpOBOIHHUKAMH U IUJIEKTPUKaMH BeCbMa YCJIoBHa (puc. 4.18, 6, 6). DiexTponpo-
BOIHOCTB TAKMX COEIMHEHUN OIIpeNesIETCS KOIMYECTBOM 3JIEKTPOHOB, SHEPTHH KO-
TOPBIX TOCTaTOYHO, YTOOBI TIPEOIOIETH 3AMPEIICHHYIO 30HY M TIEPETH B 30HY TIPO-
BOIUMOCTH. J7151 BO3OYXIEHMS 3IEKTPOHOB B 30HY TIPOBOJUMOCTH MOXET XBaTHUTh
sHepruu UK-uznyyenust (Ge, PbTe, InSb) win nmorpeGyercst u3nydenue GOJbIIE
SHEpruu. I1pu CMJIBHOM 3JIEKTPUYECKOM pa3psiie BOZMOXEH TIepeXO/ JIEKTPOHOB 1
B IMJIEKTpUKaxX (TTpoboit n3onsTopa). K MOdynpOBOIHMKAM OTHOCSAT BELECTBA C
LIMPHUHOM 3anpeleHHOU 30Hb MeHee 3 3B. MeTayuisl ¥ TTOyIIPOBOIHUKHY OT/IMYA-
IOTCSI HE TOJIBKO BETMYMHOM NPOBOAMMOCTH, HO M XapaKTEpOM €€ TeMITepaTypHOit
3aBHCHMOCTH. Y METAJUJIOB NTPU TTOBHILIICHUM TEMITEPATYpPH TIPOBOAMMOCTD ITOHITKA-
€TCSI M3-32 YMEHBIUEHUS TIOABMKHOCTA HOCHUTEJIEH 3a CUET pacCesTHUs M3-3a KOJie-
GaHMIi pelieTku. Y TONYIPOBOIHUKOB, HA060POT, IIPOBOJUMOCTE C POCTOM TEMITE-
paTyphl YBEJIMUMBAETCS, TaK KAaK BO3pACTAaeT KOJUYECTBO B3JICKTPOHOB, Tepelle]-
LIMX B 30HY TPOBOAUMOCTH (E ~ hv = kT'). BetuunHa 3anpele HHOM 30HH BO MHO-
TOM 3aBHCHT OT JIEKTPOHHOIO CTPOSHHUSI aroMoB. Hampumep, cOMMXeHue s- M
P-YPOBHEMH, COMMPOBOXIAONIEECS YBEIMYEHUEM INIABHOTO KBAHTOBOI'O YMCJia, IIPU-
BOJIUT K YMEHBIUEHUIO BEJTMYMHK 3aMPEIEHHOM 30HBI IIPH MEPEeXoie OT ajiMasa K
CEPOMY OJIOBY, TAKXKE UMEIOLIEMY CTPYKTYpY asiMasa. B Tabi1. 4.6 nmpuBeIeHB! HEKOTO-
PHIE DIIEKTPO(GU3UIECKHE CBOHCTBA TIPOCTHIX BELECTB M COSTUHEHMIA.

TaGauua 4.6

HInpuna 3anpemeHHoli 30HI U NPOBOAUMOCTb HEKOTOPHIX BEIIECTB

Beueomo | LlPAe sanpeuiemoh | Tiponognocrs S
C(anma3) 5,2 1012 JuaneKTpux
Si 1,1 5-10* IMonynpoBogHUK
Ge 0,72 2,5 TTonynpoBogHUK
o-Sn 0,08 106 MonynpoBonHUK
B-Sn — 9,1-10¢ Merami
InP 1,3 400 INonynpoBogHHUK
InAs 0,33 10* IMonynpoBogHUK
ALO, 8,0 3-1013 JuaneKTpyuk
PdO 0,05—0,10 4 TTonynpoBooHuk
ReO, — 2-107 Merann

* CM — cumeHc, CM = Om™!,
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4.5. OCHOBHBIE ITPEACTABJIEHUSI O CTPOEHUU TBEPJOIO TEJIA

OCOOEHHOCTBIO CTPOCHHUS TBEPIOTO Teja SABJISETCS CYLIECTBOBAHME GECKOHEUHO
GOJBILIOTO KOJIMYECTBA aTOMOB, TIPOYHO CBSA3AHHBIX APYT C JPYTOM, B OTIMYHE OT
AWCKPETHBIX MOJIEKYJI, U3 KOTOPBIX IIOCTPOCHHI XHUAKOCTH U ra3sl. OOBIYHO BCE TBED-
ABIC BCLUECTBA PA3ACISIOT HAa Kpucmaniuieckue, UMEIOUINE TATBHUN TTOPSAIOK pac-
TIOJIOXKEHUSI YaCTHIL, U amopgubie, 0OIafaloMIMe TONBKO OIMXHUM NOpgakoM. ITo-
9YTH BCC HEOPraHUYCCKME TBEPIHIEC BEIIECTBA ABISIOTCS KpUcTanyeckumu. Ilo xa-
paKkTepy XMMHUYCCKOM CBS3H Pa3inyaioT METAUIMYECKHE, MOHHBIE, KOBAUICHTHBIE U
MOJIEKYJISIPHBIE KPUCTA/UIB.. MOXHO BBIIENUTh HEKOTOPHIE (DU3MYECKME CBOMCTBA,
XapaKTepHBIC JUIST KaX[oro tuma. Hampumep, MoneKynspHble KpUCTA/UIBI BCETNA
00/1a1al0T HU3KUMHM TEMIIEpATYPaMHU ITUTAaBICHHMS, TaK KAK CHJIBI MEXMOJIEKYJISp-
HBIX B3aMMOICHCTBMIA, yAECPXXMUBAIOLIME MOJIEKY/IH B KPUCTAJLIE, JOCTATOYHO CJIA0HT.
C mpyroit CTOPOHEI, TEMIIEPATYpPHI TUTABICHHISI MOHHBIX KPUCTAJJIOB, HATIPOTHB, OGBIY-
HO BBICOKH. B Tab1. 4.7 mpecTaBiaeHB! CBONCTBA KPUCTAIOB C Pa3TMYHBIMU TUITAMHU
CBSI3H.

B KPHMCTaJUTMYECKMX BELIECTBAX COCTABIISIOMME MX YACTHIH (aTOMBI, MOJEKY/IBI
WJIM MOHBI) TIEPHOANYECKH MPABUILHO MOBTOPSIOTCS B TPEX M3MEPEHUSAX, 06pasys
GECKOHEYHYIO CTPYKTYPY, Ha3BIBAEMYIO KPHCTAJUIMYECKOM PELUETKOM.

Cummempus M nopadok — OTIMYUTENBHBIE XapaKTEPUCTUKU KPUCTAIIOB. CHM-
METPUYHBIMHM Ha3BIBAIOT TEJa, COCTOSLIME U3 PABHBIX, ONMHAKOBHIX YacTEi, KOTO-
PBHI€ MOTYT COBMEIIATBCSI APYT C APYTOM (OTIE€pPAIMyU IPOCTPAHCTBEHHOrO OTOOpaxKe-
HUs 00BEKTa, IIPU KOTOPHIX T€OMETPUYECKUIT 06pa3 COBMamaeT ¢ UCXonHHM). Cy-
IIECTBYET MHOTO PA3IMYHBLIX JIEMEHTOB CUMMETPHH: IUIOCKOCTh, OCh, IIEHTD CHM-
METPHH, TPaHCIALMSA U Apyrue. IIpenMer uMeer niockocme cummempuii, €CIM IBE
€ro YaCTH MOXHO COBMECTHUTE IPYT C APYTOM TOJIBKO TIPH OTPAKEHHMH B 3TOH IIOC-
KOCTH, KaK B 3¢pKaie. [Ipyroif OueHs pacripOCTpaHEHHEBIH 3JIEMEHT CUMMETPUN —
ocb cummempuu. Ha puc. 4.21 nokasaHs! GpUrypsl, o6agaromme TakumMu ocsiMu. Ecimu
NpefcTaBUTh Ce6e OCh, MPOXOASLIYIO Yepe3 IIEHTP (GUryphl, TO IIPH IIOBOPOTE BOK-
pYr Hee TPECYTONBHUKM COBMECTATCSA APYT € ApyroM. YToGHl YacTH MepBOro y3opa
COBMECTHJIUCH, HaJI0 TIOBEPHYTE €I0 Ha ITOI-000poTa. Takoii y30p MMeEET OCh CHUM-
METPUM BTOPOTO MOpsiika. Bropoii y3op Hano moBepHyTh Ha 120° (1.€. Ha 1/3 o6opo-
Ta) IUIs1 €r0 COBMEILEHMSI C MCXOIHBIM, CIEAOBATEIBHO, Yy HEIO OCh TPETHETO ITO-
psiaKa.

Bce KpUCTaIbl CUMMETPUYHEL. DTO 3HAYHT, YTO B HMX MOXHO HallTH pa3INyHbIe
aneMeHTE cumMMeTpuH. Ha puc. 4.22 mokasaHbl HEKOTOPHIE TUIOCKOCTH M OCH CHUM-
METPHHM KyOa.

Eure oguH sieMeHT CUMMETpUH —
mpancaayus — BO3MOXCH TOJIBKO B Oec-

KOHEYHHIX ¢urypax. TpaHCAsius — 3T0

MEePEHECCHUE NCTANIEH CTPYKTYPH Iapali-

JEJIBHO CaMUM ceO€ BOOJb KaKoro-jinbo
2 3 4 5 6
’ 7 o

HanpaBneHus (puc. 4.23).

DeMEHTHl CHMMETPHH COYETAIOTCS JIPYT
¢ ADYTOM TOJILKO TIO CTPOTUM MATeMaTH-  pyc 471, Gurypbl ¢ ocsMu CUMMETpHH 2,
HECKUM 3aKOHaM. BCETO TaKyX COUCTaHUH 3 4, 5 1 6-ro mopsakos (udpamy 06o3Ha-

AT KPUCTAJUIMYECKHUX CTPYKTYD MOXKET yeHbl HOMepa IODSIKOB); OCH CHUMMETPHH
ObrTh 230. VX Ha3uBawOT (eI0pOBCKUMHU MePIeHAUKYISIPHBI TUIOCKOCTH PUCYHKA

173

A ]




XBIraL 'OSPCHN)INI
-udodaroed xiaHdyrr| (uHIOgOdI — JdBI ““ODeN
-ol g Ignudodroed| -oed &) indiaren]y| omwrded] BeNoo19g KBHHO[| HOY ‘IDBN ‘HY1 JIMHHOY{
d0gerud
WonHedoeedgo o KON
XBULBLOW XMDITHK ‘HOLRlIBMY [  HOEBLBUT 198 BL1ID
4 gwudodloed IuHrogod] | yomdaroq HOMaIroq | BeMOShHILBLIJA WOLY ‘IV ‘UZ ‘BN | SIDIOSRHITBIIN
‘o1s
‘1s *olred
mirHrogodu TOIL ‘Suz JiqHoeMdeN
sramudodroedorey | -Arou ‘windidowedyy | omlrded] BBM0019g BEHLHOLBIOY] WOLY ‘(eeWILE) D|  SIIHLHOLBEOY
191D AIIHHOMD
-dalonr — or
-reioudy 4 uwer
xslraiud -AMQOW AN HD Y
-odLoed xiqHd K101 ‘BRHLHOLBION “1Dd ‘O'H
-oH 4 IgwndodLoeg miudiorenyy ADLIBA BEMEUH | MIWBWOLE AIKIJA] | BLAMOLOA ‘71 2Q Iy | S1HABIAMILOIN
EHWHOoIMRL T ENUHUTD
qroord HEBHED
qroonmndodroed qrooHTogoduodorG AL | Ldkie — €BED LIM ] sendAniAd 04.1331Mag erLeLond un ]
BALOYOLD SMMIShHEND euLondariedex xv ¥ 19dAIAALY
XBUTBLOMAN 4 MEKAD HONIOhHWHX MIML H BALOHOED JHNIILHEHD
L'y eIIALOR L

174



R
a
= hg
e
/%_ |- -
| .
a + ! e z
v -~ e -~
N - - L7 2V
7
/- -~
<= / DeMeHTapHas 114271 L1
~ -
~ siueiika i / -
e 7 -7 -
/ 7] 1T <
n . - -
X
6 6

Puc. 4.22. HexoTtopsle mnockocty (a) U ocu Puc. 4.23. Cucrema, o6nanaroias TpaHcis -
(6) cuMMeTpuu Kyba uueil (a) (rokasaHa CTpesiKoi); TPaHCs-
LM 0 OCSM XyZ MPUBOAMUT K 06pa3oBaHUI0

KPHUCTALTNYECKOH pewtetky (6)

TIPOCTPaHCTBEHHBIMU TPYNIITAMU B 4eCTh KpucTamtorpada E.C.Denoposa, koro-
PHIif OMHOBPEMEHHO C HEMEIKMM MAaTEMaTHKOM A. Mendnucom B xoHne XIX B.
BBIBEJI 3TH 3aKOHBI.

B KpHCTa/UTHYIECKOR PELIETKE MOXHO BBIICIUTH HAMMEHBIIUI TapaJiyie/IeIIUIIe,
nepeMeleHeM (TPaHCIAIUE) KOTOPOTO BO BCEX TPEX M3MEPEHHUSIX TOJIy4aeTCst
Kpucral. Takast cTpyKTypHast eqUHMIIA HA3HIBAETCS anemenmaprou ayelixou. JINHEBL
BEKTOPOB TPAHCIIILUH &, b, ¢ U YTJIBI MEXIY HUMH o, B, y Ha3BIBAIOTCA napamem-
pamu anemenmaprot ayetiku. Beero cymectsyer 14 Tinos JICMEHTapPHBIX STYEEK, KO-
TOpBIC HA3BIBAIOTCA pellieTKaMy bpase, mo MMeHHM (paHIy3cKOro y4eHOTo, rmoka-
3aBLUETO, YTO JIIOOYIO APYTYIO SYEHKY MOXHO Tpeo6pa3oBaTh B OLHY U3 STHX YEeThIp-
HAIIATH. DTH PEIUETKH OTIINYAIOTCA APYT OT Apyra KpHCTaIOrpad MIECKOM CHUM-
METPHEH ¥ TUIIOM LIEHTPOBKH, T.€. PACIIONIOXEHHEM NOTONHUTEIbHBIX ATOMOB TOI'O
XKC THIA, 4YTO M B BEPLIMHAX JICMCHTapHOM s4eiiku. Bce tumbl pemerox Bpase
[IPEACTaBJICHHI B Ta01. 4.8,

Ilepeitnem Teneps K pacCMOTPEHHIO KPUCTAUTNIECKOM CTPYKTYPHI pEaNTbHEIX BE-
wectB. OnHMM U3 HauGosee pacTIPpOCTPAHEHHBIX TTOAXOMOB SIBISETCS MX OMMCAHMUE B
NIPUOINKEHUM NAOMHEHUUX WaposslX YNaKoeoK (ITHIY), xoTopoe yame Bcero Mc-
HOJIB3YETCS IJist XapaKTCPUCTHKH CTPYKTYPH METAJUIOB. Bce aToMBI B MeTa/UTMue-
CKOM KpHCTaJUIC OJIMHAKOBEI, B HEM HET IIPEANOYTUTEIbHBIX HAMIPABICHMI CBS3H,
KAK B KOBAJICHTHBIX KPUCTAIAX. B IUTOCKOCTH CyIIECTBYET TOIBKO OMMH CITOCO6 pas-
MCLICHHUSA 1AapOB — TaK, YTOOH KaXIBI OBUT OKPYXEH ILIECTHIO GIMKAKIIUMK CO-
censiMu (puc. 4.24). Bo BTOPOM clioe KaxIbiif 11ap JIOXHTCA B YTIyOneHUe MEXIY
1IapaMH HMXKHETO CJI0S TOXE TOJNBKO OJHMM CIIOCOOOM. A BOT B TPETHEM CJIOE €CTh
/iBa BADUAHTA PACIIONIOXEHHS 1IapOB, TaK KaK BO BTOPOM CJIOE €CTh [IBA THIIa yIIIy6-
JICHAH: HETIOCPEACTBEHHO Haj 1apaMM TIEPBOTO CJIOS M Haj MyCTOTaMHU IIEPBOTO
cnost. Eciiv mapht TpeThero c1os 3amoNHsIOT IYHKM M TOYHO TIOBTOPSIIOT PACIIOJIO-
KCHME TIEPBOTO, TO CJIOM YepenyoTcs Kak ABABAB (puc. 4.24, a). YnakoBka oka-
3BIBACTCS IBYXCJIOMHOM, a 3JIEMEHTapHas g4eiKa — 2excazonansholl. DToT crocos
YIaKOBKH IIAPOB HA3BIBACTCSA 2eKCazoHanvhou naomueliwel ynakoexoii (I'TIY)

175



Pemetkn Bpase

TaGauua 4.8

Kpucranno- ITapametps
rpachuyeckas 3JIEMEHTAPHOHI Twun neHTPOBKU Dopma 31eMEHTAPHOM sTUEHKHU
cucrema STUEHKHU
Kybuueckas a=b=c TTpumuTUBHAs
o = B = 'Y = 90°
O6BbeMHOLEHTPH-
pOBaHHast
[ ]
I'paHeueHTpUpO-
BaHHasi .
[ ]
[ ] [ ]
[ ]
[ ]
TeTtparoHaneHas a=b=zc MpumuTHBHAas
o = B = 'Y = 90°
O6BEeMHOUEHTPU-
poBaHHasi
[ ]
I'excaroHanbpHast a=b=c TTpumuTUBHAs
a=0f=90
y=120°

y’,
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Oxonuanue maba. 4.8

Kpucranno- IMapametpn
rpachuyeckas 3JIEMEHTAPHOM Tun nentposku DopmMa 3IEMEHTAPHOM SUeiiKu
cUcTEMa STUCH KU
TpuronaneHas a=b=c [MpumuTnBHas
(poMGo3npuye- a =B=y=#90°
cKkas) ‘I
IMpumuTupHas
PoMGuyeckas arxbzc O0BeMHOLEHTPH-
a =B=y=90° |popanHas o
BazouentpuposaH- °
Hast
[ ]
I'panenenTpupo- °
BaHHast .
[ ] [ ]
[ ]
[ ]
MoHoKIMHHAs azb=zc IpumuTnBHas
a = 'Y = 90°
B =90°
B/‘
BazouenTpuposaH-
Hast
[ ] [ ]
B/‘
Tpuxnunuas azbzc [MpumutnBHan
a zBzy=90

7 HC()PTZ]HH‘!QCKaﬂ XUMUA, TOM 1



a 6 8

Puc. 4.24. TInotHe#inye waposbte yrakoBku FITY (a), KI1Y (6) 1 oGbeMoneHTpUpPOBaHHas
KyOunyeckas pelietka (6)

(cM. puc. 4.24, a). Takylo CTPYKTYPY MMEIOT KPUCTAJLIBI MarHus, OcpwIIvs, KanMus,
CTPOHIIMS 1 MHOTHX JPYTUX METAJJIOB.

Ecii Luaphi TpeThero ciost HaXOAATCS Hajl MyCTOTAMMU TIEPBOTO (CM. puc. 4.24, 6),
TO BCE TPH CJIOS OKA3BIBAIOTCS CMELUCHHBIMM JIPYT OTHOCHMTEIBHO ApYyTa, U JIMLIbL
YCTBEPTHIN CJIOM MONHOCTBIO TIOBTOpSIET TepBhIi. Cou yepenyioTcss kKak ABCABC
(puc. 4.24, 6). Takas yrakoBKa Ha3HBAETCA TPEXCIIONHOIA, JIEMEHTapHas siyeiika —
Kybuueckoii epareyenmpupoearHoil, a Ciocob YIAKOBKU — Ky6uueckoii niomuediueii
ynaxosexou (KI1Y). Dta cTpyKTypa XapakTepHa st MeH, 30710Ta, AIIOMUHUS, CBUHIIA
Y psifia IPYTUX METAJUIOB.

Benos Huxonait Bacnasesuy (1891 —1982). Axaze-
MUK, npodeccop MIY. Ero paboTbl 0THOCATCS K METO-
IOVKe U TEOPUM PEHTTEHOCTPYKTYPHOIO aHaIU3a, KPUC-
Tajurorpad®uu, CTPYKTYPHON MMHEPAIOTMM U TeOXMMHMH.

OnHoit M3 ocHoBHBIX paGor H. B. Besosa siBITachk pas-
paboTKa TEOPHM CUMMETPHH IUIOTHEHIINX YHAKOBOK aTo-
MOB. OH paccMOTpeJT ¢ 3THX MO3ULUH CTPOEHHEe MOHHBIX
KPUCTAJUIOB ¥ METAJUIOB, YTO MO3BOJMIO €My pacLind-
poBaTthb ¢BEILIE 500 coxHbIX cTpykTyp. H. B. Benos — oc-
HOBOMOJNIOXHHUK OTEYECTBEHHOM IIKOJMBI KPUCTALIOrPa-
$oB U KpUCTALTOXMMHUKOB.




%

Puc. 4.25. Tunsl nycToT B KybU4eckKoii roTHel el yrakoBKe:
1 — oxrtasapuyeckasi; 2 — TeTpasapHyeckas

I'TIV u KITY — caMBle IUTOTHHE YIIAKOBKM — lUAPHI 3aHMMAIOT TPHU YETBEPTH
(74,05 %) Bcero o6bemMa. KOOpAMHAIIMOHHOE YMCJIO AaTOMOB B HUX paBHO 12. [ToMu-
Mo I'TTY u KIIY mist MHOTUX METUIOB XapaKTepHa Ky6u4eckas o6seMHoueHmpupo-
eannas CTPyKTypa. B Takoil ymakoBke luapaMM 3aHATO TOJBKO 68 % o6beMa
(puc. 4.24, ¢), KOOPIUHAIIMOHHOE YUCJIO PaBHO 8. Tak IOCTpOEHH Xejie30, BOJIb(D-
paM, MOJIMOOCH M Op.

B rutoTHEH1UMX yITaKOBKaX MEXIY 1UapaMH CYILECTBYIOT Hycmombl — OKTadIpH-
yeckre (00pa3oBaHBI IUECTHIO COMPUKACAIOIMMMCS IIApaMK) U TETPadIpUYECKHE
(o6pa3oBaHHBI YETHIPEMSI COTIPUKAcalOMMUCS 1apaMu). Ha xaxuprit aroM, oGpasy-
IOIMI TUTOTHEHMIIYIO YIIAKOBKY, TIPUXOIUTCS IBE TETPadIPHIECKHE ITYCTOTH M OIHA
OKTasnpuyeckas (puc. 4.25).

IIpencraBieHus O TUIOTHENILUNX YIIAKOBKAX TAKKE TIOIE3HO TIPH OTIMCAHUU CTPYK-
Typ, 06pa30BaHHBIX YaCTHUI[AMM Pa3HBIX Pa3MEPOB, — OOJBIUME YACTHUIIE 00pa3yioT
TUTOTHEMIUYIO YITAKOBKY, a 060Jiee MEJIKME 3aHUMAIOT ITyCTOTH B Heif. PaccMoTpuM ¢
3TUX TIO3UIIMIT HECKOJNBKO HAUOOJee YacTO BCTPEUAIOLIMXCS THUIIOB KPHUCTAJLIHAYE -
CKHMX PELUETOK.

OnHUM M3 caMBIX PacIpOCTPAaHEHHHX THIIOB KPUCTAJUIMYECKUX PELUETOK MOH-
HBIX OMHaPHBIX COCAMHEHMI sBysieTcst cTpyKTypHEIM Tt NaCl, Ha puc. 4.26, a ripen-
CTaplIcHa KyOuuecKasl TpPaHEIEHTPMPOBAaHHAs 3JIeMeHTapHas sueitka. Eciau B Bep-
IUMHAX HaxOIsTCSI aTOMBI XJI0Pa, TO aTOMH HAaTPUSA 3aHMMAIOT BCE OKTaA3APUYECKHE
MycToTHl. bimkaifiee okpyxeHue aroMos Na cocrasasior ects atoMoB Cl. TouHo

a

Puc. 4.26. Kpucrannmuueckas peurerka tira NaCl:
a — 3JIEMEHTapHasl siueiika;, 6 — KOOPAMHALMOHHBINH MOJU3AP
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Tak xe Kaxnupti atoM Cl okpyxeH mecTbio atomamMu Na. TakuM o6pasom, KOOpIH-
HAIMOHHBIE YKC/Ia OOOMX aTOMOB PAaBHBI IIECTH, 8 KOOPOUHAUUOHHBIMU NOAUIOPaMU,
T.€. TCOMETPUUCCKUMU HUTYpaMHU, KOTOPHIE 06pa3yloT IPOTHBOMOHBI GIIMXKaiIIero
OKDPYXCHUS, SBIISIIOTCSE OKTa3pBl.

B HEMOJIEKYNAPHEIX KPHCTAILIAX OTCYTCTBYIOT MOJIEKYJIBI KaK CTPYKTYDHEBIE €M~
HUIBL. OZHAKO COOTHOLUEHHUE Y3JIOB (ATOMOB) B KPHCTALINIECKOM pelueTke coria-
CYETCsI C MOJIEKYJIIpHOM opMyIoit BewecTBa. KpoMe TOTo, BBOIMTCS TIOHSATUE Yuc-
na Gopmyabrbix edunuy (Z), T.€. KOTUIECTBA «MOJIEKYIISIPHBIX> (parMeHTOB, BXOIS-

IIpubsmKenne NPOCTPAHCTBEHHBLIX NOJHIIPOB. JpyruM ynoGHBIM ¢iocoboM onu-
CaHMsl KPUCTA/UIMYECKUX CTPYKTYD SABNSIETCS NPUOITIXeHHe NPOCTPAHCTBEHHBIX MO-
maapos. Hanpumep, ctpykrypy 06enx Moaudukaumii CyTbHUIA HUHKA — BIOpUUTA
M chanepura — MOXHO MpPEACTABUTL B BUIE KapKaca M3 TeTpasgpoB ZnS,, roe Zn
HaxooMtcsi B HeHTpe. Ha puc. 4.27, a, 6 nokazaHa CTpyKTypa BIOpUMTA U chanepura.
Takol nomxon MoMoraer Jyylle OUIYTHUTh, KAKOBO MPOCTPAHCTBEHHOE OKpYXKEeHHe
pasnniHeIX aToMoB. Hanpumep, Ha puc. 4.27, 6 npencrasined ¢gpparMeHT KPUCTALTU -
YECKOH pEeLIeTKH THUIMYHOTO CBEPXNPOBOAHMKA YBa,Cu;0,, re yKazaHbl MO3ULMU
K4aTHOHOB, Ha PUC. 4.27, ¢ €llle U KUCIOPONHbIE MONTUIAPH, YACTb U3 KOTOPBIX KBAJl-
patHasi, a Ipyrasi — KBaJIpaTHO-IHpaMULATbHAS.
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Puc. 4.27. TlpeacrasneHye KpUCTA/UTUYECKHX CTPYKTYP B BU€ TOJTU3APOB:
a — BIOpUMT; 6 — cdanepur; ¢ — YBa,Cu;0;
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OcHoBHBIE THITBI KPHCTAJJINYCCKHX pelneToK

Tabauua 4.9

Koop-

it JIMHa- Koopau- Mpumeps
CrpyKTypHbIiA DneMeHTapHad sSueiika nvon- | HAWMOH= | e iune-
THUIT HbIU -
HOe HU
ypcno | MOTH3AP
Cdanepur Zn4 |Tetpasap [CuF,
(ZnS) CdSe,
BeS,
GaP
KyGuueckas S4 TeTtpaanp
IpaHeleHT-
pYpOBaHHasg
syeika
Xnopun ue- o Cs8 |Ky6 CsBr,
3ust (CsCl) P/G ”/‘ Gsl,
J { NH,CI,
TICI
Ky6Hueckas o O o5 [k
[IPYIMUTUB- O Cl
Hasl siueiika
Ooopur Ca8 |Ky6 BaF,,
(Can) HgF,,
Kybuueckas BaCl,,
rpaHeHeHT- uo,,
pYpoBaHHas Zr0,
F4 Tetpasnp | Autudiio-
opuUT*:
Na,O,
K,S
BropuuTt Zn4 |Tetpasap | ZnSe,
(ZnS) Cds
I'ekcaro- S4 Tetpasnop | MnS,
HAJIBbHAasd ZnO
syemKa ’
BeO
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Oxonuanue maba. 4.9

Koop- |y 0 M-
CIpyxXTypHBIit AuA3- 50}1— Tpumepr:
P Snememapﬂaﬁ ayeika IITHUOH~- u o COCOHUHE-
mn Hoe HbIR HU#
yucno | MOTMIAP
Pytun Ti6 |Oxrasamp [SnO,,
(Tio,) PbO,,
MgF,,
FeF,
Terparo- 03 Tpe-
HaJbHag YIOJIBHHUK
00BEMHO-
LEHTPHPO-
BaHHAas
syeika
(ReO,) Re 6 |Okrasgp |WO,
Kybuueckas 02
NIPUMUTHB-
Has syeiika
ITepoBckur Ti6 |Oxrasgp |BaTiO,,
(CaTiO,) SrTiO,,
Kybuueckas Cal2 |KyGokra- CsCoCl,
HMPpUMHUTHUB- 34p
Has sgueiika 0% 6 |Oxrasmp
IInunenn*** Mg4 |Terpasap |FeCr,O,,
(MgAlL,0,) CuCr,Te,,
NiFe,0O,,
535;::01(% Al 6 |Oxrasap LiZn$bO,,
O*4 | Terpasap |Mn,0,

* Crpyktypa anTudunioopura: Mecta Ca 3aHATHI aHHOHaMH, a MecTa F — KaTHOHAMMU.

** Bmmkaifiiee OKpyxeHue atoMoB Kuciopona O B CTPYKTYpe MEPOBCKUTA M IUMTMHENM COCTABISIOT
aTOMbl METAJUIOB, PACIOJIOXEHHbIE HA HEONHHAKOBBIX DACCTOSHMAX (/I MEPOBCKHTAa — mBa aToma Ti
U yeThipe aroma Ca Ha Gosee nanekoM PAacCTOSHUYM; B LUNUHETM — TpH atoma Al u ogmH atom Mg).

*** DiemeHTapHas sueiKa WNUHENH comepXuT 32 aToMa O M, COOTBETCTBEHHO, BOCEMb aTO-
MoB Mg u 16 aToMoB Al. 3mech npuBeseH (parMeHT 3MEMEHTAPHON AYEHKH C yKa3aHHeM MECT,

roe pacrniosoxenst Mg u Al
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HIMX B 3JIEMEHTapHYIO a4eiiky. Hampumep, st anemeHTapHo# siueiik NaCl ynco
(GOPMYIBHBIX €IVHUIL PABHO YeThIpeM. ATOMBI HAaTpUs, HAXOAAIIMeCd B BepPIIMHAX
Kyba, MpUHAIUIeXaT JaHHOU siyeiike Ha 1/g (B JaHHOW TOYKE CXONATCS BOCEMb
3JIeMEHTapHBIX SYeeK). ATOMBI HaTpUsl, PAcToJIoXKEHHbIE B LIEHTPe IPaHeM, MpUHal-
JIeXXaT NAaHHOM siueitke HamonoBuHy. MTak, B OfHY SYEWKy BXomsT: 1/g- 8 (Konuve-
CTBO BepIIMH) + 1/7-6 (KoMuyecTBO IpaHeil) = 4 aToMa HaTpusA. AHAJTOTUYHBIA
TMOCYeT NPUBOAUT K TAKOMY Xe KOJIMYeCTBY aTOMOB XJIopa B siueriKe. COOTHOIIEHHE
yanos Na u Cl pasHo 1: 1, a komudecTso GOpMYJIbHBIX eAVHULL Z = 4.

Bonee cnoxHast cTpykrypa Tumna mmuHenan (MgAl,O,) Toxe MoXeT OBITh npen—
CTaBleHa KaK Kybuyeckasl TUTOTHeEMIIIasi yrakosKa u3 atoMoB O, B KOTOPO# Moo~
BUHA OKTAa3ApWYECKMX IyCTOT 3aHATa MOHaMu A%, a YeTBepTh TeTPad3APMIECKUX
MycToT — HoHaM¥ Mg?* (ropmanvhas minuHeNb). Eciy monoBMHA OKTa3pUIECKHX
MecCT 3aHATA JABYXBAJEHTHBIMI HOHAMH, 2 B TETPA3IPUYECKUX I[yCTOTaX HAXOIATCS
Tpex3apsIHbIe MOHBI, IIMHHENbL HA3BIBAIOT 00paiyernoll [B3 ] ern[A2*B*] O, TIpu-
YMHA, IO KOTOPOM BO3MOXHO 06pa3oBaHMe OOpaIlleHHBIX LIITMHENEH, 00CyXnaeTcs
B miozpa3si. 4.7. B Ta6n. 4.9 mpeacTaBieHbl OCHOBHBIE TUITBI KDUCTULUTUYECKUX pellie-
TOK [4].

Jedextsl B KpucTaax. o cux mop Mbl pacCMaTpHBaJIA KPUCTAJUT KaK UACAIThb-
HYIO CTPYKTYPY, TIpeIIoiarasi, YTo Bce YacTUILl 3aHMMAIOT CTPOro OMNpele/iecHHBIe,
reoMeTpHYecKH MpaBuibHble mosuinu. Ha caMoM Jere, 3a cyeT KoJiebaHUM U mepe-
MEIeHUS YaCTHII BO3HUKAIOT HApYLIEHNS] — TOYeYHble degheximbl B KpUCTAINYEC-
Ko¥i penretke. Takye HapylieHUs] TPUBOAAT K YBEJUYEHUIO SHTPOIINH, KOTOpasi TeM
Gonplile, YeM BhIlIe TeMmepaTypa. C JIpyroit CTOpoHHl, mpoiiecc Aedexroodbpa3ona-
Hus TpebyeT 3atpat sHepruu (AH > 0), mO3TOMY CYNIECTBYET ONpe/ie/iecHHas KOH-
HeHTpamms AebeKToB, KOTOPOH COOTBETCTBYeT MUHMMYM 3Heprun I'm66ca. Kon-
neHTpauusa JebeKToB MOXET U3MEHSThCA B IUMPOKMX TpeliesiaX B 3aBUCUMOCTH OT
MPUPOIB] KPUCTAIUIOB — OT Ype3BblYaitHo Matoif (< 1 %) 10 OTHOCUTENBHO 60Jb-
woit (> 1 %). B mo6om ciyyae TouewHble AeEKTH MOXHO CYUTATh TIOJTHONPAaBHBIMHU
37IeMEHTaMM peaTbHOM KPUCTALTNYECKON CTPYKTYDPhI.

B npuHumIe, BO3MOXHO 06pa3oBaHye CleyIoINX AeQeKToB, BHI3BAHHBIX N3Me-
HEHHWEM TOJIOXEHUS OTHENBHBIX YacTHIl (TOYeYHBIX HeheKTOB):

e pakaHcud (Vy) — y37Mbl KPUCTAUTMUECKOH DEIIETKH, He 3aHATBHIE aTOMaMM
(puc. 4.28, a);

e MeXIOy3eJabHble aTOMBI (X;) — aToMBl, Mepelleflline B IyCTOTHl KPUCTALIN-
yeckoil peieTku (puc. 4.28, 6);

e AHTUCTPYKTYPHBIE JedeKTh — 06MEH MecTaMU aTOMOB pa3Horo Tuma. [Ipume-
POM MOTYT CIYXHUTb MeTajuindecKue 6poH3bl (CuSn) u CMelIaHHbIE TITMHENH;

e xjacTepsl JHedeKTOB — HECKOJbKO
nedekToB, 0ObEIMTHEHHBIX BMECTE.

BakaHcuy 1 MeXIoy3enbHble aTOMBI
MOTYT 00pa30BLIBATHCS JBYMSI OCHOBHBI-
MU criocobaMu.

JHepexmuvt no Hlommrku: aToM TTIOKWIa-
€T PeryJsIpHYIO MO3UIINIO U TIEPEXOAUT HA
MOBEPXHOCTh, a B PellleTKe MOsBIAeTC
pakaHcusa. Takoi Twm oOpasoBaHMA Je-
(heKTOB XapakTepeH, HaTIpuMep, WIS KpU-  Puc. 4.28. CxeMa o0pa3oBaHHs TOYEYHBIX e~
crawios NaCl (cM. puc. 4.28, a). ¢dexros nmo Iorrku (@), mo Openkemo (6)
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Aegpexmui no Dperixento: aToM HePeXOIUT U3 3aHUMAEMOM TIO3UIIMH B MEXIOYITHE,
TIpY 3TOM 00Gpa3syeTest Takxke BakaHcus (puc. 4.28, 6). Hanpumep, B KpHCTaLIaX XJI0pHU-
Ja cepeGpa CYLIECTBYIOT MEXI0Y3eNbHble aTOMBI cepebpa (Ag;) U BaKaHCHU (Vag).

HanpagsneHHoe hopMupoBaHie TOUEUHBIX 1eEKTOB B KpUCTAUIMYECKON pelleT-
Ke TTO3BOJIIET KOHTPOIUPYEMBIM O00pPa30M U3MEHSTH 3EeKTpHUYEcKHe, MArHUTHBIE,
ONTUYECKHE, MEXaHUYECKUE CBOWCTBA MAaTEPUAIIOB U PETYIMPOBAThL MHTEHCUBHOCTD
TIPOIIECCOB, MPOTEKAIOIINX ¢ UX yyacTueM [13].

Hecrexnomerprueckne coeaunenus. BeiencTaye Toro, 4To B TBepABIX OMHAPHBIX
¥ GoJlee CIIOXHBIX COEIMHEHHSIX BCETZA CYIECTBYIOT He(eKTHI, P H36BITKE OIHO-
T'0 U3 KOMIIOHEHTOB BO3MOXHA 00/1aCTh COCTABOB, B Ipe/ie/laX KOTOPOil KPUCTAIUIN-
YecKas pelleTKa YCTOi4YuBa, T.e. cucTeMa onHoda3Ha. Takoi MHTEPBAI COCTABOB
Has3bIBAIOT 00aacmbio eomozenHocmu (cM. pasz. 1.3). BennunHa 061acTH rOMOTeHHOCTH
BappUPYETCs] B OYEHB IIMPOKUX MpesieSiaX OT THICSYHBIX JONEH MPOIEHTa B XIIOPUIEe
HATPHUs 10 JECATH IPOLeHTOB B oKcuze xkene3a(ll). CocTas KpHCTAUIOB 3aBUCHT OT
crocoba ux monyyenus. Tak, okeunn xene3a(Il) Fe, O umeer crpyxrypy THma NaCl,
HO M3-3a HAJIMYMS KaTHOHHBIX BAKAHCHH ero ob6jacTb romoreHHoctd npy 900 °C u
JaBJIeHUH KUcopona 1 at™ cocraiseT 6 ar. % (x = 0,05 — 0,11). Takue Bemectsa
Has3bIBAIOT Hecmexuomempuveckumu [14].

IIpumep 4.5. Kaxue dusnyeckne M3MepeHNs MO3BOMSIOT CAENATh BBIBOL O TOM, YTO B
okcuae xenesa(ll) (BroCTHTE) M3GBITOK KUCIOPOAA CBs3aH C BAKAHCHAMM XeJe3a, a He
aTOMaMM KHCJIOpPOJAa B MEXIOY3/HUAX?

JlernpoBanHblii OKCHJ UHPKOHHS — HOHHBI MPOBOAHHK. OKCHI LHPKOHUS ZrO,
MMEET HECKOJIBKO MONMMOpGHBIX MoaubuKauuit. [Ipn BBICOKOH TeMmeparype cra-
GuibHa ¢asa co cTpyKTypoit dmoopuTa. OKasanoch, 4To 31a MOOUMHKALNA CTAGUIIH -
3UPYETCH U IpH 60JIce HU3KUX TEMITEPATYPaxX JETMPOBAHUEM — BBEACHHEM HEKOTO-
pOro KOJIMYeCTBA OKCHAA KalbuMs. [IpH 3TOM HOHBI KajbliHMs BCTPAaUBAIOTCS B [TO3H-
unK uupkoHus (Caz,) B moapeureTke MeTtauia. B kuciaopoaHoi mogpererke o6pasy-
I0TCsL BAKAHCHM KUCmopoaa (Vp), TaK KaK Ha OJUH aTOM KalbLMs MPUXOLUTCS BABOE

MEHBIIE KUCIOPOAa, YeM HAa OAMH arOM LIMPKOHMS
0 (puc. 4.29). 3TOT NPONECC MOXKHO BbIPA3UTh YPaBHE-
HHEM KBa3UXMMHUYECKOH peakiuH:

Ca0 = Cag, + Op + Vg
(=Zr0,)

[MTonyyeHHOE BELLECTBO UMEET BBICOKYIO IIPOBO-
JUMOCTb HOHOB KHUCJIOPOAIA, TaK KAK MOCIEAHHE JIETKO
nepeMenaTcs (IuddyHaAMpyoT) Mo BakaHcHaM. Ta-
KHE MaTepHaibl 00JIANAIOT UOHHOU NPO8OOUMOCMbIO
O no kucaopooy, T.€. SIBIAIOTCS meeplviMu 3aeKmpou-

mamu. Ha 0CHOBe MaTepHasIoB, TOAOGHLIX ZrQ,(Ca0),
Puc. 4.29. Crpykrypa ZrO;,  KOHCTpYMpYIOT KMCIOPOAHbIE KOHIEHTDPALMOHHDIE

neruposarHoro CaO. ayeiiku, BJC KOTOphIX OIpeseNseTCss pa3sHOCTbIO

YcnoBH. 0603Ha4. PUCYHKA: NMapuHalbHBIX JaBaeHUN kuciaopoaa. MHoraa takue

O — Zr; O —-0; @ — Ca; AYEHKH UCTIONB3YIOT KaK KUCIOPOAHBIE JATYMKY WIH
0— Vo TOIUIMBHEIE DJIEMEHTBI.
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Meron pentrenoBekoit audpakund. OqHUMY U3 HanGonee pacIpoCTpaHEHHBIX Me-
TOAOB HCCIICMOBAHUS KPUCTATNYECKUX BELIECTB ABIFIOTCS JUDPAKIMOHHbBIE METOIBI
peHTreHorpaduu, anexTpoHorpaduu u HeiitpoHorpaduu. Bee 3TH METOIB OCHOBAHBI
Ha TOM, YTO IJIMHA BOJIHBI COOTBETCTBYIOLIETO M3NYYEHHsS] OMH3KA K MEXATOMHBIM
; PACCTOSHUAM B KPHCTANIE, YTO [O3BOAET HAOMIOAaTh AupakIMOHHbIE ABJIECHUS TPU
pacCceHBaHUHU 3THX TUIOB U3JIYYEHHS BEIECTBOM. MaKkcUMyMBl Ha OMQPaKIHMOHHOM
KapTUHE OyAyT NMOSIBIATLCA MIPH YCIOBUU:

2dsin0 = n),

[A€ A — MJIWHA BOJIHBI M3JIYYEHUs; 0 — yroJ HajeHus JIydeil Ha COOTBETCTBYIOLIYIO
TUIOCKOCTb, d — MEXILIOCKOCTHOE PAacCTOSHUE (PACCTOSHUE MEXIY OBYMS TLIOCKO-
CTaMH, 00pa30BaHHBIMU ATOMAMHU B KPUCTAUIE). DTO COOTHOLIEHMUE HAZBIBAIOT ypas-
; nenuem bpseea— Byavgha.

[Ipu peHtreHorpauYECKNX UCCIIEA0BAHUAX UCTIONB3YIOT MEJIKOKPHUCTAUTNYEC KU
MOPOLIOK WX MOHOKpHUCTa/UL. JIndpaKkTorpaMMa HopolLKa NpeacTapiIseT coboil Ha-
Gop JIMHMH Pa3HOT HHTEHCUBHOCTH, COOTBETCTBYIOLMX JUPPaKIIMOHHBIM MaKCHUMY-
Mam (puc 4.30, g). Kaxawiit nuk oteevaer ONpPEeNeIEHHOMY MEXIUIOCKOCTHOMY pac-
' CTOSIHUIO, 3 MHTCHCUBHOCTh — KOJHMYECTBY M TUIY aTOMOB, HAXOASLIUXCH B 3TOM
coe. Kpuctaminyeckoe BEWECTBO UMEET MHAMBHAYAIbHYIO, JALIb €My NMPUCYIIYIO,
audpakrorpamMmy. PEeHTreHOrpaMMBl XMMHYECKHX COETHHEHHI COOpaHBl B KAPTOTEKE
JC PDS, xoropas cogepXHUT CBEOEHUS O AeCATKAX ThicSy HEOPraHNYECKNX COCOUHE
Hui. PeHTreHorpaMmMa MOHOKpPHCTA/LIA MMEET BHI CUMMETPHYHO PAacONOXEHHBIX TOUEK
pasHoit MHTEHCUBHOCTH (pHC. 4.30, 6). PeHTreHorpaduueckue uccaegoBaHUs (PEHT-
reHo(a3oBbli M PEHTIEHOCTPYKTYPHbBIH AHAN3) MO3BOJSIIOT: a) YCTAHOBUTH daso-
BbIif cocTap o0pa3ua, 6) ONMpenenauTh TMH M MAapaMeTphl 3JIEMEHTAPHON SIYEIKH,
B) pPacCYMTaTh KOOPAMHATHI ATOMOB B KPUCTALTMYECKON CTPYKTYpE.

1

4500
4000
‘ 3500
3000
2500
2000
1500
1000
500

70 80 90 100 110 120 130 140 2¢
a

Puc. 4.30. Buab! peHTreHorpaMm:
a — nudppaxTorpamMma rnopouka; § — peHTreHorpaAMMa KayaHus MOHOKDPHCTaLIA

Pewenue. OTHUM U3 TAKMX U3MEPEHUIT MOXET CIY>XHUTb OIpeaesieHue IUIOTHOCTH. Ecm 651

B BIOCTUTE M30LITOYHbBIA KUCIOPOM HAXOMWICSA B MEXIOY3HUSX, IIOTHOCTb KPUCTALUIA GhUIa

Obl BbIlLE TUIOTHOCTH CTEXHOMETP MYECKOTO COEANHEHN. B ciryyae 00pa3oBaHUS KATHOHHBIX

BAKAHCHI IUIOTHOCTH BELIECTBA JOJDKHA OBITh MEHBLIE, EM Y CTEXMOMETPHYECKOTO KPHC-

Talia. B 0efCTBUTENBHOCTH, WISt COEAUHEHUS Fe 3950 3KCcIIepUMEHTAIBHO U3MEPEHHAA TUTOT-

HOCTb paBHa 5,55 I'* ¢cM™!, a IJIOTHOCTH, paCCUYMTAHHBIE COOTBETCTBEHHO LIS ciyyast oopaso-

_ BAHMS BAKAHCHH XeJNe3a M KUCIOPOJa B MEXIOY3IUAX, PaBHH 5,56 11 6,19 r- cm™!, Cnenosa-

TEJHO, B BIOCTUTE 00pa3yloTcs nedeKTHl THIa KATHOHHBIX BaKaHCHUI, T.€. OH siBJIseTcs (da-
30# BHIMMTAHUS, a He (a30if BHEAPEHUA.
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4.6. MEXMOJEKYJISPHBIE B3AUMOJEVCTBUSA

B nmpenviaymieM pasnene Mbl pacCMOTPENH CBSI3b MEXY YACTULIAMM B TBEPIBIX
KPUCTAJUTMYECKUX BelecTpax. Teneps o6CyauM, Kakue CHIIbI yIepXUBAlOT BMECTe
MOJIEKYJTBl B XKMIKOCTAX W KPUCTAUIAX, BIUAIOT Ha CBOMCTBA peaIbHBIX Ta30B. DTOT
TUIl CBA3W OCHOBaH HAa B3aMMONEWCTBHMM IMIONEH, KOTOPHIM HA3BIBAIOT 8aH-0ep-
8aanbcosbiM 63aumodeticmeuem. ETo COCTABIAIOT TP THUIIA CNAOBIX B3AaUMOIEHCTBHUIA:

o Tunonp-1UNoIbHOE NPUTSKEHHE <«IIOCTOSHHBIA IMIONbL— HOCTOSTHHBINA [H-
nose» (puc. 4.31, a). OHO OCyIIeCTBISIETCS MEXIY MOJIEKYIaMH, UMEIOLUMH TTOCTO-
SHHBIA QUMONBHBIA MOMeHT, HanpuMep, HCl (u = 1,05 D)!, SO, (u = 1,63 D) B
XKMIKOM U TBEPIOM COCTOSIHUM. DHEprusl Takoro B3aumopeictsus: E; ~ r3, rme
r — paccTOsIHUE MEXIY NUIOJISAMH.

* MHIyKIMOHHOE NPUTSDKeHNE «[IOCTOSTHHBIN JUTIONb — HABENEHHbIN (MHIYLIN-
POBaHHBIN) nUIONL» (puc. 4.31, 6). Takoe B3aUMOJECTBYE BO3HUKAET MEXIY IO-
JISIPHOM MOJIEKYJION M HEeMOJISIPHOW MOJIEKYJION, NPU YCJIOBUH, YTO TIOCIIETHSIS CIIO-
cobHa NOJIAPU30BATLCA MO BO3AEHCTBHEM MTOCTOSHHOTO NUTIONS, HATIPUMED, B pac-
TBOPE HONA B CITUPTe. DHEPIUsl TaKoro B3auMmoneicTeud: E, ~ ro,

e TucniepcMOHHOE NPUTSDKEHUE (JIOHIOHOBCKHME CHJIBI) «MIHOBEHHBIN JUTIOND —
HaBeACHHBIH TUIoNb» (pUc. 4.31, 6). B HeNOJISIPHBIX MOJIEKYJIAX B pe3y/IbTaTe Cydaii-
HBIX (QJIYKTYantuit 5JIeKTPOHHOM IUIOTHOCTH MOTYT BO3HHMKATh MTHOBEHHBIE JTUTIONH.
HucnepcuoHHOe NPUTSDXKeHYe BOSHHKAET 1aXe B MOJIEKYJIS PHBIX KpUCTaIUTax, o6pa-
30BaHHBIX HEMOJISIPHBIMHU MOJIEKY/IaMHU, HalIpUMep, B KPUCTAUIaX MOAa MW aproHa.
DHeprus Takoro BlaumopencTpud: E; ~ ro

B Ta6:. 4.10 npuBeeH OTHOCHTENBHBIN BKJIa KAXIOTO U3 IPHBENEHHBIX B3aNMO-
IEeHCTBUI B S3HEPTHIO CBA3U Pa3TUYHBIX MOJIEKYIL.

BaH-nep-BaanbcoBhl cuiibl odeHb cnabble. Tak, ecnu sHeprus csizu Cl—Cl co-
cTaBnseT 243 x[[X/MO/b, TO 3HEPTHS CBI3M MEXIy MOJIEKY/IaMHU B KpUCTAJLIe XJI0pa
Ha NOPSANOK HUXe U cocTapnseT 25 KIX/MOIb.

Cua MeXMONEKYIAPHOTO B3aUMOJEHCTBHS BO3PACTAET C yBeJIUYEHHUEM pa3Me-
POB aTOMOB U MOJIEKYJI. YeM culIbHee MEXMOJEKY/IAPHEBIE CBA3M, TEM BbIILIE TEMIIE-
paTypa IUIaBJIeHUsI MOJIEKYJISIPHBIX KpUCTA/UIOB. ClienoBaTebHO, OHA BO3PACTAET NIPU
YBEJIMYEHUH Pa3MEPOB MOJEKYJ, HalpuMep, B POy TaJIOTeHOB:

tin(Cl) = =101°C, £4,(Bry) = ~7,2°C, t,(I,) = 113,5°C.

Taobaunua 4.10

Bxaan Pa3HBIX THIOB BaH-Aep-BaaIbCOBLIX B3aHMOJACHCTBHIl B JHEPrHI0 pelEeTKH

Monekyna JunonpHeIi T K 3:;;‘;{")" Tun B3auMone iictust (monst, %)
MoMeHT, D kIDK/ Mol E £ E
Ar .0 76 8,48 0 0 100
CcO 0,11 81 8,73 0,005 0,084 99,9
HCl 1,05 188 21,11 14,1 4,2 81,4
H,O 1,86 373 47,23 77 4 19

! IunonbHplit MOMEHT M3MepsieTcst B ae6asx; 1D = 3,338-10-% Kn ' m.
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Puc. 4.31. Tunsl MeXMOJIEKYIIPHBIX B3a- Puc. 4.32. CxeMa oGpa3oBaHus BOZOPOLI-
UMOIEHCTBHIA: HOH CBSI3U

a — THUINONb-AUITIONBHOE, 06— HWHIAYKIIMOHHOE,
8 — OUCINIEPCHOHHOE

Bonopoanas cesa3b. OCOGEIM TUIIOM MEXMOJIEKYISIPHOTO B3aMMOJIEHCTBIS SBIISI-
€TCsI BOIOPOJHAS CBA3bL — CBA3b MeXKIy aTOMOM BOIOPOJA OTHON MOJIEKY/IH U 3JeK-
TPOOTPULIATEJILHBIM aTOMOM JApYroil MosieKynsl. HanGosnee cunbHBIE BONOPOIHEIE
CBA3M BO3HUKAIOT NPH B3aNMONEHCTBIU C CAMBIMHU 3JIEKTPOOTPHULIATELHEIMU aTo-
Mam¥, UMeromuMu Hebonbon paguyc, — N, O, F (¢ S u Cl BonoponHsle CBI3n
3HaYUTeNbHO cnabee). Takyro cBsA3b MOXeT 06pPa30BHIBATH TOJIBLKO aTOM BOLOPOIA,
CBSI3aHHBIN C 3NIEKTPOOTPUIIATENBHEIMA aTOMaMM, CMEINAIONMMM Ha cebGsl DJIeKT-
POHHYIO INTIOTHOCTD U CO3NAIOIIMMU TeM CaMbIM Ha Bopopone 3¢ beXTUBHEIR 1TOJI0-
KUTeNbHBIA 3apan (3+). HanpuMep, B Monekysle ciupTa BOLOPOIHYIO CBA3b C ApPY-
TUMH MOJIEKY/IAMU MOXET OCYILECTRIISITH TOJTBKO aTOM BOLOPONA, CBA3AHHLIN C KHMC-
noponoM: CH3—CH,—O0% « H¥ (cTpesika yKa3blBaeT HanpaBlieHME CMeLeHUs TTaphl
3JIEKTPOHOB).

IIpupona BogopoaHO# CBA3M ABOSKA: C OTHOI CTOPOHBI — 3TO IUIIONb-IHUIIONb-
Hoe B3auMoneicTaue (puc. 4.32, a), a ¢ Ipyroit — JOHOPHO-AKLENTOPHOE B3aUMO-
IedCTBIe MeXIy Napoi 3MeKTPOHOB 3JIEKTPOOTPUNATEIHLHOTO aTOMa M NpaKTHYe-
CKHM CBOOOLHOM Op6UTaNbIo Bogopona (puc. 4.32, 6).

Hawub6osiee cubHbIE BOIOPOIHbIE CBA3M BO3HUKAIOT B Boie. MHOTHeE YIMBHTEb-
HBIe CBOMCTBA BOABI KaK pa3 M OOYCJIOBJIEHbl HATMYMEM Takux caseit. Hanpumep,
TUIOTHOCTD JIbJia MEHBIIIE TUIOTHOCTH XUAKOM BOIBI, IOCKOJIBKY MOJIEKYJIH BOIH BO
JIp1ly CBSA3AHBI C YeTBIPHMSI NPYTHMU MOJIEKY/IaMH BOIOPOIHBIMM CBA3SMH, 0Opa3ys
06BbeMHYI0 pemeTKy (puc. 4.33). TIpn niaBneHNn YacTh BONOPOIHBIX CBA3EH pBETCS,

Tun, °C
H,0

100
0 -

SbH,

SHH4
- 1001

— 200 ! 1 1 1
2 3 4 5 Homep
repMoaa
Puc. 4.33. CxeMa CTpYKTYpBI Jiba Puc. 4.34. 3aBUCHMOCTD TEMIIEPAaTYph! KUITEHU s

BOAOPOIHBIX COEAUHEHUIA OT COCTaBa
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I'mapodobubie B3anMoneiicTBus. B3auMoaeicTBie MEXIY YaCTULAMH (MoJiekyna-
MU WIH UX HETIOJISPHBIMY TPYIINIaMH), He CITOCOGHBIMH K 00pa30BaHUIO BOJOPOIHBIX
CBA3CH (TaK Ha3bIBAEMBIMHM THAPOGOOHBIMU YaCTHLAMM), B BOGHOM cpefe Ha3bIBalOT
2udpogobrsim. TIprurHa MOKOGHBIX CABBIX B3AMMOIEHCTBUIN 3aKIIIOYAETCS B TOM, YTO,
MOMaB B BOAY, TaKUE MOJIEKYJIBl HE B COCTOSHMHM DPa3opBaTh BOJOPOAHBIE CBS3H M
06pa30BaTh HCTHHHDIN pacTBop. [IpH MX B3aMMOAEICTBHY APYT ¢ APYTOM BO3HHKAIOT
arperatsl. Hanpumep, n3-3a ruapodoGHBIX B3aUMOIENACTBHIT MACIIO HA TTOBEPXHOCTH
BOZIBI COOMpAETCH B KPYIJIbIE KaIUIH. .

BonoponHas cBa3b ¥ ruapodOGHbIE B3aMMOAEHCTBHUSA UIPAIOT 3HAYUTETBLHYIO POJTB
B XMMHYECKHX IPOLIECCaX, MPOTEKAOUIMX B OHoMornueckux o6rexrax. Tak, ycroium-
BOCTB NIPOCTPAHCTBEHHOTO PACTIONOXEHHUsT OETKOBBIX MOJIEKYI ONpeeSeTCs Onpeae-
JICHHOH IMOCIEA0BATENBHOCTBIO PACIIONOXEHHS BOJOHEPACTBOPUMBIX AMUHOKHUCIOT-
HBIX OCTaTKOB. ['Mapo¢o6HbIe B3anMOAEHCTBHS YYaCTRYIOT B MpoLeccax 06pa3oBaHis
U CTAaGUNN3aUMH BOOHBIX CYCIIEH3UH JIaT€KCOB, XMPOBBIX 3MYJILCHI U Op.

MOJIEKYJBI COMTMKAIOTCA, U TUIOTHOCTD BOABI yBesnunBaeTcs. OqHaKo NpU TeMIepa-
Type, 6/M3Ko# K TeMniepaType rnasaeHus (0 °C), He Bce BOIOPOIHBIE CBA3H, 00pa-
3yIOLIMe JIel, PBYTCS, OCTAIOTCS OOJbIlIMe arperatbl, KOTOPhIE pa3pylIaloTcs JUINDL
npu HarpeBaHuH. HauGomnsliyio mnorHocTs Bona uMeet npu 4 °C.

Hannune BonopoaHoit CBA3M OKa3bIBaeT 3HAYUTENLHOE BIUSHUE Ha MHOTHE Du-
3UKO-XMMHUYECKHE CBOMCTBA BEIIECTB, B TOM YUCJIE:

¢ MOBBIILIAET UX TEMIIEPATYpy IUIABICHUS] U KUTIeHUA. Tak, B pAdY BOLOPOIHBIX
coelMHeHUHA HeMeTawioB (puc. 4.34) — H,0, NH;, HF — teMnepaTypa xuneHus
aHOMAJIBHO BBICOKA IO CPaBHEHMIO C UX aHAJIOTAMH M3-3a YCUJIEHHUS CBA3W MEXIY
MOJIEKY/IaMH B XKMIKOCTH,

¢ YBEJIMYUBAET HX PACTBOPUMOCTD B BOZIe 32 cUET 00pa3oBaHUs BOJOPOAHOM cBs-
31 MEXJy MOJIEKYJTaMH BOJIBI M PACTBOPEHHBIX BEIECTB, HAPUMeD, TakKuX Kak NHj,
CIIUPTHI, AMHUHHI;

* obecneynBaeT CyIeCTBOBAaHHe AMMEPOB B ra30Boi (hade, Halpumep, B ra3o-
06pa3sHOM COCTOSIHMM MOJIEKYJTBI YKCYCHON KUCIIOTBI OOBEIMHAIOTCA B TAPHI (IMMEPHU-

Bopoponubie cBa3M

Tumun (T) Anenun (A)

Puc. 4.35. Cesa3u Mexay napamu ocHoBaHui B Monekyine JHK
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0---HO
3apms): CH3— C:/ ,/C—CHj. BonopoaHas cBsi3b crioco6cTBYeT NOIMMepH3a-
OH---0
MM MOJeKyJ1. HarpuMep, OcHOBHO# MoJieKy/sipHOM (popMoii ra3006pa3Horo dT1o-
POBOIOPOIA B ONPENE/IEHHOM TeMITepaTypHOM MHTepBale siisietc (HF)g;
® CIOCOBCTBYET OPHEHTAIMH MOTMMEPHBIX MOJIEKY, HanpuMep JIHK, B pe3yns-
TaTe 06pa30BaHus BHYTPHMOJIEKYJISIPHBIX BONOPOXHBIX CBSI3EH MEXIY MapaM# OCHO-
BaHU# (puc. 4.35). .

4.7. KOOPAMHAIIMOHHBIE COENVUHEHUA

4.7.1. OcHoBHbIe NOHATHS

IpencrapiaeHnss 0 KOMITIEKCHBIX (XOOpAMHAIIMOHHBIX) COEAMHEHHUSAX BO3HUKIIN
B KoHne XIX B., xorma GbUIO 3aMe4eHO, YTO COCTAB HEKOTODBIX COeMHEHUI He
NIONYMHSIETCs1 OOLIMM INpaBWIaM BaJieHTHocTH. Tak, B MoHe SiF;~ BaJleHTHOCTD KpeM-
HYsl paBHA LIECTH, B TO BPeMsl KaK B OOBIYHBIX COEAMHEHHUSAX OH YETHIPEXBATECHTEH.
TToHATHE KOMIIIEKCHBIX COeMHEHUIA BIlepBble GBUIO BBENEHO B HayKy A. BepHepoMm
B 1898 r. CormacHo BepHepy B 3TUX COEIMHEHHUSX PA3TNYAIOT BHYMPEHHIO U 6He-
W00 KOOpIUHAMOHHEIE cdheprl. YacThna, 06pa3yromasi BHyTPeHHIOW chepy, MaJio
IMCCOLMUPYET B PACTBOPE, U COCTABJIAIOLIME €€ aTOMBI CBA3aHBI MEXAY co00il KO-
BaJICHTHBIMH CBA3AMHU. TaKyio YacTHIly 4acTo HasBIBAIOT Komnaekcroii. TTo xapakrepy
SJIEKTPUYECKOIO 3apsja pas3sNIvyarT KaTHOHHBIE — [Zn(NH3)4]2+, aHUOHHbIE —
[AI(OH)¢}* u HeuTpassHble — [Pt(NH,),Cl,], Ni(CO), xommnexcbl. KoMruiekcHbri
MIOH KaK CTPYKTypHas eJMHULA BXOJUT B COCTAB KPUCTAJUTMYECKON penleTKH. Yac-
THIR!, 06pasylomue BHENHIOW cdepy, HANPOTUB, B PACTBOPE IONHOCTHIO IHUCCO-
unpytoT. Haripumep, s rekcanmanobeppara(IIl) xanus:

K3[Fe(CN)g] = 3K* + [Fe(CN)¢]*> [Fe(CN)g]>
Buewnss BryTpenusas Komnnekcumit  Lentpanpupiit  JIuranms
cepa cepa MOH aToMm

KoMriekcHbI MOH COCTOUT U3 yenmpanvhozo amoma KoMIuekcoobpa3oBaTes,
OKPYXEHHOTO Au2aH0amu, — HEMTPATBHBIMU WM 3apSKEHHBIMU YacTHIAMH, CITO-
COOHBIMHU K CAMOCTOSTETBHOMY CYILECTBOBAaHUIO B pacTBope. B paccMOTPeHHOM IpH-
Mepe HEHTPATBHBHIM aTOMOM sBJIsieTcsa MOH Fe™, a nurangaMum — monnl CN™.

B KauecTBe HEHTPAILHOTO aToMa MOXET BBICTYTATh NMPAKTUYECKH JI060H 3e-
MeHT [lepuomnyeckoit cucTeMBl, UrpaKOIMIT POITH akunenropa (KMcioTh Jipouca).
Hemetajummueckyie syeMeHTs! 06BIYHO 06pa3yIOT AHMOHHBIE KOMIIIEKCHI: [SiFﬁ]z",
[PFq]", [BH,]", [SbCl4]". DnemeHTBI-MeTaIBI MOTYT 00pa30BBIBaTh KaK aHUOHHEIE,
Tak M KaTHOHHBIE KOMILUIEKCHI: S-3JIEMEHTl — B OCHOBHOM KAaTMOHHBIE, HE OYEeHb
ycroitunsete [Ca(NH;)gl**, [Na(18-kpayH-6)]", a MeTabl p-6noka — U Te U mpy-
rie [AI(H,0)q]%, [AIF¢]*. Oco6enno Pa3sHOOOpa3HBI KOMIUIEKCHBIE COEnMHEHMS
d- 1 f~371eMEeHTOB.

JlvranmaMu oGBIYHO ABIAIOTCS HeWTpAJIbHBIE Mosiekynsl (H,0, CO, NO, NH;,
Tpudenmwndochun Ph;P) wim nonw (CI°, F, CZOf‘, OH", NO;, CN"), BricTyna-
lolre xak ocHoBaHM JIbtonca 6naroxapst HAIMYKIO TOHOPHBIX aTOMOB. T1o KoJHye-
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Cl*Tq Co~Cl N N
2,2,1- Kpunraug 18-KpayH-6 IMopdupuu

o)
[()(\0/?) ’ﬁ‘] N i N 1
(‘LNJ ‘ch"j = Eiﬁ SN -
|
[

N | N ' cl
a 6 8 yuc- mpanc-
Puc. 4.36. [IpyMephI HUKIUYECKHX JIMTAHIOB; Puc. 4.37. U3zomepni [Co(en),Cly1*

a — KpayH-3hHUpbl; 6 — KPUIITAHALI, 8 — TOpdHU-
PHHOBBIE LIMKJIbL

CTBY CBsI3€#l, KOTOpbIE JIUTaHIBI OOPa3yIOT C HEHTPATLHBIM aTOMOM, MX IOpa3ie-
JSIIOT HA MOHOJEHTaTHbIE, OUIEHTATHBIC, TPDUIEHTATHERIE, ..., NONUIeHTaTHbIe, Ha-
npumep, H,0, NH;, CI', mupumun CsHsN 0GBIYHO BBICTYNAIOT B POJMM MOHOZLEH-
TatHBIX JuraHnos'; C,02, sTwieHauamun NH,(CH;),NH, — 6umeHTaTHBIX; 3TH-
JIeHAVaMUHTETpaaleTaT C2H4N2(CH2COO)Z' CIIYXXUT IPUMEPOM TreKCcaleHTATHOTO
JMraHaa. buneHTaTHble TMTaHIBI IPU NPHCOSIMHEHUH K IIEHTPATLHOMY aTOMY Yac-
TO 00pasyIoT LMKIIKI (puc. 4.36, a), HaswIBaeMble xeaamubimu. OHU 06GNANAIOT MIOBbI-
IIEHHOW YCTOWYUBOCTBIO. LIIMPOKO M3BECTHBI KOMIUIEKCHI C B-AUKETOHAMH (IIPO-
CTeHILUWA MPEACTABUTENL — alleTMJIAIIETOH), B HUX JIMTaHJ 00pa3yeT C MeTaJIoM
IUIOCKME IIECTUWICHHbIE XeNaTHbIe LKA

H;C CH
3 \/(,;:‘O \ /0__—_g\:\/ 3
Cu?t + 2cH3-—("3—CH2—("3—CH3—> HC, ~ Cu  CH+2H"
o} L=0  0=C_
H;C CH;3

B xayecTBe MraHIOB MOTYT BBICTYTaTh MAKPOIMKIIUYECKUE NIPOCThIE 3DUPHI (Kpa-
YH-3$UpEI), KpunTaHas! (puc. 4.36, 6), nopdupunsl (puc. 4.36, 6), MUKINYeCKHE
MeTadochaT-HOHBI.

H3somepust. OxHOI M3 IPUYMH MHOTOOGPA3HUs KOMIUIEKCHBIX COeMHEHM SBIIS-
€TCA CYIECTBOBAHUE U30MEPO8 — BELLECTB, HMEIOLNX OIUH U TOT Xe KOJHYeCTBEH-
HBIA COCTaB, HO OTJMYAIOLINXCS IPOCTPAHCTBEHHBIM CTPOEHHEM U COOTBETCTBEHHO
CBOMCTBaMH. PasnuyHble THITBI H30MEPUH, BCTPEYAKOIMECS B KOMILIEKCHBIX COEIH~
HEHUSIX, IpUBeNeHEI B Ta0. 4.11.

Ipumep 4.6. Kakue npocrpaHCTBEHHBIE H30MEPBI BO3MOXHHI y MoHa [Co(en),Cl,]*?
Pewenue. PaccMaTpUBaeMBblil MOH SIBJISETCS OKTa3APUYECKUM KOMIUIEKCOM, TaK KaK KO-
" OpAMHaALUOHHOE Yucio Co 6 (en — 3THIEHIUAMHUH — GUOEHTATHBIA surasn). [Mockoasky
3TOT MOH COACPXKUT ABa OOUHAKOBHIX Juranaa Cl”, To MoXeT 0Gpa3oBLIBATh JBa TEOMETPH-
YeCKHX n3oMepa (yuc- u mpanc-) (puc 4.37). Hue-[Co(en),Cl,], B cBOIO 0OYepenb, MMeeT JBa
ONTHYECKUX m3oMepa. Crie1oBaTeNIbHO, KOMILIEKCHBIH HOoH [Co(en),Cl,]" MoxeT cywecrBo-
BaTh B BUAE TPEX NMPOCTPAHCTBEHHBIX N30MEPOB.

! Hexoropsle nuranmbl, nanpumep, CI°, CO MOIYT CIYXHTL MOCTMKAMM, COEAMHSIOLINMHU JiBa
LIEHTPAJILHBIX aTOMA M TOrAa OHH CTaHOBSITCS GUIECHTAaTHBIMH.
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Taonuua 4.11

THNBI H30MEPHA KOMILIEKCHBIX COEAHHEHHI

Tun uzomepun YcnoBue BOZHHKHOBE HUS IIpumepsr
TeoMerpuyeckas B okTasgpuyecKMx ¥ KBaIpaTHbIX
KOMIUTEKCAX IPU HAJTMYHH ABYX
OANHAKOBBIX JIUTAHIIOB: KUC-,
mparc-U30MePHI
yuc-
mparic-
B okTasgpudecKux KoMIUIEKCaX
TIpU HATUY MM TPEX OQUHAKOBBIX
JIMTaHAOB: epan (gac)-, oc (Mep)-
: U30MEPBI
epam-
oc_
4 Onmnyeckas OxTasapuyeckuie ¥ TETpasIpH- Tetpasapuueckue ¢ YETHIPHMA
YEeCKHUE KOMIUIEKCH! ¢ HELIEHT- Pa3TUYHBIMH JIMTaH/1aAMH:
POCUMMETPUYHBIM LIEHTPAIbHBIM
atoMoM. KoMruieke u ero 3ep-
KAJIbHOE OTPAXECHHE HE COBME-
HIAIOTCs IIpH nToBopoTe Ha 180°,
ITo HanpanrneHUIO BpalllcHUS
TOJIIPU30BAHHOTO CBETA Pa3fiv- OxTasgpuieckuie ¢ TpeMs
YaloT JIEBOBpAlAlOLLME M Npa- OV ICHTATHBIMM JINTAHIAMM:
BOBpaAOIIHE KOMILIEKCHL Takue
ONTUYECKHUE M30OMEPBI MHOTIA
Ha3bIBAIOT JHAHMUOMEPAMU
HonmzanmonHas OO6MeH yacTuamMi Mexay BHelu- | [Cr(H,0)]Cl,,
HEH U BHYTPEHHeH cdepamMmu [CrCI(H,0);]Cl,- H,0,
(YacTHBIif ciyyall — ruapaTHas [CrCl,(H,0),4]Cl, 2H,0
HU30MepHs)
KoopnuHaumoHHas |Paznuunoe pacrpenenenue [Co(NH3)6] [Cr(CN)g]
JIMTaHIOB MEXIY ABYMs LIEHT- [Cr(NH;)5][Co(CN)g]
PaIbHEIMH HOHAMH
HsomMepus cBs3u Koopounauus pasaemMu goHop-  {[Co(NH;3)sONOJ*
HBIMM aTOMAMH JINTaHAA [Co(NH;)sNO,]%
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4.7.2. CTpoeHHe KOMILIEKCHBIX CO€IHHEHMI

XuMUYECKas CBSI3b B KOMIUIEKCHBIX COEMHEHUAX UMEET Ty K€ TIPUPONY, YTO U B
JOOBIX ApyTHX BeulecTBax. s o6bsacHeHUS CTPOEHHUA U CBOHCTB KOMITJIEKCHbBIX CO-
€IMHEHNH MCTIONB3YIOT METON BaJleHTHBIX chsaseil (MBC), TEOPUIO KPpUCTAILINYE-
ckoro nons (TKIT) u meTon MoexynsapHbIX op6uTaneit (MMO).

Merton BanenTHBIX cBA3eH. MeTON BAIEHTHBIX CBA3EH K KOMIUIEKCHBIM coeau-
HEHUAM BriepBbie IpUMeHWT J1. [TomHr. OH HCXOMWT U3 CIeMyIOIEro IPeaoo-

XKEHU:

T'eoMeTpus KOMIUIEKCHOIO MOHA OIIpeleNnsieTcs THIIOM rubépuamnsanuu cBo6om-
HBIX OpOUTANEH LEHTPaIbHOTO aToMa (Tabi. 4.12).

PaccMoTpuM ¢ 3TMX MO3UIMIL CTpoeHUe IBYX KomrutekcoB KobanbTa(Ill): noHoB
rekcaamuukoGansTa(Ill) [Co(NH;)]*" u rexcadpropokobansrara(Ill) [CoF4]3*-
(puc. 4.38).

DNeKTpOHHas KOHMUTYpawms cBOGOHOTrO HoHa Co3*: 3d%45%4p%44", Op6urtanu
MOHa KOOaJIbTa, YYacTBYIOIIME B OGPa30BaHUM CBA3M ¢ MOHAMU F-, TUOPUAN3YIOTCA
¢ obpa3oBaHUeM sp3d2-TUGPUAHBIX opbuTanei (exewneopbumanvHbtii Komnaekc), 4Tto
W OTIPENIEIIACT OKTA3APMECKYIO KOH(UTYPALIUIO KOMILIEKCHOTO noHa [CoF4]*". Cire-
AYET €1I€ pa3 MOMYEPKHYTD, YTO YyYacTHEe BHEIUHUX d-OpGUTAsell MaOBEPOSTHO U
UCIONB3YETCA B 9TOM METOJIE JIMLIb HA KaYeCTBEHHOM YPOBHE.

B none [Co(NH;)]* PEATU3YETCA HHOE pacTipe/ieIeHUE 3IEKTPOHOB 10 OpOuTa-
JIIM — BCE 3JIEKTPOHBI KObanbTa criapeHbl. KOMITIEKC TaKkkKe MMeeT OKTa3apHue-
CKOE CTPOCHUE, HO UHOM TUI rubpumM3atuu — d2sp> (euympuopbumanvhuiii komn-
sexc). BLIGpaTh OfIHY U3 3THX ABYX BO3MOXHBIX KOHGUTryparuit MOXXHO TOJbKO, €CITH
M3BECTHBI MAarHUTHBIE CBOKCTBA KoMiutekca. Mon [Co(NH;)]* JMaMarHuTeH, Bce

Taonuua 4.12

T'eomerpuueckoe cTpoenne  THN rHGPHAN3ANMH KOMILIEKCHBIX HOHOB

K4 mGpIEII/II;aunn IpoctpaHcTBEHHOE CTpOEHME IMpumep
2 s JIuneitHoe [Ag(NH;),]*

3 s TpuroHaasHOe [Hgl;]-

4 sp Tetpasap [FeBr,]*

4 |dsp? Ksanpar [Ni(CN),]*

5 dsp?, d’sp TpuroHansHas GUMMpamMUIa [CuCls1*-

5 disp?, dts KsanpartHas nupamuza [Ni(CN)s]*

6 |dsp Oxrasnp [Co(NH;)e*

7 d*sp IeHTaroHanbHas GUNMpamuaa [V(CN),]*+

8 dsp KpanpartHasi aHTHITpHU3Ma [TaFg]*
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3d 4s 4p

Co™ f ‘ f J f ; R . N d’%p®, BHYTPHOPGUTATBHE
N — J
6NH,
3d 4s 4p 4d
Co’* ;f ; ; ; ; .. selealn, U
— — /
6F- sp°d%, BHELIHeoPOUTATBHDI

Puc. 4.38. Crpoenue vonos [Co(NH;)¢]** u [CoFg]* mo MeTony BanenTHBIX cBsi3eil

3JIEKTPOHBI CIapeHbl, a uoH [CoF]* NapaMarHUTeH W MarHUTHBII MOMEHT COOT-
BETCTBYET YETHIPEM HECITAPEHHBIM 3JIEKTPOHAM.

MBC xopomio onuchisaer TE€OMETPHYECKOE CTPOEHWE KOMITJIEKCOB U OOBSICHSET
UX MarHuTHeIE CBOMCTBA. OTHAKO 3TOT METO/ He TTO3BOJISAET OLIEHUTD, KaKOH U3 IBYX
BO3MOXKHBIX BADUAHTOB 3aMOJHEHUA OpOUTANIEl 3JIEKTPOHAMHU IMPEATIOYTUTETbHEIH,
HE IaCT BO3MOXHOCTU OOBSACHUTD Pa3IUYHYIO OKPacKy KOMIUIEKCHBIX COeIMHEHWI.

Teopus kpucTanamyaeckoro noss. Teopus KpUCTaIMYeCcKOro Moy sSBsgercs pas-
BUTUEM TPOCTOM 3TEKTPOCTATUYECKOM TEOPUM 06pazoBaHMA KOMITIeKcoB. OHa JIy4-
II€ BCETO MPUMEHUMA K COEANHEHUAM d-3]IEMEHTOB U SBIISeTCS HauboJee MpocToif
MOJIETBIO, ITO3BOJAIOLIEH AOCTATOYHO MPOCTO OOBACHUTHL UX cBOiicTBA. COrNIacHO
9TOM TEOpUU

T'eomeTpiyeckoe cTpoeHne KOMILIEKCHO 1aCTUIIBI OTIPe/IENIAETCS B [IEPBOM ITPU-
OIMKEHMM MaKCUMATBHBIM B3aUMHBIM OTTATKMBAHWUEM OTPULIATENIBHO 3aPSKEHHbIX
JMTAHIIOB. IHECTh MTAHAO0B 06Pa3yIoT OKTA3/Ip, YEThIpe — TeTpasp.

Cornacuo TKII d-opburtanu HUCHTPAIbHOTO aTOMa, IMonajas B IOJe JIMTaHJOB,
VSMEHSIOT CBOIO 3HEPTHIO, NTPU 3TOM IPOMCXOAUT CHSATUE BBIpOXAeHUs. s okTa-

BMPIIECKOTO KOMILIEKCA JBE e,-OpGUTATH (dzz,dxz_yz) CTaHOBATCA MEHEE BBLITO[-

HBIMU (MMEIOT GOIBIIYIO 3HEPTHIO), YeM TPU h-0pbutanu (d,, dy,, d,;). D10 06Bsic-
HACTCA TEM, YTO OTPULATENBHO 3apsSKEHHbIE JTUTAHIbI pacrioyaraiotcs npsMo Ha-
NPOTUB d2-, d,>_ y2-OpOUTANIEH M HaxonsIecs Ha HUX 3JIEKTPOHBI UCITBITHIBAIOT HAW -
Gosnbliee oTTaNKMBaHKeE (puc. 4.39, a). B ciyyae TeTpasapruyeckoro KOMILIeKca noJy-
qaercd obparHas KapTHHA: da-, dxz_y2-0p6maﬂn (e) cTaHOBATCA 3HEPreTHYeCKH 60-
JIE€ BRITONHBIMU, A dyy-, dy-, dy,-opbutam (4,) — MeHee BBITOAHBIMU (puc. 4.39, 6)!.

R LN OO N DU L -

i A

! O6o3nauenms € € U by, ) COOTBETCTBYIOT Pa3HbIM THIAM CHUMMETPHUH opbuTaneit.
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OkTasapuyeckoe
noiue

Puc. 4.39. BsaumHoe pacrionoxenue opbuTaeit HeHTpab-
HOTO aTOMa ¥ JIMTaHIOB B OKTa3APUYECKOM (@) U TeTpass-

PHUYECKOM (6) KOMILTEKCax

Terpasnpuueckoe
nose

Cxema pacripenenenus opéuraneii ro 9HEPTUAM B OKTA3[PUYECKOM U TeTpas-

PHUYECKOM I10JI€ JTUTAaHIOB npencraBjaeHa Ha

puc. 4.40. PasHuLa B 3Heprusx e b,

OpOWTaselt Ha3bIBACTCA SHepauell pacujenienus Kpucmannuueckum nosem (A). OHA BHI-
baxaercsa B eaMHUIAX Dg (Mepa CHIBI KPUCTAIUIMIECKOTO noJjs), npuueM AE = E, -
~ E,=10Dg = A. Tna OKTa3APHYECKOTO KOMIUIEKCA SHEPTHUS Lg-opbuTaneit Ha 2/5A

(4Dg) HUXe BBHIPOXKIEHHBIX

-opburanei, a e, — Ha 3/5A (6Dg) Bbuue.

Benuunna sHeprum pacuiernienus OIpEeNeNsAeT CBOWCTBA KOMIUIEKCHBIX COeIM -
HEHWH, N0TOMY BaXXHO 3HATh (DAKTODHI, OT KOTOPEIX OHA 3aBUCHT.
* Tun koopounayuu yenmpansrozo amoma. Ha napaMmeTp A BIUSET KaK YUCIIO JIU-

E
4 eg
2 - 3
/s O
4 7 Ao(10D,)
A — o -k-
4 \\ 2/
N
3/5 * —tZg
Terpasapuyeckoe Oxrasgpuueckoe
Tose Tose
Cdepuueckoe

Tojie

Puc. 4.40. Cxema pacrpenesienus opbuTaneit
T10 SHEPIUAM B OKTa3APUYECKOM U TETpasi-
PUYECKOM MOJIe JIMTraHA0B
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FaHIOB, OKPYXAaMMUX LEHTPaTbHbIN
4TOM, TaK ¥ HX B3aUMHOE PacIiOIOKeHUE.
DHEPIus pacuieIvieHus OKTa3IpUIECKHUM
TIOJIEM TTUTaHAOB (A,) IPH IIPOYUX paB-
HBIX YCJIOBUSX BCEraa BBIILE, YEM TeTpa-

3APUYECKHUM (A,): At=gA0. 3T0 06Bsic-

HAETCA pa3HOM BEIMYMHOMN 3JIEKTPOCTa-
TUYECKOrO B3aUMOAEHCTBUSA 3JIEKTPOHOB
HUEHTPATbHOrO aToma ¢ JIMraHaamMu (cm.
puc. 4.39).

* 3apad yenmpanvrozo uona. Yem BbIie
3apAn LUEHTPATBHOTO MOHA, TEM CUJTbHEE
€r0 3JIEKTPOCTATHYECKOE B3AUMOIEHCTBHE
C TMraHaaMu U Tem 60JIbLIE SHEPTUs pac-



wervteHus. Ilpu yBenuueHuu 3apana ¢ +2 10 +3 W1 GOMBIIMHCTBA 3d-371eMEHTOB
SHEPIUsA PaCIIETUIEHUS YBETHYUBACTCA MPUOIU3UTENBHO B 1,5 pasa (Tabu. 4.13).

* DnekmponHoe cmpoeHue yeHmpansHo20 UOHA. DHEPTUS pacllelUIeHUS B KOMII-
JIeKcax 4d-371eMEHTOB MPUGTU3UTENBHO Ha 50 %, a B KOMIUTEKcax Sd-371eMeHTOB Ha
75 % BBILLIE, YeM B COOTBETCTBYIOMIMX KOMIUIEKCAX METAILIOB 3d-psina. D10 0OBICHS-
€TCS PasTMYHOM MPOTSKEHHOCTBIO OpOUTANIENl B POCTPAHCTBE.

* IIpupooa auzanda. Tlo cTeneHu yBeTUYeHUS TapaMeTpa PacilelUIEHUs A TUraH-
ABI pacIoNaralTCcsa B Psifi, Ha3blBaeMbLil cnekmpoxumuqeckum:;

A Bo3pacraer
[<Br <CI'< F <OH < C,0f ~ H,0 < NCS < NH;< NO;< en< CN"< CO

Jluranasr Jlurannn Jurangu
cnaboro nous CcpeaHero mnons CWIBHOT'O ToJs

Teopust KpUCTAILTIYECKOTO OISt He MOXET OOBACHUTD TAKOE PACTIONOXKEHHUE JTH -
FaHNIOB, CBA3aHHOE C MUX 3JIEKTPOHHOU CTPYKTYpOM, KOTOpYIO AaHHas TeOpus He
IIPUHUMAET BO BHUMaHUE.

PaccmoTpum Tenephb ¢ 3TMX MO3MLWMIA, KaK pacTipeesioTCs IeKTPOHBI 0 op-
buTasam B yXe YIOMSAHYTBIX KOMIUTeKcax Kob6ansTa(Ill). OHeprus pacuieIVieHus B
none [CoFg]®>" HeBenuka u cocraBnser 155,0 xIxx/mMOnb, B TO Bpemsi Kak s
[Co(NH;)s]** oHa 3HaunTensHO Gonblue: 273,2 K/MOJb, TaK KaK aMMMaK SBJIS-
€TCA JIMTaHI0M 60Jiee CUIIBHOTO MO, YeM GTopui-uoH (puc. 4.41). Ipu pacrpee-
TeHUH 1wecTu 31ekTpoHos Co™ mo opbutanam Hamo Y4eCThb, YTO IS 3aTOJHEHUS

Tab6auuga 4.13

Oneprus pacmenienus: (A) H 3HePrHa CNAPHBAHHUS (P) Ans HEKOTOPHIX KOMILIEKCOB
d-31eMeHTOB

Uermpanbinit SHeprus Dueprus paclierienns (4), kIx/Monb
WoH criapuBaHus - -
(P), xIIx/Monb F H,0 NH; CN
Oxmasdpuueckue Komnaexcol
Cr* (3d% 280,4 - 165,8 205,6 —
Cr* (3d%) — 181,3 207,6 257,7 318,5
Mn?* (3d%) 304,2 90,2 101,4 — 308,9
Fe* (3d%) 209,9 106,1 124,1 153,9 403,2
Fe* 3d%) 357,9 140,8 163,4 202,8 417,6
Co* (3d") 304,2 95,4 110,9 132,4 —
Co* (3d%) 250,5 155,0 217,0 273,2 405,6
Rh* (4d%) — — — 407,9 —
Ir* (5d9) — — — 478,5 —
Tempasopuueckue Komnaexcol
Cl- Br- I- NCS-
Co* (3d") 304,2 39,5 34,7 32,3 56,2
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T
[Co(NH3)s]*
Ay >p

[CoFg]*-
Ay<p

Puc. 4.41. BHepreTuyeckast IMarpaMma pac-

npegesieHUsl 3JIEKTPOHOB IO OpOUTaNsAM B

uone [CoFy]*~ u [Co(NH;)]* (p — 3Hep-
I'Usl criapyuBaHus)

JBYMS JIEKTPOHAMU C TIPOTHBOTIONOXHEI-
MM CIIMHaMM OZHOM M TOH Xe OopOuTam
HEeOOXOOUMO 3aTPATUTD IHEPeUI0 CNAPUBA-
Hua (P), pacxomyeMyl0 Ha IpeOnOJICHUE
OTTATKUBaHUsI 3MeKTpoHOB. st nona Co™
3Ta 3Heprus pasHa 250,5 xAx/Monb (cMm.
Tab1. 4.13), MO3TOMY BO QTOPHIHOM KOM-
TJIEKCE JIEKTPOHAM BHITOHEE HAXOTUTh-
€A Ha e,-OpOUTANAX, a B aMMMAaYHOM —
BBITOZIHEE CITAPUTBCA Ha &,-OPOUTANAX.
Taxkum 06pa3oM, 3HasT HEKOTOPbIE JHEP-
TETHYECKIE XapaKTe PUCTHKH LIEHTPATbHO-
r0 MOHA, MOXKHO OHO3HAYHO OTPENETIUTD

€ro 3JeKTpOHHOE CTPOCHUE.

OCHOBBIBasSICh Ha CTPOEHUM KOMILJIEKCA, MOXHO CIeJIaTh HEKOTOPBIE BEIBOAHI O
€ro CBOMCTBAax.

IIpounocTs €BA3U. BTa BeIMYMHA KOPPEIUPYET C 3Hepeueu cmabuaudayuu Kpu-
cmannuveckum nosem (DCKII) — BbIMIpBHINNIEM 3HEPTUM 34 CUET 3aTIOTHEHWUS HU3-
KHX ITO 9HEPTUM d-ypOBHEHM OTHOCUTEIILHO HEpacCIIeIUIEHHBIX d-OpbuTaneit. B ciayyae
xomriekca [CoF]®™ sneprust craGuIn3auum paBHa PasHOCTH MEXIY BBIMTPBILIEM
3a CYeT JIEKTPOHOB, PACIONOXEHHBIX Ha by,-0pOuTasx (2/5A - 4), n MpOUTPHILLIEM
3a CYET NEKTPOHOB Ha e,-opbuTansax (3/5A - 2): BCKIT =2/5A,-4 — 3/5A,- 2 =2/5A,
(v 4 Dgq). Ang auskocriuHosoro komimiekca [Co(NH;)g]™" sHeprug crabuinsamuu
OyneT 3HAYMTENLHO BBILIE, TAK KaK B HEM BCE 3NEKTPOHBI HAXOASATCA HA BBITOOHBIX
opbuTAIAX (f,), ONHAKO HANO YY4ECTh, YTO MMPU 06Pa30BAHUMN 3TOrO0 KOMIUIEKCA SHED-
M 3aTpauyuBacTCs €llle M Ha CrlapUBaHUE NMEKTPOHOB (2P, Tak Kak B HEM Ha JIBE
3JIEKTPOHHBIE TTAphI GOJIbLIIE, YeM B HepaclleruteHHOM cocTosstHuM): DCKIT = 2/5A,- 6 —
—2P=12/5A, — 2P (wu 24Dq - 2P),

BCKIT, A, U;,
1 xJIX/MOJBb

24 3100} o
2,0t
1,61 e

’ e

2900+ 7
1,2} e
0,8- /. 3 -
0,41 £ Sw 200/~
\ - i’
d 4" d* & d* & d* d d d° 4V 01234567 8 910"
Ca Sc Ti V CrMn Fe CoNi Cu Zn
a [

Puc. 4.42. 3asucumocty SCKII ot 3neKTpoHHON! KOHMDUTYpaIMy HeHTPAILHOTO MOHA (a) U
SHEPrusl KpUCTAUIMYECKON peltetkd GropuaoB 3d-3neMeHTOB (6) (n — uucio 3d-3nekr-
POHOB):

1 — cunpHOe oKrasgpuyecKoe nosie (6e3 yuera sHepruM crnapuBaHus); 2 — ciaboe OKTasApHyecKoe
nose; 3 — TerpasapuyuecKoe MNoje
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I Ta6nuua 4.14

Maruursbie cBORCTBA PAaIMIHBLIX KOMILIEKCOR

k Komt:llggcmm K?)f‘;?r;;};a:ﬂ n Magg (Paccu.), MB Maggp (3KCT1), MB

1 |[[Mn(H,0)]?* tle? 5 5,92 5,96

’ [Cr(en);]?* Ble! 4 4,90 4,75

| |[Mn(CN)J* 1l 3 3,88 3,94

BT\ (eXo RN LS 1,2e0 2 3,83 2,80
[TiFgJ> hled 1 1,73 1,70

" |[Mn(CN)gJ* 13 1 1,73 2,13
[Co(NH;)* 18 0 0 0

Ha puc. 4.42, a npuseneHs rpaduky 3asucumoctu DCKIT or 3JIEKTPOHHOI KOH-
(UTypauuy HeHTPATbHOTO MOHA JUTS BBICOKOCTTMHOBBIX U HU3KOCIMHOBBIX KOMII-
JIEKCOB, a Ha puc. 4.42, 6 — 3HEPIMM KPUCTATMYECKHUX peleTox GTopuNnoB 3d-
4 METAJUIOB B CTENIEHN OKMCIIEHUs +2. U3 rpadukos BUIHO, YTO U3MEHEHUS ITPOYHO-
CTU KPUCTA/LTUYECKON PELIETKM XOPOLIO COIMACYIOTCS ¢ BeuuuHoi DCKIT.

MarnuTHbIe CBOiiCTBA. g KoMriinekcoB 3d-31eMeHTOB MAaTHUTHBIA MOMEHT GJIM -
30K K BBIIMCIEHHOMY 110 (POPMYJTE JUTS «UUCTO CITMHOBOM COCTABJSIONIE» |

Hopy =4/ (n+2), 4.4)

TA€ n — YUCIIO HECTIApEHHBIX 3EKTPOHOB;, Happ BBIDAXaeTCA B mMarHeToHax Bopa
(MB). B Tabn. 4.14 npencrasieHb 3HaYe HUSA SKCTIC pPUMEHTANTBHBIX U PACCYUTAHHBIX
3HAYEHUI MarHUTHOTO MOMEHTA JUTS Pa3IMYHBIX KOMITIEKCOB.

MarHuTHBIE MOMEHTBI KOMITIEKCOB 4d- ¥ 5d-3]1eMEHTOB HUXe PacCUMTAHHBIX
O YUCITy HECTAPEHHBIX 3JIEKTPOHOB.

Oxpacka KoMILIEKCOB. BOMBIIMHCTBO KOMILIEKCOB MEPEXOHBIX JIEMEHTOB — OKpa-
IICHHBIC COCAMHEHNUS, T.€. OHU CITOCOGHBI MOTIONIATD SHEPIrUIO B BUOAUMOM 061acTH
CIeKTpa (aAuana3oH JUIMH BOJIH oT 410 o 720 uM, yto COOTBETCTBYET SHEPTUU OT
290 no 145 xx/mons). [pu obmyyeHuu ceerom SJIEKTPOHDBI IepeXomiaT Ha Gollee
BbICOKHE 110 3HEepruu d-opourtamu. [1pu atom TTOIIOAETCS CBET TOM JUTMHBI BOJTHBI,
KOTOpast COOTBETCTBYET 3HEPTUHM pacilerie HUS (cM. TakXe nompasy. 3.1.3):

Ao = E = he/a. (4.5)

Bummas okpacka coemvHeHUS COOTBETCTBYET JONOAHUMEAbHOMY LIBETY, T. €. IIBE-
TY, KOTODbII MBI BUIMM, €CTH U3 HENPEe PHIBHOTO CIEKTpa yOoaleHbl KAKUE-TO JUTH-
HbI BONH. Ha puc. 4.43 npusenen CIIEKTp aKBa-komIuiekca Tutana(Ill) [Ti(H,0),]>.
MaxkcumyM normomntenust Haxomurest TpY JUTMHE BOTHBI 490 HM, YTO OTBEYaeT SHep-
T'n paciueruieHus 243 kJX/Monb u COOTBETCTBYET XKEJTO-3¢JIEHOMY L[BETY MOIJIO-
HIacMOro UITY4EHUA U KPaCHO-(MUONETOBOM OKpacKe KOMILUIEKCA, HIupokas momoca
HOMTOIEHUSA YKa3bIBAET HA UCKaXeHUE NTPaBUILHOTO OKTa3ApUYECKOrO OKPYKE HUS

! ®opmyna Ta Xe, 4To U (3.6), npuBeneHHas B noapasa. 3.1.3.
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A, HM (cM. Hike). st KomrnekcHoro uoHa [TiFg]®™ makcu-
300490 500 MYM MOTJIOIeHUs HabJrogaeTcst Ipu 588 HM, YTO 0Obsic-
HAETCS YMEHBIIEHUEM CWIBI TOJIS JIMTAHAA U COOTBET-
CTBEHHO MEHBIIECH 3HEepTHUEH pacierIEHUs.

O6bIYHO OKTa3ApUYECKUE KOMITIEKCH OKPALICHBI
| MeHEe MHTEHCUBHO, YeM TeTpasapHyYecKUe U3-3a HU3-
} KOii BepOsATHOCTH d—d-niepexonos'. MHOrna B crieKTpax
ol | . HabJIIOAI0TCsT IMPOKHE TTOJIOCHI GOJIBUION MHTEHCUB-
30 20 10 goctn. TIpUMEPOM CITYXHT (PHONETOBAs OKPACKa nep-

v, (107 em! MaHTaHaT-UOHA, 3aMeTHAas JaXe B CWIBHO pa3BaBiieH-
HBIX pacTBOpax. TaKkue MOoNOCH HA3BIBAIOT HOAOCAMU Ne-
PeHoca 3apada, TaK KaK OHU CBA3aHBI C IEPEHOCOM JeK-
TPOHOB OT JIMTaH/1a HAa CBOGONHYIO OpOUTANb LIEHTPAb-
Horo aroMa. [Tonocs! nepenoca 3apsina 06yCIOBTMBAIOT
OKpacky He TOJIbKO KOMITIEKCHBIX COeIUHEHU, HO U IPYTHX BEILECTB, HAIIpUMED,
TaJIOTeHUI0B, OKCHIOB, CYNBb(HUIOB TSXKEIBIX METAIUIOB.

100

HHTeHCHUBHOCTE
noromeHus, %
w
(=]

Puc. 4.43. Cniektp nornoute-
uus xkoMiuvtekca [Ti(H,0)¢]?*

CnekTp norjomenus nouna [Cr(C204)3]3'- s onpenesieHnst 3Hepruil pacuiertie-
HUS TEPMOB B 3aBUCUMOCTH OT CUJIBI 110JIs1 JIATAH/1A CTPOSIT SHEPTeTUUECKHE JUaTpaM-
Met. Ha puc. 4.44, a npencrabnena quarpamma Oprelia, U3 KOTOpOI BUIHO, 4TO, HAIpH-
Mep, B criektpe uona [Cr(C,0,);1*~ BO3MOXHO HabOaTh TPU NOJIOCHL: vi [*Ay >
= T(F)], vy [*Ay, = 4T (P)], vs [*4y — *T), (P)]. DKCriepUMEHTANBHBI CIIEKTD
9TOro MOHA (pHUC. 4.44, 6) M PaCCYUTAHHBIC 3HAYEHUS YACTOT XOPOLIO COMIACYIOTCH
APYT € APYTOM.

B cnexTpockonuu st XapakTepUCTUKM SHEPIMiA 4acTo I10JIB3YIOTCSI BOJHOBBIMH
uMCIaMu. BojHoBoe yncio v = ¢/A (E = hc¥) BblpaxaeTcst B 06paTHbIX CaHTUMETpax
(em™Y); 1kx/Monb = 83,593 cm~!,

v, em™!
20000 30000 40000
E, cum™! 4T, ' "Ta
& Vi V3
20 000} ]
e - [Cr(en);]**
10000F J_—"1,
41: — y T
7 » . 5
- L S
10000 s Bl v u
~20 000} v ‘A, g [Cr(C,04);1*
1 1 1 1 q S
0 500 1000 1500 2000 2500 =
Dq, CM-l v
a Vi Va .
[CrFs]J_
Puc. 4.44. Tuarpamma Oprena s OKTa3ApHue- : , \ .
CKMX HOHOB C KOHbUrypauueit d3 (a) u crexktp 200 300 400 500
nornoweHust uona [Cr(C,0,); I*- (6) E, xJlx/monb

'B CIIEKTPOCKOIIMH TaKHe Inepexoabl Ha3blBaIOT 3anpelecHHbBIMH.
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B criekTpax OKTasgpuuecKux KOMIUIEKCOB d-3JIEMEHTOB C 3JIEKTPOHHOM KOHDU-
rypauueit d>—d® Habmomaetca 60bliee YUCIO MOJNOC, YTO OGYCIOBICHO MEXIIEKT-
POHHBEIMU B3aUMOJEMCTBUSAMU U AOMOJHUTENIBHBIM pacllelJieHUEM TepMOB B TTOJIe
JIUTAHJIOB.

Oddexr Ana— Tennepa. Jo cux Mop Mbl pacCMaTPUBAIU TOJNBKO OKTa3IpHYe-
CKHUE U TeTpasapryecKue KOMITUIEKChl. OMHAKO CYIIECTBYET HEMAJIO COeqMHEHMUIA C
UCKaXKEHHOI OKTa3pUYEeCKOU CTPYKTYpOii, KBaIpaTHbIE KOMIDIEKCH U KOMIDIEK-
CBbl, UMEIOLIME ApYyrMe KOOpAWHAIMOHHBIE YWUCJa, Hampumep, 5, 7 u T.n. 3Hauu-
TEJIBHOE UCKAXEHUE MPaBUIbHON OKTadgpHYECKOM CTPYKTYpHl HabGiomaeTcs s
KOMILIEKCOB ¢ KOHburypaumeit te} (Cr’*, Mn™) u tfel (Cu?*, Ag>). D10 BBIpaXa-
eTCH:

® B HEOJIMHAKOBOU JUIMHE CBA3U MEXIY NEHTPaATbHBIM MOHOM M JIMTAHIAMM;

® B YIUMPEHUM WIM PA3JBOCHUM JTUHUH B CIIEKTPaX MOTJIOEHUS.

B o1uX Ciryyasx Ha BHIPOXKIEHHBIX €,-0pOUTAISAX HAXOIUTCS HEYETHOE YUCIIO 3JIeK-
TPOHOB, KOTOPBIE MOTYT PACITOJIAraThCA Ha dp- WM Ha d2_p-opburamy. ConracHo
TeopeMe AHa— Tennepa,

Ha puc. 4.45, a mokaszaHo, YTO MpH YBEJIMYEHUN pACCTOSHUS IO JIMTAHIOB, Ha-
XOASIIMXCA HA OCH Z, SHEPrHK opbuTaneit d_p» U d,, HECKOJNIBKO IMOBHIIIAIOTCS, a
dz, d,,, d,, — noHuxkawTcd. B 3ToM cnydae ob6mias sHeprusi CUCTEMBI, HATIpUMED,

fL4d

*Z

a 6

Puc. 4.45. BnekTpoHHOE CTpOEHHUE KOMILIEKCOB (a) ¢ uckaxeuueMm SIna—Tenepa Ha npu-
Mepe [Cr(H,0)¢}** u mnockoksanparuoro (6) [Ni(CN),]*
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noHa [Cr(H,0)¢])** ¢ kKoHpurypaumeit hiel TOHMKaeTcs Ha BeMUMHY !/,8, KOTOpYIO
Ha3BIBAIOT 3Hepaueli cmabuausayuu Sna— Teanepa,

Dpdexr SIHa— Tetepa NPOSBIAETCS U B KOMIUIEKCAX ¢ KOHGUTYpatmeit hied (Ti),
YTO OTpaxKaeTcs Ha XxapakTepe CIieKTpa (ylinpeHue TMHUM) (cM. puc. 4.43). B ciygae
Cu? ucKaxeHHe BEJIMKO, U YBETUYEHHUE CI/IJIbI TOJIg TUTaHaa TPUBOIUT K 06pa3osa-
HUIO KBaJpaTHHIX KoMrutekcos [Cu(CN),]*". TakuM oGpa3oM, KBaapaTHBIA KOMII-
JIEKC MOXHO CYMUTATh IPeNebHBIM CITy4aeM MCKaXKeHWS OKTa3pUYeCKOro KOMII-
JieKkca, KOrza aBa JIMTaHOa, HaxOAWBIIMecs 1O OCH Z, yaajeHbl Ha GecKOHeYHOe
paccrosgHue (puc. 4.45, 6). KBagparHast KoOOpAMHALIMA CTAHOBUTCS HauboJlee BHITO-
HOM 171 LIEHTPaJbHBIX MOHOB C BJICKTpOHHOI/I KOchHrypauHen d® nipu 60MBIIUX
3HAYEHUSX A, HaanMep, A Ni** B HoHe [Ni(CN),]*, a Takxke 11 GONBIIMHCTBA
KOMIUIEKCOB Pd2+, Pt* u Au™. PacnipeneneHue d-opbutaneil mo aHeprusaM Ipu pas-
JIMYHOM OKDPYXEHHUU JIMraHIaMU npuBeaeHa B Tabl. 4.15 u Ha puc. 4.46. Kak Bunno
U3 TabJMILE, pa3HHUIIA B YPOBHAX d_,» M d,, B KBAIPaTHOM KOMILIeKce pasHa 10.Dg,
U B cIOy4ae CWJIBHOTO IMOJISI BHIMTPHILI B 3HEPIUU JUT MOHOB ¢ KOH(UTypauueil d8
MAaKCHUMaJIeH,

Teopust KpUCTAJUIMYECKOTO TOJIST TPUMEHUMA He TOJIBKO JJIA OITUCAHUSA OTAENb-
HBIX YaCTUII — MOJIEKYJl U UOHOB, HO U JUTISl OGBSICHEHUS CTPOEHUST KPUCTATUIHYE-
CKHUX BELUECTB. Tak, ¢ MO3UIIMU 3TON TEOPUHM MOXHO MPEAcKa3aTh THUIT LIMUHETU
(obparieHHas Wiv HOpMaibHast). B KpUCTa/UTMUeCKOi pelieTKe MIMUHETIN UOHBI Me-
TAUIOB HaXOATCSH JB TETPASADHYECKOM WIM OKTa3IPUYECKOM OKPYXEHUM MOHOB
xuciopona (voH O> — nuraHz craboro 1nosud). YToObl onpeaeuTh THIT IIITHHETH,
Haz:o paccunTars OTHOCHUTENbHBIA BBHIVITPHILE 3HEPTUH TPH HAaXOXIEHUH HOHOB M2+
1 M* B TeTpasnpUYECKUX WIM B OKTA3IPHUYECKUX myctoTax. [IpuMepoM IIMUHETN
CIIYXXUT XPOMUCTHII KeJe3HIK FeCr2O4 Hon Fe** (d%) B oKTasmpuyeckoM moje
JMTaHIOB UMEET KOHGUrypaimio fge2 1 BCKII = 0,4 A, a B TeTpasAPHYECKOM TIONE —

Ta6nuna 4.15

DHeprus d-op6uraneil NpH pa3IMIHOM OKPYXKEHHH OTHOCHTETLHO cepHIecKoro noJs
(B ennnunax Dgq)

K4 Crpoenre da da_p dy dy, d,
2 | JluneiiHoe 10,28 -6,28 -6,28 1,14 1,14
3 | TpeyronbHoe -3,21 5,46 5,46 -3,86 -3,86
4 | Tetpasap -2,67 -2,67 1,78 1,78 1,78
4 |Ksampar -4,28 12,28 2,28 -5,14 | -5,14
5 |TpuronanpHas 6unupammuna 7,07 ~-0,82 -0,82 ~2,72 -2,72
S |KBagpartHast mupamMunra 0,86 9,14 -0,86 -4,57 -4,57
6 [Oxrasap 6,00 6,00 ~4,00 -4,00 -4,00
6 | TpuroHaybHas rpysMa 0,96 -5,84 -5,84 5,36 5,36
7 |IleHTaroHasbHasg GUMIMpPaMUIA 4,93 2,82 2,82 -5,28 -5,28
8 |Ky6 -5,34 -5,34 3,56 3,56 3,56
8 |KBagpatHast aHTHIIpH3Ma -5,34 -0,89 ~-0,89 3,56 3,56
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Tpuro- IMenra-
ITnockuit HalbHast | KeagpaTtnas ronanbHas | KpagpatHas
KBaZpar |GunupaMuna|Gunupamuaa Oxrasngp |6unupamuaa aHTUNpHU3Ma| Tetpasap

Puc. 4.46. Bueprus d-opburaneit npu PaIMYHOM OKPYXEHUU OTHOCHUTEILHO cdepuyeckoro
N0Jis1 (B eAMHMLAX A,)

KOHOuUrypammio elt,> u CKIT = 3/54; = 0,24A,. Takum o6pasom, w15 voHa Fe*
TIPellNOYTEHNE K OKTA3PUYECKOMY OKPYXEHUIO cocrasysier 0,16A,,. TTpoBens ToyHO
TaKue Xe pacyeTsl mas Cr* (d*), monyuum, yro B OKTa3APUYECKOM TOJTe (£y3el)
OCKII = 1,2A,, B TeTpasnpuyeckom moe (e3tg) DCKIT ~ 0,324, a MIPEeATIOYTEHHE
K OKTa3pPU4ECKOMY OKPYXEHUIO COCTABIISAET 0,884, CrenosarensHo, B OKTasnpu-
CCKOM OKDPYXEHWU BBITONHEE HAXOAUTHCS woHy Cr*, u 3Hayut, FeCr,0, umeer
CTPYKTYpPY HOPMaNbHOM IUITHHENMU,

Ilpumep 4.7, IMonw3ysicy Teopueit KPUCTAVIMYECKOTO MOJS, 0GbACHUTE, MOYEMY OKCUL
Mn;0, (cTpykTypHbiit THI I.IHIP[HCJIP[? UMECT TETPArOHANILHOE HCKAXEHUe.

Pewenue. Oxcun Mn;0, wiu Mn* Mn{304 MMEET CTPYKTYPY HOPMANBHOI LIMIUHENH, TAK
KaK Ui MoHa Mn** (d%) B m06om OKpyXeHnu BCKIT = 0. Takum o6pasom, mon Mn** (dh
HAaXOAWTCA B OKTA3APUYECKOM ToJie Y UMeeT KoHburypanmio tjel. CornacHo TeopeMe SIHa—
Tennepa B 310M ciyyae BoaMoxHo CHSITHE BBIDOXIEHUS 32 CYET WCKAKEHUS M PaBHILHOM
CTDYKTYPBI — JABe CBA3M Mn—O cTaHOBsTCS AVIMHHEE OCTANIbLHBIX YEThIPEX, MpPaBUJILHAsN
KyOU4YecKast CTpyKTypa ucKaxaeTcs,

Meton MOJEKYIApHBIX opbuTaeii. HauGoee 0GO6IIEHHBIM METOIOM OTMCAHMS
TIPEICTABIIEHEI TOJIBKO 3JIEMEHTHI 3TOM TEOPUH,

Cmpoenue oxmasdpuueckozo komnaexca ¢ o-opbumanamu (6e3 n-c6a3bi8anus). CHa-
aJla paCCMOTPUM, KaKue OpGUTAIU LICHTPAIbHOTO aTOMa MOTYT B3aUMOAEHCTBO-
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BaTb ¢ OpPOUTANSIMU JUraHAoB. EciM pacnofioXuUTh LEHTPaANbHBIM aToM B Hayaje
KOOPJIMHAT, a JIMraHabl — Ha ocsix, To 6-MO MoryT o6pa30BBIBaThCSI TIPU B3aUMO-
JeNCTBUN COOTBETCTBYIOIIMX OpOUTaNel IUranaa ¢ s-, TpeMs p- v IByMs d- (da_y
U dp;) OpOMTATSIMU LEHTPAJIBHOIO aroMa, KOTOpble HarpaBjieHbl K auraHgam. Ha
puc. 4.47 nmoka3aHa 3HepreTuuyeckasl auarpamMma MOJIEKYJISIDHBIX opOuTanei
OKTa3IpUYECKOTr0 KOMIUIEKCA [Co(NH3)6]3+. ITecTh CBSI3BIBAIOIIMX MOJIEKYIISIPHBIX Op-
buraneit (o;, 6, 6,) JIOKAIU30BaHBI BOJIM3U JIMTaHIOB, HA HUX HaxoAuTcs 12 sjex-
TPOHOB. DJIEKTPOHBI LUEHTPATBHOIO HOHA 3aHUMAIOT HECBA3BIBAOIINE dyy, dip U d,,
(fy) ¥ paspbIXJISIOLINE G,*(€,)-opbuTanu. PasHuua B 9HEPrusax 3TUX opbuTaneii co-
CTaBJISIET A,

Bce paccyxaeHuss o0 yCTONYMBOCTH, MarHUTHBIX CBOMCTBAX U OKPacKe KOMII-
JIeKCOB, BbITekalouue 13 MMO, B OCHOBHOM COBIaJalOT ¢ BBIBOJAMU TEOpUU
KPUCTAJUIMYECKOTO TIOJISL.

Bausanue npupode: aueanoa na snepeuro pacujennenus. MMO no3BosisieT 0OBICHUTD
pasnuuyHoe BIUSHUE MPUPOABI JIMIaHAAa Ha BEJUYUHY paclIeTieHUs, T.e. MoJioXe-
HHME JIMTaHAOB B CIIEKTPOXUMUYECKOM psiny. PaccMoTpuM (dparMeHT dHepreTuye-
ckoit quarpaMmel MO, Ha KOTOpo# U300paXXeHbl TOJNBKO h- U €, (04%)-opbuTanu
MeTaJljla MU TpY OopOUTANU JIUraHja, UMelomue t-cuMMeTpuio (puc. 4.48). HecBsisbi-
BAIOLUE f,-OPOUTAIM MOTYT YYaCTBOBATh B T~-B3aMMOAENCTBUH C COOTBETCTBYIOLIM -
MU OpOUTANAMU JiUraHaa. Eciu m-opOMTaNIM JIMraHaa pacroyIOXEHBbI M0 SHEPruu
HIXe he-opbuTaneii (puc. 4.48, a) (sto 11bO mey-, MO0 3aMONIHEHHBIE p-OopOUTa-
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Puc. 4.47. DHepreTnueckasi AvarpaMma MOJIEKYJISIDHBIX OpOuTaie OKTa3IpuyeCcKOro KOMII-
nekca [Co(NH;)q]*
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Puc. 4.48. BnusiHve MONEKYISPHBIX T-0pOUTANER HA BEIMYMHY PACLUIEITIEH NS
a — TIOHMXEHHE A,; 6 — yBeJIMUEHHE A,

JI1), TO BEIMYMHA PACLIETVIEHUS f,—e, yMeHblIaeTcs. K TaKUM JIMraHaaM OTHOCSIT-
cs, HalpUMep, rajJoreHua-uoHbl. ECMu Xe m-opOUTaNM JIuraHga HaxonsuTCs BHILIE,
4YeM £,~-OpOUTAIN, U ABJIAIOTCS HE3ATIOIHEHHBIMU T*-OpOUTAISIMU, TO SHEPrUsl pac-
LIeTyieHU s yBenuunBaeTcst (puc. 4.48, 6). Takoe B3auMoseilCTBME UHOTI A HAa3LIBAIOT
n-damuenbim. TIpy 3TOM 3JIEKTPOHHAS TVIOTHOCTh LIEHTPAJILHOTO aTOMa MEPEXOIUT

YaCTUYHO K JIUraHay. n-J{aTMBHOE B3aUMOENCTBUE TPOSIBISIETCSI B KOMITIEKCAX C
CO, NO, CN’, dochpunamu.

4.7.3. TepMoIHHAMHIECKAA H KHHETHYECKANA YCTOMIHUBOCTh
KOODIMHALMOHHBIX COeTHHEeHHIT

IloHstTHE YCTOWMYHMBOCTH KOMIUIEKCOB BKJIIOYAET B cebs 1Ba aOCOJIIOTHO HE CBi-
3aHHBIX JIPYT C JAPYTOM SIBJIEHUS.

Bo-nepBrIx, Mo YCTONYMBOCTBIO MOXKHO ITOHUMATh TEPMOAUHAMUYECKYIO YCTOM -
YUBOCTb, U 371eCh peyb MOHAET 00 SHEPrUM CBSIZU MeTaJI—JIUraHjl, KOHCTaHTaX
YCTOMYUBOCTU KOMIUJIEKCOB U OKUCAUTENIbHO-BOCCTAHOBUTENBHBIX [TOTEHLIMAJAX.

Bo-BTOpBIX, MOXXHO pacCMaTpPUBaTh KHHETUYECKYIO YCTOHYUBOCTh KOMITJIEKCOB,
T.€. CKOPOCTh OOMEHA JIMTaHAAMH U MEXaHU3MBI XMMHYECKIUX peakiinii. Bo BTopoM
CIIydae TPaBWJILHEN I'OBOPUTH O AabuabHOCMU U uHepmuocmu KOMIuiekcoB. Komr-
JIEKCBI C OJIMHAKOBOIl TEPMOAMHAMUYECKOI YCTOMYMBOCTBIO MOTYT CUJIBHO pa3iiM-
4aThCsl 0 KUHETHYECKMM XapakKTepucTukaM. Hammpumep, [Fe(H20)6]3+ u [Cr(HZO)ﬁ]3+
HUMEIOT 04YeHb ONU3KyI0 3Hepruto cBs3u (485 u 510 x/I>x/MoJIb COOTBETCTBEHHO), HO
TEePBLIA KOMIUIEKC JabWieH U GbICTPO 0OMEHUBAETCSI IMTaHIAMU, 4 BTOPOM — MHep-
TeH, T.e. OOMeH JUraHaaMu 3aTPyIHEH.

Tepmoannamuueckas ycroiignBocts. KosruecTBeHHO XapaKTepUCTUKOM TepMO-
JUHAMUYECKOU YCTOMYMBOCTU KOMIUIEKCHBIX COCIMHEHUHN SIBISIETCS KOoHCmawma
YCmouMugocmu.

KoncTaHTolt YCTOMYMBOCTH HA3bIBAIOT KOHCTAHTY 06pa30BaHUs KOMIUIEKCA B BOJI-
HOM pacTBope.

Pazmyator obmyo (Ky,) 1 CTyHquaTbIe (K}) KOHCTaHTBI YCTOMYUBOCTU, Ha-
MPpUMEp, 11 KOMILJIeKca [Nl(en)3]

[Ni(H,0)]*(p.) + en(p.) 2 [Ni(H,0)4(en)]*(p.) + 2H,0, K, = 2,81 - 107;
[Ni(H,0)4(p.)(en)[*(p.) + en(p.) 2 [Ni(H,0),(en),]*(p.) + 2H,0, K, = 1,70 105
[Ni(H,0),(en),]*(p.) + en(p.) 2 [Ni(en);]*(p.) + 2H,0, K; = 2,19 10%
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O61ast KOHCTaHTa YCTOINYMBOCTH' paBHA POU3BENECHUIO CTYTIEHYATBIX KOHCTaHT,
B JaHHOM cCJIydae:

[Ni(H20)* (p.) + 3en(p.) 2 [Ni (en);]*(p.) + 6H;0, K, = 1,04- 10

6
a.. .. 2+
[Ni(en);]** “H20
Ky, = PR = K, K)K;.
a[Ni(H20)6]2+ en

HaromMHuM, 4To akKTMBHOCTD BOJBI paBHa €VHULE, 4 AKTUBHOCTH MOHOB B pa36aB-
JICHHBIX PAaCTBOPaX MOXHO CYUTATh PABHBIMM UX MOJbHBIM KOHIIEHTPALUSIM.

W3 KOHCTaHT YCTOHYMBOCTH KOMIUIEKCHBIX COEIMHEHUI pacCUUTHIBAIOT MX Tep-
MOAMHAMUYECKHE XapaKTePUCTUKU (CM. IoApasy. 1.2.5), UCTIONb3Ysl COOTHOIIEHUE:

-RTInK = AG® = AH® - TAS".

KOHCTaHTBI ycTOIYMBOCTH HEKOTOPBIX KOMIUIEKCOB TIPEACTABNIEHBI B Tab. 4.16.

Hns d-31eMEeHTOB KOHCTaHThI YCTOHYMBOCTH XOPOLIIO KOPPEMUPYIOT C BEIUYH-
Hamu OCKII. Kak BugHO u3 Ta6n. 4.16, ycToituMBOCTb, Harnpumep, [HaHUIHBIX
KOMIUIEKCOB Xele3a M KobalbTa, 00pa3oBaHHBIX TPEX3apAAHBIMI MOHAMM, BBIIIE,
€M JIBYX3apsiIHBIMM MOHAMU. DTO OOBACHSIETCS YBeINYEHUEM BEIUYMHBI IHEPTUU
pacueTuIeHus NpU BO3pacTaHUM 3apsifa U, ciefoBatenbHo, poctoM DCKII. Or-
METHM, YTO aXe YMEHbUIEHNE Ha eANHULY YUC/IA SJEKTPOHOB Ha fy,~0pOUTANTH
HE MOXET KOMINEHCHPOBATH YBEIWUYEHUS dHepruum crabunuszapuu; DCKII
([Fe(CN)¢]*) = 6" 2/5A,, — 2P, a DCKII ([Fe(CN)6]3”) =5-2/5A, - 2P. UsmeHe-
HHME CHJIBI TOJI JIMTaH/Ja TaKXe TIPUBOIMT K YBEIMYEHUIO A, TIpu 3ameHe NH; Ha
CN", 1 cooTBeTCTBeHHO yBenuuuBaloTcs 3nadeHust DCKIT 1 KOHCTAHTH yCTOMUU-
BOCTH KOMIIEKCHOTO HOHA (CpaBHUTE Ko, st [Co(NH;)¢]* u [Co(CN)I*).

Tabnuira 4.16

Koncrantn yCTOﬁ‘IHBOCTH HEKOTOPBLIX KOMILIEKCOB

Kommnexe | 1g K, Kommnekc Ig K, Komrmueke Ig K, Kommnekc g K,
[CuCly-  [5,54 || [Ag(NH,),]* 7,20 [[Co(CN)s}* [64,00 | [Mn(C,0,);]*- [19,40
[AgCl,] 5,25 [Co(NH;3)]* 4,39 | [Co(CN)s*+ [19,09 [Co(C,0,);1* 9,70
[AgBr,]- 7,34 [Co(NH;)>* 35,21 || [Ni(CN),]* |31,00 [Fe(BATA)Y 25,00
[Agl,] 11,74 || [Ni(NH;)}>* |8,31 [Ag(CN),]- (19,85 || {Ca(BOTA)}* 10,59
[AuCl,] 11,79 || [Cu(NH;),]* 12,90 [Cu(CN),J 24,00 || [Ca(POs),)* 5,47
[ZnCL]*  |-1,52 || [Co(en),}* 13,82 || [Au(CN),I- ]38,30 |[Ca(NH;)}* -0,20
[CACL)* |2,90 [Co(en);}* 48,69 [Au(CN),l- 56,00 |[Mg(NH;)}* 0,23
[HeCLJ> |15,22 || [Ni(en)y]* 19,10 || [Hg(CN),}* [38,97
[HgBry]> (20,01 || [Fe(CN)]* 43,90 || [Cu(C,0,),]* (10,30
[Hgl > 29,38 || [Fe(CN)]* 36,90 |[[Fe(C,04)31% (20,00

' YacTo 06L1yI0 KOHCTAHTY YCTOHYHMBOCTH 0603HAYAIOT B.
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O6pa3oBaHUe XeJaTHBIX UMKIIOB YBEIMYMBAET YCTOMYMBOCTh KOMILIEKCOB (xe-
aamuwiil 3¢pgpexm). B 1aHHOM CiTyyae UMEET CMBICT CPABHMBATH KOMILJIEKCHI, JIUTAH-
JIbI KOTOBIX MMEIOT OJIMHAKOBBIE IOHOPHBIC aTOMbI, HampuMep, aMMHakK NH3 u
ITWIEHIUAMUH en. Tak, KOMIUIEKC [Co(en)3] 6onee yctoiuns, yeM [Co(NH;)el*.
Takoe U3MeHeHHe YCTOMUYMBOCTH MOXHO OOBSACHUTH GONBLIMM YBETMIEHUEM SHT-
POTTMH TIPY 06pa30BaHUU XeNaTHOTO LMKJIA 32 CUET YBeIMUEHU s yicia 4acTul. Tak,
NpU o6pa3oBaHUM KOMIUIEKCA C STWIEHIUAMHUHOM PacXo[yeTcsl TPM 4YacCTULbI, a
BBICBOGOXIAETCS LIECTh MOJIEKYJ BHYTpUCGhEpHOH BOAbI, a B Cilyyae aMMHMaKa —
KONMUYECTBO CBSI3bIBAEMBIX U BBICBOGOXIAEMbBIX YACTUL] OJUHAKOBO:!

[Co(H,0)¢]* + 6NH; 2 [Co(NH3)sl* + 6H,0
[Co(H,0)¢]** + 3en 2 [Co(en);)]** + 6H,0

JIist raJloTeHUAHBIX KOMIUIEKCOB 3JIEMEHTOB C JMEKTPOHHON KOHbUrypamuei
HeHTpaJbHoro MoHa (n — 1)d'® (rpymmsl Meau M NUHKA) U ISl TSDKENBIX p-3JIeMeH-
TOB YCTOIUMBOCTb KOMIUIEKCOB XOPOLIO OOBSICHSIETCS € MO3ULUY TEOPUU MATKHX U
KECTKUX KUCIIOT U OCHOBaHMI1 (CM. moapasz. 1.5.4). Iist ralorTe HUAHBIX KOMILIEKCOB
Hg, Ag’ u Sn* ycToitunBoCcTh BO3pacTaeT OT XJopa K MOy, a ISl OJXHOTUITHBIX
KOMITJIEKCOB 971eMEHTOB OHOM TPYIINbI — OT JIETKOTO aToMa K $oJiee TsixesoMy (OT
Cu K Au, ot Zn xk Hg).

Cpei KOMITIEKCOB LIEJIOYHBIX, HIETOYHO3eMEIbHBIX METALIOB U JIAHTAHUIIOB C
MpeUMYILECTBEHHO MUOHHBIM XapaKTEPOM B3aUMOJEICTBHSI HauboJee YCTOHYU BBIMU
SIBJIIFOTCSI KOMIUIEKCHl C IMKIMYECKUMH JUraHgamu (kpayH-3dhupamu, mertadoc-
¢daT-vuoHaMU), TTONMJIEHTATHBIMU JUFaHIaMH, OOpa3ylOLMMU XeTaTHBIE LIUKJIbI
(OAOTA, muKeToHaMH), a TAKXKE aLVIOKOMIUIEKCBI, TMraHIaMH B KOTOPBIX SIBISIOTCS
AHUOHBI KMCJIOT.

TepMoIMHAMUYECKAS YCTONYMBOCTbh KOMIUIEKCOB B PeaKITUAX OKUCIEHUSI—BOC-
CTAHOBJIEHUSI TAKXKE HAMPSIMYIO CBsI3aHa C BeMMYUHaMU K. IIpy usMeHeHUUH KOH-
LIEHTpauUU CBOOOJHBIX (HE CBSI3aHHBIX B KOMILUIEKC) MOHOB COMIaCHO YpaBHEHUIO
HepHcTa U3MEHSIIOTCS JIEKTPOJIHBIE TTOTeHIMAbl (CM. moapasa. 1.4.3, ypaBHeHue
(1.48)). Hanpumep, BemUuMHA KOHCTAHTHI yCToonBocm KOMrmeKca BJIMSIET Ha T0-
TeHUA OKHCIIUTEIbHO-BOCCTAHOBUTENBHOW Maphl Co® /Co

[Co(H,0)]* + e — [Co(H,0)]*, E; = 1,84 B,
[Co(NH;)sl* + e — [Co(NH;)s]*, E5 = 0,10 B,
[Co(CN)e]> + e — [Co(CN)el*, E; = -0,80 B.

Hon [Co(HZO)ﬁ]3+ HEYCTOMYUB B BOAHOM PAaCTBOPE U OKUCISIET BOAY C BLIAEIECHUEM
kucnopona (E°(0,/H,0) = 1,23 B):

4CO(OH)3 + 4H2$O4 = 4COSO4 + 02 + 10H20

WsmeHeHUe MOTEHMAIOB MPUBOIUT K TOMY, YTO MOHBI rekcaaMMuHKoGanbTa(Il)
i rexkcapuanokoGanprata(ll), HA060POT, JIETKO OKMCILIOTCS KHUCIOPOIOM BO3-
nyxa no coenunenuit Co(III):

4[Co(NH,)]Cl, + O, + 4NH,CI = 4[Co(NH;)6]Cl; + 4NH; + 2H,0

Kunernueckan ycroityusocts. CKOPOCTh 00OMEHA JIUTraHAaMHU (KMHETHYECKas! Xa-
paKTepHCTHKA) HUKAK He CBs3aHa C TEpMOIMHAMMUECKOii ycToitunBoCThIO. Harpu-
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Mep, KOMIUIEKC [Co(NH3)6]3+ MOXKET COXPAaHSIThCSI B KUCJIOM pacTBOpE B TeueHUe
HECKOJIbBKUX IHEI,

[Co(NH;)¢]** + 6H;0* = [Co(H,0)¢]** + 6NH;

XOTSI KOHCTAaHTa PaBHOBECUSI 3TOM peakuuu pasHa 102,

CywecTByet, no KpaitHeit Mepe, aABa ciay4asi, Korna MHGopMaus o JaGWIbHO-
CTH ¥ MHEPTHOCTU KOMIUIEKCA BaXHA TSI IMMPOKOro Kpyra HeCleuaJbHbIX UCCIE-
JoBaHuii. Bo-nepBbIX, yaaeTcsl BHIAETUTh UHAUBUAYAIbHbIE U30MePBI TOIBKO MHEP-
THBIX KOMILIEKCOB. BO-BTOpPBIX, 3TO HYXXHO YYUTHIBATH NMPU BBIGOPE METOJA CMHTE3A
MHEPTHBIX KOMILIEKCOB.

HarsamHoe npencrasieHue o pasTMYHOl CKOPOCTH OOMEHA JIMraHAAMU JaeT BPeMst
XKM3HU KOMIUIEKCHOIO MOHA — BeJIUYMHA, 00paTHO MPOMOPUMOHANbHAS KOHCTAHTE
ckopoctu. Ha puc. 4.49 npencrapieHbl BpeMeHa XKU3HU reKCaakBa-HOHOB, KOTOPBIE
HaIeHbl HA OCHOBAHMM IKCMIEPUMEHTOB IO U3YYEHUIO 06MEHA MOJIEKYJIaMU BOMbI
C BOJIO#i-pacTBOpHUTeNEM, colepKallieil MedeHble aToMmbl (120). Kak sierko 3aMeTuTh
U3 PUCYHKA:

® KOMITJIEKCHI s-21EMEHTOB, 3a UCKIIOYeHUeM Mg u Be, upesBbIuaitHo ja6Wib-
HBI, TIpUYEM JJAOMIBHOCTb YBEJIMYUBAETCSA C POCTOM paaMyca MOHa;

® CPeTM YMEPEHHO JAOWIbHBIX KOMIUIEKCOB JIBYX3aPSAMHbBIX NOHOB 3d-3/IEeMEHTOB
HauMeHee YCTOMYMBBIMM SBASIOTCS MoHbI Cu* u Cr?:

* TpeX3apsiaHble MOHBI B OOLUEM Cllyyae 0ojiee YCTONYMBBI, YeM JBYX3apsiIHbIE.
Cpeny HUX BBIIENSIOTCS AGWIbHBIE MOHBI JIAHTAHOMIOB M OYeHb WHEPTHbIE MOHBI
Cr* u Co*;

® KOMIUIEKCHI 4d- M 5d-371eMeHTOB, KaK MpaBWIo, JOBOJIbHO MHEPTHBI, YTO CBS-
3aHO C BOJBLIOH MPOYHOCTHIO CBSI3U «METAI—IUTAHI».

W HepTHOCTL U TaGWIBHOCTD KOMILIEKCOB d-9JIEMEHTOB MOXHO OGBSICHUTD C MO-
MOLIBIO TEOPUU KPUCTAITTUYECKOTO MO, Npearnonaras, YTo peakius UIeT Mo Me-
XaHU3MY HYKJIeoDWIbHOTO 3amMenieHus. I1o mocnaenoBaTeIbHOCTH CTamMil IUTSI TAKUX
peakuui BBIAENASIIOT JUCCOLMATUBHBIN, ACCOLMATUBHBII MeXaHU3Mbl U MEeXaHU3M
BHYTPEHHET0 0OMeHa. ACCOLMATUBHBIN U IUCCOLMATHBHBII MeXaHHU3M OT/IMYAIOTCS
OT MEXaHM3Ma BHYTPEHHero oOMeHa TeM, 4YTO B HUX o0Gpa3yeTcsl [IPOMEXYTOUHOE
coeHeHNe — UHTepMenuaT ¢ ¢UKCUPOBAHHBIM BpeMeHeM XKU3HU.

Li* Na* K*Rb* Cs*
Be2+ Mg2+ Ca2+ S\r2+ ?a2+
| [l ]
A13+ La}+
|
cr* In** Zn?> Cd* Hg™
I | [ ]
Ni2+ C02+ Fe2+Mn2+ Cu2+
L 1 1 ! ! “ | 1 I 1
10° 10? 10° 107 10 107 1078 1071 t,c

Puc. 4.49. BpeMeHa XH3HU reKcaakBa-uOHOB MeTAJUIOB
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Auccoyuamuenbiii mexanuszm COOTBETCTBYET PEAKIIMOHHOI TOCIEI0BATEIbHOCTH,
MpU KOTOPOIl MPOMEXYTOYHOE coenuHeHre ML, ¢ MEHBIIUM KOOpIUHAIIMOHHBIM
qMCcioM 00pasyeTcs NMpH OTLIEIUIEHUM YXOMSLIENR TPYIIITBI:

ML,X - ML, + X, ML, + Y - ML,Y

Accoyuamuenbili mexanuzm BKITIOYAET CTafvIo, B KOTOPOI MHTepMenaT ML, XY
uMeeT GoJbliee KOOPAMHAIIMOHHOE YUCIO, YEM MCXOIHBI KOMITJIEKC:

ML, X +Y - ML,XY, ML, XY - ML,Y + X

JaHHBI MEXaHU3M peanu3yeTcst B HEKOTOPBIX PeaKIIUsIX IIOCKO-KBAIPATHBIX KOM-
TUIEKCOB ¢ KOHMUIypaueir ueHTpanbHoro uoHa d® (Pt(I1), Pd(I) u Ir(I)). Xapax-
TEPHBIM MPUMEPOM SIBIISETCS o6men “CN™ ¢ nurangamu B KBaIpaTHOM KOMITJIEKCE
[Ni(CN),]”. Ha nepBoit cTaguu NpoOMCXOMUT KOOPAUHAIMS AOMOJHUTEIBHOLO M-
raHga HOHOM KOMITJIEKCOOBpa30BATENS:

[Ni(CN),]* + CN~ - [Ni(CN),(“CN)*-
TIIOTOM JIUraH OTLUETIJISIETCS
[Ni(CN),(“CN)]*~ - [Ni(CN);(“CN)]* + CN-

W3yynTh 1aHHBII MEXaHU3M MTO3BOJIMIIO UCIIOJIb30BaHUE PAIVOAKTUBHON METKU —
yriepoaa-14. TIpoMexxyTouHbIil KOMITIEKC [Ni(CN)5]3 ~ MOXeT ObITb OOHAapyXeH U
BBIJIEJIEH.

Mexanusm enympennezo o6mena ABASETCS OIHOCTAIUNHBIM:

ML,X + Y — XML, Y — ML,Y + X.

B Hem nipoucxonut nocTeneHHoe BhITeCHEHYE yXOAsiel rpyImbl X pearentoM Y
6e3 o6pa3oBaHMsl IIPOMEXYTOUHOIO MPOAYKTA. BHYTpeHHUIT 06MEHHbBI MeXaHU3M
SBJISIETCS HAaUbOJNEee pacrpoCTpaHEHHEBIM.

Ecmu paccunTaTh oTHOCUTenbHOe u3MeHenue DCKIT ucxomHoro Kommiekca
uHTEpMenuaTa (cM. Tabit. 4.15), To CTAHOBUTCS SICHO, YTO OKTAa3ApHYECKHE KOMII-
NieKchl ¢ KoHdurypanueit d* (Cr*, Mn*) U HM3KOCITMHOBbBIE KOMIUIEKCHI C KOH-
durypammeit d® (Co™, Fe2+) SIBJISIIOTCS. UHEPTHBIMU. DHEPrusl aKTUBAIIUU TAKUX
NMPOLIECCOB OCTATOYHO Besinka. K TakoMy e BBIBOLY MOXHO NMPUIATH U HE MPOBOJISI
pacueToB, a UCXOASA M3 MPETOJIOXEHUS, YTO Haubojiee UHEPTHBIMU OYyLyT KOMII-
JIEKCBI C NMPaBUJIBHBIMU HEUCKAXKEHHBIMU CTPYKTYpaMu — d> u d°. HanpoTus, Hau-

Wnea Winny Yepusies (1893 —1966). IIpu uccienopa-
HUM KBaAPAaTHBIX KOMIUIEKCOB IJIATUHEI 06HapyXwt 3ddexT
mpanc-nvsiavg. M. M. YepHsieB opraHnzosa Ha kadenpe
HEOPraHWYECKON XMMHK XUMudeckoro ¢akynsrera MIY na-
GOpaTOpMIO TUIATMHOBBIX METALIOB, B KOTOPOI GBUI BITO-
CIEACTBUM pa3paboTaH METOJ] CHHTE34 KOMIUIEKCHBIX CO-
€IMHEHUH [UIaTUHEE, 06JIanalonX NPpOTUBOOIYXOJIEBOH aK-
TUBHOCTBIO.




Gosnblelt JaGUIBHOCTBIO 00IaKAIOT Te KOMIUIEKCHI, B KOTOPIX B GOJIBIIEI! CTeNeHn
nposteisiercs a¢hdexr Slna— Tennepa (d* u d°), T.e. kommiekcs Cr** u Cu?*.

Addexr Tpancrauaana. OXHUM U3 CrieLUBUIECKUX TIPOSIBICHUN KUHETUKH pe-
aKUMi KBaAPATHBIX KOMIUIEKCOB SIBMISIETCS] BAUSIHUE HA CKOPOCTh peakuuii acconu-
aTUBHOTO 3aMeLleHMs Npupo/sl auranaa (L), Haxomswerocst B mpanc-noaoxeHuu
K yxonsiueit rpymnne. Takoe spieHne Ha3bIBAlOT 3G(EKTOM mpanc-BIUSHUS, OHO
TIPOSIBNISIETCS. B OCNAOJIEHUHM CBSI3U LIEHTPAJIbHOIO aToMa ¢ JMraHmoM. YeM BbIle
MpAanCBIUSIHAE, TEM CWIbHEE ocaabisieTcsl CBiI3b ¢ MPOTUBOIONOXHBIM JTUTAHAOM U
TeM ObICTpee U Jierye NMpoMCXOANUT 3amelieHe. [1o BeluduHe mpanc-BAUSHUS 1 -
FaHIBl pacronaraloTcs B psiil:

OH™ < NH; < CI' < Br < CN", CO, CH; < I < SCN™ < PR; < H™

OH MOXET HECKOJIBKO MEHSIThCSL B 3aBUCUMOCTH OT NPUPObI M CTEMEHH OKUCIEHUSI
LIEHTPAJIHOI'O aTOMa,

PaccMoTtpum addexT mpanc-snustHys Ha IpUMepe CUHTE3a JBYX U30MEPOB AMX-
JIOPOJIVAMUMHIUIATUHBL yuc- M mpanc-[PtCly(NH;),1, ucxons us [Pt(NH,),1* u
[PtCl,J*". TIpu B3anMozeicTBUK [Pt(NH,),]** ¢ HCI cHauana o6pasyercs [PtCI(NH;);]".
Hanee, o npuuunxe Gompurero mpanc-sddekta Cl™ o cpasHenuio ¢ NH; peaxuust
3aMeleHust OyaeT NperMyIeCTBEHHO MPOUCXOAUTh B mparc-nionoxenuu K Cl, yto
npuseneT K obpasoBaHuio mpanc-[PtCl,(NH;),]. Peaxumst [PtCL]* ¢ NH;, Hampo-
TUB, NMPUBOAUT CHavana K obpasosanuio [PtCly(NH;)]™. Ha BTopoii ctanuu npomnc-
XOAMT 3aMelIeHHe oJHOro u3 AByx Cl-TMraHmoB, HaxosSLUUXCS B mpauc-TIONoXe-
HUM, ¢ obpasoBaHueM yuc-[PtCl,(NH;),].

KonTpoasubie Bonpocs

4.1. OBbacHuUTE, MoyeMy Mostekyna BeCl, — nuueitna, a H,0 — yriosas.

4.2. O6wsacuuTe cTpoeHHe Monekyn N,O, CO, u O; ¢ MOMOIIBIO METONa BaeHTHEIX
cBA3el:

a) HanMUINTE SNEKTPOHHYIO GOPMYNY (PE30HAHCHEIE QOPMBI),

6) ykaxure TMN THOPUAM3ALMU LUEHTPAILHOIO aTOMa M TEOMETPUIO MOJIEKYIIbL.

4.3. TlpuBenuTe 1O 11Ba TIPMMEpPA YETHIPEXATOMHBIX MOJIEKY] WM MOHOB C MPOCTPAH-
CTBEHHO# KOH(Urypauuei: a) TpeyrospHoit (yron 120°); 6) mupaMunansHoit (yron < 109°);
B) T-06pa3Hoit. OnMILKMTE CTPOEHHUE ITUX YACTHIL ¢ TIOMOLBIO TEOPMH OTTATKMBAHUSA DIEK-
TPOHHBIX rap (Moxens I'uutecnu).

4.4. PaccmotpuTe cTpoenue yactuil CN, N, u NO ¢ Tou-

kU 3peHud MMO. O6BsIcHUTE, KaK MEHAIOTCA U HUX: a)

- >2( © o MEXaTOMHEIE PACCTOSIHUS, ©) SHEPTUM AUCCOLMALIMU, B)

r 1 - TepBble MOTEHLMATLI UOHU3ALMHU, T) CKIOHHOCTL K JUMe-
pU3anMK, 1) MATHUTHEBIE CBOMCTBA.

3 4.5. ComnocTaBsTe SHEPTUI0 KPUCTAIMYECKHX PELIETOK
2

2l

(ctpyktypHsiit Tum NaCl) cienyiommx map coeuHeHHI:
MgO u CaO; LiH u KH; CaO u KCl.
4.6. Kakoii TUTI KPUCTAJIIMYECKO peLLEeTKU n3obpaxeH
Ha puc. 4.50? Onpenenure KOOPAUHALIMOHHOE YUCIIO U KO-
3 OPAMHALMOHHLIA MOMU3Ap aToMa A U 4UcI0 GOPMYIBHBIX
eIVHUL, BXOMAIIUX B IEMEHTAPHYIO STYEHKY.
4.7. TloyeMy OKCHI LUMPKOHUS, JIETUPOBAHHBIH OKCHIOM
Puc. 4.50. DnemeHTapHast siyeit-  UTTpUs, ABAETCS XOPOLUMM MOHHBIM MIPOBOAHUKOM?
Ka (K 3anaue 4.6). ITokazaHbl 4.8. Kak nokasaTs, YTO repMaHuit — IOJYIIPOBOLHMK, a
CEYEHHUS IUIOCKOCTAMU /—3  cBUHeL — MeTamn?
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4.9. Kak cooTHOCATCH TeMIepaTypsl KMUIIEHHS opmo- U napa-Hurpodenona? O6bicHHUTE
MPHYHUHY 3TOrO.

4.10. Hapucyitre sHepreTuyecKue IUarpaMMsl (TKII) cnepyrommx KOMILIEKCHBIX HOHOB:
2) [Co(NH3)l™, [Rh(NH;)gl™, [Ir(NH;)¢l™;
6) [FeFl™ [Fe(C,003)", [Fe(CN)gl™;
B) [Cr(H,0)], [Cr(H;0)]™".

B KakoM U3 KOMIUIEKCOB KaXx/0if IPyIIsl BeTHYMHA pacuieruieHus: 6omblle U HoyeMy?
4.11. IToyeMy B CHEKTpe MONIOLIEHHS PACTBOPA LIMAHHIHOTO KOMILIEKCA Cu(II) Habsmo-
JAIOTCA TPHU TIONOCHI?
4.12. CpaBHHUTe napsl KOMIUIEKCHBIX HOHOB:

[Ti(H,0)6l** u [Zr(H,0)¢]**
[VCL] u [VCI*
[V(H,0)]* 1 [V(CN)¢]*

a) YKaxHTe 37IEKTPOHHOE CTPOEHME LIEHTPAILHBIX HOHOB B 3THX KOMILIeKcax;

6) M306pasuTe Ha AMarpaMMax paciielUIeHHbIX d-opbuTaneil pacripefieleHHe 3JIEKTPO-
HOB M ntocuuraiite DCKIT;

B) YKaXHTe, y KAKOro KOMIuleKca Gosibllie BeTMYMHA PaCILEIUIeHUs] ¥ OGBSICHHTe ToYeMy;

r) OObACHUTE NPUYMHY PAITHYHOM OKPACKH COeIMHEHHI, COIepXaLIUX 3TH HOHBL,

M) PaCCUMUTANTE BeTMYMHY UX MAaTHUTHBIX MOMEHTOB (MB);

e) M300pasuTe pacrpeleieHHe 3IEKTPOHOB IO METOLY BAJEHTHEHIX CBSI3eil M yKaXuTe
TUIT THOPHAM3ALIMM OPOUTANEH 1IEHTPATLHOTO aTOMa;

X) OGBSCHUTE TaOWIILHOCTD WJIN MHEPTHOCTH 3THX MOHOB B PEaKIIMsAX oGMeHa JIUTaHOAMH.

4.13. [TpeficKaXuTe THIT CTPYKTYpHI IITTHHENH, COOTBETCTBYIOLIHI coemMHeHHUAM CoCr,0,
u CoFe,0,. Paccunraitre DCKII, eciu

Co** cr* Fe*
A,, cMm! 9300 17 400 14 300

4.14. N3BectHO, ur0o MoH Cu' AUCIPONTIOPUMOHUPYET B BOAHOM PacTBOPe. BrIYMcIHTe
KOHCTaHTy paBHOBeCHs mpouecca: 2Cu*(p.) @ Cu®(te.) + Cu*(p.). Kak M3MeHHTCS K,
€C/IM B PacTBOP 10GAaBUTH STWIEHAMaMHH? OTBeT NOATBEPINTE PACYETOM, IPUHUMAS BO
BHMMaHHe, 4o E°(Cu’/Cu% = 0,52 B; E°(Cu**/Cu*) = 0,153 B; Ki; [Cu(en),]* = 5-10'9;
Kyer [Cu(en),]* = 1,35 10%, a Bce aKTUBHOCTH PaBHBI eAMHHLLE.

O6bsacHUTE, MOYeMY ISl TMOCIIEHOBATENbHEIX KOHCTAHT YCTOMYHUBOCTH KOMIIeKca
[Cu(en);]2+ CYLUECTBYET ClIeAyIolas 3aKOHOMepHOCTh: K3 < K, < K.

8 Heopranuueckast xumusn, Tom |

T




IMPUIIOXEHHNS

IlpunoxeHnue 1

Tepmommammecnme CBOMCTBA HEOPranH4€ECKHX BEINECTB H HOHOB
B BOJTHOM pacTBOpeE

Bewecro | e | o | e g
Ag(TB.) 0 42,55 0 25,44
AgBr(TB.) -100,42 107,11 -97,02 52,30
AgCI(tB.) -126,78 96,23 -109,54 50,79
Agl(1B.) -61,92 115,48 -66,35 54,43
Ag,0(TB.) -30,54 121,75 -10,90 65,86
Ag,S (1B.) -31,80 143,51 -39,70 76,53
AgNO;(TB.) -124,52 140,92 -33,60 -93,05
Agt(p.) 105,75 73,39 77,10 —
Al(TB.) 0 28,33 0 24,35
AlBr;(1B.) -513,38 180,25 -490,60 100,50
AlCl;(1B.) ~704,17 109,29 -628,58 91,00
AlF;(1B.) -1510,42 66,48 -1431,15 75,10
Al O3 (xopyHn) -1675,69 50,92 -1582,27 79,04
Al(S0,);3(TB.) -3441,80 239,20 -3100,87 259,41
A13+(p.) -529,69 -301,25 -489,80 —
Al(OH);(p.) -1507,5 89,7 -1307,5 —
As (cepbrii) 0 35,61 0 25,36
AsCl3(x.) -305,01 216,31 -259,16 133,47
AsCl;(r.) -270,34 328,82 -258,04 75,48
As,0;(TB.) -653,37 122,72 --577,03 112,21
As,05(TB.) -921,32 105,44 -478,69 116,52
AsO} (p.) -890,06 -167,28 -648,93 —
Au(Ts.) 0 47,40 0 25,36
B (T8.) 0 5,86 0 11,09
BCl;s(r.) -402,96 290,08 --387,98 62,63
BF;(r.) -1136,58 254,01 -1119,93 50,46
B,0;(18.) -1270,43 53,89 -1191,29 62,76
Ba(ms.) 0 60,67 0 28,28
BaCO,(1B.) -1210,85 112,13 -1132,77 85,35
BaCl;(tB.) -859,39 123,64 -811,71 75,31
Ba(NO;),(T8.) -992,07 213,80 ~797,23 151,63
BaO(1B.) -553,54 70,29 -525,84 46,99
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1Ipodonxcenue npua. 1

Beiecrso xﬁfgf&nb z[x/(fm”fi’b K) xﬁ;g::g;m Tox/ e K)
Ba(OH),(tB.) -943,49 100,83 -855,42 97,91
BaSO,(t8.) -1458,88 132,21 ~-1348,43 102,09
Ba*(p.) ~524,05 8,79 -547,50 —
Be (18.) 0 9,54 0 16,44
BeO (t8.) -598,73 14,14 -569,54 25,56
BeSO,(1B.) -1200,81 77,97 -1089,45 85,69
Bi(18.) 0 56,90 0 26,02
Bi,04(18.) 570,70 151,46 -490,23 113,8
Br(r.) 111,88 174,90 82,44 20,79
Br(r.) -218,87 163,39 -238,67 20,79
Br,(x.) 0 152,21 0 75,69
Br,(r.) ) 30,91 254,37 3,14 36,07
HBr(r.) -36,38 198,58 -53,43 29,14
Br(p.) -121,50 82,84 -104,04 —
BrO3(p.) -83,68 163,18 1,53 -

C (amma3) 1,83 2,37 2,83 6,11
C (rpadwur) 0 5,74 0 8,54
C() 716,67 157,99 671,28 20,84
Gy (r) 830,86 199,31 774,86 43,21
CO(r) -110,53 197,55 -137,15 20,14
CO,(r.) -393,51 213,66 -394,37 37,11
COCly(r.) -219,50 283,64 -205,31 57,76
H,C,0,(rB.) -829,94 120,08 -701,73 109,00
CH,;COOH (x.) -484.,09 159,83 -389,36 123,43
HCN(r.) 132,00 201,71 121,58 35,90
CH;CO0-(p.) -485,64 87,58 -369,37 —
CN-(p.) 150,62 96,45 171,58 -
CO%(p.) -676,84 ~-56,04 -527,60 —
C,0% (p.) -824,25 51,04 -674,86 —
Ca(ts.) 0 41,63 0 26,36
CaCO; (Kansuur) ~1206,83 91,71 ~1128,35 83,47
CaCl,(ts.) -795,92 108,37 ~749,34 72,59
CaF,(18.) -1220,89 68,45 ~-1168,46 67,03
Ca(NO3),(TB.) -938,76 183,30 -743,49 149,33
CaO(tB.) -635,09 38,07 —-603,46 42,05
Ca(OH),(ts.) 985,12 83,39 -897,52 87,49
CaSO,(rs.) -1436,28 106,69 -1323,90 99,66
Cay(PO,),(18.) -4120,82 235,98 -3884,9 227,82
Ca¥(p.) -542,66 -55,23 -552,70 —
Cd(1s.) 0 51,76 0 25,94
CdCl,(tB.) -390,79 115,27 —343,24 73,22




IIpooonxcenue npua. 1

Beuecrso e | Txforeme ) | it | /1
CdO(18B.) -258,99 5481 -229,33 43,64
CdS (1B.) -156,90 71,13 -153,16 47,32
CdSO,(1B.) -934,41 123,05 -823,88 99,62
Cd*(p.) -75,31 -70,92 ~77,65 —
Cl(r.) 121,34 165,08 105,35 21,84
CI(r.) -233,63 153,25 -239,86 20,79
Cly(r.) 0 222,98 0 33,93
ClO,(r.) 104,60 257,02 122,34 41,84
CLO(r.) 75,73 266,23 93,40 45,44
HCI(r.) -92,31 186,79 -95,30 29,14
CI(p.) -167,07 56,74 -131,29 —
ClO(p.) -110,04 32,97 -36,61 —
Cl03(p.) -66,53 101,25 17,12 —
Cl03(p.) -95,56 164,43 -0,19 —
Cl03(p.) -123,60 183,68 -3,40 —
Co (18.) 0 30,04 0 24,81
CoCl,(18B.) -312,54 109,29 -269,69 78,49
CoS0,(1B.) -867,76 113,39 ~760,83 103,22
Co*(p.) -56,61 -110,46 -53,64 —
Co*(p.) 94,14 -285,01 -129,70 -
Cr(TB.) 0 23,64 0 23,35
CrCl;(tB.) -556,47 123,01 -486,37 91,80
CrO;(1B.) -590,36 73,22 -513,44 69,33
Cr,0,(1B.) -1140,56 81,17 -1058,97 104,52
Cr*(p.) -138,91 41,87 -183,26 —
Cr**(p.) -235,98 -215,48 -223,06 —
Cr,0% (p.) ~1490,93 270,39 -1295,62 —
CrO-(p.) -875,42 46,02 -720,91 —
Cs(tB.) 0 84,35 0 31,38
CsCl(1B.) -442,83 101,18 -414,61 52,63
CsI(1B.) -336,81 125,52 -331,77 51,88
CsOH (18.) -406,68 77,82 ~354,71 —
Cs*(p.) -258,04 132,84 -291,96 —
Cu(rs.) 0 33,14 0 24,43
CuCl(1B.) -137,24 87,02 -120,06 48,53
CuCl,(1B.) -205,58 108,07 -161,71 71,88
CuO(1B.) -162,00 42,63 -134,26 42,30
CuS (1B.) -53,14 66,53 -53,58 47,82
CuS0,(tB.) —770,90 109,20 —661/79 98,87
Cu,O(1B.) -173,18 92,93 -150,56 63,64
Cu*(p.) 72,80 44,35 50,00 —
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ITpodoasxcenue npuan. 1

Beecrso /oo | Tx/orom K0 | lmens | Tx/iams K
Cu*(p.) 66,94 -92,72 65,56 —
[Cu(NH,)4J> (p.) -346,52 289,50 ~111,51 —
F(r.) 79,38 158,64 62,30 22,75
F(r.) ~259,68 145,47 ~266,61 20,79
Fy(r.) 0 202,67 0 31,30
HF(r.) -273,30 173,67 -275,41 29,14
F(p.) -333,84 -14,02 -279,99 —
Fe (TB.) 0 27,15 0 24,98
FeCO;(18.) -738,15 95/40 ~665,09 83,26
FeO(1B.) -264,85 60,75 -244.30 49,92
FeSO,(18.) -927,59 107,53 -819,77 100,58
Fe,0,(TB.) -822,16 87,45 ~740,34 103,76
Fe,0,(18.) ~1117,13 146,19 ~1014,17 150,79
FeZ*(p.) -87,86 -113,39 ~-84,88 —
Fe¥(p.) -47,70 -293,30 -10,53 —
Ga(1B.) 0 41,09 0 26,07
Ga,04(1B.) ~1089,10 84,98 -998,24 92,05
Ge(1B.) 0 31,09 0 23,35
GeO, (rekcar.) -554,71 55,27 -500,79 52,09
GeO, (tetpar.) -580,15 39,71 -521,59 50,17
H(r.) 217,98 114,60 203,28 20,79
H*(r.) 1536,21 108,84 1517,00 20,79
H-(r.) 139,03 198,85 132,26 20,79
H,(r.) 0 130,52 0 28,83
H*(p.) 0 0 0 —
D,(r.) 0 144,86 0 29,20
HD(r.) 0,32 143,70 ~1,47 29,20
Hg (8.) 0 75,90 0 27,99
Hg(x.) 61,30 174,85 31,80 20,79
HgCl,(18.) -228,24 140,02 ~180,90 73,91
HgO(1B.) -90,88 70,29 -58,66 44,88
HgS(18.) ~58,99 82,42 -51,42 48,41
Hg,Cl,(18.) 265,06 192,76 -210,81 101,70
Hg>*(p.) 173,47 -25,15 164,68 —
Hg?*(p.) 171,75 82,17 153,60 —
I(r.) 106,76 180,67 70,21 20,79
I-(r.) -195,02 169,15 -221,92 20,79
I,(1B.) 0 116,14 0 54,44
I (r.) 62,43 260,60 19,39 36,90
HI() 26,36 206,48 1,58 29,16
I-(p.) -56,90 106,69 -51/94 —

213



IIpodoaxcenue npua. 1

Bewecrso xﬁfgfo}m nxq(igﬁl ‘K) .ﬁfgﬁm T/ K)

5(p.) 51,46 239,32 -51,42 -

103(p.) -220,52 117,78 ~127,16 —

In(ts.) 0 57,82 0 26,74
In,05(18.) -925,92 107,95 ~831,98 92,05
K (18.) 0 64,18 0 29,58
KAl (80,),(1B.) -2465,00 204,50 -2235 193,00
KBr(1B.) -393,80 95,94 -380,60 52,30
KClI(1B.) —436,68 82,55 -408,93 51,49
KI(tB.) -327,90 106,40 -323,18 53,00
KMnO,(18.) 828,89 171,54 ~729,14 117,57
KNO,(1B.) -492,46 132,88 -392,75 96,29
KCI1O;(1B.) -391,20 142,97 -289,80 100,25
KCIO,(18.) 430,12 151,04 -300,58 112,40
KOH (1B.) -424,72 79,28 -379,22 65,60
K,CO;(18.) ~1150,18 155,52 -1064,87 114,44
K,SO,(18.) -1433,69 175,56 ~1316,04 130,01
K,Cr,0,(18.) ~2067,27 291,21 -1887,85 219,70
K,CrO,(18.) -1385,74 200,00 -1277,84 146,00
K*(p.) -252,17 101,04 ~282,62 -

La (t8.) 0 56,90 0 27,82
LaCl;(18.) ~10700,68 144,35 -997,07 103,60
Li(p.) 0 28,24 0 24,73
LiCl(1B.) -408,27 59,30 -384,30 48,39
LiNO,(r5.) 482,33 71,13 374,92 83,26
LiOH (1B.) -484,67 42,72 -439,00 49,58
Li,CO;(18.) ~1216,00 90,16 ~1132,67 96,20
Li,SO,(18.) -1435,86 114,00 . -1321,28 117,60
Li*(p.) 278,45 11,30 -292,86 —

Mg (T8B.) 0 32,68 0 24,89
MgCO;(1B.) ~1095,85 65,10 -1012,15 76,11
MgCly(8.) -644,80 89,54 -595,30 71,25
MgO(1B.) -601,49 27,07 -569,27 37,30
Mg(OH),(1B.) -924,66 63,18 -833,75 76,99
MgSO,(18.) ~1287,42 91,55 ~1173,25 95,60
Mg (p.) 461,75 ~119,66 455,24 -

Mn (t8.) 0 32,01 0 26,28
MnCO;(1B.) ~881,66 109,54 -811,40 81,50
MnCl,(1B.) —481,16 118,24 -440,41 72,97
MnO (18.) -385,10 61,50 363,34 44,10
MnO,(18B.) -521,49 53,14 —466,68 54,02
Mn,04(1B.) -957,72 110,46 -879,91 107,50
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IIpodoaxcenue npua. 1

Bewectso xﬁfxi/lfgnb M(ﬁ?ﬁl ‘K) xﬁgfo}b Tok/ G- K)
Mn;0,(1B.) ~1387,60 . 154,81 -1282,91 148,08
Mn?2+ (p.) -220,50 -66,94 -229,91 —
MnO;(p.) 533,04 196,23 440,28 —
Mo (18B.) 0 28,62 0 24,06
N, (r.) 0 191,50 0 29,12
NH;(x.) 69,87 — — 80,75
NH;(r.) -45,94 192,66 -16,48 35,16
NH,Cl(18B.) -314,22 95,81 -203,22 84,10
NH,NO;(18.) -365,43 151,04 -183,93 139,33
NO(r.) 91,26 210,64 87,58 29,86
NOCI(r.) 52,59 263,50 66,37 39,37
NO,(r.) 34,19 240,06 52,29 36,66
N,0(r.) 82,01 219,83 104,12 38,62
N,0,(r.) 11,11 304,35 99,68 79,16
N,Os(r.) 13,30 355,65 117,14 95,28
HNO,(x.) ~173,00 156,16 79,90 109,87
HNO,(r.) ~133,91 266,78 73,78 54,12
NH;(p.) -132,80 112,84 -79,52 —
NO5(p.) ~104,60 139,85 37,16 -
NO;3(p.) -207,38 146,94 -111,49 —
Na (18.) 0 51,21 0 28,24
NaAlO,(18.) -1133,03 70,29 -1069,20 73,30
NaBr(1B.) -361,41 86,82 -349,34 51,90
NaCl(1B.) —411,12 72,13 -384,13 50,81
Nal(1B.) ~287,89 98,32 -284,59 52,50
NaNO,(18.) -466,70 116,50 - 365,97 93,05
NaHCO;(TB.) -447,30 102,10 —-849,65 87,70
Na,COs(8.) ~1130,80 138,80 ~1048,20 111,30
Na,B,0,(18B.) -3276,70 189,50 -3081,80 186,80
NaOH (18.) 426,35 64,43 380,29 59,66
Na,O(1B.) -417,98 75,06 -379,26 68,89
Na,O,(18.) 513,21 94,81 449,81 90,89
Na,S0,(T8.) -1089,43 146,02 -1001,21 120,08
Na,SO,(8.) -1387,21 149,62 ~2169,50 128,35
Na,S0,- 10H,0(18.) -4324,75 591,87 ~3644,09 547,46
Na,SiFg(Ts.) ~2849,72 214,64 -2696,29 —
Na,Si0O;(18.) ~-1561,43 113,76 -1467,50 111,81
Na,AlF,(18.) -3309,54 283,49 -3158,53 219,51
Na,PO,(Ts.) ~1924,64 224,68 _1811,31 153,57
Na*(p.) -240,30 58,41 -261,90 —
Ni(ts.) 0 29,87 0 24,07

215



IIpodoaxcenue npua. 1

Bewectso égfo}m M(i?ﬁl ‘K) égf&b T/ K)
NiCl,(8.) ~304,18 98,07 -258,03 71,67
NiSO, (T8.) 873,49 103,85 763,76 97,70
NiO (18.) 239,74 37,99 211,60 44,31
Ni2*(p.) -53,14 ~126,05 45,56 -
o(r.) 249,17 160,95 231,75 21,91
0*(r.) 1568,78 154,85 1546,96 20,79
O (r.) 101,43 157,26 91,20 21,67
0,(r.) 0 205,04 0 29,37
O;(r.) 142,26 238,82 162,76 39,25
H,0(18.) -291,85 (39,33) — -
H,0(x.) -285,83 69,95 -237,23 75,30
H,O0(.) -241,81 188,72 -228,61 33,61
H,0,(x.) -187,86 109,60 -120,52 89,33
OH-(p.) -230,02 -10,71 ~157,35 —

P (Gen.) 0 41,09 0 23,82
P (kpacH.) -17,95 22,80 -12,00 21,39
P,(r.) 143,39 217,94 103,37 32,05
PCl;(x.) -320,91 218,49 -274,08 131,38
PCl;(r.) —-287,02 311,71 -267,98 71,84
PCls(tB.) —445,89 170,80 -318,36 138
PCI(r.) -374,89 364,47 -305,10 112,97
P,0,o(TB.) ~2984,03 228,86 ~2697,60 211,71
H;PO,(x.) -1266,90 200,83 -1134,00 106,10
PO} (p.) -1277,38 ~220,29 ~1018,81 —
Pb (18.) 0 64,81 0 26,82
PbCl,(T8.) -359,82 135,98 -3314,56 76,99
Pbl,(T8.) | 175,23 175,35 -173,56 81,17
PbO (xent.) 217,61 68,70 188,20 45,77
PbO (kpact.) 219,28 66,11 ~189,10 45,81
PbO, (18.) 276,56 71,92 217,55 64,77
Pb;0,(1B.) -723,41 211,29 -606,17 146,86
PbSO,(T8.) -920,48 148,57 -813,67 103,22
Pb2*(p.) ~1,18 24,32 11,82 —
Pt (18.) 0 41,55 0 25,86
PtCl,(18.) 106,69 219,79 -93,35 75,52
PtCly(1B.) ~229,28 267,88 -163,80 150,86
[PtCL]> (p.) 500,82 125,64 -354,01 —
[PtClg]* (p.) -669,44 223,43 —485,31 -
Rb(t8.) 0 76,23 0 30,88
Rb*(p.) -251,12 120,46 ~283,76 —

S (Momox.) 0,38 32,55 0,19 23,64
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IIpodoaxcenue npua. 1

Beiectso .ﬁigﬁ“o}m nxq(ic{”f}l ‘'K) Kﬁff/:so}m T/ K)

S (pom6.) 0 31,92 0 22,68
S@) 278,81 167,75 238,31 23,67
S, (1) 128,37 228,03 79,42 32,51
SO,(r.) -296,90 248,07 -300,21 39,87
SO,Cl,(x.) -394,13 216,31 -321,49 133,89
SO,Cly(r.) -363,17 311,29 -318,85 77,40
SO4(r.) 395,85 256,69 ~371,17 50,09
H,S(r.) -20,61 205,70 -33,50 33,44
H,S0,(x.) -813,99 156,90 -690,14 138,91
Sz‘(p.) 32,64 -14,52 85,40 —

SO3%(p.) -638,27 -38,28 -486,73 —

SO (p.) -909,26 18,20 ~743,99 —

Sb (18.) 0 45,69 0 25,23
SbCl;(1B.) -381,16 183,26 -322,45 110,46
SbCl;(r.) -311,96 338,49 -299,54 77,40
Sb,0;(1B.) -715,46 132,63 -636,06 111,76
Sb,05(1B.) -1007,51 125,10 -864,74 117,61
Se(18.) 0 42.44 0 25,36
Si (18.) 0 18,83 0 19,99
SiCl,(x.) -687,85 239,74 -620,75 145,27
SiCl,(r.) -657,52 330,95 -617,62 90,37
SiF4(r.) -1614,94 282,38 -1572,66 73,64
SiH4(r.) 34,73 204,56 57,18 42,89
Si0, (xBapir) -910,94 41,84 -856,67 44 43
Si0, (crekn.) -903,49 46,86 -859,71 44,35
[SiF6]2'(p.) -2396,51 125,94 -2208,25 —

Sn (18.) 0 51,55 0 26,99
SnCl,(1B.) -330,95 131,80 -288,40 75,58
SnCl,(x.) -528,86 258,99 -457,74 165,27
SnCl,(r.) -489,11 365,84 -449,55 98,32
SnO(1B.) -285,98 56,48 -256,88 44,35
SnO,(1B.) -580,74 52,30 -519,83 52,59
Sn?*(p.) -10,23 ~25,26 -26,24 —

Sr(TsB.) 0 55,69 0 26,36
SrO(1B.) -592,04 54,39 -562,10 45,03
SrSO,(1B.) -1444,74 117,57 -1332,42 107,79
Sr(p.) -545,51 -26,36 -560,97 —

Te(18.) 0 49,50 0 25,71
TeCl, (18.) 323,84 200,83 236,00 138,49
TeO,(1B.) -323,42 74,06 -269,61 63,88
Ti (s.) 0 30,63 0 25,02
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Oxonvanue npua. 1

Bemecrso Kﬁg/lhz:soinb le/(ig;’b' K) Kﬁf/;gso}m le/((;:(za’;;- K)
TiCl,(x.) ~804,16 252,40 -737,42 145,20
TiCl,(r.) ~763,16 354,80 -726,85 95,45
TiO,(18.) -944.75 50,33 ~889,49 50,04
TI(rB.) 0 64,18 0 26,32
TICI(18.) -204,18 111,29 -184,98 52,70
TLO(18B.) -167,36 134,31 -138,57 68,54
TI(p.) 5,52 126,20 -32,43 —
T (p.) 201,25 -176,92 214,76 -

U (18.) 0 50,29 0 27,66
UF, (18.) -1910,37 151,67 -1819,74 115,98
UF¢(18B.) -2188,23 227,61 -2059,82 167,49
UFq(r.) -2128,61 377,98 -2055,03 129,74
UO,(tB.) -1084,91 77,82 -1031,98 63,71
U,04(1B.) -3574,81 282,42 -3369,50 273,24
UO,(NO,),(1B.) —1348,99 276,33 -1114,76 —

U*(p.) -514,63 -125,52 -520,59 —

UO#(p.) -1018,66 -89,68 954,71 —

W(rB.) 0 32,64 0 24,27
WO, (18.) -842,91 75,90 -764,11 72,79
Zn (18.) 0 41,63 0 25,44
ZnCl,(1B.) -415,05 111,46 -369,39 67,53
ZnCO;(1B.) -812,53 80,33 -730,66 80,08
ZnO(18.) -348,11 43,51 -318,10 40,25
ZnSO,(1B.) -981,36 110,54 -879,12 99,06
Zn(OH),(1B.) -645,43 76,99 -555,92 74,27
Zn2(p.) -153,64 -110,62 -147,16 —

Zr(1B.) 0 38,99 0 25,44
ZrCl,(1B.) -979,77 181,42 -889,27 119,77
ZrO,(18B.) -1097,46 50,36 1039,72 56,05

HdaHHble B3sITHI U3 «KpaTkoro CHpaBOYHHKa (PU3HKO-XMMHUYECKUX BEJIMYUH» Tol pel.
A.A.Papaens u A.M. ITonomapesoit (CI16.: M3n-so «MBan @enopos», 2002).
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Ilpunoxenue 2

Juarpammer JlaTumepa

I'pymna 1 I'pynma 2 I'pymna 13

PH =0 pH =0 pH =0

H -2 H, Be? =197, Be B(OH), 22¥%,

Lit 2040, 14 Mg?* 2336, Mg AP L6764

Na® 271, Na Ca* =28, cq Ga* 238, G,
K228, K s 20, It 044, g 0%, 1,
Rb* 222, Ry Ba2 =291, B, T L35, o 20336, 1y
Cs* 23026~ Ra% 2916, oo pH = 14:

pH = 14: pH = 14: [B(OH),|” =12, BH;
H,0 2482, g, Mg(OH), 27, Mg [AIOH),]" 2319, A

[GaO(OH),]” =12, Ga

I'pynna 14

pH =0

co, 2%, HcooH 222, ycHo 227, cH,0H 2%, cH,
CO, %1%, co 237, ¢ 2012, oy,

5i0, 2%, sj

Ge0, 270, Geo 2255, Ge

Ge* M Ge

SnO, L%s» SnO M Sn

Snt B15, g2 20137, sn

a-Pb0, 14, pp2r 0125 py)

a-Pb0, 1:7% pbso, 20356, py,
pH = 14:

co3 2289, Heo; 2119, geHo 229, cH,oH 024, CH,

c 1%, cH,0H

sior =199, ;
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GeO,(0H) =%, Ge

[Sn(OH)s)> 222 [snOOH)]” £2Y, sn

0,254

PbO, » PbO =578, pp

Ipynna 15
pH=0

NO; 0,803 N,0, 1,07 HNO, 0,996) NO 1,59; N,0 1,77; N2_1’87) NH3OH+ 1,41

L4t N, H; 128, NH;

-0,933 0,380

H,P0, =%, H,P,0, 3%, H,P0, =249, y,po, 2%, p 0%3,

PH,
H3ASO4 0,560 H;ASO:; 0,240 As -0,225 ASH3
Sb,05 %3, §b,0, 2342, §b,0, 212, 5p 2310, ShH,

pH=14

NO; 2%, N,0, 287, NO, 2%, NO 275, N,0 2%, N, 2%, NH,0H 2B,
N,H, 2! NH,

poj =12, Hpo} =L, H,po; 2B, p 08, py,

ASOF 287, AsO; 208, As LT, AcH

[Sb(OH)s” =243, [sb(OH), ]~ =253, sp =338, SpH,

Bi,0, =245, g;

I'pynna 16
pH = 0:

0, -0,125 HO, 1,51) H,0, 1,763 s H,0

- 0,253 0,400

HS0; =233 5,02 839, 4,50, 240, 5,02 260, g OIH, g g
s,08 1%, 502

SeOZ LIS, H,Se0, 074 ge 0, H,Se

H,TeO, 225 (Tett) &5, Te 2074, Ted- 2064, H,Te
H,TeO, 1,00, TeO, % Te%‘
pH = 14:

220



0, -0,33 0; 0,20 HO; 0,867 OH"

-0,936
>

SOX so¥ -0,576 S,0% ~0,742 S -0,476 HS"

Se02 203, ged- 2036, g 067 | g2

TeO;” 9,07, TeO¥ 2042, e 084, Tel L5, e

I'pynna 17
pH=0

F, 3,053

HF
F, 2,979 HF;

- L175

clo; 12, cio; M, cio, 1188, Hel0, L4, HCo L8, ¢, 3%, cf

BrO; 1,853 BrO; 1,447 HBrO 1,604 Br, 1,065 Br

Br, —41’087 Br
H,I06 1% 105 113, Hio L4, 1, 0535, -

I; 0,536 I

pH = 14:

F, 2,866 F

0,681

clo; 234, cio; 2%, cl0, LYL, clo; 28L, clo- 242, ¢y, 1358,

BrO; 1,025 BrO; 0,492 BrO™ 0,455 Br, 1,065 Br-

H,10% %83, 105 815, 10~ 042, |, 0535, |-
Ipyma 18
pPH=0

H,XeO4 245 Xe0, 212, Xe

IJenounoii pacmeop:

HXeO3 %2, HXe0; 1% Xe
I'pynma 3

pH =0:

Sc* 2293, ¢

Y3+ —2,37 Y
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La3+ -2,38 La

ScF* =216, g¢
pH = 14:

Sc(OH), =282, s¢
I'pynna 4
pH=0

Ti02+ 0,1 N Ti3+ —0,37> Ti2+ —1,63) Ti

Ti0, =%, Ti,0, =2, Tio =134, Tj
Zr“"—»‘l’55 Zr

e =L, gr
pH = 14:

Tio, =2, Ti,0, =12, Tio =23, Ti

I'pynna 5

pH=0:
1,000 0,337 -0,225 ~1,13
VO3 — VO y V3 > V2 >V

pH =~ 3,0 - 3,5:

-0,723 0,481 -0,082 1,13
[H,V;40%]* —— VOOH* —— VOH?* » V2+ N

-0,1 ~1,1
Nb,05s —s Nb* —— Nb

-0,81
Ta;O05 —— Ta

-0,45
TaF3 — > Ta
pH = 14:

2,19 0,542 -0,486 -0,820
VO;-— HV,05 > V,0; > VO >V

I'pymma 6
pH = 0:

0,55 1,34 2,10 -0,424 -0,90
Cr,04 — Cr(V) — Cr(IV) —> Cr* > Cr¥ » Cr

0,49 0,17 0,0 (0,005)

H;M00,(s) —> M0,03* — [M0;04(0H,)g]* —> [Mo,(n-OH),(OH,)s]* —— Mo
2 -0,13
y Mo>* » Mo

)

0,646 ~
H;Mo004(s) —— Mo0,
-0,38
[M00,0]}* — [MoCIls(OH,)*
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-0,029 ~0,031 -0,119
W03 > W205 > W02 —_— W

-0,046
[CoW 3049} ——— [H,CoW,04}%

0,22
[PW 5041 — [PW,,0,,]*
pH=7:

[CHCN)P- s [CH(CN)gJ*
[Cr(edta)(OH,) ) —_—0’9—99 [Cr(edta)(OH,)}*
[Mo(CN)sF- 2, [Mo(CN)yJ*

0,457
[W(CN)gP- —— [W(CN),*
pH = 14;

-0,11 ~-1,33
CrO} —— Cr(OH); ——» Cr

-0,72 -1,33
CrOf —— [Cr(OH),}- ——» Cr

-0,780 -0,980
MoO} —— Mo0O,——» Mo
-1,259 -0,982
w03 » WO, > W

-0,702
[W(CN)4(OH)4" —— [W(CN)4(OH),|>

I'pynna 7
pH =0:

MnO; 222 HMnO; 12, (H,Mn0,) 2%, Mn0, %%, Mn* 15, Mn?* b8, Mp

TcOy ©.74) » TcO, 0.28 » Tc

ReOy —-)0'72 RcO;—->0'40 ReO, ——»0’276 Re

Re0; 212, [ReClg)> 25, Re

pH = 14:

MnO; 2% Mn0} %2, Mn0} 223 Mn0, 246, Mn,0, 20234, Mn(OH), 25, Mn
ReO; 2233, Re0, %352, Re

I'pynna 8

pH=0:

FCS+ 0,771 , Fez+ —0,44> Fe

[Fe(CN)gJ* 2L, [Fe(CN)gl* 11, Fe
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[Fe(ox);}" 22, [Fe(ox);]*

RuO, 22, Ru0; 18, (Ru0) 1255 (Ru(OH)?)* 286, Ry 024, Ry2+ 98, Ry

0s0,(p.) -8 050, 283 05
pH=7:

[Ru(NH,)** 223 [Ru(NH;)¢**

[Ru(CN)g}* 229 [Ru(CN)ql*

[Ru(bipy)s}** 243 [Ru(bipy);**
[0sCl> 2%, [0sCl,*
[OsBr6]2' 9.45, [OsBr6]3'

[0s(CN)gJ> 2834, [0s(CN)I*

[Os(bipy)s]* ~283, [Os(bipy),I*
pH = 14:

Feo? —28L, Fe,0, =235, Fe(OH), =22, Fe

I'pynna 9

pH=0:

Co0, L4, cot 192, o2 20282, Co
Rh* 278 gy

[RhCIg)** 235 Rh

110, 22, (1) 1%

[IrCle) 287, (1rC1g® 288, 1
(IBrg)* 289, [1rBry*

[Irlgl 289, (1r1g)>

PH=7:

[Co(NH;)e* -2, [Co(NH,)*
[Co(phen);** 23 [Co(phen),]**

[Co(ox)s1* 221, [Co(ox)s]*

* Tounee, H,[Ru,O4(OHy);,]*“"™.
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[R(CN)¢]* 22, [Rn(CN)¢]*
pH = 14;

C00, -2%5 Co(0OH); 2%, Co(0H), 22735 Co

I'pynna 10

pH=10:

Nio, 225 Ni** =22, Nj

PdO, 1124, pg+ 0213, py
(PdClg> 144 [pdcly* 28 pd
[PdBry> 2%, pd

PtO,(s) 2L PdO(s) &%, pt
[PtCI> 272, [Prc > 2758, py
[PtBrg}> 283, [PtBr,j> 258, pt

pH=7:

[Ni(NH,)* =2, Ni
pH = 14:

Ni0o, 27, NiooH %%, Ni(oH), %%, Ni

PdO, X7, pao 2897, pg

I'pynna 11

pH =0:

Cu? 219, cypr 050, oy

cu® L1 rcueNy, =24, cu

Ag,0; _L71s, AgO L8302, pg+ 0199, Ag
[Ag(CN),l” =224, Ag

Au,0, L2, Aut 199, Ay

[AuCL) 225, (Aucl, 1%, Au

[AuBr,]” ———)0’802 [AuBr,} —)0’960 Au
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[AuL,)” 2% [AuL) -2, Au

[AuSCN), " 2%, [Au(SCN),I” 2862, Au

[Au(CN),” 222, Au
pH=7:

[Cu(NH,) > 2% [Cu(NH,),) %% cu

[Ag(NH;),J" 222, Ag
pH = 14:

Cu(OH), -2, Cu,0 =43, cu

0,887 0,602 0,343
Ag,0; > AgO > Ag,0 > Ag

I'pynna 12
pH = 0:

Zn2+ -0,762 Zn
Cd2+ ~-0,402 Ccd

Hg2+ —0,9110) Hg%" 0,796) Hg

Hg,Cl, L0268, Hg
PH = 14:

[Zn(OH) > =215 Zn
Zn(OH), =12, 7n
Cd(OH),(s) 284, cd
Hgo 2277, Hg

JlanTanonus
pH = 0:

La* -2,38 La

Ce* L7, ce* =23 e

Pr4+ 3,2 Prs" -2,35 Pr
Nd** 228 Na* =23 Nd
Pm3+ -2,29 Pm

Sm3+ ~1,55 N Sm2+ —2,67) Sm
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Eu3+ -0,35 Eu2+ -2,80 Eu

Gd* 2%, Gd

Td* 2L, Ta* =23, 1dq
Dy* =23, Dyz+ 23 Dy
Ho™ =23, Ho

Er* 232, By

Tm* 223, Tm® =23 Tm
V¥ b5,y 228 vp

Lu3+ ~-2,3 Lu

AKTHHOHIB

pH=0:

Ac* 22, (Ac™) 0% Ac

Th* 28 (h*) 23 (th*) %% Th

PaOOH> 20, py* ~14 pyi+ =58 py2+ 03 p,

UO§+ 0,17} UOi 0,38) U4+ —0,52; U3+ -4,7 U2+ -0,1 U

NpO3* -2 Npoj 2% Np* 215 Np** 24, (Np*) 23, Np
Pu0} 1%, pyo; L%, pyt L0 py 35 (Pu?) 22 pu
AmO}* 1% Amo; 28 Am* 28, Am* 23, (Am*) 23 Am
Cm* 2L, cm™ 34 (cm?) 213 Cm

B L7, pic 280, (pic) L8, B

(Cf*) 32, cftr ZL80, (cprny 206, o

(Es*) 45, Egh b3S (Es™) 2%, Es
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IIpunoxeHue 3

BJICKT])OOTPHllaTeJlLHOCTL XHMHYCCKHX 3JIECMCHTOB

H He
2,2 —
Li Be B C N 0] F Ne
0,98 1,57 2,04 2,55 3,0 3,44 3,98 —
0,97 1,47 2,01 250 3,07 3,50 4,10 —
Na Mg Al Si P S Cl Ar
0,9 1,31 1,61 1,90 2,19 2,58 3,16 —
1,01 1,23 1,47 1,74 2,06 2,44 2,83 -
K Ca Ga Ge As Se Br Kr
0,82 1,00 1,81 2,01 2,18 2,55 2,96 —
0,91 1,04 1,82 2,02 220 248 2,74 —
Rb Sr In Sn Sb Te I Xe
0,82 0,95 1,78 1,96 2,05 2,1 2,66 2,6
0,89 0,99 1,49 1,72 1,82 201 221 —
Cs Ba Tl Pb Bi Po At Rn
0,79 0,89 1,8 2,33 2,02 2,0 2,2 -
0,86 0,97 1,44 1,55 1,67 1,76 1,96 -
Sc Ti v Cr Mn - Fe Co Ni Cu Zn

1,36 1,54 1,63 1,66 1,55 1,83 1,88 1,91 1,90 1,65
1,20 1,32 1,45 1,56 1,60 1,64 1,70 1,75 1,75 1,66
Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
1,22 1,33 1,6 2,16 1,9 2,2 2,28 2,20 1,93 1,69
111 1,22 1,23 1,30 1,36 1,42 1,45 1,35 1,42 1,46
La Hf Ta w Re Os Ir Pt Au Hg
1,10 1,3 1,5 2,36 1,9 2,2 2,20 2,28 2,54 2,00
1,08 1,23 1,33 1,40 1,46 1,52 1,55 1,44 1,42 1,44

Ce | Pr [ Nd | Pm| Sm| Eu | Gd | Tb { Dy | Ho | Er { Tm | Yb | Lu
1,12(1,13 | 1,14} — | 1,17 |— 1,200 — {1,22] 1,23 1,24} 1,25 — | 1,27
1,06 1,07 1,07 1,07 | 1,07| 1,01} 1,11| 1,10| 1,10\ 1,10| 1,11| 1,11| 1,06 1,14
Th | Pa U | Np|Pu|{Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
1,3 1,5]|1,38({1,36| 1,28 1,3 13| 1,3 1,3 1,3 1,3] 1,3 1,3 1,3

L1l L14| 1,22} 1,22 | 1,22 — — — — — — — — —

Ipumeyanue. Bepxusas unMoppa — 3MeKTPOOTPUUATENLHOCTL MO TTONMHIY, HUXHAS (KyDCHB) —
no Omnpeny — Poxoy. JlaHHBEIE B3STHI M3 cripaBouHuKa JIX.dMcan «Dnemente» (M.: Mup, 1993).
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Paaguycw aTomon (1m)

Ilpunoxenue 4

H He
f 0,030 (0,122)
Li Be B C N 0] F Ne
0,152 0,113 0,081 0,077 0,055* 0,060* 0,058 (0,160)
Na Mg Al Si P S Cl Ar
0,186 0,160 0,143 0,118 0,110%* 0,104 0,099 (0,191)
K Ca Ga Ge As Se Br Kr
0,227 0,197 0,122 0,122 0,121+ 0,117 0,114 (0,198)
Rb Sr In Sn Sb Te 1 Xe
0,247 0,215 0,162 0,158 0,141 0,137 0,133 (0,209)
Cs Ba TI Pb Bi Po At Rn
0,265 0,217 0,170 0,175 0,155 0,167 — —
‘ Sc Ti A" Cr Mn Fe Co Ni Cu Zn
; 0,161 | 0,145 | 0,132 | 0,125 | 0,124 | 0,124 | 0,125 0,125 | 0,128 | 0,133
| Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
| 0,181 | 0,160 | 0,143 | 0,136 | 0,136 | 0,134 | 0,134 0,138 | 0,144 | 0,149
‘ La Hf Ta W Re Os Ir Pt Au Hg
0,188 | 0,156 | 0,143 | 0,137 | 0,137 | 0,135 | 0,136 0,139 | 0,144 | 0,150
Ce | Pr INd|[Pm|Sm | Eu | Gd| To [ Dy | Ho| Er [Tm | Yb | Lu
0,183 0,183/0,182] 0,181 0,180| 0,204 0,180| 0,178 0,177 0,177]0,176] 0,175} 0,170] 0,173
Th | Pa U|Np|(Pu|{Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr
0,180(0,161/0,139| 0,131 0,151|0,184| — — — — — — — —

* JIByXaTOMHbIE MOJIEKYJHI.
**Monekynasl Py u As,.
Ipumeuanue. TIpaMbIM WIPUPTOM AAHBI METALTUYECKHE PamWyCHl, KYPCUBOM — KOBAaJIEHTHHIE, B
CKOOKax — BaH-/ep-BaalbCOBLI. J|aHHbIE B3ATH M3 cnpaBoyHuka JIxk.OMcnn «DnemeHTE» (M.:

Mup, 1993).
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