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IPENCJIOBUE

B K1accHYECKHX YHUBEPCUTETaX PoccHu XuMITyeckoe 06pa3oBaHHe TPAIHIHOHHO
HAYMHAETCH ¢ Kypca HEOpraHMYECKOH XUMMUM, COIEPKAHHE KOTOPOIO CYLIECTBEHHO
OTNMYAETCH OT ONHOMMEHHOTO B GOJIBIIMHCTBE 3apyOeXXHBIX YHHBEPCUTETOB. TaM,
KAK [1PaBUJIO, HEOPTAHMYECKONM XUMWH, TIpeNoaaBaeMoit Ha CTapIlMX Kypcax, Npei-
LIECTBYET M3ydeHHE DU3MIECKOM, aHANUTHUECKOH H OPraHH4eCKOM XMMHH, KOTO-
peie GopMUpYIOT byHIaMEHT XUMHYECKIX 3HaHU. HecoMHEHHO, YTO OTEYEeCTBEH-
HEIH OIBIT XHMHYECKOro 00pa3oBaHuA GoJiee COOTBETCTBYET HCTOPHUYECKOM JIOTHKE
pa3BUTUSA XUMHH, HO OZHOBPEMEHHO CO3AET HEMANO TPYAHOCTEH, 0OYCIIOBIEHHBIX
OTCYTCTBHEM Y CTYACHTOB-MEPBOKYPCHUKOB (BU3HKO-XHMHYECKOU MOATOTOBKH, He-
0GXOAMMOI IUIST U3YYEHHA OCHOB HEOPraHHYECKOH XUMHHM Ha YPOBHE COBPEMEHHBIX
TeopUt W OpeacTABICHHI.

O6pa3oBaTeabHBIN cTaHnapT Mo cnenuansHocTy 011000 «XuMust», NpUHSTHIA B
1999 r., Ho noka He obecnedYeHHRIH B MOAHOH Mepe yueOHOI JUTEpaTypoil, Mpu-
3BaH B OMpPENeIEHHOM Mepe YCTPAaHHMTh 3TH HEAOCTATKH.

MHorue y4e6HMKH TI0 HEOPraH HYECKOM XMMHH HECOMHEHHO 3aCTyXKHBalOT BHU-
MaHusg. K HUM OTHOCSTCSA, B YACTHOCTH, KHUrM, HanucaHHpie H.C. AXMETOBBIM,
A.A.Yraem, M. X.Kapanetssaunem, C.W. Ipakunsim, A. B. CyBopoBbiM, A.b. Hu-
KonbckuM. IIpenjiaraeMelif BallieMy BHUMAHHWIO yISOHUK CO3MAH KOLIEKTHBOM Tpe-
nonapaTeneit Kadeapsl HEOPraHHMYECKOH XMMHH XWMHYeckoro daxynsreta Moc-
KOBCKOTO roCyaapCTBEHHOTO YHUBepcuTeTa MM. M. B. JloMoHOCOBa Ha OCHOBE MX MHO-
TONETHETO OIEITA H MIOJHOCTLIO COOTBETCTBYET TOCYHAPCTBEHHOMY 00pa30BaTeIbHO-
MY cTaHaapTy no cnenuanbHocTH 011000 «XuMusi» U IporpamMMe NOAroTOBKH Gaka-
JIaBPOB M0 HarnpasieH|0 510500 «Xumust». YueGHUK H3maeTcs B Tpex Tomax. B mep-
BOM TOME UIIOXKEHB! (PH3MKO-XUMHYECKHE OCHOBLI HeOpraHu4ecKoi xumMuu. Bo BTo-
POM TOME GYIET paccMOTpPEHA XMMHS 3IEMCHTOB IMaBHbIX Tpymnn ITepuonndeckoit
cHcTteMel aneMeHToB J1. M. Menneneea. HakoHeL, B TpETheM TOME IMpeIIoaraercd
pacCMOTPETE XUMHUIO d- H f~35ieMeHToB. OCHOBHOE BHUMaHHE YIEJIEHO YCTAHOBIIE-
HHIO B3aUMOCBSA3€H MEXIly CTPOEHHEM BEILUECTB H MX MPEBPAIIEHUAMH B HEOPraHH-
YecKuX cUCTeMax JUIS pa3IHYHbIX 35eMeHToB IMepuoamyeckoii cucremsl. ITonuMa-
HHE 3THX B3aMMOCBH3¢H OTKPHIBAET MYTh K CO3JAHUIO HEOPraHWYECKHUX BEIECTB H
MaTepHaJIOB ¢ MPUHLWITUATEHO HOBEIMH (DYHKITHOHAILHBIMH H KOHCTPYKLIMOHHLI-
MH CBOMCTBaMH. SIpKMM IOATBEPXKICHUEM TLTOLOTBOPHOCTH TAKOre MoJxoaa ABJisA-
eTcd IOMBJICHHE HOBBIX MOKOJACHHE CBEPXIMPOBOAAIIMX KYIPaTOB, MAaHTaHHWTOB C
KOMOCCANBHEIM MArHHTHBIM COIPOTUBIEHUEM M HAaHOKOMITO3MTOB C IOMYIIPOBOA-
HUKOBBIMM KBAaHTOBBIMH TOUKAMH, B CO3JaHHE KOTOPBIX 3HAYUTEALHBIH BKJIaJ BHE-
CJIM COTPYAHHUKHM XUMHYECKOTO (aky/bTeTa M (aKynsTeTa Hayk o MaTtepuanax MI'Y.
OCBOCHHE TEOPETHIECKOTO MaTepHaNa Mo HeOPraHW4eCKOM XMMHU HEMBICTHMO O3
3KCIIEpPUMEHTAJIbHOM paboThl B laGopaTopuH. B eUHEBIN METOIHYECKHH KOMILIEKT
BMECTE C HAHHLEIM YYEOHHKOM BXONHT «[IpakTHKyM O HEOPraHWYECKOH XHMMH»,
HaNMCaHHBIH KOJLIEKTHBOM aBTOPOB Nox pepakiueit akanemuka IO. 1. TpeTosikoBa.
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Ipu HanUcaHWM yyebHHKA IOMUMO IIHPOKO HW3BCCTHBIX KHUT H.C.AxmeTOBa,
B.B.HekpacoBa M Ipyrux, JABHO CTaBIUHX KIACCHYCCKUMM, aBTOPBI aKTHBHO MC-
[HONB30BAIM OMLT TocaeaHuX usgaHuit yue6uuxos I1.3tkunca, H.[puHBYZa,
IIx. Xston, K. Xayckpodr, yacTh U3 KOTOPBIX NPAaKTHYECKH HEH3BECTHA pOCCHii-
CKOM CTyneHYeCKOH ayIMTOpHM IO MPHYMHE OTCYTCTBHS MEPEBOILOB HA PYCCKHIT
SI3BIK.

YueGHUK MPeIHA3HAYEH ISt CTYACHTOB XHMHUYECKHX (PaKyTbTeTOB YHHBEPCHTE-
TOB M TEXHMYECKHX BY3OB, GYIET MOJIE3€H.aCNUpaHTaM, HayYHHM PabOTHHKaM H
YYAIAMCS CTAPLIHX KJIACCOB, HHTEPECYIOIMMMCS XUMHEH.

ABTOpDHI CTAPAIKCH YICCTh GOraThli OMBIT M TPALUIMH NPENONABAHNS HCOPraHH-
yeckoit XUMHM Ha XuMudeckoM daxynbrere MI'Y, MarepHanbl METOLHYECKHX 11O~
cobuii, HAMMCAHHBIX MpernoaaBaTensamMu kadeaps — H.3. I'paboem, H.A. 1oGpbI-
aunoil, 1.A. IIpecusikopsm, B.H.Iyraaessiv, M. T'. Po3osoi, I'. B. lImax4yeHKO,
A. B.1leBenbkoBbiM. LIeHHBIE COBETH H KPUTHYECKHE 3aMeYaHHust ObUIH ITOJIYYCHBI
OT MHOTMX NpeNonaBaTe/icit U COTPYIHHKOB Kadeaphl HEOPTaHHYECKOH XUMUHM —
A.U.Xuposa, E.A.JlaByr, H.B. Mopo3oBa, H.H.Oneitnukora, B.H.Ilymisesa,
M.T. Po3oBoif, A. M.TackkoBa U ap. ABTOpH 0OCOGEHHO GraronapHsl A. B.IlleBens-
KOBY, O3HAKOMMBILIEMYCS C TEKCTOM DYKOIMCH M CHIEJaBIIEMY MHOIO IOJE3HRIX W
IeHHBIX 3ameuanuit. IIpy nogdope WIIoCTpalMi U TEXHUYSCKOH MOArOTOBKE PYKO-
NMCH HEOLIEHHMYIO momorb okasann A. B.Jlykaumn, C. 5. MctoMuH, P. B. ITanuH,
C.W.JTunaux, W.T.Tumoxun, M.IIT. Huxudopos, K.C.Hanonbckuii, C.H.Cas-
pun, JI. B. Boposckux, B. A. Bepwiu6, IT. M. Cronapos, K. M. Tpopumos, IT. C. bep-
monocos, C.H.CeMeHOB.

ABTOPBI 6JIarofapaAT PEUEH3ICHTOB KHHI'M — 3aBEIYIOIIEro Kagenpoi HeOpraHHu-
JecKOM U aHANUTHIECKOM XMMHH TBEpCKOro rocy1apcTBEHHOIO YHUBEPCUTETA MPO-
¢beccopa WU.I1.Topenosa ¥ npodeccopa BriCiero XWMHUIECKOIO KOUIEIKA PAH
A.B.fpocnaBuesa.

CBOM KPUTHYECKHE 3aMEYAHHS H MIPEIIOKEHHS TIO YAYILEHUK) PYKOIIUCH aBTO-
PHI MPOCAT HampaBaATh 10 axpecy: 119899 Mocksa, Bopo6Gresrt ['oper, MI'Y, xu-
MugecKuit hakyabTeT, Kadeapa HeOpraHWIECKOH XUMHH.

Asmopui
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OBPAIIEHUE AKAJEMHWKA 10.J.TPETBAKOBA
K MOJOIEXH

TpyoHo cKa3aThk, OTKyHa HepeT HAYano HeopraHWYecKas XMMHUSA, HO HECOMHEH-
HO, YTO K €€ MCTOKaM MOXHO OTHECTH AeATeJIbHOCTh NEPBCOBITHOIO 4€NIOBEKA,
OpOCHBIIETO B KOCTEP KYCKH NMpuponHoro reMatuta Fe,O; U, TeM caMbIM, BEPBLIE
OCYIIECTBHBIIEIO BOCCTAHOBJIEHHE €r0 YIIEPOIOM B COOTBETCTBHH C YpaBHEHHEM
XHMHUYECKON peakIuu '

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

OcBocHHE YENIOBEYECTBOM OCHOB METAJUTYPIHUA O3HAMEHOBAJIC PEBOTIONHOHHBIH
MEePEJIOM B UCTOPHUM LIUBHJIM3ALMH — TIEPEX0] 0T OPOH30BOIO BEKa K XKENE3HOMY.
H xoTg ¢ TOro MOMEHTA TPOIIIO HECKOMABKO THICAYETETUH, 3TY peakIIuio UCCASTYIOT
H T10 ¢eii JeHb. Bo-nepBbIX, H3-3a ee HCKIIIOUWTENBHOM BaXHOCTH B COBPEMEHHON
METAJITYPTHY U METaJJIOBEICHUH, a, BO-BTOPKIX, U3-3a TIOARIEHUA HOBBIX (PH3HKO-
XMMHYECKHX METOOOB MCCHEIOBAHUSA COCTABa, CTPYKTYPHI H CIEKTPOB MPOHYKTOB
BOCCTAHOBJIEHHUSA KakK B 06beMe CHCTEMBI (IO HAHOMETPOBEIX Pa3sMEPOB — TOPSAAKA
10-° M), TaK ¥ BO BpEeMEeHH (10 MMHKOCEKYHIHBIX MPOMEXYTKOB — mopsanka 1072 ¢).

Ho xene3o — AWLIL OZUH U3 XMMHYECKHUX NMPOJNYKTOR, MOAYYEHHBIX YEJTOBEKOM.
Obiee Xe YHCIO XUMHYECKUX COSNMHEHH, CHHTE3UPOBAHHBIX HCKYCCTBEHHO MM
BBIICJIEHHEBIX W3 NPHPOIHOrO ChIPhA, COCTABAAET OKOMO 20 MJIH C BO3MOXHEIM I1€-
PUOIOM YIBOSHHMS HX YHUCHA, PABHBIM 8 rogaM.

Ecnu Xe NpHHATE BO BHUMAHHE, YTO XMMHKAM MIPHXOAUTCS HMETh JEJI0 HE TOIBKO
C YUCTBIMU XUMHWYECKUMH BE[IECTBAMH, HO U € Pa3’HOOOPA3IHLIMH PacTBOPAMU H
MEXaHHYECKUMH CMECAMH, TO YHCIO OOBEKTOB XMMHYECKOro HCC/IeIOBAHUS CTAHO-
BUTCA HeoNpeAcieHHO GOJbIIMM W, HECOMHEHHO, TpeOyeT CHCTEMHOIO MOOXOJHa,
OCHOBAaHHOI'O Ha rPAMOTHOM HMCIIOJIb30BAHHH (GYHIAMEHTAIBHBIX XHMHICCKHX 38KO0-
HOB, YCTAHOBJIEHHBIX B Pe3yJbTaTe 00001IeHUST MHOTOYUCIIEHHBIX AKCIIEPUMEHTANIb-
HBIX JaHHBIX. B MX 9HCIIO BXOOAT OCHOBHBIE 3aKOHBl XHMHYECKOH TCPMOIMHAMUKH H
KHHETUKH, IlepMonryeckui 3akoH 1. M. MeuneneeBa H ero rpaguueckoe usobpa-
Kenue B Buie [TepHogHIecKO# CHCTeMbl XMMHUECKHX 3JIEMEHTOB, KBAHTOBBIC 3a-
KOHBI, ONMUCHIBAIONIHE [TOBEIEHHE MUKPOOOBEKTOB, BKJIIOUAS] IEKTPOHBI, ATOMEI H
MOJIEKYJIBI, MOJEHH XMMHYECKOH CBS3H B MOJIEKY/laxX, KPHCTA/LIaX, KOOPHUHAIIM-
OHHBIX COCIMHECHUSAX U T. .

Bce oHU B TOi MM WHOM Mepe paccMATPUBAIOTCA B HACTOAILEM y4eOHHKE, XOTH
OrpaHHYEeHHAs [IOArOoTOBKA CTYICHTOB-IIEPBOKYDCHMKOB I10 MATEMATHKE, (PU3UKE U
MEXaHHKE, €CTCCTBECHHO, 3aCTaBMJIa aBTOPOB OTPAHWYHTE HIAMOXKCHHE TCOpEeTHYE-
CKMX KOHUEHUHWH JOCTATOYHO 3JIEMECHTAPHBIM YPOBHEM.

ITpu BCcex ycnoOBUAX CIENYET MMETh B BHAY, YTO XMMHSI — HE MaTeMaTHKa H
[MOMHUMOC JIOTMYECCKUX IOCTPOSHUH TpedyeT OOLIMPHBIX SMIIMPUYECKHX 3HAHWH U
WHTYMLHH, pOJib KOTOPOH HUCKIIOYHTEIBHO BaXKHA. B XUMHM MO-MpPEXHEMY Cylle-
CTBYIOT Takue OOJACTH MCCICAOBAHMS, YCIIEX B KOTOPHIX ONPEAEHSETCS TBOPUECKH-
MH CIIOCOOHOCTAMM OTACJIBHEIX THYHOCTEH, U B 3TOM OTHOIIEHHH XHMHYECKOE TBOP-
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YeCTBO OKA3bIBAETCH CPOIHM XYIOXECTBEHHOMY. B 31011 CBS3M YMECTEH BOIIPOC, CKOJb-
KO HAAO TTO3TOB MJIH XYJOXHHKOB, CTIOCODHEIX CO3JaTh TBOPEHHE, COM3MEPHMOE C
TparegiaMu Y. lllekcnupa wnu TuiHaza, BT0T XKe BOIPOC MOXHO anpecoBaTh H MO
OTHOUIEHHUIO K OTKpRITHAM M.JloMoHOcoBa U A.JlaByasne, A.Aroranpo u M. bep-
uennyca, XK. IIpycra v H. Kypnakosa, .IT'u66ca u C,Appenuyca, 1. MeHueneeBa
u P. Xoddmana, A.JIe IHarense 1 M. Kropu-Ckinanosckoit, JI. Ilonmura u W. [Tpu-
FOXKMHA H MHOTHX IPYTMX XHMHKOB-HCCICLOBaTEICH,

B 3axuiioueHMe CielyeT OTMETUTh, YTO B YCIOBHAX AeDHUMTA SHEPTHH, MUHE-
PATbHOIO CHIPBHA, BOIBl H 3KONOTHYECKH YHCTOH OKpyXalotueH cpelbl delloBeye-
CTBO He B CHJIAX CIPaBUTLCH C COLMANBEHBIMH ITpobiieMaMy 63 HHTEHCUBHOTO pas-
BUTHSI XHMHMH M TIPHMeHEHUd ee JOCTUXKeHW. JlocTaTOYHO €Ka3aThk, 4YTO CBHILIE
90 % moTpebaAeMOl SHEPrHH OGLIECTBO TOMYYaeT, UCTIONB3YS XHMHUYECKHE Tpe-
ppameHus. M eciii cOBpeMeHHAasI SHEPreTHKA CO3MaeT MHOXECTBO SKOJOIHYUECKHX
mpofieM, TO BUHOBaTa B 3TOM OTHIOAb He XMMUUYECKas HayKa, a HETPaMOTHOe WIH
HenOOGpOCOBECTHOE MCTIONBL30BAHHE TOTO, UTO ABJIAETCA TIPOLYKTOM €€ HefTeJIEHO-
ctH, 6yIb TO XMMUYECKHe TIPONECCHl, IPOIYKTH HJIM MaTepUAJIbL

Axanemuk 0. 1. TpeTbsikoB



NPEAUCIOBHUE K NEPBOMY TOMY

B nepsom ToMe (aBropmt M. E. TamM, 1O /1. TpeTraxkoB) paccMOTpeHE DH3HKC-
XUMHYECKHE OCHOBLEI HEOPraHWYECKOM XMMHH, HEODXONUMBIE U MOCHELYIOIErO
HVIOXKEHUSA XHMHH 3JIEMEHTOB, NPOCTHIX BEIMIECTB U COSNWHEHUIL,

B nepBoif rmape KHUTH UANTOXEHB OCHOBBI XUMHYECKON TEPMOIHHAMHKY W OITH-
CaHO MX IIPUMEHEHHE K pasHooOpasHBIM (H3HKO-XUMHUIECKHM CHCTEMAMH M IIpe-
BpalEHUAM, BKII0Yas (ha30BblE PAaBHOBECHS, OKHCIMTEIEHO-BOCCTAHOBUTENLHEIE
U KUCJIOTHO-OCHOBHBIE peaklliH. BrnepBrie B yuebHHMKe 110 HEOPTAHHYECKOH XUMUH
BBEZICH Pa3fell, MOCBSNICHHBIN HAYaNLHBIM MPEACTABIIEHHAM O HEpaBHOBECHOI Tep-
MoguHaMHKe. Jajlee pacCMOTpeHH HaubGomnee oBIHMe MOJICKEHHWA XMMHYECKOIT K-
HETHKH, B TOM YMCIIE U U TBepAoda3HbIX peaknuil. JIMNIL 3aTeM CIIEIVIOT pasje-
JIBI, HOCBAMICHHLIE COBPEMEHHEBIM IIPEACTABIICHHAM O CTPOSHHH aTOMA M XHMUYE-
CKOIf cBs3U. B 3T0i1 4acTH mocTaTouHO MOAPOOHO WIg YUeGHUKA 10 HeOpraHudecKoi
XMMHH U1 CTYACHTOB MJIAIUIMX KYPCOB M3VIOXEHBI BOMPOCH CTPOEHHS TBEPIOTO
Tejla U KOMIUIEKCHBIX COeQMHEHUI. B KHUre TakXe paccMOTPEeHBI HEKOTOpPLIE OT-
JENBHBIE aCNEeKTHl pATUCXHMHHU, IIPOUCXOXKICHHA XMMHUYECKHX 3JIEMEHTOB M TEOXH-
Muu. ITpHHATAaS DOCHEIOBATENILHOCTL HAIOXEHHS MaTepHaNa COOTBETCTBYET MHOTO-
JIETHEH MpPaKTHKE MPENoAaBAHUS HEOPraHHYECKOI XUMHH Ha IEPBOM KYpce XHMH-
yeckoro gaxyierera MI'Y.

Kaxngrit paspen KHUTM CONPOBOXIACTCA NMOAPOOHBIM pasbopoM 3amay, a B KOH-
Lie¢ BCEX I71aB MOMELLICHbI BOIIPOCH! U 3ananuda. B ITpunoXeHusax mpHBeeHEBI TaOTHIBI
TEPMOIUHAMUYECKUX BEJIMYMH M IPYTHE BCIIOMOTATE/IEHEIE MaTEPHAIILL
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Farnasa 1
HAYAJIA XUMHUYECKOU TEPMOIWHAMUWKH

Xumuyeckass TepMOIMHAMUKA — pasfell XWMHH, W3ydalomMi SHEPreTHKY XH-
MHYECKHX ¥ (Pa3OBBIX MpPEBPAlIEHHI, HaNpaBIeHWe MPOTeKAHUS MPOIeccoB B (u-
3UKO-XUMUYIECKHUX CHCTeMaX, XMMHUYECKNE H (a30BLIE PABHOBECHS.

TepMonWHaMWKa (IOCTOBHO — HayKa O IBMDKEHHH Terna) GasHpyeTca He Ha
IOCTYAATaX, a4 Ha SKCIEPUMEHTANILHO MONTBEPKIEHHBIX OGbeKTHBHEIX 3aKOHOMED-
HOCT#X, C(HOPMYTMPOBAHHAIX B OCHOBHHIX Hauanax. [lepBoe Hayaio TepMOIUHAMH-
KH SBISETCS BHIpAXXKEHUEM 3aKOHA COXPAaHEHHS SHEPTHH, a BTOPOE YKa3bIBACT Ha-
MpaBJIeHHe CaMOTIPOHU3BONLHOTO MPOTEKAHUS Tiponecca. Ha ocHOBaHHH TepMOOM-
HAMUYECKHX PACUETOB MOXHO, HANIPUMED, YTBEPXKIATEL, YTO PEaKIHA

2H2 + 02 = 2H20

OTKPHBAIOINAA IIYTh K CO3NAHHIO SKOJOMHYECKH YHCTOM BONOPOXHOW 3HEPIeTHKH,
IPHHIHMIIHAIEHO BO3MOXHA IIPH J1060i Temneparype Himke 5000 K u marneniu,
onu3koM K 1 atM. BMecTe ¢ TeM, XOpoLIe M3BECTHO, YTO CMEChH BOLOPONA € KHCIO-
POICM B UIHPOKOM HHTEPBAJIE COCTABOB H TEMIIEPATYP OCTAETCA XMMHYECKH HEU3-
MEHHOM, €CJIH HE YBEIWYNUThL CKOPOCTh B3aHMOICHCTBUA BREICHHEM KaTalIM3aTopa,
HaIPUMED, IUTAaTUHLI. TepMOIHHAMHKA, OTBEYds HA BOTIPOC O BO3MOXHOCTH POTE-
KaHUA [IPOLECCa, HUIETO HE TOBOPUT 0 €ro ckopocTH. CKOPOCTE XHMHYECKHMX PeaK-
M M3y4YaeT XMMHYECKasi KMHETHKA, H 00 3TOM peub noineT B I, 2.

1.1. DHEPTETUKA XUMHWYECKHX U PA30BBIX INPEBPAIIIEHUNA

1.1.1. OcHoBHbIE HOHATHA XHMHYIECKOH TEPMOIHHAMHKH.
IlepBoiii 32KOH TEPpMOAHHAMHKH

OcCHOBHEIE NOHATHA XHMHYECKON TEPMONHHAMHKH MH BBeleM, OOpaTHBIUKCh K
KOHKpeTHOMY npuMepy. IIpencraBuM cebe, YTO B 3JIaCTHYHOM U T€PMETHYHOM pe-
3HHOBOM O@/VIOHYHMKE HAXOHUTCHA HACHIEHHHN pacTBOp CONH, HEPacTBOPEHHAN
coiib B (bOpMeE KPHCTAIIOB M Map Han pacTeopoMm (puc. 1.1, a).

Conepxumoe Ga/TOHYHKA SBISAETCH OOBEKTOM HCC/IENOBaHHs, OOBIYHO Ha3bIBa-

.€MBIM TEpMOIMHAMHUYECKOM cucTemoil. Torma Bce, YTO HaXONUTCS BHE CUCTCMEL,
COCTaB/IfeT OKpYyXalomyio cpeny. B Ooliee obmeM ciydae, mepmoduHamuveckas cu-
cmema — 3TO COBOKYTIHOCTB TeJl, CIIOCOOHBIX 0GMEHUBATECH IPYT € IPYTOM BHEPTH-
€l M BEIIIECTBOM H I10-PasHOMY B3aMMOICHCTBYIOLIMX ¢ OKpyXalowei cpenoii. B pac-
CMOTPEHHOM BHILIIe TIpUMepe (pHc. 1.2, a) cicreMa MOXET OOMEHUBATLCA ¢ BHEITHEH
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CPeIoH TOIBKO 3HEPTHEH, HO HE BEIIECTBOM,

Takue cucTeMBI IPHHATO HA3BIBATD 3aMK-

‘ & HymbiMu, WIH 3akpeimsimy. B otmiyme or
# HHMX, CHCTEMBI, KOTOPbIE MOI'YT OOMEHM-
_ BaTbCsl C OKpyXKalome cpenoit u sHepru-

P, oy, T, = €#, U BEHIECTBOM, Ha3bIBAIOT OMKPLIMbIMU
PV T (puc. 1.2, 6), a Te, B KOTOPBIX HUKAKOI

OOMEH He BO3MOXEH — wW30AUPOBAHHbIMU

a 6 (puc. 1.2, ). ITpumepom OTKPBITOM CHCTe-

MBI ABJIAETCA JIIOOOH XWBOM OpraHu3M,
TOTIOMICHIY TeIIOTEL: KUSHENCATENBHOCTb KOTOPOTO [OANEPKH-
@ — HaYaNbHOE COCTOANME; § — KOHeunoe co- BAcTCH TOJBKO 6J1aroz[ap A HCIPCPHBHOMY
CTOSHMe OOMEHyY C OKpYXKaromeit cpenoi Kak BeqIe-
CTBOM, TaK H 3Hepruei (nmporeccel anixa-
HMsA, MUTaHUA, OHOreHeaa, MeTabomiamMa).
HTak, o6beKT HCCIe0BaHus SCeH. OBpaTUMcs K pacCMOTPEHHIO napaMeTpoB —
BEJIMMH, XapaKTepH3yIOMMX cHcTeMy. OHM JeJIATCS Ha nBe rpynnsl. ITepsyio co-
CTaB/IAI0T TaK HA3bIBAEMBIE UHMEHCUGHble TIADAMETPHI, BeTMYHHA KOTOPEIX HC 3aBH-
CHUT OT KoM4ecTBa BemecTBa. K HUM oTHOCsTCH, B YaCTHOCTH, Temmeparypa (T),
AapneHue (P), MOJIsIpHAst KOHIICH TPAIHS (C). Bropyto rpyniy cocTaBlSIoT sxccnen-
CiéHbie N1APAMCTPHI, 3aBUCAIME OT KOJIHYECTBA BEIIECTRa, HalpuMep, Macca (m) u
obbem (V).
9T0 npou3oHaeT, ecH BAUTOHUYMK HarpeTs, T.¢. K CHCTEME NIOABECTH 3HEPIUIO B
BHIC TEITOTHI (puc. 1.1)? Bo-nmepBhix, TeMneparypa NOBLICHTCS OT T, no 7. Jlio6oe
H3MCHCHHE OIHOIO MM HECKOJIBKUX MapaMeTPOB CHCTEMBI HA3LIBAIOT mepmoduna-
muteckum npoyeccom. IIOBHIEHHE TEMIEPATYPEI, B CBOIO OoYepenb, BEI3OBET H3ME-
HCHHUC 6HympeHnell snepeuu cuctemel (U). BHyTpeHHSs sHeprus OIIPEAETAETCH CyM-
MApHLIM 3aMaCOM COCTABISAIONMX CHCTEMY MOJIEKYJ, aTOMOR, 9JIEKTPOHOB, SIIED U
T.I. M CKaNbIBACTCS B OCHOBHOM M3 KHHETHYECKOI SHEPIUM VKa3aHHBIX YaCTHI[ U
SHEPIUM B3aMMOICHCTBUSI MEXIY HUMH, AGcosiomuoe 3naverue éHympenHtell anepauu
Hu usmepums, HU pacciumanms Heab3s, MOXHO OTIPEIETHTH TONBKO €€ M3MEHEHME B
PE3yJibTaTe Kakoro-nubo nponecca. Heo6xomumo uMeTs B BHIY, YTO U3MEHEHHUE
BHYTPCHHEW 3HEPIUU J1I060H CHCTEMBI NPH Tepexoe U3 OOHOTC COCTOSHMS B Ipy-
TO€ HE 3aBUCHT OT NIYTH [EPEXOMIa, a ONPEHEISIETCS TONBKO HAYANBHBIM M KOHEY-
HBIM COCTOSHHEM. B HallleMm mpuMepe 3T0 3HAYMT, YTO MOXHO CHAYaa HarpeTh co-
ACPXKUMOE DAIOHYMKA IO TeMIepaTypsl T; > T5, a DOTOM CHOBa OXJIAIUTh GA/IOH-
UMK JI0 TCMIIEPATYPH! T, IPH 3TOM U3MEHEHHE BHYTPEHHEH SHEPIUH CHCTEMBI By-
ACT TaKMM XK€, 4YTO W IPH HArpeBaHHM IO TEMIEPATYPbI T,. DTO O3HayaeT, YTo
BHYTPCHHSIA SHEPIUA CUCTEMBI ABIACTCH @yHKYUell COCMOAHYUA, T.€. HE 3aBHCHUT OT

TYTU 11poliecca:

Puc. 1.1. TIpumep M3MeHEHUs B cHCTEMe npu

m E m E m E

a [ [
Puc. 1.2. Mpumeps! 3akpbITo# (@), OTKpHITOI (6) n usonupoBaHHOH (8) cHCTEM
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Al O -~ U (1.1)

e WHIEKCH 1 ¥ 2 — CHMBOJIBI HAYATBHOTO M KOHEUHOI'O COCTOSHUS CHCTEMBEL.
3aMeTUM, UTO IPU HArpeBaHWH DAUTOHUYHMKA N3MCHSACTCS HE TOJBKO TeMnepary-
pa, HO U KOHIEHTPALMsl PACTBOPa — YacTh COMY JOMOJHUTEIBHO PacTBOPACTCA U
VBETMUYMBAETCH KOTUYECTBO Tapa, T.€. MPOUCXOAUT NIePepacTpeaeieHe Macc.
3a cueT yBeIUUCHHMSA KOJIMUECTBA 11apa CUCTEMAa COBEPLUACT pabomy pacuuuperus:

A= PAV. (1.2)

Ec/ii BHEIIHEE JaBieHre TOCTOSIHHO, HArPEBaHHe BBI3OBET YBEIMUeHUe o0bema
HA BEIUUUHY AV — GATUIOHUYMK Pa3ayeTcs NOL0OGHO BO3MYLUIHOMY LIapy.

U, HaKOHELl, TIPOM30MAET PacTAXCHNUEC CTEHOK PE3WHOBOTO Oa/UIOHYMKA — CH-
cTeMa coBepurutT paboty (W).

Taxum o6pasom, mentoma (), cOOBILUICHHAsA CUCTEME W3BHE, PacXonyercs Ha
yBeIMYeHue BHYTpeHHell sHepruu (U), copeprreHye paboThl paclIMPEHUsA (A4), npyrux
BUIOB paboT (W) (B HalleM cyuae PacTsKEHHWE CTEHOK GalTOHYMKaA) v paboThI IO
nepepacrpeseieHuIo Mace BEILEeCTB B cucteme (£):

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

TTonyueHHOE ypaBHEHHWE ecTbhb HU YTO WHOE, KaK BBIPAXKCHME IMEPBOrO Havyalla
TepMOAMHAMUKY, ABISIOIIETOCS YacThl0 BCeOOLICIO 3aKOHA COXPAaHCHUSA SHEPTUU.
Iepsoe nawano mepmoduHamuKy MOXHO cHOPMYITUPOBATE CEAYIOMUM 06pasoM:

3aKOH COXPAHEHHN MATEPHH. 3aKOH COXPAHEHUS 3HEPIHU ABJISETCA HacTHBIM CITY-
yaeM BCeOBILCTO 3aKOHA COXpaHEHHs Marepuu (Maccel M 3Hepruum). Macca (m) u
sHeprua (E) csA3aHel ApYT ¢ APYTOM YpasHEHHEM DHHIUTEHHA:

E = mc?,

e ¢ — CKOpPOCTb cBeTa B Bakyyme (2,998 108 m-c™).

BDHepreTrHveckre 3PPEKThE, KOTOPLIC CONPOBOXAAT XUMHUYECKHUE pEaKLHUY, Ha-
XOAATCST B MHTEPBAIE OT €AMHHLL 10 ThicsY KIK/MOJL. DTOMY COOTBETCTBYCT YPE3BbI-
yalfiHO MaJioe M3MeHEHMEe Maccel. Hanpumep, /U1 nMccolHauMyd OJHOTO MOJIA Xjopa
HA aTOMBL HeobxonWmo 3aTpaTuTh 242,8 kX, MaccoBblii 3KBUBAJICHT 3TOH SHEPrUU
cooTseTeTByeT 2,7 107 1, T.€. NpUGIU3NUTENBHO 1/200 000 4acTH Macchl ICKTPOHA.
[1o5TOMY B XMMHH MOXHO ITOJIB30BaThCS HE3aBUCHMO KaK 3aKOHOM COXPAHCHUSA Mac-
Cbl, TAK M 3aKOHOM COXPAHEHHA 3HEPTHM.

HedeKT Maccsl HauMMHAET CKA3BIBATLCS B SIACPHBIX PEAKLUAX, TAE DHEPreTHYCCKHE
5¢deKTbl 3HAYMTENBHO Bblue. JIHaNa3oH 3HEPTUM, COOTBETCTBYKOLHMX PA3JIMYHbIM
COCTOSTHMSIM M [IPOLIECCAM, WIIIOCTPUPYETCS Cleayoleid cxeMoii:

1073 1 10° 10 1016 E, x/lx/monb
{ L | I | -
DHEPrus CBA3H JHEepPrus XUMH- JHeprus y-HanyuyeHHs, SOHeprusd
aromoB B He (X.) vecKuX peakuu# ANepHBIX peaKLHit B COBPEMEHHEIX

YCKOPHTENHAX
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Hepenko nepsotit 3axoH TepMomnHaMuKy aHAJTMTHYECKH BBIPAXAETCH YPABHEHUEM:
AU= Q- Apacu: - W, (1.4)

rie A, — pabora pacurMpenusi; W — npyrue Buant pa6or,

BaxHo oTMeTHTE TO OBCTOATENLCTBO, YTO HU paBoTa, HU TETUIOTA He SIBIISIIOTCS
(DYHKIMAMH COCTOSIHUS, T. €. 3aBUCSHT OT TIyTH MPOTEKaHMsi TIPOLIECCA TIONOGHO TOMY,
KaK [UInHA nopork ot Mockes! 10 ITeTpo3aBoncka 3aBHCHT OT TOTO, €XaTh JIH Yepes
[TeTepGypr unu uepes Bonormy.

TIoMHUMO pacCMOTPEHHEIX BhiLIe (YHKUUH B TEDMOIMHAMUKE BROIAT BEJTMYHHEL,
KOTOPbIE€ TOXACCTBEHHBI CYMME HECKOMBKHX TePMOIMHAMHYECKUX napameTpoB. Ta-
Kd# 3aMCHa Bo MHOroMm obnergaer pacuets. Tax, GYHKUHIO COCTOSHUS, pPaBHYIO
cymMe U + PV, HasbIBatOT sumansnueil (H):

H=U+ PV, (1.5)

OueHb MHOTHE XUMHYECKHE TIPOIIECCH TIPOMCXOIAT NPH NOCTOAHHOM HaBIeHHH
(WX Ha3BIBAIOT uzobapusmu). M3MeHeHMe SHTAJILITHK U3006aPHOTO NMPoOLEecca BHPaKa-
€TCH YPaBHEHHEM:

AH = AU + PAV. (1.6)

IIpn P = const u B OTCYTCTBUE IPYIrUX BHIOB paboT, Kpome paboThH pacurupe-
HHs, TENNOTa PaBHA U3MEHEHHUIO SHTATBINH:

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

Ecny fiponece TIPOMCXOAUT MNPH IOCTOAHHOM 00beMe (V = const, uszoxopmuwii
TIPOLECC) M B OTCYTCTBUE APYTHX BUIOB paboT, BBLIEIUBLUASICH MM MOTTIONICHHAS
TENJOTA COOTBETCTBYET H3MEHEHHIO BHYTpEHHEMH 3HEPrHu:

Qy = AU, (1.8)

CootHomrenns (1.7) n (1.8) Mo3BOAAIOT OLEHUTDL Takue OCHOBOTIOMAralLe B
TCPMOIWHAMMKE BEJIWYMHLI, KAK H3MEHEHHE BHYTPEHHCH SHEPTUM M SHTANBITHU,
UCXOIIsT U3 SKCNEPUMEHTANBHBIX 3HAYEHWH TeIIOBbIX 3¢ HEKTOB peakiuii.

Bennuuner AH u AU nocratouso 3aMetHo OT/IMYAKOTCA JPYT OT APYra TOJNLKO B
Tponeccax, pu KOTOPLIX H3MEHSETCH KOMWYECTRO ra3oo0pasHeIX BeecTs. Hanpu-
MEp, B peakuuH oOpa3oBaHUA aMMHAaKa

Nz(r.} + 3H2(FA) = 2NH3(F.)

AH menbize AU Ha Benwauny PAV.
TIpennonarasi, 4To rasel BemyT ce6s Kak HOEANhHBIE, AN PAcUeTa MOXKHO HC-
N0/Ib30BaTk ypaeHeHHe Menneneesa— Kianeiipona

PAV = AnRT, (1.9)

rae An — U3MEHEeHHE YUCIa MOJCIH Ta3000pA3HBIX BEIECTB B Pe3Y/IbTATE NPOTEKa-
HHUSA peakluu.

B Tom ciyuyae, korna B peakimm YJacTBYIOT TOJIBKO KOHAEHCHPOBAaHHBIE a3kl
(XuOKMe M TBepAbIE), H3MeHEHME OhbeMA CTOJNIL HE3HAYHUTENLHO, YTO UM MOXHO
npeHebpeys. Tak, npu PACTBOPEHWH GE3BOAHOIO Cy/IbhaTa MeNH B BOIE U3MEHEHHA
BHYTPEHHEH IHEPTHM W 3HTAILNNK OJMHAKOBEL.
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TIpumep 1.1. Onpeaenute BeNNUUHY U3MEHEHHNST BHYTPEHHEH SHEPruU B PE3yNbTaTe pe-
akuuu obpazoBaHus 2 mosib NHs(r.) u3 npocrbix Bewects npu 7' = 298 K, ecnn AH =
=--92,28 kJIx.

Pewenne. Kak GLUIO YyKA3aHO BHILLE, CYUTad Ta3 MACANLHbIM, BERUYHHY PAV MOXHO
paccyutath no Gopmyae (Appen — M) RT = (2 — 4) - 8,31+ 298 = - 4952,79 JIx. Yuurnisas,
yto AU = AH — PAV, nonyunm AU = -92,28 k/Ix + 4,95 klIx = -87,33 k/Ix.

1.1.2. Tennosbie 3¢ (exTs U TEpMOXUMHIEcKHe ypaBHenus. Jakon lecca

Paszgen XMMHYECKOH TepMONMHAMUKH, B KOTOPOM M3Y4alOT TeILIOTHI XMUMHYe-
CKHX peaKLMil 1 3aBHCHMOCTD HX OT PasIMYHEIX (DU3MKO-XUMHIECKUX TIApaMETPOB,
TETUIOEMKOCTH M TEIUIOTH (ha30BLIX IMEPEXOJ0B, HOCHT HAa3BaHHE TEPMOXHUMMM.
B TepMOXMMUH TIONB3YIOTCS MePMOXUMUHECKUMU YPasHeHUAMY PEAKIMHA, B KOTOPLIX
0653aTeIbHO YKA3BIBAIOT ArperaTHOe COCTOSTHHE BEILECTBA, 4 TENIOBOM 3(heKT pe-
aKIMM paccMaTpUBAIOT KaK OJWH U3 NIPOIYKTOB B3auMoneificTeusa. Hanpumep, peak-
1M 06pA30BaHUS BOIBI U3 MPOCTHIX BEIECTE MOXET ObITh BHIPAXEHA TEPMOXUMHU-
YeCKHM YpPaBHCHHEM:

H,(r.) + 1/20,(r.) = HO(r.) + 242 x/Ix.

DTo 3HA4YUT, 4YTOo NpH obpaszopaHuM | MONBE razoobpa3sHoil BOALI BBIIEIACTCHA
242 kJIx TeruioTol. TIpH 3TOM M3MeHeHMe IHTANLUM AH = -242 K/ X.

[TpoTHBOTIONOXHEIE 3HAKH BEIMYHH AH 1 Q 03HAYAIOT, YTO IHTAIBINA XapaK-
TEPU3YET TEMUIOBHIC H3MCHEHHs B CHCTEME, 4 TEMJIOTa — B OKpYXaloLlieii cpene'.

Ipu sxzomepmuveckom npoyecce Q > 0, AH < 0, a npu sndomepmuneckom —
Q < 0, AH > 0. BaxHocTb yyeTa arperaTHoro COCTOSIHHMs OOBACHAECTCA TEM, ITO
MepeXxos M3 ONHOTQ arperaTHOro COCTOSHHS B JIPYroe CBA3dH C IHEPreTHYECKHMH
34TpaTaMM, HANPUMED:

H,O(r.) = H,O(x.) + 44 x]Ix.

CnenoBare/LHO, TeMIoBol 3ddeKT oOpa3oBaHis XKUAKO BOJILI OTIUYAETCA OT
razoo0pasHoil Ha BEIMYHHY TEIUIOTDHI MCTIAPEHHA!

H,y(r.) + 1/20,(r.) = H,O(x.) + 286 k/Ix.

TeruoBnle 3hheKTH peaKUMH MOXHO HE TOJNBKO U3MEPATh, HO H PACCUUTHIBATH
nio zakowy lecca:

DTOT 3aKOH ObLJI YCTAHOBJICH SKCTIEPUMEHTATLHO B 1840 r. pycCKUM XMMHKOM
I. U.TeccoM. Tecc noapasyMeBal o TeIUIOBHM 3¢hheKTOM peaKiui TeIUIoTy, KO-
TOpasi TOMJIOUIAETCH WM BBUIEJISCTCS B PE3YJBTaTe peakiuH, NpoXoisuuei ando
MpH MMOCTOSHHOM 00BeME, JIMOO NIPH NOCTOAHHOM JABIEHUH H B C/Iy4Yae, €CJIH TCM-
nepaTyphl HCXOAHBIX BEIIECTE M MPOIYKTOB PeaKLWH paBHEL. SICHO, 4TO 3TO YTBEpPX-
IEHHUE SBISIETCH TIPSMBIM CJCACTBHEM TEPBOTO 3dKOHA TEPMOAHHAMUKM, TaK KakK

! 310 yTBEpXKASHHE CTIPABCUTHBO 1A C1yuas, TAC OTCYTCTBYIOT ApYTHe BHIB pabort, KpoMe paboThl
paclUWpeHHs,
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TermnoBbie 3¢qpektol @, = AU, a U, = AH, a UBMEHEHUs BHYTPEHHE IHEPTHH U
SHTANLIUK He 3aBUCAT OT MYTH NPOTEKAHUA TNPOLIECCa.

OcHoBEIBasich Ha 3aKOHe Tecca, H3MEHeHUsS SHTANLNIUU, BHYTPCHHEH SHEPTHH U
APYTUX DYHKIIMI COCTOSSHUA MOXHO BEIMHC/IUTD IBYMs! TYTHMH.

Bo-nepBeiX, AH peakuMu MOXHO paccyWTaTh, 3HAS UIMCHEHWE SHTATLIMMH Ha
[IPOMEXYTOUHBIX CTANUAX HIM HHEIC YTH TIOJIYYEHUS MPOAYKTA PEAKIMH M3 OMHOrO
M TOTO KC MCXOIHOro peuecTBa. IlycTh HEOOXOMUMO ONpeneiuTh U3MeHEHHE SH-
TANBMUM AH, NpK peakuuu razoobpasHoro aMMHaKa C PacTBOPOM XJIOPOBOIOPOI -
HOHA KMCIIOTBI

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

€CJIM U3BECTHBI BeJIMYUHBI AH crenyomux peakunii:
1) obpazoBaHKe TBepAOTO XJIOpUIA AMMOHHUS U3 rasoo0pasHoOro aMMuaka M Xjo-
posonopona (AH,):

NH;(r.) + HCI(r.) = NH,Cl(18.); (1

2) o0pasoBaHue pacTBOpa XJIOPHAA AMMOHUS (aq oT nat. aqua — Boga O3HAaUAET
PacTBOPCHHE B BOJE ¢ OOpa30BaHUEM GeCKOHEYHO pa3baBIeHHOrO pacTsopa) (AH,):

NH,Cl(tB.) + ag = NH,Cl(p.); 2)
3) obpasoBaHue pacrsopa XIMOPOBOAOPONHON KUCIOTH (AH,):
HCI(r.) + ag = HCI(p.). €))

Kombunupys peakuuu 1, 2 u 3, nonyyaem HHTEPECYIOILYIO HAC PEeaKUUIo, IS
KOTOpPO:

AHX = AH] + AHQ = AH]

My7s 2 Hcxomunre E ]
- AH, BEILECTBA NHi(r.} + HCI(r.)
AF,
IMyts 1 NH;(r.} + HCI(p.)
NH,Cl(rs,) |
; NH,Ci(p.)
a 6

Puc. 1.3. Cxema (@) n sHTansNuitnas auarpamma (0), WLNOCTPUPYIOILUE M3MEHCHME IH-
TATLIIHK TIpH B3aHMOAEHCTBUM Ta3000pa3HOro aMMHMaka C PacTBOPOM XJI0pOBOJOPOAHOI
KHCHOTbI
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Ha puc. 1.3 npeicraBicHa SHTANBNRITHaA AMarpaMMa, KOTOpas WIITIOCTPUPYET
[epexoyikl CHCTEMEI U3 OIHOTO COCTOAHHH B APYro€ B PE3yJbTaTe OCYIICCTRICHHS
YKa3aHHBIX BBILIE XUMHUSCKHX peaKunii. DTa fuarpaMMa oKasbIBaeT, YTO H3MEHe-
HHE SHTAJLIMTWH 3aBUCHT TOJILKO OT IMOJNOXEHUs YPOBHEH BHEPIHH, XapaKTepU3YIo-
KX PasIMUHBIE COCTOSTHUS CHCTEMBI (a0COMIOTHBIE BETMYMHEI OTHX SHEPruif 3Ha-
yeHUs He uMeloT), [Tono6HbIe THATPAMMEL TOMOIAI0T OIPENeTNTh SHTANBITMH MHO-
I'MX MPOLIECCOB, B YACTHOCTH, HEPTHil 00pa3oBaHUs KPUCTAUIHYECKHX DEUIETOK
(umxnnl bopHa — Fabepa) W aHepruil cBA3H.

DKCINepHMERTAILHOE ONPENE/IEHHE TEIIOTHl PeakuHH. TemnnoThl peakuui, B TOM
YHCIIE TEIUIOTHE 0GPa3oBaHuA H CIOPaHUS BELLECTB, ONPEACHATOT NPH MOMOIIU Kajlo-
pUMETpOB pasnuyHoro TMna (puc. 1.4). KanopuMerpuueckas 6omGa npeacrasiser co-
60i1 3aMKHYThII cocy1, XOPOLLO TePMOCTATUPOBAHHLIA, YTOGHI TEIUIOTA peakMu pac-
XONOBANach TONBLKO HA yBeJMUEHHE TEMIIEPATYPbI BHYTPH KasopumMerpa, Bo BHYTDeH-
HIOK EMKOCTb BOMOBI [TOMELIAIOT pearupyouiie BEIECTBa, B Peak1IMi0 HHHLIMHPYIOT
PaziMYHBIMU CIOCOBAMH, HHOTAA ¢ NMOMOLWWbLIO HCKphl. TeMIlepaTypy B KaJOpPUMETPE
M3MepsIOT TEPMOMETPOM WIH TepMonapoM. TakiM crocoGoM H3MepeHbl TEMIOThI 00pa-
30BaHMA MHOTHX Thicsu BewecTB. OgHako CyleCcTBYIOT BELIECTBA, KOTOPbIE HE MOTYT
ObITh NOJIYYEHB! NPAMBIM B3aMMoIEHCTEMEM MPOCThIX BeulecTs, TemnoTel o6pasosa-
HUS TAKMxX COSOMHEHHI MOXHO PACCYHTaTb, UCMONL3YS 3akoH I'ecca. MoXHO Takke
M3MEPHTh TEIIOTY PATOKEHUS MHTEPECYIOLIETO HAC COCAMHEH M, HAMPUMED, OKCHAA
xnopa(IV):

ClOz = 1/2 Clz + 02.
OueB1aHO, YTO TEIUIOThL NpAMOI H OﬁpaTHDﬁ peakuHM CBA3aHLI COOTHOIUCHHEM!

an = 'Qoﬁp-

HcTopuuecku 3T0 COOTHOLIEHHE HasbiBaloT 3akonom Jlasyazve— Janaaca.

3HauUTENLHBIN BKIIAL B pa3BuTHE TepMoxuMuu BHeC B. @, JIyrunun (1834—1911),
co3paBLIMi B MOCKOBCKOM YHHMBEDPCUTETE MIEPBYIO OTEUECTBEHHYIO JiabopaTopHIo Tep-
MOXHMHH, HOCSILYIO ceiuac ero ums,

Puc. 1.4. CxeMa npocTeiflliero KaaiopuMeTpa:

{ — tepmomnapa; 2 — nccnenyemoe Bewectso; 3 — mpucnocoblie-
HHE UIA MHUMUHMPOBAHNA PEaKUMH;, 4 — repMETHMHBI cocya;
5 — Boaa

T S B PR oo ”
B R e SRS R TR Y

Bo-BTOpbIX, AH peaklMH MOXHO pacCYHTaTh, UCMIONb3Ys BENTUYNUHEL IHmarbnull
ofpazoéanus pearMPyOLUIMX BEILeCTB M NTPOLYKTOB peakunH. [Ins pacueTa HaMeHe-
HUS 3HTILNWH peakuuil He 00s3aTebHO TabynupoBaTh BCE M3BECTHBIE TEIUIOTEHL
peaKIIMil; JOCTATOYHO 3HATh TOJBKO Te, KOMOHHAIIHENH KOTOPEIX MOXHO NOIYyYHTh
BCe OCTANEBHEIE.

B KkauecTBe TAKMX peaKUMil BRIOpaHbHl peakii 06pa3oBaHus | MOJIb COETUHEHUS
M3 MPOCTHIX BelliecTB npu Temnepatype 25 °C (298,15 K) u B cmandapmiiom cocmos -
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TaGaumma 1.1

CraupapTabie IHTATLOHH 00pa30BAHUSA HEKOTOPBIX BemecTs (KJIK/MOL)

Beutecteo A 3os Beuecto Al 5eg Bewiectso Apises || Bemeetso | A3y
AKr.) 326,3 || Cl(r.) 121,3 || NHy(r.) -46,19 || H,O(r.) | -241,82
AP*(p.) -530,0 || Clx(p.) -167,2 | NHi(p.) -132,4 || H,O(x.) | -285,83
AlF;(1B.) -1510 || HCI(r.) -91,8 | NH,Cl(ms.) | -314,2 || H,O(1B.) | 291,85
AlBr;(8.) -513,4 || HCl(p.) ~166,9 || NyHy(r.) 95,4 | H*(p.) 0
Al Oq(18B.) -1676 | ClO,(r.) 105 NO(r.) 91,25 | OH(p.) | -230,19
Fe(r.) 416,31 || CLO(r.) 75,7 NO,(r.) 34,2 || Os(r.) 142,3
Fe3*(p.) —46,39 || HBr(r.) =34,1 || NyOu(r.) 9,66 || SOy(r) ~296,9
FeO(1s.) -272,4 { HI(r.) 26,57 | HNO,(r.) —135,1 | SO4(r.} -396,1
Fe,05(1B.) -822,2 | ICKr) 17,41 i NOs(p.) -207,5 || HyS(r) -20,15
Ca(OH),(tB.) | —985,6 || CO4(r.) -393,5 || PCla(x.) ~319 |[CaO@m.) | -634,9

nuu', T.e. ipu nasnenun | arm (101 325 Tla). Hanpumep, ats XJIOpa CTAHNAPTHOE
COCTOSHUE — 3TO JNBYXaTOMHBIH ras, aas cepbl — TBEPAOE BELIECTBO, €I0 POMOHU-
yecKass MOgUMUKAIA, I1d OpOMa — XUIKOCTE.

OHTaNbLNNsA 06pa30BaHUs MPOCTOTO BEIIECTBA IPHHSTA PABHOM Hymto. CTaHgapT-
HBIE JHTANBNUH OOPA30BAHHS BEIIECTB (Ad3g) CBefieHBl B TAGIMILI, NOTOGHLIE
Tabn. 1.1 wnu npuor. 1.

Hanpumep, sHTanenus o6pa3oBaHus Tpuxiopuaa hochopa — 3T0 U3MEHEHHE
SHTANLNKH B Pe3YNbTATE peakiHiu:

P(rB.) + 11/2Cl(r.) = PCl;(x.).

AHATH3UDPYH NaHHBIE TAGMUEI MOXHO 3aMETHTDL, YTO BEJIMYHHBI SHTAIBLIUI 06pa-
30BaHHA CHJIBHO OTJIMYAIOTCS KaK 10 a0COMIOTHON BEJTMYMHE, TAK U NO 3HaKy. Co-
EAMHEHNA, UMECIOUIHE TIONMOXKUTEIBHEIE SHTAILIHH 06pa3oBaHUs, WHOTA HA3BIBa-
0T 3Hdomepmuveckumi. DHEPrisi CBA3U B TAKUX COETHHEHMAX MEHbIIE JHEepruii cBs-
3M B MOJIEKYJ/IaX HCXOJTHBIX TIPOCTHIX BEWECTB. X CHHTE3 U3 NPOCTLIX BElIECTB JH00
HeBosMoxeH (CLO, NO,), mu6o npotekaer ¢ GOJBLIMMHA 3HEPreTHYECKH MU 3artpa-
taMu (Os;, NO).

OHTanbnus 06pa3oBaHUsS razoobpasHuix Metawios (Fe, Al) He paBHa HymO U
npeicTaBlisieT CO00I H3MEHEHHE IHTAIBITHN TTEPEX0Aa M3 TBEPAOTO COCTOAHUSA (CTaH-
JapTHOTO) B Ia3000pa3HoOe, T.e. SHTANBIHIO HCIIAPEHUs (ATOMM3ALMN). DHTANLNUA
00pa3oBaHus eudpamuposannozo vona H* pasHa Hymo:

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

DHTANBIIHKH Oﬁpﬂl}OB&H}‘IH APYIUX rHOpaTHpPOBAHHBIX HOHOB PacCUUTHIBAIOT OTHOCH-
TEJBHO 3TON BEMUYHHEI.

! Crarzaproe cocrosHue (06031HaYAETCS SHAUKOM °) — MOHATHE OTHOCUTENBHOE. B 3aBMCHMOCTH
OT KOHKPCTHBIX CNIY4acs CTAHAAPTHBIMM MOTYT CUMTATBCSH, HAMPUMED, PACTROPHI C AKTUBHOCTRIO pac-
TBOPCHHOIO BCLICCTBA, PABHOH| canHMLe, THG0 GecKOHeuHO pasbaBneHHbIe pacTBophl. OIHAKO B TEp-
MOLWHAMHYECKHX PACYETaX 33 CTAHAAPTHLIC COCTOAHWA OBBIMHO IPUHUMAIOT JABICHNC TA3006pAsHEX
KOMIOHCHTOB | aT™, a Iisl pacTBOPOB — AKTHBHOCTh KOMIONEHTOB, DABHYIO COMHHLIE,
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3Hast BHTANLNHKY 06pa30BaHUA BCEX UCXOTHLIX BE-
IIECTB ¥ MPOAYKTOB peaKLUH, MOXHO BHIYUCIUTH
WU3MEHEHNE SHTAILNHHK JII000H peakuuu A, f1° B cTaH- SArHye
JIAPTHBIX YCJIOBHSIX TIO (hopMYyIIe:

E IIpocTsle BelecTra

HcexonHule ZarHpon
A,H“:ZV;Afff“—ZVjAfH", (1.10) BEILECTEA |A g
i J

THe v;, v; — CTeXHOMETPHYECKHE KOI(DDHIMEHTEI B ypaB- IponyxTs! peakLHy
HEHHH peaxkiMH; j — WUCXOIHBIE BElecTBa; | — IMpo-

IOYKTEI peaKkIIMi. DHTAILNMUIHAA quarpaMma (puc., 1.5) Puc 1.5, Duranenuiinas aua-
TIOATBEPXIAET COTJIACOBAHHOCTb ypaBHeHHs (1.10) ¢ TPaMMa, WINOCTPHPYIOLLas
NEPBLIM 3aKOHOM TEPMOJIHHAMHKH M 3aKOoHOM [ecca.  PACHCT M3MEHECHUA SHTABIIUU
OCHOBHIBAACh Hd ITOM YPABHEHHH, H3MEHEHHe sH- PCAKUUHM C HCIONbL3OBAHHEM
TA&JABLIKHK NPH pPeakliMd BlauMoneicTBUA ra3zcobpas- i
HOro aMMHUaKa ¢ pacTBOPOM XJIOPOBOJOPOIHON KHC-

JIOTEI MOXKHO PACCUMTATE TAKXKE N0 (hopMyJie:

A = AHY(NHi(p.)) + AH (CI(p.)) ~ AH(NH,(r.)) — AH(H (p.)) -
- AH°(CI (p.)),

a ¢ y4eToM Toro, YTo no onpeaenenuio AH°(H (p.)) = 0:
AH° = A (NH;(p.)) — AH(NH;(r)).

Boo6uie npu TepMOXMMHYECKHX pacyeTaX OYeHb BAXHO BBUICJUTEH [TPOLIECCHI,
U1 KOTOPBIX H3BECTHLE CTAHAAPTHLIE U3MEHEHUS SHTATBIMIA. [ HEKOTOPEIX TIpoLec-
COB OHHM MMEIOT HasBaHHs, cloxMBWHecs uctoppdecku: NaCl(tB.) — Na*(r.) +
+ CI'(r.) — anepeus kpucmasnuyeckou pewemrxu (xnopuna Harpust); Na(r.) — e —
— Na'(r.) — awuepzua (nomenyuan) uonuzayuu nampus, Cl(r.) + e — CI'(r.) —
3nepeun cpodemea k aekmpony amoma xiopa;, Na*(r.) + ag — Na'(p.) — suepeus
eudpamauuu uona Na',

Ilpumep 1.2. Onpenenyite sHepruio (3utanwnuio) ceasy H—O B Monekyne BOAbl, eciiu
M3BECTHO, 4TO AM 59 HyO(r.) = 242 k/Ix/Monb, 2 3Heprud (OHTAMLNNK) AHCCOLMALIUM
monexkyn H,; u O, paBHbl 435,8 1 495 kJ1/MOJNbL COOTBETCTBEHHO.

Pewenue. C HEKOTOPBIM NPHOIHAEHHUEM MOXHO CUMTaTh, YTO H3MCHEHHE YHTANbIIHH B
PeaKLHH JHCCOUMALHH MOJIEKY/bl BOAbI HA 3TOMbI PaBHA 3HEPrMH AByX cBsazeif H—O:

H,O(r.) = 2H(r.) + O(r.)AH = 2E4_,
KoM6HHupYs peakuuu, A0S KOTOPbIX M3BECTHbl 3HAYCHUS AH:

Hy(r) + 1/20,(r) = H,0(r) AH° H,0(r)
Hz(r.) = 2H [F) A-H:'u{chl
Ol(r-) 20 (F-) AHJMCOZ

nonyyaem, uto 2o = A H, + 1/2AH,, .0, — AdH® HyO(r.) = 435,8 + 247,5 + 242 = 925 3 k1,
a, CJICNOBATENbHO, SHEPTHUS CBA3H Ey_o = 463,65 kJIx.

It

1.1.3. TemnepaTypHas 3aBHCHMOCTb 3HTAJILIHH

Ho CHX nop Bce HAIUW PACCYKICHUS KaCATMCh TAKUX TIPOLECCOB, IIPH KOTOPHIX
TeMIepaTypa peareHTOB H NpOAYyKTOB B3aMMOAEHCTBHA Obiia onuHakoBa., OoHAKO
BHYTPEHHAA 3IHEPTrMA CHCTEMEI, & COOTBETCTBEHHO, W 3HTANLIHUA HOJKHEl H3Me-
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HSITBCsi ¢ TeMniepaTypoil. KpoMe Toro, g HarpeBaHWs PasjIn4HBIX BEILECTB TpeOby-
€TCH pa3HOoe KOJNMYECTBO TeryioThl. MTaK, cyliecTBYET CBOIMCTBO BEIIECTBA, Onpele-
JISTIOLIEE €rQ CMOCOOHOCTE HATPEBATRCS. DTO CBOICTBO — MenioemMKochs (C).

TennoeMKOCTb MEHSIETCSH C TeMnepaTypord JOCTATOYHO CIOXKHBIM obpazoM, 4TO
ODEIYHO BBIPDAXAKT IMITHPHYCCKHUM NOMTHHOMOM!

c=a+bT+dT?+ ... . (1.11)

3naueHusd a, b, d opmyim (1.11) Uit HEKOTOPLIX BelECTB NPUBEACHEI B Tab. 1.2.
Kax BuaHO U3 TabIHIbl, TEINIOEMKOCTE Majlo MEHSETC ¢ TeMNEPATYpol, uTo cripa-
BE[UTHBO [T TEMTIEPATYpP BBILLIE HEKOTOpPOU TeMmnepaTypsl (TeMneparypbl Hebas) u
BI&IH OT TeMIieparyp (hasoBBIX TiepeXoXoB. TemIoeMKOCTH MPOCTHIX TBEPABIX BE-
EeCTB, coryacHo 3akony Hiomoura u ITlti, npu 298 K npHOGIH3UTENLHO PABHEI
25 JIx/(monb - K) (cM. Taba. 1.2 u nmpun. 1).

3aBUCHMOCTE TETUIOEMKOCTH OT TEMIIEPATYPHI HE SBIISETCS HEMPEPBIBHOH H IIpH
Temneparype (a3oBLIX NEPEXOIOB H3MEHsETCS cKatKoobpasHo (puc. 1.6).

OO6BIYHO UCTHOMB3YIOT BETHUHHY TEIIOEMKOCTH NPU [OCTOSHHOM AABJICHHH HITH
obbeMe, Torma:

¢, = dH/AT; ¢, = AU/AT. (1.12)

[pacduruccky yBeJHUeHHE SHTANBIINK TIPH U3MEHEeHHWH TeMmmepatypbl or 1| no T,
paBHO TWIOWANH Tox KpuBoit ¢,(T) (puc. 1.6), a aHATUTHYECKH ITO M3MEHEHHE
SHTANBITHKH MOXHO OTIPEJIENINTE o opMyne:

T
Hy, = Hy + [ ¢,dT +Y AHyy, (1.13)
i
rie ZAHM — CYMMAa M3MEHECHWS1 SHTAIBNUH TIpU (Da30BLIX MepeXonax, MPOUCXOIs-
LWHX B TaHHOM WHTepBajJe TeMmmeparyp. Hanpumep, Wis onpeneieHUs yBeIHYeHAA
SHTABIMK TIpH HarpeBanmy sogs! oT 298 K xo 400 K Hamo yIMTHIBaTE A,

Tadauua 1.2
Tenn0eMKOCTH HeKOoTOphX Bemects { P = const)
3HavueHUs NOCTOMHHBIX ¢, b, o B popmyse (1.11)
Beutectno ol Be
HikG Ix/(Monb - K) HIGETRO a, b, d

L/ (vone - K) | Jox/(vone - K2) | Tok/(vone - K3)
Ag(TB.) 25,4 Oy(r.) 25,503 13,612-107% 1 —42.533 - 107
Al(TB.) 244 N,(r.) 26,984 5,910- 1072 | —3,376- 107 :
H,0(x.) 76.3 COLr.) 26,648 42,262 10° | -1424-107 |
Fe,0s(1B.) 103,9 H,O(r.) 30,206 9,936 - 107 11,14- 107 %
NaCl(rB.) 50,5 H,O(x.) 39,02 76,64- 102 | 11,96 105+ _
HCI(r.) 29, 14 | H,O(TB.) 4,41 109,87 107 | 46,47 107 *+

* TennoemMkocTs npu 298 K.
** Koshdunueur d B ypasHeHHH ¢, =a+ b7 + d/T?
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AHAIOTHYHO MOXHO ONPENETHTE H3MEHE-
HHUE SHTAILIOKHH pEakuuM NpH TeMIeparype, cp(r.)
ornyHoi or 298 K, T.e. BBECTM MOTIPaBKy Ha i
peanbHYIO TEMIEPATYpy, UCTIONb3ys KaK nep-
BOE NpUOIMXKEHUE A5, PACCUHTAHHOE M3
TaOJIMYHBIX 3HAYEHU I SHTAIBMH I 06pa30OBAHMA.
Torna:

o
X

T
T‘I n
AH; =AHse + | Ae,dT AH g —
T BRI ?J. rCpd +§ H on Puc 1.6. 32BUCHMOCTb TEMIOEMKOCTH
o OT TEMMEPATypbl
o (1.14)
;

e Ac, = Zv,—cp; - Zv ;Cpj 5 | —TIPONYKTBI PEAKUWH; j — HCXOJHBIE BEUIeCTBa, v —
i J

CTEXHOMETPUYECKUE KOI(DPULUHEHTH B YpaBHEHUN peakiMH. DTO ypaBHEHHE Ha3bl-
BalOT ypasuenuem Kupxeogha W, cTpOro roBopsi, OHO, KaK M 3aKoH lecca, sRAseTcs
NPsAMBIM CJIEACTBHEM IMEPBOTO 3aKOHA TEPMOIWHAMHKH,

XOTst SHTAJIBIUSA BEUIECTBA BCETAA PACTET C MOBBIUIEHHEM TEMITEPATYPHI, H3Me-
HEHHE 3HTAIBNHUH peaxkuit TIPH U3MEHEHHH TEMTICPATYPEL MOXKET OBITL HE3HAYH-
TCABHBIM 1 KaK MONOXHWTEILHBIM, TaKk M OTpHuATEJbHEIM (puc. 1.7), Tak Kak B
ypaBHeHHE (1.14) BXOIUT pasHocmb TEMNOEMKOCTE. DTO MO3BOMNT B malbHedleM
NpeHeOpeYh U3MEHCHHEM SHTAIBIIMK C TEMIIEPATYPOil M OYeHD OBNErYUT pacueTrL.

Ipumep 1.3. OnpelnennTe H3MEHEHNME IHTATBIHN OKCHAA cepbi(1V) 1 peakumu obpaso-
BaHHA XJIOpHCTOTO cynbdypuna;

SO,4(r.) + Cly(r.) = SO,Cly(r.)

lipH U3MEHEHUM TeMnepaTypsl oT 289 jo 389 K, eciin ussectHo, yto Ans okcupa cepbi(1V)
A %5 = =296,9 kX /MOnb, ¢, = 39,9 IIx/(moan - K), os Xiopucroro cynbhypuna Al 5gg =
=-363,0 k[Ix/Monb, ¢, = 77,4 Ix/(Mons - K), a ms xnopa ¢, = 34,9 /(Mo - K).
Pewienue. amMeHeHne sHTAILOMK peakuiu npu 298 K, paccuMTanHoe no dopmyae (1.10},
cocraBisieT A Hg = —66,1 kIIX. [Ins okcuaa cepbi(1V) npu nsmeHeHuM TeMneparyphbi Ha

Puc 1.7, IIpuMep 3aBUCUMOCTU OT TEMIIEPATYPLl TEILJIOEMKOCTH HCXOAHBIX BELLECTB M Mpo-
AYKTOB PCaKUMK (@), U U3MEHEHUS SHTANLNUU peakumuu A H5 (6):

1 — WcXogHble BelleCTBa; 2 — NMPOIYKTEL Peakiuuun
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100 K BenuunHa 3HTAIBIMM YBEJIUUYMTCA HA BEIHYHMHY, PABHYIO e(Ty — 1)) = 39,9100 =
= 3990 JIx/mone. Qs pacuera A.H3g; cllefyeT vcnosib3oBath opmyny (1.14):

AH 3y = A 595 + [,(SO,Cly) — ¢,(80y) - ¢,(CIYI(Ty - T)) =
=-66 100 + 2,6 - 100 = —-65 840 Hx.

Takum 06pa3oM, xOTH 3HTIbNNS KAXKI0r0 U3 PCAreHTOB W3MEHSAETCS 3HAYNTENIbHO (TloKa-
3aHo Ha nipumepe SO,), MoBuilleHKHe TeMIepatypsl Ha 100 K MpuBoaMT K YBENMUYEHKIO 9H-
TaAbIIUM peakiluM Bcero Juiub Ha 0,4 %.

KonTpoJibHble Bompochl

1.1. K kakoMy THIIY NIPUHANEXKUT KAKAAs U3 [IEPEYNCIEHHBIX CHCTEM:

a) OTKpPBITEIil CTAKAH C PacTBOPOM COJIM;

0) zanagHHasg aMIlyJia C KPUCTAJIAaMH Mearoro Kyrnopoca;

B) repPMETHYECKH 3aKPBITHIHl TePMOC C TOPSAYHM yaeM;

r) xoika?

1.2. Camonet cobepiuaet nepelier Mocksa— [Tapix. Kakne u3 nepeuncneHHblx HUXe MNa-
pPaMeTpoB ABNAIOTCH (QYHKUMAMH COCTOSHMS NJAaHHOIO Maplupyra: a) IpoiaeHHoe paccTos-
HHe; 6) u3MeHeHue reorpadryeckoil IHPOTH; B) KOJNYECTBO M3PAcXoA0BaHHOIO TOILAKUBA;
r) BeICOTa noheta?

1.3. Kak cooTHocsiTest Besinuunbl A L° u A H° CleAYIOLIMX [IPOLECCOB: a) PACTBOPEHUE B
eosne NaCl(1B.); 6) cropanue 1 Mons mernnamuaa CHsNH, npu 7= 400 K; B) B3aumoneii-
CTBHE METAUIMUYECKOTO XKeEMe3a ¢ XJOpoM ¢ o0pa3oBaHMEM TBEPAOTo TPUXIOPHAA XKeNela
npu T=450 K; r) repmuyeckoe pasnoxedue 6poMuna oaopona npu T = 300 K. Paccuyuraii-
Te, HACKOJIbKO OHM OTJIMYAIOTCA IPYT OT Apyra.

1.4, CrannapTtHas sHTanbnus obpasobanus BsH, pasua 62,8 x/1x/Monb, MU3MeHeHHIO 9H-
TalblMM KaKoH pEaKUMH COOTBETCTBYET 3Ta BeJMyMHA?

1.5. Onpenennte AH° NO, ucriosibsyst IPHBEACHHBIE HUXKE NaHHBIE!

4NH,(r.) + 50,(r.) = 4NO(r.) + 6H,0(X.), AH 5 = 1170 kIIx
4NH;(r.) + 305(r) = 2Ny(r.) + 6H,O(K.), AH 505 = —1530 kIx

1.6. Vcrionb3ys nannbie Tabn, 1.1, paccynraiiTe cTaHAAPTHYIO SHTANBIHMIO UCTIAPEHUA BOAB,
eCNU JUTH PEaKLIMH

CaO(18.) + H,0(r.) = Ca(OH),y(T8.), AH5s = ~109,1 KJIx

Ecte nu apyroif nyTh pacyeTa sHTAIBIMH UCMAPEHUS BOALI ¢ UCIONB30BAHMEM NaHHEIX
Tabn. 1.1?7

1.7. Tennora ucnapenusi Boaw npu 35°C paBua 2421 x/Ix/kr, a npu 25°C paBua
2444 xJIx/xr. OueHUTE CpeHee 3HAYeHUE TEIUIOEMKOCTH (€,) BOASIHOTO Napa B HHTepBaje
TeMrneparyp 25—35°C, ecnn ¢,(H,0(k.)) = 75,3 Lx/(mMonb - K).

1.8. QueHuTe BeMuMHY 3HepTUH ¢Bsizd N—N B MoniekyJie ruapasina (N,H,), vcronsays
nanHbie tabn. 1.1 u sHTAnbnuM auccounauuu Hy u N,, KOTOPEIE paBHB COOTBETCTBEHHO
431,6 u 950,5 kIx/MoNb.

1.9. Onpenennrte cTaHAapTHYIO SHTaNbMMIO obpasoBanus Al,Os(TB.) npn T'= 850 K, ecnn
MoJibHbIE TemjoeMKocT# (Ix/(mons - K)) paBHBI COOTBETCTBEHHO:

c,(Al(TB.)) = 20,67 + 12,39 10°°T,
c(0y(r)) = 31,46 + 3,39 10T,
c,(ALO5(18.)) = 114,56 + 12,89 10T,
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1.2. HAITPABJIEHUE ITPOLIECCOB B ®U3UKO-XUMMHWYECKHUX
CHUCTEMAX

1.2.1. DaTponus M BTOpoe HAYAIO TePMOIHHAMHKH

PaHee GbI10 MOKa3aHO, KAK He fIprOeras K 3KCIEPUMEHTY, MOXHO OIPEIETHTD
TeTMoBOMH 3chdekT npouecca. Takue 3HAHUA HeOOXONMMBI, HO OHU He HaloT BO3-
MOXKHOCTH OTBETHTH Ha Haubojee BaXHBIH [JIsT Hac BOIPOC: MOMIET JIM mponecc
CaMOIIPOU3BONLHO — €3 BO3AeiCTBHS H3BHE — HJIM OH IPHHUMITHAIBHO HEBO3MO-
XeH., UToOH rmogoifTH K OTBETY Ha Hero, CJeIyeT IMO3HAKOMMTLCA C ellle OJHOU
yHKuHeH COCTOSHHA CUCTEMBI, HA3BaHHOM sumponueii (S) 1 sapnsioneics cToIb
Xe (OYHIAaMeHTaNnbHOU M YHHBEPCAJIBHOM, KaK 3Heprusa. B knaccHyeckoil TepMOnH-
HAMMKE IO SHTPOIIMEH TIOHHMAIOT TAKOE CBOHUCTBO CUCTEMBl, U3MEHEHHUE KOTOPO-
ro rpu o6paTHMoM' 1porrecce YHCAEHHO paBHO OTHOIIEHHIO TETUIOTHI K TEMIIEpAaTy-
pe TpOTEKaHHS Ipolecca:

AS= Q/T. (1.15)

HarnpuMmep, npy HcriapeHHH BOALI B yenoBuax KurieHus (7= 373 K, P=1 at™)
M3MEHEHHWE BHTPOITHH paBHO AS =AH,../373 = 44000/373 = 118 Ox/(Monn - K).

OAnaKo cyTh 3TOM (hYHKIIMH COCTOSHUS YNaA0Ch [TOHAThL MHOTO TT03XKe, YeM OHa
Obnina BBeneHa P. KimayanycoM B KiacCHYECKYIO TEpMOIMHAMHKY. B cTatucTyeckoi
TEPMOTHHAMHKE OMEPHUPYIOT TIOHATHAMH MAKpO- H MUKPOCOCTOsIHUIT cucTeMBbl. Hau-
CoJice HamISOHBIM (IPHMEPOM MOXET CIYXXUTH KOpoOKa ¢ sueikaMu, B KOTOpOI
HaxXOOAaTCa Wapel. HaifpiMep, B ACBATH A4CHKaxX HaXonATCs YeThIpe 1iapa — 3To
Mozenb MakpocucTeMul. 11Iapnl MOXHO pasIoXHTE MO s4YeiKaM 126 pa3inyHBIMH
criocobamu (puc. 1.8), KaKapiid U3 KOTOPLIX SIBIACTCA MHKPOCOCTOAHHEM.

Yucno MUKPOCOCTOSHIH, [T0CPEICTBOM KOTOPEIX PEATU3YETCH JaHHOE MaKpoco-
CTOSIHHE, CBA3AHO C MepMoCUHaMUHeCKod 8epoamHocmero. JHTPOIINS ONpeneseTcd
TEpPMOJAMHAMHUYECKONA BEPOSTHOCTBIO: OHA TeM BEILIE, YeM OOsblIe CrIocOo0OB pea-
JIM3ALUU MakpococToaHus, [To3ToMy CUNTAIOT, YTO SHTPOIIUY — Mepa HeYNnopsano-
YeHHOCTH CUCTeMEl. MaTeMaTHYeCKH CBS3b IHTPOIHH C YUCAOM MHKPOCOCTOSTHHIH
yctaHoBw JI. BonsiMaH B koHie XIX B., BHIPA3UB €€ YPABHEHUEM:

S = kingy,, (1.16)

roe Gy, — TePMOAMHAMMYECKasl BEPOSITHOCTL JAHHOTO COCTOSIHUS CUCTEMBI IpH
OripelieTeHHOM 3ariace BHyTpeHHeH aHeprun UV 1 o0beMe V; k — rtoctogaHHas bonbir-
MaHa, paBHasa 1,38 1072 Ix/K.

[MpuMep ¢ mwapaMu, KOHEYHO, OUY€Hb HATIANEH, HO W KOBapeH, Tak Kak Ha
OCHOBAHHM €r0 WHTYUTHBHO [10]] YITOPSAAOYEHHOCTBIO CUCTEME HHOTA [TOHUMAIOT
PACITONIOKEHHE YaCTHII B ITPOCTpaHcTBe. OMHAKO B NeHCTBHTENLHOCTH ITOX TEPMOIH-
HaMHYEeCKMM COCTOSIHMEM CHCTEMHBI IOpa3yMeBaeTcd rMiaBHBIM 0Bpa3oM pacripene-
JIEHME YacTHII (HAIIpUMED, MOJIEKYJ) 110 BO3MOXHLIM YPOBHAM 3HepruH. Ha puc. 1.9
[IOKa3aHO0, KaK MOTYT pacilonaraThCsl YeThlpe YaCTHIIEI 10 YPOBHSIM SHEPrUH B CIy-
yae 60onbLIol (a) U Manoi (0) pasHHIBI MEXAY IHEPTreTHUCCKHMH YPOBHAMH, €CIIH
obuIHif 3anac 3HepruH paBeH Fq. st CUCTEMEI C JIAZIEKO OTCTOMIIIMMH JIPYT OT JAPYra

' B repMogMHaMuKe ofipamumeiM Ha3LIBalOT TaKoH TPOIlECC, KOTOPHIH npoBoauTcs GecKoHevHO
MEUIEHHO W TaK, 4TOOBI CHCTEMA HAXOAWIACK BCE BPEMS MPAKTHYECKH B COCTOSAHWW PABHOBECHS,
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Puc. 1.8. BosmoxHEIe crtocoGbt pacTionoXeHUs YeThlpeX [IApoB B JEBATH sueiikaX

YPOBHAMU CYHIECTBYET [1BA BAPMAHTA pACIIONOXEHMS YACTHULL, 4 C BIU3KO pacmomno-
KEHHBIMHM — JIEBATH, T.€. JHTPOMNUS MEPBON CUCTEMBI MeHEIIIE, YeM BTOpOIX,

B ciryyae peanbHBIX YaCTHIL YPOBHM KOJ1e0aTe IhHOM SHEPIMM PACIIONOXKEHB AATbIITE
IpYT OT Apyra, YeM YPOBHU BpALUATEJbHON JHEPTHH, A T€, B CBOID OUepeih, 3HAUH-
TENBLHO peXe ypoBHeH mnocTynareneHoit sHeprud. [losromy cucremd, B KOTOpO
YAcTUULI MOTYT KOJIEDAThCSI TONBKO OKOJIO HEKOTOPOro COCTOSHUSA paBHOBECHS (Kpu-
CTAJUIbI), UMEET TOpa3a0 MEHLIIYIO SHTPOIHIO, YeM KWIKOCTH, TAK KaK B MOCHeI-
HEM Clydyae BO3MOXHO W BpauieHue. ['a3bl, COOTBETCTBEHHO, UMEIOT caMyio 60k~
LIYIO SHTPOTIMIO, TAK KAK VTS MX YACTHL BO3MOXHBI BCe TPW BUIA JBUXEHUS.

Besikomy BellecTBY MOXHO IMpUIIMCATh OMpejieleHHOe aBCOMIOTHOE 3HAYEHUE
SHTPOIUU. DTO BO3ZMOXKHO, TaK KaK B UI€aIbHOM KPUCTAJLIE IIpH aGCONIOTHOM HYyJIe
dTOMBI TOJDKHBI HAXOAUTECS B €MMHCTBCHHOM, CAMOM HU3KOM JHEPTETUYECKOM CO-
CTOSIHUM, Be]JOHTHOCTL KOTOpOFO paBHa e,HMHMLle a 3HTp0]‘IVIH COOTBETCTBEHHO HYIIIO,

E £ re
Es ——
£y —— ——
o £ —o-0— ——| &
B —— —— H0-0-8- |—0-0—
£ —— —00— |-0—1 -0-0-0 6§
£ Elesel oo/l Lo -
a i1

Puc. 1.9. 3aBrHcuMocTs TepMOXMHAMUUECKOH BEPOATHOCTH OT Pa3HHIILI MEXIYy SHepreTHUE-
CKHMH YPOBHAMM TIpU OOMHAKOBOM ODLUEM 3aI1ace SHEPTHH
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BT0 yIBepXKIACHHME HA3BIBAIOT NOCHIYAQMOM g
Ilianka Wi TpeTEMM 3aKOHOM TePMOAWHAMHA-
k. CrenyeTr OTMETHTD, UTO 3/1eCh peub uaert ob r.
WAcaILHLIX KpUCTA/IaX, He COOepXalluX Ipu-
Meceil M He nmeroumx aedextoB. Crpore ro-
BOpST, TAKHE BELLECTBA HEBO3MOXHO TIONYYHT,
a BHTPONUS pealbHBIX KPHCTAIJIOB 1aXe IIpH 4
0 K orHuHa oT HYNdA, XOTA W MUMEET ouMeHb
HebGoJLIIoe 3HAYeHHE, AS.,

KoHeuyHo, 5HTpOTIMK BElECTB 0OLIMHO He TB.
PACCYMUTLIBAIOT HA OCHOBAHWU YPABHEHHS
Bonkumana. Mx onpenendioT no ypaBHEHHIO T T T
KJNacCUYeCKOH TEpMOIUHAMUKHY C YUETOM Tell-
JMOeMKOCTH JaHHOIrO BEIecTBa W TeToT ¢ha-  Puc. 1.10. 3aBHCUMOCTE DHTPOTIHH HE-
30BLIX TlepexonoB. PacCMOTpHM, KAK U3MEHS- KOTOPOrO BEINECTBA OT TeMIEPaTyphi
eTCA S9HTPOIHMH HEKOTOPOIo BEleCTBa IIpK Nno-  (TB. — TBEPAOE BELUECTBO; XK. — K-
BLILIEHUU TeMIiepaTtypol (puc. 1.10). KOCTB; T. — ra3006pa3Hoe BELECTHO)

ITpu rarpesanun Boimre 0 K u 10 TeMniepa-
TYpbl IJIABIEHMS DHTPOIMS BEIIECTBA BO3PACTACT IPEXJE BCElO 3a CUET yBeIHue-
HHS pacIpefesIeHIS YaCTHL 110 Koje0aTeIbHEIM YPOBHSIM 2Hepriu. B aToMm unTepBa-
JIe TeMIepaTyp Ui o0paTHMOro HArpeRaHUs MPY [IOCTOS HHOM JARJIEHAN SHTPOITHH
MOKeT OBITE paccyuTaHa 1o dbopmysne:

Sy “Sn+j':”dr (1.17)

DTO BLIpAXEHME OCHOBAHO HA TOM, YTO TETUIOTA TPOLECCA TIPH TIOCTOSHHOM
ABAeHWM paBHA M3MEHEHUTIO SHTAILNNHK (CM. noapasa. 1.3), KoTopasd, B CBOIO oue-
penb, onpenenseTcs U3 TermoemMKocTH. TTpH TeMniepatype TUTaRIeHs IHTPOTTAS yBe-
JIMYMBABTCH CKAYKOM, TAK KAK TIOHBISIETCSH BO3MOXHOCTL BPALIATEILHOIO [IBHMXE-
HUS, W KOJTMYECTBO BO3MOXHBIX COCTOSTHHIT Bo3pacTaer. [ToCKOoMBKY TIaBIeH e npo-
HCXOAHUT TIPU TIOCTOSTHHOM TeMIiepaType, To IPUPOCT S3HTPOTIUH MOXHO OTIPEIeTUTD
1o dhopmye:

AS = AH/ Ty (1.18)

H3meHeHne SHTPOIIUH IIPK HArpeBaHWH KHUJIKOCTH paCcCUMTBIBAIOT I10 (bopmyne
(1.17), moncTaBNss 3HAYCHUE TEIUVIOEMKOCTH XHUAKOCTH. TTpy ucniapeHnu 3HTpoInus
BHOBL YBCIWYHBACTCHA CKAUKOM, TPHYCM 3TO YBCIHYCHHEC 3HAUHTCILHO Gonmue,
HEM TIpH TINaBJIE€HWH, ITOCKOJIBKY YHUCITO COCTOSTHHUH TIpKA HUCITApeHHH pE3KO0 BO3pac-
Taer. 3areM NPOUCXOIUT HATpEeBaHHWe ra3a npH NoCToOSHHOM marienuu. Mtak, sHT-
ponus Moboro BeuecTBa MpH HeKoTopoit remneparype 7' MoXeT OBITh paccyMTaHa
no ¢opmye:

TG0k 4 j ¢ (r)

Tﬂ.‘l T)CH n

S’r‘ = SO dT

Ij]c (;B) dT + > AH o /Tpn- (1.19)

3HaueHUd 3HTPOIMHN pa3nUUHBIX BeurecTs npy 298 K u gaBmeHum 1 atMm (S3g)
cBejieHBl B Tabanubl (1adn. 1.3 u npun. 1). DHTpONMM I1POCTLIX TBEPIBIX BEILECTB
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TaGnuua 1.3

Crangaprable 3HTPONHH HeKOTOPHX BemecTB (JIx/mois * K)

Beiectno 08 Beurecto 855 Bewgectso 598 Bewecrso o8
Al(r.) 1644 | Cl(r.) 2299 | N,(r.) 199,9 | H,O(r.) 188,72
Al(TB.) 28,35 |[Cl(r.) 165,1 j NH,(r.) 192,6 || H,O(x.) 70,08
Al (p.)* =301 | Cl(p.) 56,54 || NHi(p.)* 114,4 | H,O(tB.) 39,33
AICl (18.) 109,3 [ HCI(r) 186,8 || NH,Cl(1B.) 95,8 | Hy(r.) 130,6
AlBr (18.) 180,2 | HCl(p.) 56,5 [NO(r) 210,6 || H*(p.) 0
Al O,(1B.) 50,92 | ClO,r.) 257,0 | NOyr.) 240,1 || OH~«(p.) --10,87
Fe(r.) 180,4 | CLO(r.) 266,2 | N,O,(r.) 304,3 || O,(r) 205,04
Fe(rs.) 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) 2481
FeO(ts.) 60,75 | HBr(r.) 198,6 | P, (18.) 41,1 SO,(r.) 256,4
Fe,0,(18.) 87,4 HI(r.) 206,5 Pxpac(TB‘) 22,8 ||H,S(r) 205,7
NaCl(rB.) 72,12 || CaO(tB.) 39,7 | COLr.) 213,68 || CaCO,(tB.) | 92,9

* [Lns HOHOB B PacTHOPE SHTPOMMS WIMEPSETCs OTHOCHTENBHO 3HTPONMM moHa H'(p.), koropas
TIPUHATA 38 HOJb, MMOITOMY BHTPOMUH HEKOTOPHIX MOHOB OTPHLATENbHbI,

cocTapAloT Aeca kU Jx/ (Mo - K). i ra3006pa3HbIX BEIIECTB SHTPOMUS 3HAYHM-
TEABHO BBIIIE — MMOPSAOKA HECKOABKUX COTEH M 3aBUCUT OT Macchl YacTHIl M HX
reoMeTpUUuecKoro cTpoeHus. Tak oxcun yraepona(IV), Monekyna KOToOporo TUHekH-
Ha, UIMEEeT SHTPOIHIO MEeHbILe, eM NPUOTUIUTEILHO PARHBIM €My IO Macce OKCHI
azora(lV), umelomwMit HEIMHEHHOE CTPOEHUE. DTO MOXHO OOBSICHUTH TEM, YTO Y
MoseKynel NO, Gonblue BpamateabHbIX CBOGO,.

Ha ocHOBaHMM JaHHBIX O CTAHAAPTHOU SHTPOMUH BEUIECTB MOXHO PACCYMTATH
HM3MEHEHUE DHTPONMHU PA3IMYHBIX XUMHUYECKUX NMpoleccos. ITOCKOIBKY 3HTPOMMS
ABMsIeTCs PYHKUMEH COCTOSIHUS, TO €€ U3MEHEHME HE 3aBUCUT OT MYTH MNpoilecca U
PaBHO Pa3sHOCTU IHTPONUI MPOAYKTOB PEaKIIMM U UCXONHLIX BEUIECTE.

AS =T VS - T v, S8 (1.20)
i i

Bo MHorux Cayyaax U3MeHeHWe SHTPOMHMU Iponecca MOXHO OLSHHUTE Kaye-
CTBCHHO!

. SHTDOHHH BCErla YBeMHUUHUBAETCHd TIPU Mepexone U3 KOHICHCHUPOBAHHOIO CO-
CTOAHMS (TBEPOOTO WM XHAKOTO) B mnapooGpasHoc, Hampumep, Sigg [(TB.) =
= 117 kIx/(monb - K), a Sy Io(r.) = 260,6 Ix/(Monn - K);

® DHTPOIMS BO3pacTaeT MPU PAcTBOPEHUM TBEPAOTO WIM XHIKOTO BELIECTBA,
NpHUYEM YeM QoJibLIE CTEMeHb JAUCCOITNAIINH, TeM 3aMeTHer YBEIIUYUBACTCHA IHTPO-
nus. [Ipy pacTBOpeHMH Ta30B, HATIPOTUB, SHTPOMUA YMEHLIIACTCS:

Bewecmao CH;0H (x.) HCOOH(x.) NaCl(rB.) HCI{r.)
S305(TB., K. LIK T.) 127,0 129 72,4 186,7
8%s(p.) 132,3 164 115,4 55,2
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e UeM ci1oXHeEe COCTaB BellecTBa, TeM Doibuie ero 3uTpondsa. Hanpumep, nns
OKCUIOB Mapraniia MnQ, Mn,0; 1 Mn;0, 3HTpOnMs paBHa cooTBeTCTBEHHO 61,50;
110,5 u 154,8 Ix/(mMonb - K);

¢ B XUMUYECKHX PEaKIIUAX IHTPOIMNS BO3PACTAET, €CTU B PE3YIHTATE UX YBENUUU-
BaeTcA KOJHYECTBO ra3oo0pasHeix BemecTB. HanpuMep, B peakiivv TepMUUECKOTO
pasnoxeHusa KapGoHaTa KaJlbLus:

CaCOj;(1B.) = CaO(1B.) + CO4(1.)
SHTPONHA Bo3pacTaeT: A,S° = §°CO,(r.) — §°CaCO;(r8.) — S°CaO(1B.) = 231,68 +
+ 39,7 - 92,9 = 178,48 Ox/K.
Bmopoe nauano (3axorn) mepmodunamuiy periaMeHTHPYET IPUHLIMNMHUAIIBHYIO BO3-

MOXHOCTE MPOTEKAHUWS pa3sNUIHEBIX poieccoB. B cepennue XIX B. 2T0T 3aKoH BBl
cchopMyaHMpoBaH B BUIE HECKOJILKUX rtocTyaToB. Hanbonee M3BeCTHHIE U3 HUX Clie-

AYIOUIHE:

H, HaKOHEL, ¢ UCIIOJIB3OBAHUEM TIOHATHA IHTPOMHUNA!

JpyruMu ciioBaMM, MPOLIECCH TIPOTEKAICT CaAMOIMPOM3BOJBHO JHIIE B CTOPOHY
MeHee YNopsuloUeHHOTO COCTOSHUS, T, €. HapacTanua oecrropsaka. UMeHHO mosToMy
HcnapeHue XMIKOCTH, PaCTBOPEHHE COJIM B BOIE MIIM CMEIIEHUE ra30B MPOUCXOINT
CaMOIIPOM3BOJIBEHO, @ BMECTE ¢ TeM 00paTHbIe rpolecchl 6e3 obMeHa 3Heprueit ¢
OKPYXAKOLIEH Cpenoil HeBO3MOXHEL. ClienoBaTebHO, VBeIMUEHUE SHTPOIMUHN SBIIS~
€TCA KPUTEPHEM CAMOIIPOMN3BOJIBHOIO IIPOTEKAHWSA MPOLECCCOB TONBKO B U30ITHPO-
BaHHBIX cCHCTeMaX, T.e. He oOMeHMBalOIIMXCs IHepPrueil ¢ BHEIIHEN cpenoif, a 310
JIOBONBHO PENKUi cjiydail. B OTKPBITEIX U 3aMKHYTHIX CUCTEMAX, KPOME U3MEHEHUS
JHTPONKWHU, HA HAIIPABJIEHHE MMpoUECCa BAMACT €1E M1 M3MCHEHUE SHTANBIINHA.

Pynonsd Knaysuyc (1822 — 1888). Hemeuxnii dusmk.
Been noHstue sHrponuu. O6o6wns paborm KapHo,
P.Knayauyc onpenenun chyuxuuio S, xoTopas 3aBUCHUT
TOJIBKO OT HAYAJIBHOTO M KOHEUHOIO COCTOsSHMA obpaTH-

MOTO TpoLecca U dS=%, IMpu stom ox nucan: «[pexa-
JIaralo BeIMYMHY S Ha3BaTh 3HTPONMUEN OT IpedecKoro
tponn — npeobpaszoeatue. S cielIHANBHO TaK NOTOOPA CHO-
BO SHTPOIMHA, YTOOBI OHO GBUTO CO3BYYHO CO C/IOBOM 3HEp-
Ms, TAK KAK 3TH JBE BEIHYMHB HACTOJILKO CXCIHBI IO
CBOEMY (PU3MYECKOMY 3HAYEHUIO, UTO CO3BYUYHE UX KAKETCS
MHE TOJIE3HBIM».
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TIpumep 1.4. Onpenesure namMeneHue sHTponuu 1 Moma NaCl npy HarpesaHuu ot 25°C
go 850°C w 2HTpONMIO XIOpHAA HATPHMS NpH 3TOH TEMIIEPATYpE, €CIIH W3BECTHO, 4TO
¢,(NaCl(1B.)) = 45,94 + 16,32 - 10~ T (xIx/(Mors - K), ¢,(NaCl (x.)) = 66,53 Ix/(monb - K),
T, = 800°C, AH}, = 31,0 x/Ix/Monb.

Peuienue. B cooTBeTcTBUM C ypasHeHMeM 1.19 paszobreM Mpolece HarpeBaHUS XJIOpHOa
HATpHUA HA TpU 3Tamna;

1. Harpepanue oT KOMHATHON TeMIEpaTYphi 1O TEMIIEpATYphi IUIABIEHNA:

973
as = | &(18) 4 =45,931n3—;§+ 16,32- 1073 (973~ 298)= 54,34 + 11,02=

298

= 65,36 Ax/(moJtb - K).
[tasneHue npu T =973 K:

©

AH,, 31000
— = ——— = 31,86 Ox/(monn-KJ}.
Ty 973 4 /(M ’ )

Harpesanue pacrimasa no temrcparypst 850 °C:

AS, =

1023 ¢ (K.) 1023
AS; = | 22dT = 66,5310 —— = 3,33 I/ (Moits -K).
=TT 973 A/ )

COXHMB MOTYYCHHBIC BCIMYMHLI, TTOJIy4MM UCKOMYIO BEJIMYMHY M3MCHEHMS SHTPOIMU:
AS = AS| + AS; + AS; = 65,36 + 31,86 + 3,33 = 100,55 Ox/(mons - K).
Sutpormusa NaCl npu temneparype 1023 K 6ynet paBHa:
Sio23 = Shgg + AS = 72,12 + 100,55 = 172,67 Ox/(moib - K).

1.2.2. Onepriun T'n6oca u Ienpmrosbua. Kpurepuil caMonpon3BoIbHOTO
TIPOTEKaHHs TPOLECCOB

Kaxue xe MpouecCch MAYT CAMOTIPOM3BOJIBHO B HEM30JIHUPOBAHHBIX cHucreMax?
HDH B3aUMONICHCTBHH Bopopoaa ¢ KHCIOPOAOM CaMOIIPOM3BOJILHO 06p33y€TCH
Boma:

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

B 310l peakiiiM SHTPOTIUS YMEHBINIACTCS, HO BLIZEISETCH GONLIIOE KOJIUYECTBO
ternothl (AS < 0, AH < 0), T.e. cAMONPOU3BONBHOMY TIPOTEKAHMIO TpOLEcca
CHOCOOCTBYET YMCHEIIEHUE SHTAJIBITHMU,

CaMONpoM3BOILHO TIPOUCXOIUT M PACTBOPEHUE XITOPUIA AMMQHHUS B BOIE:

NH,CI(18.) + ag = NHj(p.) + CI"(p)

3TOT MPOLECC COMPOBOXAAETCS MOHIKEHHEM TEMTIEPATYPH (TTOTJIONIEHUEM TelT-
JIOTHI) U YBETMYECHUEM 3HTPoONMHU (AS > 0, AH > (), npryeM MMaBHYIO PoaL WTpaer
nocnenHui ¢axrop. TakuM 06pa3oM, MOXKHO CKas3aTb, 4TO JI00asd cUCTeMa CTpe-
MUTCSI K MMHUMYMY SHTQJILIIUU M MAaKCHMYMY SHTPONHMH. B TepMonyHAMMKe BBO-
IUTCs HoBasl yHKUMS, CBSAZLIBAIOIAS ABE TIPEABIAYLINX BeMMYUMHLI — Jnepeusn Tub-
bca (GY:

G H— TS, (1.21)
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OcHoBHag 1IEHHOCTD 3TOMH CI)YHKHVIM 3AKIJTIOYAETCd B TOM, YTO €€ UBMEHEHWE NMpH
TIOCTOSTHHOH TeMIIEpAType W NABJIEHWH OIIPEASIACT CaMOTIpOU3BONLHOCTL NpoLec-
coB:

AG = (AH - TAS) < 0, (1.22)

Yr1o6LI NMOHATE, KAKOW CMBIC MMEET BeMYHHA AG, BePHEMCS K BLIDAXEHHIO TIep-
BOTO Ha4yaia TepMOIWHAMHKH:

AU= Q — Apeu + E. (1.23)

Ecnn npouece o6paTUMBIif, To, COTTACHO BTOPOMY 3aKOHY TEPMOAMHAMMKH, TEr-
NOTY MOXHO BBIPA3UTh ITPOM3BENCHUEM TEMITEPATYpPhl HA U3MEHEHUE SHTPOTIHK:

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

Torma B ¢iyyae nocCTOSIHCTBA JABJICHKMS TAa YacTh BHYTPEHHEW JHEPIHH, KOTOPAs
MOXKET TIPEBPATHUTECA B TIOME3HYIO paboTy £ (B TOM YHCTe UCIIONb30BaTLCY Ha Tiepe-
pacrnpeaeIcHUe Mace B CHCTEME, T.€. HA XMMUYECKOE TpeBpalleHue)}, paBHa H3Me-
HEHWI0 SHepruy [1166ca;

E=AU+ PAV— TAS = AG. (1.25)

TaxkuM o0pa3oM, BeJIMYWHA A G XapaxTepy3yeT TY YaCTh M3MEHEHHsT BHYTPEHHEH
SHEPTHH, KOTOpas MOXeT OBbITh NpeBpalleHa B N0Je3HY0 paboTy.

Xumuueckuil norenudan. Ta yacTh 3Hepruy, KOTOpas pacxXoayeTcs Ha Mepepacrpe-
meJleHHe MacC B CHCTEMeE, T.€. Ha COBeplleHHe XMMUYECKOH PCakuMHM, MOXET ObiTh
npeacTapieHa B BHOS CYMMEI NPOM3BeIeHUI:

E= ZIJEA”Es

rae AR — H3MEHEHHE KOJIMYeCTBa BellecTBa, a p — Xumudeckuii nomenyuaa. Ilpu
MOCTOSHHOM JABIEHUM W TeMIieparype:

A G = ZHIAFT;.

M3 3T0ore BRIpAXESHUS CICAYET, UTO XMMUYSCKUH NOTEHUMAT HEKOTOPOIro BELIECTBa
XapakTepH3yeT uaMeHeHue sHepruu I'nG6ea npu nobaBieHHH 3TOro BELIECTBA B CH-
CTEMY IIPU NMOCTOAHHBIX JABCHUU, TEMIIEPATYPE W KOTMYSCTBE APYIHUX BELECTB:

w;=(dG/dn}, . =G;.

JpyruMu cJoBaMM, XHMHUECKWH TMOTCHUMAT MHAUBUAYAJILHOIO BEIECTBA — 3TO
MOJIBHOE U3MeHEeHHe 3HepriK T'nb6ca G; I1pH NoCTOAHHOM paBleHHH U TeMIIEpaType.
[MoaToMy B OCHOBHOM TEKCTE Yallle BCEro MCNOJIb3yeTCs B 0CHOBHOM 3Hepris ['ubbca.
g apyrux ycnosuii, Hanpumep V, T = const, XUMMYECKHIT NOTEHIMAIT OIlpeIeacT-
C# YPABHEHHEM:

TR T T L L ey
i m%%?zw%

IIpy ycOBHH MOCTOSHCTBA OBBEMA TIOJIL3YIOTCH TepMOoaAHHAaMUYecKoi hyHKIN-
eit, KoTopas HasbBaeTcst Iuepeuet Teavmeoavya (F):

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

; H
G 75
" U PV
; F s PV
Puc. 1.11. CooTHowenue Mexay hyHK- Puc. 1.12. 3aucumocts suepruu IM'i66ca (&)
uvsamu U, H, Gu F OT CTCICHW IPEBPALLEHHUA PEAreHTOB (o)

B XUMUYECKOM npougcce

B uzoxopHoM rnipouecce nonesnas paboTa oIpenenseTcs M3MeHeHHeM SHEPTHH
TenbMronsua, a yenosuem CaMOTIPOM3BONLHOCTH MPOLIECCA SABISETCS €€ yMEHbIIIe-
HHe AF < (0. B XMMUH 0BLIYHO MONb3yroTCs1 3Heprueit T'ub6ca, NIOCKONBKY yaiie
BCETO XMMWYECKHE PeakiMM TIPOBOAST TIPU TIOCTOSHHOM (atmoctepHOM) napme-
HUW. [lns niponeccon, TIIPOTEKAIOIMX B KOHAEHCUPOBAHHOI dase, M3MeHeH st SHep-
Ivit 'm66ca u FenpMronua TPaKTHYECKH coBrianalor. COOTHOMIEHHS MEXy Haubo-
JICC HACTO UCMONB3YEMBIMHM TEPMOIUHAMUYECKUMM (bYHKIIMAMY 1IpencTaBiTeHbr Ha
puc. 1.11. Crenyer ot™eTuts TOMBKO, YTO aGCOMIOTHLIE 3HAYEHHY STHX byHKIMI
OTIPEACIUTE HeNL3s, TAK KAK OHU BKIIOYAIOT BHYTpeHHIOIO sHepruio. Ha pucynke
9TO OTPaXXCHO Pa3pPLIBOM HA COOTBETCTBYIOIIMX OTPEe3KaXx.

HUrak, B HemsonmporanHoit chcreme HIPOLIECC TIPOMCXOAMT CaMOTIPOU3BOIBLHO,
€CITH €My COOTBETCTBYET YMEHbUIEHUE SHEpPruu THGGea. Korzaa xe Takoit nponecc
3aBepinTcsi? B Xozie npeBpame s o6s3aTenbHo HacCTymaeT MOMEHT, KOIJla 3HEPrHs
I'néoca gocturaer MHHHMMAaNbHOIO 3HAYEHUA, Moboe nanbHeiillice H3MEHeHHe co-
OTHOIWICHUS KOMWYECTB BEIIECTB HEW3BEKHO NPpUBeAET K yBenuuyeHwo (. Ha
puc. 1.12 npencrasnena sapucumMocTs 3Heprum Tu66ca oT cooTHOMmEHUS pearcHToB
B XMMU9ECKOM npouecce. CocmosHue cucmenm b, Komopomy coomeemcmeyem AG = (),
Ha36t6a10Mm pasHogecuem.

B 1a6n. 1.4 nepeuncnenn YCJIOBHSA PABHOBECHS U CAMOIIPOM3BONIBHOTO rnporeka-
HHUA Tporecca 11 Pa3HOTro TUTIA CHUCTEM.

[onsatie xumuveckoro notenunana BBeJ B CBOEH pa-
BoTe «O papHOBecUH FETCPOrE€HHbIX BE1ECTB» aMepHKAH-
CKHiT PU3UK-TEOPETUK, ONHH H3 OCHOBOTIONOXHUKOR Tep-
MONAHHAMWKH H CTATHCTHYECKON MexaHuxu JIK. Yunnapn
I'n66c (1839 —1903). B s1oit craTse on paspaCoTan Teo-
PHIO TCPMOAHMHAMUUECKHX TIOTEHLIMANIOB, 10Ka3Q1 MpaBu-
N0 das (obuiee ycnoBue paBHOBecHs TeTEPOTe HHLIX CHC-
TEM), CO3al TEPMOAMHAMUKY TOBEPXHOCTHLIX SBICHUIA
H AMTCKTPOXMMUIECKHX TIPOLIECCOB; 0GOBIII IPUHLMIT 9H-
TPOTIHU, NPHUMEHWB BTOPOE HAYAIO TePMOAMHAMMKH K
HWIHPOKOMY KPYTY MPOLECCOB, U BLIBEN (ByHIAMEHTAIBHbIE
YPaBHEHHUA, NO3BOISIONME ONPENCTATL HANIPABIeHUS pe-
AKUUHA U YCIOBHA paBHOBeCHs A cMecei 11060 CIIOX-
HOCTH. MHOrue uaeu coBpeMeHHOM PaBHOBECHOH TepMO-
IUHAMHMKH DEepyT Havyajo U3 HTUX pabot dx. [u66ca.
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Tabnuua 1.4

KpuiTepH BO3MOKHOCTH CAMONIPOU3BOILHOTO MPOTEKAHHS MPONECCa

BOJIBHOTO IPOTCKAHHA
npouecca

OrpaHuveHHS, Hsomuposatias HemaonuposaHHas cuctema
HaKJIaAbIBaeMble Ha CHCTEMY CHCTEM2 T, P=const T, ¥=const
DyHKUMA COCTOAHNSA \) G F
OnpeneneHle U3MeHEHNA AS = Quo/T AG=AH- TAS AF=AU- TAS
hyHKIIMM COCTOAHMS
Kputepuit camonpous- AS>0 AG< 0 AF<(

VYcrnosne paBHOBECHS

AS =0 makcumym S

AG=0 muaNMYM G

AF=0 MuHuMyM F

1.2.3. Pacyer u3MeHeHna 3Heprun I'n00ca B pe3yinTare XAMUYECKHX peakiMil.
JdnarpaMmel DInMHrémMa

Hrak, s peureHys MOCTABIEHHOM HAMY 3aJa41 — OIpele/ieHUS BO3MOXHOCTH
NpOTeKaHWs PEakIMKA — HEeOOXOIMMO OMpeleIuTh OTBedalolee il M3MeHeHUe
sHeprun I'mb6ca. Kak paccuntats o1y Bemmuuny? TTepseiM MpUGTIKEHIEM SBIsIETCH
pacyeT CTaHAAPTHOIO 3HaYeHUs] AGigg, T.€. AG IS CTAHIAPTHEIX YeIoBKit (P= 1 atM,
C =1 monp/n) u T = 298 K. Ilpu s10M CrienyeT yuuTeiBaTh, YTo 3Heprus I'mGGea
SIBISCTCA (DYHKIMEH COCTOSIHMA U, CIIEIOBATE/ILHO, €€ U3MEHEHUE 3aBUCHT HE OT IIyTU
MPOTEKAHUSA MpoLiecca, a TOJBKO OT HAYAIBHOTO ¥ KOHEYHOr0 COCTOSHMIA CUCTEMBI.

ITepreiit crocoG pacyeTa aHATOTMYEH METONY OMEHKW WU3MEHEHMs JHTAILITUH
DEAKIIMH IO TaBYIMPOBAHHBIM HTAIBIMSIM 06pa30BaHug padIHUYHEBIX BeurecTs. B cxon-

TabGnuua 1.5

CranaapTHeie BeJJHIHHBL A,G 395 HeKOTOPBIX BemecTs (k[ /M0.1b)

BewecTso 8,G g8 Beweeto | A3 Beuectro A/Glgs Bewectso | &G
AgCI{1B.) -109,8 || NaCl(ts.) | -384,1 | NH,(r.) -16,71 | H,O(r.) -228,61
Ag,0(18.) -31,1 | NaF(r.) | -543,3 || N,H,(r.) 159,28 | H,O(x.) |[-237,24
Al¥*(p) -490,5 || LiF{tB.) -584,1 || NH,CI(r.) | -203,2 | H*(p.) 0
AICl,(tB.) —628,6 [ Cl-(p.) -131,4 | NO(r.) 86,58 | OH+(p.) |-15742
AlBr,(t8.) -490,6 [ HCI(r.) 94,79 | NO,(r.) SL5 [ Oy(r.) 162,7
Al,O,(1B.) ~1582 || HCI(p.) -131,2 | N,O,(r.) 98,29 || H,O,(x.) | -120,4
CaO(tB.) —-604,2 | ClO,(r.) 122,3 [ HNO,(r.) -74,8 || H,5(r.) -33,8
CaCO,(tB.) ~-1128,8 | CL,O(r.) 93 P, (TB.) 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 PO, () |-2697,8|SOLr.) -300,2
Fe,O,(ts.) -740,3 || HKr.) 1,78 || PHy(r.) 13,39 | SO,(r.) -370
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AG 7 Hble Tabmuusl (Taba. 1.5 ¥ nipun. 1) CBENeHH 1
- BEMMHHEL Ay (93 M TOUHO TaK Xe MPHUHATO, YTO

v JJIA MPOCTHIX BEIIECTB AfGEQS = 0.
Aerngg :ZVfAfGIOQS —ZVjAfGZUgg. (]27)
i j
4 Anamm3 rMogo6HLIX Tabadi MoJIe3eH MpYU Co-
\ MOCTABAEHUH CBOKCTB OJIM3KHUX IO CTPOEHHIO
coeaunenuit. OcobeHHO WHOOPMATUBHO TakKoe
cpaBHeHHMe JUIsi OMHApPHBIX COCOMHCHMIA, IM0-
gy CKOJILKY [T03BOJIET OLCHUTH BO3MOXHOCTL MX
MO 5 HUSL SHEPT
e (2130";“:1 Tcmnepz:;gu‘“ 8 cuHTe3a M3 MpOCTLIX BewecTs. Hanpumep, cpean
I— AH>0, AS<0; 2— AH<0, AS<(; BONOPOJHLIX COCAMHEHHH J/IEMEHTOB 16-ii (VI)
32— AH>0, AS>0: 4 — AH<0, AS>0 TPYTIBl BO3MOXHO MOTYYCHHE M3 MPOCTBIX BE-
wects (AGig < 0) Toneko H,O u H,S, Torna
Kak s 6onee Tsxenoix anaigoros (H,Se n H,Te), HarmpoTHB, BEPOATHO caMONpo-
HM3BOJIBHOE Pa3oXeHUe B CTAHTAPTHHIX YCIIOBHUSIX.

BTopoii cnocof 0OCHOBAH HA pacyeTe CHAYaNla BETMUMH A, H g U AS 395 IUTA 1aH-
HOTO Mporecca, 4 MOTOM, UCXOIS U3 HUX — BEJMUUHBI A, G 10 hopMyne

ArGogg = A Hgg — 298+ 4,575 (1.28)

HaHHBIFA cnmocolG XOpoIl TEM, YTO MOJBOJAET OLCHUTH, KaK M3MCHHTCH 3HaK
A,G° TIpY I3MeHEeHHY TeMITepaTypbl. XOTs SHTAILITMA U SHTPOIMS BELIECTB 3aBUCAT
OT TeMIIepaTypel, Ho, KaK 6BIT0 MOKa3aHo B npuMepe 1.3, 11s peakun U3MeHeHWe
BETMUMHEL AH° He3HAUUTENLHO (TO K€ MOXHO MOKa3aThb M Ui A.S°), MO3TOMY
MPUGTIKEHHO CYUTAIOT, UTO B HEKOTOPOM MHTepBaie TeMrepaTyp A, H® U A,.S° —
BEJIMYHUHL! TIPAKTUMECKH MOCTOSTHHEIE.

Ha puc. 1.13 nokazaHa 3aBUCUMOCTh U3MeHeHMA sHepruM [Mb6ca oT TeMmnepary-
PHI TIpY PA3IMUHBIX COYETAHUSIX BeJIMUMH A, "M A, 5", Korma oTBeT 0 BO3MOXHOCTH
CaMOMPOU3BONBLHOTO TPOTEKAHMSA Mponecca HeonqHo3HaueH (AH > 0 u AS > 0w
AH < 0u AS < 0), cnenyer YYUTBIBATb, YTO NP GbICOKUX MeMNepamypax OCHOBHYIO
POAL uzpaem IHMPOnutnstl GaKmop, a npu HU3KUX — IHManbhulinsil. Pe3ynLTaTel
aHATM3a 3aBUCUMOCTE, MpUBEAEHHBIX HA pUc. 1.13, cymMupoBaHbI B TabI. 1.6.

U, nakonelr, TpeTHit croco6 pacueTa A,G° OCHOBAaH Ha KOMOMHAIIMM 3HAMCHWH
A,G° XOpoTmo U3yyeHHEIX peakuuii, HarmpuMep, eclii U3BecTHBI 3Havenus A,G” s
peaximii

Puc. 1.13. Bo3sMoXXHBle TUTIBEL 3aBUCH -

CO(r.) + 1/205(r.) = COx(r.) AGY = -256,2 x/Ix,

4Fe(1B.) + 30,(1.) = 2Fe,0:(r.) AGH = —1482,1 x/Ix,
TO JUIST peakinun

Fe,O5(1B.) + 3CO(1.) = 2Fe(1B.) + 3CO(r.)
AG° = 3A,G = 1/72A,G5 = -27,7 xJIXK.
TMocregnuit croco® MCMONB3YETCA [UTA ONpEIeIcHUS TeMIIEPaTyphl BOCCTAHOB-

TeHUs OKCUAOB MeTauioB yrieponodM, CO WIM MeTaIIaMHU ¢ TOMOIILIO duazpammbl
Jaaunzema, XapaxkTepU3ylomeid 3aBUCUMOCTH A G’ OKCUIOB OT TEMIEPATYPHI

(puc. 1.14). Ha 5T10ii nnarpaMMe oObIMHO H300paXatoT TeMrepaTypHble 3aBUCUMOCTH
A,G° peakuMit oKMUcTeHMss MeTawios, yriepoga U CO KucnoponoM (B pacyere Ha
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TaGnuua 1.6

BepoaTHoCTs caMONPON3BOILHOIO NPOTEKAHNA XHMHIECKHX peakumii

BosMoxtble koMGHHaLMH | BeposTHOCTL CaMOTIPOM3BOIBHOM

A uA,S® . TIpumep xumirtieckoif peakuru
A >0, A.5°>0 Bo3moxHa npu Bbicokux T 2Cu,0(tB.) =4Cu(1B.) + O4(1.)
A >0, 4,5°< 0 Hego3amoxHa HM nipH Kakux T|30,(r.) = 20,(r.)

A< 0, A,.5>0 BoamoxHa npu niobbix T 2C(1B.) + O,(r.}) = 2CO(r.)

aH < 0, A,5< 0 Bosmoxkiia npu HU3KUX T 2NO,(r.) = N,O,{r.)

1 Mo O,) B MpeanogoxeHuu, yTo A, H° 1 A.S° He 3aBucAT ot Temnepatypbl. Mano-
MbI Ha IIPAMBIX COOTBETCTBYIOT TeMMepaTypaM TUIABIEHUS OKCHAOB METAJUTOB.

W3 aparpaMMel BIUITMHTEMA CICAyeT, HampumMep, yto npu 298 K oxcun Hukens
HEJIB38 BOCCTAHOBHTD YTJIEPOIOM:

2Ni + O, = 2NiO AG;
2C + O, = 2CO AGS
NiO +C=Ni+CO AG;=1/2(AG3 - AG)

TIpu 298 K AG| < AG3, cnemoBaTenbHo, AG: > 0, 1 peakiua He unet. TTporece
TEPMOIMHAMUYECKH BEPOATEH B CTAHNAPTHLIX YemoBusX, eciu AG5 < 0. U3 rpadu-
Ka CIIe/TyeT, 4TO TaK0oe BO3MOXHO muiib npu 7 > T, (680 K).

4/G", xllx

+250

-3500

- 1000

il ! 1 1 I
500 T, 1000 1500 2000 T, K

Puc. 1.14. 3aBucHMOCTL A;G° HEKOTOPBIX OKCHIOE OT TeMIICPATYPhi (IMAarpaMma DILTHHIEMa)
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Jlo cUX Mop MbI 00CYXXKAAIM BO3MOXKHOCTDb pactera M3MCHEHUS SHEPT U1 Tub6cas
cTaHaapTHLIX yenosmsx (P = 1 atm, € = 1 Mons/n). Kakyio nH(popmaLimo Mo}KHog
TIOJTYYNTH U3 3THX JAHHBIX? ;

1. Ecmu AG® < 0, peakuysl BO3MOXHA B PeIbHBIX YCIIOBHAX, a ecnu AG™ > 0,
TO BO3MOKHA JiMlUb OOGpaTHAas peaxums.

2. Eciu |AG?| se npessimaer 40 kX, TO, NU3MEHsIA YCIOBUS (mamieHue WIH
KOHIEHTPALHIO), MOXHO JOOHTBCs, YToOB AG crano meHbie 0.

3. Ecoim AG® = 0, 5T0 He 03HAYAET, YTO B PEATLHBIX YCJIOBUSX IIPOLIECC SABSETC
pPABHOBECHBIM.

Npamep 1.5. BO3MOXHO JIM B CTAHAAPTHHX YCIOBHAX NONAYIUTDL X10D B3auMoOAeHCTBHEM
okcua MapraHua(IV) ¢ x10poBogOpOaHON KUCIOTOM? |

Pewenue. TIpexae Bcero paccunTaeM A, (g PEAKLHH, MCIONB3Ys TabNMYHbIE 3HAYECHHA
ArH 595 W 8395

MnO,(re.) + 4HCI(p.) = MnCly(p.) + Chy(r.) + 2H,0(x.)

AH%s = 28H%5(H 0) + AH55(Cly) + AH %s(Mn*(p.)) + 2AH 35(ClI7(p.)) -
— AH39(MnO,) — 4AH 59(H"(p.)) - AAH 59(CI (p.)) = 2-(-285,84) - 223,01 + 5215 +
+2-167,2=61,21 clIx;

A, S35 = 2855(Hy0) + S395(Cly) + S39s(Mn?' (p.)) + 28295(Cl7(p.)) — 295(MnQ;) -
— 48505(H*(p.)) — 48565(Cl (p.)) = 2- 70,08 + 222.9 + (-74,89) — 53,1 - 256,54 =121,77 Ax/K.

HanoMuuM, 410 AH 595 M S3gg MOHOB OTIPEENEHB OTHOCKTENLHO COOTBETCTBYIOLIMX Be-
muumH s HY(p.) u, coorsercTBeHHO, AH 39y (H'(p.)) = 0, S (H'(p.)) = 0, a S
HEKOTOPBIX HOHOB METALIOB MOTYT ObITh < 0.

AGgs = AH3ss — 298 A, S35 = 61210 — 298 121,77 = 24922 [l

B CTasHuapTHBIX YCIOBHAX, T. &, pH KonueHTpawun HCL, papHoit 1 Monb/J1, 3Ta peakums
CaMOINPOM3BONBLHO He NoiifeT. bonee TOro, OMHUM M3MEHEHHEM TEMIIEPATYPH!, & OHO NpH
paGore ¢ pacTBopaMu He MoxeT npesbimars 100°C, Henb3s MIMEHNTH 3HAK A, G°. OgHako
a6CcoN0THAS BelIMYMHA A,G° HeBeNMKa, TIO3TOMY MPH M3MEHEHMH KOHLEHTPALIMH HCI Bos-
MOXHO 100uTECH A,G < 0. JleficTBUTENBHO, XJI0p MONYYAOT TAKMM CIIOCOGOM, HCIO/b3yA
KOHLIEHTPUPOBaHHYK Kucnoty (10M).

1.2.4. 3aBuCHMOCTh M3MeHeHus Juepran I'ubbca
OT peaJibHBIX YCJAOBHIH OCYIIECTBIEHHA XMMHIECKOH peakunu

Bo3HMKaeT BONPOC, KAK PEaJIbHBIE YCIIOBUS NPOBEACHNS XMMUYECKHX TIPOLeC-
COB, B TOM UMCJieé BeJIMUMHbI JABJIEHUA M KOHLEHTPALWHA pearnpytoninx BelIECTB,
BJIMSIOT HA BEPOATHOCTH CAMOIIPOH3BONLHOIO MPOTEKAHNA PCAKLIMK, KaKHM oodpa-
30M HALO MEHSTh 3TH IIapaMeTpsl, YTOOKI peakins Obiia BO3MOXHA, U KaKOH BBI-
XOJI TTPONYKTOB CIEAYET OXHUIATh B PE3YNbTaTe TOTO WIN MHOTO0 TIporecca.

HeTtpynHo nokasaTk, 4TO TPH U3MEHEHNH JaBICHIA SHEPTHA T'n66ca MEHSCTCA
CEMYIONMM 00paszoM':

G = G° + RTIn(p/p"). (1.29)

| Muddepenumpyn ypasueHue G = U+ PV — TS n ncnonbaya AMddepeHLMATBHOE BbIDAKEHHE
[epROTO W BTOPOTO 32KOHOB TepMouunamuku dU = TdS - PdV, MOXHO yOEAMTHCS, YTO IIDH [TOCTO-
AHHOMH TeMnepaType dG = VAP, Torpa ans MoeajisHOro rasa dG = (RT/P)dP vi nocne HHTCTPHPOBAHHKS
nonyyaeM G, = G+ RTlnp,/p,.
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TMTocKONLKY CTaHIAPTHLIM SIBISIETCS COCTOSIHME, TSI KOTOPOro p = 1 aTtM, To
OTHOUIEHHE p/p° YHMCICHHO PABHO JABJIEHMIO, BHIDAXEHHOMY B arMocdepax. DTto
OTHOTIEHWE HA3LIBAIOT aKMUEHOCMbIO (). AKTHBHOCTL — BeJIMUMHA Oe3pasMepHas.
s KOHOEHCHPOBAHHOIO COCTOSIHHST (SKMAKOCTEN M TBEDABIX TeJi) MO aKTHBHO-
CTBIO BE11ISCTRA [TOHMUMAIOT OTHOLLIEHHE €T0 KOHIEHTPAIUH K KOHIEHTPAUWHA B CTaH-
IapTHOM cocTOSSHUU (tab. 1.7). Torma ans aro60ro BelecTsa 3aBUCMOCTE MOJIBHOM
sHeprun I'n66ca oT peaTbHBIX, HECTAHAAPTHBIX YCIIOBUI IIPH 3a1aHHOM TeMIepaTy-
pe MOXHO BBIPA3UTh YPaBHEHHEM:

G= G° + RTna. (1.30)

B tabn. 1.7 mokazaHo, KaK OIPeIe/isIlOTCs aKTHBHOCTH, KOTOpKIE HEOGXOIMMO
YUWATHIBATH NPH pacyeTe U3MEHEHMS 3Heprud [ n66ca B peanbHLIX YCIOBHSIX.

i XMMHYECKOH peakuM, HalpuMep, IIPH CUHTE3e HOMOBOJOPONA, 3aBHCH-
MOCTB A, OT pealibHEBIX YCIOBHIT MOXHO BEIPA3UTL CIELYIONUM 00pa3oM:

L,(r) + Hy(r.) 2 2HI(r.)
AG = 2G(HD) - G(Ip) - G(Hy),
AG = 2G°(HD) + 2RTIna(HI) - G°(I;) — RTIna(ly) - G°(H,) — RTIna(H,).
CrpynnupoBaBs WieHs! MOC/EAHETO YPABHEHWs, MOMY4HM BbIpaXKeHHE, HA3LIBAeMOe
H30TepMOI XMMHUYECKOM peakiuu:

2

AGr = AGj + RT In 21
alzaHZ

B oBuieM BHAE IS MPOM3BOJILHOM PEAKIIMHA 3TO YPABHEHME MMeeT BHI:

| O

AGy = AGy + RT'In 11[ — |, (1.31)
a‘ ¢
; (]
Ife j — TPOMYKTEI PEaKUMHM; / — WMCXOOHBIE BelecTBA, v — CTEXHOMETPHYECKHe

KO3 PUIMEeHTH! B YPABHEHHHN PEAKIIMN.

Tadnwmuma 1.7

Cranjapranie COCTONHHA M AKTHBHOCTH, NPHUHATHE JUIA PAcYeToB 3Heprun I'nGoca
M KOHCTAHT PABHOBECHSA

Bewectso CraHaapTHOE cOCTOSHWE AKTUBHOCTh

T'as, ymcTeiil win B cMecH | TlapumansHoe qaBTeHHe rasa a=p/p’°
pP=1amM

UncTas KUIKOCTE HiIH Yncras XugKoCTh MK TBEpaoe a=1

TBepaOe BelieCTBO BELIIECTBO

PactBopurensB pa3bae- UucTrlit pacTBOpHTENL a=1

TIeHHOM pacTBOpe

Beurecteo B pacTBOpe KoHileHTpauus pactopa s pasbanie HHBIX pacTBOPOB
1 Mons/n a = ¢ (YUCIACHHO)

2 Heopranuveckas xumpn, rom | 33



Ta6auua 1.8

3uagennn A,Gyy PCAKUMUH CHHTE3A HOA0BOLOPOA NMPH PAITHIHBIX
COOTHOMICHHAX PEArcHTOB

Homep onsma av, a1, aHl RTInQ, kX | AGys kX

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 0,07 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 18.41 286

Y1066l IOHSITH, KaK HA OCHOBAHWY ypasHeHMs (1.31) MOXHO CYIHTL O HAnpas-
JIeHUHM TIPOTEKAHHUS MpoLlecca, pacCMOTPUM BAPMAHTBI C pa3HbIMU MapiHalbHbIMU
NABIEHUSAMM MUCXOMHBIX U KOHEUHBIX MPONYKTOB NpH CHHTE3¢ MOIOBOIOPOLA. Hna
91O peakunn A,G5gg =—15,81 xJIx. B Tadn. 1.8 npUBENEHE! HAYALHEIS AKTHBHOCTH
peareHTOB, HAXOMISLINXCA B CMECH; BBIYMC/ICHHDbIC HA OCHOBAHUM OTHX JaHHBIX 3Ha-
UEHHS

2
RTIn-JM_ _ RTInQ,
a, ay,

a TAKKe BEJMUMHBI A,Ghgg, pACCUUTAHHBIE TIO OpMYIe

Kak BimHO 13 Tabnmisl, B orbsrax (1 — 3) wist peakiuy oopasopanus HE A, Gags < 0
W, C/IENOBATEIBHO, 3TA PEaKUMs AET CaMONpoU3BONLHO. ECin peanbHble faBaeHs
napa KOMIOHEHTOB COOTBETCTBYIOT ONbITaM (4—5), A, Gygg = 0 1 npouecc paBHOBe-
CeH, T.€e. AKTHBHOCTH BCEX BELIECTB HE M3MEHAIOTCS BO BpeMeHN. [list OTibITOR &—"7
A,Gagg > 0 M CAMOTIPOM3BONBHO MOXET MATH TONBKO OOpaTHBI Mpouece — pasno-
werue HI (A, Gopgy = —A,Gopp). TaKMM 06pasoM, MEHAS COOTHOWEHHS peareHToR,
MOXKHO 3aCTaBWTEL PEAKLMIO UATH B TY WIH OIpPYTYIO CTOPCHY.

Hpumep 1.6. Onpeneaure, MpU KAKOH TEMMEPATYPE CTAHOBHTCA BO3MOXKHbLIM pasfioxe-
HMe KapOoHaTta Kanbuua npu aasieHnu CO,, pasHoM 0,1 atM, ecau:

CaCO,(tB.) CaO(tB)  CO,(r.)

AH 05, KIK/MOTS 12069 -635,5 -393,5
8308, Jx/(mons - K) 92,9 39,7 213,7

Peweniie. 15 peak uMH
CaCO;(1B.) 2 CaO(tB.) + CO4(r.)
ypaBHEHHE K30TepMbl XUMHYeCKolt peakuuu (1.31) uMeeT sua:
AGr=AGE+ RT Inp(CO,),

TAK KAK AKTMBHOCTH YMCTHIX (He 06pa3yiolmx pactsopos) Teepabix seuiects CaO 1 CaCO,
paBHBl eauHuLe, & akTHBHOCTL CO; YNCICHHO paBHA MAPLHAIEHOMY nasieHuo’, Yenosue

! Mapuuansitoe dagaeniie ra3d B CMECH Ta30B PABHO TOMY AABJICHHIO, KOTOPOC HME] Obl oTOT Ta3 B
OTCYTCTBAM APYTHX JICTYYMX KOMIIOHEHTOB; ; = X; Posy, TAC X; — MOAbLHAH SO JAHHOTO TA32 B CMECH.
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CaMONpOM3BOJIBHOTO Pa3NoxeHHa KapboHara Kainbuns: AGy < 0. BeimolHHE HeoBxonuMEbLe
NpEOdPA3OBaHUA U CYMTas, UTO A H°, A,S° He 3aBucat ot T, MONy4nM:

A,.H;gg == TA,S%QS + RT lnp(CC)z) < O,
T'> A Hs/(A:S%s = RInp(COy)),
T > 990,5K.

CnenoBarenibHO, pasnoxkeHHe KapboHaTa KaIbLMs NpH JaBICHHK CO,, paBuoM 0,1 arm,
BO3MOXHO TIpH TeMIeparype, npesbimatonieit 990,5 K (717 °C).

1.2.5. YenoBue XHMHYECKOTO M MeXR(a30BOT0 PABHOBECHSA, KOHCTAHTA PABHOBECHS

Kak yxe HeOMHOKPaTHO OTMeuasoch BGLILIE, YCJIOBAE PABHOBECHS BHIPAXAETCH
ypasHeHneM AG = 0. Teneps paccMOTPHMM, KAaKKX e COOTHONIEHMIT peareHToB BO3-
MOXHO NOCTHYbL B PE3YJibTATe KOHKPETHON XMMHYECKOMH PeaKUWH Wi KaKIX-1H60
IPYTUX (DM3MKO-XHMIIECKUX NPOLECCOB (ImMccouuanys B PACTBOPe, MexX(asHbie
paBHoBecusT). M3 ypasrenusi (1.31) cienyer, 4TO B COCTOSHAM PABHOBECHS

[147
AGy = AG; + RT In| -2
Iar

" ChenoBaTeJIbHO,

I1a)
AGy =-RTIn| +£— | = RT InKk. (1.32)
I1a"
i

B YCIOBHAX paBHOBECHUSA COOTHOIIEHHSI KOMIIOHEHTOR He M3MEHIKTCS BO Bpeme-

HH, 4 UX aKTUBHOCTH M3 meKyYuiux CTAHOBATCS PAGHOBECHbIMIL,
OTHONIEHWE NPOU3BEIeHNS AKTHBHOCTE MNPOAYKTOB PEAKUHH K NPOU3BENSHHIO
AKTHBHOCTH HCXOTHEBIX BELIECTB, B3SITLIX B CTENECHAX, PABHLIX CTEXHOMETPUYECKINM

Koo (hDHLMEHTaM, HAa3BIBAIOT KOHCMAHMON PAGHOBECUT:
Vi
I14
J
vi
I1a
i

KomcranTa paBHOBeCHS SBISIETCS KPUTEPHEM MOJHOTH NpoTeKaHus peakiu. Be-
mruuHa K 6espasmepna. Ecin X > 1, B paBHOBecHO cMecH npeodanaioT MPOLYKTEl
PeaK1My, a, eciim K < 1, To B Heil npeo61analoT peareHTsL. Hanpumep, K peakiyn
curresa HCI u3 mipocteix Bewects npu 298 K pasua 2,5 10, yro coorserctsyer
PaBHOBECHOMY NaBJIEHUIO XIopa 1 Bomopona ~10-" atm npu nasnenun HCI, pas-
HOM 1 arM. I/l peakiuiy CHTe3a CeJICHOBOAOPONA M3 NPOCTEIX BewecTs K=3,5+ 104,
a, CJIEIOBATeNIbHO, NPU aBNeHNH Rogopona 1 atM nasnenmne H,Se ~ 3,5 10* arm.

KoHcTranTy paBHOBeCHS MOXHO ONpeneNiuTh SKCNEPUMEHTAIBHO JIHGO paccuu-
TaTh U3 TEPMOIMHAMUYECKHX NaHHBIX 110 (hOpMyJie:

K = e 2Gr /(RT) (1.34)
35
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KoncranTs: pasrosecua. COMTacHO 3aKOHY AeiicTByOMX Mace (3akony I'ynenbep-
ra 1 Baare), KOHCTAHTa paBHOBECHSI MOXET ObiTh pacCYMTaHA M3 KOHLIEHTPALMA pe-
ATMPYIOLIMX BELIECTB (MOASPHONM WM MOJIBHON JONH) WIH MAPLHATIbHBIX TABIEHMIA,
DTH KOHCTAHTH HHOLJA HA3HIBAIOT KOHLEHTPALIMOHHBIMM B OTIIMUKE OT mepmoouna-
muveckux K, B KOTOpbie BXOOAT aKTHBHOCTH KOMITOHEHTOB. Konuenmpayuonnsie KoH-
cmanmot TN peakKUHA B ra3oBoil daze, BHIYMCIEHHBIE ¢ UCNOIbL30BAHHEM KOHIIEHT-
paumit K, M NapuMaTbHBIX JaBNeHuit K, CBA3aHBI APYT C APYIOM ypaBHEHMEM:

K, = K,(RTy",

rme An — M3MEHEHME YHCa MOJIEH B PE3YIILTATE PEAKLMH.
Hs TEPMOTMHAMHYECKHX JAHHBIX MOXHO PACCUMTATDH TONbKO TEPMOTHHAMHICCKYIO
KOHCTAHTY PaBHOBECHI.

Kak Bunxo u3 yparHesus (1.34), KoHcTaHTa paBHOBECHUS 3aBHCHT OT TeMIIepa-
Typel. C yyeroMm Toro, 4to AG® = AH®° — TAS®, NOBBILIEHNE TeMNEPATYPhLI PUBOIUT
K yMeHblIeHHI0 K s 3K30TepMudeckux peakumii (AH < 0) u k ypennuenuio K
IUTsT SHAOTepMIYecKuX peakuril (AH > 0). MamMeHeHHe aKTHBHOCTH KOMITOHEHTOB
peakUMi ¥ M3MEHEHWEe NaBJIeHUs BIUSIOT He Ha BenMInHy K, KOoTopas NoCTOsSHHA,
a Ha NMoJIOXeHNEe pABHOBeCH s (CTeneHp MPpeBpallleHHs peareHToB). DTo BIMAHHE pe-
IIIAMEHTUDPYET npunyun nodeuxcrozo paerosecus Jle llartenne:

B Ta6n. 1.9 nokaszaHo, KaK BIHsET Ha CMELIEHUE PABHOBECHST U3MeHEeHHe TeMIIe-
paTypbl, JABJeHUSA W KOHLEHTPAUMH PearpyroIiHX BEUECTB.

DKCNEPUMEHTANILHO YCTAHOBJIEHHYIO 3aBUCHMMOCTE K OT TEMITepaTyphl 4acTo
HCNONL3YIOT VTS OnpenesieHs TepMOINHAMUYECKUX MTapaMeTPOB PasiMyHEIX 1Tpo-

Tabnwua 1.9

Biamstrue pazindgHbIX AKTOPOB HA NOJOXKEHHE PABHOBECHH

nepaTyphl

VBenMYEHHE 1aB-
JEHUA

VeenuyeHHE KOH-
LIEHTpALIMH MCXO-
HBIX BELIECTB

VMeHbLLUIeHHE KOH-
LEHTpALIMH [TPO-
JIYKTOB peakiuun

He namensercs

He naMeHseTca

He usMmensnercsa

JeCKOIo npomecca

B cTopony yMeHblLUEHKS
0bbeMa ra3o00pasHbIX
BELLECTB

B ctopony obpazoBaHus
NPOAYKTOB peakuHuu

B cTopony 06pasoBaHHs
NPOAYKTOB PeaKLMK

BueurHee K MisMeHcHHE cocTaBa [MpuMeyanue
BO3MECHCTBHE peaKklWOHHOH CMECH
Veenuuenue TeM- | Aamendercs B cropoy sxporepMu- | Biuaunne teM Gonblie,

uem Gonbie [AH]

BaxxHo juisd peakiimii ¢
ydyacTHeM ra3zco0pa3Hbix
BEILECTB

Hmeer Oonplloe 3Haye-
HME )18 peaKuuii B
pacTeope

HmeeT Donbilioe 3HAYE-
HME I peaKuui B
pacTBOpeE

36




IlonArne 0 HepasnoBeCRO# TepMoaunamuke. Knacciueckas TEPMOIHHAMMKA pac-
CMaTPHBAET 0OpaTHMBIE PABHOBECHBE NPOIIECCH B M30JMPOBAHHBIX M 3aKPHITHIX CH-~
creMax. B 1o e Bpems GONBIIMHCTBO pealbHbIX CHCTEM ABASIOTCH OTKPHTHLIMH, [1po-
LECCE, NMPH KOTOPBIX CHCTEMA TIPOXOIUT Yepe3 HEPABHOBECHBIE COCTOAHMSA, PACCMAT-
PHBACT HepasnogecHas mepmodunamura. OCHOBHOE OTIMYME HEPABHOBECHOM TepMO-
AMHAMMKH OT PABHOBECHOH 3aKMOYaeTcsl B CIEAYIOLLEM.

Bo-nepBhix, TepMOIHHAMUYECKUE NTAPAMETPL M3MEHSIOTCA BO BPEMEHM — CyJIE-
CTBYIOT TIOTOKH Macchl M 3Hepruu (J). Bo BTOpHX, TEpMOIMHAMUYECKHE NAPAMETPHL
HMEIOT PasIMiHbIC 3HAYCHHA B PA3IMYHBIX TOUKAX CUCTEMBl — BO3HMKAKOT MpanyeH-
TH 3THX BeanduH (X)),

Hanpumep, ecsin noKanbHO HarpeTb OfiHy YacTh COCYAA C Ta3oM (CO30aTh FPaameHT
TEMIIEPATYP), TUIOTHOCTD a3a B 3TON YACTH CHCTEMbl YMEHBIUMTCA 1M BO3HUKHET No-
TOK MACCHI Ta3a B 3Ty o0nacTe. A sceX HeoOpAaTHMEIX MPOLECCOB [OTOK IHEPIMU H
MACCHI NMPAMO NPONOPUHOHATIEH IPAAMEHTY COOTBETCTBYIOLMX MOTEHMAIOB (DaBie-
HJSI, TEMIIEPATYPb, KOHLUEHTPALMU U T.[.):

T i

JpyruM BaXXHBIM TOCTYIATOM HEPABHOBECHO TEPMOIHHAMHKH SBISETCA YTBEPX te-
HME, YTO M3MEHEHHE SHTPOIMH B OTKPBITHIX CUCTEMAX MOXHO BHIPA3HTh COOTHOLLIEHUEM

dS = dS, + dS,,

rae dS) — u3aMeHeHne IHTPONMH, BbI3BAHHOE B3AMMOAEHCTEHEM C OKpYXAIOeil cpe-
no#, a dS, — BHYTpPEHHMMU NponeccaMu. M3MeHeHHE SHTPOMH BO BpeMEHU (MPOou3-
BOJCTBO IHTPOTIMM} BhIpAXKaeTcs MOAoOHEIM YpaBHEHMEM:

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

JUTst OTKPHITBIX CHCTEM MPH TOCTIOKEHNUM PABHOBECHOTO WM CTALMOHAPHOTO COCTOS-
HMsI H3MCHEHHE SHTPOMMM BO BpeMeHM OTCYTCTBYeT: d.S/dr = 0. Bosuukiuas u3-3a Hepas-
HOBECHOCTHM BHYTPH CHCTEMEBI BHTPOITHS JODKHA BBLIBOAMTHCS B OKPYKAIOILYIO CPELY.

Takum oBpasom, nocrynarsl o THHEHHOM COOTBETCTBHH MeX/y IOTOKOM M Ipa-
AHEHTOM TIOTCHUMANA U O JIOQKANTBHOM PAaBHOBECHMH W MHUHMMYME IIPOM3BONCTBA DH-
TPOTIHH JAI0T BO3MOXHOCTh PACIIPOCTPaHUThL 3aKOHOMEPHOCTH KIACCHIECKOH TepMo-
AMHAMMKH HA TIONABAAIOIEE GONMBIIMHCTBO PEATbHBIX OTKPBITBIX CHCTEM.

Eute 0nHoil 0COGEHHOCTBIO HEPABHOBECHBIX TIPOLIECCOB ABIISAETCH BOIMOXHOCTh MX
HEMPENCKA3YeMOro passuTyA. ECiiM B 3aKpBITHIX CHCTeMaXx mpoiecchl auddy3um 1
Pa3IHYHBbIe GIYKTYaunm (IMCCUITATUBHBIE TIPONIECCHI) TIPUBOAT K ONHOPOIHOMY PaB-
HOBECHOMY COCTOAHMIO, TO B OTKPHITBHIX CHCTEMAX Te XKe TIPOLEeCChl MOTYT NPMBOLMTh
K HOBBIM HEPAaBHOBECHBIM YIODAOOYEHHLIM COCTOSIHM-
AM — duccunamusnsim cmpymypan. TIpuMepoM Takmx guc-
CHITATMBHBIX CTDYKTYP 1 BO3HMKHOBEHUS HOpAdKa depes
Gaykmyayuu MOTYT ABNATLCSA KollebaTenbHbie peaKinH.
IMonpo6HO TaKHe peak MK OIMHCaHbI B T, 2.

Bonblloit BKIAA B pasBHTHE HepaBHOBECHOM Tep-
MonuHaMuku BHec W, P, Tlpuroxkun, naypeat HoBenes-
cKoif mpeMuu 1977 r., KOTOpHT YTBepXaad, 4To «B
o060l HepaBHOBECHOM CHCTEME CYIECTBYIOT JIOKATb-
HbIE YYACTKM, HAXOHOSILIMECS B PABHOBECHOM COCTOS-
HuM. B knaccrueckoii TepMOAMHAMHKE PABHOBECHE OT-
HOCHTCH KO BCEii CHCTEME, & B HEPABHOBECHON — TONb-
KO K €€ OTAENbHBIM YacTsIM»,

37



Ink, peccoB. B pesynbrare norapiMHUpOBaHuUs ypaBHe-
ASIR Hus (1.34) monyyaoT COOTHOLUEHHE

AGy  AH® " AS®
T RT R’
M3 KOTOPOTO CNeJIyeT, YTO B HEKOTOPOM MHTEpBane
TeMnepaTyp, rue A H°, A,S° He sapucar ot T, HMe-
eT MeCTO THHeMHasx 3aBHCUMOCTE In K oT 00parHOH
temmnepatypb!l (puc. 1.15). TanreHc yraa HakioHa
vr npsamMoii (iga) paBed —-A.f°/R, a oTpe3oK, oTCe-
Puc. 1.15. 3aBHCUMOCTb KoHeTaH-  KAEMBII Ha OCH OpIMHAT, PABCH ASYR.
TEL pABHOBECHS OT TEMIEPATYPHI B zaxJsiouyeHHe BepHEMCS K BOIIPOCaM, c@opmy-
JMPOBaHHBIM B Havane moapasz. 2.1.

o OnpenennTh BEPOSTHOCTh CRMOTPOM3BOILHOTO MPOXOXACHIA NPOLECca MOxX-
HO, paccunta AG mo ¢opmyne (1.31) 1 HCnonp3ya

a) TabaM4Hble JaHHbIE O CTAHIAPTHBIX TEPMOIMHAMUHECKHX (pyHKUMAX pasiiHy-
HBIX BewectB (A5, Sags, AfGa0s, )i

6) peanbHbie YCIOBM NPOBOIMMOrO nNpoLecca (Temmieparypa, aKTHBHOCTH KOM-
OHEHTOB).

e OmNpeenTs TEOPeTHHECKN BO3MOXHBIA BBIXOX MPOIYKTOB peaknun MOXHO,
Hcrnonnayd ypasHenue (1.34) m paccynTaB KOHCTAHTY PaBHOBECHA. HameHeHmne teM-
epaTyphl, AABJEHHs N KOHLUEHTPANMH pearnpyIOIMX BelECTB 103BO/IAET CMELLATD
[ONIOXKEHNE PABHOBECHS, T. €. YIIPABJISITEH IPOLECCOM.

o [ToJsiyyeHHBIE TaHHbLIE HHYETO He TOBOPAT O MEXaHHU3ME peaKuHii K O pealbHOH
CKOPOCTH mpoliecca.

o [IpencrasneHHbIi BhILIE MOIXON K ONMMCAHHIO PABHOBECHLIX MPOLECCOB € HE-
KOTOPBIMH crienrdnyecKiMi 0co6eHHOCTIMH MPUMEHNM K (a30BbHIM PABHOBECH-
siM (CM. T1. 3), PABHOBECHSIM B OKHCIHMTENILHO-BOCCTAHOBHTENBHBIX DEAKIMIX
(pasn. 1.4), npolieccaM JHCCOUMALMH B PACTBOPE 1 KMCIIOTHO-OCHOBHLIM pPaBHOBE-
cuaM (pasm. 1.5).

Ink =-

(1.35)

Hpumep 1.7. Onipenenure KOHCTAHTY PABHOBECHS M CTENEHD TIPEBPALIEHHA PEAKIINH JHC-
commaguu N>O, npu 7=298 K u T'= 350 K ¢ 0bwieM gasneHn 1 aT™, €C/IM M3BECTHO, YTO
IJIA peaKivH

N,O,(r.) 2 2NO,(1.)
AHgs = 58,04 KIX, A, S35 = 176,6 Ax/K.

Kak uU3MeHHTCS CTerncHb MpespaueHus ph YBEMHYEHNN NABIeHWA 10 2 arm?

Pewenue. CHauaa paccunTaeM sHadeHus A Gy 1 AGs 1o GopMysie (1.31) u nonyyum,
uTo AGSes = 5,38 )X, AG3s = 3,77 k/Ix. Jajiee, ucTionk3ys ypaBHeHHE (1.34), paccunTaem K:

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

npu 350 K K = exp(—-AG350/RT) = exp[3770/(8,31" 350)] = 3,65.
YroBbl OTBETHTH HA BOMPOC O CTENEeHM NpeBpalleHus, HAYHEM C BBIBOAA COOTHOLUCHHA,
cesiapiBaolero K co creneHsio npespamenns. OTMETHM, YTO 3TO COOTHOLUEHUE CIIPABELTH-
BO TOJIBKO JUIS peaKnyil B ra30B0i (ase ¢ ONpeaeNeHHbIMK CTEXHOMETPHIECKUMH koachdmu-
[IMEHTAMM, XOTI METOJ pacueTa YKa3aHHON 3aBUCHMOCTH BE3JLE OAMHAKOB!

K- ayo,  4a’P? (1+a)  40?P

" ayo, (14‘(1)2 (I-a)P ) (I"az)'
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Pewns 310 ypasHeHue, nonyunm, yto mpu 298 K o = 0,167, a ipu 350 K o = 0,69. Cregora-
TELHO, TIPH KOMHATHOM TeMIiepatype 16,7 % monexyn N,O, nojsepracTess {MCCOLMALNH, A
TIpH TIOBLILIEHUM TEMMEpaTyphl Ha 52° pacnanaerca 69 % N,O,. TIpu HarpeBaHHK pasHoBe-
CHE CMCINACTCA B CTOPOHY 3HAOTEPMHMUYECKOro npouccca (A.Hj > 0). IMpu ToBbieHun
nasieds K He M3MEHSETCA, a M3MeHIETCA CTeNeHD npespamenus. [Ipu 350 Ku P=2 arm
BE/IMUMHA o COCTABNAET 0,56, T. €. NONOXKEHHEe DABHOBECUSI CMELIAETCS B CTOPOHY YMeHbILIE-
HHA YHCTA MOJIEH rasa.

Bennunna N,O, (r.) 2ZNO; (1) Cymma
Yucro Moneil B HaYane peakimu A 0 n
Hucno Moseii B COCTOAHNM paBHOBECHS n(l -a) 2na n(l +a)
MonbHag Ko B COCTOAHMM PABHOBeCUs (1 -a)/(1+o) 20/(1 + o) 1
TNapumansHoe nanIeHHe B COCTOSHMH P(l-a}/(l+a) ] 2Po/(1 +a) P
pagHOBECHS

Konrposnbanie Bonpocs:

1.10. Ilpenckaxwure, He mposoad BbIUMCTTEHMI, KAK M3MEHHTCA 3HTPOTIMA NpM NpoTeKa-
HHUH CJIEAYIOUINAX peakuMii:
a) CO(r.) + Cly(r.) = COClL(r.)
6) NH ;NOs(t.) = N,O(r.) + 2H,0(r.)
B) Ba’'(p.) + SO} (p.) = BaSO,(Tn.)
r) Hy(r.) + Cly(r.) = ZHCIi(r.)
1.11, BuUMCIUTE M3MEHeHHe SHTAILIUH 1pu: a) mnasieHun | Mons somel (A, =
= 6,02 kJIx/Monb, T =273 K, 6) kuneuuu | Mons Bonb! (All,, = 40,7 kIx/Moms, T= 373 K).
OGbIACHHTE pasHHLY B 3THX 3HAYCHMAX. Hnsi cepoBomopona AS;,, = 88 Ix/(Monb - K). Kak
OOBACHUTH PASHULY B BeMUMHAX ASS., Ans H,0 u H,S8?

1.12. Onpenennre, BO CKOMBLKO pa3 H3MeHUTCS A8 B MHTepBaNe Temieparyp 298 — 398 K
ana peakunm SOx(r.) + Cly(r.)) = SO,Cly(r.), ecu M3BeCTHO, YTO

Bewecmeao SO,(r.) Cly(r.) SO,CL(r)
8395, x/(Monn - K) 248,1 223,0 311,3
¢,, Ax/(Monb - K) 39,9 34,9 77,4

1.13. MsBectHo, YyTt0 npu Temneparype 7 < 300 K peakuys
H,O(r.) + 2NO,(r) + 1/20,(r.) = 2HNO,(r.)

MIET CAMOMPOM3BONbLHO. CYnTad, 4to A,S° 1 A, H° He 3aBHCAT OT TEMITEPATYPEL, M HE TIPOBO-~
AA pacueTOB, NafiTe 00OCHOBAHHbIE OTBETHI HA CEAYIOLINE BOPOCHL:

)} KAK M3MEHWTCS IHTPONMS B 3TOM MpoLecce,

0) KaK M300pasuTh CXeMATHUECKU 3ABHCHUMOCTD A,G® OT TeMnepaTypsi,

B) SBASACTCA JIM 3TA PeaKuMs 3K30- WIH SHIOTEPMHYECKOII?

1.14. Ha ocHoBauuu guarpaMmsl DtuHrema (CM. puc. 1.14) onpegenute, BO3MOXHO M
BOCCTAHOBUTEL OKCHI MArHMsl aIIOMHHHMEM M, €CHU Aa, TO TIPH KAKHUX YCIOBHSX.

1.15. Ha ocHOBaHMM TepMOXMHAMUYECKUX pacyeToB, HCIIONL3YS JAHHBIE Tabm. 1.1 1.2 u
CUMTas, YTO BENMYMHDBI A,S° u A H{* He 3aBUCAT OT TeMIIEpaTypbL, oTpeaenuTe:

) M3MEHEHHE SHTAILIMU TIPU Pa3TOXKeHMU Fe,05 no FeO B cTaHmapTHbIX yCIOBUSX;

0) asngerca nm Fe,0; OCHOBHBIM MPoayKToM HpH OKUCIEHMM METATTTMYECKOrO Xejesa B
CTAHAAPTHLIX YCIIOBUAX,
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B) KaKO# 13 OKCMIOB NperMyiiecTseHHO obpasyercs npu 300 K.

1.16. JomxHA T peakuys BCerna MpOTEKaTh CAMOPOM3BOILHO MPHU JIIOOBIX SKCIISPHMEH-
TAIBHBIX YCIOBUAX, €CH 014 Hee A,G° < 0?

1.17. MUcrionssys gaHHbie Tabn. 1.1 u 1.2 u cumrad, 4to A, 5° U A H® He 3aBUCHT OT TEMIIe-
paTyphi, ONpenenuTe, OyaeT 11 CAMONPOM3BONIBHO MATH peakims

280,(r.) + O,(r.) = 2805(r.)
npu 1000 K, ecnu mapunaipHble JaBICHMA KOMITOHEHTOB CMECH paBHBL:
Pso, = 0,5 at™, po, = 0,8 at™, pgo, = 0,9arm.

1.18. 0,2 mons Br, Harpenu no 1027 °C. OnpenennTe, Kakoil o0beM 3afiMeT 3Ta CHCTEMA,
HAXOOAIIAACA B paBHOBECHH NpH Pug, = 0,5 aT™ NIPH CNEAYIOIHX YCTIOBHMAX:

Bry(r.) Br(r.)
.ﬁfHZgg, KJX/MOTb 30,9 11 1,8
AS5g, Ix/(Monb - K) 245.5 186,9

1.19. Onpepenure A H T peakuyun
MgCO;(1B.) = MgO(1B.) + CO4(r.)

ecin nipu 490 °C pasHOBECHOE TIapLHaNbHOE aasneHie apa CO, pasuo 79 rlla, a npu 540°C —
996 rlla.

1.20. Tazo06pasHpiil TPUTOPUL XI0pa TIPH HATPEBAHMM pasiaractcs Ha MOHOQTOPHI
XJopa 1 Qrop.

a) Onpexenure, GymeT I CAMOIIPOM3BOJIBHO UATH peakuys pasnoxenus npu 800 K, ecnu
MapuMaILHBIE AABJIEHHS KOMIIOHEHTOB B CMECH COCTABTAIOT COOTBETCTBEHHO Poip, = 0,07atM,
por =0,5ar™, pg, =0,3atm; 6) onpenenure crenenb auccounatpn ClF;(r.) mpu 800 K
}1 PABHOBECHOE JaBIeHHEe Tapa (pTopa B CUCTEMe, eClM obuiee nasneHue papHo 0,8 aTM;
B) OOBACHMTE, KaK M3MeHuTCs creneHp pasnoxenuss CIF;(r.) npu ypenuuennu obbema
CHCTEMEL

CIF;(r.) CIF(r.) Fa(r.)
ArH Sog, KK/ MOTEL -157 =50 0
8308, AX/(Monb - K) 281,5 217.8 202,9

1.21. BBIUMCIMTE KOHCTAHTY JUCCOLMALIMKM MYPABbUHON KHUCIOTHL, ecili AsG 3z HCOO (p.)
u HCOOH (p.) coorsercrieHHo paBHer —334,7 u -356,1 xJ1X/MOJb.

1.22. VCTAaHOBHTE, KaKasl M3 XUAKOCTEH mmeer GolNbllee NaBleHHEe HACHILIEHHOIO mapa
npu 298 K: soga, 6€H301 MM MYpPaBbMHAS KMCIOTA TIPH CNEAYIOIKMX YCIOBHAX:

H,O(r.) H,O(x.) CgHg(r.) C¢Hg(x.) HCOQH(r.) HCOOH (k)
AGhgs, KIK/Mons  -228,6  =237,2 129,65  124,5 -335,7 ~346,0

1.3. ®A30BBIE PABHOBECHA H ®A30BbLIE JTUAT'PAMMBI

OrHa 13 BaXHEHIINX 3a1a4 HeOPraHM1ecKOH XMMIM — CHHTE3 BELLECTB C 3a1aH-
HBIM COCTaBOM U CBoiicTBaMu. JIns onpene/ieHust IIYTH CHHTE3a, BHIIETIEHUS U O4M -
CTKW XMMHUYECKUX BElECTB I10JIE3HO 3HATL YCIAOBHUs paBHoBecHs $a3. K (azoBeM
PABHOBECHSIM OTHOCSTCSA TAKHe TIPOLIECCH, KaK HclapeHne (A(x.) 2 A(r.)), mnas-
nerne (A(TB.) 2 A(X.)), pactBopeHme (A(rB.) + ag 2 A(p.)), moauMoppHsIe
npespawenns (S(pom6.) & S(MOH.)) M T.I4.

40




JIro6pie MTPOLECCH B PABHOBECHOM TSPMOIHHAMHYECKOH CHCTEME TTOTYHHIIOTCA
(hyHAaAMeHTAIbHOMY YPaBHEHWIO, 00BETUHSIOIEMY MEPBBIH U BTOPOH 3aKOHBI TEP-
MogviHaMuku (1.24), muddepeHunancias GopmMa KOTOPOro ¢ YYeTOM COOTHOIIE-
HUA E = ZpAn uMmeer BUI

dU = TdS - PdV + 3 wdn;. (1.36)

MoxHO HCMONB30BATE APYTIHE TEPMOINHAMMYECKHE (PYHKLMHA M MOJIYYUTh SKBH-
BAJICHTHBIE YPaBHEHMs, KOTOPLIE, KaK W ypaBHeHMe (1.36), HA3BIBAIOT ypasHenuamuy
cocmonnus. Hanpumep, npu BpIOOpE B KayecTRe MEPeMEHHBIX TeMmMmnepatypsl (7)),
HNaeneHus (P) u konuyecTBa Mone (H) TOMYUMM:

dG = -SdT + VdP+ Y pdn;. (1.37)

YcnoBreM PaBHOBECHS MPY BBIOPAHHBIX NapaMeTpax gBIAeTCd PABEHCTBO HYIIO
n3MeHeHus sHeprun I'mboca. C momombio ypasHeHud (1.37) MOXHO ONpeNenuTh
yciioBuA, T.e. Temreparypy (7'), nasnenne {P), KOKIEHTpaun', NPy KOTOPHIX CH-
CTEMa HAXOMWUTCA B paBHOBECHH. 'eoMeTpHuecKy YCIOBUSA paBHOBecHd (a3 mpel-
CTaBIAIOT B BUIE ghazoseix duazpamm.

OcHOBHOI BOTIPOC, KOTOPBIH Haie BCETO NPUXOANTCA PEINATh XMMHKAM-HEOp-
TaHWKaM, — KaK Ha OCHOBAHHWH (PA30BBIX AMATPAMM IOJIYYNTL WH(OPMALIHIO 0 Xa-
paKTepe B3aUMOIEUCTBUSA BELICCTB, ONPEASINTE YCIOBUA MMOJIYHCHAA W BRIOEICHIA
BElIECTB B YMCTOM BHAE. B CBA3M ¢ 5TMM HCKIIOYHUTENIEHO BAXHO HAYUHTHECH <«4H-
TaTh» (hazoByl0 mUarpaMMy, T. €. TOHMUMATh CMBICI €€ 3JIeMEHTOB — AHHHMA, TOYeK,
MOBEPXHOCTEN; ONpefensaTh OOIacT YCTOMUMBOCTH (a3, a TAKXKE IPOrHO3MPOBATE
W3MeHeHre yrcna a3 1 ux cocTaBa npu U3MEHEHMHW TEMIIEPaTYPHl U [ABICHHS.

1.3.1. IIpasuio dmé I'n66ca

YacTto sKcnepuMeHTaTOpaM B paboTre HeOOXOIMMO PellaTh TAKUE NPAKTHYECKUE
341a4H, KaK MPUTOTOBNEHHE W COXpaHeHWe PACTBOPOB {MOXHO JII HE3aBHCHMO Mé-
HATHL TEMHIEPATYPY W KOHUEHTPALMIO TAK, YTOOLI KPHCTAIUIL! CONM, HAXOOAIMECs B
PaBHOBECHM C PACTBOPOM, COXPAHWINCH?), CUHTE3 MarepHala ¢ 3aaHHbIM COCTa-
BOM (MOXHO JIL COXPaHWTh B PABHOBECHUU NMPH (PMKCHPOBAHHOM JAaBIEHUH KHUCIIO-
poma cMech Fe)O5(tB.) + Fes04(1B.), ecnn dynmer u3MeHeHa Temmeparypa?).

i 3T0ro Hamo YMETh ONPEeNeNaTh 4iicio cmeneneli c060dsl, T.e. YACIO HE3ABH-
CHMBIX NapaMeTPOB COCTOSHUS CHCTEMBI (TEMIEPATypa, NaB/ieHne, KOHUEeHTpalusa),
KOTOPBLIE MOXHO M3MEHATH HE3aBUCUMO JAPYF OT APYra, He HAMeHsad MpUpOObl W
gyncna (az, HAaXomAIUKMXCA B PABHOBECHH.

ITpu onucaniyu $Ha3oBEIX PABHOBECHIT NCTIONL3YIOT TAKXKE MNOHATUSA a3a U KoM-
HOHEHM.

PaccMoTpuM 3T NOHATHA MOAPOOHee Ha ABYX NMPUMeEpaX, YITOMSHYTLIX BBLIIIE:

a) cHcTeMa COCTOMT M3 HEHACKINIEHHOIO PacTBOpa XJIOpHWIA KAJWA B BOAE U
HACBHIIIEHHOr0 BOASHOIrO Napa Ham HIM;

6) crcTeMa COCTOMT M3 CMecH TBepblX oKcunos Fe,0s, Fe;0, 1 razoobpasnioro
KUCIIOPOIA.

! TTpn onmucahuu GHaloBLIX PABHOBECHIT BMECTO KOJAHMYECTBA MOJICH MCIIONB3YIOT MOIIBIBE AOMH
(x3, tne x; = n;/Xn;, n Torpa Beiimunusl G, S, V OTHOCATCA K 0aHOMY MOJIK KOMIIOHGHTA i.
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Jpyrumu ciosamu, aza — 3710 Ta 4acThb DABHOBECHOM CUCTEMBI, KOTOPas HMECT
OIMHAKOBBIE TEPMOIMHAMITUECKHUE cBoiicTBa!. EC/IH CHCTEMA COCTOHT 13 OMHOIT (haswl,
OHa HasbiBaeTcst 0HOMA3HON (TOMOTEHHOI), & €C/IM K3 HECKOJILKHX, TO, COOTBET-
CTBEHHO, IBYX-, TpeX- WM MHOroda3HoOH (rereporernoit). Tak, B mpuMepe (a)
CHCTEMA COCTOMT M3 ABYX (a3 — XHIKOU (pacTBop) M razoobpasHoit. Cucrema (0)
COCTOUT M3 TpeX (a3 — ABYX TBEPABIX (OKCHI xene3a(IIT) Fe,O5 n oxenn xenesa(ll,
[11) Fe;0,) u ra3o06pasHoil (KUCIOPOX).

TepMogMHAMMYECKAsE CHCTEMA OOBLIYHO COCTOMT M3 XUMUYCCKUX BELIECTD (co-
CTABJISIONUIMK BEeCTB). BeecTsa, KoTopble HEOOX0MMBI U JOCTaTOUHB TS OTIPe-
JTeJIEHVSI COCTABA M CBOMCTB MOOBIX (ha3 CHCTEMBI, HA3LIBAIOTCS KOMAOHEHMAMU.

Ec/u B cHCTEME HE MPONCXOIAT 00PaTHMBIC XHMUYECKHE PCAKUMH, TO MOHATHE
KOMIIOHEHT COBMANACT C MOHATHEM BELIECTBO, U BCE COCTAB/IAIIME BEUIECTBA 5B~
mstoTest KoMroHeHTaMu. Tax, B cucreme (a) ecTh B2 KOMIIOHEHTA (xuropuAa Kaus v
BOJA).

Ecii Xe B CHCTEME MMEIOT MECTO XMMHMYECKUE PEAKUHH, TO JUT ONMPEAS/ICHHA
Ka'eCTBEHHOTO M KOJIHUECTBEHHOro coctapa (a3 HeodsA3aTesIbHO 3HATH BCE COCTaB-
JISOLME BEIECTBA, TAK KaX CYHIECTBYIOT YPaBHEHHH, BBIPAKAIOLINE YCIOBHs X1~
MU4ECKOr0 PABHOBECUSI H CBS3BLIBAIOLIME HX TEPMOAMHAMUUYCCKHME ¢yHKIMU, Ha-
pHMep XMMUYECKHE NOTEHIHATH. B o01ieM caydae, YucIo KOMIOHEHTOB ornpee-
JISTIOT MTYTEM BBIMMTAHHS M3 OOIIETO YMC/Ia COCTABISAIOIMX BEIIECTB, HMEIOLHXCH B
CHCTEME, YMC/IA HE3aBUCHMO TIPOTEKAIOLIMX XHMHICCKHX peaxumit. B cucreme (6)
ecTh TPH XxMMudecknx Bewectsa — Fe0s, Fe;0, ¥ KUCJIOPOJ, KOTOPhIE CBSA3AHbI
peakimnen

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

CJIEOBATE/ILHO, YHCIO0 KOMIIOHEHTOB paBHO IBYM. Bri6op KOMNOHEHTOR TIPOU3BO-
nen (Fe,0; u Fe 0,, muo Fe,0; n O, anbo Fe;04 1t O;), a2 UX 4KCJIO B pAaBHOBEC-
Hoi1 cucreme GHKCUPOBAHO (B JAHHOM ciydae — IIBa).

1o KOJAUYECTBY KOMITOHEHTOB CUCTEMbI [MOAPA3AENIOT Ha OXHO-, JBYX-, TPEX-
KOMITOHEHTHEIE W T. JI.

Yucao crerneneil cpobongpl, (a3 1 KOMNOHEHTOB B CHCTCME, HAXOOSILCHCA B
PAaBHOBECHH, HE MOXKET ObITh POU3BOTBLHBIM. OHo noguuHsIeTcs NipaBuy (a3 I'nboca:

s e T T T iz mgﬁjﬁ i
i Toe eha L

IIpasuio (a3 nomoraeT OTBETUTHL HA MHTEPECYIOLINI 3KCTIEPUMEHTATOPA BOII-
poc, HampuUMep, 00 YCIOBHY COXPaHEHHMsI PACTBOPA HEHACBILLEHHDIM, T.C. ornpenae-
JTMTh, MOXHO JIH HE3aBUCHMO H3MEHATH TEMIIEPATYPY M KOHLCHTPALHUIO TAK, 4uTOOR!

I B o6lueM cyuae FoBOpAT, UTO (ha3a — 3TO BEIECTRO WK pacTBOD, CBOHCTBA KOTOPOrO ItpH nepe-
XOJle OT OLHOr0 COCTARA K APYIOMY MEHSIOTCH HCIPCPRIBHO. Tak, pacTBOPbI, HMEIOLWINE PA3HYIC KOHIIEH-
TpalHIo, HO OJHHAKOBLIA KatecTBEHHBIA COCTAB, OTHOCSATCH K OfHOH (ase (CM. Noapasm. 1.3.3).

? Yyeno 2 B ypasHeHun Tubbca 03HaUAET, UTO CMCTEMA HAXOWTCH IO BAKRSHHEM JBYX BHELU-
HUX TIOfleH — TeMTepaTyps W [aBneHus. B ciayyae ONOAHHTENLHOTO BHELLHETO Mo, HalpuMep,
MAFHUTHOIO WIH 3AEKTPHUCCKOro, YpaBHeHWe ILPHHHMACT BHI C=K+3-®
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yucno a3 ocTaBarochk MOCTOSTHHBIM (T. €. OMPENeNUTh YHCIIo cTeNeHel ¢cBoboan).
Tax, B ciy4ae ¢ pacTBOPOM XJTOpHMIA KAlXUs CHUCTEMAa CONEPXKHMT ABA KOMMOHEHTA
(KCl u H,0), npe dass (pacTsop ¥ 1map), H, COOTBETCTBEHHO, UMEET IBE CTEREHN
cBoOOIB (C=K +2 - D =2+ 2 -2 =2), DT0 3HAYNT, 4TO MOXHO HE3ABUCHMO
U3MEHATH B HEKOTODPHIX MpeeNiax U TEMIeparypy, H KOHLEHTPALMIO COJIM TaK, YTO
DPACTBOD XJIODUJA KATTMST OCTAETCS HEHACHIILICHHBIM.

Boison npasuna ¢a3. ns Toro, yToGbl BIBECTH ypaBHeHHe (1.38), mpencTaBuM,
YTO cUcTeMa cocTOMT W3 K KoMnoxeHToB ¥ @ daz. Kaxnaa dasa xapakrepusyercs
ypaBHeHHeM coctosaHus (1.37):

dG = -SdT +VdP + 3 w.dn;.

3to ypaBHeHue coaepxuT (K — 1) + 2 nepeMerHbix (7, P ¥ MONBHBIC JOTM KOM-
TMOHEHTOB 71;, IpuyeM . #, =1). Torga yncrio nepemenHbIx uisi Beex das papHo O(K —

i
- 1) + 2. B ycnoBusix paBHOBCCHS JUISL KAXKIOT0 KOMIIOHEHTA LO/KHO BBIMOJIHATLCS
YCJIOBMC PABEHCTBA XHMHMUYECKHX MOTCHUMANOR B KaXKI0H thaze:
(I _ 3) _ (D)

Ky l—l =W ST
II¢ BCPXHMI MHAEKC yKasbiBaeT (asy. Beero ;s kaxioro KOMIOHEHTA HMEET MECTO
(P - 1) ypasHenwe, a juta scex K xoMnonentos — K(® ~ 1) ypaBHenuii. [TockonbKy
YHCJIO HE3aBUCHMBIX NCPEMEHHBIX PABHO PasHOCTH MCAYy OOLUMM UYHCIOM MepeMeH-
HBIX H YHCTIOM YpaBHCHUI CBSI3M, TO YMCIIO CTEMEHEN CBOBOABI paBHO:

C=PK-1D)+2-KDP~-1)=K+2-.
B Bonee oOwemM BHAe npaBuio dad 3anHCLIBAETCA CIEAYIOLIMM OOPa30M:
C=K+2-D-q, (1.39)

[JIg o ~ YHCJI0 OTPAHM'UCH W, HAKIaOBIBAGMbIX HA YHCTIO CTeneHeH csoboasl. Hanpu-
MCp, B CHCTeME, TpeactaBsolci coboit azeorponuyio cveck HCI 1 H,0, ecth
JOTIONIHHTEILHOE YC/IOBME: COCTaBhl XHIKOW M ra3oBoil a3 oguHaKkoBbl X (X.) = x(r.)
(KOHLEHTpaLMS XITOPOBOAOPOAA B PACTBOPE X (3K.) PABHA KOHLIEHTPALHMH XJIOPOBOLO-
poza B razopoil dase x(1.)). CnegosatenbHo, o = | M UMCIIO cTENEHEH CBOOOAEL B 3TOMH
CHUCTEME HA 1 MEHbBILIE TIO CPABHEHM KD JII00BIM APYTHM cocTaBoM pactBopa (C=2 +2 —
-2 -1=1). Ilpy U3MCHCHWH, HATIDMMED OABJIEHHS, TEMIIEPATYPa KHITEHUS W COCTAR
a3coTporia OyayT MEHSITECS BIIOJHE ONpEeAeTIEHHBIM 06pa3oM.

e s T

St e e

IIpapuno (a3 Takxke MO3BONSIET OTBETUTH HA BOMPOC, MOXHO W COXPAHUTH B
PaBHOBECHU IPK (PUKCHPOBAHHOM JaBICHHUH KHUCJI0pOad MEXAHUYECKYIO CMECH TBED-
aeix okeunos Fe,0, n Fey Oy, eciu usmeHsiior TeMneparypy. B cucreme — ngBa KoMm-
MoHeHTa M TpH daswl (cM. Bblule). B cooTBeTcTBIM ¢ TTpaBuioM (a3 cHcTeMa UMeeT
ofHy creneHb cBobonpl (C=K +2-® =2+ 2 -3 = 1). TloaroMy, 4yTo0sl cHCTEMA
Haxoaulach B paBHOBECHM, KAX/IOMY MPOM3BOJILHOMY 3HAUYE€HWIO TaBIEHUS fapa
KUCIOPOia JO/DKHA COOTBETCTBOBATH BIOJIHE OTIpeaesieHHast TeMmeparypa. Ciaenosa-
TEeJIbHO, COXPaHUTL B PABHOBECHH NMPH GUKCUPOBAHHOM HABJCHHMM KUCIOpOIA CH-
cTeMy, cocTosyio U3 Fe,05(1B.) n Fey,04(TB.), ecnu Oyaer U3MeHeHa TeMnepary-
pa, Hep3sl,
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1.3.2. ®PA30BBIE PABHOBECHA
B OTHOKOMITOHEHTHBIX CHCTEMAX

TTocne Toro, Kax obCyXAeHb OCHOBHbIE TIOHITUSA, MCNIONb3YEMBIE MTPH OMHACA-
HHH ($a3oBBIX paBHOBECHM, MOXHO paccMOTpeTh (Pa3oBple AMArpaMMBl OJHO- H
HBYXKOMITOHEHTHBIX CHCTEM C TEABI0 PACKPHTH CMBICI OTIAEJIBHBIX 3JIEMEHTOB JIMA-
TpaMMBl — JIMHHIA, TOUEK, MOBEPXHOCTE; OMPEAEINTH 00IACTH YCTOHYMBOCTH das;
BLUICHHUTB, K4K M3MEHAETCS YMCIO M cocTaB (a3 Ipu M3MEHECHHH TEMIEpaTypsl U
JIABJIEHHS.

(dazopple AMArPAMMEBL H300paXaioT B KoopauHarax P— T'—x, rne x — MOJIBHHE
JIOJIM KoMIToHeHTOB. Takoi BLIOOp KOOpAHHAT 0DyC/IOBRIEH NEPEMEHHBIMH B YpaB-
HeHHUH cocTostHUsA (1.37), a TakKe TeM, YTO JaBIeHUE M TEMIepaTypa — pealibHbic
MnapaMeTphbl, KOTOpbI€ BJAMAT HA COCTOSTHME PAaBHOBECHST M KOTOPBIE MOXHO He-
MOCPEACTBEHHO H3MEHATE. B cliyyae ONHOKOMIIOHEHTHBIX CHCTEM X = 1 ¥ (hasoBbie
JHarpaMMul NpeIcTapIsOTe B KoopiuHaTtax P—T.

@MazoBan ararpaMma Boasl. B KauecTse mpHMepa 0JlHOKOMITOHEHTHOW CHCTEMBI
paccMoTpuM (DA30BYIO JIHArpaMMy BOJBl. B 0OMacTH TeMIleparyp M JIaBjICHHH, rie
NPAaKTHYECKH HET IMCCOLMALIMK BOAB Ha MpocThie BelecTsa u atombl, H,O MoxHO
paccMaTpHBaTh KaK OJHOKOMIOHeHTHylo cucreMy. Ha puc. 1.16 npencrapieHa
P— T-puarpamMma BOIBI.

B nanHoii crcTeMe BO3MOXHEL TpH IByX(a3HBIX U OAHO TpeXda3Hoe paBHOBECHS.

HsyxdazHbie paBHOBECHS:

1) H,O(x.) 2 H,0(r.) — ucnapenne (koHaeHcauus). [ng atoro pasHOBeCHS
3aBUCHMOCTD JABJIEHUS HACBILIEHHOIO Mapa oT TeMmnepatypsi P=f(T) MoXxHo onpe-
IENUTh 3KCNEPUMEHTAILHO WJIH PAacCUMTAaTh, Hampumep, No ypaeuexuio Kaaysuy-
ca— Knaneiipona':

dP _ AHy,

LS : (1.40)
dT ~ TAV,,

B xoopamHarax P— T 5710 paBHOBecHe oNMHchiBaeTcs ypasHeHneM (1.40) n rpa-
duuecku nzobpaxaerca nuHueit OA Ha puc. 1.16 — xpumuueckaa mouxa, T.€. NIpu
TaKuX 3HaYeHnAX P ¥ T pa3nuyus B CTPYKTYpe U CBOWCTBAX XKUIKOCTH ¥ TTapa ucye-
30T (UTA BOAB Pypyr = 218 at™, Typur = 374°C).

JList onpedeneHHs [aBIeHHs TIapa TIpH TIOCTOSIHHOH TEMIEPATYPe MOXXHO HCMOb30BATh
ypaBHEHHE M30TEPMEl XHMHYeCKOW peaxuuu (1.32):

AGp = AH: ~TASS, + RT In-2825) _ g
EHZ()()K.)

! D10 ypaBHeHHE BBIBOAAT M3 YPABHEHMS COCTOSAHHMA (3.2) MpH YCMOBMM paBHOBECHS, T.€. NIpH
dG = dG(x.) - dG(r.) = 0 u, cnegosarenso, dG(x.) = dG(r.). [Ansa 0qHOKOMIOHEHTHOH CHCTEMbI
dG(x.) = =S(k)AT + V(xk)dP; dG(r.) = -S(r.)dT + F(x.)dP n, cneposaTesibno,

dP  S(r) -S(x) _ ASyen  AHyen
dT V(1) —-V(x) AV  TundV
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uy0 (r.) B P, atm

Pujo= €XP

_ Abrn:cn - TAS;cn
RT ’

61073 ———————
111

HoncraBus B nocienHee ypaBHeHWe 3HaueHusi AHj ., =

= 44,2 kllx/Mons, AS,,, = 118,8 Ix/(Mone - K), nomyyum, 0,0076 7.°C
41O A2BJeHHe HachllLeHHOro napa Boabl npu T = 298 K pas-
Ho 3,2- 1072 arm. Puc, 1.16. P— T-¢a3oBas

2) H,0(18.) 2 H,0(r.) — cybnuMauus (KpucTai- OHATPAMMA BOZBI

Jnu3anuA U3 napa). JJIs 3Toro paBHOBECHS TAKCKE MOX-

HO PAcCUHTaTh 3aBHCHMOCTD JMABIEHUS HACHIIIEHHOTO TTapa o1 TeMneparypul P=£(T)
1o ypasHeHHIO (1.40). B xoopanuHartax (P— T') 31a 3aBHCUMOCTB rpadU4ecKH Mpej-
crapieHa nuuueit OC Ha puc. 1.16. JIunusa OC waunnaetes npy P=0u T=0, a
KOH4YaeTcsl B TPOHHO! Touke O (cM. HIXKE).

3) HO(m8.) 2 H,0(k.) — miaBnenue (xpucrauisauus). [J1s 3Toro paBHOBe-
CHUA 3aBUCHMOCTb TEMIIEPATYPHl TUTABIEHHS OT BHEIIHETO JABJIIEHUS MOXHO J160
OTIPEJIETNTD SKCIIEPUMEHTANTLHO, U3MEPAA TEMIIEPATYPY TUIABACHUS THIA, HAXOAs-
hierocsl TIOX AABNCHUEM IOPLIHSI, MUOO paccuuTaTh MO ypaBHeHuio Kmayauyca—
Knanefipona. B koopaunatax (P— T') aTa 3aBUCUMOCTD NpEACTaBAseTCS TUHMe OB
Ha puc. 1.16. B ciyyae Bomel iuHuA OB MMeeT OTPUHATENBHBIM HAKIOH, TAK KaK
u3MeHeHHe obbema npu Bazosom nepexone AVy,, = Vy — Vi < 0 (MonbHBIH 06beM
Jiplla GoNblLIEe MONBHOTO OOBEMA XUIKON BOLEI).

Jhobas apyxdasHas OZTHOKOMIOHEHTHAS CUCTEMA UMEET OIHY CTENEHb CBOGO b
€C=K+2-d=1+2-2=1), n0370My Ha AUATPAMME 3TH PABHOBECHUS TIPECTAB-
TICHBI AUHUAMU.

TpexdazHoe pasHOBECHE:

H,O(t8.) = H,0 (k.) 2 H,O(r.) — B paBHOBECHH HaxoAATcs Bee Tpu (asnl. Ha
Amnarpamme (P— T') 3to paBHOBecHe npencTarisercs Toukoil O (cM. puc. 1.16) nepece-
YEHWS TpeX JTMHHH ABYX(a3HbIX paBHOBECHH. J[JI BOMBI KOOPAHHATH ITOI TOUKU —
yenoBue paBHOBecHs Tpex (as — T'=0,0076 "Cu Fy,o = 0,006 atM. Takum o6pasom,
nobas OZIHOKOMITIOHEHTHAsI CHCTEMaA B CTydae Tpex(pasHOro paBHOBECHSI HE UMEET
creneHet cBobopl (C=K +2 - D=1+ 2 - 3=0), u N03T0My Ha AHATPAMME 3ITH
PaBHOBECHS NMPEACTABIEHB ToukaMu. Koopduwamer mpolinoii mouxu — 3mo bynda-
MeHManblAs XapaKmepucmuKa eeulecmaa.

O6nacru I, 11, Il Ha auarpamMMe OmpemensioT YCIOBUS CYILECTBOBAHMS OJIHO-
dasHpIx cucrem: I — TtBepmoit daswi, I1 — xuaxocru, 111 — razosoii ¢basel. Hanpu-
Mep, NpY TeMIMepaType U JaBlIeHUH, COOTBETCTBYIOMX ToukKe (1), B CHCTEME cYILE-
CTBYeT oiHa (a3a — rasosas (B JaHHOM CJTy4ae, BOASHOM rmap).

Jhobas ogHOMa3HasT OMHOKOMITOHEHTHAA CUCTEMA UMEET JIBE CTENEHM CBOGOIDI
(C=K+2-®=1+2-1=2), u 109TOMY Ha IMarpaMMe OHA NPEJCTABACHA B BUIE
nAOCKOCMU.

B 01HOKOMMOHEHTHEIX CUCTEMAX MOTYT CYILIECTBOBATHL HECKOIBKO TBEPABIX (a3,
HarpxMep, amMas 1 rpaduT, poMGHUIECKasi ¥ MOHOKJIHHHAA Cepa, XKENEe30 ¢ KyOu-
4€CKOM 06 BEMHOLIEHTPHPOBAHHON M IeKCATOHANBHON KPUCTATHYECKO peLIeTKOH.
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M3BecTHO Heckonbpko Mogudukaiui 1pna, cy-

P, atm
ILECTBYIOIIMX MNpPH BBICOKHX xaBleHUAX (P >
> 2000 arm)'. D1u dasp 0OTAMYAIOTCH APYT OT
Ipyra 10 CTPOEHHIO (MO THMY KPHCTaIAH4ec-
KOil pelieTkKu) U, COOTBETCTBEHHO, MO I10T-
- HOCTH M ApYrUM (DU3HYECKUM U TepMOIUHA-

MHYECKHM CBOMCTBAM W HA3BIBAIOTCS HOAUMOpP-
Hbimu modughurayusmu.

dazosan quarpamma cepbl. Ha puc. 1.17 npea-
crapyieHa (razosas quarpamMmMa cepbl. Ha aToit gu-
arpaMMe MMeeTcd YeThipe ogHO(a3Hele 00nac-
TH: S(pomb.), S(MoH.), S(xk.) u S(r.), wecTp
AHHUI meyxdas3Helx paBHoBecuit: S(pomb.) 2
2 S(moH.) (nuHUH AC), S (MOH.) 2 S(X.)
(muaust BC), S(pomb.) 2 S(xk.) (muHua CD),
S(pomb6.) 2 S(r.) (auuus OA), S(MOH.) 2
2 S(r.)) (muHUust AB), S(k.) 2 S(r.) (nuHUsA
BE) 1 Tpu TOYKH, COOTBETCTBYIOILME YCIOBH-
aM Tpexda3HpIX paBHOBecHii: S(pomb.) 2
Puc. 1.17. P— T-dasosas auarpamma 2 S(MoH.) 2 S(r.) (touka A), S(MoH.) 2

Cepel 2 S(x.) & S(r.) (Touka B), S(pomG.) 2

< S(mon.) 2 S(xk.) (touka C). KoopauHaTe!

TpoiHOH TOYKH C OYEHDL OTAMYAIOTCS TI0 AABJICHUIO 0T KOOPAMHAT APYIUX TPOHHBIX

Touex B 31oi cucremMe (7= 151°C, P =288 atM), moatomy Ha puc. 1.17 usobpaxeH
pa3phiB 10 ocu P.

TIpu pmaBneHuu HUXe aTMOCKhEPHOro HaK/IOH JUHUIR ABYxQa3HBIX paBHOBECHH
AC v BC npakTyU4ecKH BEPTUKANBHBEIA, HEMHOIO TMOMOXHUTEABHBIH, TaK KaK 10T~
HOCTh MOHOKJIMHHOM Cepbl MEHBILE IJIOTHOCTH pOMOHYECKOH W DOMBLUEC MIOTHO-
CTH XUIAKOCTH (cM. ypaBHeHUe (1.40)).

IIyaxTHpOM Ha muarpaMme 0003Ha4YeHbl TMHUH MeTacTa0UIBHBIX PABHOBECHIL!
S(poMb.) 2 S(r.) (muHua A0*), S(pomb.) 2 S(xk.) (quHusa O*C), S(x.) 2 S(r)
(nuHuss O*D). Takue paBHOBeCHSI MOTYT OCYLIECTBASITRCS, HAMPUMED, MpU OBICT-
pPOM OXJIAXAEHWH pacIUlaBa, KOrma cpaly obpasyercs pomOuueckast cepa, MUHYS
MOHOKJIMHHY10 (a3y. Obnacte CO*B npeacrannsier 061acTh CYLIECTBOBAHMSA [1EPEOX-
NaXICHHOM XKHIKOCTH.

Hpumep 1.8. Onpenenute KOOPIHHATHI TPOHHOM TOYKH JUIST HOJA, €CJIM M3BECTHA 3aBHCH-
MOCTL J2BJIEHMST HACBLIILIEHHOTO Mapa Hajl XWUIKMM HOLOM:

lg P (MM pT. cT.) =~2432/T + 8,185 u nap tBepavim Ir: lg P (MM pt. c1.) =-3327/T+ 10,5,
INoctpoiite dasopyro OuarpammMy Moaa B MHTepBade teMmreparyp 300--500 K u gapmenmii
60— 780 MM pT. CT., CUMTAas, YTO B 3TOIH OOMACTH TCMICPATYPA TIMABIEHHS HOOA MIPAKTHYE-
CKH HC 3aBHCHT OT JABICHHS.

MoxeT M cylecTBOBATb HOH B BUAE XHMIKOCTH 11pH armochepuom aaenenuu? Onpene-
JIMTE TEMIIEPATYPY KUIMEHHsT HOoga nNpy P = 760 MM pT. CT.

Peutenuie. B TpOHHOMN TOUKE AABICHHE TIapa Hal XUAKOCTHIO M TBEpAOiil (pa3oil paBHBI,
noatomy: -2432/T + 8,185 = -3327/7T + 10,5. PeliB ypaBHeHHe, ONpeIeUM TeMIIEPaTypy

! Ha puc. 1.16 npupeaecHa gUarpaMma BOOb! 11PH HU3KKX AABCHMSIX, I71¢ YCTOAYMBA TOIBKO OBHA
MOOWDHKALMA Thaa.
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TpoitHoi Toukn: I = 386 K (113°C) u, noactasus P, MM pT.cT.
3TO 3HAYEHHUC B OAHO W3 ypaBHeHWUH DABICHMUSA
HacLlUEHHOTO Mapa, Haligem, 4t0 B TpOHHON TOUKE

P=178,3 MM pr. CT. Iy(re.)
Mpu T=298 Ku P =760 MM pr. cT. MOA cyme-
CTBYET B BHAC TBCPAOH pasnl (Toyka [ Ha puc. 1.18), 760ﬁ__l___.

O0HAKO, TAK KAaK JABJMEHHE B TPOMHOI TOYKE HHXC
atMOc(epHOro, MpH atMoc)epHOM NABIEHWH HOL
MOXET CYILICCTBOBATE M B BH/IE XUAKOCTH (B 0B1acTu
Temreparyp 368 — 7., Ha puc. 1,18). TeMneparypa ku-

. | S
nenns (7,n) — 3T0 TeMnepaTypa, Npy KOTOpOii AaB- /I
JICHHE HACLINICHHOrO NMapa Hal XHAKOCTBIO CTAHO- i
BHTCS PaBHBIM BHEIUHEMY JaBleHw1o. IT0ONCTABHE B 386 Tam T.K

YPABHEHHC [U151 HACBILCHHOIO MAapa Hall XKMAKOCTHIO
BCTMUMHY faBieHust 760 MM pr. cr., nonyunm ans  Puc 118, P— T-dazobas auarpamma
nosa Ty =459 K (186 °C). Hona

1.3.3. ®a3oBsie paBHOBECHS B IByXKOMIIOHEHTHBIX CHCTEMAX

(DazoBble AMArpaMME! ABYXKOMIOHEHTHBIX (GHHAPHBIX) cHCTEM UCIONB3YIOTCH
AJIst OTIPEREAEHM S XapaKTepa B3aUMOIEIICTBHS KOMITOHEHTOB, 4 TAKXE YCIOBUI CHH-
Te3a PasAMYHBIX XUMHYECKUX COSTUHEHUI,

B IBYXKOMIMOHEHTHBIX CHCTEMaX, KPOME XABIEHUS M TEMIEePaTyphl, JUTs xapak-
TEPUCTUKU Pa3 HeOOXOAUMO 3HaTh efile U cocTas. OBBIMHO IS OMMCAHUS COCTABA

n.
HCMONB3YIOT MOJIBHYIO JONK KOMIIOHEHTA X; = E—‘—— LTst IBYXKOMITOHEHTHEIX CH-
H
creM: i = 2, a x; = | — x,. TakuM 06pasoM, paBHOBECHS a3 B IBYXKOMITOHEHTHEIX

CHCTEMaX FEOMETPHYECKH MOCYT ObITh MpEeECTaBIeHsl B BUAE O0OBeMHO) P— T—x-
JMarpaMMal, rae X — MOJILHAs JOJIST OMHOTO U3 KOMITOHEHTOB. Takue 06beMHble P—
T— x-auarpaMMbl CIOXHEI, [103TOMY OBBIYHO MONB3YIOTC UX CEUEHUSIMU TP FIO-
CTOSHHOM JaRTeHUU — (7'— X) p-muarpaMMaMy — M TIPH TIOCTOSTHHOG TEMIlepaType —
(P—x)r-AnarpaMMaMH, a TAKKE MPOCKIMAMU HA MUTOCKOCTH P— T, T—xu P—x.

B HecneuuansHoi TiTEpaType vallle Beero UCTIONB3YIOT ( I'—X) p-nuarpaMMmel. Jans-
Liie MBI OyI€M paccMaTPUBaTh TOABKO MX M HA3GBIBATH MPOCTO T— X-IHArpaMMaMi.
T[lo xapaxTepy B3aHMOAEHCTBUsI ABYX KOMIIOHEHTOB APYT C IPYroM MOXHO BBITE-
NUTh TPH ciyvast:

1) KoMnoHeHTs! A 1 B HEOrPaAHUUEHHO PacTBOPSIOTCS OMH B EPYTOM, T.€. 00pa-
3YIOT HEOrpaHWYEHHBIE PACTBOPBI. Tak BeayT ceds mouTu Bee raspl. st KUIKOCTe i
ITO CRPaBE/UIMBO JATEKO HE BCErXa, €IUE PEXKE 3TO HAOMIOTAETCS! s ABYX TBEPIbIX
BeillecTs. MOXHO yTBepXIaTh, UTO MACATBHBIE PACTBOPH! 0GPA3VIOTCs, KOIId HET
TIPEAMOUTCHUS] BO B3aUMOIEHCTBUM ATOMOB KOMITOHEHTOB, T.€, Exp = Egy ~ Exp.

2) KOMIMOHEHTBI 00pa3yloT XMMHYECKOE COSXMHEHME, KOria B3aUMONCHCTBHE
A— B nipeanouturensHeit, T.€. Exg > Egg ~ Eas.

3) KoMMoHEeHTHI He B3aMMOZIEHCTBYIOT IPYT C APYFOM M He 00pa3yoT pacTBOPOB.
Tako# ciydaii BO3MOXEH, €ClH MPEBATUPYIOT B3AUMOEHCTBUA A — A 1t B — B, 1.c.
Esa= Epp > Eap.

CHcTeMbl ¢ HeOTPAHWIEHHOM PACTBOPHMOCTHIO B TBEPIOMH, JKHAKOH H Ta3onoi ¢ase.
PacemoTpuM chavana T—x-guarpammy cucreMst A— B, B KOTOPOH BO Bcex ¢azax
obpa3yiorcs pacTsopsl (puc. 1.19). [IpUMepoM Takoii CHCTEMBI MOXET CIYXUTD CH-
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cremMa Ag—Au win PbTe—SnTe. Ha sepru-
KaJTBHBIX IMHUAX, COOTBETCTBYIOLLHX YHCTHIM
KOMITOHeHTaM, HaxoasTcst Touxku O u 0%, co-
OTBETCTBYIOIIME TEMITEPATYPAM KMIIEHHS A U
B npu nasreHuu P!, AHanorHyYHO, TOUYKU QU
Q* COOTBETCTBYIOT TEMIIEpATypaM fUIaBIEHHS
yucThiX A U B. B deyxxomnonenmusix cucte-
Max cocmasst pagHoeecHux as HeooUuHAKo8bL.
Ha puarpaMme 3TO MPUBOAWUT K TOMY, 4TO
ToukM O u O* coeiMHEHBI IABYMS JMHUSMU,
o0pasyrllMMi GUrypy B BHIe JEnecTKa, Ko-
TOpas orpaHUMMBAET 00JIACTEH COCYIIECTBOBA-
HUsI ABYX (a3, B JaHHOM cJy4yae XUAKOH U
razoo6pasHoit. JIunuss Q—d— @* coorsert-
CTBYET COCTaBY PABHOBECHOH XKHUIKOCTH, & JIU-
Hust Q—d*— (J* — cocTaBy paBHOBECHOIO
napa. Jlunuro Q—d— Q* MOXHO TAKXe pac-
CMATPUBATh KaK 3aBUCHMOCTH TEMIIEpaTypbl
Puc. 1.19. T— x-nuarpamma cucremp KATIEHHA OT €OCTaBa pacTsopa. Hanpumep,
A— B ¢ HeOrpaHUueHHOH pacTBopuMo-  XWAKOCTh, COTEpXalas X, Mon.% B, xunur
CTBIO B TBepHOil, Xuakoi u razopoit NPU T'= T (Touxa d), Ipy 3TOM cOCTaB paB-
dazax HOBECHOTO Tapa COOTBETCTBYET TOUYKE d*
(x3 mos.% B). Hlpu xunenuu nap scezda oboza-
wen Goaee nezkoxunsuium xomnornenmonm. To xe
caMoe MOXHO CKa3aTh U O PaBHOBECUH «TBepxas (haza & XKuaxocTh». JIMHUS Aukeudyvca
O—a*— O* u nuuny coaudyca O— a— O* onpeaensoT COCTABBl PABHOBECHBIX XKW -
KOIt U TBepaoit (a3 B 3aBUCUMOCTH OT TeMMepaTyphl. JIMHHIO COIUAYCa MOXHO TaK-
XK€ pacCMATPUBATH KAK 3aBUCHMOCTH TEMITEPATYPHl Hauasna NnaaBjeHus OT COCTaea, a
JUHUIO TUKBHOYCA — KaK 3aBUCUMOCTH TEMIEPATYphl Hayaaa KpPUCTA/LIM3ALUUHA OT
cocrasa. Hanpumep, TBepApiii CTII4AB cocTasa X; MoJI.% B HauHeT NIaBUTHCS MPU
T= T, (TouKa @), MP1 3TOM COCTaB PABHOBECHOM XXMIKOCTH COOTBETCTBYET X; MO/ % B
(Touka g*). Takum oOpazoM, Ha T— x-gUarpamMme NpeacTaBieHsl TpU ofHoMha3IHEIE
obnactu (T., X., r.) 1 aBe nByxda3Heie (T. + XK.) U (K. + T.).

Taxue qHarpaMmbl IIMPOKO MCIOIB3YIOTCSH NPU ONPELEICHHM YCIOBUHA OYHCTKH
BelllecTB (ITeperoHKa, 30HHAs TUiaBkKa),

CHcTeMbl 3BTeKTHYECKOT0 THIIA C HEOTPAaHHYEHHOH pacTBOPMMOCTBIO B KHIKOH
ase H orpaHMYEHHOH PACTBOPHMOCTHIO B TBepaod ¢aze. Ha dazosoit puarpamme
MOXHO BBRIICTUTh TAKYI0 00JIacTh, KOTOpast He CONEPXKUT PABHOBECHH C Y4acTHEM
napa (koHaeHcHpoBaHHas cucteMa). Ecau gapnaeHue BeIOpaHO TAKUM 0Dpa3oM, 4To
MUHHUMAaNbHAS TEMIICpaTYpa KMNEHus (B JaHHOM npumepe Ti,,(A) — Touxa Q Ha
puc. 1.19) BBl MakcHMaNbHOM TEMIlepaTyphl fUIABJIeHHs! (B IaHHOM MpUMepe
T (B) — Touka O%*), 1o MpH TeMriepaTypax HUXe MUHHMaTbHON TeMIepaTypsl
KHIIEHUs CHCTEMA SBIIAeTCS KOHIEHCHpOBaHHoM. B manpHeifieM OynyT paccMoTpe-
HEBI TOIBKO T— x-gHarpaMMpl KOHAEHCHPOBAHHBIX CUCTEM.

Koraa pactBopumocTs B TBEpIoil daze Mana (MeHee (0,5 Mol.%), 0bMacTe, COOT-
BETCTBYIOLIAA 9T0i (hase, BuIpOXAAETCH B THHUIO. DBTEKTHUYECKHE CHCTEMBI C HEO-

! P — namneHHe, JisSi KOTOPOTO NOCTPOEHO jAaHHoe cedeHue (7'—x)p, oObiiHO pasHoe 1 at™.
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Ilpocreiimas o6bemnas P— T—x-gaarpamma, Takast JMarpaMMa IBYXKOMITOHCHT-
HOWH CHCTEMBI, B KOTOPOi1 KOMITOHEHTH 00pa3YIOT HCOrPAHHYEHHLIC DACTEOPLI B TBEP-
noit, XuAKOH M razoBoil dasax, npeacrasieHa Ha pHC. 1.20. OTta puarpaMMa OrpaHH-
weHa ockoeTamu P— T npu x= 1 n x =0, Ha KOTOpLIX H306paxeHbl P— T-anarpaM-
MBI OJHOKOMIIOHEHTHBIX CHCTEM (KoMMoHeHTa A(x = 1) u KomnoHeHTa B(x = 0)).
TIpu nepexone OT OXHOKOMITOHEHTHOH CHCTCMBI K ABYXKOMITIOHEHTHOH JIMHHUH OBYX-
(a3HOTO PABHOBECHS «KMAKOCTL & ras» 0D u O*D* mpeBpallarTcs B ABC MOBEPX-
HocTu OLO*D* 1Dy OVO*D*uD. O6nacTh BHYTPH 3THX NTOBEPXHOCTEH COOTBETCTBY-
eT AByx(}ha3HOMY PABHOBECHIO — COCYLLECTBOBAHHIO XHIKOCTH H Mapa. Bepxnsis no-
BEPXHOCTH OMNPEAENACT COCTABBI PABHOBECHOM XHAKOM (ha3bl, 3 HKHXKHSI MMOBEPXHOCTD —
COCTABEI pABHOBECHOH ra3oBoi (asbl.

To e caMoe MOXHO CKA3aTh M O paBHOBECHAX «KHIOKOCTh & TBepaasd (asa» (Io-
BepxHocTH OLO*E *|E n OSO*E *sE) n «tBepmas dasa 2 ras» (MOBEpXHOCTH
OSO*C*sCu OVO*C*u().

TpexdasHoe pasHOBecHe Ha 00beMHOM P— T— x-gnarpaMme JBYXKOMTIOHEHTHOIA
CHCTeMBI TIPEACTABIACTCA B BHAC TPEX JHHHH, COOTBETCTBYIOUIHX COCTABAM PABHO-
BecHbIX ha3: TBepmoit (OSO*), xuaxoit (GLO*) u rasosoit (OVO*).

Ha puc. 1.20 npencrasnero (7T—x)p-cedeHne P— T—x-anarpaMMbl 3TOH Xe cu-
cTeMbl A— B Mpy gaBneHyu GOMbIIEM, YeM JaBIEHHS B TPOMHEIX TOYKAX ONHOKOMIIO-
HeHTHLIX chcTem O* u O (P= P =const u P; > Py > Py.).

P # E* D* P=const
\/
: 5\ \oor?
P O*F -8
g +* VillE
C oo L\ i
Puc. 1.20. Cxema P— T—x- /f e ————32N =
IHATpaMMbl cHcTeMbl A— B ¢ AT 0
HeOrpaHWYCHHOM pacTBOPH- L7/ ik
MOCTBIO B TBEpHOH, KMAKOMH CE7%
u razoBoil dasax 4 ¥

=

R EE

i

i
i

7

— nij:s«;‘é- ﬁét;“w %«uﬁ iR e fg%';'“” S PN E T S rem T 4L TTTY
& s IR % A A 8 B %2 s b s e g e SR ,§;., Goh i g T R iy
ah Hna LT S e e e TSI PR o R

rpaHHYeHHO PACTBOPUMOCTBIO B XMAKON dase u NpakrdiecKd He obpazyoume
TBepABIX PaCTBOPOB XapaKTePHE! IU1s1 KOMITOHEHTOB, CYNIECTBEHHO PasiMyaioniuxcs
Mo cTpykType, HanmpuMep, NaCl—CaCl,, LiCI—KCIl. Ha puc. 1.21 npeacrapneHa
T— x-nguarpamma cucrembt LiCl—KCl.

B ZBYXKOMIIOHEHTHO# CHCTEME TaHHOTO TUIA MOXHO HabmoaaTh TPU aeyxdas-
HBIX paBHOBecus (A(TB.) + X., B(1B.) + k. 1 A(T.) + B(18.)) U OHO TpexdazHoe
(A(tB.) + B(TB.) + X.).

Ipu pobaenenun LiCl x KCI (1 Hao6opoT) TeMnepaTypa IIaBA€HUs CMeCH NO-
HIDKaeTcs (CiencTBHe 3aKoHa Payns, cM. nogpasd. 1.5.2). 3aBUCHMOCTD TeMIIepaTyphl
HayaTa KpUCTAUIM3ALMM PACTUIaBa OT ero cOCTaBa NpeJCTaBIeHa HA THAIPAMME JIM-
Hueit mukBHIyca a — E— b). Tlpu oxnaxieHuH paciinaBa HAXe TEMITEpaTyphl THKBU -
fyca M3 pacIuiaBa KpucTamuayercst yucThii komnoHeHT LiCl (obnacTe pacnnasos,
orpaHndeHHAST TUHHAMU a— E u ¢— E) ywu ducTbiit komnonenT KCl (oGiacts pac-
IIABOB, OTpaHIeHHasT TMHUAMU b— £ u d— E)). B a11X obracTax cucrema asyxdasHa.
Tak, eciu OXJIATUTh pacTuias cocrasa x; (1) xo Temneparypel T\, TO OH CTaHET Hachbi-
LLIeHHBIM OTHOCHTeIbHO KoMmnoHenTa LiCl v nmpu 7 < T B paBHOBECHHU OYIyT Haxo-
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T, °C T,°C  purees kpucrammbl LiCl u pacninas,
T COCTAB KOTOPOrO OMNpefensercs NH-
HUel nuksuayca a—E. Takum obpa-
30M, TMHUIO TUKBUIYCA MOXHO OT-
PeNeNUTh KaK TEMNEPaTYPHYIO 3aBH-
CUMOCTb PAacTBOPHMOCTH TBEPIOFO
LiCl B pacrinase (3aBUCMMOCTb KOH-
LEHTPALMK HACKHIIIEHHOTO pacTBOpa).
[To gocTixeHU Touku E cOCTaB OX-
JNaXIaeMOro pacryiaBa CcTaHOBUTCH

7-'[I.'T
600

|

|
qopf LiCHTR) +x. Ef  KCl(mn.)+x. HACBIIICHHBIM HEe TOIBKO 10 OTHO-
¢ : LiCi(ta) +KCl(ts) @ LIEHHKD K TBEPIOMY L1EZI, HO U K
| tBepaomy KCl, xotopwlit HaumHaer
. L b ) ‘ ) .
LiCl 20 x40 0 20 KCl  xpucramnuzosatees. [Tpu 5170M B pas
mon.% KCl HOBECHUU OKAa3bIBAIOTCS TPU (hasbl:

pacrinas, LiCl(1B.), KCl(1B.). Touka

Puc. 1.21. T—x-nuarpamma cuctembl LiCl—KCl E HasniBaeTcst agmexmumeckod, a TeM-

neparypa, COOTBETCTByKOUIAS DTOi

TOMKe, — memnepamypoi semexmucu (T,)'. TIpn noctvwkenun 7T, u3 pacriasa 1060ro

COCTaBa NPOUCXOAUT KPUCTAIIM3ALMS BTOPOTO KOMIIOHEHTA, W HUXE 3TOH TeMTiepa-

TYphl (Ha jMarpaMme 370 U300paxaeTcss FOPU3OHTANLHON TIPAMO#) B CHCTEME COCY-
fiecTByIOT gBe TBepabie dasnl: LiCl(rs.) u KCl(TB.).

CrpykTypa 3BTeKTHYECKOrO W HEIBTEKTHYECKOTO CIL1aBa. YcM OTIHYaloTCs obpas-

TRy
i

cTanaukoB A M B (puc. 1.22, a). lpu kpucTaniu3aLuy pacriasa cocTasa X| KPYIIHbIC
KPUCTA/LIb A, BBIACTUBLIMECS JIO 3aTBEPACBANMA BTCKTHKM, BKPAlICHDI B TOHKYIO
McxanHyeckyto cMechb A + B (puc. 1.22, 6).

T <T [ T
s ! 7 A i
AN Y A¥ \
s Y RNE? &
RN RPN FERERRY o
—_—— ] e — -——
LN - N A PR
e B A et el Puc. 1.22. Crpykrypa ssrextuiccxoro (a)
a G H HC3BTICKTU'IECKOrO (6) criiasa

o

Ubl, TIONYHCHHDBIC MPH KPHCTATM3ALMM IBTEKTHYECKOTO pacniasa £ ¥ paciiasa npo- 5
M3BOJILHOTO COCTaBa, HanpuMcep x,? Tlo dasosoMy cocTaBy 3TH 06pasibl OTUHAKOBBI, <
00a cocToAT M3 ABYX (ha3: A(Ts.) u B(Ts.). Ux PasJIHuuc OTMPeNCIACTCA HE KPUCTATH- i;
YECKOH CTPYKTYpOii, a XapaKTepOM pacripelieenus das B o6beMe o0pasua. Ero obblyHo
HabMIONAI0T, UCTTONb3YS] MUKPOCTPYKTYPHbIE METOLbI vcenenosaHus, Ilpu kpucTannu- v
3auMy pacrnasa E o0pasyeTcs AByX(hasHAS CMECh, COCTOSIHAS M3 ONEHb MEJTKHX Kpu- [

W

Haubonee pacnpocTtpaneH cnyuait, korna b TBEPHOH (pase KOMIOHEHTDHI orpaHu-
"eHHO pacTBOpKMsl apyr B apyre. [Ipu oGpasopanun teepapix pPacTBOPOB BU T—x-
ANArpaMMbl H3MEHUTCS: OHW ByIyT CONepKaTh ANEMEHTH AMarpaMm (cuM. puc. 1.19 i1
1.21). Paccemorpum T—x-auarpaMmy cucreMpt Pb—Sn (puc. 1.23).

' B cHCTEMAX «CO/Th— BOTA» IHTEKTHUECKYIO TOUKY HAIBIBAIOT Kpuozudpamioil,
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B s10i1 cucreme obpa3yiores tBepable T, °C
pacTBOpHl KaK HA OCHOBE CBMHLA, TaK

400+
1 Ha ocHoBe onosa. [Ipn mobasneHWH o
HeDOABIIOTO KOJWYECTBA ONOBA B CBH- Ty X
Hel[ HOoBasi TBepras (haza He NOosiBIsieT- 3001 7
Csf, KpUCTAIIUYECKas PEIIETKA OCTACT-
csl T4 Xe, YTO M Yy YHCTOro CBMHUA, OI- 200}
HaKo OOBEM PELLIETKH HECKONIBKO H3Me- o5 e o7 \ 8
HsETCS 34 CUET 3aAMELICHNS HEKOTOPEBIX [ L . ; . d Sn
4TOMOB CBHHIIA HA ATOMBbI 01082, JIMHMA 2wl oy &

moa, % Sn

T',—a— bHa puc. 1.23 orpaHMymMBaeT 00-
AacTh TBEPABIX PACTBOPOB HA OCHOBE  Ppyc, 1.23. T—x-auarpamma cucteMbl Po—Sn
cBHHIA (o) M ONpeaessieT NpeaenbHyo
KOHIIEHTPALMIO 0JI0BA B TBEPAOM pac-
TBOpE « NpH PasIMYHEIX TeMneparypax. Tak, MpegenbHas pacTBOPUMOCTb ONI0BA B
ceuHite (20 at.% Sn) HaGatogaercs npu T = 183 °C (Temneparypa sBrexTHKH). JIn-
uus Ty— ¢c— d OrpaHNYMBaeT 00/1aCTh TBEPAHIX PACTBOPOB HA OCHOBE 0J10Ba (B).
Kak yxe orMedanoch B mojpaszn. 3.1, A7st OnpeaeseHust yCIOBHIT CHHTE3a BaKHO
3HATH, CKOJIBKO CTeleHet cBoboanl nMeeT cuctema. st ogCYETa YMCa CTeneHen
cBO0OIBl M, CJICAOBATENBHO, Y1CIa HE3ABUCHMbIX MEPEMEHHBIX B CHCTEME MOXKHO
TIpUMEHUTE NpaBuio ¢a3 (ypasHenue (1.38)). TTocMOTPHM, CKONEKO CTENEHEH CBODO-
bl BMeeT cucreMa Pb— Sn Mpu pa3HBIX cocTaBax M TEMIIEpaTypax (B pasHBIX TOUKAX
Ha guarpamme). OuesngHo, yro K = 2 (komnoneHTsl Pb 1 Sn). Tak xak cucrema
paccMaTpHBaeTcsi fpH P = const, a 9TO YCJIOBHE SBISIETCS TOMOJTHHUTEIBHBIM OIpa-
HUYECHHEM Ha YHACHO CTereHell cBoOOAE, TO NpaBuao (a3 BeIPAXaeTcs YPABHEHH-
eM: C=2+2-®—1=3 - ®. Pesyaprarsl nogcyeTa YHUcna CTENEHeR cBOOOAb B
PasIMYHBIX 0BACTSIX ABYXKOMIIOHEHTHON CHCTEMBI TpHBEREHH! B Tabn. 1.10.

TaGnuua [.10

Yucno creneneii cBo0oALI B JBYXKOMIOHEHTHO#M cucTeme npu P = const

qﬁ’;oﬁgg?f'cl)e " ObdnacTh Ha auarpamve (;SI;;CE}S) CocTab paBHOBECHBIX (a3

2 a) TIpW TCMIEpaType Bblile JTHHUY 1 HKuaxocts (pacruiaB wiIu, 4TO
nuksugyca (1)* TO K€, pacTBop)

6) B OGJACTH COCTABOB OT YHCTLIX 1 Tecpabiit pacteop (o HAH )
KOMIIOHEHTOB 10 TPaHUL[ TBEPALIX
pacTopoB (5 u 6)*

1 a) Ha JIMHUM JIMKBMAYCA W B 0611a- 2 Pacmae u tBepaoe BELUCCTEO
CTAX HUKE JIMKBHAYCA SO TMHHK (TBepable pACTBOPLI o HIH )
3BTCKTHKH (2 u 3)*

6) HIDKe DBTEKTHYECKOH TUHHH (7) 2 Tecpabic dasul a v §
0 a) Ha JIMHWM 3BTEKTHKHU (4)* Pacnnas (cocrasa £) u ABe
TBepable (asbl o U
0) B TOUKAX MIABIEHHS YUCTBIX 32 |Teepablit U XUAKHI CBAHEL]
sewects (71 u 1) (uu osoBo), sacck K =1

* Ykasansl TOYKM Ha pHc, 1.23,
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B Tex obnacTax, roe cucTeMa UMeeT IBe cTENEHK CBOOOIBI, MOXHO IPOU3BOIBHO
M3MEHATH TEMIIEPATYPY M KOHIEHTPALMIO pacTBopa (paciurasa), ¥ NpPH 3TOM OHA
ocranerca onHodasHoil. Eciu cuctema MonoBapuanTHas (C = 1), npu IIPOH3BOJIb-
HOM M3MEHEHHUMW TEMIIEPATYPBl KOHLEHTPALUS HACKILIEHHOIO pacTBopa (paBHOBE-
cue «tBepaas ¢aza 2 pacTBOp») UIMEHSETCH CTPOTO OMNpEETeHHBIM 06pasoM, co-
OTBETCTBYIOLIUM JTHHUH JIMKBUAYCA, 4 KOHIICHTPALMA TBEPAOTO pacTBOPA — JIMHUK
npeaensHoro cocrasa (ab u cd).

Cocras M TeMneparypa 3BTEKTHKM, KaK U TEMIIEPATYDBI UTABIEHUS KOMITOHEH-
TOB, ABISIOTCS BAXHBIMH XapaKTEPUCTHKAMH CHUCTEMBL.

CyiecTsyeT OrpoOMHOE YHMCNO GUHAPHBIX CHUCTEM, KOMITOHEHTHI KOTOpPBIX TIPH
B3aMMOAEHCTBUH 00pasyroT coeuHeHUs. B aToM cyyae Ha auarpaMMe nosBisgeTcs
00/IACTb CYIUECTBOBAHMS XMMHUECKOTO CoeMHeHMst. ECIH pacTBOpUMOCTE KOMIIO-
HEHTOB B 00Pa30BABILEMCS COCAMHEHUN Masa, 0671acTh BBIPOXKIAETCS B BEPTHKA/b-
HYIO IMHHIO.

CrcTeMbl ¢ XHMHYECKHMH COEIHHEHHAMH, IABSIIHMHCH KOHTPY3HTHO HJIM MH-
KOHrpy3uTHo. [Tpu nocrpoeHun GbazoBbix JHATPAMM, KOMIOHEHTHI KOTOpBIX 00pa-
3YIOT XHMHYECKHE COCIUHCHMS, BAXXHO YCTAHOBUTH XapaKTep INaBIeHUS aHHOTO
coeMHeHUsl. [OBOPAT, YTO COeAUHEHNE TINABUTCA KOH2PYIHMHO, €CITH COCTAB pac-
N1aBa B TOYKE IIABICHUS COBIANACT C COCTABOM TBeproil dasnl. TTpumep Takoit
CUCTCMBI NIpeACTaBNeH Ha puc. [.24. Kommonenrtst ZrCl, u KCIl xuMuuecku B3au-
MOJIEHCTBYIOT APYT C APYroM W o6pasytoT HoBylo ¢asy K,ZrCl,. CoenuHenue
K,ZrClg, conepxaniee 66,7 mon.% KCI, miasurcs KOHTIPY2HTHO TP TeMIEpaTy-
pe 800 °C.

B a1oM cityuae muarpaMMy MOXHO MEICIEHHO Pa3NeNHTh Ha aBe AUarpaMMBel ¢
NPOCTHIMU 3BTEKTHKAMK (cM. puc. 1.21), a umenno ZrCl,—K,ZrClg u K,ZrClg—
KCI. CneposarensHto, B cucreme ZrCl,—KCl CYIIECTBYIOT OBE 3BTCKTUKH E, U E,,
HexkoTopbie oT11us KacaloTest IMUIB paBHOBECHIT C y9acTueM coeaMHeHus. B Touke
A, OTBEHAKOLICH TeMIlepaType IUIaBJICHUS K,ZrClg, yncno creneneit ceoboast pas-
HO HYJIO, TAK KaK HAKNAIbIBACTCS ZOMONHUTENBHOE YCIOBUE: X (X.) = x(TB.). Paza
K,ZrClg Haxoaurcsi B paBHOBECHM ¢ paciuiaBoM B obnactsx | u I, rue cocrase
PABHOBECHBIX PaCIIaBOB ONPEAENAIOTCS THHUAMNI IMKBUIYca £)— A (o6nacts ) n
E,— A (obnacts 1),

B cnyyae, ecnu rpu HarpeBaHMH CO-

€AUHCHHE pasnaraerca ¢ o0pazoBaHHEM

T h Ipyroit TBepaoit haswt u pacnnasa, roeo-
PAT, YTO OHO IUTABUTCSH UHKOHZPYIHMHO

(¢ pasnoxenuneM). OGHIYHO TAKUE COEAU-

T, HEHUs 00pa3yloTes B CUCTEMAX «COJMb—
Boga». Ha puc. 1.26 mpeacrasnen ¢par-

MEHT guarpamMMel cuctemb NaCl—H,0.

Ty, B kpucrannoruapare coaepxurcs
33,3 mon. % NaCl, yto cooTseTcTBYET

KCl 20 40 60 80 ZrCly - ¢opmyne NaCl- 2H,0 (33,3 mon. % NaCl
Mort. % ZrCl, u 66,7 mon. % H;0, n(H,0): n(NaCl) =
=2:1). Ipu Harpeanuu NaCl - 2H,0 g0

Puc. 1.24. T—x-jparpamma cucrembl ZrCl,— Temneparypsl 0 °C kpucramnoruapar pas-
KCL: naraetcss Ha OGC3BOAHYIO TBEPAYIO CONb

! — pacninag coctapa 10 Mon.% KCI NaCl u pacnuraB (HacklEHHbIN PacTBOP
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O0GA2CTH rOMOreAHOCTH, B XMMHUECKOM COCIMHEHIH MOXCT PacTBOPATHCA HEKOTO-
pOC JIONMONHBHUTENBHOE KONHYCCTBO TOTO MM MHOTO KOMIIOHCHTA (TaK X¢ KakK npu
oBpaszoBaHuM TBepABIX pacTBopoB). Hanpumep, cynbHa CBHHLIA MOXET COACPXATE B
WIBBITKE KAK CBMHELL, TaK M Cepy, UTO Buipaxaercs ¢opmynamu Pb ;S u PbS, ;. Co-
OTBETCTBEHHO, 06JIaCTh TEMIIEPATYP U COCTaBOB, B KOTOPOM CYLIECTBYET JAHHOC XH-
MHYECKOE COGIHHEHME, HashiBaloT obaacTbio roMorentHocrr. Ha prc. 1.25 cxemaru-
YCCKM mpeacTaBicHa T'—X-guarpaMma CHCTEMBL C COSIMHCHHEM, HMCIOWMM 0011acTh
romoregHocT#. COCTAB COEIMHEHHS, COOTBETCTBYIOLIHIT 3aKOHY KPaTHBbIX OTHOLIC-
umit, Hanpumep, PbS, NaCl, Fe,0,, CaTiO;, HasHIBAlOT cMeXUOMEMpU4eckum co-
cimaeom. BoIBaeT, 4TO CTEXHOMETPHUCCKHIA COCTaB HE monagaeT B 061acTh NOMOTEHHO-
cTH, Hanpumep, $basa, KOTOpYIO NPHHATO CYHTATh OKCHaoM xenesa(ll), Bceraa nme-
et achuuuT xenesa Fe,_,O (cm. Takke nl. 4, pasa. 5). Mcropryeckn COCIMHCHHS,
MOAYHHAIOLIHECS 3AKOHY KPATHBIX OTHOILCHHIH, HA3HBAIOT danbmonudamu, a Coean-
HeHUs, 06nafalMe 3aMCTHOH 0DIacThio NrOMOICHHOCTH, — bepmonnudamu.

CTeXxHoMeTPHYECKHI
coctas PbS
T O6aactb
XK. | rOMOTEHHOCTH

PbS(TB.) + X.
Po3(re)+x. PbS(TB.) + XK.
Pb(Ts.) + PbS(Ts.
) ) / PbS(tB.) + S(TB.)
N 4
% i
th 102 10 10°¢ 106 107 &
--—-6" 8—-'-

Puc. 1.25. Cxema T— X-AMarpaMMBl CHCTEMEI C COCAMHEHHEM, UMCIOLMM 0014cTh
TOMOIrcHHOCTH

f

i

Lol

reC

K. NaCl(TB.) +X.

.+ NaCl- 2H;0 (18.) | NaCl- 2H,0 (18.) + NaCl (rs.)

Jlén+NaCl.2H,0 (18)
= s 1 1

1 L I
H,0 10 x 20 x; 30 40 —mon. % NaCl

Puc. 1.26. ®parmenT T— x-auarpammet cucrembl HyO—NaCl
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Xnopuna Harpust), conepxawmmii 22 Moi. % NaCl (Touka 1), T.e. IPOUCXOIUT peak-
s

NaCl - 2H,0(1B.) 2 NaCl(TB.) + pacTBop

Ipu 3TOM cocTaB 06pasoBaBILEiics XUIKOI (hasbl He paBeH COCTABY HCXOAHOI TBEP-
noi Gaser (x(K.) = x(TB.). Takoil rporecc Ha3bIBaeTCs MHKOHTPYSHTHBIM UMM NEPH-
TeKTHUCeCKHUM TUIABJICHHEM, & COOTBETCTBYIOLIAS TeMIIEpaTypa — HepumeKmuueckoil.

Brlltie TeMnepaTypbl MHKOHIPYSHTHOTO [UIABeHUS B CHCTEMe CYLIECTBYeT TOJL-
KO OnHa TBepnast ¢paza — NaCl. _ _

IIpu oxnaxneHuu moBGOro pacTBOpa, COCTAB KOTOPOTOG OTBCYACT YCJIOBHIO
x > 22 mMon.% NaCl, nanpumep, 40 mon. % NaCl npu TeMITEPATYPE [TEPUTCKTHKH
(0°C), npoucxoaut peakius 06pazoBaHus Kpucrasnoruapara. ITpu 3Toit TeMiepa-
Type B paBHOBECHH HaxOSITCS! Tpu (aswl: pacTBOp, Ge3BOMHAS CONb U KPUCTAILIO-
THIpAT, 4, CIeNOBATCILHO, B CHCTEME YHCIIO CTeneHeil cBoBOaB! paBHO Hymo. Huxe
NEPUTEKTUIECKOH TCMITEPaTyphl uarpaMma uMeeT BUI 0OBIYHOM IvarpaMMel ¢ 3B-
TEKTHKOH.

Tepmuyecknuit aHanus. BosHukaer BONPOC, KaK 3KCIePMMEHTaNbHO MOCTPOMTH
tazoyio nuarpammy. OCHOBHBIMH MeTONAMM MCCICAOBAHMS! SIBISTIOTCS TCPMHIE-
CKMii (onpeeneHue TeMNepaTyp JUKBUAYCA U TeMIIepaTyphl 9BTEKTUKH) U PeHTTC-
HO}a30BEIi aHau3 (rPAHHUIIBI CYICCTBOBAHMS TBepAbIx (ba3). TepMutuecknit aHamus
B CaMOM 001IEM BH/le 3aKITIOUACTCSA B ONPCHeNIeHHU 3aBUCHMOCTH TeMIepaTyprl o6pas-
113 OT BPEMCHU [1PU OXJIAXACHUY PAciiaBa (wjin TIPU HATPEBAHWM TBeproro obpas-
na). Hanpumep, Ha puc. 1.27, ¢ npeacrasieHa cxema T— x-g1uarpaMMBbl CUCTEMBI
A—B ¢ coenuHeHueM AB u OTpaHue HHOI pacTBopuMocThio A B B, Ha puc. 1.27, 6
1306paxeHbl rpaduKM 3aBUCHMOCTH TeMIIEPATYPHI CHCTEMbI OT BpeMeHH TIPH OXJIAXK-
ACHHM PacnnaBoB cocTaBa x; (Touka /), x, (Touka 2), x; (Touka 3) u x, (Touka 4).
WHorpa Takue rpaduky Ha3LIBAIOT Kpuebimu 0XAaHceHUs.

Ha xpusoii 7 npu T = 7| (TeMneparypa NMKBHIOYyca) HaOJIOmaeTCsl H3NOM,
KOTOPBIiA OOYCNIOBIEH TeM, YTO OTBOAMMAS OT CHCTEMBI TeIJIOTA YACTHTHO KOM-
TIeHCHPYETCst TeTIOTOH KpuCTamM3aiuu BeliecTBa A. Ipu 10CTHREHUH TeMIepa-

AB B ¥
a 4

Puc. 1.27. Cxema T— x-avarpammel cucreMsl A— B (@) 1 KpuBble OXnaxAeHus (6)
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Puc. 1.28. 3aBucumocts audrdepeHiinana NIoOTHOCTH
ot cocrasa s cucremst H,O0—H,SO, (no 1. M. MeH-
Aeneeny)

&ls

/

H,S0," 2H,0 \

DH3INKO-XHUMHIECKHH anamn3. TepMUYecKuid i peHT-

reHoda3oBL aHATKU3 ABIAOTCA OCHOBHEIMH METONAMH
(PH3HKO-XMMHUYecKoro aHanusa, KpoMe HUX juig nocr-
pocHMs $a30BIX AMATPAMM UCTIONL3YIOT METOAB MHK-
POCTPYKTYPHOro aHanu3a M MCcledoBaHUe PA3NUYHBIX
CBOMCTE, YYBCTBUTCNBHEIX K H3MEHEHHIO cocTana: Thep-
IOCTH, BEKTPONpPOBOAHOCTH, TUTOTHOCTH, MOKa3aTend T00
MpenoMiIcHHs 1 T.A. TlocTpoeHKe IMarpaMM «COCTAB— mace. % H,S0,
CBOWCTBO» TI03BOJISICT BBISICHMTE OOJIACTH CylUecTBOBA-
HMs pasnuuHbX a3, Tak Kak I[Ipy HelpeppBHOM W3MEHCHMH MapaMeTposB, ofpene-
JHOUMX COCTOAHHE CHCTEMDI, KAKOe-JIMOO0 CBOHCTBO (ha3bl M3MEHACTCA HCTIPCPhIBHO
(npuHuMn HenpepuisHoctu). Hanpumep, . M. MeHaenees Bhepseic onpeaenmi co-
cTaspl TMAPATOBR CEPHOI KMCIOTH, H3Y4as 3aBUCHMMOCTE TUIOTHOCTH PAacTBopa OT co-
crasa (puc. 1.28). Funparst ¢ onHoil, AByMS M LecTBIO MOJIEKYTIAMM BOABI BILOCNEA-
cTBMM OBUIM BHICICHBI B TBEPIAOM BUAC.

1,50, 150,07

H
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HcexnioynrensHas poib B pasBuTHM HHIUKO-XH-
Muueckoro aHanMsa npuHamnexur H, C, Kypnakosy
(1860 — 1941). Mm Oy OTKPBITH! MHTEPMETANINIHYE-
CcKMe coenuHeHMs B cucreMe Au—Cu, ycToityuBble
TOJILKO TPH TEMTICPaTYpe HAMHOIO HMXe TeMliepa-
TYPbI 3BTEKTMKM. DTH COeIMHCHUS HasblaroT (aza-
mut Kypuakoea. B 1937 — 1941 rr. H. C. Kypnakos gB-
JSUICH 3aBenyomMM Kadenpoil HeCopraH MuCCKOM Xu-
MUM XxuMH4Yeckoro dakynereta MTY 1 onHoBpeMeH-
Ho Boarnasnaan MHcrturyr ofwell M HeopraHu4ye-
ckoii xuMui PAH, koTopbiii TEreph HOCHUT €ro MMs.
Poccuiickas AKafeMus HayK KaxJIble MATh JIeT MpH-
cyxaacr 3onoTyio Meaans M npemuio uM. H.C. Kyp-
HAKOB4 34 HayYHbie JOCTHXCHMS B M3yucHUM da3o-
BBIX guarpaMM H Da3BMTHU (DH3MK0-XHMH‘1ICCK0F0 £
aHanMaa.

i

R

TYpHl 3BTEKTUKU (7,) Ha KpUBOIl oxIaxeHHUsT Habl0daeTcs NNaTo, KoTopoe Co-
XpaHsieTCs 10 T€X NOp, MOKa BeCh paciulas He 3akpHcrainsyeTcs. Iliaro Ha Kpu-
BBIX OXJTAXIEHH TOABJISIETCA BCerMla, Korja cucteMa HoupapraHtHa (C = 0). TTocne
TOrO, KaK BECh paciiaB 3aKpUCTANIH3YeTCH, IIPOLECC OXIAXKACHUS MPOIOTIKUTCH.
B ra6n. 1.11 npeacTtaBieHbl 0COOEHHOCTH KPHMBBIX OXJIaXgeHWs, H300paKEHHBIX
ua puc. 1.27, 6.

PaccMoTpHUM Teneps, KAK MOXHO HCIIOJb30BaTh (ha3oBble JHArpaMMbl JUTA pellic-
HHS KOHKPETHBIX 3aay.
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Tabénuuya 1.11

Onucanne KpHBBIX oxaaxkaenus (K puc. 1.27)

Ne Touxu IIpotiecchl, NPOHCXOMALINE MTPH ITHX P;ZM;;I::;? OnpenensieMble
ofpaita | Ha TMarpamme TeMepaTypax N E TeMIIepaTyphl
1 1y Hauano kpucrammsauuu Hanom Jluksuayc
1 Kpucrannuzanus ssrekTuu Inato IBTEKTHKA
(C=0) '
2 2 Kprcrannusauus s3sTeKTHKM ITnaro DBTEKTHKA
(C=0)
3 ¥ Kpuctannmsauus cocautenus AB | Inaro INnaBnenuc co-
(C=0) cnMHeHus AB
4 4 Hauano kpucrannusaumm treponoro | Manom JIvksumyc
pacTteopa
4+ [TonHoce 3aTBepneBanue pacTsopa Hanom Conunyc

Onpenenenne xapakTepa B3aHMOIEHCTBHA KOMIIONEHTOB. (Pa30BbIe AUarpaMmsl No3-
BOJLIOT YCTAHOBUTE KONIMMECTBO W COCTaB O0Pa3yIOLIMXCS B CUCTEME COCIMUHCHHI, |
UX YCTOHUMBOCTB, BO3MOXHOCTD 0OPa30BaHUs TBEDIBIX pacTBOpOB. Hanpumep, Ha §
OcHOBaHUM (a30BbIx nuarpaMm cucteM BeF,—NaF u BeCl,—NaCl (puc. 1.29, a) §
MOKHO CICN1ATh BBIBOZ 06 OTHOCHUTENIBHOM YCTONYMBOCTH DTOPHIHBIX M XJIODHIHBIX §
KOMIIIEKCOB Oepu/nust. PTOPHAB HATPHS K GepULTHsE 00pazyIoT JBa COeqMHEHUS — |
NaBeF; u Na,BeF,, KoTopEle 10OCTATOYHO YCTOIUMBBI — IINaBsITCS KOHTPY3HTHO
npu Temneparype > 400°C. B cucreme xe BeCl,—NaCl cyiuecTsyeT ToapKo ogHo §
coequneHue Na,BeCly, nnassineecs uHkoHrpysuTHo nipu 7 = 300 °C. Taxum obpa-
30M, (ha3oBBIC AUArpaMMBI MOLTBEPKIAIOT TOT thakr, yro ¢drropuaHble KoMIeKcs F
OepuILTHS GOJIEC YCTOMYMBHI, YeM XTOPHAHEIE. 3

Ha ocHoBanuu pparMeHToB' (ha3zoBEIx arpaMM cucTeM Ge—Se, Sn—Se u Pb— §
Se, NpencTaBneHHBIX Ha pUc. 1.29, 6, MOXHO CYIWTE 00 U3MEHEHUH YCTOHYMBOCTH 3
COCAMHEHMIT B PA3IUIHBIX CTENEHAX OKUCACHUs B noarpynmne Ge—Sn—Pb. B cucre- £
Me Ge—Se cymecrByer nBa coeguuenus GeSe u GeSe,, npuyem monoceneHun §
MEHCE YCTOWYMB, YeM AMCENEHHI, TAK KaK IUIaBUTCA C PasfioXCHUEM MpH Gojee
HU3KOH Temmeparype. B cucreMe Sn—Se o6a coegunenus YCTORYMBE — InaBATCS
npu 7> 800°C, a B cucreme Pb—Se cymecTByeT TONBKO ONHO COCIMHEHHE — PhSe.
OT0 MOATBEPXKIACT YBEAHYEHHE YCTONYUBOCTH COCAMHEHUIT CO CTEIEHBIO OKUCIIE-
HUSA +2 B 14-ii rpynine TTepuonuyeckoil cHCTEMBEL.

Onpenenenne ycoBHii NOXY4eHHS H BHUACACHHS XHMHIECKHX coenMHenuii. 7 — x-
auarpamma NaCl—H,0 (cwm. puc. 1.26) noseonsier OIIPEIENHUTD YCIIOBHS IONYUEHUS
kpuctannoruapara NaCl - 2H,0. Kpucrannoruapar pasnaraercs IIPU TeMIepaType
Boilte 0°C, cnegoBaTenbHO, 3TO COeNUHEHUE CJIENYET CHHTE3UPOBATH IIPH Gonee
HU3KOH TeMneparype, 4

C npyroii cropous, NaCl - 2H,0 KPHCTAJUTH3YETCsl M3 paCTBOPOB COCTABA X, < x <
< X|. X| M X, (9BTEKTUKA) — 3TO rPaHHYHBIE COCTABHI pacTBOpa (NUKBUAYC), KOTO-
PRI HAXOMUTCA B PABHOBECUH ¢ KPHCTAIIOTHAPaTOM. HauGonsumii BBIXOJ TPOIYK-

! FIyHKTHpHBE JTHHUH U O0pLIBbl TMUHHI Ha gUarpaMMax O3HAYaloT HENOCTATOYHO H3YYeHHLIE H
HENCCIEfOBaHHble 0OIACTH,
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Puc. 1.29. T—x-nuarpaMMBbl CHCTEM: EN—
a — BeF,— NaF u BeCl,—NaCl; 6 — Ge—
Se, Sn—Se u Pb—Se Pb Se
Mo % Se

Ta BO3MOXEH, €CITM OXJIaXIAaTh PACTBOP COCTAaBa X, d OXJIAXICHHUE BECTH IO TEMIIC-
paTyphl He HMXKE IBTEKTHYECKON, TaK KaK WHAYe MONYYMTCA CMECH KPUCTAILIOB
NaCl-2H,0 u nega.

Onpenenenne ycnosuii 0YRcTKH BemnecTs. Micnonssys (pazoByio guarpaMmy CUCTe-
MBIl HNO;3;—H,0 (puc. 1.30), MOXHO ONPEAETUTE BO3MOXHOCTh ITONYICHH 100%-11
HNO; u3s 40%-ro BOZHOro PacTBopa MyTEM NEPETOHKU. A30THas KUCIOTA i BOAA
06pasyIoT HellpepLIBHEL psifi )KMIKMX PacTBOPOB. B cucTeMe nMeeTcs a3eoTpon (co-
CTaB XMIKOCTH PaBEH COCTABY 11apa), KOTopblil mpy P = 1 at™ coaepxuTt 68,4 Mace. %
HNO, 1 kunut npu 7= 120,5°C (1ouka d). [Ipu Harpesanuu 40%-it pacTBop a30T-
HOi KMCITOTHI KMITUT Npu TeMneparype T (Touka &), MpH 3TOM nap oboraiiacTcs
BopoH (Touka c¢). IToaToMy IIpH MEPErOHKE COCTaB XUAKOCTH B IreperoHHon Konde
ByaeT oboralaThCs KUCAOTOM (COCTAB KMAKOCTH H3MEHACTCA BAOTE TUHIN bd). Cne-
JIOBATEILHO, M COCTAaB NMapa (OTroHAeMast XUAKOCTh) ToXe GyaeT U3MEHATCS B CO-
OTBETCTBHH C JuHUAEH cd. TTpy JOCTHXKEHUH COCTaBa, OTBEYAIOMIETO KOHIIEHTPALWH
azeoTpona (TouKa d) KXUAKOCTh IeperoHsieTcs 6¢3 u3MeHeHusa cocTasa. TakuM
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obpasom, meperonkoit 40%-ro pactsopa §
HCJb3A TONYYHTH "ucTyio (100%-10) asor-
HYIO0 KHCJIOTY.

ITpumep 1.9. (a) Onpenennte, xakoe u3 pe-
wects (ZrCl, unun K,ZrClg) 6yner xprctaniu-
83 30BaTLCA TPH OXJIAXAEHWH PaciulaBa, comep-
xawero 10 mon. % KCl. (6) Onpenenure 06-
AacTb COCTaBOB PacTBOpPA, M3 KOTOPOro ripu §
OXnaxIeHHUH Kpucraminsyercss Tonbko KCI, u |
TEMMEPATYPHI, [PY KOTOPLIX 3TO TIPOMCXOAUT.
Pewenue. (a) Tpyn oxnaxaeHuu U3 pacrna-
B4, COCTAB KOTOPOIQ MpeacrasieH ¢Gpuryparus-
HO# TouKko# (/) Ha puc. 1.24, npu Temnepary-
pe 7, HauMHaeT KpHCTANNM3OBATECH YUCTHIA
ZrCl,. Hpu remnepatype T < T, £, obpasyercs
cmech ZrCly(te.) + KyZrClg(s.).” (6) Xnopun
Kayiust OyOeT KpUMCTAINM30BaThesd M3 pacriaasoB coctaBa 100—95 mon. % KCl (cocras £))
APH OXNTAKACHUH MX HUKE TEMIIEPATYPBI IMKBUAYCE M IO TCMIICPATYPBI SBTEXTHKM.

|
I
|
|
| *.
|
E
|
|
|

H,0 HNO,

Mace. % HNO,

Puc. 1.30. T—x-nuarpamma cucrembr HyO —
HNO,

Kontpossneie sonpocn

1.23. Onpenenure yncno ¢as, He3aBUCUMBIX KOMIIOHEHTOB U cTelleHeit cBoBonsl B cUCTe-
Max, COCTOALMX M3

a) HACHILEHHOTO pacTsopa Na,SO,, kpucranios Na,SO,- 10H,0 m BopsiHoro napa;

G) HacrlLEHHOrO pacTBopa KNO;, JIbAd, TBEPAOH CONM M HACBIILEHHOTO BOASHOTO Tapa;

B) pactsopa HCI aseotpornHoro cocrasa 1 napa;

r) TBepaoro CaCO; 4 paBHOBCCHLIX MPOAYKTOR ero TEPMHUYECKOTO PasnoxeHus.

1.24. M306pasute cxemarnuecku P— T-chazonyio nHarpamMmy Boabl. IToctaBere Ha Heil
(PUrYpaTMBHYIO TOMKY, COOTBECTCTBYIOLIVIO A4BIEHMIO | arM M Temreparype 120°C. Kaxos
¢azoBblit coctas Takoil cucteMpl? Kak Gyner M3MEHATLCA N4BIEHHME B TaKOil cHcTeMe rpu
V'= const, a takxe yucino $as 1 cTeneHel crOGOMLI [IpU TIOHMXEHUK Temreparypu? M30-
GpasuTe KpUBYIO MIMEHEHHUA JaBleHus Ha P— T-nnarpamme.

1.25. OnpenennTe TeMMepaTypy KMMEHHs BOALL B aBTOK/IABE npH aasiaeHuu 2 atm. Heob-
XOAMMBLIC TEPMOAMHAMMYCCKME BEAMYMHDI TIpMBENCHbL B Tabn, 1.1 u 1.2,

1.26. Micrionb3ys npencTasieHHble HUXE AaHHble, M300pa3uTe CXEMATHYECKM B KOOPIH-
HATaX «T€MMNEpaTypa—cocTas» ¢asosyio auarpammy H,SO,—H,0.

Cocmas, mon. % H,O T, °C Tun pazoeoeo nepexoda
100 100 Kunenue H,O
10 339 Kuneune aseorpona
0 280 Kunenue H,S0,

a) s kaxjaoit obractn auarpammbl yKaxuTe (asoBblil cocras H paccuuTaiTe YMcio
CTENEHCH cBoGomLI.

6) Hanuumre xummucckoe ypaBHEHHE, oTlMcbiBaromee (azoBoe paBHOBECHE B TOYKE
d43e0Tpona, ¥ YKaxuTC YHCIO CTEeneHel ¢Bofoanl B 9TO TOUYKE,

B) KakoB cocras oTroHsieMoil XHAKOCTH Npy Havyaje NeperoHkKH pacrBopa, coaepxallie-
ro 50 % H,50,?

1.27. Ucnonb3ys npencranieHHblC HUXC AAHHEIC, u3obpasure cXEMaTHUCCKM haloByio
auarpammy NH,HF,—H,0 B xoopauHaTax «ICMIIEpATYpa — COCTAB»,

a) Ina Bcex obnacreii auarpaMMbl YKaxnTe ux thazosulit cocras.

6) OBBsCHUTE, YTO BRIPAXACT NIMHHUA, COCAMHAIOLIAN TOUKU TIARTCHHMS JIB1A U 3BTCKTHKH.
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T, K 7, K
1400

b

1200

1000

F——— e N o

LaF; SrF, T

Moa.% SrF, 6
a

Puc. 1.31. T—x-auarpamma cucrembt LaF;—SrF, () v xpupasi oxnakaeHus (6) (K 3agauc 1.29)

B) Hapwucyiite KpUBYIO oXnaxacHus pacrsopa, conepxaricro 33 mon.% NHHF;, B ko-
OpIIMHATAX «TEMIMEPATypa— BpEMA» M OOBACHUTE, KAK M3MCHAETCH YHCIIO CTEreHel cBobo-
OBl [IPY OXNAKIEHMH.

r) PaccuuraiiTe, CKONBKO IpaMMoB Kpuctaindyeckoro NH,HF, MOXHO NOJAY4MTh MpH
oxtaxaeHuu 256 r storo (33 mon. % NH,HF,) pacropa no 0°C.

T, °C Cocmae pacmeopa, Cocmae pasrogecHoli
mon. % NH,HF, maepdoli aze
0 0 H,0
-9 4,9 H,0
-15 8,5 H,0 + NH,HF;
0 11 NH,HF,
60 33 NH,HF,
100 65 NH,HF,
126 100 NH,HF,

[.28. EcnuM pacTonuTh yacTh TBepRoit asml, obpazosapiueics npu oxnaxaeHuu no —15°C
5 mon. % pacreopa NaCl, To moayyaeTcs pacTBop, COCTaB KOTOPOTO OTAMYACTCA OT HMCXO/I-
Horo. O6bACHUTE 3TOT (hakT, HCNONb3YS THArPAMMY, MpHBEICHHYIO Ha puc. 1.26.

1.29. Ha puc. 1.31 npencrasneHa auarpamma cucreMbl LaF;—SrF, u kpuBas oxstaxicHus .

a) YKaKMTC, KAKMM M3 YKAa3aHHBIX HA AuarpaMme cocTtasos (a, b, ¢, d, e) cooTBeTCTBYET
3TOT THIT KPHBOM OXJIAKACHMSA,

6) s Touek 3, 4 NPOACTKMTE 3allOJHEHHUE TABIMIIbI

Homep Touku | Umcno das Hassanue a3 q"cgso’:ﬁ?;:l"c‘"‘ Ypaui l;;:g&ef:fﬁi:mmcc
! 2 XK.+ o(18.) I —
2 2 XK. + B(TB.) 0 B(r.) =x.
3
4

1.4. PABHOBECHSI B OKUCJIMTEJIBbHO-BOCCTAHOBUTEJIBHBIX
PEAKITHSIX

OKUCHHTENBHO-BOCCTAHOBATENBHEIE PEAKIIHN, T. €. PEaKlUH, B KOTOPBIX IIpOUC-
XOIUT U3MCHCHHE CTENCHEH OKHC/IeHUSA, MOXHOQ YCIIOBHQ pa3jleJiuTh Ha J(BE I'PYII-
NBl: IPOTEKAKIIKHE B OTCYTCTBHE PACTBOPUTENS U IIPOTEKAIOLIME B PACTBOPE, Yalle
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BCET0 B BOGHOM. KOHEIHO, HE3aBUCHMO OT TAKOTO JEJEHUS BCE PEaKINM MOIIHHA~
I0TCA OBIIUM 3aKOHAM TEPMOAMHAMMKH, OTTUCAHHBIM B pasg. 1 u 2. OgHako peakImn
B PacTBOpax OBGIajaroT HEKOTOPO# crenudUKoit, nobyxKIaomei paccMOTpeTh UX
oonee nMoxpodHO.

1.4.1. OcnoBHble mOHATHA. CTaHAAPTHBINH OKHCIHTENBHO-BOCCTAHOBHTEIbHBII
OTEHIHAJ

B okucauTeNIBHO-BOCCTAHOBUTENIBHOM MIPOLIECCE BCETA YUacTBYIOT ABE (conpsi-
XKCHHBIE) Naphl, KaXIas U3 KOTOPHX BKIIIOUAET OKUCAUTENDh U BOCCTAHOBUTEND:

0] + B2 - 02 + B|
(CI]Z*' + Fe? - Cu® ¥ Feh)

=

OxHciIcHne Bocc'r;uomcﬁue
O, +e— B, By—e > O
(Cu® + 2e— Cu") (Fe? - 2¢—> Fet)

B nepsoit nape Cu* siBasiercs okucnureneM, a Cu’ — Boccranosurenem, o
BTOPOH OKHUCITUTENE — Fcz*, a BocctaHoBUTenb — Fel. XoTs Henb3s nposecTu okuc-
neHue 6€3 BOCCTAHORICHMS, U HA0BOPOT, 9TH ABA MIPOLECCA BO3MOXHO pa3HeCTH B
NIPOCTPAHCTBE.

9To momyuuTes, eciu B pacTBOp CONM MeTanna (HanpuMep, MeH) MOMEeCTHTE
[UIACTHUHKY U3 TOTO Xe MeTa/ura? B 3TOM cityyae ycTaHaBIUBaeTCsl paBHOBECHE:

Co¥(p) + 22 Cu’(tB.)

[Tponeccy 06pasoBaHus HOHOB CIIOCOBCTBYET YBEIMUEHUE IHTPONIUU (IHTPOIUA
MOHOB B pacTBOpE ropasgo Gonblie, YEM IHTPONMS MeTaiia) U o6pa3oBaHHE THI-
paroB, a NpenATCTBYIOT NMPOUECCH MOHH3AIMUU (SHEPIUsT MOHU3AUUHU AOCTATOYHO
BHICOKA) U Pa3pyIUEHHA KPUCTATUIMYCCKOM PEIETKH. B COCTOSTHMM paBHOBecHs Ha
TUIACTHHKE JIOKATTH3YETCA IMOJOXUTENBHBIH 3aps/, KOTOPBIH KOMIEHCHPYETCS I1PO-
THUBOMOHAMM, HaXOASNIUMMCS B pacTBope. Tak
BO3HUKAET J6OUNOU 2neKxmpuveckuii cAol, Xapak-
TEPUBYIOILUICA HEKOTOPHIM CKAYKOM IOTEHIIMA-
na A@y, KOTOPHIH 3aBUCHT OT NPUPOAB METAIA,
TEMITEPATYPH M KOHLEHTPAIIMK HOHOB METAJIA B
pacTeope. BenuuuHy A, HENb3s HU U3MEDPUTD,
HHU DACCYUTATD.

Oanako, ecnu Takoi noayasemenm COEIUHNUTE
ITPOBOJHUKOM C APYTMM I1OJIY3I€MEHTOM (HaIpu-
Mep, Fe™(p.) + 2¢- 2 Fe'(18.), Ag,), TO Mexiy
HUMHM BYICT [1POTEKATD SMEKTPHIECKUI TOK, 06Y-
CIIOBJICHHBII Pa3HOCTBIO MOTEHUMANIOB (puc. 1.32).
OnexTponsikyiasn cuna (£) npouecca, Hapu-
Puc. 1.32. CxeMa ranbBaHHYeCKOro MEp, PeaxlMu:

3MEMECHTA HA OCHOBE Mapel MeTaj- % o o .
JIOB MENb — XeNe30 Cu™ + Fe" - Cu" + Fe
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GyneT paBHa C BHICOKOIA CTETIEHBIO TPUONIDKEHNsS Pa3HOCTH MIOTEHITUAIIOB ITONY3JI€-
MEHTOB:

E = Ag; - Ags. (1.41)

BoT 3Ty BeNIMYHHY — SAEKTPOIBUXYILYIO CHly — U3MepHTh MoxHo! TToaTtomy
JUIL XapaKTePUCTHKY TIONY3MEMEHTOB (OKHMCIHTEbHO-BOCCTAHOBUTENBHEBIX 1ap)
ucronp3yioT eaudyrHy 3C MeXIy NaHHBIM IONMY3JIEMEHTOM M TaK Ha3biBa¢MbIM
MEKTPOLOM CPAaBHEHUA. 3a 2EKTPOIl CPABHEHUs IIPUHAT criandapmibiil 8000poCHbil
amnexmpod

2H*(p.) + 2¢ 2 H)

VCI0BHO NPUHATO CYNTATE, YTO Ago = 0 TIpM 1aBEHUH BOLOPONA, PABHOM | aTM,
v akTuBHocTH H', paBHoii 1 (@ = C = 1 monp/n) (puc. 1.33).

DIAC e, COCTABICHHOM W3 CTAHAAPTHOTO BOJOPOJHOIO 3/IeKTPONa ¥ M3yuae-
MOTO 3/EKTPOA, HA3bIBAIOT 34eKmpodibiM nomenyuasom mocaenHero. Ecnmm akTus-
HOCTH (KOHLEHTPALHH) MOHOB PaBHH €IWHULE, TO 3TOT NMOTEHLUAaN Ha35113a10'r
cmanaapmnbw (E°). Tak, JUis1 OKMCITUTEITBHO-BOCCTAaHOBUTENBHOM I1aphI Cu*/Cu’, mpu
[Cu®™] = 1 Mons/x:

E = Ag, - Age = E° (Cu*/Cu’). (1.42)

YpagHeHue (1.41) Aas OKUCIUTENBHO-BOCCTAHOBUTEIBHOIO MIPOLIECCA B LICJIOM
MOXHO 3alucaTh TaK:

Ef= E°(Cu®/Cu’) - E°(Fe**/Fe?) (1.43)
HIU B bosiee o0ImIEM BUIE:
E=E;— By (1.44)

roe F, — 3NCKTPOIHBIA MOTEHUMA Maphl, BHICTY-
nalouei B Ka4yecTBe OKHCIUTENS; Fy,. — 2AEKTPOI-
HBL{ TOTEHIKAN Naphl, BRICTYMAOLIEH KaK BOCCTA- J\
HOBHUTEIID. H,(r.)

BIC rabBaHUYECKOro eMeHTa K aHeprust [ub-  p_ | 45—
fca JaHHOI'O MPOLIECCa CBA3aHbl YPaBHEHHUEM:

AG = —nFE, (1.45)

IIe # — YKUCIO MEKTPOHOB, YYaCTBYIOHIVUX B TIPO-
necce; F— uucno Mapanest, pasHoe 96 500 Ki. Cre-
JOBATENBHO, OKUCAUMEAbHO=B0CCIMAROGUMENbHBLI
npoyecc mepmodunamudecku gozmoxce, ecau E > 0.

Hrak, A onpeneieHWs BO3MOXHOCTH TPOTE-
KaHHs OKHCITMTEIEHO-BOCCTAHOBHTEIBHOM peakLIHA
HeoBXonuMO 3HATh CTAHAAPTHEII 9JEKTPOIHBIH MO-
TeHuuan (£°). Cnenyer OMHUTE, YTO:

e geauulina E° omHocumes K npoyeccy 8occmanos-
AEHUA (T.e. E (Cuz*/Cu) COOTBETCTBYET DPEAKIIUH
Cu® +2¢ > CuY);

o 3uauenua E° npusodamca e pacveme na o0ur 3a€k-  Pyc. 1.33. CxeMa CTaHAAPTHOrO
mpon (le); BOJOPOAHOro MCKTPoAa

IMnatuHoBasA
YgpHb
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[ s o 0
* cmandapmmusiil 6000podnsil homenyuan pasen nyaw E (H'/H;) = 0 B,
* BeAUMUHA 3AEKMPOOHO20 NOMEHUUAAA 3AGUCUM OM MEMNEPAMYPbl U AGKMUBHOCIU
komnonenmos E = (T, a;), toe a;= ¢, p;.

XnopocepeGpauuii 3nekTpoa. YacTo B KauecTne IEKTPONA CPABHEHMS TIOIL3YIOTCH
HC BONOPOZIHBLIM 2JIEKTPOZIOM, KOTOPBIH N0CTATOMHO MPOMO3NKMIA, a xyopocepebpsi-
HbIM WM KUIOMETLbHLIM /ICKTPOAOM, B 9THX 31eKTpoaax M1oXo pacTBOpUMbIi XT0pUAL
(AgCl, Hg,Cl,) HaxoaHTCa B KOHTAKTE C HACHILICHHBIM pacteopoM KCl. OcHoBHoe
AOCTOMHCTBO TAKHX 3NMEKTPONOB — CTalMIBLHOCTL BO BpeMcHH. B ciyuae xnopocepe6-
DSHOIO 37IeKTpoaa KOHUEHTpaus UOHOR Ag™ oripegensieTca BeHuunoit T[1P:

[Ag'] = TTP o0/ [CT'].

[Ipy bukcnposaHHoOl KOHUEHTpauMH MoHoB ClI” (HachIlUEHHbIH pacTBOpP) 3Ta BE-
nuiKHa nocrosHHa. [oTenuman xnopocepebpsiHoro snexkTpoaa pasen +0,23 B.

Tpamep 1.10. BoaMOXHO 1 B CTaHAAPTHBIX YCIOBUSIX MOJTYYHTh X0, OKHCSS XIOPOBO-
AOPOHYIO KHCIOTY: a) oxcuaoM mapraHua(lV); 6) riepmanraHatoMm xanug? (cpaBHuTE C
npuMepom 1.4).

Pewenue. Paccuntaem A,G° peaxiiu, UCMOJIbays TaBIHUHbIE 3HAYCHUH E° (MnO,/Mn?"),
E° (MnO;/Mn**) u E° (ClL/Cl).

a) st peakun MnO, + 4HCL = MnCl, + Cl, + 2H,0

E} = E°*(MnQ;/Mn*") - E*(Cl,/C) = 1,23 B- 1,36 B =-0,13 B,

AG® = -nFE} = -2-96 500 (-0,13) = 25090 Ix:

0) s peakuun 2KMnQ, + 16HCl = 2MnCl, +5Cl, + 8H,0 + 2KC]

E} = E°(MnO;/Mn™) - EY(Cl/CI')=1,51 B- 1,36 B =0,i5 B,

AG" =-nFE’ =-10-96500-0,15 = —144 750 Jx.

Taxum o6pasom, B CTZHNAPTHLIX ycioBUMAX okucaenue HCl okenaom Mapraui@a(Iv)
TCPMOIMHAMUYECKH HCBO3MOXKHO, @ € MEPMaHraHATOM KATMd peakiud WACT CaMOMpOH3-
BOJIBHO.

1.4.2. @opmbl NpencTaBACHHS CTAHIAPTHBIX NEKTPOXHBIX NOTEHIHAJIOB.
Auarpammer JTarumepa, duarpammer ®pocra

CymiecrByer HeCKONBKO (hOpM IPeACTABNIEHUS CTAHIAPTHBIX 37eKTPOAHBIX 110~
TEHUHANOB: TaOMHUIILl, auarpammel (psaer) JlaTuMepa M OUArpamMmbl OKUCTATE b
HO-BOCCTAHOBHMTENBHBIX COCTOAHKH {anarpamMmsr Mpocra).

Tabamuer. B tabnuuax npuseseHbl CTaHIapTHELE 3NMEKTPOIHBIE [TOTEHIIMANEI OKHC-
JINTEIBHO-BOCCTAHOBUTENBHBIX MMAP, B 3aBHCUMOCTH OT (DOPMBbL 3aITUCH OHU OTHO-
caTes K 3HaueHuto pH = 0 (kucnas cpena) win pH = 14 (wenounas cpena)'. Hampu-
Mep,

mst pH =0 HCIO + H" + 2¢- - CI” + H,0 E°(HCIO/CI) = 1,50 B
MnO; + 4H" + 3¢~ —» MnO, + 2H,0 E*(MnO;/Mn0,) = 1,69 B
ans pH = 14 ClO™ + H,0 + 2¢ — ClI” + 20H E(CIO/CI') = 0,88 B

MnOj + 2H,0 + 3e- —» MnO, + 4OH”  E°(MnO;/MnO,) = 0,60 B

| o + -
3arucuMocTh E° OT KoHIleHTpaunk H B pacrBope 6yaeT paccMOTpeHa B noapasn. 4.3.
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Takas ¢opma mpencraBieHHs 3HAYCHWH CTAHAAPTHBIX 9JIEKTPOSHBIX TTOTEHIINA-
JIOB TPOMO3IKA U YACTO HE COOEPXKHUT BCEX BO3MOXHBIX BADHAHTOR OKHCJIUTENBHO-
BOCCTAHOBHTENBHBIX MTOJIYPCAKITHH.

Jnarpammer Jlarumepa. 3HauHTeNnbHO yooOHee W KOMITAKTHee [UIS NPEICTaBNe-
HHSL CTAHJAPTHBIX 3ICKTPOAHBIX [MOTEHIIHAJIOB HCIIOJb30BaTh AMArPaMMBL (DSALD)
Jtatumepa (npu. 2). JInarpamma Jlatimepa B COKpalieHHOM BHILE NPeACTARNSIET CTAH-
JApTHLIE JNIEKTPOAHBIE MOTEHUHAIBI MEXIY pa3NHYHBIMH (OopMaMH OJHOrC 3Je-
MEHTA C PAa3HbIMH CTETICHAMH OKUCITeHus 1, HampumMep, mnsg MapraHia:

aypH=20

0,56 2,26 0,95 1,51
MnO; A0 MnO; —— MnO, ——— Mn** > Mn?

6) pH = 14

-1,18
> Mn

Mn0; —22% MnoZ 2%, Mn0, 22, Mn,0, =225 Mn(OH), =2 Mn

. - 0,56 2
B oroit auarpamme takas 3amuck MnOj m(—]—’——a MnOﬁ O3HayvaeT, YTo A7d TIO-
Typeakiuy

MnO; + ¢ - MnO;~

CTaHJApTHBIN EKTPOAHBI MoTeHunan mapsl £°(MnO;/MnO;") pasen 0,56 B. Ha
JHATpaMMe YYTeHs! T¢ (DOPMbI, B KOTOPbIX MapraHell B JTaHHOH CcTelmeHN OKUCIeHu
MIPUCYTCTBYET B BOAHOM pacTBope Ipu JaHHoM 3HadyeHuH pH. Hampumep, Mn(11I)
TIPUCYTCTBYET B BOAHOM pactBope rpu pH = 0 B Bume woxwa Mn™, a npu pH = 14
B hopme Mn, 0.

C nmomowkto nuarpaMmel JlatnMepa JIerko BBIUMHCARTE IEKTPOAHEIA ITOTEH 1iHan
nob6oH OKUCAHUTENTEHO-BOCCTAHOBUTELHOMN TTapsl A0 JaHHOTO 2JeMeHTa. B kaue-
CTBe MPHMepa OlpedenuM BeJnuuHy E°(MnQ;/MnO,). 3ameTuM, 4t0o hyHknmua F
He obnmajaeT ¢BONCTBOM AUTUTUBHOCTH, CKJIANBIBATE MOXHO TOJILKO BEIMYUHH nkE,
KOTOpbI€ MpoTTOpIIUOHANEHEL AG. [TosTomy

3E°(MnO;/MnO,) = E°(MnO;/MnOY) + 2E°(MnOZ2/MnO,)

H, cnegoBarensHo, E°(MnO;/MnO;) = 1,69 B, B obumieM ciyuae 2leKTpoIHbIE TTO-
TeHUMATEl Ha quarpaMme JlaTuMepa ¢Bs3aHbl COOTHOLIEHHEM:

Ef = (mE + mEy)/m, (1.46)

rae £ — 31eKTpofHBIA MOTEHIIUANT OKUCTHTENBHO-BOCCTAHOBATEBHOM TTAphl, a #;, —

. PA3HHLA CTeleHel OKHCeHHs TAHHOU COTIPSIKEHHOH OKUCITHTEIBHO-BOCCTAHOBH -
TEJNLHON Mapel (OOBITHO YHCIO 3IEKTPOHOB, KOTOPLIE VYACTBYIOT B 3TOM IIPOLECCE).
Hekoropele nuarpammel JlaTnMepa rpuBeneHsl B MPUL. 2.

Muarpamma Ppocra. JJHarpaMMbl OKUCAHTENbHBIX COCTOAHMM, Yallle HasblBae-
Mbl¢ AnarpammaMu @pocra, MpeacTaBasioT cobo rpadudeckoe niobpaxeHue ps-
nos Jlatumepa. Ha ocu aGcupce oTKNANBIBAIOT 3HAYEHHUA CTEMeHel OKUCIeHHS #
paccMaTpuBaeMOro XHMHYIECKOro 3fieMeHTa X™, a Ha OCH OpJHHAT — BOJIBT-3KBH-~
BaneHT (nE)' maps1 X™/X°. PaccMOTpUM MPUHITHIT ITOCTpoeH s auarpammel Opocta
U151 MapraHiua, [peacTaBieHHoH Ha puc. 1.34.

! Boavm-axeueanenmom (nE) HA3bIBAIOT NIPOH3BEACHHE CTAHAAPTHOTO 3MICKTPOAHOIO MOTEHI[HMANA
{E) nonypecakuum X + ne” — X" Ha crenens oxucnenns (n).
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nE, B
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2 n
0 i 371 ]5 '} CreneHb
OKHCJIeHHH (1)
\ Mn?+ Mn?* _
\ //an04
-2+ \ x
\ ¥ & // MnO;~
-
s e
Mn(OH), Mny0, MnO:

Puc. 1.34. Tuarpamma ®pocra juis Mapradua;
o — npd pH 0; x — npu pH 14

1. Havano KoopauHar cooTseTCTBYET OYEBHAHOMY YCI0BHIO: nF = 0 Uia mapsl
X*+/X% ipu n = 0, T.e. g Mn°.

2. Jlist monyyeHus: KOOpAMHAT APYTHX TOYEK Ha AMarpaMme ®pocra cTaHmapTHBII
9JIEKTPOAHBLA TTOTEHLIMAJ COTIPSIKEHHOMN mapsl «OKHC/IHTE/IE— BOCCTAHORHUTED>, B
KOTOpOii BOCCTaHORIEHHOM HOPMOit ABIIETCS COCTOSHUE CO CTETTEHBIO OKHC/IEHUS
HOJIb, YMHOXAIOT Ha CTCTIeHb OKHUC/IEHUS! OKHCIERHEOM GhopMel. HarnpuMep, 3HaueHue
BOJIBT-3IKBUBANEHTA 119 Mn** pasro £ *(Mn*/Mn")2, a nis MnO, E*(MnO,/Mn?)4.

Bce 3HaueHus xoopauHar Toyek auarpammbl ®pocta wis Maprasua npu pH 0
MpUBeReHH B TadI. 1.12.

Ha auarpamme OKMCIMTENBHBIX COCTOAHUI HAKIOH JMHUEH (tga. Ha puc. 1.34)
PaBEeH CTAHAAPTHOMY JJIEKTPOXHOMY IIOTEHLMATY COOTBETCTBYIOLIEN COMPSKEHHOM
OKHCITHTENBHO-BOCCTAHOBUTENBHOM [1aphl. Tak, B saHHOM citydae tga = E°(Mn™/Mn?").

Tabnuua 1.12

3HaveHHs BONLT-OKBHBAJIEHTOB AJIA OKHCAHTEIbHBIX (OpM MApraHua

®Popma CreneHs okucneHus (n) E*(Mn™/MnP) nk°
Mn 0 0 0
Mn?t +2 -1,18 -2,36
Mn?* +3 -0,283 -0,85
MnQO, +4 0,025 0,10
MnQj#- +6 0,77 4,62
MnO; +7 0,74 5,18
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CnenogarenpHo, guarpamma ®pocTa Xapakrepuayer OKHCIUTENBHYIO CITIOCOGHOCTE
COSIMHEHH C pa3sNINYHBIMHU CTENECHAMMW OKHMCIeHUs.

Kakyio Xe MHGOpMaLMIO MOXHO ITOJYYHUTh M3 auarpamm Mpocra, He NpoBoas
HHKaKHX pacyeToB?

Bo-TepBEIX, MOXHO OTIpene/NTE Haubolee ycmoﬁuueym CMeneHb OKUCAEHUS Ine-
Menma TIPW NaHHOM KMCIOTHOCTH cpedpl, eil OTBevyaeT MMHHUMYM Ha KpHBOH
(puc. 1.35, a). [ina maprasua B KUcIoH cpene Takoit dhopmoit seasetcs Mn?'. Ieit-
CTBHTENLHO, TIPH BOCCTAHOBICHMH Bccx cbopM MapraHIia B KUCIOH cpefie U OKHCIe-
HuH Mn® o6pasylores coenrHerns Mn*. B mienodaHoi cpee Hanboee YCTOMYMBOH
bopmoit asngerca Mn,O;. TIpu KoHTakTe ¢ KucaopogoM Bosayxa Mn{OH), nerko
OKHcsiercs, obpasya Mn,0; (em. puc. 1.34),

Bo-BTopbiX, MOXHO ONIPENETTHTh (opMbl, HEYCMOU4LEbIE O OMHOWEHUIO K NpoYec-
cam ducnponopiuonuposanus, Eciv KoopaMHaTa TOYKH, COOTBETCTBYIOIIENR JaHHOMY
OKHMCIHTENBHOMY COCTOSHHIO, HAaXOMUTCS BBILLIE TUHHUHM COSAMHSIOMEN JI00kIE CO-
ceanue ToukH (puc. 1.35, 6), o ata hopma aucpornopuuoHupyer. [TosicHUM 310 Ha
pUMEpe peakuuu aucrponopuuoHupoBanust Ko;MnO, B kucnoi cpege:

3MnO;” + 4H' - 2MnO; + MnO, + 2H,0

Ecmu E; = E*° (MnOf‘/MnOz) - E (MnO4/MnO ) >0, ro 9Ta peaKuys Bo3-
MOXHa. B HaHHOM cnyvae E° (Mn04'/Mn02) > E“(Mn04/MnO4 ) — HaxkaoH JIU-
HuM MnOj~ —MnO, mpeBpllIdeT HAKIOH JTHHHH M1104/M1104 Ha puc. 1.35, u,
caegoBareabHo, E; > 0.

B-TpeThbuX, MOXHO ONpENenNTs npodykmbi peaxyuii 63aumodeticmeun deyx coedu-
HeHUI 31eMeHma 6 pasivix cmeneHAX okucaenua. [Ipy peakuyn mmoyyaercs: coeHHe-
HUe, KOOPAWHATA KOTOPOTO Ha JMarpaMme HaxoaHuTesa HUXe JIMHHUM, coeaMHSIomeH
KooanHam pearvpyoowmx seurecTs (puc. 1.35, ). Tak, npw Bzanmozeiicrsun MnO;
¢ Mn* o6pasyercst MnO, (cm. puc. 1.34), Hanpumep:

2KMnO, + 3MnS0O, + 2H,0 = 5MnO, + K,SO, + 2H,S0,

B-uerBepThIX, nUarpaMmel PpocTa IIOMOraoT CPAaBHHUBATEL OKUCAUMEABHO~80CCMA-
HOBRMEABHYIO CROCOBHOCMD MOTOOHBIX COBIIHHEHHI'FT MpH aHAJIHW3€ H3MEHCHUSA CBOHCTB
B rpymnmnax lMeproanuecKolt cHCTeMBl SIEMEHTOB.

Hau6onee

nE ycToiymuBas "E} ®dopuma, Heycrodumsas K nkE @opMbl, CKIOHHbIE K
dbopma IMCTIPOTIOPITHOHHPOBAHHIO COMpPONOPLUHAOHHPOBAHHIO
Ve
CreneHn oOKHIEHHSA CreneHb OKMCIEHHA CreneHp OKMCIEHHA
a 1] 8

Puc. 1.35. Cxemsr anarpamm Dpocra, wutiocTpupyoine HauGonee CTaGWILHLIE OKHCIH-
TeabHbIe GOpMBI (@), GOpMEl, CKIIOHHBIE K PeakuMH XUCTIpOTIOPUMOHUPOBaHus (6), 1 dop-
MEI, CKIOHHBIE K peaKuHAM CONMpOMOpLUHOHWPOBAHHA (8)
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nk Ioxaxem 3To Ha npumepe 16-i rpynmer. Ha
2 puc. 1.36 mpeacraBneHH auarpaMmel @pocta mis
r cepH 1 ceieHa. YToOBI COTTOCTABHUTE OKHCIIHTEND-
/ Hyw crnocobHocTs cepHoit (H,S0,) m ceneHo-
2 eoit (H,Se0,), wiau cepHucroit (80, H,0) u ce-
/ nerucrott (H,SeO;) Kucior, cpaBHUM HakKJIO-
d 1 HE COOTBETCTBYIOLUMX JWHUHA Ha gHarpaMmae
®pocra.

Kak BugHO u3 puc. 1.36, tga > tgp u, cie-
JIOBaTeJIBHO, OKHC/JHTEIBHAS CIOCOGHOCTD Ce-
JIeHUCTOW KHCJOTH BHIIE, 4YeM Y CepPHHCTOM:
j E°(H,;5¢0;/8e) > E°(80,/S). Takoe cpaBHeHHE

6 Crenens  TaKKe MO3BOJISIET ONPENEINTh BO3ZMOXHBIE TIPO-
OKHCICHUA  nykTH peaKlMM oKcuaa cepri{IV) u ceneHuc-
Puc. 1.36. Ouarpammel ®pocra wig  TOH KACTOTEL
cepsl (1) u cenena (2) s pH = 0 OBa coemMHEHHST MOTYT OBITH KaK OKUCIHTE-

Jiem, Tak ¥ BoccraHoruTeneM, OnHAKO cefleHn-

cras KUcJioTa Gojiee CHIIBHEINA OKHC/IHTEE, H 10-
3TOMY B3aUMOACHCTBUE 3THX COeIMHEHWIT MPOTeKaeT B COOTBETCTBHH C YPABHEHH-
€M peakuHu:

250, + H,8¢0, + H,0 = Se + 2H,S0,

TIpomykToM BOCCTAHOBIEHMS CeJeHHUCTON KHCJIOTHI ByIeT cejieH, TaK Kak cTe-
HeHb OKUCIEHHS HOMB [ cejleHa HauGolee ycroMyuBa (HAX0OUTCH B MUHHMYME
Ha nuarpamme MpocTa).

Tak, conmocraBneHue apyx auarpamm @pocra MO3BOJISET CAENATh BBIBOM O MPO-
JykTax peakuuy. Ha ocHOBaHMHM HakjoHa JWHHH MOXHO TAKKe 3aKITIOYHTh:

® UTO OKHCJIMUTEABHASI CIOCOOHOCTE CEPHOM KUCIOTH MeHBIIle, YeM CepPHHUCTOI,
a ceJleHOBOM OOJbllle, YeM CeleHUCTOH;

e HauboJice YCTOUYMBEIMU (HOPMaMH 000OHX 3JEMEHTOB SIBJISIOTCS MPOCTHE BE-
HIECTBA;

e Cpeoy COeIWHEHHH CO CTENEHBI OKHMCIeHUd —2 HauboJiee CHUIBHBIM BOCCTAHO-
BUTECIEeM siBsierca H,Se.

Yem Qosbllle OTPHMLATENBHBIM HAKIOH JHHUM, COETUHSIOMEN NaHHYIO (hopMy C
thopmoii B DoJice BHICOKOM CTEIICHN OKHUC/IEHHS, TeM 0oJiee CHIBHBM BOCCTAHOBUTE-
JieM OHa sABjsercss. B HauleM ciydae 3tot HaxksioH mis H,S pasen tgy, a wia H,Se —
tg Q.

IMpamep 1.11. Ucnonesys anarpammy Jlatumepa, orpeaeiuTe BOZMOXKHOCTh PEAKITHH JHC-
MPOTIOPIIHOH UPOBAaHHA MnO,f' npu pH = 14. Oreer noarsepaure pacuetom E,.

Pewenue, Ecin Ha quarpamme JlaTuMepa oTEHLMA CTIpaBa OT paccMaTpHBaemoit dop-
MBI DonblIe, ueM IIOTEHLIMAN cleBa, TO 3T1a HopMa CKIOHHA K JHCTPOIOPLHOHHPOBAHHIO.

Tak, eciin A Sy Bﬁ» C, To nnsa peakuuu B = A + C anekrpoasrxyuias cuia £, paBaa
Ey— En £, >0npu E, > E|. B HameM ciydae peakyHs ZHCITPOTIOPIIHOHHPOBAH HS

3K,Mn0, + 2H,0 = 2KMnO, + MnO, + 4KOH

TEPMOAMHAMHYECKH BO3MOXKHA, TaK Kak £, = 0,60 -~ 0,56 = 0,04 > 0. JeiCTBUTENBHO, MaH-
raHaT Kalxd YCTOHYMB TONBKO B CHIBHOLUENOYHOM cpene, a pH = 14 cootrercTByeT 5%-MYy
pacteopy KOH.
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1.4.3. 3aBHCHMOCTD /IEKTPOAHOIO NOTEHIHMANA OT PeaNhbHbIX YCJIO0BHI,
¥Ypaenenue Hepucra. Iparpammm E—pH

¥Ypasuenune Heprcra. /To cux nop peys 1u1a 66 OKUCIHTEIBHO-BOCCTAHOBHTEb-
HEIX ITPOLIECCAX B CTAHAAPTHLIX YCIOBMSX, T. €. IPU AKTHBHOCTSAX KOMITOHEHTOB, paB-
HBIX eaAuHuLe. st yuera peanbHBIX YCJIOBHI HAIO MCTTOIB30BATE YPaBHEHHE U30TED-
MBI XUMHYECKOH peakuu¥ (1.31). Yuursias cBsi3b aHepruu ['mb6ca 1 3eKTpogHOIo
noreHuMana (1.45), 3aBUCUMOCTE MocjiegHero OT aKTMBHOCTH PEAareHTOB MOXKHO
BHpa3uTh ypaBHeHHeM HepHcra:

a’

. RT 1:1 d
E=F-=——In - (1.47)

nF I]a"

e j MPOAYKTHI peakuMy; i — UCXOAHBIE BENIECTRA; v — CTEXHOMeTpHYeCKMe Koad-
(PULMEHTB! B YpaBHEHUU PeaklMH; B — YUCJIO 3eKTPOHOB, YYAaCTBYIOIUMX B QaH-
HOM OKHC/THTE/IbHO-BOCCTAHOBUTEIBHOM TIPOLECCe. AHANIOTHIHOE BHPAKEHHE MOXHO
3armucarh u Ui nmoirypeakumii. Ilns ymobersa pacueroB BBoaaT Ko3dhduuueHr 0,059,
BKJIXOYAIOLIHI [TEPEX0ON OT HAaTYPATBLHOTO JIoTapudma K AeCATUYHOMY M YHCIEHHOE
3Hayenne RT/F, cooTBeTcTByIOlUIee KOMHATHOM Temmepatype (7 = 298 K). B atoM
ciydae ypaBHeHUe HepHcra npuofperaer BuUm:

E=E" - 025913 , (1.48)

Tox

TNE dy,. — AKTHBHOCTE BOCCTAHOBJIEHHOH (DOPMHEI; 4, — AKTHBHOCTEL OKHUCJIEHHOI
dopmul. Harpumep, mst monypeakumu

Fe* + ¢~ — Fe**

nog OKHc.ﬂeHHoﬁ ¥ BOCCTAHOBJIEHHOM (hOPMOIi MOAPa3yMEBAKOT gy, = a(Fe2+), Aox =
= o(Fe’ *), a Ui MoJypeaKknu;

HCI1O; + 5H* + 5¢= - 1/2Cl, + 3H,0
Apoec = a'*(Cly)a*(H,0), a ay, = a(HCIO)a*(HY).

Banvrep @punpux Hepucr (1864 —1941) — wemenxuit yue-
HBlH. M3BecTeH ¢BOMMH paboTaMu B 061acTH hH3HYeCcKOil XM~
MHH pacTBopoB. B 1898 r. uM paspaborana Teopus ranbBaHHYE-
ckoro aneMenTa. Haubonsnyo ussecrnocts Heprery nprtec-
JIH TEPMOIHHAMHYECKHUE MCCIICIOBAHHS BELUESCTB IIPH HHIKHX
TeMINepaTypax, B pe3yjbTare KOTOPEIX BEUIO YCTAaHOBJIEHO, YTO
NpH TeMmriepaType abcoNIOTHOrO HyJIST 3HTPONHA OJHOPOIHOTO
TBEPAOrO TeJla CTPEMUTCA K HyJO (Teruiobas TeopeMa HepH-
cra). B 1920 r. B. HepreT 6511 ynocroen HobBenesekoit ripeMun.
[Tosxe HepHcT saHMMasica u3ydYeHueM obpazoBaHuss NO u3
NPOCTHIX BELIECTB, pa3paboTKOil OCHOB CHHTE3a aMMHUAaKa (Co-
BMecTHO ¢ @.Tabepom), BnepBbie TIPOBES MEKTPOJIHM3 pac-
TUIABA THAPHIA JIUTHA,
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3asucumocTe 3nekrpoanoro noresunana or pH cpeant. Kak BHAHO U3 paccMoT-
PEHHOTO BHIILE TIPHMepa, MIS COMPSKeHHBIX OKHCINTEIBHO-BOCCTAHOBHTEIBHBIX
map ¢ y4acTHeEM OKCOAaHHOHOB M OKCHIOB COJIbUIOE 3HAYEHHE UMEET aKTHBHOCTh
WOHOB Bojopoja, T.e. pH pactsopa.

B Tex ciy4asnx, Koraa XOTAT ONpeAeHTh BIHIHHE Ha SJeKTPOAHHHN MOTeHIIHA
(¥, B KOHEYHOM HTOTE, HAa BO3MOXHOCTb MPOTEKAHNA OKHCIUTEIBHO-BOCCTAHOBU-
TeJIbHON peakLMH) TOJBKO KHCJIOTHOCTH Cpefbl, CYUTAIOT Bce aKTUBHOCTH KOMITO-
HeHTOB, KpoMe H', paBHEIMU equHUIE, KAK U B CTAaHOapTHOM cocTosiHMU. Torma
3aBUCHUMOCTE 2JIEKTPOJHOIO MMOTeHIIHAaNa oT pH MOXHO BHpPa3HUTh ypaBHEHHEM:

E=E° -0,059v/n (pH), (1.49)

Ime v — moKasaTelhb CTeleHHM Juid akTiBHocT H' B ypaBHeHuHu (1.47).

Tenepb CTAHOBUTCH ITOHATHO, MOYEMY 2AEKTPOIHEIE IMOTEHUHAIB B KUCIOH U
IIEMOYHOMN cpee i OAHUX U TeX XKe COTIPIXKEeHHBIX map pasnuyHble. Hanpumep,
g mapsl MnO,;/MnQO,

MnO; + 4H* +3¢” — MnO, + 2H,0, £°= 1,69 B{pH 0)
Wcmons3ys ypasHeHue (1.49), wig pH 14 nmonyuaem:
E=1,69-0,059-4/3-14=1,69 - 1,10 = 0,59 B.

Dra BennyrHa paBHa 3HaveHHIO E°(MnO;/MnO,) g pH 14 (cMm. psag Jlatumepa),
KOTOpPOE€ CYMTAIT CTAHAAPTHHIM, TAK KAK OHO COOTBETCTBYET TTONYpPeaKIIHU:

MnO; + 2H,0 + 3¢~ —» MnO, +30H"

ipu ¢{OH") = 1 (cM. moapasa. 1.5).

Hcnonb3yst cooTHoweHHsT THra (1.49), MOXHO OLEHWTH AWAIIA30H 3Ha4YeHUI
pH, 11pH KOTOpPEIX BepOSITEH OKUCIUTENBHO-BOCCTAHOBUTEIIBHEBIH TIPpOLIECC, HATIPH-
Mep, BO3MOXHOCTE TTOJIYIHTE XJI0p, OKHCJISA XI0POBOIOPOIHYID KHCIOTY OKCHUIOM
mapranua(IV) {cpaBHure ¢ mpuMepamu 1.4 u 1.10). D10 genator, peuras ypaBHeHHe
(1.47), win aHanusupya rpaduk B KoopouHatax £—pH {puc. 1.37).

JIvrmst 1 Ha TpadMKe MpeacTaRmsieT coGol 3aBHCHMOCTB TToTeHIMama £(MnO,/Mn**)
or pH (£= E° - 0,118 pH). Motenuman E£°{Cl,/Cl") = 1,359 B He 3aBucur or pH u

[IO3TOMY MpeacTaBiieH Ha rpaguke ropH3oHTAIBHOM

E B JuHUEH 3.

Touka A nepecedeHUsA 3TUX JHHHIH COOTBETCTBYET
R 3 3HavyeHuio pH = -1,09. Tlpu Gonslled KHCTOTHOCTH
A}\.\ peaKuus BO3MOXHA, TaK Kak FE(MnO,/Mn*) >

1,0F = > E°(Cl,/CI).
I JIuHus 2 COOTBETCTBYET JEKTPOSHOMY TTOTEHL{H-
0,5 i any nmapel Br,/Br". U3 rpaduka BHOHO, YTO BOCCTa-
! HOBJIeHHe OpPOMOBOIOpOAa BO3MOXHO B MeHee Kuc-
A i . nott cpepe (pH < 1,4). MHorpa 910 OBIBaeT O4eHB BaXK-

-2 0 2 6 10 pH HO 3HaTh, TAK KaK ITOMOTAET OIIpEenciuTh YCJIIOBHS,

Puc. 1.37. 3aucimocts E—pH ~1IPH KOTOPBIX CENEKTHBHO MOXHO OKHCIHTB OJHO
JUIS SNEKTPORHEIX NoTeHiya- BEUIECTBO B IIPUCYTCTBHU IPYTOTO BOCCTAHOBHUTEIS.

IOB: B paHHOM caydae oKcumoM MapraHua(lV) MoXHO
] — MnOy/Mn?; 2 — Br/Br; OKHCIHTh OPOMHI-HOH B PUCYTCTBHH XJIOPUI-HOHA
3— Cly/Cl- B auarnia3oHe 3HavyeHuit pH or -1,09 no 1,4

68




O4veHb BAKHBIM € MTPAKTHYECKOU TOYKH 3pe-
HUSI SIBJISIETCA OlIpeejieHUe YCTOMYHBOCTH TOTO
WJTA MHOTO COeTUHEHHS OTHOCHUTENBHO PacTBO-
putens. TTockonbKy B paccMaTpHBaeMOM CJIIy-
Yyae pacTBOPHUTENEM SIBISETCAd BOAa, HAmo IMo-
HATh, He OyIoeTr JIM gaHHoe BellecTBo Dolee
CUIBHEIM OKMCIUTeNeM, ueM mapa 0,/H,0 uiu
Gonee CWIBHBIM BOCCTAaHOBHTEIEM, YEM ITapa
H,0/H,. Ecny Ha rpaduKe TOCTPOUTE THHUH,
oreevatomme sapucumoct £(0,/H,0) or pH
(munHusa 5 Ha puc. 1.38) u 3aBucumocts £E(H,0/
/H,) or pH (nuaua 2 Ha puc. 1.38), To BCe
BellleCTBa, JUISI KOTOPBIX 3/IEKTPOSIHLIE MTOTEH-
IMAaJIBI HAXOAATCS B 00/IaCTH MEXIY STUMH IIps-
MBIMH, OyIyT YCTOWYHBEI [10 OTHOLIEHMIO K
pPacTBOPHTEINIO.

Ecnmn E(X/X') > EO,/H,0), To X Hey-
CTOMYUB B BOMHOM pacTBOpe B JTaHHOM JIHala-
30He pH ¥ okucnsieT Bogy ¢ BeimeseHHeM O,.

Puc. 1.38. UnntocTpauua pasnuyHoOro
B3aMMONCHCTBHA COENMHEHHMH XKene3a
¢ BOJOI:

1 — E(Fe¥/Fe"); 2 — E(H,0/H,); 3 —
E(Fe¥/Fe?); 4 — E(FeOf/Fe¥); 5§ —
E(0,/H,0)

Juarpammut ITyp03. Crenyetr OTMETHTE, YTO

Ha Hel OTCYTCTBYIOT IHIPOKCO-MOHEI THMA
[Fe(OH))*, [Fe(OH)|*. Topu3oHTanbHas TH-
HUSL ab Ha nUarpaMMe COOTBETCTBYET nape
Fe®*/Fe®*, aneKTponHEIii NOTEHUMAT KOTOPOi
He 3aBucHT oT pH (cpaBuure ¢ puc. 1.38). Bep-
THKAIBHBIE TUHUK (be U de) npu pH = 3 u
pH =9 coOTBETCTBYIOT YCAOBHAM OCAKICHHS
Fe(OH); u Fe(OH), coorBercTBeHHO. JIUHUA
be COOTBETCTBYET 3aBHCHUMOCTH oT pH nioTeH-
unana napel Fe(OH);/Fe®, a nunus ef —
napsl Fe(OH);/Fe(OH),.

Ha ocuoBanuu nuarpamMmmel [Typbs Mox-
HO OMpeIeiHTh NPoaYKThl OKHCAHTENEHO-
BOCCTAHOBUTENBHEIX peakiHil B pasHbIX cpe-
nax. Hanpumep, ecnu B pacreope npu pH < 3
NMPUCYTCTBYET OKMCIMUTENb, Y KOTOPOro
E > E(Fe /Fe *), To Haubonee )'CTOH‘-IHBOH
¢hopmoii cyliecTBOBAHUA Xxenesa Gyner Fe**
ITpu Gonpwkx 3uauenusax pH pna c*raﬁmm—
sauuu Fe(Ill} neobxonuMm ropasno Bonee
cnabelii OKHCTUTEND.

saBucuMocTk E ot pH umeer dopmy

NpsAMOil cpaBHUTENBHO PENKO, KOrna (hOpMBI CYLECTBOBAaHHMA 0DOHX MapTHEPOB CO-
MpAXEHHON OKMUCIUTENBHO-BOCCTAHOBUTENBHOM Hapbl U B KUCHOH, M B IIENOYHO#
cpene ONMHAKOBBI, HanpuMep, MnQ;/Mn0O, wnu NO;/NO. Ecid npH HEKOTOpOM
3HaueHUH pH npoucxoaut obpazopan e Maio AUCCOMHPOBAHHON KUCIOTE MJIH OCAKA
TMApOKcHAa, Ha rpaguke HabBIIOAAeTCa M3IOM.
¢OpM Cy1IeCTBOBAaHHA HOHOB B pacTBOpe HA3BIBAKOT duaspammanu Ilypbs.

Ha puc. 1.39 npencrasneda ynpowmwenHas nuarpamma Ilyp63 nnsa xenesa.

HuarpamMmer E—pH ¢ yyeTom Bcex

E, B

1 3 5 7 9 11 13 pH

Puc, 1.39. Muarpamma Iypba ( E—pH)
JUTA XeNie3a B BONHOH cpene
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Ecm xe E(Y/Y') < E(H,0/H,), To Y' MOXeT B3aUMMOIeiCTBOBaTh ¢ BOAOH C
BeinenieHHeM H,. Hanpumep, HOHBL Xenesa yCTOWYMBEI IO OTHOILUEHUIO K BOIE:
E(Fe*/Fe**) = 0,77 B (muuua 3 ua puc. 1.38). ®eppar(VI)-HOH B KuCION cpefie
HEeYCTOHYMB M pa3fiaraercs ¢ BBUICJACHHEM KMCIOpOAa IO peakLMH

4K,FeO, + 10H,S0, = 4K,SO, + 2Fe,(SO,); + 30, + 10H,0

taK Kak E°(FeOZ /Fe*) = 1,70 B (munus 4 Ha puc. 1.38).
MeTa/TdeCKOe XKeNe30 PacTBOPAETC B KMCIBIX BOAHBIX PACTBODAX C BhUeNe-
HHEM BOZIODPOIa: :

Fe + H,80, = FeSO, + H,

tak KaK E°(Fe®/Fe) = 0,44 B (mususa [ Ha puc. 1.38).

3HaueHHe 3MeKTPOMHOTO MOTEHIHANA 3aBUCHT HE TONBKO OT BENMYMHBEI aKTHB-
HOCTU BOJOPOIHBIX HOHOB, HO X OT aKTHBHOCTH ApyrMX peareHToB. OmHaKoO, TaK
KAK 3Ta 3aBHCUMOCTD JIOTapi(MHYECKas, YKasaHHOe BIHAHHE OLIYTHMO JTHIUG IPU
OYeHb CHIBHBIX (Ha MOPSAKHA) M3MEHEHUAX. Tak, MOXHO MeHATh KOHUEHTpauuu
WOHOB, CBA3HIBasA UX B TPYIHO PACTBOPHMBIE OCAJIKM WIM B KOMIUTeKchl. Hanpumep,
st xene3a E°(Fe®/Fe?*) = 0,77 B. B menouHoit cpene (npu pH = 14, 1.e. [OH] =1)
xeneso(I1) u(I11) cyiecTsyeT B Buae MaaopacTBOpUMBIX ruapoxcunos Fe(OH),; u
Fe(OH),. B aToM crmydae

TTP'Fe(on
[Fe3+] = ﬁ;{:}%— = HPFe(OH)] = 3,2 . 10_38,
+ HPF OH
[1:\ez ] = E%F)&" = HPFC(OH)Z = l » 10_]5.

CornacHo ypaBHeHHIO (1.48) MeKTpOAHBIH TOTEHUMAN paBeH:
E = E°(Fe*/Fe®) - 0,059 Ig[Fe**)/[Fe*'] =
= 0,77 - 0,0591g(1-107%/3,2- 107%*) = —0,56 B

KoMIuiekcoo6pa3oBaHHe TaKKe yMeHbIIaeT KOHIEHTpalMd HOHOB MeTalld 3a
CYET MX CBA3BIBAHMA B KOMIUIEKCHBIH HOH?, HallpuMep:

Fe* + 6CN™ 2 [Fe(CN)g>

Torna B npucyrctBuu | M pacropa KCN koHuentpauus nomos Fe'* u Fe®
paBHa:

[Fe*] = [Fe(CN)Z 1/(Kerl (CNDIE) = 1/Kyer = 1,3+ 10°%,
[Fe] = [Fe(CN)g 1/(Kyur[(CNDI®) = 1/Kyr = 1,37 1077,
a 3MEKTPOAHEBIN TOTEHITHAN:
E = E*(Fe*/Fe*) — 0,059 Ig[Fe*]/[Fe*] =
= 0,77 - 0,0591g(1,3- 107%7/1,3 - 10*) = 0,357 B.
1 TP — nipoM3BeileHHe pacTBOPHMOCTH, CM. moapasxt. 1.5.3.
? KOHCTaHTy 3TOro paBHOBECHsl Ha3LIBAIOT KOHCTAHTOH ycToliuMBocTH (K,,), noopobHee cM.

noapasn. 4.7.3.
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Hpamep 1,12, Onpegennre, 6yaer an HNQO, BoccraHaBauBaTeca HOAMOI-HOHOM a0 NO
npu pH = 3 (np# ycaoBMH, YTO aKTMBHOCTH BCEX OCTIBHBIX YaCTHL B PacTEOPE PaBHBL
enuBEHLE), ecan E°(HNO,/NO) = 1,00 B, E°(I,/T") = 0,536 B. OtBeT oaTEEpAUTE pacyeToM
A, Gogg.

Pewenue. Insa nuTepecyioniel Hac peakilii

2HNO, + 2KI + H,S0, =1, + 2NO + K,S0,4 + 2H,0
WIH B COKPAI[€HHO-HOHHOH (dopMe:
2HNO, + 2I" + 2H" = I, + 2NO + 2H,0

BJAC npu pH = 3 MoxHO paccuuTath no dopmyae (1.47), a E; — mo dopmyne (1.44) u,
CAe0BATENBHO!
0,039
2
JIns pacdeTa A,Gygg UCTIOAB3yeM dopMyny (1.45):
ApGogg = ~2+96 500 - 0,287 = -55 391 Jx.

OtpuuarenbHas BeaWYMHa A,(Ghz YKA3BIBAeT Ha TO, YTO PEaKLHd TepMOSHHAMHYECKH
BO3MOXHA NPH JaHHOM 3HayeHuu pH.

£, =(1,00-0,536)- 222 1g[ H* ] 20,4640, 059pH =0, 287 B.

1.4.4. XaMu4ecKHe HCTOUHHKH ToKa. Dnekrpoaus. Kopposna

MBI TONBKO YTO MOKA3ATH, KaK C MIOMOIIBK CTAHAAPTHRIX MEKTPOAHBIX MOTeH-~
LHAIOB BO3MOXHO ITPEACKA3aTh TEPMOAMHAMMYECKYIO BePOSTHOCTD ITPOTEKAaHUA TOI
WIH WHOW OKMCIUTENbHO-BOCCTAHOBUTEIBHOM peaklii. OCTAHOBHMCS Tereph Ha
TpeX INPakTHYEeCKH BAXHBIX ACIIEKTaX, TeCHO CBSI3aHHBIX C OKUCIMTeILHO-BOCCTA-
HOBHUTE/IBHBIMH IPOLIECCAMU; XUMHYECKHMX UCTOYHHMKAX TOKA, JEKTPOAU3E W KOp-
PO3HM.

XumAyecKHe HCTOTHHKA ToKa. ITpocTe AIMM UCTOYHHMKOM TOKa ABJISIETCS ranbBa-
HHYECKHIT 3/71eMeHT (CM. Ttoapasn. 1.4.1). B Hem aHeprua xuMu4ecKoii peakiUu Iipe-
obpasyercs B 3JeKTpU4CCKYI0 pabory. [IpH coeaMHEHHH Yepe3 BHEIHIOW LIElb ABYX
MOTY3/IEMEHTOB Ha 3JIEKTPoae ¢ MeHbIUMM 3HAYEHUEM 2JIEKTPOAHOTO MOTEHIMANA
MPOUCXOIUT IMPOLESCC OKUCIEHHUA — MIEKTPOHEI TTePeXONsT BO BHEILHIOK LENb. DTOT
3neKTpop ABIgeTca anodom (cM. puc. 1.40 u tabin. 1.14). Ha anextpoae ¢ 66bIurM
AMEeKTPOAHBIM MOTEHLUHANIOM HIET IIPOLECC BOCCTAHOBICHHS, T. €. 3aXBar 3JIEKTPO-
HOB W3 BHEIIHEH e, BTOT 3/1eKTPOJ HA3KIBAIOT Kamodom. MeXIy royaieMeHTa-
MU 0653aTENBHO NOIDKEH HAXOAUTBCS COJICBOM MOCTHK WIH IIOPHUCTAsI IIEPErOPOAKa,
MO3BOASIOWAS AUMDOYHAUPOBATE AaHMOHAM W CHICKAIOWIAS PA3HOCTH ITOTEHUHAIOB
MEXNIY NBYMs pacTBopamH, KJtacCHUeCKMM MpHMEPOM ITPOCTEHIIEro rajbBaHmde-
CKOTO 3JIEMEHTA SBIASETCS MEAHO-LWHKOBHINA 3/1eMeHT JaHnai1.

ITpUHUMIT neiicTBUSA TI000r0 XMMHUYECKOT0 HCTOYHHKA TOKA OFMHAKOB, TOC/IEH-
HHE OTAUYAIOTCSH JUIE paboyuM BemieCTBOM U, KOHEYHO, pabo4yuMU XapaKTepH-
CTHKAMW: BEIXOAHHIM HAIPSKeHWEM, €MKOCTBIO, BO3MOXKHOCTBIO ITepe3apsaaku.
B 1abn. 1.13 nmpexcraBieHbl HEKOTOPBIE TUITHI XMMUYECKHX MCTOYHUKOB TOKA.

DnekTpo/m3. OKUCIUTENBHO-BOCCTAHOBUTEIBHBIE PEAKLUY B YEM-TO IIPOTHBO-
[IJIOXKHEIE PEaKLMsIM, TIPOTEKAIONIUM B TAIBBAHUYECKOM 3JIeMEHTE, TIPOUCXOAST
IIpM 3aeKTposn3e. Ecid K 3meKTpoaam, IMOMENCHREEM B PACTBOP COJIM, HAIIPHMED,
XIOpHIA Mely, MPWIOXUTH PA3HOCTh MOTEHUWANIOB OOBIIYIO, YeM J4eT COOTBET-
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THNbE XHMHAIECKHX HCTOYHHKOB TOKA

Tabnuua 1.13

Tun Tpotueccel, MPoUCXOASIIME HA ANEKTPOLAX
MCTOUYHHKA Tpumeyanve
TOKA Anon, (-) Karon (+)
Cyxoit Zn-2e" — Zn* 2MnO, + 2NH{ + 2¢- — |Ilepesapaaka HEBO3-
3MIEMEHT — Mn,0; + 2NH; + H,0 |moxma, E =1,2—1,5B
Ceunuuossiii |Pb + SOf - 2e” — PbSO, | PbO; + 4H' + SO + BoaMoxHa nepesa-
AKKYMYJIS- +2e”— PbSO, + 2H,0 |panka, £E=2B
Top
DneMeHTH ¢ |Ag - e~ — Ag' Ag +'/40,+ e > Agl | Bosmoxua nepesa-
HCIIONb30BA- paaka, £=1B.
HHEM TBep- Heobxonum cootser-
IBIX VIEKTPO- CTBYIOLLIHI TBEPIbIA
HUTOB INMEKTPOJINT — Agh —
TIPOBOJTHUK
Tomnusuee |H, - 2¢~ — 2H* 2H* + 14,0, + 2¢" > [lepesapsazka HEBO3-
AMEMEHTHI — H;0 MOXHA.
Bo3MOXHBI Kax Xu/I-
Kue, TaK M TBEPIbIE
AMEKTPOJIUTEI

CTBYIOIUMI TralbBaHWYSCKHM J/IEMEHT, TO Ha KaTolle GyIeT BHIAEIAThcd Melb, a Ha
aHole — ra3co0pa3HbBIM XJIop.

Dnexmpoau3 — OKNCINTEIBHO-BOCCTAaHOBHTEILHEIN MpOoLece, MPOHUCXOASIIHE NPy
TIPOXOXIEHUM JIEKTPUIECKOrO TOKA Yepe3 pacTBOP WM paciuiaB 3JieKTpoiuTa. Ha
puc. 1.40 npuseneHa cxeMa MnpocTeiflleit 2JeKTPONMTHYECKOI STYEHKH, a ee OCHOB-
HBIE XapaKTepUCTHKH — B Tabur. 1.14.

B kayecTBe 31eKTpoIMTa OGEITHO UCTIONB3YIOT JINGO PACTUIABH, JIN6G0 BOIHBIE
PacTBODLL.

a o

Puc. 1.40. CxeMEI 2MeKTPOXHMHYECKOH 1 3eKTPOIUTHYECKOM aUeeK:

4 — aneKTponuTHyeckan sveiika (OJC npuxnanuiBaeTcA K Auelke M3BHE); § — 3NEKTPOXMMHYECKAS
aveiika (BJIC BHpabaTeIBACTCH HCTOYHUKOM TOKA)
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Tabauna 1.14

IIpoueccsl, OPOHCXOAAMEE HA IIEKTPOARX B rAIbBAHATECKOM 3JeMeHTe
H B NEKTPONHTHYECKO# sieiike (K puc. 1.40)

XapaKkTepucTHKA DrexTpONUTHYECKAs AYcHKa TanbBaruyueckuii 3nement (BAC
3NEKTPOAA (3 CnpukiansIBacIca K sHUelKe) BHIpa0aTEBAETCSA UCTOMHUKOM TOKA)
Bnexrpon AHon Karox AHoq Karton
3Hak 3neKTposa + - - +
Hanpaeneine |Bo BHeIHiow W3 BHemrHE#H ‘| BO BHELIHIOW M3 BHELIHE |
[10TOKA HeTb Henu LIEITh LEeTH
31eKTPOHOB
[Monypeakuus |OxwucneHue Boccranoenenune | OxucneHue BoccranoBieHue
2Cl - 2e~ - CIY |Cu¥ + 2e- > Cu® |Zn-2e- - Zn* [Cu* + 2e- > Co°

Inexmponu3 pacniaea: B paciUiaBe SJIEKTPOINATA BEIECTBO NUCCOIMUPYET HAa HOHEI,
HAIpUMep, B pacIuiaBe XJIOPUIA HATPHS:

NaCl

2 Na "+ CI’

Ha anexTponax mpoucxonsiT cIERyomue peakiiiu:
aHon (+): 2CI" — 2e- —» CI3
karon (-): Na* + e — Na’

CyMMapHast peaxiiusi, TIPOXOOAINAsl NIPH 3JIEKTPOJIH3E:

2NaCl(x.)

ANEKTPONH3
_

2Na(x.) + Cly(r.)

Dnexmponus 600nsix pacmeopos. IIpONYKTH, BRIAENISIOIMECT HA IeKTPONaX, 3a-
BHUCAT OT NPHUPOAE MOHOB, HAaXONALIHXCAI B PacTBOPE,
BoccranapnuBaeMHit Ha kamode NPOMYKT OTIPENENSIETCHA CTAHTAPTHBIM 3JIeKTPOLI-
HBIM TIOTEHLIMAIOM METANIA (€ro MOJIOXKEHHUEM B PNy CTAHIAPTHERIX 3JIEKTPOIHBIX

MIOTEHI[HATIOB).,

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

BoccraHaBnuBaeTcst TONBKO

BOJOPOX BOObI

BoccraHaBnuBaeTcs
METaJIJl M YaCTUYHO

BOIOPO, BOJEL

ITpu BoccTaHORNEHMM BOAOpOAA TPeGYETCS HECKOJBKO GOJIbllie >HEPIUH, YeM
TOH, YTO COOTBETCTBYET SMEKTPONHOMY NMOTEHUHATY (IIepeHarpskeHue).
OKHCJIS{IOI_L[CCCH Ha aHOOE BEIIECTBO TAKXKe OIpelelIAeTCHd TIPUIIOXEHHBIM Ha-
NPMKEHHEM M DJIEKTPOLHEIM NMOTEHLHAJIOM COOTBETCTBYIOLIETO MOHA., 061;111110 Ha
HHepTHOM anone (Pt, C) oxmensoress aHHOHBI GecKucIoponHbix Kucior (CI,
I, 85 wm Kncnopon BOOBI, €CIM B PACTBOPE €CTh AHHOHB KMCJIOPOAHBIX m{c.nm
(NO;, SO;, PO;).

BoccraHaBnuBaercs
TOJIBKO METan

! Tlpu onpegeeHHBIX YCAOBHAX HA @HONE TPOMCXOIMT TAKXKE OKMCICHME AHHOHOH, Harpumep
06pa3opaHue NepXIoOpaT-uOHA M3 XIOparta, nepcyindara U3 rMApocynkpara.
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IIpu ucnons3oBanuu pacTopumoro aHoma (Cu, Ag, Ni, Zn) uMeeT MecTo cle-
JYIOLIHKA NMpolecc:

A%awon) — 2e~ — A¥(p.)

B 3aBMCHMOCTH OT NIPHPONSI KATHOHA M AHMOHA Pa3/IM4YaloT YEThIPE TUIA PACTBO-
POB, 10 pa3HOMY BeIYIUMX ceBd npH ajieKTpoimse (Tabi. 1.15).

DJIEKTPOSM3 1IHPOKO HCTIONB3YETCA A TIOTYYeHHS MHOIMX IPOMBIILIEHHBIX
nponykros. HanGonee pacrnpocTpaHEeHHBIM CITOCOGOM TTPOM3BOACTBA ATIOMUHUS SIB-
JIAeTCSl BNEKTPONN3 pacilaBa oKcHAa amoMuHus B Kpuolmte (Na;AlF,). ®top —
OIMH M3 HauboJlee CHIBHBIX OKHUCIHTENEH — OMYYalOT UCKIIOUYMTENBHO 3JIEKTPO-
JIN30M paciuiasa GudTopuna Kanusa. HaubBornee npocToil NpoMEBILUUIEHHEIH CIIOco6
NOTYUCHMS 11e104elf — DIEKTPOJIN3 BOJHOTO PacTBOPA COOTBETCTBYIONMX COJIEil.

Koppo3zns. O1HMM U3 BECbMA OIIYTHMEIX NPOSBICHHI OKHCIMTEIbHO-BOCCTAHO-
BHUTEJIBHBIX TIPOIIECCOR SABMACTCA KOPPOIUA — NPOUECC OKUCAEHUS MEMAAI08 neo éa-
AHuem srewnell cpedsb. Yaie Bcero OKHCIMTENIEM B IIPOLIECCE KOPPO3UHM SBIISETCS
BI&XHBIA BO3MYX WK PacCTBOPEHHBIH B BOJie KHciopon (puc. 1.41, a).

Kak BuaHO u3 pmarpamMM E — pH (cm. puc. 1.38 u 1.39), xene30 criocobHo
OKHCJIATBCS KHCIIOPOIOM B BOTHOM cpelle TIPaKTHYECKH IMPH Jilo6oM 3HayeHHH pH.
OcHOBHas peakilyisi MOXET OBITh 3arUCaHa cleAyIOIHUM 06pas3oMm:

4Fe + 30, + 2xH,0 = 2(Fe,0,- xH,0)

B ciyyae KOHTAKTa JBYX METAJUIOB BOZHUKAET ralbBaHWYECKasd 1apa, B KOTOPOi
GoJice aKTUBHBIM METAJUI OKHCIISIETCS, @ BRICBOBOXIAIOIHECH FIPH 3TOM 3JIEKTPOHBI
TEePeXONsAT Ha MeEHee aKTHBHBIHA MEeTaJL, e TIPOMCXOIHT IPOLIECC BOCCTAHOBJICHNS,
Hanpumep, eciu 1oTPOHYTBCS MEIHOMN TIPOBOJIOKOM 10 LIMHKOBOM TUIACTUHKY, TO-
MEIECHHON B pacTBOP CEPHOM KHCJIOTH, CKOPOCTh PACTBOPEHHS IIMHKA PE3KO yBeE-
JIMYHTCA, a MY3BIPEKY BOAOPOAA OYIYT BHAETATHCA HA MOBEPXHOCTH MEIH.

BTO ABTeHNE IPUBOMUT K MEHBIIEH KOPPO3HITHON YCTONYMBOCTH HENOCTATOYHO |
YHCTHIX METAUIOB WM MecT KOHTAKTa JABYX pasHBIX MEeTAIOB. BMecTe ¢ TeM, OHO

Tabnuma 1.15

DeKTPoNH3 cosieli c Pa3HBIM THOIOM HOHOB

[Mpouecc [Ipumep Ipumeuanue

1. Paspsixatores xatuon | CuCl, + (H,0) — Cu + Cl, KoHuenrpamus conu

¥ 4HHOH COJTH karona (-): Cu* + 2e- —» Cu° yMeHbIlaeTCs
aHop (+): 2Cl - 2e- > Cl,

2, Paspsxatores katwor  [2CuSO, + H,0 — 2Cu + O, + H,S0, Hamenserca kauect-

COJNH ¥ BOzia Karon(-): Cu* +2e- — Cu® BEHHBIN COCTaR pacT-
anon(+): 2H,0 - 4e- - O,+4H* BOpa

3. Paapsokatorest anion  |2NaCl + 2H,0 — 2NaOH + ClL +H, Hsmenstercs kayecT-

COJIM U BOnA Karozi(-): 2H,0 + 2¢- — H, + 20H- BEHHBIH COCTAB pacT-
aHon(+): 2CI" = 2e- - Cl, BOpa

4. HoHbl conu He paspa- |(Na,80,)) +2H,0 —» 2H, + O, KoHueHTpauusa comu

XaoTcs karoa(-): 2H,0 + 2e- —» H, + 20H- YBEIH4HBAETCSA
anon(+): 2H,0 - 4e- - O, + 4H+
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HCHOJIB3YETCS MPH 3alllUTE OT KOPPO3HUU HEKO~
TOPBIX METAUIOB ITyTEM HAHECEHUA Ha HHUX CIOs
6onee aKTUBHOrO MeTajlla (OLMHKOBAHHOE Xe-
ne3o, puc. 1.41, 6), BBelleHUA HeOOXONMMEIX
KOMITOHEHTORB B CIUIAaB (HepXaBelolnas CTanb),
MITU ITyTeM HpHCOeNMHEeHUsI MACCHUBHOIO aHona
M3 aKTUBHOI'C METallIa, Yalle BCero MarHus Wid
LMHKA (TTpoTeKTOpHAdA 3amMTa, puc. 1.41, 6).

ApyrAM crmocoboM 3alliMThl OT KOPPO3WH
SAIBJIAETCd MOKPHITUE TOBEPXHOCTH METajlla
TUTEHKOM BEIECTBA, NMPEHATCTRYIOIIEH MPOHHK-
HOBEHHIO arpecCUBHOI cpensl.

HekoTopbele MeTamnsl, HaNpHMED, AMOMH-
HUM, UMEIOT €CTECTBEHHYIO 3aIlUTY B BHIE
IUIEHKH OKCHJIa, OYEHb IUIOTHO TTOKPHIBAKOIIEH
TIOBEPXHOCTL MeTasuia. s yBenae HUs TOMIIH-
HBI IVIEHKHM W3[IeNUsA U3 aTIOMUHUSA HCITONB3Y-
10T B Ka4yecTBe aHONA (aHOTHPOBAHHEIM amio-
MHHUH, puc. 1.41, 2).

Ilpumep 1.13. OnpenenuTe cTaHIapTHOE 3HaYe-
HHe 3]IC ucTouHKKA TOKA, NPENCTABASIONIETO CO-
60H ralbBaHMYECKHIT BIEMEHT, COCTOSIMH H3
IIHHKOBOTO H HHKEIEBOTO NOJY3JIEMEHTOB, EC/IH
E°(Ni**/Ni) = -0,25, a E°(Zn*/Zn) = -0,76 B. Ka-
KHE peakiiu MpoTeKawT Ha 3nekTponax? Kakoit us
METANINIOB CIYXHUT aHOoaoM?

Pewenue. CrannapTHBIA 3NMeKTPONHEI NOTEHITH-
a1 UMHKa Bojiee OTPHUATENEH, 3HAYHT HHHK Gonee
CWIBHBLH BOCCTAHOBHTENDL, H HA I{HHKOBOM 3JIEKT-
pone 6yneT NpoOXOOHTh OKMcaeHHe: Zn — 2e~ — Zn?t,
LIMHKOBEIH 3neKTpOs cnyxuT aHogom (~). Hukens,
KaK MeHee CWIBLHEIH BOCCTAHORHUTEND BYIET BOCCTA-
HaBnHBatscs: Ni%* + 2e- - Ni. [TonHoe ypaBHeHHe
PEaKIHH:

Zn + Ni** - Zn%* + Ni

BJIC aneMeHTa paBeH:

H*, O, Fel+ PxasuynHa

\/ \ (F0;"xH,0)

7
Fe
Fel+
Sn T
'M/}
Fe
a
Zn Znt

2

Puc. 1.41, Koppo3sus (a) ¥ 3alliHTa OT

KOPpO3UH (6 — OLMHKOBAHHOE Xe-

JIe30, 8 — IIPOTEKTOPHAA 3aLIMTa, ¢ —
AHOIMHPOBaHHBIY ATIOMHHHN )

Esnc = E°(Ni**/Ni) - E°(Zn*/Zn) = 0,25 — (-0,76) = 0,52 B.
CXCMaTH'-IECKH TAKOH XMMHYECKHH HCTOYHMKK TOKAa 3allMChIBAIOT Tax.

(-}Zn(tB.) |Zn*(p.)|INi**(p.)| Ni(TB.) (+)

Kontpoatasie BONpoch

1.30. Bo3amoXHa T OKMCAHTENBHO-BOCCTAHOBHTE/LHAS PEAKIIHS:
2Fe™ + 2Hg®* = 2Fe* + Hg"
ecnu E°(Fe*'/Fe™) = 0,77 B, a E°(Hg™/Hg;") = 0,92 B. Paccunraiite A,G° M KOHCTaHTY

PaBHOBECHS 3TOM peaxki[MH.
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1.31. Tpu B3auMOZENHCTBHM IIepMaHraHaTa Kalust ¢ GpOMOBOIOPOIHOM KHCIOTOI B pac-
TBOPE BO3MOXHA peaKLHs

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

a) Mo NpHBEAEeHHBIM HIDKE JAHHBIM ONpenenure A.G;

6) 3Has, uro E°(Bry/Br’) = 1,087 B, onpenenure E°(MnQ;/Mn™);

B) OLEHWTE, TPU KAKOM MAaKCHMalbHOM 3HadeHuM pH TepMoIMHaMHYecKM BEpoATHO
OKHCIIEHHE OpOMMI-HOHA NEepMaHraHATOM KaJlus. (AKTHBHOCT]: BCEX KOMIIOHEHTOB, KpOME
H', pasHa L.):

MnO;(p)  Br(p.) Mn? (p.) Brz(xc.) H,0(x.)

AdHsgs, KJT/MOID -543 <181 «223 0 286
Sies, JIx/ (Mo - K) 191 83 -75 152 70

1.32. Ucnons3ys nuarpammer Jlatumepa (mis pH = 0):

0, %8, 1,0, L3H,0
H10, 188 10, &5, 1,053, -
1,08

a) HaliguTe HEu3BecTHOE 3HaueHue E:;

©) Onpenennre HanbGonee TEPMOAMHAMHUYECKH BEPOATHEBIE MPOIYKTH peakuun H,0, +
+ I — ... (OTBeT NMOATBEPINTE PACYETOM COOTBETCTBYIOILMX 3HAYEHUH E°);

B) Hanmume YPaBHEHHE peakuuy 1 paccqm‘an’re s Hee AG.

1.33. Boiumcnute snavenne E(MnO;/Mn”), ectu [Mn”} = 0,0001 Monb/i; [MnO[] =
= 0,01 mons/m; pH = 2 (wist pH = 0 Beynunna E°(MnO; /an*) = 1,51 B).

134 Hcnonbs3ys npuseneHHyl0 HUXe auarpamMy Jlarumepa mig wona (pH =14), no-
crpoiite nuarpammy @pocra:

110228 107213 1o- 0% [, 053, |-

a) Onpenenute, Kakad H3 GopM HONA HEYCTOHUHBA K JUCMPONOPLIMOHHPOBAHUIO B LiIe-
JIOYHOH CpEne; HAllMILIHMTE YpaBHEeHHe peaklMy H paccUMTaiTe Ui Hee 3HaueHue E°

6) Onpexenvre, KaKoe COENMHEHKE MOaa obnanaeT HauboNbIIEH OKHCAMTENbHOMH CIIo-
COBHOCTBIO, a KaKoe — Haubollee yCTOMYMBO B IMEJOYHOI cpene.

1.35. Mcnione3ys IPUBENEHHYI0 HUXe TuarpaMMy JlaruMepa s Kobaibta npu pH = 0,
OMNpEeNeNNnTe, KAKHE U3 COCIMHEHUI KOBabTa ABIAIOTCS HEYCTOMYHMBLIMU 10 OTHOILEHHIO K
pacTeopUTenIo (Boje):

1,92 -0,20

Co0, 2, cor LA con > Co

1.36. Beruncnure 3Hauenus [MP(Ag,Mo0,), Hcnons3ys CTAHIAPTHEIE IIOTEHI{HANBI
peaKI1id:

Ag;MoO,(t.) + 2¢- > 2Ag(TB.) + MoO; (p.) E} =0,486B
Ag'(p.) + & = Ag(Tn.) E; =0,799B
1.37. Kakopo 3snauenye 3C ranbBaHHYECKOTO 3MEMEHTA
(-)Zn(B.) |Zn* (p.)}|Cu®* (p)Cu(TB.) (+)

€CJIM KOHIEHTPAUMH HOHOB METANIOB paBHbI 1 Momn/n? Kak GyoeT H3MEeHAThCH HAIpsKe-
HHE II0 Mepe MCIOb30BaHuA HarapeH? KHKOBO COOTHOIEHWE KOHLIEHTPALUi HOHOB MEIH
¥ LWHKA NpM HanpsxeHuu 1,0 B, ecmu E°(Zn*/Zn) = -0,763 B, E°(Cu?*/Cu) = 0,337B?
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1.38. TloueMy Ha Xene3Hblii BONT He ClelyeT HABUHYMBATH MEIHYIO Taiiky? Ykaxure
MIPONYKTHl KOPPO3UH, €CTH B KAauecTBe arPECCHBHOM cpellbl BBICTYIaeT: a) Boja, 6) Boma
PACTBOPEHHBIM KHUCIOPOIOM.

1.39. TIpu ouMcTxe MEAM METOIOM BNEKTPONHOTO padUHUPOBAHWA OUHINAEMbIH CIIMTOK
UCIIONB3YIOT B KAYECTHE aHOMA. B pe3yinTaTe SIEKTPOAM3a HA KaToAe BBUIENACTCH YMCTast
menb, OnuIIUTe IIpolecchl, IIPOMCXOAsiHe Ha aHoe U KaToe. IloueMy B 3TOM ciydae mpo-
UCXOIUT OYMCTKA OT IpuMecell IMHKa U cepebpa? B Kakue BeiecTBa MpeBpallaloTCcsd 3TH
MPUMECH IPH 3eKTpoiuze?

1.5. PABHOBECHA B PACTBOPAX

1.5.1. OcHoBHbIE NOUATHHA

CPICTCMBI, COCTOAIIHE U3 HECKOJIBKHX KOMITOHEHTOB, B 3aBUCHMOCTH OT cTelle-
HH OUCTIEPCHOCTH (BEMMYHMHBI YACTHII) TOAPA3AEesioTCd Ha reTeporeHHule, MUK-
poreTeporeHHBIE H roMoreHHbie (puc. 1.42).

TTo arperaTHOMY COCTOSTHHIO PACTBOPEI PA3AE/IAIOT Ha XHAKHE, TBEPIBIC U raso-
obpasuele (puc. 1.43). HauGonee 3HaUNTENBHYIO POJb B XUMHH M OCOGEHHO B GHOXH-
MHM UTPaloT XHUIKKE pacTBopbl. JKuakue cpefibl (pacTBOPHI W PaciliaBbl) CO3MAIOT
MHOTO NPEUMYILIECTB JUTS OCYLUECTBICHHS peakIlMii — MX COCTaBHBIE YacTH (MoJie-
KYJIbl, MOHBI) MMEWT BBICOKYIO NTHGOGY3MOHHYIO TOABHXHOCTE U, B TO XK€ BpEM,
pacTBOp 3aHHMAET OIPAHMYEHHBII 006BEM, HAIIpUMep, MO CPABHEHHMIO C ra30BbIMU
CMECSIMH.

B manpHeieM MBI COCPEIOTOYMM BHHMAHUE B OCHOBHOM HAa MCTHHHEIX, XMII-
KHX pacTBOpax, B KOTOPHIX pacTBOPUTENEM siBJisieTcs Boja. KoHeyHo, B 3aBMCHMO-
CTH OT IOCTABJIEHHBIX 3a0a4 pacTROPHUTE]IEM MOTYT SIBISATHECS K JIPYTHE BEINECTBA.
HampuMep, IIpH BEICOKHMX TeEMITEPATYPaX 4acTo NPUMEHSIOTCSA PACTBOPEI B paciuiaBe.
Tak, IpH NPOH3BOICTBE ATIOMHHMA OCYHIECTBISIIOT 3J1EKTPOJIU3 pacTBopa Al;O5 B
paciuiaBlenHoM Kpuonute NasAlF. Muorue peakiinoHHOCTIOCOOHBIE BEINECTBA CHH-
Te3UpYIOT B HEBOIHBIX pacTBopax. HekoToprle 6€3B0IHBIE rATOr€HHMABI MOMYYAlOT B

l'omoreHHbIE MukporereporeHHEIE Tereporentnie
: | | !
107 10 108 107 Loy
YyacTHI, M
HernHHbe Kt CycneHsuH,
PacTBOPH Ll 3MYNBCHH

Puc. 1.42. Knaccugukalus IMCIEpCHBIX CUCTEM 110 pasMepaM YaCTUIL
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Trepooie:
crassl {Mg-Al),
AI2—)4cr)&03

T'asoobpa3sHble;
Bo3ayX (O3, N3, COyAS)

X.—TB. K.— XK. X.—T.
H,0 — NaCl, H,0 — C,H;(OH), H,0 — CO,,
H,0 — C;pHpOy, H,80, — SOs, H,0 — H,S,
cal, — I H,0 — H,S0, H,0 — HCl

Puc. 1.43. Kinaccudbukaluus pacTBOPOR

cpele aGcoMOTHOIO CITUPTA, a coerHenus Tuma SgSbFs — B )kuakoM SO,. Onnako
BOfa SABJIAETCA CAMBIM PACIIPOCTPAHEHHEBIM PACTBOPUTEIIEM.

Haunem ¢ obey:KIeHns cBOICTB pacTBOPOB, OMUCEIBAEMEIX $Ha30BBIMH paBHO-
BECHAMU, BKIIIOYAS pacmeopuMocisv, Koaauzamuansle caolicmed, a 3aTeM pacCMOT-
PHM IIpPOIIECCH], MPOXOAAIINE B PACTBOPE B Pe3YJIBTATE IAEKMPOAUMUECKOl OUcCo-
yuayi.

ITycts B 6uHApHOI cucTeMe A— B (puc. 1.44) B — pacTBopuTelb, B OOGBIMHBIX
VYCIOBHAX XHAKOCTh, HATIDUMED, BOIA; A — pPAacTBOPEHHOE BENIECTBO, HAHNPHMED,
conb KCI. B 3700t cicTeEMe CYIIECTBYET JBa BHIA ABYX(DA3HEIX pABHOBECHH, KOTOPBIE
HAC MHTEPECYIOT:

1) paBHoBecHe A(TB.) 2 A(p.), YCIOBHUS TAKOr0 pPaBHOBECHA HIUTIOCTPHDYET
T'—x-pnarpamma cucteMsl A— B;

Cucrema A—B

2) 'i3(r.). # . D

B(x) SBE)_ | [yl
— .t —

—_— A(TB.) 5 pacTeop

Am)_| 22 fp-ip') —

P, T=const P T,

KomnuraruBHEle
CBOHCTBA PAacTBOPOB

A(TB.) + pacTBop
A(tB.)+B (18B))
B MOl.% A A

e ——

____________ v
A mon.% B B B(rs.) + pactsop

Puc. 1.44, Cxema paBHOBeCHH, CYILIECTBYIOLIMX B HACBILLIEHHOM BOIHOM DacTBOPE COH
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2) pasHosecue B(p.) 2 B(r.), yciosusa storo £
PaBHOBECHS ONPENEHOTCS P— x-IHarpaMMoit cu- A*(r.) + B(r)
cTeMbl A—B. ]

CBoitcTBa pacTBOPOR, KOTOPEIE HAasbIBAlOT KO-
JTMTATUBHBIMH, OOBIMHO OTHOCSTCS K OMeHb pas- 7
GaniieHHBIM PACTBOPAM U B OCHOBHOM XapaKTepU3y-
1ot pasHoBecus Tvna B(p.) 2 B(r) u B(p.) 2 AH,-,T(N)
@ B(18.), . AB(18.) + H,O AH (B

Konaueamuenvmu Ha3bIBAIOT TaKHe CBOWMCTBA
PACTBOPOB, KOTOPBIE 3ABHCST TOIBKO OT KOHIIEH-
TpalMH PacTBOPEHHEIX YACTHUIl, HO He OT HX CO-
craBa. K sTuM cBoiicTBaM oTHOCATCS: 1) MoHH- A*p.)+Bp.)
XeHHUe NaBJeHMs mapa HAl pacTBOPOM; 2) MOHHU-
XeHHe TeMIlepaTyphl 3aMep3aHus; 3) MOBBIile-
HHe TeMIepaTyphl KHUmeHus; 4) ocMoTHyeckoe PHC. 1.45. DHTabNMIHAS qHarpam-
namnenue. Janee Mbl GyaeM paccMaTpuBaTk ux B M3, WLULIOCTPHMPYIOLad pacTBope-
TIPAUMEHEHUH K DPACTBODAM Hedemywux BelecTp, — 1AC KPUCTAIHISCKIX BCUICCTB
T.€. JABJIEHHE Iapa KOTOPBIX Haj PAcCTBOPOM Tipe-

HeBpexXHMO Malo.

Pacmeopumocnisio Ha3BIBAOT CIOCOBHOCTE NAHHOIO BElIECTBA PACTBOPATHCH B
TOM WM HHOM pacTBopuTeie. KomuuecTBeHHO PACTBOPHUMOCTE XapaKTEPU3YETC KOH-
LHEHTpanMe HacHINEHHOro PacTBopa MpH orpeneneHHOM TeMMepaType H JaBJICHHH.
Ha 7T— x-muarpaMme pacTBOPHMOCTD ONUCHIBAETCS IMHHEH IMKBHIyca (cM. puc. 1.44),
4YTO COOTBETCTBYET paBHOBECHIO A(TB.) 2 A(p.). B coOTBETCTBMHM ¢ 3aKOHAMH Tep-
MonuHaMuKH (ypaBHenus (1.32), (1.35)) pacTBOPHMOCTH OIIpEACIAETCA BEJTHYH-
HOH AG° pacTBOpeHHS:;

AH e

AG;acra = AH ;acra - TAS;;acn-

Ilpu pacTBOpPEHHHM TBEPOBIX BEIIECTB SHTPONUA, Kak IPABHIO, YBETUYMBAETCS
(ASpacrs > 0), TaK KaK BO3PACTaET HEYNOPAIOUEHHOCT CHCTEMEL, [10aToMYy Ha Be-
YHHY U 3HAK AGp,ers, @ C1E00BATENbHO, M HAa BEJIMIHHY PACTBOPHMOCTH B IIENIOM
3HAYUTEILHOE BIHAHME OKA3BIBAeT W3MEHEHHE SHTAIBNWH. IS KPpHUCTATNMYECKHX
BemecTs AHy, ., MOXHO WLTIOCTPHPOBATE SHTABITHIHBIMI TMarpaMmMamu (puc. 1.45).
Kak BuIHO U3 pUCYHKa, AH, .y 3aBUCUT OT COOTHOILIEHUS BETMYMHBI SHEPIUN KPH-
cTaummyeckoit peteTky (U°) ¥ oT CyMMBI 3HTATBIMI ruapaTaliMi HOHOB. YeM BbIlle
SHEPrusl KPUCTA/LUIHYECKOM PEIIETKH M MeHEBIIIe SHeprus TMApaTanuy, TeM Gorbliie
BEJIMYMHA AHjycr, M, COOTBETCTBEHHO, A (g, oy ¥ TEM HMDKE PACTBOPMMOCTD. LISt HOH-
HBIX KpUCTa/uioB: U° ~ 1/(r, + r) (cM. moapa3n. 4.3), a AH,,, ~ (1/r,+ 1/r). Mare-

Tabnuua 1.16

PacTBOPHMOCTS TANOTEHKAOB INENOTHBIX MeTaLnoB (r na 100 r poasl)

Honu 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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AGSacm
KIDK/MoOM
50
Cei, Br» I, 4 G,momp/n
MOJTB/TT f'
0,02
0,01
“l0F Lt Nat K'Rb* G 20 60 100
50 100 M), ™ il &
Puc. 1.46. 3aBucuMocTs sHepriu M'mb6ca pac- Puc. 1.47. TemmneparypHas 3aBHCHMOCTE
TBopeHUA (AGpucry) HEKOTOPBIX COMEH wIe- PacTBOPHMOCTH TAJIOTIeHOB B BOJE

JIOYHBIX METAJIJIOB OT paJguyca HoHa

MaTHECKH MOXHO TMOKa3aTh, YTO HAMMEHBINYIO PacTBOPUMOCTh MMEIOT KPUCTAN-
JIBl, ¥ KOTOPHIX paguyChl aHHOHA M KaTHOHA 6iu3ku (r, ~ r.). Tak, cpelu raioreHu-
AOB HIC/IOCTHBIX METAIIOB HAUMEHBILIAs PACTBOPMMOCTD HabmoaeTcs y hropuaa JIUTHS
(cpemy (HTOPHIOB), Y XJIOPHAOB HATPHS M KATHA (cpemm XIOpPHIOB) M y MoAMIA
ue3ns (cpeam nonunos) (Tabn. 1.16 u puc. 1.46). s menouHo3eMeTbHEX METAIIOB
U3 KapboHATOB HaMMeHee PACTBOPUM KApGOHAT Kanblysd, a U3 cy/ledaToB — CYiIb-
dar Gapus.

OtMeTHM, 4TO B GONBINMHCTBE CMyYacB TIPH PACTBOPEHMH Ta3oB ASpecrs < 0, a
AHgers > 0. PacTBOPHMOCTD ra30B 0GBIMHO YMEHBILIAETCA ¢ YBEIIM4EHUEM TeMIepa-
TYPBI M [IOHIDKCHUEM naBnelust. Ha puc. 1.47 npencTapieHs u3MeHEHHsT pacTBOPH-
mocTH ranorenos (Cl,, Bry, I;) B Bone nipu ysenmuenuu Temnepatypsi'. Kak BHITHO
M3 PUCYHKA, paCTBOPUMOCTB rasoo6pasHoro xXjopa yMEHBILAETCS ITPH TIOBBILIEH UK
TEMNIEPATYPEL, YTO XapaKTEePHO U1 rasoB. PacTBOPUMOCTb KpHCTAIHYECKOTO HOIA
YBEAMYMBACTCS C YBEIMUCHHEM TEMIIEPATYPBl — 3TO OOBACHAETCS SHAOTEPMHYIHO-
CTBIO TIpOIECCca pACTBOPEHUS M3-32 SHEPreTHIECKHX 3aTpaT Ha paspylIeHUe KPHUC-
TALTMYECKOH pellieTKH. PacTBopuMoCTh Xuikoro 6poMa B Bole MANo 3aBHCHT OT
TeMriepaTypsl. Ha pacTBOPHMOCTE pa3IMyHBIX BEIIECTB CYIIECTBEHHOE BIMAHUE OKa-
3bIBa€T MPUpPOZa pacTBopuTe/s. HermonspHele BelecTBa Iyyllie pacTBOPSIOTCS B He-
TIONIAPHBIX pacTBopHTelsX. Tak, pactBopumocTs Hona B CCl, B 85 pas Gonblte, uem
B Boje. Pacripe/ieieHre pacTBOPEHHOIO MOMa MEXIY IBYMsI HECMeILMBAIO[HMHUCS
PacTBOPHUTENSIMU OIIPEALTISIETCH KOHCTAHTON PABHOBECHS

[I,(CCly)]

L(somn.) 2 L(CCl); K = (I, (Bomn.)]”

(1.50)

! TIpu pacTBOPEHMM TATOTEHOB B BOAE MPOMCXOAMT HX YACTHYHOE AUCTIPOTIOPLIMOHMPOBAHHKE, O1-
HaKO KOHCTdHTAa DABHOBECHS 3TUX PeakUMil HACTONBKO HE3HAUMTENBHA, uTO B JAHHOM CJYYae 3TOT
TIPOLIECC HE YYUTHIBAETCA.
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3Ta BeIWUWHA, Ha3biBaeMas xosgppuruenmom  T,°C
pacnpedenenus, He 3aBUCUT OT KOHIIEHTPALMHU.
Ha sToM ocHOBaH MeTOH SKCTPAKIIAH, UCTIONE-
3yeMBblid JUTS pA3AeIeHHsI M OYUCTKH BELIECTB.

60

IIpuamep 1.14. dns oUMCTKH OMXPOMATA KaIHS
OT HE3HAYMTENBHOro KOJIMYeCcTBa Cynbhara Kaaua
METOJIOM MePeKPUCTAIUIH3ALMY GBI IPUTOTOBNEH  _ ¢3 ‘

£ s ' |
HachbienHbli npu 60 °C pactBop K,Cr, 0, B 100 Mn . Kszzom!a) + HyOry)|
BOJIbI. 3aTeM 3TOT pacTBop oxaaawin no 0°C. Pac- : | G
topuMocTs K,Cr,0, iput 60 °C paBna 31,2 1, a ipH H,0 i
0°C — 4,43 r Ha 100 r pacteopa. Kakoe makcu- Mace.% K,Cr,0;
MAJIbHOE KOJIMYECTBO COJIH MOXKHO IIOJY4YMTh B 3TOM
cnyyae? YKaXWUTe Ha CXeMaTHYecKoil T—X-IHa-  Ppyc. 1.48. ®parmeHT T— x-IHarpaMMbi
rpamme K,Cr,0,—H,0 durypatHpHBie TOUKH, OT- H,0—K,Cr,0; k npumepy 1.14
BEYau(HMe HaYaly U KOHIY OMMCAHHOrO IPOIEc-
ca. Ha yeM OCHOBaHO MCITO/Ib30BAHUE METOMA ITe-
PEKPHUCTANIN3ALMH I OYMCTKH BeuecTB OT PacTBOPHMEIX MpHMeceii?

Pewenue, Ilpu 60°C B 100 r Boxs! pactBopsiercsa 31,2 100: 68,8 = 45,4 r K,Cr,0,. Ha
T'—x-nuarpaMMe HACBIIIEHHBIH NpHM 3TOM TEMIlEpaType pacTBOP COOTBETCTBYET TOUKE A,
Jexaweid Ha JMHAK TMKBHIyca (puc. 1.48). TTpu 0°C & 100 r Boar! (ee KOMMIECTBO HEH3IMEH-
HO) pacTeopeHo 4,43 - 100: 95,57 = 4,63 r nuxpoMara kanua. CneqoBaTebHO, B OCAN0K BBI-
nano 40,8 r conu. Ipu 0 °C Mbl HMeeM reTeporeHHylo cMech (Touka B), conepxamyio K,Cr,0;
H HACBIMIEHHBIH pacTBop (Touka C). OYHCTKA OT PacTBOPHMMEIX IIPHMeECEH BO3MOXHA, TaK
KaK PACTBOP OCTAETCS HEHACHIIEHHBIM II0 OTHOUIEHHIO K TIPUMECH, U OHA IOJHOCTBIO 0CTa-
eTcs B pacTBope.

1.5.2. KonnHraTueuble CBOMCTBA PACTBOPOB

PaccMoTpuM paBHOBecHsl, cBSI3aHHBIE ¢ ()a30BBIMH TIEPEXONAMH PAcTBOPUTEIS
(Tunm 2, cMm. puc, 1.44):

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

Ilonnkenue napjienus napa. PaBHOBecHoE JaB/ieHUe TIapa Hall PACTBOPOM oflpe-
nensiercs 3axonom Payas:

DTO ypaBHEHHUE CIIPABEIIIMBO TSl UdeaibHbiX pacmeopos, T. €. paCTBOPOB, B KOTO-
PRIX HET NPEIIOYTEHN TIPH B3aUMOAEHCTBHHM MEXAY YaCTHIIAMH PAaCTBODHTENA H
pacTBOpeHHOro BewecTsa'. CTPOro roBops, HU OIMH pearbHBII pacTBOP HE YIOB-
JIETBOPACT KPUTECPHIO HICANTbHOCTH, OJHAKO C IOCTATOYHON CTeIeHBIO JOCTOBED-
HOCTH 3aKOH Paysisi MOXKHO NPHMEHATH K OYeHb pa3faBieHHBIM pacTBOPaM.

Ha puc. 1.49, a usobpaxeHa P— T-guarpaMMma BOIH, Ha KOTOpOH HaHECEHDI
JUHHAY 3aBUCHMOCTH JaRI€HHA Mapa BOALI Hal PAaCTBOpAaMH Pa3THYHOM KOHIIEHTpa-

! Cu. Takke nogpasn. 1.3.3: Exu ~ Epp = Ega.
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PBHC".[

f A+ B

B x x A
Mon.% A

a 7]

Puc. 1.49. P—T- (@) u T—x- (6) mMarpammbi, WinocTpupyomue 3akon Payna (T, T,
T; — Temnepatyper 3amepaatus; Ty, T, — TeMIepaTyphl KHMIIEHHA)

UK. MOXKHO CKa3aTh, YTO 3TO NPOEKLIMH THH Ui napa, T.e. 3aBucuMocte Py = f(T),
P— T—x-puarpammer cuctembsl A— B mst x = const Ha [TOCKOCTh, COOTRETCTBYIO-
LYK YUCTOMY KOMIIOHeHTY B. JInnus O—A cOOTBETCTBYET NaBTEHHIO mapa Hazg
YUCTOH BONOH, a THHUS O*—A* — NaRIEHHIO TIapa BOIBI Hax PacTBOPOM ¢ MOJIb-
HO# oJIel paCTBOPeHHBIX YACTHL, PABHOM x;. CornacHo 3akoHy Payist, npu ogHOix
M TOH Xe TeMuepaType JaBleHHE Napa Hal pacTBOPOM MeHblle Ha BEJIUYHHY AP,
TTpy yBem4eHNH KOHIIEHTPAIMY PACTBOPEHHOIO BEIECTBA (x> > x) naBneHue 1po-
NOJZKAET TOHIDKATECH — JIMHUSL O — A** fexnT Hyke TuHIM O — A*

TloBpimeHne TeMuepaTypsl KHIEHHS; HOHMKEHHE TEMUCPATYPhI 3aMep3aHnd. 3
rpacuka (cM. puc. 1.49, @) Takxe BHIHO, 4TO TeMTIEPATYpa KUIIEHUS PACTBOPA BHILIE
TEMIEPATYPEL KUMEHUsI YUCTOro pacTBopuTest. Ilox TeMneparypoit KUTIeHUst og-
Pa3yMEBACTCs Ta TeMIiepaTypa, Mpy# KOTOPO#H NaBNeHie HaChIIEHHOrO Napa PaBHO
BHEITHEMY NaB/ieHHIO. I103TOMY OHA pasziudHa: IS YHCTOM BOABL — 5TO TEeMIIEPATY-
pa 7), a anst pactBopa — T,

Hns pasbapieHHBIX PACTBOPOB MPY TTOHMXEHHH TEMIIEPATYPHI HICKE JIMHUH JTHK-
Buayca (puc. 1.49, ) nepsbiM HAYWHACT KPHCTALINIOBATHCS YHCTLIN PacTBOPHTEND
(B manHOM cryvae Jex). DTO MPOUCXOTUT TOTIE, KOIIA TABNEHUS rapa HajJ pacTBO-
POM CTAHET PaBHO HACBILIEHHOMY TIapy Hago JbloM (Muuust O— B). Temneparypa
Hadajla KpHCTA/UTHSALMHM JUTS PACTBOPA COCTaBa X| COOTBETCTBYET TeMmepatype 7, a
Anst cocTasa x; — Ty Tlpy yBenwyeHUN KOHLEHTPaUHM# PACcTBOPEHHOIO BEIIECTBA
TEMIIEpATypa 3aMep3aHUsl yMEHbUIAETCH, YTO XOPOLIO BHAHO KAk Ha T— X-aHa-
rpamme (cM. puc. 1.49, 6), tak u Ha P— T-guarpamme (puc. 1.49, a).

Takum obpazom, nossuueriue memnepamypor kunenus PacTBOpa U HOHUNCEHUE MeM-
hepamypbi 3amMep3anus 10 CPABHEHHIO C YHCTBIM PACTBOPHTENIEM, SIBIISIETCH CIIed-
CTBUEM 3aKOHa Payiis. MaTeMaTH4ecKy 3TH U3MEHEHHS TEMIIEPATYPhl MOXHO pac-
CcYMTaTh 00 QopMyIaM

AT = Kmi; (1.52)
ATm = Em, (1.53)
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Ine m — MOAAAbHARL KOHIUEHTPALWS PACTROPEHHOTO BELECTRA (KOJIMYECTBO MOJIEH
storo Bewectsa B 1000 r pactropuTens); K — KpHOCKONMHUYECKad KOHCTAHTA, F —
abymockonmyeckas KoHcTaHTa. Kprockomirdeckas w 36y/IMocKoTMyecKas KOHCTAHTH
XapaKTepH3yIOT paCTROPHUTENB H He 3aBUCAT OT MPHPONLI PACTBOPEHHOTO BELECTRA.
B ta6n. .17 npuBegeHB KOHCTAHTHI AN HauBoNee YacTo UCMOJb3YEMBIX PACTBOPH-
TeJie.

Tadbnuua 1.17

Kpuockonngeckue u 30yTHOCKONHYECKHE KOHCTAHTLI HEKOTOPLIX PACTBOPHTECH

PacTBopuTens Figs E T "C K
Bona, H,OQ 100 0,52 0 1,86
Benson, CgHg 80,1 2,53 5,5 5,12
Xnopodopm, CHCI, 61,7 3,63 -63,5 4,70
Cepoyritepon, CS, 46,2 2,34 -111,5 3,83
Terpaxnopun yrnepoma, CCly 76,5 5,03 -23 30

TepMoauHaMHYecKHii BLUBOA 3aKoHa Payna. BenHYHHY ITOHIXKEHHA JABIEHUA napa
pacTBopUTENsl Hal pacTtBopoM (Popmyna (1.51)) MOXHO pacCYyMTaTh M3 YpaBHEHUSA

AG = Gg(p) - Gp(r) =0,
BREIPAXAIOIETO yChoBHe paBHOBecHs B(p.) & B(r.).

Yuutisast, ut0 Gy(r.) = Gg(r.) + RT In pg, a Gg(p.) = Gy(x.) + RT In xz, MOXHO T10-
TNYUYUTE:

G3(r.)-Gz(x.) = RT In p, - RT In x5.
Taxk Kax 15 YHCTOTO pacTBopuTens (cM. moapasa,. 1.3.2)
AG’ = GR(r.)- Gy(x.) = RT In pp,
e p° — AaBNeHHE Napa YHCTOTO PACTBOPHTENA IPH JAHHOM TeMIIepaType, NONyuaeM:
RTInpg — RTInxg = RTInp3.

3aMeHMB Xg = | — X, T X, ~— MONELHAS JONA pACTBOPEHHOrC BEIECTBA, MPeAbIayLIee
BbIpaxeHHe Npeobpalyerca B

RTIn(ps/pp) = RTIn(l - x,).
CnenosaTensHo, pp/py = 1 — x5 Wi (p — pp)/ph = X, 4 3T0 K €cTb opmyna (1.51).

Ocmorayeckoe pasienue. Eie omHUM KOJUITMTaTUBHBIM CBOMCTBOM pacTBOpa SIB-
NiseTcs OCMOTHYECKOe JaBIeHHe. DTO CBONCTBO TPYAHO WLIIOCTPUPOBATEL (ha30Boit
JIHarpaMMOi, HO OHO TaKXKe CBAI3aHO C YCIOBHEM PABHOBECHS MEXIY YHCTRIM pac-
TBODHTEJIEM M pacTBopoM. EciiM B cocyn ¢ pacTBOpHTeNIEM BHECTH eMKOCTB C pac-
TBOPOM, OTZEJIEHHBIM OT YHCTOTO PACTBOPHTEJS MOMYTTPOHMITAEMON TIEPETOPONKOM
(HETIpOHUITAEMOK sl MONEKYT PACTBOPEHHOTO BEIIECTBA M NMPOHUIIAEMON JIMIIA
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IMoTox
PacTBOPHUTENA
a 6

Puc. 1.50. OnbIT, WLTIOCTPUPYILUA ocMOC:

a — Hayano 3KCrepuMeHTa; ! — nojaynpoHulae-
Mas MeMbpaHa; 2 — Bojia; 3 — KOHUEHTPHPOBaH-
HHIi PacTBOP; 6 — KOHEl 3KCTIepPHMEHTa; h —
BEICOTA CTOJIGA XXHUIKOCTH, COOTBETCTBYIOLIETO
OCMOTHYECKOMY JaBTIeHHIO

IUT MOJIEKYJT PacTBOPHTENS), TO H3-3a
pPa3HOCTH MOJBHEBIX 3Heprui 'mb6ca (xu-
MHYECKHX IOTEHIIHAJIOB) PacTBOPUTENSA
B 3THX COCYylax:

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

MOJIEKYNILI PACTBOPHUTENS OYOyT IIepexo-
AUTE B pacTBOp (pxc, 1.50). D10 aBIcHKE
Ha3eBaeTcHd ocmocom. OcMOC MOXHO TIo-
JAaBHTh, €CIH CO37aThL B COCYOE C pac-
TBOPOM H3GBITOUHOE NaBlieHue (Ha pHCYH-
K& — 3TO AaBlieHde cronGa pactsopa h).

BenuunHa pmaBleHHs, KOTOpYH Hago
CO31aTh, YTOOLI NpenoTBpaTHTHL TUbdy-
3HIO PACTBOPHTES Yepe3 MOTYNPOHHUIA-
€MYI0 [1eperopoakKy, Ha3slBaloT OCMOTH-
YecKUM JaBieHueM ().

IMpu Maneix KOHLUEHTPALMUIX PacTBO-
PEHHOIO BelleCTEa, T.e. B YCIOBHAX, OMM3KMX K HACaNLHBIM PAacTBOPaM, OCMOTH-
YecKOe naBlieHHe OnpenendeTcs ypaeHeruem Banm-Topda:

n = CRT, (1.55)

rne C — MONbHAsI KOHUEHTPAIHs] PACTBOPEHHOTO BelllecTBa; R — yHUBepcaibHas
ra3oBast [IOCTOAHHas; 7 — TeMmeparypa.

SInenre ocMoca UrpaeT HCKIIOYUTENLHO BaXHYIO POJIb B XKH3HEIEATETbHOCTH
pazIMYHEIX GHOIOTHYECKHX OOBEeKTOB, TaK KaK CTEHKM KJIETOK SBAAIOTCA KakK pa3

OnpeneieHHe MOJEKYIAPHLIX MACC HEJETYYHX BEHIECTB HA OCHOBE KOJUIMIATHBHBLIX
cBoiicTB. I10CKOIBKY KO/UIMTaTHBHBIE CBOMCTBA PACTBOPOB HE 3ABUCAT OT HPHPOIbI
PACTBOPEHHOTO BEUIECTRA, 36YIMOCKONUIC (OnpeaeeHHe TEMIEPATYPhl KHIIEHH pa-
CTBOPOB), KPHOCKONHIO (OHpefe/ieHHE TeMIIEPATYphl 3aMEP3aHHs PACTBOPOB), OCMO-
THYECKOE JapieHHe H JaBTeHHe HACBIIUEHHOro Mapa pacTBOPUTEA MOXHO HCIIONb-
30BaTh JUIA ONpeAecHHS MOJIEKYIAPHEIX MAacC pasJIMuHbIX BeleCTB. PacCMOTpHM BO3-
MOXHOCTH 3TOTO METolda Ha Mpumepe Kpuockornuu. Hanpumep, H3BECTHO, YTO pac-
tBOp 0,1155 r Besnoro docthopa B 19,03 r Gerzona 3amep3aer pu 5,15 °C. [ng wucroro
GeHsona Ty, = 5,4°C, a K = 5,1. Ha ocHOBaHHM 3THX JAHHBIX MOXHO OIpeAeiHTh
cocTas Monekynbl Gesoro docdopa. Ucnanbsya dpopmyiy (1.52) H onpeneneHue Mo-
JISIBHOCTH PacTBOpA, MOXHO HOMYYUTD CEAYIONIee BEIPAXKEHHE:

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

rne K — XpHocKonuyecKas MOCTOAHHAS; 2 — MACCa PACTBOPEHHOIO BEWIECTBA; b —
Macca pacTBOpHTeNs; M — MoJIsipHAasA MAcca PAaCTBOPEHHOTO BEILECTEA.
[MogcTapiss gaHHBIE IKCTepHMEHTA B 3TY GopMyay, MOMYyYHM:

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

CrnenosatenbHo, M — MmoasapHaa Macca Hestoro docdopa pasHa 123,8 r-moisb. Tlo-
CKO/IBKY aToMHas Macca dhocdopa paeua 30,9, To monekyna Genoro docdopa umeer
coctaB P,.




MONYTIPOHHUIIaeMBIMM IE€PEropoaKaMH. B HeopraHMIeCKOH XMMHH NIPMMEPOM OcMOca
MOXeT CIYXHUTE QOPMUPOBAHHE «HEOPraHMYECKOTO cajia» MpH BHECEHUH KpPUCTal-
JIOB coJjiei TepeXoqHbIX MeTA/UIOB B PACTBOD CHJIMKATa HATpHS, rae o6pa3oBaBLIas-
cs B HAYase Iporecca KOpKa TMAPOKCUAOB M CHIHKATOB CIYXXHMT ITONYIIPOHMIAe-
MOH MeMOpaHOii.

Bce npuBeneHHbIE BhIIIIE 3AKOHBL, KAK YK€ [I0JYEPKHMBANIOCh, CIIPABEITUBLL TOJIBKO
TS MIeAIbHBIX pacTBOPOB. OMHAKO MX MOXHO HMCIIOAL30BATh U LIS peallbHBIX pac-
TBOPOB, BBEJs MOIMPABKy Ha HEWAEAIHHOCTh. DTa IONpaBKa HAa3bIBAETCS WU30MOHU-
yeckum Koaguyuenmom (i) U paBHA OTHOLICHUIO peaJIbHC HAGMIOTaeMon BeJIHYK-
HBl TOTO WIHM MHOIO CBOMCTBA K pacCYMTaHHOM IpH YCJIOBHH WIealbHOCTH pacTBOpa:

npe;m/nm = ATaaM. pcan/A T:lau. w = ATmm. pca.n/A Txun. un ~ APpcan/APun =i (156)

DTO OTKIIOHEHHE MOXeT OBITE BHI3BAHO KaK B3aUMOJAEHCTBHEM YacTHII B pacTBO-
pe, TaK M pacralioM pacTBOPEHHOTO BemnlecTRa Ha WOHBIL. To, YTO LI MHOTHX pac-
TBOPOB 3JISKTPOIIMTOB BeJIMYHUHA i > 1, gRIALTCS MPSAMBIM JOKA3aTEJIbCTBOM 3JIEKT-
POJIUTHYECKOH NUCCOIHALIMH,

ITpumep 1.15. Onpenentite, B KakoM oGbeMe BOABI CIeAyeT PaCTBOPHUTE | Moab caxapa,
yTo6El HOAYYHUThL PAcTROp, M3oToHU4HbIN 0,1M pacTeopy XMOpHAa HATPHA, KaXylascs CTe-
HeHb JUCCOUMALMM KoToporo pasHa 0,9.

Pewenne. U30TOHHYHOCTL PACTBOPOB O3HAYAET, YTO OHH UMEIOT OMHAKOBbIE OCMOTHYE-
CKHe JaBieHHs, OJHHAKOBOE MMOHIKEHHE aBeHus [1apa Hal pacTBOPOM H ApyTHe KOJITUra-
THBHEIe CBoiicTra. [Ina 0,1M pacteopa NaCl ocMorruieckoe JaBIeHHe MOXHO OTIPENETUTD 10
dopmyne w; = iC,RT, a ona caxapa — no dopMmyne n; = C,RT. CiaenoBarenbHo, pacTBOPBL
H30TOHHYHBI (1| = T,), eciu JC) = C,. JUIst 30eKTPOIMTA, Pacafaloerocs Ha 2 HoHa, i= L +a
(ypaBHeHue (1.59)), u B ganHoM cayuae /= 1,9. KoHueHTpauHs caxapa JoJkHa ObiTh paBHa
0,19 Mosb/N1. DTo BO3MOXHO, €ClH 1 Monb pacTBoped B 5,26 J1 Boabl (IIpH IUIOTHOCTH pac-
TBoOpa, pasHoi 1 r/mi).

-1.5.3. DIeKTPONHTHYECKAA AUCCONUALISA

o cHX TIop IpH 06CYXAEHHWH CBOMCTB PACTROPOR Mbl He 00paland BHUMAaHWS
Ha MpOLECcCH, KOTOphle NMPOUCXOAAST C BEIECTBOM IIpH €r0 PacTBODeHUH, 2 Orpa-
HUYHBAIMCH JIMNIb KOHCTATAITHE TOTO, YTC B PACTBOpPE €CThb HEKOTOPHIE abCcTpaKT-
HHE «YacTHIb». B qeicTBUTeNBHOCTH, TIPH PACTBOPEHUH MOJNEKYJIBl pACTBOPHTENS

B3AUMOJEMUCTBYIOT ¢ MOJEKYJIaMH DacTBOPEHHOIO BelllecTBa, oOpasys cONbBATHI.
" B 4acTHOCTH, TIpU PACTBOPEeHWH MOTYT 00pa3oBhIBaThCAa HOHBL. Hampumep, npu pa-
CTBOPEHMM TOJ AeifcTBHEM pacTBopuTess (Bombl) HoHbl Na“ u CI7, cyliecTroBas-
e B HoHHOM KpucTamne NaCl, nepexonsT B pacTBOp B BHE CONBBATHPOBAHHBIX
(TMApPaTUPOBAHHLIX) HOHOB, KOTopeie 0603HagaT Na'(p.) u CI'(p.). Taicke HOHBI
06pa3yIoTcd 3a cyeT B3aUMOASHCTBUSA MOJIEKY/l paCTBOPEHHOTO BElIeCTBA M PACTRO-
puteis. Hanpumep, npu pacrsoperun HCI 8 Bone obpasyioTcss THIpaTHPOBAHHEBIE
nousl H;0%(p.) u CI (p.).

YacTH4HbBIM WIHK IMOJIHBIA pacnal pacTBOPCHHOTO BEINECTRA HA UOHEI B pe3yJibTa-
Te B3aUMOEIHCTBUS C PACTBOPUTEJIEM HA3BIBAIOT 34eKmpoaumudeckol duccoyuayuel.

OnHoll 13 OCHOBHBIX XapaKTePHCTHK 3MEKTPOITUTUYECKONR AHCCOIIMaIi N ABIIAET-
¢Sl cmenens duccoyuayuu (o), KOTopas paBHa OTHOLIEHHMIO YHCIA pacliaBIIMXCS Ha
HOHb MOJIEKYJI K 0BIIEMY KOJIMYeCTRY MOJNIEKY/ PACTBOPEHHOTO BelIecCTBa.

CreneHb AWUCCONMANMN 3aBUCHUT: a) OT MPHUpOIOLI PACTBOPEHHOTO BEIIECTBA,
6) mpuponbl PAcTBOPUTENA (ero MUINEKTPUYECKON ITPOHMIIAEMOCTH H TOJIAPHO-
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CTH); B) KOHIEHTPAHH PacTBOpa (YeM MeHBlIe KOHUEHTpaLusa, TeM Gonblie cTe-
fleHb TUCCOLMALMK); T) TeMIlepaTyphl; A) HAMUYKS OMHOMMEHHOro uoHa. Harpu-
MeD, ISl YKCYCHOH KHCJIOTH

CH;COOH 2 CH,COO™ + H'

npu nobarneHuH anetaT-uoHoR (CH,COQO") nmonoxeHHe paBHOBECHS CMEILAETCH
BJIeBO, B CTOPOHY 06pa30BaHUs HeauccouuuposaHHbeix Monekyn CH;COOH.

IMTockonpKy mnporecc 3M1eKTPOIMTHYECKON AACCOLMAIMK 06paTM, B PacTBOpE
YCTAaHABJIMBAETCS PABHOBECHE:

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

Ero xapakrepu3yloT KOHCTAHTOM paBHOBECHS, HA3bIBAEMOW B IDAHHOM ciiyyae
xKoxemaumot duccoyuayuu Ky,

K= Km:cc = g = EXD("AGT ] (1.57)
adap RT :

TTo creneHu TUCCOLMAIMHM BJEKTPOJHUTH MOAPA3NEeNsIoT HA CHJIBHBIE U CIabbe.
Caabeimu CYATAIOT SJIEKTPOJIRTEI, KOTOPBIE TIpH KOHLIeHTpauy okoio 0,1M uMeror
a < 0,03. Cusbrbie 51eXTPOJUTLI TOYTH MOJHOCTEIC JUCCOIMMPYIOT HA HOHEI, AAA
HuX a > 0,3. OnHako OTJIHYKS CWIBHEIX H CNAbBIX 3JIEKTPOJIMTOR MPOSIRISIOTCS He
TOJIEKO B 3TOM.

Caabpie anexTpoamrtsl. B pacTBopax ¢1abbix 5IEKTPOIMTOB KPOME HOHOB IIPHCYT-
CTBYIOT TaKKe W HeJHCCOIMHPOBaHHbIe MoNeKyabl. TTo3ToMy, B OT/IMYHME OT CHNb-
HBIX 3JIEKTPOJIMTOB, JUISl HHX MOXHO OHNPENesITh KOHCTAHTY AMCCOIMAIMH, KOTO-
pasi, KaKk U3BeCTHO, B OTJIMYHe OT cTelleHH JUCCOLMAIMH, He 3aBUCUT OT KOHIIEH-
TpauuK U ABIAETCSH ITTABHOM XapaKTepPHUCTUKOH OTHOCHUTEIbHOM CHJIB WK cl1abocTH
MEKTpOonuTa. st cnabeix 3neKTponuToR Ky < 107, CreneHb AHCCOLMALIN () u
KOHCTaHTa paBHOBeCHS ( Kj,.) JUIST SIIEKTPOIUTOR, pPaclagaloluxcs Ha ABa WOHA,
CBA33HBI COOTHOIILE HHEM:

Kuee = Co?/(1 - 0), (1.58)

rne C — obuas KOHIEHTPauMs 3JeKTpoiauTa (Moyb/n). s pa3basieHHEIX PacTBO-
poB ciabbIX 3JIEKTPOIIMTOBR MOXHO ¢ OOCTATOYHOH TOUHOCTBIO MOJIB30BATHCH KOH-
LEeHTpauMsAMHM, a He aKTHBHOCTSAMH.

DKCMepHMeHTaIbHO CTEIeHb JUCCOMKALHE JIETYe BCETO OIIPEAeIHTh ABYMS CIIO-
cobamu:

1) no 3HaYeHWO M3O0TOHHYECKOTC KO3(hduenTa i, IpH YCJIOBHH, YTO OTKJIO-
HEHHE OT WAeAbHOCTU CBA3AHO TONLKO ¢ muccouraudeil. Ecnu MoneKyna snektpo-
JIATA pacnagaeTcd Ha # HOHOB, TO IPpU 061IeH KOHIeHTpanuu C KOMHYECTBO YACTHIL
B pacTBOpe 6yneT paBHO (1 — o) C + naC, a U30TOHUYECKUH KO3PPUIIUEHT MOXHO
MONYYUTD, pa3fesuB 3Ty seurHy Ha C. Otciona:

a=(i-D/(n-1); (1.59)

2) 110 MOJAPHOR (WIM 5KBMBAJICHTHOI) 3JIeKTpONIpoBOgHOCTH A. CTeneHb AHCCO-
LHALKK paBHA OTHOLUEHHIO MOJISIPHOM JIEKTPONPOBOOHOCTH TIPH HAHHOM KOHIIEHT-
pauMi K MOJIIPHOM 3JIeKTPOIPOBOAHOCTH OECKOHEYHO pa3tapjIeHHOTO PacTBOpa A

o=x/ Ay (1.60)
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Puc. 1.51. 3aBHCHMOCTD MOISIPHO#M 3MEXTPONIPOBONHOCTH OT KOHIIEHTPALHK PAaCTBOPOB IS
cnabux (1) U cUnbHEIX {2) STEKTPOTHTOR

3aBHCHMOCTb MOJIBHO# 37IEKTPOIPOBONHOCTH OT KOHIEHTpauuHK (puc. 1.51) un-
JMOCTPUPYET BAXHOE OTIMYHME CHIBHEIX 3JIEKTPOIUTOB OT clabuix. Tak, IpH HU3KHX
KOHUEHTPALMAX MOJISIPHAA [POBOJUMOCTE CHJIBHEBIX IeKTPOJIUTOR TTPOTTOPLIHOHAIHA
KBAPATHOMY KOPHIO H3 KOHUEHTPAUKUH M BoIpaXaeTcs SMIIMPHYECKHM VpaBHEHHU-
eM Konspayima:

—A4C. (1.61)

Crnabsle 37IeKTPOIUTHL HE NOTYUHSIOTCH STOMY YPaBHEHHIO.

CuibHBIE 3M€KTPONMTHL. PACTBOPEI CHIIBHBIX 3JEKTPOJIMTOR HE COIEPXAT HeqHC-
COUMMPOBAHHBIX MOJIEKYJL, & IPOLECCH] ACCOIMAIIAH IIPHBOAAT K 0Opa3oBaHMIC THA-
PaTHPOBAHHBIX HOHOB M HOHHBIX I1ap, O3TOMY MOHATHE KOHCTAHTHI JHCCOIHAIINH
K 3THM pPacTBopaM He MpuMeHHMO. OnHaKO pacyeT CTelleHM AMCCOMaLHU O MO-
JSIPHOW 3IEKTPONPOBOMHOCTH MM KOJUIMTATHBHLIM CBOWCTBAM [OKa3biBAaeT, 4YTO
o < 1. DTa BeIMYHHA HA3BIBACTCS KAXCYUlelcs cmenensro ouccoyuayui (o,,,). TTpuun-
Ha e OTIIMHA OT EAWHMIBI CBA3AHA C IOCTATOYHO CHILHBIM KYJTOHOBCKMM B3alMO-
neficTBMEM KaK MOHOB C PACTBOPHTENIEM, TAK M MOHHBIX 1Ap Mexay coGoif, 4To
[IPUBCIUT K 3aMETHOMY TOPMOXKEHHIC ABMXKEHUS MOHOB B 3IIEKTPHYECKOM IOJIE.

H3-3a cIbHOTO B3aMMO/IECTBUSA HOHOB B PACTBOpE [IPH TEPMOIMHAMHYECKOM OITH-
CaHUM CUCTEMbI BMECTC KOHIIEHTPAIIMI HEOOXOANMMO MONIb30BATHCH axmugHocmamu (ad):

a=vC, (1.62)

IIe ¥ — KO3(pOUIUEHT aKTHBHOCTH — Mepa PasiMyMd PEAIbHOTO M UICATBHOTO
PacTBOpoOB, T.e. B3auMoneiicTeud yactin B pacTBope. (IIpp C - 0,y - 1, a - C)
KoaddrunenT akruBHOCTH TeM GOTIblle, YeM GoJblie HOHOB B PACTBOPE, MO3TOMY
OH 3aBMCHT OT BEJIMYMHLI, Ha3LIBAEMON wokkoll cusoi pacmeopa (I):

—1 72
_/220& . (1.63)
rae C — KOHUEHTpauMsi; 7 — 3apa1 BCeX HOHOB B PAcTBOPE.

CornacHO TeopHH pa3baBlieHHBIX pacTBOpoR Jebas — Xiokkens Ko3pdUIHeHT
AKTHBHOCTH CBSI3aH C HOHHOM CWIOH ypaBHEHHEM:

~lgy=Az2 T, (1.64)
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TaGauua 1.18

IIpuMepnI CHABEEIX H CAA0BIX 21EKTPOAATOR B BOAHBIX PacTBopax

DNeKIPONNTE CunbHbIE Crabnbie
Kucinorw HCl, HBr, HI, HNQ,;, HCIO,, H.S, HCN, HNO,, H,S0,, HCIQ,
H,SO, H,CO, u opraHH4ecKude KUCTOTEI

OcHoBaHuA KOH, NaOH, Ca(OH}),, Ba(OH), |pacrtsopumbic: NH;, aMMHbL;
‘ HEPACTBOPUMBIC: DOJIBILIHHCTBO
TUAPOKCHIOB MeTALI0B (Al(OH);,

Zn(OH),)
Conu Nadl, Ca(INQO;); — nouTH Bee HgCl,; xoMILTeKCHEIE HOHBI,
COJIHM, B TOM YHCIE U KOMIUTekc- | Hanpumep: [Cu(NH;)* £2Cu? +
Hbie: [Cu(NH,),|SO, &2 +4NH;,
2 (Cu(NH;),J* + SO >
QOcHoBHbIE Kaxywasacs creneHb mMcConHa- CreneHb gUccoLHALMH (L),
XapPAKTEPHCTHKH |LUHH (Olyy ), AKTHBHOCTD (@), KOHCTaHTa nuccorHatmi { Ky ),
K03(XpHUMEHT aKTHBHOCTH (), KoHueHTpaiusi (C), npu SoablImx
HOHHAA cuia pacrsopa ([) KOHIIEHTPAIIMAX — aKTUBHOCTE {4) °

rne A — Ko3QQUUHMEHT, XapaKTePHU3YIOIIUN pacTBOpUTeNb (1A pombl A = 0,5 npu
298 K).

Taxk, nanpumep, asa 0,01M pacteopa NaCl wonHaa cuwra pacTeopa paesa 0,01,
KO GUUIMEHT aKTHBHOCTH y = 0,89, a npu 6onbuieit Konnentpanun NaCl creneus
B3aUMONeHCTBUA yBenu4yuTcd 1 B 0,1M pactsope y = 0,69.

B Ta6x. 1.18 npuBeaeHB NPUMeEPBI CHIIBHBIX U CABBIX 37IeKTPOJIMTOB B BOJHBIX
PacTBOPax U OCHOBHBIE NAPAMETPLI, KOTOPBIE XapaKTePH3YKOT TAKUE PACTBOPHI.

IIponssenenne pacrsopumocTH. OnHUM U3 crenudUYecKUX PAaBHOBECHI, KOTO-
pBIE BO3MOXHBI B BONHBIX PAcTBOpAX, SIBSIETCH paBHOBECHE TBEPOOrO IUIOXO pac-
TBOPUMOTO BEIECTBA, KOTOPOE IIPH PACTBOPEHHM oGpa3yeT MOHBI, T.&. ABISETCH
CHJILHEBIM 3JIEKTPOIHTOM,

PaBHOBECHE B HACHILIEHHOM DAacTBOPe MAIOPACTROPMMOTO CHIBHOTO 3JIEKTPO-
JIMTa MOXKHO 3aMucaTh CIeqyIOIUM 06pasoMm:

AB(tB.) 2 A'(p.) + B (p.).
KowncTtanTta storo pasHoBecHs HasbIBaeTCs npousgedenuem pacmeopumocmu (I1P):

K = (IA*GB_

aAB,,

=C,.Cy =TIPyp =exp[_§gr]. (1.63)

B 3TOM ypaBHeHMH npeo6Gpa3oBaHKA CHENAHLI B [IPEATIOIOXKEHIH, YTO asg = 1,
Aonon) = C, TAK Kak C < 1. Mcronbayst ypapHeH e H30TePMBI XMMHYECKOH peakiimi
(1.31) mnst 3TOrC PaBHOBECHS, MOXHO OTpeneHTE YCJIOBHS BBIIIAAEHUS U PACTRO-
peHus ocagka, ecn (' — KOHIIEHTpAMd MOHOB B PacTBOpeE:

PacTBopeHKe IPOMCXOMUT CaMONPOM3BONBHO: AG = AG® + RTIn(C,,Cp) < 0

AG = —RTInTIP + RTIn(C,,Cg) < 0
Ycnogne BBIANEHNS OCATKa: Ci.Ce > TIP
Ycnosue pacTBopeHHs ocanxa: Ci.Cg < TIP
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IIpumep 1.16. PacTBOpHMOCTS Cysb(haTa Kaublius B Boge papHa 1,06 r/n. Kakosa pacTso-
PHUMOCTb 3TOTO coenuuenus B 0,1M pacTsope cynbdara Kanua?

Pewenue. Cynmpdar kanouua CaSQ; — ManopacTsopuMoe coeIMHEHHE, OHO XapaKTepH3y-
eTCsl IPOU3BEACHIEM PACTBOPHMOCTH: TP = [Ca**][SOZ7]. B HaChILIEHHOM PACTBOPE YHCTOTO
cynbtara Kansuus [Ca®'] = [SOF) = 106/136 0,0078 mons/nm, Tak kak M(CaSQy) =
= 136 r/Moub. CienosarensHo, 1P = 6,07 1071,

B pacteope cMecH cyib$aToB Kajus U KasbUms, [Ca2] # [SO}"]. 3HaueHHe [Ca**] cooTBer-
CTBYET PaCTBOPEHHOMY CyAb(aTy Kanblius, a [SO4 ] paBHO cyMMe KOHUeHTpauuit cyabdar-
HOHOB, 00pa3oBaHHLIX B Pe3yJIbTATE PAcTBOPEHMA KakK cyibdara Kaus, TaK u cynmpara
Kanbuus. ITpu Manoii PacTBOPUMOCTH CaS0O;, MOXHO CYMTaTh, 4TO [SO4 1= C(K;804) =
Cnenoaa'renmoi [Ca?] = IIP/[SOF ] = 6,07 107/0,1 = 6,07 10", a pacTrBopumocTs CaSO4
pasHa 8,25-107° r/n. BeeneHue B pacTBOpP OJHOMMEHHOTO HOHA HOHM)KaCT PacTBOPUMOCTD
cosiei.

1.5.4. KncaoTHO-0OCHOBHBIE paBHOBeCHs. TeOpHH KHC/IOT H OCHOBAHMH

MuoXecTBO peakIIHil, TIPOXOAAIIHX 6e3 HIMEHEeHH cTelleHel OKHCIIeHHs 3Jie-
MEHTOB, OTHOCSTCS K KHCJIOTHO-OCHOBHBIM paBHOBecHAM. MX MOXHO KinaccupuIm-
pOBaTE TIO-Pa3HOMY: B 3aBUCMMOCTH OT TOTO, YTO MBI [ICHHMaeM HOI TepMHHaMHU
«KMCIIOTa» B «0CHOBaHHe». Hambosee pacipocTpaHeHHEIe OIpeleieHds KHUCIOT H
OCHOBaHMWH puBegeHbl B Tab. 1.19. Bonpoc He B TOM, Kakad M3 3TUX KOHIENIIHH
«T[pPABW/IbHA», & B TOM, HACKOJBKO OHA MOIXCAUT K KOHKPETHBIM YCIIOBHAM.

TTockonbky HanbGoee pacpOCTPaHEeHHBIM PACTBOPUTEIIEM, B KOTOPOM IIPOBO-
AT XUMHAYECKHE PEaKLKM, IBRIsSIETCA BOJA, TeOpHA AppeHUyca Yalle Bcero UCNolib-
3yeTcd B KadecTBe IepBoro npubimwxkeHus. Teopus Bpencrena— Jloypu 1o3Boiser

TaGnuua 1.19

OcHoBHbIC ONpEIETCHAT KHCIOT H OCHOBANMIE

Teopusa Kucnora OcHoBaHue

AppeHuyca Juccouuupyer ¢ obpasopanveM | JIHccouMHpyeT ¢ 06pa3oBaHHEM
nonos H* (HNO, u ap.) unoos OH- (NaOH u ap.)

Bpenctemna —Jloypu | Jorop nporonos (NH, HCI, Axuenrop nporoxos (NH,, OH-,
[Cu(H,0)]*") PO;-u op.)

Jykca— Payna AKIENTOP OKCHA-HOHOB (§i0,) Hoxop oxcua-unonos (CaQ)

{peakiiMu B pac-

TTABE)

Conbeo-cucTEM ITOBHIIUAET KOHLEHTPALMIO TToBbILIAET KOHUEHTPALMIO AHHO-
KaTHOHOB pacteoputens (SbF HoB pacteoputens (KF s BrF,)
B BrF))

JIslouca AKLENTOp JMEKTPOHHOI MapH JoHOp 3IeKTPOHHOH Mapsl
(BF,, Ag* u ap.) (NH,, F-u ip.)

¥YcaHoBuua JoHop katnoHa (B ToM yrcae H*) | [JoHop aHHOHA (B TOM 4YHCIIE
MJIH aKUeTITOP aHHOHA (B TOM 3JIEKTPOHHOMH Maphl) WIH aKkuUen-
YHCJ/1e NEKTPOHHOM 1aphbl) TOp KaTtnoHa (B ToM yuciae H*)

! Mnoraa MonbHas KoHUEHTpanus obo3Havaerca: [x] =
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PacIIMPUTE 3TH NPEOCTABIEHHUS U, 4TO OYEHb BAXHO, KOJHYECTBEHHO OIMCATHL
KHCJIOTHO-OCHOBHBIC DABHOBECHS, NPUYEM TIPH MCTIONb30BAHNH BOObI B KAYECTBE
PacTBOPHUTENS 3TH pacyeThl MOJIHOCTBIO COOTBETCTBYIOT TeOpHH Appenuyca. [lo-
3TOMY OCTaHOBHMMCH DOJIee NOAPOO6HO Ha NPOTOMMTHIECKON Teopuk Bpercrena—
Hoypu.

Crenyer OTMeTUTD, YTO cBOGOIHbIE TIPOTOHEI H* He MOTYT CyLLeCTBORATh B pac-
TBOpe. JluamMeTp MPOTOHOB HAacTOAbKO Man (1071% M), a aneXTpryeckoe Moe BEIU3H
HUX CTOJIb BEJTMKO, YTO OHU NIPUTATMBAIOT MO6Be MONEKYIIB, COMEpPXKalie Heloe-
JIEHHBIE 3/IEKTPOHHBIE Napsl. Hanpumep, B BOTHOM pacTBOpe CYLIECTBYET MOH THI-
pokconus (H;0%), obpasoBaHHEI 110 peakun

H' + H,0 = H,0*

BTa peakUUs CONPOBOXAAETCS 3HAYHTENLHBIM BbiMeTeHHEM SHEePTUuu
(1300 xII/Monb), 4TO HOATBEPXKAAET HEBO3MOKHOCTD CyLUECTBOBAHUS HETHIpATU-
POBaHHOTO NMPOTOHa. MOH IM/IpOKCOHMS NPUCYTCTBYET B KPUCTAIIIHYECKHX PElieT-
KaX HEKOTOPBIX KUCIIOT (HalIpUMep, XJIODHOI) B KavyecTBe KaTHOHa. B moHax rumpo-

'KCOHHUS BCE TPH NMPOTOHA 3KBUBAICHTHEL B BOMHOM pacTBOpe YacTHIIbE H,0* cio-
COGHEI THAPATHPOBATBCA NaNblile ¢ 06Pa3oBaAHUEM GOJEe CIIOXKHBIX HOHOR, HaTIpH-
Mep, HyO;. B HeBOOHBIX PacTBOPHTEISAX NPOTOH TAKKE CYIIIeCTBYeT B yOpMe acco-
unaTos: B aMMuake — NHZ, B aTanone — C,H;OH3,

Teopnn Bpencrena — Jloypn. [IpoTonuTHyecKkas Teopus Bpencrena— JIoypu kak
pa3 1 OCHOBBIBAETCS Ha TOM, YTO TIPOTOH HE MOXET CYLieCTBOBATh B CBOGOMHOM
BUe. OCHOBHbIE TIOTOXKEHHS 3TOM TeOPHH CBOIATCA K CJeAYIOLIAM YTBEPKIEHUSIM:

1. Kucaoma — 370 BeniecTBO, KOTOPOE CKAOHHO OTIABaTh TIPOTOHB!, T. €. CIYKHTH
HX TOHOPOM, a OCHO8aHIUEe — AKIIETITOP TIPOTOHOB.

2. KucnotaMu 1 OCHOBaHMSIMA MOTYT GbITh K4k HEHTpanbHBIe YACTUIEI, TAK U
HOHEL.

3. Kaxpoit KHCITOTE COOTBETCTBYET OCHOBaHMe. DTH MAPHI Ha3bIBAIOTCS conpadceH-
HbIMU RAPAMU KUCAOM U OCHOGAHULL

AZ2H +B
Kucaora OcHoBaHue
(acid) (base)

ITaHHOE paBHOBECHE HE MOXET XapaKTepH3oBaTh HCTHHHYIO PEaklHIo, TAK Kak
H" ne cylecTsyer He3arucuMo. O6I3aTeIIbHO IODKHA OBITE BTOPAA Mapa colpsaxeH-
HBIX KHMCJIOT 1 OCHOBAaHUWIA:

H+
A|+B22A2+B]
L1

ConpsixeHHble Maphbi

T[IpuMepb! CONpPsIXEHHBIX TIap KUCIIOT M OCHOBAHMI TIPHBEIEHEl HUXe.

ConpsixeHHas HCI NH; H,0 H;0' H; 80, HSO; Al(H,0)¢™*
KHCI0Ta
ConpsixeHHoe C'  NH, OH H,0 HSO; SOX [Al(H,0)5(OH)*
OCHOBaHHE
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Hoxannec Huxonayc Bpencren (1879 —1947) — narckuii dusuxoxumux. Tomac Map-
Tun Jloypa (1875 —1936) — anrmuitckuit xumuk. HesaBucHMo apyr oT apyra NpakTHYeCKH
OOHOBPEMEHHO CHOPMYIHPOBAIH OCHOBHBIE MOMOXEHHA NIPOTONMTHYECKON TEOPHH KHCIIOT
1 ocHoBaHUi. BpeHcTen, 0CHOBHBIE paboThI KOTOPOro MOCBALIEHB TEPMOTUHAMEIKE PACTBO-
POB H KHCIOTHO-OCHOBHOMY KaTalW3y, paspaboTan meTand M KONHYECTBEHHOE ONMCAHHE
IIPOTOIHTHYECKOH TeopHH. OCHOBHOI 06IaCTBIO HAyYHBIX HHTEPECOB JIoYypH OBUIM OITTHYE-
CKM aKTUBHbIE OPTAHMYECKHE COCOUHEHMA.

C Touxkm 3peHUs Teopuu bpencrtema —JloypH, KMCIOTaAMU SBISIOTCS TMIpATH-
POBaHHBIE HOHH METANIOB, TaK KaK BONA, HaXOOALLAsCs BO BHYTpeHHeH cdepe
TAKHX HOHOB, MOXET CIYXHThL JOHOPOM IMPOTGHOR.

INporonurrdecKkast TeOpUst ITO3BOJISET ¢ SAUHBIX MO3UITUI OTTHCHIBATE TAKHE MPO-
1ECCHL KAK JMCCOLUALIHSA B DAITMYHBIX PACTBOPHATENAX, ABTOMOHM3AIMA U THAPOIH3.
[IpuMepsl paBHOBeCUi, DpHBeAeHHBIe B Tadn. 1.20, CBUAETENLCTBYIOT O TOM, YTO
KHCJIOTHO-OCHOBHBIE CBOIMCTRBA JAHHOTO COSIHHEHU I 3aBUCAT OT CBOMCTB KOHKYPH-
pytolreil conpsokeHHOR maphl. Tak, B BOAHOM cpefle YKCYCHAs KHWCJIOTa fABJISIETCS
KHMCIIOTOM, 8 B CEpHOI KHUCIIOTE — OCHOBaHHEM.

Ta6auua 1.20

TIpamMepbi KHCJOTHO-OCHOBHBIX PABHOBECHIH

A +B,2A,+ B, [TpumeyaHue
HCI + NH,2NH; + CI- Heirrpanusauus
H,0 + H,02H,0" + OH- ' ABTOMOHM3ALIHS (ABTONPO-
NH, + NH,#2NH; + NH; TOJIH3)
CH,COOH + H,0 #H,0* + CH,COO" Juccouyanus B pazTHYHbIX
H,50, + CH,COOH = CH,COOH; + HSO; PaCTBOPHTEIAX
H,0 + NH,&NH; + OH-
H,0 + S-= HS- + OH- T'uaponus
Al(H,0)} + HO 2 H,0" + [Al(H,0),(OH)]**
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KonnyecTBeHHON XapakTepUCTHKOW CHJIBI KUCTOTEI ABISETCH KOHCMAHMA Kic-
aomuocmu (K,), T.e. KOHCTaHTa PABHOBECHSI PEAKLINU;

ARB+H
Hf
K, ="[B%IT]] (1.66)

ITockonbKy Takoe paBHOBECHE BOSMOXHO JIMIUGL TIPM HATHYHH APYTOH COMPH-
XKEHHOM Napbl, U3MEPHTh abCOMIOTHOE 3HayeHue K, Helhasd. MOXHO TOIBKO OTpe-
JIEUTh 3HaY€HHE KOHCTAHTHI KUCTOTHOCTH OTHOCHTEIBHO KaKoTo-TH60 craHaapral.
B xauecTBe cTaHAAPTHOTO NPHHHUMAIOT PaBHOBECHE:

H;0" 2 H,0 + H' K, =1
Toraa A m060ro KUCIOTHO-OCHOBHOTO Ipoliecca:
A+ B, 2 A,+ B,

k= [AalB] K, (1.67)
[Al][B2] Kaz
CrnenoBaTensHO, Ui M060H KUCIOTH A TIDH B3aMMOJEHCTBHM ¢ BOAOH KOH-
CTAaHTBI KUCJIOTHOCTH T€ e, YTO B TEOPHH ApPPEHHYCa, U COOTBETCTBYIOT IIpHBE-
ACHHBIM B CTIDABOYHOM JUTepaType (cM. puc. 1.53 u tabn. 1.21):

A+ H,0 2 HO' + B

K = [H3O+][B] - Ka
[H0l[A] Ky o

A MHOTOOCHOBHBIX KHCJIOT, KOTOPBIE MOTYT IIOC/IENOBATENBHO OTIABATh He-
CKOJIBKO TIDOTOHOB, NMepBasi KOHCTAHTA KHCIOTHOCTH Beera 60blle TOCEYIOUMX.
BTO CBA3AHO C YUCTO INEKTPOCTATHYECKHM 3aTPYIHEHHEM OTPLIBA TIPOTOHA OT OT-
PHUATETBHO 3aPSDKEHHOTO HOHA. [lisi OKCOKHENIOT, y KoTophix OH-rpynmsr npuco-
CAMHCHBI K OIHOMY W TOMY Xe aToMy, pK;, 06suHO Gonblue pK,, Ha 5. Hanpumep,
st oprothochopHO KHCIOTE! 3HAYS HUST pK,, pasHel 2,12; 7,21; 12,67 ma i =1, 2, 3
COOTBETCTBEHHO. DTO 03HAYAET, YTO B BOAHOM cpeae B 3aBUCcMMOcTH oT pH mipeo6-
7aal0T PasHBIe KUCIOTHO-O0CHOBHEIE paBHOBecHs. Ha puc. 1.52 n3obpaxeHo oTHO-
CUTENBHOE COACPKAHHE PA3NTHYHBIX HOHOB 0pTodhochOPHOIL KHCIOTH Kak (hYHKLUS
pH, rae x; — monsa xaHHOTO MOHA B cMecu. Hanpumep:

=K, (1.68)

. [HPO; ]
HPOY T [H3PO, |+ [H,PO; ]+ [HPO] |+ [PO; |

M3 rpauka BUIHO, YTO NPH HU3KUX 3HAYeHusx pH nomst nona POZ nipeHeOpeXu-
MO MaJa, HO 3TOT HOH HauWHaeT JOMUHUpOBaTh ipi pH > pKa]. IIpoToHHpOBaHHEIE
HOHBI MPEUMYIIECTBEHHO MPUCYTCTBYIOT B PACTBOpe, Korga pH umeer 3HaveHme,
NMPOMEXYTOYHOE MEXIY COOTBETCTBYIOUVMU DK,

! 3ameThTe aHanormo ¢ OKHCJTHTEIBHO~-BOCCTAHOBHTENLHEIMH PEaKUHAMH, TIe NMOTEHUHAT OKHCTH-
TEJIbHO-BOCCTAHOBHTENLHOW Haphkl H3MEPAETCH OTHOCHTENILHO CTaHAAPTHOIO BOAOPOJHOTO 3JEKTPOIA.
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KoHCTaHTH KMCIOTHOCTH HEKOTOPBIX KMCJIOT

Ta6nuiua 1.21

Conpsa- Conps-
Kucnora ocnonanne| PKe Kucnora sermnamiel| PR
(B) (B)
Honosogoponnas HI I- -11 ||HoH ammonus NH; NH, 9,25
Xnopuasa HCLO, clo; -10 jlInanucToBOROPOHAS CN- 9,31
HCN
Bpomosonoponuas HBr Br -9 [MunpoxapGouar-uon HCO; COF 10,32
Xnoposopopomuast HCl Cl- -7 [ Xnopucsarucras HCIO ClO- 7,53
Cepuast H,SO, HSO; -2 {Tunpocynsdua-uon HS- S+ 11,96
Hon runpoxconus H,0*|  H,0 0 |T'uxpodocdar-uon HPO 2 PO} | 12,67
Cepuucras H,SO, HSO; 1,81 |Boma H,0 OH- 14
lManpocynbdaT-uoH SOF 1,92 [HMon xenesa(lll)* Fe(OH)* | 2,13
HSO; Fe(H,0)"
®ocdopuas H,PO, H,PO; | 2,12 |Hou amomunus* Al(H,0)* | AI(OH)* | 5,14
®roposonopogHas HF F- 3,45 |HMou memu(ll)* Cu(H,0)* | Cu(OH)* | 7,53
Vronsuas H,CO, HCO; | 6,37 |Hou kamsuus* Ca(H,0)** | Ca(OH) | 12,6
Ceposonoponnast H,S HS- 7,04 |Hou unnxa* Zn(H,0)* Zn(QH) | 9,6
Turuapodocdar-uon HPO?X 7,21 |Hon xenesa(ll)* Fe(H,0)* [ Fe(OH)" [ 10,11
H,PO;
Bopuas B(OH), B(OH); | 9,14 |Hou narpus* Na(H,0)" Na(OH) | 13,23
Ammuax NH, NH, 34

* B ruApaTHpOBaHHLIX HOHAX META/UIOB YKa3aHa TONEKO Ta MOJIEKY/a BOALI, KOTOPas TEPAET NPOTOH.
KY.

Ha puc. 1.53 npencraBineHo COOTHOLUEHHWE CHITBI HEKOTOPBIX KHCJIOT 110 LUKaJle
pK,. ConpsokeHHbie UM OCHOBAaHMS pacrionararotes 1o wkane pK, Kowcmanma oc-
HoeHocmu (K,) paccUNTBIBaETCS AHATOTMYHO KOHCTAHTE KUCIOTHOCTH (CM. dopmyy

(1.68)):
B+H,0 2A+OH .
1,0
= [OH_][A] — [OH_][H30+] = _& H,PO, PO}~
[H,O][B] K, K,
(1.69) 4
I[pymMH CJTOBaMH, KOHCTAHTa KHCJIOTHO-
CTH CBfA3aHA C KOHCTAHTOH OCHOBHOCTH CO-
NMpsAXKEHHOTO OCHOBAHHA COOTHOLUIECHHEM: 0 L
0 7 14 pH

pK, + pK, = 14. (1.70)

. Puc. 1.52. 3aBUCUMOCTS OTHOCHUTEJILHOTO
YeMm cHIBHEH conpsikKeHHas KWCIoTa, TEM  copcpKaHWs pasIMUHBIX HOHOB oprodoc-

crnabee cONPSIKEHHOE OCHOBaHHME. topuoit KucsoTH oT pH
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Puc. 1.53. LlIkana oTHOCUTEILHOMH CHITBI KMCIOT Y OCHOBAHMIH

Ha prc. 1.53 BbineneHa 061acTh MEXIY CONPSKEHHBIMH napamu H,0°/H,0 (pK, =
= 0) u H,O/OH™ (pK, = 14), T.¢. KOHCTAHTOI KHCIOTHOCTH U OCHOBHOCTH BOJIBL.
Kakyio nadopMaLnio MOXHO NoYeplHyTh U3 STOTO pucyHka?

Bo-riepBbix, Bce kucnote, umerowne pk, < 0, T.e. Gonee CWIbHBIE, yeM H;0",
B BOJTHOM PacTBOpe OYMyT CHIBLHBIMM KHciotaMu. JUTa HUX peakimu tuna HA + H,0=
= H;30" + A™ mnyT npakTidecku go koHua (K > 1), ¥ KHCITOTHBIE CBOMCTBA TaKKX
PaCTBOPOB OMNPENEAIOTCS HCKIIIOUMTENTbHO cBolcTBaMu H,0". Hanpuwmep, Hu omun
9KCTNIEPUMEHT, NPOBOJVMEIA B BOJHOM PacTBOpe, He IO3BOJISIET ONpeNeuTh, Ka-
Kad 13 kucnor — HBr wnu HI — siBisieTcs 6onee cumpHoit. TOYHO Tak e Bce
OCHOBaHMA, U KOTOPLIX pK), < 0, B BOGTHOM pacTBope SIBISIOTCA OUeHB CHIIBHBIMHU.
HMx cBoitcrBa onpenensiorcest CBOWCTBAMH MOHOB OH", MocKonbKy CHIBHOE OCHOBA-
HUE MOTHOCTBIO IIPOTOHUPYETCA BOMOM, HAIIPHUMED:

KNH;(rB.) + HyO(X.) = K'(p.) + OH (p.) + NH,(p.)
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ToBOpAT, YTO NO OTHOLIEHHIO K KHCIOTaM, 60JIee CUIIBHBIM, YeM H,0", u ocHo-
BaHWsIM, 6oMee cunbHEIM, YeM OH™, BOa OKa3bIBacT Hugeaupyrowee deiicmeue, T.€.
CBOICTBA TAKHX PacTBOPOB omnpesensoTes noseaenneM H,O" um OH™.

B0-BTOPBIX, KHCJOTH M OCHOBaHWS, [UISI KOTOPBIX 3HaYeHUA pK, H pK, HaxomsT-
cq BHyTpH MHTepBana 0 < pK < 14, Bona ABIAETCA Judepeniupyrouwiim pacmeopy-
menem. B6musu ocu pK, = pK, KHcI0Ta M CONPAXEHHOE el OCHOBAHHE ABJIAIOTCA
cnabeiMa (H,CO;, H,S, [Cu(H20)5}2+) mee ATOI OCH pacloaralTcs KHC/IOTHI
cpeareit cunet (H;PO,, HSO;, [Fe(H,0)¢]™), a Boile oquB cJia0ble KACIOTHl H,
COOTBETCTBEHHO, OCHOBaHMs cpeaHeil cwibl (Ca(OH), PO;, [Fe(OH)]Y.

B-TpeTbHX, Ha OCHOBAHHHW gMarpaMMBI (cM. pHc. 1.53) MO}KHO ONpeNeNanTh, Ka-
KOIi HEBOJIHBII pacTBOPHUTENTb MOXET OBITh U (hepeHIMPYIOLINM 10 OTHOLIEHHIO K
TO WM MHOM kucmore. Hanpumep, B 061acTi, orpaHnueHHoi K,(CH;COOH) u
K,(CH;COOH), 100%-s ykcycHas kucnoTa sipasiercs muddepeHIMpyowmuM pac-
TBOPHTEJTEM JUisi XJIOPOBOACPONHOM KHcnoThl. B Bone HCI ABnseTcs CrulbHOM KMCTO-
TOM, M peakiHs ¢ paCTBOpUTENEM MIET MPAKTUYECKH OO KOHLA:

HCl + H,O 2 H;0" + CI’
B cpene yxcycHoii kucnotet HCl — cnabas kucaora U peakuus odparuma, K < I
HCl + CH,COOH 2 CH,;COOH; + CI’

B cpene cepHoii kucnotel HCl — oueHb cnabas kMciora, a HoH ClI° — cuiibHOe
ocHOBaHHe. [0 KOHIIA MAET peaKiius:

H,SO, + CI' 2 HC! + HSO;

JInst cWITbHBIX OCHOBaHHM midgdepe HUMPYIOIITAM pacTBOPHUTENEM SIBISIETCH AMMHAaK
wm mumetuncyibbokeun (CH;3),S0.

Asronporoimu3 Boabl. Ocof0 ciaelyeT OCTAHOBUTBECA Ha pPaBHOBECHH aBTOIPOTO-
JIA33 BOJBL

H20 + Hzo ﬁ H30+ + OH"
Al B, Ay B,

TepMogHAMUYECKas KOHCTAHTa paBHOBeCHs! (aKTUBHOCTh BOIBI paBHa eaHU-
[1¢, 4 aKTUBHOCTH MOHOB — MX MOJNBHOM KOHIEHTPAIMH) [Uid 3TOH peakuWH ycTa-
HOBJNeHa akcnepuMeHTanbHO. [Tpu 298 K oHa cocrasnset:

K =[H;0'][OH] =1-10"" (1.71)

Ee Ha3bIBAIOT HOHHbIM Rpouseederuem o0 1 0003Ha4Ya0T cHMBOJIOM K,,. C TOUKH

3peHUs TIPOTOIUTHYECKOI TeopHH (ypaBHeHHe (1.68)) KOHCTaHTa paBHOBECHS pe-

aXUIMHM aBTONPOTONM3a paBHA KOHCTaHTe KHucnorHocTd Bomsl K,(H,0) (cM. puc. 1.53).
Ha ocHoBaHHM BeJHYHHBL K, onpenenserca mkana pH:

HeiiTpanbHEIHA pacTsop {H;0%] = [OHT] [H,0'] = 10'? pH 7
Kucaniit pacTeop [H;0'] > [OHT] [H307] >107 pH <7
[Ieno4yHoil pacTBOp [H50'] < [OH] [H;0] < 107 pH > 7

(HanomHuM, yto pK, = -lg K,, pH = -Ig[H;0"].)

! KOHLEHTPAUHOHHAA KOHCTAHTA [UCCOLMALIMK (C YIETOM KOHLEHTPAaUMH YHCTOH Bomsl B 1 1)
paBHa 1,86- 10716,
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Hamepenne pH. Yaue scero pH pactsopos U3MCPSIOT NIPU TIOMOLUH KHCIOTHO-
OCHOBHBLIX MHAMKATOPOB J1u00 NOTEHUMOMETPHYCCKH. [Tomenyuomempus 0cHOBaHA Ha
usMepeHuy BJIC, BOIHUKAOUIEH MEXIY KAKUM-TMG0 2NEKTPOAOM, YYBCTBUTEILHEIM
K KoHueHTpauyuu H;O (Hanpumep crexkns HHBIM), ¥ JNEKTPOROM CPABHEHUA. DNEKTPO-
ABHXYUIYIO CUITY MOXHO COOTHCCTH ¢ BEJIMYHHOM DH, U OTH 3HayeHMA Henocpen-
CTBCHHO CYMTLIBAIOTCA CO 1UKaNbI NpuGopa, Ha3biBaeMoro pH-MeTpoM.

B xa4ecTBe KHCIOTHO-OCHOBHBIX MHAMKATOPOB 06LIYHO BBICTYNAKT cnabbi¢ opra-
HUYCCKHE KUCTIOTBI, ¥ KOTOPHIX OKPACKa MONIEKY/IIPHOM H aHUOHHOH QOpMBI pasiiny-
Hul. Hanpumep, naxmyc — cnabas xucioTa, KOTODPYIO MOXKHO YCIOBHO NMPEACTABUTE
tdopmynoit HL, B pacTBOpe NpOMCXOANT HHCCOLMALIUS:

HL + H,0 2 H;0" + L~

KpacHBIif CHHHIA

B kucnoit cpene (nMpu M36LITKE MOHOB TMIPOKCOHMSA) PaBHOBECHE CMCLIACTCH B
CTOPOHY HEAHCCOLIMMPOBAHHLIX MOJIEKYN, M OKPACKA PACTBOPa KpacHas. B wenouno
cpene (npy W3GhITKE MIPOKCUAHLIX MOHOB) WOHKI H;0" ceazupanoTea ¢ o6pasosa-
HHMEM MOJICKY)T BOAbL. PaBHOBECHE CMEI@eTCs BIPaBo B CTOPOHY 06Pa3oBaHUA aHMO-
HOB, ¥ PacTBOp NPHOOPCTAECT CHHIOK OKpacKy. M3MEHEHUE OKPACKU MPOUCXOMMT B
unTtepsane pH ot 6 no 8 (Tabn. 1.22). PasnuuHble HHAMKATOPH MEHSIOT OKPAacKy npu
Pa3HHX 3Ha4eHUAX pH. YHUBepCanbHEI MHIMKATOP — 5TO CMECh MHAUKATOPOB, KO-
TOPas NOCTENCHHO U3MEHAET OKPACcKY B IUMPOKOM HHTepsane pH,

Tabauupa 1.22
KHCI0THO-0CHOBHEIE HHAHKATODHI

A

HHaukaTop 5 Snack F pK, HHT:IE -
TUMOJIOBEIA CUHUI * Kpacuas XKenrtas 1,5 1,2—2,8
M eTHIIOBRIH OpaHIKE BI KpacHas Kenras 3,7 32—4.4
Bpomkpesonossiii aeneHpIi Kenras Cunssa 4,7 3,8—5,4
MeTvnoBpiit KpacHsIi XKenraa Kpachaa 5,1 4,8—6,0
BpoMTHMONMOBLIR cHHMIT XKenrtas Cunsas 7,0 6,0—7.6
TrMonopswili cHHMIT* Kenrag Cunssa 8,9 8,0—9,6
Denondranenn Beciupetnas Manuuosast 9.4 8,2—10,0

* IlepBas obnacTh nepexona.
** Bropas obnactk nepexopa.

Iapponus. TIporomutuueckas Teopust Bpercrena—Jloypu nossonser paccMart-
PHBATE ITPOLECC TMAPO/TH3A COMEH KaK YACTHHI ciyyail KUCITOTHO-OCHOBHOIO paB-
HoBecust. HanmoMHUM, uTo nox eudposuszom coneit MOHUMAIOT O6MEHHOe B3aUMoOneii-
CTBHME MOHOB C BOJIOH, B pe3yJbTaTe KOTOPOTO NPOUCXOANT usMeHeHue pH cpebl.
l'aponus no aHWOHY BhIpaxaeTcs ypaBHEHUEM THIA:

[A, | B,
CI-E—_;COO_ + H,O0 2 CH3C?OH + OH™
B, A,

K. =K=K,/K,=K,/K,; pK. = 14 - pK,.
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KoHcrarTa rugpomusa K, 0o ¢yTH Aena ABNAeTcss KOHCTAHTOH OCHOBHOCTH COIPA-
XeHHoro ocHoeaHust CH,COO™.
T'uapoan3 o KaTHOHY BEIPAXaeTcs ypaBHeHUEM TUIIA:

B, 1A,
[Fe(H,0))* + H,0 2 [Fe(H,0)s(0OH)]* + H;0*

A B,

K. =K'= K, /K, = K, = K,/K,; pK;. = pK, = 14 - pK,.

B paxmoM cnydae KOHCTAHTA MMAPOIH3a — 3TO KOHCTAHTA KHCIOTHOCTH COITPSIXKEH-
HOH KHCIOTEI [Fe(H20)6]3". Juarpamma, npuseacHHas Ha puc. 1.53, mossonsieT cae-
JIATh BLIBOALI O ITOJIHOTE IIPOTeKAHHA TMAPOMU3a O KHUCIOT H OCHOBAaHUH, Haxo-
ISTIXCst BHYTpU obnactu nuddepeHuupynomero geiicteus Bonsl. Uem cnabee Kic-
JIOTA, TEM CWIbHEE IHAPOJSU3 10 aHHOHY; deM ciaabee ocHOBaHUE, TeM CHIIBHEE
TMAPOJIM3 1TO KaTUOHY. PaBHOBECHE rMIpOoJIH3a IOYTH BCeTaa cMelleHo BieBo: K, < 1
(McKIIIoYeHHe COCTABIIAIOT CITyYa|, KOTHa COMH THAPOTUIYIOTCA U IO KaTHOHY, H IO
aHmnony, Hanpumep Al,S,). OnpenennTs HUTHYNE THAPOIH3a MOXHO 10 H3MEHEHHIO
pH pactBOpa.

Hanpumep, 1is pacdeta pH pacrBopa auerara HaTpHA BOCIIOJNL3YEMCH BHIDAXeE-
HUeM KOHCTAHTH FMAPOIH3A:

K = [OH"][CH3;COOH] _ K, -
d [CH;COO] K,
CuMras KOHUEHTPALHIO COTH paBHOU C, monyyaem:
[OH)2 = (C” [OH))‘ (X,/K,), a npu [OH] < C MOXHO IO/IaraTh, 4T0

2pOH =-1gC+ 14 — pK, wmu pH = 14 - pOH =7 + 1/2pK, + 1 /21gC

Torma ans 0,01M pacteopa NaCH;COO pH =7 + 2,38 — 1 = 8,38.

Tuoposus ycwiuBaeTcsi npH pazbapieHMH, HarpeBaHWM Wik Jo0aBleHHM Be-
mecTs, ceasbiBaownx HoHsr OH™ (win H;0%). Hanpumep, lpu B3aUMoaeHCTBHH
PacTBOPOB XJIOPUIA ATIOMHHUA U Kap6oHATa HATPHS IIPOUCXOIUT B3aUMHOE yCHle-
HHE TUAPOJIH3a, W peakiMs MIET JIO KOHIA:

2AICI, + 3N2,CO; + 3H,0 = 2AI(OH); + 3CO, + 6NaCl

Koppenauus Mexay CTpPOeHHEM H CHI0A KHCaoT, MoXHo NnpencKka3aTh 0THOCHTCIIb-
HYIO CWJIY KMCJIOT, OCHOBHIBAsACH HAa CTPOCHUM MOJIEKY/IEI KMCJIOTHL U NIPUPOAC LEHT-
pansHoro aToma. Jns 6eckucnopoatnix kucyoT HX (roe X — ranoren) u HyX (roe X —
XaJbKOTEH) CHMJa KMCJIOTHL TEM BhbilE, YEM MeHee npoyHa cssidp X—H, T.e. yeMm
Gonelue paanyc aToMa X. ITo artoii npuunne B pagax HF—HCI—HBr—HI u H,8 —
H,Se — H,Te cuna xMcnoT yBenuuuBaerca. [ KMCIOPOAHBIX KHCIOT COCTaBa
9(0H),0,, cuna KMcnoT TeM BEILLE, YeM Oonbiue BemuyuHa m. (ITpasuna JI. [MoHra:
(@) pK, = 8 — m; (6) 111 MHOroOOCHOBHBIX KHCJIOT TPH RHMCCOUMALMH KaXIoro no-
CHCAYIOLIET0 TIPoTOHA pKk, yBenUUMBaeTcs Ha 5.)
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Teopus conbBo-cucTem. Teopus BpeHcresa —Jloypu NMo3BoasieT ONUCHBATL MPO-
LECCH, NPOTEKAIOMINE TOJILKO B TPOTOHHLIX PACTROpUTENAX. ONHAKO MHOTUE peak-
LMK, KOTOPLIC MOXHO OTHECTH K KMC/IOTHO-OCHOBHLIM DABHOBCCHUSM, IPOXOAAT B
AnpOTOHHBIX pacTROpUTENAX: XuakoM SO, SOCI,, BrF; u ap. DTy BewecTsa B XU~
KOM COCTOSSHMM YACTHYHO QUCCOUMMPYIOT, HANPHMED:

280, 2 SO* + SOF
2BrF; 2 BrF; + BrF;

CornacHO TEOPUH CONBBO-CUCTEM, KHCA0MA €CTh PACTBOPMMOE BELHECTBO, KOTO-
pOC MPH JUCCOLMALMM MU B PE3Y/ILTATE B3AUMOJECHCTBUA C pACTBOPUTEIEM 0Dpasy-
€T KaTUOH, XapaKTepHbIi [Uist pacTBOpuTens. OcHoganuem HA3LIBAXOT BELICCTBO, KOTO-
poe B nogoOHBIX cirydasx o6pasyeT aHHOH, XApaKTepHBIA 1 pacTBopuTea. Hanpu-
Mep, NMpH pacrBopeHnu SbFs B BrF; npoucxoaur peakuust

SbF; + BrF; &2 SbF + BrF;

B nannom ciryvae nentadTopr cypbMBI SBIISIETCA KMCTIOTOM. B 5TOM Xe pacTBopH-
tene CsF AmiseTcs OCHOBaHMEM, TaK Kak IIpH €ro pacTBOPEHUU NMPOHCXOANT PEAKLIHA

CsF + BrF; & Cs* + BrF,

CornacHo TCOpUH COILBO-CHCTEM NPH peaKIMH HeWTpanu3auuu (B3auMoneicTBUH
KHCJIOTHI M OCHOBAHUA) MTPOUCXOXMT OOpa3soBaHUE MONEKY PACTBOPUTEIA:

CsBrF, + [BrF;]SbF; = CsSbF¢ + 2BrF,

DTa TeOpUS TAKXKE IPUMEHHMA U K ITPOTOHHBIM PacTBOpUTENAM. OYEBHIHO, YTO B
KHJIKOM aMMUAKE aMMIEL SIBISTIOTCA OCHOBAHWSIMM, a4 COJIM AMMOHHS — KUCIOTAMM:

NaNH; + NH,Cl = NaCl + 2NH;

Ocnoanue Kucmora Cone PacTBopHTEnb

Teoprs JIsouca. CylecTBYeT MHOXECTBO PEAKLIHIA, OTHOCATHXCA K KUCIOTHO-
OCHOBHBIM B3aHUMOoAcHCTBHAM, NIPOXONAIIHM Ge3 nepeHoca RpomoHog, HalpuMep:

NH3 + BF3 = NHsBFa
A onMcanusl TakUx peakuuit Hanbonee obuielt apnsercs Teopus JIbioHca, B
COOTBETCTBHH C KOTOPOH KucAoma — 3TO BEIECTBO, CIOCOBHOE NPHUCOeJUHATE 31EK-

TPOHHYIO 11apy, & 0cHoéaHKe — BEUIECTBO CMOCOOHOE OTAABATEH AMEKTPOHHYIO Napy.
IIpu 3TOM 00pa3syeTcs KOBATCHTHAS CBA3L:

Kucnoma Jdviouca Ocnosaiue Jorouca
AlCl, + cr - [AICL]
I'I+ g OHz e H30+
Ag' + 2CN° > [Ag(CN).l”
BF3 * NH_'; - N HgBF;

OcHoBanusiMu JIBI0HCA MOTYT BBITh YACTHLIBI, MMEIOLTHE B CBOEM COCTABE aTOMBI
C HENOENeHHBIMH BAEKTPOHHEIMH napamu, TakMe kKak:0,:N, :F :Cl (OH", NH;,
F7). Kucnoramu JIstonca Moryr 6bITh KOOpIHHAHHOHHO HEHACHIILIEHHbIE YACTHIIH,
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Teopus MATEKHX H XKeCTKMX KMCIOT M ocHoBanui, TcopHs, paspaborannasa [Tupco-
HOM (B OTIMyHE OT Teopuu JIbiouca), MOCTYNMPYET, YTO CBA3b MEXIY KUCJIOTOH M
OCHOBAHHEM MOXET OBIThH U HE KOBaNeHTHOH, Tak, 1o [Trpcony KMCIOTHO-0CHOBHOM
peakuueit aprgerca o6pazoBaHue KpUCTALIMUECKOH pewerky NaCl unu PbS 3 co-
OTBETCTBYIOUIMX UOHOB, OCHOBHAS HIEA ITOW TEOPHM 6A3UPYCTCA HA MPEICTABICHUAX
O CYLWIECTBOBAHMM MATKHMX M XKECTKHX KUCHOT M ocHoBaHui. K XecTKUM OTHOCATCA
YaCTHUB! ¢ PCAKUHOHHBIMH UCHTPaMU, OGN JAI0IUMH Mo AeOPMUPYEMOI aMIEK-
TPOHHOH CTPYKTYPOH, a K MATKMM — UMEIOIIUE CTPYKTYPY C BRICOKOEH IMOIAPH3YyEMO-
CTBIO. B TCpMHMHAX MeTO1a MOJIEKYIAPHEIX OpOUTANICH 9TU MOHATHE UMEIOT BoJee Tou-
HOC ¥ KOJIMYECTBCHHOE ONHcauue (cM. L. 4).

Kucaomwi Ocrosanua
Msrkue Cu', Ag', Hg?, TI*, SnCl, I-, $*, CN™ R,P, CI
Kecrkue H*, Na*, Ca¥, BF,, SiF, NH;, F, OH, O*, SO
Hau6onee npoyHsic coenMHEHMs MONYYAIOTCA NPU B3AUMOACHCTBMH XKECTKUX KUC-

JI0T € XECTKHMU OCHOBAHHAMH M MATKHX KMCJIOT C MATKMMM OcHOBaHMsAMM. Hampu-
MeEp, peakuus

HgF, + Bel, = BeF, + Hgl,

HIET ClCBA HAMpPABO, i COOTBCTCTBYET HIMCHCHUE YHTANENMUU AN = -397 kJIxX,

MMEIOLLHE B CBOEM COCTaBE ATOMBI C BAKAHTHBIMH DJIEKTPOHHBIMH op6HTanaMu (H*,
Al B AICI;, Sb B SbFs, B B BF;). Onnako Teopis JIploHca He MO3BoJseT MPOBOLUTH
KONMUYECTBEHHO OLIEHKM CHJIBI KUCIOT U OCHOBaHMIL.

ITpamep 1.17. Hanuimte Bce KMCIIOTHO-OCHOBHbIC PABHOBCCHS, UMEIOLIME MECTO B BOJI-
HOM pactBope NaHSO;, 1 yKaXuTe cONpsKEHHEIE MMapbl KUCJIOT H OCHOBAHMEL

Ouenure 3nauenue pH pacrsopa (<, >, = 7), ecmu pK, (HSO3) = 7,2, a pK, (H,S0,) =
=1,75.

Pewenue. B pactsope cyuiectsyior vonst Na(H,0)* u HSO3. Cornacho teopun Bpeucre-
na— Jloypu, non Na(H,0)" sasnsercs oyeHs cnaboit KUC/HOTOM M paBHOBCCHE:

Na(H20)+ + H20 <« NaOH + ['I:;OJr
A, B; B, Ay
NOJHOCTBEK) CMCLICHO BJIEBO.

Hou HSO; Moxer GbITh KAK OCHOBAHUCM, TAK M KHCIOTOI, [MOJITOMY B BOIHOM PacTBOpe
UMCIOT MECTO CICOVIOLIME PABHOBCCHUA:

HSO; + H,0 2 H;0* + SOF K, = K,(HSO3),
Al B2 Al BI

HSO; + H,0 2 OH™ + H,S0, K = K,/K,(H,S0,).
B, A B, Ay

YT06bI oueHuTs 3HayeHne pH, Hano MOHATL, KAKAA U3 STUX ABYX Peakuuil HaeT B GOb-
LICH CTETICHH, TAK KaK I1¢PBas YBEIMYUBACT KOHUECHTPALMIO HOHOB IMIPOKCOHWS B PACTBO-
Pe, a BTOpasi — KOHUCHTPALMIO HOHOB THIPOKCHIIA.

CpaBHHM 3HAYCHMS KOHCTAHT paBHOBecust K u K,. TTo yeaosuio pK, = 7,2, a pK;=14 -
- 1,75 = 12,25. Cnenoparenuio, K| > K,, B pacTBopc mpeobaagact mnepsas peaKkuMe, 4To
TIPUBOUT K YBEJMYCHUIO KOHUCHTPAUMM HOHOB FMIPOKCOHWH M, CJICAOBATCIBHO, CPend
ABpieTca kucaoit: pH < 7,
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KonTponbHbie BOOPOCHI

1.40. TIpu oxnaxaenuu go 20 °C HacwmweHHoro npu 100 °C pacTBopa Buigenunocs 35,4 r
KNO;. Ckonbko GbUIO B3STO BOILI M COJH, €CIIH M3BECTHO, YTO PACTBOPHMOCTL COJTM Ha
100 r pactBopa coctaenset 71,1 r npu 100" u 24,1 r nipu 20°.

1.41. Onpenenure U3MEHEHHE SHTANBIIMH NMpU pacTBopeHUU TBepanix LiF u Lil B Bone,
€CJIM DHEPrHH KPHCTAUTHYECKHX PELLIETOK PABHLI COOTBETCTBEHHO 1044,3 1 746,6 KX /MONb,
a AHp,,, MOHOB paBHsl 531,36 KX/ Mons (Li*); —485,34 kx/mons (F); 280,33 xIx/Monb
(1"). Kakoii BLIBOJ MOXHO CAENaTh O PACTBOPHUMOCTH 3THX COJICH?

1.42, ToyeMy BOAHBIA pacTBOp, B KoTopoM Maccosas ponsa NaCl cocrasnser 0,86 %,
HaspiBaeTcd dhusnonornyeckum? Kaxoit dusuonoruueckoit KuaKoetu oH uzoroHuyucH? ITo-
YeMy paHbl NPCANCYUTAIT NIPOMEIBaTh 3THM PacTBOPOM, d HE BOmOii?

1.43. JaBneHue napa Ham 4%-M pacteopoM KCl ¥ mamneHUe nmapa YHCTOH BOOH [P
temnepatype 20 °C paBHu COOTBETCTBEHHO 2297 1 2338 Ila. Haiimute ocMoTHUECKOC NaRie-
Hue pactsopa KCl nmpu To# e TeMneparype, €cJii ero IJIOTHOCTS pasHa 1,026 r/mi.

1.44. ¥V Kakoro u3 NpMBEIEHHBIX HUXKE PACTBOPOB BhIICJICHUME JibIa NPOM30HET npu 6o-
Jiee BBICOKOI TemnepaType: NepBhiil pacTBOp comepXxuT 22,5 r caxapa (Cj2HpO,)) B 450 T
BoJbl, BTopoii pacteop coaepxkut 3,0 r KCI (o = 0,78) B 400 r Boan1?

1.45. B mMctriupoBaHHo# Boze pacTeopuiau 1,71 r Na,SO4- 7H,0 ¢ obpasosauuemM 100 mn
pacTeopa. 3JHayeHue pH aroro pacTsopa pasHo 10;

a) HalWWKUTE YPAaBHEHUE MMIPOJIMAA B MOJIHOH, HOHHOH U COKPAlEHHO-HOHHOM (opMe;

6) onpenemure K,(HSO3), npu ycioBUM, YTO BTOPOH CTAAHEH rHAPOIM3Aa MOXHO Ipe-
HeOpCYb.

B) oNpede/uTe, Kak M3MEeHHWTCA 3HaucHUe pH pacTBopa npu npubaeneHuu K Hemy 0,755 T
CaCl,, ecnu ITP(CaS0O;) = 1,3+ 107, OtBer noxTeepIUTE pacyeToM.

1.46. Onpenenure 3HaueHue pH, nMpH KoTopoM NMoA aeHCTBUEM CEPOBOIOPOIA HAYHETCH
ocaxneHue FeS (ITP = 3,4 - 10'”) u3 0,001 M pacteopa FeSQy, ecnu cTeneHs QMccouyanmu
comu pasHa 0,8. K,(H,S) =107"; K, (HS) = 107'%; [H,S] = 0,1 mons/n.

1.47. PaccuuTaiite, Gyaer nu ocaxparsca Mg(OH),, (ITP = 6,8 10"2), ecnd k 0,001M
pactBopy MgCl, no6aBuTs paBHsIi 110 06beMy: a) 0,01M pacteop NH;- H,0, K, = 1,8 107>;
6) pactBop, cogepxawnit 0,01 mons/n NHy» H,O u 0,1 mons/n NH,CI.

1.48. Ucnone3ysa gaHHBIEC Tabn. 1.21, oueHnute 3HaucHue pH (>, <, = 7) 0,01M pactBopoB
ruapo- U guruapodocdara HaTpus.

1.49. Kax usMeHseTca cuna kHonot B pagax (a) HCIO—HCIO;—HCIOy; (6) HCIO,—
HBI’O4"‘H§]06, (B) 1‘1‘31)04—'I‘IgS()d,"*I'I(:lo,q,‘J

1.50. B KayecTBE HEBOZHOrO PACTBOPUTEIS MHOIAA HCIIONB3YeTCA CepHas kuciora, Hanu-
LIWTE YPABHEHUE PCAKLIMM, BRIpAXAIONIEN AUCCOUMALIMIO a30THOH KMC/IOTHL B CPEIE CEpHOI
KHCJIOTHI.




I'nasa 2

OCHOBbI XMMWYECKOW KMHETHKH U MEXAHW3MBI
XUMHYECKHUX PEAKIIAMA

XumMu4yeckasi TEpMOOUHAMHKA, OCHOBHBIE IOJTOXKEHHA KOTOPOIf pacCMOTPEHBI B
MpenbIyIUEH T1aBe, MO3BOJSIET ONIPENCAUTD HPUHYUNUANLHYIO 803MONMCHOCME TIPOTE-
KaHuA npoteccos. g 3Toro HeobXoauMo 3HATH TOJBKO HAYaILHOE U KOHEYHOE
COCTOSTHHSA cCUcTeMbI. CKOPOCTH Peakivii, a TAKCKe OTIETBHEBIE IPOMEXYTOYHBIE CTa-
IWH B3aMMOJCICTBUS pearcHTOB HE ABIAIOTCA NPEeIMETOM TEPMOIHHAMHYECKOro
uccnenopadHusi. [IpuHUMTTHATEHAS BO3MOXHOCTE POTEKAHUS XUMUYECKON PeaKiuH
ellle He 03HAYaeT, YTO OHA MACT Ha caMoM gene. KiaccHyecKHM NpUMepoM MOXKeT
CIIYXUTh OKHCTIEHHEe OPraHUIeCKHX BEIHECTB, KOTOPOe TEPMOIWHAMUYECKH BO3MOXHO
Jlaxe MpH HU3KMX TeMIieparypax. Eca 65l 3TH NpoIecChl TPOUCXOAUTH C 3aMETHOM
CKOPOCTBIO B OOBIUHBIX YCTOBHAX OKpYXawowei cpenpbl, To ObLT OB HEBO3MOXEH
caM (aKT CYLIECTBOBAHUA KIBBIX OPTAHU3MOB.

XuMuyeckass KHHETHKA U3y4aeT 3aKOHOMEPHOCTH IIPOTEKAHUS XMMUYECKNX pe-
axkiuHii B0 ppeMeHu. Ha 0CHOBaHUH 3THX HCCITeNOBAHMIE BO3MOXKHO ONNTUMU3HPOBATE
XUMMYECKHUE NPOLIECCH], 8 TAKXKE U3Y4YaTh UX MEXQHUIM, T.€. ONPERENATE ITOCTEF0OBA~
TeNBHOCTE ITPOMEXKYTOUYHBIX CTAIUN,

2.1. OCHOBHBIE ITOJOXEHHA XUMHWYECKON KUHETUKH

ITockonbKy XuMHYecKasl peakuus — 3TO NPOLECC, IPU KOTOPOM NPOUCXOAUT
pPa3phIB CYIIECTBYIOIIMX XMMWYECKHUX CBA3CH U 00pa3oBaHWUe HOBbBIX, TO JJIA OCYIIE-
CTBIIEHUSI TAKOTO MPOoLIecca HeOOXonUMO:

e CTOJTKHOBEHHE PearHpyIolIUX YacTHI[ (ATOMOB, MOJIEKYJ, HOHOB);

e HaTHYUe y 3TUX YaCTHI[ JOCTATOYHOTO 3amaca YHepruu,;

e ONTUMANBHOE PACMOAOXKEHWE YaCTUI] OTHOCHUTENBEHO APYT APYTa B NMpPOCTpaH-
CTBE.

CTOoNKHOBEHHE IBYX WIH 00JIee YacTHIT, 0OMATAI0NIHX JOCTATOUHO OONBLIOH 3HED-
TUEl, ITO3BOJAET TIPEOAOJIETh B3AUMHOE OTTAIIKHBAHHE 2JIEKTPOHOB W 06eCrieduTh
HEODXOTUMYIO JUI1 B3aUMONEHCTBUS CTENEHb KOHTaKTa. [Ipu 3TOM NMPOUCXOMUAT XU -
MuYecKas peakius.

PaceMoTpuM aneMeHTApHBIE TIpOLECCH B3aMMOneicTBus MoaeKyasl H, ¢ aro-
MoM Br, pacrionoXeHHBIMU BIOJTb oxHoOH npsimoii; H—H—Br.,
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IIpy yMEHBIICHUH DACCTOSIHMSI MEXTY aTOMaMM CHAyaia NpeobaafaroT CUMH
OTTaIKHUBAHHUA 3JICKTPOHHEIX 000M0YEK YacTHLl, U JIMLIB ITOCHEe TIPEONOMEHUS 3TUX
CHJI JasbHelIree cOMKeHHe NPUBOIMT K 06pa30BaHMI0 HOBHIX cBsiseil. Ha puc. 2.1, a
NPEICTaRNICHa MOBEPXHOCTD HOTEHIMATLHON 3HEPTHH B 3aBUCHMOCTH OT DACCTOSHHIA
r{H—H) u r(H—Br). IToTeHuNaIbHas 3HEPTHA BRIpaXXEHA B KJIK,/MOJIb. IMynxTnp-
Hasl THHUA, NPOXOAAIIAs 110 «YIUEJbiOo», NMOKA3BIBAET Aymb peaxyuu, a TOUKa 2 —
«IIEPEBaN» — MHUHHUMAJIBHYK) SHCPIUIO CHUCTEMEI, MOCTATOYHYIO MUIA IPOXOXICHUA
peakiyu. [ToTeHMaTbHbIEC IMarpaMMBI, M0A06HEE M306paKeHHOH Ha puc. 2.1, a,
MOCTYMHEI TOJIBKO TSI HEMHOTHX cUcTeM. ITo3ToMy Mg KayeCTREHHOTO 00bICHEeHHS
3aBHCHMOCTH SHEPTHY OT NYTH peaKLMHU NONB3YIOTCS YIPOUIEHHBIMU IpadUKaMHu,
aHAJTOTHYHBIMY NPUBEACHHOMY Ha pHC. 2.1, 6. MUHUMANBEHYIO S3HEPTHIO, HeOGXOTH-
MY10 JUTA TIPOTEKAHUS peakUMu, Ha3blBAIOT 3xepaueli axmusayuu E,. Pasniua Mexay

0,25
1 0,20
a
S

0,15

0,05

a
Es K)-Ix 2
3
H+ HBr
aH
[1yTs peakuuu

(7]

Puc. 2.1, IToBepxHOCTB NOTeHUMANBEHOMH 3HePrHUH cucTeMbl H, + Br (rusun PaBHOW MOTEHIIH-
IbHOH 3HEPIMH NpPOHYMEPOBaHH B KIX/Mosb) (@) M Mpoguib MOTEHIINANBHOM 3HEpPTHUH
BIOOJIBb IIYTH peakLuu (6):

! — HayankHOe COCTOSIHHE CHCTEMEL, 2 — IIEPEXOJHOE COCTOSIHHE; I — KOHEUHOe COCTOSIHUE
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SHEPrUefl UCXOAHBIX U KOHEYHBIX MPOMYKTOB COOTBETCTBYET M3MEHEHUIO HTAJb-
UK peaxunu (AH).

Ha npakTiKe CKOpOCTb peakiMH (BO BCAKOM CIIyuae, Il TOMOTEHHBIX CUCTEM)
OonpenenAeTcs H3MEHECHHEM KOHLIEHTPAIMH PEarHPYICIINX BEIECTB B SMUHUITY Bpe-
MeHH. Hanpumep, Ha puc. 2.2 n30o6paxeHa 3aBUCHMOCTS KOHIEHTPAITHH IIEPOKcHa
BOAOPOAa OT BpeMEHHU IS peakLMH

2H302 = 2H20 + 02
3a NIpOMEXYTOK BPEMEHH AT = 1, — 1; KOHLIEHTPALUs NEPOKCHIa BOAOPOa H3Me-
HsaeTcst Ha BeMuMHY AC = G, ~ C,. CKOpOCTh peakuMy v B 3TOM NIPOMEXYTKE Bpe-
MEHH MOXHO pacCyUTars 1o opMyne, KOTOpast Ha3bIBACTCH KUHEMmUYecKUM ypagHe-

HUEM.
CpemHsid CKOPOCTh

v = -AC/Ar, 2.1)
MTHOBCHHAA CKOPOCThb

v

-dC/dx. (2.2)

3HaK MMHYCa B NpaBOi YaCTH YpaBHEHHs COOTBETCTBYET TOMY, YTO CKOPOCTB Ipo-
Lecca TOJDKHA OBITh BETHYHHON NMONOXUTENbHON. OHa MOXET GBITh ONpeeseHa Tak-
Xe MO0 U3MEHCHHI0 KOAMYECTBA KUCI0pOaa, BEUICAAIONIErocs B eQUHULY BpeMeHH,
NpHyeM:

_ dCo, _ _dCHzoz ' 2.3)
dz 2dz
CxopocTh peakiiMy He 3aBHCHT OT TOTO, 10 KAKOMY BEIIECTBY ee uaMepsior. Iudpa
«2» B 3HAMEHAaTeNe YpaBHEHUA (2.3) COOTBETCTBYET CTEXHOMETPHIECKOMY K03hdhH-
LIHMEHTY B ypaBHEHUH peaxuud it H,O0,.
CKopoCTh XMMHUYECKOI peakiiy 3aBUCHT OT MHOTHX (haKTOPOB:
* TIPUPOAEI PEarHPYIOUINX BEIECTE;
e KOHOEHTPAHH PEaTUPYIONNX BEILECTB;
* TEMIIEPATYPHI,

I’oz

C, 10° moms/n

I
I

0 20 40 60 80 100 120 140 160 T C

Prc. 2.2. Mamenenue koHuentpamu H;0, Bo BpeMeny (tgo — MrHOBeHHas CKOPOCTh B TOUKe A)
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® HaJIMYMA KATATU3ATOpA;

* BCJIMYMHBI IIOBEPXHOCTH pasfiena (11 TETEPOTCHHBIX peaKilvii);

® IIPOYHX IHEPTETHUECKHX BO3NEHCTBHIA (CBETOBOIO, pAlHALIHOHHOTO OBIyYEeHHS
H ap.).

BaxHeiiniee BIsiHHE Ha CKOPOCTh XUMHYECKON peakiMU OKa3bIBAET KOHYeHM-
payus peareHToB. YeM OHa BbIllE, TEM Yallle IPOUCXOISAT COYAAPEHHA pearupyomMX
YacTHL, B TOM YHCNC 2bPEKTUBHBIE M TEM BEIIIIE CKOPOCTh PEaKLIMH. 3aBUCHMOCTD
CKOpPOCTH peakuM¥ OT KOHUEHTPALHH PEaTHPYIOIIMX BEIIECTB BHIPAXAETCA OCHOB-
HBIM 3aKOHOM XHMMHWYECKOH KMHETUKH — 3aKoHOM Oelicmeus macc:

B o6umem BH,II TSt CpOCH ealcml AB > A+BC I:IpCT ypaBHe-
HHUEM:
v = k[C]"[AB]", (24

rme [C], [AB] — MolpHBIe KOHLEHTPAaLIMH peareHToB, (MONL/N); kK — KOHCTaHTa
CKOpPOCTH peaxiMH, paBHAas CKOPOCTH peakiU¥ IpU KOHLIEHTPAIIMAX pearupyIonmx
BENIECTB, PaBHEIX | MONB/N; BeTWUUHBI m U 1 (IIOKa3aTeN CTeleHelt) ompenens-

Mexanu3m B3aamoaeiicTeua H; n I,. [lonroe BpeMa CuMTaNH, yTO Peaklya MOAA C
BOOPOJOM sABJIsAETCA OMMONEKYAPHOI 3/eMeHTapHOM peaknueit

[ + Hy = 2HI, v = k[H;][I,]

OnHako nospHee ObLTO BHICKA3aHO MPEATIONOXEHHE, 4TO 3Ta Peakuys He aBiaerT-
Ca DJIEeMEHTAPHOH, 4 COCTOUT W3 JIBYX CTAAUI:
a) obparumoit nuccoumaunn 1, 2 21, K = [[1¥/[L];

6) TpuMosiekyaapHoro szanMoseicreua H, + 21 = 2HI, v = k'[H,][I]?
WK ¢ YYeTOM KOHCTaHTH paBHosecHs v = k' K[H;][1,].

Takum 06pasom, ABa pasTHYHbIX MEXAHMIMA PEaKkU MM TIPUBOIAT K OIHOMY M TOMY
e KHHETHYECKOMY YpaBHEeHHIO. UT0OBI IPOBEPUTE NPaBHILHOCTD MPENNONOXKEHHH,
PEAKLMOHHYIO CMECh ODJIYYHIY CBETOM C IVIMHOW BOJHBI 578 HM, BBI3BIBAIOLINM AMC-
conmayyio yoaa. OkKasanock, 4To CKOPOCTh PeakMyi 00pa3oBaHUa HOAA TIPOMTOPIIHO-
HanbHA KBAaApaTy KOHUEHTPAaUUH aTOMAPHOTO HONA, UTO CBHIOETENbCTBYET B IOJB3Y
TPHMONEKYIAPHOTO MexaHn3Ma, ONHAaKO TPUMOJEKYJIAPHbIE PeaKIlMH O4eHb PEIKH, H
TPUMONEKYNAPHYIO CTAIMIO MOXHO TIPEACTABHTEL B BHAE ABYX OMMOJNEKYIAPHEIX TIPO-
LIECCOB;

H2+I=H2i
H,l + I = 2HI

B nHacrosulee BpeMsa NaHHBIA MEXaHH3M saBiseTca obwenpuHaTeiM. Ecau neppas
M3 CTAAMH rpoTekaeT GLICTPO ¥ 00PaTUMO, TO BEIpaXKEHHE IUIa CKOPOCTH Gy/eT TAKNM
Xe, KaK M IJi1 TPMMOJEKYJISPHOH peakiuH. DTOT IPHMED FOBOPUT O TOM, 4TO HUKOT-
[a HeJlb3d OBITH YBEPEHHEBIM, 4yTO TIpeATNojaraeMeliif MexaHM3M BepeH. MOXHO TN
YTBEPXKAarh, 4TO MOKA HET JaHHHIX, ONPOBEPralolHX TIPHUBEASHHBIE BRIBOJBI O BO3-

MOXHOM MEXaHHU3ME pPEaklMH.
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10TCSA SKCHEPUMEHTAIBHO U JATCKO HE BCETAA COBMAAAIOT CO CTEXHOMETPHYECKUMH
K03 GUIMEHTAMH YPABHCHUS XUMUYecKOH peakiui. CyMMy K03bOhHUIIMEHTOB M + H
HA3BIBAIOT HOPRAOJKOM pearyuil,

Tak, HanpuMep, U peakiMH Pa3JIOXeHHs IepOKCHIa BOIOPOIA CKOPOCTh pe-
akuuy paBHa: v = k[H,0,]!, T.e. COOTBeTCTBYET peaKkUMH 11E€PBOTO NOPAIKA, XOTS B
VPaBHEHHME peaxuMM pasioXeHUs nepokcuaa sBoxopoaa H,O; BXOAUT CO CTEXMO-
METPUYECKHM Ko2hdHUHeHTOM 2.

HacTo HccneayloT H3AMCHCHHUE KOHIICHTPAIMH TOJIBKO OXHOTO KOMITOHEHTa, M H3-
9TUX JAHHEIX IIOTyYaloT 3HAYEHUE nopRdxa pearyut no darHomy peazenmy, T.¢€. TOMb-
KO BEMHYMHY m WIK 1 B ypaBHeHUH (2.4). Ecnu cKOpOCTh peakIMH He 3aBUCUT OT
KOHIICHTPAMU JAaHHOTO pearcHra, TOBOPAT, UTO IMOPAAOK PEakLHH IO 3TOMY Be-
L[ECTBY paBeH HyM10. Yare Bcero 3to HabnopaeTcs py GONBLOM H30BITKE OJHOIO
U3 peareHTOB, KOrma OH OAHOBPEMEHHO CIYXUT M pacTBoputeieMm. Hanpumep, pe-
AKIHA THOPOINA3a CIOXHOIO 3¢hUpa UMEET HYIeBOH HOPSLIOK O BOAE.

Toneko B TOM ciyuae, eCI YpaBHEHME peakuMM COOTBETCTBYET /TEMEHTAPHONI
CTamiM, m Y n PAaBHBI CTCXHOMETPHYCCKHM KO3dduuueHTaM. PasHHIIa MeXIy I0-
PAOKOM peaKxuyH M CTeXMOMETPHYESCKUMHU KoaddHnHeHTaMH B YpaBHCHHUM peaK-
MU OGBSICHIETCS CTOXKHBIM MEXaHM3MOM XUMHUYECKOro B3auMonciicteus. [IpakTu-
YecKH M10bad XMMHUYecKas peaknysa COCTONT U3 HECKONbKUX JIEMEHTAPHBIX CTaIHi,
CKOpPOCTh peaKuHM B LIEJIOM OyIeT ONpenenfaThCd CKOPOCTRIO CaMOil MEMICHHOMH
CTaIMH — AuMUmupyloei.

CyMMapHOe YHCITO YACTHI[, YYACTBYIOIIMX B 3JEMEHTApHOM AKT¢ PEaKUWH, Ha-
3BIBAIOT MoAekyaspHocmbto, Halle Bcero BCTpeuaoTes MOHOMOJEKYISIPHBIC M OMMO-
JIEKYISpHBIEe peakuvi. TpUMONeKYNsSpHEIe peakuy, XOTS U M3BECTHEI, OYeHb pei-
KU, TaK KaK BEPOATHOCTL OMHOBPEMEHHOTO CTOTKHOBEHUS TpeX YACTHL BECEMA Maia.

TTopsnok ¥ MONEKYNAPHOCTh PEAKUHH — COBEPHICHHO PA3HBIC TIOHATHS, OTpa-
XKamouye pa3nHYHe MexXay MOAHOH cTeXMOMeTpHeil peakuM (CyMMapHBIM YpaBHE-
HHMEM) U ¢¢ MEXaHM3MOM. ECM NOpsnoK peakuiy COBIANAET ¢ CYMMOM CTEXHOMET-
prueckix KoahdHIIMEeHTOR, 9TO eme HHYero He TOBOPUT O MeXaHU3Me Tpomecea.

TTopsinok peaxuMH YCTAHABIMBAETCH IKCTIEPHMEHTANBHO TIPH 06paboTKe JaHHEIX
KAHETHYSCKUX UCCTETOBAHUM U OCHOBAH Ha PeIICHUM KMHETHYECKOTO YpaBHEHMS:

-dC/dr = kC". (2.5)

AHaJIM3Upysl 3TO ypaBHEHHE, MOXHO CAEMATh BHIBOA, YTO B 3aBUCHMOCTH OT
TIOpsiAKA peakuuM AUHEHHBIMHM ABASIOTCA IpadMKU B PAIMHMUHHIX KOOPMMHATAX
(tabm. 2.1).

TaGnauua 2.1

KunerHyecKre ypaBHeHHS AN PEAKUHHl ¢ Pa3IHYHBIM MOPALKOM

IMopsnok peakuyu KuHeTH4eckoe ypanHeHHe Koc;ﬁ:&ﬁi& KC(,)(_?)D ﬁg:f"x
0 -dC/dr=k C-1
1 -dC/dt=kC InC-=
2 -dC/dv = kC? 1/C-1
n -dC/dr = kC” 1/ Crl-1
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InC

InC 1/C 1
1,0
5 -
0,5
T T
a 7] 5 10 20 30 45 % €
Puc. 2.3. I'padmk 3aBucumoctr C=f(1) ms Pnc. 2.4. Tpabuk 3aBucumoctu InC—1
peakuuu paznoxeHus H,0,; (k npumepy 2.1)

a — B KoopguHatax InC—r; 6 — 1/C—x

O6paboTaB pe3yabTaThi IKCTIEPHMEHTa IO Pa3IoXeHUIO TIEPOKCHIA BOXOPOaa (CM.
puc. 2.2) u nmocTpous rpacduku B koopauHatax InC—z (puc. 2.3, a) u 1/C—=
{puc. 2.3, ), ydDexnaeMcsl, 4TO 3TO peakuMd l-ro nmopsaka.

BenmuuHy KOHCTAHTH CKOPOCTH & MOKHO OIPEOC/HMTh KaK aHAIUTUYSCKH — U3
ypaBHeHMA (2.5), Tak ¥ rpadpHyecKl — IO BEIMUYMHE HAKJIOHA 3TUX TNPIMBIX (tg o)
Ha rpadhuKax B COOTBETCTBYIOIMX KooparHarax. KoHCTaHTa CKOPOCTH peakliy 3a-
BHCHT OT TEMIIEPATYPHI ¥ TIPUPOAB] PEACMPYIOIIHMX BEIIECTB.

IIpumep 2.1. B pacrzope, cogepXalleM BelLecTBO A, IIPOHCXOANT PeakLUs, NPHYeM KOH-
LEHTPAIMd A YMEHBILAETCS BO BPEMEHH CJISAYIOLIMM 0BpasoM:

T, ¢ 0 5 10 20 30 45
C, Mons/n 5 4,35 3,70 2,74 2,03 1,30

OnpepeniTe NOPSLIOK PEAKIIMM N0 BELUECTBY A M KOHCTAHTY CKOPOCTH PEaKIIMH.

Pewenue. JIns1 onpeneneHNs Mopsika PeaklMi Hano yOeauThesl, B KAKMX KOOPHMHATaxX
3aBHCUMOCTh KOHLIEHTPALIMHM OT BpeMeHH HMMeeT JHHeHHBI XapakTep: paccyHMTaeM 3Haue-
Hua In Cu 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 BMAHO M3 pacuyeToR, JHHEHHOH sBnAeTca 3aBUcUMOCTh In C OT t, CIENOBATENEBHO, 3TO
peakuusa Mnepeoro nopanka. KOHCTAHTY CKOPOCTH peaKLHMHU MOXHO [OJY4HTh, PaccuMTapR
TAaHTeHC YIVIa HAKJIOHA [IoJydeHHOH npsaMoii. s HuBesMpoBaHHs BO3MOXKHEIX OLIHOOK 3K-
cliep¥MeHTa JIyutire ofpene/TsaTh 9Ty BeIMYuHy rpaduyecku (puc. 2.4): k=tga =0,03¢c™".

2.2. 3ABUCUMOCTDb CKOPOCTH PEAKIIMH OT TEMIEPATYPhHI

ITpu MOBHILLIEHUHM TeMIEpPaTYPHl CKOPOCTh peaKlMi, KaK MpaBuUJIo, YBEJIMUNBa-
eTcsl. DTo BEI3BAHO HE CTONEKO BO3PAaCTAHUEM CKOPOCTH ABMXEHMS MOJIEKYJI, CKOMBKO
YBEJTHYEHUEM YHUCAa YACTHL, YHEPrHd KOTOPBIX MPEBBIIIACT 3HEPTHIO aKTHBALHH.
Ha puc. 2.5 13006paXeHO pacnpeaeeH|e YacTHLL 110 SHEPTHAM IIPH PAa3IHYHEBIX TEM-
TiepaTypax. DHeprus akTuBauuy F, pasnUUHBIX XUMHYCCKHUX peakuni KonebieTcsa oT
enuHM 10 coTeH KIK/MOJb, OMHAKO OOBIYHO OHA 3HAYNUTEIBHO TPEBHINACT Cpel-
HICIO KUHETHIECKYIO SHepriio 9acTuil, TosbKo HeGonblas YaCTh MOJIEKYT OGIalaeT
SHeprHeit, npesrarmoneit £, (3amrrpruxosanHas 061acts Ha puc. 2.5). IIpyu nosere-
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HUH TeMIlepaTrypsl MakCHMyM KpHBOI pac- N/Nok
peaeaeHNs CMenaeTca B 06J1aCTh GOBIINX L>T
SHEPTHI, ¥ KpUBAask HECKOJILKO CIUIAKHMBACTCS.
KomiyecrBo uacrui, obnanaommx E > E,,
pe3K0 BO3pacTaeT, YTO NPHMBOAMT K YBEJIU-
YEHHIO CKOPOCTH PEaKLMU NPUMEPHO B 2—
4 pa3a NnpH yBeJINYEHUH TeMIIEpPaTYPhl Ha Kak-
IIbIe AECHTh rpanycos (npasuso Banm-Togpa).

3aBUCHMOCTb KOHCTRHTH CKODOCTH pe-
aKIMKY OT TEMIICPATYpPbl BHIPAXACTCH ypae-

A E

Henuem Appenuyca: Puc. 2.5. PacripeneneHye 4acTHLL 1O SHEP-
_E N

s T " T; —_—
k = ke RT . (2.6) rusM ansa temneparyp Ty 3 No

O YacTHL, ¢ JAHHOW 3Heprueit E
rne ky = Zy P, Z; — 4MCHo, NpOTOPIHO- .
HalbHOE KOJMYECTBY COyaapeHUuH, 3aBHCH-
1Iee OT MAcCChl M pasMepa 4YacTHi, a P — CTepHuecKUii MHOXYTE)b, NOKa3blBalo-
ML BEPOATHOCTE CTOJIKHOBEHHI B HAaNpaBJIeHHH, KOTOpoe OIaronpUaTHO 11 Ie-
pepacnpeneneHust ceazeif. OcobeHHO 3TOT (hakTOp BaXKeH s GOJIbLINX Da3BeTBICH-
HBIX MOJIEKYIL

CaanTte Appennyc (1859 —1927). 1llBenckuit GU3MKOXUMHK,
OCHOBHEIE PabOTH KOTOPOro NMOCBALLIEHE! YYeHUIO O PacTBOpax
H KMHETHMKe XMMHUYeCKHMX peaxifii.

On nonyuyun HobGeneBCKylo IIpeMHIo o XuMuu B 1903 roay
3a CO3laHMe TEOPUH 3IEKTPOIUTHYECKOH NHccoManyi. Takke
UM Gbuta paspabortaHa onHa M3 Haubosiee M3BECTHBIX TEOPHH
KHCJIOT M OCHOBaHMit, OHaKo, ele BOJbIIYI0O U3BECTHOCTL UME-
10T ero paboThl B 006,1acTH XUMHUYeCcKOH KuHeTHKU. C. AppeHHyc
BbICKA3aJl MbICJIb, YTO PeaKLIMOHHEIMH SIBIISIIOTCS HE BCe, @ TONb-
KO aKTHBHEIE MOJTeKyJibl. OH BBEJT OHATHE 3HEPriuH aKTHBAalM U
M BBIBEJI YPaBHEHHE 3aBMCHUMOCTH KOHCTaHTHI CKOPOCTH peak-
LMY OT TeMIlepaTyphl, HOCSLLEE €ro MMsl.

HcenenoBaHue TeMIIEPATypHBIX 3aBUCMMOCTEH CKOPOCTEH XMMHYECKUX peaKimii
MO3BOJNAET ONPERETIHTL SHEPTHH BK'TI‘lBaL[HHIZ

Ink = Inky — E,/(RT). 2.7)

DHepryus akKTHBALMHK ONpenendaeTcd KaK TRHIeHC yIla HaKJIOHA NpAMOM B KOOpaH-
HaTax Ink—1/T.

CKOpOCTB 371EMEHTapHOM PEaKIHH BCEIlia YBeIHYKBaeTCs NNPH BO3PACTAHHUH TEM-

neparyphl. OOHAKO CYLIECTBYIOT peaKIIiH, CKOPOCTE KOTOPHIX BO3PACTAET MPH OXJIaXK-

JEHWH H, CIENOBATE]ILbHO, SHEPTHsl aKTHBAUMH TaKHX peaKuuil, IOMyYeHHas U3
onbita ( E,;), OTPUIIATENBHE, YTO IIPOTHBOPEYUT 3MPABOMY CMBICITY. BTO BO3MOXHO

| Cnioco6 onpesiefieHusl aHANOrMYeH pacueTy AH peaknuu No TeMNepaTyYpHOH 3aBHCHMOCTH KOH-
CTAHTHI PaBHOBECHA (CM. Nogpasn. 1.2.5).
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In k& JTHIIB B TE€X CIyYadx, KOLIa MexaHH3M peakIiuu
HC OTBEYAET CTEXHOMETPHYECKOMY YPABHEHUIO.
Hanpumep, ckopocTs peakiiH

-8F 2NO + O, = 2NO,
[IPH YMEHBIIEHWH TEMIIEPATYPhl BO3pacTaeT U

—~10p

paccuMTaHHafd 3Heprus akKTHBauWM paBHA
_12k —4,2 xJIK/MONb. DKCMEPUMEHTANBHO JOKA3aHO,
YTO IIepBOH cTagueil 3Toi peakuuu ABIsICTCA

14} 06pa3oBaHHE MaIOYCTOHYNBOTO AMMepa:

2,96 3,14 3,36 3,66 I/T-10° 2NO 2 N,0,

— - 2

Puc. 2.6, I'padux saBucHMOCTH AH = -16 KJIX, [N20,] = K[NO]
Ink—1/T (x npumepy 2.2) Bropast ctanust, onpenensionias CKOpOCTh peak-

1M, — OKUCJEeHHE JHUMEpa:

N,0; + 0, = 2NO,
CKOpoCTh 3TOi peakuii pPaBHa;

v = kK[NOJ?[0,]
YuureBad, yto K = exp(AS/R) - exp(-AH/RT), temneparypHas 3aBUCHMOCTH Ha-
O/ naEMOit KOHCTAHTH K’ CKOPOCTH peakuii BEIPaXaeTcHd YpaBHEHUEM:

k' = kK = ky- exp(—E, /RT) exp(-AH/RT).
JpyruUMH cTOBaMM, HCTUHHAS SHEPrysl aKTHBALMM BTOPOH CTalMH peaKlHH paBHa:
E,= E, - AH=11,8 xlIx.

OTa peakiud, KOTOPYIO N0JT0e BpeMsi B COOTBETCTBUHM ¢ KMHETUYECKUM YPaBHE-
HIEM CYUTaNH TPUMONEKYEIPHOI, Ha CaMOM nefie SIRIAeTCH OMMONEKYIAPHOMH, a ee
CKOPOCTD BO3PACTAET ¢ NOHMXKEHUEM TEMIIEPATYPHI, TaK KaK KOHIEHTpALMs JHMe-
pa YBeTHYHBACTCs NIPH OXJIAXIeHUH (U1l peakuuH auMepuaaunu AS < 0, AH < (),

ITpumep 2.2. TemmepaTypHas 3aBHCHMOCTb KOHCTAHTEI CKOPOCTH PeaKiiMH
N,0s = 2NO, + 1/,0,
XapaKTepH3YeTCa CIEAYIOLMMH 3KCIIePHMEHTATBHEIMHE NaHHBIMU;

T, K 273 298 308 318 328 338
k, ¢! 7,78-107 3,46-10°° 1,35-10*  4,98-10* 1,50- 107 4,87-107

OnpenenyTe SHEPruio akTUBaLWH.

Pewenue. [Insa onpegeneHns 3HEpruv akTHBALHH HAJO MOCTPOUTE rpadMK 3aBHCHMOCTH
KOHCTAaHTHI CKOPDOCTH OT TEMIIEpAaTyphl B koopauHatax (Ink—1/7). Cradana onpejesum Ko-
OpPAHHATHI TOYEK;

/T 3,66+ 1072 3,36-10  3,25-10°  3,14-10°° 3,05-1072 2,96-1073
Ink ~14,06 -10,27 -8,91 -7,60 -6,50 -5,32

Ha puc. 2.6 npencrasied rpadmk, mOCTPOEHHBIH MO 3THM aaHHEIM. TOYKH 10OCTATOYHO
XOPOLLO JIOKATCA Ha TIPAMYIO, MO3TOMY TaHI'eHC yIiia HaKJiOHa MOXHO pacCYMTaTh MO JI0-
6BIM 1BYM TOYKaM:

~E,/R = (AInk)/(A1/T) = (-14,06 + 5,32)/(3,66 - 2,96) - 10~ u E, = 103 800 [Ix/Moub.
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2.3. TOMOTEHHBIN ¥ TETEPOTEHHBIN KATAJIU3

OnHMM U3 BaXHEHIINX CITocOBOB BO3ACHCTBHS Ha CKOPOCTh XMMHUYECKHX peak-
i ARMSAeTCA UCNOMBL3IOBAHHUE KATANU3ATOPOB. Kemaauzamop — BELIECTBO, H3IMEHS -
Jolliee CKOPOCTh XMMHMUYECKOMH peakiii ¥ He pacxXodymolieecsd B IMPOLECCEe B3aNMO-
meicTeAA. BnusHHe xaraiuzaTopa Ha CKOPOCTR XMMHMYECKOM peakiMM Ha3kIBAIOT
xamanuszom. Katanusatop crneurdbHryecki OCHCTBYET HA ONpeaeneHHbIe peakiiii 1
COBEpIIIEHHO He BIMSET Ha Apyrue.

B 3aBMCHMOCTH OT (ha30BOTO COCTOSHHA PEArMPYIOUINX BeIECTB M KaTAMU3aTOPA
PasIM4aloT [Ba BHAA KaTAIN3a — 20MO2eHHbI Y 2emepocentbil. Ecan pearenTsr H
KATIM3aTOP HaxoIATCA B OMMHAKOBOM arperaTHOM COCTOSTHMHM M MeXIy HMMH HET
NMOBEPXHOCTEH pasneia, TO KaTtajJius — roMoreHHeIN. [IpH reTeporeHHOM KaTtaause
peakiys NpoTeKaeT Ha MOBEPXHOCTH pasfesnia AByX (a3, OMHA W3 KOTOPBIX SABJSETCS
KaTanmsaTopoM. B Tabn. 2.2 npuBeagHEI NpUMEDPH HEKOTOPIX KATATHTHYECKUX peaK-
M.

JHeTanbHbIi MeXaHW3M NECTBUS KaTATH3aTOpa OYeHb cloxkeH. OQHaKo MOXHO
CKa3aTh, YTO B Cllyyae FTOMOTCHHOTO KaTaTu3a KaTalH3aTop, B3aUMOIEHCTBYA C pe-
areHTaMH, 00pasyeT ¢ HUMM IIPOMEXYTOYHBlE coequHeHud (unmepmeduamsr). B urore
BEMYMHA 3HEPTUM aKTHBAUMM peakuHMH ¢ yyacTHeM KaTaJHU3aTopa OKAa3hIBACTCH
HIDKe HepriM aKTHBALIMM TaKOW Xe peakuMH NpH ero oTcyrcTsHU. IIpakTtuyecku
peaxmMs HaeT 1o ApyroMy IyTH (puc. 2.7). Hanpumep, okucienue okcuaa cepoi(IV)
Oe3 katanusaropa (puc. 2.7, @) U ¢ KatanmusatopoM (puc. 2.7, 6) IPOUCXOOUT 1O
pasHBEIM MexaHH3MaM. bes katanusartopa:

SOQ + 1/202 = 803

Dra peakuus MMeeT SHEPTHIO aKTHMBaUUHU E,, B TO BpeMs Kak B NPUCYTCTBUH
KaTaJIM3aTOpa peanuayeTcsa cepdsl NpeBpalleHHi, Kax10¢ U3 KOTOPBIX XapaKTepH-
3yeTCs CROMM 3HaveHMeM E,. CHayasa NpOMCXOQUT B3aUMOAEHCTRHME KaTaau3aropa
(NO) ¢ xucnoponom: NO + 1/20, = NO, (£,,)). 3aTeM HMPOMEXYTOUHEIA NPORYKT
(NO,) B3anmoneiicTayet ¢ okcuaom ceps{IV): NO, + SO, = SO; + NO (£,).

B 3TOM ¢Criyyae KaTaau3aTop BBICTYNAET B POH HEPEHOCUHKa OKMCITUTENA.

B xaranmuriueckoM npouecce E,, u E,; < E,. YMmeHbueHne E, COOTBETCTBYET
3HAYMTEILHOMY YBETMUEHHIO YMC/Ia YacTHL, OONaNaouX 3HEPriei, NpeBbla-
el SHEPTHIO aKTHBAIIMM, U MIPUBOIMT K BO3PACTAHHIO CKOPOCTH Peaklny.

Tabnauua 2.2

ITpuMepLp TOMOTEHHONO U FeTEPOTeHHON0 KATaau3a

Katanusarop
Peakuus
rOMOreHHbIH | retTeporeHHbIH
SOz(r.) + '/202(1".) = SOB (r.) NO(r.) V205(TB.)
H,0,(x.) = H,O (x.} + 17,0,(r.) K,Cr,0,(p.) MnO, (1B.)
RCOOH (p.} + RlOH (p.) = RCOOR] (p.) + H20 (K.) H30+(p.) —
C2H4(F.) + H2 {r.) = C?H‘5 (r.) —_— Ni (18.)
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HcxonHele Hcxoanbe l'lpomexcquﬁoé

BELUECTBA —_ BEIIECTBa COCMHHEHHE
ITpoMexyTOYHOS (uHTEpMEnHAT) \ |[Tpoayxr
COeAHHEeHHE \] peakuMH
(MHTEpMETHAT) —
[lyTs peakuuu [IyTe peakuuu
Puc. 2.7. DHeprerudeckas iuarpamMma rnpo- Puc. 2.8. DHepreTHyeckas quarpamMmMa mpo-
Lecca 6e3 karanusaropa (/) M c Kara- necca 6e3 MHrub6uTopa (1) U ¢ UHTHOHTO-
JH3aTopoM (2) poMm (2)

IIpH reTeporeHHOM KaTanuse CHIDKeHHME E, JOCTHTAETCA B pe3y/IbTaTe ancopbuyn
pPEaTeHTOB Ha TOBEPXHOCTH KaTalH3aropa, CAENCTBHEM 4ero SIBJISeTCs OcnablieHHe
XHMHYECKHMX CBA3EH B aliCopOUPOBaHHEIX MONeKynax. HanpuMep, pH «qoXHdraHAN»
okcraa yraepona(ll) BEIXIOMHAIX Ta30B KUCAOPOROM NPOHCXOANT aacopbuys rason
Ha MMOBEPXHOCTH IUIATHHOBOrO KAaTaMH3aTopa. Peakiys ancopObupoBaHHbIX MOJIEKY
TasoB C ocnabmeHHBIMU BHYTPHUMOICKYISIPHBIME CBA3SIMUM TIPOTEKAET ¢ MCHBLICH
3Hepryei aKTUBaMH, YeM aHATOTHYHAS PeaKIHA B ra30B0i Cpeme. 3aTeM ITPOMUCXO-
JHT fecop6iiHsa 06pa3oBaBIIMXCA MONEKY/ ¢ TIOBEPXHOCTH KATaMH3aTOpa.

Karamus UrpaeT BaXHYIO pOTs M B BHOXMMHYECKHX TIponeccax. B ponu katanusa-
TOPOB TaM BLICTYNIRIOT (hPepMEHTHI — CIOXHEIE BENKH.

CyLUeCTBYIOT BEllleCTBa, KOTOPEIE, HAIIPOTUB, YMEHBUIAIOT CKOPOCTE PeaKiMu,
HX HasbBalOT uHzubumopamy. OHM U3MEHAIOT TYTh peaknMu (pHc. 2.8), epeBons
HMCXOAHDBIC BENIECTBA B MHTEpMEAMAT (3Ta peakuMsa HMeeT HeGOMbIIYIO SHEPTHIO aK-
THBaMHn E,, < E,). DHeprus aKTUBauUU Ipoliecca Mepexona MpOMeXyTOYHOro
COeAMHEHMS B KOHEYHBIH NPOIYKT OKa3bIBAETCH Ype3BbIMaiiHoO Gonbuoii (£, > E,),
H Takolt 1pouece CTAaHOBUTCS MaJIOBEepOATHEIM. B pesynsTaTe MHTepMeaUaT CHOBA
pacnazaeTcd ¢ 06pa30BaHMEM HUCXOMHEX BElECTB.

IIpuMepoM UHTUOMTOpa WIS peaKIMH PAasIOKEHHS NePOKCHAa BOOOPONA MOXET
CIYXHTE (hoCHOpHAast KHCOTA.

ITpumep 2.3. MepMeHT Karanaza CHIDKAET SHEPTHIO aKTHBALUMU PEAKLIMU PaICKeHHs
nepokcuaa sogepoaa ¢ 75 kJx/Mons no 21 kJIx/Monb. Bo cKONTEKO pas yBeTHYHTCA CKOPOCTh
peaxuuu npu T = 298 K?

Pewenue. KoHncranTa CKOpOCTH peakLHMY CBA3AHA ¢ BENHYMHOI 3HEPrHM aKTHBALIMH ypaB-
HeHHeM (2.7). OTHoLIeHHe CKOPOCTEH PaBHO OTHOWIEHHIO KOHCTAHT:

K e%‘_ (Ea-ED) 75 000 - 21000
ZET = = =g RT =g 29831 _ o218 .. 3.3. 109,
ol

Katanusatop ycKopsieT IIpoLece padIokeHHs MEepPOKCHa BONOPOAa IIPHMEPHO B MHJ-
JIMapi, pas.
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2.4. MEXAHU3MBI XMMHAYECKUX PEAKIITMH

MexaHu3M XMMHYECKHX peaKLHii BO MHOIOM 3aBHCHUT OT 3JIEKTPOHHOIO M I¢0-
METPHYECKOTO CTPOEHMsI MOJIEKY/ pearupyiommx BeiecTs. ITostomy, nmes obiume
NpeACTARIEHHS O BO3MOXHBIX MCXaHU3MaX PeaKuWi ¥ CTPOEHMH MOJNEKYN, MOXHO
caenaTh BHBOJ, OyIET M DAHHOES BEIIECTBO HHEPTHHIM HITH nabwisHeIM'. KoHeuHo,
noguyac 6EBAET OUYEHB CIOXKHO WIHM HEBO3MOXKHO TONYYHUTH NIOATBEPXKECHHE BBIIBH-
HYTOMY IPENION0XKEHHI0. PacCMOTPHUM HEKOTOPBIC ODIIHE NMPEACTABICHHSA!

e 0 MEXAHM3ME pasphblBa CBA3H;

* 0 GUMONEKYIAPHOM MITH MOHOMOJIEKYISIPHOM MEXaHH3MaX PeakUMH 3aMelnre-

HUS;

® 0 MEXaHM3ME OKHMCIUTETBHO-BOCCTAHOBUTENBHEIX peakuui.

CBsi3p MEXIy JBYMA aTOMaMH MOXET Pa3phiBaThCH 10 TOMOJIUTHIECKOMY MEXa-
HH3MY, T.¢. ¢ 00pa30BaHHUEM /BYX PAOHUKAIOB!

A:B - A* + B,
WIH TeTEpONIMTHICCKE — ¢ 06pa3oBaHHEM HOHOB:
A:B 5 A" +:B".

JIns FOMOMUTHYECKOTO PasphiBa CBS3M Tpebyercs 3HEprus aKTHBalUMH, OH3Kas
K BEJIMYHMHE SHEePTHH 3TOH cpsi3y. IIpu reTrepoTHTHUYECKOM MEeXaHU3Me 3Ta IHEpIru:
erie GoNblle, TAK KaK HEOOXOAMMBI 3aTpaTsl Ha obpasosaHve HOHOB. IlosTomy B
radoBoii tbase vyane OpoxoIAT peakKuuu ¢ o6pasoBaHHeM PAJIHKAIIOB, 8 B pacTBODE,
Ie BeJMKa 3HEpPrHs cobBaTallM, — ¢ o6pasoBaHHeM HoHOB. ITpumepom nponec-
COB, IPOXOAAIIMX IO PATUKATPHOMY MEXaHH3My, ABJIAIOTCA LENHBIC PEaKUH.

Ienusble peakuuu. DTO MOCAECAOBATEIBHBIE PEAKIIMH, B KOTOPEIX MOABICHUC ITPO~
MEXYTOYHOM aKTMBHOM 4acTHUB! (4alle BCero panHKana), BHI3bIBACT LC!b NpeBpa-
IEHWH MCXOOHBIX BeniecTs. IIpuMepamMM TaKWX peakiUi MOTYT CIIyKHTb peaKiiH
OKUCJIEHHS MOJICKYISIPHBIM KUCTOPOAOM, B3aUMOACHCTBHE BOZOPOLA C rajloreHa-
MH, TepMHMYECKOE PasliokKeHUE 030HA M OKCHIOB Xj10pa, peakKiii palHOAKTHBHOTO
pacrnaja.

JIro6as LenHas peakiiMsa COCTOMT U3 TpeX CTaAMii: 3apoXKaeHHE, MPOAODKCHUE U
o0pelB uenu. Ha nepsoit ctamuu o6pa3syloTcsi akTHBHBIC YacTHLBI, B PE3YALTATe
B3aMMOACHCTBHSA MOJEKYJI HCXOMHEBIX BEIECTB, BHCIUHETO BO3aeiCcTBIA (CBETa) MITH
CIIeMATBHEIX BEIECTB — HHHIIMATOPOB cBOGOAHHIX pairukatoB. Ha BTopol cTanuu
TIpOZOJDKEHWE LIETIH MOXKeT BHITh HepazeemeanenHbim, KOTAa B KaX/I0M akTe 06pasy-
eTCS CTOJIBKO XK€ pATUKANOB, WITH paizéemenenibM, ¢ClIH B PE3YIBTaTe OCYylllecTBIe-
HU Tporecca YHCI0 aKTUBHEIX YaCTUL Bo3pacTaeT (pHc. 2.9).

M HakoHell, TPeThS CTAAMA — PeKOMOMHauMs paavkanoB. OueHb 4acTo Takue
NpoLecchl IPOXOAAT Ha CTEHKaX cocyna W ¢ yuacTveM npumeceil. [Toatomy omiu-
YUTENEHON OCOGEHHOCTRIO HENHBIX peakiyii SBIsgeTcs 3aBHCHMOCTE CKOPOCTH OT
o6heMa u (GopMBl PEaKIIMOHHOTO cocyna. B taba. 2.3 mpuBeaeHs! MPHMEPH pas/ivy-
HEIX CTafMii Hepa3BEeTBIECHHOH M pasBETBIIEHHOH LIEMHON peakiHH.

! C TepMOAMHAMHYECKOH TOUKH 3peHUA COeAMHEHHE MOXET GhITh CTAOMILHLIM HIH HeCTAOWIBHEIM
OTHOCHTENLHO KAaKOro-IuG0 npolecca, a 110 CKOPOCTH MpeBpallieHHs BELIECTBa AeIATCA Ha Aabuabhbie —
GBICTPO B3aMMOICHCTBYIOLME U UHepMHbie — PealdpylolHe MeleHHO.
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Tabununa 2.3

TIpumepr Eepa3BeTBAeHEOH H DPA3BETBICHHON HEMHOH peaKUHH

Cragny uensoix peakumit

Hepa3sserenennas peakuus
H, + Br, = 2HBr

PaspeTBneHHas peakuus
2H,+0,=2H,0

JapoxaeHHe Lenu

Br, » 2 Br

H,+0,—> 2 -OH
HI-I-OI—)H'—F'HO:

IMponoitkenne uenyu

Br- + H, - HBr + H-
H- + Br, - HBr + Br*

-OH +H, - H,0 + H-

Pa3BersneHue uemnu;

H-+0,-5 -0 +-0OH
‘O + H, > H-+ OH:-

H-+H*+M > H,

OGpbIB LenH Bre + Brr + M* — Br,

* M ~— TpeTbs YaCTHUA WM CTEHKAa COCY/A.

HHuTepecHO# 0COOEHHOCTBIO LENHBIX peaKIHil SBIsSeTCs TO, YTO OHHU IIPOTEKAIOT
O4Y€Hb DYpHO, NMOPOI! CO B3PHIBOM, He BO Beeil 061acTH TaBNeHMIE U TEMITEpaTyp, a
JIMIIb B HEKOTOPOM MX UHTepBasie. Ha puc. 2.10 npuBeneHs! npenensl BocriaMeHe-
HUA cTeXHOMeTpHyecKoi cMecu H, n O, nisi onpeneneHHoit GOpMEl U MaTepHaia
cocyna. I'peMydas cMech B3peIBaeTCs TONBKO NpH yeaoBusx (P, T), COOTBETCTBYIO-
LIHX TOYKaM BHYTPH TOJYOCTPOBa BOCTUIaMEHEHHS: HUXe TIEpBOTo Tipeaena 1peob-
NlajaeT peKOMOMHallUS Ha CTEHKaX COCYNa, a BHIILE BTOPOTO — PEKOMGHHALMs B
obreMe U Ha IpUMECHX.

Y00l NOHATD, KaK CTPOEHHE MOJIEKYJl BEILECTBa BIMAET Ha €r0 PEaKLHOHHYIO
CrIOCOGHOCTb, PaCCMOTPHM TNPOLECC THAPOIM3a TETPAXIOPHAOB YIIEPONa, KPeM-
HHUA U 0O/IOBa:

ACl, + nH,0 = D0, xH,0 + 4HCI

OTa peakld TEPMOTUHaMHYECKH BO3MOXHa (A,G° < 0) 118 XJIOpHAOB Beex
TpeX 31eMeHTOB. OIHaKO, €CTH TETPAXJIOPH YIJIEPOIa MIPAKTIHUECKH He B3auMOJIeH -
CTBYET C BOJIOH, TETPaXTOPHA KPEMHHUS MTHOBEHHO MOHOCTHIO THAPOIHU3YETCS JaKe

P, atm

10
10°

10
a

& . 400 T 500 600 1.5C

Puc. 2.10. Ipenensl BocriaMmeHeHHA
ans peakuuu H; + 1/20, = H,0

Prc. 2.9. CxeMa passeTmieHHON
(@) ¥ Hepa3BeTBJIEHHOH (6)
LIENHOH peakimu
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OYEHb MaJkIM KOJIMYECTBOM BOIBI, & TETPAXJIOPH] 0JIOBA, XOTA U B3aUMOIEHCTBYET
nogo6Ho SiCly, HO Takke MOXET 00pa3oBaTh TBEPAbIE rHApaThl. CKopee BCero 31o
MOXHO OOBACHUTDL TEM, YTO THAPONN3 TETPAXIOPHAOB KPeMHHA M 0JIOBa MIET IO
OUMOJIEKY/ISIPHOMY MeXaHH3MY HYKJieodWIsHOTO 3aMeneHus (Sy2), Ha epBoi cra-
AU KOTOPOro NMPOMCXOANT NPUCOEAMHEHHE BOABL K LIEHTPaIbHOMY aTOMY:

H,0 + SiCl; —» [H,0—-SiCly] - HO - SiCl; + HClI

Pa3HHLa B 110BeIcHUU COeMMHEHHH 0oBa U KPEMHHs 00yCAOBIEHa JIHIIL pa3-
JraueM 3Hepruit cesasn 3—0. B ciayyae xe yriaepoaa Takoit MeEXaHHU3M B3aUMOICH -
CTBHMA HEBO3MOXEH, TaK KaK HM3-3a2 MaJIOro pasMepa aTroMma yIiiepoIa aTaka 3aTpy/He-
Ha CTEPHYECKH, K TOMY K€ YIJIEPOH He MMEET MMOAXOOAEH NIC 3HEPIUM CBOOOOHOMI
op6HTa/ii. Bo3aMOXHO, YTO IPH BBICOKHUX TEMIIEPATYpax, KOTAa TUAPOIN3 TETPaxIio-
pHa YTJIepoaa Bee XKe HMEET MECTO, MEXaHM3M 3aMenIeHUs ABISETCA MOHOMOJIEKY-
JISAPHBIM npoueccoM (Syl). CxeMa peakiivu B 061eM BHAE MOXET OBITh MTPEICTaBIIE-
Ha YpaBHEHHEM:

AB+C—-5A+B+C—H>AC+B

ITpuMepsn! peakiiuy 3aMellieH!s KOMIUIEKCHBIX COeJUHEHUI U NIpeacKa3aHue ux
J1aOMIIBHOCTH MM MHEPTHOCTH OyAyT pacCMOTpeHE! B riogpasy. 4.7.4.

PaccMOTpHM MEXaHU3MBI 37IEeMEHTapHBIX OKHUCIHMTENLHO-BOCCTAHOBUTENBHBIX
npoueccoB. Mx MoxHo roapa3nenuTs Ha BHeltHecdhepHbIe M BHyTpHchepHble. BHenr-
HecdepHBIE MPOUECCH HAYT AOCTATOYHO GBICTPO Ge3 06pa3OBaHUs YCTOMYMBHIX MO-
cTMKOB. IIpUMepoM CIyXMT peakuusi MaHraHaT-MOHOB € IEpMaHTaHaT-HMOHaMH,
comepXKauMMM MeyeHsnt atom Mn*:

MnO; + Mn*0;” - Mn*O; + MnO?"

Huxonait Hakonaeswy Cemenon (1896 — 1986). Pycckuit
tusuxoxuMuk. B 30-¢ ronst XX cronerua pazpaborar Teo-
PHIO pa3BeTBICHHBIX LIeNHBIX peakuuil. Ero ocHosHada paGota
«llenHple peakuuu» BKIIOYANA TaKue pajueiibl, Kak: Teope-
THYECKHE OOOCHOBAHHA LETTHOH TEOpHM, LETTHBIE DEAKLHH
FaJIOreHOB, LIEITHBIE PEAKUMH OKUCACHHA, LENHbIE PEaKLHH
paanoxeHus. B 310# paGore 6bU1M paccMOTPEHBl MHOTHE De-
4KLMH, B YacTHocTH, oOpasosanne HBr, ¢oroxuMuueckoe
paanoxenue H,0,, okucnenue yrieBonopoaos. 3a ki 3TUX
pabor H.H.Cemernos u C.H. Xunwenssyn (BesmukoBpura-
HuA) B 1956 r. 6eu ypocroens HoGenesckoil mpemuu.
H. H. CeMeHOB ABIANACA OCHOBATENEM W GECCMEHHBIM PYKO-
BOAMTENEM Kadeipsl XuMUIeCKON KHHETHKHM HA XHMUYECKOM
daxkynsrere MI'V.

BuyrpucdepHbie peakuiy nMpoTekaT 6oee MeaIeHHO ¢ 06pa3soBaHMEM MOCTH-
KOB, 4epe3 KOTOPbIE TPOXOANT TiepeHoC 3NeKTpoHoB. Hanpumep, peakms

[Co(NH3)sCIP* + [Cr(H,0)6]* + SH* — [Co(H,0)6]* + [Cr(H,0)sCIJ** + SNH;
npoxoauT 4epes uHTepMenuar [(NH;)sCo...CL..Cr(H,0)s]*, conepxamuit ogHo-
BPEMEHHO aToMBl KoGasnsTa U XpoMa, COenMHeHHBIE aTOMOM XJIopa.

DneMeHTapHbIe OKMCIUTEILHO-BOCCTRHOBUTELHBIE TTPOLIECCH! MOKHO pa3/ie TUTh
TaKXe IO KONHYECTBY IepelaBacMBIX 3JIEKTPOHOB Ha OTHO3/IEKTPOHHBIE U JBYX-
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Kone6atenpnpie peakunn. CylecTBYIOT XMMHYECKHME PEaKLMWM, NIPH NPOTEKAHUH
KOTOPBIX MPOHCXOAMT [IEPHOAUIECKOE M3IMEHEHHE KOHLEHTpAuHil pearnpyowmnx se-
wects, Haubonee u3BecTHOl KoneGaTenbHO# peakuueil apnsetcs peakuus Benoyco-
Ba— XKabGoTHHcKoOro, BNepBele HccnenoBaHHas B 60-x rogax XX Beka. DTa peakums
TIpeACTaBNsAeT coH0i KaTalMTHYECKOE OKMCIEHHE MaJIOHOBOH KHCIIOTH 6pOMaT-HOHOM
B TIPHCYTCTBHH Ce* B kuciom BOAHOM pactBope. KonebGaHHs KOHUEHTPaLMIl 3aMeTHEI
10 TIEPHOOMUECKOMY MCYE3HOBEHHIO H ITOSBJACHHMIO XEJITOH OKPACKH, BRI3BAHHO! HOHAMH
Ce**. Takke NepHOIMYECKM HIMEHSIIOTCS TEMIIEPATYPa M KOHLEHTPALMK JpYrux rpo-
IYKTOB, SBNAIOLUIMXCA HHTepMeauaTaMu (Br~, Bry) (puc. 2.11). s obbsacHeHMs Koe-
GaTeNBHBIX M3MEHEeHMI TIPe/UTOXEH MeXaHH3M, BKIIOYAIOLMIl Cleaylore CTaIMH;

1) BrO3 + 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* +
+ NPOAYKTHI OKMCICHMUSA.

BpomManoHoBas kucnota obpazyercs
B pPe3y/bTaTe peakuHi

CH,(COOH), + HBrO —
— BrCH(COOH), +H,0

O61iee ypaBHEHHE MMEET BHI:

2BrO; + 3CH,(COOH), + 2H"
— 2BrCH(COOH), + 3CO, + 4H,0

T 3710 HauboJliee YyNPOILUEHHBIM BapHAHT
i MexanMsMa. bonee nosgHHe MOneNH BKNIO-
yaroT a0 22 cragmit [19].

Br- (a), Ce** (6), Br, (8), 6poMManoHo-

BOM KHMCJOTHI (2) U M3MEHEHMUS TeMIle-

patyphl (AT) (J) OT BpeMEeHHU LIS KOJle-

barenpHoit peakuuu benoycosa— XKabo-
THHCKOTO

I

I

1

i Puc, 2,11, 3aBUCHMOCTE KOHLIEHTpALIMH
1

|

|

!

I

3JIeKTpoHHBIE. JIBYX3NMEKTPOHHBIR TepeHOC, KOTOPHBIHA Yalle BCEro MMEET MecTO
B XUMHH p-37IEMEHTOB, POHUCXOIUT MOCTATOYHO MEMTeHHO W YEpE3 MOCTUKOBLIE
aToMBbl, nNomobHO peakUWu:

SO; + HCIO - [0;8—CIl—OH] — CISO; + OH"
Hocnenytomeit cragueit SBSeTCs rHAPOAU3 XI0pCyabdaT noHa:
CISO; + H,0 - SO; + CI” + 2H*
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Ecnu oKHCIIHTENh H BOCCTAHOBUTENEL M3MEHSIOT CBOIO CTENEHb OKMCAEHHS TO-
pa3HOMY, TO TAKHE peaklMH HAa3BIBalT HEKOMNAECMEHMADPHBIMU. Hx MEXaHHWN3M EIE
fonee CIOXEH M BKJIIOYAEeT HECKONBKC MIeMEHTapHBIX cTaguil. TIpuMepoM TakKoi
peakuuu Moxer ciayxuTb okucnenue Cr(I11) nepcyasdar-uoHOM, KOTODBINA SABNIA-
€TCH OYEHB CIUIBHBIM JBYXJJICKTPOHHBIM OKHCIIHTEIEM.

Cr2(504)3 + 3K25203 + 7H20 = chrzoy + 2K.2804 + 7H2504

Bta peak1ia OYeHb MeJJIeHHASI U KaTanuaupyeTcsd moHaMK Agt. BosMoXHBIH Me-
XaHH3M B3alMOIEHCTBUS — JBYX3JIEKTPOHHOE OKUCIIeHHe cepebpa

Ag' + S,057 — Ag™ + 2807
OLICTpas peakiivsa
Ag+ + Aglh- — 2Ag2+
H, HAKOHeU, ONHO3JEeKTpOHHOoe oKucneHUe xpoma(Ill) noHamu Ag® 120
2Cr* + 6Ag™ + 7H,0 = Cr,07 + 6Ag" + 14H*

2.5. KHHETUKA TBEPJIO®A3HBIX PEAKIIHIA

o cUX nop HalIM paccyXIAeHHUS Kacalkuch TOMo(da3HEIX peaKuui, 15 KOTOPDIX
BO3MOXKEH HEeTOCPEACTBEHHBI KOHTAKT OTACIBHBIX MOICKYI WIH UOHOB, [opasno
Gonee CIOXHBIMU ABISIOTCS MEXaHU3MBI TeTepodasHBIX NIPOLIECCOB, B KOTOPKIX OCO-
6y10 PONb UTPaeT naowads nosepxrocmu CONPHKOCHOBEHMS! peareHIOB U CBOMCTBA
aroit noeepxHocTH. [1pu 3TOM XOTA OB OgHA U3 (a3 MOKET GBITH SKUIKOH WIH ra3o-
BOI, WJIH BCE peareHTHI ABJSIIOTCA TBEpALIMU BeurecTBaMu. OCHOBHBIE 0CODEHHOCTH
TBepAoha3HBIX peakiMii CBOIATCS K CIEHYIOIIEMY:

e peaxkIUsa NMPOUCXOONUT Ha MOBEPXHOCTH pasnena das;

¢ OCTAaBKa pearpyloniux YacTUIl B 30HY peakIIUM 3aTpyAHeHa;

* B [IPOLIECCE peakIMl NMPOUCXOIHT 00pa3eBaHKue HOBOM ¢asbl,

Pearupyronye yacTHUBL pa3feleHnl B IIPOCTPaHCTBE, H CKOPOCTh MX NepeMelie-
HUs yepe3 cioi TBepaodasHore nponykrta (ckopocTh nudidby3nu), Kak MpaBUio,
OYeHBb MaJa,

TakuM 0Gpa3oM, sumumupyioweli cmadueli meeplophasnsix peakyui yaue 8cezo
saeanemcs Oughghyzus peazenmos 8 caoe npodyxma, passessiionieM peareHTe. CKOpPOCTb
audbysnu (dr/dr) 3aBUCHT OT IUIOAMKM TIOBEPXHOCTHU pasaena (S) U rpagueHTa
KOHHeHTpauu quddyHaupytomero semectsa B cnoe (dC/dX):

dn/dt = -DS(d C/dX), (2.8)

roe X — rTomuMHa ciaos; D — koadduuuent guddgy3uy, KOTOpHIH 3aBUCHAT OT
TeMIepaTypel, NpUpoasl JHGOYHIHPYIOLIEIO BeHIeCTBa U CBOMCTB Marepyaa, ye-
pe3 KOTOpH npoxoauT auddyaus.

Koadduuuenrn nudgysuH pasaHYHBEIX aTOMOB WIH HOHOB B TBepmoi dase
4ype3BbIYaiiHO Masil U HaxoaaTcs B nipenenax ot 1078 go 1071 em?/c. Cneposarens-
HO, I/l YBeJWYeHHsA CKOPOCTH JOCTaBKH PeareHTOB B PEaKIIMOHHYIO 30HY LEfe-
coobpasHo:

® [IOBRICUTE TeMIepaTypy (KoadduuueHT anddy3und 3KCIIOHEHITHAIBHO BO3pa-
CTaeT C POCTOM TEMIIEPaTypHI);
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¢ H3METBYUTE YaCTULIL! PEAKIIUOHHOK cCMeCH (YTOOB! YMEHBLIUTE TOJILIMUHY CJT0f,
PasgessioIere pPeareHThl);

* KCIIONB30BaTh PEATeHTHI ¢ TMMOBLILIEHHOH peaklMOHHON CIIOCOOHOCTEIO (HATITIHE
Je(eKTOB CTPYKTYPBI YBEIMMUBaET CKOpoCcTh uddy3u Ha MHOIO IIOPSIIKOB).

CxopocTb TBepAO(dha3HBIX PEAKITHE CYIIIECTBEHHO 3aBUCHT OT 0COGEHHOCTEH CTPYK-
TYpPBI IIPOAYKTa B3aUMOACHCTBMS — HOBOM ¢a3rnl. IIpu ee oOpa3oBaHHU, ¢ OHOM
CTOPOHBI, BLIIECTACTCA JHEPrus (3HEPTHUA CBA3U), a C APYICH — TPATUTCH IHEPTUSA
Ha o0pa3oBaHKe HOBOH IOBEPXHOCTH. Brimensiomascsa aHepTUS MPOIOpLHOHAIBHA
KyOy JIMHeIHOro pasMepa YacTHI, a SHEPrus, 3arpayldBaeMass Ha o6pa3oBaHUeE 0-
BEPXHOCTH, NMPONOPUHOHANEHA KBaApaTy JUHeHHore pa3Mepa yacTull. BerencTsue
3TOTO JUTA 04YeHb ManeHbKHMX YaCTHII TIPEBAIUPYIOT 3aTPATHl SHEPTHH, CBA3AHHLIE C
HeoOXOAMMOCTBIO PEOIONETh HEKOTOPLI# dHepreTHYecKHi 6aprep. M3-3a atoro nu-
MUTHUPYIOIIEH cTanueil rerepodasHoif peakuMid MOXeT ABIAThCA 00pa3oBaHUe 3a-
poapliueii. ToNbKo Mocie NOCTHXEHUS OTIpe/ieIEHHOTO KPUTHYECKOro pasMepa gajib-
Helimmee $hopMUpoBaHUe HOBOM a3kl (YKPYTTHEHUE 3apobIIIeil) UAET CaMOIPOU3-
BOJIBHO.

XapakTepHBI BUA KHHETUYECKOM KpUBOi TBepnodasHoi peakiiny (3aBHCUMOCTD
CreneHH IpespaunieHus (o) oT BpeMeHH) nipencTrabieH Ha puc. 2.12. Cragus [ —
URJYKYUONNbIE nepuod, BO BPEMS KOTOPOTO CKOPOCTh PEakIIMH MaNa, COOTBETCTBYET
HavanbeHOMy o6pasoBaHuie 3aponsieii. Ctaaus 1 cooTBeTCTBYET npoueccy pocma
3apodbiuieli — 3TO CaMBIi GLICTPEIN NIEPHO peakilii. Jlanee 3apoabllly CIUBAIOTC B
HENpePbIBHBINA CI0M IIPOAYKTa, CKOPOCTb PeakKuUH YMEHBIIAeTCsA, U C 3TOTO MO-
MeHTa onpeaensiercs dughghysueii peareHTOB yepe3 3ToT cinoit (cramus I1T).

Jnsa toro 4yrobBl COKPATUTh WHAYKLUMOHHLIM INepHon (YyBeAHYUTh CKOpPOCTH) B
peakiMOHHYIO CMECh HHOTA BBOJAT MEIKHUE KPUCTAUTUKH TIPOAYKTA peakii. OHU
BRICTYTIAKOT B POJIH 3apOABILIEH, M IPoLECC cpa3y HauMHaeTcs Kak Obl CO BTOpOi
CTamUH. YMEHBIUIEHH HHAYKIIMOHHOTO TIEPHUOAa MOXHO OXKHAATh, €CIIN KPHUCTALTH-
4yecKas CTPYKTypa MOAYYAIOLIEToC TIPOAYKTa aHalOriyHa CTPYKTYpe OMHOTO U3 pe-

areHToB (nogpoOHee O CTPOEHHUH TBEPAOIO

TeJla CM. nonapasy. 4.7.4).
3aponeiin AB

IIpumep 2.4. IperoxyTe ONTHMAIBHEIE YCJIO-
BHA CHHTE3a MArHWi-aTloOMMHMeBOH WINHHEJIH
MgAlLO,.

Pewerue. BO3MOXHO HeCKONBKO BAPHAHTOB CHH-
Teza, Ecjii CHHTE3 NPOBOAUTE HENOCPEACTBEHHO H3
OKCHJIOB:

.
(=]
ot

11 MgO + AlO; = MgAlLO,

TO:

a) B KayecTBE HMCXOJHOI'0 DEAreHTa CAEAyeT
MCTIONB30BaTh y-Al,05, UMEIOIIMH cTPYKTYpy Mc-
K2OKEHHOH IMIIHHENH;

6) MCXONHBIE BELIECTBA HEOOXOMUMO TUIATE b~
HO U3MEJIbYHTE M CIPEccOBaTh B TABJIETKH;

Puc. 2.12. 3aBHcHUMoOCTh CTENIEHH TIpEBpa- B) TEMIEDPATYPy CHHTE3a CJIENYET IOBBICHTD IO

LWEHHS o OT BpeMmeHH Hng Teepaodas- 1500°C (mMddysua cTraHOBUTCA OYTHMOI TIpH

Hbix peakumit ([ — MHOYKLUMOHHBIN Ie-  TeMIlepaType, cocTaBnamooueit 2/;... 3/, or Temne-

puon, II — pocr saponeimeit, 111 — parypsl nnasneHus npoaykta — npasuto Tam-
IuddyIHoHHas 0ONacTh) Mauay;

T

116




r) Jnd MHTeHCHDHKALMH TIpoLecca Lenecco0pasHo NMPOBOAHTE MOBTOPHBIE LIMKABL M3-
MeJIbYe HUS — TPECCOBAHH A — OTXHIa (NpH 5TOM TIPOHCXOAWUT YMEHBIIEHHE CNOA TIPOAYyKTa
HA YACTHiIAX, 3aTPYIHIIOUINX IuddhYy3HIO peareHTOoB).

Bropoit crioco6 cHMHTe3a 3aK/NI04aeTCA B [IPHTOTOBIEHUH OUEHb TOHKOH CMECH pearupy-
foMx BewecTs. HanpuMep, eciiH cMellath HUTpaThl Mg(NO;),- 6H,0 1 AI(NO;);- 9H,0 1
HArpeTh, TO OHM PAacIUIaBATCA B COBCTBEHHON KPHMCTATNM3ALMOHHOH BOAE, H NMPOM30HIET
nepeMelIMBaHHE «Ha MOJIEKY/IAPHOM YpoBHe». TTosyue HHBIH MIaB HUTPATOB IIpH TeMOepary-
pe ~600°C pasnaraerca ¢ 06pa3oBaHHEM BBICOKONHCIIEPCHOI, OYEHb PEAKLHOHHOCIOCO0-
Hoit cMecH okcuaoB. OTxur 310ii cMecH nipy 1300 °C npusonuT K 06pa3soBaHMIO WIIHHEH 33
NOCTATOUHO HENPOAODKHMTE/IBHOE BpeMs. :

KOHTpOABHBIE BONPOCHI

2.1. Xnopun prytu(Il) peardpyer ¢ OKcanar-uoHaMM B PacTBOpe O YpaBHEHMIO:
2HgCl, + C,02™ = 2CI" + 2CO, + Hg,Cl,

Hcnonbays TNpHBeNeHHBIE HMXE JaHHBIE, ONpENeNuTe: a) 3aBUCHMOCTh CKOPOCTH peak-
LIMM OT KOHLIEHTPALMH DEAreHTOB; 6) NOPANOK PeakuHH B LUeJIOM H TI0 KaXIOMY peareHTy;
B) KOHCTAHTY CKODOCTH peakiMM; I) CpPaBHHTE [OJIy4eHHbIe DE3YJIBTATEl CO CTEXHOMETPH-
YECKMM ypaBHeHHEM M CHeJaiTe BLIBOLL.

Homep C(HgClL), C(C,04), v,
3KCHepHUMEHTA MOJIB/JI MOJIb/it 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. OnpeaenyTe NOPAIOK O BEWECTBY A M KOHCTAHTY CKOPOCTH HEKOTOPOH peakuHH,
eCIIM COHEpXKAHHE A HAMEHASTCA CO BpeMeHeM cledyloiuuM 00pasoM:

T, € 0 5 10 20 30 45
C,, MOJB/A 2,5 2,41 2,33 2,16 2,00 1,74

2.3. K peakiinaM Kakoro IOpSaKa OTHOCHTCH paIMoakTHBHEH pacnan? [epuon nonypac-
naga yrnepona '“C pasen 5570 rogam. CKOBKO BpeMeHM MOTPeOYeTCH, YTOOL ColepKaHue
14C p oGpasue yMeHbiIHoCk Ha 0,5 %?

2.4. Ucnons3ya NpyuBeNeHHbIE HIXE JaHHbIE, ONpele/MTe SHEPIHIO AKTHBALIMH PeaKi(MH,

k 0,182 0,466 1,35 3,31 10,2 22,6
T, K 305,0 313,0 321,1 3277 343, 6 353,0

Kak M3MeHHTCA yroa HaKiiOHa KpUBBIX Ha rpaduke (Ink — 1/7) npH nepexone OT peakuui
C Ma/Ioi 3HEepruei akTHBAUWKM K peakuMaM C Oolelllell SHepryeit akTHBALMH?

2.5. HapucyiiTe 3HepreTHYECKYIO AMarpaMMy SHIOTepMHYecKoit peakiuu. Kak cootHO-
CATCH IHEPTHM MIpAMOil ¥ 0OpaTHOI peakuni?

2.6, ins pacteoperus kybuka NaCl ¢ pe6poM 1 ¢M B GOJMBIIOM KONHYECTBE BOUBI IPH
MHTEHCHBHOM NepeMelltMBaHuM TpebyeTcs 6 u, CKONBKO BpeMeHH HEOOX0IHMO AN PacTBO-
peHMs B TAKMX Xe YCJIOBHAX TIOPOIIKA, TOMYYEHHOrO M3MelibueHHEM 3Toro obpasua Ha 101
OIMHAKOBBIX KyOHKOB?

2.7. Peakuus pa3ntoxeHHs razoobpasHoro okcuia asota(Vv)

2N205 = 4N02 + 02

ABNAETCA peakuHeil nepsoro nopsaka. I1pennonaraeMblil MexaHH3M 3TOH peakLMH BKIIOYa-
eT CAeaYIOLIHe TPOLECCH:
a) pasuosecre N,O5 2 NO; + NO;,
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6) Memnennyio peaximio NO, + NO; = NO, + 0, + NO,

B) GuicTpyio peakumio NO + NO; =2NO,.

Jokaxute, 4To 3TOT MeXaHH3M HE IPOTHBODEUNT 3KCNePUMEHTAIbHBIM LAHHEIM.

2.8, O6BACHUTE, IOYEMY HUKETb TUTOXO OKMCITAETCA IPH HHIKMX TEMIIEPATYDAX H ZOBOMb-

HO XOpOUWIO NPU BBICOKHMX, a XeJIE30 JIErKO MOLBEPraeTcs KOPPOIMHK JaXKe [pH KOMHATHOM
TEMIIepaType.




I'nmasa 3
CTPOEHUE ATOMA M NEPUOIUNYECKHNHN 3AKOH

HM3yueHUe CTpOeHUs MOJIeKYl M MeXaHH3MOB XHMMHMYECKHUX PeaKIIMi ¢ UX y4Jac-
THEM HEBO3MOXHO Oe3 npensapuTeabHOre 3HaKOMCTBa CO CTPCEHHEM aTcMa. Co-
BpEMEHHEBIE NTPEACTABIEHHUA o0 aToMe ocHOoBAaHBI Ha 3aKOHAX KBAHTOBOM MEXaHUKH.
Huxe 6yoyT UCNOAB30BaHbI HEKOTOPLIE MONOXEHHS COBpeMeHHON (hU3nKH, ooHa-
Ko bGe3 CTpOrvux MarecMaTHYyeCKHNX MOoKa3aTeJbCTB Ha YUCTO KAaYEeCTBEHHOM YDDBHE.
HM3yueHue crpoeHMsT aToMa TIO3BOIUIO TIO-HOBOMY MHTEPIIPETHPOBAThH NMEePUOIH-
YeCKMH 3aK0H, OTKpLITHIA [, M. MenneneeBaIM, 00BICHUTL 3aKOHOMEPHOCTH H3Me-
HEeHMs CBOWCTB 37IeMEHTOB U COSIUHECHHUI B MOOIpymnax U nepHoIax.

3.1. CTPOEHHE ATOMA

3.1.1. CospemMennoe NpeiCTARNEHHE O CTPOCHUH ATOMA

IToHsaTue aroma ObLIO BBEAEHO B DTyOOKOU mpepHocTH. ECTecTBEeHHO, MOAENTH
CTPOEHUS aTOMa HU3MEHSUIMCh C Pa3sBUTHEM ECTECTBO3HAHUA B UeAOM W (DHU3MKU B
YaCTHOCTH. MEI OCTAHOBUMCS TOABKO Ha COBPEMEHHOM TIPEACTAaBRICHUH, KOTOpOE
CIOXWIOCH B Hayane XX B., KOIrma ObLTH OTKPEITH 2€EMEHTAPHBIE YACTHUI{bI — CO-
CTaBHBIE YaCTH aTOMa, a TakKe pa3paboTaHbl OCHOBHEIE IMOJOXEHUS KBRHTOBOWH
MEXaHHUKH, MO3BOTUBIIECH ameKBaTHO OTMCATh CBOMCTBA MUKpOMUpa. Amom — XH-
MMYECKH HeJeIUMast, SJIeKTPOHE TpaibHAas YacTHIIA, COCTOAIAS U3 HYKIIOHOR (TIpo-
TOHOB, HEUTPOHOB) M 3MeKTPOHOB.

Tabnuna 3.1
CBOHCTBA HEKOTOPBIX 3JIEMEHTAPHBIX YACTHI
Yactuua Cumson* Macca, a.e M. Macca,** r Japan***, ¢
Ipoton ip 1,0073 1,67 102 +1
Heiitpon fn 1,0087 1,67- 10 0
DIeKTpoH e 0,00055 9,1-102% -1
IMosuTpon et 0,00055 9,110 +1

* BepxHuii WHIeKC 0603HAYaET MAaccOBOE YHCIO, a HWXHHI — 3apan.

** B KayecTBe aTOMHOH eNWHHIbLI MacChl MpHHsITa '/,, Macchl aTtoMa u3orona 2C,

**+* DneMeHTapHEBI 3apaa e = 1,602 10719 K.
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OcHOBHBIE cBOMCTBa (3apsiI M Mac-
ca) 3TMX YaCTHII IpUBENEHE] B Tabm. 3.1.
B neficTBUTEILHOCTH HYKIIOHBI He 5IB-
NAOTCA HEAENUMBIMH, a, B CBOIO Ove-
pelb, COCTOAT M3 KBapkoB. OmgHako
MpH XUMHUYECKHX B3aHMONEHCTBUSAX
CTPOCHHE HYKJIOHOB HE HMEeT 3Ha-
yeHusi, KpoMe 2/1eMeHTapHbIX YaCTHIL
" CYLUECTBYIOT aHTHUYACTHIIBI, 3/IEKTPOHY
COOTBETCTBYET IO3UTPOH, KBapKy —
Puc. 3.1. Ctpocuue atoma AHTWUKBapK, HEHTPHHO ~ aHTHHEWT-
pHHO. HekoTopsle U3 HUX ByayT ymo-
MSIHYTBI IIpH Bonee mogpoBHOM OIH-
CaHMH CBOWCTB slapa M palHOaKTUBHBIX MpeBpalleH it (cM. pasz. 3.1.4).
TTpOTOHbBI M HEHTPOHBI B aTOME 00PA3YIOT TIONOXUTETHLHO 3APSIKEHHOE saapo. B Hem
COCPENOTOYEHA MPaKTHYECKH BCA MACCa aTOMA.
3apsn sigpa (£) onpeensieTcsi THC/I0M IIPOTOHOB. DIEKTPOHE B ATOME 3aHMMA-
10T OKOJIOANEPHOE IIPOCTPAHCTBO, KOTOPOE B HECKOJIBKO THICSY Pa3 IPEBLILIAET pas-
MEp caMoro siipa (quamerp siapa nopsaka 1072 cM, a muametp atoma — 1078 cm).
3apsin snpa, © TOYKH 3pEHUsT XMMUH, SIBISETCS OCHOBHOM XapakTepUCTHKOM aTo-
Ma, TIOCKOJIBKY OH OIPEAENAET YHUCAO IIEKTPOHOB., XUMHUYECKUE K€ CBOICTBA Be-
IECTB 3aBUCAT UCKITIOYHTENLHO OT DMEKTPOHHOM CTPYKTYDhI COCTABASIOMMX X aTO-
MOB (puc. 3.1).

Hwise Bop (1885 —1962). Beunarowmmiics natckuit du-
3MK, OCHOBONOTOXKHUK COBPEMEHHON KBAHTOBOH TCOPHH,
H. Bop coznan nepByio KBAHTOBYIO MOLIE/b CTPOEHMA ATO-
Ma, MHOTME DJIEMCHTRI KOTOPOH BOLWIK B COBPEMEHHYIO
KBaHTOBYIO TEOPHIO: yPOBHHU BHEPrU, KBAHTOBLIC YHCIIA
u T.n. OnHako He MeHBIIEe 3Ha4YeHHe MMECT BIMSHME
H.Bopa Ha crenyiouwiee moxojeHHe GU3MKOB, BKTIOYast
B.Teitsenbepra, I1. OQupaxa, B.Tlaynun u 3. Pepnmu.

Xumuueckutl snemenm — 3T0 BHI aTOMOB, XapaKTepH3yIOILUIICH onpeae/ e HHBIM
3apsoM sapa.

3.1.2. DaexkTponnoe CTpoeHHE aTOMA

DIIEKTPOHHOE CTPOEHUE ATOMA ONPEEAETCS, B TIEPBYIO OYEPENb, SHEPIUEH S1eK-
TPOHOB W BEPOATHOCTHIO X HAXOXIEHUSA B KaXIOH TOYKE MPOCTPAHCTBA BOIM3M
anpa. Uit TOHUMaHUsI TIOBEEHUs 3MEKTPOHOB B ATOME BHAYaJI€ PACCMOTPUM Hx
ONMCAHHE Ha A3BIKE COBPEMEHHOI KBAaHTOBOI MEXaHUKH.
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Bo-nepBrIX, Bce MHUKPOYACTHIL, BKIIOYAd 3NIEKTPOHEBI, 0BMagaiT CBOMCTBaMH,
KaK YaCTHLIBL, TAK H BOJHEI (KopnyckyaapHo — eoanosgol dyasusm). Macca (m) moboit
YaCTHLH H €¢ CKOPOCTh (v) CBA3aHBI C JUTMHOM BOJHEL (M) ypasHeruem de Bpoiias.

A=—my, (3.1)

rae h — nocrosiHHas ITnanka (6,62 107 Ix - c).

Macca 1 3apsan 3nekTpoHa ObUIH OMNpeneneHsl eiie B Hayajie XX B., a IoKa3a-
TeILCTBOM BOTHOBLIX CBOMCTB 27IEKTPOHa IOCAYKKAA Judpakiiis IpH NPOXoXe-
HUM TIOTOKA 3EKTPOHOB Yepe3 KPUCTAJIIHYECKHE BewecTBa. JIMHa BOTTHEL 31EKT-
poHa, YCKOPEHHOTo B 3MEKTPUYECKOM TIONE, COU3MEPHUMa C PACCTOSHHEM MEXIY
aToMaMH B KPHUCTALIE, H MO3TOMY IO OTHOLIEHHIO K MYYKY 3JEKTPOHOB KPHUCTAJLIT
IeHdcTByeT Kak TU(PAKIIMOHHAS peLueTKa.

Bo-Bropeix, HEBO3MOXHO OOHOBPEMEHHO TOYHO ONPEAETUTh NMOJNOKEHHE (Koop-
JWHATY) U UMITYJIBC 3NeKTpoHa (npunyun keonpedesernocmu Ieiizenbepea). Horpeu-
HOCTH B OTIpenclAeHUN KOOpAMHATH (AXx) U UMITynbca (Amy) CBA3aHBL COOTHOLUE-
HUEM:

M-Amvz-;—zl,OS-lO'” - (3.2)
T

Hanpumep, npu ckopoctu 108 cM/c ¥ TOYHOCTH OTIpeieTeHHS MOIOXEHUS IEK~
TpoHa 1071 cM HeonpeneneHHOCTh B CKOPOCTH JOCTUTHET KOJIOCCAJIBHBIX 3HAYCHUM
nopsuzka 10° eM/c. B kxBaHTOBOI MEXaHHKE ONIEPHPYIOT TIOHSATHEM BEPOSTHOCTH Ha-
XOXIeHHA 3JIeKTPOHAa B JaHHO# ToYKe npocTpaHcTBa (dV').

B-TpeTbHx, 3Hepria 3J€KTPOMArHUTHOIO M3AYYCHUA (B TOM YHCIE U 3JEKTPO-
HOB) H3MeHseTCAa He HETIPEPBIBHO, & TIOPIUAMU — Kéanmamu. UameHeHre 3Hepruu
37exTpoHa oT E; no F, compoBoXaeTcs MOTIONIEHUEM CBeTa C YacToTol (v), onpe-
nenasieMoi ypaenenuem Ilnanxa:

E, — E;= hv. (3.3)

IIpuBeneHHEIE BhILIE TTIOAOXKEHMS TIOKA3bIBAIOT, YTO ABUXKEHHE 3JIEKTPOHA B aTO-
Me HeJb35 pacCMaTpHBaTh Kak oOsYHOE TiepeMenieHUe, IIPUBBIMHOE 1)1 OTTHCaHUS
B paMKax KjiaccH4yecKod MexaHukd. B 1926 1. apcrpuiickuil ¢usuk 3. llpequnrep
NPELJIOKUA OTIMCHIBATE ABMXKEeHUE MUKPOYaCcTHI] C TIOMOIUbIO YPaBHEHUsI, KOTOPOE
CBSI3LIBAJIO SHEPTHIO, KOOPOWHATEL U 804H08YI0 @yuKkyuio (V) — BEIUYHHY, Xapak-
TEPHU3YIOLLYIO CBOMCTBA KBAHTOBOM CHCTEMH. Vpasnenue Hlpedunzepa ssnsaercs GyH-
DaMeHTaJibHbIM ypaBHEHHEM KBAaHTOBON MeXaHUKH:

2 2 2 2
o P i ST 7 (3.4)
ox? oy a? h

T X, ¥, 2 — KOOPOWHATH YacTUIH; F — ee nonHad aHeprus; U — noTeHunanbHas

JHEpPTUA;, m — Macca; # — nmocrossHHas IliaHka.

Ksanpar BonHoBo# dyHKIMH [, M,Iz TIPOTIOPIMOHANIEH BEPOSTHOCTH HaXOXKae-
HHA 3MEKTPOHA B HEKOTOPOM ODBeMe, OKPYXKAIoIIEM TOYKY ¢ KOOPAUHATAMH X, ¥, Z.
DTy BeJMYMHY HA3BIBAIOT TAKXKE IAEKMPOHHOU NAOMHOCMBbI.

VpasHeHue HpequHrepa TOYHO pellieHo TOIBKO IS aTOMa BOJIOPOia ¥ BOAOPO-
JOTMOAOOHEIX UOHOB, T.¢. A Caydas OQHOIO 3AeKTpoHa, Haxogdauierocs B cdepu-
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HECKOM noJie aapa. OHAKO, HAM HHTEPEeCeH He CTOJIbKO MaTeMATUYECKMIT BI vypaB-
HEHIA, CKONbKO HHGOPMAIIHS, KOTOPYIO MOXHO W3 HEero U3RJeyn.

TMockonbKy BoHOBas (hyHKIMS W SBISETCS HeHabJo1aeMoit BeJIMYWHOI, pac-
CMOTPHM HEKYIO AHAJIOTHIO — MOBEeHHe 3TEKTPOHA B «[TOTeHI[MaNbHOM ALIUKE»,
[I€ BONHOBYIO hYHKUHNIO MOXHO CPABHMTB C AMTUIMTYIOH CTOSYEH BOJHEL (puc. 3.2).

PeuleHue BOJNHOBOIO ypaBHeHUS B NAHHOM Ciryyae uMeeT Bua W = Bsin (nnx/a), a
MTOJNHAA SHEPTUS:

nih?

Sma

2

Tle a U B — KOHCTAHTBL.

TakuM 06pa3om, ypaBHEHHE UMeeT HECKOIbKO PeUIEHWH [TPH paA3IMYHBIX 3HAYE-
HUSX 7 (IPUHUMAIOILETO LIeJIOYUCIIEHHBIE 3HAYEHUS OT 1 N0 ). DTy BeJUYMHY Ha-
3bIBAIOT 22A6HBIM KEAHMOEHIM YUCAOM.

[pu pemenun ypasuenus Ipenunrepa s BOJIOPOIONOAOBHOrO aToMa Mosip-
JIAIOTCS elue 1Ba KBAaHTOBBIX YMCTA — opbumanshoe (1) W maenumnoe (m;). Takum
06pasoM, BMA BONHOBOM (DYHKLUHM B JEKapTOBOH CHCTeMe KOOpauHar (x, y, 2)
3ajaercs TpeMAa keanmosvimu qucaamu (n, I, m;).

Tax xak Bonopoonogo6Has CHCTeMa UMeeT ChepHYeCcKYI0 CHMMETPHIO, TO BOJI-
HOBble (DYHKILIMH BBIPAXAIOT Yepe3 chepudecKite KoopiauHaTH (r, 8, @) {puc. 3.3):

Y(x, y, D = Y¥(r, 6, ¢) = R(HNG, o),

rne R(r) — pamuanbHas COCTABNSIOLIAS BOIHOBOLM (hyHKIIMM, OTBeyaoIWEAasa 3a xa-
PAKTED HIMEHCHUS SIICKTPOHHOM TUIOTHOCTH IO Mepe YRaTeHUs oT aapa; Y(6, ¢) —
YIIIOBAs COCTABMAIONIAA, OTIPeaCSIOWAs (hOPMY M OPHEHTALIMIO MEKTPOHHOIO 06-
JIaKa.

O6JyiacTb mpoCTpaHCTBA, B KOTOPOH BEPOSTHOCT HaxOoXIeHUA 3MeKTPOHA CO-
CTaBlAeT He MeHee 95 %, Ha3bIBaCTCH amomHoil opbumansio. OHa XapakTepHayeTcs
onpeneneHHoON hopMoit 1 paccTosiHMeM oT sipa. Kaxaas op6utans (BonHOBag hyHK-
L1s1) BOJOPOAOIIONOOHOH CUCTEMBI XapaKTepu3yeTCcs TpeMs KBAHTOBBIMW YUCIIAMM
(Tab. 3.2 u puc. 3.4),

v E
n=>5
_________ n=4
n=3FE =L n=3
n=2f=E oo n=2
n=1 e T F -
a 7]
Puc. 3.2. PellicH1e BOTHOBOTO YpaBHeHUS ISt Puc. 3.3. Chepuueckas cucrema
CNy4as «3/EKTPOH B MOTCHLIHAILHOM SILMKE»: KOOPIHHAT ([TOIOXEHHE TOYKH A
4 — 3aBUCHMOCTE BOJIHOBOM (DYHKUWH OT PACCTOSA- B MPOCTPAHCTBE OINpeaesAcTCA
HUA; 6 — 3HEPTHUS ANd PA3HBIX 3HAYESHUH n PAcCTOSIHHEM r M YIJIaMH ¢ 1 0)
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Tabnuua 3.2

KBanToBeie qHCAA, XAPAKTEPUIYIOMME INEKTPOH B aTOMe

[MpuH N
KpaHrtoBoe yucio DHNAMAE MBI XapakTepH3yeMoe CBOICTBO [Mpumeuanue
3HAYCHHUA
I'naBHoe (n) 1,2, 3 ..., ® Bxeprusa (F) ypopHs, H =% — OTCYTCTBHE

CpeaHee paccrosiHie (1)
oT AIpa

B33HUMOICICTBHA
¢ agpom, E=0

OpGutansHoe (f)

0: I) 1eey (n - 1)
BCETO h 3HaYeHHe
LA DaHHOTO 1

OpbUTaNBHBI MOMEHT
KOJHYECTBA ABHIKCHUH —
dopma opbuTanu

OBBMHO HCTTONbL3YIOT
GYKBEHHBIE CHMBOJIBL
01234

spdfg

MarHutHoe (my)

-4 ..,0 ..,17
Bcero 2/+ 1
3HaA4YeHHue

IUTS1 BaHHOro

OpueHTans MOMEHTa
KOJIMYECTBA JBMKEHUS —
PacliofioxXeHue opbuTanin
B [TPOCTPAHCTBE

I1pn nomMelueHUH B
MarHHUTHOE 1T071e
opbuTtany ¢
pasnnm—mmn m,
UMEIOT pasHyIo
3HEPTHIO

CriHOBOE (M)

t'/s
HE 33BUCHUT
OT CBOHCTB opbuTanu

OpueHTauus cobeTeeH-
HOFO MAFHUTHOTO MO-
MeHTa

O6o3nauator T i ¥

Kpome Toro, aneKTpoH B aTOMe UMeeT ele ofHY (hyHIaMeHTaNbHYIO XapaKTepH-
CTHKY, He CBI3aHHYIO CO CBOMCTBaMHU opOUTANM (M, CICHORaTeNbHO, C YpaBHeHHEM
[lIpeneHrepa) — COGCTBEHHBIH MarHUTHBIA MOMEHT, WM cnu# (m,). Y BeKropa
CIIHHa MOXET OBITH JBa HalpaBlIeHWS 10 OTHOWIEHHIO K BHEMIHEMY MaTHUTHOMY
TTOJIIO,

Ha puc. 3.4 nokasaHa opma s-, p- ¥ d-opBuTtaieit ¥ ogHoI U3 f-opObHTANEH, «+»
WK «—» O3Ha4yaeT 3HaK BONHOBOH (hyHkuuH. PaguanbHOe paclpenelleHUE 3JIeKT-
POHHOM TUTOTHOCTH IIpefCTaBlIeHO Ha puc. 3.5. 1s-, 2p-, 3d- ¥ 4/~OpOUTAIH UMEIOT
OIIMH MaKCHMYM Ha KpUBOI paclipefeneHus, a BCe Ipyrue — MO HeCKoJbKo (n — 1)
JOMOTHUTENbHBIX MaKCUMYMOB. Ko/IM4eCTBO MaKCUMYMOB Bo3pacTaeT ¢ yBeJlude-
HHEM 3HaYeHMA IITaBHOTO KBaHTOBOIO 4Mcia. Tak, HallpuMep, 3s-opBUTajlb HMeeT
TPH MaKCHMyMa, T.€. CyWIEeCTBYeT BepOSTHOCTb HaXOXIMeHWsd 3JIeKTpoHa OIHXe K
A0py, YeM Ha paCCTOSHHUM r, COOTBETCTBYICIIIEM JHaHHOH OpOGUTANH.

L

Ha puc. 3.6, @ npeacTasieHo paclipefelieHue 10 SHEPrusiM opGuTasnelt Bogopo-
Io1o100Horo atoMa. CY4uTaroT, yto E = () UMeeT 3JIeKTPOH, He CBA3aHHBIHA C SAPOM,
YTO COOTBETCTBYET M = oo, YeM GiKe K s/IpY pacroyioXeHa opOUTaNb, TeM bolee
OTpHIaTeJIbHO 3HaYcHUe ¢e 3Heprui. [o Mepe Bo3pacTaHHUs n pa3HMIla B 3HEPrusx
YPOBHEH yMeHblUaeTcs (CpaBHUTe ¢ puc. 3.1).

OnHako B aToMe OOBIYHO IIPUCYTCTBYIOT HE ONMH, a HECKOJBKO 3JEKTPOHOB.
Yr1o6bl yyecTb B3aWMOIEHCTBHE 3JIEKTPOHOB APYT C JPYrOM, BBONMTCS ITOHSTHE
sppexmusnozo 3apada adpa (Z,yge): Ha SNIEKTPOH BHEWUIHETO YPOBHS I CTBYeET 3apsi,
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=0
®

=1

02)
x
¥ b:
=2
(d)
=3 IMpumep onwHoH
1) H3 ceMH opGuTaneH

Ty -3y
Puc. 3.4. ®opma s-, p-, d- u f~opburanci

MEHBIIMA HCTMHHOTO 3apsAaa S1pa, BHYTPeHHHE 3JIeKTPOHBI SKPAHHPYIOT BHELITHHE.

DKpaHupyloluee NefCTBHe 3MeKTPOHOB Pa3HBIX IMOAYPOBHEH HEOMMHAKOBO (cM.
puc. 3.2).
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4 RY (P 4nt RY(P) Anr?RYR)
L

s 5

a & &

Puc. 3.5. BepossTHOCTb pacrpeieieH|si 3MEKTPOHHON INIOTHOCTH As 1s- (a), 25- u 2p-opbu-
tanei (6), ana opburancit atoma HaTpus (@)

Taxoe OTHOSJIEKTPOHHOE MTPUOIHKEHUE CBOIUT OIHCAHHE MHOTO3IEKTPOHHOTO
daToMa K paCCMOTPEHMIO CHCTeMBbl, COCTOALI e U3 OMHOIO 3MEKTPOHA, HAXOASIIEro-
Csi B royie siapa ¢ 3HeKTHBHBIM 3apANAOM Z,yy. [TABHbBINA Pe3y/IBTAT TAKOIO MpUG/In-
XEeHHUS CBOUTCH K CIIeIyIOLIEMY:

1. B MHOro3TeKTpOHHOM aTOMe MOTYPOBHH HMMCIOT Pa3lIUYHYy0 3HEepruio (s
JAHHOTO 3HAYeHWs # 3Heprid noaypoBHs s < p < d < f). JIng ogHO3/IEKTPOHHOIO
MPUGIMXKEHUS UX pacnpereneHue o 3HePrusiM ITOKAa3aHo Ha puc. 3.6.

2. 3aBUCUMOCTb 3HEPTMM OpOMTANM OT 3apsiaa s1,pa HOCHT CJIOXHBIH, HEMOHO-
TOHHBIM Xapakrep:

e ¢ pocTOM Z 3HEPTUH BCex OpOMTasel MOHMXKaTes (CM. puc. 3.7);

e B Ipeneiax ogHoro repuona IMeprogryeckoil TaGIHUBI PASHULIA 3HEPTHI 1TOx-
ypoBHe#t (AE;_,) Bo3pactaet (puc. 3.8);

e TIPU 3aMOJHEHMU 3JeKTPOHAMH
d- 1 f~opBuTajieil Ux pacIioloX)eHHe I10 E
CPAaBHEHMIO C OHO3JIEKTPOHHBIM IIpU- A=
OJIMKeHHEeM CYHIECTBeHHO U3MEHHeTCs
(cM. puc. 3.7).

PaccMoTpuM, Kak paclipefe/lsioTes
SJEKTPOHBI B aTOMeE TT0 OpOUTANISM, T. €.
2ACKMPOHHYIO KOHPUEYPAYUI0 MHOIO-
3JIEKTPOHHBIX ATOMOB B OCHOBHOM (He-
BO30YXIAEeHHOM) cocTosHUM. s mo-
CTpOEHMA JIeKTPOHHONA KOHMUIYpaLUH
aToMa BOCIOJB3yeMCH CAeXYIOUIMMH
MPUHIIMIIAMY 3aIToIHeHUsS opbuTaneil e
3JIEKTPOHAMMU! n=2—zl___

1. Hpunyun naumenvield sHepeuu; B TTte— 25
MHOT02JIeKTPOHHOM aToMe CTabWIbHONI
SBJIeTCA TaKasl KOHMUrypamms, s Ko-
TOpOH JOCTHTaeTCd MHHMMYM ITOJIHOI
Heprun. B nepBy1o ouyeperb 3aMMoNMHAIOT-
cq OpOUTaIM C HAMMEHBILEH 3HEPIHed  Pyc. 3.6. Pacnpencienue opSuraieil Boopo-
(CM. pHC. 3.5), T.e. BBITOMHACTCH IIOC/Ie-  fponoaoGHOro atoMa Mo SHEPTHAM; # — [ab-
JOBATEIBHOCTD: HOE KBaHTOBOE YMCIIO

n=lf—nmenenanan —1s
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E
n=5
n=4
n=3
5p
55
H=
v
i
n=1
d
3
%
'l L] 1 !lg
25 50 75 100 2

Puc. 3.7. 3aBucuMocTs sHepruu opbuTaneit ot
3apsiia sipa (n — I1aBHOE KBaHTOBOE YUCIIO)

ls <25 < 2p < 35 <3p<ds < 3d<
<4p < 55 < 4d < 5p < 6s < 4f <
<5d < 6p <75 <6d<5f

Bueprus opbutaneit yBenHyMBaeTcs
B IOPAAKE BO3PACTAHUS CYMMBI KBaH-
TORBIX YHCET # + /, a TIPU OIMHAKOBOII
CYMMe 3THUX YHCEI — B NOPAAKE BO3pa-
CTaHHUs [JIABHOTO KBAHTOBOIO YHCJA
(npasuna Kaeuxoeckozo).

2. Mpunyun Hayau: B aToMe He cytile-
CTBYET [IBYX 3JIEKTPOHOB, COCTOSHHE KO-
TOPBIX OTMTUCBIBAETCSH OMUHAKGBBIM Habo-
POM KBaHTOBBIX Yuces (1, I, my, m,). Cre-
JAOBATEJIBHO, Ha OMHOM opdbuTanu (oHa
XapakTepusyeTcs TpeMs KBAHTOBBIMH
YHCIAMU: n, [, m;) MOXET HAXOJUTBCH
He GoJiee ABYX 27E€KTPOHOB ¢ PAa3HBIMK
3HAYEHUAMM CIIMHOBOTO KBAHTOBOIO
upcha (T u {).

3. Ipasuno Xynda: B Ipegenax omio-
To TMOMYPOBHA (T.€. Ha OpOUTANSX C OfI-
HUM U TeM Xe 3HaueHueM /) 3JIeKTpo-
Hbl PacMpenelIdIoTCa TaK, YTOGBI CyM-
MapHBIA CTIHH (2m1,) 6BLUT MAKCUMANIEH.
3TO 3HAYHUT, YTO CHAYaIa HA KAXKIOH

0pOWTaNU TAHHOrO MOAYPOBHS PACTIONAraeTcs o OXHOMY 3NeKTpoHy. JIutb nmocie
TOI0, KaK BCC OpOHUTATH OYayT 3aHSTHI HaIlQJIOBUHY, Ha HUX MOXET ITOSBUTECH
BTOPO# 3/IEKTPOH. BTO NPaBIJIO SBASETCS YacTHBIM CJIV4AEM TPHHIIMITA HAMMEHE-
el aHepruy. OpOuTany ¢ OMUHAKOBBIM 3HAYEHHEM [ MMEIOT OJTHY H TY XK€ 3HEPIUI0
(eviposicdernvie opbumanu), a IS CIiapUBAHMSL 3NEKTPOHOB TPEOYETCSH NOTIOTHUTETbHAS

SHEPTHA {IHepeus cnapusanus).

H He L B B € N O F N _N'a_
. 960 25 —2’—_H_ 3s
I o
5 25 y
2 1920 4 it
3 2% 2?'“’%
& - - % it
asof O a 4
~H-
_.{_ 25
3840 s

Puc. 3.8. MsmeHenwe sHepruu 1s-, 25- u 2p-opbutaseii y aToMoB 2-10 nepuoaa Iepuonnye-
CKOM cHuCTeMH
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Tabnuua 3.3

IIpHMepE! noCTPOEHNA TEXTPOHHEIX KOH(MDHTYpauuil ATOMOB

DneMeHT | DNeKTpoHHaA Kondurypanus IpumeHsneMeic npaBuia
,He 1s? 1. TIpMHUKT HAMMEHBIIEH SHEPrUH
2, NpuHyun Mayau
sLi Es22s! 1. TIpHHIMI HAMMEHBILEH SHEPrHH
2. TTpuHyun MMaynu
N T [111]  (2p) |Tpasuno Xynna: Ha 2p-op6uTansax pacnonoxeHs:
LT (2s) |Tpu BMEKTpOHA ¢ OAMHAKOBBIMH CITMHOBLIMH
1522523 KBAHTOBBIMU YMCIAMH
oK 15225%2p53523p045! TIpHHUMIT HauMeHbLeH 3Heprun: B, < £,
2Cr [T] (45) |1. Mpasuro Xyuna

[TLT[T]T1T] (34 |2. «IIpockok» snexTpoHa — mepexom OmHOTO
15%2522p83523p%3d4s' | s-anekTpoHa Ha d-OpGHTANL, TAK KAK clMMen-
puuiivte konugpueypayuu d* n d" ouers yemotinuent

La [Xe] 5d'6s% 1. YKa3blBalOTC? TONBKO BANEHTHBIE 3JIEKTPOHBI,
KOHHUTYPALMS BHYTPEHHUX 3/€KTPOHOB
0003HaYaETCH CHMBOJIOM COOTBETCTBYIOLLIETO
HMHCPTHOFO rasa

2. «AHoManus» (54", a He 4f') ceesaHa ¢ 6au3o-
CTBIO 110 3HEpTHH (1 — 1) d- u (n - 2) f~opButaneit

B Tabua. 3.3 npuBegeHbl IPUMEPHI M IIPUHIIUIIL TOCTPOSHUS 31eKTPOHHBIX KOH-
¢urypanuit HeKOTOpbIX aTOMOB. Takoit MONX0KX K OITUCAHUIO [TOBEIEHUS 3/1eKTPOHOB
B ATOME BIOJHE JOCTATOYEH st OOBSICHE HUSY OCHOBHBIX CBOMCTB aTOMOE M MOHOB.
OmHAKO CYIECTBYIOT HEKOTOPBIE IKCIIEPHMEHTAIbHbIE TaHHbIE, HAIIpUMeD, CITeKT-
PbI NMOINIOWICHNUSA KOMIUIEKCHBIX COeMHEHNT, KOTOPbIE HEJb3s WHTEPIIPETHPOBATh
TOJBKO HA OCHOBAHMM TAKOTO OMUCAHMA. [[n4 UX 00bICHeHUS HeO6XOQMMO YUUTHL -
BATb MEXCINCKMPOHHOE OMMANKUEAHUe U CRUH-0pOUmManbibie a3aumodeticmeusn, KOTo-
pble CITOCOOCTBYIOT CHATUIO CHJIBHOTO BBIPOKICHHS TIOOOH 2JIEKTPOHHON KOH(MU-
rypaunu. C yyeTrom Takux B3aUMOAEHCTBUI 11 Gosee MOMHOM XapaKTePUCTHKH ATeK-
TPOHHOro coctosgHus B 1925 r. Paccenom u CayHnepcoM GbUia IpemioXeHa cxeMa
0003HA4YEHUS C ITOMOIIBIO TepMOB [5].

ITpumep 3.1. M3o6pa3suTe 3neKTpoHHYKO KoHdMrypauumio atoMa Ti u uona Ti** B ocHOB-
HOM COCTOAHMH. [17151 BaICHTHBIX 3JIEKTPOHOB ATOMA THTAHA YKAXUTE BCE KBAHTOBLIE YHCIA.

Pewenue. Y atoma Ti 22 3neKTpoHa U COrNAacHO NPHHIMITY HAUMEHBIIEH SHEPrHH M IPHH-
umry INaynu snexrporHas KoHGUIypauus TutaHa 15?2522p®3s23p%34%4s? unm B cokpaweH-
Hoil Gopme [Ar]3d?4s% [na wona Ti* anektpoHHas koHburypauusa [Ar]3d', Tak kax
45-2ICKTPOHBI UMCKOT MCHBIIYIO IHEPTHIO (CM. pHC. 3.7) M NEPBLIMU YAANISAIOTCS B TPOLIECCE
HOHHM3auMH. BaleHTHLIMH 3N1EKTPOHAMM aTOMa TUTaHa SBNAIOTCS [IBa 34-3/1EKTPOHA U IBa
4s5-5neKTpOoHa. [Inst Kaxnoro M3 d 3MEKTPOHOB n = 3; I = 2; m, = +1/2 (3neKTpoHb MMEIOT
OJMHAKOBbIH CITMH COTNacHO NpaBuay XyHOA); ¥ HHX OTIMYAIOTCH MarHMTHBIE KBAHTOBBLIE
YMCNA: Yy OOHOrO my = +2, a y Apyroro my = +| (xoTs opBMTaIH BLIPOXHECHBI, 3aHSATH Te
OpOMTaIK, 115l KOTOPBIX 3HAYEHUE 2n; MAKCUMaNLHO). st KaKAOTO M3 S-3NEKTPOHOR 7 = 4;
[=0; m=0, y HuX pa3nuyaoTcs CIIMHOBLIE KBAHTOBBIC YMCNA: IS ONHOrO 3MEKTPOHA M, =
=+1/2, a pna apyroro — m, = -1/,
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Dddexrunnerii 3apan aapa. 3apsg, aclicTBYIOIWMIL Ha 3JIEKTPOH CO CTOPOHH AApa
(cTeneHb 3KPaHHPOBAHM), 3aBUCHT OT THNA ATOMHO opOMTANM, YTO CBSI3aHO C pas-
JIMYHOM npoHUKamuieH crmocobHOCTEIO opbuTanei. PAcCMOTPUM 3TO MTONIOXEHHE HA
npumepe HoHa Na*. PYHKUHWA paluanbpHOTO pacnpeleneHHs SNeKTPOHHOM UIOTHOCTH
4rnr’R*(r) (BepOATHOCTH HAXOXICHUS SJMEKTPOHA HA OMpeJeNeHHOM PACCTOSHHH OT
AIpa) NpeAcTaBleHa Ha puc. 3.4, 6. B KauecTBe «3KpaHa» B JAHHOM CJy4ae BHICTYNaioT
MOJIHOCTBIO 3aNONHeHHBE OpbuTany 15?25?25 (zawTpixoBanHas obnacte). PyHKuM
3s-opbuTany rMeeT IBa BHYTPEHHHX MAaKCHMYMA, PAcTONIOXEHHEIX B TOIl xe obna-
CTH, 4TO H CyMMapHas yHKiMs BHYTPEHHHX 3JIEKTPOHOB. DTO 03HAYAET, YTO §-3JIEK-
TPOHEI MaJ10 3KpaHHpPoOBaHB M Ha HUX AelcTeyer Gonblloi 3dideKTHBHBIA 3apsm.
3p-opBuTany HMCIOT Ha OOHH BHYTPEHHHH MAKCHUMYM MEHBIIE, I03TOMY OHH NyYIle
SKPAHHUPYIOTCA BHYTPCHHHMH 3IEKTPOHAMH (3HAYCHHe Ly, MeHbILe). M, HakoHerr,
3d-opBbuTanu UMEIOT TONBKO OJUH MakCHMYM, ITOMHOCTHIO PACMONOXEHHBII 32 «3K-
PaHOM», OHH MAKCHMAIBHO 3KpaHUpyloTcd. MTak, pasiuyHag cTeneHb SKPaHHPoBa-
HHUS NPUBOJHT K TOMY, YTO 3NCKTPOH HAa Pas3sNUMHBIX TIOAYPOBHSIX HCMBITHBAET Ha
cebe pasnuyHElid 3¢ deKTUBHEIN 3apan;

Zpgp(ns) > Zyge(np) > Zygpe(nd) > Zgg(nf).
SddeXTHBHBIH 3apAn ¢BA3H ¢ HCTHHHHKM 3apAioM SiIpa COOTHOIIEHHUEM
Zﬂw = Z - S)

rae § — KOHCTAHTA 3KPaHWPOBAHHS, 3aBHUCSILAs OT JIEKTPOHHOHR KOHQHTYpauuH
aToOMa | TUNa OpOUTAaIH, HAa KOTOPOW HaXOAHTCHA 3JIEKTPOH.

A n<n-1 n=n-1 n=n n > n
ls — — 0,30 0
ns, np I 0,85 0,35
nd, nf | 1 0,35 0

KOHCTaHTy 3KpaHMPOBAHMS MOXHO ONPEJENUTb MO 3MIHPHYECKUM MNPaBUIaM
k. Cneitrepa. CornacHoO UM KOHCTAHTa 3KPaHUPOBAHWS CYMMHPYETCH IO BKJIagaM
Pa3NHYHEIX opbuTaneil, rie n’ — rMaBHOE KBAHTOBOE YUC/IO BHYTPEHHEH OpBHUTAIH.

Hanpumep, nns 3s-3nekrpoHa atoMa Na kosdbdHUHCHT SKPAaHHPOBaHHA CKITaLbI-
BACTCH W3 BKJAALOB ABYX 15-371€KTPOHOB (2- 1) ¥ BoceMU 25, 2p-3neKTpoHOB (& - 0,85)
H, cnenoBaTensHo, paseH 8,8. CooTBeTcTBeHHO 3(heKTHEHEIN 3apsal AaApa, BIHAIO-
LA Ha 35-3MCKTPOH HATpus, paseH |1 — 8,8 = 2,2,

3.1.3. OcHOBHbIE XapAKTEPHCTHKH ATOMOB

B npenuecTsylomux noapasaenax Mbl pacCMOTPETH MOJIE b, KOTOPAS MIPU3BaHa 3
0OBACHUTD SKCIIEPUMEHTAIbHEIC JaHHBIe. KaKOBHI Xe BaXHeHIIHe XapaKTepUcTHKH
atoma? K HUM OTHOCHTCH:

e pasmep atoma, ero paguyc,

¢ 3HEpPreTMYeCKMe XapaKTepPUCTHKH, BIJIIOYAS IMOTEHI[HA] WOHU3ALUUA U CPOJI-
CTBO K 3JIEKTPOHY,
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Ban-pep-Baanscos KosaneHrHuiit

panuyc (r,) pamuyc (ry)
d K =-"3, rae b—anuHa CBS3H
ry= 2 2
a ]
Mertannuyecku it
paguyc (r,)

Hounsie paguyct

Puc. 3.9. AToMHBIe pajiuych:
a — BaH-ZepP-BaalbCOBbI; § — KOBAIEHTHHIE, § ~— METAINTHYECKHE; 2 — HOHHbIE

* CNEKTPaJIbHbIe XapaKTePUCTUKH (CTIEKTPBI HCITYCKAHMSA M MOIJIOMIEHU),

¢ MAarHUTHEBIC CBOMCTRA.

ATOMHBIE pagByChl. ATOM HE MMEET TOYHOTIO Pa3Mepa, TAK KaK ero JICKTPOHHASA
IVIOTHOCTB CHJIBHO pasMblta (CM. puc. 3.5). [Tosromy paguyc aroma — ycji0BHOE TTo-
HSITHE, 3aBHCALIEe OT CrTocoba ero onpeneneHus. Pasnuyawor kosarenmuvie, Meman-
Auveckue, ean-0ep-6aanscoent U uoHHee paduycs. VIX onpenensior kak TIOAYCYMMY
COOTBETCTBYIOLMX PACCTOAHHA MEXIY AJIpaMK COCEJHMX aTOMOB (pHuc. 3.9).

Pannychl pasmMyYHBIX TUIIOB 3HAYMTENILHO OTIIMYAIOTCS APYT OT JAPYTa; WIS aTo-
MoB Na u Cl 10 mmocrpupyer 1a6x. 3.4. MOHHBIE paIMychl MOTYT 3aBUCETb OT
KOOPIMHALMOHHOTO 4Mcia HoHa. Hanpumep, noHHble panuyce Ca®™ 1is Koopau-
HAIMOHHBIX 4nucen 6, 8, 12 paBHBI cootBeTcTBeHHO 0,100; 0,112 u 0,135 HM. [To-
CKOJIbKY METOAMKH pacyera paaMycOB MOHOB HECKOJIBKO PA3NMYHBI, CYLIECTBYET
bonburoe YMCo TabIMI HOHHLIX paauycos. HauGonee u3secTHsl Tabiuns [Tonuu-
ra, a rakxke Illennona u IMprourra (npun. 4, 5).

Tabnuua 3.4
ConocTas/ieHHe pasHBIX THNOB PAIHYCOB HATPHA H XJ10pa
Panuyc, um
ATOoM
KOBa/N€ HTHBIH METANNHYECKH) | BaH-Aep-BAAILCOB HOHHBLH
Na 0,156 0,190 — 0,095 (Na*)
Cl 0,099 - 0,185 0,181 (CIH)

5 HCE)[“':!I\ WICCKAH XHMHA,

Tom |
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E, 5B
0

-5,3(-- 2s

B ——

S | S ——— LR

Puc. 3.10. DHepreTyeckasi auarpaMma Ba-
JIEHTHBIX 3JICKTPOHOB W TIEPBHIE NMOTEHUHA-
nbl HoHK3auuu s Li, Be u B

PaspaboraHbl Takxe TeopeTHUIECKHE
CrIoco0Hl ONpeIe/IeHUsT PagdyCOB aTOMOB,
OCHOBAHHEIC HA pacyeTe ATOMHBIX BOJI-
HOBBIX (hyHK1uH. Takue paguychl Ha3bl-
BAIOT opdumanbHbiMy. 3aBUCHMOCTE ATOM-
HBIX PagHYCOB OT NMOPSJKOBOTO HOMepa
3JIeMEHTOB, PABHO KaK M 3aBHCUMOCTb
MTOTEHLMANOB MOHHU3AI[MH, CPOJACTRA K
3JIEKTPOHY U SJIEKTPOOTPULIATENEHOCTH,
OyIyT 00CYXIeHBI B ClieAyIoleM paselie.

TTorennuan nonnzawan. MUHMManbEHAs
SHEPrus, KOTOPYIo HeoBXOMHMO 3aTpa-
TUTL IS yIleHUA 3JIEKTPOHA M3 aToMa,
HaxoJs1erocs B OCHOBHOM COCTOSTHUH,
HA3BIBACTCH HEPELM NOMEHYUAIOM UOHU-
sayuu (1)):

X(r.) = X'(r) + e~

MepsbIit nOTCHIHAN MOHU3AIMM aTOMA PAaBEH HEPIUM BHICIICH 3aMOJHEHHOIT
opGuTanu, B3sTOl ¢ o6GparHmM 3HakoM. Ha puc., 3.10 moka3zaHa 3Heprerudeckas

JHarpaMMa BaJleHTHBIX 3JIeKTpoHOB Li, Be u B 1 nepBrie MOTeHIIHANE HOHH3AIHH

3THX aTOMOB.

Bropoit, TpeTHit ¥ T. 1. TTOTeHIIMATE HOHU3ALWH COOTBETCTRYIOT MOHM3AIUM Ka-

THOHOB, CiaenopBarenaeHo, f; < L, < L ...

< [,. Hanpumep, Ins aniOMHUHMS 3TH

MOTCHUMANE B 3JIEKTPOHBONBTaX (3B) cooTBeTcTReHHO parHbL: 5,98; 18,82; 28,44,
119,96. 3HayeHUs TTepPBBEIX MOTEHIWATIOB HOHU3ALUY HEKOTOPHIX XHMHIECKHUX 3J1e-

MEHTOB IIDUBEJICHBI B Tab. 3.5.

Cpoacrso K anekrpony. CrioCOGHOCTb aTOMa NTPUCOETWHATD 3MEKTPOH C 06paso-
BaHWEM OTPHIATEILHO 3aPsKe HHOTO MOHA KOJIMYEeCTBe HHO XapaKTepu3yeTcsi u3Me-
HEHMEM SHTAJBIIHU (3Heprueit) npouecca:

X({r) + e = X(r.).

Tabnwua 3.5

TlepBbie noreHuMANBl HOHH3ANHH HEKOTOPBIX JJEMEHTOB, 3B

H He
13,6 24,58
Li Be B C N ¢ 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 Shb Te | 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 AuarpaMMa, WUTIOCTPUPYIOLLAS CBSI3b 3HEp- £
FHH CPOJACTBA K 3JICKTPOHY (A,) M 3neKTpooTpHLATeILHOCTH (%)

Takoit nporecc MoXeT GBITb KAK 3HAOTEPMHUYECKHM, TaK U e — 1
9K30TepPMUYECKMM. B HEOPraHWIECKOH XUMHK Yallle To/b3yIoTCs I S
TePMHHOM cpodcmeo x anekmpony (A,). ToBopsT, 4TO aToM X uMeer

Gonbliee CPOACTBO K 3NEKTPOHY, YeM Y, eCliM Npolece PUCO- )
€IWHEHHS 3/ICKTPOHA K aroMy X CoMee 3K30TepMUYEH, YeM K Y, ‘
DKCnepHMEHTANIbHOE OTIPENENEHHE JHEPTHH CPOICTRA K 3JIEKT- i

POHY CONPSIKEHO C GOJBIIUMHU TPYIHOCTSMH, I103TOMY OBBIYHO

€€ OTIPENEIIAIOT U3 TEPMOAHHAMHYECKHUX JAHHEIX (o 1Kty Bopra — 'aGepa). Duep-
THd CPONCTBA K 3NIEKTPOHY XAPAKTEPU3YET IHEPIHIO MePBOH He3alloNHEHHON HIH
YaCTHYHO 3aMoJIHeHHON opbuTanu atoMa (puc. 3.11). Kak u B cirydae noteHumanos
HMOHH3AHK CYLIECTBYET BTOpas (M T./1.) 3HEPTHH CPOACTBA K 3JIEKTPOHY, T. €. 3HEP-
rvM 06pa3oBaHUs HOHOB X7 . DHeprus NpHCoeIUHEe U BTOPOro 3J1eKTPOHA BCEra
MTOJIOXHUTE/TbHA, HAITPUMED, Wis kuciiopona £y =-1,461 5B, a E, =8,75 3B. O6b14HO
BEJIMUMHON CPOACTBA K 3JIEKTPOHY HA3LIBAIOT 3TY 3HEPTHIO, G3AMYIO € 06PAMHbIM
sHaxom. B Tabn. 3.6 npencTapieHbl 3HAYEHHS CPOJICTRA K SJIEKTPOHY HEKOTOPHIX a4TO-
MOB.

MarsuTubiii MOMeHT. MarHuTHBIE CBOICTBA aTOMOB, HATIPHMep, XapakTep UX B3a-
MMOJICHCTBUS C BHELUIHUM MArHUTHBIM [10JIEM, ONPEREIHIOTC IPPekmusbim Maz-
HUMHbIM MOMEHMOM (Mspq). [T Jerkux atoMos (Z < 30) ¢ HOCTATOYHON CTETIEHBIO
TOYYTHOCTH MOXHO CYHTATh, YTO OCHOBHOM BKJIAM B 3Ty BEJINYHHY BHOCHT COBCTBEH-
HBI MArHUTHBI MOMEHT 3JIEKTPOHA, [UIst TsXKeJbIX aTOMOB IJIABHYIO POJIb UIPaeT
CriMH-opOHuTaIbHOE B3auMoznelicTre. B nmepsoM ciyuae 3ddheKTUBHBI MarHWTHDBIH
MOMEHT atoMa B eauHuIax Mb (MarHeToHs!r Bopa) pasen

Happ =24/5 (S +1), (3.5)

re S'=2Xm; — CyMMapHBIH CITMH aToMa.
IMockonbKy B cyMMapHBIit CITH aToMa BKJIa BHOCHT TOJIBKO HeclIapeHHBIE 3JIeK-

TPOHH (K1), TO
Hagpp =41 {1+2). (3.6)

Tabnuua 3.6

CpoacTso X 31eKTpOHY HeXOTOpHIX aTomor (3B)

H He
0,754 -0,54
Li Be B C N L8] F Ne
0,618 -0,3 0,277 1,263 -0,07 1,461 3,399 -1,2
Na Mg Al Si P S Ci 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 Sh Te I Xe
0,486 -0,3 0,3 1,2 1,07 1,971 3,059 -0,8
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PoroaneKTpoHHas
CTIEKTPOCKOTIHS

E

Ilyuok €
Erl.q hv

CriekTpockonus B

BoumMoit Han ¥YO- obnactn

{CNexTp HCIyCKaHus)

—

Puc. 3.12. BaauMoneiicTBMe aToMa C MOTOKOM MaCTHULL, Ucnonab3yemoe B Y@ u doTosekT-
POHHOI CIIEKTPOCKOIMHM

ATOM WY MOH, BCE JIEKTPOHEI KOTOPOIO CIIapeHBl M, CJeJ0BaTeIBHO, 3ddek-
TUBHBIIT MarHUTHBIH MOMEHT KOTOPOTO PaBeH HYJIO, HA3BIBACTCH OUAMACHUMHbIM.
ITpu BHECEHMH B MarHUTHOE TIOJIE THAMArHUTHHIE BELIECTBA BHITATKHBAIOTCS '

ATOMBI MM MOHBI, ob6nanawime 3¢ ¢eKTUBHEIM MArHUTHBIM MOMEHTOM, OT-
JIMIHBIM OT HYJIH, T.e. UMeloIIHe HecTiapeHHBIe 27IeKTPOHEl, HA3KIBAIOTCH napamae-
Humnsimu, Takue BelecTBa BTATHMBAIOTCS BO BHEIlIHEE MAarHMTHOE TTOJie.

JKCIepUMEHTANbHBIE JaHHBIE O BeMHINHE 3P (PeKTHBHOTO MATHHTHOIO MOMEH-
Ta TIO3BOJIHIOT OTIPERENINTE KOTUUECTBO HECTIAPDEHHBIX JIEKTPOHOB B ATOME.

Aromusie cnexTpbl. ITpy U3ydeHUH B3aMONEHCTBUA BELIECTBA C U3TYHeHUEM pa3-
JIMYHOM 3HEepruy MOXKHO TIOJIYYHTH BaXHBIE CBEJACHUsI O CTPOSHHH ero atoma. Ins
OTIpefeNieHUs] HEPTUM 3NIEKTPOHHBIX YPOBHEH aTOMa MCIOTB3YIOT CTIEKTPOCKOTIHID
B BUIMMOH MJIHM YIBTpadHoaeTOBOM 06J1aCTH ¥ (DOTORIEKTPOHHYIC CIIEKTPOCKOTIHIO
(puc. 3.12).

Korna HenpepbIBHBIH MOTOK CBETOBBIX BOJH (HampuMep, OeNbiit CBET) MPOXOIUT
yepe3 BEILIECTBO, aTOMBI IMOIVIOLIAIOT M3NAy4YeHHE ONpelelieHHOM IJIMHBI BOJIHHI,
9HEPrus KOTOPOTO COOTBETCTBYET Pa3HUIIE B SHEPrUsX 3JNeKTPOHHBIX ypoBHeil. [Ipu
9TOM 3JIEKTPOHH NIepeXOAAT B BO30OYKIEHHOE COCTOsIHME. Ecnu mpoaHanu3upoBaTh
CMEeKTP M3JIy4YeHUs, MPOoIIeAlIero yepe3 BellleCTBO, TO B HeM OyIeT OTCYTCTBOBATh
H3/TyueHHUe onpegeieHHOR dacToTel. [lomyueHHble TakuM 00pa3oM CIIEKTpE, TIpes-
CTaRMsoHe co00it 3aBUCHMOCTE MHTEHCUBHOCTH M3TYUYSHHS OT YACTOTHI, HA3hIBa-
10T cnexmpamu noeacigerus. Ecu e cHavana KaKiM-TH00 06pa3oM BO30YIHTh BJieK-
TPOHBI B aTOMe Ha GoJiee BHICOKHME YPOBHH, a TIOTOM UCCIENOBATH CIEKTp U3Tydae-
MOMH 2HEpruy (cheKmp ucnyckanus), To B HeM OyIyT HaOMOAATLCH THHHHA, COOTBET-
CTBYIOLLIVIE JJIMHAM BOJIH € 3HEPTUEH TiepeXoNa SMeKTPOoHA ¢ BO30YKICHHBIX YPOB-
Heil Ha OocHOBHOU. TakuM 06pa30oM MOXHO OMNpEeAeNUTh SHEPTUH 00/iee BHICOKMX
ypoBHe#l. HHTepecHO, YTO TOMMKOM K OTpEACICHHIO CTPOCHHSA ATOMA IOCHYXMIa
TIOMBITKA OOBICHUTE TUHEeHUATHI CIIeKTp UCTTYCKAHUSI ATOMOB BOOPOJIA,

JUtst onipenesieHUst SHEPTUt BHYTPEHHUX, 3aMTOJIHEHHBIX OpOUTANeil UCIIONB3YIOT
gomoarexmporkyro cnekmpockonuro. I1py 3ToM aToM o6IydaeTcs TOTOKOM (pOTOHOB

I [TpuMepoM MACAILHOTO AHAMATHETHKA ABNAIOTCA CBEPXNPOBOAHMKH, MO3BONAIOWKe Habmodarh
addekr emapeHHa» HAL MaTHWTHBIM TIOJIEM, MOJYYMBILIMM Ha3BaHue «rpoba Maromera».
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C BHeprueil Ej, 4TO NPUBOIMT K SMUCCHM (MCITYCKAHHIO) DAeKTpOHA M3 obpasia.
UsMepus sHepruio (E;) 3TOTO 9MEKTPOHA, MOXHO OLEHMTH 3HEPTHIO YPOBHS B
atoMe [, (aHepruio opburanu), ¢ KOTOpOro oH yaane: E, = E;, — E,.

Ilpumep 3.2, TMepsblit MOTEHUMAN HOHH3AIMH ATOMA KMCJIOPOXA MEHBILE, UeM YV aToMa
azora (cm. Tabur. 3.5), Kak obBsicHUTE 9T0 siBlleHne?

Pewenue. Bretwrmnmn opbuTaIsiMyu KMCIOpOJa siBAAIOTCH 2p-opGutany. Hx sueprus HUKE,
yem y 2p-opbutaneit azora (cm. puc. 3.8). OnHaKo y KHCIOpOAa B OT/IHUME OT 430Ta IMPOUCXO-
JHT CTIapHBAHHE JIEKTPOHOB HA BHELHeM yposue (2p%). Dueprus cnapusasys OKa3LIBACTCH
GoJibLUE PASHULIBI MEXJIY SHEPTHSAMM ypoBHE#H 2p (N) M 2p (0). B peaysbrare 31010 noiHas
3HEPrHA aToMa KHC/IOPOAA IMOBHILLASTCS, W IHEPTHA HOHH3ALMH CTAHOBUTCH MEHBILE, 4eM
Y aroma a3oTa.

3.1.4. Crpoenne aromuoro sapa

YacTuiel, U3 KOTOPHIX TIOCTPOEHO SIAPO aToMa, — HeHTPOHBI (1) W MPOTOHBI
(p), KaK yxXe 0OTMeUanoch BhIIIle, COCTOAT U3 eule Hoee MeTKuX yacTui. MX B3auMo-
AeHCTBUSA u3y4aeT (OU3UKA dMIeMeHTAPHBIX YACTHI M (PU3MKA BEICOKHX 3Hepruii. JIns
XUMWH BaXHO 3HATh CTPOCHME SIipa — 3TO NTOMOraeT oGbsCHUTD SIBJIEHHE PaTHOaK-
TUBHOCTH. KpoMe Toro, MHOrHMe MeTOIbl UCCIe0BaHUS BEIECTB, UCTIONb3YeMble B
XVUMUM (SIAEPHBIA MATHUTHEIA pe3oHaHc — SIMP, sazepHEBIN KBAafPYMOMbHELA pe3o-
HaHc — AKP, sinepHbIii y-pesoHaHc SI'P) ocHOBAaHBI Ha CBOHCTBAX aTOMHEIX SIIED.
I[loaToMy, He BaBasich B 006/1aCTh QHU3UKH DIIEMEHTAPHEIX YACTHLI, PACCMOTPHM He-
KOTOPEIE CBOWMCTBA ATOMHBIX SITED.

XMMMYECKU I JIEMEHT XapaKTepu3yeTcs 3apsiioM sUIpa aTOMa, T. €. KOJIHYECTBOM
NpOTOHOB, OTHAKO 5Pa aTOMOB OJHOTO M TOTO Xe BJAeMEHTa MOTYT COIEePXKATD He-
ONMHAKOBOE YMCJIO HEHTPOHOB, HMETh Pa3HOE MACCOROE HUcAo. ATOMBI C OIUHAKO-
BBIM YHCJIOM MPOTOHOB, HO Pa3iIUYHBIM YUCIOM HEeHTPOHOB Ha3BIBAIOT U30MONAMI.
OGbiyHO TIPU 0603HAYEHUH U30TONOB Y CHMBOJIA 3IEMEHTA VKA3BIBAIOT ABa UHAEK-
€a, BEPXHHUH XapakTepu3yeT MaccoBoe Yyucio (A), a HIXHUK — 3apsan sapa (Z):

Maccopoe

YHUCIO
T

sl ‘So
3apsa aapa

OueBuIHO, yT0 A = Z + N, rie N — yucjo HeHTPOHOB.

Hanpumep, o6o3uauenme ‘20 O3HayvaeT, YTO U30TOI KUCIIOPOAa HMEeT 8 TIpoTo-
HOB (3apsif sipa), CyMMa NMPOTOHOB U HeHTPOHOB paBHa 16 (MaccoBoe YUCHIO) H,
CIe0BATENBHO, B 3TOM U30TOTEe 8 HEeNTPOHOB.

HywioHbl B snpe, MonoOGHO 3/IeKTPOHAaM B aTOMe, HaxomsAtcs Ha pa3sIAYHbBIX
SHEPreTHYECKUX YPOBHSX M UMEIOT COBCTBeHHBIH MarHUTHBI MoMeHT. [Tepexon ¢
OIHOTO 3HEPTETUYECKOTO YPOBHSI HA APYrOH COOTBETCTBYET OTpeie/IeHHON BHEPTHH
y-usydeHust. CyMMapHbIif MATHUTHBII MOMEHT, OTIpefeNisieMblit AAePHBIM CITHHOM,
MOXeT MPUHAMATh 3HAa4eHWs, KpaTHble '/;. Uit siiep ¢ CyMMapHBIM CITHHOM He
PaBHBIM HYJIIO MOXKHO CHATb BEIPOXKAEHHE, TIOMECTUB MX B MATHUTHOE (UCTIOJIB3YeT-
ca B IMP-cnexktpockonuu) waM B 3AeKTPUYECKOE MONE (MCIIONB3YeTCS B
AKP-cnieKTpocKonuH).

B3anmorielicTBIe HYKJIOHOB B sipe He SABISIETCS 3eKTPOMATHUTHBIM, €ro Ha3hbIBa-
IOT CitbHbIM 63aumodelicmeuem, KOTOPOE AEHCTBYEeT HA OYeHb KOPOTKMX PacCTOSHUSIX.

133



E, MaB DHepruo CBA3H HYKJIOHOB B sApe Xapak-
10k TEPUIYIOT Oeghexmom maccet, T.€. PA3HOCTBIO
MeXIy MacCol gapa U CyMMOil Macc cBo-
OOIHBIX HYKJIOHOB, 00pa3yIoILuX Sapo.
HamnpuMep, Macca sinpa renust He (2p,
2n) paBHa 4,001506 a.e. M., a cyMmma Macc

4 d JBYX CBOOOIHBIX TIPOTOHOB U IBYX CBoOOA-
HBIX HeHWTpoHOB (cM. Tabn. 3.1) paBHa

2 } 4,031882 a.e.m. CrnegosarenpHo, gedekr
’H Macchl coctapisier 0,030276 a.e. M., YTO B

00 4‘0 8'0 ]50 16|() 2(‘)0 2;0 ~ COOTBETCTBMH C ypaBHeHWeM DHHIITeH-
Ha (3.7) 5KBUBAJICHTHO JHEpPruH CBA3HU

28,2 MaB (1 MaB = 10° 3B).
Puc, 3.13. 3aBHCHMOCTL 2HEPTHH CBA3H (Ha
OlMH HYKJIOH) OT MaccOBOTo uucia (A) AE = Amc?, (3.7)

rae Am — nedekr Macchl; ¢ — CKOpOCTB
CBETA.

CrnenoBateIbHO, DHEPTUA CBA3U, MPUXOAAIIANACS Ha OMUH HYKJIOH B siipe aTo-
Ma renuvst, 6muska k 7 MaB. Ha puc. 3.13 npeacTtaBireHa 3aBUCHMOCTE 3HEPTUH
CBSI3Y HYKJIOHOB B fiipe OT MaccoBOTO yucia atoMa. Kak BUnHO U3 rpaduka, sHep-
Ml CBA3H B sAApaX HeOAMHAKOBA, HAMOOBINET0 3HAUEHUH OHA HOCTUTAET y siapa
%Fe.

CoOTHOIIEHHE HEHTPOHOB M TIPOTOHOB B AJIpe He MOXeT OBITh TIPOU3BOIEHEIM.
MaccoBble urcia cTabUIBHBIX U30TONOB YKIAABIBAIOTCS B AOBOJIBHO Y3KHE NPEaeIbl
(puc. 3.14). Kak BHAHO H3 PUCYHKA, OISt JeTKMX 3eMeHTOB (7 < 20) Hambonee
CTH.GHJTEHBIMH SIBIISTIOTCSt M30TOMBI C PaBHBIM YMCIOM MPOTOHOB M HelTpoHos ('2C,

O) ITo Mepe Bo3pacTaHMS aTOMHOIO HOMepa YMCIO HEHTPOHOB B YCTONYMBBIX
SUIPaX CTAHOBUTCSH Bce GOMbIE TIO CPABHEHMIO ¢ YHCIOM mpoToHos (“hPb, '1Au).
3oHa YCTOHYWBOCTH 3aKaAHYMBAETCA HM3O0TOINOM 209B1 KpoMe Toro, HaubGonee
CcTaOWIBHBIMH ABNSIOTCA M30TOIBI ¢ YETHBIM YMCJIOM HEHTPOHOB WIH TIPOTOHOB
(Tadn. 3.7). Ocoboit ycTOIUMBOCTEIO O0Taial0T S1/Ipa, /15l KOTOPBIX KOJIMYeCTBO Heil-
TPOHOB MM TIpOTOHOB paBHO 2, 8, 20, 28, 50, 82, 126. [IpeanonaraeTcs, YTO 3TH
Mazuyeckue 4icAa HyKJIOHOB COOTBETCTBYIOT 3aBEPIIEHHBIM SAePHEIM ypoBHAM. Ha-
mpuMep, K TakuM siipaM otHocsitest He (2p, 2n), O (8p, 8n), Si (14p, 14n), Pb
(82p, 126n). YcToitumBOCTD AA¢p BAUAET HA pACNIPOCTPAHEHHOCTh 3JIEMEHTOB B 3¢M-
HOW Kope (CM. Toapasa. 3.2.4).

PanuoakTuBHbIA pacnan. HeycToiturBele M30TOMBI B OTIMYME OT CTAOMIBHBIX MO~
BepraioTcs pa{HoakTUBHOMY pacnaiy. BoJdsIIMHCTBO 2/IeMeHTOB, CYIIECTBYIOIIUX B
MPUPOAE, COCTOUT U3 YCTOMHYUBBIX M30TOINOB MUY cMecCH YCTOMYMBBIX M pagHoak-
THUBHEBIX U30TONOB. THUIIBL panyoaKTHBHOIO pacliana IipHBeaeHb! B Tabd. 3.8,

Ta6unuira 3.7

Konuuecrso ycrofuMBmpX H30TONOB ¢ YETHHM H HEYETHHIM YHCIOM HYKJIOHOB B sjpe

H3otonu YeTHOE YKCIO TPOTOHOB He4etHoe yucno NMPOTOHOB
YeTHOE YHC/IO HERTPOHOB 166 57
HeuetHoe uncnio HelTpoHOB 53 8
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TaGnuna 3.8

THOB paaHOAKTHBHOTO pacnaga

Tun O6pasytowupiics
Hcnyckaemas yactuua | [Ipouecc B e TMpum P
pacnala Y Y Ll A pHMeR ATIEMEHT
o o-vactimia — siapo | ITotepst snpom | *25Ra — 22Rn + He 3apsin simpa meHb-
aroma resus §He O-YACTHIIBI 1ie Ha 2, Macco-
BOE YUMUCIO MEHb-
: e Ha 4
B~ | DnextpoH (e) o> p+e + 94 tC > YN +e |3apsan sapa 6omm-
e Ha b, Macco-
BOE YUCIIO TO XKe
I [ 3
Bt To3uTtpon (e*) ot = [P+ et + vy 1]91( - ngI + e (3apan saapa MeHb-
ure Ha |, Macco-
BOE YHC/IO TO XKe
1 =1 7 ST
K-3axsar | 3axBat spoM P+ e~ n 4Ra+e —;Li |3apun smpa MeHb-
3JIEKTPOHA ure Ha I, macco-
BOE YHCJIO TO Xe
¥ DnektpomaruutHoe |Ilepexon snpa Ha [Q6LYHO conpo- He BLI3bIBAET U3-
M3Ty4YeHHe BLICOKOH | YPOBEHBC MEHb- |BOXIAET ApYyTHE MEHEHHS B CTpOE-
SHEPTHH LIeit aneprueit BWIbI pacrajia HUM gapa

* ¥, v — aHTHHEHTPHHO M HEHTPUHO — 3ACMEHTApHLIE YacTHLLI, HE HMEOILIKE 3apAsa W MacChl

HOKOA ¥ OTIIMYAIOIUKECH CIMTUHOM.

Kak BuaHo u3 puc. 3.14, payioaKTHBHbIE U30TOIBI, HAXOAALIWECS BEILIE 06J1acTH
VcTOMYMBOCTH, pacmajaloTes ¢ UCTIYCKAHMEM ITO3UTPOHA WM B pe3yibraTe K-3a-
XBaTa, a U30TOIBI, JeXale HIKe 00MacTH YCTOWIMBOCTH, — B pe3dy/IbTaTe B -pac-
nana. [Ipy OonplIvX 3HAUEHMAX MACCOBOrO YKc/a (OONBIIXX, YeM Y BUCMYTA) IIpe-

KoanyecrsenHbie XapaKTepHCTHEH PAAHOAKTHBHOCTH. Be/lMunHOI, Xapakrepusyo-
eH panHOAKTHBHOCTD, ABIAETCA nepiod noaypacnada. Tlpouecc pacrnanma saep coot-
BETCTBYET KUHETHYECKOMY YPABHEHHUIO 11EPBOIO MopsiaKa (CM. ri. 2):

N= Nﬂe-h,

roe Ny — uMcIo giep B MOMeHT BpeMend T = 0, a N — B MOMEHT BpeMeHH T, k —
KOHCTAHTA CKOPOCTH PaJHOaKTUBHOrO paciafa.

Jia peakuuii nepBoro nopsiaka BpeMs, 3a KOTOpoe paclaieTcs MoJIOBMHA Belle-
CTB4, HE 32BHUCHT OT €r0 HaYaJIbHOI'O KOJIMUECTBA M PABHO:

T[/Q = 0,693k.

D10 BpeMsi HasblBAlOT nepuodom noaypacnada. Tlepuonsl nosjypacnana MOIYT co-
CTaBJsAThL OT NOJIEH CeKYHAbl 10 MWUIMOHOB jieT. Hanpumep, mis topusn-232 nepuon
noaypacnaaa cocrapisier 1,39- 10'° jer, a mwia nonouusn-212 — 3- 1077 cekynant.

ABCONIOTHAS PAIMOAKTUBHOCTE BELIECTBA U3MEPHETCH B SAMHHUIIAX, HA3LIBAEMEIX
xiopy (K10). ON1MH KIOpH COOTBETCTBYET CKOPOCTH pacnana 1 r panus-226, t.e. 3,7 - 107

pacnangos B CEKYHIY.




Opuect Pesepdopa (1871 — 1937). Onuu U3 cambIX 8bl-
Jaowuxed yyeHblX XX B. OH ycraHOBMJT HATMUHE JBYX
THNOB PAIUOAKTHBHOTO M3NyuyeHHUs (o- U B-nyuel), no-
Ka3aJl, 4To o-4acTULib! ABIAIOTCH ABYX3apsaIHBIMH HOHA-
MU TeJiusl, NPEAIOKWI IIGHETAPHYIO MOJE/b CTPOEHHS
aroMa M, HAKOHELl, BLICKA3a1 TIpeAro/IoXeHHe O Cylle-
CTBOBaHMH I1poToHa U HeWTpoHa. B 1908 r. Peaepdopn no-
ayaun HoBeeBCKyo NpeMHIO 3a UCCIEIOBAHUS PAIHO-
AKTUBHOCTH. :

obnanaetr — a-pacnan. CaMble TsDKesble siIpa CIIOCOOHBI TIPETePIEBaTh CAMOTIPOM3-
BOJIbHOE JeJIcHHE.

PanmnoaxkTueHbie pagbl. BeTpeuatomuecst Ha 3emiie pajiHOaKTUBHBIE SJ1eMeHTB! SIBJISI-
10TCs TIPOAYKTAMM PacTiafia Tpex JDoCTaTOYHO AOJTOXMWBYIIMX H30TOIOB. ypaHa-238
(t12=4,5-10% ner); ypaHa-235 (1;, = 7 10® ner) v topusi-232 (1, = 1,4 - 10'° ner),
KOTophle ABIATOTCS NMpelilleCTBeHHUKAMH MPUPOTHBIX paduoaxmustblx paoos.

Ha puc. 3.15 npeacrasieHsl n1Ba psiia, HAUHHAOLUIHECS PaAMOAKTUBHBIMH M30TO-
MaMHM ypaHa ¥ 3aKaHYHBaloIHecs cTabUNbHBIMH U30TONIAMH ¢BUHIIA. BTOT PUCYHOK
TIpencTaBiIsieT cOOOH YBeMHYEeHHBIH (hparMeHT rpahMKa, IpUBEASHHOIO Ha pHe. 3.14.

[TockoneKy paaHOaKTHUBHBIE AJIEMEHTH B TIpoliccce TpeBPaLLEeHHs TTpeTeplieBa-
10T TOJIBKO o- M B -pacran, Macca sapa U3MeHseTCsHd TUIb Ha 4 eqMHULb. B psay
ypaHa-238 TUN siipa o Macce paBeH (4n + 2), B paay ypaHa-235 — (4n + 3), a

93
R

91

o]

o 89
g 88

H

86
85
84

Yuemo npo

83

82
8l

207"”

Pan ypana-235

Pan ypana-238

! 1 1 1 1 L 1 1 | 1 1 1 1 1 L | | 1 1 1

S P I
100 124 125 126 1

27 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146
Yucno HETPpOHOR

Puc. 3.15. Paasl panuoakTHBHOTO pacnaia ypaHa-235 u ypana-238
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Topusi-232 — 4n. PonoHayalbHUKOM elie OQHOTO PanMoakTUBHOTO psiAa ¢ THIIOM
s[pa o Macce, paBHBIM (41 + 1), gRasieTcs HENTYHUI-237.

Anepnbie peakuu. [1pu GomBapaypoBKe pasiMYHBIX H30TOIMOB XMMMIECKHX 3JIe-
MEHTOB YacTHULIAMH C BBEICOKOH 3Hepruiedl (HeHTpoHaMH, IIPOTOHAMM, o-4yaCTHIIA-
MU, SIApaMM AeiTepus ¥ 0ojee TSXKENBIMU apaMU) TIPOMCXOANUT oOpasoBaHUe saep
IPYTHUX DJIEMEHTOB — A0epHbie pearyuu.

B pesyarTaTe oCyleCTBISHMS SIEePHBIX peaKIluii OB [HOJTyYeHBl MHOTHE XHUMH-
yecKHe 3JIEMEeHTHI, He CyIIeCTBYIOLIME B IPUPONE, B YACTHOCTH, BCE INEMEHTEL,
crenylone 3a ypaHoM B [lepuoanueckoi cMcTeMe XMMHYeCcKHX 3neMeHToB. [lep-
BBIM 3JIEMEHTOM, ITOJYYeHHBIM CUHTeTHYecKMM nyreM B 1937 r., Opl1 TexHeuwmit
(Tc), nopankopwiit HoMep 43. Ero noayyunu obaydeHHeM MOJIMONEHA sAapaMK feit-
Tepus — AeiTpoHamu':

98 2 99 !
sMo+1H - PTc+ gn

TpaHcypaHoBbIe 31eMeHTHI (Z > 92) nomydaroT 6oMOapIUpOBKOIl TSKENBIMU
daapaMy. Hanpumep, cuHTe3 aneMeHTa 99 — 3HHIUTEHUA — OBUI OCYIIECTBNIEH T10
peaKimu:

238 14 247 1
pU+ N = “GEs+54a.

K amepHBIM peakiiMaM OTHOCAT TAKXe PEaKIMM AdepH020 OeteHusi W AdepHozo
cunmesa. Tlpy GoMOapAMPOBKE HEHTPOHAMM TSKe/IBIE sIpPa PACIHEITISIOTCS Ha OC-
KOJIKH — gapa 6ojiee TeTKHX B1eMeHTOR, [1py 5TOM BEITENSAeTCa rpoManHoe Koaude-
cTBO BHepruu. OgHUM M3 IyTeH aefeHus ypaHa-235 ApaseTcs simepHast peakiys:

235 1 139 9% 1
2 U+ gn— 'gBa+ 3Kr +34n.

INockonsKY B pe3yNbTaTe AeJeHUS 9Apa ypaHa oOpasyeTcsa Tpu HeUTpOHa, Aaib-
Heillllee pa3sBUTHE PeaKIIMM MOXET MATHU MO IEMHOMY MEXaHM3MY (LielfHas sinepHas
peaxius).

B peakuuax sAepHOro CUHTE3a IMPOUCXOIUT CTUSHUE ATOMHBIX SIAEP JETKUX A30-
Tonos. [TpuMepoM MOXET CITYKKHTh CHHTE3 sIep IreJIus U3 U30TOIOB BOJOPOIA:

iH+{H - {He + ¢n.

Taxkue npoilecchl cONPOBOXAAIOTCS BRAEJIEHHEM OrpOMHOTO KOJTUYECTBA SHEp-
TMH, YTO TIPHBJIEKAeT K HHM Oosbllioe BHMMaHWe. OMHAKO 3TH peaKiuy, Ha3biBae-
MBIE TepMOSAEPHBIMH, ITPOTEKAIOT JIMIIIL TIPY OUeHb BRICOKUX TEMIepaTypax — 0o- -
nee MWITHOHA rpamycoB. Takue ycnoBUs OCYIECTBUMEI TOJIBKO B HEAPAX 3Be3, [IPH
aTOMHOM B3pbIBE UM B MOLIHOM Ta30BOM pa3psiae. TPYIHOCTH B TOIBITKAX HCKYC-
CTBEHHOT'O OCYIIECTB/IEHHs TEPMOSIEPHBIX TIPOLIECCOB CBI3aHEI ¢ IpobnieMoil KOH-
[IEHTPAMH BEICOKOTEMITEPATYPHOM TUTA3MBI ¢ MTOMOIIBIO CBEPXMOIITHBIX MATHUTHBIX
rmoJicit.

Iponcxoxaenne 3eMenToB’. SlaepHele peakiyy, IpoxonsiuHe Bo BeeneHHOIM,
npuBesv K 06paszoBaHMIo GobIIOro yueaa aneMeHToB (puc. 3.16). Ecnu coBpemeH-
Has TOuKa 3peHMs 00 oOpazosaHuM BceeneHHo# BepHa, TO IPUMEPHO 4Yepe3 2 4

' B ypaBHeHRAX AJEPHBIX peakumil cyMMa 3apfAfioB H CYyMMbl MacCOBBIX YMCEN CNpaBa M cliena
paBHEL.

2 Moapo6uee cM. Kuury P.Jx. Teiinep. IlpoucxokaeHHe XMMUYECKnX sneMmeHros. — M.: Mup,
1975.
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B pe3synbrare
OXJTANIEHHA
| TIlepsnuwas spesga |
I'paBrTatMonHoe | Henyckanne
cxKarue Y - MaTepIH
3B€3fa raBHOM ——
pa % NOCTEA0BATENBHOCTH GilCH s

Henyckanue
A | KpacHsiii turanT - MaTepun

i Hgmwé :

i } H YUIEDOR a1 > Cunred zqnﬂ;uerrgoa
HCIOPOTa, KpeMHUs E S zengln
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Kapnuk 3Be3ga Sliae
Puc. 3.16. TIpoucxoXneHHE XHMHYECKHX NEMEHTOB

e

Ve

nocyie bonbioro B3psBa TeMMepaTypa yrana HACTOIRKO, YTO OCHOBHAs Macca Ma-
TEPUM COCTOSIIA U3 aTOMOB BoJopoaa (89 %) u renus (11 %). KoHaeHcauys aToMoB
BONOPO/A Y TeNVs NpUBeaa K 00pa3oBaHHIO TIEpBUMHEIX 3Be31. KoJulame 3THX 3Be3n
NOA, AeCTBHUEM TPABUTAIIMM BHI3BAN TIOBHIIICHHE TEMIIEPATYPHI M TJIOTHOCTH, YTO
TIPUBEJIO K CAMSIHHIO SZED, T.€. sinepHoMy cuHTe3y'. [TepBHYHbIE sSAepHBIE peakiind
NpaKTUYeCKW WASHTHYHB! TeM, KOTOPBIC M3Y4alOTCs B IOCHERHEE BPEMSI B CBSI3H C
npoGyieMoi YITpaBAsSIeMOTO ANEPHOTO CHHTE3A.

B 3Be3nax o0pa3oBanvich 3J1€EMEHTH ¢ aTOMHBIMU HOMepaMu 10 26. OHM ABNAIOTCH
TIPONYKTaMH A/EPHBIX peaKiMif, HA3RIBAEMEIX «ANecPHBIM ropeHuemM». Takne peak-
LMY TIpEACTABIBUTH cOOO0M CIOXHBIHN IIMKIUYECKUI TIPOIECC ¢ YYACTUEM SIep BOAO-

pOJa Y reJius M KaTanu3UpyeMBblil sapaMy YIiepona — Tak Ha3blBaeMBIN yetepoorbiil
YUK

2¢ 4 H 3N +y
]gN —>153C +e +v
BC+ H YN +y
]‘-}N + ]|H —)120 + ¥
lgO —)175N S8 e

13 1 12 4
aN + (H -»%C + ;He J

> 41H — 3He + 26" + 2v+ 3y

Bonee Tsokenble 91eMeHTEI 0Opa3yIOTCst B 3aMETHBIX KOJIMYECTBAX, KOTAa 3aBep-
IIA0TCH PeakiiM ¢ Y4acTHEM BOAOPOMHBIX snxep. K 5ToMy BpeMeHM TIpOMCXOZUT
YBETUYEHUE TUIOTHOCTH 3BE3QHOrO Bewectsa ao 10% kr/m°, uTo B cTO THICSY pa3
0oJbllIe TIIOTHOCTH BOABI, ¥ OMHOBpPEMEHHO TeMTIIepaTypa nossiaetes 10 108 K.

! finepHEle peaKuWy NPOTEKAIOT JOCTATOMHO OBICTPO MpK TeMmnepaTypax B AmanadoHe 5— 10 MK
(1 MK = 10¢ K).
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B Takux ype3BbIUaitHO KeCTKUX YCIOBUAX CTAHOBUTCS BO3MOXHBIM CHHTES C y4acTH-
eM slep rejiusl.

OneMeHTHI, OoMee TsDKesble, YeM XeJe30, 06pasyloTcs B Pe3yabrare sIepHbIX
peaxiivi ¢ 3aXBaToM CBOOOIHBIX HeHTpoHOB. Ha paHHel CTanWU 3Be3NHOH 3BOTIO-
LMY CBOOOAHBIX HEHTPOHOB HE CYIECTBOBANO, OHH TIOSIBU/TMCH NO3Xe B Pe3y/ILTaTe
MPOLECCOB, MOAOOHBIX peakuyy:

pi| 4 26 I
ioNe+ 5He - Mg+ jn.

[Ton neiicTBMEM MHTEHCHMBHOINO MOTOKA HEMTPOHOB, KaK B Cydae CBEPXHOBBIX
3Be3]1 (B3pPHIB 3Be31), 00pa30BaBIIMECH sapa CIIOCOOHBI M Aanbllie 3aXBaThIBaTh Heli-
TPOHBI, YTO TIPUBOIMT K ITOSBJEHHIO BCe BOJee THXKENbIX U30TOIIOB.

Tlpumep 3.3. Hanuuure ypasHeHus safepHbIX peakUMii npespalieHUs H30TOma gﬁZn B
‘ﬁGa, €CJIM M3BECTHO, YTO M30TOM LIMHKA MOIVIOLIAET HEHTPOH, 4 3aTeM [0[BepraeTcs
B-pacnany.

Pewenue. TIpu normoieHMK HEHTPOHA MAcCOBOE YHCIIO M30TONA YBEIMYMBAETCS Ha 1, a
NPpH UCYCKAHUM B-uacTHlBl (3NIEKTPOHA) 3apan sApa YBeJHUHMBAETCH HA eQMHHULY, a Mac-
COBOE YHC/IO OCTASTCH TEM XE:

$Zn+ jno §Gare

B medcTRUTEIBHOCTH 3TOT 11POLIECC CONPOBOXAAETCH TAKXKE MCIYCKAHUEM HEHTPHHO U
Y-M3JIY4EHUEM, YTO He BIMSIET Ha MACCOBOE YMCIIO M 3apsaj 00pa30oBABWErocs M30TONA.

3.2. IEPUOIUYECKUM 3AKOH U INEPUOIMYECKAS
CUCTEMA DJIEMEHTOB

3.2.1. Ileproauvecknmii 3aKou

He BmaBasick B MCTOPMIO OTKPBITHS TIEPHORUYECKOTO 3aKOHA, OTMETHM, UTO OH
6ol BIIEpBBIE ChopMynupoBaH B 1869 r. 1. . MeHzeneeBbIM, KOTOPBI CYUMTAT OC-
HOBHOM (yHIaMeHTANbHOI XapaKTepUCTUKOM DJIEMEHTA €r0 aMOMHYI0 MACCY.

3 e Tl et S

Hmurpuit Msanosuy Menaenees (1834 — 1907). Tlouc-
THHe BeJIMKHMit yueHslit. HeT, Kaxercs, HU ogHoil 0bsacTu
XHMHH, B KOTOPYIO Obl OH He BHec ¢soi miuian. Haubosee
H3BECTHHIE ero paboThl, KPOME MEPHOAMYECKOro 32KOHA,
3TO OTKPBITHE <«TCMIEPATYPLl A6CONIOTHOICO KHIEHMH»
(KpMTHYECKOH TOYKHM), pa3paboTKa (U3MKO-XMMUYECKO
(ruppaTHOi) TeOpWUH PAacTBOPOB, HOPMYRHPOBKA 0606-
LWIEHHOTO I'a30B0ro 3akoHa. Eule omHuM ri1aBHbIM JeJ10M
ceoeit xU3HK J. M. Mennenees cuuran yueGHuk «OCHOBH
XUMHMH»,
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1. W, Menaenees Inpeacrasui 3ToT 3akoH B ¢opme Ileproanyueckoil CHCTEMEL,
PYKOBOIACTBYSACE He TOJNBKO M3BECTHBIMHU aTOMHBIMM MaccaMH 3JeMeHTOB, HO M B
3HAYMTENLHOM CTeIIeHY UX XMMUYeCKUMH cBoitcTBaMy. Takoil Moaxoa mo3BOIU:

® YTOUHUTH ATOMHBIE MacCHl MHOTHX U3BecTHRIX MeHIeneeRy 3JIeMeHTOB,

e TIpeICKa3aTh CYILECTBOBAHME U CBOMCTBA HEU3BECTHHIX B TO BpeMs 3JIEeMeHTOB
repMaHMs (3KAaCWIUIMi), Tanaud (3Kabop) U CKaHAuS (SKAATIOMMHUIA).

Pazeutiie Gu3uky B Hayage XX B. MNPUBEI0O K OTKPHITHIO CIOXHOIO CTPOEHHS
atoMa. dng nanpHeitiitero noHuMaHvs [lepuoauueckoit CHCTEMEl SMEMEHTOR BaX-
HEWLIYIO POAb CHITPAIO OTKPEITHE aHrmuifickoro dusuka I'. Mozan. OH, uccrenys
YacTOTHl PEHTIEeHOBCKOTO M3MY4YEHMs, MCITYCKAeMOTo 3/IeMeHTaMH Npy ux Sombap-
AWPOBKE 3NEKTPOHHBIM MYYKOM, YCTAHOBHA, UTO TIOPSIAIKOBRIM HOMep 37¢MEHTA B
IMepuonunueckoit Tabnuile COOTBETCTBYET 3apany Anpa atoMa. Maes nepuoanuHocTH
CBOHCTB XxUMHYeckux aneMeHTOoB .. MeHaeneeBsIM MOTHOCTBIO MOATBEPAMIIACE,
CTANU OOBACHHUMEI TIEPeCTAHOBKU 3JIEMEHTOB B Tab/MU1IE BOMPEKU NMOCHEeN0BATE/b-
Hocty atoMHBIX Macc (Ar ¥ K; Co u Ni; Te u I). Oka3sanochk, 4To OCHOBHEIM CBO¥i~
CTBOM aToMa JII00Oro U3 XMMHUECKHX 3JIeMeHTOB ABJgeTcs 3apad Adpa W, clefoBa-
TENbHO, (POPMYTUPOBKA TMEePUOAMUECKOr0 3aKOHA HYXIAeTCH B KOPPEKTUPOBKE:

i

[MpyuuHA NMEpUOTMYHOCTH CBOICTB 3JIeMEHTOB OKOHUATENBHO CTajla TNOHATHA
TOJBKO TIOCTIE OTIpPeReIeHNA 3JeKTPOHHOTO CTpoeHMA aToMa. OHa OCHOBaHA Ha CX01-
CTBe KOHMUTYpAIHMil BHELTHUX AMEKTPOHHBIX OpOUTANEil aTOMOB B HEBO30YXKIEH-
HOM COCTOSHHH (3aHUMAIOIIHME UX 3IEKTPOHBI OTBETCTBEHHEI 3a XMMHYeCKHe CBOM-
CTBa) U OIpeAeNseTcS TMepHOTHYHOCTRIO TIOBTOPEHHUSI CTPOEHUSA BHEIIHMUX 3JIeKT-
POHHBIX YPOBHEH.

Tax, anemenTni-ranorensl (F, Cl, Br, I, At), obnanatoiue MOXOXUMH XUMHU-
YeCKUMM CBOHMCTBAMH, UMEIOT Ha BHEIIHEM 3JIeKTPOHHOM YPOBHE CeMb 3JIeKTpO-
HOB (ns?np’); wenounsie Metawisl (Li, Na, K, Rb, Cs, Fr) — onuH ameKTpoH
(ns!), smemenTsr V, Nb, Ta — naTe 31eKTPOHOB COOTBETCTBYIOUIMX KOHGOUTYpALMK
(n - Dd3ns?.

[Neproauueckas CUCTEMA 3JIEMEHTOB ABISETCH TpaMYeCKUM BhipaXeHVeM Ie-
PUOAMYECKOTO 3aKOHA.

3.2.2. Crpykrypa IlepHoaaueckoii TabaHIIBI

CymiecTByeT GONMBIITOe UUCAO BapuaHTOB [lepuoanyeckoil TaGmuiibl XHMHUYESCKHX
sneMeHToB. Hanbonee pacnpocTpaHeHbl KieToYHbIe BapiaHThl [Tepuonnyeckoii Tad-
JTMIIBL; ¢ KOPOTKUMH (BOCEMB TPYTIIT) M JJTHHHBIMU MepHonaMu (BoceMHALATh TPYI).
[Mpu onucaHUM XMMHH 2eMEeHTOB HaMH OyleT UCIONL30BaH B OCHOBHOM JUIMHHO-
NEPHOAHEBIA BapuaHT, pekomeHaosaHHLI MIOTIAK! u cxemartuuecky Ipencras-
NeHHBlt HA puc. 3.17.

I HIOTTAK — MeXayHapoIHbli COI03 TCOPETHYECKOR W MPHKIALHOK XMMHH — MCXAYHapoIoHas
HEMpPaBUTE/IbCTREHHAA OpraHW3alnus, 3aHuMaroniaacs pa3paboTkol ofmKMX NPUHIIMIIOB U TIPaBHII HO-
MEeHKJIATYpbl XHMHYECKHX COSJHHEHHH, TEPMMHOIOTHH, CHMBOIKKH, a Takxe CTPykTypbl IlepHomu-
yeckKoil cucTeMbl 3/IEMEHTOR,
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Puc, 3.17. Obwas crpykrypa ITepuonnueckoil TaGmumb! (aTHHHONEPNOAHLIH BApHAHT)

OJIEMEHTB! PacTIONaTaloTCs B TabNMIIE B MOPSKE BO3PACTAHHA sapsnaa anpa. Bep-
THKATIbHBIC PS/BI HA3BIBAIOT epynnamu, a TOPU3OHTANbHEIE — nepuodamu. Tlo vy
BaJICHTHBIX OpPOUTANEH BCe 3MEMEHTHI JENIATCH HA GOKH: S-610K OOBCANHSET 36~
MEHTBI, UMEIOLINE KOHOUIYPAUMIO BHEUTHUX OpOUTAICH ns' M ns2, y 51eMeHTOB
P-010Ka NIPOUCXOONUT 3aTIOJTHEHUE P-TIOAYPOBHA, d- U f-Gaoxu OOBLEINHSIIOT 3JIeMeH-
TBI C 3AMOJTHAIOWMMUCS, COOTBETCTBEHHO, (1 — 1) d- u (1 - 2) fopGuransimu. O6sY-
HO f~37IEMEHTHI BBIIESIOT B OTAENBHEIE CEMENHCTRA AaHMaHoUd08 (4) w axmurnoudos
(5/). OmHako He Bce DAEMEHTH TUX CEeMElCTB ABISIOTCS J-3IeMeHTaMH, YTO To-
IpobHo Gyner obcyxaateca B IT1 ToMe maHHOTO yyeDHHKA.

Teproabl OGBEAMHAIOT SMEMEHTHI, B aTOMaX KOTOPBIX MPOUCXOMUT MOCTEI0Ba-
TENLHOC 3aTMOJTHEHHE OMHAKOBLIX JICKTPOHHLIX YPOBHEH. [Tpu aTOM HOMEp nepHo-
Aa COBMAJACT C IIABHBIM KBAHTOBBHIM YWCJIOM BHELIHETO SNIEKTPOHHOTO YPOBHSL
Hanpumep, 2-it nepuon oGbeaAMHSET SNEMEHTH, ¥ KOTOPBIX 3aMOHAETCA BTOpOit
YPOBeHB (25 ¥ 2p) ot nutus (Li 2s') 1o aprona (Ar 25*2p%) — Bcero 8 S1eMEHTOB.
Y a1meMeHTOB 6-T0 NepHoJa BHEMIHUM 31IEKTPOHHBIM YPOBHEM SIBISETCS LIECTON (6s
u 6p); Bcero B aToM nepuone 32 3JIEMEHTa, BKITIOYas TaHTaHOMIBL. KaxXawlit mepuos
33BCPUIACTCA SNIEMEHTOM, OTHOCAIUKMCS K HHEPTHBIM (6/1aropoiHBIM) ra3aM. ¥ atux
9JIEMCHTOB SIEKTPOHHAS KOHbUIYpau#s ns’np, B naqpHelleM yXe HAYHETCs 3a-
nonHeHue (n + 1) ypoBHsi. Pasinume B MOCHenOBATEIBHOCTH 3aTI0THEHHS BHEITHMX
U bomee GAU3KMX K SAPY 3J€KTPOHHBIX YPOBHEH OGBSACHAET TNpUYHMHY PasiiNnyHOM
IJIMHBI NIEPHOAOB: 1-i MEpHoN CONEPXKMT TONMBKO 2 3IEMEHTA; 2-H M 3-ff — mo
8 9MEMEHTOB KaXIblif; 4-if 1 5-if — o 18, 6-if — 32 aeMeHTa. HesaBeplueHHBIIH
7-if mepuon uMeeT noka 24 snemeHra, B HacTOALIEE BPEMA TIOCAEJHHUM JJOCTOBEPHO
M3BECTHBIM 9NIEMEHTOM SABNACTCS mapMmtagTuii Ds (Z= 110).

I'pynmnel 06LEAMHAIOT ATOMBI 3JIEMEHTOB, MMEIOLIMX OJMHAKOBOE KOJIHYECTRO
SNICKTPOHOB Ha BHEHIHEM YPOBHE. B KOPOTKOM BapHaHTe TabGIUILBI TEPUONBI OBLITHO
0003HAYAI0T PUMCKUMMH, A B JUIMHHOM — apabcKUMU riudpaMu,

B kopomiom eapuanme Tlepyoanyeckoit TabaniLsI, TpEeICTaBJICHHOM Ha MEPBOM
(hop3aiie aTOro TOMa, HOMEp TPYIIIL VIS 5- U P-DIEMEHTOB COOTBETCTBYET OOIIEMY
IHCTTY SNIEKTPOHOB BHEUIHEIO YpoBHA. HarpuMep, y a1eMeHTOB rpyIimbl V Ha BHEII-
HEM YPOBHE NATL MEKTPOHOB: a30T 25°2p°, dhocdop 3s23p?, MBIIBIK 4524p3, Buc-
MYT 6526p3. DIeMEHTHI 5- U p-GIIOKOB OGBEANHSIOTCS B DIABHBIE noarpynrsL. s
d-3aMEMEHTOB HOMEp IPYIITE B 06IeM cryyae (wist MEPBBIX 6 DTEMEHTOB KaX0TO
CEMEHCTBA ¢-2NIEMEHTOB) PaBeH OBLIEMY YMCITY JIEKTPOHOB Ha (7 — 1)d- 1 HS-YDOBHE.,
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Hanpumep, y atoma ckanaus (Sc 3d'4s?, rpymna III) — Tpu anexTpona; y aToma
xpoma (Cr 3d°4s', rpymma VI) — wecTs NeKTpOHOB, a y atoMa xeresa (Fe 3d%4s?,
rpynma VIII) — socems. Luuk (Zn), kaamuit (Cd) u pryrs (Hg), y KoTOphHIX d-
YPOBCHb 3aBEPIUEH, W BHEIIHAMH SIBIISTIOTCS 15 -9NEKTPOHBI, HAXOSTCA B IPYIIIE
I1. TTo Toit xe npu4mHe aneMeHTH Meab (Cu), cepebpo (Ag) 1 301010 (An), MMEIO-
UIME 32 CYET «IPOCKOKA» SNEKTPOHOB KOoHpurypaumio (# — 1)d'as!, otHocsaT x
rpynne 1. Kob6anst (Co), nukens (Ni), poxwit (Rh), namnaawmit (Pd), npummit (Ir) u
natuHy (Pt) o6eraHo nomemaior sMecte ¢ Fe, Ru, Os B rpyrmy VIIL, Bee d-anemen-
Tl 00pas3yIoT M0boYHEEe TOATPYNIpL. JIAHTAHOHIB W AKTHHOHAE TakxXe Kak H La
(5d'65s%) n Ac (6d'7s% nomemaroT B mo6ounylo moarpymny rpynms 111

3.2.3. IlepuoanyHoCcTh H3MEHEHHS CBOMCTB 371EMEHTOB

K ancny BaxHEHIINX CBOWCTB 2/IEMEHTOB, OMpeAENAEMEIX MEKTPOHHBIM CTPOE-
HHCM aTOMa, OTHOCATCS PAAMYCH (r), MOTCHUMANB MOHM3AUMH ([), cpoicTBO K
SNEKTPOHY (A,), 3NeKTPOOTPULIATENBHOCTD () ), CTEMEHU OKMCICHHUS 31eMeHTOB. Bee
OHU 3aKOHOMEPHO MEHAIOTCS MO MEPUONAM M IPYIINAM.

Ha puc. 3.18 npeacrapneHa 3aBUCHMOCTb BETHIMH PALMYCOB aTOMOB OT 3apsja
Anpa. s aTOMOB METAJUIOB MPUBEAECHB! METAMTMYECKHE PATMYCH, A Ui HEMETAT-
JIOB — KOBAJIeHTHHIC. Kak BUIHO U3 pUCYHKA, U3MEHEHUE PATHYCOB HOCUT TNEepUO-
IUYECKHH XapakTep. OCHOBHAsA TEHACHUMSA B NMEPHOAAX — YMEHBUICHUE PAIUYCOB
4TOMOB, a B IpyINax — UX yBeJHYeHHE. [Tog06HOe M3MEHEHHE aTOMHBIX PalUycoB
00YCIIOBIEHO YBETHYCHHEM B NepHoe 3(hdEKTUBHOTO 3apsiia supa, CTPEMAILETOCA
«CXaTh» ATOMHBIE OpOUTANU. [JeHCTBUTENBHO, /Ui KAXIOTO IIAaBHOMO0 KBAHTOBOTO
9HUCTIa 7 CTETEHb 3KPAHWPOBAHMS BANEHTHHIX 3MIEKTPOHOB YBEJIMYUBACTCA ¢ BO3pa-
CTAHHMEM 3HAYCHWS OpOHTATBHOrO KBAHTOBOro ymcha: £ > d > p > s, cM. pazm. 1.2
3TOI MIaBH. ¥ d- M f~27eMEHTOB M0 3TOl Xe TIDHYHHE TTPOUCXOIHT MEHEE PE3KOoe
HM3MEHEHHE PaUyCOB, YTO IIPUBOAUT K MOSBJICHMIO HA KPUBO JIOKATBLHBIX MAaKCH -
MYMOB.

WsMmeHeHMe panycoB B TPYIIaxX MEHBLIE H3MEHEHHS MX B MEPUOTAX H OHO He-
paBHOMepHO (pHc 3.19), 4TO CBA3AHO CO 3HAYUTENBHBLIM YMEHBLUICHUEM PAlHyCOB
IIpK 3anOJIHEHUM d- U f~opbuTtaneit (d- u f~cocamue).

¥, HM
0,154
0,10
0,05+
0 . N . . I 2 3 4 5 Homep
0 20 40 60 80 100 Z nepHoaa

Puc. 3.18. 3aBucumoctb paamyca atoma (r) Puc. 3.19. 3aBucuMOCTE pannycos aToMos (F)
OT MOPAAKOBOTO HOMEpa d/1eMeHTa (Z) OT 3apgAna sapa Mo rpynnaM U nepuosam
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Puc. 3.20. 3apMcHMOCTDb BEJIMYMHEI TIEPBOTO NMOTEHUMANAa MOHM3ALMK (J}) OT nopsmKkoBoro
HOMEpa 3JieMeHTa (Z)

Ha puc. 3.20 npencrapnera 3aBUCMMOCTb M3MEHEHUS TIEPBOTO MOTEHIMAIA HOHU-
saumk (/) atoMa ot 3apsaia sugpa. OHa TakkKe HOCHT TTepHMOIHYECKHii XapakTep.

ITo nepuoay semmumnna I; B 001eM YBEMIUBACTCA, YTO OBYCIOBIEHO POCTOM
oddexTuBHOrO 3apsna siapa. JIokanbHble MEHMMYMBI CBA33aHBI ¢ 0COGEHHOCTAMU
ANMEKTPOHHOH KOHUTyparuK atoMoB. Hanmpumep, /; yMeHbllaeTcs npu Hayase 3a-
NoTHeHUs p-opbutaneii (B, Al, Ga ¥ T.1.) ¥ IPH NOABNEHHUH CMAPEHHBIX 3NEKTPO-
HOB Ha BHEWHWX p-opbGutansax (O, S, Se u T.1.).

B rpymnmax mans s- u p-31eMeHTOB BennurHa I; yMeHbIIaeTcs, a Juisl d-3eMeHTOB
H3MEHSAETCS HEMOHOTOHHO, YTO 0GBACHACTCH YBENMUIeHHEM 3¢dheKTHBHOTO 3apaaa
A0pa NpU HE3HAYUTEIEHOM M3MEHEHWH panuyca Mo Mepe 3arnoilHeHus d- U f~ypoB-
HEH, a TaKKe PasiinyHOA CTEMEeHbI0 SKPaHUPOBaHUA (3ghhem unepmuoli s-naput).

DTIMU 9hPEKTAMU TAKKEe MOXHO OOBACHHTE HEPaBHOMEPHOE M3MEHEHME IO
IDYNNaM y 3JIEMEHTOB p-610ka pannycoB (cM. puc. 3.19) M CyMMBI MepBHIX Tpex
NOTEHUHATIOB MOHM3ALMK (puc. 3.21). HanGonee 3aMeTHBI OTKIIOHEHUA V JIEMEHTOB

1|+12+13a 3B

Howmep nepuona

Puc. 3.21. MismMeneHHe cymMbl TpEX MepBHIX NOTEHUMANOB MOHM3auuu ([, + b + B) nna
anemeHToB 13- (6), 14- (@) u 15-i1 (&) rpynn
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C 3aMOJTHEHHBIMH TMpEABHEHUMHE 3d- M 4/~0pOHTANsAMH, KOTOpHE HMEIOT TOJILKO
OTMH MakCHMYM Ha KPHBOH pavalibHOTO pacripeieIeHH SJIEKTPOHHOM TUIOTHOCTH.
Takasa HEMOHOTOHHAs 3aBMCHMOCTB HAOMIOLAETCS B OCHOBHOM TOJIBKO JUIS HAdaaa
p-onoka (13(III) m 14(TV) rpynmbl) ¥ MpakTHYECKM HE 3aMETHA JUIS 3JIEMEHTOB
KOHLA TTEPHOLOB.

[ToMMMO 3HEpPreTHYECKMX XapaKTePHCTHK aTOMOB, PacCMOTPEHHBIX paHee, B
XMMHH LWINPOKO MCTIONL3YIOT TOHATHE — 34eKMmpoompliyamenviocmi, DNEKTPOOTPH-
LATENIBHOCTS (X) XapaKTepU3YeT CIIOCOGHOCTE aTOMOB MPUTATHBATS K ce0e 371eKTpO-
HBI, CBASHIBAIOIINE WX C APYTUMH dTOMAaMH B reTepoatoMHoit Monekyne, CyniecTBy-
€T MHOTO CTIOCOG0B, MO3BOJISIOIKX KOJHYECTBEHHO OLCHHTD BEJIMIHHY 3MEKTPOOT-
PHLATENBHOCTH, J[0 CHX ITOp B XHMUYECKOI TUTEpATYpE Yallle APYIHX UCTIONb3YeTCS
LIKaJa 3MeKTPoOTpHaTeNbHOCTH [ToUHTa, KOTOPHIA BIEPBLIE BBE/ 3TO TIOHATHE B
1932 r. Illkana ITonuHra OCHOBaHa Ha aHAIN3e SHEPTUH CBSI3M TOMO- U TeTeposiiep-
HbIX MOJIEKYL. P. C. MaJUTHKeH NpeUToKIT OTIPEAETSATS 3/IEKTPOOTPULIATEIBHOCTD ()
Kak MoJIyCyMMy TMOTCHLMATa HOHHU3AINM ¥ CPOJICTBA K SJIEKTPOHY:

= 1ol + A). (3.8)

Ceityac Hanbonee MOMy/IsipHa HIKAAA 3IEKTPOOTPHIIATENbHOCTH Omnpena— Po-
XOBa, 3HAYCHHUS B KOTOpO# paccuyMTaHH MoaobHo [loauury, HO ¢ yyeToM addek-
THBHBIX 3apALO0B, YTO 0COOCHHO BAXHO ISl TSDKEIBIX YHEMEHTOB.

3HaYeHMA BNEKTPOOTPHIIATENBHOCTH, MOJyYEHHBIE Pa3HBIMU cTIocobaMM, He Co-
BIMAJAIOT OaXe TIPY BBEACHUU MOMPABOYHBIX KO3(hdUIMeHTOB (Mpua. 3). OxHako
O01IHE TEHACHIMH B U3MEHEHWH ¥ 1o Tleproauyeckoii Tabnmue coxpatsiotest. Han-
Bonee 3NMEKTPOOTPHLATENBHBIMH SIBISLIOTCS 3NEMEHTH € BATEHTHHIMU OpGUTANAMHU,
OAV3KMMM K 3aBEPLICHUIO (TAJOTeHK), a Haubosee 3NMeKTPONOTOXHUTENbHBIMU —
BJIEMEHTHl C MMUHUMAJIBHEIM 4YUCIIOM S37EKTPOHOB Ha BaJIEHTHBIX opGuUTaNAX (ue-
JIoyHBIe MeTaytel). Ha puc. 3.22 npeactaBneHo M3MeHeHHWe 3JIEKTPOOTPUIIATENBHO-
cTH (o TlonmMury) B 3aBUCHMMOCTH OT NOPSAKOBOTO HOMEpa 3NeMEHTA.

TTonb3ysicy nepHOAUYECKOH TabNHLCH, MOXHO B TIEpBOM IPHOIDKEHUH OMpe-
JEeTWTh OCHOBHBIE BO3MOXHBEE CTeNeHY OKHCITEHHSA 3JIEMEHTOB.

MaxkcuManbHasi TONOXWTENbHAs CTENEHb OKHCIEHHS SIEMEHTOB B TOJABIISAIO-
weM GONBUIMHCTBE CITyqaeB YHCTCHHO PABHA HOMEpY IPYINEl B KOPOTKOMEPHOI-
HOM BapmanTe Tabnuunl. Mckmoyenne cocrapisior anements rpynns VIII (Fe,

V4
Puc. 3.22. 3aprCHMOCTB 3MIEKTPOOTPHULUATENLHOCTH () OT NOPSAKOBOrO HOMEPA 3/eMeHTa (£)
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Co, Ni, Rh, Pd, Ir, Pt), uneprusie rasm (He, Ne, Ar, Kr), xucnopon O u ¢rop
F, anst KOTOpBIX MakCHMMasIbHasi CTEEHb OKMCIEHWS MEHbLIC HOMepa TPYIIIHI; a
TaKXE 3JIEMCHTE TOGOYHOM MOATPYTME! Mepsoii rpymisl (Cu, Ag, Au), aisf KOTO-
PBIX MaKCHMabHasA CTEeNEHb OKUCTIEHHA Gonbile Homepa rpyninbl. Hanpumep, ans
xopa (Cl) u mapranua (Mn), Haxopswuxcsa B VII rpynre, MAKCUMATBHAS CTEIIEHD
OKHMCJIEHWs! paBHa +7 (WX BBICILIME OKCHIBI MMEIOT hopMynsl Mn,0; 1 Cl,O;). Croii-
CTBA 3TUX COCOMHEHUN TAKXKE BO MHOTOM TOXOXH.

MuHuManbHast OTpULATENTLHAS CTETICHE OKHMCIIEHUS TS 3EMEHTOB rpynm [V—
VII rnaBHBIX TIOATPYII MOXET BHITH ONpeacicHa YHciaoMm 8 — N, rae N — HOMEp
rpynisl. Hanpumep, s rpymmet V (asot, docdop ¥ ap.) Takas CTENEHb OKUCTE-
HusA paBHa -3 (NH,, Ca;P,); st rpymmer VII (ranorensr) pasHa —1 (HF, KCD.

Ilpumep 3.4. Mblubsk As HaxOOHTCA B 4-M Nepuone W Ipyrme 15(V) INepuonnyeckoi
Tadmuiel. HamuiuTe 3/1eKTpOHHYI0 KOHOHUIYPALMIO BANEHTHBIX JJIEKTPOHOB ATOMA B OCHOB-
HOM COCTOAHMHM, MPEACKDKHTE HOPMYJIy €ro BBICLIETO OKCHIA M BOAOPOIHOTO COEaUHEHHA.
CpaBHuTe paauyc ero aroma ¢ paguycom atoma gocdopa.

Peiueriue. MbILIBAK OTHOCUTCA K p-3JIeMEHTaM, IIABHOE KBAHTOBOE YHCIIO €r0 BHELIHMX
SJIEKTPOHOB paBHO HOMEPY NEPUONA, 4 MX KOJIMYECTBO — HOMEPY IPYIITbI, B YETREPTOM
NEPHOE NPOU3OLLIO 3anoIHeHHe 3d-NoAYpOoBHA. CleNoBaTe/IbHO, ANEKTPOHHAA KOHMDUIY-
paumst mblllbska: As [Ar] 3d'%4s%4p’. Makcumanshas cTenens OKMCICHHA 3TOMO dIEMeHTa +5,
(hOpMyJia ero BbICUIEr0 OKcuaa — AsyOs. MUHHMATbHAS CTelleHb OKHCTeHUS paBHa -3 y ero
CoEnUHEHHE ¢ Bonoponom umeeT Gopmyny AsH,. Panuyc atoma Mbnnbgka Goisine, gem
aroma cdocdopa.

3.2.4. PacnpocTpaHEHHOCTh JJIEMEHTOB. 3AKOHbI TeOXHMHH

TMepromiteckast TabauNa JaeT NEPBOHAUATBHBIE HEOGXOMMMBIE CBEACHHS O CcTpo-
CHHK aTOMOB IEMEHTOB U 06 MX XUMUYECKUX CBOHCTBaX. OXHAKO OCTAETCS HEACHBIM,
KaK XUMHYECKHE IJIEMEHTBI pacllpocTpaHeHbi B MpHpone. CpeaHee OTHOCUTETBHOE
COlepXKAHHE KAXIOTO SJEMCHTA, BBIPAKEHHOE B ATOMHEBIX WIH MACCOBBIX MPOIIEH-

TaX, Ha3bIBAIOT €ro pacrpocTpaHeHHO-

lg khyy CTBIO WM kaapikom. Takoe HazBaHHe GBUIO
10 npeuioxeHo A.E.®PepcmaHoM B 4ecThb
e amMepuKaHcKoro reoxumuka @.¥Y. Knap-

8 o Ka, KoTtopeiii B 1889 r. BeuMCIMn pac-

IPOCTPAHEHHOCTL 3JIEMEHTOB B 36MHOM

Kope. KonmuecTBo atoMoB paziHuHBIX

SNIEMEHTOR, MPUCYTCTBYIOLUIMX B TOM MITH

MHOM KOCMUYECKOM OGBEKTE, CBSA3AHO cO

cmpoenuemM U Npoyeccami npespauienus

Pb amomubix adep. Bmecte ¢ TeM, hopmbl, B

Th KOTOPHX 2/€MEHTHI BCTPEYAIOTCH B NPU-

“‘\/‘E \ pole, ONpelensercd UX XUMWYECKUMM
CBOICTBAMH,

ConepxaHue pa3IMUHBIX 3/1EMEHTOB B

Fe JneMeHTbI ©
YETHLIMU £

Xe
DNeMeHTLI ©
HEYETHHIMH Z

_ak U

10 20 30 40 50 60 70 80 90%

Puc. 3.23. PacnpocTpaHeH HOCTE 3/1EMEHTOB BO

Beenennoit (Ig kK — norapucdm aToMHbIX KIap-

KOB; OTHOCHTE/ILHOE CONEPXKAHHE KPEeMHUA
NPHHATO 3a 1 - 10°)
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KOCMOCE M Ha 3eMJle HECKOIBKO paziuny-
HO, OJHAKO CYLUECTBYIOT HEKOTOpHE 00~
1IMe 3akoHoMmepHoctd. Ha puc. 3.23 u
puc. 3.24 TpHBexeHBI KPHBBIE paclipo-
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Puc. 3.24. PacipocTpaHeHHOCTb 2JIEMEHTOB B 3eMHOit Kope (lg & — norapudmM aToOMHRBIX KJ1ap-
KoB o Pepemany)

CTPAHEHHOCTH XUMMYECKUX 3JICMEHTOR BO BeeleHHOI W B 3eMHOM KOpe cOOTBET-
CTBEHHO. VI3 3THX PHCYHKOB CIE€AyeT, YTO pacHpOCTPAHEHHOCTL XUMHYECKHX 3J1e-
MEHTOB HEpaBHOMEPHO YMEHBLIAETCA MpPH YBEIMYCHHHU 3apama siapa; OTHOCHTCAb-
Hasi pacIpPOCTPAHCHHOCTh IEMEHTOB C YeTHRIM ITOPSIKOBBIM HOMEPOM BHIILIE, 9EM
C HEYETHHIM (Ha 3eMne JIEMEHTHI C YETHBIMM TTOPSIIKOBEIMH HOMEPaMH COCTABIIA-
10T 86 % Macchl 36MHOM KOPBI); HA KPUBBIX PACTIPOCTPAHEHHOCTH 3JIEMEHTOB MMe-
I0TCS MEPUOANYECKM TMTOBTOPSIOLMECS MAKCUMYMBI, COOTBETCTBYIOLINE SAPAM C TaK
Ha3BIBACMBIMH MdAeueckKuMu Yucaamy TIPOTOHOB M HEUTPOHOB, HAaTIpHMEpP, TEIHM
(2p, 2n), kucnopox (8p, 8n), kpemuuii (14p, 14n), kansumii (20p, 20n) v cBUHEL
(82p, 126n); MOBBILIEHHON PACTIPOCTPAHEHHOCTBIO XaPAKTEPUIYIOTCA SMEMEHTHI C
TMIOPSIIKOBEIMM HOMEpaM¥ OT 22 (THTaH) xo 28 (HMKENb), YTO 00YCIOBIECHO BHICO-
KO¥ SHEprueH CBSI3W HYKJIIOHOB B 9THX fapax (cM. puc. 3.13). 2Kene3o cooTBeTCTBYET
MaKCHMMyMy Ha 5TOU KpHBOi, YTO CBHAETENBCTBYET O HAMDOMIbLIEH CTAOMIBHOCTH
€ro gaep NMo CPaBHEHMIO CO BCEMH OCTAJIBHBEIMH.

Paznutuus B pacmpocTpaHEHHOCTH 3JICMEHTOB Ha 3emie ¥ Bo BeeneHHoil cBasa-
HBI C TIpOLIECCAMH, MPOHCXOAMBLUIMMI B XOA€ 3¢MHOM 3BOMIOLMM, HAIlpMMeEp, pa-
IMOAKTUBHBIN paclan MpHEBEN K MOBHILICHHOMY COJEPXKAHHIO CBHMHLA, a AMCCHIA-
WA WHEPTHBIX ra3oB MPHBENa K YMCHBUICHHIO WX couepxaHna., OCHOBHYIO Maccy
3eMHoit Kopsl (Tutocdepy, atMmochepy, ruapocdepy u 6uocdepy) coOCTaBIII0T KUC-
nopon (atoMHbI# Kiaapk 58,0), kpeMuwuit (20,0), amomuHmit (6,6), xkemeso (2,0),
Kaneuwmii (2,0), Hatpwit (2,4), kamait (1,4), marauit (2,0), turan (0,25), yriepon (0,15)
u Bopopon (3,0). OcrasnpHbIE 3TEMEHTH COCTARISIIOT MEHEE OJHOTO TMPOLIEHTA. DJie-
MEHTHI, KIapKu KoTopex < 0,01, HaspBaloT pedxumu. Ecmu aneMeHTH oBnagaioT
cnaboil cmocoOHOCTBIO 06pa30BEIBATE MUHEPAIBI, HX HA3HBAIOT PACCEAHHBIMU.
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Knaccuduxkauns anementon

Tabuanua 3.9

Mo XHMHYeCKOMY COCTOSHHIO B npupoae

OcHOBHBIE MecTa

TMDOBaHHBIE HOHE]

Knacc Xumuueckas dopma OCHOBHbIE 37IEMEHTH AR IR
ATMOGUILHEE lasm Braropoaguste raset, yac- |Boanyx
™4yHO O, N, H
Cunepodunsibie |[TpocTee Belie- Fe, Co, Ni, Au, ma- |3eMHoe sgpo, Ha no-
CTBA — METAUILI HOBBIE METAJUIE!, YaCTHY- |BEPXHOCTH B BHJIe
Ho Mn, Re ¢aMoOpoIKOB
Xanskodmibhbie | CyrnhHan Cu, Ag, Zn, Cd, Hg, CynsduoHbE MHHE-
Ge, Sn, Pb, As, Sb, Bi, |panwt
Se, Te, In, Tl
JlutopunbHee | CUaAMKATH M ruapa- | DnemeHTE rpynm 1, 2, 3, |OxcuoH, CHAUKATH,

4, 5, 6 Tabnuun Meune-
neesa, O, C, Si, P, rano-
TeHEI

coneobpasHEIe MUHE-
pPajtel, MOPCKIE 0Tno-
XKEHHA, MOPCKas BOAa,
CONEeHbIE BOIR

B 3aBUCHMOCTH OT XUMHYECKMX CBOICTB 3/le MEHTOR OHW BCTPEYAIOTCA B pa3sHBIX
¢dopmax. B 20-x r. XX cronerus B. M. TobmumMuT NPEATOXUIL KITACCH(pHMKALTUIO J7Ie-
MCHTOB, KOTOpas MPUMEHACTCA U B HACTOS e BpeMst (Tabm. 3.9).

3.1. KakoBa MakCHMAaNLHas eMKOCTb -, p-, d- H f~nonyposHeii?

KonTposbusie sonpockt

3.2. Hanuumre 31eKTPOHHYIO KORGMIypaLuio atoma Cr M noHa Cr>* B HEBO30YXAEHHOM
COCTOAHHH U YKaxXuTe BCE KBAHTOBBIE YMCIA BANICHTHBIX 3JIEKTPOHOB ATOMA XpPOMA.

3.3. PasmectuTe B nmopsanke yBenuueHUs SHEPTUH 25-3IeKTPOHOB aTOMBI 31eMeHTOB: He
(£=2),0(Z=8), Na(Z=11),Cl(Z= 17).

3.4. B npuBeIeHHBIX HHXe MApax BbIGEpHTE YaCTHILY, U1 KOTOPOH 3HAYEHHE MEPBOro
TMOTeHIMaNa HOHH3aLMKM Haubonbluee: a) Ne, Na; 6) S, S*; B) C, N; r) Na', Mg*; o) N, O.

3.5. O6bsACHHTE, MOYEMY NEPBblE MOTEHLMAN bl HOHU3ALMH NEPEXOOHBIX 3JIEMEHTOB 4-ro
nepHoaa HMeloT OJM3KHe 3HayeHUd.

3.6. B kaxa0# U3 MpUBELEHHbIX map BeibepHTe yacTH

a) Fe*, Fe*;

1y, HMEIOWUIYIo GOJILLIMIA pafnyc:
6) S, Se; B) C, N; r) Na', Mg¥; 1) O, O'; e) Nb, Ta.

3.7. PaccuMTaiite BenuunHy 3¢deKTMBHOIO MAarHHTHOIO MOMEHTa B MarHeToHax Bopa

ans cxenyoux wonos: CI7, Ca', Na*, TI', Cu®, Sn*, Fe’

MOHOB SIBNAIOTCA MAPaMATHUTHBRIMM, 8 KAKHE NHAMATHUTHHIMU,
3.8. Hanuwmre ypaBHeHWs CrefylOmMX SAEPHHX PeAaKIIMi: a) slaumojeitcTeusa N ¢
‘He ¢ obpaszosanuem '70; 6) miaumoncitcteus 2C n 'p ¢ oBpazosarinem '*N; B) B3aumozeii-
crBuA "N u 'n ¢ obpasosanuem H u IC.
3.9. Ucronbays 1a6a. 3.5, nzoGpasure rpafuK 3aBUCUMOCTH 3HAUEHHUS TIEPBOTO MOTEH LM -

Y V¥, Ykaxute, Kakue U3 3THX

71d HOHH3ALHH OT NMOPALKOROTO HOMEpA JUIsi 3neMeHTOB |-0it rpyrre. OBLACHNTe HepaBHo-
MEPHOCTL M3MEHEeHMS /).

3.10. OnoBo Sn HaxoauTes B 5-M nepHose U rpynne 14(1V) [leprHoguueckoii Tabauupl,
Hanuiivre anekTpoHHYIo KOH(UIrypauMio BaleHTHBIX SNIEKTPOHOB aTOMa B OCHOBHOM CO-
CTORHHM, NPeNCKAXUTE GOPMYIY €r0 BBICLIEN0 OKCHIA U BOLOPOAHONO COEMMHEHMS. Cpag-
HUTE pajMyC €ro aTomMa ¢ pagMycom aToMa CBHHIIA.




IF'nasa 4

XUMHWYECKAS CBA3b U CTPOEHUE BEHIECTBA

CBoBolHble ATOMBI GOJIBIIUHCTBA JIEMEHTOB CTPEMSTCS OOBENUHATBCS APYT C
ZIpyToM, o6pa3ysl CUCTeMBl ¢ 6oJlee HU3KOH SHEPruei — MOJNEKYNBI, LIENH, CJIOH,

KapKacChl.

4.1. IPUPOJIA XUMHWYECKOH CBA3U

TTonapnsioliee HGOMBIIMHCTBO BEUIECTB B ra3006pa3HOM COCTOSIHMH MUMEKOT MO-
NEKYJISPHOE CTPOEHUE, MX MOJNEKYIH COCTOAT U3 JBYX U Bomee aTOMOB. Hcxmoue-
HHUE COCTABISIOT O6JIArOPOAHBIC 436, MOJEKYIE KOTOPBIX OQHOATOMHBI.

2

ATOMEI 06pa3yKT MOJTEKYNTY, TOCKOJIEKY NPU COMUXEHUM aTOMOB 061Last SHEPTHA
cHcTeMbl (TTOTCHUMATbHAA M KMHETHYECKas) yMeHbluaeTcsa. Cpsidbh Mexiy aroMamu
HAa3BIBAIOT XuMuueckoll ceaivio. OHa HMEeT MMEKTPOCTaTHYECKYIO TIPHPOLY, T. €. OCHO-
BaHa HA DAeKTPOCTATHYECKOM B3aMMOJEHCTBUM BCEX SIAEP M NCKTPOHOB, MPUHAILIC-
Kalmx MoJteKyite. Ha puc. 4.1 noKasaHo U3MEHEHUE IHEPTHH CUCTEMBI [PH COITHXke-
HWM JBYX aTOMOB BOJOposia. Ha HeKOTOPOM PacCTOSHMHU (r7) HAYHHACTCS B3auMoOeH-
CTBUE SMEKTPOHA NEPBOro aroMa (e;) ¢ SAPOM BTOPOTO, & JNMEKTPOHA BTOPOro aTtoMa

(e3) — ¢ AapoM TIepBoro. BT0 B3aUMOJACHCTBHE PacTeT
no Mepe cOMVDKEHUST aTOMOB, HO HA PAacCTOAHUM r < £
3aMETHYIO POJb HAYMHACT UIPATh OTTAIKMBAHUE ANED,
YTO MPUBOIHT K MOBBILUEHWIO SHEPIUU CHCTEMBL. Pac-
CTOSIHHE rp, TIPM KOTOPOM CHMCTEMa HMECT HaUMEHb-
LIYIO 3HEPTHIO, COOTBETCTBYCT PACCTOAHHIO MEXAY ATO-
MaMM B MOJICKYJIE, 4 COOTBETCTRYIOWIAS €MY IHEPIHA
Ha3sblBacTCH snepeueil ceasu (L)

TouHOe ONMHUCAHUE MOBEACHHUSA 3JEKTPOHOB B MO-
nexkyne (peienue ypapHenus llIpenvurepa st cuc-
TeMEI, COCTOsLLEH 13 GOJNLLUIOTO YHCaa INCKTPOHOB B
NONe HeCKOABKUX Sfep), T.e. OMMCaHHUE XUMUUYECKOH
CBA3M, NPAKTH4YECKM HEBO3MOXHO. Pacnpenenexnue
3NEKTPOHHOI TUIOTHOCTH B MOJEKYNE MOXHO OJHO-
3HAYHO PACCUKTATH TO/BKO Ui HoHa Hj. Pasputue unc-
JICHHBIX METOIOB TO3BONAAET ONPENEIATh CTPOCHHE

E

2

Puc. 4.1. M3aMeHeHHe 3Hepriu

CUCTEMBI M3 JIBYX aTOMOB BO-

[opoja B 3aBUCHMOCTH OT pac-
CTOSRHUA
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DNEeKTPOHHANA TNOTHOCTh
TIOJTHOCTBIO CMELIEHE K

OIHOMY W3 aTOMOB

DNEKTPOHHas IUIOTHOCTD
COCPENOTO4EHA B NPOCTPAHCTBE

MEXITY ATOMAMM

Moaspuan ceasn

Puc. 4.2, THNbI XHMHYECKOI CBA3H

Henoxainsosannan
cEA3L

DIIEKTPOHHASA TINOTHOCTE
paccpesoTroyeHa 1o BCEMY

KpucTawny

[Ixana
IHEPIHid,

k/x/MONnb
108

108

10?

10!

10-3

10-3

Dusnueckoe CrekTpanbHHH
SIBJIEHHe METOH,
DIIEKTPOHHEIE TEPeXOmbl: PenrrenoBckas
BHYTPEHHHE 3/IEKTPOHK CTIEKTPOCKOTHS
BaneHTHBIE a/1eKTpOHbBI Y®-cnekrpo-
CKOITH3
d—d u f—fnepexons Cnekrpockonus
BHIHMOIo
H3NyueHus
KoneGanus monekyn HK-cnekrpo-
CKOMHS
Bpaienne Monekyn MukpoponHo-
_Bag CrexTpo-
CKOIMs
TTepeopuenTauus 2I1P-cnekTpo-
2MEKTPOHHBIX CTTHHOB CKOTHH
Mepeopuenranns aanep- AMP-cnextpo-
HBIX CITHHOB CKOMHS

CrnexTpajbuble METOAB HCCAEAOBAMMs. PaslIMuHBIE ACHeKTh CTPOEHHSA aTOMOB M
MOJIEKYNT MOXHO HCCIEeOBaTh C [IOMOILBIO CIEKTPALHBIX MeTOA0B. B ux ocHOBe ne-
KHUT CAMHBI NPUHLIMIG MPU ONpefeNeHHbIX YCIOBHAX BelleCTBA CHOCOGHDI MOMIO-
11AaTh SHEPrHIO ANCKTPOMArHHTHOTO H3lydeHus F = Ach~!, rne # — nocrosuHasg ITnaH-
Ka, ¢ — CKOpocth cBeTa, A~' — BonHoBoe umcno (uHorga obosHauaroT V).

B 3aBMCHMOCTH OT NPOLECCOB, MPOMCXOAAILIMX B BELLUECTBE, MOrNoIaeTcd Hinyye-
HHE C pa3nH4HOH dHeprueit. B cBAsu ¢ aTUM paspaboTtaHs Pas’iHyHbIE CNEKTPANIbHbLE
METOILI MCCNIeJOBAHHSA, MpeaCcTaABIEHHbIe HUXE.

O6nacTe NpUMEHEHUs

Onpeneneuue sHepruu
MOJIEKYNSPHBIX M aTOM-~
HBIX opOuTaneii. Mc-
TIOTB3YETCH N5 INeMEHT-
HOTO aHaNu3a

Onpenenenue 3xepruu
BHEWIHHX 3HEpreTHye-
CKHX YpPOBHEH, 3Hepruu
cBA3n. Henonbayercs B
4aCTHOCTH A Onpene-
JIEHHSA CTPOEHMS KOMII-
JIEKCHBIX COeAHHeHHH

Hcnonbayeres st onpe-
IefeH!s IIMH CBA3H,
TeOMETPHYECKOrO CTpoe-
HHUSA

Haer unbopmanuio o
CTEMEHH OKHC/IEHHs M
Gnuxaiiimem OKpyxe-
HHH

Onpeneneune B3aUMHO-
r0 PacnoJIOXKEeHUS aTo-
MOB B MOJIEKYTE (CTPYyK-
TYPHBIX TpyTIN)

CyuecTByIOT BapUaHThI 3THX METOLOB, 3(DhEKTUBHELE IIPpY ONTpefeNieHHH CTpoe-
HHUA KaK ra3’oo0pa3HbiX M KUAKHX, TAK U TBEPIHIX BEIIECTR.




MOJIEKYJI, MCIIOJIb3Ys PA3IMYHBIC KBAHTOBOMEXaHUUecKUE TIpubmmxkenus. [1o xapak-
Tepy pacnpeJeneHMs SIEKTPOHHONM TUIOTHOCTH MEXAY B3aMMOAECHCTBYIOLMMH ATO-
MaMU TIPUHATO Pa3IHYaTE UOHHLIL, KOGAASHMHbIT 1 Memanaleckuii TUIL CBA3H (puc. 4.2).

ITpy cOMMXEHMH MOJIEKYJ TAKXKE BOZHMKAET XMMHWYECKasl CBA3b. MexMOneKy-
JISIPHEIE CBSI3W OTIMYAIOTCS OT MEXATOMHEIX 3HAYMTEILHO MEHLIIEH ITPOYHOCTRIO.
[Ipu paspeise MEXKMONEKYIAPHBIX CBA3ed M3MECHSIOTCA HE CAaMM BELIECTBA, 4 JIMLD,
HaIIpUMED, WX ArperaTHOC COCTOAHUE,

K uncny ¢hyHAaMEeHTANBHBIX XapakTePMCTUK MONTEKYNThI OTHOCATCH €€ [EOMETPH-
YeCKOE CTPOEHME M MTPOYHOCTL. 'EOMETPHICCKOE CTPOCHHE MOJIEKYJIBI OIIpEeIeIAeT-
CH MeHCBAOEPHBIMU PACCHIOAHWIMY F VL 8AAeHmHbiMU Yeaamu (YTTTAMU MEXIY TTPSMEI-
MH, ITPOXOIAIHMHE Yepe3 sIpa aTOMOB, CBA3AHHBIX XHMHUYECKOW CBSI3LIO):

0—H rou = 0,096 uM
}'I < HOH = 104,5°

XapakTe pUCTHKOM MOJIEKYITBI, ONPENENSIONIeH ee MPOYHOCTh, ABISIETCS IHEPUA
ceazu. HarmpuMmep, B MOJIEKYJIE BOILI VIS pa3peiBa CBsA3eil ¢ o0pa3oBaHHEM aTOMOB
(H,O — 2H + O) neobxomuMa sHeprus, paBHas 928 x/x/Monb. YYHMThIBag Ha-
muuue gByX cBsdeit O—H, sHepruo Kaxaoi M3 HUX MOXHO CUMTATh PaBHOH
464 xJIX/MOJNb.

Kpome Toro, MoseKyaa XapakKTEepH3YeTCA SHepelell Honuzayuy, OTIpeAeIAioei
IIPOYHOCTD CBS3M JNEKTPOHA, MACHUMHEIM MOMEHMOM, YKA3BIBAIOILMM HAa KOJHYE-
CTBO HECITAPEHHLIX JIEKTPOHOB B MOJIEKYNE, W OUNOAbHbIM MOMEHMOM, OIIPEIEITAI0-
LWMM [TONSpHOCTE MOJIEKYIEL. LIBeT BelecTBa, WK, B O0IIEM CITyYae, CMEKTPHI I10-
roieHuda B YO n suauMoit o6nacti AaroT nHGOpMalnio 06 9HEPIUH INEKTPOHHBIX
ypoBHeil B Moniekyne, OOBICHUTE CYLIECTBYIOIIME SKCNEPHMEHTANBHEIE JAHHEIE O
CTPOCHHM MOJICKYJI M IPEACKa3aTh MX CBOMCTBA MPU3BAHBI MOJETH XHMHUYECKOH
cpa3u. Jamee Ml pacCMOTPHM KaXKABIH THIT XHMHYECKON CBA3H.

4.2. KOBAJIEHTHASL CBA3b

Jlnst omucaHus KOBANEHTHOM CBA3W CYILECTBYIOT ABa OCHOBHBIX METOIA: MCTON
palleHTHRIX cBA3eit (MBC) 1 MeTon MonekynapHeix opbutaneit (MMO). OcHOBHEIE
0cOOEHHOCTH STUX METONOB IIPEACTaBAcHBI B Ta0m. 4.1. B namnHeiiniem oba MeTona
OYAYT pacCMOTPEHBI IMTOAPOOHO.

Trnntepr Huaston Jisiouc (1875 — 1946). AMepuKaHCKi
du3aukoxumMuk. Ero paboTs! cBA3aHB ¢ XMMHUYECKOMU TEPMO-
JMHAMMKOH M Teopueil cTpoeHMd BeluecTBa. Been B TepMo-
IMHaMUKe MMOHATHE aKTHBHOCTH, paspaboran Teopuio o606-
LIEeHHLIX 3JEKTPOHHEIX Map B MOJEJISIX KOBAMEHTHOMN CBA3M
(cTpykTyphl JIsionca). B 1926 r. npakTH4ecKH OTHOBPEMEHHO
¢ Bpencrenom u Jloypu npeiioxuiI HOBYIO KOHLEMIIMIO
KMCJIOT H OCHOBAHMUIi, B KOTOPOH OCHOBOI ABISETCA Nepe-
Jlaya 3NIeKTPOHHOM Naphbl: KHUCIO0TH JIbloMca — akuenTopsl, a
OCHOBAHMA JTbIOUCA — JOHOPK 2IEKTPOHHOH mapsi. B 1930-x 1T,
Jlslouc paspaboTan MeTOI MOJIyYEHMS THXKENOH BOALL.
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Tabnuua 4.1

CpaBHHTeNbHAR XapaKTePHCTHKA METONOB BA/ICHTHOMH CBAZM 1 MOJIeKyIapHEIX opOHTANCiH

Ha3sganue % MeToa MoneKyIApHLIX OpBHTATEl
MeTema MeTon sanenTHbIX cRA3Eil (MBC) (MMO)

CytbMeTona |CBfi3b OCYILIECTRISETCS 3 CYeT hapsi | B Monekyne obpasyeTcs coBCTBEHHAS
JNEKMPOHOE, HAXOOALUUXCA Ha CHCTEMA MOReKYAApHbIX opfumaneil,
opburanu, obpaszoBaBilelics 3a cuer |Ha KOTODEIX HAXOJATCS €ce aneihi-
TIEPEKPLIBAHUA 06)X ATOMHBIX | porst nanuokl Monekynni
opburanci

Onucanue |BonHosas dyHKLUHA AIEKTPOHOB, B npuGnyikeHMH MMHEHHON KoMGH-

MOBEACHHUS | 0DPasyIOLMX CBA3EL: HallHK aTOMHbIX opBuTaneii (JIKAO)

SACKTPOHOB | = Ya(yp(2) + ywal2)wa(l) + MOJIEKYNsIpHbIE OpbuUTanK 06pasyior-

B MONeKyNe |+ Wa(l)wa(2) + ywa(Dyg(2), CA U3 ATOMHEIX:

dCL - |F. i bl

{pac 1T BOJI- | FN€ W, U g — BOJTHOBBIC (hYHKLMH i =cya + g

HOBOH (yHK- |aToMOB A M B, 1 u 2 — Homepa v -

1K) BJIEKTPOHOB, YYACTBYIOLLMX B CBA3M I=G3YA —GVs

Cummetpusi | Opbutanu o-, n- u S-cummeTpun MO umeror o-, n- 1 8- U Gonee

opGuTanei | 06pasyloT COOTBETCTBEHHO G-, M- CJIOXKHBIE TUIIBI CHMMETPUH
M 5-cBA3KM

Hucao ca- | Konuuectso obimx IEKTPOHHEIX HerT noHsmist yvcna ceazei

3¢l nap

IMpounocts  |Onpenensierca penuunHolN nepe- Onpenensercs pasHOCTLIO SHEpPruii

MOJICKYJIEI KpbIBaHusa AQ* 3nektpoHoB Ha MO* M uexoaHsIX AQ

leometpust | Onpenensercs HarparieHUEM B Oripenensiercs Kak NoJoXeHUE aTo-

MOJIEKYJIB] npoctpaHctee AQ, yJacTBYIOLIHX B MOB B IPOCTPAHCTBE, TIPH KOTOPOM
CBA3U 3HEPrus CHCTEMbl MHHUMAJLHA

* AO — aromHble opBurtanu, MO — MOJIEKYJISIDHBIE OpOUTATH,

JlaHHbie METOABI ARISIIOTCA ATBTEPHATHBHBIMH, KAXIbIA H3 HUX UMeeT CBOH J10-
CTOMHCTBA M HENOCTAaTKH. BEIOOp TOro MamM MHOro MeTona 3aBHCHT OT 3ajad, ¢To-
SILUKX TIEPEeN UCCIenoBaTeIeM.

4.2.1, Merton BaleHTHBIX CBA3eil

Meron BaneHTHBIX cBaselt (MBC) MoxHO paccMaTpuBaTh KaK COBPEMEHHOE pa3-
BUTHE TcopuM JIbionca, B COOTBETCTBHU ¢ KOTOPOH IBA aTOMa COBMECTHO BHANECIOT
OHOH WIIH HECKONBKMMH TapaMH 31eKTPOHOB, Hanpumep, mna HCl u NO snexr-
POHHEIE CTPYKTYPHI JIbioWca BEITASIAT TaK:

L] - X
H:Cl:  N:xOsx
FO€ «-» — JJEKTPOHBI, NIPHHAIIEXALINE OTHOMY aToMy, a «» — JPYTOMY.,
CornacHo MBC cBasb o6pasyercs NP1 NCPEKPBIBAHUH 3IEKTPOHHBIX OpBHTAaNeiH
ABYX aTOMOB W OOBENMHEHHM [BYX 3NEKTPOHOB — BO3HHKAeT IBYX3JIEKTPOHHad,

ABYXUCHTpPOBAs CBA3b (2e, 2c). U3BecTHBI 1Ba Mexanuzma 00pa30BaHMA TaKOi CBA3N:
6o 0ba aToMa MpejOCTABASIOT B obliee MOAb30BAHUE IO OIHOMY QNEKTPOHY,
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6o oguH atoM (Jowop) NPeHOCTABIACT OpBUTANH 2TOMOB H

napy 27eKTpOHOB, a IpyToi (akyenmop) — H—I!JF—'-LH*
MycTylo opbuTans (DOHOPHO-aKUENTOp- |

HBIN MexaHu3M). PesynbraT OqWH 1 TOT XKe: OfbeauHenHan H

mBe OpbUTATM MEPEKPHIBAKTCA, X Ha HHX ORI MOGHYIH H *
HaxojATcA jBa anektpoHa. Hanpumep, B H_]L_H

WoHe aMMOHHA TpH cBsisH H—N obpaso- |
Houop AkuenTop

BaHBI NEpEeKpbIBAHHEM OIHO3NEKTPOHHBIX H

00NaKOR, 3 YeTBEpTas — IO JOHOPHO-aK-

LENTOPHOMY MexaHu3My. B pesynbrare Bee

yeThIpe CBA3W HEPa3THYHUMbl U PaBHOLIEH-

HbI (pHc. 4.3).

B MBC koBaneHTHas CBA3b XapaKTePHIYETCA HACHIUYAEMOCHBIO, NOAAPUIYEMOCTIbIO
U HARPABAeHHOCMbIO,

HacsimaemocTs cesasn. KonnuecTtso cpsiseif (060611IeCTBIEHHBIX NApP A€KTPOHOB),
KOTOpBIE HMEET aTOM, OTPEACTAAETCS YHCIOM opbuTaneit, cCnocoOHBIX Y4acTBOBATH B
obpazopaHun ceasu. Hanpumep, aTombl Gopa, yriepoxa, azoTra Ha o0pasoBaHHe
CBSI3€# MOTYT MCTIONB30BaTh TOJABKO YeThipe opbutanu (2s, 2p), MO3TOMY 3TH dJie-
MEHTHI MaKCHMAIbHO YeThIpEXKOBaNCHTHEL. [1pi 3ToM, yT0OH 06pa30oBaTh YETHIPES
cBsI3M, aToM 6Opa WCNONbL3yeT NycTyio 2p-op6uTtanb Kak akuentop: [BF,]”, a atom
a30Ta — 3anoJIHEHHYIO opouTaib Kak qoHop: [NH,]". B ciy4ae He3anonHeHHbIX 0M3-
KHX MO 3HepruM d-opbuTtaneit oHW Takke (B pamMkax MBC) Moryt yyacTBoBatk B
obpazoBanuw cea3n. Hanpumep, Bo ¢propune cepri(VI) B 00pa3oBaHHM CBS3U yua-
cTBYIOT 3d-op6GuTaiy, a B HOHe rekcaamMuH Hukesn(Il) — 4d-opbutamm’.

B saBHCHMMOCTH OT CHMMETpHM opOuTaneii, obpa3yloiuUx CBA3b, pasNnuyaloT o,
n- ¥ §-cBsaan. CxeMa 06pa30BaHMS TAaKMX CBSA3CH NMpHBeacHa Ha puc. 4.4. Opburanu,
o6pasyioliie c-CBsA3b, UMEIOT LWWIMHIPUYCCKYIO CHMMETPUI0O OTHOCHTENBHO JIN-
HUM, coeHHIOMmER saapa. Takag cBsa3p MOXET 06pa3oBaThCA NPH MEPEKPLIBAHUH 5-,
p-, d- u f~opburtaneit. Ana opburaneit, o6pasyroiX n-CBA3b, THHHSA, COSIHHSIIO-
uias sjapa, SBASETcA OChblo CHMMMETPUM 2-r0 Nopsiika, M MpH 3TOM TNPOHMCXOAMT
MHBEPCHUA 3HaKa BOJTHOBOM QyHKIMH (NpH NoBopoTe opouTany Ha 180° uaMeHseTca
TOJIBKO 3HaK BONMHOBOM dyHKUWH), Takoil BUA CBA3M MOJYYAETCA NPH MEPEKPBIBa-
HHU p- ¥ d-opbutaneii. Hanbonee penkuit Bux CBA3KW — §-CBA3b 0OpasyeTcss mpu
nepeKkpeIBaHuH d-opOuTasiel, KOTOphle CHMMETPHYHBI OTHOCHTENIBHO TUIOCKOCTH,
MpOXoasueil NepneHauKyAApHO THHUH, COSMUHAIOWEN aapa.

ITpousocTs cBA3M. B pamkax MeTOa BaJIeHTHBIX CBA3Ei MPOYHOCTE CBA3H ONpee-
JIMeTcA CTEeINeHbIo NepeKphiBaHua opOWTaneil, o-cBA3k BCETHAa NMPOYHEE ®-CBA3H, A
KpaTHas cBA3b (BOWHAA: - U n-, TPOHHAA: o- U 27n-) BCETAa NPOYHee OAMHAPHOH
(c-) (Tabn. 4.2).

[TpoYHOCTL CBA3EH, KaK NPaBWJIO, YMEHBIIIAETCS ¢ POCTOM panmyca atoma. Ha-
npumMep, B paay monekyn H,O, H,S, H,Se, H,Te ¢ poctom paniyca ueHTpaibHOro
atoMa D (O, S, Se, Te) npoyHOCTh cBSA3H D—H yMeHbIIaeTCHA, WX 3HEPTHHA COOT-
BETCTBEHHO paBHbI 463, 347, 276, 238 kI X/Monb.

IlonsprocTs cea3u. Eciu cBA3b 06pa3oBaHa AByMsl OOHHAaKOBBIMH aTOMaMH, TO
3/IEKTPOHBI B PABHOM cTeNEeHW NpWHALIeXaT 000MM aToMaM W MOJIEKYJIA HenoAap-

Puc. 4.3. J1sa mexaHu3Ma obpazoBaHis KoBa-
JIEHTHOH CBA3H

! CnenyeT ellle pa3 NoOguYepKHYTh, YTO yyacTHe d-OpOuTtaiel NnpeHeOpexXuMo Mano Jaxe B paMkax
Monenn MBC.
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dap+da

Puc. 4.4. Cxema o6pazosanus o-, T- U 5-CBA3U

#aa. B ToM cnyyae, xorua cBszp 00pa3oBaHa ABYMst pa3HbIMH aTOMAMH, JIEKTPOHHAA
TUIOTHOCTE CMELIEHA B CTOPOHY Gotee 21eKTpOOTpHLATEIBHOrO aToma. Takas CBa3b
HasbIBaeTCs noaspuoi, Hanpumep, 8 Monexyne HCI 3JIEKTPOHHAS Napa CMEpeHa K
aTOMy XJIOpa, Ha KOTOPOM BO3HHKaeT 3(deKTHUBHBIH OTpHUUATE/NbHEIA 3aps (§-),
4 Ha aTOME BOAOPOJA — PaBHbBII €My NMOJOXUATEALH bl (8+). Bennuuna sroro sapsna
mnst HC pasHa 0,18 abcontoTroro 3apsna anekTpoHa. [Ipn yBenuueHuH pasHOCTH
JJIEKTPOOTPULIATENLHOCTEH aTOMOB, 06Pa3YIOLUINX CBA3b, 3DHEKTUBHbII 3apsan yBe-
JIMMABACTCSA, W B MIPEAETLHOM CIIYYa€ MOXHO CYMTaTh, YTO 3JIEKTPOHbI MOTHOCTHIO
NIEPEXONAT K Gonee 3/1eKTPOOTPHLATENLHOMY aTOMY. [TpenenbHBIM citydaem nonsip-
HON KOBAJIEHTHOM CBA3M SBISETCA MOHHAS CBS3b.

HanpasnennocTs cBasu. I'eometpus MOJIEKYIIBI OTIpeneseTcs B3aUMHLIM pacro-
JIOXCHHEM B NPOCTPaHCTBE opOuTaneit atoMa, 06pasyoumx XHAMWYECKYI0 CBA3b. [1o-
CKOJIbKY CBA3b BOSHWKAET NPH NMEPEKPBIBAHHH aTOMHLIX OpGHTANEN, a OHU CTpOro
HAIPaBJIEHBI B NPOCTPAHCTBE, TO KOBATEHTHEIE CBSI3M UMEIOT BIIOTHE (uKCcHpoOBaH-

Tabnuua 4.2

DHeprun cBA3N pasaHIHON KpaTHOCTH

Cpssb Monekyaa KpatHocTs cBsiau SH‘iE;’:/H M‘;?TTH‘
C—C C,H, Oauuapnas (o-) 348
C=C C,H, Hsoiinas (c- u n-) 614
C=C CH, Tpoiinaa (o- 1 2n-) 839
N—N N,H, Onunapuad (c-) 160
N= (CHN), HBoitHas (o- U n-) 415
=N N, Tpoiinas {o- u 27-) 946
C-0 CH,OH Onwnnapras (o-) 358
=0 (CH,),CO HpoitHas {o- v n-) 745
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HO€ HamnpaB/leHHUE, KOTOPOE ONPEHeIsaeTCd MaKCMMaJIbHOW CTCITCHBIO NEPCKpLiBa-
HuA opbutaneii. s reOMETPHH MOJIEKY/IBI BAXKHLIM SABIACTCH TONALKO MONOXEHWE
o-cea3u. Hanpumep, Monekyna ceposopopona H,S — HeauHeitHas, Tak Kak CBA3b
oOpa3oBaHa IBYMs p-OPOMTAISIMH Cephl, HAXOOALIHMHUCS noj yriaoM 90°.

OnHaKo B HEKOTOPBIX CITyyasiX BOZHUKAET HECOOTBETCTBHE MEXIY PEATbHOI reo-
METpHeit MOJIEKYNBI M MpeANnonaraeMsbiM HanpapleHHeM OpOHTaIeH B MPOCTPAHCTBE.
Hanpumep, H3 3KCNEpHMEHTa M3BECTHO, UTO B MoJieKysie metaHa CH, Bce cBsi3n
C—H paBHOUEHHB W Hampa®RleHH Toa yrioMm 109°, Torma kak, ecind Obl CBA3L
OCYUIECTBIIANACE «YUCTLIMA» p- U S-0pOUTANAMMU yriepona, TpH cBs3u (p) ObIIH OLI
HanpasieHsl mog yriaoM 90°28', a HanpaBieHHe YeTBepToil (5) Onuio OL1 Heompene-
JIEHHbIM, TaK KaK S-0pOWTaib UMeeT cepuyecKyd CHMMeTpHio. Ins ycTpaHeHWA
BO3HHUKIIIETO TPOTHBOPEYHsI B METONE BANEHTHLIX CBA3eil BBENeHO MOHATHE cubpu-
Ousayuu. Tubpuansanna — cMmelicHHe opOHTaIci o sHeprud W opme, B npuse-
NEHHOM MpPUMeEpe C METAHOM TIPH B3aWMONEHCTBHH aTOMOB BOJIOPO/Ia C aTOMOM
yraepona opOUTanK yriiepona (s ¥ TDH p) o6pasyioT YeThipe OMMHAKOBLIE OpOHTATH
(sp’-rubpuaHbie), KOTOPLIE W NEPEKPLIBAIOTCH ¢ $-0pOUTaANAMHI Bojopoaa. s o6-
pa3oBaHWA THOPHIHBIX OpOUTANeill HeOBXOMMMDI OMpejeSieHHbLIE JHEPTreTHYECKHe
3aTpaThl, HO OHW KOMITEHCHPYIOTCH, TaK KaK OHEPrusl CBA3M C 5P -THOPUIHBIMHA
opOuTAIsIMI OOJIBILE AHEPTHH CBA3H C «YHCTBIMM» p-opOuTaaMu. Cxema oOpa3oBa-
HUA sp>-TUOPHIIHBIX opbuTaneil npeacTaBiaeHa Ha puc. 4.5.

Puc. 4.5. Cxema 06pa3oBaHMs Sp°-TUBPUAHLIX op6HTaneH
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B eubpudusayuu napady c opbumanamu Kenmpaabho2o amoma, 00pazyiowliMu c-Ccea3u,
yuacmeyiom u nenodenennsie napsi nexmponoe. Tax, NpU 00Pa30BAHUH MOJIEKYJIbI
okcuna yriepona(IV) us yetripex opburaneit atoMma yrmepona s- 1 p-opbutanu 0bpa-
3YIOT 6-CBA3b C COCETHUMH aTOMaMH KUC/IOPOJIA, & APYTHe JBe p-OpBuTann ob6pazy-
10T n-cBA3b (O=C=0). Tonbko opbuTanu, bopMHpyIOLIAEe G-CBA3b, CMELTUBAIOTCS,
JaBast THOpuJIHbIE Sp-0p6uTany. OCHOBHbIE THITHI THOPUIH3ALMH NPUBEICHB B Ta61.
4.3 (nompasn. 4.2.2).

PaccmoTpum, kak ¢ Touku 3perns MBC MOXHO OMHcaTh cBI3h B Monekyne SO,.
Onpenennm, xakne opbUTaNH cepsl 1 KHACITOpO/ia MOTYT YYacTBOBaTh B 06pa3oBa-
HuH CBA3H. C OoHUM U3 aToMoB O BO3MOXHO 00pa3oBaHHE G- M 7-CBA3H 34 cyeT
NePeKPHIBAHMA p-0pOHTANIEl KICaoposa 1 cepbl. Co BTOPBIM aTOMOM O BO3MOXHE]
B2 BAPHAHTA 0OPa30BaHMs G-CBI3H: aTOM BO3GYXIeH (0* 2p22p}) n Bzaumopeii-
CTBME NPOUCXONHT 1O JOHOPHO-AKLENTOPHOMY MEXaHM3MY (cepa — JOHOP, KHCJIO-

Ta6auuma 4.3
Hpocrpancreennan kondurypanus MOJIeKyn
MBC Monens Tunnecnn
Tun Yueno
SNEKTPOHHBIX I'eomepn
(Dopmyna mﬁi’f' nap Tun Pacnonoxenue ;Q;;KT}E]; Tpumep
MOJICKYJbI '“I:'HH Craany.. | HECEA- | MONEKYBI | 5MeKTPOHHBLX Map
B MBC {|matowmx BI:E?XK’_
AB, sp 2 0 AB, [(JIuneitnoe JluHeitHan BeH,
AB, sp? 3 0 AB; | TpeyronbHoe TpeyronnHas BCl,
2 1 AB,E Yriosas GeF,
AB, sp? 4 0 AB,; | Terpasnpuueckoe || Tetpasap CH,
3 I AB;E Tpuronanshas | NH,
nupaMuaa
2 ABE, Yrnosas H,0
ABs sp3d 5 0 AB; | TpuronansHo-6u- | Tpuronanshast | PF,
nupamMuganeHoe | Gunupammaa
4 l AB4E Hucthernonn SCl,
3 2 AB;E, T-obpaszHas 1C1,
2 3 AB,E, JuHeinan XeF,
AB; sp3d? 6 0 AB;  |Oxrasapuyeckoe | Oxrasnp SF,
5 | AB;E Kranparnas IF;
NMUpamMuIa
4 2 AB,E, Ksanpar XeF,
AB, spid? 7 0 AB;  Ilentaronansho- | [Mewntaronans-| IF,
Ounupammnans- || Has Gunupa-
Hoe MHIa
6 1 AB(E OaHowanoy- | SbFZ
Hplii OKTa3Ip
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pon — axkientop) (puc. 4.6, a); oauH al P 3 P
3J1eKTPOH IMOJHOCTLIO Tepeures oT cephl  © M o Mmint

al W Lo LI b
1 1 1

K kucmopoay (puc. 4.6, §). . !
Pe3zonancHsie cTpykTyphl. O0a KMCITO- 5 ¥ “
poma B Monekyne SO, HepasAUUUMBL, U . _ 2
L, o 4] [HHH O (4] [H]H
MOJTOMY CTPOSHME 9TOH MOJEKYJILL MOX- 4] ] T
HO MPeACTaBUTh B BUAE HECKOMBKHX Ipe- a G
TeJIGHBIX KAHOHUHECKUX (hop:

Puc. 4.6. Bapuantul (g, 6) Mexanuama obpa-
30BAHHA CBA3H B Moackyae SO,

Crpenxku Mexny 2TUMH GopMaMU ITOKA3bIBAIOT, YTO OHH HAXOMSATCS B pe30HaH-
ce, M1 YTO 2JIeKTPOHHOE COCTOsTHME MOJIEKYNHI TIpeAcTaBlsaeT COBOU pesonanchbil
eubpud. PeanbHast Mmonekyna SO, He MMeeT HU ONHOM M3 NMpUBedeHHBIX CTPYKTYD B
YHCTOM BUIe. BadThle camMK no cede, OHM ABIAIOTCSA BHIMBICTIOM, HO Y/IOBJICTBOPH-
TeILHOE ONMUCAHMe MOJIEKYIH MOXKHO MOMYYHMTDh, eCJIU TPEATIONOXUThL, YTO MOJTe-
KYJ/Ia CYLUECTBYET B COCTOSTHMH, SBJISIOMIMMCS THOPHIOM 3THX CTPYKTYP. TakKoe npej-
NOJIOXEeHHE NOATBEPXKAASTCA pacdeToM (cM. Tali. 4.1), rae BonHOBas GYHKUMA cKa-
IOLIBAETCA U3 CYMMDl KOBATTEHTHLIX H HOHHBIX COCTABISION[HX.

Yacro Monekyny SO, npedcTaBiasioT GOpMYyIoii:

£ N
¢
B naHHOM ciyuae Mpelnnonaralor, UTO m-OpOMTANb 0eq0KaAu306aHa MeXay BCEMH
TpeMs aTOMaMH.

B Momekyne SO, y aroMa cephbl B rMOpUAM3AIBH MOT'YT Y4acTnOBaTh IBe p-OpOH-
TaM, MCIIONb30BAHHEIe Ha OOpa3oBaHHe G-CBI3M, M OJHa s-OpOWTANL, UMeIOIIas
HeNnoJeeHHYIO Napy 3/1eKTpoHOB. CleloBaTeTbHO, aTOM CePbl HAXOIHUTCA B COCTO-
AHUH sp-rubpuausatvu, W yron OSO 6nusok 120° (B aeiictBUTenLHOCTH 119,5%).

Taxum obpazom, MBC no3posieT A0CTATOYHO HAMTSAIHO NPEACTABHTE CTPOEHHE
OUCKPeTHBIX (He CBSI3aHHBIX MexXay coboii) Monekya. OCHOBHOM HeIOCTATOK 3TOTO
MeTONA 3aKN0YacTCs B NMPeINOIOXeHHH IBYXAMeKTPOHHOM, ABYXLIEHTPOBOH CBA3N.
[Tootomy MBC He MoxeT Ge3 MpHBIeUeHHS TONOJIHHTE/IBHBIX YCIOBUI OOBACHUTD
CTpOGHHME:

* HEKOTOPBIX MOJCKYISPHBIX HOHOB,

® 3JIeKTPOHOAE(hHITUTHLIX MOJIEKYJI, HanpiMep GOpaHOB (IBYX2JIe KTPOHHLIE TPeX-
TeHTPOBbie CBSI3H, 2¢, 3¢),

* «JJICKTPOHU3OLITOMHLIX> MOJIEKYIN, HallpHMep, B COe/{MHeHHSIX ONIaropOomIHbLIX
ra3oB (TPeXIeHTPOBhEe YeTHIPEX3MeKTPOHHbBIE CBA3H, 3¢, 4e).

B pamkax MBC Tpyn+o 00BACHUTE MHOTHE MarHUTHBIE, CITeKTpabHBle H 9Hepre-
THYECKHE XapaKTepUCTHKH MOJIEKY]T.

Bbosee yHHUBepCATEHBIM METOIOM ONMHCAHUS XMMHYECKOH CBSI3H SIBIACTCS METOJ,
MOJIeKYIsapHBIX opOuTanett (MMO). OnHako, cHavana ocTaHOBUMCS Ha Mosenu -
JIECIIH, 4acTO NpHUMeHsIeMOM JUIs OIipe/le/IeHHsl reOMeTPUIeCKOr0 CTPOeHH MOJIEKY
¥ OCHOBAHHOM Ha MPeACTABICHHUH O B3aMMHOM OTTATKHBAHWH 2JIEKTPOHHBIX TIap,

TIpamep 4.1. Onpenenute cTpoenue YactHl NO,, NO; u NOj, ucnonsayd MeTo/l BalcHT-
HbIX CBA3EH.
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Pewenue. Hor NO; M30311EKTPOHEH Monekye SO,, I03TOMY UMEET TAKOe Xe CTpOEHHE:!
4TOM a30Ta HAXOAWTCA B COCTOSHUM Sp’-rUBPUAM3ALIMY, YACTHLA YIIOBAS, BANCHTHBI yron
6am3ok 120°. OnHa sp>-rubpumnas opbutans 3aHsTa HEMONCAEHHOW NMapoW 3NeKTPOHOB, a
T-OpGUTANH NeNOKATM30BaHbl MEXTY BCEMH TpeMd aToMaMu. Pe3oHaHCHEIE CTPYKTYpHI UMe-
10T BHA:

i +
. N
o"N‘o o’ N\o‘ o Yo

Monekyna NO, conepxur Ha sp*-rubpuaHoii opbuTanu, He ydacTsylouleii B 06pa3oBaHuy
CBA3M, Ha ONMH JJIEKTPOH MEHBIUEC, NOSTOMY BaleHTHEIL yron ONO B Heji Gonsie 120°
(132%.

Hon NO; umeer eute Ha oauH BIIEKTPOH MeHblle. OH u303aneKTpoHeH Monekyne CO,, u
HETBHIPE 3JICKTPOHA aTOMa a30Ta 06pa3yloT Mo JIBE 0- U n-CBI3M C aTOMaMH KHMCIIopoaa. ATom
a30Ta HaXOAMTCs B COCTOAHUM Sp-THOPHAM3ANMK, JaCTHLA JMHeHHas (LONO = 180°).

4.2.2. Teopus B3AaUMHOTO OTTAIKHBAHHA 3MEKTPOHEBIX map (Moxens I'niiecnn)

Mogens 'mnnecnu, kak ¥ MBC, ocHoBBIBaeTCS Ha NPEANOIoKeHHH O TOM, 4TO
CBA3bL OCYLICCTBIIAETCA 3a CYET MAphl 3/eKTPOHOB, a TeOMeTPHYECKOe CTpoeHHe
MOJIEKY]T Il MOHOB ONpeNe/iAeTcst OO1INM YHCIOM 3IEKTPOHHBIX 1ap, OKpykalo-
LMX LeHTPaIbHbii aToM. [IpH 3TOM NOIDKHEL BEITIONHATLCA CHEYIONHne npaBuna [2]:

* S/IEKTPOHHEIE Mapbl I0JIE/IEHHbIE ¥ HETIONETIEHHbIE PACNONATAKOTCS BOKDYT LIEHT-
PaTbHOTO aTOMa Tak, YTOOBI MX OTTATKUBaHHe GLITO MHHHMAaNbHLIM, T.¢. HA MaKCH-
M&aJIbHOM YJaleHWH IPYT OT JipyTa;

*® HENOIe CHHas 3NEKTPOHHAS Nnapa 3aHUMaeT OONBLINK 06beM, uyeM ToaeicH-
Hag;

¢ 00BEM, 3aHHMAaeMBbIit CBA3BIBAIOLICH SMEKTPOHHOM 1Mapoi, TEM MeHBbIIE, YeM
GoJiblie 3MEKTPOOTPHLATENLHOCTb aTOMa, CBA3AHHAS C LIEHTPaNbHBIM;

* IiBe JJICKTPOHHbIE Napbi IBOWHOM CBA3M 3aHUMAIOT OONBIIHIA 06BEM, YeM OIHA
JIEKTPOHHASA Tapa OQAHAapPHOMN CBA3M.

B taba. 4.3 npuBeneHo onucaHue NPOCTPAHCTBEHHOW KOHGUTYpauHt MOJIEKYI ¢
TOYKM 3peHnss MBC (tun rubpunnzaunn) 1 Monean Mwntecnm.

Ha ocHOBaHWM 3TuX NpaBhi MOXHO TpeacKasaTh TeOMETPHIO He TONEKO MOlle-
KYJl, HO W MOHOB. [TokaxeM 3T0 Ha npuMepe woHa ICl,. LleHTpanbHbLI aToM HoJa
MMeeT obiiee YMCIO BHEUTHHX 3eKTPOHOB, PABHOE NECATH (7 «cBOMX», 2 — XJIOpa
1 1 a5eKTpoH — 3apsin noHa). OHK 06pasyioT naTh SJIEKTPOHHBIX Nap, IBe U3 KOTO-

PBIX MOJIEIEHHbIE 1 TPW HenoJieJieHHble. TUIT MOIEKYTTBI COITAaCHO

mozieny I'mtecrin AB,Es, e A — neHTpanbHbIi atom, B — mo-

e Cl "~ JeJieHHbIE NapHl ANeKTpoHOB, E — HeroneneHHbIe napel. [1a1e nap

3MEKTPOHOB PACTIONOXEeHBl BOKDYT aTOMa B BepUIWHAX MEHTATO-

Q . HaTbHOM OGunupamunbl. [IBe 3/1eKTpOHHBIE napel, ofpasyromie

Ps @ CBA3b, HAXCIATCA OJTHA HANPOTHB JIPyToii, a HenoxeneHHbIE napel —

O B 9KBAaTOPHANBLHOM MockocTH (puc. 4.7). Takoe monoxeHHe Herno-

HEJEHHBIX Nap OOYCIOBAEHO TeM, UTC OHH 3aHWMAIOT GOBLIHit

00bEM, M B 3TOM CIIyyae PacToNOKeHB OTHOCHTEBHO ApYyT apyra

noxn yrnom 120°, a He 90°. Takum obpazom, peajibHasl TeOMeTPHs
Puc.4.7. Teomer- MOHA — JMHeliHas, BaenTHEI# yron Cl—I—Cl paseH 180°.

PHYECKOE CTpOe- Meron Twinecrnin BecbMa OrpaHWYEH W AOCTATOYHO XOpOLLO

Hue noHa ICl;  OTHCBHIBACT JIMLIL CTPOEHHE MOJIEKYNT U MOHOB p-3/IeMEHTOB ¢ 60JThb-
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1AM KOJIMYECTBOM OMMHAPHBIX CBA3el, HAMPHMED, MEXTIAIOIeHHBIX COSTMHEHHH 1
ramoreHHaoB 61aroponeix razos. K Henocratkam momeny I'wUIeCiH OTHOCATCst:

e HENMPHMEHHMOCTE K GOJIBIUMHCTBY COSTHHEHNUH d- U S-3/IEMEHTOB;

o HEMPUMEHUMOCTb K COETMHEHMAM C CYHIECTBEHHOM 10jei HOHHOCTH CBA3H,

¢ HEBO3MOXHOCTD NPeNCcKa3aTh FreOMETPHIO MOJIEKY/T 1 HOHOB C «HHEPTHO» (He
nmeromen CTEPEOAKTHBHOCTH) HETIONENEHHOM aeKTpoHHOM napoit. Tak, HoHs! PbI(,,
TeClZ” UMe0T KOH(MHUTYpalHIO TPABIIBHOTO OKTA3pa, TOTAA KaK OTHOCSTCS K THITY
ABE;

* HECIOCOOHOCTh OOBSICHUTE CTPOSHHE YACTHL, COAEPKALMX JNCKTPOHbI Ha pa3—
poxstowmx opburansx. Hanpumep, BaneHTHBI yron B noke ClO; pased 111°,
no merony Iwinecr 31a yacTuna otHocutest K THiy AB,E; w yron 0—Cl—0 ncm-
XeH ObITh <109°,

4.2.3. MeToa MOJEKYAPHBIX opOuTaiei

MeTon MonekyIapHbIX opburtaneit (MMO) HanboJiee yHHBEpCalleH X NO3BOIAET
OITMCHIBATh CTPOEHHE BEILECTB C JIHOOBIM TUITOM XUMHYECKOH CBA3M 33 HCKIIIOUCHH-
eM CJ1abBIX MEXMONEKY/IApHBIX B3aumoneicTBuit. Ha kauecTBeHHOM ypOBHE 9TOT
METOJI JOCTATOMHO TIPOCT, @ COBPEMEHHOE PA3BUTHE BHIYMCIIMTENbHON TEXHHUKH 110-
3BOJISIET JIEFKO ¥ GEICTPO TIPOBOANTL NOTYKOJIMYECTBEHHBIE pacyeThl. OCHOBHas Hies
MMO 3aKII0YaeTcsl B TOM, HTO 8Ce 3ACKMPOHb HAXO0AMCA HA MONEKYAAPHBIX OpOU-
mansx, edunwix 017 Gceil cuchiemMs: 20ep u IMeKmporos danroi moaexyns. JLnst onpene-
JIEHHsl BOTHOBBIX DYHKIMI MOJEKYISPHBIX OpOUTATEll HCIONB3YIOT MPUOANKEHNE,
HAa3BIBAEMOE Aunelinol Kombunayueii amomnbix opbumanedi (JIKAQ): MonekynsapHas
posHoBas pyHkiua (MO) nosygaeTes MpOCThIM C/I0XKEHHEM HIH BEMUTAHWEM aTOM-
HBIX BOTHOBHIX $yHKIHH (AQ):

Y,=c +CY R,
1=OYA T0Ve } 4.1
Wy =Cya — GV,
rae ¥, ¥, — MONeKyIsipHble BOJHOBbIE QyHKIMH; Vs, W5 — BOJNHOBbLIC GyHKUMHT

atomMoB A u B; ¢, ¢, ¢3, ¢4 — HOPMHPOBOYHEIE MHOXHWTE/NH, YKa3bIBAKIIMC HA
BEJIMYMHY OTHOCHTEILHOTO BKaga naHHoit AO B MO.

CyluecTByeT HECKONbKO TIPABWJ, MO KOTOPbIM MOXHO ONpEReINTb B3aWMHOE
pacnoxoXeHHe MONEKYISAPHBIX OpOUTaIel 110 3HEPTHAM, aHAIOTMIHO pacrpenene-
HHIO 3JIEKTPOHHbBIX OpOuTanei B aTOMeE:

« MO, xoTtopas noyyaeTes npu cnoxeHnn AQ, uMeet Gosee HIU3KYIO 3HEPIHIO,
yeM mexonHbie AO 1 Ha3bIBAETCA C6A366aioweil, a TIPH BHIYATAHUK — 00J1ee BEICO-
KVIO 3HEPTHIO W HasbIBaeTcd paspoixidroujed.

« C o6paszoBaneM MO moryT B3aumoneiicTBoBate AQ, UMEOLINE cX00HYIO CUM-
Mempuio ¥ GAU3KYIO SHEP2UIO.

e Konmuecteo MO B Monexyne paBHo cymMe AO cOCTaBIsIIONIMX €€ aTOMOB.

o Tpyu 3anonHesnu MO 3NMeKTPOHAMH BHIMOJIHAIOTCA MPUHLAN HaMMEHbIIEH
sHepruw, npunumn Iaynm 1 npasuro XyHna (cM. nompasi. 3.1.2).

JUIst ABYXaTOMHBIX MOJIEKYJI CUMMETPHS MOJIEKYTISIPHBIX opOuTarei (o, = 1 8) 1
aTOMHbIE OpOUTANIN, B3aUMOJEICTBUE KOTOPBIX BO3MOXHO, OTIPEACNAIOTCA TAKXKE
KAaK H B METOJI€ BUIEHTHBIX CBA3ei (cM. pHC. 4.4). B cmy4ae MHOTOATOMHHIX MOJIEKY/
CHMMETDPHSI MONIEKYTISIPHBIX OpOuTanei apyras, el coomeTCTBycT CBOJ cHcTEMa 000-
3HaYEHHH.
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PoGepr Canmepcon Manmken (1896 — 1986). Amepukanckuit
(M3MKOXMMUK, NEPBLIM BBEJ TPEACTABNEHHE O MOJEKYISPHBIX
OpOMTAIAIX, MPUMEHWIT KBAHTOBYIO MEXaHMKY K ONUCAHMIO XU-
MIYECKOH CBA3M M WMHTEPIPETALNM MOJNEKYNAPHBIX CHIEKTPOB,
ucrons3opan 9BM ansa pacuera pasiMYHBIX coequHeHmil, Mai-
JIUKEH MPEAJIOXKW ONpeiclieHUe IEKTPOOTPHI{ATEILHOCTH KaK
NOJYCYMMbI TIOTEHIHANA HOHU3ALMM W CPONCTBA K BIEKTPOHY.
Harpaxnen HoGeneBckoii npemueii o xuMuu B 1966 r. 3a teo-
PETHYCCKHE MCCHENOBAHHA TIPHPObI XUMUYECKOH CBA3H M MO-
JAeKynsApHoi cTpyktyphl. Muorna P.C.ManiukeHa nyraor ¢
P. 5. MITMKeHOM — aMepHKaHCKUM OU3UKOM, OTIPENCIUBILINM
3apsAA SNeKTpoHa U ToxXe HobeNneBcKUM naypeaTom.

JIByXaTOMHBIE TOMOSIIEpPHbIE MoJIeKyJibl. PaccMOTpHM NMpUHLMTL TocTpoeHus MO
Ha IIpUMEpe FOMOSIIEPHBIX NBYXaTOMHBLIX MOJNIEKY/ 3JIEMEHTOB 1-r0 1 2-r0 MIEPHO-
nos. [Ipocreitneit siBsieTcst MOseKyna Bogopoa H,. U3 Byx 15 atoMHbIX OpOUTATE
obpa3syeTcsl /iBe ¢-OpGHTany, OfHa W3 KOTODBIX — CBSI3BIBAIOWAS G HMEeT DONee
HHU3KYI0 3Hepruio, Yem AO, a mpyrag — paspelXisiomast c*, — 60nee BBICOKYIO
3Hepruio, Yem AO (puc. 4.8).

JlBa 37eKTpOHa MOJIEKYITEI, COTNTACHO MIPHHLIMITY aynu, HaxonsTcs Ha cBA3BIBA-
01l OPOUTANH, ¥ IHEPIUS MOMeKYIbl B LeJIOM HIDKE 3HEPrHH HeB3aWMoIeHcTRY-
onnx atoMoB. M3 3HepreTHYecKoOi 1HarpaMMB! BHIHO, YTO BO3MOXKHO CYLLECTBOBa-~
HHE MONeKyasApHbIX noHOB Hy u H;. YceTaHoBIeHO, YTO TakWe MOHB CYILecTBYIOT B
AEHCTBHTENIbHOCTH, W BHEPIHS CBA3U NS KATHOHA W aHHOHA paBHAa COOTBETCTBeH-
HO 254,98 kJIx/monb u 142,12 xJIx/Monb (1ns Monekynel D = 423,4 xJIx/Monb).
DHeprus CBA3H KOPPeIUPYET C BeJIMYWHOIM KPaTHOCTH (TIOpsiIKa) CBSA3M, KOTOPYIO
PacCYMTBIBAIOT KaK TMONYPa3HOCTh YHC/IA AMEKTPOHOB HA CBS3BIBAIONINX U Pa3phIX-
JAMHX OpOHTATAX. [ 060MX MOJTeKyISIpPHBIX HOHOB BOJI0pONAa KPaTHOCTb CBA3H
paBHa 1,5. MoH, y KOTOPOro OuH 3ieKTPOH HAXOMUTCS Ha paspbixJsroleit op6uTta-
A, MEHEE YCTOMYMB, YTO sIBASETCA NMposiBieHreM 3bdeKTa paspbIXIeHus. Obpaso-
GAHUE HACMUY, UMEIOWYUX SNeKMPOHb HQ PAPUXARIOWUX OPOUMAnsx, eceeda 3Hepee-
IMUMECKU MeHee 661200H0, HeM YACMULY, ¢ SNeKMPORAMU MOABKO HA CEAZIEAIOUUX opbu-
mansx.

Y aTOMOB 3/IeMEHTOB 2-TO TIEPHOLA TIOSBIISIIOTCS P-OpOUTANH U TO3TOMY CTaHO-
BUTCS BO3MOXHBIM 06pazoBanne MO kak
c-, TaK U n-TUMa. Eciu B3auMmoneiicTere
TIPOMCXO/IMT BAONB OCH Z, TO p,-opGuTa-
/1 JIAIOT Gy M ¥ MONEKYNspHble OpOU-
— ~ N TaJld, a py- ¥ p,~aTOMHBIe OPBUTAITH JAtOT

A0 MO A0

g (B (H) @) T —

Ls4< F * s < Nno aBe ng- U n*-MO. Buuepu 6 suepauu
™ 4 @ npu 06pazoeanuy T-0poumani acea0a MeHs-

\_H,-’ W, 2 Y2
o . S we, 4em npu 06pasoeanuu c-opbumant
Hc. 4.9). ;
W=y +y, (p )
. Ha puc. 4.9 nipesicraBneHs! 5HepreTu-
a

Jeckue auarpammbl MO Monekyn F; u

Puc. 4.8. Buepretieckas auarpamma MO mo-  N2- OTIHYKE B MONMOKEHUH 25- U 2p-op-
JEKyNbl BOAOPO/A (a) M CXeMa ob6pasoBanus OWTaleil atomMoB N u F saxmovyaercd B
o-opbuTtaneit (6) TOM, YTO opOuTamu ¢Topa Kak Gojsee
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E AO MO AO AO
(F) (Fy) (F) N)

(-174313) ) :H' H_ XN

\chz 2S‘Hj-('

i =
el i "
O
a

Puc. 4.9. Dueprernueckue auarpammsl MO monekyn F, (@) u Ny (6) 1 hOTOEKTPOHHEI
crniektp Monekyinsl N, (6)

3NEKTPOOTPHLATEALHOTO aTOMa HAXOMATCH 3HAYMTETBHO HIDKE MO SHEPTHH H, Ca-
MOE rNaBHOe, pa3HUL@ B HEPIHsX §- U p-opburaneit AE,_, y ¢Topa ropasno 607b-
wre, yeM y asora (cM. puc. 3.8, r. 3). Benenctsue atoro y ¢gropa g-ssauMoneicTue
2s- 1 2p-opOHTaneii MpaKTHYeCKH OTCYTCTBYeT. Takoe B3auMoneHcTBre opOUTanei
HabnionaeTcA TONBKO y Monekyn O; U F.

Jlist a30Ta pasHHUA SHEpTH 25- u 2p-opObuTaneil MeHblne, U B 00pa30BaHUM
BCEX UeThIpeX o-0pbuTaneii B onpeie/leHHOM cTeneHH (C pa3HbIM BKIANOM, T.€. KO-
abbunmentamMu ¢; B Gopmyne (4.1)) NPUHHUMAIOT y4acTHe BCE YEThIPE ATOMHbIE
OpOHUTANH, NOAXOAALIME NTO CHMMETPHH (s ¥ p.). B pe3ynbrare Takoro B3anMonei-
cTBUsl 20-OpOMTANL CTAaHOBUTCH Gonee BHITOAHOM, 4eM oy*, a 30 — MeHee BBITOI-
HOW, YeM .

VkazaHHOe pacnonoxenue MO noarsepxuoaercss MeToaoM (DOTO3/€KTPOHHON
criekTpockonuu (puc. 4.9). Pacyersl Nokazanu, YTO B 3THX MOJIEKY/IAX B3aHMOJCH-
CTBUe BHYTPEHHHUX 1s-opOuTaneil He3HaYMTENbHO, M MX C HOCTATOYHOM noaei mpo-
CTOBEPHOCTH MOXHO CUUTATh HEC8A36I6AIOWUMU, T. €. HC H3MEHSIOLUMH CBOKO JHED-
ruio nmpu o6pa3oBaHHK MOJIEKYH W He BHOCAILIMMHU CYHIECTBEHHBIH BKIIAJl B XMMH-
YECKYIO CBf3b; B JAJbHEHIIIEM OHH YUUTHIBATECS He OYAyT.

Kakyio uHGOpPMAITHIO O CTPOSHUH H CBOMCTBAX MOJIEKYT MOXKHO H3B/IeYb U3 SHED~
reTHyeckux quarpaMmm MQ?

IIpounocms Monexyn (3Heprus JIACCOLMALIH) OTIPeIeNIAeTCH BEIHTPERILIEM 3Hep-
ruM npu o6pa3oBaHUM MOJIEKYJIbI M3 aTOMOB H KOPpENHpYeT ¢ BBJIH‘{HHOH Kpar-
Hoctu (nopsaka) cesazu (KC). Tak, gisa ¢dropa KC = (8 — 6)/2 = 1, a 1j1g asora
KC = (8 - 2)/2 = 3. Monekyna N, 3HauntenbHo npoynee b, (cm. Taﬁn. 4.4y,

Mexcamomusie paccmosHus TakKe KOPPeNUpyioT ¢ seinunHoi KC. Hanpumep,
s Monekynsl O, u MonekynsapHoro uoHa O; MexXaTOMHBIE PacCTOSHHS PaBHBI
0,121 uM u 0,134 HM, a KPaTHOCTL CBA3H cocTaBnsger 2 U 1,5 COOTBETCTBEHHO.
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Tabnuua 4.4

CBoiicTBa W 3NeKTPOHHBIE KOHDHIYDAUHN JBYXATOMHBIX MOJIEKY] 3JeMeHTOB 2-Fo neproja

DNEKTPOHHAA Monekynn
KOH(bﬂIypauMH Li2 BC: B2 Cz N2 02 F 2 Nez
4c* ol
2m* ——
3o —. s e,
In e S o T
20* —.. T wi
i Hotega g 4 & @
S | . | P
KpaTHOCTE ¢Ba3u 1 0 1 2 3 2 1 0
Bueprud cpasu Dy, kIBX/ Mok 99 — 276 | 595 | 942 | 494 155 | —
MexaromHoe paccroanue r, um | 0,268 | — 0,159 0,124 | 0,110 0,121 0,142 | —
TMorenuuan vonusauuu 1, 3B | 5,0 —_ 11,4 | 15,58) 12,08 15,69 —
MarxuTtHHE cBoiicTBa dua- | — | §napa-| Awa- | nua- | mapa-) gma- | —
MArH. MArH. | MarH. | Mard. | MarH. | Mard.

Macrumusie caoiicmea Mmonexyn ONpedeNA0TCA, TAK 3Ke KaK M IJIg aTOMOB. MoJle-
KYAbL M MOJIEKYSIPHBIC MOHBI TTADaMarHUTHEI, eClTM UMEIOT HecTlapeHHBIe SJIEKTPO-
HBl, M TMAMarHUTHBI, €CJIM BCE 3JIEKTPOHBI cTlapeHH,

Duepeemuneckue u cnexmpanbusie XapaKTePUCTHKH OTIPENENA0TCS SHeprueil MO.
Tax, noTeHUMan MoHuU3AIUH (/1) paBeH TIO MOZYNIO HEPTMM BepXHel 3aTIONHEH-
HOH MonekynspHoit op6uramu (B3MO)!., Jna MOJEKYAHE! a30Ta TOTCHLIMAI MOHU3a-
UMM BBIIIC, YeM IUIST aTOMa, a y (ropa — HMXKe, Tak Kak y aszota B3MO sipnsgercs
3o-cBA3BIBAIOLIAS OPOUTANE, NEKAMIA TIO SHepruun Huxe AQ, ay drropa — n*-op6u-
TATb ¢ 3Hepruei, 6onbieit yem AQ.

! BepxHsas 3amONHEHHAA MonekynApHas opbutans (B3MO) yacto ofo3HauaeTcs aHrIHiCKOH ab-
Gpeeiatypoit — HOMO (highest occupied molecular orbital), HUXHAA cBOBOLHAA MOJIeKyApHas
opbutans — LUMO (lowest unoccupied molecular orbital).
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B Tabn. 4.4 nipeAcTaBieHbl 3IEKTPOHHBIE KOH(UIYPALIMH I'OMOATOMHBIX MOJIEKYT
3EMEHTOB 2-TO TIeprofa M IPMBEIeHBl HEKOTOPBIE MX XapaKTepucTHKH. Cneiyer
y4ecTh, YTO TIPEACTABJICHHBIE HAHHBIE OTHOCATCS K HeBO3OYKIEHHBIM COCTOAHHSTM
monekyn. Hanpumep, monekyaa O, TOMHMO OCHOBHOI'O MOXKET CYILIECTBOBATH B IBYX
BO30YXKIIEHHBIX COCTOSTHUSAX, B KOTOPBIX OHa qUaMarHUTHA. OQHAKO 3TH COCTOAHUA
uMeloT 6oee BRICOKYK FHEPTUIO.

I'eTeposiaepubie ABYXATOMHBIE MOJeKkyanl. BaxHefilllee ominyue reTeposIepHBIX
JIBYXaTOMHBIX MOJIEKYJ OT FOMOSIEPHEIX 3aKJTI0UAETCS B Pa3IMYHBIX SHEPTHUAX aTOM-
HBIX opbuTaneii B3auMoe ACTBYIOIIMX aTOMOB. PaCCMOTPHM B KayecTBe MPUMEpPa IBe
Monekynel, conepxamgue arom Boxopona (LiH u HF), n monekyny NO, obpaso-
BaHHYIO aTOMaMH 3JIEMEHTCB 2-TO Tieproaa.

B monexynax HF u LiH no sHepruu B3anMopeiicTBoBaTh MOTYT 1s-opbutans H,
2s- u 2p-opburanu Li wnn F, a o cummerpuu — 1s-opburanes H u 2s- u 2p,-opbutanmu
Li win F. BaaumoneiictBue tpex AO npuBoauT K ofpazoBaHuio Tpex MO o-THITA.
OpHa W3 3ThX opbuTaneit ABNIETCS CBI3BIBAIOIIEH, BTOpas NMpaKTHYeCKH HEeCBA3bI-
palomeif, T.e. He TIPMBOIMT HY K BRIMTPHIIIY, HY K TIPOUTPHILY B 3HEPIWH O CpaB-
HeHHIC C aTOMHBIMH OPOUTANSIMU, 4 TPEThS — pa3phLUISIOLIAA.

Opburanu p, u p, He UMEIOT TTOAXOMSLMX TIO 3HEPTHU M CHMMETPHUHK OpOuTanei
BOJIOPOIA W TTIO3TOMY He B3auMoneicTryioT ¢ opouTtanamu H u octaloTesi HeCBA3BI-
BAIOIH[MMH, ABAaXIbl BEIPOXICHHBIMH, HMEIOIIMMH T-CHMMETpUIO. Pacnipenenenue
MO no sHeprusM 3apucuT oT 3Hepruil AO. B crnyyae mMonekyabl THIPHIA THTHA
(MIPUCYTCTBYIOMIEN B TA30BOI ha3e) HeCBA3BIBAIOIEH ABISIeTCS 26-0pbuTans. B Morne-
kyne HF u3-3a 6ompiroii pasHunb! B sHeprusix (E,(H) = -13,6 3B, E,(F) = —40 3B,
E,(F) = -17,4 3B) HecBsspBatoiueii AbngeTcs 1o-opdurans. Ee sHeprus npakTu-
yecKU He OTIuyaeTcs oT dHepruu 2s-opoutanu F. CooTeeTcTByIOLIIME 3HEpTeTHYE -
CKMe JguarpaMMel TIpeACTaBIeHEI Ha puc. 4.10, U3 KOTOpPOTO CAELYeT, YTO KPATHOCTH
CBA3M B 06eMX MoneKynax pasHa equaune. OnHako y Mmonekynel LiH cBa3sBaromnias
opbHTATh HAXOAUTCA 110 SHepruy OKe K opbuTanu Bodopoaa, ¥ B ee obpa3oBaHuUe
GonblInit Bkaan (B ypasHeHUH 4.1 xoadbduimeHT ¢y > ¢y} BHOocHT AO Bogopoza.

E}  AO MO AO E} AO MO AO
(H) (HF) (B (H) (LiH) (Li)
3
~or e
.Jl \‘ ! ‘\\ \MN
i S5 il N e —p
Iz _l_{ , ", /,-‘f‘:,z
\\\\ T \\\ ,’ ’-—15::---—1!—‘? 23
“\\ —H_ —H—,_:'_-::‘-H--H- +2p .r” 1/ 20 "’t/
h "26 1” ,’) / ,”

¢ 74
‘_.H- 2s ls-‘—(,,\ 4
44”— -.ﬁ'__.‘.‘ V4
¥ o
lo

a (1]
Puc. 4.10. DHepretnyeckas auarpamma MO mosnexyn HF (a) 1 LiH (6)
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AO MO AO
E (N) (NO) (0)
do+
) 1’27:3_';\
4,_,,f/r ;r l\\‘\\\\

;‘: 'H‘ 9.-1.‘{---3*% s

Puc. 4.11. Dueprernyeckas nHarpamMmma MO
Mostekynsl NO

BeneacTeue 3TOrO 31A€KTPOHBI GONEIIE
COCPENOTOUYESHH! Y ATOMA BOIOPOAA — MO-
nekyna nonsipHa, arom H mmeer yactiy-
HBIH OTPALATENLHEIN 3apan. B Monekyne
¢bropoBoIOpOIa CBA3BIBAOIIAA OPOHTAND
20 cocpexoToyeHa y aroMa ¢Topa, Ko-
TOPBIMi HECET HEKOTOPHI OTpHIIATENb~
HBIH 3apan.

PaccmoTpuM Teneps CxeMy MONEKYISIp-

.HbIX opbuTaneid Monekyasl NO (puc. 4.11).

DHeprus p-opouraneit O u N nourn
OIMHaKoBa, a pasHumua AE, , y aroma
KMcIIopoaa 3HaunTenbHo Oonblire. [Toato-
My B 06pa3oBaHWM o-OpOKTANTEH TIpHHM-
MaIOT YY4aCTHE BCE OpOMTAIN, CXOIHEE TI0
cammeTpru (25 u 2p), KaKk U B Ciydae
MOJEKYNBE a30Ta. ATOMHBIE opburanu

T-CHMMETPUM (P, p,) 06pasyloT 1o IBE 7 CBAHIBAIOIIME U T Pa3pEDULIIONIME MO-
neKynsipHele opouTany. Kak BUmHO 13 pucyHKa, v Mosiekynsl NO ecth 0InH HecTia-
PEHHHII 37IeKTPOH Ha 2n*-opburanu, [NoaTomy:

e TaKasg MOJIEKYJIa TOJDKHA JIETKO TEPSTh OJUH 3JCSKTPOH ¢ 0Opa3oBaHMEM MOHA
NO”, TaK KaK 3To IIPUBOIMUT K YBEIHUYEHWIO KPAaTHOCTH CBA3HM € 2,5 10 3 1, COOTBETCT-
BEHHO, YBEIMUSHHIO POYHOCTH YacTHlbL. eiictBurentHo, D, (NO) = 631,6 kIX/Moib,

Dy (NO") = 1046 xx/monb;
eCo -
@=180" -
" e e ©as - L

el

Ej

Jo

/e'

Pl

1o
\+ar

180 [

60

Puc. 4.12. Cxema 06pa3oBaHyst MOJEKYJIsApHOTO HoHa Hy:
a — JMHelHoro; 6 — TPeYroJlIbHOTro; 8 — 3aBMCHMOCTL 3HepruK opGuraneit E or yria ¢

164




e mMonekyna NO gBisieTcst cBOGOIHBIM PAIMKANIOM W JOJDKHA JIETKO BCTYIIATh B
peakiMK, NPOXOIsiue 10 PpATUKANTBHOMY MEXaHHU3MY;

o Monexkyna NO MoxeT ZUMEPH30BaTbCs, OJHAKO TIONYYEHHBIH TUMep HEeCTOEK,
TaK KaK CBOGOIHBIA 3/1EKTPOH HAXOOMTCS HA pasphIISIOER opburaiy.

TakuM o00pa3zoM, MeTOX MONEKYNSIPHBIX OpOMTael MOXHO HCTIONB30BATh IS
TIpeAcKa3aHusa CBONCTB MONEKYI.

I'eomMeTpas Mosekya. [IpuMeHeHHE MeTOIa MOJIEKYIAPHEIX OpOHTaNIei U1 OTH-
caHust MoOBIX MHOTOATOMHEIX MOJNIEKYR He BXOAMT B 3ajayd Hallero yuyeOHUKa.
OrpaHnuuMcs TeM, 4To pasbepeM NpoCTeHINMi cnydail TpexaToMHOW YacTHLIBI
Hj, yrobbl mokasath, Kak Merog MO ucmonb3yercs st OTpeAeNeHMs PCOMETPUN
YacTHIl.

Ilnst MonexynsipHoro uoHa H3 MOXHO Tpearnonoxurb aubo nuHeRHoe, 6o
TpeyroibHOe CTpoeHHe. B nmHelHoH yacTiue u3 Tpex ls-opburaneir H Bo3MoXHO
o6pazoBaHue Tpex o-opOuTaleil — CBA3HBAIONIEH, HECBA3BIBAIOIIECH U Pa3pRIXIIAIO-
weit (puc. 4.12, a). i TpeyrolbHON YacTHIBI TOXe BO3MOXHO 00pa3oBaHue TPeX

DNeKTPoHOAE(DRIMTHBIE H 3/1EKTPOHOM3OHITOIHBIC MOJEKY/1bl. ONIHHM U3 IOCTOHHCTB
metona MO ssiseTcs o6BACHEHIE BO3MOXHOCTH 00Da30BaHHA 3NCKTPOHOAEHHIUT-
HBIX MOJICKYJI THTIA GOpPaHOB M MEKTPOHH3GBITOUHEIX MOJICKYJI, HANpUMep HTOPHIOB
kceHoHa. Ha puc. 4.13, 6 npeactabicHa 9HepreTHyeckas auarpamma MO mns dpar-
meHTa B—H—B. OHa aHaNOoTMYHA AUAarpaMMe, TIPHBEICHHON Ha puc. 4.12 s JIHeH -
Hoit yacTuusl Hi.

DJIEKTPOHOU3OLITOYHBIMY OGBIYHO HA3BIBAIOT YACTHUE, B KOTODHIX 3JIEKTPOHOB
BosbliIE, YEM HCOOXOMMMO sl 00pa3oBaHMs ABYXTEKTPOHHELX, NBYXUCHTPOBBIX cBs3ciH
(MBC). Hanpumep, B MoneKyne XeF, y aToOMa KCEHOHa MMECTCs 8 BAICHTHBIX /ICK-
TPOHOB, a y atoMmoB (ropa no 7. Juarpamma MO Takoil MOJIEKYTB NPEACTABICHA Ha
puc. 4.10, a. 3nech, TAK K¢ KaK U B NPEABUIYLICM CITyyae, MEXy TPeMs aToMaMit obpa-
3YIOTCH AENOKATM30BAHHBIC MOJICKY/IAPHBIC OpOHTany. OfHako Ha HHX PaCIOIOKCHO
4 DJEKTPOHA, YTO COOTBETCTBYET Mmpexuenmpogoll yemsipexaaexmponnoli ceasu (3c, 4e).

Kak BHIHO U3 DUCYHKA, 06¢ YaCTUIIBI YCTOHYMBEL, TaK KaK JEKTPOHEl HAXOAATCS
Ha CBA3BIBAIOLLCH OpOUTANK B cliyyae 3¢, 2e-CBSI3H M Ha CBA3BIBAKOILCH W HECBA3bIBA-
oumei B cayyae 3c¢, 4e-cBA3n.

E AO MO AQ El AO MO AO
(Xe) (XeF,) (F (H) (B;He) (B)
'_\0‘
,,"“ \\ A'
H&“\\ \\ A ""sen_:__::,%}

Puc. 4.13. ®parMeHT 3HepreTHueckoil auarpaMmMel MO sitHeitHo#t Monexysb XeF,
(a) v monexynnl BoHg (6); 3Ha4KOM «}» 0GO3HAUEHBI TPYIINIOBBIE OPOHUTANN KPaHHHX

aTOMOB
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MOJIEKY/ISIPHBIX OPOUTANIEH: OHOH CBABIBAIOLLECH @’ M ABYX Pa3pBIXISIOINX e', MMe-
IOLIMX MHYIO CUMMETPUIO (PHC. 4.12, 6). DieKTpoH, HaxooALMiACS Ha op&HTATH a',
uMeeT Ooliee HU3KYIO 3HEPTHIO, YeM Haxopswmiics Ha lo, noaromy Wit H; Gosnee
BBITOZHA TPEYTo/IbHasA KoHdurypaims. JIeHcTBUTeNBHO, B Ta30B0ii (hase CreKTpaib-
HEIMM MeToaMu oGHapyxeH noH H3 umeHHo Takoit popmbl. EcTh 0CHOBaHMS Tipei-
TionaraTh, YTO B3auMozeiicTsue aeiirepus D, ¢ cynepxucnoroit HF + SbFs mporekaer
uepe3 oOpa3oBaHue poMexyToyHoi Yactuusl [D,H]*. TIpuBeneHHbIi TIPUMEpP KHTE-
PECEH TEM, YTO TIOKa3bIBaCT BO3MOXHOCTL 00pa3oBaHWS NeNOKaA/IN30BAHHBIX OpOu-
Taneit. Takas opSurans oObeAMHSIET BCE TPU aTOMA, A He ABa, KaK B Cllyyae 0OBIY-
HOH IBYXUEHTPOBOH cBA3M. Tak, B yactuue Hj Tpu atoMa cBsizaHbl JIBYMS 3JIEKTPO-
HaMW. D70 nipocTelLmit Cyqait mpexyenmposoii 08yxanekmponHol cas3u (3¢, 2e).

Hpurmep 4.3. Kaxas uz yactun, CN win CN™, umeer Gonbluee MEXDBAAEPHOE paccTos-

nue? Ipusennre NnpuMep roMoAIEPHON U reTepOSAEPHON MOJIEKYIIH, H303IEKTPOHHOM AHH-
- oHy CN".

Pewenue. Dnextponnas xouburypauus monekyns CN: 16%26217*30", a kpaTHOCTS CBA3M
B Heit KC = (7 - 2)/2 = 2,5. Braronaps HanuMumio HecrnapeHHoro IeKTpoHa Yactuua *CN
Jnierko obpasyet gumep (CN,). ¥ uona CN™ Ha ofMH 371€KTpOH GOJIBILIE, IIPUYEM OH HAXOIHT-
s Ha 30-CBA3HIBAIOLICI OPOUTATN. DIeKTPOHHAs KOHOUrypauus 3roro uoHa 1o?2a 121362
u KC = 3. Jns yacTuw, COCTOAMINX U3 OQUHAKOBBIX aTtoMoB, DoJblle MEXBHEPHOE PACCTON-
HHE y 4acTHLBl ¢ MEHBLIEH KPATHOCTHIO CBA3M, CNENOBATENEHO, y MoJieKyibl CN. (JleiicTeu-
TeneHo, r(CN) = 0,117 um, #(CN7) = 0, 114 um.) U3031eKTPOHHBIE YacTHLIE conepxar
PaBHOE KOJIMHECTBO 3NEKTPOHOB, aHWOHY CN™ M30371eKTPOHHE! MOJIeKYIb N, u CO.

4.3. MOHHAA CBA3b

Mpu B3amMozelicTBUN Haubolce 3JNEKTPOOTPHLATENBLHBIX aTOMOB C Hanbornee
SJIEKTPOTIONIOKKTEIBHEIMI 00pa3yeTcs CBA3b ¢ GOMBLION CTeTieH IO TToMspHocTH. Ha-
nipuMep, B razoobpasHoii Monekyie NaF ahdekTuBHbIE 3apsiasl Ha aToMax HATpus
¥ (propa paBHHI +0,84 u -0,84. DnexTpuueckoe mone PABHOMEPHO PacTIpeIesieTCs B
TIPOCTPAHCTBE, TIO3TOMY B3aMMOJEHCTBME IBYX HOHOB JPYT C IPYroM HEe MOXET
TNTOJTHOCTBIO KOMTIEHCHPOBATH MX TI0NA. OHU COXPAHSIOT CIOCOOHOCTD MPUTATHRATH
MOHBI IIPOTHBOTIOJIOXKHOTO 3HAKA TIO APYIMM HANpaBIeHUsIM. DTO TTPUBOLHT K TOMY,
YTO TAKME aTOMH JIErKO 00pasyioT TBepable BeLEeCTBa, CTPYKTYPHEIMU eIMHNIIAM 1
KOTOPBIX SIBJISIIOTCA MOHBL. VX HAa3bIBAKOT uonnbimu Kpucmaaramu. Tonpo6Hoe cTpoe-
HHE TBEPABIX BEIIECTB OyneT 00CyXNaThCs B moapasf. 4.6, 31ech Xe Mbl OCTAHORMMCS
Ha BOTIpOCax 0Owieif XapaKTepHCTUKY MOHHOI CBA3M: TIPOYHOCTH, TIPOCTPAHCTBEH-
HOM pacTIOJIOKEHNH UOHOB, 3JIEKTPOHHOM CTPOEHHH.

[Ipounocts. [IpOYHOCTH MOHHBIX KPUCTALIOB MOXHO OIpPeNeNUTh, YYUTHIBas Ky-
JIOHOBCKOE B3aMMOIEHCTBHE UOHOB (E,y;) M OTTAIKMBAHHE WX 3NMEKTPOHHEIX 060-
noueK ( Ly ). DHEPIus KyJIOHOBCKOTO B3aMMOZIEHCTBHS PABHA

A7tz el
O AN
Ky Areor (4.2)

rne z°, £ — 3apsiIbl HOHOB; e — 3apsil MEKTPOHA; &) — IHINEKTPHYCCKAS NPOHMLIA-
EMOCTb B BaKYyMe; r — MEXbsIepHOE paccTOsIHKe; A — KOHCTaHTa MazeyHra, Xa-
PaKTepU3yIolAd TeOMETPHUIO B3aMMHOTO PacTIONIOKEHHS MOHOB B KPHCTALTHYECKOM
pelleTke.
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OHeprusi OTTANKMBAHUS EKTPOHHBIX E
obonoyexk nponopuuoHaieHa 1 /7", toe n — Na*(r.) + CI(r.)
BEIMUMHA, 3aBUCALIAS OT 3JAeKTPOHHOM ACL N }
KOH(UTYpauny UOHOB. DHEPruio Kpucran- ke ke o TR Mg
nvyeckoi pemeTk U° 115 MOHHEBIX KPHUC- Na(r) +CI(r)
: (r.
TAJUIOB MOXHO BBIYMCIUTE MO YPABHEHUIO —]
i . [ o
bopua—Jlaune: 1AH e Na(r) -+ V5Clr) .
. AN 7'z € 1 yag:
U P - (4.3) Na(rs.) + ,Cly(r)
WIH paccYMTATh M3 TePMOIMHAMMYECKHX At
JaHHeX no MKty bopHa—I'abepa (puc. 4.14). NaCl(rs.)
B Tom.cyuae, ecnu nofydeHHEIE 3HAYE-

HUA 3HePrMH KPUCTAUIMYECKON pellueTKH

BIIM3KH APYT IPYTY, MOXHO € JIOCTATOYHOM Puc. 4.14. Cxema onpeaelieHHs 3HEPriUU

J07eil JoCTOBEPHOCTH CUNTATh COeTUHEHNE EpHCTRIAHSEcKOM peieTii-NaClno
ny bopua— Fabepa:

HoHHBIM. HanpuMep, mms kpucrawios NaCl . . o1 i

3HaYeHus, paccuuTaHubie nByMs atumu U - Nectt A+ 108 + ha = Ba

crnocobaM#, paBHE COOTBETCTBEHHO 756 W

786 xx/mons, a nna AgCl — paccuuraHHoe no ypaBHeHuro BopHa— Jlange:

784 x]JIx/Monb, a no nukny bopua — lN'abepa: 951 x/[xx/mons. CregoraTenbHO, XJ0-

PHI HAaTpWA MOXHO CYMTATh HOHHBIM, a XJI0pHI cepebpa — HeT.

Koncranra Manenynra. KyJ1oHOBCKOE NPUTAXEHHE M OTTAIKMBaHHE MEXIY MOHa-
MH B KPHCTAUTHYECKOH pellieTKe YYHTHBaeT KOHCTaHTa MaznenyHra. PaccMOTpHM pe-
wetky Tima NaCl (puc. 4.15). PaccrosiHie Mexay COCEAHHMH HOHAMM HATPHUA K X10pa
paBHO CYMMe HOHHEX paauycoB r. Kaxaulil moH HaTpus
(unu xytopa) OKpYXeH LeCThICO HOHAMM NMPOTHBOMOJIOX-

HOro 3apsAna Ha PACCTOAHWH F M JBEHAAUATHIO HOHAMHM r r2

TOrO Xe 3apsaa Ha pacCTOAHUK r2 . Crexyiowme Bo-

CeEMb UOHOB MPOTHBOTOJIOXHOTO 3aPsiiia PAcONOXKEHBI . 3
yXK€ Ha pacCTOAHUU r3 u A [ToCKONBKY 3HEpPrus \

KY/IOHOBCKOTO B3auUMONeicTBUA 00paTHO NpOnopLHo-
HAIBHA PACCTOAHKIO, TO B JAHHOM CIy4ae

E ~l/r(6-12/\ﬁ+8/\/_—...).

BripaxeHue B ¢koOKax U ecTh KoHCTanTa ManenyH-
ra (A), He 3aBUCSLIAA OT NPUPOLH MOHOB, a onpexeis- PUC. 4.15. PaccTosHmsA MeX-
eMasi TOJILKO THIIOM KpHCTAJUIMuecKoil pewnetku. Joia AY aTOMaMu B CTDYKTYpe
kpucrawos THina NaCl ennuuna A = 1,7476. NaCl

5 Toge e

ITpocTpancTEeHHOE pacnojioKeHne HOHOoB. BciieICTBMe PaBHOMEPHOIO paclipesie-
JIEHMSI 3JIEKTPUYECKOro NOoNs B NPOCTPAHCTBE MOHBI CTPEMSATCS OKPYKUTh ceDs Kak
MOXHO GONBLUIMM YUCAOM NPOTHBOHOHOB. IToaTtoMy koopdunayiiontoe vucao (4Mcio
OnoKkaiII X coceneii) B HOHHEBIX KPUCTAJUTIAX ONpeAensaeTCs He 3JIEKTPOHHBIM CTPO-
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Tabinuua 4.5

3aBHCHMOCTD THNA CTPYKTYPHI OT COOTHOMERHS HOHHBIX paaHyCcoB

CootHouieHue r /r, KOOP'[“TI:S;{J'OHHW Tun cTpykTyph TMpumMepn! coeruHEH it
< 0,414 4 Coanepur (ZnS) CuCl, CdS, InAs
< 0,732 6 NaCl LiCl, KBr, TiO, PbTe
< 1,37 8 CsCl Ca$, CsCN, NH,C

€HMEM HOHOB, a OTHOCHTEIBHBIMU pa3MepaMH aHMOHA W KaTUOHA. B Tabu. 4.5 Tipen-
CTaBlIeHbl COOTHOUIEHNST MOHHBIX PAIMyCOB U COOTBETCTBYIOLIUE MM KOOPIHHALH -
OHHEIE YMCia, A TAKKE TUTIB KPUCTAUIMYECKUX PEMIETOK HEKOTOPBIX XUMMYeCKIX
COEMHEHHIA.

DrekTponnas CTPyKTYpa. BNEKTPOHHYIO CTPYKTYPY TBEPABIX KPHCTAUTMYECKUX Be-
LIECTE TAKXE MOXHO pacCMaTpMBATh C TOYKH 3PEHMS METONA MOJIEKYIISPHBIX opbu-
Tajiel. Tak, Mpu B3aMMOIEHCTEBMH aTOMHBIX opburaneit 1Byx aTomMOB 00pasyloTrcs
ABE MOJICKY/ISIPHBIC OPOMTANIM: CBA3BIBAIOMIAS M PA3PHIXISIONIAS, MIPY B3aMMOJIEH-
CTBHM TPEX opOuTanei tpex aroMoB — Tpu MO, a nipm B3aumoneitcTeum N opbura-
TIei, IpuHamIexXawmrx N atoMaM Kpucramna, — N PAacroNoXeHHbBIX 6JIM3KO TIo 3Hep-
MW MOJIEKYJISIPHBIX opbutaneit (puc. 4.16). DT opburaan OTBEYaIOT HEKOTOPOMY
AWATNA30HY SHEPTHI, KOTOPEIN Ha3BIBAeTCH IHEPTeTHUECKON 30HOH. Hpyrue atom-

Haubonee
PAaspBDULAIONIAN

|
1

HanBonee
a CBA3BIBAKOLIAS

Hawubonee pasprooimroman

Puc. 4.16. Cxema oGpazosanust MO B KpucTanre (a) u snepreTHyccKas jauarpamma (6)
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Hble OpOuTanu, B3auMoleiicTByd, obpa- E E

3yIOT IPYTYIO 30HY. MeXITy TaKUMM 30Ha- NaCl(r.)

MU CYLLECTBYET 3anpeujernan sona (Ey). Ha e 2B
puc. 4.17 nipe/icTaBieHa SHepreTHYECKAs Y \ E,

Juarpamma MO monexkynsl NaCl (B raszo- ““\;\ "\

BOH hbase) ¥ 30HHAS MOAENb KPUCTANA NS NP e 3,3 _:_"‘33’P
NaCl. HukHss (3aToNHeHHAs 3/IeKTPOHA- ‘\:@{":fi' ’ s
MM) 30HA Ha3LIBAETCS BAACHMHOU 30HOH, Na. > a

a BepXHAA (NONHOCTBIO NyCTasA) — 30HOH 5 6 o

npogodumocmu. PeHTTeHO3NEeKTPOHHEIA
criextp' (puc. 4.17, @) oOKa3kIBaeT 3HEP-
THIO JOCTATOYHO JIOKAJTH30BAHHEIX HA XJIO-
pe BaIEHTHBIX 30H Kpuctanna NaCl,

BosbLI0i SHEpreTHYECKMIT 3330 MeX-
Iy 3TMMH 30HaMmU (Oonbluas UIMpUHA 3a-
TIPELICHHOK 30HBI) YKAa3bIBaeT Ha TO, YTO
XJIOPUI HaTpusl — Au3NeKTpUK. IoapobGHee pasnuyuss MeTaI—IoiyNpOBOIHHK—
OUBNEeKTPUK OyaeT obcyXaaThes B cleayionemM pasiene.

Piuc. 4.17. Cxema 3HepreTHUYECKO fHArpaM-

Mbl MO wmonexynrst NaCl (a); suepretuye-

CKHUX 30H (f) H PEHTreHO3JEKTPOHHOFO

cniekTpa KpHctauia NaCl (6); E, — 3anpe-
LEHHAA 30HA

TTpumep 4.4, Paccuuraiite SHEpPruio KPUCTALIHYECKOH petueTkn MgO (CTpYKTYpHBIH THIT
NaCl) no unkny Bopua-—TaGepa u no ypasHenuto Bopua —Jlanme. Kakoil BHIBOL MOXHO
C/eNaTh 0 MOHHOCTH CBS3M B KpHCTAUIe oKcuaa Maruda? He nposoilst nonodHHTEABHEIX
pacyeToB, NMPEATIONOXUTE, ¥ KAKOTO M3 BeuiecTs ¢Gropuaa HATPUA WIW OKCHAA MAarHui —
Oosnee npoyHast KpUCTAUIMYECKAS PelLeTKa.

Pewienue. DHepruio KpUCTAIHYECKOH pelleTku o UMKay BopHa-—Tabepa MOXHO BEi-
YUCIIMTE TIO opMyne

Uhgo = _AfH;ng + Ay + I/zAnuccHB + (I + b + (B + B)o =
=602 + 146 + 249 + 733 + 1447 — 141 + 798 = 3834 k/Ix/mons.

Has BeiyMCeHUH no ypasHeHuio Bopua—Jlanae HeoOXomMO HCNOIBIOBATE BEIHUMHE!
B enuHunax CH.

Jlaiimyc [Toaunr (1901 — 1994). Amepukauckuit yueHmit. Buec
00IB1LIOM BKJIAA B MCCIAENOBAHUE NMPHPOLB XMMHUECKO CBA3H.
B obnacTu XpHCTALIOXMMHMK UM COCTABJIEHH TaOIHIBI HOHHBIX
paavycoB, OTpeneNeHb! [TpaBuaa 00pa30BaHHA MOHHBIX KPHCTAI -
JIMYECKHX CTPYKTYP, BBEACHO MOHATHE «1eeKTHOMH CTPYKTYphI».
OH pazpaGoTan Takxke METON BANEHTHBIX CBA3EH, TEOPHIO pe3o-
HAHCA, BBENl MOHATHE W COCTABMI LUKANY DJIEKTPOOTPULATENE~
HocTH 3neMeHTOB. B 1954 r. «3a uccnenoBaHue npHpoaLl XMMH-
YECKOH CBA3H M €€ NPUMEHEHHE [UIA OTIPEACTICHHUS CTPYKTYPH
CJIOXHBIX coeunenuii» J1. [Tonunr nonyunn Hobenesckyio npe-
Mu10. B Gonee noainee spemst J1. [ToJMHT 3aHMMAICH HoclenoBa-
HUAMM B 0671acTH Grooprannyeckoil xumuu. B 1962 r. emy npu-
cyxaena Hobenerckas npeMus Mupa.

! PeHTreHOJIEKTPOHHASA CTIEKTPOCKONMA AHATOMHYHA (GoTO31EKTPOHHON ¢ TOH pasHHLE, YTO 114
«BbIOMBAHMA» JNEKTPOHOB B HeH WCTONb3yeTcsl He YM-3HEprus, a Heprus peHTTeHOBCKOro Haslyde-
HH3.
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NAA |Z!2 82

dneg(r, +1)

0_

(-
i

]=

_1,08-107"2
2,36-107%

6,02.10% .1,7476- 22 (1,602 10719 )2
4.3,14.8,85-10712(72 + 140). 102

(-3

-0,857=3922 000 Jx/Monb.

PacxoxaeHue B 3THX BEJIMUHHAX He NPeBHILACT 2%, TIO3TOMY MOXHO CYMTATh, YTO cTpoe-
Hie MgO xopollio onHehIBaeTes HOHHOM MOAETBIO,

Y dropuaa HaTPHA M OKCHIA MaTHHA KPHCTAITMYECKAST PEILETKA OfHOrO THIIa, BCE HOHBI
HMCIOT JICKTPOHHYI0 KOHbuUrypauuio Ne, n03ToMy CyMMa HOHHBIX PaglycoB AOJDKHA OTIIH-
4aThCsl He3HauMTeNbHO. OCHOBHOE pasiuyMe — B 3apsaxax MoHos. CrcaoBaTenbHo, Golee

TIPOYHOI aBasieTeA peluetka MgO.

4.4. METAJLIMYECKAS CBA3b

Meranueckoit 0GbIYHO HA3HBAIOT CBSI3b MEXKIY aTOMAMM METAIJIOB B TBEPIOM
cocTossHMH. B rasoBoit ¢ase MeXIy aTOMaMH METALIOB UMEET MECTO OORIYHAS KOBA-
JIEHTHasl HelloNsIpHad CBA3b (cM. Li; B Tabn. 4.4). [1pu o6pa3oBaHHM TBEPIOTO Bellie-

E I
YpoeeHs Depmu
E
E 1
2
3

//////////////,

Puc. 4.18. Cxema 3HEpreTHICCKHX
30H!

a — B Metayuie: / — 30HA [POBOAH-
MOCTH; 2 — BaJeHTHas 30Ha (4acTHY-
HO 3anofiHeHHas WIH [epeKphlBalo-
ulasacs ¢ 30HOH NMPOBORUMOCTH), 6 —
B MONYNPOBOZHHKE; & — B JHINEKT-
puKe; | — 30Ha NMPOBOAMMOCTH (Myc-
Tag), 2 — 3anpeleHHaa 3oHa; 3 —
BAIEHTHAs 30HA (3aNOAHEHHaH)

170

CTBd, TaK Xe Kak B JII0BBIX KpUCTANIaX, 00pasyloT-
¢l SHEPreTHIECKHE 30HBI — IeIOKANH30BAHHEIC MO-
JIeKynsipHbsie opourany. B otnmiure oT HOHHBIX KpH-
CTA/UIOB, PACCMOTPEHHBIX BHILIE, SHepreTUIecKue
30HBl B METAJUIMYECKHX KPHUCTANNAX 3HAYMTENLHO
LIMPe M JaXe MOTYT NepeKphIBaThes (puc. 4.18, a),
YTO CBA3dHO ¢ BONBINONI CTENEHBIO NePEKPRIBAHUIS
ATOMHBIX OpOMTaNIel MeTAINIOB U UX BEICOKUMM KO-
OpPOWHALMOHHBIMH YUCTAMH.

Fnexmponposodrocnms — OCHOBHOE OMNpeneNnsi-
IOLIee CBOMCTBO BEHIECTB C METAIMYECKHUM TH-
nom cBs3u. CBOOOIHOE NepeMeleHHe IeKTPOHOB
BO3MOXHO, KOTIa B Ipeaenax 3HepreTHYeckoi
30HBI €CTh YPOBHU, He 3aHATHIE 3J1eKTPOHAMMI WK
34I10JIHEHHBIE HAIIONOBUHY. DTO BO3AMOXHO, eCliu
30Ha 3aMojHeHa HenonHocTelo. Hanpumep, y n
aTOMOB HaTpud (3s') BaneHTHAs 30HA MOXET BMe-
IATh 27 3MEKTPOHOB, a4 B Hell HAaXOaUTCsA TOMBKO
1 3NeKTpoHOB. C ApYroii CTOPOHEI, MPU NepeKphl-
BAHWH NOJIHOCTHIO 3aNOJTHEHHOH ¥ cBOOOHOM 30H
TAKKE MOSBISETCH BO3MOXHOCTE CBOBOIHOTO [1e-
PEMEINEHUS 3NEKTPOHOB. DTOT BapHaHT, HampH-
Mep, OOBACHAET METAIIHYECKHE CBOMCTRA 3IEMEH-
TOB IPYIIH 2.

Onucanne XMMHYECKOM CBS3M B METAILTAX C TTo-
3ULMI 30HHOM TEOPHM B OCHOBHOM COIJIACYETCH C
NPeNCTARICHHEM O TOM, YTO B METAJUIAX CBSI3b OCYy-
LIECTRIIAETCS] C YYaCTHEM «3JIEKTPOHHOTO T43as —
[1eJIOKTM30BaHHBIX 27IeKTPCHOB.




CBsI3b B METANNIMYECKMX KPUCTALIAX, TAK Xe KAK B MOHHBIX, SBJSETCS HEHa-
MpaBeHHOH M HeHackaeMolk. [T03TOMy aTtoMbl MeTanna yYalle BCero o6pasyioT
MAOTHEHIIIME YAKOBKHU (CM. nozapasn. 4.5), KoOpAUHAILMOHHBIE YMCNA Y HUX BOJib-
mue (0bsryHO 12).

ITpouHOCTb MeTanINYeCKHX KPUCTAIUIOB ONPEAENeTCs Pa3HOCTBIO SHEPTHH dMeK-
TPOHOB B KPUCTaJUTe U B M30JIMPOBAHHBIX aTOMAX, YTO, B CBOKO OYepe b, 3aBUCUT OT

BemecTsa co croiicTBaMH MeTALI0B. MeTaLTHaeCKUMHU CBOMCTBAMHM MOTYT 06/a-
JaTh BEIIECTBa, KOTOPHIEe B OOBIYHBIX YCJIOBHAX ABIAIOTCA TUMTHIHLIMH HEMETATAMH.
Uro6bl NOHATE 9TO ABNEHUE, PACCMOTPHM pHC. 4.19. Bennuuna nepeKphiBaHHs 3HEpP-
TeTHYECKUX 30H 3aBUCHT OT PACCTOAHHA MEXAY aroMaMu. Tak, s HaTPUs IIPH HEKO-
TOPOM PacCTOAHHH Fy 35- W 3p-30HHI NMEPEKPHIBAIOTCH, a 2p- U 25-opOUTANU Jaxe He
o0pasyloT 30H, a 0¢TaloTCA B BHAe THCKpeTHBIX AQ. Ecnut 6bU10 GBI BOSMOXHO COMTH-
3UTh aTOMEl Ha PAcCTOAHHE r < 1y, TO M 3TH OpOUTANH 0Gpa3oBaH GBI NepeKpbIBalO-
wecd 3oHbel. CrneaoBaTenbHO, YyTOOH BElLECTBO O6IANAN0 METANTHYECKHMH CBOM-
CTBaMH, HEOOXOAUMO COJM3UTE aTOMB], Yero, B YacTHOCTH, MOXHO AOGHMTBECH BO3-
IeHcTBUEM BBICOKMX HaBienuil. JlaXe Takoil THMHYHBIA HEMETAUT KaK MOI MOXET
nepeiTH B METAJUTHYECKOE COCTOsAHME NpH gasieduu 21T T1a.

MeTtanngeckoit TPOBOAMMOCTBI MOTYT 00aZaTh He TOJILKO NMPOCTHE, HO U CIIOX-
HHe BewecTra. [N1aBHoe, 4TOGBI B Pe3yNbTaTe B3aHMONEHCTBHS AaTOMHBIX opGHTaNcit
obpasopaiace 30Ha, 4aCTUYHO 3amoJHeHHas 3MeKTpoHamH. Hampumep, oxcun =
tuTana(ll) ABnseTCA METANNOM, €ro MPOBOAMMOCTE TIpH 25°C HMMeeT MopsnoK :
10° Cm- M. B kpucramie TiO co cTpykrypoit NaCl BO3MOXHO B3aMMOZLEHCTBHE 2
dy, dy-opbutaneil TuTaka ¢ oGpasosanueM d-30HEI (puc. 4.20). EMKOCTB 3T0# 30HH
COOTBETCTBYCT LECTH 3MEKTPOHAM HA OIUH aTOM TUTAHA, 4 HAXOJMUTCA B HEil TOJIBKO
Mo ABa 3JIEKTPOHA OT Kaxnoro aroMa. CleloBarensHo, 30HA 3allONHEHA YAaCTHYHO,
470 O0YCIOBIMBAET METAUIMYECKYIO NMPOBOAMMOCTE OKCcHAA TMTaHa. CaMOCTOSTENE-
HEIA MHTEpec NpelCTaBIAIOT OKcHaHbe GpoHasl Tua Na,WQ; unu Li,CoQ,, Takxe
HMeEIoUIMe METAUIMYECKYIO MPOBOAMMOCTD, KaK MPaBHJIO, COYETACMYIO C BHICOKOH
MOHHO NPOBOAUMOCTHIO (JIEKTPOHHO-HOHHBIE NMPOBOAHUKH)', i

TIE AT
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]
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Haeiliig

S5

R

El
i
i
r Il‘o r a 6 !
Puc. 4.19. 3aBucHMOCTE CTEMEHH Puc. 4.20. CxeMa nepekpbiBaHus d-opOuTa-
NEPEKPHIBAHUS JHEPreTHYeCKUX Jcit (@) M CTPYKTYpa 30H (6) B KpHcTALNax

30H OT PaccTOSAHHA okcuaa tutasa(ll)

! O6 snekTpoHHOW ¥ MOHHOH TIPOBOOMMOCTH TBEpObIX BEIIECTBE CM. KHUry A.K.HpaHor-11Iun,
W.B. Mypun. Honuka teeproro Tena. — CI16.: Uan-Bo C.-Tletep6. yu-Ta, 2000 r.
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CTPYKTYPHI SHEPIeTHYECKHMX 30H. B KpucTannax HauBHCIUMI SHEPreTHYeCKHH ypo-
BEeHb, KOTOPHI 3aHUMaloT >neKTpoHk nipH 0 K, Ha3wsiBaeTcs yposhem Pepmu. DHEp-
rust @epMu UIpaeT Ty Xe poJib, UTO ¥ IHEPTHS BBICIIEH 3aroHEHHOM Op6UTAIH B
HM30JIMpOBAaHHOM MOJIEKY/Ie — OHa ONMPELE/NCT JHEPIUIO, HCOOXOIMMYIO ST yaajle-
HUs 2NeKTpOoHa (paboTy BEIXOAA).

B TOoM cry4dae, ecnid BaJIeHTHas 30HA 3aMI0AHEHA TIOJHOCTHIO, BELECTBA He obna-
JAI0T METALTHYECKOH TTPOROTUMOCTRIO, M UX NIEKTPOQH3MYECKHE CBOIHCTBA B OC-
HOBHOM 3aBHCAT OT BEJIMYMHEL 3aNPEIIEHHON 30HEL. [IpH 3TOM IpaHHIa MeXTY I10-
JYMPOBOOHMKAMH M IUMIEKTPUKAMU BecsMa yeaoBHa (puc. 4.18, 6, ¢). Bnexrpomnpo-
BOZHOCTE TAKMX COSIMHEHUH OTIpeesisieTcss KOJTNYECTROM JIEKTPOHOB, SHEPTHH KO-
TODPBIX NOCTaTOYHO, YTOOBI IPEOIONETH 3aMPEIEHHYIO 30HY U MepeifTi B 30HY Mpo-
BOIUMOCTH. [ BO3OYXKACHMS SJIEKTPOHOB B 30HY MPOBOIMMOCTH MOXET XBATHTh
sHepruv MK-mamyyenus (Ge, PbTe, InSb) wnu motpebyercs usnyyeHue OonbLuei
SHEPruu. [1pH CUJILHOM 3JIEKTPHUYECKOM paspsaiie BOZMOXEH TNEPexo/ 2IeKTPOHOB H
B JMIJIEKTpUKaX (TIpo6oif u3omsaTopa). K MomynpoBOAHHKAM OTHOCST BELUECTBA C
LWIHMPHHOMK 3ampeleHHoN 3005 MeHee 3 5B. MeTamisl ¥ MoaynpoOBOTHUKHN OTAMYA-
IOTCSL HE TOJIBKO BETMYMHON IMPOBOAMMOCTH, HO M XapaKTEPOM €¢ TEMTIEpaTypHO
3aBHCHMOCTH. ¥ METAJUJIOB TIPH MTOBBIIIICHHUM TEMTIEPATYPH TIPOBOAMMOCTD TTOHMKA-
€TCH M3-3a YMEHBIUEHUA MTOJBHXHOCTH HOCHTENEH 3a CUET paccesTHHs M3-3a KOne-
GaHMI{ pelueTKy. Y TOMYTIPOBOIHMKOB, HA000POT, IIPOBOJMMOCTE C POCTOM TEMIIE-
paTypel YBEMHYHMBACTCS, TAK KaK BO3pacTaeT KOMHUECTBO MICKTPOHOB, Iepellel-
LIHX B 30HY TIPOBOIUMOCTH (£ ~ Av = kT'). BenuuuHa 3aTIpelie HHOM 30HbI BO MHO-
rOM 3aBHCUT OT 3JICKTPOHHOTO CTPOSHHMA aToMoB. Hampumep, cOiaMxeHHe §- U
P-YDOBHEH, COMPOBOXKAAIOIICSCH YBSIMYCHHEM IMTABHOTO KBAHTOBOTO YHCHTA, TIPH-
BOIHUT K YMEHBIUCHUIO BEJIUYMHBE! 3alIPEIICHHON 30HEI IIPH MEpPexone OT aimMasa K
CEpPOMY OJIOBY, TAKKE MMEIOLIEMY CTPYKTYpY ayiMasa. B 1abiu. 4.6 npuBeaeHH HEKOTO-
PHIE BNEKTPOPU3UYECKHE CBOMCTBA MTPOCTRIX BEIIECTB M COSTHHEHHUIA.

Tabnuua 4.6

IInpunHa 3anpeleHHol 30HE H NMPOBOIANMOCTD HEKOTOPLIX BEHIECTB

Bewecrtso m"p;{oiiﬁgffﬂ;%mmﬁ l'(lc?)c: B&"fﬁ)ﬂh IMpumevaHue
C(anma3s) 5,2 102 JunanexTprk
Si 1,1 5-101 ITonynpoBOIHUK
Ge 0,72 2.5 TTonymmpOBOIHHK
a-Sn 0,08 106 HonynpoBoaHUK
g-Sn = 9,1-108 MeTtamn
InP 1,3 400 [MonynposogHuK
InAs 0,33 104 TMonynpoBOIHUK
AlO, 8,0 31012 Hduanextpuk
PdO 0,05—0,10 4 TTonynpoeonHuk
ReO; — 2:107 Merann

* CM — cumeHe, Cm = Owm',
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4.5. OCHOBHBIE ITPEACTABJIEHUSA O CTPOEHHH TBEPJAOI'O TEJA

Oco0eHHOCTRIO CTPOEHHS TBEPIOTO TENIA SBJISETCS CYLIECTBOBaHHWEe GECKOHEYHO
OONMBIIOTO KONHYECTBA AaTOMOB, MTPOYHO CBA3AHHBIX APYT C IPYrOM, B OTIMYME OT
IOVICKPCTHBIX MOJIEKYJI, M3 KOTOPBIX ITOCTPOCHBI XKHUAKOCTH M ra3sl. OGBMHO BCe TBEp-
IBIe BELIECTBA PasieNsioT Ha kKpucmanrauieckue, AIMEIOLIME TAIBHUN NOPAAOK pac-
MOJIOXKCHUSA YacTHILL, U amop@Hbie, 0ONATAIOLME TONBKO GINXHKAM mopsakoM. T1o-
YTH BCE HEOPraHHIeCKHe TBEPAHE BEIECTBA ABIAIOTCHA KpHCTALIHYECKUMH. 1o xa-
PaKTepy XMMHYECKOM CBSI3M pasmMYaloT METAJTHYCCKHME, MOHHEBIE, KOBAIEHTHRIE K
MOJIEKYJISIPHBIC KPMCTAUIB, MOXHO BEIZENHMTH HEKOTOPHIC (PM3HMYECKHE CBOHCTBA,
XapaKTepHBIE U KaXIOro Tuma. Hampumep, MOJIEKYAsipHBIE KPUCTANAB BCETIA
06/1a/1al0T HU3KMMHU TEMIEpaTypaMu TUIaBACHUSA, TaK KaK CHJIB MEXMOJIEKYISp-
HBIX B3aUMONICHCTBIM, YAEPKHMBAIOUIME MOJICKYJIBI B KPUCTANJIE, JOCTATOYHO CIa0HI.
C mpyroif CTOPOHEI, TeMITEPATYPHI TUTABAEHKUS MOHHBIX KPHCTAJLIOB, HAlIPOTHB, OGHIY-
HO BHICOKH. B 1abi1. 4.7 nmpencTaBiaeHs! CBONCTBA KPUCTAUIOB C pasiHYHbIMM TUIAMU
CBSI3H.

B XpuCTAIIMYECKMX BEMECTBAX COCTABMSIOLIME UX YACTUIIB! (ATOMBI, MOJIEKYJTEI
HJIX MOHBI) MIEPHUOINYCCKH TIPABMIIBHO TIOBTOPSIIOTCS B TPEX M3MEPEHMSIX, 00pasys
GECKOHEYHYIO CTPYKTYPY, Ha3bIBAEMYIO KPUCTAIMYECKOI! PEIIETKOM.

Cummempust 1 nopsdok — OTIVMMHTENBHBIE XapaKTEPUCTHKH KPUCTALIOB, CHUM-
METPHYHBIMHM H43BIBAIOT TeJa, COCTOSILIME U3 PaBHBIX, ONMHAKOBBIX 4YacTeif, KOTO-
PBHIE MOTYT COBMELIATHCS APYT C APYTOM (ONEpanHy MpOCTPaHCTBEHHOIO OTOOpaxKe-
HUsI 00BEKTa, IPH KOTOPHIX TEOMETPHYECKHIT 06pa3 COBManaeT ¢ MCXonHeM). Cy-
IECTBYET MHOTO PA3JIMYHBIX 3JIEMECHTOB CUMMETPHUH: IUIOCKOCTh, OCh, IIEHTD CHM-
METPHH, TpaHCHsAuMA U apyrue. IIpenmMer umeer nrockocms cummempuu, eciv IBe
€10 YaCTH MOXHO COBMECTHUTE JIPYT C APYTOM TOJBKO NpPH OTpPaXXeHHH B 3TOH 1I0C-
KOCTH, KaK B 3epKane. [Ipyroit 0ueHb pacpoCTpaHEHHbIH MEMEHT CUMMETPHH —
ocb cummempuu. Ha pric. 4.21 moxasaHb! Gurypsl, obnagaioume TakuMu ocssMu. Ecu
NpeAcTaBUTh cebe OCh, TTPOXOMSILLYIO Yepe3 IIEHTP QUIYpHI, TO TIPU MOBOPOTE BOK-
PYT Hee TPEYTOJEHUKM COBMECTATCS APYT ¢ ApyroM. YTOGHEI yacTH mepBOro ysopa
COBMECTHJIHCH, Ha/IO TIOBCPHYTE €ro Ha noja-o6opoTa. Taxoii y30p MMEET OCEh CUM-
MEeTpHUHM BTOPOTO MOpsiika. BTopoit y3op Hano mosepHyTh Ha 120° (1.¢. Ha 1/3 o6opo-
Ta) ISl €10 COBMEIUCHHSA C MCXOIHBIM, CIEIOBATENBHO, Y HETO OCh TPETHEIO TO-
pAanxa,

Bce XpHCTauIbl CHMMETPUYHBL DTO 3HAYHUT, YTO B HUX MOXHO HAaMTH pa3jIMuHbIe
NEMEHTRI CUMMETpUH. Ha puc. 4.22 nokaszaHbl HEKOTOPEIE TUTOCKOCTH M OCH CHM-
METpHHM Ky0a.

Ewe ooMH 3J€eMEHT CUMMETpHH —

MpaHcAAyua — BO3MOXEH TONBKO B Oec-

KOHEYHHIX ¢purypax. TpaHchaAmus — 3710

NepeHeCeHMEe JeTalICd CTPYKTYPH Trapat-

TeJIBHO caMHM cebe BIOJIb KAKOTO-JIU60
2 3 4 5 6
’ a ® )

HampaBneHus (puc. 4.23).

DIIEMEHTBI CHMMETPHH COYETAIOTCS JIPYT
€ IDYTOM TOJIBKO I1O CTPOTHM MAaTeMATH-  pye 421, Durypsl ¢ ocAMH CHMMETDHHY 2,
YECKMUM 3aK0OHaM. BCBI‘U TaKHUX COYCTAHU I 3, 4, 5u 6_[-0 MOPANKOB (LIHCbp’dMPl obo3Ha-

AN KPHCTAJUITMMCCKUX CTPYKTYP MOXET  geHbl HOMEpa IODSNKOB); OCH CUMMETPHH
Orith 230. Mix HaseBaloT (emopoBCKUMH NepIeHAVKY/ISPHE IUIOCKOCTH pHCYHKA
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. BHHIIMENIT ENMHHUTD
waoonHdodLoed qrooHrogodiodiarg aordaa] edAredsuna HEBED LIM ], wendAwiAdin OLLD3Tag RIIRLIMAY L[
BELOMOAD 2MDIIOhHEHD exiuLondaniedex xu ¥ 19dAwiidiy
XBUUBLOHAN 6 HEKED HONOOhHWHX MUHL B BELIKOMD JWNIILHEHD
L'y BIWULQRL
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Puc. 4.22. Hexkotopsle nockoctu (@) v ocu Puc. 4.23. CucreMa, o6Gnanaiomas TpaHcns -
(6) cummeTpuu Ky6Ga uHell (a) (noxasaHa CTpenxoi); TpaHCHsi-
HHA N0 0CAM xyz IPUBOAMT K 00pa3oBaHuio

KPHCTALTMYECKOH peteTkyH (6)

TIPOCTPAHCTBCHHBIMM IPYNTaMM B 4eCTh KpucTamnorpada E.C.Demoposa, xoro-
PHIi OMHOBPEMEHHO ¢ HeMelKMM MareMaTukoM A. IleHdnucom B konme XIX B.
BHIBEJT 5TH 3aKOHBIL

B KpHCTa/UTHMECKOH peleTke MOXHO BBUIENHTH HAMMEHbLIHI napajlieNeITiesn,
NEpeMEILICHHEM (TPaHCISIMER) KOTOPOIrO BO BCEX TPeX M3MEDEHUSIX TIONyYaercs
KpucTamt. Takasi CTpyKTypHas eJMH LI Ha3hIBaeTCs anemenmapuol avelikod. JTMHEL
BEKTOPOB TPAHCISIINU g, b, ¢ M YTIBI MEXIY HUMH o, B, ¥y Ha3bIBAIOTCH napamem-
pamu 3nemermaprol Aueticu. Beero cymectsyer 14 THITOB 21EMEHTAPHBIX sYeeK, X0~
TOpBIC HA3BIBAKTCA pelieTkaMy Bpase, mo MMeHM (paHIly3cKOro yyeHOTO, rMoKa-
3aBIIETO, YTO JIIOYIO IPYTYIO AYEHKY MOXHO TIpeobpa3oBars B OIHY U3 3THUX YEThIP-
HAIIATH. BTH PEIUETKH OTIMNAKOTC APYT OT Apyra KpHcTALorpadMUecKoi CHM-
METPHEH U TUIIOM LEHTPOBKH, T. €. PACTIONOKEHHEM AOTIONIHUTEIbHBIX ATOMOB TOT0
K€ THIIA, 9TO W B BEPIIMHAX 3JIEMEHTAPHOM s4eifku. Bee tumer pemerox Bpase
TpeCTABIEHEI B Ta0m. 4.8,

Ilepeiinem Teneps K paccMOTPEHHIO KPHCTATTMYECKOHU CTPYKTYDEI peaIbHEIX Be-
mecTB. OfHKUM 13 Hanbolee pacTIpOCTPaHEHHBIX TIOXO/I0B SBISCTCS MX OMHUCAHME B
TIPUONILKEHUM nAOMHENUUX Wapossix ynakoeox (ITIITY), koTopoe yame Bcero mc-
NONIB3YETCA I XapakKTePHUCTHKK CTPYKTYPHI METAVIOB. Bce aTOMBI B MeTaUIMue-
CKOM KpHCTaI/Ie OAMHAKOBBI, B HEM HET MPEANIOYTUTETLHEIX HATIDABICHMIT CBSI3H,
KaK B KOBA/ICHTHBIX KDUCTALTAX. B IUIOCKOCTH CyILECTBYET TONBKO OIMH CITOCO6 pas-
MEIIEHHA WAPOB — TaK, YTOOBI KKK OBUT OKPYXeH LIECTBIO OIMKANIIMMH ¢O-
cenaMu (pHc. 4.24). Bo BTOpOM c10¢ KaxIbli Iap JOXWTCS B yrnyOneHue mexmy
LrapaMH HHXHETO CJIOST TOXE TOJBKO OIHHMM CTTOCO0OM. A BOT B TPETHEM CJIOE €CTh
A1Ba BAPHAHTA PACTIONOXEHMS 1IAPOB, TAK KAK BO BTOPOM CJIOE €CTh ABA THIIA YIIYG-
JEHWH: HETIOCPEACTBEHHO HaJl 1IapaMK IIEPBOTO COS U Haj TyCTOTAMH TIEPBOTO
ciost. EcJiu lapst TPETHETO CI0st 3AMOMHSIOT IYHKH M TOYHO MOBTOPSIOT PacIoyio-
KCHHE TICPBOI'O, TO CNIOM YyepeayioTcs Kak ABABAB (puc. 4.24, g). YnakoBka oka-
3BIBAETCA ABYXCIOWHOM, a s7eMeHTapHas A4eiiKa — 2ekcazonasvHoii. DToT crocod
YIIAKOBKH IIAPOB HA3BIBACTCS 2eKCa20HaAbHOl naomuetuwel ynaxosgioi (ITIY)
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Pemetku Bpase

TaGnuya 4.8

Kpuctanno- IMapameTpsr
rpadutieckaa 3IEMEHTAPHOK THun HeHTPOBKH DopMa MeMeHTAPHOH! sTueiKu
cHCTEMA STYeHKH
Kybuuecxas a=b=c [IpumMHTHBHAA
o = ﬂ = T = 900
O6BEMHOUEHTPH -
pOBaHHAsA
L ]
I'paHeueHTpHpPO-
BaHHas i
L ]
L ] L )
L ]
L ]
TeTparoHanEHas a=b= [MpumuTHBEHAA
g = B = 1{ = 90n
Ob6beMHOLIEHTPH-
poOBaHHAas
L ]
Il'ekcaroHaneHas a=b=zc IIpumuTuBHAaA
a=p=90
v=120°

P:.
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Oxonvanue maba. 4.8

Kpucranio- TTapameTpni
rpadmueckas 3JEMEHTAPHOR Tun neHtpoBku ©opma meMeHTapHO Sueiiku
cHcTeEMa SYeHKH
TpuronansHas a=b=c¢ IIpuMuTHBHAA
(poMGoanpuye- a =B=y=90
cKas) ‘
'\9/
[MprMuTHBHAS
PomGuyeckas arb=c O0beMHOUEHTPH-
a =B =y=90" |popannas .
bBazoueHTpUpoOBaH- .
Has
[ ]
I'pareuenTpyupo-
BaHHas
- L ]
@
MoHoKnMHHHAR azb=zc HNpumMuTiBHAA
a =y=90°
B=90°
B/"
BazoueHTpHpoBaH-
Has
L ]
B/a"
TpuknvHuas azbxc IMpumMyTHBHAS '
et “"I
A clly

7 Heopranuseckan xumun,

Tom 1
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a 6 8

Puc. 4.24. IInoTHeiinve waposeie ynakobky FITY (a), KI1V (6) n oGpeMoueHTPUPOBaHHAA
KyOHyecKas peluertka (8)

(cM. puc. 4.24, a). Taxylo CTPYKTYPY MMEIOT KPHCTAIUIBI MarHus, OepuInusa, KaaMus,
CTPOHIIMSA M MHOTHX APYTHX METAIUIOB.

Ecn 1aps! TpeThero ci10st HAXOMATCA Hal MyCTOTAMHU TIEPBOTO (CM. puc. 4.24, 6),
TO BCE TPH CJIOS OKA3BIBAKOTCS CMEIUEHHBIMHM IPYT OTHOCHTENBHO ADPYTa, M JIHIIb
UeTBEPTRIA CJIOIf MOJHOCTEIC NOBTOPSET MepBLIi. CioM yepeayroTest kak ABCABC
(puc. 4.24, 6). Takas ynakosKa Ha3BIBAeTCS TPEXCIOMHOIM, 271EMEHTAPHAS STYeitka —
Kkybuueckoli epaneyenmpuposantoil, a CTIOCO6 YIIAKOBKM — Ky6uveckoil naomueiiuei
ynaxoexou (KITY). BTa cTpyKTypa xapakTepHa JUTS ME/IM, 30J10Ta, AMOMUHHS, CBUHLA
U psiia IPYTHX METAJVIOB.

Benos Huxonait Bacuaneeuy (1891 —1982). Axase-
MHK, nipodeccop MI'Y. Ero paGotsl oTHOCSTCH K METO-
AMKE M TEOPHH PeHTTeHOCTPYKTYPHOIO aHANIHM3a, KpHc-
Talnorpa@uu, CTpYKTYPHOM MUHEPAIOrHH U TEOXUMMM.

OpHow 13 ocHoBHEIX pabot H. B. Besoba ssunace pas-
paboTKa TeOPHH CHMMETPHH TUIOTHERIIMX YNaKOBOK aTo-
MOB. OH pacCMOTpEN C 3THX NOZHLHMHA CTPOSHUEe MOHHBIX
KPHCTAJUTOB M METAJLIOB, YTO MO3BOJHIO MY paciimd-
poBatb cBErie 300 cnoxHbix ¢ctpykryp. H. B. Benor — oc-
HOBONOMOXHHK OTEYECTBEHHOM LIKOMRI KPUCTALIOrpa-
(hoB ¥ KpPHUCTALIOXMMHKOB.
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Puc. 4.25. THOB 0ycTOT B KyGUYeCKO#H MIIOTHERIIIEH YIAKOBKE:
I — okxrasapuyeckast; 2 — TeTpasapUYECcKas

I'TTY u KIIY — camnbie TUTOTHEIE YIIAaKOBKH — 1UAapPHl 3aHHMMAIOT TPH YETBEPTH
(74,05 %) Bcero o6bemMa. KoopaMHAIIMOHHOE YHCIO aTOMOB B HMX paBHO 12. ITomu-
mo T'TTY u KITY 119 MHOTMX META/IOB XapaKTepHa kybuueckasn o0seMHOUCHMpPUpo-
sanuas CTpyktypa. B Takoit ymakoBke liapaMM 3aHATO TONBKO 68 % o6bema
(puc. 4.24, 6), KOOpAUHAIMOHHOE YHCNIO paBHO 8. Tax MOCTPOEHH XKeae30, BOIb(-
paM, MOJIMOIEH U Op.

B ruroTHeH1UMX yITaKOBKaX MeXY lIapaM¥ CYIIECTBYIOT HYCMombl — OKTa3IpU-
YeCKHe (0O6pa3oBaHHl IIECTLIO COMPHKACAIOLMMHMCA 1IapaMHu) U TETpasipUIecKue
(06pasoBaHBI YETHIPEMSI COMTPHKACAIOIMMHUCS LIapaMu), Ha kaxasiit atoMm, obpasy-
TOIMH TUTOTHEMNIYIO YIIAKOBKY, TIPUXOIUTCS ABE TETpadAPHUYECKHE IYCTOTH M OIHA
oKrasgpryeckas (puc. 4.25).

ITpeacTaBneHus O TUIOTHEHILMX YIIaKOBKAX TaKXKe TONE3HO TIPH OTIMCAHMH CTPYK-
Typ, 00pPa30BaHHBIX YaCTHIIAMHU PAa3HEIX PaiMepoB, — DONbIIKME YACTHIE 06pas3yioT
IUIOTHEHIUYIO YITAKOBKY, a 60Jiee MEJIKHE 3aHMMAIOT IYCTOTH B Heli. PacCMOTpHM ¢
9THX ITO3HMLMH HECKOJBKO Haubosee 4acTo BCTPEYANLMXCH THIIOB KPHCTAIIHYE-
CKUX pPELUETOK.

OnHMM M3 caMBbIX PacTIPOCTPAHEHHHX THIMOB KPHUCTATHYECKHUX PELUETOK MOH-
HbIX OMHAPHBIX COeTMHEHMI ABMseTCA CTPYKTYpHEIL TUT NaCl. Ha puc. 4.26, a npea-
cTasjieHa KyOWYecKas IpaHeleHTPHUPOBaHHAS JIeMeHTapHas adeiika, Eciu B Bep-
IUMHAX HaXOASTCS aTOMBI XJI0Pa, TO aTOMH HATPHSA 3aHMMAIOT BCE OKTa3IPUUECKUE
nycrorsl. binuxaiiinee okpyxeHue aroMos Na cocTanaioT wects atroMoB Cl. Touno

Puc. 4.26. Kpucrauinueckas pelterka tHia NaCl:
a — 3/IeMeHTapHas Aueixa;, § — KOOPIMHAIMOHHBIR MOMIH3ID
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TaK ke Kaxnwii atom Cl okpyxeH wectsio atomamu Na. Takum o6pasom, KOOpaH-
HAlMOHHBIE YHUCTIa 000MX aTOMOB PaBHBI WUECTH, 4 KOOPOUHAKUORHbIMYU ROAUIOPaML,
T.€. TEOMETPHYCCKUME UIrypaMH, KOTOpHIC 06pa3yIoT MPOTHBOMOHEI GIUXaliero
OKDYXEHUS, ABJISAIOTCS OKTA3IpHI.

B HEMONEKYNAPHBIX KPHCTAIUIAX OTCYTCTBYIOT MOJIEKYJIBI KAK CTPYKTYPHBIE €M~
HU1EL OZHAKO COOTHOILLIEHME Y3I0B (aTOMOB) B KPHCTAUIHYECKOH PELIETKE COTJia-
CYETCst C MONIEKYNIIPHOM opMysnoit BemectBa. KpoMe TOTO, BBOIUTCSA TIOHATHE YuC-
2a popmyavibix edunuy (Z), T.€. KOMMYECTBA «MOJEKYIAPHBIX» ¢parmMeHTOB, BXOISA~

IpnéarKenne NPOCTPAHCTBEHHBIX MOAMIAPOB. IPYTHM YIOOHBIM CIOCOBOM OMM-
CaHHUs KPHUCTAUTHYECKHX CTPYKTYp SIBJSIETCs! IIPUONMXEHHE [POCTPAHCTBEHHBIX [O-
mu3npos. Hanpumep, ctpykrypy obeux Momudukaumit cyrbhbuia uHHKL — BIOpLHTA
H careputa — MOXHO NPENCTABUTL B BMIE KapKaca W3 TETPa3apoB ZnS,, roe Zn
HaxopMTCA B ueHtpe. Ha puc. 4.27, 4, 6 noxaszaHa cTpyKTypa BIOPLMTA U chanepuTa,
Taxolf noaxoi nomoraer Jydille OLYTHTb, KAKOBO MPOCTPAHCTBEHHOE OKpYXeHue
pasmuuHbiX atoMoB. Hanpumep, Ha puc. 4.27, ¢ npeactamien dbparMeHT KPMCTAITH-
4ECKOH peIIeTKH THITMYHOIO CBepXNpoBoaHMKa YBa,Cuy0,;, Tie YKa3aHbl Mo3uuMH
KaTHOHOB, Ha puc. 4.27, 6 elle U KMCIOPOLHBIE HOMU3APH, YACTh U3 KOTOPEIX KBa/ji-
paTHas, a Opyras — KBaApaTHO-NUPAMUIATEHAS.
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Pue. 4.27. [pencraBneHne KpucTaLIMYecK1X CTPYKTYD B BHIe NOAU3OPOE;
a — BIOPUMT; 6 — cihanepur; ¢ — YBa,Cu;0,
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Tabauua 4.9

PR

OcHOBHBIE THIBI KPUCTAIARIECKHX PEIIIETOK

: 111(;:)1?:—- Koopau- N
4 CrpykTyprbiit OneMeHTApHAA AveiKa LIMOH- HALMOR: coellnHe-
THIT HBIH i
HOE HHUH
aycno | mOTH3AD
Chanepur Zn4 |Terpasap |CuF,
(ZnS) CdSe,
BeS,
GaP
Kybuueckas 54 Tetpasap
rpAHeeHT-
pPHpPOBaHHAA
siueika
Xnopuz ue- o Cs8 |Kyb CsBr,
ans (CsCl) P/G ’,/‘ Gsl,
F 4 NH,Cl1,
TICl
¢ Kybnueckas 9 Ocs Cl8 ([Kyb
: MPUMUTHDB- O Ci
¥ Hasl siueiika
:
g
j Onoopur Cag8 |Kyd BaF,,
(CaF,) HgF,,
- Kybuueckas BaCIz’
rpaHeleHT- uo,,
! pUpoBaHHASA Zro,
§ F4 Terpasgp | AuTHnio-
i OpHT*;
Na,O,
K;S
Biopunt Zn4 |Tertpasgp |ZnSe,
(ZnS) CdS
I'ekcaro- 54 TeTpaszgp |MnS,
Ham:Han ZnO,
AyerKa
BeO
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Orxonyanue maba. 4.9

Kaop- Koopnou- n b
CrpyKTYDHBIH AHHA=- Rtk PHUMEPHI
i BneMeHTapHasd guelika LIHOH~ i coequHe-
qﬁfﬁo MoNTU3Ap i
PyTun Ti6 |Okraanp |SnO,,
(TiO,) PbO.,
MgE,,
FeF,
Terparo- 03 Tpe-
HaJLHAs YTOJBHUK
00BEMHO-
LEeHTPHPO-
BAHHAA
AYeikKa
(ReQ,) Re 6 |Oxrasgp (WO,
Kybonueckan 02
MPUMHUTHB-
Had A4eiika
[Meposckur Ti6 |Oxrasgp BaTiO,,
(CaTiO,) SrTi0,,
Kybuueckas Cal2 |KyGoxra- CsCo(l,
NIPUMHTHB- 3ap
Has AYeika 0" 6 |Oxrasmp
IImuHep** Mg 4 |Terpaaap |FeCr,0O,,
(MgAlL0,) . CuCr,Te,,
Ky6uaeckas - e M Al6 |Oxrasip NiFe,0,,
. . LiZnSbO,,
AueiKa P o A
o O*4 [Terpaagp [Mn,0O,
O
X i1
o Jg)
[+ O

* Crpyktypa anTHdmoopuTa: Mecta Ca 3aHATH aHHOHaMu, a Mecta F — kaTHoHaMU,

** Brikaiiiice OKpyXeHue aToMOB KMciopoma O B CTPYKTYPE NEPOBCKHTA M LNTHHETH COCTABIAIOT
dTOMbI META/UIOB, DacNONOXEHHbIC HA HEOAMHAKOBBIX PAacCTOAHMAX (U mepoBCKMTa — apa atoma Ti
W yeTeipe aroMa Ca Ha Goree [aleKOM DACCTOAHWH; B IMMMHENM — TpH atoma Al u oamu atom Mg).

*** DnemenTapHas suedka MNUHENH comepxHT 32 atoma O M, COOTBETCTBEHHO, BOCEMb ATO-
MoB Mg u 16 atomos Al. 3neck npuBeer (hparMeHT DMEMEHTAPHON AMEHKH © yKasaHUeM MECT,
roe pacrnonoxens Mg u Al
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HIMX B QIEMEHTApHYIO aueiiky. Hanpumep, [wia aneMeHTapHoii aueiiku NaCl uucno
(hOPMYIBHBIX eIMHUIL PAaBHO YeTbipeM. ATOMBl HATPHS, HaXOMAIIMECS B BepLINHAX
ky6a, mpUHamIeXaT AaHHOM A4yelke Ha l/g (B NaHHOW TOYKe CXOIATCS BOCEMB
5MeMeHTAPHLIX AueeK). ATOMBI HATPUs, PACTIONIOXKCHHbIC B IEHTPE IPaHel, MpuHal-
flexXaT JaHHoM f4eiike HamonoBuHy, MTaK, B omHy A4eiiky BxogaT: 1/g- 8 (kKomuye-
CTBO BepIIMH) + l/2°6 (KonmuuecTBO rpaHeil) = 4 aToMa HaTpUA. AHATOTHYHBIA
TIOZCUET TIPMBOIMUT K TAKOMY K€ KOJIMUeCTBY aTOMOB X/Iopa B A4eiike. CooTHOIIEHNe
yanoe Na u Cl pasno 1: 1, a KonuuecTso GOPMYIBHBIX eINHUI Z = 4.

Bonee cnoxHas cTpykTypa Tuima mmuHenu (MgAlL,Oy) Toxe MOXeT OBITh npen-
cTaRrTeHa Kak Kybuueckas IUIOTHe#Ias yrmakoBka n3 atomoB O, B KOTOpPO#H MO0~
BHHA OKTA3APMYECKHUX MyCTOT 3aHATA MOHAMM Al**, a YeTBepTh TETPadAPUYECKHX
MYCTOT — MOHaMM Mg?* (ropmasvras WnnHe b). Eciu onosuHa oKTasApUyYeCcKux
MeCT 3aHATA IBYXBAJEHTHBIMH HOHAMH, & B TETPA3IPUUECKHX MYCTOTAX HAXOAATCS
Tpex3apsiiHble MOHBI, UIMTHHENb HAa3bIBAIOT ofpauennol B> | erp[A2B¥],,,0,. IIpn-
YHHA, IO KOTOPOM BO3MOXHO 06pasoBaHne o0palleHHBIX MINWHeNel, obcyxnaeTcs
B roApasn. 4.7. B 1abi. 4.9 npexcTaBieHbl OCHOBHBIE THTIBI KPUCTAIUTMMECKHX pelle-
TOK [4].

Hedextsl B KpucTamnax. Jo cux nop MBI paccCMaTpHUBaIN KPUCTAIUT KaK HIeallb-
HYIO CTPYKTYDPY, MpeIIoaras, 9To Bce YaCTHILl 3aHUMAIOT CTPOro OTpe/icIeHHEIE,
reoMeTpUYecKH NpaBIIbHbIEe Mo3nKMK. Ha caMoM Jene, 3a cueT KosiebaHuii u nepe-
MeIleHH YacTHALl BO3HUKAIOT HapylleHUsI — TOUeYHEIe degexisl B KpUCTAITHYEC-
xoit perretke. Takye HapyLIeHHs TIPUBOJAT K YBETMMEHHIO SHTPONHMH, KOTOPAs TeM
Gonblile, yeM BhIIIE TeMriepatypa. C Ipyroil CTOpoHSI, Mpollecc AedekToodpasona-
Husa TpebyeT 3aTpaT 3Heprum (AH > (), MO3TOMY CYIIECTBYET ONpe/eNeHHas KOH-
nenTpays AedeKToB, KOTOPOH COOTBETCTBYET MUHMMYM SHepruu I'm66ca. KoH-
HeHTpanus JeeKToB MOXET U3MEHATHCA B IIMPOKHX TIpeleNiaX B 3aBUCUMOCTH OT
MPHPOILI KPUCTAILIOB — OT 4Ype3BblYaitHo Matoi (< 1 %) 10 OTHOCUTENBHO GOJb-
moit (> 1 %). B 1ro6oM ciiyyae TodeyHble IeeKThI MOXKHO CYMTATh NMOJTHOMNPABHBEIM Y
3JIEMEHTAMH peIbHON KPUCTALTUYECKOH CTPYKTYPHI.

B npuHIINTIE, BO3MOXHO 00pa3oBaHue CIeaYIOINX Ae(EKTOB, BEI3BAHHBIX U3Me-
HeHMEM TIONOXEHHUA OTHENLHBIX YaCcTHII (TOUeUHBIX AedeKTon):

s BakaHcWH (Vy) — Yl KPHCTALTHUECKON pellleTKH, HE 3aHAThIE aToMaMHu
(puc. 4.28, a);

e MEXIOy3eJbHbIE aTOMbI (X;) — aTOMBI, Tepelle/illiie B IyCTOTbl KPHUCTAJIIK-
yecKoii pelieTkH (puc. 4.28, 6);

* AHTHCTPYKTYPHbIe JebeKTh — 06MeH MecTaMM aToMoB pasHoro Tuna. [Ipume-
POM MOTYT CIIYXKHTb MeTaTudecKye 6poH3bl (CuSn) W CMelaHHbIe NIMTHHEN!,

e XJactepsl Ae(heKTOB — HECKOJBKO
nedeKkToB, 0OBCAMHEHHBIX BMECTE.

BakaHcHM M MeXI0Y3€IbHEBIE ATOMBI
MOTYT 00pa30BHIBATLECA ABYMS OCHOBHBI-
MU criocobaMm.

Hegpexmot no IHommuu: aToM TIOKHIA-
€T PeryJIapHYIO MO3UIIMIO U NIEPEXONUT HA
TIOBEPXHOCTh, 4 B PELIETKE TIOABIIAETCH
pakaHcua. Tako# Tvn obpasoBaHud le-
(hexTOB XapakTepeH, HANPUMEP, V1A KPU-  Puc, 4.28. CxeMa 00pa3oBaHKA TOYEYHEIX AC-
craon NaCl (cM. puc. 4.28, a). (drexro o Iortku (g), mo Opeukenio ()
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Aepexno. no Operkenio: aTOM TIEPEXOIUT U3 3AHUMAEMOI TTOHILIMH B MEXKIOYIHE,
TIp1 3TOM 0GpasyeTcst Takke BAKAHCHSA (puc. 4.28, 6). HanpiMep, B KpucTauiax XiopH-
Ja cepebpa CyIeCTBYIOT MeXI0Y3elbHble aTOMBI cepebpa (Ag) U BaKaHCHH ( Vag).

HanpagneHHoe hopMUpoBaHHe TOUEHHEIX e(DeKTOB B KPUCTALINYECKOI pelleT-
Ke TO3BOMIAET KOHTPONMPYEMBIM O6Pa3sOM HU3MeHATh 3NEKTpHYecKHe, MarHUTHBIE,
ONTHYECKHUE, MEXaHUYEeCKHEe CBOHCTBA MATePHAIOB M PETYIMPOBAaTh MHTEHCUBHOCTD
Npolieccos, MPOTEKAIINX ¢ UX ydacTueM [13].

HecrexuoMerprueckue coeHenus. BeecTBHE TOTO, YTO B TBEPIABIX OGWHAPHBIX
1 BoMNee CITOXHBIX COeTMHEHHSIX BCETA CYWIECTBYIOT edeKThl, IPH U3OLITKE OIHO-
IO M3 KOMITOHEHTOB BO3MOXHA 06/1acTh COCTABOB, B IpeAesax KOTOPoi KPUCTAUTH-
yeckad pelnerka yCTOMYMBa, T.e. cMcTeMa ofHodasHa. Takoit MHTEPBAI COCTaROB
HasBIBAIOT ofaacmbio 2omoeennocmu (cM. pa3m. 1.3). BenuynHa 061acTH rOMOTeHHOCTH
BapLUpyeTCsl B OYCHD ITMPOKKX IIpefiefiaX OT THICSYHBIX JAOMEH MIPOIIEHTa B XJIOPHIE
HaTpUsA 10 JecATH NPoueHTOB B oKeHe xene3a(Il). CocTaB KpHcTaUIOR 3aBUCHT OT
cnocoba ux nonyyenus. Tak, okeun xene3a(Il) Fe, O umeer crpykrypy TMma NaCl,
HO M3-32 HATMYHA KaTHOHHBIX BaKaHCHI eTo o61acTs roMmoreHHocTH nipu 900 °C u
NlaBleHUH Kuciopona 1 atM coctasaset 6 ar. % (x = 0,05 — 0,11). Takue BemecTsa
Ha3bIBAKOT HecmexuomMempuueckumu [14],

Ipumep 4.5. Kaxne Qpusnyeckne HIMEPEHHUs TO3BAMAIOT CHEIATE BHIBOL O TOM, YTO B
okcuze xenesa(ll) (BrocTuTe) M3GBITOK KMCNIOpPOAA CBA3aH ¢ BAKAHCHAMM XeJNe3da, a He
aTOMaMM KHCIIOpOOa B MEXIOY3NHAX?

JlernpoBanHbiii OKCHI WHPKOHHA — HOHHBIH NPOBOAMAK. OKCUJ LMPKOHHS ZrO,
MMEET HECKOJNIBKO NONMMOPPHEIX MoaubHKanuii. [Ipi BbICOKOH TemmepaType cTa-
GuibHa (aza co CTpyKTypoii tmoopuTa. OKa3anoch, YT0 37a MO (PUKA NS CTAGWIH -
3UpyeTcd M NpH 60JIee HUIKHX TeMIMepaTypax JIerd pOBAHUEM — BBEAEHHEM HEKOTO-
POro KOMH4ecTBa OKCHaa Kaabums. [Tpy 3TOM MOHBI KanbiHsl BCTPAaUBAIOTCS B TIO3H-
unu uupkoHus (Cagz,) B mogpelneTke Metaia. B xucnopoanoit noapeinerke o6pasy-
I0TCst BAKaHCHH KHCIOpoAa (Vp), TAK KaK Ha OOHH ATOM KAXbLMs PUXOIUTCS BOBOE
MEHBLLIE KMCAOpOJd, YeM Ha OJHH aTOM IMPKOHHA
(puc. 4.29). BrOoT MPOLECE MOXKHO BHIPA3HTL YpaBHe-
HUEM KBA3UXHMHUYECKOMU pEaKlHH;

Ca0 = Caz + Og + Vg
(—Zr0,)

[Mony4eHHOe BELIECTBO HMEET BHEICOKYIO MTPOEBO-
JAUMOCTb HOHOB KHCJIOPOAA, TaK KaK MOCAEAHUE JIETKO
nepeMeniaroTes (DudxpyHarpy1or) Mo BakaHcuaM. Ta-
KHEe Matepuansl O0NafialoT UoHHOU HPOGOOUMOCHIbIO
no Kuciopody, T.€, SBAIOTCH MeepobiMi 3AeKmpotti-
mamu. Ha ocHoBe MaTepHanos, moaoSHex ZrQ,(Ca0),
Puc. 4.29. Crpyktypa ZrO;,  KOHCTPYMPYIOT KHCIODOAHbIE KOHIEHTDPALHMOHHBIC

aeruposannoro CaO. seiikn, DC KOTOPLIX OTpEAeNseTcss Pa3sHOCTHIO

Yc0BH. 0603HaY. PUCYHKa: NMapLHANbHEIX JaBTeHHH Kucaopoga. MHOrIa Takue

O—2r; () — O; @ — Ca;  SUCHKH HCNIOMB3YIOT KK KMCIOPOHDIE NATIHKY WK
D _ VO TONNUBHEIE 3JIEMEHTEI,
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Merton pentrenoBexoii qudpakumn, OgHuMH 13 HauGoTEE PacTipoCTPaHEHHBIX Me-
TOAOB HCCNIEN0BAHHSA KPHCTANIHYECKHX BELIECTE SBASOTCH JM(paKIHOHHEIE METOIbI
penTreHorpaduu, snexkrpoHorpaduH U HeittpoHorpaduu. Bee 3TH MeTOAB OCHOBAHE!
Ha TOM, YTO JUTHHA BOJIHBI COOTBETCTBYIOILUETO MIIVYECHMs JIM3KA K MEXATOMHEIM
PACCTOSHUAM B KPUCTANIE, YTO MO3BOASET HAGMI00ATE ANQPaKIHOHHBIE IBIEHHS TIPH
PacceNBaHUH 3THX THIOB M3JIYYECHHUS BELIECTBOM. MaKCHMyMbl Ha IH(MpPaKUMOHHOMR
KapTHHE OYayT MOsRIATECA IIPH YCIOBHU:

2dsin @ = nl,

TAe A — JUIMHA BOJIHBI M3JIyYeHMS; 6 — Yros MaNeHUs JIY4eit HA COOTBETCTBYIOILYIO
TUIOCKOCTD, d — MEXILIOCKOCTHOE PACCTOAHHE (PACCTOSHME MEXKLY ABYMSA TLIOCKO-
CTAMH, 00Pa3OBAHHBIMH ATOMAMH B KPHCTALIE). DTO COOTHOIWIEHNE HA3KIBAIOT ypas-
nenuem bpseea— Byastha.

[Tpu penTreHorpadMYecKUX HCCIENOBAHUAX HCTTOMB3YIOT MEIKOKPHCTAITHYECKHH
TOPOIIOK WIM MOHOKpHCTann, JudpakrorpaMMa MopoiuKa MpeacTaBiasger coboi Ha-
Gop nuHUI pa3HO MHTEHCHBHOCTH, COOTBETCTBYIOWHMX AUPPAKIIMOHHBIM MAKCHMY-
mam (puc 4.30, a). Kaxnwiii nUK oTeeyaeT OTPEleICHHOMY MEXIUIOCKOCTHOMY pac-
CTOSHHIO, & UHTEHCHBHOCTE — KOJMYECTBY M THIIY aTOMOB, HAXOMSIMXCH B 3TOM
croe. KpucTaminyeckoe BEWECTBO MMEET HHAMBUAYATLHYIO, JHLIb EMY NMPHCYILYIO,
audpakTorpaMMy. PEHTTeHOrpaMMBI XHMHYECKHX COeTUHEHHM co0paHbl B KAPTOTEKE
JC PDS, koTopas comepXuT CREOEHUS O AECATKAX ThICTY HEOpraHHYEeCKHX CoemHHe-
HHA. PEHTI¢HOrpAMMa MOHOKPHCTAILNA UMEET B CMMMETPHYHO PACTIOIOKEHHEIX TOTEK
PasHOM HHTEHCUBHOCTH (puc. 4.30, 6). PenrreHorpaduueckne uecaenopaHus (PEHT-
reHO(a30Bblii M PEHTrEHOCTPYKTYPHBIH aHANHU3) TO3BONSIOT a) YCTAHOBHTD dazo-
BHIH COCTaB o6pasua, G) onmpemesNMTh THN M MapaMeTphl 3JIEMEHTAPHON s1YEHKH,
B) paccuuTaTh KOOPAMHATE ATOMOB B KPUCTALTHYECKON CTPYKTYPE.

i

4500
4000
3500
3000
2500
2000
1500
1000

500

70 80 9 100 110 120 130 140 20
a

Puc, 4.30. Bunsl peHTreHorpamMm:
a — OHQpaKTorpamMma nopoka; § — peHTreHorpaMMa KAYAHUS MOHOKPMCTALUTA

Pewenue. OXHAM U3 TAKMX H3MEPEHUI MOXET CILVKHUTB ONpeAe/icHHe TUIOTHOCTH. Eciu 6ol
B BIOCTHTE M3OBITOYHBIA KHUCIOPOA HAXOMMICS B MEXIOYUAX, IUIOTHOCT KPUCTANNA GbLIa
OB BBILLE IIOTHOCTH CTEXHOMETPHYECKOro coeanHenus. B cayyae o6pa3oBaHus KATHOHHEIX
BAKAHCHH TUIOTHOCTD BEIIECTBA JO/KHA GbITh MEHBILE, YEM Y CTEXHOMETPHYECKOTO KDPUC-
Tanna. B peficTeurensHocTH, Wist coeqmHeHns Feg gosO 3KCIEpHMEHTANTBHO HM3MEpEHHAas [UI0T-
HOCTb paBHA 5,55 T* cM™!, a TUIOTHOCTH, PacCYMTAHHEBIE COOTBETCTBEHHO LIS cimyyas obpaso-
BAHMA BAKAHCHH XKereda M KHCJIOpPOJA B MEXIOY3MHUAX, paBHH 5,56 1 6,19 r- cm~!. Cregosa-
TENILHO, B BIOCTHTE 00pasyioTes AedeKThl THIIa KATHOHHBIX BAKAHCHH, T. €. OH ABISETCS ta-
30if BRIMHTAHMsL, 3 He (a3oil BHEApeHUs.
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4.6. MEXMOJIEKVISAPHBIE B3AUMOJIEMCTBUSA

B mpeasiytiem pasgenie MBI PacCMOTpPeNd CBSA3h MEXIY YACTULIAMU B TBEPIBIX
KpHCTAJUIMYECKHX BelecTsax. Tenepb o0cyanM, Kakue CHIbI yIepKHUBAKOT BMECTe
MOJIEKYJTBI B XKUIKOCTAX ¥ KPUCTAIUIAX, BAUAIOT HA CBOWCTRA PEANIbHBIX ras’oB. DToT
THI CBSI3W OCHOBAH HAa B3aWMOJEHMCTBHH HHIIONEH, KOTOPHIM HAa3bLIBAIOT 8dH-dep-
6aa1bcoBbiM 83aumodelicmseuem. ETO COCTABNAIOT TPU TMNA cAabbIX B3aUMONEHCTBHIA:

o JIunosp-gUNoNbHOE NMPUTSKEHHE «TOCTOAHHBIN JUITONb— MOCTOSHHBIN AH-
nonk» (puc. 4.31, a). OHO ocyllecTRIAETCS MeXAY MOJICKYTaMH, UMEIOII[HMH TTIOCTO-
AHHBIA IMNONBHBIAN MOMeHT, Hanpumep, HCI (u = 1,05 D)!, SO, (u = 1,63 D) B
XKHMIKOM W TBEPAOM COCTOAHMH. DHEpPrus Takoro B3auMmoleiicTBusa: E, ~ r=3, rue
r — PAcCTOSIHHE MEXIY THUMOJAMH.

e UHyKIIHOHHOE NPUTSDKEHHE «ITOCTOSTHHBIN THIIONb — HaBe e HHBIH (MHOYyUH-
POBaHHBIN) QUIIONL> (pHc. 4.31, 6). Takoe B3aUMOaEHCTBIEe BOSHUKACT MEXIY IIO-
JISIPHOW MOJIEKYJION Y HENOJISIPHOM MOJIEKYJIOW, NMPH YCIOBUM, YTO NOCHEIHsISA CIo-
COOHa NONSIPH30BATLCS MO BO3EHCTBUEM TTOCTOSHHOTO IUTIONS, HallpUMep, B pac-
TBOpe HOIa B CUpPTe. DHEPIUs Takoro B3auMoneicTeus: F, ~ ro,

o JIucnepcHOHHOE NPUTSDKEHHEe (JIOHIOHOBCKME CHIBI) «MIHOBEHHBIH JUIIONb —
HaBe/IeHHBIH TUnonb» (puc. 4.31, 6). B HenoNApHLIX MOIEKYNIax B pe3yabTaTe cIydaii-
HbIX OJIYKTYanHi 37eKTPOHHOM IUIOTHOCTH MOTYT BO3HUKaTh MTHOBEHHEIE THIIOJH.
HucnepcHonHoe PUTSDKeHIE BO3HHKACT JaXe B MOJIEKYJIS PHEIX KpUCTAIUTaX, 0Gpa-
30BaHHBIX HETIONIAPHBIMU MOJIEKYaMH, HallpUMep, B KPUCTA/UTAX HONA WM aproHa.
DHeprus Takoro B3aumMonencTsusa: Ey ~ r

B Ta6m. 4.10 npuBeneH OTHOCHTEIBHBIM BKIIAN KAXIOTO U3 TIPUBEIeHHBIX B3aHMO-
AeHCTBUI B 3HEPIUIO CBA3N PAITMIHBIX MOJIEKYIL.

BaH-pnep-BaanscoBsl cuibl 04eHb ciabsle. Tak, ecnu sHeprud cessu Cl—Cl co-
cTapiseT 243 KIX/MoMb, TO 3HEPTUs CBA3M MeXAY MONEKYIaMH B KPHCTaJIe XJiopa
Ha MOPANOK HUXe U cocTapigeT 25 KIX/MOonb.

Cuiia MeXMONEKYNAPHOIO B3aUMOIEHCTBHS BO3PACTAET C YBEMHMYEHHEM pa3Me-
POB aTOMOB ¥ MOJIEKYJI. YeM cHibHee MEXMONEKYIAPHLIE CBA3H, TEM BbIlLIE TeMNle-
patypa IIaBIeHHsT MOJIEKY/IAPHBIX KpHUCTAJUTOB. ClenoBaTebHO, OHA BO3PACTACT IIPH
YBEIMYEHHH Pa3MEPOB MOJIEKYJI, HAIPUMED, B PsAY TATOTEHOB:

a(Cl) = -101°C, 1y, (Bry) = -7,2°C, #,(Ty) = 113,5°C.

Tabnuua 4.10

Braajx pa3nbiX THNOB BaH-Aep-BaANLCOBLIX B3aHMOJCHCTBHI B 3HEPIHIO PeIIeTKH

Monekyna | AMnO/BHBI T K 9;":”1;1;1“”‘ Tun s3aumMopeticteun (zons, %)
MOKERT, kIDx/Mons E, £, £
Ar . 0 76 8,48 0 0 100
co 0,11 81 8,73 0,005 0,084 99,9
HCI 1,05 188 21,11 14,1 4,2 81,4
H,0 1,86 373 47,23 77 4 19

! MunonbHelii MOMEHT H3MepsieTcs B aebaax; 1D = 3,338 -10-% Kun ' m.
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Pue. 4.31. Tunel MeXXMONEKyIApHBIX B3a- Puc. 4.32. Cxema oGpasoBaHus BOAOPO/I-
UMOJeHCTBHMA! HOf cBS3H

a — JHNOMb-AUIIONBHOE; 6 — HHIYKUHOHHOE,
8 — [JHUCIIEPCHOHHOE

Bonoponnas ceaszb. OCOGEIM THIIOM MEXMOJEKYISPHOTO B3aNMOIeHCTEIS AR~
€TCs BOIOPOIHAA CBA3D — CBA3bL MEXIY aTOMOM BOIOPOIa OIHOW MOJIEKYNEL 1 JIeK-
TPOOTPULIATEILHBIM aTOMOM Ipyroit MosiekKynsl. Hanbosee cunbHble BOZOPOIHBIE
CBA3M BO3HUKAIOT MPH B3aWMOIEHCTBUU C CAMBIMHU 3JIEKTPOOTPHUILIATENNIBHBIMK aTO-
MaM¥, MMeuMMU Hebonbioit panuyc, — N, O, F (¢ S n Cl BogoponHbie cBa3u
3HauuTeNpHO cnabee). Takyio cBs3b MOXeT 0OPa30BLIBATE TONBLKO aTOM BOJIOPOIA,
CBA3aHHBIN C 3JIEKTPOOTPULATEISHEIMA aTOMaMM, CMEIAIIUMHA Ha cebd 3/eKT-
POHHYIO IUVTOTHOCTh ¥ CO31aI0LMMK TEM CaMbIM Ha Bojopoje 3¢bdexTUBHEIN 1ToI0-
KUTeNbHBIH 3apan (8+). HanpuMep, B Moslekysie CIUPTa BOJOPOIHYIO CBA3D C IpY-
THMU MOJIEKY/TAMU MOXET OCYLUECTRIATD TOJBKO aTOM BOAOPOJIA, CBA3aHHBINA ¢ KHC-
noponom: CH;—CH,—0% « H* (cTpenka ykasbiBaeT HaNpaRIeHNUe CMeleHus Naphl
3NEKTPOHOB).

ITpupona ROSOPONHON CBA3M ABOAKA: C OMHON CTOPOHEI — 3TO JIHIIOb-IUONb-
HOE B3auMoaeicTBIe (puc. 4.32, @), a ¢ APYroil — JOHOPHO-AKIENTOPHOE B3aMO-
HercTBUe MeXIYy NMapoi 9MEKTPOHOB 3MIEKTPOOTPULIATEILHOIO ATOMA W MpaKTUde-
CKM CBOOOIHOI op6uTaNbi0 Bogopona (puc. 4.32, 6).

HauGonee cunpHble BOZOPOIHbIC CBA3H BOHUKAIOT B Bojie. MHOTHE yIWBUTEb-
HBIE CBOWCTBA BOJBI KaK pa3 M 0OYCTIOBIeHB HAIMYMEM TakuX craseit, Hanpumep,
TUIOTHOCTB JTbJIa MEHbIIIE TUTOTHOCTH XUAKOH BOIBI, IOCKOJIBKY MONEKYHI BOIBI BO
JIBIY CBA3AHLI C YETHIPHMS IPYTMMK MOJIEKYTAMU BOJIOPOIHBIMU CBA3SMH, 00pa3yd
00beMHYI0 perieTKy (puc. 4.33). IIpn NiaBneHUM YacTs BOJOPOIHLIX CBA3EH pBeTCs,

Teun, °C

100F
0 -

SbH;

SHH4
- 100

i 200 1 1 1 1
2 3 4 5 Howmep
nepuona
Puc. 4,33, CxemMa cTpYKTYphI Jbaa Puc. 4.34. 3aBUCHMOCTD TEMIIEpaTYphl KHIIeHUS

BOJOPOAHBIX COEAUHEHHI OT COCTaBa
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Tuapogobusie B3aAMoneicTeun. BaauMoneiicTere Mexay YacTHIAMY (Monexyna-
MH HITH MX HENONAPHBIMH IPYIIIAMHK), He CIIOCOOHEIMH K 0GPa3oRaAHHI0 BOJOPOIHBIX
CBA3eH (TAK Ha3pIBAEMEIMH THAPOGOOHLEIMU YacTHIIAMH), B BOJHOM Cpeac Ha3biBaloT
2udpoghobnsim. I prynHa MOKOGHBIX c1abbiX B3aMMOAEHCTBHIT 3aKITIONAETCS B TOM, YTO,
TIOIIAB B BOAOY, TAKUE€ MOJEKYIBI HE B COCTOSIHHHU pa3opBaTs BOOOPOAHLIE CBSIN H
o0pa3zopaTh MCTHHHBIH pacTeop. [IpH MX B3auMOAEHCTBHY APYT ¢ APYTOM BOZHHKAOT
arperathl. Hanpumep, u3-3a ruapodoGHBIX BIaHMOAEHCTBUH MAcio Ha MOBEPXHOCTH
BOJIEI COOMPAETCH B KPYIJIbIE KaILTH. .

BonoponHas cBa3b U ruapodoGHble B3aMMOIEHCTBISA UTPAIOT 3HAUUTENLHYIO PO
B XMMHYECKHX MpoLeccax, MpoTeKalnX B OMONOrHYecKHuX obnekrax. Tak, yeroiyu-
BOCTb IIPOCTPAHCTBEHHOIO PACTIONOXEHHS OETKOBLIX MOJIEKY)T OTIPEAENSETCS ONpene-
JICHHOH MOCNENOBATENBHOCTEID paACIIONOXEHHS BOOOHEPACTBOPUMBIX aMHUHOKHCIOT-
HBIX 0CTaTKOB. FHapodobHLIe p3anMOaeiCTBIA YYaCTRYIOT B Npoleccax o6pa3loBaHus
H CTAaOMNH3aLMH BOAHBIX CYCTIEH3UI TATEKCOB, XHPOBbIX 3MYTbCHH H Ip.

MOJIEKYTbI CONMMXKAIOTCA, ¥ IITOTHOCTD BOABI yBenuuuBaeTca. OqHAKO NIPH TeMIepa-
Type, 6mM3Koi#t K TeMnepatype mnapieHus (0 °C), He Bce BoopoaHbIe CBA3U, 00pa-
3yIOlIHe Jiell, PBYTCS, OCTalOTCA OONBIIMe arperaTsl, KOTOpbIe Pas3pylIaAOTCS I
npu HarpeBaHuK. HanGoneliiylo miotHOCTS Boja uMeet npu 4 °C.

Hanuuue BogopoaHoii cBa3u oKasplBaeT 3HAYMTENLHOE BIMAHUE Ha MHOTHE (i~
3UKO-XUMHYECKUE CBOMCTBA BEIIECTB, B TOM YHCIE:

* NIOBBIILIAET WX TeMMEPATYPY IUTABJIEHUS U KUIleHUs. Tak, B pAAY BOAOPOIHBIX
coelMHeHUI HeMeTawioB (puc. 4.34) — H,0, NH;, HF — temnepartypa kuneHus
aHOMAaJIbHO BBICOKA IO CPABHEHUIO C WX AaHAJIOTaMH M3-33 YCHIECHWSA CBA3M MEXIY
MOJIeKy/laMH B XXHIKOCTH,

* YBETHYHUBAECT UX PACTBOPHMOCTE B BOJIe 34 c4eT 00pa30BaHHs BOIOPOAHOM cBA-
31 MeXCIy MOJIEKY/IAaMH BOIBI M PACTBOPEHHBIX BEILECTB, HAMPUMED, TakKuX Kak NH,,
CTIUPTH], aMUHBI;

» ofecneynBaeT CyllleCTBOBAHHE NMMEPOB B TasoBOii (ase, HaNpuMep, B raso-
0Gpa3sHOM COCTOSIHUM MOJIEKY/Ibl YKCYCHO# KHCIIOTBI OGbeIMHSIOTCH B NAPHI (AHMeEpH-

Bonoponubie cBa3u

....... H H
\N/
NZ N
A
N N\H
AlleHHH (A)

Puc. 4.35. Cea3u Mexay napaMu ocHoBaHui B Monekyte JHK
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0O---HO
sanma): CH5— Cf ;C—CH;,. Bonopoatas cBa3p ciocobeTBYeT motMMe pH3a-
OH---0
MK MoneKyst. HarpiMep, ocHOBHO# MOJeKyIspHO# (opMoit razooBpasHoro $hro-
POBOOPOAA B OIPEAECICHHOM TeMMepaTtypHoM uHTepBaie sBisetcs (HF)g;
* CTMOCOBCTBYET OPUEHTALIUY MTOJTUMEPHBIX MOJIEKYI, HanpuMep IHK, B peavin-
TaTe 06pasoBaHMsl BHYTPUMONEKYIAPHEIX BOZOPOIHBIX CBA3EH MeXITy rapaMH OCHO-
BaHU# (puc. 4.35). o

4.7. KOOPIHHAIIMOHHBIE COEMUHEHUSA

4.7.1. OcHoBHBIC TOHSTHS

ITpencrapmeHns 0 KOMIUIEKCHBIX (KOOPIMHALIMOHHBIX) COEAMHEHUAX BOSHHKIH
B KOH1e XIX B., Korza ObL1O 3aMedeHO, YTO COCTAB HEKOTOPHIX COeMHEeHH He
NoR4YMHSIeTCs: OOLUMM IpaBuaM BaleHTHocTd. Tak, B moHe SiF; BaeHTHOCTH KpeM-
HM# paBHA LIECTH, B TO BPeMsl KaK B OOBIYHBIX COCIMHEHUSAX OH YETHIPEXBANEHTEH.
[oHaThe KOMITIEKCHBIX cOeIHHEHTIT BrepBble OBUTO BBENEHO B HayKy A. BepHepoM
B 1898 r. CornacHo BepHepy B 3THX COSTMHEHUSIX PANTMAIOT BHYMPEHHION U 8He-
WiHI0I0 KOOpIMHATMOHHBIE chephl. HacTiua, 06pasyiomas BHYTPEHHIOK chepy, Malo
THCCONMMPYET B PacTBOPE, H COCTaRIAIUME €€ ATOMBI CBA3aHbI MeXIY coboit Ko-
BaJIEHTHBIMM CBA3AMH. Takyio yacTHITy YacTO HasBIBAIOT KoMHAekcHoii. TTo xXapakrtepy
SMEKTPUUECKOrO 3apsia pa3sfMyaloT KATHOHHbe — [Zn(NH;)]>, anuonnse —
[AI(OH)¢]* u HeHTpalpHele — [Pt(NH;),Cl,], Ni(CO), koMruekcol. KoMrinekcHbrit
MIOH KaK CTPYKTYpHasi eIMHHIIA BXOJUT B COCTAB KPUCTAUIMIECKOH pemieTk, Yac-
THIB, 06pasyiolie BHEWHIOK cdepy, HAlIPOTUB, B PACTBOPE IOJHOCTHIO AUCCO-
1mupyioT. Hanpumep, ans rekcanvanodeppara(Ill) kanms:

K3[Fe(CN)g] = 3K* + [Fe(CN)g]*> [Fe(CN)g]>
SO
Buewnsin  Buytpennas Kommnexcuwiit  Lentpanenpiit  JIuranns
chepa chepa MOH aTom

KoMmnnekcHBIit MOH cocTouT U3 yenmpanvrozo amoma KoMITIeKcooBpa3opartens,
OKPYXEHHOTO Auzandamu, — HEUTPATLHBIMA WIH 3apPSXKeHHBIMH YacTHAMH, CIIO-
COOHBIMH K CaMOCTOSTE/IBHOMY CYILECTBOBAHHMIO B PAacTBOpe. B paccMOTpeHHOM TIpH-
Mepe LEHTPATLHBIM aTOMOM sABAAeTca WoH Fe®, a nurannamm — woHb CN™.

B KauecTBe HEHTPAILHOTO aTOMa MOXET BBICTYIAThL TIPAKTHYECKH M0GOI 3J1e-
MeHT [lepHognyecKoil cMcTeMBl, HIPAIOLWHIT POTL aKnenTopa (KHcaoTel JIsloHca).
Hemetammnyeckre sneMeHTH! 06bIuHO obpa3yioT aHHOHHBE KoMrutekchr: [SiFg]>,
[PFg], [BH,]", [SbCl]™. DneMeHTBI-MeTaIB MOTYT 0GPa30BHIBATH KaK aHUOHHBIE,
Tak M KaTHOHHBLIC KOMIUIEKCBI: S-3JIEMEHTEl — B OCHOBHOM KaTHOHHBIE, HE OUeHb
ycroitunBrie [Ca(NH;)g]**, [Na(18-kpayn-6)]*, a Metans: p-6aoka — ¥ Te U Apy-
rvie [AI(H;0)¢]™, [AlF¢]*". Ocoenno pasHOOGpasHb! KOMILIEKCHBIE COSIHHEHMS
d- U f~3meMeHTOB.,

JluraHgaMu OBBIMHO ABIAIOTCS HeHTpATbHEIE Monekynel (H,0, CO, NO, NH,,
tpudennndochur PhyP) i wonm (CI7, F, CIOf, OH", NO;, CN"), BhlcTyna-
lolpe Kak ocHoBaHHA JIptorca 6naroxaps HATMYMIO TOHOPHEIX ATOMOB. 10 KoHye-
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Puc. 4.36. [IpuMepsl UMKIHYECKHX THMAH/IOR; Puc. 4.37. U3omepnl [Co(en),CLI*

a — KpayH-3hHpbl; § — Kpunrauns; ¢ — nopdu-
PHUHOBLIE LIHKJIBI

CTBY CBfI3€H, KOTOpbIE JIMTAHKI 06Pa3yIoT ¢ LEeHTPAILHBIM aTOMOM, WX Moapa3sze-
JITIOT HA MOHONEHTATHEIE, OMIEHTaTHHe, TPUAEHTATHLIE, ..., NONUIeHTaTHbIe. Ha-
npumMep, H,0, NHJ, oy ; TMpHIHH C;sH;sN obpruHo BBICTYHEIOT B POJIM MOHOJEH-
TaTHBIX aurangos'; C,02, sTunenanaMus NHz(CHz)zNHz — OWOeHTATHRIX; ITH-
neHauamunTeTpaanerat C,H,N,(CH,CO0); cryxur IIPUMEPOM TeKCAeHTATHOTO
nuraHga. buneHTaTHBIE TMTaHBI NPY NPHUCOEMMHEHUH K IEHTPAILHOMY aTOMY Yac-
TO 00pa3yOT IMKILI (puc. 4.36, @), HaspIBaeMble xeramubimu. OHM OBNANAIOT TTOBLI-
IEHHOH YCTOMYMBOCTBI0. [IIMPOKO W3BECTHBI KOMIUIEKCH ¢ B-THKETOHAMHU (NPO-
CTeHIUMIA NPEACTABUTENb — AlleTUJIALETOH), B HUX JIMTAHI 06pa3yeT ¢ MeTALIOM
MJIOCKHE IIECTHYJICHHbBIE XeJaTHbIE THKIAL:

H3C\ ,CHj
5 fg;p\ /0._HC
Cu“" + 2CHy— C CH,— C CH;— HC' . /Cu\ /‘}CH + 2H*
<=0 07C,
H;;C CH;

B kauecTBe TMraHIOR MOTYT BHICTYTIATh MAKPOLIMKJIMUECKHE NPOCThIe SPUPBI (Kpa-
YH-3QHpBLI), KpunTaHap! (puc. 4.36, &), nopbupuHsl (puc. 4.36, 6), MMKITHYeCKe
meTadbochar-noHBbL.

H3somepun. OnHOM U3 TPUYIKH MHOT0o06pa3sus KOMIUIEKCHBIX COeUHEHUN ABITA-
€TCH CYLUSCTBOBAHHNE U30MEPOG — BELIECTB, UMEIOIHMX OUH H TOT Xe KOMUUESCTREH-
HBIA COCTAB, HO OTVIMYAIOLIMXCS MPOCTPAHCTBEHHBIM CTPOEHHEM H COOTBETCTBEHHO
CBOWCTBaMH. PasnuyHble TUIIBI H30MEPUU, BCTPEUAIOIIIMECS B KOMITJIEKCHBIX COemH-
HEeHWsIX, IpUBeaeHkI B Tabn. 4.11.

[pumep 4.6. Kakue npocrpaHCTBeHHBIE H30MEPhI BO3MOXHH ¥ HoHa [Co(en);Cly]*?
Pewenue. PaccMaTpuBaeMblil HOH sBISETCH OKTa3IpH4YeCKHUM KOMIUIEKCOM, TaK KakK KO-
- opanHauuoHHoe yucno Co 6 (en — STHICHAMAMHH — GUAeHTATHBIH auraHa). [TOCKOIBKY
3TOT HOH COOCPXKHT OBa OAMHAKOBEIX auraHga Cl, 1o Moxer 00pa3oBLIBaThL ABa TEOMETPH-
YeCKHX u3oMepa (yuc- v mpanc-) (puc 4.37). Luc-[Co(en)>Cl,], B cBoIO ouepeab, UMeeT OBa
ONTHYECKKX M3oMepa. CIedoBaTeNbHO, KOMILIEKCHbIH HoH [Co(en),Cl,]" MoxeT cyuiecrso-
BaThb B BHIEC TPEX MPOCTPAHCTBEHHEBIX H30MEpPOB.

! Hekoropele muraupsi, nanpumep, Cl°, CO MOTYT CAYXHTb MOCTHKAMH, COEMHSIOIIHMH JBa
LEHTPANbHBIX ATOMA M TOTAA OHH CTAHOBATCSH GHAEHTaTHBIMM.
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Tabnuua 4.11

| v

THNLI H3OMEPHN KOMILIEKCHRIX COEAHHEHHI

Tun u3omepuu YcioBHE BO3ZHUKHOBEHHST IMpumeps
TeoMerprueckas B oKTasapuuecKux H KBAIPATHBIX
KOMIUIEKCAX NMPH HAJIMIHH JBYX
O MHAKOBBIX JIUTAHNIOB: KHC-,
MpaHC-H30MEPBI
yuc-
| Ao
S
i mparc-
; B oxrasapuueckux KoMILIEKCax
IIPH HAJIMIHH TPEX OOHHAKOBbIX
JIUTaHNOB: 2paH (¢hac)-, oc (mep)-
; HM30MEPLI
2pan-
-0
m_
Onmuyeckas OKTasgpHyYecKHe M TeTpasapu- TeTpasapuyeckue ¢ YeTRIPEMS
YeCcKHE KOMITJIEKCE ¢ HELIEHT- PaTHYHBIMH JIAraHoaMH:
POCHUMMETPUIHEBIM LIEHTPAIbHBIM
atoMoM. Komruiekc u ero 3ep-
KAJIbHOE OTPAXEHUE HE COBME-
LAOTCS TIpH NoBOpoTe Ha 180°,
[To HanpasneHKO BpalleHUA
MOJIIPHU30BAHHOTO CBETA PadiH- OkTasgpuyecKue ¢ TpeMs
YaloT JIeBOBPaUIalOLIKe | TIpa- OMAEHTATHBIMM JIMTAHIAMM:
BOBPAUIAIOLIME KOMIUIEKCHL. Takue
OITTHYECKHE H30MEPhI HHOrga
HA3BIBAKOT JHAHMUOMEPAMU
Honnzanuonsas O6MeH yacTHuaMu Mexay sHeul- | [Cr(H,0)4]Cls,
HEH U BHYTpEHHEN cdepaMu [CrCI{H,0);]Cl, H,0,
(YacTHBIH cyyail — rMIpaTHas [CrCl(H,0),1Cl1,- 2H,0
M30MEPHA)
Koopaunanuonnast | PaiumuHoe pacnpegenenue [Co(NH3)6] [Cr(CN)g]
JINTAHAOB MEXIY ABYMS LIEHT- [Cr(NH1)g] [Co(CN);]
PaJIbHBIMH HOHAMH
H3oMepus cesi3n Koopaunanusa pasaeivMu goHop- | [Co(NH;)sONO]
HbIMH aTOMaMM JIMraHoa [Co(NH;)sNO,]*
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4.7.2. CTpoeHue KOMILIEKCHBIX COeIHHEHHI

XvMHYecKast CBA3b B KOMILIEKCHBIX COEMUHEHUAX UMEeT TY XK€ TIPUPOIY, YTO W B
TOGBIX APYTHX BelecTBax. [isi 06bACHEHNS CTPOSHUS U CBOMCTB KOMILIEKCHBIX CO-
EIMHEHUH UCTIONB3YIOT METOM BaleHTHBIX chasell (MBC), TEOPHI0 KPMCTALIHYe-
ckoro noss (TKIT) u MeTon MoJeKyaapHEIX opGuTaeit (MMO).

Meron BanenTHBIX cBa3eil. MeTON BANEHTHDBIX CBA3EH K KOMITIEKCHBIM COeIH-
HEHUAM BriepBbie npuMeHmT JI. TTonvHr. OH MCXOMWT M3 CITeYIOLIETo Mpearnoo-

XKeHuA:

TeoMeTpUSA KOMIUIEKCHOrO MOHA OIpefenseTcss THITOM rHépuamn3anuu cBo6os-
HBIX OpbuTaneif eHTpanbHOTO aToMa (Tabn. 4.12).

PacemoTpuM ¢ 3THX mosuIMIt CTPOEHWE IBYX KOMILIEKCOB kobansTa(IIl): woHOB
rekcaamuukoGanbTa(Ill) [Co(NH;)6]** u rekcadropoxobanprara(Ill) [CoFg]*
(puc. 4.38).

DIeKTPOHHAA KOHUTYpaLust cBOGOAHOTO MoHa Co™: 3d%45%4p4d0, Op6uTanu
MOHA KObasibTa, y4acTBYIOLIME B 06pa3oBaHUM CBA3M C MOHAMM F-, rubpunuayrorcs
¢ obpasoBaHueM sp d?-rubpUIHEIX OpbuTanet (enewneopbumanshwiil KoMnaexc), ITO
W OTIPENIEIAET OKTA3IPUHECKYIO KOHPUIYPANKNIO KOMIIEKCHOro uona [CoFy]*. Cre-
AYET €Ie pa3 MOAYEPKHYTh, YTO Y4acTUe BHEIIHHX d-opbuTalell MaloBEpPOATHO W
HCTIONB3yeTCA B 3TOM METO/E JIMIIb Ha KAYeCTBEHHOM YPOBHE.

B none [Co(NH;)]** PeanM3yeTCs MHOE pacripe/ie/ieHue 3IeKTPOHOB Mo opbuTa-
JIAM — BC€ IMEKTPOHBI KobanbTa crapeHbl. KOMIUIEKC TakKe HUMeeT OKTasgpuye-
CKOE CTPOCHUE, HO WHOM TUIT THOPUAM3ALIMU — d2sp? (eHympuopbumansusil Komn-
Aekc). BRIGpaTh OfHY U3 3THX IBYX BO3MOXHBIX KOHUTYparuii MOXHO TONBKO, €T
M3BECTHBI MATHUTHBIE CBOHCTBA KoMrekca. Mon [Co(NH;) > MHaMarHWTeH, Bee

Tadénuna 4.12

TeomeTpuuecKoe cTpoeHne H THR MMOPHAM3ANAH KOMIIEKCHBIX HOHOB

K4 mﬁpn-l;:::r;auuu [1pocTpaHcTBeHHOE CTpOeHHE [Mpumep
2 sp JInueiinoe [Ag(NH,),]*

30 |sp? TpHTOHATBHOE [Hgl,]-

4 sz Tetpasap [FeBr*

4 |dsp? Kpaapar [Ni(CN), >

5 |dsp, disp TpuroHanpHas GHOMpaMHILa [CuCl*

5 |d%sp, dés Kpanparnas nupamuna [Ni(CN);]*

6 d’sp Oxrasip [Co(NH;) >

7 sy IeHTaroHa bHas 6UMMpamMuIa [V(CN) ]+

8 disp’ KBanpatHas aHTHITpH3Ma [TaFg*
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Sl W =D O N L

R 2 M

34 45 4p

Co™ ? J ' * f * s | s s O d%p°, BHYTPHODPGHTANLHLIN
AN —siyit _/
6NH,
3d 4s 4p 44
Co¥ if ; * l } .o T R I
e — L
6F- sp*d?, BHeHeoPOHTLILHBIH

Puc. 4.38. Crpoenue nonos [Co(NH,)¢]* u [CoFel* no Merony BanenTHIX cBa3eil

SNIEKTPOHEI CITapeHBl, 4 WOH [COFE]:‘“ NMapaMarHUTEH U MArHUTHBEI MOMEHT COOT-
BETCTBYET YETLIPEM HECMAPEHHBIM 3JIEKTPOHAM.

MBC xopowo omceBaer TEOMCTPHYECKOE CTPOEHME KOMILIEKCOB 1 OOBICHSET
MX MarHUTHEIC CBOMCTBA. OHAKO 3TOT METO He NTO3BONACT OLCHUTD, KAKOH U3 IBYX
BOSMOXKHBIX BAPHAHTOB 3aMOJTHEHUA OpOUTANelt SJICKTPOHAMH TIPEAITOYTUTENBHETH,
HE 1T BOSMOXHOCTH OOBACHUTD PA3THUHYIO OKPAaCKY KOMIUIEKCHBIX COSMMHEHUIA.

Teopus kpucTanmyeckoro nong. Teopus KpucTaMuecKoro mons spseTcs pas-
BHTHEM MPOCTOM 2/IEKTPOCTATUYECKOM TEOpUU obpazoBaHus KOMITIeKcoB. OHa JTyy-
L€ BCEro NPUMEHUMA K COEIMHEHUAM d-3JIeMeHTOB U SRIgeTcd Haubonee MpocToit
MOIENDBIO, MO3BONAIOUEN 1OCTATOUHO NpocTo O6BACHUTH UX cBoOlicTBa. COrnMacHo
3TOH Teopuu

FeoMeTpryecKoe cTpoeHUe KOMITEKCHO 1aCTHIIBL OTIPE/IENIAETCA B ITEPBOM IPH-
OIHXXEHUM MaKCUMATBHBIM B3aHMHBIM OTTalIKHBAHWEM OTPULATENTBHO 3aPSKEHHbBIX
JMTaHAOB: LUIECTh JIMTAHAOB 06 PasyloT OKTasIp, YeTHpe — TeTpas/p.

CormacHo TKII d-op6utanu HEHTPANTBHOIO aToMa, MONanas B I0Jie JTMraHAOB,
H3MCHSIOT CBOIO SHEPTHIO, TP 3TOM TMPOUCXOIUT CHATHE BbIpOXAeHHUs. 15 okTa-

SMPHECKOrO KOMILIEKCA IBE €,-OpOuTaTH (dzz,d

x’—yz) CTAHOBATCA MEHEE€ BBITO-

HBIMU (MMe0T 6OMBLIYIO DHEPTHIO), YEM TPU h-opburanu (d,, d,,, dy;). D10 06BsAC-
FACTCA TEM, YTO OTPULATENHHO 3aPSKEHHbIE JTUTAH/bI pacrnonaraiTcs NpaMo Ha-
IIPOTHB dzz - da ,2-OpOuTanei M Haxomsiecs Ha HUX 3JIEKTPOHBI UCITBITEIBAIOT HaU -
bosblee oTTanKMBaHmMe (puc. 4.39, a). B ciyuae TeTpasapryeckoro KoMiUiekca MoJy-
YaeTca 00paTHas KapTHHA; da- d, -y2~OpOHUTaNHN (€) cTaHOBATCA IHEPreTHIECKHN 60-
JIE€ BHITOMHDBIMY, A dy-, d,-, d,,-Op6uTamy () — Menee BBITOAHBIMU (puc. 4.39, 6)'.

! O6oanavenus €p € H fy, 1, COOTBETCTBYIOT PA3HBIM THIIAM CHMMeTPHUH opbuTaneit.
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OkTasnpuyeckoe
ronae

Puc. 4.39. Bzaumnoe pacrnojoxenye opouTaNelt LEHTPATH-
HOTO aTOMa M JIMTAHLOB B OKTA3APUYECKOM (a) 1 TeTpasj-

PHYECKOM (6) KOMIUIEKcax

Tetpasapudeckoe
noje

Cxema pacrnipenenesns op6utaneit mo SHEPTUAM B OKTA3ApUYECKOM U TeTpass-
PUUCCKOM TI10JTe JIMTAH/IOB NPEACTABIeHa Ha puc. 4.40. Pasuuna B sHeprusix e, H by
OpOUTANEll Ha3BIBAETCA IHepaueil pacwyennerus kpucmannuueckum nosem (A). OHa BHI-
paxaerca B eqMHUnAaX Dg (Mepa CHIBI KPUCTAIUTHYECKOrO mons), npuueM AE = E; -
- E£,=10Dg = A. [Ing oKTasapryeckoro KoMIUiekea SHEPTHS 1 -opbuTaneit Ha 2/5A
(4Dg) HUXe BBIPOXIEHHDBIX d-opbuTaneit, a e, — Ha 3/5A (6Dq) Bbiure.

Benunna sHepruu pacuiemienus OTIpefieNsAeT CBOMNCTBA KOMIUIEKCHBIX COEMH -
HEHUH, NO2TOMY BRKHO 3HATH (PaKTOPLI, OT KOTOPHIX OHA 3aBUCHUT.,

* Tun Koopounayuu yermpanvrozo amoma. Ha MapaMeTp A BIUSAET KAK YUCIIO JIH-

71

5

5] '—A]: . A(10D,)

_____ — e —— -

s
e
s —iy,

Terpasapuyeckoe OxrasnpHucckoe

noje IoAe

Coepuyeckoe

none

Puc. 4.40. Cxema pacnipenenienus opoutaseit
IO SHCPIUAM B OKTA3/PUIECKOM M TETPA3I-
PHYECKOM M10JIe JUIAHI0B
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TAHNOR, OKPYXAKIMUX LEHTPalbHBI |
4TOM, TaK W MX B3aUMHOE PacloJoKeHHe,
DHEePrus pacuienieHus OKTa3ApHYECKHM
ToJIEM TMraHaoB (A,) IIPU NIPOYMX paB-
HBIX YCITOBUAX BCErAa BhILLE, YeM TeTpa-

SAPHYUECKHUM (A): A, =—;5A0. 310 06BAIC-

HACTCA Pa3HON BEJMUMHOM 3JI€KTpOCTa-
THYECKOro B3aMMOJEUCTBUS 2JIEKTPOHOR
LUCHTPATBHOTO aToMa ¢ JIMraHgamu (cm.
puc. 4.39).

* 3apad yenmpanbrozo uora. Uem Bhimie
3apAa UEHTPAILHOTO MOHA, TEM CHNTLHee
€ro JNEKTPOCTATHYECKOE B3aUMOAE HCTBIE
C TTaH1AMU W TeM GOJIbLUE SHEprud pac-



wervieHus. [pu yBenuyeHuu 3apaaa ¢ +2 10 +3 115 GOMbIIMHCTBA 3d-271eMEeHTOB
SHEPIus pacIleTUICHUA yBeIMYMBaeTCA MPUGIH3UTEIRHO B 1,5 pasa (Tabn. 4.13).

* DaekmponHoe cmpoenue YEHMPANbHO20 UOHG. DHEPTHS PACLICIUIEHNS B KOMII-
NeKcax 4d-21eMeHTOB IPUOIM3UTENBHO Ha 50 %, a B KOMITJIeKcax 5d-3/1eMeHTOB Ha
75 % BblllIe, YeM B COOTBETCTBYIOIIMX KOMIUTEKCAX METATLTOB 3d-psina. B3T0 0OBACHS-
CTCA PalIMYHON MPOTSDKEHHOCTEIO OpbUTaNeil B MPpOCTpaHCTBe.

* [Ipupoda auzanda. Tlo cTeneHn yBeTUYEeHUA TAPAMETPA PaCIUETICHUS A JIUTaH-
JBL pacTioaraioTCsA B psii, HasblBaeMblidl cnexmpoxumuseckum:

A Bo3pacTaer
I<Br <CI'< F <OH < C,0;{ =~ H;0 < NCS < NH;< NO;<en < CN"< CO

Juranaws Juranns Jluranam
crnaboro nonsa CpPeaHero mnojs CHIBHOI'O noas

Teopus KpUCTAILUTHYECKOTO M1OJISI He MOXET OOBACHUTE TAKOE PACIONOKeHHE JIH -
FaHNIOB, CBA3AHHOE C WX JJICKTPOHHOH CTPYKTYpPOH, KOTOPYIO HaHHas TeOpUsS He
MPUHUMAET BO BHUMaHKE,

PaccMoTpum Terephb ¢ 3TUX MO3MLMIA, KAK PACTIDEETSIIOTCS MEKTPOHDI MO op-
OuransiM B yXe YMOMSHYTHIX KomIekcax Kobansta(ITl). DHeprus pacHieruieHuA B
noHe [CoFg]’™ HeBeMmka u cocrapiseT 155,0 xIx/Mo0nb, B TO BpeMs Kak JUTA
[Co(NH;)]** ona sHauurensHo Gombiue: 273,2 XJ1%/MOJTb, TAaK KaK aMMUAK sIBISA-
€TCS IMraHIoM 6oJiee CHIBHOTO Mo, YeM GTOpHa-woH (puc. 4.41). Tlpu pacnpeae-
JEHUM LIEeCTH 3MeKTpoHOB Co* 110 OpbUTaNsaM Hano YYecThb, YTO IS 3arOJHEHUA

Tabnupga 4.13

Dueprust pacwenienns (A) u 3Heprus cnapusanus (P) ans HEKOTOPBIX KOMILJIEKCOB
d-3nemenTon

e tmpan i . n:zrgil:::; . BDHeprus paciuenaenud (4), kKIK/Monb
e (P), KIDK/MOIb F- H;0 NH, CN-
Oxmasdpuyeckiue KomMureKchi
Cr® (3d% 280,4 - 165,8 205,6 —
cr (34 - 181,3 207,6 2577 318,5
Mn* (3d%) 304,2 90,2 101,4 - 3089
Fe* (3d%) 2099 106,1 124,1 153,9 403,2
Fe* (3d%) 3579 140,8 163,4 202,8 417,6
Co* (347 304,2 95,4 110,9 132,4 —
Co* (3d%) 250,5 155,0 217,0 273,2 405,6
Rh* (4d%) -— — == 407,9 =
Ir* (53d% — — - 478,5 -
Tempaszdpuveckie KoMuaeKcs:
Cl- Br- I- NCS-
Co® (3d%) 304,2 39,5 34,7 32,3 56,2
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-
-

[CoFg]*
Ay<p

[Co(NH,)]*
AL >p

Puc. 4.41. DHepreTuueckan guarpaMma pac-

npefesieHHs 3JIEKTPOHOB MO OpOMTANAM B

uone [CoFg]*~ u [Co(NH;)]* (p — 3uep-
I'ud cnapuBaHuid)

IByMS 3MIEKTPOHAMHU C IPOTUBONONOXKHBI-
MM CITMHAMM OJHOU M TOIl Xe opbuTaAIN
HCOOXOMUMO 3aTPaTUTD IHEPSUI0 CRAPUEA-
Hua (P), pacxooyeMylO0 Ha IpeOaOieHHe
OTTATIKMBAHMSA 3MeKTpOHOB. J11s1 nona Co™
aTa sHeprus pasua 250,5 kx/Moab (cM.
tab. 4.13), moaToMy BO QTOPHIHOM KOM-
IUIEKCe MEKTPOHAM BBHITOJHEE HaXOAUTh-
CA Ha e,~OpOMTaNAX, 4 B aMMUAYHOM —
BbITOJIHCE CIAPUTBCA HA f,~OpOMTANIAX,
Takum o6pa3om, 3Hasg HEKOTOpPbIE IHEP-
TeTHYEeCKUE XapaKTepUCTHKH LEHTPAIbHO-
IO UOHA, MOXKHO OJHO3HAYHO OINpPEaeanThb

€ro 3NeKTPOHHOE CTPOEHHUE.

OCHOBBIBAsICh HA CTPOEHMM KOMILIEKCA, MOXHO CcIeJaTh HeKOTOPBle BRIBOABI O
€lo CBOMCTBAX.

IIpounocts cBa3M. DTa BENMUYMHA KODPEITUDPYET C IHepeueid cmabuausayuu kpu-
cmanaudeckum nosem (BCKIT) — BbIMIpbIlIeM SHEePrHH 3a CUET 3aANONHEHWSA HHU3-
KUX ITO SHEPTUHM d-ypOBHEH OTHOCUTEIBHO HEPACIIETIEHHBIX d-opbuTaneit. B ciyqae
KOMILIeKCca [C0F6]3' 3HePTUA cTabUIM3aLMH PaBHA PA3HOCTH MEXIY BhIUTDLILIEM
33 cYET 3NCKTPOHOB, PACTIONIOXEHHbIX Ha f,-0pOuTanax (2/5A-4), u IpOUIPHILIEM
3a CYeT JNEKTPOHOB Ha e-opbutanax (3/5A - 2): BCKII = 2/5A,- 4 - 3/5A,- 2 = 2/54,
(unu 4 Dg). Ina nuskocnuHosoro komimnekca [Co(NH;)]™" sHepring cTabuImnzanuu
ByneT 3HAUUTENLHO BbILIE, TAK KAK B HEM BCE DIEKTPOHLI HAXOAATCA HA BBHITOAHBIX
opburanax (f,,), OAHaKO HANO YYeCThb, YTO IPH 06pa30BaHUM 3TOrO KOMIUIEKCA IHEP-
THS 3aTpayMBAeTCA elle U Ha CIapuWBaHMue MeKTpOoHOB (2P, Tak Kak B HEM Ha JIBe
3NEKTPOHHBIE Maphl GOMbIIIE, YeM B HepacierieHHOM cocTosiHuM): BCKIT = 2/5A,- 6 —
-2P=12/5A, - 2P (unw 24Dg - 2P).

DCKIT, 4, U,
1 xJEx/Moe
2Ar 3100}
2,0t i
1,6} -
i3 2 2900} //’
il ~
0,8} 3 -
0,4 /’A“m F P 2700; /.~
e o ~> L
d® & P d A d d L d° 0 12 3456 7 89 10h8
CaScTi VCrMnFe CoNiCuZn
a 6

Puc. 4.42. 3asucumocti DCKII o1 3/1eKTPOHHON KOHPHUIYPALMH LIEHTPWILHOTO HOHA (@) #
IHEPTHs] KPUCTAUIMYECKOH peweTkH (propuaos 3d-aneMedHToB (6) (n — uucno 3d4-anexkr-
pOHOB):

! — cunbHoe oKrtasapudecKoe moJjie (6e3 ydyeta 3HepruM cnapuMBaHus); 2 — cnaboe okrasgpHyecKoe
noJje; 3 - TETpa3apHYECKOoe nole
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Ta6nuua 4.14

Marnurusie cBONCTBA PANMYHEIX KOMILIEKCOB

: Komn;g}xicmﬂﬁ K?)?iib?r:;al;a]:ﬂ n Mg (Paccy.), Mb Hogp (3KCT.), MB
© | IMn(H,0)¢]? e 5 5,92 5,96
C(iCremyp tie] 4 4,90 475
- [[Mn(CN)|* hied 3 3,88 3,94
[V(C0.):1> t,2e0 2 3,83 2,80
[TiFg|> #lel 1 1,73 1,70
[Mn(CN)¢|* toel 1 1,73 2,13
[Co(NH;)]* 1,560 0 0 0

Ha puc. 4.42, a npusegens rpacuky 3asucumoctt DCKIT or 9NEKTPOHHON KOH-
(bUTYpPaUMK HEeHTPATLHOTO MOHA A BBICOKOCITUHOBBIX ¥ HM3KOCITUHOBBIX KOMII-
JICKCOB, a Ha pucC. 4.42, 6 — 3HEPIUN KPUCTALTHYCCKHX peleToxK ¢propunos 34-
MCTJLIOB B CTENICHUM OKWCIeHHUs +2. M3 rpagukos BHAHO, YTO U3MEHEHWA TIPOYHO-
CTH KPUCTAJLUTMYECKOM pelIeTKH XOpolIo cornacyrwres ¢ semuuroil DCKIT.

MarnuTHbie cBoiicTBa. /[T KOMIUTCKCOB 3d-271eMEHTOB MATHUTHBIA MOMEHT 6Tu -
30K K BRIMMCICHHOMY 110 (GOpPMYJIe IS «4HCTO CITMHOBO COCTARNAOLIEH» |

| Happ =y/1(1+2), (4.4)

TAC 7 — YUCIIO HECMAPEHHBIX 3JEKTPOHOB; Hapg BBIPAXKAETCH B MarHeTOHax Bopa
(MB). B Tabxn. 4.14 npeacrasneHb 3HAYCHUSA IKCIIE PUMEHTAIBHBIX U PACCYUTAHHBIX
3HAUYCHUH MATHUTHOIO MOMEHTA TS PA3TUIHBIX KOMITIEKCOB.

MaruuTHBIE MOMEHTBI KOMILTEKCOB 4d- v 5d-3MeMeHTOB HuXe PACCYHUTAHHBIX
10 YUCITYy HECITAPEHHBIX 3JIEKTPOHOB.

Oxpacka Kommwiekcos. BobIIMHCTRO KOMIIEKCOB NEPEXOHBIX SIEMEHTOB — OKpa-
LIICHHBIE COCAMHEHHUS, T.€. OHU CITOCOGHEI MOMIOIATE 3HEPTHIO B BHOAMMO 061acTH
CIIeKTpa (AMaNasoH JUTHH BOJIH oT 410 1o 720 HM, YTO COOTBETCTBYET 3HEPIUH OT
290 no 145 x/Ix/mons). TIpu ODJIYYEHMH CBETOM SNMEKTPOHBI nepexonaT Ha Gonee
BBICOKHE 110 3HepTHH d-opGuTtanu. ITpu atom TTOTOIACTCA CBET TOH JUTMHBI BOJTHEI,
KOTOpast COOTBETCTBYET DHEPIMU PACILIEILIEHUSA (cM. TaKKe nompasm. 3. 1.3):

Ay = E = he/a. (4.5)

Buammas okpacka coemaenns COOTBETCTBYET DONOAKUMEAbHOMY LIBETY, T. €. IBE-
TY, KOTOPBIA MBI BHIUM, €CIIU U3 HENPEePBIBHOTO CIIEKTpa yAaleHbl KAKUE-TO UTH-
HbI BONH. Ha puc. 4.43 npusenen CIICKTP akBa-komIiekca Tutana(Ill) {Ti(H,0),]%.
MakcumyMm nornomenus Haxomures Tipu AmnHe BOTHBI 490 HM, YTO OTBevaeT 3Hep-
MM pacierieHus 243 xIX/monb u COOTBETCTBYET XKeJITO-3e7TE HOMY L[BETY MOTJIO-
IAEMOT0 U3MYYEHUS U KPACHO-(PUOMETOBOI OKpacKe KOMILIEKCA., HlInpokag nmonoca
¥ nomoweHns YKa3elBaeT Ha UCKaXeHME NMPaBUITBHOIO OKTAPUYECKOrO OKPYXeHUs

! Dopmyna Ta xe, uto U (3.6), TIpHBENEHHAS B Nogpasng. 3.1.3.
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Puc. 4.43. Cnektp noriouwe-
wus koMrtekca [Ti(H,0)]*

{cm. HiDke). Jins komruekcHoro woHa [TiFy]*™ makcu-
MYyM NOrNoMIeHUA HabmonaeTes pu 588 1M, 4TO 0OBsic-
HAETCS YMEHbIIEHUEM CIUIBI TTOJY JIMTAHAA U COOTBET-
CTBCHHO MEHBLUEH JHepTHEN paciuenaeHUs.

OOBIYHO OKTa’pUYecKHe KOMIIEKCH OKpalIeHbI
MeHee WHTEHCHBHO, YeM TeTpa3afipHyecKle M3-3a HU3-
KO BepOSITHOCTH d—d-niepexonos!. MHOrAa B criekTpax
Hab1oa0Tes ILUPOKHE TIONOCH! GONBLIONH WHTEHCHB-
HocTH. [Ipumepom cnyxuT duoseTosas oKpacka rep-
MaHIaHaT-MOHA, 3aMeTHAs AaXe B CWIBHO pa3GaBlieH-
HBIX pacTBOpax. TaKue MOJ0CH HA3BIBAIOT #010CaAMU He-
peroca 3apada, TaK Kak OHU CBHA3AHBI C IIEPEHOCOM AJIeK-
TPOHOB OT JIMT'aH/1a HAa CBOGOAHYIO OPOUTAITE LIEHTPATb-
Horo aroma. [Tonoce nepenoca 3apsna 06ycIORIMBAIOT

OKpackKy He TOJIbKO KOMIUIEKCHBIX COSAMHEHUIA, HO M APYTHX BEINECTB, HANpUMED,
TajioreHU0B, OKCUIOOB, CYNB(MOHIOB THKEIBIX METALIOR.

OPYr ¢ ApYrom,

CnexTp noromenus uona [Cr((3104):,]3' - s onpegesieHust 3Hepruil paciemnie-
HHUS TCPMOB B 3aBUCHMOCTH OT CHWJIBI [10J151 JIMTAH/IA CTPOAT SHEpTeTHYECKHE JHarpaM-
MeL. Ha puc. 4.44, a npencraenena gauarpamma Opreia, U3 KOTOPO# BUIHO, YTO, HATIPH-
Mep, B cnektpe nona [Cr(C,0,),]' Boamoxkno Habiuomarts TPH 110JI0ChI:
= (P, vy [y = ST AF)], vy [“4y, — Ty, (P)]. DKCnepvMeHTANBHBIH ClIeKTp
3TOTO MOHA (PHC. 4.44, 6) M PaCCUMTAHHBIE 3HAYEHHS YACTOT XOPOLIO COIIACYIOTCA

B criexTpoCcKONMM AN XapakTEPUCTUKM BHEPIHil HaCTO NOJB3YIOTCH BOJIHOBBIMU
umciamMu. Bonnosoe uucio ¥ = ¢/a (E = hc¥) Beipaxaetcsi B 06paTHbIX CaHTHMeTpax
(eM™Y); IxIx/Monb = 83,593 cm~!,

Vi [4A2g o

¥, cMm™

20000 30000 40000
T a

E, cM 4]}3 % W
20000} ]
i D . o [Cr(en);)™
100001 74T,
4F -
9<L T " o
=
=10 000} VIV‘J g v v
20 000F g ) & [Cr(C,04);]"
. & g
L 1 1
0 500 1000 1500 2000 2500 =
Dy, em™! v
Vi Vi ==
a

Puc. 4.44, Muarpamma Oprena ans okTasapuye-
CKHX HOHOB ¢ KOHbUrypanuuei d* (a) u cnextp
nornoieHus noxa [Cr(C,0,), - (6)

[CrFgl™

200 300 400 500
E, xIIx/Moinb
7]

! B clieKTPOCKOIHH TAKHE [IEPEX0b HA3bIBAIOT 3anpelleHHBIMH.
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B criekTpax oKTasapuuecKMX KOMITIEKCOB d-3J1EMEHTOB ¢ 3/IeKTpOHHON Kondu-
rypanueit d°—d® nabronaercs Gobliee YHCITO TTOJIOC, YTO 00yCIOBACHO MEXIJIEKT-
POHHBIMK B3aUMOAECHCTBUAMU M HOTIONHHTCIBHBIM PAcCIieIeHHEM TepMOB B I1OJIE
JIMTAHIOB.

Odvpexr Ana — Tennepa. [Jo cux Mop Mbl pacCMATPUBAIN TONBKO OKTA3APHYC-
CKME U TEeTPa3apuyecKue KoMIUeKchbl. OgHAKO CYIeCTBYET HEMAIO COeJUHEHMI ¢
UCKEKEHHOH OKTasIpUuecKOd CTPYKTYpOil, KBaApaTHHe KOMIUIEKCH M KOMIUIEK-
CBbl, UMEIOIIIKE ApYrUe KOOpPAWHAIIMOHHBIE YMCNA, HATTpUMeD, 5, 7 W T.a. 3Ha4Yu-
TENIBHOE UCKaXXeHWe MPaBUJIBHONM OKTa3ApWYecKOH CTPYKTYpH HaGmomaeTcs I
KOMIIIEKCOB ¢ KOH(buUrypaimeit te} (Cr’*, Mn™) u sfe} (Cu®*, Ag?*). BTo Bhipaxa-
eTCH:

¢ B HCOAWHAKOBOH JUTHHE CBA3M MeXIY LIeHTPAIbHLIM MOHOM M JIMIaHNAMI;

® B YIUMPEHMH HJIM PA3BOCHUH JMUHHI B CIIEKTpax IMOTNOILEHMA.

B 31MX Cryyanx Ha BHIPOXKIEHHbIX €,-0pGUTANAX HAXOUTCH HEYETHOE YUCIIO 2J1eK-
TPOHOB, KOTOpbIE€ MOI'YT PACIONAraTeCa Ha dz- WK Ha d._p-opbutamu. CornacHo
TeopeMe SIHa — Tennepa,

Ha puc. 4.45, a moxazaHo, YTO NpH YBEIMMEHUH PACCTOSHUA JO JUTAHIOB, Ha-
XOASIIUXCHA HA OCH Z, 3Hepruu opbuTtaner d._,» u d,, HECKOIBKO MOBBILIAIOTCA, a
dp, d,, d, — nonuxaiotcd. B 3ToM ciayyae o61uast SHeprus CHCTEMBI, HallpuMep,

*Z

a 6

Puc. 4.45. DnexkrpoHHOE CTpOEHHE KOMIINEKCOB (a) ¢ HeKaXeHHeM Snma—Tennepa Ha npH-
mepe [Cr(H,0)g]** u nnockoksaapatHoro (6) [Ni(CN),)*-
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nona [Cr(H,0)4]* ¢ xoHdurypaimeit tzge; MTOHHXAETCS Ha BeTUYUHY ' /5,8, KOTOpYIO
Ha3BIBAIOT 3Hepeueli cmabuauzayuu Ana— Ternepa.

Sddekr STHa— Tesuiepa NPOSIBIAETCA U B KOMILIEKCAX ¢ KOHGUTYpaLIneit hled (Ti*),
YTO OTpakaeTcsA Ha XapakTepe criekTpa (YIHMpeHHe THHUU) (cM. puc. 4.43). B cyaae
Cu?* HCKaXeHMe BEIUKO, U YBETUYEHUE CWIBI ITOJIS TUTAHAA TIPUBOINT K 06pa3oBa-
HUIO KBajpaTHbIX KoMrinekcos [Cu(CN),])>". TakuM o6pa3oM, KBaaparHbIil KOMII-
JIEKC MOXHO CUMTATh TIpefeNbHBIM CIY4aeM MCKAKEHMS OKTa3ApHUYECKOro KOMII-
JIeKca, KOraa iBa JIMTaHaa, HaxXOAUBIIWecs IO OCH z, yaajieHbl Ha OecKOHEYHOe
paccroaHue (puc. 4.45, 6). KBagpaTHas KoopouHaLid cTAHOBITCA Hauboree BEIron-
HOUM [T LIEHTPaTbHBEIX HOHOB C 3MEKTPOHHOI KoHurypauueil d® npu Gombluux
3HaYeHUAX A, Hamipumep, 1t NiZ* B wore [Ni(CN),]>, a Takke st 60AbLIKMHCTRA
Komrekcos Pd¥, Pt* u Au®. Pacripenenenue d-opGuTaneil 10 9HEPrHAM IpH pas-
JMYHOM OKDYXCHUU JTMraHOaMu NpuBeneHa B 1a6m. 4.15 u Ha puc. 4.46. Kak BunHo
U3 TabNULL, Pa3sHULIA B YPOBHAX da_,2 1 d,, B KBalpaTHOM KoMILieKce pasHa 10Dg,
U B CTy4yae CWIBHOIO I10JI BHIUIPHILU B YHEPrHH A9 MOHOB C KOH(Urypaimeii d*
MaKcUMaleH.

TeopHsi KPHCTAVIMYECKOTO IO IIPUMEHMMA He TOIBbKO JUTA OMUCAHUA OTHAENb-
HBIX YaCTULl — MOJIEKYJ U HOHOB, HO ¥ I O6GBACHEHHS CTPOSHU S KPUCTAILTHYE-
CKHX BELUECTB. TaK, ¢ MO3UILIMH 3TOH TEOPMHM MOXHO MNpeAcKasaTb THN IITHHETH
(obpameHHad WiM HOpMalbHas). B kpucTaummueckoit pemeTke IWIMMHETH HOHBL Me-
TAUIOB HAXOOSTCA B TETPa3lpHuYECKOM MM OKTA3APUYIECKOM OKPYXEeHHH HOHOB
KHCNopona (MOH 0% — nuraHa craboro nosud). YToBsl OMpenenuTh THIT IIMTHHETH,
HaJI0 PaCCYUTATb OTHOCUTENBHBIH BBIUTPEIII SHEPTUM IIPH HAXOXKIEHUH HOHOB M
1 M B TeTpasapuyecKux UIH B OKTadAPHYECKHX ITycToTax. [IpMMEpOM LITTHHEIH
CILYXMT XpOMHUCTBI xkenesnsk FeCr,0,. Uou Fe?* (d%) B okrasgpuueckom mose
JIMTAHIOB UMeET KOHMUTYparmio hHieg  BCKIT = 0,4 A,, a B TETPasaprIUecKOM I10sIe —

Tabnuua 4.15

Dnepras d-opburaneii npH paIHIHOM OKPYXKeHHH OTHOCHTENBHO chepHYecKoro noas
(8 enunutax Dg)

K4 Crpoenue dz da_y dy de; d,
2 | TuneitHoe 10,28 -6,28 ~-6,28 1,14 1,14
3 | Tpeyronbhoe -3,21 5,46 5,46 -3,86 -3,86
4 | Terpasaap -2,67 -2,67 1,78 1,78 1,78
4 |Keaapar -4,28 12,28 2,28 -5,14 -5,14
5 | TpuronansHast GUNUpaMuaa 7,07 ~-0,82 -0,82 -2,72 2,72
5 |Keaaparnaa nmupaMuna 0,86 9,14 -0,86 -4,57 -4,57
6 |Okrmasap 6,00 6,00 ~4,00 -4,00 -4,00
6 | TpuroHaneHas npusMa 0,96 -5,84 -5,84 5,36 5,36
7 |TlenraroHayibHast GUNMpaMHaa 4,93 2,82 2,82 -5,28 -5,28
8 |Kyb -534 | -534 3,56 3,56 3,56
8 |KpagpatHas aHTHIPHU3MA -3,34 -0,89 -0,89 3,56 3,56
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Puc. 4.46. Sueprus d-opOuTaneit npu paznuynom OKDPYXXE€HHI1 OTHOCHTEJILHO chepHiecKkoro
TOJISL (B EAMHMLIAX A,)

KOHGUrypammio ejt,} u BCKIT = 3/54, ~ 0,24A,. Takum o6pasom, n1g woHa Fel*
TPelIIOYTEHNE K OKTA9APUIECKOMY OKpyXeHuo coctapisier 0,16A,. TTposens ToyHo
TaKMC Xe pacueTsl g Cr'* (d3), TIOYYUM, YTO B OKTA3APUYECKOM IIONe (tied)
BCKIT = 1,2A,, B TeTpasapuyeckoMm nome (e¢tz) DCKIT = 0,324, a NpeanoyTeHue
K OKTa3APUYECKOMY OKPYXKEHUIO COCTABISET 0,884, CrnenoBatensHo, B OKTasnipu-
ECKOM OKPYXECHUM BBITOSHEE HAXOMUTHCS HOHY Cr“, u 3Hauut, FeCr,0, umeer
CTDYKTYPY HOPMANBHOMN WINMHeH,

Ipumep 4.7. Honw3ysce Teopueit KPUCTAMIMYECKOTO ToNlsl, o6bscHUTE, MOYeMy OKCMA
Mn;0, (cTpykTypHBIiT THN LUTIMHEIH) MMEET TETPArOHANBHOE HCKAXEHHUe,

Pewenue, Oxcun Mn;0, unu Mn* Mn§304 MMECT CTPYKTYPY HOPMAIbHOM LUMIHHENM, Tak
KaK Ui uoHa Mn** (d%) B mo6om OKkpyxenun ICKII = 0. Takum obpazom, non Mn** (d®
HaXOMMUTCA B OKTA3APUYECKOM I10JIe U UMeeT KOHMDUTYpauo tzge}g. CornacHo Teopeme Aua—
Tennepa B 310M ciiyuae BoaMoxHo CHATHE BBLIDOXAEHHS 33 CUET UCKAXKEHUA NpaBUILHOM
CTDYKTYPEL — JBe CBA3u Mn—O cranoBsTes JULMHHEE OCTANLHBIX YeThIpEX, NpaBubHast
Kybuueckas cTpykTypa uckaxaercs.

Merton monexynspunix opouTaneii. Hanbonee OBGOBLIEHHBIM METONOM ONUCAHUS
CTPOCHHSA XHMHYECKHX COSIUHEHHI ARIseTes MCTOA MONIEKYIIAPHBIX OpBUTaeit. 3nech
[IPENCTABJIEHBI TONBKO 3JIEMEHTHI 3Tl TEOPUH.

Cmpoenue oxmaadpuueckozo komnaexca ¢ c-opbumanamu (Ges n-céAazviearis). CHa-
a/Ia pacCMOTPUM, KakKue OopBuTanu LIEHTPAIIBHOTO aToMa MOTYT B3aMMOAEHCTBO-
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BaTh C OPOUTANAMU NUTraHNoB. EcM pacnofIoXUTh LEHTPAJIbHBIH aToM B Hawdajue
KOOPAWHAT, a IUTAHABI — Ha 0cfIX, TO o-MO MoryT o6pa3oBHIBATRCS TIPH B32MMO-
AEHCTBMM COOTBETCTBYIOIIMX OPOUTANEH NHUIraH/a C §-, TPEMS p- U IByMs d- (da_y
U dp) opOUTaNaMU LIeHTPATBHOIO aToMa, KOTOPble HanpaBieHbl K JuraHgaMm. Ha
puc. 4.47 nokasaHa 3IHepreTHYecKas AMarpaMma MOJEKYJSIPHBIX opbuTaneit
OKTa3IPHYECKOTO KOMILIEKCA [Co(NH;)B]“”*. [IecTh CBII3BIBAIOIIHX MONIEKYISIPHBIX OP-
6uTaneit (o;, 6, 5,) TOKANU30BaHbl BOIU3M JIUTAHJOB, HA HUX HaXoaUTcd 12 35ek-
TPOHOB. DJIEKTPOHBI EHTPATLHOIO HOHA 3aHUMAlOT HECBA3BIBAIOIIUE d,y, dy U d,,
() M paspHIXTAIOUINE 6 7%(e)-0pOuTany. PasHuIa B SHEPIUAX 3TUX opbuTaneit co-
CTaBIsIET A,,.

Bce paccyxneHUst 06 yeTOWYMBOCTH, MarHUTHBIX CBOMCTBAX M OKPACKE KOMM-
JIeKCOB, BhITekaroue U3 MMO, B OCHOBHOM COBMANAlOT ¢ BBIBOJAMH TeopHH
KPHUCTAJUIMYECKOro MoJIsl.

Bausnue npupodst aueanda na snepeuio pacwenaenus. MMO nossonsieT oOBICHUTD
pa3sMYHOe BAMSIHUE MIPUPOJBI JIUraHa Ha BeIMYUHY paclleryieHusl, T.e. MoJoXe-
HHE JIMTAaH[0B B CINIEKTPOXMMHUYECKOM pAny. PaccMoTpuM (parMeHT SHepreTuye-
ckoit auarpammbel MO, Ha KOTOpoit M300pakeHbI TONBKO f,- U €, (o4*)-opGuTtanu
METaJNa U TPY OpOUTAIY JIMraHaa, UMEIoIHe n-cuMMeTpuIo (puc. 4.48). HecBa3k-
BalOLIWE f,-OPGUTATH MOTYT y4aCTBOBATh B T-B3aUMO/IEHCTBUU C COOTBETCTBYIOLIN -
MH opoutansMu nuradia. Ecnu m-opOUTANM NUraHAa pacriofIokeHbl [0 IHEPTUH
H¥Xe f-opbuTtaneii (puc. 4.48, a) (310 nMubo «,-, TUGO 3arMOIHEHHbIE p-OpOUTaA-
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Puc. 4.47. DHepreTryeckas AMarpaMmMa MONeKyIapHEIX opGuTaneil OKTA9ApUYECKOT0 KOMII-
nekca [Co(NH;)¢]**

202



7 " ’1 A .
oY G o .
AN /T -OpOHTANH

A
N \\ ’
i ‘>-H. _H.._H.. — JAUTaHAa
\\ J’f
3 .
“'H' 'H"H"'” Mep= WIH P-OpGHTAIH
JHUTaHaa

a 7]

Puc. 4.48. BnusaHue MonekynsipHuIX n-opbuTaneil Ha BeJIMYUHY PACLLEIUIEH U
a — MOHHXEeHHE A,; 6 — YBEIHUEHHE A,

1K), TO BEJUYUHA PACIUEIVIEHUS f,—e, yMeHbIaeTcs. K TakuM 1MranaaM OTHOCST-
C#l, HaMpUMep, TaNoTeHU1-HOHBI, EClY Xe n-opBuUTany nuranga HaxomaTcs BhIIe,
YeM £,,~OPOUTANU, U ABNSIOTCSA HE3alOJHEHHBIMU n*-0pOHTAISIMU, TO SHEPrus pac-
HmienyaeHus ygenuaupaetcs (puc. 4.48, 6). Takoe B3auMogeiicTBUE UHOIAA HA3BIBAIOT
n-damuenbim. TIpU ITOM 3/1eKTPOHHAS TUVIOTHOCTDb LIEHTPAJIbHOIO aTOMa IEPEXOIUT

YaCTHYHO K JIMTaHOy. Tt-ﬂaTHBHOC B3aMMOACHCTRIE MPOABJISIETCH B KOMILJIEKCAX C
CO, NO, CN", dochuraMu.

4.7.3. TepMOAMHAMHYECKAA 4 KHHETHIECKAA YCTOHIHBOCTR
KOOPIHHANMOHALIX CoeIMAeHMEi

[TougaTHe yCTOMYMBOCTH KOMITIEKCOB BKJIIOUAET B ce6s jBa aOCOJIOTHO He CBi-
3aHHBIX JIPYT C JIPYTOM SBIEHUSI.

Bo-nepBbIx, noj yCTONYUBOCTBIO MOXXHO MOHUMATh TEPMOIAMHAMMYECKYIO YCTOI -
4YHBOCTb, M 3/1eCh peyhb MoligeT o0 3HEPruH CBSA3U MeTalI—JIUraHj, KOHCTAHTaX
YCTOMYUBOCTH KOMIUIEKCOB M OKHMCIUTEIBHO-BOCCTAHOBUTEIBHBIX IIOTEHIHAIAX.

Bo-BTOpBIX, MOXKHO paccMaTpHBATh KHHETHUECKYIO YCTOHUUBOCTh KOMMJIEKCOB,
T. €. CKOPOCTh 00OMeHa JIMTaHAAMY ¥ MeXaHU3MBI XHMUYECKKX peakliMit. Bo BTopoM
clyyae NpaBWILHENH TOBOPHTH O taduibHocmu U uxepmuocmy KoMIriekcoB. Komr-
JIEKCBI C OJMHAKOBON TepMOIMHaMUYecKOH YCTOMYMBOCTHIO MOTYT CHJIBHO Pa3jiH-
YaThCsl MO KMHETHYECKUM XapakTepucTikaM. Hanpumep, [Fe(HzO)ﬁ,]3+ u [Cr(H,0)g]™
MMEIOT 0UeHb GMU3KYI0 3Hepruio cBst3n (485 u 510 k/IX/MOIb COOTBETCTBEHHO), HO
MepBhlit KoMrekce nabuieH U GLICTPO 0OMEHUBAETCS IMraHIAMM, a BTOpol — uHep-
TEH, T.&. O6MeH JIMraHaaMH 3aTpyIHEeH,

TepmonnnamMuaeckas yeroiausocTs. KoJHUecTBEHHON XapaKTepUMcTHKoil TepMo-
OTMHAMWYECKOH YCTOMYMBOCTH KOMILIEKCHBIX COENUHEHUIT ABNISACTCA KOHCMAanma
YemoiMugocmuy,

KoHcTaHTOl! YCTOIMHYBOCTH Ha3RIBAI0T KOHCTAHTY 0GPa30BaAHUS KOMIUIEKCA B BOA-
HOM pacTBOpeE.

Pasmuualor obuiyio (Ky) W crynenyatsie (K) KOHCTAHTBI YCTOHYMBOCTH, Ha-
npuMep, M KoMruiekca [Ni(en);]>:

[Ni(H,0)s]**(p.) + en(p.) 2 [Ni(H,0)s(en)]*(p.) + 2H,0, K; = 2,81 107;
[Ni(H;0),(p.)(en)]*(p.) + en(p.) 2 [Ni(H,0),(en),l*(p.) + 2H,0, K, = 1,70 - 105,
[Ni(H,0),(en),]>*(p.) + en(p.) 2 [Ni(en);]*(p.) + 2H,0, K3 = 2,19 10%,
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OGwast KOHCTaHTa YCTOHYMBOCTH! PaBHA MPOU3BEASHHIO CTYIIEHYATHIX KOHCTAaHT,
B JAHHOM CJIy4ae:

[Ni(H,0)4]%*(p.) + 3en(p.) 2 [Ni (en);]*(p.) + 6H,0, K = 1,04-10%,;
_ 2 Nigen)s* afsizO

yer 3
a[Ni(HIO)(,]z' en

K =K|K2K3.

HaromHuM, 4TO aKTUBHOCTB BOJIBI paBHa eAMHMIIE, 2 AKTHBHOCTH HOHOB B pa36ab-
JICHHBIX PACTBOPaX MOXHO CUHTATh PABHBIMU WX MONBHBIM KOHLIEHTPALIMSIM.

M3 KOHCTAaHT YCTOMYHBOCTH KOMIUIEKCHBIX COEIMHEHMIt PaCCIUTHIBAIOT UX TEp-
MOJIMHAMWYECKHE XapaKTEPUCTHKH (CM. noapas. 1.2.5), HeTIoNb3ysl COOTHOLLIEHHE:

-RTInK = AG® = AH® — TAS".

KOHCTaHTBI ycTOHYMBOCTH HEKOTOPHIX KOMTUIEKCOB TIpeCTaBiensl B Tab. 4.16.

Htst d-91eMeHTOB KOHCTaHThl YCTOWYMBOCTH XOPOIIO KOPPENUPYIOT € BENHIU-
HamMu IDCKII. Kak BugHo u3 Tabn. 4.16, YCTOWYMBOCTE, HallpuUMep, LMAHHMAHBIX
KOMIUIEKCOB Xene3a U kobasibTa, 00pasoBaHHBIX TPeX3apAAHBIMH MOHAMMU, BhbIlIe,
"eM JIBYX3apsIHBIMH HOHAMU. DTO OOBACHAETCS yBeNUYeHHEM BeIMYHHBI SHEPTHUM
paciienneHud NpyU BO3paCTaHWW 3apAfa U, clIenoBateabHo, poctoM DCKII. Ot-
METUM, YTO 1aXe YMEHbUIEHUE HA eIMHHULY YHCIa JMEKTPOHOB Ha fh-OpGUTATH
HE¢ MOXET KOMMEHCHPOBATL YBENWYEHUS IHEPTHU cTabunusamuu; DCKII
([Fe(CN)g]*) = 6 - 2/5A,, — 2P, a DCKII ([Fe(CN)t;]}‘) = 5-2/5A, — 2P. Uamene-
HHE CHJIDLL TIOJIS IMTAHAA TaKXKe NPUBOINUT K YBEIMYEHUIO A, Npu 3amene NH; Ha
CN’, M cooTBeTcTBeHHO yBennuuBaoTcs 3HadeHnss DCKIT ¥ KOHCTAHTBI yCTOHYH-
BOCTH KOMILIEKCHOTO MOHa (cpaBHuTe Ko st [Co(NH;)]™ [Co(CN)e]™).

Tabnuua 4.16

KOHCTaHTH YCTOHYHBOCTH HEKOTOPLIX KOMILIEKCOR

Kommnexke | 1g K, Kommneke lg K Komrnexc lg K Komminekc lg Ko
[CuCl,] 5,54 | [Ag(NH;),]* 7,20 [[Co(CN)s}* 64,00 [Mn(C,0,);]*  |19,40
[AgCl,] 5,25 | [Co(NH;)sl* 14,39 [ [Co(CN)sI* |19,09 [Co(C, 04,1+ 9,70
[AgBr;] 7,34 [Co(NHa3)]*  [35,21 || [Ni(CN),J*> |31,00 [Fe(BOTA)I 25,00

(Agl,) 11,74 || [Ni(NH3)e}* 8,31 | [Ag(CN)," [19,85 | [Ca(®ATAN> |10,59
(AuCLl" 11,79 ¢ [Cu(NH3),]* 112,90 [[Cu(CN),]" |24,00 | [Ca(PO;)4* 5,47
[ZnCl)*  [-1,52 || [Coen))* 13,82 || [Au(CN),]- [38,30 [[Ca(NH;)}* -0,20

[CACL]> (2,90 | [Co(en)* 48,69 [[Au(CN),]- [56,00 [[Mg(NH,)I>*  |0,23
[HeCl)> (15,22 || [Nien)]* 19,10 (| [Hg(CN).}* |38,97
[HgBr,)* (20,01 || [Fe(CN)]* (43,90 || [Cu(C,0,),]> {10,30
[Heil> 129,38 || [Fe(CN)]*  |36,90 [[Fe(C,04)1* |20,00

''Yacro ofilyo KOHCTAHTY yCTORYMBOCTH 06O3HAYAIOT B.
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O6pasoBaHue XeJaTHbIX LIMKIIOB YBEIUYMBAET YCTOHYMBOCTh KOMIUIEKCOB (Xe-
aamubili 3¢hhexm). B JaHHOM Ciyyae HMEET CMBICT CPAaBHUBATh KOMIUIEKCHI, JIMTaH-
Jbl KOTOPbIX MMEIOT OIWHAKOBbIE JOHODHBIC aTOMbI, HarnpuMep, aMmuak NH; u
stunergmamun en. Tak, komruieke [Co(en)s]** Gosee ycToitans, yem [Co(NH3)6]z*.
Takoe U3MeHeHHEe YCTOMUMBOCTH MOXHO OOBSCHUTE GONMBIIMM YBETHYEHUEM DHT-
POTIMH TTpY 06pa30BAHMM XEAATHOTO LIMKJIA 33 CUET YBEIMUEHU S YHCTa YacThL. Taxk,
npy o6pa3oBaHMM KOMIUIEKCA C STHJICHIMAMUHOM PacXodyeTCs TPU YacTHLHI, a
BRICBODOXKIAETCS IIECTh MOJIEKY/I BHYTpHcdepHOil BoAbI, a B ciydae aMMHMaka —
KOJMYECTBO CBI3bIBAEMBIX U BHICBOGOXKIAEMBIX YAaCTUIl OIHHAKOBO:

[Co(H,0)l* + 6NH; 2 [Co(NH;)e]* + 6H,0
[Co(H,0)s]** + 3en 2 [Co(en)y)]** + 6H,0

JInsg raJoreHMAHBIX KOMIUIEKCOB IEMEHTOB C 3EKTPOHHOH KoHGUTrypauuei
ueHTpanbHoro wona (n — 1)d'" (rpynmsl Meay W 1IMHKA) M U1 TSXKENBIX p-3AeMEH-
TOB YCTONYMBOCTh KOMTJIEKCOB XOPOLIO OOBICHSIETCS C MOSUIIMN TEOPHH MITKUX U
JKECTKMX KMCITOT U OCHOBaHMI (cM. mroapasa. 1.5.4). st ranore HuaHbIX KOMIUIEKCOB
Hg”, Agh u Sn* ycToiturBoCTs BO3pacTaeT OT XJIopa K MOAY, a JUISl OJHOTUITHBIX
KOMIUIEKCOB IEMEHTOB OJIHOM TPYIINbI — OT JIEFKOTO aToMa K foJsiee TskeldoMy (0T
Cu k Au, ot Zn K Hg).

Cpear KoMaeKCoB UISI0YHbIX, IIETOYHO3eMEJIbHBIX METALIOB U JJAHTAHUIOB C
MpeMMYLIECTBEHHO MOHHBIM XapaKTepoM B3aMOZEHCTBH S HauboJiee yCTOH YN BbIMM
SIBAISIIOTCSI KOMIUIEKCHI ¢ LIMKAWYECKUMHM JTMraHIaMH (KpayH-3¢gupamu, metadoc-
daT-HoHaMK), TIONMAEHTATHBIMU JMTAHAAMH, 00PA3yIOLIHMM XeJaTHbIC LIMKIIBI
(BOTA, mukeToHaMu), a TAKXKe alWIOKOMITIEKCEI, IMTAHAAMH B KOTOPBIX SIBJIAIOTCS
AHWOHBI KUCIIOT.

TepMonHaAMHUUecKas! YCTOHYHMBOCTh KOMITJIEKCOB B PEaKIIVESIX OKHUCIEHHSI—BOC-
CTaHOBJICHUS TAKXKE HANPsAMYIO CBs3aHa C BenuunHamMu K. [Ipu usMeHeHUH KOH-
LEHTpauK CBODOMHBIX (HE CBI3AHHBIX B KOMIUIEKC) HOHOB COIVIACHO YPaBHEHHIO
HepHCTa U3MeHSIIOTCSI JMEKTPOIHbIE MOTeHUMANbI (CM. nonpasa. 1.4.3, ypaBHeHHe
(1.48)). Hanpumep, BenuMHa KOHCTAHTHI YCTOIYMBOCTH KOMILIEKCA BJIMSET HA [10-
TeHMAN OKHCIHTEbHO-BOCCTAHOBUTENBbHOM napbl Co™/Co™:

[Co(H,0)]* + & — [Co(H,0)sI*, £ =1,84 B,
[Co(NH;3)e* + e —» [Co(NH;)s]*, E; = 0,10 B,
[Co(CN)¢I* + e — [Co(CN)¢I*, E5 = -0,80 B.

Hon [Co(H20)6]3+ HEYCTOWYMB B BOJIHOM DACTBOPE U OKUCALET BOAY ¢ BLIAECTCHUEM
kucnopoaa (£°(0,/H,0) = 1,23 B):

4Co(OH), + 4H,S0, = 4CoS0, + O, + 10H,0

H3MmeHeHHe NOTEHIMAIOB MPUBOAUT K TOMY, UTO HOHBI FekcaaMmMuHKobanbsTa(ll)
i rekcananokodanbsraTa(ll), Hao6OpOT, JIETKO OKWCIAIOTCH KHCIOPOIOM BO3-
nyxa o coequnenuit Co(IIl):

4[Co(NH;)ICL, + O, + 4NH,CI = 4[Co(NH,)ICL; + 4NH; + 2H,0

Kunerngeckan ycroiigusocts. CKOpocTh oGMeHa nUraHaaMu (KHHEeTHYecKad Xa-
pElKTepHCTHKa) HHEKAK HE CBA3aHAa C TepMO,ELHHaMH‘IECKOﬁ }ICTOﬁ‘lHBOCTbl{). Hanpn—
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mep, kommeke [Co(NH;)s]*" MOXeT COXpaHsSThCH B KHCIOM pacTBope B TeUeHHE
HECKONMBKUX IHei,

[Co(NH,)eI** + 6H;0* = [Co(H,0)¢}* + 6NH;

XOTsl KOHCTAHTA PABHOBeCHUs 3Tol peakiluu pasHa 1025,

CyulectByeT, no KpaiiHeit Mepe, aBa cay4as, Koraa WHbopMauHsa o JaGWIbHO-
CTH M HHEPTHOCTU KOMIUIEKCA BaXKHa JUTA INHPOKOIo Kpyra HecrnendanbHbIX UCCae-
AoBaHWit. Bo-nepBbIx, ynaeTcsl BLIETUTh WHAUBUAYATbHbIE H30MePbI TOTbKO HHEP-
THBIX KOMIUIEKCOB. BO-BTOPBIX, 3TO HYXHO YYMTHIBATh TIPH BRIGOPE METOAA CUHTE3a
HHEPTHBIX KOMTIJIEKCOB.

Harmamsoe npeacrapienye o pa3inaHoil CKOPOCTH 06MeHA TMIaHIAMU JAET BPeMsT
XU3HHM KOMIUIEKCHOTO MOHA — BEIWYMHA, 0GPATHO MPOITOPLHOHATLHAS KOHCTAHTE
ckopoctu. Ha puc. 4.49 npeacrasneHbl BpeMeHa XKU3HU [eKCaaKBa-HOHOB, KOTOPhIE
HailJIeHbl HA OCHOBAHUM 3KCIIEPUMEHTOB IO U3YUEHHIO 06MeHAa MOMEeKYIAMU BOIbI
C Bo/oit-pacTBOpHTENEM, CofepXKallleit MeueHble aToMbl (180). Kak nerko 3aMeTHTh
U3 PUCYHKA:

* KOMIUIEKCHI S-2JIEMEHTOB, 3a HCKMoYeHHeM Mg 1 Be, upe3BbuaiiHo 1abWiIb-
HBI, TIpPHYEM JIAOWIBHOCTE YBEUIMBAETCSH C POCTOM PaTHyCa MOHA;

* Cpel YMEPEHHO 1a0HABHBIX KOMIUIEKCOB IBYX3aPATHBIX HOHOB 3d-3NeMeHTOB
HalMeHee YCTOMYUBBIMH SIBISIIOTCS HOHBI Cu®* Cr2+;

* TPEX3apsAnHbIE HOHBI B 00uUieM ciydae Gosiee YCTOMYMBEI, YeM OBYX3apsiIHbIe.
Cpenyt HUX BLIAENSIIOTCS! TAGWIbHEIE MOHBI JJAHTAHOUIOB U OYeHb UHEPTHBIE UOHBI
Cr* u Co*;

* KOMILIEKChI 4d- U 5d-31eMeHTOB, KakK MpaBWwio, JOBOMLHO WHEPTHDI, YTO CBSI-
3aHO C OONBINOH MPOUYHOCTBIO CBSI3U «METALI—AMTAHI.

M HepTHOCTb U TaBWIBHOCTD KOMIUIEKCOB d-3JIEMEHTOB MOXKHO OOBSICHUTE € 1TO-
MOLIBIO TEOPUHM KPUCTAIUTMIECKOTO MO, Npearonaras, YTo peakuud WaeT Mo Me-
XaHU3MY HyKJIeowIbHOro sameuieHust. I'lo mocaeaosaTeIbHOCTH CTAMUI IS TAKKX
peakiuii BBIAEASIIOT QUCCOIIMATUBHBIA, ACCOLMATUBHLIN MeXaHU3Mbl I MeXaHUu3M
BHYTpeHHEro oOMeHa, ACCOIIMAaTUBHbII W MUCCOLUATHBHBIN MeXaHU3M OTIHYAIOTCS
OT MeXaHM3Ma BHYTpeHHero oOMeHa TeM, YTO B HMX 0Opa3yeTcsd TIPOMEeXYTOUHOE
coeaUHeHHE — WHTEepMEauaT ¢ (PMKCUPOBAHHBIM BpeMeHeM KH3HU.

Li* Na* K*Rb* Cs*

Be2+ Mg2+ Ca2+ S\r2+ Pa2+

1N
A13+ La3"
l
CrJ,,. In:h. Zn2+ Cd2+ Hg2+

| [ [ ]
Nih COZ:_Fethlq- cuZ-o-

. 1 , A [ [

10° 10 10° 10-? 10 107 TR 1070t c

Puc. 4.49. BpemeHa XU3HH reKcaakBa-woOHOB METAJUIOB
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Huccoyuamuenvili Mexanuam COOTBETCTBYET PeaKLIMOHHOM MOCHAen0BaATENIBHOCTH,
npu KOTOPOH MPOMEXYTOYHOE coenuHeHHe ML, ¢ MEHBIIMM KOOPIUHAIIMOHHBIM
THCJIOM 0Opa3syeTcd TpH OTUISIVIEHUM YXOIALIEH I'PYITITBI:

ML,X - ML, + X, ML, + Y - ML,Y

Accoquamusnsil mexanusm BKITIOYAET CTAIMIO, B KoTopoil uHTepMenyuat ML, XY
yMeeT GoJTbliee KOOPAUHAIIMOHHOE YHCIIO, YeM MCXOMHBIH KOMIIEKC:

ML,X + Y - ML,XY, ML, XY — ML,Y + X

JlaHHBII MEXaHM3M pealM3yeTcst B HEKOTOPBIX PeaKUMsIX TUIOCKO-KBAIPATHBIX KOM-
TAeKCOB ¢ KOHbUIypalieit nenTpaibHoro HoHa d® (Pt(1T), Pd(I1) u Ir(I)). Xapak-
TEPHEIM IPHMEPOM SIBIISETCS obMeH “CN™ ¢ nMraHgaMm B KBaIPaTHOM KOMITIEKCE
[Ni(CN),]”. Ha nepBoit cTagu¥ NpoMcXoanT KOOPAMHALMS TOMOMHUTENBHOLO M-
TaHIa HOHOM KOMIUIEKCOODpa3oBaTens:

[Ni(CN),]* + “CN™ - [Ni(CN),(“CN)]*
TIOTOM JIMraHA OTLIEIJIAETCH:
[NI(CN)(MCN)]* > [NI(CN);(HCN)J* + CN-

W3y4yurb JaHHBIIH MEXAHM3M NO3BOJIMJIO MCIIOJIB30BAHHME PATUOAKTUBHOM METKH —
yrneposa-14. TIpomexyrounstit kommuieke [Ni(CN)s]®™ MoXeT GbITh obHapyXeH U
BBIJICTICH.

Mexanusm srnympennezo ofmena SABIAETCA ONHOCTATMHHBIM:

MLX+Y - X.-ML,-Y 5> ML,Y + X.

B HeM IpoMcXOaUT MocTeneHHoe BhTECHEHME YXOASLIEH Ipynnel X peareHToM Y
fe3 obpasoBaHMsI IPOMEXYTOYHOIO TIPOAYKTA. BHYTpeHHMI 0OMEeHHDIH MeXaHU3M
sIBJIsgeTcs Haulosee pacrnpocTpaHEHHBIM,

Ecnu paccuutath oTHOCHTENBHOE UsMeHeHre DCKIT nexoaHoro KoMriekea u
UHTepMennaTa (cM. Tabs. 4.15), To CTAHOBUTCH SICHO, YTO OKTAIAPUUECKHE KOMI-
nexcHl ¢ koHburypaumein d? (Cr™, Mn*) U HU3KOCNMHOBbIE KOMIUIEKCHI ¢ KOH-
duryparmeit d® (Co™, Fe) apnstiores HHEPTHBIMM, DHEprus aKTHUBAIIMH TaKHX
NPO1IECCOB AOCTATOYHO BesiMKa. K TakoMy *e BBIBOJIY MOXHO TIPUATH U HE TIPOBOLS
pacyeToB, a MCXOAs M3 MPEANOJNIOKEHUA, YTO HauboJee HHEPTHBIMU BYIYT KOMII-
JIEKCHI € NpaBHJIBHBIMU HEUCKAXEHHBIMU CTPYKTYpaMu — d* u d° HanpoTtus, Hau-

Hana WUnbuy Yepnser (1893 —1966). I1pu wccrcaosa-
HUW KBAJAPaTHLIX KOMILIEKCOB [JIATHHEI 0GHApyxui 3(dexT
mparc-giusinua. M. M. YepHses opranvsosain Ha Kadeape
HEOPraHMYCCKOM XMMHK Xumudeckoro ¢pakyasreTa MIY na-
GOPAaTOPHIO TLIATHHOBBIX METANTOB, B KOTOPOH GbUT BIO-
CHEACTBMM pa3pabOTaH METOH CHHTE3a KOMILIEKCHEBIX CO-
CAMHEHWH I1aTHHbE, 061anatoMX NPOTHBOONYXOICBOMH aK-
TV BHOCTLIO.




Gonblieit TaGMNBHOCTBIO 061a1a10T Te KOMIUIEKCHI, B KOTOPBIX B GOJMBILIEl CTEMEHH
npossnsiercs agdekt ua— Temnnepa (d* u d%), T.e. kommnekcs Cr** u Cu®.

Sddext Tpanceuanua. OTHUM U3 cnenudUUECKMX NPOSBIEHNH KUHETUKI pe-
AKIMH KBaAPATHBIX KOMIUIEKCOB SIBJISIETCH BAMSIHYE Ha CKOPOCTb peakiMil accori-
aTUBHOrO 3aMelleHHs Npuponkl anranaa (L), Haxomsuerocst B mpauc-noaoxeHuu
K yxonsiuied rpymnre, Takoe siBieHue Ha3blBaloT 3hDEKTOM mpanc-BAUSIHUS, OHO
NPOSABIIACTCS B OCHa0JEHUH CBSI3M LIEHTPANIBHOIG aTOMa ¢ JUraHnoM. YeM BbIlIe
mpancBIUsiHAS, TEM CUIIbHEE 0CIabsieTcsl CBS3b ¢ MPOTHBOTIONOXHBIM IMTAHAOM U
TeM GpICTpee U Jierye NpoUcXoAuT 3aMelneHue. 110 BenHuYMHe mpanc-BIUSHUS JTH-
TaHABI pacroNaraloTcs B psij;

OH < NH; < CI' < Br < CN", CO, CH; < I" < SCN™ < PR, < H"

OH MOXET HECKOJIBKO MEHSITLCS B 3aBUCHMOCTH OT NPUPOBI U CTENEHU OKUCIEHUS
LIEHTPAJIBHOIO aToMa,

Paccmotpum addekt mpanc-snusHus Ha nprimMepe CHHTE3a ABYX H30MEPOB THX-
NopoAMaMUHIUIATUHBL yuc- U mpanc-[PtCl,(NH;),1, ucxonst u3 [Pt(NH3)4}2“ "
[PtCL,}*". IIpu B3anMoneicTBUM [Pt(NH;),]* ¢ HCI cHauana obpasyetcs [PtCI(NH3), "
Hanee, mo npuunne Gonsiero mpanc-3ddexra Cl™ no cpaBHeHUIO ¢ NH; peakuus
3aMeleHus DyneT NpeuMyIecTBEHHO MPOHCXOAUTh B mpanc-nonoxeHnu K Cl, uto
npuBeneT K obpasoBaHuio mparnc-[PtCly,(NH;),]. Peaxums [PtCl]* ¢ NH;, Hamnpo-
THUB, NPUBOAMT CHaYana K obpasosanuio [PtCl;(NH;)1. Ha Bropoit cTanuu npowmc-
XO[HT 3aMelleHre OXHOro U3 1ByX Cl-TMraHaoB, HAXOASLIMXCH B mparc-NoaoXe-
HUH, ¢ oOpasoBanueM yuc-[PtCl,(NH;),].

KonTpoabnbie sonpoco

4.1. O6bsicHMTE, TIOYEMY Mojiekyna BeCl, — nuHeiina, a H,0 — yrnosas.

4.2. OBpacuuTe crpoeHre mMonekynl N,0, CO, v O; ¢ NOMOIIBIO METOAA BATEHTHEIX
cBA3eit:

4} HANMLINTE MeKTPOHHYIO hOopMyTy (pe3OHAHCHBIE GOpMEI),

0) YKaXuTe TMN THOPUAM3ALMK LICHTPATLHOTO 3TOMA U TEOMETPHIO MOJICKYIEL

4.3. IlpvBeauTe MO ABA MPUMEPA YETHIPEXATOMHBIX MOJEKYA HIH MOHOB C [poCTpaH-
CTBEHHOH KOHQUrypaiMeit: a) TpeyronbHoit (yron 120%); 6) mupamunansHoit (yron < 109°);
B) T-o6pasHoil. OnyiUKMTE CTPOEHHE 3TUX YACTHUIL C TTOMOLILIO TEOPHH OTTANKUBAHUA 3JEK-
TPOHHBIX nap (Moxens ['necnu).

4.4. PaccMotprTte cTpoeHne yactdil CN, N, u NO ¢ Tou-
KH 3peHus MMO. O6bacHUTe, Kak MEHAIOTCS OIS HUX: a)
MEXAaTOMHEE DACCTOAHMUA, §) 3HEPTUM AUCCOLIMALIMM, B)
NepBLle MOTEHUHANBLl MOHHM3AIWMH, T') CKIOHHOCTE K [HUMe-
pM3a1MM, A) MarHUTHEIE CBOMCTBA.

N T
2

4.5. ConocTaBbTe SHEPTHIO KPHCTATIMYECKHMX PELIETOK
it
- (ctpykTypHBIit TMN NaCl) cieayiomuMx nap coeIMHeHM:

L © 24 MgO u Ca0; LiH u KH; CaO u KCl.

4.6. Kakoil TUTI KpHCTANIHYECKON PeLIeTKH H300paxeH
Ha pHe. 4.50? Onpenenure KOOPAMHALMOHHOE YUCIO M KO-
OPAMHALMOHHEIH TIONU3AP aTOMa A ¥ YMCI0 (QOPMYABHEIX
€NUHHL, BXOAALIMX B 31eMEHTAPHYIO S4YelKYy.

4.7. TloyeMy OKCHI LUHPKOHHS, JNIErMpoBaHHEI OKCHIOM
Puc. 4.50, DneMeHTapHas sueit-  WTTPMsi, ABJISIeTCA XOPOIIMM MOHHBIM MPOBOAHUKOM?

Ka (K 3anave 4.6). ITokazaHer 4.8. Kak nokasars, 4to repMaHuii — IOJYIPOBOAHUK, a
CeYeHHuA IUIOCKOCTAMU J—3  ¢cBUHelw — MeTamn?
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4.9, KaK COOTHOCATCA TeMNepaTypsl KHIIEHHS opmo- ¥ hapa-HuTpodeHona? ObbsICHUTE
HPUYHHY ITOrO.

4.10. Hapucyitte 3HepreTHyecKue IHArpaMMBbl (TKII) cregyrommx KOMIUIEKCHBIX HOHOB:
a) [Co(NHy)gl™, [Rh(NH:)l™, [Ir(NHy)g)*;
6) [FeFgl> [Fe(C;0):1", [Fe(CN)¢l™;
B) [Cr(H,0)s}™, [Cr(H,0)¢]™.

B KaKoM M3 KOMIUIEKCOB Kax/I0i IpyIINbl BeIMYMHA PacweruieHua 6onsie U moyemy?
4.11. TloyeMy B cieKTPe MNOIIOLIEHHS PACTBOPA LIHAHHAHOTO KOMILUIEKCa Cu(1l) Habno-
JAI0TCS TPH MOAOCH?
4.12. CpaBHUTe Napsl KOMILIEKCHBIX HOHOB:

[Ti(H,0)}’* u [Zr(H,0)e]**
[VCL]™ u [VCI}™
[V(H,0)4)* 1 [V(CN)q]*

a) YKaXHTe 3JIEKTPOHHOE CTPOEHHE LICHTPANBHEIX HOHOB B 3THX KOMILIeKcax;

6) n306pasHTe Ha AMArpaMMax pacLieIUIe HHLIX d-opbuTaneil pacnipefieleHHe 3JEKTPO-
HOB M nocyuTaite DCKIT;

B) YKOXHTE, y KaKOro KOMIUIeKca GOJIbIle BeTMUMHA pacileluieH s K o6bICHHTe oyYeMy;

I) OOBACHUTE IPUYUHY PANTHYHOH OKDACKH COeNHEHUH, COMePXALUMX 3TH HOHBL,

M} paccuMTaiiTe BETHYMHY MX MAarHHTHBIX MOMEHTOB (MB);

¢) M306pasuTe pacripefie/leHHE 3EKTPOHOB TIO METONY BANIEHTHBIX CBA3eH M YKAKUTE
TUI TUOPUIM3aIHH OPOHTATE LeHTPANLHOTO aroma;

X) OOBACHHTE NaBWIBHOCTS HAH HHEDPTHOCTS 3THX HOHOB B peakuHax oOMeHa JTUTaHAaMH.

4.13. [IpeacKaXuTe THIT CTPYKTYPBI INTTHHENH, COOTBeTCTBYIOIIKHA coeHHeHUAM CoCr,0,
u CoFe,0,. Paccuuraitre 3CKII, eciu

co®* Fe*
A,, cM7! 9300 17400 14300
4.14. H3BectHO, yto MOH Cu* AHCITPOIIOPLIMOHHUPYET B BOAHOM DPACTBOpE. BBIYMCIHTE
KOHCTaHTYy paBHOBecHst mpouecca: 2Cu*(p.) & Cu(te.) + Cu™(p.). Kak usMenurcs K,
€C/IU B pacTBop A06aBuTh 3THAEHIHaMUH? OTBET NOATBEPAMUTE pacyeToM, TIPMHHMAs BO
BHUMaHMe, uro E°(Cu’/Cu®) = 0,52 B; E*(Cu®/Cu*) = 0,153 B: Kyer [Cu(en),]” = 5- 10'9;
Kyer [Cu(en),]? = 1,35 10%, a Bce aKTMBHOCTH PaBHBI eAHHMIE.
O6bsAcHUTE, NOYEeMY LA MOCNEIOBATENbHLIX KOHCTAHT YCTOHYMBOCTH KOMTIIEKCa
[Cu(en);}** cywmecTsyer CIelyloLas 3aKOHOMepHOcTh: K3 < K, < K.

8 Heopranwueckan xumus, tom 1
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INPHJIOXEHHUA

Mpunoxenue 1

TE[JMO,I[H](M‘IBCKHE CBOiiCTBa HEOPraHHYECKMX BENIECTB H HOHOB

B BOJHOM PacTBOpe

Bemecrao mﬁ}ﬁ:&hh nx/(fré?il ‘K) Kﬁfx,cf;:?(;nb Tok/ e K)

Ag(ms.) 0 42,55 0 25,44
AgBr(Ts.) -100,42 107,11 -97,02 52,30
AgCl(TB.) -126,78 96,23 -109,54 50,79
Agl (18.) -61,92 115,48 -66,35 54,43
Ag,0 (18.) 30,54 121,75 ~10,90 65,86
Ag,S(TB.) -31,80 143,51 -39,70 76,53
AgNO;(1B.) -124,52 140,92 ~33,60 -93,05
Ag (p.) 105,75 73,39 77,10 —

Al(TB.) 0 28,33 0 24,35
AlBr;(18B.) -513,38 180,25 -490,60 100,50
AICI, (T8.) ~704,17 109,29 -628,58 91,00
AlF;(8.) -1510,42 66,48 ~1431,15 75,10
Al,O; (kopyHD) ~1675,69 50,92 ~1582,27 79,04
AL(80,);3(TB.) -3441,80 239,20 -3100,87 259,41
Al*(p) -529,69 -301,25 -489,80 —

AOH); (p.) ~1507,5 89,7 ~1307,5 -

As (cepurit) 0 35,61 0 25,36
AsCly(x.) -305,01 216,31 -259,16 133,47
AsCly(r.) -270,34 328,82 ~258,04 75,48
As;04(B.) -653,37 122,72 -577,03 112,21
As;04(TB.) -921,32 105,44 -478,69 116,52
AsOF (p) —890,06 -167,28 -648,93 —

Au(TB.) 0 47,40 0 25,36
B (18.) 0 5,86 0 11,09
BCl;(r.) -402,96 290,08 -387,98 62,63
BF;(r.) ~1136,58 254,01 ~1119,93 50,46
B,05(8.) -1270,43 53,89 -1191,29 62,76
Ba(1s.) 0 60,67 0 28,28
BaCO,(Ts.) -1210,85 112,13 -1132,77 85,35
BaCly(1B.) -859,39 123,64 -811,71 75,31
Ba(NO,),(18.) -992,07 213,80 ~797,23 151,63
BaO(TB.) -553,54 70,29 -525,84 46,99
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Hpodoaxcerue npua. 1

Beunecino xf[ff/lfa{nb ,ux/(ffx}, K xﬁﬁﬁ&;. T/ )
Ba(OH), (18.) 943,49 100,83 855,42 97,91
BaSO, (ta.) ~1458,88 132,21 ~1348,43 102,09
BaZ*(p.) 524,05 8,79 -547,50 -
Be(18.) (1] 9,54 0 16,44
BeO (T8.) 598,73 14,14 569,54 25,56
BeSO,(Ts.) ~1200,81 77,97 -1089,45 85,69
Bi (t8.) 0 56,90 0 26,02
Bi,0, (Ts.) -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
Bry(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 -
BrO35(p.) -83,68 163,18 1,53 -

C (amma3) 1,83 2,37 2,83 6,11
C (rpacur) 0 5,74 0 8,54
C(r) 716,67 157,99 671,28 20,84
Cy(r) 830,86 199,31 774,86 43,21
co(r) 110,53 197,55 ~137,15 20,14
COy(r) -393,51 213,66 -394,37 37,11
COCly(r.) 219,50 283,64 205,31 57,76
H,C,0,(ts.) 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;C00-(p.) 485,64 87,58 -369,37 e
CN-(p.) 150,62 96,45 171,58 s
CO¥(p.) 676,84 56,04 527,60 -
C,0¥ () 824,25 51,04 674,86 ~
Ca(1s.) 0 41,63 0 26,36
CaCO; (kansupr) ~1206,83 91,71 -1128,35 83,47
CaCly(18.) 795,92 108,37 749,34 72,59
CaF,(18.) -1220,89 68,45 -1168,46 67,03
Ca(NO;),(r8.) 938,76 183,30 743,49 149,33
CaO (18.) 635,09 38,07 603,46 42,05
Ca(OH),(rB.) 985,12 83,39 897,52 87,49
CaSO,(ra.) ~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 s
Cd (1n.) 0 51,76 0 25,94

| CdCl,(rs.) -390,79 115,27 343,24 73,22




IIpodoascenue npun. 1

o &gfohh ﬂx/(ﬁgi}, K) &fffﬁg’m T/ (oo K)
CdO(tB.) -258,99 54,81 -229,33 43,64
CdS (18.) -156,90 71,13 -153,16 47,32
CdSO,4(18.) -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
ClI=(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 =
CIO-(p.) -110,04 32,97 -36,61 =
Cl105(p.) -66,53 101,25 17,12 =
ClO3(p.) ~95,56 164,43 -0,19 —
ClOz(p.) -123,60 183,68 -3,40 =
Co(Ts.) 0 30,04 0 24,81
CoCly(tB.) -312,54 109,29 -269,69 78,49
CoS04(TB.) -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(18.) 0 23,64 0 23,35
CrCly(1B.) -556,47 123,01 -486,37 91,80
CrO,(18.) -590,36 73,22 -513,44 69,33
Cr,04(tB.) -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 =
Crof(p.) -875,42 46,02 -720,91 —
Cs (8.) 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(Ts.) 0 33,14 0 24,43
CuCl(B.) -137,24 87,02 ~120,06 48,53
CuCl,(tB.) -205,58 108,07 -161,71 71,88
CuO(18.) -162,00 42,63 -134,26 42,30
CuS (18.) -53,14 66,53 -53,58 47,82
CuSO,(18B.) -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 s
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HMpodonxcenue npua. 1

BewecTso g&ﬁ/[fa}m ﬂ)l(/(f[z)g;lb' K) xldlfx/Gfam&m Iox/ e K)
Cu®(p.) 66,94 -92,72 65,56 —_
[Cu(NH,),J%(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 (8.) 0 27,15 0 24,98
FeCO,(tB.) ~738,15 95/40 -665,09 83,26
FeO (1B.) 264,85 60,75 —244 .30 49,92
FeSO,4(18B.) -927.59 107,53 -819,77 100,58
Fe,0;(TB.) -822,16 87,45 740,34 103,76
Fe;04(1B.) -1117,13 146,19 -1014,17 150,79
Fe>(p.) -87,86 -113,39 -84,88 -
Fe¥ (p.) -47,70 ~293,30 -10,53 —
Ga(ts.) 0 41,09 0 26,07
Ga,04(1B.) -1089,10 84,98 -998,24 92,05
Ge(ts.) 0 31,09 0 23,35
GeO; (rekcar.) -554,71 55,27 -500,79 52,09
GeO, (retpar.) -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(1B.) 0 75,90 0 27,99
Hg(x.) 61,30 174,85 31,80 20,79
HgCl, (1B.) -228,24 140,02 -180,90 73,91
HgO (1B.) -90,88 70,29 -38,66 44 88
HgS(rB.) -58,99 82,42 -51,42 48,41
Hg,Cl,(1B.) 265,06 192,76 -210,81 101,70
He*(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,(TB.) 0 116,14 0 54,44
Ly(r.) 62,43 260,60 19,39 36,90
HI(r.) 26,36 206,48 1,58 29,16
I(p.) 56,90 106,69 -51/94 o
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ITpodonxcenue npua. 1

Bengrro &ﬁigf&u nx/(f{f)g;l ‘K) Kﬁﬁ%}b Tl e K

I5(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(TB.) 925,92 107,95 ~831,98 92,05
K (18.) 0 64,18 0 29,58
KAL (SO,),(1B.) ~2465,00 204,50 -2235 193,00
KBr(18.) -393,80 95,94 -380,60 52,30
KCl (t8.) 436,68 82,55 -408,93 51,49
Ki(te) ~327,90 106,40 -323,18 53,00
KMnO,(tB.) -828,89 171,54 -729,14 117,57
KNO,(tB.) 492,46 132,88 -392,75 96,29
KClO;(1B.) ~391,20 142,97 -289,80 100,25
KCIO,(18.) 430,12 151,04 -300,58 112,40
KOH(18.) 424,72 79,28 -379,22 65,60
K,CO;4(18.) -1150,18 155,52 ~1064,87 114,44
K,S0,(18.) ~1433,69 175,56 ~1316,04 130,01
K,Cr,0,(18.) ~2067,27 291,21 -1887,85 219,70
K,CrO,(tB.) ~1385,74 200,00 -1277,84 146,00
K*(p.) -252,17 101,04 -282,62 —

La(t8.) 0 56,90 0 27,82
LaCly(tB.) -10700,68 144,35 -997,07 103,60
Li(p.) 0 28,24 0 24,73
LiCl(18.) —408,27 59,30 -384,30 48,39
LiNO,(18.) —482,33 71,13 ~374,92 83,26
LiOH (18.) —484.67 42,72 —439,00 49,58
Li,CO5(18.) ~1216,00 90,16 ~1132,67 96,20
Li,SO, (18.) -1435,86 114,00 ¢ =1421,08 117,60
Li*(p.) -278.45 11,30 -292,86 -

Mg (18.) 0 32,68 0 24,89
MgCO;(18.) ~1095,85 65,10 -1012,15 76,11
MgCly(18.) -644,80 89,54 -595,30 71,25
MgO (18.) -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 (18.) 0 32,01 0 26,28
MnCO,(18.) -881,66 109,54 -811,40 81,50
MnCl,(tB.) -481,16 118,24 -440,41 72,97
MnO (18.) -385,10 61,50 -363,34 44,10
MnO,(18.) 521,49 53,14 —466,68 54,02
Mn,0,(18.) -957,72 110,46 -879,91 107,50
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IIpodoaxcenue npua. 1

Beitptne xﬁ';c};f:;m ﬂx/(iﬁl ) uﬁ;ff/:fo}w oK/ K)
Mn;0y(T8.) -1387,60 ; 154,81 -1282,91 148,08
Mn?(p.) 220,50 -66,94 -229,91 —_
MnOj(p.) ~533,04 196,23 440,28 -
Mo (T8B.) 0 28,62 0 24,06
Ni(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(18.) -314,22 95,81 -203,22 84,10
NH,NO,(1B.) -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,O(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 —
NOs5(p.) -104,60 139,85 -37,16 —
NOz(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(78.) -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;(ts.) —466,70 116,50 - =365,97 93,05
NaHCO;(18.) -447.30 102,10 ~-849,65 87,70
Na,CO;(T18.) -1130,80 138,80 -1048,20 111,30
Na,B,0;(18.) -3276,70 189,50 -3081,80 186,80
NaOH(18.) 426,35 64,43 -380,29 59,66
Na,O(tB.) 417,98 75,06 -379,26 68,89
Na,0,(18.) -513,21 94,81 449,81 90,89
Na,S0;(18.) ~1089,43 146,02 ~1001,21 120,08
Na,S0,(T8.) -1387,21 149,62 -2169,50 128,35
Na,S0,- 10H,0(18.) -4324,75 591,87 ~3644,09 547,46
Na,SiFs(7B.) —2849,72 214,64 —2696,29 -
Na,Si0; (18.) -1561,43 113,76 -1467,50 111,81
Na,;AlFg(18.) —-3309,54 283,49 -3158,53 219,51
Na;PO,(t18.) -1924,64 224,68 -1811,31 153,57
Na*(p.) -240,30 58,41 -261,90 —
Ni(18.) 0 29,87 0 24,07
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Ipodonocenue npun. 1

Beuerao aram | Iy | e | maim o
NiCl,(T8.) -304,18 98,07 ~258,03 71,67
NiSO,(tB.) -873,49 103,85 -763,76 97,70
NiO(1B.) -239,74 37,99 -211,60 44,31
Ni**(p.) -53,14 -126,05 -45,56 —
o(r.) 249,17 160,95 231,75 21,91
O*(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
O4(r.) 142,26 238,82 162,76 39,25
H,0(18.) -291,85 (39,33) s e
H,O(x.) -285,83 69,95 -237,23 75,30
H,0(r.) 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 (xpacu.) -17,95 22,80 -12,00 21,39
Py(r) 143,39 217,94 103,37 32,05
PCl;(x.) -320,91 218,49 274,08 131,38
PCly(r.} -287,02 311,71 -267,98 71,84
PCls(tB.) -445,89 170,80 -318,36 138
PCls(r.) -374,89 364,47 -305,10 112,97
P,O4(1B.) -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(ts.) 0 64,81 0 26,82
PbCly(1B.) -359,82 135,98 -3314,56 76,99
Pbl,(T8.) -175,23 175,35 -173,56 81,17
PbO (xeur.) -217,61 68,70 -188,20 45,77
PbO (kpacH.) 219,28 66,11 -189,10 45,81
PbO,(TB.) -276,56 71,92 -217,55 64,77
Pb,0,(1B.) -723,41 211,29 -606,17 146,86
PbSOy(7B.) -920,48 148,57 -813,67 103,22
Pb*(p.) -1,18 -24,32 11,82 —
Pt(Tn.) 0 41,55 0 25,86
PtCl,(1B.) -106,69 219,79 -93,35 75,52
PtCly(7B.) -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(ts.) 0 76,23 0 30,88
Rb*(p.) -251,12 120,46 -283,76 —
S (mMouokn.) 0,38 32,55 0,19 23,64
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Hpodoaxceniie npua. 1

Dextigeo n&i(}/{;lﬁo:nb ,[[x/(fﬁ’b ‘K) xﬁfgfohb T/ e+ K)

S (pom6.) 0 31,92 0 22,68
S(r) 278,81 167,75 238,31 23,67
S,(r.) 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,CL(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
S*(p.) 32,64 -14,52 85,40 —

SO¥F(p.) 638,27 ~38,28 -486,73 -

SO (p.) -909,26 18,20 -743,99 -

Sb (ts.) 0 45,69 0 25,23
SbCl;(18.) -381,16 183,26 -322,45 110,46
SbCl(r.) -311,96 338,49 -299,54 77,40
Sb,04(TB.) -715,46 132,63 -636,06 111,76
Sb,04(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
SiCly(r.) -657,52 330,95 -617,62 90,37
SiF,(r.) -1614,94 282,38 ~1572,66 73,64
SiH,(r.) 34,73 204,56 57,18 42,89
Si0, (xBapi) -910,94 41,84 -856,67 44 43
Si0, (cTexu.) -903,49 46,86 -859,71 44,35
[SiFg)*(p.) -2396,51 125,94 -2208,25 =

Sn (t8.) 0 51,55 0 26,99
SnCl,(18.) -330,95 131,80 -288,40 75,58
SnCly(x.) -528,86 258,99 -457,74 165,27
SnCl,(r.) -489,11 365,84 ~449,55 98,32
SnO(18.) -285,98 56,48 -256,88 44,35
Sn0,(tB.) ~580,74 52,30 -519,83 52,59
Sn? (p.) -10,23 -25,26 -26,24 o=

Sr(T8.) 0 55,69 0 26,36
SrO(18.) -592,04 54,39 -562,10 45,03
SrSO,(TB.) -1444,74 117,57 -1332,42 107,79
Sr2*(p.) -545,51 -26,36 -560,97 -

Te(Ts.) 0 49,50 0 25,71
TeCl,(18.) -323,84 200,83 ~236,00 138,49
TeO,(tB.) -323,42 74,06 -269,61 63,88
Ti(t8.) 0 30,63 0 25,02
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Oxonuanue npua. 1

Heniiscmivy mb nx/(fg;'w K) ]qf[;((/;':(gﬂo,nb z[x/(cnfé’:i,- 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(rs.) 0 64,18 0 26,32
TICI(1B.) -204,18 111,29 —-184,98 52,70
T1,0(1B.) -167,36 134,31 -138,57 68,54
T*(p.) 5,52 126,20 -32,43 -
T3+ (p.) 201,25 -176,92 214,76 —
U(ts.) 0 50,29 0 27,66
UF,(18.) -1910,37 151,67 -1819,74 115,98
UFg(18B.) -2188,23 227,61 -2059,82 167,49
UF4(r.) ~2128,61 377,98 -2055,03 129,74
UQO,(1B.) -1084,91 77,82 -1031,98 63,71
U,04(1B.) ~3574,81 282,42 -3369,50 273,24
UQ,(NO3),(18B.) —1348.,99 276,33 -1114,76 —
U3+(p.) -514,63 ~125,52 -520,59 _
U0 (p.) _1018,66 ~89,68 954,71 -
W(rB.) 0 32,64 0 24,27
WO;(1B.) -842,91 75,90 -764,11 72,79
Zn(ts.) 0 41,63 0 25,44
ZnCly(1B.) -415,05 111,46 -369,39 67,53
ZnCO4(1B.) 812,53 80,33 730,66 80,08
ZnQO(TR.) -348,11 43,51 -318,10 40,25
ZnS0y4(tB.) -981,36 110,54 -879,12 99,06
Zn(OH),(18.) _645,43 76,99 555,92 74,27
an‘”(]).) ~153,64 -110,62 -147,16 —
Zr(tB.) 0 38,99 0 25,44
ZrCly(Ts.) 979,77 181,42 -889,27 119,77
ZrO4(1B.) -1097.46 50,36 1039,72 56,05

HanHble B3ATHL U3 «KpaTKoro crnpaBOYHHMKAa (PHIMKO-XMMHYECKHMX BEIMYMH» Tof pell.
A.A.Parnens 1 A.M. IToHoMmapesoit (CI16.: Uan-po «MBan ®enopor», 2002).
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IIpunoxeHnmue 2
Juarpammer JIatamepa

Ipynma 1 Tpynna 2 Ipynna 13

pH =0 pH=0 pH =0

H' 2 H, Be* 127, pe B(OH), 2%, B

Lit 23040 4. Mg =235, Mg AP LT, o)

Na’ =75 Na e 2280, g 6o 25, gy

K 29%, St =30, g, In*t S, gr SOA, 1)
Rb’ =22, Rb Ba™ =22, Ba T 15, 203%, 7
Cs"ﬂ, Cs Raz*ﬂﬁ_) Ra pH = 14:

b= 1% pRisis [B(OH),|” =22, BH;
H,0 828, g, Mg(OH), 25T, Mg (AIOH), 2319, A

[GaO(OH),I” =22, Ga

I'pynna 14

pH =90

O, 2214, HeooH 2%, gcHo %27, cH,oH 2%, ch,
(o5 el Lo N o il LU L LT

si0, 2299, i

Ge0, 2% Geo 0255, Ge

Ge* -0,124 Ge

Sn0, =%%8, sno %1%, op
Snée 018, gnar 0137,

a-Pb0, 18, pp2+ 0125, py,

a-Pb0, 7% pbso, =235, pp
pH = 14:

co} 222, Heoy 2118 yepo 259, cH,oH 20, CH,

c L%, cH,0H
sio> =189, g;
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GeO,(OH) =28,

[Sn(OH)g 252,

0,254

Pb0O, » PbO

-0,578

Ge
[Sno©H)]” £, sn

> Pb

[pynna 15
pH=0
0,803

NO; 893, N0, L% 1N, -%9%, NO 1%, N,0 174 N, 8% NH,0H" L4

1,41

2
2y N,H: 1,275 NH;

H,PO, 2%, 1,P,0, 2%, H,P0, =249, H,po, %%, p 2093, py,
H3A804 0,560 H3A503 0,240 Ag 20285, -0,225 ASH]
Sby05 233, §b,0, 2342, §b,04 2130, 5p 2310, gpy,
(Bi*%) 2, pi? 2317, p;
pH = 14
Noj_ “-D,86 N204 0,867 NO; -0,46 NO 0,76 N 0 094 2 -3,04 5 NH'EOH EB_)

N2H4 ﬁ) NH3

PO ——— s HPO; —27,

- L3 H,PO; —— 2, p PH,

AsOF =287, AsO; =088, As =37, AsH,

[Sb(OH)el- =465, [Sb(OH), - 6%, sb =338, sbH,

Bi,0; —22, pj

I'pynna 16

pH=10

D, 2012, -0,125 HO, 151, H,0, 1,763 H,0

HS0; =23 5,08 2%, H,50, 240, 5,03 280, g WM, b5
85,0212, 5o

1,15

0,74 ~0,11

Se0;” ——— H,5¢0; —— Se —— H,Se

H,TeO, 2% (Te

HzTEO.; Tﬁo;
= 14:
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)‘—)057 Te _:0_7_1__)']‘ 22_—_-0—--—> H,Te

0,53
- Tﬂz



s -0,33 05 0,20 HOE 0,867 OH"

- 0,936 _ - - -
SOE .93 SO? 0,576 5,02 0,742 S 0,476 HS

SeOf‘w) SeQ3” 036 o e SGT | 2

TeO,;” 0,07, TeO;” Faals LRy A Te%' —___)1.445 Te?
T'pynna 17
pH=0

F, 3,053 HFE

F 2,979 HF;

1,358

Glo; 2L, ¢io; L1, cio, L% Helo, 5%, Holo L2 4 i, 3 B

1,604

Bro; 182, gro; L*7, Hpro Br, 225, By

Br, 1,087 Br

HsIO(,ﬂ) [O;.ﬁ, HIO 1-44! I 0,535 I

I 0,536 I

pH = 14:

F, 2,866 B
1,358

clo; 274, clo; 2241, 0, LY, clo; 8L, cjo- 242, @), s CI

BrO; 1,025 BrO; 0,492 B 0,455 Br 1,065 Br

H,102 255, 10; 015, 1o~ 042, 1, 053, -

I'pymna 18
pH=0

H;_XEOE ﬁ) XeO; ‘li) Xe

Illenounoit pacmaop:

HXe07 %%, HXe0; 124 Xe
Ipynna 3
pH =0:

SCL =2,03 Sc

Y3+ -2,37 Y
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La** ~2,38 I

ScF* 216, oo
pH = 14:

Sc(OH); =25, s¢

I'pymna 4
pH=0

Ti02+ U,l > Ti3+ —0,37> Ti2+ _1’63\ Ti.

-1,23

b5 (o Wil B, g RN, R B
zi L3, 7

et =L, yr

pH = 14:
Ti0:-2E00 T3, b2 0 R8s
I'pymma 5
pH =(:
1,000 0,337 -0,225 -1,13
VO —— VO y V3 > VI y V
pH=3,0-3,5:
0,723 0,481 -0,082 -113
[szloozg] “—‘—‘—> VOOH* —— VOH¥* » VI >V
, l?

Nb,0s — Nb* —» Nb

-0,81
Ta205 ——Ta

-0,45
TaF —— Ta
pH = 14:

0,542 -0,486 -0,820

VO3 —) HV,05 — V,0, » VO » V

I'pynna 6
pH =0:

0,55 1,34 2,10 -0,424 -0,90
Cr,0 — Cr(V) — Cr(]V) y Cr¥* Cr2+ » Cr

0,49 05)
H,Mo00,(s) —> Mo,03* —-* [M0;04(OH,),]* —> [Mox(u-OH),(OH,)g]* —> Mo

2 =0,13
H,M00,(s) — MoO, —» Mo* ———3 Mo
-0,38
[Mo0,0]* —— [MoCls(0H)]*
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-0,029 ~0,031 -0,119
WO3 4 WzOs ? WO: —— W

~0,046
[CoW 1304} —— [H,;CoW ,0,4]%

0,22
[PW 04— [PW304]*

pPH=7:

-1,143
[CHCNgP s [CH(CNY I
{Cl‘(cdta)(OHz)]’ ;0’9—9-> [Cr(edta)(OHz)]z"
[Mo(CN)sF 2 [Mo(CN)yl*

0,457
[W(CN)g]>- ——— [W(CN),]*+
pH = 14;

=0,11 ~-1,33
Cr0} — Cr(OH); ———» Cr

-0,72 -1,33
CrO} ——— [CH{OH),]" ———s Cr

-0,780 -0,980
MoO} —— Mo0O,— s Mo
-1,259 -0,982
WO » WO, » W

-0,702
IW(CN)4(OH)J** ———» [W(CN)4(OH),J*-

I'pymma 7
pH =0

MnO; 22 HMnO; 12,5 (H,MnO,) 2%, Mn0, %5 Mn® 15, Mn? _-b18, pn

Teo; 4™, Tc0, 42, T¢
Re0; 272, Re0, 2%, Re0, 2276, Re

Re0; 21 [ReCl > 25 Re
pH = 14:
0,27

MnO; %%, Mn0}" 22 Mn0}" %%, Mn0, %46, Mn,0,

Re0; 22393, Re, 0552, pe

I'pynna 8
pH=10:

ch* 0,771’ Fez* -0,44> Fe

[Fe(CN)s]* 231, | Fe(CN)(J* 2116, pe

Mn
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[Fe(ox);]* —22, [Fe(ox);]*

Ru0, 22, Ru0; L&, (Ru0)) 135 (Ru(OH)?)* 28, Ry 224 gy 08, py

0s04(p.) =B 050, 28 05
pH=7:

[Ru(NH;)el** 215 [Ru(NH,)e*
[Ru(CN)e]* 1% [Ru(CN)o)*
[Ru(bipy)s}* 25 [Rubipy):]**
[0sClg]” 2%, [0sCI>
[0sBrg}* 2%, [OsBr)™

[Os(CN)g 2524, [0s(CN)g}*

[Os(bipy)s)> —228; [Os(bipy);)**
pH = 14

Fe0} —28L, Fe,0, 2%, Fe(0H), 2%, Fe

I'pynna 9

pH=0:

Co0; 14 Co* 192, o2+ 0282, o,
Rh* 278 Rn

[RhCIg)** 22, Rh

110, 224, (0 LY

[irClel 287, {rrei™ 286, 1r

(irBrg)> -28%, (1rBr >

(Irlg)” 289, (11>
pH=7:

[Co(NH,)g)* 228, [Co(NH,)e)*
[Co(phen)s** 2% [Co(phen),]**

[Co(ox)s™ 2% [Co(ox)s]*

* Tounee, H,[Ru,04(O0H,),,]*"™".
224



[RR(CN)g]> 225 [Rh(CN)*
pH = 14:

Co0, 2% Co(0H); 2, Co(0H), 2272, Co

I'pynna 10
pH=0:
NiO, 25 Ni** =22 Ni

PdO, =24, pg 2213, pg

[PdCIg> 243 [pdc1 > 28 pd

[PdBr,)* 2%, pd

PtO,(s) 2L pdoGs) 228, pt
[PtClg> 2728, [prcy g 0738, py
[PtBrel* 2831, [PtBr,* 268, py

(Pt 232, [prrg? 2%, pt
pH=T:

[Ni(NH3)e* =225 Ni
pH = 14

Ni0, 27 NiooH 252 Ni(oH), =22, Ni

PdO, 247, pgo 2327, pq
I'pynma 11
pH =0

Cut 0189, o 050~

cu* 13 [Cu(CN),T =04, cu

A3203 1,715 AgO l,802>Ag+ 0’799,Ag
[AZ(CN),” =231, Ag

Au,0; 22, Ayt 18, Ay

(AuCL]” 222, [Auct L4, Au

[AuBr,]” %22, [AuBr,J” 2%, Au
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[AuL” 255 [AuL] 2578, Au

[AuSCN), I 252, [Au(SCNY,I 2562, Au
[Au(CN),]" 255 Au

pH=7:

[Cu(NH,) 1 218 [cuNH,), ) =% cu

[Ag(NH,),J* 2225 Ag
pH = 14:

Cu(OH), -2, cu,0 =2, cu

A0y 3587, g0 0602, g ) 0343, A,
T'pynna 12

pH = O

Zn® 2272 7n

o e Bl

Hg? 20910, po2e 079 gy

He,Cl, "% Hg

pH = 14;

[Zn(OH) > =21, 7
Zn(OH), =2, 7n
Cd(OH),(s) 234, cd
HgO Lt Hg

JlanTanonaM
pH =0:

La3+ -2,38 La
Ce* _b76, ce =234 ¢
Pr4+ 3,2 Pr}+ -2,35 Pr

Nd* =28 Ng* =23 Nd

pm* =22, pm

S =155, g2 267, g
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Eu 3+ 0,35 Eu2+ -2,80 Ea

Gd* =22, G4

Tat 2l Tat 223, T
Dy* =25, py* =23 py
Ho* =23, Ho

Er** —ﬂ» Er

Tm®* 223 Tm® =23 Tm
Yoi 18, yp 228 vy

Lu** 223 1y

AXKTHHOHIK
pH =0;
Ac* 22 (Ac™) 22 Ac

T-hM -3,8 (-1-h3+) —4.,9 (—th-t) 0,7 Th
PaOOH? 09, pytt —l4 pyir =54 p2e 03 p,

0,
UO§+ ].7, UOi 0,38} UM -0,52 , U3+ —4,7> U2+ :0',_1) U

NpO2* 12 Npo3 284, Np* 215, Np* 47, (np?) 224 Np
Pu 02+I(]2 Puo; L%, 1,04 Pu® 1,01 LOL b3+ -3,5 (Puz"):ﬁ)Pu
AmOZ 169 Amos 082 Apte 262 gpde 23 0 o195 4
Cm* 21, 3,1 Cm* -3,7 =3 (Cm 2+) -1,2 Cm

Bk"*ﬁa» B3 =280, -2,80 (Bkz") -1,6 Bk

(Cey Sy o 2L, ety 28, op

(ES4+) 4,5 ESJ+ -1,55 (-E52+) -2,2 Es
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[Mpunoxenue 3

DIeKTPOOTPHOATENLHOCTL XHMHIECKHX 3/IEMECHTOB

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 1,47 201 250 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 —
oI 1,23 1,47 1,74 2,06 244 283 —
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 1,82 202 2,20 248 274 —
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 1,49 172 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 0,97 144 1,55 1,67 1,76 1,96 —
Sc Ti A% 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
1,20 132 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 L23 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
108 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| T | Dy | He | Er | Tm | Yb Lu
1,121,13 | 1,14 — | 1,17 |— 1,20 — (1,22 1,23 1,24 1,25 — | 1,27
1,06\ 1,07\ 1,07| 1,07 | 1,07| 1,01} 111| 1,L10| LL10| Lio| 1,i1| L,11| 1,06| 1,14
Th | Pa U|Np|Pu{Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr
1,31 1,5 1,38|11,36|1,281 1,3 1,3} 1,3 1,3 1,3 1,3 1,3] 1,3] 1,3
11| 1,14 1,22\ 1,22| 1,22 — — —_ — —_ — — — -

Hpumeuanue. Bepxuss uudpa — 3/1eKTPOOTPHLATENLHOCTh MO [IoNuHTY, HWKHAA (KYDCHB) —
no Omnpeny — PoxoBy. JlaHHEIE B3STH W3 CNpaBouHHKa JIK. IMCIH «Bnements» (M.: Mup, 1993).
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Paauycsl atoMoB (1m)

IIpun

OX¢HHe 4

H He
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 0114 (0,198)
Rb Sr In Sn Sb Te I Xe
0,247 0,215 0,162 0,158 0,141 0,137 0,133 (0,209)
Cs Ba Tl 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 Te 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 [Nd|Pm|Sm | Eu | Gd| To | Dy | Ho| BEr [Tm | Y¥b | 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 — — - — — — — —

* JIByXaTOMHEIE MOJNEKYH.
**Monekynu P, u As,,
ITpumenanue. TIpAMEIM WDHPTOM NAHB METALTHYECKHE Panuycel, KYpCUBOM — KOBAJICHTHHE, B
cxobKkax — BaH-Oep-BaaNnscoOBEl. JIaHHLIE BIATH W3 cnpaBovYHuKa JIX. OMcAH «DneMeHTe» (M.:

Mup, 1993).
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