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IIpeducaosue kK pycckomy u30anuro

B xuure M. Opunna u I'. Ixadde «Pasprixasiomue op-
6uTanu» B OYeHb JOCTYNMHOH ¢opMe H3JI0XKeHbl OCHOBHI METOJA
MOJIEKYJISIPHBIX op6uTasneii. B oTanune OT APYrHX KHHT, MO-
CBSIIIEHHBIX 3TOMY BONPOCY H HANHCAHHBIX HAa TaKOM XKe
ypOBHe, B NaHHOH MOHOTpaduu HauOoJIblllee BHHMaHHE YJe-
JIEHO PasphIXJSIONIUM (aHTHCBSI3bIBAIONINM) opouTaisiM. B cBs-
34 C 3THM .aBTOPbl DAacCMOTpPeJH PSR BaxHBIX BONPOCOB,
JUIs TIOHUMaHHUsl KOTOPBIX KOHIENIHS Pa3phbIXJAIMIUX OpGH-
Tanell sABJsieTcs pewatoiiel (poToxumus, peakuuu I[odma-
Ha—Bynsopzaa). Bce u3noxeHHe mnocTpoeHO Ha mNpHMepax,
KOTOpble TNOJKpeNnJeHbl OGLUIMPHBIM H OYeHb BHIPA3HTEJIbHLIM
rpajguuecKyM MaTepHajioM, YTO COOOLIaeT KHHUIe NOMYJIspPHbIH
XapakTep M MO3BOJIIeT H36exaTb CTPOroH NocjeloBaTeSbHOC-
TH B H3JIOXKEHHH MaTepuana. IJTO MMeeT, KOHEUHO, U CBOHU
HeJlocTaTKU. Tak, HHOrJa aBTOpaM NPHXOAHTCS MOJb30BAThb-
cs1 Ge3 10Ka3aTesNbCTB NOHATHSAMH M COOOpaeHHSAMH, KOTOphie
He SIBJISIOTCS OUeBHAHBIMH: HampHuMmep, B pasi. 3.4 npuBeleHhHl
pe30HaHCHble CTPYKTYPbl KapOGOHHJIbHOH rpynnel 6Ge3 mnosic-
HeHUs1 HX cMmblcaa. Ho, mo-BuaumoMmy, mojo6Hble HEAOCTaTKH
Heu30exxHbl NPH TAKOM KPATKOM H NONYJSPHOM H3JIOXKEHHH.

B nesom KHHra HanucaHa OPHTHHAMNBHO, H DAL ee pa3jiesioB
MOKeT ObITb HMHTEPECEeH TaKxKe IJIS YuTaTessi, 3HaKOMOTO C
npeaMeToM. IIpH pelaKTHPOBaHHHM Mbl OTPaHHYMJIHCH HCIPaB-
JIeHVeM SIBHBIX OIIHOOK B TEKCTE M HEeBEpPHbIX BHICKA3bIBAHHH.
BblaM HCKJIOUEHBl TaKiKe NMPUMeUaHHsl, COLepIKallie KpaTKHe
6ubnuorpaguyeckve CBeleHHsI O HEKOTOPBIX KPyMHeHIIHuX yye-
HbIX, HalHCaHHble, K COMXaJIeHHIO, KpalHe MIOBEPXHOCTHO H
6ecCHCTEMHO.

B. Kponeays



H3 npeducaosus asmopos

[TonyasipHOCTh TEOPHUH MOJIEKYJsIpHBIX opbutaneii (MO)
1 ee BKJIIOYEHNe B NPOrpaMMy MO XMMHM Ha MJIaJIIMX Kypcax
NOCTaBHJIM HOBble NpPoGJeMbl Nepej NMpenojaBaTe]siMH H CTy-
nentamu. [1pyu usnoxenun teopuu MO KOHIENIHIO PAa3PHIXJISIO-
mux opbutaneil cienosano 6bl BBOAUTb OJHOBPEMEHHO C pac-
CMOTpeHHeM Bompoca 06 06pa3oBaHHH CBSI3H B FOMOSIAEPHBIX
JBYXaTOMHBIX MOJIEKYJaX, COCTOSIIIMX M3 3JIeMEHTOB BTOPOTO
psiia nepuoauueckoil cucreMel, Ny, O,, F,o. B Mosekynax stux
COEIMHEHHH 3JIeKTPOHBI 3aHUMAIOT He TOJBKO G- H w-CBA3bIBAIO-
mye opOUTaTi, HO TAKKe H pasphiXJsiomye opouTas.

Paspoixasmomye opOuTalud XapaKTepHU3YIOTCS y3JIOM Ha
ocH cBA3U. Hamportu, cBs3biBawiiue op6GUTaNH He HMeEIOT
TaKOIro y3Jia ¥ NMO3TOMY 00JIaJlaloT NMOJIOKHTENbHBIM NepeKphi-
BaHHEM MEXJy CBSI3aHHbIMM atoMaMH. TakuM o6pa3oM, yeK-
TPOHBI, 3aHUMAIOIIHE Pa3pHIXJsolIe OPOUTANIH, HE TOJIbKO He
YBEJMYHBAIOT 3HEPTHIO CBSI3H, HO (hAaKTHYECKH YMEHBINAOT
ee.

BoJsbIIMHCTBO peakuuil CoeflMHEHHH, HAXOASALIUXCS B OC-
HOBHOM COCTOSTHHH, MOXHO ONHUCaTh 6e3 NpHUBJIEYEHHS KOHIeM-
LHH paspbiXasoomux opbutaneir. CylecTBYIOT TakKke GoJee
yrobHble WM B KpPaHHeM CJyyae CTOJIb K€ YAOBJIETBOPHUTENb-
Hble TIOAXOJIbI K OOBSICHEHHIO HEKOTOPhIX sABJNeHHH. Hanpumep,
npubasnenue sjnektpoHa k cucreMe K iCo(CN)g, B KoTOpOi
Co®" nmeer d®-koHdurypanuio, norpeGoBajno Obl paspylieHHS
3anoJiHeHHOH 18-3/71eKTPOHHON YCTOHYHBOH O6OJIOUKH BOKPYT
Co (6 + 6x2= 18). CornacHO TeOpHH MOJIEKYJISPHBIX Op-
6utajnefi, npubGaBjeHHEe OJHOrO 3JeKTPOHA MOTPeGOBaO Obl
3aNoJIHEHUS paspeixJswonieil e*-op6Utasu € BBHICOKOH 3Hep-
rueii. CyenoBaTelIbHO, 3HAKOMOE MPABUJIO OKTETa» TaK IKe
NPaBHJbHO, KAK U TEOPUS MOJIEKYJSIPHBIX opOuTajeli, mpex-
CKa3blBaeT HEYCTOMYHBOCTb CHCTEMbl, NMOJIy4eHHOH mnpubasie-
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HHeM 3JIeKTPOHA K KOH(UIypalHuH C 3aNOJHEHHOH 0GOJIOUKOMH.

OnHako Ha COBpPEMEHHOM yDOBHe Pa3BHTHSI XHMHH NOAPOG-
HOE pacCMOTpPeHHe POJIH Pa3pHIXJSAIIIHX opbuTaleil BechMa
XeJjaTeJbHo. Ha KOHKpeTHBIX npumepax Mbl HajeeMcs yGe-
JHUTb YHMTaTesell B TOM, HACKOJbKO BEJIMKO 3HA4YeHHe pasphixX-
JsoIHKX opbuTaneii. KoHeuHo, 3TH opOHTaNH Henb3st 00CYK-
JaTb 6€3 YNOMHHAHHS O CBS3bIBAIOIIUX H HECBSI3bIBAIOLIMX
opbHTansiX M o mpobjeMax 3JEeKTPOHHOIO pachpeeseHus BO-
oflle, NMOITOMY 3arjaBHe KHHIH «Pasphixasioniue op6uTaiu»
He SIBJISIeTCsl HCYEPNBIBAIOIMM, a JIHIIb 3a0CTPsieT BHUMAaHHe
yyuTaTeJsi Ha HHTEpPeCymlleM Hac BOIpoce.

B Hauasie KHMT'H Mbl IPUBOAHM CBefleHUs (XOTS U JaJIeKo He
NOJIHbIE) /151 IOHNMaHHUSI HEKOTOPBIX NMPHHIMIIOB TEOPHH MOJIe-
KyJspHbIX opb6uTanefi. 3ateM Mbl NEpeXofuM K OO6CYXKAEHHIO
JBYXaTOMHBIX MOJIEKYJ, COCTOSIIIMX H3 3JIEMEHTOB BTOPOTO
psZia MepHOJUYeCKON CHCTeMHI. DTO OOCYXKIeHHe 3aKaHUHBAET-
cs pacCMOTpPeHHeM CTpPOeHHsT OKHcH yriepopa. Ha 3toit oc-
HOBe Jajiee CTPOUTCSI OOCYKIeHHe CTPOeHHs] HEKOTOPHIX Kap-
GOHHJIOB METaJJIOB, KOTOPbIe SIBJSIOTCS BEJHKOJEMHBIMH INPH-
MepaMH [JIs1 Hauleil TeMbl: CTPOeHHe M CBOHMCTBA UX MOJIEKYJI,
TaK e KaK M PeakIiH, CTAHOBATCH NMOHATHBIMHU, €CJIH NPUHSTh
BO BHHMaHHe CYIIeCTBOBaHHE Pa3pHIXJSAIONIMX opOUTaNell U HX
y4acTHe B peaklHH.

Bo MHOrux MoJiekyJiax pasphixJsiiomye op6UTaNu 3aHSATHI
B OCHOBHOM COCTOSTHMH. YUToObl mnepeBecTH («BO3GYIUTBb») JO-
NOJIHUTEJbHEIE 3JIEKTPOHBI Ha pasphIXJsiomiue op6uTany, Tpe-
6yeTcsi JOBOJMIbLHO 60JbllIOe KOJHYECTBO 3HEpTHH. Takum obpa-
30M, BO3HUKHOBeHHe OOraThiX 3Heprueil CHCTeM B pe3yJbTaTe
TOIJIOLIEHHS YJIbTPa(HONETOBOTO H3nyyeHus (ynbTpadHosero-
Bast abCOPOIMOHHAST CIIEKTPOCKONHUS) U peaKLHH MOJIEKYJI B BO3-
OYyXKIEHHOM COCTOSIHMM ((HOTOXHUMHSA) CBSI3aHBI C 3acejeHHeM
pa3puXJasiomx opbutaneii. DToi TeMe MNocBsAmleHa Ia. 4.

B ¢doroxumuyecku BO36YKIEHHBIX COCTOSIHHAX paspbiX-
Jsoomne opouTany IOUYTH BCerja 3aHATHl M 3TO 3acejeHHe
4acTo omnpejessieT NyTh peakuvd. OCHOBaHHbBIE Ha 3TOM Npa-
Buna [opmMana—Byzpsopaa (ro1. 5) npexcraBiasitoT coGoit oco-
6eHHO U3SIIIHBIA NMPUMepP NpPUMEHEHHS KOHILENUUH Pa3pblXJsio-
mux opburanei.

BriGop mpuMepoB, pasymeercs, npou3BosieH. Ha mero ot-
YacTH NOBJHSAJIN HAlIX NPSIMble HHTEPechl, a TaKKe Halle xKe-
JaHue GbITh KPAaTKHMH U Clle1aThb MaTepHaJs NOHATHBIM AJIs CTy-
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JeHToB. MbI cTaBUJIH nepes co6oil Lesb He Pa3bSCHATb HOBblE
NPHUHIUIBL ¥ TEOPHH, a CHCTEMAaTH3MpPOBaThb MarepHas Mo JaH-
HOMY BOIIpOCY, CTHMYJIMPOBaTb HHTepec K npeamery. B 3a-
KJIOUeHHe Mbl HajJeeMcsi, YTO Halla KHHra OyheT NpoyHTaHa
10 MeHblIe# Mepe XOTsl 6bl C YaCTHLEH TOrO YJOBOJLCTBHUSA, C
KOTOPbIM MBIl €e MHCaJH.

M. Opuun
I'. Hucagge



I'nasa 1.

Teopust amomHoIX U MOAEKYAAPHOLX
opbumaaneii

1.1. TEOPUSA ATOMHbIX OPBUTAJIEN

PasBuTHIO COBpeMEHHOH TEOPHH aTOMHBIX OpOHTaJsell moJio-
JKHMJIa HayaJo TeopHsi aTOMHOIO CTpPOeHHs, Kotopywo B 1913 r.
npepoxun Bop mna atoma Bopopoza. Ilo Bopy, anektpon
B aToMe BOJOPOZA JABHKETCS BOKPYT siipa Mo  KPYroBOH oOp-
6uTe, HA KOTOPOH OH YyJepxKUBaeTcsi Osarofapsi paBHOBECHIO
MEXKJAY LEeHTPOOGEIKHOH CHJION U CHJIOH TNPHUTSXKEHHS OTpHLa-
TEJbHO 3aPSKEHHOTO 3JIEKTPOHA K TOJIOKHTENBHO 3apsiKEHHO-
My g1py. DTa KOHLEMIMS Bpalalomierocsi 3/AeKTpOHAa HOCHT
Ha3BaHHe MNJaHeTapHOH Teopuu atoma. [lanee Bop mpeanoso-
JKUJI, YTO paspelieHHbIMH MOI'YT ObITh TOJIbKO HEKOTOPHIE 3JIEK-
TPOHHBbIE OPOUTHI, H PAAMYChl 3THX OPOHMT ONpeneAITCS TakK
Ha3blBa€MbIM KBAHTOBBIM YHCJIOM £, SIBJSIOMIUMCS LEJIbIM
(n=1, 2, 3 ... u 1.14.). Haubosee ycroiiuuBoe cocTtosinue
aToMa BOJOpPOJa (OCHOBHOE COCTOSIHME) OTBEUYAeT IIOJIOXKEHHIO
3JIEKTPOHA HA Op6GHTE C CaMblM HH3KHM KBAaHTOBBIM YHCJOM
n = 1. Ecan Ha aToM BOJOPOJA BO3AEHCTBYeT UCTOYHHK 60Jb-
1I0H HEpTHH, TO 3JEKTPOH MOxkeT OblTb nepeBeleH («BO36OYK-
JieH») Ha opbuty ¢ n = 2. IIpu 3TOM TroBOpPST, YTO MOJYYaro-
IIMACA aToM BOAOPOJA HAXOAMTCS B NEepBOM BO30YKIAEHHOM
coctoAHMU. Eciau aTtoM mnoaBepraiwoT BO3[JEHCTBHIO CBETOBOM
5HePTHH, TO 4acTOTa MOTJIOMIEHHOTO CBeTa v MPOMOPIIHOHAJNbHA
SHepruy, TpebyeMoll 1js1 BO3OYKIEHHS] 3JIEKTPOHA C YPOBHS
n = 1 Ha ypoBeHb n = 2. BennuuHa v (YuCJI0 BOJIH, NPOXOZS-
IMX yepe3 JaHHYIO TOYKY B | cex) cBfI3aHa ¢ 3Heprueil ¢yHAa-
MEHTaJIbHBIM yPaBHEHHEM CMEKTPOCKONUH (KaK 3MHCCHOHHOM,
Tak M a6copOLHOHHON)

E:h‘l'
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rie h — KOHCTaHTa, HasblBaeMasi MocTosiHHo# [lnanka. 3to
YHHUBEpCaJbHOE COOTHOLIEHHE Gbilo BhiBeJeHo [nankoM U DiiH-
wrefinoM. Yactota cBeta, HeoOXoiuMasi 1J1sl NMEPEBOAA 3JeK-
TPOHAa B aTOMe BOJOpOJa C YPOBHsl n = | Ha ypoBeHb n = 2,
MoXKeT ObITb BHIUMC/IEHA; OHA paBHa 2,4675X 10'® ey. Yacrora

CBsI3aHa C BOJIHOBBIM YHCJOM v (T. €. YHCJIOM BOJIH B 1 ¢ JiH-
Hbl TMYTH) CJELYIOIHM COOTHOIIEHHEM:
::v/c,

rae ¢ — ckopoctb cBeta (3X 10 cm/cex). Takum o6pasom,
yKa3aHHOe 3HaueHHe v OTBedaeT BejuuuHe 82251 cm™!, unu
JuiiHe BoJinbl 10%/82251 = 1216 A (1. e. 121,6 mmx). CBer 3700
JUIMHBL BOJIHBI COOTBETCTBYET SHEPTHH OKOJIO 235 KkKkaa/moab;
U3JyyeHHe NpPUMepPHO Takoil sHepruu umeer CoJHIe.

[Ipocrasi niaHeTapHasi TeOPHsl CTPOEHHS aToMa He MOrJa
OGBSICHUTb DSl 0coGeHHOCTEH CIEeKTpOB, HabJOAaeMbIX MIJIsT
aTtoMoB, B 000JIOUKE KOTOPHIX GOJIbllIE OJHOTO 3JEKTPOHA.
B cBfI3W ¢ 3TUM BO3HHKJIA HEOGXOAUMOCTb YCOBEPIIEHCTBOBATD
teoputo Bopa. IlepBoe cymiecTBeHHOE [ONOJNHEHHE K TEOPHH
crenan 3omMmepdesbl, KOTOPBIA NPENNoJIORKHI, YTO TJaHeTap-
Hble OpPOHTHl 3JIEKTPOHOB 3JITMNTHYECKHE, a He KpYIOBHIE.
Jl1s1 onucaHus JJIMNTHYeCKOH OpOHUTH MOTPE6OBAOCh BTOpPOE
KBaHTOBOE YHCJIO, CBSI3aHHOE C 3KCLEHTPHCHTETOM 3JIJIHIICA.
B coBpeMeHHOH TeOpHH 3TO BTOPOE KBAHTOBOE YMCJO [/ Ha3bl-
BaeTCsl A3UM{MAAbHOIM KBAHTOBBIM YHCJIOM B OTJIHYHE OT
2/08H020 KBAHTOBOTO uucna n. Ywucno [ MoxKeT NPHHHMATH
Jqobpie neqsle 3Hauenus: or 0 no n — 1. Kaxjaomy 3Hauenuio
| COOTBETCTBYeT CTpPOro omnpejaesneHHass (GopMa 3JEKTPOHHOM
nonobosiouky, o6o3Hauaemass OykBamMH s (I = 0), p (I = 1),
d I=2) u 1.1

B 1924 r. mosiopoit ppannyackuit  ¢usnk Jlyu ne Bpoiib
NPENNoJIOKHII, YTO OYeHb MaJible YaCTHUIp!, HANPUMEP 3JIeK-
TPOHBI, MOT'YT PACPOCTPAHATHCA BOJHAMH, APYTUMH CJIOBaMH,
MaJsible YaCTHLB MOTYT NpPOSBJSITH KaK BOJIHOBHIE, TaK H KOp-
NyCKyJIsipHble CBOHCTBA. XapaKTepUCTHYECKHMH CBOMCTBAMH
BOJIHBI SIBJISIIOTCA €e JJIMHA, YacToTa U HHTepdepeHLHOHHbIE
SIBJIEHHs1, TOTJa KaK Macca, 3HePTHsi H MOMEHT OTHOCATCS K
KOPNYCKYJSIPHbIM cBoiicTBaM. i cBeta MOJOGHBIH Lyasnusm
6bl1 ycTaHoBseH pabotamu [lnanka u DiHmtelina. Jlyu ne
Bpoiinb npeanosoxusa, 4TO 3TOT Ayajdu3M CHPaBelJIUB AIJIst
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3JIEKTPOHOB, TO3TOMY B OJHUX 3ajayax yJoOHO WJH Jaxke He:
00X0JUMO BbIpaxKaTb CBOHMCTBA 3/J€KTPOHA B TEPMHHAX KOpIycC-
KYJSIpHO#l TeopHHM, TOTJa Kak B JAPYrux 3ajauax Gojee uee-
coo6pa3Ho ONMHUCHIBATb TNOBEJECHHE 3JIEKTPOHOB IPH MOMOIIH
BOJIHOBOH TEOPHH.

PasinuHble BUABI BOJIH, HApUMep 3BYKOBble HJIH BOJHBI,
co3naBaeMble BUOpUpPYVIOIIEH CTPYHOH THTapbl, U T. A., MOXKHO
ONHCaTh C MOMOLIBIO BOJHOBBIX ypaBHEHUH. ITO B PaBHOM CTe-
MeHd CIpaBejIMBO M AJIS1 3JEKTPOHHBIX BOJIH.

MoXXHO NpOBECTH aHAJOTHIO MeXJY 3JEKTPOHHOH BOJHON
U CTosiyell BOJIHOHM, KOTOpasi BO3HHKaeT Ha GeyeBKe, €CJAH OAUH

P uc. 1.1. Tunuunas BoaHa.

KOHell ee 3aKpeIVIeH, a dyepe3 APyrod, cBOGOAHBIH, el coolia-
10T BOJIHOOOpa3Hoe jBHXKeHHe. [[J1 TakuX BOJIH, H300paiKeH-
HbIX Ha pHC. 1.1, XapakTepHO BBIHYXKJEHHOE JBHKEHHe, NpH
KOTOPOM MAaKCHUMYMBI H MHHHMYMbl aMIUVIMTYZABl BOJIHBI, 4epe-
LysiCb, pacroJiaraloTcs B OAHOH IJIOCKOCTH, HO B IPOTHBOINOJIOXK-
HbIX HampasJieHHsiX. Ha nosoBHHe NMyTH MeXKJAy MaKCHUMYMOM
¥ MHUHUMYMOM aMILUIUTyJa paBHa HYJIO. JTH HYJIeBble
NOJIOXKEeHHUs] aMIVINTYAbl Ha3blBAIOTCS y3JlaMH, a HalpaBlleHHe,
WM 3HaK, BOJIHBI IIPU TepeceueHUH yana usMmeHsertcsi. Ciego-
BaTeJbHO, AMILIUTYJAA sBJsieTCs QYHKLHEH PacCTOSIHHS BJOJb
BoJIHbl. [TocKoJIbKY BOJIHA ABHIKETCA TOJNBKO B OJHOM ILIOC-
KOCTH, €e aMIIUTYAa — (PYHKIMS TOJBKO OJHOH KOOpZAHHATHI.
B oTnnyne oT 3TOro 3JIeKTPOHHBIE BOJHBI MOTYT paclpocTpa-
HSITbCS B JIIOOBIX IVIOCKOCTAAX, W NO3TOMY aMIVIUTYZAAa, WJIH
BOJIHOBAs (pyHKLHs, YacTo o6o3Hayaemasl yepe3 @, NpeACTaB-
JsieT co6oll pYHKIHIO TpeX KOOpAHHAT @(x, ¥, 2). Bo Bcex Boa-
HOBbIX YpaBHEHHSIX KBaJpaT BOJHOBOH (YHKUHH SIBJSIETCS
BeJIMYHHOH, HMeloliell ¢u3nuecKH# cMmbici. B ciydae asek-
TPOHHOH BOJIHBI @ (X, Y, 2) KBaapaT 3ToH (QyHKLUHH XapaKTepH-
3yeT BEPOSITHOCTb HAXOXKIEHMS 3JIEKTPOHA B 3jeMeHTe 06b-
eMa dxdydz.
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ITocsie Toro kak ae Bpofsb BHABHHYJ THIIOTE3Y O BOJHO-
Boil mpupoje BeulectBa, lllpenunrep, I'afisen6epr u [dupak B
1926—1928 rr. pasBuaM ¢opMajbHBIF anmapar, NpH NOMOIIH
KOTOPOT'O 3Ty KOHLEINIHIO MOXHO OblJIO NPEBPAaTHTb B 3pdek-
THUBHBIH METOL JJ1s1 PellleHUs] KOHKPeTHbIX 3agau. Teopus Illpe-
JuHrepa HauboJsiee npocTa U yjao6Ha A/ PELIeHHs MOJIEKYJIsp-
HbIX nipoGaem. [llpeayHrep BbiBes (hyHAaMeHTalbHOE yPaBHEHHeE,
CBSI3LIBAIOIIEE JHEPTHIO 3JIEKTPOHHOH CHCTEeMBl C BOJIHO-
Boil ¢yHKUMeH. HecMOTPA Ha TO 4YTO BOJIHOBOE YpaBHEHHE
TOYHO peIUTb YAaeTcs JIMIIb A CaMblX NPOCTHIX CHCTEM,

b4

X A Q.
, AN

s P

Puc. 1.2. OpGuranu s, p u d.

npubJIMKeHHBIE pellleHHsl O0Ka3ajuChb TaKKe BecbMa IoJe3-
HbIMH. BoJIHOBHE (QYHKIHH, SBJAIOIHECS DEIIeHUSMH BOJIHO-
BOTO YypaBHEHHs, MOJYYHJIH HasBaHue opbumaiell.

B cooTBeTcTBHH € 1enbl0 3TOH KHUTHM AJIS HAac MpeicTaB-
JSIOT MHTepec TPU TUma opburtaneil: s, p u d. s-Opb6uranu
cepHyecKM CHMMETPHUYHBl OTHOCHTEJIbHO $1ApPA, MU IOJIOXKH-
TeJIbHOTO IeHTpa atoma. OOBIUHO s-OpOUTANU Ha YepTexe yc-
JIOBHO u3obpaxaioTcsi B Bule kpyra. Kpyr B cBolo ouepenb
yCJIOBHO o0OGO3HayaeT cedeHHe cgepor Gepoamuocmu (MK
8epOMHOCMHOL chepot); BEPOSITHOCTb HAXOMXKIEHHS 3JIEKTPOHA
B o6beMe, OrPaHHYEHHOM 3TOH CdepoH, 3aBHCHT OT paauyca
cepnl. [las atoMa Bojopoja, HampuMep, BePOSTHOCTHAsA cde-
pa, B KOTOpOH BepOSITHOCTb HAXOXKJEHHsl 3JIeKTPOHAa paBHa
0,95, umeer paguyc 1,7A, T.e. B 19 us 20 ciyyaeB 3/eKTPOH
B aToMe€ BOJOPOJAA HAXOAMTCS BHYTPH 3ToH cdepnl. Hnasi yno6-
CTBa MOXHO H306paxkaTb Kpyr Jito6oro pasmepa, HCIOJb3YS
NPOU3BOJIBHBIA MacliTa6 pacCTOSIHUSI OT siApa U INPOU3BOJIb-
Hbll Maciirtab BeposATHOCTH. Taxoe H306paxeHHe IN03BOJSET
CYIMTb HaM, BO-TIepBBHIX, O ¢opMe s-OpOHTaNIM H, BO-BTOPBIX, O
GOJNIBLION BEpOSITHOCTH HAXOXKJEHHS 3JIEKTPOHAa BHYTPU H30-
OpaxaeMoil ccheprl. B oTaHuHe OT s-op6HTANH ; p-OopOHTANb
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HMeeT OfUH y3ena, a y d-opburtanu — jaBa y3na. dopma 3THX
opbuTtasel nokasaHa Ha puc. 1.2. Bo usbexaHune nyTaHHIBI
CJIeyeT YSICHUTb CMbICJ M300paKeHHsl Ha 3TOM pUCyHKe. [leii-
CTBUTEJIbHO, €CJIM Mbl XOTHM H300pa3uTb BEPOSITHOCTHBIE IIO-
BEPXHOCTH, TO OyJeM HUMeThb JeJo C @2, a He ¢ ¢, U NO3TOMY He
MOXKeM CTaBHUTb MJIOC B OJHOH 06J1aCTH M MHUHYC B JpYTOH,
TaK Kak KBajpar (YHKIHH ¢* BClOAy NoJjoxuTtenaeH. p-Op6u-
Talb KaK BOJIHOBasl (yHKUUA H300paxaercsl B BUJe IBYX ONH-
HAKOBBIX KPYTOB, KACAlOIIUXCS B OJHOH TOYKe, C IJIIOCOM Ha
OJJHOM M3 HUX W MHHYCOM Ha JpyroM. BepositTHocTHast moBepx-
HOCTb @2 JJI51 5TOH BOJIHOBOH (YHKLHH H300paxkaercsi B ¢opme
raHTeNu C OJMHAKOBBIMH 3HAaKaMH Ha o6Genx AoJsix. OOBIYHO
3TU TOHATHS OOBENUHSIOT M, Kak IpaBuJjo, H300paxaioT
BEPOSITHOCTHYIO MOBEPXHOCTb @2, HO UMEIOT B BHAY BOJIHOBYIO
¢byHKIMIO (@), MPHUNNUCHIBAs PasHble 3HAKH ee JOJIAM.

1.2. MIPUHUUNBbI 3JEKTPOHHOIO CTPOEHHS1 ATOMOB

[TepeuncuM OCHOBHbI€ 3aKOHbI, MO KOTOPBIM CTPOHUTCS
3JIeKTPOHHAsi o6oJiouka Jio6oro 3JemeHTta. Ilepgoui — 3TO
NPUHIUN OYepeJHOCTH 3aloJHeHHs opfurajell, COIJIacHO
KOTOPOMY 3JIEKTPOHBI 3aMoJIHSIOT OpPOHTAdH B TOPsJKe yBe-
JIHYEHHs] SHEPTHH IOCJEIHHUX: Ha opbuTassix ¢ GoJiee BBICOKOM
SHepTHedl 3J1eKTPOHBl pacroJsiaraloTcs MOCJae TOro, Kak yxe
3amnoJiHeHbl opOUTaNIu ¢ MeHbllei 3Heprueil. JlocTroBepHo ycra-
HOBJIEHO, YTO IO CBOe{ 3HEpPTHH OpPOMTAJNH PAaCHOJNaralTcs
B caenyomui pag: 1s<<2s<<2p<<3s<<3p<<ds<<3dd ... . Bmopoi

152 2522p9

P uc. 1.3. dnekTpoHHas KoHGHrypauus aToma asora.
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NPHUHIUN — NpUHUMN 3anpera [laynu — 3akiouaercss B TOM,
4TO OJHY OpPGHTANb MOTYT 3aHHMAaTh He GOJblle IBYX 3JEKTPO-
HoB. OTcCioJla ClefyeT, UTO CIIHHBEI 3THX 3JIEKTPOHOB CIIapeHbl,
T. €. IPOTHBOINOJIOKHB! N0 HanpasieHuo. CornacHo mpemoemy
npuHUUNy (npaBuso ['yH7Aa), 3/1€KTPOHBI BHAyaje MO OJLHOMY
3aceNIIOT BCE BBHIPOXKJIEHHbie op6uTtanu (T. e. op6uUTanu C
OJIMHAKOBO{l 3HEpTHell) M HMET INpPU 3TOM NapajlleNbHble
CIIMHBI, TOJBKO TOCJE 3TOTO MOMKET MPOUCXOJUTh OKOHYATEb-
HOe 3amoJIHEHHEe BBIPOXKJAEHHBIX OpOHUTaJiell IBYMsI 3JEKTpo-
HaMH. DJIeKTPOHHAsl CTPYKTypa atoMa asota ls* 2s? 2p3, npu-
BeJleHHasi Ha puc. 1.3, MOXeT CJIYXKUTb NPUMEPOM HCIOJb30-
BaHWUsl TEePeYHCJEeHHbIX MPHHIUIIOB.

1.3. TEOPUS1 MOJIEKYJISAPHBIX OPBHUTAJIENA.
CBA3BbIBAOIWHUE U PA3SPBIXJIAIOLUE OPBHUTAJIU.
MOJIEKYJIA BOAOPOJA

Ecnu 1Ba atoMa BOJOPOJA, HaXOAsIHecs Ha J0CTATOYHO
GOJIBIIOM PACCTOSIHHM JAPYT OT Apyra, MOCTENeHHO COIMKATh
IPYT C IPYroM, TO B KOHIe KOHIOB SIAPO KaxJOTO H3 aTOMOB

E
o -
:
o r(pasnosecn.) Mexbageprioe
: paCCTOﬂHHe
Puc. 1.4. KpuBas Mop3se anst MoJeKyJsl BOJAOPOAA.

HayHeT MPHUTATHBATb 3JEKTPOH, MepPBOHAYaJbHO CBSI3aHHLIK
TOJBKO C JPYyTUM atoMoM. li3MeHeHWe 3HEPTHH CHCTEMBEI
o6blyHO M306paxkaloT B BHAe KpuBoil Mopse Kak (yHKIHIO
paccrosiuus (puc. 1.4). Ecau paccrosinue MexAy siipaMH paBHO
uad GJH3KO JJHMHEe CBSI3H, TO 00a 3JeKTPOHA CHCTEMbI CBfl-
3aHBl C OGOUMH SIAPAMH, U BMECTO NepPBOHAYAJbHBIX ATOMHBIX
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opbuTaJei, 1o OAHOH Ha KaXKJIOM aTOMe, BO3HUKAET MOAeK Y AAp-
Haa op6uTanb, o6beaMHSIOINAs aTOMHbIe opOuTanu. Ecinu oqun
3JIEKTPOH HAXOZUTCS BOJIM3HM OLHOTO s1Jpa, MOMKHO HPHUHSATH,
yTo0 MoJekyJsipHasi op6utanab (MO, BosHOBasi GYHKUMs ()
cxolHa ¢ atoMHoi op6utanbio (AO, BOJHOBOH GYHKIHEH @4 )
9TOTO aroMa. AHaJOTHYHO, ecJu 3JIEKTPOH O0KasblBaeTcs
BOJIM3H JAPYroro sijpa, MOJEKyJspHas opOGuTalb CXOAHA C
¢p. Tak kak MO xapakrtepusyercs MONEPEMEHHO TO @, TO
¢, OHA NPUOGIU3UTEJNBHO PaBHA JIMHEHHON KOMOHWHAUUH 3THX
aTOMHBIX opOHTasell (MHHeHHbIE KOMOMHAIHMM MOJy4aloTCs
IIPOCTHIM CJIOXKEHHeM HJIM BhIUMTaHHeM ¢yHKuuil). B panHoM
cl1ydae MoJieKyJsipHyio op6urtanb (), obpasyeMyio cioxe-
HHEM JByX 4TOMHBIX OpOHWTaJel, MOXKHO ONpeNeNUTb Kak
b, = @A -F @p . DTOT METOJ, Ha3blBaeMbIH METOJOM JIMHEHHBIX
KOMOMHAI M aTOMHBIX opOuTanell (uau cokpameHnHo: JIKAO),
BnepBele Obl1 paspaboran Mannukenom. CilloxeHndHe IBYX
aTOMHBIX opOuTajeii, NPEACTaBJEHHOE MOJIEKYJASIPHOH OpG6H-
TajJblo §,, O3HAyaeT, 4TO ABA 3JEKTPOHA B MOJIEKyJe BOJO-
pola Temepb OXBaThIBAlOT 00a siapa (T. €. B3aUMOAEHCTBYIOT
¢ o6oMMH siapaMH), APyTHMHU coBaMu, stTa MO aBisercs aByx-
nentpoBoii. Kpome TOro, cioxeHue ¢a -+¢@po3Hayaer, yTo oba
3JIEKTPOHA NPOBOAST GONBLIYIO YAaCTh CBOETO BPEMEHH MEXIY
JIBYMsl siIpaMH, YTO CIOCOOGCTBYET CBSI3BIBAHMIO JBYX aTOMOB
ojopoza. Takum o6pa3oM, HHAEKC b (OT aHIVIMHCKOTO CJIOBa
bonding — cBsi3biBaHHe) B {, yKasblBaeT Ha To, 4T0 MO cBsi3bI-
BaeT aTOMbl, U OpOHTalb U, HaA3bIBAETCS NO3TOMY CB736/6010-
weti  opbumansio.

[Tpouecc cioxenuss 1ByXx AO rpaguuecky MOXHO H30-
6pasuth pasHeiMM cnocobamMu. OJMH H3 HUX 3aKJ04YaeTcs B
TOM, 4YTO TpaHMyHasg mnosepxHoctb MO paccmaTtpuBaercs
KaK pe3yJbTHpYyIOlasl OT NepeKPhBaHHA I'DAHUYHBIX NOBEpPX-
HOCTel HHIWBHAYaNbHbIX aTOMHBIX op6uTaJei (puc. 1.5). 3Hak
«+» Ha usobpaxenun MO o3HayaeT, YTO BOJIHOBasl (YHKIIHS
BCIOLY TOJIOXKHTEIbHA H, CJENOBaTENbHO, HE HMeeT yaia.
(Cnexyer NOMHHTb, YTO B CJy4yae BePOSITHOCTHOM IIOBEPXHOCTH
3HaK TepsieT cMbica. OpHAakKo W B JajbHerleM njs o6o3Ha-
yeHHs] BOJIHOBBIX (PYHKUHMH @ Haun ¢ Mbl OyJeM IPHMEHSATb
rpaguueckoe H3oOpaxkeHHe BEPOSTHOCTHHIX MOBEPXHOCTEH (2
nau Y% ¢ anre6pauyecKMMH 3HAKaMH M3-3a BaXKHOCTH Y3JIOBBIX
CBOHCTB.)

Mbl paccmoTpesd JIHHEHHYI0 KOMOUHAIHIO ABYX OTAGJNbHBIX
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aTOMHBIX op6uTanefi. IIpH moMomM KBAHTOBOH MeXaHMKU
MOXHO T0Ka3aThb, YTO NPy NpumeHenuu Mertoaa JIKAO k nByx-
aTOMHBIM MOJIEKYJ/IaM J0J/KHA ObiTb BTOpAsi MOJIEKYJsipHAs
op6uranb, o6pa3oBaHHas APYIoi JHHeHHON KoMGuHauei AO.
B o6wem ciyuae meton JIKAO paer & mosekynsipHbIX opGu-

OONOD

Puc. 1.5. Croxenue ABYX aTOMHHIX ls-opOuTaiseii.

taneil. Heo6xopumoctb o6pasoBanus AByx MO mu3 msyx AO
MOXXHC OOBSCHUTb ClefylomuM ob6pasoM. Ha ka0l aToMHOH
op6UTATH MOTYT MOMECTHUTBCS MAaKCHMaJbHO J[Ba 3JIEKTPOHA.
Ecau o6bequHsioTes ABE aTOMHble opOHUTan, UX KOMOWHANMs
B pesyJsbTaTe JO/UKHA [aBaTb CTOJILKO MOJIEKYJSIPHBIX OPOH-
Tane, ytobbl HA HUX MOIVIO Pa3MECTHUTbCS YeThlpe 3JEeKTPOHaA.

Puc. 1.6. Boluntauue ABYX aTOMHHX ls-opGuranei.

Brtopas nuHefinast koMOuHauus Bogopoaueix AO nosyvaer-
csi BoluutanueM ogHo# AO u3 gpyroi: ¢, = ¢a—¢p . Takomy
TpollecCy COOTBETCTBYeT H3MeHeHHe (JOPMbl TDAaHHYHBIX IIO-
BepXHOCTell, npexcraBneHHoe Ha puc. 1.6. Ias stoii MO
BEPOSITHOCTb HAXOXKJIEHHS 3JEKTPOHOB MOCEPEJHHE MEXIY
AfpaMH paBHa Hymo, T.e. MO HMeeT ysJOBYIO IIOCKOCTb,
KOTOpas MoKas3aHa Ha pHC. 1.6 MyHKTHPHOH JIMHHEH. DJIEKTPO-
HBI Ha {, B CPEJIHEM JaJbllie OT M000T0 U3 siIep, YEeM OHH ObNIH
B H30JIMPOBAHHBIX AaTOMax, H, CJIeI0BATeNIbHO, OTAEJIbHbIE
aTOMbl HaXOAATCS B GoJjiee BHLITOZHOM 3HEPTEeTHYECKOM COCTOSI-
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HYUH, YeM aToMbl, COeJMHeHHble B MOJIeKyJse. DJEKTPOHBI Ha
opbutanu ¥, CTpeMATCS Pa3beAHHHUTb ATOMBbl, NMO3TOMY OPGH-
Tadb U, (MMu BoJIHOBas (DYyHKIMsI) Ha3BaHa paspoixasiouet,
WIn  axmucessesarowell (antibonding), opOuTalbio; OTCIOAA
UHAECKC a B U,.

Msi mokasanu, yto Meron JIKAO, npuMeHeHHBIH K IBYM
ATOMHBIM 0p6HTaJmM BOJIOPOJAA ¢A H B, NPUBOAHT K AByM MO

Hy

Ha Hp
[ \‘Pa
/ \
/ \
/
E Fa——, J——
\ /
\ /
\ /,
CAS o )

Puc. 1.7. Dueprernueckass JuarpaMma o6pa3oBaHUs MOJEKYJsip-
HbIX op6uTaneit H, u3 aToMHBIXx opGuTaseil.

P, U b,. DTOT mpoluecc MOXKHO MNPEACTABHTb 3HEPreTHYECKOH
nuarpammoii (cM. puc. 1.7). TopusoHTaNbHBIE TUHHY TIO KPasM
IMarpaMMbl COOTBETCTBYIOT OJMHAKOBbIM 3HEPrUSM KaxIOH
U3 aTOMHBIX op6uTajell OTAeJbHBIX 4TOMOB, a B CepeluHe —
sﬂeprme CBSI3BIBAIOLIEH U paspuixJsiiomell opbutaneii MoJie-
KYJIbl'.

1.4. OPBUTAJIH s H o*

Ha puc. 1.5 mokasaHa rpaHHyHasi MOBEPXHOCTb OpGUTAJIH
Y,; 3HAK IUIOC O3HAYaeT, YTO 3Ta OPOHTaJb MOJOKHTENbHA
B Jio6oit ee obsaacTd, T. €. OHAa HUTJe He uMeer y3ja. Llere-
Co06pa3HoO OMHCATh CBA3b MEXKAY JBYMSI aTOMAaMH C MOMOIIBIO
CUMMETpPUH OpOuTaJiell, 3aHSAThIX 3JEKTPOHAMH, KOTOpbIe CBsi-

1 B o6biyHoM npuGnuKeHUH (T. e. ecau mpeHeGperaiT Tak Hasgl-
BaeMbIM HHTErpajoM MNepeKpbIBAHHS) SHEPrusi paspuixasiomei opbu-
TalH HACTONbKO Xe Bblllle SHEPrHH OTAEJbHbIX aTOMHBIX opém‘aneu
HAaCKOMbKO 3HEprus CBA3bIBAIOLUlEH OpOUTanM HHUKe Hee. ;
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3BIBAIOT ATOMBI JPYT ¢ apyroM. OCoGeHHO HHTEPeCHO ONHCATh
CHMMeTPHIO opGuTajefi OTHOCHTENIbHO OCH CBSI3H.

Ecau yanuHeHHywo op6uTaib, U306paxkeHHyo Ha pHuc. 1.5,
NOBEPHYTh BOKPYT OCH, NpOXoAsimed uyepe3 sizpa, Ha 180°,
(unu Ha Jo6oit APyroil yrodg), To noJydyeHHast ¢popma opOUTaNU
Gyzer HeOTIIMUNMA OT NepBoHauajabHOH. Takas mpouenypa Ho-
CHT Ha3BaHHe OMNepaluu cUMMeTpHH. [lanee, MOCKOJNBKY 3Ta
opOUTaNb TNOJIOXKHTENbHA BCIOLY, BpaileHHe HE MOXKeT Io-
BJAUSITb HA 3HAaK OpOHTANH — BCe TNOJIOXKHUTENbHbIE 00JACTH
OCTaHYTCSI NMpPH 3TOH ONEpalUH CHUMMETPHUH MOJIOXKHTEJbHBIMH.
Ecau op6uTajb MpH onepanvy CHMMETPUH He MEHsIeT CBOEro
3HaKa, TO OHA HAa3blBAGTCS CUMMEMPUYHOL OTHOCUTENBHO
aTol omepanuu. B HaieM npumepe U, CHMMETPHYHA OTHOCHTEJb-
HO BpallleHHsl BOKPYT OCH, MpoxoAsieil uepes siapa. Tak kKak
3TO CBOHMCTBO XapaKTepHO JJIsi aTOMHOI S-OopOMTalH, MOJIEKy-
JSIpHYI0O OpOHTaNb, CHMMETPHYHYIO OTHOCHTEJbHO BpaIleHHs
BOKDYT OCH, NpoxoAsiue# yepe3 siipa, Mbl 00603HayaeM depes
o (o — rpeyeckuii SKBUBaJEHT GYKBHI S).

Tenepp paccMOTpHUM paspuIXJdwollylo opbutanb ¢,, H3006-
paxeHHyl0 Ha pHuc. 1.6. OHa ToXe CHMMETPHYHA OTHOCHTE/b-
HO BpalleHHsi BOKPYT ToH ke caMoii och. XoTs o6e ee HoJH
HMeIOT pasHble 3HaKH, NMPH BPaIleHUH BOKPYT OCH, COEIHHSIO-
meld HeHTPbl KaxKJIoH 10/, 3HAaKH He uaMeHstorcsi. Cnenosa-
TeJIbHO, Op6HTaldb ¢, — TOXKe c-0opOUTaNb, HO B OTJIHYHE OT
s-opbuTtanu ¢, oHa obnajaer Oojee BHICOKOH 3Hepruei. Uro-
6bl MOAYEPKHYTb pasjvuyve 3TUX opOHTaJjed, Pas3phIXJSIOLLYIO
opbutane 0603HayalT ¢¥, a CBA3BIBAIOILYIO O.

Eciu atoMbl A ¥ B oauHakoBel, To pasinyue Mexuy o
U o* CBOAHTCA K pasjHuMio B CHUMMeTpHH. Ecau 6bl MBI mocra-
BWJIM 3epKaJslo Ha INOJIOBHHE paccTosiHusi Mexx1y A u B, To yBH-
Jenau Obl, 4to (hopMa Kak g, TaK M o¥, Npu oTpaxKeHUH He Me-
Hsercsd. Ho 3HaK ¢ He MeHsieTCsA, T.e. OHA CUMMEMPU4HA OT-
HOCHTEJIbHO OTPaXKeHHsl, TOTAAa Kak 3HaK o¢* mepeMeHHTCS
¢ IJIIoca Ha MHHYC U HaoGoport. [TostoMy o* HasbBawT awmu-
CUMMEMPU4HOLl OTHOCUTEJILHO OTPaxKEeHUs B IJIOCKOCTH.

1.5. THIOTETHYECKASl MOJIEKYJIA He,

Ha sHepreruueckoil auarpamme o6pasoBaHHsi MOJEKYJsIp-
HbIX op6uTtajeil H, B pesynbrare KoMOuHauuu 1s-opbutanen
®a M @paBYX aTOMOB Bojopoja (puc. 1.7) noxkasaHo pa3merie-
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HHe JBYX 3JIEKTPOHOB Ha MOJIEKYJISIPHO! op6uTanu ¢,. [Toctpo-
UM Tenepb QUarpaMMmy 3HepPrHH MOJIEKYJsPHBIX opOUTasel ru-
NOTETHYECKOH MOJIEKYJBl U3 ABYX aTOMOB Tesiusl. ¥ KaxKIOro
aToMa rejiusi UMeeTCsl MO JBa 3J1eKTPOHAa Ha 1s-op6uransix; Ta-
KHM o6pasoM, y obpasyomerocss He, 6yaer uetbipe 3jeKTpo-
Ha. KomGuHanus ls-opOuTaneii AByX aTOMOB TejiUsl BeleT K
TakoH e juarpaMMe 3HepTHM, KakK U Jia H,, HO mo mpuH-
UMY OoYepefHOCTH 3aNoJiHeHUs opOuTatedl W NPUHLHUNY
[Taynu fBa M3 4YeTbIpeX 3JEKTPOHOB MNOJIKHBI Pa3MeCTHTbCS
Ha Y, ¥ IBa — Ha o*-opburanu ¢,. B oObl4HOM NPHOIMIKEHHH,
T. €. ecJIM NpeHeGpeub HHTErpajioM NepeKpbiBaHus (CM. IJI. 2),
CBSI3bIBAIOIIME U Pa3pBIXJSIOIIHE YPOBHH OLHHAKOBO YJIaJIeHbI
OT YPOBHSI H30JHPOBAaHHOTO aTOMa, TaK YTO 3aloJIHeHHe 0GouX
ypOBHeiHl NMPUBOJUT B Pe3ysibTaTe K TOYUHOH KOMIIEHCAIlUH CBS-
3biBatoIero adxpekra c-opOHTAJH AHTHUCBA3bIBAOIIUM 3ddeK-
ToM o*. [Tostomy He, He cyiiecTByeTr Kak ycroiiunBasi MoJe-
Kyna. HeycroiiunBocTb 3TOH (OPMBI NOATBEPIKAAETCS H MPH
MeHee rpyOoM NPUOMHKEHHH: eCJIM He NpeHeOperalT HHTerpa-
JIOM NepekpbiBaHuA (S), TO 0Ka3bIBaeTCsl, YTO pPa3phiXJasiomas
op6uTanp GoJsbllle paspbIXJsieT, YeM CBsi3blBaloLlas opOHUTalb
cBsi3biBaeT!.

1.6. OPBUTAJIU = H =*

Mbl paccMoTpesnn KoMOMHAUMIO ABYX S-OpOHTaself, KOTO-
pasi jaet op6utanu ¢ U ¢*. Temepp paccMOTPHM KOMGHHALUIO
IByX p-opburtaneii. CocTaBUM CHOBa JHHEHHYIO KOMGHHALHUIO

1 DHeprus ABYyX op6HTaseil ¢ yueTOM mepeKpblBaHHs BHIpaKaeT-

CA YpaBHEHHMAMH

Eq,a:E‘P—(B—SE‘P)/(l-—S),

rie E; — 3Heprus 3JeKTpOHA HA aTOMHOH opOuTanu @, (ua @g) H30-
JAUpOBaHHOro BOJOpPOAHOro artoMa ; (B — SE¢)/(1 £ S) — pacuende-
HHUe 3TOrO0 aTOMHOro YpoBHsl Ha (p M ¢,, KaK moKazaHo Ha puc. 1.7;
B — Tak Ha3biBaeMbIH pe3OHAHCHBLIH MHHTerpan, BeJWYHHA KOTOPOrO
onpeaessieTcss BeHYHHOH B3aHMoOJeHCTBHsI ABYX aTOMHBIX op6uTasei
H yacTo MpHHHMaeTcs mponopuxoHanbHoit S. ITockonbky (B — SEq )—
oTpuuaTeJbHast BenuunHa, To +(B — SE¢)/(1 4 S) xapakrtepusyer cra-
6unn3anuio CBsi3blBamollell op6utan, a — (3 — SE¢)/(1 — S) — ne-
cTabuansauuio paspuixasiomeil op6HTann, npHueM MNepBas BeNHYHHA
MeHblé BTOPOi.
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NyTeM CJIOXKeHHsI U BblUMTaHHUsl op6utaseil (puc. 1.8). Kaxnas
HCXOJHasl p-opOUTalb HMeeT OJMH y3eJ, MOJydaluasics op-

6utanp ¢, = Pa-+¢p (Tne ¢'— aToMHble 2p-opOUTANH) TOXKE
¥MeeT OJIMH y3eJl, HO Op6HuTalb §,= ¢, — @ HMeeT 1Ba yaja.
IMosiBnsieTc HOBBIM y3eJ MEXAy IABYMs siIpaMH, H, CJeloBa-

¥
Y

Puc. 1.8. CroxXeHne M BbIYHTaHHe 2p-aTOMHBIX opOHTanei.

TeNIbHO, TOCJeNHAs op6uTalb sABJseTCS paspbixasiwomei. Tak
Kak o0e MoJleKyJ/IsipHble OpOUTadu 06/Mafal0T TEMH JKe Y3JIOBbI-
MH CBOHCTBaMH, YTO U p-opOuTanb, ¢, Mbl Ha3biBaeM m-OpOH-
Tanblo (m — rpedecKHil 3KBUBAJeHT OYKBH p), a b, —
n*-0pOUTANbIO.

[Ipu paccMOTpeHHH CBOHCTB CHMMETPHH OpOUTajJed ¢ H
o* (puc. 1.5 u 1.6 COOTBETCTBEHHO) Mbl YKa3blBa/JH, YTO 3TH
Oop6HTaNy CHMMETPUUHBI OTHOCHTEJbHO BPAIleHHs] BOKPYT OCH,
coequHsomed siapa. Op6utand = U «* 1O OTHOIIEHHIO K TOH
JKe onepalydd CHMMETPHHM aHTHCHUMMeTpPHUHbl. FIMeHHO 3TO u
OTJINYaeT w-op6UTaJH OT o-opOuTaJel.

Touno Tak xe, Kak ¢ U ¢*, w-op6UTajb He UMeeT y3Jja, a
n*-0pGUTaNb MMeeT y3esq MexX1y aTtomamH. Kpome Toro, eciu
aTOMBbl OJMHAKOBBI, = CHUMMETpPHUHA, a w* aHTHCHMMETpHUHA
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OTHOCHTEJIbHO 3€PKaJbHOH MJIOCKOCTH, PaclOJIOXKEHHOH MexX-
1y aToMaMH. Tenepb, KpoMe BpalleHHsl BOKPYT OCH H 3epKaJib-
HOTO OTPa)eHHMsl, Mbl MOXXEM PacCMOTPeTb TPeTHH THUN omepa-
LMH CHMMETPHH.

Orta omepauusi CUMMeTPHH (uHBepcus) COCTOMT B CJIENYIO-
meM. M3 mo6oii TOYKH opOUTaIH NPOBOAAT JIMHHIO JO LEHTpa
MOJIEKYJIbI, NPOLOJIKAIOT €e Ha PaBHOE PAcCTOSTHHE B TOM 3Ke
HanpaBJIeHHH U NOJYyYaloT BTOPYIO TOUKY. EC/H B nonyuyeHHOH
HOBOM TOYKE, HAXOAMIIEHCS HAa TaKOM XK€ PAaCCTOSIHUM OT

C=C
C C
N*/__\O.
/ \
/ \
\
E QA_.’(——( I—')(-—QB
\ / ;
\ !
\ /
A-’(-*“b
Puc. 1.9. IuarpammMa 3Heprui MOJeKyJNspHEIX opOuTanell nJs

B3aMMOJEHCTBHS IBYX aTOMHBIX 2p-opOuTasei.

LIeHTpa, YTO U NepBasi, 3HAaK opOUTaIM He HU3MeHsieTcsi, OpOu-
Tajlb Ha3blBAeTCsl CHMMETPHUYHOHN IO OTHOLIEHHIO K HHBepCHH!.
Iyt 0603HaueHnsi COOTBETCTBEHHO CHMMETPUYHOIO ¥ aHTHUCHM-
METPUYHOTO MOBEJEHHSI OTHOCHTEJbHO HWHBEPCHH YacTO YIOT-
pebasoT HeMelKie cioBa gerade (Y4eTHBIH) U ungerade (Heuet-
Helff). Takum o6pasoMm, Mbl MOKeM OG0O3HAYHTb m-OpOGHUTANb
6ykBoll u (ungerade), a =*-opburtanb GykBoil g (gerade); uac-
TO OYKBHl g ¥ 4 CTaBAT B HHJeKcax. /lnarpaMMel, peacTaBJeH-
Hble Ha puc. 1.5, 1.6 u 1.8, mokaseiBaoT, uto ecau A u B —
OJIMHAKOBbIE aTOMBl, TO MOJYYAIOTCS T,-, 0,%-, m,- U T *-0p-
6urtasnu.

Juarpamma sHepruil 1js1 KOMOGMHAIMH ABYX aTOMHBIX p-Op-
6uraneii (puc. 1.9) Mmoxker ObITb NOCTPOEHA AHAJOTHYHO Juar-
paMme 151 KOMOMHALMU JBYX AaTOMHBIX s-opOutajeii. Ecnu

1 lo cux mop MBl He pacCMaTpHBaJH 3Ty ONepauHio CHMMETpHH,
TaK Kak AJs c-opOuTanel HHBEPCHIO HEBO3MOXXHO OTJAHMYHTH OT OTpa-
KeHHS B 3epKaJbHOA MJIOCKOCTH.
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npeHeGpeyb HHTErPAJIOM NEePEKPLIBAHHSA, TO PACIIeNIeHHe MOXK-
HO HM300pasuTb OJHHAKOBLIM, T.e€. paspeIxJswooiias opGHTalb
TaK e paspbiXJseT, KaK CBA3bIBaollasi opOHTANb CBSI3bIBAET.
Ota aMarpaMMa XOpoILIO ONHCHIBAET Tw-CHCTEMY MOJIEKYJIb 3TH-
ngexa (puc. 1.10). B oCHOBHOM (HOpDMaJbHOM) COCTOSIHHM JBa
3JIeKTPOHA CIapeHbl M CaMOH HU3KOH sHeprueil objafaer op-
6urtanb §,. Ecau xe Mosekysna 3THIeHA GBICTPO MOJYYHT HOC-
TATOYHOE KOJIHYECTBO CBETOBOH 3HEpPIHH, T. €. €CJH ee BO3-
6yIuTb, TO 3JMEKTPOH, HaXoAdwuics Ha ¢,, GyIeT mepeBeleH
Ha {,. DTOT mpollecc Ha3blBaeTCsl w—»w*-mepexogoM. PasHocTb
X
/

/
P H\\ // //H
HC.

1.10. DnexTponHoe cTpoenne 3TH-  __>c Ll FZl_
JeHa. / 7 \
H H
y}’

SHepTHil (MM pacCTOsIHWE TMO BepTHKAMW Ha puc. 1.9) mexny
Y, ¥ {, 3HAUMTEJbHO MEHbIIE B 3THJIEHEe, YeM B MOJIEKYJIe BO-
JIOpojia. DTUJIEH MOIVIoIlaeT CBeT B o6aactd 185 mmk, yto OT-
BeUYaeT SHEPTHU OKosMo 155 xkas/moss. B ymoMsiHyTO# Bbile
BO30YXKJIEHHOH 3JIEKTPOHHON KOH(UTypalUu OJUH 3JEKTPOH
ocraercs Ha ¢,, APYrofl HaxoQuTCS HA ¢,. DIEKTPOHHYIO KOH-
¢urypaumo 3Toro Bo36yKJeHHOT0 COCTOSIHMSI MOXKHO 3alHcaTh
Kak ¥ WM w,m,*. B 3To#f )Ke cucreme 06o3HaUEHHH OCHOB-
HOe COCTOSIHHe 3amHUChIBaeTCsi KakK w2 MIH w2

B cnenyroweil riase Mbl nepeieM K pacCMOTPEHHIO CTPYK-
TYpPbl HEKOTOPHIX MPOCTBIX ABYXaTOMHBIX MOJIEKYJ, NPH 3TOM
MBIl YBHAMM, 4TO Ja)xe B OCHOBHOM COCTOSIHHH 3JIEKTPOHBI
MOTYT 3aHHMMaTb M 3aHUMAaIOT paspbIXJswolKe opOUTaNH.
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Cmpykmypa Hexomopoix
08YXQMOMHBLX MOAECKYA

[Mepen TeM Kak mepedTH K PacCMOTPEHMIO CTPYKTYpPH He-
KOTOPHIX TMPOCTHIX JBYXaTOMHBIX MOJIEKYJ, TIOJEe3HO pac-
CMOTpeTb JBE KOHLEMIWH, SBJSIONIHECS OCHOBOH IJs  pac-
IIHPEHHOTO MEeTOa MOJIEKYJsIPHBIX opOuTajeil: HOPMHPOB-
Ky U OPTOTOHAJIBbHOCTb.

2.1. HOPMHPOBKA

Korpa peub uieT o TakHX MaslblX YacTHLAX, KaK 3JieK-
TPOH, HHKOTJa Heslb3s TOYHO YKa3aTb X MECTOHaXOXJeHHe
B JJaHHBIH MOMEHT BpeMeHH, HO Mbl MOXKeM IbITaTbCs OLEHHTD
BEPOSITHOCTh HX NpebblBaHHS B JIOOOH NaHHOH o6JaacTd mpo-
crpaHcTBa. [JosoxkeHHe 37eKTPOHA MOXKHO OINpeeJuTb MpH
noMomy (GYHKUMH BEPOSITHOCTH. 3Ty (YHKUMIO OOBIYHO
0003HAYalOT p; OHA NPONOPIMOHANBbHA KBAaApaTy BOJHOBOH
¢yukuuu (2 uan $2), paccmorpenHoi B ra. 1. ITo-Buaumomy,
37IeKTPOH HAaXOAMTCH B TeX oO6snacTAX NpPOCTPAHCTBa, rje
p HJocturaer Haubosbliero 3zauyeHusi. Eciau ¢ mnomoribio
6eCKOHEYHO MaJIblX PAaCCTOSIHUH BIOJb TpeX OCeH BbIIEAUTH
HeGosblION o6beM npoctpaHcTBa dxdydz = dt, Ttorpa pdr
6yleT MpeaCTaBsAITb COO60H BEPOSTHOCTb HAXOXACHHUS 3JIEK-
TpoHa B oGbeme dr. lHTerpupoBaHue 3TOH BeJUUHHBI (pdt)
0 BCeMY NPOCTPAHCTBY, T. €. OT 4 oo JI0 —oo, JOJIKHO IpH-
BECTH K 3HAYeHHIO BEPOSTHOCTH, paBHOMY 1, motoMy uTO
3JIEKTPOH HEeNpeMeHHO JOJIKeH HaXOoQUTbCA  rae-HUOyxAs
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B mpocrtpaHcTtse!

+o +o0 -0 .
S 5‘ 5‘ pdxdydz = 5‘ pdt = 5‘ (N¢')2dr =1,

—00 —00 —

rae N — xo3pduIMeHT NponopuHOHaJbHOCTH. Ecau mo-
c/lefHee ypaBHeHHE yJOBJETBOPSETCS, TO TOBOPSIT, 4YTO BOJ-
HOBast QYHKIHUS HOPMUPOBAHA, T. €. €CAH KBaapaT BOJHOBOH
(YHKIMH, TPOHHTErPHPOBAHHBIH MO BCEMY INPOCTPaHCTBY,
paBeH elMHMIe, TO BOJHOBas (PYHKIHs Ha3blBaeTcss HODMH-
poBaHHO#. [lJis1 MPOCTOTHI NMpHUMeEM, YTO aTOMHble OpO6HTanH,
KOTOpble Mbl 0003HAUWJIM uepe3 ¢, BCe BKJIOYAIOT B cebd
HOPMHPOBOYHBIH MHOXHTeNb N H, Cl€LOBAaTeNbHO, Yy¥XKe& HOp-
MHPOBAHBI, TaK YTO f<p2dr = 1.

B npenpipymefi riaBe GbLIO NOKAa3aHO, KaK KOMOMHAIHUSA
JIBYX aTOMHBIX opOuTajeid, a MMEHHO AaTOMHBIX opOurajnel
(sostHOBHIX (DyHKUHME) ABYX aToMoB Bojopoma Ha u Hp, mnpu-
BOJHT K 00pa30BaHHUIO JBYX MOJIEKYJISPHBIX OpOHTaseil:

Yp(0g)=0p+95 n o (0,) =04 —%p-

OTH MOJIEKYJISIpHBblE BOJIHOBbIE (PYHKIMH He HOPMHPOBAHBI,
H Tenepb MX Heo6XOQUMO HOPMHPOBAaTh, T. €. YMHOMXHTb Ha

N, 4TOGbI BBHINOJIHSAJIOCH DPaBEHCTBO f(Nq:)z = 1. Jlaa 3toro
dyHKuuio ¢, npeobpasyeM CcjenylonuM 00pa3oM:

SV (oa - oa)pds =82 (5 + 932 =

=N25(‘Pi+2<?A<PB+ ‘PQB)dT:l-'

HIH
N2[5v cpid-r—}—Zﬁ ¢ PpdT -+ ‘S‘CPQBdT} =1.

Tak Kak aToMHble OpPOUTaNU (G U Qp Yy¥KE HOPMHPOBAHHI,
f(p:ﬁ dt=1= thfg dz. Tpetuii unrerpan jcpA(der Ha3bIBaeTCs
MHTErpajsioM NepeKpbiBaHHWs H 0003Hauaercsi depe3 S. MHrer-

1 lnsa ymoGcTBa BesikMit pa3, Korja Mbl NHIIeM 3HAK HHTerpana 5

¢ auddepenuuasom dt, Mbl HMeeM B BHAY HHTerpHpPOBaHHe IO BCeMY
IPOCTPAHCTBY, T. €. OT —oco0 JO --0o MO OCAM X, Y H z.
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paj MepeKphiBaHHSl XapaKTepu3yeT BeJHYHHY MepeKpLIBaHUSA
aTOMHBIX OopOuTanel ps U @p, a UHCJIEHHOE 3HaueHHe S H3Me-
Hsercsa or 0 no +1. Hampumep, ass sTHseHa MHTerpa’a ne-
pekpuiBanusi 2pw-opbutaneii paBeH npumepHo 0,3. Eciu B
NpUBEJEHHOM BbIllE ypaBHEHHH 3aMeHUTb HHTerpaj mnepe-
KpbIBaHHs ero o6o3HayeHueM S, TO

N2(@2+2S)=1, um 2N2(14+8)=1.

N=x1/V20+5S).

BBugy Ttoro uro yno6Hee omnepHpOBaTb C MOJIOXKHTETbHOH
(yHKUIHeH, Mbl YYHTHIBA€M TOJIBKO MOJOXHTEJNbHBIH 3HAK H
oT6pachiBaeM OTPHLATEJNbHBIH; OAHAKO TAaKOH BBHIGOp MNpOU3-
BOJIeH. B KBaHTOBOH MexaHHKe MOJIEKYJ JOBOJIbHO YacTO HC-
NOJMB3YIOT BecbMa rpy6oe npubiuxkeHWe, AOMycKasi, 4To S =
= 0 (cM. pasn. 1.4 u 1.6). B stom cayyae nociegHee ypasHe-
Hue npuobGperaer BuA N = 41/, 2, u, ciaenosaresbHO, MOJ-
Hasg BOJIHOBAs (PyHKUMA JJIsi CBSI3bIBAIOIIEH MOJIEKYJSPHON
opbuTtanu BOJOpOJA paBHA

1 1
b=y Wt g %

Orciona

!

1 o
———=—0603HayanTcsi 6YKBOH ¢, OHU XapakTe-

(0) HIITUEHTHI
Kosddu V2

pPHU3YIOT BeC KaxJOH aTOMHOH OpOHMTalH B MOJIEKYJSPHOH Op-
6urtanu. [IpuBeneHHass BBIIIE BOJHOBAas (PYHKIIUSI — YaCTHBIHA
npuMep BOJHOBOH (DyHKIIHHM, KOTOpas B 06luieM BHJe 3amHChl-
BaeTcs Kak
Y=cro1tcaPpt ... .
C yuetoM 3THX KO3(duuHeHTOB TpeGOBaHHEM HOPMHPOBKH
(8 npenmnosioxeHuu, yto S = 0) sBAseTcS

2 2
2c2= €] +cy1 ... =1

[Iposepka cBs3blBalolel BOJHOBOH (YHKUHH HJsi MoJie-
KyJIBl BOJOPOJA TMOATBEPXKJaeT 3TO YCJIOBHE HOPMHPOBKH:

(I/v2r+QA/y2)r=1
Ecin aHanoruuHyio Npouenypy BBHINOJHHTb MJIsI Paspbix-
Jisolell BOMHOBOH (DYHKIHH, TO NOJYYHM:
1

1
%=7—§-¢A 3 %
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2.2. OPTOTOHAJIbHOCTDb

- CorylacHO mpaBU/IaM KBaHTOBOI MEXaHHKH, JBe Jo6ble MO*
JIeKyJsIpHble BOJIHOBble (DYHKIIUH SIBJASIIOTCS COOCTBEHHBIMH
BOJIHOBBIMH (DYHKIHMAMHU OJHOH M TOH K€ CHCTEMbl, €CJH OHH
B3aHMHO OPTOTOHa/bHbl. MaTemaTHueckoe YCJIOBHE OpPTOTO-
HaJbHOCTH TIJIaCHT: MHTErpaj OT NPOU3BELEHHUS JABYX BOJIHO-
BbIX ()YHKIHH, B3ATHII MO BCEMY NPOCTPAHCTBY, JOJIKEH ObITh

>0
o< J

>¢
o]

Puc. 2.1. OyHKuHH 4aTOMHBHIX H MOJNEKYJNsipHHX op6uTanefi B 3aEH-
CHMOCTH OT MeXbsiJIePHOr0 PacCTOSIHHS.
a) ppUsp: O) Ypy=9, Fopi 6) 4, =%, —fpi &9, Y=

=(p, +9g) (¥4 = %p)-
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paBeH Hymo [§,podc = 0. TIpoBepHM OPTOrOHAJIBHOCTb OGEHX
BOJIHOBRIX (DYHKIMH MOJIEKYJbl BOJOPOJA:

1 1 1 1
X‘l’b g dT =§(T/f2‘?z\+ " s ) ( AL ¢p) dr=
-Jlhdm e e e
U, TaK Kak

f(p?\d-r:: qudrz;:l,

v

HMeeM

[votads= 4 — 5 =0.

I'paduueckoe n3o6paxkeHHe cienaeT, BO3MOXHO, 3TOT Bbl-
Boj Gosiee mOHATHBIM. Ha puc. 2.1,a naHo ycjoBHOe H30-
GpaxkeHHe OTAEJbHbIX aTOMHBIX OpOHTaJell IBYX HeCBsI3aHHBIX
aTOMOB BOJOPOJa; rpacduyeckoe H3oOpaxeHHe MOJIEKYJSPHBIX
opbutanest y, u ¢, (puc. 2.1, 6 u 2.1, 8) nonyuaeTcs COOTBET-
CTBEHHO NyTeM CJIOXKEeHHS W BBIYMTAHHS IBYX aTOMHBIX OpGH-
Tanell, NMoKasaHHbIX Ha puc. 2.1, a. IlpousBenenue $, u ¥,
rpaduyecKy npeacraBieHo Ha puc. 2.1, e. Mbl BHAUM, YTO TIO-
JIOXKHUTeIbHAs IJIOMIAJb MOJ JIEBOH MOJOBUHOH KPHUBOH TOUHO
paBHA OTPHLATEJNBHOH IUIOIIAAH NOJA NMPaBOH NOJOBHHONH KpH-
BOH, W mNO3TOMYy ofmias NJOImAajgb, OrpaHHYeHHasi KPUBOH
(uHTErpas mpousBeleHMs ), B TOYHOCTH pPaBHA HyJo. B 3akio-
yeHHe CJeLyeT OTMETHTb, YTO BOJIHOBBIE (YHKLHH, KOTOpbIe
SBJISIIOTC ¥ OPTOTOHAJBHBIMH M HOPMHPOBAHHBIMH, Ha3bIBa-
IOTCSI OPTOHOPMHPOBAaHHBIMH (DYHKLHAMH.

2.3. TOMOSIAEPHBIE NBYXATOMHBIE MOJIEKYJIbI
3JIEMEHTOB BTOPOI'O PSJIA

2.3.1. Asor

DNeKTpoHHAsl KOHGHrypauus aroMa asoTa — 1s?2s%2p3
(cM. puc. 1.3). Korza coenmnnsitotrcss fBa atoma asoTa, Ipo-
HCXOAHT oOObeiHHeHHe opOHTaJell paBHOM HWJAM TNPUMEPHO
pasHoil sHepruu. Takum o6pasom, ls-, 2s-, 2p, -, 2p,-, 2p,-op-
6uTald OJHOTO aToMa as3oTa OOBEAMHSIOTCS C TAaKHMH XK€ Op-
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OGUTaJNsIMM Jpyroro aromMa, obpa3ysi B KaxJOM cJjyyae JBe
MoJieKyJsipHble op6uTanu. [IaTh aToMHBIX opOHUTaell Kaxaoro
H3 aTOMOB JAlOT B pe3yJbTaTe AECATb MOJEKYJSPHBbIX OpOUTa-
Jed B MoJekyne. BBHAy TOro, 4to KaxIblfl aToM HMeeT IO
CeMb 3JIEKTPOHOB, Bce 14 3/I€eKTPOHOB B MOJIEKYJiE CAMONPOH3-

NQ
Na Ng

— %" (2p)

1 \
1 \

2p BEE TR

I
¢ og (2p)

Al

\

' I

\

|

Lo O, *(25)
AV

25 =1 >
~% "o, (24)

g, *(1s)
e~ %

ls =<7 oyl ——

Og (1)

Puc. 2.2. JuarpamMMa 3Hepruil MosieKy/sipHBIX opOHTajteil aas N,
6e3 yueTa ruGpHAH3ALHH.

BOJIbHO pacrpefensiTc Ha CeMH MOJEKYJsIpHBIX OpOuTansx
u3 necsiti. IlockosbKy 3/1eKTpoHBl GYAYT 3aHUMAaTb OpOUTANH
B NODSIJKE YBeJHYEHHs] UX SHEPTHH, Mbl JOJKHBI TaK paclo-
JIOXXHUTb MOJIEKYJspHble OPOUTANH N0 3HEPTHH, YTOOB MOXKHO
6BIJIO TIPAaBHJILHO Pa3MeCcTHTb 14 ajekTpoHOB. Meto aHarpamm
SHEepPruil MOJIEKYJSPHBIX opOuTasefl SBJAsSETCS OJHUM H3 ca-
MBIX TMOJIe3HBIX AJIsl pelleHus 3ToH 3amauu (puc. 2.2).



CTpykTypa HeKkoTOpbix O8YXATOMHbLX MONEKYA 29

Mu yxe paccMoTpenM KoMOGMHAUMIO IBYX S-opOuTasei,
NPUBOJMBLIYIO K o6pa3oBaHyIo - U ¢*-MO. B MosekyJe a3orta
uMeeTcss KOMOGMHalHUsl Kak 1s-, Tak U 2s-op6GuTajeli, KOTOpble
JIAlOT YeThipe opOUTATN THNA ¢ (IBE CBSI3bIBAIOLIHE H JBE pas-
PHIXJISIONIME), IPHYEM KaxKJas U3 HUX 3aHSITA ABYMS 3J1€KTPO-
Hamu. O6bIyHO MBI OOpariaeM MaJlo BHHMaHHUSA Ha 1s-371eKTpo-
Hbl, TaK KaK OHH He SBJSIOTCS BaJeHTHBIMH 3JeKTPOHaMH,
Kom6uHanysi 2s-op6uTasneli He MPUBOAMUT B pe3yJbTaTe K Ka-
KOMY-JIHOO CBSI3bIBAHHIO, H 3TH 3JIEKTPOHBI MOXKHO Ipy6o OTOXK-

X X

y u

Puc. 2.3. O6muynas opuentanus 2p-opGurasei.

JIeCTBUTb C HeNoJeNeHHOH Napofi Ha KaxJIOM aToMe a30Ta B
MeTOJi¢ BAJIEHTHBIX CBfi3efl, B KOTOPOM a30T 3aMHCLIBAIOT KakK
:N= N: . JIpyroi#i crioco6 npeicTaBuTh OTCYTCTBHE 3aMeTHOTO
B3aNMOJEHCTBHSL 2s-opOuTanell 3akJioyaeTcsi B TOM, 4YTOGHI
nokasatb Ha jauarpamme MO-ypoBHe#l OTHOCHTENBHO HeGOJIb-
1O paculenIenye, T. e. N0Ka3aTh, YTO PacCTOSHHE OT o,(2s)
M oy (25) 10 2s-ypOBHSI H30JMPOBAHHOTO aTOMa CpPaBHHTE/b-
HO HeBeJIHKO.

Tpu aToMHBIX p-ypOBHSI B HM30JHMPOBAHHOM aToMe — 5TO
YPOBHH C OJMHAKOBOH 3Heprueli (BBIPOXKIEHHBIE YDOBHH),
HO KOTJIa Mbl BHOCHM OJIHH aTOM B I10JI€ Ipyroro atoma (puc. 2.3),
p,-OpOHWTa/M, HamnpaB/€HHble B CTOPOHY APYrOro aToMa, Ha-
YMHAIOT B3aUMOJEHCTBOBATb MeXAy co6oi ¢ o6pa3oBaHHeM
o-CBSI3H MeXAy AByMsi atomaMH (puc. 2.4, a). Koneuwo, npu
3TOM JOJIKHA 00pa3soBaTbCsl TAaKXKe M COOTBETCTBYIOIAS o*-
op6utans (puc. 2.4, 6). Opbutamn o (2p,) u ou(2p,), He-
CMOTpS Ha TO, YTO OHH 06Pa30BaANHCh MyTEM KOMOUHALIMU aTOM-
HBIX 2p,-op6uTanei, GaKTHYECKHU INPEACTaBJASIOT cOo6Oil MoJe-
KyJ/sipHble c-OPGHMTA/H, IIOTOMY YTO OHH CHMMETPHYHBI OTHO-
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CHT&JIBHO BpaIllleEusi BOKPYI OCH, CoeluHfIomelH #upa (och
z Ha puc. 2.3). D10 cBsi3bIBaOllee B3aUMOJEACTBHE JOCTATOUHO
BEJIMKO, M TMO3TOMY pacllenJieHHe OKa3blBaeTCsl IOBOJIbHO
60/IbLINM.

OpGuranu p, u p, Kaxjoro atoMa asora (puc. 2.3) oGne-
JIMHSIOTCA JpPYyr ¢ JpyroM, o6pasys =-cucteMy: w,(2p,),

ﬂ;(pr), ~,(2p,), T!;(pr). O6pasoBanue 3THX op6UTasell ObLIO

m +
a

P uc. 2.4. O6Gpa3opanue c-op6uTaneii M3 aTOMHBIX 2p,-opGHTaneii.
a) ag(20);  6) o (2p).

Puc. 2.5. MonekynspHeie wm-opOuTajH asora.

a) =, (2p); 6) 7!; (2p).
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nokasaHo Ha puc. 1.8. Op6utamu p, ¥ p, B3aUMHO TNepIeH-
JNUKYJASpHB  (OPTOrOHAJbHBI), H, CJlelOBaTelbHO, OpOHTATH
=,(2p,) u =,(2p,) TaKxke OPTOTOHAJILHEI MeXIy coboi; To xKe
OTHOCHTCSI U K OpOHTaJNaIM -:tg(2px) " g(2py) (CM. puc. 2.5).
Teneps, ecu Mbl BepHeMCsl K JuarpaMMe ypOBHeH, TO YBHUIUM,
YTO MMeeTcsl NOCTaTOYHOE KOJHYECTBO 3JIEKTPOHOB, YTOOHI 3a-
MOJIHUTD opéma.rm Tu(QPx) u m,(2p,). [Ipun 3T1OM, OAHAKO, Op-
6utanu wg(pr) H f:g(2p),) KaK " cu(2pz) OCTalOTCH He3aHs-
ThiMi. CrlefoBaTesbHO, B pe3ysbTaTe CBSA3bIBAHHE AaTOMOB
a3oTa OCYIIECTBJSIOT CBSI3bIBAIOLIHE MOJIEKYJsipHble OpO6H-
Tanu o,(2p,), ©,(2p,) ¥ ©,(2p,), TaK KaK JM0GOH BKJIaL CBA3bI-
Ba}OI.LlHX opémaneu o,(ls) 1 0,(25) KommeHcupyercsi COOT-
BRTCTBYIOLIIM BKJIalIOM paspblxnmoumx (aHTHCBSI3BIBAIOIIHX)
op6utaneit o,(ls) u 0,(25).

2.3.2. Kucaopon

BasieHTHBIE 3JIEKTPOHBI KHCJIOPOAA PAaCMHOJIOXKEHBl Ha 2s-
U 2p-opbutansix ¢ KoHpurypauueit 2s?2pt. Jluarpamma sHep-
Uil MOJIEKYJISIPHBIX opOHTasnell JO/KHA ObITb MO CYINECT-
By TaKOM e, KaK W JMarpaMma, NOCTPOeHHas IJsi  as3oTa
(cM. puc. 2.2), MOTOMY YTO B HCNOJNBb3yeMbIX KOMOMHAUHUSX MBI
NpUMEHsIeM TOT }Ke Habop aTOMHBIX op6uTaneil (T. e. GasucHas
cucreMa ocrasnach To# xke). Temepp, ofHako, HEOGXOLHMO pac-
MOJIOXKUTb HAa MOJIEKYJSIPHBIX OpPOGHUTaNsiX 16 3/7EeKTPOHOB, H3
KoTophix 12 (Bce 2s- W 2p-aJeKTpoHBI) BaJieHTHble. B coot-
BETCTBUH C IPHUHIMIIAMHM CTPOEHHS 3JIEKTPOHHBIX 060J0UEK
(cM. pa3n. 1.2) nBa aneKTpoHa, KOTOphle HEOOXOANUMO J0GaBUTh
K 3JIeKTPOHHOH cucTteMe as3oTa (10 a7eKTpoHOB), 4TOGH MOJY-
YHTb /ICKTPOHHYIO CHCTEMY KHC/IOPOAA, AOJIKHBI MO OTAe/b-

HOCTH 3aHSATb T (2px) H -:g(2p )-op6UTany, NpHYEM CIHHEI
3THX 3JEKTPOHOB OyAyT mapasnenbHeiMH (npaBuso [yupa).
JIBa HecmapeHHBIX 5JIEKTPOHA Ha w*-0pOHTaNsIX SBJSIOTCA
NPUYMHON [apaMarHUTHBIX CBOHCTB MOJIEKYJSIPHOTO KHCJIO-
poja. (MoseKyJsbl MM aTOMBl C OJHHM HJIM HECKOJIbKHMH HeC-
NapeHHbIMH 3JIEKTPOHAMHM NPHUTATHBAIOTCS BHEIIHUM MarHHUT-
HbIM TI0JIEM W [03TOMY HAa3blBalOTCs NapaMarHUTHbIMH.) Bu-
palMKa/lbHBIH XapakTep KHCJOpOJA — 3TO, MO-BHAHMOMY, €ro
HauboJee HHTEpEeCHOe (PU3HUECKOoe CBOHCTBO.
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3acesneHue paspuIXJAIONUX OpPOUTAaNEll ONHUM HJIH Hec-
KOJbKHUMU 3JIEKTPOHaMHU ocsabJisieT NpUTsSKeHUe, CBsI3bIBalo-
mee atoMbl. B Mosexkysne O, uMeloTcsi ABe CBsSi3bIBAIOIIHE -
opbuTany, Ka)kaash M3 KOTOPbIX 3aHSTa JABYMS 3JIEKTPOHAMH,
U OJiHA CBA3bIBaIOLas 6-0POHTAJIb, TAKXKe 3aHSITast ABYMsI JIeK-
TPOHamH, T. €. BCero TPU CBs3blBaloimue opburtanu. OaHaKo
KaxXIblH M3 JBYX 3JIEKTPOHOB Ha Pa3phIXJSIOMIUX OpOUTATSAX
yMeHblaeT 3(h(eKT CBA3bIBAHHA OT 3JEKTPOHOB Ha CBsI3bIBAIO-
mux opbutansnx. CrenoBaTesbHO, MOXKHO CYUTATh, YTO Pe3yJb-
THpYIOIlee CBA3blBaHHE B KHUCJOPOJE OCYIIECTBJSIETCS JBOHHOM
CBsA3bI0 (MIOCKOJIBKY OJHA CBs3b oOpasyercst IBYMs 3JeK-
TPOHAaMH, TO 6 CBSI3bIBAIOIIMX 3JEKTPOHOB MHHYC 2 pasphix-
JSIOMIUX 3JEeKTPOHA COCTABJSIIOT 4 3JeKTPOHa CBA3H, T. €.
2 cBs3u). JloKa3aTenqbCTBOM 3acesIeHHsI Pa3pLIXJSIONHX Op-
Gutaneil CAYXUT JIMHA CBsidell. B ocHOBHOM (HOpMasibHOM)
COCTOSIHUH JJIMHA CBSI3M MeXJAy aTOMaMM KHCJIOpoJa COCTaB-

aser 1,2074 A. B uoHM30OBaHHON MoJekyde Kuciopoia O3
(B KOTOpPO# OLMH 3JIEKTPOH NMOKHHYJ OAHY M3 Pa3pbIXJSIOUIUX
wg'-op6ma.neﬁ) JBa aToOMa KHCJOpOAa JNOJIKHBI CUJIbHee B3aH-
MOJIECTBOBAaTb MeX1y co6o#. JleficTBUTENbHO, AJHHA CBSI3H

B none Oj paBHa 1,1227 A, T. e. 3HaUUTENIbHO MEHbIlIe, UeM
B mosiekyJe O, (3T0 CIYyKHT NpU3HAKOM GoJjiee NMPOYHOro CBSi-
3biBaHHs B HoHe). HoH O; OueHb HHTEpeceH TeM, YTO OH He
TOJBKO HECEeT MOJIOKMTENbHBIA 3apsij, HO TaKxkKe HMEEeT OJIuH
HecnapeHHbl 3/7ekTpoH. [To3TOMy ero Ha3blBalOT KaTHOH-pa-
JIUKAJIOM.

2.3.3. dTop

JluarpamMMa 3HepreTH4eCKHMX YPOBHeH MoJekyJn F,, xo-
TOpasi COCTOMT M3 ABYX aTOMOB (pTopa C BaJEHTHOH KOH(UTY-
panuelt 2s*2p%, B OCHOBHOM aHaJIOrM4Ha AHarpamMme roMosiiep-
HBIX JBYXaTOMHBIX MOJIEKYJ BTOPOTO Psifa H OTJIMYAeTcsi OT
nuarpammbl O, TeM, yTo Ha Hell TpeGyeTcst pa3MecTHTD ellle JBa
JIOTIOJIHUTEJbHBIX 3JIEKTPOHA. DTH JONOJHUTEJbHBEIE 3JIEKTPO-
Hbl BOHAYT B -n;(2px)- " n;(Qp),)-opémaJm (cM. puc. 2.2). Te-
nepb JBe pasphIXJsiiome w*-op6HTaJH yXKe MOJHOCTbIO 3a-
HATHl, U HMX AaHTUCBS3BLIBAIOMIMH XapakTep MpPensiTCTBYeT 06-
pa3oBaHHIO CBsI3H H3 JBYX CBfI3bIBAIOMIMX  w-OpOHTaNeH.
Takum 06pa3oM, B KOHEYHOM HTOTE CBA3bIBAHHE OCYIIECTBJISACT-
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csl o-CBSI3bl0, BO3HHUKAIOLIEH B pe3yJbTaTe p,-B3aUMOAEHCTBHUSA
MeXIy aToMaMHd. JTOT ()aKT CTAHOBUTCS OYEBHJAHBIM M3 OOlLie-
NpHHATOMH BaneHTHON cTpyKTYphl Fy (: F:F:). Tpu cBoGonusie
napsl 3JeKTPOHOB Ha KaxJAOM aToMe ¢propa — pesyJbTaT B3a-
HMHOH KOMIIEHCALlHH Tpex map opéma.neu o (23)—c:,J (2s);

(2px)—7tg(2px) u w,(2p,) — ng(2p) (Tak kak aHTHCBS-
3bIBaHHE NPENsITCTBYeT CBA3bIBAHHIO, KOHEYHBIM De3yJIbTaTOM
KaxJIOTO TaKOro B3auMojeicTBHsl GyJeT NosiBJeHHe CBOGOLHOM
napbl 3JE€KTPOHOB HA KaXJIOM aToMe.)

YMenbmenne sHepruu cBsisd B psany N,, O, u F, (coor-
BercTBeHHO 225, 118 u 36 Kxaa/moab) SIBASIETCS HATJISAJHBIM
CMeJICTBHEM VBEJHUEHHS CTENEeHH 3alloJIHEHHsI DasphIXJsio-
mux opburtaneir. Takum o6pa3oM, pa3opBaTb Ha aToMbl N,
Gosiee ueM B 1IeCTb pa3 TpyaHee, yeM F,. Kpome Toro, nmuna

CBsI3M YyBeqMYMBaercss B oxkujaemom nopsaxe: 1,10A (N,);
1,21 A (O,) u 1,42 A (F,).

2.4, THBPUAH3AL NS

HanomMHuM, uYTO NpH OOGCYXXIEHHHM AHMarpaMMbl 3HepreTH-
YeCKHX YPOBHEH MOJIeKYyJbl a30Ta Mbl KOMOGHHHPOBAJH JBe
2s-0p6uTanu KaxJoro aroma, 4to6el 06pa3oBaTb MOJIEKYJsIP-

Hble op6HuTaNH 0,(2s) U 04(25), KOTOpBIe GbIIH COOTBETCTBEHHO
cna6ocsﬂabmaromnmu H c1a6opasphIXJSIOMUMH.  3aTeM Mbl
KOMOHHHPOBAaNU 2p,-opOUTaNM KaxIOro artoMa asoTa s
NOJIyYeHHs] CHIBHOCBA3bIBAIOWEH o,(2p,) H CPIJleOpa3prX-
asomedt 0,(2p,) MOMEKYIAPHBIX opéma.nen

dTa KapTHHA A5 MOJEKyJbl a3ota (pHc. 2.2) He COBCEM
npaBuibHA. BoJiee TouHble BBIYHMC/IEHUS NMOKa3blBAIOT, YTO Ca-
MBI BBICOKOH 3aHSITOH MOJIEKYJSIPHOH OpPGHUTANbIO SIBJISIETCS

0,-0POHTalIb, U STOT Pe3YJIbTAT MOATBEPKACH SKCTIePHMEHTab-
Ho. Ilo-BMnMMOMYy, Halo MpH3HATb, YTO G, - H 0,-0pGHTAH
cJIoXKHee, YeM Mbl NpeAnoJiaraiu: Kaxkaas M3 HUX o6Gpa3yercs
He TOJBKO M3 2s- WJIHM TOJBKO M3 2p,-aTOMHBIX opGHTaseil.

Bui6epem nHanbosiee NMPOCTOH H KOPOTKHH H3 HECKOJbKHX
BO3MOXHBIX NyTeH COIJacOBAHHS NOJYYEHHbIX HAMH pe3yJib-
TaTOB C HKCMEPHMEHTANbHBIMH JAHHBIMH. JIBe mto6be op6uTanu
OJHOTO M TOrO e THMa (CKameM, o ) MOTYT B3aHMOLEHCTBO-
Bath JApyr ¢ apyrom. CornacHo ﬂpaBHJIaM KBaHTOBOH Mexa-
HHKH, 3TO B3aUMOJENCTBHE BCErla MOHHKAeT GoJjiee HHU3KYIO
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H ToBbIIIaeT 6oJiee BEICOKYIO OpOHTAMH napl. Cnezlosare.nbﬂo
CMellIHBaHue o (25) U o,(2p,), a Takxe o (29) " or (2p,) mo-
HUXaeT o (2s) # 0,(2s) M MOBHILAET o ¢(2p,) ¥ ou (2p,), kak
NoKasaHo " Ha puc. 2.6. Takum 06pa30M CleayeT OXHIaTh,
4TO 0,(2p,)-OpOHTANIb OKaXeTCsi B pe3y/bTaTe Bbille, YeM
w,(2p)-opOuTasib, ¥ CTaHET CaMOW BLICOKOH 3aHATOH OpOH-
Tajblo.

K coxaneHuio, B3aUMOJEHCTBHSI, PACCMOTPEHHble B IIpe-
IbIIYIIHX pasjenax, OCTaBJAIOT HEBBISICHEHHOH BecbMa BaX-
HyI0 TIpHpoAy 3Toro npouecca. Ilpu B3anMopefictBun o (2s)
H 0,(2p,) NMPOHCXOIMT, B CYIIHOCTH, CMelIMBaHHEe 2s- H 2p -

1 - 0.*(2p)

—
_
-

0,5 (2D ) e — —
— == g (2p)
“(zp)w—-;;~=:-—::mn (2p)

G (2p) -
E
0, (25) —— _ _ _ )
T T = =~ e 0, *(25)

Puc. 2.6, Ypeanuenne pasfeieHus ypoBHedl NpPH B3aHMOIEHCTBHH
opbuTaneii oHOro M TOro e THMA.

op6uranefi. DT0O BO3MOKHO NOTOMY, 9TO OHH HMEIOT B MoJe-
KyJle ONMHAKOBbIE CBOHCTBA CHMMETPHMH: OTHOCHTENIBHO MoJie-
"KyJbl 06e 3TH OpGUTaNH SIBASIOTCH YETHBIMH (g), TOTAa Kak B
H30JIUPOBAHHOM aTOMe s- U p-OpOHTaNH SBJSIOTCA YETHBIMH
(g) ¥ neuernbiMu (u) cooTBercTBeHHO. CMelnBanue 2s- u 2p-
opbuTasell OJHOrO M TOrO XK€ aToMa — mpouecc, 61aronpusT-
HBIR 1J1 06pa3soBaHHs MOJIEKYJIBI, MOTOMY 4TO, Kak NoKasal
TlosuHr, mosyvatouuecsi B pe3yJbTate 3TOr0 IHOPUAHBIE OP-
O6HTaJH MO CBOMM CBSI3bIBAIOIIHM CBOMCTBAaM HaMHOTO JIy4llle,
4YeM YHCThle 2s- U 2p-opOHUTaNH.

Bes rubpupusanuu kKoMOuHaUusi opOuTanedr 2sy H 2sp
CTPOMJIACh CJEAYIOIIHM 06pa3oM:

B g () =N, ( Pasy T Pasy ); o, (25) = N, (‘stA — Pasy ) )
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a KoMOMHauus 2pz, ¥ 2pzy JlaBaja:.
6g (2p,) = N3 (?2pA + ‘Pz;zB) H 0‘; (2pz) = N, (?2‘7}\ — ‘PzpB) .

[Mpu rubpuin3anuy, npexje YyeM CTPOUTb KOMOHMHAUHMH IJist
pas/MYHBIX ATOMOB, Mbl CHayajla CMelHBaeM 2s- U 2p-op6u-
TaJld Ha KaxJaoM atoMe. TakuM o6pa3oM, ruOpHaHbIE OPOUTAIH

A

(r2s-2p)

B
ﬂ-\

2s o \_/ Phyog
B

whle
(25 +22p)

Puc. 2.7. O6pazosanue ABYX sp-ruOpuAHbIX OpOHTaneit.
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ABJISAIOTCS aTOMHBIMH OPOGHUTAISIMH, IOCKOJIBKY OHU OrpaHHye-
Hbl MpelesaMH OTAEJbHOIO aToMa H He OXBATbIBAIOT BCIO MO-
aekyny. Ecaun Mbpl cMelinBaeM 2s- U 2p-op6HTanM Ha OJHOM
aTtoMe asoTa, TO NOJy4aeMm:

Phy; = N5 (P2s + AP2p,) i Phy,= No (APas — P2p,) »

rge N — HODMHDOBOYHBIE MHOXHTENH, A — BeCOBOH (haKTop,
hy — uHlekc, o3Havalomuil rubpuausauvio. BecoBofi akTop
He 6bl1 6bl HE06XOAUM, ecsH Obl OpPOGUTANH S U p JaBalu pPaBHbIe
BKJajbl B ru6puaHble op6uTanu. OnHako ofHa ruOpHIHAs Op-
6utanb (¢hy,) O1HXKE 1O XapakTepy K S, 4eM K p, a Apyras
(gny,) — OJHXKe K p, YEM K S, YTO MOKA3aHO NPH NMOCTPOEHHH
ruOpUAHbIX BOJTHOBBIX (yHKuui (0<{A<1). dusuueckas Kap-
THHa THOpUAM3aUuH u300paxeHa Ha puc. 2.7. Takum obpa-
30M, MBI NMOJYYHJIH JB€ Sp-TUGPHAHbIE OPOUTATH HA KaXKIOM
aToMe a3oTa, KOTOpble IOBEPHYThl OTHOCHTEJNBHO APYT Apyra
Ha 180°.

[Tpu KOMOMHUPOBAHUH SP-TUOPUIAHBIX OpOHTaNell ABYX pas-
JUYHBIX aToMOB a3oTa (A u B) uenecooGpasHo BOCHOJB30-
BaTbCsl TOH CHCTEMOHM TMODHIOB, KOTOpas MAacT HaWJYYILIYIO
CBsI3b — B JAHHOM CJlyyae CHCTeMOH opOHTanedl ¢yy,, B KOTO-
pbix npeoGmnajaer p-xapakrtep. KomMOHHHDYS ¢ny, ABYX aro-
MOB a30Ta, NoJy4yaeM MOJIeKYJsipHble OpGHTaJIH:

og =N2 (%y2A + Phyyp)

0'; = Ng (?hy2A '—‘Phy2B) .

Ora KoMOuMHauusi npeiacrasseHa Ha puc. 2.8. Uto Kacaercs
rUOpUAHBIX Op6GHTaNedl @ny, Ha KaXKIOM M3 aTOMOB a30Ta, TO
OpHeHTallUsi X TaKOBa, YTO OHHM HANpaBjeHbl B MPOTHBOIO-
JIOXKHble CTOPOHBI APYT OT APYyra, M NOITOMY HX B3aHMOJEH-
CTBHe coBeplIeHHO HHYTOXKHO. KoMO6uHHDys 3TH op6uTatu
@hy, AVIS1 IBYX aTOMOB a30Ta, MOJy4aeM:

chNo (?hylA'+ ‘Phle) )
01“ = Ny, (qphylA_CPhle) .

dra KoMOHHALMA NOKa3aHa Ha puc. 2.9.
B pesy/abTaTe moJiyyaeM JuMarpaMMy MOJIEKYJISIPHBIX Op-
Gutajel, Kotopasi H3o6paxeHa na puc. 2.10. 3ta auarpamma
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He COBCEM NpaBHJIbHA, TOTOMY YTO CaMO# BBICOKOH 3aHSITOH Op-

6uTanblo Ha Hell ABJseTcs o, (2%), a He o, KaKk IMOKa3blBaeT
aKcrepuMeHT. UTo6b! nonqub BIIOJIHE KOppeKTHy}O Juarpam-
My MOJIEKYJISIpHBIX Oop6HTasell, HAOMHHUM, YTO JBe JioOble op-
GHTAJIH OJHOTO M TOTO XKe THNA (CKameM, o,) MOTYT B3aHMOJIEH-

Puc. 2.8. OGpasosaHHe og- H 0y -opGHTaneﬁ H3 SP-THOGPHAHBIX Op-
outaneit ohy,

CTBOBaTb APYr € ApyroM. [IpuMeHsiss 3T0 NMPaBAO K o,- H

o ;-op6uTansaml, NoXa3aHHBIM Ha pHC. 2.10, MBI BHIUM, 4YTO
0,-0pOMTaNH, KaK H O -OpOHTANH, JOJIKHBI B3aHMOJEHCTBO-
BATH Mexay co6oii. Drto B3aumojneiictBue (cM. puc. 2.11),
KaK OOGBbIYHO, MOHMXKAeT GoJiee HU3KYIO OPOHTAJNb M NOBBILIAET
GoJsiee BBICOKYIO OpOHTanb napbl. BaKHbIM pe3y/bTaToM MNpH
3TOM SIBJISIeTCS TOT (DAKT, YTO HAUBBICLIEH 3aHATOH OpOUTANIBIO
yXe CTaHOBHTCS 0,(33,)-op6utanb. Brocs 3T0 M3MeneHue B
HOJHYIO zmarpaMMy Monexympﬂux opburajel, Mbl OKOHYa-
TeJbHO MOJy4aeM IPAaBUJIbHOE DAacIoJIOKEHHe 3SHepreTHyec-
KHX ypoBHeH (puc. 2.12).
BBuay TOro, 4TO M3 S- U p,-opOHTANEHl Mbl MPEABAPHUTEIbHO
COCTaBHJIH T'HOpUIHBIE OpOUTaNH, MOJNYyYeHHbIE MOJIEKYJISIpHbIE

1 Op6utanu log u loy™ cOCTOAT NpEHMYMECTEEHHO H3 aTOMHBIX
ls-op6uraneit , cneuoaaTeano He BHOCAT KaKOro-1H60 CYIIEeCTBEH-
HOro BKJaja.



Puc. 2.9. O6pasoBanue gg- ¥ c;-opGHTa.neﬁ H3 SP-THOPHAHBIX Op-
6uTaneit Phy, -

N,
NA /—\ 30‘,‘ (¢hy') R NB
\
/ \
/ \
/ \
/ — \
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v N
/4 \\‘
2p X S~~~ J N st
v S I\ / -7
\ /why \ \\ 20., (q’hy‘) , // @ \\ //
AN \ > ¢ / \N/
/V\ \ 0 [N A
/ \‘ /A\ I“u(2p) 7S // \\
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2sPpi= & \\‘-n—x-’/ Jogtey,,) N e
V== 204 (®ny,)
lof(1s)
lS—*—*—-——————::::: T DI D e— - =
log(1s)

Puc. 2.10. YnpomeHHas AHarpaMMa 3Heprui MOJEeKYJAspHBIX Op-
6utaneit gasi N, ¢ yyeToM ruGpHAH3aLMH.
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Puc. 2.11. Vpenuuenne pasneseHHsi ypoBHe NpH B3aHMOJNEHCTBHH
rHOpHAHBIX OpOGHTaneld ONHOrO H TOro XK€ THMa.
Ny
Na ’ \30.* Np
I [\
1" )
" \
11 W
W
1, ln‘*(Qp)\\\\
R4 N\
1,4 ™
/ N
vl i\
2 SgcEges ___//l /I VN
P S<_ / 3og T e
[N l_\,l‘—‘l7'*+\‘~~k/4 "
\ ? ° A4 \ /
AR LR N /‘\’,1 fhy, N\ v
X SoA L2 xR %
// \ ’/v\ / :I‘\ /7 \
/ )__y_,\_--—)(-)(—Q p it PO /A
///,’ th] \ \\ %y A 'Phy‘ \\\ \C
25— W 1,0 T
A} /
\ /
A
==Y
1o,*(15)

ISt = — = = e €z T T ¥ %:(:Ia)__——..---_x_)(_
B oglls

Puec. 2.12. TlpaBusibHass QHarpaMMa SHEPrAH MOJEKYJISAPHHX OpOH-
Taneil gasa N.
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op6HTaNH y¥Ke Hesb3sl janee CBSI3bIBaTb C HCXOAHBIMH aTOM-
HbIMH OPOUTANAMH, U YTOOH NOKa3aTh OTJIHYHE MOJIEKYJISIPHBIX
rubpuiHbIX op6HTajedl OT aTOMHbIX THOPHAHBIX opGuTaseH,
A MO HyxHa zpyrasi cucreMa o6GosHaueHui. Ha puc. 2.10
¥ 2.12 Mbl N0JbB30BANUCh OYeHb NPOCTOH u yﬂoéﬂoﬁ cucTeMoH

o603HayeHH#, a UMEHHO CHMBOJIaMH 23 254, 330 A
HOBBIX I‘H6pHILHbIX MOJIEKYJISIPHBIX opémaneu Yucna nepep
6 — 3TO NPOCTO NOPSAKOBbLIE (IICEBAOKBAHTOBbIE) UHCJIA, HYMe-
pYIOLIIHE MOJIEKYJIsIPDHble OpOMTAIH ORHOTO MU TOTO KE THMa
B NOPsiiKe BO3PACTaHHsi MX SHEPTHH (Tak, SHeprusi lo, Huxe
sHEpruHM 20, ¥ T. A.). UTOOB H30exkaTb MyTaHHUUBI, MBI pac-.
HpOCTpaHHJIH TaKylo CHCTEMY 0003Haue€HUH Ha BCE MOJIEKYJsip-
Hble OpOHTATHN 3TOH JHarpaMMbl, Jaxe ecH OHH U 06pa30oBaHbl
OTJEeJbHOH aTOMHOH OpOHTaJbIO.

2.5. 3JEKTPOHHOE CTPOEHHE OKHMCH YIJEPOJA

IIpu o6cyKAeHHH 3JEeKTPOHHOTO CTPOEHHsS TOMOsiep-
HbIX JBYXaTOMHBIX MoJeKyJ N,, O, u F, MBI paccmatpuBanu
KOMOUHauUUU opbuTasell IBYX HMAEGHTHUYHBIX aToMOB. Tenepb
MBI PacCMOTPUM COeJUHEHHe ABYX Pa3/IMYHbIX aTOMOB 3JIEMEH-
TOB BTOpOro psja. [yiaBHasi mpo6sjeMa COCTOMT B TOM, YTOGhI
yuYecTb pas/iuyle B 3JEKTPOOTPHUIATENBHOCTH ABYX Pa3IHYHBIX
aToMoB. K3BecTHO, YTO 3apaA sApa yBeJHUHBAETCS C yBeJHye-
HUEeM aTOMHOro HoMepa. Taxk Kak 1Js1 aTOMOB BTOPOro psiia
BCe BAJIGHTHblE 3JIEKTPOHBl IMPHHAJJEXKAT K 3JeKTpoHaMm L-
060JIOYKH H, CJIeOBaTeJNbHO, HAaXOAATCA NPHOIU3UTENbHO Ha
ONMHAKOBOM pacCTOSIHHH OT $1pa, TO OTOPBAaTb HX OT aToMa
OyzeT Bce TpyJaHee IO Mepe Bo3pacTaHusi 3apsja sipa. Jpy-
TMMH CJIOBaMH, SHEPrus 3JeKTPOHOB Ha 2s- U 2p-opOuTansix
yMeHbIIaeTCsl NP YBeJTHYEHHH 3apsifia siipa, ¥ I03TOMY OHH
crabunusupytores. [Ipu noctpoenun auarpamm MO-ypoBuet 2s-
U 2p-op6utanu atoMa GoJiee 3JEeKTPOOTPHIIATENBHOTO 3JeMeH-
Ta (T. e. 3meMeHTa ¢ GONBIINM 3apsioM sipa) clenyeT pacro-
JlaraTb HHKe, YeM COOTBETCTBYOIIHe OpOHTANH APYroro atoma.

Crposs  mmarpammy  MO-ypoBHeli  OKHCH  yrJjepoza
(puc. 2.13), Mbl BHAUM, YTO YPOBHH H30JHPOBAHHOIO aTOMa
KHCJOPOAa HaXOASTCS HHXKe yPOBHeH H30JHPOBaHHOTO aTtoMma
yraepona. ITpu nocrpoeHnn KOMGHHAIMHM CBSA3BIBAIOLIMX G-OP-
6urasnell Mbl obpaiaeMcsi K TOH e oOllell KOHUENUUH TrH6pu-
JM3aluH, KOTOPYI MBI HCHOJBb30BalH B ciayyae ¢ N [as
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asora 3Heprud THOpPUAHBIX opOuTajsell Ha KaXKJAOM H3 aTOMOB
asota OblIM OJMHAKOBbl. B ciayuyae okHcH yIyiepoja 3TO He
Tak. DHepruu JBYX TUOPUJAHBIX opOuTasneli KHCJIOpoAa He
paBHBI 3HepruM opéuTtajeidl yraepoja. PaKTHUECKH 3HEpPrHs
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P uc. 2.13. [InarpamMma sHepruil MosekyJaspHEX opGuraneit aas CO.,

Gosiee HU3KOH sp-THOPUAHOH OpOUTANU yrJjepoia NpHOIH3H-
TEJILHO paBHa 3Hepruu GoJiee BHICOKOH THOPHIHOH OpOGUTaH
KHCJopoja. B pesysnbrare aBe CBOGOJHBIE Napbl 3JEKTPOHOB
(3;meKTpOHB! HA HeCBS3bIBAIONINX OPGHTANSX G,) PAcNoararTcs
Ha JIByX OCTaJbHbIX THOPHIHBIX OPOUTANAX: BbICIIEH yryiepoja
U Hu3Lel Kucaopona. (3aMeTuM, YTo Ha AHarpaMme, NpejiCcTaB-
JIeHHOH Ha puc. 2.13, UHJEKChl g U & OTCYTCTBYIOT, TaK KakK
JIBYyXaTOMHbIE TeTeposiiepHble MOJIEKYJIbl He HMeIOT LleHTpa HH-
BEPCHHU U KJaccH(HUKaIlUs C 3THMH HHJIEKCaMH He NpHueMJieMa.)
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TakuMm o6pa3oM, B MoJIeKyJie OKHCH YIJIepOJia UMEIoTCs JBe
cBOOOJHBIE Maphl 3JEKTPOHOB, KOTOpble He NPHHHUMAIOT CYIle-
CTBEHHOTO yyacTHs B CBs3biBaHHH. OfHa Napa HaXOJAMTCH Ha
ruGpuIHOH OpOHTalH KHCJAOPOAa, GMH3KOH IO XapakTepy K
s-op6uTaly H, CJAeoBaTeJbHO, HAa OYeHb YCTOHYMBOH (Hepe-
aKIHOHHOCTIOCOOHO!) opbuTanu. [[pyras cBobojgHasi mapa pac-
noJsiaraercsl Ha aToMe yriepoja. OpOuranb, KOTOPYIO OHA 3aHU-
MaeT, HMeeT SIPKO BbIPaXKEHHBIH p-XapaKTep, OHa BHITSHYTa
B CTOPOHY, MPOTHBOINOJIOXKHYIO CBSI3H YIJIEPOA — KHCJOPO/,
M XapaKTepusyeTcsi BHICOKOH 3Heprued. Peakunonnas cmo-
COGHOCTb 3JIEKTPOHOB Ha 3TOH OpOGHTANH OOGBSCHSET XOPOLIO
H3BeCTHBIE JIOHOPHBEIE CBOHCTBA OKHCH yriepoja. CBsibiBaHHe
MeXay YIJIepOJOM H KHCJIOPOJAOM OCYIIECTBJISETCS G-CBS3bIO,
CHJBHO OTTSIHYTOH K KHCJOPONLY, U CHCTEMOH w-OpOHTasei:
™., Ty, TAKXKE CHIBHO OTTAHYTHIX K KHciopoay. Ha nuarpam-
Me 3HEPTHH NOKa3aHbl =*-0pOHTANH, PaCNOJIOKEHHbBE HAMHOTO

6

--@CE)‘ - —-C0 + |- - CpoGoanas napa
3JCKTPOHOB

Puc. 2.14. Monekynsipusie op6uranu CO.

a — ojiHa ©-0p6UTaNbL; 0 — OnHA n*-0p6HTasb; 8 — CBOGOZHLIC Mapbl 3J1EKTPOHOB, Spe
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6nuxe K p-opOUTANsAM YIJIepoja, ueM K p-opOUTansiM KHCJIO-
pona. CBoGoJHEIE 3/IEKTPOHHEBIE NIAPhl HA YTIJIEPOJecH KHCJIOPO-
Je U Kaxjas U3 w- ¥ w=*-op6uTasnell mokasaHel Ha puc. 2.14.
=-Op6HTaau pacrosaraioTcs IJ1aBHBIM 06pa3oM Ha KHCJIOPOJE,
TaK KaK aToM KHCJOPOJa BHOCHUT GOJBIINH BKJAJ B ©-OpOUTAH,
yeM yriaepoj. Bropas =-cessmpBatomas MO pacnosioxena
O] NMPSIMBIM YIJIOM K IEPBOi, T. €. JOJKHa GbITh H306pameHa
HaJ MJIOCKOCTbIO DHUCYHKA M moj Hell. Paspwixasitouiie opGu-
TaJli T, Ha pHC. 2.14 MOKAa3bIBAIOT, YTO YIJIEPOJ BHOCHT GOJb-
IIHHA BKJAL B 3Ty op6mam; yeM KucJopol. Mmeercs u apyras

-op6mam> HMEHHO %,, PaCIOJOXKeHHas MOJ MPAMBIM YIJIOM

K ﬂx-opéma.zm. dopma MoJieKyJaspHBIX opOuTaJel, MoKa3aH-
Hasg Ha puc. 2.14, saBjasiercs NPSMBIM CJEJCTBHEM JaHHOTO
pacrnoJioKeHusl MOJIEKYJIsIPHbIX opOuTasell OTHOCHTENIbHO aTOM-
HBIX op6HTaJsell, nokasaHHbX Ha puc. 2.13. Tor daxkT, uto =*-
op6uTany GIU3KHU N0 3HEPTHU K p-OpOUTA/IAM YIJIepoAa H CKOH-
IEHTPHPOBAHbl HA aTOMe YIJIepOfa, UMeeT OueHb 6OJblIoe 3Ha-
yeHHe IIPH PacCMOTPEHMH akuentopHelx cBoiictB CO B psany
KapOOHHUJBHBIX KOMIIJIEKCOB.



I'nasa 3.

Cmpykmypa u ungbpaxpacuoLe
CneKmpoL. HeKOmopoLx KapOOHUAbHbLX
KOMNAEKCO8

3.1. BBEAEHHE

3ameuaTesbHasi Tpynna MeTaJlKapOOHUJIbHHIX COeJHHe-
HMH, U3 KOTOPBHIX MEPBLIM ObLJI OTKPHIT TeTPaKapOOHHUN HUKEJ,
NpeJCTaB/IsieT UHTepPeC N0 MHOTMM IPUYHHAM. Bo-mepBhiX, HX
¢u3nyeckye CBOHCTBA BecbMa HeOObIYHBI JJIST NPOH3BOXHBIX
MeTa/IoB. B TO BpeMsi Kak GOJIBIIHHCTBO COEIMHEHHH MeTal-
JIOB — BBICOKOIJIaBKHe TBepJible BelleCTBa, KapGOHUJIB OObIU-
HO — HHM3KOKHISIIIUE XUAKOCTH M rasel; Tak, Ni(CO),, mo-
JOGHO YeTHIPEXXJIOPHCTOMY YIJIEDOLy, HMeeT TeTpasipHuecKoe
CTpOeHMe WU TMpeACTaBisieT co60H OGecUBETHYIO YCTOHUHBYIO
XKHAKOCTb, KUNsuyio npu 42°. TerpakapGOHUJIBHBIH KOMILIEKC
ruapujga kobaabta HCo(CO),, HasbiBaeMblil Takxke THIPOKap-
GOHUIOM KobajbTa,— ra3 INpH KOMHaTHOU TeMmmepatype. OH
cxuxkaercs npu —33°, a ero ToukKa KHIEHUs JIEXKUT, BEPOSIT-
HO, OKOJI0O —12°, XOTsl ee HeJb3ss TOYHO HU3MEPHTb, TaK Kak
B urictoM Bujae HCo(CO), BecbMa HeycToiluuB. TeMm He MeHee
3T0 COeJHHEHHe SIBJSETCS aKTHBHBIM KaTaju3aTOpOM B TakK
Ha3BIBAEMOM OKCO-NpOllecce, NPH KOTOPOM OJIepHHBEI TpeBpa-
aloTcs B CNHPTHl. MHOrHe KapGOHHJIEI MeTasyioB — TBEp/ble
KPHCTaJJIMyecKue coefuHeHus. Hampumep, eciau pasmaraTh
HCo(CO), B onpejeneHHBX YCIOBUAX, TO JIBE MOJEKYJIbI
HCo(CO),, B3auMopeHCTBYs MexAay co0O0H, BBLIENSIOT MoJe-
kyny Bogopoaa: 2HCo(CO),—~[Co(CO),l.+H, apyrum mpo-
IYKTOM 3TOH peaklUH sIBJAsSeTCS NUMep TeTpakapOOHHJAa KO-
6ajibTa, HMJIH OKTaKapGOHHIAUKOOAJIbT, — JIETKO KDPUCTAJJIH-
ayoleecss TEMHO-KpPacHOe COelHHeHHe € T. IUI. OKoJo 52°.
B okTakapGoHHIIHKOOalbTe HMEIOTCS JBa aToMa MeTasJa,
HO HM3BECTHBl M ropasjo 6ojiee ClOxHbe KapOoHuiwl. Tak, B
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onHoM u3 poaueBbix KapOoHHI0B Rhg(CO)yq, CTPYKTYpa Ko-
Toporo Oblla HeJaBHO YCTaHOBJIEHa, HMeeTCs LIeCTb aTOMOB
MeTasjla — IO OJHOMY aToMy POAMS B KaxJOH BepILUHHe: OK-
Tasupa.

Kpome HeoObIUHBIX (PH3HYECKHX CBOMCTB, KapOGOHHJIBI MMe-
I0T 3aMeyaTesbHble XMMHUYeCKHe CBoHcTBa. Bousbliolt uHTepec
BBI3bIBAET NPHPOJA CBS3H MEXKJAY aTOMOM MeTaJljla H KOOpJHHa-
IIOHHOH OKHCbIO YIJIepojia, NOCKOJBKY CBSI3b MeTasll — yr-
JiepoJ| siBJIsieTcst TOH 06JacTblo, IJie NIPOXOAUT IPaHHLA MEXIY
OpPraHHYeCKUMH H HeOPTaHWYeCKHMH coeinHeHUsMH. (CTouT
TOJILKO BCIIOMHUTb 00 YIHBHTENIBHO «MHOTOCTOPOHHHMX CIOCOG-
HOCTsIX» peakTuBa IpuHbspa RMgX, u4ToGbl MOHSITH OrPOM-
HBIHl HHTEpeC XUMHKOB K COEJHHEHHSIM CO CBS3bI0 MeTasll —
yTIJepon.)

3.2. d-OPBHUTAJIH

B ocHoBe J11060r0 06CYXIeHUS XHUMHH NMEPEXOJHBIX MeTaJl-
JIOB JIEXXHT paccMoTpeHue d-opGutaseii. UerBepThiil psj me-
PHOJMYECKOH CHCTeMbl HauMHAeTCs C KaJjus (aTOMHBIA HOMep
Z pasen 19), Ho y cienytomero atoma — Ca (Z = 20) samnoJ-
HeHHe TpeTbero okrtera (N-060J0YKH) NpeKpamaeTcs U Hauu-
HaeTcsl 3amoJIHeHHe OpOHTaaun B 000JIOYKe, HaXOAseics
HHXE, B COOTBETCTBHHM C TIOCJEJOBATEJbHOCTBIO YPOBHEH
e <3p<<ds<<3d<<4p.... Tak Kak uMeeTcsi BCero nsith 3d-
opburaneli, To 3a Ca caenyior eme gecsatb ajaemedtoB (Sc, Ti,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn), npexje ueM 3akaHUHBaeTcs
3anoJiHeH e YeTBepTOd 0GOJIOUKH. DTH JIeCSTh JEMEHTOB NMpH-
HaJJIeXaT K NIePBOMY Psily NlepeXofHbIX MeTanoB. CymecTByIOT
TaK)Xe BTOPOH psiJi NEPEeXOJHBIX METaJJIOB, COAEPXKAIIHX OT
OJIHOTO 10 JAecsiTH 4d-3/IeKTPOHOB, M TPETHH s AJIs 3JEeMeH-
ToB C bd-amexTpoHamH. K mnepexoiHbIM MeTajjilaM OTHOCST
3JIeMEHThl, HMelOlllHe YacCTHUYHO 3amoJjiHeHHble d-060JI0UKH,
I03TOMY LMHK C KoH(purypauueil d'° He cuuTaercs nepexop-
HBIM METaJIJIOM.

HanomuuM, 4TO y s-opOuTalid HET y3/I0B, a p-opOUTaNH
HMeIOT OJHMH Yy3eJs; d-opOuTald HMEIOT JBa y3/a, CJeLoBa-
TeJIbHO, JBa HU3MEHeHHs] B ajreGpauyeckoM 3Hake (4 10JH).
Pacnpenenenue 3/1eKTPOHHOH IJIOTHOCTH M OGbIYHOEe H3006pa-
Kenue nsATH d-op6urtasnefi nmokasano Ha puc. 3.l.
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Honwu d ., d,, u d,, opbuTajeii pacnoJOXeHbl MeX1y OCs-
MH KOODJAHHAT, TOTJa Kak s dys_,2 U d,- -opOUTaseil ux Ha-
npaBJeHye COBNaJaeT C OCSAMH X, Yy H Z cooTBeTcTBeHHO. [lo-
BHIHMOMY, €CJIH HMeeTcsl CHCTeMa M3 TpeX opOuTaJeil, HanmpaB-
JIEHHBIX MeXJy OCSIMH, TO CHCTeMa opOuTasell, HanpaBJeHHbIX

Puc. 3.1. Ilare d-opGutaseil.

BJIOJIb OCeHl, TaKxke JOJKHA COCTOSITb U3 TpPeX KOMIIOHEHT.
HeicrButenbHo, d,- NpejacTaBiaser coboil JHUHEHHYI0 KoMOHHA-
UHIO (a MMEHHO, CJOXeHHe) opOuTanedt dy 2 W dpye
(puc. 3.2). Onnaxo cucreMa d-op6uTajeil MOXKET COCTOSITh MaK-
CUMaJIbHO M3 NATH op6HTajeil, MOJOOHO TOMY KaK B CHCTEMY
U3 p-opburtajell MOTyT BXOIMTb TOJBKO TpH op6uTanu. XoTs
MOXKHO OblJIO Obl COCTaBHUTb KOMOMHALUMH H3 JIOOBIX ABYX Op-
Gutaneil, BXOASIIUX B cHCTeMy Tpex d-opOHTaseil, manpas-
JIEHHbIX BJOJb OCeHl, Ha pHCYHKe TMOKasaHa oOJHa OOGbIYHO
npuUHHUMaemasi KoMOMHauusi. B 3Toli KoMOMHanuu (cloxkKeHHe)
MOJIOKHUTEbHEIE 0GNacTH oOpOHTaNell dyy: U dpe_ye 10)
OCH CKJIaJbIBAIOTCA MeXJy Co60H H JaloT GOJIbIIYIO MOJIOXKH-
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TeJIbHYI0 06/acTb BAOJb OcH 2. OTpuuaTesnbHble 06/1acTH Op-
6utaan d;_,» BIOJAb X U OpPOMTANM d:—,. BIOJAb OCH Y
06beMHAITCS ¢ 06pa30BaHHEM OTPHLIATEBHOH KOJbileo6pas-
HOH Joau Ha mjockoctd xy. (ITo ¢opme 3ta n0ss1 HamoMHHaeT
MIOHYHK, IO3TOMY BCfO OPGHTAIb HHOTJIA HA3bIBAIOT «TAHTEJIbHO-
TNOHYHKOBOM» oOpOuTanbio. [lpyrue ueteipe d-op6utanau mo
TMOHSITHBIM NPHYMHAM Ha3bIBAIOT «KJEBEPHBIMH» OpOUTaJIsIMH.)

Kak MBI ynoMuHanu panblie, JJsi NepBOTO psila Nepexof-
HbIX METaJIJIOB XapaKTepPHO HaJuyue OJHOTO WUJIH HECKOJbKHX

d,:

Puc. 3.2. OGpa3sosanne d,2-opGuraneii.

(Ho MeHbIIe HecsiTH) 3JeKTPOHOB Ha 3d-opOutansix. Mel yBH-
I¥M, YTO 3TO TpeGOBaHUE SIBJSIETCS] PellaioliuM JIJisi 06pa3oBa-
HUsI YCTOMYUBBIX KOMILJIEKCOB THNA KapGOHUJIOB.

B Hacrosiiee BpeMsi H3BECTHBI HECKOJIBKO COT KOMILJIEKCOB
NePEXOHbIX METAJIIOB, COJAEPKAIIUX OXHY HIH Heckoabko CO-
TPYII B MOJIEKYJIe; Cpely HUX GOJbILOE YHCIO Pa3IHYHBIX KOM-
nJekcoB, B Kotopbix CO siBJisieTcsl €UHCTBEHHBIM JIMTAHJIOM.
ITH «YUCTble» KapOOHHJIBI MOXKHO Pa3fieIUTh Ha TPH GOMBIIHX
KJlacca: MOHOMEpHble KapOOHHJ/Ibl, B KOTOPbIX NPHCYTCTBYET
TOJILKO OAWH atoM Mera/ia U Bce CO-rpynmel KOMILJIEKCHO
csizannl Toabko ¢ HuM: Ni(CO),, Fe(CO);, W(CO)q; kapGo-
HUJIbI, HUMEIOIHE HECKOJNBKO aTOMOB MeTaJlla, CBSI3aHHBIX APYT
¢ apyrom, B To BpeMsi Kak CO-rpyninel NpHCOENUHEHB TOJMBKO
K onaHoMy artoMy Metaana: (CO)sMn—Mn(CO);, (CO),Co—
—Hg—Co(CO),; kapGonunas, B Kotopbix CO-rpynnsl CBsi3bl-
BalOT OJIMH HJIH HECKOJbKO aTOMOB MeTaJJa:
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3.3. MOHATHE OB 3¢PEKTHBHOM ATOMHOM YHCIJE

CucremaTtusauusi GOJBIIOTO KOJHYECTBA Pa3HOOGPa3HbIX
KapOOHHJIOB CTAHOBHUTCSI B 3HAUYMTEJNbHOH CTENeHH Ipolie C
BBeJleHHeM TNOHATHS 06 3(peKTHUBHOM AaTOMHOM 4YHCJIe, T. e.
ofLIeM YHCsIe 3JIeKTPOHOB, BXOJISIIHX B 3JEKTPOHHYIO KOHGH-
TypauHui0 LEeHTPANIbHOIO aToMa. DPheKTHBHOE ATOMHOE YHC-
JIO — YHCJIO 3JEKTPOHOB B KOHGUTypauuM HHEPTHOTO rasa,
3aMBIKaWOIIero TOT PsAJA INEepHOAHYECKOH CHCTEMBI 3JIEMEHTOB,
B KOTODOM TIOMellaercsi AaHHbIA Mertans (He Bcerpa!). Ilpu
NoZcYeTe 3JeKTPOHOB NPUHHUMAIOT BO BHHMaHHE COOTBETCTBYIO-
1ee COCTOSIHME OKMCJIeHHsI MeTalljla W IpeanoJaraloT, 4YTo
KaxJas MoJieKyJa OKHCH yrJjepoja NpelOCTaBJseT JBa 3JeK-
TPOHa, T. €. CBOOOAHYIO Mapy 3/JeKTPOHOB Ha opOuTanu yrJje-
pola, HanmpaBJeHHO! B CTOPOHY OT Kuciopoja. Tak, B Ni(CO),
HYKeJb B HYJIEBOM COCTOSIHHH OKHCJEHHs HMeeT 28 3JeKTpo-
HOB, ellle BOCeMb 3JIeKTPOHOB OTHAIOT eMy deTbipe rpymnnsl CO,
Bcero 36 3JEeKTPOHOB — 3JIEKTPOHHAsl KOH(HUIypauMs KpHII-
tona. CooTBercTByIOIIME MOACYeT AAs Mn° B coequHeHUH
Mny(CO) 4o naetr: Zma= 25; 5X2 = 10 3/1eKTPOHOB OT Ipymnmn
CO; kpome TOro, KaxJpli atoM Mn BHOCHT 10 OTHOMY 3JI€KTpPO-
HY B KOBaJeHTHYI0 cBsi3b Mn : Mn; HTOro, OKOJO KaxJ0Oro
Mn umeercst 36 anextpoHoB. B cayuae Fe,y(CO), (cTpyxTypy
CM. BHIIlIe) MBI MOXKEM CJeJ1aTb CJEAYIONIHi NOACUeT: Zpeo= 26;
Tpu KoHueBeix CO BHOCAT 6 3/eKTpoHOB; TpU MocTHKOBEIX CO,
KaxJas U3 KOTOPHIX JaeT 0 OJHOMY 3JeKTPOHY Kaxaomy Fe;
oJlHa KoBaJleHTHasi cBsi3b Fe : Fe nocrasiser mo oqHoMy anek-
TPOHY Ha KaxIblli aToM XKeje3a; utoro, 264-6+4-3+1 = 36.
Mocrukoseie rpynnel CO noxoxH Ha KapOOHHJbHBbIE TPYIIbI

B KeToHe >C = O, Torga kak Konueswe rpynmsl CO
R

OTYACTH CXOJHBI CO CBOOOAHOM OKHCBIO YIJIepoAa.
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B Teopun pesoHaHca CTpPOeHHE OKHCH YIJIepOfa MOXKHO
NpEeJICTaBUTh B BHJAE pe30HaHCHOro rubpuua. HauGosee Baxk-
+

HbIH BKJIAJ( laeT BasleHTHas CTPYKTypa :C=O: ¢ TpoiiHoii cBs3bi0
MexJ1y YIJIepoJIoM H KHCJI0POAOM. JIpyroéi oueHb BaKHOH
cTpykTypoit sBasercs : C=0: . B stoli cTpykType Ha yrae-
poze umeercst cBoGoaHas p-op6uTanb. B naHHOM ciyuae Hesa-
HATast OPOUTa/b BBICTyNaeT B POJH aKUENTopa 3JeKTPOHOB M
B 3TOM CMbIC/IE 3KBHBaJeHTHAa w*-Op6HTalH B CTPYKType

-+

:C=0:. B ofmem, Gosee yIOBJIETBOPUTENBHO MPEACTABICHUE
06 OKMCH yIJlepoja KakK O MOJIEKYJie C TPOHHOH CBSI3bIO H
HHU3KO PAacCloJIOXEeHHbIMH Pa3pbIXJSIOMHMHE  aKIENTOPHBIMH
OpGHUTANSIMHU.

3.4. CTPYKTYPA KAPBOHHJIOB METAJIJIOB

Kak yxe oTMeuasnoch Bblllle, IPH PAaCCMOTPEHHU 3JIEKTPOH -
Horo pacnpenenenus B CO, cBoGojHast mapa 3JeKTPOHOB Ha-
XOJHMTCS Ha yIJlepojle NpPeHMYIIeCTBEHHO Ha p-opOuTaJH, Hall-

[ T [] LT L]

Puc. 3.3. BosbyxaenHas »sJekTpoHHass KoHpurypanus Cro.

PaBJIEHHO! B CTOPOHY OT KHCJIOpPOZia. DTa OPOUTANb MOXKET Nepe-
KpBIBAaTbCs C OpOHTaJblo MeTanna, obpasdys o-cBs3b. Pac-
cMOTpuM caydail tunuyHoro kap6onusna Cr(CO)e. OcHoBHOe
cocrosinue HeliTpanbHoro xpoma (Cr°) uMeer KoHGHUTypaluio
sd®, o npu paccMotpenun Cr(CO), yro6Hee HCXOIUTb U3 BO3-
6yxnaenHoro cocrosiHus Cr°, 3/1eKTPOHHYIO KOH(HIYpalHIo
KoToporo d® MoKHO M306pa3uTb, KakK NOKas3aHO Ha puc. 3.3.
Cr? ucnosnayer 1iectb d2sp3-ru6pujHelx opbuTaseli 1 o6pasyer
o-CBSI3H C IIECTBIO aTOMaMH yIJIepojia OKHCH yrJiepoja, OKTasj-
pHYeCKH pacnoJsioxkeHHbIMH BOKpyT Cr. Kaxplii U3 1mecTH aTo-
MOB yTJIepoja OTHaeT CBOM JBa 3/J€KTPOHa, H Y XpPOMa, TaKHM
o6pa3oM, 3pdeKTHBHOE aTOMHOe YHCI0 paBHO 36. Xapakrep-
HBIM CBOMCTBOM BCEX METAJIJIOB SIBJISIETCS] UX 3J€KTPONOJIOKH-
TeNLHOCTD: JJISI METAJIJIOB NMpPEeANoUTHTENbHee TePSATb 3JIEKTPOo-
HbI, a He npuoGpeTathb HX. [lepenaya ImecTH 3JeKTPOHOB XPOMY
co3jajia Obl 3HAUUTENbHBIA OTpPHLATENbHBLIH 3apsj HA XpoMe.
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DTOT 3apsA] MOXKeT ObITh YMEHbLIEH NMyTeM Nepelaud 3JeKTPo-
HOB XPOMOM OGPaTHO Ha OpGUTAIH OKHCH yIJIepojia. * Mbl yxe

Bugenu, uyto CO HMeeT He3aHATHe Ty- H T,-OpPOMTANH. ITH
pasprhixJsiomue opOHTaJH B OCHOBHOM INpDHHaJJexaT yTJe-
pony. HauGosee Baxew, OIlHaKO TOT (haKT, YTO 3arNoJNHEHHbIE
d-op6uTanu xpoma (dxy, s dyz) HUMEIOT TaKOoe e pacroJio-
’KeHHe (CHMMETPHIO) HX JoJel,” Kak U = *-op6uTanH, H, cjeo-

NOROXs \ﬁo
D OO A DE

d.(cr) x*(CO) d-n* Cussn

Puc. 3.4. O6pasosanue d — w*-cBsi3u B KapOOHMJe XpoMma.
p I p

BaTeJbHO, B3aHMOJEHCTBHE MeXJYy HHMH BecbMa BepOSITIO.
BsauMozeiictBre ofHo# u3 d-opburaieit (ckaxeM, d,,) ¢ w,-op-
6uranpio CO mnpexcraBjseHo Ha puc. 3.4. DTOT THI CBS3bI-
BaHUSl — KOTJla 3amloJHeHHble d-OpOUTAIM MeTajljla MepPeKphbi-
BalOTCS C w*-0pOUTANbIO JUraHJa — OObIYHO HA3BIBAIOT 0OO-
paTHBIM CBsSi3bIBAHHEM, YTOObl IMOAYEPKHYTb OTJIHYHE OT G-,
HJIM TIPSIMOTO, CBSI3bIBaHMsI, IPU KOTOPOM MPEJOCTAaBJsIET 3JIeK-
TPOHB! Jurana. Takoe of6paTHOe CBSI3bIBAHHE OTHOCHTCSI K TH-
ny d—r (KaK =, Tak H=* JaloT CBf3b THNA d—=) U YacTo Ha-
3bIBaeTCsl dn—pn-B3aUMOJEHCTBHEM.

lectukoopaunanuonueiéi Cr(CO)g— OKTasapuueckoe coe-
nuHeHue (puc. 3.5); MOMKHO CUHMTaTh, YTO €ro JIUTaHIbl JIEKAT
BJOJIb OCedl x, y U 2. Ha KaxJioli ocH pa3MelieHbl J1Ba JIUTaH/a,
TI0 OJIHOMY C KaxJo0i croponst oT Cr. Bri6epeM Hanpasienue x.
Op6uranp Meranna d,, JeXHUT B IJIOCKOCTH X2, H BCe YeThbipe
ee JIOJIM NOMeNAI0TCsl TocepevHe MexAy ocsIMU X U 2. Tak Kak
HMeeTCsl BCEero oflHa Takasi opOuTasb, =*-opoutany o6eux rpynn
CO Ha KaxJoM KOHIE OCH X OYAYT KOHKYPHPOBATb NPH pasMe-
IeHHH Ha HHUX d,,-31ekTpoHoB (puc. 3.6). CO-rpynnsl, pac-

noJiararomuecsa BJOJb OCH &2, Cl)aKTPI'-IeCKH TOXe HMeT =*-

1 CrpeMJ/ieHHe LeHTPaTbHOrO aToMa MeTalJa B KOMILJIeKCe K NpH-
06peTeHnI0 HYJEBOro 3JEKTPHYECKOro 3apsiia 0000WeHo B NMpHHUHUIE
anekTposeliTpambgoctd (cM. Pauling L., J. Chem Soc., 1948,
1641). _ ,
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Op6uTalH, KOTOpble KOHKYPHMPYIOT 3a NepeKphiBaHHe ¢ d,,

op6uranbio. Hrak, yetbipe CO-rpynmnsl KOHKYPHPYIOT 3a Ho-
HOJIb30BaHHE d‘rz-opémaneu MeTajlsla — JBe€ Ha OCH X H JBe
Ha ocH 2. TouHo Tak ke yeTbipe CO-rpynnsl KOHKYpPHPYIOT 3a
ucnosb3oBanue d,,-OpOUTANH MeTa/la — ABE Ha OCH y H JBe
Ha ocH z. Hac He nomxno cmymarthb, uto opbutanu CO Ha Je-
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P uc. 3.5. Oxkrasupuueckass ctpykrypa Cr(CO)g.

BOM KoHIle ocH x (cM. puc. 3.6) U3MeHSIOT CBOH 3HAK MO CpaB-
HEeHHMIO ¢ op6GUTa/NsIMH Ha NPAaBOM KOHILe OCH X; CBSI3bIBAHHUE
NPOMCXOAUT GJarojaps COOTBETCTBHIO 3HAaKOB. Mbl MoxkeM
NpHUNUCATh MUHYC WIH IIIOC JI060H 06/1aCTH, C KOTOPOH HauH-
HaeM uepeJOBaHHe 3HAKOB MO pasHble CTOPOHHI y3/a. [Haue
rOBOpsI, BCerJa MOMHO YMHOXKHTb BOJIHOBYIO (DYHKIMIO Ha
—1. D10 03HayaeT, YTO MBI BEIGHPaeM JJ1s1 HOPMHPYIOIETro MHO-
JKHUTENsT OTPULATENbHBEII 3HAK, KOTOPHIM paHee NpeHeGperau
(cm. pasp. 2.1). ITockonbKy 3a ucCnoJib30BaHMe OJHOH d,
opbutanu KoHkypupyioT derbipe CO-rpynnel, B oGpaTHOM
CBAI3bIBAHMM NpunMMaOT yuacthe uetbipe CO-rpynnel. d,-
op6uTanp B TMUJIOCKOCTH XYy paclpelessieTcs MeX]ly BCeMH
yetbipbMsi CO-TpYNNaMH B 3Toil MJIOCKOCTH, —7,-OpGHTAJIb
kaxjoit CO-rpynnel o6Gnanaer MOAXOAsINEH CHMMeTpHell A
aKLEeNTHPOBaHUS d,,-371eKTPOHOB (cM. puc. 3.7).



P uc. 3.6. Baaumoneiicteue d-opOuTanu MeTajsa C JBYMsl pasphx-
asiomuMu m*-op6utanamu CO.

P uc. 3.7. BsaumonelicTBue d-opOGHTatH MeTajsa C YeTHIpbMs pas-
pHxJasoWuMH ©*-op6uranamu CO.
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Tenepb pacCMOTPpHM, KaKo€ BJIMITHHE OKAa3bIBAeT 3TO Yac-
*

THUHOE 3acelieHlne m,- U =, -opGutaneit CO Ha CBS3LIBaHHe
Mexay C u O. [To Toro Kak o6pasyercsi Kommiuekc ¢ Cr, aToMbl
C 1 O coepnHAOTCA MEXIY COGOH G-CBS3bIO M JBYMS T-CBSI3sl-
MHU (r, U ™). Mbl yXe BHJeJH, UTO KOTJIa 3JIEKTPOHbI 3aHUMAIOT
pasphIxJsionHe OpOUTaNH, OHM YMEHbIIAIOT CBs3bIBAIOLIEE
JIefCTBHe 3JIEKTPOHOB Ha CBfI3bIBAIOHIMX oOpOHuTansix. MMenno

I
C
O
o
Puc. 3.8. Tpuronanbsas OGunupa-
o=cC Fe/ mupaisbHas cTpykrypa Fe(CO)s.
&
\
LY,

ato ¥ npoucxonut B Cr(CO)s. O6paTHasi mepenaya MeTasjioM
d-371eKTpPOHOB Ha pasprixJsiomue opoutanu CO-rpynn yMmeHb-
miaet w-cBs3piBanue Mexay C u O, u B 3TOM cayyae yxe GoJb-
me HeT TpoiHOi cBsidau Mexay C u O, KoTopas cymecTByer
B ciaydyae cBobogHoi okucu CO, He BXOzslleH B KOMILJIEKC.
[Topsanok yriepoi-KMCIOPOIHOH CBSI3H yMeHbIaeTcsi: JIJis
CBOOOIHO! OKHCH YTIJIEpOfa OH COCTaBJSIET OKOJO Tpex, IJis
CO B cocraBe KOMIJIeKca — MeXAy ABYMS H TpeMs.

Mbl nertanbHO paccMOTpesNd CTPYKTYPY OKTasJpHUecKoro
KOMILJIeKca. B cTpyKType KapGOHHJIOB Pa3HOTO reoMeTpuyec-
KOTO CTPOEHHsI CYIIECTBYIOT HEKOTOpbiE€ Pas3jIMuHusi, IOCKOJIb-
KY B IIPSIMOM M 0GpaTHOM CBSI3bIBAHHH YYacTBYIOT pa3Hble d-op-
6utanu. Taxk, Ni(CO), — Terpasgpuueckas Mosieky/aa, U d-
U dy:_,-OpOMTANIH HHKeJs BOBJEKAIOTCS CKOpee B T-CBAA3b,
uyeM B o, KaK B cIyuae okTaszapa. [Ipu TpuronasnbHo# Gunupa-
MHJaJbHO# reoMeTpuH, HanpuMmep B cinydae Fe(CO)s5, B KoTopoM
aTOM MeTaJlJia CTob3yeT dsp3-rubpuaHbie opoutany (puc. 3.8),
TOJILKO OJHA d-op6GHTaJsb BOBJI€UeHa B 6-CBSI3b, a UEThIPe ApYTHe
d-op6uTaH BHOCAT BKJaj B m-CBsA3b. ONHaKO, HECMOTPs Ha
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3TU Pas3juuMsi, MPUHLUUIBl G- U T-CBA3bIBAHUS IO CYIIECTBY
OIHH U Te Xe.

Hamenenne nopsinka C—O-cBsi3u GyleT, KOHEYHO, BJHUSThb
Ha NMPOYHOCTb CBSI3H; GoJiee BHICOKOMY MOPSAKY COOTBETCTBYET
6oJ1ee IpouHas CBS3b, pa3pblB KOTOPOH TpebyeT Gosiee BHICOKON
sHeprud. CyiecTByer 3dpeKTHBHHIT COCO6 H3MEPEHHsI 3Hep-
rud, HeoOXOAMMOH JJsisi TOro, uTOOGbl PacTIHYTb CBs3b. ITy
SHEPTHIO MOKHO ONpeJeJNUTh N0 MHPPAKPACHOMY CIEKTPY Mo-
JIeKyJIbl, TaK Kak CYIIeCTBYyeT XapaKTepHCTHdecKas 4acToTa
BaJIEHTHOTO (pacTsruBaiolero cBsab) Kosebanus rpynmnsl C—O;
3Ta 4acToTa U3MeHsIeTCsl NPH U3MeHeHUH NOpsiJKa CBs3H, T. €.
COTPOTHUBJIEHHST YIJIMHEHHIO CBSI3H.

3.5. HHOPAKPACHBIE CHNEKTPbl HEKOTOPbIX
KAPBOHKJIbHBIX COEIUHEHUH

MouekyJibl raza M }KHIKOCTH HAXOAATCS B TMOCTOSIIIOM JABH-
JKEHUH OTHOCHTENbHO APYT Apyra. BHYTpH MOJIEKYJbl TaK:Ke
MPOUCXOJUT 3HAUUTEJbHOE IBUIKEHHE. ATOMBI B MOJIEKYJIE CMC-
IAI0TCS OAMH OTHOCHUTENILHO APYTOTO, M 3TH ABHMKEHHS MOMKHO
JIETKO OMHCATh C TOMOINbIO TAKHX NMOHATHH, KaK pacTsKeHHe
WJIH M3THO CBSA3H; JPYTUMH CJIOBAaMH, PACCTOSIHHE U YTJIBI MEXK-
Ly aTOMaMH NOCTOSTHHO McHsitoTes. OZIHAKO BCerja CymecTByer
KaKoe-TO MPeJIoYTHTEeNbHOE T0JIoKeHHe paBHoBecHs. Coryiaclo
TIpeACTaBJeHUSIM KBAaHTOBOM TEOPUH, MOJIEKYJIa MOXKET BOCIpPH-
HHMaTb KoJe6aTeNbHYI0 3HEPTHIO TOJNBKO OTAENbHBIMH KBaH-
TaMH, T. €. MOJIEKYJIbl CYIIIeCTBYIOT B JHCKPETHHBIX KosebaTelb-
HBIX COCTOSIHHSIX C OMNpeJeJeHHOl 3HepTHel, XOTsI pacCTOSTHUS
MeXJy 3THMH COCTOSTHHSIMH TOpPa3[o MeHbllle, YeM pacCTOsTHHE
MEX]IY 3JIEKTPOHHBIMH yPOBHSIMH, PACCMOTPEHHBIMH B MpeE/bl-
npymeit raase. M onsiTe ke nepexon Ha 6osee BHICOKHE YPOBHH
MOKeT ObITb BbI3BaH NOTVIOIEHHEM CBeTa J0CTATOYHO!H SHEPTHH.
YacToTa CBeTa, BHI3bIBAIOILETO MEPEXOA M3 OJHOTO KoJieGaTelb-
HOTO COCTOSIHHMSI B JPYTOe, JIEKHT B HH(pPakpacHoi o6sacTu
cnektpa oT 300 mo 3500 cm™!, UTO COOTBETCTBYET 3HEpPTHsM
npubausutensio 1—10 xxaa/moaes.

DHeprusi, HeoOGXoqMMasi IJisl PaCTSAKEHHs CBAA3H MEXAY
JIBYMsl aTOMaMH, 3aBHCHT OT Beca HJIH MacChl aTOMOB, a TaKiKe
OT KECTKOCTH CBSI3H. MOXKHO OKHJATh, UTO YeM TsKeJee aTo-
MBI W Bblllle NMOPSIIOK CBsI3H, TeM GOJbILIAsi SHEPTHs NOTpe-
Gyercst A/l PacTAXKEHUsI CBA3H. B 3TOM cMbIC/Ie CBA3b MOXHO
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yNojoOUTh MPYXKHHE — YeM IKecTde NPYKHUHA, TeM TpYJIHee
ee pacTAHyTb. EC/IH K OJHOMY KOHIY NPY¥KUHBI NP HCOEAUHUTD
HIapUK, APYTOH KOHEIl ee YKPeNmuThb Ha CTeHe M NMOTSAHYTh 3a
IIAPUK, PACTATHBAasi MPYKHHY, TO MOSIBJSETCS 3HAUHTENbHAsI
BO3BpallaONias Ccuja, KOTopasi AeHCTBYeT Ha UIAPHK U CTpe-
MHTCS BEPHYTh €ro B MOJIOXKEHUE paBHOBecHsi. Bo3Bpamiaromas
cuiia [ TMpOMOpUHOHAJIbHA CMENIEHHI0 X

f=(—k)x.

ITocTosinnass %k HasbiBaeTCsi CHJIOBOM KOHCTaHTOH, OOBLIYHO
OHa BhIpa)kaeTcsl B efMHULAX Out/cm. Ecin Tenepb oTnycTHTD
pacTaHYTYI0 NPYXKHHY, LIAPUK NPUIET B KoJiebaTelbHOE IBH-
x)eHnue. Yactora kosiebaHHs 3aBHCHT OT CHJIOBOM KOHCTAHTHI
I Macchl IIapukKa CaeoyloumyuM o6pa3om:

1 J—
—_— —— /
V=5 Vk/m.

ITpononbiibie BaseHTHbIe KoJie6aHHs ABYX aTOMOB, CBSI3aH-
IIBIX JIPYT € ApPYTOM, MOXHO BBIPA3lTh TakHM e o6pasom:

1 —
v= g5 Vkin, M

mymy

1ny-}-my

(my 1 my— Macchl CBSI3aHHBIX aTOMOB); TaKHM 06pa3oM, IpH-
BeJleliHasi Macca sIBJISIeTCSl yCPeIHEHHOH MacCod JBYX aTOMOB.
Y paBHeHHe U151 CHJIOBOH KOHCTAHTBI, NPUBEJEHHOE BHIILE, OIH-
CHIBae€T TaPMOHHUYECKUH OCLUJIJISITOP U NpeACTaBJsieT co6oi na-
pabosIHUeCKy0 3aBUCUMOCTb Yy = kx%2. MoxHO OblIO Obl
OXHJaTb, YTO KPHBas NMOTEHIHMANbHON SHEPTHH IJISI JBYXaTOM-
1I0H MOJIEKYJIBl TO}Ke HmeeT ¢opMy mapaboJibl. B peficTBuTeNb-
HOCTH K€ KPUBasi He sIBJAETCs HAealbHOH mapaboJioi, a uMeeT
¢opMy KpuBoil Mopae, paccMOTpeHHOH paHee (cM. puc. 3.9).
OpHako ass 6osiee HU3KHX YACTOT KoJIeGaHHiI KpUBAasi TOUHO
COOTBeTCTBYeT napabosie. ['opusoHTaTbHBIE JJUHHH 0003HAYAIOT
KoJiebaTesibHble KBaHTOBble ypoBHH. Eciu Gl MoJiekyJa Besa
ce0s1 Kak HJeajbHbIH TapMOHHYECKHH OCLUHJISATOP, Paccrosi-
HHe MeX]y KoJsiebaTeJbHBIMH YPOBHAMHU OBLIO Obl MOCTOSIHHBIM.
B peasnbHBIX MOJIEKYJIaX PAacCTOSIHUSI MeXAY OoJiee BHICOKHMH
YPOBHSIMH CTaHOBATCSI MeHbIlle, U YPOBHH CHMawTcsi. B oc-
HOBHOM (HODMaJbHOM) COCTOSIHHH Ka)kaash MOJIeKyJa Haxo-

rape . — TaK Ha3blBa€éMas NpHBEJEHHAasA Macca: p =
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JHUTCS Ha CaMOM HH3KOM, HJIH HYJIeBOM, K0Jie0aTeJbHOM ypOB-
He (vy), M ecliM OHa NojBepraercss NeHCTBHIO HH(PaAKPaCHOTO
H3JIyueHHUsI COOTBETCTBYIOIIEH MJIMHBI BOJIHBI MJIH YacTOThI
(sHepruu), To cTaHOBUTCS CHOCOGHOHM mepedTH Ha GoJiee BHI-
COKHH KoJiebaTesNbHBli YpPOBEeHb, OOBIYHO Uj.

E

t
b
t
3
|
!

r(pasrosecn.) Mexbsnepoe
pacctosiie

Puc. 3.9. KpuBas Mopse M KpHBas NOTEHHHAJbHOH 3HEPrHH /s
rapMOHHYECKOro OCLHJIIATOpA.
1 — napa6osa; 2 — kpuBast Mopae; D, — 3HEPTrHsI AUCCOLHANUHH.

CorsacHo ypasHenuio (1), eciu npuBegeHHast Macca coxpa-
HSICTCSl TOCTOSIHHOHM (MM NpHGIH3UTENIBHO MOCTOSIHHOM), TO

YacToTa JOMKHA OHTb TpoNopuHOHadbHAa ) k. PaccmoTpum,
HanpuMmep, psii TrajoreHoBogopoioB. IIpuBeneHHBIE MAacchl B
aTOMHBIX eJMHMIIAX MacC JJIsi 3TOTO psijja COCTaBJSAIOT:

pgp = (1 X 19)/20 =0,95; pye = (1 X 35)/36 = 0,97,
Py = (1 X 80)/81 =0,99; wppyp = (! X 127)/128 =0,99;

YacTOThl U CHJIOBbIE KOHCTAaHThl MpUBefeHbl B Tabma. 3.1.
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Tabruya 3.1
CnexTpel raJjoreHoBOoJOpOAOB2
l"anorg!;;souo- k-107%, dun/cm 3 v, cu—1
HF 8,8 2,97 3958
HCl 4,8 2,19 2885
HBr 3,8 1,95 2559
HI 2,9 1,70 2230

a Ap'ar o P., @usuiecKHe MeTOAbl B HeOPraHHYeCKOH
XHMHH, H3J-BO.«Mup», M., 1967, ctp. 210.

Benen 3a 3TUM HeGOJIBIIMM BBeJEHHEM Mbl OYeHb KPaTKO
paccMOTpUM HH(ppPaKpacHble CIEKTPbl HEKOTOPHIX KapOOHHJIb-
HBIX KOMILJIEKCOB!.

Ha uacroty undpakpacuoro norJomnienuss CO Bnusiet psif
(akTopoB. Bo-mepBHIX, 3HEPTHS INOIVIOIIEHHS], MO-BUIHMOMY,
JOMKHA ObITb pa3HOH B 3aBHCHMOCTH OT Toro, Bxoaut CO B
KOMILJIEKC HJIH HeT, KOHIleBasi OHa MM MocTtukoBasi. CBoGoj-
Hasl OKMCb YIJIepoja HMeeT IOJIOCY TOIJIOLIeHHS C v =
= 2150 cm ~!. Konuesas rpynna CO OGbIYHO MOIIOIIAET MPH
yactoTe okoJio 2000 cu~!. B cBOGOZHOI OKHCH yIJiIepoja CBSI3b
CO npubnusutenbHo TpoiHasi. B koHueso#t rpynne CO, Bxo-
JAIEed B KOMIUIEKC, KaK Mbl yiKe BHJEIH, UMeeTcsl oOpaTHas
nepefaya 3J1eKTPOHOB OT 3aNoJIHEHHBIX d-opGuTasell MeTanja
Ha w*-op6utanu CO, U MO3TOMY BO3HHKAeT YacTHYHOE ocJal-
genve cssbiBanusg C ¢ O. YMeHblleHHe TNOPsiiKa CBSI3H B
KOMILJIEKCe MPUBOJHT K YMEHbIIIEHHIO CHJIOBOH KOHCTaHTHI, H,
CJIelOBaTeJIbHO, CBSI3b MOXHO DAacTsiHyTb C MeHblIeil 3aTpa-
Tol 3Hepruu. OfGpaTHoe CBSI3bIBAHME B NPHHLUHUIE OGBICHSET

1 Cnenyer uMeTb B BHAY, YTO HHPpaKpacHas CHEKTPOCKONMHs —
OYeHb CJOXHEIH MeTol. ['eoMeTpHsi KoMMJeKca B 3aBHCHMOCTH OT TOrO,
SABJISIETCS JIH OHA TeTpasApHYeCKOH, OKTa3ApHYECKOi H T. ., BJIHsET
Ha 4YHCJAO M THN KoneGaHHH, HO Mbl He OyleM mofpo6HO o6GCYyXJaThb
5TH acNmeKTH CHMMeTpHH. KpoMe Toro, HHTEHCHBHOCTb OTHEJbHBIX IMO-
JIOC TOrJIOUIEHHS] OnpefiesisieTcsi TaK HAa3bIBAEMBIMH NpPaBHJIaMH OT-
6opa. HecmoTps Ha Hawe oyeHb KpaTKoe H3J0XeHHE, Mbl MOXEM B
KayecTBe npuMepa paccmorpeTh cBi3b C — O ¥ mokasaTh, Kak BJHseT
Ha MHOpaKpacHyl0 YacTOTYy BaJeHTHBIX KoJeGaHHH CTeneHb B3aUMO-
neficTBus d-op6uTanedl MeTansa ¢ pa3pHxJsOMUMH op6utansmu CO.
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TOT ¢aKT, yTo KoHueBas rpynna CO uMeer yacTOTy BaJIEHTHBIX
KoJieGaHuil mpumepHo Ha 150 cu~! MeHblle, YeM He BXOJsIIAasi B
kommiekc CO. MocrtukoBas rpynmna C=O0O noxoxa na CO B
OpraHuYeCKHX KapOOHHUJIbHBIX COEJIHHEHHSIX KETOHA, KOTOPbIi
noryomaer okoso 1700 c¢cm™'. B TakoM coexpuneHuH KapGo-
HUJIbHAS TPyNNa He uMeeT OOpPaTHOrO CBs3bIBaHUs (=*-0opOH-
Tajb PacloJIOKeHa dHepTeTHUYeCKH CJIHIIKoM Beicoko) 1 C ¢ O
cBsI3aHbl JBOMHOI cBs3blo. MocrtukoBass rpynna CO o6buHO
JaeT JBe YaCTOThl BaJIeHTHBIX KoJjieGanuii: 1850 u 1700 cm™.
ITU 4acTOTH 3HAUMUTENHHO HUXKE TOH YacTOThi, KOTOPYIO HMeeT
KOHLleBas Bxojsiias B Kommiaekc rpynna CO, u GJM3KH K Ke-
TOHHON o6sacTd yactoT. COOTHOIIEHHE MEeX]Y CHJIOBBIMH KOH-
CTaHTaMH, JJIMHAMH CBsI3€ll U 4acTOTaMH BaJIEHTHBIX KoJleOan i
JUIS1 PAa3JIMUHBIX KAPOOHUJbHBIX TPYNN NMpHUBENEHO B TaGa. 3.2.

Tabauya 3.2

CunoBble KOHCTAHTBI, IJMHBLI CBA3€il H 4YacCTOTH
BaJEHTHBIX KoJeGaHni JJSi pPa3JMUHBIX KapOOHHJIbHBIX

rpynn
Coegunenne v (C-—0), em=1| k-107%, dun/cm? }lm({“:[;' CX’;:H”
C=0 2150 18,6 1,13
Ni (C=0), 2057 16,2 1,15
CH,-=C=:0 1935 14,5 1,17
H,C—0 1750 121 121

3Ccm. Wender, Sternberg, Orchin, Catalysis,
(ed. P. H. Emmett), vol.V, N. Y., 1957, p. 92.

BTopeiM (akTopoM, BIHSAIOIIMM Ha YacTOTy BaJIGHTHHIX
Konebanuit cesa3n CO, Bxoxsiieil B KOMILJIEKC, SIBJASIETCSI COC-
TOSIHHE OKHCJeHHs aTtoMma Mertajuia, cBssdanHoro ¢ CO.Tak
Kak oOpaTHasl nepejaya 3JEKTPOHOB OT MeTaJjljla Ha pasphixX-
asione =*-op6utanu CO-rpynnm 3aBHCHT OT OCOGGHHOCTH d--
opbuTasneli meranna, TO NPH MPOYHX PAaBHbIX YCJIOBHAX MBI
MOXKEeM OXHJAaTb, UYTO 4YeM BHIlIe IOJIOXKUTENbHBIH 3apsf,
WJIM YHCJIO OKHUCJIEHHsI, TEM MeHee CKJIOHeH MeTaJlJ K mepejaue
CBOHX 3JIEKTPOHOB JUIsi yd4aCTHs B OOPAaTHOM CBSI3bIBAHHH.
UYem csabee o6paTHoe CBSI3bIBAHUE, TeM CHJIbHee CBSI3bIBaHHE
C c O, u tem Gosbie CO-cBsI3b NPUGAHNKAETCH K TPOHHOMH.
Uem Giuke CBSI3b K TPOHHOI, TeM GOJble CHJIOBAsi KOHCTAHTa
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U TeM BbIIE MO3TOMY YacToTa BaJIeHTHBbIX KoJsieOGaHUU. B
tabn. 3.3 cobpaHbl JaHHBIE MO CHEKTpPaM TPHUKapOOHHUJIIINKIIO-

Ta6auya 3.3
YacToThl BaJEeHTHBIX KoJeGaHui
B KapGoHHUJe JAjsi HEKOTOPbIX
KapGOHUJIOB, HMEKIN¥X CTPOeHHe
[CsHsM(CO);]"
(n = dopMasbHOE UHCJIO OKHKCJIEHHS)?

Metanan n v (C=0), cmu—1
Fe +1 2120, 2070
Mn 0 2035, 1953
Cr —1 1876, 1695
\% —2 1748, 1645

Cm. Davison A., Green M. L.
Wilkinson G., J.Chem. Soc., 1961, 3172.

NeHTagHeHNJIbHbIX KOMIJIEKCOB METAaJJIOB, B KOTOPbIX H3Me-
HSIETCSI COCTOSIHME OKHCJIEHHSI NMepeXOAHbIX MeTa/JIOB MepBo-
ro psiga. Bce 3TH KOMIUJIEKCHI HMEIOT ILMKJIONEHTAIHEHH/Ib-
HYI0 TPyNIy, CBI3aHHYIO C NEPEXOJHBIM METasJIOM w-CBSI3bIO
B HampaByieHHu Tpex MoJiekysa CO; reoMerpusi KOMILIEKCa
HATIOMMHAaeT TaOypeTKy ¢ LUKJONEeHTaJHeHUJIbHOH TpYIoi
B KauecTBe cujieHbsi U TpeMsi CO-rpynnamu B KayecTBe HOXKeEK,
OpUYeM M «CHICHbE» M «HOXKH» IPUKpEIJIeHb B IIEHTpe K
MeTaJly. YBeJHYeHHe 3acCeJIeHHOCTH paspHIXJSImKUX op6u-
tajeit CO-rpynn npekpacHo OOBSICHSIET 3TH JaHHBIE.

Tabaruya 3.4

Yacrorel BadeHTHbIX KoneGaruii CO ansi HeKoTopwhix KapGoHWJOB
W KapCGOHHUJ-aHHUOHOB?

CoeiMHeH e n6 v (C—0), cm—! Coenunerue nﬁ v (C—0), em—t

Ni(CO); |0 2057 Fe(CO); 0| 2034, 2014
[Co (CO), I~ |—1 1886 [Mn(CO)s]~ |—1| 1898, 1863
[Fe (CO),J*™ | —2 1786 Rey(CO) | [2049, 2013, 1983
Mn, (CO);, | 0 [2074, 2015, 1972 [W4(CO)qo]2~ | {1944, 1906, 1882
[Cry(CO) o)~ |—1/1945, 1922, 1897

aHijeber W., BraunG., Beck W., Chem. Ber., 93, 901 (1960),
q)OpMaJleOO YUCJO OKHCJICHHST.
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[To cymiecTBy, 3TO CJYXKHT TakKke OOGbSICHEHHEM NaHHBIX
JUIST YeThipex TPyNN COeqUHeHMH, NpUBEIEeHHBIX B Tabi. 3.4.
B Kax[o# rpynne K LeHTPaJbHOMY aTOMY MeTaJlja IpHCOeIH-
HeHo ojauHakoBoe uucjao CO-rpynn (mpu 3TOM pacnpejesieHue
NepeHoCHMOTo 3apsijla OAHHAKOBO), HO (hOopMaslbHOE YHCIIO
OKHCJIEHHS N IIeHTPaJbHOro aToMa MeTajia usMmeHsiercst. Cre-
JIyeT OTMeTHTb, YTO YeTbIpeXKOOpIHHAIHOHHBbIE KOMIIJIEKCHI
(TeTpasipbl) HMEIOT OJHY 4YacTOTy BaJIeHTHBIX KoJieGaHHil,
NSITHKOODIUHAIIMOHHEIE (TPUTOHAJbHbIE GUNUPAMMUIB) — JIBE,
a UIeCTHKOODJAMHAIHOHHble coeauHeHHss [M,(CO),, mnpex-
CTaBJIAIOT COOOH J1Ba OKTasfpa, NPHCOEIHHEHHHIX ApPYr K
JpYTy BepUIMHAaMH] — TpH. UHCIO aKTHUBHBIX HH(PaKPaCHBIX
YacTOT BaJIEHTHBIX KOJIeGaHHH 3aBHCHUT B OCHOBHOM OT I'eOMeT-
pun (CUMMETpPHMH) KoMIJekca. PaccMoTpenue sToro Bompoca
HEeCKOJIbKO BBIXOJHT 3a PAMKH JaHHOH KHHUTH.

Ha ocHoBanuu paHHbIXx Taba. 3.4 josxkeH OHITh chesaH
clenylOMH BaxKHbIH BBIBOA: MO Mepe TOTO KakK Ha Merajlie
BO3pacTaeT OTPHIATeJNbHBIA 3apsiji, aTOM MeTa/jia Bce Gosiblie
CTPeMHTCsl pasfenuth cBoU d-3nekTpoHbl ¢ CO-rpynmnofi, ume-
jolell He3aHsTble paspexJsioniue w*-op6utanu. I[lostomy
ceasuiBanue C u O ocnabnsieTcsi, CHJIOBasi KOHCTaHTa M yac-
Tota KoJsebaHuss CO-CBSI3M yMeHbLIAIOTCS.
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nozaoujeHust u ghomoxumus

4.1. HEKOTOPBIE OCHOBHBIE NMPHHLHIbI

B ri. 3 MBl paccMoTpenu KosieGaHHSI MOJIEKYJ U B 4YacT-
HOCTH BaJIeHTHble KoJie6aHHs CBOOOJHOH OKHCH YIJjepoja
CO u rpynnel CO, KOMIJIEKCHO CBSI3aHHOH € pa3jIMYHBIMH Iie-
PEXOAHBIMH MeTaJlJlaMH. DHEePTHsl 3THX KOJIeGaHUH OTHOCHUTEJb-
HO HEB&JIHKA M MOXKeT GhITb cooOlieHa HHppPaKpacHbIM H3Jy-
uyenueM. [lorsomenne sHepruu HWK-uanyueHusi BhHI3bIBa€T
H3MEHEHHEe 3HepreTHYeCKOTo KosebaTeJbHOTO COCTOSIHHSI MoO-
JIeKyJibl. 3HauuTesNbHO GoJibillell 3HepTHH TPeGYIOT 3JEKTPOH-
Hble H3MEHEHHs, T. €. NepeBoJ 3JMeKTPOHA C OJHOTO 3JIEKTPOH-
HOTO YPOBHSI MOJIEKYJB Ha JApyrue, GoJjiee BEICOKHE yPOBHH.
DJIEKTPOHHBIE MepeXOibl MOTYT IPOHCXOAMTb B MOJIEKYJaX
(nomyckarmouix nofo6HbIE Nepexoibl) MOX JAefiCTBHEM CBeTa B
yAbTPadHoNeTOBON H BHAMMOH 00/MaCTAX 3JeKTPOMarHHUTHOTO
cniektpa. [l GONMBIIHHCTBA SKCIIEPUMEHTAJIbHEIX Liesell 3Ta
o6J1acTh pacnoJioxkeHa B HHTepBaJjie 4acToT npumepHo 50 000—
13 000 cm! (nnu 200—780 mmK, UTO COOTBETCTBYET NpPHUMEPHO
143—38 kraa/monw).

DNeKTPOHHBEIE CIIEKTPbl ATOMOB SIBJASIOTCS JIMHEHYaTHIMHU
CMEKTpPaMH, TaK KaK YHCJIO 3JEeKTPOHHBIX COCTOSIHMH B aTo-
Max OTHOCHTEJIbHO HeBeJIHKO. B Mosekyjax Toxe HEMHOTro
3MIEKTPOHHBIX COCTOSIHHMMH, OJHAKO KaXKI0e M3 HHUX BKJIIOYAeT
cucreMy GoJiee GIHM3KO PaCNOJOKEHHBIX KoJieGaTeJNbHBIX MOJ-
COCTOSTHHII, Ka¥XJ0e M3 KOTOPBIX B CBOIO OYepelb XapaKTepH-
3yeTcs CBOUM HaG0POM OYeHb TECHO PACIOJIOKEHHBIX BPaIaTe b=
Hbix yposHeit (puc. 4.1). CnenoBaTenbHo, 060N OTAENbHBIN
3JIEKTPOHHHI Nepexofl B MOJIeKyJie MNpPEACTaBJeH B CIEKTpe
OTPOMHBIM YHCJIOM JIHHHH, KOTOPHlE MOTYT GBHITb pa3jelieHbl
TOJIbKO C TIOMOLIbIO OYeHb CJIOXKHOH TEXHMKH M Ype3BhIYaHHO
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YyBCTBHTEJABHBIX NPUOOPOB. TakuM 06pasom, B OGBIYHEIX CIIEK-
TPOMeTpax JIMHMH TOIJIOLIEHHS BBINVISAAT NMOJIOCAMH H 06pa-
3yeMble HMH CIIEKTPHl Ha3bIBAOTCA MNOJOCATHIMH. B xuakoi
tasze, 1Ja KOTOopoH mpoBoAsiT HaHOOJIbIIEe KOJHYECTBO HABIIO-
Jieduii, KosebartenbHas M BpauiateJbHas CTPYKTYPHl paclliu-
PAIOTCA N0 CPABHEHHIO CO CIEKTPaMHU NMapoB, MPHUBOJS K O6HIY-
HO 11a6JII0JaeMbIM [IHPOKHM H IJIABHBEIM M0JIOCAM.

1

a 6 e\'

Puc. 4.1. ChoxHaa CTPyKTypa ChHeKTpa MOJEKYJH.

a — 3JCKTPOHHLIE YPOBHH; 6 — KOJieGaTeJbHble YPOBHH; 6 — BpaujaTtesbinie, KojeGa-
TeJbHbE H 3JIEKTPOHHLIC YPOBHH.

YnbTpaduoseToBEIe CIIEKTPLI OGBIYHO BEIYEPUHBAIOT B CHCTE-
Me KOOpJAMHAT, B KOTOpOH abcluucca npejcrasiser cobolt Mepy
SHEPTUM (AJIMHA BOJHEIL h WM 4acToTa v), a OpAHHATA — Mepy
MHTEHCHBHOCTH IIOJIOCHI IOIVIOHIEHHS .

DHeprus nepexoja MpsIMO INPONOPIHOHAJNbHA YacToTe B
COOTBETCTBMHM C YypaBHeHHeM bopa: AE = E, —L,= hv,
rie E,— 3Heprus BepXHero COCTOSHUSA, [, — 3HePrus HHXK-
Hero COCTOSIHHSI. DHeprusi HauGoJslee NJIMHHOBOJHOBOIO (T. €.
C HaMMeHbIIIe Y4acTOTOM M HAaHUMEHblIeH SHeprueil) 3JeKTPOH-
HOTO NlepeXxojia COOTBETCTBYET Pa3HOCTH SHEeprHi Mexay caMoi
BBICOKOH 3aHSITOM M caMOIl HU3KOH CBOGOAHOH MOJIEKYJIsIPHBIMH
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opOUTaNsIMU; TOCTEAHSAS OOGLIYHO SBJSETCS pas3phIXJALIEH
op6utanbio. Taxum o6pa3oM, 3HaHHE MOJIEKYJIsPHbIX OopOuTa-
Jell U UX 3Hepruil okasbiBaeT, OYEBHJIHO, OGOJIBIIYIO MOMOLIb
B TNIOHUMaHHH H TIPeJCKa3aHHH 3JEKTPOHHBIX CIEKTPOB; €CJIH
JK€ CIEKTP COeJAUHEHHs1 M3BECTeH, TO OHO IIOMOTAeT OTHECTH
Hab/IofaeMyI0 TOJIOCY MNOIVIOMIEHHSI K OTAEJbHOMY IEPEXOAy.

HHTeHCHBHOCTb OTJAENBHOH II0JI0CHl TNOIVIOIEHHUs (T. €.
OpAMHATAa B OOBIYHOM M306DaXKEHHHU CIIEKTpa) ONpeJeNsieTcs
BEPOSITHOCTBIO Iepexojia. JTa BEePOSITHOCTb B CBOK OUYepelb
3aBHCHT OT TaK Ha3blBaeMBIX NPABHJ 0TGOpPa — INpPaBHJ, KOTO-
pble BBITEKAIOT H3 YCJOBHH CHMMETPHH, M3 pPacCMOTPEHHS
CIIMHOB 3JIEKTPOHOB, YYaCTBYIOUIMX B Iepexojie, H HEKOTOPHIX
JIpyrux ¢axtopoB. O6GCy}KIeHHE BCeX 3THX (aKTOPOB BBIXOMHMT
3a paMKH JaHHON KHHUTH. FIHTEHCHBHOCTb MOJIOCH! MOTJIOLIEHHS
06GBIYHO BHIpaXKalT JHOO ONTHYECKOH MJIOTHOCThIO A, Jubo
MOJISIPHBIM ~ KO3duiHeHTOM 3KCTHHKUMH ¢. CooTHoleHue
MeXJIy STHMH BeJMUHHAMH omnpefeasercss c¢opmymaoir A =
= lec, Ie ¢ — KOHHEHTpaluus BemectBa (moas/s), ! — Tou-
mwuHa obpasia. Onruyeckas NJIOTHOCTb paBHA JorapugMy oT-
HOLICHHS] MHTEHCHBHOCTH IaJIAIOIIETO0 CBETA K WHTEHCHBHOCTH
npowenmero csera: A = lg (//]). OnTuyecKkyi mNJIOTHOCTh
O6bIYHO M3MEPSIIOT HEINOCPEICTBEHHO Ha CIeKTpodOoTOMETpeE.

Pasymeercs:, B He6oJ/1b11IOM 06BbeMe 3TOH I'J1aBbl HEBO3MOXKHO
PacKpuITb BCe OCOGEHHOCTH YJBTPa(hHOJETOBOH CHEKTPOCKO-
MM, OJHAKO Mbl PacCMOTPUM INOAPOGHee HEKOTOpble CHCTEMBI
CoeMHeHH i, UTOOBl HarJIsIJHO NMOKa3aTbh 3HaueHHe Pa3pHIXJSiio-
mUXx opbutaneil 1Jis1 NMOHUMAHHS 3J€KTPOHHBIX U CIEKTpajb-
HBEIX SIBJEHHH.

4.2. MPOCTOM KAPBOHHJIbHBIX XPOM0<DOP>C=0

Mousekynibl, HMeoImHe w-0pOUTaNH, MNOIJIOWAT YJbTpa-
(HOJIETOBOE M BUAMMOE H3JyYeHHe, U TNPH 3TOM OTHEJbHbIE
IPyNnb aTOMOB JAIOT B CIEKTPe XapaKTepHCTHUYECKHe IMOJIOCkH!
TOIVIOWEHHsI. DTH TPYIIBl ATOMOB, OGLIYHO COAEpKAIIHE T-Op-
6uTanu, HaselBalOTCI xpoMotopamu. Hanpumep: KapGouHab-

Hag rpynna >C=— O, nurporpymna _N<O , 0OeHsosbHOE
KOJIBIIO <_\
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B nepByio ouepeapr MBI PacCMOTPHM 3JIEKTPOHHYIO CTPYKTYPY
OpPraHHYeCcKOH MOJIEKYJBl C HPOCTHIM KapGOHUJIBHBIM XPOMO-
¢opoM, a HMEHHO MOJIeKYJay (opMasbiernja.

QdopMablerui UMeeT CKeJeT M3 o-CBsidelf, B KOTOPOM K
aTtoMy yIJepoja C MNOMOIIBIO NPOCTBIX CBSI3€H MPHCOEIHHEHHI
JiBa aToMa BOJAOPOAA M aToM KHcJopoza (puc. 4.2). Atom yrie-
poza, CBA3aHHBIA C aTOMaMH BOZOPOJA M KHUCJIOPOAa, AJs1 oGpa-
30BaHHSl CKeJleTa M3 o-CBsI3eH MCNOJb3yeT sp3-THOGpUAHBIE Op-
6uranu, HanpasJeHHble nox yriaom 120° gpyr K apyry. ¥ ato-

x X

Px
H

sp-rubpua
F4

Puc. 4.2. Opburanu dopmaiabieruaa.

Ma yryiepoja OcTaercsl ele ojHa p-opOHUTaJb C OJHHM 3JIEKTPO-
HOM — p -op6HTanb. ATOM KHCIOpOZa A/l CBSI3H C yIie-
POIOM HCIOJb3YyeT OJHY Sp-THOPUIHYIO OpGHTanb, Apyras
sp-rubpujHasi op6uUTaNb HanpapjJeHa B CTOPOHY OT YTIJepox-
HOTO aToMa. JTa MoCJefHsss OpOUTalb YJAep:KUBaeT CBOOOX-
Hyl0 napy anekTpoHoB. Cxema, npHBefieHHass Ha puc. 4.3,
JlaeT HaIVIsIAHOE MpeJCTaBJeHHE O PACIpeaeIeHHH 3JEKTPOHOB.
OIMH 3JeKTPOH OCTaeTcsi Ha p,-OopOHTa/NH, KOTOpas MOXKeT
0oOBeUHSTLCS C aHAJOTHYHOH op6GHTanbio yriepoja, obpasys
m-CBSI3BIBAIOLIYI0O M =*-pa3phIXJsioniylo op6uranu. [IBa sJek-
TPOHa, MEepPBOHAYaJbHO pa3MelleHHble Ha aTOMHBIX p,-OpOH-
TaJIsiX, 3aHHMAIOT =-CBSI3LIBAIOLIYI0 OPOHTAJb C y3JIOM B ILIOC-
KocTH yz (cM. puc. 4.2). W Hakowen, eme oiHa p-op6HTaNb
KHCJI0poJia (p,) B IVIOCKOCTH Y2 YAEPXKHBAeT APYTyI0 CBOGOAHYIO
napy snexrponoa Ha KHCJIOpOJie, KOTOpble OGBIYHO HA3bIBAIOTCS
n-3J1IeKTPOHAMH.

Boa6yxJeHue 3/EeKTPOHOB CBSI3LIBAIOIIMX  c-OpOHTaJIEH
TpebyeT OueHb GOJIbLIONH SHEPTHH, MOTOMY YTO B 5TOM NpOLECCE



Yavrpaguoseroseie cnekTper nozaowjenus u Poroxumus 65

JIOMI3)KHA Pa30pBaThCs CBSI3b, M €CJH 3TO NPOUCXOAHT, TO C
oueHb GOJBLIOH BEPOSITHOCTBIO MPHUBOAMT K pacnany (muccouua-
1IHH) MOJIEKYJIBl. DJIEKTPOHBI, MpPENCTaBJSIONHE HHTEpeC IJisi
MOHHMaHHUsl CHeKTpa ¢opManabieruia,— 3TO 3JIEKTPOHBl Ha
n-CBSI3bIBAlOLLEH OPOMTANTH H n-3JEKTPOHBH Ha p,-0pOHTANH
atoma Kucjaopopa. Ilpyras cBo6ojHasi mapa 3jeKTPOHOB KHC-

C (o]
nann FTHTHT
[0 [T

| —— |
R ) Yo
. '} x

P uc. 4.3. DnekTpoHHas KoHOUrypauus yriepoia H KHCJIOpoAa B

tdopmanpaeruie.
C co o
—_—nF .
// \
e \\
. .
Py =€ N
\ \
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\ ¢ — -;—)(— e s aad
\\ n - Dy Py
\
6967

K —— =
n p

Puc. 4.4. [IuarpaMMa 3HepPrHH MOJEKYJsAPHHIX op6urtaneit xapGo-
HUJIBHOH TDYyINIH.

JIOPOJia HAXONUTCS Ha Sp-THOPUIHON OPGHTANH H, 6anaroaapsi
CBOEMY S-XapakTepy, 3HAUHTEJbHO CHJbHee YIePXKHBAETCS
KHCJIOPOZIOM, 4eM CBOGOAHAs TMapa p,-OpOHTAJH.

Hau6osee cyuiecTBeHHbe OPOHTAIH MOTYT OBITb NpPEACTaB-
JIeHBl B BHJE JHATPaMMbl SHEPTETHUECKHX YPOBHEH MOJIEKYJIbI.
B 3TOil ympoueHHOR AMarpamme, NpHBeleHHOH Ha pHC. 4.4,
Mbl TIpeHeOperaeM o-OCTOBOM M 3a0CTpsieM BHHMMaHHE Ha
CBOGOIHBIX 5JEKTPOHHBLIX Mapax KHCJIOpoAa M KOMGHMHAlHH
pr-op6uTaNell Ha yriepoje H KHCJIOpPOJZE.
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4.3. n->n*-MMEPEX0]

Ha puc. 4.4 nokasano, yto B KapGOHMJBHOI CHCTeMe
SJIEKTPOHHBIM NEPEXOJioM, TPeOylomMuM HaHWMeHblIeH 3Hepruy,
SIBJISIETCsT BO3OYXKJEHHE 3JIEKTPOHA C N-yPOBHS KHCJIOpPOJa Ha

paspuIXAfIHKNE  w*-ypoBeHb. [0 cux
@ - +) TOp peyb LA TOJBKO O CBSI3HIBAIOLIMX
H PaspHIXJSIOMUX OpOGHTANsAX, Tenepb

¢ Mbl JOJI)KHBl BBECTH IIOHSITHE O TPETbEM
_ O O THIIE MOJIEKYJSIPHBIX op6utajeli — o
- _J  HecssviBarowux opbumarax. Kax ro-
BOPDHT CaMO Ha3BaHMe, 3TO TAKOH THI
op6HTaJsell, KOTOPHIH He JaeT BKJaja B
SHEepPTHI0 CBSI3H MOJIEKYJBI, TOYHEEe ro-
@ -| BOps, 3/EKTPOHBI, 3aHUMAWOUIXE 3TH
opbuTtann, He YYacTBYIOT B 06pasoBa-
¢ HHH CBA3H. HecBsspiBawomue opburann

_ @ 6bIBAOT ABYX THIIOB:
1. Opbutane yaep:kuBaeT cBOGOJ-
¥ %0, %, Hyl0 TMapy 3JIeKTPOHOB U SBJSETCS
YHCTO aTOMHOH OPGHTAJNBIO WM THGPHI-

HOH opémanb}o TOJIBKO OJIHOI'O artoma.
(\/"-\/)
N /—\0
C/;i)

® =9 +9c+ 90,

0.
o
(®)

Puc. 4.5. Tpu Mohexkyaspuee opGuTanu
2

OueBujio, cBoGoAHASI MAapa 3JEKTPOHOB He JaeT BKJald B
JHEPTHIO CBsI3M, TAaK KAK OHA HE PaCIpOCTPaHsIETCs Ha KaKHe-
aubo JBa atoma.

2. [lenokanu3oBaHHbIE MOJIEKYJisApHble OPOHTAIH HECBSI3bi-
BaloOlIMe, €CJAH aroMible OpPGHTANM Napbl COCEJHHX aTOMOB
He BHOCAT BKJiaja B 3TH opOurtanud. Hanpumep, w-MosexyJsp-
Has op6utanb CO,, NOKasaHHast Ha puc. 4.5 (Y,), cuntaercs
HECBSI3bIBAOIEH, TAK KaK OHA He MOJyyaeT BKJaJa OT yIJepo-
HBIX pw-OpOUTaNell U pw-OpOUTANH KHCJIOPOJA PAaCHOJIOXKEHbI
CJMLIKOM 060CO6/IeHHO, YTOGbI NMepPEeKpPhIBATHCS.

B mocienyiomem Mbl GyjieM YUHTHIBATH JIHIb OPOGUTATH CO
CBOOOJHOH Mapod, pacCMOTpeHHBEle B M. |, KOTopble Ha3ml-
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BaloTcs n-opbutansMu (oT ciaoBa non-bonding, T. e. HecBsi-
3LIBAIOLIHI).

Yxe YNOMMHAaBUIMHCA MepPeXoj C HaWMeHbLIeH 3HepTrHei
(puc. 4.4) — 310 mepexox n—w*. B dopmanbaerume Beies-
CTBHE N—w*-Iepexoja BO3HHUKA@ET NOJIOCA IOIVIOMIEHHS MpH-
MepHO B o6nactu 270 mmk. OTHOCHTENBHO cjaGasi MHTEHCHB-
HOoCcTb (¢~ 100) nosiocel TOBOPUT O TOM, YTO paccMaTpHBaeMbIil
riepexoj B NepBOM NPUOJIMKEHHH SIBJISETCS 3alpelieHHbIM (Tep-
MHH «3alpelieHHbI» He O3HauaeT, YTo MNepexoj HHKOTAa He
IIPOMCXOJHUT, HO yKa3blBaeT Ha TO, YTO 3TOT NEPeXOj MaJoBe-
positeH). [anmee, Mbl MOXKEeM YTBEpPXKAaTb, YTO 3TOT 3amper
Hanaraercsi cuMmerpueli. IlocaeqHuil BHIBOZ MOKHO rpy6o Mo-
THBHPOBATb CJCAVIOIHMH COOGpaKeHHsAMH: = *-0pGHTaJb,
NnoJ06HO w-0p6HTaNH, HAaXOAUTCS B IJIOCKOCTH xZ (puc. 4.2),
B TO BpeMs KaK p,-0pOHuTalb, 3aHsATasl n-3J€KTPOHAMH, JIEKHT
B IUIOCKOCTH Yz H, CJie[loBaTeJbHO, NMeplNeHAuKyaspHa w*-op-
6urtanu. Tak Kak npoCTpaHCTBEHHbIE O6GJMACTH ABYX opOuTasei
[ePEeKPBIBAIOTCS HE3HAUHTEJNbHO, BEPOSITHOCTb MepPexoja C
OJIHOH OpGHTaJH Ha APYTYI0 HHYTOXKHO Mana. M Boo6uie 3ToT
nepexoji, MO-BHAMMOMY, BO3MOXKEH JIHIIb Giarojapst koJaeba-
HHSIM aTOMOB, BKJIIOUAIOUIUM HEKOTOPBIH U3TUG MOJIEKYJIBI, YTO
B CBOIO ouepeflb yBeJHYHBAeT NepekpbiBaHHe. TakuMm oGpasom,
HEeCMOTpPSl Ha TO YTO NpPaBHJIO OTGOpa MO CUMMETPHH NpejcKa-
3bIBa€T HYJIEBYI0O HHTEHCHBHOCTb, KoJjebaTesJbHOE B3auMOjeki-
CTBHE JeslaeT 3TOT Mepexo]i YaCTHYHO paspelleHHbIM.

JlanbHefiliee 1OKa3aTesqbCTBO NPABUJIBHOIO OTHECEHHST MO-
Jgockl 270 mmx B dopManpieruje K n—»w*-nepexosy MOXKHO
TNOJIYUHTh, HCCIeNYsl BJAHSIHME pacTBopHTeass. Eciau  cnekrtp
3TOr0 WJIM KaKOro-H60 APYroro KapGOHHJIBHOIO COeNHHEHHsI
noslyueH AJsl pacTBOPa B 3TaHOJIe, TO pacCMaTpHBaeMasi moJoca
MOIVIOLIEeHHUS] NOSIBJIseTCS NpH 6ojiee KOPOTKHUX JJIHHAX BOJH
II0 CPAaBHEHHIO C MOJOCOH CNeKTpa, MOJYYeHHOro, HampHuMep,
JJisi pacTBopa B rekcaHe. CiBul' B CTOPOHY GoJiee KOPOTKHX
JUIHH BOJIH (T. €. B CTOPOHY 60Jiee BBHICOKOH YacTOThI, GoJiblued
9HepPTHH) HAa3blBAETCS 2UNCOXPOMHLIM, WJIH CUHUM, CIBUIOM,
a CABUT B NPOTHBOINOJIOXKHOM HampaBJieHHH (T. €. B CTOPOHY
Goslee JJIMHHBIX BOJIH, MEHbLIEH YacTOThbI, MeHbIIeH 3HePTHH)
Ha3bIBAETCsl OAMOXPOMHLIM, WU KPAcHuiM, caBuroM. Ilo-Buau-
MOMY, B THIPOKCHJICOIEDPIKAIIUX PAaCTBOPUTENSIX KapGOHUIb-
Has rpynma o6pa3yeT ¢ pacTBOPDHTeJeM BOJOPOAHYIO CBS3b
NpPH yyacTHH CBOGOAHOH Mapel 3J€KTPOHOB (p,) KHCIOpOAa
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Tak Kak n—w*-nepexoi BKJ/OYaeT BO36YXKIEHHE OJHOTO n-
37IeKTPOHA, TO B pe3yJbTaTe TaKOTo Iepexoia HeNmpeMeHHO
JIOJKeH MPOM3OHTH pa3phlB BOAOPOAHON cBsI3H. [Ipu 3TOM
TpeGyercst GoJibllie 3HEPTHH, YeM B TOM cJyyae, Koraa KapGo-
HHWJIbHAsl Ipynna Hc o6pa3yeT BOAODOJAHOH CBs3H, Kak, HalpH-
Mep, B YIVIEBOJOPOAHOM pacTBOpHTesie. COrniacHO OCHOBHOMY
ypaBHeHHio E = hv = hc/\, C yBeJHUEHHEM 3HEPTHH yBe-
JINUHMBAeTCS TaKKe H YyacToTa, C KOTOPOH NPOUCXOAMT IIOTJIO-
IleHHe, YTO MNPHBOAUT K HalJIOJaeMOMy CHHEMY CIBHTY.
3T0T CHHHHA CIOBHMI (haKTHUECKH MOXKeT ObITb HCIOJb30BaH JJIsl
rpy6oii OLlEHKH MPOYHOCTH BOZOPOJHOH CBSA3H.

4.4, CHHTJIETHBIE U TPUNJETHBIE COCTOSIHUSA

B ocHOBHOM (HOpPMaJIbHOM) COCTOSTHHH MOJIEKYJIBI JBa 3JIeK-
TPOHA Ha KaxIOH MOJIEKYJsipHOH opOUTaau o006s513aTebHO
ClapeHH, T. €. OHH HMEIOT NPOTHBOINOJIOXKHO HaNpaBJieHHbIE
(aHTHNApaJ/enbHble) COUHBL. IJTOT (DAaKT sIBJISIeTCSl pe3yJbTa-
TOM jeficTBUs npHHUMNa [laynn — 1Ba 3/MeKTPOHa He MOTYT
HMeTb OJHHAKOBBIMH BCe UYeThipe KBAHTOBBIX 4YHCJIAa. Ecuau
JBa 3JIEKTPOHA paCNoJaraloTCs Ha OJHON M TOH e op6uTalHy,
y HUX TPHU KBAaHTOBBIX YHC/a OAMHAKOBBHI, M TNOITOMY HX Yer-
BepTbie KBAHTOBble YHCJA JOJKHB pasiHuathbesi. CnHHOBHIE
KBaHTOBble YHCJa NPHHHUMAIOT 3HaueHHus +1/,. O6uee cnuHO-
BOE€ KBAaHTOBOE UHCJO MOJIEKYJB 0603HayaloT yepe3 J U MYJIb-
THIVIETHOCTb COCTOSIHHSI BbIpaxawT c¢opmyJoit J = |2§]| 41,
rie S — cymMMa CIHMHOB OTIEIbHBIX 3J1EKTPOHOB. [lasi ABYX
ClapeHHBIX 3JE€KTPOHOB Ha OfHOH op6uTaan S = +1/,— /=
=0 uJ = 1. B atoM ciyyae roBopsitT, 4TO MOJieKyJia Haxo-
JUTCSl B CHHIJVIETHOM cocTosiHMH. EciaH MoJsekyna Bo3OyxjaeHa
H 3JeKTPOH TepeBefieH Ha CBOGOJHYIO OpPOHTaJb € OpGHTAlH,
Ha KOTOpPO#l OH GblI CrapeH C APYTHM 3JIEKTPOHOM, TO YCJIOBHE
cnapuBaHusl (T. €. aHTHNAPaJJIELHOCTH CITHHOB) CTAHOBHTCS
HeoGsi3aTeNbHBIM, TIOTOMY YTO 3JIEKTPOHBI HAXOISTCS Ha pas-
JUYHHX op6uTansx. B 3ToM ciyyae 3/1€KTPOHBI MOT'YyT HMETh
Ju60 aHTHIapajjelbHble CIHHBE — TOTAAa MOJIEKYyJa Haxo-
JIMTCS B CHHTJIETHOM COCTOSIHHMH, IHGO MapaJiieibHble CIIMHBI —
TOr4a MYJbTHIIETHOCTh paBHa 3 (S = /41, =1 wuau
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S = —y—1y=—1 u J=|28|+1 =3; BepTHKa/bHbIE
CKOGKH 0603Ha4aloT aGCoMIOTHBIE 3HaueHHst Ge3 yuyeTa aJre-
6panyeckoro 3HaKa) H MOJIEKYJa HAXOIUTCS B TPHILJIETHOM
cocrosinuu! (puc. 4.6).

B mpensiaymeM pasjene Mbl pacCMOTPENH OJHO M3 NPaBHJ
ot6opa, a MMEHHO 3ampeT N0 CHMMETPHH, XapaKTepPHBIH NJIs
n—r*-nepexona. [lpyroe npaBujo oTt6opa YTBepXKJAaeT, YTO
nepexoJbl 3JE€KTPOHOB C H3MEHEHHeM MYJbTHIIETHOCTH, Ha-

Bo36yx anennoe

. . COCTOsHHE
Oc 1oBHOE

‘ COCTOsHHE Ve -
E

-t
—

H o = A

Ciraet Cutirset Tpunner

Puc. 4.6. CHHrJIeTHOe M TPHIJIETHOE COCTOSHHS.

NpUMep CHHIVIET-TPUILVICTHBIA NEPexXof, 3ampemeHsl, NpHYeM
HACTOJNIbKO, UTO HMX MOXKHO HAOMI0JATh JHIIb NPH OCOGEHHO
6J1arONpPUATHBIX YCJIOBHAX. PaKTHYECKH OCHOBHBIM COCTOSI-
HHEM BCeX YCTOHUYHMBBIX MOJIEKYJ (3a HCKJIIOUEHHEM KHCJIOpoJa,
COellHeHHH IepeXOAHbIX MeTaJJIOB H DPeIKHX 3eMeJb) siB-
JISIETCSl CHHIVIETHOE.

Tenepb BepHeMCsl K PaCCMOTPEHHIO KapGOHHIBHOTO COELH-
HeHHsi, Y KOTOPOTO OCHOBHBIM OBIJIO CHHIJIETHOE COCTOSIHHE
(puc. 4.4). OGosnauuM 3T0 cocTosiHHE cUMBosIoM S,. Ilepexon
n—-n* NPUBOIMT K JIBYM BO30YKIEHHBIM COCTOSIHHSIM — CHH-
IJIETHOMY BO30YKJEHHOMY COCTOSIHHMIO S; M TPHIJIETHOMY BO3-
6yxnenHoMy coctossuio T4. CrlefoBaTesbHO, MOXKHO OXKHIAThb
NOIJIOLIEHHST C ABYMsSI PasJIMYHBIMH 4actoTamu. Ha6mopaemoe
HaMH TIOIJIOIIEHHe MAOKHO ObiTh" S<S, (uurtaerca Tak: S,
u3 S;), motomy urto nepexon 7T 4<«—S, JNOCTATOYHO CHJLHO 3a-
npemeH, 4Tto6bl ero MOXHO Obl10 HabmoJaTb. AHaJIOTHYHO,

1 310 COCTOsIHHE Ha3bIBAETCH TPHN/JIETHBIM, TAK KaK B IPHCYTCTBHHU
MAarHHTHOrO MOJId OHO pacCU[eN/IgeTCsd Ha TpH 3HEePreTHYeCKHX YPOBHA
B 3aBHCHMOCTH OT TpeX BO3MOXHBIX pa3/IHYHBIX opueu‘rauuﬁ CITHHOB
OTAE/LHBIX 3JIEKTDOHOB. CHHrJIeTHOE COCTOSTHHE He pacuiennsercs B
MAarHHTHOM II0JI€, IOTOMY YTO HMeeTCA TO/IbXO OAHA BO3MOXHAasi OpHEH-
TauHs anex'rpouoa, OTCI0Ofa W Ha3BaHH€ — CHHIJIET,
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NOYTH BCE IOJIOCHI, Ha6JofaeMble B OGBIUHBIX CIIEKTPax Ii0-
IVIOIEHHSI OpPraHHYeCKHX COeIUHEHHH, OTBEYAIOT CHHIJIeT-
CHHIVIETHBIM T€pexojaM.

JonycTuM, YTO MOJIEKyJia YK€ COBepILINJa CHHIJIET-CHH-
IJIETHBIH Tlepexofl B IepBoe BO3GYyXKAEHHOe COCTOsiHHE S;.
Torna Bo36yxeHHas! MOJIEKYJIa MOXKET MOTEPSITh CBOIO SHEPTHIO
HECKOJIbKHMH NyTsMH. Bo-nmepBbiX, OHa MOXKeT MOTePATh CBOIO
3Hepruio Bo3OYyKAEHHs MyTeM Mepexo/ia U3 BhILIeJeXKaero CHH-

1 Si—
Puc. 4.7. DaekTpoHHBIH nepexoj %n

B CHHrJeTHOE COCTOsSHHE H 0e3bI3-
JyuaTteaqbHass  KOHBEpPCHsT B TpH- E
NJIETHOE COCTOsIHHE.

[VIETHOTO COCTOSIHHSI S; B COCTOsIHUE C MeHblueil sHeprueil T,
Tepsisi MPH 3TOM KoJseGaTesibHYyI0 3Hepruo (puc. 4.7). Hecmor-
ps Ha TO 4YTO 3TOT TaK Ha3biBaeMbll WHTEPKOMOHHALMOHHBIH
nepexoj (OpMaNbHO 3ampeleH H3-3a U3MEHEHHs MYJbTHIJIET-
HOCTH, B HEKOTOPBIX THNAaX COeAMHEHHH, 0COGEHHO B apoMaTH-
YeCcKHX H KapOOHHJICOJEpKAHIMX MOJIEKYyJaX, OH MOXeT Npo-
HUCXOAHTb C BBICOKOH BEpPOATHOCTbIO. TpHIJEeTHOe COCTOSsI-
HHe 5HepreTHYeCKH BCerja JexXHUT HHUXKe, YeM COOTBETCTBYIOlIee
CHHIJIETHOE COCTOSIHHMe. ITO COOTHOLIEHHe 3HepPruil Jerko
NOHSAThb, YUYHTHIBAsl, 4YTO JBa 3JEKTPOHA C MNapaJJebHbIMH
CNMHAMHM He MOTYT COGJH3HTBCS B IPOCTPAHCTBE HACTOJBKO,
yTo6bl MX OpPOUTANIN NMEpPeKphlBANHCh XOTH Obl YaCTHYHO, TaK
KaK B TMPOTHBHOM cJy4ae Obl1 Obl HapylleH NPUHLMI 3anpera
[Taynu. Takum o6pa3oM, 13-3a TOro YTO HecnapeHHele (c ma-
pasyiesbHbIMU CNIMHAMH) 3/J€KTPOHbl HaXOASITCS B MNPOCTPaH-
CTBe JasleKo APYT OT JAPYra, 3JeKTPOH-3JeKTPOHHOe OTTaJlKH-
BaHHe MHHUMAJIbHO, U MO3TOMY 3HEpPrHsi TPUIJIETHOTO COCTOSI-
HHUSI HM)Ke, YeM 3HEpTHsI COOTBETCTBYIOIIETO BO30YXKAEHHOTO
CHHTJICTHOTO COCTOSTHHUSI.
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4.5. © - n*-IIEPEXO0J

BosBpamasce K puc. 4.4, Mbl BUAMM, 4TO 1/ popMaJibje-
THia BO3MOXKEH He TOJbKO N—>%=*-, HO U =—>=*-mepexoj.
ITOT DHUCYHOK IIOKa3blBaeT TaK¥XKe, UTO IMOCJAENHUN MEPEeXoj
JIOJIKeH MPOUCXOLUTb NpU GoJiee KOPOTKHX MJIHHAX BOJH (MpH
GoJsiblIell YacToTe), UeM mepexoj] A—>=*. BOJILIIMHCTBO CIIeK-
TPOMETPOB He JaeT BO3MOXKHOCTH HabJsojath w—>w*-nepexon
B ¢opMaapgeruje. OQHAKO C MOMOIIBIO CMEIHAJbHOTO IPHU-
6opa (BakyyMHOTro clekTpodoToMeTpa) 3TOT Nepexoj HalJo-
nalT oxoJso 185 mmk.

Ha puc. 4.2 Mpl nmokasanu w-op6HTajb B IJIOCKOCTH XZ.
Xota w*-opbuTanp He U300pa)KeHa, HO OHA TOXE HAaXOJHUTCS
B IIJIOCKOCTH ¥2. DTO 0O3HAYaeT, YTO eCJNH COOOLIUTb MOJIEKYJe
3HEpTHIO, JOCTAaTOYHYIO sl w—>w*-epexoja, TO 3TOT mepe-
XOZ MpoHusonier c¢ GoJbIIOH BepoATHOCTbIO. [To3ToMy "—>m*-
repexojly COOTBETCTBYeT II0JIOCA TIOTJIOIEHHST C  GOJIbIIONH
WHTEHCUBHOCTBIO ( e=~10%—=+10°).

‘Bce comnpsikeHHble JHEeHBI H BCe apoMaTHYeCKHe MoJle-
KYJIl UMEIOT COMPSIKEHHYIO 7-CHCTEMY, HO Y HHX HET n-3JIeK-
TpoHOB. MoJsiekynsipHbIMH  OpGHTANSIMH, NPEACTaBJSIOUIUMHU
MHTEpeC JJIsl CIEeKTPOCKONHH, SBJSIOTCH w- H =*-opOuTasy,
M, CJeJOoBaTeNbHO, BCC NMepPexoJbl B 3THX MOJIEKYJax HMEIT
=—n*-xapakrep.

Mbl BuIENH, YTO PACTBOPUTENH CHJIBHO BJIHUSIOT HAa H—>w*-
nepexoj: pacTBOpHUTeNnH, obpasyiouiie BOLOPOJHYIO CBfA3b,
NPUBOASAT K CHHeMY cIBUTY. [Ipu pacCMOTpPeHHH BJIUSIHHS
pacTBopHTeNell Ha w—w*-Mepexoj] MOJe3HO BBIICHHTb, Kak
BJIMSIET TOJISIPHOCTb PAaCTBOPHUTENSI IO OTAENBHOCTH Ha OCHOB-
HOe U Ha BO3GYXKIEHHOe COCTOSIHUSI. Mbl 3HaeM, YTO BO30Yk-
JIleHHOe cocTosiilie GoJiee MOJISIPHO, YeM OCHOBHOG COCTOSIHHE.
HanoMHuM, HampuMep, 4YTO OCHOBHOE COCTOsiHHE OyTaiueHa
Jyuie Becero npeactaButh crpyKTypoil CH;=—CH—CH=—CH,,
B TO BpeMsl Kak B036yKJeHHOe COCTOsTHUE CJIeAyeT H300paxaTh
HabopOM CTPYKTYP, H3 KOTOPHIX MIOYTH BCE BKJIOYAIOT B celbs co-
CTOSIHUSI C pasle/ieHHBIMH 3apsilaMu:

*CH,—CH=CH—CH; «~CH,—CH=CH—CH} «
« *CHy—CH—CH=CH, HT. R

MoXHO O0¥KMAATb, YTO TOJSPHBIH PACTBOPUTENb CTaGHJIH-
3yeT BO30YXKJEHHOE COCTOsiHHe B GOJIbLIEH CTeNeHH, YeM oc-
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HOBHOe, M INO3TOMY 3HEpTHsl, pasjieisiiomasi o6a 3TH COCTOs-
HMs, yMeHbliaercss. Takum o6pa3oM, MNOJspHbIE PAcTBOPHTe-
JU npH m—rn*-nepexofax BbI3bIBAIOT 6AaTOXPOMHBIA CIBHT,
TOTJa Kak B cjydae n—m*-1epexofioB 3TH Ke pacTBOPHUTEINH,
KaK Mbl yxKe BHOeIH, NPHUBOAAT K THICOXPOMHOMY CHABHTY.

4.6. OTHOCHTEJIbHBIE 3HEPITHH BO3BY)XAEHHBbIX
COCTOSIHHH

Touno Tak ke, KaK H n—>=*-p0o306yxKIEeHHOE COCTOSIHHE,
m—>n*-B030YKIEHHOE COCTOSIHHE MOXKeT ObIThb JHOO CHHIJIET-
HBIM, JHOO TPHUILIETHBIM. DHEPTUsi n—~¥-BO30YXKIEHHOTO

— S
S,n-’“*\\\ n—n *\
Se—_——T, \
¥ \
\
S o— S, ~JQ
* n—>=n* X~ ——
n—-n \\—Tl n \IL—>u* ?
E n—wmx P
So L
a 6

Puc. 4.8. DHeprus CHHrJIETHHIX M TPHILIETHBIX YDOBHei.

a — o6bIYHAS 110CJIEI0BATEbHOCTL YPOBHEH C CAMBIM HH3KMM n - n*-ypOBHEM; 0 —
caMblf HU3KHHl ypPOBEeHb T — ©*.

CHHIJIETA ONIPEeJeJeHHO HUXKe, UeM 3Heprus =—n*-CHHIJIeTa.
Mgbl 3HaeM, YTO TPUIJIET KaXKIOr0 U3 COCTOAHUH JIEXKMUT HUXKE,
YeM COOTBETCTBYIOIIMH CHHIJIET. EcCIH npeanosoxutb, 4TO
Pa3HOCTb 3HEPTUH MeX1Yy CHHIJIETHBIM H TPHUIJIETHBIM yDPOB-
HSAMH KaxJOro M3 COCTOSIHHH OJMHAKOBA, TO Mbl IOJYYHM
SHEpreTHYEeCKYI0 JuarpaMmMmy, IpeACTaB/JeHHYIO Ha pHc. 4.8, a.
OnHako H3BECTHO, YTO CHHIVIET-TPHUILJIETHOE pacllenjeHue
3HAUHUTEJbHO MEHbIEe JJIs n—>-=*-B0o30yKIAEHHOIO COCTOSIHMSA,
yeM AJs1 m—>w*-COCTOSIHHS. B HeKOTOpBHIX C/aydasix Pa3sHOCTH
3THX 3HEPTHH TaKOBbl, YTO CaMbIM HHM3KHM TPHILIETHHIM COC-
TOSIHUEM SIBJISIETCSl yXKe He n—»m*-, a m—w*-TpunjerHoe co-
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crosinve (puc. 4.8, 6). XuMHYecKoe 3HayeHHE 3THX SHepre-
THYECKHX COOTHOLIEHHH BeJNMKO U GYyJeT PacCMOTPEHO B [alb-
Hel1eM.

4.7. MOTEPS 3HEPTHH BO3BY)XAEHHbIMH MOJIEKYJIAMH

ITornomenue cBeTa MOJIEKYJIOH NepeBOJUT ee B GoJiee Bhl-
COKOe 3JIEKTPOHHOe cocTosiHMe. Ha puc. 4.9 mokasaHwl BoO3-
MOXHbIE NYTH IOTEDH 3HEPTHH BO3OYKAEHHOH MOJIEKYJIOH.

S

Puc. 4.9. Bo3MoXHEE NYTH nO- !
TepH SHEpruH BO36y)KI[eHPIH.
1 — nornoiyenne; 2 — dayopecueHuusi; 3— E 2

BHYTDeHHsisi KOHBEePCHs; 4 — HHTePKOMOH -
HALHOHHbIA Mepexol; 5 — BHYTPEHHsisI KOH-
Bepcusi; 6 — docdopeciieHLHUs.

So

Ha stoM pucyHKe NpsiMble JIUHHH H300paxKaioT H3JyyaTeNlb-
Hble TPOLECChl, a BOJHUCTHIMU JIHHHSIMH 0603HauyeHbl 6e3bl3-
JyyaTeJbHble IpOIEeCcChl, B KOTOPHIX 3HEPTrHs TepseTcs B
BUJle Tema TPU COYJApPeHHH HJH KoJeGaHHH; NO3TOMY 3TH
Npolecchl Ha3blBAIOT IMpolleccaMy TeIlJIOBOH 1e3aKTHBAIMH.
ITocne Toro kKak MoJekyJsaa Bo30yXkJeHa, CKaxeM B COCTOSIHHe
Si, MOXeT MPOM30HUTH OAHH H3 YeThbIpeX IIPOLECCOB Jerpaja-
UMM 3HEepPTHM; TPU M3 HHUX INOKasaHel Ha puc. 4.9. Takas
MOJIEKYJIa MOYKET J1M60 H3JyYuTb KBAHT cBeTa (2) (3TOT nmpotiecc
HasblBaeTcsl ryopeciieHuyelt), mu60 MOTePSATb CBOIO HEPTHIO
B ¢opMe Tensa (3) myreM KoJebGaTeJbHOH peslakcaluH IpH
CTOJIKHOBEHUH (TaK Ha3biBaeMass BHYTPEHHST KOHBepCHs),
JH60 COBEPIIUTb UHTEPKOMOHHALMOHHBINA nepexo] (4) B TpH-
nJjetHoe coctosinue T, (6e3bl3nyvyaTeNbHBIH Mpolecc), H3
KOTOPOTO MOJIEKYJIa MOXKET BEPHYTbCs B COCTOsIHHE S JH60
NyTeM H3JyueHHs KBaHTa cBeTa (6) (3TOT MpoOLeCC HA3bIBAETCS
¢dochopecteHuren), JH60 NyTeM TepMHYECKOH peJaKCalln
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(5) (xoropasi Toxe Ha3bIBaeTCsi BHYTPEHHEH KOHBepCHeH).
YerBepTOoll BO3MOXKHOCTBIO TH6eNH B030yXKIEHHOH MoJle-
KYJBl $IBASETCs Ilepejaya e 3SHepPTHH JPYTOH MoJeKy.Je.
Ecan 310 mpoucxoaut, Bo3OykKAeHHAsi, WIH JOHOPHas MoJie-
KyJla BO3BpallaeTcsi B CBOE OCHOBHOE COCTOsSIHHE, a aKIEeNnTop-
Has MoJieKyJa CTaHOBHUTCA Bo30yxkJeHHOH. Eciau moHop 6bln
B CHHIJIETHOM COCTOSIHHH B MOMEHT Nepejayd 3HePTHH, aKIen-
TOpPHasi MoJieKyJia Bo36GYXkIaeTcs B CBOE CHHIVIETHOE COCTOSI-
HHe; TOYHO TaK e MPOUCXOIUT TPHUIJIET-TPUIJIETHAS Tepe-
Jaya 3Hepruu. TpHIJETHOE COCTOSIHHE CYIIeCTBYeT B TeYeHHe
3HAYUTENbHO OGOJIbLIET0 MPOMEXYTKAa BpeMeHH (0OblYHO 1—
103 cex), ueM cuHrietHoe cocrosiuue (~10"° —1077 cex).
BoJsbliiee BpeMsi KH3HM TPHUIJIETHOH MOJIEKYJBl CTAaHOBUTCS
MOHSITHBIM, €CJH Yy4YecTb, YTO NPH BO3BpalleHHH MOJIEKYJIbI
B OCHOBHOE COCTOSIHHE B HeH JOJIKHO NPOU3OHTH H3MeHeHUe
CIHHA, a TaKoe M3MEHEeHHe CNUHA NP BHYTPHUMOJIEKYJISPHOM
nepexoze ¢opMaJbHO 3ampelieHo. Kak Mbl yBHAMM, NepeHOC
3HepruH, U B YaCTHOCTH TPHIJIET-TPUIJIETHBbIH, HMEeT MHOTO
[NPAaKTHYECKHX NPHUMEHEeHHH.

4.8. XUMHSA BO3BY)KAEHHOTO COCTOSIHHA.
P0TOXHMHUS

4.8.1. KpuBsie Mop3e jpas B030YXJIEHHbIX COCTOSIHHI

BepHeMcst K pacCMOTPEHHIO MOJIEKYJIbl Bojopoja. Mel yike
BHJIEJIH, YTO MOJIHYIO 3HEPTHIO B (QYHKLUHH MeXbsJepHOTO pac-
CTOSIHHSI JJIs1 OCHOBHOTO COCTOSIHHSI MOJIEKYJIbI MOKHO BBIPa3UTh
kpuBoii Mopse (kpuBasi A Ha puc. 4.10). Mbl Takxe Buzenu,
YTO MepeBOJ OJHOTO 3JEeKTPOHA CO CBs3bIBAalOIEH Ha HECKOJb-
KO BbILIIE PAaCIOJIOXKEHHYIO pPa3phlXJSIONLYI0 MOJEKYJISPHYIO
op6uTaNb KOMIEHCHPYET CBA3LIBAIOIINA BKJal OT 3JEKTPOHa,
OCTaBIIErocsi Ha CBsi3blBaiollell OpOHUTAMH. IDTOT pe3yJbTaT
npeactasjeH Ha puc. 4.10 B Bume KpuUBOH B — KpHBOH moO-
TEHIlHaJbHON 3HEPrHH, KOTOpas Ha3bIBaeTCs TAKKE KPHUBOMH
oTTaNKuBaHHusi. UTO e NPoUCXOAUT NMPH BO3OYKIEHHUH 3JIeK-
TPOHa C OpOHUTANH o, HA o, ? HcxonHas MoJexyiia COBeplIaeT
KoJieGanusi, MPH KOTOPHIX ABa atoMa H nepuoaudecku cO/u-
JKAIOTCH M PacXOAATCS BJIOJNb KODOTKOH TOpPH3OHTAaJIbHOH
JUHHH Ha KPHUBOH A; IpPYrUMM CJIOBaMH, JJIMHA CBSI3H OC-
LMTHPYET OKOJIO CBOEro PaBHOBECHOTO 3HaueHHs. Bo3byx-



YaoTpaguoseTosble CheKTpoL NOZAOULEHUS U (POTOXUMUR 75

IEHHEe MePEeBOAHT MoJeKyJay B GoJjiee BLICOKOE SHepreruuec-
KOe COCTOsSIHHe B HAalpaBJieHHH CTPeJKH Ha KpHByW B, Ho
aHaJIOTHYHOE JBHXKEHHE AaTOMOB Inpojosxkaercsi. [Ipu 3ToM
KaK TOJIbKO aTOMbl HAYHYT JBHraThCsi IPYT OT Apyra B pas-
Hble CTOPOHBI, OHH He BCTPeTSIT MNOTeHIHaJbHOro 6apbepa,
KOTOPBI chenal Obl IBHKEHHe NMepHOAMYECKHM, KaK Ha KpH-
Boii A, ¥ pasoHAyTCsi B pa3Hble CTOPOHBI. DTOT MPOLECC HOCHT

E

r(pasHoBecH. ) Mex-bagepnoc
paccTosnme

Puc. 4.10. Kpusnle Mop3e, moxasbiBamoluiie (oTOXHCCOLHALHIO.

Ha3BaHHe JuccolMauuu (WJIH TOuHee, ghomoduccoyuayuu)
H sBJsieTCs NpocTeHuM QoTtoxuMuyeckuM mnponeccoM. OH
MOKeT IPOUCXOJHThL He TONbKO B Hy, HO M B /060H ABYXaToOM-
HOH MoJieKyJie, KoTopass o6pa3oBaHa C IOMOLIbIO NPOCTOH
CBSI3M, a TaKXe B MHOTOATOMHBIX MOJIEKYJIaX.

OnHako jauccouuanusi He TPOH3OMJAET, €CJH 3HEPrHsi BO3-
6y:KIeHHs TepsieTcs IyTeM Nepexoja Ha Bo36YKAeHHbIH KoJe-
6aTeJbHBIH YPOBEHb U, 0 TOTO, KaK aTOMbl yCIEIOT Pa3oHTHCh
JIOCTAaTOYHO Jajieko Apyr oT apyra. ITockoJbKy Bpemsi OXHOTO
KoseGaHUsl B MOJIeKYJIe cocTaBisieT ~ 10713 —10712 cex, MosieKky-
Ja 6yJeT «craceHa» JMIIb B TOM CJydae, eCIH IOTepsi SHEPTHH
clenyeT 3a Bo30yxKJeHHEM B TeueHHe UPe3BbIYaiHO KOPOTKOTO
NIPOMeXYTKa BpeMeHH.

Jns Gojiee CNOXHBIX MOJIEKYJ, KaK MPaBHJIO, BO3MOXKHBI
JIONIONIHUTENbHEIE COCTOSIHHS MEXKJLY COCTOSIHUSIMH HpUTSKe-
HUSl ¥ OTTaJKHUBaHHUs, NpeacTaBieHHbIMH Ha puc. 4.10. Takoe
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JIOTIOJIHHTENIbHOE COCTOSIHMe H300paxeHo Ha puc. 4.11 kpwu-
Boit C. B 3TOM ciyyae BeposiTHBI [Ba THNA siBJeHHi. Bo36yx-
JieHVe Ha HU3KHH KosebaTe/bHBIH ypoBeHb KpuBod C (cTpesn-
Ka a) aHaJOTMYHO OOBIYHOMY 3JEKTPOHHOMY mepexony. On-
Hako BO30yXJeHHe Ha BHICOKHH KoJebGaTeNbHbIi ypOBeHb
KpuBoii C (cTpeska b) moxHHMaeT 3HEPTHIO MOJEKYJIbI BbILLE

E

r(pasnobech.) Mexbsigepuoe
paccTosnme

Puc. 4.11. Kpurie Mop3e, mnokasbiBaioliHe NpegHCCOLHALHIO,

nepeceyeHust KpUBHX B u C, U npu KoJseOaTeTbHOM JBHKe-
HUM 1o KpuBoil C OT X K y U oOpaTHO CylIecTByeT peasbHast
BO3MOXKHOCTb TOTO, YTO MOJIeKyJa «3abaymuTcsi» M Tnepeijer
Ha KpHUBYIO B, KoTopasi cCHOBa INpHBeleT K MOJeKYJ/sPHOMY
pacmany. DTOT Npolecc HOCUT HasBaHMe npeduccoyuayuu H
SIBJIsieTCs] JOBOJIBHO OOBIYHBIM IJIS TSXKeJbIX JBYXaTOMHBIX H
MHOTOATOMHBIX MOJIEKYJI.

4.8.2. KapGoHuabHas rpynma

B oCHOBHOM cOCTOSIHHM KapOOHHMJbHAs Tpynma oOyeHb
CHJIBHO TOJISIPH30BaHA B HANpaBJeHHH K aTOMy KHCJOPOZa,
9TO CBSI3aHO C GOJIbLIEH 3JeKTPOOTPHIATEeNbHOCTbIO KHCJIODO-
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Ja 1O CPaBHEHHIO C YIJepojoM. ITOT (aKT BHPAKAIOT C No-

MOIIbIO MOJNSPHOH PE30HAHCHOH CTPYKTYpHI: >,C=O<->

©*C—0-. Tlostomy KapGoHuNbHasi rpynna objagaer JH-
NOJIbHBIM MOMEHTOM, HallpaBJIeHHbIM K KHcaopoay. B n—m*-
Bo36yxaeHHOM coctosiHuH  CO-rpynmel  3/JeKTPOH, paHee
NpUHAJJIEXKABIIMA KHCIOPOAY, 3aHHMaeT pa3phIXJSIONLYIO
op6utanb, KoTopas pacroJjaraercs IJaBHbIM 006pasoM Ha
yraepone (cm. puc. 4.4). CioenoBaTesbHO, pasphixJsiouias
op6HuTtanb ocnabiseT MOJSAPHOCTb, XapaKTePHYIO AJIS OCHOB-
HOTO COCTOSIHHSI, H JHUIOJbHBIA MOMEHT KapGOHUJIbHOH TPYIIbI
B BO30YXIEHHOM COCTOSIHMM OYeHb CHJbHO YMEHbLIAETCS MO
CPaBHEHHIO C OCHOBHBIM COCTOSIHHEM.

MHorue GpoToXUMHYeCKHe PeaKIlHH KapOOHHUIBbHONA TIpyNmbl
YKasblBalOT Ha TO, UYTO peaKIHOHHOCNOCOGHOe n—-w*-B03-
Oy:KIEeHHOe COCTOSIHHe MNpeAcTaBiasieT co6oi Ttpumnser. OnHon
U3 HauGoJiee NABHO H3BECTHBIX (oTOpeakuu# KapGOHUJICO-
JEepXKaIIHX COeJUHEHUH SBJAETCA HX BOCCTAHOBJIEHHE JIO
NMHAKOJOB B NPHCYTCTBHH JOHOPOB Bopopona. Tak, ans GeH-
3oeHoHa:

OH/C,,HE
COHB\ hy CeHﬁ\ '
C=0 H — c—C + R—R
CeHs/ +R CeHs” |\
OH CeHs

JleranbHble HCCAeNOBaHHUSl yOEAUTENbHO MOKasaaH, 4To OeH-
30()eHOH OTPBIBaeT BOJOPOJ, HAXOIACh B TPHILIETHOM COCTOSI«
HHMH. DTOT Npolecc BKJ0OUYaeT B ce6si, BO-NEPBLIX, OOJyyeHHe
peaKIMOHHOH CMeCH CBeTOM MOAXOAsLIeH YacTOThl, MOA Aefi-
CTBHEM KOTOPOTro GeH30(beHOH M3 OCHOBHOTO COCTOSIHHSI Mepe-
XOAUT B BO30OyxkIeHHoe Sy—>S; (n—>=*), 3ateM NPOMCXOAUT
HMHTeDKOMOWHAUMOHHBIA mnepexox u3 S; B T,. Tpumiernas
MOJIEKyJla C JBYMsI HECNaDEHHBIMH 3JIeKTPOHAMH BefieT celsi

JI0O HEKOTOPOH cTemeHH nofo6Ho Gupauukany (CgHj;), = C—O
C OJHMM HeCMapeHHbIM 3J€KTPOHOM Ha KaXJIOM H3 aTOMOB
C u O. 91a OTHOCHTENBHO JHOJITOKMBYLIAS TNPOMEXKYTOYHAs
yacTHlla OTPbIBaeT aTOM BOJOPOJA OT AOHOpA. AKUENTOpHOMH
yacTblo OMpajMKala CIYXHT KHCJIOPOL, a He YIJepod, No-
TOMy UYTO 3aHsTas OJHHM 3/EKTPOHOM p (n)-OpGHTalbL Ha
KHCJIOPOJie TOpa3fio JOCTYIIHee, YeM 3aHsATas ONHHMM 3JIeKTpPO-
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HOM =¥-0op6HTaNb, pacCnoJIOKeHHas NPEeHMYIIeCTBEHHO Ha
yriepoze. DTOMy TaKxKe OJaronpUsiTCTByeT W 3HEpPreTHKa
npouecca, Tak Kak cBsa3b O—H Gosee ycroiiunBa, ueM CBsI3b
C—H. Hakonen, ofpasoBaBliuecss TakHM MNyTeM IBa paiH-

Kana (CgH;)oC—OH coenuHsitoTcss M JAalOT NHHAKOJA, a 06-
pasoBaBlHecss M3 JOHOpa JBa pajukata R coenuusisicb 06-
pasyior R—R; mosnyyaoTcs Takxke H CMellaHHblE JUMEPHI

B pesyabrate coenuHenus (CgHj) .C—OH u R.
OH OH
I |
(CeHs)2:C=0+ R—H — (C¢Hs), C—$ (CeHs)s + (CeHs)sC—R + R—R
OH

VHTepecHO OTMETHTb, YTO HEKOTOPble CHJBHO COMNpSiKEHHBIE
KeTOHbl, TaKHe, Kak l-aueruyaHagTanuH

COCH;

qpe3BHIYAfHO HHEPTHBl K (POTOXMMHYECKOMY BOCCTAHOBJIEHHIO.
[IpuynHOH# 3TOMY, OYEBHAHO, CIYKHT TO, YTO CAMbIM HH3KHM
TPUIJIETHBIM COCTOSIHHEM SIBJsIeTCS He n—n*- (cM. puc. 4.8, a),
a w—>wn*-cocrosiHHe (cM. pHc. 4.8, 6). B TpunsierHoM w—rn*-
COCTOSIHHH HeT CBOGOIHOI BaNeHTHOCTH Ha KHCJOpOZE, U MOo3-
TOMy OH ofsajaeT MaJjoH CIOCOGHOCTbIO K OTPHIBY BOAOPOAA.

4.8.3. doToceHcHOUAN3ATOPHI

OzHuM H3 HauGoJiee BaXKHBIX IPOLIECCOB B OPTaHHYECKOMH
(OTOXHUMHUH SIBSeTCS Iepefaya 3JMeKTPOHHOI'O BO36YXKAeHHS
OT OJIHOII MOJIEKYJIBl K Apyroii. Mcnonb3ys B KauecTse JOHOpa
(D) 6ensodeHon M B KauectBe akuentopa (A) OGyrtanueH, 3TOT
NpolLecC MOXHO 3amucaTb CJeAylouHM 06pa3oM:

hv
1. D(Sy) — D (S1);
2- D(Sl) —_— D(Tl);
3. D(Ty) + A(So) — D(So) + A(Ty).
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CooTHolueHHEe 3HepTuil mokasaHo Ha puc. 4.12!'. Ecau cmech
6ensodeHoHa u OyragueHa o6nyyaTb CBETOM B  06/acTH
350 mmx, 10 (CgH;)2CO, mnorsomasi usnydyenue, Bo3GyxKIaeT-
csi B S;-COCTOsIHME B pe3yJibTaTe n—-m*-mepexofa B 06/1acTH
0KO0JIO 345 mMmK, KOTOPBIH SIBJSIETCS CAMBIM HH3KHM 3HEp-
reTHYeCKHM I[epexojoM B 3TOH MosekyJe. Daaromaps 3d-
(EeKTHBHOMY  HHTeDKOMOHHAlHOHHOMY TIepexofy BO3HHKa-
eT n—r*-tpunyerHoe cocrossuue D(T,). Dta cragus (ypas-

———————————————— S
d--- 230 wmn !
(124_2 mlcu)
== —345 MK s’
(82,8 mru)
E 'S
—_———— T‘
410 mmn
(69,6 muu)
—————————————————— T,
480 srmn
(59.6 muu)
(CeH3),CO CH,=CH—CH=CH,
®oToCeHCHOHIH3ATOP AkuenTtop

P uc. 4.12. CooTHoleHHsT SHepruii MexXjAy MOHODOM H aKLENTOPOM
B (oToCeHCHOH/IH3HPOBAHHOH pEaKUHH.

HeHHe 2) JaeT BuIUIpbII B 3Heprud 13,2  kkas/moae.
3areM n—>w*-TpuUnseTHass MoJeKyJa GeH3odeHOHa, CTaJKH-
BasiCb C MoJIeKyJiol OyTajiHeHa, HaXOASIIEHCS B OCHOBHOM
COCTOSIHHHM, TMEepPeBOAUT MOCJENHIO B TPHIJIETHOE COCTOSIHHE.
‘Ternepb  6yTaiveH, HaXOISICh B - TPUIJIETHOM- --COCTOSIHHH,
MOXET BCTYMHTb B (DOTOXMMHYECKYIO peakiuio. Takum o6pa-
30M, MOTIJIOIEHHe cBeTa GeH3o(eHOHOM ((oToceHCHGHIH3ATO-
poOM) B KOHEYHOM CyeTe OKasbiBaeT BJHsHHe Ha (oToxumuiec-
Koe npeBpaiienye GyTajHeHa, KOTOPbIH caM mo ce6e He aKTH-
BeH K H3J1y4eHHIo B 06sacTi 350 MMK, TaK KaK ero MorjouieHHe
B obmacty Bbille 250 MMK HUYTOXKHO Maso. ILjsg TOro 4ToGel
MoJsieKy/1a Gblla XOPOLIHM CeHCHOUJIH3aTOpOM,- ee TPHIIETHOEe

t!Hammond G.S.,, Turro N.J. Science, 142, 154
(1963). - -- SR : . Lk
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HWJIM CHHIJIETHOE COCTOsIHUE (B 3aBHCHMOCTH OT TOTO, IO KaKHUM
YPOBHSIM HJET NepeHOC 3HepPrHH) AOJKHO ObITh PaCIOJIOKEHO
BbIllIE COOTBETCTBYIONIMX COCTOSIHHE akuentopa. Koneuno,
CYIIECTBYIOT H Ipyrue Tpe6oBaHHs, OJHAKO COOTHOLIEHHE FHEep-
THH SIBJISIETCSl peLLalolIyM.

4.8.4. dusvueckue U XHMHYECKHEe CBOHCTBa
B0O30YK/JEHHbIX COCTOSIHHI

Mul yke KODOTKO 3aTPOHYJH Bompoc 00 H3MEHEeHHH [H-
MOJIbHOTO MOMEHTa NPH Mepexoie MOJIEKYJbl H3 OCHOBHOIO
COCTOSIHMSI B BO30YKJIeHHOe, B YaCTHOCTH JJIsi KapGOHHJIbHBIX
coefrHeHnd. Tak Kak JUIOJbHblE MOMEHTHl 3aBHCSIT OT 3JIEK-
TPOHHOTO pacHpejeJeHHsl B MoJIeKyJie, CBeJleHHsl O 3aHUMae-
MBIX OpPOHTANAX IO3BOJSIOT OLEHHTb JUNOJbHblE MOMEHTHI.
Hudopmauus o tex opGHTaNAX, MEXKAY KOTOPHIMH COBepIlaeT-
CA 3JIEKTPOHHBIH Mepexof, AaeT BO3MOXHOCTb OLEHHTb pas-
HOCTb MEXJY IHUIIOJbHBIMH MOMEHTAMH OCHOBHOTO M BO36YXK-
JIEHHOro coCTOsIHME. [lepBble JIerko H3MepHTb, OJHAKO JH-
[I0JIbHbIE€ MOMEHTbl BO30YKAEHHOTO COCTOSIHHSI MOXKHO JIMIIb
KOCBEHHO OLIEHHTb H3 3KCNepHMEHTa/bHbIX JAHHBIX H K TOMY
ke ¢ GOJNBUIMMHU TPYIHOCTSIMH. DTH HU3MEHEHHs 4acTo OueHb
BEJHKH, KaK MOKa3blBalOT JaHHble, NpUBeleHHble B Tabu. 4.1.

Ta6auya 4.1
JMNoAbHBIE MOMEHTHl B OCHOBHOM M BO3GYXJIEHHOM COCTOAHHAX?

JlunonbHbi MOMewT, D
(0ebuii)

Coennnenne
OCHOBHOE B036Y X IeHHOE
COCTOSIHHE COCTOsIHHE
4-AmuHO0-4’-HUTpORHbEHH 6,4 18
2-AMHHO-7-HUTPOGITYOpPEH 7 25
4-N,N-JuMeTHIaMHHO -4’ - HHTPOCTHIbOEH 7,6 32

2cm.Jaffe, Orchin, Theory and Application of Ultraviolet Spectro-

scopy, John Wiley and Sons, N. Y., 1962, p. 155.

JpyruM ¢HaHuecKUM CBOHCTBOM, HacTO pa3IHYaIOMIHMCS
B OCHOBHOM H BO30YXKIEHHOM COCTOSIHUSIX, fIBJISIETCS TeOMerT-
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pusi MosiekyJs. [TpuueM H3MEHSAIOTCS HE TOJNBKO AJHHBI CBs3ei
¥ BaJleHTHble YIJIbl, HO HHOTA MOXET HM3MEeHHTbCSl BCSl Teo-
MeTpusi B uesoM. Tak, IJoOCKas MoJiekysaa ¢dopMajbaeruia
nocie BO3GYKIEHHS CTAHOBHUTCA NUpPaMHAaJbHOH, a B ILIOC-
KOl MoJieKyJie 3THueHa npH Bo3OyxaeHuu aBe CH,-rpynnsl
nopopaunBaotcsi Ha 90°.

HeoTnemyieMoii XHMHUECKON XapaKTEPHUCTHUKOH MHOTHX MO-
JIEKYJ1 SIBJsIETCS] UX KHCJIOTHOCTh. Tak, KHCJIOTHOCTb asHdaTH-
YeCKHX THIPOKCHJCOIEpPXKALIUX COeJHHEeHHH Upe3BblYaiHO Ma-

Jaa, a ¢denon
@-o

HanpuMmep, B BOAHBIX PacTBOPax MNpeACTaBJseT coboi c¢1abyio
KHCJIoTy. KucnoTHoCTh ¢eHosMa 06yc/oB/eHA CHJBHBIM 3JIeK-
TPOOTPHLIATEILHBIM XapaKTePOM apOMaTHYECKOTO KOJblia, pe-
30HAHCHON cTabuIM3anued M cosbBaTauveldl anuoHa. [lpwu
BO30YXK/JEHHH MOJIEeKyJbl (eHONMa B Hell INPOHCXOAUT T—»-m*-
nepexofl, U 4acTb ®-3JIeKTPOHHOH INJOTHOCTH CBOGOJHOH Hapkhl
Ha KHCJOpOJe TNepeMelllaeTcss Ha DPasphIXJAIOULyl0 opOHTalb,
KOTOpasi pacroJioxkeHa MPEeHMYIeCTBEHHO B CHCTeMe KOJblia.
310 BO30YKAEHHOE COCTOSTHHE MOXHO H300pasuThb (hopMyJioit

+
@

Takoe nepeMeleHHe 3/JEKTPOHHOH IJIOTHOCTH YBeJHYHBaeT
MOJIOXKHUTENIbHBI  XapaKTep KHCJIOpPOAAa M, CJelOBaTeNbHO,
CHocoGCTBYET OTPLIBY NPOTOHA, T. €. B BO30YXKAEHHOM coc-
TOSIHUH (EHON JOJIKeH ObiTb GoJiee CHJAbHOH KHCJIOTOH, yeM
B OCHOBHOM COCTOSHHH. C JApyroii CTOPOHBI, PaCCMOTPHM 3Ty
CHTyallHI0 B KaKOH-HUOYJb KapGOHOBOH KHCJIOTE, HampuMep
B GeH30HHOH
(0]

v
1

B 3toM cayuae B pe3ysabTaTe m—>m*-mepexoa NPOHUCXOLHMT
NepeHoc 3apsiaa OT KoJblla K KapOGoHM/AbHOH rpynme, moc-
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KOJIbKY pasphiXxjsiomasi op6GHTalb CKOHIEHTPHPOBaHAa Ha

3TOH rpymnme
(@=
\OH

CrepoBaTeibHO, B BO3GYXKIEHHOM COCTOSIHUM CHJIa KHCJIOTHI
MeHblIIe, YeM B OCHOBHOM COCTOSIHHH. B Ta6u. 4.2 mpuBeneHbl

Tabauya 4.2

3uHauenus pK HEKOTOPHIX MOJEKYyJ B ocHoBHOM (pK; ),
camoM Hu3KOM cHHrjaetHoM (pKg) M camoM HH3KOM TpH-
naerHom (pKy) cocrosnuax?

CoenuHeHune pKG pKS pKT
2-Hadron 9,5 3,1 8,1
2-Hadrofinass kuciora 4,2 10—12 4,0
Axpupun 3,7 10,6 5,6
XuHOIHH 5,5 6,0
2-Hadtunamun 5,1 —2,0 3,3
N, N-Humetn-1-2adptui- 4,9 2,7

aMuH

3Jaffe, Orchin, Theory and Appllcatlons of Ultraviolet

Spectroscopy, John Wiley and Sons, N. Y., 1962, p. 156.
HeKoTopble 3HaueHuss pK, mnpexacrammasiomue HHTEPeC C 3TOH
TOUKH 3peHus. OTMETHM, YTO 4acTO CHJIa KHUCJOTHI H3MeHseTC s
MOYTH B MUWIJIMOH pa3 NPU Nepexoje OT OCHOBHOI'O COCTOSIHHUS
K NepBOMY B036yKJeHHOMY. HelaBHO 111 HEKOTOPBIX MOJIEKYJI
Oblyii OOGHApyKeHbl HM3MEHEHHS] KHCJOTHOCTH, COCTaBJSIOLINE
npuMepHo 15 enunun pK. Heckoabko YAMBHTENbHBIM Ka-
)KeTcsl TOT dakT, 4To 3HaueHHs1 pK njs camoro HM3KOro TpH-
IJIETHOTO COCTOSIHUS GOJIM3KHM K 3HaueHUssM pK 1js ocHOBHO-
ro cocrosinus. o cux nop stoMy ¢akTy He HalJEHO 4OCTaToY-
HO YeTKOro OObsICHEHHS.



[naBa 5.

IIpasura I'ogpmana — Byosopoa
045l 3AEKMPOUUKAUMECKUX pearull

5.1. 3JIEKTPOUHKJIHUYECKHE PEAKUHH

M3BecTHO MHOro peakiuii, B KOTOPHIX alHKJIHYECKas
cucTeMa, HanpuMep GyTajueH, 3aMBIKaeTcst B LIMKJ ¢ o6Gpaso-
BaHHEM INPOCTOH CBfI3U MeX1y KOHIAMH alUKJIHYeCKOH CHC-
TEMBI:

H

H_~7

H \ H== H / H
H H

H H

OGpaTHast peaklHsl PacKphITHA KoJblla (B JaHHOM Cilydae
peakuusi NMpeBpalleHHsl IHUKJI0OyTeHa B GyTaiHeH) TaKxKe XO-
poio u3BecTHa. [TofoGHbIe NpeBpaIleHHst Ha3BaHbl JIEKTPOLHK-
JIMYECKHMMH peakuusaMH', Tak Kak o6pa3oBaHHe HJIH PacCKph-
THE KOJblla BKJIIOYaeT MepeMelleHHe 3/JeKTPOHOB H aTOMOB
(o6pa3oBaHHe o-CBSI3H H3 JABYX T-3JE€KTPOHOB), HO NpHOGpe-
TEeHHs] WJIH MOTEPH aTOMOB MOJIEKYJOi He IMPOHCXOAHMT.

5.2. BBAUMHBIE NMPEBPALIEHH S
HHKJIOBYTEH==BYTAAHEH

5.2.1. Tepmuyeckne peakuu

H3BectHO, 4TO NPH HAarpeBaHHH JHMETHJIOBOTO 3dupa yuc-
1 -uuka06yTeHIuKap6oHOBOM-3,4 KHCJIOThIZ obpasyeTtcs
1 Woodward R. B, Hoffmann R., J. Am.

Chem. Soc., 87, 395 (1965).
2 CMm. mpuMeuaHHe Ha ctp. 104.
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TONbKO IHMETHJIOBbIH 3pUD yuc,mparc-1,3-6yTaiuesuKap-
6oHOBOH-1,4 KHCJIOTH.

2 H\ z
2 yA c=C
H \JH_izo0 " / ' = Se=c Y
\Z=CO;CH, \Z ~H f
H
H
quc yuc,mparc(s-quc) §oC, MPpeHC(s-mparc)

Yro6el peakuus Lula MO YKa3aHHOMY CTepPeoXHMHYECKOMY

NyTH, MOBOPOTH KapGOMETOKCHIpYMI C< JIOMXKHBl TPO-
H

HCXOJHUTb B HalpaBJieHHsIX, NMOKAa3aHHBIX Ha cxeMe. B paHHOM
c/lyyae ITOBOPOTHl BOKPYTI INOKAa3aHHBIX OCeH NPOHUCXOIST B
OJMHAKOBOM HamNpaBJIeHWH; TAaKOH INpOLeCC Ha3bIBAETCS KOH-
pomamopreim npoueccoM. Ecau Obl NPOAYKTOM 3TOH peakuuu
Gbl1  OUMETHJIOBBIEL 3pup mpanc,mpanc-1,3-6yTagueHaukap-
GoHoBo#i-1,4 KHCJIOTB, 062 NMOBOPOTA JAOJKHBI OBLIH Obl MpO-
HCXOJHUTb B NMPOTHBOIMOJIOXKHBIX HaNpaBJEHUSIX:

YA Z
V4 H H H\c_c/
H N [H4 H_ ~Z 4 \ 7SN
= C=C H
~{{Z=@O,CH3 7 z/ Ny
H
yuc mpanc,mpanc(s-yuc) mpanc.mpanc(s-mpanc)

Eciu 661 B KauectBe mpoaykTa mosyuancst yuc,yuc-u3oMep,
NOBOpOTHl JOMKHBI OGbLIH Obl COBEPILATHCS TOXKE B MPOTHBO-
HOJIOXKHBIX Hanpaaneﬂnﬂx:

B
H \ (’—C/
z=co,cna / H = N\,
(1

quce, uuc(wuu} guegue (s -mpance)
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M B TOM U B APYroM CJy4ae 3TH MOBOPOTHI JOJKHBI GbLIH Gbl
GLITb TPOTHBOINOJIOXKHBIMHE 1O HampaB/eHHIO, HIH, Kak TOBO-
psAT, Oucpomamoproimu.

Bbi1o mokasaHo, YTO KOHPOTATOPHOE DACKPBHITHE KOJblla
o6yc/IOB/IMBAaeT TepMHYeCKoe MpeBpalieHHe TeTPaMeTHJILHK-
no6yteHoB. TakuM 06pa3oM INPOTEKAIOT CJEAYIOLIHE CTepeo-
XUMHYeCKHe NpeBpalleHus:

¥ [ R AR
R H R C==C, \
R ¥ R / R - > _C/ \H
\f]—CHa / H q \R
R R
yuc yuc,mpanc(s-yuc)  yuc,mparc(s-mpanc)

R R
R R
H H H Ne=c,
R '~ H = e Nn
\2R=c1~13 _~R p/ \R |
R R

mpanc mpanc,mparc(s-guc)  mpanc,mparc(s-mpanc)

Brino BeICKa3aHO NpeanosiokKeHHe O TOM, YTO CTEPHUUYECKHM
HanpaB/JeHNeM 3JIeKTPOLHK/JIHYeCKHX INpeBpalleHui ynpas-
JsieT CHMMeTpHsl CaMOH BBICOKOH 3aHSITOH MOJIEKYJSIDHOH op-
6uTanu alMKJIHYeCKOro peareHta. PaccMoTpum GoJiee moapoG-
Ho npumep c OytanuveHoM. [IpuMeHSIST METOA MOJIEKYJIsPHBIX
opburaneil K w-cucreMe OyTajueHa, MBI CTPOHUM YeThIpe MoJe-
KyJaspHble OpOHUTadH H3 UeTbipeX AaTOMHBIX pr-opGHTaJel,
N0 OfHOM Ha KaxJAoM artoMe yriaepopa. KauecTseHHoe omu-
CaHHe MOJIeKYJsIPHBIX OpOHTaNell Mbl MOXeM MOJY4YUTh C yue-
TOM Y3JI0B, 3HAKOB 006JacTedl U CBOMCTB CHMMETDHH, a TaKke
TOro, 4TO aTOMbl YIJIEpOJa pAacnosoXKeHbl 3KBUBAJEHTHBIMH
napamu / ¥ 4, 2 u 3. Takum o6pa3oM, COCTaBJIsIEM YeThIPe KOM-
6MHAUMU NyTeM CJOXKEeHWs U BbluUTaHuA, T.e. (/x4 =+
+(2+3). U3 23= 8 komOuHANUl BO3MOXKHBEI TOJBKO UYeThIpe,
Tak Kak 3Hak, coenuHsiiomuil C; u C,, nomxeH GbITh TEM ¥Ke,
uTo M 3Hak, coeguHsomuit C, u C;. PesyabrtaTel mpencrabie-
HBl Ha pHc. 5.1. ByTanueH conep:KUT yeThipe prw-3JeKTPOHA.
B OCHOBHOM COCTOSIHMM 3TH 3JIEKTPOHbl 3aHMMAlOT Yy H U,
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U JaloT 3JEeKTPOHHYIO KOH(HUTYpanHIo q)f q)g. Camofi BBICOKOT
3aHATOM OPOHUTANIbIO B OCHOBHOM COCTOSIHHH SIBJSIeTCsl, CJle-
JOBaTeNbHO, Y. PaccMOTpuM cuMMeTpHIO 3TOH oOpO6HTanu
6osiee NOAPOGHO:

H

HecoMHeHHO, 4YTO JJs1 CBSI3bIBAIOIIETO B3aHMOJEHCTBHS
MeXJy KOHIEBBIMH aToMaMH yrjepopa I ¥ 4 Heo6GXOAMMO
TOJIbKO KOHPOTATOPHOE JBHXKEHHE HX BOKPYT OCH CBSI3H, NpH-
BOJAINEE K IE€PEKPbIBAHHMIO TOJOXKHTEJIbHBIX o6JacTell HX
op6utaneii. [IpeBpauienye yuc-HIUKJIHYECKOTO H3oMepa 6 B
allMKJIMYECKHH  yuc,mpaxc-n30Mep @ H O6PaTHO COrJacyercs
C 3THM BbIBOIoM. Kpome Toro, Mbl MOXKeM OXMAAThb, YTO MPAHC-
UHMKI0GYTeH (2) HOMKEH NpeBpamarbCcs B MPAHC,MPakc-
u3oMep () W OOpaTHO NMyTeM KOHPOTATOPHOrO Mpolecca NMpH
TEPMHUECKOM (HIylleM 4epe3 OCHOBHOE COCTOSIHHE) B3aHMHOM
npeppaileHuy OyTajHeH — IHKJIOOyTeH.

5.2.2. doToxuMHYECKHE B3aMMHbie MpPeBPalEeHUs

PaccmoTpuM npouecc (OTOXMMHYECKOTO B3aHMHOro Mpe-
BpallleHHs LHKJIoOyTeHa M OyTaiaueHa. B mepBoM Bo36yxzeH-
HOM COCTOSIHHHM OyTajlieHa 3JeKTPOH yxKe mnepeBefeH ¢ op6H-
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Tanu $, Ha pa3pHIRJSOmYI0 op6uTanb ¢3 (cM. pue. 5.1), n
M03TOMY 3JIeKTPOHHOH KOH(HIypanHeH 3TOr0 CaMOro HHM3KOTIO

2
1o 3HeprHH BO30OYKIEHHOIO COCTOSIHUS sBJsieTCs Didab,,

—C, ——Cy—— Cym—e €, —
OH OO "
—— Py

V‘ E
*——'3

QOO | =

Bo36yx nentoe

@ @ @ cocTosIHne

—C——Cp——C—Cy~
OoOCS | T
¥ —%
E seev,
el

- C—Cp——Cy———(,—
' z z ‘ Ocnopnoe
COC109MME

*,

Puc. 5.1. UYernpe Monekynsipusie op6utanu Gyraguena.

C TOYKH 3peHHS CHMMETPHH CaMOl BBICOKOH 3aHsiToii MO
(B naHHOM cJydae — paspeIXJsiomed opbutanu ¢z npouecc
3aMBbIKAHHU$ I[MKJA MOXKHO NPEACTABHUTH CJIELYIONUM 06pa3oM:
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Jns Toro utoGbl MOJIOXKHTENbHBIE 06JaCTH op6GHTajell Ha aTto-
Mmax yriepona I u 4 NepekpblBajluCh, NMOBOPOT JAOMKEH GObiTh
JUCPOTATOPHBLIM B COOTBETCTBHH C TEM, YTO 3JI€KTPOLHKJIHYEC-
Kasi peaKlHs 3aMblKaHHs WLHMKJIa YUC,MPAHC-U30MEpPa a B
JAHHOM CJ1yYae MPUBOAHT K mparc-usoMepy 6. TakuMm oGpasom,
Mbl BHJAHM, 4YTO (OTOXHMHYECKHH (NpOTEKaromHuil 4yepes BO3-
GyXJIeHHOe COCTOSIHHE) MNpOIECC NPOHUCXOAHT AHCPOTATOPHBIM
nmyTeM; TepMHUeCKHil (IIpOoTeKalomMUi 4Yepe3 OCHOBHOE COC-
TOSIHHE) TPOLECC NMPOHCXOJUT KOHPOTATOPHBIM NyTeM.

5.3. BBAUMHBIE NMPEBPALIEHH
FTEKCATPUEH=2UHKJIOTEKCANHEH

ByTraaueH — ujleH AaUMKJIHYECKOTO Psila CONPSIKEHHBIX
COeUHEHHH ¢ 4nw-31eKTPOHHON CHCTEMOH, T. €. C w-3JIEKTPOH-
HOH CHCTeMOii, cocTosiuieii U3 4n-3JeKTPOHOB, TIe n — IeJloe
gyucio (B gaHHOM caydae n = ). Cienymoomuil 4YieH anuKJIH-
YeCKOT0 Ppsila CONPSIKEHHbIX MNoJaHeHoB — 1,3,5-rekcaTpu-
€H — MepBbll WIeH coeluHEeHHH c (4n-+2x)-3M1eKTPOHHOM CHC-
teMo#t (n = 1). PaccMoTpHM CHMMeTpPHIO CaMOH  BBICOKOM
3aHsTOl opOutanu 1,3,5-rekcatpueHa, yToObl YCTAHOBHTH CTe-
PEOXHUMHIO TpEANnoJaraeMoro LHMKJIMYeCKOro mnpopykra 1,3-
LHKJIOTeKCaZHeHa KaK IPH TePMHYECKOM, TaK M NPH (oToXH-
MHYECKOM MpeBpallleHHsiX. BbIBoIbl, KOTOpPblE MBI CleJaeM,
cHoBa OYAyT INpDHMEHUMBI K OOpaTHOMY 3JEKTPOLHKJHYE-
CKOMY TpeBpAallleHHI0 — PacKpPbITHIO KOJblla IHKJOrekca-
JMeHa.

KoM6unanus umectH pr-aTOMHBIX opOuTaJjieli rekcatpueHa
JlaeT B pe3yJibTaTe 1IeCTb MOJEKYJAspHbIX opOuTanel, Moka-
3aHHBIX Ha pHC. 5.2. DTH KOMGHHAIMH NOJYYAOT MYTEM COOT-
BETCTBYIOILIETO CJOXKEHHUS M BBIYHUTAHHUS (YHKUHUH AJsT SKBUBaA-
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JIEHTHBIX Tpynm aToMoB: I U 6, 2 u 5, 3 U 4, ApyruMH CJIOBa-
MH, 3TH MOJIEKYJsIpHBIE OPOUTANU SIBJSIOTCS Pe3yJbTaTOM clie-
IYIOIHX JIMHeHHBIX KoMOuHauui: (/+6)(2+£5)x=(3+49).
TeopeTHuecKH MOXKHO ObIO0 6bl MONY4YHTb 2°= 32 pa3nuuHble
BO3MOXKHbIE KOMOMHAIlMH, B KOTOPbIX / BXOJHT BCErAa CO
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Puc. 5.2. lllecte MoJekyJasspHHIX oOpOHTaneH rekcaTpHeHa.
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3HaKOM -+. M3 ofuiero uucia BO3MOXKHBIX KOMOHWHAIHH OJMH
Habop, BKJIIOYAIOMUA I1eCTb KOMOWHAIUH, sIBJASETCS mpa-
BUIbHBIM. Ecnu kom6uHanuioo (/4-6) o60o3HauuTh uepe3 A,
(/—6) — uepes (—A), (2+5) — uepes B, (2—5) — uepes
(—B), (3+4) — uepes C, (3—4) — uepes (—C), T0 mpa-
BWIbHBIMH KOMOHHALUAMH OyAYyT:

HFA+HB+HO) =4 (—A)+(—B)+(—C)=Ys;
(FA+HB) —(+0) =3 (—A)—(—B)—(—C) =iy
(+A)—(FB)—(+C)=1ds; (—4)—(—B)+(—C) =V,

A1u KoMOMHaAuuM, B OCOOEHHOCTH 06GO3HaueHHbIE uYepe3
{4, U {5, HE ABJSIOTCA CPA3y OUEBHAHBIMH, H PHC. 5.2 IOBOJBHO
TPYAHO 0GOCHOBaTh ampHopHo. K cyacTbio, mpaBUJIbHBLIE BOJ-
HOBble (GYHKUHH AJs TOJOOHBIX JIMHEHHBIX COINpSIKEHHBIX
HOJUEHOB MOXHO TOJNYYHTb JPYTMM JOBOJBHO  IPOCTHIM
MEeTOJIOM, KOTOPBIH JaeT NpaBHJbHbIE KOS(DDUIIMEHTE! AT aTOM-
HbIX opOHTasell, BXOIAIMX B KaxXKAyl0O MOJEKYJSIPHYIO Op-
6uTanb. DTOT MeTOJ Ha3blBAeTCS Memo0OM C80000H020 3.aeK-
mpona. HecMOTpsi HA TO YTO OH BHIXOJUT 32 PAMKH 3TOH KHH-
TH, Mbl BCE e KPaTKO H3JIOKHM ero cojiepkaHHe U NMOKaxeM
ero mpHMeHeHHe K IeKCaTpHeHy.

B Metone cBoGOJHOTO 3JeKTPOHA INPEANoOJaarapT, 4TO =-
3JIEKTPOHHI JABHUXKYTCA B slIUKe MJHHOM a, KOTopas paBHa
JJIMHE CONPSIXKEHHON CHCTEMbl, YBEJIHUEHHOH C KaxKJOTr0 KOH-
Ija Ha JQJHHY OJHOU cBsidu. Tak, B ciyyae rekcatpueHa mpej-
MOJIaralT, YTO JJIHHA 3TOrO SIIIMKAa paBHa 542 = 7 ajuHaM
cBa3ell. BosHOBble (YHKIMM B 3TOM MeTOAe MJIST Kaxao#
M3 IIEeCTH MOJIEKYJSIPHbIX opburtaneil jawotcss (opmyJioH
sin(nrx/a), rae n — 1eJ0e YUCI0, MepeMeHHasi X — PaccTosi-
HHe, HAa KOTOpOe IepeMellaeTcsi w-3JEKTPOH BLOJb SIIHKA,
U3MepeHHOe B TeX e eJuHHlaX, 4To u a. Hac untepecyer
3HaueHHe { Ha DPAa3/IMUHBIX PACCTOSHUAX BJOJb fIUKA (HIH
Leny) 1 B OCOGEHHOCTH Ha KaXKJOM aToMe YTJiepoja.

Ecau n = 0, sin(Oxx/a) Bciony ofpamiaercs B HYJb H,
CJIeI0BATE/bHO, HE SIBJSIETCS HCKOMOH BOJIHOBOH (hyHKIHedl.
Taxkum o6Gpa3oM, camast HH3Kasi N0 SHEPTHH BOJIHOBasl (yHK-
uus ¢, gomkHa umetb n = 1. Ot x = 0 10 x = a yHKuUHUA
sin(lwx/a) HaunHaetcsi ¢ 0, MPOXOAUT uepe3 1 U CHOBa BO3Bpa-
maercss Kk 0, ocTaBasiCb BCeraa MOJOXKHTENbHOH (puc. 5.3),
cleoBaTeNbHO, ¢4 He uMmeeT y3na. Ha 1-m arome yraepoxna
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3HaueHHe x/a paBHO !/;, U TNOSTOMY OTHOCHTE/IbHOE 3HAYEHHe
¢ paBHo sin(Ix/7) = sin 25,7°= 0,43. To ke 3HaueHue ¢
nony4aeM H Aas 6-ro atoMa yriepoia, AJs KOTOpOro x/a
paBHO ¢/,. D10 3HaueHHe { paBHO (10 HOPMHPOBKH) KO3bdHu-
LHEHTY ¢, (3mech c44 U Cy MI51 1-TO M 6-rO aTOMOB COOTBET-
CTBEHHO), KOTophiil BxoauT B MO ¢4, nosy4aioniyocst ¢ IOMOIIBIO

npocTeHiero npubamKeHuss METOLOM .

X1okkeas. 3HaueHHe ¢, Ha 2-M aro- [+ A [+\ ¢

Me yriepona paeHo sin(1x2/7) = sin \-/ \J \J
A\

51,4°= 0,78, a Ha 3-M aToMe yTJe-
poma sin(1=3/7) = sin 77,1°= 0,97,

3HaueHHs1 ¢y Ha 4-M U 5-M aTtomax "
MOKHO TNOJNYYHTb aHAJOTHYHO. -/ \/

13
B cayuyae ¢,= sin(2rx/a) 2x/a
uaMensiercss ot 0 mo 2, Tak Kak x
Menstercst ot 0 g0 a. ITostomy sma- [+ D ¢
yeHHst , H3MeHsioTCst OT O yepes | \ -/ \-/ "
(mpu =/2), 0 (mpu =) u —I1 (npu
3n/2) no 0 (npu 2x) (cM. puc. 5.3);
CJIeOBATEJBHO, UMEeTCsl €LMHCTBEH- @UQ%
HB ysen nmpu x/a = 0,5 (3,5 nmu-
%4}2
Puc. 53. IlpeacraBnenne wmectn MO
rekcaTpHeHa B MeToJe CBOOORHOrO 3JIeK- 4‘
1

TpoHa. 1 2 3 4 5 ¢

HHI CBs13H). 3HaueHue sin(2rx/a) Ha 1-M aToMe yraepona (x/a =
= 1/,) paBHo sin2x/7= 0,78, a Ha 6-M aToMe yriepoja OHO
cocraBasier —0,78, Ha 2-M aToMe yriepopa sin 4=/7 = 0,97,
a Ha 5-M atoMe yraepoga $,=— 0,97 u 1. 1. TouHO Tak Xe
MOXHO HAWTH BOJTHOBblEe ()YHKLUMH (HEHODMHMPOBAHHBIE) H AJIs
JIPYTHX MOJIEKYJsIpHbIX opburtaneit. OHH NMOKa3aHBl Ha pHC.
5.3.

[Tpu o6CykIeHHH TePMHYECKOH LMKIH3alUH TeKcaTpHeHa
B LIMKJOTeKCaJHeH HauOOJbILHN HHTepec NpeacTaBjsieT opOu-
Tajlb 3, TaK KaK B OCHOBHOM COCTOSTHMHM 3TO caMasi BBICOKast
3aHsATast op6uTadb. Kak nokasaHo Ha puc. 5.2, ns ¢ B no-
JoxeHHH | U 6 (KOHLEeBble TOYKH) OGJACTH C OAHHAKOBHLIMH
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3HaKaMM o6paiieHbl B OJHY CTOPOHY, H, CJelOBaTelbHO,
3JIeKTPOLUKJINYECKOe NTpeBpailleH e, eClIH TOJBKO OHO IPOH30Hi-
JeT, JOJIKHO ObiTb JMCPOTATOPHBIM H U3 MPAHC,YUC,ytic-
u3oMepa, HalpHMep a, JOJIKEH INOJYYHTbCS mpaxc-u3oMep 6:

C Zpyro# CTOpOHBI, NP PACCMOTPEHHH CaMO¥ BHICOKOH 3a-
HATOH OpOMTaNud B NEPBOM BO30OYKAEHHOM COCTOSIHHM TeKca-
TpueHa (puc. 5.2) MOXKHO BHJETb, YTO HA KOHIAX IeNmd 00-
JIaCTH, HMEIolHe OJUHAKOBbIe 3HAKH, o0pauieHbl B NPOTHBO-
NOJIOKHbIE CTOPOHHI, H, CJELOBAaTeNbHO, 3JeKTPOLHKJ/IM3aLHUs
JOMKHA ObITb KoHpoTaTtopHo#. TakuM o6pasom, CHTyauus
C rekcatpueHoM (4n-+2) Kak pa3 NPOTHBOIOJIOXKHA CHTYalUH
c OyragueHoM (4n). B mepBoM ciyuyae TepmMHueckasi peakuus
JOMKHA OBITb JUCPOTATOPHOH, (POTOXHMHYecKass — KOHpOTa-
TODHOH, TOrAa Kak Ais OyTajiMeHa CHTyauHus siBjasiercs 00-
paTHOH.

5.4, KOPPEJISILUA ME)XAY 3HEPTHSAIMH OPBHMTAJIEH
PEATEHTOB M NMPOAYKTOB

BocnosibayeMcsi cHoBa BecbMa HarJIsiAHBIM NPHUMEPOM 3JIeK-
TPOLMK/INYECKOTO NMpeBpaileHUs nukIo6yTeHa B 1,3-OyTaaveH.
[Togo6Hble peakuuu BKIOYAT B cebfs npeoOpa3oBaHHe a-
CBSI3bIBAIOLLEHl B w-CBA3bIBAIOILYI0O OpPOHTadb, H KOPpeJsALHUs
6-MOJIEKY/IsipHOA Oop6uTanu peareHTa (UMKJIO6YTEHa) C COOT-
BETCTBYIOIEH MOJIEKYJNsIDHOH OpOUTaJbI0  INOJYYaroLIerocs
npoiykra (6yrajveHa) MMeeT peliaiouiee 3HaueHHe. B ucxon-
HOM COeJIHEHHH HMEIOTCSl YeThIpe MOJIeKyJIsspHble opOHTasH,
NpeJACTaBJISIIONIMe HHTEPEC, a HMEeHHO: ¢, o¥, © u n*. Op6uranu
6 U of — cBsi3blBalONIAsl W paspbixjsiomas op6uranu 1,4-
CBSI3M IHMKNOOyTeHa (CBSI3b, MOAJexamasi paspuiBy), a opOu-
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Tajqu = ¥ ©* oTHOCATCA K CBsI3H 2,3-m (puc. 5.4). Yerwipe MoJe-
KyJsipHBIE OPGHTANH NPOAYKTa — 3TO OOBbIYHBIE MOJIEKYJISIPHbIE
opbutann GyTajgueHa, nokasaHHble Ha puc. 5.1. Kaxkpasi us
opburtasell nepBoi CHCTEMBbl NEPEXOIHUT B OAHY H3 opbutajeit
BTOPOH CHCTEMBI; B CBSI3M C 3THM DAacCMOTPHUM MeTOJl, C IO-
MOIIBI0 KOTOPOTO MOXHO NMPOH3BECTH KOPPeNsilMIO ABYX CHC-
TeM op6uranei’.

Y,

Onepauus CHMMeTpHH [ o* x n*
Bpauehie Cq a b b a
[3epkanbHoe oTpaxeHie] a’ a” a a*

Puc. 5.4. Op6urtanu nukjaobyTeHa M HX CHMMETpHA.

Sta KoppesslUs 3aBUCUT OT TOTO, SIBJISIETCS JIM PacCKpHI-
THe KOJIblla KOHPOTATOPHBIM HJH JHUCPOTaTOPHBIM. KoHpota-
TopHas ¢opma noka3aHa Ha puc. 5.5,a. B ciydae xonpora-
TOPHOTO BpAIlleHHs] CHCTeMa B TeUeHHe peakUHH COXpaHseT
ocb cUMMeTpuu BToporo mopsinka (C,). DTa ocb HaxoauTCs
B IJIOCKOCTH MOJIEKYJbl W JEJUT MHomoJaM cBsidu 2, 3 u 1, 4.
HonycTuM, 4To Ka)Jplil H3 aTOMOB Bojopoja /—4 cMelaercs
Ha OIHO M TO K€ PAacCTOsIHHEe B YKa3aHHBIX HalpabJIeHHsX.
[Tpu noBopore Ha 180° BOKpyr ocH cUMMeTpuH (omepaiusi
C,) Mensitorest Mectamu Hz ¢ Hp, 1 Hy ¢ H, u HOBYIO KOH(HTY-
pauyio yxe HEBO3MOXHO OTJIMYHUTh OT HcxoiHoi. [Ipu 3roi
onepalMH CHMMeTPHH Bce OpOHTald MepexoisiT -caMH B cels
Jaubo ¢ miaocoM, Jubo ¢ MHHycoM. B mepBoM ciyyae Mbl Hasbl-
BaeM opOHTalb CUMMETPHYHOH OTHOCHTesNbHO omepauuu C, H
o603HayaeM ee yepe3 a; BO BTOPOM cJy4yae OpOHUTAIb aHTH-
cuMMeTpuyHa otHocuTenbHO C, (0). IIpu mucporatopHoMm pac-
KPBITHM LMKJa CHCTeMa coxpaHseT He ocb cummerpuu C,,
H300paXKeHHYI0 Ha puc. 5.5,a, a MJIOCKOCTH CUMMETPHH, TIIO-

1 LonquetHiggins H . C, Abrahamson E.W.,
J. Am. Chem.Soc. 87, 2045 (1965).
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Ka3aHHYI0 Ha puc. 5.5, 6. BymeM cuurtaTh, 4TO KaxKubpli H3
aTOMOB BOJIOPOJla yKe NepeMecTH/ICS Ha OJMHAKOBOE PacCTosi-
HHMe B YKa3aHHOM HanpasieHHH. [IpH oTpaxKeHHH MOJIEKyJbl B
IJIOCKOCTH, NEepPNeHIUKYJ/sIPHON IJIOCKOCTH YeThipeX YIJIepoj-
HBIX ATOMOB U NpPOXOJsiiell uepe3 CepeiHHBl YIJIEPOJHBIX CBSI-

/ 3
0cs C, mhocKoer
a 6
Puc. 5.5. CummeTpuss KoHpoTaTopHOM (@) M AucpoTaTopHoit (6)
¢dopm.

3eit 2, 3 u 1, 4, mensiiorest mectaMud H; ¢ H, u Hy ¢ H,; HOBast
KOH(HUIypalHsl He OTJINYaeTcss OT UCXOAHOH. PaccMaTpuBaeMbie
op6uTasy, cl1e10BaTeIbHO, JHO0 CHMMeTpUUHE (@), 6O aHTH-
cUMMeTpUYHBEl (a’’) OTHOCUTENIBHO IIJIOCKOCTH OTpPaMKeHHs.

Tenepp MBI MOXeM KJaccCHpUUHPOBATh OPOHTANH IHKJIO-
6yteHa u opbutanu s-yuc-GyranueHa (puc. 5.6) mo oTaenabHOC-
T (cM. Taba. 5.1).

Tabruya 5.1

Koppeasiuuu op6uTaJeit npu B3aHMHOM NpeBpalieHHH
HHKJI06yTeH > GyTafueH

Opé6uranun O p6uranu
Dopma OHKJI06yTeHa 6GyTagnesa Cummerpus
s, n* ¢ a
OHpOTaTOpHAaA ’ { $” 4 {
Koup P { n, o* Y1, 4’3 b

g T a’
HCcpoTaTopHas ) { il’ $3 {
JHucp P {n*, o* a’

2 4
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Teneps pacnosioXuM HO NMOPSAKY YeThipe OpOUTANH LHKJIO-
GyTeHa W 4eTelpe opOHTaNH moJayyarouierocss 6ytajyueHa B co-
OTBETCTBHH C HX OTHOCHTEJIbHBIMH 3HeprusiMu. [To-BuauMmoMy,
3Heprusi c-opbutasneil Oymer camMoii HH3KOH, a 3Heprus o*—

T9 Q.0
09 96 B¢
bbbl

3
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Puc. 5.6. Opbutanu s-yuc-6yTaiueHa H HX CHMMETpHA.
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Puc. 5.7. Koppensuus op6uTaneit 1js npeBpalleHHs UHKIO6YTeH ==
<= 6yTajueH.

CaMoO¥ BBICOKOH, 3HEpTUs w- U m*-opOuTajiell 3aHUMaeT MpoMe-
KYTOYHOe TOJIOXKEHHe, H, KOHeYHO, OpOHTalb ™ 3HepreTHyec-
Ku GoJiee crabuibHa, YeM w*. [Topsilok Bo3pacTaHUsi SHEPTHUH
opburtaneli 6yTajaHeHa COOTBETCTBYeT INOPSIAKY YyBeJIHYEHHS
KOJIMYecTBa Y3JI0B B MOJIEKYJSIPHBIX opbutansix. Tak, ¢,
(yanoB Het) siBasiercsl HauGoJiee YCTOHYMBOH, a ¢, (3 y3na) —
HauMeHee YCTOHYMBOH No 3Hepruu. Takum o6pa3oM, Mbl ycTa-
HOBHJIM KoppeJisiiiuio opburadnei (cM. puc. 5.7). Ha nuarpamme,
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npejiCTaBJAeHHOH Ha pHc. 5.7, NMOKa3aHO, 4TO B KOHPOTATOp-
HOH ¢opMe c-opOHTaNb LMKIOOyTeHa KOppeaupyer c ¢, Oy-
TajleHa, a w-opOuTalb — ¢ U;, TOrja Kak B AMCPOTAaTOPHOH
tdopMe c-opbHTaNp LMKIOOYTEHA Koppesaupyer c ¢, .Oyrague-
Ha, a w-opOHTaNb —C 3. DJIEKTPOHHAst KOHQUTypauus oc-
HOBHOTO COCTOSIHHSI LMKJI0OyTeHa — o2x%, T.e. Ha KaxJIoi
U3 JBYX MPEACTaBASIONNX HHTepeC HAWHHU3MIHUX opbuTanen
UMeIoTCsl Mo 1Ba 3JekTpoHa. [IpH KOHpoTaTopHOM mpouecce
3TH 3JIEKTPOHbI JOJ/KHBI OYAYT NMOAHSATHCS Ha CaMble HU3KUE
110 3HepruH w-op6uTanu OyTagueHa ¢ o6pasoBaHHEM KOHDH-

rypauuu i ¢5. ClIeoBaTeNbHO, 3HepreTHYeCKH KOHDOTAaTOp-
Hbll npouecc Jo/keH Obl1 Obl NMPOTEKaTh JOBOJBHO JIETKO.
OG6patHblll npouecc — npeBpanieHne OyTafHeHa B IHKJI06Y-
TeH — Takxe O6JaronpusiTed.

C Ipyro#t cTopoHbI, B AHCPOTaTOpHOH ¢opMe o Koppenu-
pyer ¢ 4, a ® ¢ {3, TaK 4TO oOpasoBaBluuiics OyTafHeH HOJ-
3KeH Obl1 Obl UMeTb KOH(UIYpauHio q»ip%, KOTOpasl 3HepreTH-
yecKH KpailiHe HeBbirofHa. [lis1 o6paTHoro mpouecca — IIHK-

Jausanuy — O6yTajleH U3 OCHOBHOTO COCTOSIHHSI q)?«pi JIOJIKeH
6bl1 Gbl MPEBPAaTUTbCS B LHKJIOOYTEH B COCTOSIHHH o%m*2, uTo
TOXKE€ 3JHepreTHYeCKM KpaliHe HeBbIFOJHO.

5.5. KOPPEJSILHS 1O CHMMETPHH COCTOSAHU A

Takasi ¢dopma 3amHCH 3J€eKTPOHHOH KOHGHrypanH, Ko-
TOPYIO Mbl TNPHMEHSIJIH AJISi OCHOBHOTO COCTOSIHMSI IIHKJIOGYyTe-
Ha, a UMEeHHO o2x%, collepKHUT HH(OPMANHUIO 06 OTAEJbHBIX 3a-
HATHIX OpPOHTA/JIiX M YKasblBaeT BEJHYHHY HX 3aCeJ€eHHOCTH
(BepxHuit MHAeKc). BMecto 3tofi ¢opmbl 3amucu opGurtasnei
MOXHO MCIOJIb30BaTh APYTYIO, YYHTHIBAIOILYI0 CBOHCTBA CHM-
MeTpHH opOHTasell; B JaHHOM CJy4yae Ta e OpOUTab 3aNHCHI-
BaeTcsi Kak g®b% OOIiyl0 CHMMETPHIO COCTOSIHMS (B JaHHOM
c/llyyae OCHOBHOIO) MOXHO YCTaHOBHTb, paccMaTpuBasi 3a-
nuch a?b? Kak MaTteMaTuueckoe npousBeleHHe. Hamomuum,
YTO @ — 3TO CHMMETPHYHAasi (YHKLHS, YCJIOBHO Mbl MOXEM
NpUnucaTh NoJAoOHOH (YHKIHMM MaTeMaTHYecKuit cumBosi 1
(xapakTep). CremoBaTtejbHO, AHTHCHMMETPHYHAsE (PYHKILHS
HMeeT CHMBOJI, WM Xxapakrep, —l. [loacraBus B a®b* BMecTO
a ¥ b ux xapakTepsl, NOJTYYHUM XapakTep Bcell KOHUI'YpalHH:
(+1)% (—1)®> = +1; caezoBaTeabHO, COCTOSIHHE a*b% sBJsIeT-
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csl IOMHOCTbIO cHMMeTpuuHbIM. (OGo3HauuM ero yepes A.
BosBpamasicb K KOPpeNsILMOHHOH AuarpaMme, IpelCTaBJeH-
HO# Ha puc. 5.7, HaANOMHUM, YTO KOHPOTaTOPHOe IpeBpalleHHe
LHMKJIOGyTeHa faeT s OyTajueHa KOHDHTYpanmio ¢ ng,
unu a®b?, T.e. onsite A. Tenmepp pacCMOTPHM IpeBpaieHHe
IMKJ06yTeHa B NePBOM BO30YXKAEHHOM COCTOSIHHH B BO36YXK-
JneHHblt GytagueH. IlepBoe BO36YXKIEHHOE COCTOSTHHE LHKJIO-
6yreHa (o*nw*) uMeeT Koudurypauuo a?ba = (1) (—1)(1) =
= —1, KoTopasi fIBAsieTCS] aHTHUCHMMETPHUUYHON W 0603Hauaer-
cs1 uepe3 B. Tax Kak o KOppeJHpyer € ¢, a® C ¢y U ©* ¢
$,, TO o?mm*-cocTOsIHHE KOppelIHpyeT ¢ qa%pm = aq%ba =
= B B GyragueHe. OTMeTHM, OJHAKO, UYTO KOH(QHUIypamus
ap,q»é'p& He OTBeYaeT CaMOMY HHM3KOMY BO30YXIEHHOMY COCTOS-
Hulo GyTajueHa, KOTopoe AO/IKHO Oblio 6bl HMeTb KOH(HIy-
pammio ¢iy,ps = b%ab = B. CnenopatenbHo, BepOSITHOCTb
TOrO, YTO LHKJOOYTeH, HAXOASCh B CAMOM HM3KOM IO SHEPTHH
BO36YX/IEHHOM COCTOSIHMM (o’mm*), mpeBpaiiaercst B GyTajueH,

B KODPETHPYEMOM BO3GYXKLEHHOM COCTOSTHUH ({,3),) Kpaiine
MaJjia, TaK Kak 3TOT npolecc TpefyeT CJIHIIKOM GOJIbLIOH 3Hep-
rud. DBoJiee BricOKoe BO30y:KJEHHOE COCTOsIHHE LUKJI0GyTeHa
uMeeT KOHQHUTypanuio on’s*= B, COOTBETCTBYIOLLYI0 KOH(H-
rypanuu OyTajueHa qﬁq)zqa 3= B, T.e. ero HauMeHblIeMy MO
SHEPTHH BO3MOXHOMY BO30YyXKJIEHHOMY COCTOSIHHIO, Y 06a
3TH COCTOSIHHSI KOPPEJHPYIOT Mex1y coboii. Teneps Mbl MOxeM
IIOCTPOUTH HOBYIO KOPPEJSALMOHHYIO AHarpaMMmy IJisi KOHpOTa-
TOPHOTO Ipolecca, HCMNOJb3ysl HOBble O00O3HaYeHHsI COCTOS-
Huit (cM. puc. 5.8, a). C noMoIbio COBEPIIEHHO aHAJOTHYHBIX
paccyxJeHHH Mbl IPUXOAHM H K KOPPEJISILMOHHOH JHarpamme,
NoKa3aHHOH Ha puc. 5.8, 6, A/ IUCPOTATOPHOrO mpolecca,
ecny npumeM -1 mas @’ u —1 aas a”’. IlpsiMele JHHUKM —
MyHKTHPHBIE HJHM  HENPephiBHbE — CBA3BIBAIOT  COCTOSIHHS
CHMMETPHH, KoppenupymouHe Apyr ¢ ApyroM. OfHako Bcjen-
cTBHMe JeHCTBHSI TaK HAa3blBAe@MOTO INpaBHJIa HelepeceueHHs
(3/1eKTPOHHOE OTTAJKHMBaHHE INPENsATCTBYyeT NepeceyeHHIo Coc-
TOSIHHE C OJMHAKOBOH CHMMeTpHell) HCTHHHAsi KOppeasiLus
MPOMCXOJUT MEXAy COCTOSIHHSIMH, COEJMHEHHbIMH Ha JuHarpam-
Me HenpephiBHbIMH JHHHAMH. [lnarpamMma, npejncraB/jeHHas
Ha pHc. 5.8, mokasbiBaeT, YTO TepMHyeckoe (4epe3 OCHOBHOe
COCTOSIHHE) TpeBpalleHHe LHUKJI00yTeHa B OyTajHeH SHepreTH-
YeCKM BBHITOZHO [JIS1 KOHPOTATOPHOIG Ipoliecca, B TO BpeMs
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KaK JUCPOTAaTOPHHIH Mpomecc B CJydyae TEPMHUYECKOTo IpeB-
palleHHusl MMeeT 3HepreTHYecKuil 6apbep (rop6 Ha HENpPePHIBHOM
KODPeJISIHOHHON JIMHUH). B NpOTHBONMOJIOXKHOCTb 3TOMY KOH-
poTaTopHBI GOTOXHMHUYECKHH NpOLeCC H3 NepBOro BO30GYK-
JIEHHOTO COCTOSIHHSI LHKJ0OyTeHa B IepBoe BO36YKIEHHOE

(or2c*) B
\/—Bw #220)
E /\
(d ”"*)\B— — B"Ll “2 a)

—A(g]ed)
(a’ﬂ’)A—-/ 2

KoupotatopHas dopma
1 * 2
(627*2) A’ o \/

E —-—A (47 4gts)
chrrﬂ")ﬁ" —-

a
A'U?"s‘

—A43y

(6272) A" =
Iucporaropinas GopMa

Puc. 5.8. [InarpaMma KoppeasiiHH COCTOSIHHH IO CHMMETpPHH I/
npeBpaluleHUss LHKJI0OyTeH <= GyTaaueH.

cocTosiHHe OyTaJveHa HMeeT 3Hepreruueckuit Gapbep, Toraa
Kak B AUCPOTaTOPHOH ¢opMe Gappep He CYIIECTBYET.
BsaumHble mnpeBpaieHHss LUKJ0OOyTeH == OyTajueH HJIH
reKkcaTpHeH = IHMKJOreKCajHeH SBJSIOTCS NpHMepaMH BHY-
TPHUMOJIEKYJISIPHBIX  3JIEKTPOLLMK/IHYECKHX pPeaKlui, B KOTOPBIX
NpoTeKalT o6paTHMble IpeBpalieHHs] o-CBSI3b<™ T-CBSI3b.
ITono6GHbie B3aMMHBIE MpeBpaileHUsl TPEOYIT KOppessiiud op-
6uTajell HCXOJHOTO BelecTBa M NPOAYKTa IO CHMMETPHH JIHOO
OTHOCHTEJIbHO OCH, JIH60 OTHOCHTENBHO IJIOCKOCTH. CHMMeT-
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puH. Ecin Ha KoppessiiHOHHOH AuarpaMMe CBsI3BIBAIOLIME Op-
6uTany He KOPPeIHPYIOT C Da3pBIXJSIOUIMMH OpOHTANSIMH,
TO pa3pellleHHOH sIBJsIeTCS TepMuuecKasi peakuus. Eciam xe
CBA3BIBAIOLIMEe OPOUTAMH HCXOLHOI'O peareHTa KOppenHpyIoT
C PaspHIXJAIOMHUMHE OpOUTANISIMH NPOAYKTA, TOTJAa 3TOH peak-
UM 6JaronpusaTcTByeT (OTOXMMHYECKHH, a He TePMHYECKHH
nytb. CxeMa, nmokasaHHasi Ha puc. 5.9, 06001IaeT JMEKTPOLUK-

3epkaabian Na0CKOCTh
nan ocb Cy

Puc. 5.9. BRyTpuUMo/IeKyNspHbE 3JIeKTPOUHUKIHYECKHE PEaKIHH CH-
CTeMbl C MT-3J€KTPOHAMH.

JIMYECKHe peaKUWH THNa OJHAa w-CBS3b—»OJHA G-CBfI3b. €CJIH
m (4Hca0 w-3/7eKTpoHOB) = 4n-+2 (rge n — 1eoe 4YHCIO,
T.e. 0, 1, 2, 3 U T. 1.), TO 3JIEKTPOLUKIUYECKAs] peaKIlHsl,
ecJIM TOJIbKO OHa INpoTeKaeT, 6yAeT JHOO TepMHYECKOH AHCPO-
TaTOPHOH, JIHG6O (POTOXMMHUECKOH KOHDOTAaTOPHOH;, IJsi m =
= 4n 3TOT NpOLECC, eCAH TOJBKO OH IPOTEKaeT, SIBJSETCH
TEPMHYECKHM KOHPOTATOPHBIM HJH (OTOXHMHUECKHM JHCPO-
TATOPHBIM.

5.6. IHMEPH3ALIHA 3THJIEHA

Boln paspaGotanbl! Takike NpaBH/Ia MeXMOJIEKYJSIPHOTO
06pa3oBaHHs LIMKJIOB, U B CBSI3H C PACTYIIMUM HHTEPECOM K
NOJOGHBIM peaKLMsM OHH OyAyT H3JOXKeHB M TIIAaTeJbHO pa-
300paHbBl Ha MNpHMepe [MMepH3alUH STHJIEHA.

CoeauHeHNe JBYX MOJIEKYJ 3THJEHA C 06pa3oBaHHEM ILHK-
JgobyTaHa, BepOsITHO, BKJIo4aeT B cebsi ePeXoLHOe COCTOSTHHE,
B KOTOPOM 06€e MOJIEKYJIbl 3THIEHA HaXOASTCS B NMapaJjiyieIbHbIX
IJIOCKOCTSIX, HENOCPeACTBEHHO APYr Haj apyrom (puc. 5.10).
UeThipe =-yPOBHSI peareHTa M YeThbipe COOTBETCTBYIOLUIMX G-
YPOBHS NMPOAYKTa KJIaCCHUPUUHPYIOTCSH KaK CHMMeTpHYHbe (S)
WIM aHTHCUMMeTpHUYHble (A) OTHOCHTENBHO 6 4-IIJIOCKOCTH,

'!Hoffmann R.,, Woodward R. B., J. Am. Chem.
Soc., 87, 2046 (1965).
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nepeceKaiomesl nonojaM MOJIEKYJbl 3THIEHA, U Jo-IJIOCKOCTH,
napanJieJlbHOH COMHMKAIOMUMCS MOJIEKyJlaM 3THJIeHAa M IIpo-
XOJsieH yepe3 CepefHHy HX JHHHH cOnuxenus. Popma MoJe-

Puc. 5.10. ITlepexonHoe cocrosuue Ans
JIHMepH3auHH STHIEHa.

KYJISIpPHBIX OopOuTasell, yyacTBYIOIIMX B 3TOH peakuUuu M Jje-
JKalHUX B IJOCKOCTH, NMPOXOJsiiell yepe3 4eTblpe aToMa yrJle-
poza, nokasaHa Ha puc. 5.11. B BepxHne#t yactu puc. 5.11 no-
KasaHbl YeTbIpe BO3MOXKHEIE KOMOHHALMH ©t- U ¥ -MOJIEeK Y151 PHBIX

o, [

) 9, <,

02

Puc. 5.11. CumMerpuss opburane#t 3THIeHa, Yy4yacCTBYIOUIHX B JAu-
MepH3alHH.



Mpasura Fopmana — Bydsopda Oasn 3rexTpoyuxiuveckux peaxyud 101,

opbuTtaneli JByX MoJieKyJ 3THJaeHa. B komOunauuu I, T.e.
npu COMMMKEHHH IBYX MOJIEKYJ 3THJeHa, HX CBS3bIBaIOLHe
MOJIEKYJ/IsipHble T-OPOUTATM HAYHHAIOT MePeKPbIBATbC U B
pe3yJbTaTe BO3HHKaeT cJaboe CBs3bIBAHHE MeEXIYy JIBYMs
MOJIEKy/IaMH 3THJIeHa, TaK KaK MepeKPbIBAHHE OXBaTHIBAET
06J1aCTH OJAMHAKOBOTO 3HaKa. Mbl MOoXeM Ha3BaTb 3Ty KOMGH-
HalMIo Tc‘;. B xom6unauuu Il te xe nBe cBsi3biBaroiye w-op-
GUTanu ABYX MOJIEKYJ 3THJIeHA NPHOJIMKAIOTCS APYT K APYry
06/1aCTSIMH C TPOTHUBONOJIOXKHBIMH 3HAaKaMH, KOTOpble, Iepe-
KDBIBAsiCb, NPHBOAAT K CJAa60OMy aHTHUCBSI3BIBAHHMIO MeEXIY
MoJleKyJ/1aMu 3THJeHa. HasoBeM ee m;. AHaJOTHYHO B KOMGH-
nHauusx III u IV paspeixssitonine ©*-op6uranu AByX MOJIEKYJ
3THJIeHa NPUOIMKAITCS APYT K APYry U HAuHMHAIOT NEepeKphl-
BaThbCsi, NIPH 3TOM OHHM TOXE€ JaloT CJ1a60CBS3bIBAIONIYIO H
cnabopaspeixasiomyto kom6unauuu III u IV coortBerctBeH-
HO, KOTOphIe Mbl 6yJeM Ha3blBaThb Ty U Ty. ITH KOMOWHALHH,
MoKasaHHble Ha pHC. 5.11, UMeIOT c/enyoNyl0 CHMMETPHIO:
©] CUMMeTpHYHa (S) OTHOCHTENBHO IJIOCKOCTH G4 M CHMMETpHU-
Ha Takxke (S) OTHOCHTENbHO IMJIOCKOCTH Gg, T. €. COKPAIIEHHO

SS. AnasnornyHo masi =, InonydaeM oGo3HaueHune SA, nas
+ - o
ng —AS u ansg wp, — AA. Ilpu stoM HUXKHUE HHZeKC | B

+ - o
™y U T; OTHOCHTCS K KOMOMHHDOBaHHOH OpOHTa/lH Nepexo-
HOTO COCTOSIHHSI, KOTOpasi sIBJIsIeTCSl CBSI3bIBAIOIIeH B Ipefe-

o o +
Jax KamuoW MOJIEKYJbl STHJEHa; HUKHHUH HHIEKC 2 B mp
U T OTHOCHUTCSI K Pa3pBIXJISIIOINIUM OPOUTAJsIM B IBYX MoJe-

N + +
KyJax sTujeHa. BepxHuil uHpekc (mIoc) B ©; H mg OTBeYaeT
NOSIBJISIOMIEMYCsl  CBASBIBAHHIO MEXAY JBYMs —MOJIEKyJIaMH

5THJIEHa; a BeDXHHI HHJIeKC (MHHYC) B T U m; OTBEYaeT MOSB-
JISIOMEMYCSl AHTUCBS3BLIBAHUIO MEXJY JBYMs MOJIEKyJaMH
3TUJIeHA.

B wmxHell yactu puc. 5.11 aas nosyvaroiierocsi IHKJO-
6yTaHa B COOTBETCTBHUHM C TOH e CXeMOH CHMMEeTpUU mpef-
CTaBJIeHbl AHAJOI'MYHO KJIACCH(MHIHNPOBAHHbIE G-CBSI3H MEXKIY
yIJIePOAHBIMH aTOMaMH, KOTOpble BO3HHKAIOT Y Pas3/HYHBIX
Mosieky.1 3TuneHa. OCHOBHOH BKJaji B 3HEPIHIO 3THX CBsieil
nosiyyaetcsi OT B3aUMOJEHCTBHSI JBYX BHOBb CBSI3aHHBIX YIJie-
POZHBIX aTOMOB, TakK uto Kom6GuHauuu I u III siBnsitoTcs B oc-
HOBHOM cBsi3biBatonumu, a Il u IV — paspeixastomumu. 3Ha-
YHTENTbHO MEHBIUHMH BKJaJ B 5HEPTHI0O BHOCHT B3aHMOJEHCTBHE
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JpYT C APYTOM Tex IBYX HOBBIX o-CBsi3eff, KOTOpHIE SIBJSIOT-
ca ceaspiBaomumMu it [ u 11 u paspeixasromumu gas 111
u 1V xom6unauuii. Ecain o6ume kom6unauuu I, II, III u IV
MBI 0603HAUHUM Yepe3 64, G5, 03 H 0, COOTBETCTBEHHO, TO MOXKEM
IIOCTPOUTDb SHEPreTHYECKYI0 JAHarpaMMy, IOKa3aHHYI Ha
puc. 5.12. CuMBonbl CUMMETPUH @4, @y, by M b, 0603HAYAOT
pas3/HYHble BO3MOXHbIE THIIBI B CHMMeTPHH: a,(SS) — noa-
HOCTbIO CHUMMeTpuyHO; b4(SA) u by(AS) — aHTHCUMMETPHYHBI
OTHOCHTEJIBHO G H G4 COOTBETCTBEHHO; ay(AA) — aHTHCHM-

o)
-~ *
/// /')(—*35(/’1)
(@) g e =~ /
+ cmm— /
“)Q)Tlg \ 7/
N\
\ //
E Y.
RN
4 \
(b)) n; 'N—*/
((1 n,
\_;7(/,2)

€5 )

Puc. 5. 12. [luarpaMMa xoppeJsuuu opGurtaneit st AHMepPH3AUHH
STHJIEHA.

METPHYHO OTHOCHTeJIbHO 00eux mJockocTedl. O mpoHcxoxie-
HHM 3THX CHMBOJIOB CHMMETPUH ¥ HX HCIONb30BAHHH UHTa-
TeJlb CMOXKET MOJYYuTb Gosiee MOAPOGHbIE CBENEHHSI U3 APYTHX
MCTOUYHHUKOB!. [l MOCTPOEHHs] QuMarpaMMbl COCTOSTHHH HYXK-
HO, OJHAKO, 3HaTh IIPOU3BEJEHHUS 3THX CHMBOJIOB CHMMeT-
puu. B cBsI3H ¢ 3THM HeoOGXOAMMO 3aNlOMHHTb, 4TO Qgbi= B,
asb,= By ¥ bjby= A,, npu yMHOXKEHHH Ha a BUJ CHMMETPHH
coXpaHsieTcsi, a Tpou3BeleHHe IBYX OJMHAKOBBIX COMHOXKH-
Tesiell Bcerja paeHo Aj.

Tenepr mNONbiTaeMcst NOCTPOUTb AHArpaMMy COCTOSIHHUH.
OCHOBHbIM COCTOSIHHEM JBYX MOJIEKYJl STHJIEHa SIBJASIETCH
(r1)2(r)2 = albi= A,; oHO KOppeJHpYyeT ¢ o1(03)? = a?bi = A,
T. €. C JBaxJbl BO3GYKHEHHBIM COCTOSTHHEM IHKJI0GyTaHa.

1 Cm., Hanpumep, kHury: O xadde I'., Opumn M,
CummeTpHusi B xuMHH, M., «Mup», 1967.
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OCHOBHOE COCTOSIHHE IHKJI0GyTaHa o; o3 = ) by = Ay Koppe-
+ o 242
aupyet ¢ (w; )%(rg)? = aj b3 = A4, T. e. C ABaxIpl BO30OYKIEH-
HBIM COCTOSIHHEM 3THJICHOB. DTO NPHBOJMT K 3HAKOMOH Kap-
THHE KODPEJSILMOHHBIX JIHHHH MeXAy HBYMSI COCTOSIHMSIMH C
OJMHAKOBOH CHMMeTpHell, KOTOpble NBbITAIOTCS Mepeceybesi, OT-
TaJIKUBAIOTCS JAPYr OT JApyra H o0pasyloT 3SHepreTHYecKUH
6aprep. OpHMM M3 NepBbIX BO30YXKIEHHBIX COCTOSIHHH IBYX
MOJIEKYJT 3THJIeHa, BO3MOXKHO, CaMblM HH3KHM IO 3HepruH,

- 4
apasieTcst (x1)%x; mp= a:b;b,= A,. OHO Koppemupyer ¢ coc-

R — 1 (1) (o3)?
A (2%)2nT)? Ay— ! 8

(&2 (57) (23) Ag—— ]
o T e @)

("T)Q(";)g A —

—A, (o,2 U:)

P uc. 5.13. [lnarpaMma KoppeJsUMH COCTOAHHH JA/18 JAHMepH3a LHH
3THJEHA.

TOAHHEM uumoéyTaHa, KOTOpO€ TOKE€ CaMoO IIo cebe sIBJISIETCS

CaMbIM HH3KMM BO3GYMKIEHHBHIM COCTOSIHHEM ) o, o3= Ao,
[TonyueHHass KoppensilMOHHAsi AMArpaMMa COCTOSIHHH MOKa-
3aHa Ha puc. 5.13. Takum o6pa3oM, CTAaHOBHTCS OUEBH/HEIM,
470 (hOTOXMMHYECKasl Peakllusi BO3MOXKHA, TOTla KaK TepMHUec-
Kasi peaKLUsl He JO/DKHA HIATH.

IIpuBenenHoe ofcyxIeHHe pPacKpblBaeT erle OAHY HHTe-
pecHyio ocobeHHOCTb peakuu. [lepexoaHoe coctosiHue, mocTy-
JIUPOBaHHOe M5 (OTOXMMHUECKOH peaKIUH, IPeACTaBJser
coboii aumep, oOpa3oBaHHBIA M3 OJHOTO OCHOBHOTO COCTOSIHHS
U OJHOTO BO30YKJEHHOTO COCTOSIHHS MoJiekyJbl. [logoGHbie
JMMepBl MOXKHO HaOJII0AaTh CIEKTPOCKOMHYECKH. KX HasbBaloOT
axcumepamu (exited state dimers). M3BectHo, uto B aumepe
JIOJIKHBI CYIIeCTBOBATb IO KpalHeH Mepe JBa COCTOSIHHSI, M3
KOTOPBIX OJHO pacmoJIoXKeHO BhIIe, a JAPyroe — HHUXKE 110
5HepruH, ueM BO3OYKIEHHBIH MOHOMED.
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MoxKHO BbIBECTH, KPOMe TOro, NpaBuja oT6opa AJIsl yIoMs-
HYTHIX BBIILIE Peakuui, B KOTOPbIX JBe m-CBSI3H NPHBOIAT K
o6pa3oBaHuI0 ABYX c-cBssel (2r==25) (cM. puc. 5.14). ITono6-
HBIH TPOIIECC MOKET NPOTeKaTb TEPMHUECKH MIsT my~+my =
= 4n+2 (peakuusi [uabca — AJbjepa MeXIy 3STHJIEHOM
n OyTagueHoM) M (OTOXUMHYECKH Jad m; + m, = 4n

— 3epkanwnas NA0CKOCTb
nan ocb Co

P uc. 5.14. MexMoneKyasipHble 3JeKTPOLHKIHYECKHE DEaKIHH THNA
2pm—2s.

(paccMoTpeHHasi  Bblllle JMMepH3allUsi 3THJeHa), Tae my
M my,— YHUCJIO w-3JEKTPOHOB B pearupymomux ¢parMeHTax.

ﬂpu)uettauue. 3xnechb YMECTHO CKa3aTb HECKOJbKO CJIOB OTHOCHTEJb-
HO YUc,mpaHc-u3oOMepHH. Ecau NMpU KaxJA0M H3 aTOMOB yrJjepojia B 3TH-
JileHe 3aMeHHUTb Mo OJAHOMY aTOMy BOJAOpOAAa ADYrMMH aToOMaMH (OIlHHa-
KOBBIMH HJIH paSHbIMH), TO CTAaHOBSATCH BO3MOXXHBIMH JBa PA3JHYHBIX
XUMHUYECKHUX COeJHUHEHHs. Ecsau 3TH aTOMB MM OCTaBlUHECSH BOJAOpOA-
Hble aTOMbl pAacCIoJIOXKEHBl 10 OJHY CTOPDOHY OT aTOMOB YyrJepoxa, TO
coelMHeHHEe Ha3blBaeTCsaA yuc, a ecyJHu No pasHble CTOPOHbI — MPAHC:

H\ /H AN /2
Z/C =< 2/"Ku
yuc mpauc

Ecaun B MoseKkyJ/e NDHCYTCTBYeT [Be ABOHHbIE CBSI3H, BO3MOXHa
YUc,mpanc-n30MepH 1 OTHOCHTEJNbHO KaXJ0H U3 HUX, H, CJIeJ0BaTeNbHO,
CTAaHOBSITCS TeOpeTHYeCKH BO3MOXHEIMH 4eThipe H3oMepa. HMHorja Bo3-
HUKaeT HeKoTopas NyTaHHIAa B HAa3BaHHH Yuc- U MPAHC-KOHDHUrypa-
uuii. Korna B Mosieky/ie mpuCyTCTBYeT MHOro ABOMHBIX CBsidelf, Ha3Ba-
HHE Y{uc- UIH MpPaHc-KOHQUrypamHuH OGBIYHO NMPHHSITO CBsS3bIBATh CO
cKeJleTOM, HJIH MaTepHHCKOH yrJepofHoH uenbio. Ecau ¢parMeHTH
yrjepofHOH IenH, CoefHHeHHble JBOHWHOH CBs3bl0, PACMONOXEHbl IO
OJHY CTOPOHY OTAeJbHOH JABOHHOH CBsS3H, TO KOHOHrypauus OyfeT
YuC MO OTHOLUEHHIO K 3TOH ABOMHOH CBSI3H.

7 8
H H H oo CH,CHa
N/ 6 Ne 3/ N; e/
/C—%\ /cm /C= C C=C
1 4 5
CH, =C CHs (HQ/ \H
/ N\ 4
H B
a 6

yuc-2.yuc-4 unC-2, mpanc-5
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B sTux npuMepax atoMe yriaepoia I u 4 (coelHHeHHe a), BXOASI[He B
MAaTepUHCKYIO YIJIEPOJHYIO ILeMb, DPAachnoJoXeHH N0 OAHY CTOPOHY
(yuc) pBoiuoi cBs3u C, = C3, a aToMbl 8 M 6, KOTOpble TaKXe BXOAAT
B MaTepHHCKY}O LleNb, PAaCIOJOXEeHBl MO OAHY CTOPOHY (Y4uc) ABOMHHOIM
ceasu C, = C;. CrefoBaTesibHO, 3TO COELAHHEHHE SIBISIETCS YUC,YUc-
coejvHeHHeM. AHaJlOTHYHOE pacCyXJieHHe TNPHBOAHT K Ha3BaHHIO
yuc,mpanc AN coepuHeHus: 6. HHorja sTa cxeMa CHCTeMaTHYeCKHX
HasBaHHN NpPHUBOJHT K HEeOYEeBHAHHIM BHBoJAaM. Hampumep, B ciyuae
CoeJlUHEHHsl, 3aMHCAaHHOrO KaK mpPanc,mpanc(s-mpanc)-usoMep, rie
R = CH, B pasz. 5.2.1 (ctp. 85). 3aMectutesn R HaxopsTcs no ofny
H Ty Xe CTOPOHY OT KaX<[io# NABOHHOMH CBsI3H, H MO3TOMY HEBOJNbHO MOXK-
HO 6buto Gbl 3aK/IOYHTb, YTO 3TO COeJHHEHHEe SIBJISETCS YUC,YUc-H30-
MepoM. OfHAaKO, NpPHMeHsIsT HOMEHKJAaTypHble MNpaBHJAa, MBl BHAUM,
YTO KOHEL MaTepHHCKOH LenH H3 ABYX JABOHHBIX CBsideil pacmoJioXeH
Ha CTOpOHe, NpPOTHBONOJOXHOH ee Hayaly, M, CJeJ0BaTe/bHO, 3TOT
u3oMep cjellyeT NPaBHIbHO Ha3bBaThb 2,3-AHMeTHI-2-mpawc,3-mparc-
rekcagHeHoM.

B conpsikeHHBIX oJiedpHHAaX NpPOCTbie CBS3H, COeJHHSIOIIHE BH-
HHUJIbHBIE TPYNNB, 0671a4al0T HEKOTOPLIMH CBOMCTBAMH JABOMHON CBSI3H.
DTOT YacTHYHBIH ABOHHOM XapakTep CBsi3H NMPHUBOAHT K BpalllaTeJlbHOMY
Gapbepy BOKPYr NOAOOHBIX «MPOCTHIX» CBsi3eil; MO3TOMY AJsl JAHEHa
TEeOpeTHYEeCKH BO3MOXHBI JBa KOHOOPMAaUHMOHHBIX H3oMepa. Eciu gBe
EHHHJIbHBIE TPYNNBl PAclo/oXeHbl MO OJHY CTOPOHY MpOCTOi CBs3H,
M3CMep Ha3bBAaIOT S-YuC, €CJH N0 pa3Hble CTOPOHBI — S-MPAHC:

S C c/c
SN TS

§-quc S-mpane

3mech s c3HayaeT, YTO yKa3aHa KOH(HUrypauusi OTHOCHTeNLHO MPOCTOMH
cBs3u (single bond). TakuM o6pasoM, B compsikeHHOM JHeHe BO3MOXK-
HBl He TOJNIbKO YUcC- H MPaxc-H30Mepbl OTHOCHTEJIbHO KaxkJAo# M3 ABOM-
HBIX CBs3eif, HO Tak)e CTAHOBSTCS1 BO3MOXHBIMH S-4UC H S-MPAHC-
KOHQHIypalHH OTHOCHTENbHO MPOCTOH CBsi3W. MOXKHO JIH Ha caMoM
nese BbEHTh NONOOHbIE H30MEphl, 3aBHCHT OT BeJHYHHbl SHEpreTH-
yeckoro Gapbepa mpu Bpailenudn. OueHb yacTo 3TOT Gapbep Ype3BhI-
yalHO MaJ, Taxk YTO NPH KOMHATHOH TeMmeparype GBICTDO HACTymaeT
paBHOBecHe M, CJeloBaTesbHO, S-MpPaHc-H30Mep AOMXKeH mNpeobiaiats
6s1arofaps MeHbLUMM CTEDHUYECKHM MNpensTcTBHsM. Ecau B compsiken-
HOM JHeHe, H300paxeHHOM Bblllle, OfMH M3 aToMoB H Ha kaxjaoM KoHIe
ey 3aMeHHTb OJHOH H TOH Xe rpynmoil, To yuc,mpaxc- ¥ mpasc,yuc-
u3oMepbl He OyAyT OT/IHYaTbCs APYr OT Apyra; MpPH 3TOM BO3MOMKHEI
BCEro LiecTb H30MepOoB:
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H z ) V4
NI R
Z\ 2/32.;\ z H \—H
-l: H \=/
VAR
K 4y H/ \H
yuc,mpanc(s-mpanc) yuc,mpanc(s-yuc)
H H H
AN N
Z —_— VA N
NN, N/ H
/
¥ \4 H/ Ny
yuc, yuc(s-mpauc) yuc,quc(s-yuc)
H VA A
\=/ \{ N bt /
Z/ \H 77 M
mpanc.mpanc(s-mpanc) mpanc.mpanc(s-yuc)

Ecau Z == Z B npuBeleHHOM BbIllle IPHMepe, TO YUC,MPAKC- U MPAHC,
yuc-u3oMeprl He OYAYyT HAEHTHYHBIMH, M MOCKOJbKY KaXABH H3 HHX
MOXeT CYLeCTBOBATb H KAK S-YUC H KakK S-MPawc, To oblee KOJHUECT-
BO BO3MOXKHBIX H30MepOB COCTaBHT 23 = 8.
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