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XuMuyeckas KHHeTHKa — HaykKa O MeXaHH3Me H CKO-
POCTH NMPOTEKAHHA XHMHUECKOH peaKiud — B OCHOBHOM 0a3u-
pyerca Ha ABYX (pyHILaMeHTaJbHbIX KOHCTAHTAaX: KOHCTAHTe
PaBHOBECHA M KOHCTAHTE CKOPOCTH peaKUuUd. 3HaHHe YHC-
JEHHLIX 3HA4Y€HHil 3THX BEJHUHH JaeT BO3MOXKHOCTb CTPOTO
YCTAHOBHTb JeTaJjibHbIH MeXaHH3M XHMHYECKOro Ipoliecca,
paccyHTaTh H ONTHMH3HPOBATh NPOMBIIJIEHHbIE PEaKTOpPHI,
ynpaBJsiTb XHMHYECKHM MNpoueccoM -H T. X. HemocpencrseH-

- HO€ onpeneseHHe YHC/ACHHbIX 3HaYeHUH 3THX KOHCTAHT CBsl-

3aHO C 3HAYHUTEJbHBIMH 3KCIEepHMEHTANbHBIMH TPYAHOCTSIMH,
B Hacrosiiee BpeMs BeAyTCs IIHPDOKHe MOHCKH IO CO3[a:
HHI0O CPABHUTEJBHO NPOCTBIX METOAOB ONpefesieHHs BeJH-
JHH THX KOHCTAHT HCX0Afl H3 (PH3HUECKUX CBOHCTB pearu-
pPYIOUIMX BellleCTB H IPOAYKTOB peakuuH. Pazpabarhl-
BAIOTCA KaK YHCTO TeOpeTHUeCKHe, TaK H ISMIHDHYECKHE
HJIM NOJY3MIIHpHUECKHE MEeTOJbl pacueTa. 5

KHHra H3BeCcTHOro amMepHKaHCKOTO yuyeHoro CuaHes

- BeHcOHa ~— KPYNMHOTO CHenHaJucTa B 06/1aCTH KHHETHKH H
- MEeXaHH3Ma Tra30BLIX peaklHl — MOCBAlleHa BaXXHOMY BO-

NpoCy — aHaMH3y H TeOPeTHUECKOMY pacueTy TepMOXHMH-
YeCKHX HAaHHLIX WM KHHEeTHYeCKHMX [apameTpoB ras3ogasHbX
peakuuéi. B HacTosilllee BpeMsa yxKe HaKOIIeHO JOCTAaTOUHO
KCIEPUMEHTANbHBIX [JAHHBIX MO TEePMOXMMHH H KHHETHKe
rasoBblX peakIHH; 3TO [1ajJ0 BO3MOXHOCTb aBTOPYy CHCTe-
MAaTH3HPOBaTb, AHAJU3HPOBATbH I[OJyuYyeHHble AAaHHble H Ha
3TOH OCHOBe MNpedJIOXKHTh PAl CPaBHUTEJNbHO MNPOCTHIX Me-

TOAOB TeOPEeTHYeCKOro pacuera STHX BeJHuuH. B kHure

CHCTEMAaTHYECKH pacCMaTpHBaeTCs CBS3b TepNIOXHMHH TEep-

~ MOAMHAMHKH H KHHETHKH XHMHUeCKHX . peakuui. IlogpobHo

aHAJIM3UPYeTCA MPHHIHKI [eTajJbHOrO PpaBHOBECH:A, OMpene-
JeHHe CTaHAapTHOrQ <COCTQsiHHA, CBOOOAHAF 3Heprus
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aKTHBallMH, NapaMeTpbl apPEHHYCOBCKOTO ypaBHEHHS, OTpH-
HaTesbHbId TeMnepaTtypHboli kKosdduuuedt u 1.4 O6pa-
IaeTcss ocof0e BHHMaHHe HA MeETOAbl ONpelejeHHsl TepMo-
XHMHUYECKUX JaHHbIX. ABTOp ray6OKO aHAJMH3HUPYEeT HCTOY-
HHKH TMOJIyYeHHs] TEPMOXHMHUYECKHMX JaHHBIX, [pPaBHJO
ANOUTHBHOCTH CBOHCTB MOJeKyJbl (aZAHTHBHbIE CBOHCTBA
NPOYHOCTH XHMHUYECKOH CBA3H M aNJAUTHBHLIE CBOHCTBA OT-
NEJIbHBIX TPyINN), HerpynnoBble B3aHMOLEHCTBHS, - T€PMO-
XHMHIO UHUKJIOB, TEPMOXHWMHIO TAa30BbIX DeaKIMH 0OpPH MNOBbl-
LIeHHbIX TeMIlepaTypax U T. .

Ilonpo6HO paccmaTpuBalOTCss MeTOAbl  ONpeneeHHs
yaenbHO# TtersioeMKocTH (Cp) ¢ ydyeToM KoJeGaTenbHbIX
H BpallaTeJbHBIX YacCTOT, 3J€KTPOHHOTO BO36GyKAEeHHS,
uucaa CHMMETPHH H T.A. ABTOp TNPENJOXKHJ MNPOCTOR Me-
TOA OLEHKH YJeJIbHOH TeIlJIOeMKOCTH. AHaNH3UDPYIOTCA Me-
TOABl ONpeneJeHHs 3HTPOIHUH H JaeTcsad KOJHUYeCTBeHHAas
OHEHKA BJHAHHSA Pa3/HUYHBIX (PAKTOPOB HA 3Ty BeJHUYHHY.

B xnure cHcreMaTH3HPYIOTCS HMEWOLIHECS B HACTOsee
BpeMsl NaHHble MO KHHETHKE Pa3/IMYHbIX rasogasHbiX peak-
UMA  (pacnana, accouuMalHH, 3aMelleHHss H Ap.) M AaHbl
fIpOCThIE€ [IpAaBUJIA, C MOMOLULBIO KOTOPBIX MOrYT GObITb Hall-
fleHbl mMapaMeTpbl ypaBHeHusa AppeHHyca B paMKaX TeOpHH
nepexogHoro cocrosaHusi. [IpuBoasaATCcHE  MHOTOUHCJAEHHbLIE
KOHKpeTHble MNpHMephbl pacyeTa 3HEPruH AaKTHBAUHUH H
IIPEA2KCIOHEHTOB pPa3JIHYHBIMH MeTOJdaMH. ABTOp jeTalb-
HO aHAaJIM3HpyeT OTHeJIbHble 3JieMeHTapHble aKThl rasodas:
HbIX. peaKUH# H KHHeTHYeCKHe TeOPHH CTOJKHOBEHHH U Ie-
PeXOJHOro COCTOsIHHS, JlaeT aHaJlu3 cTepHyeckoro ¢akropa
# POJIH XHMHUECKHX II€PCXOAHbIX COCTOSIHHH B CJAOMHBIX -
peakuHsX, CTEpPHUECKHX B3aTpPyJdHEeHHH pe3OHaHCy B I[epe-
XOAHOM KOMIlJIekce. DoJsablioe BHHMAaHHe YyAe/AeTcs BO-
HpOCy O pOJIM TPOLECCOB MepeHOoCa 3HePruH MpH rasogas-
HBIX peaklHuaX H PeaKUHsiM HOHOB. |

JlJis1  COBeTCKOro uHTaTelisi, BO3MOXKHO, MeHee HHTe-
pecHa nocJielHsis I1aBa, B KOTODPOH OOCYyXAalTCst HOPHJIO-
JK€EHHs1 PpacCMOTPeHHblX METOAOB  pacueTra K CJO0MKHEM,
B YaCTHOCTH LeNHbIM, peakKuUHAM, TaKHM, Kakxk KPeKHHT,
OKHC/IeHHe OpraHH4YeCKHX COeJdHHEeNHH H TeJOMepH3aLus.
ABTOp paccMaTpHBaeT OCHOBHDLIE MOJOXKE€HHUs1 LEeNHOH Teo-
pUH, KPHTEpHH LEMHOro xapakxkTepa [Hpollecca, KOJIHUe-
CTBEHHOH OLCHKH AJHHBl LenH. [leTabHO aHAJIHUIHPYIOTCH
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. 9J1emeHTapr1e MPOLECCH MHULHMHPOBAHHUS, NMPOJONKEHHA H
06prBa Ield, PeakKUUOHHOCHOCOOHOCTh H  CeJEKTHBHOCTD
[: paauKa/oB, KOHKYDPHPYIOLIHE CTAJAHH LENHBIX NPOILIECCOB H
£ MPOAYKTHl WX, BTOPHYHble peaKiUHH H NpoOJeMbl TOMOTeH-
}. HOT'0 KaTaJusa. |

g [lo Bcem PACCMOTPEHHBIM B 3TOH TI/laBe BOMPOCAM
. B COBETCKOH HayuHOH JiuTepatype MMeeTcs Psj NPEBOCXOA-
F' ubix MOHOrpadmii, B KOTOPBIX 3TH NpobseMbl 06CyXIa0TCH
K Oonee ray6oko H  wupoko. Hanpumep, wmoHorpadus
¢ H. H. CemenoBa «O HexoTopblx npo6GjaeMax XHMHYECKOH .
f KMHETHKH M peakuuoHHou cmoco6uoctH», M3x. AH CCCP,
. 1958 r. Tem ne MeHee nauHeie u 310l rnaBbl C. Bencona
- OyAyT MOJIE3HbI /18 COBETCKOTO YUTaTeNs. .
" HCKII04nTebHO LieHHble TepMOXHMMHUECKHe NaHHbIE COg
L JlepXXaTcs B NPHUJIOXKEHHH, BKJAlouawmeMm 22 Goablide Tal-
f JIMUbI, B KOTOPBIX AJS Pa3HbIX THHIOB OPraHHYECKUX COEMIH-
§. HeHudl (KuCJOpOA-, cepy-, a30T-, TajJoreH- H MeTasJCoAep-
- KalluXx) [pHUBOAATCH  3HAUEHH  TepPMOJAMHAMHYECKHX
¥ napametpoB (AH, S, Cp) B cTaHAAPTHBIX COCTOSHHAX U NPH
f- pasaMYHbIX TeMnepartypax. B cneuuanbHbix  Tabsaumuax
. TpeACTaBJeHbl TePMOXMMUUYECKHe [JaHHble M rasodas-
P HbIX TOJUATOMHBIX MOJEKYJ H OpPraHMYecKHX CBOGOZHBIX
. pagukanos. OTaenbHO TNPHBOAATCH TAOJHUBI CPEeLHHX 3HA-
- YeHHH KOBAJIGHTHBIX DAaJHyCOB U JJHUH CBS3eH, NPHOJIH-

[ KGHHbIX BEJMUHH MOMEHTOB WHEDIHH, XapaKTepPHCTHKH

. Gapbepos cBOOOLHOrO BpallleHHS BOKPYr €IHHHYHBIX CBS-
¥ " 3eff, konebaTeabHbIX YacToT. B Tabnuilbl CBeJeHb M HOBbie
. JaHHbIE MO TEMJIOTAM H 3HEPrusiM JIHUCCOLHALHUH HeKOTOprX
' CJIOXHBIX OPTaHHYECKHX MOJIEKYJ.

t. K coxanennio, B KHAre He HallJM JOCTaTOYHOIO OTpa-
¢ XKeHHs paboThl APYrHX aBTOPOB, B YACTHOCTH paboThl CO-
' BeTCKHX VYeHblX, OT uero Kuura, 06e3yCq0BHO, HAMHOIO
E' IPOMTpLIBAET, -
' | H. Erukoaonan
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'~ 3a nocaenHee 1ecATH/IETHe B MOeH nabopatopun Obla
~ paspaGoraH psald OTHOCHTENbHO MPOCTHIX METOAOB AJIS Obl-
~ CTPOro H JIOCTATOYHO TOYHOIO ONpeJe/eHHs Kak TEPMOXH-
MHYECKHX [aHHBIX, TaK H KHHETHYECKHX NapaMeTPOB raso-
- Buix peakumit. Ceilyac 3TH MEeTOABI Pa3BHJIHCh HACTOJBKO,
YTO HX MOXHO C YCIeXOM NPHMEHATb [Jf  KPHTHUECKOTO
aHaJM3a CPABHHUTENbHO CIOXHBIX XMMHYECKHX MPOLECCOB.
B npeanaraeMoll YHTATeNI0 KHHTre JAaHO CHCTEMATHYCCKOR
 H3JIOKeHHe YKa3aHHbBIX MeTOJOB H, KpoMe TOro, mpHBe-
' meHB! NMpHMepbl WX NpHMeHeHus. lIpeanmosaraercs, 4TO HH-
TaTeslb 3HAKOM C 3JeMeHTapHbIMH TMOHATHSAMH TEPMOJAHHA-
" MHKH XMMHUECKMX PaBHOBECHil HJAeasbHbIX [a30B, a TaKXe
¢ OCHOBHBIMH HAESIMH XMMHUECKOH KHHETHKH. ‘
B ra. 1 paccmaTpuBaeTcs CBI3b MexXAYy KMHETUUECKHMH
W TepMOXMMHUECKHMH TapaMeTpaMH, a B TJ. [l onucaHbl
MeToAbl OIpefeJeHHsl SHTPONHH, Tem10T 00pasoBaHus H
'MOJIIpHBIX TEMJOEMKOCTeH MOJeKyad H pajuKajoB B raso-
goii ¢ase mnpu 300—1500° K. ITpu 3TOM HEKOTOpHIE H3
 coelHHEHHHl HMMeIOT MAOBOJBHO CJIOXKHYIO CTPYKTYpy (Ha-
npumep, noaunukas). [a. Il nocesiweHa cHcTeMaTHue-
CKOMY aHaJiu3y COBpPEMEHHBIX AaHHBIX O razodasHbiX peak-
Husx. B Hell mnoxkasaHO, Kak C TNOMOIUbI0 HEKOTOPBIX
‘HeCJOXHBIX TNPHEMOB MOXHO CBsi3aTb appeHHyCOBCKHE
- mapaMeTpbi, XapaKTepusyiouipge 3TH PpeakluH, C TeopueH
' nepexomHOro cOCTOsiHUS (QKTHBHPOBAHHOIO KOMILIEKCa) .
- TlpuBefeHbl TpUMepbl OUEHKH SHePTHH AKTUBAUHH H NpeA-
' SKCIIOHEHTOB [Js HeKoTophix peakumit. B ra. IV obey-
" KIAIOTCA BONPOCH PHMEHEHHs MeTO/a IJisl aHajHsa CJIOXK-
HbIX NPOIECCOB, TAKHX, KaK paJNKaJbHO-LENHOA MHPOJH3,
TeJIOMepH3alus M OKHCJIeHHe OpraHuvyecKux coeIHHEHHH.
B npujiOKEHHH COJepKaTcs [0Je3ible TEPpMOXHMHUCCKHE
[laHHbIE,
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FiyGokas cBA3bL MeXAy TEPMOXHMHUECKHMH H KHHETH-
UECKHMH TapaMeTpaMH, KOTopas JIeXHT B OCHOBE TeOpHH
H METOLOB, pAacCMaTpPHBaeMHIX B 3TOH KHHTe, SBHJIACH
HCTOYHHKOM HECKOJIbKO HeoObIYHOTO HasBanus «Tepmoxu-
MHYECKasi KHHETHKAY.

Ouenb BaxHas o6nactb peakumii B KOH/IeHCHPOBaHHOM
- (ase He paccmaTpHBanach, MOCKOJABKY AJf 3THX peakiui
NAHHLIH METOX II0Ka He 'VAAJ0Ch TNPHMEHHTb CTOMb XKe
yCHEIIHo, KaK MpH aHalu3e rasodasublx peakuui. Pawo
HIH NO3MHO 9T0 OYAeT CAeNaHo, H A HAJeloCh, YTO JaHHAS
KHAra NMOCHYXHT TONYKOM ISl PACTIPOCTPAHEHHS METOL0B,
yXKe Da3BHTHIX A48 rasopasHbX peakiuuid, Ha. peaKuun
B KOHJICHCHPOBaHHBIX (as3ax. Ectb Bce ykasawns Ha ToO,
YTO 3TO NPOH30HAET BCKOPE. | |

B ocHOBY KHHTM B 3HAUHTENBHON Mepe GBIH MOJOKEHH
JI€KLHH, KOTOPbi€ [BA ToJa YHUTANHCh B JIETHHX IWIKOJAX MO
Kunernke B Crendopackom yuusepcutere. § BbIpaxaw npH-
S8HATENBHOCTb CAYWIATENAM ITHX IIKOJ, PABHO KAK H MOHM
COOCTBEHHEIM YWERHKAM H KOJJIEraM, 3a HHTepecibie H I0-
JAe3Hble OGCYXREERHS MHOTHX peakiuii, paccMaTpHBaeMBIX
B kuure. OcoGeH0 s xotenm 6 NMOGIArofapuTh A-poB
I. M. Tonnena, I'. Xorena, ®. Kpyiikwanka npogeccopa
O’Huna 3a npyskeckyio xputuky u npepnoxenus. Xore-
70Cb Obl NMOAYEPKHYTb OYeHb LEHHYI NoMowps E. Dpxuc
- [IpY TMOATOTOBKE K NeYaTd GeCKOHEYHHIX BADHAHTOB STOM

PYKOIHCH. | -
Cubned ¥. Bencon
Meno TTapk, Kaangopuus | |
Mapr 1968 r,
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PABHOBECME M CKOPOCTb PEAKLIMU

.1. TEPMOAMHAMUKA U KUHETHKA

CorstacHo BTOpPOMY HauaJy TepMOAHMHAMHKH, BCsKas
3aMKHyTas HM30JHPOBaHHAs CHCTeMa NpPHO/HXKaeTCs K CO-
CTOSIHHIO «DaBHOBECHS»,. IPH KOTOPOM €e CBOHCTBA CTAHO+
BATCS He 3aBHCALIMMH OT BpeMeHH. Ecau HM3BECTHH 3H-

TaJablIUH, 3HTPONHH H YpaBHeHHA COCTOSHHSA XUMHUYCCKHX

KOMINOHEHTOB CHCTEeMbl, Mbl MOX€M TOYHO MpPeACcKasaTb XH-
MHYeCKM#I C€OCTaB KOHEUHOI0 PaBHOBECHOTO COCTOSIHHA.
OaHako TepMOJAHHAMHKA He JaeT KaKHX-1H0O YyKa3aHuil
0 BpeMeHH, HeoOXOAMMOM A1 [OOCTHXEHHs PpaBHOBECHS,

W O MOBeJAeHHH H COCTaBe CHCTEMbl B mpolecce npubanxe-

Hus1 K paBHoBecHi0. OTBeTHTH HA 3TH BOMPOCHI MOXET XH-
MHUeCKas KHHETHKA, M3yuaioulas CHCTeMbI, CBOHCTBA KOTO-
pbiXx 32BHCAT OT BPEMEHH. |

Ha nepBbifl B3rysil MOXeT M0OKa3aTbCfl, YTO KHHETHKa
n TEPpMOJHHAMHKaA HMeEIOT OYeHb MaJjo o6mero. Opanako
3TOT BBLIBOJ HeBepeH. B HacTosilled KHHre MBI nonbiTaeMcs
nokKa3aTh, 4YTO TEPMOJHHAMHKA, a TOUHee, TePMOXHMHHE-
CKHe CBOHCTBA BelleCTB HAKJAAABIBAIOT KeCTKUe OrpaHHye-
HUA Ha KHHeTHYeCKHe lapameTphl, HCNIOJb3yeMble AJA ONH-
CaHHf CHCTeM, H3MeHsaouuxcsa Bo BpeMeHdu. [IpHuuua

'3TOro KpoeTcsd B JHHAMHUYECKOM Xapakrtepe <«HCTHHHOTrO»

COCTOAIHMSI DABHOBECHA, NMPH KOTOPOM Ha MOJEKYJApPHOM
ypOBHe [POHCXOAAT XHMHYeckve H3MeHeHus. Kaxymascs
MaKpOCKONMHUECKas HEHW3MEeHHOCTb COCTaBa H CBOHCTB CH-
cTeMbl SIBAAETCS CJAeJCTBHEM TOro, YTO B COCTOsSIHHM PaBHO-
BeCHf CKOpOCTh O0pasoBaHusl KaxAoH uacTHUb M; pasHa
CKOpocTH ee HcuesHosenus, T.e. d(M;)/dt = 0. das ka-
WKOOr0 HE3aBHCUMOTO CTEXHOMETPHUYECKOro ypaBHEHHS XH-
MHYeCKOH peakLHH, KOTopoe MoxKeT ObiTb 3aMHCAHO A
CHCTEeMbl, KOHLIEHTpPAaliMd BCeX pearenTtoB H MNPOAYKTOB
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cBs3aHbl MexxAy cO00H cTeXHOMeTpHUECKHMH KoabdHIIHeH-
TaMH. Tak, 019 ypaBHEeHHS] peaKUHH

o GA+bB+ ... =2pP+qQ+ ..., (I. 1)
NETROT D1
_%(ié.fl)z_- . =R. (L2

YpaBHenne (I.2) onpemensier R Kak 0600lIeHHYIO YAeJb-
HYI0O CTEXHOMETPHUECKYIO MOJSAPHYID CKOPOCTb peaKLHH
(I.1) *. DBpuinosHeHHe CTeXHOMETPHYECKHX COOTHOIUEHHI
MeXKJy peareHTaMH H NPOAYKTAMH peakKilHH O3HAYaeT, 4TO
A5 KaxKJ0ro CTeXHOMETPHYECKOTrO YpaBHEHMUs CYLIECTBYET
OOHO H TOJBKO OIHO He3aBHCHMOE KHHEeTHYEeCKoe ypaBHe-
- HHe, ONpeneJfdiollee paBHOBeCHOe cocTosiHue. Jas npo-
CTOTHl 3TO K€ MOIKHO BBIPA3HTL C MOMOLIbI) COOTHOILIEHHS
R = 0. B npouecce npubyinKeHHs1 K paBHOBecHIO R =# 0.

B of6wem caydae R saBasercsa (pyHKUHeH BHEMIHHX IIe-
peMeHHBIX, TaKHX, Kak 06beM, TeMIepaTtypa, HanpsxeH-
HOCThb  3JIEKTPHYECKOr0, MATHHTHOTO, TpPaBHTAllHOHHOTO
noass M T.JH., a4 TakXe XHMHYECKOTO COCTABA CHCTEMbl.
Ecan B ycaoBusx pasHoBecusi R, (V,T,A,B,P,Q,...) =
= 0, To MeXIy 3THMH BeJHUHHAMH [NOJIXKHA CYILIECTBOBAaTb
cBaA3b. OgHAaKO TepMOAMHAMHKa AdaeT HaM ApPyroe COOTHO-
lleHHe MeXJAYy 3THMH BeJHYMHaAaMH B (oOpMe KOHCTAHThI
paBHOBecksi K;. 3TO B CBOIO ouepeAb MNpeAnoJsaraer KoJiH-
‘YeCTBeHHble COOTHOLIEHHS MEXK/Ay KOHCTAHTOH pPaBHOBEEHA
K, u ckxopocTsiMu, BXOASILIHMH B YypaBHeHHe R; = 0.
B nauGojsiee npocToM ciayuyae, KOrxa CKOPOCTh peakiHH
(I.1) BeIpaxkaeTcss yepe3 KOHCTAHTbl CKOPOCTH HOpsSIMON H
o6paTtHOli peakuHu R, H Kk_;, KOHCTAaHTy paBHOBecHs K
MOKHO MpPeACTABHTDb B.BHE -

R
Ky =4 | (1. 3)

* ToBops 06 ynenAbHOR CKODOCTH pEaKUHH, YacTO HMEIOT B BUAY
CKOPOCTb, C KOTOpPO#l nNpoTeKaeT DEeakuus, KOrja KOHUEHTPAUHH BCex
peareHToB paBHbl 1. B 3TOM caydae yaesnpHas CKOPOCTb YHCJEHHO paBHa
KOHCTAHTE CKOPOCTH, 3/lecb H jJaJiee pedb Moiaer o6 yAenbHOH cTexHo-
MeTpHYeCKO® CKOpPOCTH, T. € O CKOPOCTH H3MeHeHUsi KOHUEHTpalHH
JlAHIIOrOo peareHTa, OTHECEHHOH K COOTBETCTBYIOIUIEMY CT€XHOMETpHYe-
CKOMY Ko3Qpuuuenty. — [lpum. ped.
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CootrHowiedne (I.3) mokasbiBaet, UTO H3 TpeX BeJHUYHH R,

. k_y v K; TOnbKO ABe ABAAIOTCA HedaBUCUMBIMH. Ecau Tou-

HO HM3BeCTHBI 3HayeHHA JIOOBIX JABYX BEJHYHH, TO C
nomoubio ypaBHenus (I.3) oamnosmauHO ompenensieTca H
Tperbsi. Kak mpaBusio, KOHCTAaHTbl PAaBHOBECHS OMNpEAEIHUTb
npole, YeM KOHCTAHTBI CKOPOCTH, IO3TOMY 4Yalile MOJb-
3yIOTCS ,yPaBHEHHEM (I.3), urTob6bl cCBA3aTh KOHCTAHTHI
CKOPOCTH NpsiMOil H oO6paTHOM peaKUHH B TeX cayyasx, KO-
ria U3BeCTHA TOJBKO OJHA H3 HHUX. -

1.2, PEAKUMS HAEANBHBIX FA30B

[TonsiTHe <«MOJeEKyJia» HMeeT BIOJHE OTYeT/IMBbIH
CMBICJ TOJIBKO [Jsl PaspesKeHHbIX rasoB, B KOTOPHIX MHIH-
BHAyaJbHble MOJIEKYJbl H30JHPOBAHBl APyl OT Apyra B Te-
qJeHHe 3HAUHTEAbHO OOJblllero BpPEeMeHH, YeM IIPOAOJIKH-
TeJIbHOCTb CTOJKHOBeHHsi. CoOCTOsIHMe CTOJIKHOBEHHA Tpe-
Gyer Gosee TOuHOTrO oOnpefesaeHHs. Mel onpenesseM -€ro
Kak TakKoe COCTOsiHHe, B KOTODOM 3HeprHusi B3aHMOJEHCTBHSA
napsl MOJIEKYJI | H R \Ejhl = kT. , ,

" Koneuno, 3T0 omnpeaejeHde BIOJHe  IPOHU3BOJbHO,
0JHAKO OHO OUEHb IOJIE3HO U HMeeT HeKOTOpble HeOXHu/AaH-
Hble caeacTBUs. [lepBoe ciaeACTBHE COCTOHT B TOM, UTO ApH
a6CoOMIIOTHOM HyJle BCe MOJIeKyJ/bl B CHCTEeMe MOCTOSIHHO Ha-
XOAATCH B COCTOSIHHHM CTOJNIKHOBEHHs, H II03TOMYy MOHATHE
YMHAMBHyaJbHAsi MOJIEKyJla» HJW TepseT CMBICA, HJH
' ROJIKHO OBbITb ONpeJe/IeHO KaK-TO HHaue. BTopoe'c.nen-
CTBHE 3aKJIOYaercs B TOM, YTO [pPH KOMHAaTHOH TeMmepa-
_type (~300°K) B rasopodl ¢ase apa HOHA MOXKHO CHUH-
“rTaTh HaXOAALIUMHCA B COCTOSAHHH CTOJIKHOBEHHH, €CJIH OHH
yaajeHsl APYr OT Apyra Ha pacctosHue, MeHbulee 550 A,
~ TIOCKOJIbKY ~ 3HEPrHs HX KyJOHOBCKOTO B3aHMOLEHCTBHA
Ej = &/rjn = RT = 600 xaa/moae JLOCTHraeTcst  INpH
Fipn = 550 A. '

- ‘B CcBSI3H €O CKa3aHHBIM BBILIE OrPaHHYHMCS PACCMOTpe-
HHeM pa3peKEeHHbIX Tra3oB, COCTOSILIMX H3 HEHUTpPaJbHBIX

.Iqac'rau, AJs KOTOPBIX NMOJHOCTBIO NPpHMEHUMO- NMOHATHE MO-

JIeKyJlbl, 8 TepMOAMHAMHYECKHE H KHHETHUECKHE NapaMeTpbl
'MOTyT OBITb BBIP@XeHb! C I[OMOMUIBIO MPOCTHIX NapameTpos
Monekys. Kak HM3BecTHO, peakilil B KOHAEHCHPOBAHHBIX ¢a-
3ax MeX1y HEMOJIAPHBIMH HJH cJ1a60 NOJsAPHBIMH Mo.neKy
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JJaMH He OYe€Hb CHJBHO OTJHYAIOTCs OT peakluil B rasoBoH
¢asze. B 10 e BpeMsi MeXAy HOHHBIMH peaKUHSIMH B pac-
TBOpaxXx C BBLICOKOH MAHM3JIEKTPHYECKOH  IMPOHHIAEMOCTbIO H
rasoasHbiMH peakUHsIMH CYUIeCTBYIOT MPHHIUAMHAJNbHBIE
pasnuyus, IO3TOMY 3TH peakKlUHH 3JeCb HE pacCMaTpPHUBAIOTCA.

1. 3. MPUHLUMN AETANBHOTO PABHOBECMS

CooTHolleHHe HeoNpeneNeHHOCTEN OrpaHH4YHBaeT HallH
BO3MOXXHOCTH TOYHOro omnHcaHusa MoJekyabl. Han6osnee
MOJIHO OMHCaTb MOJEKYJY MOXKHO C NMOMOIILIO Hab6opa KBaH-
TOBbIX YHCeJI, XapaKTepH3YIOILHX 3JeKTPOHHbIe, NOCTyMna-
TeJbHble, BpalllaTesJbHbie H BHYTPeHHHe KoJsebaTeJbHbie CO-
CTOSIHHAL CcHCTeMbl. MOXKHO CUHUTaThb, UYTO Ka)XAblfi Takoi
Habop 4YHCeJl XapakTepH3yeT ONpeAeJEeHHYIO HHLLHBHIlyaJIb-
HYIO B XHMUYECKQM OTHOIUE€HHH YACTHILY.

MonekynsipHble CTOJIKHOBEHHSI B pPa3peXeHROM rase
B YCJNOBHMSIX PaBHOBECHs BLI3bIBAIOT OOMEH 3HeprHell Me-
XKAY YYACTBYIOIIHMH B CTOJIKHOBEHHSIX MOJIEKYJaMH H Ta-
KHM 00pa3oM H3MEHSIIOT HMX KBAaHTOBBle uHcaa. [losTomy
o6MeH 3HEPrHeH MOXKHO paccMaTpHBaThb Kak MPOCTeHIIHA
XHMHYECKHH aKT. |

[IpyHUMN nertasbHOrO paBHOBeCHSA TA4CHT, YTO B YCJIO-
BHfIX PaBHOBeCHs YyledbHasi CKOPOCTb KaXJA0Oro SJeMeH-
TAapHOro Ipolecca TOYHO paBHa yJeJbHOH CKOpPOCTH obpart-
HOTO mnpollecca. YaesbHas CKOPOCTb 3J€MEHTapHOTO Mpo-
lecca, MPOTEKalollero IPpH CTOJKHOBEHHAX, MNOJXKHA OLITb
MPONOpPIIHOHAJNLHA YHCJAY 9THX CTOJKHOBEHHH, KOTOpoe
B CBOIO Ouyepeab MNPONOPLHOHANBHO NPOH3BEAEHHIO KOHIEH-
Tpauui coyjaapsiiomuxca 4dactdHi. KosdduuueHt nponop-
LLHOHAJbHOCTH Mbl 6yaeM Ha3biBaTh Y/AeJbHO# KOHCTAHTOI
CKOpOCTH peakuuu. Paccmorpum 1pouecc kKoJjie6aTesbLHOrQ
BO30yXKIeHHA MNpPH CTOJKHOBEHHSAX MoJeKya Nz, Haxoxas-
IHXCSl B OCHOBHOM KoJie6aTeAbHOM COCTOSHHH (v = 0):

N + M —l__-_:N&”+M, (1.9

rie M — nwo6oli maptHep coynapemm B coctosthuu pas-
HOBECHS

av] _ —a[ng)]

Ri=—% dt

=k, (M) [V ] = £ IMI[NP] =0 (15)
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. - HJH

- . (L6)

- 3TO COOTHOIlLIeHHEe MOZAKHO BbBIPpA3HTb TaKXKe ¢ MNDOMOULBIO

KOHCTAHTbl PABHOBECHS!

(1
[Nz_]eq — Ky = e—hVIkT ' | (1. 7)
(G | :
eq
rae v— KoJiebaresnbHass uacrota N, Ilostomy
ky |
73'—_1 = K. | (1. 8)

Ecinu cucteMa COoep:KHUT MHOTO pas.rmqnbxx rasos M;, ka-
XKALIH H3 KOTOpBHIX crnocoOeH MepexaBaTb 3HEPTHIO MoJie-
KyJde Nz, MOKHO AJA Ka>XIOro OTAENbHO 3aMHCATh aHaJo-
THYHbIe KHHETHUECKHe ypaBHEHHﬂ H MOJIYYHTH B pesy.nb'ra're

- = 7 = - 2 e = 1s Ao
k_y k_y K

’ : I. .
rae By H BR—; COOTBETCTBYIOT MoJiekyjde M; u T.a. Ecan
Mbl paccMOTpHM OGoJiee NPHUBLIYHBIH THI XHMHUYECKOH peak-
[HH, HATIPHMEp OTPHIB aTOMa

H+ClL, z=2HCl+Cl, (1. 10)

MOJYyYHM aHAJOFHYHbIA pesyabrat *

k. [HCIl [Cll,

By T T [Clhle, [Hleq

(L 1 )

XoTs NnoJgyydeHHbi€ BLILIC pESYJIbTaTbl BEPHbBI IJisi paBHOBEC-

HbIX CHCTEM, BO3HHKAECT BONpPOC, OCTAHYTCA JIH OHH cCHnpa-
BeIJJIHBBIMHA AJi1 CHCTEM BAaAJH OT paBHOBeCHﬂ, 0cOGeHHO
JJisg CHCTeM, B KOTODBIX IIDOTE€KAaeT XHMHYECKas peaKIuf.

* D1o CchnpaseAJHBO JIMHIIbL NPH YCJOBHH, YTO XHMHYECKas peaxkuusd

He co3naer OOJbIIMX BO3SMYHICHHH (QYHKUHH pacnpeaesueHHs 10 3IHep-
roaM Mogekyda. [1ns odeHb ObICTPbLIX peaKUMH COOTHOWIEHHS, aHAJOrHYs

paie (1. 11), MoryTr He BBIMOJHATDLCA,
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| Crenyer uMeThr B BHIY, YTO KOHCTaHTA CKOPOCTH JIIO-
00l XHMHUYECKON peakKilHH, AarxKe 37IEMEHTapHOTO akra (Ha-
npuMep, Ko/1e6aTeNbHOro BO3GYXKICHHS), SBASETCH CJIOIK-
HOH BeJIHYHHON, XapakTepH3y'ouleil JAaHHYIO MOJIEKYyJy.
OHa nonyyaercs B pesyJbrare yCcpeJHeHHs N0 BceM pas-
HOBECHBIM MOCTYNAaTeJbHbIM, BpallaTeJbHbIM H KoJie6a-
TEJbHBIM COCTOAHHSIM COYINApAKUIUXCS MOJEKyJa. Jlerko
NOHATB, YTO B NpOLEcCe NPOTEKAHUS XHMHUECKOH peakIHHe
34CEJI€EHHOCTh PAa3JIHYHbIX YPOBHEH OTJHUYAETCH OT TOM, KO-2
TOpas HMeJa Obl MeCTO INDH HCTHHHOM paBHOBecHH. [lo- «
3TOMYy KOHCTAHTBI CKOPOCTH MOTYT H3MEHATbCA N0 Mepe
NIpOTCKaHus peaKUUH H, TakuM oO0pas3oM, HIOJKHBI OTJIHU-
1aThCsl OT PA@BHOBECHBIX KOHCTAHT ckopoctH. Kak 3to 0T-
pa3uTCs Ha JeTajlbHOM pPaBHOBECHHM H HA COOTHOHIEHHSIX
~tuna (1.8) u (1.9)? - | -

Oxno mnpocroe sIBJAeHHe JOJIKHO oOHapyXXHUBaThCsA B
cllydae XMMHUECKOH peaKUHH, CONPOBOXKAAEMOM 3aMEeTHbIM
HOrJolmeHueM HJIH B'bmegléHHeM tensaa. TenJgo, BelaeJgseMoe
IPpH 3K30TEPMHYECKOH peaklHH, HOJNKHO OBbIThb OTBEJEHO H3
PeaKIHOHHOH CHCTEMBl NyTeM TENJIONPOBOAHOCTH H (HJH)
KOHBEKIHH K CTeHKaM ‘COCY/a, KOTOPH NOMelleH B TepMO-
crar. Tak Kak CKOPOCTH KOHBEKHHH H TEIJIONPOBOIHOCTH
B rasax HEBeJIHKH, TO B pe3yJbTaTe 3K30TePMHUYECKOMN
‘PeakHHM TeMHmepaTtypa pearipyollero rasa NOAHUMETCH,
YTO B CBOIO Ouepelb BbI3OBET YBeJHUeHHE KOHCTAHTHI CKO-
pocTH. AHAJIOTHYHBIM obpa3oM 3HAOTEPMHUECKAas peaknus
BbI30BET OXJIaXKJI€HHWe rasa, 4YTO MPHBOAHUT K 3aMelJeHHIO
peakxiuu. |

Onrako chopMmynHpoBaHHBIe Bbllle TPYAHOCTH He fB-
JIAIOTCS HENMPEOAOJHMBIMH MO CJeAyloled npuunHe. B 60/b-
ITHHCTBE CJAYyYaeB BO3MYIUIEHHsI 3aCeIeHHOCTEH B MOJeKy-
JIax 'TI0 SHEPreTHYeCKHM COCTOSIHHAM npeHeOpeKHMO MaJHhl.
B 3Tux yc/0BUSIX yHeNbHBle KOHCTaHTBI CKOPOCTH peakuHu
HMMEIOT Te€ - 2K€ 3HAUEHHsl, UTO H INPH pPaBHOBECHH, a no-
STOMy - cooTHowieHHe K = Riy/R_; ocraercs chnpasenau-
"BbIM ¥, - - ‘ :

* HTo6bl yyecThb BO3MYyLIEHHS, Bhi3blBaeMble I'pagHEHTAMU ‘TeMmmepas
Typ; KHHETHUYECKHE YypaBHEHHS HeOOXOAHMO IPOCTO pPelIaTh COBMECTHO
C YPaBHEHHSAMH TeIVIONIPOBOAHOCTH M KOHBEKIIHH. AHAJOrHYHHIM. 06pa3oM
"BO3MYWEHHST MOTYT BO3HMKATh B KOHHUEHTPAllHAX, U HX TOMXe HeobXxo-
AMMO  yYHMTBLIBATb, J00aBJfAsi K KHHETHYECKHM YPaBHEHHAM ypaBHEHHs
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B cucTemax, rie BO3MYIUEHHSIMH B 3aceseHHOCTAX

* - .genb3s npeHeGpeub, HabalogaeMble KOHCTAHTbI CKOPOCTH .

OTJHYAKTCA OT MAOCTYIIHBIX J51 W3MepeHHuda IIpH paBHOBE-
cun. Tem He MeHee MNPHHUHMI A€TaJbHOTO paBHOBECHSA BbI-
NOJIHSIeTCH OJd KaxKJIO0ro 3JeMEHTapHOro dKrTa. Taxk, ¢CJIH

r
k| — HepaBHOBeCHasi yleJbHas KOHCTAaHTAa CKOPOCTH 3Jje-
MEHTapHOTO I[polecca MNpH BO3MYIUEHHH 3acCe/eHHOCTH,

‘ak'_l—KOHc'raHTa CKOpOoCTH O6GpaTHOToO Mmpoliecca, TO COOT-
HOLIEHHEe B | |
. kl
1
—r~ =Ky, | (I.12)
* . . . —-I .
rie K| — HCTHHHAas KOHCTaHTa paBHOBeCHs — OCTaercs
B CHJIe. _ :
PaccMOTpUM CHJbHbIE OTKJIOHEHHSI OT PAaBHOBEeCHs IPH
AMCCOLIHAIMH ABYXAaTOMHBIX HJH HeGOMBIIHNX  MOJIEKYJI.
B sToMm cJyuae OTHOLICHHEe HEepaBHOBECHBIX KOHCTAHT CKO-
pocTH npsAMOE H OOpPaTHON PEAKIHH [OJIXKHO- PABHATHLCA
KOHCTAHTE paBHOBECHs. JDTO ClpaBelJJHBO B UYaCTHOCTH
JUIs. CJIOXKHBIX XMMHYECKHX peakluil, KOTOpble NPOTeKaloT
¢ o6pa3oBaHHeM KOPOTKOXHBYIIUX CBOGOMHBIX DPajHKaJOB
‘W atomoB. HecMoTps Ha yuacTHe B Mpolecce 3THX 4YacCTH,
YTO fABJASIeTCA TPHYHHOM CJAOXKHOTO BHAA BbIpaXKeHusa IAJA
CKOPOCTH DeaKIHH, KOHCTaHThl CKOPOCTH o6paTHBIX peax-
. UMB BCe ellle MOXKHO OfnpeAenstb, NOJb3yfACh KOHCTAHTA-
. MH paBHOBecusa. PaccMOoTpuM B KauecTBe NpHMepa Bepa-
JKeHHe [Js CKODOCTH IIPOCTOH CYMMapHOH peakuuH
"Hz + Bl'g = 2HBr :

—d[Brs] _ ki [Hol [Bro}®
— 1+ kg ((HBr)/[Brz] ) °

auddyanu. [CreayeT pasnuuaTb ABa NPHHIHINHAJILHO DASAHUHBIX THNA
BO3MYLIEHHH, BO3HHKAIOUIMX B pearupyiolleil cucreme. OcaoxHeHus, 06-

(I. 13)

. yCNOBJIEHHBIE MNepPBHIM MaKPOKHHETHYECKHM THIIOM . BO3MYIleHUNA, CBA-

3aHHBIM C BO3HUKHOBEHHeM TpPajHEHTOB TeMIepatyp H KOHIIEHTpaLKH,
MOMHO TIPeOooJieTb, paccMaTpuBasi OAHOBPEMEHHO C KHHETHUECKHM
ypaBHeHHEM YpaBHeHHe TeIvio- M Macconepesatn M/ (uto nenaercs
ropasfo uaiie) BHIGHpasi TaKve YCJOBHA SKCMNEPHMEHTa, MPH KOTOPLIX
sTHMH 3hdeKTaMH MOXKHO npeHeGpeub. Bropo#t THn BO3MYIUEHHI CBHA-
3aH C OTKJOHEHHAMH OT MaKCBeJJ-60AbIMaHOBCKOrO paclnpeienenis,
BLI3bIBAeMBIMH XMMHUecKOfi peaxuued, YueT 3THX OTKJIOHEHHH B TeX cay-
yasiXx, KOTAa HMH Heab3sl MpeHeOpeub, ABJAAETCA BECbMA CJIOKHQU 3aja-
yeit, — [Tpun. ped.]

~4
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[Tpu Gosee BLICOKHX TeMIepaTypax, Koraa o6GpaTHBIMH
peakiuAMH yXKe HeJb3s IpeHeOperaTbh, CKOPOCTb B3aHMO-
JedCTBHSA 6poMa ¢ BOJAOPOAOM [0OJXKHA NPH pPABHOBECHH
ob6pamarbcs B HyJab. CuoenoBaTenbHO, A 06paTHOM
.peakiHuu * ' .

: ' . . 2 1/2- '
—d[HBr] _ 2k_, [HBr]*/[Br,] (L 14)

dt 1+ k([HBr]/[Brg])*
OTKyIa - .
. . k, [HBr]eq
KI B k'—l - [Hzleq [Br2]eq ) (I. 15)

B ycaoBusx, Korpa Heab3s npeHeGpeub HH NOPAMON, HH
o6paTHOH peakuuel, BbipaKkeHHe IJIsl CKODPOCTH peaKLHH
npuobperaer BUA

—d[Br,] 1 d[HBr]
di ~ 2 d4df
_ ki [H,] [Br,s]" ___ [HBr)? -
"‘1+k2("[HBr]/[Br2]){l K: ([Ha] [Brz])}' (I.16).

KaTanuzaTopel MOXHO paccMaTpUBaTh KaK BellecTBa, H3-
MeHSIIOIle KOHIEHTPALHWH AKTHBHBIX NPOMEXYTOYHBIX NpO-
AyKTOB. KOHCTaHTbI CKOPOCTH peakUHH B NPHCYTCTBHH Ka-
TaJU3aTOPOB, KOHEYHO, MOTYT CHJBHO OTJHYATBCH OT CBOHMX

=Rl=

3HAYEeHHH, XAPAKTEPHbIX [AJ51 HEKAaTaJH3HPYyeMOH peakLHH,
. OlHaKO, HEeCMOTpPSl Ha 3TO, OTHOUIEHHT KOHCTAHT CKOPOCTH
- APAMBIX H OOpPaTHBIX peaKUHH MOJKHbBI PAaBHATHCA HCTHH-
: HOH KOHCT4HTe pABHOBecHA. DTO HMHOIZLA BBIPAXKAalOT C [10-
- MOIbIO H3BECTHOrO INpaBHJa, COIJACHO KOTODOMY  KaTaJ/iH-
| 3aTOp yBeJHUYHBAET CKOPOCTb NPUGJHIKEHHUS K paBHOBECHIO,
. HO He MOXKET CABUHYTb CAMO DaBHOBeCHE., :

I. 4. TEPMOXMMMUECKME BENMUMHBI

[as1 paspeKeHHbIX ra30B H3MepsieMas KOHCTAHTa PaBHO-
BecHs ‘K; cBfi3aHa CO CTaHAApPTHBIM H3MEHEeHHEM CBOGOLHOI

* IDTO «CHJBbHOE», HO HE AOCTATOYHOE YCJIOBHE, OCHOBAHHOE Ha KH-
HeTHYECKHX coolbpakenusx. [HyxHo uMeTp B BHAY, YTO KOHCTaHTBI k,
H R_) OTHIOAB He SBJASIOTCSH KOHCTAHTAMH CKODOCTH KaKHX-JIH6O 3Je-
MEHTapHBIX peakHuA. ITO SCHO yiKe H3 coa6pakeHHldl PasMepHOCTH.
O cBfI3H HX ¢ KOHCTAHTaAMHi CHODOCTH - 3NIeMEeHTAPHHX CTaauld LeMHOH
peaxusy H; + Brz cm. [1, crp. 285]. — lTpun. ped.]
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SHEprHH AG}] ¢ moMoubko c.ne;xyromero COOTHOUICHHS:
AG;-—— — RTInK,=—2,303RT IgK = — 6 ngl, (L 17)

rae 2,303 — ko3d¢PuunenT nepexoma of HaTypaanblx K
BecATHYHBLIM Jorapudmam; Beauuuny 0 = 2,303 RT =
= 4,576 T/1000 ypo6HO HCNOJB3OBATb B KaueCTBe MEPHI
TeMnepaTtyphl *. |
- Ilo onpénenenuio

AGI=AH;—TAS,  (1.18)
rae AHl—CTaHI[apTHOE M3MeHeHHe 3HTaJblUH B pe3yib-

TaTe€ peakuuH, a AS| — CTaHLAapPTHOE HU3MeHeHHe 3HTPOIHH
(06e BeanunHbl Npu Temnepartype peakuuu 7). [Tockoabky
H3MEHEeHHe MOJISIPHOH TEMJIOEeMKOCTH B ra3odasHoi peakuu

3 " AC, 06bluHO Mano, TO B JIOGOM AOCTATOUHO HEBGOJBLIOM

uaTepBase temnepatyp (AT < 100°K) AH, u AS; MOXHO
CYATATb IMOCTOSIHHBIMH, Osarozapsa uemy ¢opmyaa (I.17)
ofpaliaercs B H3BeCTHOE ypaBHeHHe Banr-T'odda nada rem-
nepaTypHOH 3aBHCHUMOCTH KOHCTAaHTHl PaBHOBECHs
2,303 Ig K — Ay A5
’ g = RT + R

o]
r,ue AHl u AS; cu”TawTCAd MNOCTOSIHHBEIMH BEJHUMHAMH.

Onun H3 HanGoJsiee TOUHBIX METOJOB ONpe/ie/leHHUs AG; co-
crout B npamom uamepeHuu K. KoHcranty pasHobecusi K
MOXKHO ONPefeNHTb, H3MEPHB PaBHOBECHbie KOHIEHTPALHA
pearcHTOB ¥ MPOJYKTOB peakuu#; ownbka onpenenenuss AG,
o6ycJ/IOBJIeHA B 3TOM CJIyuae TOJIbKO IOrPellHOCThLIO H3Mepe-
nusi K. Ecsu, nanpumep, K, onpe/ie/leHa ¢ TOUHOCTHIO = 10%,,
To omubGKa B ONMpellesIeHHH B 'AG1 cocraBut =+ 0,1RT wuan
npu 500°K 0,10 KKaA/MOAb. TouHOCTh Ke oOmnpexneJie-
unst AG yepe3 AH; 7 AS] o6bluHO Ha MOPSAOK XyiXe,
NOCKOJBKY OIHGKA Onpene/ieHHs AHi, Kak NpaBH.JIo,

npeBuwaer =0,5 kkasa/moas, a omnbKa onpeneeHus AS;
+1 xan/(moas - apaa) ,

, (L. 19)

* Ilpn 1000°K 6 ~ 4,6 xxas/moas, npu 500°K 6 ~ 23 KKAA[MOAS,
NAPH H3MEHEeHHH AGI na 4,6 «xaafmoav K, usmensierca B 10 pas npu
1000°K u B 100 pa3s npu 500° K.
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PRRRE Rt i

‘ o Q
HauGosee HamexHo 3nauenns AH;, u AS; MOFyT OBbIThb
BbIYHCJACHBl MO YypaBHeHHIO Baunt-IT'odda. Ecau ussectHB
3HaueHus K; npu ABYX pPa3IHUHBIX TeMnepartypax, TO U3

. Q . .
ypaBHeHHs1 (l.19) moxHO HCKmouHTL AS] H PElUHTH €ro
Q . .
OTHOCHTeJNbHO AH,

' 2
Ny Ko _pTm K
ATy, Ky (3 AT Kyg'

I",U,E'T?,;=T1T2 H AT12=T2—T|.

Ecan usmepure K; B mocratouno IIHPOKOM HHTepBaJie
TeMneparyp, Tak 4To6wml K; H3MeHHJOChL MO KpafiHeil Mepe
B e (~2,72) pa3, To NpH He3aBHCHMBIX OIIHGKAX B K; (na
rpaHHilaXx 3TOro MHTepBaJa), cocTaBafIWHUX =+ 109, OMIHO-
Ka B AH, 6yner paBaa V' 2-0,1 . RT, (T,/AT).TIlpu T,, =
= 500°K u AT =~ 100°K oHa cocraBuT =*=0,7 KKa1/MOAb.
Ilpn tounoctn ompenenenns K|, paBHolt =+3%, omubGka B
AH; CHH3UTCA COOTBETCTREHHO M0 0,2 mcaxz/mg/tb. l'Ipou Ta-
KOH TOYHOCTH oOnpejnessieMble 3Havegus AH; n AS, sas-
JSIOTCA CPEAHHMH MO0 JaHHOMY TeMnepaTypHOMY HHTep-

. o} .
Bany. TouHocTe onpenenenus AH, H AS, TakoBa, YTo Be-

JIMYHHY (CZ) B 5TOM HHTepBaJie TeMIEPaTyp HeJb3sl ompe-
ACTHTb TouHee ueM =7 xaa/(mOab-epad) (npu owmuGke
K, =10%) wnau =2 lca.xz/(Momi-epaa)o(an olnbKke K=+
+3%). CoorsercrBylomas omn6ka AS;, onpenensieMas Kak

BEKTOPHasT CyMMa OIHGOK AG? H AH?, COCTaBJIIeT MNpH
o00°K 41,4 Kaal(moav-epad) npu omubre K, +109% wu
0,44 kaa/(moab-epad) npu omubre K; +3%. =
"Yacro AST yAaercs ONpPEeNeNHTh ¢ TOUYHOCTbIO, GoJbLieii,
uem *+1 xaa/(moarb-2pad). B Takom cayuae elHHCTBEHHOE
~u3MeperHe AG, ¢ TOYHOCTBIO Bcero =209, (£0,2 kkas/mons’

npu 500° K) nossoasier onpemennts AH, ¢ omwHGKOH Bcero
*+0,55 kkaa/moss, T.e. 3aMeTHO TOUHee, 4YeM C IOMOUIbIO
ypaBHenusi Banr-I'obda. Dror Meron, HasbiBaeMblll «MeTo-
~AOM TPETHEro Havya/la TEPMOAHHAMHKH», IHHPOKO HCHOJIb-
3yeTcd Guarogapsi TOH JIETKOCTH, C KOTOPOH yacTo ypmaercsa

Q
onpenensiTb 3HaueHus AS|.

o]
.- Kak Mbl yBuaum B ri. 11, 06blyHO 3HAUYEHHS AC, B uH-
TepBajse 300—1500° K MOXKHO OnpeNe/HTb ¢ TOYHOCTBIO IO

—AH]=R (1. 20)
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1 fccm/(Mo./zr: apaa) ITO .N03BOJIsAeT HHTEPINOJHPOBATh 3HA-
senns -AG), AS, u AH, MexXAy JIO0bIMH TeMIlepaTypaMH

I B yKa3aHHOM HHTepBaJie, BHOCA NPH 3TOM CpaBHHTe.TIbHO He-

60J’!b11]y}0 AONOJHUTEJNABHYIO TIOTPEIIHOCTD,

l. 5. CTAHAAPTHHE COCTOﬂHHﬂ

TepMoxuMuueckHe Beauuutsl K, AG AH?, S°, C, o6biu-
HO TabyJHpOBaHbI AJS CTAHLZAPTHOTO COCTOSIHHA, B Kaue-
CTBE KOTOPOI'o, KaK NpaBHJO, BblOHpaeTcsl COCTOSTHHE
HAeaJibHOro rasa npH 1 arsu. Yacto Heo6X0AUMO mepeiiTH

- K CTAaHJAApTHBIM COCTOAHHAM, BBIPAXKE€HHbBIM B €IHHHIGX
'KOHII€HTpallHH. B stom cJaydae 3a CTaHA4PTHOE COCTOAHHE

NPpUHUMAIOT KOHUeHTpaumuio 1 moas/a. dnss crexuwoMerpH-
YEeCKOT'O0 ypaBHEHHSI peaKIHH |

GA+bB+ ... ZpP+qgQ+ ... (1. 21)

KOHCTAaHTbl paBHOBECHS, BEIpaXKeHHbIEe B €HHHUILIAX AaBJeHUS
(Kp) u B enmnuuax xkonuenrpauunu (K.), CBSI3aHB COOTHO-

- UIeHHeM o
= K, (RT)*", - (1.22)
rae An — H3MeHeHHe 4YHCJa MoJieli B pesyJbTare peakuuu,
npu4yeM
An=((p+qg+ .. )—m+b+.”), (1. 23)
anBe,H,eHHaH BLILlI@ 3aBHCHMOCTb c.ne;Lye'r H3 3adaKQOHAa

AAA H,H.ﬁaJIbHOI‘O rasa
P =cRT. | - (1.24)

Jasa peakuuii, KOTOpble CONMPOBOXKIAIOTCA H3AMEHEHHEM YK CJia

‘Mouteii raza (An 5+ 0), Takoil nepexol BHOCHT AONOJHHTE/Mb-

Hble nonpaskd B 3(GPeKTHBHYIO TeNJOTY PeakilHH H H3Me-

. HeHHe 3HTPOIIHH.

Tenaora PCaKUHH [IO onpeﬂ.e.ﬂenmo paBHa

aanp)
eq’

5T (1. 25)

AH° = RT2(

a ytm'rbmaﬂ ypaBuenne (I. 22),

AHS = RT? ( OInK, ngKc )eq + AnRT = AH® + AnRT. (1. 26)
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Takum oﬁpasom NP yBEJHUYEHHH 4YHCJa MOJICH Tra3sa
An>0 n AH,,>AH¢,, Haoﬁopor MpH YMEHbIUEHHH YHUCIA

MoJIell rasa AHp<AHc Ecau tenepn mnoacraBuTh K, B
ypaBHenue Bant-I'odda |

—RTInK,=AH;—TAS;, (1. 27)

.Bblpa)KEHHe ans ASe C yuerom ypaBaenuit (I.26), (I. 22)
u (I.17) opumer Bun*

Ls] -

H, P '
T =RInK,—An R In(RT)+ —RAn=

A
AS=RInK,+ 7

= AS, — RAn—AnR In (RT). (I.28)

OTmeTuM, 4TO BeJHUHHA AHC, onpeneisemas cbopmy.non

(1.26), cooTBeTcTBYeT OOBIUHOMY: OTIpeAeIeHHIO AE, — u3me-
HEHHIO BHYTpeHHe#l 3HEePTrHH B pe3yJbTaTe pPeakiuu, a COOT-
HouleHde (l.17) Bkaouyaer nepexoX or (PyHKUHH CBOGOA-
HoW 3Hepruu ['u66ca x csoﬁoﬂ.ﬂou SHepTHH [enbMronsua

AG° = AA° + A(PV). Oanaxo AS. u AS, oTruuaioTCH Ha
BeJHUHHY" RAn, Kotopasa oOycCJOB/NeHAa TONbKO H3MEeHeHHEeM
yHcJaa MoJiefl B pe3yJabTaTe Peakuud U He MOXKeT ObITb NO-
JyieHa JHllb Ha OCHOBAHHH NAHHBIX 06 M3MeHEeHHH HTPO-
NHA B CTAHAAPTHBIX COCTOSIHHAX. DTO OGCTOATEbLCTBO YaCTO
ABAAIO0CH HCTOYHHKOM OMUGOK B JHTepaType.

I'IPKMEP

Jas peakunn N0y == 2NO, AH:OO 13,9 kxaa[moss w Asgoo

= 42,3 kaa/(epad - M0ab). HeOGXOAHUMO TNPeACTaBHTh KOHCTAHTy paBHO-
pecuna K. B popme ypasueHus Baut-Todda u Bbiuucauth ee 3nadenue
npu 400° K. B coorBerctBuu ¢ ¢popmynamu (1.26) n (1.28) an An = l

AH,= AH, — RT = 13,3 xxas/noas, .
AS = AS, -~ R~ RIn (RT) =339 xas/(moss - 2pad).

CnenoBaTtenbHo,

fz:’,o:ugﬁ(m-—i‘?’T—E’6 + 16,95,

* Crpaasn nepen norapudMOM rasoBasi HOCTOAHHAR HO/KHA GHITH
BHpAMEHA B eLMHHHAX 4 -aTa/(zpad - moas) [R =0,082 2. am/(apa&-
s MOAB) ]
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NMPHMEP

KoHncranta paBHOBecHs peakuMH.
1
-§-02+2N02 _2 N205

BbipaxkaeTcsl B Buae ypaBHeHHs Baut-Todopa (cranpaprHoe cocrosmue
1 moavfa): . :

lg K= 20 — 9,55,
Briuncauth AH; H ASE. Tak Kax Ans naHHO# peakuHH An = — 1,5, Tto

AS, = AS,+ R An+ An In (RT) = — 43,7 — 1,5 (2 + In RT),
AS, = AHg + An (RT) = — 12,2+ 1,5RT.

[Tpunsas B kauectse cpease#i Temnepatypm 300°K, no.nyimM
AS; = — 56,3 kas/(mous - 2pad), .
AH

O

p=— 13,1 mca)t/.uwtb.

1.6. APPEHUYCOBCKME NMAPAMETPbI

- Tlonasasionmee GOABIIMHCTBO KOHCTAHT CKOPOCTH XHMH-
YECKHX peaKkUHH MOMKHO NMPeACTaBHTbL C MOMOLILIO ypaBHe-
HHA AppeHuyca ’ |

k=Ae"FRT = 4. 107ER; (1. 29)

rae cHoBa 0 = 2,303 RT kxaa/moas. 113 skcnepHMeHTaNb-
HBIX JaHHbIX H3BeCTHO, 4T0 A u E ABAAIOTCS MOCTOSHHBIMH
B HeGoJIbIINX TeMIepaTypHbIX HHTepBanax (-~ 100°K).
faxe B Gojee IWHPOKHX TeMIEPATYPHBIX HHTepBaJjax
{800°K) A u E MaJs10 3aBHCAT OT TeMmepaTyphl. '

Hcxons U3 paBHOBECHBIX COOTHOLIEHHEH MeXIy KOH-

CTATRMH CXOPOCTH [PAMON M OGPATHOH peaKUHH, MONKHO
YCTEHOBHTH APAMYIO CBA3L MEKAY 4PPEHHYCOBCKHMH napa-

METPRMN H TEPMOXMMUUYCCKHMH BeAHUHHAMH. [asa peakuuit

aA+$84 ... <=z pF+gQ+t ... (1. 30)
K- B Ane” BIRT -1 4, —(Ey—E_ | )IRT E
K Bor Ao Bif/RT "-“-.'.t)e- . | .l) (_1'31')
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AS{[R —AH|[RT
b 4

Tak kak K,=¢e MOXXHO 3alHCaThb

Rln (‘zé_'l—) ~2,303R Ig (74’5‘-5?) = AS; | (1 32)

AH=E;—E_,. : . (1.33)

Ecan peakuyss He COHpOBO)Kﬁ.EiETCﬂ H3MCHCHHEM YHCJAA MO-

Q Q
- e, AS; M AH| ne 3aBHCAT OT BHI6OpPa CTaHZAPTHOIO CO-
cTosiHHsi. Tak Kak npaMas u o6paTHas peaKHHH HMEIOT OfLHH
H TOT e MNOpPANOK, appeHHYCOBCKHe IapaMeTpbt 06eHX
PeaKl Ui NPH CMEHe CTAaHAAPTHOTO COCTOSIHHS H3MEHSTCH Ha
OLHY H Ty ke BesHuMHY. Ho ecau An 5= 0, appennycoBsckue
nmapaMeTpbl AJs NPSAMOR U OGpPaTHOH peakUHH H3MEHSITCS
Nno-pasHoOMYy. ' | | |
DHepTHsl aKTUBAIMH XAMHUYECKOH peakUHH ONpenessercs
COOTHOUIEHHEM | : |
E=Rr?(20% ). (L.34)

Ecnu E nocrosiHHA WM NPHOJIH3HTENbHO NOCTOSHHA B Ma-
JIOM HHTepBaje TeMIIepaTyp, HHTErpHPOBaHHe ypaBHEHHUd
(I.34) npuBoaut kK ypaBHeHHio Appenuyca (I.29), B KOTO-
poM A — nocrosiHHass UHTerpupoBaHHs. I1o onpeneneHuio E
Bbipaxkaerca B TeX Ke eIHHHNAax, uto u R7T, T. e. B
KKaa[more. MHOXKHTeNb A [OMXKeH BHIPAXKaThbC B TexX Ke
eIAMHHUAaX, 4TO H k. [Ins peakuun, uMewouield cyMMapHbIf
MOPANOK M, yaeJbHast CTEXHOMETPHYECKasi CKOPOCTh paBHa
El[c]™, rne [c] — koHueHTpauus pearupyoumx Modaekya. Ilo-
CKOJIbKY Pa3MEpPHOCTh Y/IAeJbHOH CTEXHOMETPHUYECKOH CKO-
poctn Mmoab/(a-cek), KOHCTaHTa CKOPOCTH HOJI:KHA HMEThb
pasmepHocTb cex~!(moasv/a)'-™. Takyio xe pPa3MepHOCTDL
uMmeer A. Jlaa peakuun nepBOro nopsiika pasmMepHOCTb A
Cex~! He 3aBHCHT HH OT BbI6OpA CTAaHAAPTHOTO COCTOSHHSA,
HH OT €AHHHL, B KOTOPbIX H3MepsloTCA KOHIeHTpauuu. Onu-
HaKoO. JUIsl peakUuH m-ro Nopsifaka BeauunHa A Gyzer 3abu-
CeTh OT TOrO, H3MEPAETCsS JH KOHUEHTPalHus B eJHHHIaX
MOAb[A WJH BbIpa*KaeTcsl uepes3 naplliaJibHbBIE HaBJCHHS.

- 3aBHCHMOCTb MeKAy NaplUHaJbHbIMU A2BJIE€HHAMH H KOH-
leHTpauuedl As1s HAeaJbHOro rasa P = ¢RT nossouasier cps-
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3aTbh 3HAayYeHHs KOHCTAHTBI CKOPOCTH m-rQ nopﬂnxa,lnﬂpa-
KEeHHbi€ B pa3sHbIX €AHHHIIAX ' :

k,=k,(RT)" " (I.35)

TakuMm o6pa3oM, appeHHYCOBCKHE IapaMeTpbl MOXKHO Hpea-
CTaBHTb B BHAE :

dln k, alnk, . |
B = R7*(Zg7r) = AT (2572 + (m = 1) RT = B+ (m = 1) RT,

| I.36
AC‘ = kCeEc/RT =-kp (RT)m—l e[EP_l'(n_’_l—l) RT]/RT — ( )

= A, (RTY" 'e™ " | (1. 37)

O6bLIYHO CKOPOCTH peaKklHH BbIPaxKaloT B eJHHHIAX KOH-
UeHTPAlLMH, NO3TOMYy, npeobGpasys Bsoipaxenus (1.36) u
(I.37), noayuum | -

E,=E,—(m—1)RT,
InA,=InA,—(m—1) ln.(RT), —(m—1). | (1. 38)

Craenyer OTMeTHTb (POpMaJibHO€ CXOJACTRHO Mexay npeoGpa-
30BaHHSMH apPEeHHYCOBCKHX NapaMeTpPOB H aHAJOTHYHbIMHU

npeo6pasoBaHHAMH TEPMOXHMHUYECKHX Beanunn (1.26) w
(I.28). - -

NPHUMEP _ : _

_ Peakuus 2NO + Cly — 2NOC], kak 310 @bljlo yCcTaHOBJEHO, Mpo-
TekaeT MO TpeTbeMy NOPALKY € KOHCTAHTOR CKOPOCTH, HMEOILeH cJe-
AYWOULYI0 appeHHYCOBCKYK 33BHCHMOCTS! ' -

-~ 803
gk =~ T

rae npefskcnonent A pbipamen B A2 - moa6~%- cex”!. BulunciauTh appe-
HHYCOBCKHE TapaMeTphi, Buipaxkas A u & B (MM _prT. ct.)2 cex ', Tlpu-
" use 400° K B xayecTBe cpeaHeill TeMnepaTypbl peaKlUWd W OTMETHB, YTO

m— 1 = 2, noayuum

F3

+ 3,66, |

Ep=E¢;—2RI=3,7~16= 2,1 mca.a/_noaa,
Ap= A, (760RT)"2 &7 2 ¥aum pr. cr.) 2 cex™" =
== 1,03'66 (10“8'66) = 10"'5’0_0 (MM pr m')"'2 c?x* 1,
NPUMEP | | N |

BuipakeHHe sl HauadbHOM ckopocth peakitmd He+ Bra— 2HBr
‘HMEeeT BHI ' ' | -

R =k [H] [Bra]”s,



26 ' IJI. 1. PABHOBECHE W CKOPOCTb PEAKLIMM

Fle KOHCTAHTa CKODOCTH, H3MepsAeMas B arMocdepax, onpeaeasercs
popmynoi
| lg k= — 41,6/0 4+ 11,36.

Boruncauth appennycosckue mapamerpnl npu 700° K, nepefina K eauHu-

aM Moaefa. B pansom cayyae m — 1 =5 » M03TOMY

Ar = Ap (eRT) "2 = 101250 (4/mo.18)"2 cex™;
Ec=Ep-+1/,RT = 42,3 kxan/moazs,

1.7. MOAMDULIUPOBAHHOE YPABHEHME APPEHMYCA

C nomoLb0 pacCMOTPEHHO# BhilIe NPOCTOl GOPMBI ypaB-
HeHHs1 AppeHHyca MOXKHO NPEACTABHTb KOHCTAHTH CKOPOCTH
6oNBIIHHCTBA Ta3oBBIX peakuud, HO He Bcex. OHa He ro-
AUTCA B CJIydae TPHMOJIEKYJSPHOH pPeKOMOWHAUHH aTOMOB
W/l B3aHMOJEHCTBHSI aTOMOB C JBYXAaTOMHBIMH MOJIEKYJIa-
MH, HanpuMep '

0+0+M—0,+M,
O+ NO + M — NO, + M.

B 3THx ‘cyuasx MoOXKeT BO3HHKHYTb HeOOGXOAMMOCTb Npef-
CTaBHTb KOHCTAHTbl CKOPOCTH C MOMOMIbI MOIU(PUILHPOBAH-
HOTO ypaBHeHMsI AppeHHyca, B KOTODOM IpeI3KCNOoHeHT A
3aBHCHT OT TE€EMIIepaTyphl: : ,

- ' k= A’Tre~E'IRT, (1.39)

rae A’, £/ u n— HoBble napamerpnl. Tako#l BHA ypaBHEHHSH
MOXKHO JIETKO MOJIYyYHTb H3 OOILEro omnpejejeHHst 3HePrHH
aktuBauud (I.34). Ilycte E = E + CT, rune E/ u C —no-
crosiiHble. MuTerpupoBanue Boipaxkeuus (I.34) paer

E’ C

Ink= — R—T—i-fln'ﬁf’-{-const. | (1. 40)

[IpuHaB mNOCTOAHHYIO HHTerpHpOBaHHs paBHO# InA’, a
n = C/R, HenocpencTBesHO noayyaeM ¢opmyay (I.39). Or-
METHM, 4YTO KOHcTaHTa C HMeeT pPa3MEpPHOCTb MOJAPHOIL
TENJA0EMKOCTH. Ee MOXHO paccMaTpHUBATh KakK CPeaHIO MO-
JAPHYIO TENJIOEMKOCTb aKTHBALWH, YCPeZHEHHYIO MO BCEMY
HHTEpBaJy TeMMepaTyp, AJs KOTOPOro BLINOJHAETCA yCJ/1O-
BHe (1.39). Ins rasodasHbix peakuHi nokasaTeNb CTENneHH
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n, KaK NpaBHJo, MaJl (mopsiika eIHHMILBI), OLHAKO IJA UOH-
HbIX peakHH# B pacTBope OH ObiBaeT OueHb OOJBLIHM H MO-
KeT poctHrarte 20.

OaHo H3 CJelCTBHH Mo,uﬂ(bHquOBaHHoro ypaBHeHUSA
AppeHnyca COCTOUT B TOM, YTO B HEM MHOXHTeAb A H 3Hep-
rusl aKTHBaUHH $IBHO 3aBHCAT OT TeMNeparyphl, YTo Heobxo-
AMMO YUHTBIBATL NPH JA1060M Iepexohe OT eIHHHIl JaBJe-

- HHg K eJAHHHuaM KOHUEeHTpalHH H HﬂOGOpOT, 4 TaKXe NpHu

YCTAHOBJIEHHH 3aBHCUMOCTH MeEXKJAYy AappeHHYCOBCKHMH H
TEPMOXHMHUYECKUMH napaMmerpaMu. CBsisb MeX1y napamer-
paMH NPOCTOro H MO}IH(t)PIH,HpOBaHHOI‘O ypaBHeHull Appe-

HHyca HMeeT BUA4
A=A (eT,)",

E=E +nRT,,. (I. 41)

1. 8. CBOBOAHAS DHEPrMA AKTMBALLUM

CooTHolleHHe MeXAY KOHCTAHTOH paBHOBECHA H KOH-
CTaHTAMH CKOPOCTH npaAMOH U obOpaTHoOi peakuuu K; =
= Ry/R_, no3Boasier ¢GOpPMaJbHO MNPEACTABHTb KOHCTAHTHI
CKOPOCTH B BHI€ KOMOHMHAUUH KHHETHUYECKHX U TEPMOXHMH-
ueckuXx BeauunH. [lna K; MOXHO 3anHcaTth

K, = e 201[RT _ jg-acife o (1.42)

raie AG°-—cTranaaprHoe H3MeHeHHe CBOGOAHON 3Hepruu
M66ca npu nporekaHuu peakuuu 1. KoHcraHTy ckopocTu
ky MO}KHO NpeACTaBHTb KaK -

ki=ve~ l/R 110“61/9 (1. 43)

rae Gy — cBobonHas SHEPrusi aKTHBalUHH peakuuu 1, a v; —
YaCTOTHbIA (QakTOp 3TOH peakuuH. AHAJOTHYHO ,qu 06par-
HOH peaxuuu . _

k_l—fv_le—G‘I/R?, o ' (I. 44)

H eCJIH MOJIOXKHTE AG; = Gl— G-, TO vy = v_;. Ecan pac-

CMaTpUBaTh Gi H G_l xax TEPMOXHMHYECKHE BEJHYHHH, TO
BEJIMUHHBI Vi H v MOXKHOD CYHUTaTh KMHeTHYeCKUMH. B ra. I
TIOKa3aHo, KakK TeQpHsi NEPEeXOAHOTro COCTOSHHA I[03BOJAACT
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OpeACTaBUTh KOHCTAHTY CKOPOCTH B BHJAE NPOH3BEJCHHS KH-
HeTHYECKUX H TEePMOXHMHUYECKHX BeJHYHH. 3jech HAOCTa-
TOYHO JIHLIb OTMETHTb, YTO JI06afd KHHETHUECKas BeJHUHHA,
onpenejsieMass TaKHM o6pa3oM, HNOJNXKHa ObITb OAHHAKOBOI
AJst npsMoi ¥ o6paTHoO# peaknuil. Claegyer Takxke yKasaTh,
UTO BbIpaXKeHHe IJIl CKOPOCTH JII0OO0H, JaxKe OYeHb CJAOXKHOM
peakuHH BCerja MOXKHO NpeACTABUTbL B BHJe NPOHU3BEIeHHS
KHHETHUYECKHX 4YJIeHOB (T. e. KoMOHHauueidl KOHCTAHT CKO-
POCTH W KOHUEHTpalHuH) H TepPpMOAMHAMHYECKHX Y/JEHOB,
OOLIYHO UMEIOLIUX BHJ

__IPIPIQ) | ..
K, [4]® [B]®’ L

rae K;— koHcTaHTa paBHOBecus peakuuu (I.1). U umenno
Gsnaroaapsi TepMOAMHAMHYECKOMY 4YJIeHy H3MepsieMasl CKO-
pocte peakuwn obpainaercs B HyJdb B COCTOSIHHH pPaBHO-
BecHs1 *. M3 ckasaHHOro Bellle ciaefyer, 4yTo M06Goi mapa-
METP, HE BJHAKIIHH Ha KOHCTAHTY PaBHOBECHS, HO OKAa3bi-
BalOIIHH BJAHSIHHE Ha KHHETHUYECKOe I[OBedeHHe CHCTEME,
AOJXeH ONHHAKOBO CKa3blBAaTbCsl HA KOHCTAHTAX CKOPOCTH
npssMO# W o6paTHOH peaKIHil. DTO OTHOCHTCH, B YaCTHOCTH,
" K Kartaausy. KaraausaTop yckopsieT IMpPAMYIO pPeakIHIo
 TOYHO BO CTOJILKO K€ pas, BO CKOJILKO H 06PaTHYIO PeaKUHIO.

I.‘9. OTPHULLATENILHLIE DHEPIMM AKTMBALIMM

OmneiT noxkasbiBaeT, 4TO NPH NOBBLILIEHHH TeMIepaTyphl
peaklHd ylAeJbHble CTEXHOMETPHYECKHE KOHCTAHThl CKOPOCTH
peakLHH YBEJHUYHUBAIOTCA B OOJBIUINHCTBE CJAyYaeB, OAHAKO
He Bceraa. Hanpumep, ckopocTs TpHMOseKyasipHO#l peak-
uuH 2NO + Oy == 2NO; cHHUKaeTcs MNMPH yBEJHYEHHH TEeM-
nepatypst. To ke xapakTepHo ajs peakuvH O + Oy + M ==

OHEPrHH aKTHBAUHH NPAMOH H OGPaTHON peakUHHM CBs-
33aHBbl ¢ H3MEHEHHEM 3HTAaJbIIHH CAEAYIONIHM COOTHOLUEHHEM:

AH,=E,—E_,. " (1. 46)

Ecau sHeprusi akTUBauMH OAHON H3 craauii, ckaxem E_,,
orpuuarenpsa, 1o £y < AH,. Hanpumep, B cayuae pacnana

* Cwm. Boipaxkenue (1.16) ansn cxopoctn peakuuu Hz + Bry
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a—

o30Ha BeJHuHHa AH, onpepensier 3HEPruio AHCCOUHALMH
cBa3d B Os. Takum o6pa3oM, BPHBEAEHHOE Bblill€é HepaBeH-
CTBO O3HAyaeT, UTO IHEPrUsl aKTHBAUHH Pas3JjloXKeHHA O30Ha
MeHbIlIE€ 3HEPTHH AHCCOLUAallHH CcBA3H. Kak XKe MOHATH 3TOT
napajaoxcaabHblil pesysabrar? O3Hadaer Jid OH, UTO JJisi pas:
noxenust Oz HeoO6xoAMMa 3Heprusi, MCHbllass HEPTHH pas-
puiBa cB3y O, — O B o30HE? | |

Uto6bl OTBETHTb Ha 3TOT BOIIPOC, MNONbITaeMcs pas3so-
6paTbcsi, KaKOB CMBbiCJ TOHATHA 3HEPTHH akTHBauud. Kaxk
0TMEYaJoChb paHee, KOHCTAHTA CKOPOCTH peaKlHd He SB-
nsercsi GH3UUYECKOH KOHCTAHTOH, Xapakrepuaylollell MoJe-
kyael. OHa paBHAETCS CPelAHEMY BCE€X KOHCTAHT CKOPOCTH

peakuUH MOJIEKYJ, HAXOAAIMIMXCA HA PA3JIHYHBIX KBAHTOBBIX |
ypoBHsx ‘cucreMbl. CoranacHo Tonamany [2], xoHCcTaHTa CKO-

POCTH peakuHH MOXKeT ObITb NpelcTaBjeHa B BHIAE

~E,/RT
| LA .
ZPJ-" j
= = “EJRT (1. 47)
2pge

rie p; — CTAaTHCTHUYECKHH BeC HJH BbIPOXKIEHHOCTD j-IrO KBaH-
TOBOIO COCTOSIHHSI MOJIEKYJIbI ¢ 3Heprueil Ej, a R;-— KOH-
CTAHTa CKOPOCTH [EePBOro NOPSAKa, ¢ KOTOPOH MOJeKyJaa B

k

j-M cocTtosiHMH ¢ 3HeprHeil E; npereprneBaeTr CIOHTAHHBIM

pacrnan. HCHOJIBBYH onpeaeJieHHe 2HEepPrud akTHBallHH, MO2K-
HO 34IlHCaThb '

dlnk ) RT2 X kp, (E;|RT?) e~ E1RT
po= S k,pfe_Ef/RT
RT2 Y p, (E,|RT®) e E1/K

- - = (1.48)
S ppe E;/RT

: —E,/RT —E;/RT
2 Efkpie ! _XpEe !
—E,JRT o _—&,/RT
Stpye Sppe

) E = (E>reac - <E>nonreac' | (I. 50)

—

E=

(1. 49)

HJH

Bropo#t unen B npasoil wactH Boipaxenus (I.49) MoxHO

pacCMaTpUBaTh Kak OMNpe/leleHHe CPeJHed 3JHeprHH MoJe-
Ky/Jbl B CHCTeMe, a MEepPBbIMl WIeH — KakK ONnpeJe/ieHHe Cpel-
Hell- 9HEPTHH pearupyiolleii MONeKyJbl. DKCHePUMEHTAIbHO

\

. Ay T
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onpenensieMast SHEPrHS aKTHBaLHH SABASIETCS, TaKHM obpa-
80M, Pa3HOCTbIO 3THUX ABYX BEJIHUHH.

Pearnpylomaﬂ MOJIeKyJa npu Jamboi TeMmneparype T
odJajaer onpefesieHHbIM 3al1acoOM BHYTpPeHHeH 3HepruH (Ha-
npuMep, KoJiebatenbHOH). Ecau peakuus sakjaiouaercsas B
~ CMOHT2HHOM pacnajae MoJekyJ/bol Ha ¢pparMeHTh, 3TH ¢par-
MEHTbl B MOMEHT 00pa30BaHHUs Takxke 006J1adaloT HEKOTOPBIM
3amacoM BHYTpPeHHeH 3Hepruu. B cayuae, Korma 3TH JABe
BeJHUYHHbl paBHbI, HabaloaaeMass npu temneparype T sHep-
rdsi aKTHBAIlMH TOYHO PaBHa 3HEPrUH aKTHBAUMWU nNpu aGco-
sgrotHoM nHysae. Ecam ke 3anac sHeprud pparmMeHToB MeHb-
ifie, UeM y pearupyiouiHx MoJiekyJ, HabJawogaeMas SHeprus
akTHBauMH OyleT MeHblle, YyeM NpH abCOJIOTHOM HyJde, H
Mbl MoJiyuaeMm Mnpocroe o6bsicHeHHe napanokca. Ilpyrummu
cioBaMH, ¢parmMeHThl obpasyiorcst 6oJiee  «XOJOAHBIMH»,
T. €. C 3a[1acOM BHYTPeHHeH SHeprHH, MeHbIIHM, 4YeM cpel-
Hfst BHYTPEHHAA 3HEPTHsi, KOTOPOH OHH OyayT obJsanaTth Mo
NOCTH2KEHHH TEINJIOBOIO PAaBHOBECHS B PeaKIlMOHHOM COCYAe.
I'To orHouleHHIO K O6paTHO!N peakiuu pPEKOMOHHALHH 3TO
o3Ha4yaer, YTO CKOPOCTb peKOMOWHanuu Oyaer Bbillie AJA
q)parmeHTOB C 3HeprHeH, MeHblUeH cpenHell TENAOBOH 3Hep-
rud. [Ipu yBesnueHuu Temneparypbl KOHUEHTPalLUA TaKHX
(pparMeHTOB CHH’)KAaeTcsl, a BMecTe ¢ Hell yMeHbilaeTcsi H
5¢ppeKTHBHAA CKOPOCTb peKOMOHHAaIHH.

DpdekTol, NOA0OHBLIE PACCMOTPEHHBLIM Bbillle, CTAHOBSITCH
0C00EHHO CylIeCTBEHHLIMH TIPH OY€Hb BBLICOKHX TemmOeparty-
pax, koraa BeaHuuHa RT oueHb Benuka. Tak, mpu 5000° K
aHeprust akTuBauuu pacnaga NO; va NO u O Moxer 6uiTh
Ha 3 RT unau na 30 KKaQ4 HUXKe 3HEPruH AHCCOUMAILIHH CBSI-
3ed, paBHON 72 Kxax. IlosToMy Kaxkyuiascs 3HEpPrHsa aKTH-
BallMy pacraza cOCTaBUT Bcero 42 xkxkaa/moaxs.

.10. AMATPAMMA KOOPAHMHATA PEAKUMH — SHEPTHUSA

3aKOHOMEPHOCTH, NMOLOOHLIE TeM, ¢ KOTOPbIMH CTAaJIKH-
BalOTCsl B CHCTEMaXx C OTPHLLATCJbHRIMH 3HEPTHSAMH aKTHBA-
LMK, Jyullle BCEro ONUCLIBAIOTCA C MOMOIILIO Tak Ha3biBae-
MBIX JHaTDaMM KOOpAMHATAa DeaKuHH — SHeprus. B mpo-
necce 3JeMeHTapHON XUMHUYECKO! peakuuH, npoTekarouied
Cc sHepruell aKTHBALHH, MOJIEKyJa MEePEXOAHT M3 OCHOBHOTO
PHEPreTHUECKOro COCTOSIHMS, B KOTOPOM OQHAa HMEEeT HOp-
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. MaJbHYIO FeOMeTpHIO, B BO30OYyXKIEHHOE COCTOAHHE, AJA KO-
TOPOro MOT'YT GbiTb XapaKTepHbl CyllleCTBeHHble H3MEHeHHS
" reoMeTpHH MoJeKyJbl. HekoTtopbie H3MEHEHHSI B reOMeTpHH
;* COOTBETCTBYIOT 06pas0oBaHHIO NMPOAYKTOB. ITH COOGpaKeHHs
.. KAaueCTBRHHO MOXKHO IPOUJNIOCTPHPOBATH TpPapHYECKH

auc T mpas .
o . .
E, -~y — "}
5 -t - —— -
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NoogQunama peaxyuu

Puc. 1. 1. JuarpaMMa sHeprust — KOODAMHATA pPeaKUHH JJA MOAeabHOM
peakUHH IHC-TpPaHC-H3oMepH3ulMH. (KoopanHATO# PpeakuHH CJHYXHT
'yroJl OBOPOTa TPy, CBA3aHHBIX ABOMHON CBA3BIO.)

(puc. 1. 1) ana cayuas MOHOMOJIeKyanHOH IHUC-TPaHC-H30-
mMepH3auuu OyreHa-2.
[To ocu opauHAT OTJOXKeHaA MOJIHAas aHeprnﬂ MOJICKYJILI
B 3aBUCHMOCTH OT «KOODJAHMHATHI peaKilHH», OTJOMKEHHOH [0
. ocu abcuucc. J)KupHOH JHHHeH MOKa3aHa MOTEHUHaJbHAA
" 3HeprHA MOJIeKYJIbl IIpH pasJHyYHBIX 3HAYEHHAX <«KOOpJAH-
. HaTH peakluu». B xauecrse Hee B JJaHHOM cCJjyuae B [I€pBOM
.1, NpUOJHKEHHH MOXKHO PacCMaTpHBATb TOJbBKO yro.n MeXIY

_"-nnocxocmMn B KOTOPBIX JIexKaT ABe TPy C< , XOT1I,
. BepoATHO, MPH BpaLIEHHH ISTHX JABYX nnocxoc*reu yepes
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il

3HepreTHyYecknii Gapwep npu 90° 6.yiLyT H3MEHATBCA H APY-

rme yrjabl U pacCTOSIHHS B MOJIEKYJe.
TOHKHMH JIMHHSIMH MOKa3aHbl paSJIH'—IHbIe KoJjieGaTeJIbHbie

ypOBHH yuc- U Tparc-6yTeHa. E7 (yuc), E7 (rparnc) u Er

O0603HauvalT CpPeaAHIOK KoJgebaTeJIbHYIO SHEepPrui IHC-H30-
Mepa, TpaHc-H30Mepa H pearupymolleili MmoJaexkyJael A* coor-
BeTCcTBeHHO. Tenysora peaklHH npH abCOJIIOTHOM HYyJIe IIOKa-

3aHa Ha PHCYHKE OTPEe3KOM AE,, KOTOprH paBeH pPas3HOCTH
"HYJIeBbIX KoJiebaTeJIbHBbIX YPOBHE€H IIHC- H TpaHc-H3oMepa.

Ilpn w601 KoHeuHoOli Temnepatrype 7, KakKk BHAHO H3
pPHCYHKAa, cpedHsigd KoJsiefaTeJIbHAsI HEePruss MOJeKyJda 6yaer
Bbillleé 3SHEPrHH HYJEeBbIX YPOBHell. AHAaJOTMYHO CpPelHAA
3Heprusa peardpyrouled npu temneparype 7 MOJAeKyJabl He
OyaeTrT TOYHO paBHA OpAHHaATe BepPILUHHBbI ITOTEHIHAJbHOIO
Oapbepa,  HO O6yJdeT HECKOJBKO IpPeBhIIIaTh €€, KaK IIOKa-

L1 ' * * *
3aHO Ha puUcyHKe JauHHek Er . Ey u E_; — 3Hepruu akKTHBa-
LIIHH LHC-TpPaHC- H TpaHC-LHC-TIpeBpalleHHs IPH TeMaepa-
Type T CcoOOTBETCTBEHHO.

AHNTEPATYPA
1. Bencon C., OcHOBbl XUMHYECKON KHHeTHKH, H3x-Bo «Mup», M.,
1964.

2.-'{%éman R. C., Statistical Mechanics, Chem. Cat. Co., N. Y.,
928, |
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THABA Il

METO /bl MONYYEHMUSA TEPMOXMMI/NECKMX
AAHHbIX |

fl. . HEKOTOPBIE TEPMOAKHAMMYECKME COOTHOLLUEHMS

Ecau xuMHuecKasa peakiusi B rasoBoil ¢ase pocruraer
COCTOSIHHA [IMHAMHYECKOr0 PaBHOBECHA, TO 3ITO COCTOSHHE
MOJTHOCTbIO ONHCBHIBAaeTCH TeMNepaTypo#, AaBJI€HHEM H  XH-
MHYECKHM COCTaBOM CHCTEMBL 3Has aaBaende P ¥ xuMmuue-
CKMIl cOCTaB, MOXKHO NOACYHUTATh KOHCTAHTY paBHoBecHs Kp
M CTaHAapTHOe H3MeHeHHe cBo6GoaHoH sHepruu I'nO6ca
(AG°) Ans peaxuuu npu Temneparype T. B panbHefiem
BCE KOMIIOHEHTHl CHcTeMbl OyAyT pacCMaTPHBATLCA Kak
uneanbHele. EcJ# peakuusa ONKWCHBIBAE€TCSE CTEXHOMeETpHUe- -
CKHM ypaBHEHHEM , | -

aA+bBrR+qQ, a1y
TO - o
[RY [QV
= . I1. 2
! [A]“[B]"_ -2
H

AG7 -—-ernxp_rAGfT[R]Jrchﬂ[Q]
_ —aAGfT [A]—bAGfT [B] (II.3)

npuyeM B cootHowenuu (II. 2) KoHUeHTpaUHH BCeX KOMIIO-

HEHTOB BblpaxkeHh B aTMmocdepax. Beanmunna AGfT(R) 5
napyrue B ypaBHeHun (II.3) siBasiorca cTaHAapTHBIMH CBO-
G6oaHbIMH 3HeprusiMu ['H66ca ob6pasoBanHs 1 Moas Belie-
ctBa (B LaHHOM cJyyae BeutecTBa R) mnpu Temneparype I
u gaBaeHHH | aTm U3 31E€MEHTOB B MX CTAHAAPTHBIX COCTOA-
HHAX OpH Temneparype T W AaBieHuu 1 aram. KOHCTaHTa
paBHOBECHS Kp Boipaxena B (arm)*", rhe .-

An=r+qg—a—"b - (L4

2 3ak., 735
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onpejesieT M3MeHeHHe 4HcaAa MOJeH B pe3yJabTaTe peak-
uun *. [To onpenenenuro

AG7 = AH7 — TAS?, . (IL.5)

HpHHEM CTaHﬂapTHOQ H3MEHEHHE 3HTAJBIIMH B pe3yJabTare

peakiun AHr CBSI3aHO cO CTaHAApPTHLIMH TeNJoTaMH 06pa-
30BaHUA COOTHOLUCHHEM

AHr =rAH:r (R)+ ¢ AHfT (Q)—a AHr (A)—b AH; (B) (I1.6)

H aHaJOrH4yHoO CTaHﬂapTHOG H3MCHEHHCE 9HTp0HHH B pQSyﬂb-

TaTe peakunu AST CBf3aHO co CTaHLAPTHBIMH amponnﬂmu
pearenToB

AS? = rS7(R) +¢S7 (Q) — aSp (A) — bS3(B). (1L 7)

Ecau n3BecTHB CTaHZapTHbIE SHTPONHH H TEMJOTH 00-
pasoBaHHsi npH Temneparype T Bcex peareHTOB H MPOJAVK-
o]

TOB, TO MOXHO BbIYHCJAHTL AHr H AST, a-3aTeM U KOH-
CTaHTY PaBHOBECHSl PeaKLHH. -

Takum o6pasom TenjoThl 0O6pa30BaHHS M 3HTPONHH fAB-
JSI0TCA OCHOBHBIMH TE€PMOXHMHYECKHMH BeJHuyHMHaMu. HX
TeMnepaTypHasi 3aBHCMMOCTb 3aflaHa TePMOJHNHAMHYECKHMHA
COOTHOLIEHHUAMH

o (AH®) o [a(as")] AC,
252 - [57)-25 wa

o |- 419 .
rie ACp, — n3MeHeHHe CTAHAAPTHOH MOJSIPHOH TeMJ0eMKO-
CTH B pe3yJbTaTe peakUUH MOXKHO NPEeACTaBHTb KaK

ACy = rCp(R) +gCy (Q) — aCy (A) — bCj (B). (I11.9)

Caaraembie B BhipakeHHHd (I1.9) aBasiiorcs cTaHmpapTHLIMH
'MOJIAPHBIMH TENJIOEMKOCTSIMU peareHTOB H NPOAYKTOB H 3a-
BHCAT OT TEMUEPaTypr (HO He OT [AaBJIeHHS HIeaJbHBIX
rason). ‘ -

* B KkauecTBe CTeXHOMETDHYECKHX KO3(PMhHUIHEHTOB MBI OyleM, Kak
0o6BIYHO, MNOJbL30BaTbcA HaGOPOM HaHMeHbIWHX ULelblXx yHces. Cheayer
OTMETHTh, 4TO An 6yaeT 3aBHCeTh OT cnocoba HaNHCaAHHSH CTeXHOMeTpH-
YECKOrO ypaBHEHHs, T. €. OT TOr0, HCTNOJb3YyeTCAd JiH OCHOBHOH HAH KpaT-
HblH éMy Habop CTeXHOMeTpPHUYEeCKHX Koaqacpﬂuuemos
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11.2. HCTOUHHKH TEPMOXHMMHUECKHX JAHHbIX 2159

o o
Uto6nl ompefeauts AHr W ASr HCXOAsi H3 H3BECTHBIX

[=] o ) Q
pesMukd AH7, # ASrt, Heo6xoauMO 3HATh 3aBHCHMOCTb AC)
or temneparypel B uurepBajse or T mo T,. Torma mHTe-
rpupoBanne ypasueduii (II.8) naer

T
AH7 = AH7, + j (ACS) ar,
o (i1. 10)

Q

: T
o o AC
AST 2ASTO+ j ( Tp)dT.'
_ 7,

[TosgHee OGyAeT MOKa3aHO, YTO XOTs 3HAYeHHHA C, nnda
MHAMBHAYaJbHBIX BElUIeCTB MQryT OBITH BEJIHKH H MOTYT
CHJIBHO HM3MeHSITbCS NpH TeMmeparypax okojo 500°K, AC,
[Js peakuuil OKas3bBaeTcs OYeHb HeOOJbLIOH BeJHYHHOH H
MaJiI0o MeHsAeTcA ¢ TeMIepatypod. B cBaA3yw ¢ 3THM TIpH He-
60AbIIOH TOrPEIIHOCTH MOXKHO BOCIOJbL30BATbCSA CPEAHHM

3HaueHHueM AC:Tm p unrepBaie T — T, u mpeo6pa3oBaTb
ypaBuenue (II.10) caemyromum o6Gpasom: o

AHT = AHr + ACpr,, (T —To),

AS? = AS?, + ACpr,, Ino = AL 11)
= AS?, +2,303AC;r,, Ig %— )

H. 2. UCTOHHMKM TEPMOXMMMHUYECKMX [ AHHBIX

Ecau B3sITb CTO 3JEMEHTOB MEPUOLHYECKOH CHCTEMbI, TO
oHH MoTyT o6pasoBaTth 100 ogHOAaTOMHBIX MoJeKyJ, 200 Bo3-
MOZKHBIX OJHOBAJIEHTHbIX HOHOB (MOJIOXKHTEJbHBIX H OTPH-
nmateabHbix), 5050 aByxaToMHBIX MoJexkys, 106 TpexaTom-
HBIX MOJIeKYJ H npuGausutenbHo 1027 #-aTOMHBIX MOJIEKY.JI.
SIcHO, 4TO NpH TaKOM MOJOXKEHHH O0ecCrioJie3HO HaJAeAThCH

HMeTb TaOJIHIbl C 3KCNEePHMEHTAJbHBIMH . TEPMOXHMHYE-

CKMMH JAaHHBIMH 10 BCEM 'MHOMOaTOMHBIM 4YacCTHUaM HJH
Jake 1o BCeM  OrpaHu4YCHHBIM NOAKJAACCAM CpPEeAH HHX.

2* v

o w.:l-nm.:.,, .
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K cuacrblo, ¢ IOMOLIBIO METOAOB CTAaTHCTHYECKOH TepMO-
JHHaAMHKH C XOpolled TOYHOCTbI0 MO>XHO BBIYHCJSITBH CTaH-
JapTHble 3HTPONHH M TEMJOEMKOCTH MOJIEKYJ, €CJHH H3-
BECTHbl UX F€OMeTpHYeCKoe CTPOEeHHE H YacTOTH KoJseGaHHi.
OTH JNaHHBIE UMEIOTCS IJisT MHOTHX MPOCTHIX MOJIEKYJ, TO-
3TOMY JAJd HHUX MOXKHO HaHTH O4YeHb TOUYHBle TabJHUHbIE

o Q
sHaueHuss C, ¥ S B WHPOKHX HHTEepPBajaxXx TeMIlepaTyphl..
Takum cnocot‘)oM ONHAKO, He MOryT GbiTh BblUMCJ/IEHBI Tel:

JOTH 06pa3oBaHHUsA AHf, KOTOpbl€ NPHUXOJUTCA IKCIEPUMEH-
TaNbHO ONpeaensiTh AJd KarKIAOro cociauHeHHs. TeM He Me-
Hee NJIA MHOTHX PAacCHpOCTPaHEHHBbIX CPABHHUTEJBHO NPOCTHIX
MOJIEKYJI TEeNAOTH oﬁpasoBaHHﬂ n3Mepennl. Hro xKe Kacaerca
6oJsiee CJOXKHBIX COCIHHEHHH, TO CYyUIeCTBYIOT 3MNHPHUECKHE
paBuJa OHNpeleseHHS HX TeMJoT o6pas3oBaHUs HCXONA H3
TenJaoT obpa3oBaHus 6oJiee NpocThX MoJgaekysa. KpoMe toro,
H3BECTHBl SMIIHPHYECKHE NPHEMbI JOCTATOYHO TOYHOTO OMpe-
LteJIeH—HH TEOMETPHH H 4YacCTOT KoJeGaHHH, a Cjed0BaTeNbHO,

S° u Cp. 6osee’ CAOKHBIX MOJIEKYJ, AJsA KOTOPBIX OTCYT-
CTBYIOT NPAMBIC CTPYKTYPHBIE NaHHBIE. ‘

M Bce xe Takue pacuerhl S° u C HUKAK HEJIb3f1 CUM-
TaTb TPUBHAJBHbIMH MJH IPOCTBIMH, MO3TOMY MH 6ylem
NOJb30BATBCSI HMH TOJIBKO B HCKJIOUUTEAbHBIX CJy4yasx.
OueHb OBICTPBHIA H IOCTAaTOYHO TOYHBI METOL OnpeaeseHHs
TEPMOXHMHUECKHX BEJHYHH BO3MOXEH Ha OCHOBE <«IpaBu/I
aJIUTHBHOCTH», pPacCMaTpHBaeMbIX HHXKe. .

Il. 3. MPABMIIA ARANUTUBHOCTM CBOMCTB MONEKYN

‘ ¥Yxe NOBOABLHO AAaBHO XHMHKaM M (HU3HKaAM CTaJdO H3-
BECTHO, UTO OOJBUIMHCTBO CBOHCTB CPaBHHTEJbHO CJIOXKHBIX
MOJIEKYJl MOXXHO NpPeACTaBUTb B BH/AE CYMMbl COOTBETCTBYIO-
IHMX BKJaJIOB HHAHUBHIAYyaJAbHbIX aTOMOB HJH cBsiseil. PH3u-
YECKH NOAOOHble IMIHPHUYECKHE 3aKOHOMEPHOCTH OCHOBAHWI
HA TOM, YTO CHJIbl, AEUCTBYIOIUHE MEXKAY aTOMaMH BHYyTpH
MOJIEKYJIbl HJIM MEXIy aTOMaMH  Da3JIHYHEIX MOJeKyJ, siB-
JASIIOTCA OuYeHb OJH3KOAeHCTBYIOIMMMH. CHAbl 3TH AeficTBYIOT
Ha paccrostHuax 1—3 A, HM3-3a 3TOro HHIUBHAYyaJbHBLIE
aToMbl B JIIOOO#H MoJieKyJie AaioT NOUYTH IOCTOSIHHbIE BKJAAIbl
B TakHe CBOHCTBA MOJIEKYJI, KaK KO3(DPHUHEHT MpesomJe-
HHS, YJAbTPaHOJCTOBBIE H HHpakpacHble CHEKTPHl MOTJIO-
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[I{eHUA, MArHHTHas BOCIPHHUMUHMBOCTbL, a TaKXKe IHTPOMNHS,
MOJIIPHAA TEMJIOEMKOCTb H Jaxe TenjaoTra o6pa3oBaHHSA.

CpaBHUTeNbHO HemaBHO Dencon u bacc [1] nokasann
BO3MOXKHOCTh MOCTPOEHHA CHCTEMBI [IpaBHJ aAAUTHBHOCTH, B
KOTOpBIX MpOCTefilive npaBuaa (B NpubJIHKEHHH HYJIEBOTO
nopsaKa) OCHOBAHB HAa AJAUTHBHOCTH CBOHCTB aTOMOSB.
[Ipy 5TOM KaxKAOMy aTOMy B MOJeKyJe MOXHQ NPHIHCATb
onpeje/ieHHOe MNapliHaJbHOe 3HAYEeHHe pacCcMaTpHBAEMOTO
cBoiicTBa. JlaHHOe CBOHCTBO MOJieKyJibl, TakuM o0pasowm,
BJSIeTC CYMMOM COOTBEeTCTBYIOLUMX CBOWCTB BCeX aToO-
MOB, OOGpa3ylOIHX MOJIEKYJdy. B  OIHOM-eIHHCTBEHHOM
cJyuae 3TO NPAaBHJO siBJsieTcs abCOMIOTHO TOYHBIM — KOTZa
peub HAET O MOJEKYJspHOM Bece. Y NPpaBH/a TAaKOro poAa
HMeeTcH,” ONHAKO, OUEeBHAHOE OrpaHHYEHHe: H3-3a COXpaHe-
HUS BellecTBa B JI000H "XMMHUECKOH PEaKUHH MNPaBHJIO
aIJHUTHBHOCTH aTOMHBLIX CBOHCTB TpeOyeT TakKKe COXpaHe-
HHst Jwo6oro cBoMcTBa MOJEKyJbl. FIHBIMH CJ0BaMu, OHO
JOJIXKHO GbITh ONMHAKOBbIM Y peareHTOB U HPOAYKTOB. [ljs
GOJNBIIMHCTBA XHMHYECKHX peakiuil 3To He cobnlogaercH,
eci peub HJeT 06 SHTPONUH M SHTAJbIHMH, XOTHA NPHOIH-
KEHHO IPaBUJO H BBHINOJHAETCS BO MHOTHX CAy4dasiX, KOTIAa
peaKIHa He CONPOBOXK/AeTCH H3MEHEHHEM 4HCIa MOJIeH. Ho
W 3Jech TOXKe HMEKTCHd sfABHblE HCKJAOUEHHS, HalpHMep
H, + Fo—2HF + 128 «kaa, N, + O:->2NO — 43 «kaa,
H, + Cly > 2HCI + 44 kkas u 1. 1. -

Il 4. ARLRMTHBHOCTb CBOWCTB CBA3EM

-CyiegyomuM npubanxennem (npubiuKeHHeM NepBOro
NOpAAKa) fABJSETCA YueT alJHTHBHOCTH CBfA3eH. B Taba.
11. 1 mpuBeneHbl BKJAaABl CBA3€H MOJEKYJ HICATbHBIX TasoB
npu 25°C B 3HaYEHHUH CZ, s° H AH?. qTOﬁbepOHJIJIIé)CTpH;
poBaTh, Kak moJp3oBarbea Taba. 1I.°1, Beruncanm Cp n S
IJis KaKOro-HUGYIb COeHHEeHHS *. - -
* Ilas yao6ersa Mbl,ByneM omycKaTb HHIEKC T, eC/li TeM-
meparypa, AJsi KOTOPOH BLIYMC/AETCA Ta HJH HHAfA. BEJH-
yuHa, passa 25°C.. | . " | -

. * Bce mucxoaHble TEPMOXHMHUYECKHE AaHHble OCHOBaHB' Ha paboTe,
yx_asan_ﬂ_oi’i B BBOLHOH 4acTH NPHAOXKEHHA, . P -



38 rJi. 1. METOAbt NMOJIYHEHHA TEPMOXMNMHYECKHX HAHHDBLIX

mu&nspu. .
l. €}, (CHClg) = C) (C—H) + 3C} (C—Cl) = 1,74 + 3 - 4,64 =
' ——-015,66 rwaar/(moas - epad); : .
C, (uaba.) = 15,7 xaa/(moas - 2pad); :
p
S8° (CHCl3) = §° (C—H) 4 38° (C—Cl) — R In 3 * = 12,90 +3 - 19,70 —
—2,2 == 69,8 kaa/(moxs - epad); :
S° (uabn.) = 70,9 xaa/(moss - 2pad). |
2. C:, (2,3-1aMeTHaneHTaH) = SC; (C—C) + IGC: (C—H)=6-1,98 +
+016 - 1,74 = 39,8 kaa/(moxs - epad). . |
C, (uabn.) = 39,7 (upubJuKeHHOE 3HaUYeHHE);
p .
S° (2,3-aumeTuinentan) = 68° (C—C) + 168° (C—H) - 4R In 3 +
+ R(In 2 *)* = — 98,40 7E 206,40 — 8,? + 1,4 =100,6 xaa/(moass - epad);
S° (nabua.) = 99,0 xkar/(moas - 2pad). . :
3. AH? (HonHCTHIH GeHssl'H.n) =-5AH? (O—H) + AHfO (O—C) +
+2AH; (C—H) + AH; (C—~1) = 16,25 + 7,25 — 7,66 + 14,2=
= 30,0 xxaar/moab; ' -
AH? (Hatn.) = 30,4 xxaa/moaxs.

4. AH; (2-xnopSytammen-1,3) = 5 AH7 (C4—H) + AH} (C,—C) +
Fol #(~a Fita

|+ AH] (Cq— =160+ 67— 0,7 = + 22 xkaa/moms;

~ AH; (uabn.) ne u3BecTHo.

5. AH; (stnaauerat) =8 AH{ (C—H) + AH; (> CO—C) + o
+ AH{ (>CO—O0) + AH{ (C—0) + AH}; (C—C) = 30,64 — 14,4 — 50,5 —
_— 102,0 + 2,73 = —104,8 kkas/ioas; ' _
AH, (va6n.) = —103,4 xkxanr/mors.

Mul BUAHM, YTO NPaBUJIO aAAHTHBHOCTH CBOHCTB MO3BC-
aAseT Bbuucasath Cp u S° ¢ TounocTb =1 Kaa/(more - a2pad).
OHO Xye BBINOJNHSETCS AJMA CHJABHO pa3BeTBAEHHBIX CO-

ennHeHHi. TouynocTh omnpenenenus AH,?, KaK IMpaBHJO, He
npeBblaeT —+£2 KKAA/MOAb, HO H OHA YXYIALIACTCH LA CHJb-
HO Da3BETBJICHHLIX CO€IHHEHHH, COMEePKAUIHX 3JEeKTPOOTPH-
mareJibHble rpynnel, tTakue, kak NO, u F. . ' |

$lcHO, UTO MpaBuIa aANUTHBHOCTH CBOfICTB cBfizel aanyr
OZMHAKOBble 3HAYeHHA N/ CBOHCTB HM30MepOB, HalpHMep

* Unen RIn3 sasnserca nompaskofi Ha cuMmMMerpuio. UHcao cum-
MeTpuH O = 3, nockoqbKy B CHCl; nmeetcs ocbh Bpauienus Tperbero
nopaaka. [Togpo6uee cm. pasa. I1.11.

** Broiuutas 4R In 3, Mbl y4uThiBaeM BHYTPEHHIOIO cumMmeTpHio CHs-
rpyniibi, a. npubasass RIn2, yuurtpiBaem SHTPOTHIO CMEIUEHHS ABYX
QNITHYECKHX H3QMepOB, L | |
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Taﬁ:zuqa 1. 1

Bx.na;m B Cp, S u AHI-, COOTBETCTBYIOINHE Pa3AHYHBIM CBA3AM
A BEHIECTB B ra3006pa3HoM cocTosinaH ‘mpH 25°C m 1 arm ?)

CBf3b Cp S AHf l' CaAa3ab Cp S AHf
C—H 1,74| 1290| --3,83{) S—S 5.4 11,6 -
C—D 206| 1360 —4,73} C;,—C9) 26 | —-143 6,7
C—C 1198 —16,40 2,73| C4—H 2.6 13,8 3,2
C—F 3,34 16,90 — || C4—F 4.6 18,6 —
C—Cl 464 19,701 —7,4 Cd—Cl 5,7 21,2 | ~07
C—Br | 5,14 22,65 2.2 | C4—Br 6,3 24,1 9,7
C—I 554 24,65| 14,1 || C4—I 6,7 26,1 21,7 .
—O 27 | —40 [ —120 | > CO-H B) 4,2 ¢6,8 | —139
O—H 27 240 | —270 || > CO—C 37| —06 |—14,4
O—D 3.1 248 | —-279 || > CO—O 221 - 98 |=50,5
0-0 4,9 9,1 21,6 || > CO—F 5,7 31,6 —
0O—-Cl 5,5 32,5 91 | >CO—Cl { 721 852 |—270
C—N 2,1 | —128 9,3 | CgH;—HT) | 3,0 11,7 3,25
N—H 2.3 17,7 —92,6 || CsHs—CT) | 45| —174 7.25
C—S 3,4 —1,5 6,7 | NO,—OT) | — 43,1 | =30
S—H 3.2 270 | =08 | NO—OT) - 35,5 9.0

a) [TonpaBKn NpH BHYHCJEHHHM SHTPOMHH, YUHTHIBAOIIME CHMMETDHIO H 3JeK-
TPOHHbIE cnoﬂcma Mo.nexy.n ob6cyxpaloTcAa B pasaenax I. 11 u II. 12. TounocTs

onpenesieHn st C H S Ha OCHOB€ IIpaBHJIA aAJHTHBHOCTH CBOHCTB cBsizefl o6niynHoO
cocrapgsieT =1 Kaa/(mosrs-2pad). OnHako omubka OnpeAeJeHHs BO3pacTaeT AJs
CH/IBHO Pa3BETBJIEHHbLIX coeasiHenutt. OmuOKA BRYHCJASHHSA AHf o6hIYHO He mpe-

Bbll.llaET *2 KKaa-Mosb, OHA TAaKKe YBeJHUHBACTCH AJR PA3BETBJESHHLIX coemme-
HU#, CO JHAYHTENLHO MeHbUIel TOYHOCTBLIO yaaeTca BBIUYHCJ/HTbD TepMOXHMHYECKHUHE
napaMe’rpu Aag nepekucell. BuiuncasieMble 3HaYeHUsT OTHOCATCH K BC€IieCTBAM B CO-
CTOAHHH HAeaJbHOIO rasza. .

6) Cd O3HavaeT yrJacpoAHHR aToM, npHHaIASKAIWNA BHHUABHOHA rpynne, KaTto-
-~ pas npH 3TOM DACCMATPHBAETCH KAK YeTHIpEXBAJCHTHAA YacTHILA.

B) > CO o3nauaer cBsiss ¢ Kapb6OoHHALHBIM ATOMOM yr.nepo,ma KOTOpbIil 3/1ech
CUUTAETCH ABYXBAaJCHTHHM.

: r) NO u NOg paccMaTpHBAIOTCA Kak o,rJ.Hoaa.neHTHhxe TPYIIK. d>e1-m.v1bubli’l
panHKaJg 3nech pacCMATPHBAETCHA KaK HIeCTHBAaJIeHTHAas rpynhna.

H-6yTeHa, ¥ H300yTeHa, yuc- u Tpamc-oneduHa U T. 1., 4
IOSTOMY H€ MOTYT HCHOJb30BATbCA - AJSI COMOCTaBJEHHA
CBOHCTB H30MepoB. l3omepHble pasnHuusi, KOTOpbie $B-
JAOTCA HCTOYHHKOM 3HAUHTENbHBIX CTEPHUECKHX 3((PeKTos
B MOJIEKYJiaX, KaK HNPaBUJO, HE MOTYT ObITb OXapaKTepH3o-
. BaHbl ¢ MOMOWIBIO KaKHX- -1160 TPOCTBIX NPAaBHJ  afAHTHB-



‘ime"'ro crielliaJibHble MPpaBUHaa UJH Hymno CpaBHHBaTh CBOH-
CTBA WHAHBHAYAJbHHX COEJMHEHHH.

I 5. ARAUTHMBHROCTL CBOWCTB reynn

B cae/lyoleM NpUOJAHKEHHH (npn6.nnx<eﬂnn BTOpOFO
NMopsiika) CBOHCTBA MOJIEKYJ PAcCMATPHBAIOTCHA KaK CYyMMbi
aIlIHTHBHBIX BKJAaJOB, NPHHAAJEXAaUWMX pas3/HYHBIM Tpyn-
maM, BXOASILIMM B MOJIEKYJYy. Onpenenum rpynny B MOJie-
KyJie KaK MHOTOBaJICHTHBI aTOM (BajJleHTHOCTb 2 2) BMe-
cTe C €ro JUraHjaaMu, T. €. aTOMaMM, C KOTOPBIMH QH CBf-
3aH. [To npuHsATOH HOMeHKJaType crepBa OylaeM ykKa3biBaThb
MHOrOBaJIGHTHbIH aToMm, a 3ateM ero JuraHabl. Tak,

C—(C) (H)3 o3nauaer, 4TO aTOM yrJjepoja CBsA3aH ¢ TpeMs
aTOMaMH BOJOpOJa H JAPYrHM aTOMOM yrJjepoaa, T. €. 3TO
MeTHJbHasA rpynmna, cBazanHas ¢ C. Takve MoJeKkyJsbl, Kak
HOH, CH;Cl, CH,, conep:kailiie TOJbKO OJHH MHOTOBAaJIEHT-
HbI aTOM H, CJef0BaTeJbHO, TOJNbKO OJHY TPYINNy, HE MOryT
paccMaTpUBaTbCsl  HA  OCHOBEe TpPaBUJa  AJJIMTHBHOCTH
CBOHCTB rpymnn. 3ToO NPHMEHHMO K MOJEKYJaM, B KOTOPhIX
MMeeTcsl HeCKOJIbKO MHOTOBaJieHTHhiX atoMoB (2> 2). Huxe
NpHBEAEHbBl MPUMEPLl NPHMEHEHHsT 3TOH METOJHKHU:

Moanekyna CH3z;—CHjz cocTouT H3 ABYX HAEHTHUYHBIX
rpynn, Kaxpgasi H3 KOTOPbIX COAEPKHT YIVIEPOJAHBLIH aroM,
CBSI3AaHHBIA ¢ APYrHM aTOMOM VYIJIepOLa H TpeMA aTOMaMH
Bogopona. OTMeTuM, UTO BCe HepasBeTBJIeHHble napaduHo-
Bble VYIVIEBOAOPOAL! COCTOSIT TOJBKO H3 JABYX TpyII;
[C— (C) (H)3] u [C—(C)2(H)2]. MHOX<eCTBO HacChlIeHHBIX
napaduHOBBIX YIVIEBOAOPO/AOB NOCTPOECHO H3 YEThIpeX TpyId.
KpoMe gByx ykasaHHBIX Bblllle, OHH COAep2KaT Irpynnel Tpe-
THYHOrO H uerBepTuuHoro yraepoaos: [C—(C)s(H)] w
[C—(C)a]*.

2. CH3CHOHCH3 CONEPHUT I1e'rblpe TPpynmel, T. €. ye-
Thipe MHOTOBaJIEHTHbIX aToMa:

2[C—(C) (H);] + [C—(C); (O} (H)] + [O—(C) (H)].

- * TlosicHUM - NpPHHATBHIA aBTOpOM crnoco6 o6o3HauyeHHs TCPyin.
[Cw—-(C) (H) 3] O3Ha4aeT, YTO IPyNNa.COAEPXKHUT aTOM YIVIEPOAA, :CBA3AH-
HBI C OXHHM aTOMOM C u Tpemsi atomams H, T. e. 3T0 MOXKeT. GHITDL
MeTHJbHAfA Trpynna B MOJIEKyJe YI/eBoA0poja. [C— (C)z(H)z]-—STO
rpynma, cojepykailas aToM Yriepoja, CBA3aHHBIA ¢ AByMs atoMamu C
u ABymsi atomamu H. - Hpum. ped. .
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C yBeJHUYeHHEM 4YHCJA 3aMecTUTeJieil KOJHYeCTBO -rpymnn
BO3pacTaeT, U 3TO COCTaBJsSET OCHOBHOE OrpPAaHHYEHHE HC-
NoJb30BAaHHA JaHHOro Meroaa. Tak, XJOopHpPOBaHHbIE Hepaz-. -
BeTBJIEHHbBIE YIJEeBOAOPOABI coleprKaT BcCe rpynnel o6LLe
dopmyas [C—(C) (H)n(Clls—r]l # [C—(C)2(H)»(Cl)2nl,
rie n=0, 1, 2 u (uau) 3, oblllee UHUCJIO KOTOPBIX PaBHO
CeMH, YTD Ha NATb OoJible UHCJda TPYNN, HA KOTOpble MOXK-
HO pa3CUTb MOJIEKYJIbl HOPMaJbHBIX napapuHoB. MoJekyJibl
Pa3BETBJIEHHBIX YIJIEBOJOPONIOB MMEIOT JIHIIL OMHY AONOJ-
HUTeNbHYIO Tpynny [C— (C)3(Cl)]

3HaueHHs TPYAINOBLIX BKJAaZOB B Co S° n AH; npHBe-
JeHbl B NEepBBIX LIECTH 'ra6.rmuax npuJoXKeHusti. Boluncase-

Mble 3HadYeHUd C u S OTIHYAIOTCA OT 3KCIEepUMEHTAJb-
HBIX 3HaUYeHUH B cpenHeM a 0,3 xaa/(moxab-epad), B TO

BpeMs KakK AJas AH$ pasauune cocrasiaser 0,5 kxkaa/mors.
Ons cunbHO 3aMelleHHbIX COeNHWHEHHH Pa3HOCTb PaCUETHDIX

3KCOCPHMEHTAJDbHbBIX 3HaueHUu C H S MO22KeT JOCTHraThb .

+1,5 Kaa/(moas-2pad), a Jmﬂ AHf 3Ta Pa3HOCTb MOXKeT
_ CcOCTaBJATL =3 mcaxz/wzoxzb :

NPUMEPSI

L C, (1306yTan) = 3 [C—(C) {H)y] + [C—(C)3 (Hj— 18,57 + 4,54 =

= 231 Kaa/(moas - epad).
- C (uaba.) = 23,1 rkaa/(moan - epad). :
2. S° {menren-2) = [C—(Cy) (H):] + 2 [Cxz—(C) (H)] + | |
-+ [C—(Cy) (C) (H),] + [C—(C) (H)3] — 2R In 3 (cumMeTpus CH;) =
- =30,414+16,0+9,8430,41 —4,2=82,3 kas/(moas - epad), TpaHC- H30Mep
-8 (H35JI)"‘820 kaxrf/(moas - 2pad), TpaHC-H3IOMED.

3. 8° (srop-6ytunosuit cuupt) = 2 [C—(C) (H);] + [C—(C); (O) (H)] +
f = [O—(H) (C)] + [C-—-—-(C)z (H)2]+ R In2 (1,1 oNTHYECKHX H30MEPOB) —
—2 R In3 (mas CHz-rpymn) =608 —11,0+29,1 +94+1,4~4,4 =
= 85,3 kaxa/(moas6 - epaa)
S° (Hdﬁ.}l ) = 85,8 xaa/(moas - 2pad).
4. AH (rper- 6yTHﬂM3THnOBHH sdup) = 3[C (C) (H)sl +
+ [CH—(C)_:, (0)] + [0—(C)2] + [C-~(O) (H)3} = —30,2 — 6,6 — 23,0 —
.- 10 1 = —69,9 xkaxr/moas. | '
i _Af (1a641.) = — 70 = 1 xKkaxr/moas,
S C yqe'rcM KOH(GOPMAILHOHHBIX MONPaBOK no.;rquM
AHf = - 69 3 rma/z/)uoxb

* Honpoﬁnee. cM. cepHio crareil bexcona wu np B mypﬂane Chem,

l '.Rewews [Chem. Rev., 69, 279 (1969)]
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B taén. V. 1—V. 6 conepxarcs nBa THna [IONpaBoOK, YUYH-
TbIBalOIHX B3aWMOAeEHCTBHsI 6oJlee BBICOKOTO IMOPSAKA.
OnHa W3 HHX — 3TO mONpaBKa, YUHTBIBAON[Asl pa3gHuHEe
CBOHCTB LHC- H TPaHC-H30MEpOB. BaaumopeiicTBus, o6ycao-
BJINBAIOUIHE YKa3aHHble pPa3NHuHsl, He MOTYT ObLITb Helo-
CPCACTBEHHO YYTEHbl NPH BLIYHCJEHHH CBOMCTB CPYNN, MO-
TOMY 9TQ 3TH B3aHMOAEHCTBHS HMEIOT MECTO MeXAy 6.u-
MaHIIHMH HE CBA3AHHBIMH APYT C JAPYrom rpynnamu. Ilo-

Me Me : Me
H Me:
s
<> y
Me : : H
AN
(a) ' - . (0)

Puc. II. 1. BpaumareabHuie Kompopgaunn #-GyTaHa. 3epKaJsbHEIE
KOoHurypaiuna: tpanc (a), romw (6). .

3TOMY CBOHCTBa rpynn TaGyJupoBaHbl AJs TPaHC-H30MepoB,
KOTOpbie O6bIYHO 6ofiee crabubHbl. C NMOMOILLBIO [IpUBEeHCH-
HBIX NONPABOK MOXHO NepefTH K MeHee CTaGH/JbHBLIM LIHC-
H3oMepaM. | _ | |
Bropas nonpaBka c¢BfizaHa c¢ row-B3aHMOLeHCTBHAMH
GosblIUX rpynn (T. e. JiOGBIX FPYNN, KPOME ATOMOB BOLO-
poAa). DTH B3aUMOAEHCTBHS BO3HHKAIOT TaKKe Mexay GJu-
- KaHIWUMH He CBA3AaHHBIMH APYr C APYIOM rpynnamMu, H H0o-
3TOMYy OHH TOXK€ H€ MOTyT GbiTb HENOCPeACTBEHHO VHTeHL
B rpynnoso#i cxeme. UToGb ydecTp 3TH B3anmogeficTsus,
HY?KHO 3alHCATb CTPYKTYPY AAaHHOH MOJEKYJAbl, 4 3aTeM fe-
PECUHTATb TOLI-KOHQPHTYPAUHH Ka*KAO0H TPyniibl MO OTHOWE-
HHIO K TE€M, KOTOpble elue He OblIM coCuazTaHbl. JlammHbre
B3aHMOAEHCTBHA ONpeAesIoT BpaulatesibHble KOH}puUTypa-
UHH. B ciayuae HOpmasbHeIXx mnapaduHOB HauGoJdee cTa-
GH/IbHEl KOHGHUTYPALHH, B KOTOPBIX TSMKEJbie rpynnbl 3aHH-
MalOT TPAHC-NMOJNOXKEHHS. ITO MNPOUJICCTPHPOBAHO TPEM#
KOHpopmMauHsiMH H-GyTaHa A(puc. 1L 1). IBe 3epKanbHbie
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-

k.

-

rom-KoHgurypauuu Ha 0,8 KKaa/MOAs MeHee CTaGHJBHBI,
yeM TpaHC-KOH(Urypauusi.

-~ Ha puec. 11.2 nokasaun TpH KOHcpopMamm 2-MeTunby-
“raHa. [Ina xaxXao0l H3 ABYX 3epKaJbHBIX roul- KOH(popMauui
XdPaKTE€PHO OJHO TouI-B3aHMOJEHCTBHE METHJ/IbHBIX TPy,
K TO BpeMsl Kak JUisi MeHee CTaGHJIbHOH CHH-KOH(bOpMAaIHH,
~XapaxkTepHHI ,[lBa rOLI- BS&HMO,ELEP[CTBHH METHJABbHBIX TPYyMI.

M
Me €
H
H H Me
M¢ H Me H
Me H |
N ' , 7/
: '

-

(a) (&)

Puc. II 2.. BpamaresbHbie KOHpOpMaUuH 2-MeTHJAOyTaHa. 3epKajibHEE
KOH(HT'ypaliu: rou (a), cuH (6).

B 2-mMernianeHTtaHe mmeeT MecTO OJHO TOLI-B3aHMOIEHCTBHE
MEeTHJbHbIX TpyIN, a B 2, 311HM€THJIH€HT3HE—TPH TaKHUX
B3aumopencTeus. as Au-Tper-6yTHN0BOTO 3dHpa, KOTOPbIi
HMEET 3HEePrHio «HaNnpsKeHusa» okoio 10 kxkaa/moares, Xapak-

TEPHbBl YeThipe TOlI-B3aHUMOJAEHCTBHA. 3HauyeHHd AH;, pac-
CYHTaHHble §e3 MonpaBOK Ha TOUI-B3aUMOJLEHCTBHS, COCTAB-
ns1T —96,7 kkaa/moas, B TO BpeMs KakK HabJlOfaeMoe 3Ha-
ueHde paBHO —87,2 & 0,2 kkaa/morb. [asa merna-tper-6y-
THJOBOTO 3(Upa, Aad KOTOPOTO AOJIXKHbl GBITb BHECEHB! ABE
MONMpaBKH HA TrOW- B3aHMOIEHCTBHA, YTOUHEHHOE 3HaYeHHe

AH; paBHO —69,3 KKaa/MO4b, B TO BpeMsi Kak Hab.iofae-
Moe 3HaudeHue cocraBJgasier —70,0 &= 1,2 kxasfmoae.

BsauMmomefictBus GoJiee OTAaJeHHBIX rpynn 6yayt pac-

~ CMOTPeHBl B JlasibHeiillleM; 34ech Xe CJAedyeT YHOMAHYTb,

Y70 TeMJIOTA TPAHC-H30MEPH3aUHuH YuUC-AH-TPeT-OGyTHI3TH-

Jena cocraBiager —9,3 KKkasa/moab, TOrAa Kak AAS TPaHC:
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L

H30MEepH3alUU Yuc-JUMeTHAITHAeHa (T. e. Aasa yuc-6yre-
Ha-2) uMeeM 3HayeHHe Tenaotel —1,0 kkas/more. Bsaumo-
AeHdCTBHH TAaKOTro poja He MOXeT Npeacka3aTtb HH OlHa Npo-
crasd cucreMa nonpaBokK. Bo MHorux caydasgx OHH MOrytT
6bITh OOHapVy:KEHBl TOJBKO Ha OCHOBAaHHH aHaJjJH3a C Io0-
MOIBIO TOUHBIX CTPYKTYPHBIX MOJeJeH MOJIEeKY.JI.

1. 6. HETPYIMTNOBLIE BSAHMOAEFICTBHSI.} LLMKNbI

IIpuMenenue npasuJl aJJHTHBHOCTH OCHOBAaHO Ha Tpej-
fIOJIO’KEHHH, 4YTO KakKaa Obl agJaHUTHBHAasl €JHHHLA — aToM,
CBAA3b, FPYyNNAa U T. 4. — HH paccMaTpuBaJlach, €e JOKaJIbHOe
CBOHCTBO OCTaeTcs HEH3MEHHbIM BHYTPH TOMOJIOTHYECKOIO
paga W, MHaye ToBOpPHA, YTO 3aMeTHOe B3aHMOAEHCTBHE
MEeXKIY Gonee OTAaJeHHbIMH APYr OT Jpyra €JHHHLaMH He
nposasasercda. Jlas JHHeHHbIX MOJIEKYyJ, TaKHX, KakK HOp-
MaJibHble napagHHbl, 2PHPLI, NPOLYKTbl 3aMelleHHsT HX KOH-
uesbix rpynn (nampumep, Cl—(CH;),—O (CHy),,—X), 3TH
NpeanoioKeHUsI UAeaJibHO BHINOJHSIOTCS, U HE YIHBHTEJbHO,
YTO INpaBHJa alJAHATHBHOCTH OKAa3biBAaIOTCHA ClIpaBeAJHBBIMH
IIPaKTHYECKH C TOYHOCTbIO, KOTOPYIO HMEIOT HCHOJbB30BaH-
Hble MPH BbIYHCJEHHH BKJALO0B 3KCIepUMeHTaJbHbie JaHHbIE.
OpHako, ecqad B MOJIeKyJie TMOSIBATCA CTPYKTYpHble oco6el-
HOCTH, BJaronapsa KOTopbiM OoJiee OTAaJieHHbie TPYIIbl Kak
6bl COMUIKAIOTCA, MBI MOXKEM OXKHJAAaTb OTKJOHEHHH OT mpa-
BHJI aAIUTHBHOCTH. TakHe OTKJOHEHHUS yXKe OblIH OTMEUEHb
B NpeablaylileM pasfeje B CBfA3H ¢ LHC-TPaHC-H30OMepHeH
one(pHHOB H roul-koHpurypanued CHJIbHO pPa3BeTBJIEHHbIX
coenuneHuil. UTto6bl He HCKJAIOYaTb 3TH COE€AHHEHHsI H3 pac-
CMOTPECHHUSA, Mbl JOJI2KHbl BBECTH IIONIPAaBKH, YUHThIBaloliHe
3TH Herpyinnosble B3aumoneicTBHa. Hauboaee oTueTnHBoO
TakKpe HerpynioBble B3aMMOIEHCTBHS MPOABJIAIOTCA Yy IHK-
JHYECKUX -coeanHeHuil. [IpocToit m ecrecTBeHHbIH CHnocob
onpenejeHusi CBOWCTB UHKJIHYECKHX COEJIHHEHHH Ha OCHOBE
HpaBHJ AAAWTHBHOCTH I'PYNNOBBIX CBOHCTB OTCYTCTBYET, MO-
3TOMY HaM OCTaeTCs TOJbKO BHOCHTBH MONPABKY, YYHTHIBAlO-
HIYI0O UHKJHUECKYIO CTPYKTYypy coedHHeHMsi. B Tabauuax
NPHJIOKEHHS COLAEPKATCH TakHe NMONPAaBKH JJA PasIHYHBIX
IOMO- K TreTepouHKaoB. [lpy BbIUHCIEHHK CBOHCTBA Kakoro-
JU6GO coefHHEHHs, HanpuMmep yuc-l1-MeTHaA-2-3THIANMKJIONEH-
Tana, Mbl 6yIeM cHauajla CyMMHpOBaTh Bce OOblUHble rpyn-



11.7. TEPMOXHMMU, BEJIMUMHB! ITPH MMOBLIMEH. TEMIEPATYPAX 45

NnoBhIe BKJAaAbl, 3 3aTeéM BBOILHUTb NOMNPABKY Ha Herpynnoaoe
B3aHMOZEeHCTBHE.

'AH (uuc 1-meTua-2-stunuukaonentan) == 2 [C~-(C) (H)a] +

+ 4 [c (C)a (H)2] + 2 [C—(C)3 (H)] + nonpaska aas uukaa Cs +
+'upc-onpaBka + rour-nonpaepka = — 20,16 — 19,80 — 3,80+ 6,4 —I- 1,0+
+0,8= — 35,6 kxaa/moaxs; _

' AH? (natan.) = — 35,9 kxaa/moae,

i.7.- ONPEAENEHME TEPMOXMMMUUYECKMX BENMYIMH
NMPHM MNOBDILUEHHbLIX TEMNEPATYPAX

PaCCMOTPEHHbIe Bblllie MpaBHJ/Ia aJ.mHTHBHOCTH [03BO-

JSI0T Onpene/iaTb 3HayYeHHH AH,e, S° u C, npu 298° K.
Hro6bl NOJYYHTHL COOTBETCTBYIOIIHE BEJHYHHBI IpH “6ojed
BBICOKHX TeMIepaTypax, HeOGXOAHMO '3HaTb 3aBHCHMOCTH:

Cp oT TeMneparyphl. Takas 3aBHCUMOCTb M3BeCTHa MJs
YrJE€BOAOPOAOB H HX NPOCTEHIINX NPOH3BOAHBIX. DTO 103BO:

JIMJIO mpHUBeCTH B Taba. V.1—V.6 rpynnosnie BKJIaJbl B C.

‘NIPH pa3JyiH4YHBIX Temnepartypax. CpeaHHe 3HaueHHS C, Mo-
TYT ObITh JIETKO YCTaHOBJIEHbl C TIOMONIbIO JIHHEHHOH HHTep-
MOJSILHH.

NPMMEP
OnpenennThb

Ss10 (#-C4H ) — 3293 (#-C4H ).
COFJIBCHO ﬂ,aHHbIM an.HO}KeHHH

r98 (- C4Hm) 2Cp [C—(C) (H);] + 2C? [C (C)g (H),] =
— 93,3 kaa/(moas - - epad).

-

[TyreM JauHEAHON HHTEPMOJAIUHH MexX/y OJHKAHIIUMH H HCKOMOX Tem-
neparypamu 800—1000° K noayuum

o]

C 840 = 49,5 rKaa/(moas - 2pad).

B KadecTBE CPEAHEro 3HaYeHHS Cp JJA paccMaTpuBaeMoOro HHTepBaJa
Temneparyp BhulifepeM C = 36,4 xaa/(moab - 2pad), OTMETHB TIPH 3TOM,

4YTO TEeNJOEMKOCTH BOSpaCTal:OT 6bicTpee npu O6oJsiee HH3KUX TeMmmepas
typax. I3 ypasnenus (IL.11) naxomum

840 _
Ssi0 — Sz = (Cme)l 558 37,8 kaa/(moap - epad).
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JdnAa cpaBHeHUd [pHBeLeM 3KCIEepHUMEHTaJbHOe 3HaueHHe, paBHOE
37,0 Kas/(moae - 2pad). MOXKHO [NOCTYNHUTb HHAue, OMNpeleNuB H CYMMH-
POBaB HHKPEMEHTH!, COOTBETCTBYIOUIHE MEHbLIMM TeMHOepPaTyPHbBIM HHTEp-
BaJlaMm; . -

o o 3 840
Sga0 — S:9s = (Cp400> in '3'?’%“1— (Cp670> In 500
= 29,6 - 0,51 + 43,8 - 0,51 = 37,4 xaa/(noars - 2pad).

Ilepexoas k TeMmepaTypHBIM 3aBHCHMOCTSIM 3HTAaJIbIIHH,
OCTaHOBHMcSl Ha cJaeaymoiledt npobiaeMe. HMcxoausiMu s
BCeX JaJibHEHIIHX pacyeToB 3HauCHHAMH 3HTAJbIHH fB-
JSIIOTCsl CTAHAApPTHbIE TeIJIOThl oOpa3oBaHHsi, KOTOpbie IO
ONpe/e/ieHHIO XapaKTepH3VIOT OoOpa3oBaHuE COCJHHEHHH H3
IIPOCTHIX BEUIECTB B CTaHAAPTHBIX cOCTOsiHUAX. Ecan mMbl Xe-

JlaeM NOACYHTATb TEMJOTHl 06pasoBaHHA NpH TeMllepaTypax.

6oJiee BBICOKHX, ueM 298° K, Heo6XOAUMO 3HATH ACpf"—'HB"
MEHEHHE MOJAPHOH TENJOEMKOCTH Npu oOpa3zoBaHHU COelH-
HeHHS] M3 5/IEMEHTOB IIPH Pa3JHYHBIX TeMIleparypax. JLast

MHOTUX COeAHHEeHHH 3HayeHus AHfT Taly/a1poBaHbl B J0-
CTAaTOYHO ILIHPOKOM HHTepBajie TeMmnepaTtyp. EcaH mno/ab3o-
BaTbCsl MAHHBIMH 3THX TaGJHll, TO NPH 3TOM COYETAaTh HX

MOXKHO TOJLKO C JAPYTHMH 3Haue€HHAMH AHfT Onnako npn

HCIIOJIb3OBdAHHH MMPpHUBCACHHDBIX B 3TOH KHHTre T36JIHI_L, B KOTO-

pPBIX COAEp2KAaTCsA TPYINNOBELIE BKJAAbl A5 BbIUHC/AEHHUSA AHf
TOJNBKO npu 298° K, HeT HeOOGXOAUMOCTH BCErAa BLIYHCJAATH

Lo
AHfr. DTO CBfI3AHO C T€M, YTO, TAK KaK JaHHAs BeJHYHHA B
GonbLIMHCTBE CJyyaeB OyAeT HCNOJb30BATbCA AJsi Onpene-
JeHHs TEIUIOTBl PeakIHH TNPH TeMIepaType T, TenJa0eMKOCTH

s1eMeHTOB Cor, C MOMOILBIO KOTOPBLIX BBLIYHC/SIETCS TEMIOTA
peakllHH, B3aHMHO YHHUTOXKaTcd. [nag onpenejeHus Tell-
JIOTHl PeakKlUHMH BIOJIHE JOCTATOYHO TOYHO ONMPENeJUTb BeJH-

YHHY AHf293+(HT — Hggs) BTopoe camaraemoe B Hel #B-
asiercsl a6COMIOTHBIM HHKPEMEHTOM 3HTAJbIUH A5 AaHHOTO
COelHHEHHS H onpeneasaercsa GopMyJsol, aHaJOTHUHOH ypaB-

HenHio (II.11). .

Hy — Haps = jc; dT = Cpr (T —298).  (II. 12)

£98
HTto6H noAYepKHYTh HECTPOroCTb 3TOH NpOLENYyphl, MB!
OyldeM HasblBaTb YKa3aHHYI BeJHUYHHY <«KaXXyUleHcs Tell-
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——

Joroii obpa3zoBaHufi». B Tex c.nyqaﬂx, Koraga Heo0XoIUMO
BOCIIOJIb30BAaTbCA HWCTHHHOH TemyoToH o6pa3oBaHus mnpH

Temnepatype 1, MOXKHO MNOACYUTATH ACPT C IIOMOULLbIO NpPH-.

BeleHHBIX B TabJs. V.7 3HaueHHH Cp JIEMEHTOB B CTaH-
AapTHBIX COCTOSIHHSX., '

NPUMEP
Briyncaute aaa H-Gyrana AHfMO—AHngs, a. TakKe HHKPEMEHT

SHTaJbHH (H340"H293) U3 npenwlayuiero npuMepa H3BECTHO, 4YTO
B JaHHOM TEMNEPATYPHOM HHTepBaJje '

C:Tm (n-C4Hyp) = 36,4 kaa/(mor6- 2pad),

nostoMy u3 ypaBrenus (Il. 12) maxogum

H;40 - Hggs = 36,4 (840 — 298) = 2,0 kxar/moas.

Byran obpasyercs H3 3JeMeHTOB 0O DEaKUHH
4C (s) + 5H; (g) & »-C4Hy, ().
CrepoBatensHo,

ACpp=Cp(#-CqH ) = 4C, [€ ()] = 5C, [H, (g)].

o] ) .
3rast Cp, yxe suuncaensoe npu 298° K, u Bocno/b3osaBuwlich 3HaUCHHA -
MH crannapmﬁx TeiI0eMKOCTe ] 3JIeMEHTOB, IIPHBEACHHH ¢ B8 Taba. V.7,

'HaXOJIHM AC fo08 = — 19,2 u ACpf840--52 kanrl(mons - epad), oTrkysa

CpejfiHee 3HAYEHHE B aToi‘i ofsacTu ACpf = 12,2 xaa/(moas + epad).
Hs3 ypaBHeHuH (IL. 11) )

AH gy (H- C4H13) — AH; 7298 (n-C4Hypp) = |
= —12,2 (840 — 298) = ~ 6,6 xxaa/moxs.

«Ha6monaeMoe» sHaueHHe, coraacHo Ttabauuam API (AmepHKchxoro
HepTAHOTO HHCTUTyTa), paBHO —0—65 KKQA[MOAb.

- OTMeTHM, UTO BEJHYHHA Acpf MOKeT GLITh OYCHL BGJHMKA MO MOAYJIO
H OBITBH no.noxm're.nbnow HJIH o*rpnua'renbﬂon. CooTBeTCTBEHHO TIPH
BuuncaeHnn AH; fr K BEJHUHHE AH jops JoGaBaseTcst GoJbillee  cJaa-

ragroe,. C.ne,uye'r OTMETHTB, 4UTO SaVETHaH HacTh BEJIMUHHHH AC of OﬁyCJIO'

BJEHA H3MEHEHHEM uHCJa MoJelt rasa An, Jas 6yrana An== — 4, 4TQ
COOTBETCTBYET MOCTOSHHOMY BKJaay — 8,0 xaa/(moas - 2pad).

 PacemoTpum  Teneph TUMHYHYIO 3a,uaqy~—-pacqer KOHCTaHTbl pap-
nopecua
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APUMEPH |
PaccquTaTb Kp TIpH 730° K nnas peakuuu

BruuncanM crepBa AHf, s°, AC npu 298 AJs BCEX KOMMOHEHTOB
cucremn, kpome HCI, mas KOTOpOI‘O 5TA REJHYHHBH MOXKHO Han'm
B Ta6a. V.8, a 3areM or{pe,u.e.;mm AHzgs H A3298 JlaJjee onpeneauMm AC

npu 298 u 780°K u- AC 5 C IOMOINBIO TIOCHeAHedl BeAHYHHLI BbIUH-

CJTHM AH730 H A8730 H, HaKOHeII, AG?30 H KP (?30)

. AHf [(CH3)3 CCH,Cl] = 3AHf [C—(C) (H);] + AHf [C— (C)4] +
-+ AHf [C-——-(C) (H), (ChH]} = ' —30,24+0,50— 16,2 + (aBe row-nonpaBKH,

‘Kaxas paBua 0,8) = — 44,3 xxas/moxe;

 AHY (2-Metnabyren-2) = 3AH} [C—(Cy) (H);] +-AH‘; [C4—(C)o] +
+ AHf [Co—(H) (C)] + 1 uuc-nonpaska = — 30,24 + 10, 63 +6,1 +1,0=
=—12,5 mca.a/.uoxzb

AH (HCl) = — 22,1 xxanr/mois (m taba. V. 8). AH298
= + 9,7 kxaa/mons.

. 2. AuajoruuHbiM 06pa3oMm HaHJ_IEM

S°[(CH,;); CCH,Cl1} = 91,23 — 35,10 + 37, 8 —4R1In3 (yqe'r CHMMETPHH
- rper-6yrtuaa) = 85,2 xaa/(moas - epad);
8 (o.necpnn) =912-—-127+80—3R In3+1,0 (unc-no_npaaxa) =
= 81 0 xa.a/(moxzb 2pad); . o

I'Iocxo.any S°(HC1) = 44,6 xaﬂ/ (mmb epaa) nafizem AS;98=
= 40 4 xaxz/(xoxzb epaa) '
3. Tem xke nyTem Hatigem

| AC# ‘—-70+269 31,9 =+ 20 mm/(m:oxtb epad)

CuHTas, YTO NpH 730° K C {HCI) = 7,0 kaa/(moas - epad), ¢ NOMOLIBIO
TabJuL Haiigem Acpm ~z 70 -l- 49,7 — 59,9 = — 3,2 KCU!/(MOAEJ 2pad).
CnenosaTeano, B KauecrBe CpeAHEro 3HAYEHHA AC l'lOJIy'-IHM -

— 0,6 :ca.rz/(moxzb epaa)
4. C noMollkio ypaBHeHHA (2.11) BbI‘IPICJIHM AH730 H AS730

AH730 = AH — 0,6 -.(730 — 298) = 9,4 x« a/l/MOJZb,

730

. o . _

) 39,9 xaxz/(xo 16 - apa@)
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~ Takum o6pasom, AG?SO = AH%O —.730 A8;30== — 19,7 kKaa/moas,

o

— AGyry
lg Ko = 577 =9

Kp(730) = 8,1 * 105 arM.

Il. 8. CTPYKTYPHBIE METOAbl OTIPELQENEHMUSA c:‘, | .

Ecnau OTCyTCTBYIOT HeoGXOAHMMble NaHHbe ISl pacuera

(o] .
C, ¢ NOMOILbIO NPABHJI AAAHTHBHOCTU CBOHCTB CBfA3eH W/
CPYNI, MOXHO [AaTh XOpolLiee ONEHOUYHOE 3HaueHHe 3TOH Be-
AHYMHEBL, HCXOAH M3 YacTOT KosnebOaHHH MOJEKYJbl, KOTOpbLie

onpenesiior kKojebareNbHble BKJadbi B C;. Briuncnenue

5TUX BKJaI0OB OOLIUHO NpPEACTaBasieT €IHHCTBEHHYIO CJOXK-

HOCTb PacueToB. ‘
M3 crtarucTHYECKOH Tepmom})ﬂamnkﬂ W3BeCTHO, UTO Tell-

JOeMKOCTh HaeanbHoro rasza C, MOXKHO NpeiCTaBUTb Kak
CYMMY BKJIaZOB OT MOCTYNaTelbHOTO /[ABHXKEHHS MOJEKy/

-[C%(trans.)], BpamaTeanoroO{C;(rot.)],- K0/1e6aTe/JbHOr 0
|C; (vib.)] u snekTponnOrO [C) (el.)]

o = Co (trans.) + C; (rot.) + Cp (vib.) + C5 (el.) + R, (11.13)
B Tex clyyasx, KOria MOMKHO glpeHe6peqb KBaHTOBLIMH 3(-
dektamu, C,(irans.)=3/,R. Cp(rot.) paBHa R nasa nuHet-
HbiXx MOJeKyn H %R mns nenuHefinbix Monexkya. Cp(el)

OGLIYHO paBHA HYJIO, 33 HCKJIIOUEHHEM HECKOJbKHX MOJIEKYJ
c HEUeTHbIM YHCJIOM 3JIEKTPOHOB M TAaKHX MoJeKyd, Kak Oj,

o
OLHAKO M B 3ToM ciyuae BeauuuHa Cp (el) mana. ‘Takum
oGpa3oM, AJsl JHHEHHBIX MOJEKYJ .

Cp =+ R+ Cy(vib) + Cp (el), (11. 14)
- Rast HeIHHEHHBIX MOJIEKYJI | | |
Cy =+ R+ C; (vib.) + C (el). (11. 15)

Jlnst HeGOJbIIHX MOJIEKYJ, COAEPKALIHX aTOMbl Hwu Dnu
HIUb OJMH TAMKeJabH atoM, npH 298° K o6bIYHO MOXHO Tpe-

o . o o
ne6neus Cp (vib) m Cp(el) w HAa OCHOBAHHH ypaBHEHHH
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Tabauya 1.2

Yucno

aro- |[10dROE Unecno .
Mounexyaa | mom, | 9HCAO | ~ BadEHTHHIX Hacno nedopmannosHbXx KoreGannf
) 1 N |uactor KosieGanuf S ‘ :
' 6 C—H 1 BH. Bpam. H -
- CoHg 8 18 7 {l C—‘C} 1 { 10 aed. kon. H
_ . - (7 C—H 2 BH. Bpam. H
X.nopgg:rbzu- U30IPOIHJI 11 97. | 101 c_._c[} 17{ - 21
}Ii HoH . 2 ¢l 15 nep. o {12 1 Ppynm}:-
H—-—C-'—(IZF-CI-—Ii
o
H CI H
| - 1 BH. mpam. H -
Méruaunknorexcan (C,H,,) o1 | 57 |2 {“7‘8_2} 35{ | P
H HH H | o . 135 zed. xor. { 8 TAX, rpyrm}
N/ N/ . - |
|/ N\ /
H—C—C—H C
PN 7N\
N /N

_H HH H




_ I‘errfen-2
' : , /CH?,
CH;—CH= CH—CH,~—CH,—CH,

Metnamerakpuaat (CsHgzOq)

CH,
| O
\C—CH,
N,Os

0

\ A

'N—O—N

AW

21

15

57

39

15

8 C—H
1443 C—C}
3 C—0

6{6 N—O}

126 H

- | 2 H
37{ 5 BH. -»Bpal'”“ { 3 TAX. rpynn}
132 ned. xou. { 6 THK. rpyrm}

[ 4 BH. 1?.pam.I 2 }
25{ | 2 rax. rpymn
| 32 med. ko [14 H

| 7 TsXK. rpynn

9] 2 BH. Bpall. THAK. rpymm’
\ 7 ped. xoa. TAXK, TpyIn
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(2.14) u (2.15) wmaiTH, 4ytO C;298=7 Kaaf(moab -epad) anas
Takux moJsiekyJs, kak HCI, DBr u ap., a naa moaekya H,0,
NHj;, NOs, CHy u np. HaGawonaemasn BenuuuHa Cp ges 06BIU-
HO oTsM4aercs He GoJiee ueM Ha 10% ot 8 xax/(moae - epad)
(cMm. Taba. V.9-—V.11). | |

Haa 6osee KPYNHBIX MOJEKYa KoJie6aTeJbHble YacTOThi
MOXKHO ONpPEAEJHUTb HCXOASA H3 CJAeAYIOUIHX NPOCTbIX 3MIIH-
pHUYeCKHX COOTHOLIeHHH. B N-aromMHOI MoJekyje Hmeercss
3N—5 0CcHOBHBIX KOJieGaTe/NbHbIX YACTOT, €CJAH OHa JHHelHa,
U 3N — 6, ecan oHa HenuHefiHa. CoOTBeTCTBYIOLIHE KOJeGa-
HHUS MOXKHO MOAPAa3TAENHTb HA TPH KJacca: BaJeHTHbie KoJie-
OGaHusl, AedopMaUHOHHble KoJefaHMA W 3aTOPMOXKEHHbIe
BHYTpeHHHe Bpaulenusa. Tak kak N atoMoB B MoJIeKyJie MO-
ryr ObITb CBsi3aHbl NO KpaliHed mepe N — 1 cBsi3blo, B MO-
JIEKyJle JOJIXKHO OblThb N — 1 Moa (THmOB) BaJeHTHBIX KoJe-
6aHu#, Ka)kjasi H3 KOTODPbIX COOTBETCTBYET PacCTsXKeHHIO
onpeaeneHHoi cBs3u. OcraBuidecss 2N — 4 uau 2N — 5 ua-
CTOT COOTBETCTBYIOT Ae(OpPMalHOHHLIM KOJIeGaHHAM H 3a-
TOPMO2KEHHBIM BpallenusaM. B npoctom nukae N atomos
CBsi3aHbl NV CBSI3IMH, NOSTOMY B HeM OVyaeT HAa OLHO BaJieHT-
Hoe koJseGanHe OoJibllie, yeM B HEUHKJIHWUYECKOH MOJIeKyJe.

3atopmoxenHoe (Kak # cBOGOJHOE) BHyTpeHHee Bpa-
LUIEHHE MOXKET NMPOUCXOLHTH TOJNbKO BOKPYI OMHHAPHOH CBS-
3, H YHCJO MOJ TaKHX BpalleHHH OlpeaesisieTcs YHCJAOM
OAHHAPHBIX CBsi3ed MeXXJAy MHOTOBaJeHTHBIMHM aTroMaMH B
moniekyJe. Tak, B 3ameuiennom napadpubie C,HzpiomXom,
rae X — OZHOBaJIeHTHHII aToM, umeercss n-— 1 oaMHapHas
CBsi3b MexAy n atomamud C M n-—1 mMOL BHYTpeHHHX Bpa-
IleHHHA. ¥ UHKIHYEeCKHX COeJMHEeHHH, HanpHMmep y 6eH3o0.a
MJIM UUKJIOreKcaHa, BHYTpeHHee BpallleHHe HeBO3MOXKHO, Mo-
3TOMY OHH JOJIX)KHbl paccMaTpHBaTbhCcst 0C06o0.

MOXKHO BBIAEJHUTb H €llle OJAHH THII YacTOT, UMEHHO ua-
CTOTh! KOJI€6aHHH C y4yacTHeM Jerkux atromoB H u D. Ilpu-
YHH& 3TOTO COCTOHUT B TOM, YTO 4YacToThl kKoJgebauud H u D
OOGBbIYHO OYeHb BBICOKH H3-3a MaJiod Mmacchl atoMoB H u D,

H TIpH HH3KHX TeMOepaTypax BKJal HX B C; OUeHb MadJ.
MOKHO BBHIAGJNHTb 3TH 4acCTOTHl, €CJAH paccMaTpPHUBaAThb MoJie-
KyJy KakK Obl COCTOAILYIO TOJNBKO H3 TsXKeJbiXx aTOMOB. Ecau
OHa COAEpPXKHT P TaAXxKeJablX aTOMOB, B HeH Oyjer 3P — 6 unu
3P — 5 COOTBETCTBYIOLIMX YacCTOT, H3 KOTOpbix P — | — Ba-
JeHTHble H 2P — 5 uau 2P — 4 — pedopmaunuonuble.
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B ta6a. 11.2 npueegeHsl Moanl KoJieOaHMH Jisi HEKOTO-
pbix MoJieKysa. B Ta6a. V.13 npeiacraB/ieHbl HEKOTOpbIE Xa-
paKTePHCTHYECKHE YaCTOThl BAJEHTHBIX M Je(pOpMaUUOHHBIX
KOJe6aHuil, TOUHOCTL KOTOphIX cocTaBjasier okoao ==10%.
BkJjaasl rapMOHHUYECKHX OCLHJJISITOPOB C Pa3JH4YHOH 4acTo-

TOH B C; B 3aBHCHMOCTH OT TeMIlepaTypbl MOXKHO HaHTH
B Ttab6a. V.15. Ha puc. 11.3 Te XKe nanHBIe TIpeACTaBJEeHbI
¢ nomompbw rpaduxka. Ha ocu abcuucc oryaoxen Gespas-
MepHbIH MmapaMerp X = ch¥/kT = 1,44 ¥/T, rpe yacrora
BhipaxKeHa B cm-t, T B °K, k-—koHcraHTta boabiuMana,
'h — nocrosinnaa Ilnaxka, ¢ — CKOpPOCTh CBeTa B BaKyyMe.

II.9. KONEBATENbHBIE BKNAALI B C)

[13 cTaTHCTHUYECKOH TepMOJAHHAMHKH H3BE€CTHO, 4YTO KO-
Je6aHHs BHYTPEHHEro rapMOHHMYECKOro OCLuUJIATOpa ¢ 4a-
crotoii % (ca~') HaroT BKAaL B KOJeGATENbHYIO TeJOeM-
KOCTb, onpejensieMblii dopmyJon

2,X
Cvib x-e

R~ (eF—-1n*’

(1L 16)

rne x = hvc/kT. BeanunHa Cvip/R MOHOTOHHO H3MeEHseTCA
or 0 npu x> 1 no | npu x = 0. Kak sugno us puc. II. 3,
npu x =6 Cyip/R = 0,06, npu x = 4 3Ta BeJHYHNHA paBHa
0,3, npH x = 2 oHa pasHa 0,71 u npu x = 1 —paBHa 0,9.
[Ipu 300° K £T/hc cocraB/IeT OKOJO 210 cx !, nosToMy AaA
BajieHTHRIX kKoaebGauuit H (¥~ 3000 cm™') x = 1o, a naa
nedopMauHOHHbIX KoaeGanui H (v~ 1300 cu™') x ~ 6. Mul
BHAHM, uUTO 06a 3TH THNA KoJeOaHH# JaloT HHUTOXKHBIE

BKJiaAbl B C; npu 300° K. [Morpemwnocts +=10% B 3Haye-
HUH ¥ OOYCJIOBUT OLIHOKY B Cc,;= + 0,04 xaa/(moas-epad),
ecin 1 < x < 4, a BHe 3THX NpPeleJOB C; elle ropasjin Me-
Hee yyBCTBHTenbHAa K H3MeHenusm x. Ilpu 300° K samernad

omubka B C, MOXKeT OuITh o6ycnosiena 20% -Hok norperu-
HOCTBIO B ¥ TOJBKO NpPH ycaoBHH, uro 200 < ¥ <1000 cm™.
[Tpu 600° K TO xe cnpaBeAauBO AJs 4YacTOT WV, Jexalux
B npegeaax ot 400 go 2000 cax;'. Boimte 1500° K noutn sce
4acTOTDbI, 3@ MCKJIOUEHHEM BaJEHTHBIX 4acTOT f1, MNOJHOCTHIO

BO36YXKIeHbl, H UX Bkaaal B Cp OJH30K K 3HAYEHHIO R.
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CuoxkHee f1€10 OGCTOUT ¢ BKJA4AaMH B MOJASPHYIO TEIIO-

€MKOCTb C; 3aTOPMOKE€HHOI0 BHYTPEHHEro BpallleHHs
Cir (ir — BHyTpenHee BpaiueHue). OHH MOI'YT H3MEHSITbCH OT
HYJIs TIPH OYeHb HHM3KHX TeMIlepaTypax, Koraa Vg, BbicOTa
SHePreTHYLCKOTo Gapbepa, NPENATCTBYIOUIETO BpalleHH!o,

22

2.0 -
1.8

16 '
14 \

I
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Ciib ' ' \ 1
1.0 —
0.8 AN |
a6 J— ~
" — \\ -
02 - N
) — -
0 1 ]
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_RY - L44T(cMY
T=%T =7 T
Puc. II 3.

OueHb BEJHKA M0 cpaBHeHHIO ¢ RT, 10 MaKCHMaJAbLHOro 3Ha-
YeHHs, OJIH3KOro K R MM faKe HEMHOTrO €ro NpeBbllIAlo-
1Iero, B cjyudae TSAXKEJOro poTatopa ¢ GOJbIIXM MOMEHTOM
MHEPLHH. DTO MOXKeT HMeTb MECTO INPH yMepeHHBIX HJU
naxe HH3KHX TeMmnepartypax. [Ipu odenb BblcOKMX TeMmepa-
Typax BKJiaJ CHHXKaercsa 40 1/2 R ana cBo6GoaHOro BHyTpeH-
Hero BpanleHHsr MoaekyramMu ¢ HpaKTHYECKH CBOGOIHBIM
BHYTPEHHHM BpakleHHeM siBasioTcs nuTpoMeran CHzNO, u
Toayoa CgH;CHsg. B Tabua. V.16 nmpuBekeHbl BKAAIB KaX:,
noro poraropa B C, B 3asucumoctd ot Vo/RT H Q;—
CYMMBbl IO COCTOAHHSIM: CBOGOAHOFO POTaTOpa, AJs KOTODOi},
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COTJIaCHO CTATHCTHYECKOMH TepMOAHnHAMHKE,

ta 2 ET /2 8 1 ,6 ifa
Q== (8“ 42 ) =25 e (nryh = 224, (TTGU)] , (IL17)
rae I, — npuBefenHbli MoMeHT nuepuud B epununax CGS,
0 — YHCJI0 BHYTPEHHeH cHMMeTpHH; [, BhIpa)kaercs uepes
Maccy B aTOMHBIX €IHHHIaX H PacCTOAHHE B AHICTPEMax.
Ilnsi cHMMETPHUYHbIX KOaKCHaJIbHbIX POTaTOpoB (Hampumep,
sTaHa) I, MOXKHO MOJACYHTATh HENOCPEACTBEHHO 110 dopMyJie

1 1,1 - (I1. 18)

rae /I, 1 o — MOMEHTbl HHEPLUHH Ka)KAOH MEeTHJbLHOH rpyr-
bl BOKPYr OcH cuMMerpuH. Tak kak [, = [y,

,=-{2-'—=-% myrs _pysin® (180 — 0)

W NOCKOJbKY B MoJsexynae stana yroa 8 (H—C—C) pasen
109°, a re_g = 1,09 A, I, = 2,66-10"1 2.cm? Jlna nerxko#
KOHIEBOH TPYIIbI, CBA3aHHOH C THAXKeaoi MosaekyJoi, 3a [,
MOXKHO MPHHATL MOMEHT BPalIEeHHS 3TOH KOHUEBOH rpYMIbL.
Ias nauboJsee pacnpoCTpPaHEHHOTO clyuas acHMMeTPHUYHOH
Cpynnbl 3agaya 3aMeTHO VeaoxHsercd. Huas Hawnx uesew
- MBl 6yaeM BBIYHCAATb @y, paccMaTpHBas Tpynnbl Kak CHM-
- meTpHuHble. Beanunny 6apbepa Vo MOXKHO HPHHATbL PaBHOH
3,5 KKkaa/mMOAb TpH BpallleHHH BOKPYT CBA3H MeEXAYy aro-
MaMH, KaKAblil H3 KOTOpPbIX HMeeT MO TpH 3aMeECTHTEJA,
2,2 KkKaa/mOab, €CAH UHCHO 3aMecTuTes el MNpuU KaxXAOM
aToMe paBHO ABYM, U, HakoHell, 1,1 KKQA[MOAb, €CH Y KaXK-
AOr0 aToMa uMeeTcs JHIUb OAMH 3aMecTHTeNb. Tak, AA9.
C,Hs, CoH;Cl u CF;CH; Benuunny 6apbepa caeayer TpHu-
uaTL pasHoit 3,5 kkaa/moas, st CHsNH,, CH;—CH =CH,,
NH,—NH, u CHsCHO 2,2 kkaa/moas, a pns CH;OH u
H.0, 1,1 kxaa/monrs.

BEHMEP

* MoacuuTats BKAAA B C_:, 06yCNOBNEHHBI/i 3aTOPMOKEHHBIM Bpalle-
“siwem CHCHCl; npu 300 u 500° K. Tlockoaexy rpypma CHCIl; suavu-
respno Tamenee, dem CHys, Mbl MOMeM YUHTHIBATH TOABKO BpalielHe
MeraAstoR tpymna ¢ [, =53-10% 2. cu®. Toraa no ypasseunw (1.17)
paccuritaem. Qsop =-4.7 uan =36 u amm Vo=35 xxaafmoss 8
Tada. V.16 Hgﬁgem, 4TO CP?OQ (aytp. Bpam.) = 2,1 Kaa/(sosv- zpad).
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NPUMEP

Paccunrats Co (500° K) nas CH3;CHCI; ¢ nomowblo cpemHux 3Ha-

YeHHA 4acTorT. Mo.neKy.na CeH4Cl; nmeer BoceMb aTOMOB, U3 HHX YeThipe
TAXKEJbIX, W no3TomMy 3:8 —— 6 = 18 vacTor, B TOM uHlJje:

- CpenHsas .
4acToTa X C, (vib.)
: cm—! | |
7 BaJIEeHTHBIX:
4C—H 3100 8,9 0,1
1IC—C 1000 29 1,0
2C—Cl} : 650 1,87 3,0
10 medopMaUMOHHEIX: o _
2C—C—Cl 400 1,15 3,6
1CI—C—Cl 280 0,81 1,9
2H_C_HC o 1450 4,2 1,1
H—C— . ‘
50 H_c_¢1 ) 1150 3,3 4,3
1 BHyTpeHHee BpalieHHE - )
(V=35 kxaa/monrs) 2,1

17,1 kaa/(soa6 - epad)

- ‘CpenHue 4acToThbl B3HTb1 3 Taba. V.16, 3HaueHHe X' BLIUHCJCHO IS
500° K. Bknaam B Cp500 (vib.) onpejeseHst ¢ noMoumio Taba V.15

CyMmapHoe 3HadeHHe Cp500 (vib.) paBHo 17,1 kaxs/(moss6 -+ 2pad). Ho6a-
BUB cymmy BCeX APYrHX cJaraeMmbix C paBHyilo 7,9 kaa/(moars - epad),

HOJYUHM Cpsm(C2H4Cl2) 250xa.4/(M0/zb epad). IlpuMeHeHue mpaBua

ALJAHTHBHOCTH CBOHCTB TpyNN, TaK »Xe KaK H- Pe3y/IbTaThl NMPAMOro
H3MepeHus, JaeT 3HaueHue 24,8 xa.a/()uozzb 2pad).

. 10. ansurpouuus BunAnu B c:,'

. Paaukaabl U MOJIeKyJibl, HMEIOLLIHE HeYeTHOE YHCJ0 DJIeK-
TpoHOB, -HanpuMmep NO, NO,; wnax1 ClO, moryr oGaazarb
HM3KO pacClOJIOXKEHHbIMH 3JIEKTPOHHBIMH ypoBHsimu. Heko-
TOpble paJMKajbl, KaK I0JaraloT, HMeIT 3JEeKTPOHHO-BO3-
Gy2/eHHbIe YDOBHH, PacClOJOXKEHHBIE BCEr0 Ha HECKOJBbKO
KHJOKAJIOPHH BbIllle OCHOBHOT'O COCTOSHHA. ¥ Hac HMeEWTCs
JUIIb OUYE€Hb OrPaHHUYEHHBIE CBEJEHHHA OTHOCHTENbHO TaKHX
HHU3KO PAacloJIOXKeHHbIX 3JIGKTPOHHBIX COCTOAHHH, HO, K
C4aCTblO, OHH BCTPEUAIOTCA HOBOJMIBHO pelako. Ilomobabie
3J1IeKTPOHHO-BO30YyXAEHHbIE COCTOAHHSA MOTYT 3aMETHO CKa-
3pIBATbCS Ha SHTPONHH MOJISKYJ H PaAMKasOB, HO HX BJIHSA-

HHe Ha BEJNUUHHY Cp OYeHb MaJIo. I'Ipomimocrpﬂpyem 37O
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Ha NpHMepe MOJIEKYJIbl ¢ OAHUM 3JIEKTPOHHO-BO30YKACHHEIM
ypoBHeM E,, UMelOLMM CTAaTHCTHYECKHH Bec (BBIpOXKAEH-
HOCTb) II0 OTHOILUEHHIO K OCHOBHOMY COCTOAHHUIO £ s

o L]
C,(el.) Ha OcHOBaHHU CTATHCTHYECKOH MEXAaHUKH HMeeM

2 —x

c’ (el.) gox'e
S
rie x = E,/RT. 3HaueHund C: (el.)/R dMeloT MaKCHMyM, MpPH-
yeM Xmax pacroJoxken Mexay 2 (npu ge <K 1) H ~1n ge
(npn g >>1). Tlpu g = 1C (el) umeer MakCHMyM TpH
X = 2,3:[C: (el.}/R] max= 0,41. lss ManblX g, BHICOTA MaK-
cHMyMa NpOMNOPUHOHAJBHO CHHXKaeTcsd, H [O03TOMYy Be-
JHUYHHA C: (el.)/R Bcerga manaa. das g. > 1 [C; (e1.)/R |max =
~2,3(lg g.) /4. Hanpumep, npu g.=10 3710 cocrasasier ~ 0,6
(Takoe 3HaueHHe L. CJeAyeT CUHTATb HeO6GBLIYHO BBICOKHM).
C; (el.) paBHsieTcs HYJIIO KaK MPH OUeHb HHU3KHX, TaK H fIpd
OueHb BBICOKHX TeMneparypax. [Ipu JaiobGoi TeMmmeparype

nopaaka E./2R »3ra BeiMMHHa 3aMETHO He npesblmlaeT
1 kaa/ (moab - epad), no3TOMy, NnpeHebperas €10, Mbl JHIIb

: O
He3HAUHTEJBHO yBeJquuHBaeM oumuOKy onpefenenus Cp.

Il. 11. YUCNA CUMMETPUMU. UBOMEPDI

Cratucriuueckas (H3HKa onpenensier MOJAPHYIO 3HTPO-
nuio kak RInW, rape W — unci0o pasiHYHBIX BO3MOXKHbIX
NS JAaHHOTO COedMHEHHs KOHHrypauui. ITH KOHPHrypa-
IIUM AOJI2KHBI COIJIaCOBBIBATHCS € ONpPelde/ieHHbIMH HaJlOXKeH-
HLIMH Ha CHCTeMy orpaHnyeHusiMH. Uucio 'kKoHburypauHi
¢ onpejesieHHOH 3HeprueH E; onpepeJisieTcsl 3KCMNOHEHIHAJb-

HbIMH 4JeHaMH OG0JBIIMAaHOBCKOro pacnpeje/eHus e FilR |

Tak Ha3biBaeMasi «IOCTynaTe/ibHas IHTPONHA» HIAeanb-
HOrO rasa mpeicrasasieT co6oil Bkaaasl B R In W pasauu-
HpIX KOH(HTypauuil, oTBevalOllUX Pa3JiHUYHBIM DPaclOJOoXKe-
uusMm N4 moaekya (N —uHciao ABoraapo) B CTaHAapT-
HoM o6beMme 24,6 4 npu 25°C. .

['u66¢c Gbla MepBbLIM, KTO OTMETHJ, uTO Jiwbas nepecra-
HOBKA MAEHTHUHBIX MOJIEKYJ TPHBOXHT K Hepas3JHYHMBIM
KoHoHrypauusmM B rase. Tak kak ans N4 MOJCKYJ B cocyae
BO3MOKHO N 4! mepecTaHoBOK, OH BBE€J MNONPaBKy, NOAE/IHB
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E——

W na N,!. Orciona BO3HUK 3HAMEHHUTHIH nmapaaoKkc «3HTPO-
nuy cmewenusi». Takasi nonpaBka He BO3HMKAaeT AJA pas-
JUYHUMBIX HEHJAEHTHYHBIX MOJIEKY.I. . :

HcTouHHKOM BpamatenbHOl SHTPONHH HAealbHOLO rasa
SIBJIAIOTCA BKIaAbl B R In W pasnuunbix KOHGHUrypauuii, BO3-
HHKAIOIHX TPH H3MEHEHHM OPHEHTAUHH B MPOCTPAHCTBE
Ocell MHOTOaTOMHBIX MOJeKyJ1. Las MOJIEKYJI, COCTOAIINX M3
HEHICHTHUHBIX aTOMOB, Hanpumep ans H—O—Cl wuan
N—N-—O, 3pecs He BO3HHKaeT MOMOMHHTENBHBIX TPYyAHO-
creit. OQHAKO, ecM MOJIeKyJa CONEPKHT HAEHTHUYHbIE ATO-
- Mbl, HeOOXO/IHMO YYeCTb Hepa3JHUYHMbIe KOH(QpUTYpaUHH, KO-
TOpbI€ BO3HHKAalOT B pe3yJbTaTe IMPOCTHIX I[I€PecTaHOBOK
HACHTHYHBIX aTOMOB. B npunumume sta nonpasBka noJxkHa
paBHATbCS (ng!ny! ...), THe A, Ny U T. . — yncsa Hepas-
JIHYHMBIX aTOMOB THNA 4, b u T. A. B Moaekyqae. Ho u3-3a
KECTKOCTH MOJIEKYJIbl HEKOTOPble H3 3THX IepecTaHOBOK
OKAa3blBAIOTCSA HEBO3MOXHbLIMH, W MONpPaBKa NOJXKHA ObITb
MeHblIe, : -

B aByxaTOMHBIX MOJI€KyJax, COCTOSILIMX M3 OAHHAKOBBIX
aromoB, Hanpumep Hp, O, ABa HAEHTHYHBIX aToMa MOTYT
[IOMEHATbCSA MeCTaMH TpyW MPOCTOM NoBOpoTe Ha 180°.
CrenoBaTenbHo, BEJIMYHHA MOJIHOMN nonpaBkH paBHa 2! B mo-
Jekyse Os TOJIBKO ABa KOHIEBBIX aToMa O HIAEeHTHYHBI, NMO-
>TOMYy nomnpaBka CHoBa paBHa 2! = 2. OaHako Aas runore-
THYECKOH UHKJIHYecKOl mosekyanl Os, B KOTOpPOH BCE aTOMubl
O unentHunsl, nonpaska coctaBuT 3! = 6. B CH, yeTbipe
HAEHTHYHbLIX aTtoMa H, no3ToMy MOXHO OXKHIATb, YTO Mak-
ciMaJjibHag nonpaska coctaBuT 4! = 24, OaHAKO ¢ MOMOILBIO
HIPOCTOTO BpallleHHsA HeJb3s OCYLIECTBUTb BCE NEpPeCcTaHOBKH
YETbIpeX aTOMOB. B 4acTHOCTH, HEBO3MOXKHA MOJOBHHA ne-
PECTAHOBOK, KOTOpas OCYLIECTBJSAETCH NyTeM HHBEDPCHH MO-
JACKYJIbl OTHOCHTEJNbHO LEHTPaJdbHOrO aroMa yriaepoaa,
NO3TOMY mnonpaBka cocTaBUT 4!/2 = 12. Jlasi HexXeCcTKOM
Moaesnn monekyawl CH,y, kotopas morsna 6wl mporepmneBath
OBICTDYIO HHBEPCHIO, Oblia Obl HeOGXOAMMa NOJHAs Io-
npaBKa.

[TonpaBky k BpalaTesbHO#l 3HTPONHH, 06yCNOBJIEHHYIO
3TOH OCOGEHHOCTBIO HEPA3JHUYHMBIX ATOMOB B MoOJIeKyJie, Ha-
3bIBAIOT NONPAaBKOH Ha cHuMMeTpHIo. UTo6bI ee BHecTH, He-
O6XOAHMO . BbIY€CTh K3 Bpau(aTeabholl sHTponHu R In o,
Iucsio ¢ Ha3BIBAIOT YHCJOM CHMMETPHH U ONpenessilor Kak
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o6lllee YHCJAO HE3aBHCHMbIX MepPEeCcCTaHOBOK HAEHTHUYHBIX aToO-
MOB (HJH TPYMNI) B MOJEKyJae, KOTOPpbie MOXKHO OCYILIECTBUTD
BpallleHHeM KEeCTKOH MOJIeKyJ/bl Kak lejoro. Huxke B ckob-
Kax NpUBEAeHb 4YHCTa CHMMETPHH HEKOTOPBIX MOJIEKYJI:
H.O (2); SO, (2); SOs, nanockaa (6); NHs, nenaockas (3);
CH, (12); SFs (24); 6enson (12); uukaonponan (6); uuk-
nobyraH, Hemsockast (4), CoHs (4); H:O0: (2); uuknoGyra-
IMeH, maockas (8). :

- TIpocroii crnoco6 onpenesieHHss ¢ COCTOUT B MNepeMHOXKe-
HHM YHCJa, ONpefessiioniero crerneHb CUMMETPHH BCeX He-
3aBUCHMBIX Ocell, Ha YHCJIO 3THX ocel. Tak, MOXKHO CYHTATh,
YyTO y MeTaHa 4YeTbipe He3aBHCHMble OCH TPETbero nopsaaka,
Ka)Jaass 13 KoTophix coBmanaer co cBaspio C—H. Boxpyr
3THX OCeil MPOMCXOAUT BpalleHHe MEeTHJbHBIX rpynmn. Takum
o6pasoM, ¢ = 4.3 = 12. ¥V mosekyan SFs uiectb oced yer-
BEepPTOTrO MOpPsAAKA, MO3TOMY ¢ = 6-4 = 24, TpeyrosbHas 6u-
nupamuaa PF;, umeromasa 3 aroma F B oflieM OCHOBaHHH
M ABa B BepluHHaX NMHpaMuia, obJjagaer OJHOH OCbIO TPeThb-
ero nopsiika M ONHOH ocbio BrOporo mnopsaka. Chaenosa-
TeJbHO, 0 = 3-2 = 6. ¥ ©OeH30Ja LIECTb OCeH BTOPOTO IO-
psiiKa, no3ToMy ¢ = 6-2 = 12, |

IOia MOJIEKYJl ¢ 3aTOPMOXKEHHbIM BHYTPeHHHMM Bpaile-
HHEM ¢ BKJIOYaeT BKJajJ BHYTpeHHero Bpaulenus. Tak, Ha-
npuMep, B cJAydae 3TaHa 3TOT BKJajA paBeH 6 Oaaronaps
OCH BTOPOTO NMOPSiiKa U OCH TpeThero nopsigka. Kpome roro,
BHyTpendee BpawmeHde rpynnel CH; mpoucxoauT BOKpPYT
OCH TpeThbero Mopsifka, MOITOMY O = Oext* Omt = 18. [lo ToH
;Ke NpPHYHHEe BCe HOPMAaJbHBIe ajJKaHb HMeT ¢ = 18 =
= 2 X 9: BHEWIHAA OCh BTOPOTrO INOpANKa H JBe OCH TPETb-
ero MopsifiKa BpalleHHsA KOHIEBBIX MeTHJbHBIX rpynm. [ls
neonentana CsH;s, Kak H B cJayyae MeTaHa, Cext = 12, a
Ot =-3%, UTO OOBYCJOBJEHO HaJHUHEM YEThipeX METHJBHBbIX
rpynn. [Tosatomy o = 12.3* = 972, 1. e. Ana 3TOrO Coenu-
HEeHUs OuYeHb 3HAUHUTE/IbHAas MOoNpaBKa.

Jlns uutaresieil, 3HAKOMBIX C TOUCUHLIMH TpylnmaMu CHM-
MeTpHH H HX o6o3HauedusMH, B Taba. 11. 3 npuBesena ceol-
Ka uypces CHMMETPHH AJs MOJIEKYJ, NPpHHaAJeXKallHX K pas-
JJUUHBLIM Ipynnam. | '

UHOH THIN MONPAaBOK NPHXOIUTCSH BHOCHTB B Cjydyae H30-
MepHbIX coeiuHeHH#. IlycTts ™Mbl HMeeM JBe H30MepHbIE
GopMbl HEKOTOPOTO BEIECTBA, (pu3HUeCKH pasIUYHMble, HQ
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Tabauya I1.3
Yucaa CHMMETPHH O A8 Pa3JHYHBIX TOYEYHHIX FPYyIn CUMMETpPHH

Toueunas ToueuHaq Toueunan
rpynna g ‘ rpynna o rpynaa o
' Cl’ Ci, CS 1 ' Dg, ng, D2hEV ' 4 Coo‘v l

2, Cogy Cap 2 D3, D3ag, Dsp 6 xh 2

s Cap, Cop | 3 [ Dy Dig, Dan 8 T, T4 12
C,, C4'{J: C4h 4 Dg, Dgg, Dgp 12 Op 24
'-Cs, CG'(J! Cﬁh 6 Sﬁ ' 3

i J

OGo3HaueHHs TOYEYHLIX TPYNI CHMMETPHH nNpHBedeHn no Kunre I'epubepra
«Konebaresbune U BpallATeJbHEIC CHEKTPH MHOTOATOMHRIX MoJekynas, M., UJI, 1949,
Ci 03HAYAET, UTO B MOJIEKyJe HMeeTcss OCb CHMMETPHU J-ro MOopsiaKa; Dj 03-

Hauyaer, 4YTO MOJIEKYJa NPUHANIEKHT K KJjaacey C; H coaepxur J ocel Broporo

NOopSAKA, HANPABJACHHBIX NOJ OPAMBM YIJOM K'ocu'j-ro nopRAKa H noa paBHHIMH
yraaMu npyr k apyry: 7 o3xHayaer, UTO MOJIEKYJla MMeeT CHMMEeTDHIO TeTpasapa,
O — cHMMeTpHIO oKTas/apa.

HMelolllye OJHO U TO Ke 3HauyeHue AH?. 310 MOryT OBITbH
ONTHUECKHE H30Mephbl, pasjUuyHble BpaulateJbHble KOH(QHIY-
palM¥d OXHOrO0 M TOro e Bemecrsa U T. A. Eciu umeercs
paBHOBeCHAsl cMech 3THX H30MepoB, K 3HaueHHlo S° caeayer
no6aeuth uJjieH RIn2 kaa/(moae-epad), YyYUTHIBAOUIHN
3HTPOMNMIO HX cMelleHHs. Ec/iH nMeercss n TakMX H30MEPOB,

. i

npHueM AJA Bcex BeqanuHHa Af; oama H Ta Xe, nonpaeka
coctaBuT R1Inn. B 6odee o6lueM cayyae nonpaska Ha
1 mMone cMeCcH COCTaBHT .

S A»Smlx = R 2 1n; in (ni')’

Iiae n; — MoJsfpHas OOJA i-r0 H3oMepa B paBHOBECHOH cme:-
cu. Ecau Bce H30Mephl HMEOT OAHY H Ty XK€ 3IHeprHio,
"Tlpu BbIYHCJEHUH SHTPOINHH ISl TAKHX COeNHHEHHH, KakK
8TOP-OyTHAHOAHA, UTOObI Yy4eCTh ONTHYECKYI0O H30MEPHIO,
MBI O6yaeM A06aBAsTH K 3Hau4eHHIO, HaHJA€HHOMY Ha OCHO-
BAHUM TaBAHI TCPYNNOBBIX BKJAaAoB, dujler R In2. Amnanao-
rauno ana modexya ROOH u H:0, B Koroprix OH:-'u OR-
CBSI3W HanpaBJIeHbl NOYTH NOJA NPAMBIMH YTJaMH, cyile-
CTBYIOT TpaBble U JeBblé ONnTHuYecKHe H3oMepbnl. [lostomy
B8 HOZOOHBIX cJaydasix HYXHO no6asiasats RIn2. dro xke
OTHOCHTCH K I, 3-AN3aMelleHHBIM aJlIeHaM, -
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o7 no MOIOEJbHbBIM COE/AHMHEHIINM 6]

APHMEP

OnpejaesiuTh SHTPONHIO IHMETHJINEPEKHCH Ha OCHOBAaHHH NpaBHJAA
aJJHTUBHOCTH TPYHNIOBbIX CBOHCTB.

S°=28°[C—O (H);] + 28°[O—(C) (O)] ~ R Inoc +
+R1n2=60,82+ 18,8 —5,8+ 1,4 =75,2 kaa/(moas - 2pad).

Il. 12. ONPEAENEHME C;, MO AAHHBIM [ANS MORENbHBIX
COELMHEHHM

o]
-Kak 6binio nokasano, Cpr MOXKHO ONIpeJIeJHTb, HCXOAS
M3 CTPYKTYpHbIX coobpaxkenuii. OpHaKo TakKoro pona pac-

Q
yeTel Tpyaoemku. YHacro seanunny C,r MOXHO XOpOLIO
OLICHUTb NyTeM CpPaBHEHHSs1 pacCMaTPHBAEMOrO COENHHEHHS
o

c ApyruM, aasa Koroporo C,r H3BeCcTHA HJH MOXeT ObLITh
BbIYHCJ/IEHAa C MOMOILbIO aJAUTHBHOCTH cBoiicTtB rpymn. To

o [»
)K€ caMmoe OTHOCHTCA K AHj93 H Sgs. PaccMoTpuM HecKOJIb-
KO TIPUMEepOB.

[TycTb He06XOAUMO OIpeHe/UTh Szgs ana CHsCH=NH,
AJIT KOTOPOTO OTCYTCTBYIOT HeOoGXoAHMMEIe gaHuble. Paccmo-
TPUM NPOCTEHILYIO MOJIEKYAY C ONH3KON MacCOl H CTPOEHHEM,
I KOTOPOI 3Ta BeJIMUMHA H3BecTHa. B nanmHOM cayuae 310
CH;CH=CH,, umemomuii Spes= 63,8 Kaaf(moas - 2pad).
Huxe nepeunc/ieHbl NONpaBKH, KOTOPbie HYXKHO BHECTH,
yTO6HI ONpenenuTh HCKOMYIO BEJHUHHY:

- 1) nocrynarenbnas (onpegessieTrca o6weld Maccoit);

2) BpaumaTesbHaa (onpeaensieTrcss MOMEHTAMH HHEDPLHH);

3) kogaebatenpHas (onpenessieTcss UacTOTaMH);

4) Ha CHMMETpHIO; |

5) Ha BHYTpEeHHee BpallleHHUE. .

[MocrtynatenbHasa sHTponusa S°(iramns.) 3aBHCHT OT MoJe-
KyaspHoro  Beca M: S°(trans.) = 3/2RInM. Ilpu nepe-
xoqe or M k M’ Beanuuna S°(trans.) H3MeHHTCH Ha
3/2 RIn (M'/M). Ecnu M’/M = 1,10, To sHTpOnus Bo3pac-
rer Ha 0,15 R, nau Ha 0,3 kaa/(moas-2pad). Nas paccma-
TpuBaemoro npumepa M’'/M = 43/42, wu  BeauuuHoOH
AS°(trans.) = 0,08 xaxa/(mors-2pad) MOXKHO nNpeHe6peus.

BpawarenapHyro 2aTponHio S°{rot.) MOXHO NpencTaBHTH
Kak /oRIn(lalglc), rae Ia, Ip, [¢ — npoekunu BexTopa mo-
MEHTa MHEepLHH MOJIeKyJibl HA TPH OCH KoopauwHaT. HMamene-

nue sutponun AS® (rot.) =R In{lalalc]I4lslc). Momentsl
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uHepuun [ paBHM Zm;r}, rme m — Macchi TsXKeJbIX aTo-
MOB, a r; — NpoeKnuu (XY, Y2, 2x) B AEKAPTOBBIX KOOPIH-
HAaTaX UX PACCTOSIHWE OT IleHTpa TAXKecTH. Ecau Mul He U3-
MEHHJH 3HAUUTEJbHO #M; H r; TIPU Nepexoje OT MOIAeJbHOTO
 coeauHeHHs K paccmarpruBaemomy, AS®(rot.) OynyT oueHb
madasl. Jaxe npu Boszpacranuu 4, Ip n Ic BABOE AS° (rot.)
yBeJIMuHBaeTcst ToNbko Ha 'pRIn2 = 0,7 kaa/ (Moab -2pad).
B HameMm cayyae uameHeHunem S°(rot.) MOXKHO npeHeOpeub.

ITpu samene rpynnel =CHs na =NH Ttepsercs OAuH
ATOM H, CJAed0BaTeJqbHO, TPH MOABI KojebaHWH, HMEHHO Ba-
nenTHoe kosne6anne C—H u aBa nedopMauuoOHHBIX KoJseba-
uusi C—C—H. Wx uacroThl, Kak caenyer u3 taba. V.13, co-
craBasior 3100 m 1100 cm~! coorsercrBeHHo. [lpu 298°
x = ch¥%/kRT nJsi 3THX 4YAcCTOT COCTaBJaAeT 145 u 5,3, u Hu3
ra6a. V.17 MOMKHO OLEHHTb yMeHblleHHe KoJeGaTelbHOH
surponuu B 0,06 kaa/(moars-epad).

B paccMaTpHBaeMOM cJjyyae He NPOHCXOAHUT M3MEHEHH
CHMMETPHH H He HYXKHO BBOAHMTbL NONPAaBKH HAa BHYTPEHHEE

ppalllende. Takum o06pasoM, Haila OLEHKa Ssos (CH;—CH =
=NH) =63,8 xas/(moarb-2pad) cnpaBeAsusBa C TOYHOCTDLIO,
npesblimaloneit +0,5 kaa/(snoab - 2pad).

Tenepb yxKe Hac He YIHBJAfET H HE KareTcs cayyai-
HBIM COBHajeHHeM, uTo S, [AAd alleToHa COCTABJACT

70,5 kaa/(monre - epad), a QA CTPYKTYyDHO noao6HOro u30-
Gyruaena 70,6 kaal (MoAb - 2pad), AW UTO AJA aueranb-
neruna Swos= 63,2 kaxaf/(Mosab-2pad), a Aas NPONHIEHA
63,8 raa/(Moab-2pad). Pasnnuue 3IHTPONHH ITHJAOBOTO
cnupra [67,3 kaa/(moas - epad)] n nponana [64,6 kaa/(moab -
.2pad)] yHLOBJAETBOPHUTENbHO OOBACHAETCA NONMpaBKO# Ha
cumMerpHio, pasHoil R In(18/3)= 3,6 kKaa/(moae -2pad).
B sToM cJaydae, KaK H paHee, BCce ApPYrHe IOIPAaBKU HeCy-
HiecTBeHHB. MaJjible NonpaBKH, CBsf3aHHble C H3MEHEHHCM
TOTEHIHaJbHbIX 6apbepPOB 3aTOPMOKEHHOTrO BpalleHus, KOM™-
MEHCHPYIOTCSt H3MEHeHHEM 4Yucjia aToMOB BOAOPOJA B MoJe-
KyJie. - ; .

B Tta6a. 11.4 npuBenennl snauenus C, © S [ CTPYK-
TYpPHO MOAOGHBIX MOJIEKYJ B HHTepBaJje TeMmepaTyp 300—
1000° K. Oud crpynnupoBaHbl, € TeM YTOOBI IPOUJIIIOCTPHU-
poBaTh 3¢ ¢deKT n0GaB/IeHHS aTOMOB H k cxkeaery, o6paso-
BAHHOMY TSKE/bIMH aTOMaMH, H NOsBJICHHA HOBOTrQ BHY-
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TPEHHEIO BpPAILCHUS B MOJIeKy.He Tak KEIK HOCTYHaTeJIbeIe

W BpalllaTeJbHble BKJIAObI B C Boilue 300° nMOCTOsIHHBI, OHH
OblJIN BbIUTEHbI, H Pa3HOCTH, NMpHBeJeHHbIe B CKOOKax, xa-
PaKTEpPH3YIOT TOJILKO BHYTPEHHHE CTeleHH CBOOGODI.

Tabauya 1.4

HekxoTopbie npuMepH CTPYKTYPHBIX AHAJOrHH MEXKAY C; us

c(c..)}% sof

Moaexyna p( Vib) : s
(GtOtal) o - [+ o © ' ]
300° K 600° K 1000° K 300 K | 606° K | 1000° X
A. N==N @ | 70 ©,D] 7.2 03) 7.8 (09| 458 | 50,7 | 54,5
C=0 (1) | 7.0 ()| 7.3 (0.4)] 7.9 (1,0)] 47.3 | 52.2 | 56,0
H—C (1) | 86 (1.7)106 (77)|122 (5.3)] 483 | 549 | 607
H—-C=C—H (2) |10,6 (3,7){13,9 (7,0)|]16,3 (9,4)] 48,0 | 56,6 | 64,3
B. 0=C=0 (2) | 89 (20)|11,3 (4,9)130 (6,1)] 51,1 | 581 | 64,3
O=N=N (1) | 9,3 (2.4)|11,6 (4.7)|13,1 (6,2)] 52,6 | 59,8 | 66,1
B. H,C=0 (2) | 85 (0,8)|11,56 (3,6)|148 (6,9)] 52,3 | 59,1 | 658
H,C=CH, (4} |10,3 (2,4)|16,9 (9,0)|22.4 (14,5)| 52,4 | 61,7 | 71.8
H,C—C==CH (3) |14.,6 (6.7)|21.8 (13,9)|27.7 (19;8)| 594 | 71.9 | 845
HO—OH (2)2)]10.3 (2,4)|13.3 (5,4)|15,0 (7.1)| 55,7 | 579 | 619
Ir.0o—N=0 (2)%| 89 (10)11,0 @B1|125 (46)| 574 | 64,2 | 70,2
0O, ) | 94 (15)[11,.9 (4.0)[13,2 (53)] 57.1 | 645 | 71,0
F--O—F (2) |104 (25){125 (4.6)]13.3 (5.4) 59.2 | 67.2 | 738
F—CH,—F (2) |103 (2.4)|15.7 (7.8)[20,0 (12.1)| 59,0 | 67,9 | 77,0
1. 0—Cl—O0 (2) 5109 (3,0)[127 (4,8)|134 (65)| 637 | 71,9 | 787
0=S—0 9.5 (1.6)[11.7 (3.8)|130 (5.1)| 594 | 66,7 | 730
CH,—S—CH, (18) 17.8 (9,9)[27.0 (19,1)35.2 (27.3)| 68.4 | 837 | 99,6

) H.0: cyumectByeT B BHJAE ABYX aCHMMETPDHUHBIX ONTHYECKH 8KTHBHBIX H30-
MepoB . ITostoMy S° BkJiouaer yJeH R In2, cooTBeTCTBYIIOWHH 3HTPONMH CMELIEHH A,

Bripaxkenue a8 S° praouaer ujaeH R in 2, csaaam{mﬁ C MyﬂbTHHJIETHOCTblO.
B) [TpuBenedHHsie B CKOGKAX 3HAYEeHHS DABHBI C —C (trans.) — C (rot.) — R«

)3)1er [IpUBENEHB! a6COMOTHBIE 3SHTPOINHH. LlToﬁbl nepeATd K xapax'repa-
CTHUECKNM SHTPONHAM, Heo6XoauMo pubapuTh R In (a/ntge) rae g, — BulPOXJeH-

HO:C Tb SJNCKTpOHHOr O ypoBHﬂ

-~ . ’
Ananu3 gaHHbIX rpynnbl A nokaspiBaeT, 4ToO B Ciayuae
Q

JUHeHHbIX MoJeKyn  Cpes BO3pacTaeT MPHMEPHO HA
2 kaa/(moab-epad) B pacuere Ha Kax/Jblii J0o6GaBJEHHbIH
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- . - . o-
atoM H, uTo npuGausutesbHo paBHO yBeauuendio Cp, Ha-
6JI0ZA€MOMY NpH A00aBJIeHHH K JHHEHHOH MOJeKyJe OA-
Horo Tsixkesioro-atroma (cp. ¢ rpynnoit b). Ilpu nepexoie xe

&)

or CH,O k CyH, (Henuneiinbie Mosexkynni) Cp Bospacraer
aumb Ha 1| Kaaf/(moas-epad) B pacueTe Ha arom H. Hs
CpaBHEHHA Cheos (BHYTp.) CO2 u CH3CCH caenyer, uTo
B 3TOM cJyyae HaGJjonaeTcsl yBeJgHuYeHHe TeMJOEeMKOCTH,
paBHOoe 1,2 Kaa/(moab-epad) B paciere Ha aToM H. ITpu-
G6AH3HTEJbHO TAKOH e HHKpeMeHT HalbJlionaercst npu nepe-
xoge or ClO; k (CHs)oS. -

[Ipy paccMOTPEHHH 3JHTPONUA HeoOXOAMMO BBECTH O-
npaBKkH B S° Ha CHMMETDHIO, a TaKxe IMONPaBKH, Y4HTbI-
Baoll{e MyJAbTHIJIETHOCTb M YHMCJAO ONTHYECKHX H30MEPOB.
Ilna sTOro X NpHBEAEHHBIM 3HAUYCHHSM S° HeobBxoaUMO
npu6aBuTh R Ino u Beiuects Rlng. v Rlnn, Uuncaa cuM-
METPHH © BK/IOUAIOT MHOXMHTEJH, XapaKTepusyloliHe BHY-
TPEHHIOI0 CHMMETPHIO 3aTOPMOXKEHHBIX POTATOPOB, HAMpH-
mep (CHj)2S. Daekrponnas BBIPOXKAECHHOCTh Ze = 2j + 1,
rae j — MOJHBIH MOMEHT KOJHYeCTBa ABHKEHHS 3JIEKTPOHOB.
Jlnsi MHOTOATOMHDBIX MOJIEKYJ OH OGBIUHO COBNAaeT € Myllb-
TunaerHocTbio 28 4+ 1, rae S —noanbiii cnud. Beauunna
n; — MOJIHOE YHCJIO SHEPreTHUECKH 3KBHBAJIEHTHBIX ONTHYE-
CKMX H30MepoB. Mbl 6GyaeM Ha3biBaTb 3TH HCIpABJIEHHLIE

3HayeHHUs] IHTPOIHH XapaKTEePHCTHIECKHMH {Sintrinsic HJH
S?nt) B OTJiMYMe OT TpHBeJeHHBIX B Talbsnue abCOMOTHHIX

(SZbc)- “ - o
[Tpu 298° K Sint = 53,7 kai/(moas-epad) aas CHz0 n

55,2 kaa/(moare-epad) ans  CeHa  as H:02 Sint =
= 55,7 kaa/ (moas - epad), a ana NOy 57,4 kaal (moab - epad).
HOuasa Os Sint = 58,56 - kKaa/(moab-epad), B TO BpeMs Kak
nas CHaFe St = 60,4 xaa/(moars-epad). CpaBHeHHE Sint
ana (CHaz)eS [74.2 kaa/{(mozb - epad)] u ClO, [63,7 kar/(moab
-2pad)] nokasbIBaeT, YTO BKJAAMI, 06yC/OB/IeHHbIE BHYTpPEH-
HUM BpallleHHeM H KoJeGaHHsMH, CBOHCTBEHHBIMH TIpyil-
nam CHas, cocrasasior 5,3 xkas/(moav -epad) B pacuere HA
MeTHJAbHYIO Tpynny. DTH BKJadbl B OCHOBHOM OOyC/OBJe-
ubl BHyTpeHHHM BpamienueM. CoraacHo taba. V.18 Beauuun-
ha BKIALa ONHOH MeTHabHOl rpynmnbl cocTasaser 58 xaa/

[(moas - epad) npu 300° K.
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CeoBopubie pagMkansl

JIns cBOGOAHBIX pAagHKAJNOB, €CclAH He CUHTATb TAaKHX
cTaGUAbHBIX panukaJjoB, Kak NO, NQO,, ClO, u NF,, umeercs
O4YeHb MaJio NPSAMBIX TePMOXHMHUecKUX ZaHHbIX. [loutn Bce
HanboJiee NOCTOBepHble 3HAUYeHHs TeNJaoT O6pa3oBaHUA IIO-
JYUeHbl U3 KHHETHUYECKHX H3MePEeHHI SHepPruil AHCCOUHALHU
CBfI3€H, B TO BpeMsi KakK SHTPOMNHH H TeNJOeMKOCTH MOXKHO
BBIYHC/IHUTD JIHIUb C TOMOIIBIO CTATHCTHYECKHX MeTOo10B. Bee
5TO ABJASIETCA NPHUYUHOH OTPAHHUEHHOCTH TexX CBeJeHHH, KO-
TOPbi€ HMEIOTCA MO TEePMOXHMHH CBOOOIHLIX paiuKaJoB.
Tenaotel 06pa3oBaHuAa O6BLIUHO OIPEeJIeHH C MOrPEUIHOCTHIO
* lkkaa/moab, a 4aCTO CO 3HAUUTENBHO XYALLeHd TOYHOCTHIO.
OpHako MOXKHO OXHJIaTb, YTO IMpaBuJa - AALUTHBHOCTH
CBOHCTB Tpynn MPHMEHHMbl H K paaukaJjaM, H MO3TOMY MO-

7KHO BBIBECTH AH,c ANs A060r0 aJKHJIAbHOTO paauKana, ecad
H3BECTHA COOTBETCTBYIOLLAN BeJUYUHA  ANA CH3CH2,

(CH3)2CH u (CHs)sC *. Durponuu pa,IIHKaJIOB MOTYT OBITh
paccyMTaHbl Ha OCHOBE AJJHTHBHOCTH CBOMCTB IPYIIT H3 9H-
TpoNHii TNpOCTeHIIMX PAAHKAJIOB, ONHAKO A IOCHEIHHX
 3HTPONHH AOJNKHB GbITh BBLIYMCAEHBI UCXOAS H3 MPENTNOJa-
raeMbiX CTPYKTYp pPaAMKAaJOB M 4YacToT kKojgeGanuH. XOTH
eCTh OCHOBaHHs MoJaraTh, 4TO 3aMelleHHble MeTHAbHbIe
DAJHKaJbl NJOCKHE H [03TOMY HMEIOT 60J1ee BBICOKYIO CHM«
METPHIO, YeM HeIJIOCKHEe PaJHKaJjbl, BCe e OLIeHKH, KOTO-
pbie MOXXHO C[eNaTh ANs pPafHKaJOB, XapaKTEepPH3YIOTCs He-
KOTOPO#l HEONpe/1e/IeHHOCTLIO. ITpu paccMOTpeHHH 3JE€KTPOH-
HOM BBIPOXKJIEHHOCTH, KaK H paHee, Mbl OyJeM YUHTBIBATD
TOJABKO CIIHHOBYIO BHIPOXKIEHHOCTb, T. €. MYJbTHIIETHOCTD,
U Ias pa,zmxa’.nos, UMEONIHX OJHH HECI'IapEH_H_bei 3JIGKTPOH,

: * C'rporo rosopsi, 3TO He COBCeM Tak, nocxonbxy He CyiecTByer
cTa6HIBLEOTO COefMHeHMa c runoteTHueckoft ¢opmynoi CHy—CH,, B
KOTOPOM HecnapeHHble 31ekTponsl 1o aHanormu ¢ X—CHy—CH,—X
MOXHO Oblio OBl paccMaTpuBaTbh Kak 3aMectuatens X. Jasg neictsu-
TEIbHO CTPOTOr0 NPHMEHEHHS METOAa aALHTUBHOCTH HEOGXOLMMO 3HATh

sHauenus A BCex TMepeuuCHeHHbIX HHXe Tpynm: C———(C) (H) 2,
C—(C)2(H), C—(C)s, C—(C)(H)s, C—(C)(C) (H)s, C—(C)(C)2(H),
C-—-(C) (C)s. Onmnako mnpejmoJioxKeHHe, YTO TpPyHNa (“—-(C) (C)2¢H) u
APyrHe UMEIOT yAeJibHble TeMJIOTh o06pa3oBaHHA TaKHe XKe, KaK COOTBeT-

cTBylOIHe Hepaauxasabhbie rpymnel C—(C)sH u 1. &, Hpe,H.CTaBJIHETCﬂ
CAPaBEIJHBBIM B Npeaenax TOYHOCTH HMEIOIIMXCA JaHHBIX. :

3 3ak. 735
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Hanpumep ansa CHj; CH;CO uau CH;—CH==CH,, Mm 6y-
AeM [A00aBJAATL NpPH BbIUMCAeHHH 3HTponHu R In2. Bos-
MOXKHOCTb CYIIECTBOBAaHHS HH3KO paCHOJOMXEHHBIX 5JeK-
TPOHHBEIX YPOBHEH TakK}Ke BCErla BHOCHT HEONpPe/esleHHOCTD

B BLIUMCAGHHA S ¥ CJD Eume GoJbllime HEONpeAeJeHHOCTH
BO3HHKAIOT NIPH BBIYHCJIEHHH NOTEHUUAJbHBIX 6apbepOB BHY-
TPEHHEro BpAalleHHA CJAOXKHBIX PaJAHKaJ0B, Hamnpumep
(CH3)3C uaun CH,—CH==CH..

YuurpiBass ckazaHHOe BbILIE, MNOMBITAEMCH OLEHHTb 3HAa-

o] .
yeHHs1 C, u S° ans1 paguKaJdoB MO0 aHAJOTHH C POACTBEHHbI-
MH HacCBILLEHHbIMH COeIuHEHHsAMH. TakK, MOXHO MNpPeAIoJo-
Q

¥XHUTb, U4T0 paaukan CHj; uMmeer To e 3HaueHHe Cpog, UTO
u CH, v NH3, a umenno 8,5 xas/(moxs -epad). Enqnncraen-
Hasli HeOoNmpeAesleHHOCTb, KOTOpasi MOXKeT 3/1eCb BO3HHKHYTb,
CBA3aHA C HH3KOZHEPreTHYECKHMH 3JIEKTPOHHBIMH COCTOS-

HusiMH. Beanunny Sxs(CHa) mo anaJorsn c Szgs(NH3)—-
= 46,0 kaa/(moab-2pad) MOXKHO HPHHATH  pPaBHOM
46 fca/z/(MOﬂb -2pad), Tak Kaxk CHHH pajukaja paBeH !/,
ge =2 1 0 = 6, B TO BpeMsl Kak y aMMHaka ¢ = 3. Huxkuioio

rpaHHny Seos(CHs), paBHyl0 45,7 xKaa/(moxb -epad), MOKHO
ONnpefie/inTh, BBEAA MONPAaBKY B INOCTYIIATeJNbHYIO 3HTPOIHIO,
Y4HTHIBaouyw nepexoaq or M =17 B caydae NH; «k

M =15, [lnss cpaBHeHHA HANOMHHUM, YTO Sggs(CH4)
= 44,5 kaa/(moab-2pad) (ocma= 12), a Sass(H20) =
= 45,1 raaf(moss - epad) (cu,0 = 2).
Il.nﬂ 6oJiee CJ0KHOTO 3THABHOTO panankasa CH;CH,

(0 = 6) cpaBHeHHe ¢ pPa3JIMUHBIMH MOJIEKYJaMH MPHBEIEHO
B Taba. I1.5. MamaoBeposaTHo, 4TO6H BLIGpaHHOE 3HAYEHHE

Sint(C2H5) OTJHUYaJ0Ch OBl OT HCTHHHOTO O6oJee 4yeM Ha
1 kaa/(moarb-epad). Cnenyer uMeTs B BHAY, YTO OHO TOJY-
YeHO B IIPENANOJOXKEHHH OTCYTCTBHS 6apbepa BHYTPEHHEro
Bp aIleHust.

cjlydyae pajHKaJoOB ¢ CONPSAXKEHHbIMH CBA3AMH MBI
CTaJKMBAaeMCsl C JAOINOJHHUTEJbHBIMH TPYAHOCTAMH, CBS3aH-
HbIMH ¢ HX OoJee KecTkoi CTpykrypoil. Tak, conpsiskeHHbl
AJJIMNbHBIA PaJHKaJ HMeeT 3HEPTHIO c1*a6n.nnaaunn (conps-
JKeHH$s1), pPaBHYlO, COIJIaCHO oOLeHKaM, 12 xkxkaa/moas. Sto
cosgaer Oapoep BpaumleHus rpynnsl CHj, cpaBEUMBIE ¢
GapbepoM Bpawmenusa rpynnel CHz B MogeabHoM co-
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enHHeHHﬁ CH;—CH=CH,,

. pT
-~ Tabauya I1.5
DATPONAH CTPYKTYPHO NOAOGHHX MONEKYJ
Ménexyna - CH,CH; | CH;NH: CH,0 |CH.=CH, | CH.CH,
o, cruH 180 | 30 3,0 40 6, ', -
Soos 54,9 57,7 57,3 | 52,5 58,1
Soes (int.) 60,6 59,9 59,5 55,3 60,3
MOJIEK.YJIa CHsCHQCHa CHgNHCHa CHsoCHa :
O, CUHH 18,0 9,0 18,0
Sges’ 64,6 - 65,3 63,7
Sapos (int.) 70,3 69,7 69,4
Mounekyna CH;—CH=CH: | CH:—CH=CH2 ~ CHy=C=CH,
o, CIHH 3,0 2, 1/, 4,0
Soos 63,9 63,0 58,3
Spog (int.) 66,1 63,0 61,1

KOTOPHBIi COCTE!BJIHET OKOJIO

2 kxaa/soas. ConocraBienne ¢ 6JH3KHMH MO CTPOEHHIO CO-
enuHeHusiMu (ta6a. 1I.5) mosBosasier 3akaAO4YUTh, YTO B OT-
cyTcTBHe cBOoGoaHOTO Bpatuenus: rpymnel CHs snTponns cra-
HOBHTCSl MeHblle npuMepHo Ha 3 Kaxa/(Morb - epad) o

CpaBHenue xapakrepucTHuecknx sHtponuit CsHg u C3H3
no3BoJsieT 0GHAPYXKHTb pasanune Ha 4,2 Kaxa/(moxrb - 2pad),
"B to BpemMa kKak a3HTponua CH;OCH; aump Ha
0,9 xaa/(moasb - 2pad) umxe, uem C3zHs. Taxk kak B CzHs na
aBa aroma H Goabuie, uem B CsHg, oTHHMeM H3
4,2 kaar/(moas -epad) 0,2 rcaxz/.(monb-apaa), O00yCAOBJACHHBIG

3*
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L=

KoJleGaHHsAMH = 3THX atoMoB (taba. V.17). Ocrarok
4,0 kaa/(moarb - 2pad) xapaxkTepHu3yeT BHyTpeHHEe BpalleHHe.
Hrobm onpenenuts. S°(CH:—CH=CH;) nyrem cpaBHuenus
¢ S°(CsHg), BbluTeM H3 3TOHl Besaunununl 4,0 kaa/(mosnX
Xepad), npubaBum 1,0 kaa/(moxsb-2pad) (BkAam, obycao-
BIEHHBIA GapbepoM 13 Kxaa/mMoab BHYTPEeHHero BpaUleHHS
conpsixkeHHoli rpynnbi CHy, cm. Ta6a. V.20) u BbluTem
0,1 kaa/(moxrs «2pad) (noreps oxHoro aroma Bojaopozga). Ta-
KHM o6pasoM, nogayyuM 3Hauenne S°(CH,—CH=CH;) =
= 63,0 xasa/(moawb -2pad).

‘Koraa HeT ecTecTBEHHBIX CTPYKTYPHBLIX aHAaJOrHH, 3Ha-
yeHust S u C; AJisi pagHkanoB R° MOXHO olleHHTb, HCXOAs
M3 cooTBeTcTBYWOIIKX 3HaueHud ana RH. Caenaem 3710 Ha
npuMepe CoHs, BBoAs nonpaBKH, yUHTBIBAIOIIHE H3MCHEHUS
B MOJIEKYJe, KOTOpbie IPOHCXOAST MPH YAAJEHHH OAHOTO
aroma H. | '

~ Tabauya 11.6

IMMonpaBku mpH pacuere 3HTPONHH M TENAOEMKOCTH
STHABHOrO paaHKaja

o
ITonpasku AS® : AC,
ITocrynarenbuble | [TpeHebperxumMo Mago Her
‘Bpamateassnle . » » Her
KoneGarenruue .
OJHO BaJIeHTHOe KoJseba- 0 ' 0
Hue C—H (3100 cu—1) _
JiBa NedpopMALHOHHBIX 0 - =02
konebanusa Hy--C :
(1450 ca—?)
3aTOpMOXKEeHHOe Bpalle- +1,3 —1,3
. :HHe, H3MeHeHHe 6aprepa :
or 3 0o O kxaxs ' _
- CHMMeTpHS ¥ MYJBTH- -+3,6 Her
NJAETHOCTDL :
Ilonnas nonpaska  [+4.,9 kas/(moas-2pad){—1,5 kasr/(moas -2pad)

o o '
3navenus S W C, maa CoHg xopowo ussectHel. C no-
MOUIbID 3THX 3HAYeHHH M TNONPABOK, NPHUBEIAEHHBLIX AJ9

300°K B Tab6a. IL6, Moxuo HaiitH: Spae (C2Hs) =
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= Sa0(CoHe) + 4,9  kan/(moab - 2pad) = 59,8 xas/(mos6%¢

Xepaa) ' C:300 (C2H5) = Copsoo(CgHs) — 1,5 Kaﬂ/(MO./lb . apaé) ==
= 11,2 kaa/(moawb-2pad). OTMeTHM, UTO NPEANOAONKEHHE
06 oTcyTcTBHU Bapbepa B C,Hs 6Bis10 caenano Ha TOM OCHO-
- BAHHH, YTO BHYTPEHHee BpallleHHe B 3TOM pajHKajie BO3-~
MOKHO BOKPYT OCH LIeCTOro NopsiZiKa, a ONLIT NOKA3bhiBaer,
YTO NPH BpPalleHHH TAKOTO pOAa NOTEeHUHaNbHHIMH Gapbhepa-
MU MO3KHO npeHe6peub. KosebarenbHblie MONpPaBKU CHeJaHbl

Ha OCHOBaHuWM Taba. V.13, a smauenus S u C, 3aMMCTBO-
BAHBI U3 ta6a. V.17 u V.15 coorsercreenno. [Tonpasku K

S° u C,, 3aBucsiie oT GapbepoB 3aTOPMOMKEHHOrO Bpalie-
HHs1, B3ATH H3 Taba. V.20 u V. 16.
BONbUIMHCTBO NPHBEICHHBIX B raba. V.12 3HaueHufi

C,, u S AJas paguKaJoB MOJYYeHbl BHILEOMHCAHHBIM CIIOCO-
6oMm. ToT Ke npueM NPHMEHHM.H JJs cjaydast 6HpaauKasios,
JaHHsle AJs KOTopbix O6yayr ucnoabsosasu B ra. III. Or-
METHM, UYTO [OJYYEHHOE TOJBLKO UTO 3HAYEHHe Ss00 (CoHs) 3a-
MEeTHO Bbillle BeJHYHHB], OLIeHEHHOH Ha OCHOBe CTPYKTYPHOH
aHaJOTHH.

fl. 13. KOJIEBATESILHbIE BKNAQbl B SHTPONMIO

Kone6arTenbHble BKAAaAbl B 3HTPOMNHIO JIEFKO BBIYHCJIHTD C
NOMOIbLIO (GOPMYJIB ‘' CTATHCTHUECKOH TEepMOLUHAMHKH [JIs1
NPOCTOr0 TapMOHHYECKOTO OCHMUJJIATOPa ¢ 4YacToTol
(em7 1) :

F=InQ+ S, (11.20)

rae Qv—-—Ko.neﬁaTe.anaﬂ CyMMa M0 COCTOSHWSM, NpH-
ueM |

Q,=(1— eﬁ) ; x=ch o= . (II _2.1_)?
[locsie nmoacTaHOBKH
S° ' |
= =—In(l—e™*)+ . (11. 22)

-

3unauenuss S°/R npuBenenb. B 32aBHCHMOCTH OT X HE
puc. 11. 4, a Takxe npeacrasaensl B tabn. V. 17 ana pasiadd-
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HBIX YacToT H Temnepa'ryp. IMpu x < 1

o i X x2 1 1 |
Q=1(1+%+5 +)~5++, (.23

o —nfs (-5 )

=l—Inx+ 5+ L E 1 —Inxt+5. (11 24)

JHaxe npu x = | owmnb6ka npubauxKeHHou ¢popmyas (I1. 23)

cocraBisier MeHee 5%, a dopmyan (I1.24) — menee
0.4 kaa/(moae - 2pad). B | -

X .
0 a8 . 16 24 32 40 48 g
N . | '
S \\ ' 16
\ ' 14
50 \; ' 12
24 \|— b b 40
Svip 48 \ . 08 Svib
' 0.6
36} _
\\ - : ' 04
: .k —~ : o2
L8 : 10
0 0.08 006 024 032 040 - 048
X
Puc. 11.4.

- CoBMecTHOE HCNOJIb30BaHHe NaHHbIX M3 Tab6ua. V.17 wu
V.13 nosBoaser ¢ NOMOILLBIO HHTEPHOJISINHI JIErKO ompejae-
JATb KoJebaTeAbHble SHTPOINHH MOJIEKYJ U PajHKaJOB B HH-
TepBaJsie Temuepatyp 300-—1500° K.

RPUMEP

BeluucauTh aGcomoTHyI0O Koaebatenbnyilo surponmio CHaBr npH
760° K. IlarmaromMHas Moaekyna uMeer 15— 6 =9 BHYTpeHHHX KoJle-

QaHHA, B3 KOTOPHIX 4YeThipe BajeHTHRIX W OATh AedopmauuoHHmx. Hx

—
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yacTOTHl, BasThie u3 ta6n. V.13, cymmupoBanbl B Taba. 11.7. B tperbem
cron6ue 5Toi TabGJaHubl NpHBeAeHbl BKJAAAB B KOJe6GaTe/NbHYIO YHTPOIHIO,
corsiacHo Taba. V.17. Bosnee TouHOe 3HauyeH:ue KO/1€6ATE/JbHON 3IHTPOMNHH,
‘HalileHHOe Ha OCHOBAHHH H3BeCcTHBIX uacfor, cocrasaser 5,3 xaxaf(moab e
«2pad).

Tabauya 1.7

KoaeSaTeabnnle yactoThh H sHTpona CH;Br

rd

ascroe. | g5 e 0

Tpu BateHTHHX KosaeGanuss C—H 3100 0,2
Oxnno BadentHoe xogeGanne C-—Br 560 2,0
JBa nedopMallHOHHHX KoJeOGaHHHA _

H—C—H 1450 0,8
Tpu mnedpopMaLHOHHHX KoJjebaHusA

H—C—Br | 1150 2,4

CyMMapHOEe 3HaueHHE S:, 5,4 kaxr/(moas - 2pad)

Ecinu BMeloTcsl BHYTPEHHHE BpalleHHs, ¢ MOMompbio ¢op-
myasn (II. 17) cnexyer noacuutath Q, CyMMy HO COCTOS-
HHAM CBOOOLHOTO poTaTopa, a 3areM, KakK OIHCaHO B
pasn. 11.9, nafitu BeanunHy Gaphepa BpalleHus. Ilajee no
Ta6a. V.18 Jerko HalTH 3HTPOMUIO CBOOOAHBIX POTATOPOB.
IOnsi oOTbICKAHHA MONPABOK CJeAyeT BOCIMOJb30BaTbCs
taba. V.19 u V.20.

. MPHUMEP

. OnpenenuTb BKJAaj B SHTPOMHIO, OGYC/AOBJEHHBIA 3aTOPMOKEHHBIM
~ ppameHneM B MoJaekysne CiHe npu 800° K. Ms ra6a. V.18 caeayer, 4T
sHTPONHs cBoGoaroro BpauleHHss CHj; 1mo OTHOWIEHMIO K TSAXKEJNOH rpyn-
me cocraBiasier npu 800°K 6,8 kaa/(moas-zpad). Onnako apas CyHs
.fIPUBeJIeHHLII MOMEHT HHepUMH [, COCTaBisieT NOJIOBUHY 3TOH BEJIMYHMHBI,

(o]
-H, TAK KaK S§~ 1/ RIn I,, nosBaseTcs nompaska, paBHas —!/pR1In2 =

== 0,7 Kaa/(moab-2pad), oTkyaa noaydaem 6,1 xaxf(#osae-epad). Ilo-
. tenuuanbHbi Gapeep V pasen 3,0 xxas/moas, 1. € V/RT = 1,8. Ha
JocHoBaHMu Taba. V.18 (yHKUHA pacnpeleeHHs Q; nmpu 800°K 6yaer
pasna ‘

Qr (800) =

1 Qf (600° K) (800 )”= 1 156

1 : —— . 1,16 =42,
o (2)" 600 3 1,41
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dakrop (2) Yz YYHTBIBAET I'lpldBeIlEHHbIH MOMEHT uHepuud. C nomompio
Taba. V.19 nafizem nonpasky S = — 0,3 kaxaf(moae-epad) u noaydum

-OKOHYATENbHBIA pe3ynabTtar 5.8 xaa/(moxza epad). DTO 3HaUeHHEe HE
BKJIOUaeT nonpaBKd HA CHMMETpHIO. Hocne ee BHECEHMS MNOJYyUYHM
3@ fca.fz/(mo.ae» epad). -

NPHUMEP

] .
OnpenesuTb SHTPOMHI0O 3aTOPMOKEHHOrO BpauleHHsA (Sh,.) 1,2-n1-

6pomatana npu 500° K. Idag 3To#t MOJseKyanl BO3MOXKHBI JB€ Pa3/HUHbIE
BpallaTenbHble KOH(pHUrypauuu (roll ¥ TpaH<), KOTOPBIM COOTBETCTBYIOT
pasuble MOMeHTHI HHEpDUHMH M 3Hepretuyeckne Oapbepnl. [IpeHeGperas
3TUMH pa3NUYUAMH, a TakxKe TeM, urto rpynnsi —CHs:Br pacnogno:xenbl
HECUMMETDHYHO OTHOCHTensHO ocH C—C, BBIYHCJAMM NPUBENEHHBIA MO-
MeHT uHepuud. B nepBoM npubiukeHuH MOXKHO He YYHTBIBATH BKJaja
ABYX snerkux atoMoB H no cpaBHeHHIO ¢ TsyKesqbiM atoMom 6poma. Has
CTPOEHHUA . '

{ \ 70,5°
109.5° ~_~ Br

umeeM
I (CH2Br) ~= mBrr2c____vBr Sin2 (70,50) = 81 * (1 ,9)2 * 0,95 = 290 (aT. e,II,.) * A2,
I, = —1— I (CH,Br) = 145,

Tak kak 0 = 1, 1o dopmyJe (II 17) HAXOAHM, YTO IpH 500°K Q; = 92.
.Ha ocnoBaHuu paHuHbiX Taba. V.18 Sf~ 9,8 Kaal(moas . epad). B xa-

‘gecTBe BeJHUMHLI Bapbepa MOKHO HpHHATL 4,0 kKkaa/moae, moGaBass
- 0,5 kKaa/moap Ha KAKAYIO TAXKEAYIO CPYNNY CHzBI' otkyaa V/RT = 4,0.
CoraacHo tabn. V.19, nonpaska cocrtasar I,l KQ.‘!/(MO/H) epad), u

OKOHUYaTeJ/IbHO Sh, (500° K) = 8,7 xaa/(morb - 2pad).

' I1.14. DHEPTHS HAMPSDKEHMS M DHEPIMS PE3OHAHCA

° TepMHH <«3Heprusi HanpsAKeHHsA» uvacTo yNoTpebJsaioT,
TOBOPSI O CHJIbHO PA3BETBJEHHLIX MJH LHKIHYECKHX COeaH-
‘HeHUfAX. Takoe NMOHATHE HMMeeT CMbICJ TOJNbKO IMpPH CpPpaBHe-
"HHW ¢ HEKOTOPbIM COCTOSIHHEM, KOTOpOe He HMeeT Hanps-
‘wenuit. Tak Kaxk AJas Hepa3BeTBJIEHHbLIX YIJIEBOJLOPOLOB
MpaBH/Ja aAJAWTHBHOCTH BBINOJHSIIOTCA OYE€Hb XOpPOULIO, HX
MOXKHO TIIPHHATL B KayecTBe CTAHAAPTHBIX COEJAHHCHHH,
B KOTODBIX OTcyTCTByIOT Hanpsa:xeHus. Flcxonsa u3 3TOoro
MOKHO ONpPe/e/IHTh 3HEPrHI0 HaNpsAKeHHd E,, xak pa3HHlly
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MexAy HaO/MoaaeMbIM 3HaAYeHHEM AH}) H 3HaueHHeM, KO-
TOpOe MOXKHO OINpeAeNuTb HAa OCHOBAHHHM MNpaBuHja aJaH-
THUBHOCTH, HCIOJb3ysl TMNPH 3TOM BeJHYHHBl TPYNNOBLIX
BKJANOB, MOJy4YeHHble [Jsl HEHANPSXKEHHBIX COeNHHeHHH.
Tak, aasa anauuukandeckux yriaesogopoaos (CHq), E, on-
peneJssieTcsi COOTHOLIEHHEM :

E,[(CHy),,] = AH; [(CHy),,] — m AH{ [C—(C),(F),]. (II.25)

TakuM o6Gpa3oM MOXKHO pPacCYUTATR HalpPsXKEeHUS IHK-
JUYeCKUX oJedHHOB, apOMAaTHYECKHX COeAMHeHHH, reTepo-
HHKJAOB H TMOJHUHKIHUECKHX yraesoaoponos. B rTa6n. II. 8
MpUBedeHBl HEKOTOpPbIE. Pe3yJbTaThl TAKHX pPacyeTos.

Tasruya I1. 8
DHeprAn HaNPAXKEHHS HEKOTOPHIX IHKJIOB 2) "

a) C.nemre'r OTMETHTE, YTO HANDAXEHHE UHKMOB YUYHTH

HerpylnoBue BaanmoneflcrBua B Tadbuy. V

. AH; (Habu.), AH; (pacuer), Eg,
Coennnenue KKaar/more kxaa/monsy KKQAA[MOAD
. Imkaonponasx 12,7 —14,9 27,6
- OKHcCh 3THJEHA —-12,5 — 40,1 27,6
HuxkJNomeHTaH - —18,5 —24.8 6,3
IlakyaomenTeH : +7.9 +25 5.4
IukaoneHTannen-1, 3 32.0 26,0 6) (29,6) 6,0 (2,4)
IIuksorekcan ] —29,5 —29,7 0,2 '
Bunukno-{2, 2, 1]-ren- —80x+3 | —277 20,0+3
.~ TaH .
Bensoa 19,8 42,3%) (52,8) | —-22,5 (—33,0)

BaeTcs mMOMPaBKAMH HA.

6) STH 3HAYEHHN BHBENEHH H3 IPYNMNOBHX BKJANO0B, NPH onNpeaeeHHH KoOTOo-
PHX B OCHOBY B3AT 6yragnen. Onnako Oyraauen obJsafaer SHeprHe#f CoNpsiKeHHA,
paBrolt 3,8 xxaafsmoab (no oTHomwieHHIO K OyTeHy-1). 3HadeHH® B cKo6GKax mnoday-
YeHH C YUYETOM 5TOr0 CONpaAMeHust. OHH COOTBETCTBYIOT TpaHC-H3IoMepaM osedunon.

HUiaTepecHO OTMETHTb, YTO 3HEPrusi HanpAxKeHHA OeH30-
Ja 1o OTHOIIeHHI0O K OyreHy-1 oTpHLIaTeNibHA U paBHAa
—33,0 kKkaa/moab. DTo OueHb OJAM3IKO K 3HAUYEHHIO 3HEp-
FHH CcTabuJH3alHd HJH - pe3oHaHca OeH3oJia, paBHOH
36,0 kkaa/moAb, KOTOPYIO MOXKHO BbIYHCJAHUTB, HCXOAST H3
TenJIOThl THAPHPOBAHUA LHKJIOrekceHa. Ecam yuectb 3Hep-
THIO pe3QHaHca, TQ 3Heprus HanpsxkeHua  OeH3oaa
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okaxketcsi pasHo#l 3,0 xkkasa/moas. Omnako npu OGojee ax-
KypaTHOM aHaJ/JiH3e HeTPyAHO OOGHapyXKHTb, 4YTO H3O0/HPO-
BaHHOE pacCMOTPeHHe 3SHEpPTHH HaNps>KeHHsA H pe30OHaHCa
B 6eH30Jie JHIIEeHO CMBICJ/A.

“MoXKXHO roBOpHTL 06 3Hepruy pesoHcha 9HEPruHu CTa-
6uau3aUud HAu, B 6ojee obliem cjaydae, 3HEPrHH B3aHMO-
NeficTBHSA, onpeﬂe.nﬂemoifl KaK OTKJOHeHHe HabaxaeMon

BeJauyHHbl AH; OT 3HAueHHs, BHIUMCINAEMOrO Ha OCHOBe aj-
RUTHBHOCTH CBOMCTB TpyNI, 3Heprusi cOOCTBEHHOrO B3aH-
MOJEHCTBUA KOTOPBIX MPOH3BOJBbHO MPHHATA PABHOH HYJIIO.
[TocKoabKy peub HAET O NMOTEHLHAJbHOH 3HEPrHH, BCe YIO-
MAHYTbie BEJHYMHBI MMEIOT CMbICA TOJBKO [MPH CPABHEHHUH
¢ HEKOTOPBLIM NPOH3BOJBHLIM HYJIeBEIM YPOBHEM.

U B s3toM caydae HalbJsiogaemMass OTJHUHAs BbINOJHHU-
MOCTb TPABHJ AAJUTHBHOCTH [AJsi Hepa3BeTBJIEHHBIX Mapa-
¢GHHOB CO37aeT OCHOBY JIJIsl H3MEDEHHA 3HEPrHH B3aHMO-
neficTBUsi. B KauecTBe MNpPOCTOro MNpuMepa pPacCMOTPHM
6yragues CHy=CH—CH=CH,, cocrosauui u3 ueTbipex
rpynn: 2 [Cq— (H)o 4+ 2[Ca—(Cq) (H)]. Hus  rpynnn
Cd—(Cd) (H) u3 TaGadl. MOXHO ONpPeAeJHUTb BEJHUHHY
AH{, ona paBHa 7,0 kkaa/mons. HOass rpynmbl  XKe

Ca—(C) (H) AH;=8,8 mcam/moxzb YiBOoeHHasA pPasHOCTb

MeXAy 3THMH 3Ha4YeHHSAMH AH;, paBHaa 3,6 K!Ca/l/MO./lb
NpejCcTaBaAseT co6oli pasJHYHe BO B3aWMOIAEHCTBHH [BOH-
HO#l cBA3H ¢ OJaMxkafillefi HACHIIIEHHOH TPYMNOH HJIH C APY-
rofi ABOMHOM CBA3bID. HacTo 3Ty BeJMUYHHY HA3bLIBAIOT 3HEP-
rHefi pe3oHaHca JABYX CONpPS2KEHHBIX [BOHHbIX cBAsed. M3
YHCTO NPaKTHYECKHX coo6paxkeHni MBl TMPeANOYHTAEM Ha-
3bIBATH ee JHepruedl -B3aHMOIEHCTBHS ABOHHOH CBA3H.
Ecau cpaBHHTb Hallld ONpejieJeHHs SHEPruil HanpsxKe-
HHSI M B3aHMOJAEHCTBHA, TO JIETKO OOGHAPYXHTb, UYTO HX
HeJb3d paccMAaTpPHBATh MO OTAEAbHOCTH. Paznnune Mexny
pabaogaeMoi W BWLIYHC/ASIEMOH HAa OCHOBe NpaBua ajlu-

THBHOCTH BeJIHUMHOH -AH? 00GyCJ/IOBJIEHO OJHOBPEMEHHO
obouMu s¢pdexramMd. PasjinudTh 3TH BeJUYHHBI MOXKHQ
6bls10 Obl JIMLIL B TOM cJiyuae, eCjd Obl HMeJC KaKOH-HH-
Gyib [JONOJHHTENBHbIH He3aBUCHMBIA CMOCO0 HX onpene-
JIeHH 1.

Ecan cpaBHHBaTh 6€H30J C THIIOTETHYECKHM IIECTHUYJ/EH-
HbIM IHKJAOM C YepeAyIOLUMMHCH OAHHAPHBIMH H JABOHHBLIMH
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CBA3AMH, TO 3Heprun cradbunusauud OGensojla OKaxercs
paBHoil 33,0 kkaa/moab. IJTa BeJHUHHA TNOJNyYeHA NyTem
CPaBHEHHSI C HECONpSXKEHHBIM TpaHc-oJepunom. Ecan
y4ecTb, YTO THIIOTETHYECKasl MOJIeKyja sBJIseTcss KOMOH-
HallMeli Tpex Yuc-oJeuHOB H COOTBETCTBEHHO H0OGABUTDH

3.1 KKaa/mOab, TO MOXKHO NPHHUTH K YacTO MNPHUBOAHMOH

BeJinuuHe 36 kkaa/moab. PaccmaTtprBasi €e Kak 3HEPIrHIO
crabunausanui, 6e3 OroBOPOK CYHTAIOT 3HEPTrHIO HanpsaxKe-
HUSI paBHOH HYJIO, XOTsi AJS 3TOro HeT OCHOBAaHHUH, MO-
' CKOJIbKY - 9HEPIrHI0O Hanps:KeHHst HEe3aBHUCHMO ONpeaenuTb
HEeb34. | |

Ecan B cayuae GeH3ojla MBI OTHOCHJAHM Bce HabJjionae-

: . o]

Moe paziaHuMe B AH; 3a cyer pe3oOHaHca, TO B cCJyuae
LHKJONEeHTaHa, IJs KOTOPOro, KaK HaM KaxeTCsi, HeT OCHO-
BaHUH OXH/JATh «PE30HAHCHBIX» B3aHMOJAEHCTBHH, BCe pas-

JUYHe B AH? Mbl OTHOCHM 3a CuUeT HanpsixKeHHA.
Jlannoe 3jgech oOnpelejieHHe 3HEPTHH HaNpsXXeHHsa H
pes3onaHca (B3aHMOAENCTBHS) HABJASAETCA MCTOYHHKOM elle
oaHo#t TpyaHoctH. M3 TabJHYHBIX MJaHHBIX CJENyeT, 4TO
OBBIUHO Ha KaAylo roull-KoOH(pHUrypauHioo O60JbLIOH rpyNnnbl
NPHUXONHTCA 3HEPrusi Hanps:Kenuda okono 0,8 xkaa/moae.
TlosToMy MOXKHO OXHAATb, 4TO JJifl LHKJIOTreKCaHa, HMelo-
ero KOHGMUrypaLHIO <«Kpecaa», IOJHAs 3HEPrusi Hamps-
JKeHUs cocTtaBUT 4,8 kkasa/moas. UTobbl coryiacoBaTh C 3TOH
BeJHHHHON TMOJIyYeHHOe paHee HeHCNpaB/eHHOe 3HaueHHe
5HepPTHH Hanpsikeuusi, pasHoe 0,2 «xKaa/moas (cm.
ta6a. 11.8), npuxoaurcss NPeANOJOXKKUTh HaJHUHE KOMII€H-
cHpYIOLIlero B3aMMOZeHcTBHsi C 3Hepruedl 4,6 kxaxa/moas.
D10, OAHAKO, fABJAsieTcA apTedaKToM, CBSI3AHHBIM C TEM,
yro Ha rpynny CH,; B HOpMaJbHOM MapapuHe MPHXOAHTCH
SHAYUTEJIbHO OOJbllIAsi TENJOEMKOCTb, UeM Ha Ty Xe rpyfm-
Ny B UHK/IHYECKOM YIJIEBOLOPOLE. Ecan onpepensate ¢ no-

MOLUbIO NOAHBIX Tabnuu C, 0Ja9 <«HeHaNpAMEHHOro» - IHK-
JorekcaHa, Mbl MOJyuHM 3HaueHue 32,7 xaa/(moas-epad),
YTO CyLIeCTBEeHHO OTJHYyaeTcss OT HaOJI0ZaeMOro 3Haue-

Hus 22 xaxa/(moawv-epad). Taxkoe pasanude B C;:zgs o0y-
CJIOBJIEHO H36LITKOM. TemaoBofi sHepruu rpynmbl CHy HOp-
MaJIbHOTO yTJeBojopoaa Haj 3HeprHeil rpynnsl CHj; we-
CTHYJeHHOro uukiaa. M36bITOK 3TOT HEMHOrO I[peBbliIaeT
2 KKaa/moab. : .
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- HToGbl CpaBHMTb 3HEPrHMH HaNpsiAKEHHA H B3auMoaen-

CTBHf, CAeA0BaJio Obl COMNOCTABHTDL AH,c npu 0° K. Bpiun-
Tasd - jlajlee 3HEePrHH HYJEeBbIX ypOBHeH, -Mbl CMOLJH Obl
CpPaBHHTL COOCTBEHHO TOTEHIUHAJABHYID HJAH «XHMHUECKYIO»
3Hepruw o6oux cocrosiHuil. TakKue CpaBHeHHs He Bceraa
BO3MOKHBI, TaK KaK, 4ToObl HX MNpOBeCTH, HeoOXOAHUMO
3HaTh Bce KoJjebaTejbHble 4YacTOTbl 4 BpaljaTelbHble
Gapbepbl 000HUX COCTOAHHUI.

1. 15. SHEPIMUS 7-CBSI3EM

[Ipn paccMOTpeHHH pacnaja pasHKaJjoB c.neﬂ,ye'r onpepe-
JIHTh 3HEPTHIO, CBA3AHHYIO C obpa3oBaHHEM T-CBSI3€H HJIH
KpaTHbIX cBsided. Ha mnpocreiireM npumepe CgHg  MoxHO
o0Hapy>KHTh, YTO B Mpolecce NOCaAeJ0BaTeJbHOrO OTPhLIBA
nByx atomoB H or momaekynm CgoHg ¢ ob6pasosanuem CgH,
SHEepPruu [AHCCOLHALHH CBfA3ell He paBHbI *. DHepPrufd AUCCO-
LHauHy NepBolt ¢BA3H, paBHas 98 kkaa/moas, cooTBeT-
CTByeT 3HTAJbNHH peakUuH, NpOTeKalolled NpH 298° K no
cxeMe

CH,CH,— CH,CH, + F1 — 98 xxas.  (IL.26)

DHeprus AUCCOLHaLHH BTOpOH CBsI3H, paBHasa 38,5 kkax/
[moab, cooTBeTcTBYeT AH; peakuuu **

CH,CH; — CH, = CH, + H — 38,5 xxas. (IL.27)

I[Ipn BBHINOJIHEHHH NOpPaBUsl  AAJAUTHBHOCTH rpynnoBbIix
CBOHCTB 3HEPrud AHUCCOUHANMM OOCHX CBH3€H MJOJXKHbI COB-
nagatb. OOBACHUTL (aKT HECOBNAAEHUN 3THX 3HEPrui
MOXHO TeM, 4TO yHajleHHe BTOporo artoMa H conposo-
JKaaercs oﬁpasoaam{eM ABOHHOH cBsisn. Yao6HO onpene-

ants Ex (OpOYHOCTD KPATHOH HJ/IH JU- CBAI3H) Kak Pa3HOCTB
3HEPrui OoTpbiBa ABYX aTtoMoB H oT MoJsekyabl 3TaHa

Ew= DH*(CsHs—H) — DH" (CoH,—H) = 59,5 xxas. (I1. 28)

* Mb udcnosib3yeM oObIYHOE oOnpedeneHHe 3HEPrHUd AHCCONMAIIHH
ceasu DH°. KoTopad paBHa CTaHAApPTHOMY H3MEHEHMIO SHTA/JbLNUM B
peaKklHH paspbiBa NaHHOH CBA3H.

** DHeprusa AUCCOLHALKHU CBA3H NOpeBbILIaeT TeIOTY peaxupm Ha
SHEPTHIO aKTHBauHH oO6patHOH peakuuwH [Hnas peakuun (I1.27) sto pas-
auune cocrapasier 1—2 kxaa/moarv. — Ilpum. nepes.
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Jdasi HeCHMMETPUUHBIX COeNHUHEHHH, HaNmpumep AJd MpOIIH-
JieHa, 2HEepPrdd CBSI3H MOXeM ONpeneJHTb KaK pasJiHyHe
IpoOYHOCTH HeKoropoid cBa3m C-—~H B MoJekysge U B pa-
J¥uKajae, o6pa3oBaHHOM NpH paspbiBe cocCefHeHd CBA3H. IDTO
MOXKHO MOSICHHTH CjaeAyloliuMm obpasoM. PaccmMoTpuM uuKa

e CH;HCCH; + H 2

N ‘
CH;—CH,—CH;, CH;3;CH = CH, + 2H

"NCH,CH,—CH, + H” %

CorJiacHO 3aKOHY I‘ecca DH, + DH,=DH{ + DH;, noa'romy
Ex (C3H5) =DH,— DHs= DH{— DH..

E — 3TO 3Heprus, HEOﬁXO,H,HMaH [Jas «pa3pbiBa» Kpar-
HOi CBfI3H B aJIKeHe WJIH aJKHHE ¢ 00pasoBaHHeM COOTBET-
cTByloillero GupajvkaJa. Her HHKakHX OCHOBaHHH OpeAno--
jJaraThb, 4UTO 3TH OHpaIHKaJbl ABJIAIOTCS MeTaCcTaOUJbHBIMH
HAH HabagaeMbIMH YacTHLAMH HJAH XKe COOTBeTCTBYIOT
H3RECTHBIM CHEKTPOCKOMHYECKHM COCTOSIHHsIM. JITu OHpa-
JHKaJbl He XapakKTepH3ylTCsd MHHHMYMOM [OTeHLHAaJb-
HOW 3HEePruH, KOTOpbiii MOT OBl CAYXKHTb KpUTEpHEM CTas
6unbHocTH. [losToMy wux Jyuille HaA3BIBaTh <«THNOTETHYE-
CKHMH» OupaauKajJaMH B TOM e CMbICJe, B KakoM OyTa-
JreH <«06e3 CONpPSKEHHA», CBOUCTBA KOTODPOro MOXKHO - Bbls
BECTH H3 CBOMCTB 6yTeHa1 SIBJSIETCA T'HIIOTETHUYECKOH,
a He peasbHO CylLleCTBYlOIled MOJIEKyAOH. ¥ C/IOBHO 3Hep-
'THH J'I:CBHSEH ABJAAIOTCA TelJoTaMHu c.ne;lyromnx npouec-
COB!: : .

CH2 — CH»z> CHy—CH, — ES (C2H4)
HC=N=HC=N—-E° (I—ICN)

MOKHO OKMAATb, YTO AJS OJIeCpHHOB SHEPIruH m-CBs3eH 6y-
AyT COOTBETCTBOBATb MHHHMAJIbHbIM 3HEPrHsIM - AKTHBALHH
peakuuil LHC-TPAHC-H30MepH3aUHH. B Tex HEeMHOFOYHC/EH-
. HBIX cJay4asx, AJsi KOTOPHIX HMeEIOTCA [aHHBIe, 3TO Kak
' 6yATO OBl MOATBEPKAAETCH. |

Cnenyer HONUYEPKHYTb, YTO 9Hepmﬂ Heoﬁxozmmaﬂ mm

pacn_a):na monekyabl CH;=CH,; Ha paBa panaukaJa CHa;
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TOYHO paBHA CyMMe Ex (C2H4)+DH (CHQ"‘CI"IQ) Hesasu-

CHMOTO MeTOAAa OlpefeseHus DH°(CH;—CH;) He cyie-
CTByeT. ITy BEMYHHY MOXKHO DACCUMTATH NO HU3BECTHOMY

SHaYEHHIO AHS (CHo). Ipunsie AH; (CH2) = 89 kxaa/mors B
AHf (CeHy) = 12,5 KKaa/moas, - . DH°(CH;=CH.) =
= 165,5 Kkkaa/mosre H, HaKOHel, Ex (CoH4) = 59,5 «kxaa/

/moav, nonyunm DH°(CHys—CH) = 106 xkaa/mors. DTO
HeCKOJIbLKO Bbillle 3Heprum gucconuauuun DH® (CHs;—CHs) =

= 88 KKaa/mMOab, HO HMEHHO TakKas BeJHYHHa XapaKTepH-
syeT npouyHocTb cBa3n C—C, mexnay ABYMl ATOMAMH yrJie-
poaa B cocTrosiHud rubpunusauuu sp?. Jina cpaBHeHus
3Heprus IUCCOLIHAUHH 6yraguena-1, 3 - DH® (CoHs—
—CoH3) = 103 xxaa/moas, nudennaa DH"’(CBHs——CsHs)—-
= 116 KKkaa/moasb, B TO BpeMsi Kak JAJds 3THJIDbHOTO
pagukKaga [C(sp2)—C (sp3)]DH°(CH2—CH3) = 97
KKaa/moas.

B 3aknioueHHe HyKHO OTMETHTb, YTO OCHOBHOE COCTOS-

HHe OupaaukaJa CH;—CH, n0MXHO OBITh - WIOCKUM IO
aHaJIOrHM C [JIOCKHM CTPOEHHEM 6yTaﬂ,HEHa aKpoJienHa,
6ualeTnsa, [JAHOKCaJsA W APYTHX COeIHUHEeHHH, B KOTOPBIX
atombl C(sp?) TakxKe CBsizaHbl OJHHAapHoH cBA3bi0. Co-
IMIacHO OlieHKe, OCHOBAHHOH Ha 3HEPrHH CTaOUIH3auHMH
6yTanueHa, OTHOCHTeabHbI mnoBopoT AByx rpynn CH; Ha
90° TpeGyer sHepruu 3,6 KKas/moas.

Il. 16. SHTPONMUM I.I.HKJ'IH‘-IECKHX COEAMHEHMA

Jlna UMKIMYeCKHX COeIHMHEHHH B JHTepaType 4acTo NpH-
BOHAATCHA 3HAueHHs SHTAJbIHi, AaHHble yKe 006 3IHTPONHAX
3THX COeIMHEHHH MOBOJBHO CKyAHBL. JITO NO0yXKAaeT HAC
ONpefesiTb IHTPONHH U MOJSADHBIE TENJOeMKOCTH MHOTHX
IHUKJHYECKHX COEeIMHEHHH, HCNOAb3Yys YacTOThl KOJeOaHH
HJIH C NOMOUIbIO MOIeNbHBIX coeluHeHHH. B ocobGeHHocTH
5TO OTHOCHTCS K TOJHIHMKJIHYECKHM COEIMHEHHAM, I

KOTOPBIX 3HaueHHS Cp ¥ S  NOYTH MOJNHOCTBIO OTCYT-
CTBYIOT. : - |

CpaBHHM CHayajJa HeKOTOpble MpOCThie LHKJIHUECKHE
CHCTEeMbl C COOTBETCTBYIOUIMMH HELUHKJIHYEeCKHMMH COejHHe-
HuaMua. B Tta6a. 11.9 gas Takux coeldHHeHHH NpHBeAEeHbl
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Tabauya I1.9
CpaBHeHHE SHTPONHA HEKOTOPHX HHKIHYECKHX H aAHPATHYECKHX -

coeHHEeHH A
_ Ocra-
: ) A - o o TOYHAH
Liaka (o) Sint a) gggc%? (G) Sint a)_ ASir'vt/rcotﬁ) SHTPO-
cCoeqHHeHHe ‘ MIHA
_ KA .
C,H, (4)| 55,3 | C;Hg (18)| 60,7 54 .
CH,;CH=CH, (3)] 66,1 | CsH; (18)} 70,3 4,2
rpanc-Byren-2 | (18)| 76,6 | #-C,Hy, (18) | 79,7 3,0
C,;Hg (6)| 60,4 | C;H;, (18)]| 70,3 49 0
- |
(!:H2CH20 (2)] 59,5 | C,H;OH (3)| 69,7 5,1
' CH,OCH, |[(18)| 69,5 5,0
| | |
CH,CH,NH (1) | CoHsNH, (3) | (69,9)
(CH3);NH | (9)| 69,8
I | | | "
CH,CH,S (2)] 62,5 | (CH;),S (18)| 74,1 5,8
: C,H;SH (3)| 73,0 5,3
C.H; 8) 67,6 | n-C,Hiyo (18)| 797 | 40 2,7
CsHio (10)| 74,6 | #-CsHj, (18)| 89,1 | 36 5,2
CsH;g . (6) 74,9 H‘CGHI}; (18) 98, 5 4,7 1,0 )
C7H'|4 (14) 81,8 H'C-;Hls (18) 1079 4.4 3,0
CgHys ' (16){ 91,9 | »-CgH,; -1(18)|117,3 36 -9,1

Q .
a) S t=S +RIno [xas/(mors-2pad)l.

) A*f"in'c/rot [Sint (amd.) - Sint (iLaKr. )]/(n =1, rae m-suncio aToMos,
06pasyomuXx KK
B) Onpeneneso no oTHOWERHIO K LHUKJOMPONEHY KaK (7 - 1) [49 ASint[rot]

3HAUEHHS XaPAKTEPHCTHYECKHX SHTPONHH Smt [npuuem Siat=

--Sobs+er1 (cr/n)] B npeanocaennem cronbue Tab-
JIHIIB TPHUBEJEHB OTHOLIEHHS PAa3HOCTH SHTPONHUA COOTBET-
CTBYIOIUHX COEIHHEHHH H YHCJO0 3aTOPMOXKEHHBIX Bpalle-
HHA HELUUKJIHUYECKOTO COeIHHeHHs, KOTOphble «3aMOpaKH-
BalOTCA» NMPH 06pa30BaHMM LUKJAA. DTO yMeHBIIeHHe 3HTpPO-
nuu cocrtassser 4,7 = 0,3 kaa/(moab-epad) nns BCEX LHK-
n0oB, kpome C4, Cs u Cg, A8 KOTOPHIX OH MeHbWle. 3JTO
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corjiacyercst ¢ TeM (aKTOM, YTO TAKHE€ ILHKJAbl HMEIOT He-
OObIYHO HH3KYI0 YacTOTy BHENJIOCKOCTHOH JAedopmMailnH
uukaa (puckering), KoTOpylo HasbiBalOT I[CeBIOBpalie-
HieM. 3dta Monma 0OyCJOBJHBAaeT MHOBLILEHHYIO 3HTPONHIO
MOAOGHOro poxa CHCTEM.

Jdnsi cpaBHeHHsi B TaOJHIlYy BKJIIOUEHBl «ABYXUYJEHHbIE
HHKJABI», T. €. oneduHbl. Y HHX OOHapyxKHBaercs ObICTpoOe
H3MeHeHHe JeKpeMeHTa 3HTPONUU IMpHU Nepexoae OT ITH-
JeHa K Tpaxc-6yTeHy-2. OHO CBSI3aHO C PE3KHM CHHXEHHEM
YacTOTHl KPYTHJABHOTO KoJieGaHHsi npu nepexone ot CgHy
Kk C4Hg, cToaib 3HauHTENBbHBIM, UTO YacTOTa 3Ta AOCTUraer
BEeJHUHHbLI, XapakKTepHOH [J/ifd 3aTOPMOXKEHHOrO0 BpPalUIEeHHS.
- Tak, npuBeJeHHas Macca KPYTHJABHOTO KojeGaHHus TeTpa-
METHJAITHJAEHA OKa3blBAeTCs CTOJib BeJHKa, 4YTO 4acToTa
3TOro KoJeGaHHUs ABOMHOU c¢Bsi3u cocrtaBJjder 200 cm~!, uro
npu 300° K cooTrBercTByeT HTpONnHH 2,2 xaxa/(moas-2pad).

HacToThHl KPYTHAbHBIX KOJieOAaHHII HEKOTOPbIX 3aMellieH-
HbIX oJiepMHOB NMpHUBeAeHbl B TabJ. V. 21.

HUcnonb3ysi NeKpeMeHTH 3HTPONHH M INPHHHMAasa B Ka-
YeCTBE€ HCXOAHbIX 3HAUEHHH 3SHTPONHUH MJs HEUHKJIHYECKHX
COeAMHEeHHUN, MOXKHO OINpeNeJHUTb ISHTPONHUH UHUKIHYECKHX
COeIHHEHHUH. '

NPHMEP

- OnpenensTh SHTPOIHIO CHHPONEHTAHA I>'<] npu 300° K.

Bri6epeM B KaueCcTBe MOAENLHOr0 COeIMHEHHS! 3TU/LHKJIONPONAH, SHTPO-
HIO KOTOPOTO ONpeJeNuM ¢ MOMOIIbI NpaBuia amnmanocm rpynio-
BbIX CBOACTB

Sint ( A/" ) - 35° [C—(C), (D)] + 5° [C——-(c)3 @+

+ 8° [C—(C) (H)3] + S° (A — nonpaBska) == :
- =28,3—12,1 + 30,4 + 32,1 =78,7 xas/(moxs - epaa)

Hcnonb3ys AeKpeMeHT 3SHTPOINHH, XapaKTepH3YHOMHH 3aMblKaHHe “Tpex-
YJeHHOr0 1LMKJ4, HCIpPAaBUM TNOJyYeHHOe 3HavyeHWe Ha —4,9.2 =
= —9,8 xasa/(mose-2pad) u noayuuM 68,9 xaas/(moae-epad). Tocae
BHECEHWSl MMONpPaBKH Ha cUMMeTpHIO (0 = 4) BHYHCAEHHOE 3HaYeHHe
suTponuu coctaBut 66,1 xas/(more-2pad), B ToO BpeMs Kaxk HafieHHoe
SKCIIepUMEHTaNbHO 3HadeHHe paBHO 67,5 rca./t/(moxzb epad). Ecau npu-
HATL B KayecTBe MOJENBHOTO COEJHHEHHS YIVIEBOAOPOL, HMeIoIL U

CTPYKTYPY I>>< » nosyunm 64,1 Edﬂ{(ﬂo.ﬂb zpad).
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g—

NPHMEP

. Onpeaenutb 3uTponuio (2,1,2)-6anuxaorenresa-1

npn 300° K. Chmenaem 5TO ABYMsi He3aBHCHMbIMM criocoGamid. B oanoM
6yleM HCXOAHTH W3 STHJLHKJIONEHTEHa, B JAPYroM — H3 METH/UHKJO-
FeKCceHa. '

PaccuuTaeM SHTPONHIO 3THJIMKJONEHTEHA ‘

Sty = S° [C—(C) (H)4] + 25° [C—(C), (H),] + |
| + 8° [C—(Cy) (C)2 (H)] + 8° [C—(Cy) (C) (H):] +

+ 28° [C4—(C) (H)] + Llukandyeckas monpaska == S
=30,4 -+ 18,8 — 12,3 + 9,8 + 16,0 + 25,6 = 88,3 xar/(xos - 2pad).
' TIpu saMBIKaHHH HOBOrO 1IMKJa HCYe33l0T [Ba BpalIEHHA, xapaxTeprIé-

HJA «KeCcTKoro», HeaedOpMHPYeMOro IHKJa Cs. Buoiuuraa 2-4,9 xaa/
[ (moas - 2pad), nonyunM 3HaYeHHe SHTPOINHH OHIHKJAUYECKOTO YIJ/1eBOJ0-

pona, pasuoe 78,5 kaa/(moxb - gpad). Beps 3a ucxopHoe ’\“\,—CH;,,

HaAeM JIJs1 HEero 3SHTPOMHIO S:nt=82,8 xaaf(moab - 2pad). OTMeTHM
IIPH 5TOM, YTO METHJ/ILHKJOTEKCEH COJEPXKHT TOYHO TaKHe 3Ke rpymns,
yTo M u3omepHH muka Cs H OTIHYAETCH TOJBKO Ha LMKJIHIECKYIO MO-
NpaBKy. 3aMblKaHHe BTOPOrO HHK/Ia 4Yepe3 MOCTHKOBYIO METHJICHOBYIO
‘rpyfiny NPHBOAHT K IOTepe OAHOTrO BpalleHWs, H HCKOMOE  3HaveHHe
sHTponuu cocTaBuT 82,8 — 4.9 = 77,9 Kaxal(moae «epad).

| Tabauya I1. 10

XapakTepHCTHYECKHE SHTPONHH HEKOTOPHX HACHIMEHHBIX
H HEHACHIIEHHHBIX IHKJOB -

A (o) Sint Lluxa (0) Sint ASint
C3H6 (6) 6034 C3H4 (2) 59,3 - 1:_
C4Hg (8) 67,6 C4H3 (2) 64,4 "'"3,2
CsHo (10) 74,6 CsH; (2) 69,2 —5,4
CeH,;» (6) | 74,9 CeHio (2) 74,3 -0,6
CsHi, (2) 74,3 | Benszoad)| (12) 69,3 —B5,

3) B pmanHoM cJaydae ormenasierca 2H..
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Hexkoropble nomno/iHUTENbHbIe YKA3aHHA Ha BbLICOKHE 3H-
TponHu HHKJAOB C4 m Cz MOXKHO MNOJIVUHTb, CPaBHHBAA H3-

MeHEHHS Sint Nnpyu BBEAE€HHH B LHUKJ ABOHHOUH cBA3U. JIBoii-
HafA CBfi3b JdeJiaeT LHKJAbI 60Jiee KEeCTKUMH H yCTpAHSeT
HH3KO4YaCTOTHOE IICEeBJAOBpAallleHHe, B pe3yJdabTaTe KOTOPOro
LHHKJI OeJlaeTCAaA MeHee IIJIOCKHM, H3JIJOMaHHBLIM. B Taéa. I1.10
COMOCTAaBJIEHBl XapaKTePHCTHUECKHEe 3HTPONUH HEKOTOPbIX
HaCBIILE€HHBIX M HEeHAaCBIIEeHHbIX HHUKJI0OB. Eciau ameruapupo-
BaHHe HHKJOB C3 u Cg comnpoBoxKaaercs O4YEHb MaJibIM
YMCHbUICHHEM 3HTPOIHH, TO AJs LUHKJIOB Cy u Cs 3HTpPONHA
MMpH 3TOM IIpolecce 3aMeTHO yMmeHblnaercs. [Ipu nmeruapmu-
POBaHMH LHKJIOreKceHa A0 OeH3oJsi1a B LiUKJe o6pasyrorcs
ABEe HOBble ABOMHBIe CBsI3H. BecbMa BeposaTHO, uTOo 60Jee
PE€3KO 3HTPONHA H3MEHSIETCs1 MPH NOABJEHHUU B IIUKJE [10-

b4 L= J o
CJAelHEeH, TpPpeTbed NBOHHOH CBsi3H. 3HadeHHUda C, OJas1 MOJIH-
IUKJIWYECKHX COeIHHEHHH MOXKHO BBIYHCJ/JUTHL C MNOMOILIO
TeX e IIPHeMOB, KOTOpble IIPHMEHSIOTCA TINpPH BbIYHCIIE-
HHH S°. - |

f
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APPEHUYCOBCKUE MAPAMETPbI PEAKLIMM
B FA3OBOM A3E

II.I. 1. SNIEMEHTAPHbLIE CTA MM rA30BbIX PEAHI.lHFI

B 37Ol KHHIe MbI MCXOAHM W3 TMpeICTaBJeHHs, 4TO
B pa3peKeHHOM rase NPOTEKAIOT 3JieMeHTapHble NPOLECCH
TOJbKO JABYX THIIOB.

K nepsBoMy THIY OTHOCATCS IpeBpallleHHs SHEPreTH-
yeCKH AaKTHBHPOBAHHBIX XHMHYECKMX 4YacCTHI, KOTOphie B
MOMEHT MpeBpallleHHsi He B3aHMOAEHCTBYIOT € ADYTHMH 4a-
CTHLIAMHK Ta30Boil ¢as3bl. DTH NPOLECChl HA3BIBAlOTCA MOHO-
MoJleKyaAApHBIMM. TaKHMH NpoilecCaMH SIBJSAIOTCA BHYTPE€H-
HHe TeperpynmnupoBKH aTOMOB, Pa3pbiB CBsi3H, BpallleHHe
rpynnbl, KOTOpOe HMeeT MeCTO, HalpHMmep, NpPH LHC-TpaHC-
H30MepH3al{HM, HAW B NpPOCTellllieM ciayiae BHYTPHMOJIEKY-
JAsipHOE nepepacrnpeeseHne SHEPTHH.

[Tpomeccsl BTOPOTO THIIA MPOTEKAIOT MPH CTOJKHOBEHHH
IBYX UYaCTHIl H Ha3bIBAKOTCH OHMOJNEKY/APHBIMH, Taxkoe
CTOJIKHOBEHHE IIPHBOAHUT K 00pa30BaHHIO KOMILIEKCa, KOTO-
pBHIHl MOKET IperepnesaTb NpeBpallleHHs B MOCJAeAyIOILEeM
MOHOMOJIEKYAsipHOM mpoliecce. Takum o6GpasoM, OumoJe-
KyJspHble XHMHYeCKHe peakuuH IMpeACTaBAAIoT cobOOH
CJIOKHBIE TPOIECCH], BKAlOUawilHe 00pasoBaHHE KOMILIEK-
ca coydapeHHs H IOCJeAylOlHe MOHOMOJEKYJsApHbie Mpo-
LleCChl ero HpeBpalleHH . ;

TpHMOJEKyAsIPHblE [POLLECCHl MOXHO paccMaTpUBATh
KAk OJAHOBPEMeHHOe CTOJIKHOBEHHE TpeX 4YacCTHL ¢ o6paso-
BaHMeM TPHMGJEKYJAADHOTO KOMILJIEKCa, OJHAKO Takoe
CTOJIKHOBEHHE CJHIIKOM MaJjoBepoaTHo. [lostomy Jerue
npeAcTaBHTh cefe OOpasoBaHMe TPHMOJEKYJSPHOrO KOM-
miekca uepe3 jBe [ocjeloBaTesbHble OHMOJIEKYIsSpHbIE
cranud. MexaHH3M  00pa3soBaHUA  TPHMOJEKYJsIPHOrQ
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komnaekca [ABC] MoxeT ObiThb [peacTaBJeH B BUAe cCJe-
AylOLiel cXeMbl: - -

A+ B [AB] + C

A+C%[AC]+ B g}q}‘acl —> [TpoayKTH. (I11. 1)

/
B+C%[BC]+ A v | ‘

lil. 2. TEOPUSA NMEPEXOAHOIO COCTOAHMS

MoHoMoJieKyIsipHas peaKUus SB/AAETCS MNPOCTEHIIHM -
Hanbo/siee OOLIHMM XHMMHUYECKHM npoueccoM. OIHAKO AJs1 ee
HAPOTEKaHHsi HeOOXOAHUMO, 4TOOb!I pcarHpylOLlHe MOJIeKYJIbl \
MOIVIN H2KONHTh BHYTPEHHIOI0 3HEpPTHIO, AOCTATOYHYIO Jif
Pa3phiBa ONpelesIeHHON CBSISH WJAH [Jsi NeperpynnHpoBKH
aTOMOB. DTy 3HepPrHIO, Ha3blBAeMYI) 3Heprueii aKTHBAlUH,
MoOJieKyJ/1a HabGupaeT NpH HOCJaeNOBaTeJbHBIX «6J1arolpHsIT-
HBIX» COYAApeHHSIX C APYrHMH MOJIEKyJlaMH raszoBod ¢asnl
HJIH CO CTE€HKaMH cocyzaa. I'opasmo uyame, KOHeuHO, mpoHcC-
XOAAT COyAapeHHsi, IPH KOTOpbiXx OoraTthie 3Heprueil MoJe-
KyJIbl OTAAI0OT YacTh 3HEPTHH NMapTHepaM, UMEKIIUM MeHb-
TIHK 3a1ac SHepPruH. - |

Ecniu 6Bl ynasoce ua6amonats 3a 6Goraroit sHepruei
MHOTOATOMHOH MOJEKYyJIOlf B Trase, TO MOXHO O6bLIO OBl
3aMeTHTh, YTO B HHTepBaJie MEXKAY CTOJKHOBEHHSMH, MIJIH-
TEJbHOCTh KOTOPOTO BeJHKa IO CPABHEHHIO CO BpEMeHeM
 CTOJIKHOBEHHS, 3HEPTrHsi MPOJOJNKAET IepepaclpenesiThCs
MEXAY pAasHbIMH YacTAMH MOJIeKYyJiIbl B pe3yJbTaTe TOTO,
YTO aTOMBl COBEpIIAIOT «HE COBCEM TrapMOHHUYECKHe» KoJie-
Ganus. IlpH HOpMaJbHBIX yCJAOBHAX B rase Mexiay AByMs
MOC/I€IOBATEJbHBIMH CTOJIKHOBEHHSIMH MOJEKYJbl [poTe-
kaer 107%° cex. Mexnay TeM 3a 3TO BpeMss B MoOJIeKyJe
ycreer mpousodTH okoqo 10000 komeGanuit atomoB (npu
yactore 600 cm~! B cekynay cosepmaerca 600-3.1010 =
=1,8-10'® kone6anuit). [To3TOMYy MOXHO OXHIATb, 4YTO 6O-
raTtasi 3HEpPrHed MOJIeKyJa MOMXKeT NPHHHMATb MHONKECTBO
PasNHYHbiX KoHHTypauui. Ecau HeKOTOphle H3 HHX COOT-
BETCTBYIOT JIOKA/H3aUMH 3SHEPTHH, MOCTATOYHOM Ius pas-
pbiBA CBA3H, NS JHCCOUHALHH HIH /s NpPeojoJeHHs Bpa-
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mlaroleidcss rpynnoii 6apbepa, MOPOHCXOAHT XHMHYeCKas
peakuus. . . |
Haunyuuiyio KONHYECTBEHHYIO MOJeNb pPEaKLUuH JaeT
TEOpUs MEePeXOJHOr0 COCTOsIHHS, pas3paboTaHHas OHPHH-
roMm H ero corp. [1]. CorsacHo 3TOH TEOPHH, MOJIEKYJbl, 00-
‘Jajailiide 3Hepruedl H TreoOMeTpPHUECKOH KOHQHrypauue,
HeOGXOAMMbIMH JJId NMPeodO0JeHHA 3HepreTHueckoro Oapke-
pa, OTAeNAIOUIETO peareHThl OT MPOAYKTOB PEaKUHH, Haxo-

AATCA B «BHPTYaJAbHOM» PAaBHOBECHH C HODMAaJbHBIMH, He-

BO36Yy:KAeHHBIMH MoJjeKyJaamH. CKopocTb peakuud paBHA
MPOHU3BEAEHHIO KOHIEHTPAUMH TaKHX MOJeKyJa, Haxoas-
U[HXCS B MepexXOmHOM (aKTHBHPOBAHHOM) COCTOSHUH, Ha
KOHCTAHTY CKOPOCTH MNpEOAOJEeHHSs HMH 3HePreTHUYeCKoro
G6apbepa. Has mpocToro cayuyass MOHOMOJIEKYJsIPHOH H30-
Mepusauug A -> B Moxer ObITb 3anucaga cxema

AS A

A5 AT 5B,

(I11. 2)

tae A* — monexyna A ¢ HeoGXOQHMBLIM A/ H30MEpPH3AIHH

3aMacoM 3HEPTHH H AFT —~rta xe MoJsiekyna A*, HO yxe
UMelollasi FeOMEeTPHUECKYI0 KOH(HIrypauHio, COOTBETCTBYIO-
LyI0O BepLUIHHe MOTeHHHAJbHOro Gapbepa HJAH MEPEXOJHOMY
cocrosHuo. CXxeMy MOXKHO NPOHJIIOCTPUPOBATH AHArpaM-
MOl 3Hepruss — KoopauHarta peakuun (puc. III. 1).
Hy>XHO OTMEeTHTb, UTO, MOCKOJbKY BCe PEaKLUHH B MPHH-
uune oOpaTHMBI, AHAJOTHUHYK CXeMy MOXKHO 3aliicaThb
Aas B, npHueM COOTBeTCTBYIONlee IMepexOofHOe COCTOsSHHE

B¥ nomxno 6miTh HiaenTmuno AT Bo Bcex OTHOWeHHSX,
KpoMe (asbl ABHKEHHA aTOMOB HJIM Tpynn, 006pasyroumudx

Mosekyab, Pasa HABHKEHHA aTOMOB B B¥ orBeuaer nepe-
XONly OT COCTOSIHHA B K COCTOSIHHIO A. O6patHoe cnpaBej-

JIUBO JJ14 A*. las npocTefero cayas LHC-TPaHC-H30OMe-
pusauun, HanpuMmep CHD=CHD, moxHo 3amucarb

R H H HY}* D H
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OcofeHHOCTRIO. NEPEXOAHOTO COCTOSHHUS 3TOH peakilHH
SIBMSIETCS TO, YTO B HEM IIOCKOCTH OGEHX MeTHJIEHOBHLIX

, : A B /lﬂéexadm N
H, : : : / cosmonsye g
1 ' _ | -~ o . .
AR — —— — —AH (AN — otz ————- 8"
Koumuvecraa. - : 'A‘HO(AI) L ‘ 1 ‘ o 1 i "
— — i i ! S ...._.ﬁH (B )..._4_.._........ —_— —
mepeua ankay} I AHYB)

. B

- Noopdunarni peanu (RC) ———e

Puc. I, [Juarpamma sHeprusi — KOOPAHHATA pRaKUHU IS 3K30TEp-
MHYECKOH MOHOMOJIEKYJsIDHOH peakuud. B kauecTse KoopauHaTH peak-
UHH MOXKET CJYXKHTb Jo0asi BHYTPHMOJIGKYJApPHAH KOOpDAHHATA HJIH
KOMOHHALHS TaKHX KOODJMHAT, KOTOPaf OAHO3HAYHO XaPaKTEPH3YeT
pasBHTHE 3JeMeHTapHoro akra. CHJOWHOH JWHMEH NOKA3aHAa NOTeH-
LHaJibHAsi SHEPrus MOJIEKYJB (P PABHORA HYJIO KHHeTHUSCKOR 3HEpPTHH
ABHIKEHUA BAOJL KOODAMHATH peakuuu. B cayuyae mmc-rpanc-maomepue
3alHH 3a KOOPAHHATY. PeaKLHH MOXKHO IPHHATHL YroJ B3aHMHOrO Bpa-
L(€HHsA rpynn, CBA3aHHBIX ABOHHOH CBSI3bIO.

rpynn nosépHyTbl APYr 10 OTHOLIEHHIO K 'npyry Ha 90°,

B sTo#l TOuke OAHO Hanpas/ieHHe BpAallEeHUs] COOTBETCTBYET

nepexoay - HMC — TPAHC, a MPOTHBOIOJOXKHOE — TPaAHC —
— LUHC. , . |

S | aHyA—-XEE—g - - —— _— RS A
g B M e e
| | AHY(A—B)
T e 28 IO
| \ 7
B U L)

L
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Ecau ki — ylelbHas CTeXHOMeTpHUeCKasi KOHCTAHTa
CKODOCTH IpeojfoJieHusi Gapbepa, To, mpeHebGperas obpart-
'HOHl peakiHell, BblpakeHHe [/ CKOPOCTH H30MEpHU3alHH
MOXKHO HpeNCTaBHTh B BHJIE ~ | |

d [B] d[A :
_érlf=__ﬁ%J-=kj[A%L (I11. 3)

[Ipn paBHOBeCHH A* ¢ A, 3nas KOHCTAHTY PABHOBECHA K3
woskHo onpeaeauts [A¥]=KJ[A], otkyzna

drAl o o

___érLﬂijj[AL (1IL. 4)
M, TAKHM O06pa3oM, KOHCTAHTA CKODOCTH H30MepH3aliH
IepBOTO MOPSAAKA ONpPeAeJHTC COOTHOLIEHHEM

dIA] _eps LS
R, =————=k . . IIl. 5

B cucreme A< B, Haxoiseiicd B PABHOBECHH, OJMHA-
KOBOE UHEJO MOJIEKYJ IepecekaeT Gapbep B TPOTHBOMNO-
JIOXKHBIX HAMpPaBAeHHAX. MOXKHO CUHTATh, UTO ABHKEHHIO
yepea 6apbep COOTBETCTBYET HOPMaJbHasi KOOPJHHATA

YacTHL, B IePeXOAHBIX COCTOSHHSIX (A*_ H B*‘). JIBHKeHHE
BIOJIb TOH HOPMAJIbHOH KOOpPAMHATH MOXKeT OHTb OXapak-

TepDH30BAHO yacToTOH v© Bpamenus Ha 360 (T. e. oT A*
p 3 p ,

kK BT u o6patno k A¥), upuuem ki =Fkf=2v". Hauee

MOJIHASL KOHIIEHTPAIHS YacTHLL B IePeXOJHOM COCTOSIHHH

paBHaA [A*]+[B*]|, u, nockoabky [A*]eq=[3ﬂ MOXKHO

A eq’
cpasy 3anucarb [A*]=1/2K*[A], rre K¥=Ki+K3
ABJAETCA HCTHHHOH KOHCTAHTOH paBHOBeCcHda JAJs BceX
JacTHI B nepeXOLHOM COCTOfAHHH (KaK A*, rak u B*) IMTo-
stoMy BheipaxeHue (III.5) moxnHO nepenucarbk B BHJE

ky=vTK*. (111. 6)

CymiecTBeHHOe  MpPeANOJNOXKEeHHe, KOTOpOe Jenaercs
B TeOpHH NMepPeXOJHOTO COCTOSIHHS, 3aK/AI04aeTcs B TOM, UTQ
B CHCTEMaX, JajleKHX OT PAaBHOBECHs, Koria OOpaTHOM
peakumeii B—A MoxHO mnpeHeGpeun .u [B¥] < [AF]
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KOHUeHTpanua A¥ NpuHUMaercs TAakoil Ke, KaKol 6bl OHa
Gbl1a NpPH YCJAOBHH, UYTO [B*]=[A*]. s BBINOJIHeHHS
ITOr0 yC/IOBHA HEOGXOXMMO, YTOOHl Kaxaasi yacTuua A¥*,
oGpasyiomasca us BT, napasa Toabko A: APYTHMH CJIO-
BaMH, uTOGBl ee posb B O6pa3oBaHuH AT 6bla He3HAUH-
TenbHOH. TaKoe ' HPEANOJIOKEHHE MpEACTABMASETCS ONpaB-
JAHHEIM. | |

Ec¢au Tenepnr uckmiounts u3 K* Bkaan, COOTBETCTBYIO-
INHA KONEeGaHHIO, 3aMeHeHHOMY B I[1€PeXOJHOM COCTOSIHHH
ABHXKeHHeM uepe3 Gapbep, TO Ha OCHOBaHHH (HOPMyJ cra-
THCTHUECKOH MEXaHHKH MOJYUHM

—1 |
K*=K* (1 — e ™)y (111. 7)
H, pasjarasi 3KCIOHEHTY B pff, NPH YCJAOBHH, uTO Av' <&
& RT, nonyuum
* o g [T ) IIL. 8
K K (h.v* (1L.8)

IMoactaBuB 310 BbipaxeHue B ypaBHenue (III.6), MOJIy YU M
OCHOBHYI0 (POPMYJy TEOPHH MEPEXOJHOTO COCTOSIHHS

= (-{“—g—) K*’. | (111 9)

Uto6bl ynpocTute 0603HAaueHHs, OTOPOCHM IMITPHX B KOH-
CTaHTe DAaBHOBeCHd, He 3a6bIBas IIPH 3TOM, YTO B HOBOM

o6o3Hauennn K¥ He comepur BKaana, COOTBETCTBYIOLLETO

‘kKose6aHHIO ¢ yacToTofi v'. B Beipaxkeuusa (II11.9) wu
(II1. 3) o6bIYHO BBOAAT TPAHCMHUCCHOHHBIH Ko3(ppHuuueHT
HIM  KO3(pOPHUHEHT mnpoxoxnaeHus » < 1. OH yuuTeiBaer

BO3MOXKHOCTb TOrO, 4YTO HeKOTOpas Jjoas MoJgekya A¥,
a HMeHHO (1 — x), MoxKeT BepHyTbcs B coctosinne A*, Tak
H He npeojoseB Gapbepa H He NPEeBPATHBIIHCH B B*. 06
S5TOA BeJIHYHHEe H3BECTHO OYeHb Maso. OHa CJO0XKHO 3aBH-
CHT OT (POPMBI IOBEPXHOCTH NOTEHIHAJBHONR SHEPTHH Bep-
IuHb 6apbepa. Kak npasusio, K03bdUIHEHT % NMPHHUMAIOT
paBHLIM 1, W AJs NPOCTOTH MBI He GYAEM YUHTHIBATH 3TOT
KO3 PHLIHEHT. | N

Xota Qopmyna (III.9) Geura BhIBeZeHa asa H30MepH-
Sallyd, OHA JO0CTATOYHO 0OILKA, TaK KAaK He CYILECTBYeT
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NPpUHUHUMIHAJBHBIX PAa3JHUUA MeXAy H3OMepH3auueH H Apy-
THMH MOHOMOJIEKYJIAPHBIMH peaKIHAMH. [IoCKOABKY MOXK-
HO CUYHTAaTb, UTO INPH OHMOJIEKYJSAPHBIX H TPHMOJEKYJsp-
HHIX Mpoleccax ob6pas3yloTcsi KOMIJIEKChl, HaxoasdLHecs
B PABHOBECHH C peareHTaMH, TO TaKoe paBHOBeCHe MOXKHO

XapaKTepH30BaTh KOHCTaHTOH paBHoBecuss KT, u, ciaeno-
BaTesnbHO, BhipaxeHue (III.9) okasbiBaeTcss NMpPHMEHUMBIM
OJ51 TpoieccoB JIOOOH CJA0XKHOCTH, €CJH CKOPOCTb HX NIpO-
TeKaHWsl JTHMHTHPYeTCA €IHHCTBeHHOH cTajiHel, a HMEHHO
cTajiHeli TpeOdOJIeHHSI 3HepreTHYeCKoro Oapnepa B mnepe-
XOJHOM CcOCTOSHHH. [lasa O6MMOJIeKyJAPHOH peakiHH

A+ B%5 [AB)* — ITpoaykrhi
KOHCTAHTAa -CKOPOCTH |
' RT
kB - ( h ) KAB'

rie Kap — KOHCTAHTA paBHOBecHs o6pasoBanus [AB¥] us
A u B, _

BaxkHocTp pesynbrarta, MOJAY4YEHHOro ¢ IOMOIUBIO TeO-
PHH MEepexXOJHOr0 COCTOSIHHS, 3AKJI0YaeTcsi B TOM, .UTO JIO-
O6yI0 «paBHOBECHYIO» KOHCTAHTY CKOPOCTH MOXKHO IpeacTa-
BUTb KaK MPOH3BeJAE€HHE YHHBEPCAJbHOTO HAaCTOTHOTO (hak-
Topa RT/h, xotopuii mpu 300°K pasen 6,3-102 cex!, n
TepMOJMHaMH4Yeckoro ¢akropa K7, KOTOpLII 3aBHCHT
TONBKO OT 3SHEPrHH H CTPOEHHs MEePEXOJIHOr0 COCTOSIHHA.
Takum o6pasom, CKOPOCTb PeakKiUH He 3aBHCHT oT ocoGeH-
'HOCTell MpOLecca CTOMKHOBEHHS.

- MoXHO OXHIATh, UTO MJsl BbluHCAeHHst KT oKaxyTcs
NPUFOAHBIMH Te Xe IpHeMbi H MNpaBHJIa aAJHUTHBHOCTH,
KOTOpble HCIOJbL3YIOTCS [JIsi ONpejesieHHs OObIUHBIX Tep-
MOXHMHUYECKHX BEJHUYHH, OCKOMbKY

—RTIMK*=AG*  =AH* —=TAS™. (I11.10)

iN. 3. TEOPUA CTONKHOBEHMA ANA BMMONEKYNAPHbLIX PEAKU.HFI

BuMmosiekyapHBIe peakUdd [epBOHAYaJbHO HHTEpIpe-
THPOBAJHCh Ha OCHOBE TEOPHH CTOJIKHOBEHHH, OCHOBaHHOMH
Ha KHHEeTHYEeCKOH TeOpHM ra3oB. B TeopuH cCTONKHOBeHHH
Npeanosaraercd, 4To CKOpPOCTh OHMOJEKYNAAPHOH peaKUHH
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MexKy 4YacTiuamu A u B B rasoBoii ¢ase cocrasaseT
JHIIb HEKOTOPYIO HacTb o OT CKOPOCTH, C KOTOPOH NpOHC-
XOAAT CTOJKHOBeHHs1 MexXay A u B. BeluuuHy o MOXKHO
NpeJCTaBHTb B BHAe I[pOM3BeLeHHs MABYX uwieHoB. [lep-
Bbiif — 3KCIIOHEHIIHAJbHbIH, HJH OOJbIIMAHOBCKHH, uYJieH
e E/RT — xapaKTepH3yeT noJai coynapeHuii A + B, B KoTO-
pbix HeobxoauMmas AJA TNPOTEKAHHST XHMHYECKOH peaKIHH
3Heprus akTtuBauuu £ ,p JOKa/JH30BaHA Ha ONpeleseHHbIX
cTeneHsix CBOOOABL! BHYTPH MOJeKyJabl: BTopoil coMHOKH-
TeJIb — CTepHYeCKHH ¢akTop p — yuuThiBaer TO 06CTOA-
TeJNbCTBO, 4YTO JIHIIb YaCTb COyAAapeHUH, IPOUCXOASNIHX
C HeoOXOOMMOH 3HeprHel, nmpu O6JAronNpHATHON B3aHMHOH
OpPHEHTALUH HJAU TeOMeTPUH TMNPHBOJHT K XHMHUECKOH
peaKuuH. - _

CornacHo TeOpHH CTOJNKHOBEHHIH, KOHCTAHTA CKOPOCTH
GHMONEKYJASPHOH peaKIHH

kap=papZage” “ABIRY, (I11.11)

rie Zaip— YHUCJIO CTOJKHOBEHHH MexkAy uyactunamMH A wu
B, KOHUEHTpaLHA KOTOpPbIX BhIpa)keHa B CTAHJAPTHBHIX el H-
HUnax (arm, moav/a uaum Apyrux). KuneTnueckas Teopus
Ta30B JaeT CJaeAylollee BLIpa*KeHHe [JA YUCJa CTOJKHO-
BeHHH Z 4B

| .
Z g =n633(ﬂ) 5, (111 12)

Irie Oap— JUaMeTp CTOJKHOBEHHS, T.€. PACCTOSAHHe Me-
KAy LeHTpaMu Macc A U B B MOMeHT coyfapeHHusi, a pap=
= MaMp/ (M4 + Mp) — npuBegeHHass Macca CTaJKHBAIO-
IMHXCss MoJieKyds. Ecnu Bce Bxoasiiwe B dopmyay (II1. 12)
BeJIMYHHBl BhipaxKeHbl B eanHuuax CI'C3, to pasmepHOCTb
Zap Oyner [cm?/(mosexyasa-cex)]. Hasa nepexoma K vyalle
ynoTpeGUMbIM eZUHHLAM 4/ (MOAb-CEK) TOJYyUdEeHHOEe 3Haue-
HHe HeoOxoauMo yMHOxKHTb Ha N/1000 = 6-102° (N — uync-
no -Aporazapo, paBHoe 6,02-10%). CpaBHuM Tenepb (opmy-
ay (II1. 12) ¢ BeIpa)keHHeM TEOpPHH IIE€PEXOLHOTO COCTOS-
_HUA Aas OUMOJIEKYJNAPHOU peaKIuH
kT, kT Qfp —AE*[RT

kAB = “n KAB — T QAQB e ’ (IIL. 13)
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rae Qis, Qas U Qp— CyMMBbl MO COCTOSIHHSIM [UJISI YaCTHH
ABT, A u B, a AES:‘:-—'SHEPFH_Q o6pa3oBaHus AB* u3z A
u B npu 0°K. Ecau npeacraBuTh KaxkAylw CyMMy IO CO-
CTOSIHHSIM -yepe3 MNOoCTynaTejbHble, BpalllaTeJbHble, KoJie-
6aTeqbHble W 3JEKTPOHHbIE CYMMbl IO COCTOSIHHSIM, TO
MOXKHO HOJYUYHUTh YPpaBHEHHE |

T [ Qg |
kap= ( 3, Q, QEy, 1 aB X

h trans

O . o
9 [ Quib, ap+ Qrot, 1 AB* Qel, AB¥ ] e"AEo*/RT
Qvib. a’ Qvib, B’ Q-rot,-A ) Qrot, B’ Qel, A’ Qel, B .
. (I11. 14)
ITox Qrf,t,, | AB MBI MOHHMAaeM KaXYIIYyIocs BpallaTeJbHYIO

' CYMMY IO COCTOSIHHIO IIePeXOJHOIr'o KOMIJeKca ABT, pac-
CMaTPHBAEMOro Kak JAByXaTOMHasi MOJIeKyJa, B KOTOPOH
mMacesl M, u Mp pasfiesieHbl PacCTOSHHEM I ,p. Besnuuna

Q;E-t, L AB COOTBETCTBYeT BTOPO# BpauiaTeJlbHOH CTEeHH CBO-

+ + % + ‘
Goabl AB. Tounee, Q. 1 ap = Qiot, an/Qrot, 1 48, THE Qiot, AB—
TOUHOE 3HaUeHHe NMOJIHOH BpalllaTeJJbHOH CYMMBH IIO COCTOA-
uuio A ABT. MoxHo mokasaTh (cM., Hanpumep, [2]),
YTO IMOACTAHOBKA 3HAYEHHH IOCTyllaTeJNbHBIX CYMM O CO-
CTOSHHSIM NPHUBOAHT K COOTHOIHEHHIO

kT Q;};B |
Z*“B:( h )(QA-QB )trans[Q“’*' ragl (LD

Uz cpassenus dopmyasr (III. 12) TeopuH CTONKHOBEHHH
Cc pe3yJbTaToM TeopHH nepexoaHoro cocrosuus (lI1. 13)
MOXHO CIeJIaThb BbIBOJ O BO3MOXHOCTH CTPYKTYPHOTO aHa-
JMu3a cTepHuecKoro ¢akropa | |

B o=!: . : .
vib, AB¥ Yrot, L AB¥ Yel, AB¥

Quib, 4" Quib B* Rrot, 4 Rrot, 5 Ve, a° Qel, B

PAB = (IIL. 16)
. TeopHlo CTOJIKHOBEHHH MOXHO paccMaTpuBaTh B Kaue-
CTBE HYJIeBOro NMpPHOJHXKEHHUs TEOpHH epexoiHOTO COCTOA-
Husi. Jlaa mpocToro CHMOOTeTHUECKOro cJjayvasi, Kkorga A #
B — atoMpl, Bce ulenbl B ypaBHenuu (III. 16) obpamarorcs
B EMMHHLY U pap AeNdeTcd paBHBIM 1. DTO HE OYeHb
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XapaKTepHblii MpHMep, TaK KaK peakKlHH, B KOTOPBHIX yua-
CTBYIOT JBa aToMa, AOBOJAbHO pelakH. [lo TakoMmMy wmexa-
HH3MY MOTYT OPOTEKaTh aCCOLHAaTHBHAasi HOHHU3AIHA, 3JeK-
TPOHHOe BO30yxJAeHHe H OOpaTHBII mHpoiecc, T.e. Ae3ak-
THBALHS -

A+BZZA+B* +e,

IT1. 17
A+ B<Z A"+ B, ( )

. 4, CTPYKTYPHbIA AHANMU3 CTEPUUYECKOTO MAKTOPA

Ecin A u B He aTombl, a 60Jiee HJAH MeHee CJOXKHBIe
MOJIEKYJ/Ibl HJIH pPaliHKaJbl, 3HaMeHaTeJb B BbIPaXKeHHH
~(III. 16) Oyner Goabme, yem uucauTeab. [IpuunHa 3HECH
COCTOUT B TOM, UTO IpH 0O6pasoBaHHH MHOTOaTOMHOH 4a-

cruusl ABT u3 muOroatomumix xe yactuu A u B 6 BHew-
HHX BpaumaTteJbHbIXx U 6 MNOCTyllaTeJbHBIX CTelNeHel  CBO-
Gonbl A u B 3aMeHsaloTcs Ha 3 mocTymnartesbHble, 3 Bpalla-

TeJIbHble W 6 BHyTpeHHHX cTeneHefi cBoGoamt AB¥. Opua

H3 3THX BHYTPEHHHX CTeneHeH CcBOOOABI COOTBETCTBYET,

€CTECTBEHHO, JABHIKEHHIO BJI0Jb KOOPJAHHATHI peaKIHH,
IloctynmaTtesbHble CyMMbl MO COCTOSIHHSIM H ABe Bpallla-

TeJabHble cymMMmbl aas AB¥ yxke yuurbiBarorcs pakTOopoM
Zap (III. 15). IMoaTOMYy pap HOJANKEH COAEPXKATh OCTAJb-

Hble YJIeHBl, COOTBeTcTBylomHe | Bpamenuio AB¥ mnporus

6 Bpamennii A u B u (3n — 7) xoaeGanuit 8 AB¥ nporus
(3n — 12) koneGauuit B A + B. |

OTHollleHHe 3/J€KTPOHHBIX CYMM 110 COCTOSIHHSIM [OUTH
Bcerga <1. Tak kak kone6GaTejqbHble CYMMbl MO COCTOf-
HHSAM OOBIYHO JiexxaT B npegesax ot | mo 10, a pamaredn-
Hble CyMMBl [0 COCTOSIHMSIM cocTaBasfioT 10—100 Ha Bpa-
HaTe/JbHYIO CTeleHb CBOGOABI, TO Pap NO MOPSAAKY BeH-
YuHb Oyner JexxaTb B npenenax or | mo 10-° B 3aBHCH-
MOCTH OT GJOXHOCTH A H B H <«KeCTKOCTH» MepeXOomAHOTo

coctosinusi AB¥*. JKecTkocTh 3Ta HMeeT 0co6oe 3HayeHHe,

NOCKOJNIbKY cpenu 37 — 7 BHYTPeHHHX KojaeGauuii ABT Mbi
HaxonuMm | noutu cBoGomHoe BpalieHHe A no OTHOLIEHUIO
K B BOKpyr oci A — B u no 4 MasTHHKOBBIX KoJeGaHHI
A v B no orHomeHuo K ocu A — B. Ecau yactora ux He-
BEJHKa, COOTBETCTBYIOIIME HM KojaeGaTeibHble CyMMBI [1Q
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COCTOSIHHSIM MOXKHO COKPATHTh C BpallaTeJbHbIMH CyMMa-
MH no cocrosHusamM A u B B dopmyne (IlI. 16), u B pe-
3y/AbTaTe 3HaueHHe pPap OKaxercs OJH3KHM K eXHHHLE.
JTO, KaK Mbl YyBHMAHM, CIPaBelJIUBO JJisi PEeKOMOHHALHH
anKHAbHBIX pannkanos, Hampumep 2CHj3; — CsHe.

Vnorna nosBaHIOTCH COOGIICHHS O -TOM, YTO AJfA HeKo-
TOPbIX peaKUHH CTepHYeCKU#d (akKTOp 3aMeTHO MpeBbILIAET
eIUHHLY. D70 OOBACHSIOT HEKOPPEKTHOCTHIO OOJblLMAaHOB-
ckoro dakropa fg=e EAB/RT g pripaxennn (I1I.12). Ecan
TMPHHATL BO BHHMAaHHe, UTO JHEPrus axkTHUBauuu E,p Mo-
- JKeT pachpenessaTbCsi N0 BceM S BHYTPEHHHM CTeNneHAM
cBo6oAbl KOMIJIeKca, 06pasylollerocsi MNPH CTOJKHOBEHHH
yactuy A u B, To B KlaccHueCKOM NPHUOGJIMKEHHH HCIpaB-
JJeHHOe 3HaueHHe O0JIbBIMAHOBCKOTO cpaKTopa JOJI2KHO
UMeTb BUL *

1 EAB )s" _E4p/RT |
fg= =1 ( T e . - (I1L 18)
DTo Bbipa)keHHe OyleT CNpaBelJHBO JAHLIbL B TOM CJayyae,
eCcJIH BepPOSITHOCTh XHMHUECKOH peaKLHH He 3aBHCHT OT Xa-
paktepa pacapefenends. ORHAKO peakuuss TMPOHCXOAHUT
JUIIL MNPH TeX CTOJKHOBEHHsIX, B KOTOpbIX 006pasyrorcs
OepeXOAHble COCTOSIHHS, T.€. B KOTOPHIX 3HEPTrHsi aKTHBA-
IUH JIOKAJU3YETCsl ONpelesleHHbIM 00pa3oM Ha HEKOTOPHIX
CBA3AX. Bce papyrue CTOJKHOBEHHs1 He CONMPOBOXKAAIOTCA
peakuueni [3]. Taxum oGpasom, ypasnenune (IIl. 18) nenpmu-
MEeHHMO K OHMOJIEKyJsIDHbIM peaKLUUfAM, H Mbl MOXeM pac-
CMaTPHUBATb CTepuuyeckHe (QaKToOpbl, MpeBHIMIAOILHE eIH-
HUIY, KaK BeCKHH [JOBOA B IMOJb3y HEKOPPEKTHOCTH 3KC-
NepUMEeHTaJbHBIX JAaHHBIX,  HA KOTODPBIX OCHOBAHBI = TaKHe
3HayeHHus HaKTopOB. |

M3 storo npasuna cqu;eC'rBye'r IBa BaxXHbIX HCKJIOUE-
HHsl, HO, KaK BHJHO H3 JajbHeHllero, o6a Ckopee Kaxy-
muecs, yeM JOeHcTBUTesabHble. IlepBoe OTHOCHTCA K GHMO-
JIeKyJIIDHBIM NPOLECCAM nepelayn 3HEePTHH

A+ M= A"+ M. - (IT1.'19)

* l].:m KBAHTOBHIX CHCTEM € YacCTOTON Vg = (Vy-Vas+va... V)3,
Gonbumaﬂoacxnﬁ ¢$akTOp MOXHO TPEeACTABHTb Kak

I F s—1 ' |
foa ( AB) e"EAB/RT
'™ S0 \ v d . 5

. .. S .
- - - a
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Sweprds, MepBOHAYAJbHO pacnpefeneHHas Mexny A u M,
B PEe3V/IbTATe CTOJKHOBEHHS OKA3bIBAETCS CKOHUEHTPHPO-
BAHHOH Ha BHYTPeHHHMX CTeneHsx cBoboan A*. B neit-
CTBHTEJbHOCTH 3HEPTHsl MOJEKyJibl A, yuyacTBywllei B Ta-
KOM IIpolLiecce, JHIlb HEMHOro OTJIHYaeTCsl OT SHEPTHH A¥;
OHa HaKOlJeHa B pe3yJibTaTe IOCHAeAOBaTeNbHBIX «0Jaro-
NPUATHBIX> CTOJKHOBEHHH, Ka)KJaoe H3 KOTOPHIX I[IpoTe-
KaeT ¢ <«HOpPMaJjbHbIM®» HJH [daxe HHU3KHM CTEPHYECKHM
hakTOpOM. | ‘

OjHaKO TPHHATO CYHMTATh, YTO B CyMMAapHOM MpoLecce
(I11. 19) yuacTByetr MoJieKkyna A B OCHOBHOM COCTOSIHHH.
[1pn mocraTouHO BhICOKOI 3Heprunm E*, Kortopoi#l o6sajaer
A*  [OoJMXeH CylIeCTBOBATH 3HAUHTEJbHbI (AKTOP BLIPO-
XKAEHHOCTH, OTpaxawmlui O60Jblloe YHCAO CIOcOGOB, KO-
TOPLIMH 3HeprHi0 E* MOXKHO pa3MecTHTb MO S BHYTPEHHHM
crenedsmM cBoGoabt A. Jlerko BHAeTb, YTO TAKOH (QAaKTOp
OOJKeH ObITh. OOJBLILMM JaxXe s cJydas, Korga 3Hauye-
HHe E* HeBeJIHKO. -

PacceMorpum Mosekyay A, uMelolllyld IBEHAAIAaTb KO-
neGaTeNbHBIX CTeneHeH CBOOOABI, MPHYEM UYacTOTa BCEX KO-
ne6GaHuii MOYTH OXHHaKoBa. Eciaum MoJekysne A nepejaH
OAHH KoJebaTe/qbHbIH KBAaHT, OH MOXeT OKasaTbCsd ¢ paB-
HO#I BEpPOATHOCTbIO Ha BCeX JABeHaAlaTH KoJyiebGaTeJNbHbIX
cTerneHsax CBOGOALL. BEIPOXKIEHHOCTh. MEPBOro KoJjebarenb-
HO-BO36yxkaenHoro cocrosuus A() pasna 12. Ilasa mnpoiec-
ca BO30OyxKIeHHsl IEPBOrO H BTOPOro KojaebGaTe/bHBIX ypOB-
Heli A MOXKHO 3anHCaTh CJAEAYIOUUA MeXaHH3M.

AO § Mz=> M+ AW,
R (I11. 20)
A M=~ M+ AP,

2
i{ftﬂ#kz [M] [AD] — k_, [M] [A(z)]._ - (IIL 21)
BripoxaenHoctb coctosHuss A® pasra (S + 1) (S)/2 =
= 78, orkyma Rofk_p = (78/12)e"/RT n Ry/k_| = 12¢hV/RT,
Ecau cuutath, uro A() nHaxomutrca B paBHOBecHH ¢ A®©
(uam BOGAM3H OT Hero) H paccMaTpPHBATb TOJBKO HaYajb-
HyI0O CKOpPOCTb ‘06pa3oBanua A® (r1.e. npeHeOpeub npolec-
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caMH Je3aKTHBALHH A(2)) to [AM] = 12[A®]e"E°/RT rpe
E° = hv, 4

d [211 3 = 12k, [M] [A(O.)] e'-EO/RT = 78k _, [M] [A(O)] e""QEO/RT.. (I11. 22)

W3 ypasuenuss (III. 22). cnenyer, 4TO NpH CTEPHUECKOM
dakTtope k-, paBHoM 0,1, Ka>XymluHca CcTepHYeCKHR ¢ak-
TOP CYMMapHOTO npouecca cocrasiser 7,8, T.e. INpeBHI-
maer 1. dxcrpanoasiuusa K 6oJee BbICOKHM Ko.neﬁaTeJlebm
YPOBHSIM MOKa3biBaeT, uTo npu L£* > hv craTHCTHYECKHH
($aKTOp MOKeT CTaThb OYeHb GOJIbIIUM.

BropelM npoueccoM, B KOTOpOM OOHapyKHBalOoTCA
GoJsiblliNe KaxXyllHecsi CTepHueckHe (PakTopbl, ABJsAETCSA
AUCCOLMAaTHBHAS pPeKOMOHHAlHsl HOHOB C 3JIEKTPOHAMH

ABY +e” > A+ B+ DHeprus. (IT1. 23)

Crepuueckne (aKTOPBl [AJAA 3THX peakUWid MOryT HOCTH-
rath BeJHUYHHbl 105 DT0 OOBACHAETCS TeM, YTO NPH BbIUHC-
JIEHHH CTepHYecKoro (pakropa HCHOAb3yeTCHA HeBepHas Be-
JIMUMHA 4YHCJAa CTOJKHOBeHHH. JJjeKTponbl, Oyayuum B 10%
pas Jerdye GOJIBIUHHCTBA MOJeKyJ, uMmeloT B 100 pas 604b-
Hine CpeaHHe TelJOBble CKOPOCTH H COOTBETCTBEHHO B
100 pas 6Gosbllee 4YHCJAO CTOJKHOBeHHH. Bce emre ocralo-
mieeca pasauude B 103 pa3 o0OyCJOBJEHO KYyJIOHOBCKHM
B3aMMOJECTBHEM HOHA H 3JeKTPOHA. DHeprusi B3auMOJeH-
CTBHA HMOHAa H 3JeKTpoHa Ha pacctosiHud 100 A cocrasJgser
3,3 kKKaa, uTO 3HauuTeabHo OoJblile, ueM RT npu 25°C
(0,6 kxaa). CnegoBaTtenbHO, AJA CTOJKHOBEHHH HOHOB IpH
HH3KHX TeMIepaTypax XapaKTepHbl 3HAUHTEJbHO OoJblliHe
CeueHHsi, ueM JAJs1 CTOJKHOBEHHH HeHTpaJbHbBIX 4acCTHIl.
Tak Kak 4HCJO CTOJKHOBEHHH NPONOPIHUOHAJNBHO KBAaApaTy
s dekTuBHOrO Cceuenusa, axkrop 10° Haxogut cebe 06BsC-
HeHHe B HeOOBLIYHO OOJIBIIOM CEYEHHH TAKHX CTOJKHOBEHHH.

1. 5. KNACCUDUKAUUS MOHOMONEKYNSAPHBIX PEAKLIMMA

MoHoMOeKy/NsIpHble pPeaKUHH MOXKHO KaacCHQHLHPO-
BaTh CJAEAYIOUIHM 00pa3oM:

1. ITpocroii- pacnan (BKJAOUAaeT paspblB ONHOH CBf3H).

2. CinoxHbIA pacnaj (BKJIOYaeT pa3pbiB AByX H OoJiee
CBsi3el). . |
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. 7'3. VsoMepusauufi (BKIIOYAET TOJNBKO: BHyTPeHHHE Ies
perpynnupoaxn aTOMOB, KaK IPOCTBbIE, Hanpumep Bpalle-

HHe TPy, Tak H GoJee CJIO)KHbIe)
-HekoTopnie TpHMepHl PasJHUHBIX - ’I‘HIIOB MOHoMonexy

JAPHBIX peakuui NpHBeJEHbl HHXKE;
1. Hpoc:'rou pacnmanx - .
CQHEI - 'C2H5 + I

2 Cnomnmﬁ pacnan

. CHy—CH—CH; —> CHa——CH CH2+HI

|
1

CHy—CH-~CH, - —> ,CH;,.CH — CH, + HNO,
A ' '

"H . NO,
-0 OH
&
CHsC ; "'—'—> CHs""'C/ -+ CgH"‘
| CH2--—-(:H2
| ' | —> 2C2H4
—"CHQ
3 I/IsoMepnsauHH o o |
Nesel > D] k
: uuc Tpch o
. CH, | | o
N | S
: CHg—CHg —> CH,—CH= CH2 | B
CH CHz \ CH CH2
—
é H Cé }H
'CH3J7 R \. BERT .CH3

npOC‘TOPl pacnajg CBOIIHTCﬂ K EILHHCTBGHHOMY a.nemen- '

'rapHomy akrty paspbiBa. ceasu. CJOXHBIH pacnaj, BKIIO-
- YaolUui nnccounaunw Gonee yeM ABYX CBsi3eH, npoTeKaer

-0l L ...
T N T - R
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nmyTeM pfAa [OCJAELOBaTeNbHbIX 3J€MEHTAPHbIX CTalHH.
ToyHO TaK Ke MpPOCTasi WUHUC-TPAHC-H30MEpPH3allus MNpoTe:
KaeT yepe3 €IMHCTBEHHYIO 3JeMeHTapHyl CTajHio, B TO
BpeMs KaK HM30MepH3allHsi, COMpPOBOXKIAIOUIAsICS DPa3pbiBOM
M 06pa3oBaHHeM HECKOJbKHX CBfi3ed, BKJIIOUAeT HECKOJbKO
57eMeHTapHbIX aKTOB. PaccMOTPHUM KaXKAbld H3 mnepeuHc-
JEHHBIX Bblllle THNOB MOHOMOJIEKYJIIDHBIX PeaklHUi.

II1. 6. NPOCTOW PACTMAA.
‘ OTLLENNEHME ATOMA OT MOJIEKYNbI

JI18 OpOCTBIX MOJIEKYJ, COAep:Kamux He Gojee nNATH
aToMOB, INpollecC pacnajla JUMHTHPYETCs CKOpPOCTbiO Ha-
KONJIeHUs1 BHYTPEHHeH >HeprHH, HeoOXOLUMOH [J5 pa3phi-
Ba ¢BsA3H. [IOCKOABKY Takoe HAKOIIEHHE MPOHCXOAHT NpH
CTOJIKHOBEHHAX, TO NpPOLEcC NOJIKEeH MPOTeKaTh [0 BTOPOMY
MOPAAKY. -DTO OTHOCHTCSI K JAHCCOLMALUM JBYXaTOMHBIX
MonekyJq, Hanpumep Hp mam I, © TPeXaTOMHBIX MOJEKYJI:
0;, NOj, N;O, Cl;0. HetblpexaTOMHbBIE MOJIEKYJbI, TaKHE,
Kak F;0; u NO,Cl, o6biuHo pacnapgarorcsgs no BTOpPOMY NoO-
PALKY, XOTSl MOPSANAOK MOXKeT GbiTb H NPOMEXYTOUHBIM Me-
KOy mepBbiM H BTOPbIM. Tak ke BexeT ceGsi GOJIBLUIHHCTBO
MOJIEKYJI, HMEIOIIHX OT IMATH X0 BOCbMU aTtoMoB. Donee
C/I0XKHBIe MOJIEKYJbl OGBIYHO pacnajaloTcs [0 NepBOMY fO-
pPAAKY, NpHYEM CKOPOCTh CYMMapHOro mnponecca KOHTpO-
AUpyeTcsi pa3pbiBoM cBsA3H. OQHAKO MpH NOCTAaTOYHO BHICO-
KHX TeMIepaTypax pasjioxKeHHe BceX MOJeKyJ OyAeT JHMH-
THPOBATbCS AaKTHBAallHeH MPH CTOJKHOBEHHAX, T.e. IpoTe-
KaTb 110 BTOPOMY NOPAAKY. | o

Teopusa nepexoaHOro COCTOAHHS MO3BOJSIET AATh MPO-
CTYI0O MHTepHpeTauuio Hpoilecca paspbiBa cBsisu. Paccmor-
pHM MOHOMOJeKyasipHbll pacnag_AB. Ilpouecc mporekaer
10 ypaBHEHHIO . | | o

ABZAB* > A+B.  (111.29

Ha ocnoBanun ¢opmyant (II.9) KOHCTaHTa CKOPOCTH fep-
BOTO MOPAAKAa passioxeHus AB D

b= (B) I, am

4 3ak. 735
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HVIH, €eCJH HCHNOJb30BaTh TepMOAHHAMHUECKOEC BbipaXKeHHE
,IIJIH KOHCTaHThl paBHOBECH{,

kap= —kkle“SAB/R ~AHp[RT (I11. 26)

CpaBHHBas 9TO BbipaKeHHe ¢ ypaBHeHHeM AppeHuyca, Ha-
XOIHM - | | |

3 | _
A= ETm 8S35[R, E = NHEs+ RTp,  (UIL27)

rne T, — cpelHee 3HaueHHe TeMnepaTypbpl B TOM HWHTEp-
BaJie, B KOTQPOM IIPOBOIAMJICH 3KCHEPHMEHT.

CaeJyeT OTMETHTb, 4TO AJisi GOJBLIMHCTBA 3KClepuMeH-
TOB ekTm/h Mo TMOPAAKY BeJHuhHbl. Oyaer  OJH3KO K
10135 cex-!, uto coorsBetcrByer I = 600° K. Ilpeaskcno-
Heut A 6y;1e'r OT/JHYAThCA OT 3TOr0 3Haueuusa tem OoJbliie,

yeM cuiabHee BeadunHa ASip OT/NHuaeTcs OT HyJIH Ecau,

manpuMep, Nepexoiubili kommiaekc ABT umeer Somsumit
‘paszMep u Oosiee CBOOOAHYIO, HJH <«PbIXJAYIO», (:prmypy_,

yem AB, 10 AS%s>0, 1, clel0BaTeJbHO, MOXHO OXKHMIAThb
«aHOMAJbHO» BBICOKOTO 3HAUEHHS npe,u,axcnon{ema Ecan,

Hao6opOT, MmepexodHOe COCTOsIHHE AB¥ 6oaece KOMMakKTHOE
H <«XeCTKoe» [0 cpaBHeHmo C HCXOAHOI MoJekyJoi AB,

MOMHO OKMAaTh, uTo ASHs <0 H npemskcnoHeHT A Oyaer
HMETh «aHOMAaJbHO» HH3KOe 3HaueHHe, DTH ABe BO3MOXK-
HOCTH OTBEYAIOT <«PbIXJOMY» H «KECTKOMY» CTPOEHHIO Me-
PEXOJHOTO KOMIlJIEKCa.

B cayuae NmpOCTbIX peakKlHi - pacna;{a B KOTOPBIX MPO-
HCXOAUT OTpPBHIB aToMa OT 60J1bH.IOH MOJIGKYJIbl, MOXHO

0XHAATh, YTO BEJHUUYHMHA ASAB Oyaer HeBeJHKa (ecau He
paccmMaTpHBaTb CTAaTHCTHYECKOro (hakropa). Tak, Hanphu-
Mep, B peakIlyu C,H¢ — CoHs + H Mmoxxer paspblBaTheA
aobas H3 mecm 3KBHUBAaJEHTHBIX CBA3€H, U COOTBETCTBEHHO
TonpaBKa K ASAB, ‘YYUTHIBAIOIAA CHMMETDPHIO, COCTaBHT *
R 1n 6.

Benuuuna ASAB IONKHA 3aBHCETb TaKike OT H3MeHc-
HHA BpallaTeJbHBIX MapaMeTpoB, 4acToT KoaeGaHu# ¥

‘ * HyxXHO OTMeTuThb, 4TO K¥ coaepsur 3ToT q)am‘op O'AB/O“TB
‘8 aBHOM BHzae. IloapoGuee 06 sTOM cM. [4, 5}
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5JIeKTPOHHBIX cocTosinuil. J{nuHa cBszu (A — B)+ npubau-
3uTeJbHO B 2,5 pasa OGoJblie AJHHBI CBA3U OCHOBHOTO CO-
cTosiust AB, NpPH YCJIOBHH, YTO 3aBHCHMOCTb 3Heprun AB
OT paccTQAHHS ONUChIBAeTCS MOTeHUHasaMu Mopse uau
Jlennappa-JI>xoHca ¥ 4YTO B3aHMMOJEHCTBUSI BHYTPH TIpYIN
A u B cna6o BJAMAIOT Ha B3aHMojeiicTBHe Mexay A H

Ynanenue atoma H na 2,5-1,09 A = 2,73 A He H3MeHHT 3a-
MEeTHO BpaulaTe/bHbIX MOCTOSHHBIX Colg u3-3a MaJioi mac-
cel atoma H. Her ocHOBaHHM¥® 0XHJAaTh 3aMETHbIX H3MEHe-

HHflL B KoJieGaHHAX U 3aTOPMOXEHHOM BpallleHHH C.H{, a
TaKKe OXKHLATh 3JEeKTPOHHBIX NepexonoB. Takum obpasowm,
masa peaknuu CoHg — CoHs + H AST~RInb6 u Az00°K) ==
~ 104 cex!. | |
Caenyer ynoMsiHyTb O BJHSHHH elile OJHOro (pakropa —
ocsabaeHus AedopMalHOHHBIX KosebGanui. Yacrora uXx,
MO-BHAMMOMY, CHUKAeTCs B NEepexOoJHOM COCTOSIHHH B MSITh
pa3 MO CPaBHEHHIO C HX HOPMAaJbHbIM 3Hauenuem. Jlas pac-
CMaTpHBaeMOll peaKIlMH dYacTtoTaM Ae(pOpMAIHOHHBIX KOJe-
6anuii H—C—C u H—C—H MoxHO HmpHUNHCaTb 3HAYEHHA
220 u 290 cx~l. ITpun 300° K cooTBeTCTBYIOLIHHA BKAAA B 3H-
TPONHIO COCTABHT OKoJio 3,5 Kaxs/(moav-2pad), B pe3dyilb-
tTate Yero A nocturder 3Hauenus 1048 cex~!, Orciona Bbl-
TeKaeT, 4TO AJsi OOpaTHOH peaKUuH MNpeA3KCIOHeHT Oyner
Aexatb B npegenax 1093—101%1 a/(mosab-ceK), npuuewm,
KaK MOKAa3aHO HHUXKe, 6oJee BHICOKOEe 3HAYEHHE MOJyHaercs,
ec/il YUHTBIBaTh ocsaabieHHe AepOopMalHOHHBIX KoJebGaHH.
OuneHka 3Ta OCHOBaHa Ha CyMMapHOM H3MeHEHHH 3HTpO-
MHH B NpoLecce AUCCOLUHALHH. e |
- Jlds JerkoH MOJIeKYJbl, TepsAloulel TskKenblii aToM (Ha-
npumep, B caydae peaxkuun CHsl — CHs + I), MoxHO
OXHAATb 3HAUUTENbHOTO YBE/JIHUEHHUs] MOMEHTAa HHepLHH B
nepexoLHOM COCTOSIHHH (CHs...I)® (npumepno B 6 pas),
a TakK)Ke 3aMeTHOro CHHXKEHH$ 4acToT ABYX JAe(dOpMalHOH-
"HBIX MOJA KoJsieGaHHii. 37ech OTCYTCTBYIOT [IOIIPaBKH, Y4H-
THIBAIOLUIHEe CHMMETPHIO, H HeT HH3KOYaCTOTHOINO BaJleHT-
Horo Kose6Ganus C—I, xkoTopoe 3aMeHEHO Ha HOCTynartelib:
HOe JIBHXKEHHMe KOMIIeKca BIOJb KOOPAMHATbI peaklHH.
Bee Bknaasl B AS¥ npusemenn B Taba. I1I.1. C yuetom
9THX BKJaloB Mpel3KCNOHeHT A  npyMer  3HayeHHe
10152 cex~! npn 600° K. Tak kak AS® = 284 Kkaa/(moae X

4*
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X epad), TO HPEIIKCIOHEHT O6pAaTHOH pPEAKIHH PeKOMOH-
gauuu CHs + 1 npum 600°K cocraBur okoso 10109
a/{(moab - cex) *. | | o '
: S Tabauya 111.1
'HamcueHnne surponuu npu napoansde CH;l npr 600° K 2)

CH;1t Z (CH 1) *

X BKJIa,U;bl | ' AS*. xaal(morw-2pad) .
_i'[o'c'ryﬁa"renbn_blﬁ ] 0
BpaniatebHHA ~ +RIn6=2356
CummeTrpuu ' | - 0
CnuHa 0
KoJseGarteabHbIE KoopanHara peakuun

pasienTHOEe KoJeGanne C—I | —1,8 -

(500 cu— 1) '

2 nedopMaiHOHHBIX KoJsefanus + 5,6

- H—C—=1(1150cx=! > 230 cu™?)
TToaHOe M3MEHEHHe SHTPONHH - +7,4

. 2) Hpennonaraercs, uTo KoJeGauus C—H ne nameusorcsd.

-

© 'KapTiiHa HeCKOJbKO YCNOXKHFETCs, eC/lIH DPasphlB CBSI3H
CONPOBOXKAAeTCA H3MEHEHHSIMH B CTPOEHHH MOJEKYJIbl. 2710,
HanpuMep, OTHOCHTCA K peakuun Cols - Coty + H. Ilpn
o6pa3oBaHHH [BOMHOH CBsA3u HCYe3aeT OLHO CBOOOAHOE
BpallleHHe, KOTOpoe OBbLTO BO3MOXHO B 3THUJABHOM palHKa:
Je. IlepexolHOMY COCTOSIHHIO MOXHO NpPHNHCATH C/ledylo-
LCC CTPOEHHe:!
H H H

(/

A L R ‘.

o BK_JI‘EUIbITB AS ¥ JAJI 3TOH- peaKLUUM TNpHBedeHbl B TalJ.
1I11. 2. Kak BHAHO H3 Tabaulhl, AST ~ 40,1, H, TaKHum-06-

o 213,68, - -
pasom, Agwek)=10""cex ' Hcnonb3ya 3T0 3HAueHHe AJA

- % Tipu 3TOM - nipejnosiaraercs, 4TQ MyanHriJleTHUC"rb' epexoaHorg
COCTOAHHUA, T8 XKe, YTQ HOCHOBHOTOQ,. L
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o6paTHON peaKiHH, MOXKHO MOJYyYHTb A = 10197 a2/ (moabX

X ceK). o | e

\ Tabauya 111.2
BxJajin B 3HTPONHIO AKTHBAUMH pEaKIlHH

C,H, == (CH)*¥ — C,H,+ H npu 600° K

Braann AS¥, kan/(nors-2pad)
ITocrynaTeJbHHH | . - 0
BpamareapHH i Mann
CumMeTpHH 2) R In 6=236
. Cniuna o | - 0 |
KogaeGatenpHhie :
panenTnoe komebGanne C—H (3100 cu—1) »> 0,0
KOOpAHHATA peaKLVHh |
- paJgienThHoe KoJgeBanne C—C (1000 cu~!—> | — 0,4
- —> 1300 cu™!) . L
nedopmanuonnoe KoJge6amme H—C—C | +0,6
(1150 cu—' —> 800 cm™!) . B o
nedopManuonnoe  kosne6anne H—C—H -+ 0,4
(1450 cmu=! —> 1000 cu—1) | &
suyTpennee Bpawenne CH, (oT ceoSoxmmo- - =41
re BpAUIEHHS K 3aTOPMOXKEHHOMY C 4a-
CTOTOH, PaBHON MOJIOBHHE 4acTOTH KpY-
THABHEIX KoJeGaHuit B 9THJeHe, 500 cu—1)
[TosiHO® H3MEHEeHWEe 3HTPONHH . + 0,1

[ 2) KosdbbHUHEAT 2 NOABJIAETC B CBA3H C notepeil spautenus rpynnpt CHz, 4To
y4TCHO 31€Ch, 2 He B YJeHe, XapaKTepuayiouleM BHyTpedHEe BpanieHde. -~

AHaJIOTHYHBIX 3aKOHOMEPHOCTEH MOXKHO OXHAATb H ana
JADYTHX MOJEKYJ, IJfA KOTOPbIX MOIYyT ‘npoAsnarbes  3¢-
deKTHl pe3oHaHca MM conpsikenusi. Tak, mpH ‘OTpbiBE aTo-
'Ma H oT IponuieHa BO3HHKaeT AaJJIHJbHBIA pagHKal,
‘AMEIOILHI KecTKoe cTpoeHue. ITpu 3ToM moutu ceobopHoe
ppainenue rpynnsl CHz B [pOTHJIeHe 3aMeHsieTCsl Ha 3aTop-
MOMeHHble KpyTHabHbie KodeGanus rpynnel CH,. To xe
TIPOHCXOAHT Npu 0GpasoBaHHH OGEH3U/IbHOTO paiuKana u3
TOJyosia B OCOOGEHHO OTUeT/JHBO. IpH OTPHIBE BTOPHYHOI'O

R

aroma H or 6yTtena-1. 3nech o6pazoBaHHe «KECTKOro» Me-

runananabeoro paguxana CH;—CH:=:CH:==CH, conposo-
JKIaeTcsl <«3aMOpa*KHBaAHHeM» BpPAWEHHS ABYX THAKEIbIX
rpynn B OyTeHe (3TH/BHOTO K -BHHHJBHOTO DAAHKAJIOB),
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yeMy COOTBETCTBYET H3M¢HeHHe SHTDONUH, [IpH 600° K pas-
Hoe 6 xaa/(moab-epad). OHO UYACTHUHO KOMIEHCHPYeETCH
nonBJeHHeM KPYTHJAbHBIX KoJcOGaHHH, 4YacTOTy KOTOPBIX
MOKHO NPHHATb PaBHOH INOJIOBHHE YACTOThbl aHAaJ/JOTHYHBIX
xone6auuii B OyTeHe-2, T.e. pasHo# 150 cmu~l] DTUM KoJe-
6auusiM COOTBETCTBYeT H3MeHeHHe 3SHTPONHH,  pPaBHOE
3,0 xkaa/(moab-epad) npu 300°K u 4,0 Kaa/ (moae -2pad)
npu 600°K. Iror pesysabTaT, NO-BUAHUMOMY, SBJsETCA
BecbMa OOLIHM, U BHe 3aBHCHMOCTH OT Be€JAHYHHBI TPYyINIb
MpH 3aMeHe 3aTOPMOXKEHHOTO BpalleHHs Ha 3aTOPMOIKeH-
Hble KpPyTHJbHbie KoJe6GaHHsi BOKPYI 7-CBSI3H CHHXKEHHE 3H-
TPONMHUH JOJKHO COCTaBJATH 3,5 =05 Kaal (moas-epad)
(cm. Taba. V.20). B 6yreHe-1 QOMOJHHTENbHO ocnabasior-
csi KpyTusbHble KojeGanus rpynns CHoe. Mx uactoTa CHH-
skaetcst ¢ ~ 750 nmo 375 cm~l, uTO COOTBETCTBYeT CyMMap-
HOMY TnpupalieHuio sutponuu —+1,3 Kaal(moab-2pad) TpH
600° K. | ' - |

K coyaJieHHlo, AJf NpOoLecCOB OTIIeNnJieHHss aTOMOB OT
MOJIEKYJ OTCYTCTBYIOT HajieXHble KOJUYECTBEHHbie NaHHbIE,
¢ KOTOPBIMH MOXHO OblIO OBl CPaBHUTL CHAe/NaHHBIE Bhilie
oueHKH. Mmeroninecs e No/JAyKOMHYECTBEHHbIC AAaHHDIE XO-
pOLUO COrJacylTcs ¢ HHMH. |

131. 7. TIPOCTOM PACTIAQ HA ABE BOJILIUME FPYNnNnbl

{Ipu pacnage MHOTOATOMHOH MOJIEKYJIbI AB Ha aBa
MHOrOaTOMHbIX (parmenta A u B mecTb BHYTPeHHHX CTe-
neHeii csoboanl AB 3aMeHsIlOTCST Ha TpH HOBble INOCTyna-
TelbHble W TPW HOBble BpailaTesbHble CTENeHH cB00O1bl
npoayKTOB pacnajga. K 3THM BHYTPEHHHM CTeEHAM CBO-~
60Abl OTHOCATCS: -

OLHO BaJeHTHOe KosebGaude BLOJbL CBAsn A—B (T.e.

KOODAMHATHl peaKuu#);

OJlHO BHYTpeHHee Bpalenne A—B;

1Ba MasiTHUKOBBIX Kosie6aHHs A NO OTHOLIEHHIO X OCH

A—B; R | |

1Ba MASITHHKOBbIX KoJiebanusi B MO OTHOLUEHHIO K OCH

A — B. | o | | -

Pacnag MoJekyJbl AB [0J/KEH CONpOBOXKAATbCA 3aMeT-
HbIM YyBeJHUEHHEM IIOCTyHaTeJbHOH SHTPONHMH, H, CJeN0OBa-
TeAbHO, AJAA HErQ AOJIXKHBI OLITh XapaKTepHbl NOBLIMICHHDIC
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3HayeHHsa Paxkropa A. 3To BbI3BaHO TIJIaBHBIM 06pasoM
TeM, UYTO MMpPH YBEJHYEHHH IJHUHH CBsI3H A-—B [I0JXKHBI
3HAYUTEJbHO CHHXKAThCA CHJIOBble [OCTOSIHHbIE, XapakTe-
pu3ylolliie YyeTblpe MASTHUKOBBIX KoJebanus rpynn A u B
OoTHOCHTeNbHO ocH A—B. HapexuHble KHHeTHYeCKHe jaH-
Hble 06 3THX MpoLeccax MOJydeHbl JIHHIb 3a MNOCJIeJHHE Ae-
cATh JieT. Jas HeKOTOPbIX peakKLHHd paccMaTpPHBAeMOTo
THNa oHW npubBeaenbl B Taba. Ill. 3. HeoxunnaHHbiMH OKa-
3aJIMCh HEOOBLIKHOBEHHO BLICOKHE 3HAYeHHs NpeI3KCNOHeH-
LLHAJbHBIX MHOXHTeNdeH A nas 60NbUIHHCTBY peaKLHil.
3HaueHnss A JieXxaT TIpeHMyLIeCTBeHHO B npeaesax
1015—10'7 cex~!. ConocrtaB/isiTb NPEeA3KCIOHEHTH PasJHy-
HbIX peakKUHH cJeiyeT C OCTOPOXKHOCTbIO, TaK K4aK OHH OT-
'HOCATCS K Pas/IMYHbIM TeMmnepatypam B HHTepBaje 330—
950° K, a npeas3KCHOHEHT MOXKeT HECKOJbKO 3aBHCETb OT
TEeMIIepaTypbl, MPH KOTOPOH NPOBOAMIHCL H3MEPEHHUS.
Hckalouenne npeacrapiasier HpeILE)KCHOHEHT AJA  peakUHu
pacnaga (CHs)sNgoH,, pasrpii 10'322 cex!, 1. e. 6an3Kuil
K CTAHAAPTHOMY 3HauYeHHIO 1013 cex~!. 3nauenne A pasn
3TOH peakiud HeCKOJLKO OTJHYAeTCs OT APYTHX BeJHUHH,
npusefeHHnix B TabJa. IIl. 3, u yxe oaHO 3TO 3acrasJjisier
YCOMHHTbCSI B HAaJeXHOCTH pPacCMaTPUBAEMOH BEJHYHHLL
Janee, Ha OCHOBaHHM MNPUBOJAHMOro 3HayeHHss A MOKHO
NOACYHTATh MPEAIKCNOHEHT AJs1 OOPATHOH DeaKUHH PeKOM-
6nnauun pagukanos (CHiz)oN u NH,. Honyqaemoe 3Haue-
HHe 2-107 a/(mOab-cex) HeonpaBAaHHO MaJO B CPaBHEHHH
€ NpPeA3KCIIOHEHLHAJAbHbIMH MHOXUTEJNAMH pPEeKOMOHHALIUI
APYTHX pajiHKanoB. HeoXHIaHHO HHU3KOe 3HAYEHHE HMeer
Takxke ¢paktop A peakuun pacnaga CogHsONO, ne asasio-
[LHiics, TO-BHAUMOMY, Npea3KCIOHEeHIIHAJbHbIM MHOXKHTEJEM
UCTHHHO#l KOHCTAaHTH CcKOpocTd *. 3HaueHue A = [0!6 cex!

* HauyaapHbiMu  cragusmu  paanoxenda  CyHs;ONO ABARIOTCA
1 3

C.H;ONO <= <>C3Hs0 + NO, C:H50 + NO — CH3CHO + HNO. [Tostomy
HAYaJIbH YIO cxopocrb peakLUHK MOXKHO HpHﬁJ‘IH}KEHHO [peicTaBHTbL Kak

- —d[CoHsONO)/dt = k3K, o[CoHsONO], u, Takum ofpasom, xaxyuascs

KOHCTRHTA CKOPOCTH MepBoro nopﬂm(.a paBHa R3K) 2, a ne k). Ecnu
A3 = 10® af(moab-cex), TO pas ASl 9 MOXHO MOJYYHTh 3HaYeHHE

36 xaa/(moab - epad) npu 300°K, 4To XOpomOo coraacyetcss ¢ pe3y.inTa-
TOM NpPAMOrO 3IKCNEPHMEHTa/IbHOrO OMpede/ieHHsl 3TOH BEJAHYHHBI, pap-
Hbim 37,6 kaa/(moae - epaod).
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Tabauya 111.3

Appennyconcxne nmapaMeTpel NMpocToro pacnana MOJIEKY bl
Ha JABa pajAHKaJja

""J]m‘ev‘ : : A
'E—a;gg_‘a S Peakuus 1g A(cex™V)|E, kxar/mone T, °K
 nune
1 C,Hg —> 2CHj 17,45 91,7 800 -
2 _ 16,0 86,0 850
3 CH,, — 2C,H;%) 17,4 82 400
5 N,O; — NO;+ NO, - 1481 212 | 330
6 CH,00CH; — 2CH;0 : 15,4 36,1 410
7 | rper-C{H,O0—rper-C.Hy; —> 15,6 374 410
—>» 2 rper-C;H,O | o
8 (CH;CO)OQO(CH;CO) — | 14,9 31 - 330
.9 C,H;ONO — C,H;0 + NO - 14,15 37,7 430
10 C2H5ON02 —_—> CgHsO + N02 16,85 41,2 | 420
11 | CHsN=NCH; — CH; -+ NNCH;, 17,2 55,5 600
12 CF3N NCF; — CF3;+ NNCF3| 16,17 - 55,2 - 600
13 | CgH;—CH,CH; —> 14,6 70,1 950
‘ —» CgHy— CH2 + CH, _
14 3H5——CH C:H; — 14,9 - 68,6 950
- —_— C —CH2 + CQH - .
15 | (CH3)2NNH2 —_ (CH3)2N+NH2 13,22 49,6 850 .
16. |.C(NO;)y —> .C(NOy)s+ NO, 17,5 40,9 470

2) Anpeunycoacxne napaMeTpul BHIYHCJIEHH N0 JaHHHM LA o6paTHO!l peakuHuH.
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Jydrle COBnaaaeTr ¢ BEJHYHHOH, KOTOPYIO MOMKHO BBIYHCJIHTH,
MCXOA¥ H3 CKOPOCTH O0OpaTHOH peakKUUH H CYMMAapHOTO H3-
MeHeHHs aHTponuun AS°.

HMmes B BHAYy MHOroo6pasHe BO3MOXHbIX HCTOYHHKOB
OIIMOOK npu onpeneneHHd A, cieayer OoT6pOCHTL 5TH 3a-
HHXK€HHble 3HAaYeHHsI, PABHO KAaK H BEJHYHHBl IAJs1 peak-

uuii pacnaga c¢ o6pasosanuem CgHsCH,, a nas ocras-
miedcsi TPYNNbl peaKUHH NPHHATbL B KauecTBe CPejlHEero 3Ha-
‘yeHHs npenskcnoHeHta A = 10'6* 1 cex~!. CoOOTBETCTBEHHO
AS* ans 3THX peakuuii coctaBuT okojso 11,5 + 5 kaa/
[ (monb - epad), npuueM oxoso 8 Kaa/(M0ab-2pad) cBSA3AHO
C H3MEeHEeHHeM YacTOT YeTbipeX MAasITHHKOBBLIX KoOJebaHui,
a 3,5 kaa/(morb-2pad) — ¢ yBeJHUYEHHEM MOMEHTa HHep-
HHH. DTO 3KBHBAJEHTHO YyBeJHYEHHIO TNpPHMEpPHO Ha 2 =+
+ 1 kaxa/(moasb-epad) BRAAAOB, . COOTBETCTBYIOLLIHX 3THM
MoaaM KoJsaebaHUH. ‘

- Haa masTHukoBbIX KoaeGauuit rpynn CHz, NH, u OH
HCXOAHble YaCTOTbl COCTaBJAKT oOKoJo 950 cu! (taba.
V.13), a Bknag S paBen npu 600°K npumepno
0,75 raa/(moab-epad) (tabn. V.17). UTo66l 3TOT BKJIAL
B AS¥ mocrur 2,0 Kaaf/ (moab-2pad) npu 600° K, Heobxo-
AMMO CHHXKE€HHe COOTBETCTBYIOILIHX YacTOT B MNepexOJHOM
coctoaHMH A0 300 cm~l. DTO OTBeuaeTr CHHUIKEHHIO CHJIOBOM
MOCTOSAHHOK [ MAasfATHHKOBOrO KoJsieGaHHA NPHOJIH3HTEJbHO
B 10 pas, Tak kak v ~ f% Orcioga caeayer, 4To NOTeH-
IHaJAbHBIH Oapbep MasiTHUKOBOTO KoJieGaHHUsl B MePEeXOLHOM
COCTOSIHHH J0JI2KeH OblThb OueHb HU3KHM *. BoJee TAKenbie
rpynnel, Takde, Kak CoHs u NO,, umelor 6oJiee HU3KHe ya-
CTOTbl MAsITHHKOBbLIX KOJIeGaHUH, paBHble OKoJo 400 cm™!
(ra6a. V.13). MM cooTBercTBYIOT BKJAanbl B 3HTPOIHIO,
paBHble 2,2 kaxn/(moav-2pad) mnpu 600°K (puc. II. 4).
Hrto6bl 3TH BKaanbl gocturau 4,2 xaa/(moas-epad), uacro-
Tl JOJXKHbl CHH3UTbCA Ho 130 cm~!, T.e. mpumepHo BO
CTOJIBKO JKe pas, Kak u B cayuae rpynnsl CHa.

. Ecun mposoanTth cpaBneHHe He MpPH HH3KHX, a NPH Bhi-
' COKHX TeMmneparypax, nanpumMmep npu 1000° K sBmecto 600,
MOXHO OGHApPYXHTb, 4TO H3MeHeHHe oT 950 g0 300 cm-!

cooTBeTCTBYeT BRJAamy B AS™T, paBHomy 2,3 kaa/(moas X

* BausHHe TakMX HH3KHX YacTOT Ha CTPYKTYPY NEpexojHoro co-
€ToAHUs o0CcyxKaaeTcs B pabore [6].
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X epad), a He 2,0 Kaa/(Moab-epad). [lponopuMoOHaNbHOE
H3MeHeHHe SHTPONHIHOrOo BKJAaja HalOJjwnaercs H [OpH 0Oe-
pexoge or 400 k 130 cx~!. Onnako u3MeHeHHe MOMEHTA
HHepLIMM HPH YAaJeHHH APYr OT Apyra Jerkux rpynn (na-
npumep, CH;) Oyzer Heckonbko GoJibille, 4eM TNpu yaase-
unH GoJee Tsxkenbix rpymn (nanpumep, Tper-CyiHy). Coor-
BETCTBEHHO B NOC/JeAHeM caydae npeinskcroHedt A Oynert
B 2—3 pa3a MeHble. | -

Ecnu B peayabTaTe pacnaja, Kak i B Clyyae npocToro

OTIIENJEHHsT aToMa OT MOJeKyJ/bl, 06pasyouHecs OCKOJNKH

npro6peraloT GoJee XKECTKYIO CTPYKTYpy MO CPaBHEHHIO
C TOii, KOTOPYIO OHM HMeJH B HCXOAHOH MoJjekyne, (pak-
Top A cHHXKaercs Gaarofaps 3aMeHe CBOOOLHOTrO. Bpalle-
HHUA Ha KpPyTHJbHble KoJjeOaHHs. [1pr BpalmieHUH OONbUIOH
CoHs-rpynnsl OTHOCHTEIbHO (PEHHJIBHOTO pajHkajia CHHXe:
HHe SHTPONHHM IPH BBICOKHX TeMIepaTypax COCTaBHT OKOJIO
5 xaa/(Moab-2pad). Dra BeqMYHHA KaK pa3 COOTBETCTBYyeT
TOMY, HACKOJIbKO OTJIHUAIOTCA NPeA3KCIIOHEHTh peakLui
pacnaga CeHsCH3CH;z u CeHsCH,CoHs or xapakTepHOro
3HAUYEeHUA NPEJIKCIIOHEHTa peaKUuH pacnana, pashHoro 1076,
Hcxoasi M3 3TOro, Mbl MOXeM MpelcKasaTb, 4TO MpH pac-
naje AUaJaauna - |

CH,=CH— CH;— CH,— CH=CH,

Ha ABa aJJHJBHBIX pajHKajaa, HMelOUWHX XECTKYIO CTPYK-
Typy, CHHXKEHHE SHTPOMHH COCTABHT 5 kaxr/ (mose-epad) u
NpeAsKCIOHeHIMANbHBI  MHOXHTENb OyAeT = paBHATHCA
1015 cex-!, oTKyna [AJs peKOMOHHAUKH a/JHJAbHBIX pajnKa-
noB ciepyer sHadende A = 10° a/(m0ab-cek).

BepoaTHo, HauGonee HaleXHOe 3HauCHHE A cpeagn pac-
cmaTpHBaeMblX PeaKLUHil NOoJydeHO A AHCCOLHAUHMH CoHe.
Ono 6bi10 oneneno Ans 400° K @cxofs U3 H3MEPEHHOH CKO-
pocTH DpeKoMOHHAUHM  METWIbHbBIX  PaiHKaJ/oB [1010,5
A4/ (MOab-cex)] u H3MeHeHHs SHTPONHH MpH auccouyanui
ASs = 38,6 xasaf/(moas-epad). KomOuHaUMA STHX ABYX
BeJWUMH TIPHBOAMT K 3HayeHuio Agp = 10'¢° cek~!. Yuurol-
past, uto (ekT/h) = 10'3% cex™!, AS* = 16,6 xaa/(moare X
X epad). Wa sroit  seanyunn  +0,7 xaxa/ (moae-2pad)
MOMKHO NpHOHCATb MOABJEHAIO CBOGOAHOTO  BpalleHH:
rpynn CH; B (CoHe)*, a +36 kaa/ (mosv-2pad) — yBe-

—— -
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JHUYeHHIO MOoMeHTa HHepunH. Octasiunecs 12,3 kaa/ (moab X
Xepad) COOTBETCTBYIOT ocaalbJ/eHHI0 4YeThipeX MasiTHHKO-
BBIX KoJieGaHHH, T.e. okono 3,1 kaxa/(moav-epad) Ha OOMH
BUA KoaebGaHuii. CoOTBeTCTBYIOLIAs YAacTOTAa MAaSATHHKOBBIX
Kone6anuii (uau pgedopmaiimoHHelx H—C—C) posxHa
cauxkarbcs ¢ 950 go 140 cm~!, T.e. B 6—7 pas. Kak Oyaer
I0OKa3aHO [AaJbllle, TaKoe CHHXKeHHe COOTBETCTBYeT IO CYy-
IllecTBY CBOGOJHOMY BpallleHHIO MeTHJAbHBIX Ipyln B Mepe-
XOAHOM cocTosiHHH. Cleayer OTMETHTb, YTO CHHXXEHHe Ya-
CTOT MASsITHHUKOBBIX KoJsie6aHHH B 6 pa3 3aMeTHO OTJHYAETCH
OT COOTBETCTBYIOLIEro CHHXKEHHS B 3 pa3a, yKa3aHHOrOo
 paHee.

1. 8. UMC-TPAHC-U3OMEPHM3ALLUA

OnHuM H3 NPOCTEHIIHUX THUNOB MOHOMOJIEKYJISIPHBIX peak-
UHH $SBJISETCS, UHC-TPAHC-H30MCPH3alUHUA MOJIEKYJ C JBOH-
HOH CBs13bl0. B nepexosHoM kKoMmmaekce 3TOH peakHHHM HJIO-
CKOCTH [IBYX METHJICHOBBLIX HJH 3aMelLl€HHbIX MEeTHJIEHOBbIX
rpynn, CBsI3aHHbLIX IepBOHA4YaJbHO JBOWHOH CBSI3biO, NOBEP-
HYTbl MO OTHOIUeHHIO ApPYr K apyry Ha 90°. Koopawuatoi
peakuuu sBJAETCS BHYTPEHHee BpalleHHe BOKPYr OCH, CO-
Blajalolied ¢ JABOHHOH CBsA3bI0 HCXOAHOro oneduHa. B pa-
6ore bencona, I'onznena u Orrepa [7] ykasbiBaeTcsi, 4TO
B NepexoJHOM COCTOSAHMH He MOXKeT OblThb NepeKpbIBaHHUs
T-CBSI3€H, a IIO3TOMY €ro HYXHO paccMaTpuBaTh Kak Oupa-
ankan. Hanpumep, B cayyae usomepusanuu CHD=CHD
NEPEXOJHOe COCTOsIHHE COOTBETCTBYET THUIIOTETHYECKOW ua-

ctuite CHD—CHD, B koropoii paccrosnue C—C, KaKk MoXK-
HO OXXHJZAaTb, COCTaBHT oOKoso 1,46, a He 1,34 A, kak B
OCHOBHOM COCTOSIHHH.  XOTSl 3JIeKTPOHHO-BO30OyKIAEeHHble
TPUIIJIETHbIE M CHHIVIETHbIE COCTOSIHHUS HMEIOT MOYTH OJAHHA-
KOBYIO 3HEprHiO, peaklHs, NO-BHAHMOMY, IPOTEKAET TOJbKO
¢ yuacTHeMm cHHrJueroB. Hakoneu, 6Jsarogapsi cBOHCTBeHHOI
MepexofHOMY COCTOSHHIO AaCHMMETpPHH OHO OyaeT cyule-
CTBOBATb B BHJAE ABYX ONTHYECKH H30MepHbIX ¢OpM, Beaed-

‘CTBHE Yero B BbipaXKeHHH ANA K* nossutcs MHOXKHTeJb 2,
COOTBETCTBYIOUIHHA SHTPONMHH CMEIUeHHs 3ITHX [BYX H30-
MepeB. |
 Ypupcaa CHMMETPHH OCHOBHOTO H MEePEeX0JHOr0 COCTOSIHHI
oObIYRO CcOKpaInaloTcd. BolpaxeHHe IJ58 Npea3KCNOHeHTa
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3TOH pEaKIUH HMeeT BHI

kT *+ )
e m) Gel , _ (111.28)

.Ac-tNQ( h

qtors

Te Ge paBHO 4 uaun 1 B 3aBHUCUMOCTH OT TOrO, y4acTBYIOT
MM He TPHHAMAIOT Y4acTHs B pPeaKuWH TPHIUICTHBIE C€O-
cTosiHMA. BesHuHHA iors— CyMMa MO COCTOSHHAM, COOT:
BETCTBYIOLLAS ABHXKEHHIO BIOJb KOOPAHHATHL pEaKLid. Ona
OnpefieAsieTcs * 4acTOTOH KPYTHJBHBIX KoneGaHHUH BOKPYT
nBOfiHOfl CBA3H MOJIeKyJjibl B OCHOBHOM COCTOSIHHH. Haa yuc-
CHD==CHD ona pasna 990 cu™ [8] u npu 800° K coorser-
crayeT KO3 (PHULHEHTY 1/2 B A,y Ecan cuntaTb, UTO peak-
uus nporéxkaer Ges ydacTHsi TPHIJIETHBIX COCTOSIHHH, TO MJIA
usomepusatiuy yuc-CHD=CHD A=4-1013 cex™!; uto Ha-
XOAUTCA B XopolleM corjachHu C NpHBOAHMON B JHTEpaTtype
s TOil peaxuuu BeauumHoi 10'° cex L. | o
"~ Tlpu hepexole K- Oojee TsKeAbIM 3aMECTHTEIAM npu
YIJIepOAHOM aTOME, CBS3aHHOM /[BOHHOH CBfi3bl0, 4acToOTa
KPYTHALHEX  KoJeGaHHH  CHHXKAeTCd o HaCTOJbKO, 4TO
Aviors < BT ¥ NJIfl Giors OKA3LIBAETCHA cnpaBefJHBbLIM KJaCCH-
yecKkoe Bbipa)KeHHe y

qtors = (1 '_'_e_}m“-m-S/Mﬂ)-_l &= kT/h’vtors’ (III' 29)

a NpeISKCNOHeHT A MPUHHMAEET BHA

A, =245 (111. 30)

BajKHO OTMETHTb, UTO Be/HIUHHA kT/h cokpauiaercs, H No-
ToMy A mepecTaeT 3aBHCeTb OT TeMOepaTyphl. [TosTomy
AH¥T = E, # MOXHO OTOGPOCHTb ko3(pdUIIHEHT € B Bbipaxe-
Huu (I11.28). - -

Ecad 3aMecTHTeNd NpH YrjaepoJHOM aTtoMe, CBs3aHHOM
JBOWHO# CBA3bIO, MOTYT B3aMMOAelcTBOBaTb C HeEcCMapeH-
HBIMH 3JIeKTpOHaMu B GHpajuKale, TO CJIEAyeT OXHMAATH
CHHIKEeHHS 3HepPruH aKTHBALMH Ha BeJHYHHY, PaBHYIO SHEp-
MM B3auMoOnelcTBHS Mau pe3oHanca. [lpeaskcnoHeHuHallb-
HbIll. MHOXKHTEIb TaKxke JOJKeH CHHXKAaTbCd, 6aaroaapsa

S
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TOMY 4TO B pe3yJbraTe 3TOro B3aHMOAEHCTBUA 3aTpya-
HAETCS BHyTpPEeHHee BpalieHHe. B nomo6umix cayuasx ympo-
uieHHble BbhipaxeHusa (I11.28) u (IIL.30) posXHB 6BITH

BHAOH3MEHEeHL ¢ TeM, UTOOh Y4€CTb 2TH H3MEHEHHA B AS#

- Tabauya 1.4

AppeHHYCOBCKHE NapaMeTphl peaxuufi TepMuveckodn
HUC-TPAHC~-H3IOMEPDHIAUHHA

| o S R
Jlure- |2 g E";
patyRal . Pearent ] S § ] &
JHIe - < x =g
. t-..s = 3] o
1 yuc-CDH=CHD - 770 13 | 66 1136
2 yuc-CH;CH=CHCH, | - 690 138 | 63 § 135 -
3 yuc-CH;CH=CHCN 700 | 11,0 | 51,31 13,2
4 yuc-CH;CH=CHCOOCH, 660 13,2 | 5781 128
- 5 yuc-Cruanben. . 580 12,8 | 42,8 | 12,6 -
6 yuc-MeTHAHHHAMAT 610 106 | 416 | 109 -
7 B-Llnanocrupoa (yuc) : 610 | 11,6 | 46,0 | 12,1 .
8 CF3;CF=CFCF; (yuc) 650 | 13,56 | 56,4 | 13,1
9 CHCI[=CHCI! (yuc) ?) - 825 128 | €6,0 | 13,2

npoleccaMH.
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- B Ta6a. I11.4 npuBeneHbl 3KcHepHMeHTaJlbHble appeHu-
YCOBCKHE MapaMeTphl A5 HEKOTOPbiX rasodasHbiX peaxkuui
H30MepH3alli{, a TaxkXKe 3HAYeHUS MNPEJIKCIOHEHTOB, OLE-
HeHHble WCXOAS W3 MpPHBEJEHHbIX Bbiliie cooGpaxKeHHi. Ecan
He CUHTATb HEKOTODPbIX SIBHbIX HMCKJ/IOYEHHH, corsacHe AaH-
HBIX MOJIyuYaeTcs AOBOAbHO xopowmee. OLHUM H3 HCKJIOUYe-
uuii sisasiercst usomepusauuss CH;CH=CHCN, nas xoto-
poil CTPYKTypHbBIE COOGpa)KeHHs He MO3BOJAIOT OGDBACHHTH
aHOMAaJbHO HH3KOro 3HaueHus A = 10! cex~!. CpaBHHBas
5Ty peakllMio ¢ H3oMepH3auueli yuc-6yreHa-2, Mbl OTMe-
yaeM, YTO SHepPrus aKTHBallu¥ B NEePBOM cjy4ae MeHblUe Ha
11,7 kkaa/moAb, uTO CaepoBaJo Obl OTHECTH 3a CYeT conps-.

-

xenuda B panukane —CH—C=N. STa BeJuuUHHa, OJHAKO,
KarXKeTcsi HECKOJIbKO 3aBbLILLIEHHON MO CPaBHEHUIO C 3Hepruent
B3aHMOLEHCTBHS B pajHKanax CH;—COCH; (7 xkxaxs/moab)
u CHo—CH=CH, (12,5 xxaa/moab). Ec/in NpenroyIOKHTb,
yTo abCcoJIOTHOe 3HAaueHUe KOHCTAHTbi CKOPOCTH BEPHO H
anauenne A Bospacraer mo 1013 cex ~!, To npu 700° K 3Ha-
yenne E pocruraet 58,1 kkaa/moab W KaxKyllaacsa sHepPrus
pe3oHaHca CHH3WUTCS A0 5 Kkaa/mors. OGe 3TH BEJAHUHHE
npeacTaBJsiioTcst Gosee NpaBAONOAOGHBIMHA.

B cayuae yuc-cTuib6ena HEIUVIOCKOE HaNpsKeHHoe OcC-
HOBHOE COCTOSIHHE HUMeeT JIBa 3aTOPMOXKEHHBIX BpalleHHs,

KOTOPpHIM COOTBETCTBYeET S = 17 kaa/(moab-epad) npu
600° K. UacTtoTa KPYTHJALHOrO KOJIeOaHHA COCTABJsIET OKOJO
150 cu~1. B nepexogHom COCTOSIHUH, HMelollleM 6oJiee KecCT-
KOe CTpOeHHe, 4acTOTa BpalileHdsi QEeHHJAbHBIX TPYNN AOCTH-
raer nouTH Takoi xe Beauuunn (125 cu~'). Ilpn 600° K sT0
cooTBeTcTBYeT 4,4 Kaa/(moab-epad) ANA KaxKIAOTO U3 ABYX
BUAOB BpallleHdsi, a ofllee CHHXKeHHEe 3SHTPONHH PaBHO
8.8 xaa/(moas-2pad). Kak caenyer us ta6a. 111.4, Borune-
JJeHHasA TakKUM o6pa3oM BeJMYHHAa A XOpOHIO corjaacyercd
C 3KCMepHMeHTaJbHbIMH HaHHBIMHU. |

ComnocTaB/eHHe ONpeesleHHbIX B 3KCNEePHMEHTe 3HepTHH
dKTHBALHH yuc-6yreHa-2 U YUc-cTHAbOEHd CBHIETENBbCTBYET
0 TOM, YTO 3Heprus pe3otaHca OEH3HILHOTO paJWkdiaa pas-
Ha Bcero 10, a He 12,0 xKkaxs/moab, Kak MOXKHO 66110 Obl
oxuAaTh. OGbsCHEHHEM MOXKET CJAYXKHTh TO, YTO 3IHEPrUH
n-CBfi3eH B paccMaTpHBAaeMBbIX ojlepruHax pasjnualTcd Ha
4 KKQA]MOAY.
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- Pesyabrar, nosydyeHnbli agas nepdropbyreHa-2, rnoka-
3bIBaeT (Kak cJaeayer H3 CPaBHEHHA C JaHHbIMH IaA GyTe-
,Ha-2) YTO 3HepPrusi m-CBsA3ed (TOPUPOBAHHBIX YIJAEBOAOPO-
JOB INPUMepHO Ha 6 Kkaxa/mOae HUNKe, UeM B c.nyqae yrJe-
BOJOPOAOB.

'~ DHEpPrHH aKTHBalLHH paccmanHBaeMblx peakunii MOXKHO
paccuuTaTbh, €CJH . H3BECTHBI SHepruu m-cssseil. Hanpumep,
sHepruss  m-cBAsy  CHD=CHD npu 300°K pasua
59,5 kxaa/mosw. Ilpeanonoxum, uro GUpazdKaa B OCHOB-
HOM COCTOSIHHH HMeeT IIJIOCKOE CTPOEHHe W 3TO corJjacyertcs
€ TeM ¢daxToMm, 4TO Sp2-rHOPHAM3OBAHHBIE aTOM yrieposaa,
.CBSI3aHHBIH TOJbBKO ¢ OAHHM atoMoM C, Kak, Hanpumep,
GyTanueHe, TJHOKcaJe HJAH CTHpoJe, ob6pasyeT I[JIOCKHE
rpynnel. Torma, ecau BO36y}Kﬂ.eHHaﬂ HEeIJIOCKast KOHQHUry-
panua o6pasyeTcAd ¢ 3SHeprued  aKTHBaUHH oiko.no
3,6 KKaJl/MO/lb (sHepruss conpsixkeHuss B 6OyTranuene),

AH300—631 ICICO!/I/MO./Zb Ilpuuss (AC, )—1 KQ/Z/(MOJLb-
-2pad) npu 800° K, Haiinem; uto AH¥ cocrasut 63,6 kxas/
[mors, a Eact = AH¥ + RT = 65,2 kxaa/moas. DTa Benu-
YHHA OT/JHYHO COTJIACYyeTCs C 3KCIEePHMEHTaJbHBIM 3Haue-
HHeM. AHanorMuyHbIi  pacuer aass  6yrtena-2  jgaer
Eact (700°K) = 62,1 kKaa/mosas, a pna CHCI—CHCI] npwu
800° K — 57,0 xkxaa/mosre. Takum o6pa3oM, H 31eCh MBI BH-
AMM OUeHb XOpollee corjacHe ¢ dkcrnepumeHtom. IIpu pac-
yeTe MocJ/JelHedl BeJHUHHbI 6bIIO CAeJAHO NpeANoJo:KeHHEe,
uto 3Heprus aucconuauun cBsAsy C—H B CH;Cl—CH,CI
paBHa 95,5 KKaa[mOab, OTKylda .Jsi SHEPrHH T-CBA3H B
CHCI—CHCI nosayvaercs Be.fmtha 49,1 kxkaxs/moaxs.

HL. 9. CTIOXKHbIA PACNAA. UMKNMYECKME NEPEXOHDIE
COCTOSAHMY

Bo MHOrHX MOHOMOJIEKYJSIDHBIX peaKUHSX B MoJIeKy.le
Cpasy pasphiBaroTcsl ABe WJH 6GoJblliee UHCA0 cBsideil. Peak-
UHH 3TH MOT'YT CHJLHO pa3jHyaThbCA MO CJAOXHOCTH, HO OHH
HMeIOT He4yTo OoGHlee — IHKJHYECKOE NEPEeXOLHOe COCTOAHHE,
B kauvecTBe npuMepa pacCMOTPHM OTUIeNJIeHHe TaforeHo-
Boaopona HX ot ankmaranorenuna. Takue peakuuu, B KO-
‘TOPBIX YeTbipe arOMa 00pa3yloT UHMKJIHYECKOEe MepexoHoe
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GDCTGQHﬁe,“%?C‘I‘@ HOSHBAIOT SCYHPEXHCHTPOBHIMH .- PaccMo-
TPHM, HAUPHMEP, Pacliaj HIONPOTANHOARAA: S

. CHy—CH—CH; &=~ C=C = C=( (111, 31)
| 2 - W LD 0 + NH
: - e e

HurpoankaHsl pacnanaiorcs, .IEO.—‘BH-‘JIHMOM% [0 MATHIEHT-
‘POBOMY MEXaHH3MY | ' |

Lg

‘CHs—CH—CH; . Hac\'. _H " HyCy /H |
N I*‘Jf); =  GCm==C = c=¢ = (13
A 2 o H | ™NH H + \H
N H N\ H
. - /
: 07N o7 No”

Pacnan cioxHbX 3QHPOB NpOTeKaeT MO UIECTHUEHTPOBOMY

-MeXaHH3MY
| s
CHy—C <= CHs~C H =
 ONecHCH.CH, ¢ duen,
CH,
CH—CH,

(I11. 33)
2 o

Oo.
-\\O - CH

Jlas peTpOAMEHOBOrO CHHTe3a (T. e. AJA peakuud, 06-

“paTHON [AHEHOBOMY CHHTE3Y Huabca — Aabaepa} npepja-
‘raeTcs MEXaHH3M C IIECTHUEHTPOBLIM MEPEXOAHBIM COCTOS-
‘HHeM, OAHAKO He HCK/IQYEHO, YTO peaxuus -[poTeKaer.ng
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6upaasKanbioMy Mexanuamy. O6a BO3MOXKHBIX : MeXaH#3Ma
. MoKasaHpl HHXKE Ha MprMepe pacrnajia.AuMepa 6yTajueHa.

—_ - H —+
N CH=CHe 7 AC=CH, |
"H—C ¢-H . . | H=C CH
R N N =i o4
CH—C-' €Hy - - ] H=—C.  CH,
| N - et
—— el e e s . C_H2__,_ e . - - . C_H2 _ —
_ CH, CH-CH, /CHz CH=CH;
H—C C=H H—C CH
. I l + |
H—C = CH, H—C CH,
N /7 AN
CH, CH,
NN /"
_ . —+
- /cm_ CHy-*CH, |
H=C §° L. L34
H—C - £H, _ : -
"CHp :

ChefyeT OTMETHTb, #TO GHpadWKa/bHBIH MEXaHUSM N0J-

' JKeH BKJOYaThb oﬁgﬁbsaﬂﬁe He TIOKa3aHHOTro Ha CXeME KO-

- POTKOMHBYJHErD “flepexo/HOro. COCTOSTHUSI, NpellecTBylolle-
. ira-ebpa3oBaHUIO OMpaaHKana, KOTODPbI HAXOAMTCS B paB-
' HOBECHM C HMCXOZHLIM IHMKJIOM, T. € MOXET NPETepleBaTh
. pacmaj HAM pelHKax3anunio. B'3aBHCHMOCTH OT OTHOCHTEIb-

| " HBIX CKOpOCTe#l 3THX MAPOLECCOB CyMMapHasl. peaKkllis, IIpo-
) { Tekaiomlas no GUpafvKaJbHOMY MEXaHH3MY, MOHET BKJHO-
. e T yaTh o6pa3zoBaHue TOJBKO OHAHOIO #i1 OGOHX UEPEXOAHDBIX
- —cocronnufi. Kpome Toro, noj AelicTBHeM Ppsla {axkTopos,
' ppHpOZAa KOTOPHIX elle A0 KOHLa He BhiCHEHA, peakuus Mo-
- JeT mpoTexaTh ONHUBPEMEHHO 010 GupaauKaJbHOMY MeXa-
© HH3MYy H <«COT/J1aCOBaHHOMY>» MOJIEKYJJASAPHOMY. MEXaHK3MY
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App‘EnuY'cOncxne apaMeTpn 9eTHIPEXHEHTPOBLIX p.eakuilﬁ CJHOKHOIO pacnaja

Ta6auya 1115

!
]
N
7z

-

: ﬂfgeéa - Peakuus ‘ T °K | 1g A (cex™") | E, nkas/noss
K TdOANL® -
1 | CHiCH,Cl — CH,+HCl - 720 | 1351 56,6
2 |'8-CH,Cl —> CoHg+HCI 720 1350 55,1
3 | B-CH,Cl — 4-CHy+HCl 700 | 1363 55,2
2 | 8rop-CH,Cl — n-CHy+HC 630 | 1362 196
3 | u30-CH,Cl — u30-C,H, + HCI 700 | 14,0 (12,9) )| 56,8 (53,3)
4 | 7per-CHyCl —> uso-C,H, + HC 78 | 1374 47
8 | CH,Br — C,H,+ HBr | 680 13,45 539
6 | #-CH;Br — CyHg+HBr 840 13,0 50,7
7 u-C.4HgBr —> u30-CH; + HBr 670 13,2 | | 50,9
8 | rop-C,H,Br —» #-C,H, + HBr 600 13,53 465
9 | us0-CjH;Br —> us0-C,H, +HBr 530 13,05 50,4
10 |7per-CHeBr —> uso-CyHy+ HBr - 800 135 415
1t | LsxrorexcuaGpomun —» umkaorekced + HBr 600 13,52 46,1,‘: )
12 _ L{uKkaorekcuaxaopug —> nukiaorekces + HCI 600 13,0 - 5_0,6 _



13 [{uxa0meHTHAGPOMHI —> nukaonenred + HBr 60 12,84
10 | rper-C;HyQH —> u30-C4Hy + HOH Coinso | 134
14 | rper-CiHyyOH —> 2-Mernadyren-1 + HOH 780 | 135
15 Qszl — C,H,+HI | - 630 | 134
16 | ugo-CoHl= CHg+HI - 560 | 13,0
17 | rper-CiHyl —> u30-CiH, + HI 70 | 137

1}) B cxofkax npuBeleHHl €HanJyuIIHE?> OLLHKH Bercoua 0 O'Huna (ccuaxa [9] k Texcry ra. LH).

437

61,6
66,0
50,0
435
38,1

i
DR 00Nk o

]
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HJIH 0 ONHOMY H3 yKa3aHHBIX MexaHH3MOB. Eciu ckopocTsb
06pasoBaHusl GHPaJUKAJOB KOHTPOJHPYET CKOPOCTb CyM-
MapHOro mnpouecca, NnepexoJlHOe COCTOSIHHE 3TOH peaKLHU
AOJIXKHO OHITb MOYTH HAEHTHYHO MEePEXOLHOMY COCTOSIHHIO
B MOJeKkyaApHOil peakuuu. [Tosnnee Mmbl ‘BepHemcs K pac-
CMOTPEHHIO NaHHOI'O Hnponecca. - |

B taGa. I11.5 npeacrasaen psif 3HaueHHil KOHCTaHT CKO-
POCTH peakUHid CJIOXKHOTO pacmaja, NMPOTEKAIOWHX MO ye-
THIPEXUEHTPOBOMY MeXaHH3MY.

HetoipexuentpoBoe orwennenne HX or RX mas Bcex R
5HAOTEPMHUYHO (12—20 kxaa/mMOa6 B 3aBHCHMOCTH OT npu-
poner X). DHepruu akTHBalMH PEdKUHMH OYeHb YYBCTBUTEJb-
HBbI K CTPyKTYpe. DoJiee moapo6GHO 3T0 06cyrxaaeTcs no3aHee,
d IIOKa pacCMOTPHM MNpEeA3KCINOHEHHHAJbHblEe MHOXHTeAH A
H IJjst npoctorel HauneM ¢ CoH;Cl. Ilpu pacnaze storo co-
CAMHEHHS NEPEXOAHOe COCTOSIHHE HMEET CTPOEHHE YeThlpex-
ATOMHOI'O LHKJ/a, KOTOPBIH, KaK MOXHO OXKHAATb, OJIKEH
HUMETb JIOBOJILHO XKECTKYIO CTPYKTYPY

ot

SR H FH\_ ~H H  H
'H Ci |{H " 'H H + “H
- - H - (l H-Ci

—_ . i

3HauuTeJdbHble BKaaabn B AST 00yCJNOBJIE€Hbl, ¢ OAHOM
CTOPOHBI, H3MEHeHHeM cuMmMerpud (R In 3), cBsA3aHHRIM C
HaJIHYHEeM TpeX SKBHBAJIEHTHBIX aToMOB H, KOTOpbl€ MOTYT
orimenyiATecd B Buae HCI, a ¢ npyro#t cropons, C_3aToOpMO-
JKEHHOCTbIO BHYTpeHHero BpauieHuss rpynn CH; [—4 kai/
/{(#Moa6-epad) mpu 700°K]. Anre6pauueckas CymMMa 3THX
ABYX BEJHYHH cocraBiaser —1,8 xau/(moae-epad), u, co-
raacHo ypasHenuio (I11.27), A npu 700° K pasusercs mpu-
GrusurenpHo 10'32 cex~!. HecMorps HA HexkoTopmiii pas6poc
AZHHBIX, 9Ta BeJHUYHHA YIOBJETBOPHTENbHO COraacyercss co
3HaueHHAMH, noayueHHniMu Aas CeH;Cl, CoH:Br u CoH;l.
C yuerom coobpaxkeHufi CHMMeTPHH A/ OTenJeHus HX
or u30-C3HzX A=10'35 cex-!, a or rper-CiHgX — A =
= 10'37 cex™!. DT 3HaueHHs TaKXKe Pa3yMHO COLIACYIOTCH
C 3KcnepEMeHTOM. K colKasiennio, IOrpeHIHOCTL B 3KCMepH-
MEHTA/NbHEIX 3HaueHHAX A cocrasaser :okono 1095 cex™',
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r. e. 10 NOPAJAKY BGJHUHHBI OJIM3Ka K pasnnunaAM MOPeadKC:
[IOHEHTOB pacCMaTpuBaeMblX peakuuit.
~ BozMoxeH H ApYyro#, GoJjee CcUCTeMaTHUeCKHH aHaJju3s
npeA3KCIOHEHIHANbHBIX muoskuteneii [9]. Yerbipe aroma,
o6Gpasylouue yeThIpeXU/JeHHbIl [HKJ, HMEIOT WECTh 4acToT
KoneGaHuil BHYTPH 3TOTO LHKJAA. UeTbipe U3 HHX MOXKHO
cyMTAThb BaJEHTHBIMH (OHH CONPOBOXKAAIOTCA yBE&JIHHE:
HHeM MeMKaTOMHBIX pPaccTOsHMit), a 1Ba — AehopManHOH-
HBIMIl, IPHUEM OLHO H3 KOJeGaHHH MPOUCXOIHT B NJIOCKOCTH
nuKJaa, a Apyroe BHe 3TOH niaockocTH. OLHO K3 BaJIEHTHbLIX
KoNe6aHrHil COOTBETCTBYET [BHIKEHHIO BJOJb KOOPAHHATHI
peakuuu. Ecan oAHUM U3 aTOMOB ILHKJIa SIBJISETCS H uan D,
eMy MOXHO MPHIUCaTb ABa BaJeHTHHIX H BHETNJIOCKOCTHO®E
pedopMalHOHHOE KoJebaHue. Bkaaan B AST a5 peakiHH
C,H;Cl npu 600° K nmepeuncseHbl B ta6a. 111.6. Tlpun ot-
mensiennn HX o1 u30-CsHzX u #-CyHgeX ucuesaeT BHyTpeH-
Hee BpallleHHe 3THJAbHOH HJIH NMpONUJAbHOH TpyIlnbl COOTBET:
cTBeHHO. OAHAKO BMECTO HHX MOABJAIOTCS KPYTHJ/ABHBIE KO-
JefaHHs BOKpPYr oGpasylouiencs NBOHHON CBfA3W (WX YaCTO-
THI OKOJIO 300—330 cu~'). [loaTOoMy CyMMapHOE CHHIKEHHE

| | Tabauya 111.6
Bxaann 2) B SHTPONHIO AKTHBAUMH PEaKUHH
C,H;C! == (C,H;CD)¥ = CoH,+ HCI npu 600°K
' ]

AS¥, xaaf(mors-2pad)

CumMMeTpHHA | +RIn3=+22

Baytpennee Bpameag%CHa —% KpYTHJAbHBE KO-
| \ - ~3,7
Jebanvs CH,-—'—C<‘ (400 cu™?) |
_ H

Baneurnne kosaeGauus C—Cl (650 cen™ ) — ~1,4
' ——>» KOOpAMHATa peakKliHy

TedopMalHOHHbIE ‘koJseGanns - C—C—Cl . + 0,7
(420 cm™ 1) — C—C—Cl (280 cu—1) |
JledopmanHoHHbie konebaguss H-—-C—H 4+ 0,6
(1450 en—t) —> H—C—C (950 cu—1) |
IfonHoe M3MeHeHUEe SHTPOIHH — 1,6

Fi

a) [Ipu oienke npene6GperajH MaJjuiMW BKJanami BaJeNTHHX KoJgeGandfl H
B HHKJHYECKOM NEpPEXOAHOM COCTOSHHHA. : :

—
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BpawmaTeJbHbIX BKJIAlLOB B AS¥ GyleT NpHMepPHO TaKHM XKe,
Kak U Aqas rpynnsl CHs. TIlockonbky smecs B peakuuu Mo-
T'yT y4acTBOBAaTh TOJBKO [(Ba, a He TPH aTtoma, Kak B CoHsX,
Ansi A nonydaercs 3Hadende 103! cex~! He CAHIMIKOM OTJIH-
Hapolieecs Ot BeJHYHH, NOJAYyYeHHBIX Agas CoHsX. |
IlaHHble sKcepHMeHTa MOAKPENJIsIOT H3J0XKEeHHbIe BLILIe
COOOparkeHHsi, OAHAKO 3TH [aHHbleé HEAOCTATOYHO TOYHBI,
YTOObI OTPa3uTb OTMEYEHHbIe Bbllle TOHKHE paaiuuna. To
e crnpaBenJIMBO H AJd pacnana u3zo-C,HoX, B KOTOPOM B
peakKuHun MOXKEeT y4YacTBOBATh JHIIb OAHH aToM H.
- Ecan X = OH, npu o6pasoBanuu [IepexXoAHOro CcocCTos-
HHA NOMNOJIHHTE/JNbHO HCYe3aeT OJHO BHyTpPeHHee BpalleHHe,
H anaa peakuun rper-C;HoeOH MoikHO oXuHaaTh Opel3KcIo-
HeHTa, paBHoro 10'%2 cex~!. Ho u 3mech HeZOCTATOYHO TOY-
HbIC laHHbIe He MO3BOJISIOT BBISBUTbH CTOJb TOHKHX AeTaJieil.
" Ecuau ckasannoe Beile BepHO, TO AAs cayuasi, Korga R —
UHKJIHYECKHH paaukaj, He [OMKHO MPOHCXOAUTH norep
BHYTpeHHero BpauleHus. [lostomy nuasa mepexoaHoro cocros-
HHS pacnaja LHUKJIOTeKCHJraJoreHHIa NpPH BBICOKHX TeMIle-

patypax Bkaan B AST, cBsizamHbIf C CHMMETPHEH M cocTa-
BAAOIHA R In2 (MMeloTcs IBa CiOCOBGHBIX BCTYIIHTh B peak-
uuio aroma H), xomneHcHpyercsi HaJauuMeM ABYX I[OYTH
SKBHBAJICHTHbIX CTPYKTYP OCHOBHOIO COCTOSIHHSI (aKCHAJb-
HO€ W 3KBaTOpHaJbHOe pacnojoxeHHe X). Takum o6pasom,
MOKHO OXHAATh, YT0 A ~ekT,,/h, 4T0 cocTaBaseT npa 700° K
10138 cex-1. U3 taba. 111.5 BHAHO, UTO 3TO 3HAYEHHE COMIa-
CyeTcs ¢ NaHHbIMH, IMOJNYYEHHbIMH AJ5i OPOMHCTOrO IHKJAO-
rekcH/aa: HMsmepennblil npu pacnafle GPOMHCTOrO LHKJIO-
[EHTHJA TPCAIKCIIOHEHT OYEeHb HH30K. DTOT LHKJ HMeer
HeOOBIYHO BBICOKHE SHTPONHH (IO CPAaBHEHHIO C INECTHUJIEH -
HBIMH IHK/JIaMH), KOTOpble OOYyCJOBJEHB . HH3KOUACTOTHLIM
BHEIUIOCKOCTHBIM ~ IepOpPMalHORHEIM  KoJleGaHHeM (ring-
puckering), Tak HasblBaeMbIM NCeBJAOBpAallleHHEM. DTOT THI
KoJle6aHUH XapakTepeH Takxke AJs UMKJAO6yTaHAa. SHAYCHHA
[IPEAIKCIIOHEHTOB SICHO IMOKa3bIBAlOT, UTO B NMEPEXOLHOM CO-
CTOTHHH 3TOT THI KoJebaHHi ucyesaer (cm. pasd. II. 16);

JlaHubre N/ HECKOJILKHX NATHUEHTPOBBIX KOMIIIEKCOB
W AJs1 60JbiIero ukcaa IIECTHUEHTPOBLIX KOMIJIEKCOB Hpej-
craBJeHbl B Tabua. 111.7. [as cpaBHeHUs B Hee BKJmOYeH
TPH PEAKLHN H30MepH3AlUHH, TAKKE NPOTEKAWIUHE N0 we-
CTHHEHTPOBOMY MeXaHH3MY. | Coe
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Ormensenne HNO; npoucxoauT H3 MepPeXoAHOro COCTOA-
' HHS, B KOTOPOM OTCYTCTBYeT OJAHO BpallleHHe rpyMNibl CH;
u ceo6onnoe BpaulenHe NQO,. Bxnan, yuyHThIBaiOUHH CHM-
merpuio, B ciayuyae . CoHsNOq coctaBuT R In 6, BKJAan, CBi-
3aHHBbIA ¢ MoTepel BpalleHHs1, OKOJIO —11 kaa/(moasb - epad);
—1,0 kaa/(Moab-2pad) COOTBETCTBYeT [BHXKEHHIO BLOJIb

KOOpDJHHAThl peakUuH; B pe3yJbTarTe TMNOJdyuyaem ASF =
= —8,4 xaa/(moab-epad). CueaoBaTeNbHO, NPH 600° K
sHaueHHe A B COTJIACHH C 3KCNEPHMEHTOM MOJIKHO PaBHATDL-
cs 10118 cext. Ina uzo-C3H;NO, 3nauenne A coOCTaBHT
npumepro 1020 cex™!: yBeaMueHHe CBHA3AHHOTO C CHMMeT-
pHeil BKaZka HeCKOJIbKO, KOMIEHCHPYeTCs YBEIHUEHHEM MO-
menTa uHepunu ornocuteabro ceasu C—N. Corsache ¢ 3KC-
nepuMeHTOM 3[eChb XYyXKe. | .

~ Ilpu mnuposuse CAOKHBIX 3QHPOB 3aTPyAHAIOTCA ABA
THNA BHYyTPEHHEro BPALIEHHs TSAXKEJbIX PYNN BOKPYT 3QHP-
noii csizu O—C u cBsizn, C—C ankuabHOH rpynnel. Jlad
anuabHoii cBsiam C—O xapakTepeH BLICOKHH Oapbep: KPy-
THAbHBIX Koa€6Gauuil (taba. V.19) ¢ yacTOTOH OKOQJIO
250 cm~!. OHM 3aMeHSIOTCA JABYMsI HOBBIMU THINAaMH KpY-
THABHBIX KoJaeGaHuii ¢ dactoToii B uHTepBaje 250—
400 ca~!. Tlpu 700°K cyMMapHOe CHHIKeHHE 3HTPOMNHH COCTa-
BUT 2 Kkaa/{(mOab-2pad) Ha KaxkAyld BpaullaTeJbHYIO CTe-
menb cBobBoaw, T. e. Bcero 6,0 kaa/(moab - epad). nn

CHi;COOC.H; - AS¥ =RIn3—6,0 = —3,8 «aa/(noreX
X zpad), nosromy npu 700°K A = 10'28 cexk™!, 4TO XOpOLIO
 coraacyercsi ¢ 9KCNepHMEHTaJbHbIM 3HAuUCHUEM 10125 cex~l.
[IpeaskcnoHeHIHa bHbE UWIEHBl NPH pacnaae H3ONpONHI- U
Tper-6yTHAaHeTaTa JOJ/UKHBI OLITh BhILIE B 2 H 3 pasa; T. €.
nosKHbI cocTaBaaTs, 10131 u 10132 cex™, 4TO OTAHUHO COrAa-
cyercsi ¢ mauHsIMH Taba. II1.7. OpHako He caeiayeT 3a0bl-.
. BaTb, YTO MOTPEIIHOCTh NPH ONpeAeeHHH lg A cocraager
~ +0,5. HeTouHOCTb SKCMEPHMEHTAJbHbBIX SHAUEHHH A ofHa-
py:KUBaeTCA NPH CPABHEHUH MPEASKCIIOHEHTOB peaxkuui pac-
naga Tper-6yTHAaneTara M TPeT-OyTH/ANPONHOHATA. ‘Kou-
CTaHTHl CKOPOCTH [IBYX peakuuil [OYTH COBNajaaroT HpH
550° K, B TO BpeMsl Kak NPHBOAMMEBIE 3HAYEHHA [IPEAIKCHO-
" HenTOB paanuuatorcess B 3 pasza. Mexay TeM 3HaueHHs ASH,
KOTOpbleé MOKHO BHIYHCJIHTb, NPHMEHHAA npaBusia aaJdHTHB-
. HOCTHM IJIAA 3TUX cOelMHEHHWH B OCHOBHOM H NEPEXOAHOM €O-
CTOSIHHAX, AOJI2KHbl COBNMaAaTh. ' -‘
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. Tabauga 1117 -
Appennyconcxne napamerpk mrru- B mecmnemponw{ peaxunﬂ caomnoro pacnana

Jlarepa-

. T;%lﬁr e Peaxﬁna | Tp °K | lg A (-cek_l) E, KKQAIMOAL
1,2 | us0-CH,NO, —> C;Hj+ HNO, 570 | 1.0(11,3) | 39,0 (40) 3
2 C,H;NO, — C,H, + HNO, 650 | 11,5(11,8) | 41,5(43)
3,4 | CHyCOOCH; — C,H, -+ CH;COOH 820 | 125 478
4 | CHyCOO—~u30-CoH; —> CgHy+ CH,COOH 760 | 130 450 -
5 | CHyCOO-rper-CjHy —> uso-C,H, + CH,;COOH « 540 13,3 405
6 | CH;COO-rper-C,Hy — us0-C,H, + C,H,COOH 540 12,8 39,2
7 CHy;COOCOCH; — CH,CO + CH,COOH 600 | 12,0 345
8 | CHyCHy—O—CH=CH, — CH,CHO + C,H, 810 114 438
9 Huc- Mermannmunmonponan —> yuc- rexca,tmeﬂ-l 4 467 ~ 11,0 3]?,0 ‘
10 | 3-Mernarekcammen-1,5 < remramuen-15 480 | 9,8(10,85) | 32,5(35,0)6)
i CH,=~CH~0—CH,—CH=CH, —> CH,=CH—CH,—CH,CHO | 450 | 113 306
12 .uuc I‘eKcanHeH 13 —> HHKJIOI‘EKcaILPIEH 1,3 -'4_30 11,8 29,9
B Tpuokcan —> 3CH,0 580 15,0 47 4
14 :uumo[ ~ CH(CHy)~ 0--]3 —> 3CH,CHO 510 442

15,1




14 'unmo [—CH(x- C3H7)—-—0—-—]3 —> 34-CH;CHO | 480 144 42,0
‘14 | Luxao [—CH (uso-CsHy—O—1ls —> 3uso- C3H7CHO 180 | 145 | 420
,";.'15_{- | Llukaorekces —> C,H, + Gyraguen : ‘ 860 15,2 €6.2
. 16. MeTunuHuKAOreKceH-3 —> C3H5+6yrenueu | | 1020 - 15,1 . 65,6
16, 17 BHHHJmuKJIOPeKc_eH-S —> 2C;H, | _ | 1000 16,2 :.(15,7) 62,0 (61,8)

") spokes G. N., Benson S.W. J. Am. Chem Soc., 89, 6030 (1967).
6) Frey H. M. ¢1968), private communication.

Smith T. E., Calvert J. G, J. Ph s. Chem 63 1305 (1959).
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STHJIBHHHJIOBI;{H adup HSOBJIEKTPOHGH aTHqu)opMHa'ry
[Tepexoanble COCTORHHS pacrafa STHX COEJHHEHHH OUEHb
noxoxu (puc. 1I1.2). PaccuuranHoe 3HaueHHe A =
= IO“ficexc—‘ XOpOUIO COrJiacyeTcsi ¢ Hab/iogaeMblM, KOTO-
poe paBuo 1014 cex™\. o

Tor ¢akr, uTo pacnan npocroro 3dupa xapaKTepH3yeTcH
6oJee HU3KHM 3HaueHHeM A, ueM pacnaj cJOXKHOro sgHpa,
o0yCJIOBJI€EH TeM, 4YTO B MOJIeKyJle STHJABHHHIOBOTO sadupa

H .0
H=c ¢~ . —(i c/”
R [
>c. c
H” ~ “H- \H
a -

Puc. HI 2. JIBa H303JEKTPOHHBIX nepexom{bxx COCTOAIHUSA: @ ~- IHPO-
IH3 BHHHJSTHJAOBOrC 3¢upa; 6 — IMPOIH3 3THIPOpMHATA.

MMeeT MeCTO MOUYTH CBOGOJHOE BpallleHHE BOKPYT CBSI3H .
CsH;—O, B TO Bpema Kak Bpatilenue Bokpyr cesisy CHO-—O
HEBO3MOXKHO H3-3a BBICOKOIO 3HepreTHyeckoro Oapnepa
(taba. V.19). Tlpu oO6pa3oBaHHH MNEPEXOAHOro COCTOSHHSA
STHJABHHHJOBLIH 3UD TepseT npumepHo Ha 4 Kaa/(moavX
Xepad) Goaplue, yeM 3THADOPMHAT. |

Hsmepenubiil npu H3yueHHH pacnaja (CH3CO) 20 mnpex-
5KCIOHEHT o4YeHb OJH30K K pPacCYHTAHHOMY 3HAUYEHHIO
101238 cex~!. B cxomHOHM peakuud pacnana yuc-l-meTua-2-
BUHHJIIHKJIONPONAHA NpH 06pa3soBaHUU NEPEXOAHOTO COCTOS-

| T 4 H 1
4 Ny — H\C/ \C/ | ~~ CH
. q o= | T _ L . "

| :
H,C CH HC. /
: i e, | CH,

L.
‘.

H T C Uuc-
_ -C'QCC/. | rongoppauus
HHSI HCYe3aioT TOAbKo aBa Bpatnenud. OnHaxo Habirionae-
Mas BeauuyuHa A OKasbiBaeTCs MEHbUIe, YeM OpK pacnaje
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STUJABMHHJOBOrO 3dupa, U HHXKe, ueM paccuvTanHas (10'%7)
C y4eTOM CBA3aHHOTO ¢ CHMMeTpHeli BKiana B AS¥, paBHOro
RIn 3. ITo kpatinell Mepe 4acTHYHO, 3TO pacxoxaenne obyc-
7A0BJaeHO GoJsiee HH3KOH Temmnepatypo#l peakuud (< 0°K) u
TeM caMblM 6o0Jiee HH3KHMH BKJaLaMH KPYTHJBHbIX KoJie-
6aHHH *. |

B npoTHBONOJIOXKHOCTb BCeM LIECTHLEHTPOBLIM PEaKIHsIM
pacnajaa, UMeolHM HH3KHE MPeA3KCIOHeHTHl, /A NHPoan3a
CUMMETPHUHO 3aMelleHHbIX TPHOKCAHOB XapaKTepHbl 3Ha4Ye-
HHs A, IpHMepHO Ha nopsaiok Gojee BbICOKHE, YEM MPELINO-
naraemoe 3Hauenue 10135 cex-l. Jlna sTtux peakuuil AST =~
~ 5 rkana/(moare-epad). [lpn obpasoBaHHH [EePEXOIHOro CO-
CTOSIHMS LMKJHUECKasi CTPYKTypa, XapakTepHas JJisi OCHOB-
HOTO COCTOSIHHS, CTAHOBHUTCSI MeHee KeCTKOH. DTOT pe3y/b-
TAaT KaXeTcsl BIOJHE ONpaBAaHHBIM H HEMOCPEACTBEHHO Bbi-
TeKaeT H3 IeTajJbHOIl cXeMbl peaknud, NpeAJOoKeHHOH
O’Hunom u Benconom [9].

.PerponuenoBbiii pacnajn HMKJIONeKCEHOB XapaKTepH3yeT-
cs1 3HaueHHAMH A ewre GoJiee BBICOKHMH, UeM pacnaj TpH:-
OKCAaHOB, HECMOTPSI Ha TO UTO CyMMapHOe H3MEHeHHe dHTPO-
NUU AJs HHX MeHblle, 4eM [Jisf TpUOKcaHOB. Pacmaa TpH-
OKCAHOB INOYTH HaBePHAKa IPOTEKAET MO MOJICKYJAPHOMY
MEXaHH3My C CONpsI>KEHHEM 3JIEKTPOHOB, TAK KaK 3HEPTHA
AKTHBAUUH 3TOH peakUHUH HaMHOIO HHUIKE BeJHUYUHbI, KOTO-
pYIO MOXHO GbLTO Obl OXKHAATh NJisi GHPaAHKaJbHOTO Mexa-
HU3Ma. DBo3MOXKHOCTbL OGUpaIHKAJbHBIX TPOMENKYTOUHBIX
MPOJAYKTOB B 3THX pE€aKUUAX Mbl PACCMOTPHM MO3[HEE,
Korga peub Oymer WATH o peaxumu Jlunbca — Aabpnepa ¢
yuactueM OyTajaneHa. |

1. 10. BMPAZAMKATIBHBIE IPOMEXYTOYHBIE MPOAYKTHI
B MOHOMOJIEKY NAIPHLIX PEAKLMAX

- Bo MHorux MOHOMOJEKYJAPHEIX peakuusix obpasyercs
HEe OJHO MNepPeXolHOe COCTOsIHHE. ODTH peakiud NPOTEKAIoT
0 JOBOJBHO CJOXHOMY MeXaHH3My, B KOTOPOM MOTyT

. * HeoXHAAHHBIM fiBJAfETCA TO OOGCTOATE/AbCTBO, YTO. OGpasymlluica
npu peakuuu ojedMH HMeeT LHC-, @ He TPaHC-CTPOCHHE, KOTOpOro MOX-
HO GBIIO 6B OMHAATH. DTO CBHAETEJABCTBYET O TOM, YTO GJAronpHATHHIM
oKasnBaeTcss oBpasoBanue Gojlee KOMMAKTHOH UHC-KOH(PHUTYPALHH, HTO
MOXeT SBJAATHCA MPHYHUHOH HHIKOro 3HAHEAUS A. Huc-kondurypauus
QKa3blBaeTCH TakxKe GJaronpHATHOR s H30MepH3alHH. | -

&
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y4acTBOBATb OJAHH HJH HECKOJbKO OHpafHKaJNbHBEIX MpPOME:-
XKYTOUHBIX TIPOAYKTOB. HaubGosee H3BeCTHBIA NpHMEp peak-
iy TAKOro THINA — H30MepH3alusi UHKJAONpofMaHa B Mpo-
nuied. Pabunosuy u aAp. [10] obnapyxuiH, 4TOo reoMeTpH-
Yyeckasi H30MepH3alUMA yuc-1,2-TuaedTepouUKAONponaHa B
TpaHc-popMy NpoTeKaeT npuMepHo B 12 pa3 GrnicTpee, ueM
- CTPYKTypHasi u3oMmepusauusi B npomnuseH, [loszaHee Bencon
nokasas [l11], 4yTo HHM KHHeTHUeCKUe, HH TepMOJAHMHaAMHUe-
ckue coolbpaxkeHHst He MO3BOJISIIOT COrJacoBaTb 3TOT pe-
3yJabTaT ¢ MOJIEKYJSAPHBIM MeXaHH3MOM. B To Xe BpeMms
€ro JierK0 HHTEepPNpPeTHPOBATb, HCXOAS H3 [IPEANOJ0KEeHHUSs
06 yyacTHM B npollecce KOPOTKOXHUByLHX (10710 cek) 'rpH-
METHJI@HOBbIX OupanukaJ/aos

H . H H H | H
\/ ' b c’ H (‘: H
"<\C \p Q/\Cp P N
D "’4 o o’ (.é)\ﬂ
Bk s - |
” \ A - (111.36)
\<D 1 HQC/ \C€D
.H 2 _-Dd\w- H

‘Ha ocHoBaHuu OLEHOK TEepMOXHMHYECKHX CBOHCTB OHupa-
IMKaJja O0Ka3ajJocbh BO3MOXHBIM BBIBECTH appPEHHYCOBCKHE
napamerpsl gaa peakuuit (1), (2) u (3) B popmyune (III. 36).
BuyTpeHHee BpalueHHne (cragusi r — r’) NpOTEeKaeT NPH TEM-
nepatrypax 3KCIepPUMEHTa HACTOJbKO OBICTPO, UTO Bpalla-
TeJbHOE paBHOBecHe y OHpaAMKaJOB HaCTyIaeT Hemocpe-

CTBEHHO B MOMEHT HX 06pasosaHHﬁ ¥, nosTomMy kR, = bl >
> (ky+ k ) ._ | |
Ecth yKasaHHﬂ Ha TO, YTO no aHaJOTHYHOMY MEXdHHBMy

ﬁpOTeKaeT pacnaj NPOH3BOAHLIX UHKJ0OGyTaHa,-FeoMerpH-
4yeckas Hu3oMmepusaudsa yuc-l, 2nnmeTHnuHKn06yTaHa ipo-

* 910 He WMeeT MeCTa ‘B CJyyae «TrOPTUHX» MOJIEKYJ] wHKONpONna-
'Ha, 06pa3yIOIHUXCS IIpH NPHCOEAHHEHHH CH, x C;H,. 3gecr u3-za Hu3-
‘KOTO . NPENIKCIOHEHTd JI.JIH Bpau.l.emm ¢ noc.ne,cwﬁm KOBK)ppreT npo-
Hece UHKAN3aLHH, _
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TeKaeT IPHMEPHO B 4YeThIpe pa3la 6blcrpee ero pacnaja Ha
' ABe MOJIeKyJbl nponuJeda [12]. B Menplueit crenesd pacnan
MOXeT MNpoTeKaTb ¢ OOpa3oBaHHEM 3ITHJEHa H. 6yTreHa-2.
B peakuuu ydacTByeT GHpalHKaJj, BPEMS KH3HH KOTOpOTro
JOCTAaTOYHO BEJHKO, TAK 4YTO B HEM YCIeBaer. NPOM30HTH
BHYTpPEHHEe BpallleHHe, B pe3y/bTaTe 4ero HapsAy C yuc-
6yTeHOM obpasyetrcd H Tpcmc OyTeH

-

. tyue)

(MpOHC)

(I11.37)

o~

LlnknoGyren H aJIKHmmK.noﬁyTeHbI Hsomepnsy}o’rca B Gy-
TaJHEeH C <«HOpPMaJbHbIM» HpeaskcnoHeHTom 1013 cex ! u
sHepruell aktuBauuu 32,5—36 Kraa/moas. 'WnoreTHyeGKUH
GupajuKaJbHEIA HpOMe}KyTO‘IHbIH NPOAYKT B 3TOM caydae
noKasaH HHKE

© CH=CH . CH—CH |
/ VZ X ‘
‘ = CH, ¥ CH, — H,C CH, (IIL 38)
| CH-=-CH ,
_—_— 7N ;
!-. o HQC ’ CI‘Iz :

CTpoeHHe Mo.neKy.an uHKJmﬁyTeHa, 1no- BHJIHMOMy, He JAO0My-
ckaeT pesoHaHCa aJlJIHJIbHOTO THIA B MEPEXOLHOM : KOM-
niekce. O6pasyloliuecst NpH paspbiBe CBH3H - 3/1eKTPOHHBIE
OpOMTANM HANPaBJEHbl MOJ NPSIMBIM yIJIOM K LBOMHOMN CBSi-

-3y, -MIOSTOMY TPYAHO OXHAATb CHJILHOTO B3AMMOAEHCTBHSA

" MeXKJAy HHMH. DTO JaeT OCHOBaHHMe npeanoJaraTts, 4To pac-
. cMaTpuUBaeMble PeakldH JPOTEKAIOT He NQ GupanHKaabHOMY,
a N0 MOJIEKY/NPHOMY MeXaHH3MY. HpenaKcnoneHunaanble
“"MHOMKHTENH, BBIUHCTsIEMble 51 O60MX MEXaHH3MOB, OAHHA-
KOBbl, TaK KakK B OOOHX cJaydasgX IepPeXOJHOe COCTOsTHHE
TOJKHO ObITh OUEHb KECTKHUM. YBeJHueHHe SHTPONHH B CyM-
MapHOM ‘nmpouecce COCTaB/AeT BCEro 3,0 rcaﬂ/ (#Moab - 3pa6)

e

TafHeH ¢ <<HOpMaJIbeIM>> npe,uSKCHOHeHTOM 1013 cex ! u
sHeprueli aktuBauuu 32,5-—36 KKaa/mosb. I'mnorernueckuid
6upaauKaldbHBIH MPOMEXKYTOUHBLIH MNPOAYKT B 3TOM CcJaydae



| - Tabauya I11.8
" AppeHRYCOBCKME napaMeTph peaxunfi pacnaia Majsx LUHKAOB - - o

'-nﬂﬁgﬂa' | o Peaxnus T °K| 1g 4 (.cex__l)- E, xxas/#oas
& Ttabanne | . ' '
| I 1 | |
2 quc-,ﬂnneih‘epouumonponan —> Tpanc-nmeﬁ'repounmonponan 720 16,1 (15,12) 2)| 65,1 (65,4)
. . ' . ' ] h .l ' . R
3 |CH —-CH—~CH2--(1‘EH2 —> #-C,Hy (4uc u Tpauc) lls) | 740 15,4 65,0
‘ —> 130-C,H, | 14,62 66,0
S N ] ]
1 : —> HeHTagueH-1,4 : 144 97,3
—> neHTajmen-13 | (T)i’gzc)i . {gg:g]
| b (gue)
5 CH ""‘CH‘“’CHQ"—(EH""‘CH:; (yuc) B) —> Tpanc 690 15,25 59,4
_ | | | o -
6 .| CeH;—CH~ CHg—CH—Qﬂs (yuc) —> Tpanc (xm.ux.) 460 11,2 3356
.7 Lukao6yraw —> 2C,H, . S - 730 15,6 . 625
.8 iuuc-ﬂhuewnmnmeﬁy'ran —> TpaKc - - { 690 14,81 . 60,1
| —> 2CgH, | - 680 1548 | 604




; o _ : { | ' |
] — CyH,+ 6yren-2 ' - 680 15,57 63,4
9 Auemnunmoﬁy'ran ~> CH,COCH=CH,+CH, -~ [ 660 14,53 54,5
10 .Me'rn.nennumoﬁy'ran —> CHz—-—C=CH2+ C2H4 | 710 15,7 63,0
11 | Llukno-CsFy —> 2(:2}?4 . S 830 15,95 . 741

| | ] .. :
12 | FO(Cly—CF,—CFy—~CFCl —> 2CF,=CFCl 740 | 154 65,3
yHc —> TPawc | - 720 15,1 60,2
Tpanc —> yue o 720 | 149 60,2 -

] N |

I3 CH,CH.,O0 — CHSCHO _ ' K _ 670 14,2 57,0
| I | | -
14 CH,CH,CH,0 — C,H, 4+ CH,O | 710 14,8 | 60,0
| ] | |
15 CH2CH2CH2——N=N — unmonponau + Ng + nponmeﬂ 1 500 15,5 42,4
' | 7] | |
15, 16 | CH;CHCH,CH(CH;)N=N (uuc HJH TPAHC) —> nnme'rmnm:m)- 500 15,2 40,3
| nponal 4 Ng + nenreH-2 (yuc uau rpasc) :
| | . | | o

17 I CH,CF,—0 —» CF,0 4 CF, ' 360 13,7 31,6
18 | LUakao6yren —» Gyranuen - 390 13,1 32,6

'3} B ckobkax npvBeaeHb appeanycoacxne napame‘rpu obpasoBanud nponn.nena H3 nuka0-CsHD:. Tak kak peaxuna npo-
TeKkaer vyepes o6pasopanne GUpaAHKAaJsa, MPH MHKJAH3AUKH KOTOPOro ¢ paBHON BepOATHOCTBIO 06pa3yioTcs quc-n Tpauc-n.nneﬁrepo-
HHKJIONPONAHB, CKOPOCTh PACKPHTHS LHKJA BABOC 60Jibllle CKOPOCTH IHC-TPAHC-H3OMEPHIANHH,

6) B BPOAYKTAX PEaKUHH CONepXarcs Gyren-1, quc-GyTen—z' H Tpaxc-6yTeH-2 B COOTHOIUEGHHH 4 : 2 1.

) CyMMapHas cKopocTh obpasonania 6yreHoB W neiiTeHos B 100 paa Menbluue,




e ree v v e e e e e .. e et e e et + o s om0 o &Nﬁo%ﬁaﬁﬁmﬁnm

10.
11
12.
13.

4.
1o.
16.

17.
18.
19.

20.
21.

JIurepa- . - | . ol o |
u.n Q,MMWMPG | . . | .. ,. _u.mmx.nmn ., | | . | .. HS,.. _A . _mhﬁnmaw._.v .m. azn.\:”&o.ao.
. . . i ﬂ.u. i
19 | 3~MeTtuanuknobyres —> 1 3-nedranuen (rpaxc) 390 13,6 31,6
20 1-MeTHANHKNO6YTEH —> H30IMPeH L 420 | 138 - 35,1
21 | [epdropGyrannen —> muKAOCyTeH - 500 12,1 354
. Chambers T. m _fm:mwoimf\ G. B, J. Am. Chem. Soc., 56, www A_mfv |
2.Schlag E. W, mmc;oq;n:m S. J. Am. Chem. Soc., 82, mcmo_ (1960y.
3. Placzek D. é., Rabinovitch B. S, J. Chem. E&.w.. 69, wz_ :@mmv _ |
4. Wellington C. A, J. Phys. Chem., 686, 1671 A_@mwv .
5. Flowers M. C,,. 1;% H. M, wnon Roy. Soc.. A260, 424 Cwm: >mmq 122 :w@ov
6. Rodewald L. B, DePuy C. H., Tetrahedron Letters, 40, w@m:Em i .
7.Carr'R. W, Jr., Walters W. D, J. Phys. Chem., 67, _mqo _
8 Gerberich H. R, Walters W., D. J. Am. Chem. Soc., 83, ﬁmm» Cmms NS
9. Paignault L. G, Walters W. D,, J. Am. Chem. Soc, mﬁ G@mmv
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BupanukaabHblii MexaHH3M Obljl Obl IHEPreTHYECKH BBIFOA-
' HbIM, ecJid 6Gbl 3HeprHs aJJIHJIbHOTO pe3OoHaHCa B Nepexon-
HOM COCTOSIHMHM JOCTHraja XoTsi Obl 2/3 cBoero OGBIYHOIO
3HAYEHUS. _ : |

B ta6a. I11.8 nana cBoaKa KHHETHUECKHX HaHHBIX IJs
pacmajza MaJbiXx IHKJIOB, B TOM uHcJe rerepouuksos. He-
OKUAAHHBIM IOATBEpPKIAEHUEM THIOTe3bl O OGHPaJAHKAJbHOM
MeXaHH3Me ABJAdeTcs OJAHOBPEeMeHHOe CHHXKEHHE 3IHEepPTHH
AKTHBALHH H NPEASKCIIOHEHTa B Te€X cJydYafx, Koraa B MoJe-
KyJie HMEIOTCA TPYIIbl, Bbi3bIBAIOIIHE CONpPsSXKEHHe, HalpH-
Mep BHHHJbHAsl, KapOGOHHJbHAsA, (deHHAbHasA. HyxHO oTme-
THTb, YTO IpH MHPOJIN3€ BHHHJIIHUKJIONPOMAaHa B KavecTBe
OCHOBHOTO NpPOAYKTa ofpasyeTcsd LHKJONEHTEeH. MexaHH3M
peaKIHH NMPHBEJEH HHUXKE: :

y ) don

C—H .~ L—H GHa

7 7 / \

H—¢ CH, g =— H_C( CH. H — H—C (111.39)

J/ _ 2 CH

LA N N,

/ » / N C

H H H H l-ll

CaeayeTr 3aMeTHTb, YTO INOJHBIH aJ/UIMJAbHBIH pPE30HAHC
BO3MOKEH JHIIb B TOM CJydYae, KOrja BHHHJbHAs Cpynna
HAXOAMUTCA B HeGJaronpHSITHOM UHC-IIOJIOXKEHHH OTHOCH-
“TeabHo oaHofi 3 cBaset C—C B uwkie. Eciu Xe BHHHID-
Had TPyINa HAXOAHUTCA B TPAHC-NIOJOXKEHHH MO OTHOLIEHHIO
K LEHTPY KOJblla, reoMeTpHUs 00pasylolerocs KeCTKOro
aJJIMJILHOIO pajHKala MpensiTcTByeT O6pPa3sOBAaHHIO NSATH-
YJIEHHOTO LIMK/N1a, KaK MOKa3aHO HHKe

I
C—H H
/C/ ~H C/ /H
N I N /CR” (I11.40)
H
Huc-kondurypanus nepexogHOro TpaHc-KondHrypauua
COCTORHKSA : MepexoaHOro COCTOSIHHSA

- O6pasoBaHHEe MEHTaAHEHA H3 'rpch-(poprl BCE JKe BO3-
MO2KHO, HO CO 3HAUMTEJIbHO fogbluel 3HepTrUed aKTHBALHH.

5 3ak. 735



Tabauya 111.9
AppennycoBckne :mvmzog: ..=nwo.=x$.— HEKOTOPHX GHUHKIHIYECKHX cOoexHHeHHH

um_ﬁmmwwwwmu | . . _ ~ Peakius : T K- 11ga ?mal_.v E, xxaafmons
1 Vas A ~—>» IMKJIOTIEHTEH | 550 14,58 (14,1) 3.@ (46,4)
'3 /— \ > rpanc?) 450 14,45 38,9

(yor)

— rekcazuen-1,5 | - 450 134 36,0

—3» IHKJAOreKCeH | | 700 13,29 - 574
~+ |-MeTHILHKJIONEeHTeH 730 13,89 61,17

—»> CHy=CH(CH3)—CH(CHg)=CH, | 500 145 433

—» C,H,+ UHKIONEHTAHER 500 | 13,78 42,8

4 | @ ~—>» rekcaiues-1,5 _ 630 ) 15,17 55,0 .




LB

e

»9

8 | BHumukjomeHTagHeH —> 2 IHKJIONEHTaXHEeH 430
- |©IA\ | 650
9 ‘ \@ —_ |
_ — __ 650
B-Muven | \= |
Mupuey

. Rlv 6) 440

m . xn.
:ﬂmn qua:a ommnwnwwoon

_.“Wuo

13,5

15,9

13,95

33,7

45,1

49,9

35,17

ov ComnocrasJ/ieHHe NPHBEJEHHHWX 3KCHepPUMEHTAJbHHX 3HadeHHA A H E ¢ oueHKAMH naa GHpAAHKAJBHOrO H MOHOMOJEKY-

AAPHOTO MeXaHK3MAa CBHAETENLCTBOBAJO B NOJb3Y nocaenuHero. — IlIpusm. nepea.

.Halberstadt M. L, Chesick J. P., J. Am. Chem. Soc., 84, 2688 (1962).

1

2. Steel C, Zan w Hurwitz P, Cohen S. G, J. Am. Chem. Soc., 86, 679 (1964).
3. Chesick J. P, J. Am. Chem. Soc., 84, 3250 (1962).

4, Srinivasan z, Levi A. A, J. Am. Chem. Soc., 85, 3363 (1963).

5. Frey HH M, Smith R. C,, Trans. Faraday Soc., 58, 697 (1962).

6. Chesick J. P, J. Phys. O:mB.. 68, 2033 (1964).

7. Herndon W. O. Ooo er W. B, Chambers M. J,, J. Phys. Chem,, 68, 2016 (1964).
.Harkness J. Y Ki oémr% G. B, Mears W. H., J. Chem. Phys., 5, 682 (1937).

P
8 S k
9. Hawkins J. E, V m: W., J. Phys. Chem., 57, 902 (1955).
ns .

10. Frey H. M, Ho'pk

tia
J.
R.

G, ONeal H. E, QEE, Communs., E%. 1069.



132 IJI. IIl. APPEHHYCOBCKHE MAPAMETPBI PEAKHIHH B T'A3. ®A3E

CpaBHeHHe peaKuu# aJKH/A3aMelleHHbIX HKJIONPONaHoB
H LUKJOOGYTAaHOB C peaxKUHAMH COOTBETCTBYIOLIUX BHHHJ-
saMellleHHBIX COeAHHeHHH NOKA3bIBaeT, YTO B MOCAEJHEM CIY-
yae SHeprus akKTHBAaUUH MeHbile Ha 13 kKKkaa/moas, a npen-
S3KCIIOHEHT HHXke npuMepHo B 10 pa3. MIMeHnHO Takoro cHH-
JKEeHHA HSHepTrHH AKTHBALUMH MOXKHO OBblIO. Obl OXHIATh B
cjayuae, Korga CKOpPOCTb IipoLecca KOHTPOJIMPYeTCsi peak-
nMell o6pasoBanus aJjjauibHoro 6upaguxkana (III.39), rak
KaK 5Heprusi craGWH3alM¥ TAKOro pajHKaja COCTaBJseT
12,6 = 1 kxas/morb. CHHKeHHe NpeA3KCNOHEeHTa O0bACHsET-
cA rnotepel 3aTOPMOKEHHOrO BPallleHHsl BHHHJIBHO# T'pyNbl,
T: e. cHHKeHHeM AS¥ Ha 6 kaa/(moab-e2pad). AHAJOTHUHO
BEEIeHHEe B MOJIeKyay (PeHHJIbHOHA IrPYIINLl Bbi3kiBaeT yMeHb-
IIeHHe SHEePrHH aKTHUBAUWH Ha 13 xKaa/moas (sHeprusi pe-
soHaHca GEH3HJBHOro pajaHKaJsa) M IpeasKkcrnoHeHTa, obyc-
JIOBJEHHOE CHHXKEHHEM 3HTPONHH Ha 7 Kaa/(moab - epad)
npy norepe BpalleHHs (eHUAbHOH rpynnel. bianskue Besu-
YHHbl OGHAPYXKEHB! IJ M30MepU3ALHH YUC-THPEHHIIHKIIO-
nponana {(cMm. ta6a. III.7). BoJsee TOuHOe cpaBHEHHe 3a-
TPYIAHEHO, NMOCKONbKY 3Ta peakuusa KHUAkOgasHasa (npaBia,
Ha ee appeHHYCOBCKHe NapaMeTphl He JOJIXKeH BJHAThL pac-
TBODHUTEJIb) .
- C 6upagMKalbHBIM MEXaHH3MOM TOrO Ke THIa COorJa-
CYIOTCSl pe3yJbTaThl HCCJAEIOBAHHUS NMHPOJH3a NOJULHKIUUE-
CKHX YIJIEBOAOPOAOB, KOTOpHle npeacTtasJens B Taba. I11.9.
[To 6upaauKaAbHOMY MeXaHH3My, HECOMHEHHO, MpOTeKaeT
HMC-TPaHC-H30MepH3auua 2-metudqa-2, 1, 0-6HuukJIONEeHTaHa:

__/
(CB)
. Pe \—
T - / /

(wue) . rt-- </ + (111.41)
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DHEepPrusa akTHBallUH H3OMepHu3auuu na 7,7 kKkar/more MeHb-
1e 3Hepruyd o6pa3oBaHHsA IHKJIONEHTEHA, sABJSIOIIEr0ocs nNpo-
IykTom peakuuu 2,1,0-6unuknonedreda. Okaszajoch, 4TO
SHEepPrusi aKTHBAUMH Ipouecca MuUrpauuwu atroma H u3 mnouo-
keHuss | B nosoxenue 2 B 1,3-6HpaanKajie COCTaBJsAET
11 xkas/moaw. ¥13 storo B lIaHHOM cayyae cJenyer, UYTO
peaKkiHsl UHBEPCHH LHKJA (r), TaK Ke Kak obpaTHas peak-
Husa (—a), OoJXKHa MpOTeKaTh C SHepruell aKTHBALHH, HA
8 fcrca/z/.uozzb MeHblUeH, yeM HepeHoc atomoB H B OGupa-
aukanax (peaxuus c).

Hcmonb3ya 3HaueHHe AHf OMUHKJAONEHTaHa, MOXKHO MOJI-
cuuTaTh BeauuuHy AH, nasa npespamenus 1, 3-6upaaukana,
xotopast npu 298° K okaseiBaercs pasHO# 30 KkKas/moas.
IJisi cTauHOHapHOrO COCTOSIHUSI pPeakKUHH H3OMEepH3alHH,
npenebperass o6paTHOH U NOOGOUHBIMH 60J1ee MeIJIeHHBIMH
CTaAHAMH, MOXKHO 3amlucarb

:dT(;‘-w_L;k'_ . (TB) (I1L. 42)
—d (cis) kk E_(cis) |
— T 8 72 " (I11. 43)
| dt bkl otk gk +R_ k]
u aaa HabaoaaeMOl KOHCTAHTHI CKOPOCTH MEPBOro Mopsijika
gy = ——— 2LC1S) kra (ITT. 44)
(cis) di Ly R fk_,tkJR_,

rne Ko = Ro/R_q.

‘Ecau craaguu unBepcuu uukaa (r) u (r’) Me,IlJIeHHble no.
CPaBHEHHIO CO CTAAMAMH UMKAU3auud (—a) u (—a’), umeem
npelesbHbIH cAyuyaldl MedNeHHOH UHBEPCHH W

kObS —> era.. R (III. 45}
B ApPYTOM INpelnes]bHOM clyYae, T. €. NpH OLICTPOH HHBEPCHH,
Robs = kf‘ ~ e (11L 46)
kk_, 2
1+ ——
k.,

{Tpu mennenHoil uHBepcHu HabJOaaeMasi IJHEPTHA AKTH-
BallMl Eops = AH, + E,, orkyna E,=89 kkaa/mors. Tlpn
‘GeicTpoli HHBePCHH Eghs= Ea, oaTeMy E_,= 8,9 kKaa/moas.
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DTta BeJHUYHHa cpaBHHMa co 3HaueHHeM |0 xxaa/moab, Ko-
Topoe HeoOxoAMMO Ajs1 OOpasoBaHHs HHKJIONPONAaHOBOTroO
KoJabua us 1, 3-6upanuxana. Takum o6pasom, NOJyyeHHOE
3HaYeHHe KaKeTcsl BIIOJHE INpHeMJeMbIM. YcjoBHeM Obl-
CTpO# MHBEpPCHH siBAsieTcsi HepaBeHCcTBO E, < 8,9 KKaa/moan.
HOaa mukjaorekcana Merogom HMP noaydyeHo 3HauyeHHe Bbi-
coThl 6apbepa uHBepCHH, paBHoe 10 xxaa/moas. Insa uukno-
NeHTaHOB 3Ta BeJHUMHA JOJIXKHA ObIThb 3aMeTHO MeHblIe,
TaK KaK y HUX BO3MOXKHO OBICTpOE «ICEeBJACBpalleHHE», NPH-
Bosilllee K HHBepcHHU LuKJAa. [IpuMenuB MeTon cTauuoHap-
HbIX KOHIEHTpauué MAJsA pacuera CKOpocTH oO6pa3oBaHHA
LIHUKJAONEHTEeHa, MOJAYYHM, uTOo 3Heprusi aktuBauuu (E.) Mu-
rpaiid Bojaopoaa B Oupanukase (peakuus ¢) pasHa
16,6 kkaa/mose, a He 11 KKaa/moab, Kak B TPUMETHJIEHOBOM
6Hpagukage. ITo MOXKHO OOBLSICHHTb T€M, UTO B MEPEXOAHOM
COCTOSIHHHM 3TOH peaklHH YeTblpe atToMa yrJjepoza, odpasyio-
IHe MHKJ, DOJXKHbI JieXKaTbh B OJHOH IJOCKOCTH, H IIO3TOMY
HabJaogaeMasi BeJIHUHHA 2HEPrUH aKTHBALUU XapaKTepH3yer
He TOJBLKO MHFpAaliHI0 BOJAOpPOAa, HO U WHBepPCHIO LHKJIa. Ta-
KHM 06pa3oM, AJs HHBEPCHOHHOTO 6apbepa MOXeT OBITh MO-
JyuyeHO BIIOJIHE MONMYCTHMOe 3HaueHHe S5 KKaa/moxs.
KosHyecTBeHHbI! aHaaH3 OHpPALHKAJbHOTO MeXaHH3Ma
NUPOJH3A MaJblX LHKJIOB HAa OCHOBE NPEACTABJIEHHH O «PBIX-
JBIX» IEPEXOAHBIX COCTOAHHfAX [l3] mMo3Boausa onpeneanTb
NMPEeZIKCIOHEHTBl ¢ TOYHOCTbIO A0 10+%3 cex™! u 3Hepruu
AKTUBAIIUHY C TOUHOCTBIO *+2 KKaa/moae. «PuIXJiocTb» nepe-
XOJHOIO COCTOSIHHUS PeaKIHU PaCKPHLITHS LHKJa COCTOHT B
TOM, UTO OHO IO CBOEMY CTPOEHHIO OJIM3KO K NPOAYKTY peak-
IIMH, T. €. K cBoGoAHOMY GHpaauKaay. DT0 He YAHUBHTENbHO,
NOCKOJILKY H NpH peKOMOHMHalMH pajuKaJoB IepPexXojHoe
COCTOSIHHE HMeeT «PHIXJbIH» xapaktep. KoopauHata peax-
WU pasJydyHa ANs HHKJAOB Pa3HOTO pasMmepa. Tax, npH

NHKAH3aUHH TpHMeTHIeHoBoro 6upaankana CHy—CH.,—CH,
310 — HHM3KouyacTtoTHOe (400 cm~!') pedbopMauuHOHHOe KoOJie-
6anue C—C—C. B cayyae TE€TpaMeTHJIEHOBOro pajuKaJja
KOOPAMHATOH peakiHH #ABAseTCA BpalleHHe JABYX TPyNn

CH,—CHs— oTHocHTenbHO ueHTpaabHoi cBsa3zu C—C.
B xayecrBe npuMepa BBIUHCAHUM TPEAIKCIOHEHT IHC-
TpaHC-H30OMEPH3aUHH  YuC-AUAeHTePOLUKIONPONaHa NpPH

800° K. Buauage onpemeanm S wu C, Aas GupaauKana
V071 bHauale onp - | onpald |
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CH2CH2CH2 npu 298° K. l'IpnmeM B KayecTBe HCXOMHOIO
coenuHenusi CsHg M BHeceM nNonpaBKH, NepevyHC/IEHHble B
ta6a. II1.10 (npu 3TOM cuMTaem, YTO TPHIJIETHBIX COCTOS-
HUIl He o6pasyercsi). /s peakuuH LHUKJIOMNPOIAH — NpONaH

Tabauya 111.10
JHTPONHN M TENJAOEMKOCTh TPHMETHJAEHOBOro GrpajukaJta

IMonpaBxu AS;‘JS' xaasv/(Moae-2pab) AC;T. Kasf(morsr2pad)
Ha cumMmerpuio + 1,6 300°  b00° 800°
IIOTEPIO ABYX BaJeHTHHIX 0,0 00 -—0,! - 0,5
KoJebaHui C—H
(3100 cxu—1) '
NoTepIo ueThpex Aedop- 0,0 —04 —22 —~ 4,6
MAaI{HOHHBIX Koneba- o _ _-
wuit CH, (1450 c—1)
CHHXEHHE  BeJHUHHH +0,8 —-02 -—-06 ~ 0,4
IByx GapbepoB ¢ 3 :
o0 2 Kkaxa
CyMMmapHas BeJuyuHa +2,4 — O}G -29 —55

3HaueHHe A S50 coCTaBJIseT 994+ RIn Ka—'? 7 kaa/ (Moab X

Xapaa) a sHauenus AC, r=4,4,44 u 58 kaa/(mossX
Xepad) npu 300, 500 u 800° K. OTKy}.Ia JIJIS1 peakuuy LHUKJIO-
nponaH — GHpajHKall ASas = 10,1 xaa/(mors-2pad), a
' ACpm-—- 1,6 xaa/(moav-epad). Ilpu o6pa3oBaHHH Mepexol-
HOTO COCTOSIHHA K3 OHpajHKaaa 4Mc/l0 CHMMETPHH CHHXKaeT-
ca ¢ 8 no 2. Kpome Toro, ucuesaer AedopMalHOHHOE KoJe-
6anne C—C—C (420 CM") [Tpu 800° K 3710 cooTBeTCTBYET
cHHXKeHHIO B AS¥ Ha 2,6 kaa/ (MO./lb +epad). OgHaKO 3TO CHH-
JeHHe KOMIIeHCHpyeTcss ujeHOM R In4, B pe3yJbTare 4ero

CyMMapHOe 3HaueHHe ASHs = + 0,2 kas/(moars - epaa) Yuu-

ThiBasi 3Ha4YeHHeE ACpm npu 800° K, HalizeMm, 4To ASin=1,8
Kaa/(moae - 2pad). TakuM obpasom, And 06pa30BaHHﬂ nepe-

XOLHOTO COCTOfIHMA H3 LHMKJAONPONaHa ASgo=10,1+41,8 =
= 11,9 kaa/(moas-2pad), a Npei3KCIOHEHT peaklHH pas-
MBIKaHUA UHKJA |

| . )
Ao ( ei;:zT ) 2AS /R o (o364 +260 _ 1624 o —1
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Hro6bl cpaBHHTbL [IOJYYEHHOE 3Ha4YE€HHE C 3KCIEepHMEHTOM,
HeoOXOOUMO IPEANOJOKHTb, YTO CKOPOCTb ‘H30OMepi3alHuH
KOHTpPOJIUPYETCsl CTajiHell pa3MblKaHHA UHKJaa. Torpa, eciu
CUYUTATb, UYTO LHC- U TPaAHC-KOHPUTYypALHH BO3ZHUKAIOT NpH
 3aMBIKAHHWH [HKJa C paBHOH Bep'o;ITHOCTbro *, pacueTHOe
3HaUeHHEe MOXKHO CPaBHHTBb C YIABOEHHOH BEJHUYUHOH MNpes-
9KCNIOHEHTA peakilud H3oMepHU3allHH, TNPHBEIEHHOTO B
taba. III.7, 1. e. ¢ Beauuunoit 1016:4+0.3 cex-!, Kaxk BHAHM,
COBMAaJeHHe OUeHb XOopolee. -

Takoe e cpaBHeHHE BO3MOKHO H [Jisl peakuuH obpa3so-
BaHWS MNPONHWJEHAa NPH pacnajie 3aMelleHHbX HHKJI0B Cg
1 Gyg. OHO Takxke NPHUBOAMUT K XOpOolLIeMy COBNAaJEHHIO pac-
yera H dKCIEPHMEHTA.

L. 11. MPOCTPAHCTBEHHBIE 3ATPYAHEHMS M PE3OHAHC
B NEPEXOAHOM COCTOSHWM

BoamoxxHO, HanboJiee HHTEpPeCHOH OCOOEHHOCTBLIO MHPO-
amsa 6uuukJgo(2, 1,0)neHrana fABJAsieTC HH3Kasy CKOPOCTb,
C KOTOPO#H B IHKJHYECKOM OGHpaanKkaJie IPOUCXOAHUT PacCKpbI-
THe IIHKJa ¢ oO0pa3oBaHHeM AHeHa. AHaJIH3 peaKIH# NUK/IO-
6yTaHa NMO3BOJISIET 3aKJIOUHTh, UTO SHEPTHA aKTHBALHH pac-
naza 1,4-6upaaukajia Ha [ABe MOJEKyJbl oJiepHHA cOCTaB-
JseT NMpUGJIH3HTENBbHO 6 KKaAL/MOAb .

CH,—CH, _a CH, CH, , CH, CH,

l | = | | —> | + 1 (111. 47)

CH,~—CH, CH,—CH, CH, CH;
JIna uukaoneHTaHoBoro OHpaIHKaJa IHEPrus aKTHBaUHH
PacCKpBITHSI IHKJAA COCTaBJAfAET YyxKe OKoso 22 Kxaa/moss
(taba. I11.9). I'IpuuHHY CTOJIb 3aMeTHOTO BO3pacCTaHHS HEP-
rHd aKTHBallHH MOXKHO IIPHUIHUCATHL HPOCTPAHCTBEHHbLIM 3a-
TPVAHEHHSIM, KOTOpbie BCTpeyaeTr pe3oHaHC. UTOOH mepexoj

- T w ¢

* To, uTo 3TO TakK, CJAeAyeT U3 CpaBHSHUA OTHOCHTEJbHBIX CKOPO-
CTell 3aMblKaHHsl LMKJa H BpalleHMd.
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K OAHEeHy CcTaJ BO3MOXEH B LHKJOMNEHTaAHeHHJbHOM I, 3-
GupalHKaJie, BepLiHHa HHKJA JOJXKHAa ObITbh HAaKJOHeHa I10
OTHOLIEHHIO K OCTAJbHOH 4acTH IUKJIa mouyTH Ha 90°, utobbl
3JeKTPOHbI paspbiBaemoii c¢Bsisn C—C MoOrJH B3auMonaei-
CTBOBaTb CO CBOOOIHBIMH 3JeKTPpoHaAMH OupagukaJa, obpa-
3ys s-CBSI3H JHEHA.

AHajorHUHBIE NPOCTPAHCTBEHHbIE 3aTPYAHEHHS BO3HH-
KaloT, Kak ObIo mnokasaso [14, 15], npu usomepusauuu
IHKJIOMEHTUJBbHOTO pagHKaJaa

4

DHAOTSPMHUYHOCTbL 3TOH peakUHH cocraBaner 17 Kkaxa/moae,
HaOJogaeMasd 3HEPrusi akKTHBalUUWM paBHaA 37 KKaa/moae.
[losTomy BbicOTa 3HeEpreTHdYecKoro Oapbepa paBHa. OKOJO
20 kkana/moab, yTO OYEHb OJHM3KO K 3HaAUYeHHIO 22 KKaxr/Moae,
onpejejeHHOMYy 1A GHpaanKkaa.

O6partHass kapTHHa HalJlonaeTcd INPH MNHPOJH3e OH-
uuxao(2,2,0)rekcana, KOTopblii uepe3 LHKJOTeKCaJAHEHHJb-
bl |,4-6upaaukan gaer rekcaaueH-1,b

B cayuae HeHanpsi>keHHOH KOH(QUrypalUHH LMWECTHUYJEHHOro
nukgaa («kpecsaar) o6pasoBaHHue sm-CBsI3el 3J€KTPOHAMH pas-
pbiBaeMoOil CBA3H M HeCIlape€HHbLIMH 3JeKTPOHAMH He COonpo-
BOXK/JAeTCs] 3HAUYHTEJNbHBIMH JedopManHsMH CTPYKTYpPHI
NepexoqHOro COCTOSIHHS. ,Z[JIH ounukio (2, 2, 0) upkaorekca-

Ha MOXXHO ONpeleuTb AH; 29 Kraa/monb, NpUHSB, 4YTO
HanpsKeHHe ILHKJa B HeM BJIBOE Go.nbme YyeM B HHUKJO-

6yraie. Tak kak ans GupaauKkana AH: ~ B5,5 kxaa/moav,
o AH, = 27,5 kkaa/mosrs. Ecau yuecThb, 4TO Ha6monaemaﬂ
SHeprus akTHBaUKH paBHa 36,0 Kkaa/moasb, TO AJA HEPTHU
aKTHBAallMH PAaCKPBITHA LHKJA NOJYYHM HepaBeHCTBO Ep <
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< 8,5 xrxaxa/moab. CpaBHHBaAs 3TO 3HAUEHHE C BEJHUHUHOIL
22 KKkaa/mOAb, MONYyUEeHHOH AJA LUMKJONEHTHJbHOrO OHpakH-
KaJa, H 3HaueHHeM 6 KKa.a/moab, MOJyueHHBIM IJIA TETpa-
MEeTHNeHOBOro GUpaaHuKalsa, MOXXHO OTMETHTb, 4YTO o0paso-
BaHHe [MEPEXOJHOT0 COCTOSHHS B UIECTHY/JIEHHOM LHKJe
TpebyeT 3Heprum aktuBauuu B 2,5 Kkaa/moas. Bonee npas-
OONONOGHBIM KaxeTcA, OAHAKO, HpHOucaTh 3T 8,50 xkaxa/
[/moae ctagud (—a). B takom cayuae 3Ta BeanuHHa Oyner
XapaKTepH30BaTb 2Hepruio aedopmauun OupagukaJa, Ko-
TOPYIO HeOOXOAHMO MNpeoaoJieTh NpH OOpa3oBaHHUH CHJILHO
HanpsixkeHHOTO OHIHKJIOTeKcaHa. Torpga CKOpOCThL CyMMap-
Horo mnporecca OGyAeT KOHTPOJHPOBATLCS peakuued (a).

B kauvecTBe nocineiHero mnpuMepa MOXKHO PacCMOTDPETb
peakluio IHKJIOGYTHJABHOIO paiHKaja. DHeprusi aKTHBaLlHH
PaCKpBITHS LHKJAA B 3TOM pajukaJje

H H % H H
- . \(_:"'__—”é\ Q - :H
g = H,\\/ (ZC‘HH - / (I{H (111.48)
i g H | ”dc\'” H

cocraBiasier 18 xkxaxa/moav [16], HecMOTpss Ha TO 4YTO 3HIO-
TEPMHUHOCTbL “CYMMAapHOH# peakIHd paBHa 3 KKaa/MmoAs.
B sToM pajaukaJjge paspbiBaeMasi CBfi3b HalpaBJieHAa MNOJA
NpsSMBLIM YIJIOM K oGpasyiouielics m-CBA3H, NO3TOMY B3aHMO-
neHficTBHEe fi-3JIEKTPOHOB B INEPEXOJAHOM COCTOSIHHH OueHb
MaJio.

HI. 12. PACYET NMPEASKCNOHEHLMAJLHLIX MHOMMTEREH
PACNARA UMKNOB |

[NpeaskcnoHeHTHl peakuuil pacnaga OHIHKIHTETKHX
YIJ€BO/IOPOLOB YAaeTCs PACCUHTATh C MEHbIIEH TOYHOCTHIO,
TaK KakK JJf 3THX COeJHHeHHH He u3BecTHbt 3HTponuH. Oa-
HAKO, €CJIH BBLIYHCASTh SHTPONHH OHLHKIHUECKHX COEdHHE-
HHHL C TMOMOILbLIO 3MIIHPHUECKOTr0 METCHA, PacCMOTPEHHOTD
BhILLIE, MOXKHO AOOHTHLCA Pa3yMHOrO COBNAAEHHS H3MepeH-
HbIX M BBLIUUCJEHHLIX 3HAueHHH A.
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NPHUMEP

Onpeaenum npeasKCNOHeHT mnpeBpallenus O6HUHKA0(2,1,0)menTana c
o6pasoBaHHeM LHKJONMeHTeHa npu 550° K.
‘ Kak crepyer ¥3 npenblAYIUHX Pas3nesioB, CTaJHs DACKPHITHSA LHKJAa
¢ o6pa3oBaHUeM LHKJONEHTAIHEHUJAbHOTO OHpaiuKa/ja He ABAAETCA JH-
MHUTHpYIOIIER, TAK KaK LHKJAU3aLHA NPOHCXOAUT ObICTpee MHIpPaIMH aTo-
MOB BOAoOpoja. MIMeHHO 3Ta peakuus H onpejesieT €KOPOCTb CyMMap-

HOTO npolecca H AJs Hee H cjeayeT BBIYHCAHTH AS ¥, MexanuaM peak-
1lMM NpHBENEH HHXKeE
- Fae

= = (]| C

Haunem pacuer ¢ onpefenenus S° ajs OGuuukJoneHTaHa. Byfiem cuHTaTh,
YTO €ro YeThIPeXUJieHHbIH LMKJ KEeCTKHH W HanOMHHAeT CKopee UHKJIO-
6yreH, ueM UHKAOOyTaH (T. €. AN HEro HeBO3MOXKHBI TCEeBJAOBpallEHHA),
H BOCNOJib3yeMca NpPHEMaMH, ONHCAHHBIMH B pa3gene 11.16. Bynem uc-
XOJHTh M3 AMMETHJLHKJONPONaHa, AJIS KOTOPOro Ha OCHOBAHHM NpPaBH
afAUTHBHOCTH Sintcessy = 78,2 kaxa/(moxss-epad). «3aMblKkaa» dYeThbipex-
YJeHHbIfi [UKJ, BblyTeM H3 3TOH Beaududdbnl 2:4,0 kaxa/(moas-epad)
(B cooreerctBuy ¢ Taba. I1.10), a satem Buiutem eme 3,2 kaa/(moroX
Xepad), yuuTBIBasi IIPH 3TOM PasjH4YH MeXAY U\(I;IK.HOﬁyTeHOM H LHKJO-

Gyranom (taba. I1.11). B pesyasTate nosyuns Sggq (GHUHKIONEHTaH) =
= 67,0 xaaf(moae - epad). _ - : -
B nepexogHOM COCTOSHMH BeNHYHHA Sint(es) AOMKHA OBITH MOYTH

TaKOH e, Kak Yy UMKJoneHTeHa. Buecs nonpasky +1,4 xaa/(moab X
X epad), yYUTHIBAIOWULYIO CyHleCTBOBAHHE ONTHUECKHX H3OMEPOB, MOJYYHM

SZ;*'S = 70,6 kaxaf/(moas-2pad). KoopiuHaTOR -peakilMH CJAYXHT BaJeHT-

noe kojeGanue C—H c¢ uacroton 3100 cu~! (ra6a. V.13). Coorser-
CTBYIOINHA eMy BKJaja B sHrponuio npu 550° K pasen mymio (raba. V.17).
Ipene6peras MajbiMM NOTNPABKaMH, 3aBHCAWMUMH OT ACpm, NOAYYHM

AS ¥= 36 kaxr/(Moav - epad). TlpenskcmoHeHT, onpejensgeMbli  Bbpa-

XKeHUeM .

_ A=(ekTm)eAs /R
h.

-apu 5950° K cocrasut 1042 cex™!, 3Ta BenuyuHa MpeKpPacHo corjacyercs

C IByMs NOPHBOAMMBIMH B JHTepaType 3Hadeuuamu 10'4! u 1018 cex-!
(tabna. I11.9). '

)

i1, 13. PEANI{MSA PETPOAMEHOBOTO CMHTE3A

Kak ormeuanocy B pasz. IIl. 10, umerorca ZOCTAaTOYHO
BeCKHE JSKCIIEpHMEHTaJbHblEé NOKa3arTejbCTBa TOrO, UTO TH-
posua nukiaoB C; u C, nporekaer no GupaaukaJbHOMY Me-
xanuaMmy. [locaeanue peayabTarTbl CBHAETENLCTBYIOT O TOM,
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YyTO MO TAKOMy Ke MexXaHH3My NpoTeKkaeTr paclaj LIeCTH-
YWIeHHbIX HHKJOB. [IpH nupoJsinse HHKJAOOKTaxHeHa-1,b nipu
HH3KHX TeMMepaTypax obpasyeTcd 4-BHHHJLHKJOIEKCEH, a
npu GoJsee BbiCOKHX — 6yragueH [17]. Tor ¢dakr, yro 4-BH-
HHUJUHKJIOTeKCeH He o0pasyer OyTanHeHa NPH MOBHIIIEHHBIX
TeMOepaTtypax, siBjisieTcsli y6eauTeNbHBIM JOBOJAOM B IOJBL3Y
TOro, 4TO 06a yrJaeBoAopoAa HMEIOT OIHH H TOT Xe NpoMe-
KYTOUHBIA MNPOAYKT HX OOpasoBaHUA. EQHHCTBEHHBLIM Ta-
KHM [IPOMEXYTOUHbIM INPOAYKTOM MOXKeT ABJIAThHCA OHpa-
JHKaJ aJdJHJbHOTO THIIA

{®)
- . “%‘ﬂ-:"r
(A) = | | (111.49)
— X |
-+ (B)
A Z
B cTanHoOHapHOM COCTOSTHHH
dIC] _  kckq [A]
df Fpt kot k_g’ (111. 50)
d[B] = 2kpkq [A]

T e = 2k (AL (I1l. 51)

Ka}KyLII‘HeCSI KOHCTAHTBI CKOPOCTH NEPBOTO MNMOPHAAKa PAaBHBI
(B cex™')
B = 1Q1446—49/0: Lo =~ 10157550, (111_52)

Ecau CYUHUTATH, UTO SHEpPruss HAaOpAXEHHSA IJ,PIKJIOOKT&JIHE-

ra-1,5 Takasg Ke, KakKk H UHKJIOOKTEeHA, TO AHa—49 -+
=+ 1,5 kKaa/mMOAb, IpUUEM NOTPELIHOCTb 9TOH BeJIHYHHBI 00Y-
' ¢JIOBJIEHA TJIaBHBIM 00pa3OoM HETOYHOCTBIO, C KOTOPOH H3-
EeCTHA HEepPrusi HaNpsXKeHUud JHeHa.

Kaxkercsi pa3yMHBIM NpPeANOJOXKEeHHEe O TOM, UTO SHeprus
AKTUBALMH 3aMbIKAHHA LIECTH- H BOCBMHUYJEHHBLIX HHKJIOB
paBua Hyao. B arom cayuae R, > k_,;, Tak KakK NPeAIKCHO-
HEHT oﬁpaSOBaHHﬂ LHIECTHYJAEHHOTO LHKJa HO0JXKeH ObITb IO
KpaWiHeil Mepe B 4 pasa BHIIIE, UeM NIPEAIKCIIOHEHT 06paso-
BaHUsl BOCbMHYJICHHOTO LHK/a. JTO CBA3aHO C pa3JHUYHEM
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CHMMETPHH H YHCJA ONTHUYECKHX H30MEePOB JJI5 NepeXOodHblX
COCTOsIHU# 3THX peakuuii. Kaxkyulasica 3Heprusi akTHBallMH
- 06pa3oBaHHsl BHHHJUHMKJOIEKCaHa OMNpeaesiercs Bblpa}xe-
HHeM |
Ec~E, — (—E”-—-) Ep (IIL. 53)
a Ry + ke ) ’ :
Pa3HocTh cocTaBasieT 6 KKaa/moab, uToO CAeayeT U3 TeMnepa-
TYpHOfi 3aBHCHMOCTH OTHOLIEHHS HAaua/JbHbIX KOHLEHTPAIHH
3THX MPOAYKTOB. HpHpaBHHB (Ey—E;) =Ep n yuyutbiBas,
uro kp/ (B + k) =~ 0,10, Haxomum £, = 49,6 Kraafmoxrs.
[MTockosabKy 3Heprusa akTupauuu E, KaK Gbl1o  Tpen-

MoJIO¥KEHO, paBHa HyJMw, To E, nonxHa coBnanath ¢ AH, =
= 49 + 1,5 kxas/mors, a 3TO ¥ HabGJOLaETC.
B xadecTBe cjedylollero mara MOXKHO BBbIYHCJIHTD

AHy = — 17,4 krxaa/moss. C mnomouiplo BeanuynHsl Ep =
= 6 KKaa/mMoAb MOXKHO onpeaeauts E_, = 24,6 xKKaa/soxrv.
Crosib 6JiH3K0e COBNAaleHHe 3TOH BeJHYHUHBbl ¢ HabJawjgaeMoi
sHepruefl aKTHBAlMH OOpa3OBaHHA BUHMJLHUKIOIEKCEHA H3
ABYX MOJIEKY/JI 6yTagyeHa MOXKET CBHUAETEJbCTBOBATh O 6H-
pagMKaJbHOM MeXaHH3Me 3TOH peakKLuH.

Ha ocHOBaHMH 3KCII€PHMEHTAaJIbHbBIX 3HAUYEHHH KOHCTAHT
CKOPDOCTH H TEPMOXHMHYECKHX J&HHBIX MOXKHO 3anncaTb
TeMHepaTypHHe 3aBHCHMOCTH AJisSI BCex cTaauii npouecca*

b, = 1014.6-49.58 cog~1
k_,=1013 cex~!,
ky, = 10'33-68 cgx—1,
k_p=1080-200 4/(yons - celc),
k,= 102! cex~!,
ke, = 101%2-5560 cog—l,

Jns peakuuud NHPOJNH3Aa 4-BHHMJIMHKJIOTEKCEHA KOHCTAHTY
CKOPOCTH MEPBOrO MOPSIAKA MOXKHO NPENCTaBUTb Kak

(I11.54)

k_ckp o |
~¢Rp 15,2—61,0/0 -1
P =~ 10 cex™ ', (I1L. 55)

yTO IpeKpacHo corJjacyercsi ¢ HabJi0JaeMbIM - -3HaUCHHEM
1015,2-62.0/8 cex-!. Ilpn omnpeleseHHH TNpPHBENEHHbIX BbIlle

* [TonpoGuee cM. B paGote [18].
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BEeJHUYHH OLIJIK OllcHeHb H3MeHEeHHs SHTponuil AS,; =
= 15,6 xaa/(moab-.2pad) n AS, = 33,4 kaa/(moab-2pad).
B oTaunume oT muccoumanun 4-BHHHJLHKJIOIEKCEHa, B KOTO-
poit JNUMHTHpYIOLIEH CcTagHeHd SBJIsSeTCA pacnaj JHHeHHOTO
6upanukana, Npu AUCCOUHAUMH LUKJIOTeKceHa JUMHTHPYIO-
ed SIBASETCS] HAyaJbHas CTalius
a * b
N > ”/ | <<= |//+ I (I11. 56)
NSO NS TP

3HaueHHe AHZ=66,9 KKaa/moab OGAU3KO K HabGJwpaeMol
3Hepruu aktHuBauuu 66,2 KKkaa/moas, OTKyda caenyer Hepa-
BEHCTBO Rp > R_,, UTO coOrJjacyercs ¢ HNpeAblAYLUIHM CJy-
yaeM npu k_, =~ 10125 cex~! u ky ~ 10!46-6/0 cex~l. B pe-
3yJbTaTe AJf HaHHOH peakUHH MoJydaeM 3Hepruio akTHBa-
nuu OoJiee HH3KYIO, YeM [MJid peakuuu AubyraiHeHUJbHOLO
paaMkaJa ¢ OBOHHBIM COMNpPSI?KEHHEM, 4YTO KarxKeTCHd BIOJHE
npapaonogobuuiM. HM3-3a pasauynii B CHMMETPHH MNpen-
9KCNOHEHT JJsf CTaJUM —a H0J:KeH OHITb BABOe HHXKe, ueM
IJIS aHAJIOPMYHOH peakKUuu AUOYyTaAHEeHUJNBHOTO pajHKaJa.
B TO e BpeMs AJA PacKpPBITHS LIECTUWIEHHOrO HHKJ/AAa MOXK-
HO OXXHJaTb 3HAUHTEJNbHO 6o0Jiee BBICOKOrO NMPEeA3KCIOHEHTA,
NOCKOJMBKY HpH O6GpPa30OBaHHHU MNepexOIJHOTO COCTOAHUA U3
nukjga Cg sHTponHsA CHHXKaeTcsd OoJbllle, YeM B cJayyae
-nukaa Cs. |

Ha  ocuoBanumu HabnwogaeMoro  3HaueHHsas A =
= 10152 cex~! (raba. II1.6) wmoxuHo onpenenutp AS* =
= 7 kaa/(moab-2pad). Takaa BeaIHUYHMHA HM3MEHEHHS 3IHTPO-
NHH yKa3blBaeT Ha TO, YTO NepeXOJHOe COCTOSIHHE ABJSAETCS
YeM-TO NMPOMEXYTOUHBIM MeXJIy IUKJAOM H CBOGOAHBLIM 6u-
paguKajoM.

I 1.3, KNACCHUDUKALLMSA BMMOTNEKYJIIAPHBLIX PEAKLMA
Jas npenskcnoHeHta OGHMOJEKYJSPHOH peakliy
A+ B2 [AB]* — IMponykTh (111.57)

TEOPHUS MEePEeXOJHOrO COCTOAHHA naer clenywolniee BhIpaxKe-
RHe: '
A—-ﬂ:exp (AS*/R)
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rie AS; — MoubHOe H3MeHEeHHe SHTPOHHH (AS*<0) npu
06pa3osamm NepexoJgHOro COCTOSIHHS *

MoKHO BbIAeJUTb TPH THIA 6HM0J1eKy.nﬂprlx peakuus.
Peakuueil mepBoro THma sBJsETCS] OTPHIB_HJIM 3aMellEHHe,
B KOTOpoii arom mepexoaur or A k B. llpumepom Tako#
peakuun SBIAETC XOPOWO H3BECTHAA CTAlHS NPOJOJIKEHU S
enHoro mpoliecca

H+ Br, 2 (H---Br---Br)* < HBr + Br. (IIl. 58)

Ko BTopoMy THIY OHMMOJEKYJsiPHBIX peaklHii OTHocATCA
peakKuMH BLITECHEHHS HJIH o6MeHa, KOTOpbIe oco6eHHo Xa-
pPaKTepHB AJid HeHAaCHIIeHHbIX MOJEKYJ, Hanpumep *

/CH3

H + = I/\\|< e — (\ + CH; (IIl. 59)
K N /

HakoHell, K nocaegHel KaTeropHu OTHOCATCS pPeakKIHH acco-
nuanui. VX Hambosee THNHUHBIN NpHMep — peKOMOHHAUUA
pajuKaJaoB - :

9CH,; < (CH;- - - CH,)* — C,H,. (I11. 60)

C.nenye'r MMeTh B BHAY, UTO PeaKI[HH BHITECHEHHS B JeH-
CTBHTEJBHOCTH SIBJASIOTCA ca0KHbIMH. OHH BKJIIOYAKOT o6pa-
30BaHHe MPOMEXYTOUYHOTO NMPOAYKTaA MNPHCOEJIHHEHHsI pajd-
Kajla HJIH atoMa K MoJeKyJe. BBuay Toro 4to 3TH peakiiui
O6GBIUHO 3K30TepMHUHBI, aAAYKT, KaK NPaBuA0, NOJXKEH Ha-
XOZHTBbCSl B KoJe6aTe/ibHO-BO3OYKI€HHOM COCTOSIHHH H HMETh
OueHb KOPOTKOE€ BpeMsi XH3HH B rasoeodl ¢ase. [lTosromy
peakilHH 3TOro THIIA NPOTEKAIOT Yepe3 JBa pPasJIHUHBIX Me-
PEXOAHBIX COCTOSTHHA.

Kone6aTenbHO-BO36YyXKACHHBIE YacCTHIBI, oOpasymrouiuecs

‘B peakidH accolHandH, KOTOphle He ycneaud TOTepATh

* D10 onpejeneHHe 3ABHCHT OT BHIGOpPAa CTaHJapTHBIX COCTOSHHH.
B namHOM ciaydyae CTaHAApTHOE COCTOSHHE Bblpa}KEHO B €IWHHIaX OaB-

nenus. Ecam noabsyiorcs seamunHofi AST, ocmoBamHOR Ha eaHHMUAX

KOHLUEHTPAIIUH, SHEprus aktuBauud Oyaer Boime Ha RT, a B fipenskcno-
HeHTe 6K,ue1' cojepxKarbes Kospduuuent e?. To ke oTHOcHTCA K ypas-
HeHHI0 Appenuyca AJsi peakuuH BTODOro nopsjka.

#* 11X TakKe YacTO HA3HIBAIOT peakuWAMH sameilenus. — [Tpun. ne-
pea.
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H36bITOK 3HEPrHH MPH CTOJKHOBEHHNX, HeHn30GexXHO mpetep-
neBaloT pacnaj ¢ o6pasoBaHueM JHOO HCXOAHBIX, JHOO Go-
nee CTaOW/BHBLIX NMPOAYKTOB. EcaH CKOPOCThH 5TOH JHCCO-
UHaLKK BeJHKa M0 CPaBHEHHIO C YaCcTOTOH CTOJIKHOBEHHH,
JUMHTHpYIOILIEH cTaaueii 6yner MoTeps SHEPTrHH NPH CTOJK-
HOBeHUsiX. B 3ToM cayuae Oymer HabuawoaaTecs MNepexol
K TpeTbeMy nopsiKy. Takue peakunu Mbl GyieM Ha3blBaTh
npoliieccaMH NepefayHd HEpPTHH.

Crnenyer OTMETHTb;, 4TO BO BCEX CJy4asX, KOriaa mepe-
XOLHOe cocTosHHe oGpasyercsi B pe3yJjbTare OGHMOJIEKYIAP-
HOTO npouecca, o6paTHas peakuHsi SBJISETC MOHOMOJEKY-
JISIPHOH AHCCOLHaUHeH, KOHCTAHTY CKOPOCTH KOTOPOH MOXKHO
BbIBECTH, KaK 3TO II0Ka3aHo B NpeAbAYIHX pasjaenax.

L 15. HWOKHMHA NPEAEN NPEAQIKCNOHEHTA BHMOHEWI‘IHPHOW
PEAKLIMM

Has pacuera AST 6HMOJIeKy.IIHpHOH peakuun HeoOXo-

JHMO 3HaTb CTPOEHHUEe KOMILJIeKCa AB¥. Huxuiol0 rpaHHILy
3TOH BeJHUMHB (KOTOpas Bcerja OTpnuaTeJIbHa) MOKHO
JerKo MNOJNYYUTh, NPEANONOKHB, UTO KOMIVieKC AB umeer
OuUeHb XKECTKOEe CTPOEHHE, APYTHUMH CJIOBaMH, CPAaBHHTH €ro
¢ U3BeCTHBIMH cTabujbHbBIMH MoJekynaaMH. [Tosscaum 3TO Ha
TIpUMepe peaklHH 3aMeLieHus

o H’

I
H+C2H5 — H"'H"'C_CH3 — H2+C2H5. (III.GI)

l
H

+

! .

.

Onpenenum S* nasn kommaexkca (CgHj7), cpaBHHB ero c
CsHs. Jlerko BuaeThb, UTO €ro Moctynare/qbHas ¥4 Bpalla-
TeJbHas SHTPONMHH 3aMeTHO He H3MEHSTCH MO CPaBHEHHIO
¢ CoHg B pesyabrate npucoeaunenusi aroma Bopopoaa. Ilo-

STOMY OCHOBHbi€ H3MEHEeHHs S* 6yAyT CBSI3aHBI C CHMMeT-
pueit u cnuaom (CoH7), T. e.

S**(CoH7) > S™* (CoHe) + RIn6+ RIn2  (II1. 62)
H _
AS* = 8™+ (CoH7) — 8”(CeHg) — S"(H) == — S"(H) + R In 12,

| (I11.63)
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Tlpu 400°K AS¥ (400)> —24,1- ka/(moab - epad) (npH
5TOM B KauyecTBe CTAHAAPTHOTO COCTOSIHHSI NpHHATA 1 ars).
[Tepexoisi K KOHIGHTPALHOHHBIM €AHHHIAM, HeOOXOHMMO
noGaButh uaeH R In(eRT) = 9,0 kaa/(moab -2pad), mocne

yero noJiyuyaem ASF (400) = — 15,1 kaxa/(moab-2pad) w
A = (ekT]h)exp (ASH/R) 2> 10'9! a/(moab-cex). IDTO 3Ha-
yegne A JOBOJILHO XOpOWIO COBNajaer cO BCeMH TNPUBOAH-
MBIMH B JHTepaType IJs TaKHX Peaklud BeJHUYHHAMH, KOTO-
peie, KaK NpaBHuJo, GJIU3KH K 10" (ta6a. III.11). Hexoro-
poe pacxOXKIeHHe CTAHET TNOHSITHHIM, eC/NH CAe1aTb BIOJHE
pasyMHOe MPEANOJOKEeHHe O TOM, UTO B IlepEeXOJHOM COCTOS-
HAM  CYIIeCTBYIOT JBa JeOpMauMOHHHIX  KoJeGaHHs
H.H—C ¢ uacroramu okoqo 400 cul. |

B xayecTBe npuMepa peakLHH TAXKENOro aromMa paccmo-
TPUM peakLHulo ' -

I+ CH, < (I.--H-.-CH;)* — HI+ CH,. (II1.64)

3necs ST>> S°(CHizl) + Rin2. B caepywouleM npuGIH-
KeHHHM HeOGXOLHMO yyecTh yBeJH4YeHHe BpalllaTeJbHOH 3H--
TPONHK B MEPEXOJHOM KOMILJIEKCe NO CPaBHEHHIO ¢ CHsl,
' cBA3aHHOe ¢ OGOJBLIUM PacCTOSHHEM C..-1. 910 paccrof-

HHe MOXKHO olpefeauTb, npubaBus 1,4 A K cymMme HOpMailb-
HBIX KOBAJEHTHbIX MexbanepHbix paccroauuit C—H u H—L
[Tosyunm r (C---1) = 4,3 A, B TO BpeMs Kak HOpMaJb-
noe snauenne r(C—I) paBuo 2,10 A. Tak Kak 3HTpONHA
zaBucut ot Yo (Ialalc), tae I, Ip 1 Ic — MpOEKUUH MoMeH-
Ta WHePUMH HA TPH OCH, u [ ~ Em 7}, TO B pesy/abTare H3-
menenusi r (C—I) aBe U3 Tpex MpOEKUHH MOMEHTa MHEPUHH
BO3pacTaloT NMPHMEpPHO B 4 pasa xaxjaas, H K Halel mep-

Boii omeHke ST neo6xomumo mo6asutbh R In4. Takum obpa-
3oM, npu 300° K

S*¥> S (CH)+ RIn8,
454 43,2 (I11.65)

[a] 60'6 o o]
AS¥ > S (CHsI) — S (CH) — S (I) +4,2

u ASF> — 15,3 kaa/(moav-epad), a A > 101! 2 (moab X
% cex). Habawonaemoe 3uauenne (raba. 1II.11), paBnoe
10117 4/ (mOAb - CeK), 3HAUHTEJDHO BhIlIE BHIYHCIECHHOTO, UTO
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MOKeT CJYXKHTb YKa3aHHeM Ha HaJIiuMe OuYeHb HU3KOua-
CTOTHbIX Ae(POpPMalHOHHBIX KOJeGaHHH B MepEeXOoAHOM CO-
CTOSIHHH. DTO pas3JjiMuHe MOMKeT ObITh MOJHOCTHIO CKOMIEH-
cupoBaHo npu 700°K JaByMs BBIPOXKAEHHBIMH MasTHHKO-

Tabauya 111,11

Appennyconcxne napaMeTphl peakuH® 3aMemeHus C yu4acTHEM

TTITIr—r n

aTomoB 2)
JluTe-
p,?'rgfé"_ Peaxius T K | 1g Alcex™") | E, xrar/mons
Jaune '

1 Br+H, -—> HBr+H €20 10,8 (11,4) 6) 18,2 (19,7)

2 I+Hy, — HI+H 680 11,4 34,1

1 Cil4+H, — HCI+H 500 |10,9 (10,7) [8]} 5,5(5,3) [8]
.3 1 O0O+0; — 20, 380 ' 10,5 b,7

1 Br + C2Hﬁ —>» HBr + Cij 500 10,8 13,5

1 Cl 4 Cy,Hg —> HCI + C,H; 500 11,0 1,0

4 I'+ CH,; — HI+ CH; 630 11,7 33,5
) H + C2H6 — H2 + CgH 300— 11,1 9,7

1100

6 H+D;, — HD+D 900 10,6 8,0

4 [+ CH3;l — I, +CHj, 600 11,4 20,5

7 10,3 1,0

a) Moppobumft 0630p MO peaxkuUHAM S3aMemMeHHRs ¢ YYACTHEM ATOMOB MOXHO

‘HafiTH B KHHTe: kenson A.F., Advances In Free Radicals,

Trotman-Dic

Academic Press, New York, vol. I, 1967.

6) Haunne nna peakuun Cl+H; cM. na crp. 17 pa6oru [1). B ckofkax npu-

330

BeNCHH «JydllHe» 3gavennda, Halinenuwle ®erticoM H Hokcowm.

. Fettis G. C, Knox J. H., Progress in Reaction Kinetics, Mac-

millan, New York vol. 2, 1964

N

(1963);

Chem. Soc., 87, 4053 (1965).

Noo

Boato G. et al.,

1 (1968).

Sulllvan J. H., L Chem. Phys., 30, 1292 (1959).
Benson S. W, Axworthy A. E, Ir,
(1965).

J. Chem. Phys., 42, 2614

.Flowers M. C, Benson S. W, J. Chem. Phys.,
Golden D. M, Walsh R Benson S. W J. Am.

1964,

1285 (1964).
Int. J. Chem.

Baldwin R. R,, Melvin A. J., J. Chem. Soc.,
J. Chem. Phys., 24, 783 (1956).
Klein F. S, Herron J. T, J. Chem. Phys,,
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BBIMH KOJIeOaHHAMH ¢ uacToTol oxonao 200 cux~! uau yueroM
BHyTpenHero Bpaiuenns CH; B HeqHHEHHOM KOMIUIEKCE.

B cayuae peakuun CHs +Is y KOTOpPO# HeT OJH3KOH
aHaJIOTHH JVIfl NEPEXOAHOr0 COCTOAHUS (CHz--+1---1), MuL
ucnonb3yeM S(Iz), BHecss MOMpaBKy Ha AOMOJHHTEJIbHYIO
rpynny CHj,. TTpu 400° K BpauiaresbHasi SHTPOMNHSA Bo3pac-
tetr Ha 4,0 kaa/(moae-epad). loGaBHB BKJalbl 14, 1,4 u
2,0 xaa/(moas-2pad), cBsi3aHHble CO CIIHHOM, CHMMeTpHeH
¥ yBeJHuYeHHeM MOMEHTOB HHEDIHH B INeEePexoAHOM COCTOs-
HUM COOTBeTCTBEHHO, M BKjaan 6,4 xaa/(moab-epad), CBsi-
3aHHBI ¢ JABYM# BBIPOXKAEHHbIMH AedOPMaUHOHHBIMH KO-
aAe6auusmu (C—I—1), umeromumu gacrory 150 cu~!, mpu
400° K noayuyum i

ASF > —48,8+ 15,2 +9,1 = — 24,5,

- (111. 66)
A, = 1080 af(moas - ceK).

Ha6aogaemoe 3naueHuwe npeaskcrnoserra (10%°) chosa 3a-
MeTHO Bbilie. Mpl CBfi3biBaeM 3TO C TE€M, YTO MepeXOAHOe
COCTOSIHHE 3HAUHTeJbHO Gojee pbixJjoe [Ha 6,9 kaa/(moa6 X
X epad)]. TlpeacraeaseTcsd  ONpPaBAAHHBIM  [PHIHCATH
1,5 kaxa/(moab-2pad) ©u3 3TOH BeJIMUMHBL JajbHeHuleMy
CHHIKeHHIO uacToT Aedopmannonnsix koaebanui (C—I—I)
g0 100 cm~!, a OoCcTaTOK — ABYM MAasiTHUKOBBIM KOJIeGaHHAM
CH; (200 cm'). Caenyer HMeTb B BHAY, 4YTO BaJIeHTHOE
kone6anne I—I cTaHOBHUTCA KOOPAHUHATOH peakUHH H KOM-
nencupyercs ocnabgenueM BajeHTHoro kKoJde6Ganus C---1,
UMEIOINero MNpHMepHO Ty e uacTtory. HH3KO4yacTOTHbIE
MasiTHUKOBble KoJeGanuss CH; moutn 3KBHBaJIEeHTHH CBO-
- 60/lHOMY BpallleHHIO B NEPEXOZHOM COCTOSTHHH. |

B kauecTBe nocJelHero npuMepa paccCMOTPHM peakLHUIo
OTpPBIBA aTOMa BOAOPOAa MeTHAbHBIM paaukasoMm oT CoHe.
[Tocie BHeCeHHsi NONPaBOK, CBS3aHHBIX C CHMMeTpHEH H
opueHTalHed CIIHHA MepexOJHOTO COCTOSIHHS, HMeeM

$°*(CH,- - -H- - -CH,— CHj) = S°(C3Hg) + R1n 4,
ASF > S°(CsHg) + 11,2 — §°(CyHg) — S (CHa) =
> — 25,4 raa/(moss - epad).
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IMpu 400°K | |
A, = 1080 2f(mones - cex), (111.67)

‘9TO  JOBOIBHO  GJIH3KO K  NPUBOAHMOMY  3HAUYEHHIO
1083 a/(moab - ceK) U MOXKET CBHAETEJNBbCTBOBATh O TOM, YTO
NepexoHOe COCTOSIHHE NOBOJIBHO KecTKoe. JleficTBHTeNbHO,
JlaKe €C/IH BHECTH TOJBKO NONPaBKy, YYHTHIBAIOUIYIO OJHO
cBoGoaHoe BHyTpenHee Bpamenue CH; u yBenuueHHBIH MoO-
MEHT HHeplMH, 3HayeHHe A, cTtaner paBHbIM 1085 4/(Mosb X
X ceK), T. e. HEMHOrO BbIlle HU3MEPEHHOTO 3HAYEeHHS.

tl. 16. PEAKLLIMM I AMELLEHKS

- AppeHHnycoBCKHe napaMeTpbl HJsi paAja peaknuil 3ame-
ILIeHHsT ¢ y4acTHeM aToOMOB. npuBedeHbl B tat6a. III.11. U3
TaGJKIbI BUAHO, YTO A5 GOJBIIHHCTBA PeaKUHH MPeasKCIio-
HEHTbI JexaT B npegeaax 101005 4/ (mons-cex). TMorpew-
HOCTb H3MEPEHHBIX BEJHYUH NPUGHH3HTEJbHO Takas xe, Kak
W INpPH pacyeTax NPeAIKCIOHEeHTOB. MHUHHMaJbHBIE 3Haye-
HUA A, OLeHEHHbIe B TPEeABILYIIEM Pasese, HECKOAbKO IIpe-
Boimator 101° a2/ (moaw - cex), uro HaXOAUTCA B COIVIACHH CO
CpelHHM 3HaueHHeM A, NpHUBeNeHHBIM BbILIE.

B ra6a. III. 12 npencrasjensl appeHHYCOBCKHe mapa-
METPHl OJs PEeakUHWd OTpbiBa aToMa C y4dacTHeM paiuKaJaa
X MOJIEKYJbl HJAH ABYX MoOJekyJa. [ljs OGOJNbHIHHCTBA peak-
IHH paaukana ¢ MOJEKYJOH NPEeN3KCIOHEHTHl COCTABJSIIOT
108505 4/ (moaes - cex). :

B Ta6a. II1. 12 MoxHO HallTH ABa HUCKJAIOYEHHS U3 3TOrO
npasuaa, U o6a, NO-BUAHUMOMY, BbI3BaHbl OIUHOGKAMH 3KCIle-
pumenta. Ina peakuun CHj; + CgHg 3nHauenuss A He co-
rJaacyloTcs ¢ napamerpaMu ob6patHoil peakunn CgHs + CH,
(ccmnka [10], Ta6a. III. 12). MaMeHeHHe SHTpPONHH B pe-

aKLHH |
* CH, + CgHy == CgH; + CH, (111. 68)

cocraBasier 3,6 kaa/(moxrs-epad), NO3TOMY €eCJqH AJs 06-
pPaTHOH peaKUHH NpeAsKCIOoHeHT paBed 1036 1/(moas - cek),
TO IOJas IpsIMOH OH J0JXKeH cocTtaBasAtrh 10%4 a e
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1076 2/ (moab - cex). [lo-Buaumomy, obe BeHYHHbI "OMpe-
nejeHbl ¢ omwn6koi. BoJsee npueMJeMbIMH INPEACTABJIAOTCA
caepyompe sHaueHus: Ap = 108¢ A_, = 108! a/(moas - cex),
AH, = 8,0, E, = 19,1 xkxaa/moaes. |
3HaueHHe IMPeA3KCIOHEeHTa MAJsl peakuHH CHj; + CCl,,
BepOATHO, 3aBeilieHo B 1015 pas. B sToil cucreme BO3HH-
KAIOT OCJOXKHEHHS U3-3a BTOPHYHBIX PeakUHH, UTO sIBJIAETCS
HCTOUHHMKOM CHCTEMAaTHUeCKOH OLIHOKH.
. HecoMHeHHO, CAHIIKOM BBICOKOE 3HAueHHe A mnoayueHo
ISl peakiiHu AHCIPONOPLUHOHHPOBAHHSA 2NQ,. Ilepexoxnoe
COCTOSIHHE 3TOH peaKLHH HMEET CTPOEHHE O:N—O—N—0O
HBJSETCH <«KBAa3UCTAOMABHBIM» M H3OMEPHBIM MOJIEKYJIE

O3;N—NQ;. Ouenka AST mpu 300° K OpHBOAMT K BeJHUHMHE
A = 1085 /(m0ab-cex), OTKyAa Aasa OGPaTHOH peakUHH
caenyer 10%2 af(moarb - ceK). .

CrenaeM ellle HeCKOJbKO 3aMeuaHHH. DHEPrHH aKTHBa-
[lHH OTPbIBA aTOMOB BOJOPOJAa OPraHHYECKHMH paJUKaTaMH
OT OpraHHYEeCKHX MOJIeKy/J B 35K30TePMHUECKHX peakuHax
BCErlla COCTABAAIOT 8 =2 KKaa/MOAb W Majo 3aBHCAT -OT
rennoBoro sdpdexra peakuuu. To Ke OTHOCHTCH M K OTPBIBY
atomoB Cl. ATompl ¢TOpa He MOTYT OTPbIBATbCA palHKka-
JaMH, BO3HHKAMOUIHMH IpPM MHPOJH3e LHKJOMponaHa. 3To
[I03BOJISIET OLIEHHTb HHUKHIOI TPaHHIy 3HEPrHH AKTHBANHU
orppiBa F kKak 16 xKaa/moas. DHepruu aKTUBAUMH OTpBIBA
ATOMOB Br, mo-BHAMMOMY, paBHBl 6 xKa4/mMoAb, XOTd IJs
5THX peakuHH MOXKHO Ha#TH OYeHb MaslO KOJMYECTBEHHBIX
Hanublx. Ha ocHOBaHHH HEONyOJHKOBAHHBIX Pe3yabTaToB
OMBITOB, NPOBEJEHHBIX B JabopaTopHH aBTOpPa, OTPLIB aToO-
MOB | MoxerT NpoTekaTb C 3HeprHel AKTHBAUMH B HHTEP-
sajie or 0 10 6 xkkaa/morse (cM. TaGJl. I11. 12).

DHepruM . aKTHBALHH peaKIui, O KOTOPHIX MLLIa pedb
BLIllIe, H3MEHSIOTCSE B TOM XKe TMopsjKe, 4TO W MNPOYHOCTH
cBsizefi H-—X: HaMMeHblUasi 3HEPTHf aKTHBalUMM HaOJII0-
_naercsi B cayuae camoil caaboii ceasd C—I u HanboJb-
© was — gJaa caMmou npouHoii cBsdu C—F. MakcumanbpHas
" npounoctb cassu HF (134 xxaa/moav); nas H—Clu H—H
oHa NMpHMepHO oAMHaROoBA H paBHa 104 uan 103 KKaa/mMoab;
DH°(H—Br) = 87 xkxaa/moab, a HD°(H—I) =71 &xxax/
/moab. B TOM e mopsiike H3MEHSIOTCA MOTCHUHKAJB HOHH-
3ald pacCMaTpHBaeMblX aTOMOB. B CBfI3H ¢ 3TAM MOZKHO
npeacTaBuTh cefe, UTO OTPBLIB aTOMOB MpOTEKaeT 4epe3
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Jlurepa- .

X 146- | Peakuus © Tme Klig Alsimoss-cen)l| E, sxaaimons
JHAHe _ : .
1 | CHy+CH, —> CH,+ CH, o 500 88 14,6
9 | CH;+CyHy —> om*+..9mm - | |40 85 | 108
2 | CHs+C(CHs), — CH, + -CH,C(CHj); - 420 wm.m : 104
28) nmu+gmmmoa_ —» CH, + ¢denun | | 450 7,5 9,6
3 CoH; + C,H;COC,H,; —> n&l@m*noa»mm | . | | 450 8,0 | 7.8
4 m,n_”ma —> C;H,+ C,H, | 450 9,6 0
5 | CoHy+ CH, — 2CH, | 450 113 | 600
m, mn_»m. —+ CyH; + C4H, | 1300 1L, 62,0
7 wzo... ~> (cux) NO,+ NO 800 97 236
8 | CHy+CCly —> CHyCl+CCly | 400 02 | 134

o
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._ v + &tna_ i a?ﬁ?v Q.r | | | | | | 1 420 - - >17.1 |

immlﬁiamw - | 14 68 | 33

3 wr_r.l-ﬁ% n =&=_m uuuwnganqw :E.wg.:zzn E%m:mquou w._d» peaKiuuu,

k)

o,
-

WA :? a.. :4; N ,_é_ww_nmon_u._,_.mnm _um_.mamqmon..mm omw:@mmubm_iozmm

¢hét4h-B. E, Trans. Faraday Soc, 51, 657 (1955).

% tmdA- 3».. son A. F, Steacie E. W. R, J. Chem. Ph m :.. 329 (1951).

w ¢ M. H J, Steacie E- W. R, J. Chem. Phys., 20, 205 :w |
n ?u yteehke K O, J. Chem. Phys, 26, 1020 (1957). o

nﬁe ARHHBM paGOTH E _ |

vaaa._& Benson $. W, :mcvm»‘: G R, J. v_da. QEE. 71, :wm :wmd_mm_onzowm_
%Qﬂmmmﬁ Ow:n ‘ .

groett M. G, Trans. Faraday Soc., 58, 253- :35

i Q M, Galvin J. P, Pritchard H. O., J. Phys.-Chem, 68, mﬁ co@:

y T, .“ knston H. S, J. Chem. Phys., 37, 1541 (1962).

o ._, otman- Dickinson A F. J. Chem. Soc., 1962, 4672.

hittle E., Trans. Faraday Soc., 62, 139, 664 :wmmv |

cock W, 2: ttle m Trans, 1&33 mon 61, ﬁ* :83

B - -

-

-

8

. gy
:uh-

\



152 IVl II1. APPEHUYCOBCKHE INTAPAMETPBI PEAKIIHA B TA3. ®A3E

MOJISIPHOE HepexoJHOe COCTOSIHHE, B KOTOPOM MepeHOCHMBbIH
aTOM fIBJIAETCS AOHOPOM 3JIEKTPOHOB | -

(=)  (+1/)

R\ S [\u /1* R .S
R—Ce + X:C—S > | —CeX.C—- — R—C:X + C—S
R NS / N\ R \s
B () (=) |
8 [\ ./]* [\J]
oXe C—~—8S —CeXC—} —CeX

NG / N )z

Oranunas or HyJisi 3HEPTHS! AKTHBALHH OTPbIBAa aTOMOB ra-
JIOT€Ha MOXKET PacCMaTpPHBAaTELCA KaK yOeAHTeJbHBIH AOBOA
MPOTHB CYIIECTBOBAHHA CHabblX cTaGHABHBIX KOMIIJIEKCOB
tTHiIa R—X-—R. O6pa3oBansie moA06HBIX KOMIIIEKCOB ObLIO
NOCTYJHPOBAaHO AJs o-TaJOTeHpPaJdHKaJOB
X X

N NS NSNS

/X e AN

- B tab6a. [Il. 12 npuBeseHnl peakuuu, KOTopble AeicTBH-
TEJIbHO SIBJSIOTCS HCKIIOUEHHSAMH (T. e. oNnpefesieHHble A
HHX TNPEOSKCIOHEHTHI He CBA3aHbl ¢ KakKoH-Ju6Go OomUOKOH
KcnepuMeHnta). Peubn HAeT O peakUHAX HHCIPOMNOPUHOHHU-
pPOBanMs PagHKAaJIOB U OGPATHBIX peakUHsX MOJEKYJsIDHOTO
AHCNIPONOPHHOHHPOBaHus. Eciu, HanpHMep, Mbl OLEHHM
HHXHHH Ipelen NpeasKcrnoHeHTa Aas peaknuH CoHg +
+ CoHy4 —2CyH;, cpaBHHBasi nmepexofHoe COCTOSIHHE ¢ MO-
JEeKynoH H-0yTaHa, H ydTeM CHMMeTpHio, npubasus R In6,.
BbIYHCJIEHHOe 3HaueHHe cocraBuT 1037 a/(moas-cex), B To
BpeMsi KakK «HalJonaemas» BeJaHuuHa B 1026 pas Goabuie.
Pasnuune, nocruraiouee 12 xas/(morv-2pad) AS nepexon-
'HOrO' COCTOSIHHSI, CBfI3aHO C TMOSIBJEHHEM HOIOJHHUTEJIbHOTO
BHYTPEHHEI0 BpAalleHHS M 4YeTbipeXx cJaOblX MAasTHHKOBBLIX
KoneGaHui (no ABa Ha KaxAylo TsaxXeayw rpynny). Ya-
CTOTHl 3THX KOJeOaHuil- KOMXKHLI ObITh pPaBHBI NPH6JH3H-
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teqpbHo 250 cu~!. DTO 3HaueHHe KaxKeTCsd BIIOJIHE IpHeMJe-
MbpIM 18 ocaabnenHblx C—H—C nedopMalHoOHHBIX KoOJie-
GaHuit B npouecce paspbiBa cBsisH. CTpyKTypHBIE OCOGeH-
HOCTH O6Gpa30BaHHs TAaKOr0 PHIXJOrO KOMIJIEKCa paccMo-
Tpensl B pabore [6]. :

Ii. 17. PEAKUMU ACCOLIMAUMM

Peakuuy acconuauuy aBJAAI0TCS OGpaTHBIMU NpoLieccaMH
pPAacCMOTPEHHBLIX Bhlllle peaKLUuit cjoXHOro pacnaga. s
HUX yXKe ObJIM OMHCaHbl MPOCThbie NPHEMbl ONpefeseHHsT KH-
HeTHUECKHX IapaMeTpoB AJsA peakluH pacrnajia; napamerpsl
peakuHil acCOUMALUH MOXKHO ONpeAe/sTh C MOMOUIbIO KOH-
CTaHT PaBHOBeCHS

a

A+ B ¢_a-> AB,
Ka = kkh ] :
—é (I11. 69)
Ay __ ,A8,/R .
A_, '

AH,=E,—E_,.

HanoMHHM, 4TO, €ciii K, H3MepeHa B eIHHHIaX KOHLEHTpa-
uuu, ¥k AH, neob6xomumo npubasuth RT (cMm. paspen L.5).

AHg (p)=AH,(c)+ RT (An) = AH,(c)—RT.  (IIL. 70)

Mu He GyneM noapofHee oOCcyXIaTb peakKLHH accouHalHy
© MOJIEKYJI, & PACCMOTPHM [Ba THIA acCOUHaUHH C ydacTHEM
. pagMKaJosB. .

K mepBoMy THNY OTHOCHTCSl aCCOLMAUHs HJIH PEKOMOH-
Halus pajuxanos. Mcnonbsyst AJs-cpaBHeHHsl yr/ieBOLOPOL,
o6Gpasywowuiica npy peKoMOHHAUHHU, -NOAYYHM 3HaAUEHUA
1085 a/(Moab-cex) Oas TPENIKCIOHEHTAa PEKOMOHHALHA.
Tak, nns peakuuu

2CH3 _>-C2H6

LAS°® = —37,1 kaa/(moab - epad), AS°(c)= 28,7 kar/(more X
X epad) npu 400° K. Otcioga HHKHAA TpaHula A COCTaBHT
107 2/(m0ab-cex), UTO 3HAYHTEJNbHO MeHblUle Habaionae-
‘Moro 3Hauenusi 10198 2/(moxb - cex). DTO paszHuue COOTBET-
crByer 16 kaa/(moas-epad) npu 400°K u moxer ObITb
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“AppeHHycOBCKHE napaMeTpH Peaxiuii acCONHALMHA C YIACTHEM DPANHKAIOB

Jutepa- _
uwm..vmm Peakuas | T °K | 1g Alafingao-cer)l | - E. kxaslmoas
1- | 2CH; — C,H, | .%o 10,5 (10,35) 2) | 0
2 | 2C,H; —> C,Hy, | | . - 400 10,4 0
3 | CHs+ C,H; — C3H, | | 400 10,7 0
4 | CHy+#-CeH, —> n-C,Hy, 400 1wons | ©0)

5 | 2 uso-CaHy —> (uso-CeHp),®) | 400 10,8 (9,9) 0
6 |2 7per-C,H, —> (rper-C,Hy)s 373 0,5 0

7 | 2 per-C;H,0 —> (rper-C(H;0), ) 420 8,8 0

8 |2 CF; — C,F, 420 104 0

9 | CH;+0, — CH;0; %) 300 05 | 0

10 C,H; + O, — C,Hs0, ) 400 | 9,6 0

9 |CH,+NO ~» CH,;NO 30 {88 | o

11 | CHy+ CiH, —> #-C;H, 400 8,1 (7,3) [15] 8,6 (7,0) [15]




12
13

~

14

15

CH; + #-CsHg — srop-C,H, ®)
:+Onma —> O»Em

MOW» P Ouﬂ;

# CXOOKaxX sgagenud. Tam me A/ peaknun CDy+ CDs nonyueno snavennme A= 1010.6,

Kex BeJMUAHe, OREeHEHHOR HA OCHOBE NPABHA ALJHTHRHOCTH,
T) 3uavenns monysers B pabore {7], ucxoxR a3 BpeAIKCIIOHEHTA oauuunon PeaKHHH H BeaRTaHH AS.
2) Mpr 75° € peakups mpoteKaer mo TpETHEMY NOPSAKY.

400
300

OmuuTQuJPEmmn —> Omul.n:ul.om CH= Omu 400

300

8,9 (8,0) [15]

10,5

69
84

-

88 (6,0) [15]
4,
25
1,6

J B paGore Shep v A. J., Chem. Phys., 24, 939 (1956) ¢ moMOumbi0 yTouHEHHON TeOpPRA 9.:_: BbIYHCACHM E.mwoh_.zzo

3 Ot Ranunie noAyvenn 4] Ha OCROBAHHM ASHHHIX AJA peKoMGuHANHH n=.+n=. B :.n.:l:.o.__zu. [pu sTOM npHHK~
Maznoch 4TO cKopocth pexoMmOunanuu 2C,H; w 2 #-CiH; opnnakosa.

B) Tloayvennoe s paGore [5] azavenne HeCOMHEHHO 3ABHINEHO, NOSTOMY o._anm._. OTRATH MPeANOUTEHHE npuBeAentof B cKob-
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06BbACHEHO HaJHYKMEM OYeHb ¢JalGblXx MasgTHHKOBBIX KoJieba-
uuit rpynn CHj, wuyacrora KOTOPBIX COCTaBUT OKOJIO
100 cmx—i. Dtor pe3yabTaT OueHb HANOMHMHAeT MOJYYeHHbIH
BhIllle /s peaKUuil AUCIpPONopuHOHHpoBaHHA. B coorser-
CTBHH C HHMM CHJIOBble MOCTOSIHHble MasfITHHKOBBIX KoJeba-
nuii CHz B KOMIJIeKce NOJKHBI OGbITh NPHOJH3HTENBHO B
100 pa3 HHXKe, yeM OOBIYHO. IDTOT Pe3yJbTAT MOXHO HH-
TepnpeTupoBaTh U HHa4e, cuuTad, YTO B MEPEeXOJIHOM CO-
CTOSTHUH MMEKOTCS MOUYTH CBOOOJHO BpalllalolMecs CPYIIH.
[losToMy ero o6pa3oBaHue COINPOBOXKAAETCA CHHIKEHHEM
TOJIBKO TIOCTYIIaTeJbHOH 3HTPONHUH. ' |

Kak Jserko sujgetb u3 raba. Ill. 13, ckazaHHoe Bolllle sB-
. ASeTCs THIHUYHBIM IJ5% PeKOMOHHAUWH palUuKaJoB.

Jas GbIcTpBIX peakUUR accoudalMyi, HPOTEKAKWUIUX ¢
HH3KOH HJH paBHOH HyJII0O JHepTrHeH aKTHBAaLHH, BEPXHHH
npenes NPeA3KCIOHEHLHAJbHOTO MHOKHTENsST MOXKHO Ompe-
JeJIHTh Ha OCHOBE TEOPHH CTOJKHOBEHHH. KOHCTaHTYy CKO-
pocTH [BbIpaxkeHHYIO B 4/(MOAb-.CeK)] MOXHO NPENACTaBHThb

KaK
nd%p ( 8RT )'/z Ny

k., = ,
Cap \"M4n 1000

Z

(IIL 71)

rie dip— AHAaMeTpP CTOJKHOBeHHH, Uap = M Mpg/(Mas +
4+ Mp), a2 Oap— YHCJIO CUMMETPHH IJs CTaJKHBalolleHcs
napbl (0ap =1 npu A=+ B u oag=2 npn A=B). [punas
D, p=35-10"8cu, natizeM kz(CH3s)4co = 10110 4/ (mor6 X
X cex) npu 400° K. Ecau panee npelnoyioxuTh, YTO K obpa-
soBanuio CoHg NMpUBOAAAT TONBKO Te CTONKHOBEHHUS, B KOTO-
pBIX CNHH paAHKaJOB KOMOWHHPYETCs, HaBasi CyMMapHbIH
CIIHH, pPaBHBIH HyJ w0 (APYrHMH cJjoBaMH, OyleM CUHTATh,
uTO cTabuausatuu TpHmeTHoro coctosinusa CoHg mnpensit-
CTBYIOT CHJIBI OTTAJKHBAHHSA), TO INOJYy4YE€HHYI0 KOHCTaHTY
HYXKHO TOJAeJHTb Ha 4, a 3TO 3HAUMT, YTO BEPXHHH mpelen
npenskcnoHenra pexkomOuHauuu CHi; paankanos cocraBur
10104 »/(MOab-cex). B neficTBUTEJIBHOCTH Ta BeJHWUYHHA Ha
259% MeHblle NPUBEIEHHOrO B JiUTepaType 3HAaueHHS, UTO
3aCTaBJsieT OTHECTHCh K 3KCIEPHMEHTAJbHOMY 3HAYEHHIO C
HEeKOTOpbIM HenoBepueM. QNHAKO MOXHO YBEJHYHUTb H Tpe-
AeNbHOE 3HAauyeHWe, €CNH MPHHATbH AHaMeTpP CTOJKHOBEHHH
papubiM 4,0—4,5 A uaM cuuTaTh, 4TO pPeKOMOHHAUHSA yac-
THUHO HJET uepe3 TPpHIJeTHOe cocrosinue. [locneanee npen-
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[10J10’KEHHE HEeCKOJbKO COMHHTEJbHO, a nepBoe KaxKercs 60-
jJee pasymHbiM. OnHaKO, B ueM OBl HH COCTOsJIa IIPHYHHA
3TOTO HEeOOJIbLIOIO Pa3yIHyHsi, BLIBOJ SICEH: KajKJ0e Ta30KH-
HEeTHYeCKOe CTOJIKHOBeHHe ABYX paaukansos CH; (npu Ko-
TOPOM CYMMAapHbI4 CNHH Hapbl PaBeH HYJIO) HPHBOIAUT K
o6pasoBanuio CoHg. Ecau pgaxe wusMepeHHOe 3HayeHHe
KOHCTaHTbl CKOPOCTH PEeKOMOHHALHH 3aBhbILIEHO BABOE, pe-
3yJbTaT 3TOT KAXKETCS OYEeHb HHTEPECHbIM. :

M3 Hero, B 4YacTHOCTH, CJeAyeT, YTO Ha pPaCCTOSAHHUSAX
3,5—4,0 A B3auMmogeiictBue AByx panukanos CHi pgocra-
TOYHO BeJHKO MO cpaBHeHHI0 ¢ RT (0,8 kkaa/moasv) u uto
METHUJIbHBbIE TPYMIIBI HMEKT AOCTATOYHO BPEMEeHH, YTOO6HI, IOo-
BEDHYBIIHCH, NPUOGPECTH HEOOXOLHMYIO AJs O6pa3oBaHHUSA
CoHg¢ opHenTanuiio, npexae uem OHM pasdersarcd. Ecau mJs
sHeprun cBA3un CH3;—CHjz; MBI Bocnosib3yeMcs OTEHLHANOM
JlenHapna-JI>koHca, Ha GOJBIIHX DPAacCTOSHHSX HAM HEOO-
XOAHUMO OyIAeT YYHTBHIBATb TOJNbKO ujen —2V,(ro/r)é, xa-
pakTepusyloiui npursaxkenue. OTTajlKuBaHHe BBI3BaHO HEH-
TPOGEIKHON 3HEepruel, KOTOPYIO MOXKHO IPEeACTaBHTh KakK
pg/2ur®, rie po— NOCTOSHHBII MOMEHT KOJHYeCTBa ABHIKE-

HHUSAl CTAJKHBAaWOIIeHCsA napwol, p = Mcu,/2, r — MexbsizepHOe
paccrosnue, ro = 1,64 A — paBuoBecHoe pacctosinue C—C
B CoHg, a Vo — sneprus asuccoumaumu cesisu C—C B C2Hes,
HCNIpABJACHHAA Ha 3HEPTHI0O HYJEBOTO ypOBHA. DTy mocaen-
HIOIO BE&JHUYHHY MOXKHO CYHTaTb PaBHOH 6 kxKaa/moas, u TO-
raa Vo= 94 krxaa/moare.

CirepoBare/IbHO, NOJIHAA SHEPTHS CTAJKHBaWOIieHicd naphl
pamuxaJjoB, paccMaTpHBaeMOH Kak ABYXaTOMHAasi MOJIEKYJia,
Ha OOJIbUIMX PACCTOSAHHAX OYVIET HMEThb BHIL
ro \6 'p2
E=— 2V0(-;9-) — T (111. 72)
[IponnddepenuuposaB u nosoxkuB 8 E/dr = 0, nailinem Ko-
OpPAMHATBHI, COOTBETCTBYIOLIHE BepIIMHE LEHTPOOEKHOro

6apbepa ) / .
Im\ _ (__6Vo \'_ [6Vy\'
( i ) (pg-/Qp.rgn ) .‘ (Erot) » (I11. 73)

= 7 2
rae E, = pg/2uri. _ |
[pn sanannoit Beauunne Erot TOJNBKO CTO/NKHOBEHHS C
NPHLE/JbHbIM IapaMeTPOM, MEHBIUHM I, [PHBOAAT K
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3()(eKTHBHOMY KOHTaKTy peareHToB. [IpH GoabIIHX 2Ke MPH-
eJbHLIX TapaMeTpax MNapTHepbl OKa3biBalOTCs BHE ceph
AedCTBHSA CHJ B3aMMHOTO NpPHUTAXKeHHsl. TakuMm o6pas3oM, rpy
MOXXHO paccMaTpHBaTh, KakK AHaMeTp cToJkHOBeHHs. Eciu
cuuTatb, 4T0 Erot=RT, 1o npu 400° K E;ot=0,8 xkar/more,
a oTHoueHue (rn/ro) =~ 3,0 U D0BOJABHO cjaab0 3aBUCHT OT
TeMnepatryphn. as Apyroro BHAa MOTeHIHala B3anMOAEH-
CTBHS, Hanpumep Iuasi PyHkuuu Mopse, moJjyyarorcs Kade-
CTBEHHO T€ Ke pe3y/JbTaThbi, HO HECKOJbKO MEHbIIHe napa-
MeTpbl NOTEHUHANbHOH (QPYHKUHH.

Ecan aHanoTHUHHIR pacueT [NPOBECTH OJA APYrHx al-
KMJbHBIX PaZHKaJiOB, HallpuMep AJS 3THJAbHOIO, MPOMHJb-
HOr'O HJM OYTHJIBHOTO, MOXHO 0GHapyxHuTb, uTOo Vo caabo
U3MEHsieTCsl JaxKe AJs1 M30MepHBIX pPaJHKaJO0B, UYTO XKe Ka-
CaeTcsl I'mffo, TO 3Ta BeJHUYHHA OCTAETCS MOYTH MOCTOSHHOM,
H eJUHCTBEHHBIM paa3jiHuHeM, KOTOpOe MOXKeT BBbI3BaTh H3-
MeHeHHe Rz, ABJSeTCs yBeJHUYeHHe Macchl paaukaJna. Tak
kz(C2H5) =3 0,7lkz(CH3), a kz (H-'C4H9) =~ O,Skz(CHs)
3HaueHHS 3TH B NepPBOM NPHGJIHMIKEHHHU COTJIACYIOTCA € 3KC-
nepuMenToM. B To ke Bpems kz(7per-C;Hg) =~ 0,12z (CHs).
D10 0OBACHSAETCS TeM, UTO CKOPOCTh AHUCIPONOPIHOHHPOBA-
HHS1 ABYX TPeT-OYTHJbHBIX paJuKasoB npuMmepHo B 3,2 pasa
GoJibllie CKOPOCTH peKOMOHHaUMH. DTO O3HA4aeT, uTo HpH
onpeje/ieHHON OpHeHTalHH ABYX paankanos Tper-CsHy mo-
ryr obGpasoBaTbcsi H300yTHJAEH + H300yTaH, Mpexjae 4eMm
KOMIIJIEKC YCIIeeT NMpeTepleTh BHYTPEHHee BpallleHHe H MNpH-
06pecTH HEOOXOAHMYIO A PeKOMOHHAUHH KOHGHUTYypauHIO.
Onaa paaukano Cglls cxopocTb AHCHPONOPUHOHHPOBaHHSA
cocraBisieT Bcero 1/7 ckopoctH peKOMOHHALHH, TO3TOMY
B JaHHOM cJaydyae KOHKYPEHUHIO JHCMPONOPUHOHHPOBAHUA
MOKHO He YUHMTHIBaThb.

[Tepefizem Temepb K paccMOTpeHHIO 3((HEXTHBHOTO Bpe-
MeHH CTOJIKHOBEHHS] M BpeMeHH opueHTauuu. ITpubianxken-
HOE BpeM#f CTOJIKHOBeHHA paaukanos CHjz moxHo omnpene-
JUTb KaK MOJynepHol Bpaul€eHHs, T. €.

1 ur2, \h o
Teoll &~ 2vr0t =1 ( QE:; ) ' (III. 74)

u npu 400°K teon =~ 1,3: 10712 cex. Dty Benuuuuy cjaenyer
CPaBHHTb C OTHOCHTEJbHOH CKOPOCTbIO BHYTPEHHEH mepe-

A
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OopHeHTauuWH pagukaJgaos CHs, kKoTopas um HeobxoguMa, uTO-
OBl PACHOJIOKHTBCA IO OIpPeAdeJeHHbIM yIJIOM APYL K APYry.
BcaeacTsue Toro, uto paauKaJibl HMEIOT MeHbIIHH MOMEHT
HHEPIHH, YeM 0o0pa3oBaHHbIH NPH HX CTOJKHOBEHHMH KOMII-
JEeKC, [OCAeIHssl BeJHUHHA MNpUOJH3UTENBHO B 6 pas
MeHblIe. Takoe ke COOTHOUIEHHE XapaKTEPHO H IJs1 GoJee
TSXKeJMblX pagukanoB. Ilpoaenannbifi Bbille rpyOwiii pac-
YeT YacCTHUYHO OODbACHSAET CyUlecTBEHHO G6oJiee HH3KHE 3Ha-
UeHHsSI CKOPOCTH PEKOMOHHAUHMH AaJKOKCH-PaAHKagaoB. [lpu
pekomOunauuu 7per-C;HgO cxopocTb HOJ¥KHa O6biTh BABOE
HHXKe H3-3a OoJsibllled Macchl, H emle B (2,5)'s = 1,35 pa3sa
MEeHblIe H3-3a TOro, yro obpasymoniasica cefizb B 2,6 pasa
cnabee. OnHako OCHOBHOH NPHYMHOH HH3KOH CKOPOCTH,
BEPOATHO, HABJAETCS OTTAJKHBaHUE, KOTOPOoe BO3HHKAeT
MeXJAy paAuKanaMmd, HeOJaronpusTHbIM o06pasoM OpHeH-
THPOBaHHbIMH TMNpPH CTOJNKHOBeHHWd. Ecam cnpaseasuBbi
NpHBeeHHbIe Bbillle COOOpaXkeHHsl, CKOPOCTb pPeKOMOHHa-
IIHH pajAMKa/JOB JOJIXKHaA JHllb cJa6o 3aBHCETb OT TeMIe-
paryphl. -

Ecnu accounanusa AByX paiHKaJoB, [0 Bced BepOATHO-
CTH, NpoTeKaeTr 6e3 3HEPrudH aKTHBALHUM, TO INPHCOEIHHEHHE
pamgukaJjga K CTaGUJbLHOH HeHaCHIIlEeHHOH MoJekyJe, Kak
1IpaBHJIO, TpeOyeT HeO6OJBIIOH SHEPrHH AKTHBANHUH, OKOJIO
6 & 2 kKaa/moas, B ciryuae KOTZa peakilisi 5K30TepMHuYe-
ckas. [lpeanocuikofi s 3TOro peayabTaTa ABJASETCS TO,
YTO 3J€KTPOHHBbIE COCTOSSHMA peareHTOB H NMpoaykrTa (agnyk-
Ta) pasjiHuHbl, H SHEPrHsl aKTHBAIUH ONpedeasieTcs nepe-
CeyeHHeM [ABYX NOTeHIHAJbHbIX KPHUBBIX. (AHaJOTMYHBIMH
pacCyXIeHHAMH MOXKHO BOCINOJIbL30BAaTbCA W MPH AaHaJH3e
peaKLUHH OTpbIBA.) YKa3aHHOe H3MeHEHHE 3JeKTPOHHOro co-
CTOSIHHSI OOBIYHO BKJKOYAeT H3MEHEeHHe XapakTepa THOpH-
AH3auuu opOuTasei. :

Ilpu npucoennnenuu pagukana CHsz k CoH, Heo6xoaumo
H3MEHHTb Xapakrtep THOpHIAH3aIHUH 3JEKTPOHOB OZHOrO H3
atomoB C oseduna ¢ sp? na sp?, v 17O XKe HEOBXOAUMO AJA
paaukajga. MoXHO npeanoJsiaratb, 4TO MOAOGHBIE TPOLECCHI
MOTYT NMPOHCXOAHTh JIMLIb NPH CPAaBHHTEJbHO OGJH3KOM KOH-
TaKTeé MeXAy NapTHepaMH. DTO HaTaJKHBaeT Ha MbICAb O
«XKEeCTKOM» XapaKTepe MEePEXOAHOr0 COCTOSHHSA, TAKOM ¥XKe,
KakK H B cjlyuae peakUUH OTphIBa.



160 rJi. III. APPEHUYCOBCKHE ITAPAMETPbI PEAKLIMP B TI'A3. ®A3E

‘O6paTHBIM NpPOLECCOM peaxklHH MPHCOeLHHEHUs pPalH-
Kaja sABJAeTCS MOHOMOJIEKYJSIDHBIH pacnag. HaanMep, B
cJyyae H-NPOMHJABHOTO paXuKaJa

CH;— CH,— CH, T—2 CH, + CH,=CHj.

Hasa stoit peakumn AH®° = 25,0 krkaa/mosre u AS° =
= 31,6 Kaa/(moab-epad). Ecau cunTaTh, uTO B NEPeXOi-
HOM COCTOsIHHH aToMbl yriepoxa B CyH, cBasanwl «mnoay-
TOPHOH>» CBSI3bIO

\ H
c” H H
i -z
dc-———— ¢
H b

T0 BeanunHa AST Gymer cyllecTBEHHO 3aBHCETb OT BKJa-
10B, 06yCJIOBJIEHHBIX: a) AByMs ocjqaGJeHHbIMH MasiTHHKO-
BbIMH kKoJeGaHnusasmMu CH; (500 cm~! Bmecto 950 cm~l);
6) H3MeHeHHeM BHYTDEHHeH CHMMETDHH JJA CPYII
CHy(RIn 2); B) ocnabaennpiM AedopMAailHOHHBIM KoJeba-
HueM C—C—C (175 cm~! Bmecto 350 cxul); r) oc.naGJer-
HbIM JAedopmanoHHbiM koaebauuem H—C—C (475 cu!
BMecTo 950 cm~!); O) KECTKHM KPYTHJIAbHBIM KoJeGaHHeM
CHz (500 c¢x~') mo cpasHeHHIO ¢ NMOYTH CBOGOAHBIM Bpalle-
HUEM B pajukaJe. KooanHaTon peakliuH ABJSAETCSH BaJIeHT-
Hoe Koae6anne C—C (900 cu~! gnsi OCHOBHOrO COCTOSIHHA);
ero BkJanx pasen —0,4 I{a./l/(MO./lb -epad). Ilpu 400°K Bce

3TH BKJaAbl B cyMMe pawoT AS™T = +0,5 xax/(mors - -epad),
Tak 4To A; =~ 10136 cex~l, a nna peakuuH NPUCOEAHHEHHS
A_; = 108% a/(monb-cex), UTO YHOBJIETBOPHUTEJBHO COTLJIA-
CyeTcsl C NIPHBOAUMBIMH 3HAYE€HHSIMH.

iil. 18. PEAKLLMM BLITECHEHMA
CylecTBYIOT peakuuH, POACTBEHHbIEe PeaKIHAM accouua-

IUH, NPOMEXKYTOUYHBIX MNPOAYKT KOTOPHIX He SIBNgeTcs CTa-
OuyibHOH 4vacTHued. Peub HIeT o peakuHsax BbITECHEHHS,



-
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CpelH KOTOPHIX IepeHoc (MM 3aMeLleHHe) aToMa MOXKHO
paccMaTpHBATh KakK ocobuiit cayuyai. HHxKe npHBENCHB He-
KOTOpble IIpPHMEPHI. ' ' . -

7
. D
SO0 |
D-+HOH — [H H)¥ —> H—O +H, (I11. 75)
CH,
N
0—O |
SN | o
CH;+H—0—0O-—H —> [H H]¥ —> CH;—O—H+OH, (IIL 76)
| CH, CH,
/N . /

I+ H,C

CH, == [I—H,C——CH,]* —> [—CH,;—CH,—CH,"
(I11. 77)

Nas 3THX peakKuuii HMEEeTCsl OUE€Hb MaJIio KOJIMYECTBEH-
HblXx AaHHbIX. JINs1 peakKnuii NHPHCOeAHMHEHHsI K 3JEMEHTaM
mepBoro psaa nepuoaudeckofi tabauusl (or C no F) sHep-
rUM aKTHBaAHFH, KAaK MOXKHO OXHAaTb, 6yAyT HAOBOJIBHO -Bbl-
COKHMMH, MOTOMY UTO B 3TOM CJiydae YHCJ/JAO 3JIEKTPOHOB, OKpPY-
XKAOUUX ATOM, NPEeBHIIAET WX YHUCJO Ha 3alOJIHeHHOH Bat
JeHTHOM o6oJouke (T. e. yrJepoJ NpH 3TOM HTOJIZKEH CTaTh
MSTHBAJEHTHBIM, KHUCAOPOJ — TPEXBAJEHTHBIM H T. A.), YTO
3HepreTHUYEeCKH KpadHe HeBBITOAHO. C 3TOH TOYKH 3peHHdA
MOIKHO OXKHIAaTb, YTO0 Yy COoelHHeHHH Oopa peaxlHH 3TOro
tuna G6yAyT NpPoTeKarb C HH3KOH 3Heprued akKTHBALHH, UYTO
B JeflcTBUTEJBHOCTH H HabJaiomaercs. : SRR -‘
-~ asa peakuuu I11.77, koTOpas ABJASETCA TEPMOHEHTpPalb-
uoii, E =~ 18 kxasa/mosrs. DTO, noxajyH, €IHHCTBEHHAsI W3-
BECTHASI C HEKOTOPOH onpeAesieHHOCThIO BEJHYHMHA, C IO-
MOILIbIO KOTOPOH MOXKHO IOMNBITATbhCA OLEHHTb 9HEPTUH aKTH-
Ballid APYrHX peakuuil storo THna. MoOXKHO OXHAATH, UYTO
aToMBbl B3JeMeHTOB caeaywimux nepuomos (P, S, Si, Pb
U T. A.) OyAyT NOPHHHMATb <«JIHIIHHE» 3JEKTPOHBI. B CBOH
O0GOJIOUKN ¢ 6GoJiblieit JIEFKOCTbIO H HMeTb NO3TOMYy 6onee
HA3KHE 3HEepPrHH aKTHBAIllMH, OAHAaKO HajJeKHble. JaHHble, He-
o6xoAuMBIe NIJisi CpaBHeHHs, OTCYTCTBYIOT.

6 3ax. 735
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~ JIpyrdM H3BecTHBIM NPHMEPOM peaKUHil 3TOrO THMa SB-
JIAETCS1 MOKCHAHPOBaHHWe, NMpOTeKalolilee NPH KaTaJU3Hpye-
Mom HCI nuponunse (rper-C,HgO),: .

P
Cl+(CH3);C—O0—O—rper-C,H, —> Hc1+(':H2-—(|:—0—-0-meT-c4H9

CH;
: HgC\/O \.\ H3C\/(?—O—'TPBT"C4H9 +
C———CH;, + rper-C/H,O «—— C '
H,c” H,C” NCH,

(m. 78)

YcraHOBJIE€HO, YTO 3HEPrHs AKTHBALMM 3TOH OuYeHb OBLICTPOIi
9K30TepMHUeCKOH craguy <17 xkaa/moars. DTO He YIAHBH-
TEJbHO, €CJH BCIOMHHTb, YTO TOAbKO IJA LUKJIH3AUHH TPH-
METHJIEHOBOTO OMpaiMKaJja B UHKJIONponaH Tpebyercs aHep-
russ akrHBauuu 11 kxas/moae. .

- Hpyrue peakuuu BBITECHEHHsI paJHKaJaMd MNPH HAachi-
weHHbix atromax C, O u N, KpoMe NpHBeAeHHBIX Bblile, He
Habmogaancb. Coo6I1a/oCh O TAKHX PEAKHHAX C yuacTHEM
COeIHHEHHH, colepkalux cepy, pocdhop U KpeMHUH, OAHAKO
KOJIHYeCTBEHHbIe JaHHbie OTCYTCTBYIOT.

It1. 19. NPOLECCHI NEPEAAYM DHEPTMM

Kak yxe oTmeuasoch, B peakHHsX accOLHMalLHH o6pa-
3yloTcsd Oorarble 3Heprued MPOAYKTHI, KOTOPbIE, €CJH HX
H30JIHPOBaTh, HEH30eXHO AOJKHbI pacrnactbesa. EauHcTBeH-
" HYI0 BO3MOKHOCTB CTabUAH3aLHUH OJA 3THX COeJIHHEeHHII
NPEACTABJSIOT COYAapeHHsI C XHMHUYeCKH HHEPTHBIMH YaCTH-
HaMH, NPH KOTOPBIX OHH MOTYT NOTEPATh LOCTATOUHOE KO-
JIUYECTBO 3HepPTHH. Ecau nonaHas sHeprusi agAyKra BeJHKa
H HMeeTCs1 MHOIO BHYTPEHHUX cTeneHeit cBo6oABl, IO KOTO-
pPbIM 3Ta 3HEPrHsi MOXKET pacnpeneuTbCs, BPeMA XKH3HH ajl-
AYKTa BO3PaCTa€T H CTOJKHOBEHHSI, KOTOpbie HeOGXOIHMBI
AJisi €ro CTabHJH3aUHH, MOTYT OBbITb HOCTATOYHO PEAKHMH.
HaoGopor, eciu 3TH ycnoBHS He BbBINOJHAIOTCH, CKOPOCTb
XHMHUYECKOH peaklHM MOXEeT JHMHTHPOBATLCA Ipoueccamy
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Je3aKTHBALMKM NPH CTOJKHOBeHHMsiX. B TakuHx chayuasx roso-
pAT, UTO Tpouecc JHMHTHPYeTCs CKOPOCTBbIO IepeladH
3HEepTHH. -

MoKHO 3anucaTh CAEAYICHIYIO CXeMY PEeaKIHH:

1
A+B——=A-PB’,

=1 (111.79)
A_B*+M—_“>2 A—B+M’ |

KOTOpas He YUMTHIBAeT TOrO OOCTOATE/bCTBA, YTO MEXIy
OCHOBHBIM coctrosinvieM AB u AB* moryTt cyuiecrsoBaTh Ipo-
MeKYTOUHBIC 3HepreTHYecKHe cocTosiHuA. lIpuMensia MeTOl
CTALMOHAPHBIX KOHUEHTpauuf njasi AB, na#igeM CyMMapHYIO
CKOPOCTb peaKIHH |

 R_ > Ry IM
d[AB] _ k.k [Al[B][M] | ——=—> £,K, [A][B][M]  (IIL.80)

dt k-1 + kg [M] T A Al (Bl (111 81)

Kax Bupuo us ypasHenuit (II1.80) u (I11.81), npu BBICO-
kux AaBaeHHAXx koJ[M]>> k_; m peakuusa nporexKaer no BTO-
pOMYy MOpSAKY, B TO BpeMs KakK MNpH AOCTAaTOUHO HH3KHX
nasaenusx koM] < k_; n Habaiogaercs NMepexon K TPETbeMy
nopAAKy. JIMHAEMaHOBCKHHI aHaJN3 o6paTHOro mnpouecca
MOHOMOJIEKyAsipHOro pacmaga A — B TpebyeT MEpBOro IO-
psAiKa TPH BBICOKHX [aBJEHHAX ¥ BTOPOro MNpPH HHUSKHX.
B npuHuune npu AOCTATOYHO CHJIBHOM H3MEHEHHWH JHAaBJie-
HUsl Jobast peakiHs accolualnuu H obGpaTHas eifi peakuus
MOHOMOJICKYJIIDHOI'O pacnajia H3MeHSIOT MNOpAIOoK. Opuako
o CHX TOP HHM OJHA H3 peakilHii He Oblaa H3y4yeHa BO BCeM
WHTepBaJie NaBJeHHH, B KOTOPOM IPOHUCXOAUT CMEHa [O-
psilKa OT OJHOrO Mpele]bHOro 3HAUeHus A0 APYroro.
Teopusi Paiica — Pamcneprepa — Kaccexns (PPK) no-
. CTATOYHO XOPOLIO ONHCHIBAeT 3TH peakuud. OTMETHM 37ech
HEKOTOpHIe CJEACTBUS 3TOH TEOPHH. [Npexe BCcero paccMmo-
TPHM, KOT[la HEOOXOAUMO NPHHUMATH BO BHHMAHHE BJIHSHHE
JaBJIEHHS. o
Teopua PPK paer cieayiollee KJIacCHUECKOe BbIpake-
HHe IJ51 cpeiHell KOHCTAaHThl CKOPOCTH PasJ/IOXKeHHs aKTHBH-
popaHHOH uacTHisl A — B:

kot (B)= A (

— pr\s—1 |
e (I11. 82)

E
6.
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rae A-; — OGBIYHBIfl IIPENSKCIOHEHT pPeaKLHH MOHOMOJIEKY-
JAPHOTO pasfoxkeHuss A -— B; E-—nonHas sHeprus kKomi-
neKca; E* — sHeprus aKkTWBAlIMH, Heo6XxoauMas AJs1 PasJio-
XeHust A — B; s — uncio 5¢p(PeKTUBHBIX BHYTPEHHHX CTelle-
Heli cBOGOABI, 10 KOTOPHIM pacnpenenserca sHeprusi A — B,
npuueM s<<3N — 6, rae N — yHcJI0 aTOMOB, o6pasyloux
A + B. EcTb OCHOBaHHA NPeNNOJATaTh, YTO IPH peaklHH,
korga A u B siBAAIOTCS GOJNLIIHMH TPYNIaMH M KOMIJIEKC
HMEET «PBIXJ0e» CTPOEHHE, SHEPTrHsi OyAeT pacHpenessiTbCs
HE TOJILKO IO KOJIe6aTeJbHBIM, HO H [0 HEKOTOPBIM Bpala-
Te€JbHbIM CTEeNeHAM CBOOOIHI *, |

- B xavecrBe mpuMepa ONpeeN MM BpeMsi KH3HH MOJIe-

Kyasl NO,, OMy4eHHOH NpHcoeAuHeHHeM atomMa O k NQ
B rasosoil ¢ase npu 1000°. ' |

NPUMEP : )
. Byaem npemmonarath, 4TO NEPeXOLHBIN KOMILIEKC . HMeeT phIxJoe
-~ crpoenre. [llpenskcrnoHeHT peakuud paBed A = (ekT/h)exp (AST /R),
ApHYEM AS'”' Mbl 6yAéM paccYHTHIBATL AJS [POLECCA NOQ-—>NO§=. Ecun

06pa3oBaHHE NEPEXOJHOr0 KOMIIIEKCA COCTOMT B IIPOCTOM . Y AJIHHEHHH
cBsi3k N—O B 2,5 pasa, To MOXHO NOKasaTb, YTO NpoH3BefeHHE
TPEX MOMEHTOB HHEDUHH M3MEHHTCH NpHUMepHo B 4 pasa. Eciu gedopma-
ILHOHHBIE KOJeGaHusa ocaabasiioTest B 5 pa3, TO ¢ ydyeToM MONpPaBKH Ha

cumMMerputo (R1In2) skaag B AS™ cocraBur 60 kaxr/(moae - 2pad).
YacToTa BalleHTHOTO KoOJeGaHHS, CTaBIIEro KOOPpIAHHATOH peaKlHH,
pasHa @ 1100 cmu™!, uTO 3KBMBANEHTHO CHHXKEHHIO SHTPOTNHM  Ha
1,3 xaa/(Moav-2pad). Takmum obpasoMm, AST = 4,7 Kaxf(more - 2pad)
U A= 10"° cex-!. Tak kak nmpu 1000° AS, =~ 34,3 Kax/(moare - 2pad),
a AS. =~ 238 rxaa/(monre-2pad), TO pna pearuuw NpHCOeTHHEHH
O + NO nonyyaem A = 10%7 4/(mo46-cex). 1o - 3HAUeHHe pasyMHo
cornacyercst ¢ NPHBOJHMEIM 1JIs1 STOH peakuuu B JUTepaType [20] 3Ha-
yehneM 10%% a/(moae - cex) (mpu 300° K). Hexkoropoe pasnuuue, BEePOAT-
HO, BBI3BaHO T€M, YTO B NEeHCTBHTEJABLHOCTH CTPOEHHE IEPEXOAHOI0 KOMII-
Jiekca GoJiee KecTKoe, YeM MBI NMpeAmoJiaraJin. :

- * Hpyrumu c/noBaMH, BpalllaTeNbHLIE CTENeHH CBOGOIbI MOTYT IMpH-
HHMaTb y4YacTHe B pas3phiBe cBa3u. OaHako npamas nepenavdya sHepruu
©T BpalaTeJbHBIX K KOJeGaTeJbHBIM CTeneHsIM CcBOGOABI HeBO3MOMKHA
H3-32 TpeCOBAHHA COXPaHeHHSI MOMEHTa KoJudecTBa aBHenus. Ilo-
STOMY B IIOJHOA 3HEPrHHd, HEOGXOAHMMON INsi PaspniBa CBS3H, MOXKHO
BHIIENIHTE ABa cjaaraeMbiX: Erot + Evin = E. B BoIpaxkenune (II1.82)
AO/DKHA BXOJAHTH TOJABKO Eviy, a Beauuuna E* CHUXKaeTcs Ha E:rot,
ecnn GOsblasi YacTh BpalllaTeNbHOH 3HEPrHH ydYacTByeT B paspeiBe
ceasn. HMccneposanme doronnsza NO: [19] nokasano, YTo okoso 909%
SHEPTUH. TPEX BpalllaTeJbHBIX CTeleHeH CBOGOAH y4acTBYeT B pasphiBe
CBA3H. ‘ |
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IIpu peakuuu O + NO — NOg sneprus Tpex nocrynare/b-
HBIX cTeneHedl cBo6oabl (3/2 RT) M AByX BpalllaTeJNbHbIX CTe-
neHe CBOﬁOﬂbI (RT) nepexoAHMT Ha BHYTPEHHUE CTElEHH

cso6oas NO,. TouHee, Ha BHYTPEeHHHEe CTeneHH CBOGOLLI
6a1arogapsi COXpPaHEHHIO -MOMEHTa KOJIMYeCTBa [BHKEHHA
Mepexo/MT He BCcs BpaularejasHas sHeprust NO, a ee 3Hauu-
TeJIbHAsA 4YacTb, paBHa#d INOJ([NO+IAB(N02))"“’ 3/ E rot(NO)-
B srom BoipaxkeHHH [no-— MOMEHT HHepLHH NO, a
[ 45 (N0, — NpOH3Be/leHHe ABYX OOJBHINX NPOEKNHUIH MOMEHTa
nHepuuu NQO,. [lanee, He Bcsl 5Heprus NOCTYyNaTeJbHOIO ABH-
xkeHHA 3/ RT nepexoAZuT Ha KoJieOaTeJbHble CTENEeHH CBO-
~6oapl, a Tonbko R7T. OcraToK cHOBa H3-3a AeHCTBHsA IIpa-
BHJIa COXPAaHEHHS] MOMEHTa KOJIHYecTBAa [ABHIXKEHHS Iepe-
XOQHT BO BpallaTeJbHYIO 3IHEPTHIO. HMrak, na BHyTpeHHHe
creneHn cBoGoAbl aKTHBHOH uyactunsl NO; nmepexoaur
3/ RT + RT = 1,75 RT, uto cocrasaser 3,5 kkaa/mors npu
1000° K. ,H.a.nee He BCH HEPrHs 72 K)‘C(I/L/MOAE) BHEIJlesIsieMas
npu o0pa3oBaHHH HOBOH CBSI3M, OKAa3bIBaeTcs Ha BHYTPEH-
HHX CTeneHsiX CBOOOHI. M3-332 CHJIBLHOTO H3MEHEeHHs (B
4 pa3za) MOMeHTa HWHEPUHH NPU MpPEBpPAaIUEHHH MNepPexOoLHOrQ
B OCHOBHOE COCTOSIHHe BO3pacTaeT BpalliaTe/bHas SHeprus,
KoTOopasi B MepexOodHOM COCTOSAHHH paBHsaJach !/y RT, a B
OCHOBHOM coCTOsiHHH Oyner paBHa 4-!/s RT = 4 xkxaa/moas
(mpu 1000° K). Takum o6pasom, pa3dHuna sHepruu 2RT —-
— 1oRT = 3 Kkxaa/moas uper Ha «3aKPYYHBaAHHE> MoJIe-
KYJIBI. |
Orciona BbITEKAeT, UTO MOJEKYJbl B MOMEHT oﬁpasoBa-
HMSI M3 <«PBIXJBIX» NMEPeXOAHBIX KOMIIIEKCOB HMeIT GOJb-
0¥ H36BITOK BpalllaTeJbHOH HEPrHH, KOTOPLIH B JaHHOM
cnyuae paBeH /4RT + 4.1/.RT = 225RT = 4,5 krda/moss.
BeposiTHOCTL OGpPa30BaHUSI TAKUX BPAUIATENbHO. «TOPSTUHX>
44CTHI BO3PACTaeT ellle u 6/1arofapst CTaTHCTHYGCKOMY (ak-

topy (Egr/RT)": =~ 1,5. Takum o6pasom,

k1000 (NOy) = 10149 (732”55) = 10123 cex—]

1
*No, T T (NOy)
[Tpu 1000°K u 1 arm MojeKyna B rase IpereprneBaeTr ra-
30KHHETHYECKHE CTOJKHOBeHHs Kaxable 10793 cek, T e,

107123 cex.
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BeposiTHOCTb pacnaga NOj B 103 pa3 6GoJjblile BEPOATHOCTH
TOFO, UTO BO30yXJeHHasi MOJIeKyJa ycneeT NPHHATHL yua-
CTHE XOTs Obl B OLHOM CTOJKHOBeHHH. [ToaTomy npu 1000° K
nasjeHde 1 arm nonagaer B 006JaCTh HH3KHX HaBJEHHI
AJS peaKIUH acColHalHH. | |

Ecau B pesysabrare peaknunr O + NO o6pasyercs sjek-
TPOHHO-BO3OVXKJAEHHOE COCTOSIHHE, 3HEPTHUs JHCCOUHALHH
' CBAA3H B KOTOpOM cocTtaBaseT Bcero 40 xkaa/moav, Bpems
KHU3HM BO30YXKIEHHOH MOJIeKyJabl OyfAeT eue B 4 pasa
MeHbLIE. ' o

Ilpu 300°K A = 10%2 cext y 1 =~ 107105 cex. PekoMm6u-
Hauus OpH | arm NpOUCXOAHT BCe ellie B TPUMOJIEKYJIAPHOH
06J1aCTH, TaK KaK Je3aKTUBALMA [PH CTOJKHOBEHHAX B 3THX
ycaoBHax npoucxoaur B 1012 pas MensenHee, uem pacmag.
- Ilpu nu3kux temneparypax (Hanpumep, npu 300° K) Bos-
HHK2I0T AONOJIHHTEeJNbHbIe TPYLHOCTH ONpene/ieHHs BPeMeHH
>)KH3HH, CBfI3aHHbI€ C MAaJIbIM 3aNacoM 3HEPTHH COEAUHSIO-
muxcsa yactul. Kuaaccuueckas ¢dopmyna (II1.92) ngonxkua
O6bITh 3aMeHeHa ¢dopmynaold Mapkyca — Paiica

kT p* (E—E") [ I55: "
h p (E) I ’

k(E)= (I11. 83)

ABC

rie p(£) — uucio cnocobop pacnpejesieHHsi 3Heprun E B
MOJIeKyJie B OCHOBHOM COCTOSIHHH, @ aHAJOTHYHAas BeJHUHHA, .
XapakTepH3ywllad TNepexofHOe CcoCTosiHHe, 00603HaueHa

0F(E — E*). KoauuecTso 9HEepPrHH, KOTOPOEe JOJIXKHO ObITh
pacnpefieJieHO, B JaHHOM cjyuyae MeHblile, TOTOMY 4TO 3Hep-
THA aKTHBaUHMH E* npu o6pa3oBaHUU MNEPEXOJAHOIO COCTOA-
HHUS JOJI?KHA MEePEHTH B MOTEHIHAJNbHYIQ JHEPTHIO MOJEKYJbL.
[losToMy MOXHO CYHTaTh, YTO JHEPTHUs Iepepaclpeneaser-
Cs 0O BHYTPEHHHM CTEeNeHAM CBOOOIBI MOJIEKYJibl GhiCTpee,
HeXeJIH obOpasyeTcs MNepexonHOe cocTosiHHe. Beauuuna

Iigc/lapc npencrapisieT coGofi OTHOLIEHHE MOMEHTOB HHep-

UHH NEePexXOAHOr0 H OCHOBHOIO COCTOSIHHH H 3HAYHTEJBHO

OTJINYAETCA OT EAHWHHUBLI TOJNBKO AJH  «PHIXJABIX» KOMIIJIEK-

coB, nono6HuIx NQO,. ' .
Js1 § TapMOHHYECKUX OCUUJISTOPOB

1 E s—1
e B) ~ ooy () (I11.84)
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rae v, =v,:V, ... v, — CPelHsisi TeoMeTpUYecKas YyacroTa

OCLHHJ/JIATOPOB. YuHTBIBAf 3TO COOTHOLIEeHHE, QOPMYyay
(II1. 83) moxuo npusBectu K Buay (III. 82). Ecau nonnwiii
U3OBITOK 3Hepruv MoJekyanl (£ — E*) no nopsaaky BeJH-
YyHHBl O6JM30K K 3HEPTrHH OJHOro KoJjgebaTeJbHOro KBaHTA,
ucnosab3osanne ¢dopmynant  (I11.84) npuBoauT K TrpyOBIM
ouinB6KaM. B 3TOM cayuae KeJaTesqbHO NPAMO NOACYHTHIBATH

YUCNO PAasJMUHBIX pacnpeneneHud. las NO, npu 300°K
n36biToK sueprun (1,0 kKaa/moas) MeHblUIe OJHOrO KBaHTa
BaJIEHTHBIX KOJeOaHuil, MO3TOMY 3Heprusi Moxer ObITb Me-
pesnana Ju60 ocaabaeHHbIM AedOPMaUHOHHBIM KOJeGaHUAM,
JU6O pacnpelesHTbCs IO BpalllaTeNbHbIM CTEMeHsIM CBOGO-
abel. OcuosHble yactotet NOg paBuel 1800, 1100 u 600 cu!
(cpennee  reomerpuueckoe 1100 cmt). Jaa E =
= 73,5 kkaa/more (E[hvy) =~ 24, nostomy p(E) = 280. Io-
JIOXKHM 4acTOThHl BO36YXIEHHOTO COCTOsIHHA paBHbIMH 1800,
400 u 120 cu~i. K1 B 3TOM cayvyae U3OBLITOK 3HEPrHH IOCTa-
TOUEH JIMIIb JJisl Nepegauyd OLHOTO KoJeOaTeJbHOTrO KBAaHTA.

[TosTomy, cornacuo dopmyae (1II.83),
by =2 -2+ 10128+ (=) = 10" cex™,
, |

—-11.
T = 1071 cek.
300

Takum o6pasoM, B JaHHOM cjydae ABa MeToAa AaioT MOYTH
HIAeHTHUYHbIE Pe3yJbTaThl.

T300 =

NPHUMEP

*
Onpepeautb BpeMs Kusnd Momexynnl CoHg, pacnaaariueiics npu

800° K ua 2CH3 npu yc.noauu, uTO OHa noJsydena no peakuun H + CoHs.
Mpumem A = 107 cex™! (cpennee 3Hauenvie u3 Tabm 111.3) u 6ynem
CYHTaATh /3 CTemeHe#i cBOGOABLI AKTHBHBIMH, Torja s = 2/3 (3N —6) = 12
OTMeTHM, YTO ecJiH 6bl Mbl CTaJH CYHTATh AKTHUBHBIMU Bce CTENEHH CBO-
6onbl, KpOMe BHYTPEHHEro BpallleHHss W BaneHTHBIX kKonebauuii C—H, to
BeJHYKHA S OKa3anaach 6bi paBHoi 11. Buyrpeunwio snepruio CoHs mox-
Ho onpeaenutb, uuterpupysi Cv (int)AT or 0 no 800°K. BocnoanszoBas-
WHCh NPHBEJEHHBIMU B TPHJIOKEHHH TabauLaMH, MOXHO HaHTH, YTO
C, (300) = 11,1; C»(500) = 16,5, a Cp(800) = 23 xasa/(moas - 2pad).
Beiuts 5/2R (mocTynaTesbHast 3Heprusi U NpomsBogmMmas pabora), /2R
éBHyTpEHHee Bpaluedne) u 5Hf2R (BHellldee BpallleHHe), HailxeM
v(300) = 2,1; Cv(500)=75 u Cv(800)= 14 xaa/(moare-epad), ot-
kyna Ev(int)= 4,6 kxaa/mors. JloGaBuM BKJIAn NOCTYNATEJNBHOH 3Hep-
rudn 3/2RT = 2,4 xkkas/more n noayuiM Ev (CoHe) = 7,0 &xaa/moas,
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[Tpousocrs cBasu C—H pasna 98 kkasa/moas, npounoets cBazn C—C —
88 kKaa/moss. CanepoBateabHo, E —E* = 1004+ 70=170 u E =
= 98 + 7,0 = 105,0 kxaa/mons. Takum o6pasom, T(CoHg)* == 10-17.0%
X (105,0/17,0)"! = 10732 gex. CpaBHMB NOJyYeHHOe 3HaueHHe €O CpeaHHM
BpeMEHEM MeXIAY CTOJKHOBEHHSIMM B ra3e HOpH 1 arMm, pasHHEIM

. . e
10792 cex, moxem mpuHTH K BBIBOAY, 4TO Menee 10% xommaekcos CgHg

CYMEIOT pacnactbCf, HH pa3y He CTOJNIKHYBWIHCb ¢ APYTHMH MOJIEKYJaMH
rasoBon ¢assl. -

Eme oano xapakrepucTHueckoe BpeMs XKH3HH, KOTOpPOE
HaM NPeACTOHT MOJACYHTATh, OTHOCHTCHA K OOBIUHBIM MOJIEKY-
JlaM, HaxoAsilUMMCSl B TEIJIOBOM paBHOBecHH. B stom cay-
uae, MpH OIIpeAeJIeHHH CPeJHero 3amnaca 5HEpPruu Mbl GyaeMm
HCXOAHTbL H3 MNpPEeANOJIOKEHHS, 4YTO MepPeXOLHOe COCTOSHHE
TaK>Ke€ HAaXOLHTCA B TEIJIOBOM paBHOBecHH. Kak u paHnblue,
OyJAeM CUHTATDb JHIUIL 2/3 BCEX OCHUMNATOPOB 3(hPeKTHBHBIMH.
Hrcao 3pQeKTHBHBIX OCHHJIATOPOB § MOXKHO, KPOMe TOTO,
olleHHTH N0 popmyse s = Cy/R.

APHMEP

- BBIUHCAMTL cpenHee BpeMsl IKH3HH GOraToil 3Heprueli MOJeKy.Ibl
€eHe npx 1000° K.

Peuienne C
§ = _Ri; M3 MpeablAyIero npnMe-pa uaBecTHo, 410 Cp — Cy =
= 9 ka.1/(moarb.epad), nosromy s = (29,5 — 9)/2 = 10,3;

1000
EV = f CV dT = 9,4'mca/z,.
0

. 9,3
T 1071 (%7—"4&) 2 10~74 cex.

Mbr onpenenunu T,- cuuTasm, 4TO BHYTPeHHde BPAliEHHS He yYACTBYIOT
B nepejnade sHepruu. BesanunHa T A0BOJLHO BHICOK2, TaK Kak : H3GBITOK
PHEPIrHH, A/t KOTODOTO OHa onpeheseHa, maj. OnpeiesHM BepOSATHOCTh
Ie3aKTHBALlMH N[DH CTOJNIKHOBEHHMHM KakK 1/3. YuurbiBas, uto B, =~ 109 cex~!
ana CoHe npu 1000°K u | arm, npuxoaMM X BBIBOLY, 4TO B 5THX
.YCTOBHAX OTKJIOHEHHS OT MOHOMOJEKyAspHOCTH nuposnusa CyHg Gyayr
OYeHb MAaJibl. .

Ecau Heo6xoaHMo GoJiee TOYHO y4ecThb BJIMSIHHE JaBJe:
- HHMSI, CHAEAYET BOCIOJAbL30BATLCA 60Jiee CJAOXKHBIM METOIOM
Mapkyca (PPKM), o6cyxaeHHe KOTOPOro MOXKHO HANTH,
Hanpumep, B pa6ore [21]. OH TpeGyer 3HaHHs Bcex 4acToT
OCHOBHOTO H NEPEeXOIHOr0 COCTOSTHUH, U IJS CJAOXKHBIX MOJIe-
KyJ pacyeT BO3MOMKEH TOJbKO ¢ NOMOILibio SBM. :
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-[asa 6bicTppix oueHOK Merol PPK npu oueHb BBICOKHX
TeMiepaTtypax JaeT pe3yJbTaT, NPaBUJAbHLIH C TOYHOCTHIO
A0 mopsiika, mpH ycnaoBuH, uto SRT > E, > 1/sRT u E,
NpEeBHILIAaeT SHEPTHIO ABYX KosJebaTeNbHEIX KBAHTOB. B mnpo-
THBHOM cJydae INpeANOYTHTEJbHEE [MONCUUTHIBATL YHCJAO
pacnpelnesieHHH 3HEPTHH IO OCUHMJJAATOPAM H HCIOJb30BAaThb
meTod PPK A5 OCHOBHOrO cOCTOAHHSA.

L. 20. PEKOMBMHALMS A'I'OMOB

PexomMGuHauuio AByX aToMoB X B MPHCYTCTBHH HPOCTOM
TpeTbe uyactuunl M (Hanpumep, Ar, Ne, Hy u T. 1.) mo-
XKHO pacCMaTpHBATh KaK MOCJA€J0BATeJbHOCTb OHMOJEKY-
JSIPHBIX CTANHH: f

X+XXo
Xo+ M X+ M,
XE4 M2 X 4 M. (I11. 85)

1 0
X+ MEX2+ M,

* L1 3 ty
rae Xo — HecTaGHJIbHBIA KOMIJEKC, OGpasoBaHHbLIH mnapoi
aToMOB, a X3 — OlHO H3 BBHICHIMX KOJe6aTeJbHBIX COCTOSHH
MOJIeKyabl Xo. Bolno nokasano [22], uto Takas cxema npH-
- BOAHT K OYeHb XOPOLIeMy COIVIACHIO C pe3yabTaTaMH 3KCIe-
PHMEHTOB B LIHPOKOM HHTepBaJie TeMOepaTyp.

MeTon cranMOHAPHBIX KOHHEHTPAUHE Aa5 KoJaebaTeabHO-

BO3OYXK/JEHHBIX COCTOAHHH X, Haer cleayioilee 3HayeHHe
KaXKyIlleHcsA KOHCTAHTbl CKOPOCTH TPEThEero MOPsAAKA:

X p =, (X2 [M),

ke=KEAGITL (I11. 86)

B sromM BhipaxeHuH K’ — KOHCTAHT2 DABHOBECHSI MEXXIY

[ ] L . - x

X u X2, k,-—-KOHCTAHTA CKOPOCTH B3auMogeicTsusa Xoc M,
. ’ ®

A — BEPOATHOCTh [Ae3aKTHBAIHH Xs B. OJJHO H3 CBSI32a4YHBIX

' cocTOosHH#H, BequudHa ke G (T)=1 — BeposATHOCTL peak-

rusauun X5 B X . 3nauenue G () NPHOIHIKEHHO DABHO



170 TJI. 111. APPEHHYCOBCKHE IMAPAMETPBI PEAKIIMM B TIA3. ®A3E

(N+ 17, rae N —uuncao KoJsle0aTesibHBIX ypOBHeH X, B HHTED-
BaJjie RT BOGJuu3u mopora muHcconuanuud. MOXHO HmOKasarTh,

yto K' =~ -g— nrd Q°/Q%, rie Q°/Q% — oTHOUIEHHEe 3J€KTPOHHBIX .

CYMM IO COCTOSIHHAM JJIsl OnpeleJIeHHBIX OCHOBHHX CO-
CTOSTHHH, NPHHATHIX auasa X, u X. Tak, ansa peakuuu
H+H-—->H, Q/Q2=1/,, a IJIst peakiun 21 < I, Q'/Q2 =1/,
T. €. IpeanoJaraercsd, uto Xe o6pasyloTcsi TOJbKO B OCHOB-
HOM COCTOSIHHH 'Z, :

BepositrHocTh nesakTHBanuu A OGLIYHO GJH3Ka K eIH-
HHLE, HO MOXKEeT CHHKAaThCs, e€cJH Macchl X U M CHJABHO
passuuaiorea [23]). BenHuuHY 7, MOXKHO PacCUHTATh TaK XKe,
KaK 3TO CAeNaHO NPH PACCMOTPEHHH PEeKOMOUHAUHH pajHKa-
a0B [popmyna (I11.73)]. Ecau npu onpeneseHHM BpallaTes b-
HOH SHEpPTrHH CTaJKHBAIOWHXCA YACTHL, MPEANoAaraercs
60JILIIMAaHOBCKOE paclipenesieHide, TO [IOJSA 7, JOJMKEH Ha-
6noparbcs OTpH]_laTEJIbeIff’I*TEMHepaTyprIﬁ KO3} PULHEHT.

Koncranta ckopocTH k., uMeeT pasjHuyHble 3HaYeHHS
AJsi CHMMETPHYHBIX H HECHMMETDHYHBIX MOJIeKyJ. B B0o36y-
KIOEHHbIX HECHMMEeTPHUYHBIX MOJIeKYJaX, aTOMbl KOTOPBIX
HMEIOT 3aMeTHO pa3jHuarulHecss Maccel, HanpuMep B HCI*
wian SO, Gousblliass yacTb KoJe6aTeNbHOH 3HEPrHH INPHXO-
AUTCA Ha xosebanue 6ogee jerkoro atroma. ChaepoBaTeNbHO,
a¢dekTHBHAA de3aKTHUBaNus OydeT NPOUCXOAUTb TOJNbLKO B
Te€X CTOJKHOBEHHAX, B KOTOpPuIXx M noajeraer kK MojekyJe
CO cTOpOHbI Jerkoro aroma. B cayyae HCI u HF ato pasHno-
CHJIBHO YTBEPXKIEHHIO, YTO JHIIb MEHEEe MOJOBHHBI CTOJKHO-
- BEHHH oOKasbiBaercsl 3(Pp(heKTHBHLIMH.

‘ XOoTs1 H3MEepeHHSA CKOPOCTH pPeKOMOGHHAIUH aTOMOB He
ABJAIOTCSA OY€Hb TOYHBIMH, BCE XK€ XOPOHIO YCTAaHOBJIEHO,
YTO KOHCTAHTa CKOPOCTH HMEeT OTPHIATeJNbHbIH TeMmepa-
TypHpiH Kod(pduunent. CorslacHo Teopuu, pasBUTOH B pa-
Gote [22], 3TO sBAAerca ciencTBHeM cHHXKeHusi K* u G(T)
NpH YyBEJHUYEHHUH TeMmnepaTyph. TeMmneparypHass 3aBHCH- .
MocTb K* NpHO/NH3HTENLHO KOMIEHCHPYeTCA ujieHOM T p

. 1 |
k:, 8 To Bpemsa Kak G (T) < — AJis1 GONBIINHCTBA MOJIEKYJI,

kpome Hy 1 H — X npu Hu3sKux Temneparypax. dxcnep-
MEeHTaJIbHble JaHHbIE CBHIAETEJBbCTBYIOT O TOM, YTO KOHCTAaH-
Tbl CKOPOCTH pPEKOMOMHAUHM JeHCTBHTENBLHO MPONOPLHO-
HauabHbl T,
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Hanuune oOTpuuaTesbHOI 3HePrUd AKTHBALHH MOpsaKd
RT ykasbiBaer Ha TO, UTO 3HePTHsI aKTHBAlL MK oOpaTHOH pe-
akuuu {(auccouuanuu Xz) MeHblIe 3HePrHU AHCCOLLHaAUUU Xg
Ha RT npu cpeaHell B paccMaTpuBaeMOM HHTepBaJe TeMiie-
patrype. Ilpu 3500°K RT = 7 kkaxa/moab. B GoabuivHcTBe
HCcc/ieJOBAaHUH AMCCOLHUAllMH B yAapHbix Tpybax Obliu omnpe-
JleJieHbl SHePrUH aKTHBALUH, 32METHO MEHbLIHE [0 CPABHEHHIO

¢ AE7 nnist AaHHOl peakiud. MHOIHe Hec/le0BaTelH CKAOHHDL
paccMaTpHBaTh H3MepeHHble HMH 3HAUeHHS, KAK SHEPTHH AHC-

couuamm npu abGCOJMIIOTHOM HYyJle AEO. Onuako AE7 = AE, +

(AC,,) T, npuuem Beqnuuna (C,),pasuas + 1,0 kaa/ (moa6 X
Xepad) TpH HHBKHX TeMIepaTypax, MeHsieT 3HaK NpH Mo-
BblllieHHH [ W MPH BLICOKHX TeMIlepaTypaXx CTAaHOBHTCH paB-
Hof —1,0 kaa/(moab -2pad). CMeHa -3HaKa NPOHCXOAUT MPH-
6ausutennoHo npu T = hv/3k, rme v -—yacroTa KoJeGaHHH.
Lias Iz sra temneparypa paBHa 70° K, nag Cls 140° K, nas
H, 2000° K. Ilpaktuueckud aasi Bcex MoJiekyJs, kpome Hy u
HX, (Cv) ~ —1 kaa/(moas-2pad) Boime 500°K wu

AE<AE0 B cayuae H, 3T0 HepaBeHCTBO CIpaBeIAJUBO Bbl-
me 3000° K, 1 ecqid KOHCTAaHTa CKOPOCTH PEKOMOHHALMH aTo-
Mo H npu BEICOKHX TeMIepaTypax H3MEHseTcs Ipomop-
mHoHaJabHO 771, TO 3Heprusi akTuBauuu pacnazna Hp OJIKHA

pasuatecs AE; — 3/,RT.
| Hekotopble XxapakTepHble KOHCTaHTbl CKOPOCTH pe-
KomMOuHauud atomMoB npuBegeHbl B Tabu. III. 14. MoxHO
OTMETHTb, UYTO OHH BCe, TMO-BUAHUMOMY, JexxaT BOJAH3H
1095£05 42/ (moav?-cex) npu 300° K u npuMepHO Ha nops-
nox Huxe npu 3000° K.

Bo3MoxeH U Apyroil MexaHusm pekoMOuHailUu B cayyae,
ecqn TpeTbe TeJ0 M sABAsAETCA MHOTOATOMHOH MOJIEKYJOH,
cnoco6HOH 006pa30BbIBAaTh JOJTOXKHBYUIHH KOMILJIEKC C Ol-
HUM u3 pekomOuHupyowux aromoB X. Tak, usBecTHO, uTO
H-TIEHTAH SBJfieTCA B JAeCATKH pa3 Oonaee 3¢ deKkTuBHOH
TpeThbell uyacTHueil, uem Ar, TpH peKOMOHHALIHH aTOMOB
(ra6a. III. 14). B »tom ciyyae HMeeT MECTO CJeRYIOLIHH
. MeXaHH3M peKOMOHHALIUHU: |

M+X+ M= —> MX + M,
MX + X 2> X, + M.

(I11. 87)
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Tabauya 111, 14
TpHMOJleKleﬂpHHe KOHCTAHTH CKOPOCTH PeKOMOHHALHH aTOMOB

Jurepas
Typa K | . Peaxuus | Ty °K lg k(M) 2)
TabJaune _
1 H+H+M — H,+M | 1072 | 9,6 (H,) 9,3 (N;,H,0)
2 - 3500 | 9,3 (H,), 83 (Ar)
3 4500 | 8,6 (Ar)
4 300 | 10,0 (H,)
b - 300 | 10,1 (H,)
6 D+D+M —>D,+ M 3500 | 8,6 (D), 9,3 (D
5 O+0+M — O+ M 300 | 89 (0;), 9,0 (N;), 85 (Ar,
: HE), 9,2 (N2
8 2200 | 8,85 (O,
9 2000 | 7,4 (Ar)
10 ' _ 4000 | 7,3 (Ar), 7,6 (Kr), 81 {Xe)
4 N+N+M —> N,+ M 300 | 89 (N;) .
5 ' 300 | 9,6 (Ny)
11 , 300 | 9,3 (N,)
i2 I+14+M —> I,+M 300 | 9,3 (Ne), 9,56 (He), 9,64 (Ar)
3
14 10,82 (#-CgH,,),
) 9,36 (H-C4H10)
3 H+F-+ M -—> HF +M | 4500 | 8,7 (Ar)
15 H + Cl -—>» HCl4+M]| 3500 (Ar)
4 N+0+M—>NO+M 300 | 9,5 (No)

8) KoHCTaHTH CKOpPOCTH BHIPaXKeHHl B A2/(M0Ab?-Cex).
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B meMm o6pasoBasHue KoMmmjaekca MX siBjasiercs TPHMOJIEKY-
JIApHBIM npoileccoM. IIpH yCJlIOBHH CTaUMOHAPHOCTH KOHUEH-
Tpauud MX cyMMapHYIO CKOPOCTb PeakUHH MOXKHO Mpeacra-
BHTb ypaBHeHHEM -

d[Xp) _ kiks [X]?[M]? ~ Kk [X12[M], (IlI.88)

di | R M+ ka (X]

rae K; = ki/k_;. Torma Kaxyuascsi KOHCTaHTA CKOPOCTH
" k, = K,ks. o (111.89)

MOXHO 0XHOAAaTb, uTO ecau MX saBasetrca AOBOJbHO XKeECT-
' . Q

KHM KOMIJeKcoM, To AS[, =~ — 29 kaxa/(moab-2pad) HAH
o . . .

AS\.=— 20,5 karl (moarb-epad). Ecnu &y uMeeT BeJHUH-

L]

Hy, XapakTepHylo IJis peakuu# OTpeiBa aroma, T. €. Ay =
~ 10105 2/(moab-ceK), TO

E2'+ AHI

S3RT [22/(mond? - cex)]. (111.90)

lg (k) ~ 16 —

KoHcTaHTa CKOPOCTH kB, HMeeT HEOOLIUHO HH3KHH IpPefsKe-
noueHr. Ecan BearuuwHa E, HeBesnka HMJAH OJAH3KA K HYJIO,
HoJizKHa Ha6JI04aThCsl AOBOJBHO OoJblias OTpHLATENbHAasd
SHepPrHs AKTHBALMU, IOCKOJNBKY AN 3K30TEPMHUYECKOH peax-
UMM 3HaueHne AH, orpunarejlpHO. DTO HMeeT MeCTO IpH
pekoM6unauui atoMoB O MpH HU3KHX JAABJEHHsX, KaTaJlH-
supyemofi Oy uau NO. B oboux cayuasix oueHb OLICTPHIMH
craausamu  sisasiiores  peakuun O + NOg—> 02 +~ NO  n
O + 0;—>20, (taba. 1I1.11). TTo anasoruiyHoMy MeXaHH3-
My NO KaTaJH3HPyeT PeKOMOHHAUHIO aTOMOB L. - ‘

BoAbIIHHCTBO ¢1ab0 CBA3aHHLIX KOMIIJIEKCOB — KOMILJIeK-
COB C TIEPEHOCOM 3apsiZia U BaHAEpPBaajbCOBBIX KOMILJIEKCOB,
MOLOGHBIX TEM, KOTOpPHIE aTOMBL HOJa 06pa3yioT ¢ GONbIIHMH
MJIH HeHacBbIIleHHBIMH MOJeKyJaMH,— HMEIOT HCKJIYHTEeb-
HO «PHIXJYIO» CTPYKTypy. [l peakuHu HX o6pa3oBaHud
AS1,~ —6 kaxa/(moab - 2pad) [24], a NpeA3KCIIOHEHT, O-BHUIH-
MOMY, HMeeT HOPMAaJIbHyi0 BeJHYHHY,T.€. ~ 1098 22(m0oa6° X
X cex). Ha cBoeo6pasue MeXaHH3M& 3TOTO npounecca ykasbl-
.BaeT TOJILKO BE€JHUYHHA OTPHLIATEJIbHOIO TEMIIEPaTypPHOTO KO-
spduuHenTa a5 3TOH peakuuH, KOTOpas COOTBETCTBYET
«3HePruH aktuBanuu» or —1 A0 —3 KkKaa/moan, a He —RT.
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lil. 21. MPOLLECCH! NMEPEQAYM SHEPIMM NPM HM3IKMX NABNEHMAX

Korga auMHTHpYIOIlEeH cTagneil CTAHOBHTCA IIpoLEcC Ie-
penauyd 3HEpPTrHH, DPEaKUHH pPAasJIOXKEHHs1 HAUYHMHAlOT IpoTe-
KaTh 10 BTOPOMY IMOPAAKY, a pPeakKUHH acCOLHaluHH — IO
TpeTbeMy nopsaaxky. Ha OcCHOBaHuu pe3y/bTaTOB, H3JIOXKEH-
HeIXx B pasa. III. 19, MoxuHO 3akmwouuTh, uto npu 1 arm
Tak Oyaer ceb6s BeCTH OOJIBLUIMHCTBO TPEX- H YETHPeXaToM-
HbIX 'MOJIEKYJ npu Ttemneparype Boime 300°K u nsatu- u
CeMHUaTOMHBIX MOJIEKYJa Npu TeMmmeparype Boilie 1000° K.
KOHCTAHTHI CKOPOCTH TaKHX POLECCOB MBI PACCMOTPHM AJ4
cjayuast acconHanuu. Uro6s nmepefiTH K KOHCTAHTaM CKOpO-
CTH Pa3JOXKeHUdA, HaM [IOCTAaTOYHO OyAeT BOCHOJb30BAThCS
NMOJIYYEHHbIMH MJIsi acCOLMallMH 3HAa4YeHHSIMH KOHCTAHT pas-
HOBeCHA.

paCCMOTpPIM peakuuio aCCOHHaLlHH NO u O.

O+NO+ “’NOg,

«*

NO;+M—5>NO, + M. (111.91)

PeaKuusi OCJAOKHsIETCH NPOTEKAHHEM GBICTPOR CTaAHH
O+N02—~>OQ+NO

CraunoHapHas CKOPOCTbL Hcue3HOBeHHs atomMoB O

—d[0O] _ 2kk, [MLIO] [NO]
dt lki;-+k2 [(M] (11.92)

M NPH HU3KUX AaBJAEHUAX, Korga R_; > ky[M],

—410] . oKk, (0] [INO] [M] = 2k, [O] [NOI[M],  (III.93)

rae Ki= k,/k_l, a k, — KOHCTAHTa CKOPOCTH TPHMOJIEKY ISP~
HOH peKOMOHHALHH.

KoHcTaHTy paBHOBecHsi K| MOMKHO OlipelleJqiuTh C IO-
MOIILI0O KOHCTAHT CKOpPOCTH R; W k_;, nmpeanoJsaras, 4to cy-
WECTBYET TOJNBKO OAHO cocrosine NO, C HEKOTOpOH cpex-

Heit sneprueii. Ewe npome onpeneants Ky IOCTYJAHPYS, 4TO
npu 1000° K CYLIeCTBYeT TOJNBKO OAHO COCTOSHHE BO30Yy-

HAEHHBIX MOJIEKYJ NO; co cpeaHel sHeprued E. NO: na-
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xonuTca B paBHoBecHH ¢ NO u O, nosromy Her HeoOGXodH-
MOCTH pacCMaTpPHUBAaTb Mepex0oJHOe COCTOSTHHE 3TOH peakilHH.
BripaxkeHue IJiS1 KOHCTAHTBHl paBHOBecHsa K* MOXKHO npen-
CTaBUTb B BHIE

. o [4= 2.
K =SSR (- (1:2) . (I11. 94)

[Tocnenuum unenom B dopmyae (III.94), pasuuim 1,5, BHO-
CHTCA IMONpaBKa Ha H306LITOK BpallarejJbHOH 3HEpPrHH

L o) .
NO,, AS|— H3MeHeHHe HSHTPONHUHM MNPH acCOLHALlUH, H3Me-
peHHOe [0 OTHOIHEeHHIO K OCHOBHOMY cocrosHHio NOg,

Tabruya 111, 15

AppeHHYCOBCKHE MapaMeTphl HEKOTOPHX peakmmufh NPHCOE AHHCHHA
. TpPpeThbero NnopsiAixa ¢ ydacTheM MOJEKYJ]

JAurecpa- _
Typa K Pearuns : Tm" °K g & [4® /[\mMoas?-cex)]
Tabaule _
1 O+0,+M — O, + M 380 8,1 (0,), 8,2 (N,),
: 8:5 (03)
2 300 8,1 (Q)
3 O+NO+M — NO,+M| 300—500 9,164-1,9/(8). (O,)
4 200—300 | 8,9+1,8/(8) (O,)
5 : 300 10,46 (Q,)
6 H+NO+M —> HNO+M 300 10,17 (H,)
7 H+0O,+M —> HO,+ M | 300 u Buime | 8,67+ 1,6/(8)
8 CI+NO+ M — 245450 | 9,7+41,1/(0) (Ar),
— NOCI+M 10,5 (He), 10,5 (N,),
‘ 10,6 (O,),
10,6 (Cly),
10,5 (SF4
{. Benson S. W,, Axworthy A. E,, Jr, J. Chem. Phys., 42, 2614
(1965).
2 Basco N, Proc. Roy. Soc., A283, 302 (1965).
3. Klein F. S,, Herron J. T., J. Chem. Phys., 41, 1285 (1964).
4. Clyne M. A, A, Thrush B. A, Proc. Roy. Soc. A269, 404
(1962). ' .
5 Westenberg A. A, DeHass N, J. Chem. Phys, 40, 3087
1964). |
6. Clyne M. AL A, Thrush B. A, Disc. Faraday Soc., 33, 139
(1962). ' .
7.Clyne M. A, A, Thrush B. A, Proc. Roy. Soc.. A275, 559
(1963).
8.

Clark T. R, Clyne M. A. A, Stedmanr D. H, Trans. Fara-
day Soc., 62, 3354 (1966). . S |
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p(E)—unciio cnoco6oB, KOTOPBIMH BHYTPEHHIOK 3SHEPTHIO
NO; MoxHO pacnpeneNHTbh 1O TpeM KoJe6aTelbHbLIM CTe-
neHsiM cBOGOAbI, CPelHAsl 4YacToTa KOTOPLIX NPHHATA paB-
Hoil 1100 cm™i. Ilonunasi sueprus E = E° 4 RT, rme E° =
= 72 KKQa[mMOAb — SHEPrHA  AUCCOLUALHMH CBASH. _ Hc-
noab3yst Gopmyay (II1.84) ‘m yuureiBas, uto AS,3p =
= —31,3 kaxr/(moas -epad) u AS,30= — 23,0 kar/(moasX
X epad), a (AC,) = 0, uMeeM

Ki=10750. 22 (Z22) = 107" 4/moas. (IIL.95)

[IpunaB auamerp crosikHoBeHud paBueiM 4,0 A u cyu-
Tas, YTO AE€3aKTHBANHUs NPOUCXOAHT NPH KaXKIAOM CTOJIKHO-
BeHHH C Ny, ABJAAIOMIUMCS TPETbHM TEJIOM MOXKHO Hai-
TH, 4TO ko = 10''% a/(moab . cex), a k,.(1000°) ~ 1092 42/
[ (MO26? - cex). DTa BeJHUHHA OUEHD 6/M3Ka K NPHBEIEHHOMY
B Ta6u. I111. 15 snauenuio 1093+0:3, koTOpOe MONyYeHO IKCTpa-
HoJsALLUueH.

1. 22. PEAKLIMM MOHOB

Cpeau Han6osiee MHTEPECHBIX HOHHEIX H HOHHO-MOJIEKY-
JAPHBIX peaklHi, KOTOpbE H3ydYasJHuch B rasoBoiél ¢ase, Mo-
)KHO OTMETHTb JHCCOUHATHBHYIO peKoMOuHauuw A* + B-—
— A + B, peakuuu otpniBa, HanpuMep H; + H.— Hi + H,
H peakuuu mepesapaaxku Ni + NO-— Ny + NO*, |

He BpaBasice B nmeranu *, yMecTHO caesnaThb HECKOJBLKO
saMeyaHudl. [lJis 3K30TepMHUECKHX peakKUHH OTpPLIBA HJH
samelenus, Hanpumep aaa CH{ + CH, — CHS + CH,, kon-
CTAHTBI CKOPOCTH OuYeHb O6JIM3KH K YacToTe CTOJKHOBEHHH.
OpHako nJs npoLeccOoB JHCCONMATHBHOH peKOMGHHALMH
KOHCTAHTbl CKOPOCTH NpHMepHO B 1025%05 pas prime, uem
YacToTa COyAapeHHH. IDTO CBA3aHO C GOJNBIIUMH 3} PEKTHB-
HBIMH pajJHyCaMH KYJOHOBCKOTO B3aHMOJEHCTBHSI NPOTHBO-
nmonoxKubix 3apanos [26]. CoraacHo teopum Jx. JIxk. Tom-
cona, A* u B~ moryr o6pa3oBbIBATh Napy Ha OYeHb 60Jb-
UIHX paccTosAHHAX r =~ kT/e?; npu 300°K r =~ 500 A. Oanako,

.. HcuepneiBatomwufi 0630p NOCAEAHHX Pe3yabTaTOB B 3TOH 06aacTH
AaH B paGore Maana [25]. -
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KaKk GblIJIO MOKa3aHO, AJs MPOTEKAHHS PeakluH HEOOXOAHMO,
ytoObl MapTHepH, o6pasyolue napy, cOMU3UIHUCH 10 MeHb-
IIHX PACCTOSIHUM}, TaK KaK OpH GOMBIHX 7 BEPOATHOCTb AHC-
cOUHalUMH OUEHb BeEJHKA. ' o

VY Hac HeT OCHOBaHHE npelnoJararb, 4TO 3K30T€pMHYe-
CKHe HOHHO-MOJIEKYJpHble PeaKkLHH MPOTEKaioT ¢ SHeprHew
aKTHBALHH, TOCKOJbKY 3Heprus NOJspH3allUN MNapTHEPOB
- coynapenns Ep ~ (¢%a/2r) 0GbIYHO 3HAUHTE]bHO NPEBLILIAET
SHEPrHI0 aKTHBAUWH, KOTOPYIO MOXKHO OBLIO Ol OXHJIATb
JUIS aHAJOTHYHOH pPeaKUHH HeHTPaJbHLIX YacTHL. ¥ HOHOB
- (TouHee, y MOH-PafMKaJOB, TaKHX, Kak H*, Hf, CHY
¥ Ap.) MMEIOTCs He3aNoJHEHHble HU3KO PacCIOJIOXEHHbIe Op-
GuraJH, ¥ TO3TOMY peakllHH MexXKAy TaKHMM 4acTauamu Oy-
AYT nporekaTb §€3 3HEpPTHHM aKTHBALHUU. ITO He OTHOCUTCH
K MOHAM C 3aMOJIHEHHBIMH 3JEKTPOHHBIMH O0OJIOUKaMHM, Ha-

npuMep HeH+, Hf, CHY.

JMTEPATYPA

| Tnecceton C., Jleignep K, diipunr T, Teopus abcomor-
HLIX CKOpOCTe# peakiud, HM3naTHHIHT, M., 1948. _
2 Berncon C. OcHOBH XMMHUECKOH KHHETHKH, H3I-BO «Mup», M,
1964. . _
3. Benson S. W, Axworthy A E, Jr, J. Chem. Phys., 21, 428
(1953). -
4 Benson S. W., J. Am. Chem. Soc.,, 80, 5151 (1958). .
5. Benson S. W, DeMore W. B, Ann. Rev. Phys. Chem., 16,
433 (1965).
6. Benson S. W. Advances in Photochemistry, Interscience, N. Y.,
vol. 2, 1964.
7 Benson S. W., Golden D. M, Egger K, J. Am. Chem,
Soc., 87, 468 (1965). - _
8. Arnt;tt R. L, Crawford B. L, Jr, J. Chem. Phys., 18, 118
(1950). - - | |
‘9. ONeal H. E, Benson S. W, J. Phys. Chem., 71, 2903 (1967).
10. Rabinovitch B. S, Schlag E, Wiberg K, J. Chem.
Phys., 23, 315, 2439 (1955). |
11. Benson S. W., J. Chem. Phys., 34, 521 (1961).
12, Gerberich R, Walters W. D., J. Am. Chem. Soc., 83, 3935
(1960) ; 84, 4884 (1961).
13. Benson S. W., O'Neal H. E., J. Phys. Chem,, 72, 1866 (1968).
14. Gunning H. E, Stock R. L, Can J. Chem, 42, 357 (1964).
15. Gordon A. S., Can. J. Chem., 43, 570 (1963).
16. Gordon A. S, Ruthven-Smith S, Drew C. M, J, Chem,
Phys., 36, 824 (1963). - . :



|78 I, 111, APPEHUYCOBCKUE TNMAPAMETPH PEAKIIUF B TA3. ®A3E

17. mw wm_vzmmos R, Levi A. A, J. Am. Chem. Soc., 88, 3756
(1964).
18. Benson S. W, J. Chem, Phys., 46, 4920 (1967).
19. Pitts J. N, Sharp J. H, Chan S. I, J. Chem. Phys., 40,
3655 (1964).
20. Herron J. T, Klein F. S, J. Chem. Phys., 40, 2731 (1964).
21. Rabinovitch B. S, Setzer D. W, Advances in Photoche-
mistry, vol. 3, N. Y., 1964.
22. Benson S. W, Fueno T, J. Chem. Phys., 386, _%q (1962).
'93. Benson S. W, Berend G., J. Chem. Eém., 40, 1289 :@g“
44, 470 (1966).
24, m:”m O. K, Atack D, J. Phys. o_._ma., mm _o: (1954).
25. Mahan B, Ann. Rev. Phys. Chem, 3 (1966).
26. Mahan S. m.. Person J.C, J. Qma E:a._ 40, 285 (1964).



l‘_J'IABA v

AHANU3 CJIOXHbIX PEAKLIMA

IV. 1. LLENHBLIE PEAKUWM

B ra. 111 peub mia npenMylieCTBEHHO O KMHETHKe peak-
M, KOTOpble MOXHO paccMaTpuUBaTb KakK 3JeMeHTapHbIe.
B Takux peakuusx NPOAYKTHl ¥ peareHTHl pasgeseHbl eJHH-
CTBEHHBIM 3HepreTuueckum OapbepoM. OQHAKO TakKHX Ipo-
CTbIX peakKUHH OYeHb MaJo, OOJIBIIHHCTBO Ke SBJSAIOTCH
CJAOKHBIMH H BKJIOUAIOT, KAK MOXKHO T0Ka3aTh, ABe WiH 60-
jJee sjgeMeHTapHeIX craguil. Hau6onee o6y Tun ycjaoxHe-
HHS XMMHUECKOH peaklHu COCTOUT B ciaeiywileM. B npouec-
ce peakuWH MOryT BO3HHMKaTbh DPEaKLHOHHOCIHOCOOHBIE NpPO-
'MEXYTOUHBle MPOAYKTH — aTOMbl HJIH CBOOOAHBLIE pajHKa-
Jibl, KOTOpblie BBICTYNAlOT B POJIM KaTajausatopoB. Peakuus
NPOTEKAeT NyTeM IOBTOPSIOUIHXCA LHKJOB 3J1eMEHTRPHBIX
cTaguii, 0CO6EHHOCTHIO KOTOPHIX SIBJAAETCA TO, YTO y4acCTBYIO-
e B 3THX Ppeakuuax CBOOOAHBIE paiHKaJbl peredHepH-
pyIOTCSi B Hpefenax KaxJoro LMkJa (3BeHa uenu). B uro-
re 3JeMeHTapHble peaKiHH Ka)XAO0ro 3BeHa MOXKHO CyMMHU-
pPOBAaThH MOJIEKYJAAPHOH OpyTTO-peakiuei, 1 TakKuM obpasom
KOHUEeHTpauuss CBOGOAHBIX paAHKaJoB (aKTHBHBIX LEHT-
poB) ocrtaercs HeMsMeHHOH. KnaccHueCKHM NpHMepoOM lien-
~ HOM peaKUHH fABJAACTCS peakuuss

PORO/IKEHHE IEHH | H 4 Br,@HBr+Br (IV.1)
Bpyrro-peakuus H, + Br, < 2HBr

B kaxxpmofi 3JieMeHTAapHOH CTaAnu NPOJAOJKEHHA LEeNH NPo-
HCXOIHMT 3aMeHa OJHOTO aKTHBHOrO LeHTpa (Hanpumep, H)
Ha Apyrof (Br), nHo o6uias KOHUeHTpauus ux, paBHas [H] +
+ [Br], ocTaercss HEeH3MEeHHOH.

Peakuud, B KOTOpbIX o0O0llasg KOHLEHTpALUHss aKTHUB-
HbIX LI€HTPOB BO3pacTaeT M0 Mepe NPOAOJKEHHS UelH,
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Ha3blBAlOTCsA pa3BeTBJACHHbIMH UENHLIMH peaxlHsIMH. Hpn?
MEepOM TaKOro mnpouecca siBasiercs peakuus Ho + OQ..
H+0,<HO+0,
O+ H,<xOH + H, (IV.2)
HO +~H, <HOH +H. |

OTH ypaBHEHHs1 HeJIb3sl IIPOCYMMHPOBATh, MOJYUHB MOJIEKY-
JApPHYI0 OpyrTo-peakinuio. B mepBrIX ABYX cTagusax OAMH
AKTUBHBPIH LIEHTP 3aMeHserca Ha Asa HoBbix (H—HO + O
unmd O - OH + H), B pesyabrare yero nocje Hayaja peak-
UHH B CHCTeMe JOJIXK€H HaG/AIoAaThbCsl 3KCIOHEHLHAaJbHbI
POCT KOHUEHTpalUH PajHKaJoB. Mbl OrpaHHUYHMCSA paccMo-
TPEHHEM TOJIbKO HepPa3BEeTBJIEHHBIX LIENHBIX MPOIECCOB.

V. 2. RPHTEPHH-AJ‘IH OLLEHKMU PONMM LLENMHbIX PEAKLMMA

B mpuHIHne MOXeT CyIliecTBOBATH MHOXKECTBO nyTel,
110 KOTOPBIM 3aJaHHbLIH HabOp peareéHTOB IpeBpallaeTcs B
onpeAe/ieHHbIe NMPOAYKTH. YUHCIO TaKHX BO3MOMKHHIX MyTel
HJIH Me@XaHU3MOB OrpaHHYEHO TOJbBKO BOOOpaxKeHHEeM HcecJe-
AOBAaTeJ/Isl, KOTOPbIH H3yyaeT AaHHYI peaknuio. OIHAKO H3
BCero pasHooGpasusi MeXaHH3MOB NPAaKTHYECKH yAaercs Ha-
GJI0XATh JIHUIb Te, 110 KOTOPBHIM B. YCJAOBHAX 3KCIIEPHMEHTA
peareHTH NPEBpAIAIOTCA B MNPOAYKTHI ¢ HaHGOJbLICH CKO-
pocthio. Eci ke 3apaHee MONBITAaTLCS NPEACKa3aThb HaM-
GoJiee GJaronpHATHLIA MeXaHH3M peaKIHH, T. €. o6ecleyn-
BAIOIUHI MaKCHMaJibHyI0 CKOPOCTb, TO HEOGXOAHMO COMOCTA-
BHTb BCE€ BO3MOXHbie MeXaHH3Mbl. B KauecTBe omHoro us
TaKHX MEXaHH3MOB MOXKHO paccMaTpHBaTb MOJEKYJSPHbIfA
npouecc ¢ €IHHCTBEHHBIM NEPEXOAHBIM COCTOSIHHeM. Tak, B
peakuun Hjy + Bro—2HBr npocreiimuuii Mexanusm Takoro
pona Oyaer BKJIOYaTh 0OGpasoBaHHE YeTHIPEXLEHTPOBOTO
KOMILJIEKCa ’

. H.H1* -
H—H-+ Br—-Br<| . ¢ 2—” 2HBr. (IV.3)
Br - Br : S

[To TakOMy MeXaHH3My C ydyacTHeM CTaGUJbHBIX MOJEKY.JI
peakuus NOJXKHAa NPOTEKATh C BLHICOKHMH SHEPTHSAMH - aKTH-
BalWu. st GUMOJIEKYJSIPHBIX PEaKUHH MOMKHO OXKHIAATh
HH3KHX 3HAUYE€HHH MpeNs3KCnoHeHTOB. PaxukanabHo-uenuoil
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npouecc GyAeT YCHEWHO KOHKYPHPOBATb C MOJIEKYJISPHOH
peakiHei, TOJNbKO €CJH CTaAHU NMPOAOJKEHHs HeNH MpoTe-
KaloT AocTaTouHo 6bicTpo. OOLIYHO YCIAOBHEM 3TOrO ABJAKOT-
csl HM3KHE 3HepTHH aKTuBaluH. IIpH paccMOTpeHHH CJOXK-
HBIX peakuHid MBI Bce BpeMs Oy/eM CpPaBHHBaTb CKOPOCTH
MOJIEKYJSIPHOTO ¥ paZHKaJbHOro mpoueccos. Ilpn nuposaunse
GOJbILKUX, OCOOEHHO HeHAaCHIIEHHBIX, MOJIEKYJ I[IPOIleCCHl
060HX THIIOB MOTYT NpoTekaTh napanjenabHo. He nas Bcex
MOJIEKYJ BO3MOMKEH MEXaHH3M pachajga c ydacrHeMm Obl-
cTpHiX M mpocteix uernefl. Hanpumep, nuposnuns C.He npote-
KaeT 10 CJeAyolleMy MPOCTOMY LENHOMY MeXaHHU3MYy:

[IpoaoJKeHHe { H + C,Hg — Hy + CyHs
HelH C,H;—>C,H,+H (IV.4)
BpyTro-peakuus C,Hg — H, + CoH,

B To xe BpemMs He CyLIeCTBYET MPOCTOrO UENHOrO MEXaHH3-
Ma TepMHueckoro pasaoxenus CH,; no CgoHe + He Ham
CyH, + 3H,. PaccmotpuM, ¢ ueM 3TO CBS3aHO.

UTo6H pelIuTb, MOXKET JIH HEKOTOpas MOJleKyJaa IpeTep-
neBaTh IeNHOE pasJjoXKeHHe, HeOOXOAHMO PacCMOTPEThb, Oy-
JleT JIH NPOTeKaThb GHMOJEKyJspHASl PeaKIHs MOJeKyJabl X
¢ HEKOTOPBHIM paJiikajioM R, 32 KOTOPOH NOJIXKHBI CJIef0BaTb
ApyTHe CcTajfHM, IPHBOAslIHe K pereHepauun R. B rauecTBe
BO3MOXKHBEIX CTaAMH TNPOAOJIXKEHUS Lend MOT'YT BBICTyIaTh
peakUHH NMPHCOeJHHEHHs, OTPBIBA aTOMA H MOHOMOJIEKYJISP-
Horo pacnajga. Uro6ul OuMOJeKy/JsApHbie CTafgud OblIH
NOCTATOUHO GBICTPBIMH, HX 3HePrdu aKTHBAUHH NOJXKHBI yI0-
BAETBOPSITh CJeAylolleMy HepaBeHcTBY: E/0 < 5,5, B TO Bpe-
MsI KakK [JJs MOHOMOJEKYJsPHBIX CTaJAHH aHaJiorHYHoe He-
paBeHcTBO mnpuMer Bux E/9 < 14* OTu HepaBeHCTBA sB-
JAIOTCA BbIpa)K€HUEM YCJOBHsl, YTO CKOPOCTb NPOIAOJIKEHH:
ernd A0JKHa O6bITh HaMHoro Gosnuie (B 10—100 pas) cko-
POCTH 3apPOXKAEHHS aKTUBHBIX LEHTPOB. B mpoTHBHOM cay-
yae B cucreMe 6yayT npeobnajgaTth peakuHH HHHUHHPOBaHHA,
a UenHoi mpolecc He OymerT HrpaThb BaxHok poau. C npy-
roifi CTOPOHBbI, OUE€Hb OBICTPbIA LEIIHOH APOlleCC HMeeT CIHMII-
KOM GOJIbIIYIO AJHWHY IlelH, TaK YTO CHCTeMa MOXKeT He AO0-
CTHYb CTAllHOHAPHOIO COCTOSIHHS.

* HanoMuuwm, uto 0 = 2,303 RT (xxaa/moav).
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HanoxeHHble Ha 3SHEPTHIO aKTHBAllMM OrpaHHYeHHS
OOBIYHO HCKJIOYAIOT PeaklUHH, B IePexoiHBIX COCTOSIHHAX
KOTOPBIX BaJIeHTHO-HachilleHHble atombl C, N, O, F u apy-
rHe NPHCOEAHHSIOT JONOJHHTEAbHEIE 3JIEKTPOHN (HaNpHMep,
peakuWH o6pasoBaHHsl NATHBaJeHTHOTO C H TpexXBaJieHT-
Horo O B mepexoZHOM cOCTOSIHUHK). [TosToMy peakuus -

H  H %
CH; +CH, —> HSC(IJH > CiHg+H
H

He MOXKeT MTPaTh Ba*KHOH POJIH B KayecTBe CTaAdHH NPOHOJ-
XKeHust uend npu nupoJsunse CH,; PaccmorpuMm Teneps umen-
Ho pacnan C.HsCl. EnuncrBeHHOl peakuueil pagukana R
MOXeT OBITb OTPBIB 4TOMA, NO3TOMY BCE€ TPH PeaKluH

— > CH,CH,Cl + RH
R+ C,H.Cl |—~> CH,CHCI + RH (IV.5)
l” '>-CH3éH2 + RCI '

AABJSAIIOTCA BO3MOMKHBIMH CTALHSIMH MPOJOJKEHHS uend. Jla-
Jiee CJaeVIOT: -

CH,CH,Cl—2%> C,H, + CI,
CH;CHCI %> C,H,Cl + H, (1V.6)
CH,;CH,—%> C,H, + H,

npuuem Jqu6o H, nmu6o Cl nonxkHBI BBICTYNaTh B KauyecTBe
‘pagukana R.

M3 npHBedeHHBIX B KOHLle KHHI'H AaHHBIX O HPOYHOCTH
CBfI3€l] MOMKHO 3aKJIOUHTb, YyTO peakinus orpoiBa Cl ¢ yua-
crieM atoma Cl Oygmer sHaorepmuuHa (22 KKkasa/moas) n
-TIOTOMY [JOJI)KHA HMETb CJAHIIKOM BBICOKYIO 3HEPTHIO aKTH-
‘BallMH, YTOGbI ObiThb A0CTAaTOUHO ObicTpod. Takum o6pasowm,
npoaykrtaMH peakuui (IV.5) moryr 6biTe TONbKO HCI u Ha.
[Mpu R = Cl no peakuusim (1) m (2) 6yayr noayuyatbcest
C:Hs 4+ HCl; npu R =H peaxkuun (1) u (2) nmaayr
CeH;Cl + Hj;, a peakxuun (1) n (2”)— CoH,s + HCI. Hec-
No/Ib3yA 3JHEPTHH JAHCCOLHAUMNH CBsi3eHd, MOXHO CHOBa IoO-
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KasaTb, 4To peakuun (2°) u (2”) snmotrepmMuuHBbl (NpHMep-
Ho 39 kKkaa/moasv), Torga Kak 3HZOTEPMHYHOCTb peakUuuu (2)
Bcero 20 kkaa/moas. Takum o6pa3zomM, GLICTPYIO LieNb MO}KET
ZaTb TOJBKO IOcCJAefOBaTeJbHOCTh peakuud (1) u (2),
KOTOPbIX akKTHBHble UeHTpnl Cl' u "CoH,Cl A8IOT HpO,IlyKTbl
C2H4 u HCIL.

Monekyna Cl,O He Moxer. pacnazaTbcs IO IPOCTOMY
IenHoMy MexaHusmy. B pesy.anare orpeiBa atoma Cl ot
Cl,O o6pasyercsi ManoakTuBHBIH panukan ClO, kotopnil
He MOoXeT OBICTPO HpO,ELOJI}KaTb enb. TO Ke OTHOCHTCA K
pacnany Fo.0, No2O u ClOg *. -

Ilpu pasjoxeHuUM NepeKHCH BOZOPOJAa He MOTYT BO3HH-
KaTb ObICTpble LIENIH, MOCKOJbKY NpH oTpbiBe atoma H obpa-
ayerca pagukan HOo:

R* -+ H,0, — RH + HO;, (V. 7)

B KOTOpOM o6e cBfi3H noctatouHo mpouHei: DH°(H — Oy) =
= 47 kkaxa/morv, a DH°(HO — Q) = 67 kxaa/mosb. 1 peir-
CTBHTENbHO, pasnoxenue HyOs NmpoHCXOOHT MO paguKalb-
HOMY, a He M0 IeNHOMY MeXaHH3My jaaxe npu 550°C

H,0, + M —20H + M, |
HO + H,0, —HOH + HO,, (1V.8)
- 2HO, — H,0, + O,.

IV. 3. CKOPOCTb NPOROMKEHMSA LLENM

CkopocTb NMPOROJKEHHST LeNH H3MepAeTcsi 0OpaTHOH Be-
JUYHHON BpeMeHH, HeOOXOAUMOro AJs NMPOTeKaHUsd KaxKIoN
CTaZWH B mpepenax OJHOro 3BeHa uenu. B cnyuae Hy; 4+ Bro
(IV.1) cpennee BpeMs, Heo6XOooHMOe AJA peakluu atoMa H,
Ty ONpenensieTcs BhIpaxKeHHeM

____[H] d(In[HD}™' _ 1
YH = G1H}/df [ dt ] =% By V.9

* OgHako BO3MOXKHO npononmeane uenu c¢ yqacmeM ABYyX papH-
KaJIOB: : |

2CI0° -> C100« + CI*
CIOO" + M2 CI'+ O, + M,
Cls + C1,0 2 Cl, + ClO-
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B KOTOPDOM He yuTeHa o6paTHas peakuuss Br + HBr —» H -+
+ Bre. AnanornuHo ajs atoMoB Br

1
Br = kp[H,] -

T (IV.10)

HroObl BHECTH MONpaBKy HA NMpoTeKaHHe o6paTHOH peak-
LHHH, HEOOXONHMO YMHOXHTb 3Ty BeJHuHHY Ha 1/(1 —a),
rae o -—— 1048 aToMoB Br, perenepupyeMmnix 6aarogaps o6-
patHOH peaknuu. O6ulee BpeMss NPOTEKAHHUSI OMHOTO 3BCHA
denH pPaBHO T = Tpr + TH. ECJAHM Uenb COCTOUT U3 3BEHbLEB
C m CTaJHAMH, TO T MOXKHO NPeACTaBUThb KaK CyMMy /1 uje-
HOB, NIPHYEM €C/H k- cTalAusi 3aMeTHO MelJeHHee ApPYIHX,
TOTAA T = Tp, H 3TAa CTAJHUSA CTAHOBHTCS JHMHTHPYIOLIEH.
CTOJIb MPOCTHIE COOTHOILEHHUS CNpaBedJHBbI AAS MHOTHX, HO
HE€ JJisl BCeX LIeNHbIX peaklH.

XoTs CTaJHH NPOAOJKEHHS LeNH He BAMAIT Ha OGIIYIO
KOHLUEHTPAUMIO PaJHKaJIOB, COOTHOIICHHS KOHLEHTPAlUi pa-
AHKAJOB B yCJOBHAX KBA3HCTALMOHAPHOTO COCTOSIHHS OIpe-
ACNAIOTCA TOJNbLKO CKOPOCTSIMH OTAENbHBIX CTaAMi MPOMOJ-
XeHHA nend. Taxk, ans peakuuu Hy + Brs

H + Br,<—2 HBr + Br,

5 | (IV.11)
Br 4+ Hz“—_“f____; HBr 4+ H,

OpU YCJIOBHH HAJHHHBIX Henelr (A 2> 10) camas MenseHHas
CTaJAHsi TMPOAOJIXKEHHUA LeNu IO KpailiHell Mepe Ha MOPSLOK
GbicTpee peaknMil HHHUMHPOBAHHS HJH HMCUYE3HOBEHHSI pa-
AukanoB B cucreme. CJefoBaTeNbHO, NpPeATONOKEHHE O
KBa3HCTAaUHOHAPHOM COCTOAHHMH Kak auag H, tak u ansa Br
NPHBOIOUT K OAHOMY H TOMY K€ YPaBHEHHIO

d[H} _ d[Br] _
dt a7
ko [H][Bro] + k_, [HBr] [H] = - (IV.12)

=k, [Br] [HBr] + £, [Br] [H,]

HJH, ecsiH IpeHeOpeuybr MENJEHHOH CHJBHO snnofepMHquﬁ
craaueil —a, K ' '

(H] _ kp [H,]

[Br] kg [Bre] +k_p [HBr] *

(IV.13)



{V.4. MPOAYKTHl KOHKYPHUPYIOUHX LIEMHbIX PEAKLIMH 185

Cxopoctb peakuun R (HBr) onpene.rme'rcﬁ dopmynoH
" R(HBr)=R;— R-;+ Ry~ R, (IV.14)
* KOTOpasi € Y4eTOoM cootHomiendst (IV.12) npuHHMaer BHI
R(HBr) = 2(R, — R-a) =~ 2Rs =2k, [H][Brz], (1V.15)

HJIY, €CJIH - HCI0Jb30BaTh coornomenue (IV.13) u nepedTH
K [Br], |
2kgkp [Ho] [Bre] [Br]

R (HBr) = kg [Bry] + k—p [HBr]®

(IV. 16)

C MOMOLIbIO MOAOOHLIX NpeoO6pa3soBaHHi BCErla OKasbl-
BaeTcsi BO3MOIKHBIM NPH YCJHAOBHH MJHHHBIX enefl BbIPa3uTb
CTANHOHAPHYIO CKOPOCTb IleNHOro mnpomnecca ¢ IIOMOUIbIO -
KOHIleHTpalHil JI060ro U3 aKTHBHBIX IEHTPOB. Kak Mbl yBH-
OIUM B JajipHeHlleM, a6CcoJI0OTHBIE KOHIEHTpalUu aKTHBHBIX
LLeHTPOB ONpPEeNeNAIOTCA PeaKUHAMH MHHUUHpOBaHUS H 06-
pHIBA.

B kauecTBe ellle OJHOro INpumMepa PpaccMOTpuUM HOell
HOH MNHPOJH3 HEONEeHTaHa (NpH), npoaykramMu# KOTOPOTO
IBJISIIOTCS M300yTHJEH H MeTaH: |

R -+ C(CH,), —%> RH + CHy—C(CHy)s,
&H,—C(CHj); —2> CH, + CH;=C (CHy)s.

Ecnu R = CHg, uMeeM Uenb ¢ AByMs aKTHBHBIMH IeHTpa-

- (IV.17)

MM — METHJBHBIM W HEONEeHTHJbHBIM pPalHKaJoM [Np] #

[CH;l. [Tpy nHanH4uH JJIHHHBIX flereii B CTAILHOHApPHOM CO-
CTOSIHHH

[Np] _ kg [NpH]
[CH;] kp

(IV.18)
] |

—dNpHl _ R, — R, =k, [CH,l [NpH] =k, [Np].  (IV. 19)

V. 4. IPOAYKTH KOHKYPUPYIOLLMX LLETIHBIX PEAKLIMHA

Jlns GoJiee CJAOMKHBIX MOJIEKYJl OKa3blBAIOTCS BOZMOXKHDI-
MH HECKOJIbKO Pa3JIMUHBIX THIOB LHKJOB IEMHOro Npolecca,
KaK Mbl y>Ke yOeJuJUCh NMPH aHajin3e pacnaja CoH;Cl. Ecau
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AJISl KaXKAOTO U3 HHUX [IJIMHA LeNd A0CTATOYHO BeJHKAa, OTHO-
CHTeJIbHOE pacnpelesieHHe NPOAYKTOB GydeT onpeneasiThes
TOJIbKO CTaAHSIMU TpPOAOJkeHHs Henell. Tak, B cayuae Kpe-
KHHTa H-6yTaHa CYILECTBYIOT CJAEAYIOIIHE BO3MOXKHOCTH:

—%> CH,CH,CH,CH, + RH,
L%, cH,CHCH,CH, + RH.
CH,CH,CH,CH,  —%» C,H, + C,H,,
CH;CHCH,CH,  —%»> CH;+ CH.

R + CH,CH,CH,CH,
| (1V. 20)

Takum oGpasoM, npwu OTphrIBe BTOpPHYHOro aroma H o6pa-
syiorca CH4 + CsHg, a npu orpeiBe mepBuunoro atoma H
o6pasytorcsi CoHg + CoHy. Tak kak xaXAblit U3 [BYX aKTHB-
‘HbIX 1menTpoB (CH; u CoH;) Moxer orpeiBaTh atombel H us.
060HX NOJIOXKEHHH | . A

R(CH) _ k[wCiHy] _ Ry+R,

T 79 IV.21 |
) R (C3H6) kd [BTOp-C4H9¢] Rb +Rb ( V )

rie 3HA4YeHHS, OTMeUYeHHbIe IITPHXOM, OTHOCATCS K PEakKIHAM
CeHs. B craunonapHOM COCTOSIHHM OJA BCEeX paAMKAaJOB
CH;, CoHs 1 C4Hy-cpaBennuBel ypaBHeHHSa

R.=R,+ Ro= R+ Rj,

; | (1V. 22)
- Rag=Ryp+ Ry =R, + Ry,
OTKYyZa o
[CHy] &
[CeHs] T kg
. | _
C,H ky + k. |
R(Tats) _ %5tk (IV. 23)

R(C3Hs)  kp+kg®

- Koneuno, 3fech Mbl npeHe6peraeM BCEMH BTOPHYHLIMH
peakuuaMH, MO3TOMY JaHHOE IPOCTOE COOTHOIIEHHE OTHO-
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CHTCSl TOJBKO K Hada/JibHbIM CTaJHsIM PEeaKIHH.

R(CHig) _ —d[CiHyo] _ (Rg+Ry+Ry+Ry)
[CiH]l — [CyHyol dt [C4Hiol

= {(ea + ks) [CH] + (ki + 5) [CHsl) =

(IV. 24)

k roon e
= [(ka oy kb) E’E”‘I‘ (ka + kb)] [C2H5_]-

- PaccMOTPHM TNOCHeAHME [NpHMEp — LEMHOH NHPOJHS
n-C3H,;Cl. Kak o6biuHO, HauHEM Halll 3HaJH3 C paccMoTpe-
HHS peakuui g o

1, GH,CH,CH,C! + RH,

R+ CH.CH.CH c1;+ 2, CH,CHCH,CI + RH,
3 2 2

-2, CH,CH,CHCI + RH, (V. 25)
14, CH,CH,CH, + RClI,
32 KOTOPBIMH CJAENYIOT | |
CH,CH,CH,Cl -*> C,H, + CH,ClI,
CH,CHCH,CI -8 C;H, + Cl, (V. 26

CH,CH,CHCI > CH, = CHCl + CH;,
CH,CH,CH, -*> C;H, + CH,.

31ech MbBl InpeHebperaeM o6paTHbIMH pPeaxklUHAMH — peak-
IIMSIMH OTpPbiBA aTOMOB C yyacTHeM OOJIbLIHX PaaHKaJOB,
BTOPHUYHBIMH PEaKUMAMH C NPOAYKTaMU U Gosiee S3HAOTEPMH-
YyeCKHMMH CTaJHSAMH NMPOJOJKEHHs LelH C OTUeNIeHHeM aTo-
mos H, manpumep CH:CH;CH.Cl— CH,=CHCH,CI + H.
" MOXHO OTMETHTb TPH KOHKYPHPYIOLIUX THIIA 3JIEMEHTapPHRHIX
cranuii, npoaykramu koropeix sBasiorcs CsHe + HCI (R =

= Cl), CyHy+ CHgCl (R =CH,Cl u CHs) u CoHiCl +
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+ CH4 (R = CH,;). CooTHoluenus aas CTAaLlUOHAPHOTO CO-
CTOSIHHS1 HMEIOT BHJ

Ri+ R;+ R5+ Ri=Ri+ R|+ R = Rs,
Ri+ Ry Ry=Ra+ Ry + RY = R,
Rs+R3+Rs=R;,.  (IV.27)
R, + RY{ = Ry, |
R+ Ry + Ry +RY = R;+R,,
rne R; otHocutes k Cl, Ri—x CH.CI, a R} —k éHg. Cu-
creMa ypaBHeHH# (IV.27) coBmectHa, nostomy ee peinenue

MO3BOJIACT NOJNYYHTH CBA3b MEXIy COOTHOLIEHHEM CKOpO-
CTeH U KOHUEHTPALUHSIMH DaLHKAaJOB

R(CoHy) Ry +R{+Ry+R;+R!

R (C3Hg) R+ R+ R ’ |
R(CH,CHCI)  Ry+Rj+Rl |
R (CaHe) _ﬂ Rl + R2 + R3 ) (IV. 28)

Bonee TwartenbHbli anamus nokasbipaer, uTto HEKOTOpEIEe
U3 [IDHBEICHHBIX BBIIIE CTAJUH NPOTEKAIOT JHIIb B HE3HAUH-
TEJbHOH CTENEHH MO CPABHEHHIO ¢ OOPATHBIMH DEAKLHAMH.
Tak, paspuiB cBsisu C—C NPOHCXOOHT MENJIeHHEe obpartHo#
peakunu panrkana ¢ HCl, nostomy zaxe npu ray6une npe-
BPalIEHHST B HECKOJIbKO IIPOLLEHTOB BCE HaNpaBJeHHS LENHOL
peakuuH, Kpome npusoasumero Kk CgsHg + HCI, okasmiBaorcs
IO aBJEHHBLIMH. |

IV. 5. HEKOTOPBIE TMIbI LIEMHBIX PEAKLIMHM

Tpu THhma peakuu#i MOTyT HMeTb MEeXaHH3M Hepa3Ber-
BJICHHOTO LEMHOTO INpolecca — PeakUHH 3aMelleHHs], IPH-
COCHHEHU H TEpPMHUECKOro pasjoxeHus. Ecaum nocaen-
HAf peaKuusl BKJIOYaeT OGBIYHO IMPEBPAUICHHSA OJHOrO pe-
areHTra, TO [Be APyrue INPOUCXONAT NPH B3AUMOAECHCTBUH
IBYyX peareHTOB. .
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iy ]
TIpuBeaeM HeKOTOpPbiE€ IpHUMepPbl H3YyUEHHbBIX peakuu tep-
MHUECKOTO Pa3JoXKeHHA! :

1. CoHg—> CoH, + Hy,
2. neo-CzH;p — uzo-C,Hg 4+ CH,,
3. (CH,),0 — CH,O + CH,
- Lsco+H, (1V. 29)
4. C,H.Br — C,H, +HBr,
5. CH,COCH;— CH,CO + CH,
o Ly, (CH,=C=CH,+CO,). -

Bce mepeuHcC/ieHHble PEakIU¥ OGbeAHHsET TO, UTO OHH fB-
JAIOTCA JHAOTePMHYECKHMH H CONPOBOXKAAIOTCA yBeJHYe-
HHEeM SHTPOINHH, HO3TOMY IIPOTEKaHHE HX 4YaCTO OTPaHHUYEHO
paBHOBeCHEM, T. €. CYLIeCTByeT TaKas NnpeaespHas TeMiepa-
Typa, HUXKe KOTOpO#l paBHOBecHE 6aaronpuATCTByeT npore-
KaHHIO OGpAaTHBIX peakuuf. - - - R
TakuMu OOGpaTHBIMH MNpoOIEeccaMH SIBAAIOTCA peakKiHy
NpHCOEIHHEHHSs], KOTOpbleé XOJI)KHbBI HMETb TOT ¥XKe I eNTHOK
mexaHusM. Ha npakTuke, OAHAKO, 4acTo OKa3hbIBaeTcst HHa-
ye. OGBIYHO CKOPOCTH peakuHil NPHCOEJAHHEHHS CJHIIKOM
MaJbl, uTOGH HabJaIOLaTbhCsl HHXKe 3TOH MpelésbHOH . TeMme-
paTyphbl, TOTAA KaK IPH HECKOJbKO GoJiee BBICOKHX KOHIIEH-
TpalMAX M TEeMIEepaTypax 3HauHTe/JbHBIE OCAOXKHEHHA BO3-
HHKAIOT U3-3a BTOPHUHBIX peakuHuil. Hanpumep, Ipu B3aumo-
neiicteud He ¢ CoHy Hapsny c.ob6pasoBaHueM CoHg npouc-
xonur mnonumepusanus CoH,*. Peakunu mnpHcoeIHHEeHH:A
CH, ¥k CH,0 c o6pasoBannem (CH3)2O u Hp k CO ¢ o6pa-
sopanueM CH.O aBasiloTCA TepMOHeHTPAJbHBIMH, H MOTOMY
naxe npu nasjneHud 1000 arm TemmeparTyphl, IPH KOTOPBIX
3TH peakiyH MOTYT HATH C OLULYTHMOH CKOPOCTbIO MO TOMO-
FeHHOMY MEeXaHM3MYy, OKa3blBalOTCsl 3HAYHTEJBHO BHIILIE HX
npeneJbHBIX TeMnepaTtyp. '

* BepoAATHO, 5TO He JHNOJI2KHO 6biJio 6B MMETb MeCTa IPH AOCTATOYHO
Boicokux orHomenunx [Hzl/[CoH4] > 20, ognaxko B 3THX YCJIOBHSAX peak-
LU He H3yuaJnach. . : -
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* ' .
[IpuBenemM HekoTOopble MNPHMepbl H3y4YE€HHBIX. IEMHBIX
peakUuil 3aMelLleHHs: . -

H, + Br, <= 2HBr,
H, + D, & 2HD,
H, + CH, = CHCH; —» C,H, + CH,,
' D, + C;H, 2 C,HD + HD,
Cl, + CH, —» CH,Cl + HClI,
Cly + CH;Br — CgHsCl1 + BrCl.

(1V. 30)

DTH peaKUHH OGBIYHO 3K30TepMHYecKHe, HHOTZLA TepMOHeH-
TpaJibHbI€ H CONPOBOXKAAIOTCS OUYeHb HE3HAUYHTEJIbHbIM H3Me-
HenHeM sHTponuu. I[losToMy aJs HHX uacTo yAaercs Ha-
O6JI04aTh HOOCTHXeHHe paBHOBecHs, U OOpaTHble peaKUHH
MOryT OBLITh H3yue€Hbl HEe3aBHCHMO.

Peaxkuuu npHcoeluHeHHs, OOpaTHbie peaKI_lHHM TE€PMH-
YeCKOI'C PasJIOKeHHsi, OOBIYHO AABJAIOTCS 2K30TEPMHUECKHMH
H CONpPOBOXKAAIOTCA YMeHbIleHHeM 3HTponuH. [las HUX Cy-
IIEeCTBYIOT . IpefeJbHbIe TeMmnepaTtypbl 7. Bbllle KOTOPBIX
CYMMapHasi CKOPOCTb MOZKeT 3aMeTHO CHHIKAaTbhCs H3-34
IpoTeKaHusl o6paTHHIX peakuui. KpoMme Toro, peaknuu 3TH
MOrytT obuaamatb HeOOBIUHO HH3KOH 3Heprued aKTHBalHH,
CBSI3aHHOH ¢ HaJIHUUeM OOpaTHMBIX 3K30TepMHYECKHX CTa-
aui. TenoMepusauusi sABJsAETCA OCOOBIM THIIOM peakiui
NPpUCOSJMHEHHS H MPOCTEHIIHM INPOLECCOM IOJHMEPH3aLHUH.
B peakuun tenomepusauuu CCl,, CF3CN unan CClaBr npH-
COEIHHAIOTCA K JABOHHOH CBfA3H

/ N\ VRN

N NS
CF,CN+C=C — CF;—C—C—CN

/N /N

NS NS
CCjBr+C=C —» CCl;—C—C—Br
| /7 N\ /N
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HJAH B OO1IEM. cJaydae _

N/ N/
A-X+C=C—> A—-C—C—X.  (IV.3])

VAN VRN

Ecau koHUeHTpanua ojgepruHa JOCTATOUHO BeJIHKA, MOTYT
06pa30BbIBATLCS MOJHMEpPHbIE NPOAYKTH C Pas3JHYHOH JJIH-
Hol uenH, HMewmue ob6myilo ¢opmyay CClg—(>C—
—C <)p—Cl, the n=1,2, ... . Bosnukawuue 0ObIYHO
MpH KOJHUYECTBEHHBIX HCCAE€NOBAHUAX 3THX DPEaKIHH NPHCO-
elHHEeHUS TPYAHOCTH BBIHY>KJAAIOT OTrPaHHUYHUBATBHCS OUYEHb
HH3KHMH KOHUEHTpPaUHsIMH 0OJe(pUHOB.

JlJisi Ka)xXJa0ro H3 PacCMOTPEHHBIX BBIIIE THIIOB IEMHBIX
peakuuyd OOIIHUM SABJSAETCA HaJH4Yde OIpeleseHHOH CTaiuH
NpomoJIKeHUss uenu. s peakuuil TepMHUECKOTO pasjoxKe-
HHS 3TO CTafHssi MOHOMOJIEKYJISIPDHOT'O pacnaja pajukaga.
Hanpumep, npu nuposiuse aTaHa NPOUCXOAUT pacnajg 3TUJb-
HOro paaukaJia -

C,H,—CH, + H.

Takue ctagud OOBIYHO SIBJSIIOTCS TJaBHbIMH HCTOYHHKaMH
3HAOTEPMHUHOCTH CyYMMAapHOro Ipouecca H XapakKTepH-
3yIOTCsl JOBOJIbHO BBLICOKMMH 3HEPTHAMH aKTHBauHH *. Baa-
rogapa 3TOH 3HAOTEPMHYHOCTH OOpaTHBIe peakuuu MpoTe-
KalOT OBLICTPO W HX BKJAajJ OKa3blBAeTCs 3aMETHBIM [aXKe
Npd o0pasoBaHHU HeOOJIBLUINX KOJHYECTB NPOILYKTA.

Kak mbpt ormeuanu B ri. III, ans koHcraHT ckopocTu
3THX peakKUHil HMEeIoTCs OYeHb HEMHOI'OYHCJICHHBIE 3JKCIepi-
MeHTaJibHble JaHHble, U OLEHKH, C/leJaHHble ¢ MOMOLILIO Ha-
IIHX OOBIYHBIX NMPHEMOB, OKa3biBAIOTCA CTOJb K€ HaleXXHbI-
MH, KaK ¥ HEKOTOpble U3 NMPHBOAHMBIX 3HadeHHii. Han6onb-
liag HeoMNpeAeJeHHOCTb B KOHCTAHTaX CKOPOCTH 3THX

* Tennora peaxuuu pacnaga CoHjs paBua 39 xxaa/moas. O6parHasn
peaklMs NMPHCOeTHHEHHs] HMeeT SHEPTHI0O aKTHBAUHH OKOJIO 3,5 KKaa/moas
¥ aaa peakunu pacmnaga E = 425 xxkas/moas. TIpy THOMYHOK TeMmepa-

type nupoausa C;Hes 900°K Bpems xusuu panukana CoHs B obGaacru
BLICOKHX jAaBjeHuit cocraBaser 1074 cex. OnHaKO, MNOCKOJbLKY COOTHO-
wienue E/RT =~ 23 HeBeJqUKO M COOTBETCTBYET CPaBHHTEJAbHO HeGOJbLIO-
My YHCJAY KonebaTesibHBIX KBAaHTOB, AaxKe INPH MOJHOM jasjeHun 1 arm
5Ta peakKliHsl, HeCOMHEHHO, nomnajaaeT B 06JacTb NPOMEXYTOYHBIX KAaB-
JeHuH. |
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PeaKUUH cBfA3aHa C 3aBHCHMOCTbIO OT JAaBJjeHusa. OGBIYHO
H3MEpEeHHA MNpPOBOAATCA B MPOMEXYTO4YHOH OO6JaCTH, T.e.
yAa/leHHOH KakK OT BepXHero, Tak H OT HHUKHero mnpejeJa
10 XaBJIEHHIO, MMOSTOMY H3MepseMble appeHHYCOBCKHe Iapa-
METpBl HEJIb35l PACCMATPUBATh, KaK OTHOCAUIHECS K BepX-
Hemg npemeay.

6paTtHas peakuusd NpUCOeIHHEHUs paJHKaJ/la HJIH aTo-
Ma SIBJISI€TCSl XapaKTEPHOH NJis LENHBIX peakiui IPHCOeH-
HeHHdA. F ana sTux peaknuil okas3bBaeTcs HEH3BECTHOH 3a-
- BHCHMOCTb KOHCTAHTHI CKOPOCTH OT AaBJierHs. PaccMmortpim,
HanpuMmep, npucoeguHeHue HBr uam Bry x onedunam. -

NS NS :
Br+C=C z—> Br—C—C
SN T VRN
N S N -
Br—C—C + Br, 2> Br—C—C—Br + Br  (IV. 32)
VAN VRN =
SN/
Br—C— —C—H + Br.
N BN

B nanHOM caydae craausa (2), 3K30T€PMHYHOCTD Koropoi’i
paBHa-35 kkaxa/moab, ABASEeTCA HeoOpPaTHMOH (3K30TepMHY-
. HOCTb peakuuu (2’) cocrasasier Bcero Jumb L1 Kxkas/moas).
CranuoHapHas cxopoc:'rb HCcue3HOBeHUHsI Bry Onpe,H.EJIHETCH

dopmynon

,_ —d(Bril _ kot (Bril Ctl (B (1. 33)
B mnpepene npu k_; K ky [Bry] | coe
| —4Brl _ b [Br}[C.Hal, (IV..34)
a -npn k_y 3> ky[Br,)] | | N | .
- =485l _ gy [Brol[CHanl [Br],  (IV. 35)

rae K1=k [B_i. C.ne,uye'r OTMETHTb, YTO KOHCTAHTH Ry H k|
'MOTYT 3aBHCeTb OT JaBJeHHA. B nociaeanem caydae, xorza
peakuusi JHMHTHPyeTCSl pPaBHOBeCHEM, 3HEPTHSl aKTHBAaUHH
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npoiliecca nNpomokeHus uenu coctraBuT AE, + E; Taxk kak
AE; ~ —12 kkaa/moae (cMm. ra. V), a Es = 1,5 kkaa/moaxo,
TO CyMMapHas 3Heprusi aKTUBALUH MPOAOJIKEeHHsl uenu Oy-
jger orpuuaTenbHod u paBHoit —10,5 xkrxaa/moare. V1 pen-
CTBHTEJILHO, CKOPOCTh (GOTOOGPOMHUPOBAHHS ITHJIEHA, NPH KO-
TOpPOH cTallHOHAPHAsT KOHIEHTpauuss atomMoB Br He 3aBH-
CHT OT TeMIIEpAaTypbl, 3aMeTHO CHHXKAaeTCsA MpPH YyBEIHUYEHHH
temnepatypnl [1]. o - N

B umenHbiX peakHHAX 3aMelleHHA, KOTOPble MOTYT HOCTH-
raTb pPaBHOBECHHA- H HNOYTH TEPMOHEHTPAJIbHBI, KaK NpAMBIE,
‘Tak MU oO6paTHbie CTaJWH NPOXOJKEHHS UENH SBJAAIOTCA 3Je-
MEeHTApPHbLIMH peaKUHSAMH 3aMelleHHsl. DTH pPeaKIHH B MPHH-
nune Bcerga o6patumel. Hanpumep, -

H+ D, === HD +D, -
) ~ (1V. 36)
D + H, ;.?22 HD + H.

CkopocTb AefiTepoo6MeHa B YCAOBHAX CTAaUHOHAapHOIO CoO-
CTOSIHHSI MOXKHO TNpPEeACTaBHTb COOTHOIEHHEM |

4Dl _ (R, —R_)+(Re—R_)=2(R,—R_)=
= 26, [H][D,]{1 — K _, Loatt, (1V. 37)

rie |
[D} __ ki [D,]+ k-2 [HD]

(IV. 38)

[F] = k. [H]+ k-, [HD} "
B uTOre moJIyuum | | |
| d{HD] _  .2k;[H]1[D,] [HD)? s e
ar = 1+(1"’“’) g U n s PURCAL)
' ' ke / [H:] |

rie Keq — KOHCTauTa paBHOBecHs peakuuu Hp + Do == 2HD.
Tak kKak k_; ¥ Ry MMEIT CONOCTABHMBbIe 3HaudeHHs, MOKHO
OTME&THTh, uTO 3(pdekT unruéuposanua HD obunapyxupaer-:
cs 3aZOJTO0 OO TOro, Kak cyMMapHasa oO6paTHasd peakius
craner cymecTtsennoi. Tak, npu [HD)/[[D;] = 0,2 (rnybuna
peakiiu ~9%) sHamenareab B ¢opmynae (IV.39) Gyner
paBen 1,2, B TO BpeMs Kak wieH B CKOOKax NPaKTHUYECKH He.
6yner otamnuarscs ot 1 (0,99 npu [Ho] = [Da]).

7 3ax. 735
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IY. 6. CTAAMM MHMLMMPOBAHMA

Mpr yxKe yGelHJIHCh, UTO CKOPOCTb P€akKluil, B KOTOPHIX
AJHMHa LeNH BeJHKa, MOXKeT ObITb Bbipa)KeHa C TMOMOIIbIO
KOHCTAaHT CKOPOCTH CTaiul MNPOAOJKEHUS IEeNH H KOHIEH-
TpaUMf AaKTHBHbIX LEHTPOB. AGCOJIOTHbIE KOHUEHTPAalHH
9THX AKTHBHHIX IIEHTPOB ONpPEJEJSIOTCI CKOPOCTSIMH Ipoliec-
COB HHHUHUHUPOBAHHA H OOpbIBa. ECJH OrpaHHYHTBLCS paccMo-
FTPEHHEM TOMOIE€HHBIX CHCTEM, TO JIETKO BHAEThb, YTO MOHO-
paauKanbl MOTyT BO3HHKAThb U3 CTAaGUJIbHBIX MOJEKYJ TOJb-
KO nmapaMH H HcYe3aThb TakKzKe TOJbKO Iapami.
McTouHHKaMu paAHKaJoOB MOryT ObITb Pa3sHOOGpasHbIC
pPeaklHy, HO HabaAaeMbIMU OYAYT TOJBKO caMble GBICTpHIE.
To xxe oTHocHTCS W K peakuusM o6puisa. Hamw kKputepuil auas
BbliOOpa cTaJWil WHHUMHDPOBAHUA OyleT OCHOBAH Ha BEJIH-
YHHE JHEPTHH aKTHBaUHH H nopsake peaxkuuu. [lTockosbky
. peakuun MOHOMOJIEKYJISPHOTO pacliajla OObIYHO. obJjganaroT
BLICOKMMH MNpeAsKcrnoHeHTaMu (nopsiaka 108+! cex~!), ouwm
OyAyT HMeTb NIpeMMYLIeCTBO Iepel GHMOJIEKYJASIPHBIM HHH-
HUHPOBAHHEM, [IJA KOTOPOTrO IIpPel3KCNOHEHT, BEpPOATHO,
AO/MXKEH ObITh 6JH30K K 3HaueHHO A = 10%1 a/(monrb X
X ceK), XapakTepHOMY HJis IHCHPONOPUHOHUDOBAHHS pa-
AVKaJOB. |
PaccMoTpuM UenHylo peakuHio, B KOTOPOH BO3MOIKHA
KOHKYPEHUHs HHHUMMPOBAHHSI NO MOHOMOJIEKYJAPHOMY H
OHUMOJIEKYJIDHOMY MEeXaHH3MaM '

A 1> 9p,
24 2> 2R.

INpu nasnenun 100 mm p7. cr. (1. e. npu [A] = 10-24 moab/4)
COOTHOLIEHHE 3THUX CKOpPOCTeldl GyAeT paBHO

Ry Ry [A] _ lO]Gil—Ea/ﬂ
R, E, [A]2 102 % l—Ez/BA

Peakuun | u 2 MOryT KoHKypHpOBaTh, eciu E| — Ey =
= (9,4 £ 2)0. I'Tpu 2000° K (3710 THNUYHAA TemOepaTypa 3KcC-
NEPHMEHTOB C yJapHbIMH Tpy6aMH) 0=9,2 kxaa/moass,uTo
COOTBETCTBYET pas3HHIEe 3Hepruil aktuBauuum 88 * 18 kxana/
[MOAb. DTO caulIKOM OGojbllasi BeJHUYHHA, H, TAKHM o6pa-
30M, MOXHO YTBEPXAAaTh, 4TO GHMOJIEKYJsIpHOE HHHIHHPO-

(IV. 40)

az 1094 £2—(E\—EJ)B (IV. 41)'
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BaHHE HWKOTJAA He CMOKET KOHKYPHPOBAThb C MOHOMOJEKY-
nsipubim mpu 2000° K. Tlpu THMUYHOH TeMmrmeparype THPO-
au3a yraesogoponos 0 = 4,6 kxas/more u E,— E; = 44 &=
+9 xKkaa/moab. DTa PA3HOCTh BCC elile JOCTATOUHO BLICOKA,
TaK UYTO HECOMHEHHO MOXHO OTAaTb NpeAnoureHve MOHO-
MOJICKYJISPHOMY MHHIUHPOBAHUIO NPH 1000° K. bumoaexky-
AsipHOe MHHIUHPOBaHHe, NPOTeKalomiee C 3Hepruefl axTHBa-
UM Ha 44 KKaA/mMOAb HMIKe, YeM COOTBETCTBYIOLLAsi MOHO-
MOMEKYJApHAdA peaknus, AOKHO pacCMaTpUBaTLCA Kak
pelKoe HCKIIOUEHHE.

Takue HCKJIIOUEHHS, OAHAKO, BO3MOXKHBI NPH INHPOJIU3E
oneduno. Tak, mpH NHPOJH3E CsHg MOryT KOHKYpHPOBAaTh
IBe peaklHH HHHLHHPOBAHHA

CsH; s C3H5+ H, AH| =87 KK.aJI/MO/Ib,

o . 0 (IV. 42)
2C,Hs — CgHz;+ C3H,;, AH2= 48 kxas/mons. |
[Tpu 000° K AE;=AH] — RT ~ 85 kKraa/#moab, OTKyLA pas-
HOCTb 3HEPruil aKTHBAlMH DaBHA ~ 37 KKaa/moAb, UTO CO-
orBercTByeT (akropy 10%° B OTHOLIEHUH ckopocTeil. IT1O
JOCTATOYHO GJH3KO K COOTHOIUEHHIO TPEASKCIOHEHTOB, TaK
yTo 0Ge peaklMd OyLyT MPOTEKATb C COM3MEPUMBIMHU CKOpPO-
crsimu. K coMKasieHH10, peaKius MHPOJAN3a CAHIIKOM CJI0XKHA,
yTo 3aTpyAHsieT JAeTaJbHOE HCC/IeoBaHHe MPONECCOB HHH-
LHHPOBAHHUS. |

B psane caydaes Oblau 0OJAYyY€HbI yOeHTeNbHBIE KOJH-
qecTBeHHbBle J0Ka3aTe/bCTBA GHMOMEKYJISPHBIX peaKUHi HHHU-
nuuposanusa. CrabuibHBle pajuKasbl, TAKHE, KaK NO wuau
NO,, crnoco6Hbl OTPBIBATb ATOMBI OT MOJIEKYJ H T€M CaMbiM
HHHIMEPOBATD lieNMHble peakund. Tax, Hampumep, Hali[ieHo,
qyro NO, siBasieTcsl oueHb 3(¢$eKTHBHLIM HHHIHATOPOM Len-
HBIX peakluil pacmajga YrJaeBoLOopOIOB. Peakuueil MHHINH-
pOBaHHSA ABJSETCA

NO, + RH — HONO + R.

[TockoJbKY  NPOYHOCTH  CBfI3H H—ONO cocraBaser
78 xkaa/moas, a DH°(R—H) Jaexur B [Opeaenax
85100 xkxaa/moab, TNOAOOHBIE pPeAKUHH HHHIIMHPOBAHHS
061a1a10T HCKIIOUHTEIbHO HU3KHMH 3HEPTHAMH aKTHBALHH,
geero Ha 2—5 KKkas/mo4b TIpeBHIIAIOWHMH 3HAOTEPMHY-
HOCTb PeaKLHH H, CJeJ0BaTe]bHO, PABHBIMMU 10—25 &xaa/
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[moab. 3nauenue DH®(H—NO) =~ 49 xras/moas, nosromy
MOXKHO OXHAaTh, uTo NO O6yaer BBICTYNN4Th B KauyecTBe
AHHLIHATOPA UEMHLIX pPEeaKLUH# NPH [JOCTATOYHO BHICOKHX
KOHUeHTpauusx. Ha 3TO MOXHO HaliTH MHOTOUYHCJIEHHbIE
yKa3zaHHa B JuTepartype [2] *. o
- B nocneanune roabl BhICKa3BIBAJHCh CYXKAEHHS O BO3-
MOXKHOCTH = TPHMOJIEKYJSAPHBIX peakUuid HHULHHPOBaHHUS.
[TppMepom TAaKOro MpoIecca MOKET SBJAATbCA PeaKLRs oJie-
¢bHuHa ¢ AByXaTOMHOH MOJIEKYJOH

N/ N N T
2C=C+Cl, 2| C-=C-Cl-CI'C=C
7\ VAN l NS
| N\
2¢—C—Cl. (IV. 43)
7N\

DHIOTEePMHYHOCTh TaKOH  peaKUWH COCTAaBJSET BCero
20 xxkasa[moasb. OAHAKO HM3-32 TOrO, YTO MNPOMEXKYTOYHBIl
NPOAYKT He ABJSETCs CTaOGHJbHON YacTHUEeH, MOXHO OXHU-
AaThb, YTO JHEPTHHA AKTUBAUHH OyAeT 3HAUUTEJbHO IpeBbl-
ware AH° [Jas 5ToHl peakKLUd W OKAXKETCH  CJAHIIKOM
BBICOKO#H, UTOOb!I NMOAOOHBIH HPOLECC MOI HMEeTh MecTO **,
Eme GoJsee -He6naronpHATHLIM [JI51 “IPOTEKAHHUS pPeak-
OHY ABJAETCH HH3KOe 3HaueHUHe IMpeJdKcIoHeHTa. HMawme-

HEHHe 3IHTPOIIHK ASZ’,:, KOTOpOe conpoBoxaaert, o6pasoBa-
HHe MepPexXOoJHOI0 KOMILIeKCa H3 Tpex MOJeKyJ, COCTABJSIeT
ok010 —60+10 xaa/(moab -2pad). Tlepexoms K Apyromy
CTAHAAPTHOMY COCTOSIHHIO, MoJay4HM ASS =~ — 46 kaa/
[(MOnb-2pad) n A =~ 1042 42/(MOABR. CEK), NMpPHYEM OMHO-
BpeMeHHO Ha 2RT ponKHa BO3PAacTH 3HEPrUA aKTHBAIIHH.

* Kak uspectno, NO aBsisieTcsi THNHUHBIM HMHTHGHTOPOM pafHKaJb-
HelX npoueccoB. HMuunuupyiouiee neiicteue NO B peaklHAX OKHCJEHHS
00bsACHACTCA He mnporekanuem peakuun NO+RH —>HON4+R, a 6nict-
po ycTaHaBiHBaoUHMCs paBHoBecHeM Oz + 2NO == 2NQ,. — [Tpum. ped.
‘ ** Hs storo cieayer, u4TO 3K3O0TepMHuyeckass o6GpaTHas peakuHs
ABYX XJIOD&JKHJbHBIX PaAHKanoB ¢ o6pa3oBaHHeM HABYX MOJEKYJ Olle-
¢una u Cl; 1o/KHA NpoTeKaTb ¢ 3aMeTHON 3Heprueil akTHBALHH. AHAJO-
ruuHass  Habaionaemana peakuus 2R0O0 - == [ROOOOR]— 2RO + O,
OTJIHYAETCH OT pPacCMaTpPHRAaeMOH TeM, U4TO fnpoTeKaeT ¢ o6pa3zoBaHHeM
CPaBHHUTE/IbHO CTAaGMALHOIO NMPOMEXYTOYHOI'O NPOAYKTA.
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JlpyrdM NpuMepOM UEeNHOH peakuuu ¢ OHMOJEKYJAp-
HHIM HHULMHPOBaHHEM fBJAETCA H30MepH3auus oJedu-
noB, Kartaausupyemas HBr. Byren-1 usomepusyercsa [3] mo
IleMHOMY MeXaHH3My CO cTajuell U30MepuU3auuu *

CH,CH,—CH=CH, + HBr < CH;CH,—CH—CHj, + Br,
- | (1V. 44)

ansa  kotopoit AH® = +48 kkaa/moare. Camoit  OblcTpOH
KOHKYPHPYIOILle# MOHOMOJIEKY/IPHOH peaKilHedi HHHLHHPO-
BaHuA fABAfAeTcs pa3pbiB cBsizdh C—C c ob6pa3oBaHHeM Me-
THJABHOrO ¥ aJJHJbHOTO PaAHKaJOB — 3HePrUsA AaKTHBALNH
sToro mpouecca 74 kKkaa/moas. Ilpm 550°K 6 =
= 2.5 KKaAa/MOAb, O3TOMY MPH PA3NUYHM B 3HEPTHAX aAK-
THBAIluH, PaBHOM 26 KKaa/mOAb, GUMOJIEKYJsIpPHOE HHHULHH-
poBanue 6yger B 102825 = 1012 pa3 GbicTpee MOHOMOJIEKY-
asipaoro **. TIpojo/ikeHHe lenH IpOTeKaeT CJeLyIOLIHM
o6pasom:

Br+ CH;—CH,—CH=CH, <> CH;—CH—CH = CH, + HBr,

HBr -+ CH,CH—CH = CH, 2 CH,—CH=CH—CHj, + Br.
| | - (IV. 45)

O6Ge 3TH peaklHH OuYeHb OLICTpble H HMEIOT 3Hepruio aKTH-
pallid 3—8 kxas/moas. MoxHo GBL1O OB cebe MPeACTaBUTH
KOHKYyPEHIHIO pPeaKUHuH THApOoOGpoMHpoBaHHSA OyTeHa, OAHAKO
5Ta peaklls 3HAUYHTeJbHO MelJIeHHee, TaK KaK OHa JIMMH-
THpPYyeTCs PaBHOBECHEM *** "

Br + CH,—CH,—CH=CH, < CH,;—CH,—CH—CH,Br.
N - (IV. 46)

* B pa6ote [3] npeasoxen MONEKy/JsipHBIA MEXaHM3M H3OMepH3a-
IlHM, OfXHAKO 3KCMNEPHMEHTaJbHble HaHHbE OYeHb XODOIIO COOTBETCTBYIOT
pagHKaJbHO-UEeMHOMY MEXaHH3MY. | ‘
~ ** [IpuBoauMoe aBTOpoM 3Hauenue 1002 qBasercs OTHOIIeHHEM
SKCIOHEHIMAJbHbIX UJEHOB, XapaKTepH3YIOUIHX KOHCTAHTHl CKOPOCTH
o6eux peakuufi. Urobnl onpeaenHtTs COOTHOWIGHHE ckopocTefi, Heo6xo-
AHMO y4ecTb, KPOME TOro, OTHOLIEMHe TPEAIKCIOHEHTOB M AaBJEHHe:
Ro/R; = (A2/A,)1010.2/6[HBr]. TIpunas, B COOTBETCTBHH C TaGauuamu-
11.12 u I11.3, A, = 1013 u A, = 10!, a [HBr] —2-10-* moae/s, uto
MPHBIU3UTEJIBHO COOTBETCTBYET NapHUAJIbHOMY AABJAEHHIO HBr 0,01 arm,
npu 600° K moayuum Ry/R, = 1018, — ITpum. nepea. _
%% JIna Hero MOXKHO ompefenutt K =~ 1Q-83+10/8 qru-l,
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JJssi MHOTHX peakuuii 0oOHapyXKHUBAIOTCs COBEpPLIEHHO
HeOXKHJAaHHble CTaJHKW HHHUHUpPOBaHHsA. Tak, Hanpumep,
B HHHUHHPOBAHUH MOTYT IPHHHUMATh YUaCTHE IPOAYKTHI peak-
IIHH, KOTOpAs TEM CAMbIM CTAHOBHTCH ABTOKATAJHUTHYECKOH,
XOpolIHM »OpPUMEpPOM TaKOTO [pPOLecca MOXKET CJHAYXKHTb

. peakunst BzauModedictBuss HI ¢ oprannueckum noaumaom

RI1+HI 2 RH + I, (IV. 47)

ABJASAIOIIAACA OoOpaTHOH peakiiMell - OObIUHOIO HOJUPOBAHHS
yraesogoponos. OcOGeHHOCTBIO 3TOH peakKLHH MO CpaBHe-
HHIO C JIPYTMMH peaKUHUAMH rajJOTeHUPOBAHHUA fABJASETCHA TO,
YyTO paBHOBecHe B HeH CABHHYTO BHOpaBo. B peakuuu
(IV.47) ouenn ObicTpOE HHHU;HPIpOBaHHe OCYyLIEeCTBAAETCS
npH AMCCOLHALNH HOAA *

IL, &= 21 (6BICTPO yCTaHABJUBAIOIIEECH
pasHoBecue, Ki,)

1+RI === R+ 1, (IV. 48)

R*+HI &= RH + 1

CyMMapHas CKOPOCTb peakUHH onpejeJsercs hopMyJoi

} [Tpononxkenne uenu

dll]  d[RI] _ kel [II[RI[HI)  ~Kf[1]*[R]
“dt T dt k—; 1] + k2 [HI] —,Hk_lnz]/kz [HIT
- | (IV. 49)
uau npu k_;[I] <k, [HI]
2] .k ik): LRI (IV. 50)

M3 ypasHenusn (IV.00) caexnyer, 4yTo B HavyaJbHOH CTaAHU
npouecca, kxorga [Is] — 0, ckopoctb peakuuH O6JIH3Ka K
Hym 0. B pesynbrare noneH HaGAIOAATbCsl NEPHOA HHAYK-
UMM, B TeueHHe KOTOPOro HHHUHHPOBAHHE 6yneT ocylile-
CTBJATbCA C NOMOIUbIO APYroi, 6osiee MeAJeHHOH peakKlHH,
Hanpumep RI -—>R + L STa PeakuHs HaCTOILKO MelJIeHHee

* Cnenye'r OTMETHTb, 4TO B 3THX CHCTeMax JJHHA uend A < 1.
B OOHIYHBIX YyCJIOBHSIX 9KCIIEDHMEHTa A JeXXHT B npefenax 102—10-3,
STO HE COBCeM COOTBeTCTByeT HauwieMy OGBIYHOMY npenc-rasneumo o uen-
HOM peakuHH. _
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-

auccounauvu [o, dTOo paxe rnpu .riuyOuHe IlIpeBpalleHHUn
0,01%, xorna [I.J/[RI] = 1074, WHulLHMpOBaHHe MPHU IHCCO-
nuauuu I; okasepiBaercs 6oJiee ObicTpbiM. Habawogartb peak-
IHI0O B peXHMe, COOTBETCTBYIOIleM MepHOAYy HHAYKIHH,
INpaKTHYECKH HUKOTJAa He yJAaeTcs, TAK KaK HEBO3MOXHO W3-
6exkaTh TPHCYTCTBHSA caedoB I; B aTHX cucremax. O6pasosa-
Hue I; MOX>KeT, B 4aCTHOCTH, MPOHUCXOJAHTb HA CTeHKax ¢ Mma-
JIOH CKOPOCThIO.

He MeHee HHTepeCHbBIM INpPUMEpPOM SBJSIETCS THIPHPO-
Banne CoH, npu BbicOKHX Temmnepartypax (800—1200°K).
B navasnpHBIX cTagMfAX NpOLlIECCA OTBETCTBEHHOH 3a MHMIIHH-
poBaHHe SIBJISETCH peaKIus

C,H, + H, === H+ C;H,.

OnHako B 3aBHCHMOCTH OT YCJIOBHH 3KCIEepHMeHTa ¢ HeH
MOXKET KOHKYpHPOBaTb peaklHus MOHOMOJleKmepHoro pac-
maja NpoAyKTa peaKUHu

C,H; == 2CH,.
CKOpOCTH 5THX peakuui OynyT OTHOCHTBCS KaK
Rl _ _ ki[CoH] _  101%°%7P[C,H,)
Ry Ri[CoH[H,] — 10'%1=54® [C,H,) [H])
u npu [Hy] = 1072 moas/a npn 750°K (0 = 3,4 xxaa/moxv)

(IV. 51)

Rl o 1C2H]
R| _ 1at7 [C2Hse] Hs] " -

Kak suaum, R, = R{ npu [CoHg]/[C2H] = 0,02, B T0 BpeMms
Kak npH OGoJiee BBLICOKHX Temiepartypax (Hanpumep, InpH
1000° K) uau GoJjiee HH3KHX KOHUeHTpauusax Hp ckopoctu
copnapgawoT npu [CoHel/[CoHy) = 31074

[Ipu ouenke R; MBI IPUHHMAJH KOHCTAHTY CKOPOCTH

o6paTHO#l peakuunm pucnponopunoHuposanuss H u CqoHjs
pasuoit 1010 z/(mosb - cex) M He 3aBHCALUEH OT TeMIe-
patTyphbl. : S . S
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IV.7. PEAKLLMM OGPLIBA

Kak mbl yxe Morau ybenurbcst B ra. III, ckopoctu pe-
KOMOHHAIHH 60JAbIIUX paauHKaJOB He CJAHIIKOM CHJABHO 3a-
BHCAT OT HX CcTpoeHus. Huaa GOJbILIMHCTBA PALHKAJOB KOH-
CTAHTBl CKOPOCTH PeKOMOHHANHH, a TAKXKe AUCIPONOPUHOHH-
pOBAHHA MOXKHO INPHHATH paBHBIMH 1093%95 /(moas . cexk).
IIpn 3THX ycHOBHSIX OODBIB. B CJOXKHBIX LIENHBIX NpOUeccax
6yxeT OCyHIeCTBAATLCHA MPEUMYLIECTBEHHO  paJHKaJaMH,
INPUCYTCTBYIOIIHMH B HaHOOJBIIHX KOHUeHTpauusax. [lo-
CKOJIbKY HX KOHIEHTpalluu ONpPefelAIOTCs CKOPOCTAMH
COOTBETCTBYIOIIUX CTAAHA TIPONOJKEHHSI UEmH, TO 4acTo
BO3MOXEH BIIOJHe OGOCHOBaHHBIH BBIGOD peakUHH HJIH
peakuuii o6pbiBa uenu: TpyaHOCTH BO3HHKAOT, €CJAH peyb
HieT O HeOOoJbIIHX pajaukaJax HJAM aToMax, IJis KOTO-
PbIX CKOPOCTb peKOMOHHALHMH MOXKeT 3aBHCeTb OT JI4aB-
senns. Tak, Hanpumep, OJsA TOJbBKO UTO pPacCMOTPEHHOMR
peaxiiuu 2CH3—>C2H5 npu 1000° K KOHCTaHTa CKOPOCTH
3aBUCHT OT AaBJjeHHs HHXe 400 mm pr. cr. [4]. DTO O03HAa-
yaeT, 4YTO Mbl O6f13aHbl BHOCHTH MONPAaBKH B 3HAa4YeHHA CKO-
POCTH peakuHH, YYHTBIBAIOIIHE 3Ty 3aBHCHMOCTb. [L0OBOJbL-
HO MPOCTOH, XOTA H NPHOJIHKEHHBIH METOA BHeCeHHs noao6-
HbIX TMONPAaBOK paccMOTPeH HHxke. Dynem cunTaTh npouecc
peKoMOHHALIHH ,ELByXCTaILHHHbIM -

R+R+"‘:2R§, o
(IV. 54)

B crauHoHapHOM COCTOSIHHH A/ CKOpOCTH pPeKOMGHHALHH
uMeeM-

—d[R] - 2d[Ry] _ 2kiks(REM] kg
dt - dt ._ kz[M]+k._1 ) ' (IV'55)

B I'lepBOM IlpHﬁJIH}KEHHH [IOJIOXKHM KOHCTaHTy (:Kopocm
k paBHo#. 0,3 YacTOThl Fa30KHHETHYECKHX CTOJKHOBEHHH, a
k_; ONpgJeNnuM, Kak onucano B pasaene III. 19. Be.nHthy
By OyleM paccMaTpHBaTb KaK HOPMAaJbHYIO, T.e. He 3a-
BHCSALLYK) OT JAaBJACHHS  KOHCTAHTY CKOPOCTH. i pekoMGH-
nauuy CHjz mpu 1000°K u 100 mm pr. cr. (1. e. [M] =
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10-28 moas/sa) mnpuMeM cieAyiOlLIHe 3HAuYeHUs: R, =
10705 4/ (moab - ceK); k. = 10195 4/ (moab « ceK): .

_ o rrys—1
| k =‘ 1016,5 (_E‘_E._E‘___) CEIC_.I,
roe s =[Cpio00 (CQHG) — 9]/R == 10 2; E" =87 KIC(IA/MO/!&,
1090
E E* f (Cp—9)dT = 9,4 Kfca./l/MOﬂ,b,

S

OTKYJIa I 10l65 (9,4/96,4)%2 ~ 10™? cerc““

B yc/IOBHSX, KOrda CKOPOCTb PEKOMOGHHALMH He 3aBHCHT
oT nasJjeHHds, cootHoumeHHe (IV.55) upuHHmMaer BuA
2k [R]?. MMogenus BuipaxkeHue aas ckopoctd (IV.5D5) =Ha
2[R wu nmnpousBenss COKpallleHHs, I[OJYYHM TMONPaBKY,
YUHTHIBAIOULYIO 3aBUCHMOCTh OT JaBJIEHHS, |

7,7 '
b2 IM] 10~ 0,83 - (1V. 56)
o {M]+k_, 1077107

VyuThiBasi HEeTOUHOCTh CIAEeJaHHBIX OIEHOK, HOl’IpaBKOH 5Tl
MOXKHO npeHeﬁpeqb OnHako npwm npaBneHuu 10 mm pr. c7.
nonpaBouHbil ko3 dHuuHeHT cHHxkaeTcs yxe no 0,25. He-
0GXOMMMO YYHTHIBATH TaKKe KaXKyllylocs OTPHUATENbHYIO
SHEPTHIO AKTHBaNUH peKoMOGHHauMH. OcoObH cayuyai npem:
cTaBjfieT aTOM-aTOMHas pPeKOMOWHauMs, KOTopasi Bceraa
TPHMOJIEKYJISiPHA H HMeeT KOHCTAaHTY CKOPOCTH HoOpsakKa
109:5+0.5 42(moaw? - cex). Tlpu [M] = 10-28 moas/2 ckopoctb
¢e OTHOCHTEJIbHO MAaJjaa, €CJH TOJIbKO KOHIIeHTpalHsi aTOMOB
He npeBbiliaer 6ojee yeM B 1000 pas KOHOEHTpPALHIO CJOXK-
HBIX - PAIHKAJ0B. DTO CNpPaBeAJHBO JHIHb AJ5 OUYeHb HEMHO-
THX CHCTEM, B YaCTHOCTH AJif peakuui, B KOTOprX yua-

creytotr I u I.
~ AKTHBHBIMH I.lEHTpaMH LEMHOrO TMpoLecca: CQHG =
= CyH,; + H, saBasitorcss pagukansl CoHs, CHz u H. Tlpwm
moﬁbrx YCJAOBHSIX MOXHO TIIpeHeOpeub pekoMOHHaUHeld
H+H+ M. TIlpu wuccnenosaunun peakuun . CHCI; +.
+ Bry == CBrCl; + HBr, Haoﬁo'pOT MOXHO npeHeﬁpeqb

O6pPLIBOM C Yy4YacTHEM pPaaHKaJOB CCl,, nocxonbxy HX
KOHLUEeHTpauusa Menbie yem 102 [Br] ]
. Jlas Bcex pafHMKAJOB, KpoMe HeGOJBIIHX, TAKHX, KAk
CHj, o6pbiB He Ho/KeH ObiTb 0053aTesNIbHO CBSA3aH C. TPOH-
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HbIMH COyIOapeHHsIMH, TakK KakK Hapaay ¢ pekoMOuHauuei
BO3MOXKHO AHCIPONOPLIHOHUPOBAHHE, CKOPOCTh KOTOPOro He
3aBHCHT OT pAaBiaeHuda. Panukaan - CoHs aucnponopuunoHu-
PYIOT CO CKOPOCTbIO, B 7 pa3 MeHbllell CKOPOCTH UX PEKOM-
OGHHaUHUM, TOTZAA KAaK pa3BeTBJEHHbIe U NOJAPHbIe paaUuKaJhi
AHCIPOHOPUHOHHUPYIOT C¢ OoJbllUeld Jderkoctold. Tak, KOH-
CTaHTAa CKOPOCTH AHCNPONOPUHUOHHPOBAHHA NBYX PaJHKAJIOB

CH30 paBHa 10195 2/(moxab-ceK), KOHCTAaHTa CKOPOCTH HX
peKoMOHHAILIHH cocTtaBjasier Bcero 1090 a/(moas - cex). Tlo-
ROGHBIM e o6GpasoM Tper-GyTH/ibHble paiHKaJbl IHCIPO-
[IOPLHOHUPYIOT npnmepno B 3,5 pasa OnicTpee, yueM pPeKOM-
GHHHPYIOT.

IV.8. PEAKLIMM TNEPEAAYM I.I.EI'IH “ HHHIJ.HHPOBAHHE LLENHbIX
PEAKLMA

[IpeoBbnanawiuel peakuHed HMHHUUMHPOBAHUA BCerjla sB-
asfercss HauboJiee GbICTpAas H3 BCeX BO3MOXKHBIX NOITOOGHDLIX
[IpOLECCOB B CHCTeMe, IPpHYEeM B pe3yJbTATE Hee NaJieKOo He
Bcerga oOpasylrOTCsi MMEHHO T€ DPAaXAKaNel HJIAM aATOMBI, KO-
TOpble B AajbHefillleM BeAyT llenb. BosHukaioulue npH HHH-
LHHPDOBaAHHH paXHKaJbl MOTYyT TEHEPHPOBATb AKTHBHLIE
ueHTpm UeNnHOHA peakilud B pe3yJibTaTe peakKuHH 3ameule-
HHA *. [TonoOHble AABJIEHHA UIrPalOT BAXHYIO POJIb B LUeNHbIX
peaxunﬂx |
. Xopoutel HJIJIIOCTan,HeH cxaaaHHomy SIBISETCH Mexa-
HU3M KpPEKHHra 3Tana. B 3T0fi peakuuu NpH HHHUBHPOBA-
'HHH BO3HHKaIOT 2 pazmxaﬂa CI—Ig, a uenb. BEAYT H n CoHs:

HMuuuuuposanue . C2H6 — 2CH~3,
PennunuuupoBanue |

(nepemaua uenu)  CHjz+ CoHg <= CH,+ C2H5, (IV. 57)
| { C,H; 2 C,H, + H,
Llens . - - o
H + C2H6 2 C2H5 'l“ Hz. :

* DTH peaklMH HWHOIAA HA3bIBAIOT peakUHAMH pEHHHUMMPOBAHUA,
a HHOrJZa He COBCeM TOUHO — peaKUUaMH Mepenauy Lenu (Mo anrJIwg-
CKOH TepMHHOJIOTHH — transfer reactions). OnHako HajlO NOMHUTB, YTO
nepenaua LenH OcCoGeHHO XapaKTepHa AJsi HPOLECCOB NOJHMepH3alHH,
OPpH KOTOPBLIX OJHa MaTepHaJibHas Liefib [IepecTaeT pacTH, a B3aMeH ee
uHHLHVpYyeTcs Apyrast. — [lpum. ped.
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Bo MHOTHX cJayudasix peaklHMH, NMPHBOAALILHe K 3aMeHe Oj-
HOro pajykaja IPYrHM, CTOAb OBICTPBI H HeOOPAaTHMBI, UTO .
nepBBI panukaJsa O6oJibile BOOOLIe He MMOABJSETCS B CHCTe-
Me. 3TO UMeeT MeCTO, HalpHMep, NPH TePMHYECKOM pasJio-
keHHH F20j. ITouTH eIHHCTBEHHLIMH NPOAYKTAMH pPEeakiHH
ot —80 no 0°C asnsiorca Fy + Oy Muuuunposanue npo-
HCXOJAHUT npHu paspeiBe ¢Bsi3H O—O.

HMunnurposanue F,O, + M —> 9FO + M.
PeuuunnuupoBaHue FO + F,0, — F,0 + FOO

{ M+FOO — F +0,+ M,
F + F,0, — F, + FOO.

(IV. 58)
U,em:

Mexanusm oGpbiBa HEH3BECTEH. Nnauna uerm B 5TOB peak-
LMK OUYeHb BeJHKa, MMO3TOMY OTHOCHTENbHHH BbIX0A Fo0
oYeHb MaJl. BO MHOI"Wx cuHcTeMax yAaeTcsi HHHULHUHPOBATH
HenHble peakUHH C INOMOLIbI0 PpaAHKaa0B, TreHEepHPOBAaH-
HHX (OTOXHMHUECKH HJH IPH pacnajge TEePMHUYECKH He-
ctrabuabubix n06aBok. QOueHb. yZOOGHBIMH HWHHIHATOPaMH
npu temneparypax 40—80°C saBaAOTCA AHALHJINEPEKHCH
(B uacTtHocTH, nepekuch aneruna (CHzCO).0,). Ilpu ux
TEPMHUYECKOM pa3Jj0oxKeHHH 006pas3yroTcsl aliHJbHbIE pajHKa-
ABl, KOTOpble 3aTeM pacnajawTcs Ha aJNKWJIbHBIA  WJH
apuabHbli pagukaa U COq:

(RCO),0, — 2RCO, — 2R +2C0O,.  (IV. 59)

STH paaHKaJabl MOTYT 3aTeM BCTyNaTh B peaKUHMH nepenauu
uenHn. Ilpu Gonee Bpicokux Temneparypax 100—150°C Ta-
KyIO K€ POJib MOTYT HMrpaTh auagakujanepekucu. Ouu obpa-
3YIOT aJKOKCH-paJHKaJbl, KOTOpble B JaJjbHeHllleM pacia-
Aal0TCA Ha aJIKMJibHble pajHKasbl H KapOOHUJbHBIE COeLH-
HeHHst. XOpOLIO H3BECTHBIM NPHMEPOM HHHLUHATOPA TaKOTO
polna sBAfETCA OU-TpeT-6yTHJNEePeKHCh

(rper-C,H,0), — 2rper-C,H,0 —

—» 2CH, + 2CH,cOCH,. IV-60)
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I'eHepupoBanue paJAHMKaa0B B HHTEpBaJjde TeMIOepaTtyp
250—350° C yno6HO OCYIIECTBJATh C MOMOUIBIO A30-COeIH-
HeHUH '

R—N=N—R — 2R + N, (IV.61)

Brime 300° C oueHb MHOrHe BemiecTBa (B TOM yHcJe aJ-

KHJIbHBIE - TIPOH3BOAHbIC MeTaJdJIOB H OKHCH STHJIEHH) MOTyT
ABAATHBCA HCTOUHHKAaMH paaHKaJOB

| | |
CH,— (:H2 —0 — (CH,CHO)* -> CH,+ HCO. (IV.62)

B nocienueM ciyuae NMpOMeXXYTOUHBIH NPOAYKT peaKUuHH —
aleTaJjsbAerug — KojebaTeqbHO BO3OYyXKAEH, H C peakiuel
o6pasoBaHHsl PaJHKaJOB KOHKYypPHUpPYyeT Ipouecc ero Ae3ak-
_ THBAllHH B OCHOBHOE COCTOSIHHE.

IV.9. NUPONM3 ALETANBAEFMOA

Onuoii u3 Haubojee MOAPOGHO H3YYEHHBIX peaKUHi Tep-
MHYECKOr0 pas/floKeHHs, NPOTEKAlOUUX [0 MNPOCTOMY LeMN-
HOMYy MexaHH3My, saBasieTcss nupoaus CH;CHO. Peaxuus
3Ta JIErKo MNOJAJAaeTCA HCCIeAOBaHHIO IpPH TeMepatypax
450-—-550° C. Ee ocHOBHBIMH npoayKTaMHu ssasiorca CH, +
+ CO, a H;,CH;COCH3; u C;Hg o6pasyiorcsi B MeHbIIHX
KoauyecTBax. PesyabTrathl Hccaen0BaHUA 3TOH peaKI].HH
MOXKHO HaNTH B HexaBHHX paborax [5].

OcHOBHbIE 0OCOGEHHOCTH L€NHOTO MeXaHH3Ma XOpOIIO CO-
I'IACYIOTCS € COOOpa’KeHHSIMM, H3JOXKEHHBIMH Bbillle.

Huuuuuposanue CH;CHO > CH3 + CHO.

{‘ CH, + CH,CHO —> CH, + CH,CO,

| CH,CO+ M -2 GH,+ CO + M.

O6puis - 2CH; > C;Hﬁ. o

! | CHO+M 2> H+CO+ M,

H + CH;CHO > CH,CO + H,. _
| | (IV. 63)

Hens

Ilepesava uenwu { |
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e

‘B npubJanXKeHHH JTHHHBLX ueneﬁ

[CHSCO] _ k1 [CH,CHO] (IV. 64)
- CHsl . ke [M]
M upm - . -
[CH,CHO] = (M) ~ 107>° noas/

_ C om - 108,0-8.0[9
(CH,COVICH,] ~ s ~10

~3,042,08 __

~ 107 ‘mpn 700°K,

. b 1016—-80/9 N
~ 10~ ’454;0/16/12 npH 700°K o
- | . 65
[I:I ko 101680/ g (IV _“)‘
I= %k, 10103-58

~ 107177 MO/tb//L IpH 700°K

L

| k [CH3CH0] A 1016 80/9 (10'—2 5) 1o
[CHS] = [ £ kt ] = [ 1010 5
~ 10~ 1.3 moas/a npu 700° K.

B HaH60JIbIHHX xonuempauanx NPHCYTCTBYIOT METHJIb-
‘Hble pajHKajbl, H, TAKUM obGpa3omM, npeobaajamoles peax-
Heit o6pbiBa LEACTBHTENbBHO JLOJ1KHA 6bITh peKOMénnaum
2CHs,. Bblpax{emie It CyMMapHOH CKOPOCTH u;ermon peak-
LHH, HMEeT BHIL | ) |

— d [CH,CHO]
dt

= k; [CH,] [CHaCHO] =k (kt) [CH,CHOJ™.
| (IV. 66)

STo ypaaﬂemae PeKpPACHO COracyercsi ¢ SKCIEpPHMEHTOM,
KOTOPBIi MOATBEPK/aeT NOPSNOK PeaKluH, PaBHBIH 3/5. Ilpn
NOACTAHOBKE NPHHATHIX 3HAUCHHA KOHCTAHT CKOPOCTH MOXK=
HO TOJIyYHThL XOpOIlee COTJIacHe C SKCHepHMEHTaJIbHO Hafi-
nennou BeJIHUYHHOH

Rops = 10108 —480 (/e/.uoxxb)” cex -,
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 CKOpOCTh o6pa303annﬂ H, moaxHaA cOBOAfaTh cO CKO-
POCTbIO HHHIMHKPOBAHHSA, TAK UTO MVTHHY el A MOXXHO HaH-
TH H3 COOTHOLIeHHs *

_ d[CH,)/dt __ k [CH;CHO]" _

d [H,)/dt (ks kz)%
- 108 0-8,01 (10_2 5) 10 78+32/6 —

1013,:3—40/8 (IV_. 67)
1022 mopu 700°K -

= 10%% npu 800°K.

DTta peaklHs O4eHb yyBCTBHTeJabHA K caexam O, Peakuun
Ha CTEHKaX COCyda MOryT NOMElIaTb NMOJYYeHHIO BOCHPOH3-
BOAMMBIX pe3yabTaToB. CeHCHOMIH3HPOBAHHBIH OKHCBHIO
3TUJeHa, HOAOM H HHMETHJADPTYTBIO NHPOJIH3 aueTalbIerk- .
na HauHHaercsi npubausurtesbHo Ha 60°C HHXKe, yeM MHPO-
- au3 6e3 no6aBOK.

I

1v. 10. MAHOAK'I'HBHHE PALMKAND

Kax MHbI yme OTMeuaJin, 6arofaps HajJHYHIO B MOJIEKY-
Jle HeCKOJbKHX A4TOMOB, KOTOPbHlE CHOCOGHBI OTPBIBATHCS
npu pagHKaJbHOH aTake, MOI'yT BO3HHMKATh HECKOJBKO pas-
HBIX PaJHKaJ OB, UTPAIOLIHX Pa3JHUHYI0 POJb B ULENHOM
npoitecce. [TossCHHM CKas3aHHOe HA MpUMepe pPeaKIHH MHPO-
JH3a atleraapaerupa. [Ipd otpeiBe atroma H OT MeTHAbHOH
rpynnbl aueranbierdfia o6pa3yeTcsi CPaBHHUTEJNbHO HHepT-

Huifi pagukan CHoCHO. Cxopoctb npono.m;énnn LHenH npu
pacmange 3TOr0 paaukaja

«CH,CHO %> CH,CO +H, AH°=36 KKa/l/MO/lb (IV. 68)

MaJjsa H3-32 aHﬂ,orepMHqucm peakuuu. Ecan 3HeprHio ak-
THBALUU NpHcoeguHeHHs H K KeTeHy MO aHAJOTHH C ApPY-
FHMH MOAOGHBIMH PeaKIHsAMHU NIPUHATb PaBHOH 3 KKaxa/moAb,
to Es = 39 kxaa/moase. llpn cTamHOHAPHOM IIPOTEKaHBH
peakUHit

: -CH, + CH,CHO —1’-> -CH,CHO + CH,,
| ¢H,CHO + CH,CHO -% CH,CHO + CH,CO .

* CM., ogHaKo, pasjgea IV.10.
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. COOTHOIHEHHE KOHLEHTpallMd PpajuKaJoB  oONpenensercs
bopMYAQH -

[CH,CHO] _ F{[CH,CHO] &
[-CH,] ~ Fs[CH,CHOI+ %; — Fa

DToT peayabTaT MNOJYYeH MCXOAA H3 TOro, 4ro As =
— 1013 cex!, ki U k¢ paBHb 1039-108 5/ (moasb - cex)*. Tlo-
saromy npu [CH3CHO] = 1025 moav/a, k{CHsCHO]/#s~ 1015
npu 700° K, u Bcero qumb 10%5 npu 800° K. B Takom cayuae
B KayecTBe peaKuuil o6pboiBa HeOOXOJAUMO YYHMTHIBATb peak-
uMd majoakTupHoro pajgukana CH;CHO

~ 1. (IV.69)

7

- k
' CH, + CH,CHO =%» CH,CH,CHO,
1 (1V. 70)

. k
2CH,CHO —» CHOCH,;CH,CHO.
B pesyJabraTe IoJy4aeM |

~d [CH3CHO] k,k}? [CH,CHO]™" y |
4t = y T (av.71)
| [ + (et ko) ket + (k7 [es) |

’ 2
Cuuras, 4TO k;=2(k;k¢) , a4 5TO OOBIYHO BHINOJIHAETCH,

HMEEM

— d [CH,CHO] _ 5 (ki )*/z [CH,CHO]"*
‘dt ke ) [0+ (el ) ()]
HJIH TIPH' YCJOBHH Ky == ke, ki = ki |

—d[CHsCHO]. __ ki ( ki \"s __ |
- ar ""7(7;;) [CH,CHOJ™ (IV.72)

. ToNbKO 4YTO pPacCMOTpPEHHBIe peakKlHH ABJSKTCA. LOMOJHH-
TeJbHbBIM HCTOUHHKOM Bomopoaa. CKoOpocTh 3TOro kKaHaga
o6pazoBaHusa Hy noutn cosnajgaer co CKOpPOCTbIO HHHUIUUPO-
papuss npu [CH3;CHO] = 10-2% moas/s. O6uast CKOpPOCTb
o6pa3oBaHHs BOJOpOAA ' |

d [Hy]
dt

¥ 4

- , B, \V(Ek 1
=ki[CH3CHO]+(—k—i—) (‘E:T) k5 [CH,CHOJ". (IV. 73)

* Jlefignep n Jlun [5] moayuyusnd npuMepHO Ty xKe BEJHYHHY Apy-
rum crnoco6oMm. Ouu npeHebGpernd peakuued (6) U 3aHH3UIH CKOPOCTDb
peakuuu (17). .
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C yuyeToM 3TOr0 COOTHOLUEHHS AOJXKHBI GbITh H3MEHEHbl Ha-
A TpexXHHe BBIBOABI O CKOpoCcTH oOpasoBanHusa H, u o
AnuHe uend. MexHo ormeTruTbh, 4to BEIXOA CoHsCHO nou-
#KeH OBITb G6JH30K K BbiXoAdy. Hgo, B TO BpeMs KakK BBIXO[,
CHyCO ponaxeHn 6uiTb BABOe MeHblle. Ckopocth 06pa3oBa-
HHUSl alleTOHa TaKxKe MaJjia N0 CPaBHEHHIO CO CKOpPOCThIO 06-
pasoBanus Hj [5]. AuneroH MoKeT MOJyd4aThCsi Mo ABYM
peakuusiM. OCHOBHBIM IIyTeM ero OOGpasoBaHHA HABJAAETCSH,
Mo-BHAHMOMY, 3HIOTEpPMHYECKAA peaKIiiusd | |

CH; + CH3CHO <= (CH;3),CHO — (CH;),CO + H.
Kpome TOFO, OH o6pa3yeTcsa B pe3yJbTaTe NPHCOEIHMHEHHS
CHj3 K KETeHy M NOCleNyIOIHX. pPeakKilHH MAaJOaKTHBHOTO
paankana CH,COCHs;:

-CH; + CH,CO — -CH,COCH,, |
CH,COCH, + CH;CHO —> CH;COCH; + CH,CO.
BosmozkHasa peakuus o6pa3oBaHHs aleToOHa NPH PeKOMGH-

Hauut CH3CO u CHj; urpaer He3aHayHTeNbHYIO POJab, TakK

kak paaunkan CH3zCO npucyTcTByeT B HHM3KHX -KOHLEHTpa-
LHAX. : |
Takum o6pasom, B JaHHOM cJlyuae NOSIBJEHHE HHEPTHOTO
HJIH MAaJOaKTHBHOIO pajuKaJa CylleCTBEHHO HE CKa3blBaeT-
CA HA KHHETHKEe peakuuH. B apyrux. cayudasix KHHeTHUYecKoOe
YPaBHEHHE H appPEHHYCOBCKHE IapaMeTpbl KOHCTAHTbI CKO-
POCTH MOT'YT 3aMeTHO H3MEHsTbCA OJarogaps peaklHAM Ta-
KHX pagHuKanos. S | ‘
B xauyectBe npumepa nomoGHOro mpoiecca paccMOTPHM
nernHod nupoaus C.HszBr, npu koTOpoM Ma/IOaKTHBHBIM pa-

AHKaJOM siBJAeTCA CHg(fHBr:

Br -+ C,H;Br === HBr + CH,CH,Br,

(1V. 74)

<—> HBr+ CH,CHBr. |
o | . (1V. 75)
M + CH,CH,Br —> C,H, + Br+ M, -

' CH;CHBr —*> CH,= CHBr + H..
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‘DuporepMHyHOCTh crTaaud (3) paBHA 35 Krkaa/moas,
a sHeprua akTHBauuu 39 kkaa/moas. Peakunsa 3ta OYEHb
. MeqJeHHas O CPaBHEHHIO ¢ OHMOJIEKYJspHOH peakuues
(—17), KOoHCTanTa CKOPOCTH KOTOpPOH PpaBHA OKOJO
109.5-6/0 4/ (moab - cex). Naxke npu [HBr] = 10 mm pr. cT. =
10-35 moxas/sa peakuuss (—1’) Oymer NpOTEKATb B 103—104
pa3 GuicTpee, ueM peakuus (3). - -
| Hcnosap3ysa MeTOH CTAaUHOHAPHBIX KOHUEHTpauui aas

CH;CHBr, MOXHO TOJY4HTB

[CH,CHBr] _ o7 ICH:Brl
[Bre] - NUTTTHBr]
(IV. 76)
~ 1g-"3-7P ICH:Brl |
[HBr]
~ 10 (700°K u ray6uua peakuuu 19%)=
( y peakn ) AV. 77)

~ 1 (700° K u ray6una peakuun 10%).

3ech MaJOaKTUBHBIM palHKajad siBJAAETCA ,npeo6.nanafomnM
NPOMEXKYTOUHbIM [POAYKTOM B Ha4ajlbHBIX CTaJHsiX peak-
uun. OCHOBHAfl yacTb peakiil o6pbIBa MPOHMCXOIHT C yHa-

ocrnem CHSCHBr, tak xaxk paaukaan CH;CH.Br npucyr-
CTByeT B paBHBIX (NIpH ray6une peakuud csbilue 10%) wnan
MeHBIINX KOHIleHTpanuax. Ec/au CuHTaTh, 4TO YCTaHABJH-
paeTcsi pasHoBecue (2)—(—2), MOXHO onpenesUTL CTa-

LIHOHAPHYI0 KOHLEHTpaiui© palukana CH,CHyBr *

[CH,CH,Br] _ k—s(CoH,] [M]+ ki [CoHsBr]

(Brl B2 (M] + B [HBr] (V. 78)
k., {CH, '
~ £ [CM] gL [CHY) (1V. 79)

Tipn 700°K W gapieHHH 3THJaeda 10 mm pT. CT.

[CH2CH2B'r]/[Br] ~ 10-34 Ilpu temnepatype 650° K, KOTO-
pasi JIEXKHUT KaK pas B cepe/liHe TeMNepatypHOro HHTepBaJa,

* [Ipp STOM MNPHHHUMAIOTCH CleAyioliue 3HadeHHd KOHCTAHT CKO-
pPOCTH: ‘

k_, =~ 109720 22/(noas? - cex); ky= 1010:5-13% 41(mons - cex);

k_, - 1.09'5;?_/B af(mons - cex); Ra= Kék;g, rae K3 = jo3—9/0 Mmoae/a,
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-

B KOTOPOM H3YYalOT AAaHHYIO PeakUH!O, H NpPH MapluHaJbHOM
HaBjleHHH [00aBJeHHOTO 3THJieHa, paBHOM 100 mm pr. cr.,
3TO OTHOLUIeHHe cTaHoBHTCA paBHBIM 10728, [Ipu 3TOM KOH-

uenrpaunun CHoCH;Br m CH3CHBr no nmopsaaky seauunusl
coBnagaloT. TpumonekynsipHass peakKuusi ob6pwisa Br +
+ Br + M nporekaeT 3HauHTeNbHO MelJieHHee ABYX JPYTHX
peakuuh o6pbiBa:

Br + éH2CH2Br LN C,H,Br,,

oo (IV. 80)
Br + CH,CHBr > CH,CHBr,.

OO6pniB {

AGconoTHas KOHLEHTpaluus aToMoB Br onpegeasiercsi cko-
pOCTbI0O HMHHUHHPOBAHHA, KOTOpPOE OCYIIecTBaseTca aAubo
npu paspwiBe caabeinweii c¢sasu C—Br, auGo Gumoseky-
JISIPHO -

C2H5BI‘ ""‘g'}‘ CQI:I5 + BI’,

g e (IV. 81)
C2H4 4+ HBr —> CQIHE, +4- Br.
~ OTHoOleHHe CKOPOCTEH 3THX ABYX peaxunﬁ
Ry _ 1002 PDICHB]  _ jguis-nze _[CaHsBrl 1y goy
R;  100=%P[CH,][HBr] [C,H,] [HBr]

[Mpn 650°K, wHauaabHofi  koHueHTpauuu [CoHs;Br] =
= 1072% moasb/a u ray6une peakudH 109, sTo oTHOweHue
cocraBasier 102. OaHAaKO B NPHCYTCTBHH OGOJBIIHX N06aBOK
HBr uwmn CyHg npum 600°K wnaum npu Goabuminx ray6HHAX
npespaieHus (50%) oTHomIeHHE 3TO MOXKeT CTATh MeHb-
e eLHHHIB!, T. e. NpeobaajfamIUUM cAenaercs GHMOJeKy-

- '4
JIAPHBIH MeXaHH3M HHHUMHpoBaHHA. [Ipu ycaoBuu R; > R;
HMeeM | |

o ky [CoHsBr] -
[Br]* = — [C.H:Brl ./ T
ktK] [HBI‘] + kt KI_? [C2H4]

=——"/11 = . (IV.83)
kK / { B RKy  [CoHgBr] - } (V- 83)
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Ecaun napaJienbHO LEITHOMY MpOoTeKaeT MOJIEKYJISIDHBIH pac-
nan CoH:Br ¢ KOHCTaHTOH CKOPOCTH R4, TO BBIPAXKEHHE
IS CyMMapHOH CKOPOCTH pacnaja MMeeT BHI

| _"d[%z;{st] = k , [C,HBr] + &, [Br] [C,HBr], (IV.84)
| —d[CsH,B
. [C.H;Br] :—k;q’{‘

[CgHéBf] dt .

oy () o
l (kth) |1+ kK o ([CoHy] [HBr]/[CoH5Br] ) |

ki
kK

. _%kA_I_kl(

')”’ [HBr]“.  (IV. 85)

[1pu napuuaJbHOM LaBJIEHHH HBr = 10 mm pr. cT. (WAK
[HBr] = 10—36 moab/sa) Kaxymascs KOHCTAHTa CKOPOCTH
MepBOTO NMOPAIKA, Xapakrepusylouias HenHo# mpouecc [T. e.
BTOpPOE cjaaraemoe B ypaBHEHHH (1IV.85)], paBua.
1010,5—-43,5/9 Cefi_l. _ - ‘

D10 BBIUMCJEHHOe HaMH 3HayeHHe XOpOoilo coBnajgaer C
AaHHBIME paboThl [6], B KOTOpO# Obijia moJydeHa cjaeayioulas
. TemrepaTypHasi 3aBHCUMOCTh KOHCTAHThI CKOPOCTH CyMMap-
soro npespamienus npu 310—476°C : 1011,8-46,4/8 cex-1,

Kak ¥ CJefoBajJo OXHUAaTh HA OCHOBAHHH (HOPMYJibi
(1V. 84), Tonnbepr u sunsic [6] maGaiopanu KaTajaHTH-
yeckoe gefictBue HBr, unHru6upoBaHue B HPHCYTCTBHH
Gonbmiux kKoauuectB CoH, u Hajanune mnepuojaa HHAYKIHH,
KOTODBIfI Gbl OCOGEHHO OTYET/MBBIM NPH HH3KHX TeMIepa-
Typax M BEeJHYMHA KOTOPOro 3aMeTHO CHHKajach NpH 10-
Gapienuu HBr. Bbl1o DOATBepKAEHO TaK:Ke H aBTOKarTa-
IHTHYeCKOe mNoBedeHHe B 3TOH cucTeMe. OHAKO aBTOPHI
NPHIHCAMH er0 KaTaJHTHYeCKOMY NeHCTBHIO Bre, o6pa3syio-
mlerocst 1pu szaumogeiicteun HBr ¢ C.HsBr. DTO npencTaB-
nsietcsi MaJsioBepoATHbIM. HaoGopoT, Kak CjlelyeT H3 aHa-
nU3a MexaHM3Ma LenHoH peaklHH, TIPH MaJablX KOHUEHTpa-

uusix HBr npeo6nanaioT HHepTHbHE paLMKalbl CHaéPIB:r
[popmyna (IV.76)] n LIHHa LeNH Pe3RO CHEMACTCH. Ho-
GaBkd HBr CHHXAlOT KOHUEHTPAHHIO 3THX pPaiHKaNoOH,
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X0T#A OLHOBPEMEHHO 'HECKOJIBKO CHHXKATCA H KOHHLeHTpa-

L ]
LHMH aKTHBHBIX panukanos CH,CHyBr.
AnanorHuHble 3aKOHOMEPHOCTH B OCHOBHBIX 4YepTax
HOJIXKHbl BBLINOJIHATBCA H NPH MHUPOJH3E APYTHX AaJKHJI6pO-
MHIOB H aJAKHJXJOPHIOB. | o

IV. 11. CENIEKTMBHOCTb PAAMKA JIOB

DK30TepMHUeCKHe pajHKaJbHble peaKUHH 3aMelleHHA
HMEIOT BeCbMa HH3KHE SHEPrHH AaKTHBAaUHH, MO3TOMY MOXK-
HO OXKHJaTb, YTO OHH He OYAYT CeJEeKTHBHHLIMH, T. e. Oy-
AyT NPOTEKaThb MO pa3HbiM HalNpaBJ/JEeHUSIM CO CPaBHHMBIMH
CKOpOCTAMH. PaccMOTpuUM, HanpHMep, pagHKaAbHOE XJOPH-
poOBaHHe YIVIeBOJIOPOAOB |

Cl+ RH — HCI + R. (IV. 86)

DTa peakuusi MNpPOTeKAeT C 3aMeTHBIM BbiAeJdeHHeM
) &

TenJa: IMpH pa3pbiBe nepBHYHOH cBaA3H C—H AH, =
. . r

= — b KKaa/moab; IPDN pa3pblBe BTOPHYHOH CBA3H AH, =

o o
— 9 KKaa/moab; NpH pa3pbiBe TPETHUHOH CBA3H AH, =
= — 12 kkaa/mons. HakoHen, npu paspbiBe aJJHJABLHBIX H
o

GeHsunbHbIX cBsiset C—H AH, =~ — 22 kkaa/moas. Opnako
3HEPTHsl aKTHBAaUHH 3aMeLIeHHs1 [AaxKe MNepBHYHON CBHA3HU
C—H croap mana (~1 kkasa/moss), 4To TPYAHO OKHAATH
3aMETHOTO €€ H3MEHEHHsi B peaKIHsAX 3aMellleHHsa pasJiHuy-
HbIX cBsidelf. IloaToMy,~no Bce#t BepositHocTH, aToMbl Cl Gy-
AYyT OTPbIBaTb NEePBHYHBIE, BTOPHYHbIE H TPETHUYHLlEe ATOMbI
BOAOpOAa OT OPraHHYeCKUX COeAHMHEHHH NMOYTH C OAMHAKO-
BO#l CKOpOCTbIO. JleficTBHTENBHO, IPH razopasHOM pagHKab-
HOM XJIODHPOBaHMH OyTaHa OTHOLIEHHE BTOpP-6YyTHJXJIO-
pua/GYyTUAXAOPHA=2,4 U NOYTH He 3aBUCHT OT TEMIEPaTyPhl.
Ecan yuecTh craTtHcTHYecKH#t (aKTOp, T. €. COOTHOLIEHHE
«KOHUEHTPalUHUi» NepBHYHBIX H BTOpPHuYHEIX cBsseii C—H,
TO OTHOUIeHHE CKOPOCTH OTPLIBA BTOpUYHOTro atoMa H oxa-
keTca B 3,6 pasa Bhellle, YyeM nepBHUHOro H. '
[TonoGHbie e 3aKOHOMEPHOCTH MOXHO OGHADYKHTb #
npH KHUAKOGDA3HOM XJIODUPOBAHWH H-GYyTHJIOEH30/1a B pas-
-6aBsenHoM pactBope CCl, [7]. IMocne BHeceHHMs CTATHCTH-
‘YECKOH INOMNPAaBKH OTHOCHTEJbHble CKOPOCTH 3aMelleHUs
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npu pasauunbix cBszax C—H n3menslorcs B Tako# nocJie-
OBaTEJbHOCTH *:
a B oy 8 -
C¢H;—CH,—CH,;,—CH,—CHj. (IV. 87)
5,9 2,7 4,0 1,0 :

MOKHO OXHAATH, YTO B CJyuae 3HAOTEPMHUYECKHX peak-
nuil 3amelleHusi, HaoGopor, Oyaer HabJOAAaTbCA CHJIbHAA
3aBHCHMOCTb 5HEPTHH aKTHBAalLlUH H CKOPOCTH peaklHuH OT
NPOYHOCTH paspbiBaeMo#i ¢BAsd. OTpHIB BOJOPOLA ATOMaMH
Br o6bi4HO 3HAOTEPMHYeH. Temjora peakinHd B cJaydae
CH, pasna 17 kxaa/moab, B cjyyae MEPBHYHOH . CBfI3H
C—H 11 kkaa/moab, BTOpHUHON — 7,5 KKaA[MOAbL, TDPETHU-
HOM — 4.5 kkaa/moap. OOGpaTHble 3HAOTEPMHUYECKHE peak-
nud ¢ HBr amwo6oro o6pasyooulerocss OpH 3TOM palHKaJja
UMEIOT NpuOJH3UTEJbHO paBHble JSHEPIHH  AKTHBALHH
1,56+0,5 xkxkas/moaxs. . ' |
- Kaxk ¥ caefoBaJio 0XHAATb, OTHOLleHHE BHLIXOJOB BTO-
PHUHBIX H HEPBHYHBbIX OYTUAGPOMHIOB, OGpa3ylOLIUXCA NPH
- mapodassHom 6GpomupoBaHun H-Gyrama npu 160°C, paBHO

okojo 55 (cp. ¢ BeanuuHoi 2,4, NpUBeNEHHON AJif XJOpHPO-
BAHHS). | | | o |

B To e BpeMs Ha HabaoAaeMyl) BeIHUHHY OTHOLIEHHA
NIOJI;XHbl OKa3biBaThb BJIHSAAHHE MOHOMOJIEKYJSIpHBIE peaKLHH
H30MepH3aLMH PAaAHKAJOB HJH BHYTPHMOJEKYJAPHOro fe-
peHoca Bojopoxa. Hanpumep, o6pasyrouluiicsi npH oTpbiBe
" atToMa BOAOPOAA OT H-NEHTAaHA TNEepBUYHBIA paauKa/] MOXET
H30MepH30BaTbCA : ‘

¢H,CH,CH,CH,CH; ~> CH,CH,CH,CHCH,.  (IV. 88)
C sToll. peakuHell KOHKYPHUPYET peaKLHs 3aMelleHHd _

CH,CH,CH,CH,CH, + Cl, %> CICH,CH,CH,CH,CH; + Cl,
| (1V. 882)
OTHollleHHe CKOpocTeil 060HX NPOILECCOB PaBHO R

| Ry ky 10!1—15/0

— T
o

Ry R [CLI 109978(10725)

10*"° (1v. 89)

. * HaGmonaemsie BbHIXOAH &-, B-, Y- H 8-XA0pHROB gmocmmcs KaK
5,9:2,7:40:1,0. °
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Huxe 450°K sTa Bennumna ouenbp mama (10-3), ogmako
OHA CTAHOBHTCS 3HAYHUTEJNbHOH INpPH TeMOepaTypax BHILIE
700° K. uyii n1pu HH3KHX KoHueHntpauusax Cls.

[Ipu onpenenenun Ri/R; masi mpeasKcnoHeHTa peakuuil
BHYTPHMOJIEKY/ISIDHOTO OTpPbiBa aTOMa BOAOPOAA NPHHATO
3HAYeHHE, XapaKTepHOe IJs peakuuii ¢ o6pa3oBaHueM Tis-
THYJI€HHBIX HIHKJIOB. HUT0oObl OnpesenHTb 3HEPrHio ‘aKTHBA-
IHH, K 3HAYEeHHIO, XapaKTepHOMY JAJA OTpbiBa atoma H pa-
AHKanoM (8 xKkaa/moav), no6aBaANKM 3HEPTHIO 'HAIPAKEHHS
NATHYJNEHHOro nukna (7 kxkaa/moan).

IV. 12. OKMCAEHME

-

- OanuM u3 Hau6osee uHTEPECHBIX H CJAOMKHBIX LENMHBIX
NPOLECCOB sBJSAETCA OKHCJAEHHE OpPraHHYeCKHX BeLlecTB.
Ilpn Hu3skux temnepartypax (<190°C) B ocHOBHOM obpa-
SYIOTCsl THMAPONEPEKHCH H HPOAYKThl MX AaJbHeAUIMX Hpe-
BpalleHHH ~— CIUPThI, aJbJerHAbl, KETOHbI, KHUCJOTH, a TAK-
ke CO u CO,. Mexanusm o6pasoBaHHs 3THX COeIHHCHHH
IIpUBeeH HHKe *

[ RO;+ RH 1> RO,H + R,

L[enb- . \ .
. R+0, 2 RO,
r L ] 3 L ]
2RO, —> 2RO + 0O,, .
. . (1. 90)
HGHH | R(.) 5 R"R'C=0 + é!l!’
ér” +'02 ___5+ R",IOQ-

H T. .

*- XoTA npuBoaHMble aBTOPOM 3JEeMEHTApHbLi€ AKThI U HMEIOT MeCcTo
NpH OKHCJICHMH YIJIeBOZOPOAOB, B LEJOM JAaHHAA CXeMa HOCHT CJHIIKOM
YDOpoIleHHEI# XxapakTep. Bosee cTporuii U noapoGHEIE aHaau3 MexXaHH3-
;;a oxxe.weaﬁsnﬂ' YF/IEBOLOPOROB MOMHO HAITH B MOHOFpaduax [32—34].—
i pum. ped, : :
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OcJioxKHeHHe Bbi3biBaeT HeoObluHast c¢jab0 3K30TepMH-
gyeckasi peakumus (3) (AHs= —6 xxaa/moae), npoMexy-
TOUYHBLIM MPOAYKTOM KOTOPOH MOIKET SBJATbLCS HecTabHJb-

Hoe coenunenne (ROgz)2. MOXKHO mpeinoJaraTb, 4YTO €ro Mo-

neKyaspHoe paciiemsiende Ha 2RO + Oy OyneT 004TH Tep-
MOHEHTpaJbHbIM.

Panukaasl RO-. MoryT pacniagatbcsi ¢ oOpa3oBaHHEM
cTaBHuJbHBIX KETOHOB HWJH aJablerHioB H pPaaUKaJOB MeHb-
{1ero MOJIEKYJSIPHOrO Beca, HampuMmep

" (CHy)yC—O — (CH;),CO + CH,, |
(CHy)s (C:H)C—O — (CHy),CO + C,H;,  (1V. 91)
(CeHs) (CH;),C—O — CgH;COCH; + CH.

Pacnan, Kak npaBHJIO, }[poreKaeT no cJuabefillel CBS3H.

[Ipn temnepatypax okono 100°C u B NMPHCYTCTBHH H3-
G6oiTka Op BO3MOIKHO [MOYTH KOJHYeCcTBeHHOe OOpasoBaHHe
RO.H u3 RH. OxuHako BbIXOJ HACHIIIEHHBIX MEPBHYHBIX HJIN
BTOPHYHBIX THApOMepeKHCell CHHKaercs 6naroaaps MeLJeH-
HOMY NMPOTEKAHHIO peaKLHnH

RO, + RH === ROH +R, (1V. 92)

B pe3yAbTAaTe UEeroc mnpeobaajalolled MOXKET CTaTh peaKlus
(3). Araxa caaboft ceasa O—H B RO;H e urpaer oco6on
© ponu, Taxk K8K ‘B npucyTcTBHM H36nTHa O panuxaanl R«

¢ Goabuleld CKOPOCTHIO M 6e3 SHEPrHH aktusBanmns [k =
= 10%5 4/ (M0ab - cex)] o6pasyior ROz. B npacyrersun 607b-
wioro wabmrTka R papuraast RO . cea3biBalOTCH HO peak-
LL## {4). o

 AAxaHbl ¥  ANKeHbl CHHIIKOM MeAAEHHO B3anmozei-
crByioT ¢ Qg fipu Temmepatypax Huxe 150°C, u 3TM peak-
UHH HE MOIyT CAYKHTH CTaAHAMH HHHUHMNPOBAHUS. DHep-
' TMH aKTHBAilHH peakind NPHCOeAHHeHHA W OTPLIBA C yua-
ctiem oneduna u O npeppimalor 35 xkaa/moAs. Itostomy
RPH HH3KHX TeMIepaTypax HCTOUHHKAMH PAAUKAJIOB MOryT
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CNyKHTb TOJBKO CNEUHATbHO BBeIeHHbIE B CHCTEMY HHH-
HHATOPH. PaccMOTpHM, Hanpumep, peakiHio C.H,; + O..

1 L ] : L ]
C2H4 + 02 :—:)- CHg"‘—CHg"""'O_O

it T

3 2 :

4 -
0

o) o) - 0—0 7
\ S [/ | ] /N +0. (IV.93)
CHQ‘—“—CHg (—_-—:t CHz—"'CHg CHQ_‘"CHz . : )
s
\4
2CH,0

DHAOTEPMHYHOCTh cTaAHu (1) cocraBisier 32 KKaa/mone,
no3TOMYy paBHOBecuHe (1) ObicTpo ycTaHaBJaHMBaercsd. 3artem
CJIE€yeT 3SK30TepMHuYeckas peaxkuus (3), uMewllas 3Hep-
THIO aKTHBAallHH, BEPOSATHO, OKOJIO 5 KKa./MOAb, MOCJE 4Yero
GeicTpO O6pasyerca dopMmanbierua. DHePTrHs AKTHBALHH
-craauu (2), no-BHAMMOMY, 6aH3Kka K 16 kxaa/moas. TOabKO
B 3TOH peakKuuu obGpasyeTcsa palHKaJ, OCYHIEeCTBJ/AIOMI U
NpOAOJI?)KEHHEe LElH. | L

DHepreTHYeckH GoJiee OGJeryeH OTPBIB ANAHABLHOTO HJIH
GeH3UABHOTO Bomopoaa. Hampumep, B cay4ae 3-meTualy-
TeHa-1

(CH;),CH—CH = CH;, + O, — (CHj),C—CH = CH, + HO,

3HEpPrus- aKTHBALUHH pPaBHA JSHAOTEPMUYHOCTH = DEAKLUHH
(31 «xraa/moarv). Tlpu XHAKOPAZHOM OKHCIEHHH 3TOTO
yrjiesoaopoaa B OTCYTCTBHE pacTBOPHTeJNeH Bhime 100° K
9Ta peakUHsA MOXKEeT CJHYXKHUTb HCTOUHHMKOM DAaAHKAJIOB HayKe
npH HHSKHX KOHHEHTpauusix KHcaopona (104 moas/a).
- DK30TePMHYHOCTb CyMMAapHOH peakunun RH + O, — RO;H.
COCTaBJIsIeT OKONO 20 KKAA/MOAbL U MOXKET CJAYKHTb HCTOU-
HHKOM CaMopasorpesa H TENJOBOrO BOCIAAMEHEHHS TOJLKO
HPH OY€Hb BBLICOKHX KOHUEHTPAUMSX HJIH NPH TeMOepaTtypax
okoso 300°C, npu KOTOPBIX B ra30BEIX CMeCsIX HaGJI0gaeT:
Csl XOPOHIO H3BECTHOE ABJEHHE «XOJOMHBIX» MJaMeH.
 Boime 160°C camm rumponepexkHcH HauHHAIOT nperep-
nepath  TOMOreHHBIH pacnag Ha RO + OH, uuuunnpys
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tTakuM o6pasoMm [faJjbHellline peakKudH OKHCJ/EHHS *, KoH-
CTaHTa CKOPOCTH 3TOro pacmana pasna 10!5-%38 cex™!. C no-
MOILIBIO 3TOH BEeJHYHHLI MOKHO OLLEHHTb Cpe/lHee BpeMsd
JKHU3HH MoJieKyanl ruapomnepekucu npu 300°C u sbime. Ilo
MOPAAKY BeJdHuMHB oHO paBHO 10 cex. MeannenHoe o6pa3so-
BaHMe M OLICTPBIH pacnaj rHIpONepeKucel fABJIAKTCA NpH-
YHHOH MJHTEJbHBIX IMEepPHOJAOB HHAYKIHH, a TaKixkKe IepHo-
JHUUYEeCKOTO BO3HHKHOBEHHs TJaMeHH, XapaKTepHOro AJjas Xo-
JoaHomJaMeHHoH o6aactu **. Peakuuu 3TH Ha3bIBaioT
BHIPOXKAEHHO-PAa3BETBJAEHHBIMH, TNOCKOJIBKY OJHH H3 HX
NPOAYKTOB (FHAPONEPEKHUCH) FABJISETCA HCTOYHHKOM PasMHO-
’KeHHs1 aKTHUBHBIX LEHTPOB LENHOro rnpouecca. " o

- Bnaropapsi npoTeKaHHIO TePMHUECKOro pacnana ruapo-
NepeKUcH MpPH OKHCJEHHH YIJEeBOAOPOAOB MOJIEKYJsIPHBIM
kucjaopoaom npu 200—350° C mMeeT MeCTO CaMOYCKOpeHHe.
IIpu 350° cKOpOCTH rOMOreHHOH raszo¢asHoOd peakuHH RO-
- cTHraeT MaKCHMyMa, a 3aTeM OBbICTPO CHHUXKAETCs, TaK 4TO
npu 400°C B DPOTOUHOH CHCTEME €e YyiKe IOUTH  HeBO3-
MO2KHO H3MepHTH [8]. B cTaTtnHyeckoii cHcTeMe B 3TOH 0O6Jja-
CTH OTPHLATEJHHOTO TeMIePAaTyPHOTO KO3(pduuHeHTa MNpo-
HCXOOHUT CMeHa NPOAYKTOB peaKLHH: BMECTO THIPOIEPEeKH-
cefi U NPYrHX KHCJOPOACOAepP K allHX MPOALYKTOB NOSBJISIIOT-
es1 onedunnt, a Takxke HyO u HoOp **%.

* HMICTOUHHKOM BBIPOXKJAEHHOro pas3BeTBJAeHHS, -NPUBOAALLEIO K Ca-
MOYCKOpEHII0, MOTYT HABJATBLCS He TOJbKO ruiaponepekucu. Hampumep,
Npd MOBBLILIEHHBIX TeMIepaTypax TAaKyl pPOJb MOTYT Hrparh ajblert-
nol. — [Tpun. ped. | | ‘

** MeaJsieHHoe oOpa3oBaHHe H ObLICTPBHIA pacnaj, rHApollepeKHcei He
MOryT OGBLACHUTb HH nosiBjeHus [35], Hu nepuoawynoctu. [36, 37} xo-
MOAHBIX TnaMeH. — [Tpum. ped.

*#% J]efiCTBUTENBHO, TMOCJe 06/1aCTH OTPHILATENBHOTO TeMIIepaTypPHOTO
KO3pPULHEHTA NPOMCXOAMT H3MEHEHHe COCTaBa MPOAYKTOB OKMCJIEHHA
yrnesoaoponoB. OAHAKO 3TO, OUEBHAHO, He CBA3AaHO C TeM, NPOBOAHTCH
N4 HCCAEfOBAHHE B CTaTHYeCKOH nid npotowHofi cucreme. Kpowme -toro,
HepaBHJLHO YTBEP KJeHHe aBTOpa O TOM, UTO NpPM TeMnepaTypax Bhillle
06JACTH OTPHUIIATEJNBHOIO TEMOEpPaTypHOro kKo3p(pUUHeHTa BMECTO ~“KHC-
JOPOJACOAEPIKAIIHX MPOAYKTOB OKHCJEHHS! MOABAAIOTCH OJiepHHBI, a Tak-
ke HaO u H20s:. B peficTBUTENBHOCTH CYLIeCTBYeT IUHPOKHH HHTEpBaJ
TeMnepaTyp, B KOTOPOM IIPOHCXQOJHT NOCTENEeHHas CMeHa TIIPOAYKTOB
okHucJsenus yriaeBojoponos. [lpeoGrananWe NpPOAYKTOB KPEKHHIa, Kak
6biio  nokazano llltepsom [33], uauuHaercs . Bmule 400—500°C, —
Hpum. ped. -
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Bce orMmeyenHble Bblllle pe3ysbTaThl COTIACYIOTCA CO
CACAYIOLLEH NMPOCTON CXeMOH peakUuH *: -

"R+0, r_irz RO,

p— HO .+ Oqedun | -
T ? P, (IV. 94)

RO,+ RH —%> ROH + R,

Orpeie H or R ¢ o6pasosannem HO,; u onedHna ue Me-
Hee ueM B 200 pas menJsieHHee, yeM peakKiHsi MMPHCOEIHHeE-
HU R- K O, KOTOpas NOJMKHAa MMETb KOHCTAHTY CKOPOCTH,
XapaKTepHyIo IJsl peKOMOHHALMH BOJH3N BepXHero npejedaa
no naB/ieHHIO, T. €. 10%° 2/(mous-cex). Koukypupyiomas
Xe peakuusl OTPbIBAa XOTSl M 3K30TepMHyHa (7 KKas/moas),
HMeeT KOHCTaHTy CKOpocTH 109248 4/(moab - cex) u Bcerna
OKasblBaeTcs (oJsiee MeAJeHHOH, 4eM peaKuns MpPHCOedUHe-
HHA. Ecan npu temnepatypax Huxke 200°C peakmus (1)
AIBJAETCA JIHMHTHDPYIOWIEH CTaJHell OKHCJIEHHS VIVIEBOJO-
pora, To Bbile 250° paBHOBeCHe CABHIaeTCs B CTOPOHY
R 4+ Oy u numutHpyowed cTaiuell OKHC/JIEHHS CTAaHOBHTCA
peakuna (2). Boipaxenue 18 CKOPOCTH CyMMapHOH peak-
IHH

d [ROH] _ kyky [RH] [R] [O,] |
G Ryt kg [RH) - (IV.95)

IIpH CpaBHI/!TeJIbHO HH3KHX TeMIliepaTtTypax HMeeT BHJ

LROM _  [RI[0,]  (T<200°C),  (IV. 96)

TOrAa Kak NPH BLICOKHX TeMMepaTypax

LX) < Kk, [RHI[O][R]  (T>250°C). (IV. 96a)

* IlpneoauMass aBTOPOM CXeMa OCHOBAHA Ha Pa3BHTOM panee [38]
NpeACTaBJeHHH O KOHKYPEHUMH ABYX HyTell pacxoma pagukata R au6o
¢ o6pasoBaHHeM THAPONEPEKHCH, SBJAIOWIEHCA HCTOUHHKOM BHIPOXKJEH-
HOTO -pa3BeTBJeHHs, JHGO ¢ oOpasoBaHUeM NPOAYKTa (B AaHHOM CJayyae
o/fledHHa), HE CNOCOGHOTO K PEaKLHAM BLHIPOKAEHHOIO PA3BETBACHHHA. —=
ITpum. peo. .

.
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CMmeHa MexaHH3Ma mnpoucxoaut npu R_; = Ry [RH]. Taxk
KaK B_p = 101457290 cex~! ko =~ 108120 5/ (moab-cex), a Eg
HEeCKOJIBKO 3aBHCHT OT NpHpoAbl yraeBogopoaa RH, Tto npwu
Ppg = 1 arm cMeHa MeXaHH3Ma NPOHCXOIHT B HHTepBaJe
TemnepaTtyp 180—230°. CpaBHHUM Tenepb CKOPOCTb OKHCJe-
HUS CO CKOpPOCTbIO 06paszoBaHHsA oJedHHA MO 3K30TepMmuye-
ckoit peakuuu (1’), KOTOPYIO MOXKHO CUHTATb HeOOpaTHMOM.
Tak Kak | |

4(01e0m) _ k] [R][O], (Iv.97)
TO |
| - r<swec. ki < 1
R (Onedun)  ky{k_;+k, [RH]} | "k
R(ROH) klkz [RH] '_I .k;_
| T>2%0°C . Kk, [RH]
(IV. 98)

C noMolLUbI0 YKa3aHHBIX paHee 3HAYEHHMH KOHCTAHT CKO-
POCTH MOXKHO HANTH, 4TO IpH Temmepatype Bbiwe 250°C

" R (Oaedun) 9— '
R RO = 107.9- 1P, (IV. 99)

JlaHHBle, MOJyYEHHBIE TpPH HCCAEJOBAHHH OKHCJEHHsS MHO-
FMX YI/JA€BOXOPOJOB B DPa3/JHYHBIX YCJHOBHSAX, KOJHYECTBEH-
HO TOATBEPXKAAKT 3TO COOTHouleHue *. B uacTHocTH, Ha-
61100a70Ch - CHH>KeHHe oTHoweHus R (onedun)/R(RO:H)
npu yseauuenun [RH] |

[Ipu Temnepatype sbilie 400°C CKOPOCTb OKHCJEHHS B
MPOTOUHOH CHCTeMe HauHHAaeT CHOBA BO3pacTaTh, TaK Kak
[NOSABJASIETCS ellle OJHA peaKlHs, NPUBOAALLAA K HOSIBJEHHIO
cBOOOAHBIX pPaJAHKaJ0B, — FOMOreHHbIH pacnaj MNepeKHCH
sBogopofa M + HyO; —20H + M. Tlpu stom Hz0. urpaer
Ty e poab, uto H RO;H npu Gosee HU3KMX TeMmeparypax.

* Cpoaky pe3y/ibTaTOB MOXKHO Haiitu B paborax [9, 10}
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[Ipu temnepatype Bbimie 500°C peakuus npoTekaer CTOMb
ObICTPO, YTO MNPH OKHCIEHHH 06pasyIollerocs ojiepuna
Bble/nfeTCsl AOCTATOYHO Temsa, YTOGHl BHI3BATH CAMOBOC-
lameHeHHe H B3pHB. ClellyeT 3aMeTHTb, YTO CyMMapHas
-peakuus ob6pasosanus Hy;O, sBAsieTcss NOYTH 'TepMoHeil-
TPaJbHOH H CONPOBOXKIAETCH HE3HAUHTENLHBIM H3MEHEHHEM
SHTPONHH : |

O; + RH — Ouaedun + HyO, + 2 kkar. (IV. 100)

OsieHHBI OKHUCAAIOTCS 3HAUHTENBLHO Jierue, yeM mapa-
¢unbl. Peakiiusi BKJIIOYaeT CTaOuHM NPHCOeNHHEHHS K IBOM-
HOM CBSI3H U (HJIM) OTPBIB aJJHABHLIX aTOMOB H

. ./ \ .
\C=( + RO 1> RO—\C——C\ ._02.2; RO—/C——C/——OO

VRN N N
. N L . NSO\
+ RO; %> RO;—C—C— —p> RO+ C——C
AR SN
AN P N NS N LS
RO—C—C—00+ C=C -—» RO—C—C—00—C—C
' VAN 7N\ | N N
14
: N - NP /0 y (IV, _]0].-)
RO—C + C€=0 <g— RO—C—C—0 +C——C |
N7 N

A

“ ¢ R+0,%> RO,

B COOTBETCTBHH C NpHUBEIECHHbIM BbILIEe MEXaHHU3MOM oOJie-
¢uH npespaluaeTcs B- a/jbJer#ib . UHK/IKYECKHE OKHCH.
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-

B pesysnbTaTe OTpbIBAa aJJHJIBHOTO BOAOpPOAa 06pasyioT-
¢Sl MepOKCH-pajHKaJibl aJdJHJIbHOIO THNA

H
| RO —> ROH .
\C—-C=CH2 + { . }+ \C—CH=CH2
| RO, —> RO,H
H |
N >C=CH-—CH206 1
/C=CH—éH2+02 — N HJTH
| /(Il—CH=CHz b (IV.102)
b |
|,
s ]

KOTOphHIE NHCCOLMHPYIOT ellle Jerde, 4yeM aJikujbHble Iepo-
Kcu-panukadel, IIpu Temnepartype Bbiie 500° K kuciaopon
npu nassenud 0,1 arm OGyner HAXOAUTbCS B DPABHOBECHH
C paBHbIM KOJIHUECTBOM AJJIMJIbHBIX TNEPOKCH-PaXUKAJIOB.
[Tostomy o6pasoBaHHe AHeHOB H3 oJehHHOB C, M BHICUIMX
npu GoJsiee BBICOKHX TemnepaTypax OydeT cKopee NpOHC-

xonutb ¢ orulengednem HO; (cMm. Buimie). Baaropaps sto-
MYy TpPH OKHCJAEHHH OJe(HHOB TeMIepatrypa, NpPH KOTOPOH
ckopocTb o6GpasoBanHus RQO:H HauumHaer CHHXKAaTbCsl, OKa-
‘3biBaeTcsA GoJsiee HU3KOH. )

iV.13. OBPA3OBAHME MHEPTHLIX PAAUKANOB B. PEAKUMAX
MHULIMMPOBAHMA

Boillle MBI y2Ke BHAENH, YTO NMPH OTPbIBe BOJOpPOAA OT
HEeKOTOPhIX AaTOMOB YyIJepojJa B MOJeKyJie BO3HHKAIOT
HHepTHbIe paJHKaJbl, KOTOPble He MOTYT GbLICTPO BECTH ILielb.
[MTopoGHBIe pajHKaJbl 4acTOo O6Pa3yIOTCA B peaklUUsiX HHH-
UHHpOBaHKs. B kauecTBe npuMepa TakoH peaKIHH .MOXKHO
paccMOTpPeTh MHUPOJH3 H-NIPONUA6eH30/a, NPH KOTOPOM HaH-
6onee OLICTPOH CTanHell UHHLHHPOBAHUSI ABJSIETCS Pa3phIB
caaboit cBsasu C—C ¢ oOGpazoBaHHeM 3THJABHOIO H OeH-
3MJBHOTO paaUdKaaoB

C¢HsCH,CH,CH; — CoH;CH, + C;H;.  (IV. 103)
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DTUABHLIH paguKaa cO CPaBHUTEeNbHO HH3KOH 3Heprueil
AKTUBALiUH OTPBIBAET aTOMbl BOJOpOAa OT JiI0OOH CBSA3H
C—H B nponuabeH3ose, B TO BpeMsi KakK B cJayuyae Oen-
3UJBLHOTO pajiiKaja OTpbiB Bogopoxa oT cBfaAsx a-C—FH
Tpebyer Ha 4—6 xKkas/moab GONblIeH 3HEPTHH AKTHBAIWH,
a ‘3Heprusl akKTHBalUMH OTpbIBAa BOAOPOAA OT CBfI3H f- H
v-C—H cocrasut 19—20 KKaa/moas. Takum o6pa30M 3TH
peakIHi OKAas3blBalOTCS O4YeHb MeaJeHHbIMH. B 31Ol cu-
cTeMe BO3MOzKHa KOHKYpeHUHd uened 6garogaps TOMY, 4TO
OTPHIB BOJAOPOJA MPOHUCXOAHT OT pasiuuHbiXx cBased C—H

R + CsH,CH,CH,CH; —> RH + C¢H,CHCH,CHj,
s RH + C,H,CH,CHCH,,
> RH + C,H.CH,CH,CH,,

C.H,CHCH,CH; %> C,H,CH=CH, + CH,,
C¢H,CH,CHCH, -Z> CsH,CH=CHCH,+ H,

C6H5CH2CH26H2 '-'-‘2—,:* C6H56H2+ C2H4._
(IV. 104)

M3 peaknuii pacnapa paaukana CgHsCsHe camas 6bicT-
pas peakuus (2’7). Y Hee gonxkHa ObiTh 3HePrUsl aKTHBALUH
okono 20 Kkaa/moab, HO  HH3KHH  NPEN3KCIOHEHT
~ 10'28 cex~!. Opnako B He#l oO6pa3yeTcs HMHEPTHBIHd paiu-
kaa CgHsCHg, KoTOpBIEI MOXKeT IPOLOJIKATE Lelb C MaJIoH
CKOPOCTBIO M TOJbKO I[PH  B3aUMOAEHCTBHH CO CBSA3bBIO
a-C—H. Peakuusa (2’) 6Gosee MeaseHHas, TaK KakK OHa
HMeeT 3HepPrHI0 aKTHBAUHHU 38 KKaAA/MOAb H NPEA3KCIOHEHT
10'28 cex~!. B 3T0#i peakid o6pasyloTcs aToMbl BOLOPOAA,
KOTOpble OBICTPO H HeHU30HpPATEeJbHO B3aUMOAEHCTBYIOT C
moboi cBaspio C—H, nostomy AnuHa Lend, KOTOPYIO BELYT .
‘aTombl H, He MoxKeT ObITh JOCTATOYHO BeJsHKa. CaMasa Mejl-
JeHHasi, peakuusa (2) [Ao/KHA HMETb 3HEPrHIO aKTHBallUH
okoa0 50 KKaA/mMOAb W TpeA3KCNIOHEHT okojao 10 cex™l.
B Hell oGpasyercs pagukan CHs, KoTOpBIH TaKXe HeceJeK-
THBEH B peakUHsiX 3aMelleHusA. Takum o6pasoMm, i peax-
LMK THPOJH3a H-NponunbGeH30sa He XapakTepHbl AJHHHDIE
[[elld, TAK KaK B OJIHOH UJH B 00eHX CTaAHUAX MPOAOJMKEHHS
uend BO3HUKAIOT HHEPTHbIE, MAJOAKTHBHbIE pagHKaJbl.
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- JIpyruM npHMepoM fIBJSIETCS peaklHs NUPOJIH3a HEONeH- .
TaHa, B CTAJMH HHHUUHPOBAHUA KOTOPOH BO3HHKAIOT Me-
THJbHBIH U MHEPTHBIH 7peT-OyTU/bHBIN pajHKal

(CHy),C > CH, + C(CHy)s.

dnporepMuynocts ataku paaukanom C(CHjz)s nepBHYHOH
ceasn C—H paBua 7 kkaa/moas. 1103TOMYy 3Heprus akKTHBa-
UMK 5TOl peakuuun 17 xxkaa/moab, T.€. 3TO O4eHb MeAJIeHHAd]
peakuus. C Heli MOXeT KOHKypHpoBaTb pacnaja rper-6y-
TWIbHOTO palHKaja Ha aToM BoAOpoAa H H300yTHJEH

(CH3);C —> H + CH,=C(CHa),.

Dta peaxkuus, HMeIOllas SHEpPTHIO AaKTHBALHH OKOJIO
43 kxkaa/moae (AH®° = 41 KKkaa/moab), nporekaeT ropasiao
6bicTpee, ueM OTPbLIB BOLOpOAa, MO3TOMY aAJf CTalMOHap-

Holl koHueHTpauuu pagukana C(CHjz)s umeem

kl (NPH)_— 1046.5—80/918"2,5 - —~37/0
£y - jol40—-436 10 . (V. 105)

[C(CHy)s) =

IIpu 750°K = (8 =35 «xaa/moas) [C(CHj)s}=
= 10-106 mousb/a, TF. €. OHa Majaa 1O CPABHEHUIO C KOHILEH-
Tpandeil BeAyllero uellb MeTHJbLHOTO pajHKada, KoTopas
npu Jwobod Temnepatype npumepHo B 100 pas Bbie
(~10"% moas/a mnpu 750°K). Ilomob6Hoe cOOTHOLIEHHE
o6bluHO (XOTS M He BCerja) XapaKTepHO AJi HHEepPTHbIX pa-
AMKAJA0B, BO3HHKAIOIINX B CTAAHH HHHULHHPOBAHHUS.

IV. 14. BTOPHUYHbIE PEAKLLMM

Mbl nmokasaJgu BBIIIEe, UTO HauyaJibHble CTAaAHH TepMHue-
CKOrQ pas3J/ioKeHUs MOJIeKyJ, colepxamux 6oaee Tpex MHO-
roBaJeHTHbIX AaTOMOB, OCJOXKHEHbl KOHKYpeHLHed Ienel.
B eme 6oabuieli cteneHH 3TO CnpaBeAJIUBO A4 OoJsee no3a-
HHX CTAJAHH HOpoHecca, B KOTOPHIX Bax>XHyIO pOJb HIPaIOT
peakuuH paaukanoB ¢ npoaykramu. OHH MoOryt ObITb OT-
BeTCTBEHHH 34 HHIruOHpPOBaHHE HJAU yCKOpPEHHe HayaJbHBbIX
uened. Hacro 3TH peaklUHH He NO3BOJIAIOT YCTAHOBHTb MPH-
poAy NepBHYHBIX HPOAYKTOB.
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[TonoGHble OCJHOKHEHHS MOIyT BO3HHKaThb B Tex CJy-
yafaxX, KOrga CKOPOCTb palAuKaJbHbIX peaKLHH C y4acTHeM
OPOAYKTOB CPAaBHHMA N0 BEeJHYHHE CO CKOPOCTBbIO CTalHH
NPONONNKEHWSA NepBHUHONH Uenu. PaccMorpuMm, Hanpumep,
nupoJin3 pgumetuaoBoro sdupa. [lepsHuHas nenb B 3TOH
peaklLHH HMeeT CJeAyIOUIHH MeXaHH3M: -

" { CH, + CH;0CH; —» CH,+ CH,OCH,(Mennennas),
€I1b . . _

H CH,OCH;+ M %> CH,O + CH;+ M (6bictpas)

BpyTrro- (1V. 1086)

peaxkuust - CH;OCH; —» CH,0O + CH,.

Atomn H ¢ 60abuiofi JeTKOCTbIO OTPbIBAIOTCA OT MOJe-
xyansl CH,0, nostomy peakuuss CHs + CH,O— CH, + CHO
6yaeT KOHKYpPHPOBaTh Cc peakuded (l), sHepruss akTHBalLHH
KOTOopo#i Ha 2 kKKkasa[moab Boile. ECaH NpUHATH AN 3THX
peakUHii OJIHHAKOBble TMNpPeAIKCNOHEHTHhl, TO peakuusa (1)
6yner B 10%® pas meanennee. [Ipn 800° K, T. ¢. B cepenune
HHTEpBAaJIa TeMllepaTyp, B KOTOPOM 3Ty PeaKLHIO H3Yy4aJlH,
0 = 3,6 KKaa/Moarb, H 3TA BeJHUHMHA paBHa 4, 4TO OTJIHYHO
corjacyercsl ¢ TeM (aKTOM, UTO COOTHOILUEHHE CTalHOHap-
Heix kKoHuenrpamuit CH:O u (CH;)2O paBno /4. IleiicTBH-
TE€JNbHO, NMPH HAJHUHH BTOPHUYHOH UEINH

EH, + CH,0 -L> CH, + CHO,
CHO + M -Z> CO+H+ M,

4ICHO1 &, [CH,] [(CH,),0] — k1 [CHG] [CH;0] (IV. 107)

dt

H MO JOCTHXXEHHHM CTallHOHApDHOTO COCTOSIHHA, KOrja
d[CH0]/dt = 0, umeem |

CHOl _ & L |
T =~ (IV. 108)

-

3)2

[Ipu GoJsiee cTPOroM paccMOTPeHHH HeOOXOZHMMO YUecTh
peakuun atomMoB H, nosyuarouuxcss BO BTOPHYHOH LenH.
Onun 6yayt BCTynaTh B peakuud 3aMelleHust Kak ¢ (CHj)0,
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tak u ¢ CHO, npuuemM MOXHO CUYHTATh, YTO OTHOIIEHHE
KOHCTAHT cxopocm peaxmm

o H + (CH,),0 — H, + CH,OCH,,
H + CH,O — H, + CHO

(IV. 109)

Takxxe paBHO 4.

JI7is TOMbKO 4uTO pas3oO6paHHOH CHCTEMbl AHMETHJOBBI
aup — popmanbaerul BTOPUYHYIO peaKUHI0 HeoOXOAHUMO
YYHTBIBATb NpH rayOuuax npespallleHuss okojo 20%, Ho
€10 MOXKHO MNpeHe6peub NpH Ty6GHHE npespallleHHs MOpsiAKa
1%, Korga uenb BexeTCcs AaKTHBHBIMH H HeCeJeKTHBHBLIMH
paaukanamud H u CHs Topasno GoJsee cyuiecTBeHHOro
BJHUSAHUA BTODHUYHBIX pPeaKUHH MOKHO OXHIaTh B cJyuae,
ec/H Uenb BeAyT MeHee AaKTHUBHBIE H MO3TOMYy 6oJjiee celek-
THBHble pajaukaJsbl. [IpumepoMm Takoro mnpoiecca aABJsieTCH
nuponnu3 7Tper-GyTHAOGpOMHAA, NPH KOTOPOM B peaKLHuAX
MPONOJKEHUSI LENH YyYacTBYIOT AOBOJBHO HHEPTHHIE aTo-
Mmbl Br ._

| Br 4 (CH,),C—Br === HBr + CHy(CH,),C—Br,
Lenb i . | 0 | | |
l CHQ(CH3)2'—BT Z———i CH2 = C(CH3)2 + BI‘,

BTopHUHAs peakUHs (IV. 110)
Br + CH,=C(CH,), === HBr + CH,=C(CH,)—CH,.

MepJsienHass crajusi nNpoaoJ:KeHHs uenu [peakuus (1)] as-
asercst sHaotrepmuueckod (AH° =11 kxaa/moav). C Hel
KOHKypHpYyeT  BTOpPHYHAas  3K3oTepMuueckass  (AH®° =
= —2 Kkxaa/moav) peakuusa (3), B KoTopoii obpasyercs
O4YeHb HHEPTHBIH METHNANJUJIBHBLIA paaukaj. Jlaxke ecJaH
npea3KCHOHEHT B peaKuuu (1) BeiIIe HAa NOPSANOK, YeM B.
peakuuu (3), TO H3-3a pas3JHYHUS 3HEPruil aKTHBALHH 3THX
peakuuii, paBHoll 13 kkaa/moae, peakuus (3) npu 300°C
Oyaner nporekatb B 10% pa= OnicTpee peakuuu (1). 2to
O3HayaeT, UTO Jaxe Ipu rayOuHe npespaulenHs 0,019
atoM 6poma O6yner B3aHMOJEHCTBOBATb ¢ OJeHHOM C TO¥
)K€ CKOPOCTBIO, YTO H C HCXOAHOH MOJICKYJOH ankuabpo-
muaa. B pesyabrare peakuus (1) OwicTpo . JOcTHTaeT

8 3ax. 735
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COCTOSIHHSI PABHOBECHS, NPH KOTOPOM

[Br] [HBr] —1,50 __ |1
[MeTHJIaJIJIH.JI]'= K-3 [Oanedpun] 10 ~ 4 (Iv.111)
Ota oleHKa ocHoBaHa Ha TOM, uto AS = 0, a corJacho
crexuomerpuu peakuun [HBr] = [onedun]. Ilockoabky mnpu
T = 300° C KOHUeHTpalUH BCexX JPYrux palHKaJOB IpeHe-
6pe:KHMO MaJbl Mo cpaBHeHHIO ¢ [Br], o6puIB MOXKeT npo-
HCXOJIHTh TOJIbKO TMPH pPeaKUHUfX METHJAJJIHABHOIO DaXHKa-
Ja U aroma 6poma. MoXHO NOKa3aTh, YTO CyMMapHas CKO-
POCTb O4YeHb MEJJIEHHOH LEeNHOH peakiiHH OlNpeae/sieTcs
c/AedyIOUIHM BbIpa>KeHHeM:

—d[RBr} _ kiK 3\ [.HBY] Y2 S )
dt -"kl( kts) '([oneqmﬂ]) [RBr]”~ (IV.112)

~ kl(kK 3) [RBr]", (IV.113)

roe R; U R; — KOHCTAHTbl CKOPOCTH HHHUMHUPOBAHHA H 06-
pblBa

Tper-C,HoBr —t> rper-C,Hs + Br,
Metunanana + Br —> CH,=C(CH,;)CH,Br. (IV.114)

PekxoMm6GuHalIua ¢ y4yacTHeM ABYX MeTHJIAJJHAbHBIX paiH-
KaJIOB JOJI;)KHA NPOTeKaThb ¢ KOHCTaHTO#l ckopoctH B 10 pas
MeHbliel, yeM k;. [Toatomy, npenebperass 3TOH peaklueH,
Mbl BHOCHM JIHIIb HeGoabmiylo OWHOGKY. Ilpuuas £&; =
= 1Q145-68/0 cex-1 Rk, = 1019  a/(MOab-cEK) u k=
=10105-13.5/6  4/(moab-cex), HattneM 3(PPeKTHBHYIO KOH-
CTAHTYy CKOPOCTH MOJYTOPHOro nopsigka

ky, =k, (KIK_S/kt)l/” ~ 10'257*® (4 mons) cex™'. (V. 115)

I[Tpu 280°C u nasnenun 7per-C4HoBr 100 mm pr. cr.
nepuoJ mnoJaypacnaga O6ytusnbpomuia paBeH OJZHOMY TOLY,
YTO, KOHEYHO, COOTBETCTBYeT CKOPOCTH, HAMHOIO MeHbUIeH
HabalogaeMOl CKOPOCTH peakKlHd. DTo NpoTHBOpeune 00b-
SICHSIETCSI TeM, 4TO peaKuHs NpOoTeKaeT NyTeM MOHOMOJe-
KyJSIPHOTO YeThblpexXLeHTPOBOIO OTIUEelJIeHH HBr
(taba. I11.5). Ilo Tem xe npuyHHAM BCe BTOPHYHbLIE HJIH
TpETHYHbIe GPOMHABl He pasJjaralTcs MO LeNHOMY MeXa-
HH3My NOpPH TeMIiepaTypaX, HPH KOTOPBIX HX TepMHUECKOe
paajoxeHnHe ObLJIO 3KCIIEPHUMEHTANbHO HCCASJOBAHO. ITO
corjacyercs ¢ TeM, UTO peaKLUHH He UYYBCTBHUTEJNbHbl K HeH-
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cTBHIO n06aBok uHHuMatopos (Brg) u unurn6uropos (NO,
NponuJaeH) pajHKa/JAbHbIX peakuHil. |
Kak yxe oTMeudaJjochb Bbilile, MO-APYyromMy BeAyT ceb4
aJIKUJIXJOPHABLI, MPH pacnaje KOTOPHIX oGpa3syeTcsi aKTHUB-
Hblli H HeceJeKTHBHbLIH aTtoMm xJopa. Ha 3TOM oOCHOBaHHH
MOXHO Oblio Obi OXKMJATb, YTO TaKHe peaKlIHUH Jierko HH-
ru6upyoTesi. AHaNOTHYHBIM O0OpasoM, MOCKOJbKY MpH [MH-
pOJIH3e AaMHHOB H CIIHPTOB OOpa3yloTca HeCeJEeKTHBHDIE
pasukansl NHy v OH, mMoxXHO OKHAATb, YTO AaHHBIE pEakK:
MY MOFYT 3aMelaATbCca Ojarofgaps HaKOIJIEHHIO NPOLYyK-
TOB HJH OABJEHHIO HHEPTHBIX PaJAHKaJOB. -
[IpuBeneM eule OAHH HeOOBLIUHbIA NMPUMEP BJAHSHHA BTO-
pPHUHBIX peaKLHH Ha LEMHOH Mpolecc —— XJOpHpOBaHHUE 6eH-
sona. HM3-3a Boicokoii npouHoctH cBsish C—H B OeH3one
JN¥IIb HEMHOTHE aTOMBl H paauKasasl MOryT 3¢ ¢deKTHBHO OT-
peiBath atoMbl H oT 6en3osia. 3HAYHTEJNbHO Jeriue AONKHA
npoTeKaTb peakuHs MnpucoeAuHeHHsl. M eACTBUTeNbLHO,
cymmapHnas peakuust Clg 4+ CeHe — CeHsCl + HCI, npeo6-
naparulas Boie 220° C, BKJAOUaeT CcTaAuH NPHCOENUHEHHS
u o6pasosanue 0- U n-CgHeCle B KauecTBe NpOMEKYTOUHBIX
NPOAYKTOB

Cl.+<O>- ,:—_:
o ©F, =
H
(IV.116)
o
Cl + —
©\H —
- T XH
1 o-

I

8*
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C peakuuein (3) KOHKypHpyeT peakKuMsl NPHCOECAHHEHHSA
atoma Cl ¢ o6pa3oBaHHeM TPHUXJOPAJNJHUJIbBHOTO pajuKaJja.
HecmoTps Ha TO uto peakuus (1) s3k3oTepMHueckasi, paB-
HoBecHe (1) Bce Ke HeAOCTaTOYHO CABHHYTO BUpaBo, HO-
3TOMY CyMMapHas CKOPOCTb = B3aHMOAEHCTBHSI aTOMOB
Cl ¢ CgHeCly npumepno B 500 pa3 Gosblile CKOPOCTH o6pa-
soBanusa CegHeCly. Takum o6pas3om, 3TOT NPOAYKT He MOXKET
HaKalJHBATbCA B 3aMETHBIX KOJHUYeCcTBaX, XOTH €ro 06pa—
30BaHHe fBJseTCAd HeOOXOAHMOH MNPOMEXYTOUHOH cTagHel
npouecca. BreIipakeHHe AJf CKOPOCTH ero HAaKOIJIEHHS H
pacxoJA0BaHUs HMeeT BHJ
d [RCl,]

- dt

~ loK K, [CLI" [CoHle] — kK, [CLI* [RCLL. (IV. 117)

B <¢opmyae He yureHb oO6paTHble peaKiud pajgHKaJga
CeHeCl, a atomm Cl paccmaTpuBaloTcs B KauyecTBe eIHMH-
CTBEHHBbIX AaKTHBHBIX UEHTPOB B cHcTeMme ¥, Jlas crauuo-
HapHO# KoHueHTpauuu RCl; umeem

[RCly)ss _ koK, [Clzl
[CeHe) k3

~

(IV.118)

Bepostno,  kofks = 10-1-3/8, NO3TOMY npu [Cl;] =
= 100 mm pr. c1r. [RClo}/[CeHg] = 10-82+7/0 = 10-%44 npmu
550° K.

Ha ocHOBaHHH pacCMOTPEHHOrO MeXaHH3Ma CKOPOCThb
XJOpUPOBaHHA paBHA

d[CeHsCll | —d[CeHel _ koK 1 K&, [Cls]" [CGHG] ~

dt di
~ 10%°720[CL]" [CeH,l.  (1V. 119)

O6pawmaer Ha ceOa BHHMaHHe KaKyUIMHACH CYMMAapHBIH mO-
PAAOK, PaBHBI 5/3, a Takxke TO O6CTOSATENBCTBO, UTO SHeEp-
rMsl aKTHBAlMH MeHblle NOJOBWHBI 3IHEPrHH AHCCOLHALHH
xqaopa (28,5 kxaa/moas). IlocnienHee cBA3aHO C yCTaHOBJIe-
HHEM 3K30TE€PMHUYECKOTO paBHOBeCHH (1).

—

* OrHoweHne |- RCI]/[CI] ~ Ki[CeHg] = 10-62“0” [CeHs] (xou-
unentpauun CgHg BHIpaxkena B aTMmocdepax). Ecawu Pcu, = 100 mm

pr. cT., a Temiepatypa pasHa 530°K, 1o [- RCl]/[Cl]=- 10- -8 1
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IV.15. MTONUMEPU3ALIMA B TABOBOMH DA3E

Peaxuuy NOpHCOEJAHHEHHS JIeXKaT B OCHOBE OJHOro H3
Ba:KHeHIINX THIOB BTOPHUHBLIX peakKUHWi, a HMEHHO. MOAH-
mepuszanun. OHa OO6bIYHO He HabaOIaeTCA NPH KaTAJNU3H-
pyeMOM pajJHKalaMH MPHCOeIHHEHHH HeGOJbIIUX MOJIEKYJ,
HanpHMep raJJOreHOB HJIH TrajJoreHOBOAOPOAOB K oJiedHHaAM,
HO MMeeT MECTO NpH MPHCOeAHHEHHH (TeJOMepH3aluH) 6o-
Jee CJAOXKHBIX MoOJIeKyJ, Takux, kak CClzBr, CCly, CClgO
CF3iCN, uau B ocobom cayuae npucoenuHenusa Hy, k one-
¢unaMm. [IpucoeauHeHue nake IMPOCTHIX MOJIEKYJ K alle-
THJEHAM HJHB COMNpsI)KEHHBIM OJiepMHAM IMOUTH Bcerga co-
MPOBOXKAAETCS TNOGOYHBIMH peaKUUsIMH MOJHMEPH3AIHH.
OTMeueHHblEe TOJbHKO YTO 3aKOHOMEDHOCTH MPOTEKaHHS Ta-
KHX peaxunﬁ CBsi3aHBI C TeM, YTO C MPOCTOH LENMHOH Temno-
MepH3alMell BCerAa KOHKYpPHPYeT peaklHsi MPHCOeNHHEHH:
pafiukana K APyrofl MmoJekyJae oneduna. Paccmorpum, Ha-
npuMep, ruapuposanue CoH,. Tlpu Temneparype Bhbiule
400° C, korma peaklusi NMpOTeKaeT ¢ 3aMETHOH CKOPOCTHIO,
06pasyioTcsl YraeBOAOPOAEI C4 H BBICIIHE, €CJIH TOJBKO He
BhinoJHsieTca HepaBeHCcTBO [Hoj > [CoH,l. paCCMOTpHM Me-
XaHH3M [EMHOT0 THIAPUPOBAHHA:

o [ - H+C -—.
Llenp 1 0 (I'V.120)
.CQHS + H2 r__j. c2H6 + Hc

TMonumepusanus *C,Hg + C2H4<_—3_"> H-é4H9
H T. I ' - L
OTHouleHHe CKOPOCcTel o6pa3oBaHHA nommepos R (= C4) H
satana R (C;Hg) pasHO

R, (=Cy) ks [CoH,] —1456 [CoH,] '

R — Ftm ~ 10 “““—[ﬁzl - (IV.121)
B ¢opmyae (IV.121) 6mno npunsaro: Az = 109° H'Ag ==
= 1085 a/(moab-cex). Tlpu [CoH,l/[He]=0,1..u 0=

= 3,5(~ 750°K) otuomenune R (Z>C,)/R (CgHs) coc*raBm
1/,, 4TO pas3syMHO COTIJIacyeTcsi ¢ HAaHHBIMH 3KCIEepHMeHTa
[11]. Otcioga MOXKHO chejlaTb BLIBOJ, 4TO MJSA TOTO 4TOOHI
CKOPOCTb MOJUMEPH3ALUMH CHH3HJIACh 10 1% cKopocTy.-run-
pupoBaHus, oTHoleHHe [Ho]/{CeH4] nonxuHo npesnimate 800.
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OnucaHHbie Bblllle 338KOHOMEPHOCTH He XapakKTepHbl HJdA
peakuuit ¢ yuactiem HCI, HBr, Clp, Bro v T. &., IOCKONBKY
SHEPrHM AKTHBALHH peaKUuH 3aMelleHHsA C yUacTHEM 3THX
MOJIEKYJl HHM3KH. AUETH/IeHOBble COeJHHEHHs W CONpSXKeH-
Hble NHEeHbl, HANPOTHUB, HMEIOT CUJBHYIO CKJOHHOCTbL K IO-
JUMEpPHU3allMH, TAK KaK 3HePrHsi aKTHBAUHH «IIPHIHMAHHA»
paaukana K 3THM COeJHHEHHMAM COCTaB/ifAeT  OKOJO
4 xkxaa/moab, a He 8 KKaA/mMOab, KaK B cayuae OJie(pHUHOB.
HacTHuHO 3TO KOMIIEHCHPYETCH TeM, YTO NPOAYKT MpHCO-
eJMHEHHS] pajJHKajla U TPOHHOH CBA3M — PaAHMKaJ BHHH/Ib-
HOro THNAa — ABJAETCA OUEeHb peakUHOHHocnocobuuiM. Peak-
I[HH 3aMellleHHsl, B KOTOPBIX OH Y4YacTByeT, HMEIOT 3aMeTHO
MEHBbIIYIO IHEPTHIO AKTHBAlHH, UeM COOTBeTCTByroume peak-
IIHH aJIKHJbHBIX PaaUKaJ/OB,

R+ —C=C— — R—(IZ —C—,

. o 7
R—C=C—+—C=C— —» R—C=C—C=C—, (IV.122)
/ - | /S
+RY - R—C=C—C=C—Y +R.
/ S

CKAOHHOCTL K nonuMepn3auuu 1,3-aAveHoB o0O0ycJIOBJeHA
TeM, 4To ofOpasyloluecst NPH HX PeakKUHAX a/JIWIbHBIE pa-
AUKaJAbl JIUIIb O4YeHb MEIJIEHHO BCTyHaEOT B peaKI.lHH 3a-
MeuleHHs :

N~ S S S
R +C=C—C=C&R—=C—C—C=(C,
TR TR

N PN

| S |
C—C—C=C + C=C-—~»C=C\M> Amlyx'r,

N

—C—Y+R (IV 123)

\
N
/
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- HMccnenoBanusi rasoa3Hod MNOJHMePH3aUUdH HJAH TeJO-
MepH3alUHHU 3aTpyAHeHbl TeM, 4YTO NPOAYKTHl CPAaBHHTEJBHO
BLICOKOTO MOJIEKYJSIDHOTO Beca ObICTPO HAKaAMJIHBAIOTCS B
KoJHYeCcTBaX, NPH KOTOPBIX HX NapiyaJbHOe JaBJjeHHe JO-
CTUTraeT PABHOBECHOH yINpyrocTH Mapos, H 103TOMY KOHOEH-
CHPYIOTCSl HAa CTE€HKaX. B pesysbTaTe Ha CTEHKaX MNOSBJISICT-
cs HOBasi ¢asza M cUCTeMa CTAaHOBHTCH rereporeHHon. Jaxe
eCJH KOHAEeHCALHUsl H He NPOHUCXOAHT, BLICOKOMOJIEKYISAPHbIE
pagHKaJbl Jierko afcopOHpylOTCad Ha CTeHKax, e H Inpo-
AOJI2KaeTcs peaKIHus.

IV. 16. TOMOrEHHbIA KATANKI

CylecTBYyIOT ABa NPHHUHUIOHANBLHO PasIHYHbIX - Ciocoba
yCKOpeHHs1 lenHo# peakuHH. OJHH COCTOHT B yBEJHUCHHH
CTALlHOHAPHOM CKOPOCTH BO3HHKHOBEHHSI PajMKaJOB B CH-
cTeMe, T. €. B YBEJHYEHHH CKOPOCTH HHHIIHHMpOoBaHHA. MMeH-
HO HA 3TOM NPHHIUNE OCHOBAHO MpPHMeHeHHe OObIYHBIX HHH-
IMATOPOB LENHLIX MPOIIECCOB, HaNpHMep OKHCH 3THJeHa
HAH nepekuceil. OgHaKo 3[iecb Mbl HE HMeeM jJena C HCTHUH-
HbIM KAaTaJii30M, MOCKOJbLKY HHHIHATOpP pacxoayercsi B IMpo-
1ecce peakiHH.

Bo' BTopoM MeTOIe KaTaJH3aTOP Y4YacTByeT B CaMOM
Npoilecce NPOJOJNIKEHHS LeNH, 3aMeHAS CPAaBHHTENBHO MeJ-
JieHHble cTaJAud O6oJee OBICTPHIMH. XOPOIUHM NPHMEPOM
3TOr0 THMA KaTtajausa sBasiercss Bausinne Ho Ha peaknuio
MUpoOJiv3a AUMeTHsoBOro 3sdupa, NPOAYKTOM KOTOPOIro $B-
asietrcss CoHg, a Takke Ha nHposiu3 OONBIIMHCTBA YIJIEBO-
noponoB. (MHrepnperauusa pe3ynbTaTOB BO MHOTHX CJydyasx
TpeGyeT H3BECTHOH OCTOPOXKHOCTH, TAK KaK B NPHCYTCTBHHU
BOZOPOAA MOTFYT H3MeHATbCA MNPOAYKTHl peakUHH, a cam
BOLOPOA MOxkKeT pacxopoBaTbecsi.) B caywsae (CH;)0 3¢-
- (peKT ABJsSEeTCA NEHCTBHTEJNbHO KaTaJHTHYECKHM, TOrja Kak
npu nupoause CzHg Goabline konnuectBa Hp HHrHOHpYIOT
oG6pasoBanue CoHy m CsHe, a Takxke AapyrHx MeHee Bax-
HbIX NpoAyKToB, U C3Hs mouTH KoaHYeCcTBEHHO paclnagaercs
Ha CQHS 4+ CH4

ITockoabKy BOAOpPOA 06pa3yeTcs BO MHOTHX Ipoleccax
NHPOJM3a, 4aCTO MOXKHO HabJi0AdaTb CAMOYCKODPEHHE peak-
nuu.  [lpp  TepmuyeckoM  paszaoxeHud  (CHj3):O0 B
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MPHCYTCTBHH GoJbLIMX KosnuecTs Hy uennas peaKuHﬂ HMeeT
CJIe,u;yfomHH MeXaHH3M: ' |

l . _
. *CH; + H, === CH, + H, |
Karaaus I ’ 2= ! - (IV.124)
| H+ CH3OCH3 === H, + *CH;0CHs.
I_[enb o *CH,OCHj <> CH,O + *CHj.

l'IpH no6aBlIeHHH BOLOPOJA Hopma.anaﬂ cTafgus npo-

nonxenns uenu +CH,; + CH,OCH, ->CH4+CH2OCH3 3a-
MEeHSIeTCA IBYyMsl 6bICprIMPI craguaMu (1) n (2). Peak-
uad (1) u (1) HMeoT npuGIH3HTEJbHO OJNHAKOBBIE
3HEepPTHH aKTHBAllMH, HO NPEeJI3KCINOHEeHT peakuuu (1) Bbilre
npuMepHo B 2 pasa. Peakuusa (2) HecpaBHeHHO ObICcTpee
peakuuH (1), MOCKOJIBKY ee IMpeASKCHOHEHT GoJibllle MpH-
mepHo B 10 pas3, a »sHeprus AaxkTHBAUWKM MeEHbUIE HA
4. fCKa./l/.MOﬂb ITO MpPOABJsAETCA B OU€Hb HH3KOH CTAallHOHAap-
HOfi KOHUeHTpauuun atomoB H W B TOoM, uto craaus (1)
OKasbIBaeTcsi HeoOPaATHMOI.

B pesyabtraTte mocsie1oBaTeNbHOCTH PeaKUHH (1) H (2)
Hy pereHepupyercsi, ¥ Ha 3TOM OCHOBAaHHH BOAOPOJ MOXKHO
paccMaTpuBaTh Kak KaTaJIplsa'rop peakKuHUu TPOROXKEHHS
ueny. OtHoweHne ckopocteli nupoausa (CHj3).O npu no-
6aBJjieHHH BOAOPOJAA M B €ro OTCYTCTBHE MOXKHO Bbipa3HUThb
c/ledyOLlUM 06pasom: -

R (Hy) ml ki [CH,) [H,] _ ki [Hp] . (IV.125)
R (normal)  ky[CHy] [(CH3), 0]  &{[(CH,), O]

DTO COOTHOLIEeHHe CIIpaBeAJHBO AJfA HaYaJbHBIX CTaAHH pe-
aKUHH, NPpH KOTOphIXx Hp (MPOAYKT BTOPHYHBIX peakuuii) u
CH,O ere He ycreJn HAKONUThCHA B cHcTeMe. B HawajabHOI
CTaauHu npouecca npu [Hg] = [(CHj3)20] ckopocTh Moxer
BO3PACTH BCero B 2 pasa — NOBOJLHO C/iabblil KaTaJuTHYe- |
CKHH 9 dekr. - ’

- T'opaszgo 6GoJsee OTuUeTHBOE KaTaJHTHYECKOE ,I[efICTBHe
okaszbiBaeT HCl. Peakuuu papuxajsoB ¢ HCI uMeror smep--
THH aKTHBAiUH, JAHIIb HeMHOro (NMPpUMepHO Ha | kxkaxn/moab)
NpeBbilalolUIHe 3HIOTEPMHYHOCTD peakuuH. Bropas craxus
LLEHHOH peakKlHH ¢ YyuyacTHEM KaTaJju3aTropa, a HMEeHHO
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s3aumoaeiicreue Cl ¢ RH, B kxortopo# perenepupyercs HCI,
oueHb ObICTpas, IOITOMY y¥Xe NpH Mauabix notaskax HCI
Ha6aonaercsl CHJAbHBIN KaTajdHTHueCcKHH 3@dekt. Tak, npu
nupoansze (CHjs).0 mo6aska HCl (20 mon.%) yBesuuusaer
CKOpocTb peakuuu B 8 pas [12]. Peakuuss nporekaer no
cjlenyIolleMy MeXaHH3MY:

- . I
Karaauruueckas ! - CH3 + HCI z:i CH, + Cl,

lers | | c1 + (CH,), O === HCI + CH,OCH,.

: | (IV. 126)
CyMMmapHasa CH3 + (CHS)QO =—=CH, + CH20CI-I3 |
peaxuus

- OTHOLIEHHEe CKOPOCTEN HEeKAaTaJH3HPYyeMOll H KaTaJaH3Hupye-
MOH peaKUHH paBHO

~

R(HC) _ _ kI[CHJJ[HCH _  A[HCH (IV;127)
R (nol‘mai) kl, [éHS] [(CH3)2 O] k{ _[(CH3)2 O]

npe}lSKCHOHeHT Ay npubausurenbHo B 3 pasa 60.nbme yeMm
A{, torma kak E paBHa Bcero 2,5 kKkaa/moas, a El.—..,
~ 9,56 kkaa/mosb, mnosromy npu 750°K u [HCI]=
= [(CHj3)20] peaxuus yckopsierca B 300 pas. Onnaxko Be-
JUUYAHA KaTaJHTHYeCKOro 3¢ derta OBICTPO CHHUIKAETCS IO
mepe HakomseHHs CHy Tak Kak MeTaH cABHraer paBHOBe-
cue (1) BJaeBo. YuTsi 3TO B BBHIpaXKeHUH O CKOPOCTH,
HNOJIYYHUM :

R(HCD) _ Ri(HCD .-(IV. 128)
R (normal) . k] [(CH3),Of{1 + £, [CH,] /&, [(CH3),0]}

YMeHblIIeHHe KaTaJuTHYeCKOro s(gdpekra BBLI3BAHO TeM, UTO
KOHCTauThl k., H Ry Majo pasauuyaiorcsa npu 750° K. Ilo-
nob6ubnle KartaauTnueckue 23¢pdekibl OUueHb MOJIe3Hbl OJd
YCTaHOBJEHHSI MeXaHH3Ma UeNHOH peakuHu. B pame cay-
yaes allpHOPHLIE MNPEANOJOXKEHHS HE IMO3BOJSIOT CaeaTh
‘onpaBaaHHblii BbI6Op MeXKAy ABYMA 1LleNHbIMH CXeMaMH H-
HeJb3s1 HaAeXHO MpelacKa3aTb, KaKoH H3 [ABYX CXeM COOT-
BeTcTByeT 60JbIIafg CKOPOCTh. PaccMOTpUM ¢ 3TOH TOUKH
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3peHHS nnponns (CHj3) .0
CH3 -+ CH3OCH3 "'—""9‘ CH4 -+ CHQOCH;;,

CHQOCH;; —'—3’ CHQO + CH3

Ecan orcyTcTByIOT KakHe-JHOO JpyrHe peaklLHH pajgHka-
JIOB, TO B CTALlHOHAPHOM COCTOSIHHH

[CH,OCH,] _ ] [(CH,),0]

k

[CH,] 2

I[oéaa.nenue HC! ne Bauser Ha peaxknuio (2), HO yCKOpseT
peaku#io 3amenlenusa (17). l'IpH 3TOM HOG&BKH HCI JLOJIK -

Hbl - 9¢dPexTHBHO yBeJIHUHBATb OTHOIIEHHE [CHzOCHs]/CHa]
NOCKGABKY B INPHCYTCTBHH TOMOTEeHHOTO KartaJju3aTtopa B

upcanrene dopmyant (IV.130) & [(CH3):0] 3amensiercst Ha
3HaYHTeAbHO Gosbllylo BeauuuHy ki[HCI]. B npegene, korma
3TO OTHOUICHHE [eJaeTcsd OueHb GOJBIIHM, a KOHUEHTpalus

[CH3] OYeHb HU3KOH, MOXKHO C‘{H’I‘a’[‘b 4TO OGPBIB NMPOUCXO-

JUT TONBKO TPH PEKOMGHHAIHH CH20CH3 [Ipu stom JH-
MHUTHpYIOHie# cTagHeld CTAaHOBHTCHA MeJJieHHasa pe