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IIpeaucioBHe pelakTOpa mepeBoja

Oprannveckass XuMHA H ocoleHHO opraHHyecKufi CHHTe3 pas-
BHBAIOTCS Ha COBPEMEHHOM STane crob GYpHO, 4TO CHeAMTH 3a
pasBaTHeM ofxacTel, He UMCIOUIHX HENOCPEACTBEHHOrO OTHOWIECHHSA
K COOCTBEHHLIM HCCJICROBAHHAM, CTAHOBHTCA HEBO3MOXKHHM HJIH
ype3BHuafHO TPYAHHM. Jliobofi akTHBHO paGoTaromnlt XHMHUK-Opra-
HHK BHHYXHeH 3aTpauuBaTh OTPOMHOe KOJHYeCTBO BpPEeMeHH K
TPYAa AAs Toro, 4ToSH OHTL B Kypce cofuitufi. Ha nero mempe-
PHEBHO oﬁpymnsae’rca SoJspillof ofbeM HHGOPMAUMH, Kacaiomefics
HOBHIX KORHEUUUH, HOBLIX AaHHHX 10 pasHOro pola HecTabHNbHEM
YacTHUAM B HHTepPMejHATaM, 1O KHHETHKe, CTEDEOXHMHMH H Mexa-
HH3MY CcaMblX pasHoOOpasHBIX peakuHil, HakOHel, N0 HOBHM pea-
TeHTaM, MeTofaM H TpHeMaM OpraHHuUecKoro CHHTesa; CHHTe3H-
pyeTcAd BeNHKOE MHOMECTBO HOBHIX cOeIHHeHHN, a Cpeam HHX
HeMaJ&io TMPHHIMITHANBLHO HOBHIX CTPYKTYP HIH CAOMHHX NPHPOIHHIX
MOJIEKYJl, 3HAKOMCTBO C KOTOPHMH OTKDHIBAET HORHIE TOPH3OHTH.
Jaxe Toawrko uTo HanucaHHEE MOHOrpa(uu CyIECTBEHHO YCTape-
BAIOT, MNpPeXJe 4eM YCNeRaioT YBHASTH CBeT; SCTECTBEHHO, YTO B Ta-
KHX YCAOBHAX YueGHUKH «cTapeioTs TaKike oueHs Suctpo. KoHeuno,
CYIIECTRYIOT OCHOBH, H3JIOXEHHE KOTOPHX AAETCA B KamKAOM ydel-
HUKe, HO JAae NpOCToe pacCMOTpeHHE 3TOTC «KJaCCHUECKOro» Ma-
TepHaNa MNOKa3HBaeT, YTO MHOrOe Hey3HaBaeMO HM3MEHHJOCh 3a
nochxeaHne AecATHJAeTHA. Te peaKuHH, KOTOpHE elile HeAaBHO Kasa-
JAHCh OCHOBHBIMH, OTCTYNAlOT Ha 3ajiHWM NJXaH, a APYTHe, elle
HeflaBHO COCTABJIABIIKe NpeAMeT XKYPHaJAbHOH NyGAHKaUHH, CTANH
NPOMBILINEHH) BaXXKHBIMH NpOIeCcaMH HJAW BOLOJIH B apceHan HaH-
GoJiee HaCTO HCTOAB3YEMBIX METOLOB CHETe3a. IIponcxomut csoe-
ofpasnas nepeoueHka ueHHocTef. Orciofia BO3HHKAOT MHOTHE
npobJieMH B NpenojaBaHHH H HOBHe TpefoBaHHA K yueOHEM HOCO-
6usM, ypespmvafiHo ollymaerci OTCYTCTBHe yyeOGHMKAa no OpraHH-
yecKot XHMHE NOBHIICHHOI'O THNA, KOTOPHA MOXHO peKOMEHAOBATh
He TOJNBKO CTYAEHTaM M aCHHPaHTaM, HO TaKiKe HCCHAEAOBaTENIM,
AasHo pabGoTaloWM B OpraHHueckHx JAafopaToOpHAX, KOTOPHH
IOMOXeT HM B KOpOTKHﬁ CPOK O3HAaKOMHTECA € JOCTHXKeHHAMH
B Da3JHYHHX 0OMacTAX opraHuyeckOd XHMHH, CBA3aTh PasHOPOA-
HHH MaTepHal B ONHO LigJloe, COCTABHTD oﬁm.yxo KapTHHY H naxe
BPeAICTaBHTh «HEPAPXHIO» NpobaeM B OpraHuvecKoi xuMuH. HMenno
TakoR KHHTO# — y4eOHHKOM 1O OPraHEYECKOHR XHMHH MOBHILNESHHOTO
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THR& — ABAserca kaura JIx, Mapua, pumeamas 8 CIIA rperbuM
H3JaHHEeM, KOTOpO€ H MepeBeJeHO Ha PYCCKHA A3HIK.

BoabwAHCTBO yueOHHKOB NO OpraHEYECKOR XHMHH MOXHO pas-
JEJIATL Ha ABa THna. K nepBoMy, <KJIacCHUGCKOMY® THIY OTHOCATCH
TaKHe, B KOTOPHX MaTepHaj H3Aaraercd N0 KAACCAM OPraHHYecKHX
COGRMHEHEH W JEWL NONMYTHO MOACHAIOTCH MeXaHH3MB paccMaTph-
BaeMHx peakukf, B HeKOTOPHX H3 HHX HAJNOKEHHI0 KOHKPETHOTO Ma-
TepHaja NPeXUWECTBYET pPAacCMOTPEEHE TeOpeTHYECKHX BOMPOCOSB,
KacaloiluXxcs MPHEPOAN XHMHUECKON CBA3H, CTPYKTYPH OpraHHYecKHx
coeJHHEeRE! 'H HEKOTOPHX mpoGjeM peaKLHOHHOf cmocoGHOCTH.

B gmpyrux yueGHEKax, riae Npeanojaraerca Goaee yraybae-
HOe H3yWeilH¢ OpraHBYecKol xuMud, Martepwan OOHIYHO AaeTcH
MO THNAM OPraHMYecKMX peakmuii, H 8 HHX Oojee JeTaApHO OCBe-
MAaloTCsi BONPOCH, CBA3AHHHE ¢ H3YUcHHEM CTPYKTYPH OpraHmuue-
CKEX COe/IMBeHHH, CBSi3W MeKXy CTpOeHHeM H peakuuoHHofl crocod-
HOCTBIO, MEXaHH3MH OpTaHHUecKHX peakumuf, K uucay takux yue-
EMKOB OTHocHTcA KHHra K. Huroabaa «CTpyxTtypa B MexaHH3M
B Oopraiuueckofl XuMun», H3jasapmasca xBaxaw*, Kuura K. Hn-
rovibfia BoGpania Bee AOCTHXEHNA (PH3UYECKOH OpraHHYeCKOoH XHMHH,
HakOIVIEHHBlE K TOMY BpeMeHH; OHa KaK HeJIb3A Jydilie OTBeyala
JLyXy BpeMeH¥, HeoOBIYHO CHJILHOMY HMHTEpecY XHEMHKOB-OPTaHHKOB
K npoGneMaM peakKIHOHHOR crocOGHOCTH H MeXaHH3MOB OpraHHYe-
ckux peakuuft, [TosToMy He yANBHTeABHO, 4TO Ha 9Toft Kuure Boc-
MATHBAJANCE HECKOAbBKO MOKOJeHHWA XHMHKOB-opraHukos, Ecre-
CTBEHHO, YTO 34 HCTEKUIMA NepHOJ B OPraHHYeCKoH XHMHH NIPOH30-
was Soabuige w3MeneHus, OEM KacalOoTC He TONBK) HAKOMJEHHN
OrPOMHOTC SKCNEPHMEHTAJbHOTO MaTepHada B PaJNHIHHX obAa-
CTAX, HO ¥ W3MeBEeHHA OTHOUIEHEA K OTHENBHEIM OO0AACTAM XEMHH,
YTo, ©CTECTBEHHO, BMeeT oObeKTHBEHe npuuyHan, HecoMHeRHO, 4TO
B HacTofllliee BpeMsA B LCHTpe BHHMAHAS XHMWKOB-OPTaHHKOB HaXo-
BATCA OpraH#vecKRf CHHTES W CBA3aHHHWe ¢ HuM npobiemu. [lo-
STOMY K YUeOHHKY AAA yrayOJeEHOTO H3YUeHHS OpPraHHuecKoR XB-
MEE Ha COBpeMeHHOM STaNe NpeibiaBAsiores ocobhe TpeGopaHus:
OH JOMKEH He TOJbLKC OCBeTHTH (yHAAMEHTAAbHHE BONPOCH, HO
H yBA3aTh HX C COBPEeMcHHHIM OpraHHYeckKHM cHHTe3oM. Takoro
yueSHAKa Ha PYCCKOM f3bKe JO HaCTOALIEre BpeMeHH, K COMaJe
HHIO, He Ghno. DTOT Apoles, KaK MM HajeeMcs, OyJeT 3amoNHeH
xnuroft . Mapua,

Kaara coctouT H3 Asyx uacrefi; B mepBofi paccMaTpHBRIOTCA
BOMpOCH XHMHYecKOl CBA3H, CTePEOXHMHHM, a ToKmxe olmue Bo-
NpocH, KacaloUlHecs CTPOeHHA B CBOHITB pPeaXmUOHHOCTIOCOGHBIX

* Ha pycckuifl asug nepesefiens oba Waganna: Huzoasd K. Mexanusmsl pe-
axmait ¥ crpoenye opranMueck#x coeaurennft, Ilep. ¢ amrn.— M. HJI, 1959;
ﬁnaoalag?‘_ SK. TeopeTndeckne OCHOBHM OpranMueckofi xuwman. Ilep. ¢ amra— M.

HP, -
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yacTHl (TaKHX, KaK KapOOHHEBHIE HOHH K KapOaHROHH, CBOSOAHLIE
pajaHKaAH U KapOeHnl), mpolaeMH KHCAOT H OCHOBaHHH, CTPYKTYPH
H pPeaKUHOHHOA ¢NOCOGHOCTH M T. A.; BO BTOPOR pPacCMOTPEHH Me-
XaHHUSMBl peaxkiufi saMmelLleHHs, NPHCOeAHHEHHA, JJHMHHUPOBAHHI,
MOJEKYJAApPHbIE HeperpyRENHPOBKE H OKHCAHTENbHO-BOCCTAHORHTEAb-
Hble mpouecchl. UeM 3Xe 5Ta KHHra OTVIHYaercsl OT yueGHHKOB Mo-
JOGHOTO THOA H YTO ee Boljedder, CTZBHT B 0coboe moJIOKeHHe?
310 OTJHYHE COCTOHT B CAMOM COBPEMEHHOM YPOBHE H3JIOXKEHHS
MarepHaJaa, TOUROM ero sHGope H GoabllcH IHPOTe oxsara. Takoro
pesynbTaTa yAaJock AOCTHUR GJArofaps ABYM OOCTOATEJLCTBAM.
Bo-nepBHX, aBTOpP <«HPONyCTHA 4epes celA» HeoOhuafino Goablnylo
BHpOpManyIo, Kacalowylocs Kak o0lHX BONPOCOB OpraHHuecKod
XMMHEH, TaK H pasAHYHHX BONpOCOB {PH3HYecKOA OpTraHAvYecKOH
XHMHH H OPraHHYECKOTO CHHTe3a, IIPHYEM B3AJN 5TY HHPOPMANMID
HeTIOCPEACTBEHHO H3 MEPBOHCTOUHHKOB, BilecTAumas kpadadaKands
E NPHPOKAEHHLIH NpenoRaBaTeALCKEA Aap NOSBOJHAH aBTOPY Hpo-
BECTH TOUHYIO H YeTKYIO KA&CCH(HKAIHIO OrPOMHOrO MarepHaha H
BubpaTh A3 Hero HaubGosee paxahe mpobseMn H Haubonaee cospe-
MeHHHE H yOeauTeqbHHE NPHMEpH. YIHBHTENBHO TOUHOH, Ha HAIU
B3rJisil, ABJIAETCA TaKie NOCJIeA0BATENBHOCTD B H3JIOKEHHH MarTe-
pHaJa, NPONOPiHS MeXAYy PasAHYHEMH NpoliieMaMH W BONPOCAMH,
paccTaHOBKa aKueHTOB. Bo-BTOPHIX, OrpoMHHI 0XBaT MaTepHala
OKasajcs BO3MOXHHM Oaarojaps nafifenHoMy choco0y ero HaJjo-
XxeHud. BeAb aBTopy yAadAock B CPaBHHTEJIbHO OTpaHHUeHHOA Mo
o0beMy KHATe NMpOLETHPOBaTh pabotH 15000 yuenmx! 3rtor cno-
€00 3aKJAI0YaeTCA B TOM, UTO HOC/e PAacCMOTPeHHH TEOPHH BONpoca
H BCEro, 4YT0 KacaeTcsd ONpeAeJeHHOTO THN& peakuHH, CcJAelyioT
XOpOMIO KJiaccHHUUPOBAHHBIE IO THNAM HYKNeODHJOB HJIH 3J€K-
TPOPHJIOB, YXOASLIKX HAH BXOAANIAX IPYNI KOHKpeTHHEC HPHMEpHl,
XOpow0 AeMOHCTPHPYIOLIHE CHHTETHYECKYID 3HAYHMOCTL HAHHOR
peaKklu¥H H MOryUIHe B CYIUECTBeHHOH Mepe CJYXKHTH CIPAaBOYHHM
MaTepHAJAOM IO MHOMKecTBY Bompocos. [IpuMepoB cTOJAB yAagHOrO
coueraHHd GoOraTCTBa SKCHEPHMEHTAJLHOrO MATEpHalla ¥ MAaTepH-
aJla YHCTO YyueOHOro Hesib3d HaHTH HH B ORHOM JAPYroM yvueOHHKe.
IMpusesiem B KavecTBe nprMepa ra. 12 «Peaknnn siekTpoduianHOro
aAR(aTHIECKOrO 3aMellleHHd»: 3Jech IOCAE PAacCMOTPEHHA MEXaHU3-
MOB Sg2, Sgi, Sgl B ofweM BHAE, a Takke HA NPHEMepe peakmpit
METaNNOOPTraHHYeCKHX COeJHHEeHHA K H30TONHOrC 00MeHa B yrieBo-
JopoAax, HocJe pacCMOTPEeHNs BAHAHAA CTPYKTYPH! H NPHPOAH YXO-
Aflled rpynne Ha CKOPOCTh B MEXaHH3M, NPUBEAEHHHE CO CCBLI-
KaMH Ha OCHOBomoJaramoumgre pafoTh, AaHH KOHKpeTHHE peaKlluH,
KAACCHQUIHPOBAHHHE TIO THNY 3JeKTPOPHARHOrO aresra (NpoOTOR,
TaJioTeH, cepa, YIiepol, MeTallyl B KauecTBe 3JIEKTPOPHAbHOTO
UeHTPa)} H yXoAdmedl Ipynnu {MeTaju, rajorer H T. K.) H Bce 9710
B PASJHYHHX COYETAHHIAX.

ST0 NO3BOJIRAC ABTOPY AOCTATOYHO NOJHO OXBATHTD MATepHaJ
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CHHTETHUECKOR XHMHM HapfAy C H3JioxeHHeM yuebuoro MaTteprara.
Jauuufi acmekT XoueTcs OTMETHTh OCOOEHHO, NOCKOJBKY HacTo
peakuHH, BHOpaHHHE B KauecTBe MOASJbHKX [MJA H3YYeHHS MeXa-
HH3M2, U YCJOBHS HX NPOBeAEHHS, BeCcbMa AaJIeKH OT Tex, KOTOPHe
HACNOJBL3YIOTCH B pealbHOfi npakTtHke. B gaHHOM Xe cayuae
YAAeTCA BPOCASAHTh 32 OCHOBHBIMH 3aKOHOMEPHOCTAMH ONpefesieH-
HOPO THNA Peakuuil H NPH 3TOM COXPaHHTE BCe HHAHBHAYaJbHEe
OCOGEHHOCTH KOHKpeTHOH peaKUHH.

Jasa toro uTo6H NPOHNAIOCTPHPOBATH [NYOEHY NOJAa4YH MaTe-
pHajla H ero ypoBeHb, AOCTaTOYHO CKasaTh, UTo Hebonbliof pasgen
N0 XHMHEE KapGOKAaTHOHOB COAEPIKAT NaHHHe O HOAYUCHHH 3THX
YACTHI, B CYNEPKHCALIX CpefiaX, KOJHYECTBEHHOE ONHCaHHe HX CTa-
GHALHOCTH M npofAeMH HeKNacCHHeCKHX KapGoKaTHOHOB.

CooTHolllenne MeXAY TEOPETHYECKHM PacCMOTPEHHEM OCHOB-
HHX 3aKOHOMeépHOCTelf peaKUEfi H KOHKDeTHHIMH HX RpAMepaMH
XOpoI0 WAJIOCTPHpYeTCs HAa INpHMepe peakUHil HYKJIeohHALHOTO
saMewieRHa. [lockoabKy HaydYeHHe HMEHHO peakuuRl HyKJieodHib-
HOTO 3aMellleHHA NOCAYXKHJO OCHOBHOM MOAENbIO AAA BHIACHEHHA
BAHAHMS CTPYKTYPH Ha peaKUHOHHYI0 cnmocoGHocTb, He YAMBH-
TEJbHO, YTO TEOPHH HYKJICODHJLHOTO SaMelleHHs YAEJeHO B KHHIe
Gonpilioe BHEMaHHe, MEeXAY TeM KaK COOTHOIIEHHE MeXIY <Teo-
puefi» H «npakTHKol» TaKoBo: 70 cTpaHHL 3aHAMAaeT NepBas 4acTh
H 120 crpanun —BTOpas, B KOTOPOH JAaBHW NpPHMePH peaKuuf
¢ O, N, §, Hal, H n C B xavecrse HyKaeobuaos.

K AocToMHCTBaM KHHI'H OTHOCHTCH TaKXe H TO, TG aBTOp INO-
cneioBaTeNbHO HcHonbsyer HoMeHkaarypy HIOITAK hHe TohibKo
B HA3BAHHAX XHMHUYSCKHX COEAHHeHHHl, HO H B HASBAHHAX OpPraHH-
yecKHX peakuafi. Mmeores apa npHiaoxeHEa (o noJdb3oBaHHH XH-
MM4YecKoft NuTepaTypod H KaaccHOHUKaUEs peakuu#t no THNAM CHE-
Te3HPOBAHHHX coe/WHeHHR) W mpeKpacHasa OuGamorpadus, B Ko-
TOPOH JOCTORHOE MEeCTO 32HMMalT PafOTH PYCCKHX H COBETCKHX
yueHHX. OTMeTHM, YTO pyccKHe paGOTH, He NMepeBcfleHHHe Ha aH-
TNAACKHUN fASHK, ABTOP CTapajcs NpoYecTh B HOAJIHHHHEE, XOTH,
[0 €70 CJOBAM, 5T0 OTHHMAJIO HeMaJlo BpeMeHH.

Hrax, nepex Hamu yueGHHE COBPEMEHHOTO THNA, OTPaKaloiLEA
HOBefilllHe AOCTHXEHHS OpraHWYecKol XHMHY BO BCeX ee o5JacTaX.
Hckniounretbo BHCOKAN HayysHil ypoBeHbp H IIHPOTA OXBaTa
MaTepHala JeNaloT ero NoJe3HHM H Kak clpaBouHoe nocobue.
HecoMHeHHO, 4TO MOABACHHe 3TOH KHHTA SBAATCA COGHITHEM
B OpraHfHveckKofi XHMHH H MOXeT OKa3aTh CYIleCTBeHHOE BJIHAHHE
Ha npenofaBaHHe B XHMHYECKHX BY34aX; OHAa HO3BOJHT Pe3KO COKPa-
THTb BpeMsd JAJIA OSHAKOMJAEHHS C QUPEAES/NCHHOH 06JAcTbI0 HIH
mpoGaeMoll OpraEHuecKOd HJH ¢H3HYecKOH OPraHHYeCKO# XHMHHE,
chelaeT caM IpPOLECC H3YYEHHH OPraHHueCKOH XMMHH YBJEKATeNb-
HHM H HHTEPECELIM.

H. Beseyxan



IipepucaoBue aBTOpa K PYyCCKOMY
M3 aHHIO

$1 ¢ orpoMHOl pamocTbIO Y3HAA O mepeBofle Moell KHHrm «Opra-
RHYECKAsA XMMHA» HA PYCCKHA A3HK. 3T0 AN MeHA GoJbIIas YecTh.
C nepBbix AHe#l Pa3BUTHA OPraHHUECKOH XHMHMH PYCCKHe YdeHbe
BHOCHJH ¥ BHOCAT MO ceff NeHbL BaXKHLIA BKnal B 9Ty o6JsacTh 3Ha-
HES, U XOTsl HeMHOTHe XHMHKU Ha 3amafe MOTYT YHTATE HO-PYCCKH,
CONLWIHHCTBO BAXHEHUIHX PYCCKHX JKYPHAJOB REPEeBOAHTCA Ha
aHrAAliCKAR S3KK W STH TWEpeBOAHEIE H3JAHHA JIETKO ACCTYUHH,
KpoMe Toro, coBeTckHe XHMHKE NEPHOAHYECKH NYOJHKYIOT CBOH
paborht B 3apybexHblX JKypHanax Ha AHTJHACKOM, HeMelKoM H
ApYrux Asukax. [10sTOMy MM 3HAKOMB C 3aMedaTeJbHHIMH pabo-
TAMU COBETCKHX XHMHKOB-OPraHMKoB. B cmHCke nurepartypH, HHTH-
pyemoili B HacTosUied KHHTe, YHTaTeNhb HalfeT MHOrC CCHUJIOK Ha
paboTH COBETCKHX aBTOPOB.

A xouy Bumpasnts Gnarogapucct U. TI. Benenkofi H napaTtenn-
cTBY «Mup», KoTOpbie cJAeNajiH BOIMOXKHEIM H3JaHHe Moefi KHHI'H
Ha PYCCKOM S3bIKe, a TaKMe TBOPYECKA pafOoTaplIKM IIepeBOoiyH-
xkaM — 3. E, Camofinosofi n M. A. Poaknny.

Fapaen-Curn, Hoio-Flopk Hac, Mapy
Hionb, 1986 r.

JMmeppr Mapu —B HacToAUlee EpEMS nroq:necco VYuueepcurera Apenstn
B Tapges-Curu, How-Hopk, rae padioraer ¢ 1956 r.- Juccepraunorane Hechaeao-
saHus Oulay seinoauenbt B8 [leHcHAbBaBcKOM yBusepcurere, rie s 1957 r. noay-
una creneHbs AOKTOpa uaocodny B obnacty opranAveckoi xumuy. B 1956 r. cran
aCCHCTEHTOM npodeccopa B Yuausepenwrere Anenvdn, 8 1960 r. noayunn aomxHOCTL
agblonKT-npodeccopa, a B 1968 r.— npodeccopa. B 1967—1968 rr. o pabotan
npuraalieHnaM nipodeccopor B CrpacOyprekoM yHEeepcutete Bo Ppanumy (HbiHe
Yuusepcuter Jlyn Tlacrepa), B 1978 r.— s Koponesckom koanemxe B JIoHmoOHe,
a B 1986 r. 6mn xomanauposan B [Tapuscexwmil ynusepewrer. Emy npunainemut
nenwi paa palorT NO MexaHHsMaM oprammMecxkHx peaxunid. [lomumo Hacromulef
MOBOFPaQHH Banmucan eme TpH Kuurn: «<[IpoGaemt oprasrueckofi xumrns (19701},
«Ofman xumusa» (1976 r. B coasropctee co Crefinnn YunnsepoM) u «Beegenne
B o6WYI0, OPTaHHuecKy0 XHMHIO 11 GHoxumuo» (1984 r, B coasroperse ¢ Dpege-
puxon Berrenpxefivom). C 1977 r. apaserca accOUMHPOBAHHLIM WICHOM KOMHCCHM
no ¢rauueckoR opraHHveckofl XHMHH MeXAYHapOAROTO COI03a TEOPEeTHHECKOW H
apiuxnannoft xuMnn (MIOTIAK); yvacTeOBan BO BceX eKEerofiHHX 3aceRaHRAX
STOff KOMHCCHH, YCH/MAMH KOTOpPOH NpH yvacTHH JIX. Mapua, noMsMo mpowero,
paspaloTaHsl CAOBAPh TEPMAEOB (HIAYECKOR OPraHMYecKO XHMHH, CHCTeMaTHYe-
CKAR HOMEHKJIATYPA OPFaHMYECKNX peakitf M ABa THNA CHCTeMaTHYISCKHX 060sHa-
YeHHH [1% MEXaHH3MOB peakunfi.



Jra xuuza nocamuyaercn foaee veM
15000 yaenvix, wbu uMens YROMARYTH
@ CCOLAKAX KO AUTEPATYPY, 8 TOKNE
moetl sene Desepau u Kawitim 0eTam —
Feils, Mosndy u Owcys

Hpenucaosue

Hactoamee, Tpetbe M3ZaHHe KHHI'H OTPaXaeT TOT POCT 3HaHMM
B 06/1aCTH OPraHHYeCKOM XHMHH, KOTODHI#l ipososKaljca C Heoc-
Aabepalomiell CKOPOCTBIO CO BpeMeHH ONyOJNHKOBaHHE BTOPOTO u3-
nanud. Bce pasgenst AONOAHERH NOABHBMIAMHCA B HOCJAeAHEE BpeMA
CBe/lCHHSMH, NPAKTHYECKH Ha KaXZYK CTPABHIY BHECEHH Te HJH
HHBHe HSMeHEHHs, OT HE3HAYMTENbHHX 0 CYLIECTBEHHHX; RobaBieHO
Gosnee B000 HOBHX cCHIIOK. B oTiHUHe OT npeAnAYIIHX H3AaHH
B TpeTheM H3NaHHH AJAS ONHCAHHS XMMHYECKHX NpeBpalleHHfi He-
nosesylores HoMenkaarypsl HWIOTIAK (cu. 1. 2, 4. 2). Onuaxo
B NEJOM CTPYKTYpa KHWTH HE mperepneja H3MeHeHWH, H TpeTbe
H3JlaHMe MOCTPOEHO MO CYLIECTBY TakK e, Kak n sropoe. [Mogobro
nepsuiM JABYM W3AaHHAM, HACTOSLIAA KHHTA SBAACTCA YYeOHHM
nocoGHeM AJA YrayGAeHHOTO H3yYeHHd, OpraHAYecKofl XAMHH H
MOXKeT GHiTh PEKOMEHIOBAHZ CTYACHTaM, yiKe NOJAYYHBIIHM Heol-
XOIAMYI0O NOArOTOBKY 10 opraHndeckoff ¥ ¢uauveckofl XuMHH.
B knure mpemipyHATA NONKTKA PaBHOMEPHO OCBETHTH TPH OCHOB-
EHX 4CHeKTA B H3YYEHHH OPTaHHuECKOH XHUMHH: peaKUHH, MEXaHH3MH
H crTpoeHne, CryleHT, OBJNajeBIIHA MaTepHaNOM, H3JIOXKeH-
HHM B KaHHOH KHHre, AOJMKeH NPHOGPECTH NMPOYHHE 3HAHUA COBpe-
MEeHHHX OCHOB OpraHHYecKofi XHMWH W yMeHHe paboTaTh ¢ OpPHIH-
HanbHOH JiMTepaTypofi. B KHHre He paccMaTpHBAIOTCS WJH JHILL
3aTparHBalTCAd TJaBHHE CHENHAJbHBIE pasfejH OpraHuYecKoH
XMMHA: TepNneHs, CTEPOHAH, yriaesoan, OeJKd, NMOJHMepHIaLNA,
SACXTPOXHMHYECKHEe peaKUHH H T. n. ITo MoeMy yOexAeRUIO, K ITHM
TeMaM Jyylle obpamarhca AHO0 cpasy mocie nepeoro rofa ofy-
yeHus, KOTrAa 3aJ0XKeHs HeoGXOLHMBIE OCHOBH, Ja00 B Xofte yriys-
JICRHOI'O KYpPCa, HO ¢ HOMOIIBI0O MHOTHX H3BECTHHIX KHHT M 0030pOB,
APEKPacHO HAMACAHHLIX MO XaXKIOMY U3 YNOMAHYTHX pasfeios.

Hanoxenne MaTepdaja MOCTPOEHO B COOTBETCTBHH € THIAMH
peakuuil, ¢ TeM 4ToGH MOKa3aTh CTYAEHTY, YTO HECMOTPSA Ha OTpOM-
HOE YHCJIO OpPraRHYecKHX peaKIuii, HOUTH BCe HX MOXKHO 00Bsc-
HHTE Ha OCHOBE CPaBHMTENbHO HeGOJbHIOTO YHCJIA OGUIHX MPHHUH-
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nos. [loaToMy wacTp 2, mocBAlileHHAH PEAKLUHSM H MEXaHHE3MaM,
nojpasfieanercs Ha AeCATh IJaB, KaXAas H3 KOTOPHX NOCBAHIEHA
onpeAeficHHOMY THNY peakmufi, B Hayane KaXxnaofi r4aBH paccMar-
PHBAKOTCSI OCHOBHHC MEXAaHM3MHE, PpeaKUHOHHAaf CHOCOOHOCTH H
OpHeHTALHA, 4 3aTeM CJeAYIOT pasfeiH, B KOTOPHX 06cyRpaTcA
KOHKpeTHHE peakmHH, HX MexaunsM H ofxacts npuseHends, Ilpn
ONWCaHHE peakiHR MaTepHa/ nofpasgensercd Ha MHOTOYHCACHHEHE
paspenabl E NOAPASAENH, YT0, KAK H3BECTHO, cOcoGCTBYET JydlIeMy
YCBOGHHK) MaTepHaJa cTyAeHtaMn (CM. T. 2, Havajxo 4YacTH 2).
MeTozH NOMYUCHHS COCAHACHHA ONpeAec/¢HHHX KMaccos (HampH-
Mep, KeToHOB, HHTPRJIOB H T. A.) He paccMaTpHBAIOTCA BCe BMecTe
B OAHOM pasiieiie, HO ¢ MOMOLIbIO cHelHaJbHOTO YKasatedas (npu-
Joxenne B) MOXHO HaWTH Bce MeTOAH NHOJIydeHHS COeAHHEHH: JIIO-
Goro tuna. Ias Kaxfgofi peakuuH AAOTCA CCHUIKH HAa mepHOAHYS-
ckuii cOopruk «Oprannueckne cHATess» (Organic Syntheses), rae
CTYAEHT MOXET O3HAKOMHTbLCR C KOHKPETHEHIMH NpPHMepaME AR
Go/bIIEHCTBA peaKIHi.

B wactu 1, ra. 1 —5, paccMaTpHBaeTcs CTPOEHHE OPraHHYECKHX
coexuHenAMi. DTH IMaBH He TOJBKO JaX0T HEOSXOAMMYIO OCHOBY
M MOHHMAHHA MEeXaHWSMOB peakunll, HO H NUPEACTABJASAIOT caMo-
CTOATENBAYI0 UeHHOCTh, PaceMoTpeHHe HAuMHAeTCA € NPHPOAH
XUMHYeCKOH CBASH H BEJIOYAeT IJIABY O CTEPEOXHMHM, 3aTeM cie-
ayior ape raaBH (ra. 6 B 7), nocBAlleHHHe oOMHM npeAcTaBie-
HHAM O MeXaHH3MaX peakiufl, OOLMHHX M ¢$OTOXHMHUECKHX.
Faapm 8 M 9 wacte 1 galor AanbHefillylo OCHOBY JJA H3YYeHHS
MeXaHH3MOB peaKnui.

IToMuMo HsyyeHHS peaKluH, MEXaHH3MOB H CTPYKTYpPH OpraHH-
YeCKHX COefIHHCHHH CTYMEHTY CJIeAyeT O3HAKOMHTbCS ¢ JIHTEpa-
Typofl 0O opraEuyeckofi XHMHH, JTOMY BORpPOCY MOCBSLIEHO ITpH-
Aoxenne A B T. 4, OfiHaKO, N0 YCMOTPeHHIO MpenopaBaTens, STOT
MaTepHaJ MOXHO NpoATH H B Hayaje Kypca,

QOueBuaHO, UTO, paccMaTPHBas MNpeAMET OPraAuYecKOH XHMHE
BO Beell ero WIHPOTE, BKJIOYas CTPOeHHe, PeaKlHH H MeXaHUSMH,
HEBOSMOXHO paspaboTaTh KaXAYI0 TeMy JAOCTATOMHO FrayGoko.
Ho nake ecan Gul 510 6HJIO BO3MOMKHO, BPRA, JIH ecTh TakKas Heol-
XOAHMOCTh. TeM He MeHee CTYJAEGHTH WacTO XOTAT NPOROIKHTH
yray6ienHoe H3yueHHe OTAeNbHHX HampaBieHnf. C sTofi Heanio
YHTATE/Ib MOXET OOPATHTBCA K CHOHCKY JAHTEPATYPH, BKIIOYAIOLIEMY
COOTBETCTBYIONIHE OG30PHHE CTaTbi ¥ MOHOrpadum, omybaHKoBaH-
Hule HaymHada ¢ 1960 r. B 9TOM OTHOIUICHHH NAHHYIO KHHIY MOXHO
pacHeHuBaTh KAK PYKOBOACTBO IO CNEHHAJbHOH JHTeparype, oxpa-
TuiBajomed Bece paccMarpuBaeMue 06aacTH. Boaee Toro, nOCKOAbKY
B XOJe OOydueHHs CJEAYeT NPUYdYaThb CTYAEHTOB NOJL3OBATHCA nep-
BOMCTOYHHKaMH, B KHATY BKmoueno cBume 10000 ccunox Ha opm-
resafbHse MyOaHKALHE,

KHHry MOXHO WCTOJNb30BATh KAK OCHOBY OAHOTOAMYHOTO Kypea
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ANl aCUHPAHTOB RJAH YrayGjeHHHX KYPCOB AJIA CTYAEHTOB, YXe
3HAKOMHX C OCHOBaMH opraHpueckofi u: ¢uamyeckol xumud. Ony-
CKas OTHAe/bHEE pa3fieNH, MOXKRO TaKe HCIONb30BAThH €¢ AAA
Kypca, pacCUMTaHHOr0 Ha opun ceMelrp. MeficTBETenbHO, Aaxe
AAA ORHOMOAMYHOrO Kypca MarepHada Oojee deM JAOCTATOYHO, H
NOSTOMY DSJA Pa3AcioB MOXKEO NPONYCTHTH, HE Hapymas LeJOCT-
HOCTH M3J0MKEeHHs.

3HaukTeNbHAA YACTh BKAIOUEHHOTO B KHHTY Marephaja NOBTO-
pPAET TO, WTO COAEpPKHTCHA B HAYaJBHHX KYpPcaX OpraHHYecKoA H
(H3MUECKOH XHMHM, HO B GOJbUIMHCTBE CJyuYaeB KaxAasf# Bompoc
paccMaTpuBaerca Gosee TIYGOKO H AAIOTCA CCHLAKYM HA OPHTHHAJD-
HYIO JABTEpATYPY, KOTOpPHIX, KOHeuHO, HeT B OOHIYHHX yueOHHKaX.
Mofl onHT npenopaBaHus NOKasaJ, UTO mocJe mepBoro rojga ofy-
qeHHs CTYAGHTH 3a4acTyi0 HMEIOT BechMa CMYTHOE€ NpejcTaBje-
HHe 0 TpeaMeTe, H NOBTOPeHHe MaTepHalla, CHCTEMATHIUPOBAHHOPO
HHHM cnocoboM, OdeHb rojesro. f Hazeloch, 9TO CHCTEMATH3ALEN
cBeAeHul MO peakUuuAM H MeXaHU3MaM, NpUYHATAA B JaHHOR KHHre,
MOCJYXKUT 4 XOpOUIEMY 34TMOMWHAHKI0O U HOHEHMAHHI0 NpeAMeTa.
IIpenogasarene N0 CBOEMY YCMOTPEHHIO MOXET UCKIAIOUMTL Te HIAH
HEBHE TJAaBbl, eCHH MaTepHaJ, H3NOMEeHHHHE B 3THX riapax, YiKe
3HAKOM CTYJAEHTEM HJE COAEPXHUTCA B APYTHX Kypcax, Gonee ray-
Goko paccMaTpHBAIOIMX AaRHYI0 ofJjactk, K UHCAY Takux IJaB
MOMHO, B YACTHOCTH, OTHeCTH . 1, 4 B 7. :

Xota maHHas KHHra ssisiercs yyeORbIM mocoGueM, oHa mpex-
CTaBJIfieT LEEHOCTh H KaK HCTOYHEK CCHJ/AOK HA JETEpaTypy.
B nactu 2 comepxarca cBeleHHs © MeXaHB3Max okojo 590 peak-
UHA, CrPYNNHPOBAHHHX B YNOPAAOUEeHHHX B 3aBHCHMOCTH OT THNa
H OT TOLO, K&KHE CBSSH PaspHBAIOTCA B 0Bpa3yioTCs B XONe peak-
uun. [IpeacraBasfer HeHHOCTh TakiKe yxe YNOMHHABINWHCH nepe-
YeHE PeaKUMi, KNaccHPBLUHPOBAHHEIX MO THOY MOJYYaeMOr0 COe/H-
HeHpa (mpuaoxenue B), W CCHAKE AN KakAOH# peakumud Ha cbop-
HiK «OpraHrveckre cHHTE3N». Bce 3TO ofMHAKOBO. MOJE3HO B ac-
nrpaHTaM, TOTOBRALIHMCA K 3K3daMeHaM, H X¥MHEaM-OpraHiiHKam,
BeZyIEM HCCREeNOBARUIA. '

SI pap cayvaio BHIPASHTb NPHSHATENLHOCTH 32 NOMOILL -MHO-
rdM XHMBKaM, KOTOpHe OHJAK TaK X0OpH, 9T0 APONAH OTASABHEHE
INaBH 3TOA PYKONHCH K HPHCAAAH MHe CBOM HMCKJIOMHTEALHO
NonesHsle OT3HBH d 3aMedaHns. § xouy wnobaaroAapuTh
npodeccopos J[x. Baunera, A. Beprmirazepa, O. Kpama, I1. ae
Maiio, 3. Unuena, P. I'puddura, ma., Ix. Xommonpna, M. Kpusoil,
Jix. JlaugecG6epra, C. Myga, [Ix. Ona, Ox. Iumerrena, ¥. Con-
Aepca, ma., K. Cpefina, P. Tadta, ma., ¥. Tpaxadoscku, H. Typpo,
K. Yoaamura u P. ¥YHcrapa, NpoYHTABIUEX Te HAW HHMLE TJAABH
B MepBoM uJRE Bropos HaaaHuax; B. Ixapbuca u K. Baurona,
MPOYHTABIUKEX BCI0 PYKomuck Broporo K3pauus; M. Iohns, yutas-
Hlero pYKONHCh Tperberc Hafanusa, B K, ¥Yubepra, okazasmero
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OFPOMHYIO HOMOLIL B HOATOTOBKE Tpernero M3paumsa. Kpome Toro,
X0Tefioch GH BHpPAasHTh GJaroJapHOCTE MHOMHM KOAJIeraM H3 YHH-
RepcHTeTa Afienpd, TaK HAH HHAYE MHE NOMOTABIUHM, Cpeid
KoTopux . Berrennxefim, . Hsmuc, C, FoabaGepr, P. Xaanu-
pofi, Hx. Jlanaecbepr, C. Muncrefin, C. Myn, H. Onaiaeukw,
P. Pyaman, A. Crcrn v C. Yurapep. Hekaouurenrno nensoli Guiaa
noMomp A-pa I'ospadepra mpu NMOArOTOBKe yKasaTeflel € HCNOJb-
30BaHHeM KoMibioTepoB. Ocolofi G/aroRapHOCTH 3acAYXKHBaer
a-p T. Tobdman ¥ Apyree peaaktopH uagarenpctsa «John Wiley
& Sons» 3a HX HCKycHYW palory RO NpeBpalleHMIO CHIPOH pyKo-
NMCH B 3aKOHUEHHYIO KHHTY. § TaKKe oueHb NpH3HaTeJeH BCeM
q@TaTeNIsM, KOTOphle NPHCHAJH MiHe CBOH 3aMeYaHHA uAd CooO-
MUAM O KONYMIEHHHX B NPeIHAYIIHX B3nanuax omubkax, [Toao6-
Hble HHCbMa BCEFAd MOXKHO TOJBKO HPHBETCTRORATh.

Tapaen-Curu, Heio-Flopk Hoceppu Mapu
ceHTHOpp 1984 1.



Yacto 1

Kaura cocrort n3 19 raas: ri. 10—19 cocrasadior 9actbh 2,
HeflOCPeACTBEHHO IOCBAIIEHHYIO OPraHUYeCKHM peakmHAM H KX
MexaHHSMaM, a . |—9 MOXHO paccMaTpHBATh KaK BBefeHHe
K 9acTH 2. [lepsre nATe rJaB KacawTcs CTPOGHHUA OPraHHYECKHX
coeqnHenufl, B HAX OOGCYKHAIOTCS THIH XHMHYECKHX CBsseH, BaX-
HHe AJi1 OpraHHuecKofi XHMHM, TpeXMepHas CTPYKTypa Oprasnge-
CKHX MOJIEKYJ, CTPOCHHE YacTHIl, B KOTOPHX BaJICHTHOCThL YIiepona
MeHbile uweTHpex. B ra. 6—9 paceMaTpHBaloTCH BONPOCH, KOTOPHE
TOMOTal0T COCTABHTh OCHOBY AJifi MOHHM&HHA MaTepHaJa, H3Jarae-
MOTO B YacTH 2: KHCAOTH H OCHOBaHHS, (OTOXHMHS, COOTHOWIEHHE
MEXAY CTPYKTYpofi W peakuhoHHOH CRHOCOGHOCTBIO; 3feCh OOCYXK-
jaioTcd B 00lleM BHIEe MeXaHHSMH peaknui H criocof6i HX ycra-
HOBJIEHHS.
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Jiokaau3zopaHHad
XHMHYecKasa CBf3b

J0KQAUSOBAHRYIO XUMURECKYIO CBAS6 MOXKHO OHpPeAeNHTh Kax
¢85i3b, B KOTOPO#i 3/EKTPOHW NOAEAeHH MeXAY ABYMS H TOJbKO
AByms sapaMe. B ra. 2 Gyzer paccMoTpeHa 0e20KaAUSOBARNAA
c8:43b, B KOTOPO& SJEKTPOBH NomeAeHH Mexay Oofee 4eM AByMs
AApaMu.

1.1. KosanenTras ceass [1)]

BonHoBas MexaHHKa GasHpyeTcs Ha (yHAAMEHTaAbHOM TNpHH-
LLHNE, COTJIACHO KOTOPOMY SJeKTPOHH Beayr ce0a Kak BoaHW (Ha-
NpHMep, H3BeCTHA JAHPPAKIHA 3/EKTPOHOB), H, CJEJOBATEABHO,
AN HHX MOXCHO 3amHcath BOJHOBOG YpaBHEHHe, TOYHO TaK XKe
KaK BOJIHOBHMH YDABHEHHSMH MOXXHO ONHCATh CBETOBHE, 3BYKOBHIE
H ApYrHe BOJHH. YpaBHeHHe, KOTOpOe CHYKHMT MaTeMaTHUeckoft
MOJe/bIO 3JeKTPOHOB, H3BECTHO Kak ypaawesue HIpédunzepa; pas
ORHO3/IEKTPOHHON CHCTEMH OHO HMeeT BHJ

P By Py 8wm o p ina
w T Tt e (E—V)$=0

TAe m— Macca sjeKTpora, E — ero mosuas sHeprus, V —ero mo-
TeHUHAaJNLHAA OSHeprus, h — nocrosuuas [lnanka. B dusuveckom
CMHCHe §YHKUHS 1 — eCTb KOPEHb KBaAPaTHHMA OT BEPOATHOCTH Ha-
XOXJIEHHS 3JIeKTPOHZ B HEKOTOPOM NOJOXKEHHH, ONpeieaseMoM
KOOpAMHATAME ¥, ¥ K 2, C HA¥YaJOM KOOPAHHAT B Axpe aroMa. Jna
CHCTeM, coaepXamux Godee OJHOTO 3JEKTPOHA, YPaBHEHHe aHAJO-
THYHO, HO HMeeT GoJiee CHOMKHHINA BEA. .

Ypapuenue IHpéaunrepa —sto maddepennnaabioe ypaBHeHHe,
H er0 pelieHus CaMHE NPeACTaBAAoT cofoff ypasHeHES, HO Ye
Be auddepeHnRaJbENE, 8 NPOCTHE, H ANA HHX MOXHO NOCTPOHTb
rpadukd, ITH rpadHKA cAyKAT TPEXMEPHHM H30O6paXeHHEM SJeK-
TPOHHOH MJOTHOCTH ¥ Ha3HBAKOTCA OpOUTAARMY MU 3JEKTPOHHEIMHA
ofaakamMi. BoNBIIHHCTBY CTYAEHTOB H3BECTHH (OPMH S- H pP-aTOM-
HHX opOurane#t (puc. 1.1). Kaxzasa p-opOHTanb HMeeT y3408yi0
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Puc. 1.1, a— ls-opburanp; 6-—1py 2p-opbutany,

064acTs, BEPOATHOCTL HAX0XKAEHHS S/AEKTPOHA B KOTOPOHl HHYTOXKHO
mana [2]. Kak Buano us puc. 1.1, HekoTopHe noJin opSutanet nome-
YEHE! 3HAKOM <«--», a APyrde — 3HAKOM «—», JTH 3HAKH O3HAYAIOT
HE NOJIOKHTEJNbHHA MJIH OTPHUATENBHHHA 38pA0, TaK Kak obGe aoau
3JeKTPOEHOTO 06JaKa JAONKHH OHTh 3apsiKeHb OTPHIATENbHO,
a ABJSAIOTCA 3HaKaMM BoJHoBOf dyekumd P, Ecam zase wacrtH
Kakofi-inGo opOuTaad pasfiefleHH Y3Ja0M, PYHKIHSA ) BCerja uMeeT
IPOTHEONOJNOXKHEIE 3HaKH N0 ofe CTOPOHH OT y3na. CornacHo npHH-
uuny sanpera Ilayau, ka oanolt opSuTaJH He MOXKeT HAXOZHTHCH
6osee ABYX SJEKTPOHOB, H 3TH 3JIEKTPOHLI JOJUKHB HMETb NPOTHEO-
MOJOXKHbIE CIHHEL.

K coxanenuio, Touo pewuts ypashenne lllpéaunrepa moxHO
TONBKO AMA OAHOSJEKTPOHHHX CHCTEM, TaKHX, KaK aTOM BOAOPOAA.
Ecau 6ul ero MOXKHO OLIJIO TOYHO PelIHTb KJAA MOJEKYJ, cofepxKa-
IHX ABAa MJAH HECKONBKO 3JEKTPOHOB [3], MH HMeJE GH TOYHYIO
KapTuHY (opMu op6uTanedl Kaxaoro saekTpoHa (ocofeHHO 3TO
BaXHO AAA OCHOBHOI'O COCTOSHHA) M SHEePruH KaxkJoft OpGHTANH.
[MockoABKY TOYHOE PpELICHHE HEBO3MOXKHO, MPHXOAHTCS AENATh
rpyOuie npubiamxenna. CymecTBYiOT ABa IMIaBHEIX OOIIMX MeToAa
NPHGJHMKEHHA: METO0 MOAEKYAAPHOLX opbuTased W MeTo0 8aAeHT-
HbIX cxem.

B Mertoae MONeKyjspHEX OpPOHTaJef HCXOAHNT M3 JAONYUIEHHH,
YTO CBS3b BO3HHKaeT 32 C4YeT NepeKPHIBAHHA ATOMHHX opOHTanefl,
Ecnu a1060e 9HCAO aTOMHMX OpGHTalefl NepeKpLBAETCS, TO BMECTO
HHX MOfIB/JSETCH PaBHOE YHC/AO HOBMX oplHTrakell, Ha3MBaeMEX MO-
rexyAnproimy opburaramy. ORH OTINYAOTCH OT aATOMHHX OpOHTa-
JIel TeM, YTO SAEKTPOHHHe ofaKa OKPYKAiOT yKe He dApO ORHOIO
aToMa, a sjipa JABYX HAH HeCKOJIbKHX aTOMOB. B JoxajusoBauHofi
CBSI3H UHCJIO NEPEKPHBAIOWKXCA aTOMHHIX opbuTraneli paBHO ABYM



JIOKANTHIOBAHHAA XMMHYECKAA CBASDH 17

Is s

+E

Puc. 1.2, Tepexpupaune asyx |s-oplataned, pawiuee ¢- H g*-opGuTany.

(kaxkaas W3 RHX COLEPXKHT OAUH 3SJEKTPOH)}, NOITOMY BOSHHKAKT
aBe MoNeKyJAApHue opburtann. OZHA H3 HHX, HAaswWBaeMas CoA3bl-
sarpujell opburasvto, nMeeT GoJee RH3KYI0 SHEPTHIO, UeM HCXOZL-
Hul¢ aTOMHLIe OpGHTanu (HHadYe ¢BA3b He ofpasopajach OH), APY-
ras, HasulBaeMas paspsiiasioujel {(anruceassisarouiell) opburaLLlo,
nMeer Oofsiee BHCOKYIO sHepruio. [lepsnMu 3anoansiotes opSHTaNH
¢ Gosee mH3Kof sHeprueli., ITockoAbKY Kaxpaad H3 ABYX HCXOAHHX
ATOMHHX OpGHTajeli WMena OIMH 3AeKTPOH, ofa ITH SJEKTPOHA
Temepk MOTYT 3aNOJHHTb OAHY HOBYIO C8A3bi8ai0WY!0 MOJIEKYAAp-
HYI0 opOHTajib, TaK Kak ao0ad opOHTaNb MOXKET COMepiKaTh ABa
SJIEKTPOHa. B OCHOBHOM COCTOSHMH paspHxiafiomas opburanb
ocraercs HesanoJHeHHoH. Yem Gosblne mepeKpHBaHHe, TeM CHJbHEE
CBR3b, OFHAKO TIOJIHOMY NePEeKPHBAaHHIO NPENATCTBYET OTTAJKHBA-
e mexay aapamu, Ha pmc, 1.2 noxkazann cBaswBalomasi W pas-
PHXARIOWAA OPGHTANH, KOTOpble BO3HHKAIOT 3a CYET nepeKphiBa-
HuA JABYX ls-smexrponoB. IlockosbKy paspuixisiomias opOurain
HMeeT Yy3ed MeXRy sApaMH, B 3Toll 06JacTH SJEKTPOHHAs IJIOT-
HOCTh TIPaKTHYECKH HYJAeBasl, NOSTOMY TaKas opbuHTalb He MOXer
ofipa3oBaTh NPOUHYI0 CBA3b. Ec/H NPH NepeKpHBaHMH ABYX ATOM-
HHX OpGHTaNel LUEHTPH INEKTPOHHON NAOTHOCTH HAXOAATCA HA OCH,
coeARHAIOUeR ABa fApa, TO BOZHAKAILYK MOJEKYJNAPHYIH oplu-
Tallb Ha3HBAIOT ¢ (Cuema)-opSHTaAbIO, a 06Pazyiomylocs CBA3b —
0-cBA3bI0. COOTBeTCTBYIOULYI0 paaphixasiomyic opbutane 0603Ha-
qalT ¢ *. ¢-Op6urann o6pasyioTcA NPH NepeXpHBAHHH HE TOJBKO
2Byx s-opGuranefl, no moboro BHaa aTOMHbBIX opburaae#t (s, p, d
nnd f), KaKk ONMHaKOBHIX, TaK #H Pa3HbX, HO DPH 3TOM ABe Nepe-
KpPHBAIOIHECH AOJAH IOJMKHH HMeThb OAHHAKOBHH 3HAK: TaK, NOJNO-
FKHTeAbHasA s-0pOGHTAND MOXKeT 00pa30BATh CBA3bL TOJBKC NPH Tepe-
KPbHBAHHH ¢ APYrofi NOJONKHTENbHOA S-OpOUTANBIO HAH € NOJOKH-
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TeAbHOR poner p-, d- man f-opGuraau. Jo6yo o-opGHTaNbL Hesa-
BHCHMO OT TOPMO, H3 KAKOTO BHAA aTOMuHX opOuranelt ona BOS-
HHKJA, MOKHO TIPpelICTABHTL B BHAE SAAMNCA.

Yacto .op6utann 0003HAaualT N[O HX CBOACTBAM CHMMETpDHH.
Tag, g-opOurane Bon0£ona sanucHBalwT kKak ¥, roe g osHauaer
weTHoud (OT mar. gerade), Yernofi apaserca opOHTaNh, 3HAK KOTO-
poft He MEHACTCA NMPH OTPAKEHHH 4epes LEHTP CHMMeTPHH. ¢ *-Op-
Suraip Hewerwas, ee 0603HavalOT Yy (0T AaT. ungerade}. Hewer-
Hbole OPGHTANH MEHAIOT 3HAK BPH OTPAXKEHHH Yepe3 IEHTP CHMMeET-
pHH.

B pacueTax no METOAY MONEKYJSpHHX opOuTaiefi BONHOBYK
OYHKUMIO NpPEACTABAAT JHEeAHON KoMOHHanueh nepekpHBale-
IHHXCHA ATOMHBX opOuraneli (Takofi MeToR YacTO HA3HBAWOT Aunel-
#od xombunayued aromnsix opburaaed, nan JIKAOQ):

¥ =caba+optn 1)

OyHKEHH Pa H Pp ABAAIOTCA BOAHOBHMH (YHKRHAMH ATOMHHX
opbuTancit atoMoB A # B COOTBEeTCTBEHHO, & Co H Cp NPEACTAB-
JAIOT HX BeCOBHE KOPOHHHEHTH.

B Merone BasNeHTHBIX CXeM BOJHOBOE YDABHEHHE 3aIHCHBAIOT
AASL KaXKAOH H3 BO3MOXKHHX 3JIEKTPOHHBIX CTPYKTYP MOAEKYJH
(KaXKAY0 43 HHX NA3HIBAIOT KANOHUYECKOH hopmod), ¥ ROAHYID
dyHxiMio ¥ HOAYUAOT CYMMHPOBaHHEM BCeX MBICAHMEIX (PYHKOHH
C COOTBETCTBYIOUMIHMH BECOBHIMH KOO HUHEHTAMH:

¥=caba-topbet . . - @

3o HanoMKHaeT ypaBHeHHe (1), HO 3fech Kaxaoe P nNpeAcTaBAgeT
BOJHOBYI® QyHKUHIO nnst BoobpaxaeMoli KaHOHHYecKoH (OPMH,
a Kaxaufi KoachdBRUHEET ¢ BHPAKaAeT KOJHYeCTBEHHHH BEAaj Ta-
Koft popMu B obmyic cymMmy. Hanpusmep, MoXHO 3anmcath BOJHO-
BYi0 DYHKUHIO NS KaAOM M3 NpeAcTaB/NeHHHX HHXKe KaHOHHTe-
CKHX GopM MOAEKYAH BoXoposa [4]:

H-H ©H H® ©H He

Benuunsy ¢ B KaXzoM MerTofie NOJYYAIOT, pellas ypaBHeHHe
BASA pasnHYHHX 3madeHHii ¢ B BHONpad pelieHHe, Naloiliee Ha-
HMeHbmyI0 3R€pruio. Flpaxtudeckn oba MeToza HalOT aHaJIOrHYHBIE
pelieHEs RAA MOJAEKYJ, COREPKAMNX TONBKO JOKANHIORAHHHE BJeK-
TPOHEI, W STH -pellleHHA COrAacyTess cO CTpyKTypaMn Jlbioouca,
XOpoINO H3BECTHHIMH XHMHEKaM-opraskkaM. [lesoxaausopaHHble
CHCTEMbI PacCMaTpPHBAIOTCA B IV 2. .



JICKANIM30BAHHAS XHMHUYECKAS CBASh 19

1.2. MHOTOBANIEHTHBIE ATOMEL

OaroBaNeHTHHH aTOM HMeeT TOJABKO OAHY OpOHTanNb, KOTOpad
MOJKET Y9acTBOBaTh B OOpPa30BaAHHH CBA3H, HO ATOMHBI C BaJIEHTHO-
CThi0 2 u Godee MROMKHH OGpAsOBHIBATH CBASH, HCNOAL3YH NO
Kpafinefi mepe JAse opOuraam. Tak, aToM KHCAOpOXA HMeeTl ABe
HamoJIOBHHY 3acejeHHHe OPOHTAMNH, ONpPEASAAIOUIHE €ro BaJjeHT-
HOCTh, paBHYI0 AByM. Kucaopoa ofpaayer NmpocTHe CBASH 3a cder
NepekpHBaHus 3THX OpOHTaNed ¢ opbHTAanAMH ABYX IPYTAX aTto-
mos, CorsacHo RpHHUHNY MAKCHMAJAbHOrC NepeKpHBaHHA, fAApa
9THX IBYX 4TOMOB AO/KHH 0GpasoBBIBATL € SAAPOM KHCAOpOAa
yroa 90°, Tak Kak B O6pasQBaHMM CBA3M YYACTBYIOT pP-OpGHTAAM
KHCAOPOAA, pPAacHONOXEHHEE B3aHMHO NepNeHAMKYAApHO. Anaio-
THYEBIM o6pasoM ciefosajio Gl OXHRATHL, 9TO NPH OGPA30BAHHH
Tpex NPOCTHX <cBA3efi Yy aTOMa a30Ta, HMEIOILETO TPH B3aHMHO
nepnennn‘lcynaguue p-opGHTaMH, YTAB MEXAY CBASAMH KOJXKHH
cocraBaaTk 90°, OnHako B AeficTBATENBHOCTH HabAOAaeMble BeJH-
HHHE BAIGHTHLIX Yr/iOB OTAHYAIOTCH; TaK, B MOJCKylie BOAH OHH
cocraBasoT 104°27’, B MoneKkyne ammuaka — 106°46” [5}, a & caup-
TaX , H npocThiXx 3pHpax yrAw enle Ooabiie (taba, 1.5). Dror
Bonpoc Oyaer obcyXparhca B pasa. 1.11; smech ke BaXKHO oTMe-
THTb, YTO KOBAJICHTHWE COeJHHEHHS AeACTBUTENBHO HMeloT ompe-
AeNeHHHE YTJIH MeXAY CBASAMH, ¥ XOTA ATOMBl NOCTOSHHO KoJel-
AIOTCS, CPpefHEe NOJCKEHHA LA Kax A0 MONEKY/H AAHHOIO COeni-
HEHHS OCTAJOTCH HeHIMEHHEIMH.

1.3. F'uGpupuzaung

PaccMmorpuM, Kk mpuMepy, atoM prytH. Ero ssiexTpoRHAs CTpyK-
Typa AMeeT BAJ,

ATOMHHF ocToB Xe 4f1454106

XoTsl aTOM PTYTH He HMeeT HANOJOBHHY SaceJIeHHHX oplHTaned,
€r0 Ba/IeHTHOCTb pPaBHa JABYM H OH O6pasyeT aBe KOBaJieHTHHE
CBASH. DTO MOXHO OGBACHUTD, €CAH NPEACTABHTb, YTO OAMH M3
6s-2/IeKTPOHOB NePEXOAHT Ra BaKaRTHYlo 6p-opbATanb, YTO NPH-
BOLHT K KOH(HTYpanuu

aTOMHET octoB Xe 4f1454196516p"

B TaKoM COCTOAHHH aTOM HMeeT ABe HAaNOJIOBHHY 3aceseHHHE
op6uTany, HO 3TH OpOUTANH HesKBHBaJeHTHH. [loaTOMY NBe CBA3H,
KOTOpHEe MoriH Oh o0pasoBaTbcA 3d CUET NeEPEKPHIBAHAA 3THX
opGuranefi ¢ opOGHTaNAMH BRELIHHX aTOMOB, He OuliM OW IKBHBa-
deATHEMR, Ilpu ofpasosaHuM cBS3H Gp-opOHTAaABI0 AQCTHraerTcA
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Puc. 1.3. Ipe sp-oplutann atoMa PTYTH.

fonbluee NepeKpblBaHHE, MOITOMY TaKafl ¢BA3b JOMXHa GulTh 6o-
Jlee YCTOMYMBO#, 4eM cBi3b, oOpasyeMas 6 s-opGuranbio. Béabmias
YCTOHUMBOCTD AOCTHrAETCA, KOTAZ B Xofe 0O0pasoBaHHA cBA3H Os-
H Gp-opOuranr OGEHEAHHAIOTCA, RaBas IBe HOBHe, Teneph yHXe
SKBUBaJEHTHHe opbutans (puc. 1.3).

IMockonbKy 3TH HOBble opGuTalm npeiacTaBasior cololl cMech
ABYX HCXOAHHX opOuTanell, HX HasuBalwT 2ubpudnsimu, Tak Kak
A obpasoBaHus rHGpHAHOR opluraaM HeoOXOAHMO CAMAHEE S-
B p-opbutanefl, ee HaswBaloT sp-opGutanbio. Kaxgaa sp-opbutann
COCTOHT M3 ABYX foJiefi: GoJbHION M OUeHs MaleHbKo@l. Bce sp-op-
6urann ABAAIOTCA ATOMHHIMHM OpPOHTAJMAMH, XOTH OHH BO3HHKAIOT
TOMbKC B npomecce - o6pasoBaHHA CBASH H He OTPaXawTt
BOSMOXKHYIO CTPYKTYPY cBOGOAHOro aroMa. AToM pTyTR obpasyer
AB¢ CBA3H 3a CUET NIepeKpbIBaHHA ABYX GOABIIEX Josef,, noKasaH-
HBIX Ha pHc. 1.3, ¢ opOHTAABI0 BHELIREero atoMa. DTO MOKeT GHITh
§-, p-, d- gna f-opOETaNb KIK Xe Apyras rub6pHAHas aTOMHas op-
6uTansb, Ho NMepeKpHBAaTLCH MOTYT TOMBKO JOAK OAHOrO 3Haxa.
B n060oM H3 3THX CAYYacB BO3HMKAIOIIAS MOACKYASpHAA oplHTalb
Gyner HaselBaTbhes §-OpOHTAMBIO, TAK Kak OHA YIOBJeTBOpAET AaH-
HOMY Bbillle ONpejeieHHI0 ¢-0p6UTalIH.

Kax npaBHio, H3-3a B3aKMHOIO OTTAJKHBAHHA SKBHBaJCHTHHE
OpPGHTANH pacnoJaraloTcs Kak MOXHO Kajblie APYT OT ApYyra; Tak,
aBe sp-opGuranu obpasyior yron 180°. Dro osHawaer, uTo MoJje-
kyaa HgCly, manpuMep, nomkHa OHTb JauneliHOK (8 OTJINYHE oOT
H;0); Tak u ectb Ha caMmoM Jede. Takoro BHAAa ruGPEAH3AHMIO
HasWBaIOT Ouzorasvrodd. sp-TuGpranasa opburane obpasyer Goaee
NPOYHYIO KOBANEHTHYIO CBASh MO CPaBHEHHIO KaK C §-, TaK H ¢ p-
opOHTANBIO, NIOCKONBKY OHA AaJblle, YeM 3TH OpOHTAAH, BHTIHYTA
B [IPOCTPAHCTBE B HaNpasJieHHH opOUTaNH APYIOro aToMa H IIOTOMY
obecneynBaeT GoJbluee nepekpuiBanne. XoTdA nepexog 6s-sAekTpona
B cocTosfiH#e 6p TpebGyeT 3aTpaThl SHEPTHH, BHIKIDHII B SHEPrHH
CBA3K GoJiee yeM KOMOEHCHDYET 5Ty 3aTpaTy.

BosMoexHs MHOTHe ApPYTrHe BHAM THOPHRHSAIRY. Pacho'rpaM
atoM Oopa, HMewINHH 3JMeKTPOHHYI0 Koadrrypammio 1s22522p! §
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Pye. 1.4, Tpn spt-opburann u wetolpe spl-opbaTaii.

BaJeHTHOCTb, paBHylo 3. Tak e Kak H B cAydae PTYTH, MOXKHO
TIPEACTaBHTDb, YTO HPOHCXOAAT NEePexoj 3JeKTpoHa M THOpHAH3aLHs:

i 322522p1 nepexox, snewrpn-i'l_i 1 3223122: 2p; THODHIUOAIIHA 1 33 (sp2)3

B stoM cayuae opaayloTcs TPH SKBHBaJeHTHHe THOpHAHHE OpOu-
TaNy, KaxkAas H3 KOTOPHX HasuBaercs sp2-opbutanvio (Tpuzoxare-
nas eubpudusayus). Taxol cnoco6 obosHaueHHss THOPHAHKIX OpOH-
TaJeil, BO3MOXKHO, He caMblii Ayvinuil, Tak KaK HerAGpuAHbe OpOH-
TaJK 0603HAYAI0T OAHON GYKBOH, HO CAeAYyeT MOMHHTB, YTO KAHIYO
H3 Tpex op6HTanefi HasulBaloT Sp? ITH op6HTAAH TMOKasaHH
Ha puc. 1.4. Bee TpH ocu JeXaT B OAHOM NMJOCKOCTH H HaIlpaBJeHH!
K yraaM PaBHOCTODOHHEro TPeYrO/IbHHKA, YTO COMVIACyeTcst ¢ Hs-
BecTHOH cTpyKTYpoli BF3, nsocKoll Monekyianl ¢ yraamu 120°,

B cayuae yraepofa, o6pasyIioHIero 4eThipe NpoCTHE CBA3H, Opo-
1I€CC MOXHO NPeACTABHTb CJaEAYIOLIHM -06pasoM:

1 322 522 x2 | fepexon SAEKTPOHA g} 522312px2p 92 { rHSpHAESALHA 1 32 (Sp3)4

OGpasyiorca deThpe SKBHBAJIEHTHHE opﬁn'ra.nn, KaXgas H3 KOToO-
PLIX Ha3HBaeTcd SP3-opbUTAaAbi0 H KOTOphle HanpasiaeHH K YrJaaM
npasHabHOro Tetpasipa (puc. 1.4). Takum o6pasom, caesyer 0XH-
AaTh, YTO BaJeHTHHE yritl B MeraHe GyayT paBaw 109728, T. e.
yraaM NpaBAALHOTO TeTpasipa.

Takoe npeacraBAeHHe O THOpHAHHX OpOuTANAX YAOBJETBOPH-
TeAbHO OOBACHAET (H3IHYecKHe H XHMHYECKMe CBOHCTBA MOJIEKY,
OAHAKO HeOGXOAHMO OTMETHTh, UT0 Sp3-opOHTANH, HAIpUMED, COOT-
BeTCTBYIOT TOJNBKO OAHOMY BO3MOMHOMY NPHOJHXKeHHOMY PellcHHIO
ypasHeHua IIpéaunrepa, B npHHOHDe cYimecTByeT MHOTO PasEHX
PABHOUEHHHEIX cnOcOO0B KOMOMHADHH OJHOM $- H Tpex p-aTOMHHIX
opbutanaeii. Kak 6yzer nokasano B pasp. 1.5, uernipe cBasu C—H
B MeTaHe He Bcerja BeAyT celsi Tak, Kak eciH Obl OHA GHINH SKBH-
BaJIeHTHEIMH.
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1.4. KparHide cBa3n

C TOYKH 3peHHs IPHEBEAEHHOrO BHILE HPCACTABJIEHHS O MOJEKY-
JAPHEX OPOHTANAX B MOJCKYyAe STHNEHA KAXKAMA aTOM yraepoas
OOMXeH HCNOAL30BATh spP-opbHTanz AXst '00pasoBaHUA CBu3ed
¢ TpeMs aroMaMu. 3DTH sp®-opOHTA/H BO3HAKAIOT B pe3yibTarte
ru6puanzanny 2s-, 2p,'- 0 2p,'-3NeKTPOHOB II0CAE flepexoia OJHOro
$-9/I€KTPOHA Ha p-0pOHTY, KakK OLI0 J10Ka3aHo B pa3j. 1.3. Moxno
noJararthb, 910 JA060H aToM yriaepoAa, CBASAHHHIA ¢ TPEMS DA3HBIMH
aTOMAaMH, HCTIOAB3YET AJS »THX csAsell sp-opburann, TakuM obpa-
30M, KaXAbA aTOM Yraepoja 3THJICHA YUacTBYeT 8 o0pa3oBaHHH
Tpex c-cBAsell: mo oaHo#i ¢ KaXARM H3 ABYX aTOMOB BOAOPOZA H
ofHofl ¢ ZpyruM atoMoM yraepoaa. [losToMy Kaxauili aTtoM yrie-
poAa HMeeT ellie OfMH 3MeKTPoH Ha oplutajn 2 pz Kotopas B Co-
OTBETCTBHH ¢ NPHHLIHMIOM MAKCHMAABLHOrO OTTAJAKHBAHHA JlepreH-
AUKYJAApHA NAOCKOCTH sp?-opOutajeft, Jlse mapanxenvHble 2 pz-op-
6HTanu MOryT mnuepexpuiBaThcd, ofpasys Ase HoBHe op6uTanm,
CBS3HIBAICIIYIO H paspHxisiomyo (pac. 1.5). B ocHOBHOM cocTOAHHER
ofla 5/ICKTPOHA HAXOAATCA HAa CBA3LBAOUEH opGHTANH, a PaspHX-
agomas opSHTaAL ocTaeTcs BaKaHTHOR, Mosekynapsnie opGuTany,
o6pasosaHKbie PH NMEPEKPHIBAHHH ATOMHHX OopOHTANEH, OCH KOTO-
PHX NapavieNbibi, HA3HBAT N-OPOHTANAMH, €CAH OHH ABAAIOTCH
CBA3HPBAIOIKEMH OPOHTaNAMM, H n*-OPOHTANAMH, €CHH OHH HBJA-
I0TCA PaspEIXASAIOMAMHE OpOSHTANAMH.

7t-oplumens (CeASISEINLIASR ) 70" opfumans (paspyamogss)

Puc. 1.5. TlepexpoiBaroulnecs p-opGurasu ofpasyir %- # n*-opGuTann. Has
yAEoGcTBa O-OpOHTAM MOKA3AHH OTHENLHO B BepxXHedl HacTH PUCYHKa,
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Pue, 1.7, lepexpupatine p-opburaneli TpofiHolt ceasu. [as yaoGcrsa p-opOn-
TaltH N0Ka3aHW OTHERbHO B JICBOH 9acTH PHCYHKA.

N3 cxemaTnueckoro HsoOpakeHHA MOJNEKYJAM 9THJeHAa Ha
puc. 1.5 BupHO, yTo ;ABe opbHranM, ofpasyolne IBOfIHYIO CBA3b,
HesKBHBAMCHTHH, o-Op6uTanp BMeeT (QopMy 3ANHECa H CHMMeT-
puuHa ortrocHrespHo ocd C—C; m-opburanp uMeer ¢opmy ABYX
3JJIHNCOB, OMH H3 KOTOPHIX PacrnojioKeH Haj NJAOCKOCTHIO, 2 ApY-
rok —nog Hell. Cama 3Ta MIOCKOCTL ABJASETCH Y3/M0BOR 06JacThio
n-opbrtann. Hxa Ttoro uro6m p-opOHTaNH MOIMIH MaKCHMalbHO
NepeKpHBATLCH, OHH AOMIKHH GHTH HapaJelbHH; $TO 03HAYAET, YTO
cBo6oHOe BpalleiHe BOKPYT ABOHHON CBfI3SH HEBO3MOXHO, TAK KakK
RpH BpaimmeHHn ojHofi niockoctn H--C-—H oThHocuresbHo apyroh
nepeKkpHBaHie ABYX p-opGuTayefi AOMKHO GHJIO Gbi YMEHBLIHTHCH.
Ilostomy mecth aToMOB BOKDYTr IBOAHON CBA3H JexaTr B OfHON
NJIOCKOCTH, H YPJIH MeXAy HHMM HONXKHH OunTb mopaaxa 120°
JBofinbie ¢BA3H KOpOYE COOTBETCTBYIOHIMX NPOCTHIX CB#3eH, Tak
KaK MaKCHMaJbHOe NepeKphHBarne opluTajel obecneunBaer W Mak-
CHM2JILHYIO YcrofiunBocTh. JIBOAHHE CBA3H MeXAY YIVIEPOZOM H
KHCJIOPOJIOM HJH a30TOM BHIVIAAAT ARHAJOTHYHHM 06pasoM: OHH
COCTOAT H3 OAHOH o- H OfROH n-opGHTANel,

B coeaunenusix ¢ rpofinofi CBA3bIO, rae aTOM Yriepoga coeiu-
HEH TOJIbKO ¢ ABYMA ApDYTdMH aTOMaMH, BO3MOXHA Sp-THOPDHAH3A-
IlHA; 3TO O3Ha4aeT, 4TO BCe YeTHPe aTOMA pacHO/IoXKeHH Ha oj-
Hofi npsaimofi (puc. 1.6) {6]. ¥V kaxporo atoma yraepoga ocralorces
no gpe p-opGHTaJH ¢ OAHMM SJIEKTPOHOM Ha Kaxiofi. Stu oplOu-
TaAd NEePHeHAMKYJIAPHH Apyr Apyry M och C—C; OHH NepekpH-
paloTcd, KaK mokazaro Ha puc. 1.7, ofpasys aBe m-opOmrann.
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Taxum ofpasom, Tpofinas CBA3L COCTOHT H3 ORHOHA o- H JABYX -
opOuTasefi. AHaJNOTHYHHM 06pasoM BHIAAKAT M TpoAHBlE CBH3H
MeXAYy YrAepoACM H a30TOM,

Hpoiinbe # TpofiHHe CBA3H BaXHH TORBKC AN 3/1eMEHTOB BTO-
poro nepHosa — yraepoaa, asora, Kucioposa [7]. KpatHue cBasd
¥ 3JeMeHTOB TPeTbero NepHOAa BCTPEYAIOTCS DeKo, H COSAMHCHHS
¢ TaKHMH CBA3SMH oOWUHO Heycrofiuusu {8], Tak Kak HeoGxomuMBle
Ans ux OOpaseBaHus p-OpGHTANHM DACMOJOMKEHH JaJeKe APYr OT
Apyra, YTO 3aTPYAHNET HX NepeKpusarue, MckiwoueHHe cOCTABARIOT
aBofinule cBsisn C=:=8, KoTophle BCTpEYaioTCs YacTo; Npasga, co-
eIHHERHA C TAKAMH CBSSSAMH, KaK NpaBHJ0, HAMHOPC MeHee ycTodi-
YHBH, YeM COOTBETCTBYIOINHEe coeflHHeHus co csasaMA C=0 (cm.,
OoFHaKo, pasa. 2.7). YcrokuuBue cOelHHEHHS ¢ ABOHHHIMY CBA3AMYU
Si==C u Si==8i BerpevaloTcsi pelKo, XOTH HEKOTOPHE NPHMeph
TaKHX coefrHeHu#i u3BecTHH [J], B TOM uHCaAe HuC- B TPANC-H3O-
Mephl Mo cBAsH Si==S5i [9a].

1.5. POTOSNCKTPOHHAA CIEKTPOCKOMHS

ComnacHo GONBHIMHCTBY (HSHUECKHX R XHMHYECKHX METOAOB,
yeTHpe CBA3H B MOJEKYJe MeETaHa SKBHBAJIGHTHH (HanmpHMep,
au IMP-, uu HK-cmexTp MeraHa He CONEpXHT NHKOB, KOTOpHe
MOXHO OHAO GH OTHeCTH X pasHoro sxuaa cBazsM C—H), ograxo
HMeeTCs TakoH (puamveckuii MeToA, KoTophlfi nosposser anddgepen-
IHPOBATL BOCEMb BaJIeHTHLIX 3JeKTPOHOB B MOJEKYJe MeTaHa, JTo
MeTon groroasexrpornold  cnekrpockonuu [10]. CyTh ero cocTout
B TOM, 4TO MOJeKyay HAH cBoOoaHH#i aToM 00JyyaiOT B BakyyMe
YABTPA(HONETOBEIM CBETOM, BHISHBas BHGPOC 3JEKTPORA, SHEPIHIO
KOToporo H3MepfioT. PasHOCTb MeX(Ay sTo#t sHepruedl u sHepreei
HCIMONB30BAHHOTO H3JNYUEHHS ©CTh MOTEHHUOA UOHUIAUUN BHPBAH-
HOTO H3 MOJIEKYJH! 3/eKTpoHa. MoJeKkyna, copepXaimas HeCKOAbKO
S/IEKTPOHOB PpA3AHYHON IHEPTHH, MOXKeT TepATh Ji000H 3/eKTpOH,
SHEPrHA KOTOPOro HHiKe, YeM SHEPrHfA HCMOJb30BZHHOIQ H3Jy4eHHS
{xaxpass MonexyJa TepseT TOJNLKO ONHME 3JeKTpoH, IOTEepPH ABYX
JeKTPOHOB ORHOM MOJEKYJOf MNpaKkTHYECKH HHKOria He HMeeT
Mecta). QoTO3NeKTPOHHHHA CHeKTp COCTOHT H3 cepRil mojoc, Kax-
AKad W3 KOTOPHX COOTBETCTBYyeT OPOHTANH onpefieIeHHOA 3HEPTHH.
Takum o6pa3soM, CHEKTP Aaer NPAMYIO SKCIEDHMEHTAaJbHYI0 Kap-
THHY BceX OpOHTaNeRl B 3aBUCHMOCTH OT HX JHEPTHMH, NIPH YCJIOBHR
YTO IHEPrHS MCHOJb3YEMOTO H3JydYeHHMA AOCTATOYHO BHicoka [11].
[Tupoxue moJocH B CleKTpe OOWYHO COOTBETCTBYIOT CHJbHO CBf-
BAHHHIM 3JeXTPOHAM, a y3KWe TNOAOCH — ¢J1abo CBASAHHMM HJIH
HECBﬂSaIHHHM SJACKTpOHAM. THOHYHBIM NpHMEpOM ABNAETCH CIIeKTp
MOJIEKYJIAPHOTO a30Ta, NoKasarublil Ha puc. 1.8 [12]. Daexrponnas
CTPYKTYpa MOAeKynH N; mokasaHa Ha puc. 1.9, Mlpe 2s-opGuranu
aTOMOB 230T2 KOMOHHHPYIOTCA, HaBaf gpe OPGHTAJIH — CBA3HIBAK-
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Puc. 1.8. DoTosseETPONHHA  cmextp Optemean §
Monekynr asora (Nz2) [12)

myio (1) u paspuxasomyio (2);  Prmmi (pfuramdd

ofNoBpPeMeHHO KOMOMEanus imie-

cta 2p-opGHraleli haer INecTb

opSuranedl, H3 KoTOpHX TpH (3,

4 u 5) asnmiorca cBASHBaIO-

mumH. Tpr paspuixisiioillie Op- ) ) , .
Gutana (He 1[OKa3aHHHe Ha 17 13 17 %
puc. 1.9) ocraporcs BaKaHTHH- Fuapeun, aB

MH. B npeacrapieHHOM Ha

puc. 1.8 cieKrpe 2nexTpont! opGuTant ! He 3aHKCHPOBAHH, TAK KaK
KX NOTeHIMaJ HOHW3ALHY NpPeBHINZeT SHEPIHIO HCNOJb3OBAHHOTO
H3/YYeHHA {HX MOXHO YBHIeTb, €CNH BO3AEHCTRORATH H3JNYYEeHHEM
Bonee Bhcoxo# sxeprun). llupokas nonoca B cnexTpe (OTHeSbHBlE
HHKY KOTOpOH COOTBETCTBYIOT PAa3JHYHMM KOJeGaTeibHHM YDPOB-
HEM, cM. [J. 7) OTHOCHTCH K HeTHPEM 3JEKTPOHAM BHPOKIEHHHX
opbrraneit 3 0 4. Takum o6pasoM, Tpofiias cBaAsb B MoJexynae N
COCTOMT U3 9THUX AByX opGutaselt u op6urann I. IlonocH, coorser-
CTBYIOIIHe OpOHTaNaAM 2 W 5, y3KHe; 9TC CBUACTENLCTBYET O TOM,
uTO BKAaA sTHX opbHTanell B ¢BASb OYEHb MajJ H MX MOXHO pacs
CMATPHBATh KaK JBe HeNoAeNeHHHES NapH 3A¢KTPOHOB B MOJEKYy/Ie

N=aN, Cneayer OTMEeTHTb, H4TO 3TOT pPe3YNbTAT NPOTHBOPEUHT
TOMY, 4TC MOXHO OBIIO GH OXHAATH H3 NPOCTOTO PACCMOTPEHHR
nepexpHBaHHA opOHTaNell, COFIACHO KOTOPOMY JBe HeNoJeseHHHE
napu JOJXHE Ouan 6u npuHainexxatb opOutaaaM / u 2, BOSHH-
KalolEM 3a CcYeT NepeKpHBaHHA 3anoJHEHHNX 2s-opSutaneii,
a TpoHHasi cBA3b RoJkHa Obija 6B cocTosith us opOutanelt 3, 4
H 5, BOHUKAIOMHX 3a cUeT MepeKpHBaHkA p-opGutaneft. 3to ofuH
B3 MPHMEPOB, HaMNIAAHO HANMIOCTPHDPYIOIIUX LEHHOCTE MeToMa do-
TO3NIEKTPOHHOA CNEKTPOCKONKH,
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Pye, 1.9, Baextponnan c'rpgxrypa MoJieKkyAel asota Na (as1eXTpoHE BHYTpennef
of6onogkH ue noxasauu) [12].
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DoTO2IEKTPOHHBI cneKkTp MetaHa [13] nMeer dse noaocu [14] —
npu 23 u 14 5B, a He oJ{HY noJocy, KaxK MOXHO OHAO OBl OXH-
AaTh, HCXOASA H3 MPEACTABJCHHA 00 YKBHBAJIEHTHOCTH HeTHpEX CBA-
sefi C—H. IIpuunHa sTOro 3akalouaercds B TOM, 4TO oOkuHOR
spi-rufpuaHsalnell HeMb3d aREKBATHO OGBACHATH NPoNecCH, NPo-
HCXOAAI(HE B HOHH30BAHHEIX MOJeKyJaaX (TaKHX, KaK HOH-paaH-

kan CH.*, ocraiomuiics nocne BhOpoca 3/eKTPOHA H3 MOJEKYnH

MetaHa). B sTux mpolleccax y4acTBYIOT HHHE KOMOHHAUHE aTOM-
Hux opGuraneft (pasn. 1.3). Tlonoca mpn 23 9B cooTeercTByer
ABYM 3JICKTpOHaM ¢ HHU3KOSHEPreTHYecKOro YpoBHA (HasblBaeMoOro
YPOBHeM &,); MOMHO CYHTAThH, UTO OH BOSHHKAaeT B pesylbTarTe
KoOMOHH2UuHM 2s-op6HTaay aToMa ymaepoja ¢ NoAxoAsmieR
koMOuraunel ls-opGutamei atomoB Bojopopa. Ilosoca mnpn
14 5B coOTBeTCTBYeT HIECTH 3/EKTPOHAZM TPHMKAH BHPOKIEH-
HOTO YpOBHA  {HAaSHBAeMOTO yPOBHeM {2), BOSHHKZIOLIErQ
B pesyJbraTe KOMOHHAaLMH Tpex 2p-opOuranefi yraepona ¢ Apy-
THMH KoMOWHanuaMu ls-opGaraneit Bogopoaa. Kak yxe rosopn-
Joch, B GOALIIKHCTEE (QUSHYECKHX H XUMHUECKHX NpOUECCOB 3ITH
YPOBHH HepasiAYHMH, HO (hOTO9/EeKTPOHHARA CMEeKTPOCKONHA NoOsSBO-
JIleT HX PasIHYHTD,

1.6. Snexkrponnas cTpyKTYpa MOJEKYH

Kaxzayio MoJexyny, HOH WAH CBOGOAHE paguKaj, HMeloIHHe
TOALKO JIOKANH3OBAHHBIE SJICKTPOHBL, MOXKHO H306pa3urh 3JeKTPOH-
nofi dopMmyJsioft, HasuBaeMoRt crpykrypord Jlerouca, KOTOpad NoKa-
SHBaeT JIOKAJU3AUMIO ITHX DHIEKTPOHOB. B dopMynax Jlswouca
YKasHBal0T TOJbKO BaJeHTHHE 3JIeKTPOHH; OHH MOTYT BXOAHTb
B KOBAJNEHTHYIO CBA3b, COSARMHAILYI0 ABa aToMa, WiH GHTb Hemo-
AeneHHuIMH, CTyLeHT AONKEH yMeTh NPaBHAbHO H3oGpaXkarth 3JeK-
TPOEHbIE CTPYKTYPH MoJiekyJ. ITOCKONBKY NoJOXeHHE 3JEKTPOHOB
MeHSeTCA B XOAe peaknHH, HeoOXQAMMO 3HaTh, [Ae HAXOAATCS
9)CKTPOHH A0 CMeIleHHs M KyAa OHH nNepexonAr. CymiecTByeT He-
CROJNLKO OGLIHX NpPAaBHJ, KOTOPHMH MOJAC3HO PYKCBOACTBOBATBCA.

1. O6mee 9ACIO BaNEHTHHIX SJCKTPOHOB B MOJeKyJde (a TakXKe
B HOHE WM pajHKaje)} HOJKHO PaBHATHCA CYMMeE BCEX SJIEKTPOHOB
BHelllHeH OGONIOYKH, <«OTHAaBaeMbiX® KaXAHM aTOMOM MOJEKyJe,
IJIOC OTPHIATENABLHHA 3apff HIH MHHYC NOJOXHTeNbHHE sapam
B cnyuae HOHOB. Tak, uUHCNO BaJeHTHWX siekTponop aas HySO,
cKknanusaercd H3 2 (M0 OAHOMY OT KaXKAOTO ATOMa BOJOPOAA),
6 (or atoma cepn) u 24 (no 6 oT KaxzAOro aToMa KHCJIOPOAa),
4TO gaer B cyMme 32; B TO e BpeMs AnA Howa SO2 amcao Ba-
NeHTHHX SJeKTPOHOB TaKXe papBHO 32, TakK Kak KaXAHH aToM
«0TAaeT» & 3J1eKTPOHOB U elile HMEITCA 2 OTPHIATENbHEX 3apaja.

2, Tlocne Toro Kak YCTAHOBJIGHO YHCJO BAJICHTHHIX 3JI€KTPOHOB,
neobxXoaHMO onpefeHTh, KaKHe H3 HHX BXORAT B KOBAJEHTHYIO
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CBA3b, A KaKHe sBAAIOTCA HemopeNeHnmmu. Henopenenuwie sxek-
TpoHbl (nHO0 oAaBH, AHGO mapa) COCTaBANAIOT YacTh BHemHeRl oGo-
JIOYKH TONLKO OJHOTO aTOMa, a 3NEKTPOHH, Y3acTBYoILHe B ofpa-
30BAHHM KOBaJIGHTHON CBA3M MeXAY ABYMS aroMaMH, SBASIOTCA
YacThI0 BHEWHEH 060JMOUKH OBONX ITHX aTOMOB. ATOMbL SACMERTOS
sropozo nepuoda (B, C, N, O, F) moeyr maxkcumassro umers ao-
CeMb BOACHTHOIX IACKTPOROS, OOHYHO TAK M RPOHCXORHT, XOTH
H3BECTHB! CJIYad, KOT/la YHCAO BaJIEHTHHX 3JIGKTPOHOB Y dJeMeHTa
BTOPOro NepHOAa DABRHO IIECTH HJAH ceMH. B Tex caywasx, Koraa
BO3MOKHO MOCTPOEHHE CTPYKTYp OGOHX THHOB, T. €. C IIECTBIO WJH
CeMbl0 3IJEKTPORAMH BOKDPYr aTOMa BTOpPOTO NEpHORA, ¢ OXHOM
CTOPOHH, W' C OKTETOM 3JIEKTPOHOB —C APYroli, peajusyiores Io-
clieHHe CTPYKTYPH, TaK Kak OOWYHO OHH HMeioT 6onee HHAZKYIO
sHepruio. HanpHMep, 3THNEH HMEET CTPYKTYPY

H, A a e IE?—-S:H u l&(‘:_é

H
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Himelorca, ogHako, W HCKAlodeHHA. Tak, ANS MOJMEKYJM KHCJO-

* .
pora crpykrypa |O—O| nmeer Gonee HH3KYI0 BHEPrHio, 4eM
|O==0]. B ornuune oT aTOMOB 3/IeMEeHTOR BTOPOIC NepHOAAa, KOTO-

phie MOTYT HMeTb Ha BHellHeR oboJlouke He §oJiee BOCHMH BaJIEHT-
HbIX 5/eKTPOHOB, ATOMLI TPeTbero NnepHojAa MoTYT yaepxarp 10
BAH Aaxe 12 a/eKTPOROB, UCHOAb3YA BakaHTHHe d-opGuraau [15).
HanpuMep, nseecThH ycroitunene coeanuenns PCl; u SFq. B mose-
Kyle SFg OfMH $- M OAMH Pr-3ME€KTPORH U3 OCHOBHOTO COCTOSIHHA
35%3p,*3p,'3p,! nepexoAdaT Ha BakaHTHHle d-opOHMTaNy B IeECTb
opGuranei reGpHAMSYIOTCHA, AaBas wmectb oplHTaner spid?, koro-
phie HampapNeHH K yFlaM NpaBu/bHOrO OKTasapa.

3. O6HYHO ANS KAXKAOrO aTOMa YKasuBawT dopMabHuf 3apal.
Ilpu atom npepnoJjaraercs, 494T0 aToM <o0JajgaeTs BCeMH HecHa-
PEHHHIMH 3/IEKTPOHAMH, HO TOMNLKO NOACSUROL 3AEKTPOROS, yuaCT-
syouux e obpasceanus xosasrenTHoll censu, CyMma 3/eKTPOHOB,
KOTOpbie TaKHM 00pa3oM <«NMpHHAANENKATH aTOMY, CPaBHHMa C YHC-
JIOM 3JIEKTPOHOB, «OTAARHMX» aToMOM. Y36HTOXK mpHHAZAeRAMHX
aToMy 3JeKTPOROB 00ycJIOBJAHBaeT OTPHLATENSHHHA 3apsaf, a Hejpo-
CTATOK — NOJNOXKHTeNbRLI 3apaa, CyMMa ¢opMabHHX 3apalos
BCeX ATOMOB PaBRa 3apAAy HeNOoH MOJEKYJAH uiau HoHa. CreRyer
OTMETHTb, UTO NpOUeAYpPa MOACYETa HEOAHHAKOBa ANAA ONpeReJe-
HuA ¢GopMasbHOro 3apAfa H AJA onpPefefeHHS YHCAAa BaJeHTHHX
alleKTpoHoB. B 0OOHX ciydasfx cUHraercs, 4TO aTOMy MpuHaafe-
HKaT Bce HecMapeHRMe SJASKTPOHH, HO NMPH NOACYETe 3/EKTPOHOB
BHellHedt 060AOYKH K aTOMY OTHOCAT ofa 9JeKTpoHA KOBaJeHTHOR
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¢BASH, TOTJa Kax OpM onpefeneHHd $opMajbHOro sapaia K HeMy
OTHOCAT TOJILKO NOJOBHHY 3THX JEKTPOHOB.

Hike npusefleHH NPHMepbi SACKTPOHHHX CTPYKTyp (B HacTosi-
el KHWre 5JeKTPOHHAs Napa He3aBHCHMO OT TOTO, SBJACTCA JH
oMa HenojeseHHOH uiH o6pasyer cpAsb, ofo3Hauaercs npsMOH
uepToM): .

H,
H—E—'S"QE—H H—C- CH,—-hIlgﬁle
10l CH,

KoBameHRTHO-KOOpLHHALHOHHAS CBs3b, H300pa)kaeMas CTpes-
KOH, — 5T0 CBA3b, B KOTOPOH 00a 3/MeKTpoHa MpHHAMJIERKAT ORHOMY
H TOMY e aTOMY; MOXHO CYHTATh, YTO TaKasd CBA3b obpa3syercs
3a cyeT nepeKpulBaHMA opOGHTAJM, coAepxalied ABa 3EKTPOHA,
¢ HesanoaseHHoft (BaxkaHTHO#) opOHTaablo. Tak, TPHMeTHJaMHH-
OKCHA AOJKeH GLiTh npeicTasiieH GopMyJaol

CH,
cn,-—llw—- ol
CH,

B cnyuae KOBaJIEHTHO-KOOpAHHALMOHHOH CBASH B MPaBHJO Ompe-
JeNieHHs (OPMAALHOTO 3apsfa BHOCHTCH COOTBETCTBYOIMASA LO-
npaska: ofa 3JeKTPOHa NpPHHaAKeXaT JLOHOPY, 4 He aKHenTopy.
Takum 06pasoM, aTOMBE 2a30Ta H KHCJAOPOAA B TPHMeTHNAMHHOKCHAL
He Hecyr dopManbHore sapaga. OfHaKO COBepIeHHO OYeBHIHO,
4TO BHA 3JIEKTPOHHOM CTPYKTYpPH GYAer TaKHM e, KaK yKasuBa-
JA0Ch BHE, H ME MOXeM BHIOUpaTh, H306pPa3uTb JH CTPEJKY HIAH
pasjeneHnne 3apsan. HekoTopue coepuneHus, HanpuMep aMuH-
OKCHAL], MOXHO H306paxaTh WJIH TeM, HAH HHBIM crocoboM. T1poiue
UCTIONIb30BATE PasficicHHe 3apaloB, TaK Kak 3To ualaBjifer Hac
OT HeOoOXOAMMOCTH paccMaTPHBaThb Kaxk HeKHA .«apyroi» Meron
CBASHWBAHUA TOT NYTh, KOTOPHA Ha caMOM JieJie HHYeM He OTJH-
qaeTci OT OOBIYHOTO KOBAAEHTHOIO CRAIHIBAHHA, KaK TOJIBKO CBS3b
yXe o0pa3oBanach,

1.7. 2NeKTpoOTPHILATEABHOCTD

SaekTponHoe 06/1aKo, CBA3HBACILEE ABA ATOMA, HECHMMETPHYHO
(OTHGCHTEABHO NAOCKOCTH, MepNeHZMKYJIAPHOH CBA3H H pasfesio-
el ee NonoAaM)}, 3a MCKIJOMEHHeM TeX cAywaes, Koraa ofa aroma
OLHHAKOBB K HMEIOT OZHHAKOBBIE 3aMECTHTENIH. BO Bcex OCTanbHHX
CHy4afax 3JAeKTPOHHOE 06JaKO CABHHYTO B TY HIH APYTYI0 CTOPOHY
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CBA3H B 3aBHCHEMOCTH OT TOTro, K KaKOMY H3 aToMOB (AApYy BMecTte
€ S/IeKTPOHAMH) OHO MPHTATHBAaerca B Gojabiliefi cTeneHH. TakKoro
pojla MPHTAXEHHE HASHBAIT S4eKTpooTpuyarTesbrocTeio [16]; Han-
Gonplzas 3JIEKTPOOTPHLATSALHOCTL NPHCYILA ATOMaM, PacHooXeH-
HEHM B BepXHeM NPaBOM YIMIY MEPHOAMYECKOH CHCTEMhl, 2 HaMMeHb-
IMasi — aToMaM, PACHOJNONEHHHM B HHXHeM JeBoM yray. Csssb
Mexay dTopoM H XAOPOM, HanpuMep, ZedopMEpOBaHA TakHM obpa-
30M, 910 BepOSATHOCT HAXOMJeHHs O9AeKTpoHAa BGJAK3sH (TOpa
BhILE, YeM BOJAK3H XJOpa; 310 NpHAaeT (ropy HacTHYHHE OTpHUA-
TeABLHEIf, a XJIOPY — YACTHUHKIN NONOKATENbHHH 3apAn.

Buic NpeANpHHATO MHOXECTBO MONBITOK COCTABHTh KOJHYECT-
BeHHble TaGMHION SXeKTPOOTPRUATEALHOCTH, KOTOPEe YKa3HBaJ H OH
HanpasfcHHe U CTeNeHL CMEUeRHS SJeKTpoHHOTO ofjaka B CBA-
3ax Mexay moboft napofi aromoe, Hambosee H3BecTHa MIKaja,
cocraBficHHad [JoJHHTOM, KOTOpas OCHOBAHA HAa 3SHEpPTrHAX CBS3H
(pasa. 1.12) aeyxaromunx Monexyi. Ecnu B monexyne A—B pac-
npefeneHne SJCKTPOHOB CHMMETPHUHO, 3HEPrHsA CBA3H JIOMKHa
6HTh CPENHUM apHPMETHUISCKAM MeXAY SHepruaMH c¢pasell B Moae-
gynax A—A u B—B, nockoabky B 3THX cAyZafgx 3JeKTPOHHOE
o61aKo He JO/MKHO CMelliarhed. ECAE XKe B ACHCTBRTENBLHOCTH
sneprus csasy A—B pume (410 OGHYHO TAK K £CThb), TO STO HB-
Asiercs pesyJbTATOM BOSHHKHOBEHHS YacTHUHBIX 3apA/l0B, TaK Kak
38paAH, NPHTATHBasACh APYr K APYTY, AeJaloT ceaAsb 6ojee HpouHoH
H Rias ee paspusa TpeGyercs Oodbille dHeprHd. B raxofi mxane
9JEKTPOOTPHIATEABHOCTH" GHLJI0 HEOGXOAHMO IPOH3BOJBLHO NPUNHCATD
KaKOMY-AHOO 3JIeMeHTY OlpeAe/ieHHYI0 3JeKTPOOTPHIAaTEIbHOCTD,
H (ropy OHaAa npHNHCAaHA SJEKTPOOTPHEUATENBHOCTb, pasHag 4.
Torga s/AeXTPOOTPHUATENLHOCTh JAIO60TO SAeMEHTa NOMYHAIOT H3
PasHOCTH MeXXy HCTHHHOR sHeprueft A—B H cpeftHuM apHMeTn-
yeckuM SHeprifi A—A ® B—B no dopuyne (pasunocte oboamna-

qapot A)
A
Xp—Xp= v 23.06 ’

Tie X4 K Xp-— SACKTPOOTPHLATENLHOCTH H3IBECTHOTO H  He-
H3BECTHOTO ATOMOB COOTEBETCTBEHHo, a 23,06 — mpoHsBo/bHAA KOH-
cranta. Illkana, moayvenHas B pesyJanTare TAKOI'0 NMOXXopa, dac-
THYHO MpeAcTasJeHa B Taba. 1.1 17{

Jpyrue noaxoau [18] npusesan K mKajam, ocHOBaHHHM Ha HEBIX
NPHHOMIAX, HANPHMED HA PACCMOTPEHHH <€KOMIIAKTHOCTH» SJEK-
tTpouHoro o6naka aroma [19]. B HeKOTOPHIX K3 3THX NOAXONOB
MOXHO PACCYHTATL SJeKTPCOTPHUATEABHOCTH AJS PA3JHYHHIX Ba-
JAeHTHHX cocroaHufi, pasnuuHbix rubpususandfi (HampuMep, sp-
yraepoAHKe aTOMul Golfiee SJAEKTPOOTPHUATENbHH, WeM sp?, KoTo-
pHe B cBOIO ouepexb Gosee SNEKTPOOTPHNMATENbLHE, geM sp®) [20],
a TaKKe WO OTASABHOCTH MJIA NMepBHYHOrO, BTOPHYHOIC M TpeTHY-
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Tabauya 1.1, DnexTpooTpHNATEABHOCTH NEKOTOPHIX ATOMOB U0 wKane IMoantra [17]

u Caugepcona [19]

SNeKTPOOTPHUATEALHOLTL SDREKTPOOTPHLRATEN bHOCTE
Dnepent annLe AnuNbe Snemert anuuie Aamuue
ONKATE Caupepcoda GAHHrE Cadgepeona
F 4,0 4,000 H 2,1 2,592
O 3,6 3.654 P 2,1 2,515
Cl 3,0 3,475 B 20 - 2,275
N 3,0 3,194 Si 1,8 2,138
Br 2,8 3,219 Mg 1,2 1,318
S 2,5 2,957 Na 0.9 0,560
I 2,6 2,778 GCs 0,7 0,220
C 2,6 2,746

Tabsuya 1.2. DReKTPOCTPHEATENLHOCTH  HEHOTOPHX

Tpyunl Mo OTHOMECHHI)

K SMeKTPOOTPHUATEABHOCTH Boflopofia, paedoll 2,176 [21]

rpyans g Fpyans oot
o, | o | & | i

2. ¥
CHCl 2,538 %F,,‘ 2,985
CBr 2,661 N 3,208
cudl, 2.602 NO, 3,421

HOT'O YMNIepOAHHX aToMoB. KpoMe TOro, MOXHO paccHUdATaTh 3JeK-
TPOOTPHUATENLHOCTH He TOJNBKO JJAs aTOMOB, HO R AAA TPy,
NpHYESM ¢ JYYIUAMH pesyabTaraMH (taba. 1.2) [21].

Ceegenns 06 9AeKTPOOTPULATENLHOCTE MOXKHO MOJYYHTL H3
cnekTpoB IMP. B orcyTcTBHe MATHUTHO-aRH30TpOnHOR rpynnu [22]
XHMHUECKHH CHBMI NpPOTOHA NpUGAM3UTENbHC RPONOPIEOHAJEH
9NeKTPOHHOR NJAOTHOCTH BOKPYT HETO H, CASAOBATENbHO, SJEKTPOOT-
PHUATEABHOCTH ATOMa HJIW IPYNNH, ¢ KOTOPHMH OH cBfA3aH. Uem
BHIIE 3JEKTPOOTPHHATENBHOCTL ATOMA WM TPYNRH, TeM HEXKe 3JIeK-
TPOHHAA RJIOTHOCTL BOKPYI' CBA3AHHOIO ¢ HHMH MPOTOHA M TeM .
g Josbliedi cTelteHY MPOHCXOAHT XHMHAYECKHA cABHT B ciaaboe noJde.
IlpumepoM HCNOAB3OBAHHSA 3TOA KOppelNaUMH aBjsercs Habnioaae-
MOe H3MeHeHWe XUMHUECKOrO CABHI'A KOAbYesbix NPOTOHOB B PALRY,
BRIIOUAIOWEM TOMXYON, 5THJAGeH304, H30MPONHAGER30], TPET-GYTHA-
6eH30A (X0TS1 B 3THX COEIHHEEHHAX IPHCYTCTBYET MarHHTHO-aHH3O-
TponHad rpynna, ee ad¢exT ZoaxkeH OHTL NMOCTOAHEH AJA BCEro
paAga). HaiifileHo, 4TO 3AeKTpOHHAA TJOTHOCTL BOKPYI' KOJBLUEBHX
OpoTOHOB yMeHbwraerca {23] B ykasanHom nopsaike [24]. Koneuno,
TAKOA THI KOppeNslHH AAJeK OT COBEpIIEHCTBA, NOCKOABKY BCe
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H3MEPEHHs NPOBOAATCA B MOIMHOM HOJe, KOTopoe caMo no cebe

MOXCT BO3AefcTBOBATH Ha paclpefiefledHe 3JMeKTPOHHON NAOTHO-

ctd. BHio Takke MOKasaHO, WTO KOHCTARTH CHUH-CHHHOBOTO B3a-

HMojeficTBHA HBYyX mnpotoHoB B cHcreme —CH—CH—X samucsr
|

OT JIEKTPOOTPHUATEALHOCTH 3aMecTureds X [25].

Ecan pa3sHOCTb 34eKTPOOTPHIIATEABHOCTER ABYX aTOMOB BeJHKA,
OpGHTaJb MoOXeT GHTb HACTOJLKO CABHHYTa B OAHY CTOPOHY, UTO
MPaKTHYECKH YXKe He NepeKpHBaeTcs ¢ APYrHMH SAAPaMH; B STOM
cllydae CBASh MeXAY ATOMAMH HOHRAGR. DTOT NpeieabHHB cayvaill
BHXOAHT 8a PAMKH HPHBEAEHHOro BHIIE PACCMOTPEHHHA CBASH B Op-
TFAHAYECKHX MOJIEKYNaX. BOJMbIIMHCTBO CBA3ell MOMXKHO paccMaTpH-
BaTh KaK MPOMEIKYTOUHHE MEXIy HOHHOH H KOBaJIeHTHON CBASKHIO,
M TOTA@ FOBOPAT O NPOLEHTE HOHHOrO XapaKTepa CBASH, KOTOPHI
YKasblBaeT Ha CTeNeHb CMElNeHHS 3JEKTPOHHOro 06Aaka, HAR O 1M0O-
CTEeNEHHOM Nepexofe OT HOHHON CBA3SH K KOBaJeHTHOA.

1.8, Junoapupfi MOMenT

OzunM A3 cBOficTB MONEKYJH SBJIAETCH HANMUHe OUNOAbHOZO
MOMENTQ, BOSHHKAIOWIETO NPH PasjefieHHH 3apPsA0B, 0 KOTOPOM YHO-
MHHAJOCL BHIe, OAHAKO HIMepHTb AHNOJABLHHIA MOMEHT Kaxpoft
OTAeNbHOH CBASH BHYTPE MOJEKYJAH HeBOSMOXKHO. MoXHO H3Mme-
PHTh TOJNHKO CYMMapPHHIA MRMNONbHHA MOMEHT MOJEKYJAH, KOTOpPHMA
ABASIETCA BeKTOpHON cymmolt MOMenTOB cBasefi [26] I'py6o rosops,
STH HHAMBHAY2NbHHe MOMEHTH OJHHAKOBH B pPasHHX MOJIEKYJaXx,
XOTAl OHH M He BCErAa NMOCTOAHAH., Tak, Ha OCHOBAHMH AANO/ALHEX
MOMEHTOB TOAyoNia H HATpoGeHsona (pac. [.10) caenmyer oxmaars,
YTO AHNOJLHHHA MOMeHT A-HHTpOTONYONA 6yfer okodo 4,36 II; sta
BeNIHYHHA BIOJHE COrACyeTct ¢ JAefACTBHTEJNbHBIM SHAUEHHEM
4,39 . Oanako AUnoJbLHHA MoMeHT n-Kpesona (1,57 JI) pechMa
AakeK OT ApeacKa3zaHHo# seanmunns 1,11 J§. B nexoropmx caydasx
MOMeHTH cBssefi MOryT OHTb 3HAUHTENbHHMH, HO CYMM2pHHNA
HHMNOJbHHA MOMEHT MOJEKYJH OKa3HBaercs HYJEBHM, TaK Kak

Cﬂg CHJ 3
NO, NO, H OH

0430 3930 4,90 1,54 10 1,571,

Pae 1.10. Bemmuunm gunoaskux smomentos ([}, Hamepenmme ans ReROTOpHX
NpousRoZHuX Oensons, CTPeNKa YKAIWBAET Ha GONCE OSICKTPOOTPEUATEABHYIO
SRCTE MONERYNH [20)
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HHAHBHLY&JbHHE MOMEHTH B3aHMHO KOMNEHCHpPYIOTCS OJaaropaps
ofiell cHMMETpHH MoJeKyabl. IIpaMepaMu TakuX coefuHeHuit cay-
xat CCly, 7panc-1,2-1n6poMoMeTaH, n-RHRHTPOGCH30M.

IlockoabRY pasHOCTh 9AeKTPOOTPHIATENABHOCTER YIMIeposa H
BOAOPORa KpafiHe HH3Ka, AHNOJIbHHE MOMEHTH CTOJAb MaJH, 4TO
HX OUeHb TPYHLHO H3MepHThb. Hanpumep, AHMNOJLHHA MOMEHT H30-
6yrana cocrasaser 0,132 11 [27), a nponana — auup (0,085 J1 [128]
Metagr u 3taH, GYRYYH COBEDUIEHHO CHMMETPHYHBIMH MOJICKYJAaMH,
He HMEIOT AHMOABHBIX MoMeHdtos [30]. OaHako AHROJBHEE MOMEHTH
HEKOTOPHX OPranHyecKnx MOJIeKyJ BbcOKH, Goaee 7 .

1.9. HupyxkTHBuE# 9ddexT 4 adhpdekT noan

Ceasp C—C B aTaHe HemoJsipHa, TaK KaK OHa COefHHSeT ABa
SKBHBAJICHTHHX aToMa, OgHakKo B xJopsTase cBasp C—C noaspu-
30BaHa Gnarofapa HAaJAHYHIO 5AEKTPCOTPHUATENBHOTO aTOMa XAOpa.
B neficTBHTe/bHOCTE TaKas NOJApHU3aMHA ABJAECTCA Pe3yJAbTATOM
AByx atdexroB. Onur A3 HHX sakaovaerca B caepyiomeM. Hexo-
TOpOe MOHMMKEHHE SNeKTPOHHOH maoTHocTH y aroma C(1), cocex-
Hero c¢ Gojee 31eKTPOOTPHOATENbHEIM XJAOPOM, YACTHYHO KOMIIEH-
CHpYeTcsi OTTATHBAHHEM B ero cTopoHy sjektporos C—C-cBAsH,
YTO NPHBOAHT K ee NOJAPH3aUUH H BO3HHKHOBEHHIO YACTHUYHOIO
HOJOKUTENbHOrC 3apAfia Ha atoMe C(2). Takyw mnoAApesanuio
OAHOH CBA3H, BH3bLIBAGMYIO NOAApH3aNMeR cocenfell CBA3HW, Ha3H-

8+ B8+ 8-
H,C-—’-Cﬂ;—H—Cl

BaloT undyxrusnoim shpexrom. B vanboaniiein mepe stor athdekr
NposBAseTCH HAa COCeNHeH CBH3M, HO MOMXET TAKXKe CKa3bBaTheA
H Ha yMaJeHHRX CBA3fAX. B paccMaTpmpaeMoM NpHMepe moJaspu3a-
uus csAss C—C BHBHBAaET TaKXKe HE3HAYNTEJALHYIO NOJSAPHIALHAIO
Tpex ceagelt C~H B Meruabhoil rpynne, Jpyrofi addexr aefictayer
HE Yepes CBA3H, a HENOCPEACTBERHO yepe3 NPOCTPAHCTBO MU MOJeE-
KyJbl DacTBOPHTENS; €ro HaswBaloT gextos noas [31). Yacro
OuU€Hb TPYHLHO Pa3feNuTb> 3TH ABa 3thdeKra, HO BO MHOMHX CAYUASX
310 OHJO CAEAARO; MPH 3TOM, KaK HPABHIO, HCXOAWIH M3 TOrO
tagra, 9o 3(PeKT NOAA 3ABHCHT OT IEOMETPUH MOJIEKYJH, a HH-
AyXTHBANE 3¢deKT 3aBECHT TOJMBKO. OT NPHPOAH cBAsed. Hampu-
Mep, b MOKa3aHHWX Huxe uaomepax 1 u 2 [32] mmaykrupubie s¢-
GeKTH aTOMOB XJ0pa, BJAMAILINE HA NOJNOXKEHHE 3IAEKTPOHOB
B rpynne COOH (a cnenosaTeNbHO, H HA KHCAOTHOCTb, CM. M. 8),
ogunakosH, mockoapky mexay Cl m COOH Haxopdrca opuu u
Te Xe cBA3H, a 5Q(PeKTH HoaA pasAHYHH, TAK KaK APOCTPaHCTBEH-
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H. A~-Cl Clc l lﬁ
Crigree Qg o
Py = 3,67 pKy = 6,07
1 ' 2

HOe pacHoJIoKeHBe B H3oMepe 1 TaKOBO, YTO aTOMH XJA0Opa Haxo-
Aarca 6auke K rpynne COOH, wem B usoMepe 2. CpaBHeHHe XHC-
JOTHOCTH H30MepoB 1 H 2 HOMXKHO NHOKAsaTh, AERCTBATENBHO JH
aMer Mecro Soexth noad. IHoayvenuble SKCHepHMEHTANBHHE
JaHHHe NOATBEPAHNH, Y10 B0 MHOrHXx chydasx addexkTH noas
ropasao GoJsiee BaXXHbI, YeM HHAYKTHBHHE SpdexTn [33] Uame
Beero o6a Tana 3GPeKTOB paccMATPHBAOT BMeCTe; B AajbHefuewm
H3JOXEHHH MM He OyZeM NHTaTbCA pasaeduth 9TH a(pdeKTel u
byneM ynorpebuasith HasBanWe Spexr noss ana o6O3HAUEHHS MX
COBMECTHOTO JeHCTBHA.

DYHKUHOHAJLHEE TPYNNH MOKHO KAacCHOHNUPOBATL Ha DJEK-
TPOHOAKLENTOPHHE (—I-rpynmH) H SACKTPOHOAOHOPHHe (--1-
TPYNNH) MO OTHOMIEHEI K BOROPOAY. TC O3HAYAET, YTO, HAMPHMED,
takas -—[-rpynna, xak NOs, Oyaer npHTATHBATL 9JIeKTPOHH
B Goapuiefi CTEHEHH, YeM AaTOM BOACPOZA B TOM e HOJOMEHHH
MOJIEKYJIEL.

;N CH;~—«-Ph
H-—CH,—Ph

Tak, B a-HRTpPOTOAyO/Ie 3JIEKTPOR cBaA3H N-—C 6yayT yAadenH
Ha GoJbillee PACCTOAHHE OT ATOMA YIJIePOAA, UeM IJEKTPOHHl CBSIH
H--C B tonyone. Ananoruyabim ofpasom SaeKTpoHH cBAsE C—Ph
Gynyr OGoablle YyAaJieHH OT KoJAbLA B o-HHTPOTONyONe, YeM
B TOodyose. SipdeKT noad — 10 BCeraa CPABHHTENbHEN 5QdeKT.
Mu cpauuaem —I- Ban +-I-addekT ORHOR IPYNNH OTHOCHTENBHO
npyrofi (o6uyno Bomopoza). IIpHHATC TOBOPHTH, UTO B CPaBHEHHH
¢ BOZOpoAOM rpynna NO, snexTpoHoaruenTopHas (3/JeKTPOHOOTTH-
rHBawillad), a rpynna O~ 3JeKTpOHONOHOPHASA (3JIEKTPOHOOTAAIC-
mas). STH TepMHHN YAO6HO HCMOAB30OBATH, XOTA B AelicTBHTENB-
HOCTH HH OTHAYH, HH NPHTAXEHHA 3JEKTPOHOB He IPOHCXOHHT;
HMeeTCs B BHAY HPOCTO PasSHHIA B MHOJOMEHEH SJACKTPOHOB, 06y-
CHOBJICHHAS PAasJMYHOR SAEKTPOOTPHUATENBHOCTHIO H N(gg
i He O,

B taba. 1.3 npusefiean HauGonee tTunnyAne —JI- B +-I-rpynnu
[34]. MoxHo 3aMeTHTB, YTO B CPABHEHHH C BOJOPOAOM GOJBIIHA-
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Tabauga 1.3, DpberTal MO AAR PAINBUHLK
TpyAN OO OTHOEHHIO K BONOPOAY (rpymna
pACORO®EHH B NOprifke yMeHbwensa --7/-

na —I -s@dexton)
iy -t
o- NR§7 COOH OR
oo~ | SR F COR
CRs NHF Cl SH
CH Rg NOg Br SR
CHgR SO;R I OH
CHa OAr CNC-R
D S0zAr  COOR  Ar
CH=CR:

CTBO M3 NpHBeACHHHX TPYNH 3JEKTPOHOaKUentTopHue, K sAeKTpoHO-
IOHOPHHIM T'PYnNNaM OTHOCATCS TOJBKO PYNNH, HecyltHe dopMalb-
HHH OTPHUATeNIbHBIA 8apsA (Ja H TO He Bce), ATOMH € HHSKOH
9JeKTPOOTPHATENLHOCTEIO, TakHe, Kak Si, Mg u T. A, a TaKkxe
aNKHJAbHHE TIpyNnOH. AjknnsHue rpynna [35] paccMaTtpHBaloT
00LIYHO KaK SJIEKTPOHOROHODHHE, OJHAKO B MOcJefHHe rofu GHAO
HaliJleHe MHOTO NpHMepoB, HATEPNPETHPOBATH KOTOpHE MOXKHO
TOJNBKG HCXOAA HE IOODYIIGHHS, 4TO OO CPaBHEHHIO ¢ BOJOPOJOM
aJIKHIpHHE [PYNNL BeAYT ce6A KaK SAeKTpoHOakuenTopaie [36].
C 3THM JONYILEHHEM COTJIACYeTCA BeJHYMHA SAEKTPOOTPHIATEAb-
Hocrd rpynnnt CHj, paBHas 2,472 (coorBercrBylomas BeJIHYHHA ANA
BofopoAa paBHa 2,176) (7a6a. 1.2). Kak MH yBHAYM HHXKeE, ecfiH
aNIKMIbHAA [PYNNa COSJIMHEHA ¢ HEHACHIIGHHHIM HJIH TPeXBaNeHT-
HHM aTOMOM Yriepoia (MAH APYrHM HEHACHIIIGHHEIM ATOMOM), ee
NOBejfieHHe HaHAYYWIHM 06pasoM OOBACHAETCH TNpPH ACNYHIEHHH ¢e
+{-xapaxkrepa (cM., Hanpumep, pasn. 5.2, 55, 86 u r. 2, pasn.
11.3), Ho KOFAa oHAa CBASAHA ¢ HACHMIEHHBIM ATOMOM, OGBACHeHHE
He CTOAb OYEBHAHO, H B OAHHMX CJyYafXx OHa MOKeT BecTH cels
Kax --J-rpynna, a B ApyrHX — Kak —J-rpynna. {(cM. TakxKe pasA.
8.6) [37]. AnanormuduimM o6pasoM OueBMAHO, ITO S(deKkT MoAs ATH
aJKMJABHHX [PYNN, CBA3aHHHX ¢ HeHACHHIEHHHMH CHCTEMAaMH,
yMeHbIllaeTcss B pAAY TPETHUHHE, BropuuHHe, mepsruHbie, CHy,
HO 3TOT NOPAAOK He Bcerja cofJaiofaercs, ecJiM aAKHJIbHHE MPYINH
CBASAHH ¢ HACHIIEHHMMH cHcTeMami. Ilo OTHOWIEHHIO K BOAOPOAY
Aefirepult fBAseTcs dAeKTPoHOXOHOpHOA rpymnnok [38]. Ipr mpoaux
PaBHBIX YCAOBHAX sp-FHOpHAU3OBAHHEE aTOMH 06aazaloT Goxbluek
3JEKTPOHOAKHENTOPHOA CHOCOGHOCTBIO, WeM Sp2-aTOMH, KOTOpHEe
B CBOI0 ouepemts o6aagaioT GoAplueH IMeKTPOROAKUENTOpHOR chno-
cobHocTeIo, yeM sp*-atoMH [39]. 3tuM obbacHserca ToT akT, uTe
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apuJjibHEIE, BHHHJLHEIE H STHHHJALHBIE [PYNNH OTHOCATCA K pas-
pany —I-rpynn. C yBemaveHneM paccTOAHHA 5gexTs monas
BCEera YMEeHbUIAIOTCH, 32 HCKJAIOUeHAEM cHAYuYaeB ¢ yYacTHeM OYeHb
MOIIHEX +J- uwnu —IJI-rpynm, H Ha PacCTOAHHH derHipex HAH GoJee
cBA3ell NOYTH He OKASHBAIT HHKAKOIC BJAHSHHA.

Bausnve spdeKkroB noJa Ha CHAY KHCAOT H OGCHOBAHHI, a TAKXKe
Ha PeakUHOHHYI cnocofHocTs GyfieT obcyxpaaTteca B ra. 8 u 9 co-
OTBETCTEEHHO.

1.10. Janau cesaedi [40]

Takoe xapaxTepHCTHYHOE CBOMCTEO MOJEKYNH, KaK PacCTOs-
HHA MEXIY COCTABAMIONIHMH €¢ aTOMaMH, MOMXET AaTb NEHHYIO
HHQOPMapRIC NPH CPaBHeHWH OAHHX H TeX Xe¢ cBaAsell B pasanu-
HEIX MosteKysnax. OCHOBHBIMH MeTOJaMH ONPeAesNieHHA NJHH CBA-
3efi B YIIOB MEXAY HHMH ABJAAIOTCA AWGPAKIMS DPEHTreHOBCKHX
Aydefl (NIpHroAHas TONLKO AJAA TBEpAHX Tea), AHGPAKLHS 3JEKTPO-
HOB (MPHrOAHAA TONBLKO AJAA rasoo0pasHblX COefHHeHHH) U clek-
TPOCKONMHYECKHE MeToAs. PaccrosiHAe MexAay aToMaMH, COeRMHEH-
HHIMH XHMHYECKOH CBAI3bIO, HEIOCTOAHHO, TAaK KAK MOJEKyJa Bce
BpeMs KoaebaeTcs, NMOITOMY H3MePAeMBe PacCTOSHHA NPeACTaB-
AA1T coBofi cpellHHe BeNMUHHH B pasHBle METOLH AAI0T HeOAHHA-
KoBnie pesyabraTh [41). OmHaKo 970 cAeAyeT IPHHHMAaTb BO BHH-
MaHAe TOJLKO TOrla, KOTAA BaXXHH TOHKHE PA3JNHYHA.

HecMorpsa Ha T0 410 TOUHOCTH M3MepeHHFi BapbupyeTcs, CBA3H
OJHOrO H TOFO e THNA HMEIOT NpaKTHUECKH NOCTOAHHYN: JJIHHY
B pasHEIX COSAHHCHHAX, & OTKJIOHCHHA He NpeBHMIAT OGHYHO
1%. Tak, ana cBA2H Mexay spi-aToMaMH yraepoia OhaH Hafi-
JeHH cJieAyIome 3HaYeHHA:

,E:z;‘;,,ﬁ;;ﬁ, Hnuna cuasm, A
Aamas 1,644 [42]
CH; 1,632440,0011 [43]
C;HClI 1,5495+-0,0005 [44]
CyHg 1,532--0,003 [45)
Unknorexcan 1,56404-0,015 [46)
mpem-ByTHnxaopna 1,532 [47)
H-Byran — #-rentan 1,631—1,534 [48]
Haolyran 1,635:£0,001 [49]

B ta6a. 1.4 panp AAHHE CBA3efl HEKOTOPHIX Hau{OJNee BaXHBIX
THnoB. Kak BHAHO M3 NPHBEAEHHBX AAHHHX, yeM OSoJblre s-Xapak-
TEp aTOMOB YIJepofa, TeM Kopode cBAsh MexAy HuMmH. Yaie
BCETO 5T0 OGBACHAIOT TeM, YTO C YBEJHUEHHEM S$-Xapakrepa opOH-
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Tabsuya 1.4, Hamau cpasell B HeKOTOPHX COSHHHeHHAX {MpMBRACHHHE SHAYEHHA
ABAMOTCA CcpeAHMMH ¥ HeolAsaTe/bHO OTHOCRTCH K yKasaHHOMY GOefHMHeHHI0)

Brg cedan HAnuda ceday, i 'l:nmmnue CoSnHACHRA

C—C [50]
spP—gp? 1,54
spi—spt 1,50 Anetanpyersisi, ToAyoN, RponH-

el
5p3ewsp 1,46 AneroHuTpHR, UpONHH
spi—gpt 1,48 Byraxner, raHokcant, Ahhersa
spi—sp 1,43 AKpHACHATPHA, BHHAAALETAACH
sp—-sp 1,38 IInancanerined, SyTafHun

C=C [51)
spi—gp? 1,34 Sriten
spi—sp i,gl geren. anNeHHl
sh—sp »28 aTPHeH, HeOOKCHA yTraepofa

C=C [52) yiamp d
sp—sp 1,20 Anernnen

C—H (53]
sp%—H 1,11 Meran
s 1108 BN, aemmnen
sp— . s AUETHAEH

C-—0
sp¥-0 1,41 [54] Jumerunoneifi sphup, sTanon
spA—Q 1,34 [55] MypaBruHas KHMcHOTA
5p3-—0 1,20 [58] dopManasiersy, MypaBsAHAR

KHCROTA

c s,cg-o 1,16 [46] JuoxrcHp yraepoga
sp%-—N 1,47 [56 Meranamun
sp*—N 1,36 I57 OopuaMug

C=N [58]
sp!—N 1,28 OKCHME, AMAHH

CuxN [59]
sp—N 1,16 HCN

C--5 60]
spz—g 1,81 ﬁie‘ranmepxanm
5p3— 1,76 AheRUACY b

C=§ [60] dennacy
sp—S 1,56 CS,

C — raaoren [61] F [57] Cl {62} Br [62] 1 [62]
sp® — rafores 1,38 1,78 - 1,94 2,14
sp? — ranorex 1,356 1,73 1,85 2,03
5p ~— raJoren 1,27 1,63 1,79 1,99

TAAH OHA CHJbHEE YJAepXKHUBaeTed SAPOM, OEHaKo MPERANaraliuch H
Apyrue obbAcHeHRs (pazf. 2.2), H BOmpoc OKOHYaTeabHO He BH-
siCHeH, -
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Hmelorcs ykasaHHA Ha To, uto ¢BA3k C—D HeCKONBKO Kopoue
coorBercTeylolleil cBasn C—H, Tak, mo AaHHbIM H3MepeHHH AIH-
$parunn suaexkrponos, ans CsHg m CoDs namum csazei C—H n
(igl-D paeen 1,1122:+0,0012 u 1,1071+0,0012 A coorBercTBEHHO
[43).

1.11. BaseHTHEIE Yran

MoOXHO NPEANONOMHTb, YTO YIJAB MeXAY CBA3AMH Spi-yrie-
PONHOrO aToMa Becerja RO/MKHH OHTH YIriaME NpPaBHJBHOIO TETpa-
eApa, T. e. paBeATbes 109°28"; omHako 3TO CHPaBENJHBO TOJBLKO
B T€X CJAYy4asX, KOTRa YIJepoj CBA3aH ¢ YeTHPbMS OJHEAKOBHMHE
TPYNiaMH, Kak B MeTaHe, HeOHeHTaHe HJH TeTpax/iopHie yrae-
pora. B GosbllRHCTBE Xe cAyuaeB BeJHUMHA BAJEHTHOTO yraa
HECKOJIbKO OTJIHYAETCH OT 3HAUeHHA ANA NpPaBHALHOTO TeTpPasApa;
Banpumep, B 2-6pomonponate yrox C—C—Br cocrapaser 114,2°
(63). Touno Tak ke y Sp*- H Sp-aTOMOB yraepofa o6bluHo Halamw-
Aaercd HeGoJblloe OTKAOHEHHE OT HAEAJbHHIX BEJIHIMH BaJICHTHHIX
yraop 120 w 180° coorBercTBeRHO. TakHe OTKIOHeHHst OOBRCHS-
10TCH HEKOTOPHMH pasjiuuufMu B rHOpHAH3AUAR: y Spi-yraepopa,
CBA3AHHOTO C YETHPbMs PA3NHYHEIMH ATOMaMH, 3TH 4eTHpe THO-
pHAHHe OpOHTAJH, KaxK NpPaBRNO, He3KBMBAJEHTHH, T. €, KaXpaas
H3 HHX He comepxHT B TOuHOCTH 20 %, - M 75 % p-saexTponos.
TMockoabky B GOALUIAHCTBE CAYY4eB 4YeTHpPE aTOMa WJH TPYNNH
HMeIOT PasHYI0 3JeKTPOOTPHIATE/NbHOCTb, KAXKAKN H3 HHUX NpeRb-
ABJSeT CBOR TpeGoBaHHA K »JeKrpoHam Yriaepoga [64] Uem
GoJablle SJAEKTPCOTPHIATENLHGCTD 3AMECTHTEAS, TeM Goabumnil
P-XapaKTep NPOSABAsSET aTOM Yriepofia; HalpHMep, B XJ0poMeTaHe
cpstsp C—Cl wumeer p-xapaktep Goaee weM Ha 75 %, H 3a cuer
STOrG pP-XapakTep OCTAJBLHHX TpeX cBaAsefl MOWHMKeH, TAK Kak HMe-
IOTCst BCero TPH p-opbutand (K OXHa §), KOTOpHE AONKHH GHThb
NOReNIeHH MeWAY YeTHpPbMsA IHOpRRHHIMH opGuransmu [66). B Ha-
TIPSKEHHBIX MOJIGKYJIaX BaJieHTHHE YIVIH MOTYT OUeHb CHJIBHO OT-
KOHATLCS OT KAeaNbHHX SHauenul (pasn. 4.23).

AToMH KHCNIOPOAZ H 830Ta B COCTOSHHR Spl-rubpuiusalliy
RoJKHH OHIH GHl HMeThb BaJeHTHHe yran 90° oamako, Kak yxe
roBopusoch B pass, 1.3, B MOJeKysax BOAM ¥ aMMHaKa, a8 Takxke
H B APYTHX COe[IHHeHHAX KHCJIOPOAa K a30Ta BasleHTHHeE YTJIH Ha-
MHOrQ GoJblle H cKopee GJHXe IO BeAHYHHe K yrylaM TeTpasapa,
T. e. X 109°28’, a we x 90° (raba. 1.5). 3™H daKTH npHBesH
K TPEANOJOKEHHIO, UTO B YKa3aHHHX COBIHHEHHAX KHCJIOPOA H
asor ofpasylor spi-CBA3H, T. €. BMeCTO NepeKpHBaHHA ABYX (HAH
Tpex) p-opOutanefi ¢ ls-opGuTannic BoRopoia ruOpHAH3YIOTCA 25-
H 2p-opGHTaNu, AaBas YeTHpe Sp*-OpOHTANM; H3 HHUX TOJBKO JBe
(Wau TpH) HCUONBAYIOTCSH IAA CBASH C BOJAOPOJAOM, & OCTAMb-
HHe SaHATH Kenoderennoll napoldl ajekTpoHoB. Taxoe onHcaHHe
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Tabauyn 1.5, BageHTHHEe YraW B HeKOTOPHX COCHHHEHHAX KHCIOPOAS,
cepHl W ajoTa

Yron Be;,'r?;: na CoepAnEHKS JikTepatypa
H—O—H 104°27' Bozna 5
C—0—-H 107—109° Metanon 46
C—0—C 111°43" Hunmernnoenti shup B4
C—0—C 1244-5° Hudernnosuil sdup 60
H—-5—H 92,1° Cepasogopon 60
C—-S5—H 99,4° MeTunMepranTan 60
C-—85-C 99,1¢ JlameTHRCY ALY 66
H—N—H 106°46' AMMuax 5

- H—--N—H 1067 Memunamun 67
C—N—H 119° > 67
C—N-C 108,7° TpumerEAaMun 68

NPRHATO CEroAHA GOJNBIIHHCTBOM XAMHKOB, H, €CJH OHO CNpaBef-
AHBO, HEOGXOANMC OGBSCHHTD, NOYEMY B YKa3aHHHIX COCAHHEHHAX
BaJieHTHHe Yraw Menbme 109°28’, Ilpepnaramock OOBACHATH 3TO
npocTpaHcTBeHHBIMH (aKTOpaMu: CTepHuecKHe TpeGOBaHHA Hemofe-
JIHHOR MapH B JeACTBHTEJNBHOCTH NPEBOCXOAAT NOTPebHOCTH 3/1eK-
TPOHHOH TNapH, YvacTBywollelf B 00pa3oBaHUH CBA3H, NOCKOABKY
B NepBOM CJydYae SJeKTPOHH He OTTATHBAIOTCH "-TOPHM SAAPOM;
B pesyJibTaTe Bce CBS3H B MOJIEKYJE pacnojiaralorcd 06ojiee TecHo,
OnHaKko HMeIOTCA BeCKHMe HOKA3aTeAbCTBE TOTO, UTO CTepHUecKHe
TpeGOBaHHA HeNoJAeNeHHON TapH MeHbIE, YeM CBA3AHHHIX 3JeK-
TpoHoB [69]. B Hacrosmlee BpeMs yMeHblieHMe BaJeHTHBHIX YIJOB
B NOACGHBIX CAYYAAX NPHHATO OGBACHATE TeM, 4To THGpHAR3ANAA
oTXHuaerca oT aucroro spi-Tmna. Kak yme rosopmiaoch, p-xapak-
Tep CBA3H Y JI06OTO aTOMa TeM BHIe, 9eM GOJbINE 3JEKTPOOTPH-
IaTeJIbHCCTb BTOPOrC aToMa, ¢ KOTOPHM OH cBasaH. Henoxenen-
HYIO 9/IEKTPOHHYIO IaPY MOXKHO PacCMaTPHBATh KAK «aTOM* C HaM-
MeHbHIeH BOSMOXHOK 3JMEKTPOOTPHUATE.HBHOCTBIO, TaK KaK y Hee
TOJIHOCTBIO  OTCYTCTBYET CIOCOOHOCTh NPHTATHBATH 3JAEKTPOHHI.
TosToMy HemopefeHHbe MAapH MMEOT SOMBUIMA S-xapakTep, a co-
OTBETCTBYIOIHE CRASH — GOJbUIRA p-XapaKTep, ueM HCTHHHHE
sp3-op6uTann, T. e. CBASM MPHOIMKAIOCH K pi-TAMY, U BajeHTHbIE
YMMIEL YMeHbLIaOTCA, Kak BARHO H3 HsHHHX tali. 1.5, paneHTHHE
YIJIH B COeINHeHHNAX KHCAOPOAA, a30Ta H cepH, KaK mpaBuic, yBe-
JIHYHBAIOTCA € YMeHBbIICHHeM SJeKTPCOTPHLATENBHOCT 3aMecTH-
teqaeli. CnefyeT OTMeruThb, OZHAKO, YTO MPEAAAraeMoe paccMoTpe-
HAe He MOXKeT OOBACHHTL, NOYEMY HEKOTOPHE BAJEHTHHE YIVIH
nPesuUAOT TeTPasAPRIECKHA YTOJL.
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1.12. Suepras caash [70]

CymecTByIOT 4Ba BHAA SHEPrHH CBASH. SHEPrrio, HeOGXOAUMYIO
AN pacilienAeHHs MOJeKYJH Ha COCTAaBNAIOUIHE PaRuKalbl, HasH-
BaloT Inepeuerl Auccoyuayuu W obosHavaor D. Hanpumep, Beau-
quta D aas npouecca HyO—--HO+4H cocrasaser 118 xkan/modn,
Oznako 3Ty BeNHYUHY HeJb3sl NPHHATL 3a SHepruio cesisH O—H
B MoOJleKyJe BOAH, NOCKOJbKy i mponecca H—O—H4-0O D=
=100 xkaa/monb. Jnepeus ceasu (E) paccuuTHBAeTCA Kak Cpef-
Hee 3THX JABYX BeJIMUMH M paBHa 109 kkan/mons. EcTecTBeHHO, AN
JABYXaTOMHHEIX MoJtekya D=E.

Beamuntnt D HHOTAA TPYAHO H3MEPHTB, HO BONIpOCa © TOM, 916
OHM 03HaYaloT, He BosHHKaer. C BeanuuHamMH E peno ofcrour
caoxnee, Tak, AnA MeTaHa Do/NHAA S5HeprHf npespailendas CHy—
—C +4H cocrasaser npr 0 K 393 xxan/moxs [71]. CaenoBarensno,
sHeprusa ceA3y C—H B Moaekyae MeraHa paBHa 98 KKaa/MoJb
mpr 0 K. Opnaxko ofuMHO TemnoTy aToMusalud (T. €. 2HEpruio,
HeoOXOAMMYI0 RJs TpeBpallleNHs MOJeKYyJAH B aTOMH) He H3Me-
PAIOT HeNOCPeACTBEHHO, a pPacCYHTHBAOT N0 TENAOTEe CrOpaHHs
Ilpumep rakoro pacuera nokasak Ha puc. 1.11.

CyH, (ras)+ 3--;——03 (rag}—»2C0y (ras) 4 3H,O (mank.) = 372,9 xKaa

2C0, (ras}-»2C {rpadar) + 20a (ras) —188,2 kran
3H,0 (xupx.)—3Hg(ras} 41 -lé—-O. (ras) —204,9 KKan
3H; (ras)—»6H (ras) —3812,5 xgan
2C (rpadut)—-2C (ras) —343,4 kxan
CoH, (ras)—-6H (ras)+ 2C (ras) — 676,1 xxax

Pue, 111, Pacqer TennoTH ATOMESANNHM STaNa upu 25 °C,

Jlast yrneBofgopoAOR TENAOTH CTOpPaHAA H3MepeHH OueHb TOYHO
[72]. Ona meTana ara BexmunHa cocrasnger 212,8 Kxaa/Moabr npu
25 °C, otciofa paccyHTaHHas TemioTa ATOMH3allHM paBHa
398,0 xxaa/moap (mpu 25 °C), a Beanynna E ans ceasu C—H
paBHa 99,5 kkanfmome (mpu 25 °C). PaccMarpusaeMHfi MeTox
H/leafAbHO MOAXOAHT JRJA MOJEKYJ, NOAOGHHX MeTaHy, B KOTOPHIX
BCe CBA3H SKBHBAJIEHTHH, HO B cilyiae (ojiee CAOKHHX MOJeXya
IPHXOAMTCS BBORUTL HONyleHus, Tak, ais sTaHA TensoTa aTOMH-
sauud 1pu 25 °C cocrapaser 676,1 kkaa/Moas (puc. 1.11}, B HYXKHO
PelINTb, KAKOB BKJAax B 9Ty sHepruio ceA3w C—C, a KaKoB BKIan
meete castaefi C—H, TMockoAnky HuKaxum cnocoboM Hedb3sl 110-
JIYUHTB TaKoro pofia HHpopmaumio, n6oe AomylleHHe Hen3bexHO
OyJeT WCKYCCTBEHHHM, H B AefCTBUTELHOCTH 5TOT BONPOC He HMeeT
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¢H3Hveckoro cMmcna. Ecam ZomycTHTb, %TO ANA KaxAOH CBASH
C—H Bennunna E Tagas xe, kak an#d cpase C—H B MeraHe, T. e.
99,5 kkam/Moap, T0 Ha ZRomwo ceisH C—C B sTaHe ocTaHercs
676,1—99,6:6=79,1 kkan/mone. OxHAKO aHAJNOrAYHHE pacuer
sHeprHH c¢BAsH C—C g nponana AaeT Beanunny 80,3 KKal/Moab,
a aas Hso6yrana — 81,6 kxan/Mons. BOSHHKAIOT TaKXKe TPYAHOCTH
OPH PacCMOTPEHHE TEIJIOT AaTOMH3AILKE H3OMEePHHIX COSAHHEHHH.
Tak, araxoruuHbf pacder suepruu cBssH C—OC B meHTaHE, H30-
NeHTaHe M HeONeHTaHe faeT pasHbe BeArunHH: 81,1, 81,8 u
82,4 krax/moab coorsercreendo (npr 28 °C), xors Bce 3TH CO-
eAMHEHHA HMeWT no ABeHaiuarth cBaseii C—H w no gernpe caas3u

e
.

[lonobubie pasauuusA 00BACHAWTCA BAHAHHEM pAXa ¢aKropos,
CBASAHHHX CO CTPYKTYPHRIMH ocoGenHocrsiMH. Tak, cBase C—H
NpH TPETHYHOM ATOMe YI/epoia B H3OoNeHTaHe KOJHUECTBEHHO OT-
AHYaerca me s-Xapakrepy or cessH C—H upu BTOpHIHOM aroMe
yriepoja B meHTaHe, KOTOpasi B CBOI0 OYepelb OTJIHYAETcA OT
cpasn C—H B MeTaHe, HMelolnieM NepBHIHHA aToM yriepoia. Kak
HSBeCTHO, BeJHUHHH ), Korophle MOMHO H3MepHTh, HEORMHAKOBH
AN NePBHYHBIX, BTOPHYHHIX H TpeTHYHHX cBAselt C—H (cM.
tabn. 5.2). Kpome Toro, HMeer 3HaueHWe H cTepHueckuii ¢axrop,
nosroMy OBI0 OH HEKODPEKTHO HCMONb30BAThH BEJNHIHHY SHEpPTHH
ceazd C—H 8 Merane (99,0 Kxan/Monb) B KauecTBe BJHUAHH E
Aas Bcex csiseit C—H B mo6uX coexureHusax. Has ydera pas-
JUYHHX (DaKTOpOB, BJAHAIOMIHX Ha SHEPrHI0 CBA3H, OHAH BHBeE-
AeHH HeKOTOpHe IMIHpHUecKHe ypaBHeHHs (73], mojmyio SHepruio
MOXXHO BHYHCJIHTb, €CAH BBeCTH NOAXOAAWIA{I Habop mapaMeTpos
Al KaxAoR crpykrypmoll ocobennoctd. TakHe mapaMeTpn CHa-
qajia PacCYHTHIBAIOT MO H3BECTHAIM [IOJHHM SHEPTHSIM HEKOTOPHX
MOJIEKYJl COOTBETCTBYIOLIEIQ CTPOSHHS.

B tabn. 1.6 npmeefenn BeanumHH E ANg pasiHYHHX THIOB
essasH, CpelHHe SHaUeHHs BLIBefieHW AnA GOABIUIOrO paja CcoeiH-
HeHHl ¢ XaHHOH CB#3bI0, MO HHM BHYHCACHH 3HayeHH® E AT HH-
JHBHAYaJbHHX cOefHHeHHH. B nurepaType HMeioTcd CBeAeHHs MO
SHeprusM CBfI3H, YYHTHBAIOUIAE PA3NHUHYI0 THOpHAM3aHHIO, HA-
npuMep OTAHYHe SHepraft ceasedl sp?-C—H u sp?-C—H (74].

Ha ocHoBaHu# npuBefeHHHX B Taba, 1.6 JaHHEX MOXHO cie-
JaTh HeKoTopHe 00o0menns,

1. MMeerca koppeasiuys MeXAY IPOYHOCTbIO CBASH H ¢e AJH-
Hofl. CpaBsHeRmne ZanHnHX Taba. 1.4 B 1.6 nokasmBsaer, 4T0, KaK
HPaBUJIO, ¥€M C8836 KOpoue, Tem OHa npouree. B pasp. 1.10 yxe
YKasHBaJ0Ch, 9TO C YBEJHYEHHEM S-XapaKrepa CBHASH €e JJIHHA
YMeHbIIACTCSA; OTCIOFa CJeAYeT, YTO0 ¢ YBeNMUeHHEM S-XapaKrTepa
BO3pacTaer H NPOYHOCTDb CBASH,

2, Ecan mpocneluTh 3a SACMEHTAMH Kaxgoft rpynne nepHo-
IAYECKOX CHCTEMH, TO BHEHO, 9TO NPH ABHXEHHH CBEPXy BHHS
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Tabauya 1.6 DEeprau ¢aseli HeKOTOPHX HaHGONee BAKEHX THINOB, BRYTDH Raxcuof
rpynnst penruaie E pactionoxeNs: B NOPAAKS YMeHbIICHHS MPOTHOCTH CBASH. Cpenmie
sRaUeHHA BHBeleHH aaa CGoabuoro pafa coepunenufl ¢ RaEpofi cBAgbD, MO BHM
BEMHCTEAH sRaueHus E AAA MRAMBARYAALHHX coexmdenufi.

Tan cBAsH cgﬁ’n“ﬂ"::lfﬂ"g B XKkapn/mans CoeaRReREe
O—H 110—1i1 10,6

C—H 96—99 99,5

N—H 93 03,4 NH;
S—H 82 83 H,S
C~—F 116 CF,
C—R 096—09 99.5 CH,
Cc—0 85—91 76,8 CH,0H

84,2 CH;0H
c—C 83—85 79,1 Hg
c—Cl 79 78,3 1
C—N 69—75 [76] 66,5 CH:NHa
C—8r 66 69 CBr,
85 CH s

c—$ 66 64 ala H
CamCC 199—200 1944 CH,
C=C 146—151 1413 C.H,
c—C 8385 79,1 GH,
CunN 204 2086, 1 HCN
C=0 173—181 1& HCHO

=N 143 |76}

EPOUHOCTh CBASH yMeHblgercd, JlocraTouHo AMs mpEMepa cpas-
HETh cBA3H C—O m C—S mam yeTHpe CBE3H YIraAEpOX — rAJIOTEH,
Taxoe ocnabjeHde CBA3SH ABAfAETCA CAeACTBHeM nepboro ofobmie-
HHS, 1pH ABHXEHHE CBepXy BHH3 B rpynme nepHOAMIECKoH cH-
CTEMH ¥ 3/CMEHTOB YBEJIHYHBAETCH THCJAO BHYTPEHHHX 3JIGKTPO-
HOB, M0STOMY HJHHA CBS3H AOJKHAZ BOSPACTATD.

3. Opofinne cBA3M Kopoue H mpoOYHee, UeM COOTBETCTRYIOLIHE
OfMRApHKE CBS3H, HO NMPOYHOCTh MX He BABoe GoJblle, Tak Kak
HepeKpHBaHHe m-opOMTajell MeHbING, ueM nepeKprBaEHe ¢-0pGH-
tane, D10 O3HAYaeT, YTO CG-CBASH HpPOYHEEe f-CBA3H, PasEOCTh
MeXAy SHeprMstMH NpOCTOR CBA3H, cKaXem cBasH C—C, u coor-
BeTCTRYIOmeH HBOAHON CB#3K paBHA KOJNHYECTBY SHeprud, Heo6xo-
BHMOl AJg BpameRus BOKPYr Asofinofi cesasn [77).
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JIHTEPATYPA H NPHMEYAHHA
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HeJdokanusoBanxas
XUMHYECKada CBSA3b

Muorne coefHHEeHHMS MOXHO afeKBATHO ONMMCATh ORHOH CTPYK-
TypHOR ¢opMyaonrt JIviouca (pasx. 1.6), omHaxko nns mesoro psapa
IpYrux coeAMHeRHR 9TOTC HepocTaTouHO. Peub HAET O COefHHe-
HHSIX, B KOTOPHX OAHa HiH OoJee cBA3LIBAOUIKX opOHTaNell HpH-
HajJlelkaT He TOJBKO Hape aTOMOB, HC OXBATHIBAIOT TPH SApPA HAH
Jaxe Gonbliee wxcao anep. Takoro poAa CBSA3b HA3HBAOT Geao-
kaausosannodi {1]. B HacTosmeli rmaBe GyAyT paccCMOTDEHHW THIH
COeliUHEHHER, KOTOPHle MOXKHO NPEICTaBHTL ¢ NOMOLILID TaKHuX
cBszed.

Jaa coefuueHHR c AReNOKa/NH3OBAHHLIMH CBA3SMH -HCHOJB3Y-
I0TCSl Te Xe [Ba TJaBHHX OOLX MeToia RPHOJKHXKEHHOro pelle-
Hus ypaBHeHHs Illpéaunrepa, xoropule paccMaTpusajuch B ™. 1
(2]. B MeTozie BaNEHTHHX CXeM MOJEKYJAY H300paXKalT HECKOJb-
KHMH BO3MOXHHMH CcTpYKTypaMu JIbioca (HasolBaeMuHIMH KQHO-
HUYeCKUMU (PopmaMU) W CUHTAIOT, YTO OHA HpeAcTaBader cobofl
cpeiHee MeKZY <BecaMd», WJAM BKAajaMH, 3THX CTPYKTYp, Kax-
JOH M3 KOTOPHX OTBEUdeT cBOA BOJHOBaA (QYHKOHA 1 B ypaBHe-
HuE (2) (cM. i 1):

¥=capstepPpt . . .

Taxkoce mnpescrapieHHe peaJbHOR CTPYKTYPH KAK CpeAHEB3BEHIEH-
HOTO HECKOJBKHX KAHOHHUECKUX (OPM HA3HIBAETCA PESONBHCOM.
Mouxekyany GeH30Ma MOXHO NPEICTABHTh KAHOHHUECKHMHE (OpMaMH

PO 0—9—9

1 ¥ 2, cTpenlKa ¢ OBYMA OCTPHAMH MEXAY KOTOPHIMH YKasnBaeT
Ha HaJMUHe pesoHaHca. PelleHHe BOJNHOBOTO YpaBHEHMS NOKasH-
BaeT, YTO, €CJH AOMYCTHTb, UTO BKJAA CTPYKTYP 1 M 2 OAMHAKOB,
noiayuaeMas BeJIHUHHA SHEPIHH MeHble, 2eM TIPH PaCCMOTPEHHM
KaxXaok H3 STHX CTPYKTYP 10 OTAEAbHOCTH. BednuMHA SHeprau
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CTAHOBHTCA ellte MeHbIle, ecJH AOMYCTHTL BKJAAX elle TPeX cTpyK-
Typ: 8, 4 u § (RasuBaeMux crpyxrypasu Hsicapa). Coraacso
STOMY MeTOAY, BEJafW crpykryp 1 u 2 cocrapasior 39 %,
a BEJAaAH OCTadbRHX cTPYETYp — 1o 7,3 %, [8]; mopsamox ceasm
C—C pasen 1,463, a2 ve 1,5 (kak poaxuo 6uiiio Ou GHTH B cnyvae
BKNajia TONBKO ABYX CTPYKTyp, 1 B 2). B Merone BajJeHTHHX cxeM
nopsdox cessu onpependerca Kak CyMMa BEAAJIOB TeX KaHOHAYe-
cKux GopM, B KOTOPHX CBA3b ABoltHas, NAOC ¢HHEHEALA AAA NPO-
crofi cBASH, NPHCYTCTBYOIeR Bo Beex dopmax [4]. Tak, B MoJe-
Ey#e OeHsosa JJHHA KaXAofl CBA3H YIJIePOA—YIAepol HECKOALKO
MeHbllle, HeM CcpepHee apHpMeTHUECKOe MeXAY HpocTofi CBA3BLIO
C—C u ppofinoft cassio C=C. Ouesuano, uTo 5Heprus peafpEON
MOJeKYMH MeHblile, qeM 3Hepras JoGofi u3 cTpykryp JlbioHca, Tak
K2K B NPOTHBHOM CJydae MoJieKysa Ao/XKHa GHja OB HMeTb
OJlHy H3 3THX CTPYKTYp. PasHocTb sHepruit peanbnofl MOJEKYJH
H caMOfl HHM3KOSHeprerHuecKoH cTpPYKRrypu Jlnlouca [5] wasusalor
anepauell pesonanca.

[IpeacraBiende o pesoHaHCe 9acTo HCMOJAL3YIOT AJA Kauecr-
BEHHOTO OMHCAHKHS CTPOEHHS MOJEKYJ, HO 1O Mepe YCAOXKHeHHS
CTPYKTYpH (CKaxkeM, HpH mNepexofe oT OSeHzolMa K Hadramuny,
RDHPHAKHAY H T. 1) KOJHYECTBEHHEIE PAcueTH BaJIEHTHHX CXeM CTa-
HOBSITCA Bee Gonee 3aTpyZuHrenpaH, IlosroMy Xaa peureHus BOJ-
HOBHX YpaBHeHHA vamle NPHMEHSIOT APYrofi MeTOX, METON MoJe-
KynSpHEIX opGutaneli. ECaM ¢ TOYKM 3peHHS 3TOrO MeToZa KadecT-
BeHHO paccMOTperh MOJEKyJay OeHsoNa, TO MOMKHO BHAETb, 4TO
KaKAHH aToM yriaepoRa, CBASAHHHN ¢ TpeMS APYTHMH aTOMAaMH,
Kcnoansyer sp-opOuTand Basa ofpasoBaBHA o-cBAsefi, Tak uTO Bee
12 aroMoB AexaT B ofHoH MaockocTH. KpoMe Toro, KamAnA aToM
yriiepoa ¥MeeT emte p-opGHTajb, KOTOpPAs MOXKET B PABHON Mepe
NepeKPHBATECA ¢ IBYMS COCeXHMMH p-opGHTasamu. IlepexphBa-
HHe ilecTHE Takux opburateft (puc. 2.1) Aaer mects HOBHX OpOH-
rajefi, TpH 43 KOTOPHX, CBASHBawinKe (OHHM IMOKA3aHH Ha
puc. 2.1), vasmBaiorcs m-opGuTanamu. Bce Tpw m-opburaim 3a-
HHM2IOT IPHMEepHO OANHAKOBOE MPOCTPAHCTBO, OXHA U3 HUX HMeeT
CaMyI0 HE3KYIO 3HEPTHIO, a ABe APYTHE ABASIOTCA BHPOMKASHHHMH.
Kaxnag opOurany uMeer Y3loBYl0 OOGsACTh, KOTOpas MBASETCS
DJAOCKOCTBIO KOJIBHA, H pasiensteTes fa ABe WACTH, PACTIONOKEHHEE
Haj HJAOCKOCTBIO ¥ MoA Hefl. JIBe BRCOXOsHeprerHYecKHe OpOHTANE
(puc. 1, 6 u 6) HuMelor eme XPYrywo yszosylo ofaacte. Ilects
3JIEKTPOKOB, 06GpPasyOmHX TOPOHAANbLHOE 00MaKo, HA3HBAIOT apo-
marusecxum cexcrerom. Ilopsanok CBSI3H YriiepoR — Yriepoi, BH-
TMCACHHHA 1O MeToAy MOAEKYJSPHHX opOHTajef, cocraBiaser
1,667 [6).

HAns naockHx MoJeKyJ, HeHACHIIEHHBX K apPOMAaTHYECKHX,
6H/A0 HPOBELEHO MHOMECTBO PACYeTOB MOJEKYJAPHHIX opbntaneit
¢ paccMOTPeHHeM N[O OTHSNLHOCTH ¢- ¥ N-5AeKTpoHOB. Cumraeres,
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Puc. 2.1, lllects p-oplutasefl GeHsona NepekpHBalOTCH, OOpasyd TPH CBASH-
Bawinpe opbutanr {4, & B s£). Haroxenue sTHx Tpex opGHTranefi moxasaHo

CTpYKTYpolt 2.

9T0 G-OpPOGHTaNH MOXHO pAacCMaTpHBaTh KaK JOKAJH30BaHHHE
CBA3K H NPOBOAMTD PACIST TONLKO JUIf m-5HeKTpoHOB, [TepBuie Ta-
KHe pacueTH OHJH BuNoJHeHH XIOKKeleM, H HX 9acTO HasHBaloOT
pacaeranu mosexyaspusix opburased no merody Xoxxean (MOX)
[7]. B sToM.MeTONe BSAHMHLIM OTTAJKHBARHEM 3JEKTPOHOB NpeHe-
fperaior BAH ero ycpeauaiot. Bra paspaGotan ® Apyrofi MeTof,
HasuBaeMHli serodom camocoesacosaninoeo noas (CCIHI), nam
merodon Xaprpu—Poxg [8]. O6a MeToa AalOT YAOBNETROPHTEJb-
HHeE pe3yNbTaTH AAA RJOCKHX MOJEKYyJ, HeHacHIDEHHHIX H apoMa-
TUYECKHX, HO JJA MHOXKeCTBa APYTHX COeAWHeHHH OHH ©acTo OKa-
3NBAIOTC HenpUroAHHMH. OueBHAHO, 2T0 GHAO OH Jyuille BKIO-
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9aTh B pacueTHl H 0- H J-3JAEKTPOHH; C PA3SBHTHEM COBpeMeHHOH
BHIMHCJAHTENEHON TeXHHKH 3T0 craHOBHTcs Bosmoxuum [9). IIpo-
BEllCHO MHOJKECTBO PACYETOB ANA PA3JIHUHHX coefuHeHHit [10] ¢ uc-
NoAL30BAHHEM pasHOOGpAasHHX METON0B, B TOM YHcJe paciiHpeH-
Horo mertoja Xiokkens [l11] m weroma CCII mpHMeHHTENLHO KO
BCeM BAJEHTHHIM 3JeKTpoHam [12]. .

XoTa MeTOAH BaAeHTHHX CXeM H MOJICKYAAPHHIX opGHTanel
Jal0T HeCKOAbKC pasjHuyalomHecs pesyJbTaATH, H TOT M APYrofi
MeTOA, YKa3hBaeT Ha HaJHuYHe ASJIOKAJNH3ALHH B MOJeKyie OeH-
sona. Hanmpumep, o6a MmeToza HpeACKasHBAlOT, 4TO BCe IIECTh
YIAEpOA-YT/ICPOAREX CBA3ell AOMKHH HMETb PaBHYIO AJHRY, H 3TO
COOTBETCTBYET AelicTBUTENbHOCTH, I10CKONLKY KamAu# Merol yAoO-
GeH IJia onpefefeHHBX Uedefi, B Aa’bHefimeM GyAeT HCIOJAbLSO-
BATECA H/JAH ONHH, HJAH APYroft MeToOm Kak HanGojee MOAXONAINHIE
JJ1A RaHHOTO caydas.

2.1. AAuHM 1 SHEPTHH cBA3ell B COCRMHEHHAX ¢ JIEJOKANH30BaAHUBIMH
CBA3AMM

EcnH cyMMHPOEATH 3HepPTrHH BceX cBsdeil B (eH30je, B3AB 3HA-
uenHsd, NPHBeleHHBE, HanmpEMep, B Taba. 1.6, To BeaMuHRa Ten-
JIOTH 4aTOMHSAUWH OKaxKeTcs MeHblie, YeM 3KCHepHMEHTaNLHO
HafileuHas AJas OeH3oJa BejuuuHa, paBHas 1323 kkaxa/moan
(puc. 2.2). Ecanm wucnoan3opats sHadeHus E aas cpasu C=C
B uukaorekcene (148,8), aas cessp C—C B nuxaorekcane (81,8)
u aas case C—H B meraue (99,5), To cymmapHast sHeprasi nas
CTPYKTYpH 1 unu 2 posyurtca pasrofi 1289 kkaa/monas. Ilo aTuM
pacueraM SHeprHf pesoHAHca AOJKHA COCTaBJATL 34 KKaja/MOJb.
Koneuno, rakoft pacuer NPOM3BOMEH, TAK KaK NMOMHMO TOTO, YTO
MH DPAacCYHTHBaeM TEIUIOTY ATOMH3ALWHM HecymecTBylomieli cTpyk-
Typut (1), MH BHHYXACHH HCHOAB3OBAaTH 3HaueRHA E, KoTophle
caMi no cee He HMEIOT peafibHON OCHOBH. MH MoOXeM H3MepHTDL
TEINIOTY ATOMU3ALHH peasbHOR MOJEKYJH, HC HacueT TOro, Kakas
E3 CcTPYkTyp Jlbiouca o6aagaer HaumHusmefi sHeprHefi, MOIKHO
JAIWL CTPOHTL HNOTAAKH, IOSTOMY SHEPrHI0O pe30HaHca MOMKHO
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Puc. 2.2, Duepras pesoHanca Gensoda (KKaz/Moub).
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TOJIbKO YCTAHOBHTE, HO HHKOTAA HeJb3d HaMeputh. Jpyroil, uacro
HCIOABLSYEMHH MeTol YCTAHOBJIEHHS 9HEPrHH Pe30HAHCAa OCHOBaH
Ha H3MepeHHH Tenjor THApHpoBarHsa [13). Tak, uHcxoas u3
TOrO, WYTO TeIVIOTA THIPHPOBRHHA LHKJAOIeKCeHa COCTABJAsfET
28,6 KxaJ/MONb, MOXXHO IPEANOJOXKHTD, YTO FHAOTETHICCKHE CTPYK-
TYPH 1 # 2 c TpeMs APOAHHMH CBASAMH AOJAMKHH HMeTh Tem-
J0Ty rujpuposaHust okojo 85,8 Kkaa/moap, Temnora ruipHpoOBa-
HHS pealioHON MOJeKyJH OeHsona pasHa 49,8 KxaJ/MoJb, 0TCIONA
SHepPrus pesoHaHca cocraBaser 36 Kxana/moab. Ilpn mobuix pac-
4eTax peasabHas MojeKyJda Oojiee ycTofiIuBa, UeM [HIOTETHYeCKHE
CTPYKTYpPH 1 HaH 2.

Jnepruu urect opOurasieit 6eH30A2 MOXKHO PacCYMTAThH MO Me-
Toay XIOKKeJAd C MOMOIIBIO JABYX BeJuuHH, a H B. Beauunna a co-
OTBETCTBYET KOJHUECTBY SHepIHH, KOTOpo#l obixajaer H30JHpPOBaH-
Hasd 2p-opOHTaNb [0 IlepeKpHIBAHKA, a BeJIHYHHA f (HA3bBaeMas
PE3OHAHCHbIM UNTE2PAAOM) ABJACTCA CHMHHUEH 9HePrHH, BHpa-
Kawlllefi creneHp cralHJAK2auMA 3a cueT R-0pOHTAJBHOTO Hepe-
KpHBanas, OTpunaTeNbHasi BeAHYHMHa B COOTBETCTBYET HAJAHUHIO
CTaGHAHSALHH, H SHeprud WectH opOuraseli (oT HH3lle#i K BHCc-
meff) BHpaxKaoTed cheAylomwHM obpasom: o+28, o+, a-+p,
a—p, a—p B a—20 [14]. [loanas sHeprus Tpex 3aceseHHHX opOH-
Tajgeil BHpaxaercs Kak 6a-+8p, Tak Kak Ha Kaxpo# opGmTanu
HAMeTCs Ne ABa SJeKTpoHa. DHeprusa oSeluHON ABofiHok cBASH co-
OTBETCTBYET BeNHYHHe «+f, TaK 4YTO CTPYKTYpH 1 Mau 2 uMeoT
aneprii0 6a-+6B. OTciofa sHeprus pesoHaHca MOJEKYIH OeH3ona .
BHpaxaercd BeaHdHHOH 2. lé)comanenmo, He CYIleCTBYeT YHOO-
HOTO cnocofa pacyera BeJHYHHH f N0 MeTOAY MOJIEKYJASPHHX Op-
Ourasefi. Yacrto pgaa OeH30Na NPHBOAMTCH BeAHYHHA OKOJO
18 kkan/Mosb, UTO COCTaBAdAET HOJOBHHY SHEPTHH pe3oHaHca, BH- -
YACJICHHOH N0 TENJAOTaM CTOpPaHHA MM HAPHpOBaHMA.

Cnenyer OXHAATE, UTO B COeAMHeHHSX, OGHAPYXHBAalONAX Xe- -
JIOKANUSANKIO, IJHHH cBf3ell OyAYT NPOMEXYTOUHHIME MeXay'
3HAYeHNIMH, XaHHKMH B Taba, 14, B ciyuae GeHsona 8TO Tak H
€CThb: MEeXKATOMHOE PaccTOSHHE YIJIepoA—YIepoA B sTofl MoMeKkyae
cocraBaser 1,40 A [15], 1. e. oHO MeHbIle AJAHE MpPOCTOH CBASH
sp2—sp? C—C, pasuofi 1,48 A, u Goavime RAWHH ABOAHOR CBA3H
sp?—sp? C==C, pasHo# 1,38 A.

2.2, THNH MOJIEKYH ¢ JEA0KAAUIOBAHHLIME CBA3AMH

Bee crpykTypH, OGHapyXHBAOHIHEG AeNOKAJH3AUMIO, MOXHO
pasZenuTh Ha TPH IMIABHHIX THNA.

1. Conpaxetinsie dsodinsie (usu tpotinse) ceasu [16) TIpuMe-
poM Takofl CTPYKTYPH CJAYXKHT, KOHeuHO, GeH3S0Ml, HO NPOCTEHIINM
coefHHEHMeM TAKOTO THNA sABAsercs OyTaiHeH, MoJeKyJSpHHe op-
Gutasn KoToporo MaobpameHn Ha pHc. 2.3. IlepexpHBaHue gerH-
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Puc. 23, UYernpe n-opGuranu Gyrapuena, o6palopamnbe NepEeKpHBARHEM Ue-
THpex p-oplarazned,

pex opOHTaNei Aaer Abe cRE3HBaIOHIEe OPGHTANH, COAepIKallHe
yeThipe 9JEKTPOHA, H JABe BaKaHTHHe pAaspHXJAs0IiHe oplHTaH.
Kaxaas op6uraib uMeer Ha OAHY y3JO0BYI0 ofaacth GoJbie, wen
¢lejyomas 3a Heft op6uranb ¢ Oojee HH3KOA SHepruel. JHepruH
geTnpex opOHrTaNeRt (OT EH3Meli K BhicHIeH) BHPAXKAKTCA BEIHUH-
EamMu: o 1,6188; «+40,6188; «--0,618p; «—0,6188. Orciona noa-
Hag SHePrHA ABYX SAHATHX OpOHTANEH BHpPANKAETCR BeJHMHHOH
404-4,4728. TlocKoAbKY 9SHepPrHf ABYX H3OJAHPOBAHHHX ABORRLIX
caz:seﬁ cocrapiser 4a+4p, BuUHCHeHHAA SHepriA pe3OHAHCA paBHA
0,4728.
Cunraercs, 9T0 B peSOHAHC BHOCAT BKAAJ CTPYKTYpH 7 U 8:

® Q e @
CH/~=CH~CH=CH, +— CH;— CH =:CH—CH,«—— CH;~CH=CH—CH,

1] 1T 8

HOas miobofi M8 9THX CTPYKTYp NOPAZOK CBASH MeXAY ABYMs
HeETpaNbHEIMH  aTOMaMH  yriepoaa jgoaxeH Ouhth Gojpme ),
a MeXHy IBYMA ADYTHMH ATOMAaMH yriaepoia — MeHelie 2, XoTd
HH IO OXHOH H3 pacCMATPHBAEMHX CTPYKTYP HeJb3sA npeficKasarh,
4TO TPH CBA3H HMEIOT OXHHAKOBYIO SJIEKTPOHHYI0 HJOTHOCTH. Ba-
YHC/CHHHE N0 METOAY MOJIEKYJAAPHHX opOuraefi MOPRAKH cBA3el
pasHu 1,894 u 1,447 [17].

B 1959 r. 6HMM BHCKASaHK COMHEHHS OTHOCHTENBHO PeaJbHO-
CTH ReAOKAaJH3aNME B OyTasueHe H CXOAHHX MOJexkyJaax. Tak,
Anuna ceasu C==C B Gyraguene cocraeiaser 1,34 A, a gauna ceasu
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C—C— 1,48 A [18]. INockonbry ans mpocrofi ceasm C—C, He co-
cejcTayloiiefi ¢ HeHAacHWIeHHOR rpynmofi, TENHYHOEe MeXKaTOMHOE
paccrosiine papHo 1,54 A (pasa. 1.10), yxopoueHHe nmpocrolt cBA3H
B GyTajncHe MOMET CAYXHTh AOKasaTeJbCTBOM pesoHanca. Oa-
HAaKO MofoGHOe YKOpOUEHHEe CBA3E MOXHO TaKXe O6BACHHTH H3Me-
HenuaMu B rubpuausamud (pasp. 1.11). Ilpeanaranuce u apyrde
oGbACHeHH? 3Toro saelenusa (19). Sueprua pesoranca GyTagueHa,
BHUUCJAEHHAA NO TENJOTAM CropaHHa HJAH T'EAPHPOBAHHA, COCTAB-
JAdeT ABLIb OKOMO 4 KKaN/MOJb; Takad BeJHUHHA BpaAf ju obycios-
JieHa TOABKO pesoHaHcoM. Pacuer mo TenaAoraM aTOMH3ALER LaeT
BeJHYBHL SHEPTHH pesoHanca 4,6 kkaa/Mons aaa yuc-1,3-menra-
Avena © —0,2 kxan/moas paa i4-nenraguena. Kaxpmoe H3 STHX
coelluHeHHli HMeeT ABe ABofinnie cBa3ay C=C, ABe mpOCTHE CBASH
C—C u Bocemp cBaser C—H H, xasajgoch GH, mMO3BOJIAET CpaB-
HATb CONPSKEHHYIO H HeCONPAXMEHHYIO CHCTEMH; TeM He MeHee
B CTPOrOM CMEICJe 3TH COSAHHEHHS MaJo cpaBHHMH. B yuc-1,3-
neHTagMeHe BMetorcs Tpu cBAsu spP-C—H a4 nars ceased sp?-C—H,
a B l4-nentanuene — gBe K INECTE COOTBETCTBYIOUIHX CBA3eH.
Kpome Toro, B 14-xuene oGe npocrue cBasH C-—C orHOCATCS
K sp?—spS-runy, a B 1,3-AHeHe TONBKO OfHA TaKas CBA3b, a APY-
rag csass C—C npunapaexnr kK sp*-—sp?runy. [loatomy BnoaHe
BO3MOMKHO, 4TO HeKOTOpasA J0JA H 6e3 Toro HeGoJblIOH BeJHYHHH
4 xxaja/Moap ABJAseTCA He >HMepriell pesoHaHca, a pasHOCTRIO 9Hep-
rafi ceAsell, HMeEIOIMX PASARYHYIO rHGpHAR3auHio [20),

HecmoTps Ha Hda3KyIO SHeprHio Pe3oHaHCa, a Takxe Ha TO, 9TO
N0 MeXATOMHHM pAacCTOSHHAM B OyTaadeMe Helb3sd CYAUTh O fe-
AoKaAMsauud, TOT QaxT, 4TO Mojekyda Gyrandena miocKas [21],
CBHAETEALCTBYET O HAJIKUMH HEKOTOPOH AeACKAJH3AIUH, XOTS B He
B TaKOR CcTeNeHH, KaX MpeAnOAarajoch pamnee. AHaJOrmYHas Keno-
Kann3anua HafifeHa H B APYTHX cONpiXeHHHX cucreMax (Hanpe-
Mep, C=C—C=0 u Ce=C—C=N), B NpoTAXKeHHEHX CHCTEMaX
c TpeMsa # Gojdee CONpsKeHHHEMH KPATHHIMH CBS3SIMH, a TaKXe
B COGAWBEHHSX, TA¢ ABOAHAA BJH TPOHHAA CcBASH COMpAXKeHa
¢ apOMATHYSCKHM KOJbLOM.

2. Heolinbie (urn Tpoinsie) ¢8a3U, CONpsMeRNue ¢ p-opbu-
Tar6i0 coceOnezo aroma. BEcnH aroM, coceTHHRA ¢ ABOHHON CBA3BLIO,
HMeeT p-opOHTAJNb, BO3HHKAET CHCTEMAa H3 TPex NapaseibHHX
p-opbuTanefi, Korophe NepekpusaloTci. KaK roBOpaioch BRI,
cyiecTByer ofllee NpaBuIO, YT0 NPH NEPeKPHBAHHE # aTOMHHX
opOuranei BO3HEKAeT n MOJEKYNSPEHX op6Guranefi; coraacHo
aToMy NpaBBJY, MepeKpHBaHHe p-0pOHTaNH ¢ cocefHed ABOHHON
CBASBIO AaeT TPH HOBHe OPGHTANH (OHH NoKasaHu Ha pHC. 2.4).
Cpepuan opGuranb — Hecassuieaouan, ¢ Hynepofl sHepruei csfasy;
UeHTpadpHEA aTOM Yr/iepoia B ee o6pasosaHuH He yUacTByer.

PasauuaioT TPH cAydad: HCXOAHasA p-opburalsr MOXKeET cojep-
XaTh ABA SNeKTPOHa, OAMH HJK HE OAHOro 3aeKTpoHa. Tak kax
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Puc, 24, Tpn opbHTAAH asmMAbLHOK cHCTEMH, o0pasoPaaNHe nepeKpHBaHHEM
Tpex p-opburained.

ABofiHas CBA3L HMEET ABA SJICKTPOHR, TO OGHIce YHKIO 3ACKTpPO-
HOB, sacelfOIHX BHOBb o0pasyomuecs oplrrank, Gyner paBHO
ueTHpEeM, TpeM HAH ABYM. THOMYHKM NpHMEpPOM NEPBOro cJaydas
apasgerca BHHHAXAOPEA CHy=CH—CIL p-OpGurans xnopa, xora
H 3anonHeHa, elle cnocolHa NepeKpHBaTbcsd ¢ HBOAHON CBA3BIO,
YeTHpe SASKTPOHA 3aceJqioT HBe MOJEKYJAApHHE OpOHTaMH HaH-
HE3LIell 9HeprHH. 3TC NMepBulii U3 pacCMaTPHBAEMBIX HAMH MpHAMe-
POB pesoHaHca, BKAOUAICWErS NepekpHBaHHE HE3aNOJHeHHOR H
sanoanensod opburtaseft. KanoHuuecKue ¢$opMH AN BHHHAXJAO-
pHAA HMEOT BEN,

= o &
CH=CH—Cl! +—— CH-CH=Cl

JiGasa cuereMa, KOTOpas COOEPXHT AaTOM ¢ HENOXENCHHON
SJNeKTPOHHOR napof, HENOCPEACTBEHHO CBA3AHHHA C ATOMOM HPH
KpPaTHOA CBf3H, MOXKeT OGHADYKMTH TAKOTO THHA AeNOKANHUSALHMIO,
Eme ofAuM NPpHMePOM CAYXHT KapOoHaT-HOH:

%. o° %5 _ & Oy, 0O

= -
¢ — ¢ . o

10 IQIe IQIe
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AHaNormaHHA THO CBASH NMEETCH B aJAMJAbHHX KapGaHHOHAX, Ha-
npumep CHy==CH—CH?.

Jipyrne pmBa cayyas, KOTRA MCXOAHAS p-OpOHTANb COAEPIKHT
TOJRKO OAHH SJEKTPOH HJIH COBCEM He COAEPIKHMT 3JAEKTPOHOB, KaK
RPaBHAO, XAPAKTEPHE TOABKO AN CBOOOAHHX PanMKaJoB M Ka-
THOHOB COOTBeTCTBeHHO, B anAMABHHX cBOGOAHHIX pajHKanax
HMeEeTCH OAMH SJeKTpOH Ha HecBA3HBaloWedi op6urand, mpAYEM
9Ta OpGHTANb BAKaHTHA, 4 3aceeHa TOJbKO CBASHIBAIOIAA OpOH-
Tajab. Takum o6pasoM, cTpykTypa opluraieR anIuJAbHHX KapGa-
HHOHOB, CBOGOAMEIX PAAWKAJIOB H KAaTHOHOB OTAMYAETCH TONLKO
TeM, ABAACTCA JH HECBASHBAIOINAA OPOMTANL 3aMOJNHEHHOH, HAmO-
JOBAHY 3anoiHeHHoR HAH BaxanTHo#l. Ilockosbky sTo opGuranb
¢ HyJieBoH sHeprHefi cBA3H, TO, CAEAOBATEJbHO, B TPEX paccMaTpH-
BaeMHYX cHCTeMax SHePrHHM m-cBAsel OTHOCHTEJNbHO SJEKTPOHOB Ha
2p-opOurtanax cBOGOAHBIX ATOMOB OAMHAKOBH, DNCKTPOHH HECBS-
sueaioniell opOuTaynm He AalOT HHKAKOrO BKA&AA B SHEPrHIC CBH3H,
HH TICJOKHTEJNLHOrO, HE OTPHIATENbEOTO.

C TOUKH 3peHHsA pPesOHAHCA TPH PACCMAaTPHBAEMBIe CTPYKTYpH
MOXHO oOfHcaTh KaK HMeEIoIiHe CONpAXKEHHe MeXRY ABOHHOK
CBASBI0 H HEeNOZeAeHHOH napoH, HectapeHHHIM 3NEKTPOHOM H Ba-
KaHTHOH OpOHTANBIO COOTBETCTBEHHO (cM. . 5):

_© o
CH,=CH—CH, +— CH~CH=CH,

CH,=CH—CH, +— CH,~CH=CH,

@D @
CH,=CH—CH, «—— CH;—CH=CH,

3. Ceepxconpasente, tatt 2unepkonvozayus, Tpernfi THI Ae-
JOKaJH3alHH, HassiBaeMofl cBepxconpsxeHneM (eunepronsro2a-
yued), Gyaer paccMOTpeH Huxe B 3ToH ruape (cM. pasx. «I'Hnep-
KOH'BIOTaLUsA» ). '

Byayr Takke 00cyXAaTbCA NpHUMePH HeJOKANM3AIWH, KOTOpLE
HeAb3s OTHECTH K TOMY HJIH HHOMY THAY.

2.3. Kpocc-conpsaxenne [22]

B kpocc-cONpAXeHHHX COeAUHEHHAX HMEIOTCA TPU TPYRNH, ABe
H3 KOTOPHX He CONMPSAMEHH JAPYT ¢ APYroM, HO KaXAadA M3 HHX CO-
npsxeHa ¢ Tpersefl rpynnof, Hanpumep:

I’h-—-—ﬁ—l’h EH=tu—¢—Cu=CH,  CH=—CH—0—CH=CH,
T
9
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Puec, 2.5, Tpu ceasubpaoune opSurasn 3-mernaes-1.4-nenrannena (9).

Hcnoapaya MeTon MogekyiaspHHX opGuranell, MoXHo Hafirh,
UTO IPN NepeKpHBAHHH IDECTH p-0pOHTANEd B coepnnennn 9 of-
pasyercs LIECTh MOJREKYJASIPHHX opOuranefl, H3 KOTOPHX TPH #B-
JISIOTCH CBSISHIBAIOMIMMH (OHH TOKA3aHH Ha pHe. 2.5, rae yxasanw
Takke uXx oHepruH). OTMeTHM, YTO ABA YIJAEPOJHHX aToMa He
ygacTByloT B opGHTann o--P. Ilonnas sHeprus Bcex saceleHHBIX
opOuraneli BHpaxkaerca seanunHoft 6a--6,900f, Tax uro sueprua
pesonanca papxa (,900p. Ilopsaxy cpssell, onpefeNeHHHEe O Me-
TOAY MOJeXyJadpHHX opOuranedt, cocrasagior: 1,930 mas ceasu
C(1)—C(2); 1,859 mns- ceaaw C(3)—C(6) u 1,363 ana ceasu
C(2 ——-C{3) [221. CpaBunBas 3TH BeNHUHHH C NPHBEAECHHHME pa-
Hee 3HAYCHUAMH His GyragueHa (pasi, 2.2), MOXHO BHAETb, 4TO
ceasp C(1)—C(2) umeer Gonee, a cpasb C(3)—C(6) menee BH-
paxesHHfi Xapakrep- ABOfiHON ¢BA3H. 3TOT BHBOJA CorJacyercs
€ TNpeACTaBjeHHeM O pe3OHAHCe DPacCMaTPHBAEMOro COeNHHERHS:
ceasb C(1)—C(2) apodinan B TPex H3 NATH KaHOHHYECKHX (opM,
torfa Kak c¢esusb C(3)—C(6) —Toabko B opsofi popme. B Goxb-
ITHACTBE C/AYYAEB KPOCC-CONPSDKEHHHE MOJIKYJH Jierde paceMar-
PHBATb MOCPEACTBOM METOfA MOJEKYJAPHHX opburaxefi, a He Me-
TO/A BRNCHTHHX CXeM.

Qam® O
Cmacn—-i;-cﬂacm CH;-CH—-ZCH—CH; C?H,--CH=-=(!:-—CH-CH,
CH,
a—
Oum Orme

2.4. TipaBuaa pesonanca

Kax OGunc moKaszawo, OQHHM H3 crmocolop BHIPAXEHHS HCTHH-
HOH CTPYKTYPH MOAEKYJH C ACNOKAJAN3IOBAKHEIMY CRH3AMH HBJSH-
€TCS HANHCAHHE HeCKOJbKHX BO3MOMKHBIX CTPYKTYP H NpeAcTasie-
HHe 00 HCTHHHON MOJexyJe kKaxk of ux ru0Oprne. KoHeuno, H3obpa-
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KaeMpe KaHQOHHYECKHE CTPYKTYPH CYIHISCTBYIOT TONBKO B HalmeM
BooGpaxennr. Ha camom nene Mosekyna ne nepexXOAdT H3 OXHOFO
COCTOAHAA B APYroe; Meab3s TaKikKe CKasaTh, 4TO YacTh MOJIEKY]
CYNIECTBYeT B OAROH KaHOHHueckoff dopme, a gacTh— B APYroil.
Bee MoXekysn jaHHOro BENIECTBA HMEIOT OZHHAKOBYIO CTPYKTYPY.
Sra cTPyKTYpa OAMHAKOBA B JIOGYI0 @AHHHIY BPeMEHH H Lpej-
crapiger cofofi cpenHeB3BeNIeHHOE BCEX KAaHOHHYECKHEX (HOPM.
Ilpu HanucaHWM KAHOHHYECKHX CTPYKTYp H BHBOAE HCTHEHOf
CTPYKTYDPH MONEKYJNH DYKOBOACTBYIOTCHA CJACAYIOWHME NPaBHJaMH:

1. Bce KaHoHmUecKHe hOpPMEH O6fA3aTeJbHO JOMXHE OHTH
cTpykrypamu JivloEca (pasa. 1.6). Hanpusep, yriepox HHKOrAa
He MOXeT OHTh NATHBAJEHTHHIM.

2. Bo Bcex CTPYKTYpax NOMOXKEHHE AASp AONKHO OWTh OjAHA-
EOBHM. 370 0SHAWAeT, 4T0 HPH HANHCAHHK KAaHOHHYECKHX ¢oOpM
MOXKHO MeHATb TOJBKO pacnpegeneHne siextponoe. IostoMmy and
ylloGeTBa MCROJAB3YIOT KPATKYIO (OPMY HpefCTAB/ICHHS pe3OHaHCa,
HampaMep:

5-G

PesoHaucHOe B3auMofeficTBHe Xxa0pa ¢ OGeHSOJNLHHM KOABHOM
MOKHO IOKA3aTb C MOMOIIBIO0 H3OTHYTHX CTpeJOK (Kak B (pop-
Myne 10) uam nyHktHpa (Kak B ¢opmyise 11); ofa sTux cmocoGa
YacT0 HCHOABLSYIOTCA ANA 3KOHOMMH Mecta, OfHako B pajbHefi-
HleM H3OTHYTHE CTpeakd He OYAYT HCHOAL30OBATHLCHA, TAK K&K B Ha-
cTosilefi KEHre TakHMH cTpeaxaMH Oyier 06o3HagaTeca JAefCTBR-
TeJbHOE CMelleHHe 3JEXTPOHOB B peakuuax. Mu OyaeM noasso-
BaTbcAd Nubo 3aNACLI0 BCeX KaHOHRuecKHX ¢hopM, anbo XpaTkoit
SAMHCHIO DE30HAHCA C NOMOHIBIO NMYHKTHPA, Kak B dopmyse 11.
Tlpn 5TOM CJERYIOT NPHHATOMY COTAQINCHHIO: CBA3H, .HMEIOMHECH
'BO BceX KAEOHHuUecKHX ¢Qopmax, usolpaxkaior CIJOWHOA uepTof,
a CB#A3H, OPHCYTICTBYIOHIHE He BO BceX KaHOHHYECKHX ¢opMax,—
nyeEkTEpoM. Kak npaBHio, 8 pe3oHaHCHOH KapTHHe G-CBA3H He
$HrypHpYIOT, ¥ B KaBOHHYeCKHX ¢opMax OTMeqaloT TOJNbKO pas-
JHYHOR PACIOJIOXKEHHE R-2JIEKTPOHOB H HENoAeNeEHBIX 3AeKTPOH-
HHIX nap. &To 0sHavaer, YTO, 3aNUCAB OAHY KaHOHHYECKYID (OpMY
AAf Kako#-IHGO MOJEKYJH, MOMKHO 3aTeM 3aMHCAaTh OCTaJbHHe,
TOJBKO NepeMellas n-2JeKTPOHH KA HemofeflcHHHe napl,

3. Bce aToMH, yuacrByiolilie B pesoHaHCe, T. € OKpyMeHHHe
JAeJIOKAJIH30BAaHHHMH SJACKTPOHAMHE, AOMMKHL JeKaTh IPAKTHUECKH
B oaHofi miaockocTH (pasa. 2.6). D10, KOKeyHO, He OTHOCHTCA K aTO-

iio I3 1]
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MaM, CBASH KOTOPHIX BO BCeX KaHOHHYECKHX GopMax He MeHAIOTCH.
YcionHe KOmiaHapHOCTH CBASAHO ¢ HeoOXOAMMOCTbIO MAaKCHMAaJb-
HOI'0 KepPeKpHIBAHKA p-opOuTanei.

4. Bce xaHoHMyeckHe¢ (OPMH JO/MKHH HMETb OAHHAKOBOE

qHCAO HecnapeHHHIX 9AeKTpoHOB. HanpuMep, dopumyaa C:Hg-—CH=

CH—CH; ne Moxer OnTb KanoHHueckofi dopmoli Aas Mosexyan
6yrandena,

5. OueBKjHO, YTO SHEPTHA HCTHHHOH MOJEKYJb MeHblle SHep-
THE Ji000ft U3 KaHOHHYECKHX CTPYKTYp; NOSTOMY AeNOKaJiHSalHIo
caelyeT pacCMATPHBATE KAk CTAGHIHSHPYOIEA daKTop.

6. Bkian oTAeABHBX KaHOHHYGCKHX (QOPM B UCTHEHYID CTPYK-
TYPY MOJEKYAH HEOAHMHAKOB; OH NMpONOPIHOHAJEH HX YCTOHTHBO-
CTH; HaHGouee ycrofiuMBas .dopMa jaer HauGoapwiufi Bkaaa. Ha-

8

npHMeEp, CTPYKTYpa 3THAeHa CHz—-gHg HMeeT HACTOAbLKO BHCO-
K10 SHEPTHIO Mo CpaBHEHHIO co crpykTypoli CHy==CHj;, uto npak-
THYECKH He AAeT HAKAKOro BKAaAa B pesoHaHc. BHIIe yXe roeo-
pasoch, 4TO MOZOGHOrO THNA CTPYKTYPH He AAIOT BRAaja Jaxke
B ciyuae OyragmeHa [20]. Bkiaam TaxuX 3KBHBAJAEHTHHX KaHOHH-
weckHx ¢opM, kak 1 ¥ 2, pasrbe. Uem Goubile ydcao addextus-
HEIX CTPYKTYpP H vwem GiHXe N0 BeJHuHHe HX BKAaAH, TeM Gojanile
SHeprus pesoHaHCa NPH NPOUHX PABHHX YCJIOBHAX.

Hajeko He Bcerfla MOXXHO OLEHHTL OTHOCHTEABHYIO yCTofidu-
BOCTh BOOOpaMaeMHX CTPYKTYP; 4acTe XHMHK BHHYXAeH pPYyKo-
BOACTBOBATLCA HHTYHIHelt, OAHAKO BecbMa NOJE3HH M CJACAYOIiHe
NPOCTHIE NPABHAA:

a. Uen Oosblle KOBaJeHTHHX CBf3efi COMEPXKHT CTPYKTYpa,
TeM OHa ycrofiuuBee (CpaBHETe, HAaNpHMep, CTPYKTYPH 6 ¥ 7).

6. Yem B Goabmieli creneH# pasjiefieHbl 3apsibl, TeM MeHbIle
yCTOAYHBOCTL CTPYKTYPH. CTpYETYpH, Hecylmue ¢opMajibHEBeE 3a-
psAH, MeHee YCTORYHBH, YeM HesapsmeHHHe cTpPYKTypH. CTpyk-
TYPH, HMelolllHe GoJbllle XBYX GOPMAAbHEHIX 3apAROB, COHYHO AKT
OueHb HeSHAYHTEeJbEHH BKAajx B pesomanc. OcofGeHHO Hesddex-
THBHH B 5TOM OTHOLI€HKH CTPYKTYpPH, HMEIOIIHe OfHOMMEHHHE 3a-
PARL Ha COCEJHHX aTOMax.

B. YeM Goublie /eKTPOOTPHLATRNLHOCTD ATOMA, HECYHIEro OT-
PHIATEAbHHA sapsa, TeM Gonee ycTofiuMBa CTPYKTYpPa B IIEJOM.
Hanpumep, crpykrypa 13 ycrofiuusee cTpykTypH 12, To xe camoe
OTHOCHTCA K CTPYKTYPaM, HMEWOIUHM NOAOKHTeNAbEHE SapsiH Ha
ATOMAX ¢ HH3KOR SJEKTPOOTPHLATENEHOCTHIO.

%H C—H CH,==C— PN
y—C—H — —H H—C=C—
I : H® M

10 Lo

12 13 14
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r. Hapymerre AJMHH cBA3efl HAH BaJeHTHHIX YIJIOB NPHBOXHT
K CHH)KEHHIO YCTOAYHBOCTH CTPYKTYPH (CM., HampHMep, CTPYKTYPY
14 nats atana).

2.5. PezonancHuiii apdrext

Hpn pesonance Bcerka HMeeT MeCTO NepepacnpefiesieHne 2Jex-
TPOHHOA maoTHOCcTH. HanmprMep, ecaM uMCTHHHOR cTpykTypofi aHH-
JAHa fApjasiercs 18, TO HenojeAeHHas Napa SJEKTPOHOB MOJIKHA
ocTaBaThCl Ha aToMe asota. ITocKoJabKy peajnHoil MoJieKyae coOT-
BeTCTRYeT He cTpyKrypa 15, a reGpuiaHas CTPYKTYpa, BKAIOYaio-
mas BKJAaAM OCTAJMBHBIX KaHOHHWeCKHX (POPM, MOKaSaHHHX HHKe,
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TO 9JACKTPOHHAA NJOTHOCTL HeNOAeAeRHOA MapH He OCTAaeTcs LeJH-
KOM Ha arToMe a30Ta, a OKasHBAaeTCA pacnpefesleHHOA no apoMaTH-
HeckoMy Koabny. ITopoGHoe yMeHbllleEHe 3J/IeKTPOHHON NJOTHOCTH
B ONHOM TNOJOXeHHH (H COOTBETCTBYIOIEe yBeJHUeHHe ee B ApY-
THX NOJOXKEHHSX) Ha3HBAIOT PE3OHANCHDIM AITH ME30MEPHIM 3¢
gexrom, Xors rosopst, uto rpynna NHs orAaer snekTpoHH apo-
MaTHY9eCKOMY KOJBILY 3a CUeT pe3oHaHcHoro sddekra, B AelicTRH-
TeALHOCTH TaKOR OTAAYH He MPOHCXOAHT, a «3ddeKT» 3aKmotaercs
B TOM, YTO 3/€KTPOHH HaXOAATCA B APYIOM MecTe, OTJAUYHOM
OT TOTO, KoTOpoe OuiJ0 Obl B OTCYTCTBHE DesoHaHca, B Mosekyse
aMMHAaKa, Tiie Pe30HaHC OTCYTCTBYeT, HenofeJeHHas napa JIOKaJH-
30BaHa Ha aToMe asota. Kak u B caysae sddexra noas (pasa. 1.9),
MH paccMaTpHBaeM ONpefejeHHRYI0 MOJeKyAy (B ZaHHOM cAydae
aMMHaK) Kak cyGerpar, a 3ateM CMOTPHM, YTO MPOHCXOAMT ¢ JIeK-
TPOHHOR IJIOTHOCTHIC NPH 3aMellleHHH. EC/AH OAHH H3 aTOMOB RO-
AOpOZa aMMHAKa 3aMellaeTcsl OeH3OJAbHHNM KOJBLOM, 3JEKTPOHH
«OTTATHBAIOTCA® 3a CYeT pe3CHaHCHOro sdiderta, TOUHO Tak Ke
KaK @npd S3aMellileHHH Bofopoda B OeH30je METHABHOH rpynmoft
3JIEKTPOHW <OTHAIOTCA» MeTHJbHOA rpynnof 3a cuer sddexra
noast. Maes oTAadd HAH OTTSATHBAHHS 9JEKTPOHOB BO3HHKaeT mpo-
CTO NPH CPaBHEHHH COSAHHEHHS ¢ POACTBERHON CTPYKTypofl HJAH
peaJLHOTO coefHEeHHs ¢ KanouHueckofi popmoil.

2.6. Crepuyeckoe 3aTPYAHCHNE Pe30HAHCA

Cornacso npHsefeHHOMY B pasi. 2.4 npasuay 3, Bce aTOMH,
OKpYXeHEHE Je/lOKaJH30BaHHHMA 3JeKTPOHAMH, AO/MXKEH JeXKaTh
B OfiHO/ NJocKoCTH MAY GAM3KO K Hefl. Vi3sBecTHO MHOIO HPHMepOB,



60 TJABA 2

KOrEa pesoHaHC HEeBO3MOKeH HAK CTeneHb €r0 CHHXEHa H3-3a
TOTO, 94TO N0 CTEpHYSCKHM MNPHYHHAEM ATOMBE pPACHOJAralTcsa BHE
IJIOCEOCTH. .
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Tak, B nuxkpraMoAnRie ANHHH cBA3ek C—N aas o- H n-HHTpO-
TPynn 3aMeTHO OTAHYAIOTCA APYr oT Apyra {23). MexaToMHOe pac-
¢TOsIMHe g cocTaBiser 145 A, Torja Kak paccrosHue b pasHo
1,35 A. Takoe pasanuHe MOXHO OGBACHHTL TeM, UTO ATOMHl KHCJNO-
poma #-HATPOIPYNNH pacuoNiaralotess B RAOCKOCTH GeH3OABHOrO
KOJAbLl2a M HaXOHMATCA C HHM B COCTORHWH peSOHaHca, MO3ITOMY
cBAsk O HMeeT wacTHYHO JABofiHofi XapakTep, TOTAa KaK aTOMH
KHCJIOPOZa O-HHTPOrpynmH H3-3a COCENCTBA ¢ OGBHEMHHM ATOMOM
HOJa BHHYKAEHH pacnojaraThcs BHe MAOCKOCTH.

LienTpasbHoe KoJIblLiO B aHTPAalEHOBOH cHcTeMe coednHenus 16
HMeeT CTPYKTYpY Tuna [lmicapa, wro Bo3MOXEO T0JabKO Gaaronaps
TOMY, 9TO 3aMecTHTeNH B moaoxenuax 9 10 mpensarcreylor
RAOCKOMY pacnonoxenuio cHcTeMu {24], ®opmyna 16 orpaxaer
HCTHHHYI0 CTPYKTYPY MOJEKYJH; TaKas CTPYKTYpa He yuacTByer
g pescHaHce ¢ {opMamu, nmofobHHME 17, XoTs B caM aHTpalieH
BHOCSIT BKJaX 06a THHA CTPYKTYp: E CTpYKTypH HBKapa K CTPYK-
Typu THNa 17. D70 sABAAETCH CHE/CTBREM NPHBEACHHOrO B pasa. 2.4
npasana 2; ans rtoro uTOOH CTPYKTYpH, mofoGHHe 17, BHOCHAH
BKNaj B pe3oHaHCHHWA rubprA 18, Aapa KOMKHH 3aHHMAThb OAHHA-
KOBoe NoJIoKeHne B 06eHx hopMax.

%@f@é@

W,

Hame OeH30JbpHOe KOJBUO MOMKHEO BHBECTH H3 IJOCKOTO CO-
croanug {25] Tak, coefmnHenne 18 norstomiaer XHCAOPOR OPE CTOA-

17 18 L}



NEAOKAMMIOBAHHAS XHMIYECKASl CBA3D 61

HHE ¥ JIETKO THEPHpYeTCs, B TO BpeMa Kax coeguHenpge 19 mano
peaxuuoHHOcnoco0HO [26]. Aranormuno B [r.mnapanmkrodanax
(20), rze n ¥ m<3 (HAHMEHBUIMM U3 NMOJAYYEHHHX coeAnHeHuN Ta-
Koro THna apasercs {22mapanuxaodan), GeH30AbHHE KOMABHA
H30THYThf B HPHHHMaIOT GOpMy BAHHH, a CBOMCTBZ HX CyIUecT-
BeHHO OT/NHYAIOTCA OT CBOHCTE OOHYHHX (eH30JABHEIX COeARHeHEHR
[27]. Opyroit Mmonexyno#, B KoTopofl GeH3ONbHEE KOMbLA BHBEACHH
3 TIIOCKOCTH, ABJAseTcq Kopannyaer (21) [28].

(CHy),

2.7. pa—ds-Coaan. Hanan

Kax yxe ropopriocs B pasfl. 1.4, sjieMeRTHl TPeTsero mepuoia
nepHoARYecKofi CHCTeMBl, KaK NPaBHAO, He 06pasyIoT "yeTONUUBLIX
JABOAHKX cBAsell, MOCKOABKY nNapajjeibHule p-opOHTalH pacnono-
MeHH CIHIEKOM XaXeKo APYT OT Apyra, RiIA Toro 4TobHW sddex-
THBHO DepeKphBathed. OAHAKO ANA 9JAEMEHTOB 3TOTO MNEpHORA,
B 9acTHOCTH JAAf cepw H (pocopa, xapakrepeH Apyro#i Tam ABoi-
HHX cpisei. Takas ppofinas ceAspb HabJionaeTcd, HAPHMep, B CO-
eaunennl HySO;, mpeacrasneHHoM Huxe QopuMyaok caesa. Ilo-
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IoGHe oOHuHOM ABOiHON cBA3H, Takas JBOHHAS CBA3b COMUEPKHT
ORHY 0-Op6HTaJb, HO BMECTO R-opSuranu, oGpaszopaHHON NepekpH-
BaHHeM HAMONOBHHY 3aNOJHeHHHX p-opOuTaieli, HMeeTcsas TaK Ha-
suiBaeMad pn—dn-op6uTans, ofpasoBanHas NepPeKPHBaHHEM Sa-
NoJHeHHOR p-OopOHTANE KHCAOPOAA W BakaHTHONl d-OpORTEIH cepH
[29]. CaepyeT OTMETHTb, UTO XOTH MOJEKYJAY MOXKHO NpPeACTABHTD
ABYMS KaHOHHYeCKHMH (opMaMH, cBfish B Hell JiOKajH30BaHa He-
CMOTPR Ha pesoHadHc. Huxe npuBefleHW UpPHMepH CcOeAHHeHHH
¢ pn—dn-ceassio.

Jns HeKoTOpHX H3 3THX coefHHeHH#i (ocdopa HMewoTCs a30T-
cojiepKaliye aHAJOr¥, HO OHH MeHe¢ YCTOHUHBH H3-32 OTCYTCTBHA
pesonanca. Hanpumep, Ana aMAHOKCHROB, aHanoroB QochEHOKCH-

=1}
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JIOB, MOXHO 3amHcaTh TOAbKO ofay dopmy Ri:N—O, a kaHoHHue-
ckas ¢opMa co CBA3BI pn—dn HeBO3MOXHA, TaK KaK aTOM a30Ta
He MOMeT HMeTb Ha BHemHefi oGosiouke OoJblle BOCHMH 3JieK-
TPOHOB,

Bo Bcex npHBeneHHHX BHIUG NPHMEPax aTOMOM, OTAAIOIHM
SACKTPOHHYIO Tapy, SBAACTCA KHCAOPOA, KOTOPHIE MACTO CHYKHT
‘mogoOHEM AoHOpOM. JIpYrEM BaXKHEHIM K/AaccOM COeAMHeHHH fAB-
JNAOTCA #Au0st, B KOTOPLIX TAKUM AOHOPOM CHYKHUT ATOM YIJIepoxa
{30]. Cymectbyer TpH rJAaBHHX THNa HJIHIOB — HIHAH (ocdopa
[31}, asora {32] u cepnt [33]), onHako H3BeCTHR TaKXe HAHAL
Muubaka [33a), cenena u Ap. Unran MoXHO ONpefeNHTh Kak CO-

R,P=CR; «— R,P@—-ER?
s pocgiop
RS—=CR; — RS2’ RN
unuder cepet wruds a3omR

€AHHEHHS, B KOTODHX NOJOXKMUTENLHO 3apsAKeHHHH aTtoM V Hau
VI rpyinu nepHOANYECKOH CHCTEMHEl CBA3AaH C aTOMOM YrJaepoxa,
HecylUlMM HemoJeNeHHYIO Napy 5jieKTPoHOB. BesemerBre Ranuuus
pri—dn-cBASE AJa HaugoB (ocdopa H cepH MOKHO 3amHcaTh JBe
KaHOHHUecKHe (OPMBbl, HO AJASI HAHJAOB a30Ta, B KOTOPHX TaKas
CB#3b OTCYTCTBYET, MOXKHO 3allHCATD TOJAbKO OAHY KaHORHYCCKYIO
¢opmy. Onars e BeJeICTBHe pe3oHaHCA2 HAMAWN ¢ocgopa Ha-
MHOro ycrofiumpee uaujiop asora (cM. T. 3, peakuus 16-47). On-
HAKO, HECMOTpP Ha PesOHAHC, HIHAM cepbl MEHee YCTOMYHBHL.
IToutn BO BCEX COGRMHEHHAX CO CBASAMH pr—dn LeHTpalbHbLK
aToOM CcBS3aH JMGO ¢ YeTHIPbMS APYTUME aToMaMu, aubo ¢ Tpemd
aroMamMH H HenojelaeHHOA mapolt M MMeer mPHOJH3HTENbHO TeTpa-
aapudeckylo KoH¢purypaunuio, ITosromy prn—dn-cBAsh He CAHIIKOM
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H3IMEHAET FeOMeTPpHIO MOAEKYAH B HNPOTHBONOJAONHOCTE O6RIyHOMH
n-CRBA3Y, KOTOpAaA MepeBORHT ATOM H3 TeTPAsADPHYECKOr0 B TPHro-
HaJMbHOE COCTOAHHEE.

APOMATHYHOCTD

Eme B XIX crosietdn GHJIO MPA3HAHO, YTO ApOMATHYECKHE CO-
ennHeHus {34] cHABHO OTIMYAKOTCA 0T HeHACHIUIEHEHX aiudaTHue-
CKHX. coexuHeHuA [35), HO B TeuéHHe MHOIHX JNeT XMMEKaM He yfa-
Bajiock NPHATH K B3aHMHO NPHEMJEMOMY VAORBJETBOPUTENILHOMY
onpele/eHHI0 apoMaTHYeCKOro xapakrepa [36]. B kauecTBeHHOM
OTHOLIEHHH CePbe3HHX PA3HOIVIACHH HMKOrJa He CYLIECTBOBAJO,
H onpelejeHHe CBOAMIOCH K cileayiomielt ¢opMe: apoMaTHYECKHE
coelHHeHHA XapaKTepHsyore? ocofoli ycroHUIHBOCTBI) H Jerde
BCTYNAKT B peakliHH 3aMEIieHHs, & He B PeaKOuH NPHCOeAHHEHHS.
TpyarocTh cocTosla B TOM, MTO TAKOe OnpefieNeHHe ObC He
CJAHLIKOM ACHHM H He NMOAXOAMAO AAS NOTpaHuyHuX cayuaes [37}.
B 1925 r. Apmur u PoGrHcoxr [38] yeraHosnan, uro apoMaraseckde
csoiicTBa OeH30/bHOrO SApa CBSA3AHH ¢ HAAHYKHEM SAMKHYTOTO
KOJbLiA 3JIeKTPOHOB, ZPOMATHYECKO20 cexcreTa (apoMaTHYeCKHe
COCLHHEHEHA, TAKHM 00pasoM, ABJAIOTCA CBOeOOPASHHIMH NpuMe-
pPaMH JeJOKaNHSOBAHHON CEfI3H), HO B TO BpeMd ellie HeJb3s GHJO
oNpefleJinTh, OGAARAIOT JIH JAPYTHe LHKJAR, OTIHYHHE or GeHsoja,
TAKUM 5AEKTPOHHBIM KOJXbLOM. C paspurHeM MArHUTHHIX MeTOLOB
HCCNCROBAHAA, TAABHHM 06pasoM SANEPHOr0 MArHHTHOTQ Peso-
HaHca, NOABHNACE BO3IMOXKHOCTb SKCHEePHMEHTAJbHO ONPEAesITh
HaJlH9He HJE OTCYTCTBHE B MOJIEKYJe 3aMKHYTOro 3JeKTPOHHOTO
KO/blia, H TeNepb apOMAaTHUYHOCTh MOMHO OXapaKTepH30BaTh Kak
cnocobuocre ydepacuears uRdyyuposanubil xossvyesod Tox. Co-
efuHennd, oGnajaiouine Takofi cmocoGHOCTbIO, HasHBaloT duarpon-
nemit, Cerofsa 570 ONpeXe/eHHe SBAAETCA OCIIENPHHATHM, X0Td
OHO He JHIIeHO HefocratkoB [39). CyirecrByer HECKOJbKO MeTO-
OB, TOSBOJIAIOUIAX YCTaHOBHTh, CHOCOGHO JH coeluHeHHe YAep-
JKHBATh KOJbUEBOM TOK, HO Hau(odee BAaXKHHI H3 3THX METOJNOB
OCHOBaH Ha XHMHYeCKdX cABurax B crekrpax SAMP {40]. Urobu
STOQ NOHATH, HEOGXCAHMO BCIIOMHHTH CJASAYIOHICe: KAK NpaBHioO, Be-
JHYHHA XHMHYECKOro cApura nporoua B SAAMP-cnekTtpe 3aBECHT OT
BJIEKTPOHHOMH TJIOTHOCTH er0 CBA3H, H 4WeM BhlIe MJIOTHOCTh 3JEK-
TPOHHOTO 06JaKa, OKPYXAKIEro HAH WaCTHUYHO OKpYMKaloulero
NpoToH, TeM B (oJee CHAbHOe MOJe CMEUIAeTCA €ro XMMHYeCKHH
casrr (T. . TeM MeHbllle BesuuHHa §8). OaHako H3 3TOro NMpapuaa
HMEeTCSl HEeCKOJLKOQ HUCKIIOWEHHH, H OZHO U3 HHX Kacaercd NPOTO-
HOB, PAacHOJNOMEHHHX BOJMH3H apoMaTHyecKoro Mukaa. Ilpu nano-
WEHHH BHEIIHErC MArHHTHOrO moys (xak B cuektpoMerpe SIMP)
B APOMAaTHYECKHX MOJEKyJ/aX BOIJHHKAIOT KOJbLIEBble TOKH J-3JIeK-
TPOHOB, KOTOpHE (NPH PacHONOXEHUM NJOCKOCTH apOMaTHYECKOro
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KOJMBHA TEPHeHAHKYJAAPHO MNONI0) HHAYIHPYIOT BTOPHYHOE MOJe.
Kak srauo W3 npHBeACHHON HHKe ZHATPaMMH, 3T0 HHEYUHPOBAH-
Hoe moJie HpHHEMaeT GOpMY OXPYXKHOCTH, H B oOJacTH MporoHa
OHO NapaANefbHO BHeIDHEMY MOJIO, TAK YTO MOJe, CyMMapHoO jefi-
CTByIOllee Ha apOMATHYecKHA HPOTOH, OKasHBAaeTcH OoJbIle, ueM
OHO Omn0 O B OTCYTCTBHe AMAMATHHTHOTO KOJIBUEBOTO TOKA.
B pesyjbTare CHrHaJH OT apOMaTHYECKHX MPOTOHOB CABHIAIOTCA
B cnaboe moJe (T. e. B CTOPOHY Oosiee BHcOXHX smaveHufi §). Tax,
XHMHUYSCKHE CABHI'E OOHYHHX 0NePHHOBHIX HPOTOHOR JexaT B 06-

RW(W {7
e

aactd or 5 go 648, Toraa Kak mpOTOHH (eH3QJLHONG UMKNA AAIOT
cargan npu 7—88. OAKAKO eC/H B COeLHHEHHN HMEIOTCA NMPOTOHH,
pacnofloxeHHEe Haj UHKAOM HJM BHYTPH Hero, Ha HHX ROJDKHO
JeficTBOBATD Merbuice NOJe, W CHIHAJA XOJKEH ROSBJAATHCA INPH
fosice HH3KHX 3HAYEHHAX § RO CpaBHEHHIO ¢ CHIHaJiaMH OCHYHRX
CHgz-rpynn, xuMHuecKHe CABHTH KOTOPHIX JexaT B oOxacte ot |
Ao 26. 310 noATBepiKAaeTr ﬂMP-cnemlgl [10] zapaurkaodana (22)
[41], B xoropoM xummyeckue capur¥ CHo-rpynn tem MeHbme, uem
Guiike K cepefiiHe IeMH PACRONOKeHa 3TA TPYHNA.

(CH)n

22

Orciofa caefiyer, YT0 HaJHYHe APOMATHYHOCTH B COCLHHCHHH
MOXHO YCTAHOBHTBH no ero JIMP-cmektpy. Ecam cursans or cBf-
3aHHHX ¢ KOJIHHOM NPOTOHOB CABHHYTH B cAaGoe moJe mo cpas-
HeHHI0 C CHCHAJAMH OT OOHYHHX 0A¢(PHUHOBHIX NPOTOHOB, MOJe-
KyJAa AWMATPOIRA M, 3HAUHT, apoMaTuyHa. KpoMe roro, ecau s co-
eAHHEHHE HMelorcsi HpPOTOHH, PacMOJNOKEHHHE Hal UHKIOM HAH
BHEYTPH Hero (raxofi mpumep OynAeT paccMOTpeH B pasg. 2.16), u
TaKoe CO¢AHHeHHe AMATPONHO, CHTHAJE STHX NPOTOHOB AOJKHH
OHTb CABMHYTH B CHABHOe moje. HemocraTkoM Merona sABAsercd
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70, 1T0 OH HeNpUMEHUM K COeAHHEHHAM, B KOTOPHX He HMeercs
HPOTCHOB, OTHOCALIMXCH K OHHOH W3 YNOMSHYTHIX KAaTEeropui, Ha-
OpuMep K HHAHHOHY KBaapaTHoOfi KHcloTH (pasz. 2.19). K coxa-
JNEHKIO, He MOTYT MOMOYL 38ech H cnekrpH '“C-HMP, tak Kak oHH
He MOKasHBal0T KoJbleBHe TOKR [42].

Caenyer noguepkHyTb, 9TOo Heo(AsarTesnnHO cyllecTsyer Mapal-
Jeslb MeXAYy CTaphiM R HOBHM OHNpeliefleHHeM apOMaTHYHOCTH.
Ecnu coeantenne ARaTPONHO H NOTOMY apOMATHYHO, B COOTBETCT-
BHH ¢ HOBHM oOmNpefeseHHeM OHo Gojiee YCTOHUHBO, 4eM KAHOHH-
gecKast opMa HawHH3Iell SHepruu, HO 3TO He 03HAYaeT, YTO OHO
6yger ycrofiuuBo K JefiCTRHI0 BO3AYXA, CBeTa HJAH OOHUHEX pe-
areHTOB, MOCKOJABKY TaKai YCTOHYHBOCTL ONpepesifAeTcs He dHep-
rdefi pesoHaHca, a pa3HOCTBIO CBOGOAHHX SHEpruil MeXXAy peaib-
HOM MOJeKy/noA M MepexOAHHM COCTOSHMEM COOTBeTCTBYIOLleH pe-
AKIMH; 372 pa3HOCTh MOXKeT OHITH OUEHh Maja Zaxe mpr GonpiioH
3HEPrHH pe3oHaHca. PasBHTA eQHHas TeOPHA, CBA3NBAIOLLAas KOJb-
LeBHe TOKH, S9HEPTHH DPe3OHaHCa B apoMaTHYecKAH xapaktep [43].

IMogasnsicmee GONLINHHCTBO  2pOMAaTHYECKHX  COeHHHeHHE
HMEIOT B HHKJEe 3aMKHYTOE KOJhIIO M3 INeCTH 3JIEKTPOHOB (apoMa-
THYECKHi ceKcTeT), B MH PacCMOTPHM HX B HepBylo ouepenn [44].

2.8. HlecTHuaeHHBIE MK

He ToabKo GeH30ABHHl UHKR ABAACTCA apOMATRYECKHM; apo-
MATRYIECKEMH MOTYT OHITh TaKiXe MHOTHe reTepOLMKJIHYECKHe aHa-
JOTH, COAepiKalllde B MHKJIe OAHH RJIH HECKOJbKO TeTepOoaTOMOB
[45]. Ecnu reTepoaToMOM ABJACTCS a30T, €r0 HeloAelNeHHAs 3JEK-
TPOHHA# mapa He y4acTBYeT B apoMaTHUecKofl cHMcreMe, W apoMa-
THYeCKHi CeKCTeT HPAKTRUYECKR He Hapyluaercs. IlosToMy Takue
NpOU3BONHEE, Kak N-OKCHAN HJIH NHpHAHHHeBble HOHH, 00/afaloT
cBONCTBAMM apoMaTHUecKHX coenuHeHHA. ORHaKo nas azorcopep-
MAUIUX reTepolMKAOB KaHOHHYECKHe GOpMH, HampuMep 23, umelor
ropasao Gosbliee 3HayeHHe, ueM aAg OeHsosa. Ecam rerepoato-

Q9 0

u 28

o=z

MOM CHYXKHT KHCJODOA HJIH cepa, YTOOH YAOBJASTBOPHTh TpeloBa-
HHSAM apOMaTHYeCKOH CHCTeMH, cOoefKHeHHe HYKHO NpeICTaBHTh
B HOHHO#i (QOpMe C TpeXBaJEHTHHM reTepoaToMoM (cM., HampHMep,
24). Tak, nupan (25) He AB/ARETCA apOMaTHUECKHM COEjRHEHHEM,
TOTJA KaK mupHJAHeBHiH HoH (24) apomartuyeckufi [46],

B cucTeMax ¢ KOHZEHCHPOBAHHHIMH IIECTHY/ICHHLIME ApOMATH-
YSCKHMH UHKJaMR [47] TyaBHeie KaHOHRYeCKHe (OPMH OOLIYHO
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HeIKBUBaACHTHH. TakK, CTPYKTYpa 26 COAEPKHT UEHTPAaALHYIO
ABOHHYIO CBA3b H TeM CaMBIM OTXHYAETCH OT JABYX APYTHX KaHO-
HH4ecKHX (opM HadTahHHA, SKBHBAJEHTHHX Apyr Apyry. Has
HaQTasHHa MOXHO 3aN0HCAT, TONBKO 3TH TPH KaHOHHUYECKHE

3 1
T
26

dopMit, ecin He paccMaTpHBaTh eme CTPYKTypo lbloapa HaH
CTPYKTYPH ¢ pasieieHHeM 3apanos {48). Ecan jpomycrhTs, 9TO Bee
TPH CTPYKTYDH BHOCAT PABHWIH BKAaj B pesoHaHc, TO 1,2-cBA3b
AOJKHA HMeTh (oJiee BHpaXKeRHHH ABOHHOR xapaxrep, yem 2,3-
cBA3b. Pacuernl N0 MeTOAy MOJEKYyJNSAPHHX opburajiefi NoKa3H-
BAIOT, UTO NOPAARKH STHX cBasefi cocrasasor 1,724 u 1,603 coor-
BeTCTBeHHO (Cp. ¢ NOpRAKOM cBA3H B OeHsone, papHHM 1,667),
C sTHMM pe3yabTaTaMH corjacylorcs H aauim 1,2- u 2,3-caseh,
cocraeasgiomue 1,36 u 1,415 A coorsercreenno [49], a:Takxe TOT
tbaxTt, uyTo 030H HpeumyiecTBeHHO aTakyer 1,2-cBsisb [50]. ITomo6-
Has HedKBHBAJIEHTHOCTL cBflel, HasHBaeMass 4acru4noll ¢puxca-
yued caasu [b1], nabaoaaercs MOYTH BO BCeX KOHASHCHDOBAHHHIX
apoMaTHYeCKHX cHcTeMax. B denanrpere, rae 9,10-cBasp AsofiHas
B YeThIPeX H3 NATH KaHOHHYECKHX (OPM, CTeReHb (DUKCAUHH CBA3H
OueHb BHICOKA, H HMEHHO 5Ta CBA3b JierKO aTaKyeTcs MHOTHMH pe-
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Kak npaBmJO, Anf KOHACHCHPOBAHHHWX APOMATHYECKHX COeNHHe-
HAll Hafmiogaercs xopolias KoppeasiliHd MeXAy AJHHAMH cBased
H HX mopagkaMu. I pyrofi skciepuMeRTaJbHOA BeMHUMHOH, KOTO-
pas XOpOIEO KOPpPeJHPYeT ¢ MOPANKOM CBA3K B apoMaTHueckofi
CHCTeMe, sBJsiercsd KOHCTaHTa CHHEH-CIHHOBOPO B3aHMONCHCTBHA
NPOTOHOB, CBASAHHHX ¢ JBYMS YIMIepOAHHMH aToMaMK JaHHOfM
cBsA3H, B cnexTpax SIMP [62],

DHeprus pesoHaHCA KOHAEHCHDOBAHERX CHCTEM BO3pacTaer
C YBeAHYeHHEeM YHCJAA TAIABHEIX KaHOHMUECKHX (OpM, YTO COOTBET-
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CTBYeT NpuBedeHHOMY B pasa. 2.4 npaeuay 6 {53]. Tak, ans Gen-
3012, HadTanuHa, aHTpalleHa M ¢eHauTpeHa MOXHO 3anKCaTbh CO-
OTBETCTBEHHO JBe, TPH, YeTHpe K NATb KaHOHHYECKHX Gopm, M
SHEPrHs pe3oHaHca, BHYHCAeHHAd MO TemJOTaM CropaHusd, cOCTaB-
aaet coorBercrseHHo 36, 61, 84 u 92 kxan/monn [54]. ITpu arake
9,10-ceasn B theHaHTpPeHe TAKMMH peareHTAMH, KaK 030H MJH
GpoM, B MoOJeKyJe OCTalOTCA He3ATPOHYTHMH [Ba GEeH30JbHAIX
KOAbLE, KaxAoe H3 KoTopmX ofnajgaer sHepruefi pesoHaHca
36 kxana/Monb, TAK 4TO MOJEKY/la (eHaHTpeHa, cyMMapHas SHep-
rHf pesoHaHca KoTopo#i papHa 92 KkaJd/Monib, TepHeT TOMBKO
20 xKkaja/Monmb, WTC HAMHOINO MeHbIUe, YyeM noTepsaaa OWH MoJje-
Kyaa GeH3osia B aHAJOrM4HON peakuyi. Takum Xe o6pa3oM MOKHO
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O006BACHHTb TOT PaxT, UTO aHTPaUeH JIErKe BCTYNAeT BO MHOTHe pe-
akuHy mo nosoxenuo 9,10. SHepruu pesoHaHca KOHAeHCHPOBAaH-
HHX CHCTEM MOXHO YCTaHOBHTb INyTeM INOACUETa KAHOHRYECKHX
dopm [55).

He Bce KoHAeHCHpOBaHHHe CHcTeMbl GHBAIOT UEJAHKOM apoMa-
THueckHMH, Tak, B (eHanene (27) HEBO3MOXKHO pachpefesHTb
ABOMHHE CBASH TAaKWM 06pasoM, YTOOW XaxAHH aToM YIJAepoOAa
MMeN OAHY NPOCTY B OAHY ABofHYI0 cBasH [56). Oanaxo denasen
OpCHBAAET KHCJHE CBOACTBA K NPH B3AHMOJEACTBHH ¢ METOKCH-
NOM KaAMs AaeT MOJAHOCTBIO apoMaTHueckHii anuoH 28. H3pecTHH
TAK}Ke COOTBETCTBYIOIIHe cBOGOANHA pajnKals H XaTHOH ¢ TakHMH
Xe HeprusiMu pesonanca (pasg. 2.11) [57].

O

ety { 717.0

27 28

B xoufeHcHpPOBAHHON CHCTeMeé Ha KamAoe KOJbIO He MOXKeT
MPUXOAUTHCH CeKcTeT SJeKTpoHoB, Tak, B HadTadAuHe eciin ONHO
Xonbllc HMeeT ileCTh SASKTPOHOB, TO Ha AOJIO0 BTOPOTO OQCTAETCH
TONBKO 4eThipe. BOJblylo peaKuHOHHYI0O CNMOCOGHOCTL IHKAHYE-
CKOfl CHCTeMH Ha(rammua Mo cpaBHeHMIO ¢ GeH30J0M MOXKHO 06b-
SCHUTb, €CAH OJHO W3 HadTaJIHHOBHIX KOJiel, pacCMaTpHBaTh KaK
apoMaTHiecKoe, a BTOpoe — KaK GyTafHeRoByww cucreMy [68]. Ta-
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Kolt sdexr MakcHMaJbHO BHPpa)keH, HANPHMep, B TpHpeHHJeHe
[59]. Hdas storo coeAWHEHHSN MOMKHO 3aMHCaTh BOCEMb KaHOHHYE-
ckHX ¢opM, noAolEEX 29, B KOTOPHX HU OJHA H3 TPeX cBssel a4
He sBseTcs ABOiiHOH, B ToAbke oaHy ¢opmy 30, B Kortopolh mo
KpaliHeli Mepe OAHa K3 3THX cBaseill ApoitHas, TaxuM obpazom,

(]
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MoJeKyJia BefeT cefin Tak, XKak OyAro 18 ajekTpoHoB pacnpepe-
NeHH MeXIy TpeMs HAPYXHEIMH KoJbUaMH, ofpasysa B KauJoM
H3 HEX CEKCTeT, a cPefiHee KOJbHO OCTAeTCA <«MycTHM», [lockosabky
HY OAHOMY M3 BHEIUHHX KoJlel] He HYXXHO AeJiHTh 3JeKTPOHH ¢ CO-
CeAHHM KOJABLOM, OHH TaK e YcTOHUMBH, KaK $eH3oJbHOe KOJbUO;
B OTANYNE OT OOJbINMHCTBA KOHACHCHPOBAHHHIX apOMaTHUECKHX
YIrJeBOJOPOROE TPpHEHHIeH He pacTBopAeTcd B KOHHeHTPHPOBAH-
HOM CepHOR KHCAOTE M peaKkUAOHHAS CMOCOGHOCTH €r0 OYeHb HH3KA
[60]. Takoe siBAeHHe, MPH KOTOPOM HEKOTOPHeEe KOoJblla B KOHAECHCH-
POBAHHHIX CHCTEMax OTAAIOT YacTe cBOel APOMATHYHOCTH COCen-
HUM KOJAbIIAM, HA3SWBACTCH GHHEANupOsaHueM; 00 3TOM ABJeHHH
MOXHO CYAMTb N0 PeaKUMOHHOH CIOCOGHOCTH COeAMHEHHs, a TaKkKe
no ero Y®-cuextpam [47].

B nacrosiell KHHr'e OARHOYHEIE ApOMAaTHYeCKHe Koabua OyayT
nsofpamaTbcst B BHAE LIECTHYFOJAbHHKA ¢ BNHUCAHHOH B HEro okK-
pyXHOCTbIO (KaK, Hanpumep, B 22), HO AJid H306pameHHs KOH-
AeHCUPOBaHHHX IHKIHYECKHX coefdHeHM#H OYHET HCMOJb30BATHCH
OlHA M3 KaHOHHYecKMX <¢dopM (kak, Hanpumep, 8 26). Haobpa-
}KaTb, HampuMep, Ha(pTaJHH ¢ NOMOMLIC ABYX LIECTHYTOJLHHKOB
¢ BOMCAHHLHIMH B HHUX,OKPYXKHOCTAMYU ObIIO OH OWIKOOYHO, TAK KaK
Takoe HaoOpaxeHde NojpazyMeBajio Ob HaaMuue 12 34eKTpoHOB,
a y HarannHa ux Tospko 10 [60a).

2.9, TMlaTH~, CEMH- ¥ BOCbMMUJICHHbNE UHKJIbI

IlaTu- B ceMHuJeHHHE UNKAHW TAKXKe MOTYT HMeTh apoMaTHUe-
ckuii cekcrer. Ecnd nATHUJAeHHHH UHKA COAEPKMT JABE ABOHHBE
CBA3H H BCe HATh ATOMOB MMeEIOT HeNoAe/eHHble 3JeKTPoHHHe
mapel, TO B LHKAe Gyaer naTe p-opburasef, KOTOpHe NPH mepe-
KPHBaHHM MOryT 00pasoBaThb NATH HOBWX opburaneli: TPH CBS3hI-
BawiiHe H ABe paspuxiasiomue. Ha stax opfaraasx pacmosara-
eTcfl IHecTs JEKTPOHOB: MO OLHOMY 3/eKTPOHY OT 4eTHpex p-oplu-
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TaJell ABOAHHIX CBA3el M ABA JEKTPOHA OT 3acejieHHOl opOHTaK.
ITH IMeCTb 3JIEKTPOHOB 3aHHMAIOT CBA3LIBAIOWIHe OPGHTaNM H CO-
CTABAAIOT apoMaTHYecKMii cekcrer. TUNMYHHIMH TIipUMepaMM Ta-
KOro poAa apOMaTHYECKHX COeAHHEHHH ABAAIOTCS MAPPOJ, THoden
H ¢ypaH, XoTa B NMoCJeiHeM cTeleHb APOMATHUHOCTH HHXKE, YeM
B JIBYX APYTHX TFeTepONMKJIHYeCKHX coeanHenusx {611 Duepruu pe-
30HaHCAa STHX MoJaekya coctasiasior 21, 29 u 16 kxaa/Moan CoOT-
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PRy muogen hypar

BercTieHHo {62). ApOMaTHUHOCTD TAKHX COeflHHEHUA MOKHO TAKKe
NoKasaTh ¢ MNOMOMBI0 KAHOHRUECKHX (OpMYJ; HANpHMEp, AJA
NHEppoJIa;

e O, — T — 1
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B ornpune oT NUPUARHA B KaHOHMYeCKOHh cTPyKType mupposa (A)
HEeNORCNEeHHAA 3JIEKTPOHHAR Mapa. asoTa HYXHa AAA NOCTPOSHHA
4pOMaTHYECKOTO CeKCTeTa, NMOITOMY MHPPoJA ropasio Gonee cnaboe
OCHOBaHHe, YeM MHPHAUH.

B nogo6HHX cHCTeMax NATHM aTOMOM MOXeT OHTb M YINIepOX,
€C/IH OH HMeeT HeNOJeNeHHYIO Napy SAeKTPoHOB. llMKjoneHTaiueH
npoasiideT HeoOMULAHHLHIE KHCJOTHHe cpoficrsa (pKa=~16), Tak
Kak ofpasylommiics OpH moTepe NPOTOHA KapOaHHOH CHJABHO CTa-
OGHAM3HpOBAN Pe30HaHCOM, XOTH OH AOBOJLHO PeaKIHOHHOCHOCO-
GeH. LIHKAONeBTAAHEHHABHHE HOH NPeACTaBAAIOT CTPYKTYpoh 31.

Q=0 — Q¢ —=-0

HP n

s

O]



70 TAABA 2

B stOoM HOHe pe3cHaHC cBiabHEe, UeM B THppode, THoheHe M QY-
paHe, TaK KaK Bce NATh KAaHOHHYeCKHX GopM 5KBHBAJEHTHBI; SHep-
rUsl pe3oHaHca HOHa 31 olieHupaercs BejsHuHHOA 24—27 KKaa/MoOaL
{63]. Bce nATs aTOMOB yrsaepofa B 3TOM HOHe S5KBHBAJEHTHHI; AJAf
TOr0 4WTOOH 5T0 NOKa3aTh, HCXOZHOe cOcAKHeHHe MeTnAu MC §
nocae pereHepaliHH IOHENONeHTaIHeHa YCTAHOBHWJAH, 4YTO BCe £ro
NOJOXKeHHA GHIIM B paBHOH Mepe meuenn #C [64]. Kak u oxupa-
JOChb HAS APOMATHYECKOH CHCTEMHl, WHMKJAOMECHTAXHCHUA-HOH AvA-
tponeH [65], ¥ ¢ HHM ycmeuino Gu/H NpOBelleHH peaklUMA apoMma-
THYeCKOro samellenns [66]. Uupen (32) u dayopen (33) tarke
ofsiagator cpofictBamu kucioT {pK.~20 B 23 coorBeTcTREHHO),
HO B MeHbmell cTeleHH, yeM HHMKJIONMEHTAAHEH, TaK KaK B Pe3ysb-
TATE AHHEJHPOBAaHHA NATHYJIEHHHH UUKA oOelHeH BACKTpPOHAME.
B To xe Bpema krchotHocTh 1,2,3,4,5-nmentakuc (Tpudropomernn)
HUKACNEHTaAuena (34) BHIe, ueM KHCJIOTHOCTH aS0THOH KHCAOTH
[67], Gnaromapst asJexTpoHOaKnenTopHOMY 2aderty TpHPTOpOME-
tuXbHON rpynnut (cM. pasa. 8.5). :

CF,
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[fosHofi NPOTHROMOJOKHOCTHIO UHKJIONEHTAafMeHA fBJASETCSH
uykaorenratpuer (36), coeepirenHo He 06MAAAIOWIYF.d HeOGHIHBIMH
EHCAOTHHMH cBoficTBaMH. Des TeopuH apoMaTHUecKOro ceKcTeTa
3TO fABJeHHe OblI0 OH TPYAHO OGDBACHUTBH; eCAH CYAUTE MO pe-
30HAHCHEM ¢(OpMAM HAH NPOCTOMY PACCMOTPEHHIO OPOHTANBLHOIO
nepekpHPanus, coeaHHeHHe 36 moikHO GLITH Tak Ke YCTOHURBO,
RaK nRKaoneHtaauenua-anvon (31). Ilockoapky 36 mnoayuen
TOAbKO B pacrteope [68], on Menee ycrofiyup, ueM 31, U HamHoro
MeHee YeTORUMB, ueM KatHoH 37, sABASOWIMECA NPOAYKTOM OT-
pPuBa oT 36 He npoToHa, a ruApuA-koHa. HlecTs aaekTpoHoB ABOH-
HHX cBa3efl B 37 NepeKphIBAOTCA C BaXaHTHOH OPOHTANBIO Cellb-

Os — 0

MOro aToMa YTJepofa, B pesylbTaTe MJyuaercd ceKcTeT SJAeKTpo-
HOB, OKpy:aloliuft ceMb yraepoaHux atomos. Coegnneune 37, uz-
BeCTHOe KaK Tponusud-xaruow, snonHe ycroiuupo [69]). Ecnn’ 6ul
B TPONHAHAGPOMAZE JIEKTPOHH GPoMa MOIVIM NRHTATHBATHCA Sijts
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poM B KOCTATOIHON CremeHE, 5TO G:I0 GH KOBAJEHTHOE COGHHHE-
HHe, HO B HEHACTBHTeNLHOCTH peajHsyercss HOHHasA cTpykrypa [70]:

4 — O~

Kak u B cayqae 31, sKRHBaJeHTHOCTb BCeX aTOMOB Yraepoja B CO-
F?,Ellfiﬂeﬂﬂﬂ 37 6una noxTBepXAcHA ¢ HOMOIIBIO H30TONMHOA MeTKH
1.

Euwe oxHHM NpHMepOM CeMHIJEHHOro NHKAA ¢ HeKOTOpOR cTe-
NeHbl0 apOMAaTHYeCKOro XapakTepa siBiaserca tTponmod (38). B srofi
MosieKyfe Ouso OH BO3MOXKHO CYIIECTBOBaHHE apOMATHYECKOrO
ceKcreTa, ecAH Ow ZBA sMEKTpoHZ cBA3H C=0 OHaAn 6H cMeIneHH
OT KOJbLA B CTOPOHY 3JEKTPOOTPHIATENBHOIO aTOMAa KHCJAOPOAA.
HeficTBATeNbHO, TPONOHH — yCTORUHBHE CcOeARHEeHHA, & TPONO-
JAoHH (39) mafiienw B npHpoae [72]. Onrako H3MepeHHsA AHNOAb-
HHX MoMeHTOB, {IMP-cnexrTpor K AHGPAKIHE PEHTTEHOBCKHX JAY-
uell MOKASHBAIOT, YT0 TPONOHH M TPONOJIOHH MpeAcTaBAfiorT cofoh

v v

CTPYKTYPH ¢ aAbTePHAPYIOUHMH cBasamu {73]. HMx Heswsm cuu-
TaTh NOMHOCTLIO APOMATHYECKHMH, XOTA OHH O6JNafalOT apOMATH-
YeCKHM XapaKTepoM B HeKOTOpofl cremeHH. TpOTMOJIOHHM Jerko
BCTYRAIOT B PeakiiHd apOMATHYECKOTO 3aMeRIeHHd; STOT (axr etie
pas mofuepKWBAeT, YTO CTapoe H HOBOe ONMpelesIeHHs] aApOMAaTHY-
HOCTH He Beersia cormagaior. Ilono6urifi rponony (38) muxmnoneH-
rajnedod (40) Ao cHX mop He yAaloch CHHTeSHpOBaTb, HECMOTPS
Ha MHOI'OUAC/AEHHHE NONNTKH., 3Aech, KaK H B 3B, 3JieKTpooTpHIA-
Te/MbHEA aToM KHCAOPOAA KOJeH OTTATHBATL Ha celGs 3MeKTPOHHI,
HO TOFAA B KOJbIIE OCTAETCH TOABLKO UeTHpe SAEKTPCHE, H Takas
MoJiexyla Heycrofianpa. JIoJydeHH HeKOTOPHE NpPOH3BOAHLIE IHK-

noneHTagHenoHa [74].
9 Fe
®
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Hdpyrofi THn HATHYAEHHHMX APOMATHYECKHX COeJHHEHHR cOCTaB-
ASIOT METAAAOUEH!, HasHBaeMHe TaKKe candeouvesuimu coeduxe-
HUAMU; B HHX ABA LHKJIOMEHTAKHEHHJABHBIX KOJbLA PacnoJoKeHH
Haj M noA HOHOM MeTanana, s coelnHeMHii Takoro tema Haubo-
Jdee u3pectTeH deppoueH (41); moayueHb! Takxe aHAJOFHYHHE CO-
eAHHEEHs KO0aAnTa, HUKeJig, XpOMa, TUTAHA, BAaHAAHA H MHOTHX
Apyrux MerananaoB [75]. ®epponen — ycrofiunpoe coeaHneHue, cyO-
aumupyercd mpr 100 °C u BHjepxupaer Harpesatne go 400 °C.
JiBa IHKAONEHTafHEHHABHHX KOJbla cBolonHo Bpauwalotes {76
C MetasioumeHaMM MPOBeAcHK MHOTHE PeaKUNH apoOMaTHUECKOro
saMellenua [77]. IoaygeRbl MeTa/lJOLEHH, copepxaliliie ABa aTOMA
MeTa/iJa H TPH NUKJAONEHTAJHEHHALHHX KOJbIA, H3BECTHHE KakK
rpexcaoinee condsuqu [78]. Coobuianock O CHHTE3e deTHpex- K
Jaxe NATHCAOHHEX canapHued [79],

Cessb B ¢eppolere MOXHO paccMOTPeTh ¢ MO3HIHA YHpoOIleH-
HOfl TEOpHH MOJEKYAAPHEX opOHTanel [%0]. Kaxpoe uuknonesta-
DHEHWJIbHOE KOJBLO HMeeT NATh MOJEKYJAAPHHX opburaseii: TpH
3aMO/NHEHHHE CBA3HBALIKEEe OpOHTAAH H ABe BAKAHTHHE pasphix-
asiolitde opGurank (pasa. 2.9). BHemnsa sjaexTporrasa o0oJ0uKa
ATOMA JKe/e3a COCTONT H3 JeBATH ATOMRHX opOurajefi: oAHOH 4s-,
Tpex 4p- 4 naru 3d-opGuranefi. lllects 3aceneHrnx opGuraneft
JBYX LUHKJAOMEHTaZHEeHHJBLHMX KOJIel MEepeKpHBaloTC ¢ QAHOR S-,
TpeMa p- H EByMs d-opOHTaNAMH aToMa JKejesa, jaBas fABeHaA-
IaTh HOBHX OpOHTajell, H3 KOTOPHX llecTh ABJAIICA CBA3HBAIO-
DIEMH u o6pasyloT ABe TPOiHHEIC CBA3H KoJabiuo—MeTann. Honoa-
HHTEJbEOE CBASHIBAHHE BO3HHKAET B pesyJbTaTé NepexpHIBAHHSA
BaKaHTHHX paspulXMIOIIRX opGHTaNell Kojel ¢ OCTaALHHIMH 3a-
ceMeRERME  d-opOHTANAMH Kesteza. TakuM ofpasoM, Ha JeBATH
opbuTanax pacnofiokedc 18 saeKTporUB (MOXHO cuHTAaTh, 9ro 10
3JIEKTPOHOB AAIOT JBAa KOJBIAa, a 8 — aToM xesesa B RYJASBOM
OKHCAHTENLHOM COCTOAHHH); WiecTh opbuTtaiefi — CUMBHO CBA3HBA-
I0lllHe, 2 TPH — cAabo CBA3HBAIOLIHEG WJH HeCcBA3HBAIOUIHE.

Kak yxe ropopmioch, B HOHe TPOURAH® APOMATHIECKHH ceK-
CTET OKpYXaeT CeMb ATOMOB Yriepoda. M3BecTeH aHAMNOMHYHBIR
HOH, B KOTOPOM CEKCTeT 9JIeKTPOHOB NPHHAJNEKHT BOCLMH Yrie-
poaruM atoMam,— 1,3,5,7-TerpaMeTHAIHKIOOKTaTeTPaCH-AHKATHOR
(42). DroT nouTH MaOCKHA MOH o6xajaer AHATPONHHME cBoficT-
BaMH; OH yCTOAYHB B pactBope npu —50 °C, a npu reMnepartypax
Bute 30 °C ueycrofiuus [81].

)
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2.10. Mpoune CMCTEMM, cOfepiKamne apoOMATHYECKHH cexcTer

CorylacHO TeOpHH pesoHaHCa, TaKde COeXHHEHH:, KaK NMeHTaleH
(43), asyxnen (42) o rentasen (45), ROMKHH OGHTHL apoMaTHue-
CKHMH, XOTA AN HHX HeNb3f 3aNACaTh HH OAHOM HEeHOHHOA KaHo-
BrdecKoft GopMyJIH, B KOTOpoA HMejdach Ont ABOHEAs CBSI3b B Me-
CTe CONPSIKEHHS LIHKJIOB. Pacuers o MeToAy MOJeKyAApHHIX op6H-
TajJefi MOKASHBAWT, UTO M3 ITHX TPeX COCAHHEHHH YCTOHYHBLIM
MOXeT GHTb TOMBKO a3YJeH, UTO H MNOATBEPKAAETCS SKCIEPHMEH-
TalbHHME AaHHBIMHE, Tak, yzaaocs BHaeanTh Tentaned [82], Ho or

GHICTPO pearHpyer ¢ KHCJAOPOAOM, KHCAOTAMU H OpOMOM, J€rko rdj-
PHpYeTcsl H NMOJHMEDH3YETCR NPH CTOSHAH. AHAJH3 ero CneKkTpoB
AMP nokasoBaeT, WT0 MoJekyJa rentajneHa He naockas [83). 3,8-
JOutpomo- u 3,8-AuKapSOMETOKCENPOB3BOLHEe 45 ycroRuuBH Ha
BO3fyxe IPH KOMHATHOH Temmeparype, Ho He ofsajaloT RHATpON-
HEHME cBofictBaMu [84], ITeurasnen we 6uxt noayweH {85), HO wsBe-
CTHH ero rexcadenna- [86) u 1,3,5-trpu-rper-Gyruanponssoanne [87).
IlepBoe yyBcTBHTENLHO K ACHCTBHIO BO3AYXa faKe B pacrBope, BTO-
poe ycTofiyuBo, HO, MO AAHRHM AM(PpPaKLU#H PEHTreHOBCKHX Ayded H
(OTO9NEKTPORHHX CNEKTPOB, mNpeAcTaBasier cobofi  CTPYKTYDY
¢ anprepHEpyiomEMH cesu3aMu [88]. TlenraneH, ero MeTHABHOE H JH-
MeTHJbHOE NPOA3BOAEHe GHJAN MONYUEHH B PACTBOPE, HO BHAGAKTSH
HX He yAadoch B3-3a GuicTpoli rumeprsaunk [8S]. MuorounciaesHbe
MONETKH NOAYYHTH 9TH ABe CHCTEMH HE YBEHUAJHCE YCMEeXOM.

B npoTtEBONONOKHOCTE coeinHenusnm 43 u 45 asyaen (44), npek-
CTaBAAIIMA cobolf TBRephoe BeiecTBO roJyforo uLpera, BIOJHE
YCTORYHB, H H3BeCTHH €rc NMPOH3BOAHHE {90]‘.' Mprorue npupoarhe
CecKBHTEPHEHH JETKO NpeBpallaoTcs B NPOHSBOAKBIC a3yJieHa, Ha-
NPHMED, NPH HATPeBaHHH TBafiosa ofpasyercs S-rpaftasyaeH (7.4,
peakuus 19-1). AsysieH Jerxo BCTYNAET B PEAKLHd apOMATHUESCKOTO
3aMelleHEA. AsyJeH MOXHO paccMaTpPUBaTh KaK KOMGRHALRI cO-
enunennii 31 u- 37; neficTrBHTENBEO, OH o0JiaZaeT AHNOJBHHM MO-
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menToM, pasHuM 0,811 [91). HatepecHo, uro ecnn AoGaBuTh K HeR-
TaNeHy fABa 5AeKkTpoHa, ofpasyercs ycTofiunsnifi auanuon 46 [92].
MoxHo cftenaTh BHBOJ, YTO ABA KOHAEHCHPOBAHHHX KoJblla GYAYT
COCTABJAATL APOMATRYECKYI0 CHCTEMY TOJNbKO HpH Haauguu 10
SJEKTPOHOB, RO He 8 uan 12 saexTpoHoB. ‘

2.11, AnbTepHaHTHME W HeaJabTePHAHTHBE yriaepogopoaw [93]

ApoMaTHUECKHE YIMIEBOJOPOAH MOXHO PasAeHTb Ha jBa THAA.
B anbrepranTHHX YrieBoKOpOAAX aTOMH YIViepoAa HDH CONpIKeH-
HBIX CBASAX MOXHO OTHECTH K ABYM HabopaM, Tak 4TO HH ORHH
aToM OAHOTO Hafopa HeNocpelACTBEHHO He CBA3AH ¢ KaKHM-NHGO
BApyriM aToMoM Toro e camoro HabGopa. Ikas yaofcTtBa aToMH
OoAHOro HaGopa MoXHO oTMeTHTb 3pesftoukoii. Hadranua oTHOCHTCS
K aJpTepHAHTHHM, @ asy/eH -— K HeaJbTepHAHTHHIM YIMIEBOLOPONEM:

" * .. *
* W
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B anbTepHAHTHHX YrAeBOKOPOAAX CBASHEBAIONIKE B PA3PHXILIO-
me opOHTaNH o6pasyioT NapH, HanpEMep IAA KaXaofi cBA3MBAIO-
medi opGuTanu ¢ sueprucii —FE umeercs paspuxasiomlas opGHTaNb
¢ sHeprueft +-E (puc. 2.6)}. UeTHo aapTepHaHTHHIMH HAa3HBAIOT yrie-
BOAOPOAS! € YETHHM YHC/IOM CONPSXEeHHEX aTOMOB, OHR MMEOT paB-
RO YHCJI0 OTMeueHHHX SBeSHOYKON H HeoTMeueHHHX aToMOB.
B uerno anbTepRaHTHHX yIMeBOAOpoLax Bce CBASHBAOWIHe oplH-
TaAH 3alOJHEHHHE, & N-3NEeKTPOHH OAHHAKOBO pacHpeliesieHH
MeNAY aTOMaMH ¢ HeHACHILEHHHIMH CBA3AMH.

HeweTno anbTepHaBTHHE YI/€eBOJAOPOAN, KAK H aJiHAbHHE CH-
CTeMHl, [IOMHMO P&BHOTO KOJMHYECTBA HNPOTHBONOJCKHHX HO SHEp-
THH CBSI3HIBAIOBIHX H PaspbiXJSIOIHX oplHTajiefl HMEOT ellle He-
cBfSHBaIOUlyo OPOGHTAAL ¢ HyJMeBOR sHepruell; K NOAOGHBM cHCTe-
MaM OTHOCATCR KapGOKaTHOHH, XapGaRHOHH, cBobopHue pazd-
Kaau, ITpn mepexpHBaHHM HeueTHOro yHcana opOuraneh obpasyercs
HedeTHOe YHCJO HOBHX opOHTasedl. ITockoJbKYy B aJbTepHAHTHHIX
YrAeBOZOpoAax opOHTANH CYLEECTBYIOT NapaMi, ¢ +E- n —E-gHep-
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Puc, 2.6, DnepreTHyeCcKne YPOBHR UETHO AJbTEDHAHTHHIX (&) B HETETHO aJbTep-
HauTHHX (6) yraeeomopoaos [94).

Crpenkd 0003HAYA0T -NIERTPOHE., NlokasaHMel OpOHTANK ¢ pa3ARYHOR SHeprHeff, BO HeKO-
TopHe MOryr OHTh BHPOHKISHHLMH,

rHelt, y ofHOHA opOHTaNH, He HMeIODielt mapTHepa, AO/MKHA GHTH HY-
JIeBas SHeprus cBAsHBaHHA. Hanpumep, B OeH3BJbHOR cHCTeMe

L
X CH ;]
O

Y KaTHOHa HeCBASHBaOlas opbuTa/b Hezace/eHHAd, Y CBOGOAHONO
pagHKajia Ha 3TOR ogﬁma.nu AMeeTcs OAHH SJACKTPOH, a ¥ Kapba-
HHOoHa — gBa (pHc. 2.7). Kak w B cayvae anauabHolt CHCTEMH,

Inepeun
a=—2,10138 —
«—1,2598 —_—
S N 1}
s 1 t 1
a+1,2598 t th A4
o«+2,101 8 1‘ *l -—!-}——
) . -
CH; CH, CH,

©

Puc. 27. SueprerHueckme ypOBHH OeHIHNBHOTO KATHOHA, cBolofdoro pajrxana
A kapfannona. Tak KK o — 3HeprR p-oplRTamu (pasa. 2.2), HecBAswHBawmas
OpOHTANb. KMEeT HYJEBYIO 3BEpTHiO,

O



76 TJABA 2

Y BCEX TpeX MepedHCJNEHHHIX MOJIEKyJ IHEeprisi CBA3HBaHKA OAWHA-
KOBa; TOUHO TAaK 3Ke O/IHHAKOBO pachmpejesieHHe sapsila HJAH Hecna-
PEHHOrO 3JEKTPOHA, KOTOPOE MOKHO BHIUHCAHTER AOBOJLHO MpoO-
cTHM cnocofom [93].

VY HeaNbTEepHAHTHHX YIVICBOAOPOAOB 9HEPTHH CBH3HBAIOLIEH H
paspHxjAfOEl opOHTaNefl MPOTHBONOAOKHH NO 3HAKY, HO He
PaBHH, a pacnpele/ieHye 3apsia B KaTHOHAX, aHHOHaX H cBoGoA-
HHIX paAHKaJax HeoAHHaKoBoe. PaccunraTh ero HaMHOro clloXHee,
HO TeM He MeHee TaKHe pacueTH GHJM BHNOJXHeHH [95} Pasanante
AJIbTEPHAHTHHE M HealdhTepHaHTHHE COeAHHeHHd (B cayuwasix, KOTAA
TOUHAS CTPYKTYpa HEH3BECTHA MM He OKOHYATEJNLHO YCTAHOBJEHa)
MOXHO ¢ MOMOIIbI0 KOMGHHHPOBAHHOrO METOAA, OCHOBAHHOTO Ha
tdoroanekTpouHolt u ¥ @-cnekrpockonuyn [96].

2.12, ApoMaTHYECKHE CHCTEMDI ¢ YHCJAOM SJICKTPOHOB,
OTJAHYHBIM OT WECTH

C Tex nmop Kak OHia ycraHoBJeHa ocobas YCTOHUHBOCTb GeH-
30/1a, XHMEKK OPOJOJIKAJH HCKaTh OTBET Ha BoNpoc o yCTOHUE-
BOCTH ero IOMOJIOTOB H AHANOTHYHHX COeAMHEHHN ¢ APYrHMH pas-
MepaMK IMKJIOB, TaKuX, Kak umukjaoGyragwern (47), HUK/IOOKTATET-
paen (48), nmxaopekancHtaeH (49) [97] u 1. n. O6mee Hazparue
STHX COeAMHEHHR — annyaenvi; Gensoln — oto [6lannynen, a coenu-
Hennsn 47, 48 u 48 —coorBercrBeHno [4), [8]- u [10]annynenm,
C TOUKK 3peHUS NPHMHTHBHOIO PaccMOTPeHHA pesoHaHCHHX dopM
9TH H BHICIIHe AHHYJeHH JOJIXKHH OHAKH OH OHTL TAKHMH Xe apo-
MaTHYESCKHMHE COSJHHEHHAMH, KaK Gen3os. OfHAKO OHHM OKAa3aJHCh
NpaKTHYeCKH HeyJOBHMEIMH. B oTaKuHe oT GeH30sa, KOTOPHIT BCTpe-
yaercs B THCAYAX MPHPOAHHX NPOAYKTOB, B TOM UYHCIE B yIJe H

R

Hed)TH, H KOTODHA MOXHO HOJYUMTb H3 Pa3HHX HEHHKIHYECKHX CO-
eIHMHEHHH, HH OHA H3 NPUBENEHHHX AHHYJCHOBHX CHCTEM He OHA
HafileHa B IpHPOAE, H CHHTE3HPOBATL TAKHE COSAMHEHHHA, 34 KCKAIO-
YeHHeM LHKJIOCOKTaTeTpaeHa, 0deHb HenpocTo. CoBeplieHHO Ode-
BEJHO, UTO €CTh KAKOH-TO OCOOHH CMBICA B HAJMUUH 3JIEKTPOHHOTO
CEeKCTeTa B UHKJKUCCKON CHCTeMe.

"~ CoraacHo npaeusy XioxKeafl, OCHOBAHHOMY H4 PacueTax mo Me-
TORAY MOJEKYNApHHX opfutanefi [98], anekTponnoe Xoasllo 6yaer
COCTABNIATL ApPOMAaTHYECKYIO CHCTEMY TOJABKO B TOM CAyYae, eClH
UHC/O SJIEKTPOHOB B KOJIbIe paBHO 4n-+2, rae n paBHO HYJIIO HAH
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JaI0GOMY LeJIOMY NOJNCKUTENbHOMY 4Hcay. CHCTEMH, cojepikaniue
4n 9JeKTPOHOB, He AOMKHH ObTh apomaTHyecKkHMH. Taxum oGpa-
30M, KoJblla, cofep:xaiiue 2, 6, 10, 14 u 1. 4. snekTpoHos, Gyayr
apOMATHYECKHMH, a KoJbHa ¢ 4, 8, 12 H T. K. 2NeKTPOHAMH — He-
4ApOMATHIECKHMH. Takas 3aKOHOMEPHOCTE ABAACTCA CACACTBHEM
npaeuia I'ynnaa. Ileppas nmapa SJAEKTPOHOB B aHHYJIEHe 3aHHMAeT
n-opSHTaNk ¢ HAHAH3WIEH sHeprueli, nocdie Yero ¢pAIHBaIONiHe Op-
GuTanH BHPOXIZAIOTCA H 06PasyloT napul ¢ paBHofl ssepruefi. Ecian
oflllee YHCAO 3/JEKTPOHOB B CHCTEMe DAaBHO YeThIpeM, TO, COFJIAcHO
npasuay ['yeaa, ABa sfieKTpoHa safiMyT caMylo HH3MIYIO OpPGHTaJb,
a jpBa Apyrhe Oyayr Hecna;gennumn, H cucTeMa 6yZer cyIlecTBO-
BaTh B BHAe OHpazHxana. Bupoxpenue opbGuranefl HeBO3ZMOKHO,

o S
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eCAH MAKCHMAaJbHAS MOJIEKy/nApHas cCHMMeTpug 6yAerT HapylneHa H
ofipasyercs MeHee CHMMeTPHUHAA. cTpyKTypa. Hanpumep, ecan mo-
JdeKkyJja 47 MoxeT NPHHAMATh NpPSIMOYTOJBHYIO, a He KBaApaTHYIO
¢dopmy, sHeprug ojAHOH H3 paHee BHPOXIAEHHHX opOuTased Oyaer
HHJKe, ueM Jpyrodl, W oHa Oymer 3aHfATa JABYMH 3JIeKTPOHAMH.
B aToM cnyuae fpoiilHe cBA3SH OYLYT, KOHEYHO, CHIABHO PaslelieHH,
H MoJeRyAa He Oymer apomarnueckoft. Hapymenne cummerpun Mo-
KeT TAKXe NPOHCXQIHTH IIPH 3aMeHe OJHONO HJIH HeCKOJbKHX aTO-
MOB YIVIEpPOJa FeTepoaTOMaMH WJH BCJeNCTBHE JPYPHX npuuuH [99].

B cneayomux pasgenax SyAyT paccMOTpeHH CHCTeMH ¢ pas-
JWYHBIM YHCAOM 3JeKTPOHOB. [nia TOro 4TOGH OTHECTH cucreMy
K apoMaTHueckofi HYXKHO cofJAiofieHHe CJAGAYIOIHX (aKToPOR:
1) HannuHe AMAMATHHTHOTO KOJLLEBOTO TOKa, 2) pPaBeHCTBO HJH
NPHOAY3HTENLHOE PABEHCTBO MEXKATOMHBIX PaccTOSKHA, 3a HCKJIO-
YeHHeM TeX cJy4aeB, KOTZA CHMMETPHS CHCTeMH HapyllleHa IIpH-
CYTCTBHEM TreTepoaToMa HJAH TO JApYro# IpHYHHE, 3) KomJaaHAp-
HOCTb, 4) XHMHYECKYW YCTORUHBOCTh, 5) CNOCOGHOCTL BCTYHATDH
B PeaKIHM apoMaTHUYECKONC 3aMEILeHHH,

2.13. syxaaekTpoHHbie cHcTeMbE [100]

OuyepuiHO, UTO JBa AaTOMa yIVepoha He Moryt o0pasoRaTth
KOJIbIO, XOTH ABOMHYIO CBA3k MOXKHO pACCMATPHBATL KaK COOTBET-
CTBYIOILHN BHpOXAeHHLA caydafl. Ho yxe rpexuneHHfi HHKA
¢ Apofinof CBA3BIO H MOJOXKUTEJILHHIM 3apANCOM Ha TPETheM aTOMe
yriepoaa (YuKAONPOnesuA-KaTUoON) aHANOTHUHO HOHY TPOMHJHS
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npeicraBiager cofoil cHcTeMY ¢ 4HCAOM 3JEKTpOHOB 4n+2 M mo-
TOMY AoJiXKeH ofnajarhb apoMaTHuecKHMH cBoificTBamu. Boln moay-
YeH KaK HesaMellleHHHIl mukaonponenus-karaon (50) [101}, rak n
HEKOTOPHE ero MPOH3BOMHbIE, HANPHMep TPHAXNOPO-, AMGDEHUI- H fE-
NponHAnpoH3BofHue. Bce oHM ycToBuHBHIL, HecMOTPA Ha TO, UTO
YIMIH B LIMKAe cOCTaBafioT game 60°, lleficTBATENbHO, TPUNPONHA-
nuxknonponerua- [102] m TpUNAKAOHPONHNLEKIONPONEHHN-KATHOHK

v —V—v] =

{103] oTHocsTCA K HamGodee YCTOAUHBHIM H3 H3BECTHHIX KapGoKka-
THOHOB, OHH YCTOHYHBH faxe¢ B BOAHHX pacTBopaX. OueHn ycTofi-
YHB TaKKe TpH-Tper-Oyvunuuknonponennn-karuon {104]. Liukno-
nponenon {(61) 4 HeKQTOpLle er'¢ NpoH3Bofasie [105] npospasior Ta-
KYI0 3Ke YCTOHYHBOCTD, Kak H TponoHnl {106]. [lukanueckas cucTeMa

Y A

B 50 HeanbTepHAHTHA, H B COOTBETCTBYWIIHX pajHKalne K aHHOHE
(He HMelOUHX apOMaTHYECKOrO AYSTa) 3JACKTPOHHM 3aHHMAIOT pas-
pHxJsoNKe OpSuTa/H ¢ Goaee Bhcokofl suepruedl. Kak u B cayuae
coepunenuft 31 u 37, sKBUBaJEHTHOCTb TPEX &TOMOB YIepoda
B TpHOeHWIIHKAONPONEHHA-KaTHOHe OHJa MpPOJeMOHCTPHPOBAHA
¢ noMotipio HaoTonHoH Merkn “C [107). TTonyueRH Takke HHTepec-
#ee guKkaTHoHs 52 (R=Me uau Ph) [108), xoTopre Takike AO/KHH
Eh:rri, OTHeCEHH K JABYX3JEKTPOHHHIM apPOMAaTHYeCKHM CHCTEMaM
109},

2.14. YerHpexsieKTpOHHEE CHCTEMB. AHTHAPOMATHUHOCTH

CaMbiM HOAXOAAIIMM COeAMHEHHEM, B KOTOPOM MOXKHO HCKAaTh
3aMKHYTO€ KOJbLO 43 YeTHpeX BJAeKTPOHOB, ®BJSETCH LUKAOGyTa-
Aren {47) [110]. CoraacHo npaBhay XIOKKess, 3T0 COeAMHEHHE He
AONKHO OHTb apoMaTHYECKHM, TAK KaK UHCJAO 3JEeKTPOHOB He OT-
BeyaeT Gopmyne 4n4-2. B TeueHHe AJHTENLHOrO BpeMeHH npen-
MPHHUMAAKCL TONKITKH HOMYYHTH LHKNOOYTalHeH M ero NpOCTHeE
NpoUsBOAHHE; KAK MH YBHAEM Jajee, OCHOBAHHH{I Ha NpABEJE
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XIOKKe/qd NpOrHO3 HOMHOCTRIO MOATBEpAMICA — MOJeKyJXa He ofHa-
PYXHBAST HHKAKHX CBOHCTB, HO3BOMSMIOUIHX OTHECTH €€ K apOMarTH-
‘gecKHM coepwHeHEAM, DBosee Toro, oxasazoch, uTO 3aMKHYTOe
KOJMBbUCG HS YeTHPeX SJAEKTPOHOB ABjAfAeTcH B AefiCTBHTENLHOCTH ax-
ruapomaruseckunm [111]. Ecxn 6 noso6unie coefluHeHHs DPOCTO He
obnagany Gu apOMATAYHOCTBLIO, TO MOMKHCO OHJ0 OH 0XHAATH, YTO
oHH GyAyT TAak e ycToHWHBH, KaK aHAJNOTHYHHE HeAPOMATHUECKHE
cOeAHHEeHHA, ONHAKO W TeOPHH, H SKCHEepAMeHTAAbHHE AaHHHE TOKa-
3HBAIOT, UTO OHH HAMHO20 Mexee ycroiuueer [112]. AuruapoMart-
JecKHe¢ COeJHHEeHHA MOKHO ONPeAe/HTh KaK coefHHEHHs, AecTabu-
NHIHPOBAHHEIC 32MKHYTHM KOJABLIOM 3JEKTPOHOB,
oclle MHOTOJeTHHX MONHTOK NOAYUHTh UHKI0GyTajMeH 3Ta
uens Owia, HakoHel, gocturHyta Ilerrmrom m corp. [113]. Buao
nokasane, ute 47 H erc npocrble IIPOM3BOZHHe KpafiHe HeycTofi-
YHBHI; ¢CNH OHH He CTAGHJIHSHPOBZHBI B MATPHUAX, I'Ae MOJEKYJb
BHHYKAEHHO PAaclofaraloTcs 10 OTASALHOCTH APYT OT ApYra, HpH
OueHb HH3KHX TeMneparypax (o6wuno He npepmmampimux 35 K), ro-
eMeHa XH3HH HX OUeHb Majh W OHH IHMEpPH3VIOTCA MO peaxiluu
)fnnbca — Ansaepa (7. 3, peakuus 15-47). Ctpoense nuKA0GyTagREHA
# ero HPOHUSBOAHBIX HCOAHOKPATHO H3Y4a/J0Ch C NOMOIIBIO HHIKOTEM-
HepaATYpHHX MaTpHuHbx MeToxoB {114]. HecMoTps Ha posnmKaBumine
nporusopeyrs {115}, B xoHue koumoR GELIO HafiieHo, YTC B OCHOB-
HOM COCTOSIHHH CTPYKTYPa 47 COOTBETCTBYET NPAMOYTOJIBHOMY AH-
eHy, & He OGHpaxuKaJy; 9T0 MOATBepxJAeHO AaHAHIMH HK-cnekTpoB
B MaTpHIAX, H3MepeHHHX XA AdeHa 47 u ero aefiTepapoBaHHOTO
ananora [116]. C sTHMH AaHHLIMH COIIACYIOTCA H PACYeTH Mo Me-
Toly MojekyAsipHHX opGuraneft [117]. K ToMy e suBoay npusen
H H3ALIHLIA SKCHePHMEHT, B XoJie KOTOPOro redepuporanca 1,2-mm-
IefiteponukaoGyranued. B To Bpemsa kak 47 npeacraBaser coboii
NpAMOYTOJbHEIA JHeH, AupefiTepo-aEator HNoAXeH CYIIECTBOBATH
B BHIE ABYX H30MEPOB:

D
| 2 l l[
D b S

O06a usoMepa 6uan 3adHKCHPOBAHH B mpoliecce 0Gpa3CBaHHSA ITOTO
ﬁoez;nnemm B KaYecTBe HHTEDMeAHATa Fxoropuﬁ He GHX BHAE/EH)
18

HspecTHo HECKOABKO NPOCTHIX NPOH3BOAHKEIX unmoﬁy'raxmeua.
KOoTOphle YCTONUHRH INpH KOMHATHOR TeMuepaTtype TO HJIH HHOE
BpeMs. Bece oHu cofiepxxar aubo o0beMHEle TPy, AHO0 KAKHE-TO
Apyrue cra0UAH3IHpYIOUIHe 3aMecTHTeaH. [IpAMepaMu MPOHSROAHHX
Mepeoroe THMAa SHYXatT TpH-Tper-GyTaanarnoGyragven (63) [119] =
AutHacoeAnnerHe 64 [120]. Oum oTHOCHTENBHO YeTORYMBH Oaarc-
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daps TOMY, UTO RUMePH3ARMS CTepPHUeCKH 3aTrpyAHeHa. Haywemme
cnextpa SIMP coexunenuss 53 nmokassBaer, 4TO CHIHAJ OT KOJbIE-
BOTrG NPOTOHA CMeIleH B cuavHoe noaé (5=5,38) mo cpapmenmuio
¢ HOMOKEHHEM, ONHZACMEIM A HeAPOMATHHECKOTO MPOTOHA, Ha-
npuMep, B uMkxonearanueHe, Kak GyAer noxasano B pasa. 2.18,
TaKoe CMellileHHe YKASHRBaer Ha TO, YTO COSNHHEHHE AHTHAPOMATH-
yeckoe, Jas coeaunenns 54 aHaNOTHYHOE HCC/AENOBARHE NPOBECTH
HE ydaercs, TaK KAK OO He HMeeT KOJbMEBHX MPOTOHOB, HO, NO
BaHHHM DPeHTTeHOCTPYKTYPHOrO aHalHsa, UeHTpajbHEM NHKA B 54
npeacTaBafeT co6ofi MPAMOYTOJNBHHN AHEeH, B KOTOPOM HJRHA IIPO-
cToii cBsisu papua 1,600 A, a aawua apofirofi cesisk — 1,344 A [121).
Heobuuno Gonbias AAAHA MPOCTONA CBASH MOMeT OGBACHATHLCS OT-
TANKHBAHHEM MeXAY MeTHALHEMH rpynnaMe. Ilo gaunuM doTo-
3ACKTPOHHON CHEKTPOCKONHH, cOefHHeHHe b4 He smBAsercs Gupagu-
kanoM [122]

mpem -Bu ﬁm-m A

mpemr-Bu H w

53 M

[MprMepoM ycrofidHBOre UHKJAOGYTafueda APYroro THOA ABAS-
eTcA coeiuvHeHne D5, cojepxKallee ABe 3JeKTPOHOUCHOPHEE H ABe
3JIeKTPOHOAKIEN TOPHLIE IPYINH; OHO YCTOHUKBO B OTCYTCTBHE BOHH
[123]. YeToiuuBOCTb TAKHX COSJHHEHHA CBASHBAIOT OGBIYHO ¢ BKJa-
JOM Pe30HaHCHOM CTPYKTYPH, mokasaHHo# Huxke. PesoHaHcHYIO cTa-
GHAM3ALMIO TAKOIO THRA HA3HBAIOT Ryw-nysvroim afihexrom [124],
OJHAKO, OO0 XAHHHM (HOTO3AEKTPOHHON CHeKTpocKomkH, GoJablliee
3HaYeHMe 3Hechb HMeeT (HKCAUUS CBS3H Broporo mopsnka [125}
PearreHocTpykTypuHit anaaus nokasan {126]), uro B coegHHeHUH
55 nukn rEe,IlCTaBJIHET cobolt HeKaKeHHN I KBaApaT ¢ AAHHAMH CBf-

B

sefl 1,46 yrnamu 87 n 93°. AsaunknoGyraiuen (56) Takxe yc-
TOHUMB MO aHAJOTMHYHEIM mpHuuHaM {127}
8°
Ei,N¥ Et Et,N C—OEt Me,N  NMe,
——— —— s | .IN
Et00C  NEy, E100C gﬂ, Me,N
55 56

flcHo, uro mpocTHe HHKIOOYTAJHeHb, KOTOpHE JIerko Morau 6ul
NpHHATE QOPMY NAOCKOTO KBAjpaTa, 3To HpHBeqic GH K apoMaTH-
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geckoll cTabunusanuu, B AefACTBHTENLHOCTH He MMeIOT Takofi GopME
H He SIBATIOTCS apoMaTHYecKHMH. Bricoxas peakiHOHHas cnocoG-
HOCTb BTAX COeAHHeHHH oOBACHAETCH He NPOCTC CTEPHUECKHM Ha-
[pTKEHHEM, HOCKOJBKY OHO He NpPEBHIIAeT HANDSKEHAT B NPo-
CTHIX MHKAONpONeHaX, KOTOPHE XOpOLo HSBECTHH, & CBA3aHA, NO-
BHAHMOMY, ¢ aHTHapoMaTHuHoCTEIO [128] '

HekoHpgeHcupoBaHHag NHKACOyTafHeHoBas CHCTeMa YCTOAYHBA
B KoMmJekcax ¢ Meradaamu [129] {cM. ra. 3), HO B sTHX cay-
Yafx SJAEKTPOHHAS NJAOTHOCTb OTTAHYTA C KOJbIAa Ha MeTald, R
SJAeKTPOHHMY apoMaTHueckuhk KBapTer Hapymen. [To cymecrsy, KoM-
nJeKcH HHKAOOYTaAHeH — MEeTaMA MOXHO PacCMaTpHBaThb KaK CH-
CTEMHl, cofiepiKalliHe apoMaTHUECKUH AYST: LUMKJ NPefCTABAAET CO-
6oit nnockad ksagpat [130], onum noaBepraloTcd apoMaTHYECKOMY
samemenno [131] 1 SIMP-crekTpH MOHOSAMEHIEEHHX NPOH3BOX-
HHX TOKa3bIBaIOT, 4T0 NPOTOHH B nodoxeHusax C-1 a C-2 skBHBa-
AeHTHH [131],

Ti-recco,

ApoMaTHUECKHe W/IH AQHTHAPOMATHUeCKHe CBOACTBA 9YeTHpex-
SJAEKTPOHHHX CHCTEM H3YM4JHCh TAKXKe Ha NpHMepe coeJHHeHHN
57 u 58 [132]; a0 noxkasaHo, YTO OHH HOCAT AHTHAPOMATHYECKHH
xapaxrep. Teopus MoxekynspHhx opBuranefi Xwokkean (MOX)
IpeACcKaskiBaer, 4T0 HeconpaMeHHWR HoH B9 (eAuHMcTBeHHas Ka-
HouAueckas dopma) ycrofiunsee, deM conpsxenHblf won 57 [133}],

© &
y_»v_-vs@ Q

59 57 58

T. €. NpH 06pasoBaHHy 3aMKHYTOr0 KOJbUA H3 9UeTHpeX 3JIeKTPOHOB
ycTOMYABOCTD XOMKHA MOHHKATBCHA, DTO NMOATBEPIKAASTCH SKCIEPH-
MEHTaJbHHMH HaHHHMH. B wacrHocTH, OHJIO MOKa3aHO, 4TO COGNH-
Henne 60 (R=COPh) B peaknmax o6MeHa OTAaer cBOH NPOTOH
npaMepro B 6000 pas MeanerHee, 9em coenunenne 61 (R=COPh)
{134]. IIpu R=CN »st0 cooTHowenHe pocturaer 10000 [135]. Ato
CBHAETENILCTBYET O TOM, uTo 60 maMHOro Tpyinee ofpasyer KapOa-

Ph Ph
H H
R

Ph b

60 61
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HHOHH (KOTOPHE B 3TOM CJIyYae AOJKHH GHThL UKKJAONPONeHHA-Kap-
Gauuonamu), gyem 61, paromuii o6nuHHe KapGaHHOHH. Takum 06-
pasoM, UAKAONPONEHWI-KapGAHAOHH SHAYATENLEO MeHee YCTOHIUBH
COOTBETCTBYIOIMX OOHYHHX KapGaHWoHOB. IlpoH3BOARHE LMKIO-
[PONEHUA-aHAOHA OHUIE NOMYYeHH B BHIE KOPOTKORHBYIIMX HHTED-
MepuaToB (KaK B YNOMSHYTHX Bbille peakuusx ofMeHa), OXHAKO
BCE¢ TNONHTKH NOJAYYHTH CaM KHOH HAH OTHOCHTEJIBHO YCTORYHBYIO
dopMy OAHOTO U3 €ro MPOH3SBORHHX AQ CHX NOP HE YBeHYalHCh yC-
nexom [136]. : :

Yro kacaercs HoHa B8, 7o OH OHJ mONyUeH H GHJO MOKa3aHO,
YTO B OCHOBHOM COCTOSIHAH OH IpefAcTaBiasder cofofi Gupaankan
[187], kak 910 NPOTHOSHPOBAJIOCH Ha OcHoBe npapHaa FyHpa (pasn.
2.12) 1138). HorasaTeABCTBO TOrD, UTO LAKAONEHTAAHEHHJ-KATHOH
(58) sABAseTCA He MPOCTO HeapoMaTHUECKoH, a aAHTHAPOMATHYECKOR
cueTeMolt, GHMIO MOJYUeHO HA OCHOBAHAHM HCC/SIOBAHAA COSNAHE-
Enft 62 1 64 {139]. I1pn o6pabotke 62 nepxaopaTtoM cepebpa B Hpo-
NHOHOBOH KHCJOTe NPOHCXOAHT GHCTPHI COJNBLBOMAH3, a B KauecTBe
IPOMEKYTOYHOTO coeAnHeHHa obpasyerca noH 63 (cm. ra. 5). B rex
Ke ycnaopuAax 64 me moasepraercss coJAbBOAH3Y, H oOpasopaHHA
kKarHoHa 58 He Halaopaerca. Ecom 6H xarHoH 58 6us mpocTo He-
apOMATHYECKHM, OH JOJIKeH GHJM 66l GHTb MOYTH TAKHM Ke YCTOR-
YABHM, KaK KaTHOH 63 (rRoTophIfl, KOHeuHO, He AMeeT HHKaKoM peso-
HaHcHONl crabuausammn). Tor ¢akr, uro 68 me obpasyerca B NpH-
BeJeHHOH peaKnNHA, CBHAETEJLCTBYET O ef0 ropasfo MeHbiHedl yec-
TOHYHBOCTH TI0 cpaBHeHHI0 ¢ 63.

o T

To o6eToATenbeTBO, uro HOHH 57 1 58 He aBagIOTCS apoMaTHYe-
CKUMH, TOTAA KaK LHKAONpOneHua-katHoH (50) M NHKACHEHTaNH-
eHud-aHnoH (31} npeacraBasior coGofi apoMaTHYeCKHe CHCTEMH,
CAYKAT yGeIuTeJbHHM NOATBEPKACHHEM CIPaBelIHBOCTH NPaBHAA
XIOKKeNs!, MOCKOJbKY, COrMAacHO TEOpHH De3cHaHCa, MEXAY Coefln-
HeHUAMH 57 u 50 unu 58 1 31 He AoAKHO GHTH HHKAKOR pa3HHIH,
TaK KaK AMAd KaXAofi napH MOXHO 3anHcaThb OZHHAKOBOE YHCAO
3IKBHBAJIEHTHHX KaHOHAYeCKHX GopM.

B coepuHeHHAX, riie NepeKpHBalollyecd NapaJefibHble p-op-
Gutann 00pasyIOT SAMKHYTOE KOJIBIIO ¢ YHCJAOM SJAeKTpOHOB 4n+-2,
MONleKyla cTaOHAU3HPOBAHA BC/IEACTBHE pe3oHaHca M LUK apoMa-
tayecknil. Kak 6uJo nokasaHo poiule (M Gyler mOKasaHO Zanee},
eCJIH 3AMKHYTO€ KOJIbLO COCTOHT H3 41 3JIeKTPOHOB, MOJeKYJaa Je-
cra0HAH3RPOBAHA DE3OHAHCOM, NMOSTOMY coefHHeHHs 47, 57 n 58,
a TakXKe HX NPOCTHE MPOH3BOAHHE He ABJAIOTCH APpOMATHYCCKHMH,
a, mo Bcelt BepOSITHOCTH, AHTHAPOMaTHYECKHMH MOJEKyJIaMH,
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2.15. BocbMHOAEKTPOHHME CHCTEMMB

Mosekyaa usknooxraterpacHa (48) [140] He maockas, a uMeer
topmy *Banuu [141}. IToaToMy caexyer oXHAATH, YTO OHa He Gymer
HM apoMaTHYecKOH, HM aHTHapoMaTHYeCKOH, Tak Kak U B TOM H
B APYyroM ciyuae Tpefyercs mepekphiBaHke HapaJJieJbHHX p-0pGH-
ranel. [IpAuuHa OTCYTCTBHS NJAHAPHOCTH 3aKJNI0UAETCst B TOM, YTO

et

43

sp2-ru6puAK3oBaHHRe csasK obpasyior yre 120°, a yrm npa-
BHJALHOTO BOCBMHYyroJibHHKA cocrapifior 135°. YUrgbsl mabemath
HaNpAXKeHHA, MoJeKyJa NPHHHMAET HeMJIOCKylo (OopMy, NPH KOTO-
polt opGuTanbHOS NMepeKphiBaHHe cBeAeHO K MUHHMYMY [142]). Kak
H MOXHO OXHIATH AAS COSAHHEHHH ¢ H3OJMPOBAHHHIMM JBOHHHEMH
CRA3AMH, AJHHE NPOCTHX cBsizell B 48 cocrapaswt 1,46 A, a pnuun
ABoitebx cesiseli — 1,33 A [141]. PeakuyorHast cnocoGHOCT 1MUKAO-
OKTATETpACHA TAKXKe THNMYHA AN AuHefworo noauena. OmHaxo
nuKIoOKTaAHeHZUUHK (65 u 66) npeacrasafior coGoll naocKue co-
NpAXKeHHEHEe BOCBMHASJEKTPOHHEE CUCTeMH (YeTHpe MAOMOMHHTENb-
HHX 8JeKTpoHa TPONHHX cBs3ell B cCHCTeMY He BXOAAT), KOTOpHE,
no paHsuM SIMP-cnekrpos, autTHapoMatuueu [143]). Vimeercs go-
Ka3aTe/IbCTRO B MOJIB3Y TOIO, HTO OTCYTCTBHE NJAHAPHOCTH B ITHK-
JdooKTaterpaete (48) wacTHuHO 06yCHOBJIEHO TEM, 4TO HJIOCKAA MO-
JeKy/na AoAXxHA 6blia GHTh aHTHapoMaTudnoil [144). Ilmkaorenra-
TpHeHuA-aHHOH (36) TaKxKe HMeeT BoCeMb SJEKTPOHOB, HO He BeAET
ce6s noaoGHo apoMaThiecKol cucreMe [69). AMP-cnekrp Gensonuk-

65 6 67
JOTeNTaTpHEeHRA-auKoHa (67) moKasHBaeT, 4ro, NOJOGHO COeAMHe-
HuaM 53, 65 u 66, OH ABASETCH AHTHAPOMATUYECKHM COEAUHEHHEeM
[145].

2.16. Jlecatusnexrponnnte cHeremMnt {146)

Has [10]annyneHa BO3MOXHE TPH TFEOMETPHYECKHX H30Mepa:
OOJIHOCTBIO Huc-usoMep 68, mMoBO-Tpawc-usoMep 69 u yuc-rpanc-
yuc-ytic-rparc-uzomep 49. Ilo npasuny XioKkens, Bce 3TH MoJe-
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KyJAH AOMKHE OHTH INOCKHMH, OJHAKO AaJeKe Heé OYeBHAHO, 4TO

co O O

OHH MOTYT NPHHATL NJOCKYic (OPMY, NOCKOJbBKY LAl 3TOrC OHK
LOVIKHH TNpecAoseTh 3HAUHTEAbHOE HanpsKeHHe. B mpasuiabHoM
RecaTHyroabEEKe 68 yranl pasHe 144°, 4To 3HauHTeNbHQ GoJbLIE
120° — BesuuuHb yraoB, ofpasyeMux sp?-caassaMu. Hactaano yrao-
BOE HaMpsiKeHHe cOXpaHseTcd B cTpyKType 69, HO OHO MOJHOCTBIO
HCKJIOYeHo B CTpykType 49, rie Bce yrasl paa 120°, Eme
B 1952 r. Mucaoy [147] sakaiouna, uTo aToMbt BOAOPOZa B NOJO-
weHuAx 1 ¥ 6 NOAXKHH 3acCJAOHATH EPYr ApPYra H, 4TOOHI H3BeXaTs
9TOT0, MOMEKYJAa BHHYXAeHAa NPHHHMATh HENJOCKYIo (GopMy.
Coennnenns 68 ¥ 69 GLLIK nodydueHH B BUIe TBeDRHX KPHCTAJ-
auyeckux pemects npu —80 °C [148]. Crexkrpu AMP nokasmpaior,
49T0 BCE ATOMH BOJOpPOAA 9THX cOeAMHeHHHA Jexar B oaeduHOBOH
06/12CTH K HH OfHO U3 HHX He ABJAETCA apoMaTHYeckHMM. Ilo cmekrt-
pam BC-SMP n 'H-SIMP ycranoBneso, uto 06a coefHHeHHS He-
naockde, OAHako TOT dakT, 4TO YrAOBOe HANPSIKEHKHe HE ABJIACTCH
HenpeoJoaUMHM, GHJI NPOXEMOHCTPHPOBAH TNOJYYeHHEM HECKOJb-
KMX COefMHEHHH, uMeOMuX GoAbluHe yIaHl, HO NpH 9TOM ompene-
JeHHO NPEeACTABIAICIIHX co60#f MJIOCKHE AeCATHONEKTPOHHHE apo-
MaTudeckHe .cHcTeMHe. Cpefiln STHX coeaMHeHHMk — auanuon 70, aHu-
oMl 71 ¥ 72, a rakke azonun 73 {149]. Huaunon 70 [150] umeer

O “
/

yrae okoso 135°, anwonm 71 [151] u 72 [152] — okomo 140°, uto
MaJ0 OTAUYAETCA OT YIVIOB NPABMJABHOIO ASCATHYTOJAbHHKA, PaBHBIX
144°, B SIMP-cnextpe 72 [163] (koTopiifi fBASeTCA MOHO-TPAKC-U3O-
MEPOM TNOJHOCTBIO HiC-CoelHHeEHs 71) cHrHaJ OT BHYTpeHHero
NPoTOHA 3HAYHTEJBHO CMellleH B cHAbHoe mode (—3,58). B cayuae
coefunendft 68 u 69 sarpara sHeprum Ha HanpsKeHHe NPH NOCTH-
JKeHHH TJAOCKOT0 COCTOSIHHSA, NO-BHANMOMY, NPEBOCXOAUT BHEIpHILL
B YCTOHYUBOCTH, BO3HHKAIOIMHA B apoMarudeckoM uukne. YTo6u
MOAYEPKHYTL TOHKOE PaBHOBECHE MEXKAY 3THMH daKkTopaumH, poba-
BYM, YTO KucaopoAnufi anajgor 78 (oxconun) m N-kapSsroxcumpo-
H3BOfHOE 73-— HeapoMaTHUECKHe M HemJIOCKHe MOJEKYAH, Toraa
Kax MoJleKyJa caMoro asoHusHa 78 apoMaTtnueckas ¥ maockKas [154].
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HecMoTpa Ha MHoTOUHC/AEHNHE NMONBITKY, KO CHX Hop He yAa-
JIOCh TOAyvuutTs aHRyNeH 49. OZHAaKO H3BECTHH PA3NHYHEE CTOCOGH,
[03BOAAIIIAE H36eXKaTs NepeKPHBARKA MeXAY ABYMS BHYTPEHHHMH
npoToHaMH., HarGonee ycnemHuifi noAxol oCHOBAK Ha MNOCTPOEHHH
MOCTHKA, cBfisnBaiomero nosioxkenus 1 u 6 [155] Buan noayuenu
1,6-metano[10]ankynen (74) [156], a Takxke ero KucaoporEmf H
asoTHu#l aHanoru (75 [157] u 76 [158]); aro ycrofiunehe ZuaTpON-
Hble COeJMHEeHHs, BCTYNalOllke B peakiHH aPOMATHYECKOIO 3aMe-
menna {159]. XumuueckHe cipurd nepudepHYeCKHX NPOTOHOB B 74
JAexar B obnactu or 6,9 go 7,36, 2 MOCTHKOBHX LpPOTCHOB -~ NP
—0,68. Hccaesosanne KpHcTaanwdecko#t crpykTypx 74 nokasano,
YTO MEPHMETP MOJIEKYJAH He JECKHT B OZHON MAOCKOCTH, HO JIMHH
cssell cocrapasior oT 1,37 go 1,42 A [160]. IlocTpoenre MoctHRa
MemJly mojioxenusiMp 1 u b Takxe TPABOANT K apoMaThYUecKOH
cHereme, Hanpumep, MOCTHKOBHE NPOTOHH B COSAHHEHHH 77 HAaloT
cHrHanu npu —0,34 u —0,206 {161]. Takum oOpasom, MHOTOYHCHEH-
HEle ZaHHHE NOKA3HBAIOT, YTC 3aMKHYTOe KOJIbIO M3 JecSTH 2JeKT-
POHOB NPeACTABARET APOMATHIECKYIO CHCTEMY, OXHAKO B HEKOTO-
pBXx caydafsx KOMAGHADHOCTL MOJEKYAH HACTOABKC HapylleHa,
4YTO OHa He MOXeT OHTb apOMaTHUeCKOH.

2 NH H M
— r - .'\.
D> > (G
OMe
4 75 76 rri

2.17. CHcreMnl, cogepiEanide 60Jee AeCATH SNEKTPOBOR:
4n+-2 saextponst {162)

Bkcrpanoaupys AawHee 0o (10)auaynenaM, MOXKHO OXKHAATh,
YTO CHCTEMH, cofepxallife Gonbliee THCHAO 4n-4-2 anekTponos, Gy-
KYT apOMATHUECKHMH HIPH YCJIOBHH MJIOCKoA KoHburypamuu. Muc-
noy [147] npeackasaa, uro B [l4laEByaene (78) monmen HaGumio-

¥

AaThesl TOT K€ THN NepeKPHBAHEA BHYTpPeHHHX NPOTOHOB, 4TO H
B [10]aunynene (49), npaBia B MeHbllelt cremeHH. DTO MOATBEPHK-
Haercs SKCOEPHMEHTAJAbHHMY AaHHHIMH. AHHyned 78 — apoMarh-
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uyeckas CTPYKTypa, ee AHaTPONHHeE CBOACTBA MBCTBYIOT H3 SIMP-
CMEKTPOR: XHMHYECKHE CABHFE BHYTPEHHHX NPOTOHOB PacHOMOMNKEHH
rpn 0,008, neprdepnfinnx nporoHos — npu 7,66 [163}; omHako co-
eJHHEHHe MOJHOCTBIO paspyliaerci Hoj AefiCTBHEM CBeTa H BO3-
IyXa B TedeHHe CYTOK. PeHTTeHOCTPYKTYpPHHN aHaNH3 HOKASHIBAET,
9TQ XOTA MOJEKYJa He COJCPIKHT AJbTePHHPYIOUIHX OAWHADHHX H
IBOAHLIX cBfidedl, oHa He maockas [164]. Yaanock noayyuTb MHO-
HECTBO YCTOHYMBHIX MocTHKOBHX [l4JanHynenos [165], mampumep
rpanc-15,16-puMernnaurugponupen  (79) [166], cux-1,6:8,13-6uc-
okcuno[l4lannynen (80) [167] n cun- u anru-1,6 :8,13-6uc-MeTaHO-
[14]annyaensr (81 n 82) [168]. Durnaponupen 79, a TaKxe ero Au-

Q o H Hyrn n

BTHALHHA B AMAPORHJBLHLIA roMOJIOTH, HECOMHEHHO, ABJSAIOTCA apo-
MATHYECKMME CTPYKTYpaMHE: n-NepHMETD COeJHHEHHH TOUTH IIOCKHIN
[169), anuunl ceaseft cocrasasawt or 1,39 po 1,40 A, onm scTynawTt
B peaKIHu apoMaTHYecKoro saMellleHns [166] B o6nagaior xuarpon-
HuMH cBoficTBaMu [170]; BHemHHe NPOTOHM AAKT CHTHAJAM MpH
8,14—8,676, npororm CHs-rpymuu — npu. —4,258. Aunyxenn 8l
u 82 raxxe auarpontm {171], XoTs, N0 KauHHIM PEHTTEHOCTPYKTYP-
HOTO aHaJH3a, R-NepHMeTp, Mo KpalkHeH Mepe B coeiuHeHHu 80, He
cosceM myockBfi [172]. Onnako coenuneHne 82, reoMeTpus Mouje-
KyJhl KOTOPOTO CHJABHO 3aTPpYAHACT NepeKkphiBaHde p-opOutanch
B TOJIOBE MOCTAa C COCEAHHMH p-opOHTANAMH, ONPEACNCHHO HE AB-
asgetca apomatuueckum [173]; sTo caenyer xak u3 Aammmx SMP-
cnekTpop {168], Tak -H U3 PEHTreHOCTPYKTYPHOIO aHANM3a, COIVIACHO
KOTODOMY ANHHH ABOAHHX cBA3efi uMeloT BeianurHy ot 1,33 gmo
1,36 A, a nanEH mpocTHx cBaseli — ot 1,44 xo 1,49 A [174]. B npo-
THBONIOJNOMKHOCTE 3TOMY AAHHK BCeX CBR3eH B coefuHeHHH 80 co-
crasasioT npuMepro 1,38—1,40 A [172).

Hpyroft cnoco6 HCKMOYHTH MEPEKPHBAHWE aTOMOB BOACPOAA
B [l4]annynenax COCTONT BO BBeAEHHHM B CHCTEMY OAHOM HJM He-
CKOJLKHX TPOMHHX cBsizell, Kak B merufpo[l4]annynene (83) {175}
Hspectno mate Aernapo[l4lasHyneHos, B Bce oHH o6AafAT AHA-
TPONHBIMH CBOACTBaMH; coefnHenne 83 ynaercs HUTPOBATL M CYJb-
¢uposate [176]. Jlummsa napa sAeKTPoHOR TPOAHOR CBsi3H He
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y4yacTByerT B apOMATHMECKOH CHCTEMe, a4 CYHIeCTBYer NpOCTO Kak
JIOKanH30BaHHAA R-CEA3b.

H S
N - P
33 . 34

[18]Annynen (84) Ttakxke amarponHoe coexuHenwe [177}: 12
BHELIHAX NPOTOHOS AAIOT CHTEAJA MpH 98, a 6 BHyTpeHHHX npoTO-
HOB — NpH —38. PeHTreHoCTPYKTYpHH aHaJH3 NOKasHBaeT, 4To
Monekyna 84 noyrd naockas [178|, Tak 4Tc B aHHyNeHaX ¢ TaKAM
GoJILIIHM pasMepoOM WHKJIA BHYTPCHHHE aTOMH BOAOPOAA He 3a-
caorAoT Apyr apyra. CoefrHeHne AOBOJbLHO YCTORUHBO, ero MOXKHO
neper{aTh NPH MOHMMEHHOM NaBJeHHH H BBeCTH B PEaKUHH apoMa-
THYeckoro samemienns [179). Mexaromune -paccroauna C—C ue-
OAYHAKOBH, HO CBSISH He A/bTepHHPYIOUIMe; MJIHHBI JABeHajguaTH
BHYTpeHHHX cBasell ogoxo 1,38 A, a ANMEL LIeCTH HapyXKHHX CBA-
sefi oxono 1,42 A [178]. YcranoByeHo, uTo sHeprHd pesoHaHca aH-
Hysera 84 cocraBaser okodo 37 KKaj/MOAb, 9T0 OJH3KO K SHeprdH
pesoHaHca Oensona [180].

HsBecrume mocrukoBhe [18JanHynedm Toxe amartponHu [181],
Kak # GoabHHCTBO H3pecTHHX aermipofl8lanuynenos [182). Jiu-
AHHOHH OTKPHTOrO M MOCTHKoBOTO [16]arnynera {183] Takke cogep-
Kat 18-snexTpoHHYI0 apoMaTnuecKylo cHcTemy [184]. [22]Anrynen
{185] n meruapo[22]lanuynen [186] Takxke o6nafaroT AMATPONHLIMH
cBoficrBamu, B nocaenteM coefdHeHuH 13 sHELIHHX MPOTOHOB AAIOT
curraan npe 6,26—8,458, a 7 BHyTpenHnx nporoHos — npH 0,70—
3,458. HssecTHH TakKe HeKOTOpHle apoMaTHiecKHe MOCTHKOBHIE
[22)anuynenn [187). [26}AHRyneR noka He moaydeH; U3BECTHO, UTO
TPHAETHAPO[26]aBEy /e He sBAseTcs AHaTponHOH cTpykTypoi [188],
TOrfa Kak ABa MoHojeraapo[26jannynesa — apoMaTHdecKHe COENH-
BeHus [189]. Boaee Toro, nmauwod 1,3,7,9,13,15,19,21-okragernapo-
[24]annynesa — npumMep eltle onHoR 26-3AEKTPOHHON apoMaTHUECKOHR
cucteMH [190]. Coo6manoch 0 AMATPONMHHX CBOfCTBAX TeTpa-rper-
Gyruaauperuapo[30]annysena [191], oagrako mHorHe M3 Apyrux no-
JIyuUeHHHX AETHAPO- H MOCTHKOBbLIX [30]aHByJeHoB He NpPOABRNAIOT
CNIOCOGHOCTH YAepKUBaTh Konbuesofi Tok {192]

TakuM oOpasoM, B HacToflllee BpeMs He BLI3BBAET COMHEHHH
TOT (PaKT, UTO CHCTEMBH, cofepkamie 4n--2 aaekrpoHa, ABASIOTCA
apoMaTHYeCKHMH, eCJIH OHH CcnocoSHH HAXOIUTBCH B NJOCKOM CO-
CTOAHHH, XOTA Ha NpHMepax coexmuHeHn#i 68, 82 u apyrax susno,
uTO B JAefCTBUTEJNBHOCTH He BCe MOAOGHHE CHCTEMH HOCTATOUHO
NJ0CKHe A9 TOro, 4To0H OHTE apoMaTHUecKHMH. IIpuMepnl coepm-
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HeHH#A 78 u 80 cBHMIETENBCTBYIOT O TOM, UTO AJA APOMATHYHOCTH
He Tpebyerca aGconloTHOA NIaHAPHOCTH, Ho YeM.GoJubllie HApYIIEHA
MOC/IeAHNAS, TeM MeHblle CTelleHb apOMATHYHOCTH.

Cnextpu [IMP coeaunenns 85 (Ha3sHBaeMOre KEKYJNEHOM) MO-
Ka3hBalOT, YTO B TOM CAYYae, KOr&a BO3MOXHO ofpasoBaHHe WIK
apOMaTHUECKOrO CEKCTeTa, WK CHCTeME ¢ OOJLILKEM YHCJIOM JeKT-
POHOB, NPeANOYTHTENLHO o6pasyerca cexcrer {193] s 48n-anekr-
POKHOrQ COGAHKeHHS 85 TeOpeTHYecKH BOSMONKHH /IBE CTPYKTYDH:
856a ¢ KOHAEHCHDOBAHHHME GEH3ONLHEIMH UHKJAaMH H 8b6, mpex-
crapasiomas cofolt [30]anHynen cHapyxu n [18]JaHHyNeH H3KYTPH.
B cnekrpe TIMP storo coesnuneHHsa HaGmiogaeTcs TPH NMHKa (npH
7,94, 8,37 u 10,456 ¢ coorHOmeHHeM HHTeHcHBHOCTel 2:1: 1), coor-
BETCTBYIOWMe TpeM rpynnaMm nporoHos. Ilkk mpu 7,948 oTHOCHTCSH

K ABEHajlaTRA NPOTOHAM B OPTO-NONONXEHHAX, a nmuK npn 8,375—
K IIeCTH MPOTOHAM B RAPA-NONOMEHHAX BHellHero nepumerpa. Ilo-
cAeJHUR MK COOTBETCTBYET LISCTH BHYTPEHHHM nporoHaM. Ecau Ou
MoJiexyna HMeJa CTPYKTYpy 850, To 3TOT mMHK RoMKeH 6nJy OH Ha-
XORHThCH B QUYEHb CHNLHOM MOJIe, BO3MOMKHO, NPH OTPHUATENbHHX
sHaveHusx O, xak B cayuae 84, Tor ¢rakr, YTO 3ToT DHK HAXOAUTCA
B IaJNexoM ciaboM noJae, cBUZeTebCcTBYeT B NOAb3y GeHsoHAHON
CTPYKTYPH 85a.

2.18. Cucremul, copepxkamue Gojee NecATH SJACKTPOHOB:
4r2 saexTponu [162]

Kak yxe ropopmiiock B pasi. 2.14, cHcTeMH, coaepialihe 47
3JIEKTPOHOB, AOJKHH GHThL He HPOCTC HeapoMaTHYECKHMH, a xefi-
CTBHT/ILHO AHTHADOMATHUECKMMH. I'/IaBHLIM KpHTEpHEM AaHTHApPO-
MaTHYHOCTH 2KHYJEHOB fABJAETCA HAJHUHE NAPAMAEZHUTHO20 KOJb-
meBoro ToKa [194], uro BHSHBaer CMelleHHe CHTHAJNOB OT BHEIIHHX

I



HAEJOKANHIOBAHHAA XHMHHECKAA CBASBH 89

RPOTOHOB &8 CUAbHOE noAe, a OT BHYTPEHHEHX IPOTOHOB — 8 cA4a00e
noAe B TPOTHBONOAONXHOCTH AHAMATHHTHOMY KOJbIEBOMY TOKY,
BHSHBAIONIEMY CMELICHUA B MPOTHBOMONOKHEIX HampaBaehHux. Co-
eAHHEHNS, CocobHEe YAepKHBATL NapaMarHHTHHA KoAbIEBOH TOK,
HasHBAIOTCH NAPATPONKLIMY;, MH YXKe BCTpedasHch ¢ NOJOOHHM 1o-
BEleHHEM B HEKOTODHX YCTHPEX- H BOCBMH3JICKTPOHHHX CHCTEMAaX.
Kak H B cnyYae apoMaTHSHOCTH, MOXHO OXHJAATb, UTO aHTHapOMa-
THUHOCTh OGyZeT MaKCHMaJIbHA, €C/HH MOJEKYyNa mJIOCKast W HMeer
CBSI3K PABHOH ONHHLL.

[12)Annyaen (88) [195] B pacTBROpe npertepreBaeT GHCTPHE KOH-
(hopMalMOHHBIe NPERPAIICHAA (KAK H MHOTHE JAPYrde aHHYJeHH)
(196], nosToMy BHIUe OBpefeAeHHOH TEMNEPATYpH, B JAHHOM CIY-
uae npu temaeparype sulille —150 °C, Bee ero MPOTOHH MArHHTHO
sKBuBaNeHTHH, OfaHako nps —170 °C KoH(pOpMAIHOHHEIE MEPEXOAL
CHJbHO 3aMefJfOTCH, H CHI'HANH B crnektpax SIMP pasnensiores:

—
86 87

XUMHYeCKHA CABHr OT TpeX BHYTPEHHHX NPOTOHOB JeXHT npH 86,
a4 XHMHYeCKHH CIBHT OT AEBATH BHEWIHHX TN[OTOHOB -— OKOJo 66,
B annynene 86 BHyTpeHHHe NPOTOHB 3ACACHAIOT APYr Apyra, mo-
9TOMY MoJexyna Hensockas. CoefHHeHHe OYeHb HeYCTOHUHBO H NPH
TeMnepaType puimte —b0 °C neperpynuupoBnipaerca B 87. UapecTHO
HeCKOJIbKO MOCTHKOBHIX M AerHppo[l2]andyneHos, Banpumep
5-6pomo-1,9-nuperaapo[l2lannynen (88) [197], Tpruuknof3.3.3]lasnu
(89) [198] u 1,7-Merano[i2]annynen (90) [199]. Bo Bcex stux co-
eJUHEeHHAX HEeBO3MOMHL! HH NepeKpHBaHHE BHYTDEHHHX AaTOMOB,
HH KOH(POPMALUOHHASK NMOABINHOCTE. TaK, HAJHYHE MOCTHKOB B CO-
eluHeHuax 89 u 90 npenATcTByeT H3MeHeHMI0 KOoH)OpMalKE, a CO-
efHHeHHe 88 samelieHo aToMoM GpoMa, KOTOPHIM CAMIIKOM OOBEM-

Br
85 89 %

HHA AAA TOro, YTOGH MOMECTHTbCH BHYTpH uMKAA, SAMP-cnextpm
[OKa3LBAIOT, 4YTO BCE TPU COCTHHEHUS napargonuue, CUTHAA oT
BHyTpeHHero nporoHa 88 Haxoxures npa 16,46 [200].
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AuanornyHHe pesyssTarH nNoAyuenw aaa [I6lanHysena. Dro
coelHHeHHe OLi/ic CHHTE3HPOBAHO ABYMS PasiuuHEIMH nyTamu [201],
KOTOpHe NPHBOAAT K OAHOMY H TOMY JKe uﬁo.uyxry 91; B pacrsope
OH HaXOAHTCA B paBHOBecHH ¢ dopmofi 92. {Ipu TeMneparype e
—50 °C coeauneHHe kKoHbOPMaNHOHHO NOABHIKHO H NPOTOHHI Mar-
HHTHO HEeSKBHBAJEHTHH, Ho mpr —130 °C coeaunmenye sisHo nposs-
JqfeT Naparpoliible cBoficTBa: 4etbipe NPOTOHA AAIOT CHTHAJA NpH
10,568 a1 apesaamaTth npoToHoB — npA 5,358. B rBepaoM cocrosunu
coefMHeHHe CYIIEeCTBYeT HCKJIIOunTeNbHO B dopme 91; no maHHBIM
PEHITEHOCTPYKTYpHOTrO aHaausa [202), ero MoJleKyan HenaocKue,
€ TOYTH NOJHHIM aJbTePHHPOBAHHEM cBsj3ell: mAMHA NmpocroR cBAsH
Koaebxercs or 1,44 no 1,47 A, asofinoii ceasn —or 1,31 a0 1,35 A,
H3BecTHO MHOFO MOCTHKOBHX H AeruApo[l6lanHyseHos, Takxe o6-
AafaIiHx BapaTponHuMH cBoficrBamu [203], u cpean wHx [20]anny-
Jen [204], [24]annyaen {205), a Takxe 28-aseKTpoHHan cucrema 93,

- - -
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&p%;}(cwannmomaa coGofi TerpaanHoR [2(mapanuxacdanrerpaena
06].

Tor dakr, 40 MHOTHe 471-37€KTPOHHHE CHCTEMEl OKASHBAIOTCHA
naparpomHbLIMHE, AaKe ecsil OHH MOTYT ObiTh HENJAOCKHMH H HMeTb
CBSI3H HepaBHOH AJIAHH, yKa3anBaeT Ha TO, 9TQ eclH A0GHThCH TA0-
CKOIO COCTOAHHS MOJIEKYJHl, TO KOJbLEBOH TOXK MOXET elle yCH-
JAHThCs. CrpaBefyIHBOCTD 9TOI0 YTBEPKACHHS NPEKPACHO HIJIOCTPH-
pyercss AMP-cnekrpoM ZuaHuoHa 79 M ero MHSTHABHOFO H AHAPO-
IHABHOFO FomosioroR [207]. HamoMHuMM, 410 B caMoM coefnHeHHH
79 pHelNHHe NPOTOHHW AAIOT CHIHaJ B oGxaactu ot 8,14 no 8,679,
a MeTHJAbHHE NpoTOHh -—npn —4,258, OpHako B AWaHHOHe, KO-
TOPHI BHHEYMXIEH NPHHATb MOYTH TAKYID Ke NJOCKYK FeOMETpHIo,
Ho nmeer yxe 16 9/ieKTPOHOB, CHTHaJX OT BHEIHHMX HPOTOHOB CMe-
IieH NOYTH A0 —30, & CUrHAJ OT METHJIbHHIX TPOTOHOB HAXOAHTCH
oKoJIo 218, 1. e. cMellleR mouTH Ha 2568, Mu y:xe HaGAIORAAH OG-
paTHoe cMeilleHHe XHMHYECKHX CABHIOB, KOTJAA aHTHapOMaTH4ecKHe
[16]annysenst npespainain B apoMaTnueckHe 18-sJeKTpoHHHE M-
annonu {183]. Bo Bcex MOAOGHHIX caydasx MSMEHEHHS B CNEKTpPax
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SAMP oueur pasuTenvhne, VisMepeHHe TemJIOTH CropaHus Takixe
nokasusaer, 4To [18]aHHy/eH HaMHOrO MeHee YCTOHYHB, WeM COOT-
BeTcTRYIOWHA eMy nuanuoH [208]

MOMXHO CAeNaTh BHIBOA, UTO B CHCTEMaX, COAEP:KaUHX 47 SACKT-
POHOB, AHTHAPOMATHYHOCTL OyAeT MAaKCHMaJbHOM, KOTAAa MoJIeKyJia
BHHYXJeHa MMeTh NJIOCKYI0 reoMeTpHio (KaK B CAyYafx CoeAuHe-
Hus 57 uau AMaHHOHa coeauHeHus 79), HO npH MOGOH BO3MOXKHO-
CTH NA3HAPHOCTL MOJEKY/H HapyIHaeTCA H MEXXATOMHLEE PACCTOSHHR
CT4HOBATCA HepaBHHIMH, TeM CaMHM CTeneHb AHTHApOMAaTHIHO-
CTH ToHMxaerca. MHoraa, maiipuMep B c/lydae LHKIOOKTaTeTpa-
€Ha, HapyllleHHe KOIJIAHAPHOCTH M aJbTepHHDOBaHHE CBA3eH AocTa-
TOYHO BEAHKE [AJsl TOro, YTOOH NOAHOCThIC B30exaTe aHTHApPOMa-
THYHOCTH, B Apyrux ciaydasix, Hanpumep B coefnHeHHsx 86 uau 91,
BHAHMO, HeBO3MOIKHA TaKas reOMeTpPHH MOJNEKYJ, KoTopas Ho3Bo-
JsieT MOJHOCTbIO H3bexaTh P-opOUTANLHOTO NEepeKphIBAHHS; TaKHe
CoelHHEHHA OOHAPYKHBAIOT NApaMarHuTHHA KOJbIEBOR TOK H APy~
rHe NPH3HAKH aHTHAPOMATHYHOCTH, XOTHA CTeNeHb €e He TaK Be-
JIHKa, KakK, cKaykeM, B 57 HNHM AnaHHOHE cOeXHHeHHs 79.

2.19. Tipoune apomaTHUYECKHE COCAHHEHHS

3xech MH KPATKO yNOMAHeM TPH APYIHX THOA apOMAaTHYECKHX
coeanHeHn . .

1. Mesouonnuie coedurenun [209] Henb3s YIAOBJETBOPHTENLHO.
npeacTapBTh GopmynaMu JIbionca, He BKMOYAIOIHME pasjieleHHe
3apafoB. DoNbIIHHCTBO K3 HHX COAEPIKAT NATHUWICHHHE LHKJAH,
HanGonee pacnpocTpaneHHHIMH ABASIOTCH cudnons: (94) — yerofi-
YHBLIE APOMAaTHUECKHEe COSAHHEHHH, BCTYNalolIue B PeaKnud apo-
MaTHYecKoro aametllenus, ecan R’ =ponopoxn [210].

—5© .\: ~0 X
'-=T o -—0! —0©
R—“( — R—%‘; —t @] = R_I{:—T

N=0q, N—o! N—0
9%

2. Quanuon. xeadparnoil xucsorst [211] O6 ycrofiuusocTu sTO#
CUCTEMB! MOXKHO CYAHTH no faHHeIM pK Aas KBaApaTHOfi KHCJAOTH:
Beauynna pK; cocraBasier 1,5, a pKs — okoao 3,5 [212]; s310 03Ha-
qaeT, YT0 Aaxe BTOPOR HPOTOH JHCCOMUUPYST HAMHOTO JErde, ueM,
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HalpHMep, NPOTOH yKcycHo#t kuciorn {213]. Hssecrun anajorus-
mliati Tpex-, NATH- U HIeCTHWICHHHE UHKAHYeCKHE coemuHeHHs [214,
215).

3. Tomoapomaruveckue coedurenus, IIpn pacTBOpeHHH UHKIO-
OKTATETPacHA B KOHUEHTPHPOBaHHMOM cepHOft KHCJaOTe K OAHOR M3
ABofiHHX CBA3el NPHCOSAMHSETCH NPOTOH H obpasyercda roMorpo-
nuauesrlit uo (95) [216]. B sToM coeinHeHHH apoOMATHUECKHI ceK-
CTET NPHHAANEHUT CEMH YIIepOAHLIM aToMaM, Kak B TPONHJIHE-
Hode. BocemoRl aroM yraepoAa mMeer sp3-rHOpHAHSAIHIC H He
MOJKET Y4acTBOBaTb B apomaTHueckofl cHcTeMe. Coextpn AMP yra-
3HBAIOT HA HAAMYMe AHAMATHHTHOTO KOJBHIEBOro ToKa: cHrHal Hp
Haxoaurca npu —0,38; Ha—npu 5,18; H; n Hy— npu 6,48, Ho—
Hs — nipn 8,68, Hon 95 clyXUT HpHMEPOM 20M0QPOMATUYECKO20 LO-
eQunenun, KOTOpOe MOXKHO ONPEede/HT: KaK COefHHEHHe, coflepiKa-

Iee B CONPSIKEHHOM IHKIE OAMH MJH HECKOAbKO Spi-THOPHARSO-
BaHHHX aroMoB yraepoAa [217], He y4acTByOIHX B CONpAXKeHHH
[218]. Oas MaxkcaMaabio 2(p@eKTHBHOTO OPOHTAJBHOTO NMEePEeKPHBa-~
Hufl, BeAYWEr0 K S3aMHKAHHIO SJEKTPOHHOrO KOJbLA, Sp3-aTOMEI
BOJIKHE OHTH PacmooKeHH NOYTH BEPTHKANBHO Haj IIOCKOCTBHIO
apoMaTHYeckoro pHkAa. B coeauuennu 95 arom Hp maxoaures
IpsAMO Haj apoMaTHYecKHM cekcreroM, H B SIMP-coexrpe ero cur-
HaJl SHagHTEJNbHO CMeEllleH B CHJIbLHOe NMone. Bce nmsBecTHHe K Ha-
CTOALIEMY EBpEeMEHH TOMOapoMaTHYeCKHEe COeAHHEHHS SBAAIOTCS
HOHaMH; KaKeTca HeBepoATHLIM, 9TOOH roMoapoMaTHHeCKnit Xapak-
TEP MOT NPOABJIATHCA B HeaapAXKeHHHX cHereMax [219]. MsBectHnt
TAKXKe ABYX- H JECATHIJNCKTPOHHEIE TOMOAPOMATHYECKHE HOMH.

IF'HAEPKOHBIOTALLUS

Jo cux nop Mut ofcy:KAanu AesioKaJH3AUHIO, CBA3AHAYIO C y4a-
CTHEM N-3JeKTPOHOB. JIpyrofi THO Je/OKaAM3AllMH, Ha3HBaeMof
aunepronviozauell, BKIAIOYAET yuacTHe C-3JexTpoHoB [220]. Haa
COeAuHeHHN, B KOTOPHIX aTOM YraepeAa, Hecylull no xpakiuei Mepe
OAHH aTOM BOAOPOAA, CBHA3AH C HEHACHILIEHHHM ATOMOM HJH € 4TO-
MOM, HMEIIHM Henofe/ICHHYIO SJAEKTPOHHYIO IAapy, MOXKHO 3allH-
caTh KaHoHHYeckHe ¢opMu, noaobuuie 96. B stHx dopmax Bo-
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ofliie OTCYTCTBYET CBA3b MEAAY YIVIEPOAOM M BOIOPOAOM, H Taxofi
THO Pe30HAaHCa HasHIBAIOT Heceassisarougum. Ilockoneky 96 He oTpa-

HAET HCTHHHYIO CTPYKTYDY, 4 ABJAETCH TOABKO KaHOHHYeckol dop-
Moit, BHOCAILER BKA2A B pealibHYIO CTPYKTYPY MOJIEKYJH, 3TOT aToM
BOHOPOAa B AEHCTBHTENBHOCTH He OTUIENJAACTCR OT MOACKYJR.
Bausitue 96 Ha peaibHYI0 MOJIEKYAY BHIDAMKAETCHA B TOM, UTO BJAEKT-
poHH ceasy C—H cMmellieHn X yriepoay B Sosbliefl CTeNeRH, tUeM
370 Obo O TpPH OTCYTCTBHH BKJaAa 3TOH KaHOHHYECKOH CTpPYK-
TYPH. .

B npxpenscHHOM NpHMepe THNEPKOHDBIOTALHIO MOXHO paccMar-
pHBaTh Kax mepexpniBartue o-op6urann cBasH C—H u n-opburanu
cBasn C—C, aHamorHyHoe pPaccMOTPEHHOMY paHee NepeKpuBaHHIO
‘n—mn-gpburaneis, Hago nmoxaarath, 2T0 aRTOPH, OTBEpraioliHe BO3-
MOKHOCTL pe3oHaHca B GyTaamere (pasn. 2.2), cuataior ero. eue
MeHee BepOATHHM, €cAH OH BKAIOYaeT HecBA3SAHHHE CTPYKTYPHL.

KoHuenuks runepkoHLIOTALHH BO3HHKJIA B CBSSH ¢ OGHapyme-
"HHEM . SIBHO AHOMAJLHOTO 3/EKTPOHONOHOPHOrO XapaKTepa aJIKHJIb-
HEIX rpynn. Ecau yudTHBaTh TONbKO 3¢dexT noas, 10 3jeKTPOHO-
JOHOPHAA cNOCOGHOCTD NPOCThIX AJAKHABRLIX IPYIN, CBSI3aHHBIX ¢ He-
HaCHILIEHRON CHCTEMOM, MOMKHA YMEHbIATbCH B pAAY TpeT-GyTua>>
> H30MPOMHA > 3TH > MeTHA;, HMEHHQ TaKoH mopsapoK HabAlzaercH
BO MHOTHX peakuuax. Tax, gunonsHble MoMeRTH B rasoBoit (ase
ans PhCHs, PhCyHs, PhCH(CHs)ou PhC(CH3)s cocraasior coot-
sercreendo 0,37, 0,58, 0,65 » 0,701 [221).

Onuako Befikep u Haran [222] o6napyskuan, uro CKOPOCTH pe-
aKumA napa-saMellleHHHX GeH3HAOPOMHEAOB ¢ MEpuAHHOM (T. 2, pe-
akuua 10-45) usmeHswTca B mopsaxe, oOpaTHOM TOMY, KOTOPHIH
MOXHO OBHNO OB 0XKHAATH HCXOAA H3 3/EKTPOHOAOHOPHOH cnocob-
HOCTH 3aMecTHTeJeli npH ydere 3ddexrta noas, a UMeHHO CKOPOCTD
PEaKUBH MAKCHMalbHA IAS MeTHA3aMelieHHHX H MHHHMaJbHA AJA
TpeT-6yTHASAMEIICHHHX COeNHHeHH,

®
R—.@-CH,Br + CHN — R—@—CH;NC,H, Br-
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OG6HapyKeHHAaA 3aKOHOMepPHOCTh Gba HasBaHa s¢upexrom Bed-
xepa— Harana v Habmogadach 3aTeM BO MHOTHX Hponeccax. As-
TOpH OGbscHANH 3 (PexT, OCHOBHBAACHL HA PAaCCMOTPEHHH IHOep-
KOHBIOTHPOBAHHEIX (CBePXCONPSKEHHLX) ¢OpM, HAIOWIMX BKAAJK
B peaNbRylo CTPYKTYDY ToJAyoJa:

B n®
H—C—H Dy c—n " H—C—H

. — R e ] — it d
©

lanepkoubloraliig APYrHX aAKHALHBIX TPYNN DO CPABHEHHIO ¢ Me-
THRLHOR NMOHHXKaeTefl, TaK KAK yMeHblllaeres 4Heao cesisei C—H;
TaK, CBASAHRHMN ¢ CONPSKEHHOH CHCTeMO# yriepoA Tper-GyTHABHOH
Tpynnu He EMeeT HH oanoft C—H-cBA3H, nOSTOMY HpPAMEHHTEABHO
K 3¢dexry Befikepa — Hararna meTna okasHBaercqa Han6osee CHJAb-
HbIM, a Tper-0yTH]— Hambonee cnralpM LCHODPOM 3JeKTPOHOB.

Oxpako nosanee GHMO noKazaHo, 4To 3ddexr Befikepa — Ha-
TaHa BH3HBAETCA He TMNepKOHDbIOTalued, a aAadPepenyupoBanHoN
coabBataumen [223]. Duno mafineno, yTo B HEKOTOpHX cNydasx,
KorZa sdgekT NpHMEHHM K pacTBOpaM, NOPAICK €rc B TasoBoll
thase oKasHBaeTCA NPAMO NpPOTHBONOAOGKHEHM [224]. ITockonmbky
NpH MNepexode OT rasopoft (asul K pacTBOpy CTPYKTYpa MOJEKyJ
OCTaeTCsl HEeH3MEeHHOH, OYeBHAHO, 4TO HampaBJjeHHe addekra Def-
Kepa —- HaTana B 3THX cayuasix onpemenseTcsi He CTPYKTYPHBIMH
0COBGEHHOCTAMH (rnnepxonmorauneﬁf, a pacTBOpHTeJseM, KOTOpHIH
B PasHOfl CTENECHH COJBBATHPYET KaMAYI0 aJKHJABHYIO Tpynmy.

B Hacrodlice BpeMsA HMEIOTCA AOKA3ATENbCTBE, YTO B HeHTpasib-
HHX MONEKYJNaxX B OCHOBHOM COCTOAHHK IHNEPKOHBIOTalUUA He Npo-
apasierca. ONHOBPEMEHHO HMEIOTCH faHHLe, CBHIETENbCTBYIOLIHe
0 BaXHOCTH 3TOTO ABJIEHHA B KapGoKaTHOHAX M CBOOOAHHX pajH-
Kantax [225], a TaKke B MoO/eKyJax, HaxOmsUIAXCA B BO3GYXKueH-
Hom cocroanuH [226]. IIpr rumepKoHBIOraHWH B OCHOBHOM COCTOSf-
HHH HeATpaAbHHX MOJeKys, KoTopyio Miosiep u Maanuken Ha-
3BaJIA <YyOLITOUHONY HAN 2eTeposarenTHON suneprondlozayuert [227],
KaHoHHYecKHe GOpMbl YUHTHBAIOT He TOJBLKO HECBSISaHHBIH peso-
HaHC, HO W pasfencHMe SapAR0B, OTCYTCTBYIOLlee B OCHOBHOR
dopme. B cBoOOANbIX pasdKanax 0 Kap6oKaTHoHAX pasjeqcHHe 3a-
PAAOB B KaHOHUMECKHX (opMax H B I'MapHOR CTPYKTYpe OAHHAKOBO.
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Micanep 1 ManuuKeH HA3HBAIOT 9TC U308BAEKTHON 2UnePrRONTIOZA-
tiued:
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Haxe sfecy, pAaBHasi CTPYKTYpa Aaer Gojblimil BKAaA B pe3oHaHC-
HHi rubpua, 9em ocTanbHke QOPMH.

TAYTOMEPHS

Ocranoce OOGCYAHTL enle OAMH BOMPOC, OTHOCALIMACH K XHMH-
YeCKOH CBA3H B OPraHAYECKHX coelimHeHMsaXx B noaasiaswomeM 6oJib-
WHHCTBE COGAMHEHHN BCe MOJIEKYAN HMEIOT OLHHAKOBYIO CTDPYKTYPY
HE3aBUCHUMO OT TOTC, MOXKHO JIH €¢ YAOBJeTEOPHTELHO TPeACTaBHTD
dopmyuoht Jlsionca. OfRako MHOTHe COeAMHEHHA NPEACTABJSIOT CO-
6ol cMechb ABYX MJAH HECKOAbKHX CTPYKTYPHO PR3JIMYHHX COEAH-
HeHHH, HaXOAAIMXCH B COCTOAHHM OHicTporo paBHoBecHA. Korza
TaKoe sBJIeHHe, HashiBaeMoe rayromepueid [228], umeer Mecro, npo-
HCXOAHT OHICTPHI MepeHOC aToMa OT ORHOR MOJISKYAH K Apyro#t H
o6parHo. IlouTH BO BCeX clyYasaxX TaKMM HOABHIKHHIM aTOMOM siB-
AfgeTcA BOZOPOA.

2.20. Kero-enoJibHas TayroMepus [229]

IMepoko pacnpocTpaHeHa TayTOMEepHA MeXKAY KapOOHHIABLHBLIMH
COeHHEHHAMY, COASPKAMAMHE aTOM BOACPOAA B Q-TOJOXKEHHH, H
#X eHOABRHOH opMoii:

i i
[
R-—C—ﬁ—k" _— R—C-=(I3-R'
4] O—H
Kemo-Popma ENQTONOR JropMa

B npocrex cnyvasx (R”=H, ankun, OR ¥ 1. A) paBHOBecHe
CHJbHO cABHEYTO BJeBo [230]. IIpuurky sroro MoXHo MOHATDb, NMPH-
HAB BO BHHMaHHe BEJIHYHHE SHEPrHil COOTBETCTBYIOIHX cBA3eli {CM.
ra. 1, ta6a. 1.6). Iise TayroMepHue (GOPMH OTAHYAKOTCH HEKOTO-
PHMHE cBA3sMHA: BMecTo cBAdelt C—H, C—C u C=0 geroHa B eHoMle
mMeretea ez C=C, C—O0 i O—H. CymmapHas sHeprus mepeHX
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_Tpex cBfA3ell cocTaBaser nprbausuteanso 360 kkan/Moab, a Apy-
rEx Tpex cbasefi-— 345 kkaa/mMoab; TakuM obpasoM, Kero-popma
Ha 15 xkaA/monb ycrofiunpee eHoabHOH (GopMH. EciaH saMecTHTeNb
R coaepKHT KpaTHYIO CBA3H, KOTOPAS MOXET HaXoJHMTLCA B CONPH-
JKEHHK ¢ eHOJMBHOH JNBOMHON cBA3bIO, B CMecH 6y/leT HPHCYTCTBOBATh
Gonblllee KONBYECTBO €HOJNA, 2 WHOTAS OH MOXeT craTh npeolia-
Ralomelt popmoft (tabn. 2.1) [231} Kaxk sHANO M3 AarHHIX Tabu.

Tabauya 2.1. Copepwatine eHOJHOR GopMH
B HEKOTOPHX KapOOHHARHEIX CORIHHEHHHX

{231}

Coegafieiina CopepXaKne elluma. %
Aueron [232) 6-10-7
Aneransperny {233 1-10-8
(CH,);CHCHO {234 1,3-10-*
gH,COCEt OEt }éeoumma
CH,COCIl:l!',chcH, 76,4
EI00COR-000kt 5 10-3
Nmﬂ,oobotgo 2.5- 10-1
"MeHee !-10-7,

2.1, B caoxHEX shHpax conepikKaHHe eHOJbHON (OopMH HaMHOrO
HHXe, yeM KeroHHofi. B Monexyaax, nogo6HHX ameTOYKCYCHOMY
atupy, eHoabHasa dopMa cTaGHAHSHPOBAHA 3a cyer obGpasoBaHusa
BHYTPMMOJAEKYASAPHOR BOAOPORHON CBSA3H, HEBOSMOXHOR B KeTO-

dopme; -

c]i /OEI

CHy— ﬁ_ ”‘(I:
u-H-o

Ecau cosepXaHue eHojla B CMeCH BHICOKO, 4acTo YAaeTcsi BHl-
aenutb ofe ¢popMbl. Uncras xero-popMa aleToykcycHoro sdmpa
naasHTcH upH --39 °C, Toraa Kak eBOJ OCTAeTCH XHAKHM JaxKe
npa —78 °C. Kaxzaasn dopMa MOXKeT COXpaHATLCA IpH KOMHATHOMH
TeMIepaType B TeueHHe HeCKOJbKHX NMel NpH NOJHOM OTCYTCTBHH
KHCAOT HIH OCHOBaHEH, SBIAIOIIMXCA KaTaJH3aTOpaMH NepeHoca
Bojopoia [235]. Vaamoce zaxe moayynTh npoctefunii eHon, BH-
Hunoswiii cirpr CHy=CHOH, B razosoft pase npr xoMHaTHO#H TeM-
NepaType; B 9THX YCIOBHAX BpeMs NMOJAYNPEBPallieHds STOr0 COoepH-
HeHHs cocraBAseT npuaMepHo 30 mum [236f
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Ha cremenp edoansanmpu CHABHO BJUSIOT NMPHPOAZ PACTBOPH-
Tesifl, KOHIEHTPAHHSA U TeéMneparypa. Tak, pacTBop aleTOYKCYCHOTO
apupa B BoRe copmepxur 04 %, eHona, a pacTBOp B ToAyoJE —
19,8 % [237]. KonuenTpaups eHoNla B BOAE NMOHHXKAETCA B Pesyib-
TaTe OGPa30BAHUN MEXMOJNEKYAAPHBIX BOAOPOAHLIX cBasell ¢ Kap-
GoruibHON rpynmoft, 4To AesiaeT ITY TPYNNY MeHee AOCTYNHOHA AJIA
BHYTPUMOJEKY/IAPHOA BOXOPOAHONR CBA3H.

B npHCyTCTBHE CHABHOTO OCHOBAHHA H €HOJ1 M KETOH MOTYT Te-
paTb NPOTOH, MpH 3TOM B 060OHX cayuasx ofpasyercs OFHH H TOT
e aHHOH (en04aT-HoK). DTOT HOH MOXHO NpeACTAaBHTh ABYMS
crpykrypamu: 97 u 98. Tlockonbky 2TH CTPYRTYDPH OTIHYAOTCH Me-
CTOTMOJIONKEHHeM DSJEKTPOHOB, OHH He MABAAIOTCA TayTOMepaMH,
a MpeAcTaBAAIT coGofl KaHOHMYecKHe GOPMbI, THOPHA KOTOPHX CO-

ch=(l:n

R,C—CR
ol
H O OH

HWt“. H1r".

l%-—- ﬁR — n1c=(r'n
0 Og
97 98
OTBETCTBYET RCTHHHOH CTpyKTYype eHoAar-HoHa. DosbuMi BxAax

P pesoHaHCHEA rubpua BHOCHT ¢opma 98, Tak KaK OTPHHATENbHHE
3apsa B Hefl pacnoJiokeH Ha GoJiee 9/AeKTPOOTPHUETENLHOM ATOME.

2.21. lpyrae AL TAYTOMEPHH ¢ IePEHOCOM NPOTOHA

Bo Beex cayuasx Takofl TayToMepHH aHHOH, o0pasylomHAcCA NpH
OTPHIBE MPOTOHA OT JAI0GOro TAYTOMepa, HMeeT ORHY U Ty Xe c-rgyx-
TyPY BCAeACTBHE PesoHaHca, PaceMOTpHM HeKoTophie mpuMepH [238].

1, TayromepHs deron — KetoH [239].

O—H o
o =
H
enant YU NRO2ERCATRCHON

HOng GoablIHHCTBA NPOCTHX (EHONOB DaBHOBecHe CMeINEHO BJAEBO,
T. e. B CTOPOHY apOMaTHUeCKo# CTPYKTypH. Habuaiofars npucyrct-
BRe Kero-QOPMH B caMOM (eHO/e NPAKTHUESCKH ReBo3MOKHO [240].
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Oanako B psge cayuiaeB cofiepXXaHue KeTo-(OPMH NOBHIUAETCA
"M MOXeT Nnpeof/lafaTh B PaBHOPICHH: B NPHCYTCTBHH HEKOTOPHX
TPymn, TakHX, Kak BropuuHas OH-rpymna u rpymna N=O [241};
B CHCTEMax ¢ KOHAECHCHPOBAHH NMH apOMaTHYECKHMH UHKAaMH {242];
'B TeTepONUKAHTECKHX cHCTeMaX. Bo MHOIHX reTepoNHKAHYECKHX CO-
eIHHEHHAX B KHAKOH dase HAR B pacTBOpax KeTo-GopMa OKazH-
Baetcs Gosee ycrofiunBoft [243], xors B rasopofi pase pasHoBecue
CABHHYTO B CTOPOMY eHOAbHON dopmu [244]. Hanpumep, B ciayuae
paBHOoBecHs Mexay 4-nEprACHOM (99) ¥ 4-THAPOKCHNHPHAWHOM
(100) B cnUpTOBOM pacTBOpe ONpeleNfeTCs MCKAIYHTEBHO KeTo-

[tggglua 99, a B rasosofi pase npeobnrazaer cHonbHaa dopma 100

0 . OH
o
) —0)
N N
H
% 100

2. TayToMepEs HHTPO3OCOAMHEHHE — OKCHM.

R,CH—N=0 == R,C=N—0H
HUmpRIOCoedunentic oncm

PaBHOBecHEe B 3TOfl cHcTeMe CHJBHO COBHHYTO BIpPAaBO; Kak ipa-
BHJIO, HHTPO30COeARHEHEHEe YCTONYHBO TOJbLKO NPH OTCYTCTBHH BOAO-
poia B G-TIOJIOKEHHH.

3. PapHoBecue Mex(Ay aandaTHUECKHMH HUTPOCOeRHHEHHMAMH H
HX ayi-GopMoi.

o
0 0 OH
© o -
R,CH -—-Nf — R,CH—N% = R,C=N
o 0 o
HiLmpocoeduNenue . ayuegapm

B mpoTHRONCAOXKHOCTL TAYTOMEPHH HHTPO30OCOEHHEHHE — OKCHM

HHTPOCOEAMHEHHE HaAMHOrO yeTofilunpee ayi-(popMul, HTO HECOMHEHHO

CBA3AHO ¢ pPE30HAHCOM, OTCYTCTBYIOILMM B NpeRHAYylleM CJAydJae.
4. TayroMepHA MMHH — eHaMEH [245].

R,CH—CR==NR == R,C=CR-—NHR
wMun enamun
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Kak npasuno, eHaMHHH YCTOHYMBEL TOJIbKO B COGRHHEHHSIX

¢ monHOCTbIo 3aMemienHof aMuporpynmofi (RyC=CR—NR,), ecau
e NpH a30Te HMEETCH aTOM RBOAOpOAa, npeolsajaeT UMHHHAS
tdopuma (246}

Ing UMKIHUECKHX aHaJIOTOB PacCMOTPpCHHHX NMPHMEPOB H3Re-

¢THA KOJIBYATO-UCMHAsi TayToMepHsi (Hampumep, B caxapax). Hme-
eTCsl TaKKe MHOXECTBO CHeNHANbHHX CAyYaeB TayTOMEPHH ¢ mepe-
HOCOM MPOTOHA.

2,22, BanenTHas TayTOMepHA

D7or THR TayToMepuu Gyaer-ofcyxnatbes B T, 4, pasp 18.9.
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Cesizu Oosiee caabnie,
yeM KOBaJIeHTHbIE

B nepBHx AByx raaBax pacCMaTpHBaJNOCh CTPOEHHE MOJAEKYJ,
npeAcTaBAAONIEX cofoft COBOKYNHOCTL ATOMOB C ONpefefieHHBIM
NPOCTPAHCTBEHHLIM PACHOAOKEHHEM, YACPIKHBAIOMIHXCA BMeCTe CBH-
37MH, SHEPTHH KOTOPHX cocTasiasior ot b0 mo 100 xkaxa/mons.
Mesxdy ModexynaMu. cyllecTsyloT csabble CHAB NPHTSIKEHMS, MO-
psiika HecKO/NbKHX MECATHX KH/AOKaJOPHA Ha MOAb. DTH CHALI, Ha-
3HBaeMble BAaHAEPBAAJLCOBHIMH, BHISBAHB BAEKTPOCTATHYECKHM
NPUTAXeHHeM, HAMPpHMep MeXAY MHINOAEM H HHNOJEM HIH MeXAy
HEAYIHPCBAHHHM AHIIONEM K WHAYUKPOBAaHHLIM AHNOAEM H T. II.}
HMEHHO OHH OTBETCTBEHHB 32 CHMHXKEHHE rasoB NPH LOCTATOUHO
HH3KHX TeMneparypax. B xanHoft riaBe oOCYKIAIOTCA CBSSH C DHEp-
rHAMY NpHOAM3HTENbHO oT 2 #o 10 KKaa/MOMab, T, €. NPOMEXYTOU-
HHE MeXIy ABYMS Ha3BaHHLIMM BLllle KpaHHUMH cJydasMH;, OHE
XapaKTepHH JAAA PA3NHYHLIX ACCOUMATOR MoAeKyJd. Byayr rakke
paccMOTpeHbl COeJHHEHHS, B KOTOPHX OTAeAbHHE YACTH MOJEKYNH
VHepXUBAIOTCH BMecTe Gea xakux-JHO0 cHA NPHTSXEHHS.

BONOPOJIHAA CBA3Db

Bodopodnan ceasp —3T0 ¢BASH MeXLy GYHKUHOHANLHOR rpyn-
noit A—H u aromom uam rpynnofi aromor B B Toli e camolt uam
B Apyroft moiexyse {l]. 3a HeKOTOPHIMH HCKIIOUCHHAME, O KOTO-
PHX peyb nofifeT HHXKe, BOUOPOLHHE CBA3H ©0O6pasyloTcsi TOMBKO
B TeX caydasx, xoria A H B — kucaopog, asot uau ¢rop. Kucno-
pon MoXeT OHIThL CBfi3aH C APYTHM aTOMOM OAUHADHON HJIH ABOfi-
HOft CBS3bIO, a @30T — OAMHADHOM, ABOHHON HMIM TPOMHON CBA3LIO.
BogoponHbie cBA3H H306paxkalorT OGHIYHO NYHKTHPOM, HAlpHMep:
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Bogopostrle cBsi3n MOTYT CYUIECTBOBATH B TBEDAOM COCTOSHUY,
B XHAKOH (pase H B pacTBOpax; coeARHeRHA, oOpasyioliHe ocobef O
NpOYHEe BOAOPOJAHHE CBA3H, MOIYT COXPAHATb HX AaKe B rasoBoi
¢ase. HanpuMep, yKcycHasn KHCJIOTA B rasoBoil ¢ase npk He cAuILl-
KOM HH3KHMX AaBACHHAX CYllecTBYer B BHIe AuMepa [2]. B pacrtso-
pax u XHIKOH ¢ase BoaopolAHHe CBA3H ObicTpo ob6pasyiorTed H
TaKe OblcTpo pByTca. Tak, cpefiHee BpPeMA 3KH3HH CBS3H
NHjs:--Hz0 cocrasaser 2-10-!2 ¢ [3}, 3a ucRAOUEHHEM OUCHD CHJIb-
HHX BOROPOAHHIX cpaseft [4], nanpumep FH---F~ ¢ sHepruedt moyrw
50 XKan/MOJb, SHEPrus CUJALHHEX BOZOPOAHHX CBA3el JIOKHUT B Mpe-
Jenax 6—8 xkaa/Moab; K uuM oTHocATcs cBA3k FH-.-F, a Takxe
CBA3H MeXAY KapOOHOBLIME KHMCJIOTAME (B HOCJASAHeM cJydae yKa-
3aHHAA BeJINYHHA XapaKTepHsyeT KaXAyIo CBR3b B OTAENBHOCTH).
dueprus takmx ceasdef, kak OH..-H u NH...H, cocraeager or
3 no 6 xxaa/mosb. B nepBoM NpHGAMMEHHH MOXHO CKasaThk, YTO
NPOYHOCTE BOAOPOAHLIX CBfideR BO3pacraer ¢ yBeJHUeHHeM KHCJAOT-
HocTE A—H W OCHOBHOCTH B, HO 3Ta 3aKOHOMEPHOCThL AAJNEKO He
TouHa [5]. Hna xonnuecTBEHHOR OLEGHKH CHJN BOAOPOAHOH CBA3H
HCAOMB3YIOT Q-UIKAJY KHCJAOTHOCTH AOHOPA H f-IIKajAy OCHOBHOCTH
AKNENTOpa, Y4acTBYIOWIHX B 06pasoBaHHM BOROPOAROA cBA3k [6].

I'eoMeTpuio BoOOpORHON CBA3H OUEHB TPYAHO YCTAHOBHTBL, NO-
CKOAbKY BOAOPOX IOYTH He NMOAAAETCA ONPEAeJERHIO [IPH PEHTICHO-
CTPYKTYpHHX H3MepeHHAX, OAHAKO HMeloTCH YKasaHus Ha To, YyTO
BOJOPOA PacrofoXkeR Ha NPAMOH, coemuHsaioulell aTtoMH A ® B, u
OTK/OHEHHA He npesbimalor 15° [7); HCKMOWEHHe COCTABASIOT BHY-
TPUMOJCKYAsPHHE BONOPOAHHE CBASH, TAe NpAMoAuHeliHOe pacmo-
JIOXeHHe CTEePHUECKH 3ampeumeRo, 3HaMeHATeabHO, YTO NOAABJAN-
mee GOAbWHHCTBEO BHYTPHMOJAEKYJAPHHX BOXOPOAHEIX cBasell
BCTPEYaeTCH B TEX CAyvYanX, KOTAA BOSMOXKHO o6pa3oBaHWe wecru-
YAeHHO20 YuKaa (CUMTAA BOJOPOR), B KOTODOM JIHHEAHOCTH BORO-
POAHOM CBS3H IeOMETPHYECKH BHTIOAHA; NATHY/JACHHHE UHKALI, B KO-
TOPHIX JIRHEHHOCTb OGHYHO SHEPTETHISCKH HEBHITOAHA, BCTPEYAIOTCA
ropasfo pexe. 3a HcKJA4YeHHeM ocoboro cnyuas ceaseft FH...F-
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(cM. HHXe), BOAOPOY HAXOXHTCA He HA PABHOM PAaCCTOSHHM OT ATO-
Moe A u B. Hanpumep, B TBepAoM COCTOSHHH BOZH B CBA3H
H-O---H mexaromuoe paccrosune O—H paeno 097 A, a pac-
croanre H---O cocrasaser 1,79 A [8]. -

YcranoBATL HaJHYHE BOAOPOAHOH CBASH MOXKHO Pa3THUHKIMU
cnoco0aMH, B TOM 9HCJAe H3MepeHHeM AHMOJNbHHX MOMeHTOB, N0 OCO-
GeHHOCTAM pPacTBOPHMOCTH, NOHUKEHHIO TeMIepaTypH 3aMepaaHusd,
TeRAOTAM CMelleHNs, Ho HanOoJee BaXKRHA cnoco6 OCHOBAR Ha ToM
BAHAHHHA, KOTOpOe OKA3MBaeT BOJOpOJHAA CRA3b Ha BHA HH(pa-
KpacHHX [9] u apyrux cnekrpos. Uacrotw koseGaunii B IK-cnekrpe
takux rpynn, kak O—H 1 C=0, 3HauuTe/IbHO CABATAIOTCA, €CJTH 3TH
rPYNAN Y9acTBYIOT B 06pasoBaBHH BOXOpOoxHOR cBsaAsH. IIpu aTtoM
Bcerza HalJwomaeTcsa CABHT NGJOC HOTAOWIEHMS B oGjacTe HoJee
HH3KHX YacToT Aaf ofeux rpynn A-—H u B, npuueM and mepBHX
sTOT cABHr Goaee 3HauuredeH. Hanpumep, ceoboanaa rpynna OH
B CIHPTax ¥ (eHONaX Rorjomaer B obaacru or 3590 po 36560 cx—1;
eCJIH 3Ke Ta Tpynna yuacrTsyeT B o0pasoBaEHH BOLOPOAHOM CBASH,
noJjioca MOTJIOLIeHAA cMemaerca Ka 50—100 cM~! ¥ pacnosoxena
B obnactu or 3500 xo 3600 cm—! [10]. Bo muorHx cayuasx B pas-
Gap/ieHHEIX pacTBopax ToabKo gactb OH-rpyrn ywacreyer B ofpa-
S0BaHHH BOAOPONHHX CBA3ed, a 4acTh HAXOIHUTCA B CRODOJHOM €O~
CTOSIKMH, TOTIA B CAGKTpax HabJiofaercda gBa HHKa. C mOMOLIBO
HHppaKpacHOH CTNeKTPOCKONHH MOXHO DAsAHYHTD MeX- H BHYTPH-
MOMNeKYJSApHHE BOAOPOAHKE CBA3H, MOCKOABKY HepBhle JaioT Goaée
HHTeHCHBHBI MUK MpPH NOBHIEHWH KoHmeHTpauud, Hias onpepene-
HHA BOAOPOAHLIX CBA3EH HCIOAB3YIOTCA H APYTHE BHAM CNIEKTPOCKO-
nun: KP-, snexrponBas, SIMP-cnexkrpockonus [11, 12). ITockoasKy
npH o6pasoBaHHH BOXOPOIHON CBA3H RPOTOH OHICTPO MEPEeXORHT OT
OEHOIC aToMa K Apyromy, SIMP-cnekTpoMerp samHcHBaer ycpex-
HeHHHE cHIHaA. BojopoHyio cBSA3b onpefeaior o6HYKO 1o cMere-
HHIO XHMuYecKoro ciBHra B Gonee caadoe moae. Bogopoanas cBase
MeHfeTCH B 3aBHCAMOCTH OT TeMIEpaTyphl H KORUeHTpaluHK, no-
3TOMY CpaBHeHHe CHeKTPOB, 3aMMCAHHHX B PasHHX YCJOBHAX, CIY-
KUT AJif onpelleAeHus HAMHYHA BOAOPOJAHON CBA3H H H3MEpEHHA ee
IPOYHOCTH. lI)(alc u B UK-cnekrpax, B cnekrpax SIMP moxno pas-
JAHYHTb MEX- U BHYTPHMOJEKyAapHbie BOAOpOIHHE CBA3H, TaK KaK
NocHeaHsAs He 3aBHCHT 0T KOHIEHTPALHH.

BaxHoCTE BOJOPOAKON . CBASH OGYcJ/IOBJeHa TeM BJHAKHeM, KO-
TOpPOE OHA OKA3HBaeT Ha cBOMCTBA coefMHeHuiH, a HMeHHO:

1. MexmonekyasapHas BOAOPOANAA CBA3h BHISHBAET MOBHUICHHE
TeMHEPaTypH KHNeHHA, a 9aCTo H TeMilepaTypH NJAABJAEHHA.

2. O6pazoBanHe BOZOPOJHOH CBA3N MEXAY paCTBOpeHHHIM Be-
IECTBOM H PacTBOpHTENeM (B TeX CIy¥asX, KOria 3TO BO3MOKHO)
CHABbHO MOBHINAET PACcTBOPUMOCTh, 3a4acTyi0 X0 TAKHX BEJHYHH, KO-
TOphle HeMb3A OBNIO OB M npeanciaraTsh NPH OTCYTCTBHH BOAOPOA-
Hofi ceAsH. MHTepecHo NpPeACTaBHTL, KaK NOBJAHANO O Ha HenoBe-
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4ecKH# pOA YMEHbLICHAe PAacTBOPHMOCTH STHJOBOTO CIIHPTa B BOJAE,
CKaXeM, 10 PACTBOPHMOCTH STAHA H/H STHIXJIOPHAA.

3. Hanuune BoAopoAHO# cBA3U B rasax H PAacTBOPax NPHBOAUT
K TmoTepe HAEaJbHOCTH CHCTEM H OTKJOHEHHIO HX NOBeleHHS OT CO-
OTBETCTBYIOLIHX 3aKOHOB,

4. Kax ye roBOpHJIOCH, BOJOPOAHZH CBA3b MEHSET NOJOXKEHHE
H0JIOC MOTVIOINEHHS B CIEKTpe.

5. BoaoponHas ¢BA3b, OCOGEHHO BHYTPHMOJNEKYNApHAas, MeHSeT
MHOTHe XHMMHYecKHe cBoiicrBa, Hanpumep, HMeHHO BOROPORHON
CBS3bl0 OODbsiCHSETCH NOBHILUEHHe KOHUEHTPALHH eHoJjia B HEeKOTO-
pHX TayToMepHHX paBHoBecusx (pasi. 2.20). BoaopoaHas cBs3b
BJHAET HA KOHPOPMALHIO MOJNEKYA (CM. M. 4) M YACTO Hrpaer cy-
ecTBEHHYIO posib B ONnpeliefieduu ckopocteh peakumii [13]. Sta
CBASH TaKKe Ba)KHa AJA DEryMupOBAHHS TPeXMepHOH CTPYKTYpH
6e/IKOB ¥ HYKJACHHOBHIX KHCJIOT,

B cucremax, He COAEpPKAUMX KUCNOPOAA, az0Ta HIR diTopa,
TaKxe MOTYT o06pasoBHBATLECH BOAOPOAHHE CBA3H, HO O0jee caabHe
[14]. MErorouucAerHEe DOHCKH BOJOPOMHBIX CBsi3el ¢ aTOMOM YyTJe-
poza {15] npuBesnn K ycraHoBjeHHI0 Tpex THnos cBasefi C—H, xo-
TOpHE, OYAYUH AOCTATOMHO KHCJARIMH, cIOCOGHH 00pa3OBHBATE CJa-
6Lie BOZOPOAELIE CBA3H; 5TO — TepMHHANbHKNe aleTaaeHH RC=CH
[16], xnopoopM H HeKOTOpHe APYTHe raNoreHOaNKaHH, a TaKxe
HCN. Caabuie BojopoAHEE CBA3H 06pasyloT TaKxe COeIHHERHUs, CO-
Repxamue cBa3p S—H [17). MHoOXeCTBO mHpeRANONONKEHHA CTPOH-
7I0Ch OTHOCHTE/LHO BapraiHf BTOporo KoMnoHenta (B). OuenngHo,
9TO XJ0p MOXKer 00pa3obHBaThH cNalbie BOROPOAHHe cBasu {18], Ho
6poM H HOJ eclH H o6pa3yioT BOAOPOAHHE CBA3H, TO CAHLIKOM Cla-
6ue [19]. Oanaxko woun Cl-, Br— u I~ o6pa3sylor ropasnoe Gonee
NPOYHHeE BOROpOAHbE CB3H, YeM KOBAJIGHTHO CBH3aHHHeE AaTOMH
[20). Kax ormewanccs paHee, 0cof0 NPOUYHOHR SABJAACTCS CBASD
FH...F-, B koTopofi BOAOPOJ, PACNOJOXEH Ha PaBHOM PAaCCTOAHHH
oT ofoux atomos ¢ropa [21]. AHajornuHbM 06pa3oM aTOM cephl
[17] Moxer GHTR KOMIOHEeHTOM B B clabHX BOROPOAHHX CBA3AX
[22], o nont SH— o6pasylor HamHoro GoJiee MpOuHEE BOJOPOAHHIE
cesizH [23]. Okasanoch, uto ﬂ.ogonbgo NPOYEH BOAOPOJHHIE CBH3H

B HSOHHTpRIbHOH cucreme R-—~N=C [24]. Ouepuaso, poar komno-
HeHTOB B B BOJOPOAHHX CBA3AX MOTYT HI'paTh ABOHEbIe H TPOliHEeE
CBA3HM, apOMaTHYeCKHe UHKJH H JRaKe LUKJIONPONAHOBHE KOJbla
[25), HO o6pasyempie HMH CBA3H OUeHb cnabmie,

Cnocob6HocTh K O0pAa30OBAHHI0 BOAOPORHHX CBf3el NPOABASET
Takke jeidrTepnfl, NpHYyeM HHOTAA STH CBA3H NPOYHee, a HHOrAA cJia-
Gee COOTBETCTBYIOIHEX CBA3el ¢ yyacTHeM mpoTHs [26].
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NPOAYKTBHI NPHCOEAHHEHHUA

Ecam B pesysabTaTe peakluMH MeXZIYy HABYMS COeAHHEHHAMH OG-
pasyeTcs HOBOe coeflnHeHmne, ofbeguHAONIee Macchl OOGOHX HCXOR-
HHX, ero HaseBaloT npodykrom npuccedunenus [27]. Cymecrayer
HeCKOJIbKO BHAOB NPOAYKTOB MPHCOERUHEHUA; fBa U3 HUX B HaCTOMA-
Hieli riase paccMaTpHBaTbeA He GYyRYT, TAK KaK OHH He COAepXKar
csazell Gojee caabulx, YeM KOBaJEHTHHE. IT0, BO-NIEPBHX, 06LuHbBE
KOBAJIEHTHHE COeJWHEHHs, KaK, HanpuMep, NPOAYKT peakudu STH-
Aera # GpoMa. Bo-BrophX, 3TO coefinHeHUs, 06pasyiolinecs IpH ne-
peKphIBaHHE OpOHTAJM, cOAepXKaiuefi HeNOASNEHRYIO e9.11(ﬂ_-mpolmym

napy, ¢ BaKaHTHofi opGHTaNbIO, HalipHMep HaN—l?Fs (cm.
pasn. 8.4). :

Mu paccMoTpuM NPOAYKTH HPHCOeAMHEHHS OPYTOTO THMA, B KO-
TOPMX HCXOZHEE MOJEKyJAH ocTalorca GoJee HIH MeHee He3aTpoORY-
THIMH, 2 B PesyJbTaTe B3aHMOACHCTBHA JABe HJH HECKOABKO MOJe-
KYJl ylepKHBAIOTCA BMeCTe CAabLIMH cBAsAMU. Takoro THNa coepH-
HeHHS MOKHO pasfie/INTh HA YeTHpe UIHPOKHX KJAacca: AOHOPHO-aK-
LenTopHbe KOMIJIEKCH, KOMIJIEKCH, o6pasyeMule KpayH-9pupaMy H
AHAJIOTHIHLIMH COSRHHEHHAMH, COSAHHERHs BKAIOYCHHS H KaTeHaHbl,

3.1. JloHOpHO-aKUENTOPHLIE KOMITAEKCH [28]

Kax siBcTByeT M3 KX HasBaHMf, OOHOPHO-GKUENTOPRbIE KOM-
naexcet [29] Bcerga cocTOAT H3 ABYX MOJEKYJ/: AOHOpA H aKHenTopa.
Horop Moxer nOCTaBAATL JHOO HeMOAENEHHYI NApy SJIEKTPOHOB
(n-nonop}, aubo mapy sAeKTPOHOB M-0POUTANM RBOAHOH cBASH HAU
apoMaTtnyeckoft cucreMul (m-ZmoHOp). TIpHCYTCTBHE TaKOro KoMit-
JeKca MOXHO YCTAHOBHTH MO 3JEKTPOHHOMY CHEKTPY, TaKoH CIeKTp
(nannune nosocei nepesoca sapada) OOBMYKO OTAKYaeTcd OT
CYMMBl CNEKTPOBR ABYX HHIMBHAYaAbHuX coeanHeRufr [30). Ilo-
CKOJIbKY NepBoe BOSOYKAEHHOE COCTOAHHe KOMILIEKCa OTHOCHTJHHO
6JIH3KO MO 3HEPTHH OCHOBHOMY COCTOAHHIO, B CHEKTpe HPHCYTCTBYET
HK B BHANMOH wuau Oauskoii yabTpaduoperosot obaacTh; zo-
HOPHO-2KIeITOPHHE KOMILIEKCH YacTo GHBAIOT OKpameHH, MHorue
KOMIJEKCH HeyCTOMUHBH H CYNIECTBYIOT TOABKO B DACTBOPAX B paB-
HOBeCHH cO CROMMH KOMIIOHEHTaMH, OXHAKO H3BECTHL H YcTOHUHBHE
KOMIJIeKCH, CYIIECTBYIOIIHe B TBepAOM COCTOAHHH, B S0JAbMIHHCTEO
KOMIIEKCOB MOJIEKYJH ROHOpa2 U aKUeNTopa BXOLAT B CCOTHOIIe-
Hue 1: ] BAM B ApYrux cOOTHOMIEHHAX UEJKLIX YHCEJ, HO H3BECTHH
HEKOTOpEIe KOMIIEKCH ¢ HeleAOYHCACHRHM COOTHOHICHHEM KOMMNO-
HeHTOB. CYIH&CTBY&T HeCKOJIPKO THNOB aKHENTOpOB, H B 3aBHCHMO-
CTH OT HX NPHPORH MOXHO KJacCHHUHDOBATh NOHOPHO-AKIENTOp-
Hbl¢ KOMIJeKCH Ha TPH I'PYNNH.

1. Komnnaexcel, 8 KOTOPHUIX AKUCHTOPOM CAYNCUT HOH METAAAG,
a Qoxopom oseun uau apomarudeckul yuks (n-ROHOPEL ¢ HOHAMH
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MeTAJMA0B AA0T He JAOHOPHO-aKUENTOPHBIE KOMIJIEKCH, a KOBAJEHT-
Hble ¢Bg3H) [31]. Muorne noHel MeTajnoB o6pasyloT KOMINEKCH
¢ osepHHaMH, AuenaMu (OOHUHO CONPSKEHHBHIMH, XOT# H He
BCErAa), apoOMATHYECKHMH COelHHeHHSMH; YaCTO 3TH KOMIJAeKchl
npeAcTasaAior cobofl ycTofiuuBhie TBepAbe BelnecTsa, ObmenpuHa-
TO€ NpelcTaBJeHHe O XapakTepe CBs3M B 3THX KoMmjekcax [32],
BIepBHE NpefioenHoe Jpioapoum [33], MOKHO NPORANIOCTPHPOBATD
Ha NpHMepe KOMIJeKca, B KOTOPOM HOH cepebpa cBsizaH ¢ oJedwu-
HoM, Mexly MeTaJanoM H onedHHOM BO3ZHHKAIOT IBE CBA3H: §-CBI3b,.

R
' ’(If Ag*
RLC

ofpasyeMas nepeKpHBaHHEM SanoOAHeHHOA n-opburandn oJedrHA
¢ BaKaHTHOfi Bs-opfuTanblo MOHa cepefpa, H ®-CBA3b, ofpasyemas
nepekphiBaHHeM 3anoaHeHHON 4d-op6uraik uoHa cepebpa ¢ Ba-
KaHTHOH paspeixasionlelt n*-opburanein oieprHa, CBA3h OT HOHA
cepeGpa HampaBJcHA He K ONHOMY M2 aTOMOB, a K HEHTpPY m-CH-
CTeMHEl, B pe3ynbTaTe Yelr0 3ACKTPDOHHAA NAOTHOCTE JACTHUYHO CMe-
maeTcd oT oAedKEa X HOHY Meranana [34)

Cpeny coenuHerHil, 06pasylUHX KOMIIEKCH ¢ cepeSpoM M ApY-
THME MeTaanaMH,— Oenson [35] (cm., Hampuamep, coefiHHeHue 1)
H uHKJAQOKTaTeTpaeH, Ecau KoopIMHaUuOHHOE YHCJAO Merajiia
Gosbure 1, B o6pasoBanHH KOMILIeKca y4yacTByer Gojee ofHOH MoO-
JAeKynu-jloHopa. Bo MHOTHX caydasx B o6pa3oBaHHH KOMILIEKCOB
y4acTBYIOT KapOORHJAB MeTaan0B, Toria rpynnel CO nocTaBAsiOT
JONOJHHTENLHYIO 3JEKTPOHHYIO MJAOTHOCTh. Tak, ycToHUHBHIM coe-
AuHeHHeM sBAsiercs GensonxpomTpHKapGouua (2) [36]. Tpu crpenxu
B dopmyne 2 noxasmpaioT, YTO BCe TPH CBA3HBAWILHE OPOHTAMH
apOMATHYECKOTO LHKMIA OTHAAI0T YacTh CBOeR 3JEKTPOHHON MJIOTHO-
cTd Metaany. OcoOHM cyyaeM TaKoro THNA KOMIJIEKCOB MOXKHO
CYHTATL MeTaMIOUeHs (pasa. 2.9), xoTA4 CBA3b B HHX HaMHOro

npogHee.
©_. Ag* @E Cr(CO},
Fe(CO),

1 2 3

HspecTHO MHOMKECTBO CJAyYaeB, KOrjla odedHHB, CAHIUKOM He-
YCTOHYHBHE AJA TOTO, YTOOH HX MOXKHO GHJO BHIAEAUTH, OHJIH MO-
JIydeHH B BH/l¢ KOMIIAeKcoB ¢ Mertadnamu. Hanpumep, HopSopHanu-
cHOH Opia BhijieNeH B dopMe KelesOTPHKAPGOHHALHOIO KOMILJIEKCa
3 [37); B cBOGOSHOM BHAE STOT AHEHOH CNOHTAHHC pa3Jaraercs
co6pasopanHeM MOHOOKCHAZ yryepoia u Gensona (peakuns 17-39).

Q,
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2. Komnaekcoi, 8 KOTOPOIX GKUENTOPOM CAYNRUT OP2OANUYCCKGR
Morexyara, HauGodee BaXHHMH KOMILIGKCaMHM 3TOTO THNA SIBJIg-
10TCA MHKPHAOBAaA KHCJI0TA, 1,3,5-TPHAHTPOGEH30A M NOAOOHHE mOo-
AHEuTpocoenutenns [38]. TlukpuHoBaa KHCJAOTa AAET HWPOAYKTH

OH
ON NO;

NO,
NMUKPUNDERST NLLCHONTE

NPHCOGAHHEHMA CO MHOTHMH apoMaTHYeCKHMH YIJIeBOAOPOAAMH,
apoMaTHIeCKHMH aMHHaMH, adHdaTHYECKHMH aMHHaMH, ofedHHAMH
H RPYTHMH COSAMHEHHAMH, DTH NPOAYKTH NpHCOeAHHeHHA oOHYHO
npeAcTapasioT coboil TRepALe BElIECTBA C YETKHMH TeMIepaTypaMu
DAABJAEHHS, H HX YaCTO HCMOAb3YIOT KaK IPCH3BOAHHE HCCASRYeMHX
COeMHEeHHN, Ha3HBASA NHKPATAMH, XOTS OHH H He SBJINIOTCH COJNAMH
NHKpHHOBOH KHcuaoTH, Ilocaeanne rakike Ha3HIBRIOTCA NMHKPATAMHU.
AHRajornyHHe KOMIMIEKCH O6pasyloTca Mexay (eHOAaMH M XHHO-
HaMH HJM THApOXHHOHaMH [39]. AKuenTopaMH CJYXaT TaKkKe oJje-
GbHHB, coaepiKalllHe 3J€KTPOHOAKLIENTOPHEIE 3aMECTHTENH, H HEKO-
TopHe aHrHApHAN [40]. OcolerBo CHABRHM akuenTopoM ABJAAETCH
TeTpanHaHosTHAeH [41).

ITIpupoay cBfi3H B TAKHX KOMNJAeKcaX 0GBACHHTb ropasjio TpyA-
Hee, 4eM B NpeABIAYUIEM cJAyyae, H CKOJAbKO-HHOYAbL YAOBJASTBOPH-
TeJbHOIC OpeACcTaBAeHHs A0 CHX mOp He BHpaGoTano [42]. Tpya-
HOCTb COCTOHT B TOM, 4TO B TAKHX KOMIJeKkcax ZOHOP (2 HM MOXeT
OHTb H H- H N-JICHOP) MOXKET OTAABATL CBOW SJACKTPOHHYIO mapy,
HO aKHEeNTOp He HMeeT BakaHTHOH opOHTanA. B HeKOTOpHIX cayuaax
¢BA3b MeXZY EOHOPOM H AKIUENTOPOM B KOMIJIEKCe MOXKHO oOBsic-
HHTH NPOCTHM NPHTSKEHHEeM THOA AHNONE — HEAYUHPOBaHHHN AH-
noab [43], Ho Takoce B3aHMOBEHCTBHe CAHLIKOM caaloe H B0 MHOTHX
CAYYasX He MOMET OHTb OTEETCTBEHHHIM 34 CBA3b B KOMIAeKce [44];
RanpHMep, HATpOMeTaH o0pasyeT HaMHOTO MeHee NpOYHHIE KOM-
naeKcHl, 4eM HHTpOOEH30J, XOTA AMIONbANE MOMEHTH 3THX MoJe-
KyJ mO4TH ORHHaxoBHW, QueBHAHO, 4TO BO MHOIHX AOHOPHO-aKilen-
TOPHBIX KOMAJIEKCaX HMeeTcs CBA3b HECKOJBKO ADYroro THAA, Ha-
abiBaeMasi C8A3bI0 C nepenocom 3apada; NPHPOAA e€e TOYHO He
H3BECTHA, HO, MO-BHAMMOMY, ONpeieieHAYI0 poJb 3Jeck Hrpaer Ao-
HOpHO-aKuenTopHoe B3anMoieficTeye.

3. KomnaeKcot, 8 KOTOpbIX GKYENTOPOM RBASIOTCA MOACKYARD-
#ote uod, 6pom uru daske xarop [45]. Takde MOJNeKyNH DPHREAMAIOT
3JIEKTPOHH KaK OF fi-, TaK H OT m-A0HOpOB, NMO-BHAHMMOMY, 34 cyYeT
paciiHpeHHA BHeluHeH BaneHTHOR OGOJIOYKH, cmocoSHOR BMeCTHTb
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10 snekrpoHos. [losoGHble KOMIVIEKCH OOpasylOTCs ¢ AMHHAMH,
apOMATHUYECKHMM YIJIEBOJOPORAMH, KeToHaMH H Ap. VIMeHHO o6pa-
30BaHHeM KOMIJIEKCOB OO0'bACHAeTcR TOT (aKT, YTO B PACTBOpax
AlETOHA, 3TAHOAA HAH OeH3oka BOA TepfeT CBOK oOLHYIO JHoje-
TOBYI0 OKpacky. Ho B B 3THX CAyuyasXx HpHpoRa CBASH OKOHY&-
TesibHO He BHsicHeHa. ApTopH 0630pHO# cTaTei [46] xoHcTaTHpYIOT,
4TO HECMOTPA Ha JONYyLleHHe O PACIIHPEHHH OKTeTa «..J0 CHX HOp
He HaHAeHa YAOBJETBOPUTEAbLHAsl TEOPETHUECKAs HHTepnperauus
Hab/MmonaeMolt reoMeTPUH PaclOJNOKeHHS AaToMOB, OO6YC/IOBJIEHHOH
HaJAdyHeM CBA3H ¢ MepeHocoM 3apsfa (B 3THX KoMmmiekcax)». To
06CTOATENLCTBO, YTO KOMNACKC MOJMCKYAAPHEIN Hol — GeH30) HuMeeT
AVIOABHEE MOMEHT, B TO BpeMd KaK caMH HOA ¥ OeH3oa Heno-
ASpHbI, CBHAETENLCTBYET O TOM, HUTO KHMeeT MeCTO IIepeHoc 3a-

pAaa [47].

3.2. KoMnaeken kpayH-3$pHpoB B KpHnTaTH [48]

Kpays-apupst — 310 MAKPOUBKIHYECKHe COEAHHEHHH, OOHYHO
NpaBUALHOA GOpMBI, COmepiKalllHe HECKONLKO ATOMOB KHCJOPOAA,
Hanpamep 12-xpayn-4 (4) [49], auuukaorexcano-18-kpayu-6 (8) mn
15-kpayn-5 (8). DTH coegHHeHHN CHOCOGHH OOpa30BHBATL KOM-

ot ol

4 5 6

NJIeKCH ¢ NOJIOKHTENBHO 3apAMeHHHMH HOHAMH, KAK NPaBHJIO
HOHaMH MeTaaloB (He 00fA3aTeJbHO NMepPeXORHLIX), 4 TaKkKe HOHAMH
aMMOHHA W 3aMeIIeHHMMH HOHaMu aMmoums [50]. B Goabmancrse
KOMIIJIEKCOR HOHLI PACMOJNAralTcs B UEHTPe MOJOCTH MAKPOLHKJA,
Kaxapifi kpayH-s¢up crocobeH ¢BA3ATL Te HJAH HHHE HOHH B 3aBH-
CEMOCTH OT pasMepa NOJIOCTH, HalpAMep KpayH-s¢Ap 4 cBA3HBaeT
Lit [51], a kpayn-apup 5 — K+ [52], Ho He Hao6opoT. TouHO TaK Xe
KpayH-aup 5 casusaer Hg?+, no ue Cd?t uau Zn%t n Sr*, Ho He
Ca?* [63]. KoMnilekcH XpayH-aHpPOB YacTO MOXKHO HOJYUHTL B BHlE
TBEPABLIX BELIECTB ¢ YETKOH TeMnepaTypoll niaBjieHHs.

IToMumMo cBoeft oueBunHOR NMPUTOXHOCTH AAA pasfefeHusa cMecedl
" KaTHOHOB KpayH-3(HpH HAHLIM HIEpOKOe NpHMEHeHHe B OpraHuye-
CKOM cHHTese (cM. ofcy:kAenme B T. 2, pasn 10.14). XdpaapHne
KpayH-3upH ObIAH HCIOJBL3OBAMH AJA pasjeleHHs paleMHYeCKHX
cmeceit (pasa. 4.11). Hame Bcero KpayH-2hHps! HCNONB3IYIOT AAS
KOMIJIeKCOBAHKA KAaTHOHOB, aMHHOB, ()eHOJOB, HO HSBECTHH INpH-
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Mephl KOMIJIeKCOB2HMA HefiTpanbHHX Modekyn [54] m amMoHOB
{paaa, 4.16). '

AHanorauHEMR CBOfiCTBaMY O6/Mafai0oT MAKPOLMKJH, COfepika-
Hipe aTOMK 43074 HaAK cepw [b5], Ranpumep coexunenns 7 a 8 [B6],
a TAKXe MaKPOURMKJIH, cOAdepiKalUlHe pasHhie reTepOaTOMH, HANpH-
mep coexuienns 9 [67], 10 [58] una 11 [69]. Bunrganrvyeckue MoOmde-

@
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KyaAH, nogo6Hue 10, MOryT oKpyKaTh BKJIOUeHHHH HOH B TPex us-
MepeHHAX, cBA3HBas ero Oojee NPOYHO, UeM MOHOHMKJIIAYECKARE
KpayH-9pHpH, BHUHKJIH 8 DRKJAR BHCmero nopsika {60] HasuBaior
kpuntandamu, a obpasyeMHe KHME KOMIJIEKCH — KpUnTaramu
(uHOra KpHNTaHAAMH HAsHBalOT Takxe MOHOUHKAH). Tpanukw-
YecKHA KpHnTaHA 11 HMeeT HecaTb CBASHBAIHIAX LEHTPOB H cde-
pHuecKyio noaocth [59]. Jpyrum npHMepom coexuHeHus ¢o cdepn-
YecKOR NoJocTeIO (XOTA H He KPHNTAHAOM) ABjasgercs 12; sra Moae-
KyJlla ofpasyer KOMIIEKCH ¢ HOHAMH JHTHA H HaTpus (npeHMy-
HIECTBEHHO C NOCAeNHHM), HO He C HOHAMM KaJHsf, MArHES HJH
kanpuua [61]). TToaobume MoJleXy/AH, NOJOCTH KOTOPHX MOTYT 3a-
HHMAaTb TOJbKO cdepHuecKHe JACTHIH, Waﬁ&
pandoa [61]. '

CBa3b B 5THX KOMINIEKCZX SIBASETCA pe3aynbTaTOM HOH-ARNONb-
HOTO B3aHMOJEHCTBRA MEXAY TeTEPOATOMAMH H NOJOKHTEJBHO 3a-
psXKeHHBIME MOHAMH,

n
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3.3. Coexnnenns sxiuonenns [62)

IlporykTH mpucoepEHeHHst 9TOTO THAA OTJIHYAKTCA KAK OT AO-
HOpHO-aKIeNTOPHEX KOMIJEKCOB, TAK H OT KOMIIEKCOB, ofpasye-
MHX KpayH-s(HpaMH, 0 KOTOPHX I'OBOPHJOCH BHINE, 3feCh OZHO H3
COeHHEHME, HASHBAaeMOe X03auHOM, OO0pa3yeT KPHCTANJIKYECKYIO
pemeTKy ¢ ACCTATOYHO OOJbLMIHMH NPOCTPAHCTBAMH MeXAY aTo-
MAMH, B KOTOPHX MOXET HOMeCTHThCS BTOpPOe cOefHHeHMe, HASH-
BaeMoe eocreM. Hukakux cBsselt MeXAy MOJEKyJAoH-rocTeM H MoO-
JeKkynofi-x03gRHOM He ofpasyercs, MeXAY HHMH AefCTBYIOT TOJbKO
BaHAEPBAaJbCOBH CHJAH. B 3aBHCHMOCTH 0T (POPMH PEMIETKH MO-
Jlexg.nm-xoaﬂnna pasJuYalOT ABA THOA NPOAYKTOB NpPHCOSAHHeHH::
COCOUHERUR BKAIO%EHISA, B KOTOPHX CBOOOAHOE APOCTPAHCTBO KpH-
CTaANRUECKOH pellleTKH HMeeT (OPMY AJHHHHIX TyHHejAefl, HAH Ka-
HAMOB, H KAQTDATH, UAH COLOUHEHUR 8 KAETKE, B KOTOPHX ¢BOGOA-
HOe NMPOCTPaHCTBO 3aMKHYTO CO BCRX CTOpOH. B mpoaykrax ofoux
THHOB MOJAEKYJIA-rOCTh AOAKH& NOMECTHTbCS B CBOGOAHOE MPOCT-
PAHCTBO DEIIeTKH, K, eclH OHa CJAMIDKOM BeJHK& HJIH CJHIIKOM
MaJja, IpOZYKT NMpPHCOeAUHeHUs He obpasyeTc.

[llapoko pachmpocTpaHeHH COeAHHEHHs BKJIOWEHHs, B KOTOPHIX
POJib MOJNIEKYJAH-XO35HHA WIpaeT MOYCBHHA. B uHcTOM BHAe KpH-
CTAJANHYeCKasa MOYeBHHA OOLIYHO HMeeT TeTparoHallbHOe CTpoeHHe,
HO B NPHCYTCTBHE MOJEKYJl, KOTOPHE MOTYT BHIHOJHATH POJib FOCTH,
MOYEBHHA KPHCTAANH3yeTcs ¢ OOpasOBAREHEM TeKCAroHaJAbHOH KpH-
CTa/VIKuecKoil pelleTKH, B KaHAJAX KOTOPOR pacHojaraercsi Moje-
Kyaa-rocTe [63]. Tor ¢axr, uyro pellleTKa reKcarcHaJbHORO THNA
MOxer 06pasoBaThes TOALKO B NPHCYTCTBHH MOJEKYJH-TOCTH, IO-
KA3HBAET, YT0 XOTH BAHZEPBAaJbCOBH CHIIH, ACHCTBYIOIHE MEXAY
XO3AHHOM M TOCTEM, MaJjbl, OHH KMEIOT pemaloliee 3HaYeHHe AJA
YCTOAYHBOCTH COeZHHEHHS BKMIOUeHMs. Ilmamerp Kamasa B Moue-
BHHE cocTaBAser oKoA0 5 A, H cCNOCOGHOCTE MOJIGKYAH GHTH rocrem
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3ABHCHT TOJABXO OT €¢ Pa3MePOB H (OPMH, HO He OT XHMHYeCKHX
CBOMCTB HAM 3AeKTPOHHBIX sthdekroB. Hanpumep, noaxofauuMH ro-
CTAMH HAfA MOYEBHMHH ABAAIOTCA OKTa#H H 1-GpoMoOKTaH, HO He
2-6pOMOOKTaH, 2-MeTHAreNnTaH HJIH 2-MeTHJOKTaH. I'OCTAMH MOryT
OuTp AHOYyTHIMaAeaT H AuGYTHAdYMapaT, HO He AMSTHAMAJZEAT
HJH DHSTHJAGYMApaT; ¢ APYrof CTOPOHLI, AHNPONUAPYMAPAT MOXKET
BHEOJHSATH POJb rocTd, a AHNponuaManeat Her [64]. Moasapuoe co-
OTHOLICHHe B TaKHX KOMMJeKcax OSHYHO HeleloYHcjieHHoe (XoTd
CAY4afiHO MOXKET OKAa3aTbCsl H LIeJIONHC/AEHHEM); HanpHMep, MOJAp-
HOE COOTHOLIeHHEe B KOMIJIEKCe OKTaH — MOYEBHHA CcOCTasiser’
I:6,73 [65].

KomnnekcH MoyeBHHB NPEACTABJAAIOT co00% TBepALle BelllecTBa,
HO B KauyecTBe APOM3BOAHHX HX HCNOJb30BaTh HeyaoGHO, TaK Kak
OHH AJaBATCA C PA3JIOKEHHEM NPH TeMmepaType fJlaBJeHHS MoYe-
BuHE, OAH2KO OHM APUTrOMHH AJA pasfeieHHs H30MepoB, KOTODHe
TPYAHO pa3fenuTh APYrHMH cnocoBaMu, CoeflHHEHHS BKJIIOUEHHA
ofpasyeT TakXKe THOMOYEBHHA, HO B 5TOM (Jyyae KaHaJW HUMEIOT
GoabiiHi AHAMeTp, NOSTOMY H-aJKaHHW He MOryr GHTB FOCTAMH, HO
TAKHe MOJEKY/H, KaK 2-6pOMOOKTaH, UHMKJAOTeKcaH H XJopodopm,
JIETKO 06pa3ylT KOMIACKCHL.

3.4. Knarparn [66]

K HanGoslee BAXKHBIM KOMIJEKCAM 3TOTG THNA OTHOCATCH COeAM-
HeHHs, B KOTOPHIX POJb X03fAMHA BLINOAHAET rHApoxuHoH, Tpu Mo-
JeKyJAH CHAPOXHHOHA, YAepKHBAeMbe BMecTe BOAOPOLHEIMH CBA-
3AMH, 00pasyloT KJAeTKy, B KOTOpOfl noMemaerca OAHAa MOJEKyJa-
roctb, Takoft Mojexynoli Moxer OHTb MeraHoqa (HO He 3TAaHOM),
S0,, COp 1 aprod (Ho He HeoR). B oTanuHe or coefuHeNnA BKJI0-
UeHHs] KpPUCTaJJIHYeCKasd pPelleTKa B KAaTPaTaxX MOXKeT OCTaBaThCA
YacTUYHO HesamoJaHeHHON, Pojb MOJEKYAH-X039HHA MOXET BHIIOJN-
HATE TakKe BORA, OGLIMAO MIECTb MOJEKYN BOANM 06pasyiorT KAeTKY,
B KOTOPYIC B KauecTBe MOJICKYA-TOCTefi MOryT BOHTH XJIOpP, METHX-
HOZMA W MHOTHe ApyrHe coemuneHHs. OOpasyemble BOAOH KnaT-
paThl MPEACTaBAAIOT coGOf TBepAble BelCCTBA, HO OHH, COXPAHA-
I0TCA TOABKO NIPH HH3KHX TeMIEPATypax, a APH KOMHaTHOHA TeMme-
patype pasaarajorcs [67].

3.5. Karenauni W poraxcaun [68]

9TH coeMHEHHS COCTOAT M3 ABYX H/H HECKOJIBKAX CaMocTod-
Te/AbHBIX yacTeR, KOTOPHE He CBA3AHL APYr ¢ APYrOM HHKAKHMH Ba-
JIeHTHHIMH CHJIAMH, HO TeM He MeHee VAepXKUBaIOTCH BMecrte. Kare-
HaHbl NOCTPOSHE M3 ABYX HJHM HECKOJABKHX UHMKJIOB, COCAHHCHHHIX
KakK 3BeHbA LEH; B PDOTAKCARAX AHHefiHAS YACTB MOJCKYJAR NpO-
AeTa CKBO3b KOJBLO H He MOMET H3 Hero BLICKOJB3HYTh Gaaroaaps
RaanyHe OGBeMHHX KOHEesBHX rpymn. KatesaHs H poTakcaHbl
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Q) () 1o

[2] wxremzsr (5] aamena pommERCaH

MOMKHO HONYYHTH CTATHCTHYECKHMH MeTOJaMH HAH HanpaBAeHHHM
cHETeaoM, IIpHMepOM CTATHCTHYECKOrO CHHTE3a POTAKCcaHa CAYXKHUT
peakius, B Xofie KOTOpORk coeauHenHe A CBA3MWBaeTCs HO ABYM TMO-
JIOXKEHHAM ¢ coeAuHeHueM B B mpucyrcrBun Goabmoro nukaa C, Jo
COeHHEHHs ¢ ABYMs MOAeKkyiamu B Kakaf-10 wacro MoJAeKyn A
AOMXKHa caywaliHo OKasaThes IpofeTolt cKBo3b UHKA C, HORTOMY
Aapsay ¢ npoayktoM E ponmxen ofpasoatbcsi portaxcan D [69]).

fro+ s v s O — FO + b+ O

ITpuMepH CTATHCTHYECKOrO CHHTe3a KATeHAHOB NPHBENCRL B T. 4,
peaxuua 19-66.- Ilpn HanpaB/ieHHOM CHHTe3e OTAENbHHE YacTH MO-
JIeKyJ YAEPKHBAIOT BMecTe XHMHUYECKHMH CBA3SMH, KOTOpHIE 3aTeM
pacensior.

IMpumep RampaBJieHHOTO CHHTE3a KATEHAHOB TakKxXe MPUBENEH
B T. 4, peakuus 19-66 [70]. Useecrnd AWML HECKOABKO NPHMEPOB
CHHTe32 KaTeHaHOB H pOTaKcaHoB ofommH Merozamu [71],
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Crepeoxumusi

B nmpexamaymux raaBax o0cyXAanoch pacnpeleseHHe 3JAeKTpo-
HOB B MOJ/ICKYJAX OPraHHYeCKHX COGJHHeHHH, T. €. HX JACKTPORHAR
CTPYKTYpa, B Hacrodlled raase OyAeT paccMOTpeHa TpexMepHasd
CTPYKTypa opraHHueckux coeguHeHufi [l], ofycroBanBaomas cy-
miecTBOBaNHe crepeousomepun [2). Tlox crepecusoMepaMu NOHKMAIOT
COSTHHEHHA, NOCTPOCHHHE H3 OAHHAKOBHWX aTOMOB ¢ OJNHHAKOBOM
TIOCJIEIOBATEAbHOCTDIO CBA3EH, HO OTAMYAIOLINECH pacHoJoXeHHeM
4TOMOB B NPOCTPAKCTBE, DTH pasyHUHBE H HeB3aHMO3aMeHACMEE
TpeXMepHHe CTPYKTYPH Ha3HBAIOT KOHpuzypayuing.

ONTHYECKAA AKTHUBHOCTb U XHPAJIbHOCTB

Jlwboe BeulecTBO, KOTOpOe BPAlNaeT NJACCKOCTb MNOJAPH3OBAH-
HOTO CBeTa, ABAACTCH OnTUdECKU axrusnoix. Ecau udcToe coeiuue-
HHE ONTHYECKH AKTHBHO, €r0 MOJEKyJa € COBMEIIaeTcs CO CBOHM
3epKajbHHM H3o0paxerneM. Ecaun MoJaeKyla coBMemiaercs co
CBOHM 3epKaJbHHEM H300paxeHHeM, COSHHEHUE He BpallaeT mIoC-
KOCTh NOASPH3OBAHHOIO CBETA; TaKOe COeJHHEHHe ONTUYECKHU HEaK-
rugHo. CBORCTBO 00'beKTa He COBMAjaTh CO CBOHM 3epKajbHEIM H30-
OpameHuenM HasLIBAlOT XupPa.sv#ocToio. Ecan MONEKYAY HeJb3s CO-
BMECTHTb € ¢e 3epKAJILHHM H300pameHdeM, OHa XUpaAoHa, A eCH
MOXHO, OHa axupasbna. COOTHOMEEHe MeXAY ONTHYECKOH aKTus-
HOCTBIO K XHPAJAbHOCTRIO SMIUPHUECKOe, HO TeM He MeHee OHO HOCHT
a6COMIOTHHI XapaKrep: He HSBECTHO HH OAHOTO HCKJIYEHHS U Hafi-
IeHB MHOTHE THICEYH NPHMEPOB, MOATBEPKAAIOUIMX npaBuio (oA-
Hako cM. pash. 4.2). XupaibHocth (T. € HecoBNajeHUe ¢ 3epKalb-
HHM H3o0pameHHeM) sBJAfeTCS 00fA3aTeNbHHM KPHTEpHEM HaJHUHS
ONTAYECKOH aKPABHOCTH; 5TO OXHOBPEMEHHO H HeOOXOKMMOE, H JO-
cratoukoe ycaonse [3). DToT daKT GHy MCNOARIOBAH B KadecTBe
JIOKA3aTeIbCTBA NPH OlipenedeHuy CTPYKTYPH MHOTHX COSRUHeHHI;
B CBOE BpeMa 3aKJIOUEHHE O TETPASAPHUSCKOM CTPOEHHH YTVIEpPOA-
HOTO aTOMa GhlJIO CAENAHO Ha OCHOBAHHY THAOTE3H O CHpAaBeIJIH-
BOCTH YIOMSIHYTOIO COOTHOLIEHHS.
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Puc, 4.1, OnanTHOMEDH.

Ecan monekyay Heslb3sl COBMECTHTb C ee 3epKaJbHHM H30Gpa-
XKeHueM, nochelHee JOJNKHO COOTBTCTBOBATL APYrofi, OTIAHIHOH MO-
NleKysie, NMOCKOALKY COBNAACHHE NPeRMeTa cO CBOUM 3epPKanbHHIM
usolpaxeHneM ecTh He YTO HHOE, KaK WAeHTHYHoCTh, HHcTOR OnTH-
YeCKH aKTHBHOe cOefiRHeHHe HMeeT ABa M TOMLKO JiBa H30Mepa, Ha-
SHBaeMHIX SHaHTuOMepamu (HJIH HHOTHA SHAHTUOMOPPAMI), KOTO-
pHe OTAHYAIOTCs TOJALKO NPABOA HAH JeBofl opueHTaunel (puc.4.1).
Bee dusuueckne ¥ xaMuuecKue CBOACTBA SHAHTHOMEPOB OJHHAKOBH.
HekmoueHue cocTassior ABa, BeCbMa BaXXHEIX MOMEHTA:

1. DHaHTHOMEPH BpPALIAKT NACCKOCTh HOASPHIOBAHHOTO CBeTa
B PaBHO/l CTemeHH, HO B MPOTHBOMOAOXKHHX HampaejeHHax. Hso-
MepH, BpallalouIue NJIOCKOCTh NOJSAPH30OBAHHOrO CBETA BJAEBO (Ipo-
THB 4ACOBOH CTPEJKH), HASHBAIOT AE806PALAIOULUMY, HAT JIEBRIMHY,
n o6ozHayar (-—), a #30MepH, BpallaloillHe RJOCKOCTh BIPABO
(no vacoBok cTpesKe), HASHBAIOT APASOSPAEIOWUMY, WIE TPa-
BHIMH B o6o3HavawT (+).

2. IIpn B3auMoAeHCTBHY ¢ APYTHMH XUPAJbHHIMHE COETHHEHHAMH
SHAHTROMEPH peardpyioT ¢ PasjHUYHHIMH ckopoctaMH. HHorpa st
CKOPOCTH MOTYT GHTH OYeHb GJHM3KH, TAK YTO PA3AHYHE HE HMeeT
NPaKTHYECKOr0 3HAYEHUA; B JAPYTHX CAyYadX CKOPOCTH MOryT Ha-
CTOJBLKO OTAHYATHCA, YTO OJUH SHAHTHOMED MOMKET MPOpearHpobaTh,
a Apyrof 3a To e BpeMs COBceM He BCTYNAeT B peakuuto. B srom,
B YACTHOCTH, 3aKJl0YaeTcA NPHYHAHA TOTO, YTO MHOTHe COSAHHEHHS
NPOABAAIOT OHOJOTHYECKYIO AKTHBHOCTH, B TO BpeMfl KaK HX SHaH-
THOMEPH COBEPHICHHO HeaKTHBHH. C AXHPaJLHHMH COCAHHEHHAMH
SHAHTHOMEPH! PearHpyloT ¢ OJKHAKOBOR CKOPOCThHIO,

B meaoM MOKHO CK83aTh, 9TO SHAHTHOMEPH RPOABJAIOT HAEH-
THYHHE CBOHCTBA B CHMMETDHYHOM OKPYXeHHH, a B HeCHMMETPHY-
HOM OKPYXeHWH HX cBORCTBa Moryr orxnuathes [4] ITomnmo yxe
YIOMAHYTHX BaXHHX PasHYHi BOSMOXHHE M Apyrue; Tak, B NpH-
CYTCTBHH ONTHYECKH AKTHBHOTO KQTaAu3aTOPQ SHAHTHOMEPH MOTYT
pearspoBaTh ¢ pasAAYHON CKOPOCTBIO TAKMKE H ¢ aXHPAJAbHEIMH MO-
JeKyJaMHK; OHK MOTYT NPOSBNSATL PA3AHYHYIO PACTBOPHMOCThL B On-
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THYEeCKH AKTHBHHX pacreoOpuTeARX; MOTYT HMETb pa3HHe noKa3a-
TeJIH NpefOMJeHHs HH pasHHEe CNeKTPH NOrJouieHus nod ded-
CTBUCH YUPKYARPHO NOAAPUSOBAHRO20 c6era. B GoablmHCTBE cay-
yaeB NOAOOELIe pasAHuMs CTOJb MAaJbl, 9T0 He HMEIOT NpaKTHUE-
CKOrO 3HAYeHHS, a Yalle BCero OHM CJAMUIKOM Mafu AJs TOTo, YTo6H
HX MOXHO GHJO H3MepHTh,

Ecian coepnHeHHe COCTOHT H3 XHPaNbHHX MOJEKYHA, TO B YACTOM
BHJe OHO BCerfa ONTHYECKH AKTHBHO, OZHAKO CMeCh DZBHHX KO-
NYYeCTB SHAHTHOMEPOB ONTHYECKH HEeAaKTHBHA, TAK KAK ONHHAKOBoe
N0 BeAHYHHe, HO NPOTHBONONOKHOE NO SHAKY BpalieHHe B3aHMHO
KOMIeHCHpyeTcA. TaKHe CMeCH HA3BIBAIOT PAUCHUNECKUMU CMECAMU
[5] nnuv payemaramu [6]. Hx cBoficTBa He BCerja NOJHOCTBLIO COBHA-
AAOT ¢O CBOMCTBAMH HHAHBHAYaJbHHX 3HaHTHOMepoB. B rascol-
Pa3HOM HJH KHAKOM COCTOAHHH, a TaKXe B PacTBOpax HX CBof-
cTBa OOHIYHO OAWHAKOBH, TAK KAK B 3THX CAYYAAX CMECH NOUTH
uAealbHH, OAHAKO B TBEpHOM COCTOSHMH [7] TakHe cBOMCTBa, Kak
TeMnepaTypa HJAaBJAeHHsA, TENJIOTAa RJaBleHHS, PACTBOPHMOCTDb, da-
cTo oTnnualoTcs, Tak, paueMuueckas BHHHASA KHC/OTA ILIABHTCS npy
reMnepatype 204—206 °C, a ee pacTBOpHMOCT: B BoAe npu 20 °C
cocrasJiser 206 r/a, B TO Xe BpeMs TeMnepaTypa Innasaends (+)-
HAR {—)-3HaHTHOMepa paBHa 170 °C, a pactBopEMocts — 1390 r/a.
Ipouecc BuAeAeHHS ABYX ONTHYECKH aKTHBHHIX KOMIOHEHTOB H3 pa-
LleMHYeCKO CMeCH HA3LIBAIOT pasdesenuen.

4.1. 3aBMCHMOCTb BPAUCHHA OT YCAOBHH HaMepeHus

Jan kaxxoro AaHHOTO SHAHTHOMEDA 6eAlYUNG BPallleHHS ¢ He
MOCTOAHHA H 3ABHCHT OT AJHMHH COCYAA, B KOTOPHI NOMEIaioT Mc-
ciedyemblll ofpasell, or TeMmeparyps, NPHPOAH pacTBopHTeas [8]
M KOHUEHTpPAalLHH DacTBOpa, AaBJeHHA (B cJydyae TasoB} # AJHAD
BOJIHEI cBeTa, BpaiueHne, onpeaeseHHoe AJis OAHOTO M TOrO XKe coe-
AMHEHHH B HACHTHYHHX YCAOBHAX, OYNET, KOHEUHO, OAHHAKOBHM, OT
ANHHH COCYAA, a TaKXKe OTF KOHUEGHTPAUYH H JNABJEHHAA 3aBHCHT
9HCRO0 MOJEKYJ, KOTOpHIE BCTPEAlOTCsl HA MYTH NMYYKa CBeTa, 2 Be-
JUYMHA ¢ JHHEfIHO 3aBHCHT OT 3Toro umchad. [losTomy 3To yucao
CAYKHT XapaKTepHCTHKON BeHIECTBA; ero HasumBawT ydesbrsim apa-
Wenuem [ar; AJisi pacTBOPOB OHO BHPaXKaercs OTHOLCHHeM [u}=
=aflc, a nJia auCTHX CoeRmHeHHNA [a]=a/ld, roe a — HabmoRKaemoe
BpallleHne, ! — ANHHA KIOBeTH B MNELUMETPaX, ¢ — KOHUEHTpamHd
B FPAMMAax Ha MAMJIHAHTP 4 d — NMAOTHOCTH B TeX e eRHHHIAX.
OO6biuHO BMecTe ¢ YAeNbHHM BpallleHHeM YKa3biBAIOT TeMIepaTypy
H AJAMHY BOAHM, HanpHMep: [ulf,. Jns cpaBHeHHs BesJMYHH Bpa-
IeHHA cAefyeT coOMIONaTh yKasaHHBIE .yCJAOBHS, TaK KaK 3aBHCH-
MOCTb OT HHX HEBOSMOXHO BHIPasHTb Kakoit-nnGo mpocTofi Gopmy-
Joit. BupaxenHe [a]p 0sHauaer, yTo BpalleHne OHAC H3MEPEHO NPH
AJNMHe BOJHH CBEFA, COOTBeTCTBYMOUlel D-JHHWE HaTpAEA, T. €. OpH
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A=589 um. Besnuuna monsproro spawenus [MJ, cooreercrByer

YAeNbHOMY BPAIlieHHIO, YMHOXKEHHOMY Ha MOJIEKYAsiPHHIH BeC H Je-
JesHoMy Ha 100,

Crenyer nofuepkHyTh, 4T0, XOTA BEJIHYHHA ¢ MEHACTCA B 3aBU-
CHMOCTH OT YCJOBHH, MONEKYAApPHAA CTPYKTYPA OCTAETCH HeH3MeH-
Hoftl. STo cmpaBeANHBO RaXe B TeX CAyYasX, KOrZa ¢ H3McHeHHEM
YCAOBHA MEHAETCH He TOJAbKO BEJIHYHHA BpalleHHs, HO H ero Ha-
npasaerye, Tak, AN OHHOTO H3 SHAHTHOMEPOB acnaparHHOBOH KuC-
N0TH BeJuuHHa [a]lp B BOAHOM pacTBope MeHsercs or -+4,36° npu
20 °C po —1,86° mpu 90 °C, a cTpyKTypa MOJEKYJH OCTACTCHA He-
H3MeRHoH, CJeACTBHEM TaKoro HaMeHeHMs [a]o sBAAETCR TO, UTO
RpH HeKOTOpoO#l TeMmepaType BpalleHHe e naba/odaeTca, B caAyvac
acnaparuHosofl kucaotH [alp=0 npu 75 °C. EcrecrBenno, uto gaa
BTOPOr'O 5HAHTHOMEPA H3MeHeHHe BpPAalLeHHA NPOHCXOAHT NPOTHBO-
NonoXHbIM o6pasoM. M3BecTHH H ApyrHe CaydaH o6pallleHHs 3HaKa
BPAlIeHHA NPH H3MEeHeHHH AJHHEI BOJIHH, PACTBOPHTEJNA H Haxe
koHuenTpanun {9). Teoperuyecku BennuuHa [a] He pomkua saBHCETH
OT KOHUEHTPALNH, TaK KaK NOCAeIHAs YuHTHBaeTcs B GopMyde, BH-
paxaiolllelf yAenbHOe BpalleHHe, OFHAKO 3a4acTyXd 3aBHCHMOCTb
OTKJIOHSeTCS OT MHHeAHON 3a CHeT aCCOLHALHM, AUCCOLMALHNK H B3a-
HEMOIeHCTBHA MeXAY PAacTBOPEHHBIM BEMIECTBOM M PACTBOPHUTEAEM.
Hanpumep, Besnuntia f{a]p?* axs pacTBOpa (—)-2-3THa-2-MerTaJsH-
TAPHO# KACNKOTH B XxaopodopMe cocraeaser —5,0° npn c=16,5;
—0,7° upu ¢=10,6; +1,7° npr ¢=8,5 u +18,9° npr ¢=2,2 [10].

Cneftyer OTMETHTb, YTO Kaj)XJAOe eZMHHYHOE NOKa3aHHE MOJASAPH-
MeTpa He ABJAACTCA OAHO3HAYHBIM, EC/H, cKaxeM, NONSPHMETP HO-
ka3bigaeT 38°, 3T0 MOXeT 03HAYaTh, YTO BEAHYHHA BpalleHHs paBHa
218° nan 398° naum jgpyroMy uHCAy, oTBewawineMy dopmyne 38+
+ 1804° rae n — moGoe Hesoe YHCAO. YCTAHOBHTL HCTHHHOE 3Hade-
HHe HeCJIOXKHO; VIS 3TOrO AOCTATOYHO H3MEPHTh elle OfHH 00pasey
TOFO e BemeCcTBAa INPH JAPpYroll KOHUeHTpaNHH HJH IpPH APYroH
JiuHe KioBersl, Hanpumep, ecin siauerde [a]=38* nerumio, 1o pa-
CTBOp ¢ KOHUeHTpanHell, B MsiThb pa3 Melbliefl, MOKAXKeT BERHUHHY
7.6° ecan HCTHHHBIM Gmiio 3HageHue 218°% 10 HOBLI pacrBop Mo-
KaxeTr Beanuuny 43,6° ¥ T. n.

4.2, Kakoro poaa Monexkyin nposiBRf0T ONTHYECKYI0 AKTHBHOCTLP?

O6a3aTeNbHLM KpHTepHEeM HAJHYHA ONTHYECKOH AKTHBHOCTH fB-
JfeTcd, KOHEeUHO, HECOBMECTHMOCTh MOJIEKYJinl € ee 3epKaJbHHM
H3oGpamenneM (XHPaJbHOCTB); ORHAKO FAA YAOGCTRA MOXKHO NpH-
MEHHTL U Apyrue TecTH, Gosee MpOCTHiE, XOTHA H le BCErfa TOUYHBE.
OaHuM B3 HHX CHAYKHT HaJHUYHE AALOCKOCTU CUMMETPUL, HasbiBae-
MOJl TAKIKEe 3epKAALHOL NAOCKOCTHI0, DTO MIOCKOCTh, KOTOpad Npo-
XOAHT uepe3 OODBEKT W HeJHT ero TaknM ofpasoM, uTO OAla ero
4acTh fIBJASIETCA TOMHBLIM OTPaXKeHHeM APYrofl (T. e. MJIOCKOCTb CHM-
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MeTpuu Hrpaer poab 3epxana) [11). Coedunenusn, umerowue nioc-
KOCTb CUMMETPUYU, 6C€20G ONTUYECKY HEAKTUEHbI, ONHAKO H3BECTHH
H OUTHYECKH HeaKTHBHHEe COeilUHeHHA, He HMelglIHe ANOCKOCTH CHM-
meTpHd. Taxne coenHHeHHA MMEIOT LEHTD CUMMETPUN, KaK, HanpH-
Mep, a-TPyKCHANORas Kucaora (1), RAH arsreprupyroujue (aep-
KaAbHO-TIOBOPOTHHIE) OCH CUMMETpUU, KaK coeAMHeHde 2 [12]

COOH  Ph
1 2

Lienrpom cummerprr [11] HasuBaeTes TOUKa BHYTpH npefimerad, Xa-
paxTepHIyIOmAasncs TeM, YTC NPoBeleHHAA uepes Hee NPAMAasR OT JIO-
Goro sjieMeHTa NPR NPOJAONXKEHRH Ha paBHOe PacCTOAHRe OT STOf
TOYKH BCTpedaer HAeHTHUHBH s/eMeHT. AjbrepHHpYOUleR OCBIO
CHMMETPHE 7-T0 NOPAAKA HA3HBAIT OCb, IpH NOBOpoTe OOBEKTA
BOKpPYT- KOTOpo# Ha yroa 360°/n ¥ mocAeXylleM 3¢PKaJLHOM OTpa-
KeHMd B NepueHARKYNAPHOR OCH IJIOCKOCTH MOJyYaeTci HOBHE
00'bEKT, He OTARYEMHNA OT HCXOZHOTC, .

Mouaekyna, collepxalias TOJBKO OAUH XUPAALHOUE GTOM Yare-
poda (r. e. aT0oM, CBA3ZHHKHNA C YETHPLMA PAa3NHIHEMH [PYNNaMH,
HasHBAaeMbIft TAKXKE GCUMMETDUYECKUM), BCErAa XHpanbHa H NO-
TOMY ONTHYeCKH aKTRBHA, Kax BHAHO u3 prc. 4.1, Takasa MoJekyaa
He MOXeT HMeTb MJOCKOCTH CHMMeTpuH, ecau rpynnne W, X, Yu Z
pasaruHH, OAHZKO HaAHYHEe XHPAJbHOTO aTOMa Yraepoja He sAB-
AfeTCA HU HeOGXOAHMBLIM, HH HOCTATOYHEIM YC/AOBHEM ONTHUYECKOMH
AKTHBHOCTH: MOJEKYJa, He COAePXKAILAf XHPAABLHOTO aT0OMa, TaKxe
MOXET GHITE ONTHYECKH aKTHBHOR, H, HaoGOPOT, MOAEKYJH, COAEp-
Jallpe ABA MAH HECKONbKO XHPaJbHHX HeHTPOB, MOTYT COBMe-
IaThCA CO CBOMM 3eDKAAbHHM H3oGpaxeHHeM, T. €. GHTbL ONTHYe-
CKH HeaKTHBHHIMHU. [IpuMepel Takux coeAHHeHRlt OGYAYT paccMoT-
PeHH no3fHee.

XupanbHele COeAHHGHHS MOMHO KiaaccHQuUHpOBaTh Ha He-
CKOJABKO KaTeropHi:

1. Coedunenus c xuparsHotM aToMOM Y2repoda. Ecnn Monekyna
COAEPKUT TONLKO ORHH TAKOA ATOM, OHA ROMXHA OHTh ONTHYECKH
4KTHBHa, MpPHIEM PAasKudA MeXAY 4eTHPbMS 3aMeCTHTENAMH He
HMeioT 3HayeHus., Hanpumep, naoGpaxenHoe HHXKe COeAHHeHHEe OI-
THYECKH AKTRBHO:

BrCH;Cl-l,CH,CH;CH:CH;-——CiH—CH;CH,CH;CH;CH;Br
CH,
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OnTHyecKas aKTHBHOCTb HabMIOAAeTCS Aae y l-6yraHoaa-1-D [13]
H B JPYruX CAyuasx H30TOMHOro 3aMeilenus [14]:

b
CH,CH.CH;—C—OH
D

OAHako BeNWYHHR BPAalLleHHs CUJIBHO 3aBHCHT OT NPHPOAM METHpeX
3aMecTHTeJell; KaK NMPaBHJO, OHa BO3DACTAET C YBeNHYEHHEM pas-
HOCTH MexAy MOJNAPH3YeMOCThIO rpymm. Tak, y aAKHABHHX rpyng
NOJNSIPH3YEMOCTH oveHb OJH3KH [15] W onTHueckas aKTHBHOCTD
HH3KA; HanmpuMep, ONTHYECKAas AaKTHBHOCTB 5-3THJ-5-MponuiyHAE-
KaHa HacTOABKO Majla, 4TO ee He yJaeTcs H3MEeDHTb HH NPH Kakoff
AnuHe BoJHH ot 280 o 580 nm [16).

2, Coedunenusn c Opyzumu, nomumo Yesepoda, 4ETLIPEXBAACHT-
ROty xupasvuetmu aromanu [17]. Jlio6asa monekyaa, cogepxaimas
aToM, YeTHpEe CBA3H KOTOPOTO HANMpaBAeHH K YIVIaM TeTpasipa,
Gyaer ONTHYECKH aKTHBHOM, ecAM Bce YeTHpe 3aMecTHTeNs pas-
AudHE. 10 MOTYT GHTb aToMH KpeMHmA [17a), repmanud, oJoBa
[18] u azora (B werBepTHUHHX codsx HAH N-oKchpax). B cyando-
HAX aTOM Cephbl TeTPasAPHUECKHH, HO, MOCKOABKY ABYMS H3 YeTHpex
3aMecTHTENelt SBAAKTCA ATOMH KHCAOpoJa, TaKHe MOJAeKyJH
o0byHO HexHpaJjbHH. OOH2KO CYILeCTBOBaEHe ONTHYSCKH AKTHBHBIX
cyabthorod [19], B KOTOPHX OAHH U3 ATOMOB KHCJ.poja 3aMelLieH
Haotenom '%0, ewme pas mOKA3HBAET, YTO AJH NMOABJACHHH ONTHYE-
CKOf aKTHBHOCTH AOCTATOMHO OUeHbL HeGOMLIIOTO pazjiHiHA B 3aMe-

CTHTRNAX. )
“f
[
(O)-on o
"0

3. Coedunenus ¢ TPEXBAACHTRUMY XUDGADHLIME GTOMGMIL.
MoxHO OMHAATH, YTO aTOME MHEPaMuAa.ibHOTO CTpoeHHd [20], HMelo-
IHe TpH pasHEIX 3aMecTHTens, .GyAyT ONTHYECKH AaKTHBHE, INoO-
CKOJIBKY Hemope/eHHan 3JeKTPOHHAs napa 3KBHRANCHTHA YeTBep-
TOMY 3aMeCTHTeNI0 H BCeTAa OTAHYEeTCH OT TPEX OCTAAbHLIX.
HanprMep, BTOpHYHEE UM TPETRYHHE AMHHM, B KOTOPHIX 3aMeCTH-
TedH X, Y U Z pasnAuHH, NOJKHH OHTh XMpaibHH, H NOTOMY HX
MOXHO pasfe/HTL Ha ONTHYECKHe AaHTHNOAH. JAa pasgeneHus
TAKHX COSAMHEHHH MpeAnpHHHMAN0Ch MHOXKECTBO NONLITOK, OAHAKO
BCE OHH KOHUAJHCh HeyAayeH H3-3a TaK HAa3HBAeMOTO ddexra son-
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Tuke, unu nupamudasrenod unsepcuu [21]. Dror spdekr sakmoua-
eTcs B OBICTPHX KoJeGaHMAX, NPH KOTOPHX HeNOAC/eHHAS 3Jex-

().

N~
V>
X Y

TPOHHAA napa NMPOXORHT 4epes niaockocts XYZ, nmpespamas Modae-
Kyly B ee sHauTHoMep, CKOPOCTh HHBEPCHH MOJGKYJH AaMMHaka
cocrasisier 210! xoneGannft B cexyngy, IIpn saMemeHun BOAO-
poda B aMMHaKe, T. ¢, B aMHHaX, AMHAAaX M APYTHX COSAHHEHHAX
TPeXBaJCHTHOTO a30Ta, CKOPOCTh HABEpCHH aameaasercs [22). Hau-
Goflee MenneHHasi HHBepCHS HaGaloAaeTcsi B COSNMHEHHAX ABYX TH-
HOB, 4 HMeHHO: B TPeXUJEHHHMX a30TCOAEPKALIMX reTepouHKIax U
B COe/lHHEHMAX, FAe aTOM a30T& CBH3aK .C APYTHM aTOMOM, WMeE0-
IIHM HEMOAEJICHHYI0 3JAeKTpoHHyI0 napy. Ho faaxe B Takmx coedu-
HEHHAX NHpaMuJaJbHAS HHBEPCHA CARINKOM OHCTpas, H B TEUcHHE
MHOTHX JieT HX He yAaBajoch pasfieMTh Ha n3oMepH. Llenbr 6una
JAOCTHFHYTa JHIIb TOI'AA, KOrAa OLJIE CHHTESHPOBAHH COCARHCHHST,
ofpeAHHsiomne 06a HA3BAHHHX BHIDEG NPH3HARKA: ATOM A430T4
B TPEexX4JeKHOM HHKJe, CBA3aHHHN ¢ aTOMOM, HECYLiHM HenoaeaeH-
Hy1o 27aeKTpoHHyw napy. Hanpumep, 1-xaopo-2-MeTuaasupHauH
YAalock pasfenHTh Ha TPakc- B yuc-u3oMepH (3 H 4), KOTOpHe He
NpeBpamaiTes Apyr B ApYra NpH KOMHATHOH TeMnepaType [23).
B He¢KOTOpHX cayvuasx Hapbep HHBEPCHH MOMKET BO3KHEATbL B COelH-

(|31 H H
N N
VlMe | d‘ie
. Cl
3tmpare} 4 (yur)

HeHHSX, KOTODHE ONTHYECKH AKTHBHH TONBKO GAarofaps HAJHYHIO
XHPAJIBHOTO TPEXBaJAEHTHOrO aToMa asoTa. HanpuMmep, moayueHH
o0a 3HAHTHOMEpPA XHPaAJbHOTO OKcasnpranHa 5 [24]. B atoM ciy-

COOE( H COOMe clbm
Ph e grooc~—N—H NC COOMe MeOOCCH,CMe,—N—OCH,Ph
Ph a | (;V]il
OMe OMe

3 ¢ 1 8
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yae BRIIOYCHHBIA B LMKX @30T TOXKe CBA3aH ¢ ATOMOM, HMEIOMIHM
HenojeJeHHYI0 3JieXTpoHHylo napy. Buaa moxasaua raxxe ,xombog-
MALKHOHHAX yCTORYHBOCTH AHASHPHAMHOB, HampuMep 6 {25], r 1,2-
OKCA30AHAHHOB, HampHmep 7 [26]. Hecorpa Ha To uro B nocHex-
HeM Cy9a¢ Mil HMeeM' JeJO ¢ NATHYMeHHBIM IHKJIOM, HHBEPCHSA
830Ta 3ATOPMOKEH4, TAK KaK OH CBA3AH C ABYMA A4TOMAMH KHC-
Aopoja,

CoennnenHe 8 ABAAETCA APYIHM NPHMEDPOM MOJEKYAH, B KOTO-
poil 430T cBA3aH Cc ABYMS aTOMAMR KH¢J0pofa, IJTe coejlHeHHe
C OTKPHITOR Lemslo YAaNOCh pa3fe]nTh Ha (+)- B (—)-sHaHTHO-
MepH ¢ BeaHYMHOR BpameHus [o]p®~+3° [27]; B sTof e paboTe
ONBCaHO HeCKOJbKO APYrHX, NMOAOGHHX eMy coeiHReHHR. 3T0 mep-
BHe IpPHMEepH AUEKJEYeCKHX ONTHYECKH AKTHBHBIX COefHHeHHI
TPEXBAREHTACRO XHPasbHOro asoTa, OAHAKO cOefHHeHHe 8 ONTH-
4eCKH HeycTOfiyMBO M pamemusyerca mpu 20 °C; ero nepuox nony-
pacmagia cocrasyiser 1,22 4. Apajor coexmseHns 8, B KOTOPOM
rpynna OCH;Ph 3amenena rpynnoit OEf, Gosee ycrofiuup; ero me-
puoa noaypacnagna paeen 37,5 u npr 20°C.

B Moaexynax, cojepalidx aToM as0Ta B IojioBe MOCTa, NHpa-
MHAAbHAS HHBEPCHA CTEPHYECKH 3aNpellleHa; €C/AH OHH XHpalbHH,
HX MOXHO pA3JeRHTb HA ONTHYECKHE HIOMepHl, H IJs STOTO HeT He-
06X0AMMOCTH B HAJHYHH ABYX CTPYKTYPHHIX ocobemHocredl, 0 KOTO-
pHX rosopuaoch Bhimie. HanpuMep, 7aBHO H3BECTHO ONTHUECKH AK-
THBHOE COeAuMHeHHe 9, HasmBaemoe ocHopanmuem Tpérepa {28). Ilo

N CH,
ers -
CH; N PE “Me

L 10

cpaBHeHHIO ¢ a30ToM (ocop HABEPTHPYET MenfieHHee, A MHIIbAK
eme Gonee MemnenHo [29) Coemmnenus docdopa, MHmBIKZ H
CYpbMH, B KOTOPHIX 3TH aTOMH He HaXOASTCH B rOJIOBe MOCTA, Ha-
npumep, coefunenne 10 [30], Tarke MOKHO Pasfe]uTb Ha ONTHIE-
CKHe aHTHNOJAH. YAAJNOCh Aaxe PasfednTsh (ocdare, XHPAALHOCTD
XOTOpHX 06YC/IOBAEHA JHIIL TeM, YTO TPH aTOMa KHCXOPOAA Mpex-
cTaBAfIOT coGoli ero pasauYHbe usorons [30a):

2~

7
"Q0—P—OR
"
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ATOM cepH HMeeT NMHPAMEAANLHOE CTPOEHEE B CyabdoOKCHAaX, sg -
pax cyAbQHHOBHX KHCHOT, CYNbPOHHEBHX CONAX M CyJbdputax. Ha-

©
R—$—R' R—S—OR' R—S—R'X"- RO——ﬁ—OR'

Tt L

BECTHH NPHMEpH pasjelieHHs COeRUHEHHE KaKAOTO H3 STHX Kiac-
cop [31). HnarepecaniM npamepoM cAymRAET cyabdoreng (--)-
Ph12CH,SO®CHyPh, ABe anxuabible rpynmel KOTOPOro OTAHYA-
I0TCA TONLKO H30TONAMA YriepofZa, a BpaileH#e COCTaBJAAET
[adeso= +0,71° [32]. '

4, 3amewenndie adomanTanst, ARaMaHTaHK, B rOJOBe MOCTa KO-
TOPHX HMEETCH 4eTHpe PA3NUYHHIX 3aMeCTHTeas, XHpPalbHH B ON-
THYECKH AKTHBHH, HaDpPHMep, coeauHenne 11 GuHac pazlejeHo Ha
onTHyecKHe Haomepsl {33). Takoro THna MONEKYJNH OTHOCATCA K POAY
paCIIHpeHHHX TeTPashApOBR U 06AafatoT TeMH XXe CROHCTBAMHM CHM-
METPHH, 4TO H OOHIYHBIE TETPAIAPH.

COCH

Br
1

5. CoeQuReHun ¢ O02PGRUNCRHLIM BDAUERYUEM, RPUBOOSIUM
K noneseruio 08yx NeprnenouxyiAPHOLY HECUMMETPUUROLX RAOCKO-
credd, Hexoroprie coefdHeHds, XOTA # He COAEPIKAT aCHMMeTpHue-
CKHX 4TOMOB, ABJSIOTCH TEM HE MeHee xHMPaJbHHIMH OJarogaps
HAJAMYHIO CTPYKTYPH, CXeMATHYyecKH npesicraBieHHoli Ha puc. 4.2,
JAs TakMx coelMHEHHH MOMHO H&PHCOBAThb fBe MePHEHAHKYAAP-
Hbi¢ TIOCKOCTH, HY OAHY H3 KOTOPHIX HeJab3sl PasAeJHTh MOMOAaM
IIOCKOCThi0 CHMMeTpHH. Ecan OH Xakylo-iH60 H3 9THX ABYX IJIOC-
KocTell MoXHO OBJAO PasfeluTh TakAM o6pasoM, MOJexyla coB-
Melmanach Obl CO CBOHM 3epPKaNbHHEM H300paxeHHeM, NOCKOAbKY
TaKas IJIOCKOCTb Oua OB IIOCKOCTHIO CHMMETPHH. DTO HAAIOCT-
PHPYETCH CASAYIOIIMMY OpAMepaMH.

B audenunax, comepxanix yeTupe 0§beMHHE IPYNNH B 0pro-~
NOJOXKEHHAX, CBOSOAHOR BpalleHHe BOKPYI IEHTPaNLHOH CBA3M 2a-
TPYAHEHO H3-3a CTepHdecKHX npemstcTBHA [34], B maockocTn ABYX
KOJlel, pacnojaraiTcs B3auMHO NepneHankyasapHo. Ecnu ogHo 43
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Puc. 4.2 BaaamMo nepneMAHKYJAADMEE HeCHMMETPHYHHE INIOCKOCTH.

KoJel #iH 06a KOAbUA CHMMETPHUHH, MOJEKYJAa HMeeT MJIOCKOCTb
ciMMeTpuH. PaccMoTpHM, HanpHMep, coeAHHeHRE

3epaang

B KOTOpOM koablo B cHMMeTpHuHo, JInockocTh, npoBefeHHas nep-
NEeHAUKYASPHO K HEMY H NPOXOAAINAA Mepe3 Bee aTOMEI M Trpynnkl
KoJbla A, ABJAAETCA NJOCKOCTHIO CHMMeTPHH, OSTOMY COeAHHEHHE
axupajab#o. B npyroM audeHnje Koabno B HecHMMETPHWHO, Modle-
KYyZa He HMeeT NJOCKOCTH CHMMETPHH, H COefHHEHHe XHpPaJbHO.
MHorue nopofHHe coefHHeHns1 GHJAB pasjeJeHbl Ha ONTHYeCKHe

Jeprane

H30MepH. BaxHo nomuepKHyTh, 9TO, BO-NEPBHX, eCAH XOTA (bl 0OHO
M3 KOJel CHMMETPHYHO, MOJEKYJA HMEET IVIOCKOCTh CHMMETPHE H
NOTOMY axupaJsibHa; BO-BTOPHX, 3AMECTHTENH B AGPA-NIONOKEHHE He
MOTYT HapymuTh cuMMerpHio. HMaoMepH, KoTophie MOMKHO pasfe-
JAUTEH TOMBKO G/ATOAAPH TOMY, UTO BpaiuesHe BOKPYT NPOCTOR CBASH
3aIpeNleH0 HAM OdYeHb 3aMeAJIeHHO, HA3HBAKT GTPONOUSOME-
paxu [34a].
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Jas toro uToGH NpefOTBPATHTL BpameHne, HeoGn3aTeabHO Ha-
JIHUMEe YeTHpPeX opTo-3aMecTHTedell; HHOrAA XOCTATOYHO Tpex HiH
AdXe HBYX MOAXORALMX 0O0BeMHHX rpymn. Tak, yaaaock paspe-
AMTDb, HanpuMep, AudeHna-2,2"-nucyabdoHoBy0 kucAoTy [35). B He-
KOTOPHX CAY4Yasix 3&8MeCTHTEJH OKAa3HBaloTCA AOCTATOYHO GOJb-
IIHMH, 4TOOB 3aTOPMO3UThH BpallleHHe, HO He NPEJOTBPATHTL €rc
MOJHOCTDIO; TOMIA MOXHO IOJAYUYHTh ONTHYECKH aKTHBHOE COEAHHe-
HAE, KOTOpOe MeAJIeHHO paueMHsyercs Npu crofnud. Hanpnwmep,
coeuHenue 12 HanoJOBHHY TepAeT ONTHYECKYI0 aKTHBHOCTb 3a
9,4 mun npn 25 °C B pacTBope sTanonta [36). Coegunenna ¢ Goaee

NO;, OMe

Om®

COOH

12
3aTOPMOMEHHHM BpalleéHHeM YacTO DANESMHSYIOTCA NPH MOBHIINEH-
HHX TeMmeparypax, Tak Kak IIPH 5TOM NOJYYaloT SHEPTBI0, Heol-
XOHMYH0 AJA TOro, YToOH 3aCTABHTH PYNOH NPOBEPHYTHCA OTHO-
CHTEJIBHO APYT Apyra. VsBecTHO MHOTIO aHaJIOTRYHHX NMPHMEpOB on-
THYeCKOH AKTUBHOCTH, OOYCJOBJAGHHON 3aTpyAHEHHHM BpalleHBeM,
B apoMaTHYecKHX CHCTEMAaX APYroro THNA, HanpuMep AuHapTHAAX,

JHIHPPHIAAX H T. A.

B ansenax ueHTpaAbHHE aTOM yriepoja HMeeT Sp-rEOpPHAM3a-
LMIO, Be OCTajbHEHe p-opOHTAAB B3AHUMHO MepNeHIHKYJAAPHH H

KaX}as nepekpuBaeTca ¢ p-opOHTaNbIo COCEHero YIVIepoAa, B pe-
3yJAbTATE 4ero ABe OCTAlOHIHecHd CBA3H KaXKAOro aToMa yIJaepoAa
PACHONAraloTCH B NEpNeHAUKYAAPHBX naockocTsax. Takum o6pasoM,
aJaNeHH NOM&AAalOT B KATErOpHIc COefHHeHH, mpeicTaBieHHHX HA
puc. 4.2; . |
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TNonoGHo pudpennaaM, aileHbl XHPaJbHE TOABKO B TeX CAYYAAX,
KOTHa 00e YACTH MOJEKYJH HecHMMeTpHuHH [37), Hanpumep:

oo, M o, M CH,, M
CoCe=( C=C= CmCm(C
4 N r'4 N rd \
CH, H H H H CH,
HOCTHITILOHERE ORISR anTTEEIIE

A1u cayyal OTIHYHBL OT H§UC — TPAHC-H30MEPHH COSIHHEHUH ¢ oguofl
IpoiiHo#i cBsisbio (pash. 4.13). B nocaegHux Bee weThipe IPYHNEL
JleKaT B OfHOM IJIOCKOCTH, H3OMEePH He ABAAIOTCA SHAHTHOMEpaMH,
H OHH He XHpadbHH, TOrAa KAaK B aJJeHaX TPyNfbl PacnonomeHsl
B IBYX NepneHAHKYJAAPHHX MAOCKOCTAX, H H30MepHl MPEACTaB/AAIOT.
co6oit Napy ONTHYECKH aKTHBHEIX 2HAHTHOMEPOB,

[pn Haauuuy B MoAeKyne TpeX, NATH HAH JA000TO Me4eTHOZ0
uKeAa KyMYJHPOBEHHHX JABOWHHX CBf3edl B PeayJbTaTe NEpeKpH-
BaHus opburalel ueTHpe IPyNNH PacAONAra0TCs B oRHO# MAOCKO-
CTH, ¥ HalJlofaeTcs yuc - Tpaxc-usomepua. Ecar B Monekyne nme-
f0TCA UeTHIpe, MIeCTh HAH M060e #¥eTHoe 4YHCAO KYMYJIHPOBRHHHX
IOBOAHHIX cBAsel, cHcTeMa aHANOrHYHA ajyieHaM, H BOSMOXHO MOsAB-
AeHue oNTHYecKoR akTHBHOCTH. Tak, coenuHenne 13 Gnno pasag-
JEHO Ha ONTHYeCKHe K3oMmepH [38).

(CH,)£ C(CH;);
c»==c—c—c=c

e 9

K coeaunerusM, cojepxalnM NOKA3aHHYIO Ha pHe, 4.2 cHcTemy,
OTHOCATCS TakiKe CHHPHHH, HanpHumep 14, H coeRHHEHHs ¢ 3K30LHK-
JAMYECKHMH ABONHRIMH CBASAMM, Hampamep 15; TakKme coelHHEHHA
OKA3HBAIOTCA XAPAJbBHHMHU, ecAH o0e UacTH MOJEKYAH HecHMMeT-

PHYHH,
NH,
H H CH; \cu,
M 15

6. Coedunerusn, XupasbHocTs KOTOPHX 06YcaosAeRA crupairs-
roé hopmod morexyasi. [lonyueHo HeCKONMbKO coeAHHeHAN, XHDaDb-
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HOCTB KOTOPHX ofYCJAOBJEHA TOJNBKO TeM, 4TO OHH HMeT ¢$opmy
CIIHpa/l, KOTOpasi Moxer GLTh OpHEHTHPOBAHA BJIEBO HJIH BIPABO,
Crnupans MOMEKYJH B LUeAOM OGHUYHO HMEET HemoJHHH moBopoT, HO
COXPaHAeT Ty HJH HHYI0 opHeHTauHuio. HanpuMep, B rexcarejauieHe
16 oaHa Yacrh MOAEKYAH BHHYXACHHO paclojiaraercs -Hap gpyro#t
H3-338 cTepHyeckoro sarpynHenus [40]. JlpyruM nmpHMepoM CAYXHT
Tpasc-uukaookTer (17) (pasa. 4.13}, B KOTOpOM YFJEpPOAEAdA UeNb
pacnojaraeTcs YacTHYHO HAaj MJOCKOCTHIO ABOHHON CBA3M, a va-
CTHUHO — nog, Helt [41].

(H 1) oo
=

18

7. Coedunenun, XupasbROCTd KOTOPOIX GbIZBANG OZPARUSEHROIM
apauenues Opyaux tunos. ONTHYECKH aKTUBHHMU MOryT GHTh 3a-
MellleHHble napaiiukaodanu; Hanpamep, coeArHeHHe 18 6nio pas-
AelleHo Ha ONTHYeCKHe H3oMepn! [42]. B nannoM cayuae XHpadb-
HOCTh BHI3BAHA TEM, UTO BpaHieHHI0 GEH30/ILHOTO KOJbIA HpemaT-
CTBYeT HaJdune KapOOKCHABHON TPynnH, KOTopas He MoXer NpofiTH
CKBO3b AJIHIMKAHISCKHE LHKJ, XHpPaNbHEIMH ABJAIOTCH TakixKe Me-
TAJJNOLEHH, cofiepiKallne B OAHOM UHKJAe N0 Kpalinefi Mepe Xpe pas-
JAHuHbe rpynnu [43] Bonee AByxcoT nomoGHHX coenuHeHHHA OO
pasfie/leHo0 Ha OITHYECKHe H30MepHi, OLHHM H3 HPHMEPOB CJYXKHT
coenuienne 19, Xupaapnocts OGhijia TakiKe oOHapyXeHa B JAPYrHX
MeTaMJIOKOMIJIEKcaX ¢ Noaxoxsmedl reomerpHest [44] Hampumep,

Cil,

COClt  HOOC. M

F(? l‘_’ Fe(COh
H” “NCOOH
CH, _
19 20 21

6bta1 pasjesieH KOMANEKe (pyMapoBas KHCJAOTA — TeTpaKapGoOHHA
Weaesa (20) [45) 1,2,3,4-Terpameruaunkiocxkraterpaes (21),
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MOJIEKYJIa KOTOPOTO NpHHEMaeT ¢opmy BaHHH (pasa. 2.15) u He
HMeeT IJIOCKOCTH CHMMETPHH, Takxke xupaden [46] Hpyrum coean-
HeHHEM, XHPaJbHOCTL KOTOPOTO BH3BAHA HCKJIIOYHTENHHO 3aTpyA-
HEHHBIM BpallleHHeM, ABJAAETCA NePXIOPOTPHPEHHIAMHH, HMEOLIkH
dopMy nponesnsepa; OH Takxe GHA pasfiefleH Ha ONTHYECKHE H30-
Meph [46a].

Ci
C! cl Cl Cl
C'J:@ Cl
C) N
Cl
a @ cl
cl cl
I
NePITIIODOTTOUEEH TN

B coepmpennn 22 raaBHadA lenb KmeeT ¢opMy JeHTH MéEGuyca
{cM. T. 3, puc. 15.4), ¥ XoTa MoJeKyJa He COAEPXKHT XHPAJbHLIX
ATOMOB YI/lepoia H He NPpHHEMAeT XKeCTKYI0 PopMY, IIOCKOCTb CHM-
MeTpHE B Heifl TakiKe OTCYTCTBYeT. JTO coefuHeHHe OHJIO CHHTESH-
POBAHO B AeHCTBHTENbHO 0KA3aJ40Ch XRpaJibHHM [47]. Buao euicka-
3aHO NIpeAnoJoxeHHe eille 06 OZHOM HHTEpPeCHOM THNE XHPAJbHO-

' I e L NS

O-—O-—-—-.._ c~ 070
({ 0—0--_.&/0“0\}'

—0 ’__/
oo s 9

22 Mm;y TROMAMY JENEPOGE 8 23
mmapo%mza&zmepy:mcﬂz

CTH, XOTS NpPHMEpPOB TAKOTO COSAHHeHMs HOKa He HahgeHo [48].
Iukau, cocroamue 3 50 viar Golee WNEHOB, MOTYT CYLISCTBOBATH
B (dopme yanos 23; nofoOHHA y3es He ACJKEH COBMelllaThCsl €O
CBOHM 3€pKaJbHEIM H3o0pakeHHeM. XHpaJbHHMH MOTYT OHTh
TaKXe COOTBeTCTBYIOIIHM 06pazoM 3aMellieHHHle KaTeHaHW H po-
rakcags {pasa. 3.5) [49].
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4.3, Coapanue XMPaNLHOro UEHTPA

Xupasonoim yenTpos MOXKHO HA3BaTh JIOOYI0 CTPYKTYPHYIO eAl-
HULY MOJXEKYJH, KOTOpas cOYCJOBAHBALT BOHHKHOBEHHE OITHYe-
CKOH aKTHBHOCTH. YacTo xMpAJBHHA LEHTP CO3AaeTC B Pe3yJbTaTe
XUMBYECKOH peakiHH, HANpHMep:

CH,CH,COOH + Br,~—> CH,CHBrCOOH

Eciiy 1 peareHTH H cpefia NOJHOCTbIO CHMMETPHYHH, NIPOAYKT AOJ-
}eH NpecTaRAATE coboll paueMHyecKkyio cMech. HeBosMoxHo nosmy-
YHTh ONTHYECKH AKTHBHOE BeLIECTBO, eC/H BCe HCXOZHHE BelIeCTBA
H Cpefia ONTHYSCKH HeaKTHBHE [50]. DTO yTRBep:KAeHHe CNpaBesIHBO
H B TOM cAy4ae, KOrla HCXORHOe BelllecTsO mpeacTasaser cofoll pa-
ueMHyeckyio cMech, Tak, mpr ofpaloTke pamemHueckoro 2-Gyta-
HoNa GPOMOBOAOPOJAOM AQJXKEH NONYUHThCH paneMHyeckHE 2-6po-
moGyTaH,

4.4, Mpoexuun Pumepa

Jas Gonee rayGoKoro NOHHMaHHA CTEPeOXMMHH MOJEIHO pac-
CMOTPeTb MOJIEKYJAsApHEE MOAENH, NoA0GHEE MOAenaM, H306pakeH-
HbHIM Ha puc. 4.1; 0ZHAKO MPeACTABHThL TAKYi0 MoleJb NMpH HaNHCca-
HHM Ha OyMare HAM Ha RocKe HeBO3MOXHO, B 1891 r. D. Oumep
NpeANoXKus H306paxaTs TeTpasjpHvuecKHe aTOMH yriepoga Ha Gy-
Mare ¢ NOMOILBIO NPOeKIHil, Ha3BaHHKX ero HMeHeM. IIpu sToM yc-
JIOBHJIHCh Teé CBA3H B MOZE/H, KOTOpHeE HANPaBAEHH OT IMIOCKOCTH
Gymaru K HaGmOAATENO, H306PAKATL TOPHSOHTANLHEIMH JIEHEAMH,
a ¢BA3H, HanpabJeHHHe OT HaGAIOAATENR, — BEPTHKANBHEIMA JIH-
HHAMH.

Yroful ¢ mOMOINbI0 3THX (GOPMYJ NOAYYHTH NPABHABHEE PE3YIb-
TaTH, CAEAYET MOMHHTD, UTO OHH ABJAAIOTCH NPOEKIHAMH H NOSTOMY
NpH NMpOBepPKe COBMECTHMOCTH ¢ 3epKaJbHHIM H306paxeHHeM HX
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HYKHO pacCMarpHBaTh HHaYe, YeM MOJeKyJsapEne Mopenu. Ilo-
CKOJIBKY A106as IIOCKOCTh COBMECTHMA CO CBOEM 3€PKaJIbHWM HSO-
OGpaxenneM, Aas paccMOTpeHHA mnpoeknufi Pumepa Heo6GXoxEMoO
BBECTH HEKOTOpHE OrpaHnueHds: ¢opMyNy HeJb3S BHBOAHTL H3
RJIOCKOCTH HNOCKH HJaH OyMaru, ee Heln3d HOBOpaguHBaTh Ha 90°
(xoTs monmycTHM nosopoT Ha 180°):

COOH  CH, NH,
H;N—l—u - H—i—NH: # CHy~{~COOH
H, OOH H

IonycTHMo TaKkxke sahMKCHPOBATh OAHY IPYNNY, 4 OCTaJbHHE TPH
BPALIATH [0 H/AH GPOTHB TACOBON CTPENKH TAK XKe, KAK MONENH:

CooH COOH COOH CH,
H,N—I—H = H,C—I—NH; - H—I-—CH, = H,N-—I—COOH
CH, H NH,

Oxnako KaK B MOAENAX, T2K K B HpoeKuusx @HIIepa a3aumnas ne-
pecranosxa moOGHX ABYX FPyNN NPHBOAMT K NPEBPAIIEHHIO 3HAaH-
THOMEpa B €ro 3epKalbHoe H300paxeHHe.

C yueroMm 5THX orpaHpdeduit npoeknii OHIIEp2 MOXHO HCDOJb-
30BaTh BMecTo Mofesefi, AJd Toro YToOH MPOBEPHTH, COBMECTEMA
JE MOJEKYJa, COZepXKallads acHMMeTpHIeCKHE aToM yraepoga, cO
CBOHM 3epKajbHRM HsoOpaxenneM. OnBaxo 8T#H MPOEKIMH HeXb3f
EPEMEHHTb K MOJEKYJNaM, XHPAJNbHOCTh KOTOPHX O6YCHOB/AeHa He
HaJHYHEM ACHMMETPHYECKOrO aToMa, a APYrHMH NPHYHHAMH, ANA
pPacCMOTpeHHs TAKHUX CTPYKTYp Ha GyMmare HeoOXOAHMH TpeXMepHEe
usobpaxkeHns. [Ipu paGoTe ¢ MONeNAMH KU ¢ TPeXMEpPHHMH H30-
GpakeHHAMH OrpaHHueHus OTHOCHTENbHO BpAIIEHHA B IJIOCKOCTH
GyMar# OTHaEaIoY.

4.5. AGconorag KoupHIypanus

JlonycTHM, EMelOTCA ABe NPOGHPKH, OAHA H3 KOTOPHX COXEPIKHT
(—)-monounyio kucaory (24), a npyras ee (4)-suantnomep (25).
Kax ysnate, Kaxkofi H3OMep HAXORMTCA B KaMAOR H3 MpPoGHPOK?
XUMHEKM DHTAAMCh PelmHTh STY NpofieMy elie B Hayajle Beka H
OpHIMJAH K BHBOAY, YTO KaK A MOJOYHOR KHCJIOTH, T&K H AJfA JIO-
Goro Apyroro coefiHHeHHs OTBETHTb HA NOCTABJAeHHHH BOMNpOC He-
BO3MOXKHO, Brixon, npeasoxenumft PosanoBbM, cocToAn B TOM,
uTo6K BHIGPATh B KaduecTBe CTAHAAPTa KakKoe-HEOYAER OXHO cOefiu-
HeHMe M HPOH3BOJALHO NPHUHCATH eMy OAHY H3 KOH(pHrypaunit. Bu-
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Gop maj Ha IIMIEPHHOBHIA AAbAErHXE, KOTOPHE CTPYKTYPHO CBS3H
C caxapaMu.

COOH COOH CHO CHO
H—|—0H H()—-‘—H (+) H——OH (=) Ho'—l—u
CH, CH, H,0H CH.0H
2 25 2 27

(+)-HaoMepy Guna mpunHcaHa KOHQHIYpaums, mokazaHHas ¢op-
mynoft 26, u oH 6HA 0603HauUeH GyKBOA D, a COOTBETCTRYIOWMHA (—)-
nsomep 27 — Gyxsoft L. Kak Toabko 6HA BHOpPAH CTaHAAPT, CTANO
BO3MOMKHEIM COOTHOCHTB ¢ HHM KOHGUIYPAUHIO ZPYTHX COSAHHEHHI.
Hanpuwmep, npr oxucnennn oxcupom prytH(il) (4 )-rnuunepuHoBnit
AAbACIUA RaeT (—)-IJIHLEepHHOBYIO KHCJIOTY:

CHO COOH
(+) H—i—ou LU H._I._OH
CH,OH CH,OH

INockoabky HaMeHeHHe KOH(QHTYPAUMHE Yy LEHTPAaJbHOrO aToMa
yraepoaa MaJlOBepoOsTHO, MOXHO OHJO CHASNATh BHBOX, 9T0 (—)-
TYIHIEPHHOBAA KHC/AIOTA HMeeT TAKYIo Xe KOH(Hrypamuio, 910 H
(+)-ranuepHuoBLIf AJBLASTHA, MO3TOMY (—)-TAMUEPEHOBASA KHC-
JoTa GHla TaKXe OTHeceHa K D-pAjy. JTo NpHMep NORYEPKHBAET,
49T0 MOJIEKYJH ¢ ORMHAKOBOfi KOH(Hrypanueist HeolAsaTelbLHO Bpa-
HIAIOT DJOCKOCTb NOJSPH3OBAHHOTO CBETa B OZHOM M TOM Xe Ha-
npapJeHul., Dtor (akT He AOMNKEH BHISHBATL YAUBJCHHHA, €C/H
BCIOMHHTD, UYTO OXHO H TO Je COeflHHeHMe B PasHHX YCJOBHAX
MOET BPallaTh MVIOCKOCTh MOJSPU3OBAHHQTO cBeTa B NPOTHBOMO-
JIOKHHX HaNpaBJeHHAX.

Hockonrxy Onia ycTaHOBJEHa KOHQHTypauHaA TJHUEPHHOBHIX
KHeAoT (0 OTHOIIEHHIO K INIHIEPHHOBHM alibieriiaM), CTajo BOs-
MOKHEIM OTHeCeHHe APYTHX COeJIHHEHHN K TOH MM MHOA KOHOHIY-
paLEl, H KaXAHA pas, KOrfa YeTAHABAHBANACL KOHDHIYpalHs Ho-
BOTO COEJMHEHHA, K HEMY MOMKHO OHIIO OTHECTH ADyrie COefHHEHHS
H T. A Takum o6pasoM KOE(DHIYpAUKS MHOTHX THCHY COEAHHMEHHNA
6HJa KOCBEHHO OTHeCeHa X D- HJH L-TVIALEDHHOBOMY aJblelHRY H
OHJAO ONPESeNEHO, UTO MOJNOYHAA KHCAOTAa (24), HMewillas D-KOH-
durypaunio, ABAgeTCs H30MEPOM, BPAINAIOMHM NAOCKOCTh NOJASPH-
30BaHHOTO cBeTa BJepo, K D- HMAM L-pAly OHAM OTHeCEHH JaXe
TaKHe CORAMHEHHA, KOTOPHE HE CONXEPIKAT ACHMMEIPHYECKHX aTo-
MoB, Hanpumep Iudernan u aanenn [51] Eclnm npRHAZNEKHOCTH
COGHHEHHS] K D- HJIH L-PAZY YCTAHOBJEHa, TO IOBOPAT, YTO HS-
BeCTHa ero afcortoThas xonduzypayun [62].
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B 1951 r. nosBHJack BO3MOXKHOCTD NPOBEPUTL NPABHILHOCTh
NpeAA0eHHOT0 P03aHOBHM YCAOBHOTO OTHeceHHs. OGLIMHEI{A peHT-
reHOCTPYKTYPHH{ aHAJH3 He MO3BOJsAET pPasjHuMTh D- H L-H30-
MEpH, RO ¢ NOMOILbIO CNEUHaJbHOA TEeXHHKH YAaloch YCTAHOBHTDH
KOHQHrypauuw HarpulipyGuauiiTapTpaTra M NOKasaTh, YTO BHIGOP,
cienandufi PosanoBHM, GuJa mpaBHieHHM [53]. MoxkHO yeMoTpeTs
HCTOPHYeCKOe COBNAJERHE B TOM, YTC MCTHHHad abCOMIOTHAA KOH-
durypauns BneppHe GHJA yCTAHOBJeHA Ha MpHMepe COJH BHHHOM
KHCJIOTH H BeJHKoe OTKpHTHe [Jactepa rakixe 6HAO caelaHO ¢ He-
NO/ML30BAHKEM APYrofi CONH TOH XKe KHCOTH.

HecMoTps Ha MHpPOKOoe HCMONb3OBAHHE CHMBOJOB D H L A
o6osHaueHds1 aGCoNIOTHON KOH(PUIYpALHH, STOT METOfl He JHINEH He-
AdocraTkoB. OnpenesieHde NMPHHAZACIKHOCTH TOrO HJAH WHOIO 9HAR-
THOMEPA K D- WIH L-PANY MOXKeT 3aBHCEeTh OT TOr0, K KakoMy coe-
QUHEHHIO ero ofHocAT. MaBecTHH caydaH, Korfia SEaHTHOMEp MOXKHO
MyTeM NATE WM IECTH CTAnMf CBA3aTh ¢ U3BECTHHIM cOeRHHEHHEM
D-pAfa, a APYrHM NyTeM, TakXKe H3 NATH HAM WIECTH CTaAui, 3TOT
SRAHTHOMEP MOXKHO CBSi3aTh ¢ L-IHAHTHOMEPOM TOIC Xe COeqHHe-
HHA, B Takuax cayvasx NpHXOAHTCA AeNATh NPOH3BOJABHOE OTHece-
HHe K D- uaM L-pafgy. Ms-sa oTMeueHHOro ReAOCTATKA, a TaKKe
H3-3@ HEKOTOPHX APYTHX B HACTOsSIEe BPeMs CHCTeMA DL-0003Ha-
UeHHHA HCMOAB3YETCA PeNKO; HCKJIOUeHHe COCTABJAAIOT TAKHe COoeAH-
HeHMUS, KaK YIIeBOAH H aMHBOKHC/AOTH.

4.8, Cucrema Kana— Huroanpa—Tipenora

Cucremy pL-o603HaueHHE RO CYIMIECTBY BHTECHHJA CHCTEMA
Kana — Huzoneda — Ilpesoza, B KOTOpOR ueTHpe rpynmH npH
ACHMMeTpHUECKOM Yriepone KiaaccubHUYPYIOT B COOTBETCTBHH C Ol
pefiesieRHHIM HaGopoM NpaBEA nochenoBatelisHocTn [54). Tlpueegenm
HECKOABKO TAKHX MpaBHJ, AOCTATOYHRIX JJS pacCMOTPEeHHA NOAAB-
JAFolero GoAbIIHHCTBA XHPAJIbRHX COoeHHERHH.

1. 3amecTRTeNH NEPeYHCAAIOT B NOPSAKe YMeHbINGHHS NOPAN-
KOBOI'0 HOMepa aTOM&, HelNOCpPeNCTBEHHO CBA3aHHOTO ¢ ATOMOM Yr-
Jiepoaa.

2, Ecou ¢ aTOMOM Yriaepoja CBS3aHO ABA HJAH HECKOABKO OfH-
HaKOBHX A4TOMOB, NOPSAOK YCTaHABIHBAeTCS NO BTOPOMY AaTOMY
B rpynne. Hanpumep, B monekyse MesCH —CHBr—CH>0H npea-
nourenne otaaerca rpynne CH,OH, Tak kak nopsiikoeotii HoMep
KHCAOpOAa Gojiblile, ueM yraepofia, 9Ty rpynny HasHBAaIOT NEpBOi,
HeCMOTpS H2 TO, UTO B Hell ¢ aTOMOM YTrJepOoAa CBS3aH OFRUH ATOM
Kncioposa, a B rpynne Me,CH — nsa atoma yriepona. Ecnu H
BTOpHe aTOMB B IPynNie OAHMHAKOBH, MNOPAJOK ONpefiesigeTcs 0o
TPETBEMY aTOMY # T. A.

3. ®opMaabHO NPHHHMAETCS, YTO BAJEHTHOCTb BCEX ATOMOR, 34
HCKJI0ueHHeM BOROpPOAa, paBHa ueTHpeM. EciH HcTHHHad BajeHT-
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HOCTh aTOMa MeHblle (KaK, HampHMep, A30T4, KHCJAOPOAa, KapGa-
HHOHA), HCHOJABL3YIOT (GAHTOM-aTOMBI, 0603HAYaeMHeE NOACTPOUHHIM
3HAYKOM, KOTOPHM NPHNHCHIBAOT HYJAeBOH NOPARKOBHH HOMep H
OTBOAAT NOCAEAHEe MECTO B nepeudHe samectnTenaedl, Tak, rpynna

)
—NHMe; ao/mkua 60TH ynoMsaHyTa paublite rpynnsl —NMeg.

4. Ilpu pasMemIeHHH H30TOMHO PA3JHYHHX 3aMecTHTeNeRl TpH-
THl HMeeT NpeHMYIISCTBO mepeq AefiTepHeM, KOTOPHH B CBOID Ode-
penb HMeeT NPeHMYLIeCTBO nepel OGBHIYHHM BOZOPOAOM; TOYHO Tax
Ke a06of H30TOm ¢ G6ALIIMM ATOMHEIM HOMEPOM YHOMHHAaercs
neppeM (HanmpuMmep, 4C nepex '2C). :

5, JipoiiHbie H TpOHHHE CBA3H PacCMATPHBAIOTCA TAaK, KaK ecnd
Gut onu Guiji paciuenyieHbl COTBETCTBEHHO Ha LBe MJH TPH NMPOCThie
¢BA3H, HanpuMep (B NPHBOKMMOM HHXe pPACCMOTPeHHH KPaTHHX
cBasell o6paTHTe BHHMAaHHe Ha NpeicTaBiaeHHe HEHUIBHON FPYIIE):

Foyrna flpeBermmsrnenrue Fpynro Hpedemusnenie

H H K
| ! ~ -
—€=0  —(—05Ce  —CH=CH, —C [ Con
t!":... Cw H
™ ™
—Ca=CH —c——-—c[‘—c,.. H ——-tl‘.—
Cm Com H
—CH; __(I: I_

Chenyer OTMeTHTb, 4TO NPH NpeACTABNCHAH ABoRHOR cBsis C=C
KaXABH aTOM paccMarpuBaeTcs KaK CBASAHHBHI ¢ ABYMA aTOMaMH
Yriepoxa, NpHYeM CYHTaeTcs, 9To BTOPOR H3 3THX HBYX 4TOMOB YT-
JIepoAa HMeeT TPH (PaHTOM-3aMEeCTHTES. _

B KauecTe npEMepa cpaBHMM NOKa3aHHWe BHIIe deTHpe
rpynne, IlepBoie aToMH B HHX cBssaHH cooTBeTcTBento ¢ (H, O,
0}, (H,C, C), (C, C, C) u (C, C, C). Drofi unopmManuy AocTa-
TOYHO, YTOGH YCTAaHOBHTH, 4T0 rpynna —CHO jpomxHa RaXOAHTHCH
Ha nepBoM Mecre, a rpymna —CH=CH,-—Ha nocreaHem, mo-
CKOJIbKY Ha/nH4He JaxKe OAHOrC aToMa KHCJOPOKA NpPeAnCYTHTENb-
Hee TpeX AaTOMOB Yrjlepoa, a HAJNMYHE TPEeX aTOMoB yraepoza
TIpenNOYTHTEAbHEE JIBYX ATOMOB YIJIepOAa ¥ QQHOTO aroMa BOAO-
poaa, Hrobw KaacCHPEIHPOBATh OCTAAbHHE AB€ CPYANH, HYXHO
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Apofith paaewe no uend, Fpynna C¢Hs nMeer nsa aroma yraepoxna
tapa (C, C, C), ceazannse ¢ (C, C, H), rorna xKak TpeTufi aTom
OTHOCHTCA K THOY (o, o, o)} MOTOMY 3aMecTHTeNp —CgHs npeanou-
THTeAbHee 3aMecTuTens —C==CH, uMelomero ToJbKO ORHY Ipyl-
mupoBky {C, C, H) u ase rpynnupoBkHu {q, o, 0)-

CorsacHo mpHBeAEHHBIM NpaBHJAaM, MOXHO pPACIOJOXHTb 3a-
MECTHTe/IH B MOpALKe YMeHbUICHHS CTAPHIMACTBA CASAYIONHM ofpa-
soM: COOH, COPh, COMe, CHO, CH(OH);, o-toaua, s-toaua,
n-ronun, genun, C=CH, rper-Gytun, UHKNOTeKCH], BHHEJ, H30-
nponus, GeH3HJ, HEOMEHTHA, aJAHJ, H-TIEHTHA, STHA, MeTH], Aeilte-
puii, sogopod, Takum obpazoM, B rANNCPHHOBOM aJipferiie dernipe
TPYRNL AQMKNB pacnoaaratbesi B nocacposatesbiiocts OH, CHO,
CH.CH, H.

Korna onpenenefia nocAefoBaTeNbHOCTEL 3aMecTHTe e, MOLeAb
uad nsobpaxeHne MONEKYAH pacnoJaralT TakaM obpasoM, 4ToOH
camas Maaaman rpynna Obia caMoil yAadeHHOH OT HabmoRaTess.
Toraa ecam octanbHbie TPYNNid B YCTAHOBJEHHOM NOPRJKE OpHEH-
THPOBAHH N0 YAaCOBOH CTPesKe, MOMEKYJY OTHOCAT K R-psAAy, a ecln
OHH OPHEHTHPOBAHH NPOTHB YacOBOH CTPENKH, MOJEKYJNY OTHOCAT
K S-paay. Tag, (+)-sHaHTHOMEp rAKIEPHHOBOTO aNAbAECTHAA HMeeT
R-xkongurypaumo:

CH,0H

Crnejayer OTM@THTBb, UTO OpH H300pa)KeHHH coeAuHeHufi ¢ Ho-
MOIBIO (HINEPOBCKHX NMPOEKHUHA MOXHO JIETKO ONPEAESNHTh HX KOH-
turypannio 6es nocrpoeHas MoAenel, PopMyny 3amHCHIBAOT TaK,
yToOB MJIARIIHA 3aMeCTHTENb HAXOAWJICA BHH3Y; ecAH HPH STOM OC-
TanbHHeE Ppynnsl B MOPSAKE yMeHbINEHHA CTADIIHACTBA pacnoja-
raloTcA no 4acoBofi CTpedKe, COe/HHGHHE OTHOCAT K R-papy, Ha-

npuMep: on .
HOCH; CHO HCO—%CH;OH

H H

(R)-2me ssiL  (S)- e
amdeeud ol it el



CTBPEOXHMHMS 149

Ecan mMaagmas rpynna HaxofAWTCA He B HHXHeil yacTH GOpMYAH,
CAEAYeT MOMEHATE: ee MECTAMH ¢ HHXKHeH rpynmoil, HO CAeLYeT moM-
HRTb, YTO HPH 9TOM NPOHCXOAHT obpanieHHe KoHurypanyu. B npu-
BeIeHHOM HHe NpPHMEpe 5TO 03HaTaeT, 9TO HCXOAHHM COelHHe-
HHeM OHJ {R)-rAHIEepHHOBHH ajJbAeruf,

"om%w

HOCH:%’
H,0H H

S\ enuzyepuRossIL

B GoapummuHcTBe CAyuaeR npuMeHeHde cHcreMH Kana — HHrons-
Ra — [Ipenora He BLI3EIB2eT TPYAHOCTER M AdeT OAHO3HAYHHE pe-
ayastaTh. OTHeceliue SHAHTHOMepa K R- uau S-psAAY He 3aBHCHT OT
Koppeasamui, HO npexie WeM fIPHMEHHTb CHCTEMY, HYXXKHO YCTaHo-
BHTh KOH(HIYpAUHIO, a 3TO 3aBHCHT oT Koppeaamuit, CHcrema
Kada — Huroasaa — [Ipesiora Gnlra pacnpoctpaHeHa Takxe Ha
XHpaJbHHE COCAHAEHHS, He CONEepKAliHe XupaJabHHX atomos [55).

4.7. Meroan onpepeaenus xoudurypaunu [56)

[Ipaxtiyeckn Bo Bcex Mertofax [67] coepnHeHHe ¢ HeHsBeCTHOH
KoHurypauuefi HeoGXOAHMMO COOTHECTH C APYTHM COeAHHEHHeM,
KOHGArypanus KOToporo nssectHa., PaceMotpum HanGosce BamHHE
METOAN YCTAHOBJGHHS KOH(MHTYPaNMH.

1. IIpespawenue coedunenus ¢ HeussecTHoli Kongueypayued
8 coedunesue ¢ uaBecTROL Konpuaypayueld uiu o6pasosarue Heus-
8ecTHOl KOoHuypayuu ua U3eecTHOU 063 HAPYUIEHUS XUPAALHO20
yerrpa. IIpuMepoM CAYKHT NpHBeJEHHOE BHINE NpeBpalieHHe riH-
LIEPHHOBOTO AJNbAETHAA B IVIHIEPHAOBYIO KHC0TY (pasa. 4.5). Ilo-
CKOJIBKY B XOfie NPeBpallieHds XHPaJAbHHA UEHTP He 3aTparuBaertcd,
OYEBHJHO, 4TO NPOAYKT HMeeT TY ke KOH(HIYpalHIo, 4T0 H HCXOA-
Hoe coeflHHeHHe, DT0 He 0843aTeNbHO 03HAYAET, YTO eCHH HIBECTHOR
cOeAUHEeHHe OTHOCHTCA K R-psjly, To H HeH3BecTHOe Oyaer HMeTh
R-rxondurypanuio, Tak GHBaeT TOABKO B TeX CJHY4asX, KOrLa He Ha-
pPylUIaeTcs MOC/ASROBATENLHOCTD pachHojioxeHHs 3amectarenelr. Ha-
npuMep, fnpH BoccranopAeEHH (R)-1-6pomo-2-Gyramoaa B 2-Gyra-
HOJI, He 3aTPATHBAIOHIEM XHPAJLHHA IEHTP, APOAYKT NpenCcTaBAAeT

OH OH
cn,cn,—l—cu,nr — CH,CH; H,

H H

R 5
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coboii S-uaomep, HECMOTPA Ha TO, YTO €r0 KOHPUIypalUUs He H3Me-
HHJach, tak kax rpymna CHsCH; nro ycaoBuio Maaaue rpynnsl
BrCHo,, no crapme rpynns CH;.

2, ITpespawjenue npu xupaibHoMm YEHTPE, MEXAHUSM KOTOpPO2O
useecren, Tax, peakuuu Sy2 npoucxofdar ¢ obpameHueM Koudury-
palsy OpH acHMMETPHUYECKOM aToMe YT/iepoaa (puaan. 10.1). C no-
MOLIBI0 MOCJEOBATENBHOCTH TAKHX NpPEBPAlleHAHl MOJOUHAS KHC-

JoTa GHJA OTHeceHAa K aHHAHRY (CTpefika ———> YKa3H-

BAEeT, 4TO B NpOUECce PeaKLuH NPOHCXORHT obpameHHe KoHdHrypa-
HHA):

COOH COOH COOH COOH
Ho—,—ﬂ &R H—\l—Br I N,—|—H Socomes NHz_—I—H
CH, CH, CH, CH,
(5){+)- smomovncen R s (S} +)- amarun
MR .

CM. TaKxke oGcyxaenne B pask. 10.1.

3. Buoxumuueckue merodet. B psidy PONCTBEHHHIX cOefHHEHHN,
HanpuMep aMAHOKHCAOT HJH HEKOTOPHX BHIOB CTEpOHJOB, Onpele-
JICHHEIH (pepMeHT OORIYHO aTAKyeT MOJIEKYNIH TOJBLKO OHHOR KOHpu-
rypaunn. EcsH, cKaxeM, B BOCbMH aMWHOKHC/IOTaX KaKHM-TO ¢ep-
MEHTOM ATaKyeTCa TONBKO L-$opMa, T0 H JeBATaA AMHHOKHCNOTA,
NOABEprapasAcs AeACTBHIO TOrC Xe ¢epMeHTa, AOJIKHA NPHHAN-
JIeXaTh K L-pany.

4. Onrusecxoe cpasnenue, HHorna KOHQUrypauHl TOre RIH
HHOI'C H30Meépa MOKHO ONnpelelHTb NO SHAKy M BeJHYHHe Bpaime-
HEdA, B roMosorHyeckHX psapax BpameHHe OOHYHO MEHseTCR NOCTe-
NEeHHO ¥ B OAHOM HANPABJAEHHH; N03TOMY €CJIH H3BeCTHA KOH(HIY-
PauHs QOCTATOYHOIO YHCJIa WICHOB PARa, KOHMHTYPALHIO OCTAMb-
HEIX MOMHO YCTAHOBHTBH 3KCTpanonasnuefi, Kpome Toro, HeKQTOpHE
38MECTHTENIH BHOCHT 6oJiee HXM MeHee OnpemeNieHHHH BKJAI B Be-
AHUNHY BpalleHHs MCXOAHOA MOJMEKYJNH, OCOGEHHO ecal Takasg Mo-
JIEKY/la ABJAAGTCA MeCTKCH cHcTeMol, nogoSHO cTepoHaaMm,

5. Bo MHOrHX cliydasx yinaeTcs NMOJAYYHTh NPAMOH OTBET ¢ Io-
MOIbI0 CHEHHAJBHOrO pEHTIeHOBCKOrO MeTona, pazpaboTaHHOrO
Beifiso [53].

Hcnonnaylores H ApYrHe MeTOIL, B TOM YHCJI€ AHCIEPCHS ONTH-
ueckoro Bpatuenns [58], kpyrosoit auxponsm [58] u acuMMerpuue-
ckufi caaTes (pazz. 4.10).

4.8. MpHunusl onTHRECKOH AKTRBHOCTH

MoxeT BOHHKHYTh BOMNPOC: NOYEMY TOMBKO XUpafibHHe MoOJe-
KyJaE BpamaioT NJAOCKOCTh NOoJAspH3auHH cBera? Teoperuueckd oT-
BeT Ha 5TOT BOMPOC M3BecTeH; B OUSHb YNPOIIEHHOM BHJE €ro MOXKHO
H3J0XHTE caeAylomuM oGpasoM [59]. '
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Ilpu nonagauum csera Ha JXGYI0 MONEKYy B NPO3payHOl cpeie
CKOPOCTb ero NPOXOMXACHHS uepes cpeny yMeEbilaeTcs H3-3a Bs3a-
uMOofefcTBHA ¢ MoseKynofi. B SonbnmoM Macmtale 9T0 ABNEHHE OT-
BETCTBEHHO 3a NpeJiOMJIEHHe CBeTa, NPHYeM yMeHbINeHHe CKOpOCTH
NPONOPIHOHANLHO NMOKA3aTeslo NMpeloMiaeHHa cpeipl. CTeneHp B3a-
HMOJieicTBHS 3aBHCHT OT MOJAAPH3YeMOCTH MoAeKyaH. Ilrockonons-
PH3OBAHHEf CBer MOMXHO PACCMATPHBAThH KAK COCTOSIIMEA H3 ABYX
BHAOB DHUPKYASpHO NOJAApH3OBaHHOrO cBera, [lochenBnii uMeer
(unn goMxeH HMeTb, ec/H PAacCMOTPETh ero KaK BOJHY) BHA ChH-
panM, sakpyueHHOHi BOKPYr OCH [BHIKeHHS (BeTa, NpHYeM OfHA
CUHpaNb JeBas, a Apyras npasas. Jo Tex nop moxa NJAOCKONOJSPH-
30BAHELIA CBET NPOXOAMT Uepes CHMMOTPHUHYIO cpeay, ABe LEPKY-
JASIPHO NOJNAPHIOBAHHEE COCTABAMIOUWIHE HMEIOT OAMHAKOBYIO CKO-
pocTh. OHAKO XUpaAbHAS MOJEKYJIa NPOSBJISET PAZAUYHYIO MONSAP-
HOCTb B 3aBHCHMOCTH OT TOT0, ¢ KaK0o# CTOPOHH Ha Hee najaer CBeT,
¢ JleBofl BAH ¢ npasofi, OAHA HHPKYAAPHO NOJRPH3OBAHHAS COCTARB-
JAAOIAS CBETA <NOAXOAUTS K MOJIEKYJE€, CKaXeM, c/ieBa H BCTpe-
Haer HHYI0 NOJIAPHIYEMOCTb, UeM cCNpasa, 0STOMY 3aMejjicHHe Npo-
HCXOAHT B PasHON CTeNeHH (B KPYNHHIX MacmTabax 3TO BHpaMa-
eTcs B PA3HWIX NOKa3aTeidsx NpeloMJeRHs). DTO oOsHauaer, 4ro
JieBas H NpaBas cocTapisiome NHPKYJIAPHO NOJADH3OBAHHOTO
cBeTa NOMKHM HMeTb DAasJHUHYI0 CKOPOCTb NPOXOXKAEHHT Hepes
cpeny. OfHako ABe COCTABAAIIME OAHOrO NMyYKa CBeTa HE MOTYT
IBHTAThCSL ¢ PA3HOH CKOPOCTBIO, MOSTOMY B AeficTBHTENLHOCTH GoJice
GHicTpas cOCTaBAAIONIAA «TAHET® MAPYTYI0 K ceGe, UTO NPHBOAHT
K BpalleHHi0 NNOcKOCTH. Takoe ABAeHHe MOXKHO ONHCAaTh MATeMa-
THYECKHM BHIpPaKeHHEM M B NPHHUAE MOXHO PACCYHTATDL BEJNHIHHY
B 3HaK BpalHeHHs A% J0GOH MOJEKYNH (MTO CNYXKHT elle OFHHM
cocoGoM onpenesieHns afcoxoTHoll KoHGHrypanun). ITpu aToM He-
00XOMHMO HCIOJAL30BATH BOJHOBOE YpaBHEHHE H NMOMHHTHL ero orpa-
HH4eHNd, paccMoTpeRHble B M. 1, TIpaKTHuecKH BeJMMHHA M 3HAK
Bpamenns GHJH pPAcCYHTAaHH JHIIL AN HECKOALKHX MOJEKYJ, NpH-
YeM NpPaBHJBHHX pe3yJbTATOB GHLIIO He MeHbime, HeM OWHGOUHEIX.
Ha ocuopannn aamHeix 0 pedpakuuu cessefi H mOASPH3YEMOCTH
rpynn 6LiNIH paspaGoTaHbl SMITHPHYECKHe MeTOAL NPOrHOSHPOBAHHS
BeJHYHHL! B 3HaKa BpamerHd [60]. Bo MHOrHX cAyasx 3TH MeTOAH
HaIOT BHOJAHE YAOBJACTBOPHTELHbIE PeSYJILTATH.

B xuakofi u rasopoii hale MONEKYAH IBHKYTCH Xa0THYHO. Te
MOJIeKY/IH, OTCYTCTBHE ONTHYECKOH aKTHBHOCTH B KOTOPHX 00ycloB-
NeHO HaJHuHeM NAOCKOCTH CHMMETPHH, OUeHb PeAXO OpHEHTHpO-
BaHH TaKHM 06pa3oM, ¥TOOH NJIOCKOCTb MOJIAPH3RUHH CBETa COBMA-
Jana ¢ MAoCKOCThio cHMMerpuH, [Ipr Taxofi OpHeHTaUHH MOJeKyAa
He BpallaeT MAOCKOCTh NMOJAPH3ANHH, EO BCe OCTAAbHHE MOJEKYJIH,
He OpHeHTHPOBAHHEIC TAKHM 0GPA3OM, BPAILAIOT NAOCKOCTh MOJNSPH-
3aUKH, Aaxe He OyAyun xupanbHMH. Ho B 1eJ0M «YHCTOr0» Bpa-
meHHs He HabaoAaeTcd, Tak KaKk B Macce MOJEKYAH OPHeHTHpPO-
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BaHH GeCmOpSAOYHO, H €C/lH OAHH MOJEKYJAH BPaHIAOT NJIOCKOCTh
ROAfAPH3AURH CBETA B OZHOM HaNpaBJEHHH, TO APYTHE MOJEKYJIH,
BCTPeNalomuecs: HAa IYTH CBeTOBOrO NyYKa, BPAINAIOT ee B TIPOTH-
BONOJIOXKHYIO cTOPOHY, B pesyspTaTe cyMMapHOe BpalieHHe PaBHO
HYJI0, XOTSl KaxJas OTAe/AbHAA MOJeKyJa MOMKeT BpallaTh MAoC-
KOCTb MoNApH3auun cBera. OAHAKO B CAYyYae XHPAJLHEIX MOJEKYJ
(ecan TONLKO OHH He COCTABJASIOT PALEMHYECKYI0 CMECh) TPOTHBO-
IOIOXHAs OPHEHTAIMA OTCYTCTBYEeT H HaG/li04aeTcs «YHCTOe» Bpa-
uleHue.

4.9. Monaexyasl, cogepxamue 6Gojee OAHOTC XHPANBHOTG LEHTpA

Ecan B MoOJeKyJie HMEIOTCA ABAa XHPANBHHX LEHTPA, KAMKHH U3
HEX HMEET CBOI0 COOCTBEHHY!0O KOHQHIYDALHIO, KOTOPYID MOXKHO
Knaccnrmuposats no merony Karma — Huroabaa — IIpenora. Tak
KaK KaXAHHA [EHTP MOXeT HMeTb R- uau S-KoHpurypanuio, pos-
MOXHO CYIIeCTBOBAaHHe uerhipex H3oMepoB. [IoCKONbLKY MoJexyja
MOXeT HMeTh TOJBKQ ONHO 3epKaibhioe u3olpaxkeHHe, SHAHTHOMe-
poM A Moxer OHTb TOABKO OOMH H3 TPEX OCTaJbHHIX H3OMEpOB,
a umenHo snanTRoMep B. Hsomepu B u I cocraBasior Bropyio napy

Y v v v
R U+—W § W—rU R ULW 5§ W——U
R X—1/12 § Z—-X § Z—X R X—-1L
Y Y Y Y
A B B r

sHanTHOMepoB; oTHomwenue B n I' k A n B ofosHazaercs TepMEHOM
duacrepeomep. JracrepeoMepsl MOXKHO ONpPEIENHTb KaK CTEPeouso-
Mepul, He AGAsOWuecs IHARTUOMEpamy. Byayun sHaHTHOMepamH,
B ¥ I' pomxnsl ofiagath HACHTHUHHIMH CBOACTBAMH, 32 HCKJoUe-
HHeM BpaiueHus (cM. ra. 4, pasg. «OnTHuecKas aKTHBHOCTb W XH-
PanbHOCTD3); TO e CHpaBeANuBO AJis sHaHTHOMepoB A u B. On-
Hako ceofictBa A u B He nmeHTHUHH cBofictBaM B B T'; 3mH napu
coefullelHil AMEIOT pPasNHYHHeE TeMImeparTyphl NJAABJeilHs, TeMnepa-
TYpbl KHIIEHHA, PACTBOPHMOCTDb, PEAXHHOHHYIO CIOCOGHOCTD, 8 TaKXKe
ocTaNblible XHMHWEeCKHe, (H3nuecKHe H CleKTpaJblible CBOHCTBA.
CBoilcTEa nUACTEPEOMEPOB OGHYHO QHAA02UYRLL, HO Re UACHTUYHYL,
B wactHOCTH, ARACTepEOMEpPH HMEIOT PasJAHuHOe YAeJLHOe Bpalue-
HHe; TaK, OAKH AHacTepeoMep MoxeT GhTb XHPAJbHHM K BpallaTh
N/IOCKOCTh MOASPH3ALMYN CBeTa, TOrAAd Kak ,upyroﬁ axHpajeH H He
BpallaeT (NpuMep NPHBORKTCS mnxe)

Teneps MOXKHO MOHATH, MOYEMY HAHTHOMEDH pearupyr ¢ Kpy-
THMH XHPAAbHHMH MOMEKYNaMH C DA3HHIMM CKOPOCTAMH, a C aXH-
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pansHHIMH MOJICKYJaMH — ¢ OlHHAKOBOH cKopocThio. B nociexnem
caydae aKTHBHpOBAHHHA KoMEmJeKc, o6pasyeMulii R-5HaHTHOMepOM
H [PYTHM peareHTOM, SBJSETCA 3€PKaJbAHM H300pameHHeM - aKTH-
BUDOBAHHOIO KoMIUIeKca, o6pasyeMorc S-SHaHTHOMEPOM H peareH-
ToM. ITockonbKky ABa aKTUBHPOBAHHHX KOMILIEKCA HAHTHOMEPHH,
HX 9HeprHH OAWHAKOBH M CKODOCTH peakuuii HX o06pasoBanHs
BOMKHH Outh OgHHAKOBH (cM. rv. 6). OfHaKo, Koria R-9HAHTHO-
Mep pearHpYeT ¢ XHpaAbHOR MOJeKyNof, HMelomel, ckaxem, R-KoH-
(Urypanuio, aKTHBUPOBAHHBIA KOMIJIeKC HMEeT JBa XHPaJbEHX
HeHTpa ¢ KOHburypauusamu R u R, Torja Kax akTHBHpOBaHHHHN KOM-
nJeKc, o6pasoBaHHL M3 S-9HAHTHOMEpA, COJAEPIKHT ABa XHPadb-
HBIX HeHTpa ¢ KoHdurypanuaMu S u R. JlBa aKTHBHPOBAHHEX KOM-
IMeKca AHACTepeOMepHH, ¥ HHX pasHas 3HeprHd H, CJAeAOBATEJbHO,
pasHas cKopocTh 06pa30BaHHA.

MakcuMaabHOe 4HCAC H3OMEPOB AJIsi COGNHHEHHs] ¢ ABYMS XH-
paNbHBHIME IEHTPAMH MOMKeT DaBHATbCA YeThiPeM, HO HEKOTOpHE
COefIHHEHHA HMEIOT MeHbIlee YHCAO H30MepOoB (OMHCAHHHIM 3JEch
NpaBHJIaM NOAYHHAIOTCH TAKXKe XHDAJLHHS COeZHHEHHA, He COREp-
JKalllde XHPAJABHOFO aTOMa Yraepola HJAM HMEIOIHe ORHH XHpajb-
Hufl yraepoA M XHpajdbHbifi neHrp Apyroro tena). Eciy npe ofHOM
H3 XHpAaJAbHHX ATOMOB TPH PA3HLIX 3aMECTHTENA, TAKHE K€, KAK NpH
JAPYroM XupaiAbHOM aTOMe, OAHH H3 H30MepoB (HashHBaeMulll meso0-
hopmoli) HMeeT NAOCKOCTb CHMMETPHH H DOTOMY ONTHYECKH Heak-
THBEH, HECMOTPS HA HAJIHYAE ABYX XHPAJbHHX NEeHTpOB. THNHIHBIM
NpHMEPOM CJAYXKHT BHHHAS KHCAOTA, MMEIOIAs TOALKG TpH HSO-
Mepa: napy sHAHTHOMEDPOB H HeaKTHBHYIO #e30-GopMy:

COOH COOH COOH

H-—0H HO—H H——O0H

HO——H H—~-OH H—-OH

COOH COOH COOH
dl-napa Moy

Jas coepurenuii ¢ ABYMA XHApPAALHHIME aTOMaMH Me30-QOPME Hai-
AeHH TOJNBKO AAA CJY4aeB, KOrja NPH OAHOM H3 ABYX XHPAJbHHX
aTOMOB HMEIOTCS TaKHe JKe 4EeTHpe 3aMECTHTeNf, Kak NPH ADYIoM.

Ecaun B MoJexkyne comepxutcs 6onee ABYX XHPAJbHBIX UEHTPOB,
B GO/BIIMHCTBE CAYYAeB YHCJIO H30MEDOB MOKHO pacCUHTaTh M0
tbopuyae 27, rae - YHCAQ XHpAJbHHX NEHTPOB; NIpaBia, HHOTAA
YHCJIO H30MepOB OyAeT MeHblle Gaarofgaps HAIHUHIO ME30-HopM
[61). HnrepecHulM npaAMepoM cayxHar 2,3,4-DEHTAHTPHONA H CXOA-
HHe MoJeKyas. Ecan aroMsl yriiepofa B NONOKeHHAX 2 H 4 EMejoT
OZMHAKOBYI0 RoHOHrypauuio (06a R uiu oba S), cpeiHuli atoM yr-
Aeposa HeaCHMMETPHUECKHI; ecau ke KoHpurypauuu C(2) ® C&)
pasnuuHH (ONMH H3 HHX R, a Apyroft S), T0 cpeuufi aTtoM yrie-
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pona OyAeT acHMMETpHYEH H €r0 HasHWBAKT nrcesdoacummerpige-
cktim. B noao6HBIX CIyyanx BO3MOXHH YETHIpEe H3OMepa: ABE Me30-
¢dopME 1 onHa napa di,

CH, CH, CH, CH,
5 H-—1—OH S H——OH § H—-O0OH & HO~—|-H
H—1—0H HO——H HO—+—H H—~—-0H
R H——OCH R H——OH S HO——H - R H~+~O0H
CH, CH, CH, CH,
Mo MEIT di-napa

Yrob6H He COMHEBATLCA, CJEAYeT BCIOMHHTb NpaBHAA HCRONb3OBA-
HUA (QHIIEPOBCKHX MPOCKUHA H YACHHTB, YTO STH H3OMEpPH pas-
AHYHHL, YTO Me30-POPMHE COBMECTHMH €O CBOHMH 3€pKAaJbHHMH H30-
GpaXkeHHAMH M YTO RPYTHe CTEPeOH3OMepH OTCYTCTBYIOT. [Ba AHM-
acTepeoMepa, HMelOLIHe pAasJHIHYI0 KOH(QHIYpaUWio TOJBKC NpH
OIHOM XHpPAJbHOM LEHTpe, HASHBAIOTCA INUMEPAMU,

B coeaunenuax c¢ asyma n Gojiee XHpaJbHHMH LeHTpaMa abco-
JAIOTHYI0 KOHGHUrypamHio cleiyeT onpeiedsdTh OTHeNbHO AJAA Kax-
Aoro nentpa. OOnYHO cHa%aja onpeledsloT KOR(UrypauHio OAHOTO
IEHTPa KaKUM-AH00 H3 OMHCAHHBIX B pasfA. 4.7 MeTO/0B, a 3aTeM
COOTHOCAT ee ¢ KOHQHIypaUHAMH APYrHX XHPAJbHHX LEHTPOB MO-
Aexyan. ORHUM H3 METOJOB SBJARETCA peHTreHOCTPYKTYpHHA ana-
JIH3; KaK yXe OTMeyaJoch, €ro Heab3fA HCNOAb3OBATh AJA Onpexe-
NeHus abconioTHOH KoH(HPYpalud OAHOTG XMPAaJABHOTO HEHTpa, OH
JaeT OTHOCHTENbHYIO KOH(PUrypaunuio BCeX XHpPadbHHX LEHTPOB MO-
JIeKYyJAbl, 4 ecAd KOH(HUrypauus mepsoroc NeHTPa onpefeseHa Hesa-
BHCHMO, MOXXHO NOJNYYHTB aGCOMOTHYIO KOHHrypauHio Bcex oc-
TafbHHIX UEeRTPoB. Jlas aToft nean uCOoNbL3YIOTCA TaKXe APYTHe (u-
3HYeCKHe ¥ XMMHYeCKHe MeTOAH (CM., nampHmep, pasj. 4.13).

Lng coepunenuit, copepxamux 6oJjee ABYX XHPaJALHHX LEHTPOB,
BO3HHKaer npoGJieMa HaMMeHOBAHHA Pa3JHYHHX CTEPEOH3IOMEpOB
[2]. DnanTHOMepH NpaKTHYECKH BCErAa HAsHBAIOT ONHHAKOBO H
pasanuajor mo npactaBkaM R u S, L u p Han (+) u (—). B nua-
YaJbHHA NMepHOA PA3BHTHA OPTAHHYECKOR XHMHH OHJO HPHHATO
KaxJof nape sHAHTHOMEPOR RaBaTh pasHHE HasBaHHs HJIH 0O Kpai-
Hell Mepe cHabxaThb MX DPa3JHYHLIMH MpHCTABKaM# (3niu-, nepu-
H T. 1.). Tax, anbROreKCO3H HMENH HA3BaHHUA IJIIOKO3Z, MAaHHO3Z,
HA032 U T, X, XoTA BCeM MM (B oOpMe OTKPHTON LiemH} orTBedaer
Haspanne 2,34,5,6-neArarnApoxcureKcaHasb. Takaf mnpaKTHKA
CyleCTBOBaJa OTYACTH H3-3a HEJOCTATOUHHIX SHAHHA O KOH(pHTY-
PalHH TOro HAK HHOrO H3oMepa, B mocaegHHe rofH €TAN0 RPHHATO
OLHMCHIBATE KGXOG0e XUpairbKoe nOAONCefile OTAeNbHO, 0603Hayas
€ro CHMBOJAME R WM S H/H, B HEKOTOPHX 00JAaCTAX, APYrHMH CUM-
BoaaMH, HappuMep, AJA CTePOHROB TPYNNH, PACMNOJOXKEHHHE Haf
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SIMIOCKOCTbIO» LUHKJAHYECKOH CcHCTeMBl, ofosHauaoT Oyksoit B,
a rpynne, pacno/ioKeHHHe nox Hefll, — OykBofi . Yacto cessm
¢ B-rpynnofi H3o0paKapT CIJIOHIHOH 4epToft, a CBAM ¢ g-TPYH-
nofil — MyHKTHPOM, HanpHMep:

HO
la~cenopo-5- xonecmen-38-on

Has muorux coeAuHeHu#l ¢ OTKPHTON LENbI0 HCMOALZYIOTCA NPH-
CTaBKH, [IPOH3BEACHHHE OT HA3BAHHH COOTBETCTBYIOLIHX Caxapos;
OHH CKOp€e ONHCHBAIOT CHCTEMY B IEJIOM, @ He KaAHA XHPAJIBHEI
ueHTp B oTAeAbHocTd. [Hnpoko pacnpocTpaHedbl NPHCTABKH IPUTHO-
H TPeo-, HCTOAb3YeMEe s CHCTEM, cOfepXKallHX ABA acUMMeTpH-
9eCKHX aTOMa YrJeposa, ABa 3aMECTHTENSA HPH KAXKAOM H3 KOTOPHIX
OLUHAKOBH, & TpeTbu oTauyarTca [62], Ilpu usobpaxeHHH Taknx

Y Y Y Y
X% WX W—-X x-lw
X—+wW wXi X-—1W w—X
; y

4]

'/ &
apumpe-dl-ra, mpeo-di-rape

coeqHHeHHH ¢ mMoMolibio mpoekuuii Ouuiepa B nape apurpo-H3oMe-
pOB OJHHAKOBHE IPYNNEl PACNONATATCA ¢ OAHOA CTOPOHH, H ecJl
pasible rpynnal Y B Z NOMeHATh MECTaMH, MOJAYUHTCA #e30-popMa.
B nape rpeo-uzoMepoB OAMHAKOBHE I'PYNNb PACHOAAraloTCs ¢ pas-
HHX CTOPOH, ¥ ecad Y B Z NMOMeHATh MecTaMH, HoBag nmapa ocra-
Hetca di-gpopmoi.

[

|
[

4.10. AcuMmmerpuyeckufi cunres [63]

Kak yxe roBopHJioch, H3 ONTHYECKH HEAKTHBHEIX HCXOAHKIX
BeIeCTB H B ONTHYECKH HeakTHBHON cpele HeJb3A NOJY4YHTH ONTH-
UecKH aKTHBHOe COefHHEeHHe, T. €, HEBO3IMOXKHO {IPOBECTH acHMMeT-
PHYECKHA CHHTE3; HCKIIOYEHHE COCTAB/AACT YNOMAHYTHH paHee cly-
yaft KpHCTANJH3AUHH paueMuyeckoit cmecH [50]. Oznako NpH co3-
BaHHM HOBOrO XHPAJBHOTO LEHTPAa B NPHCYTCTBHM KaKOro-iu6o
HECHMMETPHUHOTQ KOMNOHEHTA JABe BO3MOXKHBIE XOH(QHrypanHe He-
obnsaTeNbHO 00pasyloTcd B PaBHHX KoJuyecTBaX. PaccMoTpuM
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yeThipe CJy4as TAKOro cHHTe3a, Ha3nBaeMOro ofLIMHO acumMMerpu-
YeCKUM HAH CTEPROCEACKTUBHBIM,

1. Axruenei cyberpar. Ecnan HOBHA xupaibHHA HeRTp ofpa-
3yerci B MOJIGKyJe, KoTopas yxe o06nafiaeT oONTHYecKofi aKTHAE-
HOCTbIO, JHACTEpeOMepH MOJYYAIOTCA He B PaBHHX KOJHYECTBAX;
HCKJIOUeHHs MOTYT OHITE TOJNbKO cayuafiud. [Iprunna taxoro gsie-
HESl 3aKJAYaeTCs B TOM, UTO HampaBleHHe ataku cybcrpata pea-
reBToM NpedonpefeseRo NPHCYTCTBYIOIHME 3aMecTHTenamu. [lpu
APHCOeJHHEHKH NO ABOHHON CBASH yrylepol — KHCJOPOJ B KEeTOHAX,
COJlepIKAIIHX acCHMMeTpPHUecKHA aToM yrjepoia B a-NOJOMEHHH,
MOXHO, NONB3YACE npasusom Kpama, npenckaszats, Kakoit H3 gnac-
TepeoMepoB GyAet npeobaaaats [64].

Me CN

|
Me / H OH
' 28
Et—C—C—H + HCN
H O Me OH

29

Ecnn pacemaTpuBaTe MOJEKYAY BAGAL OCH, e MCXKHO NpPeACTa-
BrTh dopmyaoht 30 (pasa. 4.19), rae S, M u L o6osnavalor mans,
cpefHuii ¥ Goabluoll 3aMeCTUTENE COOTBETCTBeHHO. Kucnopoa xap-
GoHU/LHOM TPYNIH PAcNONAraeTcs MeXAy MaJbIM H CPe/HHM 3aMe-

M2 vz M S Vs
s — + X
R R OZ
Lgr ZOL L

k)] anaansit nefoymnr
nRpodyrm npedyrm

cruteftamu, [lpaBuio Kpama raackr, uTo BXopsmas rpymina fpe-
EMYILECTBEHHO aTaKyer Ty CTOPOHY NJOCKOCTH, B KOTOPOl Haxo-
Aurcs Majawh saMecrureab, CorjtacHo STOMY NIpaBHAY, BPOAYKT 28
JoJKeR 00pasoBHBarThcd B G0MbIleM KQJHYECTBe, YeM NPOLYKT 28.

HasectHo muoro peaxuuit nogoSHoro THia, B HeKOTOPHIX M3 HUX
crepeoceNeKTHBHOCTL mocrHraer 100 % [65). Uem manbie ot peax-
IHOHHOrO IIeHTPa PacnoJoXKeH XHpaJAbHHH UEHTp, TeM MeHblnee
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BAHARHE OH OKa3HBaeT ¥ TEM MeHblle Pa3HHLA B KOJAMYeCTRE 0Opa-
3YIOIHXCA AHACTEPEOMEPOB.

2. Axrusnoiul peazent. T1apy 9HAHTHOMEPOBR MOXKHO Pa3felHTh
¢ NOMOIIBIO aKTHBHOTO PEareHTa, CKOPOCTb PEaKIMH KOTOPOIO C OA-
HUM SHAHTHOMepoM GoJbIIC, YeM ¢ APYrHM. TaKas peaKIHs CAYXKHT
METOOM pasjieleHHs Ha ONTHYecKHe H3oMepH. Ecam abcomorHas
KOHtbHTypamya peareHTa H3BeCcTHZ, KOH(PHIYpaLMIO SHaHTHOMepa
YacTO MOXHO YCTAHOBHTH, 3HAs MeXaHW3M PeaklUHH H ONpefeNHB,
Kakoli us guacrepeoMepor obpasyercs B GosblieM KoanuecTse [66),
C noMolllbio aKTHBHOTO pearcHTa MOMKHO NPOBECTH peaKUHIo, B X0Ae
KOTOpOH HOBHf XUpAALHHI WeHTp cosfaeTcs B HeaKTUBHoI MoJe-
KyJe, OfHZKO NpH 9TOM CeJeKTHBHOCTb peaxo gocturaer 100 9%.
TIpumMepoM CAYXHT BOCCTAHOBJEHHe H3OMPOMHAGEHHAKETOHA peak-
THEOM I'pHEBfpa, MoAy4YeHHHM H3 (<4 )-1-xa0po-2-penunbyrana [67)].
B pesyabraTe peaxuun ofpasyercs naonponundeHnakapGuHoi, co-
croammift Ha 91 %; us (+)-u3omepa u Ha 9% mu3 (—)-H3omepa,
(Euie oguE mpuMep paccMOTpeH B T. 3, peakuHsa 15-13.) Peaxmuio,
B KOTOpOH HeaKTHBHGIH cy6eTpaT cefiCKTHBHO NpeBpallaeTcs B OAHH
H3 ABYX SHAHTHOMEPOB, HA3LIBAWT araxTuUocesexTueHod. INoa sto
oNipeieneNye MOANAAAIOT PACCMOTPEHHME PEaKIHM, a TAKXe peak-
UHH, ONMHCAHHEE HHXKe B 0. 3 H 4.

3. AxTusHbI KATAAUSATOP LAY GKTUBHME pacTaopuTess, Takux
NPHEMEPOB H3BECTHO OYeHb MHOFO, B YacCTHOCTH, (oJblIce 3HayeHHe
HMeeT BOCCTAHOBJEHHe KeTOHOB W 3aMelleHHHX aJKeHOB B ONTH-
YecKH AKTHBHHE (XOTH H He ONTHYECKH YHCTHE) BTOPHUHBIE CIHPTH
W 3aMelleHHBle aJKaHB NPH THAPHPOBAHHH B NMPHCYTCTBHH XHPalbs
HHX FOMOTEHHBIX KarasausaTopoe {T. 3, peaxuus 16-26 u 15-10) [68]
B HeKOTOPBIX cIyYafXx, B YACTHOCTH NPH FOMOFEHEOM KATaJHTHIECKOM
rHApHpoBanun anxenoB (T. 3, peaxuus 15-10), COOTHOUIEHME 3HAH-
THOMEPRHX NpoAyKToB Rocturaer 98: 2 [69]. HpyruMu npHMepamH
CAYHKAT cAeyioluFe PeaKUHH: peaKlud BTOPHUHEIX aJKANbHEX peaK-
TuBoB ['puHbSpa ¢ sHHMWITajorenngamu (1.2, peakuus 10-88) B npu-
CYTCTBUH XHPANBHEIX KOMILJIEKCOB NMepeXORHHX Metamnos [70], mpe-

XUPLNSHIE
Ph—CH-—-MgCl + CH,=CHBr ——— Ph—CH—CH=CH;
I oo

Me Me

BpaitieHHe GeH3anbAerHfia B ONTHUECKH AKTHBHHIN HHTPHJA MHHAAJb-
Ho#l xucaoTH npH o6paGorke HCN B npucyrcTBuH depmenta [71),
a TakXKe MOJY4YeHHe ONTHUCCKH AKTHBHBIX CMPTOR NPH B3aBMOAeR-
CTEHE peaKTHBOB I pHHbSApA c ANAbACTHAAMH B CpeRe ONTHYECKH ak-
THBHHX a¢upoB [72] JipyrHe npEmeps nNpHBOBATCH B T. 2, peax-
zua 10-97,
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4, Peaxyuu noQ OedcTeuem UHUPKYARPHO ROAAPUSOBARKOLO
ceéera [73). Ecnu cBer, ucnoJb3yeMblfi AJfi HHHIAHPOBAHAA (GOTOXH-
MBUECKOH peakuuu (rJ. 7) MexAy aXHpaJbHHMM pPeareHTaMH, nUp-
KYJAAPHO NOJSAPH3OBAH, TO TEOPETHUECKH NOJMKEH NONYYHTbCH XH-
paibHu# NpoAYKT, oforamenkui OAHHM M3 sHaHTHOMepoB, OfHako
NofoGHEE SKCNEPHMEHTH 0KA3aJHCch ODecnOfHHMH, XOTH B HEKOTO-
PHX CAyuasx NMOX AeHCTBHEM JIEBO- H NPaBOUHPKYAAPHO NOAAPH30-
BAHHOFO cBera y0aA0ct NOAYUHTE NMPOAYKTH ¢ NPOTHBONOJOKHEIMY
3HakaMH BpameHns {74], uTo B NpHHIMNEe NOATBEPAUJO TNPABH/Ib-
HOCTb MOMAXOAA, CTeNeHL Pas/IHYHA oKa3ajach MeHbue 1 %,

4.11. Meroaw pasnenenns [75]

‘Tlapy sHaHTHOMEpOB MOXHO pasfeNHTb HECKOJbKHMH CIIOCO-
6amu; po HacTOAIIEr0 BPEMEHH Yalle BCEr0 HCROJb3OBAJUCH Tpe-
BpalleHHe AMACTepeOMEpOB H pasfefielHe HX APOOHON KpHCTaJNJH-
sauueci, B aroM MeToAe, Kak H B HEKOTOPHIX APYrHX, 062 H3oMepa
MOXHO PerellepEpoBaTh, HO B APYFHX METOXaX OJMH H3 H3OMEpOB
NPUXOAHTCS paspyMlaTh.

1. Tpespawierne 8 duacrepeomepst. Ecau pauemnyeckoe coeaw-
HeHHe, NOABEpraeMoe pasKeJeHHI), COASPKHT KapGOKCHABLHYIO
FPynny (¥ He COAEPKHT CHABHOOCHOBHMIX FPYAN}, MOXKHEO NOJYYHTH
COJIb ¢ ONTHYECKH AKTHBHHIM OCHOBaHHeM, EcJim Hcno/bayemoe OcC-
HOBaHHe HMeeT, K mpuMepy, S-KOHPHIypauulo, NOJYYHTCA CMech
ABYX coneli ¢ koHdurypauusaMu SS 1 RS. Xora HCXOAHNE KHCAOTH
6o aHaHTHOMepaMH, o6pasoBaplIHecs COAH NpeAcTaBAsorT cofoli
AunacTepeoMepr H 061a4210T pasHBIMA cBOficTBaMH. Hame Beero as

COOH COO~ domun-H*
R H—.(IZ'—OH H—é—OH
CI'H} (|:Hl
R 3
+ + S-dogun +
COOH > CO0~ GoyyaH*
§ }IO—(I'.'-PH HO—(!T'—H
G, &,
/ s s

pasjeIEHHA HCIOJL3YIOT DaE3JHYHY) pacTBOPHMOCTD. Cmech auac-
TepeOMepHHX coJel KPHCTAAJNKIYIOT H2 HOAXOUALIETo pacTBOPH-
Tenasd, NPH 3ToM CcHavaaa 06[)83)?10'1‘(!3 KPHCTAJIH, oborallenHLe
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OZHEM H3 AnacrepeoMepon. Ilpu ¢uaAbTpOBaHHH mepBOl HOpUMH
yiKe JOCTHraeTca 4acTHYHOEe pasgesedse, K coxkaneHHio, pasauide
B PACTBOPHMOCTH penko GHBaer MAOCTATOYHO BENHKO, AJA TOro
4TO6H OCYINECTBHTH NOJHOE pasieledde B Xofe ONHOR ollepailud.
O6HuHO NPHXOAMTCA NMpPOBOAHTL APOGHYI0 KPHCTAJIHASAUHMIO, MpPO-
BECC 5TOT AAHTeJAbHEIR H TpyzoeMKull, K cHacThio, BeChMa AOCTYNHH
NpHPOZHKE ONTHYECKH aKTHBHHE OCHOBAHHSA, IMABHHM 06pasoM al-
KaJlouAH, M3 KOTOPHX NpHMeHAIoTCH GpynHuH, spefpHH, CTPHXHHH
k1 Mopduu, Ilocne pasmeneHHs conefi HETPYNHO BHEEGAHTL CBOGOR-
HYI0 KHCJIOTY, a pereHepHpyeMoOe OCHOBaHHe CHOBA HCIOJAB3OBATH.

B GoabmuHCTBe CAYyYaeB pasfesieHHI0 NMOABEPTaT KapGoHoBHE
KBCNOTH, H eClIH MOJIeKYJla He COIEPKHT KapOOoKCHABHYIO MpyNNy, ee
npeBpallalotT B KapGOHOBYI0 KHCAOTY Mepefl NONBITKOH pasjeneHHs.
Onxako nmpeBpaliieHde B AHacTepeOMeps He OrpaHHuUHBaeTCs peax-
UHAME KapOOHOBHIX KHCJOT; AN COYETaHUA C ONTHUECKH AKTHB-
HHMH peareHTaMH MOXHO HCMOJAB30BATL H APYTHe (YHKUHOHZ/bL-
Hble rpynns [76, 77]. PauemMnueckie OCHOBAHHS MOXHO HpeBpaTHTh
B JAHACTEpeOMepHHe cOAH peakiyeli ¢ axTHBHHMH KHCJAOTAMH,
CIHPTH NpeBpalllaioT B AMACTEpeOMepHHe caoxiHe shupu [78},
aNbieTHAN — B AnacTepeoMepHHe TMHApasoHH # 1. A. Haxe yrie-
BOFOPOAEl MOXKHO NPEeBPaTHTE B JHAcCTepeOMepHHe COSHMHEeRHS
BKJ/IIOYEHHS, HCIONL3YA MOUEBHHY, KOTOpasd XOTd H He XHpaJnHa, HO
HMeeT CTPYKTYpy kaerkn [79] Haa paspeienmsa cMecelt sHaHTHO-
MepHBX AJK4JbHHX H APHABHHX aMMOHHEBHX HOHOB GRJIH HCHOJIb-
30BaHH XHpaNbHHe KpayH-3(upH (pasa. 3.2), ofpasyloliue axac-
TepeoMepHHe koMmiaekeH [80]. B stom cayuae paspelenue ynpoma-
ercda 6aaroaapa TOMY, UTO OXHMH H3 AHACTEPeOMepoB MOXKeT 06paso-
BHIBATHCS 3HAUHTEAbHO OHcTpee Apyroro. rpasc-lluknookred (17)
Oula pasgeneH MYTeM NPeBpPaImeHHs] B KOMNJAEKC NJAATHHH, cojep-
Mawp oNTHYeCKH aKTHBHHA aMnuH (811

Hoaroe BpeMst caMuM paclpocTpaHeHHHM cnocofoM paspene-
HHA AHAcTepeoMepoB GHJa APOGHAS KPHCTAJIH3AUAA, OAHAKO 3TOT
npotiecc OYeHbL TPYAOEMKHEA # NpHMEHHM TOJLKO K TBEPALIM Belle-
cTBaM. OTH HEAOCTATKH CTHMYJARPOBANE NOHCKH HHBIX METOXOB.
Buna, B yactHOCTH, HCMOAB3OB2HA (PPAKLHOHHAS MeperoHxa, HO OHa
RaBajia HemoJiHOe pasnetenHe, Bodee ynoGHEMH OKa3aJHCh I'aso-
paa xpoMarorpadug [82] u npenapaTuBHas KHAKOCTHaZA XpoOMaTo-
rpadua [83]; Bo MHOTHX CJAyYasAX STH MeTOAB BHTECHHJH EpoGHYIO
KPHCTAMIH3AHIO, OCOOCHHO IIpH pasfiefeHHH MalbX KOJAHYeCTB
BelliecTB.

2. Hsbupareabroe nozaowientie. Ecan pameMuuecKylo CMecCh
OMECTHTh B XPOMATOrpadpaYecKYIo KOJOHKY, 3aNOAHEHHYIO XHPAJb-
HHMH BelNeCTBZMH, SHAHTHOMEDH ROJKHH INPOXOAHTHL 4epes Ko-
JIOHKY ¢ pasHHMH CKOPOCTAMH; TaKHM 00pa3oM, BOSHHKAET NPHHIH-
NHajgbHasl BO3MOKHOCT HX pasjeneHus 0es NpeppallleHHa B AHa-
crepeoMeprl. [TopoGHoe pasmencHre GHNO YCNEIIHO OCYHIECTBACHO



160 FAABA 4

¢ noMouibio GyMmakHOM, koJoHOuHOH, ToHKocaofiHo# [83a], razoBof
H KHRKOCTHOH xpoMmarorpaduu [84) Hampumep, paueMHyecKyio
MHHAAJABHYIO KHCJIOTY YAAJOCh PasfefnTh MOYTH NOJHOCTEIO KOJO-
HouHOR xpomatorpadueit Ha kpaxmaae [85]. HssectHo MHOre mpu-
MepOB pasfieNeHHs rasoBod H KHAKOCTHOM xpoMarorpaduelt Ha Ko-
JAOHKax ¢ xupaisHuiMH adcopbGeHTamu [86). Takne KONOHKH Temepn
BHINYCKAIOTCS NPOMHINIEHAOCTRIO, NPHYEM MOXHO NoAoGpaTh KO-
JICHKY AAA paslieleHHSA 3HAHTHOMEPOB onpejesieHHEX THROB COeNH-
HeHRi [R6a).

3. Buoxumusecxue npoyeccsi. B HeKOTOPHIX KHBHX OpraHH3MaXx
COAEPIKATCA XHpaJbHEE COCAHHEHHS, KOTOPHE MOFYT pearupoBaTh
€ KaXILM H3 SHAHTHOMEPOB ¢ passHYHOH ckopocThio. Hanpuwmep,
¢CTh SaKTepHH, yCBaHBAJOlLlHe TOJAbKO OAHH H3 JBYX SHAHTHOMEDOB,
[TpumenaMocTs GROXHMUYECKOTO pasfieficHHsA OrpaHHueHa HeobXo-
JHMOCTBIO HafiTH HOAXONAMHH OpraHH3M, a TAKXe TeM, UTO OfHHd
H3 SHAHTHOMEPOB PAa3pyllaeTca B XOfe Hpoliecca, OfHaKo GJaaro-
Baps HCKJIOYHTENbHOH CTEPEOCENEKTHBHOCTH BTOT MeToh obecmeun-
BAeT 0YeHh BLICOKYIO CTelleHb pasieseHus.

4. Mexanuuecxoe pasdesenue [87]. Mmenno stum Merozom Ila-
cTep AOKAa3ajd, yTC paiieMHYeCKAaA BHHHAg KHCAOTa B JefiCTBATENb-
HOCTH mpefcTaBasia cobofi cMecs (-+)- m (—)-nsomepos [88).
B caywae panemnyeckofi HaTpaiiaMMOHHeROH COJM BHHHON KHCJIOTH
SHAHTHOMEPH KPHCTAMJAH3YIOTCH PasAe/bHO — B ORHOM KpHCTAJAE
cobupaiores (- )-H30MepH, B ApYroM — (—)-usoMepH. Takue KpH-
CTaAJNH OTAHYAIOTCA I10 BHELIHEMY BHAY, TAK KaK KaXAHHA KpHcTaAl
HEeCOBMECTHM €O CBOHM 3epKAaJbHHIM H300paxKeHHeM; MOSTOMY ONHT-
HHA KpHeTajaorpad Moxer pasgeauTs Hx nuHuerom [89), Oxmaxo
TAaKOF0 pOAA KPHCTaAJH3AHKA CBOHCTBEHHA JIMIUL HEKOTOPHM coe-
JHHEHHSIM, TaK YTO NPAKTHYSCKH METON MeXaHHIeCKOro pasieneHnd
HenoJibsyerca peAko. Jaxke HatpufiaMMOHHEBAs COJMb BHHHOH Kuc-
JIOTH KPHCTANAH3YeTCA pasiellbHo TOJLKO NPH TeMneparype HHXe
27°C. Boace ymoGHOfl pasHOBHAHOCTHLIO STOTO MeTOAA, XOTA H He
cTapmieRl eme obumenpruATofl, ABAAeTcA NOCEB paleMHUECKOro. pa-
CTBOpA BMECTEe C 3aTPABKOM, BHI3HBAIOIIEH KPHCTANAHIAUHI® TONBKO
omHoro sHaHTHOMepa [90). HurepecHHM mpuMepoM MeXaHRYECKOIO
pasjeiieHHs ABHJIOCH BHAENeHHE renrarejuuneda (pasg. 4.2). Oaun
H3 SHAHTHOMEpPOB 5TOro COSNUHEHHA, KOTOpH, Kak oKasalocs,
HMeeT HeoGHYHO BHICOKYI0 BeAHuuHY BpameHns ([a]p®0=-+6200°),
CMOHTAHHO KpHCTalANR3yeTcA H3 Gensona [91], B caywae 1,17-auHad-
THJA ONTHYECKH AKTHBHEE KPHCTAMIR MOXKHO NOJYYHThL HPOCTO HPH
HarpeBaHHH NONHKPHCTANIHYECKOTO paleMHAYecKoro ofpasila cOeAn-
nenus apu 76-—150 °C. Tlpu sToM npoucxoZHT ¢a3zosoe H3MeHEHHe
¢ MepexofoM OJHOH KpHCTAANHYECKOH GopMu 3 apyryio [921 Cre-
AyeT oTMeTATH, uTO 1,1-mMHAQTHA — OAHO E3 EeMHOTHX COCAHHE-
HEH, KOTOpoe MOXHC pa3fe/HThL NHHUeToM no Merony Ilacrepa.
B mexoroprIX ciyuasx paspeNieHHe yiaercd OCYUIRCTBHTL SHAHTHO-
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CEJIEKTHBHON KpHCTaJJAH3aNHefi B NPHCYTCTBHH XHPaJARHHX A0Ga-
BOK [92a).

5. Hsbuparesvnan peaxyuonnas cnocobrocre, TocKoabKy cxo-
poCTh B3auMOAefiCTBHA SHAHTHOMEPOB ¢ XHPAaNbEHMH COSIHHe-
HHAMM PasiHYHA, HHOrAA YAaercsi OCYIIECTBHTh YACTHUHOe pasfe-
JIeHHe, OCTAHOBHE peakmyio AC ee 3aBepwiens [93]. Drtor Mertop
NOoZOGeH ACHMMETPHUSCKOMY CHHTE3Y, © KOTOPOM T'OBOPHJOCH
B pasx. 4.10. HarGoaece paxkuoll o6JacThi0 NPEMEHEHES TOTO Me-
Topa [94] siBAsieTca pasfeneHue paueMuueckuX ajakeHOB NpH ofpa-
GoTKe ONTHYECKH AKTHBHHM AHH3ONHHOKaM(HAGOpaHOM, HOO He3a-
MelleHHHe aJKeHH C TPYAOM NOANAITCA APeBpalIeRHIo B AHACTe-
peoMepHL.

4.12. OnThyecKan uyHcToTa [95)

IMpeanonoxuM, 9TO0 MK NONHTANHCH PA3AS]HTh palleMHIecKYIO
CMeCh OfHUM M3 BHIICOTHCAHHHX MeTOAOB. Kak ysuars, uto moay-
deHHHe 3RAHTHOMepH 9wHCTHe? Hanpumep, Kax yCTaHOBHTB, ¥TO
{+)-usoMep He aarpssHeH, ckameM, Ha 20 % (—)-HsoMepoM wniH
HaoGopoT? Ecay 68 MH 3HaAH BeNHUHHY {a] AJ1A 9HCTOrO Bellecrsa,
T. €. [olxaxc, MH MOTH Ol JIETKO ONpeAeNHTh YHCTOTY JAHHOTO 06-
pasua, usMepus ero BpameRre. Ecau, K npuMepy, [oluaxe= +80°,
a uccaenyeMHi Hamu (- )-sHanTHOMep coaepxkuT 20 % (—)-H3o-
Mepa, 10 BeJHUHHA [a] AnA wamero ofpasiua AOVIKHEA COCTABASTH
+48° [Qg]. Onrusecxaa wucrora onpefiedsercsa H3 CAEAYIOIHX COOT-
HOIIEHHBH:

onThueckas wHetora (%)= -2 . 100
[eduaxe

Ecan nprHATH ABEHEAHYI0 3aBHCHMOCTb BEJHIHHH [a] 0T XoHMEHTpa-
LMK, 9TO COpaBeJIHBO AAA GOJAbUIMHCTBA CAyYaeB, TO ONTHUeCKas
YHCTOTAa AOJAXHa OHTb paBHa H3GHTKY ORHOTG SHAHTHOMEpa IO
CPaBHERHIO C APYTHM, BHPAXKEHHOMY B IPOUCHTAX:

' [R] —(S]
on eCKas = =7 . 100 =
THY YHCTOTA = MPOLEHT H30HTKa R [5]
=% R—% S

Ho Toraa BosnmkaeT Bonpoc, KaK ONpefeNuTh BEAHUHHY [aluaxe.
OueBugHO, 4TO 3Hech HMEIOTC JBe POACTREHHHE NpPOGJEMH,
4 HMEHHO: KAKOBa ONTHYECKas YHCTOTA HAWIMX ABYX o6pasLos K
K&KOBA BEJHUMHA [Guaxc. ECAR pelnTL ONMH H3 5THX BONPOCOB, TG
Gyaer pewen H Apyroii. F3BecTHO HECKOJABKO METOIOB pemIeHHs.

Ozin H3 HHX OCHOBaH Ha HCIOJB3IOBAHHH CHeKTpocKonuu SIMP
[97]. IIpeanonioXHM, 9TO MBI HMeeM HepPALEMHUECKYIO CMeCh ABYX
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SHAHTHOMEPOB H XOTHM Y3HaTh HX COOTHoweHHe, C mMoMompo oll-
THYECKH YHCTOrO peareHTa NPEBPITHM STY CMECh B CMech AMACTe-
peoMepoB H paccMoTpuM ee SIMP-cmekTp, HanprMmep:

Me Me OMe
I’Il-—é-—NH, - Ph—C—NH—C—C—Ph
}'l Me I I

+ CI-——C—‘I':—-Ph — H
H i H OM¢é
O H
Ph—-(lz—ml, Ph~—C—NH—C—C—Ph
Me Me 0

B SIMP-cnekTpe HCXOAHON CMeCH Mbl AO/KAE GHAH OB HaGA0XATE
TOJILKO OAHH NHK OT METHALHHX NPOTOHOB (paciienAcHHHf py6saer
3a cyer B3auMojefictBHA ¢ C—H), Tak Kax sHaHTHOMEpH HMelOT
BAeHTHYHHe cnekTpu {98]. Ho ABa NpoH3BOAHRIX aMHAa yxe He fB-
AAIOTCA SHAHTHOMEPaMH, H KaXK/ad MeTHJIbHAA TPYifla faeT B chek-
Tpe CBOH coGCTBeHHRH AyOnet. Takum o6pazoM, OTROCHTENBHOE CO-
AepKaHKe ABYX AHACTEPEOMEPOB, a CIEeAOBATENbHO, H ABYX HcXoJ-
HHX 3HAHTHOMEPOB MONHO ORPEJAEAHTb NO HHTEHCHBHOCTH 3THX
curaanoB, TouHo Tak ke MOXHO HCIONBL30BATH HepaclienJeHHHE
CHrHAAbL MeToKCHrpymn. Meron GBI yCnelHO MPHMEHER S onpe-
AeNleHHA ONTHIECKOA uHCTOTH oOpasua l-peRnasTHAaMHHA (mOKa-
saHHoro BHie) [99] u B panme ppyrux cayuaes. OfHAKO 4acTo cOOT-
BeTCTBYWOIINE TPYNNL AHACTEPEOMEPHNX MOJIEKYJN HAaiT B CHeKTpe
SIMP curnanasi, pacnofOiKeHHHE CJAHITKOM OAH3KO APYTr K APYry
AJst TOro, 9To0W HX MOXKHO GHJIO pasjenHTb. B Takux ciayuasax npu-
6eraloT K APYroMy ONTHYECKH YHCTOMY peareHTy. AHAJNOTHYHHIM 06-
Pasom ucnosibayioTea cnektpu BC-SIMP [100].

HsBecren poicTBeHHBIA MeTOA, He TpeOyIONHHA NpeBpalmeHHs
SHAHTHOMEpPOB B IHacrepeomephl, OH ocHOBaH Ha TOM (pakTe, uTO
SAMP-cnieKTPH 9HAHTHOMEPOB 8 XUPAALNBIX PACTEOPUTEARX B NPHE-
LHile AQJIKAH OTIAMYATLCH. B HeKOTOPHX c/AyuasX CHrHaJHW AOcTa-
TOUHO pa3fiefieHdl, H N0 HX HHTEHCHBHOCTH MOXHO YCTaHOBHTH OTHO-
CHTEJbHOE COJepXXaHHe KaxJoro H3 sHaHruomepor [101). Ipyrofi
PA3HOBH/IHOCTBIO MeTONa, Zalollefi 3aYacTyio JydlllHe pe3yAbTaTH,
ABJIsieTc MCMOJAb3OBAHHE AXHPAJBHOTO pacTBOpHTeNs ¢ Kobasae-
HHeM XUpaAbROZO AARTAHOUOHOZ0 cO6u2AIONL20 PeazeNTa, HANDH-
Mep rpuc{3-rpudropoaueTnn-d-kampoparo)esponmsa(Iil)  [102).
CapHraomue peareHTH IPpYRNb JAaHTAHOHAOB 06JaRaiOT CBOACTBOM
ymaparp IMP-cHTRaAbI MOJIEKYH, ¢ KOTOPHMH OHH MOTYT o(paso-
BHBATh KOOPAMHALHOHHLIE COCAHHEHHS, HAlpUMep CNUPTOB, Kap6o-
HHJILHLIX COeJHHEHHH, aMHHOB H Jp.; IPH 3TOM CHTHaAH JBYX SHaH-
THOMEPOB CABHTAIOTCH HEOXHHAKOBO, '
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B npunuune cxoanmm ¢ SIMP-merosoM asaserca Meron ¢ Hc-
noab30BaHKEeM rasoBoifi xpomarorpadguu [103). Cmeck sHaHTHOME-
pOB, YHCTOTY KOTOPHX HYXXHO ONpefeNHThb, NPEBpallaloT B cMech
ABYX MHACTEPEOMEPOB € TOMOLUbI0 ONTHYECKH YHCTOFO PeareHTa.
JHacTepeoMephl pasaedsioT rasosoft xpomarorpaduesi (pasx, 4.11)
H NC NJAOHIAZAH MHKOB ONpPefeNsAloT HX COOTHOIIGHHe, a OTCIOAa H
COOTHOWIEHHEe HMCXOAHBIX SHAHTHOMEPOB, AHAJIOMHYHHM 00pasoM H
Gosee MIMPOKO TIpHMEHACTCH KHAKOCTHAA XpoMaTorpadua BHCOKOTO
naBaenna [104]. KpoMe Toro, a5 onpesieneHHs ONTHIECKOR YHCTOTH
OB HCNOAB30BAHBL rasoBas H KHAKOCTHAA XpoMaTorpagus Ha Ko-
JIOHKAaX ¢ XHPaMbHLIMH HamoJHHTensmH [105).

NUspectHn v xpyrie meroam [106], B Tom 4Hcie H3oTOMHOE pas-
Gapsenne [107), KuHeTHueckoe pasaeacHHe [108], wmpkynspHo
NOAAPU30BAHHAS JMIOMHHecHeHHs [109).

HHC — TPAHC-U3OMEPHSA

MoJiekynbl, B KOTOPHIX BpauleHHe BOKPYT OllHOH H3 cBA3eH orpa-
HHYEHO, MOTYT CYMIECTBOBATh B BHAE yuc- H Tparc-usomepos [110].
Takse coeAMHeHHS He BpPAILAOT NAOCKOCTE MOJSPH3ALKH cbBeTa
(ecau ToMbKO OHH cAyyadHO He OKA3HWBAWTCA XHPAALHHMH), H
CBOMiCTBA HX H30MepoB HenfeHTHuHH. [JlBa raapHux THna yuc—
TPAHC-H30OMEPHH NpefiCTaBJCHN COSAHHEHHAMH ¢ ABofiHO# cBA3bIO
H NHEJAHYeCKHMH coenHHenHaMn [111].

4,13, yuc — rpanc-N3omepus coeguteHnll ¢ NBOAHKMH CBA3AMH

Kak yake ropopuioch B pasn. 1.4, ABa atoma yraepoaa ABofiHOf
cBs3n C=C u ueTHipe aTOMa, HEMOCPEACTBEHHO ¢ HUMH CBA3aHHMe,
nexar B OJHOfi NAOCKOCTH, H BpalieHHe BOKPYT ABOitHOfi cBA3K 3a-
npeieHo. 3To 03HAYAET, 4TO B MOJAeKyhax obmerosraa WXC=CYZ
BO3MOXHa crepeonsomepus, ecin WX n Ys£Z. B Takux caysasx
KMEIOTCH B2 W TOAbKO nBa M3oMepa, Jk n E, kampuit u3 xoropux

w Y w
S
R/ L X Y
R E

COBMECTHM €O CBOMM 3epKalbHHM H30GpaxeHHEM, ¢CAH TOABKO ¢ay-
4yaliHO OJHa H3 rPynll He CORePXUT XHpaabHul UeHTP. [lo onpexe-
NeHHI0, XaHHOMY B pask. 4.9, J1 u E aBasioTca AnHacTepeoMepaMH.
CyurecTBylor ABa cnocoa HAHMEeHOBAaHWA TakHX H3omepon, Tpaun-
UHOHHO HX HA3HLIBAJH Hlc- H TPAHC-H3OMepaMH; Tak, npH W=Y coe-
Aunenue J1 naseiBaloT yuc-, a coepunenne E — rpanc-naomepoM.
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Bonee coBpeMeHHHE cnocof HaHMeROBaHMM, MPUMeHHMHA Ko BceM
ciyqasM, ocHoBaH Ha cHcreMe Kana — Huronsza — Hpesora
(pasa. 4.6), Jipa saMecTuTeNs NPH KaxKAOM aToMe yrjepofia pacmno-
JaraoT OO CTAPIIHHCTBY COTJACHO YCTAHOBJCHHLIM NPaBHJAAM MO-
caeoBaTeMbHOCTH, TOT H30Mep, B KOTOpOM MABe CTapiune rPYNNH
HAXOAATCA N0 OXHY CTOPOHY OT JBOHHOR 'CBASH, HA3KWBAWT Z-A30-
MepoM (OT HeM. zusammen — BMecTe); eCIH JBe CTapIoHe IPYNLl
HaXOAATCH NG pasHHe CTOPOHH OT ABOHHON cBH3IM, COeAHHEHHe HA-
auBaloT E-usoMepoM (oT HeM. entgegen — mpoTHBonoaoxko) [112].
Huxe npuBefieHo Heckoabko npuMepoB. Cheayer OTMeTHTh, 4TO

Me,C\ Ph Me )]; Me /CO()H (.{

s N N c—
c=¢ p, = £=€ c/

I-( AN /
NMe, Et H Me H
C—Et
/
Me
E Z 4 E E
k]| 32

Z-n30Mep HeolGAsaTeqbHO ABASETCA yuc-u3oMepoM (cM., Hanpumep,
coenunerns 31, 32). O6osnavenna Z v F 3anKCHBAIOTCI B Brme
nipedrKCcoB; HanpuMep, coenuHel e 32 cneayer HasBath (E)-1-
6poMo-1,2-AHXAOPOSTAH,

PaccMaTpupaeMbifi THN H3OMepHH BO3MOMKEH TAKKe AJs CoeAUHe-
Huii ¢ apyramu asofinsiMu ceazaMH: C=N{113]), N=N u naxe C=S5§
[114], xota B 3THX cayuasx aTOMH! NDPH ABOHHOW CBASE MMEOT
TOJILKO JABa WJAH TPH 3aMecTureds. J(Asa MMAHOB, OKCHMOB H APYTHX
coenuHeHrA co cBazpio C=N nomumo obosHazeHu#i-E B Z ncmodb-
3yI0Tca of03HAYEHNA CUH- U GHTY-} TAK, cOoefiywHeHne 33 MOXHO Ha-
38BaTh CHH-, a COcAKHeHHe 34 - anTu-H3oMepoM. B asocoenHeHHAX
TaKol OAHO3HAYHOCTH HeT, TaK, coefuHeHue 35 BcerAa cus- HWIH
Z-u30Mep He3aBHCHMO OT NpHpoAH rpyna W u Y.

w Y w w oy
N/ \ - W
=N =N = Ne=N
/ /N \
X X Y v
z E
3 3 35

Ecan mohexyldia cofepHT Oonee OfROA ABONHOM CBASH U €C/IH
¥y Kaxjaoft apofinok ceasw WX n Ys5Z, T0 4HC/I0 H30MEPOB, KaK



CTEPEOXHMHSA 165

npaeuio, pasHo 2* [115], ogHako B cilyiae OAHHAKOBHIX 3aMecTUTe-
Jefl OHO MeHbIlle, HaNPHEMep:

H H H CH, H CH
\ 2
\C= t'./ C=. / \c ___c/
CH C{-l \CH CH ch, M H C{I "
!\ / 4 3 J\ 2 \ 7 1
L= c\ L= c\ c=C
H H H H Cl-l,, Mu
WLC,LuC U ULLC, MPAHC UMW MDANC,ITPAHE WL
22 2,E EE

IIpr Ha/au9uu B MOMeKyJae RBOfIHOM CBA3M H aCHMMeTPHYeCKOro
aToMa yrijepofa BO3MOXKHO CYIIECTBOBaHHE UeTHPEX H30MEpOB:
Naph yuc-3HAHTHOMEPOB K Naphl TPARC-3RAHTHOMEPOB:

H\ /C;Hs Cz“s\ H H\C/Csz cz"s>:/|'| .
cH, cH,  H_ . M
\c=c/ \CH_‘ Cl-l,/ \c=c/ /C=C \CH3 CH, /C=
W H H CH, H H CH,
Z wru wuc-di-napa E wnu mpane-di-napa

Mounekyin, cofepxallide JPOAHYIO CBA3b B MAJIOM UNKJeE, Ha-
CTOJIBKO HanpsxKeHHHE, YTO CYLIECTBYIOT TOJBKO B yuc-HopMe; TaK,
HAUHHAS OT H3BECTHOH CHCTeMH IHKJIONPONEHA K A0 LHKJIOrenTeH&
ABOHHLE CBA3H HE MOFYT HaXOMMTECH B Tparc-kondopmanuu. On-
HaKO DUKJNOOKTEH HMeeT yiKe JOCTATOUHLIHA pasMep UMKAd, Jomyc-
KajolWM CYHIeCTBOBaHHE TRaHC-JBORBEIX cBsael E.CM. coeIHHeHHE
17), a B cityuae 10- nan 11-uaeHHBIX  LHKJIOB TPAHC-H30OMEPH OKa-
anBajorcA GoJsee ycToRumBeiMa [116],

HHoria BpallieHHe BOKPYr NPOCTOR CBA3H HACTOJBEKO 3aTOPMO-
WKEHO, YTO YAAETCA BHIAEJHTb {UC- M TPAHC-U30MEPH COEJRHHERHM,
He COflepXalnx ABOAHHX cBased. IIpuMepoM caymxur N-MeTHA-N-
GensnarHomesuThaug [117]; ero naomepwm 38 u 37 mpefcraeasior
cobofi ycTofUHBHE KPHCTaJMIHUeCKMe BellleCTBa, HO OHH IIpeTepre-

CH,
Ar\c p y, Me Ar\c y /CH;Ph
== | A r= CH)
s’ ey 7 “Me

36 37 CH,
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BalOT B3auMHOe NpeBpalleHte ¢ MePHOAOM pacnaga okoao 25 4 npH
b0 °C B CDCl;. Takofi THn H3OMEpHHE BCTPEYAeTCA pelKo; OH Hab-
AIOAAETCA TJIABHHIM O0pa3’oM AAA HEKOTOPDHX aMBJIOB H THOAMEHZAOB,
rfi¢ BOSMOXHO pe3cHaHCHOe B3auMmofeficTBHe ABYX dopM, c oZuHap-
HORl ¥ NBOMHOf CBA3LIO YIJIepoJ — asoT, 4T0 3aMelJisieT BpamieHHe
BOKpPYT 970l ¢BasH [34a), (Jpyrie mpHMepH OrpaHHYICHHOrO Bpalle-
HHA BOKPYT HPOCTHIX cBA3el cM. B pasa. 4.26.)

@D

R—C—N—R +——— R—C=N—R
jo [
s R Ss g

Byayuu puacrepeoMepaMH, {uc- B TPGNC-U30MEPH OTAHYAOTCS
0 CBOHM CBOACTBAM, NpHYEM pasAduHe MojeT GHTb OT OYEHBb Ma-
JOTO AC BechMa 3HAYHTENLHOTO. Tak, CBOHCTEA MANCGHHOBOR KHC-
JOTH HACTOJNbKO OTAMYHH oOT cBOHCTB ¢ymMapoBofi KHCAOTH
(Taba. 4.1), 4T0 He YAMBHTEJABHO, YTC OHH HMEIOT pa3HHe Ha3BaHHA.
Kak npaBuao, rparc-usomeps Gojiee CHMMETPHUHH, H NOTOMY OHH
of0HqHO HMelT GoJee BHCOKYK TeMIepaTypy IiaaBieHHA H Gonee
HH3KYI0 PacTBOPDHMOCTb B MHEPTHHIX PACTBOPUTENAX, UeM HuC-H30-
mepH. ITocnefiine xapakTepH3yioTcs G0JbRIeH BeJHYHHON TENAOTH
CrOpaHAsd, 4YTO YKAa3HBaeT Ha HX MEHbUIYIO TepMOXHMHUEeCKyio yc-
TolMHBOCTb. 3aMeTHO OTNHYaloTca H ApYrue chofictbBa, Takue, Kak
NJOTHOCTL, KHCJAOTHOCTb, TEMAEpAaTypa KHNEHHH, a TaKXKe CleKT-
paXbHbe XapaKTepHCTHKH;, ONHAKO NPUpPORA STHX Pa3NHMER cJaHIN-
KOM CJ/IOXHEA # He GydeT 3nech obcyxmathei. Caepyer IOAUEPKHYTD,
4TQ paccMaTpPHBaeMble B HACTOSIEM pasjedc NPHHAHAW He Goxee
uem O6LlMe NpaBHJA, K3 KOTOPHX H3IBECTHO MHOro HCKIIOUEHHH

[118].

Tabauya 4.1, Hexorophie ceoficrba manenropoit u diymaposofl kueaor

H H H COOH
\ / \ C/
/4 SN
HOOC COOH HOOC H
MIUTELHONLA KUCTRNTICL PYMTPOSLS KUC/OME
Ceofterea ManeHu0BAs KHCAOTA dyuapopan KUCACTA

Temneparypa nnasaewns, °C 130 286
PactsopiMocTe B Bofie TPE 788 7
25°C, r/a
K1 (npu 25 °C) 1,6-10-1 1.10-3
Ky (npn 25 °C) 2,6-10-7 3.10-8
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4.14. 4uc— rparc-Haomepna MOHONHKAMYECKMX COeAHHEeHWH

XoT® UHKJH, cOCTOsIIHE H3 YeTHpeX u §oJiee aTOMOB yriiepoaa,
K4K NpaBuNio, HenJocKkue (pasi. 4.22), B HacTOfIlleM pasjelie OHH
AJIA MpOCTOTH OYAYT pacCMATpHBATBHCA KaK IIOCKHE, TakK Kak
B 3TOM CAy4ae MOKHO onpeleldTb TOYHOe uHcA0 M3oMepor [119] u
HarasifiHee TMPEACTABHTL NPUHOHMNH, JeXallde B OCHOBe TAaKOro om-
penenenus (pasn. 4.20).

HaxngHe B MOJIeXYJe OHKJA, NOROGHO HaJHUHIQ ABONHHON cBA3N,
NpeAOTBpAallaeT BOSMOMKHOCTh CBOOOAHOrC BpauleHns. Ecau B iukae
HMeTCH JBa aToMa Yrjepoaa, KaXAHH H3 KOTOPHX 3aMellleH
JBYMs DasAMMHHIMH rpyNIaMH, BOSMOMKHO CYUIECTBOBAHRE HUC- H
TPANC-H30MepPOB, NpPHYEM 3TH AaTOMH YMIepoja HeoGasaTenbHO
JOJKHH HAXOAHTbCH B COCENIHHX MOJNOKEHAAX NHKJA, HanpuMep:

WY w2 w w

v \

b 4 XVy

—'Z Y
Kak » B cnyuae ABOAHHX cBasefl, saMectnrean W, Y u X, Z

MOryT OHTbL NONAapHO OAMHAKOBH, HO eciH WX n Zs=Y, HONXEH
CYINeCTBOBATh HiC- W TPGHC-H3OMepH, BaxkHoe oTJHYHE IHKJIAYE-
CKMX COEOHHEHHE OT coegHHeHHN ¢ ABOHHHMY CBA3AMH COCTOHT
B TOM, 4TO B NepBHX 3aMeilleHHHE AaTOMH Yrjaepoia XUpadabHH, 310
03HAUAET, YTO CYHMIECTBYIOT He TO.4bKe JBa H3oMepa. B HoubuumH-
cTBe cayyaes, Korga W=Xs:Ys:Z, UMeloTCA YeTHpe H30Mepa, TaK
KaK HH 44, HY TPGNC-H3OMEDPH He COBNAZAIOT CO CBOMMH 3€pPKAaJb-
HHIMH H300paxceHUAMH. DTO NOJOXKEHHe CIPaBeAJIHBO HE3aBHCHMO
OT pa3Mepa IHKAA U OT TOr0, KAKHE aTOMH YIJepOAa B LIUKJE 3aMe-
IeHH pasHHMH 3aMecTHTedAMM. HcknioueHHe cOCTABJAIOT HHKJIH
¢ YeTHHM 9YHCJIOM 4JIEHOR, B KOTOPHX XHpaJbHHE aTOMH YIJIepoja

PACHOCJIOXEHH HATIPOTHB APYT JPYra, 4TO HHBENHPYET XHPAJILHOCThL
MOJIEKYJIH B LIeJIOM, KAK, HANPHMep, B coeAHHeHHH 38. Caeayer ofT-

Me, (1.

&

H ™ Et
as
MeTHTE, TG B TAKHX COCAHHCHHAX HMEETCHA NJAOCKOCTE CHMMETPHH.

Ecan W=Y u X~=1Z, yuc-usoMep Bcerfa cOBMECTHM CO CBOHM 3ep-
KaJbHHM H305paXKEHHeM H TIOTOMY SIBJSETCH MESO-COSHTHHEHHEM,
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TOra Kak TPpawc-usoMep npencrasiser cobolt di-mapy, sa ucxao-
9eHHEeM YNOMAHYTOTO BHINE CAYIas.

X X
H H ) | Me Me H
Yuc-meso mpare-di-napa

3mech ONATH Ke YUc-H30Mep HMeeT IVIOCKOCTh CHMMETPHH, a TPARC-
H30Mep HeT,

AHasoruuise NPHAUANBLL PacCMOTpPeHHSA NPHMEHUMH H K TeM
UMKJaM, B KOTOPHX CORePIKHUTCA GoJiee ABYX PA3JIHYHO 3aMeHIeHHBIX
2TOMOB yraepoAa. B HeXOTOPHX ciaydasx OHIBaeT HeJAerkKo npeacka-
3aTh YHCAO H3oMepon [62), [as 3Toft uenH CTYHEHTY MOKHO peKo-
MEHAOBATb CJERYIOUIEA METOHA: MOACYHTATH YHCJAO 7 Pas3iHYHO 3a-
MeLIeHHHX aTOMOB yrilepoa (0GHYHO STO ACHMMETPHUECKHE ATOMH,
HO GHBAIOT H HCKJIIOYEHHA, HanpAMep coepuHenne 38), saTeM Hanu-
€aTh 2% CTPYKTYP H HCKJAIOWHTH U3 HX 9HCJAA Te, KOTOpHeE MOTyT Co-
BMeIaTbCsA APYT ¢ APYroM (AJas 3TOro Jerde Bcero HalTH nJaoc-
KOCTb CHMMeTpPHE). Takum cnoco60M MOXHO ONpeAesnts, uto 1,2,3-
UHKAOTEKCAHTPHOA COCTOHT H3 JBYX ME30-COeJHHeHHH K OaHOMH
dl-napu, a 1,2,3,4,5,6-reKcaxaopolUKAOreKCaH — H3 CEMH Me30-
coeAuHeRnA H oxHol dl-napu. IlpemocTapiideM CTYREHTY BO3MOXK-
HOCTb CZMOCTOATENbHO MOYNPAXKHATLCA B HAIIHCAHHH 3THX CTPYKTYD.

Ananoryuime NPHHLUMNE NPHMEHMMH H K reTepOLHKIAKYECKHM
COeHHEeHHAM, B KOTOPHX aTOMH Yriepona HJIH reTepOaTOMH COpep-
XKaT Ao ABA pasHHX 3aMeCcTHTed.

LIuKnHYeCKHe CTEPeOH3OMepHl, HMEIOIHE TOABKO ABA PA3AHYHO
3aMelleHHHX aTOMa YIJepoia, HAsHBAaIOT HUC- WAH TPARC-H3OMe-
paMH, Kak yKasHnBajoch paHee, Chcrema oGosuauennit Z, E mna
UHKAHYECKHX coeHHeHHA He Hcnoawsyercs. OaHaxo cnocol HanMe-
HOBAHHA HIOMEPOB LUUKIHYECKHX COeAMHeHHN, uMelomux foaee IBYX
pasiHIHo 3aMelleHHBX 2aTOMOB, TOJALKO ¢ NOMOLILIO NPHCTABOK YHC-
R TPasc-, HCNOAb30BABIIHECH A0 HegaBHero BpeMeHH, BHSHBAET PAK
Tpyavocteii. Hanpumep, coeannenre 39 MOXHO OAHO3HAYHO ONH-
caTh NPHUCTABKAMH HUuCHuc-, ORHAKO coeanHeRHe 40 MoXHo Ha-
3BaTh K KaK TPANC,TPAMC-, B KaK yuc,7panc-, JInf XApanbHEIX coe-
ZWHeHH{l BHIXOA MOMXKKO HafiTR, HCHOJR3YH cucTeMy RS aaa o6oaHa-

Me Me Me Me
H HO =0 Me
.X:
HO &0
Me Et
39

40 41 42
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YeHHA KaXKAOTO acCHMMETPHUECKOT0 aToMa Yr/iepoja, HO B ciayyasax
coeauHeHuRt, nogoGEHX 39 u 40, sTOoT CNOCOG HeMpHMEHHM, TAK Kak
4TOM YIAC€POAA B MOJOXKEHHH | He ABAfeTCH acCHMMETpUIECKHM, Pe-
WHTh 3TY Opo6AeMy MOXKHO, HCNOAB3YA CHCTEMY, IPH KOTOPOA KOH-
(purypauus KaXXRZOH rpynnu ONHMCLIBARETCA NO OTHOMEHHI0 K HEKO-
TOpOH 9TaNOHHON rpynmne, ofo3HauaeMofi cuMBoJioM r. B KayecTse
3TaJIOHHOA BHOHpAIOT IPYHNY, CBA3AHHYIC ¢ TeM UJAEHOM IUMKJA, KO-
TOpHHA HMeeT HaWMEHbLIHA NOPAAKOBHIA HOMEP CpPeAH aTOMOB, 3a-
MECTHTe/Ib NPH KOTOPHX OGYCJOBJAHBEET HalAHUHe {uC — TPARC-H3O0-
Mepun. Ilo sTofi cHcTeMe NpPHBeACHHHE BHINE COeAWHEHHA HA3H-
BalT CASAYIOIHM ofpazoM: ¢-3,0-5-IHMeTHNIHKIOTeKCaH-r-1-04
(39), #-3,i-5-auMernauukaorexcan-r-1-on (40) u ¢-3,i-5-KUMeTHI-
unKyorexcan-r-1-on (41). IlocneaHudl npUMep AEMOHCTPHPYET OAHO
NPABHNO: eCHH HMEIOTCH ABAa 3IKBHBAJEHTHHX CIOCO08 HyMepauHu
KO/bll2, BRIGHPAIOT TOT NYTh, MPH KOTOPOM NepBHI NMocJe 3TaJCH-
HOH rpyNNH 3aMecTHTeNb NoJydaer obosnaveHue yuc. Eme oaHo
NpHBEeJCHHOE BHINEe COGAHHEHHe, r-2,C-4-AUMETHA-{-6-9TuA-1,3-10-
okcaH (42), ABnfercd HpHMEpPOM CHCTEMH ¢ WeTKHM ORHOSHRUHHM
oboanaueHHeM.

4.15. yuc— rpanc- H30MepHA KOHACHCHPOBAHABIX HMKAHYECKUX
CHCTEM

EciiH HKAR cOWIeHEHH IO COCEAHHM aTOMaM, 0603HaAYeHHe H30-
MEPOB CTPOMTCA HA H3BECTHBIX NPHHUMNAX; TAK, COUJeHEHHe MOKeT
HMETDh Huc- WIH TPasc-KOHGHTypaUM©, KaK NOKasaHo Ha IpHMepe
4uc- v Tpasc-pexannna, ORHAKO, ec/iy LHKJ AOCTATOYHO MaJ, TPAKC-

o

wuc-FeNaeH mpaHC-GeNanuH

KOHGHrypanug HeBO3MOXKHA H MECTO COUJAEHeHHH JOJXKHC HMETD
yuc-popMy. HanMenbmaii pasmep HHKAA, BONYCKAIOIMA TPARC-KOH-
burypausio 5 COWIEHEHHH ¢ YETHIPEXUICHHBIM HHUKIOM, — 3T0 HATH-
yneHanf; Tak, GHN nNoaydyen Tpasc-6auukno[3.2.0lrentan (43)
[120]. OBa weThipexuAeHHLX KOHAEHCHPOBAHHHX 1IMKJA, T. €. OHIHK-
Ja0[2.2.0]-cucTeMa, H3BeCTHH TOJABKOG B yuc-popMe. B caywae 6u-

o >

OHKJHYECKON CHCTEMH ¢ TPexXUJeHHHIM HHKJIOM HAWMEHBUIHM IAK-
JAOM, AONYCKAKOMIHM TggRCc-COYNIeHEHHE, OHKAIHBACTCA MeCTHY/IASH-
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HH#l; u3pecTHH 6unukiao[4.1.0]-cacremu, Hanpumep 44 [121]. Tlpum
COUJIeHeHHK TPEeXU/JIeHHOT0 M BOCBMHUJIEHHOTO WHKJIOB TPARC-H30-~
MEpH YCTOffuHBee COOTBETCTBYIOIMEX guc-popm [122]
KonaeacapopaEHbie HUKH, coueHeHHbe He A0 COCeAHHM: aTo-
MaM, HashBaloT MocTuKostMu, Baarogaps ocoGeHHOCTAM MOCTHKO-
BLIX CTPYKTYp WHCJIO H30MePOB B HHX MOXKeT OHTb MeHblle deM 29,
Hanpumep, kaMmdopa (45) uMeer ToMwKo ABa usomepa (di-napy),
HeCMOTPS HA TO, 4TO B MOJEKy/Jde HMeWTCH ABA ACHMMETPHUECKHX
atoMa yraepoja. B o60HX H3oMepax MeTHJAbHHE TPYNnbl H aTOM BO-

Me M;I

Me

45

A0poAa HAXOZATCA B yuc-nojoxeHuH. CyllecTeOBaHHe ADYrof napui
SHAHTHOMEDOB ¢ TP@HC-KOH(HTypanHed B JAHHROM CAydYae HEBO3-
MOJHO, TAK K4K MOCTHK doAdten uMeTh yuc-KoHpurypauuio. Ecan
B OAHOM M3 MOCTHEOB MMeEeTCSI 3aMecTHTeNb, BO3SHHKaeT BOMPOC
O TOM, KaK HasHBaTh HaoMepHl. [losib3ylorTcs CASAYIODIHM OOHIHM
npasuaoM. Ecin ABa MOCTRKA, Ge3 ydera 3aMecTHTeMel, AMEIOT He-
OFMHAKOBYI0 MJHHY, TO SaMeCTHTeAb, pAacloJoXeHHHHE G6/aHKe
K Gosiee AMMMHOMY MOCTHKY, 0603HayaioT NMpHcTaBKo# 9ndo-, a sa-
MECTHTeJb, PACROJOKEHHRHA GMKe K KOPOTKOMY MOCTHKY, 0603Ha-
9210T NPHCTABKOH 9K30-, HApHMep:

i;OH ?H
H OH

INI0-Z-HODOOPHERS  SHOT-E~ EosT
3710 MpaBRMAO HeAb3® NPHMEHHTb K CAYJaAM, KOTAA JBa Moc-
THKd, 6€3 yyeTa 3aMeCTHTENEl, HMeIOT OAHHAKOBYI0 AJIHHY, HO eCAH
NpH 5TOM B OHMHOM H3 MOCTHKOB COAEPXETCH (YHKIHOHAABHAA
rpynna, To M3oMep, B KOTOPOM 3aMeCTHTelb PAacrnofioxen OiHxe
K 9Tofi Tpynme, MOXHO OGO3HAYHT: RPHCTABKOA snd0-, Hanmpumep:

Ha ECH, Cﬂ,fﬂ
o o

aHdo- T-memmur-  aN3o- T-mewnin-
Z~roprampopa & ~Hopramgopa
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4.18. Haomepna «HapyKy-—BHYTPb?

Ewe oaua THN crepeoH3OMEpPHH, HA3HBaeMOf H3OMepHel <«Ha-
pyxy — BRYTPE» (OT anra. out — in), Ha6moaaercs B cONAX TPHULUH-
KJIHYeCKMX AHaMHHOB C ATOMOM a30Ta B roiose Mocta. IIpn 2, [ u
m>6 ceasb N—H moxer pacnosararoes Au60 BHYTPH MOJEKyJAsAp-
HOH noJoCTH, AH60 CHapyXH, YTO MPHBOAHT K NOSABJEHHIO TPEX H30-
MepoB, MOKasaHHHX HHXKe:

ciy), CHy) (CH),
D AR X AR
Q(cu,),j Q(cn,},’j t(cu,),j

(CH,. (CH). (CHy),;
RIOMED  HAPYNCY - RPN HIOMBD | NEAPYANCY~OHYIIDE"  UIOMED , SHYTDS= BNy

L

Cummonc B Tlapk [123] Bufenunn HecKoabKo nOAOGHHX H30Me-
POB, B KOTODEIX YHCJIC 3BeHbeB &, [ m m BapbHpoBakock oT 6 zo 10.
B coexurenun, rie k=I/=m=9, noAocTb MOAEKYJAH AOCTATOYHO Be-
JHK2 H MOXET BMECTHTb XJOpPHA-HOH, CBA3aHHHIA ¢ AByMs Ipyn-
nama N—H Bogopoannmn cBasaMu. CoeauHenns, o6pasoBaHAbe
NOROOHKHM ©06pasoM, ABJAAIOTCH KPHNTATaMH, HO OBH OTJIHYAIOTCH
OT KPHNTATOB, PACCMOTPEHAHIX B pask, 3.2, TeM, 4T0 BKIIOYAIT He
TOJOXHTEABHEH, a OTpHUATEeAbHHA HoH [123a). Buao nokasawo,
4TO BHYTPEHHHE MOHOMNPOTOHHPOBAHHHE HOHB 0Gpasylor jaxe
4,4,4-coennnenus [[124]. HaoMepu <Hapyxy — BHYTPb® W <BHYTPb —
BHYTPb» NORYHeHH TakiKe AJA aHAJOTHYHBIX NOJHOCTHIO YrAEpoA-
HHX TPHUHKJHYECKHX cHcreM [124a).

4.17. DHaHTHOTONHLIE M XHACTEPEOTONHHE ATOMM, FPYNNH
H nosepxuoctH [125]

Msorie MOJeEyAbl COAEPXKAT aTOMH HAM TPYNAH, KOTOpHE Ka-
XYTCA 9KBHBaJeHTHHIMH, HO NIPH TUIaTeAbHOH npoeepke B AeficTBH-
TeNBHOCTH OKasHBaloTcA pasamyeuMH. [IpoBeputh, ABAFIOTCA JiH
ATOMB SKBHBAJIGHTHHIMH, MOMHO NYTeM NOCAELOBATEABHON 3aMeHH
X KaKHMH-HHGYAL APYTHMH aToMaMH HAHM rpynnami. Ecanm noay-
YeHHHE B Pe3yJbTaTe TAaKOTO 3aMelleHHs HOBHE MOJEKYAW OyayT
KAEHTHYHB, 3HAYHT, H HCXOAHHE aTOMW OLUIH SKBHBAJIEHTHH, H
Hao6opor. PasaHualor clepyiomue TpH cAyvas:

1. Jas manoHopoii kucaorn CH,(COOH)., nponana CH;Me,
H a06oi Apyrofi Moaekyas obmed gopmyan CHoY. [126] npu sa-
MeHe Ji000ro aroMa BOIOPONA METHJEHOBOR KOMIOHCHTH Ha
rpynny Z ntonyvaloTes HIEHTHUHHE COSAHHEHHS; 3TC 03HAYaerT, uTo
ABa aTOMa BOZOPOJa 9SKBHBAJNEHTHN OKBHBAJEHTHHE aTOMH H
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rPYINB, KCHEUHO, HeOGA3aTeNbHO AQIKHE GHTh PACIONCKENH NPH
OAKOM M TOM e aToMe yriepoaa. Hampuuep, B rekcaxaopoGensone
BCC aTOMH XJA0pa SKBHBaJGHTHH, TOUHO TAK ke B 1,3-zubpomonpo-
naHe SKBHBAJEHTHH ABA aToMa OpoMa.

. [pu 3amene ofnoro- u3 aToMoe sogopoxa CHa-rpynn B 5ta-
uwone CHaMeOH wua rpynny Z noayuaercs ofHE 3HAHTROMEP COeXH-
nenust ZCHMeOH (46), Torga xak npH 3aMeHe BTOPOro aroma BoO-
A0opoAa moxyqaeTcd Opyzod SHAHTHOMEP TOro Xe coeRMHeHrA (47).

P P P
Z H H H 'HXZ
46 47

[ockonsRy ABa coefiRHeHHS, Moayuawuinecss npu saMede H Ha Z
(46 u 47), He VJEHTHYHH, 2 PHAHTHOMEPHH, ATOMH BOAOPOAA B HC-
XOJHO! MOAEKy/Ne HeINsuearexTHst, TakHe aTOMH HJM TPYNIEL,
AgliHe NOpH 3aMelleHHH TpPeTbed TIpYNNoil SHaHTHOMEpH, HA3bI-
BalOT IHAHTUOTONHGIMU, B CHMMETPHYHOM OKPYXKeHHH TaKHe HBa
aToMa BOAOpPORa BeAYT ce0fl KaKk SKBRBAJNEHTHHE, HO B HeCHMMeT-
PHYHOM OKpYKeHHH OHH MOIYT BecTH ce6f no-pasuomy. Hanpumep,
IpH B3aHMOAEHCTBHH C XHpaJbAHIM pPeareATOM OHR MOTYT NMOZBep-
raTeCfl aTake ¢ DPA3JAHYHOR CKOPOCTBIO., IDT0 HMeEeT BaXkHefllee
3HaueHwe B (epMeHTaTHBHBX peakmuax [127), Tak kak depmeHTH
cnoco0HH K ropasao Goapwiedl crenenr aH¢pepeRmHanuu, ueM
06HYHHe XHpaJbHble pearedtH. IIpumepom cayxkur mHka KpeGea
B GHOAOTHYeCKHX 00beKTax, rae liaBejeBOYKCycRam Kncaora (48)
mpeBpalllaeTca B ¢-OKCOMIyTapoByio KHciory (50) uepes mocameno-
BAaTENbHOCTh TIpeBpallleHHA, BKAIOYAIOIHX MPOMEKYTOYHOe 0fpaso-
BaHMe AAMoHHON Kucaorit (49). Ilpu nposeleHun mpouecca ¢ Hia-

COOH 1 *COOR
4 $COOH i L
) CH; 2 I='=O
P po—d—coon e, Ly,
+ toon s ¢
COOH s COOH
48 49 50

BEJIEBOYKCYCHOR KHCIOTOH, MedeHHON H3oTonaMH ¥C .8 NosoXeHHR
C (4}, noayuarnot npoayxr 50, MeyeHHH} ToAbKO B onoxennn C (1),
HeCMOTPS Ha TO, UTO MPOMEXYTOUHOE coefHHeHHe 49 He XHpaALHO.
Hee rpynnu CH;COOH B 49 3HaHTROTONHH, H (EPMERT HX JIETKO
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aupdepenuapyer [128]. Crnenyer otMeTnTs, UTO B JM060H MOJexysae
obnieii popmynn CX,WY aroMu miam rpynna X sceria SHaHTHO-
TONHH, ecqH HE W, BHE Y He XApaJbHH; OAHAKO IHAHTHOTONMHHIE
ATOMH HJIH TPYNOE MOTYT HaXOAHTHECS H B APYTHX MOJEKYyJax, Ha-
npaMep aTOMH BOJOpPoAa B 3-¢ropo-3-xaopouukaonponede (51).
B atoM cnyuae npu saMemeHHH Bofzopofia rpynmofi Z atom C(3)
CTAHORHTCS ACHMMETPHUECKHM, NOSTOMY 3aMellleHHe B NOJOMKEeHHAX
C(1) u C(2) npurogHT K 06PA30BAHHIO SHAKTHOMEPOR,

H R

F o
51

CoendreHHe HJAM TPYNNy, KOTOpHe CORepPXKAT ABA SHAHTHOTON-
AHX aTOMa WiH rpynndl, Hanpumep CX.WY, HassiBaior npoxupanrs-
retau [129]. Atom wnu rpynny X, KOTOpHe A2I0T MPH 3aMeHe COeld-
HeHne R-KoH(QHTypauuH, ofosHaualoT npo-R, a KOTOpHe AAIOT Coe-
Judenue S-kordHrypauuH — npo-S, HanpaAMep:

HI
| ~H Ht anpo-S
H' = npo-R
HoY Ycho iad

3. Ecin na aroMa HJH ABe TPYNHH B MOJEKYJe PACHOMOKEHH
TakdM 06pasoM, 4To MNocAeioOBaTeNibHAf 3aMeHa KaXAOR W3 HHX
rpynno#l Z APHBOAHT K MOJYYEHHIO TUACTEPEOMEPOB, TO 3TH ATOMH
HAH TPYHNH HaselBalOT Juacrepeorontvimu. Ilpamepom cayxur
rpymma CH B 2-xsopo6yrane (52) m xaopouukaonponane (63),
a TaKxe ZBa oJe(pHHOBHIX atoMa BOAOpoAa B coeiunennn 54. Ot-
METHM, 4YTO B coefuHeHMH 53 oguu aToM Bojopoia rpynmu CHo
HAXOAMTCH B {UC-TIONOKEHHH K ATOMY XJ0pa, a Apyrofi — B rpanc-
NOMOXKEHHH, YTO AehaeT HX pas3inyRe odeBHAHHIM. Humacrepeoron-

CH

“ (I: ’H o H CHFC
I all u

cr-(l:—ﬂ
CH, H H H H
52 53 54

Hble aTOMBl MJAH TPYNNH OTMYaiOTCHs APYr OT Apyra B JOGOM
OKDYXEeHHH, KaK XHPAJbHOM, TaK B axupanbHoM. Takme aTOMu BO-
HAOPOAA PEATHPYIOT ¢ PASAMYHON CKOPOCTBID ¢ AXMPAaJbHHMH pea-
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reHTaMu; eHle GoJiee BAXHON HX OCOGGHHOCTRIO ABJAAETCA PA3HIHE
SIMP-cnekTpoB, B KOTOPHX JHACTEPEOTONHLIE NPOTOHE TEOPETH-
YeCKH AOJKHH AaBaTh pasHble CHrHaJbl, pacllenjieHAse 3a cYeT
CNHH-CTHHOBOTO B3aHMOJAEHCTBHS ADYr ¢ ApyroM. DT0 pesko OTiH-
YaeT HX OT SKBHBA/JEHTHHX HJH SHaHTHOTONHHX aTOMOB BOAOPOAA,
KOTOpHe HepasninuHMH B IMP-cnexTpax, 3a HCK/AIOUeHHEM TeX Chy-
YaeB, KOTAA HCIOAB3YETCA XHPAAbHHHA PACTBOPHTENb; B IOCJEXHEM
¢liy9ae SHAHTHOTONHHE, HO He SKBHBAJIGHTHbIE NPOTOHH AAI0T pas-
HHe curHaas [130). AToMun Bomopoja, HepasAHUEMHE B cNeKTpax
SIMP, nasmBalor usoxporsoisu [131]. Ha npakTeKe, ogHako, cur-
HaJB OT AHACTEPEOTONHHIX NMPOTOHOB 4ACTO GHBAIOT HEPa3AMUHMBI,
HCO NPHYHHA STOTO 3AKJIOYAETCA TOJABKO B TOM, 4TO OHH O4YeHb
6/K3KO pacnoNoKeHH ApYyr kK Apyry. TeopeTHuecKw OHHM paaniu-
YHMH, H BO MHOIHX CJIYYafiXx yAaeTcs AOOHTbCH HX paspelleHHd.
C 510 LeAbKd HCMOMNB3YIOTCH JIAHTAHOHOHHE CABHTAIONIHE pea-
reatn [132]) (pasgp. 4.12), H3MeHeHMe KOHUEHTPaUHH wiaH noxbop-
pacreopureniel. CiegyeT NoA4epKHYTb, 4TO aTOMH HJAH rpynoel X
B MoJexynaax tuna CH:WY amactepeotonsd, ecin W wam Y xu-
pasibHH,

To4HO TaK e KaK pas/igvyaloT 3HAHTHOTONHKE HJH JHACTepeo-
TONHBIE ATOMH H TPYNOH, MOXHO pAa3fiHUHTb SHAHTUOTORHOIE UAL
QuacrepeoTOnKble NOBEPXHOCTU, UIH CTOPOHH B TPHIOHAMABLHHX MO-
JeKyJaax. 3xech TAKXKe HMeeTCH TPH caydas:

l. Das dpopmannpernna nin anerona (55) artaxa axupaabHem
peareHToM A ¢ mo6oli CTOPOHH MOJNEKYJAH IPHBOAHT K OAHOMY H

TOMY e NPOAYKTY; TaKHM 06pa3oM, Ase NOBEPXHOCTH B MOJEKYJe
SKBHBAJIEHTHHL.

2. B 6yramcHe unu aneraibjerufie (56) araka axmpalbHEIM
peareETOM A ¢ OIHOH M3 CTOPOH NPHBOZHT K MEPEXOLHOMY COCTOS-
HHAI0O H NPOAYKTY, KOTOpPHE SBJSIOTCS 3HAHRTHOMEPAMH COOTBETCT-
BYIOIIHX COeAHHeHHH, 06pasylOmuXes NPH aTake ¢ APYroft CTOPOHH
HOBEPXHOCTH HCXORHOM MOJNEKYJH. Takme NOBEPXHOCTH HA3HBAKOT
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sHaHTHOTONHEIMH. Kak Onyio nokasaHo B pasa. 4.3, npu atoM
HoMXkHa oGpasoBaTbes paueMHuecKan cMecs. OfHAKO NpPH aTake
3HAHTHOTONHOHK MOBEPXHOCTH XHPAJbLHHIM DEATeHTOM O08pasylTes
AuactepeoMepsl, HO He B PABHHX KOJHYECTBAX.

3. B cayuae Mosekys, nogobHEx §7, cOBEpPIIEHHO OYEBHAHO, 4TO
ABe NMOBEPXHOCTH He SKBHBAJCHTHB; TAKHE MIOBEPXHOCTH HASHBAIOT
RHACTEPEOTONHEMH. JHAHTHOTONHEE H JHACTEPEOTONHBIE NOBEpX-

/Me

H ¢
L

/C'\ 0
Ph  Me
s7

HOCTH MOXHO 0O003HawaTh, M[OAB3YACH paclIMpeHHONf CcHCTeMOil
Kana — Harosnsaa — [penora [129]. Ecoiu Tpu rpynne B coorper-
CTBHH C NpaBHJaMH NOCJAEAOBaTENIbHOCTH BBICTPAHBAIOTCH B MO-
paaxe X>Y>Z, 10 NOBEPXHOCTb, B KOTOPOH 3TH IPYNNH OKA3H-
BAIOTCS PaclnoNOKeHHHMH NO 4acoBof cTpeike (Kak B dopmyae
)K), o6o3navaioT Kak Re-moBepXHocThk (oT naT, rectus —mnpabuif);
NIOREPXHOCTh, TAE FPYNNH PACHONAralOTCA NPOTHB YacOROH CTPENKH
{kak B popuyse 3), 0603HaYalOT KAK Si-moBepxHOCTh (OT JAaT.
sinister — Jepsiit).

©oY
X
W a8

st SHAHTHOTONHHX H AHACTEPEOTONHBIX ATOMOB, TPYNN H MO~
BEPXHOCTeH GBIA NPEANOKeH TepMHH cTepeozereporontisie [133). Tlo
3TOA TePMHHOJNIOTHH 3KBHBaJeHTHHE aTOMHB, TPYNIH H NOBEPXHOCTH
Ha3HBRIOT 20MOTONHOIME,

4.18. Crepeocnenududecknii U crepeoceNeKTHBHHIH CHHTES

JH06y10 peakuMio, IPH KOTOPOA HCKAIUHTENLHO HIH APeimou-
THTEJAbHO 06pa3yeTcs TOABKO OfHH H3 BO3MOXHHX CTEPEOH30MEPOB,
HasHBaWT crepeocesexTuanvim cunresom [134]. Tor ke TepMuH
ynotpe6aserca, KOrZa H3 OJHHX CTEPEOH3IOMEPOB HCKJAIOMHTENLHO
HJIH NpeHMyUlecTBeHHO ofpasyeTcst cMeCh ABYX HJH HECKOJbKHX
APYTHX cTepeoH3oMepoB. PeaKllHW, NPH KOTOPHIX H3 AaHHOrC H30-
Mepa o6pasyercs OAMH NPOAYKT, B TO BpeMs KAK H3 APYroro M3o-
Mepa ofpasyeTcd IPOTHBONOJOXHBIH NMPOAYKT, HAIWBAKT CTepeo-
cneyuduveckumu. Bee crepeocnennduneckne peakiun 06a3aTeNbHO
CTEPEOCEACKTUBHE, TOTA2 KaK o6paTHOe YTBEPIKICHHE HeBepHoO,
[TpuBeacHHbIE NOHATHA JyHINE BCEro NPCHIVIIOCTPHPOBATh HPHMe-
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pamu. Tax, npu o6paGoTke GpPOMOM MaJeHHOBast KHCJOTA AAeT
2,3-AHGPOMOSIHTAPHYIO KHCHOTY B Bulle di-napd, a gymaposas K-
cJ0Ta A4eT TOT Xe NPOAYKT B BHAE #e30-DOpMH; 3Ta PEaKlBs CcTe-
peocneunduuHa, a TaKke CTEPEOCe/IeKTHBHA, TAK KaK Asa NpOTHBO-
MOJOKHHX H30Mepa AAloT ABa HOBHX NPOTHBOMOMONKHLIX H3OMepa:

H_ _COOH HOOC, _H
H H
\C=C/ LN /m_f; + Br Br
/N
Hooc cooH H~ "COOH HOOC  "H
HOOC_ H
H\ COOH
cgcl ....s_'L...p Br Br
wood M
H CooH

Onuako, ecau GH ¥ MaJeuHoBas, B (pyMapoBasd KHCNOTH NaBajH
6u di-napy uam cMech ¢ npeoSnaganueM di-maph, peaxkuHs GHIA
GH cTepeoceeKTHRHOM, HO He crepeocnenddprynon. Ecau Ou B kax-
JoM chydae O6pa3oBHBaJHCh TOYTH paBHHe KojudectBa di-
Me30-hopM, peaxius He Onaa OH cTepeocedekTHBHOH. TaxuM 06-
pasoM, eClH NPOBOAHTh PEAKHHIO € COSAHHEHHeM, He HMCIOLIHM
CTEPEOH30MePOR, OBa HE MOXeT OHTH crepeochelndpHyNO, HO B AYyY-
uleM clIydae MoXeT OHTh cTepeocenexTBRHOA. Hanpumep, npucoe-
AHHeHHe GpoMa K MeTHAaueTHJAeHY MoNIo Obi NMpHBECTH (¥ mMpHBO-
JRHUT) K HPEeHMYILECTBEHHOMY oGpa3oBaHHIO Tpaxc-1,2-ARGpoMonpo-
NeHa, HO 3Ta pPeaKUMs MOXKeT OHTh TOABKO CTepeoCeNeKTHRHOMN, HO
re crepeocnennduunofl. K coXalleHHio, TepMHH «CTepeocmenndpuy-
HOCTL® HHOTAQ HCHONB3YETCHS B JHTEPATYpE B TeX clydasx, Koraa
' NOApa3syMeBAETCA CTepeOCeIeKTHBHOCTD.

KOH®OPMALLMOHHBIA AHAJIH3

Ecxan apa TpexMepHHX HaGopa arOMOB B MOJeKyJe MOTYT mpe-
TepneBath B3aHMHOE lIpeBpallleHHe TOJNBKO NyTeM cBoGoAaHOro Bpa-
INeHHA BOKPYr CBfizefl, MX HA3HBAIOT KOHPOPMAYUAMU, B NPOTHSB-
HOM cJyuae JBa Ha(opa aTOMOB Ha3HBAIOT Koxguzypayusmu [135].
Kondrrypaunusam cOOTBETCTBYIOT U30OMEpPL!, KOTOPHE MOXKHO pasie-
NHTE PacCMOTPeHHHIMM BHINe MerofaMH. KondopmaliusiM coorset-
CTBYIOT KOH{pOpMepsl, XoTOpHe OHLICTPO INpeBpamlaloTcs  ApYyr
8 ApPyra H He HOARalOTCH pasiedenHIo. BMecto Tepmuua <«koHdpop-
Mep» HHOrAA NOAB3YIOTCA TepMUHAMY «KOH(POPMAUHOHHBA H30Mep»
H «poTamep». M3BecTHO MHOI'O METOACB ONpeAeieHHs KoHdopMa-
uuit [136], B TOM yHC/e peHTreHOCTPYKTYPHHIA aHaaus u Andparuns
aaextponos, UK-, KP-, Y®-, IMP- [137} u mBKpoBONHOBas cHex-
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tpockonus [138], ¢orosnekTpoHHan cnexrpockonua [139)], amcmep-
CUA ONTHYECKOTO BpalleHus H KpyroBoit Zuxpomnam [140]. Hekroro-
phie H3 3THX MeTOAOB NPHIrOAHH TOJIbKO LA TBEPAMX 06pasnos.
Cnepyer uMerh B BHAY, YTO B TBEPHOM COCTOAHAH KOH(pOpManHs
MOJIEKYJIb MOXET OTIHYAThCH OT ee KondopManuu B pactBope {141}

4.19. KondopMauHn cHCTEM ¢ OTKPHTOR Henhio

HOasn mioGokt oauBapHOK CBASH B OTKPHTOR uend, coefHHsIONed
ABa sp*-aToMa yraepoAa, BO3MOXKHO OeCKOHEYHOe MHOMECTBO KOH-
dopmanuli, Kaxpan H3 KOTOPEIX XapaKTepHsyercs onpepeieHHoll
Be/HunHOf 3Heprun. Jna artaHa, HanpuMep, CYHIECTBYIOT ABe Kpal-
HHe KoH(opManHu ¢ MHHRMAJbHOH B MAaKCHMaJbHOR MOTEeHIHAJb-
moft sHepruefi, x MmoxHo npeacraBuTh (opmysame 58 B 59 uam
npoexyuamy Heotomena 60 u 81. B nocnegueM cayuyae HalGaiogareib
cMOTpHT Ha cBasb C—C cBepXy; TpH AHHHH, BHXOZALIAE U3 UHeHTPa
Kpyra, cooTBeTcTBYOT cBAsaM C—H Oamxe naxopsierocs K Ha-
OnlofaTenlo aToMa yriepoga.

X A

59
JCUTTDMOIKENROS  MEMONENROA qA  SACTOHEHME SN
NONGOPHALEA — NORGopMay IPMEUULS  KONGODMOLILS

3aTopmoxeddan Kondbopmanas B stare (58 miu 60) mmeer mu.
HEMaJBEYIO TOTeHUMaNbEYI0 dHepruio. [Ipa BpallieHnH BOKPYT CBASU

flomeniiansion INepEUN

[ INL NS

i L]
g & 120 8y 240 00 360
Topeuowwsiiz yean, gpad

Puc. 43. Huarpamma noTeRuHaALHON SHEPIHH kondopuaunlt srama.
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C—C sHeprus NOCTENEHHO BO3pACTaeT H CTAHOBHTCH MAKCHMAJILHON
B 3acjoHeHHON ¥oRdopMauun (59 mau 61). [lpu panvuedimem Bpa-
IleHHH SHePTHA CHOBA yMeHblaercsi. Ha pue. 4.3 mokasaHo mame-
HeHHe NOTEHLHAJBHOH SHEPrHE B 3aBHCHMOCTH OT TOPCUOHHO20
yeaa, MR YIJa KPYYeHHS; 3TOT YToJl COOTBETCTBYET ABYTPaHHOMY
yriy Mexay nxockoctamu XCC n CCY:

PasHocTh sHepruit apyx KpaitHHX Kou¢popMaluii sTaHa COCTaB-
Jaser okono 2,9 kkaa/Moan [142]; a1y pasnocTh HA3HBAIOT SHepee-
ruskeckum Gapvepor. Ipu cpoGoAHOM BpallleHHR BOKPYr NPOCTOR
CBSI3H BeJHYHHA BpalaTeNbHOA SHEPrHH AOMKHZ OHTH AOCTATOY-
HO#l ans Toro, YToGh IpEOAOJEBATL SHepreTAYecKHA Gaphep Kax-
AHii pas, KOrZa aTOMH BOAOPOAA pacloJaraloTesi APYr NpOTHB
Apyra. Jienanoch MHOTO HPeXNOJNOMXEHHR © NPHPOAe SHepreTHde-
¢Koro Gapbepa B NONLTOK e¢ 0ObACHUTL [143]. Pactern no Mertoay
MOJIeKyAsipHEX opbuTanell mMoKasHBaloOT, uTO 6aphep BO3HHKAeT 3a
cyeT OTTAJKHBAHHA MNEPEKPHBAIOIMXC 3AMOJAHEHHHX MOJIeKyIsAp-
Huix opGutanel [143a). Ecnu 3To Tak, T0 MUHMMAJNbHAas 3HEPrEdA
sraHa B KoHpopmanuH 58 oObiACHAeTcs] HaHMEHBINHM NEpeKPHIBA-
HHeM Mexay opGuranamu C—H-ceszefi cocelHHX aTOMOB yrieposa.

[Ipr ofbuHHIX TemhepaTypax BpalllaTeJibHas SHEPrHA MoJje-
KyJH 3TaHa JOCTATOMHA AJA OHICTPOro BpallleHHs BOKPYr CBH3H
C—C, x0Ta 6OMBIIYIO YaCTh BPEMEHH MOJeEKy/Ja HaXOAHTCH BOGAH3A
MUHUMYMa SHeprud. C yBequueHueM o0beMa 3aMecTHTeJell sHepre-
THYecKuit Gapeep BoOspacraer. Eci OH JMOCTATOUHO BEJIHK, Kak
B CAydae 3aMeleHHHX AndennnoB (pasa. 4.2), BpalleHHe NP KOM-
HaTHOH TeMmnepaType NOJHOCTBIO HCKIIOUEHO, H TOrAa peub HieT He
o kondopMauusx, a o kKoHpurypaumsix. OxnaxjieHHe MO HHIKHX
TeMNnepaTyp MOXKeT HACTONbKO YMEHbIIHTb BPAIATE]bHYIO SHEPTHIO,
4TO AazKe COeJHHEHHS ¢ MaJHME GapbepaMH BPAIleHHS CTAHOBATCH
He KOH(POPMaNHOHHHIME, a KOHMDKrypaLMOHHHMH H30MepaMH.

Heckospko Goaee cAOKHHR N0 CpaBHEHHIO ¢ 3TAHOM CJayuad
npeacraeiagior 1,2-amsamemiensne sTaHN  (YCH,—CH.Y wuam

CH,—CH:X) [144]. Hanpmmep, x#-GyTaH uMeeT uerhipe KpafiHHe
KOH(GODMAIHK: MOJHOCTBIO 3aTOPMOXKEHHYIO, Ha3LBaeMylo awnTu-,
HI4 arTu-nepunaaraprod, xoudopmayued (62), eme oguy satop-
MOXKeHHYIO, HA3HBAEMYIO 204i-, HIU CUH-KAUHAABbHOY, KroH{poOpMa-
uuedl (64), n a8e sac/AoOHeHHHE KOHPOPMALHH: CUH-REPUAAARAPHYIO
(65) n anru-xrunasenyro (63). IuarpaMma moteHuuaabHOfl sHep-
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omeNuRorsian aRepeus

1 1 1
o 0 120 180 240, 300 a0
Topeuannent year, spad

Puc. 4.4, laarpanMa noTeEnHanbHoli aHepran koHGopManuit cucreM YCHy—CHsY
gan YCH—CH:X,
Jna k-6yrana AE=m{i—8, AE;=(8 B AE=~3,4 KHad/Modb.

THH 3TOR CHCTeMH NOKa3aHa Ha phc. 4.4. XoTs HMeeT MecTo HO-
CTOAHHOE BpalleHHe BOKPYr uenTpanabiofi C—C-cBA3H, MOXHO yC-

H CH
R H H CH, 3
H7 ™cH H7 H
H H H H H H H H
{4

awim- W NI KR HEITSRES 20UL= WA CHN-MEPUTIANEPHER
QU REPUINENGPHGR  HORQODMAL LR CUN-HITUHRIBHES — NONGORMALILS
NOMPORMALILLS KONPOPMAKHLR
62 . 63 64 [ 4]

TAHOBHTb, KaKOf NMPOUEHT MOJeKy/ B AaHHHA MOMEHT BpeMeHH Ha-
XOAUTCA B Tolt WiIH HHON Konpopmanuu. Hanpumep, namepenus
TONAPH3YEMOCTH K JHNOJIBHEX MOMeHTOB 1,2-auxsopostaHa B pac-
tBope CCly npu 25°C mokasaau, uto coepunenue ma 70 %, cocrour
H3 MOJEKYJ B anru-kondopMauun u Ha 30 % u3 Moaekyn, B 2owi-
kondopmanuu [145). Jna 1,2-auépoMostana poas auTu-KOHGOpMa-
ouk cocrasaser 89 %, a eow-rondopmauuun — 11 %, [146). 3acao-
HeHHBle KOH(OpMalHH He3aceJeHHHe H CJAYKAT TOJbKO A Nepe-
X0fa OoT ofHOH 3aTOpMOXKeHHOR KoHpoOpMauuk K mpyrodl. B TBep-
JAOM COCTOSHUK OGHUHO CYIIECTBYET TOJBKO OAHH M3 KoH(popMepoB.

eow-KondopManus 6yrada (64) W cXOAHBIX MOJEKY] XHpaJbHA.
OT1cyTeTBHE ONTHYECKOi AKTHBHOCTH B TAKHX COSAHHEHHAX 06bsC-
HAeTCA TeM, 4TO MoJekyaa THHa 64 u ee 3epkaabHoe H30GparKeHHe
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BCEerAa NPECYTCTBYIOT B paBHHIX KOAHYECTBAX H INperepuneBalT
oueHb GHCTpOE B3AHMHOE NpPeBpallcHHe,

Ias Gyrama u GonbMIHHCTBA JAPYTHX MOJEKya ofuiero sHAaa
YCHg--CH;Y uw YCH,—CH:X mag6onee YCTOHUHBHIM SBJISETCH
GHTH-KOH(OPMED, OZHAKO H3BECTHH K HEKOTOPHE HCKJAIYEHHS.
K uum nmpexpe BCero OTHOCATCH MOMEKYJAH, COAEpKALIHE TAKHE
3/IeKTPOOTPHIATEIbHEIE ATOMH, Kak §rop H KHcaopoA. Tax, 2-gro-
posraHoa [147), 1,2-audproposran [148] u 2-PproposTraTpuxiopoane-
tar (FCHsCH;OCOCCIls) [149] cyuiecrBYRT NpeHMYINSCTBEHHO
B 2out-popme; 3Ta PopMa OKaSHBAETCH (PEANOYTHTENLHOH B AAA
TaKuX coefHHeHHA, kak 2-xxopo- H 2-Gpomostanoan [147]). Obine-
IPHHNATOrO OGBSCHSHHS STOMY SIBLCHHIO mMoKa He HafimeHo [150].
Bhickasnipanioch npeanoaoxenue, 4o B 2-(hTopoaTaHoNe 20ui-KOH-
dopmauus BuiroAHa Graroxaps BHYTPHMOJEKYNAPHEIM BOXCPOIAHKIM
CBA3AM, HO 3T0 O0bACHeHHE He MOAXOMHT AJIS MOJEKYJ, MOROGHEX
2—tp-roposmm~lpnmo oanerarty, Aa H nas 2-droposraHosa oHO GbLLIO
orseprayto [151]. MsBectHH u Apyrie HCKIIOUEHHHA, KacaolIKECSH .
MOJIeKyJl, Be COofepKallix S/eKTPOOTPHIATEIbHEX aTOMOB BTOPOTO
nepuopa. Tax, aas 1,1,2,2-trerpaxaopostana u 1,1,2,2-rerpatpoMo-
3TaH4 NPEANOUTHTENbHRMH SBASIOTCA 2ou-KoHbopMauau {152],
TOTAA KakK B caydae 1,1,22-rerpadroposraHa npeobnajaer awrh-
dopma [103]. Hna 2,3-nuMerHamenTaHa M 3,4-AuMeTHJreXcaHa
TakKe NpeANOYTHTENbHA 20t4-RoHGopManus [154], a 2,3-aumeTnn-
GyTaH He NpORBJAeT NpeRNOYTeRHN K KakoH-AHOGO H3 KOHGpOpMA-
nu# [156). :

Bce paccmoTpennsie Bhlle KOH(OpMauua oGycOBJIEHH Bpalle-
HieM BOXpyr cBfisu sp®-——spi. TlpoBoaunoch Taxxke n3yueHHEe COSAU-
HeHHit co cea3aMH sp3—sp? [156]. HanpuMep, nponuoHoBHf anbge-
rHA H CXOJHHeE COeAHHEHHS HMEIOT ueThipe KpadAHHe KOH(pOpMaUHH,
ABE 3QCAONEHHbIe H .JBe paccedensvie, NPHIEM AN NPOIMHOHOBOTO
agbAerdia B 3ac/OHEHHHX KOH()OpPMAUHAX SHEPrH MHHHMAJbHE;
TaK, BHHIPHII SHeprun B XoHdopmauuu 66 no cpasuenuio ¢ 67 co-
cTasasger okono 900 kaa/moap [157). Kak yme oTMeuanoch
B pasa. 4.13, X0TA B NPOCTHX COCKMHEHHAX BpaIUeHHe OYeHb OH-
CTPOE, B HEKOTOPHIX H3 NPHBEAEHHHX COSAHHEHHH OHO AOCTATOMHO
MeAJeHHOe, 9TOOM HucC- H TPANC-HSOMEPH MOrJIH CYLIeCTBOBATD.
Hanpumep, Gapbep BpauleHu® B aUeTajblerdfic TNOYTH Ha
1 kkan/monb HHiKe, UeM B 3TaHe [158).

Me © H o Me HoO HHoO
S ¥ ~
H H H H H Me H
JECTONERHOR JUACNONERRA ST PORCCCHENHOR POCCOYCHRAST
«om?‘qnm xompop:?um ROHPODMALLLST NONPOPMOLLsT
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4.20. Kondopmanuy umecTHINCHHBX IAKAOB [159]

Ecnm 66 Bce mecTh YIVIEPOAHEIX aTOMOB HMHERJIOreKCaHa JeXalH
B OAHO# NIOCKOCTH, Yribl MeXAy CBA3AMH AO/MXKHH OBIH OH CO-
craBnsts 120°, Kak yram B HpaBuAbHOM IiecTHyrosbHEKe. [lo-
CKOJNLKY OOHUHKH TeTpasfApuuecku@t yros paped 109,5°, B Takofi
IJIOCKOR MoOJexyJie BOSHUKAO Ob yrioBoe HanpsikeHxe., Cyilecrso-
BaHHe TAKOro coejHHEHUR, KaK HHKJCONPONaH, HOKAa3kWBaeT, 4TO MO-
JIeKy/Nla MOXET BHIePKHBaTb K ropasio Oosblllee HaNpAKeHHE.
OnHako UHKJONPONAH sbiuyowder GHTL NJACCKHM, TaAK KaK HHUKaKas
HHas KOHpopMaMHKs AJ7 Hero HeBOSMOXHA; Y10 XKe KacaeTcd LH-
KAOTeKcana, TO OH CYIIECTBYET B BHJIe ABYX KpaHnux konpopmanmuf,
a BEMeHHO: B dopMe xpecsa U B dopme eanxst (B sodku). DTH
KOHPOpMAalHH He NJAOCKHE, a cKaaddarsie, B BCEe YIIW B HEX Te-
rpasapuueckne [160). Kondopmauns xpecna npeAcrasaser coGoi
XKECTKYIO CTPYKTYPY, KOH(opManHa BaBEK I'HOKas [161] u moxer
JIeTKO HepexoAHTb B HECKOMbKO Oojiee ycTofuusylo ¢opMy, H3BeCT-

popme aarNsr drapme Kpecna meucmr-gropma

+

HYI0 KaK TeucT-koropmayus. Bnrarogaps MeHblleMy 3acJOHEHHIO
reucr-hopma yeroiunsee $opMH BaHHH MoYTd Ha 1,6 KKaa/moab
(pasn. 4.24) ¥162]. ®opma Kpecjia ycToHumBee TBHCT-QOPMH HA
5 kxaafmons [163] [Tonaeagiomee GONLHIMHCTBO COeLUHERHA, CO-
JIepKaUlHX UHKAOreKCaHOBOe KOJLHO, MOYTH 1ENHKOM CYHIECTBYeT
B8 ¢opme Kpecna. M3sectHo TakkKe, ¥To (GopMa BaHHH K TBHCT-
dopMa saBasiOTCS MepexoRHHIMHU. M3yueHue GOpMH Kpecaa moxKashl-
BaeT, 4TO CBA3HM NpPH KayJOM H3 WleCTH aTOMOB yIJiepofa pacloJto-
MeHH DasIHUNLIM O6pPA3OM: OJHM CBH3M HANDABIEHN BBEPX HIH
BHH3 ' (axcuaabHoie C€843u), a JApYyrue pacnojaraiorcss BGJIH3H
<IJIOCKOCTH» WuKJNa (3Ksaropuarsruvie ceasu). Ecan Monekysy 3sa-

MOpO3uTb B (opMe Kpecsia, TO B CJIydyae MOHO3aMEIIEHHOro LHKJO-
TEKCAHA MOXHO HAalJIOAaThb H3OMEPHIO; HANpUMEp, JO/IKHH Cylie-
CTBOBATh 3KBATOPHANBHHN U AKCHAJbHHHA H30MEPH MeTW HKJO-
rekcaHa. OfHaKO BHAENHTb M30MEpH TAKOMO THIA TPH KOMHATHOR
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TeMIlepaType HHKOrZA He YAaBaJoch. 3T0 NOATBEPKAAET NPOMEXKy-
TOYHOe 00pasoBaHHe (OPMbl BAHHH HJK TBHCT-QODPMH, TAK KaK TOT
¢axT, 9T0 ABA H3OMepa METHJALHKJOreKkcaHa B (opMe Kpecja He-
pasfenuMbl, rOBOPHT 06 uX GHICTPOM B3aHMHOM NpeBpaileHHH (mpH
KOTODOM BCE aKcHa/lbHble CBA3K CTAHOBATCH SKBATOPHAJNLHBIMH M
HaoBOPOT), 4 5TO BO3MOXHO TOJBKO Yepe3 NPOMeXYTo9Hoe o6paso-
BaHHe ¢opMbl BaHHB HAH TBHCT-(opMH. i npespameHns oxaroi
KOH(OpMAalUMH Kpecsia B IPyryio TpeGyeTcs SHEpTHA AKTHBALHH NO-
paaka 10 kxkana/mons [164); npH xoMHaTHOH TeMNepaType Takoe mpe-
BpalleHHe POHCXOAMT oueHb GuicTpo [165], Oanako npu NOHHXKeH-
Hux Temneparypax Mleuceny B Bymeenaepy [166] yaanoce noayunrte
YHCTO 3KBATOPHAJbHBE KOHPOPMEDH XJIOPOUHKIOIeKCaHa H TpHAEH-
TePOMETOKCHI[HKJIOreKcaHa B TBePAOM BHLe K B pacrBopax. B pac-
TBope npH —160 °C nepHoa moaypacnaza SKBaTOPHAJABHOIO XJAOPO-
HuKJoTeKcaHa cocrasaser 22 roxa.

Me;C CMe,

68 69 70

B HexoTOpHIX MO/MEKyNaX NPEANOYTHTEJNLHOH OKASHIBAETCS TBHCT-
xougopmauus [167]. Hanpumep, B coeannesnu 68 Gosee BLICOKO-
SHepreThueckas ¢opma crabuausupyerca 32 cuer 00pPasOBaHESA
BOAOPOAHBIX cBfizefl. B HeKoTOpHX OHUHKAHYECKHX COeIHHEHHAX
IlecTHY/NCHHN R LHKA BHHYXJEH NPHHUMATE KOH(POpPMALHIO BAHHE
HAH TBHCT-QOPMY, Kak, HampHMep, B HopGopuane (69) wuam TeH-
crade (70).

B MoHO3aMellleHHHIX UHKAOreKCaHAX 3aMecTHTeNb OGBIYHO CTpe-
MHTCH NPHHATH SKBATOPHANbHOE NMOJOXKEHHe, 4ToGH u3bexaTe Bia-
HMOIlEﬁCTBHH C aKCHaAbHO paCHOMOKECHHBIMH aToMaMHd BoOJOpOIa
B NOJCKEeHHAX 3 H B, 0flHAKO cTenmeHb NMPpefNOYTHTEJBHOCTH CHJAbHO
34BHCHT OT NPHPOAH 3aMellaiouwlel rpynmel. Tak, aJKuAbHBIE
Tpynnu GoJiee CKJIOHHB K. 9KBATOPHANBHOMY DAacCHOJOMEHHIO, ueM
NOoAApHEIE IPYNNH, 2 B PALY 8JAKHJIbHHX 3aMeCTUTENeA CKIOHHOCTD
K SKBaTOPHAJBHOMY pPacloOJOMEHHID BO3DACTEET ¢ YBeJHYCHHEM
pasmepa rpynns. B caydae noAsipHuX Tpynn pa3Mep OKa3HIBAeTCH
He cTOJb BamHHM. Takue KpynHele saMectatens, kak HgBr [168]
u HgCl [169), ¢ oarofi cTOpOHH, ¥ TaKoH HeGOABMION NO OGBHEMY
3aMecTHTeNb, KaK ¢$Top,— ¢ Apyro#l, NPaKTHYECKH He OGHApPYKH-
BaIOT Korl{_ipopmanuouuoﬁ NPeANOUTHTENLHOCTH (B AeHCTBUTEABHOCTH
rpynna HgCl okastiBaeT HeKOoTOpoe NpeANMOuTEeHHE aKCHAJBHOMY
noaoxenuio). B taba. 4.2 npusefeHH NprGAH3NTeSbHbIE 3HAYERHS
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Tabauya 4.2. Pasrocts CBOGOAHEIX SHEPTRA SKBATOPHANLHO M AKCHANBHO
saMemeHHHX nExAorexcanoe [170] (npuGndanTencEHe aHaveRdAx)

SamecriuTens —=AG°, KKan/mons BamecTnTenb —AG°, KKaA/MONB
HeC1 [169) —0,25 COOEt 1,1—1,2
HgPBr 0 COOMe 1,27—1,31
CI& 0,150,256 COOH 1,36—1,46
F 0,25 NH; [174) 1,4
CemnCH 0,41 CH=CH_, {175] 1,7

1 0,46 CH, [17: 1.74
Br 0,48—0,62 cH, ~1.75
OTs 0,51 uso-Pr ~2.16
CI 0,52 CeHu [177] 2,15
OAc 0,71 SiMeg [175a] 2,426
OMe [173) 0,756 Colds 11751 2,9
OH 0,92—-0,97 mpem-Bu -t

NO, 1,1

cBoboAHoOl SHepruH, HeoOxonmMoll Aas nepexola FPYNHE H3 IKBA-
TOPHAJBLHOTO NOJOMEHHA B aKCHAAbHOE Fl?(]], HO CJelyeT HMeTb
B BHAY, YTO 3TH 3HAUECHHS HECKOJbLKO MEHNIOTCH B 33aBHCHMOCTH OT
ijm?imecxoro COCTOSIHASA, TeMmepatypsl W HPUPOIH pacTBOPUTERE
171}

Jag gaaakuizaMellleHHHX COeHHEHHA CNpaBeiJHBC MPaBHIO,
COIIACHO KOTOPOMY peanusyercs KOHGOpMaUMs ¢ MaKCHMAJbHO
BOSMOXHHIM KOJHYECTBOM I[pyNr B SKBATOPHAJABHOM NONOXKEHHH.
Uucso STHX.rpynn 3aBHCHT oT Koudwrypaumu. B guc-1,2-nusame-
LIEHHOM LMKJOTeKCcaHe OAKH 3aMEeCTHTeNb ROJXKeH OHTb aKCHAMb-
HuM (@), a Apyroit — skBaTopuaisHHM (€). B 7panc-1,2-nponsson-
HOM o©o0a 3aMecTHTeNs Moryr ObTh 9KBATOPHAJNBHHIMH HJH 06a
akcnanbuniMu. To ke cnpasenauBo Ang |,4-AHzaMeNICHHBX LHKIO-
TeKCaHoB, RO AJA 1,3-NpOH3BOAKEIX CHTYAUHS oOpaTHAA: TPRHC-K30-
Mep JoJIKeH UMeTh de-KOH(OPMALHIO, a {ic-U30Mep MOXET OHTh G
HAH ae. B cayuae aAKHABHHIX 3aMecTHTelell ee-KOH(opMauus npe-
ofnanaer HaA aa-koudopMalKreli, HO WIs% APYTHX 3aMeCTHTRIeH 3TO
HeoOnasareabHo Tak. Hanpumep, B rpanc-1,4-gubpomo- B Tpaxc-1,4-
IBXJIOPONHKJIOTeKCaHAX ée- K aa-KoRpopMaHHH NMOYTH paBHO3ace-
Aennple [172], a GonbuuucTeo 1,2-AUrasoreHOLHKAOIEKCAHOB CYLUE-
CTBYIOT NpeHMYyILecTBeRHO B aa-Kondopmaunu [178]. B mocaenuem
cAydae HKBa aTOMa rajioreHa B G@-KOH(OPMAEHH 3aHHMIIOT aHTH-
NONOXKEHHE, 2 B ee-KORGDOPMANHA — 20-TIONOKEHHE,

. ITocKONBKY COeLHHEHHS ¢ 3KBHBANCHTHHIME AJKHJALHHMH 3aMe-
CTUTENAMH, KaK npaBiao, 6ojee ycTofuABH, Tpasc-1,2-nu3aMmellied-
HBle [PKJOreKcaHbl, KOTOPHE CrnOCoGHH NPUHHMATDL ee-KoH(popMa-
HHIO, TepMOZMHAMHHEeCKH YycrofiYMEee COOTBOTCTBYIOINHX yuc-1,2-
H30MepoB, KoTophlie CyHlecTBYWT B de-kondopmanun, Tak, ans
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1,2-pUMeTHALKKAOTEKCAHOB pasHUIla B YCTOMYHBOCTH H3MepseTcsH
2 xkan/monb. TouHo TaK xe Tpadc-1,4- m yuc-1,3-nusamerneslbe
DEKJorekcads §oJee YCTOHYHBH, Y&M COOTBETCTBYICUIHE HM CTepeo-

H30MEpH.
Temneps MOXHO HOHATH, MOUEMY MOIVIO GHTH HPeACKA3AHO TOY-

HOE WHCJIO CTePeoH3OMEPOB INPH AONYHISHHH, 9TO HMKJAH HJIOCKHE,
XOTH B JeHCTBHTENLHOCTH OHH He IiockHe (pasp. 4.14). B cay-
yae B yuc-1,2-XX- u 4uc-1,2-XY-ausaMelleHHHX HHKJIOreKCaHOB
MOJIeKYJla HEecOBMECTHMa CO CBOMM 3epKaJbHHM M300paKeHHeM H
He MMeeT HJIOCKOCTH cuMMeTpHE. OfHaxo B mepBoM cihyvae (71)

iy o B S\
X X

T’
Tepexoll OAHOM (POPMH Kpecaa B APYIyI (KOTOPHHA NPOUCXOAHT
ouenb OHCTPO) npeBpalllaeT MOJCKYNY B e¢ 3epKaJibhoe Hs0Gpaike-
HHe, TOTAa KaK BC BTOPOM ciyyae OHICTpOe B3aHMHOe NpeRpauleHue
TIDHBOJAHT He K 3epEaibHOMY H30OpaXKeHHIO, a TONbKo K KoHbop-
Mepy, B KOTOPOM HCXOAHHE AKCHAJbHHR # SKBATODHANLHEIA 3aMe-
CTHTENIH NMOMEHANNCH MeCTaMu:
X

[

x%'

x

Taknm o6pa3oM, OTCYTCTBHE ONTHYECKOR AKTHBHOCTH AJist COEAH-
HeHds 71 ofbAcHseTcd He HAAHIHEM TAOCKOCTH CHMMETpHH, a2 OH-
CTPHM B3aHMHEIM @IpeBpalleHHeM MoJeKYJH B CBOe 3epKasibHoe
H300paxeHHe. AHaNOTHYHAA CHTYauHA Habmojaerca u ang 1,3-coe-
nuHeHAR. OgAako Zas yuc-1,4-usomepor (Kak ansg XX-, TaKk H Aad
XY-an3aMelleBHEX) OTCYTCTBHE ONTHYECKOH AKTHMBHOCTH CBA34HO
€ HaJAMYHeM IJIOCKOCTH CHMMeTpuH B ofeux KoHpopmauusx. Bcee
Tpare-1,2- w rtpanc-1,3-Au3aMelileRdbe HHKJIOTEKCAHH XHPAJIbHbE
[He3aBuCcHMO OT TOTO, coaepxar A OHH onuHakoBHe (XX} uan pas-
Bne (XY) 3amec’rn1‘enu], TOrAa Kak rpaxc-1,4-coepunenua (u X§
XY-nnsameleRHpe) axApasibHE, TaK kax Bce KOEQOpMalldn HMeloT
NI0CKOCTE CHMMETPHH.
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KondopMauHio rpynnE MOXHO 3aMOPO3HTE B 2KeJlaeMOM MNOJO~
SKeHHH MyTeM BBEASHHS B LHKA Gonbiod ankmabHofi rpynnu (vale
Bcero rper-0yruabHOA), XOTOpas, KaK NPAaBHAO, saHHMaeT SKBaTO-
praanHoe moxoxeune [179). Hampumep, uro0nt CpPaBHHTE KHCJAOT-
HOCTb KAPGOKCHJIBLHONR IPYNOL B aKCHANBHOM K SKBATOPHANBHOM
NONOXKEHHAX, OHJH CUHTEIHPOBAHH 4uc- W TPaxc-4-rper-GyTHINH-
KJAoTeKcaHKapSoHoBHe KHCNOThL. ['eoMerpad ux Taxosa, 4To B Huc-
H30Mepe 3KBATOpHANbHAS TPeT-0YTHJBHAA TPYNNa 3acCTaBAReT Kap-
GOKCHABRYI0 TPYINy 3aHATh aKCHAJBHDE MOJOXKEHHe, TOrja Kak
B Tpaxc-H30oMepe KapOOKCcHAbHAA TPYRNA HNOJKHA OHTL SKBATOPH-
a/bHON: :

mpem - Symun mpem-Gyanin
HOOC

COOH
Huc, ae mparc, e

SxparopuansHag rpynna COOH o6aanaer Gosblilefi KHCAQOTHOCTLIO
[180].

ABanorduiple APHHELHNB JeXaT B OCHOBE XOH{POPMAUMOHHOTO
AHANH3A MIECTHWICHHHX LMKJOB, COACPKANIHX OLHH HAH ABA TPHTO-
HaJbHHX aTOMa, HanpHMep UHKJIOreKcanoHa H LHKJorekceHa {181].

4.21. KondopManna mecTHUNEHHHX LNKJAOB, COREPIKAMIHX
rerepoaromu [182)

OcCHOBHHE® NPHHUHNK KOH(POPMAUHOHHOTO aHAMH3A WIECTHUJEH-
HEX FeTEPOLHKACB AHAMOrHYHH NpeAcTaBNeHHHM BHIle; 3JeCh
TaKXe ONEPHPYIOT NOHATHAME POpME Kpeciia, BAKHH, TBHCT-QOPMEL,
AKCHAJbENX H SKBATOPHAJABHbLIX TPYNN; OOHAKO AAA HEKOTOPHIX.
coefiuHeHUR paccMarpuBaercs W pAx Hosmx ¢QakTopeB. Mu koc-
HeMcsl TOJMBKO ABYX U3 HHX [183).

1. B b-aagunzamemenuux !,3-1HOKcAHAX SaMecTHTENb B NOJC-
XeHHH 5 ropasfio MeéHee CKJIOHeH 3aHHMATh SKBATOPHANbHOE NOJO-
JKeHRe, HeM 3aMecTHTeNb B TNIPOH3BOAHHIX HHKJAOrekcana [184] =
BeIRYHEA —AG® HaAMHOTO HHXKe. D10 YKasHBaeT Ha TO, 970 CTepH~

H
R

0
/-0
b

YeCKHe TpeGOBARHA HenoAedeHHod AEKTPOHHOA mapH Kucaopona
MeHbine, yem cBaseii C—H B coOTBeTCTBYIOIAX HHKJIOTEKCAHOBHIX
NPOK3BOAKWX. AHANOTHYHAsA KapTHHa HalJaiopaercs gaa 1,3-zm-
tuauwoB [185] B cayuae HeKOTOpPHIX 3aMeCTHTeNefl, OTAHYHHX OT
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ankaabHux, Hanpumep F, NOz, SOMe, NMest, axcuaasHoe modo-
JKeHHe OKasHBaeTCH ABHO NpeAncuYTHTeAbHHM [1861

2. AAkuJsbHAsi TpymHa INpPH aTOMe Yriepoia 8 «-NOJNOXKEHHH
K reTepoaToMy, KAk H MOXHO (HJAO0 OXKHMAATH, 3aHHMAET NPEHMY-'
LIeCTBEHHO SKBATOPHAJbHOE IOA0XKEHHe, HO NOAfPHAR TPynna NpH
G-yraepojie NPedMYINecTBEHHO PaclosaracTes Kcuaibro, 1o AB-
JeHHe H3BECTHOE KaK anomepsvid aggexr [187], anmocrpupyercs
- Ha mpuamepe Goablieli YCTOHYHBOCTH «-FAIOKO3HAOB IO CPABHEHHIO
¢ p-rawokosuiamy. [Ipupona aHoMepHoro sthdeKra NMOAHOCTRIO He
SICHa, XOTA NMpensokKeHo HECKONILKO BAPHAHTOB ee oGbAcHenus [188].

(l)H ?H
CH, o CH, o
HO : H
HO OR OHO
OH OH OR
B- erronazud - emomoried

4.22, KondopManns FPYrHx UHKIHIECKHX cOeHHeHHI

TpexunieHHHe LHKAH AOMKHHE OHTbL NJIOCKHMH, HO 3TO €LHHCT-
ReHHHE HACHINEHHHEe IHKAHISCKHE COeAHHeHHR, KOTOpHe AcHCTBH-
TeJbHO OKASHBAIOTCA [JOCKHMH. YeTnpexuseHHHR IHKAOGYTaH
[189]) Hemnockuii, ero dopMa mokazaHa CTPYKTYpoil 72, B Koropoil
YroJ MexAy NAOCKGCTAMH cocTaBaser okoo 35° {190). Orknonenne

AR
CH;"""CH;
72 oxcerran

OT NJNAHAPHOCTH BH3BAHO, NO-BHAMMOMY, 3aCJCHeHHEM B ILAOCKOH
dopme (pasn. 4.24). OkceraH, B KOTOPOM 3ac/iOHEHHe He TaK Be-
JIHKO, HMeeT IJocKyle dopmy [191]. Moxuo npexnonoxutb, 4to
LAKAONEHTAN ACJIKEH GHTb NJOCKHM, TaK KaK YIVIW B NPAaBHILHOM
NATHYroJAbHEKe cOCTaBAAKT 108°, ogHako onsTh Xe H3-3a s(dexk-
TOB 3aCAOHEHHS NJAOCKaa GopMa HeBHIOAHA, H UMKJONEHTaH Cyuie-
CTBYeT B BHAe ABYX CK/JafyaTHIX kKoHpopMauuii: B popme Koneepra
# dopMe noaykpecaa [192). Passocts aneprun atnx Gopm HeBesHKa,

o

Fopara
Norespma
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H MHOrHe NATHYJCHHHE LHHUKJIHYECKHEe CHCTEMH HMeIOT KOH(jJOpMa-
LKA, IPOMEXYTOUHHE Mexay AByMa ¢opmamu [193). Xora B koH-
¢dopManHH KOHBEPTA OLUM aTOM YIJepoAa OKasLIBaeTcs HaA ApPy-
M, 3a cueT GHICTPHX ABMMKEHHA WHKJA KaXAHH atoM YIJiepoja
NOCAeIOBATENIbHO 3aHHMAET 5T0 NoJoxKeHHe. [IBHXKeHHe ckAaAKu
OO LUKJY MOXHC HasBaTh ncesfospauiexues [194]. B samemeHHHX
MHKJIONGHTAHAX H NATHYAEHHHX TIeTePONHKRax, Ae N0 Xpafiueft
Mepe OJIHH aTOM He COAEDIKHT ABYX 3aMecTHTesell, HanpuMep B Te-
Tparuapogypase, NHKIONEHTaHOHe H 7. 1., OAHH KOH(OpMep Mo-
#KeT GbiTh Go/lee YCTORYHBLEIM, YeM OCTaJbHEE. DHepreTHyecKHil Ga-
pbep HepexojAa LHKJONEHTaHA B IIOCKOE COCTOSHHE OLEHHBAETCH
BeMIHYHAOHK 0K0JIO 5,2 xKasi/Moub [195].

Lukau GonbilMx pasMepoB, 9eM IIECTHUNEHHHE, BCErAA HMEIOT
ckMtaayaTyio cTpyKrypy [196], eciH TOABKO OHH He conepiKaT MHOrO
5p%-aToMOB (0 HAMPAXEHHH B LHKJIAX CPeiHHX pa3MepoB CM,
pasa. 4.24). CienyeT OTMETHTD, 4T0 aKCHAJLHEIE H S5KBATOpPHAJLHLIE
aTOMBl BOAOPOAA HalJeHH TOJABbKO B KOH(pOpMALHAX Kpecja IUECTH-
YAEHHHX HHKJOB, B nwkaax Apyrax pasMepoB aTOMH BOAOPCAA
pacnonaraoTcA noA APYTHMH YIJIaMH, H HX HeJMb3d KilacCHPHIHPO-
BaTh NOAZOGHHM 0GPa3oM, XOTA HHOTAA AaA KracCHOHKALHH TOJb-
3YIOTCA TePMUHAMH <«NCEBAOAKCHANBHLIA» B <NCEBAODKBATOPHANb-
Hul» [197).

HANPA)KEHHRE

Ecna caasd B MoJieKyJle BHHYKACHRO 00pa3yloT HeOGHYHble Ba-
JACHTHHE YI/IH, B Hell BO3HHKaeT cTepHYeckoe HanpsikenHe [198).
STo BHpaxaeTcA B yBeJHUCHHH SHEPrHH MOJEKYJH IO cpaBHeHHIO
C TeéM COCTOfIHHEM, B KOTOPOM OTCYTCTBYeT HcKaxeHHe yraios, B ne-
JIOM MOKHO OTMETHTH /IBA BHMA4 CTPYKTYPHHX ocofeHHOCTeil, cBs-
33HHBIX ¢ HeOOHYHHMH BaleHTHRMH yriaMH. OflHa H3 HUX OTHO-
CHTCA K MaJhM LOHKJAM, rJe YrJH CTaHOBATCA MeHbIUE, dYeM npH
OOLYHOM NEePeKPHBaHHE OpGHTaJefl; 3eck peub HAET 06 Y2.4080M
HanpAajcenuu 3a CHeT ymenbuiekts Y208, Jlpyraa cTpyKTYpHAA oco-
6eHHOCTb BO3HUKAET IPH TAKOH reoMeTPHH MOJIEKY/IH, KOTZA HecBs-
3aHHble ATOMB BHIHYX/l€HH pacnoJiaraThcl B HeNOCPeACTBEHHOH
GaH30CTH APYT K JAPYTY, T. €. HMelOT MeCTO Heceazsisaroijie 83d-
umodedcraus.

4,23, Hanpaxenue B MaAbX NHKAaX [199]

B TpexuneHHnlx mHKAax (yrie pasHe 60° T. e. cHAibHO OTaAR-
YaloTCA OT TETPaApPHUYECKUX) HMeeTcs 3HAYHTEAbHOe YrAOBOe Ha-
npsixeHHe. B oTinYHe OT OOGLIYHHX NPOCTHX 9QHPOB BTHIEHOKCHA
ROBONILHO peaklHOHHOCHOCOGHOE coefdHeHHe, NoXBepraloieect pe-
aKUAAM PaCKPHTHSA LHK/A NOX AeACTBHEM MHOTHX peareHtop (T. 2,



188 TJAABA 4

pasa. 10.13). B pesynbraTe pacKpHTHA NHKI2 HanpskKeHHe, Ko-
Heyso, cHEMaercd. Llukaonponan eule 6osee HanpsKeH, YeM STH-
AeHokeE] [200]; on Taxke paculensercd ropasgo Jerde, yem oOHY-
Hile anxaHM. Tak, B pesy/inTate neEpoausa npu 450—500 °C ero
MOMHO NIpEeBpaTHTh B NponeH; GpomHpoBandeM mnogaysawot 1,3-au-
6pomonponas [201]; rHApHpoBaHHe NpPH NOBHIICHHOM JABHECHHH
naer nponak [202], AnasornuHas peaKHHOHHAS CNOCOGHOCTH Xapak-
TepHA H ANA APYTHX TPEeXuJeHHHX muxnos [203]

Hmeercs MMOrO AOKa3aTeNbeTB, BHTEKAIOMMX TAasHEIM ofpa-
30M H3 pPACCMOTPEHHS KOHCTaHT CNHH-CHHROBOTO BS2HMOACHCTBHSA
B IMP-cnekTpax, 9T0 CBH3H B IHKJAONPONAHax OT/IHYAIOTCH OT CBA-
sefi B COOTBETCTBYIOIMIHX COSHHEHHSX, He MMEIOIIHX YrAoBoro Ha-
npsxkeuns [204]. B oOwuyHOM aTOMe YrJepoAa THOPHAH3YIOTCH
OBMa S- U TPH P-OpOHTAJH, FaBas NOYTH SKBHBRAJNIEHTHHE sp-0pOu-
tajan (pasp. 1.11), kaxpgas u3 KoTopwX Ha 25 % mmeer s-xapak-
tep. Ho B muknonponanoeoM artome yriepofa deThipe THOpHAHBIE
opOuTAJH AaNeKe He 5KBHBaJeHTHH. JBe opOHTaMNH, HanpapieHHHE
K BHEHIHMM CB#3AM, HMeIOT GOJbIIHH S-XapakTep, ueM OOHYHAA
sp-op6HTanas, TOrAA KaK ABe opGHTANH, 06pasyiollne CBASH BHYTPH
LHKIA, HMel0T MeHbIIHA S-XapakTep H GOAbUIHA p-Xapakrtep, 4TO
JenaeT HX NMOXQXKHMMH HAa OOGHYHHe p-OPGUTANU, AA% KOTOPHX Xa-
paKrepHsl BaJeHTHole yrau 90, a He 109,5°. [lockoabKy yritosoe
HaNpsxKeHHe 3a. cYeT YMeHbIICHHA YIMIOB B WEK/IODpONaHaX ¢ooT-
BeTCTBYeT PA3HOCTH B BEIHUHHE XapPaKTePHCTHYHOIO YIia H peanb-
Horo yraa B 60° aTorT monmoAHUTENBEHHA XapakTep WaCTHYHO CHH-
MaeT HanpsxeHme, Buemnne opGuraau Ha 33 %, HMeloT S-xapak-
Tep, T. €, O CYINECTBY, SBASIOTCH SP2-0pGHTANNMH; BHYTPeHHHE
opburaau Toabke Ha 17 % nMelor s-xapaxrep, TAK YTO HX MOKHO
HasBaTe Spo-opOurayamu [205] Taxum oGpasoM, Kaxuas yriepoA-
yraepoAHas CBA3b B LHK/JoNponaHe o0pasoBaHa NepexpHBaHHEM
IByX spb-opOuraneil. Pacyersl mo MeTogy MOJEKyAspHHX opOHTa-
JieH MOKasHBAOT, YTO TaKHE CBASH He ABJAMIOTCA IEeAHKOM G-CBA-
samu. B o6nyabx C—C-cBAsSAx sp?-opGHTa]H NepeKPHBAIOTCA Ta-
KHM 06pasoM, 9T0 npAMas, COeNMBHMOWIas #APa, CTAHOBHTCH OCHIO
CHMMETPHH 3JeKTpoHHOro obaaka. Ho B mukaomponane 3/JeKTpoH-
Has NJOTHOCTL CMelleHa 8 cTopoHYy oT KonbHa. Hanpasaenue opGu-
TAaNbHOrO NepeKphHBaHHA NOKasano Ha puc. 4.5 {20]; yroa 6 gas
LBHUKJONponada cocrasager 21°, AHa/OrHYHOe ABJeHHe HaG/MioAaeTCS
H AQA DMENOGYTaHa, HO B MeHblilell cTeleHH; 3fech yroa 8 paBeH
7° [208]. Ceasu B UEKJODpONAHe HA3WBAIOT HIOZHYTHIMU, UIR «0-
HAROBHIMUY, TIO CBOEMY XapaKkTepy OHH SABAAIOTCH TNPOMexRYTOH-
HEIMH MeXAY 0- U N-CBASAMH, NOITOMY IHUKJIONPONAHH B HEKOTO-
PHX OTHOLHGHHAX BeiayT ceGa NOAOGHO COeAMHERUAM ¢ xpBolHOR
cB3blo [207]. Haaune Y®-cnekrpos [208] u Hexorophie apyrue nas-
HHEe CBHAETeALCTBYIOT O TOM, 4TO LUKJONPOHAHOBOE KOJBLO Y4a-
CTBYET B CONPSIKEHHH ¢ cocelHeli ABOHHOH CBASHIO, OPHYEM B KOH-
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\/

Puc. 4.5. Tleperpupanue opOuraied B uMkiONponane. CTpesku BanpaBAcHH
K DEHTPY OS/ACKTPOHHOM OJOTHOCTH.
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Pue. 4.6. KondopMmaunp o-UHKAONPOGHA2NKeHOB, B KondopMauue @ conpsxe-
HHe MAKCHMAJbHO, B KoH(OPMAUNE & — MHEAMAJLHO.

topmanuy ¢ (puc. 4.6) ato conpsxenue nanGonpliee, a B KOHPOP-
Manue 6§ oHo G0 HaHMeHbilee, NHGO COBCEM OTCYTCTBYeT, 4TO
COOTBETCTRYeT CTeleHH NepeKpPHBAHUA N-0pOGUTANH ABOAHOR CBA3M
¢ ABYMA p-NOACGHEIME OPGHTANAMH KOJbLA B YKasaHHHX KoHpop-
Mmaumsix. ONHAKO CONpSXeHHe MeXIY UHKAONPONAHOBHIM KOJLLOM
H ABOHHON CBA3bI0 BCErAa MeHbIe CONpPAKEHEA MEKAY AByMA ABOM-
HoME cBa3AMH [209]. B coexunernn 73 conmpsikeHHe AOCTATOYHO,
4T06H COOGIHHTL NATHWICHHOMY UHKJY HEKOTOPHA &pOMATHUSCKUH

73

xapakTtep [2i0]. CxofcTBo B mOBefeHRH HEK/JIONPONAHOBOIO KONLOA
B npoftHoft cBisH moipoBHee paccMaTpEBaercs B T. 3, pasa. 159.

B yerHpexyleHHHX NHKJIaX TaKkKe HMeeTCS yrjiopoe HaHpsxe-
uue [211], Ho HaMHOro MeHbIee, B OHH TpPYAHee MOANAIOTCSH peak-
UUAM pACKpHTHA uMKiaa. UuknoGyrar Gonee ycToHu#B K OpOMH-
POBaHHIO, UeM WHMKJONPONAH, H XOTS erc MOXHO TIHAPHPOBaTH A0
6yrana, 510 Tpefyer Gonee ecTkux ycaoBud. Tem He MeHee MUPO-
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au3 npu 420 °C pmaer ARe MoOJeKyJNH 3THAeHa. Kak yxe roeopm-
Jochk B pazi. 4.22, MosekyJia OHKJIOOYTaHA HEIJIOCKaA.

B nocreanme roisl noJayueHC HECKOJbKC BHICOKOHANMPSMKEHHHX
COSAHHeHHA ¢ KOHJIGHCHDOBAHHRIMH MaJHMu UnkjaAaMu [212}; sto
IIOKA3HBAET, YTO OPraHHYeCKHE MOJeKYJbl MOTyT CyLHeCTBOBATL
B ropazac Golice HaNpsXKeHHOM COCTOSHHH, WeM NpPOCTHe NHKJO-
nponaHs # NEKAOOyTank [213]. Hexorophe uz sTHX coeguHeHult
npuBeneHE B Taba. 4.3. HauGosbinéi HHTepec MpeACTaBAAT Ky-
GaH, npH3MaH M 3aMelleHHLH TeTpasKpaH, moJyieHHe KOTOPHMX
GuI0 npeaMeToM MHOTHX ycHAHH. Ilpraman uMeer cTpykTYpY, KO-
Topyio JlagenGypr npenjaras Kak OJHY H3 BO3MOKHLIX CTPYKTYp
Genzona. Moaekysna GHUMKAOGYTaHa COTHYTa, yroJ B MeXAay mio-
CKOCTAMHE cocTaBager 126:3° [226). B stok moJekyile ellle Godee
BupaxeH ekt pernOPpHAH3AUKH, ONHCAHHHHA BHINe AJS HHKAO-
nponana., PacuerH noOKa3ajd, YTO LEHTPAJbHAA CBASH B 5TOH MoO-

H H
é
H H

H H

JeKyJe o6pasoBaHa NepeKpuiBaHHEM ABYX p-opGHTaneil, mo cyme-
cTBY, Gea yuactusi s-op6utaneit [226). B nponesranax psa neno-
CPeJCTBEHHO CBA3AaHHHX ATOMA YIJepoia COefHHEHH eHle H TpeMs
APYFHME MocTHKaMH. B Ttalxn. 4.3 npusefieH nponeisan HaAMeHb-
1ero BO3MOXHOTO paaMepa [219]. )

B HEKOTOpHX CHCTEMAax ¢ MaJWMH LMK/JaMH, BKJIIOYas Maakle
AponeJIaHb, FeOMETPHA HACTOMABKO 3JKeCTKaf, YTO0 y OAHOIO HAH
Laxe HeCKOJbKHX aTOMOB YIJIepOAa BCe YeThipe BaJeHTHOCTH Ha-
npaBAeHH B OXHY CTOPOHY OT IVIOCKOCTH, YTO NPHBORHT K CTPYK-
Type <«BHBepHyTOrc Terpasapar» 74 [227]). K nponennraHaMm OTHO-

3
A s

4 I
75

cutca takxe 1,3-perugpoazamantan (75) [228). PeurrenocTpykryp-
HHil aHaJH3 el0 D-IHAHOMPOHM3BOJAHOTC IIOKA3HBAET, YTO Y aTOMOB
C(1) m C(3) Bce ueTHpe BAaJCHTHOCTH HAIIPABJCHH BHYTDH MOJIE-
KyJH [229]. CoejnHenye 75 BNOJHE PeaKUHOHHOCNOCOGHO, OHO He-
YCTOAUMBO HA BO3AYXE, Jerko IPHCOEAHHAST BOXOPOX, Boly, GpoM
HaH yKcycHyo kucaory mo ceasm C(1)—C(3) u aerko mosumepu-
syercs. Ecan MexAy AByMsS TAKHMH aToMaMH o6pasyeTcsl CBA3b,
KaK B 75, oHa MMeeT HeOOHYHYIO ANUHY [HanmpEMep, ANHHA CBASH
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C(1)—C(3}) B H-uUHABONPOHSBOMHOM COSAHHEHHA 75 COCTABJAAET
1,64 A], uTo uacTHYHO KOMOEHCHpYET YIJOBOe HampsiKenke. BHCO-
Kas peaKuxonnas crnocobHocts cBAsH C(1)—C(3) B 75 o06mdc-
HAeTcd He TOAbKO HANPS:KeHHEM, HO H BO3MOXKHOCTBIO JIEKOFO ROJA-
XOAa peareHTa K STHM AaTOMaM, He HMIODIHM BHEIMHHX cBased
€ 3aMEeCTHTeAAMH.

4.24. Hanpsixenne 8 cpesHHX MuKAax [230]

B uuxkaax Goabluux, weM geTHpeXuJeHHBIe, YIVIOBOE HANpSKeHHe
3a cUeT YMEeHbUIeHHA YIJIOB OTCYTCTBYeT, HO HMEKTCH HampskKeHHS
APYTHX BHIOB, CpefH KOTOPHX BHAEAAIOT cleAyiomiBe TpH. CHa-
yana paccMoTpuM ¢opMy Kpecsa HHKAOreKcaHa, B KOTOpoit HeT
HaupAKeHHA HH ONROrO K3 STHX Tpex BRAOB. Kaxiylo yriepoa-
yriepoaHyl0 cBf3b B KOH(pOPMaIMH Kpec/ia MOXHO NpPeXCTAaBHTD,
Kak B dopmyane 76, 7. e. B 20tu-koHpopMauuH. B nATHINEHHBIX LHK-

C Cc
l‘l: $ :C g
H
H
H N H H M
76 KL

Jax, coflepmaux or 7 fo 13 aTomos yraepopa, xio6as xoHpopma-
Iuid, B KOTOpO# Bce CBA3SH pacnofioxeHH, Kak B opmyne 76, ne
cBoGOAHa OT TPAHCAHHYJNAPHHX BaauMofeficTsHfi, T. e. OT B3aHMO-
Aeficrsult Mexxxy samecturensMu npu C(1) v C(3) mrma npu C(1)
H C(4) B T. & OTH B3aHMOAEHCTBHA BO3HHKAIOT B PeayJbTaTe TOIO,
4TO BHYTPEHHEE NPOCTPAHCTBO MOJEKYJH HeAOCTATOUHO BEJHKO AJA
TOre, UTOGH BCe KBA3HAKCHAJbHbLIE ATOMH BOAOPOAA He MEINANH
Apyr Apyry. MoJekyJaa MoOKeT NPHHHMAaTh APYrHe KOH(bOPMAlIKH,
NPH KOTOPHX TPAHCARHYAAPHOE HANPANCEHIe ROHHKACTCH, RO TOrAa
HEKOTOpHE YTAepOoA-yrAepoAHLHEe CBASH AO/KEE MepeiitH B 3acho-
HeHHywo (77) uMk YACTHYHO 3ac/OHEeHHYI0 KoHpopmauuio. B pesyib-
TaTe NOMBUTCR HANPAXKeHHe APYroro BHJA, HASHBaeMoOe nuTHepOs-
crum ranpsoceduesm. HacHlleHHHe HUKJAH, cojepiKamue oT 3 A0
13 unenos (3a HCKMIOYeHMeM LHK/AOreKcaHa B dopMe Kpecia), He
MoryT usfexaTh N0 KpaifiHeli Mepe OAHOrO H3 3THX MBYX BHAOB
Hanpsikenus. [IpakTHuecku moGoA BHMKA NPHANMAET KOK(OPMALHIO,
KOTOpAsA MO BO3MOXHOCTH CBOZHT K MHHHMYMY HanpsikeHHe ofoux
BHAOB. B cayuae HKJAONEHTAHA, KAK MH YxKe BHAEIH B pasz, 4.22,
3TO O3HAYAET, UTO MOJEKY/la NPHHEMAaeT HeMJOoCKyo dopmy. B mux-
Aax Gojbuiex, deM 9-ujeHHHe, NHTUEPOBCKOe HaNpPAXKeHHEe, NMO-BH-
KHMOMY, HcUesaeT, HO TPAHCAHHYASPHOE HaNPsKeHHe ellie HMeercs
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Tabsuya 4.4, TennoTH cropaiia UHKJACAAKAHOB B rasosofl (ase B pacyere Ha OAMY
CHg-rpynny [234]

Pasuep nuxaa |~ A& H, () uxsn/uots]  pasuep unEna —AH, {r} xKan/wons
3 166, 10 158,6 -
4 163,9 it 158,4
5 158,7 12 157,8
6 67,4 I3 157,7
7 158,3 ]4 157 .4
8 158,68 15 - 157,56
9 158,8 : 16 . 157,56

[231]. 9- u 10-UaeHHBe HHKAR MOryT CHATh YacTh NHATIEPOBCKOro
TPAHCAHHYJNAPHOTO HANPSIKEHHA 34 'CUeT HANPAKEHAA TpeThero
BHIA — Y2408020 HANPANCEHUR 34 C4eT yoeaudenus ya2£06, Tak,
nEQpakmUa PEHTIeHOBCKHX Jydel nokasafda, 4TO B IHKJIOHOHHJI-
aMANrHApOOpoMuze H  [,6-AHaMUHONMKIOAEKAHAHIHAPOXJIOPpHIL
yran C—C—C yseanuenw go 115—120° [232].

O BeAMYMHE HaNpsKeHAS B NUKAQANKAHAX MOXKHO CYZHTH MO
TeNnAOTaM CropanHug B pacuere Ha ofHy CH,-rpynny, npuBeneHHEM
B ta6n. 4.4 [233) Ms stux AaHHHEX BHAHO, YTO ILHKACAJKAHH pas-
MepoM Goabine [3-uJIeHHBX TaK ke CBOGOANK OT HaMpsAXKeHHR, Kax
IHKJIOreKCaH.

TpancannyaspHHe B3aHMoAeficTBHS Yepe3 IUKA MOrYT HNposiB-
NATHCA B LMKJAOaJKaHax pasMepoM oT 8- ao ll.-uneHHHX B paxe
66apuux [234). CnexTpa/ibHHE RaHHHE H H3MEPEHHS JHIOJBLHEIX
MOMEHTOB COeMHeHHs 78 NmoKaawBaloT, 4TO XKapGOHHALHAS Tpymmna
B HeM NOABEPKeHA BAMWAHMIO atoMa asota [23D]. Hpyrofi xaHoum-

o 15
— r——

) y
éﬂ 3 CHJ
78 79

gyeckok GOpMOA 9TOrO CoeAKHEHUR ABJACTCH, NO-BUHAHMOMY, CTPYK-
Typa 79. HurepecHo, uro npu NPOTOHHPOBAHHH STOr0 OCHOBAHHA
IPOTOH NpPHCOERMHHETCS He K a30Ty, a K Kncdopony. HssecthHo
MHOIO TPaHCAHHYIAPHHX peakuuft, Hanpumep [236]:
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@ Br,

HacHiillensikie MuKAMYeCKHe COSAHHEHHEA MOKHO DasAeNUTh Ha
cJeAyiollHe HeTHpe FPYNNH, k3 KOTOPHX K HepBofi B Tperbelt OTHO-
csiTes GoJlee HanpaxeHHue coenunenna 237]:

1. Maasie yusaoe (3- u 4-unennne). Ilpeobnanaer yriaoBoe Ha-
OpskKeHHEe 3a CUeT yMeHbIleHHS YIVIOB.

2. Obuiunsie gukast (5-, 6- u T-unengue). ManoHanpsxKeHHHE,
Hmewmeecss HanpsXeHHe B OCHOBHOM NHTIEPOBCKOE HANPSIKEHHE.

3. Cpednue yurxast (or 8- go ll-uneHHHX). 3HauHTE/NLHOE Ha-
NpsiKeHUue: NHTUEPOBCKOE, TPAHCAHHYANPHOE H YIVIOBOe 3a cyer
YBeJHUEHHS YIJIOB,

4, Boavuue yuxaor (12-unennsie u Gonbwe), Hanpmxenne Ma-
Jioe WIH BOOGHIE OTCYTCTBYET.

|

|
35 4

4.25. Henacnmennbte uukan [238]

Hukan gio6oro pasmepa MOTYT COASPXKaTh ABOAHYIO ¢BAsk. Kax
B CIeN0BAJIO OXUAATH, HauGoJee HANpAXKEHHHME OKa3HBAKTCH
TpexuieHHHEe UHKAH. YIIOBOe HanpfXeHHe 3a CUeT yMeHbUIeHH:A
YrJ0B, CTONIb SHAYHTEJNRHOE B HHKJAONpPONAHe, B MUEJONPONEHe elle
foJee yBeAuyHBaAETCA, TAK KAaK pacTeT OTKJOHEHHe OT HAeaJLHOIC
yraa. Ecyta B MHKAONpONaHe BaJeHTHHIA Yyrod BHHYXKNCHHO YMeHb-
weH xo 60° uwro Ha 50° Medbllle TeTpasApHUECKOro yIMa, TO Ba-
JEHTHHEA Yroa B DHKJIONPONEHE, COCTAaBAKOmAN Takxe oKoao 60°,
yxe Ba 60° meHbe HAcanpHOrO yraa B 120°, Takum obpazom, B n4-
KJOnponeHe yracBoe Hanpsikende eile Ha 10° Gosplue, ueM B HH-
kaooponane, OAHAKO 3TO0 AONOAHUTENbLEOE YIVIOBOe HAMPAMEHHE
KOMNeHCUpYeTCH yMeHblieHHeM HANpPAMNEeHHS, BH3HBAeMOro APYTrHMH
¢aktopaMu. B umkJIonponeHe, HMelomeM Ha Aba aToMa BOAOpPOAA
MeHbIIE, YeM IHKJIONpONaH, Her HH OJHOR SacJOHEHHOH KOHbopMa-
mu#, CaM IHKJOMNpOHEH, CHHTE3 KOTOPOro OHJA’ OCYLIECTBJAEH. He-
CKOJILKHMH aBTopaMna [239], ycrofiuue mpr TeMmepaTrype XKHAKOTO
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a3ora, HO yxe npu —80 °C oH OHcTpo noamMepusyercd. Muorme
NPOH3IBOAHHE WHKIONPONEHAa YCTOHYHMBW NpH KOMHAaTHOR M Gojee
BLHICOKHX TeMnepaTypax [240]. BucoxkoHanpsiKeRHHA GeH3OLHKIO-
nponeH (80), B KOTOpPOM KMKAONPONEHOBOE KOJALLO KOHAEHCHPOBAHO
¢ GeH3OJALHEIM, YCTORMHB NpE KOMBATHON TeMmnepaType B TeYeRHe
HECKONbKHX Relle/lb, HO PasjaraerTcs B Npouecce NeperoRKn NpH ar-

O

mocdepaoM rabiennu [241, 242). Kak u B uukaonponanax, opbi-
TaAH B HMKJIOMPONEHaX He HaMpaBJeHH BEOAb MPAMOM, COeRHHSAIO-
ImeR SApa COCeAUHX ATOMOB, H B pe3yJabTaTe perHGpHAH3aNHYE ABOR-
Haf CBA3b Yacro BefleT cefg Kak Tpofinaa [238]

Kak ormevanock panee, ABOHHHe CBA3H B OTHOCHTEJbHO MAJHX
DHKAAaX AOJKHH HMeTb yuc-popmy. Ycrofumshe TpaHc-ABORHBIE
CBSI3H NOSBJSIIOTCH TOMRKO B B-uJeHHBIX LEKAaX (CM. COoefAMHEHHe
17 B pasa. 4.2) [243]. B umkroankanax pasmepom Gonee 1l-unen-
HHX TPOHC-H30MEPR YCTOHUHBee, geM yuc-H3oMepH [116]. ¥Yaaroce
NONYYHTh COeAMHEHNHA, B KOTOPHX TPAHC-ABOfiHaA CBA3b NpHEHAAJNE-
WHT ABYM NIHKJIOAJKEHOBHIM KOJbLAM, HaNPHMep coeluHeHue 81
Takue coejHHeHHA OHJAH HA3BaHH [m.n}6ersurenst*, HeXOTOpHE
H3 HEX COMepXKAT NHKMH ¢ BeJIHYHHAMHE M W 1 oT 8 no 26 [244].
B mannx GerBEHeHAX ABOHHHE CBA3H CKPHTH B riyOHHe MOCTHKOB
H NOTOMY ropasfio MeHee peaKIHOHHOCIOCOGHH, YeM B COOTBET-
CTBYIOMIEX #ic,iuc-naoMepax. Coollanoch, 4T0 TPAHC-UMKAOTEK-
[(:2e41:5 : Oua 3auKCHPOBAH B KaveCTBE NePeXOAHOH KOHMOPMaUMH

HaumeHbINHM HeHANPSIKeHHHIM UEKJAOM. ¢ TPOAHON CBA3LIO AB-
Aferca UMKROHOHHH [246]. Bea Take BHAeNeH WHKAOOKTHH [247],
HO MO B&JMMYHHE TENIOTH THAPHPOBAHUS BHAHO, YTO STOT LKKJA 3Ha-
yuTeNbHO Hanpsiked. Eme Goablllee Hanpaxenue umeercs B 1,5-ng-
KAOOKTaAHeH-3-HHe (82), mepHOA nNoaypacinaja KOTOPOFO COCTaB-

steT okono 2 1 npu 27 °C B CDCl; [248]. ITonyyeHo HeCKOABKO

CH:)D Ql Ql
(el <K
82

81

* Or anra. between — mexay. — fpun, nepea,
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COeHHEeHHA ¢ TPOAHHMH CBASSAMH B CEMHWIEHHHX IuKnax. 3,3,7,7-
Terpameruanukaorentun (83) AuMepHsyeTcs NPH KOMHATHOR TeM-
nepatype B TeueHHe waca [249], Ko TuanpouspoxHoe 84, B KOTOPOM
cBsAsH C—S anunHee cooTBeTcTBYIONNX cBAsei C—C B coeauHEHHH
83, ycrofiunBo aaxe npu 140°C HeolpepedeHHO fKoJAroe BpeMs
[250]. Cam nurAorentTdHd He ORI BHAeAeH, HO yAaJA0Ch HalMAIOHaTh
er0 CYIECTBOBaHHe B TepexonHoM coctosHBE [20]1]. Briio rakxe
NOKa3aHo Nepexo/iHoe 06pasoBaKHe TPOHHBIX CBA3ECH B MIGCTH- H nf-
tHuaeHARX uukaax {252} Xora B ceofoaHoM Bije NHUKJIOFENTHH H
IHKJOIMeKCHH He H3BeCTHH, MOAYYeHH BX YCTOAMMBHIE KOMNJLEKCHh!
¢ Pt(0) [253] 1,2-LinkaoHOHajueH CHYKHT NPHMEPOM HaHMEHbIIETO
HUKAHYECKOTO aJIIEHa, BHACACHHOTO A0 HAcToAIlere BpeMeHH [254),
OAHAKO UHKJAHYECKHEe ajlleHH, KaK NPaBHJ0, MeHee HaNpAXeHHHE,
yeM MX aueTu/seHOBHie HaoMepnl [265]). Onmcano mepexonnoe cyme-
cTeoBatHe }.2-uuknockTagHena, 1,2-upkaorentagueHa u 1,2-mukao- -
rekcaaueHa [256]; nepene ABa coefuHEeHHA BHACJCHH B BHAE KOM-
naexcop naathebl [257). 1,2-Lluxnorekcaanen yaAaaoch YA0BHTs NpH
HH3KOfl TeMnepaType; ero CTpoeHHe MOATBEPKACHO CNEKTpaAbHHIMH
RauHmME [257a].

B OHUHKAHYeCKHX MOCTHKOBEIX COGJHHEHHAX ¢ MAaABMH¥ UMK-
JaMH HaAHYHe ABOHHOH CBA3H B roJIoBe MocTa HepO3MoOXHO. Ha
STOM OCHOBAHO npasuso Bpedra [258), cornacuo xotopoMmy npH pe-
AKIHSIX SJHMHHHPOBAHHA B MOCTHKOBMX CHIMKJIHYECKHX CHCTEMAax
(nanpumep, 85) apofinas cpa3b Bceraa ofpasyeTca B NOAOMEHHAX,
yAaJeHHHX ‘0T TOJ0Bbl MocTa. DTO HPAaBHJAC He PaclIpoCTpaHAeTCA

IS

bu/

4
8 /%
Ha UHKAH JOCTATOUHO GoablHX pasmepos. Hns onpepencrns Bo3-
MOXXHOCTH HaxoXieHus ABOHHOH CBA3H B rojoBe MocTa OHUHKJIH-
gecKol cucTeMbl HauGoJsee HafeXKHBHIM Kpu'reémem ABAAeTCA pas-
Mep LHKJAa, coflepixallero ABoiuylo cBaab [259). Jse cucrembl, Gu-
nuxao[3.3.1Juon-1-en  (86) [260] ® Orunkxo[4.2.1JHoH-1(8)-en
(87) [261], npeacraBasollEe c0oGoOH YcTORYHBHE COeAHMHEHH,
MOXKHO pAaccCMaTPHBaTh KaK MDOH3BOAHHE XOpPOII0 H3BECTHOIO

Tparc-uukaookteRa. [Toxasano, YTo Be/HYHHA SHEPTHH HANpPSKEHHS
B CTPYKTYpe 86 HMeeT TOT Ke MOPAROK, UTC H B TPARC-UHKIOOKTEHE
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i262]. B To e BpeMs B OGHuukio {3.2.2]mon-1-eme (88) manGonob-
WHM KHKAOM, COAepIKALMHM ABOHHYIO CBf3b, ABIAETICA TPAHC-LH-

S

KJIoTenTeH, KOTOpH#H B CBOGOAHOM BHAe MOAYUHTh He YAaJOCh H3-32
GHiCTpOR RuUMepH3alUHH, NpeXiecTsylollelt Boiftesiennio [263). Hpy-
THM KpHTepueM YCTORYHBOCTH CHCTEM ¢ XABOAHOM CBA3BIO B I'OJOBe
MOcTa ABAsercH uucac S {264], onpeseaseMoe Kak cyMMa aToOMOB
B MOCTHKax OHUHMKAHYeCKOH cHCTeMBl. Bo Bcex MpHBeNeHHHIX BHILE
cTpykTypax, 86, 87 u 88, wncao S pasHo 7; TOT (aKT, 4TO COepHHE-
HHa 86 m 87 ycrofiyusw, a coeannende 88 HeycTOAYHBO, NMOKa3bl-
BaeT, YTO NepBHii KpuTepHH, Kacaiomuica pasMepa UHKAa, Golice
HajemeH, 4eM gucho S, Jo cHX nop He Gmio HaflfeHo ycrofduHBoh
OHUHKAHYECKO cHCTeMBl ¢ JBOAHOH CBSI3hIO B FOJIOHE MOCTA, B KO-
Topofl yHcHo S 6bi0 Gu MeHbIe 7 (BCe TaKHe COEXHHEHHR AOJIKHH
COCTOHTh H3 TPAHC-UHKAOAJKEHOB ¢ YHCJAOM WIeHOB He GOJblue
CeMH), OAHAKO GbLINO MOKAa3aHO, YTO HEKOTOphle NOAOGHLIe coeiH-
HeHHS CYWLECTBYIOT B KadecTBe NPOMEXKYTOMHBIX dopm [265). '

4.26. Hanpamenue, BO3HHKAIOMEE B Pe3yNbTaTe HEM30ERHBIX
CTepHYECKHX 3aTpyAHennit [266]

B HeROTOPHX MoOJekyJAax OoJblHe 3aMeCTHTENH HACTOJLKO
6JIM3KO pPacmoNokKeHH JAPYF K APYTY, UTO OHH He MOTYT YMeCTHThCA
B HMelOHleMcs npocTpaHcTse Oes nedopMaudy OSHYHBIX BaJeHT-
HHX YFA0B, Bul3nBaollelf HanpsiKeHHe, YAaJoch TONYIHTL Psf
coegHHenuii ¢ GosblIOR cTeneHbIo HaNpMKeHHA Takorc THna. Ha-
npHMEp, CHHTE3HPOBAHH OeH30JbHME KOJNbla C FPerT-6YTHIBHBIMH
FPYNNaMH B Opro-NOJOKEHHAX, a HMeHHO 1,2,3-TpH-Tper-GyTua-
npoussoarHe 89 [267] (cM. T. 3, peakums 15-50) u 90 [268],
a takxe 1,2,3,4,-Terpa-Tper-GyTnnnpoussoidoe 91 [269). Hanuuue
HaNpAXKEHHd B STHX MOJIEKYAaX NOATBepKAJeTcs XaHHRIMH Y@-
# HK-cnexTpoB, nNoKaswBalOLIMX OTKAOHeHHe OT NJAaHAPHOCTH

COOMe

¥ F. COOMe
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B 1,24-Tpu-rper-6yTuabensone, a Taxkxe CpaBHEHHEM TeNJOT pe-
axuufi STOTO CoeluHeHHs H ero 1,3,5-HsoMepa, B KOTODOM 3HEPrHs
HaOpsAXeHHd OKasuBaercd Ha 22 kxaj/moir MeHbuie {270] (cm.
Takxe T. 4, pasa. 18.9). llaxke MeHbumine mo o0bpeMy IFPYNNH, 4eM
Tper-0yTHAbHAA, MOTYT CO3AaBATH CTEPHYECKHe 3aTpyAHeHHS B Op-
TO-ONOXKeHuAX, Tak, mecTh H3ONPOMUALHHX MPYIN B TeKCAH3ONPO-
nu16eH30¢ HACTONBKO TECHO PACHOJIOMEHB, YTO He MOTYT CBO-
GoAHO BpallaThCsl H MOTOMY NOAHATH HAJA GEH3OALHHM KOJBLOM
B OAHY CTOPOHY OT ero maocckocts [271]. Oxasanoch BO3IMOXKHHIM
TONYUHTE YuC- B TPAHC-A3OMEpH H-aMHHO-2,4,6-Tpunogo-N,N N/ N’-
TeTpaMeTHAH3OdTaNaMuAa Gaaroaapsa ToMy, uyto rpynna CONMe,
He HMeeT Mecra AJs BpallleHHs W OKasblBaeTcsl 3aXKaroll MexpRy
aByMA o0beMHHIMH aToMaMu Hoja [272]. rpanc-Hsomep atoro co-
eJHHEHHS XHPAALHHNA, OH OmA paspefied Ha ONTHYECKHe aHTHNOARL,
a yuc-u3oMep mpeiacrapiaser cobolt MesopopMy:

HpyruM npumepoMm yuc-—rpaxc-AsoMepuHu, BOSHHKawome# B pe-
3yabTaTe SaTPYJHEHHOr0 BpANleHHA BOKPYT MPOCTY 4 CBA3M i273],
cayxar 1,8-au-o-ronnaHadransn [274)

HsbecTHO MHOrO JPYTHX C/yYaeB BFYTPHMOJEKYMAPHHX CTepH-
YeCKHX SaTPYRHEHHA, BLISHBAIOWHX A>hOopMalHY BaJSHTHHX YI-
J0B. Ml yike ynoMuHaaH rekcarennuen (coenunenne 16, pasg, 4.2)
H n30rHyTHle OenszonbHHle Koablla (pasj. 2.6). Taxme coemusHeHus,
Kak TpH-TpeT-CYTHAAMEH M Terpa-rper-GyTMAMeTaH, MOKa He Hs-
BeCTEHL. B nochesHeM coeqnHeHHM Her HHKagoro crnocofa CHATH
HanpAMeHHe, MOTOMY COMHETEJbHO, 4TOOH ero BOOOIle MOXHO
OO0 NOAYUNTL. B TPH-rper-OyTuiaMHHe CTEPHYSCKHE NPENATCTRHS
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MOrMH  OLITe  HecKoabKo ocaabaeHH, ecAH OH TpH o6beMHHe
PPYNIH PACNOJArajiHch B IIIOCKOCTH, BMECTO TOre wrobum obpa-
30BHBaTh OOHUYHYIO NHpaMUAaJAbLHYIO KoHurypauuio. B Tpu-rper-
GYyTHAKapOHHOJE KONMAHADHOCTH TPeX 3aMecTHTeNell NmpemaTCTBYeT
HaJiHiHe THAPOKCHABHON rPYNNLl, OAHAKO BTO COCAHHEHHE YAAaA0ChH
monyunTh [270). B TpH-Tper-GyTHAZMHHe crepuyeckoe HaNpAmeHHe
LOMKHO ObiTh MeHblle, YeM B YPH-TPeT-6yTHNKapOHHOAE, MOITOMY
NPHHLKNHAJBHO ROJKHA CYNDIECTBOBATH BOSMOMXKHOCTL €r0 nojyde-
uHa [276]. Bua nomyueH rerpa-rper-GytuadocdonrR-kaTron (rper-
Bu) P+ [277]), xoropusifi, no-BHARMOMY, AOJKEH HMETEH MeHBIlee
HanpaxeHde, 4eM Terpa-Tper-GyTRAMETaH, IIOCKOAbKY ¢BA3L C—P
SHAUMTENBHO JAHHHee cooTBercTBywmeR ceasy C—C. [eficree-
TeJNbHO, MeXKATOMHOE pPacCTOAHHE B 3ITOM KATHOHE COCTaBJASeT

1,92 A, uro naxe Goapwe THnHYKOH AMMHK cBA3d C—P, pasHo#
1,88 A.
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KapO6okaTHoHbl, XapOaHHOHHI,
cBOOOAHbIC paauKaJbi,
KapOeHbl U HUTPEHDI

B opranuueckoll XMMHH W3BeCTHO HeThpe THNA YacTHL, B KO-
TOPHIX BAJEHTHOCTh aTOMa YI/Aepoja pasHa JABYM HaH Tpem [l].
Of0HYHO 9TO KOPOTKOMHBYILHE YACTHUH, CYliecTBYOmHe (no Kpafi-
Hell Mepe B PACTBOPAX) TONBKO B BHAE HHTEPMEAHAaTOB, KOTOpEIE
nperepnenaiot ObicTpoe NpeBpallleHye B Gbjee ycroifluuBhle MoJe-
KynH. OAHaKO HeKOTOPHE YacTHUB OTIHYaloTca Goabiuelt ycTofi-
UMBOCTBIO, H HX YJANOCh BHJAENMTb; 9TO kapGoxaruoust (1), ceo-
bodnste paduxaasns (2}, kapbanuonst (3) u xapbensi (4). U3 sthx
YeTnlpeX BHJAOB YAaCTHL, TOJAbKO B Kap6aHHOHAX aTOM yraepoia

R R R
R—TI @ n——cll‘- n—(::le n—é R—N
R R R
1 2 3 4 5

OKpYXeH INOAHHM OKTeTOM 3JeKTponoB. CylllecTByeT MHOTO ApY-
FHX OPraHHYeCKHX HOHOB H DAaZHKAJOB, HeCYI[HX 3apANB MJH He-
cnapeHHbie 3JeKTPOHM Ha aToMaX, OTJHYHHX OT yrJaepopa, Ho
3eck GYAYT paccMOTpPeHH TOJNBKO Aurpessi (5), a30THHIE aHAJOTH
KapGeHoB, DTH NATH THNOB YACTHL GYAYT OOCYKAATHCH KaXKaast
B OTAENBHOM pasjese, BKJIOYawlleM KpaTK#ii of3op uyrefi obpa-
30BalHg YacTHUH # ee peakuufi. Bosee nmoJHoe paccMOTpeHHe Te-
HePHPOBAHHA H NMOBEXEHMS ITHX YaCTHI LaHO B L 2.

KAPBOKATHOHDB! 2]

b.1. Homenkxrarypa

B Teuedde MHOTHX JeT 4acTHUW THAA | HasHBaAM «KapOoHue-
BHIMH HOHamu®, XOTA eile B 1902 r. 'omGepr obparns sRAHMaHHE
Ha HECOOTBEeTCTBHE ITOTC Ha3BaHHMA CTIPyKType [3], mockoseky
<-OHUEBHIi» OOHYHO OTHOCHTCA K COSAHHEHHID ¢ BaJICHTHOCTBLIO
BHLIe, UeM Y HeliTpaabHOro aToMa. TeM He MeHee HA3BaHHe <«Kap-
GoHHeBHii HOH» YKODEHHJIOCh M He BH3HBano ocobux nmpobaem xo



KAPBOKATHOHDI, KAPEAHHMOHL, CBOBOJRBLIE PAJIMKAJIN, KAPEEHH 217

TeX HOP, MOKAa HecKo/NbKo JieT Hasap OJia H COTPYAHHKH He o6Ha-
PYXHJH CYLIeCTBOBARHA TIPOMEXYTOUHON WACTHUM. APYroro THNA,
B KOTOPOH MONOKHUTENBLHEIR 3apAj] TaKike HAXOAUTCA Ha aToMe
yraepoia, HO nociefHHR HMeeT (POPMaJbHY:0 BaJeHTHOCTb, paB-
Hyl0 He TpeM, a natu. [IpocTefimMM npuMepoM TaKofi yacTHUM
CHYKHT MeTaHOHHeBHR woH, maH nor MeroBua CHgt (r. 2, pasa.
12.5). Ona (4] npeasoxua coxpaHHTb HasBaHMe <«KapGoHHeBhIH
HOH» AJS NOJOKHTEAbHO 3apMAXKEeHHOr0O HOHA HATHBAJECHTHOrO yr-
Jepofia, a YacTHUH THHAa 1 HasHBAaTh <«KAPGEHHEBHIMH HOHAMH?®.
Emy npunagjexyr Takke TepMuH «KapGoKaTHOH» AJjiA 0603Haqe-
HHA 9acTHL, OGOHX THMOB. 3TH oNpefefeHHA ObJIH TPUHATH
HIOITAK [5). HexkotopHe aBTOPH A0 CHX NOD HASHIBAKT YaCTHLGH
ThHa 1 KapOOHHEBHMH HOHAMH, TOTJa KaK ApYyrHe HA3HBaOT HX
KapOeHUeBHIMH HOHAMH, OfHaKo obIMas TeHJeHIHA COCTOHT B TOM,
YTOOH Ba3WBaTh HX KGPOOKATUOHAME, H MW GYAeM clelloBaTh 3TOMH
npakTHKe. [TocKonbKy NATHBAaJEHTHHEe YaCTHUH BCTPEYalOTCH HA-
MHOTO pexXe TpexBaJeRTHHX, HCHOAb30BAHHE TEpMHHa <«KapOoKa-
THOH® JBJf TMOCASAHHX NPaKTHYeCKH He BHISHBaeT HeZOpPa3yMeRBHM.

5.2. YcToRYHBOCTD H CTPYKTYP2R

B HecKoJbKHX BMA2X peaklHfi B KayecTBe HHTEPMeAHATOB 00-
pasylorcs kapOokatuonbl. HanGosee ycrofiqMBHI ORH B pacTBOpax,
2 B HeKOTOPHX CJYyYasX HX YAAeTCd MOAYYHMTE AaKe B BHAE COJef.
B pacreope xapGokaTHOH MoKeT OHTb HAH ¢BOOOLHHM (0OcoleHHO
B NOJAAPHHX PACTBOPHTENAX, TAe OH COJALBATHPOBAH), HAM CYLIECT-
BOBATh B BHAE HOHHOMA mapH [6), T. e. GLITh TeCHO CBA3AHHEIM C OT-
PHUATENBHHM HOHOM, HashiBaeMHIM aporusoucnosm. HoRHHe napu
Yamie Beero o0pazylOTcA B HeNOJAPHHX PACTBOPHTEAAX,

B cayyae mnpocThix aARMABHHIX KapGokarHonoB {7] ycrofiuu-
BOCTb YMeHplllaeTcsl B PAAY TPeTHURHE > BTOPHUHBIE > MePBHUHHE.
HapecTHO MHOrO NeperpynnuapoBOK, NPH KOTOPHX HEPBHUHHE HJH
BTOPHUHHE KapOOKAaTHOHW TpeBpaulaloTca B TperTHYHHe. IIpocTuie
AJKHAbHHE KATHOHH HEYCTOHYHBLI B PACTBOPAX OOHIYHLIX CHAbELIX
KucaoT, nanpumep B HzSO,, ofHAKO HCCACAOBAHHE 3THX YacTHIL
CTajA0 BO3MOXKHHM, Korza Obio OGHapyKeHO, 4TO MHOTHE H3 HHUX
MOI'YT COXPAHATHECA HEONPEJeNeHHO AOATOE BpeMs B pacTBopax
cMecelt dropeyabhOHOBOA KHCAOTH H NMEHTapTOPHAA CYpPhMH. Ta-
KHe cMecH, pacTBopeHHbie ofuuno B SOy mau SO.CIF, asngiorca
CaMHMH CHIBHHMH H3 HM3BECTHHX KHUCAHX pPACTBOPOB H YAaCTO Ha-
SNBalOTCA cyneprucsoramu. IlepsoHauasbHHe IKCHEPHMEHTH 3a-
KAI0UaJAKCh B PHcoefHHeHHN aakuadTopuios k ShFg [8].

RF + SbF, —> R* SbF,~

3arem OuA0 HafimeHo, 4TO T€ JKe KaTHOHH MOTYT ofpasosmBaTbes
H3 COMPTOB B cMecu cynepruciora — SO, npr —60 °C ¥ u3 ajxe-
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HOB B geay.qb'ra're NpHCOEAHHEHHS NPOTOHA OT CYNEPKHCAOTH HAH
HF—SbF; B S0, naun SO.CIF npu HH3KHX TemnepaTypax [10].
Haxe ankavu o6pasyioT -kKapOOKATHOHH B CYNEepPKHCJAOTE 33 CYeT
norepd ruapup-uona H—. Hampumep, wusobyran paer 7per-Gy-
Tui-kartuon [11]:

Me,CH —222%5 , Me G+ SHEFSO,- + H,

Heaasucumo ot cnoco6a ux reHepmposaHus [12] Hayuenue mpo-
CTHX AJKWABHHX KaTHOHOB NOSBOJHJAC yOeZHTeJbHO JOKa3aTh
npupejeHHnl BuIlle MopAACK yerofiunsocTH. Oba HIOMepa Nponna-
¢bTopuna AaBaJH H3ONPONUJ-KAaTHOH; BCe 4eThipe GyTHndTopuAa
AaBaan rper-Oyrun-xatHon [13], a BCe ceMb M3YYEHHHX NEHTHJ-
(TOpHAOB AaBAaJE TPET-NEHTH/-KATHOH. #-ByraH B cynepxuciaore
JaBanl ToALKO Tper-6yTHA-KaTHOH. Jlo cux mop He yzanock HOJY-
YHTE HH OFROr0 HepBHYROr0 KaTHOH@, KOTOPHH MNpOCYLecTBOBAJ
6H AOCTaTOYHO AOATO AJAA TOrO, YTOOH €ro MOXHO GblJ0 3aperH-
crpaposaTh. Hu Meraa-, ru sTHadTOpHA He RAOT COOTBETCTBYIO-
Iero KaTHoHa npu oGpabortke SbFj;. IIpu HHM3KMX TeMnepaTypax
MeTHAQTOPHA HaBaJ rAaBHHM o6pascM cofib MeTHJIHPOBAHHOTO AH-
okcuna cepu (CHsOSO)+SbFg~ [14), Toraa xak stHAdGTOpHSE GHCTPO
06pasoBuBaN Tper-6yTHA- H Tper-reKCHA-KATHOHH 3a CUeT IpH-
COSHHEHHA MNePBOHAYAALHO TeHEePHPOBAHHOTC STHJ-E4THOHA K MO-
aekynaM atHneHa {15}, IIpm koMuatHOf TeMnepaTtype MeTHIA(TO-
PHA TaKke aasad Tper-GyTHn-katHod [16). B coorsercTBHH ¢ noO-
PAAKOM YCTOAYHBOCTH THAPHA-HOH OTPHIBAETCA OT AJEAHOB IOA
DeficTBHEM CYNEPKHCAOTH Jlerve BCerd H3 TPeTHYHHIX K TpyAHee
BCEr0 H3 MePRHYHBIX NMOAOKeHUH,

HabalonaeMuft nopaaok yCcToRYMBOCTH MOXHO OOBACHHTL TH-
nepkoaboranieii u sddekroM noas. PaccMaTpHBas TruUllepKOHD-
toramuio [17] 1 cpaBHHBaA NepBHUEEI KapGOKATHOH ¢ TpeTHYHHM,
MOKHO ‘BHJAETb, UTQ AJfA NOCJAECAHErC BO3MOXHO HaMHOIO GoJbluee
YHCJAO KaHOHHYeCKHX (GopM:

H H Wy )

H H
u—c:ml — RC=C n—tl:zt::
H H H H Hg, H
R R R
H éu, Dy c"u, H—C H®
R-—(® s R—C=C s R—CH—L > umd
HodH, hooH, n,
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B noKasaHHHX npHMepax NHepPBHUHHA HOH HMeeT TOJNLKO JBe,
a4 TPETHYHHIH — IIeCTh KAHONHYECKHX (hOpM, B KOTOPHIX Habiioga-
eTC THNEPKOHBiorauug, a, Kaxk musBecTHO (cM. npasuao 6
B pasa. 2.4), ueM GoJbllle YHCIO SKBHBANCHTHHX $OPM, TeM BHIE
peaoHaHCHAdA ¢TaGHIHSALUA CTPYKTYPH.

[lopsanox ycTOAYMBOCTH MOXKHO TaKke OGBACHHTL SPPexToM
noJdA; B MPHUCYTCTBUE ACKTPOHOAOHOPHHIX AJAKHJBHLIX FPYNN 3J€K-
TPOHHA® IVIOTHOCTb Y 3apsKeHHOr0 aToMa“ Yriepoga NOBHIIA-
eTCq, a BEJHYHHA 3apfAia YMeHbIllaeTCs M OH YACTHYHO OTTHATHBA-
€TCAd Ha -YrAepOAHHR aTOM, 4, KaK HDPABHJO, 3apsKeHHAS ua-
CTHIA TEM YCTOHUMBee, ueM MeHee KOHUEHTpHPoBaH sapaz [18].

Cpestn mpocTHX aAKMILHBIX KaTHOHOB Hambojee ycTofiums
TPeT-6YTHI-KaTHOH. Bee H3BecTHBle aJNKHJ-KATHOHH, COfep:KamiHe
He MEHee WeTHPeX ATOMOB YIJIePOAA, NPH HArpeBaHHH o0pasyior
Tper-0yTHA-KATHOH; 5TO OTHOCHTCH faXe K OTHOCHTENbHO YCTOHUH-
BHM TpPeT-MEHTHJI- R IpPeT-reKCHJ-KaTHOHCOAepKAllHM ¢parMen-
Tam (19]. TIpr o6paGotke cynepkucaorofi metan [20], aranm u npo-
Maifl B Ka4ecTBe IVIABHOrO HPOAYKTA AAI0T TPeT-0YTHA-KATHOHH
(cu. peaxmmio 12-16); maxe nmapadus H noimstuAeH o6pasyioT
Tper-6yTHA-KaTHOH. TloayteHHNe HS PacTBOPOB CYNEPKHC/IOT TBep-
AHe COAH  Tper-6yTHA- W Tper-HEHTHA-KATHOHOB, HanpHMe
MegC+SbFg~, ycTofiuuBn npu TeMnepatypax Hmme —20 °C I2lf.

Eclii NOJOKHTEJIbHO 3apANMEHHBIA ATOM YIICPOAa HAXOAHTCH
B CONpAKeHHH ¢ jBOHHOH CBHA3BIO, YCTOHUHBOCTL CHCTEMH HOBH-
maeTes BCJACACTRHE YBEAUUCHHA Ne/IOKAJNH3aNHH, BH3LIBaeMOf pe-
30HAHCOM, H GJAarOfaps TOMY, UTO NMOJOMMTEALHHI 3apSA NpHHAK-
JeXHT ABYM aTOMaM, a He CKOHHEHTPHPOBAH Ha OJHOM H3 HHX

R R R R
h o~ T -~ _ N B ; P

I
R R R

(MONeKysipHO-OpOHTAABHOE  NpelcTaBjieHHe 3TOH UYACTHIW CM.
B pasjg. 2.2). 3apax KaXAoro H3 ABYX aTOMOB DaBeH HpHMEpHO
1» (mam Touno 'fp, ecam Bce rpynmnu R ogweakoBul). [lpm pac-
TBOPEHHH CONPAKEHHHX AHEHOB B KOHIEHTPHpPOBAHHON cepHO#
KBCJIOTe HOJMyYeHH YCTOfiUHBHE KaTHOHH ajjinjbHOro TtHma {22],
Hanpumep [23]:

Me
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SIMP-criekTp 5Toro HOEA CBHAETENBCTBYCT O JeHCTBHTENBHO DAaB-
HOM BKJaje ABYX KaHOHHYeCKHX ¢opM. B HeM HMeIOTcs TOJABKO
TPH CHTHaJla: OT INGCTH MeTHALHHX NPOTOHOB, OT HeTHpPEX MeTH-
JAEHOBHX [IPOTOHOB H OT BoJOpofRa mpoctoii cBasn C—H ¢ oxu-
RaeMHM COOTHOmIeHHeM HHTeHcHBHOcTedi 6:4:1 [23]. Yxasanuum
Croco6OM NOAYYAOT KaK UMKAUYecKHEe, TAK K aUUKAHuYECKHe aJl-
AUJBHBE KATHOHH. YcrofiuuBHe aJNwIbHHE KATHOHH 06pasylorcs
TaKXe HDH pPeaKUHH aJKHAFaJOreHHIOB, CHUPTOB WAH oJetuHOB
¢ neHradropuioM cypbMet B SOs mau SO.CIF (3a cuer oTpuBa
ruspri-rona) [24]. dusuuuamerna-katnorn {25] Sonee ycroiuush,
4eM APOCTHe KATHOHH aJAHABHOTO THNA; HEKOTOPHle H3 HUX GHAH
HoaydeHH B KOHUEHTPHPOBaHHOH cepHoli kKuchote [26]. Bamuum
npuMepoM TAKOro THHA YaCTHI| SBAAIOTCS 2PeHOHHEeBHe WOHH (T, 2,
pasg. 11.1}. TpHBHHEAMETHJA-KATHOHH ¢ OTKPHTOH LeNbw yCTofi-
YHBW NpH HA3KEX Temnepatypax {—b55°C) Bo dropocyantonoroit
Kachote [27). [ToayyeH Taxxe mpomaprui-kKaTHoH ofilero suzaa
RC=CCR,;*[28}.

Hna OeHSHABHHX KaTHOHOB {28] MOXHO HamkcaTh KaHOHHYe-
ckHe ¢(opMH, aHAJOTHYHBle NMOKA3AHHHM BHille dopmam AJaA aa-
JAUALHHX K&THOHOB, HANPHMEp:

O/cnp @é,cn,‘ CH, CH,
et Wrr— — @
T —

Pajg OeHSHABHBIX KATHOHOB MOJYdeH B pacTBope B BEAe coneli
¢ SbFs~ [30]. Eme Gozee ycTOfiYHBR AHAPHAMETH/- H TPHAPHIME-
THA-KaTHOHH, TpueHBRAXAOPOMETaH AHCCOUBHPYST HA HOHH B 1O~
JAPHHX PAaCTBOPHTENIAX, KOTOpHE He cMOCOGHM (B OTIRuUME, Ha-
NPEMEP, OT BOAH) pearHpoBaTh ¢ KapGokaTtuoHamH. Tak, xaBHO
A3BecTHO paBHOBecHe B SOy:

Ph,CCl == Ph,C* + CI"

TpupeHEAMeTHI- K IRDEHUIMETRA-KATHOHH OHJAH BHAeJeHH
B BHEe TBepiwix coqelt {31}, a coam, mogobure PhyC+BF,—, asasa-
I07TCA NpONaMHHME peakrusaMmiu. [IpA HaAHUMH B OPTO- H AAPA-HO-
NOKESHHAX 3JCKTPOHOMOHOPHEIX 3aMeCTHTeAel YCTOHUHBOCTH 2pHJ-
MeTHA-KATHOHOB NOBHitraercs [32].

Huxnonponunmerun-gatuonu {33] aaxe Gonee ycrofiuuBH, yeM
KaTHOHH GeHauasHoro tuna. KaThon 8 Om1 MonayuyeH mpH pacTBo-
peHUH cooTBeTCTBYIOWEro cnupra B 96 % -Holt cepHoft kHcnore [34],

> D> {4

6 7 8
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a KaTHOHM 8, 7 u apyrne, uM nofob6BHe,— NIPHE PACTBOPEHHH CIUp-
t08 B FSO,H—S0,—S8bF;5 [35). Takan ocobas ycTOAYHBOCTDL, MO-
BHIIZIOMAACH ¢ Aobap/ieHHeM KaXnof LHKJAONPONHALHOR rpymns,
ABJISETCH PE3YALTATOM CONPIKEHHA MeXKAY HIOTHYTHMH opGara-
JAAMH HMHKJAONPOMHABHHX Kojew (pasp. 4.23) u pakanTHOR p-Op-
GHTaNbIO KATHOHHOIO yIJIepoaHoro nentpa. Cnekrpu SIMP m apy-
rle paHHHe NMOKAa3aaH, 4TO BaKaHTHaA p-opburaip pacnoaaraercs
He HepHeHAMKYJAsipro, a mapaaneabHo cBasH C(2)—-C(3) muxno-
nponaroBoro KoJablia [36]. B 3TOM OTHOINEHHH reoMeTpHs MoJge-

KyJbl aHaJOrs4Ha reoMeTpHH LHMKJIONPONAHOBOrO KOJBLIA, CONpPS-
KeHHOro ¢ ABofiHOH cBsAsblo (pasa. 4.23). LIuknonponuamernn-xa-
THOHL OyAyT obcyxkpaaTbea B T. 2, pasa. 10.6. PacemoTpennmii
sfech cTabuansupylomuit sdpdexT xapakrepeH TOJLKO AAA HHKJIO-
NPONHJAbHHX rpynn. Ilo ceoeMy BJAHSHHIO Ha ycrofiuasocTh KapGo-
KaTHOHa HHKAOGYTHJbHAS TPYNNA H HHKJIHYECKHe FPynon 60Jb-
mero pasMepa CPaBHHMH ¢ OGHIYHBIMH AAKHALENME TPyNHaMH
[37). '

Hpyro#t ctpykTypHO# 0coGeHHOCTbIO, 0GYCAOBAUBAIOIER NHOBH-
meHye yCTOHuHBOCTH KApGOKAaTHOHA, ABAAETCS HAJNHWUHE B MOJIONe-
HUH, coceflHeM ¢ KapGAHHOHHHM LEeHTPOM, reTepoaToMa, HecyLIero
HemoAeNieHHYI0 S/eKTPOHHYI0 Hnapy [38], mampumep Kuciopoia,
asota [39] uan ranoresa {40). Takue HOHH cTalBAH3HPOBAHH 3a
cHeT pesoHaHca:

1 - f
R—g—ﬁ-—m — n—-c=g—m

Tak, METOKCHMETH/I-KaTHOH MOXHO MOJAYMHTh B BHJIE YCTOHYHBOTO
TReproro BeuectBa MeOCH+SbFg [41],

IIpoctrie anuabiue KaTHoHH RCOT 6man nonydenw [42] B pac-
TBOPe u B TBepAoM cocroanny [43]. Auetun-karHon CHy,CO+ yec-
TOAYHR NOUTH TaK e, KaK Tper-GYTHJ-KaTHOH (CM., HampHMep,
taba. 5.1). Oco6o ycTofuuBn (MO CTepHYeCKHM NPHYAHAM)
2,4,6-TpuMernnbensoun- m 2,3,4,5,6-neHraMeraAteR30HA-KaTHORH,
KOoTopHe jerko o6pasyiorca B 96 %-uoft cepuoft gucnore [44] Xora
MOJMOKHTENbHBI 32pAJ cOCpPeloTOMEH TJIAaBHHM ofpasoM Ha atome
yraepona [45) u dopMa 9 naer QCHOBHOH BRJA2X, 5TH HOEH AOTION-
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Tabauye 5.1. Dueprua rerepoantugeckol Auccounauwy R—Br— R+ < Br-
B rasopoli ¢ase {¢ TouHOCTHIO +2 KRan/Moab) [52]

+ —_— - N +— ol N
Von DR s . How D e
CH¥ 2177 O+ 161,3
CHg 1819
CH,GO+ 151,1
(CHy)sCH+ 162,9 (CHy),C+ 1487

HHTeJLHO CTAGHAHIUPYIOTC 3a CYET BKNAAA KaHOHUYeCKOR dopMbi
¢ Tpoitnok ca3bio (10):

R—C=0 =0)
® 0 — R—C=0p
9 10

B SonpuiaHerBe cayuaeB yCTOfMMBOCTL APYrHX KapOOKaTHOHOB
MoOeT OBITb TaKkKe 0GbACHeHA Pe3OHAHCOM; K HHM OTHOCATCA TPO-
MHAKEBH A, HUKAONPONCHUABHBI B ApPYyrie apoMaTHUeCKHEe KATHOHH,
paccMoTpesEHe B M. 2. Ecam pesoHaHcHan crTaGuAH3an#d noi-
HOCTBIO OTCYTCTBYeT, Kak, Hampumep, B ¢enun- (CgHst) nna sm-
HHJI-KaTHOHAX, HOR OOLIYHO ABAAETCH O0YeHb KOPOTKOHBYIIHM
HJAH BooOlle He obpasyerca [40a]. Hu BeRuNbHEM {46], HM deHnb-
HH# KaTHOHH ellle He GH/AH NORYYeHH B BHAE YCTORUHBHIX YACTHIL
B pacTBopax [47] BHHHMI-KATHOHH, NO-BHAMMOMY, Gojee YCTORUHBH,
YeM COQTBETCTBYIOIHe NePBHYHHE AJNKHN-KaTHOHH, HO MeHee Yc-
TOMYHBH, YeM COOTBETCTBYIOL{He BTOPMYHLIE AJKMA-KATHORH [48]:

RCH® < RO=CH, < ROH—CH,

JAs oueHKH OTHOCHTENLHOR YCTOMUMBOCTH KapSOKaTHOHOB pas-
paGoTAKH Pa3JMYENE KOAHYeCTBEHEHe MeToan [49]. OamH k3 Ham-
Gosee pacnpOCTPaHEHHHX MeTOAOB, KOTOPbLfi, OZHAKO, TNpHMEHHM
TONBKO K MOBOJbHO YCTONYMBHM KaTHOH&M, 06pasylolMMcs NpH
HOHH3AUMK CIHPTOB B KHCAHX PACTBOPAX, OCHOBZH Ha cJeayiollieM
ypaeHenun [50]:

c
Hp =pKg+—Ig C:Jn

rge pKnt — Besmmunna pK ang peaxnum R+--2H,0:xROH+H,O+
H COYXHT Mepoll yeroflunBocTR KapOokaTmona. Beawunny Hr (pa-
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Hee obosHauapwyloca Cg H Jo) JIerko NONYYHTH HSMEPEHHEM KHC-
JMOTHOCTH pacteopareasn (pasi. 8.2) u pH NpH HUSKHX KOHUEHTpa-
.MHAX KHCAOTH. YTtoOn nmoayunth pKpt Aas katuona RY, cnupr
ROH pactsopsioT B KHCAOM pactBope ¢ HsBecTHol BeamwuHofi Hp.
3areM, ycrauoBuB KoHuenTpamuum R+ u ROH, xak NpP4BHJO, IO
CNeKTPaJIbHHM MAaHHHM, HEeTPYAHO PpaccuuTaTs sHayeHHe pKgp+
[61). [dns oueHk ycTORUHBOCTH MeHee CTaGHJIbHHX KapGOKATHO-
HOB pa3pa6oTaH MeTOA € HCHOJAb30BAHHEM HOH-UMKJOTPOHHOLO pe-
30HaHCa, MPH KOTOPOM 3aMepseTcd SHePrHst paspuBa cBAsH R—Br
¢ ofpasosaHueM R+ u Br~ B rasoeoft ¢ase [52). Iloayuenunte Be-
MUYHHE, TpuBeAeHHHe B Talu. 5.1, cayxar Mepok ycTofiuHBOCTH
COOTBETCTBYIOINHX KATHOHOB B rasosofl dase.

OauuM U3 cnocoGoB OLEHKH OTHOCHTE/NLHOM YCTOAYHBOCTH Kap-
GoKaTHOHA ABAAETCH KOHKYPeHTHH# OTPHB TRADHA-HGHA HS ABYX
NOXOXKEHHA B OfiHON H TOR XKe MojieKysie, HanpHMep:

H
_ | ®
| O@—cmcu,cn,-(lz—cn, = CH.CH,CH,—(—CH
CH, CH,

OtHocHTeNbHYIO YCTOAYHBOCTL JABYX HOHOB ROJAYYAlOT, H3Mepad
KOHCTaHTy paBHoBecusi K [53]. dxcnmepnameHTaAbHHE NaHHHE MOKa-
3anM, uro 5-, 7- HaH 8-uneHHBble HNHKAOAAKHALHHE 3aMecTHTENH
iggime cTaGAAHSHPYIOT KapOOKaTHOHH, YeM AUHKAHYeCKHe TPYNIH

IoCKOMBKY B TPEXKOOPAHHHPOBAHHHX KapOOKATUOHAX Y IEH-
TPAALHOTO ATOMA YIJICPOAA TOABKO TPH CBASK H HeT APYTHX Ba-
JEHTHHX SJEKTPOHOB, BTH CBA3H HMEIOT S -THOPHAH3AUMIO H ROJ-
XHH HaxOIHTbCA B OAHON naockoctd [54]. 1o noareepxpaercs
pangumu KP, HK u SIMP jgas npocThlx anKHABHHIX KaTHOHOB
{56]. Npyrum noxraep:kieHneM ABjAgeTcH TOT (paKT, yTo oOpasoBa-
AHe KapGOKaTHOHHOrG IEHTPa B TOJIOBE MOCTA MOCTHKOBHX CHCTEM
€c/H M NPOHCXOXZHT, T0o ¢ OoabWIEM TpyZoM [56], Tak XaK B 5ToM
c/AyJyae TPH CBA3H YIjiepoAa He MOTYT JieXKaTh B OAHOH MJIOCKOCTH
(r. 2, paza. 10.2). Oanarko OWA noayyeH agaMarTRA-Katuox (11)
B BHAE coau ¢ SbFg~ [67]. 310 nmpuMep MocTUKOBOr0 KatHOHa He-

n i2

o6HYHOrO THMA, OH MOXeT OHTh IJIOCKHM HJAH MOYTH MAOCKHM,
HeCcMOTpA Ha TO, UTO MOAOXKHTEALEH | 3apaAn JOKaJH30BaH B ro-
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Jose Mocta. I[pyruM NpHMepoM CTPYKTYPH TAKOTO THNA SABASETCH
1-rpacroMoGappexun-KatHok (12), noayveann#i B pacrsope cymep-
kuciorhl npa —78 °C [58]. B sToM cayuae HeycTOAYHBOCTH MOJO-
MeHHst KapGOKaTHOHHOINO NEHTPa B TOJOBE MOCTa YPaBHOBEUIHBA-
eTcd AONOJAHHTENbAOR YCTONYHBOCTLIO 34 CUeT CONPSIKEHHA ¢ TPEMA
HHEKAONPONHABHEMH PPYNMAMH,

TpuapunMeran-Kathonn {p9] Hmeor dopmy npomeanepa, xors
HeHTPANbHHA aTOM K cBA3aHHbie ¢ HEM TPH YiVIEDOAHHX aTtoMa
LIHK/0B PacnoNoKeHH B OfHOK maockoctu {60):

@?@

Bce Tpu GeH30ABHHX KOJbla He MOTYT HAXOAHTbCH B OAHON mJoc-
KOCTH H3-34 CTEPHYECKHX 3aTPYAHEHHH, HecMOTPA Ha TO, YTO eClH
OH 3TO0 OHJIO0 BO3MOXKHO, HOJY4HNcH Gbl BWHFpHIL B 3HEPTHA pe-
30HaHCA,

BaxHbIM MeTOAOM H3YYeHHA CTPYKTYDH KapGOKAaTHOHOB ABJAsA-
eTCSl M3MEépeHHe XHMMUYECKHX CABHIOB MOJOKUTENBHO 3aPAKEHHOro
aToMa yraepoda B cnektpax *C-SIMP {61}, Tax xak Mexny casH-
TOM M 3JeKTPOHHOH HAOTHOCTBIO Yraepoja HabaAAeTca Hemio-
Xafg KoppesAuuf. 3HAUEHHMS XHMAYeCKHX cABHroB 3C.aaa pasa
HOHOB npuBefeH B Taba, 5.2 [62). Kak erano M3 zasHHX Ta6-

Tabsuye 5.2, Xumuueckme cEpure 13C (B M, A, oT
! Ifs HeKOTOPHX KapGORATHOHOB B PACTBOPAX
> IF—SbFs, S0;—FS0;H—SbFy man —SbFg

Hon gt | Tyt
Et,MeC+ —139,4 —~20
Me EtC+ —139,2 -—60
Me,CH —135,4 —20
Me;CH+ —125,0 —20
Me,COH+ -55,7 50
MeC (OH)f —1,6 —30
HC (OH)F +17,0 —30
C (Omf +28,0 —50
PhMe,C+ —61,1 —60
PhMeCH+ —40 [63]

PhyCH+ —5.,6 —60
PhyC+ —18,1 —60
Me, (upraonpomun) C+ -—86,8 —60
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JHIH, 3aMellleHHe 3THAAa Ha METHJ HWAH METH/Aa Ha BOJAOPOA BH-
sHiBaeT CcABHI B GoJjee cnafoe moJe; TO YKasHBaer Ha TO, YTO
HEHTPaNbHHH aTOM YrJepofa CTaHOBHUTCA HeCKOJNLKO GoJiee mogo-
KHTeNBHLIM. B TO 2e BpeMs HaaudHe THAPOKCHABHOH HAH (heHHJb-
Holl rpynnm yMeHMBUIAeT NOJIOXKHTEAbLHHA XapakTep UeHTpaJbHOrG
aToMa yraepoaa. XuMHYecKne cABHrH SC He Bcerfa TOYHO COOT-
BETCTBYIOT NOPAAKY ycrofiuHBOoCTH KapBOKaTHOHOB, onpefesieH-
HOMY ApyruMmu cnocofamu, Tak, mo BeJHUHHE XMMHUECKOTD CABHra
TPpHOEHANMETHA-KATHOH A0/KEH UMeTb GOABINHA NOJNOMHTENLHMH
3apsAA Ha IHEHTPANBHOM YIJIEPOLHOM aToMe, UeM AH(eHHAMeTHI-
KaTHOH, OAHAKO MepBHIil Gonee ycrokuus. XHMUYeCKHe CABUIH
2-QUKAONPONHANPONHA- B 2-(QeHANNPONHUA-KATHOHOB COCTABJAIOT
—86,8 H —61,1 M. . cooTBeTCTBEHHO, XOTSH, CONIACHO APYTHM KpH-
TepUsAM, HHKJIOHDOMMMRbHASA rpymna Jayulle crabunnsHpyeT KapGo-
KATHOH, yeM dennnbian rpynna [63). [Tpuuunm Takoro pacxoxae-
HUSA el He BOOAHE MOHATH [61, 64].

5.3. Heknaccuueckne KapOoKaTHORN
9TH yacTHUM paccMaTpuBaloTcs B T. 2, pasa. 10.6.

5.4. Cnoco6ul nojgyqenAs xapﬁoxa'mtlmon M MX PeakiHu

KapGoxaTioHH, KaK yCTORUHBHe, TaK M HeycToRuuBHE, MOXHO
reHepHpPORATHL ONHHM H3 JBYX OGINMX cnocofoB:

I. IIpaMoit Houusamuek, npH KoTOpoH Tpynna, cBAsaHHAd
C ATOMOM YIVIepoja, YXOAHT BMeCTe ¢ 3JEKTPOHHOH mapoft (cM.
2, 10,73, . 138 T. 4,14, 17 1 18):

RLX — R* + X-
i/ Moxcem Date
¢ %mm)
2. TpucoenuHendeM NBPOTOHA HAH ApPYrol 3apsxeHAON ua-
CTHULEI K OJHOMY U3 aTOMOB HeHachilieHHOH CHCTeMH, B pesylb-

TaTe Yero COCEAHHA aTOM YIEpoAR2 OKASHBAETCH NOJOXKHTEIBHO
sapsokeHHEM (eM. T. 2, ra. 11 m 1. 3, rai. 15 & 16),

r @
—(|:=Z + H* — —-(I,‘—Z--H

Hesasucumo or cmocoGa o6pazoBaHHs KapOoKaTHOHA yalle
BCero npeActapndlor coboit KOPOTKOXHBYIHe NMPOMeXYTOUHHE da-
CTHIH, KOTOpHE §e3 BHHEEJNEHHS BCTYNAOT B AajbHeHlIHe peaKuuH.
Kap6okaTHOHH MOTYT pearHpoBaTh HECKOJNBKHMH NYTAMH, AaBasd
YCTOHUMBHE NPOAYKTH HJH ApyrHe KapOOKaTHOHEH!, CNOCOGHEHE pea-
rHpOBaTh Aajxee ¢ o0pasoBaHHEM YCTOHUHBEIX NMPOXYKTOB.
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JiBa raaBHHX HanpaBXeHHR, N0 KOTOPHIM KapOOKATHOHLI pea-
THPYIOT ¢ 00pasobaHHeM YCTOAYMBHIX NPOAYKTOB, OGpaTHH ABYM
pPacCMOTPEeHHNIM BHLle AYTAM HX o6pazopaHua.

1. KomM6unanua ¢ wacrail %, -HMelollel 3/eKTPoruyio napy (pe-
aEuHA KucjaoTa JIpioHca — OcHOBaHMe, cM. Ta. 8);

R+ ¥- — R—Y

Takofi wacranmefi Moryr 6ute OH-, rajorenun-non uam sioGof
Apyroft OTPHLATENbHHH HOH, a TaKXe HeATpajnHAdA YaCTHLE, CHO-
cobHag OTRAaBaTh NCKTPOHHYI) Hapy; B NOCAeAHeM cJaydae mpo-
AYKT B3aHMOJeHCTBHS JAOJIKEH, KOHeYHO, HecTH NOJOMMTENbHLIN
sapag (cM. 7. 2, ral0m . 3, ra1. 13, 15 4 16).

2, [Torepst aTOMOM, COCeAHHM C KaPGOKATHOHHLIM LEHTPOM, HPO-
TOH& HJH, 4TO pexe, APYrore HOJOKHTEAbHO 3aPAKEHHOTO HOHA
(em.r. 2,ra. 1l u, 4,1, I7) :

ey — —C=z + B
|

HBa apyrux OnHCaHHBX HHXe NYTH NPUBOAAT K 06pasoBaHHIO
HOBHX Kap6oKaTHOHOB:

3. Mepezpynnuposra. Bomopop, anxuAbHag HJAH apuabHas
rpynna (AHorAa ® Apyras rpymnma) MHATDHpYeT BMecTe co cBoel
3/ICKTPOHHOR mnapofil K NOMOMHTENBEHOMY DEeHTPY, B peayJbrate
qero aToM YIVIepoAa, ¢ KOTOPHM OHa Oblia cBA3aHA, CTAaHOBHTCA
NONOKHTENLHO 3apaXeHHbiM (cM. T. 4, ra1. 18):

.'.
CH,—C—CHY — CH,—(I:—CH;—CH,
CH, CH;
4. Mpucoedunenue. KapOGOKATHOH MONKET MPHCOEAHHATLCR

K fBOAHOM CBA3H, NPH STOM NOJOKHTEALHHA SapsA BOIHHKaer
B HOBOM NIOJIOYKEHKH (CM. T. 2,ra. 111 7 3, ra. 16);

I
R* + —C=C— -~ R—?—-—%—
[ |
13
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Of6pasyiolunecst B pe3yAbTaTe NeperpyNNHPOBKH MJIH NPHCOSRH-
HeHUS HOBole KapOoKaTHOHb OOBIYHO pearHpylor Aaflee NG NyTH
1 uny 2 n takum obpazoM craGuansupylorca. OaHaKo tako#t xap-
6oKkaTHOH, Kak 13, MOXeT NpHCOEAHHATbCA K APYrot MoJjexyse
oneduna, a ofpasyolHicd NpH 5TOM NPOAYKT MOXeT HpHCOeiH-
HATBCA K chefyiollefi Mosiekylae H T. A. ITO OAHH H3 MEeXaHW3MOB
NOAHMEPH3IaUH BHHHABHKX coeflHHeHH.

KAPBAHUOHbB!
5.5, Crpoenne u ycroliuaBocTh [65]

Meraanoopeanuseckumy HasHB3OT COSAMHEHHS, B KOTOPHIX
HMeercH CBA3b MeXKAY aTOMOM YIJiepona H aTOMOM MeTaxana. Takng
COelHHEeHNH H3BECTHO O4YeHb MHOTO, H B HACTOSIIEe BpPeMS XHMHS
MeTaJIIOOPTaHHYECKRX COe/lMHeHRH mpeBpaTHAach B OOIIKPHYIO 06-.
JIaCTh, TOFPAHHYHYI) MEXJY OPraHHYecKol W HeopraHAYecKol Xu-
muefi, Muorne cBASH Yraepox — MeTajJ, HaHpHMep CBSA3b Yrie-
pPOR — pTYTh, HECOMHEHHO SBJAAIOTCH KOBAJIGHTHHMMH, HO B CBA3NX
MeMARY yraeposoM u OGosiee AKTHBHHIMH METa/NJaMH 3/eKTPOHH
pacmosoxent GAHXe K aToMy yraepoxa. Bompoc o ToM, Aocra-
TOYHO A OAM3KO pACTIONOMEHH SAEKTPOHH K aToMy Yraepoisa
B A4HHOM CBSI3H, YTO MO3BOJSET HA3BATh €¢ MOHHOM, a YrIIepOAHYIO
YacTb MOJEKYJH KapGaHHOHOM, S3aBHCHT OT IPHPORH MeTasJa,
CTPOEHHA YIVIEPORHOA YACTH, MPHPOAL PACTBOPHTENS H BO MHOTHX
CAYYadax ABAACTCSA JHIIL NPeLMEeTOM YMO3PHTeJAbHHX NpeAnsJio-
eHn#A. B HacrosmieM pasfene obcyXmawTCA TAaBHEM o6pasoMm
KapGaHHOHH, a B cjefylollleM pasiede Oyfer paccMOTPeHO CTpoOe-
HHe MeTANJQOPTaHHYECKHX COeAHHeHHI.

Ilo onpenenennio KawxAbifi kapfaHHOH uMeeT HeNOAeNSHHYIO
napy 3JeKTPOHOB # HOTOMY #ABJAfercA ocHoBaHueM. IlpnHnMasn
NPOTOH, KapGaHHOH NpeBpallaeTcH B CONMPSIKEHHYIO KHCAOTY (oM.
ra. 8). YcrofiuHBocTh KapOaHHOHA MPAMO CBS3aHa ¢ cuaofl conpg-
HenHolt Kucnotel, Uem chalee XHcA0Ta, TeM Godblle CHAa OCHO-
BAHHS B TeM MeHblle YcToflumBocTh KapOanuoHa [66). 3zecy mox
YCTORYHBOCTBIO NOAPA3YMeBaeTcs YCTOAYHBOCTL N0  OTHOILEHHIO
K JAOHOPY NPOTOHOB; YeM HMKe YCTONYHBOCTb, TeM Jerde kKapOa-
HYOH NPHEAMAET BPOTOH OT JAi06Ore ROCTYNMHOFO MCTOYHMKA H Hpe-
KpalmaeT cBoe cyllecTBOBaHHe Kak TakoBo#l. Takum oGpasoM, om-
peReneHHe NOPAAKA YCTORYMBOCTH B psAfY KapGaHHOHOB SKBHBa-
JIEHTHO OTpele/IeHHIc NOPAAKA CHAB CONPAMKeHHHIX KHCJAOT, TakK
yTO0 HHPOPMAUMIO 06 OTHOCHTeJBHOA YCTORUHBOCTH KapGaHHOHOB
MOXHO TOJAYYHTL K3 TalJRLE CHAK KHCAOT, NoAoOHEIX Taba. 8.1
B . 8,

ConpsxeHHbie KHCAOTH NMPOCTHX HesaMellleHHbIX KapOGaHHOHOB
oueHp cAalble, W HX CHJAY Heserko usMepHth. ITpocThie kKapGa-
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HHOHBI OYeHb HeycTOMYHBH B pacTsopax; B OTJHYHe OT KapOoka-
" THOHOB BC@ YCHJIHA INOAYYHTH pPacTBOPH, B KOTOPHX 3THA- HAH
H3OMNPONHA-KapOGaHHORE CYIUecTBOBAJY GOH B OTHOCHTENILHO CBO-
GOLHOM COCTOSIHHH, MOKA He yBeHYaJHCh ycnexoM. TeMm He meHee
HaMeTH/AOCh HeCcKOJBKO NOAX0A0B K 3Toli mpobaeMe. SNNAMKBHCT
u O'Bpafien [67] usyuann nojoxenue paBHOBecHs ANA peakudu

RLi + R'l==RI + R'Li

B adupe ¥ cMmecH spup — nenran, CyThb 3KCNEpPHMEHTa CBOAKHAACH
K TOMY, 4Tobul NOKa3aTk, yTo Ta rpynna R, kotopas ofpasyer Go-
Jiee yeroHunphil KapOanuon, fioyiscHa GulTb CKOpee CBA3aHa c JH-
THeM, a He ¢ HogoM. Buisio nafiaeno, uro ycroWynBocTh KapbaiHo-
HOB yMelibllaeTc B PAAY BHHHIZ> DEHHA > UHKAONPONNA > 3THI >
> H-TIPONKA > B300YTHA > HeOTIeHTHJ > UHKJIO6Y THA > UHKIONEHTH,
Ananornunnfi sxcnepuMeHT nposean Heccu w cotp. [68]; oun obpa-
GataiBand aAKHAMArHHeBble COeAMHeHMA AJNKUAPTYTHLIMHM COeHH-
HEHHSIMM B TeTparAapodypane W H3yyaldH paBHOBECHS

R;Mg + R’;Hg —— R;Hg + R';Mg

B KoTopoM rpynna, ofpasyiomas Gosee ycTofiuuBbfi KapGaHKHOH,
cBA3aHa € MAarHHeM. YCTOHYHBOCTL KapOaHHOHOB, onpeleseHHast
9TEM INyTeM, YMeHpllafack B PAAY GeHui>> BHHUJ > LAKAONPO-
NHI>>MeTHAZ> 9THA > H3onponus. Jlpa npHeefeHHBIX BHMIE PsIAa
YCTORUHBOCTH XOPOIIC COIIACYIOTCH APYr ¢ APYroM; OHH MOKa3H-
BAIOT, YTO YCTOHUMBOCTD NPOCTHX KapGaHHOHOB yMeHbILAeTCs
‘B PAAY METHJA > IEPBHUHLI>>Bropuatuii, C noMolBio 3KcnepH-
MerToB JleccH B COTPYAHHKOB lI€BO3MONKHO ONpelequTh NOJONKe-
Hie Tper-GyTHAa, HO He BLI3LIBAET COMHeHHH, YTO OH elle MeHee
yeroiuus. OGBACHATE HaHHEI HOPALCK YCTOHUMBOCTH MOXKHO
TOABKO ¢ OOMOULLI0 sddekTa Noas, Tak Kak pe3oHaHC oOTCYTCT-
Byer. Haanute 3JNeKTPOHOAOHOPHHX AJNKHABHHX TPYIONH B H3OOpPO-
naae (Do CPaBHEHHIO ¢ METHJIOM) BH3HBaeT NOBHUICHHE NJOTHO-
CTH OTPHUATEALHOTC 3apsifa Ha IEeHTPalNLHOM aToMe Yriepola,
gro Baeder 3a colofi yMenblleHuwe ycrofiyusoctH, Pesyabrars
Onnakksrcra 1 O'Bpaiiea N0Ka3sHBaIOT, YTO PAa3BETBJCHHE B B-N0-
JOKeHHH TaKXe MOHUKaeT YcToHuHBocTh KapOanuona, QueBdpHO,
4T0 HOJOXKeHHe LUHKAONPONHIa AaHOMAajbHO, HO 3To MOXET OHTb
CBS3aHO €O 3HAYKTENLHBIM S§-XapaKTepom KapGaHHOHHOIO aToOMa
yriepola (CM. HHXKe),

Hpyrok mnopxop k npoGireme CH-KHCAOTHOCTH M, cleloBa-
Tenblo, ycTofiuuBecTH KapOalthoHos pa3spaGotan llartenmTefivom
M COTPYAHHKaMHM H 3axKaioyaeTcs B o006paboTKe YyrjesoaopoAos
JefiTepUpOBAaHHLIM aMHAOM KaJHd M B3MepeHHH cRopocTelf H30TON-
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Horo ofMena Bogfopoia {69]. IlockoAbKy H3MepsAIOTCA CKOPOCTH,
2 He KOHCTaHTH pPaBHOBeCHs, MOJYYAIOT HE TePMOOUNAMUYECKYIO,
4 KURETUHeCKYIO KHCJIOTHOCTH, T. €. NOAYHAIOT OTBeT Ha BONDOC,
Kakde coefHHeHHA OnicTpee OTRAIOT NpPOTOH (pasiuuHe MeXAY
TEPMOAMHAMHYECKHM H KHHETHUSCKHM KOHTpDOJEM NPOAYKTa CM.
B pasd. 6.6). Hsmepenne ckopoctefi BOAOpOAHOro ofmMeHa paer
BO3MOXHOCTh CPABHHTBL KHCJOTHOCTh PHAA KHCAOT NO OTHOWIECHHIO
K AaHHOMY OCHOBAHHIO JaXe B TeX cAydYasax, KOTAa NOJNOXeHHe
paBHOBeCHs HeNb3s W3MEPHTb, TAK KaK OHO CHJIBHO CIBHHYTO
B CTOPOHY HCXOAHHIX BellleCTB, T. €. KOIJa KHCAQTH CJAHMIKOM CJa-
Gute, 9TOOB NPEBPATHTHCH B CONpSXKeHHBle OCHOBAHHA B H3Mepse-
MHIX KOJNHYecTBaX. XOTH KOPPENAUMA MeXAY TepMOAUHAMHYeCKOR
B KHHeTHYeCKOfi KHCJAOTHOCTHIO AaNeKo He coBepuwieHHa [70], pe-
3YALTATH H3MePeRHs CKOpOCTefi MOKA3BIBAIOT TOT e MOPSAOK yc-
TORUHBOCTH KapSaHHOHOB: MeTHJ > NepBHYHLIA > BTOPHYHHA > Tpe-
THYUHET [69).

Muyorve KapGaHHOHH ropasio YcroiiuHBee pacCMOTPEeHHBIX
BHlle NPOCTHX THOOB, [JoBHlIenHas ycToHyusocTh 0ofycloBNeHa
onpeleneHHHIMH NepPeYHCACHHLIMA HHXe CTPYKTYPHHIMH OCOGeHHO-
CTAME. :

1. Conpasxenue nenoGesesnol napol S5ACKTPOHO8 ¢ KpaTHOU
£8A3BIO:

R R

Y=C—L{|C «—s 9?—(i:==i

Koraa nBofias uam TpofiHas CBA3hL HaXORZUTCH B (-NMOJOXKeHHH
K KapGaWHOHHOMY LeHTPY, HOH CTalGMAH3HPYeTcs BCAelCTBHE pe-
30HaHCa, NMPM KOTOPOM HenoJelleHHAs mapa NepeKphiBaeTess ¢ -
3JICKTPORaMH IBOMHON CBA3H; HMeHHO STHM o0DbACHAETCH YCTOHYH-
BOCTE KapGanHOHOB aanuabHoro {71] ¥ GensuabHOro [?2{ THIIOB!

_ o
R~CH=CH—CHE +—— R~CH—CH=CH,

.C-Hg 9 CH; CH; Q CHI
A L e , el
o @A L 9

Eume Sonee ycrofiuups andeRuaAMerni- 4 TpupeRHIMeTHA-aHHOHH,
KOTOPHe COXPaRAIOTCA B PacTBOpPax HeonpefelleHHO JOJATO€ BpeMd
NpH ycAOBHH aBCOJNIOTHOTO OTCYTCTBHS CJeAOB BOAM [73]
YcToAYHBOCTE HOHOB, B KOTOPHX KapGaHHOHHHH LEHTp comps-
XeH C KPaTHOM CBSI3BIO YIAePOA — KHCJOPOJ HJIR YTAepOX — asoT
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(Y=0 unag N}, mpeBocXOAHT YCTOMYHBOCTb TPHAPHAMETHJ]-aHHO-
HOB, MHOCKOJIBKY STH S/EKTPOOTPHLATE/NbHHE aTOMH CIOCOGHH
Nydlle yRep:KUBATH OTPHILATEJbHHIA 3apsa, uyeM yriaepof. Oxuaxo
BO3HHMKaeT BONpPOC, CASHNYET JiH HOHH TAKOr0 THNA HASHEBATE Kap-
Gannonamu, Hanpumep, B cayyae eHOJAT-HOHOB BKJajA CTPYK-
Typd 15 B pesonaHCHWfi rEGpum Gonbiie BKAaja CTPYKTYpH 14,

a
R—CH—C—R' +— R—CH=C—R
l [¢]
2 2
14 15

XOTA peaKuud ¢ TAKHMH HOHAMM Wallle HAYT RO YIVIEPORY, & He
10 KHcAopody. EHOAAT-HOHH TaKie ycrofiyuBH B pacTBopax. Oco-
G6eno oddexTHBHAa AN CTaOUAM3ANUM OTPULATE/BHOTO 3apAAa
Ha YIepOAe cOcefHss HHTPOrPYNNa, H AHHOHH NPOCTHX HHTPO-
8NKaHOB CYIUISCTBYIOT aake B Boje. Tak, pK, a/Ns HATPOMETaHA
cocrasager 10,2; sTo osHauaer, uto npu pH 10,2 BoaHH# pacTBOD
HHTPOMETaHA COCTOHT H3 PABHHX KOJHYECTB HHTPOMETaHa U €10

b el

o'¢

- CONPAKEHHOTO OCHOBaHMA, 4 NPH Gojee BHCOKEX 3Havenmsix pH
KOHLUEHTpauusi KapGaHHoHa Maxe Boille. Eme O6ojee KHCABMH
csoficTRaME ofsnafgaer AuEHTpoMeTaH, pK kotoporo pasen 3,6

B oramyre or  ycTOAWHBEIX UHKAONPONHIMETHJI-KATHOHOB
(pasa. 5.2) B coOTBeTCTBYIOUIHX KapOaHHOHAX IHKACNPONHALHASR
rpynna okasuBaer Aullb cynatoe craGHAHIHpYIOllee AeHCTBHE Ha
coceannit KapBanuOHHKH yraepoanuft ueHTp [74).

2. Hosuiuenue s-xapakrepa KapGanuonnozo yeaepoda onpede-
AAET BO3PACTAIOULHIO YCTOURUBOCTL KAPOUHIOKOE:

RCe==C" > R;C*CH- = Ar- > R;C_CH;‘

AneTHieH, B KOTOPOM Sp-THOPHAH30BAEHHIA aTOM yriepoia HMeeT
Ha B0 % s-xapakrep, HaMHOTo GoJee KHCJAHH, ueM 3THAeH (sp?,
33 %) [75], xoropei B cBOl0 Owepens Gojee Kucawf, wem sTay,
TAe YIVICPOR HMeeT s-xapakTep TOJBKO Ha 25 %. YBeanueHHe s-Xa-
pakTepa O3Hauaer, YTO IJEKTPOHH OJkIKe PACMONOXEHH K SLPY
H NOTOMY CHcTeMa oGnajaer MeHmlleli sHeprhefi. Kak yxe orMe-
qa/10Ch, IHKJOMPONHA-KAPGAHHOHK HaMHOTO ycToHumBee METHJb-
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HHX aHajoros OJarofaps BO3PACTAHHIO S-XapaKkTepa B pe3ynbTaTe
HanpsikeHHus (pasn. 4.23).

3. Cradurusayusn cepod {76] uru ocpopor. Ecan kapGanuon-
HHH LeHTP coeArHEeH ¢ aToMOM cepH HAH docdopa, yeToRuHBOCTD
kapBaHkona BospacraeT. [IpHUHHH 3TOrO fABNEHHS OKOHYATENLHO
He BsicHeHH. CorylacHO OAHOR M3 TeopHi, 3pdexT COCTOHT B me-
peKpHBAHUA HemofeNentod napsl ¢ BakaHTHOR d-opGHTanbio {76a]
(pn—dn-conpsixenne, pasn. 2.7). Hanpumep, kapGaHHOH, cofmep-
wamufi rpynny SOzR, Roaxen OHTh NpeAcTaBieH CACAYIOWMM 06-
pasom:

] llz l'ltli R
R—‘g"'C'e —s R=—8=C = # mé
o R elQl R

Onnaxo HMeloTcA JaHHHe, CBHAETENLCTBYIOUHE NpoTHB d-0plu-
TaJbHOrO HepeKPHBaHAA, H CTaORAH3HPYIOWMA 9¢pdeKT CBAIH-
BaIOT ¢ APYTHMH NpHYHHAMY [77].

4. ppexro; noas. DoJbIIMHCTBO rpynm, cTabHARSHPYIOUIAX
KapOaHHOHH 3a CyeT PEsOHaHca (Kak B NpHMepax, NPHBEACHHHIX
B mn. | mau 3), NMposABAAIOT TaKKe SJAeKTPOHOAKUENTOpHHe 3¢-
¢dexTH noss, AONOAHKTEAbHO CTAGHAMSEPYA KapGaHHOH myTeM OT-
TACHBAHHA OTPHHATENBHOIO 3apfAfa, W OTAEAHTh 5Qderr moas orT
pesodaHcHOro 9¢dexrTa oueHbp TPyAHO. OfHAKO B HJIHAAX a30Ta

@ 8

RsN—CR: (pasa. 2.7), rae NONOXKATeNbHO 3apSKCHHHHA aToM
asoTa pacrojaraercsa PAAOM ¢ OTPHIATENBHO 3apsueHHHM ato-
MOM yryieponla, HeficTByeT Toubko spdexr moad. Hmuaw Gonee
YCTORURBH, YyeM COOTBETCTBYIOUIMe HM NpocTHe KapGaHuoHH. Kap-
GaHHOHH cTabHAMSHPYIOTCA 3a cyerT sddexTa moAs B Tex cay-
uagx, Korja ¢ KapGaHHOHHHM IIEHTPOM CBA3aH KaKoi-ZMGo rere-
poatom (O, N mam S), u npH YCHOBHH, UTO RO KpaiiHeil Mepe
B OfHOR H3 AAIOWIMX CYIIECTBEHHH/ BKJAj PE3OHAHCHHX CTPYKTYD
STOT reTepoaToM HeceT NMONOXKATEAbHHHR sapsz [78], Hanpumep:

Ar—{li.'—'l'l?—CH;e —— Ar-—C=g—-CH,e,
0 Me e.IQI Me

5. HekotopHe KapGaHHOHH ycrofluMBel 6Jaromaps cCBOeMy apo-
MaTHYeCKOMY XapaKrepy (cM. UHKAOHEHTAAHEHHJ-aHHOH B pPasf.
2.9 n Apyrae apoMaTHYECKHE AHHOHH B VL. 2).

6. Crabususayun ydasennol n-caasvie {79]. B orauuue or cH-
Tyauuu ¢ xap6okatuonaMu (r. 2, pasm. 10.6) umeercs suinb
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HeMHOTO cooblteHufi 0 cTabuaH3auuH KapGAHACHOB 3a CYET B3AHMO-
MeficTBHA ¢ HecocefHell n-cBAShI0. B KadecTBe mpHMepa MOXHO
npusectd HoH 18, oGpasyloiluficsi NpH o6paGoTKe ONTHYECKH aK-
THBHOTO KaMdenusona (16) cuabHbIM ocnoaHueM (Tper-GyTdia-
toM kanus) [80]. To, uro HoH 18 ReficTBHTedbHO obpasyercd, NMOA-
TBepXKJAAeTCA CACAYIOUIHMH (akTamu: 1) npousowes OTPHB Npo-
ToHA: ofbuHEe CH,-rpynnn HeZOCTATOUHO KHCAB AJIE  9TOrO
OCHOBAHHA, 2) pereHepupoBaHHOE HCXOAHOe coeauHeHde 16 Guuo

P 101
H 0 o 101 o %
16 17 18

paueMHYecKHM: HOH 18 cuMMerpuuen H B paBHOH Mepe no,nneg-
JKeH arage ¢ o6enx CTOpoH; 3) NpH NpPOBEJEHWH peaKiun B Aeh-
TePDHPOBAHHOM pPAacTBOpHTeJEe CKOpocTh ob6MeHa jefiTepHa paBHA
CKOPOCTH palteMH3ands; 4) pereHepHpoBaHHOe HCXCAHOe CORAHHe-
Hue 18 cozepixano A0 Tpex aToMOB NeHTepHS Ha MONeKyay, Tak
yTo ecau GEl eAHHCTBeHHHM oO6pasyioHIMcA HOHOM O WoH 17,
T0o OHJAO OW 3axpayeHo He (oJiee ABYX aTOMOB peittepust, MoHH
TAKOro THIA, B KOTOPLIX OTPHUATENbHO SapsXeHHH[ yriepog cra-
GHAH3HDOBAH KapOOHHJIbHOM TrpyNnof, yAajeHHoll Ha ABa aToMa
yrflepoja, Ha3LBAIOT 20MOEHOART-UORAMLL,

B meaoM crabunusupyolini sddekr $ysKuUHOHANBEHX rpynn
B o-TIONOKeHHH K KapOaHHOHHOMY LeHTPy yOHBaer B paay NOg>
>RCO>COOR>>S0,;>CN= CONH, > raxoren>>H>R,.

HeseposaTho, uT00n KapOaHHOHH MOTJH CYIHECTBOBATL B pac-
TBOpe B cBOGOAHOM BHAe, [Iogo6HO KapGokaTHOHAM, OHH OOHIUHO
Jau60 COCTABJAAKT HOHHYIO Mapy, Aubo coabBaTHpoBaHH {81]. Oauu
H3 3KCIepPUMEHTOB, NOATBEPKAAIOUIHX STO NOJOXeHHe, 3aKJIO-
yancas B obpaborke PhCOCHMe-M+ stuanonnaom (3zece M* —
HOHH JINTHA, HATPHSA HITH kanus). IlepHoan moaynpespamieHus co-
crasaaan 311075, 0,39. 10~ u 0,0045. 10~y B cayyae AHTHA, HAT-
PHA H KaJAfl COOTBETCTBEHEO [82], uTo cBHAeTeNBCTBYET O HEHMAEH-
THYHOCTH YYACTBYIOIHX YacTHL. AHAJOTHYHBIE PesyJbrathl GHUIA
nonyyeHn [83] ¢ TpupeHnaMerHAAMH JNTHS, HATPHA H UE3HA
PhyC~M+ {84]. Ecnu xap6aHuoHH He 06pa3yiOT HOHHBIE TAPH, OHH
COJLBATHPOBAKH; STO, B YACTHOCTH, OHJO NMoKasaHo Kpamom paas
MHOrHX pacreopHtenedi [65].

‘TlockonbKy npocThle He3aMelleHHHle KapOaHHOHW He GHIJIH BHI-
AelieHH, HX CTpOeHHe B TOYHOCTH He H3BECTHO, HO NMpeACTaBAAeTCA
BEPOATHHIM, YTO LHEHTPAALHHIA atoM yrJiepoda spi-rEGpHAR3OBAH
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H HemofieleHHAad SJCKTPOHHAf Hapa 3aHWMAeT OAHY H3 BepIUWH
Terpasppa. TakuM o6pa3oMm, KapGaHHOHH KOJXHH HMETh MHPAMH-
AANbHYIO CTPYKTYPY HOAOGHO aMHHaM,

%
R \;;n

Ecau 3T0 TaK, TO NP HaJuY¥H TpeX PasHHX 3aMecTHTedel
R-Kkap6asHoH AcixeH 6biTh XupadbHHM (cM. T, 4) H peaxuuy,
B KOTOPBIX OH YUAaCTBYeT KaK NPOMEXYTOUHAS WACTHUA, AOJKHBI
NPOHCXOAHTh € CoXpaHeHWeM KoHdurypauun, OJHAKO TONMTKH
NOATBEP/AHTb 3TO IKCHEPUMEHTANbLHO NOKAa He YBEHUANHCL YCNe-
XOM. DTO MOXHO OOBACHUTh HaJNUYAEM TAKOrO e, KAK H B aMH-
HaX, spdeKra 30HTHKA, KOrAa aTOM YI/IepOAa C HeNoAeJeHHO
napod nperepneBaeT GHICTPYIO HHBEPCHIO, MPOXONA yepea NJIOCKOE
cocroanue. Ho ApyrHe AaHHHIe CBHAETENLCTBYIOT B NOJAB3Y TeTpa-
3PHYECKOTO CTPOEHHA UEHTPaJLHOTO aToMa Yraepoga d ero spi-
ru6puAH3anKH, ATOMB YrAepoZa B I0JI0Be MOCTA MOCTHKOBHIX CH-
creM {85] HCKIAIOUATENLHO MHepTHH B peaKumMAx, B XoAe KOTOPHX
OHH JIOJIKHH NMPEeBPATHTBCA B KapGOKATHOHH, OFHAKO JIETKO BCTY-
NAaOT B PeakKilHM, B KOTOPHIX OHH CTaHOBATCA KapGaHHOHAMH; yc-
TofiuABHE KapGaHAOHH ¢ AHHOHHBLIM LEHTPOM B TOJIOBE MOCTa XO-
pomo HasecTHH [86). Peaku#n npH BHEH/IBHOM Yriepofe HPOMC-
XORAT € coxpaHenHeM KoHdurypawuu [87]; sTo yKasnBaeT Ha To,
4TO HHTEpMeAHaT 19 HMeeT Sp?-rHOPHAM3ALMIO, @ He §p, KaK caeflo-
Bajio Obl OXHAATh B CAyuae aHaNOTHUHHIX KapGokaTuoHos. Hme-
I0TCSL TaKMe AOKasaTeabcTBa, 4T0 UMKJIONPORHJ-aHHOH (20) MO-
et coxpanath Kondurypanmio [88).

R R
AL
R
19 20

Kap6annoHE, B KOTOPHX OTpPHUATeNbHHH 3apsj cTabUAH3HPO-
BaH Pe30HAHCOM, BKJAKYAIMHM NepekphiBaHHe opOHTaNH Hemone-
JeHHOR mapHl ¢ m-3JieKTPOHAMH KpaTHOll CBASH, ABARIOTCA NMPaKTH-
YeCKH IJIOCKHMH, KaK Toro # Tpebyer ycJOBHe pe3oHaHCa, ORHAKO
HeCHMMETpHYHAA COJbBATalMa HAH obpasoBaHMe HOHHOH mNapH
MOTYT 3aCTaBHTb CTPYKTYPY HECKOJBLKO OTKJIOHATECA OT abCcosioT-
HONt nianapHocTH (89]. KpaM u COTpyRHHKH HOKa3ajH, 4TO OpH
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TeHepUPOBAHHE XHPAJbHHX KapOGaHHOHOB ¢ TAKHM THIOM pe3o-
HaHCa B 33BHCHMOCTH OT NPHPOAW PACTBOPHTeNA MOXeT Hab.aio-
JATbhCA COXpaHeHHe KOH(QArypalyH, HHBEPCHS HJH PaleMH3AUHA
(1. 2, pasg. 12.2), Taxas 3aBUCHMOCTb OT NPHPOAH PaCTBOPHTENA
OOBACHAETCA HeCHMMeTPHUHON coJbBaTanHell NJIOGCKHX HAH WOYTH
NAOCKEX Kap6akuoHoB. OZRaKO HEKOTOpHE KapGaHHOHBI, CTAGHJH-
SHPOBAHHEHE COCeRHHM aTOMOM cephl MAH (ocdopa, HampHMep:

) p ?
Ar-SO;-——-IIe Ar-—-N—so,——?le‘ Ar—P—~CI©
K R glol k
K'l'

H3HAY3JbHO XHPAJbHH, MOCKOJBKY OR¥ y¥kKe 06pasyloTcs c coxpa-
HeHHeM KOH(HIypamHH, jaXe B TeX DACTBOPHTENAX, KOTOphie
BHISHBAIOT PalieMH3ALUIO HAH HHBEPCHIO B CJydae APYrux KapOa-
unonos [90]. Ocraetcst OTKPHTHIM BONPOC, ABJMAETCSA JH 3TA H3HA-
yajbHas XHPAJBHOCTb C/AEHCTBHEM TOTO, UTQ KapOaHHOH HMeeT IH-
PaMHIAJILHYIO CTPYKTYPY, He NpeTepleBalOINyI0 HHBEPCHH, WIH
TOr0, UTQ IAOCKHE KapGaHHOHHHA HEHTP COXPaHAeT ACHMMETPHIO
Gaarogapsa 3aTpyAHeHHOMY BDAINEHHIO BOKpPYr cBsasu C—S§ [91].

5.6. CrpoeHne MeTal00pTaHHRECKRX coeauHenni [92]

fIpnserca AM CBA3L YIAEPOX — METAAn HOHHOR HAM NOASAPHO-
KOBaJEHTHOH, 32aBHCHT TIJIABHHM OGpasoM 0T 3JeKTpPOOTpHUATENb-
HOCTH MeTaJJa H OT CTPOSHHA OpPraHMYECKON YacCTH MOMEKYJNH.
BeposTHoCTh 00pa3soBaHHA HOHHOH CBA3H BO3pacTaer, Koraa oT-
PHIATEABHHN 3apaj Ha CBA33HHOM C METAJJCM Yriepoje YMeHb-
DiaeTcA 3a cueT pesoHaHca Had sbdekta moas. Tax, cBAsp yrae-
poA—HaTpHA B HarpueBoR co/Ju ameroykcycHoro sijpHpa bOoaee
HOHHAA, UeM B MeTlIJ'lHanHH.

BosbiMHCTBO METAJNIOOPTaHHYecKHX CRA3ed MNOAAPHO-KOBA-
JeHTHHe, TONAbKO Y HIeNOYHHX MEeTANJICB 3JeKTPOOTPHLATENBHOCTD
ROCTATOUHO HH3Ka, 4TOOH BO3MOXHO OLLIO 00pAa30BaHHE HOHHBIX
cBA3ell ¢ YyriaepojpoM, HO JaXe AJNKHANHTHERHe CcoelHHeHHA 1O
CBOMM CBORCTBAM HANMOMWHAIOT CKOpee KOBaJIeHTHHE, 4 He UOHHHE
coenuHeHus, IlpocThie aAKHJAbHLHe H ApHAbHHIE MPOUIBOAHBHIE HAT-
PpHA, Kanuda, PyOHAHS H UE3IHA OPeACTABAAIOT coboH HeaeTyuHe
TBepAHe BeilecTsa (93], HepacTBOpHMHe B GeHsoJe H APYrux op-
TaHUUECKHX PacTBOPHTeASAX, B TC XKe BpeMsd aJAKHJAbHHE NPOH3-
BOAHHE JAWTHA - PACTBOPHMHIE, XOTH, KaK NPaBHJIO, TOXKE Heje-
Ty4aHe TBep/ile BelllecTBAa. B TaKHX pacTsopureliaX, Xak 5dup H
YTAEBGAOPOAH, AJNKHUANHTHEBHE COSNMHEHUsA He CYHISCTBYIOT B BHIe
MoHoMepHbX wacTH [94] HaGaiogenus 3a noHuXKeHHeM TOYKH 3a-
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MepaaHusl B GeH3oNe H LHKJIOreKcaHe MOKa3ajH, 4To ofHYHO aJa-
KHANKTHEBBlE COCRYHEHHs CYLIeCTBYIOT B BHAE TeKcaMepHHIX,
a 1pY ‘HaJAHYHH CTEPHUSCKHX MPenATCTBHA B BHAe TETpaMepHHX
arperatoB {95]. Ecan crTepHuecKHe 3arpylHeRHs JAOCTATOYHO Be-
JUKH, KaK B Ciy4ae MeHTHAJUTHA, TO B YIJRBOAOPOAHMWX pacTBO-

CH,

Lt

P
CH, CH)J
MER TN

puTensx oOHapyxupaloTcs AHMepHbe arperat [96]. Takue arpe-
raTel HamMHoOro GoJjee PeaKUHOHHOCHOCOORH, 4eM OOHMHEE aAK4J-
nuTHeBble coepdnends. Habmomenuss 3a noBHIEHHeM TeMnepa-
TYpH KuNeHHf NPOBOAMJHChE B 3HPHHX pacTBopax, Iie aJKHJI-
JHTHEBble arperaTd OGHLEAUEAIOT OT ABYX R0 mATH Moxexya [97].
AZKNANUTHERHE arperath CYIIECTBYIOT AaxXe B rasoBofi (ase
[98] u B tBepaoM coctosuuH {99]. C noMombio PEHTrEHOCTPYKTYP-
HOTO aHaJM3a OLI0 MOKASAHO, MTO METHJIHTHI HMEST B TBEpAOM
COCTOSHHH TAKYIO JKe TeTPasAPHYECKYId CTPYKTYPY, Kak H B a(up-
HoM pactsope [99].

OnpeaenedHo H3BeCTHO, YTO B peakTHBax IpHHbApa cBA3L
C—Mg KoBasleHTHAd, a He HoHHas. HMcrunHas crpykrypa peak:
THeoB ['pHEbLApPA B pacTBOPax GHJa NMPeAMETOM MHEOTONETHYX AHC-
Kyceuii (100). B 1929 r. Suno o6uapyxeno [101], wro nmpu npobas-
JACHHE AHOKCAHA K 3()HPHOMY pacTBOpY peakTHBa [ puiHbsipa Bechb
rafioreHus, MarsHs ocax<naercsi, & B pacTRope ocraerca RyMg,
T. e. B pacTBope yXKe He MOXeT cofepXarecd RMgX, Tak Kak B HeM
HeT rajoreHupa. [as omHcaHHsA cocTaBa pPACTBOPOB PEAKTHBOB
Ipuubsipa 6HAO0 NpeftiodKeHo cJeAyiolliee YpaBHEHHe, H3BECTHOE
Tenepb Kak ypasnenue M renka:

2RMgX == R;Mg + MgX, = R;Mg-MgX,
21

3pecs 21 — KoMIJAeKe olpemefcHHOro THHA, MHOTHME paGoTaMu
6no moKasaHo, uTo ypaBHeHHe lllnenka peficTBHTenbHO cmpaBef-
AHBO H YTO MONOMKEHHE PABHOBECHS 3ABHCHT OT mpHpoiw R u X,
OT PACTBOpPHTENA, KOHUEHTPaUHH H- TeMnepatypw [102]. ¥ike nasno
OELIO H3BECTHO, YTO B PAacTBOPAX peakTHBOB I DHHBApa MarHH#i He-
3aBHCHMO OT TOrO, BXOAHT JE OH B coctaB RMgX, RoMg uan MgXs,
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HOMHMCG JABYX KOBAJGHTHEIX ¢Bf3efl MOMXeT o6pa3cBHBATh JBe KO-
OpAYHALHOHHLIE CBA3H ¢ ABYMS MOJEKYyJaMHU adHpa:

OR; OK; OK;
n-ﬁag—x R—Mg—R X—Mg-X
(Tm; on' OR;

Panan n corp. [103] nposenn peHTreHOCTPYKTYPHHI aHaAU3
TBEpANX AudpupaTor ¢GeHHA- H ITHAMArHHAGPOMHAOB, KOTOpHie
GELAM MONAYueHH OPH OXJAaXAeHWH OGHYHEIX 3(UPHEIX pacTBOpOB
peakTHBoB ['pHHbApa X0 TeMnepaTyp, NPH KOTOPHX HayHHajacsh
KPHACTa/JIH3auHuda, AHAAH3 Nokasan, uto sdupaTnl HMEOT MOHOMEp-
HYIO CTPYKTYPY: '

' OKt,

- )
ll—?lg—-ﬂr R = omuen, gemen
OEt,

AnanoruyHblc pesyabTathl OBUIH NOJyYeRH AN ¢eHHAMarauiibpo-
MHJA2, NOJYYEHHOTO KpUCTaAJNu3alHelli H3 pacTBOpPA pPEaKTHBA
I'punsapa B Terparnipodpypane [104]. HMayueHHnble TBepanle Belle-
cTea coflepxKann sup HAH TerparHapodypaH. Koraa ke oOniu-
HHe 3¢QHpHHE pacTBOPHl pPeaKkTHBOB [ puHbLAPa, NOJNYYeHHHX H3
MeTHNOPOMHIA, METHJAXAOPHIA, STHAGPOMAAA M STHAXNOPHAA, BH-
NapyBaZid B BaKyyMe npu Temnepatype okodo 100 °C go nonyue-
HHS TBepAOTo OCTAaTKa, He cofepikallero sQupa, peHITEHOCTPYK-
TYPHHH aHaAH3 NOKasaJ, YTO NMOJAYYeHHOE BelHEeCcTBO NMpeAcTaBAfeT
coGoli ne RMgX, a cmech R;Mg n MgXp [105], Dr1a pesynbraThl
yKasHBaIOT Ha TO, YTO B NPHCYTCTBHH 3(Hpa NpeanoYTHUTENbHO
cymectsyer cTpykTypa RMgX.2E4,0, toraa xak noreps sdpupa
C/BHraeT paprobecHe B ypaBHenHH IlInenka B CTOPOHY NPOAYKTOB
RoMg+MgXe. OaHako BLIBOAL, KOTOPHle CAGAYIOT H3 H3YyueHHA
TBEpJOTO BeIIeCTBa, HeoGA3ATENLHO NMPHMEHHMH K COefHHeHHSAM,
_CYLUECTBYIOINKMM B PAcTBOpaXx.

HaMeperua NOBHIIEHHA TeMIePaTypH KHNEHHS U MOBHKEHUSA
TeMIepaTypH 3aMep3aHHA NoOKas3adH, YTO B TeTparufpoidypane
Apu JNIO6HX KOHUEHTpalKAX, a B 9QHPe NPH HH3KUX KOHUEHTpa-
nuax (zo 0, 1 M) noayuedHne H3 aAKHAGPOMHAOB H aJNKHJINOAUAOR
PeaKTHBE r PHHbLSAPa MOHOMEDHH!, T. €. B 3THX PacTBOpax NpaKTH-
YeCKH He COJePXUTCA MOJEeKyA ¢ ABYMs atroMaMH Maraus [106].
Takus ob6pasoM, 5TH CHCTEMH OMHCHIBRIOTCH TONLKO OJHOH 4aCTbiO
ypaBHenns [Hienka

2RMgX === R,Mg + MgX,
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a4 KoMniekc 21 B H3MeDHMHX KOJHYECTBAX He INPHCYTCTBYET.
Cmutr B Bexxep [107] moxasamu, uro paBHoBecHe Mexay RMgX n
ReMg ana  «3THAM2redii6poMuaas B 3(QHpe CIBHHYTO AAJEKO
BaeBO: Npu cMewennn 0,1 M spupaux pacrsopos EtesMg 1 MgBr,
peaKuus HAeT ¢ BHAEAeHHEM Teljla B KoJHuecTBe 3,6 KKaa/MOJb
B pacuerte Ha Et;Mg, a, cornacHo 36yNHOCKONHYECKUM H3MEpPeHHSM,
MPOAYKT HMEET MOHOMEpHOe cTpoenHe. Ecaim oguH H3 pacTBOpPOB
nocTeneHHo pofaBAaTh K Apyromy, HabJiogaeTcs PpaBHOMepHoOe
BHJeJNeHHE Temsa X0 TeX NOP, NOKA MOJAPHOE COOTHOUIeHHUE He
cranouTca paBHuM 1:1. Ilpn goGaernemrH u36HTKAa ONHOrO H3
peareHTOBR JHdaJbHelillee BEIEeJieHHe Temaa npexpawmaetcd. [Ipr
cMelieHHH pactBopoB RoMg nm MgX, B TeTparuapodypane Takike
ofpasyercs RMgX, Ho B 3TOM cliyyae BhiAe]dIolleecs TeMJIO pac-
XoAyeTcd NPH cMelleHHH, TaK KaK Terparnapodypan Gojiee NpoOUHO
koopaunupyercs ¢ MgBry, uem ¢ EtMgBr [108). D1u peayabTaT
CBHAETENBCTBYIOT O TOM, YTO N0 KpafiHe#i Mepe B HEKOTOPHX ycC-
JIOBHAIX peaxTuss: Ipunespa cocToaT eaaéneim obpasom us mose-
kys RMgX, KOOpAMHHPOBAaHHEIX ¢ PACTBOPHTE/NEM, HO DaBHOBECHe
MOXHO CABHHYTb B cTopoHy R:Mg nocpeiacrsom mnosHoro ynate-
HHSA 3¢upa UIH Ho6aBJAeHHS AHOKCAHA.

B cayyae HeKOTOPHIX APHJILHEIX peakTHBOB I'pHHbSpa mHOKa-
3aHa BO3MONKHOCTL Das/JHYHTE XHMHUecKHe cxBHra ArMgX u
ArsMg B SIMP-cniextpax [109], ITo nnomaau nHKos MOKHO PaccyM-
TaTh KOHLIEHTpaU#H OGEHX MOJEKYJ, a 3aTeM H KOHCTAHTH DaBHO-
BecHs gafA ypapHewus Illnenwxa. dtu pauusie [109) noxassipaioT,
YTO Ha N0JOXEHHe PABHOBECHS 3aMeTHO BJAHAST NPHPOAA apH/b-
Hofi rpynnel H pacCTBOPHTENA, HO OOLIYHHE apHAbLHEE peakTHBH
I'prubApa B 9QHPHEIX pacTBOpax COCTOAT B OCHOBHOM H3 MOJeKyJ
ArMgX, Torga kKak B TeTparufpoypale uX npeoGiajaHue He
CTOJIb BHIPAXKEHO; a A/ HeKOTOPHX apHAbHHX TPYNN HPeinouTH-
TeNbHee OKASHBAIOTC MOJEKyAH ArsMg. PasgenenHe XUMHUeCKHX
CABMIOB YAAAOCh TakKe HaGMIOAATh AJA AJKHIBHEIX DEaKTHROB
Ipuneapa RMgBr a1 ReMg B rexcaMmernadochoprpramuse
(TM®TA) {110] n B apupe npH HHSKHX TeMnepaTypax [l111]. Ecan
peaxkTHBH I'pHHbApA HMONYYAIOT H3 AJKHJIGPOMHAOB HJH AJKHJIXAO-
PHAOR B TPUITHAaMHHe, npeobiaxatouled dopmoft senzetes RMgX
[112). Takam o6pasoM, caMBIM BaXHHM akTOPOM, ONPeAeTSIONIHM
noJoXeHHe paBHOBecHs B ypaBHeHHs Illnenka, oKasbiBaercs NpH-
poAa pacTBopuTens. B cayuae NMepBHUHHIX AJKHJABHBIX Tpylln ca-
MOe HH3KOEe 3HAYEHHe KOHCTAHTH PaBHOBECHA IJA NPHBeAEHHOM
BEII¢ peakudn HaGaiofaetcd B TPUSTHAaMHHe, OGojee BHCOKOe
B s¢upe H elie Gojee BHCOKOe B TeTparnapodypane {113].

Peaktupn IpaHbspa, ROAYYeHHBIE H3 ANKHAGPOMHAOB HJU aj-
KHJIHOAMAOB B 3dHpe npu GoJiee BHCOKHX KoHNeHTpauuax (ot 0,5
ao 1 M}, cogepikar AHMepHl, TPHMePH H BHCIUIHe MOJHMEpPHl, a pe-
aKTHBH, NOMyuYcHHbBlE H3 AJKHAXJOPHACB B 3¢Hpe, TpH JIOGHX
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KOHUEHTpaumax AuMeptvk {114], Tax 4ro B pacTeOpe NMPHCYTCTBYET
Kommaeke 21, no-BRAMMOMY, B paBHoBecuH ¢ RMgX u RoMg, u
TaKaf CHCTeMa ONHCHBaeTcs noiHEM ypasuenHem [lnenka, Kowm-
njekc 21 numeeT, no BeeRk BepoATHoCTH, cTPYKTYpy "22 [115], Ho
YaCTHYHO MOXKEeT UPHCYTCTBOBAaTH B CTpykrype 23. Ilo maHHHM
PEHTTEHOCTPYKTYpHOro aHanausa, tBepAnii EtMgBr, kKoopaunupo-
BAHHBIH ¢ ZHHM3ONPONMJIOBHM SQHPOM HAN TPUSTHAAMHHOM, HMeeT

CTPYKTYpY 22 [116].

X X
70N 7N\
R—Mg  Mg—R R-Mg Mg—X
2 23

Peaxtne [puHbfpa, nmoayweHHHA H3 1-X10po-3,3-AMMETHANCH-
TaHa B 3upe, NpeTepneBaerT OGHCTPYI0 HHBEPCHI KOHQHIrypalwH
Yy COefMHEeHHOrC ¢ MaTHHeM aToMa yrJjepoja (3TO NOKa3aHO IO
SAMP-cnekTpaM; coefnHenne HexupanbHo) [117]. MexaHusM TaKkod
HHBEPCHH He COBCEeM sCeH.

Caenyer OTMETHTb, UTO CTPOeHHE METaAJN0OPTAaHHYCCKHX coenH-
HEHHA ¢ MeHee NOJAPHBIME CBA3AMH YCTaHOBUTH ropasfio Mpoie.
Tak, Et;Hg u EtHgCl— coemuHenna BIoNHe oONpefeNeHHOro
CTpoeHHﬂ, nepsoe H3 HHX XHJIKOe, 4 BTOpO€ TBEpPIOE BEIIeCTBO.

5.7. Cnoco6m noayueHna kapGaHHOHOB H HX PeaKkIUH

IBa raaBubXx cnocofa noayueHusi XapOaHHOHOB COOTBETCT-
BYIOT cnocofaM noaydeHus KapOoKaTHOHOB.

1. I'pynna, Kotopas OHJAa cBA3aHa. C ATOMOM YTriepoja, yxo-
JAHT Ges 3AeKTPOHHOR nmapH:

R—H — R® + g+

B kauwectse yXoiAmek rpynme yamle Bcero (HIYpHpYeT HBpOTOH.
3To mpocTas KHCJAOTHO-OCHOBHAf PeaKNHA, H AAA YAaNeHHA NPo-
ToHa Tpebyerca ocHopanue. OfHAaKo H3BeCTHR M JApyrue yxogfs-
IKHe TPyANH (cM, T. 2, 1. 12):

R‘\_(Il:f_@e —_ ie + CO;

(4]

2. OrpunaresbHE HOH HpHCOeAHHsieTcst K ABofiHoft mJH TpoOfi-
HOM YIJIepoA-yriaepofHo#t cBasH (cM. T. 3, ra. 15):

=]
~cme— sy — S by



KAPEOKATHOHL!, KAPEAHHOHH, CBOBOOHHE PANHKAMN, KAPBEHH 9230

IIprcoefndeHde OTPHIATRIBHOTO HOHa K [ABOAHOHR CBA3H Yyrae-
POA — KHCJAOPOR He NPHBOAMT K KapGaHHOHRY, T4K KaK OTPHUATedh-
HHHA 3apsif OCTAeTCH HA KACAOpOZe.

HaunGosee pacnpocTpaHeHHOH peakKuHefi KapGaHUOHOE SRBAA-
eTcsl HX peKoMOHHANHSA ¢ NOJOMKHTEJbHO 3apAXKeHHHMH YACTHOAMH,
OOHUHO ¢ BPOTOHOM, MJAH ¢ ApYrofi uyactHueR, umeioulefi BakaHT-
HYl0 op6uTanb Ha BHeluHeR 060J0UKe (peakuMsa MeXay KHcnoro#t
H ocHoBaHHWeM JIblonca):

Ko +Y — r—Y

KapGannoHst cmocofHH Takke 06DA30BHBATE CBA3L ¢ HACHIICH-
HHIM aTOMOM YTJiepoxa, 3aMellasd ONHY H3 ueTHpex rpymnn {peak-
nuu Sn2, eM. 1. 2, r1. 10):

RO+ 22X — R—\(r'/+ X-

[Toao6uo KapfoxaTHoHaM, KAapOaHHOHE MOTYT TaKiKe BCTYNATh
B peakilH#, OpH KOTOPHX OHH NpPeBpaulAlOTCs He B HEATpaJbHHe
MOJEKYNH, a CHOBA B 3sapsaxXeHHHe wvacTHHH. Tak, oHH MoryT
NPUCOSAMAATLCA N0 ABOAHBEIM CBR3AM (OOHYHO ABOAKHM CBA3AM
C=0,ceM. 1.2, 1, 10 mu 1. 3, ra. 16):

MOTYT NpETepreBaTh NEPErpyNiHPOBKY, XOTHA STO BCTPEUAETCH AO-
BOJILHO peRxo (cM. T. 4, ra, 18):

P1,CTHS — PRCCH,PH

HJIE MOTYT OKHCAATHCH A0 ¢BOGOZHHIX paankano f117a).

MerannoopraHiyeckie COSAHHEHHS ¢ MOAAPHO-KOBAJEHTHHIMH
CBASHMH BO MHOIMX OTHOIICHHSX BeAyT ce0f moAoGHO HOHHHM CO-
eJNHCHUAM H BCTYNAIOT B AHAMOTHUHEIE peadKIKH,

CBOBOJHBIE PAAHKAJIBI
5.8. Crpoenne n ycrofiuusocts [118]

Csobodusie paduxaret (RAH, KaK HX wacTo Ha3HBAOT, TPOCTO
paduxanst) MOMHO ONpeleNHTb KaK HacTHIL, COZepIKalllHe OHH
HAR HECKOJLKO HeclnapeHHBIX 3JeKTpoHOoB. Cliefyer 3aMeTdTh, YTO
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TaKoe oHpellesieHHe BKJIIOYaeT HEeKOTOpHe YCTOHYHBHE HEeOpraHH-
TecKHe MoJeKkyNH, Takde, Kak NO u NOg, a Takke MHorue wHAIH-
BHAYyaJbHHe aToMH, HanpuMep Na unu Cl. CeBAzaHHBHf co cnHHOM
9JEKTPOHA MArHUTHHIH MOMEHT MOXeT OHTb BbipaXeH KBAHTOBLIM
ypcnoM =+, unu —1,. Coraacno npunuuny [Taynam, mofue Asa
3JeKTPOHA, 3aHUMAIOUIHE OAHY OPOUTAMDL, AOJKHH HMETh HPOTHBO-
AONOXKHEE COHHH, ¥ AJas aoboH uacTHHH, B KOTOPOH Bce 3JieK-
TPOHB CHIAapeHB, CYMMAaPHHII MACHHTHHfI MOMEHT PpaBeH HYJIO.
OnHako paxukadsl, B KOTOPBIX HMEETCH OAHH HJH HecKoJbKo He-
ClTapeHHHBIX JeKTPOHOB, 06AaAal0T MATHHTHEIM MOMEHTOM H SBJSA-
IoTCH  NapaMarHUTHHIMK ugacTuHnamu. [Tostomy cBofosubie papH-
KaJH MOXHO JETeKTHPOBATH ¢ NOMOLIBIC H3MEpPeHHS MarHHTHON
BOCTIPHHMYHBOCTH, HO AJAA NPHMEHeHHs 3TOro MeToja Tpelyercs
OTHOCHTEJNbHO BHICOKAS KOHUENTpauua painKanoB. ['opasfo GoJsee
BAXKHHIM METOAOM SIBJASCTCH METOA 3AEKTPOMHOZ0 CNUHOB020 pe-
sonanca (BCP), HaspiBaeMHA TaKKe METONOM 348KTPOHHO20 ng-
pamazrurnozo peaoranca (ITIP) [119]. B npuHusme 3TOT MeTOX
aHAJNOPHYEH HACPHOMY MArHUTHOMY Pe3OHAHCY, TOJBKO BMECTO
AJepHOrC CNHHa 37ech (HTYPHPYeT CHHH 3JeKTpoHa. Byayuw mo-
MEUIEHHBIME B CHJAbBHOE MArHHTHOE HOJe, 3JCKTPOHH, NoKoGHO
NPOTOHAM, MOTYT HAXOAHTHCA B OJHOM H3 ABYX CIHHOBHX COCTOA-
unili, Kax u B SIMP, afech npumensiercd CHAbHOE BHEINHEe HOJE,
H, NpHHAMas NOAXOLAWNHA paguOYACTOTHBIH CHTHAJ, SJEKTPOHH
nepexoadaT u3 (oJjiee HUSKOTQ CcOCTOAHEHA B GoJee Bhcokoe, Tak
KaK XBa 9JeKTPOHA, CHapeHHHe B ofHOH opfuaTanu, AOMKHE HMETh
APOTHBOMOAOKHHKE CIHHE, B3AHMHO KOMISHCHPYIOLHE APYT Apyra,
curHan B cnekrpe SIIP aaior TONALKO Te TACTHUM, KOTOpHe HMEOT
OIMH HJH HECKOJLKO HeclapeHHHX 3J/IEKTPCHOB, T. €, CROGOAHHE
paiHKadLl,

[MockoabRy TOABKO cBOGOAHHE painkann AaioT IIIP-cnekrpst,
ITOT METOA MOXKHO HCHOJI30BATH IJAA HX AETeKTHPOBAHHS H OH-
pexeseHHs HX KOHUeHTpauun. Kpome Toro, no paclienyieHHio CHr-
HanoB B cnekrpe IDIIP (3a cuer 6AUSOCTH NPOTOHOB) MOMXHO TO-
AyunTh HHMODManHIO © pacupeleNeHHH 3JEKTPOHOB, a OTcIOga H
0 cTpoeHHH cBoGOAHHX pazukanos [120]. BoasmuHcTBO CBOGOAHNIX
pPajiuKajoB FBJSAIOTCH KOPOTKOXHBYIIHMH 4YacTHUAMH, HO, K CYa-
CTBIO, AN NoAydeHus cnexrpa SIIP ux BpeMsd KH3HH 00biuHo GH-
BaeT AocTaToYHbM. Tak, ylaeTcs NOAYYHTb CNEKTPH PafHKaJoOB,
BpeMs KH3HH KOTOPLIX 3HauHTeabHO Menbuie | ¢ [121], Oreyrer-
BHe cur#ana B DIIP-cnekTpe eile He o3HauaeT, YTO PafHKaJb fef-
CTBHTE/IBHO OTCYTCTBYIOT, NMPOCTO HX KOHIEHTPAIUA MOMXKeET OKa-
3aThCH CAHIUKOM HH3KOH AA Npsmoro HabmoperHs, B noioGHbX
caydanx NPHMeHSIOT MeTol crunosod aosywky {122), aakmouaro-
uthiica B A0GaBJeHHR TAKOrO COSAHHEHHS, KOTOPOE, B3aUMOJEHCT-
BYS C OyeHb PeaKUHOHHOCMOCOGHEIMH pajnKanaMH, obpasyer 6o-
Jee ycrofiuHBHe panukanm, perucrpupyemuie 3IIP. B xauectse
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TAKHX <¢JIOBYLIEK® LIHPOKO HCIOAL3YIOTCA HHTPO30COSAHHEHHS,
Japonde JOCTATOYHO CTaSHJAbHHE HHTPOKCHJABHHE pPafHKajb:
RN=0+R’+—=+RR'N—O-.

IMockonbky cnHHOBOE KBRHTOBOE 4HHC/HO KaXKAOro HeclapeHHOro
5JIeKTPOHA C OAMHAKOBON BEePOSITHOCTBIO MOXKET GHTh paBHO + '/
B —1fs, cBoGoaHME paJHKaab AAlOT B CNEKTPe ABa CHTHa%a HJH
ABe TPYNAM CHTHAJNOB, KOTOpHE 4acTo PACCMATpPHBAIOT Kak Jyl-
AeTok.

IpocTete aJKuJbEBle paiuKaibl, TaK Ke KaK H COOTBeTCTBYIO-
He XapOOKaTHOHH H KapGaHHOHH, OueHb DPeaKIHOHHOCHOCOOHHL.
Hx Bpems XH3HE B PacTBOpax HKCKJAKOYHTEILHO KOPOTKO, HO OHH
MOTYT JAOBOJAbHC JOJATO CcOXpaHATbCA, GYAY4H 3aMOPOXKEHHBIMH
B KPHCTaJIHYECKON peiueTKe Apyrux Monexya (123). B raxux mar-
punax Gunm H3MepeRw MHore 3[IP W apyrue crnexrpm csoGox-
Hux paaukanop [124], Hu xaxe B TakEX YCNOBHSX MHOTHe pany-
Kanbl HEyCTOMYHBH; TaK, NEPHOAH NoJypacliaja MeTHJAbLHOroc pa-
AHKala B pelleTKe MerasHoAa mpu 77 K cocraejagior ot 10 no
15 mur [125].

Jns perekTHpoRaHHS CBOGOAHHX PajHKaJIOB HMeeTcs H APY-
rof MardHUTHEA MeTo, HCNOAL3YIOMMA OOHYHER cHeKTpoMeTp
AMP. 3ToT Merog cras NPHMEHATHCA MOC/E TOro, Kak GHAO OT-
KPHTO ABAGHHE XUMUKECKU UNOYYUpoGannod Ounamuueckol noas-
pusayun sdep {126, 127]. Ecan cnekrp AMP cauMare B Xopne
PeaKkuMH, TC OAHH CHTHAJH MOTYT YCHIHBATLCH JHOO B OAOKHTE/b-
HOM, NH0O B OTPHIATENLHOM HampabieHHH, a APYrHe MOTyr ocJja-
Geparhb. Korpa 310 Halmogaerca asst MPOAYKTa peakilHH, TG 03-
HauaeT, 9T0 HO Kpadned mepe wacTs rTaxozo npodyxra obpasyeTcs
wepes npomexcyrosnsil csobodusildl paduxas [128]. K nprmepy,
BOSHHK BOINPOC, Y4acTBYIOT JH pajHKa/ibHHe HHTeDMeiHarTH B pe-
axumz; OOMEHa MEXAYy STENAHOAHIOM H STHANATHeM (peakims
12-38).

Efl + Etli — EtLi + E(

Ha pnc. 5.1 [129] kpuBaa a coorsercrsyer cuekrpy SIMP, cuaromy
B XOAi¢ PeakldH, a KPHBAaf 6 — 3TAJOHHOMY CNEKTPY STHAHOAUA
(6cm, 1,85; 8c¢p, 3.2 M. A.}. M3 pucynka BraHo, wr0 Ha KpHBOR @
HeKOTOpHE CHTHaJH STHIHOAMAA YCHJEHH, a APYrHe ONYILeHH
Hpke OGa30BOA JMHHH (OTpuyaresbHoe ycurenue, HasHBaeMoe
TaKkKe smuccued). Taxum ofpasom, STHAMOAMA, obpasyloumufcs
B mOpouecce o6MeHa, OOHApPYXKHBaeT XHMHYECKH HHAYHHPYEMYIO
AHHaMHYecKyl0 NOJAAPHSAIHIO Sjep, a STO o3HauaeT, 4To OH ofpa-
ayeTcsl uepe3 npoMexyrouHHH cBoloaHHil pagukas. Taxoe sBae-
HHe TONApM3ALMM BOSHMKaeT, KOTJAa Ha NYTH OT peareHTOB K Npo-
AYKTaM TNPOTOHH pearupyiomefi MONeKyJaH AHHAMHYECKH cHapHBa-
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Puc. 5.1. Cnextp JAMP, casrmft B npomecce pe-
aguud mexay EtI u EiL] 8 Gessone {a), no
CPaBHEHHI0 ¢ OCTAMLHHM CNEKTpoM (o6hacTb Memay
2,5 n 3,506 ckamupoBana ¢ ZBofiHofl aMmnnTymOdR).
Curnane npr 1,0 n 1,68 oTeocHTCA K Gyramy, He-
KOTOpoe EOMHYECTBO. EOTOPOIO TaKxe oGpasyercs
B Xofie peaknn#, dranonwnfi cnektp EtI (6).

2 ores ¢ HecHapeHHHM SJaekTponoM, Haum-

YHe STOr0 fABJEHHA BCerja o3Hauaer, 4To

B peaKlHH y2acTByer cBOOOAHHHA paguKad,

OAHAKO ero OTCyTCTBHE HeoG23aTe/IbHO CBH-

HeTeJbCTBYET © TOM, 4T0 CBOGOLHOpAaAU-

KaJbHHA HHTEpMeAHaT He o0pasyercs, Ho-

CKOJILKY peaKUuHs ¢ ero yJacTHeM MOXer

g npoxoinTe ¥ Ges Habaiofaemoro sgdexra

XAMHAYECKH HMHAYIHAPOBAHHOH AHAAMHYE-

L L cKofl moaspusaudu azep. Kpoue toro, Ha-

3 2 b Gmopenre storo sdiexTa ele He IrOBOPHT

0 TOM, YTO 8eCt MPOLYKT o6pasyercs uepes pafUKaJbHHH HHTepMe-

AHAT, a JHIIb yKasuBaeT Ha TO, YTO Uactb NPoAyKTa 0Gpasyercs
TaKuM 06pasoM.

Kak 7 B caytae kapGOKAaTHOHOB, MOPAMOK YCTOHYHBOCTH CBO-

GOAHLIX PAXHKAJIOB COOTBETCTBYST DAAY TPETHUHLLAZ> BTOPUUHEIA >

>NepBUYHHA, UTO TaKKe OOBACHAETCH  THHePKOHBioranuel

(pasz. 5.2)

A S &
n—?-(l',‘o e — R-m(lt-(l} L e R—C-C':
HH HH H H

CroboaHbe pajguxainl, CTPYKTYpa KOTOPHIX HONyCKaeT BO3-
MOXHOCTh pe3OHaHca, 6o/iee YCTOAUHMBH; HEKOTOPHE H3 HHX MO-
IYT COXpaHATLCHE HeonpeleaeHHo Roaroe Bpems [130]. Bensuabuee
H a/auAbHBe PafiMKaibl, a7 KOTOPHX MOXKHO 3anucaTh KaHOHH-
ueckne (OPMBI, aHaNOTHYHHIE KaHONHYECKMM ¢opMaM COOTBETCT-
Bywmux kapGokarHouorB (pasa. 5.2) u xap6aBuoHoB (pasa. 5.5),
Gojiee YCTOMYMBH, ueM HPOCTHE aJKHIAbHHE PAaAUKaJBl, HO H OHH
CYIIECTBYIOT TOJLKO Kax MpOMeXyTodMHWe dacrHusl, OpHako TpH-
penuaMeTHABHNE H ROHOOHHEe eMy paaukaan [131] yxe pocta-
TOYHO YCTOAYHBH H COXpaHAITCA B PACTBOpE NPH KOMHATHOH TeM-
ueparype, npasia B paBHoBecHA ¢ jguMepHofi ¢opmoil. KoHuen-
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Tpauka TPHQEHHAMETHIBHOTO palHKana B GeH3oNe NPH KOMHAT-
HO# Temmepatype cocTaBiser okono 2 %. B reuenme muornx nmer

- ! }"' "

WPh,Ce —— Ph_f@ﬂi

: Ph b
%

npeanoaaraiocb, 4to PhsC., nepBHE H3 H3BeCTHHX CTAGHIBHEIX
cBoGogHEX paguxanos [132], auMepusyerca ¢ o6pasoBaHHeM Tek-
cadenunmerana (PhyC—CPhs) [133), oanako wHccaefoBanre Y@-
u JAMP-cnex1pon noxaszano, 4T0 WCTHHHOM CTPYKTYpOfi AMMepHOro
coennHenns spasercs 24 [134], Xora paguxanan TpHpeHHAMETHIb-
HOro THIA CTACHJH3UPOBAHE! BCJEACTBHE pe30HAHCA

AHMEDH3AINH NPENATCTBYKT CTepHYESCKHE 3aTPYAHCHHS, [O3TOMY
€30HaHC HeJb3s CHHTATEL T/AAaBHOR NpuuHHOA HX YycroflumBOCTH
135). @10 nopTBepmAdeT u (AKT MOAYUEHHS pPamHKaNOB THNa 25
1 26 [136). C TOUKM 3peHHR INEKTPOHHOM CTPYKTYpPH 9TH pagu-
KaJbl odueHb NOXO0XKH, OAHAKO AJS IJIOCKOTO pajHkana 28 crepuue-
CKHe SaTpyAHeHHs [HMepH3AaUMH HaMHOTO MeHbIHE, YeM AJd

PhsC-, rorga xak B pagukase 26 mecrb IPynn B 0PTo-NONOKEHHAX
CO3JAIOT TOPasko OOJBIIME CTepHYeCKHe NPensaTCTBHA, B TO XKe
BpeMs MAaHapHOCTh 256 00yc/OBAUBAaeT MaKCHMAJbHYIO PEe30OHaHC-
HYI0 CTaGuAH3aIHI0, KoTopas B 26 HaMHOTO MEHbIIE, TAK KaR TOT
panukana eme MeHee NJockwi, yeM PhsC-, xoropuft caM He aBaf-
eTCA N/JAOCKHM, & HMeeT (opMy nponennaepa. TakuM obpasoM, ecan
raiaBHoft npuuuHofi yero#iuusoctH PhyC- siBasterca pesoRanc, pazu-
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Kan 26 mo/mxeH IHMePHIOBATHCH, & PaAuKan 25 HeT; HO eCaXH raas-
Hoft MpHYHHOR YCTOAMHBOCTH SBJISETCA CTEPHYECKOE 3aTPYAHEHHE,
CATYyauus AOJXHa OuHTb ofparHoil. DKcnepHMeHTaALHO OHIO MO-
KasaHo [136)], yTo 26 He mposBAAeT MPH3HAKOB AHMEPH3AUHH Aaxe
B TBEPAOM COCTOSHHM, B TO BpeMs KaK paiHKaia 25 CyHlecTsyeT
IpeHMYINECTBEHHO B AHMepHoH ¢opMe, KoTopasd JAHINE B Hebojb-
ot CTeMeHH AHCCOUHHPYer B pacTBope [137); aro ykasmBaer Ha
10, 9TO TJaBHas MPHYHHE YCTOMUHBOCTH TPHAPHAMETHJLHHIX pa-
JMHKAJO0B CBfA3a#a CO CTEPHYECKHM 3ATpyAHeHHeM AHMEpH3ALHH,
Ananornunnlfi BHBox OB cOeiaH NpH H3YUYEHHAH pPaiMKaja
(NC)sC-, xoTophifi Jlerke ARMEpH3YeTCH, XOTA H 3HAUHTEJIBLHO CTa-
GHNH3HPOBaH peaoHaHcoM [I138]

IMoaHoCTbIO XJMOPHpPOBAaHHHE TPHAPHIMETHABHLE PpaJMKANH
Gosee ycrofiunsb, weM HesaMmellleHHBe AHAJOTH, NO-BHAHMOMY, IO
CTepHYECKHM IIPHYMHAM; MHOTHE M3 HHX COBepINeHHC HHEPTHH
B pacTBOpax H B TBepROM cocTosHuH [139]. M3BecTHH ouens ycToli-
YHBHE PaiZHKaAH, B KOTOPHX HecnapeHHHA 3JeKTPOH moMeInaercs
He Ha aroMe yritepona [140]. Tax, AHpeHHARMKPHATHAPASHI
(27) — TBepaOe BEDIECTBO, KOTOPOE MOMEr COXpAHATBCA B Teye-
HHe HecKOXbKHX JeT. HurpokchHisuuift papmkaa 28 HacroanKo
ycTo#uRB, 4TO cliocofeH ydacTBOBATh B PeakuHsiX, He 3aTparuBa0-

fh NO, Et OH .
Ph—-N—¥ NO, Me Me 1 EtMeie Mml.
2. HA»
N
NO, Me | Me
O

0
Me[Me
O

27 28

LHX HecHapeHHH# sxekTpoH [141]; To e cnpaseasiuso H ANA He-
KOTOPHX XJODHPOBAHHBIX TPHADHAMETHJLHHX PAaZHKAJNOB, 0 KOTO-
PHX roBopHioCh BHLe [141a).

Mepolt oTHoCHTeAbHOR YcTOMUHBOCTH CBOGOANHX pajgukaxos R
CAYXuT SHEprada pauccounatnH osa3H R—H (sennunna D,
raba. 5.3) [142] Yem ume sennunna D, rem menee ycroftuus pa-
AAKaa, -

JAs TpOCTHX AaJAKHABHHX DPAjHKAJNOB BOSMOKHHE JB2 THIA
CTPYKTYp [144]: niocKEe cO CBA3AMH SP® H HECNAPEHHHM SJIEKTPO-
HOM Ha p-0pOMTANH H HHPAMHAANBHHE CO CBAIAMU Sp° H HecmapeH-
HHM 3JeKTpOHOM Ha spP-opGurasu. Cnexrp SIIP u apyrue pan-
HHe nia pagukana CHse B APYTHX NPOCTHX @JKHALHHX PagHKanoB
CBHACTEALCTBYIOT 06 MX nxockofi crpykrype [145] Dro coraacy-
ercd ¢ (paKTOM TMOTePH ONTHYeCKOfl aAKTHBHOCTH B Xojxe o6pasopa-
HHA pajHKaJia mpH acHMMeTpHUecKOM aToMe yriepoaa [146). Daek-
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Tabauya 5.3. SHepres AHccomAaMMH HexoTopHX cBasell R—H (Dye) [142).
YerofluupocTe caofontoro panMKana HMeeT ofpaTHHA NOpsAOK

Pagurxax D. kxan/mone Pagnkaa D, xxan/monn

Ph. 110 CClgs 06
CHy=CH. =108 [IuKorexkcna 95,5
CFye 106 Me,CH. 95

Me: 104 EII?C- 92
Llnxaoglponm {143} 101 =CHCH,~ 89
MeyCCH, . 100 HCO- 87

Et. 93 PhCH, 85

Pr 98

Tpounue cnexkTp paauxanos CHy m CDj, renepapoBaunux ¢aem-
dotonnsom e rasopofi (ase, TakKe ONpeRENEHHO YKASHBAKT Ha
TO, UT0 B 9THX YCJOBHAX PajHXalH [AOCKHE HAR TOUTH [JIOCKHE
{147). Ananornunuiii BuBoa chnenyer ua HK-cnekrpos CHje, cHi-
THX 8 MaTpHUe aprosa B TBEPAOM cocTOsHHH [148].-

B oTnHune 0T xapGOKaTHOHOB CBOGOZHOPANMKANBHHE LUERTPH
yacTo 06pasyloTcd B rOROBE MOCT& MOCTHKOBHX CHCTEM, XOTS H
C MeHBUIEH CKOPOCTHIO, €M COGTBETCTBYICUIHE PARHKAJNH ¢ OTKpPH-
ToRt uenblo [149]. YcTaHOBMICHS, YTO IIGCKa% KOHQUTYpalHA & STHX
cryyaax Gonee ycTofiuHBa, HO He HCKJIIOYeHAa K NHEpaMAjafbHasA
cTpykTYpa. B meaom mmenmpecs AaHHHE MOKA3HBAKT, YTO NpPO-
CTHe anKHJAbHHE cBOGONMHhe DPafAKAJW NPeAROYHTAIOT NAOCKYIO
HJAH NOYTH RAOCKYI0 (POPMY, OAHAKG Pa3HOCTh IHEPrHA NMIIOCKHX H
FHPAMHAAJBHEX CBOOGOAHHX pPagnKanos Hepeanxa. Ho Te ceobon-
Hble pajiuKaJH, B KOTODHX YIJIepOA CBS3aH € S/JeKTPOOTPHHA-
TeAbHHME aroMams, Hanpumep CFs. [150], mpeanmounraior nupa-
MupaabHylo Gopmy [151]; uem Bblle 3MEKTPOOTPHLATENBHOCTL CO-
cefiHero aroma, TeM GoJibIIe OTKJIOHEHME OT maaHapHoctu [1562).

CeoGoxanie pajgnKasHl, CTPYKTYpAa KOTOPHIX JAONYCKaer peso-
HaHC, HMEIOT AMOCKYI0 (opMY, XOTH pafuxaib TpudeHHIMETHb-
HOI'G THNA, NOAOGHO COOTBETCTBYIOIMAM KapbokaTHoHam (pasih. 5.2),
umelT dpopmy nponestepa [153].

Hsgectné Gosbloe ynceno OHPAAHKAJIOB H YCTOHUNBLIX, H CYILECT-
BYICIIHX B KauecTse HHTepMeasaToB [154] Ecau Hecnapemnkie sjek-
TPOHH B GHpajMKaJ¢ XOCTATOYHO YAaJleRH APYT OT APYra, Kak B pa-
Aukane «CH,CH;CH,CH;-, B cnexTpe Habawxaercs apa aySiaera.
Ecay RecnapeHHble $JAEKTPOHH PAacloNGKeHH AOCTATOYHO GJH3KO
Apyr K JAPYry, TaK 9T0 OHHE MOTYT B3aHMOAefCTBOBATb MAH B3aH-
MOJefiCTBYIOT uepes HeHACHIIEHHYIO cHCTeMy (KaK B TPHMETHJEH-
meraue (29) [155]), cyMMapHoe CRHHOBOE HHCAO MOXKET NpPHHH-
MaTh 3HaueHHMs -1, 0 HAH —]1, TMOCKOABKY KAXKIHY 3JeKTpOR
HMEeT CIHH KAH +'fp, HAH —!f;. B pesyaprare B chHekTpe nodABas-
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erca Tpunaser [156), kaxawuf coerasasiomaf CHrHAN KOTOPOro cooT-
BETCTBYET OAHOH U3 TpeX Bo3MoXHocTed. B TpunaeTHHx mosexysax
ABA HeCHMApPEHHLIX SJEKTPOHA HMEIOT ONHHAaKOBWA cnuH. Bupapu-
KaJhu!l, B KOTOPHX 00a HecmapeHHHX JIEKTPOHA JIOKAAH30BaHH HA
OAHOM aTOMe YIVIEpOAa, PAcCMATPHBAIOTCA B pazfiefe, NOCBALICH-
HoMm KapGeram (pasa. 5.11).

CH,

CH, CH,
29

5.9. CnocoSul noayyeHHs CBOGORHMX PaaAKAAOB M MX peakunn [157]

CroGofHble paaHxaan OGPasyiOTed U3 MONEKYN B pesyabrare
pasphiBa CBSI3H, NPE KOTOPOM Ha KaxJAoM ¢parMeHre ocTaeTca mo
3neKTpoHy [168]. B 3aBUCHMOCTH OT HCTOMHHKA SHePTHH ANA Ta-
KOro paspuniBa CBS3H PasAHYAlOT ABa THNA DACICIICHHN MoJe-
KYJIHL

1. Tepuuuecxoe pacwenasernue, TIpH HOCTATOUHO BHICOKHX TeM-
nepatypax B rasosofi dasze a6aa opraHHYecKad MOAEKYyJa AaeT
csobofntre pagukainl, [Ipu sHepruu ceasefl ot 20 go 40 kkaa/Moanb
pacluenfieHde MOMXHOC BHISBAaTh H B XHAxof ¢ase. TunwunbIMH npH-
MepaMH cayxKar pacllieniieHHe aumanepokcHacs [158a] u asocoenu-
Hennit [159]:

|
0

R—N==N—R -2 2R + N,

n—ﬁ—ono—ﬁ—u 4, r—C—0
J _

2. Poroxumuweckoe pacwensenute (pasp. 7.5). Dueprua cpera
¢ anuHofi BoaHol or 600 no 300 HM cocTasanger or 48 Ao
96 xxax/Moab, YTO COOTBETCTBYET SHEPrud KOBAaJEHTHHX CBA3efl,
TenpuHEM NPHMepPOM (POTOXHMHYECKOTO pAacCIIenAeHHA CAYKHT 00-
pasoBaHBe PaJAHKaJIOB H3 XJ0Pa H KETOHOB:

c, 2 20
kv
R—C—R —— R-—-ﬁ +R
pase 0

CBOGOAHBEIE PajHKaNb! MOTYT Takxke O6pPa3aoBLIBATLCH H3 ApY-
rHX CEOGOAHHIX PajHKAJIOB AHOC NpPH PeakKNMH MeXAy pajHxaJioM
H MOJIekyJsofi. (MpH aToM Josacen 06Pa3OBHIBATLCH HOBHEL pamuxal,
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TaK Kak ofluee YHCNO 3JeKTPOHOBR HeueTHoe), JHGO NPH pacimente-
HHH paXpKana, HanpHMep:

Ph—(l.'l.'--O' — M + CO,
0

Kpome Toro, ceofofHble paiiKaAbl MOJYYAIOTCH OPH OKHCICHUH H
BOCCTAHOBAGHHH, B TOM UHCAE 3JEKTPONHTHUYCCKHMH METOAAMH.

IIpu peakuuax cpoGOZHHX pPaAHKANOB MOryr o6pasoBHBaTHCA
au6o ycTofiuupHe npoAykrH (peakunn o6pusa ueny), Anbo APy-
THE peaKUUOHHOCNOCOGHbIe palHKaJbl, BCTYNaloliiHe B JalbHERHIYIO
peaknmio (peaxuun pocra nemnn). HauGosee pacnpocTpaHeHHble pe-
axuud ofpeBa UENH SaKAWYAITCS B KOMOBMHANHH OAHWHAKOBHX
HJIA DasSHBIX PafHKaOB:

R + R»— R—R’

Boamomen raxxe o6pHB OenH nyTeM AECOPONOPUAOHHPOBAHHSA
[160]:

2CH3"'""CH2' _— CH]__CH, + CH;ECH;

HspectHo yerHpe IIABHHIX THIA peakudi pocTa Lend, u3 KoTo-
prx HarGo/ee pacnpocTpaHeHH nepakle ABa.

1. Orpsig paOUKAAOM QTOME UAK 2DYRNOL OT MOACKYALL, OGHIURO
aroma sodopoda (cu. T. 3, ra. 14):

R + R—H— R—H + R’

2. Hpucoedunenue paduxara xk kparrod censu (cM. 1. 3, ra. 15):

A

O6pasywoliniica NPpH 3TOM paXHKaJ MOXKET CHOBA NPHCOSIAHHATLCA
K KpaTHO# CBA3H K T. &, 3T0 OAHH M3 N1aBHHIX MeXaHM3MOB NOJIH-
MepH3alHH BHHHJNBHBX COIHHEHHH,

3. Pasaoscenue. IIpuMepoM cayXuT pasgoxceHHe OGeH3OKCH-pa-
ZHKajga {cM, BHINE B 3TOM pasjene).

4, Hepezpynnuposka:

1

R—-C—CH,s — R—C—CH,—R
| i
R R
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TeperpynnupopkA CBOGOAHEIX PAjHKANOB BCTPEYAIOTCS pexe, HeM
ReperpynmupoOBKA KapGOKAaTHOHOB, H He HalJNIOAAIOTCA RpH
R=aJxux nan sogopox (cM. T. 4, ri. 18).

Kpome TOro, paauxansl MOTYT OKHCAATECA HAO KapOOKATHOHOB
K BOCCTaHABAMBATLCA A0 KapOauuoxon [161].

5.10. Hor-papuxaas [162]

HM3pecTHO HECKOJBLKO THROB HOH-DAfHKA/ZOR, NPHIEM H Hecna-
PeHHH 3MEKTPOH, H 3apHA MOTYT HaXONHTLCA Ha aTOMax, OTAHY-
HRX OT yraepoxa, BaxubMu npaMepaMH sBAAIOTCA CEMHXHHOHB!
(30) u kerwau (31). JImub B HEMHOTHX HOH-PaAWKaJax H Hecla-
PeHHHR JIEKTPOH, H 3apfAj HaXONATCS HA aTOMax yraepoja; NpH-
MepoM ycToffuMBoro pajukaja rakoio rHna cayxur 32 [164). Pe-

0
_(;}.... Ar
1ot
0l °
30 3

— — — R d

PRUN A
NE TN NE TN N6 Gy

AKIHE BOCCTAHOBMEHHA IENOUHHIMM MeTaJJaMH 9aCTO NPOHCXOART
gepes NpPOMeKyToOwHOe 06pasoBaHHE ROH-PARHKaJOB, HaNpHMep
peaxuas 15-11: :

S Na*

HspecTHO TaKkXe HeCKOJIBKO THNOB KaTHOH-pajgEkanop {164]
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KAPBEHDI
5.11, Crpoerne B ycrofiunsocts [165)

Kapfens: BHCOKO PeakUHOHHOCHOCOOHHE JaCTHI(H; NPaKTHIE-
CKH y BCeX KapOeHOB NEPHOA NOAYNPEBPALICHHES SHAUHTEJILHO
MeHblue 1 ¢, Hx yAaeTca MOAYYATbL TOALKO B MATPHUAX IPH HH3IKHX
remnepatypax (77 K u nmxe) [166). Poporauansuuifi kap6en CHg
Ha3HBAIOT OGHYHO METHACHOM, A AJA HAHUMEHOBAHES NPOH3BOAHBIX
qalle HCROJAb3yeTcAd COOCTBEHHAR HOMEHKJaTypa Kapb6enoe. Tak,
CCl, BashBaoT, KaK npapaio, JUXIOPOKAPOEHOM, XOTH €r0 MOXKHO
TaKKe Ha3BaThb AHXJAOPOMETHACHOM,

JBa HecBASHBAIOIIAX SAEKTPOHA B KapbeHaxX MOryT OHTh AnGO
cnapeAHHIMH, JHG0 HecmapeHHNMH., CnapeHHHE SJIEKTPOHH AaloT
B CNEeKTpe Cuf2Aer, TOTfla KaK ABa HecllapeHHHIX 5JEeKTPOHA, KaK
yxe roeopuaock (pasp. 5.8), Aawor rpunaer, Ilpocrolt meron pac-
no3HaBaHHA CHHET/ACTHHX H TPHIIETHEHX 4YacTHil, paspaboraHHbify
Creasom [167], ocHORaH Ha H3BeCTHO#f peaKUEH NPHCOSNHHEHUA
KapberoB no nBoliHOA cBA3K ¢ 06pasoBaHHEM TIPOA3BONHHX HHKIO-
nponana (peakuus 15-49). Ecan x yuc-2-Gyreny nprcoegunserca
CHEIVIETHaA JaCTHUA, 06pasywliafica IHKJICApONad AOJXKeH npej-
CTaBJAATb CcOBOf yuc-H30MEp, TOCKOALKY NEPeHOC ABYX Mmap SJeK-

CH
H M CH
NI/ "\/\C’/“
PaamN AN
Me Me Me Me

TPOHOB AOJMeH NPOHCXOAUTH AUG0 OAHOBPEMEHHO, JuG0 B GHCT-
poit nocnenosaTenbroctd. [Ipn atake TpHnAeTHOH uyactaAued HoBadA
KOBa/IeHTHAA CBA3L He moxcer Gurs obpasosata 0GOHMH HecnapeH-
HHMH 3JACKTPOHAME, TaK Kak, coriacao mpapuay Iyana, oHm
HMET napaijencAHe cnHHH. HecnapeHHHe SJAEKTPOHH MOTYT 06-
pasoBaTe CBASHL ¢ 9JEKTPOHOM ABONHONA CBASH, HMEIOWIMM IPOTH-
BONOJIOKEHH CIIHH; NpPH 3TOM OCTAIOTCA ABA HECAPEHHHX 3JIeK-

g b
1.[\ H‘ / \ f coydapetrze
£ '
Me Me Me
|.[ EI—I CH
H H / H

-—éHMe —— \C— Me
Me Méf
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TPOHA ¢ OXAMHAKOBHM CIUHOM, KOTOpPHE HE MOryT 06pasoBaTh
CBA3b CPasy, a AOJNXKHH KAaTh NpoHecca COyAapeHH:d, MPH KOTO-
POM OAMH H3 SJEKTPOHOB NMOMEHSCT CBOH CNHH Ha NPOTHBONOIOXK-
HHiHl. 3a 370 BpeMa NPOHCXOZHT ¢BOOOAHOE BpallleHHE BOKPYT
cesisu C—C, m B pesyabprate ofpasyeTca cMech 4uc- u Tpawe-1,2-
IUMETHANBKAONponaHos [168],

SxcnepuMeHTaNBHO OBIIO TOKA3aHO, WTO CAM MeTHAeH OOLIYHO
ofpasyercd B BHAE CHHIIETHOR YacTHIM, KOTOpas npespaniaercs
B TPHNJETHYIO HacTHLY ¢ Gojee HNSKOH sHeprueli; pacdeT no me-
TORY MOJAEKYJAAPHHX OpOHTaNefl IIOKA3HBAET, YTO DPasHOCTh 3HEP-
I'MA cHHTAeTHOro H TpHnderHoro CHg cocraBaser 9—11 kkaa/monp
[169]. Oznako TpunaeTHnft CHz MOXHO RMOMYYHTH H NPAMHM CHO-
coboM — QOTOXUMHIECKHM pasfoxeHneM pHasoMeraHa [170] Me-
THACH HACTOJABKO PeaKNHOHHOCTOCOOEH, uTo o0nuYHO cpasy peard-
PYeT B CHEFJIeTHOM COCTOAHHMH elle A0 NpeBpallieHHs B TPHIIETHOE
[171} Y7o Kacaerca Apyrux KapGeHOB, TO OMHH pearHpymT 8 TPH-
NJAETHOM COCTOSHHH, HEKOTOpPHE B CHELJIETHOM, a HEKOTOPHE H
B TOM H B JAPYroM B 3aBHCHMOCTH OT TOro, KakuM cnocofoM OHH
ofpasoBanuch. I'eHepHpyn kapleH 8 NPHCYTCTBHH HHEPTHOIO I'a3a,
MOXHO NOBLHCUTH KOJAHYECTBO Kap6eHa, pealupylollerc B TPHMJAeET-
HOM COCTOAHHH B Fasosofi (ase, Tak Kak NpPH COYAAPEHHH ¢ MOJe-
KyNaMH HHEPTHOrO TIasa CHHIJIeTHHE KapGeHH NpeBpallaloTCcs
B TpumsieTHue [172],

Hcnonbn3oanne crepeocnenu(puieckoro NPHCOEAUHEHHS B Ka-
YeCTBE NUATHOCTHYECKOI'O TeCTA HA CHHIJICTHHH WJH TPHORETHHH
KapGen uMeer cson orpanHuenns [173). KapGenwm, remepupyemue
(DOTOJIHTHYECKH, YaCTO HAXOAATCA B OueHb BO30YKAEHHOM CHHIVIET-
HOM cOCTOAHHH. Mix npucoezuneHne K ABOAHOHA cBASH NPOUCXOAHT
crepeocnennduuecky, Ho obpasyloimufica NPH STOM UHKJIOOPCNAH
obnagaer H3OHITOYHOM SHepruedd, T. €. caM HaXOAHTCH B BO3OYK-
JAeHHOM cocTostHAH, Kak OHIA0 moKasaHo, B HEKOTOPHX YCJAOBHAX
(npn BHSKHMX AaBAeHHAX B rasoBofi ¢ase) BO3GYKICHHWE HKJIO-
nponaH MoOXeT NOABEPraTbC H{UuC—TPAHC-HROMEPUSALUH YXKe nocAe
cpoero o0pasoBaHHf, TaK WTO- CO3JaeTcA BNedaT/eHHe, 4TO B pe-
aKUHH YYacTROBaJA TPHONETHHA kapleH, XOoTH B AeHCTBHTENLHOCTH
pearnpoBas cHHTAeTHHE [174].

Hau6omee pacnpocTpaHeHHHIMH KapOenamu asasworca CH; H
CCl, [175]; coobmanioce 0 NOAYUEHHH H MHOTHX APYTHX KapGenos,
Hanpumep [176]:

-CPh, R, C=C=C m':-ﬁ—n |>;
0

Hceenepopanne HK-cnektpa CCly B TBepaoli apronuoft MaTpune
NPpH HH3IKHX TeMIepaTypaxX NOKa3bBaeT, WTO B OCHOBHOM COCTOA-
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HuH oTa uactaua cuuraerHa {177]. Huxapben €=C=C sasasercs
rJaBHON cocTasHoll wacTeio napoe yraepoga {178).

TpunaeTHHA MeTRASH npeacTaBasieT cobfo# GRpaiHKal, €ro reo-
METPHIO MOXKHO HCcaesoBaTh ¢ nomombio DITP-cnekrpos [178a]
Hsmepenue cnexktpo TpunaetHoro CHy; B Marpuamax npm oueHs
HHM3KHX Temnepatypax (4 K) noxkaskiBaeT, uTO OH HpejcTaBjsieT
coGOoli M3OTEYTYIO MOJICKYJY € BaJeWTHHM yriom okodao 136° [179].
Cunraetunft CH; ne paer currana B JIIP-cnektpe, Ho M3 3Jek-
tpounnx cnektpos CHj, o6pasyotterocs npH daelr-poTonnse aua-
3oMeTaHa, CJeAyeT, 4TO 3Td MOJEKyJa H30THYTa NOA YIVIOM OKOJIO
103° [180]. B cusraetnsix kapGerax CCly [177] n CBry [181] yraw

c! C
-
s
Hipet H HioPH .
MpPURTeTTHSIL CiHeerNaIE
Hemunsn g

cocTasaaioT okovio 100 u 114° cooTsercTBenno, JlaBHO M3BeCTHO,
4TO TPUNAETHHE apHABHBIEe KapGeHH TaKXe HMEIOT M3OTHYTYIO
dopmy [182].

Ipu daew-poronnse CHBrs nabmonaerca npomexyroyHoe o6-
pasoeganne yactuuw CBr [183], HasHBaemol xapbunom. Ananoruy-

CHBr, G “C—Br

Heim o6pasoM #3 CHFBr; u CHCIBre resepupyioT uHTepMeAHATH
CF u CCI cooTBeTcTBeHHO,

5.12, Cnocofunl noayuenna kapGeHor H MXx peakuus {184]

HapecTHo HecKoNBKO CcnocoGoB mosyueHus KapleHoB, HO HaH-
Gonee pacmpocTpaseHH caeayioillde ABa cnocoba:

1. TIpH o-3AUMHHAPOBAHHA OT YIrVIepoAa cHawasa OTLennseTcH
rpynna Ges 3JeKTposHOl napH, o6HuHO MPOTOH, a 3aTeM Ipynna
¢ 3JeKTPOHHOH mapoi, o6HyHo rajoreHuf-HoH [185]:

H
n-—-t.l:—a =LA R—?Q-Cl % g-C
R

THnHYHEIM NPHEMepOM CAYKHT o6pasoBaHHe AMXIOpoKapbeHa NpH
ofpaGorke xnopodopMa ocHobanmem (T. 2, peakmuMa 10-3), Ho
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H3BECTHO H MHOro APYFHX NPHMePOB; HeKOTOPHe H3 HUX NPHBO-
AATCA HHKe:

QCI,—COO‘—“*CClz + CO; + CI- [186]
AV
@0~ D+
Plt—-llg--;—l? =%, CF, + PhHgl + NaF [188]
F

O6HTHO NOAOXKHUTEALHO 3aPMKEHHAA TPYNHA YXOAHT NepBok, HO H3-
BECTHH CAYUAH o-3IMMHEAPOB&HHA, NPH KOTOPHX NepBO#l OTIIEeH-
JfeTcA OTpHUATeNbHO 3apsAxKeHHad rpynna [189] unm ofe rpynims
YXOOAT OAHOBPEMEHHO.

2, Pacnax coesnHeHH#l, coAepXalMMX oOmpeieseHHHEe THOE

ABOHHHX cBAsel:
REZ — RE+Z

BaxnefmuMH cnocoGaME NOAYUEHHA MeETHIeHA saeasorcea doro-
JIH3 KeTeHa

— e @
cu%-@l.cn,ﬂcsol

H K309JeKTPOHHOE pasjioiKeHHe NHasoMeTaHa

L 9__9 byt —
an’f}N—{"ml H—I!FENCS CH; + IN==NI

Iasouepnue AHA30aJKAHAM ARASHPHHH TakKe o6pasyloT xapbeHu
90):

N
R’C:é — R, + IN=N|

Ha-3a BHCOKOfI peakiHoHHOA ¢mocoGHOCTH KapOeHOB yacTo GH-
BaeT OUeHb TPYAHO AOKa3aTh, UTO OHH AeACTBHTEARHO YYacTBYIOT
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B AaHHOH peakuun. Bo MHOTHX caywasx, xorjga KapOeH, nG-8udu-
MORY, ROMKeH O0Pa30BHBATbCR B XOAE G-3JHMHHHPOBAHHS HIH
pacnaza HenpeenbHOre COeAHHEHHN, HE HMEeTCs HHKAaKMX NPAMBIX
AOKa3aTeJbeTB NPHCYTCTBHA CBOOOZHOrO xapGeHa. B Tex cayuasx,
KOrja H3BecTHO, UTO ¢BOGOAHHI xap6eH He yvyacTBYeT B PeakIHH
AJIY KOrAa KMEIOTCS COMHEHHs 710 STOMY NOBOAY, MCIOML3YIOT Hell-
TPAJBHHA TepMmur Kapbenoud. «-IanoreHosaMelleHHHE MeTasIo-
oprauuyeckie coearneHns Ro,CXM wacto HasunBalT kapbeHoH-
AaMi, TAK KaK OHH JIeTKO BCTYNAlOT 8 PEAKHHR o-3/HMHHRPOBAHHEA
(191] {cM. npumep B 1. 2, peaxunn 12-38),

Peakunn xapfeHop fosiee pasHoOGDa3HH, YeM peaKUHH APYTHX
HacTHI, PacCMOTPEHHBIX B AaHHON raase.

i, TlpHcoeruHeHHe K ABOAMHM YIACPOA-YTAEPOAHHM CBAZAM
yKe ymomuHaJock, KapGeHH Takxe APHCOSAMHAIOTCH K APOMATH-
YECKHM cHCTeMaM, HO 0o0pasywllHecs NpH STOM NPOAYKTH Cpasy
Ke fleperpynnuposHBaloTCA, 00LYAO ¢ pacluupeHreM IuKAa (T. 3,
peaxnus 15-49). Coofuanoce o mpucoefRHeHHH KapOeHOB K APY-
HM JsoiiHbiM CcBA3AM, HanpuMmep K cBs3d C=N (7. 3, peaxnun
16-63 n 16-64), a TaxKe K TPOHHLIM CBA3AM,

2. HeoGmunoft peakunuefl sgaseTcs BHeApeHHe KapGeHOB MO
¢asH C—H (1. 2, peaknus 12-18). Tax, npu s3aumonedtcreun CHg
¢ MeTaHoOM ofpasyeTcq 5TaH, a npH B3aHMOZREACTBHH ¢ npona-
HOM — R-6yTaH ¥ u306yraH. XOTs 3Ta peakiuus HENpHroAHa B Ie-
NAX CHHTe3a, OHa HJAJIOCTPHPYET HCKAIOUHTEJbHYIO DeaKLHOHRYIO

CH,~—CH—CH, <%~ CH,—CH,—CH,—CH, + cn,—(fn—cn,
CH,

cnocoGHoCTh Kaplena. IIpM peakuMH ajKaHOB, HANDHMED HEHTaHa,
B XujgrRof ¢ase ¢ KapbeHOM, noJydaeMHM (QOTOJM3OM AHAIOME-
TaHa, 00pasyioTCH BCe TPH BO3MOXKHEX NPOAYKTA B CTATHCTHYE-
cKkoM cooTHoweHuH [192], uTo ykaswBaeT Ha OTCYTCTBHE CENEKTHB-
HOCTR. MAorue rogul OORIeNPHHATHM OHJO MHeHHe, UTO 4YeM HHXe
CeJeKTHBHOCTR, TEM BHIUE PEakHAOHHAA CNOCOOHOCTE, OAHAKO 8 HO-
cAeiHKe FOAH 3TO MOJOXKEHHe NOABEpriAOCh COMHEHHIO, TaK Kak
cTajlo E3BecTHO MHOro uckmioueHnii [193). Ile-emgumomy, camoft
PeakuHOHHOCNOCOOROH M3 H3BeCTHHX OpPranHvecKHX 9WacTHL #B/S-
erca curraeTHft CHp, reHepupoBanHufi HOTONHZOM AMA30METaHa,;
TpunaetHui CH; HeckoAbKO MeHee peaKuHOHHOCHOCOGEH, a Apyrue
KapGeAH elle MeHee peakuHoOHHocHocoOHW. Ha ocHOBaHHH pasiH-
YHA B peaKIHAX BHeAPEHHA H MPHCOSAHHEHHA Gl NMpeiMomeH cJe-
Ryomufi TOPAROK peakuHOHHOH chnocobHocTH KapGenon: CHy>>
>HCCOOR>PhCH>BrCH=CICH {194) OurasoresokapbeHH,
KaK npasuJo, Boofile He BCTYOAKT B peaklHH BHeRpeHHs, Buiao
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NOKa3aHo, uyTo KapleHH cHQCOBHH BHEAPSThCA H 1O EPYTHM CBS-
3aM, oTaHunbM oT csaseft C—H, no we no ceasam C—C [195],

3. Kasanock Oun, XxapakTepHoli peaknueff ana  KapOeHOB
HomKHA OBHITH AHMEpH3AUHA, HO 3TO He TaK, MOCKOJbKY peaxluHOH-

R,.C + R,C — R,C=CR;

Haf cnocoOHOCTE KapOeHOB HACTOJNBLKO BHICOKA, UTO OHH He yene-
BAIOT B3aHMOAEHACTBOBATH APYr ¢ ApyroM. Kpome Toro, mopoSHsif
RMMep foixeH o64aAaTh coMUIKOM Goabiiofl suépruedt n notomy
Cpa3y Xe CHOBAa AHCCONMHPOBATHL. B HEKOTOPHX cAyuasx Habao-
AaeMas AMMEPH3AUMH TOABKG KaXKyllaacs; B AeACTBHTENBHOCTH
OpoayXT o6pasyeTcs He 3a cyeT AMMepH3allHH ABYX kapGeHoB, a 3a
cyeT arTaky xapGedoM MONEKYJL cBOero npeallecTEeHHHKa, Ha-
npumMep:

R.C + R,CN,— R.C=CR, + N,

4, AnguaxapGeHsl MOTYT NOABEPraTbc NeperpynnHpoBKaM
¢ MHrpauuell ankuna UK Bogopoia [196). O6uuno 3TH nmeperpyn-
NHPOBKH HACTOJMLKO OHICTpHE, YTO PEAKMHK BHEAPEHHS HJAH NpH-
COeHHHEHUS K KPATHOW CBA3H, CTOJAb XapakTepHble mias CH,, B cay-
uae aJKHJI- M JHAJKHAKAPGEHOB BCTpedaloTcsi peAxo. B oTanune
OT paHee YNOMHHABHUIMXCH NMePerpynmHPOBOK APYIHX aKTHBHLIX 4a-
CTHL, meperpynnupoBKY KapOenos B OOJbIIHHCTBE CHAY4YaeB Cpasy
€ NPHBOAAT K YCTOHUMBEIM MOJEKY/NaM, Hanprmep [197):

CH,—~CH—CHCH —> CH,—CH,—CH=CH,

(éztu — O=C=CH—R
“ L%
0
If'ﬁ“ —
/l "C — RCH=C=CHR

IIpespatitenne anuAkapOeHOB B KeTEHH H3BECTHO KaK Neperpynna-
poeka Boawsdra (r. 4, peakuuna 18-9}. H3apecTHo HECKOABKO CAYYAEB,
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KOrAa KapOeHn NeperpyniuposusaloTca 8 Apyrue kapbenn [198]
KoneuHo, BHOBb ofpasyiclidecs KapGeHH AOJMHBH CTaOHAHSHPO-
BATbCH OLHHM H3 DPACCMOTPEHHHX paHee crocoloB,

Tpunaernste KapOesr CHOCOGHH OTPHBATh OT MOJEKYJH BOAO-
POA WJM ApYrHe aToMH, AaBas ¢BoGOAHHE PafHKAJH, HampHMEp:

+»CH, + CH,CH,—> CH, + CH,CH,

3To He BHI3HBAET YAHUBJASHHA, MOCKOJBLKY TPHINIETHHE KapGeHbl
caMB SBAAIOTCA cBOGONHHIMH pajHKalaMH, B TakHe peaknmu Mo-
[YT BCTYNATH H CHHIJIETHRE KapOeHul, HO OHH CMOCOOHH OTPHIBATH
TOALKO ATOMH TaJOTeHOB, HO Be pojopon [199]. Hssectho mHoro
KPYrHX peaknHii xapGeHOB, HO OHH He UMelOT GOJBLIOr0 SHa9YEHHA
AAA XUMHY 3TOrO Klacca coeAuHeHEH.

HHUTPEHBI

Huatpena R—N [200] spasworca asoTRHMH aHajloTaMH KapGe-
HOB, M K HUM MOXHO OTHecTH GO/bIIYI0 4acTh TOTO, UTQ rOBOPH-
JAoch 0 KapGeHax. HaTpesEH TakXKe O4eHb peaKUHOHHOCNOCOOHH, H
BX HEBO3MOMXHO BHJEJHTb B OCHMHLIX YCJAOBHAX., AJKHJIHHTPEHH
Ouau nmonyuens & Matpumax npu 4 K [201], MeHee peakuMoHHO-
CNIOCOGHEIE apUAHKTPEHH MOXCHO MOJAYUHTH B Matpuuax mpd 77 K
[202]. B ocuopHOoM cocroaHud NH ¥, mo-srainmomy, GOJBHIHHCTEO
APYTEX WMTPEHOB TPHILIETHH, HO WX MOMKHO TFeHepHpOBATH KakK

R—N R—N-
CHNTIENT  TTPRINTET

B TPHIIETHOM, TAK H B CHHIJIETHOM cOCTOAHKH. TaK, B peakuuu
npucoepuresnss EtOOC—N no asoiinofi ceasu C=C yuacrteyior
ofe YacTHIH, HpHIEM OfHA H3 HHX NPHCOCAMHAETCA CTepeocmend-
¢uuno, a apyras Her. Ilo amazoruu ¢ npeznosoxenuer Ckenna
OTHOCHTEJIBHO KapGeHoB (pasa. 5.11) cuuraercdl, 4TO CTepeocnelH-
dHTecKH NPHCOSAHHACTCS CHEMeTHHA HuTpen [203]).

Jpa raasebx cnocofa NOAydYeHHs HHTPEHOB aHaJOTHYHE COOT-
Be'rcmglonum caoco6aM NoAyueHHs KapOeHOB.

1. Jaumunuposartie. IpaMepoM CAYXKUT peaxuns

R——T——OSO;Ar — R—N + B—H + ArS0,0°
H

2. Pacnad nexoropuix coedunenuil ¢ deodnod casssio. Haubo-
Jiee PacnpoCTPAHEHHHM METONOM NOJYUYeHHS HHTPEHOB SABJSeTCH
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($OoTOMNTHYECKOE HAH TepMHUECKOe pa3nioeHnme asuzos [204]:

— i 8
R—RN=N~ 22p_ N+ N,

Hesamewennuit aurper NH remepmpyerca npu ¢oroause uam npu
nponyckaHuu AeKTpHYecKoro paspana yepes NH;, NoH, nam HNs.

Peakuuu HMTDEHOB TaKKe AaHAJIOPHYHH peakuHAM KapOeHOB.
Kak # B mocnegH#X, BO MHOTHX PEeakLHAX, rAe MOXHO NPeinoo-
KHTH OPOMEXYTOUHOE oGpasoBaHMe HMTDEHOB, CBOGOAHHE HHT-
pEHH, NO-BHAHMOMY, He YYacTBYIOT. YacT¢ B KOHKpeTHOM cJyyae
OYeHbL TPYAHO MOJMYYHTE KaKue-JHOO AOKasaTeAbCTBE Sa HJAYM NIpPO-
THB.
1. Buedperue (1. 2, peakuun 12-11). Hurpensl, ocobento auua-
H CyAb)OHMAHHTPEHH, MOTYT BHeApATbca no ceasH C—H w mo He-
KOTOpHIM APYTHM CBA3AM, HanpHMep:

n'-(lf»-n + RCH — n'—tu:—-N-CR,
0 o

2. Hpucoedunenue no ceasam C=C (cm. 1. 3, peakuuo 15-42):

R

|
R—N + RC=CR, — N

R;C“"_\énz

d1a peakuus HauGodee THNHUHA AAA AUHJAHMTPeHOB. OnHO3HAY-
HHX JNAHHHX O TOM, YTO APHJAHHTPEHH MOTYT NPHCOSAMHATHCA IO
ZBOMHHM cBA3aM, He uMeercs [200]. Bo MHOrEX caywasix mpH pe-
2KIOHH NOJNYYaloTCA aSHPUAWHH, HO OHH MOryr o6pasoBLIBATHCH
XPYTHM NyTeM, He BKJAIOYAIOLHM YUacTHA CBOOOAMMX HHTPEHOB

3. Mepeepynnuposxu {196]. Kax npapuao, aAKHIHATPEHH He
BCTYNAKT B NPHBeACHHHE BHIIEe PEaKUHH, TAK KaK RpOmecc nepe-
TPYNIUPOBRY OKASHBAeTCA GoMee GHICTPHM, HANpHMEp:

R—CH-SN —— RCH=NH
I!I\._/"

Cropoctb NOAOGHHX MNEPErpyNNHPOBOK HACTOABKO BHCOKAa, 4YTO
OOHYHO TPYAHO NOJHOCTBIO HCKAIOUHTH BO3MOXHOCTL YHacTHs CBO-
GoAHOro HHTpPeHa, TaK KaK MHIPAalds IPOHCXOAHT B TOT e MO-
MeHT, KaKk obpasyerca HurpeH [207] (cm. 1. 4, peaknua 18-186).
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4. Orpoie nporona, HanpuMmep:

R—N + R—H — R—N—H + R

5. Humepusayua, Opuoft u3 BaxHeAmnx peaxuust NH ssag-
eTcA AHMepH3auus ¢ ofpasosaHneM muumMHRa NoH,. Ilpn peakumsax
€ ydacTHeM ApPHAHATPEHOB "acTo ofpasyiorTcd a300eHSO0JH:

2Ar—N — Ar—N=N-—Ar

Takam oO6pasoM, B XHMHH HHTPEGHOB AHMepH3alHf Gojlee BaXHa,
YeM B XHMHH KapOeHOB, OZHAKO H 3Jech yYacTHe CBOGOAHBIX HHT-
PeHOB He ROKa3aHo.

B xauecTBe NMPOMEXYTOUHBIX UYaCTHH MOPYT CYILeCTBOBaTh MO
KpafiHefi Mepe ABA THIA RUTPEHUEGbLX UOHOSB, Aa30THHIX AHAJOrOB
KapOOKAaTHOHOB, HO PafoT & 3TOH OGAACTH 3SHAUHTENBHO MEHBINE,
yeM B oBJacTd Kap6OKaTHOHOB. B HHTpeHHERLIX MOHAaX aTOM asoTa
MOXeT ObTh cBA3aE ¢ ABYMA HAPYTrHMH aroMaMH, Kak B 33, wan
c OfiEHM aroMoM, kak B 34 [208]. [Tpu R==H uacrauy 33 gasmsator

R—NR' n—-t|:==u“’
R’
3 u

RpOTOHHUpOBAHHBIM HHTpeHOM. Iloaof6Ho KapberaM H HHTpeBaM,
RHTPEHHEBHE HOEB MOTYT HAXOAHTLCA B CHHIVIETHOM HJIH TpPH-
naetnoM cocrosuuu [209] B pacrsope cynepkHesors mpn —78°C
6uin noaywer ycrofiuMBHl HATpeHHeBHH HOH 35, Haxopaumfcs
B Pe30HAHCHOM B3aMMOAEHCTBHM ¢ UHaHoKapGokatmoHoMm 36 [210]:

Ph,C=C=N" > PhC—C=N

35 36
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Mexannsmbl peaxuuii
H METOAbl MX ONpeLeJCHUSA

Hernruuf npomece, mo RKOTOPOMY NpPOTEKAaeT XHMHUECKas pe-
aKIHA, HASHEBAIOT MEXaHH3MOM; OH BKJIOUAET NaHHHE O TOM, Ka-
KHe CBHS3H Pa3pHBAIOTCH H B KAKOM MOPAJNKE, H3 CKOABKUX CTajil
COCTGHT peaKlHsd, KAaKOBH OTHOCHTeJbHHE CKOPOCTH KaXKjmo#i cra-
B¥H H T. I YToGH NOMHOCTBIO YCTAHOBHTH MEXaHH3M, HeOGXOZUMO
ONpeReJHTh NOJOXEHHA BCeX ATOMOB, 8 TOM UYHCHE H BXOASIIHX
B MOJEKYJH PpACTBOPHTENS,. U SHEPTHI0O CHCTEMB B KaXAWH MO-
MeHT iipouecca. [IpeamonaraeMHfi MeXaHU3M JOAXKEH YUHTHBATH
Bce MMelolmMecad ¢aKTH, H ¢ MOSBJEHHMEM HOBHIX NAaHHHX Mexa-
HHU3M Bcerka Nperepmesaer HameHeAHd, OGHYHO NOAX0A K NOCTY-
AHPOBAHHIO MEXAHH3Ma COCTOHT B CJASAYIOLIeM: cHadanlla ofpHco-
BHBAIOT €ro O0IIHE OCOGEHHOCTH, a 3aTeM TogpobHee paccMaTpH-
‘Bai0T O0nee TOHKHME AeTandH, ¢ TeM W4ToOH MO BOSMOMXHOCTH JaTh
HaufioJiee TOQUHOe OMHCaRHe, '

B Hacrosimee BpeMs RAA OOJNBUIHHCTBA PeaKHHH MOXKHO Hanu-
caTe OOIMHMH MeXaHH3M ¢ JOCTATOWHOH CTeneHsi AOCTOBEPHOCTH,
OJHZKO  HeT HHM ORHUTO MeXaHWSMa, KOTOpHH Oy OB H3BecTeH
nonnoctelo. O6uyHO TOHuafimue nozpofHOCTH MeXaHH3Ma OCTa-
IOTCA HESCHHMH, & JAA HEeKOTOPHX peakuHffl MoKa He YCTaHOBJEH
_Haxe obmmit .MexanusM. [IpoGiaema ocHOXKHAETCA TeM, 4TO CyLIe-
© CTBYET MHOTO BapHAHTOB MeXaHH3MOB, Tak, H3BECTHO MHOMECTBO
peaxuufl, KOTOpPHEe B 3aBUCHMOCTH OT VCJAOBHA CHEAYIOT DPa3sHLIMH
nytAMH. B HexoTopHx cayuasax Asns ofHOM M To#H Ke peaknud
NPeNAOXKEHO HECKOJNBKO MEeXaHW3MOB, KaXALIA M3 KOTOPHX MOJ-
HOCTHI0 OOBACHSACT BCe HMEIOINMECs AaHHHe,

B.1. Tursl MexaHH3IMOB peaKuMi

B GonpliuHCTBE OPraHH4eCKHX peaKUUR NPOHCXOAUT pasphs
ofHO#l HAH HEeCKONbKHX KOBAJeHTHHX cBasefl. B 3aBHCHMOCTH OT
TOTO, KaKHM OOpasoM pa3pHBaeTcs CBASh, MeXaAHH3MBI OpraHHue-
CKHX pearnuii MOXHO pasze/uTs Ha TPH TUNA,

i. Ecan mpn paspuiBe cBA3H 00a 9JeKTPOHA OCTAOTCH Ha OX-
HOM H3 (PPATMEHTOB, MeXaHH3M Ha3HIBaWT zerepoasuruxecxusm. Ta-
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KHe Peaki#H OOHYHO BKJAIOUAIOT HOHHHE HHTEPMENHATH, XOTH 5TO
n Heo6ssaTesbHO. BakHBIM MOMEHTOM 3TOr'G THHZ MeXaHHd3MOB
SIBJSIETCS TO, YTO 3NEKTPOHH HUKOTAA He GHIBAIOT HECMapeHHBIMH.
Hdnsi ymoScTBa mPHHSTO OAHO M3 pearHPYIOIHX BeINeCTE HAa3sl-
BaTb QTAKYOUWUM peazenTosm, a apyroe — cybcrparoM. B Hacrtos-
el kHHre cyO6cTpaToM Beerxa Gyaer o603HayaThCa Ta MONEKyna,
KOTOpas mocTapJseT aTOM Yraeposa Ans HoBo# cBasH. Ecam yrie-
POA-YrJ€pORHasA CBA3b YxXe oOpasoBaHa, To cyGcrpaT HAH aTa-
Kyiollufi peareHT HAsHBAIOT MPOHIBOABHO. B reTeposnTHuecKHX
peakuusX peareHT OGLIYHO HAH OTAAET SJEKTPOHHYIO Mapy cyG-
CTpaTy, HIM NpPUHUMAET €e OT Hero. Te peareHTH, KOTOpHE OTHAIOT
3NEKTPOHHYIO Mapy, Ha3HBAIOT HYKAEOPUAAMU, 8 HX PEaKHHH —
RyKAOPUALHbIMY, PeareHTH, KOTOpPHE MNPHHUMAIOT SJAEKTPOHHYIO
napy, Has3blBRIOT 3SAEKTPOGUAGML B MX PeaKHHR JAeKTPOPUAb~
Rotau, TIpu pacimenneHHAM MOJEKYAN cyGeTpara 4acTh ee, He cO-
AepiKallylo YrJepona, HaswBaloT yrodawerd epynnoil, YX0gsmiyio
rpynny, KOTOPad YHOCHT SJeKTPOHHYIO Hapy, HA3HEAIT HYKAEO-
¢yeom, a rpynny, yXomALlyl 6€3 3NEKTPOHHOH NapH,— 3AEKTPO-
dyzoa.

2. Ecnu npu paspuiBe ©Bf3H o6pasyiorcs ¢$parMeHTH, Kax-
JAblff H3 KOTOPHX HeceT No OJHOMY 3JeKTPOHY, T. e, ¢cBOGOJAHLE pa-
JUKaJAbl, MeXaHHSM Ha3HBAlOT ZOMOAUTUHECKUM WIH c8000dHopa-
CUKOABHOLM,

3. Kasanoce 68, paspuiB JIOGBIX CBf3ell JOJIKEH NMPOHCXGAHTH
OAHHM H3 YKa3adHHX RHille Cmcco(OB, OQHAKC HMeeTcd H TpeTafl
THN MeXaHH3Ma, 0PH KOTOPOM SJEKTPOHH (KOTOPHIX OGBIYHO
HiecTs, HO MoXeT GHTL M ApPyroe YHCJO) ABHIKYTCS N0 3aMKHY-
TOMY KoJbly. B 3THX peakuHsx He o0pasyloTcd HHTeDMEIHATH,
HOHB 'MJAH CBOGOAHSE PAaZHKaNB, H HEBO3MOXKHO CKa3aTh, CapeHbl
WIH HecmapeHbl ABRXKYINIHECH 3JeKTPOHH., Peaknyuu ¢ MeXaHH3IMOM
TAKOTO THNIA HA3HBAKWT neputjuxsueckumu [1].

B caeayomeM paszene npHBOAATCH NPHMEPH pPeakunii ¢ me-
XaHH3MaM¥ sCeX TpeX THIOB.

6.2. Trunl peakmuit

QOprarnuecknx peakiuit TaK MHOFO H OHH CTOJIb PasHOOGpPAsHH,
YT0, Ka3KeTCH, HX HEBO3MOXHO KAacCHOHUHPOBATH; OAHAKO B Ael-
CTBHTRJBLHOCTH BCe PEaKLUKH MOMKHO OTHECTH JHIIb K IIeCTH KaTe-
ropuam. B npHBOANMOM HUXe OMHCaHWH INEeCTH THNOB peaKUKH
NoXasaHsl NPOAYKTH, KOTOpHeE 00pa3yloTCsl HEMOCPEACTBEHHO B pe-
3yAbLTATE PeaKLHH, XOTS MHOTHE H3 HHX MOTYT BCTYNaTh B Aafb-
Heifiuye peakunr. Bee wacTHun! nmokasaHs 0e3 3apAnos, NOCKOALKY
pas3au4YHO 3apAXKeHHLIE peareHTH MOTryT [IOXBepraThesl aHaJlorHy-
HhiM K3MeHeHusaM. [laHHoe 3pmecp onHcaHue uyHcTO (opMaabHOe H
CAYKHT TOJABKO ANA Uenell knaccudurauun ¥ cpagHenus. Bee mog-
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poSHocTH OyAyT oOCyXAaThess B uYactd 2, T. 2—4 Hacrosmedt
KHHTH, :

1. 2amewenue. Ecan 3aMelleHHe TreTepOJHTHUESCKOE, OHO MO-
et GHTh HYRACODHABHHM HAM SAEKTPODHIBHEIM B 3aBHCHMOCTH
OT TOTO, KaKof peareHT paccMaTpHBaTh Kak cyfcrpar, a Kakoft —
Kak arakyiomufi areHT (oueHs yacTo Y cHavaJja AoJKeH ofpaso-
BaTeCA 33 cUeT MPEeNUIEeCTBYIONIEro Pasphisa OBASH).

a. Hyxkneodpunpnoe samemenue (1. 2, ra. 10 u 1. 3, ra, 13).

TN _
.Aﬂ + Y — A—-Y+ X

6. DaexTpoduabaoe sameueaue (1. 2, ra. 11, 12),

X+ Y —— A=Y + X
AX +,

8. CeoGonsopaaukanpHoe samemenne (T. 3, ra. 14),
A—X + Yo —r A-Y + X*
Tlpr cpOGOAHOPAZHKAJIBHOM 3aMellleHHH Y+« OOHUHO NoJaydaeTes
in situ, a X» BecTynaer B panbHeAMNYI0 peaKimmio.
2. Hpucoedunenue x xpatnos ceazam (1. 3, ra. 15, 16). Pe-
2KIHA NPHCOSAMHEHHS MOTYT NPOHCXOAHTE NO BCEM TPEM BO3MOXK-

HHIM MeXaHH3MaM.
a. DnexrpodHNbHOe NPHCOeARHEeHHe (reTepOJHTHIECKOe).

WY

Y
P
A——’IB+Y—QV——~A-L+W——¢A—B

6. Hykneodunapnoe npHcoeaunenHe (reTeposiHTHUECKOE).
Y WY
A‘én":—v\—w — K-:lz +W— J\——l‘!
8. CBOGONHOPANMKANEHOE TNpPUCOSAUHEHHE (FOMOMMTHUECKOE).
| WY

| b
A n+\)—(;v-—-i—n+w—v——- A—B + Y.
r. CHEXpOHEOEe NPHCOeAHHEHHe (HepHUHKIKYECKOe}),

\!’/—Y wY
— | |
. AR A—B
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B noxkasanHex npuMepax rpynnel Y B W Gepyrcs 3 oiHOl U TOf
e MOJEKYJBl, HO OUYEHb HAcTO {32 HCKJIIOUEHHEM CHHXPOHHOTO MPH-
COCLHHEHHA) 3TH TPYNNE NOCTYNAIT H3 PasHHX MOAeKyJd. Kpome
TOTO, 30eCh ROKa3aHo, YT0 ¢BA3b Y—W pacllensiderca B TOT XKe
caMblit MoMeHT, xorna Y ceAsumaercs ¢ B, #Ho yacro (omare xe
33 HCKJIYEHHEM CHHXPOHHOrO NPHCOEAHHEHHA) 3Ta CBASbH pac-
IENJAeTC paHbIUe,
3. B-Quumunuposanue (1. 4, ra. 17).

w X _
N [/ — A=B + W + X
A=B

3TH peakuHH MOTYT NPOHCXORHTL JAHGO MO IETePOSHTHUECKOMY,
Juf0 10 NEepHUKKAHYECKOMY MeXaHu3My (npHMepH cM. T. 4, pash.
17.12). CsoGopHopazukanbshoe B-3MHMHHHpOBaHHE Halnwaaerca
HCKAIOUHTEAbHO peako. [IpM reTepoJuTHYECKOM 3IAHMUHHPOBAHEH
rpyansl W u X MOTYT YXOIHTL WIH OXHOBPEMEHHO, HAH (OCAEN0BA-
TeJAbHO, a TakKie OHH MOTYT JHGO 00beAMHsTheA, AHGO He 06D~
eAHHATHCA.

4. Ilepeepynnuposku (1. 4, ra. 18). MHorue neperpynnupoBxu
BK/AIOYAIOT MHTPAlHI0 ATOMA HAH TPYANH OT OAHOre aToMa K ADY-
roMy. B 3aBHCHMOCTH OT TOr0, CKOJALKO 3JEKTPOHOB HAXOQHTCA Ha
MUFPHpPYIOLIEH Tpynne HJIH aTOMe, Pa3jiHYAIOT TPH THNA NEperpyn-
NHPOBOK.

a. Murpanusa ¢ 3JeKTpoHRO# napoit (HyxJeodHAbHAA).

T
A—B — A—B

6. Murpauns ¢ OZHEM 9JeKkTpoHOM (cBOGOAHOPAXHKANbHAN).

i i
A—B— A—B
B. -Murpanns 6e3 3JeKTPoHOB (31eKTPpodHAbHAA, BCTPEUAETCA
pesko),

1 T

| _ -
A—B — A—B

B npuBeReHHHX NpHMepax NokasaHu 1,2-neperpynnHpoBKH, HOpPH
KOTODHIX MHTPHpYIOLlas T[pPyRNa INepeMelllaeTcs K COCeAHEMY
aToMy. 3to HauGosee pachnpocTpaHeHHHH BHJA NEeperpynnApPOBOK,
HQ H3BECTHH TaKiKe MeperpynmnHpoBKH C nepememeﬂnem Tpynn
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B GoJee yAafNeHHHe noJoxeHHs. HekoTophle meperpynnapoBKH 80-
ofine He BKJAIOYAIOT IpocToR Mprpamun (eMm. T. 4, ra. 18); vacte
TAKHX HPOIECCOB MPOHCXOAMT WO NEPULHKIHYECKOMY MEXaHH3IMY.

5. Oxucaenue u soccranc saenue (1. 4, rai. 19). Muorue peak-
IHE OKHCAeHHA H BOCCTAHOBJEHHS NONAZAIOT, €CTECTBEHHO, B OAHH
M3 YeTHpeX THNOB MeXaHH3MOB, YKAa3aHHHX BHIIe, HO GOJbLIOE
"YHCAO APYTAX HAYT HHHMH nyTAMK. MexaHHSMBl OKHCAMTENHHO-
BOCCTAHOBHTEJIbHHX peaKuui paccmaTpHBawTcs 8 1. 4, Hauanao
ra. 19,

6. Coueranue HECKOABPKHX THIIOB peaKuufi, npeacTaBIeHHHX
BHIlIE.

Ciaeayer OTMETHTB, UYTQO INPH HANHCAHHM CXeMbl peakKuuH
CTPENIKH HCNOAB3YIOTCR TOMBKC AJIA OGO3HAYCHHS MEpeMeIleHH:A
3JIEKTPOHOB M HHKOTAA He OTHOCATCH K ABHIKEHHIO fAAep HAM APY-
rux vactdi, OGuuHas crpenxa H200paxkaeT NepeMelleHHe 3JeK-
TPOHHOR TNapHW, a AOJYCTpeaKa — nepeMelieHHe HecnapeHHOro
3JeKTpoHA. TIpH HAaNHCAHHH CXeM NEPHHHUKJIMYECKHX DeaKuufi Aas
yAo6CTBA TaKXKe MOAb3yTCA OGHYHBIMH CTpeJKaMH, xoTd 8 nedi-
CTBHTEABHOCTH HE H3BECTHO, KaK H B KaKOM HaNpasJA¢HHH JABH-
WYTCH /IEKTPOHH,

6 3. TepMoauHaMHYECKHE YCIOBHA PeaKIHi

Jns Toro uTo6h peaknmHf MPOM30LLIA CMNOHTAHHO, HEOGXOAHMO,
yToGnl CcBOGOAHAS SHEepPTHA NPOAYKTOB GHila MeHblle CcBOGOLHON
3HepPrHH peareHToB, 7. e. AG Zomkuo OwTh oTpHuUaTeasHO. Ko-
HEYHO, peaKUHs MOXET HATH W HPYrHM NyTeM, HO JHWb NPH ycio-
BUH BhicBOGOXKmeHHA cBobomno# sHepruu. Iloxo6Ho TOMY Kak Boaa
HA ITOBEPXHOCTH 3eMJH B ECTECTBEHHOM COCTOSIHHH TeYeT TOJbLKO
BHH3 H HHKOTAA BBEpPX, TaK H MOJIEKYJIH CTPEMATCH K COCTOAHHIO
¢ HauMeHbllefl BO3IMOXKHOA NOTeHLHaAbHO# sHepruedt. CBoGoaHas
SHEPTHA CKAaAbHBaeTcd M3 ABYX KOMMOHEHTOR: HTANBNHH H H 3H-
TPOHNHH S, CBA3aHHKHX YpaBHEHHEM

AG=AH—TAS

HsmeHeHWe SHTAJABNHAH peakiHH SBASETCSH, IO CYIIECTBY, pasHoO-
CTbI0 3HeprHi CBfA3ell peareHTOB H NPOAYKTOB, BKJAIOYAs SHEPTHIO
pesoHadca, HaUpSXKEHHA H conbBaTanaH. Msmenenne SHTAALNUH
MOMHO pAaCCUNTAaTh, CYMMHPYS 2HEPrHH BCEX Ppa3pHBAIOILEXCS
cA3efl M BHYATAA H3 9TOf CYMMH SHepTHH BCex 0OpasylollHxcd
ceaseft, NpHOGABHB BCe HU3MEHEHHA B SHEPTrHH pe3OHaHCa, HAMps-
MeHHS HJAH coJdbBaTauud. HameHeHHe SHTPONHH COBEpILEHHO
HHOe, OHO OTHOCHTCA K pasynopamoduBaHuio cHcrembl. Yem wme-
Hee ynopsnodyeHa cHcTeMa, TveM Goublie ee sHTponhs. Tiprpona
NPeAIOYHTALT TaKHE YCJIOBHS, NMPH KOTOPHIX SHTAJNBIHA KU3KQ,
a SHTPONMHA 6bICOKA; B COOTBETCTBMH ¢ 3THM MPHHLIHIIOM B pearH-
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PYIOIIMX CHCTEMAaX IHTAALMHA CMOHTAHHO YMEHbINaeTcs, TOrRa Kak
SHTPONHUA CHOHTAHHO PACTET.

Buauanue saTpomnu Ha OOJBIIMHCTBO peaKuufi Maao, W RO3-
MOXHOCTE CNMOHTARHOTO NPOTEKAHHA DeaKlIHH 3apHCHT TJIABHHM -
o6pazoM oT sHTadbmiK. OARAKO B HEKOTOPHX THMAaX peaxkuufi mo--
MHHHPYIOIIMM OKAa3LIBAETCA BJAMAHHE SHTPOTIHH, a4 He SHTAJbIHH.
PaccMOTPHM HECKONILKO HPHMEPOE.

I. Kak mpaBmao, XHAKOCTE HMeeT Gojlee HUSKYI0 SHTPOIHIO,
Y€M Fas, NOCKOABKY MOJEKYJW B rasosod (ase MmeHee ynopazno-
YeHW H HMeloT GoJbire cremedefl csoGoAH. B Teepaofi ¢asze aH-
TPONHA, KOHEUHO, eIe HMKe, YeM B XKHAKocTH. IlostomMy moGas
peakuus, B KOTOpPO#i Bce peareHTH MKHNKHe, 2 OAHH WU HECKOJbLKO
NPOLYKTOB Fa3000pasyHe, TepMOAHHAMMYECKH BLIFOAHA, TaK Kak
B De3yaLpTaTé TAKOH peakuuH SHTponHA Bospacraer, KoacraHurta
paBHOBecHs TaKo# peaxilun Gyner Buiure, uem B oOparHod cutya-
uus. TouHo Tak Ke SHTPONMA Fa3006pa3HOrO BelIeCTBA BCErja
BHIUE SHTPONHH TOrO IKe BellecTBa B pacTBOpe.

2. B Tex peakuuax, rie- YHCJAO MOJEKYJ NPOAYKTOB H pea-
reHTOB OZHHaKOBO, T. €, B peakuudax TEna A+ B—C4-D, pausnne
SHTPONHH '00HYHO MaJI0, HO €C/IH B Pe3yJIbTaTe peaKuHH YHCAO MO-
JIEKYJ yBeAHuHBaeTcH, T. e. B peakuwax A—>~B-+C, Habmozaercs
Goabluofl BHHFpHID B 3HTPONHH, TaK KaK HeM $OAbille MOJEKYJ,
TeM OoJiblile BapHAHTOB Pa3JAMYHOIO HX PAChHOJIOKEHAA B IPOCT-
pasctee. TakuM 06pasoM, peakiMH, IIPH KOTOPHX OJHa MOMEKYJa
pacnajaercs Ha ABe HWIH HECKOAbKO yacrelf, TepMONHHAMHMECKH
BHMOAHH 3a CYeT pocTa suTpomufHoro dakropa., Hamporus, B pe-
AKUHAX, TRE YHCJIO MOJEKYJ] NPOAYKTOB MeHbIe, YeM PeareHTOB,
SHTPONMS YMEHBIUAeTCA, H UTOOH Takas peakiHs HMela Mecro, He-
OGXOAHMO JROCTATOUHOE YMEHBIIEHHE OSHTAJBNHH, KOTOpOe nepe-
KPHJIO OH HeXeJaTeNbHOe H3SMEHEeHHe 3SHTPONHE.

3. XoTs peakuuH, OpH XOTOPHX OXHA MOJAEKy/]a pacnagaercs
Ha fABe HJIH HECKOJABKO 4acTefl, BHIMOMHHI ¢ TOYUKH 3pEeHHA pPOCTa
SHTPONHH, OHH 3a4aCTyI0 He MPOHCXOAAT M3-3a CJHIIKOM $OJBLIOTO
NOTEeHUHUANLHOTO YBEJNHYEHHN 3HTaAbOHE. [IpUMEDPOM CJYKHT pac-
HIeMJIeHHe 5TaHa HA JRa MEeTHAbLHHX PaAHKaJAa, APH KOTOPOM I1po-
HCXOAKT Pa3pHB CBS3H ¢ 3Hepruefi okono 79 kKana/moar H He 06-
pasyeTca HOBaf CBASH, 4TO MOIVIO OBl KOMNEHCHPOBATh YBeJHUYCHHE
sHTaAbnEH, ORHAKO DaclieNyieHHe 3TaHa MOMKHO OCYMECTBHThL [IPH’
OueHb BHICOKHX TeMIeparypaX. 3710 HOATBEpIKAAeT NMPHEUHIHAINb-
Hoe [IOJIOXKEeHHe O TOM, UTO ¢ POCTOM TeMneparype: SHQ4YeNue M-
TPONRUU YBEAUUHBAETCR, KAK 3TO K CJIefyeT H3 ypaBHeHns AG=
=AH —TAS, DHTaaenufHHA YeH B 3TOM YDaRHEHHH HE 3aBUCHT
OT TeMNepaTypu, TOPAA KaK SHTPONBAHMA 4YJeH npaMo nponop-
IWHOHa/AeH alCcoMIOTHOR TemmepaType. :

4. MoJekyan ¢ OTKpHTOH nenmbio obnazawT Goabuweli an-rpo-
nuel, 4eM COOTBETCTBYIOINHE UAKIHYECKHE MOJIEKYAH, TaK KaK Jo-
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nyckaioT §oJpiiee UYHCHO BO3IMOXKHHX KOHPOpMAmHi (CpaBHEM AJAst
npuMepa rekcaH H HEKAorercan). IlosToMy packpeTye HHKIA
BCerAa O3HAUaeT BHIATPHILI B SHTPONHH, & 3aMblKaHAe LHKJA —ee
noTepIo.

6.4. Knuerndeckue ycJaoBnd peaknnit

Tor dakr, 4TO peaKmH: XapaKTepH3yeTcsd OTPHLATeNBHOH Be-
anupHol AG, caMm no cefe eme He o3HavdaeT, 970 peaknus Gyger
NPOHCXOAUTL B 0003pHMEF nepHOR BpeMenn. OTpHNATEABHAS Be-
auyaHa AG ABAseTCH HeoO0XoOumeim, HO He OOCTATOUHLIM YCJO-
BHeM JAJs CHOHTAHHOIO MApoOTekaHHs peaknmuH. Hanpumep, peak-
uusa mexay He u Op ¢ o6pazosanuem HyO xapakrepusyercss oTpH-
nateasHol BejuunHo# AG, omHako cMech BOAOPOAA H KHCJIOPOAa
MOXKET CTOJeTHSMH XDaHHThCA NPH KOMHaTHOH Temneparype Ges
Kakux-n1n00 npH3HAKoB B3aHMoAeHcTBHA. Ilas Toro uTobHM sra pe-
akudsl TNpou3oILAa, HeoOXOAHMAa C80000HAA SHEpPeus GKTHGAYULU
AG® [2]. 1o RarnagHO nokasaHo Ha puc. 6.1 [3], roe uzobpaxen
npoduap ceoGoproil aneprun (4] ana opHocTagufiHo# peakmun Ges
HHTepMesuaTa. Ha Takux ZuarpaMmax rOpHSOHTAJBHAS OCb COOT-
BeTCTBYeT MyTH peakund. Benuuyuna AGy* osRawaer cBoGoAHYIO
3HePrHI0 AKTHBALUM NPAMOH peakHHH; ecnd peakuus obpaTHMa,
peanunBa AG,* noaxua Owirb Goable BeauudHH AG)™, Tak Kak
npejcrapjaser cobofl cyMMy NocjemHelr H BeauuyuHs AG.

Koraa peakunsi MeXAy ABYMA HJH HECKOJbKHMH MOJIEKYJaMH
npufanxaeTca K TOUYKe, CCOTBETCIEYIOUIEH BepUIHAe KDUBOH, wO-
JIOKeHHe Afep H 3JeKTPOHOB ONMCHIBAIOT ¢ NOMOIILIO TEPMHHA Me-
pexodroe cocroanue. TlepexoRHoe cOCTOAHHE XapaKTepuayercs Ol-
peleneHHOM reoMeTpHed H OnpeResNeHHRM pacnpeAeJeHHeM 3api-
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SNEPELLS

Puc, §.1. Nuarpamma ceoSonmoll SHeprHd QAR DeakMHH, B XOAe KOTOpofRl HH-
TepMeAHaT He ofpasyercd. Ilpoayxtt obnagaioT wmeubtuelt csofoaHoft sHep-
ruefl, 4eM peaTedTH.
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A0B, HO OHO CYMIECTBYET 04eHb KOPOTKHR MPOMEXYTOK RpeMenH. Belo
CHCTEMY B 3TOT MOMCHT HA3HRAIOT ARTUBRPOGAHREBM KOMAAEKCOM,
B reopuu nepexoOnozo CcOCTORHUA CYHTAETCA, YTO HCXORHHE
BelleCTB2 H SKTHBUPOBAHHEI KOMNJIEKC HAXORATCA B PaBHOBECHH
¢ KoHCTaHTOH papHOBecHA, oGosHazaemofi K¥, CorjtacHo 3Toft Teo-
pHH, Bece aKTHBHPOBAHHbIE KOMIJIEKChl NpPEBPAILAIOTCA B MPORYKT
€ OAMHAKOBOH CKOPOCTbIO {XOTS Ha mepBHlft B3MVISIA 5TO MOXeT mno-
Ka3aTbCA YAHBHTEAbHEIM, H2 CaMOM Jicjie B 3TOM HeT HHYEro
CTPaHHOTO, €CAM YUecTb, 9TO BCe AKTHBHPOBAHHBIE KOMILJIEKCH
«CKaTHBAIOTCA ¢ TOPHI®), TAK 4TO KOHCTAHTa cKopocTd (pasy. 6.14)
peaxuuy ZaBHCHT TOJIbKO OT NOJOXEHHA paBHOBECHS MeXKY HC-
XOAHHIMH BELIECTBAMH H AKTHBHPOBAHHHM KOMIJIEKCOM, T, €. OT
BesIHYHHBL K™, KOoTOpas cBf3aHa ¢ BeJAHIHHOA AGF ypaBHeHHeM

AG* = —23RT1gK*

H3 KOTOPOTO BHAHO, YTO ueM Gosblie beanuuHa AG™, TeM MeHblle
KORCTaHT2 CcKOpOCTH, CKOPOCTh NMORABJAAIOIEro OOALIIMHCTBA pe-
aKUHA BO3pacTaeT ¢ NOBHIIEHHEM TeMMNepaTypHl, MOCKOJABKY <O06-
IraemMas cHcTeMe RONOJHHTEJALHAA 3HEPrHA [IOMOTaeT MOJeKyJnam
npeojoAeTs 3HepreThueckHii Gapeep axkruBanun. HekoTopnle peax-
KM BooOlle He UMET CBOGOAHOA IHEPruM AKTHBALHH; 3TO O3Ha-
yaeT, yTo K™ uMeeT GecKOHeYHO GOJABLIYIO BEJHYHRY H NpaKkTHYe-
CKH BCe cOyAapeHHs BeAyT K peakuun. O Takux npoueccax roso-
PAT, UTO OHH KOKTPOAUPYIOTCR Jufpdysuell.

ITopo6Ho AG, peauuuHa AG™ cOCTOHT H3 3IHTAABNHAHRONG H
SHTPONHAROTO WISHOB: -

AG” = AH* — TAS™

Beawnunny AH* RasHBalor 3nTasbnued axTuedyuu; oHa NpeicTaB-
Ager cobof PasHOCTb SHePrHE HCXOAHHIX coeAHHeHUR u nepexod-
RO2- COCTORHUA, BKIWOUAN JSHEPrHI0 HaNpsAXKeHHd, pesoHaHca H
colbBaTalid. Bo MHOIAX peakuuax K MOMEHTY ROCTHIKEHHS nepe-
XOAHOrQ COCTOAHHA CBA3H Yieé NOJHOCTLHY HIH YacTHYHO pasop-
BaHH; Heoﬁxo,unmaa ANg 3TOT0 3HEPrHs H BHpaXaerca BEJAHYH-
Holt AH+, O6pasopaHue HoBHIX cBfizel coobulaeT NONOJHHTENBHYIO
SHEpTHIO CHCTEME, HO €C/H 5TO NPOHCXOAHT HOCAe RepexOoNHOro
COCTOAHHA, TO AOHOJHHTEJNPHAA SHEPTHS MOMKET NOBJAHATL TOJAbLKO
Ha seaunuuny AH, Ho He Ha AH.

Iurponus axrusayuu AS* npepcrasaser cobofi pasHocTe IHT-
PONMHH HCXOAHOTO COEQMHEHHS H MEPEXOAHOrO COCTOAHHUA. T2 Be-
JRYHHA CTAHOBHTCA BAXKHOR B TEX CAyYasiX, KOLAa AJAfA TOro, Irobbl
MPOH30NINIa peaKils, JBe PearHpyiollHe MOJEKYyJAb ROMNKHH IpH-
6/M3UTECA APYT K APYrY B onpexedeHHofi opHeHTauuu. Hanpumep,
B3aUMOAEHCTBHE MEXAY NPOCTHIM HEUUKJHYECKHM aJIKHAXJIOpH-
JOM H HOHOM THAPOKCUAA TOJIBKQO TOTA2 DpHUBOAHUT K 06Pa30BAHHIO
ankena (1. 4, peakyus 17-14), yorya p nepexoJHOM COCTOAHHH pea-
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TeHTH OPHEHTHPOBaHH TOKAa3aHHHIM HHXe o6pasoM. [uAPOKCHIL-
Hag Trpynna He TOABLKC AONKHA HaXOoAUThCs BOAH3H aTOMa BOAO-
PORa, HO 3TOT ATOM BOAOPOAZ NOJKEH HAXORUTLCHA B GHTH-TIONO-
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JKEHUH N0 OTHOIUEHHIO K atoMmy xaopa [5]. Ecau e B MOMeHT co-
yAapeHus THADOKCUABLHAN TPynna oOKaxKeTcs pacnoloKeHHoH
6aKxce K aToMy XJAopa uiad K rpynnaM R! uam R2, peakmus Moxer
He npou3ofiTh. UToOH peakuna EMeaa MecTo, YHCJAO cTeneHed cpo-
Gonbl, gonycKaiHX OOHYHO MHOMKECTBO BO3MOMHHX INOJOMEHHH
MOJEKYJl B NPOCTPAHCTBE, AOJKHO GHTH OTPaHHYEHO, T. €. HTPO-
MHA AOJKHA YMEHBIIHTbCA H BeJAHUYHHA AS™ AoMKHA OWTE OTPH-
UaTeALHOM,

3uTponna aKTHBAUMM OTBETCTBEHHA TaK:Ke 3a TPYAHOCTH 3a-
MbIXaHUsl DHKAOB ¢ YHCJAOM u4aeHoB Goaswe wectd [6]. Paccmor-
PHM, K npHMepy, PeaKuuio 3aMbKaHHs UHKJAa, IPH KOTOpOH ABe
TPYNNel, KOTOPHIE AOJKHH B3AHMOZECHCTBOBATL, HAXORATCH HA KOH-
ax AecATHyrJepOAHo# Henoukd, YUToOw nmpousomwsia peaknus, 3TH
ABe TPYNNH AOMKHBH CTOAKHYThCA APYT ¢ APYFOM, HO 3TO BO3-
MOXKHO .TOJIBKO TPH HECKOJbKHX KOHQOPMALHAX LENH, a ¥y Hee HX
OrpoOMHOE MHOXecTBO, [loaTOMY AAf 06pa3oBaHHS DEPEeXOAHOTO
COCTORHHSI B TaKHX ciydaax Tpelyercs GoJbluas NOTEPs SHTPONHH
[7]. dror dakTop AeficTBYeT TaK Ke, XOTH H B MeHbUIeR creneHw,
NpH 3aMBIKAHUH LUHKJIOB C UHCJIOM YIEHOB PABHHIM INECTH HJAH Me-
ree (3a HCKAWUeHMeM TPeXuJieHHBIX HHKJOB), HO 3Aecb NOTEps
HTPONUM MeHbIIE, YeM NP OGLeIHHEHHH ABRYX HHAHBHAYANLHHX
Monekya. Hanpumep, peakuua wmexay rpynnamsy OH n COOH
B OZHOR H TOR e MoJekyae ¢ o0pasoBaHHeM NATH- HJAH HIECTH-
YWIeHHBX HHKJHYECKHX JIAKTOHOB NPOHCXOAHT HamHOTQ OHICTpee,
YeM Takad JKe PeaKuHA MeXAYy ABYMA MOJeKyJaMH, OfHA M3 KQTO-
pux cogepxut rpymny OH, a ppyras—rpynny COOH. Xotsa

0
~CH; l-—on ,CH,HCfO
C"!!zcu,—cn,/ o C“EEH,/‘E’
Suempee
CH;CH,—(Ii—OH + HO—CH, —- ca,cuz-(lf—o-—cn,
0 0

MedneHyer
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B O0EHX peaKuusax BeAHUYHHR AH¥ NOYTH OJHHAKOBH, BeJiHUHMHA
AS™ B nepBoM cayyae HamHoro Menblle, ORHAKO, KOTAa peub
HAeT O 3aMHEKaHHH TpeX- HJH UTHDPeXMJAeHHHX IHKAOB, T'lle HMe-
eTcsl CYLIECTBEHHOE YT/IOBOe HampsXKeHHe, BHUIPHW B AS™ Moxer
0Ka3aTbed HeROCTATOYHHM, 4TOOH KOMIEHCHPOBAThb HEBRHTOAHOE
usmenenue AH*, B tada. 6.1 npHBegeHH OTHOCHTENLHHE KOH-

Tabauya 6.1, OrHOCHTEAbHBlE KOHCTaHTH CKOPOCTH AAS PeaKUHH 3AMBIKAHHA LRKAA
Br {CH,),..;.CO5 — (CHz)n—zi"—/c=0 npu 50 °C (koHcTaHTa CKOPOCTH RAS

O
SAMHKAHKS BOCBMHUJICHHOTO LUHKAA NpHHATA paBHoR 1; n —- pasmep unxaa [8])

Pasuep waxas OTI::I’)‘%Hp‘l;.EcJ:.:HBﬂ Pasmep nuKas Oﬂ::?g:;;nrx;nsn
3 21,7 11 8,51
4 5.4-10% 12 10,6
5 1,5-108 13 32.2
6 1,7-10% 14 419
7 97,3 15 451
8 1,00 I{:] 52,0
9 1,12 18 51,2
10 3,35 23 60,4

CTAaHTH CKOPOCTH AJS 3aMBIKAHHS UHKJOB ¢ YHCAOM WIeHOB OT 3
A0 23 ¢ nomolusio oaHoft # Tofi Ke peakunk [8]. Te pearuun, 8 Ko-
TOPHIX NepeXofHOe COCTOAHHE MeHee YMOPAAOUYEHO, YeM HCXOLHOE,
HanpuMep NHPOJIHTHUYECKOE NpeBpalleHHe LHKAONPONaHa B NPONEH,
XapaKTEPHIVIOTCHA NONOXKHTEABHOM BeSIHIHHOA AS™ H moToMy BH-
FOAHLl ¢ TOUKH 3peHHs SHTpomaiHOTO 3¢dexTa.

Peaknnu, B KOTOPHX o00pasyioTcs HHTEPMEZHATH, SBJAAIOTCS
ABYXCT2AHAHKIMH (MAM MHOTOCTAXHAHMME) Npoueccamu. Jlaa Rux
XapaKkTepHO HAJHYHEe TaK Has3HBaeMOf 3HepreTHUecKOA AMH H
ABYX nepeXoAHHX COCTOSHHH, Kaxjoe H3 KOTOPHX obaagaer Go-
Jiee BHICOKO# sHepTHeR, weM HHTepMeauart (puc. 6.2). UeMm rimylxe
aMa, TeM ycrofiunsee wnrepmeauar. Ha puc. 6.2,a BTOpofi muK
BHIIe mepBoro, a Ha pHc, 6.2,6 mn3ofpamerHa ofipaTHas cHTyalHs.
CieayeT OTMeTHTb, YTO B PeaklUHAX, TA¢ BTOpOH NMHK sbilie mep-
BoTo, ofUias BeXHdHHAa AG™ MeHslie CyMMB BeAHUHH AG¥ pas
IBYX craguii. MHHHMYMH Ha AHarpamme cBoSofHOHf SHEpPrHH co-
OTBETCTBYIOT peaJbHBHIM 4acTHIIAM, HMEIOUIUM XOTS H 049€Hb KOPOT-
Koe, HO KOHeuHoe BpeMsa MH3HH., 2TO MOTYT OHTb KapGOKAaTHOHH,
KapOaHHOHH, CBOGOIHBIE pajHKaJll H TOMY NOAOGHHE "YacTRIOH,
paccMOTPeHHBe B IVI. 5, 3 TaKyKe MOJEKY/JH ¢ OOHYHEIMH BaJCHT-
HOCTSIMH COCTaBJASIOMHEX HX aTOMOB. B /000M cayuae B YCHOBHAX
peaKiHd 3TC KOPOTKOXKUByImHe uaCTHRH (Tak kak AG;™ Maao),
KOTOpble GHCTPO NMPEeBpaImaloTes B NPOAYKTH, OJHAKO MaxCHMYMH
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Puc, 6.2. a— puarpauma csolofHoll SHEPINH [Ad DeakUuH, B XOAe KOTOPOl
olpasyercs MHuTEpMennaT (AG? H &G}‘-——cnoﬁoxuue SHEPTNN  AKTHBALHH

B mepBofi 1 BO Bropofi cTagHAX COQTBETCTBEHHO); 0 — xAHarpamma ceoBonHol
SHepTHH AAA peaKipy ¢ obpajopaHyeM MHTEpMeZHaTa, B KoTopoit cBoGopmmras
SHepIHA AaKTHRAUMY B nepeoll cragum Goablte, GeM Bo BTOpOfL

Ha KPHBHIX COOTBETCTBYIOT HE PEabHHM YaCTHEAM, & NMepPexXoHHM
COCTOAHHAM, B KOTOPHX CBA3H YaCTHYHO pasopBaHH H (HaAR) ua-
CTHYHO oOpasosani. [lepexojuble COCTOSHHA CYIIECTBYIOT TOJLKO
KAK NepexONHHE, HX BPeMs XKH3HH GJHM3KO K HYJIO.

6.5. Npasnaa BoaayxHa Ang 3aMBIKAHHA UHKRA

B npeamaymmx pasgienax MH KOCHYJHCH B OOIMEM BUAe KHHe-
THYECKHX M TePMOAHHAMHYECKHX acleKTOB PeakiHi saMbiKaHHA
unkna, Jx. E, Boagyuh npepaaoxna onpeleserHul HaGop npasua
ANt peakuufi 3aMBKAHHA LHMKJIOB C YHCJIOM 4JaeHOB oT 3 Ao 7 [9)
Coraacno sTHM mnpaBuJaM, pasgHYalOT fABa THNR 3aMBKaHHA
LKKNA, 9K30 B 3R00,

H TPH BHJa aTOMOB B MOJOXEHHH, OTMeYeHHOM 3Be3jouKoll: rer
ans spp, Tpuz gas sp?® W Ouz ana sp. Torna npasuia 3aMBIKaHHS
3—7-uieHHBIX UMKJAOB (GOPMYJANPYIOTCA CASAYIOIUHM 06pasoM:
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Hpasuao 1. TerpasppryecKne CUCTEMBL,

a} 3—7-9K36-TeT: BHTORHH

6) 5—6-sndo-Ter: HEeBLITOAHH
fIpasuso 2. TpuroHa/ibHEe CHCTEMH.

a) 3—7-axso-Tpuz: BHTOAHM

6) 3—b-9n00-Tpuz: HEBHIOKH

B) 6—7-3r00-TpU2: BHITOIHE
IIpasuso 3. NnaroHadbHHE CHCTEMH,

a} 3—4-3x30-0uz: HeBHTOAHH

6) 5—7-ax30-Ouz: BHrOAHH

B) 3—7-3#00-Gue: BHITORHH

«HeBHrognuifis He o3HavaeT, UTO MPOLECC He MOXET ObTh OCy-

mecTsAeH, NPOCTO OH HAST ¢ OOJLITHM TPYAOM, ¥9eM <BLITOAHEIA>
npouecc. STH NMpagHia 3MNHPHUYSCKHE H OCHOBAHH HA PacCMOTpe-
HHH cTepeoxXdMHH. Bhiroausie nyTH 3aMHKaHHA HHKIA — 5TO Te,
NpH KOTOPHX AJMHHA H NMPUPOAA CBASHBAIOLIEro 38eHa TAKOBHI, 4YTO
KOHEUHHIE aTOMhW MOTYT JOCTHTHYTh MNOAXoAflle AAA peaKIHH
reomeTpuH. IlpH HeBHITOAHHX nyTsax TpeGyeTcs HEKOTOpOe Hapy-
meHue OGHYHBIX BaJEHTHHX YIJI0B H MeXATOMHBIX PacCTOSHHA,
Muorne H3BecTHBle NpHMepH peakNnnil 3aMHKaHUA LHKJIA XOPOLIO
corylacyioTcs ¢ npasuaaMn Boaayuna.

6.6. KuHeTH9eckuii 4 TepMOTHHAMUTECKHH KORTPOAD

Ouenb 9acTo OFHO H TO XK€ COCAHHEHHE B RAHHHIX YCIOBHSIX
peakuli MOXeT NOABEPraThCH KOHKYPEHTHBIM peaklMaM ¢ o6pa-
30BAHHEM PASJIMUHHX MPORYKTOB:

—B

A‘\““*C

Ha puc. 6.3 npuseaen npoduap ceo60AHOA SHEPrHH ANA PEAKIHH,
B KoTOopofi mpoAykT B TepMoaunaMuyeckn Gonee ycrofiums, yem C
(sennuuna AG HuHXe), HO HpO-
aykr C obGpasyercs Owcrpee
(seanunna AG™ umxme). Ecin
HH OBHA M3 KOHKYPEHTHHIX pe-
akumiéi He sBJasieTca oGpaTuMOi,
To npofykr C pomxen ofpaso-
BHIBAThCA B OOJblleM KOJHYE-
cTBe, NOCKOJABKY OH oOpasyercs
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Puc. 6.8 [Huarpamma cBoGoguoi

SHEPTHH DeaxuuH, HAMIOCTPRPYIOMAN

KREeTHUeCKHR R  TepMoawHaMmYecKuli B

KoHTpoas npoaykra. Hexoaumit pea-

redt A MOXer BaBaTh HAM MPOXYKT B,
#AR npoaykr C.

fe——




282 . TJIABA &

6nicTpee. Takoii NPOAYKT HA3HBAIOT KUNETURECKY KOHTPOAUDYEMBIM.
OnHaKO eCAH peakunH ofpaTHMH, COOTHOIUCHHE NPORYKTOB MOMKET
6HTe ¥ uHEM. EcAM OCTAHOBHTL NpOLECC 3aROAF0 AO AOCTUIKEHHUSA
paBHOBeCHs, peaknusA OyAeT KHHETHUYECKH KOHTPONHPYeMOfi, Tak
KaK B CMecH TIPHCYTCTBYer GoJblle TOrO NpoAYKTa, KoTopslfi ofpa-
syercst OHcTpee. Ho cclim nosBOAHTH PeakiHH JHOCTHYL HOJOMKE-
HHA PaBHOBecHs, NpeoGNajalollM HJAR Jaike eAHHCTBEHHBHIM Npo-
Aykrom Gyaer B. B stex ycnosHax mpoaykr C, obpasyiomuiics
nepBHM, NMpeTepnesaeT o0paTHoe npespallenue B A, TOorga Kak 6o-
Jee YCTOAYHBHH n]go;lyx'r B B MeHbHIeA cTeneHH NOABepiKeR 06-
paTHOfi peakuHuH. B TaKux ciaydanx peub HAeT O Tepmoduxamude-
LKW KOHTPOAUpYEeMOM TPOJRYKTe [9af Pucyuox 6.3, KoHeuyHo, HE.
OTpaxaeT Bce CAy4YaM, NPH KOTOPHX COEJHHCHHe A MOMeT AaBaTh
ABa PasHHX Npoaykra. Yacto Gojee ycTONUMBHIA NPOAYKT OAHOBpE-
MEHHO WBJISETCH M TeM NPOXYKTOM, KoTopHii oGpasyerca Oncrpee;
TOTAa ORHH H TOT K¢ NPOAYKT GyJAeT H KHHETHYECKH, H TepMOJIHHA-
MHYECKH KOHTPOJUPYEMbIM. '

6.7. NMocrynar XaMMoHRa

[lockoabKy NepexofiHHe COCTOSAHES HMEIOT NpAKTHYECKH HyJe-
BOE BpeMs MH3IHH, MX HeBOSMOXKHO HalAlOmaTh HeNOCPERCTBERHO
H 00 HX reoMeTPHH MOXKHO TOJBKO AeaaTh 3aKJAOUeHHS Ha OCHO-
BaHHM KOCBCHELIX JaHHHX., YacTo Takwe 3aKioueHns OHBaKOT
snoaHe ‘ocHoBaTedeHH, Hanpumep, B peakuun TtHna Sy2
(pasn. 10.1) mexay CH;l m 1= (peakums, npu KOTOpOR NpOAYKT
MACHTHYEH HCXOAHOMY COEJHHEHHIO) NepexofHoe COCTOMHHWE AOJ-
JKHO 6biTh COBEPIUEHHO CHMMETPUUHHM, OAHaKO BO MHOTHX CJy-
9aAX HeBO3MOXKHO NMPUATH K TaKUM JerkuM BHIBOLAM, H TOTAa Ha
NOMOLUIb TIPHXOIMT nocTysar Xsmmonda [10], Kotopuifi raacur: zeo-
METPUR NepexodrO20 COCTOARUA NOXONA HA 2e0METPUIG TEX Ge-
uecrs, K Koropeim ono Bauxe no cs0bodrod anepauy, U 3TO OTHO-
CHTCA K Kaxmo#d cTagMd peakuuy. Tak, B cAyuae 3IK30TepMHYe-
CKOl peaknuH, nofolHOR HsoGpaxierHOH Ba' pHc. 6.1, mepexopnoe
cocTOsiHHE GoJbllie MOXOXe HA peareHTHl, YeM Ha HPOAYKTH, XOTS
3llech pa3HUIA He CJAHINKOM BeJMKA, TaK Kak BeauudHa AG™
¢ o0euX cTOpOH 3HaUHTeJAbHA, 3TOT NOCTYJAAaT OUEHb MNOJE3eH NpH
PacCMOTpeHHH peaxunui, B Xojde KOTOPHX 0OpasyloTcs HHTEpMELH-
aTel. B peaxumm, nokazanHofi Ha puc. 6.2,a, NepBoe nNepexoAHOE
COCTOAHHEe NO SHeprHH HaMHOrO OJIDKe K HHTepMeAHATy, 4eM
K peareHETaM, HOSTOMY MOXKHO NpenRioaaraTb, YToO H leOMeTpHA
ero GoJblie NMOX0XA HAa reoMeTpHIO HHTEPMeAHAaTa, a He Ha reo-
MeTpuIo peareHTOB. TouHO TaK Ke BTOpOE HEpPeXOfHOE COCTOSHHE
O BeJHYHHE CBOCONHOM PHEpPIHH HaMHOTO G/HXKe K HHTEpMelH-
ary, 4eM K NPOAYKTaM, H NOTOMY MO reOMeTpHH §OJbile HOXOKE
HA HHTepMeIHAT, a He Ha NPOAYKTH. O CTPYKType HHTCPMELHATOB
00HYHO H3BeCTHO GOMBINE, YeM © CTPYKTYpe NepexoAHHX COCTOR-
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HHf, NO3TOMY CcBefleHHSi 00 HHTepMeAHATaX 4YacTO HCAOJb3YIOTCH
IS TOTQ, 4TOSH CHeNaTh 3AKJNIOUEHHS O MEPeXOAHHX COCTOSAHHSAX
(cM. npumeps B T. 2, pasa. 10.10 u 1. 3, pasn. 15.7).

6.8. MpAHLHN MEKPOCKONHYECKOH 06PATHMOCTH

B xome peakuuu aapa H SJNCKTPOHBI 3aHHMAIOT HOJOXKEHHS,
KOTOpHE B KAXABIH MOMEHT COOTBETCTBYIOT HAaHMeHbINEH BO3MOK-
Hoit cBoGoaHoR sHeprun. Ecan peaxups obparnMa, S5TH NOJOMKEHAS
HEOMKHB GHTL OZHHAKOBE B ONPAMOM H OGpaTHOM Npoleccax. JTo
O3HAu2eT, 4TO NpaMas H ofpaTHas peakuu# (NpE coGMIOReHHH
ONMHAKOBBIX YCNOBH#) NOJKHBI NPOHCXOAHTb TO OAHOMY H TOMY
XKe MeXxaHusMy. B aTOM 3ak/0uaeTcs npunyun MUKpocKonuwecxkor
obparumocru, Hanpumep, ecan B peakunn A—+B ofpasyercs uH-
tepmegnar C, o C AoMKeH TakXKe OHTb HHTepMEAHATOM B peak-
mud B—-A, DTOT DpHHUHML NOMOraeT YCTAHOBHTE MEXAHH3M peak-
IHH B TeX CJAydasx, Korfa paBHOBeCHe CHAbHO CABHHYTO B OAHY
cropony. O6paTuMbele POTOXHMHUECKHE PEAKUHH SBJAAIOTCA PeAKHM
HCKNIOYeHHEM, TaK KaK MoJeKysaa, BoslyxkaeHHas (OTOXHMHYe-
CKH, He JQJIKHA TepsTh SHEPTHIO TeM Xe myTeM {cM. ra. 7).

METOAb! YCTAHOBJIEHHA MEXAHH3MOB PEAKIIHE

CyuiectByer Gosbllloe 4YHCO OBGIISIPHHATHIX MeTOAOB ANS
onpeAcNeHHs MexaHuaMa peaknuii [11}, oamako B GonbuIMHCTBE
cAy4aeB OAHOrO Merofa OHIBaeT HEAOCTATOYHO, H mpoGiaeMa Tpe-
6yeT pasROCTOPOHHErD MOAXOAA.

6.9. HaenTudrEaNRa MPOAYKTOB

OveBHaHO, uTO JAKO6OH NOCTYNHPYEeMHA JAJad peakKMHH MeXaHH3M
NOJKEH YYHTHBATb BCe NONYYEHHHE NPOAYKTHl H HX OTHOCHTENb-
Hoe COpepXKaHHe, BKAIO4ad NPOAYKTH, obpasywliyuecad B pe3ydb-
Tate NoBOo4HBIX peakuufi, B NmpoTHBHOM cAydae MOTYT BOSHHKHYTH
HeBepHHE npefcrapieHMs. Tax, B TeyeHHe MHOTHX JeT AJs peak-
oM Puxtepa (peakuus 13-26) OLlIM NPHHATH HETOYHBE Mexa-
HH3MH, TaK KaK Heé YYHTHIBAJOCh, YTO FJIABHLIM NMPOAYKTOM peak-
UEH fBAsieTcd a3oT. IlpeAmonaraembifi MexaHHIM He MOXeT OHTH
BEPHLIM, ec/iM OH He TO3BOJAET NpeAcKasaTh o6pasoBaHHe TPOAYK-
T0B XOTA G NpUOAHIHTEABHO B TOM COOTHOLICHHH, KOTOpOe Ha-
Galoaaerca  sKcmepHMentaabHo.  Hanpumep, mas  peakunn

CH, + C), - CH,CI

He MOXeT GHTb BEPHBIM HH OJHH MEXaHH3M, He YYHTHIBAOWHA 06-
pasoBaHue HeGOJBLIOrO KOJHdYecTBa sTana (T. 3, peaxuus 14-1).
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6.10. OnpeneneAne RANHYHSA HHTEPMEAHATA

Bo mHOrax chaydasXx MeXaHH3SM peakuMH Dpefinosaraer ofpaszo-
BaHue HHTepMeA#aTa, CyLIeCTBYeT HECKOJBKO CIOCOGOR, MOMOTale-
HIHX Yy3HaTh, ReHCTBHTeJbHO JH B peakuu# obpasyeTcd HETep-
MEAHAT, H eClH 3TO TaK, TO NONHTATbCH YCTAHOBMTL €ro CTPyK-
TYpY, ORHaKO HH OFHH M3 BSTHX cMocoGOB MHe MOXKeT JAaTh
HCHepTHBaloue AOKA3aTENbCTBA.,

1. BeBeasentie unrepmeduara. Unorsa yaaercd BoleNHTb HH-
TepMenuaT M3 peakHHOHHOH CMECH, OCTAHOBHE DeaKUMI0 uepes Ko-
POTKOe BpeMs HJIM MPOBOAR ee¢ B OUeHb MATKHX ychoBuAx. Hanpu-
Mep, Omn BuAeneHn untTepmeanat RCONHBr, ofpasyiomufics
B peakuud 18-18 (1. 4). Ecan aasee yzaeTcd nokasaTh, 4TO BHfe-

RCONH,; + NaQOBr — RNH,

JNeHHOe COenHHEHHEe RaeT TOT iKe MPOAYKT B VCJIOBHAX peaKuBH H co
CKOPOCTbIO, He MeEbIed, YeM HCXOAHHE BeIlecTBa, 3TO CAYKHT
BECKHM JOKa3aTeJbCTBOM B HOJb3Y NpeANoJOKeHHA 06 ydacTHH
9TOr0 COeJWHEHMS B peaknud B KadyecTBe UHTepMENHATa, OLHAKO
3T0 AOK&3aTe/IbCTBO HEJh3A CUHTATL OKOHYATEJNBHEIM, NOCKOJABKY
BBLACNIEHHOE  COSRMHERHEe MOXKeT o0pa3soBHBaThCA ajbTepHATHBHBIM
TyTeM HAH MOMKeT clydaliHo AaBaThb TOT e NPOAYKT.

2. Merexruposanue unrepmeduara. Bo MHOrHX cayuadx HHTep-
MEAHAT HEAL3S BHIEAHTh, HO €ro HaJMYHe MOXKHO ONIPeReJHTh
¢ nomombio UK-, AMP- mau apyrux cnextpos {[ll1a]. Tak, npu
HHTpoBaH#H OeHzona (T. 2, peakmma 11-2) jgeTekTHpOBaHHe HOHA
NO;+ ¢ nomomeio KP-cnextpo yGemuTeJbHO MOATBEpXKAaeT 06-
pasoBaHHe 3TOTC HOHAa B KauecTse HHTepMeanaTta. O6pasoBaHHe
CBOGOAHOPARHKANLHEX H TPHIUMETHLIX MWHTEPMEAMATOB YacTo
MOXHO sadHKcHpoBaTh ¢ NMOMOIMpBIC crnekTpos B[IP u xuMHueckn
HHAYUHpYyeMOfl AHHAaMuYecKOR moaspaszaumdu sgep (cM. ria, B).

3. ¥Yaasausanue unrepmeduara. B HeKoTopux caywadx, Koraa
H3BeCTHO, 4TO NpeAnoaaraeMbil HETEpMeAHAT ONpeAeseHHHM 06-
PasoM pearHpyer ¢ HEKOTOPHIMM COGAHHEHUSAMH, €0 MOMHO AETEK-
THPOBATh, TIPOBOJAA PEAKLHIO B NPHCYTCTBHH NOAXORAINETO COGRH-~
HeHud. Hanpumep, uasBecTHo, u4TO geruapoGeHsoan (T. 3,
pasj, 13.3) serynaior B peakuuio Jluibca — AJbRepa ¢ AMeHAMH
(1. 3, peaxuus 16-47). Ecau npexanonaraercd, 4yTo B KakoR-au6o pe-
aKUHK AerHApobeH30J1 y4acTBYeT B KauecTBE HHTepMemHara, To 06-
pasoBanHe agAykra JHibca — Ambaepd npw RoGaBAeHHH B peak-
IHORHYIO cMech AHeHa OyAeT CAYXKHTb NOATBEpPXKACHHEM clesaH-
HOTO TIPeRNOJAOXKEHHS. . '

4. Bgedenue e peaxyuo npednosgzaemoeo unrepmeduara.
Ecau npeanonaraeMblfi HHTepMeAHAT MOXKHO ROAYYHTb He3aBHUCH-
MbIMH cRocof6aMH, TO npH NpPOBeAERUH PEaKUHK C STHM COeAuHe-
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HHEM B TeX e YCJOBHSX MOJIKHE NONYJaThes Te XKe NPOAYKTHL
Topo6HEI SKeMepHMEHT MOXET NPHBECTH K OTPHUATEJBHHIM BH-
BOJAM: €C/IH HYXHHE NPOAYKTH He 00pasyloTcs, mpeanoJjaraeMoe
COefHHERHEe He sABAAETCA HHTEPMEAHAaTOM B XAHHOA peakitHh.
C apyroft cTopoHH, (aKT NOJYdeHHS HYXKHOTO MPOJYKTa He Cay-
XKHT HeONPOBEPKHMHM AOKA3aTeJbCTBOM YYacTHA B peaKUHH
NpeAnonaraeMore HHTepMeiBaTa, TaK Kak BO3MOXKHO NPOCTOE COB-
nafeuue. 3fech CHOBA HATJIAAHHIM NPHMEPOM ABAAETCH peaKiHA
Puxrepa (7. 3, peakuua 13-26). MHEorue roghl cyMTaAOCh, YTO HH-
TepMeAHaTOM B 3TOH peakUWH ABAACTCA APHJANHAHHA, HOCKOJBKY
UHAHAAH JIETKO THAPOJHIYIOTCA A0 KapOOHOBHX KHcaoT (T. 3, pe-
akuua 16-5). Tak, 8 1954 r. Onyo noKasaro, uro n-XJopoGeH3o-
HUTPHA J2eT n-XJACPOGCH3OHHYI0 KHCAOTY B OGHYHMX YCJOBHAX
peakiun Prxtepa [12]. Oxauaxo npr npopefieHHH SKCHEepHMeHTa
¢ l-nuaronadgranuuom !-nadrofinas kucaora He o0pasoBHBAJACH,
Xord 2-HETpoHadTaNKHH B TeX Ke ycaoewdx pasanx 13 % l-vadroii-
Hoft Kucxothl [13]. OTH naHHbHe CBHACTSJBLCTBYIOT O TOM, YTO Hpe-
ppauleHie 2-HurpoHadTanuHa B 1-HadTOlHYI0 KHCAOTY He BK/ID-
uaeT HOpOMexkyTouHoe ofpasoBaHHe |-uMaHoHadrasnHa. Kpome
TOrO, 3TO MOKA3KBAET, YTO CJESAYeT NOABEPrHYTH COMHEHHIO BH-
BOA O TOM, 4YTO IIpH HPEBpaIleHHH M-HHTpOXJAopoOeH3oga B
n-XJI0po0eH30HHYI0 KHCAOTY B KauecTse HHTepMmeaHaTta obpasyeTcs
n-XN0POOGEHIOHHTPHN, MOCKOJNLKY COBEPUICHHO HEBEPOATHO, YTOGH
npu nepexoge oT HaTAAHHOBON CHCTeMbl K GeH30JbHOH MeXaHH3M
TOH XKe peaKIHH MOr CTOJbL PE3KO H3MEHHTLCA,

6.11. Hayyenue xaraausa {14}

CymecTBeHHYI0O HHOOPMALHIO O MEXaHH3ME peaKUdH MOXHO
MOJYYHTh Ha OCHOBAHHH H3Y4YeHHS KaTaJHTHYECKHX MOPOLECCOB U
Npexfe BCero AaHHEIX O TOM, Kakhe BellleCTBa KaTaJH3UPYIOT
. peakuuio, KakHe MHFBGHPYIOT, & KakHe He BJAHAIOT Ha ee CKOPOCTh.
TouHo Tak Xe, KaK B MEXaHHSM peakiuHH ROJMKHH YKAAABBATLCA
moJAyvYaeMEe NPOAYKTH, C MEXaHH3MOM JOJXKHH OHTL COBMe-
CTHMB M YYacTBYWINHE B Deakunk KaTaJdsaTopH. Kak npapunio,
POJb KATANH3ATOPA 3aKAIONAETCHA B TOM, YTOOH obecheuuTth alib-
TePHATHBHHA NyTb peaxilHH, NPH KOTOPOM BeJHYHHa AG# MeHblie,
yeM OHa Obiya GH B oTcyTcTBHe Karaamzaropa. Ha Benwumny AG
NPHCYTCTBHE KaTaJAH3aropa He BJIHACT,

6.12. Hsoromnas Merka [15]

Ouenp nozesHyio HHQOPMAUMIO O MeXaHH3IMaX Jaer HCHOJb30-
‘BaHHe H30TOMHO Me4YeHHBIX COeAHHEHHA, MO3BOJMIOHIMX NPOCASAHTD
nayTe peaxkuud. Hanpumep, urobu peluuTh solipoe, olpasyercs Jn
EHaHorpynna npoaykra #3 BrCN B peakiuu

RCOO~ + BrCN — RCN



286 TJABA 6

HCTOAb30BaAH MeueRHHA 4C pearent RMCQOp~ #H noAyuHJIH OfHO-
auaunsf oTRET, MOCKOALKY npoaykt RCN 6mn paduoaxrusneim [16),
37T0T YAUBHTEJABHLA PE3YJALTAT NO3BOJKA CIKOHOMHTL Maccy Bpe-
MeHH M TPYAA, TAaK KaK HCKIIOUH/ MEXaHH3M 3aMeLIeHHs Ipynmel
CO, unasorpynnofi (r. 3, peakuus 16-61). Daa musotonHo#t MeTKH
YaCcTO MCHOAB3YIOTCR H APYTHe pafHOaKTHBHHE H30TOMH, a TaKXKe
HeKOTOPHe cTalHNbHEe H30TONH. IIpRMepoM CAYKUT THAPOAH3
CJI0XKHEX 3dbHpOoB:

R—-ﬁ——OR' + H,0 — R‘—(":""'OH + R'OH

Jins TOro uTOGH YCTAHOBUTh, KaKas UMeHHO CBA3b Pa3pHIBaeTCs
B caoxHoM 3¢upe, anua— O uaH anruia — O, HCHONB3OBAJNH Me-
vyeHnifi peareBT Hy®0, Ecar peerca c¢Ba3p amun— O, Me-
YeHbI KHCAOPOHA ROJIKEH TIOABHTHCA B MOJEKYJe KHCNOTH, eclH
e pBercH cBa3b alkuyi— O, OH NOABHTCS B MOJeKyJAe cOHpTa
(T. 2, peakuna 10-11), XoTq B peaKIHH He YYACTBYIOT PAagHOaKTHB-
HEle coeffMHeHHs, kaJiugue %0 B Tof uaM unofi MoJeKy/ne MOMKEO
ONpeSieNIHTL MacC-CNeKTPOMEeTpUUSCKH, AHAJOTHYEEM 0GpasoM AJMA
MeTKH BOAOpPOAA HCNOJAb3yercs AeHTepuil; B 3TOM chyyae oTnajaer
HeoOXOAHMOCTD B MACC-CHEKTPOMETPHYECKHX ONpefesieHuax, Tak
KaK 3aMelleHHe JiefiTepreM MOXHO ycranoButh no HK- u AMP-
CIICKTPAM.

JIOCTOHHCTBOM MeTOAa SBJASETCA H TO, UTO, KaK NpaBHJ]O, He-
06A3aTeNbRO0 HCNONL30BATD HOJMHOCTBIO 3aMeHIeHHHE H30TONOM CO-
e/IHHEHHA, 2 AOCTATOYHO YaCTHYHO 3aMelleHHBIX,

6.13. Crepeoxumuveckue noKasateancrsa {17)

Ecan npoAykTH peakuHH cnocOGHH CYINECTBOBATh B CTEPEOH30-
MepHbiX $opMax, Ta HJH HHad opMa NOJYICHHOrO MPOAYKTA MO-
MeT AaTh ONpeleleHHYI0 HHOOPMallHI0 O MeXaHH3Me DeaKLMH.
Tak, Baabaen [18] o6Hapyxmi, uro (+)-sabfodHasd KHcAoTa NPH
o6paGotke PCls naeT (—)-XNOpOSHTapHYIO KHCAOTY, a NpH obpa-
6otke SOCl; —ee (< )-2HaHTHOMep. IJTO NOKA3HBaer, 4YTO Mexa-
HU3MBI ABYX CXOAHBIX 1_1,peB aleHUd He MOryT OHTb OZHHAKOBBIMH
(1. 2, paspa, 10,1 u 10.7). IEIo,noﬁnue SKCNEPHRMEHTH AaAu HeMano
leHHOH HH(POpPMALHH © peaKUHRX IPHCOeZHHEeHHS, HYKIeo(HIb-
Horo 3aMellleHHus, S/AMMHMHKPOBAHHS, HEKOTOPHX IeperpynmnapoB-
kKax. HMsomepHble APOAYKTH He 0083aTesibHO JOMMKHL OWTh 3HaH-
THOMepaMH. Tak, ToT ¢axr, 410 H3 yuc-2-6yrena npu obpadoTke
KMnO, ofbpasyerca #e30-2,3-6yTanfuoi, a He palleMHYecKas
cMecb, CBHAETEJbCTBYeT O TOM, YTO JAB¢ THAPOKCHAbHbIC TPYHIbI
aTaKyioT ABOAHYI0 cBf3b ¢ ofHOH M Toft Xe cropoHH (T. 3, peax-
ua 15-36),
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6.14. Knnernueckne poxaszarenbcrna [19)

Ckopocte roMmorenHoft peakuuu [20] onpefeasercss CKOPOCThbIO
Pacxol0BaKHA pearcHTOB HJHA CKOPOCTbIO MNOsABJCHHH NPOAYKTOB,
Tloutn Bceraa cKOpOCTh peakuUHH MeHSETCH BO BpeMeHM, TaK Kak
oOHYHO OHa NPONOPLHOHAAbHA KOHUEHTPALHH, a KOHUEHTpaHHA
peareHTOB CO BpeMeHeM yMeHbllaeTcd, OLHAKO He BCera CKOPOCTh
peakuHH NPONOPLUOH&NbHA KOHNEHTPAUUH BCex peareHToB. B He-
KOTOPHX CAYYaAX H3MeHeHHe KOHHEHTPALHH' KaKoro-iub6o pea-
I'éHTa He OKasblBaeT HMKaKOTO BJHAHHA Ha CKOPOCTh, B TO Ke
BpeMsl B APYrHX CAYYasX CKOPOCTh MOXeT GHTb NPONOPILUOHAABHA
ROHIIEATPALNA BelliecTBa (HaNpHMep, KATAAH3aTOpa), KOTOpOe
Jaxke He QUIypHpYeT B CTEXHOMETPHUECKOM YpaBHEHHH pEaKuHH,
Wsyuerne BOmpoca O TOM, KakHe HMEHHO peareHTH OKasbiBAaIOT
BJAHAHHE Ea CKOPOCTb, MOXET OYeHb MHOIO (CKa3aTh O MeXaHH3Me
peakinu,

Ecnu ckopocrb NPOROPHHOHAMbHA H3MEHEHHIO KOHIECHTPaHHH
TOJBKO OAHOro peareHra, A, 3aKOH CKOPOCTH (CKOPOCTb H3MeHEHHA
KOHUEHTpauuyd A 3a BpeMd ) AMeer BHJ

CKOPOCTh = % =k {A]

rae ko3pPHUHEHT K — KOKLTANTQ CKOPOCTU peaKuuH. 3HAK MUHYC
03HAYAET, YTO KOHUEHTpauus A ymeHbinaercs Bo Bpemenu. Peak-
UK, KOTOpHe cleAYOT NPABSACHHOMY 3aKOHY CKOPOCTH, HashlBAOT
pearyuanu nepeozo nopadxa. Eaunnuell HaMepenns R B peakusx
‘mepsoro nopsaka cayxur c¢—'. CKOpocTh peaktuu 8ropozo ro-
padxa NPONOPUROHANbHA KOHUEHTPAUHH ABYX PEareHTOB HJIR
KBajpaTy KOHUEHTpallHH OAHOTO pearedra:

—d[A) _ —d[Al _prap
- E[A][B] nmm i k[A]

Eauuunelt usMepends %k B peakuHH BTOPOro MOPSAKa ABJSCTCH
J+MONb~!.-¢~! HAM Jpyrue €AWHHME, BHpaXalolue o6paTHyIO Be-
JHYHHY KOHUEHTPAUMH WJH AABJCHHA B eAUHHYHHIH HHTEpPBAJ Bpe-
MeHH.

AHaNorvuHOe BHIpaXKEHHE MOKHO HanucaTh W AJid peakuui
TX&TBEI‘O nopsifgka. EcliH CKOpPOCTh peakuHK NPONOPILHOH&AbHA
[A] u [B), roBopsT, uTO peaKuHs HMeeT NepBHil MOPAAOK mo A W
o B u Bropoft o6muA nopsaaox, CEopocTh PEAKLUHH MOXHO H3Me-
PATH AHGO NnO pearedry, AudC N0 NPOLYKTY, HO OHNpelelieHHHE Ta-
KHM 06pasoM CKOpOCTH Heo0a3aTesbHO GyAyT oAHHakoBw. Hanpu-
Mep, eCaH CTeXHOMETPHUeCKOe YPaBHEHHE peaKUHH HMeEeT BHJ
2A+B—~C+D, TO0, HCXOAA H3 MOJAPHOr0o COOTHOLUIEHHS, pea-
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reHT A AOJKeH pacxOfOBATBhCH B jABa pasa OHCTpee peareHTa B,
Tak 4To BHpaxeHds —d[A)/di w —d[B)/di He paeHL, a nepsoe
BIBOE 50JbILIE BTOPOTO.

3aKoH CKOpPOCTH peaKLIHH — 3TO 3KCNEepHMEHTAJbHO YCTaHAaB-
ausaeMufl ¢axkT. M3 Hero nHTalOTC Y3HATh MOACKYARPROCTS pe-
aKiiyH, KOTOPYI0O MOMHO ONpeAe/HTb KaK UHCAC MOJNEKYJ, oGbeiM-
HAIOWHRCA AAS OoOpasoBaHHs AKTHBHPOBAHHOrO Kommiekca. Ecan
yAaeTcs YSHaTb, CKOJBKO MOJEKYJ H KaKHe HMEHHO YYacTBYHIOT
B 06pAa30BAHHM AKTHBHPOBAHHOIO KOMIJEKca, 3TO YXe MHOro ro-
BOPUT 0 MexaHH3Me peaKUHH., IJKCNePHMEHTANbHO OnpeaenseMbifi
NOPAAOK DEaKUHH HeoOa3aTelbHO COBRAAAET € MOJEKYJISPHOCTHIO.
JlioGasi peaknyus He3aBHCHMO OT TOIO, CKOJBKO CTaJHil OHa BKIIQ-
YaeT, NOAUHHAETCA TOJALKO OAHOMY 34KOHY CKOpOCTH, HO KaxKAad
CTafiHSA MeXaHu3Ma HMeeT CBOI0 COOGCTBEHHYIO MOJEKYJAPHOCTh,
Haa oaHocTaasfinbix peakuufi (HAymEX Ge3 ofpasoBaHHsA HHTEp-
MefIHATOB) NOPSAOK —2TO TO JKe CaMoe, HTO MOJIEKYJAPHOCTS,
OzrocragufiHags peaknus NEpPBOTo NOPSAKA BCErAa MOHOMOJEKY-
AApHAs; OAHOCTaAHAHAA peaKUHWs BTOPOro mopsaka no A Bceraa
BKJIIOYaeT ABe MOAEKYNH A; eCllH peaKiHs HMeeT Hepeulfi NOpAAOK
no A u nmo B, monekyna A pearapyer ¢ oanofi Mosexyaoi B
H 1. & Ecau peaknus npoHCXORHT B ABe MM HECKOJBKO CTAnHi,
NOPAAOK KamAo#i CTaZHH — 3TO TO XKe caMoe, YTO MOJEKYJNAPHOCTh
Tod oe craduy. DTO NO3BOALET NPOrHO3HPOBATL 3aKOH CKOPOCTH
Zasi nforo NpexnonaraeMoro MexaHH3Ma, XOTs TaKHe pacueThl
MOTYT oKasaTbcA TpyAoeMKuMu [21]). Ecau omHa H3 craguéi Mexa-
HH3Ma 3HAUHTENbHO MeJJIeHHee BCeX OCTa/bHHX, YTO BCTpeuaercst
ouYeHp YACTO, TO CKOPOCTb peaKldH 10 cylllecrBy GYAeT Takoi ke,
KaK CKOpOCTh caMofi MedJieHHOR cTaldaH, KOTOPYIO NMO3TOMY Ha-
3piBalOT onpedeasioujed CKOPOCTs, WAH Aumurupyrouweld cra-
Iuedt [22).

Bee MHoOrocrajiHiiHhe peaKDMH MOXHO pasfieflHTh Ha JBe GoJb-
HIHe TPy,

1. Tlepras cragns MmepneHHee, uyeM BCe MNOcAenywlitie, # mO-
TOMY ABJAAeTCS AHMATHpYWMeHd, B Takux cayuasx 3aKoH CKOpOCTH
BKJIIQYU4eT PEareHTHl, yuacTByioline B MefJjeHuoRt ctazu. Hampu-
mep, ecad peakuus A-+2B—C uMeer MexaHuaM

anilaeame
A+Bm-—->awl
I1+B——C

rfie | — uATepMefHaT,— 3TO PeaKUHsl BTOPOrO MOPAAKA, H 34KOH
CKOPOCTH HMeeT BHJ,

CKOPOCTD == Lj—}ﬂ- =k [A][B]
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2. Ecan nepean CTaguAaA He ABJNACTCHA JIHHHTHPYIOW.eﬁ, BRIBECTH
3aKOH CKOpPOCTH HaMHOro CJOXKHee. Paccmo'rpau, HanpRMep, Me-
XaHR3M

Cmadus 1 A+B%—1
Cmadus & I+B-2sC

rle Ha Tnepsoff cTagkk GHCTPO YCTAHABJIWBAETCA PaBHOBE-
CHe, NOCJEe Yero CAeAYyeT MelJieHHAst peakiHs, NPHBORAMIasa K 06-
pasoakmio C. CKOpOCTb pacXOfoBaHHMA peareHTa A ONHCHBaeTCH
BLIp aJKeHHeM
— 2L =y A} (B — A 1]

310 BHpaxMeHNe AOJOKHO BKAOYaTh ofa yieHa, NOCKOAbKY A He
TOJNBKO PACXOAyeTcdA B npsAMofl peakilgn, HO M oO6pasyerca B 06-
patHo#i peakuuu. B Takoit ¢opMe ypasHeHHe mMajo IOJesHO, MO-
TOMY YTO MH HE MOXEM H3MEPHTh KOHUEHTPARHIO HHTepMeRHaTa.
Omsako MOXHO sanmHcaTh oO0beRHHeHHOe BhIpaiKeHHe 3aKOHA CKO-
pocTa ana ofpasoBaHHT H pacXoA0oBaHud I:

% ==y [A} [B] — %y lI]— A4 [1] [B]

Ha nepewit B3rdsz 310 YypaBHeHHe BHIVIAAMT HMYEM He Jydie
NpeAHAYyUIero, HO MOXHO BBECTH JONYLICHHE O TOM, TO KOMUEH-
Tpayus | Ke MEHAETCR 60 8peMerit, MOCKodbKy I|-— HRTEpMERHar,
KOTOpH pacxomyerca (nmpeBpamasch auGo B A+B, aubo B C)
TaK xe OBICTPO, KaK ofpasyercd. 1o AonylieHHe, Ha3nBaeMoe.
HONYIieHHEM CTAYUOHAPROZO COCTOAKUA, NO3BOAACT TPHUPABHATH
. Bupaxenue d[l]/dt nyawo u sarem Hafiry {I] uepes naMepseMuie Be-
suunab [A) u [B]:

k1 [A] [B]

ka{BY £y

IMoacrapup HafinenHoe suavedHe [I] B HCXOAHOe BHpaXeHWe CKO-
POCTH, NOAYIHM

=

—d[A) __ _Rks [A](BP
dt By [B] -+ kg

Cnefyer OTMETHTb, YTO 3TOT SAKOH CKOPOCTH CIPABEAJNKB IPH JNIO-
Obix sHauYeHHax &, k—; u k. OaHako BHadaje HAIIH PacCyXAeHUA
OCHOBLISAJIHCh Ha THROTE3e, UTO NepBas crajaud GHICTpee, YeM BTO-
pas, T. €.

Fa A [B] 2> &4 [11 {B]
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IlocKoabKy nepBasi cTagHMA NPeACTaBJAeT cofofl paBHOBecHe
kIA][B]=4,11)
3HauuT,
k[N & (1] ([B)
Coxkpamas [I], noxyuaem
ko, > kIB)

Takam ofpaszoM, seanmunHofi k{B] moxmo npeHeGpeus, H ToOraa

—~d[A]l __ ki
SN B a) (8P
O6mas CKOPOCTh pPeakUBH HMeeT TPeTHit Nopsack: mepsufi mo A
H Bropoft no B. Ecan neppas crafua okaxercs: JHMHTHPYIOWEI,
Kak B DpeIHAYIIEM Caydae, T0

MBIk 1 —Pl—parB)
T. €. MH NOAYYaEM TOT K¢ 32KOH CKOPOCTH, KOTOPHH GHJ BHBeleH
Las ciyuasi JUMHTHDPYIOIIeR nepBofi CTaaud H KOTOPHH BRIKYaeT
TOJIbKO YYacTBYIOUIHE B Hell peareHTH.

B nusuTHpyOWwe# crajgEd peakuumH MOTYT y4acTBOBATh pea-
reHTR A u B, XoTSl B YpaBHEHHK CKOPOCTH MOABJASETCS TOAbKO [Al
3T0 HPOHCXOKHT NPH HaJHyHH OGoaplioro #€3buTKa B, ckaxem,
B 100 pas mpesunwmaiomero A no MojspHomMy obGbemy, IIpn sToM
Ha peaknuio ¢ A pacxoayerca ToMbKe 1 moan B, a 99 monei B
OCTAIOTCA HeH3pacXoAOBAHHBWIMH. B Takux cayuasx oveHb TPYAHO
H3MepHTb H3MEHeHHe KOHUEeHTpauuH B Bo BpeMeHH, H 3TO pemKo
NHTAITCA AeAaTh, ocobeHHO eci B onHoBpeMeHHO sBaseTcs pa-
crBopHETeNeM. TIOCKOABKY KOHileHTpauns R3OHITOMHOro peareHra B
ANpAKTHYeCKH He MeHAEeTCH BO BPEMeHH, DeaKuHs HMeeT KaXy-
muficd NepBHR nopsaok mo A, xoTd B gelictBHTeNnpHOCTH B A M B
yyacTBYIOT B JAuMHTHpyouweh crapaun. Takme peakuum yacTo Ha-
3LBAIOT peaxuusMu ncesdonepsozo nopadxa. llcepRomopsinok pe-
aKuWd BOSHHKAET TaKkKe B TeX cAyyasfX, Koraa OfHHM H3 peareH-
TOB ABJAETCS! KAaTaNH3aTop, KOHHEHTPAUHA KOTOPOFO He MeHSercs
BO BpeMeHH, TaK KaK OH pereHepupyercs TaK e ObiCTpo, Kak H
pacxXOAyeTcsi, HJIH KOrZa peakUHI0 NPOBOAAT B cpede, rae noz-
JeDXKHEBACTCH DOCTOSHHAR KOHUEHTPAUHA peareHTa, HANpEMep
B GydepHOM pacTBope, rae peareHramu asasiorcs Ht mau OH-,
Yea0BHA NCEBAONEPBOro MOPAKKA WACTO HCMOAL3YIOTCH B KHHETH-
YECKHX HCCJeAOBAHHMAX AAA yAoOCTBAa NpPOBEACHHA 3KCNEPHMEHTOB
H pacueToB.

PeaapHOMY H3MepeHHIO NMOANAETCH H3MeHeHHe BO BPeMeHH KOH-
{eRTpalMH HNPOAYKTAa HAH peareHra, NPHCYTCTBYIOLIEro He B u3-
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OnTovyHO# KOHuUEHTpaumH. Jna TaKuX H3MepeHWHd CYIecTBYeT MHO-
JKeCTBO MeTOMOB, H BHOOP METOAa 3aBHCHT OT €ro yAoGCTBa npH-
MeHHTENRHO K H3yuaeMol peakiun, ¥YnoMgEeM Hambogee
pacHnpocTpaHeHHBe MeToAH [23]

1. Hlepuoduuecxan uau renpepoisnan sanuce cnextpa. Bo muo-
THX CAYYasX peakudio MOXHO NpPOBECTH B KIOBeTe, NOMeEIIEHHON
B HpHOOp, H TOTAa 3afaya CBOAHMTCA K NEPHOAHWYSCKOMY HJH He-
NpepHBHOMY CUHTHBAHAI moKasanufl npubopa. HOna srux menei
WHPOKO Henmoabsylotca mopapumerprr, HK-, V&-, MP- u
SIIP-crekrpockonus [24].

2. Ocranoska peaxtuu 4 anasus peaxyuonnoll cmecu. TIposo-
AST CEpHI0 peAKNHE H KAXKAYI OCTAHABAHBIIOT uepe3 pa3Hbie Hpo-
MEXYTKH BpPeMeHH (HampHMeD, PeSKHM HOHMMKEHHEM TeMIepaTyphl
Ay aobaeideHHeM HHruGuTopa). PeaKnMOHHYI0O CMech AaHANH3H-
PYIOT, UCHONB3YA THTPOBaHHe, rasoByl0 XpoMarorpaduio, noaspu-
METPHIO, CNEKTPaAbHEE H APYTHE METONH.

3. Baarue aauxeorsvix npoG wepes onpederesHbie UKTEPBAAbL
speseny. Kaxiyo ajiMKBOTHY®W npoly aHAAHSHPYIOT YIOMAHY-
THMHY B 0. 2 METONaMH.

4. [rn 2a30(hasnelx peaxyuil usmepaior uamenenus obuiezo
dasaenus [25).

5. Kaaopumerpuueckue merodei. Yepes ompeneneHHbe HHTep-
Ballll BPEMEHH H3MEpHIOT KOJHYECTBO BHISJMBILEroCH HJAH HO-
FJIOIIEHHOTO TemJa,

Jasa KuHeTHUECKHX M3MepeHU# oueHb OGHCTPHX peakuufi cylue-
CTBYIOT clieHallbHble MeToAu [26].

B pesyabrare Takux HaMepeHdfi OOGHuHO mOAYYaloT rpaduk,
NOKA3HBAILHA H3MeHeHHe KOHNEeHTpaUHH BO BpeMeHH, UTo6H
BLIBECTH 34aKOH CKOPOCTH M 3EadeHne £, NOAyYeHHble AaHHHE
Hy>KHO HpaBH/AbHO HHTEepHpeTHpoBaTh [27). Ecam peaknus caeayer
NPOCTOR KHHETHKEe MepBOr0O HJAH BTOPOTO NOPSAKA, HETEPNPETAUHA
HBAHHHX, KaK NpaBajo, He BH3WBaeT TpyAroctefl. Hampumep, ecan
B HavaJbHMHA MOMEHT BpeMeHM KOHUCHTpAaUHA peareHTa Gmia A,,
TO ypaBHeHUEe CKOPOCTH [epBOro RNOpAAKa

—dial _ —dlA] _
— kRIA] nau TR A kdt

MOXHO TPOHHTErpHPoBaTh OTF {=0 Ko {={ B noxyYuTsH
—ln[TA]-=kt uny In[A)= —ki-+1nA,

0
Ecnu rpadpux zaBucumoctd In[A] ot { aunefiHkf, peakuusa uMeeT
NepsHil MOPAZOK, H BedHYHHY 2 MOXHO HallTH mO HaKJoHY npsi-
Mo, B ciiydae peaknuil nepBoro mopAAKa NPUHATO BHpPaxAaTbh CKO-
POCTL He TOJBKC 4Yepes KOHCTAHTY CKOPOCTH, HO K 4Uepes BpeMd
NOoAyOpeBpaIlleHndA, T. €. 4depe3 BpeMs, HeOOXOAUMOE AJA TOro,



292 TJIABA ¢

uTO0H MONMOBHHA JIOGOI0 AAaHHOTO KOJAMYeCTBA peareHta Obiia H3-
pacxogorana, JloCKOABKY BpeMs NONYNPERPAIICHEA £ ~— 370
BpeMs, HeoOxommmoe, uTOGH BennmunHa [A] gocTuraa SHaueHHs
A2, MontHO 3amHcaTh '

Ao

lﬂT = -—-ktlm—]— In Ao
OTKyAa
n—
g A2 In2 0,699
lm— = —
k k %

IOns tex cayuzes, Koraa peakuus uMeer NepBHH NOPRAOK IO
A u mo B u Bropoit o6uHf MOPAROK, HHTEIPHPOBAHHE 3HAYHTEALHO
YCJA0XHAETCA, OQHAKO ero MOMHO YIPOCTHTb, €CJH HCHOAL3OBATH
SKBUMOAAPHHE KoaHuecTBa A u B, T. e. Ag=B,. Torza

—d|[Al __
T—k[A] [B)

SKBHBaJeHTHO BLIpaXKeHHIC

—dlA] _ a —dlA] _
—a R[APR wunm Tl kdit

H HHTErPHPOBAHHE RaeT
1 i

[A] [Ad]

Taxum ofpasoM, NpH YCJIOBHH 3KBHMOJAPHOCTH PeareHToB, eCsH
rpajpuk 3aBHCHMOCTH l[{A] OT { nuHelHbLId, peaKuEs l1MeeT BTOPOIl
TIOPAROK, H HAKNOH NPAMOH COOTBETCTBYET BeAHuHHe % OueBuzHO,
YTO TO XKe caMoe Oyler cnpaBeiNHBO H AMS PeaKIHH BTOPOro mo-
pAanKa no A [28].

Iipn H3yueHHH cKopocTell peakuuit YacTo MOAYYAIOTC? JAHHEH-
Hble rpadHKH, KOTOpHe HECHAOKHO HHTEPIPETHPOBATH, OJHAZKO BO
MHOTHX CIYYasiX pe3ynbTarhl He CTOMb NPOCTHl. Tak, HHOTAA peak-
OHA MOXeT HMeThb NepBLIfi NMOPAJOK HPH HH3KHX KOHLUEHTpauHAX,
HO BTOpOR npH BbicokHX. MHorga moayvaior ApoOHHI HAH Raxe
OTPHUATENbHH NOPSAcK peaKuud, HHrephperauua cROMKHHX KH-
HeTR4YeCKHX HNAHHHX TpefyeT OGOAbUIOrG HMCKYCCTBA H 3SHAYHTENb-
HHX ycunuii, Ilaxe oTHOCHTeNbHO NPOCTas KHHETHKA Y4CTO BHI3H-
BaeT npobGJeMH NPH HHTEpNpeTalHH AAHHHX, CBA3aHHbie ¢ TPYAHO-
CTbI0 NPOBEJIEHHs JAOCTATOYHO TOUHHLIX H3MepeHu# {29]

Kunernveckyio HHGOPMaUgIo MOXHO NOJAYYHTh C NIOMOIMLIO Of-
HOro H3 cnenHajbHHX MeToAoB SIMP-cnekrTpocKonHH, OCHOBAHHOIO
Ha H3yueHHH $OpMH JHHHH. Takas BO3ZMOXHOCTE CBA3aHA ¢ TeM,
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uyto cnektp SIMP mMeer cofcTBeHRHA Bpemenrolt daxrop: ecau
NPOTOH MeHseT CBoe OKpyXeHue MeAnenree ueM 10° ¢!, B cuektpe
HabofaoTesd OTACNbHHE CHTHAAH JJA KAXAONO NOJOMKEHHA Hpo-
TOHa. Hanpumep, ecaH CKOpPOCTh BpalleHHS BOKpYr cBsaw C—N
B N,N-gumerunaueramuge He npesmmiaer 10° o6opotos B ce-
KyHay, ABe N-METHJbHHE rpynnw GYRYT “Mern pasHHe XHMHue-
CKHe CHABHIH, TaK KaK OHH He3KBHBAJCHTHH: OKHA K3 HHUX Haxo-

cH
Se—ng
cH; CH,

AMTCH B Yuc-, a APYras B TPAKC-TOJNIOXKEHHH K aTOMY KHCJOpOZA.
OnHaxo eciH ORpyXeHHe METHILHHIX NPOTOHOB MEHAeTCH CO CKO-
pocThio, npepuinaromest 108 ¢, B cneKTpe NOABHTCS TOABKO OAHH
CHTHAJ] ¢ XHMHYECKMM CABHIOM, YCpPeXHeHHHM MeXAY ABYMS HH-
AUBRAYaNbHHMH NOJNOXKeHHsMH., Bo MHOTHX cayvasx nmpM HH3KHX
TeMnepaTypax HalJIORAIOTCA pasfieNlbHbie CHrHAaJW, KOTOpbie InpH
NOBHILICHHM TeMNeparypH CAHBAKTCH, TaK KaK NpH 3TOM CKOPOCTh
B3auMOTNpeBpalieHu#l YBeJHUHBaeTCH, NpeoxoneBan pybex 10° ¢l
Chnens 3a n3MeHeHHeM (GOPMH JUHHE B 3aBHCHMOCTH OT TeMmnepa-
TYpbl, OY€Hb UACTO MOXKHO pACCYATATL CKOpPOCTh peaxuHufii Mau
KoH(opManHOHHHX npeppatilernt [30]. Mertoa npuMmesaM K dopMe
CHTHAJIOB He TOJBKO NPOTOHOB, HO H APYFHX aTOMOB, AAIOLIMX CHI-
HaJul B AMP-cnekrpax, a Takxe x cnektpam 1P,

M3 kuHeruvecKux MAHHHX MOXHO NOJYYHTb PA3JUUHOTO THIA
HHpOPMALHIO O MexaHH3IMaX peakuui.

1. ITo nopsaxy peakUuHH MOMHO CYAHTb O TOM, KakHe MOJe-
Kyasl M B KaKoM KOJHYeCTBe YUacTBYIOT B JHMHTHpYOWed cTa-
nng, Takas nHGopMauusa oYeHb NOJe3HA M 9aCTO OKAa3HIBAaeTcs pe-
maromei AA# BhIACHeHHS MexanuaMa peaxumn. Haz awoboro
MeXaHH3Ma, NOCTYJHPYyeMOoro AJs R4HHOH peaKlHH, MOXHQ BHBe-
CTH COOTBETCTBYIOIIMIl 33aKOH CKOPOCTH, NOJb3YACh ONHCAHHHIMH
Bbile MeronaMu., Eciu nosyseHHHfI SKCNEPHMEHTAJbHO 3aKOH
€ HHM He COrJIacyeTcs, 3HAYHT NPeANOJaraeMulll MexaHusM OuIHGo-
ueH. Oaunake wyacTo OHBaeT TPYAMO CBA3aTh NMOPAAOK PeaKUHH
C ee MeXaHM3MOM, OCODeHHO Korja NOpAZOK ApoOHHIY HAM OTpH-
LareabHbfl, KpoMe TOro, uacTo BCTpedaKTCs CHAYYaH, KOrna ABa
HIH HECKOJNbKO MPERNOJATAeMHX MeXaHH3MOB KHHETHUECKH Hepas-
JHY¥MBI, TAK KaK HWM COCTBETCTBYET OLHH H TOT e 3aKOH CKO-
pocra.

2. Tlo-BRANMOMY, CAMBIMH TOJE3HbIMH KHHETHYeCKHMM HaH-
HHMH SIBJISIOTCH CaMH KOHCTAHTH CKOPOCTH, NOCKOJAbKY 10 HHM
MOXHO CYAHTh O BJHAHHH Ha CKOPOCTh PEaKUBH Takux (axTopos,
Kak CTpoeHue pearenToB (cM. . 9), npupoia pacTBOPHTEJA,
HOHHa2 CHJa, KaTajn3aTop H Jp.
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3. Ilpx M3MepeHHH CKOPOCTM TNPH DPAasHHIX TeMIeparypax
B QONLIIHHCTBE CAyd4aeB NOAYUaloT JHHeAHE rpaduk 3asHCHMO-
et In k ot 1/T (rae T — aGcomornas remmepatypa) [30a] ¢ orpu-
naTeJbHHM HAKJAOROM, KOTOPHIH COOTBETCTBYET YpaBHEHHIO

—E;
lﬂk——k?-"f-lﬂA

rAe R —rasopasd nOCTrosHHas, A -— KOHCTaHTa, HasblBaeMas #d-
crotroiy  axropos. Tlo dTOMY YpaBHERHIO MOXKHO PaccuHTaTh
E, - appeRHycOBCKYI0 3HeprHi0 AKTHBAUMH peakuHd. Bennuuny
AH#* MOXEHO DONYYHTb U3 YPaBHEHHS

Eo= AH* +-RT

HMelomuecs faHHble MOXKHO TakXKe HCHONL30BaTh AN pacyera
BeJIHYRHE AS* no dopmyne (31}

as™ E,
<55 = 1gh—10,753—1g T + —~TERT

Hocne a10r0 HETPYAHO NOAYUHTb BeamunHy AG¥, noyib3ysach Ha-
BeCTHHM paseHCTBOM AG*=AH*—TAS™*,

6.15. Hzoronnbie apPerrn

3aMeHa BOAOPOJZA B MOJEKYJe pearcHTa aroMOM Aefitepus ua-
CTO NPHBORHT K HM3MEHEHMIO CKOPOCTH DeaKHmM, TaxkHe H3MeHeHHs
H3BeCTEH Kak u3oTOnasie sgpextol Oeldrepus [32], xoTOphe BH-
paxaioTcs OTHOWCHHeM kpfép. B OCHOBHOM COCTOSHMH KojeGa-
TeJbHAast 9HEPrHA cBA3W (Ha3HBaeMas 3Hepruef HyJeBHX KoJe(a-
Hufi) 3aBUCHT OT MAacch aTOMOB H TPH yBeJuWMeHHH NpUBeReHHON
macch nounkaerca [33). Tlostomy esasuy D—C, D—O, D—N #u ap.
B OCHOBHOM COCTOAHHH HMCKOT GoJice HH3KYI0 3HEPTHIO, YeM CO-
oreercTBylOIEe ¢BA3H H—C, H—0O, H—N u ap. CaenosartensHo,
NOJHAaA ANCCOUMAUHMA CBASH B AefATEpHPOBAHHOM COEAHHEHUH Tpe-
Oyer Ooablle SHEPTHH, YeM B COOTBETCTBYIOLUEM H3OTONHO He3a-
MeilleHHOM coefuHeHuH (pHc. 6.4). Ecam csasn H—C, H—O uan
_H—N Boofuie He pa3pbiBaioTCs B XO04e peaKUHH HAH pasphiBa-
I0TCR He B JHMHTHPYIOLieH CTafHK, 3aMelleHHe BOJOpOJAa jeiire-
pHeM NpakTHYECKH He OKA3WBaeT HHKAKOTO BJHAHHA HA CKOPOCTb
(o6 mexnmioueHmsix GyneT cKasaHO HHKe), HO eciid 5TH CBA3H pas-
PHBAIOTCA B JHMHTHDYIOLIeH CTaAMH, TO CKOPOCTb NPH 3aMelueHHH
JefiTepHeM HOHHXAETCH.
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1
Frfperts
rr Seccoynayn
CERYM %‘!H st C-S

/ '

\/

Mexcanfeproe paccmoanue

Puc. 64, Coar C—D nmeer Gonee HM3KYI0 3HEpruio HYJMeBHX RomeSamnli m
COOTBETCTBEHRO G0Jlee BLICOKYI0 SHepriio IHCCOHRANHM, YeM cBfab C—H.~

Momenuameian svepeud

Hzoronune apPexTH NpemcTaBAMIOT HeHHH: JHATHOCTHYECKHi
HHCTPYMEHT JAJjd onpeaefieHysa MexaHuaMos peaxuud, Hanmpumep,

TOT (hakT, YTO CKOpoCTH GPOMHpOBaHHMA aueToHa (1. 2, pearuus
12-4)

CH,COCH, + Br, —> CH,COCH,Br

He 3aBUCHT OT KOMLEHTpauuH SpoMa, NPHBOAUT K NPeANONIOKEHHIO
O TOM, YTO JAMHTHpPYIOUIel cTafueli peaKuud sABAACTCHA TayTOMepH-
3aUud aUeToHa:

c|m
s CH,C=CH, y

CH,COCH,

B cpoio ouepesbr AMMUTHPYIOINAN CTAAHA TayTOMepPH3AIHKH 3aKIIO-
uaercs B paspupe ceasy C—H (1. 2, peaxnua 12-3). ITostomMy npH
GpOMHPOBaHHH ACHTEPHPOBAHHOTO aNMETCHA ROMKCH HadMoAATRCA
SHaYMTeNbHHI H3oTONHWN 3¢ ¢ext. JelicTBuTenpro, Gu0 HaflAeHO,
YTO BeAMUMHA Ku/kp cocTapiaser okono 7 [34]. O6GHYHO H3OTOMHHE
sthdeKTH Aeiirepus Mensiorcs ot | (oTcyrerBHe addexra) Ao 7—8,
OZHAKO B HEKOTOPHX Clyuasx HaGxiiofaNuch H Topasfo Goabline
sHauvenus [35] OrTuomends ku/kp ¢ BeJHYHHAMH MeHsme 1 Ra-
3HBAIOT O6PATHOIMI UBOTONHBIMY dpexTany. MarcHMANbHNC K30
tonHue 3¢ dexTH HaGMoOAANTCS B TeX CyuasaX, KOTAa B mepexoi-
HOM COCTOSIHHH BOJAOPOX CHMMETPHUHO CBA3AH ¢ AaTOMaMH, MeXxny
KOTOPLIMH OCYIecTBJAsieTc ero mepenoc [36). Pacuern raxixe no-
Ka3hlBalOT, UTO H30TONHHE 3(dheKTH HAHOOABIIKE, ecHN BOAOPOL
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B NepexoJHOM COCTOABHH pacnojaraeTcs Ha DpaMoft, coepansomeit
ABa aTOMa, MEeXAY KOTOPHMH OCYILECTRASETCS erc mepeHoc, H YTO
B Caydae HOCTATOMHO HeJHHEHHHX KOH(HTrypauuf BeARuHHA ku/Rp
yMeHbaercd M npuenMaer sdavenusa oT 1 xo 2 [37). Kowmewso,
B CHCTEMAX C OTKPHTOH IeNbI NMepeXORHOe cOCTOsHNe OGLHYHO JH-
HeflHO, HO B GOJBINHHCTBE BHYTPHMOJEKYJADHLIX NMpeBpalieHHR 5T0
He TaK, HanpuMep 0pu 1,2-MHrpanas sojopoaa:

" "
C—C —— C-C —— c——«l:
nepexodios
COCmoniILe

Ipu zamellieHuNM BOHOPOAA TPATHEM BEJAHYHHA HIOTONMHEIX 2¢-
GeKTOB NpeBHINaET COQTBeTCTBYIOIMHE sddeKTn jefitepus [38]
Hsoronawie adPeKTH APYTHX 3JeMeHTOB HAMHOTO MeHblle, NO-
pazka 1,02—1,10. HanpuMep, ksc/kec AN peakunn

Ph*CH,Br + CH,0- —2% Ph*CH,OCH,

cocrapaser 1,053 [39]. HecmoTps Ha Refoapiyio BeAHUMHY, H30-
TONHHE >(PQeKTE TAKeNAHX ATOMOB BecbMa MOJMe3HH, TaK KaK UX
MOXHO H3MepPHTH OYeHb TouHO [40].

Hsortonunle addexTn pefiTepHa HaGAIOAAKTCA HHOTZA Aaie
B Tex cjayuasX, Korja B peaKuHu BooGllle He MPOMCXOAMT PAa3pHIBA
cesish C—H. Takne apekTH Ha3HBAT STOPULHLIMYU USOTONHHIMU
sthpexramu [41]; coorBercTBeRHO paccMOTpeHHne paHee 3ddexTh
OTHOCAT K THIIY NEPSUHHOIX USOTONHLIX appexTos. BropHuHtie n3o-
ToNnHbe SpGEeKTH MOXKHO Pa3fleJIHTh Ha o- B B-3¢deKTn B cOOTBET-
CTBHE € NOJIOXeHHeM Je#iTepHs MO OTHOIIERHIO K paspuBalollefics
cBasn. [Ipumepom BrOopuuBOro H30TOmHOro adexra f-geHTepns,
BH3HBAIOMIETC 3aMelJieHHe pPeakuuH, CJIYKHT COJbBOJH3 H3ONMPO-
nHAGpoMHIA:

(CH,),CHBr + H,0 %> (CH,),CHOH
(CD,),CHBr + H,0 -2 (CD,),CHOH

Otnomienne km/kp Ana sToR peakuun pasro 1,34 [42]. Ilpupona
H30TOMHMX 3peKToB B-pefiTepua Oblia MpelMeTOM MHOFHX AHCKYC-
cHil; HanGogee BePOATHHIM IIpPefCTaBJfAeTcd OOBACHEEHE C TOUKH
apeHHsd rHOCPKOHBIOTANHE B NCPEXOJHOM COCTOSHHH. 3TH sPderTH
BO3PACTAOT, KOTAA NePeXOAHOE COCTOAHHE HMeeT 3HAYKTEJbHHH
KapOoxkarHoRHHA xapakrep [43]. XoTs# paccMarpuBaeMas CBASH
C-—H wue pasphBaerci B MNepexOAHOM COCTOAHHH, KapGOKATHOH
craluauaupyercs BCJICJCTBRE THIHePKORBIOTALHH, B KOTOpPOfl 3Ta
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CBAI3b y4acTByeT. Bjaropaps THnepKONBIOTalHA PasHOCT: Kojdeba-
TeApHOH 3Heprud mexay ceazaMu C—H u C—D B nepexofHoM co-
CTOSIHHH MEHbIUE, 4eM B OCHOBHOM COCTOSAHAH, NO3TOMY NPH 3aMe-
eHHH BOAOPOAA HefiTepHeM PeaKUyA 3aMeAJIaeTcs,

B noawr3y npeanosioXeHHd, WTO TJIaBHOM NPHYMHON M3OTOMHHX
sddexros B-nefirepua ABNAETCH THNEPKOHBIOTALHN, CBHIAETENb-
CTByeT TOT $aKT, uro MakcuManbHHRA sdgdexr HaGmonaercs, KoTAa
JdefiTepHA HAXORHTCA B QHTU-NMONOXEHHH K yXoAsumieR rpynnme [44]
(TaK Kak BCe ATOMH B Pe30HaHCHOH cHCTeMe XOJXKHH ORITH Komaa-
HAPHH, AJaHapHOCTE CHCTeMH D—C—C—X f0/KHA 3HAYHTENALHO
YBeJIHUHBATh THNEPKOHBIOTAlHI0), a TaKXKe TOT dakr, YTO BTOPHU-
HHe H30TONHble 3GdieKTH MOTYT NepefaBaThcd 4epes HeHaCHILIEH-
Hele cHcTeMn [45]. Mimerorca pamHHe 0 TOM, YTO NO Kpaiinefi mepe
HeKOTOpHe H3oTOnHbe 3Qdekrn B-AefiTepBsa MMeIOT CTepHuUeCKoe
npoucxomaeHne [46] (Tax, rpynna CDjs oTanuaercd MeHbINMMH CTe-
puuecKuMH TpefosanugMu, uem rpynma CHsg); mnpezaaraioch
TaKKe 00bACHeHHe, OCHOBAHHOe HA yueTe »¢dexToR noas (rpymna
CD; ofnapaer, NO-BHAHMOMY, JYYIIHMHE 3JAeKTPOHOHNOHOPHHIMH
cBoficteaMHu, ueMm rpynna CHg [47}); Tem He MeHee B GONBLIIHHCTRE
cayzaes Hauboslee BeposiTHOH NpHuMHOH 3THX 3QdexTos cleayeT
cudTaTh rHNepKoHbiorauuio [48]. TpyanocTH OGBACHEHHs BTOPHY-
HEIX H30TOMHEX 3()peKTOB OTHACTH CBA3AHE ¢ HX HeOOMBLLION Besiu-
yuHO#, He npepmmaed ofxuro 1,5, KpoMe Toro, AomoaHHTeAL-
Hele OCAOMHEHHA BO3HHKAIOT H3-3a MX H3MeHeHHA ¢ TeMuepaTtypoi.
Onxcan, nanpuMmep, cayuadt, Korga seamurHa Ep/Rp cocrapasna
1,00£0,0]1 npn 0°C, 0,904-0,01 npu 25°C u 1,15%0,09 npu 65°C
[49). KakoBa 6u HH Oua NMpUYHHA BTOPHYHBIX H30TOMHHX 3ddek-
TOB B-mefiTepHs, HX BeJHUHHA XOpPOIIO KOppeJHpyer ¢ KapOOKaTH-
OHHBIM XapaKTepOM NePeXONHOT0 COCTOHHHA, B OHH CAyXKaT IOJes-
HEIM HHCTPYMEHTOM AJA HCCTIefOBAHHSA MeXaHH3MOB peaKldH.

Jdpyrore THmA BTOpHYHHE H30TONHHeE 3(PEKTH BO3IHHKAIOT
B pe3yJbTaTe 3aMelleHHA BOAOPORa JefiTepHeM Yy aToMa yraepona,
COeZHHEHHOTO C yXOnfilelt Tpynmofl. DTH 8TOPUUHbLIE USOTORHbIE
apgexto a-nelitepua uMeoT BequuuHy ot 0,87 xo 1,26 [50). Oum
TaKxe KOppejJHPYIOT ¢ KapGOKaTHOHHHM XapaKTepoM NepeXoAHOro
COCTOsIHAA, B peaKuuax Hykaeo(pHALHOro saMellleHus, rie Kap6o-
KaTHOHHHEI{I HHTepMeaHaT He o6pasyerca (peakuus Tuna Sx2), uzo-
TonHuA apderT o-aefitepus 630k K enuxHue (51l B rex peak-
UHAX, B KOTOPHX AefACTBHTENLHO TNpOMeRyTOMHO o0pasynTcd
kapboraTHOHH (peakuuu THna Syl), HaOawnaerca Gonee BHCOKHE
apdekr, saBacAmuli ot npupoin yxoasmed rpynmn [52). IIpapony
H3OTORHOrO 3dderra o-AeliTepusi NPUHATO OOBACHATL TeM, UTO 34-
MellleHBe BOZOPOZa acfitepreM OKasbisaer GoJee HNH MeHee CHJb-
HOe BAHAHHE Ha AedopMalHOHHHe Konebanus cpasa C—H B nepe-
XOIHOM, 8 He B OCHOBHOM cocToAHHH [53], H B 3aBHCHMOCTH OT NpH-
POAb NepPexXOAHOrC COCTOSAHHA CKOPOCTh PEeaKUudH MOKeT HJH
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YBeJHYHBATRCS, HAH yMeHblaThesa., Coobwaioch rakke o6 H30TON-
HHX addekrax ¢-mefirepua [54]. '

Eme oxnum BHAOM H3OTONHHX 5DdeKTOB ABAACTCS UZOTONHbLE
agpexr pacreopureas [55]. Odenb wacToO CKOPOCTh PeaKLHK MeHS-
eTcs (PH IepexoAe OoT OGHYHOTO PACTBOPHTENS K AeATepHpOBAH-
HOMY, Hanpumep npH 3amere HoO va D2O nan ROH ua ROD. Boa-
HHKAlOMHe H3MEHEeHHS MOryT OLTh CBA3AHE C OAHHM H3 TPeX Nepe-
YHCJAEHHMX HHKe (akTopoB HaH c¢ jeficteHeM Bcex Tpex ¢akTo-
poB.

1. PactBopuTtesnp MoKeT OXHOBpeMeHHO OHTh pearentoM, Ecam
cessk O—H B Mosekyne pacTBopHTeNsi pa3pHBAaeTCs B JHMHTH-
pyome# cTafuH, BO3HREKAeT HeDBHYHHA H3oTONHHi adpdext. Ecan
B PeaKilHH yuacTByioT Moaekyau De0 man D3O+, Moxer takxe Ha-
6aoaaThed BTOpHYHHT uzoTonHui sddekt aAeliTepus, npa KoTopoMm
cBasb O—D ne paspuiaercs.

2. 3a cuer GHicTporo ofMeHa BOAOPORa MOJEKyAH cylGcrpara
MOTYT CTaThb MeUeHHIMH H Pa3PHBaTbeH B JHMHTHPYIOWeR cTaAHu.

3. Xapaxrep B3aAMOXeHCTBHH pacTBOpeHHOe BEINECTBO — pact-
BOPHTENb M CTENeHb STOTO B3aHMOAEHCTBHA MOTYT OHITh Pa3JIHUHH
B JefiTepHpOBaHHOM H B HelefiTepHPOBAHHOM PACTBOPHTEJNE; STO
MOXeT BHISBATh H3MeHEHHi B SHEPTHH NEePeXOAHOTO COCTOSHHSA,
a cJeJOBaTeNbHO, B B JHePrHH aKrTHBauuy peakumm. Toraa BO3HH-
KalOT BTOPHYHbIE H30TONHHE 2hdexrH. [[as obbacHenns NOROOHEX
shdexToB mNpeancxKeHH ABe H3HYecKHe Mofead [56). Ouepnfnno,
9T0 BO MHOTHX CJAy4adx OAHOBpeMeHHO XefcTBYIOT me xpafiHel
Mepe xBa (axTtopa, nepsHit H TperHil, a yacro m Bce TpH. [Ipen-
NPHHEMaJHCh NOMKTKH Pa3fe/lnTh 3TH pakropsl [57).

OnpcanEse B HacTogMielt TJIaRe MeTOAL! CIHYyXaT He TONRKO
CpeACTBOM YCTAHOBJAEHHA MeXaHH3IMOB peamuﬁ. IluTtasice BHSC-
HHTb MeXaHH3M pearKnHH, HCCJAeA0BaTeJk EMeeT HeorpaHH4YeHHEIS
BO3SMOXHOCTH NpPOABHTh CBOIO H306peTa’l‘eJ'leOCTb H HCKYCCTBO.
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PoTOXMMHA

BoJBUIHHCTBO OPraHHYecKHX peav-iuii MPOBOAAT ¢ MOJIEKYAaMy,
HaXOAALHMHCA B OCHOBHOM 3JIEKTPOHHOM cocTosiHHH. Cnenuanb-
Hyl0 06JaCTh COCTaBJAIOT goToxumuseckue peaxyuu (1), npu koTo-
PHX pearHpylollde MOJEKYJH NpeiBapHTeNbHC OOJY4YalOT CBETOM,
[epeBOAsl HX B 3JeKTPOHHO-BO3GY:KAeHHOe cocroaine. MoseKyna
He MOKeT HAXOOHTLCH B Boaﬁymeuuom COCTOAHHHA ROATOE BpEMH,
OHa JOJIKHA NOTEPsATh U3OEITOUHYIO SHEPTHIO TeM HJIH HHBIM CIOCO-
GoM. OaHako XHMHYecKas peakuusi ABJAfeTcs He eJHHCTBeHHBIM
cnocofoM BHCBOGOMAGHHA ZACNOJHHUTeAbHOH sHepruud. B paHHoH
[JlaBe CHAayajla pPaccMaTPHBAIOTCHA 3JeKTPOHHO-BO3GYXKAEHHEIE CO-
CTOSAHHS K NPOLECCH, NPHBOAALIHE K NepeXofy B TakHe COCTOAHHA.
3atemM 06cyKAAIOTCS BO3MOXHEIE MYTH NpeBpalieHHs Bo36yXK[eH-
HEX MOJeKyJ), B Nepsyl0 ouepefb (U3anyecKHe, a MOTOM XHMHUe-
ckue. C ¢oToxuMueli TecHO cBA3AHA JEKTPOHHAA CNEKTPOCKONMA.

7.1. Bo30yKIeHHHNE U OCHOBHOE COCTOAHHS

Ecau MoJekyie cooSMIHTh H3BHe AONOJHUTEALHYIO SHEPTHIO,
9JeKTPOHE MOTYT NepeXOJHTh C OCHOBHOTO IHEPreTHYecKoro ypo-
BHZ Ha YpoBeHb ¢ Gojee BhiCOKOfi sHepruefi, B QoTOXHMHUeCKHX
nponeccax jAsi 3Tofil Uead HCNOAb3YeTcA SHeprHS CBeTa, KOoTopas
Bolpaxaerca ¢opmynofi E=Hv, rfie v—4acroTa cBeTa (v paBHO
CKOPOCTH CBeTa ¢, Ae/eHHOA Ha JJUAY BOJAHH A}, k- mocToAHHAs
Tlrauka. ITocKonbky sHepreTiuecKue YpoBHE B MOJEKyJie KBAaHTO-
BaHH, KOJHYECTBO 3HEPruy, HeoOxolKMoe 1A MepeBoAa 3JEKTPOHA
B HaHHOH MoJeKyje C OfHOT0 ypoBHA Ha Gojee BHICOKMH, CTPOro
tpuxcuposano. ToabKo cBeT ¢ AJHHOA BOJHH, TOYHO COOTBETCTBYIO-
el 3TOMY KOJHYECTBY SHEeDPTHH, MOXET BLHISBaTh NEePeXof 3JeK-
TpoHa #a GoJjee BHCOKHfI ypoBeHb, EcaH ofpasell bBemlectBa obay-
4aTh CBETOM ¢ Apyroit wacToTofi (6osee BHICOKOH HAH OoJiee HH3-
KOit), OH MpOHeT Yyepes BeINECTBO, He TepsAs CBOGH KHTEHCUBHOCTH,
TAK KaK H¢ IOT/CUlAeTcs MoJeKylramu. OAHAKO ecliH NPOMyCKaThb
yepes oGpaseil CBET ¢ HYXHOH 4wacTOTOH, €ro sHeprus Oyaer pac-
X0Z0BAThCA Ha Nepexofi 3JeKTPOHOB Ha Gosee BHCOKHe 3HEPreTH-
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Pue, 7.1. Vavrpaduoneropas, BHAHMAg B BHGPAKPACHAR WaCTH CHEKTpA,|

YecKHe YPOBHH, NIOITOMY BEIXOASIIME K3 ofpaslia ceer OYHeT HMeTh
MeHbIIYI) HHTEHCHBHOCTh HJIM MOXKET MOJHOCTbIO NOTNOTHThCA. Ko-
JIHYECTBO TPONMYLICHHOTO BEIleCTBOM ¢Bera, T. €. CEeTa, He MOIJIO-
HIGHHOFO MOJEKYJaMH, H3MepsloT CHeBHaJbHHM NPHOOPOM, Ha-
SHBaeMHM CrexTpooTORETPOM, B KOTOPOM C NMOMOUIbIO (oTos]e-
MeHTa CDAaBHHBAETCH HHTEHCHBHOCTh NAaZAOMIErCc H NPONyUIeHHOTO
cpera. B asToMaTHMecKMX cleKTPOOTOMETPAX NOCTeNeHHO MeHS-
eTcsl 4acToTa M NPOU3BOLHTCA HeNPepHBHAA 3a&NHCh 3aBHCHMOCTH
NOrJICUIEHHA OT YacTOTH HJIH OT NJIHHH BOJHE CBeTa.

OHeprius >AeKTPOHHHIX NMEPexXoioB COOTBETCTBYET CBETY B BHAHM-
Moil, yabTpaduoseToBOfi W Kanexoil yabrpadHoieToBOH obaacTax
cneKTpa T&nc. 7.1). IlonoxeHue nepexofa OGEHYHO BHPANKAETCH

o

B eAWHMIAX JJANH BOJIH, aRrcTpeMax (A) mniam HaHOMerpax (HM)
f2]. Coepunenus, norJoulaioline B BUAHMOR oGJACTH, OKpAMIEGHH,
NpHYEM OHK HMEKT HBeT, KOMIJIEMeHTAPHHR LBeTy NOTJIOLlaeMoro
ceera [3]. Tak, coemuHeHMe, noOrJoaioumtee (HOAETOBBHIR CBET,
HMEeT IJKeaTyl0 OKpacKy. B ornmune or BuauMofi H oObYHOMN
yabTpaguoseTorol obhaacteh panekas yabtpaduonerosas obaacrb
peike K3yuaeTcs XHMHKAMH-OPTaHHKaMH, TaK Kak 310 TpebyeT
cnelMajibHOM BAKYYMHOK TEXHHKH, NOCKOJALKY B 9THX obaacrax mo-
IROLLAIOT KUCAOPOR K a30T.

Kazanoch Gul, 3AeKTPOHHBIA CNEKTP AOAMEH COCTOATH K3 OXHOTO
HIH HECKOJbKHX OCTPHIX IIMKOB, KaXJui #3 KOTOPHX COOTBET-
CTBYET NepexXoiy SJeKTpOHa ¢ ORHOTO DJIEKTPOHHOFO YPOBHA Ha
apyrofi, OaHako B OGHYHHX YCJOBHAX Pefko HAOAIOAAIOTCS OCTpPHE
nrkH. UroOut 3TO NOHATH, HeOGXOANMO NPeACTARATE cele MOJEKYJay
HaxoasweicdA B NOCTOAHHBIX BPAUIATENbHHX H KoJebaTedbHhIX
JBHIXEHHAN, KOTOPHe TAKKe KBAHTOBaHH. B KaxkABIA MaHHHIA Mo-
MEHT BpeMeHH MOJCKyJa HaXOAHTCHA He TOJbKC B OnpelefeHHOM
3JIEKTPOHHOM COCTOSHHH, HO B ONpelcfeHHOM KoJefaTelAbHOM H
BpallaTeJbHOM COCTOSHEAX. PasHHIa MEXAY ABYMS COCEAHHMH KO-
Ac6aTe/bEBIME YPOBHAMY HaMHOTO MeHblle PasHHLH MEXIY cocel-
HHMH 3JIEKTPOHHEIMH YPOBHSAMH, a PasHHUA MeXKAy COCEJHHMH Bpa-
IMaTeNbHEIME YPOBHSAMHE eule MeHRblue. Thmuuras caryaunus Hsobpa-
MeHa Ha pHe. 7.2, TIpE nepexome 9JeKTpoH& ¢ OZHOrO
9JeKTPOHHOr0 YPOBHA Ha APYroi OH IIePeXORMT C AAaHHOTO Koneba-
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Puc, 7.2. JiuarpaMMHl SHEPTHE ABYXATOMHOA MoJexyan. [Jorasanw aBa Bo3-
MOXHBX nepexoia., Ecaw smektpod BoafykaeH a0 YpoBRHA A, MOJEKYIa MO-
et pacmapatbed (pasx. 7.5).

TENBHOTO K BPAIaTeJbHOTO YPOBHA B Npefesax OAHOTO JeKTPOH-
HOTO YPOBHS Ha HeKOTOPHA KoAebaTelbHbll K BpaliiaTeJbHHA ypo-
BEHb CJeLYIOIEro 2JeKTpoHHore ypoBHA. Kaxaumii obpasen
BelllecTBA COAEPKUT GOJIbIIOE THCJIO MOJEKYJ; KaXe eClH BCe OHH
HaXoAATCH B OCHOBHOM DSJAGKTPOHHCM COCTOAHHUH, OHH elle paclipe-
AelleHH MO BPaMIATeNMLHHM H KoJNeGaTeNbHHM COCTOSHAAM (XOTA
Haubojee 3acelleHHHM ABJAeTCI OCHOBHOE KoJeGaTelbHOE COCTOS-
AHe Vo). 310 o3Havaer, 4To MoOjeKyaa Gyfer nmorjouiath CBeT He
TOJBKO ¢ OFHOR ompeleneHHOR AAWHOA BOJHE, HO H ¢ GIH3KHMH
AJNHAME BOJH, NpHYeM HauGojee BepoSTHOMY nepexony Gyaer co-
OTBETCTBOBATL HanGoJee HHTEHCHBHHEH NHK., B MHOroaroMEHX Mo-
AeKy/lax TaX MHOTO BOSMOXHHX NEPexolloB M OHH TaK OJH3KO pac-
NONOXKEHH JAPYr K JAPYry, 9T0 B COeKTpe Hala0AaeTCA ACBOJBHO
mupoKas nojoca. BrcoTa nMHKa 3aBHCUT OT HHCJIA MOJEKYJ, B KO-
TOPHX NPOACXOAHT Nepexop 3JeKTpoHa, W NPONOPLHOHANbHA BelH-
uyuie lge, rae e— Koshuyuenr skcrunxyuu. Kosdpduunenr sxe-
THHKIHH MOXHO BHPaSKTb OTHOMIeHHeM s=E/fcl, riie ¢ — KoHuen-
Tpailusd B MOJRX Ha JAUTP, {— AAHHA KIOBETH B CAHTHMETpax,
a E=lg{l/l), rae Iy — HaTeHCHBHOCTL najgaloilero cpera, ! — HH-
TEHCHBHOCTh NpoueAmerc depes obpasen, cBera. [ljinHa BOJHH
OOHYHO 3aMepdeTcs Ha BhICOTE MHKA H 0603HAYAeTCH Ayexe. UHCTO
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XoJseGatensHHe HNepeXolAH, TaKHe, Kak HepeXold Mexiy Vo u Vi,
TpeGyIoT HaMHOTO MeHbUIEH SHEPrHH H JexaT B HHdpakpacHoi of-
JA3CTH, 2 YHCTO BpalllaTeJbHble NePeXOAH JeXaT B Aaaekoi Huppa-
KpacHoll B MEKpPOBOJAHOBOH 06MacTAX.

Horaomenue B yaeTpaduonerosofi BHAMMOR 061aCTAX BH3-
BaHO MepexofOoM 2JIeKTpoHA ¢ OAHOH opOHTaan (o6HuHO opbuTanu
OCHOBHOTO COCTOAHHY) Ha Oojiee BHICOKYI0 opOuTanb. Koauuecteo
3HEPruH, HeoOXOAHMOe AJSl TAKOTO NMEPEX0Aa, 3aBKCHT TIABHHM 06-
pa30oM OT NPHPOAH 3THX ABYX OpOHMTajefi H B Tropasfo MeHpHIel
CTeNeHn OT OCTaJbHO# MoJeKyJau. [TostoMy noriolueHHe MPOCTHX
¢YyHKUMOHANBHEX IPYNN, TaKHX, KAK CBA3L C=C, Bceraa Halnio-
LaeTcd B OAHOR U ToM e oﬁ.nacm. Takue rpynnu HasHBaOTCA

xpomodopamny.

7.2, CHHATfleTHHIE H TPHNJIETHHE COCTOAHHA. «Sanpemennue»
nepexoan

B GonbmIMHCTBE OPraHHYECKHX MOJEKYR BCE SJAEKTPOHH B OC-
HOBHOM COCTOSHHMM CNapeHH, H, corjracHo npuununy I[laynm, anek-
TPpoHE BHYTPH NapH HMEOT NPOTHBONOMOXKEHE CiHHH, Korga ofnt
9JIeKTPOH U3 NapH NepexoAHT Ha opOHTAMb C §oJee BHCOKOH sHep-
rHel, B NPHHIANE BO3MOXKHH fBe CATYAllHH: STOT SJASKTPOH MOXKeT
HMeTb Takol e CNHH, KAK ¥ erc OHIBMIKI mapTHep, HJH HPOTHBO-
nonoxewit cnEd, Kak yxke rosopusock B IV D, COCTOAHHE MOJe-
KyJIH, B KOTOPOR NBa HeCHAPEHHHX 3JEKTPOHA HMEIOT OAHHAKOBHHA
CIIMH, HA3HBAGTCA TPUMAETHOLIM COCTOAHUEM, a COCTOAHHE MOJe-
KYJAH, B KOTOpOff BCe CHHHH CHapeHH, HA3WBAETCHA CUHZAETHLIM.
Tak uT0 B NMpHHIHIE KaXKAOMY BO30YXKAEHHOMY CHHIAECTHOMY CO-
CTOAHHIO AOJMKHO COOTBETCTBOBATH TPHINIETHOE cOcTOAHHe. B Godb-
IIHHCTBE C/yuaeB B COOTBETCTBHH ¢ NpaBHJoM [yHaa TpHIIETHOe
cocTosiiHe obaagaer (ojee HH3KOH SHeprHeidl, ueM COOTBETCTBYIO-
iee eMy cHHraeTHoe coctosHne, [loaToMy Aas NepeBoAa 3JeKTPOHA
H3 OCHOBHOI'Q COCTORHHSI (KOTOpOe MOMTH BCErjia CHHIVIETHO) B BO3-
Oy:KAecHHOE CUHIIETHOE UMK TPHIJIETHOE COCTOsAHMe TpelyeTcd pas-
HOe KOJIMYecTBO SHEPIHH H, CJAEHOBATENbHO, CBET pasHoil AJHHM
BOJIHH,

Takum oOpasoM, MOXeT I0KasaThed, 4TO Iepexod RaHHOTO
3JIeKTPOHA B CHHLAETHOE HJIM TPHMOJNETHOE COCTOAHHE 3aBHCHT OT
KOJIHYeCTBa 3HepruM, coolmaeMoft MoaekyJje. OfHAKO 3TO He TaK,
HOCKOABKY Iepexofni MeXXJy SHepreTHYeCKHMH YPOBHAMH MOAYH-
HAIOTCA ONpefeJeHHHM NpPaBHJaM OTGOpa, COTJAACHO KOTODBIM He-
KOTOpHE NepexoAnl «3anpemeHn». Cpeal HecKOJbKHX THNOB 3anpe-
LIEHHHX NepexojJ0s OTMETHM ABA, HauboJee BaxKHBeE,

1. Cnun-sanpewennvie nepexodvi. Ilepexoan, NpH KOTOPHX Me-
HAETCA CNHH 3JIeKTPOHA, 3ampelileHHl, MOCKOAbKY K3MeHeHHe CNHHA
Ha NPOTHBONOJOXKHHMA Bjeuer 3a coloi H3MeHeHHe YIVIOBOIO Mo-
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MeHTa, YT0 HapyWIHACO 6B 3aKOH COXPaHeHHS YIJIOBOTO MoO-
MeHTa. [1p3TOMy CHHIVIET-TPHNJIETHHE K TPHIAET-CHHIJIETHHE Hepe-
XOAH ABAAITCA 3aNpelIeHHEIMH, 4 CHHIVIET-CHHIVICTHHE H TPHILIET-
TPUIJIETHHE — pa3pelleHHNMH,

2. HepexoQet, sanpewennsie cummerpued. K aToMy Knaccy or-
HOCATCH NepeXofik! B MOJeKyJdax, HMeOIIHX HeHTp cHMMeTpHH. 3a-
TpelleHbl NepexoAn g—g HJAH u—u (pasza. 1.1}, tToraa kax pas-
pelleHH Nepexoful g—-i U u-—g.

Cneso «3anpeiieHHHAY YacTO NUIIYT B KaBHYKAX, NOCKOJBKY
B JeficTBHTEALHOCTH 3TH NepeXoRH He 3aMpelleHH, a Majo Bepo-
atHEL, B GoabluMECTBE cayuaes NepexoAbl H3 OCHOBHOTO CHHrjeT-
HOTO COCTOSIHHA B BO30yXKIeHHOe TPHILIETHO® HACTOJIBKO HeBepo-
ATHH, YTO MPAKTHYECKH HHKOrAa He HaGMIOAAIOTCH, OSTOMY MOIKHO
C YBEPEHHOCTBIC YTBEPKAaTh, YTO B GOJBIIHHCTBE MOJEKYJA HpPOHC-
XOAAT TOJMBKO CHHI/ET-CHHIVIETHHe nepexoanl. OAHaKo B HeKOTOPHX
caydasx 3TO MPaBHJO HapyWIaercs, B YACTHOCTH KOTAA B MoJeKyJje
TIPACYTCTBYIOT TAMeJhle aTCMHl, TaKie, KaK HOJ; Toria mo cmeKrpaM
MOXKHO IOKAa3aTh HaJHYHe mePeX0J0B CHHrJeT— Tpuider [4]. Haeto
MOXHO HabJIOnaTh 3anpelleHHHE CHMMETPHEH mepexofd, HO
OOHYAO COOTBETCTBYIOMIHE HM NHKH HMEIOT HH3KYIO HHTEHCHBHOCTH.

7.3. Tunet Bo36yKpenns

Tlpu BO3OYXAeHHH MONEKYMH 3JeKTpoH (OOHYHO OAHH), Kak
paBuJI0, NePeXOAHT Ha CaMyl0 HH3IIYI0 BZKaHTHYI0 OopOHTa/b,
XOTA RO3MOXHH TAaKXKe llepexofik H Ha GoJee BHCOKHe opOuTaiH,
ecilH OHH XOCTYNHH. DAeKTPOHHBIE NMepeXoiH B OpraHHIecKHX MOJe-
KyJaX MOXHO pasfile/lHTh Ha YeTHpe THIA.

1. o—=¢* ANRaHE, He HMEOIIME HH fi-, HH I-3JIEKTPOHOB, MOTYT
BO36YXEaThCs TOJMLKO TaKHM oGpasom [5).

2. n—>0*, CmupTH, aMHHE; OpocTee 3GHPH H T. A. MOTYT BO3-
GyxnaThed TaKUM o0pasoM.

3. n>n* Oror myTh BO3GYMASHHA XapakTepeH A aJKeHOB,
a Takxe AJf aJbAETHAOB, CAOXHKHX 3)HPOB H MOZOGHHX coeuHe-
Huil,

4, n—>n*. 3TH NepexofH, a TaK¥e TPH NpPeAHAYIIHX Xapak-
TepHH AJs AJbAEIHIOB, KETOHOB, CJOXKHHX 3(HPOB K Ap.

UeTHpe THOA 3JEKTPOHHHIX NEPeXOAOR NPHBEAEHH B NOPAAKE
yMeHBINEHHs SHeprHH. CaMas BHCOKasi 9Heprusi csera (masuHHH
yasTpaduener) Tpebyercs AAdA nepexona ¢—c*, Toraa Kak nepe-
XOOH n—>m* MOryT OHTh BH3BaHH OOLIUHEIM YJbTpadroneTOBHM
obayueHneM, OfHAKO ITOT MOPAROK MOXeT MHOTKA MeHATHCS B 3a-
BHCHMOCTH OT HPHPOAH PACTBODHTE.

B coeamHeHMAX ¢ ABYMA CONPSKeHHHMH JBONHLIMH CBA3AMM,
HanpuMep B 1,3-6yrafineHe, HMelOTCs ABe m- B ABe & *-opbHTanu
(paza. 2.2). PasHoCTh SHEPTHH MeXJy Boicutefi m (y2) H HH3IUeH
n* (y3) opOHTANAMHE MeHbIIE, 4eM PAsSHOCTbE SHEPTHH MeXAYy m- H
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n *-opGutansaMu  stHAeHa. [losToMy Ans nepexosa SAEKTpOHA
B 1,3-Gyragnere TpeSyerci MeHbIle SHEPrHH H, CAEAOBaTeJNbHO, JNO-
CTATOYHO cBeTa ¢ OoJblleff IRJAHHOA BOJHH, YeM AJAS Nepexoia
SACGKTPOHA B 9THJACHE, DTO ABJEHHe HOCHT OSIAH Xapaxrep, H
MOKHQ YTBEpKAATH, UTO, KaK NMPaBHJO, #exm Ooasuie conpascenue
8 MoaeKxyare, Tem 6 Oorbueldl mepe nozAoweRue cmeuiaerca 8 CTO-
pony 66astuux Saun sosn (eM, Taéxn. 7.1) (6] Ecau xpomodop mo-
THOILACT NPH HEKOTOPOH ONpeAeNeHHOR AJMHHE BOJHH H SaMenleHHe
OIHO TPYONH Ha JAPYTYIC BHSHBaeT CMelleHHe NOrJIOLIEHHA
B ANHHEOBONHOBYIC OOJaCTh, FOBOPAT, UTO HMEET MeCTo aroxpoi-
nuil cdgue. TIPOTHEOMOAOKHOE CMeNIeHHE HABHBAIOT 2UNCOXPOM-
. HbiM cO8uzoM.

Tabauya 7.1. Tloraoinenne HauGonee BaxHHMH B oOprarkudecKoft
B yibrpadHoneroBof of-  (QOTOXMMHH ABJAAIOTCA NEPeXObl N-—+R* H
gm 6) AR MOMRKYA gt Tag, aas coeamnenufi, cogepxa-
Hy— (CH = CH), —CH;

mwHx rpynna C=O0, BO3MOXHH ofa 5TH
THHa Nepexofos, H B chekTpe nadawma-
n A Hu I0TCA MO KpafiHeil Mepe ABa MHKa, KOTOpHE
TaCTO YAAeTCH PasNAHUHTL, MOCKOJBKY mne-
pexoms n—>n* Jexar 8 Goxee zamexof

2 227

3 263 yasrpadHoNeToBofi 06AacCTH K, KaK mpa-
6 352 BHJC, HMelT OOJbUWIYI0 HHTEHCHBHOCTH
9 413 (eeanyHHa & RAA N—>R*-MEPEX0J0B COCTAB-

asieT o6uuHo ot 100 no 100000, Torna xax
e OAd nepexonos n-=n* cocrasaser ot 10
Bo 1000). Oxnaxo BO MHOIMMX CIy4asX 3TH TOAOCH PA3ACAHTH
TPYAHO; TOrAA NPAGEraloT K PasiHUHEM BCIOMOTATENLHEIM, METO-

Tabsuya 7,2, Toraometne saMetileHHNX GEH3OMIOB B BOXE HAM B BOAe €O cAefaMi
MeTaHoja (AN MOBHIEHHA DPACTBOPHMOCTA). AVKCOXPOMHHE SEMECTHTeNH CABHTAIOT
DOJIOCH! TOTVIOMIEHRS H OGBINHO TOBHUIAIOT BX HHTEHCHBHOCTR (9]

Nepeaguan noacca Bropuanas postoca
JamenteHHWR Ger30T

Apagcr BM Eyaxe Aager M Cpranc
PhH 203,5 7 400 254 . 204
PKCi 209,5 7 400 263,5 190
PhOH 210,5 8 200 270 1450
PhOMe 217 6 400 269 1430
PHCN 224 13 000 71 1000
PRCOOH 230 11 600 273 970
PHNH, 230 8 600 280 1430
PhO—~ 235 9 400 287 2600
PhAc 245,5 9 800
PhCHO 249.5 11 400
PhNO, 268,5 7 800
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JAaM, Npexfe BCErc K H3MEPEeHHIO CHeKTpa B pasHEIX PACTBOpHTE-
asax {7]. Hopumenne NONAPHOCTH PACTBOPHTENSt BH3bIBaeT OGHYHO
TENCOXpOMHHEN cABHr n—-n*-nepexonos [7a] B GaToxpoMHull caBHT
n-rn*-nepexofos.

Kak yxe rosopuiock, rpynny, o0ycAOBAMBAIOMIYIO NOrXOLLE-
KHe cBeTa MOJIeKyJaofi, HasuBaloT xpoModopoM. Tipumepamn xpo-
‘Modopos B BHAMMOR H YALTpadHONETOBOH O6JACTAX CAYKAT
rpynnsr C=0, N=N [8), Ph 1 NO,;, B nanekoit yabrpapuonero-
Bofi ob6aacry (Bmxe 200 M) —rpynnn C=C, C=C, Cl u OH.
B roit e caMoii MOJEKYyA€ MOTYT TPHCYTCTBOBATh 3aMecTHTeNH,
KOTOpHE CMellaloT ROJOCH DROIVIOLleHHs XPOMOGOPHOH rpynne
(3a cuer pesoHaHCHOTO B3aHMOAEHACTBHA) M MOBHILAKT HHTEHCHB-
HOCTH NOTAOLICHHS, TAKHE 33MECTHTENH HA3HBalOT QYKCOXpo-
manyu. K aum ordocarca rpynnu Cl, OH a NH,, B npucyrcrsun
KOTOPHX TOJOCH MOrAOLIEHHS TakKHX Xpomodopos, kak Ph uau
C=0, B yxnbTpadroneToBoRi H BHAMMOfI O6jacTAX NpeTEpHEBAOT
Garoxpomuu® capur (rada. 7.2) [9]. TlockoabKy ayKCOXpOMEL
CcaMHK SBAfIOTCE XpoMoQOpaMH, NOTJACINAIOINHMA OOGHYHO B Jaje-
Kofl yabrpaduoneToBofi ofaacTH, HHoraa OGHBAeT TPYAHO PelIHTb,
KaKaf rpynma B MOJeKyJle ayKcoXpoMHad, a Kaxkas — XpoModop-
Baa. Hanpumep, uTo chayXuT xpoModopoMm B MOJeKyne anerode-
Hona (PhCOMe), rpynna Ph mam C=0? B noaoGHux ciayyaax
OorHeceHMe K Tofi HAM HHON rpynme CTAHOBATCR OeCCMHBCJCHHEIM,

7.4. HoMeuxnarypa Bo36YXKAEHHHX COCTOAHHHA H KX CBOHCTBA

BosfyxaeHHOe COCTOAHHE MOJEKYJNH MOXKHO paccMaTpHBATh
KaK ONpeAcsIeHHYI0 XHMHYECKYIO Pa3HOBHAHOCTb, OTJIHYHYIO OT OC-
HOBHOI'O COCTOSTHMA TOH Ke MOJEKYJAb H OT APYrHx Bo30ymXjeH-
HHX cocrosuufi, QuepHAHO, WTO AJNA HaHMeHOBAHHA M 00O3HAue-
HHA BO3OYHAEGHHHX COCTOSHHA Heo(XxoiHMa onpejgeseHHAs CH-
cremMa, K coxaneHHio, B HEKOTOPHX POACTBEHHHX 08JacTAX —
(OTOXUMHEH, CMEKTPOCKONHM HAM TEOPHH MOJEKYJISPHHX opbHta-
Jiefi — HCMOMB3YIOT pasanudbe ofosnavesus [10]. Uame Bcero He-
XOAHYI0 B HOBYIO OpSHTajsu 0603HavaoT OYKBOf ¢ HaACTPOUHHIM
3HAYKOM, YKA3HBAIOLIUM HA CHHTJIETHOE HJH TPHILIETHOE COCTOH-
HHe, Hin Ge3 Hero. Tak, CHHFJIeTHOe COCTOfHHE IIPH Hepexoae
¢ n-opburaam Ha n*-opfurasr B sTHNEeHe 0003HAYAIOT Kak
'(m,n*)- HAH m,7*-CHHTJIETHOE cocTomHue, llpyrHe ofulenpHAs-
THe 0GO3HAYEHHS MOXKHO HCHOJML3OBATR ZaXke B 1Tex cly4asx,
KOTZa TOYHO He HM3BECTHO, Kakhe HMeHHO OpOHTalH YyuacrBYIOT
B nepexoze. BosGyxaeHHoe cocTOsHHe ¢ HaHHM3IeR sHeprueh
o6osBawanT S;, clHeayolliee CHEINETHOE COCTOfHHe—S; H T. A,
a TPHIJIETHHE COCTOSHHR B MOPsAKe YBeJHUEHHS 9HepruE ofo03Ha-
qaior Ty, Te, Ts u 1. A, OcHOBHOe COCTOsAIHHE B STOR CHCTEMe
o603HauaeTcA Kak So. MasBecTHH H japyrue cHCTeMH 0603HayeHH#.
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HO B 3TOH KHHre GYAYT HCNOJAL30BATHCHA TOJALKO JBe BHIIEYNOMHA-
HYTHE,

CpoficTRa BO30Y:XAEHHHIX COCTOAHH#A HENErKe oOxapaKkrepH-
308BaTh H3-3a KOPOTKOroc BpeéMeéHH XH3HA H HH3KHAX EKOHIEHT-
paunii, oAHAKO B UeJOM psae paGoT mOKasaHO, 4YTO BO3-
Oy JeHHBEe COCTOAHUA YACTO OTAMYAIOTCH OT OCHOBHOIO COCTOSHHSA

7O FeCMeTPHH, JHMOJALHOMY  MOMEHTY, KHCJOTRO-OCHOBHHIM
cBoficTBaM FII]. Hanpumep, auerTnneH, JARHeHHHA B OCHOBHOM
COCTOSIHHH, B COCTORHHH '(m,;m*) HMeeT TPOHC-TEOMETDHIO
A
C=C
v

H

¢ mo9TH SpPP-raépuiH3alnell aTOMOB yraepoja ;12]. AHanorpuyHEM
o6pasoM 5THAeH B cocToAnuAx '(m,;*) H 3{(mx*) HMeeT He
IVIOCKYI0, 2 NePneHAHKYAspHYK reomerpnio [13], a monekyaa dop-
Maabgeraga B coctosnmsx !(nn*) u ¥(n,n*) mupamuganssa {14].
TpunneTHne uacTHUH CTpPEMATCA CTaGHAH3HPOBATHCS, RedopMH-
pPyfAch TaK, uToGb YMEeHbIIUTH B3aHMOAEHCTBHE MEXAY HecnapeH-
HHIMH 3JieKTpoHaMA. QUeBHAHO, UTO Pa3sHOH PEOMETPHH COOTBETCT-
BYIOT H pasHble AHMOAbHBIE MOMEHTH, 4 MDA H3MCHEHHH IeOMETPHH
¥ pacmpejeficHHs 3JEKTPOHOB YAacTO MEHSETCA TaKkKe CHJla KHCJAOT
uan ocHoBawumit [15). Hanpumep, 2-Hadron B cocrosuuu Sy sBAA-
eTcA HamHoro Gogee cuiabHol kucaorofi (pK=3,1), ueM B ocHOB-
HoMm coctoanun Sy (pK=9,5) [16].

7.5. doroauTHYECKOE PACleNTeHHE

Kax yxe rooprioch, KOrga MOJeKyJa NOTMIOHIAaeT KBaHT CBeTa,
OHZ NepexoAHT B Bo36Y:xAeHHoe cocrosune. ONHAKO 3TO He eiuH-
CTBEHHLIA BO3MOXHHE pesyabraT. Jlockoanky sHeprus BHEAHMOTO
H YALTPadHOJETOBOrO CBETA HMEET TOT Ke MOPAJOK BEJIHYHHH, 4TO
H 9Heprus KoBaJieHTHON cBA3® (puc. 7.3), MoJjeKyaAa mnof, Reficr-
BHEM CBETa MOMET pacm,enmbc;l Ha AB€ JaCTH, 3TOT Npouecc HO-
CHT Ha3BaHHe goroausa. OH BO3MOXKEH B TPex caydasx.

1. IMepexoa snekTpoHAa MOMKET NPHBECTH MOJICKYJAY HAa OUeHb
BHICOKHH KoJeGaTenvHEldl ypoBeHe (Ha pHc. 7.2 OH oGO3HaueH JH-
Hueil A, pacnosoxeHHoft sHile npasoit serBn Kpupoi Ep). Toraa
BO3OYXAeHHAA MOJEKY/Aa pacllienasercsd NpH NepBOoM Xe KoAeGaKHH.

2. MOJ'IEKYJI& MOXET pacCllenNATbCA Jame B TeX CJayHadaX, KOrjaa
Tepexol 3JMeKTPoHA NMPHBOXKHT ee Ha Gogee HH3KHA KoaebaTenbHbIH
ypOBeHb, PacnoJOMeHHHHE B npeaenax npasod BeTBM kKpusoRt FEj
(ranpuMep, yposau V; uau V;). Kak sugno u3 puc. 7.2, papHosec-
Hbl€ PACCTOSHHS B BO30YMASHHOM COCTOSIHHH GOJbLIE, YeM B OCHOB-
HoM. CoriacHo npuHunny ®parka — Kondoua, nepexon sJaeKTpoHA
OPOHCXOAHT HaMHOTC OhicTpee, ueM ORMHOUHOe KoJelaHue,
a HMeHHO 3a 10~ u 1012 ¢ coorBercTBenHO. [losToMy cpasy nocae
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l&
Pyc. 7.3. Tlepexom 8 MHCCOHMHATHB- {6
HOE COCTOAHNE NPHBOAHT K paciuen-
JIEHAI0 CRA3H. Mewzndepuoe pacomoansiee

Tobauye 7.3, THnHHHHe  SeTHUHHDL
SHeprHH HEKOTOPHX TPOCTHX KOBAJNEHT-
HHX cBsaell (cM. Taba. 1.6) W cooTserer-
pylompe HM NpHOAM3ATENEHLe 3Haue-
HHA AARH BOJH

E,,
Cefstk KKan/Moms M MM
C—H 95 300
C—0 38 325
C—C 83 345
Cl—Cl 58 495
0—0 35 820

nepexoha SJAEKTpPOHa, Aa)Ke Ha HH3KHMH KoJjeGaTeNBHHH YpOBeEHb,
paccTofiiHe MeXJY aTOMaMH MO CYUIECTBY OCTaercs NMpeKHUM, H
MOJIeKYJa OKa3HBAeTCH B CHATOM COCTOAHHH, BHIATH H3 KOTOpOro
OHa MOJKeT TOJbKO NYyTeM pa3phiBa CBS3H.

3. B HexOTOPLIX cAydafx BO3GYXKAEHHOE COCTOAHHE OKa3HBaeTcs
NOJHOCTBIO JLHCCOUHATHBHHM (pHC. 7.3), 7. €. aTOMH HaxXoRATCA
Ha TAKOM pacCTOAHMM JPYT OT JApyra, MpPH KOTOPOM NPHTAXKEHHE He
MOMXET NepecHNHTh OTTAJKHBAHHE, B 3TOM CJhydae MOJEKYJa pileX)og
KHa pasopsarhed. Tax, B Moaekynae Boaopona nepexopx o—o*
BCerfla NPHBOAMT K paclienfieHHIO CBA3H.

IIpe doronkTHIECKOM pacllemJIeHHH MOryT ofpasoBathCd [HBe
MEHbIHe MOJIeKYNBI HAH NBa CBOGOAHHWIX paAkkana (pasi. 7.7);
olpasoBanHe ABYX HoHOB HabJiofaeTcd KpafHe pearo. CBoGoaHHe
panuKkaJe, ofpasyiomuecst npu orToaHse, BeXyT cefd TaK Xxe, KaK
H ¢BoGOABHE paRHKAJH, NOJYUeHHBE AOOHM ApYraM nyTem (rua. 5),
33 HCKJIIOYEHHEM TeX CjydaeB, KOrAa OHH HAXONATCH B BO3OYKIACH-
HOM COCTOAHHM.
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Tabsuya 7.4, dHanvecKHe Nponecck, KOTOPHM NOABEPraloTcs BOIGYXKNCHHEE MOJe-
KyAu (HAOCTPOMHEH SHAYOK © YKASHBAET HA KoJdeSaTeNbHO-BOaGYMAEHNOE COCTOR-
HHe; BoabyMIeHHBe COCTOAHAA BEIUe S; BAM Ty onyweHm)

So+ hv=5S’ Boabyxnenne
$,° "8, + esibenchire menna KonreGarenbasn penaxcanug
S5, 8, +hy Dayopecuenuys

S, ~ 8, + aviferenue menna BHYTpeHHAA KOHBEpCHS

8, ~T° Hnteprombunannonnan KoHBepeHs

T,?» T, + euxrdanenve menna KoneGarentHan pedaKcalna

T, ~Se+hv Docdopecnenis

T, 8y + esidenenue menoa HHTepKOMGHHAUHOHHAA KOHBEDPCHA

S+ Ag, 5+ Ay, Cruraer-cHuraeTHHH nepexon (poTocencHOH-
AnsanEg)

T, +Asy—So + Ag, Tpunaer-tpAMAeTHLI IEpexon
(doToceHcHGRAR3AUNS)

7.6. NMpeppamennst Bo3OyXKHeHHMX MoOJeKyd. PH3HUECKKE
nponecchH

doroxuMHYecky B0O3GyKAeHHAS MoJeKyJa He MOXeT npelH-
BaTh B 3TOM COCTOSIHHH Johroe Bpemsf. OGHYHO NMPOHUCXOLAT mMepe-
X0H H3 COCTOSIHHA So B cocTosinue Si. Kak yxe rosopuaocs, me-
Riexo,nu H3 COCTOAHMSA S¢ B TPHIJNETHbIE COCTOSHHA <«SANpelIeHbI»,

OrYT NPOACXOAHTHL NEpexoinl B S; B GoJ/ee BEICOKHE CHHIVIETHHIC
COCTOAHMA, OAZHAKO B JKHAKOCTAX M TBePAHX TeNaX MOJEKYJH
06b1yHO GHICTPO BO3BPALLAIOTCH U3 STHX BHICOKOBO3GYKASHHHX CO-
crosHuA B cocrodHHe Sy 3a Bpems nopagka 10~13—10-4! c. Boue-
AKIOWAACE NPH 9STOM IHEPrHA MAJLIMH HOPUMSMH MNepedaeTcsa
B OKpYXKalolllee NPOCTPAHCTBO NPH COYIAPEHHH C COCEAHHMH MOJe-
KynaMi. Takolt mpouecc HasHIBAIOT IHEPZETUHECKUM KACKAOOM,
AHaJorHyHBIM 06pasoM NpH BO3GYKAecHUH A0 GoJee BHCOKHX CHH-
IJIETHHX COCTOAHHII W cHajie A0 COCTOAHUA Sy CHayajia sacenadercd
MHOXeCTBO KoJeGaTeabHHX NOAYpPOBHed S;, HO Bce OHH, TaKiKe
KacKajgHO, NepeXOAaT K cAaMOMY HH3KOMY KOJe(aTeJbHOMY YDOBHIO
S, KOTOpH B GOJBIIHHCTBE C/IYSach OKA3WBAECTCH CAHHCTBEHHHIM
BaXKHBHIM BO30YXKIeHHBIM CHHIJIETHbIM coctosHHeM [17]). Monekyaa
B TaKOM COCTOAHHH MOXeT MOABEPraTbCH PAa3NHUYHHIM (HIUYECKHM
H XHMHYECKHM NpeBpalleHHsAM. B raba. 7.4 npeAcraBieHnl (pusnde-
CKHe myTH NPEeBPalIEHHA MOJEKY/] B COCTOAHHH S; B B BO30YyXAeH-
HBX TPHILIETHHIX COCTOSHHUAX; 3TH AYTH TOKAa3aHH TaKiKe Ha MOAH-
PpuuMposanHoi auarpamme J6J0HCKoro {puc. 7.4).

1. Monekysla B COCTOIHHH S, MOXKeT OTAABaTh CBOIO SHEPTHIO
HeGOMbIIMMY MOPUHAMH, nepexois ¢ 6ojee BHCOKMX KoJaeGaTenb-
HEIX YDOBHEH Ha Gojiee HH3KMe H B KOHII¢ KOHIOB BO3Bpalllasich
B OCHOBHO¢ cocTofiHMe. [loCKOABKY B HCXOBHOM COCTOSIHHH MoJe-
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Puc. 74. MoxndruupoBannan Inarpamva SI6AOHCKOro, TOKa3WBaoWAas Nepe-
XOHH H3 OCHOBROTO COCTOSHHA B BO3OYRIAeHHGE.

MpAMKHMA AHMAEME NOKAIAHM HAAYYATEARHHS HepeXOAW, BONHHCTHIMH AHHHAMH - Ge3many-
qaTenbAle Nepexofil. I1C -~ BHYTPEHEXA KOMBepeHA, 1SC — MHTepROMOWHAKRONHAN  KOH-
BepCHA, m’:— hayopetoenuun, pr — tocdopecuesnusg,

KyJa ofinapgaer GONbIIHM 3amacoM SHEPTHH, STOT NpOLecc, Ha3b-
BaeMufi snyrpennell xonsepcued (IC), NPOHCXOANT AOBOJBHO Med-
AeHHo, ¥ 60Jbmag YacTh MOJEKYA B COCTOSIRHH S mpereprnesaeT
HApyTHe npeppailleHus [18].

2. MoJieKyAH B COCTOAHHH S; MOTYT Cpa3y NepefiTH Ha OAHH H3
HA3KHX KoJeGaTeNbHHX YPOBHEH COCTOSHHA So, OTAAB BCI0 H3GH-
TOYHYI0 3Heprmic B ¢opMe cBeTa. 3T0T Npouece, NPOHCXOAAUIHH
o6pgHO 3a BpeMsa nopaaxa 10—° ¢, "aswBaeTca gayopecyenyued,
3TOT OTHOCHTENbHO MeAJCHHHIH npolece XapaKTepeH IAaBHBLIM 06-
pasoM AAA MajHX MOJEKY/, HalpHMep ABYXaTOMHHIX, H MOJeKyJ
C MecTKOH KoH(urypauueH, HanpHMep apoMaTHyeckHx. Ina 6ois-
IMHHCTBA APYTHX coelHHeRHH dyopeclUeHUNA odeHb chnalad, U qa-
CTO ee HEBOSMOMKHO NeTeKTHPOBaTh. CNEKTPH (JyOpecleRTHOTC H3-
JygyeHHd OOHIYHO NpPeACTABAAIOT CoGoR 3epKaJbHoe OTOOpaKeHHE
CHeKTPOB norJollleRus. Opnaxko sTO orofpaxeHHe He TOYHOe,
2 NPHOAUSHTENbHOE, MOCKOJbKY (IyopecuupymoImye MOJeKyIH me-
PeROAAT ¢ CaMOTO HH3KOro KoJebaTeJbHOTO YPOBHA COCTOAHHA Sy Ha
pasanyHHe KoJdeGaTesbHHE MOAYPOBHH COCTOSAIRUA So, TOTKA KakK
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v, Puc, 7.5. Hepexoa n OPECUEHIHS
v MeXAY COCTOSHRAMA S; B So
8 - v, NpH BO3GYNKASHHH MOJCKYJAH

NEPeXOAAT € CAMOrO HHSKOTO
Kosle6aTensHoro ypoBHA S; Ha
pasnuYHHe KoXebaTenbHEe I0M-
Vs yposuu S; (puc. 7.5). Eauncr-

5: BeHHHM OOGWIKM NHKOM SBJR-

v eTcs MUK, COOTBETCTBYIOMMH me-

% y o pexozaM MeXIy CAMBIMH HH3-
fepexod KHMH KoJleOaTe/lbHHMH YpOB-

HAMH JBYX COCTOAHHHA, T. e.
MexAy ypoeHeM Vp OZHOro COCTOSHHA H yposHem Vg Apyroro co-
CTORHHA; 3TOT obumfi NHK olo3nauaiT obbiuno 0—O0, B pacrsopax
Aaxe mHKH 0—O0 MoOryT He COBnajaTth, Tak KaK ABa COCTOSHHASA
COJIbBATHPYIOTCA NoO-pasHoOMy. (PayopecueHUHA HOYTH Bceria Obl-
BaerT BHI3BAHA nepexoAoM Si—Sp; HCKAOUEHHe COCTABAAIOT as3y-
JeR H ero npocTHe npoussoause (pasa. 2.10) [19], dayopecuent-
Hoe H3JIyueHHe B KOTOPHX CBASAHO C mepexogaMu Sy—Sp.

JliobHe XHMHUeCKHe PEaKLUHH B COCTOSNHHH S; MOMXKHH NpoHC-
X0AuTb OYeHb GHCTpPO, HHAWe HX ONEPENHT Rpoluecc QayopecieH-
A,

3. BoabluHHCTBO MOJIEKYA B COCTOSIRUH S; (X0TH, KOHEUHO, na-
JIEKO He BCe) MOTYT NPETEpNEBATb LHTEPROMOURALUOKNYIO KOHBEp-
curp (ISC), nepexops B caMoe HH3KOe TPHIIETHO® cocToAHHe Ty
§20). IlokasareabHHM TpuMepoM CAYXHT GeHsodeHOH, B KOTOPOM
noute 100 % monexys, BOSGYXRAEHHHIX A0 COCTOARHA S;, nepexo-
JAT B cocroanue Ty [21]. MATepkoMOuHauonHas KOHBEPCHA K3 CHH-
TAETHOTO COCTOSAHHSI B TPHIAETHO® OTHOCHTCA K paspsaly CIHH-323-
TpelleHHHX, TaK KaK OHAa CBA3SAHA C H3MEHEHHEM YIVIOBHIX MOMEH-
TOB {pasa. 7.2), HO OHa YaCTO NPOUCXOIMT 3a CYeT KOMIEHCALHH
BHYTPH CcHCTeMH 6e3 noreps 3Heprun. CHHIVIETHOE COCTOSTHHE
OGHYHO HMeeT GoJée BHCOKYIO DHEPrHIO, UeM COOTBETCTBYIOILEE
€My TPHNJETHOE COCTOAHHE; CAHH M3 NyTedl BHICBOSOMKAERHA. H36LI-
TOUHOl JHEPTHH COCTOUT B Nepexoje MOJISKYJAH H3 COCTOAHHE Sy
Ha BHCOKHH koJeSaTedbHMA ypoBeHb cocTossHHS Ty, a4 3aTeM B Ie-
pexofie No KoAebaTeNbHHM YPOBHAM COCTOSHMA T4 K CAMOMY HH3-
KOMY YPOBHIO (CM. pHC. 7.4). 310T KacKaiHHA mepexod NPOHCXOLHT
oueds GHcTpo, 3a 10-1% ¢, Ecnu 3acenenn coctosnust Ty u Apyrie,
Gonee BHCOKHE, OHH TaKKe OHICTPO KacKafHpYIOT K cCaMOMy HH3-
KoMy KoJeGarelbHOMY YPOBHIO cocTosHHA Ty

4. Monekyna B cocrofnun 7y MOXKeT BepHYTbCA B OCHOBHOE CO-
cToAHHe Sp NyTem BHIeNeRUA SHEPrHH B Buje TenJaa (HHTepKOM-
GHHAUHOHHAA KOHBepcH#) mAH cBera (hocopecyenyua) {22). Ko-
HEUHO, H 31eCh CYIIECTBYIOT NMPeNATCTBHA, CBA3aHHHE C YIVIOBHMH
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MOMEHTaMH, TaK 4To ofa mpouecca, H HHTEPKOMOHHALUOHHAS KOH-
BepcHd, B (ocdopecieHIHs, OYeHb MenjeHHHe (-~ 10-3—101 ¢).
310 o3Havaer, 4To cOCTOAHHA Ty HMEIOT HaMHOro GOJabLIKe BpeMeHa
KH3HH, yeM cocTogHuA Si. Ecina 06a npouecca npoucXoaaT B OfHOM
H 10l xe MoJexkyne, pocdopecieHiys Habnoaaerca npy 6oJee HU3-
KHX 9acTOTax, 4eM QayopecleHnus (MOCKOJbKY Pa3HOCTb SHEPrHK
Mex{Ay COCTOAHHAMH Sy U So O0Jblie, YeM MEKAY COCTOAHHAMH Ty
H Sp), H B TedeHue Gojee NJAHTEAPHOrO BpeMeHn (Gnaropapsa GoJan-
LeMy BpeMeHu XH3HH cocToanas Ti).

5. Eciin HH ON{HH M3 ONHCAHHLIX BhIIIE MpOLECCOB HE YCheBaer
NpPOM3OHATH, MONEKYyAa B Bo30yxxAeHHOM cocTossHEM (S; uan Ty) Mo-
eT nepeAaTh BCIO H3GHITOYHYIO SHEPTHIO coceANell MOJMeEKyNe; 3TOT
npolecc HOCHT HasBauue gorocencubususayuu [23]. Tlpu stom Bo3-
6yxxneHnas Mmoaexyna [aoHop (D)] mepexoaur B cocrosHue S,
TOrAa Kak Apyras Monekyha [axuenrop {A)] cTaHoBHTCA BO3GYXK-

AeHHOH: D* + A At 4+ D

Taxum o6pasoM, MOJIEKYaa MOMKET AOCTHYb BO3GYXKUEHHOIrO cocTod-
HHA 08yMsa NYTAME — NOIVIOTHB KBAHT CBETA HJH NOAYUHB SHEPIUIO
OT Apyroft BosGyxueHHOR MoJekyJau [24]. Moaekyay-A0HOp B STHX
cAyYasix Ha3HBAKT TaKe porocencuburusaropom. IlepeHoc sHep-
THH OT BO3OYXACHHON MOJEKYAbl NOAUHHAECTCH NpAsuAYy coxpaxe-
Hewun cnuna Buznepa, 3TO NPABUNO ABJAETCS YACTHHIM CJAyYaeMm
3aKOHA COXpaHEHHS MOMEHTd4, O KOTOpOM TOBopHJIOCH paHee. Co-
rJacHO npaBaiay Burtiepa, cyMMapHHIAi CIHH CHCTEMH HE MeHseTcs
B pesysbTaTe nepeHoca sHeprud. Hanpumep, npH BaaHMoaeficTBHH
TPHIJIETHON M CHHIJIETHOM YaCTHU BOSMOXHB CJeAYIOLIHe BapH-

anru [25): D A D A* .
() + 1 — 4+ (W) cuwesem u mpunnem

— 4t fgdem i« Gdnem
—s ft + | + 1 mpunrem u doa Jybnerme
—s 1 +1+1mmmaa‘kaiydnem

Bo Bcex cayuasix pacnpelesieHHe CHHHOB B NPOIYKTaxX TOYHO TaKoe
e, KaK B HCXOAHHX MOJAeKyJlax (TPH CMHHA HANDABJEHH «BBEPX»,
yeTslpe — «BHH3»). JIpyrHe BapHaHTH, cKaxeM ofpa3oBaHHe ABYX
tpunaeros (14+§}) une asyx cunrneros (t§+4{), kaKk B 6cHOB-
HOM, TaK H B BO3GYXKACHHOM COCTOSTHHE NPOTHBOPEYHJH OLl IpABHIY.

JBa THOHYHWIX cayyas QOTOCEHCHOHAM3ALMH, COIVIACYIOUIHXCH
¢ npaBriaoM Buriepa, 3akjioyalTcs B Nepexofax TPEIJAET — TPH-
AT H CHHTJIET — CHHIJET:

Dy, + Ayy— Ay + D,, AEDETOF PIPALIICRT-TIPALILIET

Dy, + Ag—> A;, + Dy IpEDd CHNEEMI-CUNSIITT
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CHHIVIET-CHHIJIETHHE TIEPEXOARl MOTYT NPOKCXOAHTb HA OTHOCH-
TebHO GOJBIINX paccTOAHUAX, Ho 40 A, a pJjist TPHNJAETHHX mepexo-
aoB o6HYHO TpebyeTca CTOJKHOBeHRe MOJSKYHa [26]. C nomomipio
thoTocencHGHAN3aALKEH 06OKX THIOB MOXKHO NOJYYHTH BO3OY:KACHHHE
COCTOMHHA B TeX cJydasX, KOTAa HX TPYAHO reHepHpPOBATh NpS-
MBEM 0GJyYeHHEM, YTO AeAaeT (GOTOCCHCHOGHINIAMIO BAXKHEIM METo-
JoM mnposefeHns ¢doroxumAveckHx peakuuil. OcobeHHo sTO Kaca-
eTCA TPHIJICT-TPHILIETHRIX MNepexofioB, NOCKOJBLKY TpHIJETHHE
COCTORHHS TOpasfo TPyAHee, a HHOrAa H HEBO3MOXHO NOJYYHTD
npAMEM o6aydeHHEM H TIOCKOJbKY NepEeHOC SHEprHH myreM ¢oTo-
CeHCHOMIM3IAUHYE HAMHONC BEpOfiTHee IJIA TPHMILIETHHX COCTOSHEM,
HMEIOHIHX GoJblllee BpeM$s XKH3HH, GeM CHHIJETHHE COCTOAHHS.

@oToCeHCHORJH3AHA BO3MOXH2Z JHINL B TEX CAydYasX, Koraa
SHepres AoHopa D* npepnlilaer SHepruio BO3GYMAESHHOTO aKlenN-
Fopa A% H H3OBITOK SHEPTHH NEpeXOfHT B KHHETHUECKYIO DHeprHIo
npoaykros D u A%, Tak 4ro mpexae, 1eM NPoBOAHTL GOTOCEHCRGH:
JIH3aLHI0, cAellyeT BHACHATD SHEPIHIO STHX cocTodHmA. B Taba. 7.5
NpRBeACHH 3HAYEHHA SHepruif HEKOTOPHX TPHIJETHHX COCTOAHHMA
[27). Bubupas dborocencHbunausarop, ciaeayer usberaTb TeX COefH-
HeBHH, KOTOpHE MOIJIOIMAICT B TOH ke OOMACTH, 4TO H aKLENnTop,
TaK KaKk B INPOTHBHOM cJy4ae MOCAEAHHH OYHAeT KOHKYPEHTHO [o-
raoumats cser [28). TlpuMepnl HCnOAb3OBaHHS (OTOCEHCHOHAHSAUMH
RJasi NpoBeleHHs peaknu# cM. T. 3, peakuuu 15-38 m 15-48,

Tabauya 7.5. DHepTrUH HeXOTOPHX TPHNJETHWX cocrospua {27]

Cotnruende K?‘:: whgerd Cocpunenne xgna: Ayt
Bexaon 84 Juauerns 55
Anetodeston 74 Benanx 54
Benaodenon 69 [upex 49
Hadramin 61 Anrpauen 47
Xpusen 57

7.7. Nipespanenna Bo30yxAcHHX MOMeKyJd. XHMHYECKHE TPOLECCH

Kax cuHrjleTHbie, TaK # TPHIJETHHE YACTHUH B BO36YKIEHHOM
COCTOSHEH MOTYT [OABEPraThCAd XHMHYECKHM peaKUHAM, OXHAKO 3TO0
Gosee xapaxTepHo MAA TPHIJIETHHIX COCTOAHHH NPOCTO MOTOMY, 4TO
OHH, -KaK NpaBHJAC, HMEIOT HaMHOTO GoJbilee BpeMs XH3HA. Boa-
Oy>XKIeHHble CHHIJIETHHE YACTHLH, BPEMf JXKH3HH KOTOPHX B 00Jb-
IMHHCTBE c/AyvYaeB He npesuiliaer 10~1° ¢, nperepnmeBaloT OoAHOC H3
({H3nvecKHX TpeBpallleHnll, ONMCAHHHX Bulllle, Npexiae 9eM ycie-
BAIOT BCTYNHTD B XHMHUECKYI0 peakuuw. [lostoMy doroxuMus as-
JisfeTcs B OCHOBHOM XuMHEel TpelJeTHuX cocroanui [29]. B raba. 7.6
{30] mpuBejeHH BO3MOXHHE THNH XHMHYECKAX NpespalleHHi BO3-
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Tabauna 7.6. Tlepsuunsie HOTOXHMEYECKHE peakuun Bo30ymaeHHOE MOMeKY/IHt
A~—B—C [30], [Ipumepts AaHH B TeRcTe; HAHGOCe TUNHYNE PEARNME, OTHOCHMEECH
K Kareropuss | H 2, a TAKIKe — B NPKCYTCTBHE NOAXOAAMeENR MO/IeKyAH-aEUENTODA —
K Kareropuu 7 '

i. (A—B—~C)—+ A—B- 4+ C. Pacmennenne Ha cBoSogsne pafHKANN
2. (A—B—C)—~E+F Pacnan Ha MoaeKyau
3. (A—B—C)—~ A—C—B BRyTpEMONEXyARpHAS  Heperpynmu-
poBKa
4, (A—B—-C}—~ A—B—C’ doronsoMepHIalng
5, (A—B—C)ﬁ-—a— OTpHB BOJZOPOAS
RH L, A—B—C-H+R:
6. {(A—B—C) — (ABC), PoroarMepusals
7. (A—B—C) 2~ ABC + A* @oTocencHOUIALHA

OyxaeHHbx MoJiekya [31]. IlepBrie uerbipe THNa OTHOCATCA K MO-
HOMOJIEKYJISipHRIM, a OCTAJbHHE K GHUMOJEKYAAPHHIM PeakHHAM.
B nocnexnneM ciayyae pedb HAET O peakUuH Mexny BosGyxIeHHOH
MOJIEKY/IOH 4 HeBO3GYAKAeHHOA MOJEKyJNOH OJHOIO H TOFO e Hid
pasHHX BeINECTB; B3aHMOAEHCTBHE ABYX BO3GYKAEHHHX MOJEKYJ
Lpyr ¢ ApyroM HaGalojdaeTcs peAko, TaK Kak KOHUCHTpaKHsa BO3OYK-
JeHHBIX YacTHE B JIOG0ff MoMedT BpeMeHH ofbiuHo EW3Ka. Ilpuse-
JeHusle B taly, 7.6 peakuHH OTHOCATCHA K NEPBHYMEIM MpOIECCaM;
3a HHMH 9YaCTO CJeAYIOT BTOPHYHLIE peaKuHH, IOCKOJBKY IiepBHY-
Hbie NPOAYKTH MOTYT GHITh OYeHbh PpeaKUHOHHOCTIOCOGHLIMY, KaK, Ha-
npEMep, ¢BOoGOAHHe paaWKann HaM KapGedn. Jaxe ecnuw B pe-
3yJbTaTe NepBHYHOR peakuHk 06pasyloTcs oOHYHBIE MOJEKYJH, OHH
YacTO HAXOAATCH HA BHICHIHX KojeGaTefbHBIX YPOBHAX U TOTOMY
ofnanaoT u36LHITKOM 9HeprHH. B GOJBINHHCTBE cayyaeB IlepBHYHHE
NPOAYKTH (OTOXHMHUECKHX peakuufi HaXOAATCH B OCHOBHOM CO-
CTOSIHMH, OAHAKO H3BeCTHH M Hckaiovenns [32]. ¥ia peaxkuuii, npu-
BeAeEHHX B Ta6n. 7.6, HauGoaee pacHpOCTpaHEHHHMH SBAAIOTCH
pacuenJienue Ha ceobojnEle paaukaan (1), pacnax Ha MOJeKYyJH
(2), a Taxke (B MPHCYTCTBHH MoAXojAulero akuentopa) ¢orocen-
cabuausauua (7), koropasa yxe obcyxpanach panee. Huxe npm-
BeIEHH THMHUHHE NPUMepH peakunit us kateropufi 1—6; Apyrme
TIPUMEPH PacCMATPHBAIOTCA BO BTOPOH YacTH HACTOsULeR KHHTH.

Kareeopun 1. Pacwenasenue na ceobodusie paduxasst. Anbfe-
THAH ¥ KeTOHH norioutanoT B ofaacra of 230 ao 330 um; cumra-
ercd, YTC INPH STOM [POHCXOLHT CHHIVIET-CHHTJETHBH nepexon
n—n*. 3areM BO3GYXAeHHLH aJbJern] HJIH KETOH MOXeT pacimien-
AAThCH ¢ 06pasoBaHHeM CBOGOAHEX paAukanos [33]:

R'—(H:—R N R'—C: + R
0



318 IJIABA 7

TpaMeHHTENPHO K KETOHAM 3TOT NPOLECC HA3LIBAeTCsl pacujente-
Hues tuna I no Hoppuwy, wnn npocto pacwjensexuex runa I.
B peayabTaTe BTOpHYHON peakuunm aumi-pagHkaa R'--CO. moxer
teparb CO ¢ ofpasopanreM paxukano R’». JIpyruM npumepom pe-
akuuf xateropnd ! cayxur pacmennenne Cl; ¢ o0pasopaHueM ABYX
aToMOB XJopa. Jlerko nmoafanTcs POTONHTHISCKOMY paculenAeHHIO
Takxke cBisH O—O B nepokcucoearnennsx 1 C—N B anrdartnye-
ckHx asocoeiutennax R—N=N—R [34]). Tlocsrennni npouecc
HpeAcTaBaseT BaXKHHHA MeTOX NoJyYeHHs pafHkanoB R, Tak kKak
BTOPHIM TPOAZYKTOM peaklHH fBJHETCH OUEHb YCTOHUMBAS MOJie~
kyna Nj.

Karezopusa 2. Pacnad na mosexyast, Anpperugn (HO He KETOHH)
MOTYT TaKKe TOABEpPraThCs pacmafy A0 MOJEKYJ; 3TOT Hpollect
HOCHT Ha3BaHHe peaxkuuH skcTpysuu (r. 4, i 17):

R_(I;._H 2. Rr—H +CO

AnbIeruapl M KeTOHH € aTOMOM BOAOPOAA B Y-NOJAOKEHUH MOFYT
nperepneBaTh H APYrofl BHA paculenieH#s, a8 UMEHHO B-3/HMHHHPO-
Banme (1. 4, ra, 17):

n,cu—cu,—(ﬂ'—-n’ . R,C=CR, + R;CH—(li—R'
o

3ra peakuns, HasbiBaeMmas pacuientenuesm tuna 1l no Hoppuuwy
[35), sakniouaeTcst BO BHYTPHMOJICKYJIADHOM OTDHBE aTOMa BOJO-
pPOAa H3 y-NONOKEHUA K NOCNeRylolleM pacllenyieHkhH obpasylome-
rocsi OupanHkaja §36] (eTopuyHasm peakurs) c ofpasoBaHmeM
€HOJIa, KOTOPH i TayTOMepHSyeTcs B albjeTHA HJH KeToH [37]. B oty

R OH
R R’
R R
R R
E ]
HQ H O so =
¢ Gk 2. | rR¢ Tk RE (R
M () ompys T \__J
cuNenent wmt Bupadunasr
mpunnem I

CR,=CR, + Ho-(ﬁ*——n' — 0=('3—R'
CR, CHR,
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peakuMi0 BCTYHAKT MOMEKYJH KAaK B CHHTACTHOM, TaK H B TPH-
naetHOM coctosinan n, ni* {38]. TpoMexyTounHit GHpaABKan Moxer
TaKXe UWKJIH30BaThca ¢ ofpasoBaHieM UHKIO0YTaHOHA, KOTOpPHIH
9acTo sApasiercs MOGOUYHHM NpoAyKTOM. B peakuuic MOryT BCTY-
NaTh TAKKE CAOXKHHE 3QUPH, aHTHAPHAB! KHCIOT W APyrue Kap6o-
HHJAbHHe cocardenna [39). Eme omaaM nmpuMepoM peaknmwH B3 Ka-
Teropad 2 caAyXKHT POTONH3 KeTeHa ¢ o6pasosanHeM KapGeHa B CHH-
TMIeTHOM M TPHOJETHOM cocTosaHHsX (pasa. 5.12), npuzem nocaex-
Hee MOJAy4AeTcH ABYMSA NYTAMH:

CHy=C=0 ¥ , (H,=C=0(S,)» CH,+ CO
| !

CH,=C=0(T,)— *CH, + CO

Karezopus 3. Bryrpumosrexysaprasn nepezpynnuposxa. Ipu 06-
JIYUEHHH O-HUTPoGeH3aAbRErHA0B 06pa3syloTesl o-HUTpo3obeH3ofHbEe

Kucaors [40]:
CHO COOH
SOMTS

Bosmoxkno, 3TOT npouece He OAHOCTAMHAHHMA, a COCTOHT B OTHIEN-
JIeHHH KKCnopoaa ot rpynny NO; 4 nocaenyiomeM B3aHMOAeHCTBUH
ero ¢ rpynnofi CHO.

Karezopus 4. Porousomepusayus. Camoli TUIHUHON pearuued
H3 3TOR KaTeropHd RBasieTcA POTOXHMHYECKASA YUC—TpaHC-H3OMEPH-
3auus [41], nanpuMep NpeBpameHe Yuc-cTHALOCHA B TPANC-H3OMED:

P*!l ___C/Ph B P\C__C/H
A=C TN

H H H Ph

Mrorine oaepuiH B BO3GYKASHHHX COCTOSHHAX, KaK S, Tak # Ty,
HMEIOT He NJOCKYIO, 8 NepHeHAHKYAIpHyIo dopMy (pasa. 7.4), npu
KOTOpO& HcUesaeT HucC — TPANC-H3OMEepPHS, NMO3TOMY OpPH BO3Bpa-
LeHAH MOJEKYJL B cOCTOfHHE So MOKeT ofpasopaThes JOGOH u3
AByx u3oMepoB. [lokasaTeJbHHM MPHMEPOM CAYKHT GOTOXMMHAYE-
CKO€ mpeBpaleHyue HuC-IHKIOOKTEHA B ropasflo MeHee YCTOHURBHIN
Tpanc-uzoMep [42]. Ipyrofi mHTepecHu i mpuMep NMpeAcTaBIAET H30-
Mepu3anufA asokpayH-3¢upos. Tak, xpayn-s¢pHp 1, B X0TOpOM CBA3b
N=N uMeer auTu-KORGHIYpALHIO, NPEHMYUIECTBEHHO CBASHIBAET
"o *NH,, Lit n Nat, Toraa Kak cux-nzoMep CBASHEAET INIABHHM
ob6pasoM wHouwt K+ u Rbt (pass. 3.2). Takum o6pasoM, HpPOCTO
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BKIWUAA HIH BHEJAOUAA HCTOUHHK CBeéTa, MOXHO CEJNEXTHBHO BH-

O

\N/'\/O 0 (=0
e M
NN
1

JleHTs HYXHBIe HOHH HAHM BBecTH HX B pactBop [43]. K karteropun
4 OTHOCATCA TaKKe CaAcAyloumine peakunu [44]

e
> s 2
C‘"IT

aoecma-3,5- duean

O1r EpHMepH TOKA3HBAIOT, 4TO € MOMOWIbLK (OTOXHAMHYECKHX pe-
aKiAf MOXHEO OUeHb JIETKO NOAYYHTH COEAMHEHHS, CHHTE3 KOTOPHX
BHI3HBAeT GoJblliHe TpyAHOCTH. CXOAHHE PEAKIHH PaccMaTpHBa-
10TCA Ha IpuMepe peakildu 15-48,

Kareeopun 5. Orpue aroma eobopoda. Ilpn o6nyueHnu Genso-
(deHOHA B H3ONPONHIOBOM CIHDTE CHAaYaNa TeHEPHPYETCH COCTOAHHE
Sy, mepexosiiiee 3aTeM B COCTOSHHE Ty, H MPOUCXOJUT OTPHE BOLO-
poAa OT MOJAEKYJH PacTBOPHTENH ¢ 06pa3sOBaHHEM KeTHJ-pajHKana
2, 3ToT paAdKaN OTPHBAET ellle OAUH aTOM BOLOPOAA, RaBas GeH3-
raapos (3), HaH AHMEpH3YETCa B0 GeHaNHHAKOHA (4):

Ph—(lf—l'h Ph—(I'Jl-[---PI:
0 OH
3
hy wro-
W o
Ph—C—Ph 25 Ph—(l'r'——thﬂr Ph—C—Ph s Ph—CIZ C—Ph
on ¢ OH OH

$ . Ty 2 4
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TipaMep BHYTPHMOJEKYJSIPHOTO OTPHBA BOXOPOAA NPHBOAHACH
BHIlUE NIpU PaCCMOTPEHHH peaKnH#l xateropud 2.

Karezopus 6. dorodumepusayus. Ilpumepom cayXHT paMepnsa-
MR BUKNcHeHTeHOHa [43]:

&b - OO

OTa M cxoAHbe peakuun obcyxpialores B T. 3, ra. 15, peaknus
15-48,

7.8. ¥cranoBaeHRe MEXauH3MOB (OTOXHMHYECKHX peakuuii [46]

B naeane, aAns ycTaHOBNEGHHA MeXaHH3Ma (oTOXUMEHUECKOH pe-
aKuuH clefoBajlo OHl SHaThb COCTOAHHS 'BCeX. MOJEKYJ, YYacTBYio-
IIMX B peaKkiHH, HX 9SHEPruio H BPeMs JKM3HHW, & TaKKe Bce IO-
GounHe peakusn. IIpakTHyecKd AafieKo He BCe 9TH AaHHHe Obi-
BalOT JOCTYNHHBL. <«YCTaHOBJEeHHe HCTHHHNX NyTell NpeBpallieHusd
BCEX MOJEKYJ, HOrJMOTUBUIAX KBaHT CBETa, H BCeX CBOOGOAHHX paiaH-
KajioB, of6pasyionmuxcst B (OTOXHMHYECKOM Npolecce, NPeACTaBAseT
co00f aHaJAATHYECKYIO 3ajady, pelleHue KOTOpofi A0 HACTOSMUIEro
BPEMEHH eBa JH ORJAC BOSMOXHO.,.» [47] MeToAW ompeseneHus
MeXaHuSMOB (QOTOXUMHUECKHX peaKuufi nmo cyllectBy He oraHYa-
IOTCSl OT METOAOB ONpejeieHHs MeXaHH3MOB OOHIYHEIX- opraHAvYe-
ckux peakupfi (ra. 6): HAeHTHQEKALHA NPOAYKTOB, H30TONHAA
MerKa, AeTeKTHpOBAKHe H YJAaBJAMBaHHe HHTEPMEAHaTOB, H3YUeHHe
KuHerHkH. Ofnako B cayuae oToXUMUIecKUX peaxuufi moasidercd
paj Hoeux (akropoB: 1) obpasoBaHHe GOJBINOFO UHCAA NPORYK-
T0B, R0 [0—15 coepuHeHnf; 2) BO3MONKHOCTL H3YUaTh KHHETHKY
peakudd B 3aBHCHMOCTH OT GOJbLIETO YHC/A MePeMeHHHX, TaK KaK
Ha CKOpOCTh peaklMH BJAHAET HHTEHCHBHOCTb HJIH AJIHHA BOJHH Ia-
AAloWero ceera; 3) BOSMOMHOCTL ACTEKTHPOBATH HUCKJICHHTEJBLHO
KOPOTKOXHBYUIHE HWHTepMeJHaTH, HCNOAb3YS TeXHHKY (haew-(oro-
Ausa. KpoMe Toro, uMelores elie Ba clelHalJbHHX MeTopa.

1., Hapany co clekTpaMH DOTACLIEHHA HCIONb3YETCH . TaKXe
tdayopecuenTHoe B (ocdopecuenThoe usaydenue. Ilo sTeM cnekr-
PaM MOXHO He TOJbKO NeTeKTHPOBATH CHHIVIETHOE WJH TPHILIETHOE
COCTOARAS BO30YXKIAEHHOA MOJIEKYAE, HO H PacCYHTATh BX SHep-
THIO B BpeMS KH3HH.

2. Onpegencuyde X8aHTO8020 8bix00A, T. €. TOA JOAH NOTWIONIEH-
HOTO CBeTa, KOTOpasi BH3HIBAeT NpeBpalleEHe MOJIEKYAH obpasiua.
PasnuwalorT #HecKoMbLEO THNOB KBAHTOBHX BHX0J0B. Tak, nepsusnssd
KoaxTossd euixod (oGosHauaeMHli OOHYHO @) —OSTO T& AOAS
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MOTIOTHBIIKX CBET MOJCKYJ, KOYOpHE YJACTBYIOT B 3TOM KOHKpPeT-
Hom npouecce. Hanpamep, ecau 19 % Bcex Moaekyd, Bo30yXACHHRX
IO COCTOAHHSA Sy, NepexofsT L cocTofnHe Ty, NepBUUHHEA KBAHTOBHI
BHIXOA 3Toro mpomecca cocradisger 0,10. Onrako BeJHYBER nep-
BHYHBIX KBaHTOBHX BHXOACB OOLIYHO TPYAHO BSMEpHTb. KeanToeviil
86ix00 npodyxra ® ana apoaykra P, o6pasyilierocs B pesyJibraTe
poToxuMHYecKO/i peakUHE NepBOHAYaJbHO BO3GYKACHEOH MoJde-
KyJH A, Bulpaxaercs OTHOLICHHEM

O= YHCAO MOJeKya P
YHCAQ EBAHTOB, NOCJIOMEHHHIX MOREKYAON A

KBanToBulii BHXOA NpOAYKTAa HeTPYAHO H3MepHTb. Uncio majaio-
IHX KBAHTOB CBETA MOXHO H3MEpHTh CHEHHAJbRHIM NpHGOPOM, Ha-
SHBaeMbIM GKTUHOMETPOM, KOTOPHIN NpeicTasaser coboll cTaHiapT-
HYI0 (OTOXHMHUECKYH CHCTEMY ¢ H3BECTHHIM KBAHRTOBHM BHXOROM.
Kpauronuil BHXOA Aaer HeHHY0 RAGOpPMaNE O (HOTOXHMEYECKOH
peaxupd. Tak, eC/AH KBAHTOBHA BHIXOZ NPOAYKTA — KOHeWHAR BesH-
YHHA, He MeHAIoulanAcs NPH H3IMEeHEeHHH YCIOBHA sKcilepHMenTa, mpo-
AYKT, IO Bcefl BEPOATHOCTH, oGpa3yeTcA B pPesyJbTaTe NEPBHYHOTO
npoliecca, KOTODHE K onpefeasieT cKopocTb. Eclim KBaHTOBH# BHXOA
NpPOAYKTA NpeBHIIAaeT eHRMLY (B HEKOTOPHX cliyuasx OR AOXOAHT
Ao 1000}, aro ykasmpaer Ha LeNHyi0 peakuuio. DTH peaklUuH pac-
CMATPHBAIOTCH B T. 3, pasi. 14.1.

JHTEPATYPA H NPHMEYAHRA
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KuciaoTel 1 OCHOBAHUSA

B coppemenHofi opraHu4ecKofi XHMHM HCUOJbLIYIOTCH ABE TeEO-
pHH KHCHOT B OCHOBaHHN: Teopns Bpéuctesa u teopus Jlbiouca [1]
STa TeOPHH He MPOTHBOpEYAT APYr APYFY H NPHMEHSIIOTCA IS pas-
HuX uenefi [2].

8.1. Teopua Bpéncrega

CornacHo 3Toft TeopHHM, KHCJIOTa SIBAiETCA JOHOPOM RPOTOHA,
a4 OCHOBAHUE — aKyenTopom nporoxa. Jlaa BaauMomeficTBHA ¢ NMpo-
TOHOM OCHOBAHKE LOMKHO HMETb NMapy 3JeKTPOHOB; 06HUHO 3TO He-
nojeneHnas sAeKTPOHHAA Napa, HO HHOTAA 3T0 R-opGuTaNb. Kiuc-
JMOTHO-OCHOBHAS PeaKUHsA COCTOHT B NIePeHOCe NPOTOHA OT KHCAOTH
K ocHoBaHHI0. ([IpoTOH He cyIRecTBYeT B pacTBOpax B CBOGOJHOM
BUAE, 8 AOMKeH OBTh HpHKpeNfieH K anekTpoHHofi mape.) Koraa
KHCJIOTa OTAAeT IIPOTOH, OCTAIOHIAfCH YaCcTHLEA BCe elle COXpaHfer
9/IeKTPOHHYI0 Mapy, KoTopas panee oOpa3oBHBAJA CBI3b € NMPOTO-
HOM. DTa BHOBb 00pas30BaBlIASICA YacTHLA, MO KpafHefl Mepe Teo-
pernyeckn, MOXKeT CHOBA 3aXBATHTb HPOTOH H HOTOMY ABJAETCA OC-
HoBalHHeM. Ero HasHBawT corpascennsim OCHOBAHUEM KUCAOTH.
BceM KucnotaM COOTBETCTBYKOT COMpPSDKEHHBE OCHOBAHHS, a BCeM
OCHOBAHHAM ~— cOnpascennote KucaotTel. Jl06YyI0 KACAOTHO-OCHOB-
HYIO peakyHI0 MOXKHO OIHCATEL YPaBHEeHHEM

A—H+ B=A + B-H
NERIROMRR ;oS- DS KHCAOTE g
.07 ] NREr
B atom YpaBHEeHHH He HOKa3aHH 3apaid, HO KHCAOTa BCerja HmeeT
3apsif, HPeBHLIAOMINA 3apsAA COMpAMKEH 1010 OCHOBARAA HA +1, He-
3aBHCHMO OT TOrO, SIBASIETCA JiH KHCAOTA NOJOXKHTENAbHO 38paXeH-
HOM, OTPHUATENILHO 3apPSKEHHON AW HeliTpanbHOH. Muorue peme-
CTBa MOTyT ORHOBpeMeHHO o06JiafaTb CnOHCTBAMM M OCHOBAHMA H
KHCACTH; TAKHE COCAHHGHHS HABBIBAWTCH GMPOTEDHOIMLL.
Cuny KuCAOTH: MOXHO ONpENeNHTh KaK Mepy CHOCOGHOCTH OT-

AaBaTL [POTOH, & CHAY OCHOBANUSR ~- KAK Mepy CHOCOSHOCTH IIpH-



KMCJIOTHL M OCHOBAHHS 397

HAMaTb NPOTOH. KHCAOTHO-OCHOBHHE PEAKUHE NPOHCXOXAT gJaaro-
Aaps TOMY, UTO CHAAa PasHbIX KHCJIOT HEOAHHAKOBA. Ecng, Hanpm-
Mep, Takylo Kacaory, Kak HCl, BBeCTH B KOHTAKT C CONPSKEHHEM
OCHOBAHKeM GoJee cjaGoli KHCAOTHL, cKaXeM C aleTAT-HOHOM, TO
GylleT mpOHCXOOUTb Mepenoc mporoHa, Tak kak HCI Gostee ckionHa
TepATh NPOTOH, YeM YKCycHad KHcjora. TakeM o06pasoM, pabHoOBe-

CHe peakuBH

HCl + CH,CO0- ——=— CH,COO0H + CI”

CUALHO CABHHYTO BNPaBo. B To e Bpems npu o6paboTKe yKCycHOR
KHCJAOTH XJOPHA-MOHOM PeaKlUusi MPAaKTUUECKH He NPoTeKaer, TaK
KaK Golee cnabad KHCIOTa YiKe HMeeT NMPOTOH.

- Tlono6ras kapTHHaA BcerAa Hafmonaercs B cayyae ABYX pas-
HHX KHCJOT, MO3TOMY, ONpefenss NOJOMNEHHEe PABHOBECHH, MOXHO
H3MEPHTH OTHOCHTEJBHYIO CHAY KHCAOT H ocHoBauufi [3]. Kosneuno,
eclH ABe KHCJAOTH OAM3KH No cuje, peakuuu O6yayr sabaogaTbed
¢ ofenx CTOPOH, XOTA NojoXkKeHHe paBHoBecHA OylAerT BCe Ke CABH-
HYTO B CTOPOHY Goxee caaloli KHCAOTH (ecay TONBKO KHCHOTHOCTH
HE OKaXyTC® OHHAAKOBHME B Npefenax oWHOKH dKCnepHMeHTa).
Taxum o6pasom, Bce K3BECTHBIE KHCJIOTH MOXHO DaclONOXKHTL B ONl-
peineseHHOM HOp#Ke NO Mepe yMeHbLISHHS CHIK kHueaoT (Tabn. 8.1)
[4]. Ang kaxknol KHCAOTH NMPHBOANTCA €€ CONpsKeHHoe ocHOBaHHE.
OueBMAHO, YTO €CAN¥ KHUCAOTH PAClIONOXKTL B NOPSAKE yMerbuie-
HYA WX CHJEL, TO OCHOBAHMAl OKAXYTCH PacNOJOMEHHHMH B IHO-
pAIKe yBeAudeHnus CUALl OCHOBAHUH, HOCKOJLKY YeM CHJbHee KHC-
J0Ta, TeM caalee ZOMKHO GHTb ee compsikKedHoe ocHoBawre. Han-
Gonee TouHbie 3HaveHnsA pKy npHBeaentt B cpeAHeil yacTh Tadx. 8.1.
JAs cueHb CHJIbBHX M odeHb ¢JAabbiX KHCJOT ropasio TPYHHes H3-
MepuTh BeJHUHHH pK, [5], mosToMy Hx clepyer pacueHBBaTh Kak
npu6aunsuresbie. KadecrBeHHo MoKHO onmpenenintb, yro HCIO, —
Goxee cuabHas Kucaota, yem HeSO,, Tak Kak ee MOXKHO NONHOCTHIO
OTTHTPOBATb B NPUCYTCTBHH CepHO KHCJAOTHl B METHAH300YTHJAKe-
ToHe {6]. AmajsoruuHHM ofpazoM MoXHO NokasaTth, 4to HCIO;—
Gonee cunbHas KHcaora, yem HNOg nar HCl. OpHaxo 3T KaHHHeR
He KOJIHYeCcTBeHHHE, K NPHBeACHHAS B Ta6ARNe BedHUHEA pKa=—10
He Gonee ueM AOrajKd, OCHOBAHHAA HA KayecTBeHHOH oueHke. Co-
OTBeTCTBYIOWIKe BeduudHH Aad RNO;H+, ArNO,H+, HI, RCNH+
H RSHy* Takke caeAyer paccMATPHBATh KaK YHCTO YMOSPHTE/NbHEE
[71. B 3aBHCHMOCTH OT MeTOAa H3MepeHHS BeJIHUHHH pK, conps-
AeHHBIX KHCJIOT MEHSIOTCH B LIHPOKOM HHTEpBaJe 3HAYeHKH XKaxe
B C/lyuasix TAKHX NPOCTHX OCHOBaHMHA, Kak auneroH {or —0,24 no
—7,2}, ausrhnosui sdup (or —0,30 a0 —6,2), sravon (or —0,33
Ao —4,8), meranon (ot —0,34 10 —4,9) u 2-nponaunos {or —0,35
no —b5,2) [8]. Tomwko ans kucaor 6osee CAabHX, YeM THAPOHHE-
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Tabsuna 8.1. Beauunsn pKa INA KHCAOT PasAHYNMX THNOB. JKHPHBM WIPHGTOM
BHSCACHE TOUHHE SHAuEHHA, OCTAJNbLMBE SBANIOTCA NPHOAN3HTENLHHME, OCOSERHO

KOrfia oul sHme 18 n umxke —2 [13]

Beav4ana
Knenora OcHOPaERe (Mo oTHOWe- JinTepatypa
HHIO K Boge)
CyneprACHOTH
HF—SbFg SbFg~ 18
F8O;H—SbFs—S0, . Il
FSQO4H—SbEg - 11, 18
FS04H F503~ H
RNO,H+ RNO, —I12 19
ArNQ,H+ ArNO, —11 19
HCIO, Cloy -10 20
H} I- ~10 20
RCNH+ RCN ~—10 21
R—C—H R~C~H —~10 29
OH+ (g
H,S0, HSOp
HBr Br— -9 20
Ar—C—0R [16) Ar—C—OR 74 18
(!‘H+ g
HCi Cl- —7 20
RSHF RSH -7 19
Ar—(IJ—OH [18] Ar—(ﬂZ—OH -7 24
OH+ O
Ar——(ﬂ?—H Ar—C—H —7 25
OH+ (|)
R-ﬁ:—R R-<.|‘.-R —7 21, 26
OoH+ | 0
L
ArS0.H [ ArS0z” —6,5 27
R—C-OR [18] R—C—OR —6,5 I8
OH+
ArOHz* ArOH —64 23
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Il podoaxenue mada, 8.1

Beanunna

Kucaora OcHOBAHKS (o :ﬂgme‘ JlsrepaTypa
HHW K Bome)
R—(Ii—OH {16] R—(IJ—OH —6 19
| |
OH+ o
Ar—C—R Ar—ﬁ—R —6 25, 28
|
OH+ 0
Ar—O+—R Ar—O—R —6 23, 29
CH (CN)g —C (CN)s —5 30
ArgNH"' Al'gN —5 31
H—C—H H—C—H — 32
| I
St 0
R—O+—R R—O—R —35 14, 21, 29
|
H
R3COH" R,COH —2 14
R,CHOHZ R,CHOH —2 14
RCH,OHg RCHgOH -2 14, 15, 21
H30+ H30 '—l '74
Ar—C—NH, [16] Ar——ﬁ—NH, —1,8 36
. 0
HNO, NOg~ —1.4 20
R—C—NH, [16] R—(IJI—NH, —0,5 35
OH-+ 0
Ar,NHF Ar,NH 1 81
HSO; S0}~ 1,99 36
HF F- 3,17 36
HONC NO; 3,20 36
ArNHF ArNH, 35 37
AINR,H+ ArNR, 35 37
RCOCH RCOO™ 4—5 37
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Mpodossenue maba, 8.1
Benauguga \
Kucnota OcHopaRKe (no ::Eg e Jwrepatypa
HHIO K BOAE)
-8
HCOCH,CHO HCOCHCHO 5 38
H,CO, [17] HCOF 6,35 36
H,S HS— 7,00 36
ArSH ArS— 6--8 39
=8
CH3COCH,COCH, CHyCOCHCOCH, 9 38
NHF NH, 9,24 36
ArOH ArQ~ 8—I1 40
=6
RCH,NO, RCHNO, 10 41
RyNH+ RsN 10—11 37
RNHF RNH, 10—11 37
HCO3 coZ 10,33 36
RSH RS~ 10—11 39
R,NH R,NH } 37
_90
NCCH,CN NCCHCN 1 38, 42
0
CH3COCH,COOR CH,COCHCOOR n 38
-3
CH,S0,CH,S0,CH, CH,$0,CHSO,CH, 12,5 43
_5
E{QOOCCH,COOEt EtOOCCHCOOEt 13 38
CH;0H CH;0~ 15,2 47, 48
Hg0 OH- 15,74 44
O @ 16 a5
RCH,OH RCH,0- 16 47
R CHOH R, CHO~ 16,5 47
R;COH RsCO- 17 47
RCONH, RCONH— 17 46
RCOCH,R RCOCHR 19—20 | 24,49
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HTpodosxcenue maba. 8.1

Beanunna
Kncnora OcROBARNE (no g::% it JInTeparypa
HHK X BOAE)
©:> 20 50, 51
/_/' _ /_.
(L QgD | = | =
=9
ROOCCH,R ROOCCHR 24.5 38
-

RCH,CN RCHCN 25 38
HC=sCH HCa=C— 25 52

Ar,CH ArC— 31,6 50, 53

Ar,CH, Ar,CH- 33,5 50, 53
H, H— 35 54
NH, NHy 38 55
PHCH, PHCHy a1 56
CHy=CHCH, [CHy=CHz==CH, |~ 43 57
PhH Ph— 43 58
CH,=CH, CHy=CH~ 44 59
unkao-CsHg unkao-CgHs— 46 60
CH, CHy 48 61
GHg CoHg 50 62
(CH,),CH, (CH3),CH— 51 62
. (CH,)CH (CHg}yC~ - 33

BHH HOH, H §0Jlee CHABHRX, YeM BOJa, MOIKHO noayYuTh O4YeHb TOY-

Hble 3HaueHusa pKa.

B umxHeli gacty Tabn. 8.1 npHBeAeHH oueHb cAalHe KHCJOTH
[9] (pKa Bhue 17). BOABLIUKHHCTBO H3 HHX, B KOTOPHX TPOTOH OT-
PHIBAETCH OT aTOMa YINepoja, OTHOCATCA K Tak HaswBaembiM CH-
Kucaorasm. BeanuuRe! pi(y AAs Takux caAaGblix KHCJOT O4eHb TPYAHO
H3MEpPHTb, K OHH OlleHHBAIOTCA JHIb NPHONH3HTEAbHO. MeToanw on-
peneAeRHsl HX OTHOCHTEJBHONO. MONOXKEHHA B PAAY KHCIOT paccMmar-
puBajuch B ra. 5 [10). Kucaorsocte CH-xuenoT nponopunaoHanbHa
YCTORYHBOCTH KapGaHUOHOB, KOTOPEIE ABJIAIOTCH HX CONpPSKeHHHMH
OCHOBaHHSIMH (pasg. 5.5).
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HCK/MOUNTEIBHO CHAIBHEE KHCAOTH, NOMellleHHHe B BepXHeill 9a-
CTH TaGARLMN, H3BECTHLl MOJ Ha3sBaHHeM cynepkucaor (paax. 5.2).
ITo Bcefi BepoaTuocTn, B cmecn FSO;H—SbFs B aelictBHTENIRHOCTH
npucyterByioT uacTruE H[SbF;(SOsF)] 7 H[SbF2 (SOsF) ] [11]. Tpa
DoGapaennu K cMecH SO; obpasyworcs eme Gojee CHAbHHE KHC-
notH: H[SbF,(50:F);s), H[SbF;(SO3F)3] u H[(SbFg)2(S0:F)] [11].

C nomowmpio NOAOGHHX TaGAHI MOXHC ONpefeARTh, GYAeT JH
AaHHadg KHCJAOTAa PearHpoBATb ¢ AAHHHIM OCHoBauHeM. Ecian B ral-
JIBIe KHCNOTH pacloJOXKeHH B NOpAAKe YMCHLIUEHMS HX CHJAH, TO
CIpaBeJ/IHBO MPABHJC: Ar00an KucsoTa Oyder peqzuposars ¢ AK0-
ObiM OCHOBAKUEM, PACNOAOKEHALIM 8 TABAUYe Hue ee, U He byder
Peaziiposate Hu ¢ OORUM OCHOSAHUCM, PACNOAOKEHRLIM 8 Tabauye
aviuie ee [12). Cnepyer noAuepKHyTb, 4TO NpHHATHEA B Taba. 8.1
NOPAAOK CHABL KHCJOT OTHOCHTCS K B3aHMOAEACTBHIO AAHHOM KHC-
JIOTH C AAHHHIM OCHOBaHHEM JHO0 6e3 pacTBopHTels, AnGO (eciau
310 BO3MOXKHO) B BojAe. B ApYrax pacTBOpHTENAX NOPAACK pacio-
JOXKEHHA MOMeET cyllecTBeHHo oraudatbes (pasp. 8.6). Ilopsnok
KHCJIOTHOCTH MOMeT OHTh CRJILHO OTJIHYAThCA B rasoBoll dase, rae
sdeKTH conbBATAUKE IONHOCTHIO HAH NMOYTH NMONHOCTBIO OTCYTCT-
pyior. Hanpumep, B raaosoft ¢ase Tonyon — Gonee CHABHAA KHC-
A0Ta, 4eM BoAa, a Tper-GYTOKCHA-HOH — Gonee caaboe OCHOBaHHe,
yeM MeTokcHA-HOH [63] (cM. Taxxke pasa. 8.6). IlopsaoK KrcJOTHO-
CTH MOXeT TaKXe MEHATHCA ¢ H3MeHeHHeM Temmepartypu. Hanpr-
Mep, npH TeMinepartypax euiie 50 °C nopAixok cuAll OCHOBaHHA €O-
orsercreyer psaay BuOH>>H0>>Bu,O, npu TeMneparypax or 1 no
50 °C — paay BuOH>>Buy0>>H,0, a upr remnepatypax nuxe 1°C
npadeMaer sEA BuyO>>BuOH>> H,O [64].

8.2, Hamepenne xuCAOTHOCTR pacTaopureacit [65]

IIpn pacrsopenuu BelllecTBa B KHCJOM PacTBOpHTeNE OHO MO-
J¥eT NpPOTOHEpoBaTbCA. ECNE pacTBOpRTENEM CJYIKHT BOAA H KOH-
IEHTpPauMs PacTBOPEHHOTO BEILECTBA HE CJAMIUKOM BeaHka, pH pa-
CTBOpa #IBAAETCA Xopouleli MepoH NMPOTOHOAOHOPHOA cnNOCOGHOCTH
pacrBopuTens. K coXajneHHID, 370 He pacnpocTPaHAeTcH HA KOH-
LeHTPHPOBAHKHEE PACTBOPH, B KOTOPHX KosdHUHEHTH aKTHBHOCTH
OTJHYAIOTCS OT eJHHHIE. H3Mepenwe KHC/IAOTHOCTH pPacTBOpHTENA
HYXHO Kak NpH paloTe ¢ KOHIEHTPHPOBAHHLIMH PacTROpaMH, TaK
H cO cMecAMH pacrBopHTened. B clyiae KHC/AHX PacTBOPOB C BH-
COKoff AWSNEKTPHYECKOH IIPOHHIIAEMOCTBI) HCNOAb3YeTcH (PYHKUAA
kucaoTEoctd Iammera [66, 67). Has moGoro pactBopurens, B TOM
uucAe Aasa cMecefl H3BeCTHONo COCTABA, 3Ta BEAMYHHA, 0fo3HavYae-
Mas Kak Ho, BHpaxKaercs ypaBHeHHEM '

[BH+]

Hy= pKaaif_lg (B}
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Benuunny Ho u3MepsioT, HCHOJL3YS <HHAHKATOPHY»;, HMH CAYXAT
caabue ocHopauus (B), KoTophie B KHC/IOM PacTBOPHTENE YACTHUHO
npeBpallaoTcs B CONpsKeHHble KACAOTH BHY. K THnuaubiM BuaH-
KaropaM OTHOCATCA O-HUTPOAHHJAHHHERHH KOH, DK B BoJe KOTOpOro
cocrapaser —0,29, ¥ 2 4-1uANTpoaHHANANeBHE HOH, pK KoToporo
B Bofe paBer —4,53. Ornowenne [BH*)/[B] nsmepsawr gaa xax-
HOFO IAHOTO PACTBOPHTE/S HO OTHOMEHHMIO K ORHOMY HHJMKaTOpy
OGBIYHO C NOMOIILIO CHEKTPOGOTOMETPHUECKOTO MeToAa. 3aTeM, Hc-
noAb3ys H3BecTHoe 3HaYeHne pK B Boge (pKsni) AnA 3TOrO HHAM-

Katopa, MOMKHO paccunTartbh BeJIWuHHY Ho AnA JaHHOM CHCTeMM
pacTEophrens, [IPaKTHYECKH HCMOJB3YIOT HECKOJNLKO HHAHKATOPOB
H OepyT cpennee 3Hauyenue Hy. Korna mapectno Hy ans aanHo#
CHCTEMH pat:'raopu're.nﬂ, MOHHQ BHIYHCJAHTH BeJHYHHE pKa B 5TOM
pacTBOpHTeAe AJs JI0GOH mapu KHCA0Ta — OCHOBAHHE.

C ¢yHKUHeA KHCNOTHOCTH CBA3aHA BeJHUHHA fip, onpeaenseMan
OTHOILEHHEM

Hy= o+

fHI'F

TAe g+ — AKTHBHOCTb MPOTOHA, 4 fr # fur+ — KoapumHeHTH aK-
THBHOCTH MHAHMKATOpPA H CONpAXEHHOH KHCJAOTH MHAMKAaTOpa COOT-
BerctBenno [68]. Ceass Ho B ho BHpaxaercs ypaBHeHHeM

Ho=—lghy

Takum o6GpasoM, Benwumna H, amanorwupa pH, a Beamumna ke
anaaorsuna [H¥]; peficrBuTeabHO, B pa3faBieHHBX BOAHKX pPacTBO-
pax Ho=pH. '
Beanunna Hy oTpaxkaer cnocoGHOCTL CHCTEMHEl PacTBOPHTENS OT-
AaBaTb NMPOTOHH, HO OHA NPHMEHHMAa TOJBKO ANA KHCALIX pPacTBO-
POB ¢ BHICOKOH AHSNEKTPHUECKOH NpPOHHIAEMOCTbIO, IMABHHM o0pa-
30M K CMecfiM BOAB C TAaKHMH KHCAOTaMM, KaK a3QTHas, CcepHaf,
xnopHast ¥ T. . OUeBHAHO, YTO MCNOAb30BAaHHE BeaHUMHEN Hy mpex-
CTaBAsieT IEeHHOCTh TOJABKO B TeX CJAy4aaX, Korjga OTHOLIeHAe
fi/fax+ He 3aBHCHMT oT nMpupOAB ocHoBaWms (MEAMKaropa). Ho sto
YCAOBHE BHINOJHSETCS JHIOb TOTRA, KOrAA OCHOBAHMS CTPYKTYPHO
CXORHBI, HOSTOMY HCIONb30BaHUe (PYHKUHH KHCJAOTHOCTH Ho HMeer
H3BECTHhHle orpaHuuenHs. [laxe npH cpaBHeHHR CTPYKTYpHO CXOi-
HBIX OcHOBaHHil HaGJiopaercs MHoro oTkAoHeHmit [69]. PazpaGo-
TAHH H APYrHe IKaAu KHcAoTHOCTH [69a}, cpean nux: mxana H_
JS OCHOBAHHMA ¢ 3apAfoM, paBHmM —I; wWKaka HAr ans apuaxap-
6nHoaor {70], wxkana Hy+ nas apunosiedHHOB M APYrAX MOAEKYJ,
conpsikeHHHE KHCAOTHl KOTODHIX NpeAcTaBAfiloT co6oH ycToftuHBLIe
KapGOKaTHOHH, He 06pasyiolllie BOAOPOAHHX CBA3ell ¢ PacTBOPH-
TeseM [71], mxana He pag ocHOBaHWH, NPOTOHHPYIOLIAX aTOM yrJe-
poaa [72], mxana Hg ana aandaTHgeCKHX CAOXEHBIX sdupop [73]
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w mKkana H, Ans HesaMellleHHHX amuaoB {74]. CopeplileHHo SCHO,
yTO0 eAMHOM WKAJH KHCIOTHOCTH, NPHMEHHMOHR K cepHAM cmeced
pacTBopHTeNiell 6e30THOCHTENIBHO K HCNIONL3YeMOMY OCHOBaHMIO, HE
cyulecTyer [75}

BoabMHCTBO PYHKIHA KHCJIOTHOCTH HPHMEHHMB TOMBKO K KHC-
AWM pacTBOpPaM, OAHAKO M3BECTHO HECKOJbKO pafoT, MOCBAMICHHRbIX
CHJALHO OCHOBHHM pactBopaM. Tak, dyHKRuMIio Kucaotnocts H-,
IPHMEHAEMYI0 K DacTBOPAM CHJBHBIX KHC/AOT, MOMNHO HCHNOAb30-
BaTb TaKXe AJSl PACTBOPOB CHABHLIX OCHORAHHN ¢ 3apiAfOM, pas-
HLM —1; B 3TOM cAydae OHA CJYKHT MepoH cNOCOOHOCTH pacTBo-
puTesell OTPHBAThL NPOTOH OT HelTpaaenofi xmcaor BH [76)

Hpyroil nogxoa k npo6aeMe OHEHKH KHCIOTHOCTH OB NpeA-
Aoxen Bannerom u OuceroM [77], KOTOpHe BHBEJIH YpaBHeHUe

1g SHEL+ Hy= ¢ (Ho+IGIHY) -+ Ko

TAe S -— ocHOBaHHE, KOTOpOe NPOTOHHPYETCHS KHCAHM PacTBODHTE-
nem. Takum oOpasoM, HakaoH rpaduxa sasucumoctn lg([SHY)/
/IS}) +Ho ot Ho+I1g{H*] ecth mapamerp $, TOTA2 Xaxk ToWKa mepe-
CedeHHs cOOTBeTCTBYeT Beanunne pK, xucaorh SH (mo otHoWGHHIO
K GeckoHeyHoMy pasGasaerui0 B Boze). Beamuuna ¢ xapak-
TEpH3YeT OTBETHYIO peakiuuio pasHoBecua S+H+tz==SH+ ua nmamene-
HHe KOHMEHTPADMH KHCAOTH, OTpuIaTe/ibHOE 3HAYeHHe ¢ YKasH-
BaeT Ha TO, YTO C YBEJNHYCHHEM KOHICHTPALMH KHCJAOTH JOrapHpM
orrowenus [SHY)/[S) pacrer 6uicTpee, ueM Besnuuna —IHy; moao-
KUTeALHOE 3HaueHHe P ykasuBaeT Ha o6paTHylo curyaumio. Ilpu-
BelleHHO¢ BHINe ypapHeHHe Bannera — OQuceHa npejacTasaser codoil
JuHeHHoe COOTHOWeHNe cBOGOAHKX sHepruii (pasi. 9.3) npHmenu-
Te/bHO K PABHOBECHAM KHCJIOTA — OCHOoBaHHe., CoOOTBeTCTRYIOMIee
YpaBRCHHE, HpHMEHHMOQ K KHHeTHYeCKHM OAHHHIM, HMCET BHJT

Ig byt Ho== ¢ (Hy +1g[H']) +1g 4

rde ky— KOHCTZHTA CKOPOCTH NCEBAONEPBOrO MOpSAKA AJif peak-
HHH cAaGoOCHOBHOIO cyGcTpara, MpoTeKalouiel B KHCAOM pacTBope,
a Re® — KOHCTAHTA CKOPOCTH BTOPOro TOPAAKA NPH GeCKOHeYHOM
pasfaBiesun B Boje. B aToM cayyae peJlHuHHA P XapaKTepH3yeT
OTKJAHK CKOPOCTH peaKIHH Ha H3MeHeHHe KOHIEHTPALHH KHCAOTH
pacreopureas. Iloaxox Banmera — Oaceda O6bl npuMeHeH TaKixe
K ocHOBHEM cpeXaM. [Ipyu nayueHHH AeBATH peakuHfl B KOHIEHTPH-
poBaBHbX pacTeopax NaOMe He G6bljo OGHApyXKeHO KOppeaslin
MeXAY CKOPOCTBIO peakUHH H H_ HJH CTeXHOMETPHUECKON KOHIEHT-
palHeil OCHOBaHHA, OAHAKO CKOPOCTH XOPOUIO KOPPEJIHPOBAJH C JH-
HeHHbIM COOTHOWIECHHEM cBOOOAHHKX SHEPIWH, aHAJOTHYHKIM IIPHBE-
nernomy Buime [78].

InA peaxuufi B yMepeHRO KOHUEHTPHPOBAHHHX KHCINX pacTBo-
pax DBander [79] mpesnoua cHCTEMY KJACCHPHUKALHH APYroro
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tuna. Crponmres rpadmax sasucumoctn gky+-He or Igano, rie
kp — KOHCTAaHTA CKOPOCTH NCEBAONEPBOro MOPSAKa AJif NMPOTOHHPO-
BaHHBIX WACTHE, @Om,0— AKTHBHOCTH BOZH. DOJBITHHCTBO TaKHX
rpadukos MuHefiHE UAYM HoNTH JnHeHBH. CorflacHo koHUenuHu Ban-
HeTa, N0 HAK/JOHY NPAMON ® MOXHO CYAHTb O MeXaHH3Me peaKIuw.
Ecau 3naucHus w nexar Mexay —2,5 u 0, Boaa He yuacTByer B JA-
MuTHpylOmeli cTaxuu; npA 3Hauenuax w or 1,2 Ao 3,3 BoZa Hrpaer
poak HykKJIeodEJAa B JHMATHPYIOIWEH CTajiiH; ec/d Xe 3HAYEHHS @
AexaT B HHTepBade oT 3,3 Ao 7, BoAa c/AyKHT NMEPEHOCYHKOM IIpo-
TOH2. DTH NpaBHAR CNPABENJHBH AJS KHCAOT, B KOTOPHX HPOTOH
CBsi3aH ¢ KAcAopoiaOM uAH asoToM [80]

8.3. Kacaotnutil m ocHOBRO{ KaTanus [81]

TpanaunoHHOe MpPeACTABJCHAE O TOM, UTO KaTaJH3aTOp NPOCTO
NOBHILAET CKOPOCTb PeaKHHH, KOTOPAd NPOHCXOAUT H B €ro OTCYT-
CTBHE, HO TOJBKO MeRJeHHee, OKA3HBAeTCH HECOCTOATENBHEM AN
GosplIMHCTBA peakunl, KaTaJu3UPYEMBIX KHCAOTOR HAH OCHOBa-
HHeM. B oTEX ciyuasx B OTCYTCTBHe NO KpafiHefl Mepe HEROTOPHIX
KaTaAH3aTOPOB peakuus Booluie He mpoHcxonuT. MHorke 3alayx-
ACHHA B CTApHX paﬁo'rax CEfI34HE ¢ TeM, UTO YACTO NJAA pPeakliHH
HeoOXOAAMHE JIHHIb Clefbl KatajJnsatopa. KaTaausaTop ydacrsyer
B caMofi cyIMecTBeHHOH CTaiHu peaknuk; Jallle BCcero STO nepBas
cTalud, 3aK/MIOUAl0AsCA B nepeHoce MpoTOHA MeXXY KaTalH3aTo-
poM H cyGeTpaToM.

Knacnora uan oCHOBaHHEe MOTYT KaTaJAM3HPOBATH PeAKHHH ABYMS
PasHHEIMH NYTAMH; pedb nier o6 ofujen U cneyududeckon xararuse,
Ecnu cKopocTs KarTaNusHpyeMofl KHCJIOTOR peakUHd B pacTBOpH-
Tese S nponopuHoHa/ibHa BeiHykHe [SHT), rosopar, uro AMeer Me-
CTO cneynuduueckull KuCAOTHOIA KATOAU3, A KUCJHOTOR sBAKETCH
SH*, Kucnora, BBOAHMAA B PACTBOPHTENb, MOXKET OHTbL CHAbHEe
HAR chabee, wem SH*, HO CROpPOCTE MPOMOPHHOHANBHA TO/NBLKO Be-
magune [SHY), cootBercTBylomell AeMCTBUTENBHON KOHUEHTpPALKH
SH+ p pacTBope (BHiBefenHOit B3 paBHoBecHs S+HA=SH++4A™).
Ipupona xmenoret HA He mMeer sHadeHud, 3a HCKJAOUeHHeM Tex
CAyqaeBs, KOTAa oHa ompesenseT MOAOXKeHAe PABHOBECHA H OTCIORA
seHuuny [SHY], BoabmiHHCTBO naMepeHnil SENO NpoBelieHo B BoJe,
rie SH+ cayxur Monekyna HsOt,

B ciiyuae obuje20 KUCAOTHOZ0 KATAAN3G CKOPOCTb PEAKHWH BO3-
pacTaeT He TOJNbKO NPH yBeJHueHHH koHNentpauun SH*, Ho W npu
YBETHUCHHH KOHIEHTpauWk ApyrHx Kmcaor (Hanpumep, ¢eronos
HIH KapOOHOBHX KHCAOT B BOA€), STH H ApYTHE KHCJAOTH TMOBH-
HIAIOT CKOPOCTh peaKUWH Naxe Torka, Koria [SH+] ocraercst mo-
cTonHHoi. an KaTa/MH3e TaKOro THHA CcaMHe CHAbHBEe KHCMOTH
OKA3HBRIOT HaHOOAbIICe KaTaJHTHYECKOe ,EleﬁC‘TBHE; TaK, B anBe-
AeHHOM MpPHMEPE NOBHIIEHHE KOHUEHTpanHH eHoNa KaTaausupyer
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PEAaKNHI0 B TOpa3fio MeHbllefl CTemeHH, YeM COOTBETCTBYIOMIEE RO-
pumenne KonneHTpamns HyOt. CooTHomleHHe MeXAy cHAo# KHc-
JOTH JAJfl KaTaJH3aTOpa H €r'o KAaTaJHTHUECKOH CHOCOGHOCTBIO BHI-
paxaerca xarasurudeckum ypasuenuem Bpéncreda [82]

lgk=algK,1-C

rae k— KOHCTAHTA CKOPOCTH PeaKHKH, KaTaAH3HpyeMoH KHCAOTOR
¢ KoHCcTanTol woHm3aurp Kz B COOTBETCTBHH € 3THM ypaBHeHHeM
rpabuk saBucaMocTH 1gk ot 1g Ky Ana kaTanusa AaHHOR peariuy
PAEOM KHCMOT AOJKER MpeAcTaBAsTE Cololi NMpsAMYXd ¢ HaKIOHOM
¢ B nepecedenneM €. Bo mHOrHx cayvasx AefiCTBHTENIbHO MOAyua-
I0TCS NpAMEE JHHHU, HO NPH CPAaBHEHHH KHCJIOT PASIHYHBIX THIOB
HAaGA0A210TCS OTKIOHERHA OT JAuHefiHoft sasmcEMoctH. Hampumep,
B pANY 3aMeMIeHHHX (eHoa0B cobniofaercs JuHelHAd 3aBHCHMOCTD,
HO OHA HAPYIIAETCH, eClIH B COCTAB CPABHHBAGMBIX MOJEKYJ KHCJAOT
KpoMe (eHONOB BXOAAT KapGOHOBHE KHC/IOTH. YpaBHeHue Bpén-
CTeAd ABAASTCA elle ONHHM BHAOM JHHEAHOro COOTHOIWIEHKA CBOGOA-
HHIX sHeprufl (pasxz. 9.3).

AnajornuHslM ofpasom paanuuaior ofwuid u cnequpudecrud
(S~ n3 xucnoro pacreopurens SH) ocwosrod xararus. YpapHenune
Bpéucrena Aas ocHOBHONO KaTaJH3a HMEET BHJ

lgh=P1gKo+C

Hanare o ToM, uMeer a1 mecro ofimuilt kU cnenrdrveckn Ka-
TaNu3, RAlOT HHOOPMAIMIO O MexaHH3Me peaknud. Jlwolyio peak-
HHIO, KATaJHSHPYEMYIO KHCAOTOH, MOXHO H300pasHTh cxeMoR

Omadun 1 A == AR
Cmadus 2 ARt — npodynnn

Ecan HaGmoaaerca TonMbKo cneguduueckuit Katanus Kuciorof SH+,
cTaaua 1 goJKHa GHTH GHCTPO#, a cTafug 2 — AUMHTApYIOULEH, Mo-
CKONBKY MeXAy A u HauBosiee CHABHOH KHCJIOTOH, MPHCYTCTRYIO-
el B pacTBOpe, a uMeHHo SH*, GmcTpo ycraHaBauBaercs pasHO-
BecHe. B 10 e BpeMs, ecnm Gosiee GHcTpol sBASeTcs cTajHs 2,
PaABHOBECHE He yCHeBAeT YCTAHOBHThCA K JHMHTHpYloueHl RoMxHa
OuiTh cTapus 1. Ha Ty CTajlHIO BAHAIOT 8C¢ RPACYTCTBYIOWINE B CH-
cTeMe KHCAOTH, H CKOPOCTb OTpaxKaeT HX cymMapHuit addexr (o6-
wufl KUCAOTHHA Kartanns). O6muft xacnoTHHE Kataaus HaGmona-
ercd TakXe B TeX CAyuafx, KOTAa MelseHHOH cTanmell spidercH
PeaKu¥sa KOoMNJAEKCca ¢ BOROPOXHHMMH cBs3amuE A..-HB, mockonabky
KaMHHf KOMIJIEKC pearHpyeT ¢ OCHOBAHHEM ¢ PasHOR CKOPOCTEIO.
AHanoryynsM 06pa3oM MOKHO paccMaTpHBaTh obumiufl u cnenudu-
ueCKHR OcHoBHo#t katanus [83] MHonoauurensHyo wundopmanuio
MOHO IOJIYYHTb U3 3HAUeHHH ¢ H B B KaTANIATHYECKUX YpaBHEHHAX
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Bpéncreaa, KoTopHe ABJAAIOTCA NpHOAH3UTENLHOR Mepofl cTemend
nepeHoca HPOTOHA B HepeXoAHOM COCTOSHKHH. B OoapmnHcTBe cay-
YaeB 3TH BEJHUYHHH JexaT B HHTeppane or | xo 0. Ecan sHavenue
¢ uAH B Sausko K 0, 510 oGHYHO O3HAYaeT, YTO NepexoiHoe CO-
CTOSIHHE NOXOXe HA PeareHTH, T. €. CTelleHb NepeHoca MPOTOHA
Masa. I[Ipn skavenusx o wau §, 6anskux 1, cHryauuss oGparHas,
T. € B NEPEXOAHOM COCTOSHHH NOCTHIHYT NOYTH NOJHHE HepeHoC
npotoda, OAHAKO H3BECTHH NPHMEPH, KOrga 3TH OO0OGHICHAA He
sHnonuaiores [84]. Kaxk npaBuao, B NMepexopHOM COCTOAHHH HPO-
TOH pacnojioxe Gamxe K Oolee ciaGoMy OCHOBAHHIO,

8.4. Kucaorw v ocHopaupa JIntonca.
JKecrkHe B MATKHE KHCJAOTH H OCHOBAHHA

IToutn oaHoBpeMmenHo ¢ Dpéuncresom Jfibionc mpeanoxua Gonaece
IIHPORYIO TEOPHIO KHCJOT H ocHoBaHRA. CornacHo atofl Teopuu, oc-
HOBaHHeM, KaK ¥ B TeOpHH DpéHCTeRa, cuuTaeTes COENHHEHHE ¢ A0~
cTYnHOR mapo# 3JyeKTpPoHOB, AHGO HenofejeHHOM, ARGO Haxoxs-
mefics Ha n-op6urann. Ousaxo xucaorod Jlsouca cuataercs Jio-
6ast wacTHn2 ¢ BakaHTHOR opGuraiwio {85] B xucaoTHo-ocHOBHOM
peakuay Jlplonca 3JEKTPOHHAs Mapa OCHOBAHAS 06pasyer KoBa-
JIGHTHYIO CBSI3b C BAKaHTHON OpOHTA/NBI0 KHCJAOTH, WTO B OOLieM
BHAE MOXHO BhIPA3HTh YPaBHeHHEM

A+B—sA-B

B KOTOPOM 3apsAAkl He MOKA3aHM, TAK KaK OHH MOryT OLITh pasaHu-
HHMH. [TpaMepoM cayxuT peakmus

— e 9
BF’ + NH, T——t FJB“‘NHJ

B npexacraBacunrn Dpéscrega KucioTa —3TO AOHOP [POTOHA,
a B NPeACT4BJSHHM JIBIOHCA CAM NPOTOH ABJARETCA KHCAOTOH, TaK
KaK OH HMeer BakauTHyio opburaie. B Teopun JbioHca KHCJIOTA
DBpéucresa craHoBATCA COGAHHEHHEM, KOTOpOEe NaeT HaCTOAILYIO
kucnory. IlpeumymecrBo reopnu JinioHEca COCTOHT B TOM, UTO C &€
NOMOMIBIO MOKHO KOppeNHpoBaTh NOBeleHHe ropasto Goabiuero
yncaa nmpoueccos. Hanmpumep, taxue coepunenus, kaxk AlCly m BF;,
ABAAIOTCA KACAOTaMA JILIOHCA, NOCKOJBKY, HMEs MIeCTb 3/1eKTPOHOB
Ha PHelmHell 0§0JOUKe, OHH CHNOCCGHH NPHHATh 3JEKTPOHHYIO napy.
CoeaureHus onoBa H cepH, Hanpumep SnCly u SO, AMe0T BoceMb
3/IEKTPOHOS Ha BHewHefi 06ONOUKE, HO, HOCKOJBKY 9TH SJACMEHTHI
HE OTHOCSITCSI KO BTOPOMY NepHOAY NepHOAHUECKOH TaGMHIM, ORH
CnOCOGHE MPHHATD A0 ASCATH MJH ABeHAAUATH ajeKTpoHoB. K KHc-
notaM JIbiouca OTHOCATCA TaKiKe NPOCThie KATHOHB, HanpuMep Agt,
Ona oprannuecKofi XHMHH He OUeHb XapaKTepHH TAKHE NPOCTHE
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peaklHH, Kak A+B—>A-—B, HO X KHCAOTHO-OCHOBHHM peaxkiuam
Jibionca oTHOCATCS MHOTHE THNH peakuufl, pacnpocTpaReHHEX B Op-
raHHZecKoll XUMHH:

Al 4+A~B ——> A'—B+A?
B! 4+ A—B? — A—B'+ B
AI_BI+A2_,Bz — Al_Bz_l_ AS_BI

HeficTBuTeNbRO, BCE PeaKIHH, B KOTODHX KOBaJleHTHast cBfsk oOpa-
3yeTcs B pe3yJbTaTe B3aHMOAEHCTBHS HACTHIUHL, HMEIOMER 3ano/HeH-
Hyl0 opbHTanb, ¢ YacTHUeH, HMelomeld BaKaHTHYIO op6UTAAb MOTYT
paccMaTpHBaTLC KaK KHCIOTHO-OCHOBHbIe peakiudu JibioHca.

Ecnu kucnora JlploHca o6pasyer ¢ OCHOBaHHeM OTPHLATENLHO
3apsKeHHbIi HOH, B KOTOPOM LEHTPAJbHWIA ATOM HMEeT BalieHT-
HOCTh BHILE 00uMHON, 06pasymolIyIoca COJb HASHBAIOT AT-KOMIACK-
con [86]. ITpumepamu cayxar peaxumun:

MeB + LiMe — Me,B- Li*

Q- KQMILTERC

Ph,Sb + LiPh —> Ph,Sb- Li*

77T~ HOMANCHC

AT-ROMIIJIEKChl AHAJIOTHYHB! OHHEBHM COJIAM, 00pasyolIiuMcs ¢ Yae-
JIHUeHHeM BaJIHTHOCTH OCHOBauHs JIbloMca, HanmpHMep:

Me:N + Mel — Me,N* 1~
omesast ooy

UTo Kacaerca KOJHYCCTBeHHHX U3MepeHHH KHCAOTHOCTH, TO IJIA
KHCJIOT JIbIOHCA HX clenaHO HAMHOIO MeHblle, YeM I KHCAOT
Bpéncrena [87]. Ina xucaor JIbionca HEBO3MOXHO COCTABHThL Ta-
KyI0 e NmpocTylo Tabanuy, Kak Taba. 8.1 pns kucaor BpéHerena,
TAK Kak HX KHCJAOTHOCTb 3aBHCHT OT NpHpOALH ocHosaHus. Ilpenso-
HeHa KavecTBeHHas NpHOIH3HTEIbHAA NOCAEAOBATENbHOCTD KACJIOT-
HOCTH AJA KHCHOT Jibionca tuna MX,, rie X —rajnored HAu Heop-
rannyeckufl pamuMkan: BX;>AlXs>FeXy>GaXg>> ShXs > SnX >
>AsXs>ZnXp>>HgXo.

Jlerkocth NpoTeKaHHsA KHCMIOTHO-OCHOBHOH peaKiHH 3aBHCHT, KO-
HEYHO, OT CHJAH KHCJOTH H OCHOBAaHHS, HO OHA 3aBHCHT TaKXKe H
OT ApPYroro cBOMCTBA, Ha3HIBAEMOTO MECTKOCTbIO HIH MA2ZKOCTHIO
KHCIOTE HJAH OCHoBamHs [88]. D710 cBOfiCTBO HeJBb3A TOYHO H3Me-
PETh, ero MOXHO TOJNBKO KauyecTBeHHO onHcark [88a). Ouo Hmeer
C/IeRYIOIIHe XapPaKTePHCTHKH:

Msazkue ocrosanus. ATOMH-JOHOPH HMEIOT HU3KYIO 3J€KTPOOT-
PHIIATENBLHOCTD H BHICOKYI0 NMOJNAPA3YEMOCTb, OHH JErKO OKHCASA-
JOTCH; BaJIEHTHHE HJAEKTPOHB YASPKHBAIOTCS Cl1ado.
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Kectkue ocnosanun. ATOMB-ROHOPH HMEIOT BBICOKYIO 3JIEKTpPO-
OTPULATE/ABHOCTL KB HH3KYIO ROJNAPH3YEMOCTb; OKHCAAWTCA ¢ TPY-
AOM; BaJICHTHHIE SJAEKTPOHH YAEPIKHBAIOTCH NPOUYHO.

Mazxue xucaorst, ATOMH-aKuenTopbt G6oJblode, HecyT HH3KHA
NOJNOXKHUTENbHBIA 3apAA; Ha BaJCHTHHMX o00/MOYKax HMEIOT Hemofe-
AeHHEIE 3NeKTPOHHHe NapH (p anu d). O6rafaoT BHICOKOR NOAs-
PH3YEMOCTLIO K HH3KOH 3/1€KTPOOTPHIATENLHOCThIO.

Kecrrue xucaorst, ATOMBL-aKUENTOPH MalleHbKHE, HECyT BHCO-
KHil NOJOMHUTEARHBHA 3apfj; HA BajJeHTHHX 000JCYKax He HMeercs
HEMOAEMEHHHX 3JAeKTpOHHHX nap. Of6aafalor HH3KOH NONAPH3Ye-
MOCTbIO H BHCOKO# 3JIEKTPOOTPHUATENBHOCTDIC.

ITo xecTKOCTH H MAIKOCTH KHCAOTH H OCHOBAUKA MOXHO pacno-
JOXKHTh B ONpefenieHHOM NopsaKe (OpHOJAN3KTEAbHO); HamprMep,
MATKOCTb ocHOBaHH# yGuBaer B psay I=>Br—>Cl->F~ u B paay
CHy;~>NHs;~>OH->F~. Opgnaxko, noCKOJbKy 3T0 CBOHCTBO He
UMeeT TOYHOTO KOJHYECTBEHHOTO BHpaeHHs, NeaecoobpasHee pas-
AeNHTb HX Ha TPH TPYHONBL! KECTKHe, MATKHE H NPOMEKYTOTHLIE
(rada. 8.2) [89]. ITpm Taxkok KaaccHPMKAUWE NPOTOH, YHACTBYIO-
HIp# BO BCceX KHCJIOTHO-OCHOBHHX peakuusx Bpéucresa, oTHOCAT
K rpynne XecTKHX KHCJHOT.

Tabauya 8.2. YKecTKHe # MATKHe KHCAOTH B OCHOBAHHA

JecTKkRe OCHOBAHASA MArkke 0CHOBAHAR MpoMcKyTOUHES
H;0, OH-, F~-, R;S, RSH, RS, ArNH,, CiHgN,
AcO™, SO}, €I, 1=, RyP, (RO)P, N, Br,
CO3~, NOy’, ROH, CN™, RCN, CO, NO;

RO'—t Rgo’ NHa: CSH-D Cle
RNH, ’ H—, R~
JKecrkue OCHOBAHHA MArkpe KHCAOTH TpoMemyTOARME

H+, Li+, Na+, Cu+, Agt, Pdi+, Fet+, Cot+, Cut+,
K+, Mgt+, Cat¥, P+, Hgt*, BH,, Zn+, Sn3+, Shi+,
AP+, Ct, Fert, GaCly, 1, Bry, - Bi*+, BMes, SO,
BFs, BOR);, AlMes, CH,, xapbenst RoC, NO+, GaHy,
AICl;, AlHy, SO, : Collg

RCO+, COq,
HX (Monekynt ¢ so-
JIOPOAHON CBA3LIO)
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Pasaenup KHCJAOTH M OCHOBaHHSI MO YKa3aHHLIM [pynnaM,
MOXKHO DYKOBOACTBOBATbCS NPOCTHM NPABHAOM: MeCTKUE Ku-
CAOTbL NPeuUMyUieCTEeHR0 83aUMO0elcT8YIOT ¢ HEeCTKUMU OCNosa-
HUAMY, @ MASKUe KUCAOTHL — C MAZKUMU OCHOBARUAMU (npURyUR
MKQ). D10 npasmio He Kacaercs CHJbL KHCJOTH MJH OCHOBA-
HHSI, @ TOBOPHT TOJNBKO O TOM, uT0 KoMmaexc A—B Gyaer o6-
JajaTh AONOJHUTEAbHON yeTofiuWBOCThIO, €ciy B A u B oTHo-
carca oba K ogHo#t rpynne. IlpaBuaoc He HMeeT TeopeTHYecKo#H
OCHOBH, a gBasercH obo6ileBdeM, BHEeJZeHHHM H3 3IKCHEpAMEH-
TaAbHHX JaHHbx [89al,

OanH u3 TUPHMEPOB NpHMEBEHHS 3TOT0 NPABHJAA OTHOCHTCH
K KOMMJEeKcaM a/JKeHOB HJHM apoMaTHYeCcKuX coejlnHeHuil ¢ Ho-
Ramu Merta/ioB (pa3f. 3.1). Heassch MATKHMH OCHOBaHHSIMH,
afAKeHH M apOMaTHYEeCKHe LHKAN ROJXKHHW NPEeHMYLLECTBEHHO
06pa30BEBATL KOMIVIEKCH ¢ MAMKHMA KHCJAOQTaMH, NO3TOMY YacTo
BCTpeyaioTess XoMmieKent ¢ Agh, Pt¥ m Hg?t, Ho ouen» peako
¢ Nat, Mg unn AP PacnpocTpaHeHnl Taxxe KOMIJIEKCH
€ XpOMOM, HO B HHX XpOM HAXOAHTCS Ha HHSKOM HJIH HYJEBOM
OKHC/IMTEJNBHOM YPOoBHe (4T0 AejaeT ero GoAce MATKOR KHCJIO-
TOfi) HAH CBfA3aH elle ¢ APYTHMH MATKHMH JHraHaamu. Ipyrae
npuMepH Aeficteus npusuuna JKMKO paccmarpuBawTes B T. 2,
paaa. 10.12,

8.5. Bananee cTpoeHra HA CHAY KHCNOT M ocHoBaHai [90]

CrpoeHHe MOJMSKYJNH MOXET OKa3HBaTb CaMoe PAa3JHYHOE BJIH-
flke Ha ee KHCJIOTHOCTb MJH OCHOBHOCTb, QO6LIYHO B GOJIbINHHCTBE
MOJIEKYJl OJHOBpeMeHHO HEACTBYIOT HBa HJH HeCKOJIbKO sddek-
TOB, a4 TakXe 3(pdeKTH pacTBOPHTeNd; NO3TOMY OYeHb TPYAHO,
4 MHOTJZA HEeBO3MOXHO CKAa3aTh, KaKoR BKJAaJ BHOCHT KaxAHIl
s3(¢deKT B CHAY KHCJAOTH RJIH ocHoBaHusi, Oco6eHHO TPYRAHO MHTEp-
NPeTHPOBATL HeGOJKIIYIO PA3HHLY B KHCJIOTHOCTH HJAM OCHOBHOCTH
CTPYKTYPHO CXORHHIX MOJEKYyJ; OTHOCHTb €¢ K KaKOMY-TO KOH-
KpeTHOMY sddexry caesayer ¢ Goabmof ocTOPOMKHOCTHIO,

1. 2¢gpexr noasn. d1oT addext paccMarphBaics B pash. 1.9
B xavectBe npuMepa BAMAHHA s¢deKkTa NOJAA HAa KHCJOTHOCTH
MOXHO cpasHHTe pK, YKCycHOH M HHUTPOYKCYCHOH KHCHOT:

H—(J{,—-(Ii“—o—l-l 03N--Cl-l,—ﬁ—0-l-l
0
PK,' = 4,76 PK, = 1,68

Pasanune B CTPOGHMH STHX MOJEKY/ COCTOHT JIHIIb B TOM, YTO
BOZOPOA MCTHAbHOH rpynnbl samemed Ha rpynmy NO,. Byayun
CHJABHHM  &KLUENTOPOM 3JEKTPOHOB, RHTPOTPYNNa  OTTATHBAeT
BJIEKTPOHHYI0 MJIOTHOCTE OT OTPHUATENbHO 3apsaXKeHHOR TIPYMnkl
COO- B aHHOHe HHTPOYKCYCHOH KHUCJOTH, B PE3yJbTAaTe 4Yero sra
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Tabsuge 8.9, BeanunnH pX Hexoropux xeeaor [92]

Kueaora pK Kucaora PK
HCOOH 3,77 CICH,COOH 2,86
CH,COOH 4,76 Ci,CHCOOH 1,29
CH,CH,CO0H" 4,88 CI,CCOCH 0,65
CHy(CHy)COOH 4,82—4,95
(n=or2 a0 7) OgNCH,COOH 1,68
CH,).CHCOOH 4,86 ®
%C.Hﬁ:S‘HCOOH 5,05 ﬁZH }sNCH OgH é ,g
FCE 2,66 PHCH; 4,31
erLaoon o OOCCH,COOH 5,69
CICH,C 4,62 H
Gchdl '&053 12 | Sugmeson 385
CH,CH,CHCICOO 2,84 H,C=CHCH,COOH 4,35

KHCJIOTA OKasHpaeTcs noyth B 1000 pas Gonee cHAbHOH, ueM
ykeycHaa kucnora [90a). JloGo#t addekr, BHpamalomufics B OT-
TATHBAHHH B3JeKTPOHOB OT OTPHUATEIBEQ 3apsKEHHOro LEHTPa,
ABAAETCA CTAOGUAMSHPYIOHIHM, NOCKOJARKY OH pasMasnBaeT 3apsaj
H, CNCACBATENISHO, NOHHXKACT SJCKTPOHHYIO IJIOTHOCTH., TakHM
ofpasom, —I-rpynne NOBHIIAIOT KHCJOTHOCTE HE3APAKEHHBLX KH-
cJ0T, NOEOGHO YKCYCHOfi, TaK K4K OHH OTTHATHBAIOT OTPHHATENb-
HHfA sapax asHoea, ORHakKo —/-rpynnbl NOBHINAIOT TAKKE KH-
CJIOTHOCTE JI0GOK KHCHOTH! HE3aBHCUMO OT TOrO, 3apfxeHa OHa
Hau HeT. Hanpamep, ecnm KHcAOTa HMeeT 3apaj, paBumi +1 (u
ee . CONPAXKEHHOE OCHOBAHME NOJTOMY HesapsaxeHo), —I-rpynna
HecTaOHAM3KpYeT NOJCKHTENBHO 3apAXeHHHH HEHTp, NOBHIIAA
BeJHYMHY M KOHUEHTpalMIO 3apafia; Takaa JAecTabuadsanusa
6yneT KOMIIEHCHPOBAThCA NPH MoTepe npotoHa. B ofuiem cayuae
MOXHO YTBEpXKAATb, YTC 2pPYnnbl, OTTASUEQIOUUE 3IAEKTPOHBL 3G
cHeT SiPeKTA noAR, NOBHLIGIOT KUCAOTHOCTS ¥ RONUILGIOT OC-
ROBROCTb, To20Q KaK diexTponoOoHopHble zpynnet dedcrsyor
8 npPOTUBONOAOKHOM Nanpassenuu. IpyruM NpEMepoM CAyRUT
monekyna (CgFs)sCH, B koTOpofi HMeloTcs TPH CHJIBHHE SJEKTPO-
HOAKIENnTOpHHEe rpynuu CeFs u pKa cocrasaser 16 [91], uro
noutH B 1018 ]£ npeeHnaer KucaoTHocTh PhsCH ¢ pKs=315
(raba. 8.1). HUHHH PK, AJA9 HEKOTOPHX KHCJIOT NPHBEREHH
B Tada. 8.3 [92]; no sTEM AAHEHM MOXHO NOJAYYHTL HPHOJH3H-
TeApHOE mpefcrasienve o6 sdiekre mnoas, Tak, Ha npumepe
XN0P3aMEIiEHHHX MAC/ASHHX KHCJAOT BHAHO, Kak 3bdekT noas



49 CRABA 8

YMEHbIaeTCA C H3MEHeHHeM pacCTOSHHA MeXAy 3JeKTPOOTPHLA-
TeJbHBIM 3aMecTHTeTeM M KueJoTHoll (yHknueil, Crenyer, oAHaKO,
NOMHHTL, UTO He TOJBKO 3¢beKT NoNfA BH3HBaer HalJolaeMmble
H3MEHEHHA KHCJOTHOCTH, BO MHOFHX cJyyadx Oodee BaXXHHIMHE
MOTYT OKa3aTbesl spderTn pacrBopureas (pasa. 8.6) [93].

2. Pesonancunie sgipextor. Pesonalc, KoTOpHfi cTabuansupyer
OCHOBaHHe, HO He ero CONUPAKEHHYI0 KHCJOTY, NOBHIIAET KH-
CJIOTHOCTb, ¥ HaoGopor. IlpuMepom cayxur Godee BHICOKAA KH-
CNOTHOCTh KapGOHOBBIX KHCJOT MO CPAaBHEHHI CO CIHPTaMH:

0 -

_ol 0

R—C—OH —— R—C( "+ R—C__

ol o

o = ©
R—CH,~OH —— R—CH,—0"

Horn RCOOQ~ crabunusnpoBaH pe3oHaHCOM B OTAHYHE OT HoOHa
RCHO~ nan moaekyant RCOOH. Crenyer oTMermTh, TO HOH
RCOO- craGuausupoBad He TOJMbKO 3a CHeT BKJAAAA ABYX SKBH-
BaJeHTHBIX KaHOHHYeCKHX (DOpPM, HO H 3a CYeT TOFO, YTO OTpHLA-
TenbHHH 3apAN pacnpefelieH MeXAYy ABYMS aTOMaMH KHCACPOAZ
H NoToMy MeHee KoHueHTpHpoBaH, weM B RCH.0-. Taxoit e
ekt Habgiofaercde W B JAPYIMX COCAHHEHHAX, COAEPIKAlIMUX
rpynnsl C=0 nnm Ce=N. Tak, kuciaorHocts amuiio RCONH,
phime, ueM amuuoB RCHaNH,, knenorthHoers coxHex  3¢hupos
RCH,COOR’ Bumre, gemM npocthix agupor RCH,CH;OR’, a xmuc-
aoTHocte KetoHoB RCH,COR’ suime, uyem anxatoe RCH.CHoR/
(ra6n. 8.1). B cayuae MOAekya ¢ ABYMS KapGOHHABHHMH Tpym-
naMe nDpH ofHoMm aToMe yraepoja 3gdexkt yBeauumBaeTca Gaaro-
JAaps AONOJHHTENBHOMY pe30HaHCy M pasMasHB2HHIO 3apsja; Ha-
NpEMep, CNOXHHe B-KeToaHPH Gojee KHCBE, TeM IIPOCTHE Ke-
TOHH HJH CNIOXKHHE 3¢upu (Tabn. 8.1).

_©
R—C—CH,—C—OR R—C—CH—C—OR R—C=CH—C—~OR
il Il — (I; Il - I ﬁ
0 0 0 o0 o

I

R——(I.IT —CH =? —OR

] 101

SIpREM NpEMepOM pacCMaTPHBAEMOrc S(peKTa ABAAIOTCH MOJAE-
KyAb TpuuuaHoMetaHa (NC);CH, pK.=—5, n 2-(zrunanome-
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Tunen)-1,1,3,3-rerpaunanonponesa (NC):C=C[CH(CN).}, axna
Koroporo sBenHunHa pK, mnepBHuUHOA HoMmsanum HHXe —3§.5,
a BTOpHYHON paBHa —2.5.

Pesonancubie sddekTH MrpaloT BaXHYIO podb TaKxe s
apoMaTHyeckux aMuHOB. M-HHTpoanmnnn — Gosee caaboe ocHo-
BaHHe, uyeM AaHHJXHH; 5TOT (GaKT MOXHO ObN0 O6H 0O0BSCHRTE
—[-atdexkTom HHTDOI‘pYﬂHH, HO AN-HUTPOAHUJAMH —elle GoJee
cnaboe ocHoBanne, XxoTd —I/-sdpexkr AAa Hero AoaxeR OhTh
MeHbllle H3-32 Gojibliero paccTosnus. [loHH)XeHHe OCHOBHOCTH
n-HATPOAHUJIHHA CTAHOBHTCA MNOHATHHM NPH PACCMOTPEHMHM KaHO-
Huyeckol Gopmu 1, BRAaL KoTOpofi B pesoHaHCHHWE rubpun [94]
CHH)XaeT 3JeKTPOHHYIO NJOTHOCTh HENOAENeHHOA napH 1o cpas-

L]
Nﬂg : NH!
@ @N
//” \ £\
10 Qe 9 0|e
Ko CONpaNCOIIDL 4,60 247 L 1

Pxffwwnu [95]

HEeHHI0 ¢ Mmapoll M-HATPOAHHAMHA, AJA XKOTOPOFC pescHaHCHad
dopma THna 1 HesosMoXHa. IToHHXKeHHe OCROBHOCTH nApa-saMe-
UIEHHHX apOMATHYECKHX aMMHOB HMeeT ABe HpPHYHHH, H 00e OHH
BH3BAHH OXHHM M TeM xe shdexroMm: 1) HenogeseHHas nmapa Me-
Hee MOCTYNIHA RS aTakd MpOToHOM, 2) npu o6pasoBaHHH cONpH-
MEHHOA KHCJIOTH pe3sOHAHCHaf crabmramsauus, obycHOBJACHHAH
BKJaaoM dopmu 1, HeuesaeT, MOCKOJBKY S/1eKTpOHHAS napa mepe-
craeT GHTb HENGEENEHHOH, a BKJAKHYAETCS B CBASh ¢ MPOTOHOM,
AHaNOTHYHEIM 0o6pa3cM BJHAIOT 3aMECTHTENH Ha KHCJOTHOCTb
dheHoNOB.

Kax npasuio, pesoHaHcHHe 3(@deKTHl NMPHBOAAT K TeM e pe-
3yAbTaTaM, 4To 4 3PQeKTH NHoAA! SAeKTPOHOAKUENTOPHEIE IPYINH
NOBHINAIOT KHCAOTHOCTD H NOHHIKAKT OCHOBHOCTb, @ 2J€KTPOHO-
JOHODHHE FPYNNH OKa3hBaloT NPOTHBONOJNONKHoe pefictBHe. O6a
s(heKkra BHIHBAIOT Nepepacnpepenelte 3apsaia, Beayllee K Io-
BHINEHHI0 YCTCHAYHBOCTH.

3. Koppessyus ¢ nepuoduuecxodl cucremod ssemenros. Ilpu
CpaBHeHMH KHeJoT B ocHoBaHuii BpéHerepa, oramuyaiomuxcs no-
JOXEHHeM 3JIeMeHTa B nepHoxudeckoli Tabanmme, HalSaozawTes
ciefyolize 3aKOHOMepHOCTH.

a. Ilpu pBHKeHWH BAOAL psjla NepHOAHUECKON TaGMHIH cJeBa
HanpaBo KHCAOTHOCTh MNOBLINAETCH, 4 OCHOBHOCTE HOHHIKAETCS,
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Takum o6pasoM, KucaoTHocTs nosbimaercs 3 pagy CH < NH;<
<H,O<HF, a oceoBHOCTs yMeHbmIaeTca B paay CHy—>NH;—>
>0H->F~. Takyi 3aKOHOMEPHOCT: MOKHO OGBSCHHTH YBE/IHUE-
HHEM SJeKTPOOTPAHATENBHOCTA 3JICMEHTOB OPH NEpexole oOT Je-
Boft wacra TaGammH kK npasod. IMeHEC 3TOT (hakTOp 0OYCAOBIH-
BaeT GOJBIIYI0O PasHHRY B KHCJOTHOCTH MeXAY KapGOHOBHIMH KH-
cnoraMy, aMugame H Keronmamn: RCOOH > RCONH:» RCOCH,.

6. KHCAOTHOCTh MOBHLIAETCH, 4 OCHOBHOCTE MOHWNAETCH NPH
JIBEXKEHHV CBepXy BHH2 B TpYANax HePHOAHYecKOA Tal/iullbl, He-
CMOTPA Ha TO, UTO SJEKTPOOTPHHATENBHOCTH MPH STOM YMEHb-
maercsr. Tag, EAcjAOTHOCTh nopmimaerca B paay HF<HCI<
<HBr<HI r H,O<H,S, a ocuoBHOCTE ywmeHbHmIaercs B paay
NH;>PH>> AsH;. D1a 3akoHOMEpHOCTH CBAsaHa ¢ YBeJIHYEHHeM
paaMepa saemeHta. Tak, k npuMepy, F~, HaMuoro Membwmmit mo
pasmepy, ueM I, ropasno cHibHee MPATATHBAeT MPOTOH, TAK KaK
€r0 OTPRIATEAbHHA 3apAN, 3aHHMas MeHbIIHA o6beM, ABIsSETCA
6ojiee EOHNEHTPHPOBAHHEIM {kKpoMe TOro, F- ropasno Gounee
JKECTKOe OCHOBaHHWE, ueM I, M 1OTOMY JAerde B3amMOAeficTRyeT
¢ xecTKo#i KucAOTON, KakoBOR sBnserca mnporoH, (pasa. 8.4).
BTo 1npaBmMio He BcerAa BHIOAHAETCS IAA NOJOXKHATENbHO 3aps-
MeRHHX KuchnoT. Tak, nopsaoKk KACKOTHOCTH AAA THAPHAOB
snementor VIA rpymom uwmeer Bua HO<H.S<H,Se, oamako
AOPAROK KHCJIOTHOCTH NOJCXKMTENBHO 3apsKeHHHIX MOHOB o6pat-
HEIT: H30+>H38+>H3$e+ [958]

3aKOHOMePHOCTH M3MEHEHHs RHCAOTHOCTH JIbloHca TakXKe
CBA3aBH ¢ MOJOXEHHEM 5JeMeHTa B HepROAHMYecKoft rabnuue; sT0
BHHO H3 CPAaBHEHHS CHJAH JILIOHCOBCKEX KHCJAOT ofmeft dopmyns
MX,. [87]

B. Te XACAOTH, KoTopuM Tpebyerca TOJNBKO OfHA 3JEKTPOHHAA
napa A saBepllleHs BafieHTHOfl OoBOJiOUKH, OKasHBaloTcs Oolee
CHJABHEIMHA, YeM KHCAOTH, KOTODHM JJH STOrO HYXKHE JBE 3JieK-
TpoHHHe mnapel. Tak, GaCl; — Gosee cHABHAY EKHCAOTA, YeM
ZnCly, 310 cBA33HO ¢ OTHOCHTENBHO MeHBIIHM BHHTPHILIEM
YHEPrHH TIPH COSAMHAEHWH TONBKO ORHOA H3 JABYX HYXKHHIX SJEK-
TPOHHHIX Hap H C BOSAHKHOBEHHEM OTpHIUATEJBbHOrO 3apsfia TpH
NPHCOSHHHEHHH HBYX SJCKTPOHHHX Tap.

r. [Ipy npouwx paBHHIX yedoBusx KHeJIoTHocTe MX, yMeHb-
IFaeTcsi ¢ YBeAHUEHHEM pasMepa SJIeMeHTa, T. €. TNPH ABHKEBREHR
CBEPXY BHH3 MO NepHoIMYecKoil rabimie, TaXx Kak HPRTIKEHHe
MeXAY HOJOXHTEJBALIM fAAPOM H BXORAINeN 3AeKTpPOHHOH napoft
Eml]aﬁeaaen Tag, BCl;— Gonee cuapHas ERucaora, dem AlCly
96].

4. Crarucrudeckue agdhextsi, B cnydae CHMMETDRUHBIX ABYX-
OCHOBHEIX KHCJIOT KOHCTAHTa MepBHYHON MAHCCOUMANAM BABOE
Gosblile  O:kHOaeMofl, NOCKOALKY HMEIOTCH ABA SKBHBAJNEHTHBHIX
aTOMa BOAOpOJa, CNOCOOEHIX K HOHH3AaLAH; KOHCTAHTA XK€
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BTOPHYHON AMCCONMAaLHH TOJbKO HANOJOBHEY GCojblie OXHAa-
eMOli, TaK KaK CONpAXKeRHOe OCHOBaHHe MOXeT aKLenTHpoBaTh
IPOTOH NnO ABYM SKBHBaJEHTHHM HOJXOMeHHsM. TakuM obpasom,
oTHomenne Ky/Ky ZOJXHO paBHAThCA 4; nNpuGAHSHTENbHO TaKas
BeHYnHA Hal/ofaercd A4 AHKapGOHOBHX KHCIOT, B MOJeKy-
Jlax KOTOPHIX AB€ KHCJAOTHHE QYHKUEH HAOCTATOYHO YAajeHH Apyr
OT Apyra. AHAJIOrHYHKE APryMeHTH CHPABEAJHBH H LJAf MOJIEKYJ
¢ ABYMA SKBHBAJICHTHHIMHM OCHOBHHMH rpynmamu [97].

5. Bodopodras ¢sase, Ha cully KHCAOT HJH OCHOBaHHA MOTYT
OKa3HBaTh OOJbIIOE BJAHAHHE BHYTPHMOJEKYJSipHLIE BOAOPOMHEE
casd, Hanpumep, semuuuna pK o-THAPOKCHOGH3OAHOR XHCHOTH
cocTaBasier 2,98, roraa Kak AJfA nqpa-u3oMepa oHa pasHa 4,58.
Takas pasHULla OOGBACHASTCH TeM, YTQ BHYTPHMOAEKYJADHAA BO-
HBopoAHad cBase MexAy rpynmamx OH a COO~ conpsxensoro
OCHOBAHHSI OpPTO-H3OMepa CTaOHAHSEpPYET €ro H TeM CcaMhM
BHSHBAST MOBHIUEHHE KHC/AOTHOCTH.

6. Hpocrpancrsennvie aspgexra. [98]. Ilpamule crepHuecKue
3aTpYAHEHHA PeAKO BCTpeyaloTcs NPH NepeHoCe NPOTOHa, 10-
CKOAbKY Cam HpOTOH oueHb MaJj. CrepHueckHe >PdeKTH ropasao
fonee BHpaxeHH B KHCJAOTHO-OCHOBHMHIX peakinax Jibionca
C yuacTdeM KHCJAOT GoabmiBx pasmepos. [lpd BaphHpoBaBHH pas-
MepoB KuCAoT GbliH HArAAAHC INPOACMOHCTPHPOBAHH® H3MeHeHHS
nopsjKa OCEOBHOCTH. B Tala. 84 mnoKasalno H3MeHeHHe CHAK
OCHORAHHIl AJAA4 NPOCTHX AMHHOB NPH CPABHEHHH € KHCJIOTaMH
pasiux paamepos [99]). M3 sTHX AaHHHIX BHAHO, YTO HDH HCIOJb-
30BAHHH KHCJACT AOCTAaTOYHO OOMBMIHMX pasMepoB OOBIYHHA mno-
PALOK OCHOBHOCTH AMHHOB (N0 OTHOIIGHHIO K IPOTOHY) MOXKeT
H3MeRHTbcH Ha oOpaTauiEt, HanpsikeHHe, besHBaeMoe oGpasoBa-
HHeM KOBANGHTHOH CBASH MeXAY ABYMS aTOMaMu, KaXEHH B3
KOTOPHX HMeeT TPH OODBEMHHX 3aMeCTHTeNsd, HASHBAOT Auye-
svim (face) nanpascenuem, wiu F-nanpsmcenuen.

Crepuueckne (pQeKTH MOTYT BJHATb Ha KHCJAOTHOCTh HJH
OCHOBHOCTH He NPAMO, a NOCPENCTBOM pesoHaHca (pasa. 2.6).
Hanpauep, o-rper-6ytuibensolinaa kHeAoTa noyth B 10 pas

Tabsuya 8.4. Yrennuenue cHIH ocAOBaMAf N0 OTHOUWIEHMI) K HEKOTOPHM HTATOHHEM
kuenoranm [100]

STaRORRAS KECAOTA

Cuaa geeoRanufi
DOSpACTALT +
CBepXy BHRS HT uam BMe,; BMe, B{CMs,),

Ei,N MesN Et,N
Nﬁ, MeyNH BLNH

NH
ﬁ?}}' Et,NH N EtNH,
Me,N E{im, Mzil\'IH, NH;
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CHJIbHEe Hapa-H3omepa, OnaroAaps TOMY 4To KapOOKCHJbHAS
rpynfia BHTaJAKHBAETCA H3 INIOCKOCTH coceAHelt rTper-6yTiabHol
rpynnofi. B KoHeuyHoM cuere Bce Opro-OeH3ofHBle KHCACTH CHAb-
Hee COOTBeTCTBYICUMIMX 7apa-H30MEPOB HE3aBHCHMO OT TOro, HB-
JAIOTCH JH 3aMECTHTENH B KoJblie SACKTPOHOACHODHHMH RJIM
9JIeKTPOHOAKLEN TOPHRIMH,

CrepHueckhe s¢rpekThl MoryT OHTh BH3BAHKW TaKKe Halpa-
XeHnueM Apyrux Tumon. 1,8-6uc-(JBSTHAAMHHO)-2,7- IAMETOKCH-
HapTankH (2) — HCKJHOUHTENbHO CHAbHOE OCHOBaHHe B DHAY
TpeTHYHHX aMuHOB (pKa conpaxedHoR kuciorol papHo 16,3 no
cpaBHerno ¢ pK. N,N-numerunamunumna, pasawiM 5,1), RO mepe-
HOC NpOTOHAa OT aTOMa a30Ta H K HeMy NPOHCXOEHT HacTOAbKO
MefIJIEHHO, YTO 3& HTHM NPOUECCOM MOMHO CJACAHTh ¢ NOMOIBIO
Y®-cnekrpoporomerpa [101]. 3naunrenshoe HanpskeHwe B MO-
Jiekysze 2 BHI3BAHO TeM, 4TO HenoAejdeHHHe 3JeKTPOHHbIE Maphl
ATOMOB 430T& BHIHYXJEHHI HAXCAHMThCHA PAAOM APYr ¢ Apyrom. Ilpm
NPOTOHHPOBAHNE HalpmKeHHe ocnaleBaeT, Tak Kak OjHA M3 He-
NojeJieHHEIX map o6pasyer ¢Bf3b ¢ BOAOPOAOM, KOTOPHH B CBOK
cuepeab oGpasyeT BOAOPOAHYIO CBA3b CO BTOPOH HemozeAcHHOH
napoft. Auanornunnii appexr Habaopaerca 8 4,5-6uc- (aumernn-
amnHo) puiyopere (3) [101a].

NEt, NEt, NMe; NMe,
MeO ' l OMe @ @
2 3

7. Tubpudusayus. Ilockoabxy SHeprusi S-OpOHTAaJNH HHXKe
SHePTrHH p-opOHTand, To 4YeM OOJbUIHA S-XapakTep GyAyT HMerTb
rufpuanag opOHTalb, TeM HHXKe Oyier ee sHepruf. Orciona cune-
Ayet, 4TO KapOaHHOH NIPH SP-YIAEPOAHOM aTOMe JAOJXeH OHTh
Gonee ycroiluwB, ueM Kap6anwon npu sp>-yraepoge. Tax,
HC=C~, nenofiesieanas napa B XOTOPOM HMeeT OONbUIHE S-Xapak-
Tep, yem B CHp=CH~ uau CH,CHy~ (ruGpmausauus sp, sp® H
§p® COOTBETCTBEHHO), —HaMHOro Gojee caaloe oCHOBaHMe, HeM
Apyrde Zba aHHOHA, DTHM OGDBACHAETCH OTHOCHTENBHO BHCOKAR
KAcAOTHOCT ametuaeHop u HCN. Jpyrum RpHMepoM cayKar
CIHPTH M HpocTHe 5HPH, TAe HenojefieHHAd SJNEKTPOHHad mapa
KHcoposa HMeer spi-ruGpuusanuio; oHE sApagiorces Gojee cHIb-
HHIMH OCHOBAHHMAMH, %€M KapGOHHJABHEE COelHHEeHHs, B KOTOPHX
HemojeJeHHaA Mapa hMeer ruGpuansamuio sp? (rabn. 8.1).
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8.6. Bauanue cpepil Ha CHAY KHCAOT H OCHOBAHHH

Ha XdcaOTHOCTH HJIH OCHOBHOCTb OKasHBAIOT BJHAHHE He
TOABKO CTPYKTYDHHE OCOGEHHOCTH MOJEKYJ; ORHO H TO Xe coe-
IHHeHHE MOXKeT MEHATb CBOHM KHCAOTHO-OCHOBHHle cBoHCTBa npH
nepeMere ycnobufl. O BAHSAHHH TeMHAepaTypl Y¥e TOBOPHJIOCH
B pash. 8.1. Eme Gonee Baxkuu a¢(peKTH pacTBOpHTeAd, 3aKJioua-
I0lllHecs B pasJHYHOH coAbBaTaliHH, BH3WBalOel YacTo ouedb
SHAUNTENLHHE H3MEHEHHS CHABl KHUCJAOTH HAM OcHoBaHug [102].
Ecnu ocHoBaHHe conbBaTHpyeTcsi B GoAbluelf CTeMeHH, 4eM ero
CONMpAMEHHAA KUCJAOTA, €r0 YCTONYHBOCTL MO CPABHEHHIO C COMpHA-
»KeHHOH xHcaAoTofl noBmmaetca, Kak BHAHO H3 Taba. 8.4, merHa-
aMMH 1O OTHOLIEHHIO K NPOTOHY, T. €. B OTCYTCTBHE CTEPHUSCKHX
sddekToB, ~— Gosiee CHALHOE OCHOBAHHE, UEM AMMHAEK, a EMMETH]-
aMHH — emle GoJee cHAbHoe ocHoBande [103). 310 nerko HoHATS,
eC/IH AOMYCTHTb, UTO METHJIbHbWE TPYNAH SBJASIOTCA 3JeKTPOHOXO-
BopHuIMH. OnHako TPHMETHJaMHH, KOTOPHHA AoMxeH 6bi OH ObiTb
elle GoJjee CHALHHM OCHOBAHWeM, B AeHcTBHTeABHOCTH (ONee caa-
60e OCHOBaHHWe, YeM AMMETHJAAMHH H METHJaMHH. 3T0 KaXyicecH
aHOMAJIbHBIM SIBIEHHe MOXKHO OOGBSICHHTH Pa3NHYHOH THApaTauued
[104]. Monerysna NH¢* Gnarogaps HaJaHUHIO NOJOXKHTEAbHOrO 3a-
pANAa HAMHOrO Jy4uile rufipaTHpoBaHa (3a cuer 06pasoBaHHsa BOfO-
POAHHX CBf3el ¢ MOMEKyJIaMH BOAH), deM Mmosekyna NHg [105].
YeranosieHo, 910 B peayibTaTe 3Toro 3d¢exTa CHIAa OCHOBAHHA
B cAyuae aMMuaxa nosbmaercs Ha 11 exunan pK [106). Ilpm sa-
MelleHHH BOZOPOLA METHJBHBIMH IFPYNIaM¥ 3TO pas/IuvHe B FHAPaA-
rauun craHoBHTcsH Mewbwe [107], ¥ pasHuna B cHile OCHOBaHHN
LA TPUMETHAAMEEA cocTasiser Toabko 6 esmnun pK [106]. Ta-
KHM 006pasoM, uMeer Mecto MeficTBHe ABYX 3addekTop B mMpoTHBO-
NONOXHOM HanpaBJIeHHH: 3a cueT s{dexra Nosis OCHOBHOCTE MO-
BHILIACTCH NPH YBEJHYEHHH YHCIAa METHAbHHX Ipynl, a 3a cuer
stdexra rugparanud oHa yMeHbuaercs. Eeanm gpa addexra cym-
MUPYIOTCS, CaMHM CHJALHEM OCHOBaHHEM OKAa3HBAETCH JHMETHJ-
aMHH, 2 caMbiM clafHM — aMMHax. B cayuae 3/JeKTpOHOROHOPHHIX
ANKWIBHEX Tpynn caelyeT OXuiaTbh, 49To B Tasopofi ¢ase [108],
‘rae a¢dexrH COAbBATALHH OTCYTCTBYIOT, OCHOBHOCTb aAMHHOB 0O
OTHOIWIGHHIO K NMPOTOHY OyAeT yMeHbwarhes B paay RsN>R.NH>
>RNH>>NH;; 210T TOPAROK NOJYUHJ SKCIePHMEHTAJLHOE HOX-
tBepxkaenne An R=Me, Et, Pr [109]. B razosofi $ase aHMIHH
TaKxXe sBJseTcs Gojee CHALHEIM OCHOoBaHMeM, yeM ammuak [110],
TaK 4TO ero HaMHOTO Gofiee HH3Kaf OCHOBHOCThH B BOIHEIX pacT-
sopax (pKa. ana PhNHs+ cocrasaser 4,60 mo cpasnennio ¢ pKa=
=024 pasx NH¢t B BOpe) BH3BaHa aHANOrHUHHMH 2dderTamu
cOJBBATAIHY, a He PEe30OHAHCOM HAH addeKTaMH noas 3/JeKTPOHO-
aKuentopHofi (eHHABHOR TPYENH, KAaK NPHHATO OHJO CYHTATH.
Touno tag e nupuauk (11111 nappon [112] HaMEOro Mesee OCHOBHH,
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yeM aMMHaK B BOAHHX pacTBopax (NHPpoa B BORHOM PacTBOpe BO-
ofe HefiTpaner), Ho 604ee OCHOBHH B ra3oBof ¢ase. ITH mpu-
Mephl HaFJIAAHO NMOKA3ZHIBAIOT, KAKYID OCTPOXHOCTL CJeAYeT Mpo-
ABAATb, CBA3LIBAA OTHOCHTE/NBHYIO KHCJIOTHOCTh HJIH OCHOBHOCTB
¢ KaKHM-BHOYAb KOHEpeTHHM StdekToM.

Ilopagok kiucaoTROCTU MPOCTHIX CIHPTOR B rasopol dase moa-
HOCTLIO MNPOTHBOMOJOXEH MOpAARKY B BOKHHX pacreopaX. Ecam
B DPAcTBOpPe KHCJIOTHOCTH yMeBbwiaercst B pany ‘HeO>MeCH,OH>
>Rfiezc OH>Me3COH, 10 B rasosofi gase oHa B TOM Xxe pany
ysennuusaerca [113]. O6bacuATL Taxoe pas/udHe CHOBA NMOMOraloT
s(pdexTsl coabBarauud. CpaBHMM JABa Kpaduux cayusad, H:O =
MezCOH; ouesnaHo, yto won OH— ouenr Xopomo coabsatmpyercs
BOAOK, TOrAa Kak HOR Me;CO—, ropasfo Gosee ofneMHHHE, COMlb-
BaTHPOBaH HaMHOTO cnafee, TAK KaK MOJEKYJb BOAH HE MOFYT
6/M43K0 TIOAOHTH K ero aToMy KHclopoAa. ITostoMy B xujkoi thase
mosaexyna FO nerxko ornaer nporoH. B orcyrcreue sddexion
PacTBOPHTEAA NPOABAACTCH HCTHHHAS KHCJAOTHOCTB, MPHCYIUAA KaH-
HoMy coeanreHuio, B MesCOH sipasercs bodiee cHABHOR KHCAOTOH,
teM H,0O. 314 janHble MOKaskIBAlOT, YTO TPOCTHE AaJKHJIBHBIE
TPYNOH HeJB3d PacCMaTpHBaTh MPOCTO KaK SJAEKTPOHOAOHOPHHIE.
Ecam MerunpEas rpynna siaekTpoHogoHopHast, Me;COH no mpu-
poae ceoeit gommeRr OHTb Goaece c¢naabol Kuedoroft, yem H,O,
a B ICHCTBHTEJHHOCTH 3TO GoJlee cANbHaA KHcJora, [Ipaduda 3a-
KJIOUaeTCA B TOM, YTO B 3TOM, KaK U B APYCHX CXOAMLIX CAyHasx,
aAKWAbHEE TPYNNs MOPYT GHTb SJACKTPOHOROHOPHHIMH, €CAH OHH
CBA3aHH ¢ HeHaCHIIeHHOH CHCTeMOf, a B ADYFHX CHCTEMAax OHH
Moryt sufo Booflle He NMPOABAATL addekTa, THOO GHTH JIEKTPOHO-
akuenTopRuiMH. TTOpsiioR HCTHEHOA XHCJIOTHOCTH CNMPTOB M OC-
HOBHOCTH aMHHOB B rascBofi dase oOBACHACTCH TeM, 4TO AJKHIb-
Hble rpymnm Saarofaps CBoeHl NOAAPH3YEMOCTH MOTYT HECTH KakK
NoAOKATebHBM, TaK W oTpHHaTeAbHHA 3apaA [115]. Pacwersnie
AaHHHE CBHACTCNbCTBYIOT O TOM, YTO AaXe B C/y4ae CIAPTOB OGHY-
Hbie 3¢deKTH MOASA ANKHALHBIX IPYNI MPOROJXKAIOT AEHCTBOBATH,
HO OHH RNOAABAAWTCA GoJee BHPpaXKeHHBIMH >(pexTaMu noaApH-
sauun [116]. Jas KucAOTHO-OCROBHWIX peakuuii B rasosoii Qase
BANAHHE NONAPH3AUHA Ha aHHONHHE LEHTPH WIpaeT pellaollylo
poas [117].

Iposegenne peakunfi ¢ AOHaMu, COJNBBATHPOBAHHBIMH B raso-
Boit dase, MOKa3a/o, 4T0 COMBBATHPOBAHUE AaXKe OAHOM MoseKynoi
PacTBOPHTENA MOXKET CYIECTBeHHO MeHATb OcHoBHoCTh [118].

Baxuoft cropoHofi a¢pdexToB pacTBOpHTENA ABJAETCA OGpPHEH-
TaUHA MOJEKYJA pacTBOPHTEIS B MPOLRCCAX NMpeBpallleHHs KHCIOTH
B COMpSXEHHOe OCHOBAHAE H OCHOBAHHS B CONPAXKEHHYIO KHCIOTY.
PaccmorpuM, k npuMepy, npespamenne kucaorst RCOOH B comps-
KeHHoe ocHosanre RCOO- B BoaHoM pacreope. Ofpasys Bogo-
POAHBIE CBA3H, MOJIEKYAHW pPACTBOPHTE/IS PACMOJNAFAIOTCH BOKPYT
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Tabfisugya 8.5. TepMOIHHAMKYECKHe BEAKYHHE] JAN KOHHIAUMH YKCYCUOH M

XNOpOYKCYCHHX KuCIOT B Boge nph 26 °C [120])

Kncnaora PKa AG, KKaa/MOADL AH. xuanfuwons | TAS, kxanfmonn
CH,CCOH 4,76 46,6 ~{0,1 —6,6
CiC OH 2,86 +4-3,9 —1,1 ~5,0
Cl,CCOOH 0,65 40,9 +1,5 +0,6

rpynnel COO— ropasfo Gosee ynopsiAOYSHHBIM ofpa3soM, ueM
Bokpyr rpyonu COOH (Gnaroaapsa 0Godee CHALHOMY NPHTAMEHHIO
K OTPMHATENbHOMY 3apfRy), 4TO HPUBOLHT K 3HAYHTENLHOMY
YMeHbIlIeHHI0 SHTPONHH. TepMOAHHAMHUECKHE H3MepeHHs MOKa3H-
BAIOT, YTO B CJyuae NMPOCTHX aanaTHYECKHX H raJoreHo3aMelled-
HBIX aanaTHYUECKHX KHCJIOT B BOLHEIX pacTBOpax NPH KOMHAaTHOH
TeMIepaType BKaal SHTpontuH (TAS) B H3MeHeHme ¢BOGOAHOM
sHeprud AG o6uiyHO HaMHOro GoJblle BKJaja SHTaablHH AH
[119]. Bsa npumepa npusesens p Taba. 8.5 [120]. Tloatomy ad-
deKTa pesoHaHca H 3(QdeKTH MoAT (GYHKUHOHANLHBIX TPYNN MO-
pasHoMy BAMAIOT Ha KucaoTHoete RCOOH. Onu  Bansior nHa 9u-
TaNbIHIO (3/EKTPOHOAKUENTOPHHE IPYNNH NOBHINAIOT KUCAOT-
HocTb, crabuamsupya RCOO- 3a cuer nepepacumpesejeHHd 3a-
pAAa), HO OAHOBDEMEHHO OKA3HBAIOT BJAMAHHE H HAa SHTPONHIO
(monmxas 3apag Ha rpynne COO— u MeHAs pacnpelefeHHE SJeK-
rpoHoft miotHocTH B rpymnite COOH, 3nekTpOHOaKUENTOpHEE
TPYNNE H3MEHAIOT OPHEHTAlHI0 MOJEKYJ pacTBOpHTeNd KaK BoO-
K%yr KHCAIOThI, TAK H BOKPYT HOHA, H3MCHAA TeM CaMbiM BeJHUHHY
AS).

)I/Is AAHHWIX Taba. 8.0 BHAHO, UTO MOBHIIEHHE CHJAL KHCIOTH
B CICH;COOH 3a cuer BBefeHHd xAopa B Gojbiiel Mepe CBA3AHO
¢ M3MeHEeHWeM SHTPONHH H B MeHbllUell Mepe ¢ M3MeHCHHEM SHTAJb-
nuu. Ente Gosiee HAT/AAAHHM APHMEDPOM CJAYKHT TPHXJOPOYKCYCHAd
Kucnora, xoropas nourh B 10000 pa3 cuiabHee YKCYCHOH, HO KOTO-
pasi JOMXHa OHTb Oojee cnabofl KucnoTofl, eciH OH Ha H3Me-
HeHMe CBOGOAHON SHEPrHH BJAHSAIO TOJABKO H3MeHeHHe SHTAJbIHH
(ra6x. 8.5). B sTOM cJayuae cTOJb OFpOMHASl DPASHHLA B KHCJOT-
HOCTH CBSi3aHa ¢ OuyeHb GOJAbLIIHM H3MeHeHHeM smTponmH. [lo-
cKOJAbKY Gaarogapd sddekTy oA COCTABAAUIAA OTPHEATENb-
el 3apap saekrpomuas napa B Cl3CCOO—- pasmasmBaercs mo
Beelt MOJIEKYJIC, EPUTAKEHHE MOJCKY/l PACTBOPHTENAS K 3TOMY HOHY
HamHoro caabee, yeM K HoHy CHyCOO—, B pesyasrarte uero OHM
oGaazaiT Goapwieli cBoGoAf H, cAeAoBaTeNbHO, GoJbined 3HTPO-
tidedi. sBectdsl ¥ ApYrue npEMepH KapGOHOBHX KHCJOT, B KOTO-
poix 3¢{eKTH SHTAABNHA H SHTPONHR IefCTBYIOT B IIPOTHBONONONK-
HHX HanpapjieHHdAX, OJHAKO, KaK NPaBHJO, HE3aBHCHMO OT TOI'O,
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HAeficTBYIOT JH 3((eKTH B OJHOM -H TOM Ke UJH B PasHHX Hampap-
JeHusix, §osee Ba)KHHM OKa3blBaeTCA BJIHSHUC H3MEHEHHS SHTPO-
MHH.
KECAOTHOCTE HNH OCHOBHOCTh MOXET TaKXe MeHATLCH MpH
nepexoae orT NPOTOHHMLIX pPacTBOpUTeNEeR K anpOTOHHEIM, HOCKOABKY
NPH TOM MEHSETCH XapaKTep COJNbBATALMH aHUOHOB (MOHATHO, YTO
B aNPOTOHHOM pPacTBOpPHTENE HEBOSMOXHO 0fpa3oBaHHe BOJOPOL-
HhX cesazelt) [121]. Dror addext MoxKeT GHTH OYeHb pe3Ko Bhpa-
WeH; Tak, B AMMeTHADOpPMaMHIE NUKPHHOBAS KHUCJAOT2 CHJBHEE,
uem HBr [122], xors B soze HBr uamHoro cuibree. IlogoSHoe
fiBJACHUe MOXeT OHTbL CBS3aHO C pa3MepaMH HOHOB: GOJIBIION HOH
(O2N)sCsHoO nyuwmie consBaTHpyercst MonexyiaaMu auMmeruadop-
MaMula, 9eM MalJeHbKH#t rOH Br~, Torka Kak B WpOTOHHOM pacTBO-
putese, HanpuMep B BojJe, Br— Jydille cOJbBATHPYETCA MAaNEHLKHM
HeIKPAHUPOBAHHEIM NMpoTOoHOM [123]. KHCIOTHOCTL MM OCHOBHOCTS
MOMKET MeHATbCH JaXe INpH N[epexoge OT OfHOr0 ANMpOTOHHOTO
pacteopuTenss x apyromy. Hanpumep, mo otHowleHuwo K 2,4-muHu-
TpoeHONY HOPANOK CHJH OCHOBaHHA MMeer BHA: BugN>Bu,NH>
>BuNH, 8 xaop6enzone, Bu;NH>BuzN>>BuNH,; s Geuzone u
BusNH>BuNH;>BusN B nubyraaoBom sdupe [124]. Ha kucaor-
HOCTh WJM OCHOBHOCTH OKa3MBaeT TaKke BJUsSHHe HOHHAS CHJAA
PAcTBODHTENSA, TaK KaK B 3aBHCHMOCTH OT Hee Mensitores Koaddu-
ILHCHTHE aKTHBHOCTH,

Taxum 06pasoM, coNbBATALHS MOMXKET OKa3blBATH CHUJbHOE BO3-
AeficTBHE HA KHMCAOTHOCTb H OCHOBHOCTh. B rasosoft dase nposs-
nfeTcs nefictbue s¢pdexToB, pacCMOTPEHHEIX B NpeibAYyHleM pas-
JeJie, TIaBHHEM 06pasoM pe3oHaHCHEIX B 3tdekTos noas, H HA HuX
He HakjaabisaloTca sddekre coabvBatauun. Kak MH yXe BHASH,
3JIEKTPOHOAKIENTOPHHE TPYyNfn OOWYHO NOBHINAIT KHCJIOTHOCTH
H TOHMKXAIOT OCHOBHOCTh, @ 3JEKTPOHONOHOPHHE TrpyNnE  BbI3HI-
BalOT NPOTHBONOJOXKHbIC H3MeHeHHs. B  pacrsopax, 0coGeHHO
B BOOHHIX, 9TH 3(deKTs ellle NpOAOIKAIOT REHCTBOBATL {UMEHHO
nosTOMy BeJiHYHHB pK B TaGa 8.3 XOpoWIO KOPPERHPYIOT ¢ peso-
HaHCHEIMH 3¢rbpekTaMu ® sddexraMu noas), HO, KaK NpaBHAo, OHH
IHAYHTENBHO OcAaBepalorT, a MHOIAA CTAHOBATCA o6paTHHMM [93].
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Bauanue cTpoOeHHS
Ha PeaKuUOHHYI0 CNOCOOHOCTD

YpaBHeHHR peakuHfi DPHHATO 3aNHCHBATH C MOMOINLIO (opMy.
Hanpumep, npH sanucu peakun# KapGoOHOBHX KHCHOT HOAb3YIOTCH
dopuynok RCOOH; npu sToM noapasyMeBaercd, YTo Bce KapOoHO-
BHe KHCJIOTH BCTYNAIOT B AaHHYI0 peakumio. Ilockolbky Rast Godb-
LIAHCTBA coefHHeHAN C onpeiedeHHoRt GyHKUAOHAMLHOR TIpynnoH
AeficTBHTENbHO XapaKTepHH Gojlee HAH MeHee ONHHAKOBHE peak-
IiHH, 9Ta AIpakTHKa cels onpasjrBaer, H MH OyAeM el ciexoBaTb
B HacToAme#d KHHre., 3amuch ¢ NOMOMIBI0 0GOOWICHHBIX dopMya
HOSBOARET KJAaccHGHNMPOBAaTH OTPOMHOE YHCIO HHAHBHAYANbLHHX
peakunfi B CHOCOGCTBYET KaK 3aMOMHHAHHIO, TAK H MOHHMAHHIO HX.
bes cumBosa R opraHHyecKas XHMHA MpeBpaThaach OH B Henpo-
XOAUMYIO "auly ¢pakros. OfHaK0 HYXXHO EMETh B BHAY, 9TO AaHHAd
¢yHxOmoHaAbHAA TPYNNa, B KaKylo GH MOJeKyJy OHA HH BXOXHJA,
He BCerfa pearHpyer OHNHEakoBHM o6pasoM. Ha peakmaw no
¢dyHKDHOHa/AbHO TpyNNe BJHAeT OCTaZbHas UaCTh MOJeKyAH. 310
BAHSHHC MOMKeT OHITE MOCTATOYHO BENHKO, ANA TOr0 9TOOH MOJHO-
Crbl0 NPeAOTBPATHTb PeaKIHIO WJIH 3aCTaBHTb ee HATH B COBEp-
IIeHHO HeoXXHAAHHOM HanpabieHud. laxe B cayuae ONHHAKOBbIX
peakumuit ABYX CcoSAHHeHHHA ¢ OAHOA H TOH ke (YHKHHOHANBHOH
IPyAno# cKopocTH B (HJAH) NoNOXKeHHS paBHOBeCHS O0LIMHG OTJAH-
4410Tcs, HHOrJla He3HAuHTeNbHO, HHOrZa CYIIECTBEHHO, B 3aBHCH-
MOCTH 0T cTpoeHHust coennHennfi. HamGonarpline BapHallEH MOXHO
OXHEAATh NPH HANHYAH B MOJeKyle HPYrHX QyHKIHOHaNbHHX
rpynm.

IIpa paccMOTPeHHH BAHSAHHS CTPOEHYUA Ha PeakmHOHHYIO CNO-
co§HOCTh Pa3NMYalOT TPH TAaBHHX (akropa: sddexT noas, peso-
HaHCHHI (uMaM MesoMepHHH) sddeKT 4 mnpocTpancrBeHHule ad-
¢exta [1]. B GoapliancTBe caAydaeB AeficTBYeT He OAMH, a ABa BAH
Bce TpH s(dexra, NoITOMY TPYAHO CKa3aTh, B KAKOA Mepe KamAblH
H3 HHX yBeAMuHBAaeT HAH YMeHpLIaeT CKOPOCTb PeaKIHH,
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9.1. Peaonancubiit 2 pexT H sthexT nonn

Uacto OmBaeT 0Co0eHHO TPYAHO pa3feuTb pPe3OHAHCHBINA
apdext u addekr noaA; HX HEPEAKO PACCMATPHBAKT BMecre, Ha-
SHBaf 3AeKTPOHKRbIMU spdestanu [2). Dpdextn moan obcyxaa-
JHch B pasa. 1.9, rae B tada. 1.3 upneegersl Hekoropuie +J- u —I-
rpynnel. Uto Kacaerest pesonancnoro sgdexra, 8 pasi. 2.5 6bu10
NOKA3aHO, YTO pacnpefesiedHe 3ACKTPOHHOM NJOTHOCTH B aHHJAHHE
OTJIHYACTCA OT pacnpefesieMus, Kotopoe JOJIKHO Goiio Ob OMTb
IPH OTCYTCTBHH DPE3OHAHCHOrO B3aHMONCHCTBHA MeXLy apoMaTH-
yeckaM koasuoM H rpynnmofi NH,. Ananormuunii addexr npo-
ABJAAIOT OOJLIIMHCTBO 3aMeCTHTeMdeH, HMEIOHIHX HeNoAeJesB Y0
napy S/1€KTPOHOB Ha aTOMe, CBSI3SAHHOM ¢ HeHacbllleHHOH CHC-
TeMOli: 3JeKTPOHHAN NJOTHOCTL Ha 3TOH rpynne MeHbile, a Ha He-
HachllllenHo#l ¢cucTeMe Godiblue oxufaemoil. O TaKHX TpYRNax roBo-
PAT, UTO OHH 3JEKTPOHOROHOpPHHE 3a CUeT pe3oHaHcHoro apdexra
+ M-rpynnnt. He uMelollWe HemoleneHHOR napH  aAKHJAbHHE
rpynnst  oTHocATCs K +M-rpynnam, uro, mo-BuauMoMy, ofyciaos-
JIEHO ruNepKonbloranneit.

B 1o xe Bpems rpynns, cofepialiHe 3JeKTpOOTPHUATENbHHIY
aTOM C KPATHBIMH CBSI3fIMH, HEeNOCDEACTBEHHO COeAHHEHHHIK C He-
HACHINIEHHOH cHcTeMoH, siBagioTes —M-rpynnaMu. Hng taxmx coe-
OHHEHHIT MOXKHO HANHCATh KaHOHHYeCKHE (POPMH, B KOTODHX 3JieK-
TPOHEI TNEpeniii OT HeHAcHewHOd cucTeMs Kk —AM-rpynne, na-
npuMep:

%\\ 5 Qe O, 0P

@/
S &/
— e-—-——b & —umd
@

B ta6a. 9.1 npuBepenst Hekotophie +M- u —M-rpynnu.
Pesonancuutft addext rpynnsl, 6yie ona -+M uan —M-rpyn-
no#t, MPOABAAETCR TOABKO B TOM cCJyuae, eCJH sTa Tpynma He-
HOCPEACTBEHHO CBA3aHa ¢ HeHACHIHIeHHON CHCTeMOR, TaK 4TO HpH
o0bacHenyud, Hanpumep, BaAnAHug rpynns CHsO Ba peakuuormyio
cnocofocts Kapbokcuaa B mogekysne CH3OCH,CH,COCH cnenyer
NPHHEMATH BO BHHMaHHC TOJbKO addext rpynn CH3O. 1o opgun
H3 cnocoGos pasaeneHns AsyX sgpexToB. B n-meroxcnbeHzoftHoM
KHCJIOTe HeoGxoAHMO paccmaTpuBaTh 06a spdekra. Dddekt noas
ACHCTBYeT uepes NPOCTPAHCTBO, MOJEKYJH pacTBOPHTEASl HJH
8-cBA3H cHeTeMH, TOTKA KaK pesoHaHCHLIfl adeKT EeitcTByer yepes
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Tabauya 9.1, Tpynn, npospasiomue +~M- u
~M- KTl (NOPANOK MEepedMHCHEeHHA  He
COOTBEICTBYCT cHAe sibeKta). ApoMmaTHueckHe
rpynist Ar MoryT npogeaart ofia  adibekra

«-M-rpynnu —M-TpyRnu
o- SR NO, CHO
5 SH CN COR
NR. Br COOH SO;R
NHR I COOR SOdOR
N Cl CONH N
NHCOR F | CONHR  ar
OR R CONR,
QOH Ar
OCOR .

n-pAekrponn, HecMorpad Ha 70 3TO TEPMHHM <«AQHOPHMI» H
«aKNEeNTOPHWi» ouenb yAOOHH (K MH GyAeM HMH N0JIb30B&TbCH),
caelyer elle pas NOAREPKHYTh, YTO B JAeHCTBHTENBHOCTH HH NPH
pesoHaHcHOM addexre, HH ApH SPdeKTe MoNA HHUKAKHE IAEKTPOREI
He OTAATCA ¥ He akuenrupylorcd. PeayapraroM u Toro B Apyroro
spdexra sBafeTca TOALKO TO, YTO paclpeleleHHe SJEKTPOHHOH
NNOTHOCTH OTJNHYAETCA OT TOTO pacnpefeeHns, KOTopoe OhJjo Ol
B OTCYTCTBHE 3THX a(dexTtoB (pasa. 1.9 u 2.5).

Oaro H3 06CTOATENBCTB, YCNOKHAIOUIUX H3ydeHHe 3THX sddek-
TOB, COCTOHT B TOM, YTO KaXXAas Irpynna B NepexofHOM COCTOSHHH
MOXKeET HpOSABAATh 3(deKT, 3HARHTEALHO GOJBUIKA HIH MeHbLIUH,
yeM B Hepearupywomei Moaexyne. PaccMorpuM B Kazecrse npu-
Mepa Moaexyay CgHsCH:Y, rme Y — peakmuonswifi neurp. Ilpu 3a-
MeDleHHH OAHOTO H3 aTOMOB BOJLOPOAAa, HalpHMep, B AGPA-NIOJOXKe-
HRH, Ha rpyony X oGpasyercs coepnnerne XCgH,CH,Y, B koropoM
9NeKTPOHHAA NACTHOCTh BOKpyr rpynns CHp Gyier Gosblue uiw
MeHbHIE, YeM B HCXOZHOM COSAMHEHHH, B 3aBHCHMOCTH OT TOIO, Ka-
KoA osddexT npoasaser rpynna X, pe3oHaHCHHIA HAM Hond. Ecan
MOJIEKYJ1a BCTYNAaeT B peakpHio, cBasb Mexay CHe u Y nauunaer
pasprIBaTLCH K B pe3yJbTaTe Yero B 3aBHCHMOCTH OT THIIA peak-
uur CH, uactudHo npHoGperaeT xapakTep KapGaHHOHA, kapGoka-
THOHA MJH CBOGOAHOrO pajukana, DAEKTPOHOACHOpHas cHocol-
HOCTE TPynnbt X, oueHb ¢nabo BHpaikeHHas B HepearHpymoLiei Mo-
JieKyAe, B XOHe peaKklHH MOMKeT JUG0 YCHAMBATheA, AHGO ocaalbe-
BaTbh. HexoTopule rpynnet X MOIyT Aaxe OLTh B OAROH peaKknHu
SMEKTPOHOACHOPHBIMH, a B APYTOH — SJEKTPOHOAKNENTOPHHIMH,

CreayOImKil NpEMep NMOKasHIBAET XapaKTep BJHAHUA SJIEKTPOH-
HeiX afdekre (pesonancuoro aspderra H adpderTa noad) Ha
peaknuoHHylo criocoGHocTb. ITpn menouHoM THAPONH3E apoMaTHUes
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ckHx amugoB (r. 2, peakuus 10-12) aumutHpYwouwefi cragueii sp-
JAgerca ataka KapOOHHALHOTO YLJepoja HOHOM I'HIAPOKCHJa:

8-
on oH
Ar—G—NH, + OH" —— Ar-—(l';—NHJt —— Ar—C—NH,
0 ? ' - gl0!
nepexadnee unmIcpmedanr
COCTICRNLLE
2

B nepexomHoM COCTOAHMH, MMEKOUIEM CTPYKTYDY, NPOMEXYTOUHYIO
MEXKAY HCXOAHbLIM aMuAoM. ' H HHTepMeAHATOM 2, >5JEeKTPOHHAA
NAOTHOCTL Ha KapGOHHJALHOM yraepoje nobbimaercd, [loaromy
3/eKTPOHOAKUENTOPHbe Ipynnsl (—I- nau —M-rpynne) B apoma-
THYECKOM KoJble GYAYT NMOHHXAaTk CBOGOAHYIO SHEPTHIO Hepexox-
HOro COCTORHHA (3a CUeT pasMasHIBAHHA OTPHUATENLHOTO 3apsfa).
Ha cBofogHyic 2HeprHIO HCXOMHOrO coefiHHeHHA 1 39TH TpymAb
OKA3LIBAKT ropasfc MeHbiuee pausaxue. [Ipy MOHHKEHHH BEJIHYHHBI
G B NCPEXOFHOM COCTOAHHH NO CPaABHCHHK ¢ HCXOJAHBIM BeJIHUHHA
AG+ TakKe NOHHXaercd, a CKOPOCTb PeaKUHH YBeJAHUMBAETCS
(rn. 6). DaekTponoaoHopHbie rpynne! (+/- wan +M-rpynnsi) B apo-
MaTHYECKOM KOJble JOJIKHE, Hao60pOT, YMEHbMIATL CKOPOCTh
peaxuun. KoHeyHO, MHOrH¢ Ipynnu npospasior —I- ¥ +M-sp-
(exTHl, H B ITHX CJyuasax He Bcerja MOXHO MNpeicKa3aTh, Kakol
H3 3THX 3(bekToR GyaeT npeobaagars.

9.2, NpocTpaHcTBeHHEIE adrpeKTH

Huoraa peakilHsl NPOHCXOAHT HAMHOro OHICTPee HJAK HAMHOIO
McljeHHee, YCcM MOXHO OXHAAThH TOJNbBKO HAa OCHOBAHHH yuera
NEKTPOHHKX 2dexToB. B Takux chaydastx uacrto yjaercss nokKa-
3aTh, WYTC Ha CKOPOCTh PpEaKUHH BAHAIOT MNPOCTPAHCTBEHHbLIE
spdextd. B Taba. 9.2 npubeacHE! OTHOCHTEAbHHIE CKOPOCTH 3Ta-
HOJIH32 HEKOTOPHX aJKHJraJOoreHHfoB, APOCHCXOAAILETO MO MeXa-
rH3My Sn2 (T. 2, paza. 10.1) [3]. Bce HcXOAHHE coefHHEHHA OTHO-
cATCA K MePBUYHHIM (pOMHIaM; pasBeTBJeHHe YriepoxHofl Hemu
B [BYX MOCHEAHHX COEAHHEHMAX HMeeTCH TOJMbKO IpH P-yraepoaHoMm
aToMe, NMO3TOMY pasjuuHe B 3PPekTax mois KOMKHO GHITh He-
BenHKo. Kak BHAHO M3 RaHHHX ra6a. 9.2, no Mepe yBeJqHUYEHHH
pasBeTB/IeHHOCTH B $-TOJOXKEHHH CKOPOCTh PEAKUWH yMeHbIuaeTcH
H AOCTHI'AaeT OuYeHb HH3KHX 3HAYEHHN B cAyyae HeomeHTHAOpoMHAZ.
Kak H3BecTHO, 3Ta peaxlus 3aK/IOYAeTCA B aTake HYKAeo(HIOM
CO CTOPOHH, MPOTHBOMONOXKHOH aToMy Opoma (1. 2, pasa. 10.1).
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Tabauga 9.2. OTHOCHTENLIAT CHOPOCTH
peakuuft RBr c srauoaon [3]

CrTHOCHTEABARR
R CHOPOCTL
CHs 17,6
CH3CH, 1
CHyCH,CH, 0.28
(CH,);CHCH, 0,030
(CH;)3CCH, 4,2.10 ~¢

Peskoe nonmenHe CKOPOCTH MOxeT OHTh CBA3AHO €O C(Tepuye-
cxum 3sarpydsenuem, NMpsaMofi nperpafofl HykaeoduabHOR aTake.
JpyruM npuMepoM CTepHYECKOTO 3aTPYAHEHHA ciyxar 2,6-ausa-
MellieHHHe Oc¢H30fiHLEe KHCJAOTH, KOTOpPHE ¢ TPYAOM NOAAAIOTCA
3TepH(PUKALHA HE3ABHCHMO OT TOrO, NPOABJAIOT JH 3aMECTHTENH
B MoJyoxkeHHAX 2 W 6 pesonHaHcHHt a¢dexr nau sddekr mons.
Ecan ke 2,6-auzamellleHAyI0 GeH30HHYIO KHCJAOTY yaaercd sTepud-
IHPOBATh, NMOJAYUSHHBIH CA0KHHI 3dHP TPYAHO THAPOJAHIOBATE.

Oxnnako He Bce CTepHYecKHe >(PeKTH NMOHAKAKT CKOPOCTh pe-
axkuwii, [Tpn rugpoansze RCI no Mexdanasmy Syl (7. 2, pasx. 10.2)
nepBag crajus, ABAAINAICS JAMMTHpYIoOWefl, 3akiodyaerca B HO-
HA3AUMA aJKHAXJIOPHAA A0 KapOGOKaTHOHA:

R

{ B
Rl —— R—&

¥ ~

R : R

Ilpa mpespalieRnH aAKHAXIOPHAA B KapGOKATHOH SpP*-FHGpPHAH3O-
BaHHHH LEHTPANbHHHE aTOM YIAI€DOLA ¢ BaJCHTHHMH YIIAMH 0KOJIO
109,5° cranoBHTCA SPP-THGPHAM3ORAHHWM, ANA KOTOPOTO mnpef-
NOYTHTENbHL YiaH 120°. B cayuae TpeTdHuHHX TajforeHHAOB TPH
AOCT2TOUHO 0O0LeMHHC aJKHAbLHHE TPYNNH, BHHYXZEHHEHE pacmo-
JaraTh¢ MOA TETPAIAPHUECKAM yriaoM, OYAYT TeCHUTH ApYr
Apyra, co3jaBasi HanmpsXeHWe B Mosekynae (pasa. 4.26). Hanps-
XeHHe MofoGHOIO THMA HA3HIBAIOT THIALHGIM, HAN B-nanpsocenuem
(back sirain). Ipn uonnsaunn go KapGoKAaTHOHA 3TO HANpMKEHHE
ocnabepaer.

Chenyer oMHIATH, 4TO CKOPOCTh HOHA3ANMH (a C/el0BaTeABHO,
H CKOPOCTb COJILBONM3A) TEX MOJeKYJ, B KOTODHX wuMeercs B-
HanmpsKeHne, Gyner 6oablle, YeM APH OTCYTCTBHH TAKOTO HampsikKe-
HHS; 9TC NOATBEPIKAAECTCA AAHHHIMK, NPHBeAeHHBIMU B Tabn. 9.3 [5].
Ilpn 3aMellieHnH METHAbHHIX TPYNN Ha ITRABHHE B Tper-GyTHARMAO-
pufie B-HanpsikeHHe He BO3BHHKAeT, CKOPOCTb DEAKIHN He3HayH-
TETbHO H pPaBHOMEPHC NOBHILIAETCS ¢ POCTOM YHCAA STHABHBX
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Tadauya 9.9, CEODOCTH THAPOAH3A TPETHHHHX aAKHAXAO-
piinos B 80 % -HOM BopHoM stasoje npn 25 °C [5]

Tanoreann CROpOCTh l'anoresn} Cropocre
MeCCl’ 0,033 Et,CCl 0,055
Me,EtCCI 0,055 Me,(uso-Pr) CCl 0,029
MeEt,CCl 0,086 | Me (u30-Pr),CC 0,45

rpynn. 310 nNosBbHILICHHE BHI3HIBAETCA OOHYHBIMH sddeKkram noias
u pesoHaHca (rumepkonbloraiuns). [Ipn sameimtents ofHoH MeTHIB-
HOM IPYINH Ha H3OMPONHJILHYI0 GOABLUION PA3HHIL B CKOPOCTAX pe-
aKuud He HabulofaeTcs, HO TNPH BBeAeHHH BTOPOH HM3ONPONHJIBHOH
IPYINH CTepHYeCKHE 34TPYLHEHHH CTAHOBATCA LOCTATOYHO BelIHKH,
4yTOGH BH3BAThL B-Hanpsxken#de, NPH STOM CKOPOCTb peaKLHH MOBH-
waetes B 10 pas. Ilpu saMeinennn TpeTbell MeTH/BHOA Ipynns Ha
H3OIDONHJBHYIO CKOPOCTH ellle Gosibile YyBsesHuuBaercd. Ilopmie-
HHe CKOPOCTH CONBBOJH3A ¢ YBeJiHYeHHeM B-nanpsenus HarAALHO
AEMOHCTpHpYeTCA Ha HpHMepe TAKHX CHJbHO CTGPHUCCKH 3aTpyl-
HeHHHIX MOJEKYJ, KaK TpH-Tper-OyTHAKapOHHOM, QH-TPer-CyTHIHEO-
HNEeHTHAKAPOHHOM, Tper-GYTHALHHEONEHTHAKAPOHHON H TPHHEONEH-
THAKApOHHOM; 3lech CKOPOCTH COMbBOJIM3a HUTpPoOeH304TOS MO
CPAaBHEHHI0 ¢ TpPeT-GYTHAHHTpOGEH30ATAMH BS/HUHBAIOTCA B
13 000, 19000, 68 000 1 560 pas coorsercTrenno {6].

JpyruM BHAOM HaNpSKeHAA, KOTOPOE MONET BJAHATH HA CKO-
pocTh peaxkliHf LHUKJAHYeCKHX COeRHHEHHH, SIBJIAETCS GHYTPeEHHee,
uau I-wanpasceque (internal strain} [7]. Ono sosauKaeT B pesynb-
TaTe H3IMCHEHHH HANpSIKeHHs B UHKJE NPH Hepexole OT TeTPasipH-
YeckOro yrjiepoga K TpPHroHaawHoMy H HaoGopor. Hanpamep, kak
YIOMHHANIOCh BHILIE, TIPH COJNbLBOJHSE AJKHAraJlOreHHROB IO MeXa-
HHSMY Snl BalleHTHHe YrJH LEHTPaJALHOTO aToMa yriepoaa Me-
Hsores ot 109,5 xo 120° B cayuae 1-xAopo-1-MeTHNIUHKAONEHTAHA
TAaKOe H3MeHeHHe OuUeHb BLITOAHO, TaK KaK 0OHO oclalJfieT Ha-
npsiKenHe, BH3kIBaeMoe sachoHenueM (pasg. 4.24); B pesyJbTaTe
3TO COejHHEeHHe NORBepraeTcs coMbeodu3y B 80 %-HOoM aTalione
npu 25°C B 43,7 pasa GuicTpee, ueM 3TaJOHHOE COCJYHEHHE, TPET-
SyTanxaopug {8]. asi coOTBETCTBYIOILEro MPOHSBOAHOTO HHKIOTEK-
CaHa, He HMeIOHIEro 3acioNeHHOH KowdopMauuu (pasi. 4.24), cko-
POCTR COJIbBOJIH3A B 3 pasa MeHbIIe, ueM AJA Tper-GyTHARIOpHAA.

Me Me
stperrt -BuCl O<c1 L

Omnceumens
CLmBNIE CRopocTi Lo 437 038
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TIpHYyHBEH CTONE MaAoro PasfH4nsl CKOPOCTEH B nociegHeM cayuae
Hesicunl, Ilpu o6paTHOM H3MeHEHHH TPUIOHAJNLHOrO yraepoaa Ha
TerpasfpHYecKHil HabJI01aloTCA  COOTBETCTBYIOULHE  H3MeHeHHA
B ckopocTsx peaknHuft, Tak, peaKnnH INDHCOGNMHEHHS IHKJOreKca-
HOHa NPOHCXOAAT GHCTpee, YeM T¢ 3Ke PeaKUHH UHKJAONEeHTaHOHa.
AHanoTHYHEIA MOAXOA MPAMEHAM K PACCMOTPEHHIO LIHKNOB GOABIUAX
pasaMepos. B uuxkaax ¢ uncaom uzienoB 0T 7 1o 11 BMemwres sacao-
HeHWe H TPaHCAHHYJAAPHOe HanpsKeHHe, peaKIlHH 3THX CHCTeM, NpH
KOTOpHX TeTPasipuyecKHi YIJepOA CTAHOBHTCA TPHUTOHABHBIM,
KaK NIPaBHJIO, NPOUCXOAAT OHICTPee, YEM Te JKe PeakUUH COOTBETCT-
BYIOWIUX CHCTEM € OTKpHITOH uenswo [9).

Bausnue kondopmaunonknx 5Q@CKTOB Ha PeaKLHOHRYIO Clo-
COGHOCTE MOXKHO paccMaTpuBarTh HapsfAy ¢ OCTaJbHBIMHU CTEpHYe-
ckaMa 3dPekramu [9a], HO B TOM cayyac peub HACT HE O BJAHSA-
Hup rpymuisl X AW Apyrod rpynnel X’ Ha peakuHoHHud uentp Y,
a4 O BJIMAHWH Ha pEAKLHOHHYIO CMOcoGHOCTh KOHpopManuu MoJe-
KyAH., MHor¥e peakiuu BooOLle He HMEIOT MeCTa, eCIH MoJeKyna
He cmocofHA NPHHATE HYMHYIO KoHdopMauuio. [Ipumepom cayxur
neperpynnupoBka N-OGeusounnopadeapuna. IIpu obpaGorke cnmup-
ToBoIM pacTBopoM HCI aABa anactepcoMepa 9TOrO COELHHEHHS BEAYT
cefa COBepLieHHO Pa3JHYHO: B OAHOM H30Mepe IIPOHCXOAUT MHTpa-
oug OT aToMa a30Ta K KHCJIOPORY, TOMAa KaK ApYyrofi usomep
poobiie He Betynaet B peakuuio [10]. Jas Toro wro6ul mpousowmna
Murpauta OeH3oW/AbHOH rpynawl, aroMel a3ora W KHCAOPOAA
NOMKHH Haxomutbes GAM3KO APYr K Apyry (B eow-xkondopma-
uun). Jan usomepa 3 ata KOHPOpMAUHA BHIrOAHA, TaK KaK TOrAa
MeTHJIbHaA H ¢eHHIbHA{ TPYNONE HAXOAATCH B OMTU-TIOJOKCHUHA
OTHOCHTEABHO APYT Apyra, HO Aas usomepa 4 ata KoHopMauHA
HeBHFOAHa, NOCKOJLKY MeTH/bHas Fpymna TOrEa A0JXKHA Haxo-
AATHCS B 2044-NOJOXKEHHMH IO OTHOMIEHHUIO K (eHuJBHOM rpynne; no-
S5TOMY B NMOCJAEAHEM cJjyuyae peaKuus He umeer mecra. JIpyrue npu-

a-
PhCONH.__CH, gl-l, CH, PhCONH.__H
HO/} et Pnco)ogl‘,/ %,
Ph” H P NH Ph” H
3 4

Mephl BJAHAHHA KoHGOpManNOHHHX 3h¢{eKTOB Ha peaKLHOHHYIO
CROCOOHOCTE MPHBOIATCA MNPH PacCMOTPEeHHH ge Kuuit sJexrpo-
(pHAbHOro MpHcOeAHHEeHHA K ABOARHIM cgsiaaM C=C (r. 3, pasa.
15.1) u saumuHMpoBaHMs no MexaHnsmy E2 (1. 4, pasa. 17.1).
HspecTHo Takke MHOrO NPHMEPOB Pas/HYHOrO NMOBEASHHS aKCHAJb-
HHX H 5KBATOpHaJbELX rpynn [11].
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B cTeponpax W OpYTrHX MeCTKHX CHCTeMax ¢yHKIHOHaAbHAA
Tpynna B OfHOH YACTH MOJAEKYAb MOXET OKashiBaTh CHABHOE BJIHSN-
HHe Ha CKOpPOCTb peakluH, MPOHCXOAdllel 8 yAaneHHOR 4acTH TOH
Ke MOJIeKYJHW 3a cdeT H3MeHeHHd KoM(OpMAllHH BCero CKeseTd.
Ator sddekT, BasuBaeMHA xorghopmayuonnotd rpancmuccuet,
Habnlomaercs, HanpuMep RpY cpaBHeHHH 3procr-7-eH-3-oHa (B) H
xoJect-6-ed-3-oHa (6): mocaepHuf KORLeHcHpyercs ¢ JeH3aAbAerH-
fom B 16 pas Gbictpee mepeoro [12.] B ofonx cayuasx peakLHOH-
HHIM LEHTpOM ABAAeTcA KapOOBHUJbHAA TPYANA, H NPH H3MEHeHHH
ee KOH(pOpMaOuM, BHI3HIBAEMOM IlepeMellleHHeM ABOHHOH cBH3H H3
noyoxeHdAsn 7 B NOJOXKeBHe 6, CKOPOCTh peaKlUH Bospacraer [pas-
auyne Goxoswx weneit npu C(17) He BAKSET Ha CKOPOCTH).

CH,,

9.3. KoauuecrBenunie MPEACTABAEHMS O BAHSHHR CTPOEHHA
Ha peaknnonKyio cnocoGuocTs [13] '

JonmycTHM, uTO HpU peakuWH no rpynne Y B COeJMHEHHH
XCH==CHCH,Y 3amena rpynns X Ha H BHi3nBaer yBesHueHue
ckopoctd B 10 pas, u MH xoTenu GH 3HAaTb, B KaKoH Mepe Kaxzanfi
H3 PacCMOTpeHHHIX BhHIIIEe 5()(EeKTOB BAHAET Ha STO YBeJHdYeHHe
CKOPOCTH peakumnH. QueBHAHMA NMOAXOA K Takoft mpoGieMe 3aK/mo-
qyaercs B nogbope TakHX CoeAHHesHH, ANA KOTOPHIX OLMH HJIE ABa
thakTOpa, BAHAOHIHE HA CKOPOCTh PEAKUHH, OTCYTCTBYIOT HJH Ipe-
HeGpexcumo manH, OfHAKO 3TO HeJerko ciejaTh yxKe NOTOMY, UTO
$axTophi, KOTOpHle KaXyTCs He3HAUHTENALHBMY OXHOMY HCC/eLoBa-
TMI0, MOTYT TPeACTaBAAThCA CYIECTBEHHHIMH Apyromy. Ilepshie
TOnBLITKH KOJiHdecTBeHHON OleHKH 9¢dexToB npaHasnexar [am-
Mery [14], xorophiit BbBes ypaBHeHne LI METQ- M NQPQA-3aMellleH-
HulX apoMatHueckux coeinHerHH (M- H n-XCgH,Y)

1g (klkg) = ap

rAe ko— KOHCTaHTA CKOPOCTH HJIH KOHCTaHMTa paBHOBECHA NpH
X=H; k-— cooTBeTcTBYIOLIAA KOHCTAHTA IPH 3aMeUIeHHH BOAO-
pola rpymnnofi X; p— KOHCTAHTA, XapaKTepHSYIOMAA AaHHYIO Peak-
IHI0 B JAHHHIX YCJOBHSAX; G — KOHCTaHTA, XaPAKTEPHIYIOULAs 3aMe-
crutenb X. DTO ypaBHeHHe HaspBaeTcs ypasreruex ammera.
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Benuuuna p npunarta pasuofi 1,00 aas auccommauum mera- u
napa-aMeniennbx Gensofuux Kucmotr (XCgsH,COOH) B BORE NpH
25 °C, mocae yero OBJIM PacCYHTAHH BeNHYHHE o AMs Kakaohk
TPYnnH {3TH BEJMHUHHH, CGuema H Ongpa PASAUMHH A METQ-
H napa-3amecratesel X). IToaygus Ha6op BeJIMUHE O, MOKHO HAATH
BeJIFYHHE p AAA APYIHX peakuuii No CKOPOCTAM TOMNBKO AN JBYX
X-3aMeHIeHHBX COeANHEHHA ¢ W3BEeCTHHIMH 3HadeRmsAMH ¢ rpynn X
(na npakTHKe AJNA pacuera p ACNOJAb3YETCA He McHee deTHIpeX Be-
JHYUH C TMOAXOAANIHM HRHTEpBAJIOM 3HayeHWfl, ur0 CBA3aHO KakK
¢ omnbKof 9KCIepHMERTA, TaK H ¢ HETOUHOCTHIO MeToAa). Paccun-
TaB BEJHYHHY p M 3Hasi B&AAYHHH ¢ AJA APYTHX IPYRN, MOXKHO
NpeACKa3HBaTh CKOPOCTH peaKuHil X0 HX NPOBEASHHS.

BearunHH ¢ ABAAIOTCH MEpOR CYMMAapHHIX 3JeKTPOHHHX 3¢-
thekroB (apderTa mona E pesoHaHCHONO sdderra) rpymow X,
CBASAHHOH ¢ OeH30JbHHEM KOJBNOM. I10 oTHOWIERNIO K OpTO-3aMe-
CTHTE/BIM pacCMaTpHBaeMH NOAXOA OGHYHO He ONMpaBALIBaETCH.
Pacuetl mo ypaBHeHwio [aMMera NpPHMEHHTENILHO K MHOMKECTBY
peakun#f H MHOrHM (YHKHHOHAJABHHIM IpYNnaMm AalOT XOPOINYIQ
Koppeasuaio ¢ OONBLIMM YHCIOM pa3Hoo0pasHHX HaHHHX. B 00-
sopHofl cTathe Hxadde [14] cobpaHsl BeqnunHH p gas 204 peak-
uuf [15], MHOrHe H3 KOTOpPHX HMeEIOT pa3Hble 3HAYEHHA p B pas3-
JHTHHX yejosaax. Cpeaw HHX camble pasHooOpasHHe peakuuH,
A KOTOPHX OnpeAeNeHh KOHCTAHTH CKOPOCTH:

ArCOOMe + OH- —> ArCOO-
ArCH,CI + [~ —» ArCH,L
ArNH, + PhCOCI— ArNHCOPh
ArH + NO,;* —> ArNO,

ArCO,0CMe, —> puacrad (veobodvopadusansislt
npoyecey

HJ/IR KOHCTAHTH PABHOBECHS:.
ArCOOH + H,0 = ArCOO~ + H,0*
ArCHO + HCN == ArCH{CN)OH

BHJAO TakkKe MOKa3aHo, YTO ypasHeHHe [aMMera NPRAMEHHMO AAA
MHOTHX (H3HUYECKHX H3MEPeHHR, 'BKAOYad vacToTH B HMK-cmekr-
pax M XuMHueckHe cABAErR B cmektpax SIMP [16]. Pacuern mo
ypaBHeHnio [aMmera AaloT YAOBMETBOPUTE/bHHIE DPE3Y/LTATH He-
338BHCEMO OT TOTO, aTaKyercf JIH cy0cTpaT sNeKTpo(uibHHM, HY-
KMcopHIBEEIM HJAR OBOGOAHOPANRKAJBHNM pEareATOM; BaXHO
TOABKO, YTOOH & npedesax HRAHHOR CcepHH peaKumuli MeXaHH3M HX

SR OAHHAKOBEIM,
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Oanaxo ANA MHOTUX peaKuUKil He yAaeTCs BHIBECTH YAOBJSTBO-
pHTeAbHBle KOppesndHlMH; TJAaBHBHIM o6pasoM 3TO KacaeTcs peak-
1A, TPY KOTOPHIX aTaKa peareHTOM HaNpap/eHa HeMOCPeACTBEHHO
Ha apoMaTHYeCKOe KOJbLIO, a4 TAaKXKe peakuHfl, B MepexonHOM co-
CTOSAHHH KOTOPHX rpynfta X MOXeT yYacTBOBATb B HPAMOM Pe3o-
HAMCHOM B3aHEMOREACTEHH ¢ peakHmHOHHEIM UeHTpoM. Has nomos-
HHX cAydyaeB Owsio paspaboTaHo ABa JQONMOMHHTEAbHHX Habopa
BenmunH o: I. Bpayn npeasoxun seauwunny ot pja peakunfl, npu
KOTOPHX B3JeKTPOHOAOHOpHAR rpynna BsaHMofeficTeyer ¢ ofpa-
3YIOUIRMCR B TNEPEXOAHOM COCTOSIHHE NOJONHTEABHHIM 3apafoM
{ciona oTHocATCA BaXKHHE Peakmud MeKTPO(HILHOrO apoMaTHye-
CKOTO 3aMellicHHR, cM. T'&, 11); Rpome Toro, Gmaa BBefeHa BeNH-
uuna o~ [17] AnA peakumit, MpH KOTOPHX 3/EKTPOHOAKLENTOPHEE
rpynnel Baauuo,ueﬁcmylm" C TOABRANOUWIHMCH OTpHHATEALHHM 34-
pazom. B Ta6a. 9.4 npHBeAeHH BeAHUYHHH g, ot ¥ 0~ AN HanGosee
pacnpoctpanenHux rpynn X [18). Kak Buaro ua st1ofi TaSnuuH,
N8 OGOABLINKMHCTBA B3AEKTPOHOAKHENTOPHHX TPYNN BEAMYHHH o

Majio OTAMYANTC OT ¢F; BEAMYHEM o, . B TaGAHLE He NpHBE-

Tabauga 9.4. Beanuwnw ¢, ot » 6~ gaa nanGonee pacupoctpaneHnHx rpynn [18)

Fpynna 9 papa T tma “;slapu “Iema “napa

0- ~0,81 [19] | —0,47 [19]

NMe, —0,63 —0,10 —1,7

NH, 0,57 0,09 1,3 —0,18

OH —0,38 |20 0,13 [20] | —0,92 [24]

OMe —0,28 [20] 0,10 —0,78 0,05

CMes —0,15 —0,09 —0,28 ,06

Me —0,14 —0,06 —0,31 —0,10 {25)

H 0 0 0 0

Ph 0,05 [21] 0,05 —0,18 0 [25)

Coo— 0,11 [19] 0,02 [19] | —0,02 --0,03

F 0,15 0,34 —0,07 0,35

cl 0,24 0,37 0,11 0,40

Br 0,26 0,37 0,15 0,41

1 0,28 [21] 0,34 0,14 0,36

COOH 0,44 0,35 0,42 0,32 0,73

COOR 0,44 0,35 0,48 0,37 0,68

COMe 0,47 0,36 0,87

CF; 0,63 0,46 0,57 [25]

NG 0,60[19) | 0,85 (19]

CN 0,70 0,62 0,66 0,56 1,00
e 0,73 0,64

NO, 0,81 0,71 0,79 0,73 [25] 1,27

NMeF 0,82 [22) 0881221 | 0,41 0,36

N 1,93123) | 1.65([231 | 1,88[23) 3 [26]
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AeHH, TaK KaK HO CYUIeCTBY OHH HMeOT Te e 3HaYeHHd, uTO M
Cuema»

ITonoxurensHsle BeJIHYHHB G YKASHIBAIOT Ha 9JIEKTPOHOAKHen-
TOPHBIE IPYNNH, a OTPHUATENbHEE — Ha 3AeKTPoHOZOHOpHHEe. Kor-
CTaHTa p CJAYKHT Mepoii BOCIPHHMYHBOCTH DEaKHHH K SJEKTPOH-
HeM 3¢dekraM. [IpoTekaHnio peakmuil ¢ NONONKHTENLHHM 3Ha-
YeHHeM p CNOCOOCTBYIOT IEKTPOHOAKLENTOPHHIE 3aMEeCTHTeNIH, H
HaoBopoT. CaenyoliHe npaMepbl BeJHYHH p AJAS HOHH3aLHH HEKO-
TOPHIX KapGoHOBRX KHCHOT [27]

XCH,—COOH 1,00 XCH,—CH=CH—COOH 047
XCH,—CH,—COOH 0,49 XC;H,—CH,CH,—COOH 0,21

NoKasuRawT, uto nieapenue rpymn CHy uaw CH=CH wmexay apo-
MaTHYCCKHM KOJBLLOM M KHCAOTHOR (YHKUBell yMeHbluaeT sJek-
TPOHHHE 3¢ PeKTH NOYTH B OAHHAKOBOR CTeNeHH, TOrLa KaK rpynna
CH,CH; ymenbiaer ux namHoro Goaslie.

AHasoruynpie  pacycersl ObiiH BHNOAHCHH AAS  coefHHeHud
c aByMms 3amectuTcasMH X H X’ B apOMaTHYCCKOM Kodaplle (rae
BeJIHYHIA G HHOTAZ AANMTHRNA, & WHorga uer) (28], maa apyrux
IHKAHYECKHX CHCTEM, TaKHX, Kak HadjTazaun [29] m rerepouHKIH-
yeckhe coeguHedus [30], a Takxe AAH 3THACHOBHX H aleTHIEHO-
BBX cHctem [31].

Ypapuenne I'amMMera npeactasasct coBok surelinoe COOTHOULE-
Hue c8060nbix 3nepeud. ITO MOXKHO N0KA3aThL cAeAyoluM obpa-
30M MO KOHCTANTaM paBHOBCCHA (HAM NO KOHCTAaHTAM CKOPOCTH,
Henosb3ys BMccto AG pesimyuny AG¥). Iasa peakuun JwoSoro co-
eHHEeHHd C 3aMcecTuTeNeM X

AG=—RTInK
J.].JIH PEeaKHA HEe3aMCIMEHHOro COeAHHeHHA

AGy=—RTInK,
ypaBHeHHe T'amMMera MOXHO l'lepel'll-lcaTb B BHAE

lg K—1g Ko=o0p
OTKYAa .

2.332 * 2,33‘:." =op

H

— AG=0p2,3RT —AG,

Hdna panHofi peakuny B JaHHLIX YCJAOBHAX BeAHuMuH p, R, T u
AGg noCTOAHIL, NO3TOMY O JUHeAHO cBa3aHa ¢ BenuuuHOM AG.,
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Ypasienne I'aMMeTa He eAHHCTBeHROE JAHHENHOE COOTHOLICHAE
cBoGogHbx sneprafi. MsBecTHH HeKoTOpHe ApYyrue ypaBHeHHS, HC-
nojibsyeMble, MoaobHo ypasHenmioo [lammera, #As Koppeaaunn
CTPYKTYPHHIX H3MEHCHHH B peareHrax, & TaKXe COOTHOMICHHe
Iporpanbra—Yuncrefina (1. 2, pasa. 10.14), ucnoansyemoe aas
KOPPeNfiuH HSMEHEHHA CBOfCTB pPacTBOPHTENH, H YpaBHeHHe
Bpéncrena (pasa. 8.3}, ceasmBaloljee KUCAOTHOCTD H KATAJH3.
¥Ypasnenue Tadra, BHpaxamlliee 3aBHCHMOCTb PeakKUKOKKOf cCro-
COBHOCTH OT CTPYKTYPH MOJAeKys, NPHMEHHMO TOJAbKO KJsil KOppe-
asnuy shdexror nons {32]

Bexen sa Muaromsaoum [33] Tadr npeamonaran, uto p peaxmusx
THAPONH3A CAOKHHX 9QHPOB N CTEPHYECKHE H De30HARCHbI 5¢-
thekTe A0MKHH OHTL OAHRHAKOBE HE3aBHCHMO OT TOTO, KATARH3H-
pyeTcs AM rRAPONH3 KHCJAOTOH HAH ocHoBaHHeM (CM. ofcyxienue
MeXaHH3Ma THAPOAH3a CAOXKHBIX 3(HpoB, T. 2, peakuus 10-11). Io-
ITOMY DA3NHYHE B CKOPOCTAX MOMKHO BHSHBATBCA TOALKO 3hidek-
tamu noas rpynn R u R’ 8 monexyne RCOOR’ {34]). Jdas usyuenns
9(pexTOB MOAA 370 BHOAHE MOAXORANIAS CHCTEM2, NOCKOMBKY IpH
THAPOJIH3E, KATAJHSHPYEMOM KHCHOTOfl, NepexopHoe cocroague
(7) umeer Goablunfi MoAoKMTeALHHA 3apAx (¥ mosTomy mecrabu-
ausupyercs —I- ¥ crabuansupyercs -+ /-3aMeCcTHTENAMH), YeM Hc-
XORHBIH CROKHMNA 3(uP, TOrAa Kak NpH THAPOJAH3E, KaTaNU3HpYe-
MOM OCHOBaHHeM, IlepeXonHoe cocrosikne (8) wumeer Gonblini

8+ &~

OH, oH
R—F—Ok’ R—C—OR’

OH )

5+ 6~

7 8

OTPHLATEABHNA 3apsif, Yem ncxoxaw#t caoxumit spnp. HosTomy
sddexra nons ans samectrrenell X MOMKHO ORpeleANTs, HAMEPAN
CKOPOCTH KaTaAH3HPYEMOro KHCAOTOH M OCHOBaHMeM THApOJH3a
ana coerunennt XCH,COOR’ ¢ oneoft u Toft ke rpymnoft R’
&5]. 3naf . KOHCTAHTH CKOPOCTH, BEeNHUHHY 65 MOXHO Hafith no
YPaBHEHHIO

oy =0,181 [1g (k/ke)s —1g (R/ko)A]

B atom ypasHeRMH beauyuHa (R/ko)r— 9710 KOHCTaHTa CROpOCTH
ocHosHoro rugpoaunsa XCHy;COOR’, penennass Ha KOHCTAHTY CKo-
pocts ocHosHoTo rugposusa CH;COOR’; seanuuna (k/kg)a — aHa-
JOTHYHO® OTHOMIEHHEe KOHCTAHT CKOPOCTeR KHCAOTHOTO THRPOAH3A;
0,18] — nponsBoABRaA NocTOAHHAsA, BeanyuHa op SBASAETCH KOH-
CTaHTOf AAS 3aMEeCTHTEeAs X NPH HACHIREHAOM aToMe YIJepofa
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H oTpaxkaeT Toasko sdderrit noas [36). Ilocne rtoro kKak 6w no-
AyueH uesblf HaGop KOHCTAHT O, OBIJO 10KA3aHO, YTO YpasHeHHe

Ig (Rke) = o0,

ClipaBeAJHBO AN MHOMecTBa peakuu#, B ToM uncae [37]:

RCH,O0H — RCH,0-
RCH;Br + PhS~ —— RCH,S5Ph + Br~
ausmont + L, o yon. swzmampe RCOOH —-
o-sasmmenmsit AtNH, + PhCOCl1 ~— ArNHCOPh

Kak # B cayuae ypapHenmnsi [aMMeTa, XKOHCTAHTA Py OTHOCHTCH
K HJanHoM peakKuud B JaHUBX YcnoBHAX. JIis oueHb o6beMHBEIX
IPYHH NPHBEAEHHOE COOTHOIIEHHe MOXKET He BHINOJHATHLCA H3-3a
HaJinguA  cTepHuecKHX sddekTop, He ABNFIOMIMXCH HNOCTOAHIBLIME.
Kpome Ttoro, ypaslieline He BHINOJINETCS IPH Pe3OHAUCHLIX B3a-
HMofleficTBHAX 3aMecTHTedss X ¢ peaKUIHOHULIM HeNTPOM, CTeHeHb
KOTOPHIX Pa3/AHYHA B MCXORHOM H KOHEYIIOM HAH 1ePexXOfHOM CO-
crosHugX. B taba. 9.5 npuBeaeHn HekoTophle BeAHYHHH O7 [38]
Kax ¥ ciefopadio oMHAATL, BEJIUYHHL ¢y HMEIOT 3Ha4YeHHs, Gans-
KHe K nmpeanojaraeMbiM Ais uHctoro sdupekta noas (paza. 1.9), u
SBASIOTCS aJAUTHBHBIMH. TaK, NPH MepeMelleHAM 3aMeCTHTENd HO
Ueny 11a OJHH YriepoAHHA aTOM Aadbille OT PEaKHHONHOTO HEHTpA
HaGmopaercs yMelibinenne KoMcradte B 2,8£0b pasa (cp. Kou-
crauty Jad R u RCH: B cayyasix R=Ph, CH30 B Tatia. 9.5).
TIocKOABKY BEJIHUHHA Ongpg OTPAXAET CYMMapPHHA pe3oHaHcHE
sthexr w 3ddeKkT nond, BHUHTA H3 Hee BeJAHYHHY G, MOMKHO NO-

Tabsuya 9.5. Beauwnnst ¢ u Gp AA% uexorophix rpynn [38]

Cpynna oy o Cpynna o oR
CMe, —0,07 —0,17 OMe 0,27 —0,42
Me —0,05 ~0,13 OH 0.27 —0.44
H 0 0 1 0.39 —0,12
PHCH, 0,04 CF, 0.42 0,08
NMe, 0,06 —0,55 Br 0,44 —0.16
Dht 0,10 —0,10 Cl 0,46 —0.18
CHLCOCH, 0.10 F 0.50 —0.31
NH, 0,12 —0,50 CN 0,56 0.08
CH,CO 0,20 0.16 SOo,Me 0,60 0,12

OEt 020 016 N 0.65 015
NHAc 0,26 —0,22 NMe;," 0,86
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JAYUHTH KOHCTAHTY OR H TakHM OGPAa3OM OLEHHTh BKJAZ KaXAOTO
us sdexron [40]:

o =Gmp¢‘—‘0'1

QOauaxo mocsefHee ypasHeHHe He NpefcTaBiser GOJbBIIOH LEHHO-
CTH, TaK KaK BeIWUHHA OR ANA AAHHONA TPYNNH, KOTOpas NONKHA
65iTh MOCTOAHHOMH, TTOGH ypaBHEHHe HMeNO CMHICA, B AeACTBHTENb-
HOCTH He SIBASETCS IOCTOAHHON, a 3aBHCHT OT XapaKTepa PeakNHH
[4]1). B sroM OTHONIHHH ropasao GOJALINYI0 LEHHOCTb MpPEeACTAaB-
JAI0T BEJHYHHH Oy, KOTOPHE XOTA H MEHAITCA B HEKOTOPHX CJy-
4asgX B 3ABHCHMOCTH OT HPHPOAH PACTBOPHTEJS, HO MO CYIIECTBY
OCTAIOTCS HEeH3MEHHBIMH ANSl CaMBIX PasHOOGpasHHX cepuli peak-
uHit, YrazanHeifi HefOCTATOK MOXHO npeofoserb [42], mcnoansys
cneManpHuA HaGop MoAM(UUAPOBAHHMWX BeJHYHH, 0003HAYaeMHX
o°r [43), koTOpHE CAYHKAT MEPOR CNOCOGHOCTH 3aMeCTHTENN K AeNO-
Ka/H3alHA 7 -3JIEKTPOHOB HEBO3MYILEHHOTO, HAM «HeATpaibpHOro®,
6eH30/bHOrO KOJIBLIA B TOM HJIH HHOM Hadpaeaeard., MspecTHO He-
CKOJIbKO LIKAJI RENHYUH O°r; HanbGodee YROBIETBOPHTENbHEE 3HATE-
HHA TIOAYMAIOT [0 XMMHYeCKBM cashraM 3C B paay saMelueHHHEX
Gensonop {44]. B rtabn. 9.5 HCNOAB3OBAHK HEKOTOPHE BEeNHUHHE
O°R, GONMBIIHHCTBO KOTOPHX MONYYEHO KMEHHO 5THM CHOCOGOM.

Kak euaHo u3 aanHbix tala. 9.5, orpHuaTensHEle 3HAYCHHS Of
HafileHH TONLEKO JAJ# MeTHNbHOM ® rper-GyruaeHoi rpynm, ITo
9TOMY HOBOAY AMEIOTCA NPOTHEOPeYHBHE MHeHns {45). OaHO H3 HuX
COCTOHT B TOM, WTO BGJHUYHHH ©; YMEHLIIAOTCA B PANY METHMA,
9THA, H3ONPONHA, TPer-GyTAJ, H COOTBETCTBYINHE 3HaYeHHS
paBnu —0,046; —0,057; —0,065; —0,074 [46]. C zpyrofi cTopoHH,
HMEIOTCA AOKasaTe/JbCTBA B NOAB3Y TOrO, YTO BCe AJAKHIbHBIE
TPyNNH UMEWT npHOMH3HTeNbHO ORHEAKOBHHA shdekr moss r uyto
BEJIHYHHHL Oy He MOLYT CAYXHTL Mepoll coOcTBeRHHX 3(derTon
noas ankuapHeX rpynn [47). (CM. Takxe ofCyXneHHe STOro BON-
poca B pasn. 8.6).

[MonuTKY paspeiuTh BEJHYHHH ¢ O BKJIAAY DE3OHAHCHOro 5¢-
dexra n spdexra noaa [48] npeanpunann rarke CpefiH n JlanTow,
KOTOPHe MOKa3aJiH, YT0 MHOXECTBO HaGOPOB BEJHYHE O {(Caera,
Tnapa, O napas O nape, 01, 0°R H APYTHX, 34€Ch He YHOMHHABIIHXCS)
He SABAAIOTCA COBepIICHHO HE3aBACHMHIMH H UTO JHHeHHBe KoMOH-
Hauuu AByX HaGopoB HOBHIX BenHuHH, F (Buipakamwiiefi Brnan sd-
¢pexra moasa) u R (sHpaxaoliell Bxaax peaoHaHcHOTe sidexrra),
YIOBNCTBOPHTENIBEO 3aMeHA0T 43 Habopa Beangnn ¢ [49] Oas
KaJoro HaGopa MOXHO 3anHCaTh BHpaXeHHe

o=fF3-rR

rae f # r—BecoBule hakrop. Beawauns F H R 1ig HeKOTOPHIX
pacnpocTpaHerHHX Fpynn npusefeHsl B Taba. 9.6 [60). Paccyuran
BeJIHYEHN [ # r, ABTOPH Ja/dH CACAYIOILYI0 OUSHKY BKJajAa pe3o-
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Tabsuya 9.6. Beawunud F v R aaa wexoropux rpynn {50f

Tpynna F R Fpynna F R
COoo—- —0,27 0,40 OMe 0,54 —1,68
Me;C —0.1i —0,29 | CFy 0,64 0.76
Et —0,02 —0,44 | 0,65 —0,12
Me —0,01 —0,41 Br 0,72 —0,18
H 0 0 Cl 0,72 —0,24
Ph 0,25 0,37 F 0,74 —0,60
NH. 0,38 - =252 NHCOCH, 0,77 —1,43
codH 0,44 066 | CN 0,90 0.71
OH 0,46, —1,89 || NmeF 1,54
COOEt 0,47 067 | N 2,36 2,81
COCH;, 0,50 0,90
Tabauya 9.7, Beanuuk Eg W v AAn HeKOTOpWX rpynn [54]
Tpynna Eg v Tpynna B, v
H 0 0 Lngaorexcua —2.03 0,87
F —0,46 0,27 w3o-Bu —2,17 0,98
CN —0,51 amop-Bu -—2,37 1,02
OH -0,55 CF, -2, 091
OMe —0,56 mpem-Bu —2,78 1,24
NH, —0,61 NMeZ —2,84
Cl —-0,97 0,55 Heonentua —2.98 1,34
Me —1,24 0,52 CCly —3,3 1,38
Et —1,31 0,56 CBrg —3.67 1,56
I —~14 | o078 (MeyCCHg),CH | —4.42 | 2103
Pr —i,6 0,68 E —b5,04 2,38
us0 Pr —1,71 0,76 PhyC —5,92 2,92

naHcHoro sdexta: 20 % ANt KOHCTAHTH Omerq, 38 % AA7 KOH-
CTAKTH Gnapa H 62 %, ANA KOHCTAHTH 0t pepe [51].

Tapty yRaloch TakXe BHAGNRTH cTepHueckHe sddertn [52].
Busio noxasano, uTO AJA KATAJH3HPYEMOTO KMCAOTOR THAPOJAM3A
cNOXKHBIX 3(HPOB B areroHe BeyudnHa Ig(%/ky) HeuyscTBHTEABHA
K noaspHuM sddexram [63). IIpr OTCYTCTBHH pPe3OHaAHCHBIX
B3aHMOAENCTBHA 3Ta BeJHIHHA NPONOPUAOHANLHA TOALKO CTEpHue-
ckuM s(dexraM (H APYTHM, OTIHUEBIM OT addexTa moias wiH s¢-
¢exra pesonanca). Beauuuny, xapakTepusyomyo crepHueckie 3¢-
(eKTH, HaXOAAT NO YyPaBHEHHIO

1g (k/ko) =E,

Bennuuub E, AJA HeKOTOPHX IPynn AaHu B Taba. 9.7 [54); sa
CTAHAAPT HPHHAT BOAOPOX, AJA KOTOPOro Belwauna E, npHpasHH-
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Baetcs Hysw [55]. 3vor moaxox $osee orpaHnuenuufi, yem pac-
CMOTpeBHBIe Bbille, TAK KaK OH OCHOBHBAeTcA Ha Go/AbllieM KOJMHYe-
CTBe AONyLIeHud, oAHAKO BeanuuHa E, MeHfdercid NpubIH3HTeNbHO
NPONOPLUHAOHANbHO pasMmepy rpynn. Yaprow nokasald, 4To Beau-
yrHE E, nns 3amectstenesi TRna CHpX, CHX, u CX; asagorces
nuAefiHBiMA - QYHKUAAMHE BaHAEPBAAJAbCOBHX PpafHyCOB COOTBET-
cTBYOWHX rpynn [66]. YapToH NpeinioXny TaKke Apyroft crepuie-
CKAfl napaMeTp (v), BuIBeAEHHEIX H3 KOPpeNsUUN MeXAY BaHAep-
BaaJIbCOBBIMH pajHycaMH H CKOPOCTAMH peaKiuH# KHCJIOTHOro rul-
poausa u 3Tepuduxaunu [57). BeAuuusu v ANS HEKOTOPHIX rpynn
npuseaenul B Tabsa. 9.7 [68]. Kak BHAHO M3 faBHBIX 3TOf TabAMIM,
MexAy BeAHdHHAMH E; M v HMeeTCs XOPOLIas, XOTH H He HAeaNbHas
koppeagnus. [lpegaarasiuck H ApyrHe HaGophHl BeJHYHH, Xapakre-
pu3ylowMx cTephveckue s¢dekTH, HanprMep E'; [59), E*, {60] &
T} (61] (em. [58]).

Ycnewnoe npuMeHende ypaBHenus IamMMera Kk ouleHke sddex-
TOR MeTd- R, napa-samecm'reneﬁ BHIZBAJNIO eCTeCTBEHHLIe (TONHTKAR
NpAMEHUTh €r0 TaKke K K opro-saMectuteaaM [62] Banaune
rpynnul B OpTO-MOJOKEHHH HA CKOPOCTh PeaKUH# HJAM KOHCTAHTY
paBHOBecHI HA3WBalOT opro-adipexrom [63] Hecmorpa Ha muOrO-
YHCAEHHLE TIONBITKA pa3paloTaTh KoJAHYeCTBeHHYI0 OLEHKY OpTo-
3 dexTOB, A0 HACTOALIEIO BPeMEHH He YAalock CO3AaThb MpHEM-
AemMOro Habopa COOTBETCTBYIOWIKX BeauuMH. Opnako moxxox I'am-
MCTa MOXKHO € YCNeXOM HCMOJIb30BATh AN OPTO-3aMemleHHHX
coenunennlt 0-XCgH,Y, B koTOpIX rpynna Y oTAeNeHa OT apoMAaTH-
YeCKOTO KOJIbHA; Hampumep, aas coepukennh o0-XCsH,OCH,COOH
HabmoaaeTca Xopowas KOpPpeNnsuusa ¢ KOHCTaHTAMH HOHH3a-
1ry [64].

JInHelinble cooTHOlleHus cBOOOAHHIX SHePrHH MOTYT XaTh HH-
tdopManHio 0 MexadusMax peakuuft. Tak, ecam sennunda g (k/kg)
JAHHefiHO cBs3aHa ¢ Noaxoaslief koucTauTo#t g, 10, no Bee#t BeposST-
HOCTH, BCe PeaKUHH HaHHON CepHH NPOHCXOAAT MO OAHOMY H TOMY
e MeXaHH3My. B npoTsRHOM clyvuae nAaBHas KPHBAs YKasblBaer
Ha TOCTeNeHHOe H3MeHEHHe MeXaH#3Ma, a ABe NepeceKaiouluecs
NpsMEleé CBHAETEABCTBYIOT O De3KOM H3MeHeHHH [65]; oznako -He-
JHHefHble 3aBHCHMOCT® MOTYT HMeTh H JpyFrHe NpPHYHHL, HApEMeEp
OCJIOXKHelHA, Bu3LiBaeMble NO0QUHHMH peakunamd, Ecan cepus
peaKkuHil Ayyile corjacyeTcd ¢ KOHCTAHTaMH ot HIH ¢, 4eM C KOH-
CTaHTOH ©, 3TQ OGLIUHO O3HAYAET, UTO HMeeT MeCTO CHJAbHOEe pPe3o-
HatcHOe B3aMMOACHCTRHE B MEpPeXoAHOM COCTOSHHE [66].

Onpepenennylo uHGOPMaUMI0 AAIOT TAKXKE 3HAYEHHe H 3HAK
pesuynnel p, Hanpumep,  foabliHe OTPELATEAbHHE BEHKYKHB
p YKa3MBawT Ha OGojbulylo NOTPeGHOCTH PeaKIHOHHOFO LEeHTpa
B 3JEKTPOHA2X, a HANKYHE BJAeKTPOHOAeHUHUTHOrO UEHTpPa B CBOW
oyepenb MOXKeT TOBOPHTb O 3apoxijalotieMcss KapOokartrone. Ha-
NpOTHB, NOJOKHTENIbHEIE BeJHYMHH p CBA3AHH ¢ oOpaszoBaHHeM
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B NEPEeXOMHOM COCTOAHHH OTpHHaTe]bHOro 3apsaa. CooTHolue-
HHE Op NPHMEHHMO JaXe K CBOGOAHOPAaAHKAILHBIM PeakiHMAM, HO-
CKOJILKY CBOGOAHEIE PajiuKanbl MOTYT HMETh HEKOTOPHE moasapHHf
xapakrep (T. 3, pasa. 14.5), xors B 3THX cAydasAX BENNYHHH p, KaK
MOXOXKHTENBHHE, TaK H OTPHHATEAbHBE, OOHMHO MadW (He
Bame 1,5). Peakuun, Bknwuamligé HHKAUYECKHE NepexoiHEe co-
crosHuA (pasa. 6.2), Takxke XapaKTepH3YIOTCA Ouelib MaJbIMH Be-
AHUHHAMH p.
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Camarocrs TexcTa M obHiHe DMCYHKOB LeMal0T KHHIY JEFKo
uHraeMofi H ofmedocrynuof, cnocolHoR saHHTepecoBaTH He
TOMBKO CTYAGHTOB XHMHUECKHX BY30B, HO H IWIKORBHHKOB CTap-
LIHX KAACCOB.

Hs orswiea un.-kopp. AH CCCP 3eduposa H. C.: <Teopua
MONEKYASPHEIX opSuTaneR... rayloko pollfa B CO3HAMEE XHMH-
KOB-OPraHHKOB Kak HeoOXxomuMoe 3seno B oflneM XAMHYECKOM
obpazobauun. Hymen, oAmako, Takofl A3WK, KOTOPHA NOHAMaer
H GPHHEMaer AGOA OpraHmK. 370, KOHEYHO, He ASHK MareMa-
THkH, [To3TOMY Beflyuue YyueAHe -— KBAATOBHE XHMMKH TOCTO-
AHHO HIMYT cRocofH NepeoXeHHR cBoMX HAefl ¢ MaTeMarHve-
CKoro Ha Epyrie AsukH, OcofeHHO DpPHBJEKATeNLHA HAed H30-
Gpamenna MO ¢ DOMOMMBIO KAPTHHOK, PHCYIOMIHX POCTPAHCT-
BeHHYI0 MNPOTHMEHHOCTD, CHMMETDHIO H ' YyaiosHe ceofictea MO,
HNOCKOMIBKY TaKHe KapTHHKE JeTKO BOCHPHHHMAOTCH JOSHM XH-
MHKOM H B TO Xe Bpema HecyT B ceGe CyTh cnocola MEIUACHHS
KBARTOBOH XHMHUES,

3aGnaroppemento ofopuaafiTe 3aKasHl Ha HHTepecylollfe
Bac kmArn, 3axasy NPHHEMAIOT MarasiHb, pacnpocrpanaloline
laygHO-TEXHHYECKYI0 JHTepaTypy. CBoeBpeMeHHO -cAaRHRA 3aKas
TAPAHTHPYET npHOGpeTente HyxAux Bawm xuor.
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